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Br100p ceyeHnnst IKPaHOB 0AHO(AZHBIX CHJIOBBIX KaleJei
K.T.H. [{mutpres M.B., HauabHUK OTZI€/1a HAYYHO-TEXHUYECKUX UCCIEN0OBAHUMN
3A0 «BaBoj 3Hepro3amuTHbIX yeTporcTB» (CankT-[leTepOypr)

B nacrosimee BpeMs 11 nepeaay U pacrpeeseHns IeKTPOIHePrun, 0COOEHHO
B KPYIHBIX TOPOJaxX U Ha MPOMBIIUICHHBIX MPEANPUSITUAX, BCE MIMPE HCIONB3YIOTCS
onHo(asHbie cwiioBble KaOemu (puc.l). HempocThiM BOMPOCOM, KOTOPBIH MpH 3TOM
HEM3MEHHO TPUXOAUTHCS pelIaTh, SIBISETCI OOOCHOBAaHHBIA BBHIOOP CEUEHHUS HKpaHa.
Cpenu cymiecTBEHHBIX ()aKTOPOB, BIMSIONIMX HAa BEIMYMHY CEUYCHHUsS SKpaHa, MOXKHO
Ha3BaTh HEOOXOIUMOCTh CHIDKEHUS MOTEPh MOIIHOCTH B HOPMAJILHOM PEKHUME pabOThI
kalbenss u TpeOoBaHHE OOECTEeUeHUsT TEPMUYECKONM CTOMKOCTH 3KpaHa B aBapUIHBIX
pPEeKMMax, COMPOBOXKIAIOIINXCS MPOTEKAHUEM B DKpaHE TOKOB KOPOTKOTO 3aMBIKAHHUS.
K coxanenuto, o0a ¢akropa npeabsBIsIOT NPOTUBOPEUUBBIE TPEOOBAHUS K CEUCHUIO
9KpaHa: ¢ TOYKM 3PEHUS HOPMAJbHOTO peXHMa CIEeAyeT HCIOJIb30BaTh Kabemu ¢
MUHUMAIBHBIM CEUEHUEM DKpaHa, a ¢ TOYKH 3PCHHS aBapUUHBIX PEKUMOB KOPOTKOTO
3aMbIKaHUSI — TIOBBIIIICHHBIE CEYEHHs dKpaHoB. Himke B ctaTthe B cxkaToil hopme aBTOp
MOCTapasICcsl CUCTEMAaTU3UPOBATh MOJIX0A K BHIOOPY CEUEHHUs dKpaHa, XOTs, pa3ymeeTcs,
OKOHYATENbHYI0 TOYKY B TMOJOOHBIX BOMpOCAaX CJEAYyeT CTaBUTh TOJBKO IOCIHE
OOCYXACHHS C MIPUBJICYCHUEM IIMPOKOTO KPyra CIEeIHUaINCTOB.

KoncTpykuus kadeyss 1 HA3HAYCHHE JKPaHa
KoncTpykiust ogHO(a3HOTO CUITIOBOTO Kabelns YIMpoIIeHHO Mmoka3ana Ha puc.l. B
Tpex(a3HbIX CETSIX UCHOIB3YIOT TpeX(a3Hble Tpynibl oJHOo(a3HbIX Kabeneil. Ha puc.2-
3 moka3zaHbl HanbOJIEe YacTO HCIOJIB3yeMBIE CXEMBbl PACIONIoKeHUs (a3 OJHOH Lenu
Apyr OTHOcWTeabHO JApyra — B pag («flat-formation») wam B BeprmHax
paBHOCTOpOHHETo Tpeyroiabuuka («trefoil-formation»), cooTBeTCTBEHHO.

u3onsAumns

Puc.2. Pacrionosxenue onHo(a3HBIX Kabemei B psi.
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Puc.3. Pacrionosxenue ogHo(a3HbIX Kabeneil B BepIInHaX paBHOCTOPOHHETO TPEYroJbHHKA.

CpenHee pacCcTosHHE S MEXKAY OCAMH coceqHuX (a3 MOXKHO BBIYUCIHUTH IO
dbopmynam Ta6i.1l. MHoraa paccrosiHie € MOXXET IPUHUMATh Pa3UYHbIC 3HAUCHUS NS
Pa3HBIX YYaCTKOB Tpacchl Kabelssi, TO YMEHbIIAACh, TO YBEJIMYHUBASACh — B MOJOOHBIX
CUTYallUAX BayKHO CpeJIHEE M0 TPaCcCe 3HAUCHUE S.

Ta6n.1. CpegHee reoMeTprueCcKOe pacCTOSTHUE MEXKAY 0JHO(a3HBIMU KaOeIsIMHU.
s=3/d,,d,.xd, =%2xd, =126, Puc.2

s=d, =d,. =d,, Puc.3

Bbicokuii ypoBEHb HaNpsDKEHHUS SKHIIbI KaOens NPUBOAUT K HEOOXOIUMOCTH
UCIIOJIB30BaHUsl MeTaJuTHueckoro 3kpaHa (puc.l). OCHOBHBIM Ha3HAYEHUEM DKpaHa
ABJIAETCA O00ECIEeYeHHEe PAaBHOMEPHOCTU 3JIEKTPUYECKOrO MOJs, BO3JEHCTBYIOLIETO Ha
TJIABHYIO HM30JBIIHI0 KaOelnsi (M30JIIUI0 <OKHUJIa-dKPaH»), YTO JIOCTUTAETCS TOJBKO B
cllydae 3a3eMJICHUs dKpaHa (XoTs Obl B OJHOH TO4YKe). 3a3eMileHHE dKpaHa Hauboliee
yI0OHO BBIMIOJIHATH MO KOHIAM KaOessl, I/ie€ SKpaH BBIBOJAUTCA U3 KOHLEBBIX My(T U
MOKET OBbITh MPUCOETUHEH K UMEIOLEMYCS 3a3€MIISIIOLIEMY YCTPOUCTBY.

