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ELECTRIC FIELD REGULATION IN INCREASING ISOLATION
CONNECTING CABLE JOINTS ON 110 KV

B crarbe peub uaeT o KabelbHOI apMaType ¢ eMKOCTHBIM METOIOM peryiaupoBaHusi. PaccmarpuBa-
I0TCSI KJTIOUEBbIE aCTMEKThl MOIETMPOBAHUS KOHCTPYKIIMU SJIEMEHTA YIIPaBJIEHUS MTOJIEM, BBITIOTHEHHO-
r0 B BUJIE CULJIMKOHOBOT'O CTPECC-KOHYCA COENMHUTENIbHOM KabeabHOI My(dThl. AHAJIU3 BBIOJTHEH TTPU
MOMOLIY KOMITBIOTEPHOTO MOAEIMPOBAHUS C UCTIOJb30BAHUEM METO/1a KOHEUHBIX 3JIEMEHTOB B CME11 -
aJIM3UpoOBaHHOM MporpamMmMHoM Komruiekce Elcut Professional. B cratbe onpeneneHsl Hanbosee mpo-
0JIeMHBIE 30HBI B KOHCTPYKIIMU KOHYca. PaccunTaHbl 3aBUCMMOCTH HATIPSIKEHHOCTH 3JIEKTPUIECKOTO
TOJIS1 B 9TUX KPUTUUYECKUX 30HAX OT XapaKTePHBIX TEOMETPUIYECKUX U (DU3NUECKUX TTApaMETPOB KOHYCA.
INokazaHa kKapTrHa KacaTeIbHOI M CyMMAapHOM HAIIPSDKEHHOCTEM 2JIEKTPUIECKOTO OIS PEeaIbHO IOy~
YEeHHOI KOHCTPYKLIMU CTpecc-KoHyca. JlaHbl peKOMEHIalUK MO0 KOHCTPYKLIMU [IJIs1 TOJTyYEHUSsT OTTH -
MaJIbHOI KapTHUHBI pacripeneieHust HANpsKeHHOCTH 3JIEKTPUYECKOTO OIS B KAOEJIbHOI pa3aesnke.

CTPECC-KOHYC; KABEJIbHASI MY®OTA; KOMITbIOTEPHOE MOJEJINPOBAHUE; PETY-
JINPOBAHME SJIEKTPUYECKOTIO IMOJIA; YCUJINBAIOIIAA U3OJIALINA.

In this article, we will focus on cable accessories with a capacitive control method. It examines the key
aspects of modeling the structure of the control field, made in the form of silicone stress cone connecting
cable joint. The analysis is conducted with help a computer simulation using the finite element method
in Elcut professional program. The article defines the problem areas in a design. Dependence to the
electric field intensity calculated in the problem areas of the characteristic geometric and physical
parameters of the stress cone. Recommendations give for optimal distribution pattern of the electric field
in the cable cutting.

STRESS CONE; CABLEJOINT; COMPUTER MODELING; REGULATION OF THE ELECTRIC
FIELD; REINFORCING ISOLATION.

