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BBenenue

HcTodHMKOM TpO30BbIX TNepeHanpsbkeHuil Ha uzonsiiuu BJI MoryT ObITh Kak
npsiMbie paspsasl MoaHuH [1] B BJI (B onopy, B MOJHHUE3aIUTHBINA TPOC, B (ha3HBIH
MPOBOJI), TAaK U HABEACHHOE HAINpPsHKEHUE OT pas3psiioB MOJHUU B OOBEKTHI BOJIU3H
BJI. [Ins oGecneyenrss HEOOXOAMMOTO ypOBHS rpo3oyrnopHocTd BJI Bo Bcex 3Tux
CllydasiX HMCIIOJIb3YIOT COYCTaHUS TPATUIMOHHBIX CPEACTB TIpo3o3aimuThl [2,3]:
YCTAHOBKY OJHOIO WJIA HECKOJBKHX MOJHHE3AaUUTHBIX TPOCOB, CHI)KECHHE
CONPOTHUBJIECHUS 3a3€MIICHHSI OIIOP, YCUIECHUE HU3O0JIALIUH.

B psne cnydaeB, B Cuily OOBEKTHBHBIX NPUYUH (BBICOKHE 3HAYCHHS
CONMPOTHUBJIEHUS 3a3emMiieHus onop BJI u3-3a BBICOKOIO yAEIBHOIO CONPOTUBIICHUS
TPYHTa, HEBO3MOXXHOCTh NPUMEHEHHSI MOJIHUE3AIIUTHBIX TPOCOB H3-32 BBICOKUX
BETPO-TOJIOJIEIHBIX HArpy30K M T.I.) TPaJAHIMOHHBIE CPEICTBAa I'PO303AIIUTHI HE
MOTYT o0OecneunTh Heobxoaumyro rpo3oynopHocts BJI. Torma sddexrtuBHBIM
CHI0COOOM TOBBIIIEHUSI TPO30YIOPHOCTU MOXKET CTaTh yCTaHOBKA Ha omnopax BJI Tak
Ha3bIBa€MbIX «1oJBecHbIX» OITH.

D¢} PexTUBHOCTD MOBBIIEHUSI T'po3oynopHocTH BJI mpu momomu ycTaHOBKHU
noaBecHblx OITH moarBepik/ieHa Kak MHOTHMMH TEOPETHUYECKUMH HCCIEI0BAHUSMHU
pacueTamu, Tak M OMBITOM 3KcIuTyaTanuu [2-16]. Hecmotpst Ha 310, cormacuo [11],
rie npuBoAUTCs aHanu3 Oosee yem 30-u myOnuKanuii, A0 CUX MOpP HET €JUHOTO
MHEHUS [10 MHOTUM BOIIPOCaM, CPEAU KOTOPBIX:

— BbIOOp THna OITH (¢ uCKpOBBIM MPOMEKYTKOM HIIH 0€3);

— BBIOOp MeCT pa3MelleHus orpaHndeHHoro uncia kommiekroB OITH Ha omope (B
BEpPXHHE WIM HIWKHHE (a3bl, B KpailHHME WU CpEIHHUE), O00CCICYMBAIOIINX
HauOosee 2 (HEeKTUBHOE CHUKEHUE YKCIia IEPeKphITUid n3ossiiuu BJI;

— ocHOBHbIe TpeOyembie xapakTepucTuku OITH u, npexe Bcero, 3HEproeMKOCTb.

O030p OTEUECTBEHHBIX U 3apyOEKHBIX MyOJIMKAIM, Pe3yabTaThl KOTOPOTO B
cxkatoil ¢opme mpuBeneHsl B [11l], mokaszan, 4YTO HEJOCTATOUYHO W3YUYECHHBIMU
SBJIAIOTCS. MHOTHE BOIIPOCHI, CBSI3AHHBIE C PAcCu€TOM M MPUMEHEHUEM IOJBECHBIX
OIIH. CnenctBueM 3TOrO B psALE CIy4aeB SIBISETCS MCIIOIb30BAHUE HEKOPPEKTHBIX
pacyeTHbIX MOJENEH U MPUHSATHUE HAa OCHOBE BBIMOJHEHHBIX PACUYETOB OMIMOOYHBIX
TEXHUYECKUX peleHud. Maraou3yuyeHHbIMU SIBJIAIOTCS BONPOCHI, TMOHHMAHHE
KOTOPBIX HEOOXOIUMO JJI MPABWIBHOTO BBIOOpA XapaKTEPUCTHK OTPAHUUYUTENCH
nepeHanpsbkeHu, Takue, kak ¢opma umnyibcHoro toka B OIIH, makcumanbHbIe
TOKOBBIE U dHEepreTuyeckue Harpys3ku Ha OITH.

B Poccum HET HOPMATHBHBIX JOKYMEHTOB, PEIVIAMEHTHUPYIOIIUX YCTAHOBKY
OIIH mna BJI, a 3apy0OexHble HOpMaTHUBHBIE JOKYMEHTHl [3] coaepiKaT JHIIb
peKOMEHIalluu OOIIEeT0 XapaKTepa, KOTOpble HE MOTYT ObITh HCIOJIb30BaHbI IS
pEIIEHUsT KOHKPETHOW TEXHUYECKOM 3aJauyd. YUYUTBIBAS M3JI0KEHHOE, U3YUYECHHUE
IIEPEXOAHBIX MPOLIECCOB IIPU I'PO30BBIX NEpeHAIpsLKeHUAX B BJI, nzoisinusa koropon
3amuuieHa noasecHsiMu OITH, sBisieTcss BaXKHENIIEW HEPEIICHHOM 3a/1aueil.

B kHHre mosicHeH MeXaHU3M BO3HMKHOBEHUS TPO30BBIX MEPEHANPSIKEHUN Ha
3o BJI, copmynupoBana u moipoOdHO 000CHOBaHA 00JacTh palliOHAIBLHOTO
npuMenenuss OIIH nmma 3amutel n3omsimuu BJI OT TpO30BBIX IEpEHAINpPSKEHUM,
NpUBEAEH BBIOOp TUIA U XapakTepucTuk nojsecHbix OITH.
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1. Illepenanpsikennsi Ha u3oassuuu BJI
B HOpMasibHOM pexnMe HamnpshDKEHHE Ha W30JSIUN 000pyAOBaHUs HE JOKHO
MOBBIMIATHCS] CBEPX HAMOOJBINIETO pabouero Hanpspkenus U, . Besikoe npeBbienme

MI'HOBCHHBIM 3HAYCHHUCM HAIIPSKCHUA HaA HW30JIANUNU aMIUIATYIbI HanOOJIBIIIETO
pa60qer0 HaIIPsSOKCHUA \/E -U yp IPUHATO HA3BIBATH IICPCHAIIPSKCHHUCM.

B 3aBHCHMOCTH OT NPUYMH BO3HUKHOBEHUS paznuyaroT (puc.l.l) nBe rpynmbl
NEpeHaNpsDKeHU  [2]: BHEIIHWME M BHYTpeHHHE. BHelIHME mnepeHanpsKeHus
SABJISIIOTCS. CJICICTBUEM BO3JEHCTBUS BHEIIHUX II0 OTHOLIEHUIO K PAaCCMATPUBAEMOM
CEeTM HCTOYHHMKOB BHEpPruM (Hampumep, NOpHU paspsigax MoOJHUM). BHyTpeHHue
IEPECHANIPSDKEHA  pa3BHBAIOTCS 32 CYET  IPOLIECCOB,  OOYCIIOBJIIEHHBIX
(GYHKIIMOHUPOBAHUEM DJJIEKTPUYECKONW CETH, UMEIOT MECTO MpH HEeOIaromnpusITHON
KOH(UTYpaIMK CETH, a TAKXKE BCIEACTBHE PaOOThl KOMMYTAIIMOHHBIX allapaToB WU
MTOBPEXKIAECHUN U30JIALINH.

nepeHanpspKkeHnst
BHeLUHWe BHYTPEHHUE
rpo3oBble KOMMYTaLMOHHblEe KBasucTalMoHapHble

p T

U

MAKC -

Puc.1.1. YnporieHnHas knaccuukanus nepeHanpskeHui.

[lepeHanpsbkeHUsT XapaKTEpU3yIOT C TOYKM 3pEHHS MX MaKCUMaJbHOU
BEJINYMHBI U, . ¥ OJHOTO WIH HECKOJIBKUX BPEMEHHBIX apamMeTPoB T :

— JUIMTEIIbHOCTH allepUOJIUYECKOT0 UMITYJIbCA HAPSIKEHUS;
— nepuoja KojieOaHUN HaNpsLKEHHUS,
— JUIMTEIIbHOCTH CYLIECTBOBAHUS MOBBIIIEHUS HAIIPSKCHUS.

PaznuuHble BUABI NEPEHANPSIKEHWM MMEIOT BPEMEHHBIE HapaMeTpbl T OT
eIMHULl MHUKPOCEKYHJI JO HECKOJbKMX 4YacoB. B OoJibIIMHCTBE cly4yaeB
MEPECHANPSKEHUS UMEIOT KPAaTKOBPEMEHHBIN XApAKTEP, TaK KaK OHU BO3HUKAIOT IPU
OBICTPO 3aTyXalolUX MEPEXOJIHbIX MpOIleccax WU B aBAPUNHBIX PEKHUMaXx, BpeMs
CyLIECTBOBAHUS KOTOPBIX OrPAaHUYMBACTCS JCHUCTBUEM PEICUHOM 3alllUThl U
aBTOMaTUKU. [[axe caMble KpaTKOBPEMEHHBIE MTePEHAIIPSKEHUSI CIIOCOOHBI MPUBECTH
K Npo0OI0 WM TMEPEKPBHITUI0O H30JIALKUU U CBSA3aHHOM C 3TUM HEOOXOAUMOCTHIO
MOCJEAYIOUIETO OTKIIFOUEHUS MOBPEKICHHOIO 3JIEMEHTA CETH, T.€. K MEpephIlBaM B
ANEKTPOCHAOKEHUHU OTPEOUTENICH UM CHIDKEHUEM KayeCTBa AJIEKTPOIHEPTUU.
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[lepenanpspkeHus: BO3JACMCTBYIOT M Ha MEXKIy(pa3HyI0 H30JAIUI0, U Ha
U30JSIIMI0 a3 OTHOCUTENBHO 3emuid. Hanbosnbliiee mpakTuieckoe 3Ha4eHUe UMEIOT
nepeHanpsHkeHus Ha a3ax OTHOCUTETbHO 3eMiid. OHU BO3JICHCTBYIOT Ha M30JIALIUIO,
OTIEJNAIONIYIO0 TOKOBEAYIINE YacTU 3JIEKTPOOOOPYAOBAHUS OT 3€MJIM U 3a3€MJICHHBIX
KOHCTpyKIMi. B sTom ciiyuae Ha puc.l.2 mox BennunHou U,, CleAyeT MOHUMATh

q)aBHOC 3HAYCHHE HAauOOJIBIIIETO pa6oqer0 HaIIPpsKCHUA CCTH.

/\ BpeMs
A >

UMAKC
V2 Upp
A A A BpeMs

v/
VARV

Puc.1.2. Ilpumeps! iepeHanpsHKeHNUH pa3aTuaHON (OPMBI M BpEMEHHBIX TTapaMeTpoB T .

s BBIOpAaHHOM TOYKM CETHM MHTEpPBAl BPEMEHU MEXKIYy HMITYJIbCHBIMU
IPO30BBIMU ~ W/WIK  HUMIYJIbCHBIMA  KOMMYTAI[MOHHBIMH  TEPEHANPSKEHUSIMH,
BO3HHMKAIOIIMMH B NPOLECCE HKCIUTyaTallMM, KaK I[PAaBHIIO, JOCTATOYHO BEIHUK, W
MO3TOMY WX  MOXHO  CUdTarh OAHOKpatHbiMu  (puc.l.2,a). Hamporus,
KBa3UCTAallMOHApHbIE (KaK Obl CTAallMOHApHBIE) MEPEHANPSIKEHUST XapaKTepU3YIOTCS
TE€M, YTO MOBBIIICHUE HANPSLKEHUS! MOBTOPAETCS MHOTOKPATHO B TEYEHHE LEJIOTO
psla TEpUOJOB NPOMBIIUIEHHONM 4YacToThl: Ha puc.1.2,0 — 3TO UMIYJIbCHbIE
VCKKEHUSI HANPSDKEHUSI IPOMBIIIEHHON 4acTOThl, HA puc.1.2,B — 3TO MOBBIIIEHHUE
BEJIMYMHBI CAMOTO HAIPSKEHUS! IPOMBIIIIEHHON YaCTOTHI.
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Buusy puc.1l.1 nokazaHo, Kak U3MEHSIOTCS BPEMEHHBIE MTapaMETPhl U YPOBHU
IIEPEHAIPSKEHUHN B 3aBUCUMOCTH OT UX BUAA. J{J1 TpO30BBIX MPOLIECCOB XAPAKTEPHBI
OYEHb BBICOKME MEPEHANPSIKEHUs IIPU MaJOW JUIMTENIBHOCTH BO3IECHCTBUS HA
M30JLMIO, SISl KBA3UCTAllMOHAPHBIX — MHOTOKPATHBIE BO3JCHUCTBUSA HA HW3OJISILUIO
IIPY OTHOCUTEJIBHO HEOOJIBIION BEIMYNHE IEPEHANPSKEHHM.

[Tpu u3BecTHOM BenmuuuHe U (PopMe MEepeHaNpPsSIKEHUH CTENEHb UX OMAaCHOCTH
UL pacCMaTpUBacMOM  M30JLALMM  ONPENEIsAeTCd €€ BOJIBT-CEKYHIHOU
XapakTepucTukou (puc.1.3), B kauecTBe KOTOPOH MOKHO IOHUMATh 3aBUCUMOCTH 50-
U TPOLEHTHOTO pa3psIHOrO HampspkeHust Ug, OT BpeMeHW T, MNPOLIECAUIETO C

Hayvala MPUIOKEHHS HAMPSKSHUSI 10 pa3BUTHA pa3psiaa (mpoOos WiIH MEPEKPHITHS).
Ecmm Ttouka, orBewaromas mnapamerpam U,,,.. H T IEpPEHANPSHKCHHM,

OKa3bIBACTCsSl BBIIIC BOJBT-CEKYHIHOW Xapaktepuctuku (puc.1.3), To Benuka
BEPOSITHOCTD MEPEKPHITHS (MPOOOsT) U3OISAIUU.

50%

> T

Puc.1.3. OOumii BUI BOJBT-CEKYHAHOH XapaKTEPUCTUKU H3OJIALUU OOOPYJOBaHUS, a TaKkxKe
pa3IUYHbIE COYETAaHUs BEJIMUNHBI IEPEHANPSIKEHUHN U UX JUTUTEITbHOCTHU (KKPECTUKN).

B mnponecce skcilyaTaluu OTKIOYEHHE BO3IYIUHBIX JMHUM MOXET OBITh
BBI3BAHO PA3JIMYHBIMU TPUYMHAMH, OIHOW M3 KOTOPBIX SBJISIOTCS NEPEKPBITHS
M30JISIUMU BCIIEJCTBUE TMEpEHANPsHKEHU, BO3ACHCTBYIONMX HAa M3OJSIIUIO (Da3HbIX
npoBoJ0B. Kak mpaBuiio, Mpu NepeHanpsHKeHUsIX Ha BO3AYLIHBIX JUHUSAX PeYb HIIET
MMEHHO O TEPEKPhITUM H30JSUUHU, a He O mpoboe. MHBIMH clloBaMH, MpH
NEPEKPBITUH M3O0JISIMH padoTOCIOcOOHOCTh M3osimu (1 BJI B 1enmoM) ¢ BBICOKOIA
BEPOSITHOCTbIO MOXET OBbITh BOCCTAHOBJIEHA MOCIE TPOXOXKIEHUSA LHKIA
aBTOMAaTHUYECKOro MoBTopHOro BkioueHus AIIB, Torga kak mpu npoboe u3oisuuu
AIIB OyneT HeyclenHo, ¥ JJMHUIO MOTpeOyeTcs BHIBOAUTH B PEMOHT.

[Ipu mepeHanpspkeHUsIX MepekpbiTusa u3oisiiuu BJI HanbOonee BeposTHBI Ha
ornopax, IMOCKOJIbKY TaM OKa3bIBA€TCSI MUHUMAJIbHBIM PACCTOSIHHE OT MPOBOJIOB 0
3a3€MJIEHHBIX KOHCTPYKUMH (TpaBepC M CTOEK OIOpPbI), OMPEAECISIEMOE KIAaCCOM
HaIPSDKEHUS. JIMHUM, MPUMEHSEMBIMH THUIIAMH ONOP W HW30JMPYIOIIUX IMOJBECOK
(130J1ITOPOB) (pa3HBIX MMPOBOJIOB.

BeposTHOCTh MEpPEKPHITUS N30JMPYIOLIEN MOJBECKH ONPENEISIETCS] MHOTUMU
dakTopamMu W, B TOM UHWCJIE, BEIUYMHOW U (POPMON  BO3AECUCTBYIOIIMX
nepeHanpsbkeHuii. BHemrHue (rpo3oBble) M BHYTpeHHHE (KOMMYTAllMOHHBIE,
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KBa3UCTAIlMOHAPHBIE) MEPEHANPsHKEHUs 00JIaal0T pa3uYHBIMU THapaMeTpaMu, HO
ONBIT O3KCIUTyaTalldd, WCHOBITAHWS H PaCUeThl I[IOKAa3bIBAKOT, YTO U3 BCEX
MEPEHANPSIKEHUI MPUYMHON TMEPEKPhITUS H30JSIMA HauOoJiee 4YacTO CTAHOBSITCA
IPO30BBIC TIEpeHANpsoKeHUs. VIMEHHO TO03TOMYy OOOOIIEHHOE TOHATHE «3alluTa
m3oisinun BJI OT mepeHanpsskeHui» HEPEAKO OTOMXKIECTBIAKOT C €r0 4YaCTHBIM
CIIy4aeM: «3aluTon u3oasaunu BJI oT rpo30BbIX nEpeHanpsKEHU.

—/ \
dasHbIn nsonsatop
npoBos ®

Tpasepca
Tpasepca
rmpnsiHaa rmpnsHaa
TpaBepca
asHbIv
rmpnaHaa < npoeon
onopa B/l B)
—/ \
dasHbIn
nposofa
onopa BJ1 6)

onopa BJ1 a)

Puc.1.4. Hanbonee pacnpocTpaHeHHbIE H30JIMpPYIOIIKe oABeckH (a3Hbix mpoBooB BJI 6-750 kB:
nosiBecHas (a) u HaTspKHad (0) TUPIISIHIBI U30JIATOPOB; IITHIPEBOM U30JATOP (B).

Ha camom nene mnepeHanpspKeHUs SBIIFOTCS JIMIIb OJHOM M3 IPUYMH
HapyILIEHUsT HOPMaJbHOW pabOThl BO3AYILIHBIX JIMHUKA U MX OTKIoueHusd. Cpenu
MPUYHH TaK K€ U3BECTHBI:

— MEpPEeKPHITUS YBIAKHEHHON U30JSUHU NTOJI pa00YUM HaNPsHKEHUEM;

— OTUYBW» OTKIIOYEHHS (MEPEKPHITUS 3arpsA3HEHHON H30JISLMU, NEPEKPhITUS 110
CTpy€ NIOMETa, MEPEKPBITHS U3-3a KPYITHBIX MITUL);

— TEpPEeKPHITUS Ha JIEPEBbS,;

— TEPEKPBITUS U30JSUHU TIPU JIECHBIX U CTEMHBIX MOXKapax;

— TIpo0OoH U30JIALINH;

— paccTpels U30JSUUNA OXOTHUKAMU;

— oOphIB (ha3HBIX MPOBOJOB U TPOCOB (C TMajeHHeM Ha (azHble MPOBOJA) H3-3a
BUOpAIMK, HEPACUETHBIX BETPOBBIX U TOJOJEAHBIX HATPY30K;

— TMaJIeHHEe OINOop M3-3a HEPACUETHBIX BETPOBBIX U TOJIOJEIHBIX HATPY30K;

— Hae3q TexHuku Ha BJI (0OpbIB TPOBOIOB M TPOCOB, MAICHUE OTIOP);

— JIpyrue NpUYUHBI.
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Wrak, nepeHanpsskeHHsl U, B YaCTHOCTH, I'PO30BbIE IEPEHANPSIKEHUS AAJIEKO
HE BCeraa SABILIOTCA JOMHUHHUPYIOIIMMHA B YHUCJIE OTKIIOYEHUN KOHKPETHOMN
BO3AYINHOM JIMHUM. Ywucno orkmoueHnii BJI wm3-3a BO3IEHCTBUS TPO30BBIX
NepeHaNPsHKCHUN 3aBUCUT OT psijia ¢akTopoB [2,3], Takux Kak:
— YHCJO pa3psaaoB MOaHUM B BJI v psjom ¢ Hew;
— HMILYJIbCHAs IPOYHOCTH u3ossiuu BJI;
— MMIIYJIbCHOE CONPOTUBIIEHUE 3a3eMiieHus orop BJI;
— HAJIMYUE€ MOJIHUE3AIIMTHBIX TPOCOB (MX YHUCJIO U PACIOJ0KEHHE OTHOCUTEIBHO
(a3HBIX TPOBOIOB);
— Hannuue Ha BJI cnenuanbHBIX CPEACTB I OTPaHUYECHMs INEPEHANPSKCHUN
(Hanpumep, orpaHuuUTeNeH epeHanpsokeHuid HenmuHenusix OITH).

/

onopa BJI
X

X JIepeBo
X

Puc.1.5. Pa3psasl MOJTHUM — IPUYMHBI TPO30BBIX NEpeHanpskeHui Ha nzonsauuu BJL

OCHOBHBIMHM MCTOYHUKAMU T'PO30BbIX MEepeHANpsKEeHUN Ha u3onsinuu BJI, kak
ATO MOKAa3aHO Ha puc.l.5, IBIAIOTCSA CIAEAYIOIIME BO3ACHUCTBUS MOJHHU:

— npsmMble pa3psasl B BJI (B dasubiii npoBoa — 1, B omopy — 2, B Tpoc — 3);
— pa3psabl BOym3u oT BJI (B 3eMITIO MITH B KaKKe-TO OOBEKTHI — 4).

B caywasx 1,2,3 roBopar, uro Ha wusoigsaiuu BJI  umerT wmecto
MepEHANpPSDKEHUST TPSIMOro pa3psiga MOJHUHM, a B ciiydae 4 — MHAYKTUPOBAHHBIC
nepeHanpspbkeHusi.  dOu3Mke MOJHUM JIydllle COOTBETCTBYET «paszpsi», OJIHAKO
3a4acCTyI0 UCIIOJB3YETCA «yJap».

[Ipn 3amaHHBIX MapaMeTpax MOJHUM TNEPEHANPSIKEHUS MPSIMOTO paspsiia
omacHee JUIsl M30JSIUU, HEXEIW HWHIAYKTUPOBAHHBIC MepeHanpspkeHus. (OIHako
BEPOSITHOCTh MPSMOTO paspsna moiauuu BJI 3aBucuT oT MHOTHX (PAKTOPOB, M MOXKET
MOJYYUTHCSI TaK, YTO BOBCE HE MPSAMbIC Pa3psibl MOJHHUM SIBISIOTCS OCHOBHOM
NPUYMHON  TEPEKpPbITUS  U3O0JSLMM TpPU  TPO30BBIX  MEPEHANPSIKEHUSX, a
WHIYKTUPOBaHHbIE. B 4acTHOCTH, Takas cUTyanus ckiaabiBaercs B ceTsax 6-10 kB,
rJic BbICOTAa OMOphI HeBeluka W Tpacca BJI xopomio skpaHupyercs penbedom
MECTHOCTH, JIECOM U MOcTporikamu, T.€. BJI 6-10 kB He sBisieTca npuBiekaTenIbHOM
uist opMHUpOBaHUs Ha Hee paspsnaa MosiHud. [loaromy B cerax 6-10 kB ocHoBHOIM
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MPUYUHOW  TPO30BBIX  OTKIKOUeHUH  BJI  cuurarorcs  MHIYKTUPOBAHHBIE

MepEHAINPSKEHUS TTPU OJIM3KUX K TPAcCe JIMHUU pa3psiaXx MOJTHUMU.

CymiecTBy1oT paznuuabie MeTonuku [2,3,17,18] nns oneHkw 4ucia pa3psiioB
MoHuM B BJI, o1ieHKH unciia pa3psaoB B JIEMEHTHI €€ KOHCTPYKIMH (Touku 1,2,3 Ha
puc.1.5). PeanpHoe unciio paspsaoB monauu B BJI 3aBucuT oT MHOTHX (DaKTOpPOB, HE
BCE M3 KOTOPBIX MOXXHO y4Y€CTh MPU MPOBEIACHUU PACUETOB, T.€. CIOBO «pacyeT
KOPPEKTHEE 3aMEHUTH CJIOBOM «OLICHKA.

[Ipn oueHkax uyucia pa3panoB MoiHHUM B BJI OCHOBHBIE TpaJWIIMOHHO
YUUTBIBa€MbI€ (DAKTOPHI CIIECTYIOIIHE:

— Tpo30Basi aKTUBHOCTHh B paiioHe NpoxoxaeHus BJI, Belpaxkaemass WM CpeIHUM
YHUCJIOM pa3psiioOB MOJIHUUM Ha €JIMHUILY IUIOIIAM 3€MHOM moBepxHocTH (Ha 1
KM?), MM TAaK HAa3bIBAEMBIM TOJOBHIM «YHCJIOM JHEH C Tpo30il», WIM TaK
Ha3bIBAEMBIM I'0JIOBBIM «YHCIIOM TPO30BBIX YaCOBY;

— IUIONIA[b, 3aHUMAaeMasi JUHUEH (3aBucHUT OT JiuHbl BJI U mmpuHbl ee Tpacchl,
KOTOpasi B CBOIO OY€pe/lb 3aBUCUT OT THUIIA OIOP);

— BBICOTa OTOp, OMpENENsIonas «TeHbY», OTOpachIBaeMyl0 JIMHUEH (pa3pslibl
MOJIHUHY B 3€MJII0 BO3MOXHBI JIUIIIb HA HEKOTOPOM yAaleHuu oT Tpacchl BJI, Tak
KaK B IPOTHBHOM CIIy4ae X MOXKHO CUMTATh MPSAMBIMU paspsaamu B BJI).

@akTOpbl, KOTOpPHIE CIOXKHO YYECThb MpPH OILEHKaX KOHKPETHOIO YHCIIa
pa3psiioB MosiHuH B BJI, onucanbl B Teopuu n30HupaTelbHO# mopaxkaemoctr [19,20]:
— HaJW4YHE MO0 TPACCE OTACIBHBIX BBICOKUX OTOP;

— mnepexoabl BJI yepe3 BoHbBIE TPErpaIbl;

— mnepeceuenus BJI ¢ npyrumu BJI;

— u3rudbl Tpaccsl BJI u n3ruds! naymux napamiesbHO JUHUN WK TpyOOIpPOBOIOB;

— MecTa M0 Tpacce, IJIe MEHSETCS XapaKTep IPYHTa U YPOBEHb I'PYHTOBBIX BOJI;

— XapakTep MECTHOCTH (JIeC/T0JIe/TOPhI) U HaJTUYHe CTPOCHUH.

YuuthiBask M3I0KEHHOE, CYIIECTBYIOIIMM METOJIMKAM MOXXHO 0OoJjiee MeHee
JOBEPATHh JIMIIb B CIIy4ae MX MCIOJb30BAHUS I MPOTSHKEHHBIX, CPABHUTEIBHO
BBICOKUX ¥ rabapuTHbIx BJI 35-750 kB, uncio pa3psaoB B KOTOPbIE HE CTOIb CUIIBHO
3aBUCHUT OT XapakTepa MecTHOCTH, Kak 1yt BJI 6-10 kB.

371ech caeayeT oOpaTuTh BHUMaHUE, YTO TPAJUIIMOHHO KJIACChl HOMUHAIBLHOTO
HaMpsDKEHUST Pa3lIeNIIlOT Ha TPYIIbl B 3aBUCUMOCTH OT crocoba 3a3eMJICHUs
HEWTpanu, KoTopsld B Poccun otnnuaercs s cerert 6-35 kB u cerent 110-750 kB.
[Ipu paccMoTpeHHH € TPO30BbIX TMEPEHANPSIKEHUN BaXKHBIM (HDaKTOPOM SIBJISIETCS
BBICOTA OIOPHI, BO3MOXXHOCTh YCTAaHOBKM Ha HEW MOJIHHE3AIIUTHOTO Tpoca, W,
MOATOMY, pa3JelieHHe BO3AyIIHbIX JuHUM Ha 6-10 kB u 35-750 kB sBisercs
JOTUYHBIM. 3ameTuMm, 4To B Poccum ecth takue knaccel, kak 20 kB, 150 kB u ap.,
OJIHaKO B KHHWT'€ OCHOBHOE BHUMaHue yzaeneHo cetsm 6-10, 35, 110, 220, 330, 500,
750 xB, xoTtopmie aBTOp cuMTaeT HauOOJIEE MHTEPECHBIMH I HIUPOKOTO Kpyra
YUTATENEH.

Paccmorpum  Goslee  moapoOHO  MEXaHHW3M  BO3HHKHOBEHHS T'PO30BBIX
MEePEHAINPSIKEHUI Ha U30JISIUKA BO3AYIIHBIX JIMHUM MPU pa3psigax MOJHUU B TOUYKH
1,2,3,4, noka3zanHsle Ha puc.l.5.
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1.1. Pa3psin mosiHum B ¢a3Hbiii mposoa BJI
Ha puc.1.6-1.7 mokaszanbl paznuuHble KOHCTpykKiuu omop BJI 6-750 kB u
OTMEYEHBI (pa3bl, B KOTOPbIE HAMOOJIEE BEPOATHBI PA3PSIAbl MOJIHUH:
— B JII0OBIE TIPOBOJIA I JOCTAaTOYHO KoMIakTHEIX BJI 6-10 kB;
— B BEpXHHUE NMPOBOJIA MIPU PACTIOIOKEHUU (a3 B BEPIIUHAX TPEYTOJbHUKA WU MPU
BEPTUKAJIILHOM PACIOI0KEeHUU (Pas;
— B KpaliHue IpOoBO/ia IPHU TOPU30HTAIILHOM PACIONOKeHUH ¢as3.
Jiis ocTanpHBIX (a3 BEpOATHOCTH pa3psiia MOJHUU €CTh, HO OHA 3aMETHO
HWKE U, MHOT/1a, IPOPHIBBI MOJTHUM HA HUX BOOOIIIE HE MPUHUMAIOTCA BO BHUMAHHE.

Tabmn.1.1. Tunossie onopsl BJI 6-750 kB 1 001acTh MX IPUMEHEHUSI.

KIS OLOPEL Knaccel HanpsbxeHust BosmoxHOoCTh Pacnionoxxenue a3 npyr
p JUHUU YCTaHOBKHU TPOCa OTHOCHUTEJIBHO JIpyTa
Puc.1.6,a HET B BEpIIIMHAX TPEYTOJbHUKA
6-10 kB
Puc.1.6,6 TOPU30HTAIILHOE
Puc.1.7,a B BEPIIMHAX TPEYTrOJIbHUKA
2 35-330 xB €CTh P ey

Puc.1.7,6 BEPTUKAIIBHOE
Puc.1.7,8 35-750 kB TOPU30HTAIILHOE

T

Puc.1.6. ®a3nsle npoBosa BJI 6-10 kB, B koTopble Hanbosee BEpOsTHBI IPSIMbIE pa3psibl MOJIHUU.

T

Puc.1.7. ®a3ubie mpoBona BJI 35-750 kB, B koTOpbIe BEPOSATHBI IPSIMBIE pa3psiibl MOJIHUH.

https://voltplace.com/
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IIpu paspsige MOIHUM i, (t) B (ha3HBINA IPOBOJ TOK MOJHUM (BOJIHA TOKA) OyaeT
pacmpoCTpaHATLCS BICBO U BIPAaBO OT MecTa paspsna (puc.l.8-1.9):

u, )= 221, ),

rJie Z, — BOJHOBOE CONPOTHBIICHUE (ha3HOTO MpoBoja [2].

O

XX

X0

A’A

XXX
\
\

\
OXKKX

X2

X

3a3CMIIMTCIIb

Puc.1.8. Pa3psin monuuu B dazublii npooa BJI u myTu pacTekaHusi TOKa MOJIHUU.

U

n3

0

UTPAB_

ZCD /\/ ZCD
H— —

Puc.1.9. VnpomeHHass cxema 3aMellleHUs Ui ONpEAENIeHHMs TPO30BBIX MEpeHaNpsHKeHUH Ha
u3osiiun BJI B yenmoBusix puc.1.8 mpu paspsine MoHUE B (ha3HBIA TPOBO/I.

IIpr ynpoiieHHOM aHAJIUTUYECKOM MCCICAOBAHUM 4KCla OTKIOUYeHUuN BJI
BAJKHO COOTHOILICHHE MEPEHANPSHKEHUNM W MPOYHOCTH H3O0JISLUUHU, ONPEICISIONIEe
HaJu4yue WIM OTCYTCTBHE MNEPEKPhITHA. 1I0CKOIBKY cremyronme 3a MepeKpbITHEM
IIPOIIECCHI CEMYAC HE TAK BaXKHBI, TO IOCTATOYHO paccMaTpPUBATh «HEOTPAHUYEHHBIE
I'PO30BbIE NIEPEHANPSKEHNUS, T.€. 0€3 yueTa NepeKpbITUN U30ISIUH.

Tok B onope u ee 3a3eMIISIIOIEM YCTPOMCTBE MOABUTCSA JIMIIb MIPU MTEPEKPHITUN
m3omsiinu - ¢azel  «C», mopaxkeHHOW MonHued. CreoBaTenbHO, A OLUEHKU
HEOI'PAHUYEHHBIX IEPEHANPSHKEHUN, CYLIECTBYIOIIMX [0 IEPEKPBITHS H30JSALNH,
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JIOCTATOYHO CUMTATh MNOTEHIMan TpaBepchl (¢a3zbpl «C» paBHBIM HYJIEBOMY
HOTEHLUATY 3€MIIU Uy, (t)=0. Torma HanpsbkeHre Ha M30aALUK (HA3HOrO MPOBOJA,

PaBHOE Pa3HOCTH MOTEHIIMAIOB (DA3HOTO MPOBOJIA U,,(t) ¥ TPaBEPChI OMIOPHI Uy, (t):

Z, .
uH?(t):u¢(t)_uTPAB (t):f'lM(t)' (11)
VenoBueM NEPEKPHITUS HM30A0uM BJI MOXKHO CUMTATh U,,(t)>u,,,, T.€.

ONpENENEHHOE TMPEBBIINICHUE TPO30BBIMH  MEPEHANPSDKEHUSMUA — MMITYJIbCHON
IPOYHOCTH H30JALMH (Wi 50% pa3psaHOro HanpsKEHUs ).
Jlake eClM MMITYJIbCHBIM TOK i, (1) MOJHHM MMEET MaKCHMaJbHOE 3HAYEHHE

Bcero |, =10 KA, TO NpPU HEKOM CPEAHEM 3HAYEHHH BOJIHOBOTO CONPOTUBIICHUS
dazHoro mpoBoga Z, =400 OM MOJIy4yuM, YTO MaAKCHUMAJIbHOE HAIpSIKEHUE Ha
M30JAIMM JOCTUTHET U, =2000 KB M OKaXeTCs JOCTAaTOYHBIM JUISl NEPEKPBITHS

u3ossiuu BJI Bcex KilaccoB HOMMHAJIBHOTO HampsbkeHus BIUIOTH 10 330 kB (cwm.
Ta051.1.2).

YuuTeiBas JaHHBIC 0 BEIMYMHAM TOKOB MoJHUM [1,2], mpsMon paspsa
MonHuM B (da3Hbiii mpoBoa BJI moboro kimacca HampsbKeHHsT € BBICOKOU
BEPOSITHOCTHIO IPUBEACT K MEPEKPHITUIO €€ U30JISAUU U TOTpedyeT oTkitoueHust BJI.

Ta6n.1.2. CrpoutensHas auHa L, (o [21]) rupasaast uzonstopos BJI 6-750 kB u ee paspsaHoe

Hanpspkerue U, (o [2]) mpu Bo3aelcTBIM CTaHIAPTHOTO IPO30BOro umityibca 1.2/50 Mkc.

U yiou > KB 6-10 35 110 220 330 500 750
Lz M 0.1-0.2 0.7 1.25 2.3 3.0 4.0 6.0
U gy , KB 80-180 500 750 1300 1850 2350 2900

[Tpumeuanue: nus BJI 6-10 kB nanHbIe Cy1ecCTBEHHO 3aBUCAT OT TUIIa TPUMEHSEMbIX U305 TOPOB.

[TockonbKy TipsiMble pa3psiasl MoaHuU B BJI Hanbosee BepoOsSTHBI A JIMHUAN
35-750 kB, BO3BBIIAIONIUXCS HAJl MECTHOCTBIO U «IIPHUBJICKATEIBHBIX)» ISl MOJTHHH,
TO OIIyTUMOE TOBBIMIeHNE Tpo3oynopHocTH BJI 35-750 kB mocturaercs ycraHoBKo#
HaJl (pa3HBIMU MPOBOJAMHU MOJIHME3AIUTHBIX TPOCOB, MPUCOCAMHEHHBIX K OMOpam
BJI. Posiib Takux TpPOCOB, MHOTJA HA3bIBAEMBIX «TPO303AIIUTHBIMU», — IEPEBECTH
3aBEIOMO OMAaCHbBIC ISl M3OJISIAM Pa3psiibl MOJHUUA B TOKoBeaymue yactu BJI B
ropas3/io MEHEE OMACHBIEC PAa3PsAIbl MOJIHUM B 3a3€MJICHHBIC 3JIEMEHTBI KOHCTPYKIIUU.