3azeMJIeHHE SKpPaHOB XOTs Obl Ha OJTHOM KOHLE KaOels yxe MPUBOAUT K TOMY,
YTO MPHU MOBPEKIECHUU U3OJISILUU <CKUJIa-3KpaH» caMoro Kabess B ero 3KpaHax MOTYT
MPOTEKATh TOKU MPOMBIIUIEHHON YacTOTHI, paBHbIE TOKY KOPOTKOTO 3aMbIKaHHUS CETH.
[loaToMy ceueHue »5KpaHa Bcerja JOJDKHO OBITh COTJIACOBAHO C BEIUYMHOM U
JUTUTENTBHOCTBIO MPOTEKAHUSI TOKA KOPOTKOTO 3aMbIKAHUS.

3a3emiieHHe PKPAaHOB OJTHOBPEMEHHO B 000MX KOHIaX kKabens (puc.4) MpuBOIUT K
MPOSIBJICHUIO crienuPuyecko 0coOeHHOCTU OJHO(MA3HBIX KaOesel: HaBEIECHUIO B
HKpaHax 3HAYUTEIBHBIX MPOJOJIBHBIX TOKOB MPOMBIIIJIEHHON YacTOTHI, CBSI3aHHBIX CO
B3aMMHOM HHAYKTUBHOCTBIO MEXAY OKWIOM U OJKpaHoMm. Ilorepu momiHOCTH,
CO3/1aBaéMble TOKAMHM B DOKpaHaX, CHIXKAIOT MPONYCKHYIO CIOCOOHOCTh Kabens,
CEpPbE3HO 3aBUCAT OT CEUEHUA DOKpaHa U TNO3TOMY JIOJDKHBI YYUTBHIBATHCA MPHU
MPOEKTUPOBAHUH.
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Puc.4. 3azemienne sKkpaHoOB 01HO(A3HBIX CHIIOBBIX Ka0Oesel B IByX €ro KOHIax.

Toxu B 3KpaHe 3a c4eT B3aUMHOM MHAYKTHBHOCTH MEKAY KUJIOH M IKPAHOM

NHayKTUBHBIA MEXaHU3M NOSIBJIICHHUS] TOKOB B DKPaHaX CBS3aH C HAJIMYMEM TOKa
B XKuWje Kabensd U, MO3TOMY, MPOSIBISET ce0sl TOJMBKO i HarpyxeHHoro kabens. CyThb
MHIYKTUBHOTO MEXaHHW3Ma 3aKJIIOYaeTCs B TOM, YTO MAarHUTHOE II0JIE, BBI3BAHHOE
TOKOM >KWJIbl, HABOAUT Ha 3KpaH NpoJ0JibHOE HampsbkeHue. Eciu skpanbl (a3 kabemns
COC/IMHEHBI (3a3eMJICHBI) B 000MX KOHIAX Kadens (puc.4), To HABEJICHHOE HATIPSIKCHHE
MPUBOJIUT K MOSBIICHUIO B 3KpaHaXx (a3 mpo10JIbHBIX TOKOB.

Ha camom niene noMMMO MHIYKTUBHOTO MEXaHM3Ma MOSIBJIEHUS TOKOB B DKpaHax
€CTh €lIe U eMKOCTHBI MEXaHU3M, KOTOPBIN CBSI3aH C HANMYMEM (pa3HOTO HANPSKEHUS
CETH, NPWIOKEHHOTO K H30/MLMHU <OKWJIA-dKpaH». OJTO HANpsSKEHUE NPUBOIUT K
MIPOTEKAHUID MEXAY JKWIOWM M DKPAaHOM TOKA, BEJIMYMHA KOTOPOTO OrpaHUYEHA
€MKOCTHBIM CONPOTHUBIEHUEM H30JSIUN <OKHIJIA-dKPAaH» M, KaK MPaBUIIO, COCTABISAET
€IUHULIBI aMIep Jaxke NI Kabeyei OonblIoN JIMHBI. Takoi TOK, MOMaB U3 KWIbl B
DKpaH, CTEKAeT C DKpaHa B €ro 3a3eMJIAIOINIEE YCTPOUCTBO, BHE 3aBUCUMOCTH OT TOTO,
Harpy>XeH JI1 KaOellb WU SIBJISETCS XOJOCThIM. EMKOCTHBIE TOKH, MPOTEKAIOIIHUE I10
9KpaHy, BCIEJCTBHE CBOEW MAJIOCTH HE NPEICTaBISAIOT OMNACHOCTH I Kabens u
MIPAKTUYECKN HE YBEIIMYNBAIOT €0 TEMIIEPATYPHI.

