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Beenenue

B mnocnenHee Bpemsi cuiioBble kaOenu Bbicokoro HampsbkeHus 6-500 kB
COBPEMEHHBIX KOHCTPYKLIMHA Bce 00Jiee IIMPOKO HCIOJIB3YIOTCS il Mepeiaud U
pacnpenenaeHus IEKTPOIHEPTHH, OCOOEHHO B KPYITHBIX TOPOIAX U HA MPOMBIILIECHHBIX
NPEPUSITUSIX, TJI€ YPOBEHB JIEKTPONOTPEOICHUS U TIJIOTHOCTh HArPY3KH JOCTATOYHO
3HauuTeNbHbl. HauboJbliiee pacnpocTpaHEHHUE [OJIYUAlOT CHJIOBbIE OJIHO(pA3HbIE
Ka0enu ¢ U30JIsIIMeH U3 CIIUTOrO MOJMATHIICHA.

BbIcOkHil ypoBeHb HANPSKEHUS XUJIbI 0HO(A3HOr0 Kadessi B CETsIX KJIaccoB 6
kB u 0ojiee NpuUBOAMT K HEOOXOIMMOCTH HCIIOJIb30BAHUSI METANIMYECKOr0 HKpaHa,
BBITTOJTHSIEMOT'O B BHJI€ TIPOBOJIOK W/Wjw JIeHThl. OCHOBHBIM €TI0 Ha3HAYSHHEM SIBJISIETCSI
o0ecrneyeHrne paBHOMEPHOCTH DJIEKTPUUYECKOIO MOJIsl, BO3JEHCTBYIONIEr0 Ha TJIaBHYIO
U30JIAIHI0  KaOenst (M30JSIIHI0 <OKHMIIa-dKpaH»), YTO JOCTHTaeTCs TOJBKO B Ciydae
3a3eMJICHHS] dKpaHa. 3a3eMJIeHHE dKpaHa YJA00HO BBIMOJIHATHL MO KOHIIAM KabOesisi, Tak
KaK TaM, KaK [paBuj0, UMEIOTCS 3a3eMJISIIOLIME YCTPOHCTBA.

DKpaHbl COBpeMEHHBbIX 0HO(pa3HbIX Kadenel 6-500 kB BhIMOJHEHBI U3 XOPOILIO
NPOBOJISIIIIEr0 Marepuaia (M3 Meln); UX 3a3eMJICHHE OJTHOBPEMEHHO B OOOMX KOHIAX
Kalesisl, €CJM HE MPUHSITHI ClIEHUAIbHBIE MEPbI, BEIET K IMOSBJICHUIO B DKpaHaX U B
HOPMAJILHOM CHUMMETPUYHOM PEXHME, U MPH KOPOTKUX 3aMBIKAHUSX 3HAYUTEIBHBIX
TOKOB, COMIOCTABUMBIX C TOKOM >KHJIbI KaOeJIsl.

Toku u HampspkeHust B dKpaHax ojHO¢a3HbIX Kalesjaed 00yCiIOBJIEHbI TOJLKO
onHo(da3HOW KOHCTPYKIMEH STUX Kalened W He WMEIOT HHUKAKOTO OTHOIIEHHUS K
MaTepHaly WX U30JISIIAHU (CHIUTHIA MOJUATUIICH U TIPOY.).

N3mepenusi, BBIMOJHEHHBIE HA MHOTUX KaOETbHBIX JIMHUAX Pa3INYHbIX KJIACCOB
Harnpsbkenust 6-500 kB, cBU1eTeLCTBYIOT O TOM, UTO MPU UCTIOJIB30BAHUH OJTHO(A3HBIX
Kalesield Ha/lO MPEIBSBISITH MOBBIIIEHHOE BHUMAHKUE K BBIOOPY criocoba coelMHEeHus U
3a3eMJICHUS YKPAHOB U MPOBOJAUTH COOTBETCTBYIOIIHUE OOOCHOBBIBAIOIIUE PACUETHI.

B kauectBe mpumepa mis tunoBoro kabens 10 kB omgHoi M3 3HEprocucrem
LlenTpa npuBeaeM pe3ysbTarbl NPSIMbIX U3MEPEHUH TOKOB B DKpaHaX, 3a3€MJICHHBIX B
060rX KOHIAX kabemst. [lapameTpbl Kaderst: ceueHue skits 500 M2 cedeHne skpana 95
Mm%, umiia 2500 M. B HOpMabHOM YCTAHOBHBIIEMCS peXuMe paboThl Tpn Tokax 186
A B xuiax tpex ¢a3z u3sMEepeHHbIH TOK B dkpaHe kax o ¢asbl cocrasisut 115 Al B
cilydae BBIXOJIa YKa3aHHOTO Kabesls Ha HOMHUHAIBHYIO Harpy3ky (Tok B sxuie okosio 700
A), TOK B dKpaHe MpONOpIHOHAILHO Bo3pacteT u cocTaBuT 430 A, 4TO HEJOMYyCTUMO
MHOT'0 J1JIst ceueHmst dxpana 95 My, B HacTosiiee Bpems OT MOBPEHKICHHH, BBI3BAHHBIX
HEPACUETHBIM TETJIOBBIM DPEXHUMOM, PAaCCMOTPEHHBIH Kabenh cracaeT JHIb €ero
CpPaBHMTEJILHO Mallas Harpys3ka, 3TO € CllacaeT W MHOTHE JIpYrH€ HEBEpPHO
CIIPOCKTUPOBAHHBIE W YK€ HaXOIAIIMecs B HKCILUIyaTallud KaOelbHbIE JMHUH C
oJIHO(pa3HBIMU KaOEJSIMH.

JIpyrum rnpuMepoM MOXKET CIIY»KUTh rpyiia ojHoda3ubix kadeseir 630/35 mm
kinacca 35 kB (mmuoit 1500 MeTpoB), MHTAIOIUX OJMH H3 METATYPTHYCCKUX
KOMOMHATOB Ypana. M3mMepeHns B HOPMAIbHOM YCTaHOBHBIIIEMCS pEXHUME pabOThI
nokasajiv, 4ro Inpud Ttoke B kuiax okosio 900 A TOK B DSKpaHax COCTaBJIsLI
npubausutenbHo 300 A. Ctosb OOJBIION TOK, JJIMTENBHO MPOTEKABIIMU B 3KpaHe
ceuenvem 35 MM, TPHBEIT K BIUTABICHHIO YKPaHA B W30SO Kabess, T.e. (paKTHUeCKH
K MOBPEXICHUIO KabeJs!
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Cnioco0 coeIMHEHUs U 3a3eMJICHUS SKPaHOB Kabesed 3aMeTHO BIUSIET:

— Ha BEJIMYMHY TOKA B DKpaHe, a IPU HENPaBUJIbHOM 3a3€MJICHUU DKPAHA MOXKET
PUBECTH K MOBPEXKICHUIO Kabers;

— Ha DJIEKTPUYECKHE MOTEPH B HDKpaHE, a 3HAYUT — Ha €ro TEILUIOBOM pexuM U
MPOMYCKHYIO CIIOCOOHOCTb;

— Ha BEJIMYHUHY HANPSDKEHUS HA HKpPaHEe OTHOCHTENBHO 3E€MJIH, T.€. HA HAJIEKHOCTb
paboThl Kadenst U 0€30MaCHOCTh €ro 00CTy)KUBaHUS;

— Ha OCHOBHBIC DOJIEKTpUYECKHE TapamMeTphl kadens (MPOJOJbHBIE aKTHBHOE U
WHJIYKTHBHOE COITPOTHUBIICHHUS).

JlroGonbiTHbIM siBiisieTcst TOT ¢akT, uro no coctosuuio Ha 2008-2009 roawl B
Poccum HekoTopbie MPOEKTUPYIOIIME W DKCILTyaTUPYIONIME OpraHu3allid HE HMEIOT
npejcTaBieHusi 0 npobiieMax, KOTOpbIE MOPOXK/IAeT HEBEPHOE 3a3€MJIEHUE DKPAHOB
oHO(a3HBIX KabeIeH.

B kHHMre paccMOTpeHbl BOIPOCHl COEJUHEHUST W 3a3€MJICHUS DKPAHOB
tpexdasubix rpynn ojHodazHbix kabeneit 6-500 kB; mosydeHnl aHATUTHYECKHE
BBIPKEHUS IS TOKOB M HAMPSHKEHUH HKPaHOB Kadessi, MO3BOJSIOIUE O0OCHOBATH
BBIOOp crnocoda 3a3eMJIeHHs] dKpaHa, HEOOXOJUMOCTh YAaCTUUHOTO pa33eMJICHUS
JKPAHOB, CEKUMOHUPOBAHMUSI DKPAHOB, [PUMEHEHUS TPAHCIO3ULIMU  DKPAHOB,;
npeacTaBieHbl GOPMYIbl I OMpeNeSieHUs] MPOJOJIbHBIX AKTUBHBIX U UHIYKTUBHBIX
COINPOTHBIICHUH KaOesist (MPsIMOit U HYJIEBOW TTOCIIE/I0BATENBHOCTEH), KOTOPhIE CIIeTYeT
UCIIOJIb30BaTh B pacyeTax HOPMAJbHbIX PEXHMMOB M IPU AHAIU3€ TOKOB KOPOTKOI'O
3aMbIKaHHSI B CETH, TIPUBEJCHBI pe3yJibTaThl 00O0OIIAIOIINX pacueToB JJisi kabenei 6-
500 kB, mpumepsl pacuera; copepxarcs peKOMEH/IAIUH 110 MOBBIIIEHUIO TEPMUUYECKON
CTOMKOCTM DJKPAaHOB M 3allUTE M30JSILMU DKPAHOB OT I[EPEHANPSIKEHUN; €CThb
HeoOXo/iMMasi crpaBovyHasi WHopMalusi Ui pacuera JroOOH TpexdazHol rpymnibl
onHodazubix kabdeneit 6-500 kB.

[To maTtepuasiaM KHUTH pa3padboTaHa KoMmibioTepHass mporpamma <«OKPAH»,
NO3BOJISIFOIIAS OMPEJIESATh NapaMeTpbl TpexdaszHbIX rpynn oHoda3HbIx kadenei 6-500
kB, a Taike paccUyuThIBATHL MHAYKTUPOBAHHbBIE TOKM M HANPSDKEHUSI B UX dKpaHax. [1o
BOIIpOCAM TMOJIYYEHHS] TPOrpaMMbl MOXXHO oOpamarbesa B aapec 3A0 «3GaBoj
SHEPro3alIUTHBIX YCTPOWCTB» WWW.ZEU.ru wim mo moute mvdmitriev@mail.ru

[lomumo n1po0JieM, CBSI3aHHBIX C BbIOOPOM ONTUMAJILHOM CXEMbl COCIMHEHUS U
3a3eMJICHUS YKPAHOB, COBPEMEHHBIE KaOENn CTaBAT Nepel YHEPreTUKaMHu U APYTHe, He
MEHEE BaXXHbI€ 3ajlaud, Takhe Kak OOOCHOBAHHBIA BbIOOp THUMA KaOessi, METO/bI
ucnbiTaHui kalesiel U MOUCK MECT MOBPEXICHHUs. | paMOTHOE PELIeHUE dTUX U JAPYTUX
po0seM J0JKHO OBITH CKOPEHIITMM 00pa30oM 3aKPEIJIEHO B OTPACIEBBIX HOPMATHBHBIX
JIOKYMEHTAX.

ABTOp 0JlaroJlapuT BCEX TEX CIEUMAIMCTOB-DHEPIETUKOB, JIMYHOE OOILEHUE C
KOTOPBIMH TIO3BOJIMJIO PACIIUPUTH MaTEPHAIT U3JIAHUSI IO CPABHEHUIO C JIBYMS TIEPBHIMU
BbImyckamu, otHocsumucs k 2007 1. (52 crp.) u 2008 r. (104 crp.). Tem, kro yxe
3HAKOM C MPEAbIAYIIUMUA HW3JaHUSMH, OyIeT HHTEPECHO MPOYECTh O JOMYCTUMOM
HaMpsHKEHUW Ha 2KpaHe, 0 KOd(PPUIIMEHTE UCMOIb30BaHUS MPOMYCKHOW CITOCOOHOCTH
Kalesisi U DKOHOMUUYECKUX acrekTax 0opbObl C MOTEPSMU B DKpaHax, O HEUJealbHOU
TPAaHCHO3UIIUK HKPAHOB, O HAIPSHKEHUH HA HSKpaHEe MPU MOBPEKICHUU H3OJSIUU
kabeJis, 0 KabeJIbHbBIX AJIEKTPOMOHTAXHBIX KOPOOKaX U TPEOOBAHMSIX K UX 3a3E€MJIEHHUIO.
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I''TABA 1. [Ipo6/ieMa HHAYKTHPOBAHHBIX TOKOB
B JKpaHax oAHO(pa3HBIX Kadeei

1.1. Koncrpykuus ogHoda3Horo kadeas
Koucrpykiust ogHodaszHoro kadenst nokazana Ha puc.l.l. KabGems coctout u3
U30JIMPOBAHHBIX JIPYT OT JIpYyra HJIbl U dKpaHa, a TakyKe BHEIIHEeH H30JSIMH dKpaHa.
Kuna BBINOJHSAETCS U3 AIFOMUHUEBBIX WJIM MEIHBIX ITPOBOJIOK, a4 B KAUECTBE U30JSLUU
IIUPOKOE PaCTIPOCTPaHEHHE TOTYUYHII CIIUTHIM MOMUATHIIEH. ECM Ha3HAUYEeHWE KUJTBI U
€€ M30JISILIMU HE BBI3bIBAET BOIIPOCOB, TO HA3HAUEHUE DKPAaHA U €ro M30JSILUU HE TaK
OYEBUIHO.

obonoyka aKpaH

nsonsuus

Puc.1.1. OnHoda3zHblii kabenb ¢ U30ISUMENH U3 CIIUTOTO MOJIUITUIICHA.

OCHOBHOM 3a71a4€i, KOTOPYHKO PELIACT PKPAH U3 MEIHBIX IMPOBOJIOK, SIBISIETCS
BBIPABHUBAHUE DJIEKTPUUECKOrO I10JIS, BO3JACUCTBYIOLIEIO HA IJIABHYH) H3O0JISILUIO
kabest (M30JIALUIO KUITBI), T.C. JIJIST BRITTOJHEHUST CBOUX (DYHKIIMH dKpaH JIOJKEH OBITH
3a3€MJIEH TI0 KpaiiHed Mepe B OJHON Touke. OJHAKO NpH NPOECKTUPOBAHWH, KAk
MIPABUJIO, N0 YMOJIYAHUIO MPENYCMATPUBAIOT 3a3€MIJIEHUAE dKpaHa cpa3y B ABYX TOYKax
— MO KOHIIaM oJiHO(a3zHOoro Kadesist, XOTsl, TP HAJTUYUU OOOCHOBAHUS, HA MPAKTHUKE
UCIMOJIB3YIOT U JPYTUE CXEMbI COCJIMHEHUSI U 3a3€MJIEHUSI DKPAHOB.

[ToMHMO METaTIMYECKOr0 SKpaHa B KOHCTPYKIIMK OJHO(a3HOIro Kadess €CTh TaK
HA3bIBAEMBIE TOJYITPOBOJISIIIME KPAHBI: OJJMH HAHOCUTCS HA BHEIIHIOKO NMOBEPXHOCTH
KUJbl, a JPYrod — MNOBEpPX CJ0s TJABHOH H30JLUM Kaleasi Ha BHYTPEHHIOH
MOBEPXHOCTh METAUIMUYECKOro 3KpaHa. llomympoBoasiue 5sKpaHbl 00ECIEeUUBaIOT
JIOKUILHOE BBIPABHUBAHUE HANPSKEHHOCTH JJIEKTPUUYECKOrO MOJISI HA HErJaJKou
[IOBEPXHOCTU MPOBOJOYHON XKMUJIbl U MPOBOJOUYHOIO METAIMYECKOro skpaHa. [lanee,
rOBOPS <OKpaH», OyJIeM MoJIpa3yMeBaTh UCKIIOUUTEIHHO METANTMUECKUH SKpaH.

W3ouisiiiust skpana, uHaue Ha3biBaemasi 000JI0UKOM kadeJs, pejHa3HaueHa st
IpEeIOTBPAICHUST MMONAaHusl Bjard BHYTPb KaOeass M, B YACTHOCTH, 4Y€pe3 MOBUB
MIPOBOJIOK 3KpaHa B IJIaBHYIO M30JsiHi0. HanexxHocTh kabelst BO MHOT'OM 3aBHUCHUT OT
[IEJIOCTHOCTH €10 000JIOUKH.

Crnenyer OTMETUTb, YTO JUJIS MPeAOTBPAIlCHUS MTONAJaHusl BiIard BHYTpb kaOess
WHOTJIA JIOTIOJHUTENIBHO WCIOJb3YETCS CIUIOIIHOM TOHKOCTEHHBIM AJFOMUHUEBBIN
KOJKYX MaJlOr0 CCUEHHSs, KOTOPbIM pacrosiaraercs MOBEPX MEIHOI0 dKpaHa (Mexy
DKpaHOM U 000J104K0i). Hannuue koxyxa He U3MEHSET IPOIOJIBHOTO YJICKTPHIESCKOTO
CONPOTUBJIEHUS DKPAaHA W TPU PACUETAX TOKOB M HANPSIKEHHH B DKPAHAX MOXKET HE
YUUTBIBATHCS, MOCKOJIBKY CEYEHUE AIFOMUHUEBOrO KOXYyXa 3aMETHO MEHbILE, YEM Y
MEIHOTO PKpaHa, a YAEIbHOE COMPOTUBICHUE AIIOMUHUS OOJIbIIE, YEM Y MEJIH.
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1.2. Tpexda3zubie rpynmnbl ogHO(pAa3HBIX Kabdesei

B TpexdazHbix ceTsx ucnosib3yroT TpexdasHble TPyNIbl 0JHOPA3HBIX KabeleH.
Ha puc.1.2-1.3 noka3anbl Hau0o0JIee 4aCTO UCMOJb3YEMbIE CXEMbI pacnoJiokeHus Qa3
JIPYT OTHOCUTENBHO ApyTa!
— «B pAO» UIH «B IUIOCKOCTH,
— B BEpILIMHAX TPEYIOJbHHUKA.

['oBOps O MpOKIaJKe B BEPUIMHAX TPEYTOJbHHUKA, KaK MPABHJIO, UMEIOT B BUIY
COMKHYTBIA TPEYTOJIbHUK: JIB€ (pa3bl KJIYT BIUIOTHYIO APYT JIPYTY, & CBEPXY — TPETHIO.

Puc.1.3. Pacnonoxkenue oHOo(azHbIX KadEeei B BEPIIMHAX PABHOCTOPOHHETO TPEYIroJbHUKA.
B nanbHelimiem He OyaeM  akIEHTUPOBATh BHUMAHUE Ha  B3aUMHOM

pacrojioxxeHuu ¢asz Jpyr OTHOCUTEILHO JIpyra, a BBeJeM OOOOIIEHHBIN nmapameTrp s,
XapaKTePU3YIOIIUN CPEIHEE PACCTOSIHUE MEXTY OCSIMH COCEIHUX (as3.

s=3/d, [, d, =1.260 , Puc.1.2

s=d,; =d,. =d . Puc.1.3

B psne ciaydaeB paccrosiHue s Mexay ¢azamu Kalessi MOXET INPUHUMATH
pa3jMuHble 3HAUEHUsl ISl Pa3HbIX YYAaCTKOB Tpacchl Kabesisi, TO YMEHbLIAsCh, TO
YBEJIMUHMBASACh. B OTOOHBIX CUTYAIMSIX B pacyeThl JOJKHO 3aKIIa/bIBATHCS CPEAHEE 11O
Tpacce 3HAYEHUE S.



1.3. MexaHu3M nosiBJIEHUsI TOKOB M HATIPSZKEHUH B IKPaHAX

Ou4eBHIHO, YTO TOK B 3KPAHE W HANPSHKEHHWE HA DKPAHE OTHOCHUTEIBHO 3EMIIU
HOSIBSITCSL B CJlydae MOBPEXKICHUS U30JSIUUH <OKUJIA-DKpaH» Kadessi — ’TOMY BOIPOCY
nocpsileHa 9-i riaBa KHUTU. 371€Ch K€ PACCMOTPUM MEXAHU3MBI MOSIBICHUSI TOKOB B
AKpaHax kabeJsi, He UMEIOLIETO TTOBPEKIEHUS U30JISILIUH:

— 4epe3 B3aUMHYK0 €MKOCTh MEXKTy )KHJIOW U DKPaHOM,
— 4epe3 B3aUMHYIO HHAYKTUBHOCTD MEXKIY YKUIIOU U DKPAHOM.

EMKOCTHBII MeXaHW3M MOSIBIEHUs TOKa B DKpPaHE CBSI3aH C HaJIMuueM (a3zHoro
HAIIPSKEHUS! CETH, INPUIIOKEHHOIO K H3O0JBALMHU <OKUJIA-DKPAaH». OJTO HANPSIKEHUE
OPUBOAUT K MPOTEKAHUIO MEXKAY JKHJIOH M DKPAaHOM TOKa, BEJIMYMHA KOTOPOIO
OrPaHUYE€HA EMKOCTHBIM CONPOTHUBIICHUEM H3O0JISIUMH <OKUIIa-dKpaH». Takol TOK, nonas
U3 XKUJbl B DKPaH, CTEKACT ¢ DKPAaHA B €ro 3a3eMJIIOLIEe YCTPOMCTBO, CO34aBasi B
DKpaHe JOMOJHUTEIBHBIE MOTEPU AKTUBHOM MOILHOCTH BHE 3aBUCUMOCTH OT TOIO,
Harpy>)xeH Jii KaOejlb WM SBJISIETCS XOJIOCTHIM. BennuMHa €eMKOCTHOro TOKa
PONOPLUOHAJIbHA JJIMHE Kaleuist, HO Jlaxe /il kaldeseld OOJIbLION JIMHBI COCTABJISIET
€JIMHULIBI amIiep. EMKOCTHBIE TOKHM, MPOTEKAOIIME MO 3KPAaHy MPH €r0 OJHOKPATHOM
WM MHOIOKPAaTHOM 3a3€MJICHUH, BCJIECJCTBUE CBOCH MAJOCTH HE NPEACTABIIAIOT
OIIACHOCTH ISl KaOelsl U MPAKTUYECKH HE YBEJIUYUBAIOT €r0 TEMIIEPATYPBI.

MHIYKTUBHBIA MEXaHU3M TOSIBJIEHUsI TOKA B DKPAaHE CBSI3aH C HAJWYUEM TOKA B
Kuie Kadesst U, ModTOMY, MPOSIBJISET ce0sl TOJILKO JUIsl HarpykeHHoro kabess. Tok B
JKUJIE 3@ CUET B3aUMHOW UHIAYKIMHU MEXKIY )KUJIOH U DKPAHOM MHIYKTHPYET B HEM TOK,
HO TOJIBKO B Cilydae, €ClM SKpaH 3a3eMieH Oosee ueM B OnHOM Touke. Ecim He
HPUHSTHI CHELMAJIbHBIE MEPbl, TO BEJIMYMHA TOKA, MPOTEKAIOIIEro B dKkpaHe kabels,
MOXET OBITH COMOCTABUMA C TOKOM B JKHJIE, T.€. MOXKET COCTABJIATH JECITKH U COTHU
amIep, 4T0 HECPABHEHHO 00Jiee OMACHO, HEXKEJIM €IMHULBI aMIIep €EMKOCTHOrO Toka. B
OTJMYMUE OT EMKOCTHOT'O TOKA, MHIYKTUPOBAHHBIH TOK HE 3aBUCUT OT JJIMHBI KaOeJIsl.

B nanbHeiimem Oynem paccMaTpuBaTh JIMIIb WHAYKTUPOBAHHBIH MEXaHU3M
NOSIBJIEHUSI TOKA B DKpaHe, /Ui OOBSCHEHUSI KOTOPOI'0 MOXHO TMPEJIOKUTH HECKOJIbKO
PA3JIMUHBIX LIENOYEK PACCYKICHUM.

1.3.1. [lepBoe 00bsicHeHHe HHAYKTHBHOI0 MeXaHHU3MA

Ha puc.1.4 noka3zansl Tpu 01HO(MA3HBIX Kadels, MO KOHIaM KOTOPBIX BBITIOJIHEHO
3a3eMJIeHHe PKPaHOB. [0CKOIBKY 3a3emIIsitolee YCTPOUCTBO SIBJISIETCSl OOIIEH JIJIs1 BCeX
HKPAHOB TOYKOH, TO MOXHO TI'OBOPUTH 00 OOBEAMHEHHM DKpaHOB (a3 1o KoHLam
kalensi, B pe3yJibTare KOTOPOro MOSBISIOTCS TPU 3aMKHYTBIX KOHTYpa, 00pa30BaHHBIX
napamu 3kpaHoB: «AB», «<BC», «CA».

Ha puc.1.5 a5 npoctoThl H300paXkeH JiMillb OAWH OJHO(a3HbIA Kabeyib U OJUH
SKPaHHBIM KOHTYP, B *KHJIIE KOTOPOTO MPOTEKAeT MepeMEHHBIA TOK (HarmpuMep, YacTOThI
50 I'm). ITepeMeHHOE MarHUTHOE IOJIE TOKA |, MEPHCHIUKYISIPHO IJIOCKOCTH JIUCTA H
1O MPaBUJIY TIPaBoi pyku (M0 mpaBmily «OypaBUMKa») HAMPABJICHO TaK, KaK MOKa3aHO
TOYKaMH (HaIpaBJICHHUE U3 JINCTA) U KPeCTHKaMK (HaIpaBIcHUE B JTUCT).

B uwacTHOCTH, MarHWTHOE TOJIE MTPOHU3BIBAET KOHTYP, 0Opa30BaHHBIN dKpaHaMHU
$ha3z «A» 1 «B», 1 HABOJUT B HEM MEPEMEHHYIO dAC E.,. [TockoabKy SKpaHHBIA KOHTYP

3aMKHYT, TO IIOJl JIEMCTBUEM 3JC B HEM IMPOTEKAET IEPEMEHHBIM TOK |, TOU Xke
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YacTOThl, 4YTO M TIEPEMEHHBIH TOK >KWJbl Kkabens. HampasineHue mnpoTrekaHus
MIEPEMEHHOTO TOKAa B SKPAHHOM KOHTYPE TaKOBO, YTO MAarHMTHOE TIOJIe ATOro Toka (Ha
puc.1.5 0HO He 10Ka3aHO) HPEMHSTCTBYET M3MCHEHUIO MArHUTHOIO MOJISl KUJIbI, T.C.
HAIIPaBJICHO BCTPEYHO IO OTHOLICHUK K IEPEMEHHOMY MArHUTHOMY IIOJIXO KHUJIBI,
U300pKEHHOMY TOUKAMHU U KPECTUKaMHU.

A KA
&N
XB
B 7 \
B
C KC
\1_/

I ac |

I I

I I
L i

Puc.1.4. Tpu oaHodazHbix Kadens U TpU KOHTYpa, 00pa30BaHHBIE UX KPAHAMHU.

—
X X X X |y

X X

X X X X

X X X X X X

Puc.1.5. OnHodaznsiii kadbenab U TOK B SKPAHHOM KOHTYpE, MHIYKTUPOBAHHBIH TOKOM KHUJIBI.

HageznenHas ¢ MPOMOPLHHOHAIIbHA TOKY B HJIE KaOelst ¥ TUIOIIAgH SKPaHHOTO
KOHTYpa (<HUHCITY>» TOUYEK HIIM KPECTUKOB, MPOHU3BIBAIOIINX KOHTY])
E,=K0O, [s,),
rae K — HEKOTOPbIM KOd(pPHIMEHT MPONMOPHHUOHAIBLHOCTH, S — PACCTOSHHE MEXIY
OCSIMH COCEIHUX OjiHO(a3HbIx kabesel (OHO e PaBHO CPEJHEMY PACCTOSIHUIO MEXKLY
UX dKpaHamu), L, — uinHa kadeJis.
Tok B 3aMKHYTOM DKpaHHOM KOHTYype OyaeT

E9
Tz
rne Z :2[}7_9*LK — monHoe (aKTHBHO-WHIYKTHBHOE) COIPOTHBIICHHE KOHTYpA,

ONpe/e/isieMOe  Yepe3 JUIMHY Kabelst M YABOCHHOEC [OIOHHOE CONPOTHBJICHUE Z.
skpaHa. [locne npeobpazoBaHuii Mosyunum

10
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K2

R f )

Ha camom jesie 3/1c, HaBoJMMasi B KaXJOM SKpaHHOM KOHTYpeE, OmnpeselsieTcs
TOKaMH >KMWJI BeeX Tpex (a3, T.e. TOKM U HAIpPsHKEHUs B dDKpaHax Tpexda3HOH IpyIbl
oqHOGpa3HBIX Kalenel ONpeaesstoTCs PEIIEHUEM CUCTEMbl YPABHEHUH, OMUCBHIBAIOIIUX
B3auMoJieiicTBUsI. [1py yueTe MarHUTHBIX TOJIeH TpeX OHO(a3HbIX Kadesner («A», «B»,
«C») 11e7eco00pa3HO 3aMECHUTb [OHSTHE «TOK B JKPAHHOM KOHTYpPE» Ha «TOK B
JKpaHe», TOCKOJbKY MMEHHO OH TMpeACTaBiseT OOJBINION MpaKTHUUECKUH HWHTepec.
Haripumep, Tok B skpane ¢asbl «B» corsiacHo puc.1.4 Oyjer onpenesTbesi pa3HOCThIO

TOKOB B DKPaHHbIX KOHTYypax «AB» u «BC»
K/2

TR

HJIM B HOPMAJIbBHOM CUMMCTPHUYHOM YCTAHOBUBIICMCS PCIKHUME pa6OTBI CE€TH

- J3K/2

| - - \2 - \2 S,
o R x)
JUISl TOKOB B 9KpaHax (pa3 «A» 1 «C» BbIpaXeHHUs! aHAJIOTMUHBbI.

Ecnu skpanbl Tpex ¢a3 xadenst 3a3eMieHbl (00beAMHEHBI) TOIBKO HA OJHOM W3
€ro KOHIIOB, TO TMOHSITHE <JIC B DKPAHHOM KOHTYpE» IeJecoo0pa3HO 3aMEHHUTh Ha
«HAIPSDKEHUE DKpaHa OTHOCUTENBHO 3eMin». Hanpumep, /uist skpana ¢aszbl «B»

ESB:K[Gl)KA_I)KC)[GSDLK):\ED(D)KBEQSELK) (1.2

Ananus Boipakenuit (1.1) u (1.2) no3BoJsieT ciejarb BbIBOJAbI OTHOCHTEIbHO
TOKOB W HaNPsKEHUH 9KpaHOB TpexdazHOW rpynibl 01HO(]a3HBIX KabesleH:

— TpH OJHOKPATHOM 3azeMjeHuH (OOBENWHEHWH) SKPAaHOB Ha HUX OTHOCHTEIHHO
3€MJIH CYIIIECTBYET HAIPSKEHUE MTPOMBIIINIEHHON YacTOThI, BEJIMYMHA KOTOPOTO:

» [PONOPLHUOHATIbHA TOKY B JKUJIAX;

» TMPONOPIHOHATBHA PACCTOSHUIO MEXKAY OCSIMU a3;

» TMPONOPIMOHAIBHA JITTHHE Kabesis (PacCTOSHHIO JI0 MeCTa 3a3eMJICHHSI);

— TIpu 3a3emiieHHH (OOBETMHEHUH) YKPAHOB OJIHOBPEMEHHO B O0OWX KOHIAX Kabess B
HUX MPOXOJAUT MPOJAOJbHBIN TOK MPOMBIIIJIEHHOH YacTOThI, BEJIMUMHA KOTOPOTO:

» [PONOPLHUOHATIbHA TOKY B JKUJIAX;

» TPOTOPIHMOHATHFHA PACCTOSHUIO MEXITY OcsiMHU (a3,

» TMPONOPIMOHAIBHA CEYEeHHUI0 dKpaHa (Wi 0oOpaTHO MPOIMOPIUOHATIBHA €ro

aAKTHBHOMY CONIPOTHBIICHHIO);

» HHKaK He 3aBUCHT OT JTMHBI kabersl.

B pexumax, OTJIIMYHBIX OT HOPMAJIBHOI'O YCTAHOBUBLIEIO PEKUMaA pa0dOThl CETH
(OTIMYHBIX OT pexuMa TPSMOM MOCTEAOBATEILHOCTH), TpoOIecchl B TpexdazHoi
rpynne ojHo(pa3HbIX Kadenel NpUXOAUTCSl pacCMaTpUBaTh C YYETOM TOKa B 3€MIIE, T.€.
HA/I0 YUYUTBIBAThb HE TOJILKO KOHTYPbI «OKPAH-3KpPaH», HO U KOHTYPbl <OKPaH-3EMIISI».
[looToMy nmanmee naguMm JOMOJHUTEIBLHOE OOBSCHEHHE HHIAYKTHBHOMY MEXaHU3MY
NOSIBJIEHUS] TOKOB B DKpaHax, B paMKax KOTOPOI'0 BBEJEM B PACCMOTPEHHUE KOHTYPbI
<OKPaH-3EMIISI».

3

I!) —
l)]\’

[$ [ﬁl KA T I )I((,') )

(1.1)

11



RusGable.Ru

1.3.2. Bropoe 00bsicHeHHe HHAYKTUBHOI0 MeXaHHU3Ma

[Tonoxum, 4To HMMeeT MecTo oOJiHOo(pa3zHasi ceTh, T.e. OJHO(A3HBIA HCTOUHUK
nepemMeHHol »ac¢ E depe3 oaHodasubiii kadenb puc.l.l ¢ 3a3eMiieHHBIM SKPaHOM
OCYILECTBJISIET DJIEKTPOCHAOKEHUE HArpy3KH, UMEIOIIeH CONMpPOTUBIIEHUE Z, . ITOT
ciayuai nokasaH Ha puc.l.6, 15 KOTOpPOro dKpaH 3a3eMJICH B JIBYX TOUKax — B HavaJie
kabelst U B €ro koHue. B skune nporekaeT Tok |, , KOTOPBIM, MpOHIs yepe3 HarpysKy,
JIOJDKEH BEPHYTHCS B UCTOUHUK E . JJ1s1 9TOro y TOKa €CTh JiBa MYTH: IPOUTH 110 IKPaHY
| , ¥ IPOMTH B TOJIILIE 3eMJIU |, =1, —1,.

Ky,
A
-
E z
I h H
i T
N\\\ ///7
N T~ 5=l -z
ANREN —-——__ 3 XK' - -7
NS~ T T «-—-—"" -7 /
N ~a _- 7/
N =~ —-- s
N T~ - Ve
\\ ——— -t //
\\ //
——— e e———"

Puc.1.6. OnHoda3zHas ceTh, BKIKOYAOIAsA HCTOYHUK, Ka0ellb, HArPYy3KYy.

Tok B 3emie |3 6y,Z[eT BO3BPAIIATbCA M3 HAI'PY3KWM B HMCTOYHHK, 3aHHMMAA BCHO

TOJIILY 3€MJIM, NpOTeKas KaK Ha HeOOJbIIOH TIiyOuMHe, TaKk U Ha 3HAYUTEIBHOH.
HecmoTtpst Ha 3TO, OKa3bIBAETCS BO3MOXKHBIM CUHUTATh, YTO BECh PACIPE/CICHHBINA B
3eMJI€ TOK [IPOTEKAET Ha OJJHOM ONIPE/IEICHHOH I1yOuHe

D, =224 |2
Vol

3aBUCSIICEH OT YaCTOThl TOKA G =27 W YJEJIbHOIO CONPOTUBIIEHUS TPYHTA P,

(MarHuTHas MPOHHUIIAEMOCTh I'PYHTA TIOCTOSTHHA W paBHA g4, = 471107 T'H/Mm).

C yBEIMYEHHEM YACTOTHI TOKA M CHUKEHHUEM COINPOTUBIICHUS TPYHTA B TOJIIE
3eMJIH Bce 00Jiee 3aMETHBIM OKaXETCsl MOBEPXHOCTHBIN A (PeKT, n3-3a KOTOPOro JUHUHU
toka (cM. puc.1.6) Oyayt ¢ OO0JbLION r1yOHHBI OJHUMATLCS OJIMKE K TOBEPXHOCTH
3eMJIH, T.€. OyJleT ymeHblaThest D, .

Ha npowmbinmeHHol 4actore f =50 [ W MNpH TUINOBBIX 3HAYEHHUSX
P, =100+1000 Om[k »SKBUBaJCHTHAs TrAyOMHa D, COCTaBJISIET HECKOJbKO COTEH

METpOB, T.€. OKa3bIBAETCS 3aMETHO OOJIbIlIE BBICOTHI h,, HA KOTOPOH OTHOCHUTEIILHO
TIOBEPXHOCTH 3eMJIM pacIiojiokeH kabeih. Pacrosoken v kabenr Haj 3emuieh (Ha
aCTaKaje), Kak 9TO MokasaHo Ha puc.l.6, niau nomereH B 3emimo (B kaOebHBIN KaHal,
B TOJMATHJIEHOBYIO TpyOy) — B JIIOOOM cliyuae paccrosiuue h, or kabens 0
MOBEPXHOCTH 3eMJTH OYAET 3aME€THO MeHblIle D, .

C mpuUMCHEHHEM <HUICONOTHH D,» MOoaydaercs, YTO TOKH W HAIpsHKCHHS B
kabele Ha MPOMBIIUICHHOW YacTOTe HE 3aBHUCAT O TOTO, pa3MEIleH JH KaOenb Ha
3emyiedl win B 3emie. [loatoMy, He Tepsisi OOIIHOCTH, MOXHO CYUTATh, YTO KaOeJb
pasMellleH HaJl 3eMJied, W Jyisi ero pacdera MoJib30BaThCs (opMysiaMu TEOpUHU

12
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BO3AYLIHBIX JIMHUK OJEKTpoliepenay, T.e. CUUTaThb OAMH KalOenb JBYXIPOBOJHOM
TuHUeH (KA ¥ 9KpaH), HECKOJIbKO kKadesiell — MHOTOITPOBOTHOM .

Toku, npoxojsiliue B KWJIE, B JKpaHE U B 3E€MJIE MOXHO I[PEICTABUTH
IPOTEKAIOIIUMH B IBYX YCIOBHBIX KOHTYpax, NOKa3aHHBIX Ha puc.l.7: mepBbld KOHTYp
o0pa3oBaH XWJIoH kabessi 1 0OpaTHbBIM ITPOBOJIOM, 3aJIErarolluM B 3eMJie Ha I1yOuHe
D,; BTOpOH KOHTYp 0Opa3oBaH 3KpaHOM Kalelass U TeM ke OOpaTHhIM MPOBOJIOM,

3ajleraloliuM Ha riryoune D, . Takum oOpa3oM, mpouecchbl B 0JHOPa3HOM Kadesie MOryT

ObITh MOSICHEHbI KaK pe3yJ/ibTaT B3auMOJICHCTBUS ABYX YKa3aHHbIX Ha puC.1.7 KOHTYpOB.
3a yCIIOBHO MOJIOKHUTEIBHBIE HAPABJIEHUS TOKOB 3/IECh W JIaJIee TPUHSITO HANTPABICHHE
OT UCTOYHHKA K HArpy3Ke.

Puc.1.7. OnHodazHas ceThb, JUisl KOTOPO# NOKa3aHbl YCJIOBHBIE KOHTYPbI ¢ TOKAMM.

B yCTaHOBMBILEMCS WJIM KBA3UYCTAHOBUBILIEMCSI PEXKUME TOKM W HAIPSDKEHHUS B
KabeJie SIBJISIIOTCSI CUHYCOM/IaMU 4acTOThl f, T.€. JUisi OlMCcCaHUs MPOLECCOB B Kadelie
yI00HO BOCIMOJIL30BATHCSI KOMITJICKCHBIM METO/IOM, TPEJICTABUB CHHYCOWIAILHbBIC TOKH
M HampspKeHWsl B BHJIE CHUCTEMbl BEKTOPOB, BPAIIAIONIMXCS C KPYrOBOM 4acToTOM
a =27f . Torna ypaBHEHHs, ONIUMCHIBAIOLIME B3aUMO/IEHCTBHE KOHTYPOB puc.l.7, OyayT

DU =Z 0 e+ 2yl
DU, =20+ 200
rae AU, =E-Z,1, u AU, —IpoioJbHbIE NAJIEHUs HATIPSHKEHHs Ha JKUIIE U DKpaHe; Z

— KOMIIJICKCHBIC COIIPOTHUBJICHUSI, CMbICJI KOTOPbIX HOSICHCH B TabJULE, Ry, Ry, Ry —
COOTBETCTBEHHO AaKTHUBHLIE COMPOTHUBJICHUS IKWJIBI, DJKpaHa, 3emyH, L,, L, —
coOCTBEHHBIE UHAYKTUBHOCTU JKWJIbI, DKpaHa, M ,,, M, — B3auMHass UHAYKTUBHOCTb

XUJIbl U DKpaHa OAHOTO W TOTO K€ KaOessi, B3aMMHAasi MHAYKTUBHOCTb JIByX COCEIHMX
kaOeJieH; j =+—-1 —MHHAMAas ¢IUHHUIIA.

CobcTBeHHOE CONPOTUBIIEHNE HKUITBI (OM) Z, =R, +Ry; + jal

CoOcTBeHHOE COMPOTHBIICHHE FKpana (Om) Z, =R, +R, +jalL,

B3auMHOE CONPOTUBIICHUE MEXKTY JKUJIOM U SKPAHOM OJIHOTO U TOI'O s :
Z o =R, + joM 4,
ke kaodens (Om)

B3aumuoe conpoTuBienue xuibl (3kpana) u cocennero kademns (Om) Z, =R, +jaM

13
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B ciyuae, korjga dKpaH 3a3emjied ¢ 000MX CTOpOH kabeJs, crnpaseyimBo AU, =0,

U U3 BTOpOI‘O ypaBHCHI/ISI CUCTCMBbI
| __Z}I\”Q - R, + JaM,m

I-}I{ 23 R3 + R3 + Jaj_'? .
C UCMOJb30BAHMEM TEOPUM BO3AYLIHBIX JHHUHA MOXKHO 3aIMCaTh

_ H,
L3 _M)I(Q _jz_ln( r jl
2

T.€. COOTHOIIEHUE ‘I'all'/w‘<1 TeM OJIM)KEe K €IUHUIE, YeM MEHbIIEe COMPOTUBIICHUE

OKpaHa R91 WJIK, KHBIMH CJIOBAMH, TOK MCIOHOT'O 3KpaHd IIOBBIIICHHOI'O CCUCHUA MOXKCET

OBITH COIIOCTABUM C TOKOM B JKHIJIE.
B ciyyae, korjaa 5KpaH 3a3eMIIEH TOJILKO ¢ OIHOM CTOPOHEI, crpaBeuiuBo |, =0,

U3 CUCTEMbl YpPaBHEHUH HaiijIeM 11a/IeHUE HAIPSDKEHUS! Ha DKpaHe
AU, =27 5,

KOTOpOE, 10 CYTH, NPEACTAB/IAECT COOOH HANpPsHKEHHWE HE3a3€MJIEHHOI'O KOHILA dKpaHa
OTHOCHTEJIBLHO 3eMJM. BHAHO, 4YTO HampsDKeHHE Ha HE3a3e€MJICHHOM HJKpaHe
IIPONOPLIMOHAIBHO JnHE Kabens (oHa CKpuITa B Z 4 =27, L., A€ Z,, — IOTOHHOE
COTTPOTHBIICHUE) U TOKY B JKHJIE, TIOJ] KOTOPBIM MOYKHO TTOHUMATh KaK TOK HOPMAJILHOTO
pexxumMa (JIeCITKH-COTHH amIiep), Tak U TOK KOPOTKOTO 3aMbIKaHHs (THICSIUM amriep).
SIcHO, 4TO MaKkCHMallbHbIE€ TOKH M HAMPsDKEHUS Ha dKpaHe MOSBISIOTCS UMEHHO TPH
KOPOTKHMX 3aMbIKaHHUSIX HA HArpy3ke Z, =0, T.€. IPU KOPOTKUX 3aMbIKAHHUSIX B CETU BHE
kabesnst (BeJlb MMEHHO TOIVIA MO KM€ KaOessi MyCTh KPAaTKOBPEMEHHO, HO BCE XKe
MPOTEKAIOT 3HauWTenbHbie TOKH |, ). CremoBarensHO, METOIHKA pacyeTta TOKOB H
HANPSKEHUH J10JKHA BKIIIOYATh B €05l paCCMOTPEHHUE!
— HOPMAJIBHOI'O pexuma padoThl;
— apapuiiHoro pexuma paboTel cetu (ojHOdazHoe, TpexdazHoe W JPYrHe BH/IbI

MOBPEIICHHSI U30JISILIMU CETH BHE KabeJ1st).

Ha puc.1.6-1.7 paccmarpuBaiack oaHodasHas ceTh, OAHO(A3HBIN Kabelb.
Bmecre ¢ Tem, Kak TpaBWUJIO, Ha TMPAKTHKE HMEET MecTo Tpexdasznas rpynna
oaHodazHbix kadeseh (o uuciy a3 ceru). Ha TOK U HaNpPsHKCHUSI B DKPAHE Kax 10U
¢da3pl OyeT BIMATH HE TOJHKO TOK JKWJBI 3TOM (pa3bl, HO M TOKHM KHWJI W IKPAHOB
cocenHux ¢az. Yurem 370, 11sl uero odparumcest k prc.1.8.

YpaBuenus pazbl «A», ONUCHIBAIONIME B3aUMOICHCTBUS HA pHc. 1.8, cienyroiuue:

N oy =2yl oy + 2ol oy +Z (I +|9B)+Z (I +1, )
AJI)A :Zf)l 24 +Z)I(f)| KA +Z[( (I KB + I f)B)+ ZK (I KC + I oc )

[1peanosIokKuM, YTO UMEET MECTO HOPMAJILHBIA PexuM: |, +1,, +1 . =0, npu
KOTOPOM BCE K€ HET TOKOB B DKpaHaX (3a3eMJICHHbBIX 110 KOHHaM) Tpexq)a:;HOH IPYMIBI
oaHodazubIX kabesel. Torna u3 BToporo ypaBHEHUs! CUCTEMbI 0J1yYUM PaBEHCTBO

0=, =Zl ey +Zicl s + Zicl e
KOTOPOE MOXET ObITh CHPABEIMBO JIMIIL B ¢iiydae Z,., =Z, . UHbIMH ciioBamu, (a3sbl
«B» u «C» Mornu Obl MOJHOCTHIO KOMIEHCHPOBATH TOK B 2kpaHe (a3wpl «A» JHIIh
TOJILKO B TOM CJIydae, KOrjia OHU BIIUSIIM Obl Ha TOK 2KpaHa (a3bl «A» Tak ke XOpolllo,
KaK 9TO JieJaeT TOK JKUJIbI (pas3bl «A».
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C uCcnoap30BaHUEM TCOPHUH BO3AYIIHBIX JIMHUK MOHO 3amucaTh

&In & =M, >M, =ﬂ|n(&j1
2mr \r, : 2mr s

rje paccrosinue Mexy azamu s 00JIbIIE PACCTOSIHUS I, <OKUJIA-DKPaH», T.€. COCEHUE
($a3pl HE MOTYT MOJIHOCTHIO KOMIIEHCHPOBATH TOK B SKpaHE paccMaTpuBaeMoit ¢asbl.
Ecin xkabemn ¢a3z «A», «B», «C» npubimxkare Jpyr K JApYyry J0 TOJHOIO
COTIPUKOCHOBEHMS, TO MOXHO JIOCTHYh S=2r,, HO BCE PaBHO ATO HE O0OECTEeUnuT
M,,=M,, W HUKOrJa coceaHue (a3pl HE CMOTYyT KOMIICHCUPOBATH TOKH W
HaMpsHKEHUS B 9KpaHax paccMaTpruBaeMoi dasbl.

Toku u HanpspKEeHUs B SKpaHaX MPHUCYITH BCEM THIOBBIM TpeX(aszHBIM IpyInam
onHo(dazHbix cuioBbix kadeneh 6-500 kB, gaxe TeM, B KOTOpbIX o HOda3HbIe kKabenu
TPOJIOKEHBI MAKCUMAJILHO OJIU3KO JIPYT APYTY — COMKHYTHIM TPEYT'OJbHUKOM.

Dg>>hy

Puc.1.8. I'pynna u3 tpex oaHodazHbix kadeneit tuna puc.l.1.
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1.4. U3mepeHHe TOKOB B 3KpaHax

B onHodazHol ceTH, kak nokazano Ha puc.1.6-1.7, Tok B 3emiie ecth. Ha puc.1.8,
HOMMMO T'PYIIIbI U3 Tpex oAHO(a3HbIX Kadesel, Tak ke U300paxKeH dKBUBAJICHTHbIN
oOpaTHBIM MPOBOA <«3», YUUTHIBAIOIIUHK Mpoliecchl B 3eMiie. OAHAKO HA caMOM Jesie B
ycioBusix puc.1.8 B ycTaHOBUBIIEMCSI peXUME TPSMOM TOCIEN0BATEIbHOCTH, KOT/1a
TOKH B (ha3ax paBHbI 110 BEIMUMHE W CABMHYTBHI JIPYr OTHOCHTEIbHO japyra Ha 120°,
TOKOB B 3eMJIe He Oy/ieT. ITO 0OCTOSTENBCTBO CIEIYET YUUTHIBATH MMPU MPOBEAEHUH HA
PaKTHKE U3MEPEHUH TOKOB B dKpaHax.

Ha puc.1.9-1.10 noka3zanbl pasiuuHble CIOCOObl COEAMHEHHUS] DKPAHOB C
3a3eMJISIIOIIMM KOHTYPOM Ha KOHIle Kadensi: Ha puc.l.9 skpaHbl MPUCOEAMHSIIOTCS K
KOHTYPY 3a3€MJICHHS OJTHOM 00I11e# mrHoH, a Ha puc.1.10 — Tpemst muHaMH.

Puc.1.9. 3azemeHue 5KkpaHOB Ha KOHIIE KaOes. DKpaHbl O0ObETUHIIOTC U
OJTHOM 00IIel MUHOKM MPUCOESTUHSIOTCS K 3a3eMIIIOMEMY KOHTYPY.

LR
ERGE -

Puc.1.10. 3azemienue SkpaHoB Ha KoHUE kadens. Kaxaplii skpan
MPUCOEIUHSIETCA K 3a3€MIIAIOIIEMY KOHTYPY CBOEH IIMHOM.

Eciu skpanbl ¢a3 3azemiieHbl B 000UX KOHIAX KaOessi, TO B ATUX dKpaHax
npoTeKarT Toku 1., 20, |1, #0, |.,.#0, o0ycloBlIeHHble Tokamu |, #0, |, #0,
| oo #0 B xujax kadens. OgHAaKO, HECMOTPSi Ha 2TO, Ha puc.l.9 B oOIeH 1IMHE
3a3eMJICHHSI B CHMMETPHUHOM pexkuMe padoThl Kkabeis (B pexume HpsiMOit
NOCJIEIOBATEIbHOCTH) TOKA HEe OyJeT |.,,- =0. [loaToMy NpHu nMpoBeeHUH W3MEpPEHH
TOKa B dKpaHe TpaHchopmarop Toka («OyOJUK» WM TOKOM3MEPHTEIILHBIC KJICIIIH)
HEOOXOIMMO TMOJKITIYATh Tak, kKak 3To mokazano maias TT-1 (puc.l1.9). Takxke oTcrona
CIEIyeT, YTO B pacueTraX TOKOB W HAMPSHKEHWH B CHMMETPHYHOM PEXKHUME TPSIMOi

NOCJICIOBATEILHOCTU YUYET BEJIMYMHBI CONPOTUBJICHUS 3a3€MJICHHS dKpaHa MPOBOIUTH
HEO00s3aTEIBHO.
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Ha puc.1.10 BonpocoB 0 MOAKITIOUEHUH TpaHcpopMaTopa TOKa HE BOSHUKAET, HO
ecTh MpodJiemMa, CBsI3aHHAsI C MPOTEKAaHMEM B KOHTYpPE 3a3€MJICHHS] YPaBHUTEIbHBIX
TOKOB |,z U | 5., BEJIMYMHA KOTOPLIX B V3 pa3 00Jible TOKOB |, |5, |,.. [looTOMY,
€CJIM HE MPUHSTHI CHEIUAIbHbIE MEPBI IO OOPHOE C TOKaAMU B DKpaHaxX, PEKOMEH1yeTCsl
CKJIOHSITHCSL K UCTOJIb30BAHUIO HA MPAKTUKE CXEMbI 3a3emMJjieHus puc.l1.9.

Eme pa3z cieayer oOpatuTh BHUMAHHWE HA TO, YTO M3MEPEHHUE TOKOB B IKpaHax
ojfiHo(a3HbIX KkaOesied 0e3 ykazaHusi COOTBETCTBYIOUIMX BEJIMYMH TOKOB B JKHJaX
kabens sBIseTCS HeMH(POPMATUBHBIM U OTYACTH OECCMBICIICHHBIM.
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I'JTABA 2. OcHOBHBIE ¢10COOBI 00PBHOBI
¢ HHAYKTHPOBAHHLIMH TOKAMH B SKpaHax

B 3a3emiieHHBIX 110 KOHLIAM 2KkpaHax TpexdaszHoi rpymibl 0jHOpa3HbIX Kadesen

6-500 kB MHAYKTUPYIOTCS TOKH, COTTOCTABUMBIE TIO BEJIMYMHE C TOKAMH B KHUJIaX.
CpeactBaMy HEKOTOPOIO CHUYKEHHU S TOKOB B SKPaHaX SIBJISIIOTCS:

— npuMeHeHue kabeel ¢ BO3MOXHO MUHUMAJIbHBIM CEYEHUEM MEIHBIX DKPAHOB,;

— TIPOKJIaJIKa Kabeel COMKHYTBHIM TPEYrOJIbHUKOM (BILIOTHYIO JIPYT K JAPYTY).
PanykanbHbIMU clIOCOOaMH CHUYKEHHUSI TOKOB B DKpaHaX SIBJISIFOTCS:

— npuMeHeHue TpexpazHbix kadenel BMecTo 0JTHODa3HbIX;

— pa3pbIB SKPAHHBIX KOHTYPOB (HACTUYHOE pa33eMIICHHE SKPAHOB);

— TPaHCHO3ULHUs SKPAHOB.

2.1. CHH:KeHHe ceYeHHS IKPAHOB H PACCTOSIHUS MeXKIY 0AHO(aAZHBIMU KabeasiMu

HenpocTbiM BOIIPOCOM, KOTOPBIA MPUXOJUTCS peliaTh Mpu BbIOOpE 0 HO]A3HbIX
cusioBbix kabenedl 6-500 kB, sBisiercs oO0ocHOBaHHWE TpeOyemMoro CE4YeHHsl dKpaHa.
Cpenu CyliecTBeHHBIX (PakTOpOB, BIHUSIONIMX HA BEIMUHUHY CEUEHHS DKpaHa, MOYKHO
Ha3BaTh HEOOXOJUMOCTh CHUXKEHUSI IOTEPb MOIIHOCTH B HOPMAJIbLHOM PEKUME PadOThI
kabenst U TpeOboBaHHWE 00ECTIEYUTh TEPMHUUYECKYIO CTOWKOCTh KpaHa MpH MOBPEXKIEHUU
U30JISIIIUM  <OKUJIA-DKPaH», KOTOPOE COIMPOBOXKIACTCS MPOTEKAHWEM B JKpaHe TOKa
KOPOTKOro 3amblkaHus. K coxainenuto, o0a (akropa npeabsBisioT MPOTHBOPEUUBLIC
TpeOOBaHUSI K CEUSHWIO DKpaHa: ¢ TOYKH 3PEHHUST HOPMAJBHOTO PEXHMA CIIETyeT
MCIIOJIb30BaTh Ka0e/Id ¢ MUHMMaJIbHbIM ceueHueM dkpaHa (cMm. dopmyay (1.1)), a ¢
TOYKH 3pEHUS KOPOTKOT'O 3aMbIKaHHsi B kaleje — MOBBILICHHbIE CEYCHUS HKPAHOB.
[ToaToMy oO1ITHE peKOMEH Al MOTYT ObITh clieaytomumMu: 6 cemsx 6-500 kB credyem
UCNONBL306AMb KAbEIU ¢ IKPAHAMU MUHUMATbHO2O CeYeHUs — MAaKo2o, npu KOmopom
yorce HayuHaem o006ecneyusamvCa ux mepmudeckds CMOUKOCHb K HOKAM KOPOMKO20
3AMUIKAHUSL.

B tpexdaznoil rpynine ogHodasznbix kadeiel BbIOOp paccTosiusi Mex1y (pazamu
oTpeiesIsieTCsl BOIpocaMu HarpeBa kadesei u ux oxyaxaeHus. OJHUM U3 HCTOYHHKOB
Temia B OAHO(A3HBIX KaOEJsIX SIBJSIFOTCS MOTEPH AKTUBHOW MOIIHOCTH B DJKpaHax,
BBI3BaHHBIC MHIYKTHPOBAHHBIMH TOKaMH, KOTOpble, cornacHo (1.1), TeM MeHbIe, yeM
OJIMKe IPYT K JIPYTY MPOJIOKeHBI (Pasbl, T.6. MUHUMAIGHBIMH TIOTEPH B KpaHax OyayT
B ClIydae MPOKJIQJIKH COMKHYTHIM TPEYroJibHUKOM. C TOYKH 3pEHHs] MHTEHCHBHOCTH
OTBOJIa TeIJIa, HAMPOTHB, MPEANOYTHTESBHO pasMmellath onHodasHble kadenu Ha
pacCTOSIHUU JPYr OT JpYyra, MOCKOJBKY IMPH 3TOM Kaxas (aza «HarpeBaeT TOJhKO
cels1, a He CBOEro coceia». PacueTsl U ONbIT SKCILIyaTalluy [IOKa3bIBAIOT, YTO NOTEPU B
HKpaHax M TEIJIOBbIIEICHUE B OJHO(]A3HBIX KaOessIX CHIIbHEE 3aBUCAT OT PACCTOSHUS
Mex Ty (paszamu, HeXe HHTEHCUBHOCTh OXJIax/IeHusl. [loaToMy 001ne pekoMeH1aiuu
TakoBbl: 6 cemax 6-500 kB npeonoumumenvHa npokIaoka 00HOQaA3HBIX Kabeneu
COMKHYMbIM MPey2olbHUKOM, eClU He NpPUHAMbl CHeyudlbHule Mepbl PAOUKATbHOU
Oopvbbl ¢ Mmokamu u nomepsimu 6 3Kkpanax. ECIiv Mepbl IPUHSITHI, TO JIOIYCTHMbIE TOKH
OyayT OoJiblLI€ IPU NMPOKIIaJIKe (a3 Ha PACCTOSHUHU JIPYT OT Jpyra, OJHAKO B CUJLY psijaa
npuurH (T71.8) Bce paBHO clielyeT OTAaBaTh MPEANOYTEHHE MTPOKIIAIKE TPEYTOJIBHUKOM.
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2.2. llpumenenne Tpex(a3HbIX Kadeseii BMecTo 0AHO(A3ZHBIX

NHIyKTHPOBAHHBIX TOKOB B dKpaHaX He OyJIeT MPH WUCIMOIB30BaHUN TpexdazHoro
kabesss Bujaa puc.2.l, UMEIOLIEro TPU KUkl B 00luedt oOosiouke (dKpaHe, OpoHe).
OnHako coBpeMeHHbIe kabenu (¢ M30JsIMel U3 CIIMTOro MOJHATHIICHA), KaK MPaBuiIo,
BCce ke ojiHodaszHbie. DTO OOBICHAETCS WX MPEUMYIIECTBAMHU [0 CPaBHEHHIO C
TpexdazHbIMU KaOeIIMHU:

— BO3MOXHOCTb U3rOTOBJICHHUS Ka0eJist ¢ OOJILIIUM CEUCHUEM JKUJIbI;
— BBIIIE JIONyCTUMAs Harpy3ka 1o TOKY;

— MEHbIIIE paJanyc u3ruda u 00JbIlle CTPOUTEIbLHAS JIJTMHA,

— yI00CTBO MOHTaXKa U PEMOHTA.

Koucrpykiust puc.2.1 MoxeT MpUMeHSThCS, TJIaBHBIM 00pa3oM, B CETSAX Kiacca
HanpsbkeHus 10 6 kB. J{ist 6oee BHICOKOBOIBTHBIX KaOeIel yke CI0KHO 00eCreunTh
XOPOIIYK HAJEKHOCTh U3OJSIUU MEXAY TPeMsl TOKOBEIYIIUMH YKUJIaMH, MOCKOJIbKY
KapTHHA SJIEKTPUUECKOTO TIOJS <OKUJIa-)KUja», OOYCIOBJIEHHOTO HAIMYHEM MEXITY
KUJIaMH JIMHEHMHOTO HANpPsDKEHUsI CETH, HMMEET CJIOXKHYI0 (GopMy, OTIHYHYIO OT
paBHOMEpPHOTO pacnpenenacHus. [loaToMy Ha TpakTUKE pacnpoCTpaHEHUE MOTYYUIIH
Tpexdaznble kabean ¢ WHAUBUAYAIbHBIMU JKpaHamu ¢a3 — Tak Ha3bIBaeMbIC
Tpexdaszubie kabdenu ¢ nodazHo IKPAaHUPOBAHHBIMU JKUJIAMH, TOKA3aHHbIC HA PUC.2.2.

obonouka 3KpaH

n3onauma ‘ wuna

Puc.2.1. Tpexdaznblii kabenb.

obornouka 3KpaHbl

M30ONALNA <] xuna

Puc.2.2. Tpex(aznpiii kabensb ¢ modpazHo IKPaHUPOBAHHBIMU KUJTAMH.

Hannuwe WHIMBHIYaTbHBIX SKpaHOB (pHC.2.2), 3a3¢eMJICHHBIX 10 KOHIIaM KaOeJs,
JIeJIaeT PAaBHOMEPHON KapTHHY AJIEKTPUUYECKOTO MOJIsl, BO3/JIEHCTBYIOIIErO Ha U3OJISIUIO
OKUJIA-DKPaH» W MO3BOJISICT HM3rOTaBIMBAThL KaOegu sl CeTe ¢ HOMHHAJIbHBIM
HanpsbkeHueM BIUIOTh 10 35 kB. Tlo cytH, Takod TpexdaszHplii kabenab mpeacraBiser
coOol BapuaHT TpexdazHoi rpyniibl 0JiHOPA3HBIX Kabesel 3aB0/ICKON TOTOBHOCTH, H,
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CJIeI0BATENLHO, B MHAUBUAYAIbHBIX AKpaHaX OYJAyT UMETh MECTO Mapa3UTHbIC TOKU U
MOTepH aKTUBHOW MOIIHOCTH.

Tpexdaszubiii kabesb BUja prc.2.2 CIOKHO U3TOTOBUTH ¢ OOJILIIMMH CEUCHUSIMHU
KU U UHAUBUAYATbHBIX AKpaHoB. M3-3a Manoro cedyeHus SKpaHOB U OnM30CcTH a3
Jpyr apyry (MOYTH COMKHYTBIN TPEYroJbHUK) TOKH B 3THX dKpaHaX XOTs U €CTh, HO HE
PEJICTaBISI0T 0CO00HM OIACHOCTH.

B xoHCTpyKIIMH Kadenel puc.2.2 oomuii skpan (OpoHs) ecTh He BCeraa u, KpoMe
TOTO, B CHJIy CHMMETPHHU €ro HaJIM4Yue/OTCYyTCTBHE HE BIMSICT Ha TOKH W MOTEPHU B
WHAUBUYQJIbHBIX DKpaHaX KHJL.

H3BectHa MonuduIIMpoBaHHasT KOHCTPYKIMS TpexdazHoro xadess, mokazaHHas
Ha puc.2.3, Korjia HHIUBUIYaIbHbIe SKpaHbl KacatoTcs JPYT Jpyra, oopasyst oOmui st
TPEX JKUJI AKPaH CIOKHON «IenecTKOBON» popMbl. MOXKHO MOKa3aTh, YTO Mapa3UTHBIX
WHIYKTHPOBAHHBIX TOKOB B TaKOM «IETIECTKOBOM» JKpaHe He OyJeT, T.e. JJis ATOro
Kalesist ynaercs OJHOBPEMEHHO M HMCIOJIb30BATH MPEUMYIIECTBA HHIMBUAYAIbHBIX
AKPAHOB C TOUKH 3PEHUSI KAPTUHBI MOJIsI, U HE UMETh Mapa3UTHBIX TOKOB U MOTEPb.