BBenenne

KabenpHas apmaTypa BBICOKOTO HAMPSIKEHMUS
— OIMH U3 HauboJee OTBETCTBEHHBIX 3JIEMEHTOB
KabOenbHOI muHUM. Hag€XHOCTh KOHIIEBBIX U CO-
EIMHUTEJbHBIX MY(PT HAIPSIMYIO 3aBUCHUT OT CO-
BeplIeHCTBAa UX KOHCTpyKLuu. [ToaToMy BechbMa
aKTyaJleH aHaJIn3 HEPAaBHOMEPHOCTH pacIpeese-
HUS BJIEKTPUYECKOro 1mos [1] 1 BO3BMOXHOCTH ee
CHIDKEHUS B YCUJIUBAIOLICH M30/ISIIIUM COBPEMEH-
HBIX KaOeJIbHBIX MY(T, TIe MaTepUaaioM U30JISILIUN
Kabens saBisercd ciumnThiii momaTtuieH (CIID), a
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B KauecTBe MaTepualia YCHJIMBAIOLIEH W30JISILUN
MY THI UCTIOB3YeTCs 3JIaCTOMEP — CHITMKOHOBAsI
pe3uHa. Llesb Takoro aHaiM3a — ONTUMMU3aLN T1a-
paMeTPOB KITIOYEBBIX DJIEMEHTOB YCHIIMBAIOIIEN
U30JISIIUU MYDTHI U KOHCTPYKLIMU MY(DTHI B LIEJIOM.
Jns mpoBeneHns aHaanu3a B Tele My(ThI BbIIEIIS -
I0TCsI TaK Ha3bIBaeMble KPUTUYECKUE 30HBI, I
CYIIECTBEHHO IMOBBILIEHBI HAIIPSKEHHOCTh M He-
OIHOPOITHOCTH DIEKTPUIECKOTO ToJIst. CHIDKEHIE
1 BhIpaBHUBAHME T0JIS1 B 9TUX 30HAX IIPEACTABIISIET
3HAYUTEIbHBIN MPAKTUYECKUI HHTEPEC.



DJIeKTPOTEXHUKA

Bonpocam aHajm3a 3,1eKTpUUeCKOro MoJisl B yCU-
JIMBAIOIIEH N30SI KaOeTbHBIX MY(PT ITOCBSILIEHO
JOCTaTOYHOE KOJIMYecTBO padoT. B [2] usioxeHa
METOMO0JIOTUSI KOHCTPYUPOBAHUS yCUJIMBAIOIIEH
U30JISILIMU KOHIIEBBIX KaOeJbHBIX MY(T Ha TpUMepe
aHaJIM3a 2JIEKTPUUYECKOro MoJisi B KaOeIbHbBIX pa3-
JeJKax Il Kabeneil ¢ OyMaKHO-MPOIMUTaHHON U
MacJIsTHO-OyMakHOU n3ossiiueit. B kauecTse mate-
puaia yCUJIMBaoIeil U30JsILUN KOHLIEBOI MY(ThI
paccMarpuBaeTcs KabeabHasi Oymara, TporuTaHHast
macjioM. B [3] paccMOTpeHbI KOHCTPYKIIMU — COSIM -
HUTEbHBIE MY(THI C 2JJaCTOMEPHO YCUIMBAIOLLICH
MU30JIS1IMEe I, KOTOPhIE MOTYT MPUMEHSIThCS 1JIsI CO-
eNMHEHUSI CTPOUTENIbHBIX JJIMH Kabeseil ¢ u3osi-
Mei u3 cuuToro noiauaTtuiaeHa. [Ipu atom pac-
npeaeieHue JeKTPUUISCKOTO TOJIST UCCISMYeTCs C
MOMOIIbIO MHTErpajbHbIX YpaBHeHUN. B pe3ysb-
Tare rnojydyeHa sMnupuueckasl popmyna st pac-
yé€Ta TAaHFeHIMAJbHON COCTABJSIONIEH HAMTPSIKEH -
HOCTU MOJISI HA FPpaHuLIe pa3iesa 30Uy Kadest
U 2J1aCTOMEPHOI N30sIMU My ThI (YCUIMBAIOLLIEH
uzonsiuun). B [3] usnoxkeH oo1uii momxon, 6e3 rnpu-
BSI3KM K KOHKPETHOI KOHCTPYKIIUU YCUIUBAIOLLIEH
MU30JISILIMU COSAMHUTETbHOI My(ThI, a CJienoBaTelb-
HO, 0e3 BbIIEJeHUS] KPUTUUECKUX 30H U aHaJInu3a
MOJisl B HUX.