BenuuuHbel TOKOB, HWHAYKTUPOBAHHBIX B DJKpaHax Kalens, MOryT ObITh
CONOCTABUMBI C TOKOM B KHWJIE, T.€. MOTYT COCTAaBJSATh NECATKA U COTHU aMIiep, 4TO
HECpaBHEHHO Oojiee OMacHO, HEXeNW eAUHUIBI aMIep €eMKOCTHOIO TOKa.
NuaykTupoBaHHbIE TOKM B 3KpaHaX, 3a3€MJICHHBIX IO KOHLIAM Ka0elsi, BO3HUKAIOT
TOJIBKO ITPU HAJTMYUU TOKOB B JKMJIAX, T.€.

- B HOPMaJIbHOM pEXHME pabOThl CETH,
- B aBapuiiHOM pexuMe paboThl ceTu: oaHodazHoe, Tpex(da3HOe U APYrHe BUIBI
MOBPEKICHUS N30JISIUU CETU BHE KaOersl.

B pa3znnuHBIX peXMMax BEJIMYMHBI WHIYKTUPOBAHHBIX TOKOB B dKpaHax MOTYT
OBITH OIpEENeHbl M0 MeTOAMKe [1] WM ¢ MCHONB30BaHUEM CIIEIMATBHO CO3JAaHHON
JUISL OTUX LieJield KoMIbloTepHoU nporpammbl «9KPAH». 3neck ke orpaHMunMCs JIMIIb
MPOCTOM OLEHKOW MOTEeph B IKpaHax, CYIIECTBYIOIIMX B CXeMe pHUC.4 B HOPMajIbHOM
pexuMe.

AXTUBHBIC COITPOTUBIICHUS XXKWIbI R, 1 dKpaHa R, 1o [1]
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rae L, — niuHa Kabend; r, W r., — yACJIbHOE CONPOTUBIEHUE MaTepHalia XUIbl U
9KpaHa, F, M F, —CCUCHH JXUJIbI U DKpaHa.
CymMmapHble moTepu B oOJHO(a3HOM Kabeile MOTYT OBbITh OLICHEHBI U3
BBIpaKECHUS .
PCYM = P}K + P3 + PLII/IBJY 1

rne P, =1,°R,, P,=1,°R, — NOTepH OT TOKA B JKWJE M DKPAHE COOTBETCTBEHHO,

2
Puon :(U o | \/:_%) xwCxgd — morepu B amdjiekTpuke (emkocth C) OT (a3HOro

pabouero HampskeHus U,,, /+/3, KOTOPBIMH JJ1 COBPEMEHHBIX Kabesell ¢ TBepmoii

U30JISIIMEH MOXHO MPEHEeOpeYhb BCICICTBUE MAJOCTH TAaHIEHCA YIJia JUAICKTPHYECKUX
noTeps tgd .

B [1] moka3aHo, 4TO COOTHOIICHHUE TOTEPh B IKPAHE U MOTEPh B XKUJIC JUIS CITydast
3a3eMJICHHUS DKpaHa Mo KOoHIaM Kabens (pric.4) BHE 3aBUCHMOCTH OT JUTHHBI KaOesst

P __RI/Ry (1)
Py € il
a0y

g eXag

rae X »wLK%Ing?% — B3aUMHO€ HMHJIYKTUBHOE CONPOTHUBJICHHE MEXAY KHIOU H
€]

skpanoM (Om); d, — cpenHHil nuameTp dKpaHa kabens (M); S — cpeIHee pacCTOsSHHE
MEXIy OCIMH coceqHux a3 kabems (M); m =4px0’ TI'm/M — MarHuTHas
MPOHUIAEMOCTh Bakyyma; w=2pf, f =50 I'm; p =3.1415 — uucno «lIu». uamerp
sKpaHa d., MOXHO OLIEHHTb Kak d, =d- 2D,,, rae d — BHEIUHUN JuaMeTp Kalemns 1o
Karajmory, D,, — ToJmMHa OOOJIOYKM DKpaHa, KoTopas mius kabemeir 6-220 kB
cocrapiser okoio (5, 6)X0° M.

Bennunna P,/P, TO3BOJISET OLEHWUTH BKJAJ MAapa3UTHBIX TMOTEPh JKPAHOB B

HarpeB KaOessi M SBISETCA BaXXHBIM KPUTEPUEM MpPU MNPOEKTHUPOBAHUU KaOEIbHBIX
nepenad. Ilpu pacuere 3TOro KpurTepusl cieAyeT Y4YWUThIBaTh, YTO SKpaH Kalems
BBITIOJTHSCTCS M3 MEIH, & J)KMJIa — U3 MEIH WIN aIFoMUHUS (Tabm.2).

Ta6n.2. K pacdery (1) coOTHOIICHUS TOTEPh B 3KPaHE M )KHUJIEC 0THO(DA3HOTO Kabes.