Puc.2.3. Tpexdazneiii kabens ¢ mogazHo IKPAHUPOBAHHBIMU KUITAMHU. DKpaHbl KacatoTcs APYT Apyra.

B Hacrosiiiee Bpemsi B CeTSIX cpeaHero HamnpsbkeHus: 6-35 kB Ha psine 00bekToB
NpPUMEHSIETCS TaK Ha3bIBa€MbId YHUBEpPCAILHBIM camoHecylni kabenb puc.2.4. Ero
MOJKHO Ha3BaThb Tpex(azHbiM KadesaeM, HO Ha CaMOM JIEJI€ OH MPEACTABIIAET COOOH TpH
OOBIYHBIX OAHO(pA3HBIX KaOessi HEOONBIIOTO CEUEHHs KUl U HKpaHa, CKPYUEHHBIX
BOKPYT OOLIEro HECYHIErO TPOca. Y HUBEPCAIbHBINA Ka0EIb MOXKET ObITh MPOJIOKEH KaK
B 3€MJIE WJM BOJE, TAK M IOJBELIEH HA ONOpax, HAIlOMMHAs BO3AYLIHYIO JMHHUIO C
W30JINPOBAHHBIMU TIPOBOIaMU. [1pr 3TOM He TpebyeTcst TepexXOAHBIX MYHKTOB B MeCTax
COEJIMHEHHUSI €T'0 TOABO/IHBIX, MOA3EMHBIX, HA3EMHBIX, BO3JIYIIHBIX YUYACTKOB.

Puc.2.4. YuuBepcanbHbIi caMOHeCYINi KaOenb.
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B cHIy CHMMETpUH HaJIM4He/OTCYTCTBHE HECYIIEro TpOoca HHUKAK HE BIHUSACT Ha
TOKM W TIOTEPU B IKpaHax ojaHodazHwbiXx kadenel puc.2.4. M3-3a manoro ceueHwus
9KpaHoB U OJu3ocTu a3 aApyr Apyry (IIOUTH COMKHYTbIM TPEYroJibHUK) TOKH B KpaHax
(a3 yHUBEpCATBLHOTO Ka0esi XOTS U €CTh, HO HE MPEACTABIISIFOT 0COO0H OMAaCHOCTH.

B Hacrosiiiee Bpemsi Tpexdasubie kadeiau pa3iudHbIX KOHCTPYKIHUHA HaXOJsT
HPUMEHEHUE B CeTAX J10 35 KB U TOJIbKO TaMm, rie Tpedyercs CpaBHUTEILHO HU3Kasl
MPOMYyCKHAsl CMOCOOHOCTh MO TOKY, T.€. JOCTATOYHBI Mallble CEUEHHs TOKOBEIYITHX
xwi. Cpei BHOBb IIPOKJIAIbIBaeMbIX Kabenel B cersix 6-35 kB 6osee 50% siistitoTcst
onHodazHbiMu, a B cetsix 110-500 kB — Bce 100%.
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2.3. Pa3pbIB 3KpaHHBIX KOHTYPOB 01HO(a3HBIX KaleJiei

Camblif 04eBUAHBINA CITOCOO OOPHLOBI C TOKAMH B DKpaHaxX —3TO Pa3pbiB KOHTYPOB,
B KOTOPBIX 3TH TOKU NPOTEKAIOT. Harpumep, pa3pbiB SKpaHHbIX KOHTYPOB JIOCTUIAETCs
B CXEME pHC.2.5, Ilie MPOU3BEAECHO Pa33eMIICHUE PKPAHOB Ha OJJHOM M3 KOHILIOB Kalers.
D¢} PeKTUBHOCTh TAKOrO PEIIEHHs] CBSI3aHA HE C TEM, YTO DKpaHbl CTaM «XYXKe»
3a3€MJICHBI, @ C TEM, YTO DKPaHbl JIMIIEHbI OOLIEH TOYKH, B KOTOPOH OHU COEJIMHSIUCD
BMECTE U 3a CHET KOTOPOH OKa3bIBAJIUCH 3aAMKHYTHIMH SKPaHHbIE KOHTYpA.

HecMoTpss Ha OJHOCTOPOHHEE 3a3€MJICHME SKpaHa B DKPAHHOM KOHTYPE BCE
PaBHO HABOJMUTCS DJIC, T.€. HA DKPAHE OTHOCUTEJBHO 3EMJIM CYLUECTBYET HAIPSIKEHUE
MPOMBIINIEHHONW 4YacTOThl, MaKCHMMaJlbHOE 3HauYeHHEe KOTOpPOro JIOCTHUTaeTcsi Ha
Pa3OMKHYTOM KOHIIE dKpaHa H, coryiacHo (1.2), mponopiuoHaibHO TOKY B JKUJIe KaOesl.

Beipakenne (1.2) mo3BonsieT OLEGHUTH HaBEJECHHOE HampshkeHHe (WU 537c),
BBI3bIBAEMOE «CKBO3HBIMH» TOKAMH KHJIbl, KOTOPBIE TPOXOJIAT MO BCEH XKHUJIE, SIBISISICh
OJIMHAKOBBIM U B HavaJie Kabesist U B ero KoHile. CKBO3HbIE TOKH MOT'YT ObITh
— B HOPMAaJIbHOM PEXUME;

— B aBapHitHOM peXUMe, KOorjia B CETH 3a KabeleM UMEET MECTO KOPOTKOE 3aMbIKaHHE,
NOJITUTKA TOYKH KOTOPOTO MPOUCXOJAUT 10 MHOIMM TOKOBEJIYIIUM DJIEMEHTAM CETH
U, B YACTHOCTH, MO )KUIIE pACCMaTPUBAEMOT0 Kadesl.

Ecin KOpoTkoe 3aMblkaHME MPOU30LUIO HE 3a KadeseM, a HEMOCPEJCTBEHHO B
camoM kabesne (Mex1y JKUJIOH U DKpaHOM), TO TOK B JKWJI€ HE SIBISIETCS «CKBO3HBIMM.
HanpspkeHne Ha sKpaHe B 3TOM Cllydyae HE HAaBOJMTCS, a MPENCTABISET cOO0H MpocToe
najieHUue HANPSHKEHHs, KOTOPOE CO3/1aeT TOK KOPOTKOTO 3aMbIKAHHMSI, MPOTEKASI U3 KHJIbI
4epes3 MECTO NOBPEKACHUSI U30JISILUU B DKPaH U 1AJIEE B 3a3€MJIUTEIIb DKPaHA.

A

Puc.2.5. Cxema coeTMHEHHs1 DKPAHOB IPYMIHI U3 TpeX OAHO(A3HBIX Kadenel B ciyvae,
KOTJIa 9KPaH 3a3€MJIEH TOJIBKO C OJIHOH CTOPOHBL.

[lycts U, — HarnpsbkeHHe Ha PKPAHE OTHOCUTENIbHO 3€MJIM, HauOOJIbIlee U3 BCEX

paCCMOTpeHHle pe)KI/lMOB KCKBO3HbIX>» TOKOB >KHWJIbI Ka6e.l]$l. ECJ]I/I HJIsA KOHerTHOF (0]
Ka6en51 HCKIIIOUCHO ITPHUKOCHOBCHHUC YCJIOBCKA K DKpaHy, TO B KAUCCTBC NOITYCTHMOI'O
Ha]'lpﬂ)KeHHﬂ Ha 31<paHe MOXXHO HpHHﬂTB TO HanpﬂxceHne, KOTOpOG oTBCUACT HquHOCTI/I
HU30JISILKUHU 9Kpaﬁa, T.C. BO BCCX pemnmax Ka6en;1, HMCIOLLCTO He3a3eMJICHHBINA KOHCLL
SKpaHa, 10J2KHO BBIITOJIHATLCA YCJIOBUC

U, <u,™,

U;,)/ZOH — JOIYCTUMOC 3HAUCHHUC HAIPIKCHUS HpOMBIIHHeHHOﬁ qacCTOThI JJIsd

rje
U30JISAIIUH SKpaHa (000J0UKH Kades).
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Puc.2.6. Cxema coeIMHEHUS DKPAHOB IPYIIIbl U3 TPEX 0JHO(]A3HbIX Kabeel B cilyuae,
KOTJIa SKpaH pa3/ieiieH Ha CEKLIUHU, 3a3€MJIEHHBIE OJIUH Pa3.

A

\/ \/

\/ \/

\/ \/

Puc.2.7. OntuMuzupoBaHHas cxema puc.2.6 COeJIMHEHMSI SKPaHOB.

A

Puc.2.8. CxeMa coelMHEHUS SKPAHOB I'PYIIIIbl U3 TPEX 0JHO(]A3HbIX Kabeael B cilyyae, KOrjaa 3KpaH
pa3ziesieH Ha JIB€ CEKIIMH, 3a3€MIIEHHBIE OJIMH Pa3 CO CTOPOHBI KOHUEBBIX MOICTAHIIUNA.

[Ipeanonoxxum, 4To B cXeMe puc.2.5 UMEET MECTO MPEBBIIICHUE HAMPSKEHUEM
SKpaHa JOMYCTHMOro s 00onouku 3Hadenust U, >U.". B sTom ciydae MOXKHO

NPEIONKUTH pa3ieuTh dKpaH kadeis Ha K HECOCTWHEHHBIX JAPYT C JAPYrOM CEKIIMH
[IPUMEPHO PABHOU JUIMHBI, B KAX/J0H U3 KOTOPBIX DKPaH 3a3€MJIMTh JIMIIL OJUH pa3. Ha
puc.2.6 B kauecTBe IpUMepa Moka3aH ciiydyad K =4. BeiOop uncia cekiuil mpoBOAUTCS
UCXOJIS1 U3 00ECTIeUeHHUsl YCIOBUSI

[Ipu GoabiIOM YHucae CeKUMi K cxema puc.2.6 teopetrndecku 3¢p@EeKTUBHA, HO
PaKTHUECKH TPYAHO peanuzyema. JIeno B TOM, 4TO €ciii Mo KOHI[aM kabeTrHOH JTMHUH,
KaK MPaBUJIO, UMEIOTCS 3a3EMJISIIOLLIME YCTPOUCTBA, K KOTOPHIM MOXHO IPUCOEAUHUTD
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AKpaHbl kabessl, TO Ha Tpacce TaKUX YCTPOMCTB HET, U UX HAJ0 MPEIycMaTpUBaTh TEM B
OoablieM KosiMuecTBe, yeM Oombiie K. [losTomy Oosiee ynoOHOH clieqyeT Mpu3HaTh
cxemy puc.2.7, kotopas
— TpedyeT MEHbIIEro KOJIMUECTBA 3a3EMIISIIOIIMX YCTPOICTB;
— Oe3onacHa JUIsl MepcoHasia, Tak Kak pa3pbiBbl 00yCTpauBaroTCsl B CHElHaTIbHbBIX
COEJIMHUTENILHBIX My(pTax, HCKIIOUAIOIIUX TPUKOCHOBEHHE K DKpaHaM.

[Ipn K >1 Ha NpakTUKE NPUMEHEHHE HAXOAUT cXxema puc.2.8. OHa UMEET JUIb
JIB€ BCTPEUHO pAcCTOJOKEHHbIE CeKIMH K =2 U He TpedyeT JOMOTHUTEIHLHBIX
3a3eMJISIIOILKUX YCTPOUCTB U JIONOJHUTENIbHBIX COSIMHUTENIbHBIX My PT.

B T1a6:1.2.1 npuBeneHbl dMI0phl pacipeieaeHus: HanpsbkeHus: U /U, Ha dKpaHe

OTHOCHUTCJIBHO 3CMJIM B 3dBUCUMOCTHU OT KOOPAHUHATLI L/ LK, rac U9 — HAIIPsSOKCHUC Ha

JKpaHe OTHOCHUTEIHHO 3€MJIM B KOHIIE Kabessi B cxeme puc.2.5, L, — jjiuHa Kabels.
OMIOpbl TONYYEHBl I Pa3IMYHBIX CXEM COEAUHEHUS SKPAaHOB C HMCIOJb30BAHUEM
JvHeWHoH 3aBucuMocTH (1.2) HaBOMMO# Ha DKpaH 3JI1C OT JUIMHBI ydyacTka KadeJis.

N3 T1abn.2.1 BUAHO, U4TO B COEAMHMUTEJbHBIX My(drax 1no Tpacce kabess, B
KOTOPBIX BBIMIOJIHEH pPa3pblB  3KPAHOB, CYHIECTBYET, BO-TEPBHIX, MMONEPEHHOE
HaIpsKEHUE Ha DKpaHe OTHOCHUTEIBHO 3€MJIM, U, BO-BTOPBIX, MPOJIOJILHOE HANPSIKEHUE
Ha pa3psbiBe. [103TOMY BO3MOKHOCTD pa3pbiBa SKpaHa Kadels B COETUHUTENBHON My Te
JIOJKHA COTJIACOBBIBATLCS C MPOU3BOAUTENEM MY(PTHI C yU€TOM KOHKPETHBIX BEJIWYHUH
000MX ATUX HANPSHKEHUH.

Ecnin xabemp HMMeeT HECKOJIbKO CTPOMTENBHBIX JUJIMH M, CJEJ0BATENbHO,
COEJIMHUTEIILHBIX MY()T, TO a1 puc.2.8 HanpspkeHWEe Ha €IWHCTBEHHOM pa3phbiBe
dKpaHa cocrasiisieT U, W HE 3aBUCUT OT TOTO, B KAKOW HMEHHO COEMHUTENBHONW My Te

cienaH paspeiB. TeM He MeHee, pa3pbhlB PEKOMEHIYETCSl BBIOJHATH B TOW Mydre,
KoTOpasi Haubosiee OJM3Ka K cepelluHe JUIMHBI Kabeiss. B nmpoTuBHOM ciiydae, OyayT
3aMETHO PA3/INYaThCS HAMPSHKEHUS <OKPaH-3eMIISI» ClIeBa U CIIPaBa OT Pa3phbiBa.
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Ta64.2.1. Dnropbl paclpeeaeHus HAPSHKEHKS [IPU PA3PbIBE SKPAHHBIX KOHTYPOB.

Cxema
COEIMHEHUS
JKpaHoOB

Pacnpeﬂeneﬂue HaMpsKCHUA Ha S3KPpAaHC OTHOCUTC/IbHO 3CMJIU

Puc.2.5

AU,

1.00

0.75

0.50
0.25

LIL,

0 0.25

0.50

0.76

1.00

Puc.2.6

AU,

1.00
0.75

0.50

0.25

LIL,

0 0.25

0.50

0.75

1.00

Puc.2.7

AU,

0.50
0.25

0

L/L

-0.25

-0.50

0.25

0.50

0.75

1.00

Puc.2.8

AU,

0.50

0.25

L/L

-0.25

-0.50

0.25

0.50

0.75

1.00
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2.4. Tpancno3uuusi SKPaHoB ogHO(PA3HBIX Kadeeii

«T'paHCTO3UIIHS» XOPOITIO 3HAKOMA PHEPreTHKam, TOCKOJIbKY OHA TPUMEHSETCS
Ha BO3ayLIHbIX JuHusix (BJI) ssiekrponepenay jijisi BbIpaBHUBAHUS 1aPAMETPOB JIMHUU
no ¢asam. Tpancnozunus ¢asHbix npoBogoB BJI — 310 mepuonuueckas cmeHa
noJioxkeHusi pazHoro mMpoBojia Ha onope. B kaOeabHBIX JUHUSIIX DJIEKTpOIepead moj
CTPAHCIIO3ULIMEH» MOXHO ObLIO Obl 10 aHAJIOTMM HOHUMATh CMEHY IOJIOXKEHHUS
onHoda3HbIX Kabeneil Jpyr OTHOCUTENBLHO JAPYTa, OJHAKO HETPYIHO MOKa3aTh, YTO ATO
HUKaK HE IMOBJIMSIET HAa TOKH B DKpaHaX, MOCKOJIbKY HMKAK HE MEHSIETCSl BXOJISIIEE B
(1.1) cpeanee paccrosiiue s MexAy ocsiMd ¢da3. CHHKEHHE TOKOB B DKpaHax
JIOCTUTaeTcsl He TpaHcno3uiuen (a3 kadess, a TpaHCIO3UIMEN SKpaHoB (a3 kadelts.

Ha puc.2.9-2.11 noka3zanbl CXeMbl COCIMHEHHUSI DKpPaHOB TPYMIbl M3 Tpex
onHO(pa3HbIX Kadesel B cliydae, KOrJa dKpaH pa3ieieH Ha CEKIIMH, COEIUHEHHBIE YEPE3
y3JIbI TPAHCTIO3UITUU: puc.2.9 — O/IMH MOJIHBIA IIUKJT TpaHcno3uluu, puc.2.10-2.11 — nBa
HOJIHBIX 1IUKJIA TPAHCIIO3ULIUK TPU TOM WJIM UHOM O0yCTPOUCTBE CPEIHEN TOUKH.

A
B a)
. |
A bia—»
.
a1 |
B — H—F 6)
— /
c AN L e
—>
|33

Puc.2.9. Cxema coeIMHEHUs SKPaHOB TPYIIIBI U3 TpeX 0HO(a3HBIX Kadeneil B ciayuae,
xoraa npumeHeH N =1 moaHBIA LUK TPaHCTIO3HULIUK.

Puc.2.10. Cxema coeAMHEHUsI SKPAHOB I'PYIIIibl U3 TpeX 0AHO(pa3HbIX Kabe/el B cliyuae,
Koraa npuMeHeHo N = 2 MOJHBIX UUKIA TPAHCTIO3ULIMH.
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Puc.2.11. Cxema coeiMHEHUs SKPAHOB TPYIIITHI U3 TpeX 0JHO(]A3HBIX Kabenel B cayvae, koraa
npuMeHeHo N = 2 1oJiHbIX UMK/1A TPAHCIIO3ULIMM, CPEIHSISE TOUKA SKPAHOB 3a3EMJICHA.

B HOpMalbHOM CHMMETPUYHOM pEXUME PadOThl MPUUMHOM HAJIUYMS TOKOB B
3a3eMJICHHOM MO KOHIIaM dkpaHe ojiHoda3zHoro kadelsist ObLIO0 TO, 4TO coceHue a3bl HE
MOTJIM B JIOJDKHOW Mepe OKa3aTh KOMIIEHCHPYHoIero aeictus (cm. puc.1.8, tae s>r,).
B cayyae npuMeHeHUs MOJHOrO LHMK/IA TPAHCHO3MUMMU I0JY4YaeTCsl, YTO DKpaHbl
HEPECTAI0T MPUHAJIEKATh OTHON KOHKPETHOH (haze kadessi, a CTaHOBATCS OOLIMMH JIJIs
Bcex Tpex (a3. Hampumep, Ha skpan Nel, nmokaszanHbiii Ha puc.2.9,0 npepbIBUCTON
JMHUEH, HA [IEPBOM y4YacTKe Kabeiiss HAaBOJMTCS MPOIOJIbHASL DJIC TJIABHBIM 00pa3oM OT
(da3pl «A», Ha BTOPOM ydacTke kaldesss — r1aBHbIM 00pa3oM oT (a3bl «B», Ha TpeTheM
ydacTke kadesst — riiaBHbIM 00pa3zoM oT (azbl «C». CymmapHas e MpoJIoJibHas 3JIC B
HOpPMAaJIbHOM YCTaHOBHBILEMCS peKUME pabOThl paBHA HYJIIO, T.€. TOKOB B DKPaHE HET,
HECMOTPsI Ha TO, YTO OH 3a3eMJIeH B 000MX KOHIIaxX kalbeJs.

[Tos1o%uM U1l POCTOTHI, YTO UMEET MECTO OJIMH TMOJIHBIA HUKJI TPAHCIO3HUIIUH,
JUIsl yero kaGenbHas JIMHUS pa3JelieHa Ha TPU ydacTKa MPUMEPHO paBHOW JIavHBL. Ha
NEepBOM YYacTKe OKpaHa HampspkeHWE DJKpaHa OTHOCHUTEIBLHO 3€MJIM  PaBHO
COOTBETCTBYIOLLIEH HABEJEHHOM 3JIC, IPUUYEM 3aBUCUMOCTb HANPSDKEHUS! HA DKPAHE OT
KOOpJAUHATLI L/L, JIMHEHHAs C TEM K€ «HAKJIOHOM», YTO W JUIS Cly4das 3a3€MJICHUS
9KPAHOB C OJTHOW CTOPOHBI. AHAIOTHYHO JIJISI TOCTIETHETO (TPEThEero) yuacTka dKpaHa.

Jlis moOoit Touku L/L,, IpuHaAJeKaled cpeqHeMy y4acTKy, HanpsbDKEHUE Ha
AKpaHe OTHOCHUTEIILHO 3€MJIM MOKHO HAHUTH OJIHUM U3 JIBYX CIIOCOOOB:

— CJIO)KMB BCIO J/IC INEPBOr0 ydacTka M 4YacTh 3JIC CPEJHEro ydacTka, KOoTopas
HaBeJIeHa MEX/1y MEPBbIM Y3JIOM TPAHCIO3UIIMU U pacCMaTpUBaeMON TOUKOH L/ L, ;

— CIIOXKHWB BCIO JJC TPETHETO YUYACTKA M YACTh BJC CPEJHEro y4acrka, KoTopas
HaBeJIEHAa MEXIY BTOPBIM Y3JI0M TPAHCIIO3ULIUHA U PACCMaTPUBAEMOM TOUKOH L/L, .

B Ta6n.2.2 panwl smiopel  pacnpeneneHuss HanpsbkeHuss U /U., Ha dKpaHe

OTHOCHUTEJ/IbHO 3€MJIM B 3aBUCUMOCTHU OT KoopAuHarel L/L,, rae U, — HalpsHKeHUe Ha

AKpaHe OTHOCHUTENIHLHO 3€MJIH B Y3JI€ TPAHCIO3UIIMU cXeMbl puc.2.9, L, — iiinHa kadens.

Duropa paciipejle/ieHus: HallpsKEHUs! HA CPEJIHEM YUacTKe HOCUT CJI0XKHYIO (opMy u3-
3a TOTO, YTO 3TO HAINPSIKEHHUE OMPENEISETCS U 3JC CPENHETO YUacTKa, U JC KpalHero,
a JUIL HUX OIPE/IENISIFOIIMMU SIBJISIFOTCS] TOKU PA3HBIX UL
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Tab61.2.2. Dnropbl paclpeeaCHUs HAPSHKEHUS [IPU TPAHCIIO3ULIMKM DKPAHOB.

Cxema
COEIMHEHUS PacnpenencHue HaMpsHKEHUS HA SKPAHE OTHOCUTEIbHO 3€MIIM
JKpaHOB
AU/ U3
1.0
Puc.2.9
0.5
LIL,
0 P
1/6 2/6 36 4/6 5/6 6/6
AU/ U3
1.0
Puc.2.10-2.11
0.5 LIL,
0 P
1/6 2/6 36 4/6 5/6 6/6

JUist pajiMKajabHOTO CHHUXKEHHUSI TOKOB B DKpaHax B HOPMAJIbHOM PEXHUME U IPU
KOPOTKHMX 3aMbIKaHHSIX B CETU BHE Kalels TOCTATOYHO MPUMEHEHUE OJAHOrO MOJHOTO
[MKJIa TPAHCIO3UIIMK SKpaHOB N =1. OJHAKO MO YCIOBHUSIM OI'PAHUYEHHUS HAMPSIKEHUS
B y3JaX TpaHCHO3UIUU U, BO3IEHCTBYIOIIECTO B PA3IMUHBIX peXUMaxX Ha 000JIOUYKY

Ka6en51, MOXECT HOTpG60BaTBCH YBGJ'[I/ILIGHI/IG Hudja IIOJHBIX ITHUKIIOB TpaHCHO3I/IHI/II/I.
Bb10op uncna nukiaoB TpaHcno3uiMd N MPOBOJIUTCS UCXOJIs1 U3 O0ECTIeUEHUs YCIOBUS
U.
—2 <y
N :

— JOMMYCTUMOC HAITPSKCHUC HpOMBHHJ'[CHHOﬁ HaCTOTBI AJIsI U30JISIUA DKpaHa.

raoe U ;,”OH

TpaHcno3uIus SKpaHOB MPEACTABISIET COOOH TOCTATOUYHO CIOXKHOE MHKEHEPHOE
coopyxeHue, Tpeldyrolliee HaIUUKsl Ha Tpacce kabesst ABYX U 0o0Jiee COeTMHUTETbHBIX
My}T, KOJIOAEB TPAHCHO3UIIUK ¢ KOPOOKAMH TPAHCIIO3UIINU, 3a3EMJISIOIINX YCTPOUCTB
C MaJIbIM COMPOTHBICHUEM, K KOTOPBIM MPUCOEAUHSIIOTCS Kopiyca Kopoook. [Toatomy
C DKOHOMHUYECKON M TEXHUYECKOW TOUYEK 3PEHHUS TPAHCIIO3UIIUSI SKPAHOB ONpaB/iaHa He
BCEra.
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2.5. bopb0a ¢ ToOKaMu U I0MyCTHMOE HANPS:KEHHE HA YKPAHe OTHOCHTEILHO 3eMJIH
Ha skpane onHOda3HOrO Kabelss OTHOCHUTENBHO 3eMJIH MOXET CYIIeCTBOBATH

HanpsHKEHUE MPOMBIIIJICHHOR YaCTOThl. DTO HANPSHKEHUE 3aBUCUT OT psiia PakTopoB U,

B YaCTHOCTH, OT BBIOPaHHOH CXEMbl COCTUHEHHUS U 3a3eMJICHUs SKpaHoB. HeoOxoaumo

OrpaHUYMBAThH HAMPSHKEHUE HA DKPaHaX OTHOCHTEIBHO 3€MJIH C IEJIbIO;

— obecrieuenust 6€30MMaCHOCTH JIIOAEH U )KUBOTHBIX,

— oOecrneueHus MeNOCTHOCTH 000I0UKY Kademst (TepMEeTHYHOCTH Kabers).

OdeBHIHO, YTO JTFOOAsT CXeMa COEJTMHEHHS U 3a3eMJICHUs] SKPAHOB OJHO(DA3HBIX
cuioBbiX kabesel 6-500 kB o0si3arenbHO A0/DKHA ObITh MPOBEPEHA C TOUKH 3PEHMUSI
BEJIMYMHBl HAMPSDKCHUS] TPOMBIIIJICHHOW YacTOTHI HA JKpaHE OTHOCHUTEIHHO 3EMITH.
ITpu 5 TOM HEOOXOIMMO PACCMOTPETh HAMPSHKEHUE B CISAYIOIIUX CIydasiX:

— B HOPMAJILHOM PEXKHUME;
— IIpH HOBPEKICHUN H3OSIHH KUTA-IKPAH» CaMOoro Kabes;
— TP NOBPEKACHUU U3OJISIIUKU CETH BHE KaOeJIsl.

[Ipu_nospescoenuu uzonsyuu «cuna-skpan» kabens (WM W30JSIANA OTHON U3
ero My$pT) BHE 3aBMCHUMOCTH OT HPHUHSATOM CXEMbl COCJAMHCHHMSI M 3a3E€MJICHHUS €ro
HKPaHOB TOK (KOPOTKOT'O) 3aMBIKaHHUS MTPOXOIUT U3 JKUJIBI YepPe3 MECTO MOBPEXKICHHUS B
SKpaH W Jaliee, CO3/1aBasi MaJCHUE HAIPSHKEHUsI, MPOXOJUT B OJHO WM HECKOJBLKO
3a3eMJISIIOLLIMX YCTPOUCTB dKpana. Haubosbuiee HanpsikeHrue Ha DKpaHe OTHOCUTEJILHO
3eMJIU TIPU ATOM JIOCTUTAETCSI BOJIM3HU OT MECTa MOBPEXKJICHUS U30JISIINU OKHJIa-dKpaH»
U MOXET ObITh OMACHBIM C TOYKH 3PEHHUsI 1IETOCTHOCTU 000J10ukH Kadess. O Hako, Ha
caMOM JieJie, HapyIIeHHE LEJOCTHOCTH OOOJIOYKHM B MECTE MOBPEKIACHUS TJIABHOU
U30JI1MK  Kabeslsi BEpOSsITHO HEe W3-3a BO3JEHCTBUS Ha OOOJIOUKY HaMpsiKEHUs
IPOMBIIIJIEHHOW YaCTOThI, & U3-3a €€ TEPMHUUYECKOr0 pa3pylIeHUsi CUIIOBOU Jyrou. Kak
CJIEICTBHE — MOTCHIUAN AKPaHa BBIXOJUT Ha MOBEPXHOCTh KaOess, 4TO OMACHO JJIs
HAXOJISIIUXCSl TOOJU30CTH JIIOJIEH U KUBOTHBIX, MOCKOJIBKY OHM MOTYT TOMAacTh MOJ
IArOBOE HANPSYKEHUE WJIM HANPSIKEHUE IPUKOCHOBEHMUS.

XyxXe BCEro neao OOCTOMT B OTEUYECTBEHHBIX TOPOJCKHX KaOENbHBIX CETSIX,
UMEIOIIMX H30JIMPOBaHHYIO (KOMITCHCHPOBAHHYIO) HEHTpaih, Tak Kak ojiHOda3HOe
HOBPEXKICHUE H30JISIIMM  KaOeasi pejeiHOM 3alllMTOM HE OTKII0YaeTCs, a MOTOMY
1aroBoe HampsikeHue OyAET CyIeCTBOBATh JECATKM MUHYT. B 3THX ceTax HanmpsikeHue
Ha DKpaH€ OTHOCUTEJILHO 3EMJIM ONPEACSIETCS MPOU3BEJIECHUEM TOKa OJIHO(A3HOIO
3aMbIKaHMsI Ha 3eMJIF0 Ha CONPOTUBJICHUE dKpaHa (3aBUCUT OT JUIMHBI KaOCJIsl U CCUeHMsI
skpana). Jist obecrnieuenns 6€30MacHOCTH JIFOIeH W )KWBOTHBIX JKEJIATEILHO, YTOOBI 3TO
HaNpsOKEHUE HE MTPEBOCXO/IUII0 HECKOJIBKUX JIeCATKOB Wi coteH B (Hanpumep, 100 B).

B nHopmanvhuom pescume:

— eCIi dKpaHbl 0gHO(a3HOTO Kabems 3azemiieHbl 00HOBPEMEHHO 6 000UX e20 KOHYAX,
TO HANPSHKEHUE Ha DKPaHE OTHOCUTEILHO 3€MJIM BO BCEX TOUKAX UCIPABHOIO KaOeJsi
MaJIO OTJIMYAETCSl OT HAIPSDKEHUS] HA KOHLIEBBIX 3a3€MJISIIOLIMX YCTPOUCTBAX, T.€.
COCTaBIIIET HEe 00Jee IUHUI] BOJBT JaXKe IJIs kaOesaed OONbIION JIUHbBI U AaXe TIPU
OO0JILIIIMNX TOKAX B JKUJIE,
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— ©CJIU DKpaHbl kabesel pazoeieHvl HA K 00HOCMOPOHHE 3A3eMACHHbIX CeKyull, TO Ha
HKpaHax OTHOCUTEJILHO 3€MJIM OYAET HanpsHKeHUE MPOMbBIIUICHHOW 4YacTOThI,
COCTaBJISAIONIEE JECATKH UK COTHH B; MakcHManbHOE 3HAYCHHUE 3TOTO HAMPSHKCHUS
JIOCTUTaeTCsl B HaubOoJee YAICHHBIX OT 3a3eMJIEHUS TOYKaX W HE JIOJDKHO
npesbiiaTh, ckaxem, 100 B, 1a0bl npy MexaHU4eCKOM (MJIM MHOM) HOBPEXKICHUU
000J10ukHu KabeJIsl MOTEeHIMA PKpaHa He CO3/a]l OMACHOTO JIJIs JIFOJIeH U )KUBOTHBIX
1arOBOTO HAIPSIKEHUS UJIM HAMPSHKEHU ST TPUKOCHOBEHUS

— €eCIIi K DKpaHaMm kalesiell mpuMeHEeHa mpaHcnosuyus, TO Ha YKpaHaX OTHOCUTEILHO
3emMiid OYyJIeT HaANpPsHKEHUE MPOMBIIICHHONH YaCcTOThl, COCTABJISIONICE JAECATKU WJIH
COTHH B; MakcuMalbHOE€ 3HAYEHHE HSTOTO HAMpPSKEHHs] JOCTUraeTcsl B y3iax
TPAHCHO3UIIMHU U TI0 Ha3BaHHBIM MPUYHWHAM HE J0JKHO MpeBbIaTh, ckaxem, 100 B,

LIpu nospesicoeHuu uzonAyuY cemu 8He KabeJis:

— eCJM dKpaHbl 0OHO(PAZHOTO KaOEINs 3azemieHbl 00HOBPEMEHHO 8 000UX e20 KOHYAX,
TO HAMPSHKEHWE Ha DKpaHe OTHOCUTEITHLHO 3€MJTH BO BCEX TOUYKAX MCIPABHOTO KaOest
MaJI0 OTJIMYAETCSI OT HAIpsOHKEHHWs] HAa KOHIIEBBIX 3a3eMIISIFOIIUX YCTPOWCTBAX, T.€.
cocTaBliseT He Oonee enuHull B maxe ayst kabeneld OOMBIIOW ATWHBI U Jaxe MpU
OOJIBIITUX TOKAX B KHUJIC;

— eCJIM dKpaHbl kKabesel pazdenenvt Ha K 00HOCMOpPOHHE 3A3eMICHHBIX ceKyull, TO Ha
DKpaHaX OTHOCUTEIHHO 3eMJId OyJeT HampsHDKEeHWE MMPOMBIIIJIEHHOW YacTOTHI,
COCTABJISIFOIIEE COTHU WJIM ThICSUM B; MakCUMalIbHOE 3HAYEHHUE DTOr0 HANPSIKCHHUS
JIOCTHTaeTCsl B Hawbosee YAAJICHHBIX OT 3a3eMJICHUS TOUKaX W JOJKHO OBITh C
3a1macoM MEHBIIIE UCTTBITATEILHOTO JJ1s1 000JIOUKH KaleJs,

— eCIi K DKpaHaMm KkabeJiell mpuMeHeHa mpaHcnosuyus, TO Ha YKpaHaX OTHOCHTEIILHO
3eMyid OyJIeT HalpspDKEHHE TPOMBIIIICHHONW YacTOThI, COCTAaBIISIONIEE COTHU WIIH
ThICSYH B; MakcMMallbHOE€ 3HAUYC€HHE HTOTO HAMpPsDKCHUS JOCTHUTaeTcs B y3iax
TPAHCMO3UIIMH U JIOJDKHO OBITH C 3a11acOM MEHBINE UCTIBITATEIEHOTO JIJIT 000JI0YKH
radeJsi.

OnpenenanM JOMYyCTUMOE HampspKEHHE Ha 000JI0UKe, KOTOpOe ¢ JOCTATOYHBIM
3armacoM Oy/1eT MEHbIIIe UCTIBITATeNIbHOTO. [lepe BBOIOM B SKCILTyaTaI|IO U Jlajiee yKe
B Ipolecce dKciutyaraiuu (nepuogandecku) 000s10uky kadesei 6-500 kB ucibIThIBAIOT
nocrossHHbIM HampspkeareM 10 kB (10 mun g 6-35 kB u 1 mun g 110-500 kB).
O1eHOYHO MOYXKHO CUMTATh, UTO JIst 00osiouek kadesei 6-500 kB Ha Bpemsi KOpOTKOTO
3aMbIKaHUsl B CETH JIONYCTUMO HAMNPSHKEHUE MPOMBIILICHHON 4YacTOThI, JEHCTBYIOLIEE
3HAQUYEHHWE KOTOPOTO COCTABJISIET, CKaXkeM, 5 kB.

Ecnv npu BHEIIHEM MO OTHOIICHHIO K Ka0et0 KOPOTKOM 3aMbIKaHWH B CETH Ha
000JI0UKY BO3JIEHCTBYET HampsbkeHue, Oompiiee 5 kB, To CTAHOBUTCS OIIYTUMBIM PHUCK
npo6ost 06o0s10uku. Eciu npoboi mpousoiiier, To jJanee B HOpMAILHOM peXUMe padOThl
(y’ke 1mocjie OTKJIHOYCHHST KOPOTKOIO 3aMbIKaHMsl B CETH BHE KaOeJ/s) Mpou3oiier
BBIXOJ HAMPSKEHUS YKpaHa Ha TTOBEPXHOCTh kabes, YpeBaThiid MOSBICHUEM IIIATOBOT'O
HATIPSOKEHU S WA HANTPSHKEHU ST TPUKOCHOBEHUSI.
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B 1a61.2.2 npuBeneHbl 00IIKME PEKOMEHAAUN MO JOMYCTUMBIM HANPSHKCHUSM,
MOJIyYEHHbIE B pe3yJbTaTe MPOBEJCHHOTO BHIIIE PACCMOTPEHUS HOPMATLHOTO pPeXUMa
Y Pa3IMuHbIX MOBPEXkICHUM u3osisiiuu (B kadesie, B CETH).

JlonmyCTUMOE HaNpsiKEHUE HA YKPaHE OTHOCUTEIBHO 3€MJIM PEKOMEHIYETCS, €CIIH
BO3MOHO, COIJIaCOBBIBATH C MPOU3BOJAUTEISIMA KOHIIEBLIX U COEIUHUTEIIbHBIX MY(T,
UCIOJIb3YEMbIX TIPU CTPOUTEJILCTBE KAOEIbHON JTMHUMU.

Ta0n.2.2. PacueTHbie cydyad M OTBEUYAIOMIUE UM JOMYCTUMBIE HAMPSDKEHUS 1711 IPOBEPKU CXEM
COEIMHEHUS U 3a3€MJIEHHS SKpaHOB OAHO(]a3HBIX cunoBbIX kadeneii 6-500 kB ¢ Touku 3penus U , .

o o jqon
PacuerHslii ciyqait U:ﬂ , B
HOPMAJIbHBIN PEXKUM pabOThI 100
MOBPEIKICHHUE U30JISIUN CETH BHE KaOest 5000

MOBPEKJCHUE U30JISILIUU OKUJIA-dKpaH» Kades:
— cpasy He OTK/IKYaeTcs (CYIIECTBYET ASCITKH MUHYT) 100
— OTKIIIOYaeTCs cpasy (CYMECTBYET CEKYH/IBI) ---

[lo Tpacce kabesiss HEraTMBHOE BJIMSIHME HAINpSOKEHMs] dKpaHa Ha JIIOJEH |
XUBOTHBIX BO3MOXHO TOJLKO HPHU MOBPEXJIEHUU 000J0ukU kabessi. Eciin o0osiouka
eNa, TO HaIPSDKEHHUE SKpaHa MPEACTaBIsSIET OMMACHOCTh TOJbKO Ha KOHIAX KaOels, rae
9KpaH BbIBeJEH M3 MY(Thl, HO HE 3a3eMJieH. B »TOM ciiyyae peub HJIET O ClIydalHOM
WIM [PEJIHAMEPEHHOM IIPUKOCHOBEHHHM K OJKpaHy I[epcoHalla, OOCIIyKUBAIOILIErO
AIEKTPOYCTAHOBKY. BO3MOXKHOCTh Takoro MPUKOCHOBEHHUS JOJKHA OBITh MOJHOCTHIO
UCKJIIOYEHa, YTO JIOCTUTaeTCsl:

— TPUMEHEHHEM CIEIUATBHBIX YJIEKTPOMOHTAXKHBIX KOPOOOK (cMm. riaBy 11);
— palMOHAIBHBIM BRIOOPOM MECTa pa33eMJICHHsI dKpaHa!

» eCclM BBOJI BO3IYIIHOH JMHUM B PACHPEISIIMTEILHOEC YCTPOWCTBO BBIMOJIHEH
Ka0esIbHOM BCTaBKOM, TO AKpaHbl 0JHO(A3HbIX Kaleyeh Jjydlle pa33eMiuTh Ha
MIEPEXO/IHOH OMOope Ha IOCTAaTOYHOH BBICOTE;

» eciu Kabellb MPUCOENINHEH K CHIIOBOMY TpaHchOpMaTopy, TO pa33eMiIeHHE ero
HKPAHOB JIy4lll€ BBIIOJHUTHL HAa Oake TpaHchopMaropa Ha J1OCTATOUHON BBICOTE;

» JIpyrue ciiydyaw.
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I''TABA 3. MeToauka pacdera npo/0JbHbIX IapaMeTPOB
oHo(pa3HBIX KadeJei

3.1. CoOcTBeHHBbIE M B3aHMHbIE TOTOHHbIE MApaMeTpbl

Crioco® o0ycTpoiicTBa 3KpaHOB Tpex(a3zHbIX Tpynn OJHO(MAZHBIX CHIIOBBIX
Kalesield BIMSIET HE TOJBKO Ha TOKM M HANpPsDKEHHs B DKpaHaX, HO M Ha MPOJOJIbHBIC
AKTUBHO-UHJYKTHUBHBIE COMPOTHBJICHUA MPSIMOH W HYJEBOM MOCIET0BATENBHOCTH,
UCIOJIb3yEMbI€ COOTBETCTBYIOIIIMMHU CIIy>kOaMH JIJIsl pacyera:
— TOTeph MOIIHOCTH;
— TOTEpb HANPSDHKEHUS B IMHUAX U YPOBHEHN HANPSKEHUS B y371aX CETH,
— TOKOB KOPOTKOI'O 3aMbIKAHHSL.

B 126:1.3.1 npuBeneHbl OCHOBHbIE 0003HAYEHUS], KOTOPbIE OYAYT UCIOIB30BATHCS
B JaJIbHEHIIIEM TTPH OTMpe/IeTICHUH TapaMeTpoB kadersl.

Ta61.3.1. OCHOBHbIE UCTIOJIB3YyEMbIE 0003HAYEHMS.

Bennunna O0603HaueHue
Buemmmii paguyc xkuisr (m) r
BHyTpenHwuii paauyc sxpana (m) r,
BHeinwuii paauyc sxpaHa (m) s
Buemnwmii paguyc kadens (m) r,
Ceuenue sxubl (m”) F, =m0’
Ceuenne 3kpana (m”) F, = ﬂ[(ff - r22)
Jlnvna kabens () L,
OTHOCHTEIbHAS AUYICKTPUYECKAst MPOHULAEMOCTh M30JISILIUH MEXKTY c
KuJI0M 1 dkpatom (o.e.) !
OTHOCHUTENTEHAS TUDJICKTPUUCCKAs TIPOHUIIAEMOCTh H3OJSIIIAK DKpaHa c
(0e.) 2
AGComOTHas IMAJIEKTPUUIECcKas POHMLAEMOCTh Bakyyma (D[ m) £, =8.851107"
AOCONIOTHAs MarHUTHAs NMPOHUIIAEMOCTh Bakyyma ( [#/ m) W =410~
VY ensHOe COnpOTUBIICHHE MaTepuana bl (Om 1) P
Y nenpHOE conpoTUBJICHNE Matepuana skpana (Om (1) ol
VYaeabHoe conporusiacHue rpyHta (Om ) ol
DKBHBAJICHTHOE PACCTOSHHE MEXKIY OCAMH COCeTHUX (a3 kadens (m) s
Kpyrosast yactora HanpspkeHHid 1 TokoB ( pao/ c) =27
YacToTa HarpsmKeHH 1 TokoB (/) f
MHuMast eIMHULA j=+/-1

CTpOFO roBops, H3BCCTHLIC CCUCHHUA KUJIbI F/»K H D3KpaHa Fa HC IIO3BOJIAIOT

OJTHO3HAYHO HANTH I€OMETPUYCCKHE XapaKTEPUCTHKH KaOems, KOHCTPYKIIHS KOTOPOTro
npenacrapieHa Ha puc.l.l. Tounwle 3HAUEHUs pPaAJWYCOB KHMIIBI M DKpaHa MOMXKHO
HOJYYUTh JIMIb Y MPOU3BOJAMTENSI KaOesi KOHKPETHOM Mapku, OJHAKO B TOJHOM
oObeMe TakWe JaHHbIe B Karajorax IPOU3BOAUTEICH OTCYTCTBYIOT (32 peIKHM
UCKITIOUCHHEM).
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KOppeKTHBIMHU OYIYT CIIEYIONINE BBIPAKEHHS:
Fi = Yx DTﬂlzi
F, =y, BT[QI’SZ - rzz),
rac 4[/}[( u 4[/3 — TaK HA3bIBACMBIC KOB(I)(I)HHHGHTBI 3AaIIOJIHCHHUA JXKHJIbI M SKpaHa.
FGOMeTpH‘{eCKHe XAPAKTCPHUCTHUKHU OI[HO(I)aBHOFO Ka0ens OIIPCACIIAIOTCA KAK

= |Fx 1Y
1 T

r,=r +A4A,,

r, = /rZZ + F, /l//19
/4

r.4 = r3 +AOE

(3.1)

rJie TOJILMHY IJIABHOM M30JSIUMU Kalesst A, W TOJLIMHY €ro 000JOYKU A,; MOXKHO
HPUHSTD 110 JaHHBIM Ta0i1.3.2.

Ta6n.3.2. YcpeaHeHHbIC 3HAYCHUS TONMUHBI H30JSIHH <KUIIA-IKpaH»
H TOJIIIAHBI 00010uKn Kadeneit 6-500 kB.

TonmwuHa U30a9UN
Tonmuna 000J104KH, MM
Knacc nanpsoxenus, kB <OKWJIa-DKpaH», MM g

(BemmumHa A, =T, —1,) (Bemmumna Apy =1, —1;3)

20 55 5

110 15 6

220 23 7

330 28 7

Puc.3.1. K Bonpocy 00 ornpeie/ieHuu paanyca »Kuiibl U 3KpaHa.

[lonsitue koddduimeHTa 3arnoiHeHUs MNPOWJIIOCTpUpoBaHo Ha puc.3.1 Ha
npuMepe Kuibl kadens, coCTOSAEd U3 MHOTMX MPOBOJSAIIMX MPOBOJIOK. BUAHO, 4TO
CYMMapHOe ceuenre F,. TPOBOJIOK MKHUIIbI MEHBIIIE, YeM TUIOIAAL 7/7(1,° Kpyra paauyca
r,, KOTOPYXO OHM 3aHWUMAlOT. [lo3TOMY AJIsi MHOTOMPOBOJIOYHBIX KWJI W DKPAHOB

KOB(i)(l)I/ILlI/ICHT 3allOJIHCHUA BCCrada MCHbLIC CAWHWUIBLI KW 3aBUCHT OT JAUaMCTpa
IIPOBOJIOK, CTCIICHU HUX VYINIOTHCHHA M IIPOUYHX (l)aKTOpOB. ITo HUMCIOIIUMCA AJaHHBIM
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TUNOBBIE 3HAYEHHsI KOP((UIHMEHTA 3alOJHEHHS] JKUJIBl COBPEMEHHBIX OMHO(DA3HBIX
CUJIOBBIX Kalesiedl OJIM3kU K BeJIMYUHE ¢, =0.9; undopMaluuu 1o ¢,, K COXKaJICHHUIO,

coOparb He yaajioch. B nanbHeiinem B npumepax pacuera KodpQGUUUEHTb! 3a10HEHUS]
JKHJIbI M DKpaHa yIPOLICHHO HOJ0XUM ¢ . =1, ¢, =1.

Cyl11eCTBYIOT JIOCTATOYHO TOUHBIE POPMYJIbI JJIsl pacueTa NOrOHHbIX 1apaMeTPOB
Ka0eynel, KOHCTPYKUMSI KOTOpPBIX NpHBeneHa Ha puc.l.l, B TOM 4uclie ¢ y4yeToM
B3aUMHOr0O BJMsIHUS (a3 W Uened Jpyr Ha JIpyra, a TakXKe € YYETOM YaCTOTHBIX
3aBUCUMOCTEH 9TuX napamerpoB. Tounbie ¢OpMyJibl BIEPBbIE I[PUBEACHbI B
3apyOexHoW myOsmkanuu [1]. DopMysbl JTOCTATOUHO CIOXHBI U 0€3 CIelHaTbHBIX
KOMITBIOTEPHBIX MPOrPaMM [0 UX PACUETY HEYI0OHBI B UCIIOJIb30BAHHH.

Huxe Oyayt npusenenbl GopMyJibl JIJIsl IOTOHHBIX [1apaMeTpoB Kadesied npu ux
YOPOUIEHHOM  ONpENeNIeHWH.  AHAJIUTUYECKHE  pacyeThl C  WCHOJIb30BAaHUEM
npejiaraéMbplX — yIPOIIEHWH  JaloT  XOpOIllee  COBIMAJEHHE C  pe3yJbTaTami,
UCIOJIB3YIOIIMMH TOYHBIE MApaMETPbl, KPOME TOrO, OHU MOATBEPXKIAIOTCA pacueTaMH,
NOJIyYEHHBIMA TP MOAPOOHOM KOMMBIOTEPHOM MOJICIIMPOBAHUU  TPOIIECCOB B
U3BECTHOM  KaHAJCKO-aMEPUKAHCKOM  NIporpaMMHoM  komiuiekce EMTP-ATP
(Electromagnetic Transients Program [2]).

Tabn.3.3. OCHOBHBIE YNEKTPUUECKUE MApaAMETPHI KaOers.

* 1
AKTHBHOE COTIpOTUBICHUE WHITBI (Om/ M) Ry =0x =0
-
. 1
AKTHBHOE conpoTuBjeHue skpana (Om/ m) R, =p; £
¢l
s _ N
AxTtuBHOE cornpotuiieHue 3emiau (Om/ m) R, ==, f
‘ 4
DKBUBANCHTHAS TTyOHHA (M) D, =224 Ps
W,
CoOcTBeHHass UHAYKTUBHOCTD SKUMBI (1 1/ M) Ly, = g—;[ In r—”j
1
* D
CoOcTBeHHast UHAYKTUBHOCTH KkpaHa ([ #/ m) L, = %m[r—?
T 2
B3anmHas MHAYKTHBHOCTH MEXKITY JKUIIOH (IKPAHOM) M COCETHUM M. = Hy In &
xabenem (Il m) ©oom s
B3aumHass MHAYKTUBHOCTb MEKILY KUJIOM M SKPAHOM OJIHOIO U TOrO M. = Ho In &
e kaoens (TH/m) o r,
C = B
EMKOCTb MKy KUI0H 1 SKpaHoMm (D / m) # In'2
rl
EMKOCTh MEK/Ty KpaHOM U 3emiieii (D m) C. = 27E £,
2
(bopmymna cipaBeyIMBa TSl CITyvast, KOraa KaOelb pacroioxkeH Infa
HETIOCPEJICTBECHHO B 3eMJIC) Iy
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[TomyduM pacueTHbIC BBIPAXKCHHS I MapaMeTpoB kabeneid (1a0:1.3.3-3.4),
OCHOBBIBASICh Ha M3BECTHBIX OpMylax s COOCTBEHHBIX W B3aMMHBIX TOTOHHBIX
AKTUBHO-UHJIYKTUBHBIX COMNPOTUBJICHUH MHOI'OIPOBOJHON CHUCTEMbBI I[POBOJA-3EMII,
pacnoIO)KEHHONW HaJl MOBEPXHOCTHIO 3eMJIM. B ATOM cilyyae paccTOsIHUE A0 3€MJIU HE
UMEET 3HaYeHUs], T.K. JIJIl pACU€TOB Ha MPOMBIIIJIEHHON YacToTe «o0paTHbIEe MPOBOjIa»
HAXOJISITCS B 3eMJle Ha TIyOnHe D,, COCTaBJISIIOIIEeH COTHH METPOB.

Paccrossuue D,, a TakKe aKTUBHOE COIPOTUBIICHUE 3eMJd R;, MOXHO
OIIpeIe/ISITh YHPOLICHHO (Hanpumep, 1o Projenbepry, cum. [3]).

[Tpu onpenenennn napamerpoB ogHodaznoro kadens (cm. Ta6m.3.3-3.4) ObuH
C/IeJIaHbl CJIeIYIOIINE JIOMYIIEHHSI:

1. reomerpusi pacrosioKeHHsi B IPOCTpaHCTBE Tpex(a3HOH cucTeMbl OJHO(A3HBIX
kaleJsielt TakoBa, 4To S>>, ;

2. ecau ¢a3pl kabels pacroyoKeHbl B BEPIIMHAX PABHOCTOPOHHETO TPEYToJbHUKA, TO
s=d,; =d,. =d,.; ecau Pa3bl kabessi pacnojoXeHbl B JI0ckocTH d,. =2d , =2d,.,
TO MPH TPAHCIO3UIIUM XK kabenst s=3/d , [d,. @ . =1.260d .

3. okpan kaOeJs YIPOLIEHHO CUYMTAEM TakuM, 410 r,>>(r,-r,); »TO mO3BOMISET

npenedpeub KOHEUHOH TOJIIMHOM 2KpaHa U B pacyeTax MCIOJb30BaTh JIUILL €ro

BHYTPEHHUU PaUYC I, ;

npeHedperaeM TOKkaMHu CMeIeHus B 3emiie (T.e. eMKOCTBIO 3EMITH);

npenedperaem 3¢ pexTomM OJIM30CTH HA MPOMBILIJIEHHOW YacTOTE, CUUTAsi aKTUBHBIE

COMPOTUBJICHUS KU U SKPAHOB KaK Ha TTOCTOSSHHOM TOKE.
Jlsisi coBpeMeHHBIX Kalenel ¢ M30JslKed M3 CHIMTOTO TOJUATHIICEHA MOXHO

PUHSITD!

— JUDJICKTPUYECKYIO IIPOHULIAEMOCTb U30JISILUU & =24 U &£, = 2.4,

o s

— yJeJbHOE COMpPOTHBIECHHE Meau (MaTepuai KWIBI W dKpaHa) 0 =2000"° OmDu,
amoMutust (Mareprall xuibl) p=3200"° Om[h; 3HaueHus noaydeHsl no [4] npu
Temmeparype kadess 50 °C.

Tabn.3.4. CoOCTBEHHBIE U B3aUMHBIE MOTOHHBIE MPOA0JILHBIE COMMPOTHBIIEHUS KaOes.

CoOcteennoe conpoTusieHne kbl (Om/ m) Z, =R, +R, +jal,

CobctBenHoe conpoTuBiieHue skpana (Om/ m) Z, =R, +R, +jal,

B3anMHOE conpOoTUBJICHUE KUITBI (SKpaHa) U COCEHETO Kabes
(Omlm)

B3auMHOE COMPOTHBIICHUE MEK/TY JKUJIOM W SKPAHOM OJTHOTO U TOTO
ke kaodens (Om/ m)

Z.K* :R; + jaMK*

Zys =Ry +JaM 5

J1jist noJiydeHust CONPOTUBIICHUN Kabeis JIMHbI L, HEOOXOJUMO BbIUMCIUTh

Zy =Zy Ly,
Z,=7,L,,
Z,=2.L,,

Zr = Zyeo Lic-
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be3 ydyera eMKOCTHBIX MapaMeTpoB KabOels MajeHHsl HAMPSHKEHUH BIOJb KU
AU ,. ¥ 5KpaHOB AU ., CBA3aHBI C TOKAMH |, ¥ |, B HUX CUCTEMOM ypaBHEHUI:

M}KA :Z}K I}KA +Z}K9 I.SA +ZK (I)Iﬁb’ + I'SB)+ ZK (I}KC + I'SC)
ﬂj JKB =Z)1\ I)I\B +Z)K9 IISB + ZK (I)KA + I.SA ) + ZK (I)I(C + I.QC)
Aj KC :Z}I( I'/WC +Z‘)z’(3 I.SC +ZK (I}KA + I.SA ) + ZK (l}I(B + I 95) (32)
ﬂj D4 =29 I.QA +Z.)I\’9 II)I(A +ZK (I)KB + I.SB ) + ZK (I/’I(C + I.QC)
Aj 9B :Z-B I'SB +Z}K3 I)KB +ZK (I)KA + I.SA ) + ZK (I)I(C + I'BC)
ﬂj 2C =29 IISC +Z)K3 I)I\C +ZK (I)KA + I-SA) + ZK (I)I\B + I.SB)
B cucreme Bcero 6 ypaBHEHMH OTHOCHUTEILHO G-TH HANPSHKEHUHA U G-TH TOKOB,

CJICOOBATCIIBHO, OJIA ITOJYUCHUA pCIICHUA HGO6XOI[I/IMBI JOIIOJIHUTCIIBHBIC YPABHCHUSA U
'PaHUYHBIC YCIIOBHUSL.
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3.2. IIpoaoibHOE COMPOTHBJICHHE MPSIMOii U HYJIE€BOIi TMOCJIET0BATEILHOCTH
[TpononbHbIE aKTUBHO-WHAYKTHBHBIE COTPOTHUBICHHUS Tpexda3HOW Tpymrbl
oaHOpa3HbIX Kabeed Tokam MPsIMOK U HYJIEBOH MOCIIEA0BATEILHOCTEH UCIIOIb3YIOTCS
B pacueTax HOPMAaJbHBIX M aBapUUHBIX PEXHUMOB pabOThl ceTH. JljIsi ompeneneHus
POMOJLHBIX COMPOTHUBIECHUH HEOOXOJAMMO YyKa3aTh COCTOSIHME DJKpaHOB KaleJst
(rpaHUYHbIC YCJIOBHS), OT KOTOPOI'O AT COLPOTUBJICHHUsT 3aBucT (Tab1.3.5).

Ta61.3.5. CocTosiHME PKpaHa ¥ TPaHUYHBIE YCIOBHSI.

No CocTosiHue ['panuuHbie
B IKpaHa YCIIOBUS
3a3eMJIeHbI ¢ r—
OJTHOM CTOPOHBI — \ A
K=12,.... lon g — 24 =
1 —> \ l5 =0
(Ha prcyHKe los bic—p oo =
[10Ka3aHO — \ o
K=1) lac
L L1
bia o
_» .
ISA I)KB AU DA = O
3a3eMJIeHbI C > s
2 — AU . =0
JIBYX CTOPOH g | i
C il 2 AU ¢ =
—
ISC
Tpancnosumms |, bica g
JKPAHOB — AU, =0
N=12,... Lo bie o
3 B \ \ AU o8 T 0
(na pucyHke c o >< >< by AU, =0
MOKa3aHo > T Cum. npumeu.3
N=1) lac
[Tpumeuanusi.

1. IlpeHeOperacM €MKOCTHBIMU [1apaMeTpamu KadeJisl.

2. B 1.2,3 npeHeOperaeM CONMpOTUBICHUSIMU 3a3€MJICHHS SKpaHa.

3. B 1.3 HeoOX0AMMO y4YeCTh TPaHWYHBIC YCJAOBUS JUII TOKOB B y3JaX TPaHCMO3MWIIMH, AJIS Yero
cuctema (3.2) 3amuchIBaeTCS A KOKIOTO ydacTKa MEKIY y3JIaMH TpaHcro3uuuu (T.e. 3 pasa npu
N =1), u Tokd B 3KpaHax (a TaKXKE HANpPsHKCHUS) B KOHLIE yyacTKa NPUPABHUBAIOTCS TOKam (U
HaMPsHKSHHUSAM) B Havalle APYroro yuacTka B COOTBETCTBUHU C PUCYHKOM.

[Tocne 3amanusi TPaHUYHBIX YCJIIOBHH HCKOMBIE mapaMeTpbl u3 (3.2) HaxomsTcs
NYTEM  YKA3aHUsl HEKOTOPbIX JIONOJHUTEJIbHBIX  YCIOBUH, XapaKTEPU3YIOLIMUX
pemaemyto 3amady. Hampumep, ecnu TpexdasHas cucTeMa NaJeHUNW HanpshKEHUH,
NPWJIOKEHHBIX K JKHJIaM, 00pa3zyeT CUCTEMY MPSMOW MOCJIEeN0BATEILHOCTH, TO TMPH
OFOBOPEHHBIX YCJIOBUAX MMEEM OCHOBAHUE CUMTATh, YTO TOKU B XKMJIAX M DKPaHAX
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Takke 00pa3yloT CHUCTEMBbI MPsAMOH MOCIeA0BaTeIbHOCTH. Torma AOMOJHUTETbHBIE
yC0BUsI OyAYT BBITJISJIETh TaK, Kak MOKa3aHo B MepBod cTpoke TadJ1.3.6.

[ToCKONbKY MCKOMBIC COMPOTUBJICHUS MPSIMON MOCAEIOBATEIBHOCTH HAXOIATCS
IyTeM JCIICHUs MaJCHHS HaIpsKCHHS B dase «A» Ha TOK B dToM (ase, To IBYX
YKa3aHHBIX JIOTIOJHUTENBHBIX YCJIOBHH JOCTATOUYHO. AHAJIOTHMYHBIE PACCYXIACHUS
opuBOASIT K (POPMYJIMPOBKAM JIOMOJIHUTE/IbHBIX YCJIOBUH [IJIs1  Cllydass HYJIEBOM
MOCeI0BaTEIHLHOCTH.

Ta651.3.6. JlonmonaUTENEHBIE YCAOBUS [Tl HAXOXKJICHHS TTApaMETPOB Kabens ¢ momMopio (3.2).

Pemaemas 3anaua JIOTIOTHUTENEHEIE YCIOBHUS
OnpeaeneHre CONPOTUBIIEHUS NPAMOi s s 1 =0
N0CJIEI0BATEILHOCTH Kabes Iy +1p +1,. =0
Onpeenenne conpoTUBIEHHS HyJIEBOI Ui = Vs = Ve
NOCIIEIOBATENLHOCTH KaOes I, =1, =1

OxkoHyaTenbHble (OPMYJBI JJIs PACYETOB MPOJOJBbHBIX MOTOHHBIX AKTHUBHO-
WH/IYKTUBHBIX MapamMeTpoB kalelisi MpsiMOM U HYJIEBOM MOC/IE€10BATEILHOCTH JIaHbl B
Ta0.3.7. JIJisi ToJydyeHust COMPOTUBIICHUH kalelst JJIUHBI L, HEOOXOJUMO BBIUYUCIUTH
2,22l u2,=2,L,.

N3 T1ab6n.3.7 BUAHO, UTO MPOAOJLHBIE AKTHUBHO-WHYKTHUBHbBIC COMPOTUBJICHUS
Kalensl Mo MOCIe0BATEIBHOCTIM 3aBUCAT OT COCTOSIHUSL PKpPaHa, YTO JOMOJIHUTEIHHO
MPOWJUTIOCTPUPOBAHO TpUMepaMu pacueta napamerpoB kabeneit 10 kB u 110 kB,
npuBeAeHHbIMU Jlajee B 11.3.3. B karanorax psaa Gpupm-npousBoauTesci kadeibHON
OPOAYKIUMU HTOT (PakT HE OTPAXKEH, Ha UTO CIEIyeT OOpaTUTh BHUMAaHUE
CielIMJIUCTaM, UCIIOJIL3YIOIIUM B CBOUX pacyeTax KaTajl0XXHbI€ COITPOTUBJICHHUSI.

Ta6n.3.7. ®opmyJibl sl paCYETOB MIPOAOJbHBIX [OIOHHBIX IAPAMETPOB Kaleis
NPsMOM U HYJNIEBOK NOCIEA0BATEILHOCTH.

No Cocrosanue ConpoTusneHne mpsmMoi CompoTuBieHHe HYIEBOH
B JKpaHa MOCJIEI0BATENBHOCTH N0CJIEA0BATEILHOCTH
3a3eMIIEHBI C . _ _ L -
1 | oaHoli cTOpOHBI Z, =72, -Z, Zy =1, +27,
K=1.2,....
3azeMIieHbI C A P (Z',*—Z' *)2 N (Z',*+ZZ'*)2
2 2, =2, -2 ) Tl ) | g 2(z, w2z, )- a2
JABYX CTOPOH Z9 _ZK Z9 +22K
Tpancrnosuuys * %
- .\ \Zy, t2Z
3 YKPAHOB Z, =72, -Z, Z, :(z),( +27, )—( 27 .’i)
N=12,.... Z, +2Z,
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3.3. [IpumepbI pacyeTa napaMmeTpoB
Huxe mpuBeseHbl pe3yabTaThl PacueTOB MPOJOJbHBIX AKTHBHO-WHIYKTHBHBIX
HOIOHHBIX MapaMeTpoB Tpexdasznoil rpymmbl ogHopasubix kadenei 10 kB u kabenei
110 xB. BuaHo, 4TO MpOAOJbHBIE MapaMeTphl 3aBUCAT OT CIOcOOa COCTUHEHUS U
3a3eMJICHUSI YKPAHOB, OCOOCHHO COMPOTUBIECHUS R U X, .