B HacTosi11Iei cTaThe paccMaTpyBaeTCsl Kabelb-
Hast apMaTypa ¢ eMKOCTHBIM METOOM PeryJnupoBa-
HUS 2JIeKTpUueckoro noss. B kauectBe anemeHTa
peryampoBaHUsl B KaOeJIbHOI pa3iesike UCTOoIb3Y-

eTcsl IByXKOMIOHEHTHBIN 3J1aCTOMEPHBII cTpecc-
KOHYC KOHKPETHOM KOHCTPYKIMHU. BaxkHo, 4TO ¥
COEMMHUTENIbHBIX My(DT (puc. 1) Mo cpaBHEHUIO C
KOHLIeBbIMU [4—7] KOJTMUECTBO 30H, i€ HAIPSIXKEeH-
HOCTb ITOJISI MOXKET MTPEBLICUTH IOMYCTUMBbIE 3HAUE-
HUSI, YBEJIMYMBAETCSI, a UMEHHO: TOSIBJISIETCST 10~
MMOJIHUTEbHAs 30HAa — Ha TpaHUIAX IOJUMEp-
HOTO BBICOKOBOJIBTHOI'O 2JIEKTPOJAA, PACHOIOXKEH-
HOTO HaJl COeAMHUTENbHOM TWib30i. Kpome Toro,
B 3aBUCHMMOCTH OT COOTHOIIEHUS MEXIY IJIMHOMN
TUJIb3bI U IJTMHO BBICOKOBOJIBTHOTO MOJIMMEPHOTO
3JIEKTPONIa MOKET BOSHUKHYTBD CIIIE OMHA KPUTHYE-
CKasi 30Ha — y Kpasi TUJIb3bl.

Ilenb HacTOsIIEH PAaOOTHI — TMOJYYUTh Ha Oaze
YUCJIEHHOTO MOAETMPOBAHUS DJIEKTPUUECKOTO MOJIS
ONTUMAJIbHYIO KOHCTPYKIIMIO CTPECC-KOHYCa U CO-
eAMHUTENIbHOU My(Thl. PaccmaTprBaeMBblil KpuTe-
pUil ONTUMATBHOCTU — MUHUMAaJIbHOE 3HAYECHUE
HAaIpsIXKeHHOCTHU 3JIEKTPUUYECKOTro T0J1s1 (ero TaH-
FeHLMAIbHOM COCTABJISIIOLICH) B BBLIEIEHHBIX KPU -
TUYECKUX 30HaX.

MeTtonoJiorust

®opMyTpoBKa 3a1adyM aHaaW3a dJIeKTpUYe-
ckoro 1ot [8] wist uncieHHoro pelieHus [9] ocHo-
BaHa Ha ypaBHeHuM Ilyaccona [1]

V(e E)=p, (1
a TaKXe Ha ypaBHEHUU PACTEKAHWS TOKOB B TIPOBO-
NSIIEN cpele
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aa U=0 |
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BILICOKOBOILTHLIR 21LKTPOL

(OcHOBHOE H30IAUHOHECE TETO

audurexTop

|lIo‘le|mna:l MOBEPXHOCTH COETHANTEILHON rIaBIsl Un= 90,5 l.'Bl

780 s

Puc. 1. DneMeHTBl KOHCTPYKIWUU CTPECC-KOHYCA U KPUTUYECKKE 30HBI HATIPSIKEHHOCTH TTOJTSI:
30Ha [— rpaHULA MOJMMEPHOTO 9KpaHa o U30JISILUY Kabelst U TU(IeKTopa;
30Ha 2 — Kpaii TuGIeKTopa; 30Ha 3 — Kpaii MOJIMMEPHOTO BICOKOBOJIETHOTO 3JIEKTPOLIA;
30na 4" — Kpail MOBEPXHOCTU COENUHUTENBHOMN TUIIb3bI.
B 3amaue paccmaTpuBaics HAMXYIIIWI BApUAHT, KOTIA HET CKPYITIEHUS
(TIp¥ HeCcoITacOBaHHOM BBIOOPE JUTMHBI BBICOKOBOJIBTHOTO 2JIEKTPOIA)
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2

Vj=-io o,
npu yuere 3akoHa OmMa
3)
Torna ypaBHeHue miisg moreHuuana U npuodpe-
TaeT BUJI

j=oc E.