CymectBytoT uccinenoBanusa [20], corimacHO KOTOpbIM Ha (ha3Hble MPOBOJA
JMHUN C TPOCAMU MPOPHIBAOTCS JIUIIIh MAJIOMOIIIHBIE MOJIHUM — UM TIPOIIE O0OUTH
TPOCOBYIO 3alUTy, Y€M «MEHEE IMOBOPOTIMBBIMY» MOIIHBIM MOJIHHUSAM, KOTOpPBIE
CKOpee yaapsAr B 3a3eMiieHHble 4dactu BJI. Ecau npuHMMare BO BHUMAaHUE 3TH
JIAaHHBIE, TO MOCJIE€ YCTAHOBKU TPOCOBOM 3alUTHI YK€ HE KaXIbId pa3psii MOJHUU B
daznbiii mpooa BJI 500-750 kB Oynet mpuBOAUTH K IEPEKPHITUIO U3OJISIIUH.

Ha ¢dopmupoBanne paspsiga moiaHud Ha (a3HBIA MPOBOJ OMPEEICHHOE
BJIMSSHUE MOJKET OKa3bIBaTh IMOJSPHOCTh pabOYero HampsKEHUsI MPOMBIIUICHHOM
gacToThl. Tak, Ha Tepputopur Poccun MOIHUS HeEceT K 3eMJie B OOJBIIMHCTBE
CIIydaeB OTpUIATEIbHBIN 3apsij, MOATOMY ISl 3aAaHHOTO (ha3HOTO MPOBOJA pa3psia
CKOp€€ MPOM30MAET TOrAa, KOrJa MIrHOBEHHOE 3HAUYEHUE HANpSHKEHUsS Ha HTOM
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npoBojJie OJMU3KO K aMIUIUTYJIe MOJOKHUTEIbHON MOIYBOJHBI cuHycouabl S50 T'm.
OnHako pacyeThl U OMBIT AKCIUTyaTallid CETEH MOKa3bIBAIOT, YTO YYET pabOvyero
HaIpsHKCHUST TIPU OIICHKE BEPOSITHOCTH TPOphIBA MOJHUM Ha (asHbBIM MPOBOJ
HE0OXO0MMO TTPOBOIUTE UMb [ JimaniA 500-750 kB.

Ecnu roBoputh 0 nmuHusx 6-10 kB, To mpoyHOCTh WX M3OJSAIMK TaKOBA, YTO
MEPEKPBITUS MPOUCXOJAT MPU KAXKIOM NPSIMOM paszpsijie ModHUM B BJI — HEBaxkHO
KyJa IMEHHO: B (Da3HBIH MPOBOJI, B ONOPY MJIM TPOC (€ciau Obl OH yCTaHABJIMBAJICH).
[ToaTOMy B CeTsIX 3THUX KJIACCOB HAIPSKEHUSI HU3KA 9PPEKTUBHOCTD TpOCca KaK MEphbl
CHIKEHHS YHCIIA TTEPEKPBITUNA U30JISILIUU TIPU OPSIMBIX pa3psiax MOJIHUU: €CTh TPOC
WIM HET, a TMepeKpbITUS Mpu NpsMbIX paspsgax B BJI OynyT ¢  Bbicokoit
BEpOSTHOCThIO. HecMOTpsi Ha 3TO, B HEKOTOPHIX 3apyOEKHBIX CTpaHax MOKHO
Bcrpetuth BJI 6-10 kB ¢ ycraHoBneHHOW TpPOCOBOM 3allMTON: B IMOJOOHBIX
CUTyalMsAX Ha 3a3€MJICHHBIN TPOC BO3JIAraeTcs 3aJavya CHUKEHHSI HWHIYKTUPOBAHHBIX
MepEHaNpPsHKeHU (TpOC 3a3eMJIEH U CHUYKAET HABEJCHHBIA MOTEHIMaN Ha (ha3HbIC
poBoa), uTo OyeT mosicHeHo B naparpade 1.4.

OcranoBumcss mnogpoOHee Ha BJI 35-750 kB, mas u30sud  KOTOPBIX
VMHIYKTAPOBAHHBIE MEPEHANPSKEHUSI HE MPEACTABIISIIOT ONACHOCTH, & TJIAaBHAS LIEJIb
YCTAaHOBKHM TpPOCA — MEPEBOJ Pa3psiAOB MOJHUUA C TOKOBEAYIIMX HA 3a3€MJICHHBIC
gactu BJI (puc.1.10).

TpOCa HCT YCTAHOBIJICH TPOC

- > < >

Puc.1.10. OcHoBHBIE MecTa pa3psiga MonHUH B BJI 35-750 kB ¢ Tpocom u 6e3 Hero.

Ecnu npunare uucio paspsanoB mosnuu B BJI paBHBIM enuHuIle, To 0o0Iee
MIPEICTABIICHUE O JIOJISIX Pa3ps0oB MOJHUU B ToukH 1,2,3, moka3anubie Ha puc.1.10,
MO’KHO MOJIy4HUTh, O3HAKOMUBIIUCH ¢ Tabi.1.3, COCTaBIEHHOHN C HCIOJIb30BAHUEM
psna meroauk [2,3 U ap]. BuaHo, 4TO ycTaHOBKa Tpoca CHHMYKAET BEPOATHOCTD
pa3ps10B MOJHUM B (Da3HbIe MPOBOJAa B COTHU pa3, NPUBOJS B pAliEe CIydaeB K
OLLLYTHMOMY IOBBIIIEHUIO TPO30YNOPHOCTH BO3AYIIHBIX JUHUHM 35-750 kB.
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Ta6:1.1.3. Jlonu pa3psa0B MOJHUU B pa3IMYHBIC SJIEMEHTHI BO3AYITHOMN JIMHUK puc.1.5.

Touka Mecto paspsina Tpoca Her YcraHoBieH Tpoc
MOJIHUU
1 (dha3HbINA TPOBOJT 0.5 0.005
5 oropa (WM TpocC 05 ~05
BOJIM3HU OT OIOPHI)
3 TPOC B CpPETHEH YacTh ) ~05
mpoJsera
Hroro 1.0 1.0

Ecnu Tpoc HEMocpeACTBEHHO MPUCOEINHEH K KaXKI0M OIOpPE, TO B 3aMKHYTBIX
KOHTYpax, MMOKa3aHHBIX MYHKTUpoM Ha puc.l.11l,a, B HOpManbHOM pexXHMe PadbOThI
BJI Oyaytr mnpoTekaTh mapa3uTHbIE TOKH MPOMBINUIEHHOW YacCTOThI, BBI3BAHHBIC
NEPEMEHHBIM MAarHUTHBIM IOJEM TOKOB (pa3HbIX MPOBOJOB, U MPHUBOJAIIME K
yBeIU4YeHHI0 notepb MomHoctu BJI, xoppo3un TpocoB. Ilosromy nisi 60pwObI C
[Apa3UTHBIMM TOKaMU Ha MPAKTUKE IPUCOCIMHEHHE TPOCOB K  OIOpaM
OCYILIECTBIISIETCS Yepe3 U30JIATOPbI — HAIpUMEp Kak Noka3zaHo Ha puc.1.11,0.

B HOpManibHOM pexkxume paboThl KOHTYPBI ISl IPOTEKaHUs apa3uTHBIX TOKOB
OKa3bIBAIOTCSl Pa30MKHYTBIMHU, OJTHAKO IIPU pa3psAax MOJHUU B ONOPHI U Tpocsl BJI
yKa3aHHBIE U30JIATOPHI JETKO MEPEKPBIBAIOTCS, IPUCOEAUHSAS TPOCHI K 3a3€MJICHHBIM
omopaM M o0ecreunBas CTEKaHUE TOKOB MOJIHUM 4YEpe3 Telo ONOophl B €€
3a3eMJISIFOIIEE YCTPOMCTRBO.

TpOC
-l eeen W oreeeeeee - B -y W oeeeeeee- -l W eeeee- . GICTTCTUTIRN EFRRPRRIR -lfeeeee
a) 1\ AlY ALY ALY ALY ALY
daza
] ] L ] |l |
M.TI0JIe
TpoC
0)
daza
M.II0JIC

Puc.1.11. Pa3znuunble ciocoObl KperieHus Tpoca k onopam BJI: royxoe (a), uepe3 uzonstopsl (0).
Ha BJI 35-750 kB >(¢eKkTUBHOCTh TpOCOBOM 3alIUTHI ONpPEACNSIETCS TEM,

HAaCKOJIbKO HHU3Ka BEPOSITHOCTh IMpOpbIBA MOJHHMM Ha (a3Hble NpoBoAa. ITa
BEPOSITHOCTh 3aBUCUT OT pAZia (PAKTOPOB: YMCIIa TPOCOB, YIila @ TPOCOBOM 3aIUTHI
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(puc.1.12), BBICOTBI CTOMKH OIOPHI OT BEPXHEH TpaBepChl 0 MeECTa KPEIUICHHUS
TpOCa, BEIMYUHBI M TOJSIPHOCTH (Aa3HOTO HAMPSDKEHUS, 3apsiia B KaHAJIC MOJHHH
(mpeamoylaraeMoro TOKa MOJHHH). YYeT MepPEUYHCICHHBIX (DaKTOPOB B METOIMKAX
[2,3 u 1p.] mpor3BOIUTCS MMO-pa3HOMY M JAAa€T OTIIMYHBIC IPYT OT JAPYyTa pe3ysIbTaThl,
OJTHAKO JIsl HH)KEHEPHBIX OIIEHOK JaHHbIC Ta01.1.3 BMOJHE JOCTATOYHBI.

a)

a<0

r)

Puc.1.12. Onpenenenue yrina o TpPOCOBOW 3allUTHl HA OMOPE BO3AYLIHON JMHUU (MUHMMAaJbHAs
BEPOSITHOCTH MTPOPHIBA MOJIHUYU JTOCTUTAETCS JUISL CITydast «I»).
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1.2. Pazpsin moinum B onopy BJI 6e3 Tpoca
PaccMoTpuM paspsiabl MOJHMM B ornopy Buaa puc.l.13,a. Kak BuaHO, TOK
MOJIHMM TPOXOJHUT TI0 TEJIy ONMOPhI M CTEKAET B 3eMJII0 Yepe3 e 3a3eMJISIOIIee
ycrpoiictBo. Hampsbkenne Ha wu3onsuuu (asHOTO MPOBOAA U, (t)=u, (t)— Uy, ()

PaBHO Pa3HOCTH MOTEHITMAIOB (Da3HOTO MPOBOAA U TpaBepchl (puc.1.14,a).
[ToreHnuan TpaBepchl Uy, (1) — 5TO cymMMa MaieHHMil HaNpsOKEHUM Ha

CONPOTHUBIIEHUU R, 3a3€MIISIOLIETO YCTPOMCTBA ONOPBI U HA MHAYKTUBHOCTH L,
y4acTKa OIOpPBI OT pacCCMaTpUBAEMOM TPaBEPCHI 10 3EMIIU

. di (t
Uzrpas (t): R3 y (t)"' LTPAB A(;t( ) )

rae L., Oyler pa3iuyHa JJsi BEPXHUX U HWKHUX (a3 OMopbl, HO MOXKET OBITH
ompezeneHa Kak L,,,, =h,,, -L,, , e h,,. — pacCTOSHUE OT 3aJaHHOM TPABEPCHI 10

3CMIIH, LOH* =0.5+1.0 MKI'H/M — UHAYKTUBHOCTb ONOPHI HA €AUHUILY JJIUHBI.

VoY

SR

\

VY 7Yy

3a3CMJIIMTCIIb 3a3C€MJINTCIIb

Puc.1.13. Tyt pacTekanusi TOKa MOJTHHH IIPH pa3psjie B OMOPY JMHUU O€3 TPOCOBOMW 3alIMTHI (a) U
C TPOCOBOI1 3amuTOM (0).

[Ipu pa3psiae MOJHUM B ONOPY JIMHUU 0€3 Tpoca MOTeHIHal (azHoro MpoBoaa
u,(t) ompenensercs nuib OAHUM (AKTOPOM — MTHOBEHHBIM 3HAYEHUEM HAIPSKEHHUS
MIPOMBITIUICHHON 4acTOThI 3Toi (ha3pl. Tak kak BennuuHa U 3HAK HampspkeHus S50 [
Ha (Da3HBIX MPOBOJAX HOCAT CIAy4alHbIA XapakTep (paspsabl MOJHHH B OIOPY
PAaBHOBEPOATHBI W TMPU TMOJIOKHUTEIBHOW, W TIPU OTPULIATEIBHOU IMOJISAPHOCTH
Hanpsoxenus 50 '), 1o, He Tepss 0OLHOCTH, MOXKHO IPHHATE U, (t)=0. Torma

Uy (t) = U(D(t)— Urpap (t) = _(R3 Ay (t)"' Lrpas digt(t)j : (12)
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VenoBueM NepeKphITUsS 300 BJI MOXHO CuUMTaTh U,,(t)>u,,,, T.€.

ONPEAECICHHOE  MPEBBIICHUE TPO30BBIMU  IEPCHANPSIKCHUSMU  HMMITYJIbCHOU
npoyHOCTH u30JiAuu (Wi 50% pa3psgHOro HaNpsSHKEHUS ).

[Ipu paspsae MOMHMM B 3a3€MJICEHHYIO 4acTh BJI mpuunHOW mepeKpbITHS
M30JLIMM  CTAaHOBUTCS ONACHOE Ui M30JSLUAA TOBBIILICHUE HMITYJIBCHOTO
NOTEHIMaJIa Ha TpaBepce M, MOITOMY, B TaKUX CIy4asX TOBOPST 00 «OOpaTHBIX»
MEPEKPBITUAX, T.€. MEPEKPBITUSIX C 3a3€MJICHHOM 4YacTH DJIEKTPOYCTAHOBKH Ha
TOKOBEAYILYIO.

a) 0)

LOH' LTPAB

U

us3

UOH

Puc.1.14. VnopouleHHas cxema 3aMellleHusl A OINpeAesieHUs TPO30BbIX IEpPEHANpsIKEHUI Ha
u3ossinuu BJI nipu paspsizne B onopy J1MHUE 0€3 TPOCOBOM 3alUTHI (2) U C TPOCOBOH 3a1uToi (0).

CorunacHo (1.2) BeposiTHOCTb NEPEKPHITUS U30JISALUU TEM BBbIILIE, YEM OOJIbIIIE:
— TOK MOJHHH i, (t) (OH MaKkCUMaJIeH A1 TIEPBOM KOMIIOHEHTHI MoJiHuH [1,2]);

— CKOpOCTh HM3MEHEHHs Toka MoyHud di, (t)/dt (oHa MakcuMMalbHa Ha (DPOHTE
UMITyJIbCAa U MaKCUMaJbHa JJISl OCIAEAYIOUMX KOMIIOHEHT MHOTOKOMITOHEHTHOM
mojHuH [1,2]).

JIis. 3alaHHOTO TApaMeTpoB TOKa MoiHuH i,(t) u di,(t)/dt BeposTHOCTH
oOpaTHOro nepekpbITus 1o (1.2) 3aBUCHUT OT:

— HWHIYKTHUBHOCTH y4YacTKa OTOPHI 10 TPaBEPChl paccMaTpuBaeMoii (hasbl;

— OT CONPOTHUBJICHUS 3a3€MJICHUS OTIOPHI.

Unoykmusrnocms _onopuwl. Ilpu paspsine B omopy BJI, He umeromeir Tpoca
(puc.1.13,a), HanbobImasi BEPOSITHOCTh MEPEKPHITUS U3OJSIIUN OyIeT sl BEpXHEH
da3bl, mockoabKy B hopmyie (1.2) umeHHO A1 Hee camasi OOJIbIasi UHTyKTUBHOCTD
ydacTKa OMophl OT TpaBepchl 10 3eMiu. IlycTe BepxHsisi TpaBepca pacioyiokeHa Ha
BBICOTE h,,, =20 M, a IOrOHHAs UHAYKTHMBHOCTH OIOPHI COCTaBIsgeT L,, =1 MH/M.

Torna L,,,, =20 MK['H U Ip¥ CKOPOCTH M3MEHEHMSI UMITYJI5CA TOKA MOJIHHUHU, CKAKEM,
di, (t)/dt =50 KA/MKc HaiimeM L, -di, (t)/dt=1000 kB (puc.1.15,a). UmmynabcHas

NPOYHOCTh H30isiuu (Ta0i.1.2) TakoBa, YTO CTAHOBUTCS SICHO: MPH paspsaax
MOJIHUHY B ONOPY JaXe MPHU UACATbHOM 3a3eMJIISIOLIEM YCTpOcTBEe R, =0 3aMeTHas
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BEPOSITHOCTh IIEPEKPBITUS H30JLIUUU CYILIECTBYET Il BO3AYLIHBIX JIMHHM KJacca
HaIpspKeHMs BILIOTH 10 220 kB.
3azemaumens onopwi. IIpu CONPOTUBIEHUM 3a3eMJIEHHSI ONOPBI R, =20 OM n

BeJIMYMHE |, =50 KA UMIIYJbCHOTO TOKa MOJHHUM MojJydyuM R,-I,, =1000 kB

(puc.1.15,0). [axe Oe3 ydera majeHUs HANpPSHKEHUS HAa WHIYKTUBHOCTU OIOPBI
BUJIHO, 4YTO 3aMETHas BEPOSTHOCTb MEPEKPBITUS M3OJSILMU CYIIECTBYET s
BO3IYILIHBIX JINHUM KJIAacCa HANPsKEHU BILTOTh 10 220 kB.

Crexyer NOHMMATh, YTO TOK MOJHHH i, (t) M CKOPOCTH €ro W3MEHEHHs

di, (t)/dt mocTHrarOT MaKCHMaJbHBIX 3HAYEHH B pasHbIE MOMEHTHI BPEMEHH.

[Io3TOMYy HEKOPpPEKTHO HampsMYK CKJIAJIbIBaTh IIPUBEACHHBIC BBIIIE OLCHKU
cocraBisitonx (opmynsl (1.2). TeM He MeHee, MOXHO IOKa3aTh, YTO pa3psijibl
MOJIHUM B TUIOBble omopsl BJI 0e3 Tpoca MNpu THUIIOBBIX COMPOTHUBICHUSIX
3a3eMiIeHHs R, =10+30 OM SIBIISIOTCS] B&XKHOM NMTPUYMHOM ITepeKpbITus n3ossinun BJI

BIuioTh g0 kiacca 330 kB. Jma BJI 500-750 kB cuumrtathcs ¢ oOpaTHBIMHU
MEPEKPHITUAMU TPUXOJUTCS JUIIb B CJIydae BBICOKMX OIOP WIM OHOp C
MOBBIIIEHHBIM CONIPOTHUBJIEHUEM 3a3€MIICHHUSI.

Hns BJI 6-10 kB nipu pa3psigax B Onopy NEpPeKpbITHS FapaHTUPOBAHBI J1aKE
IIpU MHUHUMAJIBHBIX COINPOTUBJICHUAX 3a3€MJICHUSA M, CJIEAOBATEIbHO, CHUKCHHE
CONPOTHUBJICHUS 3a3€MIICHUS HE SIBJISIETCS MEPOU MOBBIIIEHUS UX TPO30YIIOPHOCTH.

U,.(t), KB
5000 a®)

200

4000 /

g
(a) 100 kA/MKc

3000 (6) 100 kA
/
/
2000 / = T
/
1000
/
0 (a) Lipags MKIH _|
0 5 10 15 20 25 30 35 (6) R3’ Om 50

Puc.1.15. Pa3psa monuuu B onopy BJI 6e3 Tpoca. [Toka3zanbl nHaykTHBHAs (a) ¥ pe3ucThBHAs (0)
cocrasisirone ¢popmyisl (1.2) ans HanmpspkeHHs Ha u3onsauuu BJI B 3aBUCMMOCTH OT CKOpPOCTH
M3MEHEHUs (a) UMITYJIbCHOTO TOKa MOJIHUU U OT €ro BeJn4YuHbI (0).
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1.3. Pazpsin moinum B Tpoc BJI

[Ipy Hamu4YMKM yCTAaHOBJICHHOTO TPOCA Pa3psibl MOJTHUU HanOOJIee BEPOSITHBHI
MMEHHO Ha Hero (Tabm.1.3). YacTs u3 pa3psgoB MOXKET MPUUTUCH HA YYAaCTOK TPOCa B
CpeIHEell YacTH MpoJieTa, a YacTh — HA YYacTOK Tpoca BOJM3HM OT OMOPHI M, B TAKOM
cilydae, MOKHO CUHMTaTh, YTO UMEET MECTO Pa3psj HETOCPEACTBEHHO B omopy. [Ipu
MIPOYUX PABHBIX TEPEHANPSHKEHUS Ha W30JSIIMN BBINIC MPU pa3psiiax B OMOPY, Tak
KaK TpW pa3psnax B CPEAHEW YacTH MpoJieTa B OTBEACHWM TOKAa MOJHHH 0€3
BPEMEHHON 3a/JIeP)KKU YYaCTBYIOT OJHOBPEMEHHO 0O0€ OTOpPBI, OTPaHUYHBAIOIINEC
nposer. C ydeToM 3TOro, a Takke IJIs yA00CTBa MOMyYEHHUs MPOCTEUIINX OIEHOK,
paccMOTpUM pas3psia MOJHUM BOJIM3U OT Oomopkl — cxema puc.1.13,0.

Kak BUIHO, 4aCTh TOKA MOJIHUU MPOXOJUT IO TEIY OMOPBI M CTEKAET B 3EMITIO
yepe3 ee 3a3eMIIIoNIee YCTPOWCTBO, a Apyras 4acTh — HAIpPaBIIACTCSA MO TPOCY K
cocelHMM omopaM. Hampsbkenue Ha M30JISMIKA U, (t)=u, (t)-Uu,,, (t) paBHO pasHOCTH

MOTEHIIUAJIOB (pa3HOTO MPOBOJA U TpaBepchl (puc.1.14,0).
[ToreHnuan TpaBepechl U, (1) — 5TO cymMMa TajeHHil HaNpsKCHUM Ha
COINPOTHBIIEHUH R, 3a3eMIISIONIETO YCTPOWMCTBA OMOPHI M HAa MHIYKTHUBHOCTH L,

y4acTKa OMOpPBI OT PaCCMATPUBAEMON TPABEPCHI 10 3€MIIU

. di.(t
Uzpip (t): R3 lon (t)+ LTPAB (();:( )

rae i, (t) u diy, (t)/dt — TOK B paccMaTpuBaeMoii OIIOpPE U €ro MPOU3BOIHAS.

[Ipy Hanmuuuy Tpoca MoTeHnuan (asHOro mposoja U,(t) ompenensercs He

TOJIbKO MTHOBEHHBIM 3HaueHueMm HarpsbkeHus 50 ['m, cpemHee 3HaueHUE KOTOPOTO
MPUHATO PaBHBIM HYJI, HO U HaBOJAKaMu OT Tpoca. [loTeHmman Tpoca, paBHBII
HOTEHIMAIy BEPLUIMHBLI ONOPHI Uy, (t), TIPUBOAMT K HABEICHUIO IOTEHIMAA Ha

dasupix mpoBomax U, (t)=K,, -u,,(t), toe K,,=0.1+03 — Kod)PHULUUEHT CBA3M
YKa3aHHBIX HaNpsH>KEHUM, BETMYMHA KOTOPOTo JaHa B [2]. Torma MoXHO MONTy4YHUTh

0 0= K Ry i) Lo 2220 (i 0L, P

dt

um(t): _((1_ K@T)' R3 'ion(t)"' (LTPAB - K@T ) Lon)'di(;#t(t)j . (13)

VenoBueM NEpPeKphITUS M30asSuud BJI MOXHO CUHTATh U,,(t)>U,,,, T.€.

ONPENEICHHOE NPEBBIIIEHHE TPO30BBIMU  IEPEHAINPSIKEHUSMHA  UMITYJIbCHOU
npo4HocTH u3ossiuu (mau 50% pa3psaHOTro HAMPSHKEHUS ).

CpaBnHenue Boipaxkenuii (1.3) u (1.2) nokasbIBaeT, 4TO MpU pa3psiax MOJIHUU B
OIOPY HaJM4Ke Tpoca MPUBOJUT K CHUYKEHUIO MEPEHAIPSKEHUN HA U3OJISILIUU:
— IOCKOJIbKY B OIIOPE IPOTEKAET TOK i, (t), MEHBILHIA TOKA MOJIHHUM i, (t);

— MOCKOJbKY K,, #0, T.e. BO3pacTaeT HE TOJBKO IOTEHIMAJ OIOpHI, TpOcCa,
TpaBepChl, HO U MOTEHIMAT (pa3HOT0 MPOBO/JIA, YTO BbI3BAHO HABOJKAMHU C TPOCA.

Bennunna nepenanpspbkernid o (1.3) 3aBucuT OoT pacnofiokeHust (paspl Ha

ornope: yeM Ommke (aza K Tpocy, TeM Oomblie (Oimke K enuHuie) KodhduireHt

cBiA3U K,,, HO MEHbIIE HWHIYKTUBHOCTHh Yy4yacTKa ONOpHI L,,,: HampuMmep, B

C

o0o3Hauenusx puc.1.13,6 umeem K, " <K, .° <K, ¥ Lyp," =Ly < Lo -
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Ecnu nns nuaum 6e3 Tpoca puc.l.13,a mpu paspsgax MOJHUM B OINOPY
HanOOJIBIITUM TIEPEHANPSDKEHUSAM BCETJa mojBeprayiach BepxHss ¢aza «Cy», To mis
auHUM ¢ TpocoM puc.1.13,6 ykazath Takyio ¢azy 0e3 MpOBEAEHUS YTOUHSIOIINX
pacueToB HE MPEJCTABIACTCA BO3MOXHBIM. TeM HE MeHee, YXKe SICHO, UTO HaJU4He
Tpoca HE TOJBKO CHIKAET BEPOSTHOCTH 3aBEIOMO OMACHOTO paspsijia MOJHUU B
¢dazHbIe TPOBOJIA, HO M CHIDKAET BEPOSITHOCTh MEPEKPBITUS TIPU pa3psiax MOJHUHU B
3a3eMiieHHbIE yacTu BJI.

WHorga, TOCTaTOYHO PEIKO, MOKHO BCTPETUTH MPEJIOKCHHS YCTaHABINBATh
TPOC HE TONBKO Haa (a3HBIMH TPOBOJAAMH, HO U TOJ (Ha3HBIMH IPOBOJAMH.
O} dexTuBHOCTh TaKOTO penieHus 00YCIOBJIEHA TOBBIIEHUEM KO3(PPUIIMEHTOB
cBsi3M K,, (a3HBIX MPOBOJOB C 3a3¢MJICHHBIMH TpPOCAMH, a 3HAYUT CHIDKCHHUEM

IIEPEHAIPSKEHUN Ha M30JLMM IIPU pas3psiiax MOJHUHU B 3a3eMJIEHHbIE yacTu BJIL.

B HekoTOpbIX 3apyOexHBIX CTpaHaX MOXXHO BCTPETUTh TPOC Ha BO3AYIIHBIX
muHusx 6-10 kB, onHako, kak Oyner mokaszaHo nanee, oH d()QPEKTUBEH JHUIb s
CHW)KEHUS! UHAYKTUPOBAHHBIX MEPEHANPSIKEHUM, MOCKOIbKY MPU NPSIMBIX pa3psaax
Mosauu B BJI 6-10 kB mepekpbITus M30JLHUHA BPAJ JM YAACTCS M30€XaTh U MpU
OTCYTCTBUU TPOCA, U IPH €70 HATUYIHH.
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1.4, Pazpsin moainum psiioM ¢ BJI
Bo3HUKHOBEHHE TEpPEHANPSHKEHUH Ha M30JSUM BO3MOXHO HE TOJBKO MPHU
npsAMBIX paspsnax Momauu B BJI, HO m mpw «ymaneHHBIX» 3a cdeT 3ddexTa
AJIEKTPOMArHUTHOW WMHIYKIIMM: TOK B KaHaJe MOJHUHU BO30YXKIaeT TEPEMEHHOE
MarHMTHOE I10JI€, KOTOPOE HABOJMT 3JIC B Pa3IMUHbIX KOHTypax JiuHuA (prc.1.16).

b1 (570:70)

i (5 015):10)

0)

Puc.1.16. Bo3nukHOBeHWe Ha wm30smud BJI WHAYKTHPOBAaHHBIX TEpEHANPSHKCHHHA 3a CYeT
B3aMMHOM MHIYKTUBHOCTH MEXIY KaHAJIOM MOJIHMM M KOHTYpOM, BKJIIOYArOIIMM u3ossnuoo BJI:
JU1st TuHAK 0€e3 Tpoca (a), A1 TUHUHU ¢ TpocoM (0).

Qo Q > Q
a) R N 6) KR i~
S S B $
«A» «Ay»
TpoC — — A — — — - - —————— — — Tpoc
«C» A * —K\ «Cx»
«B» «B»
rM rM
\ 4
@® MOJIHUA MOJIHUS @

Puc.1.17. Bun cBepxy Ha Tpaccy ogHouenHoi BJI u ynpoliieHHoe onpeziefieHue paccTosHus I, OT

MOJIHUH JI0 KOHTypa «omopa-(ha3a-ormopa»: pa3ps MOJIHUU HA PAaBHOM YAAICHHUH OT OJIVDKANIINX
orop (a), pa3psii MOJHUU BOJIU3U OT OJHOM U3 onop (0).

Nuaykuyst MAarHUTHOTO TOJISE HA PACCTOSIHAM ' OT KaHaJla MOJIHUM COCTABUT
Hy .
B(r)= i, (t),
(=5, )

TIe i, =47-107 ['H/M — MarHWTHAS TPOHUIIAEMOCTH BO3IyXa (BaKyyMa).
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IIycTh 1, — HEKOTOpPOE CpEIHEE PACCTOSHUE OT MECTa Paspsiiia MOJIHUU 0
KOHTypa «ormopa-¢aza-onopa», KOTOPOE MOXHO OIpPEAETUTh B COOTBETCTBUU C
pekoMengauussmMu puc.1.17. Torma sac, HaBedeHHas B KOHType IUIOmaau S,
MOKa3aHHOM Ha puc.l.16, coctaBuT

oft)=- 9P _ B ¢ s 0
dt 2r-r,, dt

dt
d HAIIPpsDKCHUEC Ha KAXKI0OM U3 IBYX U30JIATOPOB, OKA3aBIINXCA B KOHTYPC

u,, (t): |e(t)| _g_th di,, (t) _ (1.4)
12| T4z, dt

OueHkl ypoBHS MHAYKTUPOBAHHBIX IMEPEHANpPsIKEHUHA Ha wusonsuuun BJL,
BemosiHeHHBIE 10 (1.4), mpuBenensr Ha puc.1.18. B pacyersi Obuta 3amokeHa
mIomanak KOHTypa $=1000 Mm% xortopas mig JmHMM 0e3 Tpoca (puc.1.16,a)
COOTBETCTBYET, CKaxkeM, JInHe nposera 100 M u cpeaneil BbicoTe nojaseca (ha3HOro
10 meTpoB (HeuTo cpeanee mexay TunoBeiMu BJI 6-10 u BJI 35 kB).

[Ipn maneix r, <5+10 M MOHO CKa3aTb, YTO UMEET MECTO pa3psia MOJHUU

HernocpenctseHHo B BJI 6-35 kB — ciyuwaii, paccMOTpEHHBIH B MpPEIbLIYIINX
naparpadax. Ilpu paccrosHusix Oosiee r, >10 M BHJIHO, UYTO TEPEHANPSIKEHUS B

3aBUCHMOCTH OT CKOPOCTH M3MEHEHHMsI TOKa MOJHuHM di,, (t)/dt Moryr gocrurats 500

kB, npuBos k nepekpoiThio uzosiuu BJI 6-35 kB (cm. Ta0:1.1.2).

[Ipu ycranoBke Ha omnope BJI 6-35 kB tpoca (puc.1.16,0) miomanb KoHTypa,
00pa30BaHHOTO (ha3HBIM MPOBOJIOM M 3a3€MJICHHBIMH KOHCTPYKLMSIMH, CHU3UTCH,
CKakeM ¢ S =100-10=1000 M? mo S =100-3=300 M. CootBercTBeHHO, ¢ 500 kB 1o
150 kB ymensbIaTcs MakcuMaibHble YPOBHU HWHIYKTUPOBAHHBIX MEpPEHAINPSIKEHUH,
u, Haripumep, aiia BJI 35 kB ¢ aumu MoxxHO OyaeT He cuntathes, a aing BJI 6-10 kB
MPOU30MJIET 3aMETHOE MOBBIINIEHHE TI'PO30YMOPHOCTH, OCOOEHHO €CIM Ha JIMHUU
IIPUMEHEHBI U30JIITOPBI C UMITYJIbCHOM TpoYHOCThIO 150-200 kB.

u,.(t), kB
500 a®)

S AN

N\
VANONDY
N

300 < 100 KA/M{
\\ . \
200
\
100 30 S—
—_—
0
0 5 10 15 20 25 30 35 40 er M 50

Puc.1.18. UnaykTupoBaHHOE HANpspKEHUE HA W30Isu BJI B 3aBHCHMOCTH OT yTaJIGHHOCTH MecTa
paspsaa MOJIHUM U CKOPOCTH U3MEHEHUS TOKA MOJIHUU (KA/MKC).
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1.5. O6uue cnocodbl CHUKEHUSI I'PO30BbIX NepeHanpsKeHn i

TpaauuroHHBIE CIOCOOBI CHMXKEHHS TPO30BbIX MEPEHANPSKEHUN Ha U30JSLUN
BO3AYIIHON THMHUY (TOBBIIICHHS Tpo3oynoprocTr BJI) mpennonararor:

— TIOBBIIIEHUE UMITYJICHOM NTPOYHOCTH n3ossinuu BJI;
— CHWKEHHE UMITYJIbCHOTO COIPOTUBJIEHUS 3a3€MIICHUS OTIOP;
— YCTaHOBKY MOJIHME3aIIUTHBIX TPOCOB KaK HaJ MPOBOJIAMH, TaK U MO HUMHU.

B03MOXXHOCTH peanu3aluy NepedruciIeHHbIX MEPOIIPUATUI HEOE3rPAHUYHBI:

— MpH 3HAUMTENbHOM YycuiieHuH (yanuHenuu) wusomsauud BJl  motpelyercs
U3MEHEHUE KOHCTPYKLIMH OIOPHI;

— HE IS BCAKOTO TPYHTa MOXHO OO€CIEeUUTh MPUEMIIEMbIE COMPOTHUBICHUS
3a3€MJICHHS OTIOp;

— Ha TunoBo# onope 35-750 kB moxHOo noBecuts 1 wnm 2 Tpoca, HO He OoJiee.

Cnegyer 4YeTKO MPENCTaBIATh TEXHUYECKYIO A((PEKTUBHOCTh Pa3IMUHBIX
BApUAHTOB MOBBILIEHUSI TPo30ynopHocTH BJI M cTOMMOCTh MX peanu3anuu, 4ToObI
BBIOpaTh HanOoJIee ONTUMAJIbHBII BapUaHT, OTBEYAIOIINMA «BBICOKOW HAJEKHOCTHU 32
pa3yMHBIE IEHbIUY.

CrmoxuBIIasCS TPaKkTHKa TakoBa, YTO B paMKax KaXJAOro Kiacca
HOMUHAJIBHOTO  HampsbkeHust BJI cymiecTByrOT  IPOBEPEHHBIE  BPEMEHEM
TPaJMLIMOHHBIE PELICHUS: TUIOBAas HM30JLIUSA, 3a3€MILIIOIIME YCTPOMCTBA, YHCIIO
tpocoB (0,1,2). Eciu nna xkonkpetHoit BJI He ynaercs peann3oBars TpaaUIMOHHBIE
pemieHuss (OHM TO pe3yJbTaTaM pacueToB M Ha MPAKTHKE HE O00ECIeYMBAIOT
’KEJIaeMOT0 YPOBHsI TPO30YIOPHOCTH), TO PUXOIUTCS TOBOPUTH O JIOMTOTHUTEIBHBIX
crioco0ax CHIDKEHUSI 4YHClIa TPO30BBIX OTKIIOUEHHH — O Tak Ha3bIBaEMbIX
HETPaJUIMOHHBIX CIOC00ax, KaK MpaBUiIo, MPEANoaralolux yCTaHOBKY Ha Omopax
BJI cnenuanpHBIX 3alIUTHBIX YCTPOMCTB TOTO WM WHOTO THIA, Haubolee
PacCIpOCTPAHEHHBIE CPENH KOTOPBIX:

— OrpaHuuyuTeNnu nepeHarnpsbkeHuit HenuHeHbsie (OIIH) ¢ BHENITHUM HCKPOBBIM
IPOMEKYTKOM U O€3 HEro;
— JMHHO-UCKpOoBbIe paspsauuku (PJIN), koTopsie paccMoTpensl B [22,23].

Pa3neneHne wmep TNOBBILIEHUS TPO3OYNOPHOCTH Ha TPaJAMLMOHHBIE U
HETpaJUIIMOHHBIE BechMa ycioBHO. Hampumep, Bce 6ombiiee yncio BJI ocHamaercs
OIIH, T.e. B OmmkalIIMe roAbl TaKOE TEXHUYECKOE PEIICHHE YXKE MOXKHO Oyjaer
Ha3bIBATh TUIIOBBIM, TPAIULMOHHBIM.

Ecmu nia BJI m3BeCTHBI KOHKPETHBIE YYAaCTKH TPAcChl WM OIOPBI, KOTOPBIE
BHOCAT 3aMETHBIM BKJIAJ B yXYyAUIEHWE Tpo3oynopHoctd BJI, nemas yucio
OTKJIIOYEHUH  JMHUM  (peaJlbHO€ WM  pacyeTHOE) BCIEICTBHE  TI'PO30BBIX
nepeHanpsLKeHU HEOMyCTUMO OOJIBIIUM, TO pacCMaTpUBaTh pa3MyHble BaApUAHThI
CHI)KEHUS TIEpeHANPSXKEHU HE0OX0AMMO UMEHHO JIsl TAKUX MECT!