Mpumep Nel. KaGenb 10 kB ¢ Mexno# %uaoi F, =240 MM i MEIHBIM SKPAHOM
F., =50 MM, Conporusienne rpyHta o, =100 Om Dy .

dasrl kabdens MPOJIOKCHBI COMKHYTEIM TPCYTIOJIbHHUKOM

c Om/xM
OCTOSTHHE IKPaHOB

b R X R, Xo
3azemiieHbl ¢ 0HOM cTopoHbl K =1 .2,.... 0.083 0.091 0.231 2.036
3a3eMJICHBI ¢ JIBYX CTOPOH 0.094 0.089 0.463 0.099
Tpancnoszuums skpaHos N =1.2,.... 0.083 0.091 0.463 0.099

®da3pl Kabest NPOJIOKEHBI B TIIOCKOCTH, PACCTOSIHUE «B CBETY» Mexay ¢azamu paHo 0.1 M

c Om/xM
OCTOSTHHE DKPaHOB

b R X R, Xo
3azemiieHbl ¢ 0HOH cTopoHbl K =12 .... 0.083 0.188 0.231 1.843
3a3eMIICHBI ¢ IBYX CTOPOH 0.140 0.164 0.459 0.105
Tpancnoszuums s3kpanos N =1,.2,.... 0.083 0.188 0.459 0.105

Mpumep Ne2. KaGens 110 kB ¢ Mennol sxuioi F, =1000 MM® M MEIHBIM
DKpaHOM F, =185 MM, Conporusiienue rpynra o, =100 Om [y .

dasbl kKabest NPOJOKEHBI COMKHYTHIM TPEYTOJIbHHUKOM

c Om/xMm
OCTOSIHHUE DKPAHOB

P R X, Ry Xo
3azeMeHbl ¢ 0HOM cTopoHsl K =1,2,.... 0.020 0.092 0.168 1.899
3a3eMJIEHBI C IBYX CTOPOH 0.042 0.081 0.127 0.043
Tpancno3unus sxkpanoB N =1,2,.... 0.020 0.092 0.127 0.043

®da3pl kabess NPOJIOKEHBI B TIIOCKOCTH, PACCTOSIHUE «B CBETY» Mexay pa3zamu paBHO 0.2 M

c Om/xMm
OCTOSIHHUE DKPAHOB

P R X, Ry Xo
3azeMaeHsl ¢ 0aHOM cTtoponsl K =1,2,.... 0.020 0.187 0.168 1.710
3a3eMJIEHbI C JIBYX CTOPOH 0.091 0.088 0.127 0.044
Tpancno3unus sxkpanoB N =1,2,.... 0.020 0.187 0.127 0.044
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3.4. O npoaoJ/IbHOH HHAYKTUBHOCTH

DUPMBI-U3TOTOBUTENH KaOEILHOW MPOAYKITHH AT CIAEYIONIYI0 hopMyty ass

OIPE/IC/ICHUs] IOT'OHHOM «HHYKTUBHOCTU KaOeJIs1», BbIpaKEHHOU B MI H/KM:
L' =0.05+0.2 Eﬂn(ij , (3.2)
rl
HE BCErja roBopsi O TOM, IIPM KaKOM CIOCOO€ COEJIMHEHHUS W 3a3€MJICHHUS] DKPAHOB dTa
WHIYKTHBHOCTH TIoJy4deHa. Kpome Toro, kak mpaBuiio, 10 KOHIIA HE SICHO, WJIET JIW peyb
00 MHJYKTUBHOCTH TPSAMON WM 00 MHJIYKTUBHOCTH HYJIEBOW MOCIEI0BATEIHHOCTH.
PacemoTtpum 3TOT Bompoc.

CornacHo Ta6.3.7 MPOAOJbHOE COMPOTHUBIIEHHE TMPSIMOM MOCIEA0BATEILHOCTH
tpexdazHoit rpymnnbl 0HOGA3HBIX KaOeaeH npu J1IoOOM Croco0e COCIMHEHHUS DKPAHOB
(kpoMe cityuast 3a3eMJICHUS SKPaHOB OJTHOBPEMEHHO C JIBYX CTOPOH)

Zl* =Z)I(* _ZI(* =(R3* +R)1(* +ja'L)l(*)_(R3* + jaj\/IR.*)= Rl* + jaj—l* )
roe R =R, — akTHBHOE CONPOTHBJICHHE Kabess MpAMON MOCIeI0BATENLHOCTH, L, —
WHJIYKTUBHOCTH KaOelis mpsIMOi TI0C/Ie10BaTeIbHOCTH:

L =L, -M, =Hop Bs —&In[&jzﬂln S \=0200°0n 2|,
2\ r, 2 S 2\, r,

WM, riepeitsist ot pazmepHoctu ['n/m k pazmepHocTu MIH/KM, 1OJy4YuM
L =02 [ﬂn(ij (3.2')
rl

YKa3aHHOE BbIPAXKEHHUE JJisl IOTOHHOW MHIYKTUBHOCTH OTJIMYAETCS OT POPMYJibl
(3.2) orcyrcTBHEM MOCTOSTHHOM coctapJstomiei 0.05 mMI'H/km miau 0.05010° T'u/m. Dra
COCTABJISIIOIIASL MPE/CTABISIET COOOW BHYTPEHHIO WH/YKTUBHOCTbH >KMJIBI W, CTPOIO
rOBOPs, JOJDKHA YUUTHIBATHCS NP ONPENEIECHUH [TapaMETPOB KaOETbHOU JTUHUM.

®opmytbl Ta01.3.3 17151 COOCTBEHHBIX U B3aUMHBIX HHIYKTUBHOCTEH TpexdazHol
rpynnbl oJHO(a3HbIX Kabesed 0a3upyroTCs Ha TEOPUHM MHOTONPOBOJIHBIX BO3JYIIHBIX
JMHUHA 3JeKTponepeaay, TIe Ipy ONPENeICHUN TapaMeTPOB MPOBOJIOB OTKAa3 OT y4yeTa
BHYTPEHHEH WHYKTUBHOCTH OIpaBJIaH, TaK Kak JUIsl IMHUK XapakTepHO COOTHOIIEHUE
S>>r,, NMPU KOTOPOM BHYTPEHHSISI MHAYKTHBHOCTH OYJE€T 3aMETHO MEHbIIE BHEIIHEH
(nepBoe ciaraemoe B (3.2) 3aMETHO MEHbBIIIE BTOPOI'O).

Jlnst kaOeMbHBIX JJUHUHW PacCTOsTHUE S MEXJy OCsIMU (pa3 BCEro B HECKOJIBKO pa3
IPEBOCXOAUT Paauyc KUIbL r,. [loaToMy, cTporo rosops, B Ta01.3.3 IpU ONpeIEICHUN
COOCTBEHHBIX HWHJYKTUBHOCTEH KWJblI M OKpaHa TpeOyercsi y4der BHYTpPEHHEH
MHJIYKTUBHOCTH L, , BEJIMYMHA KOTOPOM 3aBMCHT OT OCOOEHHOCTEH KOHCTPYKLHH
KWJIbI M DKpaHa, HO B TMEPBOM NPHOIMKEHUHM MOXKET MPUHUMATHCS OJMHAKOBOM,
paBHOM L, =0.050107° 'u/m.

R . D
CobcTBeHHasi UHAYKTUBHOCTD Kbl ([ 1/ M) L, =L, + g—;[ In(r—gj
1
CoOcTBeHHast WHIYKTUBHOCTD dkpaHa ([ H/ m) L, =L, + 'g—;[ In[r—3J
2
BHYTpeHHsIs1 WHJLyKTUBHOCTb >KWJibl ¥ 3kpaHa ([ #/m) L,, =0.05[107°
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B nanpHeleM mnpu NMOJYYEHUH HEKOTOPBIX AHAIUTHYECKUX BBIPAKEHUH C
LEJIbI0 UX 3aMETHOI0 YIPOILEHHUS U y100CTBA UCIIOJIb30BaHUs Oy/IeM OTKAa3bIBATHCS OT
yueTa BHYTPEeHHEN HHIYKTHBHOCTH JKHJIbI H SKpaHa, T.€. IPEAnoaokuM L, =0. Takoe
Pe/IOJIOKEHUE C/IeJIaHo U B TIpuMepax pacuera 1.3.3.

[lpuHumasi BO BHMUMaHue 0OOCHOBaHuE BbipakeHus (3.2) Jyisi WHIAYKTHBHOCTH
TpexdazHoil rpynmnbl oAHO(aA3HBIX Kadenaed MpsMON MOC/IeI0BATEIbHOCTH, a TaKXKe
YUUTBIBASI IPUMEPHI pacueTa, MOXKHO 3aKJIIOUUTh!

— ¢opmyuibl (3.2) nim (3.2") cnpaBesTMBbI TOJIBKO JUJISI OJTHOCTOPOHHETO 3a3eMJICHHUS
HKPAHOB WJIM UX TPAHCIIO3ULIMHY;

— TIPHU MPOCTOM JIBYCTOPOHHEM 3a3eMJIeHUH SKpaHoB ¢opmyiibl (3.2) wiun (3.2') aator
UHJYKTUBHOCTb, KOTOpasi Ha 1+50 % Oosibliie peajibHOr0 3HAYEHUS: MaJjible OLIUOKU
XapaKkTEPHbI MPU MPOKIAJKE COMKHYTHIM TPEYTrOJIbHUKOM, a MPH TPOKIajake ¢a3
kabesst Ha PaCCTOSTHUH JIPYT OTHOCUTENIBHO Apyra ombdka gocturaet 50%.
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3.5. O napameTpax o06paTHOT0 MPOBOAA

®opmyitel Tab1.3.7 Ui TPOAOJILHOIO aKTHBHO-MHIYKTUBHOTO COMPOTHBIIEHHUSI
kabens Z, =R + jal, NPsAMOM OC/IEN0BATEILHOCTH, 3alIUCAHHEIE YePe3 Z,, Z.,, Z 4,
Z, , CIPaBEIJIMBO 3aBUCIT OT CII0COo0a 3a3eMJIEHUS DKPAHOB. I10CKOJILKY BbIpaKeHMs
s Z,. U Z., coaepar riiyOuHy D,, TO MOXKET [OKa3aThCs, YTO M CONPOTUBIICHUE Z,
3aBUCUT OT MOBEPXHOCTHOroO >(dexra B 3emyie. Ha camom sesie B pexxume HpsMOi
0CJIEI0BATENLHOCTH TOKOB B 3€MJIE HET, MU COIPOTUBIICHUE Z, HUKAK HE 3aBUCUT OT D,
— 3TO CTAHET ACHO, €CJM YIPOCTHTH GOPMYJIBI IS Z,, TIOJCTABUB B HUX M3BECTHBIE
BIpaXeHust st Z,., Z,, Z ., Z, . Hanpumep, D, OTCYyTCTBYET B BhipakeHuu (3.2').

[lousitie D,, UCIOABL3YEMOE B TCOPUM BO3AYLUHBIX JIMHWM, CJAEAYET YYUTHIBATH

TOJIBKO B PacueTax pa3/iMUHbIX HECUMMETPUUYHBIX PEXKUMOB PaOOThI CETU, COJAEPKALLECH
KaOeJbHbIE IMHUU, OJHAKO MPUMEHSTH €r0 HaJ0 JOCTATOYHO OCTOPOXKHO.

Bo-nepBbIX, BO3AyUIHbIE JMHMM B OOJBIIMHCTBE CJIy4aeB MPOXOJAT 3a
npejejaMu ropojioB, T.€. TaMm, rje riiyOuHa 3ajeraHusi Toka B 3€MJI€ OIpele/sieTcs
TOJILKO CBOMcTBaMHM rpyHTa. Kabenu ke, HampoTHB, TIJIaBHBIM OOpa3oM HaxXOJsT
IPUMEHEHUE B TOPOJIaX U HA TPOMBILIJIEHHBIX PEANPUATUAX, HA TEPPUTOPUU KOTOPBIX
B 3€MJIE HAXOAMUTCA MHOIO METAJIOKOHCTPYKLUMN, CHUKAOIIMUX OSKBUBAICHTHOE
3HayeHue D,. Kpome Toro, ciaenyer yuuTbhlBaTh 3a3€MJICHHBIE DKPAHbl COCEIHUX LIETEH.

Bo-BTOpBIX, MpU BBIYKMCIEHHH D, mpeHeOperatoT KOHIEBbIMU (¢ eKkTamu, T.e.
CUMTAIOT, YTO JIJIMHA JIMHUU B pa3bl Oosiblle, YeM riayouHa D,. J1jst BO3AYLIHbIX JUHUN

OTO HPCAINOJOKCHUC BIIOJHC CIIPABCAJIMBO, IMOCKOJILKY HUX AJIMHA COCTABJISICT MHOI'MC
KHJIOMETPLI, TOI'Jlda KakK I‘HYGI/IHa D3 — OTO HECKOJIbKO COTCH HJIM ThICAY MCTPOB. I[HSI

KaOeJbHbIX JMHUH, JJIMHA KOTOPbIX HEPEJIKO COCTAaBJSIET BCErO0 HECKOJIbKO COTEH
METpOB, IMpeHeOperatb KOHUEBBIMU 3¢ dekTaMu yxe Henb3s. MHbIMH cloBamu, s
Kalesield TOK Bpsijl JIK CMOXKET MPOHUKHYTh B 3€MJIIO HA IJyOMHY D,, Ha KOTOPYIO OH

HPOHUK Obl JJ1s1 HPOTSKEHHBIX BO3YLIHbIX JUHUH.
YuuThIBas U3J10XKEHHOE, B Psijie CIlydaeB BMeCTO pacuera D,;, OCHOBAHHOI'O Ha

JTAHHBIX 00 YAEJIbHOM CONPOTUBICHUHU T'PYHTa p,, TIyOMHYy D, cieayeT mNpUHUMATh
paBHOM €TMHUIIAM HUJTH JTECSATKaM METPOB.
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I''TABA 4. O0mast MeToaAMKAa pacueTa
HHIYKTHPOBAHHBIX TOKOB M HANIPSI’KeHU

4.1. O0muii noaXoa K onpeaejeHUI0 TOKOB U HANPsSIKeHUI B IKpaHax

Panee ObL10 TOKa3aHO, YTO IS ONPEJIEIEHUS] TOKOB U HAIPSY)KEHUH B dKpaHax
HEOOXOAUMO paccMaTPUBATh KaKk HOPMAJIbHBIM pekuM pabOThl, TaK U Pa3IUYHbIE BUIIbI
KOPOTKMX 3aMbIKaHWH, BO3HHUKIIMX B CETH BHE Kabels M COMPOBOXKIAEMBIX
MOBBIIIEHHBIMA TOKaMH | .., | ., |, B KkuIax kabesi. 3Hasi TOKH B KHJIax kabens, ¢
UCTIONB30BaHuEM CUCTeMbI (3.2) MOryT OBITh ONpeIeeHbl TOKH W HAINPSHKCHUS B
sKpaHax a3z «A», <B», «C».

Jlist HaxoxaeHuss TOKOB |, [, |, CXeMma 3aMelleHus] CeTH, colepallleit
Ka0eIbHYIO JIMHHIO, B OOIIEM cllydyae MOXKET ObITh CBEJ€Ha K BUY, TPUBEJAECHHOMY Ha
puc.4.1 (emMkocTbh KabeJisi M CeTH Ha JIAHHOM Talle YIPOUICHHO HE YUUThIBACTCSI).

E, EH
=W
Z, Z”
Puc.4.1. PacueTHas cxema ceTu, coaepxaieii KabenbHyI0 JUHUIO.
B kauecTBe nmpumMepa nokaszaHo KOPOTKOE 3aMbIKAHUE B CETU BHE KaOes.

\v4

Ha puc.4.1 nokasaHbl JIB€ «CUCTEMBI», IPUMBbIKAIOIIIUE K KaOeJt0 B ero KoHax. B
KayeCTBE CHCTEMBI, IPUCOCANHEHHON B Havajle KaOess, MOXKHO MOHUMATh MUTAIOLLYIO
CeTh, & B KaYECTBE CHCTEMbI, MPHCOEJUHEHHON B KOHIIE Kalessi, MOXKHO MOHWUMATh
Harpy3Kky. 3akjajblBaéMble B pacueT napamMerpbl Kaldejass U NPUMBIKAIONIMX K HEMY
cucteM npuseneHbl B Tabn.4.1. CompoTUBIEHUST OTAEIBHO JIEBOM U OTIEIBHO MPaBOM
CHUCTEM MOTYT OBITh OMPEEJIEHBI C YYETOM MOIIHOCTH KOPOTKOT'O 3aMbIKaHUs KaXI0H
U3 CHUCTeM, crocoba 3a3eMJIeHHUs] HEUTpald CEeTH, HaJM4yusi TpaHchOpMaTopoB U
TOKOOT'PAHUYMBAIOILMX PEAKTOPOB, HAJIM4YUsl U XapakTepa Harpy3ku. CONpPOTUBIIEHUS
Ka0eJisi MPUHUMAIOTCS B 3aBUCUMOCTH OT CIIOco0a COeIMHEHHUsI YKPaHOB 110 Tad1.3.7.

B kadecrBe dJIC «IEBOHM» CUCTEMbl IIPUHUMAETCS JIEUCTBYIOLIEE 3HAUYCHUE
dasHoro HanpskeHus cetd E'=U ,,,, /+/3, Tae U, — HOMAHAILHOE HAMPSHKEHHE CETH.

Benuuuna 3¢ «apaBoii» cucteMbl E” 3aBUCUT OT XapakTepa Harpy3KHu.

Ta6n.4.1. ConpoTUBIEHUS SJIEMEHTOB PacUe€THOM CXeMbl CeTH puc.4.1.

[Ipsimas Ob6parHas Hynesas
DIIEMEHT CXEMBI
MOCJIEAOBATENBHOCTh | TIOCIENOBATENIBHOCTh | MOCHEIOBATENLHOCTD
«CETh» Z! =R+ jX, Z, =27, Zy, =Ry + X,
TpexdazHas rpynmna s s s 5 . s
6 ¥ Zl - Zl LI( ZZ - Zl Z0 - Z0 LI(
oiH0(a3HbBIX Kabesei
«HArpy3Ka» Z!'=R'+ X zy =27} Z, =Ry + jX;
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CuMMeTpHYHbIE PEKUMBI
K cummerpuuHbiM  pexxumam  paboThl  cxembl puc.4.l criemyer OTHECTH
HOpPMaJIbHBIH peXUM padoThl U ciiydaid Tpexda3zHoro KOPOTKOro 3aMblKaHHUSI.
B HOpManbHOM pexume paboThl TOKU B KuJax a3 «A», «B», «C» kabens OyayTt

B E'I_E'u
KA Z:+Z +Z'u’
l‘)I(B’ =a I“I(A’
I}K —al}m,
rie a:—1+j£’ a2 :—E—jﬁ’ a3 =1.
2 2 2 2

[Tpu TpexdazHOM KOPOTKOM 3aMbIKAHWH, BO3HUKIIIEM B CETH HEMOCPEICTBEHHO
3a KkabesieM, TOKH B xuiax a3z «A», «B», «C» 0yayr

_E
Z,+2,

KA T
I =@ s
I e =@l -

HecummeTpuuHbie peskuMbI

K HecMMMeTpHUYHBIM pexuMaM paboThl cxembl puc.4.l cienyer OTHECTH
HECUMMETPUYHbIE KOPOTKHE 3aMbIKaHUS 3a KabesieM, Cpe/Id KOTOPhIX Pa3inyaloT:

— ojaHodaznoe kopotkoe 3ambikanne K(1);
— nByx(aszHoe Ha 3eMr0 KopoTkoe 3ambikanue K(1,1);
— naByxdasHoe (MexaydasHoe) kopoTkoe 3ambikanue K(2).

Jlnst onpeneneHusi TOKOB B kwiax (a3 kabeilss B HECUMMETPUUYHOM peKUME
MOXXHO BOCHOJIb30BaThCS M3BECTHBIM METOJIOM CHMMETPUUYHBIX COCTABJISIIONINX, C
HOMOIIBIO  KOTOPOTO HECUMMETPUYHBIA PEXUM TPEACTABISETCS Kak pe3yJbTaT
HAJIOKEHHUSI TpeX CHMMETPHUHBIX pexuMoB (TipsMoi, oOpaTHOW W  HYJIEBOU
0CJ/IC10BATEIbHOCTEH ).

CoCTaBIISIIOTCSL  CXEMBl 3aMELIEHUS CETH MO TPEM MOCIEAOBATEIbHOCTAM U
CBOPAYMBAIOTCSI OTHOCUTEJIHLHO TOYKH KOPOTKOTO 3aMBIKaHUSI K BHUJY, MPUBEICHHOMY
Ha puc.4.2.

B ycnoBusix puc.4.l mpu KOPOTKOM 3aMBIKAHHU B CETH BHe kabOens (cpasy 3a
KabesieM) CrpaBe/JIMBO

5 =3 = B2
19 ) m’
(z +z)

EI EH
.7-4- .
Z,+Z, Zj

1
%*‘ .
Z,+Z, Z;

KD

Elf) =
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13 Z13 IKA1

KA2 223 IKA2

U . I
03 _KAOy,

Puc.4.2. DKBUBAJIEHTHBIE CXEMBI 3aMEIICHUS TTOCIIEI0BATEILHOCTEMN.

[TpuBenennbie Ha puc.4.2 cCXeMbl 3aMEIIeHUs TOCIeI0BATEILHOCTEH TOMKHBI
ObITH OOBETMHEHBI TTYTEM HX MOCJIEI0BATEIHLHO-TAPAIICTLHOIO COIUHEHHSI, XapaKTep
KOTOPOTO 3aBUCUT OT BUJA KOPOTKOTO 3aMbIKaHHs, T.€. OT TPAaHUYHBIX YCIOBHUH.
['paHuYHbBIE YCIIOBHUSI 3aMUCHIBAIOTCS JJIsi TaK Ha3bIBAEMOTO OTBETBJICHHSI KOPOTKOTO
3aMbIKaHUsl, IOKa3aHHOro Ha puc.4.3, u Jianbl B Ta0i1.4.2.

U

o A
Ugs B
T

A\ 4

la ke Ik

Puc.4.3. OTBETBIEHHE KOPOTKOTO 3aMbIKaHHSI.

Tabn.4.2.  paHuuHbIe YCAOBUS MPU pacueTaX HECUMMETPUUHBIX KOPOTKHUX 3aMbIKAHHIA.

By HecUMMETpUYHOTO OcoOsbie dazsl Fg;;?;:]ﬁg ['pannunbie
KOPOTKOI'O 3aMbIKaHUs (MoBpEXKICHHBIC) y YCJIOBUSI 110 TOKY
HaMNpPsHKEHUIO
: I =0
K(1) «A» Ug, =0 M
l e =0
U KB = 0 - _
K(1,1) «B», «C» . l,., =0
U,-=0 ‘
K(2) «B», «C» U =U |.M =0

Toxu T, lps Vo ¥ Hanpsokenus U,,, U,,, Uy, HOCIENOBATENLHOCTEH
CBsi3aHbl ¢ (pasHBIMH TOKaMH |, |5, | ¥ Hampsokenusmu U, U,,, U,. B Mecre
KOPOTKOT'O 3aMBIKAHHUS CIIEAYIOIIAM 00pa3oM
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UKA :UKAl +UKAZ+UIMO IKA :|KAl+IK}42+IK}40
. o . . . _ oy . .
UKB _aUMl+aUR}42+UR}40’ IKB =a II\%l+aIR‘AZ+|I{40
. R ot . . . o .
UKC _aUM1+aUM2+UM0 IKC _aIKA1+a lKAZ+|KAO

C ucnosib30BaHUEM ATOU CUCTEMbI MOXHO NPeoOpa3oBaTh 'PAHUUYHBIE YCIOBUS,
npuBeAcHHbIE B Ta0M.4.2, U COEIMHUThL CXEMbI 3aMEILCHUS MOCIEeI0BATEILHOCTEN TaK,
KaK ATO MokazaHo B Ta01.4.3 B 3aBUCHUMOCTH OT BHUJa HECUMMETPUYHOTO KOPOTKOTO
3aMbIKaHMUSI.

Ta6:1.4.3. HecuMMeTpUUHbIE KOPOTKHME 3aMbIKaHUS U COEMHEHUE CXEM MOC/ICA0BATE/IbHOCTEM.

Bun HECUMMETPUYHOTO [IpeobpazoBaHHbIE CxeMa coeIMHEHUs
KOPOTKOTO 3aMBIKaHUs TPaHUYHBIE YCIOBUS NOCJIEA0BATEILHOCTEN

K(1) UK41 +U1<A2 +UK4O =0

s = Viaz = Tiao

. ‘ (Lm
-

|

|

Ui SUkiz =U koo z leao

K(1,2) L

Lo *1gaz s =0 - — -

|
R

12 Z13 IKA1

K(2) .U.KAl ?Um_z
Lo 1 =0

223 | KA2

CoeMHUB CXEMbl 3aMELLEHUs T0CIEN0BATE/ILHOCTEN, HECIIOXKHO OIPEAEIUTh
TOKH W HaNpsKEHUS OTBETBJICHUS KOPOTKOTO 3aMblkaHus (Ta01.4.4).
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Ta0n.4.4. Toku v HANPsHKEHKUsT OTBETBJICHHUS KOPOTKOTO 3aMbIKAHUS.

Bun HecummeTpuaHOTO TokHM 1 HaNpsIKEHUs
KOPOTKOT'O 3aMbIKAHUsI OTBETBJIEHUSI KOPOTKOTO 3aMbIKAHUS
I =V o = iio == '.213 :
KA1 K42 KA40 213 +229 + 209
K(1) Upn =B = Zislgn
UKAZ = _229 I.KAZ
UKAO = _Zoa I.KAO
in=——5"
+— 2000

19 ;
Zyy+Z,,
E13 - Zla l KAl

K(1,) e ===
209

UK41 :UK42 :UKAO

I = oip = B
KA1 KA2 . 0
K(2) Zin+ 2y

UKAl =Uy, =B -4y, l.lel

C wucnoap3oBaHueM JaHHbIX Ta0M.4.4 MOXHO ONPENEIUTh TOKW MPSMOH,
oOpaTHOM U HYJIEBOM MOCE0BATELHOCTEH B )UIaX kabeJs, st uero puc.4.2 cieayer

npeo0pa3oBbIBaThL 00paTHO K BUAY puc.4.1
E) ~Us
Z,+Z,

| s =

- _UKAZ

KA2 T Sy [ 5
Z,+7Z,
—_ _Umo
JKAO T 5 >
Zo + Zo
Toku B >kuiax kabesisi, ONPEICISIONIME COIVIACHO CHUCTEME

HaIIPpAKCHHUA B CI'0 3KpPdHaX, MOI'YT OBIThH HaﬁI[GHBI Kak

+ I KA2 + I KA0

+I}1{AO -

ks = e
S :
s =@y +al 40

o o0 .
l)]((? _al )I(.4l+a I}I(AZ +I)I(A0

(3.2) Toxku wu
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4.2. OcHOBHBIE pacyeTHbIE CJIyYan

BeIiie ObII0 MMOKa3aHO, Kak B OOIIEM CiTydae MOJyuyduTh TOKH B JKUJax kaberns (a
3HAYUT TOKU M HANPSIKCHHS B €ro dKpaHax) B HOPMaJIbHOM CHMMETPUYHOM PEIKHUME
pabOTBl U TPH PA3JUYHBIX BUJAX CHUMMETPHYHBIX U HECUMMETPUUYHBIX KOPOTKHUX
3aMbIKaHUH B ceTu 3a kabesieM. JlJisl Ka)JI0ro KOHKPETHOro kalOelst HcClieOBaHUe
TOKOB M HAIIPSDKEHUN DKPAHOB BO BCEX PACCMOTPEHHBIX CIydasiX noTpedyer 00JibLIoro
BpeMeHH. [ToaToMy y1oOHBIM Oy/lEeT BBISIBUTH U3 BCEH COBOKYIMHOCTH PEXHUMOB JIUIIb
HauOoJiee TsIKEbIC, JJIs KOTOPbIX U TPOBOJAUThH PACUETHI.

B kauecrtBe OCHOBHBIX PAaCUETHBLIX PEXUMOB CJEAYET paccMarpuBaTh
HOPMaJIbHBIH CUMMETPUYHBIN PEeXKUM U OJIUH U3 4 BUJIOB KOPOTKOTO 3aMbIKaHUsI — TOT,
KOTOpbIA OyjleT npu3HaH HauOoJjiee HEOJaronpUsITHBIM C TOUYKH 3pPEHHUsI TOKOB H
HanpspkeHUd B 9AkpaHax. Omnpenenum Haubosiee HEONAronpuUsiTHbIA BUJ KOPOTKOTO
3aMbIKaHUs, JJIsl Yero, HalpuMep, pacCMOTPUM HAIPSKEHUE B HE3a3E€MJIIEHHOM KOHIIE
sKpana kabdest (puc.2.5).

[Ipy OTHOCTOPOHHEM 3a3eMJIEHUH HKPaHOB, MpeHeOperas eMKOCTSIMHU Kabels,
MOKHO 3aIlicaTh TpaHHuHble yeaoBus |, =0, [, =0, |,. =0. ITagende HanpsoKeHHs

Ha DKpaHe MnpeacTaBisieT coOOW HaNpsHKEHHE Ha HE3a3eMJICHHOM KOHIE dKpaHa
OTHOCHTEJILHO 3eMJTH. Torna nociennaue Tpu ypaHerwus u3 (3.2) mpuMyT BUJI

Uni =Zsoln ¥ Zicl s + g e

U?b’ :Z}z’{3|/’1(b’ +ZK|}KA +ZK|}I(C

Use =Zsol e gl 2yl i

Jlnist onipenenieHns HANPSHKEHHs HA KPaHe OTHOCHUTEBHO 3€MJIH B TIOJYUCHHBIC
ypaBHEHHS] HEOOXOIUMO TIOJICTABIISITH TOKK KT a3 «A», «B», «C», HalijieHHbIe paHee
METOZ0M CUMMETPUYHBIX cOCTaBJisitomuX. [Ipeodpasyem 3Tu ypaBHEeHUs OTACIBLHO /IS
KaXJIOr0 U3 PeXUMOB pabOThl (HOPMABHBIH PEXUM U 4 BHJIa KOPOTKUX 3aMBIKAHUH).
ITpu paccMOTpeHHH KOPOTKHMX 3aMbIKQHUK YITPOIIEHHO MTPEHEOPEkKEM TOKAMH HArPy30K
MO CPaBHEHUIO C TOKAMH KOPOTKOT'O 3aMbIkaHusl. Pe3ynbTaThl npuBeneHsl B Ta01.4.5.

B sToif Tabnuue cpelu pa3iMuHBIX KOPOTKHUX 3aMbIKaHWW caMblidl OOJBIION
K0 PUIMEHT uMeeT MecTo npu 0jHO(a3HOM KOpOTKOM 3ambikanuu K(1), 4ytb
Menpui 1 caydas K(1,1), a cambie ManeHbkHe KO3 duiueHTs — B ciaydasx K(2) u
K(3). Ilockonbky B cersax ¢ d(pPEeKTHBHO WM TJIYXO 3a3eMJIeHHOW HeWTpasibio (B
Poccun 310 110-500 kB) Toku 0HO}A3HOrO KOPOTKOIO 3aMbiKaHusi OJM3KH 110
BeNuurHE K Tokam Tpexdaznoro K(3), To Hanbombliee HanpsHkeHHE HA Pa33eMICHHOM
KOHIIE DKpaHa B OTHX CeTsX Nojiydaercs umeHHo npu K(1).

B cersix ¢ UM30JUpOBAHHON, KOMIIEHCUPOBAHHOH, PE3UCTUBHO-3a3€MJICHHOU
He#Tpaisio (B Poccnu 310 6-35 kB) TokM 071HO(A3HOTO 3aMBIKaHHUST HA 3EMITIO MaJThI TIO
cpaBaennto ¢ Tokamu K(1,1), K(2), K(3) u, nosromy, K(1) He sBisiercst pacueTHbiM. B
caydae K(1,1) Toku B 3emiie NPAKTUYECKH OTCYTCTBYIOT |, =0, T.e. ciayyan K(1,1),

K(2), K(3) oka3pBaioTcs paBHOMPABHBIMK C TOYKH 3peHus Kkod(dduimenra,
OIPEICIISIIOIIEr0 HAIIPSDKEHUE Ha DKpaHe. Tak kak MakCUMallbHbIE TOKH B JKUJIE Ka0eJist
ObBatoT, Kak mpaBuio, npu K(3), To, HEcMOTpsi Ha PaBEHCTBO KOX(PPHUIIMEHTOB,
pacueTHbiM B ceTsiXx 6-35 kB Bce ke sBisiercss ciaydail TpexdazHOro KOpPOTKOTO
3ambikanusi. Kpome toro, ciyuaii K(3) GoJjiee npoct B pacCMOTPEHUU 110 CPABHEHHUIO C
K(1,1) u K(2).
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Ta0n.4.5. HanpskeHue Ha pa33eMJIEHHOM KOHLE SKpaHa OTHOCHUTENILHO 3EMJIM B CXEMeE puc.2.5.

Pexxum JommymeHus DopMynbl 111 HAOPSOKEHUS HanGobmuii
yi PMYJIBL A P KO3QPULIEHT
U, = (Z)Ka —Zy )I KA
HOpMaJbHbIH I.)‘I\"A + I-}I(B + I.}I(C =0 u 9B = (Z)m - ZK )I.)I(B Z}m - ZK
u ¢ = (Z}I(Q - ZK )I-}KC
K(1) Uy =2yl
(5 daze «A») I g =0, 1 xc =0 U-SB = Z'KI.)KA Z s
Uy =Zgl 4
K(L1) | ., =0 U, =21, Z)K%_ZK
’ . Co_y o5 s . 1 MpubaBKa OT
(B pazax «B,C») I”‘:B e =15, U.93 (Z’“’_‘@ fo )I B * Zlf s _ TOKa B 3EMJIE C
rae Iy -Tok B 3emne | U,. = _(Z}KQ ~Zy )l as Y Laols | koadduu. Z,
| 0 UaA =0
K(2) ol = N .
(B daszax «B,C») |+ |.;1<c -0 U.:)B = (Z,v.(:) ZI(. )l B Ly =Ly
Uac = _(Zhafa - ZK )I JKB
U, :(Z)Ka ~Zp | s
K(3) i s + e =0 U o) i (Z)m - ZK )I.)I(B Ly =Ly
U ¢ = (Z}I(Q - ZK )l JKC

B 120.1.4.6 1aHbl OCHOBHBIE Cllyyau, B KOTOPBIX HA/10 PACCUMTBIBATH HAIIPSDKEHUE
Ha SKpaHe, YTOObI Jajiee CPAaBHUTH €ro C JOIMYCTUMBIMH 3HAYCHHSIMH (U3 Ta0I.2.2) U
NPUHATH OOOCHOBAHHOE pENIEHHE O BO3MOXKHOCTH pa3/ieJieHus1 SKpaHoB Ha K CeKIui,
KQX/1as1 U3 KOTOPBIX 3a3€MJIEHA TOJBKO OJIUH pa3.
AHAJOTUYHO OJHOCTOPOHHEMY 3a3EMJIEHUIO AKPAHOB PACCYKIECHHSI HECIOXKHO
npoJiesiaTh U JIJIsi TPAHCIO3UI[MK — OCHOBHBIE ClTydau Takxke ecTh B Ta011.4.6, U BMecTe C

JIOIYCTUMBIMH HarpspkeHUsiMU (13 Ta0J1.2.2) OHM [O3BOJISAIOT 000CHOBATH TpeOyeMoe
qucJI0 N IIUKJIOB TPAHCTIO3UIINH.

Ta61.4.6. OcHOBHbIE pacyETHbIE CAYYAH ISl ONTPECIICHHs HANIPSHKEHHs HA DKpaHe.

Heiitpans cetn

OKpaHsbl

PacueTnsrii cimyuaii Nel

PacuetHblii ciyuaii No2

H3onmp., koMneHeup.,
pe3uctuBH. (6-35 kB)

3a3eMJIeHBI ¢ OTHOM
ctoponsl K =1,2,....
WM TPAHCTIOHUPOBAHBI
N=1.2....

O¢pdekTuBH.,
IJ1yX03a3eMJ1.
(110-500 xB)

3a3zeMIJICHEI ¢ OJHOM
croponbl K =1,2,....

HopmaneHbrii

TpexdazHoe KOpoTKOE
3aMblKaHUE B CETH 3a
Kabenem

CUMMETPHUYHBIN PEIKUM
paboThl

TpaHcrmoHUPOBaHBI
N=1.2,....

OnHodazHOe KOPOTKOE
3aMbIKaHue B CETH 3a
Ka0enem

TpexdazHoe KOpoTKoe
3aMBIKAHUE B CETH 34
Ka0enem
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4.3. ®opmyJbl AJ1s1 HHAYKTHPOBAHHBIX TOKOB H HANPSIKEHH
[Tocne 3amaHus rpaHUYHBIX YCIOBUWA Tal0n.3.5 TOKM M HaNpPSHKEHHUs] DKPAHOB
HaxojsTes U3 (3.2) nyrem ykazaHusi HEKOTOPbIX JIONOJHUTE/ILHBIX YCJ0BUl Tab1.4.7,
XapaKTEePU3YIOIIKX peliaeMyto 3agady. MToroBsie popMyJibl 1l TOKOB U HAIPSKEHU N
SKpaHOB cojepkarcs B Ta071.4.8-4.9.

Ta6:1.4.7. JIonoJHUTE/IbHBIE YCJOBUS JUIsl PACUETOB C OMOLIBIO CUCTEMBI (3.2).
JIONIOJTHUTENIBHBIE YCIOBHS U
JAOIYLICHHUS

Pemaemas 3agaua

OrnipeieieHe TOKOB U HAMPsHKEHUI B DKpaHe kadens B
CUMMETPUUHOM peKkuMe (B HOPMAJIbHOM PEXKUME WM NIPU
Tpex(a3HOM KOPOTKOM 3aMBIKaHHH BHE KaOeJs)

s g +1 e =0
Iy 15 15 =0

S>| e A >> 1

nin
ls =0 1 | =0

i
o KA
OnpeneneHre TOKOB U HAMPSKEHUIT B SKpaHe Kadess npu

0/IHO()A3HOM KOPOTKOM 3aMblKaHUU (Pa3bl «A» BHE Kadeist

Ta6m1.4.8. Hanpsoxenwe (B), HaBoauMoe Ha KpaH KaOesst OTHOCUTEIHHO 3EMITH.

CHUMMETPUYHBIH peKUM paboThI
CocrosiHue N Pesxum 0H0(]azHOro KOpoTKOro
Ne (HOopManbHBII WH TpexdazHoe
JKpaHOB 3aMBIKaHUs BHE KaOens
KOPOTKOE 3aMbIKaHHE BHE Ka0ells)
3a3eMIIEHBI ¢ 10 + . 1. ..
1 | oaHOit cTOPOHBL —(Z}l,\,\9 -Z, )EI)K (L, —Z O, Ly
- K K
K=12,....
> 3a3eMIIEHBI ¢ ~0 ~0
JIBYX CTOPOH
Tpancno- 1 (. + .o 2 (. . N
3 HUPOBAHEI —(Z}K9 -Zy )EI)KELK —(Z)Ka -Z, )D}KD_K
N=12,.... SN N

[Tpu ucnons3oBanuu ¢popmys 1ada.4.8 B kauecTBe TOKA |, clieAyeT MOHUMATh!

— B HOPMaJbHOM PEXHUME — TOK Harpy3KH,

— npu oAHO(GA3ZHOM WK TpeX(PazHOM KOPOTKOM 3aMbIKAHUM — MEPUOJIUYECKYIO
COCTABJISIONIYIO TOKA, KOTOPBIH MPOXOAHUT MO paccMaTpuBaeMoMy kalOelto U UeT B
TOUKY TTOBPEXKACHUS U30JISIITUU CETH, HAXO ISIIIIYIOCS BHE KaOesl.

N3 1a61.4.8 BUJIHO, YTO B Cily4ae TPAHCIO3ULIUU HAUOOJIbIIIEE HAMPSXKCHUE Ha
skpane (OHO OyJeT B y3j€ TPaHCIO3WIIMK) JIOCTUTAETCS Y€ He Tpu ogHOda3HOM

KOPOTKOM, a IpU Tpex(a3zHOM KOPOTKOM 3aMbIKaHUH, TaK KaK
2 1
— <,
ON 3N

YTO U HAIIJIO OTPpaKEHHE paHee B Ta01.4.6.
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Tabn.4.9. Toku B 5kpanax Qa3 kabdes.

CUMMETPUUHBIH pexkuM padOThl
CocrostHue N Pexxum o1HO(pa3HOrO KOPOTKOTO
Ne IKPAHOB (HOpMaJIbHbil WIIM TEXdasHOE 3aMbIKaHUsI BHE KaOens
P KOPOTKOE€ 3aMbIKaHHe BHE KaOeJIst)
C . ’ o ) C . ! P
I 24 J C)I(?) K mJ KA I 24 Jh{c)l(Q K |IU KA
3a3eMIICHBI C

OJIHOM ‘ . * : : : . .
1 CT(ilpOHLI lop = JU'{C)I(Q E’% W x5 lop = JM{C)K:) [5 W s

K=1,2,....
lse = 1) Ciys R.K W e loe =1 Cysy ]5 W 5
. Z. +27
_ Ly =Ly Lyn —Lg - -
5, = — |y 3 Z, +2Z, .
Z) _ZK |9A - 57 I)KA
e e . ) K
3a3eMJIICHBI C : Ly =Ly N
2 | )y =——5—1 . Z,. \Z, —2Z.. .
JIBYX CTOPOH oz -z, B ( YR *}“)_ -
. (29 —Zy xza +221< )
I' :_Z/’y(a ZK I Z- *(Z- *_Z- *)
a2C sk sk JKC . 6 KT
Z:9 _ZK I3C - K ., KD

@ -2, )2, vaz,) ™
2;1(9* + ZZK*

[!}KA

Iy =——= P

(o= LKD]J' §__£ zZ, +2Z, 3

Tpancmo- 24 3N HT 4 . Z.)I{S* N ZZ'K* d,m

3 HUPOBAHbI . |y =— > 127 3
N=1.2,.... el T L e K

|9A “IaA‘—wE]C}“TKmJ;KA ' s s N
2N+/3 | :_Z;K9 +2Z, d)m
2C Z'a* +22K* 3

HpuMeqaﬁue: [pH pacucTC CMKOCTHLIX TOKOB B 3KPdHAX YYTCHA JIMlb CMKOCTb [JIABHOM H30JIs1LIMA
CKHIIAa-3KpaH>», a EMKOCTH MCXKAY SKpaHaMH COCEIHUX (1)33 YHPOUICHHO OIMYyIICHEI.
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I''TABA 5. IIpocToii pacyeT HHIYKTHPOBAHHBIX TOKOB M
HANIPSKEHU I

5.1. Toku B 3kpaHax Kadeys

Tox B skpane |, 3a3eMJIEHHOM TI0 KOHI[aM KabeJist, IIPOMOpIHOHAleH TOKY |, B
xkuiie. [1oaTomMy yi00HBIM NPEJACTAB/ISICTCS PACCMOTPEHUE HE aOCOJIOTHON BEJIMUYMHBI
|,, @ OTHOCUTEJIBLHOI'O TOKA B DKPaHE — COOTHOWEHUs |, /I, , KOTOpOE MHAYE MOKHO
Ha3BaTh 10Jedl D, ToKa B DKpaHe.

Ha ocnoBe Ta0:1.4.9 HEC/I0KHO MOIYUUTh OOJIEE IPOCTOE BBIPAKEHUE JUJISi TOKOB
B 3a3€MJICHHBIX 110 KOHIIAM 3KpaHax, MPOTEKAIOIINX B HOPMATTBHOM PEKHME
L, _ X
I)I( B R9 + JX ’
IJIe UHIYKTUBHOE COMTPOTHUBIICHHE

X =al, Ho In(&j - In(&j =al, &In(ij =al, &In(éj ,
2 r, S 2 1, 2mr \d,

d, — cpeaHuii juamerp sKpaHa (OH HECKOJIbKO 0OJIbIlIe, YeM 2T, ).

B3siB MO/1yJ1b KOMILIEKCHOI'O YKCJIa, MOJIyYUM [POCTOC BhIPAKEHUE

LER P S (5.1)

V1 (R, /X)

B dopmyne (5.1) B kauecTBe R, 1 X MOXKHO IOJICTABJIATH KaK IOJTHbBIC 3HAUCHUSI

(OM) 1uist xabens IIMHOM L, , Tak W 3HaueHHst R,” U X' Ha eauuumy mauHbL (OM/M).
Ipoknaake da3 kabess BIVIOTHYIO JPYT K APYTY COMKHYTBIM TPEYTIOJbHUKOM OTBEYACT
ciyyad s/d =1, uro ¢ yuetom d >d, Jaer COOTHOUIEHUE s/d, =1+2.

Panee mpu BbIBOAEe (opMyJ MoOJarajoch ycioBue s>>r, (uwmu s/d, >>0.5),
KOTOPOE TIIJIOXO BBIMOJHSACTCS B Clydae MPOKIAJKH COMKHYTBIM TpPEYrOJbHHKOM
(s/d, =1+2). TlodTOMy cleayer IOHMMAaTh, 4YTO TIpH TPOKIAIKE COMKHYTBHIM
TPEYTrOJLHUKOM Pe3yIbTaThl paCueTOB HOCAT XapaKTep OIEHOK.

W3 (5.1) BuiHO, Y4TO TOKM B 3KpaHaX HE 3aBUCAT OT CONMPOTHBJICHHS (CEUCHHS)
YKHWJIBI M OT JIJTMHBI KaOelisl, a ONpe/Ie/IsFOTCS
— CONpPOTHBIIEHUEM (CEUEHHEM) DKpaHa,

— cooTrHolleHueM s/d,.

Ha puc.5.1 niist ognodazubix kadesield, MMEIoNMX 3a3eMJIeHHbIE B 000UX KOHIAX
SKpaHbl, IPUBEACHBI pe3yIbTaThl pacyeToB Mo Gopmyte (5.1) 1Ist HEKOTOPBIX THITOBBIX
3nadenuii ceuenust okpana F, (35, 50, 70, 95, 120, 150, 185, 240 mm?).

W3 puc.5.1, obuiero st Bcex onHOda3Hbix Kadeaei BHE 3aBUCUMOCTH OT KJiacca
UX HOMHMHAJILHOTO HAIPSDKEHHUs, CIICAYET, YTO C YBEJIMUCHHUEM CEUCHMS dKpaHa F, U
paccTOSIHUSL S MEKAY OCSMH COCEIHUX ¢pa3 TOKHM B DKpaHax KaOess 3aMETHO
BO3PACTAIOT U MOTYT OBITh CONOCTAaBHUMBI C TOKAMH B JKHJIax kadens. [TpuemieMble 1o
BEJIMYMHE COOTHOIIEHHS |.,/1, XapakTepHBI JHIIbL IS Kabelel ¢ MallbiM CceueHHEM

dKpaHa F, npu MaJbIixX s/d.,.
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L Iall)K ‘
240
- m— 185
0,8 — 150
- // 120
|
Y _— 95
0,6 [/ — — |
/ m—
1)~ = o |
0.4 /) /) -~ 7 50
’ Vg~ = |
/) /) = _— 35
/ // _— —
0,2 S  —
' ///
/
7
0 T 1
0 2 4 6 8 10 Sldy 1o

Puc.5.1. Toku B 3a3eMJICHHBIX MO KOHIAM 3KpaHax Tpex(azHoii rpynmbl 0HO(Pa3HbIX Kadeei
B 3aBUCHMOCTH OT CeueHus dkpana F, (MM%) 1 B3aMMHOrO pacrosoxkenns das s/d, .
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5.2. Hanpsi’keHHe HA SKpPaHaX KadeJisi

B coorBercTtBuM ¢ Tadn.4.8 HampsikeHHE Ha Pa33eMJICHHOM KOHIIE JKpaHa B
CUMMETPUYHOM peKUME (LPSIMON  [10CJISIOBATEILHOCTH) ONpeiessiercs: (opmy.io
U, = (Z o —Zp )0 4 L, KOTOPYIO HECIOKHO Npeodpas3oBarh k BUay U, = jX O, [, .

B3s1B MO1yJ1b KOMILIEKCHOT'O YKCJIA, I0JYYUM [IPOCTOE BbIPAKEHUE
U,=X 0, 0,, (5.2)
e X = wél_ior In[?) = a)/;—loT In(?}, d, — cpeanuii guaMerp dkpana (rpu npokiiajake a3

2 2

KaleJisi BIUIOTHYIO JIPYT K JIPYTY COMKHYTBIM TPEYTrOJbHUKOM S/d =1, 4TO C YYETOM
d >d., 1aer cooTHOIIeHHe s/d., =1+2).

B coorBercTBUU ¢ Tabn.4.8 HanpsbkeHHE Ha Pa33eMIIEHHOM KOHIIE dKpaHa IMpH
01HO(DA3HOM KOPOTKOM 3aMbIKAHUM OIIPEAE/ISeTCs Boipaxkenuem U, =27, O, [, uin

U, = (R; + jaM )K;)EI' « L. Tlockombky R, << jaM ,, , TO JONYCTHMO 3aIlMCaTh

U, = jX ),m* 0, O,.B3ss MOJTYJIb KOMIIJIEKCHOT'O YHCJI4, TOJIYYUM MTPOCTOE BHIPAKEHUE
U, =X, O, 0, (5.3)
* _ o Mo (D5 | _ 4y f 2D,
rme X,» =aM ..., =w—In| —= | = w=—In —=|.
AS R oo [er 27 [d9

N3 dpopmyi (5.2)-(5.3) BHIHO, YTO HANpsKEHWE HA DKpaHE OTHOCHTEIILHO 3eMIIH
3aBHCHT OT:

— TOKa B XKHUJIE |, ;

— JUIMHBI Kaless L, ;

— coortHomeHus s/d, (3a uckimouennem Beipakerus (5.3), Ky/1a BXOJHUT TOIBKO S).
Ha puc.5.2 u 5.3 npencrasieHpl pe3ynbTaThl pacueToB Hanpspkerust 1o (5.2) u

(5.3) coorBercTBeHHO. HampsbkeHrne U, Ha SKpaHe OTHOCHUTENHHO 3€MIIH OIMpPEeIeHO

JUIS TOKa B ujie |, =1000 A u JyuHbl Kabenst L, =1000 m. Jlist Apyrux coueraHui

TOKa B JKWJIE W JUIMHBI kaOels HampshKeHHE Ha pa33eMJICHHOM KOHIIE SKpaHa MOXKET
OBITH OMIPEJIEJIEHO C UCTIOIH30BAHUEM PUCYHKOB KaK
U:a :U:—)PHC EIIL LK .
1000 1000
Ecmv kabemb TposjoXkeH B paclpene/IuTeILHOM YCTPOHCTBE, Ha TEPPUTOPHH
OPCIIPHATHS U IIpod., To TiyouHa D, mama (1, 3, 10 M) u onpenensercss HATUYHEM B
3eMJIe KOHTYpa 3a3eMJICHHS, Pa3TUYHbIX METAIMUECKUX KOHCTPYKIUH. B ocTambHBIX
cnydasx D, 3aBHCUT OT conpoTHBJeHHS rpyHTa o, (10, 100, 1000 Om Oi). U3-3a sTOTO
Ha prc.5.3 ykazaHbl OTHOBPEMEHHO W 3HAUCHUSI ITYOUHBI D,, U COTPOTUBIICHUS O, .
CornacHo Ta0.4.8 QopMyabsl Ui pacueTa HAIpPSHKEHUsT Ha OJIHOCTOPOHHE
3a3€MJICHHOM 2KpPaHE U B y3ji€ TPAHCHO3ULMHU OJu3ku Apyr aApyry. IloaTomy kpusbie,
IpeICTaBiICHHbIe Ha pHuc.5.2-5.3, MOXHO HCIIONb30BaThb HE TOJBKO JJs pacueTa
HaMpsHKEHWs! Ha OJTHOCTOPOHHE 3a3€MJIEHHOM DKpaHe, HO W JIJTs pacueTa HanpsHKEeHUs B
y3Jie TpaHcno3uiuu (cm. tadi.5.1).
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U,, B (Ha 1000m n 1000A)

200 -
4//
150
//
100 ’////'
/
/
/
50 /
0 |
0 2 4 6 8 10 sldy 12

Puc.5.2. Hanpsokenme Ha sxpane kadens 6-500 kB orHocutensHo 3emiu, onpeaenentoe no (5.2) B
3aBUCUMOCTHU OT cooTHomeHust S/ d., mis kadens amuHoii 1000 M mpu Toke »xkunsl 1000 A.

U,, B (Ha 1000m n 1000A)

1000
900
\
800 N ]
~ D,(p;)]
700 ~_ 3570(1000)
600 — 1130(100
357(10)
500 N
\ — |
400 +— SN D,
__; 10
300 ~_ Y
3
200 1
100
0 | gy MM
0 20 40 60 80 100 120

Puc.5.3. Hanpsiokenue Ha skpane kadens 6-500 kB orHocuTebHO 3emiid, onpeaeacHHoe o (5.3) i
kabens nyuHoit 1000 m nipu Toke sxminbl 1000 A B 3aBucuMocTu oT auametpa d., u rmyOunsl D, .
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Ta6:1.5.1. Hanpsokenue (B), HaBoiumoe Ha SKpaH KadeJisi OTHOCUTENIbHO 3EMJIU.

CHMMETPUYHBII pesKUM pabOThI

CocTosiHHE N Pexxum oaHO(a3HOrO KOPOTKOTO
Ne (HOopManbHBII WH TpexdazHoe
JKpaHOB 3aMBIKaHUs BHE KaOenst
KOPOTKOE 3aMbIKaHHE BHE KaOes)
3a3eMJIEHBI ¢ 1 , I L 1 ‘ I L
1 OJTHOI CTOPOHBI S w 3Pl4’C.5.2 EAES K S w 9Pl4’C.5.3 K_ oK
K=12.. K 1000 1000 K 1000 1000
> 3a3eMIIEHEI C ~0 ~0
JIBYX CTOPOH
Tpancrio- 1 . L 2 . L
3 HHpOBaHLI = PHC 5.2 G K G K i ] PHC.5.2 EI K EI K
N=12 . 3N 1000 1000 ON 1000 1000
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5.3. BeJiHunHBI TOKOB KOPOTKOI0 3aMBIKAHHS, HCTIOJIb3yeMble B pacyerax
Jl1st pacueToB HaMpsiKEHUsI HA PKPAHE, KOTOPbIE YA0OHO BBITIOJHSTH C TTOMOIIBIO
puc.5.2-5.3 1 1a6:1.5.1, HEOOXOIUMBI JJAHHBIE O TOKE | , B UJe Kadess, XapaKTEPHOM
npu TpexdazHom uiau 01HOMAZHOM KOPOTKOM 3aMbIKAHMM BO BHEIIHEH CETU. 37eCh
MOJIE3HO J1ATh PsIJT KOMMEHTAPUEB, TOCKOJIBKY:
— KOPOTKHE 3aMbIKaHMSs, IPOM3OIICAIINE B CETH BOJIM3M OT Hayajla WM BOJIM3U OT
KOHIIa KabeJsi, COPOBOKAIOTCS PA3JIMUHBIMU TOKAMHU B MECTE MOBPEXKICHUS,
— Kak IpaBujio, umeercst tHdopMaliusi 0 CYMMapHOM TOKE |, KOPOTKOTO 3aMbIKaHUSI B
MECTE MOBPEKACHUSI, OHAKO ITOT TOK OOJIbIIIE TOKA XKHUJIbI |, KaKJA0W KOHKPETHOM
U3 UMEIOLIUXCS B CETU KaOeJIbHBIX JIMHUH, T.€. I 21,
CeTb UMeeT HeCKOJIbKO EHTPOB NMUTaHMs. PaccCMOTpUM B KauecTBE mMpuMepa
JIBYXLICTTHYIO KaO€IbHYIO Mepeaady, BbINOJHEHHYIO 0HO(Ga3HbIMU KaOeasiMU, KOTOpast
coeaunsier noactaniuuu [1C-1 u I1C-2. O6e noacTaHLMK HE SBJSIOTCS TYINHKOBBIMH,

T.e. HE TEPSIOT MUTAHUE JIAXKEe TMPU OTKIIOUEHWH OJJHOBPEMEHHO JBYX KaOeIbHBIX
Jgunui KJI-1 v KJI-2.

Nnc1 K 1 NncC 2
— D l <
E, I|_|C2 I|_|C'| E”
@—:l—'- -45—@‘
Z KN 2 Z
—_ > ol o

Puc.5.4. K Bonpocy 00 onpeneneHuy pacueTHbIX 3HAYeHU I TOKOB KOPOTKOTO 3aMbIKAHUS.

Ha puc.5.4 cnenyer paccMOTPETh CIEAYIOIME KOPOTKUE 3aMbIKaHUsI BHE KaOEs:
— KopoTkoe 3aMbikanue Ha [1C-2 u ero noanuTky | ,, no kademsm ot I[1C-1,

— KkopoTkoe 3ambikanue Ha [1C-1 u ero noanutky | ,, no kadensm ot 11C-2.

Toku 1,, ¥ |,,, B 4YaCTHOCTH, 3aBUCIT OT 4ucia uened Q=12 kabeibHOH
nepeiaydy, HaxoAsUXcsl B padoTe HAa MOMEHT BOBHUKHOBEHHUSI KOPOTKOTO 3aMbIKAHUSI.

Jlst pacyera TOKOB |, ¥ | ,,, MTOATUTHIBAIOIIMX MECTO KOPOTKOTO 3aMbIKAHHS B
cetu (omHo(azHOTO MK Tpex(azHOro), CIEAYET UCIOIb30BaTh METOJ] CUMMETPHUHBIX
COCTaBJISIOIIMX. [IpH 3TOM UCXOJHBIMHU JTAaHHBIMHU SBIISFOTCSI KBUBAJIEHTHBIE AKTHBHO-
uHAyKTHBHBIE corporuBiienus [1C-1 u [1C-2 (onpenenennnie 6e3 yuera KJI-1, KJI-2), a
TaK)Ke MPOIOJIbHbIE AKTUBHO-UHAYKTUBHBIE COITPOTUBIICHUS KaOEIs.

Harmpumep, B pacuerax TOKOB Tpex(a3HOro KOPOTKOTO 3aMbIKaHHsI y4acTBYET
TOJILKO COTPOTHBJIEHHWE TIPSIMOM TTOCIIEIOBATENLHOCTH BHEIHeH cetr (Z, u Z),) u Q
uener kadeabHOU nepeaauu
= L [ = E—"

Z,+2,/Q" " Z{+7,Q

[Tycts npu TpexdazHOM KOPOTKOM 3aMbIKaHHHM pacyeThl Al MEePUOIHYECKYIO
COCTaBJISIFOLIYI0O CYMMapHOTO TOKa B Q MLEMsAX KaOeIbHOU Mepenayd Takyro, Kak 3ToO
[IOKAa3aHO B TA0JIMIlE HUKE.

K2
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KopoTtkoe 3ambikanue Ha | KopoTkoe 3aMbikaHHe HA
Cxema [1C-2 conpoBoMxKAACTCS [1C-1 conpoBoMxKAACTCS
ToKOM | 1., , KA ToKOM |\, KA
Q=2 17 20
Q=1 12 15

[TockobKY |, <1, TO PACUCTHBIM CIIy4aeM SIBISCTCS TOK | ., T.€. TpexdasHoe
kopotkoe 3ambikanue Ha I1C-1. Eciau oHo Bo3HMKaeT npu ABYX (Q =2) BK/IIOUCHHbBIX
Lensax kadess, TO B UJIaX KaXIOU Lenu kadend MpoTeKaeT TOK Bcero 20/Q =10 KA.
Ecnm e oHO BO3HUKaeT IpH onHOM (Q=1) BKIIOYCHHOM IemM kabess, TO B KUJIax
ocraBllIeics B padore nenu kabdesist npoTeKaeT Tok 15 KA.

Hrak, B yciaoBusx puc.5.4 npu TpexdazHOM KOPOTKOM 3aMbIKAHMHM B CETH BHE
kabelsl B pacueTax HalpsHKCHMsST Ha dKpaHe ClAeAyeT MCIOJb30BaTh TOK I =15 KA.

AHAJIOTUYHBIE PACCYXJICHHSI B CXe€Me€ pHUC.5.4 MOXXHO MPOBECTH W JJIsl ONpPEIETICHUS
3HAYeHHs |, , TaK e HeOOXOMUMOTO JUI PACYETOB HAIIPSDKEHHS Ha DKpaHe.

CeTb MMeeT OMH LEHTP nuTaHusa. Ecim Obl ceTh Oblia pajinanibHON (MUTaHUE
Harpy3ku uepes kadenpHyro nepenauy ot [1C-1), To JuIst onpenesicHus! TOKOB | ko ¥ ke

JIOCTaTOYHO PAacCMaTpUBATh TOJILKO KOPOTKOE 3aMbIKAHUE HA HArpy3Ke, IMOCKOJIbKY
KOpoTKoe 3ambikanue Ha [1C-1 He BBI30BET B kHIaX KaOessi TOKOB KOPOTKOTO.

O6mue pexomenaauum. be3 1noapoOHONW HMHPOPMAIIMM O TONOJIOTMU CETH U
POAOJbHBIX COINPOTUBJICHUSIX €€ DJIEMEHTOB, CIIOKHO IOJYYUTh JOCTOBEPHOE
pacnpesnesnieHue TOKOB KOPOTKOTO 3aMblkaHUsl. [109TOMY B TakMX CiydasiX B pacyeThl
HANpsOKEHUH Ha JKpaHe JIONMYyCTHMMO 3aKJajblBaTh HE TOK B JKUJIE KOHKPETHOI'O
paccMmaTpuBaeMoro kadess, NOANUTHIBAIONIMN BHellIHee ogHo(azHoe Uiu TpexdaszHoe
KOPOTKO€ 3aMbIKaHWe, & CYMMapHbIH TOK KOPOTKOTO 3aMbIKaHHsI CETH. ITO MPUBEJIET K
YBEJIMUEHHUIO PACUETHBIX 3HAYEHWM HampsHKeHHWs Ha dKpaHe, HO 3aMETHO YIPOCTHUT
BbIUHCIeHUs. OT ynpouleHus, OAHAKO, MPUAETCS OTKA3aThCs, €CIM OHO KapIHHAIBHO
MeHsieT TpeOyeMbIii crocod oO0ycTpolcTBa 3KpaHOB (HampuMmep, JIydille TPOBECTH
TOYHBIE PACUETHI, €CJIM OHHU [1O3BOJISIIOT OIPAHUUUTHCS TPUMEHEHUEM OJJHOCTOPOHHErO
3a3€MJICHUSI AKPAHOB BMECTO WX TPAHCIO3HUIIMM WM KE OJHOrO MOJHOTO IUKJIA
TPaHCIO3UIIUK BMECTO JIBYX).
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I'JTABA 6. IloTrepu MOIITHOCTH B YKpaHaX

6.1. IloTepu B 3xkpaHax Kadess
CymMapHblie oTepu B ojiHodazHoM kabdesie (B oHO# ¢aze TpexdazHol IpyIIbl
o/HO(a3HbIX KabeJieii) MOryT ObITh OLICHEHbI U3 BbIPAKCHHUSI:
Pcmu = P)K + P9 + P/."[H?ﬂ )

rie P, =1,°R,, P, =1,°R, —IOTEpH OT TOKA B XHJIE |, U OKpaHe |, COOTBETCTBEHHO,

2
P :(U wou | J§) (b ., 190 — 1OTEpU B JIMDIIEKTPUKE <OKUJIa-dKpaH» oT (pa3Horo

pabouero Hanpsokerus U, /+/3.