V(le-ic /w]VU)=0. “4)

3aech o = (Gz’Gr) — yaenbHas IpOBOAUMOCTb, CM/M;
€= (EZ,Gr)— abcoIoTHAasI TURJIEKTpUIecKast TPOHU-
maemMocTthb, ®/M; j — KOMITIEKC BEKTOpA TIIOTHOCTH
ToKa, A/M?; E — KOMILTEKC BEKTOpa HATPSDKEHHOCTH
afiekTpuueckoro noiusi, B/m; U — KoMIJIEKCHBI
BJIEKTpUUECKUI ToTeHMa, B; o = 2 f— nukiu-
yeckasi YacToTa, paj/c; i — MHUMas enuHuLa. Pervs
(4) 1 UCTIOIB3YSI CBSI3b

E =—gradU, (5)
MOXHO PaccyMTaTh HAMPSKEHHOCTD 2JIEKTpUYe-
CKOTO MoJIsI B II0OO0I Touke Mojesu. 3agaya (4) pe-
1aeTcsl B UMJIMHAPUUECKON cUCTeMe KOOpAMHAT.
I'pannyHkIe ycnoBus Auprxiie 3agaHbl CISTYIOLIUM
obpasom: U =U,, = 64\/5 KB Ha MoBepXHOCTH >KWJTbI
(COOTBETCTBEHHO U HA IOBEPXHOCTH COSANHUTEIb-
Ho#t Twiib3bl); U = () Ha MOBEPXHOCTU IKpaHa Ka-
Oensg. Ha ocranbHBIX rpaHMLIaX MPEAIIoaraloTcs
€CTeCTBEHHBIE TPAHUYHBIE YCIIOBUS, COOTBETCTBY-
IOLIKE HYJIEBOM HOPMAaJIbHOI COCTaBJISIIOLLIEH DJIEK-
Tpuieckoro monst £ = 0.

Pemenue ypaBaenmii (1)—(5) mpoBoauTcs ¢ Imo-
MOILLIbIO MeTOa KOHEYHBIX 37ieMeHTOB (MKD). I1po-
TpaMMHBIM IIPOAYKTOM, T€HEPUPYIOIIUM CETKY
KOHEYHBIX 2JIEMEHTOB 1 pean3yiolIUM Ha Hell pe-
IIeHWe ypaBHEHU, SIBJSIETCSl CIeMaIM3UPOBaH-
HBII KOMILIEKC Ha 0a3e 11ajoroBOi BHIYUCINTEb-
Hoii cuctemsl ELCUT [9, 10].

TunumyHble 3aBUCUMOCTH OT JIJIMHBI BBICOKO-
BOJIBTHOT'O 3JIEKTPOAa HANIPSKEHHOCTU 2JIEKTpUYEe-

CKOTO M0oJIS B 30HaxX 3 1 4 nipeacTaBjieHbl Ha puc. 2.
Ecnu coenuHuUTENbHASA TMIb3a KOPOUYE BBICOKO-
BOJIBTHOTI'O 9JIEKTpOIa MeHee yeM Ha 10 MM, mpouc-
XOINT PE3KOE YBETNYEHNE HATIPSKEHHOCTH B KPH-
TH4YecKoii 30He 3. [1pu JyirHe T35l OOJIBIIEH, YeM
JIJIMHA BBICOKOBOJIGTHOTO 3JIEKTPOJA, TMOSIBIISIETCS
HOBasg KpUTHUYecKasl 30Ha (y Kpast TWJIb3bl), 3HaUe-
HUE HAIPSIKEHHOCTH B KOTOPOIl MHOTO GOJIbIIe
3HAYEHUS HATIPSDKEHHOCTH Y Kpast BHICOKOBOJIBT-
HOTO 3JIEKTpOA.

HccnenoBanne 3aBUCMMOCTH HANPSDKEHHOCTH
B 30HaX 3,4 OT JJIMHBI BLICOKOBOJILTHOTO 3JIEKTPOAA
npu (pukcUpoBaHHOI HnHe AudyIeKTopa

3HayeHUsl HaNpsSLKEHHOCTU T10JIs B 30Hax 3, 4
NI coenuHuTebHO My(dThl Kiacca 110 kB B 3a-
BUCUMOCTH OT JUIMHBI BBICOKOBOJIBTHOTO 3JIEKTpOIa
Tpr (GUKCUPOBAHHOM pa3Mepe COCTMHUTETbHOMN
ruwib3bl (150 MM) cBefieHbI B TaoI. 1.