Marepuain sKubl ITpeobpazoBanue s (1)
Menp _
(.1t =10 R,/R, =F,/F,
AmoMuHUI
t I, =16 R,/R, =0.625xF, /F,

®opmyna (1), mnoiaydeHHas aAHAJIMTHYCCKH HAa OCHOBE OMYOJMKOBAaHHOMN
metoauku [1], coBmamaer ¢ dopmynoir m. 2.3.1, mpUBEICHHON B MEKIYHAPOIHOM
crangapre MOK [2]. U3 dopmyasr (1) crieayer, uto 3¢h(GEKTHBHOIO CHHKCHUS
NapasuTHBIX TOTEPh B DJKpaHaX MOXHO JOOWTHCS, MpokKiaabiBas (a3er kades
COMKHYTBIM TpPEYrOJIbHUKOM (puc.5), Tak Kak B OTOM cCllydae JIOCTHUTaeTcs
MHMHHUMAaJIbHOE S/d,, a 3HAYUT U X .
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Puc.5. Tlpoknaaka Tpexda3Hoii rpynmsl o1HO(A3HBIX Kabesei B BUIe COMKHYTOTO TPEyroJbHHKA.

[Ipu 3agaHHOM TOKE B KHUJIE€ M, CIIEIOBATEIIbHO, W3BECTHOM HANPSIKECHUH,
HABOJMMOM Ha 3KpaH, POCT ceueHUs dkpaHa F, (CHMKEHHE ero CONMpOTHBICHUS R))
IIPUBOJMUT K POCTY TOKa B 3KpaHe |, . [Iockonbky norepu B skpane P, = I32R3 3aBUCAT B
OOJbIIeH CTENEeHU OT TOKa |,, 4YeM OT CONPOTHUBJIEHHUS R,, TO POCT CEYEHUs IKpaHa
NPUBOJUT K YBEIMYEHHIO MOTEph P,/P, W CHWXEHUIO MPOMYCKHOM CIOCOOHOCTH
kabens. Pazymeercs, Bce 3TO CHpaBEIMBO TOJBKO MPU CXEME COCAMHEHUS DKPAaHOB
puc.4, B IpOTUBHOM CJIy4ae TOKOB B DKpaHax He OyJeT.

Hrak, B HOpMAIIbBHOM PEXHUME OLIYTUMO HaJMYKME TOKOB B DKPAHAX U CBSI3aHHBIX
C HUMH DJIEKTPUUYECKHUX ITOTEPh MOIIHOCTH, KOTOPBIE BIMSAKOT HA TEIUIOBOU PEXKUM
paboThl Kabenst W ero MPOMyCKHYI0 CcHOoCOOHOCTh. Hanuuue mnapa3uTHBIX MOTEPh B
AKpaHax He JlaeT MpaBa HarpykaTh KaOelb TaK CUIILHO, KaK ATO MOKHO OBLIO OBI J1€J1aTh
NpU HX OTCYTCTBUM. MHBIMH cCJIOBaMHu, TIOTEPU B DKpaHax MPUBOIAT K
HEJIOMCIIOJIb30BAHUIO TMPOIYCKHOM crocoOHocTH Kabens. Kpome Toro, morepu B
AKpaHaxX HeOOXOIUMO OIJIaYMBATh B TEUEHUE BCETO CPOKa CIY>KObI KaOers.

Kak crnenyer u3 (1), mpuemaemoe cootHomieHue P,/P, £0.1, 0.2 XapakTepHO

JHIIb IPU MaibIX BenmuuumHax F,, F,/F,, s/d,, T.e. I «TOHKUX» KaOenei (cedeHue
2 2
kbl 10 F, £400 MM“, cedeHue dKkpaHa F, £50 MM®), MPOJOKECHHBIX COMKHYTHIM

TPEYroJbHUKOM. B OCTanbHBIX Cilydasx TpeOyeTcsl BHEAPATh Pa3IMYHBIC CHOCOOBI
paIuKaibHOM OOPHOBI C TOKAMH B DKPaHaX, CPEIH KOTOPBIX CIEIYET OTMETHTB:

- pa33eMJICHHE PKPaHOB Ha OJTHOM M3 KOHIIOB (puc.6);

- TPaAHCIO3UIIMIO dKpaHoB (puc.7).

A
B
C l
Puc.6. 3azemienne skpaHoB 01HO(a3HBIX KaOenei TOJLKO B OJTHOM M3 €r0 KOHIIOB.
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Puc.7. 3azemiienune skpaHoB 0THO(a3HBIX CHIIOBBIX Kabesnei B IByX €ro KOHIax M OJHOBPEMEHHOE
IIPUMEHEHNE TPAHCIIO3ULIUU IKPAHOB.

B cxemax puc.6-7 mnokazaHbl OrpaHUYUTENN TEPEHANPSHKEHUM HETUHEHHbIe
(OITH). HeoOXoauMOCTh WX TPUMEHEHHUS HE 3aBUCHT OT BEIMYUHBI HAIMPSHKCHUS
MPOMBIIUIEHHONM YacTOThl Ha »JKpaHaX OTHOCUTENBHO 3€MJIM, a o0ycloBJIeHa
UCKJIFOUUTENILHO BOIPOCAMHU 3alUTHI U30JSIUKH (000JI0OUKH) dKpaHAa OT MMIYJIbCHBIX
NepeHanpPsHKEHUH, TiepeiaBacMbIX C TIIaBHOW M30sun kabes [3].