[TorepssMu B nuaJeKTpUKe Uil Kabeled ¢ U30JALUEd U3 CIIUTOrO MOJIUATHIICHA
MOJKHO IpeHeOpeyb BCJIEICTBUE MAJIOCTU TAHI'€HCA YIJla JUIEKTPUUECKUX OTEPH tgo .

B cootBeTcTBUUM C Ta0:1.3.3 aKTUBHBIE COMPOTUBICHUS Wbl R, W 3KpaHa R,
COCTaBJIsIIOT R, =L, [p, /F, u R, =L, [p,/F,, OTKy/la COOTHOUIEHUE MTOTEPh B IKPAHE
kabeJisi U B €ro *kuJjie, Ha3biBaeMoe KOd(pPUIIMEHTOM MOTEPh, MOXKET ObITH HAWJIEHO KaK

2 (i) e

HopmanbwHolt ciieyeT cuuTtarh Ty KaO€JIbHYIO JIMHUIO C OAHO(a3HBIMU

kabessiMu, JJisi KoTopoi P, /P, =0, T.e. BCE TEINJIOBBIJICICHUE MPOUCXOAUT B KHUJIaAX.

Jlns Taxoit kabeaLHOW TMHUH.

— CEUYCHHUE JXUJIbI BBIOMPAETCS B 3aBUCUMOCTH OT TpeOyeMOro TOKa Harpy3kd Ha
OCHOBE pEKOMEHJAIuii  MPOW3BOAUTENS] Kabels, KOTOphIe OMHUPAIOTCS Ha
HEJIOMTYCTUMOCTh JUTUTEIHLHOTO TeperpeBa U30JISIUA CBEPX HEKOTOPOU MpeaebHON
TemmepaTypsl (st ciuTtoro mommstriaeHa — 5710 90 °C, s MacIOHAMOMHEHHBIX
Kxaberei ata madpa Menbire u cocrasisier 70 °C);

— CEUeHWEe OKpaHa BBIOMPAECTCS B 3aBUCHMOCTH OT BEJIWYHH TOKOB KOPOTKOTO
3aMbIKaQHUSI B CETM M BPEMEHHM WX MPOTEKAHWUs, T.€. OMPENEJICTCS BOIMPOCAMHU
TEPMHYECKOHN CTOMKOCTH dKpaHa (cM. 9-10 rIiaBy).

K coxanennto, AT MHOTHX YK€ CIPOCKTHPOBAHHBIX KaOCIBHBIX JIMHHUH C
onHOGa3HbIMK KalbenssMu kodduuueHt norepp P,/P, >0, T.e. B kabele MOMUMO

NOTEPH OT TOKOB B KUJIE UMEIOTCS 3aMETHBIE TTIOTEPH OT TOKOB B AKpaHe. ITO O3HAYAET:

— Opu Harpy3kax, OJIM3KMX K HOMMHQJIbHOH, H30JsilMsi KaOessl OKa3blBAETCs
NEepErpeToi cBepx AOMYCTUMOMR TEMIEPATYPhI, UTO CHUKAET CPOK CIYkKObI kades;

— B CETH HMMEIT MECTO HW3JUIIHUE IOTEPU AKTUBHOM MOIIHOCTH, 3a KOTOPbIE
PUXOAUTCS TUIATUTH WITKM TIOCTABIIMKY AJIEKTPOIHEPTUH, HIIH €€ TOTPEOUTENIO.

Hanpumep, ais ynoMsHyToro Bo BBeaeHuu kadens 10 kB: F, =500 MMZ, F, =95

MM, P, = p, =200° OmDu (Menb), |, =186 A, 1, =115 A. OTHOLICHHE NOTEPb B

AKpaHe K MOTEPSIM B KUJE COCTaBUT P, /P, =2.0, T.e. OCHOBHBIM UCTOYHHKOM Harpena

KaOeJIs SIBISTIOTCS IIOTCPH B €T'O SKPAHC.
2

Jlns xabens 35 kB, Takxke OTMEYEHHOro BO BBeldeHMM: F, =630 mMm“, F, =35

MM, P, =p, =200° OnDe (Menp), 1, =900 A, 1,=300 A. OTHOLICHHE [OTEPb B
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JKpaHe K TIOTepsiM B JKWJe cocrtaBuT P,/P, =20 (coBnanenue c kabdeirem 10 kB

CllyuaitHo), T.€. OCHOBHOW UCTOYHHUKOM Harpesa kadesisi — IOTepH B €ro SKpaHe.

SICHO, YTO €Cau HE NPUHUMATL MEP MO UCKIIIOUYEHUIO JUIMTEJIBLHOIO NPOTEKAaHUS
TOKOB B DKpaHax, TO 3TH TOKU SBJISIIOTCS CEPhE3HBIM MCTOYHHUKOM IOTEPH B Kadele,
KOTOPBIE MOT'YT JIO HECKOJIBKHX pa3 MPEBOCXOJIUThH MOTEPH B xkuJe!

Breibop crnocoba cOeqMHEHHs] W 3a3€MIICHUS SKPAHOB HEPA3PBIBHO CBSA3aH C
BOMPOCAMH JIJTUTENIBHOTO HarpeBa M30JSMK Kaldellss B HOPMaJbHOM Harpy304HOM
pexume. Bpipazum norepu B ojHOo(a3zHOM Kabesie B HOPMAJIbHOM PEXHUME Uepe3 €ro
AKTUBHOE CONIPOTHUBJIEHUE R, MPSIMOM MOCIIEN0BATEIBHOCTH

— — 2
PCMM - P)f( + P3 - l}K IQl'

CornacHo jaHHbIM Tabm.3.7 jasi kabess JUIMHOM L, , DKpaHbl KOTOPOTO

3a3€MJIEHBI 10 KOHIIaM, IOJIHOE COMPOTHBIIEHHUE MO MPSMON MOCIEA0BATEIbHOCTH
(2 -2f
Z, :Zl* (L, =(Z),( —ZK)— KL
Zy=Zy

OTKY/1a ¢ y4eToM (GOPMYJI ISt COMPOTHBIICHUH Z MOXXHO HAWTH BEIECTBEHHYIO YacTh
COMPOTHBICHUST Z, =R + jX,

X:wLK& In 5 —In(&j :aj_Kﬂln 2 .
2 r, S 2mr \d,

ITorepu B onHOda3HOM Kabese cocTaBasior P, =1 ,°R, B xuie P, =1,°R,, B
skpane P, =P.,, -P, =1,°(R - R, ). Toraa cooTHoIIeHNE MOTEPh B FKPAHE U TOTEPH B

KUIIC IJIA CIIydas 3a3CMJICHUA 5KpaHa 110 KOHIIaM Kkabens 6yI[€T

DP = P9 = RalR}K , (61)

rjae D, — OTHOCHTEIIbHBIC TIOTEPH B dKpaHe, Wik KOXPPHUIIMEHTOM HOTEPb.
dopmyna (6.1) cosmagaer ¢ dopmyinoi 1m.2.3.1 uz MOK [5] u, xpome TOrO,
cBsi3aHa ¢ BhIpaxeHueM (5.1) oueBHIHBIM COOTHOIIICHHEM

o).
Peo i) Ry
B Boipaxenun (6.1) B xadectBe R, M X MOXKHO MOJCTaB/ISATh KaK IOJIHBIC
snayenust (Om) it kabenst JUIMHOM L, , Tak W 3HayeHust R, ¥ X' Ha €IMHHILY JJIMHbI
(Om/Mm). JIst MeTHO# 5KHJIBI 1 METHOTO 9KpaHa CIpaBelinBo R, /R, =F, /F,.
CootHotieHue Dy = P, /P, sIBJISIETCS] BAXHBIM MPU BBIOOPE CIIOC00a COEIUHEHUS

U 3a3eMJIeHUs SKpaHOB oOnHO(pa3HbIX KaOenei. MneanbHoe 3HayeHue D, =0 mpu

UCIOJIb30BaHUU 0/1HO(a3HbIX Kaleseld JIOCTUIaeTCsi TOJIbKO IPU Pa3pbiBE IKPAHHBIX
KOHTYPOB (pa3leieHrH Ha OJHOKPATHO 3a3eMJICHHBIC CEKIIMH) WM MPU TPAHCIOZUIHH
AKPaHOB.
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[Ipy mpocTOM JBYCTOPOHHEM 3a3€MJIEHMM DKPAHOB pacueTsl BeJWYMH D, >0,

BhIMOJIHCHHBIC 0 (6.1), mpuBemenbl Ha puc.6.1 U sBIAIOTCS OOIMMMH IS BCEX
onHodazHeix kabdened 6-500 kB ¢ mMeqHOW XWAIOW M MEIHBIM dKpaHOM. JIJist KuJibl,
C/IEJIAaHHOM W3 allTOMHUHMS, 3HaueHne D, OyzaeT B 1.6 pa3za MeHbIIle, 4HeM Ha PUCYHKaX.

N3 puc.6.1 crnenyer, 4TO € yBEJIMUYEHHEM OTHOCHTEJILHOTO paccTosiHUs s/d,

MEXJy OCSIMU COCEJHUX (pa3 moTepu B dKpaHe Kadessi 3aMETHO BO3pacTaroT U MOTYT
MPEBOCXOJUTL moTepu B xkuje. [Ipuemnemsie D, =P,/P, XapakTepHbl JUIIb I

kaleJiell ¢ MaJibIM ceUeHueM dKpaHa F, ripu majbix F, /F, u s/d,.

3aBUCUMOCTh TOKOB M TOTEPH B DKPAHAX OT CEUYEHHS dKpaHa F, W pacCTOSHUS
s/d., MOHATHA, OJJHAKO TPEOYEeT KOMMEHTAPUEB CBSI3b NOTEPb D, U CEUCHUS KUJbl F .,
WJIH, UHBIMH CJIOBaMH, CBs3b D, W OTHOIIEHUA F, /F,:

— abcCoJIIOTHBIC MOTEPU B DKpaHAX, BbIpAKEHHbIC B Barrax, JeHCTBUTEIBLHO 3aBUCST
TOJILKO OT TOKa YKWJIbI | ., HO HE 3aBUCAT OT €€ ceUeHuUs F,.;

— OTHOCHUTEJIbHBIC MOTEPU B PKpaHaX — ATO OTHOIIEHUE aOCOMOTHBIX MOTEph P, U P, ,

a notoMy D, 00si3aTelibHO OY/IET 3aBUCETh OT CEUEHUs )KUJIbI F,. , BXOASIIIEro B P, .

Haubosbiive 3naueHusi D, JOCTUTAIOTCS MPU MOBBIIIEHHbIX CEUCHUSIX XU F .,

TaK Kak aOCOMIOTHBIE MOTEPU B TAKUX «TOJICTBIX» JKUJIAX OYEHb HU3KHE, & 3HAYUT — Ha
ux QoHE 3aMETHBIMU OKAXKYTCS JIIOObIE, JIAXKE CPABHUTEIBHO HEOOJIbIINE a0COIIOTHBIE
notepu B skpaHax. [loaTomy Masbie 3HaueHust D, JOCTHTaroTCs MPU MAIBIX F .

Hrak, xooppuument noreppr D, B oaHOdazHOM kabelie sBisieTcs: OoJiee o01en
XapaKTEPUCTUKOH, HEXeNH KOdIP(PUIIMEHT TOKOB D, . MuHUMabHblE D, TOJy4YarOTCs
JUIst OJIM3KO PACIONIONKEHHBIX APYr K JApyry kabened s/d, - 0 ¢ MaJibiIMU CEYCHUSIMH
XKUIbl F, W 3KpaHa F,, T.e. I «TOHKUX» KaOesleH, MPOJIOKEHHBIX COMKHYTBIM

TPEYTOTBHUKOM.
O6o6matoue KpuBble puc.6.l oTHocuTEnbHBIX TOTEPH P, /P, B AKpaHax OT

s/d, , a Taxxe ucxoaHas gopmysna (6.1), moaydeHbl BHE 3aBUCUMOCTH OT KOHKPETHOT'O

KJjlacca HarnpsbkeHus: Tpexdaznoit rpynimbl ogHodazHbix kadenen. Jlisi npakTHuecKoro
UCIOJIb30BaHUsl (OPMYJibl U KPUBBIX HAJ0 3HATh PACCTOSIHUE S MEX1y ocsaMmu (a3
kaleJisi, a TAKKE TMaMeTp dKpaHa d, .

Kak mpaBwiio, nuamerp SkpaHa d, HEHW3BECTEH, 4 W3BECTEH JMAMETP BCETO
kabenss d=d, +2A,,, rae A, — tojiuHa odosoukud kadesst (cM. 1a6a.3.2). Toraa,
mpeanonaras SKpaH TOHKHUM (r, —r,) - O, HCIIONB3yeMbl Ha pHUCYHKaX CpelHMit
JauaMeTp dKpaHa d, MOXXHO BBIUUCIIATE Kak d, =d —2A ;.
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Puc.6.1. Tlorepu B skpanax tpexdaznoii rpymiisl oHo(pa3HbIx kadeneit 6-500 kB ¢ MenHOM kunoii B
3aBUCUMOCTH OT CE€4YEHUs IKpaHa F,, COOTHOMmIEHUs ceueHmii skpaHa v bl F,. / F, u paccrosnus

Mexty ocsamu paz S/ d,. B ciyuae amromunueBoit sl P, / Py, Oyznet B 1.6 pa3a meHbIIIe.

F.
22 CootHolueHue noreps P, /Py
MM
P./P
3,0 9" XK
2,5
2,0
35 | 1° - FJF,=15 —
"
//
1.0 — — F,/F,=10 —
//4 /
/,
~ -z |
0,5 — F/Fs=5 —
— F.JF.=2 —
S #/Fo™
0,0 _— \
2 4 6 8 10 Sy o,
P_/P
30 1 -
I I I
L FylF5=15 -
2,5
2,0 //
- _— FyFg=10
50 1,5 // —
/ _
/,
1,0 L~ ]
P — Fy/F5=5 —
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6.2. Koa¢gpunmeHT cnoib30BaHUs MPOMYCKHOI CMOCOOHOCTH Kabesst

ITorepu B ogHOodazHOM kabesie HarpeBaroT ero N30S0, TEMIIepaTypa KOTOpOH
HE JIOJDKHA IPEBBILATh JUIMTEIbHO JOIYCTUMOro 3HadeHusi. CyMMapHble IOTEpU B
oaHOo(ha3HOM Kabesie UMEIOT BETHUUHY

P P
Pewr =Px +P, =Py [El+p_9j = I)R'ZR}I{ [El"'_aj’

K K

HO BCJIEICTBHE OOPBLOBI C MMOTEPSIMU B SKPAHE OHU CHU3ATCA 10 Py, =P, =1 ,.°R,.

[Torepu B ’kujie W MOTEPH B HDKpaHE HATPEBAIOT M3OJSAIHUIO MO-pa3HOMY. B
OoJbIlIeld  CTETeHW Temreparypa TJIaBHOW  M30Is1MK  ofHoda3zHoro  Kabems
OTPEJECSICTCS MOTEPSIMU B €T0 XKUJIC, @ B MEHbIIICH CTCNCHU — MOTEPSIMU B DKpaHe. DTO
CBS3aHO C TE€M, YTO TPOIINE OTBECTH B OKpYXKarollee MPOCTPAHCTBO TEIIO SKpaHa,
HEXEJTH TETJIO JKUJIbI, PACTIONIOKEHHONW B CaMOM IEHTPE KOHCTPYKITMH KaOesl.

31ech y100HO MPEANOI0KUTh, YTO MOTEPU B XKUJIE U IKPAHE OJMHAKOBO BJIUSIIOT
Ha TeMIepaTypy U30JSIHH kabells, a 3HAUUT W Ha TIPOMTYCKHYIO CMTOCOOHOCTH 1O TOKY.
Torna cBsI3b JUIMTENBHO JOMYCTHUMOTO TOKA B KHJIE KaOesl MpU HAJIWYUU TOTEPh B
9KpaHe U MPH UX OTCYTCTBUU (MealibHBIN Cilydait) MoKeT ObITh 3alMcaHa

5 P
l,JOH Ry EE]-"'P_SJ = IﬂOH,I/IﬂzR)I(’

P

o 1=k, (62)

Ao, 1l 1 + F)9

I
)
rone K, =]/ 1+P, /P, — kod(puIMeHT, XapakTepU3yIOUIMH CTeNneHb HCMOJb30BaAHUS
IPOITYCKHOM CITIOCOOHOCTH OJJHO(A3HOTO KadelIs.

Jliist kabestst ¢ ceueHUeM KuJjibl F,. NPy OTCYTCTBUM MOTEPH B SKPAHAX JUTUTEIBHO
JOILyCTUMBIH TOK MOT OBITH | 1, 7, HO M3-32 IIOTEPH B DKPAHAX, 3aBUCAIIUX OT CEYEHHsI
sKkpaHa F.,, JUIMTENIbHO JIOMYCTUMBIH TOK OKa3biBaeTCsl MeHbIIE (| o <1 ﬂOHM) A MOXET
ObITh YK€ HEIOCTATOUHBIM JUJIsl DJIEKTPOCHAOKEHUs: oTpeduresei. B takoil curyauuu
1e1ecoo0pa3HO CHU3UTH TEIJIOBbBIIEIEHHE B Ka0esie, a 3HaYUT HaJlO:

— CHH3WTH (BOBCE HMCKJIIOYHTH) MOTEPH B KpaHAX MM 3@ CUET pa3pbiBa SKPAHHBIX
KOHTYPOB, WJIH 32 CUET TPAHCIO3UIIMHU IKpaHOB (a3 kades,
— CHHU3UTH MOTEPH U KUJIAX, JJIs YEro MOUTH Ha YBEJIMYEHHUE CeUeHus F . .

N3 nByX MEpEUHUCICHHBIX BAPUAHTOB CJIEAYET BBIOMPATh TOT, KOTOPBIM OKaXETCs
Han0oJiee SKOHOMHUYECKH BBITOJIHBIM, T.€. HEOOXOJMMO OTBETHUTH Ha BOIIPOC: JIOPOKE
OOpOTHCS C MOTEPSMHU B DKPaHaX WM JJOPOXKE 3aKynaTh kabelb ¢ 3aBbIIIIEHHBIM F, ?
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6.3. [IponyckHasi cIOCOOHOCTH KadeJisi ¢ MONMPABKOH HA CeYeHHe IKPaHa

CTeneHp UCMONIB30BaHUS TPOITYCKHON CITOCOOHOCTH WJIM, TIPOIIE TOBOPS, cama
HPOITYCKHAsi CIIOCOOHOCTh TpexdaszHoi rpyiibl o4Hoda3HbIX Kadese, cornacHo (6.2),
3aBUCHT OT kodduiimeHta mnorepb D, =P,/P,, a 3Ha4YUT — OT CEYEHHs DKpaHa H

B3aUMHOI'0 PACMOJIOKEHUs Pa3 Jpyr OTHOCUTELHO Jipyra.

Bnusinue pacnonoxkeHus ¢as Ha JONYyCTUMbIC TOKU B kaOEIbHBIX Mepeaadax, TaK
WJIM MHAue, YUUTHIBAETCS B KaTajlorax mpou3BOAUTENEH, OTHAKO YUET BIUSHUS CEUEHUSI
dkpaHa F, moka elle BCTpeuaeTcsl J0CTaTOUHO PEJIKO, T.€. 0 BCEH BUIMMOCTH, MTOTEPU

B DKpaHax 0JHO(a3HbIX Kabeseld B TAKUX CllydasX HE YUTEHBI.
Ceuenne F, He BIMAIO OBl Ha MOTEPH B DKpaHax TOJBKO IpPH YCIOBUH

D, =P,/P, =0, JIOCTUTaEMOM 3a CYET OJHOCTOPOHHErO 3a3€MJIEHHUSI DKPAHOB WJIM UX

TpaHcro3ulinu. [lOCKOJIbKY TMPOM3BOJMTENHM B CBOMX Karajorax, Mo YMOIYaHHIO,
OPUEHTUPYIOTCSI Ha 3a3€MJIEHUE DKPAHOB C JIBYX CTOPOH, TO IPU YKa3aHUM JIUTEIILHO
JOIyCTUMOIO TOKA | 7 U1 01HO(DA3HOrO Kadesst OHKM 00A3aHbl HA3bIBATH KOHKPETHOE

3HAQUCHUE CeYEHUs1 F,, IPU KOTOPOM CIPABEUIMBO | ;) .

KaTtanoxHyr 3aBUCUMOCTSH | JOH(F)K,Fa) JIOITYCTUMBIX TOKOB KHWJ TpexgazHOoh
rpynnsl - ogHO(a3HbBIX Kkabeled OT cedyeHWH kuiawl F,, W 9kpaHa F, kalens
1€J1IECO00Pa3HO 10JIy4aTh ¢ UCIOIb30BAHUEM BBEAEHHOIO Koo duumenra K, .

[TomoxxuM, 4TO UMeeTcsl Kabeb C CEUEHUEM KUITbl F,. U HEKOTOPHIM HavyaJbHBIM
CEUEHHUEM dKpaHa F.,. [loTepu B 3a3eMJIEHHBIX MO KOHIIAM SKpaHax TakKoro Kades
OyJ1yT cocTaByisiTb P,;, a xk0d(QPUIMEHT HCHOJIb30BAHUSI MPOMYCKHOW CIHOCOOHOCTH

Kno = Iﬂono/lﬂon,zw :]/\/1+ P30/P)I( .

Ecau y xabessi MBMEHUTh CEYEHUE DKpPaHa ¢ HEKOTOPOr0 HAYAIbHOI'O 3HAYCHUS
F., 10 HOBOrO F., TO OyayT HOBble P, U K, =1 0. /1 1000 :]/,/1+ P,/P,. . Torna

IgO!I — Ku - m =K (63)

| omo Ko B \/1+P3/P, S

rne K, —nonpaBoyHbId KOd(PPUIIMEHT HA CEUEHHE DKpaHa.
Ilpu 3a1aHHOM CEUYCHMH *KuJibl F, U norepsix B Hell P, Bbipaxenue (6.3) naer
W3BECTHBIA pe3yJIbTaT, CPABETIMBBIN JIJIs 3a3€MJIEHHBIX IO KOHIIAM SKPAHOB!
— YBEJIMYEHUE CeueHUs dKpaHa F, = F,, IPUBOJUT K CHUXKEHUIO TOKOBOH IPOIYCKHON
crocoOHoCTH Kabens K., <1;
— CHWXEHHUE CeueHHUs dKkpaHa F., < F,, MIPUBOAUT K YBEIUYEHUIO TOKOBOU MPOMYCKHOM
criocobHocTH kadesst K., >1.

Jlnst oiHO(aszHbIX Kabeliel, SKpaHbl KOTOPBIX 3a3€MJIEHBI C OJIHOH CTOPOHBI WUJIU
TPaAaHCHOHUPOBAHBI, JIOMYCTUMbIC TOKU OTBEUAIOT UJICAIbHOMY Cilydaro 0€3 mapa3suTHbIX
HoTepb B KpaHax. CiaenoBareibHo, coraacHo (6.3), mompaBOYHbIH KOAPDHUITHECHT

K. = | o _ vi+t Pso/Px = [1+P, /P, = 1
9 v 20/ P
lf[()I'IO v1+0 Kiro

OyzieT onpeaesiThesl TOJLKO HauallbHbIM CEUeHHEM dKpaHa F.,, BXOJSIINUM B K ;.
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6.4. IlIpumepsbi pacuera KO3(PPHUIHEHTOB U UX YUeTa MPH COCTABJIEHHH KATAJIOTOB

3Hast TMTT KaOellsT W KJIacC ero HampshkeHHUs ¢ ucnolib3oBanneM (3.1) HecIokHO
OLCHHUTh €0 ICOMETPUYECKUE XAPAKTEPUCTUKU

d,=2r,, d=2r,.

BbiOop B3auMHOro pacnosiokeHusi ojiHO(a3HbIX Kadejaed Apyr OTHOCUTEJIBHO
Jpyra OnpeaeauT BETUYUHY S
— s=d I pacHoIOKEHUSI COMKHYTBIM TPEYIOJIbHUKOM;
— s=1.2602d =2.52[d jJs pacrnojioxkeHust kabejied B NJIOCKOCTH C PACCTOSIHUEM «B

CBETY», PaBHbIM JHAMETPY KaOeJis.
CBsi3b BEIMUMHBI S/d , OnpeaeiseMol croco0OM MPOKJIAJIKU, U BEJIMYMHBI S/d, ,

HEOOXOIUMOH J1J1s1 UCTIOJIB30BaHMsT 00OOIIAIOIIMX KPUBbIX, 3aBUCUT OT CCUCHUN KHUJIbI
F, W 2KpaHa F., a TakXe€ OT TOJIIMHBI IJIaBHOW U30JSILIUU A ., U 000JOUKU A, ;. Jlst

UCTIONB30BaHus popmybl (6.1) 1 puc.6.1 HeoOX0IUMO TOTBKO S/d, .

Huxe B kauecTBe mpuMepa NPUBOIATCS PE3YIbTAThl pacueToB A TpexdasHoH
rpynnbl - ogHodaszubix  kabenedt 10 w110 «xB, nposokeHHbIX COMKHYTHIM
TPEYrOJIbHUKOM, [IPU BapbUPOBAHUU MX CCUCHUH KWJIbl U dKpaHa (st 3TuX kabesieit
COOTHOIIIEHUIO s/d =1 cooTBercTBYeT s/d., =1.15+1.75). Koadduiment noreps jaH Ha

puc.6.2 u He cunbHO paszyiuuaetcs s kabens 10 u 110 xB. IMostomy nanee, s
OTNpeNETIEHHOCTH, COCPETOTOYMM BHUMaHKeE Ha pacyeTax kabens 10 kB.

Ha puc.6.3 nns tpexdaznoit rpynmsl ogHodasubix kadeneh 10 kB ¢ megnoit nnum
AJTIOMUHUEBOU JKUJIOH, MPOJIOKEHHBIX COMKHYTBHIM TPEYTIOJIbHUKOM, JIaHbl PE3YJIbTaThl
pacueToB (6.2) korpdHIMEeHTa HCTTOIB30BaHHS TPOIYCKHOM CITIOCOOHOCTH TIO TOKY.

ITycts ObuT BBIOpan kabems 10 kB 400/70 MMZ ¢ MEIHON KWUJIOU — JUIS HETO
KO3 PUIIMEHT UCNOIB30BAHUS MPOMYCKHOM crocoOHocTH K, =0.89. Eciu, Hanpumep,

2
norpedyercst yBennueHue cedeHusi skpaHa ¢ /0 go 150 mMMm“, TO HOBOe 3HayeHUE
koo dunueHTa K, =0.81, a NpoIyckHas cocoOHOCTh Kabens mo (6.3) u3MeHunach B

K, =K, /K, =0.810.89=0.91 pa3, T.e. yMeHbImaacs nouty Ha 10 %.

CocTaBJjieHHe KATAJI0ra B YaCTH NMPONMYCKHOM ¢MOCOOHOCTH KaleJiei

PaccmoTpum 1oixoabel K 0pOPMIIEHUIO KaTaJOTOB MPOU3BOJAUTENEH B TOW HX
YaCTH, IJIe OOBIYHO MPUBOJISITCS JUIMTEIILHO JIONYCTUMbIE TOKH HArpy3ku. ITH TOKH, 110
KpaliHel Mepe, TOJKHBI ObITh YKa3aHbl:
— JUIsl JIBYX OCHOBHBIX PacHOJIOKCHUH 0oaHO(dasHbiX kaOesel: B TPEYrojJbHUK WU B

MIJIOCKOCTHU C PACCTOSTHUEM <B CBETY», PABHOM JIHAMETPY KaOes;

— JUIs1 ABYX OCHOBHBIX MECT MPOKJIAAKU (pa3: Ha BO3AyXe, B TPYHTE.

[TonpoOHee ocTaHOBMMCS Ha TOM, 4YTO MpH JIOOOM 3aJaHHOM B3aUMHOM
pacrojioxKeHuu ojHO(a3HbIX Kadeled W MecTe HX MPOKIIAJIKU JOMYCTUMbIE TOKH
3aBUCSIT HE TOJILKO OT CEUCHHUS XUl F,., HO U OT TakuX (PakTOpPOB, KaK:

— cedeHHue IKPaHOB (ECIH AKPaHbl POCTO 3a3€MJICHBI 10 KOHIIaM);
— cnoco0 3a3eMJIEHUST SKPAHOB.
MOHO MPEJIOKUTD JIBA OCHOBHBIX MO/X0/1a K O(GOPMJIEHHUIO TaHHbIX.
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Puc.6.2. Tlorepu B s5kpanax tpexdaznoi rpyiiibl o Ho}pa3Hbix kadeneit 10 u 110 kB, npoaoxeHHbIX
COMKHYTBIM TPEYrOJbHUKOM, B 3aBUCUMOCTHU OT CEYEHUI MeHbIX 2kuibl F,. udkpana F,. B ciyuae

afoMuHUeBOH xuibl P, / Py Oyner B 1.6 pa3a meHble.
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Puc.6.3. KoappuiwieHT ncnob30Banus o TOKy MPOIYyCKHOM criocoOOHOCTU Tpex(ha3HOo rpyIilibl
onHo(dazHbeIxX kadenei 10 kB, mpoiosKeHHBIX COMKHYTBHIM TPEYTONBHUKOM, B 3aBUCUMOCTH OT CEYEHUS

F,. 1 matepuana xxuisl (Cu unu Al), a Takike OT ceueHust MeTHOTo dkpana F, .

F Koadduument ucnonszosanus K, ams kadens 10 kB
K
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IepBorii (mo dopmyne (6.2)) — 3T0 Koraa MPONYCKHAs CIHOCOOHOCTH KaOens
onpenessieTcs 6e3 ydera moTepb B dKpaHaxX, T.€. SBISETCS WAeadbHOM, MaKCHMAILHO
BO3MOXHOMN IPH 3a/1aHHOM B3aMMHOM PacrosiokeHud a3 (TpeyrojbHHUK, IIOCKOCTh) U
MecTe Tpokiaaakd (Bo3ayx, rpyHT). Takas HpOMyCcKHas CHOCOOHOCTh W JJTHUTEIBHO
JIONYCTUMbIE TOKH OYJYyT OTBEUYaTh CJIyYaid pPa3’OpBaHHBIX JKPAHHBIX KOHTYPOB HJIH
TPAHCHO3MLIMK SKpaHOB. EcCiM ke dKpaHbl 3a3eMJICHBI 110 KOHL@AM, TO IPOIYyCKHAsI
CMOCOOHOCTH Kabelst U TOMYCTUMBIE TOKH OKQKYTCS MEHBIIE HAEATHHOTO Clydast — TeM
MEHbBIIIE, YeM OoJblle ceucHue F, dKpaHa kabensd. BiMsHHE 3a3¢MJICHHS DKPAHOB IO

KOHIIaM, a TaK)Xe BIUSHHE CCUCHUS SKpaHa Ha MPOMYCKHYIO CIIOCOOHOCTh YUUTHIBACTCSI
CTEIHATLHBIMU TTOTPABOYHBIMUA KOA(PPHIIMEHTAMH, KOTOPbIE BCErja MEHee €IUHHIIbI,
MOCKOJIbKY IPOITYCKHAsI CIIOCOOHOCTD 3aBEIIOMO MEHbILIE, YEM B HJICa/IbHOM Cilyuae.

Bropoii (o dopmyne (6.3)) — 3To korma MNpoIyCKHAas CIOCOOHOCTh Kabems
OIpe/ICISICTCS TPU MPOCTOM 3a3eMJICHHHM DKPAHOB [0 KOHIAM M TP KaKOM-TO
3a/JlaHHOM HauboJiee BOCTpEOOBAHHOM CeYeHUU dKkpaHa. Eciin Tpedyercss MHOE ceueHUE
9KpaHa WM Jpyrod  crmoco® 3a3eMJICHHs DKpaHa, TO JIOMYCTHMbIE TOKH
KOPPEKTUPYIOTCS TIyTeM YMHOXXEHHSI M3BECTHBIX 3HAUYCHHM HA TONPABOUYHbIE
KOO PUIMEHTbI, KOTOPbIE MOIYT ObITb 0OJIbIIE M MEHbIIC eAuHuIlbl. Hanpumep,
pa3pbiB AKPAHHBIX KOHTYPOB WJIM TPAHCIO3MIIMAS 3aBEJOMO MOBBICST TMPOMYCKHYIO
CIIOCOOHOCThL Ka0elisi MO0 CPaBHEHWIO C HAYaJlbHbIM BAapUAHTOM, T.€. IMONPABOYHbBIN
koo unmenT 6ompie eauHUIBL. Ecian jke, HampUMep, TPH MPOCTOM 3a3E€MIJICHHH 10
KOHI[AM YBEJHUUTh CEUEHHWE SKpaHa CBEPX HCXOJHOTrO 3HAYCHHUS, TO TOMPABOUYHBIH
ko3 puieHT Oy1eT MEHEE CIUHULIbI.

Bapuant Nel odpopmuienns karasora

[To MHEHHIO aBTOpa, IEPBBIH BapUaHT COCTABJICHUS KaTalora doyee mpo3paucH U
nousiteH. [Ipumep cocraBienus katajiora 1o 1-mMy Bapuanty npejcrasieH B Ta01.6.4, a
B €r0 OCHOBY IIOJIOXKEHBbI pacuerbl puc.6.2-6.3 s kabesns 10 kB, mposoxeHHOro
COMKHYTBIM TPEYTOJbHUKOM. [lomOOHBIX TabmWil B KaTajore MpOU3BOJUTENST Ha
KaXIbI KJIACC HANPSDKEHUS JJOJKHO OBITH J1BE (a3bl B TPEYrOJIBHUK U B TUIOCKOCTH). B
KaXI0M U3 TabnuI uyepe3 HAKIOHHYIO 4YepTy HeoOXOIUMO yKa3aThb 3HA4YCHUE [JIsl
MEJTHOM JKWJTBI ¥ 3HAYCHUE JIJIST aJTFOMUHHEBO#H KUITBI (B Ta01.6.4 TONBKO /T METHOM).

Bapuant Ne2 opopmiienus karajiora
2
ITycTh 5kpaH UMeeT HEKOTOPOE HAYAIBHOE CEeUeHue, Hanpumep, F,, =70 MM~ 1

3a3eMIJIEH 110 KOHIIAM Ka0es.
Eciu nipousBejieH pa3pbiB SKPaHHbIX KOHTYPOB WJIM TPAHCIIO3UIMS YKPAHOB, TO
JOIyCTHUMBI TOK BO3PACTAET 110 CPABHEHMIO C HAYaJIbHBIM 3HAYEHUEM | ... JIO

HEKOTOPOr0 MIEANbHOrO 3Ha4YeHus | ., ., @ CBA3b JABYX DTHX TOKOB ONpPEIEISIETCs
koo punmentom ucnonwzoBanus K, u3 (6.2). s Tpexdasznoit rpynmsr ogHO(GAZHBIX

kabeneit 10 kB ¢ meqHOW XWIIOH, MPOIOXKEHHBIX COMKHYTHIM TPEYTrOJIBHUKOM, MPH
2
CEUYEHHUH dKpaHa F., =70 MM 3HaueHHUsl K, IPUHSITHI 11O PUC.6.3 U JaHBI HIKE.
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— *)
MeI[FHaSI“;l;I/;J]a P;,)O/P;,( Kno K )= l/Kno |/70170 - I/IOH,IW EKMO
K Ha BO3JyXe B TPYHTE
95 0.086 0.960 1.042 150*0.960 | .....*0.960
120 0.104 0.952 1.051 200*0.952 | ....*0.952
150 0.124 0.943 1.060 2500943 | ....*0.943
185 0.146 0.934 10717 | ... | ...
240 0.179 0.921 1086 | ... | ...
300 0.214 0.908 1102 | ... | ...
400 0.269 0.888 1126 | ... | ...
500 0.321 0.870 11499 | ... | ...
630 0.385 0.850 1177 | ... | L
800 0.467 0.826 1211 | ...
1000 0.560 0.801 1249 | ... | ...
1200 0.650 0.778 1.285 1500*0.778 *0.778

*) —3/1ech B KHHIE¢ 3HAYCHHS TOKOB | on iy B3ATHI U3 Ta0N.6.4, T7ie OHH OBUTH HA3BaHbl «CITyqailHO».

Ecin dkpaHbl 3a3eMJICHBI 110 KOHLIAM, TO IIPU U3MEHEHUU CEUYEHUs DKpaHa OT
2
HaYyaJIbHOrO 3HAueHHst F,, =70 MM~ J0 APYyroro OyayT TIPOUCXOJUTh HU3MEHEHUS W

JOILyCTUMOIO TOKa, KOTOPBIH OyIeT OTIMYAThLCS OT HAYalbHOro |, B YUCIO pas,
OIpeesieMOe MOMPaBOYHBIM KO PHUIIMEHTOM Ha cedueHue skpaHa K, =K, /K,, u3

(6.3), re K,, HeCJI0XHO HAUTH U3 pUC.6.3 HITH aHAJIOTHYHBIX EMY.

[Ipumep cocTaBiieHUs KaTajora no 2-my BapHaHTy MpeacTaBieH B Ta01.6.5, a B
€ro OCHOBY TOJIOKEHBI pacueTsl puc.6.3 1 kadenst 10 kB, npoi1oKeHHOro COMKHYThIM
TPEYrOJbHUKOM.
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Tabn.6.4. [lepBblii BapuaHT COCTABJIEHUS KaTaaora B 4aCTH JIOMYCTUMbIX TOKOB Harpy3Ku

(Ha mpumepe TpexdazHoii rpynibl oaHo(pa3HbIX kadeneii 10 kB ¢ MeIHOM U0, NPoJI0yKEHHBIX COMKHYTBIM TPEYTOJIbHUKOM).

K, B 3aBUCHMOCTH OT CEUCHHs SKpaHoB F, (MMZ) 1 croco0a X 3a3eMJIeHHs
| A OKpaHbI 3a3€MJIEHBI C
F K MM2 Aot OJTHOW CTOPOHBI HUITH DKpaHbI 3a3€MJICHBI TTO KOHLIAM
TPAHCITOHUPOBAHBI
Ha Bo3z[yxe*) B TPYHTE F., - moboe 35mm? | 50Mm? | 70mm? | 95mm? | 120Mm? | 150mMm> | 185mm? | 240Mm?
95 150 1.0 0.979 | 0.970 | 0.960 | 0.947
120 200 1.0 0.975 0.965 | 0.952 | 0.937 0.925
150 250 10 0.970 | 0958 | 0.943 | 0.926 | 0.912 0.899
185 1.0 0.965 | 0951 | 0.934 | 0.915 | 0.899 0.884 0.871
240 1.0 0.958 | 0941 | 0921 | 0.898 | 0.879 0.862 0.847 0.835
300 1.0 0.950 | 0931 | 0.908 | 0.882 | 0.861 0.841 0.825 0.810
400 10 0.939 | 0916 | 0.888 | 0.858 | 0.834 0.811 0.792 0.775
500 1.0 0.928 | 0902 | 0.870 | 0.837 | 0.810 0.785 0.764 0.745
630 1.0 0.915 0.885 | 0.850 | 0.813 0.784 0.756 0.733 0.712
800 1.0 0.899 | 0.865 | 0.826 | 0.785 | 0.753 0.724 0.699 0.676
1000 N 10 0883 | 0.844 | 0.801 | 0.757 | 0.723 0.692 0.666 0.641
1200 1500 10 0.868 | 0.825 | 0.778 | 0.732 | 0.697 0.664 0.637 0.612

*) —3J1CCh B KHUT'C KOHKPCTHBIC 3HAUCHUA UACATILHBIX TOKOB MPHUBCACHBI «cnyqaﬁHo» M HC MOT'YT UCIIOJB30BATLCA TIPH MPOCKTUPOBAHHH.

JITUTENIbHO TOMYCTUMBIA TOK MPOMBIIUIEHHONW YaCTOThI B XkKHUJIaX TpeX(dazHOH rpymniibl 0lHO(pa3HBIX CUIIOBBIX Ka0esen

MOXKHO HaTH 1o popmyie |,

=1 yon y Ky, » 7€ B T201.6.4 1aHEI

| you 1y — TOK B HJI€AJILHOM cilydae (Koraa HET MoTeph B OKPaHe);

K, —K03(pUIUEHT UCIIOIB30BAHUS MPOITYCKHONW CITOCOOHOCTH Kabes.

Ecau B Karajore nmpousBOAWTENSI HET 3aBHCHMOCTH JIOIYCTHMOIO TOKa |, OT CeYeHHs dKpaHa F,, TO TakoW Karaor

SIBJISIETCS] OIIMOOYHBIM U HE 3aCJIy’KUBACT JOBCPUA.
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Ta61.6.5. Bropoii BapuaHT coCTaBieHUs! KaTajaora B 4acTu JIOMyCTUMBIX TOKOB Harpy3Ku

(Ha mpumepe TpexdazHoii rpynibl oaHOo(pa3HbIX kadeneii 10 kB ¢ MeHOM U0, NPoJI0KEHHBIX COMKHYTBIM TPEYTOJIbHUKOM).

2
K, B 3aBUCHIMOCTH OT ceueHHsi SkpaHoB F., (MM°) 1 ciocoba nx 3a3eMieHus!

| omor A : DKpaHBI 3a3E€MIIEHEI ¢
F oo MM npu F, =70 mm® OJIHOM CTOPOHBI UK OKpaHBI 3a3eMJIEHEI TI0 KOHLAM
TPAHCTIOHUPOBAHBI
Ha BO31yXe bl TPYHTE F, - moboe 35mm? | 50mMm? | 70mm? | 95mm? | 120mm% | 150mm? | 185mm? | 240mm?
95 144 | L. 1.042 1.020 | 1.011 | 1.000 | 0.987
120 %0 | ... 1.051 1.024 | 1.014 | 1.000 | 0985 | 0.972
150 236 | ... 1.060 1.029 | 1.016 | 1.000 | 0.982 | 0.967 0.953
8 | 1.071 1.033 | 1.018 | 1.000 | 0.979 | 0.962 0.946 0.932
240 | .. | . 1.086 1.040 | 1.022 | 1.000 | 0.975 | 0.955 0.936 0.920 0.907
300 | ... L 1.102 1.047 | 1.026 | 1.000 | 0.972 | 0.949 0.927 0.908 0.893
400 | ... 1.126 1.057 | 1.031 | 1.000 | 0.967 | 0.939 0.913 0.892 0.872
500 | ... L 1.149 1.067 | 1.036 | 1.000 | 0.962 | 0.931 0.902 0.878 0.856
630 | ... 1.177 1.077 | 1.041 | 1.000 | 0.957 | 0.922 0.890 0.863 0.838
800 | ... L 1.211 1.089 | 1.048 | 1.000 | 0.951 | 0.912 0.877 0.847 0.819
1000 | ... | L. 1.249 1,103 | 1,054 | 1.000 | 0.946 | 0.903 0.864 0.832 0.801
1200 1167 | ... 1.285 1.115 | 1,060 | 1.000 | 0.941 | 0.895 0.853 0.819 0.786

*) —3/1€Ch B KHUI'C 3HAYCHMs TOKOB 0J1y4€Hbl HA OCHOBE |

JIOT 1T

13 12071.6.4, rae oHU ObLIM Ha3BaHbI «C1yYalHO».

JITUTENIbHO TOMYCTUMBIA TOK MPOMBIIUIEHHONW YaCTOThI B XkKHUJIaX TpeX(dazHOH rpymniibl 0lHO(pa3HBIX CUIIOBBIX Ka0esen

MOXKHO HaTH 1o popmyie |,

=1 om0 K, T21€ B Ta011.6.5 NaHbI:

2 :
| sorr0 — TOK B UICXOIHOM CIIyyae, Korjaa kpanbl F., =70 MM 3a3eMJIEHBI IO KOHLIAM Kabels;

K, —onpaBo4HbI KOI(PPHUIIMEHT HA CEUEHUE IKPAHA.
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6.5. JxoHOMHYeCKAN 11e1eC000PA3ZHOCTH GOPHOBI ¢ MOTEPSIMH B IKPAHAX
CoorHolienue P, /P, Napa3suTHbIX M HEU30EKHbIX HOTEPh B OJHO(A3HBIX

KalesisIX SIBJISIETCSl BAXXHbIM KPUTEpPUEM JUIsi  O0OOCHOBAHHOIrO BbIOOpa crocoda

COEJIMHEHHUS] MX JKpPaHOB. YKa3aHHOE COOTHOIIEHWE HUKAaK HE 3aBUCHUT OT JJIMHBI

KabeJssi U MO3TOMY IOJIYYaeTcsl Tak, YTO MPHU 3aJIAHHOM THIIE OJHO(A3HbIX Kadesed u

crnoco0e UX MPOKJIAJKU CHElUalbHbIe MEPOMPUSITUHS 110 OOphOE C TOKaMH B AKpaHAX

OJINHAKOBO HEOOXOJUMBI U JIJIsi KOPOTKUX Kabesel, u jjs kabeseit OOIbIION JJTUHBI.

BMmecre ¢ TeMm, SICHO, UTO 3aTpaThl HA PEATU3ALMIO MEPOIIPUSITUH 110 O0pbOE ¢ oTEpsiMU

B DKpaHax MOTYT OBITh OLLYTHMbI [0 CPABHEHHUIO CO CTOUMOCTBIO KOPOTKOT'O Kabessi, HO

npeHeOpexumMo Masbl Ha (OHE LEeHbl JIIMHHOro Kadens. [loaToMy nenecooOpazHbiM

[PEJICTABJISIETCS] BBEACHUE JIOMOJHUTEIbHBIX KPUTEPUEB BbIOOpA criocoba COeMHEHUSI

AKPAHOB, KOTOPBIE YUYUTHIBATH Obl S)KOHOMUUYECKHUE ACTIEKTHI.

B 1a6:1.6.6 maHa sKkcrepTHas OICHKA MOJHOM cTOMMOCTH (C,) peaau3aluu Mep
OOpbObI C MOTEPSIMU B DKpaHaX, BKJIKOYAs CTOMMOCThL OOOpPY/IOBaHUSI U €r0 MOHTaXa.
JUJist OJIHOCTOPOHHErO 3a3eMJIEHUs] dKpaHOB C, ONpeNessieTcs TOJIbKO ILIEHOW Tpex
orpannuntened nepenanpsokenuii OITH (em. 10-10 riaBy), IpUMEHSEMBIX JIJIS 3AIIUATHI
obosiouek a3z kabesasi OT TPO30BbIX U KOMMYTAIMOHHBIX TMEPEHANPSKEHUH, WU Ke
CTOMMOCTBIO CIICIHAIbHON KAOEIbHON DJIEKTPOMOHTAXKHOM KOpoOKkH (cM. 11-10 riaBy),
B KoTOpoH 3TH OIIH ycTaHOBIIEHBI.

JInst TpaHCMO3HWIIMM HAKPaHOB C, ONpeaesieTcsi CTOMMOCThIO HEOOXOAMMOTO
Yyucila TPAHCIO3UIMOHHBIX AJIEKTPOMOHTaXHbIX KOpoOok ¢ OIIH, ctoumocTtsio padbor
1O CO3JaHUIO MO Tpacce Kabess CnenuaibHbIX MOA3EMHBIX KENe300€TOHHBIX KOIOAIIEB
TPaHCMO3UIMH, a TAKXKE 3a3EMIISIFOIIMX YCTPOUCTB JJIsl 3a3€MJIEHUST KOPITYCOB KOPOOOK.
Ha croMmocTh TpaHCIO3UIIMU PKPAHOB B T'OPOJICKUX YCJIOBHUSIX CYUIECTBEHHO BIIMSIET
CTEIIEHb CIIOXKHOCTU TIOJIYYEHUS M COTNIACOBAHUS 3EMJIEOTBOJIA ISl OpraHU3alUU
KOJIO/IIIEB TPAHCIO3UIIUK U COOPYKEHHUS PSJIOM C KOJIO/IIaMH KOHTYPOB 3a3EMJIICHMUS.

B 1a01.6.6 cTOMMOCTL TpaHCHO3MIIMM yKa3aHa i KaleseH, JJuHA KOTOPbIX
npeanojaraeT yCcTaHOBKY, MO MEHbIIEH Mepe, IBYX COCIUHUTEIbHBIX My(PT — 115
OpraHu3alliid TPAHCIO3UIIMK DTH MY(PThI € HEOOJBUIOW JIOMJIATOM 3aMEHSIOTCS
TPaHCHO3ULMOHHBIMU. Eciau kabenb Majol JJIMHbI U COCAUHUTEbHbIC MY(Thl HE
Ipeanojaraiuch, TO IJs pealu3aldyd TPAHCHO3UIUMU NOTpedyeTcs 3aKynka My(T, 4To
MOJKET TPUBECTH K YBEJIMUEHUIO CTOMMOCTH TPAHCIIO3UIIMH TI0 CPaBHEHMIO ¢ Tad1.6.6.

bopb0a ¢ norepsiMu B 3KpaHax BbII'OJHA TOrJA, KOI/1a 3aTPaThl HA €€ peaIM3alluI0

MEHBIIIE IKOHOMUYECKOT0 yillepOa OT HAJWUKsI TOTEPh B DKPAaHAX, BHI3BAHHOIO:

— HEIOMCIOJb30BaHUEM TPOMYCKHOH CHOCOOHOCTH Ka0enst M, Kak CJEICTBHE,
HEOOXOJIMMOCTBIO TTPOKJIQJIKK Kabesled C TMOBBIIIEHHBIM CEYEHUEM JKHJIbI, a TO W
BOBCE JIOIIOJIHUTE/ILHBIX KaOeeH;

— HEOOXOJAUMOCTHIO OIJIAYMBATH MOTEPU MOUTHOCTH B DKpaHaX.

Jlanee aBa yka3aHHbIX MOJIOKEHUSI OyAYyT yUTEHbI, COOTBETCTBEHHO, B 1-M U 2-m
dKOHOMMUYECKUX KpuTepusx. Ho naxe ecnu anst kabenst 3aaHHOM JTMHBI Oophda ¢
NOTEPsSIMH OKa3ajlach YKOHOMHUECKH 11e1eco00pa3Ha, TO BCE PaBHO OT/EJILHO JIOJKHbI
ObITh IPOBEJEHbI PACUEThl HAINPSIKEHUS HA DKPAHE OTHOCUTEJBHO 3€MJIM C LEJbIO
POBEPKHU YPOBHEH HaIpspDKeHHs HA 00oJsiouke Kadesied, T.e. MPOBEPKU TEXHUUECKOU
BO3MOXHOCTH PEaIM30BaTh BHIOPAHHYIO <BBITO/{HYIO» CXEMY COEJIMHEHHS YKPaHOB.
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Ta6,1.6.6. DkcnepTHas OLICHKA CTOMMOCTU MEPONPUSITUIA 110 00pbOE C MOTEPSIMU B IKpaHaXx.
Croumocts Cy,

Cnoco6 60pb0bI ¢ NOTEPAMHU
MJIH.pYO., He Ooee

OAHOCTOPOHHEE 3a3eMJICHUE FKpaHOB. He3a3eMIeHHbIE KOHIIbI

9KpaHOB TpeX (a3 coeauHeHsI ¢ 3emuieil uepes Tpu OITH. 0.01-0.02

OaHOCTOpOHHEE 3a3eMIIEHUE 3KpaHOB. He3azeMIIEHHBIE KOHLIBI
IKpaHOB TpeX (a3 coeMHEHBI ¢ 3emJei uepes Tpu OITH, 0.05-0.1
YCTAHOBJICHHBIE B CIIEUUAIIBHON 3JIEKTPOMOHTAXKHONH KOPOOKE.

OJMH NOAHBIA UMK/ TPAHCHIO3ULIMK PKPAHOB 1.0-2.0

JIBa MOJHBIX LIMKJIA TPAHCITO3ULIMM 3KPAHOB 2.0-4.0

6.5.1. I1epBblii 3KOHOMHYECKHI KPUTEPHA U MPpUMepP pacyeTa

CyTb 1-r0 PKOHOMHYECKOI0 KPUTEPUSI MOXHO BBIPA3UTh TaK: yenecoobpazHoCms
6HeOpeHUsL Mep OOpbLOLL C NOMEPAMU ONPeOeiAemcs SIKOHOMUEU HA CMOUMOCIU KAOes.

B kauectBe mpumepa B Ta01.6.7 maHbl HECKOJHLKO 3HaueHWil koddduimenta
norepb D, =P,/P, u oTBeuarliero uM kodd¢uimeHta uCrnoib30BaHusI MPOMYCKHOM
criocoOHOCTH Kadenst K, . bonee addexTuBHOE MCnoib30BaHUE Ka0esl OJydaeTes 3a
cYeT MUHUMU3ALMKU D, = P, /P, , 4TO TOCTUTaEeTCsl, HAIIpUMEpP, IpUMEHEHUuEM KabelneH ¢
MajbIM CEYeHWeM OKpaHa F, wu/uaum npokiaakod ¢a3 kabeas COMKHYTHIM
TPEYroJbHUKOM. OJHAKO paJUKAIBLHBIM  CPEJACTBOM TOBBIIMICHHUS  MPOMYCKHON
CIIOCOOHOCTH SIBJISIETCS OJHOCTOPOHHEE 3a3€MJICHUE DKPAHOB WJIM KX TPAHCIO3UIIUS,
IIOCKOJIbKY B 000UX 2THX cilyyasx jocruraercs D, =0 u K, =1.

Ecnv mpenioxkeHHbIe MEPOTTPUSTHST HE PEaTM30BaHbl WITH HEIOCTATOYHBI, TO JIJIS
KOMIIEHCAIIMK TIOTE€Ph B DKpaHaX MPU MPOSKTUPOBAHUHU KaOEJIHLHOW Tepenaun ceueHue
KUJIbl TPUXOJUTCS MPUHUMATH HA OJTHY WJIM HECKOJIBKO CTyNEeHel Ooublie, 4eM ObLIo
OBI JOCTATOYHBIM MPH OTCYTCTBUH MTAPA3UTHBIX MOTEPh B AKPAHAX.

TunoBo#l psiji HoMHHAJIBHBIX cedeHui xuibl: 95, 120, 150, 185, 240, 300, 400,
500, 630, 800, 1000, 1200 MM, [lepexon Ha OAHY CTYHNEHb — ATO, HAIPUMED, MEPEX0
or ceuenust xuiIbl 240 Mm? k ceuennto 300, uim ot ceuenust 800 Mm? k cedernmio 1000.
B nocnegnem crosdiie Tab1.6.7 SKCIepTHO YKa3aHO YKMCIIO cTyrneHed AN, , Ha KOTOpoe
TpeOyeTCs MOBBICUTH CEUCHUE KHUJIBI F, TTPH TOM WM WHOM KO(PPHUIIHEHTE TOTEPb.

Ta64.6.7. [Tokazareaun 3PeKTUBHOCTH UCII0/1b30BAHUS OJHODAZHOIO Ka0EJIsl.

Dy =P, /Py K, =1/\/1+D, Yucno cTyneneit AN,
0.0 1.0 0
0.2 0.91 1
0.5 0.82 2
1.0 0.71 3
15 0.63 4
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Jlaxxe Tpu CpaBHUTEIBHO MaJIbIX MMApPA3UTHBIX MOTepsix P,/P, =0.2 uMeeM
K, =0.91, T.e. MpoOIMyCcKHas COCOOHOCTh OJHO(PA3HOr0 KaOessi HEAOUCIOIb3YETCS yKE
npumepro Ha 10%. Jlns xommeHcanuu 3Toro HexenatenbHoro s¢ddexra w3 psga
TUIOBBIX CEUYEHUH JKUJTbI, TPUBEIEHHOTO B KATAJIOre, CEUEHUE KUJIbI IPUAETCS TPUHSATH
Ha OJIHY CTyINeHb Ooubie (3/1eCh — SKCIEPTHO), YeM ObLIO Obl JOCTATOYHBIM TPH
OTCYTCTBHMHU MOTEPH B IKpaHaXx.

Hrak, sxoHOMUYecKUuH 3PPeKT 0T OOpbOBI C MOTEPSIMU B IKpaHaX 3aKJIIOYAETCS B
SKOHOMHH Ha CTOMMOCTHU Tpex(azHoi rpymnbl oiHO(pa3HbIX Kabenel

ACm :3Ebum _um,m JD]‘K >0,
rac NCHbI OJHOTrO MCTpPa OI[HOd)EISHOFO Ka6eﬂﬂ: UKJI* — B CJIY4acC IIOBBIICHHOT'O CCUYCHUA
KWIIBL, [, — B WICAIBHOM Cllydae, Koraa TpefyeMoe CeUeHHE KHIIbl MUHUMAIBHO.

[lepenuwem nnaue
AC,; =3[6ANF M;)DLK >0,
rae AN, — YMCIIO CTyIEHEH, Ha KOTOPbIE MPUILLIIOCH 3aBBICUTL CEUEHHE KUIbI F.; ALl
— npudaBka K 1[€HE OJHOro merpa ojHO(pa3HOro Kadess Npu nepexojie K KaxJIoMy
HOCJICYIOIIEMY CEUCHHUIO JKUJIbI.
[Tonyuennoe ynopoxkanue AC,, HEOOXOJUMO CPABHUTH CO CTOMMOCTHIO OOPHOBI

¢ OTepsIMU B dKkpaHax C,: ecnu AC,, =C,, To 60pbda BBITOHA.

Ipumep pacuera mo 1-my Kpurepuio
JluarnazoH 11eH noronHoro merpa ogHodasznoro xadesns 10 u 110 kB poccutickoro
IPOM3BOJICTBA C MEJHOMW XHWJIOM ykazaH B Ta0/1.6.8, a KOHKpeTHas 1leHa 3aBUCHUT OT
POU3BOJIUTEIIS, OT CEUCHUH >KWJIbl W dKpaHa. Psii HOMMHANIbHBIX CEUCHUM KHUJIbI
onHodazHbIX kabesnel HacunThiBaeT 0k0J10 10 cTaHIapTHRIX 3HAUCHUH, U TTO3TOMY TIeHa

AIl] mepexoja K KaxjoMy CIEIYIOIIEMY CEYeHHIO ObLia YIPOIIEHHO OIpejieieHa
JIeTIeHHeM BCero Juanasona e 1, na 10 cryneHei.

B Ta0i.6.9 npuBeineHbl pe3ybTaTbl OLEHOK YJOpPOKaHUs KaOels JJIMHON
L, =1000 M B 3aBUCHUMOCTH OT IOTEPHb B €r0 HKPaHaX, 3a3€MJIEHHbIX B O0OOUX KOHIIAX.

BumHO, 9TO €ClTi yUHTHIBATH TMOTEPH B AKPaHAX Ha CTAIWH MPOEKTUPOBAHUS KaOEITbHON
nepeiayy, a He mocje 3aKynku kabess, To:
6 cemu 10 kB

— TPAHCIO3ULUS MOXKET OBITh BBIFOJHA TOJBKO TOTMa, Koraa kaOenab JIMHOH L, He
MEHEee HECKOJbKUX KUJIIOMETPOB M Y HEro OoJibiue norepu P, /P, ;

— OJIHOCTOPOHHEE 3a3€MJIEHHUE DKPAHOB BBIFOAHO B IIIMPOKOM AuanasoHe P, /P, naxe
JUIsl KOPOTKUX KaOesiel JUIMHON L, B HECKOJILKO COTEH METPOB,;

6 cemu 110 kB

— TpaHCHO3ULMsl OKYNUT cels jaxe Nnpu Maibix P,/P, u L,; ogHako juisi kadeseu

JUIMHON B HECKOJIBLKO COTEH METPOB TPAHCIIO3UIUS MOXKET OKA3aThCS HEBBITOJHON
13-32 HEOOXOIMMOCTH CIELUAIIBHO MPEAYCMATPUBATD COCIUHUTEIbHBIE MYPTHI.
— OJHOCTOPOHHEE 3a3E€MJICHUE BbI'OJAHO BCErAa.
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Ta61.6.8. OpueHTUPOBOUHAS LIEHA IOT'OHHOIO METPA CTaHAapTHOro oAHo(hazHoro kadens 10 u 110 kB
0TE€UYECTBEHHOI'O NPOU3BOACTBA C MEHOM KUJION.

Knacc nanpsoxenus I m* , MJIH. pyo0. A[ll*, MJIH. pyO.
onHodazHoro kadens, kB 3alwMm 3a 1M
10 0.001-0.002 0.0001
110 0.002-0.007 0.0005

Ta61.6.9. OueHku yBenuueHuUs 3arpar Ha TpexdazHyro rpyity oaHogpazHbix kadeneit 10 u 110 kB
JumHoit L, =1000 M B 3aBUCUMOCTH OT MOTEPh B IKPAHAX.

AC,, , MIH.pyO.
D, =P,/P, AN, npu L, =1000 m
10 kB 110 xB
0.0 0 0 0
0.2 1 0.3 1.5
0.5 2 0.6 3.0
1.0 3 0.9 4.5
15 4 1.2 6.0

6.5.2. Bropoii 3x0HOMHYecKUil KpUTEPUil U MpUMep pacueTa

CyTb 2-r0 YKOHOMHYECKOT'0 KPUTEPHsi MOXKHO BBIPA3UTh TaK: yea1ecoo0bpasHoOCHb
8HeOpeHUs Mep 6opbbbl ¢ nNomepsaAMU Onpeoeisiemcsl SIKOHOMUEH Ha NOMepsIX.

CTOMMOCTBH TTAPa3UTHBIX TOTEPHh MOITHOCTH P, = IT)ZR:) MPONOPLUHOHATIBHA JJIUNHE
kabesist L, , KoTopasi 3aK/l0ueHa B aKTUBHOM COIIPOTUBJIEHUM dkpaHa R, =L, [p,/F,.
[ToaTOMY MOXHO YTBEPK/IATh:

— Ju1st kabesied MaJlo JUIMHBI OKYTIUTh ¢€0sl CMOT'YT JIMIIb T€ MEPONPHUSITHS 110 OOphOE
C OTEPSIMU B DKpaHax, CTOUMOCTb KOTOPbIX HEBEJIMKA,

— Ui kabeJied OOJIbIION JJIMHBL OOpb0a ¢ TOTEPSIMU DKOHOMHUYECKH liejiecooOpa3Ha
JI0OBIMH, J1aXKe JIOPOrOCTOSALMMH CIIOCOOAMHU.

OnpenesM KOHKPETHBIE JUTMHBI KabeneH, NI KOTOpPhIX O0phda ¢ MOTepsiIMHU B
AKpaHaX CTAHOBUTCSI DKOHOMHUECKH liesiecoo0pa3Hoi. Takue JuMHbI Oy1yT pa3HbIMU B
3aBUCUMOCTH OT UCIOJIb3yeMOro crnocoda 00pbObl ¢ MOTEPSMHU, TOCKOJIBKY CTOUMOCTh
peanu3anuu OJHOCTOPOHHErO 3a3€MJIEHUS PKPAHOB Ha MOPSJAOK MEHbIIE CTOMMOCTH
peajiu3aluu TPAHCIO3UIUHU (TPEOYOTCS KOJIO/IbI ¢ KOPOOKAMU TPAHCIIO3UIMHU).

B 1a6:1.6.10 npuBeaeH cucok HEOOXOAUMBIX MCXOJHBIX JaHHBIX, a B Ta01.6.11
NoCJe10BaTeNbHO AaHbl (POPMYJIbI JIJISi BBIYMCICHUH CTOMMOCTH Tapa3UTHBIX MOTEPh
MOIIIHOCTH B SKpaHax C, 3a T JIeT dKCIuIyaTaluu kaders.

[TonyuenHoe 3HaueHne C, HEOOXOAUMO COMOCTABUTH CO CTOUMOCTHIO OOPHOBI C
norepsimi B dkpaHax C,. Eciu npu 3a7aHHOM CpOKE OKYMaeMOCTH, Hanmpumep T =8
JIET, CTOMMOCTh MTOTEPh MOIITHOCTH 0Ka3ajach OOJbIIE, YeM CTOUMOCTh OOPHOBI ¢ HUMHU
(C, =C,), T0 6opndAa C oTepsiMU B IKpaHax BbI'O/IHA.

78



RusGable.Ru

Ta61.6.10. icxonHble AaHHBIE AJ1s1 OUEHKH CTOMMOCTH MOTEPh MOUIHOCTH B SKPAHaXx.