[1pu cpaBHEHNM 3aBUCUMOCTH HATIPSIKEHHOCTH
3JIEKTPUYECKOTO MOJIsI OT JUIMHBI BBICOKOBOJIBTHOTO
3JIEKTPONA MPU Pa3HbIX JJIMHAX COCNUHUTEIbHON
T'UJIb3bl ObLIIO OOHAPYXKEHO, YTO XapaKTep 3aBUCH-
MOCTEN TIpY OJWHE TWiab3bl 150 MM U npu AjIuHe
160 MM TIpakKTUYECKHU OOUH U TOT Xe (puc. 3).

AHaIM3 3aBUCUMOCTE, MPeNCTaBIEHHbIX Ha PUC.
2, MOKa3bIBaeT, UTO IpU (PUKCUPOBAHHON IIUHE
nudeKTopa yBeJInueHUe JTMHbI BBICOKOBOJBTHOTO
MMOJTMMEPHOTO 2JIEKTPOIa HauMHasl C OTpeaesieH-
HOTO 3HaYEHUSI (3aBUCSILIETO OT JUTMHBI TUIIeKTOpa)
TIPYBOIMT K PE3KOMY YBETMUEHUIO HATIPSKEHHOCTH
OJIs1 Ha Kpalo 3JeKTpoa (3oHa 3).

IIpu 5TOM Ha Kparo COeNMHUTENbHOMN THIb3bl
(30oHa 4; cM. puc. 2) ¢ yBeIMYEHUEM IJIUHBI 3JIEKT-
pola HaMpsKEHHOCTD MoJist yMeHbInaercs. Hao6o-
pOT, TMpPU YKOPOUYEHMU OIJEeKTpoaa HayuHas

Tabmma 1

Hanpszkénnoctb E nons B 30Hax 3, 4 B 3aBUCMMOCTH OT JIJIMHBI BHICOKOBOJILTHOTO JJIEKTPO/IA
Juid coeauHuTebHOM My(dTh Kiacca 110 kB

E, kB/MMm
JInmvHa BBICOKOBOJIBTHOT'O 3JIEKTPOA, MM

3oHa 3 3oHa 4
280 5,11 0,0001
260 4.8 0,0008
200 4,79 0,0024
180 4,71 0,017
160 4,75 0,2
140 4,61 7,84

118



* DJIeKTPOTEXHUKA

a) HanpstxkeHHOCTB TI0J1s1, KB /MM
8

@X
A

_1,'52' 150 160 170 180 190 200 210 X0 230 M0 MO M0 200 280

4

I[J'[I/IHa BBICOKOBOJIETHOT'O
2JIEKTpOOa, MM

Puc. 2. 3aBUCMMOCTH HAMPSIKEHHOCTEN 3JIEKTPUIECKOTO TIOJIST OT IJTMHBI BHICOKOBOJIBTHOTO 3JIEKTpOAa B 30HaX 3
1 4 (a) ¥ IBEeTOBas qUarpaMMa pacripeliesieHre HarpssKeHHOCTH 3JIEKTPUUECKOTO IO Y Kpasi BBICOKOBOJIBTHOTO
anexkTporna (3oHa 3 )(0). dnunHa snekrpona 140 mm

E, xB/Mmm
20

/'

SDO 250 300 350 400

e TIMMHA COSOMHMTENEHON rHABREI 150 MM L, mm

= = TnpHa coeauMuHTenbHOM rimbsel 160 vt

Puc. 3. 3aBucuMocTy HaNIpsSIKEHHOCTEM 2JIEKTPUYECKOTO II0JISI B 30HE 3
OT 1uHBI L 1 4 (a) BBICOKOBOJIBTHOTO 3JIE€KTPO/a IIpU JUIMHE COSAMHUTEIbHOMI
ruib3el 150 1 160 Mm