— JUISL MECT C OCJIa0JIEHHOM MPOYHOCTHIO M3OJISALMU (HApUMED, KeIe300€TOHHBIC
WJIM CTAJIBHBIE ONOPBI HA JIMHUSX C JEPEBIHHBIMU);

— 17151 BBICOKUX OMOp (Hampumep, Mpu Nepexoiax 4epe3 peKu);

— 1715 TUIOXO 3a3€MJICHHBIX ONop (Hampumep, II0X0M IPyHT);

— U1 y4acTKOB Tpaccsl BJI, Ha KOTOpBIX HET Tpoca;

— nns mepecedenuii ¢ BJI Gosee BEICOKOTO Kilacca HampsKEHUS .
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Ecoun xe Ha BJI cioXHO BBIIEIUTH 3aBEAOMO «IUIOXME» MECTa, a YHCIIO
OTKJIIOYEHU JMHUM  (peaJlbHOE WJIM  pPAcyeTHOE) BCIEICTBHE  I'PO30BBIX
NepeHanpsHKEeHU HEAOMYCTUMO BEJIMKO, TO PacCMaTpUBaTh pPa3lIMYHbIE BAPUAHTHI
CHW)KEHUS MEePEHANPSHKEHUI HEe0OXO0AMMO OJTHOBPEMEHHO ISl BCEU TPACChl JIMHUM.
[Ipu 3TOM B ciiydae MCHOJIB30BAHMS HA JJUHUU CIIEHUAIBHBIX allapaToB MPUXOIUTCS
pemaTh BaXKHbIE BOIIPOCHI:

— O JAJbHOCTHU WX JIEUCTBUS (O 3aIUTHOMN 30HE);
— 0 (azax, B KOTOpbIE UX yYCTaHOBKa Hanbosee 3¢ heKTUBHA.

Texnuueckass 3(p(HEKTUBHOCTh TPATUIMOHHBIX/HETPAAUIIMOHHBIX CIIOCOOOB
MOBBIIICHUS] TPO30OYHNOPHOCTH OIICHEHa B 3- IJIaBe Ha MpUMEpe MOAPOOHBIX
KOMIBIOTEpHBIX pacueTroB misi ogHoil u3 BJI 110 kB. Takue pacyeThl HOJIKHBI
CTAaHOBUTCSI OCHOBOW JUIsI MPHUHSTHS SKOHOMHYECKH OOOCHOBAHHOTO PELICHHS I10
3aIIUTE OT MEPEHANPSHKEHUN KAKJIOM OTBETCTBEHHOM BO3AYIIHOW JIMHUU C Y4YETOM
KOHKPETHBIX OCOOCHHOCTEN €€ TPACCHI.
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1.6. OcobenHoOCTH 3aIIUTHI MHOTOLeNMHBIX onop BJI
JlJis TIOBBILICHUST HAJIEKHOCTH DIIEKTPOCHAOKEHMsI MUTAHUE TMOTpeOuTeNnei
XKenaTelabHO (B psiie ciydaeB 00s3aTeIbHO) OCYIIECTBIATH OT JIBYX HE3aBHUCHMBIX
VMCTOYHUKOB, WIM OT JIBYX CEKLUMW IIHMH, MOJyYarollnX NMATaHue OT pasHbix BJI. Ha
IPAaKTHKE K€, K COXKAJICHUIO, OOJBIIOE YHUCIO0 OOBEKTOB MOJKIIOYCHO K Pa3HBIM
IeTsIM OJTHOM W TOH ke AByX1enHou mauu (puc.1.19).

BJI-1 = ae

CII-2

Puc.1.19. Tunosast cxema 3JeKTPOCHAOKEHUS 10 JBYXIISITHOW BO3TYIITHOW JTMHHH.

[Ipu pa3psigax MOJTHUU B OMOPBI U TPOCHI IBYXIEMHBIX (MHOTOLICTIHBIX ) JIMHUAN
I'pO30BBIC MEPEHATPSHKEHUST BO3ICHCTBYIOT Ha M3OJISIUIO Cpa3y HECKOJIBKUX IIEeTIel
(puc.1.20,a) u, cmegoBaTeabHO, BO3MOXKHBI MEPEKPHITHS M30JSAIUN OJHOMMEHHBIX
da3, mnpuHAANEKAMUX pa3HBIM IEnsM, T.€. JBYXIENHbIe (MHOTOIICTIHBIC)
otrkmoueHusi BJI, dpeBaThie cepbe3HBIMH TIEpeOOSMH B DIEKTPOCHAOKECHHUU
notpeduteneit puc.1.19.

B 3aBHCHMMOCTH OT BEIWYHHBI COMPOTUBIICHHS 3a3eMJICHHS TpPH paspsaax
MOJIHUHU B 3a3eMiyieHHble 4acTu BJI HanGonpmmM mepeHanpsHkeHUsM MOJIBEpraeTcs
W30JISIMS WIM BEPXHUX, WM HIDKHUX (a3, Wik KpahHux ¢a3 (mIpu ropu30oHTaILHOM
pacmnojoXkeHu MpoBojoB). Ilo3TOMy Cepbe3HOrO CHMXKEHHUS BEPOSITHOCTH
JBYXLENHBIX oTKioueHui BJI cnenyer oxunaTe npu ONTUMH3ALUN PACIIOIOKEHUS
nene Ha omope Tak, Kak 3To moka3zaHo Ha puc.l.20,6. OgHako C TOYKH 3pEHHUS
ya00cTBa OOCTY>KMBAaHUS JIMHUU M O€30MACHOCTH IMOJbheMa Ha OMOPY Ha MPAKTHKE
BCE K€ UCTOJIL3YIOT pacnoioxenue puc.1.20,a.

Mpmuorouennas omnopa puc.1.20,8 He numieHa ykazaHHbIX mpoOiem. I[lpu
paspsaax MOJHHHM B TakylO OINOpPY WM TPUCOCIWHEHHBIM K HEH TPOC BEPOSTHBHI
MapHbIE MEePEKPHITUS M3OJSAIMU IIeTIeld OJJHOTO M TOTO K€ KJlacca HaIpsHKeHHS, HO
qaimie ClIeAyeT OXHUAATh MEPEeKPBITHA W30JAIuu 1erneid 3 u 4 (MOCKOJNBKY OHHU
MEHBIILIETO KJIacca HAMPSDKEHUS, & 3HAYUT MEHBIICH UMITYJILCHOM MPOYHOCTH).
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C TouykM 3peHHusl IIEKTPOCHAOKEHUS MOTPeOUTEeNss BaKHO, YTOOBI XOTsI ObI
OJlHA W3 JIByX IIeTel MpHU TPO30BBIX MEPEHAINPSHDKEHUAX OCTaBajlach B pabore.
[loaToMy B OCHOBY 3amuThl wu3oasauuMu  AByxuenHelx BJI tuma puc.1.20,a
EJIeCO00Pa3HO MOJOKHUTH HICOJIOTHIO pasneieHus (auddepeHnpoBaHus) el Ha
YCJIOBHO «CHJIBHYIO» U YCIIOBHO «CIIa0YIO».

mens 1

nens 1 ens 2
erns 2

a) 0)

Puc.1.20. Bapuantsl pa3melieHue 1nenei Ha pa3iIuyHbIX MHOTOLEITHBIX OMOpax.

Ha puc.1.21,a nmokazaHa ojHa W3 TpeX TpaBepC CTAHAAPTHOW JBYXLIEMHOU
BO3JYIIHOW JMHUU (OCTalbHblE aHaJoru4Ho). Ilocie yBenuueHuss UMIYJIbCHOU
npoyHocTH (a3 1-if menu MOXXHO CKaszaTh, YTO OHA CTaia «cuibHOW» (puc.1.21,0).
[Ipu pa3psaax MOJHUM B ONOPY HMIIM TPOC B MIEPBYIO OUYEPEIb NEPEKPOETCS U3OJIALIHS
«cnaboi» 1enu, YTO NPUBENET K CHIDKEHUIO TMOTEHIMala OINOpbl, K CHUXEHUIO
IIEpEeHANPSKEHU I, BO3ICUCTBYIOLIMX HA U30JLILUIO «CHIBHONY Lenu. Eciu Ha onope
BJI o6e nenu, oTHOCAIIMECS K OJHOMY W TOMY K€ KJIAcCy HampsOKEHHs, UMEIOT
MPEIHAMEPEHHO CO3/IaHHYIO PA3HMILy B UMITYJIbCHOM MPOYHOCTH H3OJSLMU, TO B
TaKuX CJIy4asx roBopsr, uyto uzoisuus BJI «auddepenurpoBanHas».

HuddepenurpoBanue neneid Ha «CUIbHYIO» M «CJIa0yr0» MOKHO BBITIOJIHUTH
HE TOJIbKO 32 CUeT M30JILMU, HO U 32 CYET YCTAaHOBKM B (pa3bl OAHOW M3 LEnen
HETPaJULIMOHHBIX CPEACTB MOBBIIIEHUS IPO30YNOPHOCTH (Kak mpasuio, OITH).

uens | a) uens 2 CHJIbHAS 6) ciabasg

LeMb 1enb
Puc.1.21. O6brunas (a) u quddepenunponannast (0) n3omsus ApyxuenHoi BJI.
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1.7. AMnyabCcHOE CONMPOTUBJIEHHE 3a3eMJIEHU S
[Ipn pa3psmax MOJHHMM B ONOPBHl U TPOChl BJI MMIyJIBCHBIM TOK CTEKAET MO
TEJy OTIOPHI B €€ 3a3eMJISIONIee yCTPOHCTBO (puc.1.22), a BepoSITHOCTD MEPEKPHITHSI
W30JISIUUH JIMHUW 3aBUCUT U OT BEJIMYMHBI CONPOTUBIICHUS 3a3€MJIEHUS R, OMOPBI, U

OT MHAYKTUBHOCTH Yy4YacTKa ONopel L, ,. EcCIM 1 Omopel ciemyer yduThIBATbH
MHIYKTUBHOCTB, TO HAJ0 JIM YUYUTHIBATh TAKOBYIO JUISl 3a3EMIIIOIIETO YCTpOcTBa?

onopa BJI
\
\
\
|

| | |
vyVVY
3a3€MJINTCIIb

Puc.1.22. Crekanue TOKa B 3a3eMJISIOIIEE YCTPOHUCTBO OTIOPHI.

[To manubiM [24,25] TeopeTHuecKre M SKCICPHUMEHTAJBHBIC HCCIIEIOBAHMS
YKa3bIBalOT Ha BO3MOXXHOCTb MOJEJIHUPOBAHMUS DJICKTPOMArHUTHBIX W BOJIHOBBIX
MIPOIIECCOB B 3a3€MJIMTEIIEC TIPH MOMOIIY TCOPUH JITTMHHBIX JIMHUN C MOTEPSIMHU. 3/1E€Ch
MOJT 3a3€MJIMTENIEM, KAaK IPABWIO, MOHUMAETCS TOPHU3OHTAJIBHBIN 3a3€MIIAIOIINN
MPOBOJAHUK (IIIMHA), PACIOJIOKECHHBIM B 3eMIle TapajuieibHO ee moBepXHocTH. Ilo
Teopun [26] B pacueTax MOMYyCTHMO 3aMellaTh UIMHHBIC JIMHAM TIPU TTOMOIIN
MOCJICAOBATEIILHOTO COCAMHEHM HecKoJbkuxX II-cxem 3amenienus, Kaxgas u3
KOTOpBbIX uMeeT BuJ puc.l.23,a. [ mpocToTsl orpanuaumMcs ogHou [1-cxemoit, rae
R U L — IpoAOJIbHBIE AKTUBHOE CONMPOTUBIICHUE U UHAYKTUBHOCTh IMHBI, G U C —
MOIEPEYHBIE MPOBOAUMOCTh MU EMKOCTh MEXY IIIMHOM U OKPY’KAIOIIUM TPYHTOM.

Bce detbipe BeNMUMHBI 3aBUCSAT OT JJIMHBI IIWHBI, €€ paJHalbHbBIX Pa3MEpPOB.
Kpome Toro: R u G 3aBUCST, COOTBETCTBEHHO, OT YACIbHBIX CONMPOTHUBJICHUN IUHbI
U rpyHTa; L M C 3aBHUCAT, COOTBETCTBEHHO, OT MAarHUTHOW W JUAJICKTPUYECKON
MIPOHUIIAEMOCTEH TPYHTA; BCE BEIUYMHBI KpOME R 3aBUCAT OT TIIyOMHBI 3aJIeTaHMS
IIAHBI OTHOCUTEIIBHO ITOBEPXHOCTH 3EMJIH.

0)

Puc.1.23. T1-cxema 3amenieHus 3a3eMIISIONIETO YCTPOKUCTBA (a) U ee yrpomieHue (0).
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MoXHO 1OKa3aTh, 4TO MPHU TUIIOBBIX MaTepHalaX IIWH U XapaKTEPUCTUKAX
IPYHTa B 3aJa4ax pacyera IPOLECCOB B 3a3€MILIIOIIEM YCTPOUCTBE JOILyCTUMO HE
yuuthiBaTh R u C. Torga B ympoiieHHO# cxeme puc.1.23,6 TOK MOXET MOMNacTh B
TPYHT JIMIIb 4Y€pe3 JIEMEHThl G/2, ONHAKO €r0 NPOHMKHOBEHUIO B YIAJIECHHBIM OT
omopel BJI snement G/2 Oyaer MOpemsTCTBOBaTh WHAYKTHBHOCTH L, TajeHHE
HaPSOKEHUS Ha KOTopoi L -di(t)/dt

— IpU BBICOKOH ckopoctd di(t)/dt W3MeHEeHHs TOKa MOXHO CYMTaTh, YTO B

yIaJeHHBIC OT OMOPbI YAaCTH 3a3¢MIIIONIEr0 YCTPOWCTBA TOK HE TOMAIaeT H,
— 2 .

G/2 G’

— mpu Majioi ckopoctH di(t)/dt M3MEHEHHUsS TOKa HET 0COOBIX MPEMATCTBHMI IS €10

IIO3TOMY, COIIPOTHUBJICHUC 3a3CMIICHUA OIIOPHI 6y,H€T R3 =

MPOHUKHOBEHUSI B YJAJICHHBIC YACTH 3a3€MIISIOLIETO YCTPOMCTBA W, MOATOMY,
COMPOTHUBJIEHUE 3a3EMIICHHS OIOPHI OyJeT R, = % : i = é , T.€. B 2 paza MEHbIIIE.
[IpocreimmMu BBIKIAAKaMUA TOKA3aHO, YTO AJISI 3a3€MIISIOIIETO YCTPOWCTBA
«OOBIYHOE» CONPOTHUBJICHHE (CONMPOTHBIEHUE PACTEKAHUS) M  KUMITYJIbCHOE»
CONMPOTUBJIEHUE MOTYT CYIIECTBEHHO OTIMYAaTbC — 3a CUET MHIYKTUBHOCTHU
UMITYJIbCHOE COINPOTHUBJICHHE OKa3bIBaeTcsl Oouiblie. CiemnoBaTrenbHO, MPU pacdere
IPO30BbIX MEPEHANPSIKEHUN JKEJIATEJIbHO YYHMTHIBATH HE TOJBKO CONPOTHUBIICHUE
pacTeKaHusl, HO U UHIYKTUBHOCTb 3a3€MIISIIOILIETO YCTPONCTBA
Eme oauH MexaHu3Mm, OO€CMEUYUBAIOMIMA  pa3indue  COMPOTUBIICHUN
3a3eMJICHUS, CJICIYIONIUI: MPU 3HAYUTEIbHBIX TOKaX, CTEKAIOIIUX C OMOPHI, BOJIU3H
OT 3a3eMJIMTENS MOJ ACHCTBHEM BBICOKOM HAIMPSKEHHOCTHU BIEKTPUYECKOTO TMOJIS
MOTYT TPOUCXOJUTH MPOOOU TPYHTA, UYTO «yBEIMYMUBACT» paauajIbHBIE pPa3Mephl
3a3€MJISIIOILMX IIMH, CHUXKas pe3yJbTUPYIOLIEE CONPOTHUBIICHHE 3a3emiieHus. [l
y4eTa HOHU3AIMOHHBIX MPOIIECCOB B TPYHTE U3BECTHA AMIupudeckas popmyna [18]

R, ()=,

)

P R, — CONpOTHBIIEHHE 3a3€MIIAIOLIETO YCTPOMCTBA IOCTOSTHHOMY

roe |, =E,
27R,’
TOKY; p, — YHAECIbHOE COIIPOTHUBJICHHE TIPYyHTa (OM-M), E; — Kputuuyeckas

HaANpPsHKEHHOCTh Havalla HCKpOOOpa3oBaHUs B TPYHTE (B / M). J1711 HEKOTOPBIX THUIIOB
IPYHTAa 3HAYEHUsA p, U E, MOKHO HaWTH B [2].

Wtak, My IbCHOE CONMPOTUBIICHUE 3a3eMJICHUS MOXKET OBITh Kak OOJIbIIE, TaK
U MEHBIIE «OOBIYHOTO» COMPOTHBIICHUS 3a3eMieHus. OJHAKO B JaJIbHEUIIIEM, IS
yno0cTBa, He OyJeM NeTalu3UpOBaTh MPOIECCHI B 3a3eMIISIONIEM YCTPOWCTBE, a
OyzeM cuuTaTh, 9YTO OHO 00JIa/1aeT UMITYJILCHBIM COMPOTHBIICHUEM 3a3eMJICHUS R,, B

KOTOPOM 3aKJIIOUYCHBI U pacTeKaHue G W MHAYKTUBHOCTD L.

https://voltplace.com/ 29


https://voltplace.com/

2. lIpumenenne OITH nis 3amutsl u3oasauuu BJI

Jiia obecrnieueHust HaASKHOCTH SIIEKTPOCHAOKEHUS TOTPEOUTENEH B YCIOBUAX
HEJIOCTaTOYHOU IPO30YIOPHOCTH BO3AYIIHBIX JIMHUM €CTh 1BA OCHOBHBIX IIyTH:

— MPUMEHATH HA YK€  IIOCTPOCHHBIX  JIMHUAX  «TPAJAHLHMOHHBIEY» U
«HETPAJULMOHHBIC» CPEIICTBA MOBBILICHHS TPO30YIIOPHOCTH;
— Ppa3BUBATh CUCTEMBI IEKTPOCHAOXKEHHUS, T.€. CTPOUTH JOMOIHUTEIbHBIE JTUHHUH.

Ha cragum npoextupoBanuss BJI pacueTHoe 4YMCIO OTKIIOYEHHH W3-3a
IPO30BBIX NEPEHANPSIKEHUA CHIXKAIOT TPAJAULMOHHBIMU CIIOCOOaMH — yMEHbIIas
VMMITYJIbCHOE COINPOTUBIICHHE 3a3€MJICHUs OIOp, IIPUMEHSS MOJHUE3AIIUTHBIC
(rpo303alIUTHBIE) TPOCHI, CHHKAs BBICOTY OIOpP (IIPUMEHEHUE XKene300€TOHHBIX
OIOp BMECTO METAJUIMYECKUX), YBEJIWYMBAS HMITYJIbCHYI MPOYHOCTh JIMHEHHOW
W30JIALIUH.

B psane cinydaeB TpaauUIMOHHBIE CHOCOOBI MOBBIMIEHUS T'po3oynopHocTH BJI
OKa3bIBalOTCs HEA((HEKTUBHBIMU M3-32 HEOJIArONPUSATHBIX re0()U3NUECKUX YCIOBUN
(BBICOKOE yJAEIBHOE COINPOTHUBIEHUE TPYHTOB) WJIM METEOYCIOBUN (BBICOKHE
roJI0JI€IHO-BETPOBBIE HArpy3KU Ui TpocoB). Mnu, Hanpumep, rpozoynopHocts BJI,
Ha KOTOPOW B MOJTHOW MEpe peaan30BaHbl TPAAUIIMOHHBIE CTIOCOOBI, XOTS U SIBISIETCA
BBICOKOM C TOYKH 3PEHMSI TUIOBBIX JIMHUM pacCMaTpUBAaeMOI0 Kilacca HANpPSKEHUs,
OJTHAKO BCE K€ HE YCTpauBaeT KOHKPETHOro MoTpeduTesns. B monoOHbIX cuTyanusx
NPUXOAUTCS TOBOPUTH 00 MCIOJB30BaHUM HETPAJAULMOHHBIX CIIOCOOOB MOBBIIIEHUS
rpo3oynopHocTy BJI, mpu3BaHHBIX AOMOJHUTH COOOM TpaUIIMOHHBIE.

HaubGonee yacTto ynoMHHAeMbIM HETPAAUIIMOHHBIM CIHOCOOOM MOBBIIIEHUS
rpo3oynopHoctd BJI Bcex KIIACCOB HOMHMHAIBHOTO HANPSKEHUS HA3bIBACTCA
UCIIOJIb30BAaHUE OTpaHWuuTeNed mnepeHanpsbkeHud HenuHenHbix (OITH), kak
3 PEeKTUBHOTO Cpe/ICTBA CHIKEHUS yucia oTKIoueHu BJI, BbI3BaHHBIX TPO30BBIMU
nepeHanpsbkeHusaMHy. [loBeimenne rpo3zoynopaocty BJI nmpy moMomnm yCTaHOBKM Ha
ormopax TakK Has3blBaeMbIx «mojaBecHbIx» OIIH mnoarBepkaaercs Hay4YHBIMA
VICCJIEIOBAHUSIMU M OIBITOM JKCIUTyaTallWy.

2.1. Koncrpykuus u npuauun aeiicreus OITH

JIist 3ammThl 000pYZIOBaHUS PACTIPEICIUTENBHBIX YCTPOUCTB OT TPO30BBIX U
KOMMYTAI[MOHHBIX MEPEHANPSAKEHUN TPAJAUIIMOHHO MCIOJIb30BAIUCH BEHTUJIbHBIC
paspsaaviku (PB). KoHcTpykius pa3psiIHUKOB Mpernoiaraia HaJuuue HeJTUMHEHHbBIX
CONPOTHUBJIIEHUM M IOCIEAOBATEIbHO BKJIOYEHHOIO MCKPOBOIO IPOMEKYTKA,
HEOOXOAMMOIro JJisi HCKJIIOYEHHUS JUIMTENIbHOTO BO3JCUCTBUS HA CONPOTHUBIICHUSA
pabouero HarpsiKEHUs CETH.

[Tocne TOro, Kak TEXHOJOTHS MPOU3BOJACTBA HEJIMHENHBIX 3JIEMEHTOB BBIIIIA
Ha HOBBII YPOBEHb, 0KA3aJIOCh BO3MOKHBIM JOMYCKAaTh JUIMTEIbHOE BO3/ICHCTBUE HA
COMPOTUBJICHUSI pabOvero HAMpsHKEHUsST CETH 03 YXYAIICHUS UX 3alUTHBIX CBONCTB.
OIHOBPEMEHHOE HCIOJIb30BAHUE HOBBIX BBICOKOHEIMHEHWHBIX COMNPOTUBICHUN U
OTKa3 3a HEHaJIOOHOCTHIO OT UCKPOBBIX MPOMEXYTKOB — BOT OCHOBHBIE OCOOCHHOCTH
COBPEMEHHBIX  3aIIUTHBIX AallllapaToB OT TPO30OBBIX U KOMMYTAI[MOHHBIX
NepeHanpsHKeHNi, noyuuBinux HazBanue OITH.
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BEPXHUI
dnaHey,

BapuUCTOpPbI

BHELLUHAA
n3onauuna

ittt
W

HKHUIA
dnaHey,

v \

TOK NMPOBOANMOCTH

Puc.2.1. OcunoBublie yactu koHCTpyKimu OITH u npuHmmm ero paGoThl.

BaxnenmuMn yactamu  koHCTpykumu OIIH  gBnsroTcs moOka3aHHbIE Ha
puc.2.1,a HeNMHEHHbIE 3JEMEHTHI (BapUCTOPbI), BHEIIHSS H3OJISALMS, BEPXHUU H
HIDKHUM (JIaHIIbL.

[Mpunun pa6oter OITH mocTpoeH Ha pe3KO HETWHEHHON BOJIbTaMIEPHOU
XapaKTEpUCTUKE BAPUCTOPOB, T.€. HEJIMHEHHON 3aBUCUMOCTH TOKA OT HaNpspKeHus. B
HOpMaJbHOM pexkuMe npu BozzaeicTBuu Ha OIIH ¢a3znoro pabGouero HampspkeHUs
CETU B BAPUCTOPAX IPOXOAUT TOK IPOBOAUMOCTH, BEIUYMHA KOTOPOIO COCTABIIACT
oy Musuamnepa. [Ipu BO3HUKHOBEHUH NIEPEHANPSKEHU TOK B BAPUCTOPAaX Pe3KO
BO3PAaCTaET, a SHEPrusd NEepeHanpsHKeHW B BUje Teria pacceuBaerca B OIIH u B
nenu ero 3azemuieHus. CienoBarenbHO, i ycnenHoi 0e3aBapuitHoit padotsl OITH
HE00XO0AMMO, 4TOOBI OTBO/ TEILJIa Yepe3 €ro OOKOBYIO MOBEPXHOCTH (puc.2.1,0) ObLI
WHTEHCHUBHEE MPOLECCA BBIICIICHUS TEIUIA B BAPUCTOPAX.

WHuTepBabl BpeMEHN MEXKIY CIEIYIOIMMU JIPYT 3a IPYTrOM I'PO30BBIMU /UM
KOMMYTAI[MOHHBIMU TEPECHANPSHDKECHUSIMH, KaK IPABWJIO, BIOJHE JIOCTATOYHBI JIA
octeiBanus OITH m ero mepexoza B HadajgbHOE COCTOSHHME, KOrJa TeMIlepaTrypa
BapUCTOPOB paBHA WM YyTh OOJIbIIE TEMIIEPATyphl OKpy karome cpenpbl. Hanportus,
KBa3UCTAllMOHAPHBIE IEPEHANPSDKEHUS] MOTYT IMPUBOJUTH K MHOTOKPaTHBIM
cpabatsiBanusaM OITH B TeueHue manoro MHTEpBajia BpEMEHU, HEIOCTATOYHOIO JJIst
OCTBIBaHUS BapuUCTOpPOB. MIMeHHO mo3ToMy roBopsT, uro OIIH npenHasHaueHbl AJis
3aIIMATHl M30JISIUM OT TPO30BBIX M KOMMYTALMOHHBIX IEPEHAIPSIKEHUN, HO HE
IIPEIHA3HAYEHBI ISl 3aIMTHI OT KBa3UCTAIllMOHAPBIX.

Ecnu npm U3rotoBieHUM BEHTWIBHBIX paspsaHUKOB PB B kauecTBe BHEIIHEN
u30JsMu  ucnonb3oBaics (apdop, To OIIH npunum B sHEpPreTuky BMecTe C
IOJIMMEpPHON n3ossiuer. Ha nocTonHCcTBa MONIMMEPHON M30JIALMU B DKCIUTyaTaluy
yKE€ HEOJHOKPATHO YKa3bIBAJIOCh: CpEId HUX BbICOKas TruapodhoOHOCTh (Kak
CIEACTBUE — HHU3Kas BEPOSITHOCTh IEPEKPBITHA MO MOBEPXHOCTH M3OJSALMH B
YBJIQKHEHHOM COCTOSIHUH), B3pPbIBOOE30MACHOCTh, BaHAAJIOyCTOWYUBOCThH, MAJIbIi
BEC, CIOCOOHOCTh paboTaTh B YCIOBUSIX €CTECTBEHHBIX M MPOMBIIUICHHBIX
3arpsi3HCHUM, ITUPOKHUI TUama3oH padounux TeMIEpaTyp H T.II.

OtcyrcrBue B KOHCTpyKIMH OITH MCKpOBBIX MPOMEXKYTKOB M MCIOJb30BaHUE
NOJIMMEPHON M30JALMHM  IO3BOJWIM MAKCUMAJIbHO YIPOCTUTh MW  YJELIEBUTH
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koHcTpykimio OITH, chnenats ee B3phIBOOE30MACHOM, YTO OOYCIOBHIIO HIMPOKOE

npumenenue OITH B sHepreruke.

bonpmine radaputhl U BeC HE JaBajld BO3MOKHOCTHM MAacCOBO YCTAHABIIMBATh
PB Ha BO3AyIIHBIX JWHHAX, TOTJAa KakK JErkas M KOMIIAKTHAs KOHCTPYKIIMS
coBpeMeHHbIX OITH ¢ monumepHoil n3omsuent caennana ux 04eHb MPUBIICKATEIbHBIM
s 3ammThl u3onsuuu  BJL.  JIONIOTHUATENBHBIM TONYKOM K IIOIYJISIPUA3ALIAN
TexHu4yeckoro pemenuss no ycraHoBke OIIH na BJI cramm cnegyronive, yBBbI
OLLIMOOYHBIE, MPETOJIOKEHUS:

— JUIA HaJAESXKHOW 3amuThl u3oassunu BJI goctatouHo pa3MecTUTh BIIOJIb €€ TPacChl
orpannueHHoe yncio OITH, T.e. 3amutHas 3oHa OIIH cocTtaBisieT MHOrME COTHH
METpPOB;

— i HagexHoil pabotel OIIH, ycranoBnenubix Ha BJI, moctaroyHo mpUMEHATH
OIlIH, paccunrtanHble Ha MeEHbIIME TOKM 10 cpaBHeHnro ¢ OIIH B
pacrpeeuTeNbHbIX ycTpoiicTBax, T.e. OIIH nmng nuHuM MoXKeT ObITh 3aMETHO
JIerde U JelieBie ananora mist PY.

Ha camom pnene nmnst 3amumtel BJI Tpebyemoe uymcino OITH moxker OBITH
COIIOCTaBMMO C YHCJIOM OIIOp JIMHUU, @ TOKOBBIE U JHEPTETUYECKUE XapPaAKTEPUCTUKHU
noaBecHbix OITH nomkHBI OBITH HE XYy’Ke, YeM Yy MOJCTAHIIMOHHBIX armnaparos.
Hecmotpst Ha 310 OITH y*)e HaxoasaT u OyxyT Bce 00Jibliie HAXOAUTh MPUMEHEHUE Ha
BO3YIIHBIX JIMHUAX, IIOCKOJIBKY B PSIZ€ CIIy4acB AJIbTEPHATUBBI UM HET.
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2.2. OITH u BHemHue (rpo30BbIie) NepeHanpsikenust Ha BJI

2.2.1. Mecra ycranosku OITH BaoJis Tpaccst BJI

Eciu ana koukperHoir BJI cloXHO BBIIBUTH HEOIAronmpuATHBIE C TOYKH
3p€HUA  TPO30OBBIX MEPEKPBITHM H30JSLMM  YYACTKA TPaCChl, KOHKPETHBIC
HeOJIaronoly4yHble MecTa U Omopsl BAOJbL Tpaccsl BJI, To Toraa pedyb MOKET HIATH O
3aIMTE OT TPO30BBIX IEPEHANPSIKEHUM BCEX YYaCTKOB JMHUH. B TakoM ciydae
CJIEYET ONPENEIUThCS C TEM, a KaKk 4acTo BIOJb Tpacchl BJI Hamo ycraHaBiIuBaTh
OIIH: na xaxnoi omope (puc.2.2,a), yepe3 omnopy (puc.2.2,0), uepe3 ABE ONOPHI U
npod. MHaue roBops, Ha0 UMETh NpeACTaBIeHUE 0 3amuTHOM 30He OITH.

a) |-e

—g o

6) | — o _

—e

Puc.2.2. Pazmemenue OITH Brons Beeit Tpacest BJI: (a) — Ha kaxaoi onope, (0) — yepes onopy.

[Ipn ycranoBke OIIH B pacnpenenuTensHOM YCTPOMCTBE HE JIOIYCKAloOT,
yToObl paccTosHue 1o owmuHoBKe oT OIIH g0 3ammimaeMoro CUiIOBOTrO
TpaHchopMaTopa MPEBHIIIATI0 HECKOJIBKO NECATKOB MeTpoB [27]. Takum oOpasowm,
3ammTHas 30Ha OIIH B pacmpenenuTenbHOM yCTPOWCTBE COCTABISET BCErO JIMILIb
NECSATKH METPOB U MTO3TOMY HE CJIEIYET OKUAATh, 4To nipu ycraHoBke OITH Ha omope
BJI OH CMOXKET 3allMIaTh U30JSLMI0 Cpa3sy MHOTHX omnop, yaaieHHsix oT OITH Ha
COTHH MeETpoB. be3ycioBHO, mpoOoW H30JLMU TpaHCpopMaTopa U TMEPEKPHITUE
auHelHoW m3ossinuu BJI — 3T0 mpuHIMNUANBHO pa3Hble COOBITHUS C TOYKH 3PECHUS
sKOHOMHUYecKoro yuiepba. Kpome Toro, B pamkax 3aJaHHOIO KJjlacca HaNpsKEHUs
paspsaHoe HanpsbkeHue u3onsiuun BJI npumepno B 1.5 pasa Bbllie, 4eM J0MYyCTUMOE
HamnpsDKEHUE IS BHYTpeHHeW wu3omsiuu obopymoBanus [28]. Tem He Mehee,
3ammTHOW 30HOM OIIH Ha BJI MOXHO cuMTaTh JMIIL HECKOJIBKO COTEH METPOB U
HUKaK He Oosee. [loaTomy, roBopst o 3ammuTe uzonsuuu BJI Boosib Beelt ee IIUHBI,
cienyet nouumathb, uto OIIH npunercs craButh He pexe, yeM kaxabie 200-300 m:

— s BJ1 6-10 kB (tunosoii mposier 60 M) He pexke, yeM uepes 2-3 Omnopsl;
— g BJI 35-750 kB Ha kaxkno# ornope.

Korna peub uaeT o JoKaNnbHBIX HEOJIArOMONIyYHbIX C TOYKU 3PEHUSI TPO30BBIX
NepeHanpsKeHuil yuactkax Tpaccsl BJI iy koHKpeTHbIX onopax, ycraHoBka OITH,
pa3ymeercs, 1iesecoo0pa3Ha TOIbKO Ha HUX:

— Ha 4acTo MopakaeMbIX MOJIHUEH omopax (puc.2.3,a u puc.2.3,0);
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— Ha BBICOKHUX OMOPAX C MOBBIIIEHHON WHIYKTUBHOCTHIO (puc.2.3,0);
— Ha ONOpax C MOBBIIIEHHBIM COIIPOTUBIICHUEM 3a3eMiieHus (puc.2.3,B);
— B JIpYTHUX CIIyYasX.

=g
o——o
a) p— — — p—
e e
6) — — p—

o——o o—1—o
Fvw wv' >
B) L_ — —

—e — — —

o—l—o o—

C—
R3>Ri

Puc.2.3. Pazmemenne OITH Ha npoOnemMHBIX onopax: (a) — Ha 4acTo MopakaeMbIX ornopax, (0) — Ha
OMopax C MOBBIIMIEHHOW HHJIYKTMBHOCTHIO, (B) — Ha ONOpax C MOBBIIIEHHBIM CONPOTHBIECHHEM
3a3eMJICHHS.

2.2.2. Mecra yctanoBku OITH Ha ogHOLENHBIX ONIOpax

B 1a611.2.1-2.2 nans! pa3nuanabie BapuanThl pazmemnienus OITH na oxHonenHon
orope BJI, ornuyaroruecs KOIU4eCTBOM TpeOyeMbIX anmapaToB v 3PGHEeKTHBHOCTHIO
CHW)KCHUS YHCIIa TPO30BBIX MEPEKPHITUI U30JISIIINH JIMHUU.

[Ipu pa3psiiax MOJHUU TPO30BbIE MEPEHANPSHKEHUS HA U30JSIIIUN pa3HbIX (a3
MOTYT OBITH pa3NIMyHbI, a nepBoouepeaHas ycranoBka OITH npenmoururensHa B T
(da3bl, U30JALMSA KOTOPBIX MOABEPracTcss HauOOJbIIUM BoO3AeHCTBUAM. Takue ¢asbl
ObLIM BBISIBJICHBI paHee (B MEpPBOM TIJIaBe) MPHU YIPOIIEHHOM aHAJIN3€ MEXaHU3MOB
BO3HMKHOBEHUSI TEPEHANPSIKEHUA M TOCIYXWIM OCHOBOM IJisi (pOpMYJIMPOBAHUSA
oOuux pexomenaanuii mo pasmemienuto OITH Ha opHOLENHBIX OMOpax, KOTOPbIE
NpUBEAECHBI B Ta01.2.3 1711 TPEYTOJIBHOTO PACION0KEHUS MPOBOAOB U B Ta0n.2.4 niis
TOPU30HTAIBHOTO PACIIONIOXKEHUS TPOBOIOB.
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Ta6:n.2.1. 3amuTa onnouenHsix BJI ¢ TpeyrosibHBIM pacnooKeHHEM IPOBOJIOB.

pacIoyioKeHue . B HIDKHEH (ase
OITH Ha orope B BepxHeil (aze (o BepxHei) B HIDKHUX (hazax | BO Bcex azax
ﬂ p—— p—— ﬂ
gucyo OITH
1 1 2 3
Ha OTope

Ta6:mn.2.2. 3amuTa onHouenHbix BJI ¢ ropu30HTaIbHBIM PAaCIOI0KEHHEM IPOBO/IOB.

DaCIIOIOACHIC B KpaifHux (azax BO Bcex (hazax
OITH Ha onope P
® ® © @ ®
cxema
gucio OITH 2 3
Ha omope

B KaxX10M KOHKpPETHOM Cllyyae ONTHUMAaJbHbIA BapuaHT 3amuThl BJI momxen

OBITh JIOKa3aH TEXHUKO-DKOHOMHUYECKMMH pacueTamMHu, B KOTOPHIX, B UYACTHOCTH,

HEOOXOIMMO ONPENENNTh, a Kakue U3 4-X yKa3aHHbIX B Ta0i.2.3-2.4 pacueTHbIX

CIIy4aeB SIBJISIFOTCSI OCHOBHBIMM BUHOBHHUKAMU OTKJIFOUeHHM BJI.

st TpeyroJibHOTO pAacMloJIOKEHUs MPOBOJAOB OOOCHOBAHHUEM OOOOIIIEHHBIX
pekoMeHaaImi Ta61.2.3 ciyKart CleayIoue MoJ0KeHUS:

— pa3psAnbl MOJIHUM B MPOBOJAA Hanbosee BEPOSTHHI JUIsl BEPXHUX (a3 U, MOITOMY,
MMEHHO B HUX onpaBaaHa ycraHoBka OITH mig 3amutel OT nepeHanpsKeHHi,
BBI3BAHHBIX NIPSIMBIMU Pa3ps/iaMy MOJIHHH;

— TpU paspsaax MOJHUU B ONOPHl JMHUK 0€3 Tpoca, BHE 3aBUCUMOCTH OT
COTNPOTUBJICHUS 3a3E€MJICHUS OTOP, HAUOOJIBIIINE MEPEHANPSHKEHUS BOSHUKAIOT HA
BEepXHUX (ha3ax, U UMEHHO OHH B MIEPBYIO OUepeib TPEOYIOT 3aIUTHI;

— TIpU pa3psgax MOJHUU B TPOCHI yKa3aTh (Da3bl, KOTOpPbIE MEPEKPHIBAIOTCS dYallle
JIpyrux, 06e3 MpoBeACHUsI PacyeTOB JIOCTATOYHO CJIOKHO, OJTHAKO HU3BECTHO, YTO
MIPY MaJIBIX COMPOTHBIICHUIX 3a3€MJICHHUS Yallle TePEeKPhIBAIOTCS BEpXHHE (a3bl, a
MIPY TIOBBIIIIEHHBIX COMPOTUBIIEHUSAX 3a3€MJICHUS — HUKHUE (a3bl;
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— WHIYKTHPOBAHHBIM TEPEHANPSHKEHUSM TOJBEPraeTCsl M30JAIUsI BCeX Tpex ¢as
OJTHOLIENTHOM OMOpBI, M, CJIEI0BATEIbHO, MPHU 3alluTe OT HUX ycraHoBka OITH
TpeOyeTcst OAHOBPEMEHHO BO BCE TPH (Pa3bl.