Bennuuna Bripasxkenue
JlnuHa kaGens, M L,
IloronHoe aKTHBHOE COTIPOTUBIICHHUE HKUIBI, OM/M R, =Py JFx
CpenHero10Boii TOK B ykuie, A |
COOTHOIIIEHHE MOTEPH, 0.€. D, =P, /Py
Llena »nexTposnepruu py6 / (KBm Ehac) iy

Ta06n.6.11. OueHka CTOMMOCTH NIOTEPH MOIIHOCTH B DKPaHAaX.

Bennuuna Bripaxkenue
ITorepu MOLHOCTH B 3xkuII€ OAHOM (asbl, BT N [ﬁRH\ ELK)
[ToTepu MOIHOCTH B 3KpaHe OHO# (a3sl, BT P,=D, P,
3P
[Totepu sHepruu B 3kpanax Tpex (a3 3a roa, kBmdac W, , =-—>[8760
1000
CTOMMOCTH MOTEPh PHEPIHHU B PKpaHa Tpex (a3 3a roj, pyo. Croo =W, LI
CTOMMOCTD MOTEPh PHEPIUM B IKpaHax Tpex pa3z3a T et C. =TT
SKCIUIyaTaumu kabens, pyo. 1200

CTOMMOCTb MOTEPb MOIIHOCTH HPOMOPIMOHATLHA KBAJAPATy CPEAHEroJ0BOro
Toka B xuJje |, . lIpeoOpazoBas dopmy.bl Ta01.6.11, onpeaeam MUHUMAJIbHBIA TOK B
HKUIE | 4o\, IPU KOTOPOM YK€ HAYHET OKYNAThCsl OOpbOa ¢ OTEPSIMU B DKpaHAX!
OJ151 MEOHOU HCUJIb

| ] = 1903  C s Lwmn.pyol o P’
K MHH T[rem] l[[py5/KBmEltac] D [0€]D— M]

O ANNIOMUHUCBOU HCUTIbI
_ 11189 C [MJZH py6] F o lym®
I)J(MUH[ ] - E ~ E '
T[rem] 1] [pyo/KBm Eltac] D [0 e] o, M]
[Ipr mpoYMX paBHEBIX YCIOBUSAX CMeHA MatepHala skuibl ¢ Cu Ha Al He U3MEHHUT

MHUHHUMQJIBHOTO TOKa, Tak kak B 1.6 pa3a yMEHBINAeTCsl OJITHOBPEMEHHO W YHCIOBON
KO3 PUUHUEHT MOJT KOPHEM, U COOTHOLIEHHE NMOTEPh D, = P, /P, .

IIpumep pac4yera no 2-My KpuTepHIo

Paccmotpum kabenp 10 m kxadens 110 xB, nmanHble 1Mo koTtopoMy Oyaem
yka3eiBaTh B ckoOkax. [Tycth ceuenne memnoi xwibl kabens 10 (110 kB) cocraBinsier
F, =500(400) Mm%, cevenme dkpana F, =95(70) Mwm?, miHa L, = 2000(3000) M, crmocob
NPOKJIQIKA — B TIUIOCKOCTH C paccrosaueM <« cBery» 0.15 M (COMKHYTBIH
TpeyrojbHuK). [lomoxkum, uTo 3T ABa kabessl yke 3aKyIUIeHbl, a UX MPOITyCKHAsI
CIOCOOHOCTB MOJHOCTBIO YJI0BJIETBOPsieT notpeduTesis. Hajno jin 60porhes ¢ norepsMu
B DKpaHax M KaK, €C/IM LeHa DJIEKTPODHEPIuM cOCTaBjsieT I =2 py6/(kBmac), a
KeJlaeMblii cpok okyrnaemMoct T =8 jieT?

79



RusGable.Ru

Jlost kabenst 10 (110) kB npensaputensuo onpeaenseM D, = P, /P, =2.06(0.22), a
Jlajiee paccuMTHIBAEM MUHMMAJBHBIE TOKH |, , IPH KOTOPBIX HAYHET OKYMAThCs TOT

WM UHOM cnocoO OOphOBI € MOTEPSIMU B SKpaHax. B pacyeTsl 3a/10)keHbl HAanOOJIbIITHE
LUEeHbl M3 YKa3aHHOro B Ta0/1.6.6 nuanazoHa, a pesysbrarbl Janbl B Ta01.6.12 u
NOKa3bIBaIOT:

— i 3agaHHoro kaoens 10 kB TpaHCHO3HMIIMS 3KpaHOB OKYNHUT ce0sl TOJBKO TpPH
cpenHelt 3arpyske kadesst Ha 170 A, xoTopasi BIoJjHE BEpOsSTHA JIJIT METHOW YKUJTbI
500 MMZ; euie 0oJiee BBIMOJHOU OYyJIeT OJHOCTOPOHHEE 3a3EMJIEHHE HKPAHOB,
KOTOPOE OKYIIUTCSA Jaxke MpHu Toke 38 A;

— i 3ananHoro kabenss 110 kB TpaHCrno3uuus SKpaHOB OKYHUT ce0si TOJBKO IpU
cpenHeit 3arpyske kabesnsa Ha 380 A, koTopas MaloBepoOATHA JJ1s1 MeTHOH »kuibl 400
MM?, BBITOJHOM OYJET TOJBKO OJHOCTOPOHHEE 3a3eMJCHHE dDKPAHOB, KOTOPOE
OKYIUTCSI IpHU Toke 85 A.

3a3eMJIeHHE PKPaHOB € OJHOM CTOPOHBI BO3MOXHO JIHMIIb [JIsI CPABHUTEIBHO

KOpOTKMX Ka0eyiel, Tak Kak B TMPOTHUBHOM Clydae HanpspkeHHE Ha dKpaHe

OTHOCHUTEJILHO 3€MJIM IIPU KOPOTKOM 3aMbIKAHUM B CETU OKAXKETCSl HEIOILyCTHUMO

OOJBIIAM W C TOYKH 3peHHUsi OE30MaCHOCTH JIIOJeH M KMBOTHBIX, M C TOUKH 3PEHHUS

OpOYHOCTH  00osioukH. [lodToMy 2-i SKOHOMHMYECKHH KpUTEpUH W  pacuersbl

HaANpsOKEHUSl Ha 9KpaHe MO3BOJIAIOT CIENaTh OKOHYATENbHBIA BBIBOA. JJISL 33JaHHOTO

kabenss 10 kB Hamo BBIMOJHWUTH TpPaHCMO3WIMIO AKpaHOB, a jis kadenas 110 kB —

IPOCTOE JIBYCTOPOHHEE 3a3€MJIEHUE DKPAHOB.

Ta64.6.12. TTpumep oopmiieHuUs: pe3yIbTaTOB PACUETOB 110 2-MYy SKOHOMUUYECKOMY KPUTEPUIO.

| .. , KA
Cnoco0 60pbObI ¢ IOTEPsAMU K MHH
10 kB 110 kB
OIHOCTOpPOHHEE 3a3eMJIeHUE YKPaHOB. HezazeMIleHHbIE KOHIIBI 0,017 0.038

IKpaHOB TpeX (a3 CoeTMHEHBI ¢ 3emMJei uepes Tpu OITH.

OnaHOCTOpOHHEE 3a3eMIICHUE SKpaHOB. He3azeMIeHHBIE KOHIIBI
3KpaHOB Tpex (a3 coeAUMHEHbI ¢ 3emiieid uepe3 Tpu OITH, 0.038 0.85
YCTaHOBJICHHBIE B CIICIIHAILHOM AIIEKTPOMOHTAKHOM KOpOOKe.

OnMH NOJHBIA LMK TPAHCTIO3ULIMH SKPAHOB 0.170 0.380

JIBa MOJHBIX LIMKJIA TPAHCIIO3ULIMK 3KPAHOB 0.240 0.537
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6.5.3. Ob6aacTh pauMoOHAJIBHOT0 MPUMEHEHHS Mep 60pbObI ¢ MOTEPSIMHU

[{esiecoobpa3zHOCTh BHEAPEHUST Mep OOPhOBI C MOTEPSIMU AKTUBHON MOIIIHOCTH B
sKkpaHax ogHodasHbIX CUIIOBbIX kabeneh 6-500 kB onpenensiercs:

— SKOHOMHEH Ha crouMocTH kabes (1-i kpuTepuii);
— SKOHOMHEH Ha CTOMMOCTH TIOTEPh MOITHOCTH (2-if KpuTepnii).

Eciu 3akynka oaHodaszHoro kadessi elle He IMpou3BeleHa, TO 000OCHOBaHUE
APKOHOMHYECKOH 1enecooOpazHOCTH OOpbObl € MOTEPSAMHU B JKpaHaxX CIEAyeT
BBITIOJIHATH OJHOBpeMEHHO 1o 1-My w 2-My kputepusiMm. OaHako yxe no 1-my
KPUTEPHUIO TOJYYAETCsl, YTO Takas Le1eco00pa3sHOCTh UMEET MECTO MPAKTHUYECKH sl
000 KaOeNbHOH Nepeady UK, UHBIMH CJIOBAMHU:

— JIaXe€ IPU MAJIBIX NOTEPSIX B OKpaHe P, /Py ;
— JaXe IpHU MaJIoW JJIuHE Kabens L, ;

— BHE 3aBHCUMOCTH OT OXH/IaeMOH 3arpy3ku Kadesst TOKOM | ..

Ecmu  3akynka ojHodazHoro kalenss yxke cjelaHa, a €ro MponyckHas
CIOCOOHOCThL JI0CTAaTO4YHA JJIsl DJIEKTPOCHAOXEHUsI 1oTpeduTesei, To 000CHOBaHHUE
AKOHOMHUYECKOH 11e71eco00pa3HOCTH OOpbObI C MOTEPSIMU B PKPAHAX BBIMOJHAIOT MO 2-
My kputepuio. Takasi 11e1ecooOpa3HOCTh WMEET MECTO IMPH BBIMOJHEHHH XOTSI Obl
OJIHOI'O U3 CJIEAYIOLLUX YCJIOBUM:

— 1pu OOJBIIUX MOTEPSIX B dKpaHe P, /P, ;
— npu 00JbIION JyiKHE Kabens L, ;

— 1pu OOJBIIOM CPETHETOJOBOM TOKE B XKHIIE | .

JIro60l AKOHOMHUYECKH BBITOJHBIA crMmocod OOphOBI C MOTEpPsIMH B HKpaHax
JIOJDKEH OBITh TIPOBEPEH C TOYKH 3PEHUsS] JIOMyCTHMOT'O YPOBHS HAIPSHKEHUS
[POMBILIEHHON 4acTOThl, KOTOpoe Oyner BO3JaeHcTBOBaTHL Ha 000s104Ky (a3 kabess
KaKk B HOPMAIILHOM pEeXUMeE padOTHI CETH, TaK U TMPH aBAPUHHBIX PEKUMAX KOPOTKOTO
3aMbIKaHHSI.
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6.6. IloTepu B 3kpaHax Kabejsi NPH HECHMMETPHYHOH HArpy3Ke

Korna B xwuiax tpexdazHoi rpynmnbl ogHoda3HbIX Kadenaed mpoTekaroT TOJIbKO
TOKH HPSIMOH 1I0CJI€A0BATEIBLHOCTH, TO IPU HEOOJIBIIMX PACCTOSIHUSAX S MEXTY (pazamu
Kalensl ONlyTUMa B3aWMHasi KOMIICHCAIMS MarHUTHBIX MOJIEH KU, YTO MPUBOIUT K
HEKOTOPOMY CHHXKEHHIO MHJAYKTUPOBAHHBIX B DKpaHaX TOKOB U HAIIPSKEHHH.

Ecaun ke B xuilax kaOeist NPOXOAAT TOKM HYJEBOH MOCIEJ0BATEIbHOCTH, TO
KOMIIEHCAIIMM MAarHUTHBIX MOJIEH KUJT TPOUCXOANUTH HE OyJIEeT, MOCKOJIbKY 3TH OIS HE
uMeroT (asoBoro cxasura (I mpsiMoif mocienoBarenbHocTH caBur Obur  1207).
[10o3TOMY TOKM HYJIEBOH MOCJIEA0BATENBHOCTU JKMJ BbI30BYT IOBBILUEHHBIA pa3orpes
AKpaHoB. JlaIuM COOTBETCTBYIOIIME AHATTMTHUYECKUE BBIPAXKEHHUS JJIsl TOKOB U MOTEPb.

Hcxoanas cucrema ypaBHenwid (3.2) juMHEWHa, W, CJIE0OBATE/ILHO, BXO/ISIIME B
Hee (asHble TOKH yIOOHO TPENCTaBUTh KAK CyMMY TPeX COCTaBJSIIOIIUX — TOKOB
psIMOM, 0OpaTHOHM M HYJIEBOH MOCIEN0BATENBHOCTEH.

I)K4_I}I{l I I ISA:|91+|92+|90
—_— S e ) )
| i —al)m"'al)i(z"'l;/(o’ Iy =a’l, +al ., +1,,
S ,: ) S 5 }
e =@l g +a% 5y +1 4 e =aly +asl,, +1,,
1 .43 1 .3
rac a=_§+17, a2=_—_J—.

Ecnu Tokm xun u OKPaHOB — MOKu npsimou nomedoeameﬂbyocmu TO

l)KA_I/z’\l |94_|91

I)I(B_al)kl 44 IIJB:alf)l'
e = al 5 loe =al
JIIst IpsIMOM  TTOCJIEAOBATENIBHOCTHA BBIMOJHAECTCS YCIOBUE |, +1 5 +1 ., =0 U
I, +1.5 +1.c =0, 4TO MO3BOJISIET PELIMTL CUCTEMY ypaBHenuii (3.2) u Haiitu
I :|95 :|9c b 2o =2y __ X
. . . _ Dy
I KA I KB I JKC I K1 Zf9 ZR' R9 + JX
D, D, 2s
riae 0003HaueHO X =al, —> Ho |\ 22 |y 22 =aj_,<&ln =
2m I, S 2 \d,

Ecmu Toxm xui u OKPaHOB — mMOKU 06DCII7’ZHOM nomedoeameﬂbﬂocmu TO

I)RA_I)I(Z I)A_I)Z
I/ﬁ —al}k2 Hu IBB:aI92
' — — A2
l)I(C_aI)K2 I!)(,‘_alf)z
Jlst oOpaTHOl 1OCie10BaTEILHOCTH BBIMOJIHSIETCS YCIOBUE |, +1 0 +1,. =0 1
I, +1.5 +1.,c =0, 9TO MO3BOJISIET PELIUTEL CUCTEMY ypaBHeHu# (3.2) u Halitu
Ly~ L

I9A _IQB _|9C — |92

_loe o _ -,

I)KA I){(B I)KC I}I{Z Za_ZK
Eciu Toxku xui1 u 9KpaHOB MOKU HV/I@@OU nomedoeameﬂbHocmu TO

I/I(A_l)I(O I)A_I)O

I)]\”B I)]\O U ISB:|9O'

I JKC I KO I e = l 20
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JIJ1s HYJIEBOM I110C/1€10BATEILHOCTH BBIIOJIHAETCS yCI0BUE |,

= e = e = xo

Ul =l =1, =1, 4TO MO3BOJISIET PELIUTEL CUCTEMY ypaBHeHu# (3.2) 1 HalTH
oy :|93 zlac :|90 :_Z)K9+2ZK —_ R, + jX 5, -D
: . : . : : 0
|}KA |)I(B |}1\"C I}KO ZQ+ZZK R9/3+R3+JX90

rye 0003Ha4YeHO X, :wLKﬂ In[&j+2|n(&j :aLKﬂln D,

2 r, S 2 3/r232

MoOKHO 10Ka3arb, YTO ‘D,O‘ > ‘D, ‘ DTO O3HAYAET, YTO MPU 3aJAHHBIX BEJIUUYUHAX

TOKOB B XHJIaX TOKHW B DKpaHax GYILYT GOHBHIG, C€CJIM OTHU TOKHU B XKHUJIAX HEC HUMCHOT
(1)a3030r0 cABUura, T.€. ABJIAKOTCA TOKAMHAU HyﬂeBOﬁ IIoCJCA0BATC/IbHOCTHU.
Paccmorpum  oOnmii  citydaif, korja B HOpPMaJbHOM pexuMe paboThl CeTH
BO3MOKHO IMMPOTCKAHUC B JKWJIAX U OKPaHaX TOKOB H}’HGBOﬁ TMOCJIC1OBATCIIbHOCTHU
l 020 u 1, #0.
Torja cooTHOIIIEHUE TOKA B dKpaHe U kuje Oyjer

I.9A - '|91+|-92+|'90 - DII)K.1+DI.I}K2 +.DIO|){\’O

I)I(A I}I(l+|)l(2+|)l(0 I)I(1+|)I(2+I)I(0

I.9B — a2 I.Sl +al'92 + I.3O — a'2|:')I I‘)Kl +a‘DI I.)KZ + I:.)IOI'}I(O
I.)I(B a2 I.)Kl +a|'}1(2 + I-)KO a2 I-)Kl + al.)KZ + l.}KO

. . Lo .. . o
I9C - a|91+a|92+|90 :aDll)I\’1+a DII)K2+DIOI}KO
: : — : : - :
I)I(C al}I(1+a|}I(2+|}KO aI}K1+aI)K2+|}I(O
[ociie npeodpazoBanuit

Lo 2p 4 (5, - b, )z

KA I}KA
s _p: (6, -t )I',m 4
= =D, +(D,-D,); (6.4)
KB KB
T R
2 =D, +(D,, - D, )X
I sxe | sxc

[TosiBCHKE B jKUIax TpexXdaszHoi rpymmsl oaHO(a3HbIX Kadenell TOKOB HYJICBOM
IOCJIEN0BATENBHOCTH | ., #0 NPUBOAUT K JOIOJHHUTEILHOMY Ppa3orpeBy DKPAHOB,
00YCJIOBJICHHOMY BTOPbIMH cllaraeMbiMu B opmyiax (6.4).

Ilorepu akTuBHOM MowHOCTH B oaHodasHoM kabejie P.,, =P, (1+P,/P,),
ONPENENISIONIME €0 TEMIEPATYPY, 3ABUCAT OT cooTHoweHus |./l,, a 3Hauur, B
cootBeTcTBUH ¢ (6.4), 0T cooTHOMIEHUS | 4o/, . TTOCKONMBKY [0/l , MHIMBHIYATBHO
JUISL K&KI0U (pa3bl, TO NOTEPU aKTUBHOW MOIIHOCTH OY1yT pa3HbIMHU 110 (azam.

P9A - !SA i DR9 - I'.SA |2 |:y09 EF}I(
Peo |1l Re || Px Fo
P _|lon|" R _|l| 00 (6.5)
P)I\’B I)I\”B R)R IJI\B‘ P F9
Pac — |9c |2 DRa _| Iac |2 Dpa EF)](
P}I(C |;1(c‘ R)K ‘I KC P Fa
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PaccMOTpUM  4YacTHBIM Ciydadl — CE€Thb C H30JUPOBAHHOM HEUTpasblo, TIE
UCKJIIOYEHO TMPOTEeKaHWe B OKWJAX W DKpaHaX 3aMETHhIX TOKOB  HYJIEBOH
0CJIEI0BATENBHOCTH, T.€. CIPABEMIUBO | ., =0, I, =0. Torna coriacuo (6.4) naiinem

[PTR B P

_Pyu _ P _ P _1n 2R _in 2P Fx

O _P)I\’A _P)I\’B _P)I(C _‘Dl‘ EI@_‘DI‘ Gﬁ:d'::_?’
OTKyJa CIIEAYeT, 4YTO B CETH C M30JMPOBAHHOM HEWTPAILIO [PU  HAIMYHK
HECHUMMETPHUYHOW HArpy3ku Ha KaOCIbHYIO JIMHHIO, BBHIMOJHEHHYIO OAHO(A3HBIMH
KaOeNsaMH, JUIS ONpENeNeHHs COOTHOLIEHHH D, M D,, OIMHAKOBBIX JJs Tpex (a3,
MOXKHO 1I0JIb30BATbLCA TEM KEC AHAJIMTHYCCKHUMU Bblpa)KeHI/[ﬂMl/l u 0606U_[a}0LLH/lMI/I
3dBUCUMOCTAMH, KOTOPBIC PAHCC IMOJYUYCHLI IJIA CHMMeTquHOﬁ HArpy3Ku. OI[HaKO B
abcomoTHbIX enuuuuax (A u BT) TokM B dkpaHax |, =D, |, W NOTEPH B DKpaHax

P, =D,P,, OyayT paznuuHbiMi 10 azaM, TaKk Kak H3-3a HECUMMETPHUHU pexKuMa
pa3HbIMU OYJYT TOKH B KHJIAX.
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I''TABA 7. UneanbHasi 1 HeraeaJIbHAsI TPAHCIO3UIINA IKPAHOB

Kak mnpaBuiio, moj TpaHCHO3UIMEH HSKPAHOB MOHUMAIOT HACATU3UPOBAHHBIN
cyvai, Korja JBe TPaHCHO3UIMOHHbIE MY(THI pa3AessitoT kadenab JJIMHON L, Ha Tpu

y4yacTka paBHOW HJMHBI L, =L, =L, =L, /3. OnHako HA MPaKTUKE HEPEAKO BO3ZHUKAIOT

OIpEEIEHHbIE OrPAaHUYEHHS] HAa BBIOOP MECT YCTAHOBKHU TPAHCIO3ULIUOHHBIX MY(PT H
KOPOOOK TPaHCIO3MIIMK — B TAKUX CIIydasiX NPUXOJUTCS TOBOPUTH O «HEWJIEAIbHON»
WJI «HETIPABUIIBHON» TpaHCNO3uLMK L, # L, # L.

HecnoxHo noka3arh, 4TO «HEMPABUIIbHAS» TPAHCTIO3UIIUS HE BHOCUT UCKAXKEHUN
B pexuM paboThl cetH (HMKaK HE BJMSET Ha TOKH KW Kabems). PaccMmorpum
UHIYKTUPOBAHHBIE TOKU U HAIIPSKEHUS B DKpaHaXx.

7.1. Tokn 1 MoTepu MOLIHOCTH B IKPAHAX
OueHnuM > PeKTUBHOCTH HeUJeanbHOW TPAaHCHO3UIUU, UCTIONB3Ysl 0003HAUCHUS
puc./.1. KomnekcHble NajieHusl HalpsyKeHUH Ha TpeX ydacTkax dKpaHa «A» 0e3 yuera
MaJIblX EMKOCTHbBIX TOKOB OIIUCBHIBAKOTCS CJAEAYIOLIEH CUCTEMON YPaBHEHUH
ALJ)AZI._Z)ll )A+Z“I()1|“KA+Z[(1(IWB+|)I(()+ZR (I +| )
DU oy =2yl op + Zyer ol s + 2 2(|/£A + I}I(C)+Z[\ 2('95 +1, )
AU )AS_Z)3I +Z)I() 3|)I(( +Z[( 3(|)I(A+I“I(B’)+ZR (If)B+|f)C)
Kosdduuentsl Z, npeacrarisitouge coO0H COOCTBEHHBIE U B3aUMHbIC

AKTUBHO-UHJYKTUBHBIC CONPOTUBICHUS oaHOda3HbIX Kabeged Ha 1-M, 2-M, 3-M
y4acTKax TPacchl, MOT'YT OBITh OMPEACIICHBI TIO U3BECTHRIM (JOPMYJIaMm.

1 2 3
A——— > I>|<A
[ —>I \\ / —>I \/ —>I
3A 3C 3B
B EE— —_— ’ I)KB
| | \/ |
3B 3A |\ ac
C AN D ——— > I)KC
N E—— —.
Iac Iss |3A

Puc.7.1. Tpancno3uiusi 3kpaHoB Kadeseit 1 OCHOBHbIE 0003HAYEHUSI.

B HOpMaJIbHOM PEXKUME TOKH KUJ1 00pa3yl0T CUMMETPUUYHYIO CUCTEMY HPSIMON

HOCJICI0OBATCIIBHOCTH
[ s =1 5a[-05- ] 05/3)

(e =1 ya(-05+ | 053)
[10CKOIBKY DKPaHbl 3a3€MJIEHBI 110 KOHLAM, TO AU, , +AU ., , +AU ., , =0,
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[Tocne mnpeoOpa3oBaHMii CHUCTEMBI, 3allMCAHHON s 9kpaHa «A» (M JBYX
AHAJIOTMYHBIX CHCTEM, 3aITMCAHHBIX JIJISt 9kpaHa «B» 1 «C») HECIIOKHO HalTH

I.)KA I.)I\’B I.)KC (29 - ZK)
+(-05-j 053], +(-05+ 053,
L, +L,+L,
riae K, — koo UImeHT Tpancno3uiinm.
Bripaxenne (7.1) mo ananoruu ¢ (5.1) MoxkHO Tiepenucarh Kak
I D JX

R PO | Zyr = Zg)
|'_9 OA —'9B _—'9C — _\TXKD K)EKT’ (71)

K, =D , (7.2)

— ... KT y

|« R, + X

r7e B KauecTBe R, U X MOYKHO TOJCTABJIATh Kak MOJHbIC 3HaYeHus (OM) mis kabes
JUTMHOM L, , TaK ¥ 3HAUCHHs Ha €IUHUILY JUTUHBI (OM/M).

B3sB MOZyJIb KOMIUIEKCHOTO YMUCJIA, TIOJIYYUM MPOCTHIE BBIPAXKEHUS JJI1 TOKOB U
OTEePh B  3a3€MJICHHBIX 110 KOHLIAM DJKpPaHax, I[IO3BOJSIIOLIME YYECTh Cllydai
HEWJICAIbHON TPAHCIIO3ULMHU

- (7.3

(7.4)

- JIL -05(L, +L,)] [o L)

rne K, —‘KT — MOJ1yJ1b KO3 puIIneHTa.

B kauectBe R, W X MOXXHO MOJACTABJISITh Kak MOJHBIE 3HaueHus (Om) st
KaOeis JUIMHOM L, , TaK M 3HAUCHMSI HA AMHUILY JIHHBI (OM/M).

B cxeme, B KOTOpO#M DKpaHbl 3a3eMIIEHBI 10 KOHI[AM, HO HE TPAHCIOHHPOBAHEI
(cnywait K, =1), 0003HAYMM COOTHOINIGHHE TOKOB W TOTEPh B DKpaHE W XKHJIC Kak

:‘I'a/ I'}K‘ u D, =P,/P,=D’R,/R,. Ouenum 5>(PPEKTUBHOCTL TPAHCIO3ULIUH

SKPAHOB B HECKOJBKUX YIOOHBIX JIJISl BEIYUCIICHUS KO3 duirenTa Tpancnozuiuu (7.2)
YaCThIX CJydYasX, NpUBeACHHbIX B TaOsu.7.l. Pesyiabrarsl pacueroB TokoB (7.3) u
OTBEUAIONMX UM noreps (7.4) coaepxkarcs B Ta01.7.2.

Jlannbie Ta01.7.2 MOKa3bIBAIOT, UTO CYIIECTBEHHOIO CHUXKEHHU S TOTEPh B IKpaHax
Kalesist M, CJe0BATE/IbHO, 3aMETHOI'O IMOBBILIEHUS] €ro IPOIYCKHOH CrocoOHOCTH
MOXHO JOCTHYb MIPH BCEX «Pa3yMHBIX» COOTHOIIEHHUSX JIJTMH YYaCTKOB KaOessi MexX1y
TPaAHCHO3UIIMOHHBIMH MYy(pTamu. Jlaxke TOJIBKO OJHa TPAHCHO3UMIMOHHAsT MydTa M
KOpOOKa TPAaHCIO3UIMK, pa3MEUIEHHbIE B CEepeAMHE Tpacchl KaOess, MO3BOJISIFOT
CHU3HTH MOTEPH B IKpaHax B 4 paza Mo CPaBHEHHUIO CO cydyaeM 0e3 TPaHCTIO3UIUH.
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Ta6a.7.1. YacTHble Cllydyan NPUMEHEHUS TPAHCIIO3ZULIMM.

RusGable.Ru

Cityuait Ycnosue Cxema pacnosioskenust Mygt u KT
. L =L, 1.00L,
€T TPAHCIO3ULIUK < -
P 5 L, =L, =0 1 |
Onna kopoGka L, =0, 0.50L, 050,
TPAHCTIO3UIMH POBHO B o “ >
CepeIMHE TPACCh L, =L, =05l 2 3 |
JIBe KOopoOKH
TPAHCTIOAIAN TIDH L, =05L, 0.50L, 0.25L, 0.25L,
pa3sHbIX JUIMHAX L, =L, =0.25L, 1 3
y4acTKOB
0.33L 0.33L 0.33L
Wneanbuas L =L, =L, K K K
TPAHCTIO3ULIUA 1 2 3

Ta6:n.7.2. DPPEeKTUBHOCTH TPAHCTIOZUIIMU (OTHOCUTENBHBIE TOKH U TIOTEPH B SKPAHAX).

Cnyuaii YcnoBue K; Tok [Torepu
L, =L,
HeT TpaHCIO3HIMH L =L,=0 1 D, D
Onna kopoOka L =0
TPaHCTIOSHIIMK POBHO B | | _ Ll _ 0 " -0.5 0.5D, 0.25D,
CEepe/IMHE TPACChI 27 TR
JlBe KOpoOKM
L, =05L
TPAHCHOSUIHA b ' « 0.25 0.25D, | 0.0625D,
PAa3HBIX JUIMHAX L, =L; =0.25L
Y4aCTKOB
WneansHas L =L, =L, 0 0 0
TPAHCTIO3UIIHS

C nomolipto Tad1.7.2 MOXHO ¢J1eJ1aTh CJIeYIOIME OCHOBHBIE BHIBO/IbI:

— TpHW pealM3alWK IOJIHOTO IIWKJIa TPAHCIO3WIMK oOIIyTiMoe (B JECATKH pas)
CHUXEHHE TIOTEPh MOIIHOCTH B DKpaHaX MPOUCXOJUT JIaXe B CIydae pa3HbIX JUTHH
y4acTKOB KabeJs;

— JUIS CPaBHHUTEJBHO KOPOTKHX Kadened (Hampumep, Bcero 1 kM), y KOTOPBIX HET
JIOCTATOYHOTO YHCIIA COCAUHUTEIBHBIX MY(T IS peaH3allid IOJHOTO IIHKJIa
TPAHCMO3UITMH, BO3MOXHO TTPUMEHEHHWE HETIOTHOTO IHUKJIa TPAHCITO3UIINH, YTO YKE
N03BOJIsIeT 3aMeTHO (B 4 pa3a) CHU3UTH IMOTEPH B DKpaHax.
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7.2. HanpsizkeHue Ha 3xkpaHe (Ha 060s10uKe) KaGeJst

Hanuuwe yd4acTKOB pa3sHOW JTHHBI TMPHBOAWT K HEOOXOIUMOCTH OILEHHTH
HANpSOKCHUE B y3/JaX TPAHCIO3MIMM Ha DKpaHaX OTHOCHTEIbHO 3EMJIM, KOTOpPOE
CYIICCTBYET KaK B HOPMAJIbHOM PEXKHMME, TaK U IPU BHEIIHUX 10 OTHOIICHHIO K KaOeITo
KOPOTKHMX 3aMbIKaHHsX (Mpexk/e BCero, pacyeTHbIM JUIs MPOBEPKH HANPSHKCHHS BHE
3aBMCHMOCTH OT CII0CO0A 3a3EMIICHHUSI HEUTpa/IM CETH SIBJISICTCS BHEILIHEE TpexdazHoe
KOPOTKOE 3aMbIKaHHE).

W wopmasibHbll  pexuM, U Tpexda3zHOoe KOPOTKOE 3aMblKaHHME — 3TO
CUMMETPHUHBIC PEKHUMbI HPSIMOM IOC/ICIOBATCIbLHOCTH, JUISi KOTOPBIX CHPABE/JIMBbI
YCIHOBUS | o +1 4 +1 4 =0, [, +1., +1,. =0. [Togenus nepBoe ypaBHEHHE CUCTEMBI Ha
TOK |, ¥ TIOcTaBMB Tyaa (7.1), momyunm

ALIJH::_ _(Z.)m* _Z.I{*)[@_ KT)D‘l’
aHAJIOMMYHO JUIsl TPETHEI'0 YPABHEHHUS CUCTEMbI

Wows (3 7 -7, )[-o5+ ) m53)- K, |,

I JKA
rae (Z'm* -7 ﬂ*)z X" = jX/L,.
[TagcHue HanpsbKeHHs Ha IMEPBOM M TPEThEM YYacTKax dKpana (cxema puc.7.l)
PABHBI HANPHKEHHAM Ha DKpaHe OTHOCHUTEILHO 3eMJH B 1mepBoM U, u BTopoMm U,

y3J1ax TpaHCllO3uLuKU COOTBCTCTBCHHO

U zll___l [ll_ KT‘D( e
K

(7.5)

O 5

oo =LL—: qJ(—o.5+j m).5\/§)—

CornacHo (7.5) HampspkeHHe Ha 9KpaHe MPOMOPHHOHATIBHO TOKY B XKHIE |, H
JHe kabens L, (OHa CKphITa B X ), a TaKkiKe 3aBHCUT OT OOYCTPOMCTBA TPAHCIIO3UIIMU
skpanoB (L, /L, , Ly/L¢, K,).

[IpeoGpasyem (7.5) k caenyromemMy BUIY

Uon :i‘l_ KT‘

X, L (7.6
Usra _ Ls (—0.5+j [(])_5\/§)_

X, Ly

U IPOBEJIEM pacyeThbl MPABOM 4YACTH, PE3YJILTATHI KOTOPbIX JaHbl B IOCIEAHUX JIBYX
ctojidbax tadi.7.3.

N3 Tab6:1.7.3 BUIHO, YTO MPU HATUYUHM TPAHCIO3HUIIMK DKPAHOB HAIPSIKEHUE B
y3JI€ TPAHCIO3UIIMU TEM MEHbIIIE, YeM 00Jibliie KOPOOOK TPAHCIIO3ULIMU YCTAHOBJIEHO U
4YeM paBHOMEPHEE OHU PacIoNOkKEHbI BJOJIb TPACCHl KaOEIbHON JIMHHUHU.
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Ta6:1.7.3. TlpaBast yactpb BeipaxeHusi (7.6), MCIOJIb3YEMOr0 JUIsl pacyeTa HaIPsHKSHUSI Ha SKpaHe.

Cayyaii Ycnosue K; Vien Nel | Vzen Ne2
H b= ke 0 0
€T TPAHCIO3ULHNH L,=L,=0 1

OnHa kopoOka

L, =0,
TPAHCIIO3ULIMU POBHO B _ ! _ -0.5 0 0.433
L, =L, =0.5L,
CepeaMHE TPaCChl

JlBe KOpoOKMu

L, =0.5L
TPAHCIO3MIKHU TIPH " K
Pa3HbIX JJIMHAX L, =L, =0.25L, 0.25 0.375 0.286
Y4acTKOB
HneannHas L, =L, =L, 0 0.333 0.333
TPAHCHIO3ULUSL
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I''TABA 8. MHoronenHpie JUHUAU ¢ OAHO(PAZHBIMU KA0eJIsIMH

8.1. OnpenesieHne mapaMeTpoB KadeJisi, TOKOB M HATIPSKEHHI B IKpPaHaX

B npenpiynux riaBax paccMarpuBasiach ojHa TpexdaszHas rpymnna oHo(a3HbIX
ka0eJiell, Wi, WHBIMU CJIOBaMM, OJHOLICTIHAS KaOesnbHas nepenada. Bmecre ¢ e,
MHOTHE KaOeJbHBIE Mepeiaud COCTOAT U3 ABYX (M OoJjiee) mapauielIbHO MPOJIOKEHHBIX
LerneH.

Ha mpaktrke HEOOXOUMOCTh MPOKJIAIKH Q TapalJIeNbHBIX IENed MOXKeT ObITh
BbI3BaHa, HAIIpUMeEp, OJHUM U3 CISAYIOMUX (HaKTOPOB:
— TpeOOBaHUEM HAJEKHOTO HJICKTPOCHAOKEHUS MNOTPEOUTEIsI, MPEANOIaratoniero
HUTAHKE HE 10 OJTHOM, a 0 JBYM B3aUMHO pe3epBUPYIOIINM mersM (puc.8.1);
TpeOOBAHMEM JIONMYCTUMOM HArpy3KHd IO TOKY, KOTJa Kaxmas u3 TpeX ¢a3 COCTOUT
He W3 oJHoTO0, a U3 2-3 ogHodazHeIx kabdeneit (puc.8.1-8.2).

A1 A2

B1 C1 S

12

B e
S

Puc.8.1,a. BzaumHoe pacnosiokeHue aByx ueneit tuna «QxXABC».

Puc.8.1,0. B3aumnoe pacrnionoxkenue nByx menei Thna «QxA».
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Puc.8.2,a. BzaumHoe pacrnonoxenue Tpex uenei tuna «QxXABC».

Puc.8.2,6. BzaumHoe pacnonokeHue Tpex 1eneii tumna «QxA».

byneMm nojarate, kak 3TO 4acTO UMEET MECTO Ha IPaKTHKE:
pasHbIe 1IENU COCTOST U3 Kabesiel OJIHOrO U TOrO XK€ THUIIA,
BCE LU UMECIOT OJIMHAKOBYIO JIJIUHY L, ;

TOKH W HaIIPSKEHHS B ONHOMMEHHBIX (pa3ax pa3HbIX Henedl OAMHAKOBBI IO BETUYNHE
U yTJy.
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BBIYHCIICHUS Z,,, U UX CPaBHEHHE ¢ popmynamu st Z,, .

A1 —— b
|
| 3A1
B1 —» KB1
| ISB']
C1 — e
| >
3C1
A2 —>|>1<A2
|
[ A2
B2 — kB2
[ ISBQ
c2 —KC2
| >
ac2

Puc.8.3. KabenpHas nepeaaua, cocrosmas u3 Q mapaiienbHbIX TpexdazHbIX rpynn 0AHO(Pa3HbIX

RusGable.Ru

Ha puc.8.3 mokazano Q 1enei, UMEIOIIMX 3a3eMJIEHHBIC 110 KOHIIaM dKpaHbl. J{Jis
OLCHKMA B3aUMHOTO BIUSHUS LENed APYr Ha Jpyra HaJo MOJYYUTh aHATUTHYECKHUE
BBIPXEHUS /ISl TPOIOJIBHBIX aKTHUBHO-MHIYKTUBHBIX MapaMeTpoB kabesieH, /sl TOKOB
U HanpsbKeHWH B dkpaHax. Bee HeoOxojumbie GOpMyJibl MOIYT ObITh [OJIYYEHbI U3
CUCTEeMBbI YpaBHEHUH, aHATOTHYHOM cucteme (3.2), HO 3anMcanHON He JIJIst OJTHOM, a JIJIst
Q ueneld. ONHAKO MPHU 3aMUCH CUCTEMbl YpaBHEHUH Q Ilemeil clienyeTr BBECTH ellle
OIHO KOMIIJICKCHOE COMPOTHBJIEHHE — COTMPOTHBICHHE Z,.,,, TO3BOJISIONIEE YUYECThH
B3aMMHOE BJIMSIHUE COCEIHMX Liened apyr Ha jpyra. B 1a6i1.8.1 nanbl ¢opmyJibl s

kaOeneii (B kauecTBe MpUMepa dKpaHbl Kadeneil mokasaHsl 3a3eMJICHHBIMHU 110 KOHIIAM).

Tab6:1.8.1. [TapameTpsl, XapakTEPU3YIOLIME B3aUMHOE BIMSIHUE OJIHO(Da3HbIX Kadeeii.

B3auMHOe cONpOTUBIICHUE KUJIbl (IKpaHA) U COCEHEr0 Kabdesis Toi
e tenv (Om/ m)

ZK* :R; + jaMK*

B3auMHOE cOnpOTUB/ICHUE KUkl (SKpaHa) U COCEAHEr0 Kadest
npyroii ienw (Om/ m)

ZKlZ* = Rs* + jaMKlz*

B3aumHast HHIYKTUBHOCTD MEXKTY XKHIOH (IKpaHOM) U COCETHUM

M, :&In(&j

kabenem (/'1/ m) Toit e menu 2 s

B3anMHast UHIYKTHBHOCTH MEXKIY JKHIIOM (SKPAHOM) U COCCTHUM M= Ho In( D, j
3 K12 —

kabenem ([ n/ m) npyroii uenu 2\ s,

PaccTostHue Mex Iy ocsimMu (ba3 0JIHOM LETH B CIydac pacroioKeHus! S

B BEPILIMHAX PABHOCTOPOHHEIO TPEyroyibHuka (m)

Paccrosinvie MEKIy OCIMH OTHOMMEHHBIX (ha3 pasHbIX Hemnei (i) S,
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Cucremy ypaBHEHHM Q 1E€med JOCTATOYHO 3anucarh Ui OJHOW IenH,
MOCKOJIbKY JIJIsl OCTaJIbHBIX Q-1 1enei ypaBHeHUs: Oy1yT aHaJoruuHbl. By cuctembl
ypaBHEHUH OyJeT OTJIMYaThCS B 3aBUCHUMOCTH OT B3aWUMHOTO PACIOJIOKEHUS lienei
JIpYT OTHOCUTENBHO jipyra: «QXABC» nin «QXA».

Hanpumep, ans puc.8.1,a naaeHus HanpsHKEHUH BAOMb KUAJ U 9KPAHOB IEpBOM
LENM CBA3aHbl C TOKAMHU B HUX CJICAYIOLIEH CUCTEMON YPaBHEHUU (npu s, >>8).

AJ}I\Al =Ll e +Z,1(9| 241 +Zz< (I JKBL + 981 I/I\Cl I?Cl)+ Zmz(l KA2 + 242 I |932 I;chz +1 ’9(‘2)

AJ)Kb’l :Z}K I JKB1 +Z}K9| 9B1 +ZK (l JKAL +1 241 +1 JKC1 +1 9C1)+ Z1(12 (l +I 242 I JKB2 + I 9B2 +1 1KC2 I ac

A'J)z’\”Cl :Z)]\”I)]\”Cl +Z)I\’9|9C‘l +ZK(I JKAL +I9Al +I}1(Bl + |931)+ZK12(| JKA2 +|9A2 +I}I(BZ +|932 I/I\CZ I9C

AU D41 = Z~9|3Al + Z}K9I JKAL +ZK (l JKB1 +1 2B1 +1 JKC1 +1 9Cl)+ ZK12(| JKA2 +1 242 +1 JKB2 +1 9B2 + |}KC2 + |3C2
AU OB1 = 29 I OB1 + Z)I\”S')](Bl +ZK (I JKAL +1 DA1 +1 JKC1 +1 9Cl)+ ZK12 (I JKA2 +1 DA2 +1 JKB2 +1 OB2 +1 JKC2 +1 a2Cc2
AU9C1 = Zjl aoC1 +Z}I(9|)KC1 +ZK(I JKAL +I9Al + I)Kb’l + |951)+ ZKlZ(I JKA2 +|9A2 +|)Kb’2 +ISB2 + I)KCZ + |9C2
Hanpumep, s puc.8.1,0 najgenust HanpsKeHU BAOIb KU U IKPAHOB TIEPBOH

LEMU CBSI3aHbI C TOKAMU B HUX CJIEAYIOLIEH CUCTEMOU YpaBHEHUM (HpI/I s>>s,):

2)
)

)
)

AU/RA]. _Z}KI)IVM. +Z)R9|9Al +ZI{12(I/RA2 |9A2) +Z (I JKB1 +|9B1 I)I(Cl I9Cl I |332 I}RCZ + |9C2

AU}KBl :Z}KI)R‘Bl +Z)1<9|931+ZK12(|}KBZ ISBZ) +Z (I}RAl +I9Al +I}KC1 +I9Cl +I){<‘AZ +|3,42 +I}KC2 + |3C2)

AU}KCl :Z)KI}KCl +Z}K9|3Cl +ZK12(I}KC2 + 9C2) +Z (I JKAL +|9Al +I}KBl +|931 +I}K42 +|9‘42 +I}KBZ +|9BZ)

AU 241 = 29 I'3Al + Z)KS I.}K41 + Z.K12 (I.}K42 + 942) +Z (I JKB1 +I'SBl +I.)KC1 +I'3Cl + I.}KBZ + I.SBZ + I')KCZ + |.9C2
AU 9Bl = 29 I.SBl + Z)k? I.}R'Bl + ZKlZ (I'}KEZ I ?BZ) +Z (I JKAL +|'9Al +|'}K(,'l +I.3C1 + I.}KAZ + I.SAZ + I.}KCZ + |.9(
AU 2C1 = 29 I.3C1 + Z}k? I.)K(Tl + ZR’lZ (I.}KCZ +I f9C2) +ZR' (I KA1 +I.9Al +I.}KBl +I'9Bl + I.)](AZ + I.QAZ + I'}KBZ + I.SEZ
Jlajiee, 110 aHAJIOTKMHU C HPOJCIAHHBIM paHee NpU peleHun cucrembl (3.2), Ha1o
3amucaTh TPAHWYHBIE YCJIOBHWS W JIOMOJTHUTENBHBIC YCIOBUS, XapaKTEePU3YIOIIHE
perraemyto 3ajady. Torjga MOryT ObITh TOJYYEHBI PE3YJbTUPYIONIUE BHIPAKEHUS IS
TPOJIOJIBHBIX AKTUBHO-WHIYKTUBHBIX COMPOTHBJIEHUH Q IENel, a Takke sl TOKOB U
HalpsOKEHUH B SkpaHax kalened. DTH BblpaxkeHUs cojepxkarcs B Ta0:1.8.2-8.4 u
UCTIONB3YIOT BETHYUHY |, — TOK (B AMIlepax) B KoM U3 Q MapauleibHbIX Ierneii. B
YacTHOM ciydae mpu Q=1 (opMysabl MOJHOCTHIO COBNAAAIOT C AHATOTMYHBIMH W3

ryiasel 4.

)
72)
)
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Ta6m1.8.2,a. IlpomonsHbIe conpoTHBICHUS 0HOM U3 Q 1ierneit (oomee conporurienue Q neneii Oyaer B Q pa3 mennme). [Ipoknaaka QxXABC.

Cocrosinue . N
Ne Skpana ConpoTuBeHUE NPSMOIi TTOCICI0BATEILHOCTH ConpoTHUBJIEHHE HYJIEBOH MOCJENI0BATENILHOCTH
3azeMJieH ¢ _ . _ . .
1 oMo 2, =72, -2,) 7, =7, +27, +3Q-1)Z,y,
CTOPOHBI
2 . . .
3azemJieH ¢ . VA A . . . Z,, +2Z, +3Q-1)Z
2 Z, =2, —ZK)—( w02 =z, +227, +3(Q—1)ZK12]—[ o + 22, +3Q -1,
JIBYX CTOport Zy—Zg |_Z:9 +27, + 3(Q B 1)2 K12
[IpumMeHeHna
TPAHCITIO3N LA ) ) ) ) Z 4 22 +30-1 Z
3 SKPAHOB Z, = (z)K - zA) :[z}k. +27, +3(Q —1)zm] - [ A K Q-1 K12
(N nonusix [Z:; +2Z, +3Q~1)Z,,,
IIUKJIOB)

Ta61.8.2,6. IIpononbHbie conpoTuBicHus oaHoM u3 Q wueneii (oOwee conporupieHue Q ueneii Oyaer B Q pa3 menbiie). [Tpokiaaka QXA.

CocrosiHue . U
Ne SKpatia CONpOTHBJICHHE TIPSAMO MOCIECA0BATETbHOCTH ConpoTHBJICHHE HYJIECBOM MOCIEI0BATEIHHOCTH
3a3eMJIeH ¢ o . . . . . .
1 ONHOH Z, =24 +(Q 12, ~QZy Zy =2, +(Q 12y, +2QZ,
CTOPOHBI
3a3emJieH ¢ z -QZ, z -1Z.., +2Q7Z,
2 BVX CTODOH [Z Q 1) o —QZ, ] [ KO ) K12 ] —[Z Q 1) ep +2Q7,. ] [ pE) ) K12 Q K
ABYX CTOPO [Z +Q-1Z,1, - QZ,] [z +(Q 1) 1+ 2Q7, |
[IpumeHeHa
TPAHCTO3HUIIHS
. . . . Z -1 +2 Z
3 DKpaHOB Z, =7, +(Q —1)ZK12 -QZ, ‘[Z Q 1) 1p +2Q7, ] [ KD Q ) k2 +2Q
(N nonHeix [Z +(Q-1)Z,, + 2QZ,
ITUKJIOB)
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Ta6:1.8.3,a. Hanpsokenue (B), HaBomMoe Ha skpaH kadesist oTHocuTebHO 3emiid (mpu QXABC).

No

Coctogamne
JKpPaHOB

Hopmanbhbiii pexxum uim K(3)

Cayuait K(1)

3a3eMIICHBI C
OJHOM
CTOPOHBI
K=1,2,....

%(Z‘)KZ; - ZR‘* )D. K [LI(

: [Z;m Q 1) K12 ]lj)l( Ly

3a3eMIIeHEI C
JIBYX CTOPOH

Tpancrmo-
HUPOBAHBI

N=12,....

HepacueTtnsiii ciyqaii

Ta6:1.8.3,6. Hanpsbkenue (B), HaBojaMMoe Ha 3KpaH KadeJisst OTHOCUTE IbHO 3emiid (npu QXA).

No

CocToganue
JKpPaHOB

Hopmabbiii pexxum uian K(3)

Cayuaii K(1)

3a3eMJICHBI C
OJHOU
CTOPOHBI
K=1,2,....

1[2)1@ Q 1) K12 QZ ]D O

: [ZH\B Q 1) K12 ]D)I( D‘K

3a3eMIICHEI ¢
JIBYX CTOPOH

=0

Tpancro-
HUPOBAHBI
N=12,....

[Z)m Q 1) K12 QZR ]D)I( Ly

HepacueTnslii cyuaii

Ta6n.8.4. Toku B 3a3eMJICHHOM TI0 KOHIIaM (M HE UMEIOIEM TPAHCIIOZHITHH) SKpaHe

B HOPMAJTLHOM pEXXHME WK NPU TpeX(PazHOM KOPOTKOM 3aMbIKAHWH BHE KaOeIsl.
Cnoco0 npoKJIaaKu Bripaskenue 11s Toka
c Zon—2
QXABC D=-2=-20 K
I  Z,-Z,
OXA 26 +Q-12, -2,
e 2, +(Q-12,, - QZ,
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8.2. [IpumepsbI pacuera
[To ¢popmynam Ta61.8.2-8.4 poBeieM pacyeTsl Jj1s ciaydasi, korjaa B cetn 10 kB
poJoXkeHbl Q =1, Q=2, Q=3 1enu, KKIas U3 KOTOPhIX MPEJCTABISET TpeX(PazHyIo
rpynny onnodasHbx kabenel tuna 500/95 MM® C MeAHBIMU KON U dkpanoM. [1pu
TOM Oy/ieM ToJjlaraTh pacCcTOSHHSI MEXIYy OJHO(MA3HBIMU KabeIsMH TaKMMH, Kak 3TO
JTaHo B TaOIUIlEe HUAXKE.

Cnoco0 npokIaaku Paccrostnie Mexay oaHo(pazHbIMH KaOeIsIMU
s=d
QxABC s, =10d
s=10d
XA
Q s, =d

YeapHOe CONMPOTUBIICHUE TPYHTA TTPpUMEM o, =100 Om [, 4TO COOTBETCTBYET

HKBUBAJICHTHOU IiyOMHE TOKA B 3emjie D, =1130 M — 3HAYEHUE OJIyUYE€HO YIIPOLIEHHO

(cm. 1m.3.5), 6e3 yuera METAUIOKOHCTPYKLIMH, pacrnojokeHHbIX B 3emie. M3-3a storo
IpEICTAaBICHHBIE HM)KE B TAOIMLAX aKTUBHO-UHAYKTUBHBIE COMPOTUBIIEHUS HYJEBOU

NNoCJICAOBAaTC/IbHOCTH Zo 3aBbIIICHBI IO CPABHCHHUIO C PCAJIbHBIMHU 3HAYCHUSAMMU.

[IpononbHbie conmpoTuBieHus oaqHoM U3 Q ueneii B pacuere Ha L, =1000 wm. [Ipoknanka QXABC.

Ne CoCTOsIHHE PKPAHOB Q Z,,0Om Z,, Om
C R ——— 1 0.040+j0.083 0.188+]: 1.984
1 CTOPOHI 2 0.040+j0.083 0.336+j3.451
3 0.040+j0.083 0.484+j4.919
3a3CMIICHBI C JIBYX 1 0.057+J:0.078 0.247+J:0.043
2 CTOPOH 2 0.057+J. 0.078 0.249+j. 0.034
3 0.057+j0.078 0.249+j0.030
TpumeHeHa 1 0.040+j0.083 0.247+j0.043
3 - 2 0.040+j0.083 0.249+j0.034
3 0.040+0.083 0.249+j0.030

[IpononbHbie conpoTuBieHus oaHOH U3 Q ueneii B pacuere Ha L, =1000 wm. [Ipokmaaka QXA.

Ne CoCTOsIHME PKPAHOB Q Z,0m Z,, Om
Sasenterst ¢ oo L 0.040+0.227 0.188+]1.695
1 cTopor: 2 0.040+/0.372 0.336+/3.307
3 0.040+j0.517 0.484+]4.919
Sasenstci ¢ Ay 1 0.143+/0.126 0.245+/0.046
2 eropon 2 0.195+j0.114 0.248+j0.034
3 0.218+0.097 0.249+]0.030
o 1 0.040+j0.227 0.245+]0.046
3 pumenicha 2 0.040+0.372 0.248+/0.034
TPaHCHOSHIA 3 0.040+j0.517 0.249+j0.030
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Toku B 3a3eMJIEHHBIX 110 KOHUAM (M HE UMEIOIIEM TPAHCIIO3ULIMM) SKPaHAX
B HOPMAJIbHOM PEKUME WJIM [IPU TPEX(PAZHOM KOPOTKOM 3aMbIKAHUU BHE KAOEJIsl.

Croco® MpoKIaaKy Q D, = ‘D, ‘
1 0.281
QxABC 2 0.281
3 0.281
1 0.700
QxA 2 0.858
3 0.920

Hanpsbxenne (B), nasogumoe Ha skpan (Ha 1000A, 1000m) otHocutensHo 3emin (mpu QXABC).

CocTosHme FKpana Q HopMalibHbI# peskum Pexxim K(1)
umm K(3) 05 =100 Om [

3a3eMIIeH ¢ OJTHOM L 615 697

croponsl K =1 2 615 1189

3 61.5 1680
[Ipumenena L 205

, _ 2 20.5 HepacueTHsiii ciryuaii

Tpancno3uumsa N =1 3 505

Hanpsokenue (B), HaBoaumoe Ha kpad (Ha 1000A, 1000m) otHocuTebHO 3emiid (ipu QXA).

HopMainbHBIi pexnM Pexnm K(1)
CocTosiHue FKpaHa Q i K(3) 0, =100 Om
3a3eMIIEH C OJTHOM L 206 697
ctoponsl K =1 g jgé ggg
[Ipumenena L 69
P _ 2 117 HepacueTHslii ciyuait
Tpancno3uma N =1 3 165

W3 n1poBeeHHBIX BbIYMCIEHUNA BUJIHO:!

— B pacyerax COINPOTUBJICHUH Kkadejied HEOOXOJIMMO YUYUTHIBATH B3aUMHOE BJIUSIHUE
BCEX Q TMPOJIONKEHHBIX Mapasyie/ibHO Iieneil BHE 3aBUCUMOCTH OT crocoba MX
npokiaakd (QXABC umu QxA);

— B pacyerax TOKOB W HAIPSOHKEHUH HKPAHOB HEOOXOJMMO YUUTHIBATH B3aUMHOE
BJIMSIHUE BCEX Q IMPOJIOKEHHBIX NMAPAVIEIBLHO LENEH, MPEXIe BCEro, B Ciydae
npokiaaku QXA,;

— B pacyeTax TOKOB M HampsbKeHUH skpaHOB mpH mpokiaake QXABC nmomyctumo
paccMaTpuBaTh JIMIIb OJIHY LIENb U, CIEN0BATEIIBHO, MOJI30BATHCS BHIPAXKCHUSIMU U3
riaB 4 u 5, 3a uckmouenurem ciaydas K(1), rjie orka3 ot yuera B3aMMHOI'O BJIMSTHUS
LENEH MPUBOJUT K CEPhE3HO 3aHUKEHHBIM OLICHKaM HaIIPSIKEHUS Ha DKpaHE.
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Pacuemor napamempos kabeisi mOKa3bIBAIOT:

— NpU 3aJaHHOM Q mapaMeTpbl LEeNd MOTYT CYIIECTBEHHO OTIMYaThCid Kak B
3aBUCUMOCTH OT croco0a 00yCTpoiCcTBa HKPAaHOB, TaK U B 3aBUCHUMOCTH OT CocoOa
npoknaaku (QXABC umm QXA);

— MHUHHUMAJIbHbBIE TPOIOJIbHBIC AKTUBHO-UHYKTUBHBIE COMPOTUBIICHUS TOCTUTAIOTCS B
ciayuae mnpokiaaku QXABC; npu »ToM MUHUMM3AIUS TPOJOJILHOTO aKTHBHOTO
COIPOTUBJICHUSI NPSIMOM  IOCJIENI0BATEIbHOCTH  OJIarONpUsiTHa B HOPMAJIbLHOM
peXXMME C TOYKH 3pEHUSI MOTEph AKTUBHOM MOIIHOCTH, a4 MHHUMHU3ALUS
POMOJLHOIO  WHAYKTHBHOI'O  CONPOTHUBIEHHUS TPSIMOH  MOCJIET0BATEIbHOCTH
OJiaronpusiTHa B HOPMaJbHOM PEXKUME C TOUYKM 3PEHHUS YPOBHSI HAIPSIKEHUS Y
noTpeduTeNs, 0COOEHHO NP OOJBIINX ATHHAX kKabese.

Pacuemer unoykmuposanunvix mokoe 6 sKkpanax NoKa3bIBaloT:

— MUHUMAaJbHbBIE TOKH B 3a3€MJICHHBIX MO KOHIIAM dKpaHax kabemst TOCTUTaloTCs TpH
npokianake QXABC, uyTo mnoATBEpKIAETCS Majod B JTOM Cllydyae BEJIMYHMHOU
POJOJIBHOTO aKTUBHOTO COMPOTUBIICHUS MPSIMOU MOCTEA0BATEILHOCTH.

Pacuemul uHOyKmMupo8aHHvlX HANPANICeHUIl 8 IKPAHAX TIOKA3bIBAIOT:

— HampsbkeHHWE Ha JKpaHe OTHOCHTEIHLHO 3€MJIHM, OMpeessiioliee JT0MyCTUMOCTh
OJTHOCTOPOHHETO 3a3eMJICHUS] DKPaHOB WM Tpedyemoe uucio N MOJHBIX IMKJIOB
TPAHCIIO3ULIMH, 3aMETHO MEHbLIE 11pH npokiajike QXABC.

W3 npumMepa pacuera cenyeT, uTo M ¢ TOUKH 3pEHHs MmapameTpoB kadems, u ¢
TOYKH 3pPEHHsI TOKOB M HANpPSDKEHUH B dKpaHax MPOKJIAJAKY ILerel MpearnoYTHTeLHee
npoBoauTh ciocodom QXABC, uiin, unade roBopsi, pEKOMEHAYETCSI TPUIEPKUBATHCS
CJIETYIOIIEro MpaBua:

— IpOKJIaAbIBaTh pasHouMeHHEIe (a3nl (Al, B1, C1) BO3MOXHO OJIHXKE IPYT APYTY;

— [POKJIa/IbiBaTh OjiHOMMEHHbIC a3kl (AL, A2, ...) BOBMOXKHO Jajiblle JPYr OT JApyra.

B Tabmunax Belie ObUIM NPHUBEACHBI TOKW U HAMPSDKEHHS] SKPaHOB B cliyyae,
Korjaa Bce Q 1ienei BKIIOYEHBI HA MapalieIbHY0 paboTy, OTHAKO MOXHO PACCMOTPETh
¥ TaKyl CHUTYAIIMIO, KOTJIa OJIHA M3 1Ierel oTKIItoYeHa (BbiBeeHa B peMOHT). HecmoTpst
Ha ATO B HDKpaHAX OTKIIOYEHHOM 1enu OyayT HABOJUTHCS TOKH W HaIpSKEHUS,
BbI3BAHHBIE MArHWTHBIM TIOJIEM OCTaBIUXCS B paboTe Ieneil W MpenCTaBIsIoIIe
peajibHyI0 OACHOCTD JIJIsl PEMOHTHOI'O I1€PCOHAIA.

Hamnpumep, eciii uMeercs JBe napajuiebHbIX KaOeTbHbIX JUHUH, 1-9 U3 KOTOPBIX
B pabote, a 2-1 OTKIII0OYEHA, TO PEMOHTHBIE pa0dOThl Ha 2-i Oy yT 0e30MmacHbl TOJIHKO
torja, korjga ¢asbl 1-i 1enu MnpoJioKeHbl COMKHYTbIM TpeyroiibHukom (Al, B1, C1
MaKCUMaJIbHO OJU3KO JIpyr Apyry). UMeHHO COMKHYTBIM TpEyrojJbHHK MPHBOIUT K
xopouied komieHcaluu mMarHuTHeix nosiedt ga3z Al, B1, C1 3a npenesnamu 1-it nenu,
CBOJISI K MUHUMYMY BJIMSIHUE pa0OTalOlEH Lenu Ha 2-10 OTKJIIOUEHHYIO.
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8.3. Bp10op B3aHMHOr0 pacmnoJioxeHus oqHO(Pa3HBIX Kadesieit

N3 mpumMepa pacueTa CleayeT, uTo JIJIs BCEX OJHOIETHBIX KaOeNbHBIX Tepenay
(Q=1), mpencrapusonx coboi Tpexdazuyro Tpymmy oaHodasHbIX kademneit, das3wl
BBIFOJIHO Pa3MelLaTh MaKCUMaJIbHO OJIM3KO JPYT JPYTY, TaK Kak 3TO 00€CIIeUMBAET!

— CHWXXEHHME TOKOB (IIOTEpb) B DKpaHaX MPHU UX [POCTOM JBYCTOPOHHEM 3a3EMJICHUU
1o KOHIIaM Kabes;

— CHW)XCHHUE HANPSDKEHUSI HA DKPaHE OTHOCUTE/IbHO 3€MJIM HpPU  OJHOKPATHO
3a3€MJICHHOM WJIM TPAaHCHOHUPOBAHHOM JKpaHE — ATO MO3BOJSET MPUMEHSTh TAKHE
TEXHUUYECKHUE PEeIIeHUs] ¢ MHUHUMAJbHBIMU 3aTpaTaMH Jaxe JIJIsi CPaBHUTEILHO
NPOTSHKEHHbIX KaOEIbHbIX JIMHUH;

— CHWWKEHHWE TUPHUHBI TPACCHI U YMEHbBIIIEHHE 00heMa 3eMJISTHBIX padoT.

JI71s1 HECKOJBKUX MapajuieIbHO MPOJOXKEHHBIX TpeX(a3zHbIX rpynn oJHOGa3HBIX
kaoeJei (Q =2, 3...) onTuMalibHbIM Oy/ICT TAKOE B3aUMHOE PACIIOJIOKEHHE KabeJIeH, pu
KOTOPOM pa3HOMMEHHbIE ()a3bl MPOIOKEHBI OJU3KO JPYT OT ApYyra, a OJHOWMEHHBIE
BO3MOXHO Jiajibiie Apyr ot apyra (puc.8.1,a u puc.8.2,a). B jomnojiHeHHE K CHUKCHUIO
TOKOB (ITOTEPb) U HAIPSKCHUN SKPAHOB MTPEUMYIIIECTBO TAKOTO PACIIONOKEHHS
— 0€30MacHOCTh MEepPCOHANIA MPU BBITOJHEHUH PEMOHTHBIX U MOHTAXHBIX pabOT Ha

OTKJIFOUEHHOM IeTTH, MTapajliieJIbHONH KOTOPOH TTPOTOKEHBI APYTHE 1IEMTH, OCTABIITHECS
[10/] Harpy3KoH.

N3noxeHHble MaTepualbl CKIOHSIOT K OTKa3y OT MCIHOJb30BaHUsl Ha MpPAKTHKE
cxemMbl QXA u pexkoMeHjaalusiM ToBceMecTHO mpuMeHsiTh cxemy QXABC, korna
pazHouMeHHbIe (a3bl MaKCUMaJbHO COJIMXKEHBbI, @ OJHOMMEHHBIE MaKCUMaJIbHO
OTJAJIEHBI IpYT OT Apyra. EcTh psa nononuutensHbie npeumyniects QXABC.