C HEKOTOPOTO 3HAYCHUSI ero JIMHBI MPOUCXOIUT HOM TMJIB3bI C JUIMHOM BBICOKOBOJIBTHOTO 3JIEKT-

pe3Koe yBeIMIeHUE HaPSDKEHHOCTH TOJIt HA Kpalo  pofa, a JIJIMHY BBICOKOBOJBTHOIO 3JIEKTpoaa —

T'UIb3bl (30HA 4). ¢ IJIMHOM MpOeKIUKU IUpIeKTOpa Ha OCh Kabesl.
Takum 06pa3oM Mpu MPOSKTUPOBAHUU MY(DTHI

HeO0OXOIMMO COIJIaCOBBIBATh IUIMHY COCTUHMUTEb-
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E, xB/MMm

3oHa 1

F)

210 235

1
160 185 L, Mm

Puc. 4. 3aBucuMOCTb HaNpsSKEHHOCTH 110181 B 30HaX 1,2
OT JIJTMHBI TudIIeKTOpa

HccnenoBanue 3aBUCMMOCTH HANPSZKEHHOCTH
3JIEKTPUYECKOTO MOJIF B 30HaX 1 1 2 OT JJTMHBI
JudekTopa npu (PUKCUPOBAHHOM JJTMHE
BbICOKOBOJIBTHOTO 3JIEKTPOJA

3aBUCUMOCTH 3HAYEHU I HAMTPSIKEHHOCTHU TTOJIS
B30Hax | 1 2 ipu pa3Hoii IyiuHe audiekTopa (ume-
€TCsl B BUILY ITpoeKI1us Au(IeKTopa Ha OCh Kabest)
CBeJIeHbI B Ta0JI. 2 U MpeACTaBIeHbl Ha puc. 4.

AHaIN3 3aBUCUMOCTH, TIPEACTABICHHOM Ha pHC.
4, MO3BOJISIET CAeNaTh BbIBOMA, YTO MHTEHCUBHOCTh
noJist B 30He 1 (rpaHuua audiaekTopa U U30JsILUu
Kabesst) u B 30He 2 (kpail auduiekropa) cinabo 3a-
BUCUT OT JJIMHBI MOCJENHEro 10 ONpeneaeHHOro
3HAYCHMS, HAUMHasI ¢ KOTOPOro (Hampumep, Tpu
JUTMHE MTOJIMMEpHOro aekTpoaa 180 MM — HaunHast
¢ 200 mm) Bo3dpacraet (conuxkeHue audaekTopa 1
BBICOKOBOJIBTHOTO 3j1eKTpoa). CiaenoBaTeabHO, U3
cooOpaxkeHUlt orpaHUYEHUsI UHTEHCUBHOCTH TTOJIsI
HEe TOJIPKO B 30Hax 3, 4, HO M B 30Hax 1, 2 momHa
MpoeKu 1udIeKTopa Ha 0Ch Kabesst mpu hUKCcu-

POBAaHHOI JJIMHE BHICOKOBOJBTHOTO 2JIEKTPOAA HE
OJKHA TIPEBHIIIATh HEKOTOPOTO KPUTUYECKOTO
3HAYEeHHUsI. DTO HEOOXOAMMO YUUTHIBATh MPH MPO-
eKTUPOBAHUM YCWIMBAIOIIEH N30SI MY THI.

Hccnenosanue 3aBUCMMOCTH HANPS2KEHHOCTH
3JIEKTPUYECKOT0 MOJIst OT YIIa HAKJIOHA nudiekTopa
K ocH Kabens (3oHa 1)

AHaM3 pacripeneaecHs HalIPSKeHHOCTH TI0JIs
IOKAa3bIBAET [6], YTO €€ 3HAYEHUE IIPSIMO IIPOIIOP-
LIMOHAJIBHO YIJTY MEXKIy KacaTe/IbHOM K Ha4aJIbHOMY
y4acTKy AudiekTopa U ochblo Kadess (yriay Hak-
JoHa). [To3TOMY 3TOT yroi cieayeT aenaTh Mo BO3-
MOHOCTU MaJIbIM (KPUTEPUIl — BOBMOKHOCTH TEX-
HOJIOTMY U3TOTOBJICHUS ).