Cepbe3HbIM (aKkTOpOM, CIEPKUBAIOLIUM NPUMEHEHUE MOKa3aHHbIX Ha pHC.6-7
TEXHUYECKUX pelieHui, Obu1o oTcyrcTBue B Poccuu mpou3BOACTBa COOTBETCTBYIOIIMX
ANEKTPOMOHTaXHBIX KOpoOok c¢ OIIH. 3apyOexuble ¢upMbl cuinoBbix Kabesnen
M3rOTaBJIMBAIM MOAOOHBIE KOpOOKM 3a mpenenamu Poccum u mpenjarajiv ux JIMIIb
COBMECTHO €O CBOEH KaOelbHOW MPOAYKIMEH, He TOBOPS O CTOMMOCTH KOPOOOK M
OonpImIMX Ccpokax MocTaBoK. OJHAKO B HACTOAILLEE BpEeMs YK€ TMOSIBUIUCH
OTEYECTBEHHBIC 3allaTeHTOBAaHHbIEe KOHCTpykiuu (puc.8-9 wm ap.), CHIDKaroNIMe
HEXKEJATENbHYIO 3aBUCUMOCTh OT UMIIOPTA.

Puc.8. Buemnmii BuI omHON U3 OAHOGA3HBIX KOHIEBHIX KopoOok ¢ OIIH ortedecTBeHHOTO
MPOM3BOICTBA (IJIs pean3any cXeMbl puc.6).
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Puc.9. Buemnmii Bua onxHOW 3 TpexdasHbix KopoOok Tpancmosuimu ¢ OITH oredecTBeHHOTO
MPOM3BOCTBA (IJIs1 pean3aliuy CXeMbl pUc.7).

Toxu B 3KpaHe NIpH NOBPeKACHUH U30TSIIIUN KadeJis

bbu10 MoKa3zaHo, 4TO B HOPMAJIBHOM PEXKHUME, €CIM HE NMPHUHATHI pajuKajbHbIe
Mepbl Mo 0opbO€ C TOKaMU B JIKpaHaX, NOBBIIEHWE CEUEHHUs 3KpaHa NPHUBOJAHUT K
CHW)KEHMIO MPOIMYCKHOM CIOCOOHOCTH KaOessl BCIEACTBUE YBEIMUYECHHS HarpeBa dKpaHa
Y U30JISILMHU Kabesl mapa3uTHBIMU MOTepsIMU MOLIHOCTH. OHAKO MPUMEHATH KaOenu ¢
SKpaHaMU MaJIOr0 CEYEeHMs] MeIIaeT HeOoOXOIMMOCTh OOeCleYMBaTh TEPMHYECKYIO
CTOMKOCTbh IIPH MPOTEKAaHUHU B HKpaHax OOJBIIMX TOKOB, BOBHMKAIOIIUX B Pa3IUYHbBIX
ABAPUMHBIX PEKUMAX !

- TpU KOPOTKUX 3aMBIKAaHUSX HEMOCPEJCTBEHHO B Kalene (B TakOM ciy4yae TOK B
9KpaHe OKa3bIBAIOTCS PAaBHBIM TOKY B JKHUJIC);

- TIpU KOPOTKHX 3aMBIKAHUSAX B CETH 3a KaOeneM (B TAKOM CITy4ae TOK B 3a3€MJICHHOM
M0 KOHI[AM 3KpaHe UHAYKTUPYETCS M3-3a TOKA KHIIbI, T.€. OKA3bIBACTCS MO BEIMYHUHE
MEHbIIIEC TOKA JKUJIBI).

Pa3ymeercs, B aBapuiHBIX peKUMaxX HauOOJbIINE TOKH B dKpaHAX MOSBISIOTCS
MMEHHO NMpPU KOPOTKUX 3aMbIKaHUSAX B caMoM KaOene. [Ipu BHyTpeHHEM MOBpEXACHUU
M30JSIUU «(a3a-sKkpaH» Kabens BHE 3aBUCHMOCTH OT CIoco0a COeAMHEHHUS IKPaHOB
(puc.4,6,7) TOK KOPOTKOIO 3aMbIKaHUS |,, W3 KWIbI IMOMAJacT B JKpaH U Jajee B
3a3eMIISIIOIIee YCTPOMCTBO IKpaHa, T.e. MpOTeKaeT Mo 3kpany. Eciau ceuenue sxpana F,
HE COOTBETCTBYET BEIUYHMHE TOKA |,, U JJIUTEIBHOCTH €r0 MPOTEKAHUs, TO BO3MOXKHO
TEPMHUUYECKOE pa3pyllIeHHE dKpaHa Ha 3HAUUTEIBbHOM 10 JIIMHE L oTpe3ke Kades.

KopoTkue 3aMblkaHusi B Hauyaje WM B KOHIIE KaOensi MOTYT CONPOBOXKAATHCS
NPOTEKaHUEM B JKpaHax pazIMyHbIX TOKOB. Hampumep, ecnu cerb paauaiibHas, TO
KOPOTKO€ 3aMbIKaHHE€ BOJM3U OT HArpy3KH CONPOBOXKAAETCS MPOTEKAaHUEM B SKpaHax
MEHBIUIMX MO BEJIMYMHE TOKOB, HEXEJU MPU KOPOTKOM 3aMbIKaHUU BOJU3U OT LIEHTpa
nutanus. llpu BbIOOpe ceueHus HKpaHa Kabelss M MPOBEPKE €ro TEePMUYECKOH
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CTOMKOCTH HEOOXOIMMO OPHEHTHPOBATHCS Ha OOJbIIEe M3 JIBYX 3HAUCHUI TOKOB
KOPOTKOTO 3aMBIKAHHUS.