1. C ToukM 3peHusi MOHTaxa Q-lenHOW KaleabHOW mnepenadn yAo00HOH chaeayer
npuzHath cxemy QXABC, rne kaxas 1enb HauMHAETCsl W 3aKaHYMBAETCS B €
cooTBeTcTBYIONIEH siueiike (puc.8.4).

2. JIns MUHMMH3AIMK HECUMMETPHH, CO3/7aBaeMON 3a CYET pPa3Iu4HbIX Mo dazam
POJIOJILHBIX MapaMeTpoB kadels, mpeanouTuTenbaee npokiaaka QXABC, Ttak kak
npokiaaka QXA, Kak npaBuio, HE MpeAnoJaraetT pazMeuieHue a3 B BeplIMHAX
PaBHOCTOPOHHETO TpeyrojbHWKa (OHW Pa3MeIarTcsl B TNIOCKOCTH TOPH30HTAILHO
puc.8.5 uiu oj1Ha MO/ JIPYTrO# BEPTHKAIBHO).

3. C ToukH 3peHus OOCTYKUBAHUS U PEMOHTA YJOOHOHU Clie/lyeT MPU3HaATh Ty CXEMY, B
KOTOpPOH HE COCTAaBHUT TpyJ/a ONPEAeTUTh MPUHAIIEKHOCTh KXKIOTO KOHKPETHOTO
ojHOpazHoro kabdesist K Toh uian uHoi uenu. Jlydwe sro pocruraercs aiisi QXABC.

4. C TOYKM 3peHHUs] HAJAESKHOCTU MpEeANOUYTUTENbHEE, YTOOBI OJHOMMEHHBIE (a3l Al,
A2 ¥ T.J. Aexamd Tojanbllie APYr OT Jpyra, Tak Kak B TMPOTHBHOM cClydae
nospexieHue paspl OJHON LEHHM MOXKET [PUBECTH K MOBPEXKICHUIO OJHOMMEHHON
dazbl npyro# nenu. Jlydinas HagexkHOCTh JocTuraercsa B cxeme QXABC.

[Ipumenenuem cxembl QXA orpaBjaaHo JMIlb I KOPOTKUX kabeseid 6-10 kB
amunoit 10 50-100 merpoB, rae B kaxjod ¢aze mo yCJIOBUSIM TOKOBOM Harpy3ku
umeetcst cpazy 2-3 ojaHodasHbix kalens. B Takux cxemax, e€ciii dKpaHbl kalesei
pa33eMJICHBI B OJHOM W3 KOHIIOB (HET TOKOB B KpaHaX W He HaJI0 OOpOTHCS C HUMH
cOmmkast asbl), MO YCIOBUSIM MOHTaXa YI00HO Hcmoik3oBaTh QXA (prc.8.6,0).
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T-1 A BC

T-2 !

Puc.8.4. Coenvnenue AByXx TpaHchopmMaTopoB co COOPHBIMU MKUHAMHK MO cxeme «QXABC».

A1 A2 B1 B2

C1 c2
Puc.8.5. 'opr3oHTaNbHOE pacnonoyKeHue JBYX Leneit Thna «QXxXA».

T A BC T A B C
I
A ] A
]
B "..’ B E
C ? 4l C
a) T 0)

Puc.8.6. Coenunenue 1o cxeme «QXABC» (a) u «QxA» (0) BBoaHoro tpaHcdopmaropa T co
COOpPHBIMH IIMHAMU, KOTJIa B KX 10 (aze UMeeTCs, HapUMEp, cpazy TPH OJHO(A3HBIX Kadens,
TpeOyeMBIX T o0eceueH s JOMYCTHMOM HArpy3KH IO TOKY.
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I'JTABA 9. Toku n HanipsizkeHHs1 7)KPAHOB
NPH MOBPeEXKIACHIN 30NN KadeJ st

9.1. BbiGop cevyeHHs 3IKPAHOB MO YCJIOBUSIM HX TEPMHYECKOI CTOHKOCTH

Panee BBIOOp CXeMBbI COEAMHEHWS W 3a3€MJIEHUS DKPAHOB paccMaTpuBalICsl ¢
TOUKHU 3PEHUSI HOPMAJILHOTO PEXHMMa U BHEUIHUX 10 OTHOIIEHHIO K KaOEJt0 KOPOTKUX
3aMbIKaHUAX. B 2TOH rmaBe OyayT MOpOaHAIU3UPOBAHBI BONPOCHI, CBSI3AHHBIE C
MOBPEX/IEHUEM H30JISIIIMA camMoro kadessi, T.€. C BHYTPEHHHM KOPOTKHM 3aMbIKaHHUEM
(puc.9.1).

[ToBpexkacHHE H3OIAIUN <©OKUIa-dKpaH» OmHOo(pa3HOro kadeias IPHBOIUT K
POTEKAHUIO B COOTBETCTBYIOIIEM DKpPaHE TOKA KOPOTKOTO 3aMbIKaHUs. TOK KOPOTKOTO
3aMbIKaHUsl, [IPOXOJs 110 SKPaHy, BbI3bIBAET HAIPEB PKPAHA U NPUMBIKAIOLLIEH K HEMY
u3omAuun kabems. Ha BpeMsi KOPOTKOro 3aMmblKaHHUsl TEMIEparypa sKpaHa Kalels,
UMEIOIIIET0 U3OJISIIUI0 U3 CUIMTOrO MOJUAITHIIEHA, HE JIOJDKHA MPEBOCXOJIUTH, CKAXEM,
250 °C, Tak Kak B IPOTHBHOM CJydae MPOM3OMAET HEKENATEILHOE CHUKEHHE CPOKa
ciayxObl u30iaMK. [IpoBepky cedeHHsi dKpaHa Ha COOTBETCTBHE BEJIMUYMHE TOKa
KOPOTKOI'O 3aMbIKaHUsl M BPEMEHHM €ro IMpPOTEKaHUsI Ha3bIBAIOT «IIPOBEPKON
TEPMUUYECKOU CTOUKOCTH SKpaHa.

E, E!’

KN

Z V4
Puc.9.1. PacuerHas cxema CeTH, coAepKalleil KaObebHYIO JIMHUIO C NIOBPEXKIEHHON U30/151LMEN.

TpaauUMOHHO B CETSIX PacCMaTpPUBAIOTCS PA3JMUHbIE BHJIbI HNOBPEXKACHUN
m3omsanun: K(1), K(1,1), K(2), K(3). ['oBopst 0 KOpOTKOM 3aMBIKaHHH B OAHO(a3HOM
kaleJie ¥ BHIOOpE CeueHus IKpaHa, MoJiaraeTcsi MOBPEXKICHUE U3OJISIIIUN OKUJIA-DKPaH».
CaiennoBaresibHO, TaK Kak dKpaH 3a3eMiieH, JIByX(pazHoe 0e3 3eMiid KOPOTKOE 3aMbIKAaHUE
K(2) BHyTpH kabenst IpUHIMIIAATIBHO HEBO3MOXKHO. KpaitHe MaloOBEpOSTHBIM SIBJISICTCS
TpexdazHoe noppexieHue u3ossiiuu kadenst K(3), u ero takxke clienyer HCKIIOYUTD U3
paccmotpenusi. Kakoe u3 ByxX OCTaBILMXCS BUIOB MOBpexieHust uzosisiuu — K(1) wiu
K(1,1) — 6yner pacueTHBIM TIpH BRIOOpPE CEUEHHsI dKpaHa, 3aBHCUT OT HCIOJIB3yEeMOTO
cnoco0a 3a3eMIIeHUs] HEUTpal CETH.

[Ipy mnpoTexkaHuu TOKa KOPOTKOTO 3aMblKaHus |, 3a BpeMsi KOPOTKOTO

3aMBIKAHUs t, B DKpaHe OJHO(Pa3HOro Kabesis JIMHON OIMH METP BBIJAEIUTCS TEIIO
* 2 *
Q =1,"R;ty,
rac RS* = ,09/F3 — AKTUBHOC COHpOTI/IBHeHI/Ie 3KpaHa Ha y‘laCTKe I[HHHOﬁ l M; F9 58 ,09

— CEUECHUE U YJIEJIbHOE CONPOTUBJIEHUE IKPaAHA.
. 0

[lycts kputnueckod temmnepatype 250 "C HarpeBa 5KpaHa COOTBETCTBYET

BBIJICNIMBIIICECS B OKpaHe Temno Q,,, . Toraa ceueHne skpaHa JODKHO 0OECITEIHBATE

BBINIOJHEHUE HEpaBeHCTBA Q < Q ﬂoﬂ* :
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[Ipy 3a1aHHOM CEYEHUM JKpaHa Ul ONpEAEiCHUs MaKCUMAJIBHO JOIYCTHUMOTIO
TOKa KOPOTKOTO 3aMbIKaHHs |, MOXHO 3amucarh yCiaoBue Q =Q ﬂOH* , OTKyZa

F
Quon Fs 0 1 _ s D\/I, (9.1)
lof) t[( t[(

rae |, — «OJHOCEKYHJHBIH TOK KOPOTKOTO 3aMBIKAHHMSI» — TOK, JOIYCTHUMBIA IS
SKpaHa IpU BPEMEHHU NpOoTeKaHus t, =1 c.

PacueTHbIM IyTeM WJIM 3KCIIEPUMEHTAIBHO MOXHO HAWTH, KAaKOe KOJIUYECTBO
Terma Q,,, JOCTATOYHO ISl Harpesa dKpaHa J0 TemrepaTypsl T =250 °C. Dro

MO3BOJISIET TPOU3BOJIUTEIISIM KaOEJIbHOM MPOJIYKIIMK B CBOMX KaTajlorax yKas3biBaTh JIJIsI
KQXJI0r0 CEYEHUsI DKpaHa F., KOHKPETHOE 3HAUYECHUE |, JIOMMYCTUMOIO OJIHOCEKYHIHOTO

TOKAa KOPOTKOI'O 3aMbIKAHHSI.

Ecim  BpemMst  CcylleCTBOBaHUsL  KOPOTKOI'O  3aMbIKAHUsl,  OIPEACIISIEMOE
HACTPOUKAMKU PEJICHHOU 3allUThl, OTJIMYAETCs OT t, =1 ¢, TO B TaKUX Cllydasx
JOMyCTUMBIA  TOK, corjacHo (9.1), crienyeT CKOppEeKTHpOBaTh — YMHOXEHHEM
U3BECTHOM BEJIMUMHBI OJJHOCEKYH/IHOIO TOKa |, Ha KOd(pPuumeHT ]/ \/a :

AHaJIU3 KaTaJoroB IPOU3BOAUTEICH MMOKA3bIBACT, YTO OAHOCEKYHIHBIM TOK |,
KOPOTKOI'O 3aMBIKaHUS OKa3bIBACTCS NMPONOPLMOHAIBHBIM CEUYCHHUIO dKpaHa F,, Toraa

kak 13 (9.1) Ha mepBbIi B3IV CASTYET, YTO OH JOJDKEH OBITh MPOMOPITHOHATCH /F, .

PaccmoTpum 3TOT Bonpoc noapooOHee.
JIOMyCTHMOE TEIIO, OTBEYAIOIIee HArPEBY dKpaHa 0 TemrepaTypsl T =250 °C

Q,LIOH* =m [C, [GT _To)l
rjae m =g, V' —macca 0HOro MeTpa kadeis, onpe/esisiemMast ero 00beMoM V' U HEKOM
CpeiHel ITOTHOCTHIO A, MCHOJb30BAHHBIX B KOHCTPYKIIMH MaTepHalioB; C, — HeKas
CpeJiHsisl TEIMIOEMKOCTh UCIIOJIb30BAHHBIX B KOHCTPYKIIMHM MaTepHalios; T, — HadaIbHasl

Temreparypa dkpaHa (rjaBHOW W30JISAIMKA Kadels), B KauecTBe KOTOPOH MOXKET ObITh
NPUHATA MaKCUMaJibHAsl JUIMTENbHO JIONMYyCTUMAas TeMieparypa kabessi B HOpMaJbHOM
pexume, cocrasisitoiias 90 °C.

Eciu npearosoxkuTh, 4To BCE BBIACISIIOUICECS B DKPAHE TEILIO PACXOAYETCS
TOJILKO Ha HAarpeB PKpaHa, TO HOJyYuM V'~ :Va* =V, /L, =F,, OTKyJa

Q,[[OH* =p, F, |:q:v [GT _To)'

Mcnonb3yst nocieHee BoIpaxeHue st Q,,, , mpeodpasyem (9.1)

/ 1 / 1
Il(:A:)DF:)D_: KlD_’ (92)
t[( t[(

rae A, — kKodpPUIHEHT TPONOPIMOHATILHOCTH, 3aBUCSIINNA OT KOHCTPYKIIMU Kadess U

MCTOJb30BaHHBIX MaTEPHATIOB.

Boipaxkenue (9.2), nojiyueHHOe 1py BecbMa IpyObIX JIOIMYILEHUsIX, TEM HE MEHEe,
COBMANAET C JaHHBIMM KaTaJOTOB IMPOM3BONMUTENEH, INI€ NPOCIECKUBAETCS MPIMO
NponoOpLUOHAILHASL 3aBUCUMOCTL |, = A, [F, OAHOCEKYHAHOrO TOKa |, WU ceUeHUs

skpaHa F,. [lpu »ToM THumNoOBoe 3HaUYeHUe KkodPUIIMEHTA MPOTOPIHOHATBHOCTH
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2 2
COoCTaBJIsIeT OKojl0 A, =0.2 KA/MM®, T.€. A JKpaHa cedyeHueM F, =50 MM

JIOITYCTUMBIM OJIHOCEKYHJIHBIM TOKOM MOXHO CUMTATh JEHCTBYIOIIEE 3HAYEHHUE TOKA
|, =10 KA.

dopmyiia (9.3) no3BoJsieT BEIOpATh JI0CTATOUHOE ceueHne F, dKpaHa Ha OCHOBE
uHdopmau O Tokax |, KOpPOTKOTO 3aMbIKaHHSI U BPEMEHHU t, HX OTKIIOUCHHS
pEeJIEMHON 3allUTON

F, 2o, (9.3)

A,
rae |, —TOK KOPOTKOro 3aMbIkanus 1o 1a0ir.9.1 (o6ocHoBaHue — cM. Jajee).

Ta6:1.9.1. OcHOBHbIE pacyeTHbIE CIy4au ISl BBIOOpA CEUEHUs SKpaHa.

Knacc
HanpsHKeHUst Crnoco0 3a3eMieHust HeUTpaTu
cetu B Poccun

Tok, KOTOPBI UCTIOB3YETCS ISt
BEIOOpa ceueHws dKpana 1o (9.3)

H3o ,
JIMPOBAHHAA 0.870 <)
KOMIEHCHPOBaHHAs
6-35 kB BBICOKOOMHBIH pe3rcTop 0.87U 5
HuzkooMHBII pe3uctop le = (U HOM / \/5)/ Ry
(oTkIFOYEHWE TIEPBOTO Wi
3aMBIKaHUs Ha 3EMITIO) D, O <)

D dekTuBHO 3a3eMIeHHas,

|
MITYXO0-3a3eMJIeHHAs K@)

110-500 kB

Ity — TOK 0AHO(AZHOTO KOPOTKOTO 3aMBIKAHIS CETH,

() — TOK Tpex(pa3HOTO KOPOTKOTO 3aMBIKAHHS CETH,

U0, — HOMHUHAJIbHOE HaNpsKEHUE CETH,

R, — conpoTuBjeHHE pe3UCTOPa B HEMTpAIIU CETH,

D, — nons Toka B 9KpaHe B COOTBETCTBHHU ¢ popmynoii (5.1).

Crnenyer moHMMAaTh, YTO MPU BHIOOpPE CEUEHMsI PKpaHa W MPH BbIOOpE criocoda
3a3eMJIEHHsI DKpaHOB (pacuera HanpspDKeHHs Ha DKpaHe OTHOCHTENHHO 3€MITH)
UCMOB3YIOTCS pa3Hble 3HAYEHUS TOKOB KOPOTKOT'O 3aMbIKAHUS.

[Tpr BBIOOpE ceueHUs HdKpaHa MCTMOIL3YETCSI CYMMapHBIH TOK KOPOTKOTO
3aMbIKaHHUsl CETU. EC/M TOT TOK KOPOTKOrO 3aMbIKaHUsI IIPU [OBPEKIECHUN H3O0JISILUU
BOJIM3U OT Hauasa kalens OTJIMYaeTCsl OT TOKa MPU MOBPEKACHUU U3OIALIUN BOIU3U OT
KOHIIa Kabess, TO UCTIOB3YIOT HauboJIbIllee U3 ABYX 3HaYeHHWH Toka. B wactHOCTH, 17151
paauaibHO ceTn (Harpy3ka [oJjydaer MUTaHWE OT IMH 4epe3 kabelib) B pacueThl
3aKJIQIBIBACTCS CYMMApPHBI TOK KOPOTKOTO 3aMBIKaHUSI ApU NOBPEHCOCHUU HA WUHAX,
TaK Kak OH 00JIbIlIe TOKa KOPOTKOT'O 3aMbIKAHHUSI ITPH TIOBPEXK/IEHUH Ha HArPy3Ke.
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[Tpu BBIOOpE crocoba 3a3eMJICHUS] YKPAHOB B pacueThl HABEJACHHOTO Ha DKpaHe
HaANPSOKEHUS 3aKIabIBACTCS HE CYMMAapHBIH TOK KOPOTKOT'O 3aMBIKaHHS CETH, a JIUIIb
Ta €ro 4acTb, KOTOpas HPOXOJAUT O xkuje (KujlaM) paccMaTpuBacMoro kadels W
HNOAMUTHIBAET MECTO TOBPEXKICHUS H3OJSLMU CEeTH, Haxojsieecss BHe kadens. B
YaCTHOCTH, JIJIsl PaJIMAJIBHON ceTh (Harpyska Mojyvaer MUTaHWe OT IIMH Yepe3 Kabelln)
B pacueThbl HAIPSKEHUS 3aKJIa/IbIBAETCS TOK KOPOTKOI'O 3aMblKaHUsl 1pU NOGPeHCOeHUU
Ha Hazpy3ke, Tak KaK TOJHKO TaKOE€ MOBPEXKJIEHHE MPUBOJNT K MPOTEKAHUIO B KHUJIAX
ka0eJisi TOKOB KOPOTKOTO.

A —
S — \
K
B
\
C
\
L
i >

Puc.9.2. [loBpexnenune n3oasunu Kadesns, SKpaHbl KOTOPOTO YaCTHYHO Pa33eMJIICHBDI.

A -
<+ —>
|K1 |K2
B

|

Puc.9.3. TloBpexieHue u30Js11KMu Kabess, SKpaHbl KOTOPOTO 3a3€MJIEH 110 KOHLIAM U
[IPUMEHEHA TPAHCIIO3ULIUSL DKPAHOB.

[Tpr MOBPEXKIECHUN U3OJAIUN TOK KOPOTKOTO 3aMBIKAHUS |, W3 KHUJIBI TTOMAAAET
B DKpaH W Jajee B 3a3eMJIsollee YCTPOUCTBO JKpaHa, T.e. MPOTEKaeT Mo dKpany. Eciu
CEUCHUE DKpaHa F, HE COOTBETCTBYET BEJIMYMHE TOKA |, W JAJIUTEIBbHOCTU t, €ro

IpPOTEKaHUs, TO BO3MOXXHO TEPMUUECKOE pa3pylICHHUE dKpaHa HA 3HAUUTEILHOM 10
nnuHe L oTpeske kadens. Kak ciaeayer u3 puc.9.2-9.3 pazzemieHue 3KpaHOB WM HUX
TPAHCHO3UIHS HE SIBJISTFOTCS OCHOBAHUEM JIJIsl CHUIKEHHSI CEUCHUSI DKPAHOB.
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9.1.1. Cetb ¢ 3¢ PeKTHBHO- HIIH IJIYX0-323€MIIEHHOI HEHTPAJIBIO
B cetsix ¢ 3¢ dexkTHBHO- WK TIIyX0-3a3eMJICHHOM HelTpaibio (B Poccuu 310 cetn
110-500 B) oxHodazHoe noBpexkICHUE U3OJISIMU YIKE COIPOBOXKIACTCS JOCTATOYHO
OOJBIIMM TOKOM, KOTOPBIA MPOTEKAET B KOHTYpE, MOKa3aHHOM Ha puc.9.4,a. [Toatomy
pacuemnvim npu evibope cevenus skpana aensemes moxk K(1), éenuuuny komopozo |,

ucnonvzyrom 6 ghopmyine (9.3) npu onpeoenenuu cevenusi SKpana.

A B C A B C
| bia | bia
T T
A1 T kn A 1 T kn
~——— ~————
a) il 6)
¢ KN-2

Puc.9.4. TIpoteccrl npu MOBpexAeHUIX u3omsiimu: ip K(1) B ceTsIxX ¢ 3a3eMIIeHHON HelTpasblo (a) u
npu K(1,1) B ceTsix ¢ u30aupoBaHHON HEHTpambio (0).

9.1.2. CeTb ¢ M30THPOBAHHOI (KOMIEHCHPOBAHHOM) HEMTPAJIBLIO

B cersx ¢ m30mMpoBaHHOW (KOMIICHCHPOBAHHOM) HEHTpasIbl0 pacUYeTHBIM IPH
BBIOOpPE CEUYECHHUsI DKpaHa sIBJIETCs J[BOWHOE noBpexenue usossiiuu K(1,1), mpuuem
HauOosiee BEPOSITHBIM SIBJISIETCSI MOBPEXKJIEHUE H30JSIUMU  JIBYX (a3 pas3iimyHbIx
NPUCOCIMHEHUN, KaK ATO Moka3zaHo Ha puc.9.4,0. PaccMoTpeHHasi cuTyanusi OObIYHO
pa3BUBaeTCs CIEAYIONMM 00pa3oM: Ha OJHOM W3 npucoeauHeHuit (Hanpumep, KJI-1)
POUCXOAUT OJHO(]A3ZHOE 3aMbIKAaHUE, KOTOPOE HE COMPOBOMKIAACTCS ONACHBIMH TOKAMHU
3aMbIKaHWsT M HE MeIaeT JJIeKTpocHaOkeHHIo moTpebuTeneil. OaHako 3a Bpems
CYIIECTBOBAHMSI MEPBOI'O 3aMbIKAHUSI HA 3€MJIIO 110/ BO3/ICHCTBUEM MEpeHaNpsKEHUH
Ha <3J0pOBBIX» (hazax CETH IJIe-TO Ha APYyroM npucoeauHeHun (Hampumep, KJI-2)
MIPOUCXOANT BTOPOE MOBPEKIECHUE U3OSIIINN, a 3HAYUT — B CETH UMEET MECTO JIBOHHOE
MOBPEXICHUE U3OJISIIIHH.

B Bompocax TepMUYecKOd CTOMKOCTH 3KpaHOB OJHO(MA3HBIX Kabesnehd B ceTax ¢
M30JUPOBAHHON (KOMTIEHCHPOBAHHOW) HEWTPAITbIO BAXHBIM SIBIISIETCSI TO, YTO OJTHO U3
noBpexieHu (IepBOe MJid BTOPOE) ObLIO MEXK/Y KUJIOM U DKPAHOM HHTEPECYIOLICTO
kabens. [Ipu 2TOM NpakTUYECKH HE UMEET 3HAYEHHsl, TJI€ UMEHHO BO3HHUKIO JPYroe
MOBPEX/ICHUE H3OJISAIMM — B TOM ke kabene, Ha jpyroM kabene (cMm. puc.9.4,0), Ha
BO3AYLIHOW JIMHUHU, B TpaHchopMarope, Ha LIMHAX U TPOY.

BenwunHa Toka qBOWHOTO moBpexaeHust u3oisimun K(1,1) 3aBucut ot Toro, kax
JIAJIeKO JIPYT OT JIpyra Haxo/IsITCSl IEPBOE U BTOPOE MOBPEXKJICHHUS, & TAKKE OT TOr0, KaK

105



JAJIeKO OTH TOBPEXKICHUS HAXOAATCS OT IieHTpa muTaHus (cOOpHBIX mHuH). Camble
oospimme Tokn K(1,1) xapakTepHbl s ciaydasi, KOrja 00a MOBPEXICHUS TTPOU3OIILITH
BOJIM3K OT LieHTpa nutaHus. [1pu srom Bearunna toka K(1,1) B cet ¢ M301MpOBaHHOM
(KOMITEHCHPOBAaHHOM) MOYKET OBITh HalileHa Kak

NE

I K (L1) = 7 I K(3) =0.870 K(3)

7€ |y (5 — TOK TpeX(ha3HOTO KOPOTKOTO 3aMBIKaHHUSI CETH,

IIpu evibope ceyenus dKpaHa 6 cemsix ¢ UBOAUPOBAHHOU (KOMNEHCUPOBAHHOIL)
netimpastoio 6 popmyny (9.3) noocmasasiiom mox 0.870, ;.

Jlo cux nop B pacuerax HE yUHUTHIBAIUCH EMKOCTHbIE ApaMeTpbl Kadesisi U CETH.
Y4er eMKOCTH CeTH MOXET OBbITh BaXXE€H JHWIIh B EIMHCTBEHHOM Cllydyae — TIpH
o HO(a3HOM 3aMbIKAaHUHU Ha 3eMJII0 B KaOEIHLHOM CeTH ¢ M30JUPOBAHHOW HEUTPAJIbIO.
Ecau B Takoii cetu umeercs 00JibIlIOe YMCIIO KaOEIbHbIX JIMHUM, TO €MKOCTh CETH Ha
3EMJII0  OKAXETCS  3HAYUTENbHOW, 4YTO TIpU OTCYTCTBUM B HEUTpaiun CeTH
KOMIIEHCHUPYIOIIETO PEakTopa UM €ro HEBEPHOW HACTPOMKE OOYCIOBUT 3aMETHBIA TOK
0HO(A3HOTO 3aMbIKAHUSI HA 3€MJIIO |y, KOTOPBIH MOXKET JIOCTHTaTh HECKOJIbKUX
coteH A. CTojib OOJBIIOW TOK, C YUETOM BPEMEHH CBOETO CYIIECTBOBaHUS (JECSITKH
MUHYT), CIOCOOEH MPUBECTH K HEPACUCTHOMY pa3orpeBy HIKpaHa IOBPEIHKICHHOIO
kabens emie Jo Toro, kak mepBoe onHodasHoe 3ambikanue K(1) ycreer mepeilith B
MHOTOMECTHOE HapynieHue usossiuu cetu K(1,1).

[Mockonbky jiMTeabHOCTL cyiiecTBoBanus K(1) 3apanee Henpejickasyema, TO
CJIOHO MPOBECTH 0OOCHOBAHHBIN BLIOOP cedeHUs dkpaHa F.,, COCOOHOTO BbIICPKATh

TOKH |,,,, COCTaBJISIONMINE COTHU A. B Takwx ciydastX sl TIOBBITIIEHUST HAIC)KHOCTH
oiHO(a3HbIX Kabesiel TpedyeTcst 0TKa3 OT UCIOJIB30BAHUS U30JUPOBAHHON HEUTpaIH.

9.1.3. CeTtb ¢ pe3UCTHBHO-323eMJIEHHOI HEHTPAJIbIO
3azemiieHHe HEUTpaM CETH Yepe3 Pe3UCTOp B JOMOJHEHHE K eMKOCTHOMY TOKY
CO3/Ia€T B MECTE MOBPEKICHHUS H3OJISAIUN PE3UCTHBHBIN TOK, BEJTHYMHA KOTOPOrO OyIeT
I = (U HOM /\/é)/RN )
rje U, —HOMHHaJILHOE HanpsbkeHue cetr (cm. puc.9.5).
BenuurHa R, CONPOTUBIICHHUS PE3UCTOPA 3aBUCUT OT TOTO, JJISl PCIICHUS KaKon

3a1a44 OH YCTaHOBJICH:
— JJI CHUOKEHHSI TyTOBBIX U (pEppOPE30HAHCHBIX EPEHATPSKEHUH;
— JUIsl CEJIEKTUBHOMU paloThl pejieiiHON 3allUThI 110 MOUCKY MOBPEXIEHHOrO duaepa u
€ro OTKJIIOUEHHUIO OT CETH.

B riepBoMm cityyae COlpOTUBJIEHUE PE3UCTOPA JODKHO ObITh TAKMM, YTOOBI TOK |4
ObLJI IPUMEPHO PABEH EMKOCTHOMY TOKY CETH.

Bo BTOpOM cilyyae COIPOTUBJIEHUE PE3UCTOPA JOHKHO ObITh TAKUM, YTOObI TOK
| COCTaBJISII HECKOJIbKO COTEH A.

[TockonpKy B IEPBOM Cily4yae COMPOTHBIIEHUE PE3UCTOpPa OOJIBIIE, TO TOBOPST O
BBICOKOOMHOM 3a3€MJICHUH HEUTPAJIH, @ BO BTOPOM — O HU3KOOMHOM.
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IIpu 8bICOKOOMHOM 3A3eMACHUU HEUMPATU BbIOOP CeYeHUsl FIKPAHA BbINOIHACCS
KaK u 6 cemsx ¢ uzonuposannoli (komnencuposannoit) netimpanvio. 6 gopmyny (9.3)
noocmagisiiom moxk 0.870, .

Ipu nuskoomuom 3azemuenuu newmpanu (peaetinas 3auuma OmKIO4aem nepeoe
JHce NospedxcOoeHue U30IAYUY cemiu) 6vl00p CeyeHUus 3KPAHA GbINOJHACMCI NO MOKY
oonoghasnozo samvikanus K(1): 6 popmyny (9.3) noocmasnsiom |, = (U wont | \/5)/ Ry -

B ceTsix cpejHero HarpsbKeHUs! ¢ HU3KOOMHBIM 3a3EMJICHUEM HEUTpalli ceueHue
DKpaHa, KaK MpPaBWJIO, [OJYYaETCs 3aMETHO MEHbIIE, YEM B CETSIX C HU30JIMPOBAHHOM
(koMTIEHCHPOBAaHHOM) HEWTpasblo. Majioe ceueHue SKpaHoB M TpokjIaaka a3 kadess
COMKHYTBIM TPEYTOJIbHUKOM IO3BOJISIIOT MUHUMHU3UPOBATH Mapa3UTHLIE TOKU U TIOTEPU
MOIITHOCTH B PKpaHaX, a 3HAYUT BCErJa HCIOJIb30BATh MPOCTOE 3a3eMJICHHE HKPAHOB
OJIHOBPEMEHHO B 000MX KOHI[aX KadeJsl.

llpu HU3KOOMHBIM 3a3eMAeHUEeM HEeUmMpAlu, YIUTbIBas MaJIO€ CEUCHUE DKPAHOB,
1eaecoo0pa3sHo MPOBEPSITh MX CIOCOOHOCTh BBIACPKHUBATH MHAYKTHPOBAHHBIC TOKH,
KOTOPBI€ HABOJISITCSI IPU BHEITHUX MO OTHOIIEHUIO K Ka0eIt0 KOPOTKUX 3aMbIKAHHUSIX B
ceru. Takum o0paszom, ¢ nomoibio Gopmylbl (9.3) Haoo donornumenvro nposepume
ceuenue dkpana Ha moxk D, O, rne D, =1,/l, — 10Js TOKa B 9KpaHe 1o dbopmyie

(5.1), lx — TOK TPex(azHOro KOPOTKOTO 3aMbIKAHMS HA HArpys3Ke, KOTOPBIH MOXET

ObITh IPUHSAT PABHBIM TOKY TPeX(a3HOro KOPOTKOrO 3aMbIKAHUS CETH.

A B C
| bia
T
Al o1 = Kkn-1
.——
[
¢ KJ-2

Puc.9.5. Tlpoueccol npu 01HO(A3HOM MOBPEKIECHUN U30JISALIUN
B CETH C PE3UCTUBHO-3a3EMJICHHON HEHTPAJIBIO.
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9.2. lloBbilIEHNE TEPMUYECKOH CTOIKOCTH IKPAHOB

Ha puc.9.4 nokazanbl HampaBJIeHHs MPOTEKaHHUsI TOKOB KOPOTKOTO 3aMbIKaHUSI B
ciydasx K(1) u K(1,1). Mus puc.9.4,a B KOHTYpE C TOKOM JCUCTBYET 3JIC (a3bl «A»;
anas puc.9.4,06 B KOHTYpe ¢ TOKOM JAEHCTBYET pa3HOCTb 3¢ ¢a3z «A» u «B», T.e.
JMHEHHOE HANpsHKEHUE CETH, OJHAKO OHO TMPHUJIOKEHO K KOHTYPY C IOBBIIIEHHBIM
conporupiiendem. CienoBarenbHo, npu K(1) B cetd ¢ 3a3eMJICHHOM HEHTpabIO U
K(1,1) B cety ¢ M30IMpOBaHHON HEHUTPATBIO OYYT Pa3HBIE BEJIMYUHBI TOKOB KOPOTKOTO
3aMbIKaHus | ,.,, HO camu npoueccel B KJI-1, uMmeroieil BHyTpeHHEE MOBPEXKICHUE
U30JISIIIUH, WeHTHUHBL. [loaTomy nanee mpoBenem paccyxaenust Ha npumepe K(1) B
CeTSX C 3a3eMJICHHOW HEHTpallbio, a pe3yabTaThl pacnpocTpanum Ha ciyuait K(1,1) mos
CETH C U30JIMPOBAHHON HEUTPAJIBIO.

9.2.1. Bbioop MecTa OTHOCTOPOHHET 0 3a3eMJICHHS IKPAHOB

PaccMmoTpum noBpexaeHue U30JsIuK Kalessi, UMEIOIIEro SKpaHbl, 3a3€MJIEHHbIE
TOJIbKO B OJIHOM M3 KOHLIOB. OKa3bIBaeTCsl, pallMOHA/IbHBIM BbIOOp MecTa 3a3eMJICHUs!
MO3BOJISIET PACCUUTHIBATH CEUEHHUE DKpaHa Kadessl He Ha MaKCUMaJIbHBIA TOK KOPOTKOTO
3aMbIKaHus B ceTd (B cxeme puc.9.6,a 3To unm |, unm 1Y), a Ha CHUKEHHOE 3HAYCHHUE
ToKa. Torjga ¢ NO3UIMNA TEPMUUYECKON CTOMKOCTH DKPAHOB IPU KOPOTKUX 3aMbIKAHUSAX
JOTYCTUMO HCIIONIb30BaTh Ka0elnb ¢ MEHBUIMM CEUYEHHUEM DKpaHa, T.€. MEHEE JNOPOroi
kabenb. [lokaxem 3To Ha TpUMeEpPe YACTHOTO Ciiyyast, MPUBEIEHHOro Ha puc.9.6,0:
— BHYTPEHHEE COIPOTUBJICHHE CE€TH Z'=Z. OJMHAKOBO II0 INPSIMOM M HYJIEBOM

[10CJIE/I0BATEILHOCTSIM,
— BHYTPEHHsIsl 5/IC CUCTEMbI PaBHA D/IC IPSIMOM MOCIIEI0BATEILHOCTH E' = E ;
— KaleJb HE UMEET HArpy3KH, T.€. SIBISIETCS «XOJIOCTBIM.
I I
a) KN
Z A

\v4

E KI
6) (: ) g
Z!
"Hayano" "koHeL"
Puc.9.6. Cxema cetu, coaepskaineii KabeIbHYIO JIMHUIO.

[Tycth (prc.9.7) MOBpEeKICHHE U3OJSIMH <CKHJIA-dKpaH» ONHON M3 ¢a3 xades
JUIMHOM L, MNpOM30LLIO Ha paccrosiiuv L, oT ero Havyaja (Ha pacCTOSHUM
L, =Lg =L, OT ero konna). Torma oOmiue BeIpakeHUst 11 omnpeneneHus: Toka K(1)
Janbl B Ta0J1.9.2, a yacTHble ciiydyan — B Ta0:1.9.3.

[IpoBepuM BeIpakeHus: W3 Ta61.9.3. Ilycts, Hanmpumep, Ha puc.9.7,0 KOpoTKOE
3aMbIKaHHE MPOU3OIILIO HE B Kadesie, a BHE kabesst BOJIM3U OT ero «koHia». Torna Tok
KopoTkoro 3ambikanus K(1) MoxHO HalTH ¢ ucnoJb3oBanueM 1a0.1.4.4

108



RusGable.Ru

- B
ZiytZ,yt 2y, ,
OTKYZa ¢ yueToM (popmyJ1 Ta011.3.7 171 CONPOTUBIICHUH Kabens uMeeM
__F
32,437,
T l'KAZ + l.KAO = L’
Lo +Zy

YTO MOJHOCTBIO COBIMAJIAE€T C COOTBETCTBYIOIINM BbIpaxeHneM u3 Tab,1.9.3.

e =gz =l gao

l e =gz = g0

[ =1

Ta61.9.2. AHanuTHUeckue BeIpaskeHus i Toka K(1) B ycnoBusix prc.9.7.

MecTo 3a3eMIIeHUs YKpaHa Tok KOpOTKOro 3aMbIKaHHsI
«Havano» (T.e. CO CTOPOHBI [ = _E .
WCTOUHUKa, puc.9.7,a) 7o+ (Z w =2 )LKl
«KOHETI» (T.€. CO CTOPOHBI [ = , E .
K - . . * . %
Harpy3ku, puc.9.7,0) Z. +(Z)K Lo, +Z, L1<z)
K
I
—>
A
<—| \
K
B a)
\
C
| \
K L L
<+ —————- JL >a-—2 p
"Hayano" "KoHen'"
K
I
—>
A
/ |
K
B 6)
/
C
! |
LK1 LK2 K
«“-———————————= > t-———>
"Havyano" "koHeL"

Puc.9.7. OnHodazHoe NOBPEKACHUE U30/SILUU <GKUIIA-DKPaH» B Cilyyae,
KOI'Ja PKpaHbl Ka0eJ1st 3a3¢MJICHbI B €ro «Hauaje» (a) uid B ero «koHue» (0).
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Ta064.9.3. YactHbie ciyyau B ycioBusix 1a0,1.9.2.
Toxk xopoTkoro 3ambikanus | .

(paBeH ToKy B Kkpane | .,)

MecTo 3a3emieHns SkpaHa MOBPEXKIEHUE BOTU3H MOBPEXkKAECHUE BOTU3H
OT «Havana» OT «KOHIIa»
L[('l = 0’ LKZ = LK LKl = LK’ LK2 = 0
«Ha4ano» (T.e. CoO CTOPOHBI [ = E, [ = _E .
K _—— K - . . * . %
UCTOYHHMKA, puc.9.7,a) Z. Z.+ (Z)K -Z, )L1<
«KOHET» (T.€. CO CTOPOHEI [ = E, [ = E,
K = 5 - K~ = T
Harpysk, puc.9.7,0) Zo+Z, L, Z.+Z, L,

HecnoxxHo mokazaTh, 4YTO BCerja CHPaBENJUBO ‘Z}K* —Z';)*‘<‘Z},(*‘. Torna,

HConb3yss Ta01.9.3, MOKHO yTBEpPIKIATh, YTO TOKH B DKpaHaX KaOess BbILIE IPU
3a3€MIIEHMH DKPaHa B «HAYaje», HEKEIH NPH 3a3eMJIEHUH DKpaHa B «KOHIE». Eciu Obl
BHIOOP CEUEHHMS DKPaHA NPOBOJAM/ICS HA OCHOBE HAMOOJBLIETO TOKA, TO B PACUETHI 11O
(9.3) cinenosano Obl 3aknanpBarh |, =1, =E,/Z.. Ilpy 3a3eMJICHUM DKPAHA B KKOHLIE»

kabeJis ceueHHe DKpaHa JOJDKHO ObITh PACCUMTaHO Ha TOK |, =1, = El/(z'c +7., LK)

MEHBIIIEH BEJINYUHBI.

Coraacto (9.3) onrumu3zaius 3a3emiieHust SKpaHoB (MX 3a3€MJICHME B «KOHILEY»
KaOeJIst) O3BOUT CHU3UTh CCUCHUE DKpaHa B ‘K‘ pas

K =1+ 25 x|
C

BepHyBLIKCH K 001Ieil cxeme prc.9.6,a, MOXKHO JaTh CIEAYIOIIee MPaBHIO: IS
kabesiell ¢ OJHOKPATHO 3a3eMIJIEHHBIMK DKPaHaMH 3a3eMJIEHHE DKPAHOB 1€J1eCO00pa3HO
BBINOJIHATL BOJM3H OT MEHEE MOIIHOH CHCTEMbI (CHCTEMbI ¢ 0OJIBLIMM BHYTPEHHHM
COIPOTUBJIEHHEM Z W MEHBIIIUM TOKOM KOPOTKOTO 3aMbIKAHUs | ).

Hampumep, mpu  |20.|<[Z¢| (mpum |1 |>[1%]) 3asemmenme  mesecooGpaswHo

BBIIOJIHMTL BOJM3M OT 2-i cUCTeMbl, Tak Kak 5To 1mo3BoauT B (I /1%)° pa3 cHU3UTDH
ceyeHue HKpaHa. B wyacTHOCTH, JJsl pajvaibHONW KaOeIhbHOM CEeTH OJIHOCTOPOHHEE
3a3eMJIeHHE YKPaHOB PEKOMEH/TYETCsl CO CTOPOHBI oTpeduTens (cM. puc.9.8).

[1pu BbIOOpE MecTa 3a3EMIIEHUS DKPAHOB HA CTEIEHb CHUIKEHUSI TOKOB KOPOTKOI'O
3aMbIKaHU$ BIUSET HE TOJHKO COOTHOIIEHUE COMPOTUBIEHUH MPUMBIKAIOIIUX K KaOesro
CUCTEM, HO U JiIMHA Kabess. Ecnu kabesb CpaBHUTEIBHO KOPOTKUH, TO TOKH KOPOTKOTO
3aMbIKaHUs N0 KOHIAM kalenst OyayT OTIMYaThCsl HE3HAUMTENBbHO. B Takux ciyvasx
MECTO €MHCTBEHHOrO 3a3EMJIEHHSI DKpaHa MOXET BBIOUPATHCS MO JPYTUM KPUTEPHUSIM
(Hanpumep, Ucxo/ist U3 BorpocoB npumeneHust OITH, onucaunbix B 10-i riase).

Ouenum, 171 Kakux KaOesel CTEelNeHb CHHXKEHUS TOKOB KOPOTKOro HauOolee
omytuMa. MOXHO 110Ka3aTh, YTO OJJTHOCTOPOHHEE 3a3€MJICHUE DKPAHOB IPUMEHHUMO:

— 15 kabenei JUIMHON He 00Jiee HECKOJIBbKUX KUJIOMETPOB B CETSIX C U30JMPOBAHHOM,
KOMIIEHCUPOBAHHOM, PE3UCTUBHO-3a3€MJICHHON HEUTPAJIbIO;
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— st kabenei JyinHol He 00Jiee HECKOJIBKIX COTEH METPOB B CeTsX C d(pdekTHBHO- U
IJIyX0-3a3€MJICHHOW HEUTPAJIBIO.

Y4uThIBas H3N0XKEHHOE, U3 Beex kadeneh 6-500 kB, 1 KOTOPBIX Ha MpaKTHKE
NPUMEHUMO OJTHOCTOPOHHEE 3a3EMJICHHE YKPAaHOB, BHIOOP MECTa 3a3e€MJICHUS TTO3BOJIHUT
CHU3UTh CEYCHHUE DKPAHA TOJILKO JIMIib B CETSX C M30JMPOBAHHON (KOMIIEHCHUPOBAHHOIA,
pesucTuBHOM) HelTpanbio (6-35 kB) w Tonmbko mpw OGombiol wHE Kadens. B
OCTQJIBHBIX CIy4asxX BIHMSIHUE OJIHOCTOPOHHE 3a3€MJIGHHOTO KaOeJsi Ha TOKH KOPOTKOT'O
3aMbIKaHHsI OYeT HE3HAYUTEIBHBIM U MOXKET HE paCCMaTPHBATHCA.

E PY 110 kB

c BNl K110 kB
@—i: =1

AV

T

PY 10 kB

Puc.9.8. PexoMeHaalMu no 0JJHOCTOPOHHEMY 3a3€MJICHHUIO SKPAHOB B PaUaIbHOMN CETH,
OCHOBAHHbIE Ha aHATTN3€ TOKOB KOPOTKOTO 3aMbIKAHHMS.

CoriacHo ImpuMepaM pacdeTa MpoaOJbHBIX MapaMeTpoB kaOesl, IPUBEICHHBIX B
3-eli r1aBe, UHAYKTUBHOE COMPOTHBJICHUE HYJIEBOW IOCJIEIOBATEILHOCTH TpeX(pazHoii
rpynibl 0jHO(a3HbIX Kadeaeh CUIbHO (B HECKOJILKO JIGCATKOB pa3) BO3PACTACT MOCJIC
pa33eMJICHHSI PKPAaHOB Ha OJHOM M3 KOHIOB KaOelns (He BaXKHO, B «HAyajc» WU B
«koHIe»). [lopToMy MOXKeT Toka3arhCs, UTO OJHOCTOPOHHEE 3a3eMJICHHE DKPaHOB
spisieTcst A ceteit 6-500 kB xopoiiuM ¢cnoco6oM OrpaHuueHusi TOKOB OJHO(A3HOTO
WJIA IBOWHOTO KOPOTKUX 3aMbIKAHUU HA 3eMJII0. BMecTe ¢ TeM, 3TO HE Tak, IMOCKOJIbKY:
— NOPUMEPBI PACUEThl IMOJYUEHbI MPU HMCNOJb30BAHUU BEJIMYUH D,, COCTaBISIONIMX

COTHH METPOB, XOTsI Ha CAMOM JieJI€ B ropojax M Ha MPOMBIIIJICHHBIX HPEANPUATHIX
D, 3aMETHO MEHbIIIE, T.€. X, Kadessi BOBCE HE B JECATKH pa3 OoJibie X, ;

— OJIHOCTOPOHHEE 3a3e€MJICHUE DKPAHOB MPUMEHUMO JJIi CPABHUTEIHLHO KOPOTKHUX
kabenei (Hampumep, B ceTsx 110-500 kB — 3To JHIIE COTHH METPOB), MOCKOJBKY
HEJIOMMYCTUMO HaJMYMe Ha PKpaHe OTHOCHUTEJIHLHO 3€MJIM BBICOKOTO HAIMPSIKCHUS
POMBIIIJICHHON YaCTOThI; BMECTE C TEM OTHIOAb HE KOPOTKHE KaOeau ONpeneisitoT
YPOBEHBb TOKOB KOPOTKOT'O 3aMbIKAHHUS B CETH.

9.2.2. Ilepuoaunyeckoe 00beIHHEHHE IKPAHOB
Jliist kaOesiel ¢ yCIOBHO MallblM CEUEHHEM DKpaHa B psJie CyuyaeB BO3HHUKAIOT
TPYIHOCTH € OOECIEYCHUEM TEPMUUYECKOH CTOMKOCTH HKpaHOB MpPU BHYTPEHHUX
KOPOTKHX 3aMBIKaAHUSIX H3OJSIIMK <OKHua-d3kpan». [Tockonbky st kabeneit ¢ mMaibiM
CEUEHHUEM DKPaHa B HEKOTOPBIX CllydasiX JOILYCTUMO IIPOCTOE 3a3€MJIEHUE DKPAHOB B
000UX KOHIaX, TO PACCMOTPUM MOBPEXKJCHUE H3OJIALIUU Kkadesiass UMEHHO ISl TaKOro
cnoco0a 3a3eMJIeHHS DKPaHOB.
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[TpoBeneMm paccyxaenus Ha mpumepe K(1) B ceTsx ¢ 3a3eMJIeHHOM HEHTpalbio, a
pe3yabTaThl pactipocTpanuM Ha ciydait K(1,1) jutst cet ¢ W30IupoBaHHOM HEHTpaIbIO.
[lycTh TOBpEXIEHHWE H3OJSIUNA <OKHJIa-dKpaH» ¢a3bl «A» kabeiss IJIUHOW L,
TIPOU30IIIJIO HA PACCTOSHWUU L,, OT ero Havajga (Ha paccTosHuu L,, =L, —L,, OT ero
KOHIIA). «PealbHbIe» HAlpaBJICHUS MTPOTEKAaHHWs TOKOB ITOKa3aHbl Ha puc.9.9,a; yCIoBHO
NOJIOXKHUTENIbHBIE — Ha puc.9.9,0.

KA1 I
A —P — DKA2
—>
I(3'A1 I3A2 I
a) B —» KB
I
3B [
C — KC
o
3C
" = n |3 " = "
Ha4vano KOHeLY
biat I
A — — DKA2
I > -
SA1 OA2 I
6) B —» KB
I >
OB [
C —» HKC
I >
3C
n = " |3 1] - "
Ha4ano KOHeL,

Puc.9.9. IoBpexkaeHne U30SIHIH «<KUa-3KpaH» (aszbl «A» B rpynne U3 Tpex 0AHO(a3HbIX Kadenei.

Kak npaBuio, TOKM Harpy3kd 3aMETHO MEHBLIEC BEIUYHMHBI TOKAa OJHO(PA3HOIO
KOPOTKOTO 3aMbIKaHHsl |, CETH C 3a3eMICHHOM HEHTpambio, T.e. |, <<l ..,

I s << ey 1o <<Iyepy. TTOITOMY JOMYCTHMO CUMTATH | ., =0, [, =0, | . =0.
CucremMa ypaBHCHHM, ONHCHIBAIONIAs IPOIECCHI B JKpaHaX, MO aHAJIOTHH C

cuctemoit (3.2), MoxeT OBITH 3armrcana CIeyIoImnuM 00pa3om

AU DA = Z.}K\')ll.}KAl +Z-9l|.9Al +Z92 |.9A2 + ZK I.SB + ZK I.SC

ﬂjf)B :Z.I(ll.)l(Al +Z.[(l|.f),41 +Z.R'2I.ZJA2 +Zf) I.f)B + Z.[( I.f)(,' 1

MSC :Z.Kll'}KAl +Z‘K1I.9Al +Z.K2|.9AZ +ZK I.SB + Z'SI.SC
rjae uHaeke «1» y CONMPOTHBJICHWH O3HAYaeT, YTO OHW OTHOCATCS K YJ4acTKy KaOess
JUTMHOM L., HHACKC «2» — JUIS ydacTKa kaOemst JJIHHOM L,,, OTCYTCTBHE IU(PPOBOTrO
WHJIEKCa — JIJIsT BCero kadesns JIIMHON L, =L, +L,,.
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JIOIOJIHUTEILHO MOXHO 3anmcarh AU, =AU., =AU.,. =0 (II0CKOJIbKY SKPaHbI
3a3eMJIEHbI 110 KoHIaM kabens), |, =1,, 1., (BECH TOK KOPOTKOTO 3aMBIKAHHS W3
KUJIBI IIONAAAET B OKpaH), |, =1 .,. (M3 yCIoBui CUMMETPUK).

[locne pemienusi cucTeMbl TOKH B cxeme puc.9.9 1o OTHOIIEHHIO K TOKY
KOPOTKOTO 3aMBIKAHHS | ., OTIPEIETSIOTCS CIIETYIOIINME BhIPAKEHUSIMU:

|:9A2 — 29 _Z){(S d—m (94)
| en 7 _ ZZKZ Lk ’
9 23 +ZK
| | Z, Z,-2Z,
L= =K Qg2 A E"Kl, (9.5
I)KAl I)KAl Za +ZK Z _ ZZK LK
7 Z’? + ZI\
Lo 2Jae (9.6)
I}KAl I}KAl
Tok B 3eMJ1€ HAXOAMUTCS U3 yCJIOBUst |, +1.,, +1., +1,. =0
If - _ Zf) ZR D f) )I() [!‘Kl (97)
oy 2o+ 72, 5 _ 22/
72,0+ 27,

MoxHo mokaszarb, 4to BbipakeHus (9.4)-(9.7) nns TOkOB B 2KpaHax TpH
kopotkom 3ambikanun K(1) B cetu cpasy 3a kabemem (mpw L,, =L,) B TOYHOCTH

COOTBETCTBYIOT (hopMyaM Ta01.4.9 st TokoB I.,, I.,, |, B dDKpaHaxX IpH BHEIIHEM
KOPOTKOM 3aMBIKAHHH, TIPH 3TOM CIPABEIIHBO |, =1 ,,.

[Tpu KOpPOTKOM 3aMBbIKaHWK B Kabesie BOJM3K OT ero Hauana L,, =0, uro 1o (9.4)
naer |, /1., =0, uno (9.6) naxogum I, /1., =-1, T.e. TOK B DKpaHe:

— JIEUCTBUTEILHO MPOTEKAET OT MECTa MOBPEXKICHUS U3OJISIIIUM B CTOPOHY UCTOYHUKA
K «Havaay» kabesi, kak 3To noka3zaHo Ha puc.9.9,a;
— COMNOCTABUM IO BEJIMYUHE C TOKOM KOPOTKOTO 3aMbIKAHHUSI.

[TomydeHHbIe BBIBO/IBI €III€ pa3 MOATBEPXKAAIOT TO, YTO BHE 3aBUCHMOCTH OT
cnocoba o0yctpoiicTBa 3kpaHoB kabesei 6-500 kB, kak npaBuiio, CEUEHUE DKpaHa
JOJDKHO COOTBETCTBOBATH HaMOOJbIIEMY TOKY KopoTkoro 3ambikanust K(1) B cetn ¢
3a3eMJICHHOUM HEUTPAIbIO WIJTH HanOOJIbIIIeMy TOKY KopoTkoro 3ambikanwst K(1,1) B cetu
C HW30JIMPOBAHHOW HEUTpa/blo. B NpOTUBHOM Cilydae BO3MOXMHO TEPMUUYECKOE
paspylIeHUEe DKPAaHA HA YYACTKE JJIMHOU L.

BennuuHbl TOKOB KOPOTKOrO 3aMbikaHus B kabeabHOU cetn 6-10 kB MoryT ObITh
3HAYUTENLHBIMU 10 CPABHEHHUIO C TEMH TOKaMH, Ha MPOTEKAHUE KOTOPHIX PACCUUTAHBI
SKpaHbl THIOBBIX MPHUMEHsAEMBIX Kadenei. Tak, corimacHo [6], THIOBBIMH KaOEIsIMH B
KabeIbHOM ceTi MoCaHepro sBIstoTCst onHodasHbie kadern 240/50 mv?, Tepmudeckas
CTOMKOCTh HKPAaHOB KOTOPBIX OOECHEUYMBAETCS MPU TOKAX KOPOTKOTO 3aMbIKaHUs HE
6osee 10 KA npu BpeMeHHU IpoTeKaHus He OoJiee 1 cek.

B chywae, eciM TOKM W JUIMTENBHOCTH WX TPOTEKAHWs BBINIE yKa3aHHBIX
3HaueHui, Tpedyercs CcOopa3MEpHOE YBEJIMUEHME CEUEHHUsl DKpaHa, I[PUBOJALLEE K
yaopoxkanuio kabems. B [6] B Tex ciyuasx, rae BONPOCHI TEPMHUECKOM CTOHKOCTH
OPUBOJSIT K HEOOXOJMMOCTH YBEIIMYEHMS] CEUEHHsS] DKpaHa CBEpPX THIIOBBIX
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COOTHOIIIGHUH F,/F, , mpe/jiaraercsi BhIMOIHATh O0bEIMHEHUE YKPAHOB (<KCKPYTKY») B

Kaxaod coeaunuTenbHo  Mydre (cxema puc.9.10). Takoe oObeauHEHHE, Kak
ormeuaercsi B [6], npuBoAMT K 00pa30BaHMIO MapaulejbHbIX BETBEH M PACTCKAHMIO
TOKOB KOPOTKOTO 3aMbIKaHUsI uepe3 dKpaHbl (a3, He 3aTPOHYTHIX MOBPEXKJACHUEM, UTO
CHUKAET TEPMUUECKYIO HArpy3Ky dKpaHa NOBpexeHHOH ¢ha3bl.

mycpTa
Xuna
A
3aKpaH
B
C

Puc.9.10. O6beauHeHHE SKpaHoB 0HO(A3HBIX Kadeneil B COeTMHUTEIbHBIX My(Tax.

HecnoxHo mokazaTh, 4To cxema oOycTpoiicTBa nskpaHoB puc.9.10 Hukak He
MOBIIMSIET Ha TOKU B dKpaHax kabeniss B HOPMATLHOM CHMMETPUYHOM PEXKUME, U OHH
HO-IIPEKHEMY MOI'YT COCTABJISITH CYLIECTBEHHYIO J0JI0 TOKOB B uiiax. CioxHee A€o
OOCTOUT € TOKaMH B SKpaHaX MpH BHYTPEHHEM MOBPEKICHUH kaOers.

B pamkax ob6ocHoBaHMsi TOro, 4to cxema prc.9.10 mo3BossIEeT CHU3UTH TOKH B
9KpaHax MpU BHYTPEHHUX KOPOTKUX 3aMbIKAHUSIX, aBTOPbI [6] BMECTO paccMOTpeHMsl
COOCTBEHHBIX M B3aMMHBIX AKTHBHO-UHIYKTHBHBIX CONPOTHUBICHHUH JKWJbI, SKpaHa,
coceHuX (pa3 ymOMHUHAIOT JIUIIIb COOCTBEHHOE aKTUBHO-WHAYKTUBHOE COIPOTHBIICHUE
skpaHa. [Ipu BBIYMCICHUM WHIYKTUBHOCTH JKpaHa B [6] uCIOIb3yeTCsl HeBepHasl
dbopMyIia, u3-3a 4ero aBTOPHI [6] OMHUOOYHO MpeHEOpEraloT WHIYKTHBHOCTHIO dKpaHa
10 CPaBHEHHIO C €0 AKTUBHBIM COITPOTHUBIICHUEM.

D10 aonymieHue [6] 3aMeTHO YIpoIaeT pacCMOTPEHHUE BOIIPOCOB PACTCKaHHS B
dKpaHax TOKa KOPOTKOTO 3aMBbIKaHHSs, OJJHAKO B 0OIIEeM ciyvae SIBISIETCS] HEBEPHBIM —
pacnpenesieHde TOKOB MEX/Y HKpaHaMU 3aBUCUT KaK OT aKTUBHbIX, Tak M OT
UHIYKTUBHBIX (COOCTBEHHBIX M B3aUMHBIX) CONpOTHBICHHH Kabens (cM. (9.4)-(9.6)).

[Tpenmonoxum, 4To Tpymnmna w3 Tpex oaHoda3HbIXx kadelaed WMeeT JHUIIh B
CTPOUTEJILHBIX JUIMHbI, T.€. OJIHY COCJAMHHUTEJIbHYIO MY(DTY ¢ 00bEIMHEHHbIMU (HO HE
3a3¢MJICHHBIMK) B Hell skpaHamu. PaccMOTpUM KOpOTKHE 3aMbIKaHWsSI Ha TEpBOM W Ha
BTOPOM CTpOUTENbHBIX JiMHAX (Ha prc.9.11-9.12 naHbl YCIOBHO MMOJIOXKHUTE/ILHbIC
HAIPaBJICHUS! [POTEKAHUSI TOKOB; <«pEajibHOE» HAIlPaBJIEHUE TOKOB MOXHO OyJer
y3HATh TMOCJIE PEIIeHUs] YpaBHEHHH).

KopoTtkoe 3ambikanue B HauyaJie kabenasi. CucreMa ypaBHEHUH ISl MAJEHUN
HanpsbKeHUs: Ha dKpaHax kalesst B cxeme puc.9.11 moxer ObITh 3anMcaHa ¢ y4eToMm
lop = 150 KaK

AU 242 = Zf)Zl DA2 + 22[(2' DB2

AU o, =Z5 5 +(292 + Z.KZ)I.SBZ’
rJle MHAEKC «2» y CONPOTHBJICHHHM O3HAYAET, YTO OHHU OTHOCATCS K Y4acTKy KaOeJsi
JUTMHOM L, =0.5L, OT COEIMHUTEIBHOW MY(THI 10 €ro «KOHIIa».
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Puc.9.11. biimzkoe k «Hauany» kadessi NOBPEKACHUE U30JSLUH «KUIa-3KpaH» (pazbl «A» B rpynre u3
TpeX 0IHO(a3HbIX Ka0E/eH, SKpaHbl KOTOPBIX OObEAMHEHBI B COSJAMHUTEILHON MY (pTE.

KA1
A 2
—» —_— —p
|3A1 |3A12 |3A2
B
e T
c 3B1 l550
— —
IGC1 “ “ Iacz
"Havyano" "koHel"

Puc.9.12. biiuzkoe K «KOHILY» KaOe/1si IOBPEAKACHUE U30JISILIMU <OKUIa-3KpaH» (azbl «A» B IpyIIIE U3
Tpex oAHo(pa3HbIX Kademeid, IKpaHbl KOTOPBIX 00bETUHEHbI B COETUHUTENBHON MydTe.

TToCKOJILKY DKpaHbl OOLEIUHEHBI, CripaBeauBo AU.,, =AU ., =AU..,, U Torga
U3 CUCTEMbI YpaBHEHUH HabaeM [, =15, =1 0.

ITo 2-My 3akoHy Kupxroda st «koHla» kabejass MOXHO 3alucaTh
I, +1.,, +1.,, + 1., =0. B npeanojoxenre MajgocTd TokoB B 3emie (I, =0) nojayuum
| 0uo = opp =100, =0, OTKYyOa AU, =AU, =AU, =0. OTCIONa BHIHO, YTO, HECMOTPSI
Ha OTCYTCTBUE 3a3E€MJICHHUSI DKPAHOB B COCIMHUTE/ILHOW My Te, HANPsHKEHUE B HEW Ha
9KpaHax OTHOCUTEJIHHO 3eMJIM HE OTJIMYAETCs OT HANMpsHKEHHUS Ha «KOHIE» kabens, T.e.
paBHO HyJt0. Clie0BaTeNbHO, DKpaHbl B COEAUHUTEILHOW MydTe MOXKHO CUHUTAThH
3a3eMJICHHBIMM, 4TO MO3BOJISIET paccMarpuBarh npoiecchl B kadene puc.9.11 kax
nporuecchl B kadese puc.9.9 qauno 0.5L,

Jluist pacueros puc.9.11 npu nospexeHun B Havaje kabess (npu 0<L,, <05L, )
MOXHO BOCIOJIb30BaThesi Bhipaxcenusimu (9.4)-(9.7), kyna nojacrasisth He L, /L., a

Lier/0.5L,c, T.€. CTPOUTD 3aBHCHMOCTD | /1 ye| = F(2Ly /Ly ).
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KopoTkoe 3amMbikaHHe B KoHHe Kadeasi. CucreMa ypaBHEHUW 1 NajeHHUU
HaNpsDKEHUS Ha DKpaHax kabess B cxeMe prc.9.12 3anuchiBaeTest ¢ yaetoM |, =1,

AU D41 = Z)[(f)ll JKAL + Zf)ll D41 + 22[(1' OB1
Doy =2l en +Zgal o + (291 + Z.Kl)l.SBl ’
rjae uHaeKe «1» y CONMPOTHBIIEHHWH O3HA4YaeT, YTO OHM OTHOCSTCS K ydacTKy KaOeJis
JUIMHOU L., =0.5L, OT «Havyajga» kadeJis O COeIUHUTEILHON MY(ThI.
[ToCKOMBKY DKpaHbl OObLEIMHEHbI, cupaBeaauBo AU., =AU ., =AU, 41O
MO3BOJISIET HAMTH COOTHOIIIEHHE TOKOB
(Z)R‘Sl ~ ZKl) [

+1
0 0 JKAL
Zal - ZKl

on = oy
D.I I'/“I\’}ll + I-3Al = |.3Bl = I-3Cl’
Z,Kal Zm — Z)I(I% _ZR”
291 - ZKl 29 - Zk
COOTHOIIICHUIO TOKA B DKpaHE K TOKY B JHJe ojHO(a3HOro kabesiass B HOPMaJbHOM
CUMMETPHUHOM PEIKHME.
B npeanonoxenye Maaoctd TokoB B 3emiie (I, =0) MOXKHO CUUTATH, YTO BECh

riue D

— KOMIUJIEKCHBIH KO3 HUIIMEHT, B TOUHOCTH pPaBHBIN

TOK KOPOTKOIO 3aMbIKaHHs | ., BO3BpAIaeTCs MO dKpaHaM, T.e. | ., +1., +1+1.,, =0
win |, +1.,,, +2[., =0. Torna naiinem
l,a _ 142D

N (9.8)

I}KAl 3

!981 — |.901 :_1_ D, . (99)
I)I{Al I}I{Al 3

IIpu 05L, <L,, <L, JOOONBITHBIM SBJISIETCA TOT (PaKT, YTO B MPEHEOPEKECHUHU
TOKOM B 3eMJjI¢ TOKH B 2kpaHax, corjacHo (9.8)-(9.9), He 3aBUCAT OT KOHKPETHOI'O
3HAUEHHUs YIAIIEHHOCTH L, MeCTa MOBPEXJAEHUS U30JISIIIMU OT «Hauyajla» Kadess.