JI71st TOPU30HTAIBLHOTO PACTIONOKEHHSI TTPOBOIOB 000CHOBAaHUEM 00OOIIIEHHBIX
pexoMeHaIui Tabi.2.4 ciyaT CIeIyIoNue TOJT0KCHHUS:

— MpU HAJUYUM TPOCOB pa3psabl MOJHUM BEPOATHBI B KpalHue ¢daspl, a mnpu
OTCYTCTBHUH TpoOca — B JIIOOBIC (asbl;

— Bce Tpu (pa3HBIX MPOBOJA HMMEIOT OJUHAKOBYIO BBICOTY IIOJIBECa M PaBHYIO
WHIYKTUBHOCTh YYacTKa OIOPBI OT TPABEPCHI IO 3€MIIM — MTO3TOMY IIPU pa3psiax
MOJIHUY B OTOPY JMHUM 0€3 Tpoca HE MPECTABISIECTCS BO3MOXKHBIM yKa3aTh a3y,
U30JISIUUSL KOTOPOM NEPEKPBIBAETCS YallEe APYTHX;

— MpU HAIMYUU TPOCOB HAMOOIBIIMK KOIPPHUIIMEHT CBS3U C TPOCAMU UMEET MECTO
st cpenHedt (as3el (y Hee «JBa Tpoca», a y KpPaHUX TOJIBKO «OIAUH TPOCH) —
MOATOMY TPHU pa3psiiax MOJHUU B TPOC Hambojee 4acTto OyayT MEpeKpbIBATHCS
KpaiiHue (assbl.

Ta6n.2.3. I'po3oBbie mepeHanpspDKeHUs Ha H30JAUMd  ojxHouenHoil BJI ¢ TpeyronbHbIM
PacroJI0KEHUEM MPOBOJIOB M PEKOMEHAALIUY 10 MecTaM nepBooyepeHoi ycranoBku OITH.

Howme MecTto nepoouepeanoit ycranosku OITH
p Mecrto pa3psna P e Y
pacueTHoOro
MOJIHUU Bepxuue dass Hwxnue dasst
cirydast
1 B (ha3HbI IPOBOT +
5 B OIIOpY JIMHUA +
0e3 Tpoca
B Tpoc (BOIM3H + +
3 I Ha yNIaICHUH (mamsie R)) (6ompmme R,)
OT ONOPHI)
4 psaoMm ¢ BJI + +

Ta6n.2.4. I'po3oBble TepeHANpsDKEHUS Ha H30IAUMU  ofHouenHod BJI ¢ ropu3oHTambHBIM

Pacros0oKEHUEM MPOBOJIOB M PEKOMEHAALIMY IO MecTaM nepBooyepesHoi yctanoBku OITH.

Howmep Mecto nepBoouepenHoi ycranosku OITH
Mecro paspsiaa
pacyeTHoOro .
MOJIHHUH Kpaiinue dazb Cpennue dasbi
ciyyvas
B (ha3HbBIN IPOBOJA + +
1 nuHuM 0e3 Tpoca
B (ha3HbIN IPOBOJ +
JIMHUU C TPOCOM
B OIIOPY JINHUU
2 py + +
6e3 Tpoca
B Tpoc (BOIM3H
3 WJIY Ha yJIaJIeHUU +
OT OIOPHI)
4 psaom ¢ BJI + +
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2.2.3. Mecra yctanoBku OITH Ha MHOroumemHsix onopax

[Ipn paspsmax MOJHHM B ONOPBI U TPOChl MHorounenHon BJI Bo3MOxkHO
NEPEKPBITUE U30JSUUU OJHOBPEMEHHO HECKOJIBKMX LEIEH, YTO HEKEIATEIbHO MJIS
noTpeduTensi, 0COOEHHO eciau paccmarpuBaeMas BJI sBisieTcs eIWHCTBEHHBIM
UCTOYHUKOM THuTaHus. O¢ddekTuBHas 3amTa OT MepeHanpsHKEHUN MoT00HBIX
MHOTOIIENHBIX (ByxX1enHbix) BJI MoxkeT OBbITh MOCTpOEHA C HCIOJIb30BaHUEM
npuHLUIa paszneneHus («auddepeHupoBaHus») Ieneil Ha YCIOBHO «CHJIBHYIO» U
YCJIOBHO «CIJIA0YIO».

3HAYUTEIBHOE YCUIICHUE U30JLNU OJHOM U3 IENel JOCTUIaeTcsl YCTaHOBKOM
B ee¢ (a3pl orpannumuteneit nepeHanpspkenuit OIIH — pasnuunbie BapuaHThI UX
pa3MelieHus rnokasansl B Ta0i1.2.5. O01ume pekoMeHJaluu M0 UCIOJIb30BAHUIO TOTO
i uHoro Bapuanta pacctaHoBku OITH ananoruuns ogHouenasiM BJI (Tab6i.2.3).

Ta6:mn.2.5. 3amuTa nByxuensbix BJI ¢ ropu30HTaNBHBIM PACIIONOKEHHEM TPOBOJIOB
(3a1MTa TOIBKO OJTHON LIEIH).

. N B BEpXHEHN U .
pacrmoiokKeHue B BEpXHEi B HIDKHEH . B CpellHEeH 1
cpenHen N BO Bcex ¢azax
OITH nHa onope daze daze (basax HIDKHEH (aszax
[ _ @ [ _
yucio OITH
1 1 2 2 3
Ha O1ope

Ta6:mn.2.6. 3amuTa nByxuenHbix BJI ¢ ropu30HTaIbHBIM PacooKeHHEM IPOBOJIOB
(3ammra o0oux 1enei).

pacIoyoxkeHue B BEPXHUX U B CPEIHUX U
B BEpXHUX B HIOKHHUX
OIIH nHa CpeaHux HIDKHHUX BO Bcex (hazax
dazax (hazax
ornope dazax ¢hazax
gucio OITH
2 2 4 4 6
Ha omope
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B Tex ciyuwasx, Korga HeKelaTelbHbl HE TOJBKO MHOTOLEIHBIC, HO Jaxe
OJTHOLICTIHbIE OTKJIIOYEHHUS, i1 OOECHEYeHHUs 3allUThl H30JALUHA OT TPO30BBIX
nepeHanpspkeHnii morpedyercs ycrtaHoBka OITH B ¢a3pl Bcex 3amumiaeMbIX HETeH,
KaK 3TO MOKa3aHo B Ta0.2.6. O0ume peKoMeHAAH 0 UCIIOIh30BAHUIO TOTO WA
uHoro BapuaHTa paccranoBku OITH ananoruunsr ognonenssiM BJI (Ta6:m.2.3).

2.2.4. OIIH kak aJbTepHATHBA TPAAMIUOHHBIM cpeacTBam 3amuThbl BJI

OCHOBHBIMHM TPAAULMOHHBIMU CPEACTBAMHU IMOBBIIIEHUS T'po30ynopHocTH BJI
ABJISIIOTCS] YCUJIEHUE U30JISIUY, YIYUYILIEHUE 3a3€MJICHUS OTIOp, YCTAHOBKA HA OMOpax
MOJIHME3AIIUTHBIX TPOCOB. B paMkax 3aJaHHOTO Kiiacca HampspKeHHs ceTd (Kiacca
m3osinuu BJI) W3 mepeuuciaeHHBIX CPEeACTB OCTAIOTCS 3a3eMJICHHME M TPOCOBas
3amuTa. Heo0XoauMOCTh B HETPaJUIIMOHHBIX CpPEACTBaX BO3HMKAeT TOrJa, KOrja
UCYEpPIIaHbl TPAAUIIMOHHBIE BO3MOXKHOCTH, WM HX pealu3auus TEXHUYECKH
Her((PEeKTUBHA M PKOHOMHUYECKHU HElenecooOpasHa.

Jns Bo3aymnbix muHun 6-10 kB B crity HenocTaTtoyHOM MPOYHOCTH 30NN
TPAJUIIMOHHBIE CPEJCTBA TMOBBIMICHUS TPO3OYMOPHOCTH (TpOC, 3a3eMIICHHE)
OKa3bIBAIOTCS Majod(pPeKTUBHBIMU M HE NpUMEHstoTca, a yctaHoBka OIIH Ha
OMOpax B PAAE CIy4aeB OKa3bIBACTCSA €IMHCTBEHHBIM JCHCTBEHHBIM PELICHUEM.

Jnsa BoznmymHbeix guHud 35-750 kB, ecnm 3azeMileHHE W TpPOCOBas 3AIINUTA
BBITMIOJIHEHBI JTOJDKHBIM 00pa3oM, B OOJIBIIMHCTBE CIIy4aeB HET HEOOXOJIMMOCTH B
MaccoBoil ycraHoBke OITH Bmoisib Bceilr Tpaccel BJI, a onpaBgaHHON OKa3bIBaeTcs
JMILIB 3aIIMTa HECKOJBKUX «Cla0bIx» omop (mepecedenus ¢ BJI Oosee BBICOKOTO
KJjlacca HamnpspKeHMsI, IEpeXoibl uepe3 peku, JIp. Mecrta). OurytumMas noTpeOHOCTh B
OIIH na BJI 35-750 kB nosBisiercs Torga, Korja B CHIIy Pa3iIMYHbIX MNPUYUH
TpaJMLIMOHHBIE CPEJICTBA HE PEAIM30BAHBI B IIOJTHOW Mepe:

— Ha 4aCTH TPACChl MJIK HA BCEM €€ MPOTSHKEHUH OTCYTCTBYET TPOCOBAs 3aLIUTA;
— He o0ecneveHbl IOCTATOYHO MaJlble CONPOTUBIICHUS 3a3€MJICHUS OTIOP.

Kak HM CcTpaHHO, CII€QyeT OKHIaTh, YTO OTKPBIBIIASCS B IOCIECIHUE TOABI
BO3MOXXHOCTh 3(dekTuBHO 3ammiiarh u3oisanuio BJI 35-750 kB ot rpo3oBBIX
MEepEHaNpsHKeHUt ¢ momoiblo coBpeMeHHbIXx OIIH mnpuBener kK yXyIUIEHUIO
KauyecTBa CTPOUTEIHCTBA BO3AYLIHBIX JIMHUHN, K YKOPEHEHHIO HECKOJIBKO HEOPEKHOTO
OTHOILIEHUSI K TPaJUIMOHHBIM, MPOBEPEHHBIM TOJAMH, CPEACTBAM OOecreueHus
nocrarouHou rpo3oynopHoctu BJI 35-750 kB: 3aueM pbITh 3€MITIO TIOJ] OTIOPOU HIIH
MEHSTBH CTapblii TPOC Ha HOBBIM, KOrJa MOXHO npocto ycranoBuTbh OITH? Bmecte ¢
T€M, DKOHOMHUYECKME pacyeThl IOKa3bIBaXOT, 4YTO 3amura Bcerd Ttpaccel BJI ¢
nomompto OITH, nanpumep, oboHaeTcss MOpoXkKe YCTAaHOBKM (3aMeHa Ha HOBBIN)
TPAAULMOHHOTO  MOJIHME3aIMUTHOIO  TpOca. YUWTHIBAS  M3JIOKEHHOE, IIPU
cTpoutenbeTBe Min pexkoHcTpykuuu BJI 35-750 kB maccoByro ycranoBky OIIH Ha
Omopax clielyeT paccMaTpUBATh JIMIIb KaK JOMOJHUTEIBHOE CPENCTBO MOBBIIICHUS
I'pPO30yHOPHOCTH, HEOOXOAUMOCTh B KOTOPOM JIOJKHA OBITH TIIATEIbHO TEXHUYECKU
¥ DKOHOMHUYECKH 000CHOBaHa.

Tak, B HacTosiiee BpeMsi B oTeduecTBEeHHbIX ceTsx 110-220 kB Bce yaie
rOBOPST 00 OTKa3e OT YCTAaHOBKH (OT 3aMEHbI) MOJHHE3AIIUTHBIX TPOCOB, (PyHKINU
KOTOPBIX MO CHM)KEHHIO T'PO30BBIX MEPEHANPSIKEHUN MpEAIaraloT BO3JIOXKUTh Ha
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OIIH, maccoBo pa3MecTMB HUX Ha omopax Baojb Tpaccel BJI. He 3arparuBas

DKOHOMMYECKHUE ACIIEKTHI, KPATKO OCTAHOBUMCS Ha TEXHUYECKOU CTOPOHE BOIPOCA.

N3navaneHo orpannuutenu nepeHanpspkeHuidd OIIH Obun mpenHazHayeHbI
JUIS 3alIUThl OT TEepEeHANpPsHKEHUN 000pYIOBaHMS pacHpeleUTENbHBIX YCTPOUCTB
(PY), rne cMeHnnm mpenplayliee MOKOJICHUE 3allUTHBIX alnapaToB — BEHTHJIBHBIX
pa3psaaHUKOB. OCOOEHHOCTh pacIpeAeIUTEIbHOIO YCTPOUCTBA 3aKII0YAETCS B TOM,
YTO HA €ro TEPPUTOPUM MAIOBEPOATEH pPa3psA] MOJHHUM B TOKOBEAYIIYIO YacTb
ANEKTPOYCTAHOBKH — 3TO JOCTUTAETCS Pa3MEIICHUEM Ha TeppuTopun PY MomiHOi
CUCTEMBbl MOJIHMEOTBOJOB. ['pO30BbIE MEPEHANPSIKEHUSA, BO3JICHUCTBYIOIIME Ha
M30JISIUI0 000pYZIOBaHUS, BBI3BIBAIOTCS T'PO30OBBIMU BOJIHAMHU, MPUXOIAIIAMU C
NpUCOCIUHEHHbIX K PY BO3AymIHBIX JHHHMI, TIE€ OHU O0Opa3yrOTCS BCIEICTBUE
paspsanoB MonHuu B BJI mmm psimom ¢ Hel. Takum o0pa3om, yCTaHOBJICHHBIE B
pacnpenenurenbHoM ycrporictse OIIH paccenBaroT SHEPrur0 IpO30BBIX BOJH, YK€
OCJIa0JICHHBIX MEPEKPHITUAMHU U30sUKuU BJI, UMITyIbCHOM KOPOHOW U TOTEPSAMH.

Bo3nyniHbele JUHUM UMEIOT COOCTBEHHYIO CHUCTEMY 3alUTHI OT MPSMBIX
pa3psioB MOJIHMM B TOKOBeAymue 4acTu (¢asHble MpOBOJa) — TPaJULMOHHBIN
MOJTHUE3AIUTHBIN TPOC:

— 9(Q¢eKTUBHOCTH TpOCa TAKOBA, YTO B PsJIC CIIy4aeB BEPOSTHOCTH pa3psiga MOJIHUU
B (asubiii mpoBoa mo Tpacce BJI okaspiBaeTcsi OoJiblile, YeM Ha TEPPUTOPHUH
pacIpeIeIuTeIbHOI0 YCTPOMCTBA, 3aIUILEHHOTO MOJTHUEOTBOJAMU;

— npoTsbkeHHocTh BJI cymiectBeHHO Oosnblie rabaputos PY;

— uucyo OITH na BJI MoeT ObITh CylIeCTBEHHO 0oJibllie, yeM B PY.

M3noxxeHHoe Mokas3bIBacT, 4yTo eciau Ha BJI mng 3amurtel ee U30JSUM OT
I'PO30BBIX NEpPEHANpPsKeHU ycTaHoBleHO Oosbiioe yucio OITH, To HeoOxomumo
CUMTATHCSI C BO3MOXKHOCTBIO MPSAMOIO pa3psia MOJHHUM B (pa3HbIE IPOBOJA BOJIHU3HU OT
kakoro-to u3 OIIH. Ilpu orcyrctBum Ha BJI MonHME3amMTHOrO Tpoca Takas
BO3MOXKHOCTh CTaHOBHUTCS Ooisiee 4yem peanbHoil. Bmecte ¢ Tem OIIH, xopormio
3apEKOMEH/IOBABIINI ce0s B pacHpelesUTeIbHOM YCTPOMCTBE, MOXKET OBITh HE
pPacCUMTaH HA CTOJIb MOLIHOE BO3JCUCTBUE, KAKUM SIBISIETCS IPSIMOU pa3psil MOJIHUMU.
OueHuM cTeneHb ONacHOCTH MPSIMOTO Pa3psiia MOJIHUH.

Honyctumocts 111 OITH Toro wim MHOTO BO3JECUCTBUS MOKHO OMNPEACIUTH
MyTEM €ro COMOCTaBJIeHHs ¢ ucnbeiTarenbHbIM. [Ipu padote OITH B ero Bapucropax B
BH/JIE TEIIA BBIIEIIACTCS DHEPTUS

W = [u(t)-it) ot

rae i(t) — Tox B BapucTopax, u(t) — BEI3BAHHOE YTUM TOKOM MaJICHUE HANPSHKEHHs Ha
BAPUCTOPAX, KOTOPOE IPOIOPLUOHAIBHO YHUCIY II0CIECA0BATEIbHO BKIKOYEHHBIX
BApUCTOPOB, a 3HAUUT Kiaccy HanpsikeHus OITH.

UTo0Obl HE yUUTHIBaTh KOHKPETHBIN KJIacC HANpPsDKEHUs, a MPOBECTU Hanboliee
obmue paccyxaenust onaoBpemenno st OITH 6-750 kB, ynobno paccmaTpuBath He
sHepruto B Bapuctopax OIIH, a npoxoasmuii yepe3 HUX IEKTPUUECKUI 3aps]l

q:ji(t)-dt.
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Cnocobnocte OIIH paccenBaTh SHEPTrUI0O WU MPOMYCKaTh MMIYJbCHI TOKa
(3apsin) mpoBepsieTCsl MPU TaK HA3bIBAEMBIX paOOUYMX HUCIBITAHUAX, KOrJa B HEM
OJTHOBPEMEHHO C Bo3aencTBreM HanpspkeHus 50 ' nporyckator N =2 UMITYJIbCHBIX
TOKa MPSAMOYTOJIBHOW (OPMBI IITUTEIHHOCTHIO T, =2000 MKC, BETUYMHA KOTOPBIX
3aBUCHUT OT JUAMETpPa BApUCTOPOB U JIEKUT B IHUanazone |, =300+ 2000 A.

Jns OIIH c¢ BapucTtopamMu CpeaHEro IHaMmeTpa crpaBeniauBo |, =1000 A wu
TOT' /1A TOITyCTUMBIHN 3apsii COCTaBUT

t
q=N-[i{t)-dt=N-1,-T, = 2-1000-(2000-10° )= 4 K.
0

[Ipu paspsigax MOJHHUKM B OMOPHI U TPOCHl OCHOBHAsI YacTh TOKA MOJIHUU
CTEKaeT IO TeIly OMOpY B €€ 3a3eMJISIOIEe YCTPOICTBO, HE BBI3bIBASI 3AMETHBIX TOKOB
B ycTraHOBJIeHHBIX Ha jJuHuK OITH (3a ucKiIoueHreM MOBBIIICHHBIX R, ).

[Ipu paspspax monHuu B (QaszHele npoBona B OIIH mporekaror TOKH,
CONIOCTABUMBIE C TOKOM MOJIHUA — UMEHHO JTOT CIIy4Yau SBJISETCS OJHUM M3 CaMBIX
OMAaCHBIX C TOYKH 3pEHUS pUCKa neperpesa u nospexaeHus OITH.

Craructudeckue nanubie [1,2] cBUAETENBCTBYIOT O TOM, YTO BHE 3aBHCUMOCTH
OT Kyacca HampsbkeHus BJI npu paspsgax MOJHAM MUMITYJIBCHBIE TOKH, IPOXOISIINE
B KaHAJIE MOJIHMM, IIEPEHOCAT K 3€MJIE 3apsl  OT €auHHIl A0 aecsaTtkoB Ki, Torma

kak cpenanit OITH paccunrtan nums Ha enuaMnb Kit. CiienoBaTenbHO, IPU paspsaax
MOJIHUM B (ha3HbI MpoBOJa, M30isAIMA KoTopbix 3amuuieHa OITH, Bo3Moxken
HEpacueTHBIN pa3orpes U nociuenyromee nospexaecaue OITH, BrnosHe peanbHOE 1iIs
JIMHUH, HE UMEIOIINX TPOCOBOM 3AIUTHI.

Jonyctumocts npumenennss OITH u BbIOOp MX XapaKTEpUCTUK JOJIKHBI OBITH
TIIATEbHBIM 00pa3oM 00OCHOBaHBI. ITO 0coOeHHO BaxkHO 1yisi BJI, He umerommx
MOJIHME3AIIUTHOTO TpOCa, KOrJa MpU HEBEPHOM BBIOOPE MECT YCTAaHOBKH U
xapakrepuctuk OIIH uncno otkmtouenuit BJI, CBA3aHHBIX ¢ MOBPEXKIACHUSIMH TaKUX
OIIH, moxert cTaTh e€7Ba J1 He O0JIbllIe, YEM Y HE3AIUILIEHHOMN JIMHUU.

[Tpu paspsgax MONMHMM HaWOOJBIINE NEPEHANPSDKEHUS M PUCK MEPEKPBITUI
u3ossiiuu coriacHo (1.1)-(1.4) cyiiecTBYOT pu OOBIIMX MTHOBCHHBIX 3HAYCHUSIX
ToKa i,(t) u ckopocth ero mamenenus di, (t)/dt, T.e. BOAM3M OT MaKCHMAaJIbHOIO
3HaYeHUs uMmmyibca U ero ¢ponra. [loaToMy, yuuThIBasi KOHEUHYIO CKOPOCTb
pPacIpOCTpaHEHUsI BOJH BJOJIb JMHUHW, TOBJIMUATH HA YPOBEHb IEPECHANPSLDKEHUN M
3ammTuTh n3oisuioo BJI ycnmearor smmb Te OIIH, kotopeie HaxomsaTcs Ha
onvkaiieit onope. Yto kacaeTcs 3apsiia MOJIHUHU, TO OH omnpejiensieTcs He GpOHTOM
UMITyJIbCa TOKA, & €0 JJIUTEIbHOCTBIO, KOTOpas 3aMETHO OOJIbIIIE U, CIeI0BATEIBHO,
mHorue OIIH, ycranoBneHneie Ha BJI, ycnerT mnoydacTBoBaTh B pacCEMBaHUU
DHEPIUM NEPEHAIPSIKEHUM, B MPOITYCKaHUU 3apsaa Toka MOJHMM. OTCro1a CIeayeT,
YTO MPHU y4€Te B3aMMHOM MOMOIIM allapaTtoB APYr Apyry puck nospexaenus OITH
OyZeT MeHbIlle, YEM ATO MOIJIO MOKA3aThCs MOCJE COMOCTABIICHUS 3apsijia MOIIHON
MOJIHHMH C 3apsJIOM, JIOITyCTUMBIM JUUISl EAMHCTBEHHOTO ycTaHoBiaeHHoro OITH.
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2.3. OITH u BHyTpeHHUE nepeHanpsizkeHus Ha BJI

Cpean Bcex otkmoueHnii BJI u3-3a mepeHanpspkeHUNd JOMUHHUPYIOIIEH
MPUYMHOMN SIBJSIIOTCSL JIMIb Tpo3oBbie. B ciyuae pasmemenuss OIIH Ha omopax
BO3AYIIHOM JIMHUM JUISL 3alUTBl €€ M30JSLAM OT TPO30BBIX IEPEHAIPSKCHUU
OIMACHOCTH TIepeHaANpsDKeHM OyaeT cHkeHa. Bmecte ¢ Tem, ycranoBnenusie OITH
OyIyT MOABEPraThCsi HE TOJIBKO IPO30OBBIM, HO M JAPYIHMX BHUJAM MEPEHANPSKEHUM:
KOMMYTAITMOHHBIM U KBa3UCTAIIMOHAPHBIM. SIBISIIOTCSA M 3TH (DAKTOPHI BaKHBIMH,
TpeOyromumu ydeta rnpu Beioope OITH u onieHku HafeKHOCTH ero paboThi?

2.3.1. KommyTaumoHHbI€ NepeHanpPsIKeH st

CuuTaercs, 4TO KOMMYTAIlMOHHBIE MEPEHANPSHKEHUS] TPUBOSIT K BBIJCICHUIO
B OIIH sHepruii naxke 60JBIINX, Y€M IPH I'PO30BBIX MEPEHANPSHKEHUSIX. DTO BUIHO,
HaIpuMep, MPH aHaau3e MeToauK [29] uchbITaHMii BapUCTOPOB, IMPOBOJAMMBIX IS
BHOBBL pa3zpadbaTbhiBaeMbIX KOHCTpYKIMiA u TuUnoB OIIH: cnmocoOHOCTH BapucTopoB
paccemBaTh JHEPrUI0 MEPECHANPSIKECHUWA MPOBEPSETCS HA HMMITYJIbCaX TOKA
IPSMOYTOJILHON (hDOPMBI JUTMTEIBHOCTBIO T, =2000 MKC IIpH BEJIMYMHE TOKOB |, B
HECKOJIbKO cOoTeH amriep. C TOYKM 3pEHHUsI BEIMUMUHBI TOKA MOJOOHBIE BO3ICUCTBUS
JEUCTBUTEIBLHO TMMOX0kHM Ha Tokd B OIIH npu orpaHMyeHHM KOMMYTallMOHHBIX
MepeHaIpPsLKeHU, XOTs CTOJIb OOJIbIas JIMTeIbHOCTh Toka B OITH Bo3MoskHa HIIIb
IpU KOMMYTalUsIX BO3AYIIHBIX JUHUNM mimuHOM Oosee 500 kM. OgHako u 1O
BEJIMYMHE, W 0 JUINTCIBHOCTH ITOJOOHBIC HCHBLITATENIbLHBIE BO3JCHCTBHS HMEIOT
OYCHb MaJIO OOIIET0 ¢ AKCIUTyaTallMOHHBIMH Bo3jaeicTBusiMu Ha OITH mipu rpo30BbIxX
MEPEHANPSIKCHUSX.

B ucnbiTaHusIX TpoBEpKa BapUCTOPOB HA PabOTOCIOCOOHOCThH MPU TPO30BBIX
MEePEHANPSIKEHUSX BBITIOJIHIETCS JIMIIb ¢ TOYKU 3PEHUS UX CIIOCOOHOCTH MPOMYCKATh
0€3 MOBPEXKICHUS OOJIBIIINE MO BEJIMYMHE TOKH B HECKOJBKO JECATKOB KA. OnHa U
[JIABHBIX LEJIEM TakKuX WMITYJbCHBIX BO3JCUCTBUM — MPOBEPUTH OTCYTCTBUE
MEPEKPBITUH BAPUCTOPOB MO MOBEPXHOCTH, HO, TMOCKOJBKY JJIMTEIBHOCTh TAKHUX
WCTBITATEIbHBIX TOKOB COCTABJISICT €IWHHIBI MUKPOCEKYHJ, TO OHU HE SIBJISIFOTCS
OCHOBaHMEM Juisl oleHku crnocooHoct OIIH mnorjomares 3HEPru0 rpo30BBIX
MIEpEeHANPSKCHU .

Ha camowm niene, BOmpekr MHEHUIO, OTPAXKEHHOMY B METOJMKAX MCIIBITAHWM, B
AKCIUTyaTalli B  TIOJABJISIONIEM OOJBIIMHCTBE CIy4acB HMEHHO TI'PO30BBIC
MepEHANpPSDKCHNS, a HE KOMMYTAIMOHHBIC, TPEIbSIBISIOT TJaBHBIC TPEOOBAHHS K
cnocoonoctr OITH paccenBats sHEpTHUIO IepeHanpspkeHuid. [Tokaxem 3To, onupasich
Ha NMPOCTENIINE OLEHKH U 3/IPaBbIi CMBICIL.

JlomycTumMoO cuuTarh, 4TO NPU BKIKOYECHUAX U OTKIOUeHusx BJI sHeprus
KOMMYTAIIMOHHBIX MEPEHANPSHKEHUN, UMEIOIIMX MaKCUMaJdbHOE 3HadyeHue U ..,

3armacaeTcs B eMKOCTH KoMMyTupyemoit uanu [30]:
2

W — CUMAKC ’
2
rae C =C’| — eMKOCTh JIMHHY, OTIpe/iessieMast yepes ee JIMHY | 1 moroHnyio C.
[lepenanpspkeHus ya00HO XapaKTepU30BaTh KPATHOCTBIO — CTEMEHBIO

NPEBBIIICHUS TNEPEHANPSIKEHUAMH aMIUIMTYbl (Pa3HOrO 3HAYEHHUS HAMWOOJIbLIETrO
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pabouero HampspkeHuss cetu K=U,,,. / (\/5 U,/ \/5), rae U,, — HauOosbllee
pabouee HampsHKeHUE ceTu (JTuHelHoe 3HaueHue). Toraa

c1-(k 273U, f
5 :

Jns conocraBnenuss OIIH pa3nuuHbIX KIACCOB HANPSKEHUS SHEPTHUIO JTydllle
OLICHMBATh B OTHOCUTEJIBHBIX €UHUIAX HanOobIIero padouero Hanpspxenus OITH:
W,, = w_

UHPO

W =

rae W,, — yIelbHas paccemBaeMasi SHEPIus, KOTOpas 10 CBOEH CYyTH M Pa3MEPHOCTH
(Ku1) coorBercTByeT npomeniemy uepe3 OITH 3apsay. OkoHyaTenbHOE BhIpaKEHHE:

* 2

CCK2 U, Uy, 2.1)

\7/ S 3 U ! '
HPO

rac OoT KjIacCa HAIIPSIKCHUA IIPAKTHYCCKHU HC 3aBHCAT: KPATHOCTDb K , COOTHOLICHUC

U, /U, (M301HpoBaHHas HEUTpaiab U ,, /U ,,, ~1, 3a3emicHHas U, /U ,,, ~v/3).

W

N3 Beipaxkenus (2.1) BUAHO, YTO yAenbHAs SHEPrus (3apsil) KOMMYTallMOHHBIX
nepeHanpsLKeHU IponopLMOHaIbHa Kilaccy HanpsikeHus U, u jyuHe Juaud | . Ha

cCaMOM JI€JI€ POCT W, IIPOUCXOAUT HECKOJIBKO 6BICT ee U , IIOCKOJIBKY HMCECTCA
v HP

crnabasi 3aBUCUMOCTh eMKOCTH C* OT KJlacca HaIpsDKEHUS (YUCIIO COCTABISIONINX B
(bazHOM TIPOBOJIE ¥ UX PAINYC, KaK MPABUIIO, BO3PACTAIOT C pocToM U, ).

CornacHo (2.1), 3a4aBIIKMCh ONPENECIECHHON MJIMHOW JUMHUM |, MOXHO, B
YacTHOCTH, IMOKa3aTh, uro B cetu 750 kB (U,, =787 kB) koMMmyTanuoHHBIE
nepeHanpsHKeHusl 00J1alaloT yAENbHON 3Hepruel, kotopas Oosiee yem B 100 pas
BhIIIIE, yeM 1iig cetu 6 kB (U,, =7.2 kB).

Cpennsas nnuna BJI 750 kB Ha nmopsaok npeBocxoaut TakoByro misa BJI 6 kB.
CrnenoBatenbHO, eciyd Obl KOMMYTAllMOHHBIE MTEPEHANPSKEHUSI IEUCTBUTEIBHO ObLIN
onpenenstonmu pu Beidope OITH, To B ceTsix 6 kB u B cetsx 750 kB TpeboBanuck
ob1 OIIH ¢ ynenbHBIMHU SHEPrusiMHU, OTIIMYAIOUIUMUCS Ha Tpu nopsaka. ObecneunTs
noJlo0HOEe pa3nuyue 3aTPYJHUTENBHO, IOCKOJbKY yHeJabHas »Heprus (3apsin)
IIPONOPIIMOHAIIBHA TIOIIAU TIOTIEPEYHOTO0 CEYEHUS BAPUCTOPOB.

JlelicTBUTENBHO, B HACTOSIIEE BpPEMsI MIPOMBINLIEHHOCTh BbllyckaeT OITH 6-
750 kB ¢ BapucTopaMu Takoro AuameTpa, 4yTo yAeIbHAs SHEPTUS KaXKIO0T0 UMITYJIbCa
U3MEHSETC B JIOCTATOYHO  y3KOM  amamasone W, =15+10.0  k/[x/kB,

COOTBETCTBYIOIIEM JHMAaNa30Hy 3HAYEHUM NPSIMOYTOJBHBIX TOKOB |, ~300+2000 A.
OmnbIT 3KCIUTyaTaluu MokasbiBaeT, yto Takue OIIH OGmaromony4yHo BbIIEpKUBAIOT

BO3JICMCTBUS MTPU KOMMYTAalMOHHBIX MEpEeHANpsHKeHUsAX naxke B cetsax 330-750 kB.
Cnenosarensno, ecan ans OIIH 330-750 kB npu BeIOOpe W,, M Hafgo y4uTHIBAThH

OPHEPTUI0 KOMMYTAIIMOHHBIX TmepeHanpsbkeHuii, to maua OITH 6-220 kB Ttaxoii
HEOOXOJMMOCTHU B TUMOBBIX ciayyasx [30] HUKaK He MOTydaeTcs.

Urak, TpeboBanus k ynensHoi 2aepruu OITH:
— g OITH 6-220 kB onpenensitorcs TOIbKO TPO30BBIMU MTEPEHANPSKECHUSMH;

— miusa OITH 330-750 kB onpenensitorcsi TpO30BBIMU MEPEHANPSIKEHUSAMH, A IS
JUTMHHBIX JIMTHUA — KOMMYTAIlMOHHBIMH TTEPEHATPSKECHUSIMHU.
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BmecTe ¢ Tem, HEKOTOpBIE CHEUAIUCTHI OomKuOo4HO cuuTatoT, uro OITH npu
yctaHoBKke Ha BJI  gomkHBI  OBITB  OTCTPOEHBI OT cpaOaTblBaHWW  MpU
KOMMYTallMOHHBIX NEPEHANPSKEHUAX, OSICHSSA 3TO TaK:

— KOMMYTAllMOHHBIC TIEpPEHANpPsKeHUsI, 00Naaas 3aMETHOW »HEprueu, sKoObI
pacxonyroT pecypc BapuctopoB OIIH, ycranoBimeHHbix mo Tpacce BJI mus
3aIIMUTHI U30JILIUU OT TPO30BBIX NIEPEHANIPSKEHUN;

— I 3amuThl u30asAuud BJI OT KOMMYyTallMOHHBIX TEPEHAIPSIKEHUN YXKE €CTh
cnenuanbuble  OIIH, kotopeie  pasmemarorcas 1o  kKoHmam BJI B
pacrpenenuTeNbHbIX YCTPONCTBAX.

Bce a3Tm  paccykIeHHS  OTHOCUTENIBHO  BIWSHHUS  KOMMYTAIIMOHHBIX
nepeHanpsHKeHUd Ha Bompockl nmpuMeHeHus nmoaBecHbix OITH umeroT mox coboid
MOYBY JIMIIb TOT/AA, KOIZla pedb UaeT o0 ycTaHOBKe Ha Tpacce BJI enquHCTBEHHOrO
komriiekta OITH 330-750 kB, npennazHau€HHOrO 1Sl 3aIIUATHI U30JSLUN KAKOW-TO
U3 OIOpP OT IPO30BBIX NMepeHanpspkeHu. OaHaKo, ecau Il OTPAHUYEHHS TPO30BBIX
nepeHamnpsbkennii Ha Tpacce BJI ycranoBneno Heckonpko komruiektoB OITH 330-750
KB, To maxe nus npotskeHHbIX BJI KOMMyTaloHHBIE NTEpEHANPSKEHMSI IEPECTAOT
OBITh paCYETHBIMH, ITIOCKOJIbKY UX 3HEPTus AeauTcs Mexxay MHorumu OITH.

Hns BJI 6-220 kB, noBTOpuMCs, BHE 3aBUCUMOCTH OT YHCJIa YCTAHOBJIEHHBIX
OITH 06 sHeprun KOMMYTALMOHHBIX NTEPEHANPSKEHUN MOXKHO HE 1yMaTh.

2.3.2. KBazucrauuoHapHble NepeHanpszKeHust

[Io oOmemy wmHenuto coBpemenHble OIIH He mnpeaHazHaueHsl s
OTPaHUYCHUSI KBA3UCTAIMOHAPHBIX TEPEHANPSIKEHUM, Jake NPU OOJIBIIIOM YHCIIC
napasuiesibHo padoTaromux OITH.

[ToBbitienue HagexHOCTH padoThl OITH BO3MOXKHO WM 3a CYET CHIKCHUS
YPOBHSI KBAa3WUCTAIMOHAPTHBIX MEPEHANPSHKEHUM, UM 33 CUET U3MEHEHUS CBOWMCTB
camoro OIIH (puc.2.4):

— YBEIIMYEHUE BBICOTHI KOJIOHKHM BapUCTOPOB, T.C. MOBBILICHHUE 110 HAMNPSIKECHUIO
BOJIbTAMIIEPHON XapaKTEPUCTUKHU, MHAUYE Ha3bIBaeMoe «3arpyonenuem» OITH;

— YBEJIMYEHUE TUAMETPA KOJOHKH BapUCTOPOB, YTO MPH 3aTaHHOU BBICOTE KOJIOHKH
o3HauaeT yBenuueHue maccbl OITH, a 3HauuT €ro CrnocoOHOCTH MOTJIOIIATh
HHEPTUIO MEepPEHAIPSHKEHUN 0€3 OMacHOro neperpena.