TpagumMoHHO B CETAX pacCMAaTPUBAIOTCA PAa3IMYHBIE BHIBI  KOPOTKHUX
sambikanuii: K(1), K(1,1), K(2), K(3). ['oBOpst 0 KOPOTKOM 3aMbIKaHHUH B OJHO(A3HOM
Ka0ese 1 BRIOOpE CeueHUs HKpaHa, MmojaraeTcs MOBPEXKICHUE N3OSN OKUIa-dKpaH».
CrnepnoBartenbHO, TaK KaK 9KpaH 3a3eMIIeH, ABYX(a3Hoe 0e3 3eMIM KOPOTKOE 3aMbIKAHUE
K(2) BHyTpH Kabensi MpUHIMITHAILHO HEBO3MOXKHO. KpaiiHe MajoBEpOsSTHBIM SBISICTCS
Tpex(azHoe noBpexacHue u3ossauu kaoens K(3), u ero takke cienyeT HCKIIOYATD U3
paccMOTpeHHUs.

W3 nByX OCTaBIIMXCS BHIOB MOBPEKIACHHS M30JAIMU Kabens omHodasnoe K(1)
SIBIISIETCS] pAaCUETHBIM MPH BBIOOPE CEUEHHUs DKpaHa B CETAX C 3a3€MJICHHOW HEUTPaNIbIO
(110 kB u BbIIIE), MOCKOJIBKY B CETAX ¢ M30JUpOBaHHOW HelTpaiwio (6-35 kB) ono
COIIPOBOXIAETCS MPOTEKAHUEM JIUITH EMKOCTHBIX TOKOB.

B ceTsix ¢ M30IMpOBAHHONW HEUTPAJIbIO pACUETHBIM MPHU BHIOOPE CEUEHUS dKpaHa
sBIIsieTCs JBoMHOe moBpexaenne m3omsanuu K(1,1), mpuyem HambOosee BepOSTHBIM
SBIISICTCSl TIOBPEKIACHUE H3OMAIMU JBYX (a3 pasNUYHbIX NPUCOCTUHEHHH, KaK 3TO
nokazano Ha puc.10 Paccmorpennas Ha puc.10 curyauus oOOBIYHO pa3BHUBAETCS
CJIEIYIOIIUM 00pa30M: MPOUCXOIUT OHO(DA3HOE 3aMbIKaHHE OJIHOM U3 (a3 B TOUke A U
MOJT BO3JICHCTBHEM TIEpEHANpPSDKEHUH Ha <«3I0pOBBIX» (asax B JAPyromMm Mecrte
MPOMCXOIUT MOBPEXKICHUE OJTHOM U3 «310pOBBIX» (a3 (Touka B).

6-35 kB //
- Kn1 p

_D_JB KJT 2

A

JAN

0 KJ13 .

Puc.10. /IBoiinoe moBpexaenue nzoisiuuu K(1,1) B kaOelbHON CeTH ¢ H30JIMPOBAHHON HEUTPAIIBIO.

Ha puc.11 nmoka3aHbl HanpaBJICHUS MPOTEKAHHS TOKOB KOPOTKOTO 3aMbIKAHUS B
ciyqasx K(1) u K(1,1). Ins puc.11,a B KOHTYpe ¢ TOKOM JCUCTBYET ¢ Ba3bl «A»; s
puc.11,6 B KOHType ¢ TOKOM JIEWCTBYET Pa3HOCTh 3AC da3 «A» u «B», T.e. nuHeiHOe
HANpSOKEHUE CEeTH, OJHAKO OHO TMPWIOKEHO K KOHTYPY C  IOBBIIICHHBIM
conporuBieHueM. [loatomy mpu K(1) B cetn ¢ 3a3emuenHor HerTpansio u K(1,1) ¢
U30JIUPOBAHHON HEHTpasiblo OyAyT pa3HbIC BEIMYMHBI TOKOB KOPOTKOTO 3aMBbIKAHHSI
| .., HO camu mporeccel B KJI-1, uMmeromeii BHYTpEHHEE MOBPEKICHUE H3OJISIIHH,
UJICHTUYHBI.
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A B C A B C
| bea | b
L L
A ¢ _ KJ1-1 A ——— KJI-1
———— ————
a) )\ 0)
[ 3 KI-2
A J
T‘_ ......................

Puc.11. TIporeccs npu noBpexaeHusx u3osiimn: pu K(1) B ceTsix ¢ 3a3eMiieHHO HelTpabto (a) u
npu K(1,1) B ceTsix ¢ M30JIMpOBaHHOI HEHTpaibio (0).

[lockonbky B cxeme puc.11,6 moBpexaenuss KJI-1 u KJI-2 moryr ObiThb Ha
MIPOU3BOJIBHOM YJQJICHUHM OT COOPHBIX IITWH, TO BEIUYMHA TOKA JBOMHOTO 3aMBIKAHHS
Ha 3emimio K(1,1) ™MoxeT BapbUpOBaThCA B IIHPOKOM JHANa30HE 3HAYCHUH.
HauGonpime Toku aBoiHOro 3ambikanus Ha 3emiato K(1,1) Bo3HHMKamOT, Korga oba
MOBPEXK/ICHUS B CETH HAXOAATCS BOJU3U JIPYT OT JApyra W BOJU3U OT IICHTPA MHUTAHHS
(cOopHbIx 1mmH). B Takoi cutyanuu BennuuHbl TOKOB K(1,1) comocTaBUMBI ¢ TOKaMu
Tpex(aznoro koporkoro 3ambikanus K(3). UMenHo nostomy B cetsax 6-35 kB uHorna,
BBEIOWpAsi CEUCHHUE DKpaHa, OMECPUPYIOT TOKaAMHU TPEeX(a3HOTO KOPOTKOTO 3aMbIKaHWUS,
XOTsI HA cCaMOM JieJie TIOBpeXAeHUe TpeX (a3 kabesst MaJoBEPOSITHO.