C ucnionp3oBanuem (9.8)-(9.9) MoxkHO yTBEpk/1aTh:

— npu D, =1 Bech TOK KOPOTKOTO 3aMbIKaHus |,, OyJeT TmpoTekaTh 1O JKpaHy
aBapuiHOU asbl;

— npu D, =0 TOK KOPOTKOIO 3aMBIKaHUS |,, OyIET IETUThCS IOPOBHY MEXKIY
HKpaHamu aBapuiHON (as3bl U JIBYX HEIOBPEKJICHHBIX (a3.

Kak BHIHO, OOBEJUHEHHE SKPAHOB B COCIWHUTEIHLHOM My(Te OKa3bIBaeTCs
2(pPEeKTUBHBIM MPU MTOBPEKIECHUU 32 COCIUHUTEILHONU MYPTOH JUIIL TPU HEOOJIBIIIUX
3HaueHusix D, . Panee ObLJI0 MOKa3ano, 4To Takue 3HaueHus D, JOCTUTAIOTCS JHIIb TS
kabenell ¢ MaJibIM ceueHUeM F, W TOJIbKO MPU UX MPOKJIAJKE BIUIOTHYIO JIPYTL JIPYry
COMKHYTBIM TPEyTOJIbHUKOM. [l0CKOIbKY HEOOXOAMMOCTH TOBBIIICHHUS TEPMUUYECKON
CTOMKOCTH JKPaHOB aKTyaJbHa, MpeXJIe Bcero, sl Kabejled ¢ HeN0CTaTOUYHO
OOJBIIMMHU CEYEHUSIMU DKpPaHa, TO OOBEJUHEHUE PKPAHOB B COCTMHUTEIBHBIX My Tax
[IPEJICTABJISIETCS MOJIE3HBIM MEPOITPUSITUEM.

HUrtak, ecnu nns kabened ¢ «OONBIIMM» CEUYEHHEM OHKpaHa CIHelUalbHbIC
MEPOTPHUSITHST HEOOXOIMUMBI, TPEXIE BCEro, JJs PAAUKAILHOTO CHWXKEHHS TOKOB H
HoTeph B JKpaHaX B HOPMAJILHOM peXuMe padoThl, TO JUJIsi kKalbejaed ¢ <«majbim»
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CCUCHHEM DJKpaHa CIelUalIbHbIe MeponpusiThs (0ObeIMHEHHE HKPaHOB) MOTYT
noTpeboBaThCs B TOM YHCJE JJIsl TIOBBINIEHUS TEPMHUUECKOM CTOHMKOCTH AKpPaHOB W
CHUKCHHUSI PUCKA MOBPEKJACHUS dKpaHa Kadessi Ha MPOTSHXKEHHOM M0 JJIMHE y4acTKe.
O} heKTUBHOCT CKPYTKH SKPAHOB OyJIeT MpOAHAIM3UPOBAHA B IPUMeEpPE Jaliee.
CloXuBIIAsCsl MPAKTHKA TaKOBa, YTO MECTO OOBEIMHEHHS IKPAHOB («CKPYTKa»)
HAaxXOJUTCSs B 3€MJI€ M HEIOCTYNHO /Ui TEpPCOHala B OTJIMYHUE OT KOPOOKH
TPAHCIIO3UIIMK, pa3MelllaeMoi B  crnenuaibHoM  kojojie. CrenoBaTenbHO, B
AKCILIyaTaluu O0bEMHEHUE DKPAHOB CHUJILHO 3aTPY/IHSIET UCHBITAHUS U JUATHOCTUKY
U30JISILIMK DKpaHa, onpeaesicHue pasbl ¢ MOBPEXKACHUEM U €r0 MECTa Ha Tpacce.

9.2.3. Ilpumep pacyeTa TOKOB 10 H MOCJ€e 00beTHHEHUS] IKPAHOB

Bocnomssyemcst popmysamu (9.4)-(9.7) nast pacuera TOKOB B dKpaHax KaOesel
500/95 mm” u 240/50 mMm® B cet ¢ n3oMpoBaHHoil Heitrpaibio 10 kB. Ilpu sToM 1oj
| o Oyaem nonumars Tok K(1,1) 1BOMHOrO Ha 3eMITI0 KOPOTKOrO 3aMblKaHHs (OJHO
NOBpPEXJIeHHE — B (paze «A» paccMaTpuBaeMoro kadesst, Ipyroe noBpex/jieHue — B asze
«B» nnn «C» B MIHOM MECTe CeTH BHE paccmaTrpuBaemoro kabessi). B pacuerax Oynem
U3MEHSTh CIOCO0 MPOKJIaIKU KadeneH, T.e. COOTHOlIeHUEe s/d, rjie S — pacCTOsSHUE
MEXLy OCsiMU coceliHux (a3, d =2r, — nuamerp Pasbi.

Ha puc.9.13 st kabemns 240/50 mwv?, dasbi KOTOPOTO MPOTOKEHBI COMKHYTHIM
TpeyrosibHukoM (s/d =1), JilaHbl Pe3yJibTaThl PACUCTOB MOJLYJICH KOMILIEKCHbIX TOKOB
no ¢popmyinam (9.4)-(9.7) B 3aBUCUMOCTH OT COOTHOIICHUS L, /L, . OHU MOITY4EHBI IPH
YACJILHOM CONPOTUBJICHUH I'PpyHTA p0; =100 Om it .

TTocKOIBKY JUIst JTIOOBIX KOMIUIEKCHBIX YMCEN CIIPABEIIMBO ‘I\'I + I\/'I‘ < ‘N‘ +‘IV'I‘, TO

Ha puc.9.13 cymma mopayJied BceX TOKOB OOJbIIE €IUHHUIBI — UYTO JIOMOJHUTEIHHO
nokazano Ha puc.9.14.

1 l, o.e.
0.8
Loar \\
0,6 T~ //
] \X/
\
0,4 /1/ ~
I '// lag=lac -
012 B = /// [y
// // I‘//’— |3
0 42//
0 0,2 0.4 0.6 08 Ll 1

Puc.9.13. Pesyibrars! pacueros 1o gopmyiam (9.4)-(9.7) npu s/d =1 wns kabesst 240/50 mm® B
3aBUCUMOCTH OT COOTHOWEHus L, /L, .
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N3 puc.9.13 BUAHO, YTO 3a3eMJICHHBIE PKPAaHbl HEMOBPEKIACHHBIX (a3 Mo Mepe
NPHUOJIMKEHUST TOYKH TIOBPEKIACHUS HW3OJSIMNA <OKHJIa-DKpaH» K KOHIy kadens (oT
LCHTPA IMTAHMS) [IOMOIal0T CHU3UTh TOK B IMOBPEXKJACHHOM JKpaHEe, OJHAKO TaKas
«TIOMOIIIb» OTCYTCTBYET MPHU KOPOTKOM 3aMbIKaHMM B Hayaye kabeisi. Bmecte ¢ Tewm,
UMEHHO B Hayaje <«I1oMOlllb» Haubosiee BocTpedOBaHa, MOCKOJILKY TOK KOPOTKOTO
3aMbIKaHUSI 3/1€Ch HAMOOJIBIIUK U HEIMKOM MOMa1aeT B SKpaH ‘I' 3A1‘ = ‘I' )1@41‘ :

KA1
A -
-
|,,,=0.67 l,,,=0.33
B
-
. 1,5=0.15
1..=0.15
1 1,=0.1 o 1
" y n e " N n
Hadvano KOHeLl,

Prc.9.14. Pesysratel pacuetos no gopmymnam (9.4)-(9.7) mpu s/d =1 s kabemst 240/50 mm?
NpU KOPOTKOM 3aMbIKaHuM B ero cepeaune L., /L, =0.5.

l,,., O.€e.
1 A1
—
N
0,8 \\
\ \\
06 = s=10d —
\Q‘de _
-
0,4 - s=d ~—
0,2
0 T
0 02 0.4 0.6 08 Ll 1

Puc.9.15. Pesyibrarhl pacueros no dopmysie (9.6) wist kadess 240/50 MM? B 3aBHCHMOCTH OT
cootHowenust s/d u L, /L.

Ha puc.9.15 npoanHanu3upoBaHO BIMSIHUE PACCTOSHUS Mexay ¢azamMu Ha
pacTeKaHue TOKOB KOPOTKOI'O 3aMblKaHUsi B DKpaHax. llpu yBesrueHuU paccTrosiHus
3aBUCUMOCTD ‘I'aAlll'/M‘: f(LKllLK) cMelaercss B 00JacTh OOJBIIMX TOKOB, T..
YCUJIMBACTCSl HEPABHOMEPHOCTb paclpeae/ICHUs TOKA O Pa3/IMYHbIM y4acTKaM dKpaHa

MOBPEXICHHON M HEMOBPEXKIEHHON (a3 U, KaK CIEJACTBUE, YCHIUBAECTCA TEPMHUECKOE
BO3JIEHCTBHE Ha HaWMOOJee HArPY)KEHHbIH YYaCTOK HKpaHa TMOBPEXJIECHHOH ¢a3bl.
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[TosToMy i1 CHU)KEHHUSI TEPMUYECKOHW HArpy3KH Ha dKpaHbl MOXKHO MMOPEKOMEHI0BATh

MPOKJIIbIBaTh OAHO(Ma3HbIe kabequ BIUIOTHYIO JPYr K JAPYry TpeyroibHuKoMm. [lpu

KOPOTKMX 3aMbIKaHUSIX BOINPOCHl A(PPEKTUBHOrO OXJIaXIeHUsI Kabejied MOryT He

paccMaTpUBATHCS, TOCKOIBKY:

— HarpeBaeTcs, rIIaBHBIM 00pa3oM, TONIBKO oHa ¢a3a;

— [pU MaJIOM BPEMEHHU CYILECTBOBAHUSI KOPOTKOIO 3aMbIKAHUS, YUUTbIBAsL TEIJIOBYIO
HUHEPIIHIO CUCTEMBI, HENb3s1 TOBOPUTH 00 3 PEeKTUBHOM OTBOJIE TEIlIa.

Tem He MeHee, BHE 3aBHCHMOCTH OT criocoda mpokjaaku kabened (BMecte wim
Ha pPacCTOSIHMM), KaKk IMPaBUJIO, CEYCHUE DKpaHa JOOKHO COOTBETCTBOBATH TOKY
KopoTkoro 3ambikanus K(1) B ceT ¢ 3a3eMJICHHON HEHTpaiblo WIH TOKY KOPOTKOTO
3ambikandss K(1,1) B ceTH ¢ W30JMpOBaHHOM HelTpaibio. B MpoTHBHOM ciydae
BO3MOXKHO TEPMHUYECKOE pa3pyIllieHHe dKpaHa Ha yuyacTKe JUIMHOH L, .

PaccmorpuM jaaiiee «ckpyTky» skpanoB (puc.9.10), no3BoJIsIoNIyto, 10 MHEHUIO
aBTOpOB [6], CHU3UTH TOKOBBIE BO3JEHCTBHS Ha SKpaHbl kabenel TpW BHYTPEHHUX
noBpexieHusx. llockoibKy JiIsi 3HAUMTENbHOW YacTh ojHO(a3HbIX kalbeneH, yxe
IpOJIOKEHHBIX B ceTsax (ocoOeHHO B ceTax 6-10 xB), He MpUMEHSIOCh CHEeMaTbHBIX
Mep MO CHWKEHHIO TOKOB HOPMATBHOTO PEXUMa B dKpaHaX, TO PACCMOTPUM KOPOTKOE
3aMbIKaHWE BHYTPU TIpylIbl OAHO(]a3HbIX Kalesiel, dKpaHbl KOTOPHIX 3a3€MJIEHbI 110
KoHIIaM. KpoMe Toro, HMEHHO I TaKoro crocoba o0yCTpoicTBa dkpaHoB B [6] u
MPeJIaraeTcsi «CKPyTKa».

[lpu onenke nsddextuBHocTH cxeMbl puc.9.9 Oynem mnojaraTh, 4YTO TOKH
KOPOTKOTO 3aMbIKaHusi |, , TPAKTHYECKH HE WM3MEHSIIOTCS TOCiHe OObeInHEHHUS
AKPaHOB.

Pesynbrarsl pacueroB no gopmyiaam (9.4)-(9.9) npencrasnens Ha puc.9.16-9.17
M TTO3BOJISIFOT OLIEHUTD IENecO00pa3sHOCTh 0ObeNUHEHUS («CKPYTKHU») IKPaHOB, KOTOpast
OTpe/iesNsieTcsl TJIOaIbI0 TIOKa3aHHBIX Ha PUCYHKAX TPEYTOJbHUKOB, 00pa30BaHHBIX
kpuBbiMM 1 1 2. Uem OoJibllie MJOMIa/ib TPEYroJbHUKA, TEM CHIIbHEEe O0bETUHEHHE
DKPaHOB TMO3BOJSIET CHU3UTh TOKHM B Hambojiee Harpy)KeHHOM Y4YacTKe »SKpaHa
aBapuitHoi ¢a3zwl kabesisi. BugHo, 4To eciii 00heJMHEHHE YKPAHOB JIa€T ONPeIeICHHBIN
pesysibrar st kabeas 240/50 MM P MPOKIAAKE TPEYrOJLHHKOM, TO sl Kabess
500/95 MM? pe3ylbTaT yxke MEHee 3aMeTeH, 0COOCHHO ecii (asbl KaGems MPONOKEHBI
HE BIUIOTHYIO, & Ha PACCTOSIHUHU JPYT OT JpyTa.

MOXKHO MOKa3aTh, 4TO, Hampumep, s kabeas 1000/185 mm® obbeanHeHHe
AKpaHoOB elie MeHee YQ(EeKTUBHO, TTpaBla OHO U He TpedyeTcsl, Tak Kak TepMUYecKas
CTOMKOCTH 00€CneurBaeTcs 3a cHET OOJIBLIIONO CEUEHHUsl DKPaHa.

Kax Bujno u3 puc.9.15-9.16, nanuuue «CKpyTKH» HE3HAUUTEILHO U3MEHSIET TOK
NPy TOBPEXJEHUSIX BHYTPH Kabenss B TOUkax, OJNM3KHUX K ero Havainy (Touka ¢
MaKCUMJIbHBIM TOKOM) H, CJI€J0OBATE]IbHO, B OOIEM Cllydyae STO MEpOIpUSTHE HE
sBiseTcs A(PQPEKTHBHBIM CPEACTBOM CHIDKCHHS pAacueTHOIO TOKa TEePMHYECKOH
CTOWKOCTH 7KpaHa kabens. OTHOCHTENHLHO OOJbIIOE CHHXXEHHE TOKa MMEET MECTO
JWIIIL B YAaCTHOM ciydae — i kabeneld C MajbiM CeueHHeM dKpaHa F, W TpH

pacmnoiokeHHH (a3 B BUAC TPEYTOJIbHUKA C MaIbIM 3HAUCHUEM PACCTOSIHUS S/ d MEXITY
dhazamu.
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RusGable.Ru

Henuine HAIIOMHHUTDL, YTO 3a3CMJICHHUC 3KPAHOB C JABYX CTOPOH HC3aBHUCHMO OT
HaJIMYU «KCKPYTKU» MPUBOAUT K JOTOJHUTCIHbHBIM MOTCPAM MOIIHOCTH B OKpaHAX H
JAOINOJIHUTCIIbHOMY HAI'pCBY €0 U30JIIIIHOHHBIX DJICMCHTOB.

I5515 O-€. I500) O-€.
1 1
s= s=10d
0.8 \\\ 08 — ’
o \ \‘ 1 \\ \\
f \ \ 0,6 N —
04 \\ ~ 0,4 2
2
0.2 02
o Lt/Lk o Ly, /Ly
0 0.2 0.4 06 08 1 0 0,2 0,4 0,6 08 1

Puc.9.16. Ouenka >((peKTUBHOCTH CHIXKEHUS TOKA B SKpaHE aBapuiiHoi (asbl 3a cHeT O0BEAMHEHUS
Kkpanos kabems 240/50 mm? B coeamHuTeBHOIM MydTe. Bapsupyiotes cootHomenust s/ d u L, /L.
Kpusas 1 — 0e3 00beuHeHMs, KprBas 2 — NMocjie 00beTUHEHUS.

I5500 ©-€. I5515 ©-€.

1 1 l
08 ~ s 08 — 1 s=10d

) N ~ i [ —
0,6 \\ ~—_ 0,6
0,4 4

5 0
0,2 0,2
L./L L../L
0 K1 K o | K1/ Kk
0 0,2 0,4 0,6 0,8 1 0 0,2 0,4 0,6 0,8 1

Puc.9.17. Ouenka »>(h(eKTUBHOCTH CHIDKEHHS TOKA B SKpaHe aBapUiiHOM (a3bl 3a cueT 00beAMHEHUS
3KkpaHoB kadesst 500/95 mm? B coeanuuTeHOM Mydre. Bapbupyrotest cootHomenus s/d u L ol Ly
Kpupas 1 — 6e3 00beiuHeHMs, KpUBasi 2 — 110Cie 00bEAMHEHMSI.
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9.3. HanpsizxkeHue Ha 000/104Ke Ka0esisi MPH MOBPEKAEHUH €ro H30JASIHA

Panee noBpexaeHne U301 Ka0ellst pacCMaTPUBAJIOCh TOJILKO C TOUKH 3PEHUS
BbIOOpA CeueHUs DKpaHa, T.€. C TOUKU 3PEHUS] TOKOB KOPOTKOI'O 3aMbIKAHUS B DKpaHaX.
31ech mpoaHANIU3UPYEeM HaIpsDKEHUE Ha SKpaHe OTHOCUTENHHO 3eMITH (Ha 000JI0vKe).

[Ipy noBpexaeHUH IJIABHOW H30JISIIMK OJHO(]a3HOro kabelssi TOK KOPOTKOro
3aMbIKaHUs |, W3 )KWIIbI OMAaJaeT Yepe3 MEeCTO MOBPEXICHHUS B dkpaH ¢da3bl U jayee B
3a3eMIISIIOIIEE YCTPOHUCTBO PKpaHa.

MakcuMaiibHOE HalpsbkeHUE Ha dKpaHe U, Oyaer, Korja sKpaHbl 3a3eMJICHbI
TOJIBKO Ha OJIHOM M3 KOHLIOB Ka0esisi, HOCKOJIbKY TOK KOPOTKOI'O 3aMbIKaHUs IOUJIET 10
AKpaHy JIMILIb B OJIHY CTOPOHY, U €MY OYJET OKa3bIBATHCS HAUOOJIbILIEE COMTPOTUBIIEHUE.

[lycth noBpexaenue npousonio B paze «A» kabens. Torna B 4-M ypaBHEHUU
cucrembl (3.2) cripaBe/iBo:

v 1., =1, (Bech TOK U3 KHUJIBI [TOMATAET B SKPaH MOBPEKICHHOM (asbl);

v I, =0, l.. =0 (okpanbl kabes 3a3eMJIEHBI TOJILKO C OJHOM CTOPOHBI);
I en <<T iy T e <<I 4, OTKYZQ JOIYCTHMO CUMTATH | ., =0 U |, =0 (TOKH B JKHIIaX
HENOBPEXKAEHHBIX (ha3bl MaJIbl B CPABHEHUH C TOKOM B IIOBPEIKICHHOMN (haze «A»).
Jlanee 4-¢ ypasuenue (3.2) ynpowaercs 10 Buga AU, =(Z, -2, )0 4, oTky1a
AUDA :(Ra +ja, - jaNl)m)D')m u AU o4 = Rs* Ly D.)I\"A’ ITOCKOJIBKY L9* :M)I\’S*'
Hanpsokenue na okpane U, OTHOCHTENILHO 3€MJIM B KOHIIE Ka0€e/s PABHO CyMME
najenus Hanpsokenus AU, na okpade R, =R, [, W 3a3eMJISIOLIEM yCTpOicTBE R,

U, =1, iR, +R,). (9.10)

9.3.1. Ipumep pacuera HANIPSKEHHsI HA 000JI0YKe
Tok KOpOTKOI'O 3aMbIKaHUs B CETU cOCTaBIsIET |, =10 KA; MEIHBIN KpaH KadeJs
L, =1500 M umeer cedeHue F, =50 MM DKpaHbl 3a3€MJICHbl C OJHOW CTOPOHBI,
COMPOTHUBJIEHUE 3a3eMJIeHUs R, =0.5 OM. AKTUBHOE CONPOTHUBJICHUE YKPAaHA
R, :&DLK _ 2ELO‘E‘6
F, 5000
HaunOounbiniee HarpskeHre Ha SKpaHe OTHOCUTEIBHO 3eMJIH
U, =100{0.5+0.6) =11 kB.
[Ipu 3a3emiieHUH SKpaHa C IByX CTOPOH KaleJs HalpshkeHUe Ha 000Ja04ke Oyner
npuOIM3UTENILHO B JIBa pa3a MeHblle — OKojJo 5.5 kB, uro Bce paBHO Oogblie

ponyctumoro Hanpsbkenus U, . B yc10BusX npumepa MOKHO CI€/1aTh BBLIBOJ. IIPH

[1500=0.6 Om.

BHYTPEHHEM TOBPEXK/ICHUN U3OJISIIUH OKUJIa-dKpaH» HaNPsHKeHUE Ha 000JI0UKe OITaCHO
npH JII000M croco0e 3a3eMJIeHHUs DKPAHOB.

Tok KOPOTKOTO 3aMBIKaHHS ¥ CEUEHUE METHOTO YKpaHa MPOTIOPIUOHATBHBI JIPYT
JIPYTY, TIOCKOJIbKY CYIIECTBYET HEOOXOAUMOCTh 00ECIIeUeHUsI TEPMUUECKONH CTOMKOCTH
skpanoB. ®opmyna (9.3) jgaer mpomnopIUOHATIBHYIO CBsI3b |, W F, (IOCTOSIHCTBO

MpoU3BeICHUS | R, ). Hanpumep, npu toke I, =10 kA u Bpemenu 1 cek ceueHue

2
dKpaHa J0JKHO ObITh HE MEHee F, =50 MM
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OTHOCHTENBHOE IIOCTOSIHCTBO ISl pasHbIX KkaOened mnpousBenenus |, [R,,

BBITEKAIOILIEE M3 BOIPOCOB TEPMUYCCKOHW CTOMKOCTH DKPAaHOB, MO3BOJIIET OOOOLIMTDH
BBIBOJIBI, CJICIAHHBIC B pACCMOTPEHHOM TIpHMepe Ha ocHoBe pacuetoB 1o (9.10), kyna
TaK XK€ BXOAMT mpomssenenue |, (R, . Urak, 11 Bcex oanodasHpix kabened JIMHON
Ly >1+2 KM: #puU BHYMPEHHEeM NOBPEHCOCHUU UZOTAYUU <HCUTA-IKPAH» HANPSACCHUE
Ha 000J104Ke npedcmasisien ONAcHOCHb.

[Tociie peMOHTa H3OJSIMU <OKUJIA-DKPAH» [OBPEKJACHHOIO KaOeJsi JI0JIXKHBbI
IPOBOJUTHLCS MCIBITAHHS, B paMKaX KOTOPBIX, B YaCTHOCTH, CJIEAYCT IPOBEPUThH
[EJIOCTHOCTH 000JI0YKH, KOTOpast MOrjia ObITh HAPYIlIeHA M3-3a BLICOKOTO HAMPSIKCHHSI
Ha DKPaHE [PH POTEKAHMHU 110 IKPAHY TOKA KOPOTKOI'O 3aMbIKAHHSI.

9.3.2. Ilepuoanueckoe 00beIHHEHHE H 3a3eMJIeHHE IKPAHOB
[TockonbKy TpPU TMOBPEXJIECHUHM TJIABHON H3OJSIMM Kalessl HampspkeHue Ha
JKpaHe MOXET ObITh OMACHO JJisi 000JIOUKH, TO HAJ0 MPEJIOKUTH MEPOIPUSITHUS 110
CHHYKCHHUIO 3TOTO HAMpsbKeHUsI, KoTopble, cornacHo (9.10), 1omkHbI ObITh HATPABJICHBI

— Ha YMEHBIIECHHWE COMPOTUBIICHUE JKpaHa R, ;
— Ha YMEHBIICHWE COMPOTUBIICHUS 3a3EMJICHUS DKpaHa R, .

[Tpu 3a1aHHOM CEUEHHUH dKpaHa CHH)KEHHE COMPOTHUBIICHHUS dKpaHa JOCTUTAeTCs
3a CUeT MEePHOIUYECKOTO COSTUHEHUS DKPAHOB ()a3 IPYT € PYTOM — 32 CUET «CKPYTKH»
sKpanoB (cM. puc.9.10).

CHWXEHWE YKBUBAJICHTHOT'O COTIPOTHBIICHHUS 3a3€MJICHHS dKpaHa JOCTUTAETCS 3a
CUeT MEePHOIMYSCKOro 3a3emiieHus dkpaHoB a3 (puc.9.17). [lockoibky 3a3eMiieHHE Ha
OJTUH U TOT %K€ KOHTYp Mpenoaraet o0beAMHEHUE YKPaHoB, TO P (PEKT OT 3a3eMIIeHUS
yeusupaerces: B (9.10) nporcXouT 0JIHOBPEMEHHOE CHUXKCHUE U R, U R, .

MydpTa
xuna
A
aKpaH
B
C

Puc.9.17. O0beiMHEHUE U 3a3E€MJIEHUE PKPAHOB OAHO(Da3HbIX KAOEICH B COEAMHUTEIbHBIX My(Tax.

[Mepromuyeckoe 0ObeTUHEHHE U/WITH 3a3eMIICHHE SYKPAaHOB OJHO(A3HBIX Kademei
3aMETHO YCJIOKHSIIOT DKCIITyaTaluio KaOenbHOM JTHHUH, MTOCKOJIBKY OHO, Kak MPaBuIo,
BBITIOJIHSCTCS «HEPA3bEMHBIM», a 3HAYUT — MEMIAoIUM TIOUCKY TOBPEXAECHUH
obomouku. KpoMe TOro, Is peanuzalvyl MEPUOAMYECKOTO 3a3eMJICHHS HKPaHOB IO
Tpacce kabenst Haio 00yCTPOUTh HEKOTOPOE KOJMUECTBO 3a3eMIISFOIINX YCTPOUCTB, UTO
3aTPYIHUTENIBHO, OCOOEHHO B TOPOJCKUX YCJOBUSIX. [103TOMY B cersix 0ObeIuHEHHUE
U/WTM 3a3eMIICHUE PKPAaHOB PACcpPOCTPAaHCHHs HE HAXOAWT, HO B KAQUECTBE «ILIAThI» 3a
ATO TOCJAE KAXKJIOTO PEMOHTA H3OJSIIMHN  <OKUJIa-dKpaH» TOBPEXJACHHOro kabels
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JIOJDKHBI TPOBOJMTHLCS HUCIBITAHUS, B paMKaX KOTOPBIX, B YaCTHOCTH, CIEAyeT
MPOBEPUTH 1EJOCTHOCTh OO0O0JIOUKH, KOTOpas Morjia ObITh HapyllleHa BO BpeMms
POTEKAHUS 110 DKPAHY TOKA KOPOTKOI'O 3aMbIKAHUSI.

9.3.3. YHuBepcaJIbHbIH caMOHecylIHil Kabesb
Ha mpakTtuke, nepuojuveckoe 3a3eMJICHHE SKPaHOB MPUMEHSIETCS TOJIBKO JJist
YHUBEPCAJIBbHBIX camoHecylnmx kabesel (puc.2.4) cpeaHero HampspDKeHUsI B TeX
CilydasiX, KOrja OHM I0/IBELIEHbI Ha ONOpax.
Jlist obnerueHus: KOHCTPYKIIMM CaMOHECYIIero Kalessi CPeTHEro HampshKeHHUs
€ro DKpaHbl BBHIMOJIHIIOTCS U3 aJIOMUHUEBOM JIEHTHI MaJOd TOJIIMHBI. Takue dKpaHbl
UMEIOT MaJIOE CEUEHHE U TMOBBIIIEHHOE aKTUBHOE COMPOTHBIICHHE R,, a 3HAUUT MPU

NOBPEX/IEHUH M30JSIUU <OKUJIa-DKpaH» (pa3bl kadessi Ha SKpaHe OTHOCHUTEJBLHO 3€MJIU

(MM OTHOCHUTEJIBHO HECYyLIEro Tpoca) OyJer 3amMeTHOE HalpsbKeHHe, ClocoOHOe

NOBPEIUTh 000JI0uKy KaOensi. CHHXKEHHWE HANpshKEeHUsT Ha O0O0JI0UKEe JOCTHraercs 3a

cuer nepuoauveckoro (kaxjpie AL KM) COEIMHEHHS] PKpPaHOB (a3 ¢ 3a3eMIISIOIINM

YCTPOHWCTBOM OIOPbI, COIPOTUBJIEHUE KOTOPOTr0, Kak 1pasuio, He 6ojee 30 Om. Cxema

COEJIMHEHHS M 3a3eMJICHHUsI SKpaHOB TokazaHa Ha puc.9.18. PacueTsl Mokas3bpIBatoT, 4TO

JIOCTAaTOYHOU SIBJISIETCS 3a3€MJICHUE DKPAHOB Kax/Jble AL =1+2 KM TPacCChl.

Jlis coenuHeHust Ipyr ¢ ApyroM oaHo¢a3HbIX KalOesneH, BXOIAIIMX B COCTaB
CaMOHECYIEro Kadessl, MCMOJb3YIOT COEAUHUTENbHbIE MY(THI, yCTaHABIMBAaEMbIE B
MECTaxX COIPSDKEHUSI COCEIHUX CTPOUTENIbHBIX JUIMH. HE00X0IMMOCTb EPUOIUYECKOrO
3a3€MJICHUS 9KPAaHOB MOTPeOyeT MPUMEHEHUS CIIEHUATIbHBIX My(]T, Mpeanoaraomux
BBIBOJI DKPAaHOB M3 My(PT Hapyxy. llockosibKy cTpouTesibHAs JIJIMHA YHHUBEPCAILHOIO
kalesist cocraBisier Okosio 1 kM, TO yA00HOH Juisi MPAaKTHUUECKOH peaju3zauuu OyaeT
NEePUOAUYHOCTD <«KaXAbIH 1 kM», «kaxable 2 KM», U T.II.

HccenenoBanusi yHUBEPCAILHOTO CaMOHECYIEro kabelis MO3BOJIWIM CJIe1aTh Pl
UHTEPECHBIX BbIBOJIOB.

1. DkpaHbl YHUBEPCAIHLHOTO Kalessi JIOJKHBI ObITh 3a3€MJIEHBI B €r0 KOHIIAaX, YTO, B
CUJIy MQJIOrO CEYeHHUsl dKpaHa W Osm3ocTH a3 JApyr Jpyry, He HPUBOJAUT K
NOSIBJIEHUIO B KPaHaX 3aMETHBIX MMAPA3ZUTHBIX MIOTEPh MOIIHOCTH.

2. Jlns cHukeHus HampsikeHuss Ha oOosiouke (a3 yHUBeEpcalbHOrO Kabessi, KOTopoe
BO3HUKHET NP TIOBPEXK/IEHUH €0 U30JISILIHH, B PsiJI€ ClIydaeB MOXKET MOTpeOOBATHCS
MEepUOANYECKOE 3a3eMIICHHE DKPAHOB MO Tpacce (B TOMOJHEHHE K UMEIOIIEMY MO
KOHIIaM 3a3eMJICHHIO SKPAHOB | Tpoca). HeoOX0aMMOCTh M TIEPHOTUIHOCTD TAKOTO
«TIOBTOPHOI'0» 3a3€MJIEHUSI DKPAHOB OINPEIE/SETCH B PE3YJbTAaTe€ KOMIIBIOTEPHbIX
pacueToB. MoxeT noTpeOoBaThCs 3a3eMIIEHUE Ha KAKIOW COETMHUTEIBHON My(Te.

3. Pemienre 1.2 Tak)xe MOXET HCHOJNb30BAThCS JUUIsl MOBBIIIEHUS TEPMUUYECKON
CTOMKOCTH 3KPAaHOB MpPU MPOTEKAHUM 1O HUM TOKOB KOPOTKOI'O 3aMbIKaHUs,
OrpaHuy4MBas (10 OJTHOW CTPOUTETHLHOMN JUTMHBI) JNTHHY y4acTKa TPAcChl, HA KOTOPOH
BO3MOXHO IMOBPEXIEHUE dKPaHA.
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Puc.9.18. [Tepuoaunueckoe 00beAMHEHUE U 3a3eMiieHUe 3kpaHoB Y CK.
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I'JTABA 10. [TepenanpsizkeHnsi Ha 000/109Ke Ka0eJs U
3alUTA OT HUX

10.1. Bon1noBoe conmpoTHBJIeHHEe KadeJ s

WUmnynibcHbIe HanpspkeHus (Fpo30Bbie W KOMMYTAI[MOHHBIC), BO3HHKAIOIIME Ha
U30JISIIIMU <OKMJIA-DKPaH», TIEPEAtOTCsl Ha 000JIOUKY Kalesisi U B psijie ClydyaeB MOTYT
MPEICTABISTD JJI51 HEE CEPbE3HYIO OMACHOCTb.

K coxasiennto, mpou3BOAUTENN KaleseH, 3a peIkuM HCKIIOUEHUEM, B KaTajlorax
Ha TPOAYKIMIO HE YKA3bIBAIOT JOMYCTUMbIX UMITYJILCHBIX HANPSDKEHUH JJ1s1 000JI0UEK,
OTYACTH MOTOMY, UTO HE TPOBOJSIT COOTBETCTBYIOIIUX UCTIbITaHUH. [TorTOMY CynuTh 00
OMAaCHOCTH UMITYJILCHBIX HAIPSHKEHUH Ha U3OMISIIIUN dKpaHa TPUXOAUTCS SKCIIEPTHO.

PaccmorpuMm  aByX1ipoBojaHy0 JimHuIO (puc.10.1). Onpenesnum HarpspkeHue,
HaBOAMMOE Ha MpoBo No2 npu BrioUeHUH npoBoaa Nel o HanpsiKeHHeE.

B Xi2 N

[~ d

_V_O

Puc.10.1. I[TpoBoaa 1 UX 3ePKajIbHbIC OTPAKEHUS (DJICKTPUUCCKOE 110J1€).

[Ipu paccMmorpenuu TeserpadubiX ypaBHEHUH JIBYXIIPOBOJHOW JIMHUK B Clly4dae
ujieasibHOM 3emiid (YIIe/IbHOE CONPOTUBJICHUE I'PYHTA P, — 0) pElICHUE B MATPUYHOM

BUJIC JIJI1 TOKA U HANPSDKEHUST MOXKET OBITh 3aMCaHo Kak cymma mpsmoi (MHAEKC ¢) u
obpartHo# (wHIeKe ¢ ) BosH [3,7]:

u=u,+u,,
=i, +i,,
Z, [ﬂ:u¢—uw,

rae Z, — marpuia COOCTBEHHBIX M B3aUMHBIX BOJHOBBIX COIPOTUBIIEHUH, 3JIEMEHTHI
KOTOPOM MOKHO HalTH CJIeyIOIIUM 00pa3oM:
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60 2h
Zpy =—=n —1,
Vi d
60 D,
Zpy =—=10n —
VEi dic
rJI€ £ — AUDJIEKTPUUECKAs POHUIIAEMOCTh CPEIBI.
bynem cuutarb, 4TO BpeMsl paCCMOTPEHHUS MEPEXOJHOrO MPOLIECCA TAKOBO, UTO
MOXHO HE YUYUTHIBATHh BOJHBI TOKA W HAMNPSIKEHUS, OTPAKEHHBIE OT KOHIA ITPOBOJIOB
Nel u Ne2 (r.e. u, =0, i, =0). Torna cucrema ypaBHEHHH ABYXIPOBOJHOH JUHHH B

MaTpUuIHOM BHUC oe3 yucTa OTPAXCHHBIX BOJIH MPUMCT BHU /T
(ulJ:(uvﬁlJ (2311 ZBlszEilj:[uvﬁlj
U, Ug2 ’ Z1'321 ZBZZ i2 Ug2 .
PackpbIB MarpuuHO€E ypaBHEHUE, [IOJIYUYUM
Uy =Zp, 0 +Zg, 0,

(10.1)
Uy =Zp, I, +2Z,,, U,

ZB‘I'I ZB'I1

B12 ZB12

Zgo, Zgg,
ORF ®) 2

a) 6)
Puc.10.2. JIsyxmpoBojaHas cuctema, B KoTopoii npoBoj Ne2
WM HE 3a3¢MJICH (@) B CBOEM Hauajie, i 3a3emiicH (0).

Paccmotpum ciyuaii puc.10.2,a, koraa npooj Ne2 He 3a3eMJjieH B CBOEM Havalle,
T.€. i, =0. DKBUBAJIEHTHOE BXOJHOE BOJIHOBOE CONpPOTUBJEHUE IpoBoja Nel B atom
cillyuae MOXeT ObITh HaljeHo w3 mepBoro ypaBHenwsi cuctembl (10.1), xortopoe, ¢
YUETOM T'PaHUYHBIX YCIOBUH, UMeeT BUA U, = Z,,, [0,. [Tonyunm
Zoxs = L (10.2)
Paccmotpum cityyait puc.10.2,6, xorja mposoa Ne2 3a3emiieH B CBOEM Hayalie,
T.. U, =0. Bripa3uB u3 Broporo ypaBuenus cucrembl (10.1) Tok i, ¥ MojaCTaBUB €ro B
NIEPBOE YpaBHEHUE CUCTEMBI, HaleM

Z 2
u = ZBll_(ZBi) [ﬂll
B22
OTKY/J1a PKBUBAJICHTHOE BXOHOE BOJHOBOE CONPOTHBIICHHE MTpoBoaa Nol Oyner
Z 2
Z oy =2y, —(2’3—12), (10.3)
B22

T.C. MCHBIIC, YCM B CJIy4Uac, KOraa rnmpoBoa Ne2 ne 3azemiieH.
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Ecmu noa nmpoBogom Nel moHEMATh KTy 0HO(A3HOTO Kabels, a Mo IPOBOIOM
No2 moHMMaTh dKpaH TOro Kabdels, To ¢ Hcrnoib3oBanueM Bhipakenuit (10.2)-(10.3)
MOJKHO OI[EHUTH BXOHOE BOJIHOBOE COIPOTHBIICHUE KAOCIHS Z.y; .

[Tonoxum, uro ogHOoda3HbIi kabelb pacrojioKeH Ha BBICOTE h OTHOCHTEIHHO
nosepxHocty 3emiin (puc.10.3). B ciyuae uneanbpHoit 3emiin (y1ebHOE CONPOTHBIICHUE
rpyHTa p, — 0) BOJHOBBIE COMPOTHBIICHHS BBIUMCIUM 1O QHAIOTHH C Z, W Z,,,
npudsaB D, =2h, d, =r,:

ZBH: 60 D]n 2_h 1
Je,
60 2h
Z,,=~—0n| —|,
B22 \/5_2 r2
ZBlZ = 60 D]n 2_h 1

rac & — OTHOCHUTCIIbHAA JUBJICKTPUYCCKAA ITPOHUIACMOCTD U30JIIHUHU MCKIAY JKUIION U
3KpPaHOM,; &, — OTHOCHUTEIIbHAA JUDJICKTPUYCCKAS ITPOHULIAEMOCTh U30JISIIIUHN 000JI0UKH.

Yy

Puc.10.3. OnHogazHblii kabenb B KaUeCTBE JBYXIPOBOHON CHCTEMBbI <GKHMJIA-IKPaH».

Kak npaBuiio, auHuu ¢ ogHodaszHbIMU KabeassMu 00yCTpauBalOT WJIM B 3EMIIE,
WU B MOJIMATUIIEHOBBIX TPyOax: MpHU MPOKJAJKE B TPYHTE JIONYCTUMO MPUHSTH h=r,
(3eMJ1s1 HETTOCPEJCTBEHHO BOKPYT Kaberst), a MpH MPOKJIaaKe B TpyOe BBICOTY h MOXHO
PUHSTH PABHOU pajinycy TpyObl.

Jlnst coBpemeHHbIX OJHO(a3HbIX Kadejeld ¢ TOJUITUICHOBOW W3OJSIIMEH U
000JI0UKOM CIIPABEIJIUBO £=€,, OTKYA Z,,, =Z,,,, U Bbipaxkenue (10.3) ynporiaercs

7= % [un[:—zj , (10.3)

T.€. BXOJIHOE BOJIHOBOE CONPOTUBJICHUE O/iHO(A3HOr0 Kabesis MpyU HAJIMYUK HA BXOJE
3a3eMJICHHUS] DKpaHa OMPEIENAeTCS CEUCHHUEM KHUJIbI KaOesls W TOJIIMHOW W30JISIIUH
(ks1accom HarpsHKEHUsI).
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Ta6:1.10.1. OnieHOUHBIC 3HAUCHUSI BXOHOTO BOJTHOBOTO compoTtusjcHus (Om) oaHodaszHOro Kadens,
nomydennsie 1o (10.3') npu HanmuyMK Ha BXOJe 3a3eMJIeHus dKpaHa. Bapsupyetcs ceuenue xumsl F
U KJIaCC HarpshKeHUsT kades (TONIUHA TIABHOW U30JISIIUA MEKTY YKHIIONH U SKPAHOM).

Fo 10 kB 35kB 110 kB 220 kB 330 kB 500 kB
K 4 MM 8 MM 15 MM 23 MM 28 MM 34 mm
120 19,3 32,2 47,7 60,1 66,2 72,5
240 14,6 25,2 38,7 49,9 55,6 61,5
300 13,3 23,2 36,0 46,9 52,4 58,1
400 11,8 20,8 32,7 43,0 48,3 53,8
500 10,7 19,0 30,3 40,2 45,3 50,6
630 9,6 17,3 28,0 37,4 423 47.4
800 8,7 15,7 25,7 34,6 39,2 44,2
1000 7,8 14,3 23,6 32,1 36,5 41,3
1200 7,2 13,3 22,1 30,1 34,4 39,0
1500 6,5 12,1 20,2 27,9 31,9 36,3

Eciii TOBOPUTH O BXOHOM BOJTHOBOM COMPOTHBIIEHHH O JHO(A3HOTrO Kabers, He
UMEIOLIEM 3a3eMJICHUS DKpaHa Ha BX0JI€, TO OHO Ji1s kabeseh 6-500 kB, nposioxkeHHbIX
B 3eMJie KT TpyOax, cocTaBisgeT okojio 50+100 OMm (pacuets 1o (10.2)).

CKOpOCTh PacpoOCTPAHEHUS BOJIHBI BJI0JIb OJHO(GA3HOTO Kabeisi

(10.4)

riae v, =300° m/c — cKOpoCTh BOJIHBI B Bakyyme. Hanpumep, npu THIIOBOM 3HAYCHUU
IPOHHUIIACMOCTH &, = 2.4 UMEEM CKOPOCTh v = 2[10° M/c uiti v = 200 M/MKC.
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10.2. IlepenanpskeHUsI HA 000J109Ke YACTUYHO PAa33eMJICHHOT0 IKpPaHa

HcrouHnkaMu UMTTYJTILCHBIX HAMPSHDKEHWH SIBJISTIOTCS] M BO3JICHCTBUST MOJTHWM Ha
BO3J1YILIHBIC JIMHUKM (PACIIOIOKEHHBIC B DJICKTPUUYCCKH CBSI3aHHOM ¢ KadejeM CETH),
KOMMYTAIIMU BBIKJIIOYATEIIMH 1O KOHIIaM kabensd. [ToaToMy 3apaHee Helb3sl cKa3aTh, ¢
KaKoi MMEHHO M3 CTOpOH B kabesb mpujer umnyiasc. puc.10.4,a — co cTOpoHbI, e
sKkpaH pazzemiieH; puc.10.4,0 — CO CTOPOHBI, I'/I€ DKPAH 3a3EMJICH.

a)

6)

Puc.10.4. UMnybC HANPSsHKEHUS TPUXOIUT B KaOCTh CO CTOPOHBI paz3eMJICHHs YKpaHa ()
WJIM CO CTOPOHBI 3a3emiieHust (0).

B ycnoBusix puc.10.4,a HanpsbkeHHE Ha DKpaHe OTHOCHTENILHO 3eMJIM B Havalie
kabesst 6e3 yuera BOJIH, OTPaKEHHBIX OT KOoHIla kabdes, cornacHo (10.1) npu i, =0:

Z Z
u, =—22, wm u,=—2ZM,
R4

ZBll B11
TPUUEM MOKHO MOKa3aTh, UTO U, = (0.4+0.8)[l, . YKazaHHOE HamnpsKeHHe Ha JKpaHe

Oyner 10 Tex Mmop, Moka B Havaye kaldelis He MOSBUTCS «UHGOPMAIUsI» O TOM, YTO B
KOHIIE KaOelisi UMeeTCsl 3a3€MJICHHE IKPaHa, T.€. 0 MOMEHTA NPUX0/ia B HaYaJl0 Kadesst
BOJIHBI, OTPAXXEHHOM OT €ro KOHIa. JTO NPOU30HIET uepe3 HHTEPBAJl BPEMEHH,
HEOOXOAUMbBIH BoJIHE JUisl 1ipo0era kabesisi OT Havyajla B KOHel U o0parHo: At=2L, /u.
Harnpumep, jyisi kadesst JyinHOM L, =100 M npu v =200 M/MKC nojydum At =1 MKC —
TAKOBO BPEMsI CYLIECTBOBAHMSI Ha OOOJIOUKE KaOess HAMpsHKEHHs U,, CIIOCOOHOTrO B
psijie cIydaeB MPUBECTH K €€ MOBPEX/ICHUIO.

B ycnoBusix puc.10.4,0, HanpoTUB, HAPSDKEHUE HA YKPAaHE OTHOCUTENIBHO 3EMIIH,
HPUIIOKEHHOE K 000J10uKe, oTtcyTcTByeT (U, = 0) 0e3 3aj1epxku At.

Wtak, HampsokeHHe <OKpaH-3eMJsi» Ha KOHIle kalens, ¢ KOTOpPOro B HEro
HIPUXOJIUT BOJHA, MOXKET ObITh 3HAUUTEJbHO 110 BEJIMYUHE; JUIUTEILHOCTD OBBILIEHUH
HaANpPsKEHUS ONpPEaeNsieTcs IIMHON Kabest U CKOPOCThIO BOJIHBI, T.€. TEM, UEpPE3 KaKoe
BpeMsI B HA4aJlo DKpaHa BEPHETCSI BOJHA, HeCcyllas UH(pOpMaIlMIO O TOM, YTO B KOHIIE
kabeJsst SkpaH 3aszemiieH. B ocTalibHbIX cilyuasix (3a3eMJICHHUE JKpaHa CO CTOPOHbI
HaberaroIeil BOJIHBI WJIM 3a3eMJIEHWE SKpaHa cpa3y B OOOMX KOHIIAX) HMITYJIbCHBIC
HANPSDKEHUsT Ha DKpaHe OMaCHOCTH HE TIPE/ICTaBIISIIOT.
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10.3. Ilepenanps:keHnsi HA 000J10YKe TPAHCMIOHHUPOBAHHOTO 3KPaHA

TpaHCcTO3uITHS SKPAHOB TIPENOIaraeT, MOMUMO TPOYETO, WX 3a3eMIICHHE Ccpa3y
B 000uX KoHIlax kabesns. Toraa, ocHOBbIBasich Ha Marepuasie 1.10.2, MmoxeT nokazarhcs,
YTO UMITYJILCHBIE HAMPSHKEHUS HA TPAHCTIOHUPOBAHHOM 3KpaHe OMACHOCTH HE HECYT.

[TonoxuM, 4TO BOJIHA HAIPSKEHUSI BXOJUT B KaOesb, HaIpuMep, 110 daze «A» co
CTOPOHbI «Havajga» kadessi, kak 3To nokazaHo Ha puc.10.5 OnacHbIX HANPsDKEHUHU Ha
ydacTke skpaHa «J1» He OyJeT, TOCKOJIbKY OH 3a3eMJIeH C TOW CTOPOHBI, C KOTOPOH B
ka0enb BOILJIAa BOJHA. BMecTe ¢ TeM, Ha y4acTKe MEXAY MEPBbIM U BTOPHIM y3J1aMH
TpaHCHO3ULMK PsiioM ¢ ¢a3oi «A» BMeCTO dKkpaHa «I1» Oyner pacnosiaraTbCs yxke
«I3», Ommkaiiliiee 3a3eMJICHHE KOTOPOTO HAXOJIWTCS B Havaie kabens, T.e. Ha
ynaneHun L, /3 ot y3na Tpancnozunuu T-1. [loatoMy Ha skpaHe «I93» B y3le
TpaHcno3uMd T-1 BOBHUKHYT OMACHbIC HANPSDKCHWS, U OHU OYAYT CYIIECTBOBATH
CTOJIBKO BPEMEHH, CKOJBKO MOTPeOyeTCsl BOJIHE, YTOOBI MPOUTH MO AKpaHy «I3» OT
NEePBOTO y3j1a TPAHCIIO3UITUHN 10 «Havayia» kadelss U BepHYThCS HA3aJ] B TMEPBBINA y3e
TPAHCHO3UIMH, TPUHECS B HETO HHOOPMAIMIO O HAJIMUKH 3a3E€MIJICHUS dKpaHa «D3».

Puc.10.5. HanpsikeHuie Ha 000JI0UKE B CITydae TPAHCMO3UIIMK SKPAHOB.

Hrak, B ciyyae, €ciau dKpaHbl pYIIbl kabeied 3a3emMiieHbl U B «Hadajle», U B
«KOHIIE», HO IMpPH DTOM TPAHCIHOHHUPOBAHLI, BOJHOBLIE MPOLECCHI B DKpaHax
YCIOXKHSIOTCS: Y3Jbl TPAHCIIO3UIIUU TPEACTABISIOT COOOM TOMONMHUTEIbHBIE MECTa, B
KOTOPHIX (MTOMHMO KOHIIOB KaOellsl) BOSHHKAIOT OTPAKEHHBIC W MTPEIIOMIICHHBIC BOJIHEI.
OnHaKo clellaHHbIE paHee OLICHKHU U., = (0.4+ 0.8) (W, OCTAIOTCS B CUJIE.
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10.4. Pexomenaanuu no npumeHenuto OITH auist 3ammTbl 000/109KH IKpaHa
[Ipu BOJIHOBBIX Ipolieccax B Kadejie COOTHOILIEHUE U,/u, c1ad0o 3aBUCUT OT

KJIacCa HOMUHAJILHOTO HanpsbkeHust kadesst. [1ockosbKy ¢ pocToM Kilacca HanpsiKeHUs!
BO3pACTAIOT MAaKCUMAJILHO BO3MOXKHbBIE 3HAUEHHSI MEPEHANPSIKEHUH HA U30JISIIUN KUITbI
Kalenst U, , TO CIeAyeT OXKUIaTh U POCTa MEPEHANPSIKEHUH Ha W30JSUUU SKpaHa U, .

BMmecte ¢ TeM, TONIIUHA H3OJSAIMH dKpaHa (000JOYKH Kabeias) M e¢ HUMIYJIbCHAs
MPOYHOCTH MPAKTHUECKH HE M3MEHSIOTCS C YBEJIUUYCHHEM HOMHHAIILHOTO HAIPSKCHHUS
kaleis.

SICHO, 4TO TepeHanpPsDKEHUs U, Ha M30JSIMU DKpPaHOB OyayT Tem Oouiblie 1o

CPaBHEHUIO C €€ HMMITYJIbCHOM IMPOYHOCTHIO, YEM BBIIIE KJacC HampsiKeHus kalOeis.
HWHpiMHu cloBamu, eciu A kabened 6-10 kB eme He TpeOyercs 3allMTa HU30JSLIHU
AKPaHOB OT UMITYJILCHBIX MepeHanpsixkeHui, To misa kadener 35-500 kB Takas 3ammra
SIBJISIETCSL 00S13aTE/ILHOM.

OCHOBHBIM ammapaToM JJIsS 3alIUThl U30JSHUA 000pPYJAOBaHUS OT UMITYJIbCHBIX
(rpo30BBIX W KOMMYTAITMOHHBIX) MEpPEHANPSKEHUH B HACTOSIIEE BpeMs SIBJISCTCS
OrpaHUYUTEIb NIepeHaNpshKeHUM HesnHeHbii (OITH).

B 1a6:1.10.2-10.3 nanwsl pekoMeHAallMu To MpuMeHeHuto crneruaibHbix OITH,
npeHa3HAYEHHBIX JIJIS1 3allIUThl U30JISIIIUK DKpaHa U YCTaHABIMBAEMbIX MEX]Y SKPAaHOM
W 3a3€MJICHHbIMHU DJIeMEHTaMU dJieKkTpoycraHoBku. Kiacc nanpsbkenust atux OIIH He
CBSI3aH C KJIACCOM HAampshKeHUsl Kadesisl, a OrnpeaeseTcsl TOJIIMHON U MPOYHOCTHIO
000J10YKH KaOeJIsl.

[Tpumenenue OIIH, xax mpaBuiio, TpeOyeTcs Takke W JJIs 3alllUThl IJIaBHOH
U3OJISIIMU KaOessl — U30JISLNU <OKUJIA-DKPAH», OJIHAKO ATOT BOMPOC BBIXOJUT 32 PaMKH
Marepuasia KHUrd. OTMETUM JIMllb, YTO, B OTJIMUMUE OT ClielraibHbiX dkpaHHbix OITH,
KJiacc HamnpsikeHuss <«cuiaoBbix» OIIH, ycranaBiuBaembIxX [Jj1s1 3allUTHl TJIABHOH
U30JIS1IMH, COOTBETCTBYET KJIACCY HAIPSHKEHUST KaOetst.

Ta61.10.2. Pexomenaatmu no npumenenuto OITH nuis 3aimuTsl H3011MM SKPAHOB Kabesei.

KaGein Pexomenaanuu o ycranoske OIIH anst 3ammrh
W30JISLUM SKPAHOB Kadeneit
6-10 kB OI1H ue 00s3aTCIBHBI
OITH HyXHBI 1 JOJHKHBL OBITh YCTAHOBJIEHBI B
35-500 kB ¥ a y
cooTBeTcTBUU € Ta0:1.10.3
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Ta64.10.3. ITpumenenue OITH s 3ammrtel 3kpados kadesei 35-500 kB.

CocTosiHiE PKpaHa

3a3eMIIEH B «HA4YajIe»

2 3a3eMJIeH B «KOHIIE»
3 3a3eMJIeH C JIBYX
CTOPOH
[ Ipumenena
4 TPAHCTIO3ULIMS
KPaHOB

(N TIONHBIX IIUKJIOB)
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10.5. Beioop OITH agist 3a1uMThl 000JI09KH IKPaHA
Jlnst 3amuThl  00070UkM  OJIHO(A3HBIX Kaldesied TMPUMEHSIIOTCST CrelUalbHbIe
OI1H, ycranaB/MBaeMbl€ B HE3a3€MJICHHBIX KOHLIAX PKPAHOB U B y3J1aX TPAHCIIO3ULIUH.
OcHoBHbIME XapakTepuctukamu OITH sBisoTest [8] ero Hambosblinee padodee
Hanpsikenue U, ¥ SHeproeMkocts W, . Jipyrue xapakrepuctuku OITH, kak npasuio,

MMEIOT BTOPOCTENEHHOE 3HAYEHUE W MOI'YT ObITh ONPEAE/IEHbI Yepe3 U, U W, .

Haubonvwee (onumenvno oonycmumoe) pabouee nanpaxcenue OIIH, kB —
HauOonbIlee JEHCTBYIOIICE 3HAYCHHE HAMPSDKEHHUS MPOMBIIUICHHON 4acToThl U, ,

KOTOPOE HEOTPAHMYECHHO JOJITO MOXKET ObITh mpuiokeHo K OITH (mpy HampsbKeHHH
OoJibllieM, yeM HauOoJiblliee padouee, Tok yepe3 OlIIH naunnaer 3ameTrHo Bo3pactarh,
YTO MOJKET IPUBECTU HIEPEIPEBY U MOBPEIKIACHUIO allapara).

Voenvnasa nocnowaemasn suepeusa (snepeoemrkocms), klbiclkB — moriomaemast
orpaHuuuTeneM Oe3 MOBpEKIEHUs >Heprust W, OJHOTO MMITyJIbCa, OTHECEHHas K

HauOosbiieMy paboueMmy HanpspkeHuto OITH, nosnydyenHass B mpoliecce UCHbITaHUM

OIIH npsiMOyrosibHbIMU HMMITyJIbcaMu TOKa JuinTebHOCThI0 2000 MKC, HCIO/b3yeMast

115t kinaccuuxanuu OITH u xapakTepusyrolas ero cnocoOHOCTb pacceuBaTh YHEPTHUIO

NIEPEHANPSIKEHU I,

Ewe onHoit BaxxHoW xapakrepuctukoi OIIH, onpenensitomiedl CTeneHb 3aluThl
000pyI0BaHUS, SIBIISIETCS OCTAIOIEECs HAMPSKEHUE MPH TPO3OBBIX U KOMMYTAI[HOHHBIX
nepeHanpsHKeHUsIX.

Ocmatoweecs nanpsicenue OIIH, kB — HauboJblliee 3HAUCHUE HANPSHKEHUST Ha
OIMH npu mpoTEKaHWM Yepe3 HEro MMIYJbca TOKA YKA3aHHOTO MAaKCUMAalIbHOTO
3HaueHus U popmbl. Ocrarollieecst HaPsHKEHUE ONPEIENISIETCs TIPU UMITYJIBCHBIX TOKaX
cTaHmapTHOU GopMbl (Tpo30BOM UMIYIEC — TOK opMbl 8/20 MKC, KOMMYTAIIMOHHBIM
umITyJsibe — Tok popmbr 30/60 Mkc).

XapakTEepUCTUKU OrPAHUUUTEIA [EPEHANPSIKEHUN, MPEAHAZHAYEHHOIO IS
3allUThl U3OJSIIIUM dKpaHa KaOessi, TOJDKHBI BEIOUPATHCA UCXOJS U3 JABYX OCHOBHBIX
KpUTEPHEB!

— o0ecrieueHns HaJIKHOW 3allUThl U30JISAIUU dKpaHa (00O0JOYKH) TPH TPO3OBBIX U
KOMMYTAI[MOHHBIX TIEPEHANPSIKEHHUSIX;

— o0ecrieueHusi HajgexHOM pabotel camoro OIIH B  ycraHoBuBIIMXCS U
KBa3UYCTAHOBUBIIIUXCSl PEXKUMAX, T.€. COOTBETCTBEHHO B HOPMAJIBHOM PEXUME U
IPH KOPOTKUX 3aMBIKAHUSIX B CETH.

Bribop OITH yn00HO npou3BOAUTE B ClIEAYIOIIEH MOCIe0BATEILHOCTH:

— [peaBapuTesbHOE onpeaeaeHue U, ;

— nposepka Toro, yro OIIH ¢ BeiOpaHHBIM U,,, UMEET OCTAIOIICECs] HAIpPSIKEHUE
Ug o B Uy g0, TO3BOJISIFOIIKE B MTOJHOM Mepe 00eCneYnTh 3alUTy 000JI0UKH;

— onpeaeneHue sHeprum W, Kotopas B XyJLIeM ciydae Moxker BbiaenuTsesa B OITH ¢
BBIOPAHHBIM U, , U BBIYUCIIEHHE YHEPrOEMKOCTH W, =W/U,,, .
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Onpenenenue padouero Hanpsi:kenuss OITH
Bbibop U,,, OCHOBaH Ha pe3yJibTaTax pacueToB HAIPSIKEHUs [IPOMBbIILICHHON
yacTOThl U., Ha DKpaHe OTHOCHTENIHHO 3eMiii B Mecre ycraHoBku OITH (umm Ha
pa33eMIICHHOM KOHIIE PKPaHa, WK B Y3J1€ TPAHCIO3HIINN):

UUP() 2 U—9
Kyy-5(T)
rae K, ,(T) — TumoBas XapakTepuCTMKa <«HANPSIKEHHE-BPEMS» B OTHOCUTE/LHBIX

enuHMNAax U,,, padoduero Hanpspkenus OITH (cm. ta61.10.4)

Ta0.1.10.4. XapakTepucTUKa «HalpsbKeHUE-BpeMsi» copeMeHHbix OITH,
3a/1aBacMas B OTHOCHUTEJIbHBIX euHULax U, .

JnutenbHOCTh T IPUIIOKEHUS Jlonyctumas kpaTtHOCTE K, (T) TIPEBEIICHUS]
HOBBIMICHHOTO HANPSYKCHUSA Hanpspbkenus Ha OITH, ne menee

0.1lc 1.40

lc 1.35

10¢ 1.30

100 ¢ 1.23

1200 ¢ 1.15

3600 ¢ 1.10

I1pu BbIOOpPE U )0 ONPEAETSIIONIMM SIBJISIETCS HANPsDKEHUE U, MPU BHEIIHUX T10
OTHOIICHHIO K KaOemo KOPOTKHUX 3aMbIKaHHsX B ceTH. Ecim npuasath T =1 ¢ (t, =1 ¢ —

BpEMsl CYILIECTBOBAHUSI KOPOTKOI'O 3aMblKaHHs B pacyeTax TEPMHUECKOH CTOHKOCTH
SKpPaHOB), TO HauOosbllee padodee HampsbkeHue dkpanHoro OITH — jgomkHO
YJIOBJIETBOPSITH CJICIYIOIIEMY HEPABEHCTRBY
Uf)
UHP() 2 E
[Tockosbky BBIOOp crocoba 3a3emyeHHsl PKpaHa OCHOBaH Ha oOecrneyeHuu
nepasencrsa U, <U."™" e U, =5 kB, To yHMBEPCAILHBIM /I BCEX KAOEbHBIX

auHui MoxHo cuutath OITH, umeromuii pabouee HanpsikeHUe
U Jor1
>—2 =37 kB.

UHPO =

IIpoBepka 3amuTHBIX XapakTepuctuk OIIH
OIIH ¢ pabouuM HanpspkeHueM U,,, OyJeT UMETh OCTAIOLIEECs HANpsKEHUE B

PEXHUME OIPAHMYEHHSI TPO30BLIX U KOMMYTALMOHHLIX MEPEHANPIKEHHH Uy o B Uy g -
CBs13b OCTAIOIMXCS HANPSKEHUH Uy, oo, Uy e ¥ HAIPsKEHHA U, CIEAYIOMAs

Ug/2o = (\/E[DHPO)EKsmor

Usore0 = (\/E mJHPO)I:K3O/60
rne Ky, M Kue — COOTBETCTBEHHO KPAaTHOCTH OTPAaHHYEHHS TPO3OBBIX H

KOMMYTAITMOHHBIX TepeHanpsHKeHui, koTopeie st coBpeMeHHbix OITH, kak mpaBuio,
ONMM3KHU K Ky =21 U Ky =1.9.
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Ecim nanpsiokenust Ug,,, U Uy € 3aI1ACOM MEHBIIE MMITYJILCHOW MPOYHOCTH

000JIOUKK Kalesst npu nepeHanpskeHusx, To Bbioop OIIH npowusBseneH npaBUIIbHO.
Ecnu Hanpsbkenue Ug,,, WIH U,y BBIIE HUMIYJILCHOH MPOYHOCTH OOOJIOYKH, TO

HeoOxonuMo ucnonb3oBath OIIH ¢ Oosiee HU3KUM 3HAYEHUEM U, , YTO OKA3bIBACTCS

BO3MOXKHBIM 33 CYET CHWKeHus BoszaedcrByroumx Ha OIIH  nanpsbkenuit
[IPOMBILIJICHHOW 4acToThbl U,, JOCTUIaemMoro yBejuuyeHueM ducia K OJHOCTOPOHHE

3a3€MJICHHbIX CEKLIMM DKpaHa WM yBEJIMYEHUEM Yucila N LIMKIIOB TPAHCIIO3ULIUMU.
[TpousBoautenu kabened B OOJBIIMHCTBE ClydyaeB HE JNAOT WHOpManuu o
MPOYHOCTH M30JISIIIUY dkpaHa (00osouku kabesist), Ha3biBas Jinib 10 kB — nocrosiHHOE
HANPSKEHUE, KOTOPbIM OHA UCIBITHIBAETCS IEPE] BBOAOM Kaldeiiss B DKCIULyaTallMIo.
Jluis B karanore onHOU U3 pUPM yIamoch HAUTH CIEAYIOUTYIO BAXHYIO HHPOPMAIHIO:
— HMITYJIbCHOE MPOOUBHOE HAMPsDKEHUE 151 000J0UKH 75 KB;
— JIOIyCTHUMOE UMILYJIbCHOE HanpsbkeHue st 00oouku 40 kB.
[ToncraBuB B BeIpaxeHue Ug,,, = (\/E W H,)O)EKS,ZO u3BecTHbIE UGPBI Ug,,, =40 kB
U Ky, 0 = 2.1, Haiinem U, =13.5 kB. UHbIMU clioOBaMu, IPUEMIIEMYIO 3AIATY U3OJISILIUA

JKpaHa OT HMMITYJBCHBIX TNepeHanpspkeHuil odecrnieunst Obl naxxe OITH ¢ gocrarouno
BBICOKUM pabounm Harpspkenuem 13.5 kB.