Breicota OIIH onpenensiercss TpeOOBaHUSAMH K MUHUMAJIBHO JIOIYCTHMbBIM
pacCTOAHUAM OT TOKOBEAYIIMX 4YacTed 0 3a3€MJICHHBIX. 3alllUTHBIE CBOWCTBA
BapUCTOPOB TaKOBbI, YTO cTpouTenbHas Bbicota OIIH oka3piBaeTcs Ooblie, yem
BBICOTA KOJIOHKM BapuctopoB. Jjist komneHcanuu pasHulbl BeicoT OITH u komoHkH
BapuctopoB B KOHCTpykmuu OIIH 3adacTtyio WMEIOTCS aTlOMUHHMEBBIC IIAHOBI
(puc.2.4). B cnydyae HE0OXOIMMOCTH JIJisi YBEJIMUEHUSI BBICOTHI KOJIOHKHA BapUCTOPOB
JIOCTaTOYHO 3aMEHUTh YacTh MIaii0 Ha BaApUCTOPHI, YTO HE m3MeHUT radaputos OITH
Y [IOYTH HE MOBJIUSET HA €70 CTOUMMOCTb.

B cnydae HEOOXOAUMOCTH YBEIWYEHHUS IUaMETpa BapHCTOPOB TMPUJETCS
U3MEHATh pajualibHble pa3Mepbl Bcex anemeHToB OITH (BapuctopoB, u3ossuuu,
(baHIeB), YTO OIIYTUMO MOBBICUT cTouMocTh OITH.
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Paccmotpum aBa OIIH ¢ paznuyHbIMU BOJBTaMIEPHBIMU XAPAKTEPUCTUKAMU,
BOJIBHO NOKAa3aHHBIMU Ha puc.2.5. IlyCTh Ipu 3aJaHHOM TOKE MAJICHUE HAIPSKEHUS
Ha BTopoMm OIIH Oyner nHa 10% Bbimie, yueM Ha mepBoM: U, =1.1-U,. Torma npu

Bo3nerictBu Ha OIIH co CTOpOHBI CeTHM KBa3HCTALMOHAPHBIX MEPEHANPSIKEHUN
ypoBHst U’ miu U” cootroreane Tokos B OITH cocrasut 1, =(0.5+0.7)-1,.

Bunno, uto u3-3a pe3ko HenuHeitHoi xapaktepuctuku OIIH Hebombiioe
NOBBIIICHHE BOJIbTaMIIepHON Xapakrepuctuku OITH 1o HampsokeHUro NpUBOIUT K
3aMeTHO OoJiplieMy CHIDKEHHIO TOKOB B OIIH, a 3HauuT MOBBILIEHUIO €ro
HaJCKHOCTU. VIHBIMU cIIOBaMHM, AJISi TOCTHXKEHUS TOTO ke 3 dekTa, 9To qocTuranics
OpU  HE3HAYUTEJIbHOM  3aBBIIICHHMM  BBICOTBI  KOJIOHKH  BapuUCTOPOB  (HMX
BOJIbTAMIIEPHONM  XapaKTEPUCTUKH), TMOTpedyercs ropa3go Oojee  3aMeTHOE
YBEJIMYECHHE IMaMeTpa BapucTopoB. [103TOMy HE NOMKHO BBI3BIBATH COMHEHUS, YTO
OpU  33JaHHOM YPOBHE KBa3WCTALMOHAPHBIX MEPEHANPSDKEHU  MOBBIICHUE
HazexxHocTu padoTel OITH nenecooOpa3Ho TONBKO 32 CUET HEKOTOPOTO YBEJIHUYEHHUS
BBICOTBI KOJIOHKH BapUCTOPOB, a HE 3a CUET YBEIMYCHHUS €€ TUaMeTpa.

npy>uHa ==
KOMMEHCcaTopb|

BapUCTOpPbI

—

npy>xuHa

A,
L
e

KOMMneHcaTopbl

BapuUCTOpPbI

I__,:-::-,_.I _> E ::l

Puc.2.4. Pasnuunble cnocoObl moBbIIIeHUS HajaexHocTu pabdorel OIIH: 3a cuer yBenuueHus
BBICOTHI KOJIOHKH BapUCTOPOB (@) MK 1uameTpa KOJIOHKH (0).
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Puc.2.5. K Bompocy o moBsIieHNH HaIeKHOCTH padoTsl OITH.
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2.4. OcnoBubie Tunbl OITH u cnoco6 ux npucoeaunennsi kK BJI

CymectByer aBa ocHOBHbIX Tuma OITH, npegHazHayeHHBIX i1 3aLIUTHI
mzomsiin BJI ot mepenanpspkenuit (puc.2.6) — OIIH Oe3 BHemHEro MCKpoOBOTO
IIPOMEKYTKA U C HUM.

OIIH c BHemHuM uckpoBbIM npomexyTkoMm (OITHW) He cienyer myrtath c
BEHTWJIbHbIMU  pa3psanHukamu. [edicteurenspHo PB  wm  OIIHU  obnagator
MOCJIEIOBATEIbHBIM HCKPOBBIM IMPOMEXYTKOM, OJHAKO HMEIOTCS CJIEAYIOIINe
OTIINYMSL:

— B koHcTpykunn OITHU wucnosb3yeTcss BHEMIHWKA MCKPOBOW NPOMEXYTOK, a B
KOHCTpYKUMU PB — BHYTpeHHUI;

— B koHcTpykuuu OIIH n OITHU ucnosb3yroTcsi HEMMHENWHBIE 3JIEMEHTBI TOPa3ao
0oJiee CoBEpILIEHHBIE, YeM B KOHCTpYKIUU PB.

0)

Tpasepca

Tpaeepca

OrnH
OlnH

rpnaHaa
rMpnaHaa

nn

onopa BJl onopa BJ1

Puc.2.6. [Ipunnunuansheie ciocods! kperienust OITH k onope: (a) — 6€3 HCKPOBOTro MPOMEKYTKa,
(0) — uepe3 BHEUIHUI HCKPOBOM MPOMEKYTOK.

B xonctpykuuun OIIHU wuckpooit mpomexytok (MII) HactpauBaercs Ha
cpa0aTblBaHWE TMPU TPO3OBBIX MEPEHANPSDKCHUSIX, WCKIOYash BO3JCUCTBUE Ha
HEJIMHEHHBIE DSJIEMEHTHI HOPMAJBHOTO pabOYero HaIpsOHKEHUsT CETH, a TakkKe
KBa3UCTAllMOHAPHBIX W KOMMYTALMOHHBIX MNepeHanpspkeHuil. llepeuncrieHHbie
ocobennoctu OITHU, kak 9TO MPUHATO CUUTATH, SIBJISIOTCS €r0 MPEUMYIIECTBAMH,
OZHAKO, Ha CAMOM JIEJIe:

— KOMMYTAIIMOHHBIE MEPEHATPSKEHUS CIICAYET YUUTBIBATH JIUIIb ISl IPOTSKEHHOM
Bo3aymHOM JimHUK 330-750 kB u TONBKO TOrma, KOrjla Ha HEW YCTAaHOBJICH
enuHcTBeHHBIN kKoMIiekT OITH;

— KBAa3UCTALMOHAPHBIC MEPEHAIPSIKEHUS IMOYTH HE MPEACTABISIIOT OMACHOCTH JJIS
OIIH mpu BeproMm BbIOOpe [30] ero HambosbiIero pabodero HanmpsLKeHUS U, ;
nns noseimeHust HagexxkHoctu OIIH wa BJI pomyctumo npumensts OIIH ¢
MOBBIIIIEHHBIM U ,,,,, TOCKOJIbKY u3oJisiiust BJI oOnagaer Gomblielt ©MITYyIbCHOM
IIPOYHOCTHIO 110 CPABHEHHIO C BHYTPEHHEN n3oJsiuen PY;

— mmurenbHoe BozzaeicTBue Ha OIIH pabouero HampsikeHUs CETH COTJIACHO
uccinenoBanusiM - [31] mpuBOAMT K = BOCCTAHOBJIEHHUIO  IE€PBOHAYATBLHOMN
BoJpTaMnepHon xapaktepuctuku OIIH, xoMmeHcupys aerpaganui0 CBOWCTB
HEJIMHENHBIX JIEMEHTOB, BHI3BAHHYIO MPOXO0XKICHUEM UMITYJILCHBIX TOKOB,;
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— JUINTEJIBHOE BO3JECHUCTBUE HANPSKEHUS «IIOACYIIMBACT» aIlllapar, CHUXKAasi PUCK
€r0 YBIJIAKHECHHUS.

Jlvms g pmuaebIX BJI 330-750 kB npu enmHuunoit ycranoBke OITH
HaJIM4KUE HUCKPOBOTO MPOMEXKYTKA SABIISIETCS onpeaeneHHbIM npenmyniectsom OITH,
TOIJA KAaK B OCTAJbHBIX CIIy4asX HCKPOBOM IIPOMEXKYTOK — CKOPEE HEIOCTATOK.
Kpome Toro, 0TCyTCTBHE HCKPOBOTO MPOMEKYTKA IMO3BOJISIET:

— yckopuTth Beryruienre OITH B pa®oTy 1o orpaHM4eHHIo IEpeHANPsKEHU;

— HCKIIIOYUTH HEBEPHYIO pabOTy MPOMEKYTKA BCIEICTBUE OUTMOOK MOHTAXKa,;

— pacceWBaTh YHEPIHIO TPO30OBBIX IEPEHANPSKEHUN OJHOBPEMEHHO B OOJBIIOM
yucne OIIH, cHMkas Harpy3kd Ha KaXIblii M3 HUX M IOBBbIIIAas HaJECKHOCTh
TEXHHYECKOTO perieHus [32].

BaxneiimmM ¢GhakTopoM, KOTOPBIN CleAyeT YUYUTHIBATh MpU BbIOOpE crocoba
npucoenuHenns OITH k omnope, siBiIsseTCS BO3MOYKHOCTD JAJIbHEUINEH 3KCIUTYaTallun
BJI B cityuae moBpexaeHus oJHOTo u3 ycranoBiaeHHbIX OITH.

OINIHU, xak npaBuiio, UMEET KECTKOE KPEIUICHUE K Omope, HE0OX0IUMOe /IS
o0ecrnieyeHnss MOCTOSIHCTBA TabapUTOB MCKPOBOTO INpoMexyTka. IIpu Bbeixome u3
ctpost OIIH, ycTaHOBIEHHOro 4Yepe3 MCKPOBOW MPOMEXyTOK, Ha BJI mosBisercs
MECTO C OcCHabJIEHHON 3JIEKTpUYecKorM mpoyHocThio. OOHapyxkenue taxoro OITH
OBIBaeT 3aTPyJHEHO, MOCKOIBLKY noBpexaeHre OITH MoxeT HUKaK He CKa3aThCsl Ha
€ro BHEIIHEM BHJE, & 3HAYMUT, HE BCErJa 3TOT almapaT BO3MOXKHO OOHApYKUTh
BU3YaJIbHBIM OCMOTpOM Iipu 00xoze BJL.

OTcyTCTBHE HMCKPOBOTO ITPOMEXKYTKA JEJIA€T BO3MOYKHBIM NPHCOECIUHEHUE
OIIH k omope ¢ mnomomibio ruOKoro mnuehda, B KOTOPBIM yCTaHABIMBACTCS
CHEIUAIBHOE YCTPOUCTBO — «OTAeIuTENbY (puc.2.7,a). OTaenurens:

— He NposIBIIsIeT ce0s B HOpMaJIbHOM pexume padotsl, korna yepe3 OITH npoxonsar
Toku nipoBoaumocTu OITH, cocraBmsroniye 101 MULIMAMIIED;

— HE MNposBIsAET ce0s B pEXKUME OrpaHUYECHHS TPO30BBIX M KOMMYTAIIMOHHBIX
nepeHanpskeHui, koraa yepes OIIH nmpoxoaar nuMmyJibCHbIE TOKH;

— paspymaercs (puc.2.7,0) npu Beixone OIIH u3 ctpost BcneacTBue mpoTeKaHUs B
HEM TOBBIIICHHBIX TOKOB MPOMBIIIEHHON YaCTOTHI.

B ceru c 3azemnennoii HedTpanbio (B Poccum sto 110-750 kB) B ciydae
noBpexnenus OIIH B HeM mpoiinetr Tok oAHO(PA3HOTO KOPOTKOTO 3aMbIKaHUSI CETH,
KOTOPBIN MPUBEJET K OBICTPOMY pa3pylICHUIO «OTAEHUTENs» U oTcoenunenuro OITH
OT JIMHUU e1l1e 10 OTKIIoueHus BJI roloBHBIMU BBIKITIOUATEISIMU. XOTS JTUHUS Oy1eT
KPaTKOBPEMEHHO OTKJIIOYEHA, €€ aBTOMAaTHYeCKOe IMOBTOPHOE BKIIOUEHUE Oyjaer
ycnemHsM. [Ipy 3ToM Hanmuume pa3opBaHHOTO Iuiekda He MemaeT JanbHeien
skcruryatauuu BJI m ipu ocMmotpe BJI 01HO3HAYHO yKa3bIBaET HA MOBPEKICHHBIN
anmapar (puc.2.7,0).

B cetu ¢ n301MpoBaHHON UM KOMIIEHCUPOBaHHOW HelTpasbio (B Poccuu 3to
6-35 kB) B ciayudae nospexaenuss OIIH neno obctout crnoxknee, Tak kak B OITH
MPOTEKAIOT JIUMIIb Majble (EMKOCTHBIE) TOKH OJHO(PA3HOIO 3aMBIKAHMS Ha 3€MIIIO,
KOTOpbI€ HE CIIOCOOHBI TIPUBECTH K HAJEKHOMY CpadaThIBAHUIO OOBIYHOIO
«otaenurens». OTCyTCTBUE KOHCTPYKLMH «OTACNHTENs» I cered 6-35 kB no
HEJaBHEro0 BpeMeHH ObLI0 (haKTOpOM, cephe3HO caepkuBaromum npumenenne OIMTH
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Ha BJI 6-35 kB. B HacTosiiiee BpeMsi Takasi KOHCTPYKIIMS, MOJy4YUBIIAs Ha3BAHUE
«yHUBepcaiabHbI oTAenuTensy» (YO), pazpaboTaHa, UCIbITaHA U 3aI1aTEHTOBAHA.

[Tpu oxHOda3HOM 3aMbIKaHUU B ceTix 6-35 kB BcieacTBuE MaloOCTH TOKOB
peneiiHasi 3alIMTa HE MOXKET CEJICKTHBHO BBIIBUTH (QHUAEP C MOBPEKICHUEM
U30JISI1IMY, @ paboTaeT JIMIIb Ha CUTHanIu3anuio. Ecny 3ambikaHne Ha 3eMITIO CBSA3aHO
C MOBPEXJECHUEM OJHOTO M3 yCcTaHOBIEHHbIX Ha juHuM OITH, To yepe3 HECKOIbKO
MUHYT ero YO pazpymmurcs, orcoequauB OITH oT imHMH, BOCCTaHOBUB HOPMAaJIbHBIN
pexuM pabOThl TUHUU U MPUBEIS K UCUE3HOBEHUIO CUTHATU3ALIUU.

[Ipu MHOro(asHeIXx MOBpeXACHUSIX B ceTh 6-35 kB TOKM KOPOTKOIo
3aMBbIKaHUS YK€ JOCTATOYHBI NIl CENEKTUBHOM padOThl peneiHoi 3amuthl. Eciu
OJIHO U3 HUX CBSI3aHO C MOBPEXKAEHUEM ycTaHOBIEHHOro Ha nuHun OITH, To B TakoMm
OIIH npoiigetr TOK KOPOTKOTO 3aMbIKaHUsI, KOTOPBIM MPUBEAET K ObICTpOMY (32 107U
CEKYH/JIbl) pa3pyLIEHUI0 cOOTBEeTCTBYIoNIero YO, pa3peiBy Luiel(a U OTCOETUHEHUIO
OIIH ot nunum eme 10 otkiaoueHus BJI romoBHbiMuU BeIKItouarensmu. [Ipu stom
pa3psbIB 1uiekda:

— He paer noBpexacHHomy OIIH wmemars paneHeimen skcruryarauua BJL
oOecrnieunBas ycnemHocts AlIB;

— YMEHBIIAET YUCJIO MECT CETU C HAPYIIECHUEM U30JIALNHY;

— npu ocmotpe BJI 0lHO3HAYHO yKa)KeT Ha MOBPEXKICHHbBIN annapar (puc.2.7,0).

Hamnume y OIIH nckpoBOro mpomMexkyTka, HE MO3BOJIIIOLIEE HCIOJIb30BATH
KAKOU-TMOO OTAENINUTENh, MOKET OBITh ONPABJAHO JIMIIb B HEKOTOPBIX CIIy4asx Mpu
enquanuHoi ycranoBke OIIH Ha npotskenHbix BJI 330-750 kB. Bo Bcex ocTanbHBIX
cinyuasx npucoegunenne OITH k BJI q1omkHO OBITE O€3BICKPOBBIM:

— uepe3 YO B ceTax ¢ U30JIMPOBAHHOM (KOMIIEHCUPOBAHHOW) HEUTPAJIBIO;
— uepe3 YO uim 0ObIUHBIN «OTACIUTEbY B CETIX C 3a3€MJICHHOW HEUTPaIbIO.

a) 0)
Tpasepca TpaBsepca
onopbl onopebl
< rmpnsiHaa < rmpnsiHaa
N30NSTOPOB N30NSTOPOB
/ /
dasHbIv dasHbIn
nposog npoBoA
OrnH OlnH
oTaenutens oTaenuTenb
onopa BJl onopa BJ1

Puc.2.7. Bapuant npucoeaunenus k onope OITH 6e3 UCKpOBOTO MPOMEXKYTKA Yepe3 OTIEIUTEINb:
(a) — mo moBpexaenus OITH, (0) — mocne moBpexaeHUsI.
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2.5. O Bb10Ope xapakTepucTuk OITH s 3ammtsl uzoasuuu BJI
B [30] moxa3ano, 4To 1S 3amaHHOM KOHCTpyKuuu (mpowusBogutens) OITH
BbIOOp Hambonbiiero pabouero Hampspkenus OITH u ero ynenpHON sHepruu (Toka
IPOMYCKHOW CIMOCOOHOCTH) TMPAKTHYECKH OJHO3HAYHO OIpPEAETsieT OCTalbHBIC
napameTpsl OITH, cBsizaHHBIE CO CBOMCTBaMH BapuCTOPOB. MIHBIMU ciioBaMu, BBIOOD
OIIH cBoguTCs K OMpeneseHUI0 ero HauOoJbIIero pabodyero HampsbkeHus U,,, U

YI[CJILHOI?I OHCPIUHU W MHA4Ye Ha3bIBACMOM OHECProcMKOCTbIO, C HOCHGIIYIOIHGﬁ

Va»
MIPOBEPKOM COOTBETCTBUS MPOYNX XAPAKTEPUCTHUK (OCTAIOIIUXCS HATPSDKCHUH U JIp.)
BbIOpanHoro Tuna OITH KOHKpETHBIM yCIIOBUSAM SKCILTyaTaIUu.
1. Bwibop pabouero Hanpspxkenus OITH 3aBucur:
— 0T croco0a 3a3eMJICHUS HEUTpaJld CETH;
— ot cnocoba npucoeannenus OITH k onope (uepe3 U1 unu 6e3 Hero).

B cnyuae 6esvickposoco npucoeounenus OIIH nHaubOonbiiee pabouee
HarnpspkeHue U ,,, CleayeT IPHHNMATh:

— B CETH C W3O0JUPOBAHHOW (KOMIIEHCHPOBAHHOW) HEHUTPAIbI0 HECKOJBKO OOJBIIE
JMHENHOTO 3HaYEHUsI HanOoJIbIIero paboyero HanmpsHKeHus ceTu U, ;
— B ceTd ¢ 3(h(PEeKTUBHO 3a3eMJICHHOW HEUTpPabl0 HECKOJIBKO OO0bIne (a3HOro
3HaueHUs HauOOJIbIIero pabouero HanpskeHus cetd U, //3 .
B cnyuae npucoeounenus uepes UII nonsitue U ,,, OTYACTH TEPAET CMBICT, TaK
KaK JUTUTEILHO HANPsDKEHHE TIPOMBIIIIEHHON YacTOTHl Ha HEIMHCHHBIC SJICMEHTHI HE
Bo3nericTByeT. OTHaKO, TTOCKOJIBKY Ha CTaJIMA M3TOTOBJICHUS AJIEMEHTOB MECTO HX
MCTIOJIb30BaHUs U3BECTHO HE BCET/Ia, BCE XK€ Oy1eM Moabp30BaThes U, , KOTOPOE TIpH
Hannuuu W11 He mmeeT cmbiciia BeIOMpaTh O0JbIne, yeM ObuIo Obl BHIOpaHo U,,, B
ciydae 6e3 UCKpOBOro mpoMexyTka. KoHkpeTHoe ke 3HadueHue U,,, Ompenensercs

CIIOCOOHOCTBHIO HCKPOBOTO TPOMEXKYTKA HAJEKHO TAaCUTh TOK MPOMBINUICHHON
YacTOThI, KOTOPBIN MPOTEKAET IMOCJe ero cpaldaThiBaHUA: 4eM MeHblie U,,,, TeM

OonpIIME TOKM MPOMBILUIEHHOW dYacToThl Oyayt mporekate B OIIH mocne

cpabateiBanusa UIT u TeM cioxHee OyeT OCYHIIECTBUTh UX HAJIEKHOE TallleHuUE.

2. Bwi6op sHeproemroctu OITH 3aBHCHT:

— ot cnocoba npucoeaunenus: OITH k onope (uepe3 UII unu 6e3 Hero);

— OT CONPOTHUBIICHHUS 3a3€MJIEHUS OIOPHI;

— OT (haKkTa HAIMYUS U KOHKPETHOTO YKCIIa MOJIHUE3AUIUTHBIX TPOCOB;

— OT YHuciia onop, Ha KOTOphIX ycranosiieHsl OITH;

— ot yncna (a3 Ha orope, B kotopsie yctaHoBieHsl OITH;

— oT TpeOyeMoi HaAeKHOCTH, T.€. MIPUEeMJIeMON BeposTHOCTU noBpexaeHunii OITH
BCJICJICTBUE Pa3ps 0B MOJIHUMU.

[Ipu ucnons3oBanuu OIIH Ha omopax BO3AYyUIHOW JIMHUU BBIOOp YAEIbHOU
SHEPIUM JOJDKEH OBITh THIATEIhHO 00OCHOBaH. B cmydae mpucoeaunenus OITH
4epe3 UCKPOBOW MPOMEXKYTOK yZIEJIbHAS DHEPTHUsl, KaK MPABUIIO, NOJKHA TPUHUMATD
oonpuie, uem y OITH 6e3 UCKpOBOro mpoMekyTKa, MOCKOJIbKY HAMYUE UCKPOBOTO
OpOMEeXyTKa 3aTpynHseT B3auMHyio nomoulb OIIH passeix omop u ¢a3 B gene
paccenBaHusl DHEPTUU IPO3OBBIX IEPEHANPSIKECHUN.
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2.6. CBsi3b MMITYJIbCHBIX TOKOB M HANIPSKEHU CTAHAAPTHOI GopMBbI

M3onsuus  BO3AYLIHBIX JMHUA W 00OPYIOBaHUSA  paclpeAesIUTEIbHbIX
YCTPOWCTB HCIIBITBIBAETCS CTAHJAPTHBIMU T'PO3OBBIMU HMITYJIbCAMHU HAIPSKEHUS
dopmbr 1.2/50 wmke, Torma kak 3ammTHble Xxapaktepuctuku OITH B pexume
OTPAaHMYCHHsI TPO30BBIX MEPEHANPSIKEHUN YKa3bIBAIOTCS HA HMITYJIbCHBIX TOKax
dopmbr 8/20 Mkc. Jlnsi MOSICHEHUS CBSI3M MMITYJIBCHBIX TOKOB M HaIpsDKEHUN
CTaHJIAPTHOHN (POPMBI IPUBEAEM HEOOIBIION TPUMED.

u(t), kB

250

0 i ) i i i ) i i . !

0 4 8 12 16 t, MKc 20
Puc.2.8. CtannapTHbIi TPO30BOM UMITYJIbC HaMpsbkeHus (a) 1 umnyibscHble Toku B OITH (6):
1 — waayktuBHOCTH B 11enu OITH pasna 0;

2 —uaayktuBHOCTh B ey OITH paBha 20 MKI'H (MHIyKTHBHOCTD y4acTKa OMOPHI).

Paccmorpum OIIH 110 kB, mist kotoporo ocraronieecs HalpsKEHHE MPU
I'PO30BBIX UMIYJIBCHBIX TOKaX BennunHbI 10 KA cocrasiser 250 kB. IlycTh kK TakoMy
OIIH npucoenyiHEH MOIIHBIA WMCTOYHUK HMITYJIbCHBIX HaIPSIKEHHUM, BHYTPEHHUM
COIPOTUBIIEHUEM KOTOPOTO MOKHO MpeHeOpeyb MO CPaBHEHUIO C CONPOTHUBIICHUEM
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camoro OITH. Torna nns umnynbca HanpsbkeHus 1.2/50 mxe Benmnunnbl 250 kB Tok B

OIIH Oyner umeTrh BUj, Nmoka3aHHbld Ha puc.2.8 (kpuBas 1). Ecnu B nenu OITH

uMeeTcs HHAYKTUBHOCTH Bcero 20 MkI'H (MHAYKTUBHOCTH COEAMHUTEIBHBIX

MIPOBOJIOB U TIICH()OB, MHAYKTHBHOCTH OTIOPHI WJIHM €€ 3a3€MJIUTEIS), TO BETMINHA U

dbopma Toka (kpuBas 2) CEpbe3HBIM 00pa30M U3MEHSITCS.

[IpencraBneHHblid pUC.2.8 WIUTIOCTPUPYET OUYEBUAHBIE BBIBOJbI OTHOCUTEIBHO
padotel OITH npu rpo30BbIX NEpEHANPIKEHUAX:

— JUINTENIBHOCTh HKMMYJIbcHOrO Toka B OIIH, yuyuThiBass HEIMHEWHOCTH €rO
BOJITAMIIEPHOW XapaKTEPUCTUKH, OKa3bIBAETCA KOpOYE, YEM JJIUTEIBHOCTh
BO3J/ICHCTBYIOIIETO UMITYJIbCHOT'O HANPSKEHUS

— JITUTENBHOCTH (poHTAa UMITYJIbCHOTO ToKa B OITH, yunThiBas MHIYKTHBHOCTH B
nerin OITH, oka3piBaeTcst OOJbITE, YeM JUTUTEILHOCTh (PPOHTA BO3ACHCTBYIONIETO
UMITYJIbCHOTO HAIPSIKEHUS.

— ckopocth BerymieHus OIIH B pabory (CKOpOCTh peakiuu Ha MTPHIOKEHHOE
HampsDKEHUE) — ompenensieTcs He  ero  (U3MYEeCKUMH  CBOMCTBaMH, a
WHIYKTUBHOCTBIO B uenu npucoenunenuss OIIH, xoTopyro, eciin BO3MOXKHO,
PEKOMEHYETCS] YMEHBIIATD.
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3. lloapoOHbIe pacueThbl rPO30BbIX NMpoueccoB Ha npumepe BJI 110 kB

3.1. Onucanue pac4eTHOM MO/IeJTH

B ciuyuyae mnpsAMbIX pa3pAloB MOJHHM B BO3AYIIHYH JIMHUIO PACUET
MEePEXOAHBIX IMPOIECCOB yIOOHO BECTH C HMCIOJIB30BAHMEM H3BECTHOTO KaHaJCKO-
aMepuKaHCKoro mporpammuoro komiuiekca EMTP  (Electromagnetic Transients
Program [33,34]). HecomuennbsiMu gocrounctBamu EMTP sBisieTcs To, 4To 3Ta
porpaMma XOpOIIO HM3BECTHA BO BCEM MUPE, NPOBEPEHA U OTJIa)KEHa 3a MHOTHE
roJibl €€ UCIOJIb30BaHUSI MHKEHEPAMH PA3HBIX CTPaH MNPHU PELIEHUH BCEBO3MOKHBIX
IEKTPOTEXHUYECKUX 3anad. [[ns pacmmpenus obOnactu npumeHenus EMTP ee
pa3paboTuMKaMH MPETyCMOTPEHAa BO3MOXHOCTh COCTAaBJICHUS PACUCTHBIX CXEM HE
TOJIBKO M3 UMEIONMXCAd B 0a3e TUIOBBIX DSJIEMEHTOB, HO U BO3MOXKHOCTb
MPOrpaMMUPOBAHUS MPUHIIMIUAIBLHO HOBBIX JJIEMEHTOB U OJIOKOB, KOTOpas
MO3BOJIMJIA YYE€CTh HEOOXOJMMBIC JUIsl aHAM3a TPO30BBIX MEPEHAIPSKEHUN BOJIBT-
CEeKYHJIHYI0 XapakKTepUCTHKy wu3osiuuu BJI u craTUCTHYECKHE [aHHBIE IIO
napaMeTpaM UMITyJIbca TOKa MOJHUH.

OtmetuM, uro pazpabotunkamu EMTP mpoBeaeHne CTaTUCTUYECKHX
pacyeTroB MpPEANoOJarajJoch JIMIIb B paMKaxX HCCIEIOBAHMUS MPOLECCOB IMpHU
KOMMYTAIUSAX BBIKIIFOYATENEH, OJTHAKO BO3MOKHOCTh MPOrPaMMHUPOBAHHMS TTO3BOJIMIIA
YCHENIHO ucmonb3oBaTe EMTP u g ananu3za npoiieccoB npu pa3psiaax MOJTHHH.

[Ipu pa3psaax monxuu B BJI ¢akT nepexpbIThs U30JIALHH, a TAKKE TOKOBBIE U
SHEPreTUUYECKUE Harpy3ku Ha ycTtaHoBJeHHble Ha juHud OIIH, ompenenstorcs
HECKOJBKUMH OJMDKAMIIUMKU K MECTY pa3psijia MOJHUM OomopaMu mopaxkeHHoi BJI.
[TosTomy mpu pazpsigax mMonHuu B BJI ciegyer moapoOHO MOAEIUPOBATH JIMIIb
HECKOJIBKO TMpoJsieTOB U onop BJI, nmpuMbIkaromux K MeCTy pa3psiia MOJIHHUH, TOTa
KaK OCTaTKW TPaccChl JIMHUU, IPUMBIKAIOIIKE CJIE€BA U CHpaBa K MOAPOOHO YUYTEHHOMY
y4acTKy, JOCTaTOYHO MOJEIUPOBATh YIPOIIEHHO, T.e. 0€3 MPOPUCOBKU BCEX
YCTaHOBJICHHBIX Ha HUX OTOP.

[Ipumep momHOM pacyeTtHOit EMTP-cxembr nns  onmnounenmHoit BJI ¢
TPEYTOJbHBIM pacnojiokeHueM ¢a3 mpuBeneH Ha puc.3.l, Tae paspsg MOJHUU
MpOUCXOAUT B TpoC Ha onope Ne3. J[iisi CHUXKEHUST pa3MEPOB CXEMBI TOKA3aHO JIUIIb
MATHh MOAPOOHO YYTEHHBIX OIOpP, XOTS BCE pacueThl janee OyayT BBIIOJHEHBI B
cxemMe npu noApoOHOM ydere cpa3dy aAeBith omnop. Ha pwuc.3.1 <«KupHbIe»
COCIMHUTEIBHBIC JIMHUM OTBEYAIOT TpeX(a3HbIM COCAUHEHHUSM DJIEMEHTOB, a
«TOHKHE» JTUHUHU — OAHO(A3HBIM COCTMHEHUSM.

Bce nposnersr BJI, a Takke NpUMBIKAOIIAE K HUM CJIEBA U CIIPaBa KOHLIEBBIE
Y4acTKM OOJIBIION JJIMHBI, MOJENUPYIOTCS KaK MHOTONPOBOAHBIE JIMHUU C
pacrpeiefIeHHbIMU MTapaMeTpaMH C y4€TOM HUX YaCTOTHBIX 3aBHUCHUMOCTEN. /s aToro
M0JIb30BaTENNb 3aJaeT M3BECTHOE €My IPOCTPAHCTBEHHOE paclojoXeHHe (a3HbIX
MPOBOJIOB U TPOCOB JAPYT OTHOCUTEIBHO JIPyra U OTHOCHUTEIBHO 3€MJIM, TIOCIIE YEro
nporpamma EMTP aBTomMaTHuecku paccuuThiBacT MaTpuilsl [26] COOCTBEHHBIX H
B3aUMHBIX nlapameTpoB BJI.
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B mecrax conpspxkenus mposietoB BJI B cxemy puc.3.1 BBeaeHBI MO€EIN OIOD,
MPEACTABIIONINX U3 ce0s1 HAOOP MHAYKTUBHOCTEM, BEJIMYMHBI KOTOPBIX ONPEIEICHBI
C UCIIOJIb30BAaHUEM I'€OMETPHUH OIOPHI U M3BECTHBIX IOINOHHBIX MHIYKTUBHOCTEHN €€
AJIIEMEHTOB; KaXk/1as ONopa CBA3aHa C 3€MJIEM yepe3 aKTUBHOE CONPOTUBIIEHUE R,,

MOJIETUPYIOIICE 3a3eMJISIIOIIECE YCTPOUCTRO.

Ha cxeme puc.3.1 Ha kaxaoit u3 onop ¢da3Hbie mpoBojaa (YCIOBHO 0003HAYEHBI
«A,B,C») OT COOTBETCTBYIOIIMX WM TPaBEPC OTIEICHbI TUPJSHIAMHU JTMHEHHBIX
U30JIATOPOB, KOTOpPbIE YYTEHbI CBOMMHU BOJIBT-CEKYHIHBIMH XapaKTEPUCTUKAMHU
(010K BOJIBT-CEKYHIHBIX XapaKTEPUCTHK 00O03HAUEHBbI «I» OT aHII. «insulationy -
H30JISIINS ).

JIs BceX 2JIEMEHTOB CXEMbl MOYKHO PAacCUMTHIBATh TOKW W HANpsDKCHUS, U, B
YaCTHOCTH, Ha puc.3.1 u3MepsAeTcss TOK MOJHUU U MOTEHITMA BEPIIMHBI TTOpaKaeMOM
onopbl Ne3. Jjisi onpeiesieHUs] SHEPTHUH, TTOTJIOMICHHON YCTaHOBJICHHBIMU Ha OIOPE
Ne3 orpannuurensmu nepeHanpsbkenuii, B EMTP npenycmoTrpeno mHTerpupoBanue
BO BpPEMEHM MPOM3BEACHUSA TOKa W HampsbkeHus Ha 3axumax OIIH cormachHo

t
BeIpaxeHuto W, = IuOHH ()i (Ddt .
0

B cxeme puc.3.1 u B EMTP-pacuerax onyiieHsl clieaytomnue GakTopsi:

— WMIYJbCHAs KOPOHA Ha MPOBOJIAX M TPOCAX, YUET KOTOPOH BaKEH, MPEXKIC BCETO,
JUISI  BEPHOTO  aHajlW3a  TPO30BBIX  TEPCHANPSHKEHUH  HA  W30JISAIUHN
pacIpeeNUTeNbHBIX YCTPOUCTB [34];

— 3aBHUCHMOCTb CONPOTHUBIICHHUS 3a3eMJICHUS OMOPHI OT TOKa B 3a3eMiuTene (He
YYTEHO UCKpOOOpa3oBaHUE MPHU OOJIBIINX TOKAX);

— Haluuue pabouero HampspkeHUsT Ha (a3HbIX mpoBogax (yueT pabouero
HaIpsKEHUST TPOBOJIUTCS Mpu aHanuie npoueccoB Ha BJI 500-750 kB, a qns BJI
6-330 kB ero monmycTuMo He yUUTHIBATh, MOCKOIBKY paboyee HaIMpsKEHUE MOYTH
HE OKa3bIBACT BJIMSHHS Ha BEPOSATHOCTH paspsia MOJHUU B djeMeHThl BJI u
CPEIIHIOI0 BEPOSITHOCTD MEPEKPHITHS U30JISIIINH ),

— HAJIMYUE KOHIICBBIX PACIPEIACITUTEIbHBIX YCTPONCTB, BIMSHHE KOTOPHIX Ha
npoueccol Ha BJI 3ameTHO nuies npu manout ayune BJI;

— 3aBHCHUMOCTH BOJTHOBOTO CONMPOTUBJICHUE KaHalla MOJIHUU OT TOKa MOJHHH [2].

Kpatko octaHoBHMCS Ha BOMpPOCaX MOJEIUPOBAHUS OCHOBHBIX JJIEMEHTOB
pacuetHoit EMTP-cxemsl, Takux kak BJI, OITH, MmoxHusI.

3.1.1. MoaesupoBaHie BO3AYIIHON JUHUHA
Bo3nymHas nuHUST MoAenupyeTcss MOoApOOHO B Tpex(a3HOW INOCTAHOBKE B
COOTBETCTBUM CO CBOMMH KOHCTPYKTHUBHBIMU OCOOEHHOCTSIMH, T.€. THUIIOM OIOp U
JUIMHAMU TMPOJieTa, TUIIOM (a3HbIX MPOBOJOB U TPOCOB, BETUUMHONW COMPOTUBIICHUS
3a3€MJICHHS OMOP U BOJIBT-CEKYHIHOW XapaKTEPUCTUKON W30JIMPYIOIINX MTOABECOK.
Onopa BJI. Mopenupyemble OOpbl MOTYT OBITh PUHSTHI:
— OJIMHAKOBBIMH, COOTBETCTBYIOIIMMHU THIIOBOM KOHCTPYKIIMU TPOMEKYTOUHOM
ormopsl, Haubosiee MMPOKO MpumeHsemon s BJI paccmarpuBaemoro kiacca
HOMUHAJIBHOTO HAIPSIKEHUS;
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— Ppa3JIMYHBIMH, XapaKTEPHBIMHU JIJIs1 BEIOPAHHOTO yyacTKa KOHKpeTHoW BJIL.