HToroBbie pacyeTHBIC CiIydau IJisi BBIOOpa CEUCHHUS DKPAHOB COJEPKATCS B
Ta0J1.3 ¥ HUKAK HE 3aBHCAT OT CIIOco0a COeAMHECHUS (3a3eMIICHHS ) SKPaHOB.

Ta6n.3. OcHOBHBIE pacyeTHBIE CITydau Jyis BEIOOpa CEYeHHs DKpaHa.

KabGenb PacuerHnslii ciyuait
JBoitroe K(1,1)
6-35 kB (o1HO M3 TBYX MOBPEKACHUI N3OSN

HAaXOJIUTCSl B pacCMaTpHBaeMoOM Kabele)

K(1)
110-500 kB (moBpexIeHUE U30IISIUN HAXOJUTCS B
paccMaTpuBaeMoM Kaberie)

Br100p cevyenust IkpaHa
Br16op ceueHust 5kpaHa B COOTBETCTBHHU € Tabi1.3 MPH TUIIOBBIX 3HAYCHHUSIX TOKOB
JABOMHOTO (B CETH C H30JMPOBAHHOW HEHTpanbio) M oaHOGa3Horo (B CeTH C
3a3eMJICHHOW HEWTpasbi0) KOPOTKHUX 3aMBIKaHUI MPUBOIUT K TOMY, 4TO B ceTsx 6-35
KB CKIOHSIOTCS K TIOBCEMECTHOMY HCIOJB30BaHWIO Kabeneil ¢ cedeHueM HKpaHa
F,® 70 MM, a B cetsix 110-500 kB — ceuenue skpana gocturaer F, =185 Mm° u Goree.
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Cronp OoubllMe CEYCHHs DKPAHOB coriacHo (1) memaroT HeXenarelabHOH, a B
cersix 110-500 kB u BoOBce HEAOMYCTHUMOM CXE€My COEIMHEHHS SKpaHOB puc.4
BCJIEJICTBUE YPE3MEPHBIX MOTEPHh B dKpaHaX B HOPMAJIbHOM YCTAHOBHUBILEMCS PEXUME.
Nmenno noatomy B cetsix 110-500 kB «pa3zzemiieHne 3KpaHOB» JJIsi OYEHb KOPOTKUX
kabeneit (koHkpeTHbIe IHHBI — nporpamMma «OKPAH») n «rpaHcmo3uius s5KkpaHoB» (B
OCTAJILHBIX CITy4asiX) sIBIISTFOTCS HE3aMEHUMBIMU TEXHUUECKUMU PEIICHUSIMH.

B cetsax 6-35 kB mupokoe npuMeHeHne «TPaHCIO3UIMU SKPaHOB» 3aTPYIHEHO B
CHIIy DKOHOMHYECKUX MPUUUH, & «Pa33eMJIEHUE SKPAHOB» MOXKET ObITh UCIOJb30BAHO
JHIIb JJIE OTHOCUTEIBHO KOPOTKHUX KaOeneil (KOHKPETHBIC IUHBI — MporpaMma
«9OKPAH»). Cornacio (1) BO3MOXXHOCTh OTKa3a OT HEYAOOHBIX JJIs IMOBCEMECTHOIO
UCIIOJIb30BaHUS «Pa33eMJICHUSI SKPAHOB» U «TPAHCIO3UIUU SKPAHOB» MOSIBUTCS TOJIBKO

. 2
JUISl «TOHKUX» Kabenel, Korja ceyeHue KpaHa He OyJeT npeBocxXoauTh F, =50 MM~ u

OJIHOBPEMEHHO C 3TUM TpeOyemoe JUisl MUTaHUs HArPy3KU CEYEHUE JKUIIbl OyJIeT MeHee
2 2 .
F, =400 mm“. [Ins obecnieuenust F, £50 MM~ B cetn 6-35 kB cieyer pekoMeH10BaTh:

- OTPAaHUYUTh TOKH KOPOTKOI'O 3aMbIKaHUS;

- HE 3aHUMAThCS TMOATANHBIM PETpPO(UTOM, a CTPOUTH HOBBIE HAJIEKHBIE CETH, B
KOTOPBIX NEpexXoa OAHO(A3HOrO0 MOBPEXKACHHUS K MHOTo(a3HbIM MNOBPEKICHUSM
ABJIAETCS UCKIIOYUTEIbHBIM COOBITHEM;

- B pAgEe MeCT IIepeUTH OT TpaJulUoHHOM g Poccun  HM30MpPOBaHHOMN
(KOMIICHCHPOBAHHOW) HEWTpaId K 3a3eMJICHHIO HEWUTpald Yepe3 HHU3KOOMHOE
CONPOTHBIICHHE (ITO MO3BOIMUT OBICTPO HAXOAMTH M OTKIIOYATH MPUCOSAUHEHUS C
0HO(a3HBIMU TTOBPEKICHUSIMH, UCKITFOUYAs TIEPEX0]] K MHOTO(a3HBIM).