Htak, ¢ TOUYKH 3peHHs 3allUUTHl OT MEPEHANpPsDKEHUH TpeOOBaHUS K pabodyemy
HanpsokeHuro OIIH  caenyromme: 3.7<U,,, <135 kB. BuaHo, 4ro st 3KpaHOB

oqHoda3HbiX  Kabejel  MOXHO  MCIOJb30BaTh  CTAHJAPTHLIE  BBIIYCKAEMbIE
npombiiiyieHHocThio OITH knacca 6 unum 10 xB, ogHako mpuoputer HajA0 OTaaBaTh
OITH 6 kB, tak kak oHu 60Jiee KOMITAKThl U TJIYy0)Ke OrpaHUUYUBAIOT TTePEHATPSIKEHUSI.

Bbi0op 3HeproeMKocTH
MMnysibCHBIM TOK M BblAEAOIIAsACS B dkpaHHbIx OITH sHeprusi 3aBuUCAT OT
MHOTUX ()aKTOPOB, CPeJId KOTOPHIX:
— BenuunHa W (dopMa (UTHTEITHHOCTH) T'PO3OBHIX W KOMMYTAIIMOHHBIX HMITYJIHCOB,
PUXO/ISIIIUX U3 BHEIIHEH CETH B IJIABHYIO U30JISILIUIO KaOes,
— HaJIM4YMe 3a3eMJIEHUS YKPAHOB C TOW CTOPOHBI, C KOTOPOW Ha Kabesb BO3JIEHCTBYIOT
UMITYJIbCHBIEC HATTPSIKEHUS;
— JJiMHA KaOeJIbHOW JINHUH,
— TOJIIHMHA (€MKOCTh) TJIABHOUN H30JISIIHN ¥ 000JI0UKH Kabes;
— yucno skpanHbiX OITH (Hampumep, OIMH LUK TPAHCHO3HUIMM MPEATIOIaracT aBa
TPAHCITO3UITMOHHBIX MYHKTA H, CIeToBaTeNbHO, 1Ba OITH Ha kakIbIi SkpaH).
KoppekTHbiii yuer nepeducieHHbIX (akTOpOB BO3MOXKEH, TJIABHBIM 00pa3oM,
IIPU UCIIOJIb30BAHUU CHENUATIM3UPOBAHHBIX KOMIIBIOTEPHBIX MPOrPaMM, MO3BOJISIOIIUX
MOJICJIMPOBATH AJIEKTPOMATHUTHBIE TIEPEXOJIHBIE TTPOLIECChl. OHOW U3 TAKUX MPOrpaMm
sBiasercs EMTP.
JI1s TeX, KTO He MMeET COOTBETCTBYIOLIECIO MPOrpaMMHOI0 oOecredeHus, s
noJIydeHusl  MPUOJUKEHHBIX  OIEHOK JHepruu, Bwlaenstoniedics B OIIH B
HE3a3E€MJICHHOM KOHIIE DKpaHa, JOMYCTUM aHATUTUUYECKUHN pacueT 1o gopmyiie
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*

C)l(f) EKHEP E/E |IU Jil
C)]@* + Ca* \/§ ’

rne C,, — TMOTOHHAS €MKOCTh MEXIY JKUIOH M DKPAaHOM Kabens;, C, — TOTOHHAs

W, =0.5[C, [, (10.5)

€MKOCTb MEX/Iy KpaHOM U 3emileld; U,, — HauboJblliee pabouee HanpsKeHue CeTH, B
KoTopo# rnpojoxken kadeib (cm. TOCT 1516.3-96); K., — KpaTHOCTb HUMILYJIbCHbIX
nepeHanpsHkeHn Ha TJIaBHOW M30JSIMU kabensi, KoTopasi, KaKk MpaBUJIo, OrpaHuYeHa
70 ypoBHS K, =2 cunoBbiMd OITH, ycTaHOBIEHHBIMU TIO KOHIIAM KaOesst BOJU3W OT
KOHIIEBBIX MY(T.

VY nenbHas OHCPIrua OHH, YCTAHOBJICHHOT'O B HC343CMJICHHOM KOHIC 5KpaHa,
JA0JDKHaA YAOBJICTBOPATH YCIIOBUIO

W, > S (10.5)
K UHPO

rae K —4uciio OIHOCTOPOHHE 3a3€MJIEHHBIX CEKIMH DKpaHa.
Yaenabnasa sHepruss OIIH, yCTaHOBJIEHHOrO B y3J€ TPAHCIO3ULMH, JIOJKHA
YAOBJIETBOPSThH YCIOBHIO
1 W

W, >— 00— D’
Vi 2 2N UHPO 1 (105 )

rjae 2N — 4yuciio NMYyHKTOB (KOpPOOOK) TPAHCHO3MIMHM DKPaHOB, N — YHCIO TMOJTHBIX
LUKJIOB TPAHCTIO3UIIMH.

Hccnenoranus nokaseiBatoT: Bhiaesitomasics B OITH sHeprusi, onpeaenennas no
dopmynam (10.5), okaswiBaercsi Ha 20-30% MeHbllle, YeM B pe3yJbTare MOJPOOHBIX
KOMITBIOTEPHBIX PACUYE€TOB C UCIOJIb30BaHKeM mporpaMmbl EMTP.

O6oOmmaronue pacuetsl, BbIMoJHEeHHbIE st OIIH ¢ pabouuMm HampsbkeHrem
U,p, =6 KB, CBUIETENBCTBYIOT, UTO JIJIsl JIFOOBIX KaOEIhHBIX Mepeaad ¢ 0HOo(a3HbIMU

ka0beJIsIMU € 3a11acoM JIOCTaTOYHBI A3HEproeMkocTH kpanHbix OITH u3 1a6:1.10.5.

Ta6n.10.5. Jloctatounbie 3HaU€HUs SHEProeMKOCTH dKkpaHHbIx OITH ¢ pabouum HanpsbrkeHreM 6 kB.

JOCTATOYHOE 3HAUEHUE
Knacc narnpskeHns W, , KTic/kB
no 150 kB 1.0
220 xB 20
330 kB 3.0
500 kB 4.0-5.0

OTMETHM, YTO COTJIACHO KOMIBIOTEPHBIM pacueraM HauOosbinas sHeprust B OTTH
BBUIEJISIETCS IPU KOMMYTalMsX KaOesis, a HEe NPU TPO30BBIX NEPEHANPSKEHUSIX. DTO
o0OBsicHsIETCS TeM, uTO cujoBble OITH orpannuuBaroT Bce nepeHanpsikeHus Ha IJIaBHOR
M30JISIMK  JIO OJMHAKOBOro ypoBHs (He Oosiee K, =2), HO KOMMYTallHOHHBIC
UMITYJIBCBI BCE K€ JUIMHHEE BO BPEMEHU 110 CPABHEHUIO C TPO30BBIMH.
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I''TABA 11. Bonpocsl npakTH4ecKoOil peajim3anun
crmoco00B 00PHLOBI ¢ MOTEPAMHU

11.1. DnekTPpOMOHTAKHbIE KOPOOKH 1J151 3a3eMJICHUS] IKPAHOB

JIist mpakTHYECKOW peann3alii TEX MIIM UHBIX CXEM COETMHEHHUS U 3a3eMJICHUS
AKpaHOB O HOGa3HbIX cHIOBBIX Kadenei 6-500 kB yno0HO ucnonb30BaTh pa3inyHbe
AIIEKTPOMOHTAXKHBIE KOPOOKH.

DIEKTPOMOHTAXHbBIE KOPOOKH MO3BOJISIIOT:

— yJ100HO U KOMMakTHO pazmecTuTh OITH 1181 321 ThI U30JSMK SKPAHOB,

— YOPOCTUTH DKCIUTyaTaluio KalOesid B YaCTHU HCIBITAHWM W TOMCKa MOBPEXKIECHUN
W30JISIIIUM  DKPAHOB 3a CYET BO3MOXKHOCTH OIEPATHBHO 3a3eMIISITh/pa33eMIIsiTh
SKpaHbl, npucoe uHsITh/0TcoennnsTh OITH, noakioyats u3mMepuTesibHbIe TPUOOPHI
Y UCIIBITATEIIbHBIE YCTAaHOBKH,

— [OBBICUTH 0€3011aCHOCTb Kalessl 3a CUeT CBEJIEHUS K MUHUMYMY BEPOSITHOCTH
CIy4allHOrO MPUKOCHOBEHHUS IMepcoHata K AKpaHy kadens uiu skpanHomy OITH;
KaK CIJIEJICTBUE — YBEJIMYUTh MaKCHUMAaIIbHYIO JUIMHY KaOeseW, I KOTOPBIX ellle
JIOILYCTUMO IPUMEHSTH OJIHOCTOPOHHEE 3a3€MJIEHUE DKPAHOB.

CornacHo knaccudukannu (1a6:1.11.1) >JeKTPOMOHTaXHBIE KOPOOKHU ACIIATCS Ha!
— xomuieBbie kopoOku KK (¢ OITH mmm 6e3 Hero); koHIeBbie kopoOku KK ObIBalOT Kak

TpexdazHoro ucrnonHenus (tadma.11.1), Tak u omHodazHoTO;

— npoMexyTouHble kopoOku KIT;

— TpaHcno3uuuOoHHbIe KOpoOku KT.

[IpucoenuHeHne AIEKTPOMOHTAKHBIX KOPOOOK K AKpaHaMm TpeX(azHOH TpymIibl
0JIHO(a3HBIX KaOeJsel BBINOJIHSAETCS TIPU MOMOIIM TaK Ha3bIBAEMbIX BCIIOMOIaTEIbHBIX
KaleJiel, HCKIIIOYAIOLUX PUKOCHOBEHUE K dKpaHy Kadelis Ha ydacTke Mexay My Toi
CHJIOBOTO KabOelist ¥ DJIEKTPOMOHTaXHOH KopoOkoi —cM. puc.11.1-11.2.

BaxHoil 0COOEHHOCTBHIO BCEX KOPOOOK SIBJSIETCSI TO, UTO B LIEJISIX MOBBILLICHUS
0€30MacHOCTH MEePCOoHANIA 3a3eMJIeHUe KpaHoB U dkpanHbix OIIH BeimosHsieTCS HE HA
METAJUIMYECKUI KOPITYC KOPOOKH, a OTJEIbHBIM H30JIMPOBAHHBIM OT KOPITYCa MyTeM —
IIPU MIOMOIIIH CIEIUATIBHOIO 3a3€MJISIFOIIET0 BCIIOMOIaTEIbHOIO Ka0esl.

KOHLEeBas
MydTa
3KpaH e ]
B .l ] o)
_—l
ﬁ
o
KK

L

Puc.11.1. T[TpucoeMHEHHE KOHLIEBOI 3IEKTPOMOHTAXKHOM KOopoOku Trna KK.
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Ta0n.11.1. OcHOBHBIE TUIIBI KAOEJIBbHBIX JEKTPOMOHTAKHBIX KOPOOOK.

Cxema coeMHeHUs SKpPaHOB OOycTpoiCTBO KOPOOKH

I
I
I
I
I
I
I
I
I—’_I_I_I

KOHIIEBasi KOpOoOKa (-563 OITH

[T]

KOHLIeBas Kop061<a-c OIIH

i
]

ET L MPOMEKYTOUHAS Kopo_61<a ¢ OIIH

—_— e — — — =

1]
I %
i

KOpOOKa TpaHCMO3UIIUU ¢ OIMH
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COeMHUTENbHAS
a) MydTa
| | | |
] 3KpaH
ﬁ
B ]
ﬁ
C 1 1

KT
L1
6) coegnHuTenbHas
MydTa
| I—— | 3KpaH
ﬁ
B | ——
C -' .'
| E—
3KpaH KT
1

Puc.11.2. [IprcoemuHeHHE TPAHCIIO3UITHOHHOM SJIEKTPOMOHTaXKHOM KopoOku KT (a) — mecThio
oHO(ba3HBIMH BCTIOMOTAaTebHBIME KaOe MU, (0) — TpeMst KoaKCHATbHBIMH.

[Ipucoenuuenue k kabe0 TPAHCITO3UIIMOHHOW WM MTPOMEXYTOUYHOU KOPOOOK
aHAJIOTHYHBI JIPYT APYry. ECTh 1Ba OCHOBHBIX THIA Takux kopoOok (puc.11.2,a,0):

— B ychoBusix puc.11.2,a u3 coequHuTenbHOW My(ThI Kaxa0H ¢a3bl BHIBOASTCS J1Ba
OJIHOXKHJIBHBIX KaOe€Jsisi, COOTBETCTBYIOIIMX <«IEBOMY» W «IPABOMY» Y4acTKaMm
PKpaHa CUJIOBOTO Kaless: B KOpOOKyY, TaKUM 00pa3oM, HEOOXOAUMO 3aBECTH LIECTh
OJTHOKHUJILHBIX Kaleeit;

— B ychoBusx puc.11.2,6 u3 coenuHUTENbHOW My(ThI Kax 10U (pa3bl BHIBOAUTCS OJUH
KOAKCUaJIbHbIA KalOellb, ujda M DKpaH KOTOPOTrO COOTBETCTBYIOT <«IEBOMY» H
«IpaBOMY» Y4acTKaM JKpaHa CHJIOBOrOo Kadeis: B KOpOOKY, TakuMm 00pa3oM,
HEO0OXOIMMO 3aBECTH TPH KOAKCHATIBHBIX KaOessl.

Tun TPaHCHO3MIIMOHHOW WM MPOMEXKYTOUHOH KOpPOOKH (YUCIIO BXOJOB H
BHYTPEHHEE O0YCTPOMCTBO) LIEJIMKOM OIPEICISETCS TUIIOM COCIUHUTEIIbHBIX MY(QT,
UCIIOJIb3YEMBIX TIPH CTPOMUTENILCTBE CHIIOBOro kaodens. [logasasioiee OGOJBITUHCTBO
POU3BOJIUTENIEH MY(PT BBIBOAST M3 COEIUHUTEIBHBIX MY(PT «IEBYIO» U «IIPaBYIO»
YaCTH PKpaHa CHIIOBOTO KaleJs ¢ MOMOUIBIO IBYX OJHOXKHUIIBHBIX KaOesei.

Ecan roBopuTh 0 KOpOOKE TPAHCMO3WIIMH, TO, Kak TMPaBHIIO, BHYTPH €€
METANIMYECKOI0 KOPIIyCca YCTAaHOBJIEHBI 111€CTh M30JsTOpOoB. He3azemsennbie ¢uiaHiibl
M30JISITOPOB MOYKHO COETUHSITh METATITHUECKUMHU TiepeMbrukamu (puc.11.3).
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Bo BpeMsi moucka MoBpexIeHUs] BHYTPU KaOems Ui JIOKaIU3aluil aBapuiHOro
ydyacTka U 0Oojiee TOYHOTO OTBICKAHUSI MECTa TOBPEXJIEHUS YAOOHOH MOXET ObITh
cxema coeauHenus nepembiuek  puc.1l.3,a. Ilpu pabore kabeiss JoJoKHA
o0ecneynBaThCsl TPAHCIO3UIIMS SKPAaHOB — ATO JocTuraercs B cxeme puc.11.3,6. Cxema
puc.11.3,8B MmoxeT noTpedoBaThCsi BO BpeMsi UCTIBITAHUN W30JISIIIUK dKpaHa (Harmpumep,
IPU U3MEPEHUM COMPOTUBJICHUS U30JISILIMK DKPaHa), KOrJa BaXKHO BbIIOJIHUTH 3aMEpbl
OTJIETBHO JIJIST KOKJIOHU (pa3bl kKabesst cpa3y Ha BCEM MPOTSHKEHUH TPACCHI.

\
1

:
—H o Lo Lo
ve)

W

L

a) 0)

Puc.11.3. CoearHEHUE PKPAHOB BHYTPU KOPOOKU TPAHCIIO3ULIUU.

?
—o—
T
L
B)

Buano (puc.11.3), uro B nporecce dKCILIyaTallMd [EePCOHAl JOHKEH HMETh
JOCTYIl K KOpOOKE TPAHCHO3MIMK (MM TIPOMEKYTOUHOM KOpOOKE) ¢ Iembio
OCYIIIECTBJICHUSI TEPEKIIOYEHUH TMepeMbluek. ITO MPUBOJUT K HEOOXOAMMOCTH
pasmenienuss KT B jgoctynHoOM Jyisi nepcoHalla MECTe — B KOJIOJALAX TPAHCIIO3ULMH,
KOTOpPbIE€ TIPEACTABIISIOT U3 ce0sl xKene300€TOHHbBIE KOpo0a, pa3MeliaeMbie o1 3eMIIeH.
B KoJ10/1€11 TPaHCTIO3UITUK MOXHO MOIMACTh Yepe3 JIFOK, OPraHW30BaHHbBIN B €0 KpHIIIIE.
['myOuna kopoda cocraB/isieT 0K0JIO 2 METPOB, a pa3Mep I0Jia IPUMEpPHO 2 MeTpa Ha 3
MeTpa. B Takom KOJOJIEe, TepMETH3MPOBAHHOM JUISI MPEJOTBPAINEHHS TTOTIaIaHHsI
BOJIbI, MOTYT OJIHOBPEMEHHO padoTaTh HECKOJbKO YeJIOBEK. 3HAUUTENIbHbBIE pa3Mephbl
KOJIONIIA CBSI3aHBI €Ile M C TeM, YTO B HEM pa3Mellaercs He OAHa KopoOka
TPAHCIO3WIINH, a JIBE, MMOCKOJBKY, KaK MPaBWIIO, KaOeIbHbIC JMHUHA COCTOST M3 JBYX
LECIICH.

[TpoekTupoBIIHKaM cieayeT ObITh BHUMATENIbHEE, Tak Kak HEKOTOPhIE KOPOOKH
TPAHCITO3UIINHN JIOCTHTAIOT 3HAUYMTEIBHBIX JJMHEHHBIX pazmepoB (6osee 0.6 merpa), uto
[IPU HEBEPHOM BbIOOPE JIMAMETPa KPBILLIKU JIHOKA C/I€/1aeT HEBO3MOXKHBIM Pa3MELIEHUE
KOPOOKH B y’ke 00yCTPOSHHOM KOJIOIIIE.

BbibOop uucia W MeCT pacmloJOXKEHUs]  TPAHCIO3UIIMOHHBIX  KOPOOOK
1eJ1€CO00Pa3HO MPOBOJIUTL HA CTAJIMK MPOECKTUPOBaHUS KaOeJLHOU nepeaaud, 4ToObl
paccTosTHUE MEXTY ATUMH KOpoOkamH ObLIO COTJIaCOBAaHO CO CTPOWUTEIHHOW JJIMHOM
Kabelisi ¥ He TOTPeOOBAJIO JTOMOJHUTEIBHBIX COSMHUTENBHBIX MY(]T.
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11.2. TpeGoBaHue K CONPOTHBJIEHHIO 3a3eMJIeHHS KOPOOOK

[To ycnoBusiM 0€30MaCHOCTH METAUTMYECKUH KOPIYC AJIEKTPOMOHTAXKHOM
KOPOOKHU CJICYET 3a3€MJISATh.

Konnesrie kopodku (¢ OITH wnm 6e3), ycraHaBIuBaeMbIe IO KOHIIAM KaOess B
KOHIIEBBIX pachpe/iesuTelbHbix ycrpodictBax (PY), Moryr ObITh 3a3emiieHbl Ha
UMEIOLMECs KOHTYpa 3a3emiieHus: PY, COpOTUBIIEHUE KOTOPBIX JTOCTATOYHO MaJIO.

[TpomexxyTOouHbIE KOPOOKH U KOPOOKH TPAHCIO3MIIMH, pa3MellaeMble Ha Tpacce
kabesst Blajid OT KOHIEBBIX PY, Takke Hal0 3a3eMJIsITh, HO, KaK MPABUJIO, JUUIS STOTO
HPUXOJIUTCS 00YCTpauBarh ClelMallbHbIE 3a3emiisitolue ycrpoiicrsa. Chopmyiiupyem
TpeOOBaHMS K BEJIMYHMHE UX CONMPOTUBIICHHUS, CAENaB ATO Ha MPUMEPE MPOMEKYTOUHON
KOPOOKH.

- | —
A | ———— I)KA
R i I
ISA | : |
B ' e E——————— > KB
™ |
OB I : |
C . S E——— > C
— [
[
[

—_— e —_— —_ — =

Puc.11.4. TToBpexxaeHue U30JsUMHU dKpaHa pazbl «C» B KOpIyce MPOMEKYTOUHON KOPOOKH.

Bocnonb3yeMcsl OCIEIHEM ypaBHEHHEM cucTeMsl (3.2)
M3C :Z9 I.9C +Z)I(9 |.)I\'C +ZK (l)K4 + |.3A ) + ZK (l)l\'B + I.QB )’
Ky/1a ISl HOPMaJILHOTO peskkMa paboThl oacTaBuM |, +1 ., +1,. =0, 1., =0, I, =0,
AU..+U,, =0,U,, =R, I, =R, |, U IOJYYHM TOK B 3a3eMJISIOILEM YCTPOUCTBE

I oC Z;{@ - ZK

. . ,

| e Z;+ Ry
MMaJCHUC HAIIPS’KCHU S Ha 3a3CMJISIOLLICM yCTPOECTBe

Uy —_ Z)K9 —Zg (11.1)
. Z':) ,

I JKC 1+

Ryy

IJe COMPOTUBJIEHHs Z BBLIYMCIEHBI HE JIJIS BCETO Kabessl JJIMHON L, , a TOJNLKO JUIs €ro
y4yacTka JUIMHOM L <L, , cuMTasi OT «Havaaa» KabeJst 10 MPOMEKYTOUHON KOPOOKH.

EciM N0BpEeXIEHHE U30JIALUH DKPAHa OTCYTCTBYET, TO CIIPABEMIMBO R, — o W
w3 (11.1) maxomum U, /I e =2, —~Z,) — 9T0 COOTBETCTBYET HANPSKEHHIO SKpaHa
OTHOCHTEILHO 3eMiH (Ta0:1.4.8).

Eciin conporuBiicHue 3a3eMiieHust KOpoOku R,, — 0, To u3 (11.1) nojayuum, Kak
M CJIENIOBAJIO 0JKUJIATh, HEOIIACHOE Halpshkenue Ha 3azemumresie U, /. - 0.
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Hanpspkenne (11.1) siBasiercss MOHOTOHHOW (PyHKI[MEH COMPOTHBIICHUSI R, , H
HOATOMY TPH BCEX MNPOMEKYTOUHBIX 3HAYEHUSIX COMPOTHUBIECHUA O<R,, <o 3TO
Hanpshkenre OyaeT B qyanaszone 0< ‘U' o/ I')KC‘ < ‘Z' 4 K‘.

®opmysia (11.1) mnosBosisier 000OCHOBaTH TpeOOBaHHWE K COMPOTHUBIICHUIO
3a3€MJICHUSI KOpIyca IPOMEKYTOUHOH KOPOOKM KaKIOW KOHKPETHOM KaOenbHOH
nepeaauu ¢ ojHodazubiMu kabensimMu 6-500 kB.

[Tonyunm 000OI1IIatOIKME BBIBO/IbI OTHOCUTEILHO TPeOOBaHUH K CONPOTUBJICHUIO
R, MPOMEKYTOUYHON KOpOOKH. MOKHO TMOKa3aTh, 4To B BhipakeHuu (11.1)

. . 2s
240 -2 =wlom 2= 1o,
2 \d,
IJIe S — PacCTOSHUE MEXKAY OCSIMU coceHuX (a3 kabeds, d., — auaMeTp sKpaHa kadeJsl.
Hanpsbxenne U, Bo3pactaer ¢ pocToM s/d, , OTHAKO MpuMeM, uTo (as3sl kabes

MPOJIOKEHBI COMKHYTBIM TPEYTOJIbHUKOM: C YUETOM TE€OMETPHUUYECKUX XAPAKTEPUCTUK
onHodasHbIX Kabened 5To maer 1<s/d, <15 W JJIsI MOJYYEHHS OIECHOK <«CBEpXy»
HanpsikeHus: U, 1moja0xuM s/d, =1.5.

W3 (11.1) cnenyet, uyTo HauOOJIbIIIee HANIPSHKEHHUE Ha 3a3eMIISIIOIIEM YCTPOHCTBE

OyJ€eT IPU MUHUMAJILHOM NPOAOJLHOM CONPOTUBIICHUM Z., DKPAHA, d 3HAUMT:

— [Py MaJIOM aKTUBHOM COIIPOTHBIIEHUH dKpaHa R, = p,/F, L, T.e. 00JbIIOM F,;

— NpHM Majloi MHIYKTUBHOCTH dKkpaHa L., = g4 /270n(D,/r,), T.e. Ipu Majoil riybuHe
D, =2240/ p, /(14,w) ¥ OONBIIUX paguycax r,, 3aBHCAIIMX OT JAUaMeTpa (CeUeHHs)
AUJIbI KaOEJIsl U TOJIIIHMHBI €r0 TJIABHOW U30JISIIUY;

JIJ1st TOJTydE€HUSI OLIEHOK HAIPSHKEHUSI U 4, «CBEPXY» MPUMEM:

— cedeHue dkpaHa F., =240 MMZ, MOCKOJIbKY JJIst ogHOda3HbIX kadenel 6-500 kB, kax
npasuio, F, <240 MMZ;

— cedeHue xXuibl F, =1200 MM, MOCKOJIbKY 151 ojjHOda3HbIx kabenei 6-500 kB, kax
npasuiio, F, <1200 MMZ;

— TOJIIIIMHA TJIABHOW M30JIs1iuU kabesst coctaisieT 34 MM u orBeuaet kiaccy 500 kB.

— HeOOoJIbIIIOE YACIBHOE COPOTUBIICHUE IPYHTA 0, =50 Om [

— TOK |, =1000 A, NOCKOJIbKY B HOPMaJLHOM YCTAaHOBUBILIEMCSI PEXUME pabOThl TOK

B *kHJIax kabemst B pacueTe Ha OJIHY 1eTb PEIKO TPEBOCXOAUT ATO 3HAUCHHE.
Torna nmpaktudecku st ro6oro kadenst 6-500 kB, mpoI0KeHHOrO0 COMKHYTHIM
TPEYroJIbHUKOM, Hanpspkenue U, mnpu Toke |, =1000 A, coriacHO pacyeram IO

(11.1), He OyeT MPEeBOCXOAUTH 3HAYCHHH, yKa3aHHbIX Ha puc.11.5. B ciayyae oTkasa or
npokiagku ¢a3 kabelis COMKHYTHIM TpPEYroJdbHUKOM, HarpsbkeHue U, BO3pacr,

npeabsBIisisi 00J1€€ KECTKUE TPEOOBAHUS K BEIMUMHE COTPOTUBJICHUS R, .

®opmy.a (11.1) u o6obatoiue kpuBbie puc.11.5 MoryT ObiTh UCIIOJIB30BAHbI U
JUIs1 KOPOOOK TpaHCno3uLMu. [1jist 5Toro BMecTo L Haj0 nojAcTaB/siTh L, /3.

Hanpsbkenue U,, Ha METALIMYECKOM KOPIYCE MPOMEXYTOUHONH KOPOOKH HJIM
KOPOOKH TPAHCHO3UIIMKU OYJET JI0 TE€X MOp, [0KA MOBPEKIECHUE U30JSILUU KOPOOKH HE
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RusGable.Ru

BBIABAT B PC3YJIBTATC OUCPCIHLIX I/IBMG]T)GHI/Iﬁ COIIPOTHUBJICHUA 000JIOUKH Ka6en;1, T.C.
HaIps’KCHUC UW MOKECT CYHICCTBOBATb HCCKOJIbKO MECALICB MJIM J1d2KC HCCKOJILKO JICT.

YuutbiBas 3TO, TPeOOBAHUS K BEIMUYMHE COMPOTUBJCHHUS 3a3€MJICHHUS, COIJIACHO
puc.11.5, nonyyarotrcsi JOCTAaTOUHO KECTKHE: €ro BeJUYHMHA HE JIOJKHA TTPEBOCXO/IUTh
HeckoJIbkuX OM, a KoHpurypauus 3a3eMJIslIoIIEro YCTPOUCTBA JIOJDKHA Mpenoiararh
0e30IMacHOe HapsHKEHUE TPUKOCHOBEHHUS.

u..,B
300 — =¥’
—/
/ 5 Kkm
3 Km
/ _———
/
/ 2 km
| —
100 V/‘
L=1 km
——
L
0 \
0 1 2 3 4 Ry, Om ¢

Puc.11.5. Ouenka «cBepxy» HanpsbkeHus U, Ha KOprmyce MPOMEKYTOHUHON KOpOOKHM Ui Mo00ro

kabens 6-500 kB, nposioKEHHOr0 COMKHYTHIM TPEYTrOJbHUKOM, B 3aBUCUMOCTH OT COMPOTUBIICHUS
3a3eMJIeHust KOpoOKH R; 1 JutMHBI L 0JJTHOCTOpPOHHE 3a3€MJIEHHOTO y4acTKa Kabes.
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11.3. BbiGop THNA BCIOMOTaTeILHOI0 KadeJis

DJIeKTpUYECKOe COeIMHEHHE dKkpaHa cuioBoro ojHodasHoro kadenst 6-500 kB ¢
3a3eMJISIFOLLMM YCTPOMCTBOM DKpaHa WM C DJICKTPOMOHTAXKHOM KOPOOKOW (TOro wiiu
MHOTO THITA) OCYIICCTBISCTCS MPHU MOMOIIH «BCIIOMOTATEIBHBIX» KaOeel.

JlsTiHA BCIIOMOTATENIBHOTO Kalest MeX/ Ty KOHIIEBOH (COeTuHUTEIbHOM) MydTOi
U DJIEKTPOMOHTAXKHOU KOPOOKOH, BO-IIEPBBIX, HE HOPMUPYETCSI, @ BO-BTOPHIX — MOXKET
OBITH pa3IMYHOMN 110 (azam.

C ToukM 3peHust yJ00CcTBa MOHTaXa 11e1€co00pa3HO UCIONIb30BaTh OJHO(PA3HbIE
BCIIOMOTraTe/ibHble Ka0esu, KUJjia KOTOPbIX COCIUHSETCS C DKPaHOM COOTBETCTBYIOLICH
da3pl cunoBoro kadens. OnpenenuM TpeOOBaHUS K M30JSINH, K KHUJIE U dKpaHy TaKUX
oaHO(da3HbIX BcroMorareibHbIX Kabened. KoakcuanbHble BCroMorareibHbie KaOenu
UCIOJIB3YIOTCS PEKO H, MO3TOMY, HE Oy/IeM Ha HUX OCTaHABJIUBATHCA.

NM3onsmusi. [IpodyHOCTh M3OJISIITUK KUJIBI BCIIOMOTaTEILHOTO KaOessl JTOJKHA
ObITh HE XYK€ IPOUHOCTH U30JISILMHU DKPaHa CUIIOBOIO Kadelisl.

O6onouka cuioBoro kadens 6-500 kB umeer Toammuy 5-6 MM, HUCHBIThIBAETCSA
npuioxenreM nocrosinaoro Hanpspkenust 10 kB (B reuenne 10 mun s 6-35 kB u 1
muH s 110-500 kB) u, coriiacHo J1a0OpaTOPHBIM HCCIICA0BAHMSM, [P OTCYTCTBHH
MEXaHUUYECKUX TMOBPEXKIECHUH CIMOCOOHA [JIMTEIbHO BBUIEPXKHUBATh [EPEMEHHOE
Hanpsbkenue 50 ' Benmumnod 20-25 kB u 6onee. [loatomy 0060J0uka CHUIIOBOTO
kabesst pakThyecku sBAsiCTCs M30JsiiMed kiacca Hanpspkenus 6(10) kB, u takoit xe
JIOJIKHA OBITh W3OJISIITHS KUJTBI BCTOMOTaTeLHOTO Kabersl.

B Hacrosiiiiee Bpemsi IPOMBIIIIJIEHHOCTh BbIMMyCKaeT ojiHodaszHbie kabelu Kiacca
6(10) kB rmaBHBIM 00pa30M ¢ SKPaHUPOBAHHON M3OJISIIIUEH, T.€. B KOHCTPYKIIUH TTOBEPX
U30JISIIUN UMEETCsl METAITMYeCKHi (MEIHBIN) SKpaH TOrO WM MHOTO ceueHwusl. MHbIMH
CJIOBaMH, BCIIOMOTATENIbHBIH Kabesb —3TO CTaHapTHhIA o/HO(a3HbIH kadens 6(10) kB
C TBepJOH M30JIsIIKeH (HarmpuMmep, U3 CIIUTOTO TTOJUATUIICHA).

JdkpaH. 3a3eMJICHHBIH dKkpaH OAHO(Ma3HOrO Kaless WCKIIYaeT HeraTHBHOE
BJMSIHUE BHEILIHUX (PAKTOPOB, CHOCOOHDBIX JUIMTEJILHO UCKAXKATh JIEKTPUUECKOE 110JIE,
BO3ACHCTBYIOLIEE HA U300 <OKUIIA-IKPaH».

[loreHunan >ujabl BCIOMOTaTeIbHOrO KaOesis, paBHbIA MMOTEHIMAy JKpaHa
CUJIOBOrO KaleJsisi, B HOPMaJbHOM pEXKUME padOThbl CETH COCTaBJsieT HE 0oJiee
HECKOJIbKMX JIECSTKOB BOJBT M, OYEBUIAHO, HE MPEICTABISET HUKAKOH OMAcCHOCTH sl
U30JISIIIUM  «OKUJIa-dKpan» BcrnomoratenbHoro kadens 6(10) kB. llostomy Hanmnuue
JKpaHa y BCIOMOIaTe/IbHOrO Kadeiisi XOTs W SBJISIETCS PACIPOCTPAHEHHbIM IS BCEX
onHogaszupIx kabdenei 6(10) kB, HO B Bopocax 3a3eMJIeHHs SKPAHOB CHIIOBOTO KaOeJst
n30bITOUHO. CileoBaTeIbLHO:!

— 3a3eMJIEHUE DKpaHa BCIIOMOraTeILHOro Kabessi He Tpedyercs;

— CeYeHHe dKpaHa BCIIOMOTATEIHHOTO Kabesss MOXKET MPUHUMATHCS MUHUMAITbHBIM U3
npe/iaraeMbiX MPOMBIIUIEHHOCTHIO 3HAYSHUH;

— OKOHIIEBaHHWE BCTIOMOTATENIHHOTO Kalessi P MOHTaXe PEKOMEHIYETCS TPOBOINUTD
TakuM 00pa3oM, 4uTOObI B IMPOLIECCE JKCIUIyaTalluu KaOeILHOM Mepenadyd ObLIOo
UCKJIIOYEHO TPUKOCHOBEHHUE K HE3A3EMJIEHHOMY SKpPaHy BCIIOMOTATENBHOTO KaOesl.

Kunna. [Tockonbky kpaH CHIOBOTO KaOeJs BBHIMOJHSIETCS U3 MEIH, TO W KUY
BCIIOMOI'aTeJIbHOTO Kabesisi pEKOMEH1YETCsl MCII0JIb30BaTh MEJHYIO, @ HE U3 allOMUHUS,
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YTO MO3BOJIUT UCKIIIOUUTh HEXKETATENIbHbIC SIBJCHUSI B MECTaX COCTUHEHHUS CUIIOBOTO U
BCMOMOT'aTeILHOTO Kadesei.

TpeOoBaHUs K CEUCHUIO JKUJIbI BCIIOMOTATEILHOTO KaOelisi CBsA3aHbl C BOIPOCAMHU
HarpeBa H3OJSIUU <OKUJIa-dKpaH» ATOro kabens. JXXuiga BcmoMoratenbHOro kadess
DJIEKTPUUECKH COEJIMHSIETCS C DKPAHOM CHJIOBOTO Kalesisl, OJIHAKO HX OXJIXKJICHUE
HPOMCXOJUT [0 PAa3HOMY. OTBEICHHE TeIlIa OT JKWJbl (BCIIOMOrarejbHOro) kadesis
MeHee >¢ddexkTrBHO, YyeM OT 3kpaHa (cwiioBoro) kabens. CieaoBarelibHO, CEUEHHE
KHJIBl BCIIOMOraTeNbHOro Kalensd F,. .., NODKHO OBITH OOJbIIE CedeHUs F, BKpaHa

CHUJIOBOTO Ka0esIsl, HO HACKOJIbKO?
Ceuenne F, nKkpaHa CHJIOBOTO KaOEIst ONpeensieTcsl BOMPOCaMH €ro Harpesa

TOKOM KOPOTKOI'O 3aMbIKaHUs |, , KOTOPBbIM B TEUEHUE BPEMEHH t, NPOTEKAET B HKPAHE
IPY MOBPEKAEHUH TJIABHON U30JISIIIUU CUIIOBOTO KalOels

I =AF, O,
Ry

rie A, — kodpduimeHT, 3aBUCAIMH OT MaTepuana MPOBOJAHUKA, HadyaIbHOU

TEMIIEpaTyphl HarpeBa H30JAIUU Kadels (0 KOPOTKOTO 3aMbBIKaHWs) W KOHEUHOM

TEMIIEpaTypbl Harpesa IpU KOPOTKOM 3aMblKaHUM; JUISI MEJHOI'O DKpaHa CHJIOBOIO
2 o

Ka0estst TIOMyCTUMO TIPUHSTH A, = 0.2 KA/MM™ — KOO(PPHUIIUEHT, KOTOPBIHA MMPUCYTCTBYET

B KaTajiorax MpPOU3BOJUTEIICH IIPU PACCMOTPEHUU BOIPOCOB TEPMUUYECKOU CTOMKOCTH
HKPaHOB 0/1HO(A3HbIX CUJIOBbIX KaOeJeH.

[TockosbKy B JKHJIE BCIOMOTaTEIbHOrO Kabesst MPOXOIsT T€ )K€ TOKH KOPOTKOIO
3aMBbIKaHUsl, YTO U B DKPAHE CUJIOBOI'O, TO MOKHO 3aIUCaTh

1
e = Ax Py perr B I
©

. 2
rjae JJs MEITHOU KUITbI OI[HO(I)aSHOFO Ka0ess JIOIMYCTUMO CUMTaTh A, =0.145 KA/MM” —
K03 PUIIMEHT, KOTOPBI MNPUCYTCTBYET B Kartajiorax Mpd PacCMOTPEHHUH BOMPOCOB
TEPMUYECKON CTOWKOCTH KU OJHO(PA3HBIX CHIIOBBIX KaOeseH.

ITpupaBHsB 1Ba MOCIENHUX BBIpAKEHMS, HauneM F, .. /F, =A /A, =138, T.e.

CEUYEHHUE UJIbl BCIIOMOIaTeILHOTO KadeJis JI0JKHO ObITh puMepHo B 1.4 pasa OoJibiiie
CEUEHHsI DKpaHa CUJIOBOIO Kadeisl.

Ha camom nene 3Hauenue koddduiimenta A, , NpPUBOJMUMOE B KaTajorax Ha
CHUJIOBBIC KaOeJH, BPS] JIM MOXKET OBITh UCTIOJIH30BAHO JISI BCTIOMOTATEIIHLHOTO Kabersl.
O10T KOXPDUIIMEHT ONpe/esieTcsl Pa3HOCTLIO TEMIIEPATYp HU30JsUM Kaldels JIo U
1ocJie BOSBHUKHOBEHHUS KOPOTKOTO 3aMbikanusi. Hanbonee HeOIaronpusTHBIM SIBJSIETCS
ClayJait, korja B HOPMAJIBLHOM PEXHWME padOThHI, TPEIIIECTBOBABIIIEM KOPOTKOMY
3aMbIKAHHMIO, TEMIIEpaTypa M30JSHK Oblla IPEACIbHO JONYCTUMOM (I CIIMTOrO
nonuyTHieHa 510 90°C), HO eClM TS CHIOBOTO Kabessi CTOMb BBICOKAs HAdaibHAS
TeMIiepaTypa BIIOJHE BEPOSTHA, TO JIJIST BCTOMOTATEIFHOTO KaOest — HET.

BcnomMorarenbubie Ka0Oead, HOpUMEHsSEMble, MPEeXae BCEro, Kak OJUH U3
AJIEMEHTOB MPH PeATU3allMKi OJHOCTOPOHHETO 3a3€MJICHUS YKPAHOB UJIM TPAHCIIO3UIINH,
B HOPMAJIHHOM PEXKHUME SIBJISTIOTCS «XOJIOJIHBIMU», TTOCKOJIBKY B MX JKWJAX HET TOKOB,
POBHO KaK MX HET B dKpaHaxX CHJI0BOro kadessi. OUeBUIHO, UTO JJISl «XOJOJIHOI0»
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BCIIOMOTrarejibHOro kabenss kKod(p@uimeHt A, MOXKeET ObITh NPUHAT OO0JbIlIE, YEM

HA3BAHHOE PAHEE 3HAYEHME, A 3HAYUT, CKOPEE BCErO, JOCTATOYHO UMETh Fy p = F, .
3akmodenne. [Io MHEHHIO aBTOpa, B KaueCcTBE BCIOMOTATENbHBIX Kabened (3a

UCKJTFOUEHUEM PEJIKOTO CiTydass KOAKCHAJIbHON KOHCTPYKIIMH) CIIENYET HCIOIh30BAThH

cranjaaptibie oaHodasubie kadean 6(10) kB tuna IIBI1 wau IIBlly, KOTOpbIC UMEIOT
METHYIO KHUITY W U30JISIHIO U3 CITMTOTO MOJUATUIICHA, TPHYCM:

— CCUCHHUC DKpaHa TaKOTO kaOens JOCTATOYHO IPHHITH MUHUMAJIBHO BO3MOXHBIM,

— CEUEHHE JKUJIbl TAKOTO Kabesi JOCTATOYHO MPUHSITh PABHBIM CEUEHHUIO BHIBOAUMOTO
U3 My(ThI SKpaHa CHJIOBOTO Kabeds.
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I'JTABA 12. KopoTko 0 ri1aBHOM

12.1. Ocob6enHocTH 0gHO(DA3HBIX Kabesiei
WHayKTHpOBaHHBIE TOKM W HANpsDKEHUsT B dKpaHax B HopmaiibHOM (1) pexume
padoThbl U IPU KOPOTKUX 3amblkaHUsiX. TOKHU B DKpaHax CO34at0T NOTEPU MOUIHOCTH,
CHIKAIOIME TIPONMYCKHYIO CITOCOOHOCTh Kabessi U TpeOyrollhe eXerogHON OrJiaThl.
Harpsbxenust Ha skpaHax CHUXaOT 0€30MaCHOCTh KaOEJIbHOW JIMHUM U CHOCOOHBI
HOBPEIUTH 000JOUKY, CO37aB YCIOBHUS JIJIsl IPOHUKHOBEHUS BOJIBI B U30JISIIHUIO.
NHIyKTUpOBaHHBIE TOKW W HAINPSIKEHUs B DKpaHaX HE TOJILKO padoTaroiled IernH,
HO U OTKJIIOYEHHOM — B Cilyyae, €c/id OHa IMPOJIOKEHA MapajuiebHO ¢ padoTarolen
LENbl0. DTO CO3Ja€T OMACHOCTh IJIsl MEPCOHANA, OCYIIECTBIISIIOIIETO PEMOHTHBIE
paboThl HA OTKITFOYEHHOM Tenw (HarmpuMmep, 3aMeHy My(ThI HITH PEMOHT 00O0IOUKH).
MHayKTHpOBAaHHbIE TOKM M HAIPsHKEHUS B DKpaHax, a Takxke JApyrue ¢akropsbl
TpeOYIOT TOBBIIICHHOTO BHUMAHHSI K BBIOOPY CXEMBI COCIUHEHHUS U 3a3EMIICHUS
9KpaHoB (OCHOBHBIE CXEMbI U UX NIPe/IHA3HAUEHHE yKka3aHbl B Ta01.12.1).
[pokiaaka ¢a3 o JHON U TOH K€ LENH PEKOMEHIYETCS COMKHYTBIM TPEYTOJIbLHUKOM,
TaK KaK MPH ITOM 00ECTIEUNBAIOTCS MUHUMAJIBHBIE TOKH/HAMPSHKEHUS B DKpaHaX.
B cersix cpe/iHero HanpspkeHUsl ¢ M30JMPOBAHHON (KOMITEHCHPOBAHHOM) HEHTpalibio
[POLIECCHI TP NOBPEWAECHUM U3OJIALUUA OJHOH U3 (a3 pasziuunbl st TpexdazHoro
kabesst ¥ rpynnel ogHoda3HbiX. B TpexdazHoMm kabene 3a cueT TEPMHUUYECKOTrO
BO3/JIEHCTBUS 1YTH OJIHO(A3HOE MOBPEKJIEHUE OBICTPO MEPEXOJUT B MHOTO(pa3HOE, a
B rpynme oaHoda3HbIX Kabeled Takoe pa3BHTHE aBapud 3aTpyaHeHO (0coOeHHO
ecyi a3kl PacIoioKEHBl Ha PACCTOSIHAN JAPYT OT JIPyTra):
NOBpeXJAEHHbIH Tpexda3Hbli kabeab JTOCTATOUHO OBICTPO OTKIIIOYAETCS MPOCTHIMU
TOKOBBIMH 3allUTAMHU;
MOBPEXIEHHBIH O/THO(MA3HBIA Kabellb TOKOBBIMH 3alllUTaMH HE OTKJIOYAETCS, a €ro
NOUCK TpeOYET OT NEPCOHAIA BPEMEHHU, KOTOPOE HJIET HA ITOOYEPETHOE OTKIIIOUEHHE
pa3NMUYHbIX puaepoB (eciu mponaia CUTHAIM3AINS HATMYUS 3aMbIKaHHUS Ha 3EMITIO,
TO OTKITFOUHITH KaK Pa3 UCKOMBIH (uIep ¢ TOBPEXICHHBIM OTHO(A3HBIM Kabesem).
B cersix cpeanero nanpsbkenus (B Poccun 1o 6-35 kB) npumenenue oHopa3HBIX
Kabeneit ynoOHO, Mpekae BCEro, He MPH H3OJUPOBAHHON (KOMITEHCHPOBAHHOM)
HEUTpaJId, a MpU €€ 3a3eMJIEHUM Yepe3 pe3ucTop. BemwuuHa ero conmpoTHBIICHHUS
JIOJDKHA ObITh TAako#, 4TOoObl 00€CIeUUBaTh TOK 3aMbIKAHUSI HA 3EMJIIO B HECKOJILKO
COTEH A —3TOr0 BIIOJHE JOCTATOYHO JIJISI CEJIEKTUBHON paOOThl peJIEHHON 3alUThI U
OBICTPOr0 aBTOMATHYECKOI'O OTKJIIOUEHHSI OBPEXIEHHOTO puaepa or ceru. Takoe
«HU3KOOMHOE» 3a3eMJIEHUE HEHPAJIU 1103BOJISIET:
IPUMEHSITH OJIHO(a3HbIE KaOEJIM ¢ MUHUMAJILHBIM CEUEHHEM DKPaHa;
UMETh MUHUMAJIbHBIE TOKH W Tapa3uTHBIE MOTEPH B DKPaHaX MPHU YCIOBHH MaJOro
CEUYEHMS DKPAHOB U MPOKJIAJAKHU (a3 Kabessi COMKHYThIM TPEYTOJbHUKOM;
CHU3HUTH aBAPUHUHOCTH MO CPABHEHUIO C CYIECTBYIOIIMMH MOKA3aTENsIMU CETEeH C
M30JIMPOBAHHON (KOMIICHCHPOBAHHOM) HEHTpaiiblo, IJ€ IepPBOC 3aMblKaHHWE Ha
3EMIII0 MOXKET HE OTKJIIOYATHCA JECATKA MUHYT, a MEPCHANPSHKEHUST Ha 3J0POBBIX
(azax cern Bce TO BpeMsi BO3JIEUCTBYIOT Ha M30JIAIIMIO 000PY0BaHUs, HEPEIKO
[PUBOJISI K HOBBIM [TOBPEXKICHUSIM B HENPEICKA3YEMOM MECTE CETH.
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Ta64.12.1. OcHOBHBIE CIOCOOBI COEAMHEHUS U 3a3€MJIEHUS SKpaHOB 0/iHO(a3HbIX kadesei 6-500 kB.

A

IIpocToe AByCTOpOHHEE 3a3eMJIeHHE IKPAHOB. ECTh TOKM U MOTEPU MOILIHOCTH B IKPaHaX,
HO HET HAIPSLKEHM HA YKpaHe OTHOCUTENBHO 3EMJTH.

A

)

| 4

3a3zeMJieHHE IKPAHOB ¢ OJHOMH CTOPOHBbI. Camblii IPOCTOI M HEAOPOIol crocod GoprObI ¢
TOKaMHU M TIOTePsIMH B KpaHaX. [IocKoNbKY €CTh HanpsbKeHHE Ha SKpaHe OTHOCHTEIHHO 3eMJIH,
TO ATOT CHOCOO MPUMEHHUM TOJIBKO TSI KaOeneid Manoii (pexe — cpeHeit) JUTHHEI.

A

Pa3pbiB 3KpaHOB, NpeAyCMOTpPeHHBIH B cOeAMHHTEeNbHOIT My(Te. Henoporoii crnocod
00pbOBI C TOKAMH U MOTEPSIMU B DKpPaHaX, MPUMEHUMBIH Ui Oosee NIMHHBIX KaOemeid, Hexenn
3a3eMJICHHUE PKPAHOB C OJTHOM CTOPOHBI. HaxoauT nmpuMeHeHue ToJabKO Juisd kadeneit 6-10 kB, tak
kak anst 35-500 kB yxe Heooxoaumbr OITH.

A

OnuH HenmoJIHbIH HUKJ TPAHCMO3ULHHU 3KPaHOB. [loTepy B 3KpaHaX CHUKEHBI B 4 pasa 1o
CPaBHEHHIO C MOTEPAMHU TMPU MPOCTOM JABYCTOPOHHEM 3a3€MJIEHUM 3KpaHOB. M3-3a HanpsbkeHus
Ha dKpaHe OTHOCHUTETHHO 3eMJIU TIPUMEHSIOT JUTsl Kabeneit Manoii (peke — cpemHeii) THHBI.
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Oaun MoJHbIA HUKJI TPaHCNMO3UIUH IKpaHOB. Criocod OOphOBI ¢ TOKAMU M MOTEPSIMHU B
AKpaHax, NPUMEHUMBIH /17151 KaOeaei cpeiHe UTUHBI.

A

J{Ba MOJIHBLIX IUKJIA TPAHCMO3UIUM IKPaHOB. Criocod OOphOBl ¢ TOKAMU W TIOTEPSIMU B
AKpaHax, NPUMEHUMBIH /7151 Kabeseit 00O JUTUHBI.

mycpTa
Xuna
A
3aKpaH
B
C

Ilepuoanyeckoe o0beJUHEHHE IKPAHOB, HA3LIBaAeMOE «CKPYTKO#i». Croco0 MOBBIMIEHUS
TEPMUYECKONH CTOMKOCTH SKPAaHOB TOKaM KOPOTKOTO 3aMBIKAHWs, NMPUMEHUMBIH TOJIBKO JUIS
MPOJIOYKEHHBIX COMKHYTBIM TPEYTOJILHUKOM Kaleneii cpenHero Hanpsbkenus (6-35 kB) ¢ manbim
CEUEHUEM YKHJIbl U MAJIBIM CEYEHHEM SKpaHa. 3aTpyHsET FKCIUTyaTauuio KaOeabHOM JTMHHH.

MydchTa
Xuna
A
3KpaH
B
C

Ilepuoanueckoe 3azemiienue 3KpaHoB. CrnocoO MOBBIMEHUS TEPMHUUYECKONW CTOWKOCTH H
CHWKEHMSI HANPSHKEHUS! HA SKpaHE OTHOCHUTENILHO 3€MJIM, PUMEHUMBIMH, TJIaBHBIM 00pa3oMm, st
YHUBEPCATBHBIX CAMOHECYIINX Kaleneii cpeanero HanpspkeHnus (6-35 kB).
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12.2. MeTonuka Bpioopa oaHo(pa3HbIX Kabesei

[Tpu BBIOOpE THMa ojHOdazHOro cuyoBoro kaodensst 6-500 kB, kak mpasuo,
3apaHee U3BECTEH KJIACC HAlpshDKEHUs Kabesis, MECTO pa3MEILEHUs — B IPYHTE WJIM Ha
BO3/yXe, a TpeOYeTCs ONMPEIEIUTh CEUCHHUE JKUIIbI, CEUCHHE DKpaHa, Cocod MPOKIaAKH
(B TPEYTroJIbHUK WJIH B IIJIOCKOCTH), CIIOCOO COSTMHEHHUS U 3a3eMJICHHS DKPAHOB.

[ocnenoBarebHOCTh BbIOOPA JODKHA OBbITH CIIEYIOIIEH:
— BbIOOp CEUEHUsI DKpaHa,
— BbIOOp crioco0a MPOKJIAJIKY;
— BBIOOpP CEUEHHUSI )KUJITbl COBMECTHO CO CITIOCOOOM 3a3eMJICHH I IKPAHOB.

Ceuenue 3xpana. CeueHUe dKpaHa JOJDKHO COOTBETCTBOBATH TOKAM KOPOTKOTO
3aMbIKaHWs |, W JJIUTETLHOCTH t, WX mporekanwus. [Ipu BeIOOpe ceuenus skpaHa F,

CJIEAYET UCNOJIb30BATh 3aBUCUMOCTU CEUYEHUsl F, OT BEJMYMHBI OJHOCEKYHJIHOIO TOKA
KOPOTKOTI'O 3aMbIKaHusl |,,, TPUBEJAEHHBIE B Karajorax Mpou3BoauTesns kadens. [1pu

OTCYTCTBUHU TAKUX 3aBUCUMOCTEH JIOMYCTUMO [10J1b30BaThCsi BhipaxeHnuem (9.3).
Ecnu Bpemsi paboThl pesieiHOM 3alMThl OTJMYaeTcs or t, =1 ¢, To ceyenue F,

JIOJDKHO COOTBETCTBOBATH TOKY |, =1, /:/t, .

B kauectBe |, MCIONB3YIOT TOK MO Ta6s.9.1.

Cnoco6 mpokaaaku. Bcerja npenouTuresibHee MPOKJaibiBaTh OAHO(a3HbIE
KaOelTd COMKHYTBIM TPEYTroJbHUKOM (cM. 8-10 ri1aBy). OCOOCHHO BaXKHO, YTO TPH STOM
OyIyT MHUHAMAITLHBIMA WHIYKTHPOBAHHBIC TOKH/HAMPSHIKCHHWS B DKpaHAX, a TaKkKe —
Oyaer oOecrieunBaThCsi O€30MACHOCTh PEMOHTHBIX PabOT HA OTKJIIOYEHHBIX LEMsX
MHOTOIICTIHBIX KaOeIbHBIX TUHUH C OMHO(DA3HBIMH KaOEISIMHU.

CeueHue KHJIbI U 3a3eMJI€HHE IKPAHOB.

Bbibop cedeHusi xuiibl HEPa3pbIBHO CBsi3aH € BLIOOPOM criocoda 3a3emJyieHus
DKpaHOB, B KayecTBE KOTOPOTO, MPEXIE BCEro, pacCMaTPUBAIOTCS JIBYCTOpPOHHEE
3a3eMJIEHUE DKPAHOB, OJIHOCTOPOHHEE 3a3eMJICHHE DKPAHOB, OJMH WJIM JIBa TOJHBIX
LIMKJIa TPAHCTIIO3UIIMU DKPAHOB.

B karanore mpousBojuTelNsi kabensi HEOOXOAMMO HaWTH JiBa Pa3HBIX CEUCHUS
KHJIBI, 0OECTIeUYHBAIOIINE MPOMYCKHYIO CIIOCOOHOCTh MO TOKY |, , JOCTATOYHYIO IS
2JIEKTPOCHAOKEHHST BLIOPAHHON HArpy3KHu:

— B CJIydae [pOCTOro JIByCTOPOHHETO 3a3€MJICHHUSI DKPAHOB ATO Oyier F ;

— B CJIy4a€ OOJHOCTOPOHHCIO 3a3CMJICHHA 5KPAHOB HJIM TPAHCIIO3WIHHU 3KPAHOB 3TO

OyZeT «1€a/lbHOE» MEHBLIEE 110 BEJIMYUHE CEUCHUE KUIIbL Fy o <F .

3areM onpeJessitoT CTOUMOCTh C,,. Tpex(dazHoil rpynibl ojiHOpa3HBIX KadeneH ¢

CCUCHUEM JKHJIbL F,. W CTOUMOCTb C ., TAKOH JKe I'PyIIbI C ceUeHUueM F,. . PasHoctsb

T "
croumocrei Oyaer AC, =C, —Cj ..

DxoHoMHUYeCKHH 3¢PdeKkT OoT OOphObl C MApPa3UTHBIMH MOTEPSIMHU MOITHOCTH B
sKpaHax ojiHO¢a3HbIX kadesied CBSI3aH HE TOJLKO C DKOHOMHUEH AC, Ha CTOMMOCTH
KW KaOeJsiss, HO M C DKOHOMHMEH Ha DKCILTyaTallMOHHBIX H3JEPKKAX, BBHI3BAHHBIX
HEOOXOJAMMOCTBIO TIOCTOSIHHO OIJIaUMBATh IOTEPU MOLIHOCTH B dKpaHax. Pacuersl
CTOUMOCTH MOTEph C, MPOBOJASAT B COOTBETCTBUHU ¢ Ta0/.6.10-6.11, rne B kavyecTBe

150



RusGable.Ru

BPEMEHHU CYIIECTBOBAHUS MOTEPHh YAOOHO MPUHSATH HOPMATUBHBIA CPOK OKYNAEMOCTH

KanmuTaILHBIX BIOXKEHUH B DHEPreTHKE, paBHbIN T =8 JeT.

Ecim cymma AC, +C, Oosibllie CTOMMOCTH peaju3alud Mep 1no 0oprde ¢
HoTepssMH B dKpaHax (OJHOCTOPOHHEE 3a3E€MJICHHE WJIM TPAHCIO3WIMs), TO OophOa
BBITOIHA, WHAYE — HEBBHITO/THA.

1. Eciu Gopnba HEBBITOJHA, TO HEOOXOJUMO MPUMEHSITH Kabelib ¢ CeYEeHUEeM
KUJbl F, , a 1Jist 5KpaHOB MMPUMEHSITH MPOCTOE ABYCTOPOHHEE 3a3eMJICHHE.

2. Ecnu 60pb0a BRIFO/IHA, TO HEOOXOJUMO PACCUUTATH HAMPSKEHUE HA DKPAHE MO
dbopmynam u3 1abda.5.1, a pe3ynbTaThl COMOCTaBUTH C MaKCUMaJlbHO JIOMYCTUMBIMHU
HaNpPsHKEHUSIMU U3 Ta01.2.2:

— KOI'JIa HaMpsiKEHHUE MEHbIIIE JIOMYCTUMOr0, 00phda C MOTEPSIMU HE TOJIBKO BHITOHA,
HO M BO3MOJHA,; TPH 3TOM CEHEHHE JKUJIbI KaOeNst PUHAMAETCS PaBHBIM Fy. ., a
croco0 3a3eMJICHHUs DKPAaHOB — HanboJiee YA00OHBIM U3 TE€X, KOTOPbIE YKOHOMHUYECKU
BBITOJIHBI M BO3MOJKHBI IO HANpsOKCHHIO (3TO OYACT WM 3a3eMJICHHE SKPAHOB C
OJTHOM CTOPOHBI, WJIM TPAHCIIO3UIIUSI DIKPAHOB);

— €C/IM HarpsbkeHue OoJibllle JOMYCTUMOro, TO Oopbda ¢ MOTEePSIMH HEBO3MOXKHA,
TOTJa CEYCHHUE YKMIIBI BHIOMPAIOT paBHBIM F, , a JJIsl 9KpaHOB IMPUMEHSIOT IPOCTOE
JIBYCTOPOHHEE 3a3eMJICHUE.
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ONPOCHBIN JIUCT JJIA 3AKA3A  DJEKTPOMOHTAKHBIX KOPOBOK «39V»

KontakrHas nundopmanus ajis odmenns ¢ 3aka3unKkoM

Ha3zBanue ¢pupmbl

Aapec

Konrakruoe jiuno, ®PUO

Teaedon/dpaxe

E-mail

Oo0mas undopManus 1Mo CeTu, B KOTOPoii O0y/1eT npoJio:keH kadesib 6-500 kB

HovuHaibHOE HANpsIKEHHE ceTH, KB

Tok HATPY3KH HA KaKAYIO 1enb (KHUTKY») Kadeusi, A

Tox Tpexgasnoro K3 B ceTn, KA

Tox ognodgasznoro K3 B ceTu, kA
(YKa3pIBaTh AJIsl ceTedl ¢ 3a3eMJIEHHOH HeHTpaJIbIo)

O0mas nndopmanus no cuI0BoMy oaHogasnomy kadeaio 6-500 kB

HomunaiibHoe HanpsizkeHue kabes, KB

Jliinna ka0eJisi, KM

Ceuenne KHJIBI, MM2

Cedenue ykpana, Mm2

Matrepuan xuisi (Cu, Al)

Cnoco0 npokJIaaKn Kaoens (B psal, B TPeYroJILHHK)

PaccTosiHue «B cBeTy» Me:Kay ¢azaMmu Kadens, cM
(YKa3pIBaTh TOJBLKO NMPH NPOKJIAJAKe B PSi)

Hpenno.ﬂaraeMble IMPOU3BOAUTECIH KaoeJst

3aka3 Ha U3rOTOBJICHHE )IEKTPOMOHTAKHBIX KOPOOOK

KopoOxu Tpancno3uuunu ¢ OITH:

— TpedyeMoe YHcJI0 KOPOOOK

— MeCTO YCTAHOBKH (Ha OTKPBITOI IJI0MAKe, B
TMOMeIIeHHH, B MOA3¢MHOM KOJIO/IIE, APYToe)

KopoOxu konnessie ¢ OITH:

— TpeldyeMoe YHCJI0 KOPOOOK

— MeCTO YCTAHOBKH (Ha OTKPBITOI IJI0IMAAKe, B
TOMeIIeHHH, B MOA3¢MHOM KOJIOIE, APYTroe)

KopoOku konuessie 0e3 OIIH:

— TpeldyeMoe YHCJI0 KOPOOOK

— MeCTO YCTAHOBKH (Ha OTKPBITOli III0MAaaKe, B
MOMEILICHHH, B MOA3¢MHOM KOJIOLE, APYroe)

Heo0xoguMocTh NpoBepKH BbIOpaHHOi BaMu cxembl
3a3eMJICHHsI JKPaHOB (pa3 kabeJisi, ecTh/HET

Ten./paxe: (812) 438 1088, 327 6415
E-mail: opn@zeu.ru
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