B m1000M M3 ABYX YKa3aHHBIX CIy4aeB CXE€Ma 3aMEIICHHS KaXJAOW OIOpHI
npeacTaBiIsieT co0oil HaOOp MHIYKTUBHOCTEW, BETMYMHBI KOTOPBIX OMPEICICHBI C
MCMOJIb30BaHUEM U3BECTHOM T€OMETPUM ONopbl. Tak, Ha puc.3.2 B Ka4€CTBE MpUMepa
MIPEICTABIICHBI Ta0apuThl keie300eToHHo omopel [1b-110.5, B3aThIe IO AaHHBIM
[21], 1 cxema ee 3aMelIeHUs, IIPU COCTABICHUH KOTOPOW MOrOHHAs MHIYKTHBHOCTD
AJIEMEHTOB OMOphl mNpuHsTa paBHOM 1 MKI'H/M (10 gaHHBIM [2] UHIYKTUBHOCTH
Pa3HbBIX OIOP JICKUT B Auanazone 0.5+1.0 MkI'H/M).

B HoOpmaTuBHBIX [OKyMEHTaX MW IPOTOKOJAX HU3MEPEHUH, KakK NpaBUIo,
yYKa3aHbl CONPOTUBIICHUS «PACTEKAHUS, ITOJYUYCHHbIE HA TTOCTOSIHHOM TOKE, OJTHAKO
JUIsL pacueTra TPO30BBIX MEpPEHANpPsSKEHUN TpedyeTcs BeIMYMHA UMITYJIBCHOTO
corpoTuBiieHus onop. He Oyaem aeTanu3npoBaTh CXeMy 3aMEIICHHS 3a3€MJIISIOIIETO
YCTPOWCTBA, a MPEAINOJIO0KHUM, YTO NPH BCEX BO3MOXKHBIX MapameTpax TPO30BBIX
VMITYJIbCHBIX TOKOB B OIIOPE €€ UMITYJIbCHOE CONIPOTHUBIIEHUE OJJMHAKOBO U PABHO R;.

Da3znvle nposoda u mpocwl. Bo3nyniHas TMHUS TPEICTaBI€Ha COBOKYITHOCTHIO
pacnoyIOKEHHBIX MEXTy omnopamu ydactkoB BJI (mponertoB). Kaxaplii ydacTok
(nponer) BJI monenupyercs MHOTOMPOBOAHOW JIMHUEH, COCTOSIIEH u3 (a3HbIX
IIPOBOJIOB U TPOCOB, B3aUMHOE PACIIOJIOKEHUE KOTOPBIX 3a1a€TCsI B 3aBUCUMOCTHU OT
BBIOPAHHOTO THIIA OMOPBHI C YYETOM JUIMHBI THUPJSHABI HU30JATOPOB Ha OMOpEe U
CTpeEJIbl POBECa B CPEAHEN YyacTu mposeTa. JauHbl MposieToB MOTYT ObITh TPUHSTHI:
— OJMHAKOBBIMH, T.€. YCPEAHEHHbIMU (Hampumep, no [21]), paBubiMu ana BJI 35,

110, 220, 330, 500, 750 kB, coorBeTcTBEeHHO, 250, 300, 350, 400, 450, 500 M;
— Ppa3IUYHBIMH, XapaKTEPHBIMHU JIJIs1 BLIOPAHHOTO yyacTka KOHKpeTHou BJIL.

VY enbHOE CONPOTUBIICHUE IPyHTA 10 Tpacce BJI, ucnonp3zyemoe mmporpammon
EMTP mnpu omnpeneineHuM MaTpuil COOCTBEHHBIX M B3aUMHBIX mapamerpoB BJI,
JIOCTaTOYHO MPUHATH HEKUM YCPEIHEHHBIM, paBHBIM p, =100 Om-m.

TpOC
= 0 =
| = ) e
~ =
=
~
2.0m =

< 2.0 MmxI'n
C gl =
-
=
=

20m 35m = C

-
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< =
— 4
=

A ] B
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Puc.3.2. Onnonennas onopa I1b 110.5: ocHOoBHBIE pa3mepsl (a) u cxema 3amerneHus (0).
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Hzonayus BJI. Tlepexpoitue uzonsauuu BJI 35-750 kB Haubonee BeposiTHO Ha
Omope, BIOJb W30JUPYIOLIEH NOABECKH, T.€. TaM, TJ€ DJIEKTPUYECKas IMPOYHOCTH
IIPOMEKYTKa «IIPOBOI-3eMJIsD» («IIPOBOA-TPABEPCa») MHHHMMalIbHA. B03MOXHOCTB
IIEPEKPBITUA  JIMHEMHOM  M30JSIIMM  TPU  PA3JIUYHBIX  BO3JCHCTBYIOIIUX
IIEPEHAIIPSKCHUAX  ONPENENAeTCSl €€ IMPOYHOCTBIO, KOTOpas 3aqaeTcs BOJIBT-
cexkyHaHou xapakrepuctukon (BCX) [2,18]. [Ipu Bo3aeicTBusAX, 0 hopMe ONMM3KHUX
K CTaHJAPTHOMY Tpo30BOMY UMIyibcy 1.2/50 mkc, cormacHo [18] BONBT-CeKyHaHAS
xapakTepuctuka (B KB) onuceiBaeTcst y100HBIM BBIpAKEHUEM

u(t) =K, + 2 (3.1)

0.75 1
t

rae t — npeapaspsaHoe BpeMs (B MKC), a kodpduimentsl K, U K, HaXoJsATCs IO
JUIMHE THUPJIAHIBI H30JATOPOB L,, (BbIpa)XK€HHOM B MeTpax) Kak K, =400-L,,,
K, =710-L,,. JAn1HBI TUPJISIH] U30IATOPOB MOTYT OBITH IPUHSITHI:

— OJMHAKOBBIMHU, T.€. yCPEIHEHHbIMU (TI0 Tab.1.2);
— pa3’IMyYHBIMU, XapaKTepHBIMU AJis1 Kaxxaou onopsl BJI u ee ¢a3bl.

B cnydae npeBbllIeHHs BO3JCUCTBYIOIIMM HA HW30JSLUI0 HAINPSIKEHUEM
3HAYCHHS, ONPEACSIEMOro IO BOJBT-CEKyHIHOW Xapakrepuctuke (3.1), Onok «i»
¢ukcupyer (HakT mpoOos U30JSALUUUA U IIEKTPUUECKH COEIUHSAET COOTBETCTBYIOIINN
¢da3HbpIil NpoOBOJ C TpaBepcoil oOmophl; OJOK 3amycKaeTcss TOJNbKO B Cllydae
MPEBBILICHUS HANPSYKEHNS HA U30JLUA MUHUMAJIBHOTO 3HAa4eHUs U ,, OTBEYaIOILEro

aMIUIUTye (pa3HOro 3HAUEHHs padovero HanpsKeHUs! JIMHUU.

3.1.2. MopaeJupoBaHue UMILYJIbCA TOKA MOJIHUH

[Ipu pelreHnu 3aad rpo303alIUThI 1 MOJCIUPOBAHKS TOKA MOJIHUU 4YacTo

UCTIONIB3YETCS IBYXAKCIOHEHIIMATBHBIN UMITYJIbC [2,35,36]

i(t) =7 | e, - [exp(—at) —exp(-bt)],
r1€ a U b omnpenensroTcs CKOPOCTSAMHM HapacTaHUs U cHaja TOKa MOJIHUM, y —
KOPPEKTUPYIOMUNA (PAKTOp aMILTUTY Il TOKA MOJTHUHU.

HatypHbie ociiuiiiiorpaMmMbl TOKOB MOJIHUHM [ 1,2] CBUZIETEIBCTBYIOT O HATMYUHU
HYJICBOW HA4aJbHOW IIPOM3BOJHOW, B TO BpEMsS KaK JIBYX3KCIIOHECHUIHUAJIbHbBIN
UMITYJIbC UMEET MPOU3BOJHYIO, OTIMYHYIO OT HYJISI B HaYaJIbHBII MOMEHT BPEMEHH.
[ToaToMy B pa3iIuyHBIX MyOJHMKAIUAX MPEAIOKEHO OOJIBIIOE  KOJMYECTBO
00eCIeunBaOIINX HYJICBYI0 HAYAIbHYIO MPOW3BOJIHYIO (PYHKITUH, MOJEITUPYIOIINX
dbopmy Toka MoaHuUU. Hampumep, dYacto BCTpedaromieecs  BBIPXKECHUE,
obecrieunBarolee HyJeBYyI0 Ipou3BoaHYIo [35,36]

i(t) = ";;Xx(t) Y1) = 1 - 200 YD), (3.2)

rae x(t) = 1J(rt(/tt/12)n, y(t) = exp(—t

B pacuerax nponeccoB Ipu paspsiaax MOJHUM €€ MPUHATO MPEACTABISATh Kak
MapaJIETIbHOE COEMHEHUE UCTOYHUKA TOKA U aKTUBHOT'O COMPOTHUBIICHHS, PABHOTO

J , N — mapameTp, ONPEAEISIOIINI KPYTU3HY BOJIHBI.
2
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BOJIHOBOMY COIIPOTHMBIICHUIO KaHaia MOJHHU. CONpOTHBIICHHE KaHAJIA MOJIHUU
COCTaBJISICT 110 PA3JIMIHBIM OIIEHKaM BemIuHy 300 +1500 Owm [1,2].

[Ipu pacuerax B EMTP Tok MCTOYHMKa TOKa ONMUCHIBAETCS BbIpakeHHeM (3.2),
y KOTOPOr0O NPHUHATO =5, a CONPOTUBIIEHNE KaHasla MOJIHUM NTpUHATO 1000 Om.

3.1.3. Moaeauposanue OITH

M3BectHrl pazmuunble Mogenu OITH, kak mpocTele B BUAE HEIMHEHMHOIO
CONPOTUBJICHUS, TaK M CIOXHBIC, COJIEpP)KAIME HECKOJIbKO HEJIMHEHHBIX
CONPOTUBJICHUHM, COCIMHEHHBIX JApPYyr C JAPYIOM C HCHOJIb30BAaHUEM EMKOCTEM,
WHIYKTUBHOCTEH, pE3UCTOPOB. B mopapisromeM yucie 3agad BIOJHE JOCTATOYHO
npexacraBisath OITH B BuIe 0JHOrO HEMMHEHHOTO aKTHBHOTO CONpOTHBIEHUs [35],
BOJIbTaMIIEpPHAs XapaKTEPUCTUKA KOTOPOTO 3a/1a€TCsl I HAOOPOM U3BECTHBIX TOUEK,
WM QHAJIMTUYECKU BBIPAKECHUEM

U=Al“. (3.3)

B EMTP mnpu pacuerax rpo30BbIX MEpeHANpPsLDKEHU ObLla HMCMOJIb30BaHA
3aBucuMocTh (3.3), rme unpuHiATO «=0.08. Ko3ppuuumentr A 3aBUCHUT OT
xapaktepuctuk OIIH wu wmoxer ObITh HaliileH MO0 OJHOW M3BECTHOW TOYKE
BOJIbTAMIIEPHOU xapakTtepuctuku mozenupyemoro OIIH, B kauecTBe KOTOpOM, Kak
MPaBUJIO, UCTIOJIb3YETCSl OCTAIOIEECS HaNpsHKEHUE Ha UMITyJibee Toka dopmbl 8/20
MKC C MAaKCUMaJIbHBIM 3HaueHueM 10 KA.

3.14. CratucTuyeckue pacuersi B EMTP
PazpaboTtannas 8 EMTP monens mist pacyeTa rpo30BbIX NEpeHANPSKEHUA Ha
mzomsiuud - BJI  yuuThIBaeT HE TONBKO CTAaTUCTUYECKYIO MPHUPOAY MapaMEeTpoB
UMITyJIbCa TOKa MOJIHUHU, HO ¥ MIO3BOJIIET BApbUPOBATh MECTO pa3psiia MojaHuM B BJI
(B (ha3HBIi TPOBOI, B OTIOPY, B TPOC).
Jns BeIOpaHHOro Mecta paspsigza MonHuM (Ha puc.3.1 310 omopa Ne3) B
MOJIEJTI MHOTOKPAaTHO TOBTOPSIETCS pacdeT MepexoAHbIX mporieccoB Ha BJI mpu
3aJJaHHBIX BPEMEHHOM MHTEPBAJIC U IIIare pacyera. B KaKaoM U3 «3KCIEPUMEHTOBY:
— [apaMmeTpbl HMITyJIbca TOKa MOJIHUM NPUHUMAIOTCS CIy4yailHIM oOpa3oM ¢
y4e€TOM BBIOPAHHOIO 3aKOHAa HUX pachpeleiaeHust (MPUHATHI CTaTUCTUYECKUE
nanapie HUUIIT mo [2], xotsa mo xenanuio B EMTP MoryT ObITh 3all0KeHBI 1
Tt00BIe IpyTHE);

— (uKCHpYIOTCS MaKCHUMallbHble 3HAYEHUS Y, HMHTEPECYIOLeH MepeMEHHON Y :
HanpspkeHue Ha uzossinuu (kB), Tok B OITH (xA), sneprus B OITH (k/[x).

B kauecTBe mpumepa B Tab6i1.3.1 nmpuBeneHs! pesyiabtatel EMTP pacueros, npu
KOTOPBIX B cepuu U3 N =5 3KCIEPUMEHTOB OMPECIISITNCh MaKCUMaIbHbIe 3HAUCHUS
y, HeKotopod mepemeHHol y. JlanbHeilmas o0paboTka  pe3ysbTaTOB
IKCIIEPUMEHTOB Ta0i.3.1 mpenmosaraeT uX COPTUPOBKY MO BO3PACTAHUIO 3HAUCHUH,
nocJie yero nosrydaercs Tabi.3.2, KOTOPYI0 MOKHO TPOKOMMEHTHPOBATH TaK:

— BO Bcex N =5 JKcmepuMeHTax 3HaueHue Yy, Obuio He MeHee 430 — mosTomy
MOJKHO CUWTaTh, YTO BEPOSTHOCTH MPEBBIIICHUS TIEPEMEHHOW Yy 3HAuYCHUS

Y, =430 cocrasuser P(y>y, )=1;
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— JIMIIb B YETHIPEX JKCIEPHUMEHTAX 3HAYeHHe y,, ObUIO He MeHee 760 — modToMy
MOXHO CYHMTATh, YTO BEPOSTHOCTH MPEBBINICHUS IIEPEMEHHON X 3HAUCHHS
y,, =760 cocrasisiet P(y >y, )=0.8;

—  aHAJOTMYHbIE KOMMEHTAPUH JUIS IPYTUX BEJIUYUH Y, .

[Tocne cocraBnenusi Tab6n.3.2 1enecooOpa3HO MOMYYUTh €€ TpadUvecKyro
WHTEPHPETALNUI0 — 3aBUCHUMOCTh BEPOATHOCTH P TMPEBBILIEHUS NEPEMEHHOU Y

3Ha4YeHus Y, . KauecTBEeHHBIN BUJI TAKOW 3aBUCUMOCTH JaH Ha puc.3.3.

Ta6mn.3.1. Pesynbratet EMTP pacueroB B cepun u3 N =5 skcrepuMeHTOB.

Howmep skcniepumenTa Y, (KB, kKA, kJIx)
1 760
2 1320
3 430
4 810
5 1290

Ta6n.3.2. Pesynabrarel N =5 skcriepMeHTOB HoOcie UX 00paOOTKH.

HoBsiii HOMEp P(y 2 Yy ), 0.e. Y, (kB, KA, k/Ix)
1 1.0 430
2 0.8 760
3 0.6 810
4 0.4 1290
5 0.2 1320

A P(y>y,,), oTH.eqn.

1_

P>y

! Yy
0 Vo (KB, KA KIX)

Puc.3.3. 3aBucuMocTb BEpOSITHOCTH P mpeBblllIeHNs NEPEMEHHON Y 3HAYeHus Y, .

BepoaTHOCTh MEPEeKPBITUS  M30JSLUM — OTO KOHKPETHOE 4YHCIIO, W,
CJIEIOBATEIIbHO, TPEOYIOTCS TOSCHEHHS, KaK HWMEHHO MOXKHO TMOJY4YUTh €ro ¢
UCIIOJb30BaHueM 3aBucumocteil Tuna puc.3.3. IIpu uccnenoBannu B EMTP uucna
MEPEKPBITUI W30JUPYIONICH MOJABECKHA B KaUeCTBE MEPEMEHHON Y CIIeIyeT BhIOPATh
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TOK | B TOM Tpasepce onopsl BJI, Ha KOTOpOHM 3aKperuieHa 3Ta MOJABECKA, T.€. TOK B
WHIYKTUBHOCTH, MOJEIMPYIOIIEN COOTBETCTBYIOIIYIO TpaBepcy. Torma mocine
00pabOTKH Cepuu IKCIEPUMEHTOB OyAeT MoJlyueHa 3aBHUCUMOCTh BHAa puc.3.4,
KOTOpAasi OTJIIMYAETCS OT pUcC.3.3 TEM, YTO HAUMHAETCS HE U3 TOYKU P =1, a U3 TOUKHU
P=P,, <1. IHpIMH cJOBamMu: TOK B TpaBepce (MEPEKpPHITUE U3O0JALHUH) MOSBISIETCS

HE B KaXJOM DJKCIEpUMEHTE (HE MPU KaKIOM pas3psijiec MOJHUHU), a TOJHKO B
HEKOTOpbIX ciydasx. [loaromy 3HaueHue P,,, Ipu KOTOPOM YK€ IMOSBISETCS TOK B

TpaBepce | >0, U ABISAETCA HCKOMOM BEPOSTHOCTBIO MEPEKPBITHUS W3OJIUPYIOLIEH
ITOJIBECKH.

A P(I>l,), oTH.en.

1--

|

|

|

|

' I, KA
' >
IM

Puc.3.4. 3aBucumocTs BepoATHOCTH P IpeBbIIIEHUs TOKOM B TpaBepce 3HadeHus |, .

OueBHUIHO, YTO YeM OOJIbLIEE YUCIIO IKCIEPUMEHTOB N Oy/eT MpoBEJeHO, TEM
OonplIee YMCIO TOYEK OyAeT HCIHOJb30BAHO IMPU IOCTPOECHUU 3aBHCHUMOCTHU
P(y >y, ), a 3HAUUT — BCE JOCTOBEPHEE OY/1yT KOHKPETHBIE 3HAYEHHUS BEPOATHOCTH (B
YaCTHOCTH, 3HaueHus P,,). UccnegoBanus B nporpamme EMTP no3Bonuim noHsTs,
qr0 cepust u3 N =5000 DOKCHEPUMEHTOB BIIOJIHE JOCTATOYHA JUIS ITOJYyYCHHUS
CTaOMJILHOIO 3HAYEHUS] HCKOMOM BEPOSTHOCTH.
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3.2. O6ocHoBaHuE Y3PPEeKTUBHOCTH TPAAUIUOHHBIX CIIOCOO0B MOBbIILICHUS
rPO30yNIOPHOCTH Ha NMPUMepe pa3psaa MOJHHU B ONOPY WJIH TPOC
C nomoursto noapodHoit EMTP-Mozaenu Obuiv IpOBENEHBI pacyeThl IPO30BBIX
nepexoaHsix mnpoueccoB Ha BJI 110 kB, coopyxenHoit Ha omnopax I1b.110-5 npu
niuHe mposiera 300 meTpos.
B ciyuae pa3psiioB MoJIHMM B 3a3eMiieHHbIE YacTH KoHCTpykiuu BJI 110 kB

JUISL Pa3JIMYHBIX CONPOTHUBIICHUI 3a3€MJIEHUs ONOp ObUIM MOCTPOEHBI KpHUBBIE BHIA

puc.3.4, a mocie ux o0pabOTKHU MOJyuyeH puc.3.5, Ha KOTOPOM JaHbl 3aBUCUMOCTHU

BEPOATHOCTH MEPEKphITU u3omsiuuu  pa3 «A», «B», «C» oT compoTuBieHUs

3a3€MJICHUS OIOPBI:

— IIYHKTUPHAs JIMHUSA OTBEYAET CIIy4aro pa3psiaa MoiaHuu B onopy BJI 6e3 tpoca;

— CIUIOIIHAS JIMHHUS OTBEYAET CIIy4aro paspsaa MOJHHHM B TPOC; MPU «OOCTpese»
TpOCca BEPOATHOCTh pa3psia MOJHUU B TPOC CUHUTAETCS OJMHAKOBOW W IS
ydacTKa Tpoca BOJIM3U OT ONOpHI, U JUIsl y4acTKa Tpoca B CPEAHEN YacTu MpoJieTa
MEXIY OTIOPaMHU.
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Puc.3.5. BepoATHOCTh mNEpeKphITUS M30JSILMU pa3nuyHbiX (a3 oaHouenHoid BJI 110 xB B
3aBUCUMOCTH OT COIIPOTHBIICHHUSI 3a3€MJICHUS OIOP: IyYHKTUPHAs JIMHUSA — IIPU pa3psiiax MOJIHUU B
oTopy JMHUHU 0€3 Tpoca; CIUIOIIHAS JIMHUS — IIPU pa3psiiax MOJIHUH B TPOC JIMHUU C TPOCOM.

N3 puc.3.5 BUAHO: Ja)ke€ MPU BECbMa MaJbIX COMPOTUBJICHUSIX 3a3E€MJICHUS
BepOsITHHI NepekpbITusa u3ojsanuu BJI 110 kB. [leno B ToMm, 4TO Iipu pa3psijie MOJTHUHU
B TPOC WM ONOPY IO OMOPE B 3EMJIIO0 CTEKAET HUMIYJIbCHBIM TOK, CO3JAOIIMIA
HafeHre HaNpsOKEHWs M Ha 3a3eMISIOINEM YCTPOMCTBE omopsl R, -i,,(t), u Ha

MHIYKTUBHOCTH y4aCTKa OIOPBI OT 3€MJIM JI0 TPaBepChl L, -di,, (t)/dt.

Bricokoe HampshkeHHe Ha OMope OTHOCUTENBHO (ha3HOTO TPOBOJA MIPUBOAUT K
MEPEKPBITUIO M3O0JIAIMA C 3a3€MJICHHOW TpaBepchl Ha (asHbIl MpOBOA, T.e. K
«00OpaTHOMY» TEpeKphITHIO. BclencTBue Hamuyus TaJACHUS HaAMPsSOHKEHUS Ha
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WHIYKTUBHOCTH OIOPbI AK€ UACAIbHOE 3a3€MJICHHE ONOpPhI R, ~0 HE rapaHTUpYeT

OTCYTCTBUA 00paTHBIX nepekpbiTuid n3ossuu BJI 110 kB npu ynapax monHuu B ee
Tpoc wiu omnopy. [lockoneky ans Bepxuux ¢a3z BJI 110 kB ungykTUBHOCTH L\,

ydacTKa OMOpPhI IO 3a3eMJISIONIETO YCTPOMCTBA OKa3bIBaeTCsl 0OJIbIIe, TO HA puc.3.5
(myHkTup) nnsi BepxHed ¢aspl «C» 3adUKCUpOBaHA TOBBIIEHHAS BEPOSTHOCTH
NEPEKPBITUS U3OJIALIMU 110 CPABHEHUIO C HKHUMU (pazamu «A» u «By.

Jlnst muHUM ¢ TpocoMm Mo puc.3.5 (cromHas nuHHSA) BepxHsas ¢aza «Cy»
SBIISIETCSL OMpENENSIoONIe B 4Yuciae OOpaTHBIX MEPEKPHITUN JHIIb TPU «MAaJBIX)»
CONPOTHUBJIEHUAX 3a3€MJICHHUS], KOT/1a CJ1a00 BIMSHUE YCTAHOBIEHHOI'O TPOCA HA MYyTH
pacTekaHdss TOKa MoOJHUHU. [Ipu «OOdBIIMX» CONPOTHUBIICHUAX 3a3€MIICHHSI TOK
MOJIHIH CTEKaeT B 3€MJII0 HE TOJBKO Yepe3 3a3eMJISIONIEe YCTPOUCTBO OrpKauiien
ONOPBI, HO M MO TPOCY HAIMPABISAETCA B 3a3€MIIAIOIINE YCTPONCTBA COCEIHUX OMOP
(puc.3.6,a). Hamrure HanpspKeHHs Ha TPOCE M OMOPE U, (t) IPHUBOIUT K HABOJIKAM Ha

dasubie mposoaa u,(t)=K,;, -u,,(t), toe K,, — TaKk Ha3bIBaeMbIil KOO()(ULUEHT CBA3M
npoBoga u Tpoca [2]. HaBogku (mmm kosdduimeHt K,,) OKa3bIBAIOTC

MaKCUMAllbHBIMU I BepxHero ¢asnoro mposoja «C», Hambonee OIM3KO
PACIIONIOKEHHOIO K TPOCY M, CIE€I0BATENBHO, Ul BEPXHEH (a3bl OyIeT HauMEHBLINM
HanpsokeHue Ha u3oasuun (1- K, )-u,, (t) 1 BEPOATHOCTH €€ MEPEKPHITHS, YTO BUIHO

u3 puc.3.5 (CruomHast JIMHUA) MPHU «OO0JIBIINXY» CONPOTHUBICHUSIX.

i
s

__— ]
'

a) X 6) X

Puc.3.6. UnmocTpanuu myTeid pacTeKkaHUs TOKa MOJTHHH, HEOOXOIUMBIE JUISI TIOSICHEHUS TIPOIIECCOB
npu paspsagax: (a) - B Tpoc wiu onopy auaun 6e3 OITH, (0) - B ¢ha3usbriii mpoBo uauu ¢ OITH.

B cetu 110 kB ¢ 3a3emieHHON HEUTpanblo JJIs BO3SHUKHOBEHUSI KOPOTKOIO
3aMBIKaHMS U TOSBIICHUS HEOOXOIUMOCTH OoTKI0oYeHus BJI mocTratouno nepexpoiTus

U30JISIIMU XOTs Obl o/1HOM U3 Tpex (a3. [losTomy ganee Oynem paccMaTpuBaTh JHILIb
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MaKCHMaJbHYI0 cpeiM BceX (a3 BEpPOSITHOCTh MepeKphITUsa u3oisauuu BJI — s
puc.3.5 Takas BEpOSTHOCTb IOKa3zaHa Ha puc.3.7 (cromHas kpuBas No2 wu
nyHktupHas kpuBas Ne2). Kpusbeie Nel u Ne3 mosmydeHsl B ciydyae, KOrjaa JjMHa
rupssiHAel u3oasaropoB BJI 110 kB ornmyna OT paHee 3aJI0KEHHBIX B PaCYEThI
L,, =1.25 M.
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Puc.3.7. BepositHocTh mepekpbiTus u3oysiuuu oaHouennod BJI 110 kB B 3aBucumoctu ot
CONPOTHUBIICHUS 3a3€MJIEHUSI ONOP W JJIMHBI TUPJSHIBI U30JATOPOB: MYHKTHUpPHAs JUHUS — MpPH
paspsiax MOJHUHU B OMOPY JUHUHU 0€3 Tpoca; CIUIONIHAS JIMHHS — MPHU pa3psA/iax MOJIHUU B TPOC
JUHUU C TPOCOM.

Kpusble, mpuBeieHHbIC HA pUC.3.7, WILTIOCTPUPYIOT U3BECTHBIN (HaKT TOTO, YTO
JUTSI CHYDKEHHSI BEPOATHOCTH TIEpeKpbITUs n3oisiiuu BJI TpeOyercs:
— CHM)XEHHUE CONPOTUBJICHUS R, 3a3€MJICHHS OIOD;

— MOBBIIIEHUE MPOYHOCTH M3osiuu BJI (moBeIienue L, );

— yYCTaHOBKA TPOCOBOM 3AILUTHI.
s Oomee IIMPOKOro auamnasoHa AiauH L,, =0.25+2.25 M, OXBaTbIBAIOIIETO

kiacchl HanpspkeHus oT 10 kB mo 220 kB, 3¢ heKTUBHOCTh TPATUITMOHHBIX CPEJICTB
NOBbIIIEHUs Tpo3oynopHocTd BJI MoxHO ounennts no puc.3.8. B ciyuae
MPUMEHEHUSI CPEJCTB TOBBINIEHUs Trpo3oynopHoctd BJI mist mepekpeiTus ee
U30JISIIUU TPEOYIOTCS BCe OOJIBIIINE TOKA MOJTHUH, BEPOSITHOCTD MOSIBIICHUS] KOTOPBIX
Bce MeHblle. [I0CKONIbKY JaHHBIE [T0 MOJIHUU TAKOBbI, 4YTO B 00J1aCTH OOJIBIINX TOKOB
BEPOSITHOCTH MOSIBJICHUSI TOKOB MOJIHUU €Ille OO0JIbIlIel BETUYMHBI PE3KO CHUXKAeTCs,
TO COTJIACHO puc.3.8 momxydaercs:

— KaXJ0€ JIONMOJHUTEIHbHOE YMEHBIIICHUE COMTPOTUBIICHUS 3a3€MJICHHS OMIOpP BIIUSAET

Ha YHCIIO MepekpbITuii u3omnsaiuu BJI Bce 6omnee omnryTumo;
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— IIPpU YCWICHHOM W30JSIUMHA YCTAHOBKA TPOCAa CHMXKAET YHUCIO IEPEKPBITUI
m3osisanuu BJI B Oosbliiee 4nuciio pas, HEXKEIN 3TO MPOUCXOIUT JI HEJOCTATOUHO
MIPOYHOM M30JISIUN;

— YCTaHOBKAa TpOca CYIIECTBEHHO J(PQPeKTUBHEE NPH MAaJbIX COMPOTHUBIICHHUIX
3a3eMJIeHUs] R, OTIOpP, HEXEIW MPU MOBBIIIICHHBIX.
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Puc.3.8. BepositTHOCTh mepekpbiTHsi u30isauuu oaHouenHo BJI 110 kB B 3aBucuMocTH OT
COTIPOTUBIICHUS 3a3€MJICHUS OTNIOP U JJIMHBI TUPJSTHABI U30JSATOPOB: (a) — MPHU pa3psaax MOJIHHUH B
omnopy JInHuM 0e3 Tpoca, (0) — IpH pa3psiiax MOJHUM B TPOC JIMHUU C TPOCOM.
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BnusiHue Tpoca JOIMOJIHUTENBHO OTOOpaK€HO Ha puc.3.9, MOJydYeHHOM Ha
OCHOBE puc.3.8. SICHO BUIHO, BO CKOJIBKO MHOT'O Pa3 yIAaeTCsl CHU3UTH BEPOSTHOCTH
nepekpbitud u3omsauuu BJI, ecnu Tpoc ycTaHaBiIMBaTh Ha JIMHUAX C BBICOKOU
MPOYHOCTBIO M3OJISIMM U MaJIbIMU CONPOTHBIICHUSIMU 3a3eMiieHus omnop. JlaHHbie
puc.3.9 eme pa3 WLTIOCTPHUPYIOT HEIPPEKTUBHOCTH Tpoca MPH MPSIMBIX paspsaax
MostHuM B BJI 6-10 kB ¢ HU3KOI UMITYJIbCHOM MPOYHOCTHIO U3O0JISALIMH.

Pgeare/Prps 0-€.
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Puc.3.9. DddexTHBHOCTh YCTAaHOBKM Tpoca HpHU paspsijiax MOJIHUM B 3a3emiieHHble yacTu BJI B
3aBHCUMOCTH OT COIPOTUBIICHUS 3a3€MJICHHSI ONIOp U IJTMHBI THUPJISIH/IBI U30JISTOPOB.
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3.3. O6ocHoBanue yactorbl ycTaHoBKHA OITH Bxosb Tpaccest BJI
HA MpuMepe pa3psaaa MOJHUH B (pa3HbIH IPOBO/

[Tepexportre uzomsuuu BJI 110 kB Bo3MokHO, T1aBHBIM 00pa3oM, Ha Omopax
BJIOJIb TUpasHA wu3onstopoB. Ha omope ¢ OIIH mpu BepHOM BbIOOpE €ro
XapaKTePUCTHK MEPEKPHITHE H3OJSIUHU 3aIIUIIEHHBIX (Pa3 UCKII0YEHO, HO CIIOCOOEH
mu OITH B mocTaTOyHOM Mepe CHUXKATh I'PO30BBIE NEPEHANPSIKEHUS HA HU30JLUN
Ipyrux onop?

3nech u panee Oynem nojnarath, yTo OIIH He mMeeT UCKPOBOTO MPOMEKYTKA,
MTOCKOJIbKY UMEHHO TaKH€ anmnaparbl CJIEAYyET MPUMEHSTh IIPU MACCOBOM YCTaHOBKE
OIIH Bmons tpaccel BJI. Xapakrepuctuku OIIH, 3aknaapiBaeMble B pacyerTsl,
npumeM kak y OITH 110 kB ¢ HauGosnbiium pabounm HampsixeHueM U,,, =88 kB u

octarommmcs HanpsbkenreM 250 kB npu umnynbcHoM Toke 10 KA.

Ha puc.3.10 nmokazan ¢parment onnouennoi BJI 110 kB, na xotopoit OITH
YCTaHOBJIEHBI HE HA KaXJ0W omope, a yepe3 onopy. st mpoCTOTHI MOJI0KUM, YTO Ha
BJI Het Tpoca, a pa3psa MOJHUU MPOUCXOJUT B BEpXHUU (ha3HBIA MPOBOJ (TOUYKU
Nel,2,3). BepoATHOCTb NEPEKPHITUS H30JISUMUA  HE3AIMIIEHHOW ONOphl B
3aBUCUMOCTH OT KOOPJMHATHI X MECTa pa3psa MOJIHUM JaHa Ha puc.3.11.

F1

F2

""""" » p=

b. «B»

X

X
X
x=-300m x=0 x=+300m

Puc.3.10. Ognouennas BJI ¢ nponerom 300 M u kommexkrom OITH Ha ogHOM 13 omnop.

CornacHo puc.3.11 paspsn mosHuu B (pa3HbI MPOBOA HA paccTosHUMA X = 300
MerpoB ot omnopbl ¢ OIIH (touka F1) BHEe 3aBUCUMOCTM OT BEJIUYUHBI
COTPOTHUBJICHUSI 3a3eMJICHUSI R, C BBICOKOM BEPOSITHOCTHIO P COMPOBOXKIACTCSA

nepekpsitTueM uzoisinuu BJL

Haxe mpu paspsiae MoiHUU B Touky F2 (x=0, ects OITH) BepositHOCTH P
NEPEKPBITUST U3OJISILUKM HE3aIUIIEHHOW omopbl coxpaHsercs. C HCMONIb30BaHUEM
puc.3.6,06 310 O0OBACHSETCS TeM, 4YTo 1O (a3HOMY TIPOBOJY B CTOPOHY
HE3AIIMIIEHHON ONOPLI  PACIPOCTPAHAETCS BOIHA U, + Ly, -di(t)/dt + R, -i(t),
MaKCHMaJIbHOE 3HaYE€HNE KOTOPOM B 3aBUCUMOCTHU OT BEJIMYMHEI i, (t) TOKa MOJHUM U
CKOPOCTH €ro usMmeHenus di, (t)/dt MOXXeET 3aMETHO IPEBBILATL W OCTAIOLIEECS
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HarpsbkeHue U,,, Ha OIIH, u npo4yHOCTh TUpASHABI U30JATOPOB HE3ALIUIIEHHON

onops! BJL.

06 »ddextuBHOCTH MaccoBoi ycraHoBku OITH Ha kaxmoit Bropoii onope BJI
MOXHO CYyIuTh MO IUIOIIAAM ToA KpuBbiMM Buaa puc.3.11. Takas miomans
MpEACTaBIIeT COOOM CPEIHIOI BEPOSITHOCTH MEPEKPBITHS M3OJSIUU TPHU paspsje
MOJIHUM B TPOU3BOJIBHYIO TOYKY (Da3HOrO NpoBOJa, a pPe3ysbTaThl €€ pacyuera
MpEACTaBIICHbl Ha puc.3.12 B 3aBUCUMOCTH OT CONPOTHUBIICHUS 3a3€MJIEHUS OMOp U
nnunbl posieta. KpuBas Ned4 Ha puc.3.12 orBeuaer cinyyaro U, =, T.€. CIy4aro

orcytctBusi OIIH Ha nuHum.
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Puc.3.11. BepostHocTh mepekpbitus uzoisiuu (asbl «C» Ha HeszammumeHHoit OITH omope B
3aBUCHUMOCTH OT KOOPAMHATHI X pa3psiia MOMHUU B (a3Hblil mpoBoa «C» U CONMPOTHUBICHUS
3a3emiieHus R, omop (Tpoc He yCTaHOBIIEH)

AHann3 3aBucuMOcCTel puc.3.12, MoJlydeHHBIX B YaCTHOM CIlydae paspsia
MoiHuu B (asubiii mpoBoa BJI 110 kB 06e3 Tpoca, mo3BosieT clenath BBIBOJIBI,
COTJIACYIOIIMECS] C MUPOBBIM OMBITOM, 0030p KOTOporo aan B [11]:

— ycranoBka OIIH yepe3 onopy siBasieTcst 3pGHEeKTUBHON JUIIb JUIsl TUHUN ¢ MaJlon
JUIMHOW TIpOJIeTa; MpU TUIMOBBIX JiuHax mnposieta BJI 110 kB, cocraBistommx
200-300 metpoB, Tpedyercs ycranoBka OIIH Ha xaxmoii onope;

— IS 3aIUTHl W3OJSIUU JIMHUW HE HMMEET O0CO0O0r0 CMBICIa CTPEMHUTHCS K
ucnons3oBanuio OITH, umerommx NOHWKEHHBIE OCTAIOLIUECS HANpSKCHUS; B
paMKax 3aJaHHOTO Kjacca HampsbDKeHUs BO3MylIHOM nuHuMM M kiacca OITH
KOHKpETHOE 3HaueHue octaroeroca Hanpsbkenus OITH He siBnsierca gaxTopowm,
CEpPbE3HO BIMAIOLINM HA IIPOLECCHI ITPU pa3psaax MoJiHuU B BJL.