[Ipumenenue B ceTsix 6-35 KB «CKpyTKu» 3KpaHOB, MpeacTaBisioliee coOoil

MEePUONYECKOe 00BEIMHEHNE SKPaHOB (pa3 kabelyss B CHENHAIBbHBIX COCTUHUTEIbHBIX

mydrax, sBisercs Manod(h(HEKTUBHBIM, YTO MOKa3aHo B [1].

BoIBOaBI

1. Ceuenne »sxpanoB B ceTsix 110-500 kB c 3a3zemiieHHONW HEUTpaliblOo CIEAYET
BBIOMpAaTh B COOTBETCTBHH C PEKOMEHIAIMSIMH HM3TOTOBUTENEH Kabenel B pacuere
Ha BEChb TOK 0JIHO(Aa3HOr0 KOpoTKoro 3ambikanus K(1).

2. Ceuenue 5kpaHoB B ceTsax 6-35 kB ¢ wu30aupoBaHHONW (KOMIICHCHPOBAHHOM)
HEUTpabIO CIeAyeT BBIOMPATh B COOTBETCTBUH C PEKOMEHAAMSIMH W3TOTOBUTENIEH
KabeJel B pacueTe Ha TOK JABOMHOTO KOpoTKoro 3ambikanus K(1,1).

3. Ilpu BbIOOpE CeueHus: IKpaHa HEOOXOJUMO YUHUTHIBATh, YTO B HOPMAIBHOM PEKHME
B 3a3€MJICHHBIX MO KOHIIAM 3KpaHax oJHO(a3HbIX CUIOBBIX Kabenedt 6-500 kB
CYLIECTBYIOT 3aMETHBIE Mapa3uTHbIE norepu MomHocth P,. CooTHomeHue P, /P,
Mapa3uTHBIX MOTEPh MOIIHOCTH B JKpaHaX W HEM30EKHBIX TMOTEPh MOIIHOCTH B
KUIIax Kadems:

- HHUKaK He 3aBHUCHUT OT JJIMHBI KabeJs,
- CHIDKAeTCs IpHU MPOKIaAKe a3 COMKHYTHIM TPEYTrOJbHUKOM,
- YBEIWYHBACTCS C POCTOM CEUCHHS JKUJIBI F, ;

- YBEJIMYMBAETCS C POCTOM CEUEHUs dKpaHa F, .
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4.

Jlaxxe npu MpoKIaJKe COMKHYTHIM TPEYTOJIbHUKOM Mapa3UTHbBIE MOTEPU B KaOEJsIX C
2 2
ce4yeHueM Kuiibl F, >400 MM~ WJIM c€YeHUEM JKpaHa F, >50 MM™~ y)K€ OIIYyTHMO

CHI)KAIOT MPONYCKHYIO CHOCOOHOCTHh KaOesnsi BHE 3aBHCHUMOCTU OT €ro JJIMHBI U
Kjlacca HampsbkeHus. B Ttakux ciydasx B cersx 6-35 kB u 110-500 kB tpebyercs
NpPUMEHEHUE MEp paJuKalbHON OOpbOBI ¢ MOTEPSMHU B JKpaHAX: «TPAHCIIO3UIMHU
HKPAHOB» UJIN «OJJHOCTOPOHHETO 3a3€MJICHHUS 3KPAHOB.

B cerax 110-500 kB ceuenus skpaHOB F,, BBIOpaHHbIE HCXOJl U3 TOKOB
0J1HO(Aa3HOIO0 KOPOTKOTO 3aMbIKaHUS, U CEUEHUS KU F, , BBIOpaHHbIE MCXOMAS U3
BEJIMYMHBI HArpy3kH, TaKOBbI, YTO MO COOOPAKEHHUSAM HOPMAJILHOTO pexkuMa Oe3
CTPAHCIO3ULIMU 3KPAHOB» MM MX «OJHOCTOPOHHEIO 3a3€MIICHHS» JKCILUTyaTalus
ka0ens HegomycTuma!

B ceTsx 6-35 kB, kak npaBuio, ceuenus xun F, mensie, yem B cetsix 110-500 kB.
[loaTOMy TIpU HEXKENaTeTbHOCTH HCIOJIb30BAHUS «TPAHCHO3UIMU SKPAHOB» WU
«pa33eMIICHHs] SKPaHOB» HMHOTJA JOCTaTOYHO CHHU3UTh CEYEHUE dKpaHa F,, 4TO

OKa3bIBAE€TCS BO3MOKHBIM TPU BBIIIOJIHEHUH XOTS Obl OJHON M3 CIEIYIOUIUX

PEKOMEHIALUN

- OrpaHHYUTh TOKU KOpPOTKOTO 3ambikanus K(1,1);

- wuckmounth K(1,1) kak pacyeTHbI ciay4ail BBIOOpAa CEYCHHUS JKpaHa, T.e.
UCIIOJIb30BaTh HU3KOOMHOE 3a3eMJICHHE HEHTpaju, CTPOUTb HOBBIE HAJIEKHBIC
CETH.
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