CnenanHbple BBIBOJBI BO MHOTOM OOYCIIOBJIEHBI KOHEYHOW CKOPOCTBIO
pacIpoCTpaHEeHUs IEKTPOMATHUTHON BOJIHBI BAOJIb BJI: maxe cambiil COBEpIICHHBIN
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OIIH, o6nanarommii MUHUMAJIbHBIMU OCTAIOIMMUCS HAMPSHKEHUSIMU, PU3UYECKU HE

YCIIEET MOBJUATh HA MAKCUMAJIbHBIE NEPEHANPSKECHUS B MECTE pas3psja MOJHUH,

€CJIM OH IPOM30IIEN Ha yAAJICHUH B HECKOIbKO coTeH meTpoB oT OITH. Bmecte ¢

TEM, MUMEHHO MAaKCMMYM HalpsXKEHUS Ha U30JSIMA BO MHOIOM ONpPEAEISAET

BEPOSITHOCTD €€ NEPEKPBITUSL.

[TockoJIbKY CKOpOCTb BOJIHBI KOHEUHA U JJIsl TUHUM Oe3 Tpoca, U JJisl TUHUN C
TPOCOM, U TIpH paspsnax B Ga3HbI MPOBOJ, U MPHU pa3psiax B OMOPY WA TPOC, TO
BBIBO/IbI, TPOWJIIFOCTPUPOBAHHBIE HA MPUMEPE YACTHOTO CiIy4as pa3psiga MOJIHUU B
daznbiii mpoBo BJI 6e3 Tpoca, SBISIOTCS TEM HE MEHEe OOIIMMU:

— mnpu 3amure Beer Tpaccesl BJI ycranoBka OITH TpeOyeTcs He pexe, yeM KaxKibie
200-300 metpoB, T.e. Ha Kaxaou omope BJI 35-750 kB wim uepe3 kaxapie 2-3
onopsl 17151 BJI 6-10 kB,;

— 1pu ycraHoBke OIIH Ha otnenbHbIx onopax 3o0Ha 3amutbl OITH orpannunBaetcs
M30JISIIAEHN ITUX OTIOP.
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Puc.3.12. BepositHOCTh mepekpbiTust u3oisiiuu BJI 6e3 Tpoca mpu paspsiax MOJHUM B (a3HbIN
IPOBOJI B 3aBHUCHUMOCTH OT CONPOTHBIICHMS 3a3eMJIEHUS R, Omop M 3alUTHBIX XapaKTEPUCTHK

OIIH, koropble ycTaHOBJIEHBI Ha Kaxaoi BTopoi omope. /lnunHa mposiera 300 M (MyHKTHpHas
munaus) uan 100 M (crmomrHas nunus). Kpusas Ne4 otBevaer cimyvaro orcyterust OITH.
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3.4. O6ocHoBanue mect neppoouepenHoi ycranosku OITH na onope BJI

Jns BJI 110 xB 0e3 Tpoca onmacHOCTh MPEACTABISAIOT U pa3psiabl MOJHUU B
BepXHUU (a3ubiii mpoBoa «C» W pas3psaasl B OMOPY, KOTOphIe 1o puc.3.5 (mMyKTup)
COMPOBOXKIAKOTCS MEPEKPBITUAMU, Mpexae Bcero, gpaz «Cy» u «A». [Toaromy ms BJI
0e3 Tpoca MOA3TalHOE IMOBBIIIEHUE TPO30YyMOpHOCTH 3a cuer yctaHoBku OIIH Ha
KQ)KJI0M OIope MOXET ObITh OPraHU30BAHO TaK:

— OIIH ne ycranoBnensl (kpuBast Nel Ha puc.3.13);

— ycranoBka OITH B a3y «C» (kpuBas Ne2);

— ycranoBka OITH B dazsr «C» u «A» (kpuBas Ne3);

— ycranoBka OITH B ¢a3sl «Cy», «A», «B» (P =0 Ha puc.3.13).

Hna BJI 110 kB ¢ TpocoM mpu THUIIOBBIX CONPOTUBICHUSAX 3a3€MJICHUSA
OCHOBHYIO OMACHOCTh MPEJCTABISIOT 0OpaTHBIE MEPEKPHITUS TIPHU pa3psiax MOJHUU
B TpPOC, KOTOpble MO puc.3.5 (CIUIOLIHAs JIMHUS) Haubojee BEPOSATHBI HA HMKHUE
dazer «B» u «A». Iloatomy mis BJI ¢ Tpocom mosTamHOe MOBBIIICHUE
rpo3oynopHoctd 3a cuer ycraHoBku OIIH Ha kaxgoil omope MOXeT ObITh
OpPraHU30BaHO TaK:

— OIIH ne ycranoBnensl (kpuBast No4 Ha puc.3.13);

— ycranoBka OITH B a3y «B» (kpuBas NeS);

— ycranoBka OITH B da3sl «B» u «A» (kpuBas Ne6);

— ycranoBka OITH B ¢a3sl «By», «A», «C» (P =0 Ha puc.3.13).

P, o.e.
1 — i =
7 » — e
,/ = = - —
P - ﬂ/’
7 1 // 7‘ A L~
Py
y "l
/
0,1 7 ,///L’
F I' 1{(
. AV 4
P 2/ /
& Vw4 Tpoca wer (myHktup): ||
_|- /// 1 - wer OITH L
-1 // / / 2 - OIMH-C

0,01 = %a’ , 3- OITH-CA L

o z_ 4 o — 4 in

— =17 '5‘ + Tpoc ectb (crutomnas): -

=] 3 |Li 6’ 4 - get OITH 1

B prdilp 5 - OITH-B i

4
— / 6 - OITH-BA
0,001 - | | | 111

1 10 100 Ry OM 000

Puc.3.13. BepostHocTh nepekpbiTus u3oaanuu BJI B 3aBUCHMOCTH OT CONPOTUBIIEHUS 3a3€MIICHUS
R, onop u ¢a3 ycranoBku OITH Ha kax10i onope: MyHKTHUPHAs JIMHUSA — IPU Pa3psAaax MOJIHHUU B

Onopy JIMHUU 0e3 TpOCa; CIUIOIIHAA JIMHUSA — IIPH pa3dpaaax MOJIHUHA B TPOC JIMHUH C TPOCOM.
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CratucTryeckue JaHHbIE [0 MOJHUU TaKOBBI, YTO B 00JIACTU OOJBIIMX TOKOB
MOJIHHM BEPOSITHOCTbH IOSIBJIEHUS TOKOB €IlI€ OOJIbIIEH BEIMYHUHBI PE3KO CHHXKAETCS.
[ToaToMy mpu paspsaax B 3a3eMieHHble yacTu BJI yMmeHblleHHE CONpPOTUBIICHUSA
3a3emiieHus1 onop mo puc.3.13 nmemaer 3hHeKTUBHOCTH YCTAHOBKH OJHOM HIIH JABYX
da3 OITH Bce Gomnee onryTUMOM, 0COOCHHO JJII TUHUH C TPOCOBOM 3aIUTOM.

[Tockonbky rpo3ossie oTkiroueHus: BJI 110 kB BbI3BanbI HE TOJIBKO paspsaaMu
MOJTHHH B €€ 3a3eMiieHHbIe YacTh (puc.3.13), HO u pa3psaamu B (pa3HbIe IPOBOJA, TO
JUISL TIOJYYEHUsI OKOHYATEIBHOTO 3akitoueHus 00 3(h(EKTUBHOCTH TON WM MHOU
cxembl pasmernenuss OITH Ha omope TpeGyercst pacuer yucna otkmodeHuit BJI ¢
YYETOM BCEX BO3MOKHBIX MECT Pa3psiia MOJIHUH.
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3.5. YUucao orkiarwuenunid BJI 10 u mocsie ycranosku OITH
["opoBoe uncno pa3psinoB monuuu B BJI 110 kB 3aBucuT oT MHOTHX (paKTOpOB,
HO, IPE¥XK/IE BCEro, OT NpoTsbkeHHOcTH BJI u rpo3oBoii akTuBHOCTU. C TOYKH 3pEHHUA
IpO30BbIX MepeHanpsbkeHuil s u3omsinud BJI 110 kB OCHOBHYIO oOmacHOCTh
NPECTaBISIIOT TpsiMble pa3psiabl Monuuu B BJI [2] (B da3sblil poBoa, B omopy, B
Tpoc). CpeHee COOTHONIEHUE YKCia pa3psiioB B pasnuunbie 31eMenTsl BJI 110 kB,
ONPENEICHHOE M0 PA3JIUYHBIM CYIIECTBYIOIIMM OTEYECTBEHHBIM U 3apyOeKHBIM
MeToauKaMm [2,3 u ap.], mpuBeneHo paHee B Tabi.1.3.
VYrpoieHHO OyIeM CUUTaTh, YTO KaXJ0€ UMITYJIbCHOE MEePEKPHITUE U3O0JIALIUU
BJI 110 kB B ceTsx ¢ 3a3eMJICHHON HEUTpajbl0 MEPEXOJUT B CHIOBOE KOPOTKOE
3aMbIKaHUe (Psii METOJIMK HAa3bIBAIOT BEPOSITHOCTh YCTAHOBIICHUS CHJIOBOM IIyTH
HeckoJabko MeHee 1). Torma umcio ortkmoueHuid BJI, BbI3BaHHBIX T'PO30BBIMHU
[IEpEHAIIPSKEHUSAMU, COCTABUT:
LBJY TL[
N,; =(Dy - P, +D0~P0+DT-PT)-n-m.m,
rae P,, P,, P, — BeposATHOCTH (0.€.) mepekphITus u3osiiuu BJI cooTBeTCTBEHHO NpH

(3.4)

paspszax MoJIHUU B ¢asy, B onopy (Win B TpOC BOJIU3U OT OMOPHI), B TPOC B CpeHEH
4acTH MPOJIETA; N — YJEIbHOE YUCIIO pa3psAnoB MoiHuu B BJI, ompeneneHHoe Mo
Metoaukam [2,3 u ap.], cocraBisitoniee B cpeaqHeM n =100 pa3 Ha kaxaeie 100 km
mabel BJI 1 100 rpo3oBbix wacoB; L,, — manunHa BJI (km); T, — 4MCIO TPO30BBIX
4yacoB [2] B roay B paiioHe pacnonoxenus BJIL.

s ouenku 1o (3.4) KOHKPETHOTO YKCIa OTKIr0YeHu onHouenHon BJI 110
KB HeoOX0anMBIL:
— BeauyuHa P =P,

— BenuuMHa P =P,, mpecTaBisitoniasi co00i BEpOSTHOCTh MEPEKPBITUS U30JISILIUN

IIPU pa3psijiax MOJIHUM B OTIOPY; OHA JlaHa Ha puc.3.13 (MyHKTUPHBIC JTUHUN);
— BesmunHa P =D, -P,+D,-P,, IpeAcCTaBistonas coO0l CpEeIHIO BEPOSITHOCTDH

MEePEKPHITUS U3OJISIIIUU TPU pa3psiiaX MOJHUU B Pa3IUYHBbIC YUAaCTKU TPOCa; OHA
naHa Ha puc.3.13 (CIUIONIHbIC TUHUH).

B cnydae paspsimoB monuuu B ¢asueie mpooja BJI 110 kB (ckopee Bcero B
BepxHIOIO azy «C») BEpOATHOCTh P, MEPEKPBHITHUS H30ISAIUNA MOPAKEHHOU (ha3bl
MOYHO TIPUHSTH:

— paBHoO# P, ~1 npu orcyrctBun OITH da3zbr «Cy» (cMm. kpuByto Ned na puc.3.11);

— paBHOU P, =0 npu Hamuuuu Ha kaxaou ornope OITH B daze «C».

B Ta6m.3.3 mpuBeneHsl pe3ynbTaThl BhlUMCIeHUN 10 (3.4) rogoBOro 4Ymcia
rpo30BbIx oTKiIroueHui BJI 110 kB, noka He nMeromeit ycranosinennbix OITH. 3aech
U Jajee pacueTbl BBINOJIHEHBI 1iId L,, =100 kM u T, =100 YacoB, HO IIpHu

HEOOXOJMMOCTA MOTYT OBITh MPOTMOPIIMOHAIBHO MEPECUUTAHBI Ha JIIOOYIO NPYTYIO
JUTMHY ¥ UHTEHCUBHOCTB TPO30BOH JCSATEIHHOCTH.

Jlanubie u3 Ta0671.3.3 MO3BOJISIOT €111 pa3 OTMETHTh, YTO B paMKaxX 3aJIaHHOTO
kiacca u3onsanuu BJI ymMeHbIlieHue COMPOTUBIICHUS 3a3€MJICHHSI OTIOpP M YCTaHOBKA
MOJTHHE3AIIUTHBIX TPOCOB SBJISIOTCS BecbMa 3((HEKTUBHBIMU CPEACTBAMU CHIKEHUS
YHCJIa TPO30BBIX OTKIOUeHU BJIL.
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Ta6mmma 3.3,a. OneHka ynciia rpo3oBeIX oTKIo4YeHH ogHonenHoi BJI 110 kB 6e3 tpoca.

R,,Om | D, P, D, P, | Ny, Ha 100 kv u 100 gac
1 05 1,0 05 0,0114 50,6
5 0,5 1,0 0,5 0,0306 51,5
10 05 1,0 05 0,0696 53,5
15 0,5 1,0 0,5 0,1764 58,8
20 05 1,0 05 0,2670 63,4
30 05 1,0 05 0,4172 70,9
50 0,5 1,0 0,5 0,6466 82,3
70 05 1,0 05 0,7746 88,7
100 0,5 1,0 0,5 0,8574 92,9
200 05 1,0 05 0,9604 98,0
500 0,5 1,0 0,5 0,9952 99,8
1000 0,5 1,0 05 0,9992 100,0

*) 3nHaueHue no puc.3.7 (myHKTHpHAs KpuBas 2) win 1o puc.3.13 (myHktupHas kpusas 1)

Tabmuna 3.3,6. Ouenka ymciia rpo30BbIX oTKI0YeHHH ogHouenHoi BJI 110 kB ¢ Tpocom.

R,, Om D, P, | (D,-P,+D,-P,) | N,y ,Ha 100 kv u 100 sac
1 0,005 1,0 0,0024 0,7
5 0,005 1,0 0,0049 1,0
10 0,005 1,0 0,0113 1,6
15 0,005 1,0 0,0255 3,1
20 0,005 1,0 0,0543 5,9
30 0,005 1,0 0,1077 11,3
50 0,005 1,0 0,2063 21,1
70 0,005 1,0 0,3007 30,6

100 0,005 1,0 0,4003 40,5
200 0,005 1,0 0,5797 58,5
500 0,005 1,0 0,7647 77,0
1000 0,005 1,0 0,8527 85,8

*) 3HaueHue no puc.3.7 (cruiomHas kpusas 2) uin 1o puc.3.13 (cruomHas kpusas 4)

TexHu4YecKyro I11e71eco00pa3HOCTh YCTAaHOBKM Ha KaXKJOW OMOpe TOTO WU
uHoro yucia OITH MOXHO OLIEHUTH C KCNOJIb30BaHWEM Ta0i1.3.4, MpU 3aMOJIHEHUU
KOTOPOM Jis1 yJ0OCTBa BBIOPaHbI JIMILIb HECKOJIBKO CONPOTUBICHUN 3a3emieHus: 10,
30 1 100 Om.

Ananu3 1a0:71.3.4 IPUBOIUT K CIEIYIONIMM BBIBOJAM:

— nas BJI 6e3 Tpoca ycranoBka Bcero onnoro OITH Ha kaxaoil onope (B BEpXHIOIO
(dazy) naet 04eHb CePhEe3HOE CHUKEHUE YMCIIa TPO30BBIX OTKIHOYCHUMH;

— nus BJI 6e3 Tpoca ycranoBka Bcero onnoro OITH Ha kaxaoit onope (B BEpXHIOIO
(dazy) Mo3BOJSIET CHU3UTH YUCIO TPO3OBBIX OTKIIOUEHUU 10 YPOBHS, KOTOPBIM
nmeeT Mecto st BJI ¢ TpocoMm, He ocHamennoi OITH;

— nnst BJI ¢ tpocom ycranoBka 1-2 ¢a3 OITH nHa kaxmoit onope (B HIDKHHE (a3bl)
HE JAa€T CEpbE3HOr0 CHIKEHMS YMCIA TPO30BBIX OTKIIOUEHUN U, MO3TOMY, IS
JMHUM C TPOCOM BCErja cieayer CKIOHAThbes K ycrtaHoBke OIIH omHOBpeMeHHO
BO Bce (ha3bl KaXKI0H OTIOPHI.
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[Ipu wncnons3zoBanun OIIH cymecTByeT puck BbIXOAAa €ro U3 CTpoOs, H,
CIIEIOBATENbHO, JaHHbIC, MPUBEACHHbIE B Ta01.3.4, HAIO OMOJHHUTH OICHKAMHU
yucna nopexaeHuit OITH. B skcmutyatanuu paspymenue OITH BbI3bIBaeTCS WK €ro

HEKauYeCTBCHHBIM HU3TOTOBJICHUEM, WA HEPACUECTHBIMU TOKOBBIMH u
sHepreTuyeckumu  BozaedcTBusiMu.  Jlns  coBpemennbix  OIIH  Bemymux
OTCUECTBCHHBIX W 3apyOCKHBIX TMPEANPHUITHH PHUCK TOBPEKIACHUS  H3-32

HEKaYE€CTBCHHOTO HM3TOTOBJIEHUSI BCErJa OKa3bIBACTCS CYIIECTBEHHO MEHbBIIE, YEM
PUCK TOBPEXKACHUS WH3-32 HEPACUETHBIX BO3JAEHCTBUU. B KkauecTBe OAHOrO wu3
BEPOSITHBIX HEPACUYETHBIX BO3ACHCTBHI BBICTYHAET pa3psl MOIIHOW MOJIHUM B
daznbiii mpoBoa psgom ¢ OITH. Puck nospexnenuss OITH B Takom ciydae 3aBUCHT
OT €ro XapakTEePUCTHUK U OyJET ONpEesICH Jajee.

Ta611.3.4,a. Onenka a3 dexruBHocTr pazmenierunss OITH na kaxmoit omope BJI 110 kB 6e3 Tpoca.

R,,Om | OOH | D, P, D, P, ? | N,,,nal00 kv u 100 qac

mer | 05 | 1,0 05 0,0696 53,5

10 C 0,5 0 0,5 0,0305 15
CA 05 0 05 0,0128 0,6
CAB | 05 0 0,5 0 0
mer | 05 | 1,0 05 0,4172 70,9

30 C 0,5 0 0,5 0,2178 10,9
CA 0,5 0 0,5 0,1156 5.8
CAB | 05 0 05 0 0
wer | 05 | 1,0 0,5 0,8574 92,9

100 C 05 0 05 0,5962 29,8
CA 0,5 0 0,5 0,3988 19,9
CAB | 05 0 0,5 0 0

*) 3Hauenue no puc.3.13

Ta61.3.4,6. Ouenka 3¢

extuBHocTH pazMenieHust OITH na kaxxnoi onope BJI 110 kB ¢ Tpocom.

R,,Om |OMH | D, | P, | (D,-P,+D,-P.) ? | N, ,nal00xmu 100 yac
mer | 0,005 | 1,0 0,0113 1,6
10 B 0,005 0 0,0050 1,0
BA | 0005 | O 0,0016 0,7
BAC | 0,005 0 0 0
HET 0,005 1,0 0,1077 11,3
30 B 0,005 | 0 0,0664 7,1
BA 0,005 0 0,0282 3,3
BAC | 0,005 | 0 0 0
HET 0,005 | 1,0 0,4003 40,5
100 B 0,005 | 0 0,2910 29,6
BA | 0005 | O 0,1662 17,1
BAC | 0,005 0 0 0
*) 3Hauenue no puc.3.13
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3.6. ToxoBbIe U IHepreTuyeckue Harpy3ku na OINH

3.6.1. Beioop unciaa moaenupyembix onop Ha npumepe BJI 6e3 Tpoca

IIpu pacuere uncna nepekpoiTuid n3ossiuuu BJI 110 kB Obuto mokas3aHo, 4To
Ha (aKT MEepeKphITUs M3OJSAIUMM HE Bcernaa ycmeBaioT nmoBiuath naxe te OIMH u
ONOpBI, KOTOpBIE pacmnoiiokeHbl Ha paccrosHuu Bcero 200-300 metpoB OoT MecTa
paspsga monHuu B BJL. IloaTomy mpu onpeneneHur 4yucia NEPEKPHITUN U30JISIUN
JIOCTaTOYHO MOAPOOHO MOJEIUPOBAThH JUIIb 2-3 OMOPBL. A KaKO€ YHUCIIO OIIOP MOYKHO
CUMTATh IPUEMIIEMBIM IIPU OLICHKE TOKOBBIX U DHEPreTUYECKUX Harpy3ok Ha OITH?

OTBeT Ha IOCTaBIEHHBIM BOIIPOC 3aBUCUT OT Hainuuus y noasecHeix OITH
BHEIIHETO HMCKPOBOIO IPOMEXKYTKA: Ha IPaKTUKE CpadaThIBalOT MCKPOBBIE
npoMexyTku Tex OITH, koTopble okazanuch OJnMKe BCETO K MECTY pa3psiia MOJIHMH,
4YTO 3aTpylHSAET HaJeKHOE cpabaTblBAHUE HCKPOBBIX IIPOMEXKYTKOB Ooiee
yaaneHHbix OIIH. Takum 00pa3oM, mpu OLIEHKaX TOKOBBIX WU JHEPreTHUYECKUX
Harpy3ok Ha OIIH ¢ HCKpOBBIMH NpPOMEXYTKaMHU HET HEOOXOAUMOCTH B
MOJICTTMPOBAHUH YUCIIA OTIOP, OOJBIIEero uem 2-3.

[Tockonbky OITH 6e3 HCKpOBBIX MNPOMEXYTKOB OO0JaJaOT PSJIOM paHee
Ha3BaHHBIX MPEUMYLIECTB, TO UMEHHO OHU CTaHYT OCHOBHBIM THUIIOM IPHUMEHSIEMBIX
Ha BJI 3alMTHBIX anmnaparoB, a 3HAYUT TPEOyeTCs MOTYYUTh U JETAIbHO 00OOCHOBATH
OTBET Ha BOIPOC O JOCTATOYHOM 4uciie moaenupyembix onop ¢ OITH Takoro tuma.

PaccMOoTpuM 3aKOHOMEPHOCTH MpU paspsae MOJIHMM B (a3HbIl IpPOBOJ
(puc.3.14) u npu paspsane MoiaHuu B omnopy (puc.3.15). XKupHble CTpenoyku Ha
CXeMax MOKa3bIBalOT HApPaBJICHUs, 10 KOTOPBIM MPOUIYT HAUOOJBIINE 110 BEIUUNHE
Y JUIATEJIbHOCTU UMITYJIbCHBIE TOKH, @ TOHKHE — OCTaJIbHBIE ITyTH JJI TOKA.

-

AR
“

/,/
*n
X

Puc.3.14. PacTexanue Toka MOJIHUU TpU pa3psiie MOJTHUU B ¢a3Hblil mposos BJI 6e3 Tpoca.
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R,;<R X

R X
Puc.3.15 Pacrekanue TOKa MOJHMM MpH paspsne MoiaHuu B omopy BJI 6e3 Ttpoca: mpu
OTHOCHUTEIIEHO MaJIBIX COMPOTUBIICHUSAX TIOPAKEHHOU OMOPHI (2) ¥ P OTHOCUTEIBHO OOIBIHNX (0).

IIpu paspsde monnuu 6 ghasnwiil npoood coriacHo puc.3.14 nmomyyaercs, 4ToO B
OTBEJICHUU TOKAa MOJIHUU B 3eMJII0 y4acTBYIOT Heckoibko OITH mopakenHoi dasbl,
BKJIIOUCHHBIC MapajuienbHo. CremoBaTenbHO, yeM Oonbiiee uwcio omop ¢ OITH
MOJIETIUPYETCs, TEM MEHbIINE YHEPreTUUECKUe BO3ACHCTBUS OyayT HAa KaKIbld U3
anmapaToB — 3T0 BUAHO 110 puc.3.16,a. Haubomnbmas sueprus Beiaenutcs B Tom OITH
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NOpa>kKeHHON (ha3bl, KOTOPBIA OKa3zajics OJIMKE BCEro K MECTy paspsia MOJIHUH,
nockosbKy Takoi OITH y4yacTBOBan B OTBEJEHMHU TOKA MOJIHUM C camMoro Hayana. B
tex OIIH, xoTopble pacrnoioKeHbl BCE AAJIbLIE OT MECTa pa3psAla MOJHHH, Oyner
BBIJICTISITECSI BCE MEHbIIasi SHeprus, nockoibky Ttakue OIIH wu3-3a koHeuHo#
CKOPOCTH pacIpOCTPaHEHHUs BOJIHBI BCTYMAIOT B pabOTY MO OTBEAECHUIO TOKA MOJIHUU
Bce ¢ OosbluM omo3aaHueM. AHanu3 puc.3.16,a mokaspIBaeT, 4TO MpPH pa3psaax
MOJIHUY B (pa3HBIM MPOBOA IS MOMyYeHHUs OMM3KUX K peanbHocTH 3Hepruii B OITH
HE00X0MMO MOJIEIHPOBATh 7-9 onop (nanpHelIee yCIoKHEHUE PAaCUeTHON MOIENU
JIUIIb HE3HAYUTEIIbHO U3MEHUT MOJTy4aeMbI€ YDHEPTHH ).

[Ipn npoxoxaennn umnysibcHbIX TOKOB OIIH HarpeBaercs, a cremeHb €ro
HarpeBa OIPENENseTC SHEpruer, KoTopas B HEM BblIenuiachk. Bmecte ¢ Tewm,
u3BecTHBI noBpexaeHuss OITH He Tonbko U3-32 HETOMYyCTUMO OOMBIION BBIAEISIEMOM
SHEPruM (HENMHEWHBbIE 3JIEMEHTHl MPOroparT), HO M IO NpUYUHE OO0JIBLION
BEJIMYMHBl HMMITYJIbCHOTO TOKa (HEJTMHEHHBbIE 3JIEMEHThl NEPEKPBIBAIOTCA I10
NOBEpXHOCTH). [103TOMY OIpenesieHHbIil HHTEpEC MPEACTABISAET HE TOJIBKO YHEPTHUs,
HO ¥ MaKCHMaJIbHOE 3HaueHWe (aMIUTUTYa) IMITYJICHOTO TOKa — puc.3.16,0. BumgHo,
YTO MaKCHMaJlbHOE 3HaueHue umnysibcHoro Ttoka B OITH cnabo 3aBucHT OT ymcia
YUYTEHHBIX ONOpP, POBHO Kak OT 4uciaa Omop ciabo 3aBUCIT MaKCHUMalbHbIC
nepeHanpsHKeHUs Ha U30JIALMH, ONpeIenstomue (PakT ee MepeKphITHS.

IIpu paspsode monnuu 6 onopy B OTBEICHUH TOKA MOJHUU B 3€MJIIO YYaCTBYIOT
Heckoiabko OITH mopaxennoit omopel (puc.15,a), pabotaroiue mnapaiielibHO €€
3a3eMiisioIeMy ycTpoilcTBy. Takum o0pa3oMm, MepBbI MyTh Ui TOKa — 4Yepes
3a3eMJISIIOILEE YCTPONCTBO MOPAKEHHON OMOpPHI (IyTh «3eMJIs»), a BTOPOW — depes
tpu OIIH mopaxxennoit onopsl B (asubie npoBoaa, oTkyaa yepe3 OIIH cocemnnx
OTI0p B 3a3emursitoniue ycrpoiictsa ux omnop (myth «OITH-daza-OIMH-3emis»).

Ecnu y nopakeHHO onopsl CONPOTUBIICHUE 3a3€MIIEHUE PABHO WM OOJIbIIE,
yeM y cocenHux (puc.3.15,a), To TOK MOJIHUM MOUJET U MO MYTH «3EMJIS», U TIO MYTU
«OITH-¢aza-OITH-3emmus». Tok B OITH nmopakeHHON OMOpbl OKaXXeTCsl TeEM OOJIbIIIE,
YEeM HWKE JKBHUBAJIEHTHOE CONPOTUBIICHUE 3a3€MJICHUS COCEIHHUX ONOp, T.€. YEM
OoJiblliee UX 4yuciao Mozaenupyercs. UMeHHo mosTomy Ha puc.3.17 ¢ pocToM umciia
MOJEIUPYEMBIX OIOP BO3PACTAIOT BBIAEISIOMIASCA DSHEPTU M MAKCHUMaJbHOE
3HaueHune Toka B OITH nmopaxeHHOI onopsl.

Ecnm y mopakeHHOM OIOpBhl CONPOTHBIIEHUE 3a3€MJICHHE MEHBIIE, YEM Y
cocequux (puc.3.15,0), TO mMpakTUYECKH BECh TOK MOJHHMM YHIET B 3€MIII0 4Uepe3
3a3eMJIAIOLIEE YCTPOWCTBO MOPAaKEHHOW OMOphl — TOKY HeT cMbiciaa vepe3 OITH
yXOAUTh B (pa3HbIe MPOBOJA K 3a3€MIISIOIIUM YCTPOMCTBAM COCEAHMX Omop. Takum
o0Opa3oM, Ipu MajblX CONPOTHBICHUAX 3azemieHus sHeprus B OIIH wmaina, a ee
BEeNTMYMHA, BO-TIEPBBIX, HE SBIsETCS OCHOBOW s BbiOopa OITH, a Bo-BTOpBIX —
cJ1a00 3aBUCHUT OT YHUCJIa MOJICIUPYEMBIX OIOP.

N3 puc.3.17,a, moay4eHHOro MpHU COMPOTUBJIICHUH 3a3EMJICHUST KXKI0UW OMOPHI
R, =30 Owm, cienyer, uto ¢ Touku 3penHus sHeprun OIIH gocrarouynbiM ObLIO OBI

MOJEIUPOBATh, CKAKEM, 5 orop. He npuBeneHHbIe 31€Ch pacyeThl MOKA3aJIH, YTO IS
Oonee BBICOKUX R, >30 OM ydacTue COCEIHHUX OMNOp B OTBEACHUHM TOKa MOJIHUHU

YCUJIUBAETCS, OJTHAKO JOCTATOYHO MOJCIMPOBATH JIMIIb (-9 omop, a JajbHeiee
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YCIOKHEHHE PpacuyeTHOW MOJAETHM JIMIIb HE3HAUYUTENbHO W3MEHHUT TOJIy4aeMble
SHEPTHUH.

CormacHo puc.3.17,06 mMakcuMallbHOE 3HAaY€HHWE HMITyJIbcHOro Toka B OITH
cy1ab0 3aBUCHUT OT YMCJa YUYTEHHBIX OIOp, POBHO KakK OT 4Hcja OMOp ciaado 3aBUCAT
MaKkCUMajbHbIE TEpPEHANpsOHKECHUS Ha HW3OJSIHUH, oOmpenessionme ¢GakT ee

IIEPEKPBITHUSA.
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Puc.3.16. Dueprus (a) u MakcuMaiabHOe 3HaueHue Toka (0) B Haubonee HarpyxeHHoMm OITH mpu
paspane MonHuu B a3y oxnonennoit BJI 110 kB 6e3 Tpoca B 3aBHCMMOCTH OT YHCla
Moaenupyemsix onop: 1, 3, 5, 9. Pacemotpen ciyuaii: R; =30 Owm, tpu OITH Ha xaxxaoit onope.
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Puc.3.17. Dueprus (a) u MakcuMaiabHOE 3HadeHHe Toka (6) B Hambonee HarpyxxeHHoMm OITH npu
paspsiae monmHuM B omopy oxHorenHoit BJI 110 xB 6e3 Tpoca B 3aBHCHMOCTH OT 4YHCIIa

MozenupyemsIx omop: 1, 3, 5, 9. Pacemotpen ciyuaii: R, =30 Owm, pu OITH Ha kaxoii omope.
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3.6.2. PacyeT TOKOBBIX M JHEpPreTH4ecKux Harpy3oxk na OITH

[[Iupoko HCHONB3yeMOE PSIIOM CHEIUATUCTOB MOJECIUpPOBaHUE 3-X OMOp
ABJISIETCA JOCTAaTOYHBIM i1 OMNPENCNICHUs] Yucia NepekphiThil uzossiiuu B,
MOCKOJIbKY OHHU MPOUCXOAST B MEPBbIE MHUKPOCEKYHJbl IOCIE pa3pslia MOJIHUH,
onHaKo JJis oueHok 3Hepruu B OITH HeoOxonumo MoaenupoBaTh Topa3io Oosibliee
YUCIIO OMOp, TaK KAk YHEPTUsl PACCEUBAECTCS B TEUEHUE JECATKOB MUKPOCEKYH]]
(MMEHHO TaKoBa JUIMTEIBHOCTh TOKA MOJIHMM), 32 KOTOphle B paboTy 1o
paccerBaHHIO SHepruu ycneroT Berynuth MHorue OIIH, ycranoBneHHele Ha BJI
O€3BICKPOBBIM CITOCOOOM.

B 3aBucumocT OT MecTa mnpsamoro paspsaa MoiaHuu B BJI pesynbrarsl
CTATUCTUYECKUX PACUETOB HHEPreTUYECKUX U TOKOBBIX BO3JACUCTBUI Ha HamOoJiee
HarpyxxeHHblii OIIH npencraBnensl Ha puc.3.18-3.20, mpu MmoJy4eHUHM KOTOPBIX
noApoOHO MoAenupoBaIKCh 9 onop. Ha kax oM U3 pUCYHKOB JaHbl YETHIPE KPUBBIE,
OTBEUAIOIIIME COMPOTHUBJICHUIO 3a3eMJjeHHs omop R, =10, 30, 100, 1000 Owm, s

MOSICHEHUST BJIMSHUS KOTOPOTO YIAOOHO IIOBh30BAaThCS IPEACTABICHHBIMUA paHEe
CXeMaMH pacTeKaHus Toka MoJiHuu puc.3.14-3.15.

Llpu paspsoe moanuu 6 ghaznvlil nposod coriacHo puc.3.18,a BeIICISIIONIAsACS B
OIIH »sHeprusi mpakTUYECKH HE 3aBUCUT OT COIMPOTHUBIICHMS 3a3€MJICHUS: MOJIHUSA,
3aJlaBaemMasi UICTOYHUKOM TOKa, BHE 3aBHCHMOCTH OT COIPOTUBIICHUS 3a3€MJICHUS
BBIHY’KJIEHA uepe3 nopakeHHbld (pasubiii mpoBoa u OITH yxoauth B 3a3eMiisoniue
ycTpoicTBa onop. JIUiib nmpyu MajaoM COMPOTHUBIICHUH 3a3eMiieHUs orop R, =10 Om

MOJIHUSL JIOBOJLCTBYETCsl Ommkaiiimnm yctaHoBiaeHHbIM OIIH u 3azemuisttomum
YCTPOMCTBOM €r0 ONOPbI, 00YCIABINBAS MOBBIIIIEHHBIEC YHEPTETUYECKUE HArPYy3KH Ha
stotr OITH. IIpu R, >10 OM TOK MOJIHUU CTEKaeT ¢ (ha3HOTO MPOBOJA B 3EMITIO yiKE

yepe3 MHorue OITH nopaxxeHHol (a3bl, 4TO MPUBOAUT K CHUKEHUIO TOKA U SHEPTUU
B HanOouiee HarpyxeHHoMm OITH.

MakcumanbHoe 3HaueHne Toka B OIIH gocturaercs B mepBble MUKPOCEKYH/IbI
MocJie TOMalaHus MOJIHUM B (ha3HbIA MPOBOJ U, CIEJOBATENbHO, HA €r0 BEIUYHUHY
yCIIeBAeT TMOBJIUATH JIMIIIL COMPOTHUBJICHUE 3a3eMJICHUsS Omkaiiinedt omopsl. Yem
MEHbIIE R,, TeM 0oJiblIe MakcuMaiabHOe 3HaueHue Toka B OITH Onwmxaiiiieit onopsl

¥ MEHBIIIE TOKU B JPYTUX MPUCOSANHEHHBIX K (paznomy npoBoay OITH. Haubonbmiee
BO3MOKHOE 3HaueHune Toka B OITH Gmmkaiimeii ormopsl MOXKET OBITh COMTOCTAaBUMO C
MaKCHMAJIbHBIM 3HAYE€HHUEM TOKa MOJIHUH, 10CTUTast 1eCITKOB KA (puc.3.18,0).

Llpu paspsode monnuu 6 onopy auHuu 6e3 mpoca coriacHo puc.3.19 u sHeprus,
1 MakcumaibHoe 3HadeHue Toka B OIIH cymecTBeHHO 3aBHUCAT OT CONMPOTUBIIECHUSA
3azemiieHust onop. OOBsICHEHHWE TPOCTOE: TpU MpHUcoenuHeHHbIX K omope OITH
paboTaoT MapauieJbHO €€ 3a3eMIIAIONIEMY YCTPOMCTBY. TOK MOJHUM JIETUTCS
MEXK]y €€ 3a3€MJIIOIIUM YCTPOMCTBOM U TpeMs npucoennHeHHbIMU OITH — nostomy
Jaxe mpu R, —» o MakcuMalibHOe 3HaueHue Toka B OIIH He mpes3oiinmer Tpetn

MaKCHMaJbHOTO 3HAU€HHUs TOKAa MOJIHUH, T.e. OyJeT 3aMEeTHO MEHbIIe, YeM Mpu
paspsizie MOJIHUU B (Pa3HbII NPOBOA.

ITockonpky mpu paspsae moiaHuu B onopy BJI 6e3 Tpoca sHeprus nenurcs
IIPUMEPHO MOPOBHY MexXAy Tpems npucoeanaeHsiMu OIIH, a npu paspsne MoinHUM
B (ha3HbIil mpoBoJ 3HEprus Bbiaensercs Bo MHorux OITH mopakeHHOW omopsl, TO
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sHeprusi HauOosiee HarpykeHHoro OITH mpu paspsnae B omopy (puc.3.19,a) Mmoxer
MPEBOCXO/IUTH TAKOBYIO IIpH pazpsze B a3y (puc.3.18,a).

LIpu paspsade moanuu 6 mpoc cornacHo puc.3.20 v 3Heprus, 1 MaKCUMaJIbHOE
3HaueHue Toka B OIIH cyiiecTBeHHO 3aBUCAT OT CONPOTUBIIEHUS 3a3€MJIEHUS OIOP.
Kak u mig pa3psaa B onopy oObSICHEHHE IMPOCTOE: TPU MPUCOEAUHEHHBIX K OMOPE
OIIH paboTtaioT mapamuielibHO €€ 3a3eMIISIONIEMY YCTPOMCTBY. 3a CYET HAJIUYHUS
TPOCA YaCTh TOKA MOJHUU OTBOJUTCA K 3a3€MJISIIOIUM YCTPOKWCTBAM COCEIHUX OIOp,
YTO 3aMETHO CHIKaeT »Hepruto U Tok B OITH mo cpaBHeHuto co cityqaem 6e3 Tpoca
(mocrarouHo cpaBHUTH puc.3.19 u puc.3.20).
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Puc.3.18. Dueprus, Bbigensiomasics B HauOonee HarpykeHHoM OIIH mpu paspsiie MoiaHMH B
dazubiii nposo ogHouenHoi BJI 110 kB 6e3 tpoca (Tpu OITH Ha xaxaoit onope).
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Puc.3.19. Dueprus, BeiAenstomascs B Haubosnee HarpykeHHoM OITH npu paspsizie MOTHUM B OIIOPY
onnouernnoi BJI 110 kB 6e3 Tpoca (tpu OITH Ha kaxxmoi omope).
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Puc.3.20. Dueprus, Beiaenstomasics B Hauoosee HarpyxeHHoM OITH npu paspsiae MoaHuu B Tpoc
onnorenHo BJI 110 kB (tpu OITH Ha xaxnoit onope).

MHIyKTUpOBaHHBIE TPO3OBBIE MIEPEHANPSKEHU IIPU PA3PAAaX MOJHUM PAIOM
¢ BJI nomxHbl yUuTHIBaTHCS MPU OLIEHKAX yucia nepekpsituid nzonsunu BJI 6-10 kB
1 MOryT He paccmatpuBathes 1t BJI 35-750 kB. OgHako npu O1leHKax TOKOBBIX U
DHEPreTUYECKUX Harpy3ok Ha mnoasecHele OITH, a Takke mpu OLEHKax puUCKa
noBpexaenua OIIH, u nna BJI 6-10 kB, u qia BJI 35-750 kB uHayktupoBaHHbIE
nepeHanpsHKeHUsI MOTYT OBITh OIMYIIEHBI KaK HEOacHbIE.
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3.7. Beioop xapakrepuctuk OITH n oneHka pucka ero noBpexiaeHust
Ecnu na xaxnoit onope BJI Bo Bcex ¢azax ycranosnensl OITH, To rpo3oBsie
nepekpbiTist u3omsinuu BJI uckimioueHsl npu mo0oM R, U 1000M YHUCIIE TPOCOB

(0,1,2...), ogHako ABa 3TUX (haKTOpa CEPhE3HO BIHUAIOT HA TOK U 3Hepruto B OITH,
ONpeJeNsisi PUCK TOBPEXKICHUS YCTAHOBIICHHBIX armapaToB, KOTOPBIA CIEayeT
YUHUTBIBATH NMPHU BEIOOpPE OCHOBHBIX Xapaktepuctuk OITH.

B [30] moka3ano, uro ocHOBHbIMU Xapakrepuctukamu OITH, cBs3aHHBIME CO
CBOMCTBAaMHU €TI0 HEJTMHEHHBIX AJIEMEHTOB, SBJISIOTCS:
— HaunbonbInee pabouee HaNPsDKEHHUE U, ;

— YZACJIbHAaA IIorjiomacMas SHCPIu:d Wyﬂ .

Eme omHuM HEMaJOBaKHBIM MapaMETPOM SIBIISETCS «UMITYJIBC OOJIBIIIOTO
Toka» l,,, (popma 4/10 mkc), MOCKONIBKY OH oTpaxaer crnocooHocts OITH

MPOMYCKATh 3HAYUTEIbHBIE N0 BETUYMHE UMITYJIbCHBIE TOKH.
Haubonvwee pabouee nanpsscenue U ,,, ONPEACIISET:

— HazaexHocTh padoTsl OIIH B HOpManbHOM pexuMe U MpU KBA3HCTAIIMOHAPHBIX
nepeHanpspkeHusx (yem oosnpliie U,,, — TeM JIydlle);

— ypoBeHb ocrtarouierocss HamnpspkeHuss OIIH npu orpaHndeHur TpO30BBIX U
KOMMYTAI[MOHHBIX MepEeHANPSLKEHUM (4eM MeHbliie U,,, — TeM JTy4IIie).

[TockonbKy, KaKk ObUIO MOKa3aHO, B paMKax 3aJaHHOTO Kjacca HampsHKeHUs
OITH xoHKpeTHOE 3HAYEHUE OCTAIOIIETrOCs HAMPSLKEHHUS CIabdo0 BIMSET HA YHUCIO
rpo30BbIX OTKIOueHud BJI, To W3 1OByX mepedHciieHHbIX (PaKTOPOB OCHOBHOE
BHUMAHUE HAJ0 YACHATH NEPBOMY, T.€. 3aHUMAThCS MOBBIIMICHUEM HAJICKHOCTHU
pa6otsl OITH. Pekomenaanuu no U,,, cBeneHsbl B Ta01.3.5.

HUmnynvc 6oabuwoco moxa 1,,, nas BJI Bcex KiaccoB HANpPSKEHUS CIIEIyeT

IIPUHAMATh MAaKCUMAaJIbHO BO3MOXHBIM — B Hacrtosmee BpeMsa 310 100 kA. Takoe
3HAUYEHUE B BUJE XKUPHOW BEPTUKAIBHOW YEPTHl HAHECEHO Ha BCEX MPUBEIEHHBIX
paHee pUCyHKax, Kacaroluxcsi TOKOBbIX Bo3aecTBuii Ha OITH. Bwibop 1,,,, =100 kA

MMeEeT IIeJIbI0 TOBBICUTH HaJeXHOCTh paboTel OIIH, mpexme Bcero, mpu mpsiMbIX
paspsimax MoJHUY B da3Hbie mpoBoja BJL.

Tab6n.3.5. Pekomennyemsie 3Hauenus U, u |, , Ipu3BaHHbIE NOBBICUTH HagekHOCTH OITH.
U, on > KB 6 10 35 110 220 330 500 750
U,po, kB 7.6 12.7 | 425 88 176 230 333 500

l4105 KA 100 100 100 100 100 100 100 100

Yoenvnas snepeus. K coxanenuto, cnocoonocts OITH nornomniats snepruto W
IpU TPO30BBIX MMIYJbCHBIX TOKaX (BEIMYMHOM B JAECCATKM KUJOaMIep H
JUIUTEIbHOCTBIO B JECATKM MHUKPOCEKYHJ) CHEUUAIbHBIMA HCHBITAHUSIMA HE
npoBepsiercd. KocBeHHO W MOXKHO OIICHHUTh Ha OCHOBE pabdoumx ucnbitanuid OITH
BTOPOTO U 0oJiee BBICOKMX KIJIACCOB MPOMYCKHOM crocoOHocTH [29], B pamkax
kotopeix Ha OIIH B COBOKYNHOCTHM C HANpsHDKEHUEM MOPOMBIIIIIEHHON YacTOTHI
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BO3JIEUCTBYIOT N =2 HUMIYJIbCHBIX TOKAa MPSMOYTOJbHOU (DOPMBI JUIMTEIBHOCTHIO
T =2000 MKC ¥ BEJIUYHUHHI |,

W =N [ut)it)-dt=N-{V2-U - Kf-1, T,

rae K ~2 — KpaTHOCTh OrpaHuueHus rnepeHanpsokenui [30].
YnaeneHOUM 3Heprue N HMITyJIbCOB TOKAa Ha3bIBaeTCs BEJIMYMHA SHEPTUH,
npuBeeHHas K HanOomnbIieMy pabouemy Hanpsbxeruto OITH:
Wy, =N _N.2.K-1,-T.
HPO
Jlmst OITH 110 kB, umerommero Hanbonpiee padouee Hampsokenue U, =88

7/

kB ¥ TOk mpomyckHoW cmocoOHOocTH |, =1000 A, JOMYCTUMYK SHEPTHI0 MOXHO
OLICHUTH Kak W ~1000 k/Ikx. Takoe 3HaueHue B BUJAE )KUPHOW BEPTUKAIBHOU YEPTHI
HAaHECEHO HA BCEX INPUBEACHHBIX PAHEE PUCYHKAX, KACAIOIIMXCS JHEPreTHYECKUX
Bo3aeiicTeuu Ha OITH.

Ananmu3 puc.3.18-3.20 moxasblBaeT, 4TO MpH pa3psaax MOJHUU B (pa3HbIe
npoBojaa u onopsl (BJI 6e3 Tpoca) sneprust B HanbOosee Harpyxkennom OITH 110 kB
MOXET 3aMeTHO IpeBocxoauTh ypoBeHb 1000 k/[k, T.e. Bcerga CyIIECTBYET PHUCK
noBpeXxaeHns ycraHoBiIeHHbIX OITH.

Puck noBpexnenusa OIIH 3aBucur:

— ot yzaensHoi sneprun OITH W, (umm ot sHepruu W );

— ot Hannuua y OITH BHemHero HCKpoBOIro MpoMeEXKyTKa,
— OT COIPOTHUBIICHHUS 3a3€MJICHUS OIIOD;

— OT HAJINYHUSA TPOCA;

— oT yncna (a3, B KoTopsle Ha onope yctaHosyiensl OITH;
— o1 yuciaa onop ¢ OITH.

Jost puc.3.18-3.20 paccmatpuBanmuchk Tpu OITH 6e3 mckpoBoro npomexyrka,
YCTaHOBJICHHBIE Ha Kaxkao0il orope BJI — camplii OiaronpusiTHBIA Cioydaidl ¢ TOUKH
3penust BozzaeiictBuii Ha OIIH. 3HadeHwe BepoOSITHOCTH P, KOTOpOE HA 3TUX
PUCYHKax COOTBETCTBYET IIEPECEYEHUIO KPUBBIX C YypoBHEM W ~1000 k/[x,
MO3BOJIAET CYIHUTh O BeposATHOCTH noBpexacHus OIIH mpu paspsmax MonHuM B
da3ubie mpoBoja, omopel, Tpockl. Jlanee mo dopmyne (3.4) ¢ uCMOIB30BaHUEM
HaWJICHHBIX P HECII0KHO JaTh OLEHKY N,,, — rogoBoro uncia nospexaeHuin OITH

(ra 100 km nymuasl BJI u 100 rpo30oBbIX 4acoB).

B cnyuae, korna OIIH ycraHoBieHbl uiau HEe B Kaxaou (asze, win HE Ha
KKJI0M onope (HO ¢ KakoW-TO MEPUOAUYHOCTBIO — Y€pe3 OAHY OINOpPHBI, Yepe3 JIBE
OMOpbl U T.II.) CIEAYET MPOBECTU aHaloruyHbie puc.3.18-3.20 pacueTsl u panee
noixy4utb N, .

B cnyuae, xorga OIIH ycTaHOBIEHBI JUIIb HAa HECKOJBKUX OMOpPaX BHOJIb
Tpaccel BJI, monyunts oneHky N, HE MPEICTABIAECTCS BO3MOXKHBIM, IOCKOJIBKY

OHa TPOIOPIMOHAJBFHA YHCIY pa3psl0B MOJHUM B JIMHUKO BOJW3M  OT
paccmarpuBaemoro OITH u ero omopsl, a 3T0 4MCII0, 3aBUCAIIEE OT OOJBIIOTO YHCa
CJIOKHO YYHUTBHIBAEMBIX (PaKTOPOB, Ha3BaTh 3aTPYIHUTEIHHO. JOBEPSATH MOYKHO JIHMIIb
YCPEIHEHHBIM TI0 TPacce JIMHUH OICHKaM YHCIIa Pa3psii0B MOJTHHUH.

https://voltplace.com/ 83


https://voltplace.com/

PesynbTaTel 06pabotku puc.3.18-3.20 conepxkarcs B Ta0J1.3.6, OTKy1a BUIHO,
yTo romoBoe uucio mnoBpexaeHud OIIH cyiiecTBEHHO CHUXAeTCa C POCTOM
JNOMYCTUMBIX 3HepreTudeckux Bo3zaeiicTBuii Ha OIIH (¢ poctoM ero ynenpHOR
sHeprun W, WIM MNPONOPUMOHAIBHOM €l BEJIMYMHBI — TOKa IIPOILyCKHOU

cnocobHoctu |, ). [loBpexxnenne OIIH BbI3bIBaeT kopoTkoe 3ambikanue Ha BJI u

TpeOyeT ee OTKIIOUEHUsS C TOoCIeAyrommM 3amyckoMm mmkiaa AlIB, ycmenrHocTsh
KOTOPOTO 3aBUCHUT OT (paKTa HAJMYKs YHUBEpcalbHOTo oTAenuTens Y O.

Ecnu BJI 3ammimena npu noMomm cpaBHUTENbHO «ierkux» OIIH ¢ Toxkom
NPOIYCKHOU criocoObHoctr 1, =500 A, To yactora nopexaeHuit OITH B pacuere Ha
100 kM nnusbl BJI 1 100 rpo30BBIX 4acOB 4aCTOTa COCTABUT:

— nas BJI 6e3 tpoca N, ~3 B roa (tpu OIIH 3a ron);

— nus BJI ¢ tpocom N, ~0.01+0.02 B roa (ogun OITH 3a 50-100 ner).

VYuutsiBas uznoxenHoe, Ha BJI 0e3 Tpoca ucnonb3oBanue «ierkux» OITH
HEJIOMYCTUMO, & PEKOMEH]IYETCSI UCIIOJIb30BAHUE CPABHUTEINBHO «Tshkenbix» OIIH ¢
XapakTepucTukamu |, >1000 A, 4yTo mo3BosiuT B pacuere Ha 100 km qiuuHbl 1 100
IPO30BBIX YaCOB MMETh «Pa3yMHOE» I'OJOBOE YHMCIO MOBpexaAeHuil N, <05 (mpu
peanpHBIX JUIMHAX JIMHUM W YUCJE TPO30OBBIX YaCOB PEYb HAET O MOBPEKICHUU
onnoro OITH 3a Heckoisbko JieT 3kcruryarauun BJI).

Ta6mn.3.6,a. Onenka no (3.4) romoBoro yncna nospexaenuit OITH npu ux ycraHOBKE BO BCE TPHU
da3zbl kax10i onopsl oguouenHoi BJI 110 kB 6e3 Tpoca.

R,,Om | I,,A | D, P, ” D, P, ™ | N, ,Ha 100 xm 1 100 yac
500 0,5 | 0,0434 0,5 0,0048 2,41
10 1000 05 | 0,0072 0,5 0,0002 0,37
1500 0,5 | 0,0006 0,5 0,0000 0,03
500 05 | 0,0212 0,5 0,0252 2,32
30 1000 0,5 | 0,0024 0,5 0,0040 0,32
1500 0,5 | 0,0002 0,5 0,0000 0,01
500 05 | 0,0210 0,5 0,0438 3,24
100 1000 05 | 0,0022 0,5 0,0070 0,46
1500 0,5 | 0,0000 0,5 0,0012 0,06

*) 3nauenue no puc.3.18;  **) spauenue no puc.3.19

Ta61.3.6,6. Onenka no (3.4) rogoBoro uncina nospexaeHuil OIIH npu ux ycraHoBke Bo Bce TpU
¢a3bl kax0i onopsl ogHorenHoi BJI 110 kB ¢ Tpocom.

R,,Om| I,,A | D, P, | (D,-P,+D,-P,) ™ | Ny ,Ha 100 km 1 100 uac
500 | 0,005 | 0,0434 0 0,0217
10 1000 | 0,005 | 0,0072 0 0,0036
1500 | 0,005 | 0,0006 0 0,0003
500 | 0,005 | 0,0212 0 0,0106
30 1000 | 0,005 | 0,0024 0 0,0012
1500 | 0,005 | 0,0002 0 0,0001
500 | 0,005 | 0,0210 0 0,0105
100 1000 | 0,005 | 0,0022 0 0,0011
1500 | 0,005 | 0,0000 0 0,0000

*) 3nauenue mo puc.3.18;  **) spauenwne mo puc.3.20
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3akJII04YeHue

HccnenoBannsi Tpo30BbIX MepeHANpsDkeHUid Ha BJI pa3nnuHbIX KIaccoB
HOMUHAJIBHOTO HAMNpPSDKEHUST W KOHCTPYKLIMM OMOp, HEKOTOpPbIE M3 KOTOPBIX
MPOWJUTIOCTPUpOBaHbl 37ech Ha mpumepe BJI 110 kB, mo3Bommim caenath psif
Ba)KHBIX 0000IIAOIMX BHIBOIOB.

1. Pa3psnipl MOJHMM NMPUBOAAT K OTKIIOUYEeHHSM BJI Bcex KilaccoB HOMUHAIBHOTO
Hanpspkenus 6-750 kB.

2. Yucno rpo3oBbix oTkiItoueHuil BJI ceppe3Ho 3aBUCHUT OT UMITYJILCHON MPOYHOCTH
m3ossiind BJI u conpoTuBiIeHHs 3a3eMIIeHUsS OMOp, a Takke OT (pakTa HANMUYUSI
MOJTHUE3ALTUTHBIX TPOCOB, UX YHCIIA U PACTIOJIOXKEHHUS OTHOCUTEIBHO (ha3.

3. YcuneHue M30MSAIUHM, CHIKEHUE COMPOTHBIICHUS 3a3€MJICHHS OMOp, YCTaHOBKA
TPOCOB HaJl (pa3HBIMH TPOBOJAMH SIBIIAIOTCS XOPOIIMMH CHOCOOAMU CHUKCHUS
yucia rpo3oBbix oTkIroueHuit BJI 35-750 kB.

4. ]lns yMeHbIIEHHS] 4YHUCia Tpo30BbIX OTKItoueHuid BJI 6-10 kB cHmkenue
COIPOTUBIICHUS 3a3eMJICHUS Onop Maio3((EeKTUBHO, a YCTaHOBKA TPOCOB (Haj
wii noj (azamu) LesecoodpazHa UMb HPU OJHOBPEMEHHOM NPUMEHEHUU
M30JATOpOB 6-10 KB NMOBBIIEHHON UMITYJILCHON MTPOYHOCTH.

5. Jns yMeHbIIeHHs YKciia TPO30BbIX OTKIOUeHHM Ha omopax BJI 6-10 u 35-750 kB
MOT'YT YCTaHABJIMBATHCS CIIEHUAIIBHBIC 3AIIUTHBIE alllapaThl.

6. HambGonee yHuBepcalbHBIM 3aUTHBIM ammapatoMm ssisiercss OITH, mpumenenue
KOTOPOT0 BO3MOKHO Ha JIMHUAX BCEX KJIACCOB HAIPSDKEHHs BHE 3aBUCUMOCTH OT
croco0a 3a3eMIICHHSI HEUTpal CETH.

7. OIIH MoeT HuChmoiap30BaThCd B Kaye€CTBE OCHOBHOTO WJIM JIOMOJIHUTEIHLHOIO
CPEACTBAa CHWKEHHMS 4Mciia rpo30BbiX oTkiroueHur BJI. Hanpumep, OITH moxer
pa3menaTbes:

— Ha OMOpaX C MOBBIIIEHHBIM COMTPOTUBJICHUEM 3a3€MJICHUS;

— Ha BBICOKHMX OMNOpax C MOBBIIIEHHOW HHIYKTUBHOCTBIO;

— HA 4acTO MOPAXKaeMbIX MOJIHUEHN OMopax WIM ydacTkax Tpaccel BJI;

— Ha yvacTkax Ttpaccel BJI, He nMeromux yCTaHOBJIEHHOIO TPOCA;

— Ha mo0bIx BJI, rpo30ynopHOCTb KOTOPBIX HE YAOBIETBOPSET NOTPEOUTEIIS.
8. OIIH nagexHO 3amuInaeT M30Js1HUI0 Ha paccTtosHuU He Oosee 200-300 meTpos

OT MECTa CBOEH yCTaHOBKH, a 3HauuT HeoOxoaumoe uuciio OITH comocraBumo c
YHUCJIOM TPEOYIOIINX 3alIUThI OIOP.

9. Boabpramnepnas xapakrepuctuka OITH (ero ocraromieecs: HanpsikKeHUE) B paMKax
3aJIaHHOTO KJIacca HampspKeHus cnado BiauseT Ha 3gdekTuBHOCTh padoTsl OITH.

10.dns onnouenHbix BJI 6e3 Tpoca ycranoBka OITH Ha onope pekoMeHayeTcs:

— B OJIHY BEpXHIOIO (pa3y MpH TPEYroJbHOM PaCHOI0KEHUHU MPOBOJIOB;

— BO Bce Tpu (ha3bl Ipy TOPU3OHTAILHOM PACIOI0KEHUH TPOBOJIOB.

11. Ins onnouenHsix BJI ¢ Tpocom ycranoBka OITH Ha onope pexoMeHiyeTcs:

— BO Bce TpH (ha3bl PU TPEYTOJIbHOM PACIIOIO0KEHUU TPOBOJIOB;

— B JIBe KpaitHue ¢a3bl TPy TOPU30HTAIBHOM PACTIONOKEHUH MPOBOJIOB.
12.Jlns muoronenusix BJI ycranoska OITH Ha omope, kak nmpaBmiio, peKOMEHTyeTCsI

TOJIBKO B (ha3bl OJTHOM U3 JIBYX IICTICH.
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13.0IIH nomxen npucoeauuathes k ornope BJI 6-750 kB 6e3 kakux-1m00 HCKPOBBIX
IIPOMEKYTKOB YE€pe3 CIELHAIBHOE YCTPOMCTBO, HA3bIBAEMOE «YHHMBEPCAJIBHBII
oraenurensb» (YO). B cetsix ¢ apheKkTUBHO- WK TIyX03a3eMJICHHON HEUTpalbio
npucoeauaenrne OITH monmycTuMo ¢ MOMOIIBIO OOBIYHOTO «OTIAETUTEIISD.
14.Cnenyronme Bompochkl npumeHeHuss OIIH nHa omopax BJI TpeOyroT TexXHUKO-
YKOHOMHYECKOT0 0OOCHOBAHHUS, KOTOPOE yA0OHO MPOBOJUTH C MCHOJb30BAHHEM
nporpaMMHoro komiuiekca EMTP:
— MpUHLUNUATIBHAA HeoOoxoaumocTh npuMenenus OITH;
— ontuMainbeHble MecTta yctaHoBku OITH Baons tpaccst BJI;
— (ass1 BJI, koTopble crneayeT 3anuimaTh B IEPBYIO OUepe/ib;
— xapakrepuctuku OITH u, npexie Bcero, 3HEproeMKOCTb.
15.9ueproemkocts OIIH Bo MHOrOM ompenensieT €ro CTOMMOCTb, a TAKKE PUCK €ro
MOBPEXIEHUS IPU TPO30BBIX Mpolueccax Ha BJI.
16.Ha TpeGoBaHUsS K PHEPrOEMKOCTH MPAKTHUYECKU HE BIMSIOT KIACC HAMPSKCHUS
BJI u octaromieecs Hanpsbkenue OITH.
17.C pocrom uucna ycranosieHnbix Ha BJI tpocos (0,1,2) u uucna ueneii (1,2,3,...)
TpeOOBAHUS K YHEPTOEMKOCTH CHUKAIOTCS.
18.PacnpocTtpanuB pe3ynbpTaTsl pacueToB oaHorenHon BJI 110 kB Ha apyrue xiaccol
HaIpPsHKEHUS U IPYTO€ YKCIIO ENEil U TPOCOB MPaBOMEPHO YTBEPKAATh:
— s omHonenHeix BJI 6-750 kB 6e3 Tpoca mocratouHod Oyxaer
sHeproemkoctb OITH, cooTBeTCTBYIOIIAsI TOKY MPOMYCKHOW CIIOCOOHOCTH
okos10 1000 A (3-i kiacc paspsiaa suaun mo ['OCT P 52725-2007);
— mis omgHonenHbix BJI 6-750 kB ¢ omHmM TpocoM pocratouHoil Oyaer
sHeproemkoctb OITH, cooTBeTCTBYIOIIAsl TOKY MPOMYCKHOM CIIOCOOHOCTH
okos10 500 A (2-# xnace paspsaa auaun o OCT P 52725-2007);
— s onHouenHbix BJI 6-750 kB ¢ aBymst Tpocamu WM JjIsi MHOTOLIEITHBIX
BJI 6-750 kB yka3aHHble TOKH MPOITYCKHOM CIOCOOHOCTH SIBJISIFOTCSI TEM
0oJiee TOCTATOYHBIMU.
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[MTPUJIOKEHME 1

OcHoBHbIe xapakTepucTuku OITH
B TexHMueckoil TOKyMEHTalMW UCIOIb3YIOTCS OONBIIOE YUCIO TEPMUHOB U
xapakrepuctuk OITH. [TpuBenem nuib OCHOBHBIE U3 HUX, TOJIYYUBLIINE HAMOOJIbIIIEE
pacrpocTpaHeHHE CPEIH SHEPTETHKOB (TOYHBIC ONpeIeICHUs coaepkarcs B [29]).

1. XapaKTepUCTUKHU CETH, B KOTOPYIO ycTaHaBiauBaercs OITH

Knacc nanpsowcenus cemu, kB — pnelcTBylolee 3HAUYEHHE HOMUHAIBHOTO
MexaypazHoro (JIMHEMHOro) HaIpsKeHUs Tpex(azHOM >JIEKTpUYECKON CeTH, s
YCTaHOBKHU B KOTOpYIO npeanazHauen OITH.

Cnocob 3asemnenuss Helumpanau SBISETCS BaXXHOM XapaKTEPUCTUKOW CETH,
KOTOPYIO CleAyeT MpUHUMATh BO BHUMaHue IpH BeiOOpe mapamerpos OITH.

2. Xapaktepuctuku OITH, OT KOTOPBIX 3aBUCHUT €T0 HajekHas padoTa B CETH MOJ
paboyuM HaPsHKCHUEM M IPH KBA3WCTAIIMOHAPHBIX MTepeHANPSHKCHIH

Haubonvwee (onumenvno donycmumoe) pabouee nanpsixcenue OIIH, kB —

HauOoJIbIIIee NEHCTBYIONIEE 3HAYCHUE HAMPSOKCHHUS TMPOMBIIUICHHON 9acToThl U, ,

KOTOpPO€ HEOTPAHUYEHHO J0JIr0 MOKET ObITh npuiioxkeHo Kk OITH (mpu HanpsbkeHun
OonbiieM, uyeM HauOousbliee padouee, Tok uyepe3 OIIH HaunHaer 3ameTHO
BO3pacTaTh, YTO MOKET IIPUBECTHU K IIEPErPEBY U NOBPEKICHHUIO AIIapara).

Homunanvnoe nanpsocenue OIIH, kB — NEUCTBYIOIIEE 3HAUYCHUE HANPSKCHUS
IIPOMBILUICHHOW 4YacToThl, Kotopoe OIIH B ompeneneHHbIX yCIOBUSAX MOXKET
BbIJIEpKaTh B TeueHHe 10 CeKyHI mocie BO3JEWCTBHS HA HETO MMITYJIbCOB TOKA C
HOPMHUPOBAaHHBIMH MTApAMETPAMHU.

Xapaxmepucmuka «Hanpsowcenue-epemsay OIIH — onpenensiercss Kak
3aBUCHMOCTh JEHMCTBYIOLIErO0 3HaueHMs BwlaepxkuBaemoro OIIH wHampsoxeHus
MPOMBIIIUIEHHOM 4YacTOThl OT BPEMEHHU €ro npujoxkeHus. MHorna ykaspiBaercs AJis
cly4yass ¢ IpeaBapuTesnbHbIM — HarpyxkeHueM OIIH  ummynscamum  Toka C
HOPMUPYEMBIMU MTapaMeTpaMu, a MHOTA JUIsl ciiydasi 0e3 HarpyKeHHs..

3. Xapaktepuctuku OITH, OT KOTOpBIX 3aBUCUT 3aIUIIEHHOCTh O0OPYIOBAHUS OT
I'PO30BBIX U KOMMYTAIIMOHHBIX MMEpEHANPSHKEHUN

Ocmaroweeca Hanpsicenue OIIH, kB — HanOosbliiee 3HAYCHUE HAIMPSHKEHUS
Ha OIIH npu mpoTexkaHuu yepe3 HEro UMITyjibCa TOKa yKa3aHHOTO MaKCHMaJIbHOTO
3HauY€HUS U (POPMBI.

Ocrarorieecss  HamnpspKEHHE — ONpENeNsieTcss MPU  UMIYJbCHBIX — TOKax
CTaHAAPTHON (OPMBI.

I'poszosoii umnyasbc moka gopmot 8/20 mkc — UMITyJIbC TOKA, UCTIOJIb3yEMBbIi
I ompeneneHus: ocrtaromierocss HanpsbkeHus Ha OIIH B pexxume orpanndeHus
I'PO30BBIX ITEPEHAIPSIKEHU .

Kommymayuonnwvuii umnynoc moka ¢gopmer 30/60 mxc — UMIYIbC TOKA,
WCIIOJB3YEMbI ISl ompeaeseHus: ocratouierocst HampsikeHus Ha OIIH B pexume
OTPaHUYECHHS] KOMMYTAlIMOHHBIX NIEPEHATPSKEHUI.
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Kpymoii umnynsc moka gpopmot 1/10 mkc — UMITyJIbC TOKA, UCTIOJIB3YEMBIHN IS
ompenaeneHuss ocTawomerocs HanpsokeHuss Ha OIIH mpu  Gomnbiioit  ckopoctu
HapacTaHUs MPOTEKAIOUIET0 B HEM UMITYJIbCHOTO TOKA.

4. Xapaktepuctuku OITH, OT KOTOpBIX 3aBUCUT €ro HajexHas pabora mpu
OTPaHUYCHHUH TPO30BBIX M KOMMYTAIIMOHHBIX ITePEHAPSKECHUN

Homunanonoii  paspsionviti mox OIIH, kA — MakCUMallbHO€ 3HA4YCHUE
Ipo30BOro uMIyjibca Toka 8/20 mkc, ucnonbzyemoe misa kinaccudukanuun OIMH u
XapaKkTepu3yloliee €ro CBOMCTBA B  pPEXKHUME  OrPAaHUYEHUS]  TPO30BBIX
nepeHanpsLKeHUM.

Hmnynvc 6onbuioco moka, kA — MaKCUMaJIbHOE 3HAYEHHUE IPO30BOI0 UMITYJIbCA
Toka 4/10 Mkc, ucnonb3yemoe st orieHKkU ycrounBoctu OITH k mpsmbiM yaapam
MOJTHHH.

Tox nponyckHoti cnocobHOCMU (UMNYTILC MOKA OObULON OnumenbHocmu), A —
MaKCUMaJIbHOE 3Ha4yeHHEe |, MPSMOYTOJIBHOTO MMITYJIbCa TOKA JUIMTEILHOCTHIO HE

menee 2000 Mkc, ucnonszyemoe s kiaccudukanuu OITH u xapakrepusyroiiee ero
CIIOCOOHOCTh PAcCEeMBATh SHEPTUIO KOMMYTAIIMOHHBIX MTEPEHAIPSKCHUIA.

Pacceusaemas (noenowaemas) snepeus, x/[oc — paccenBaemas OITH s>neprus,
MOJIy4eHHAs! UM TP MPUIIOKEHUH OJTHOTO UMITYJIbCa TOKA MPOIMYCKHOM ClIOCOOHOCTH
I, B npouecce ucneiTanuit OITH (MHOTIA yKa3bIBaeTCsA SHEPrUsl ABYX HMITYJIHCOB
TOKa MPOITYCKHOM CITOCOOHOCTH).

Yoenvnas pacceusaemas (nocnowaemas) snepeusi (3nepeoemxkocms), Klowc/kB
— pacceMBaeMas OrpaHMYMTENEM SHeprus W,, OJHOrO MMITyjbca (MHOTAA — IBYX

UMITYJIbCOB) TOKa TPOMYCKHOM CIMOCOOHOCTH |,, OTHECEHHAas K HauOOJIbIIEMY

pabouemy HanpstkeHutro OITH (uHorpma, k HomuHanbHOMYy HampspkeHuto OITH),
nosiydeHHas B mpouecce ucnbitanuii OITH, ucnons3yemas ana knaccudukauuu OITH
U XapaKTepU3ylolllas ero CIoCOOHOCTh pacceuBaTh SHEPIUI0 KOMMYTALMOHHBIX
NIEPEHAIPSKECHU.
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[MTPUJIOXEHME 2
O 3aBo/1e IHEPro3aMUTHBIX YCTPOUCTB

3aBOoJ1 SHEPrO3aIIUTHBIX YCTPOUCTB — OJJHO U3 BeAyLIMX npeanpusatuil Poccun
0  TPOU3BOJCTBY  HHEPro3alUTHOTO  00OpyAOBaHUA. MBI  TPOU3BOJIUM
OTPAaHUYUTENN TEePEHANPsHKEHUNM BCEX THUIIOB, NI BCEX KIJIACCOB CETEW M BO BCEX
BHUJIAX W30JISIIIUU, WCIOJB3Yysl HEJIUHEWHbIC SJEMEHTHI (BapUCTOPbI) COOCTBEHHOTO
n3rotoBiieHus. ExxeromHo 3aBoja BblllyckaeT Oojee 1 MWIITMOHA BapUCTOPOB, UTO
obecnieunBaeT rogoBoil Beiyck Oosiee 50 Toicau OIIH kmaccoB 3-220 kB, B TOoM
yucie s ceteid ®CK u MPCK, nis HedTssHOM M ra30BOM MPOMBIIUICHHOCTH, IS
aTOMHOM YHEPTETHKHU U KEJIE3HOIOPOKHOTO TPAHCIIOPTA.

[[Iupokuit koMIuieKC mnpoBeaeHHbIX B 3A0 "30V" wucneitanuii u
MCCIIEIOBAaHNUM BAPUCTOPOB Pa3HbIX MPOU3BOAUTENEH, a TAKKE OIBIT UX IPUMEHEHHUS,
MOKa3aJl, YTO XapaKTEPUCTHUKU BAPUCTOPOB JaKe BEAYLIUX MHUPOBBIX (PUPM MOTYT
CYIIECTBEHHBIM 00pa30M MEHSTHCS M3-3a HAPYIICHUH yCIOBUI XpaHEHUS B MPOLIecce
MHOTOMECSYHOM  TPAHCIOPTUPOBKM OT  M3TOTOBUTENS K  OTEUECTBEHHOMY
MOTPEOUTENI0,  KOMIUICKTYIOIIEMY M3  3TUX  BapUCTOPOB  OIPAHUYMUTENH
MepeHanpsLKeHUil. 9To  00CToSITENhCTBO BhIHYAWIO 3A0 "3DV" pazpaborarh
TEXHOJIOTHIO M OPraHU30BaTh COOCTBEHHOE MPOU3BOACTBO BAPHUCTOPOB.

YHukanbHOE 111 POocCMr MpOMBIIIUIEHHOE MPOU3BOJICTBO BapuCTOPOB "32VY",
opranuzoBanHoe 1o CaHkT-IleTepOyprom, mo3BoJIUIIO:

— OTKa3aThCs OT 3aKYIOK 3a pyOekoMm;

— o0ecneunTh BEICOKOE KaueCTBO M CTabMIbHOCTE XapakTtepuctuk OITH "329V";

— cAenaTh NPOCTHIM U YAOOHBIM MOCEIICHUE HAIIETO MNPEANPUSITUS BEAYUIUMU
CHEUAIMCTAMHU OTPACIIH U, CJIEI0BATEIbHO, OPraHU30BaTh ISl HUX BO3MOXKHOCTh
3HAKOMCTBA CO BCEMU ATanaMu 1ukiia npousoactea OITH "329V".

PykoBOZICTBO 3aBoja yJENAE€T CEPhE3HOE BHUMAHUE KAYE€CTBY BbIITYCKaeMOWU
nponaykuuu. Cpeau Mep, HampaBlICHHBIX Ha O0ECMeYeHHE BBICOKOTO KauecTBa,
CJIEyeT OTMETHUTD:

— BHEJIPEHUE ACHCTBYIOIIEH Ha NPEANPHUSITAU CUCTEMBl MEHEI)KMEHTa KauyecTBa
poayKIuu, oTBevaromeit TpedoBanmsam 1SO 9001;

— OCHAIlIEHUE 1I€XOB 3aBOJIa MCHBITATEILHBIMU YCTAaHOBKAMHU, 00ECTICUMBAIOIIMMU
BO3MOXXHOCTh KOHTPOJISI KAYECTBA MPOAYKIINH;

— BBEJICHUE BXOJHOTO KOHTPOJIS KAYECTBA BCEX MCIOJIb3YEMbBIX MAaTEPUAIIOB;

— KOHTPOJIb BCEX OCHOBHBIX TEXHOJOTUYECKUX OTEepaIliii MPOU3BOACTBA U COOPKU;

— 100% BBIXOOHOM KOHTPOJIb BhIyckaembix OITH.

[Ipu3HaHuIO TPOAYKIIMU 3aBOAa y MOTPEeOUTENIe CIIOCOOCTBYET HE TOJIBKO €€
Ka4eCTBO, HO MU KOMIUICKCHbIM moaxon "30VY" Kk pelieHuto 3aaadd 3aiuThl OT
NepeHanpsLKeHU. 3aBo1 pejiaraeT:

— BapuCTOpPBI U orpannunTenu nepeHanpsixenuid OITH Bcex TUmos;

— obopynoBanwue nys auarnoctuku OITH B skcrutyaranuu;

— MpocCThie U yHUBepcanbHble oTaenuTenu (YO) ais yctaHoBku coBMecTHO ¢ OITH;

— Hay4HBIC pa3pabOTKU ¥ MPOEKTHHIE PEIICHHUS 10 3alUTE OT MePEHANPSIKCHUI;

— CEMHUHApHI U JIEKLHUH 110 BOMPOCAM 3alIUThI OT MEPEHANPIKEHUI;

— HCCJEeA0BaHUs B 00JIACTH AJIEKTPOIHEPTETUKH Ha JIOTOBOPHOM OCHOBE.
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