Wccnenosanue 3aBUCUMOCTH HANPSKEHHOCTH F
3JIEKTPHYECKOTO MOoJid B 30HaX 1 M 2 0T paccTosiHus
MeXK1y BbICOKOBOJILTHBIM JIEKTPOIOM U AuhieKTopoM

B Ta0:1. 3 cBemeHbBI TaHHbBIE TTO 3aBUCUMOCTH Be-
JIMYMHBI HAIPSDKEHHOCTU DJIEKTPUYECKOTO MOJIST B
KPUTUYECKUX 30HAX 1 U 2 OT pacCTOSHUS MEXIY
KpaeM 11dIIeKTopa U BLICOKOBOJIBTHOTO 3JIEKTPO/A.

Ha puc. 5 npuBeaeHa 1iBeToBas1 iuarpaMmma pac-
MpeneeHUs Mo MeXay TU(ISKTOPOM 1 BEICOKO-
BOJILTHBIM BJIEKTPOIOM IPU PACCTOSIHUU MEXIY
Humu pasaoMm 10 mMm [6, 11].

AHanm3 JaHHBIX U3 Ta0a. 3 U UBETOBOM aMa-
IrpaMMBbI pHC. 5 TTIO3BOJISIET ClIeaTh BEIBOJI, UYTO KOH-
CTPYKIHUSI C PACCTOSIHUEM MeXAY IUQIEeKTOPOM U
BBICOKOBOJIBTHBIM 3JIEKTPOIOM B 65 MM C TOYKU
3peHUsI MHTEHCUBHOCTU TOJISE B 30HaX 1 (Havajio
nudaekTopa — rpaHulla ¢ U30JsIurei Kabemns) u 2
(oxoHuaHMe nudIeKTOpa) 00ECIIeYNBAET BEIUYNHY
TaHTeHIIMAJIbHOI COCTaBIISIONICH HAITPSKEHHOCTH
BJIEKTPUUECKOTO MoJist B 30He 1 — He 6onee 1,1 KB/
MM, B 30He 2 — He Oosee 2,78 kB/MMm.

Ta6mwua 2

Hanpspkénanoctb moJist B 30Hax 1 u 2 npu pasHoii 1iMHe auduiekropa

FE, xB/Mm

JnvHa pudaekTopa, MM

30Ha | (11/m)

30Ha 2 (y Kpas)

250 4,89
230 4,86
210 4,82
190 4,75
170 4,98

1,17
1,23
1,25
1,26
1,33
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TaGmuua 3

Hanpszk€HHOCTD A/IEKTPUYECKOTO MOJIs B 30HaX 1 1 2 oT paccTosHust Mexay Kpaem auduiekropa
U BBICOKOBOJIBTHOT'0 3JIEKTPOAA

HanpstkeHHOCTH mosist y
PaccrosiHue mexny nudpaeKTopoM HanpstkeHHOCTD mosist BOIU3u
BBICOKOBOJIBTHOTO 2JIEKTpoja (30Ha 2)
U BBICOKOBOJIBTHBIM 3JIEKTPOIOM, MM | audiiekTopa (3oHa 1) F, KB/MMm
E, xB/MMm
65 1,10 2,78
55 1,20 2,80
45 1,47 2,93
35 1,91 3,12
25 2,67 3,51
10 5,50 6,00

Puc. 5. PacnipeneneHue HanpsoKeHHOCTH 3JIEKTPUYECKOTO TTOJIST MEXKIY
JI(IEKTOPOM U BEICOKOBOJIBTHBIM 3JIEKTPOIOM

Bimsinue npoBoauMocTu MaTepuana auduiekropa
HA HANPSKEHHOCTH MOJIsA B 30HE 2

I'paduk 3aBUCUMOCTU BEIUYMHBI HATIPSIKEH-
HOCTU F 2JIEKTPpUYECKOro I10Jis B 30HEe 1 OT Benu-
YUHBI aKTUBHOM IIPOBOAMMOCTU MaTepuana aud-
JIEKTOpa TIpeICcTaBJIeH Ha puC. 6.

I'paduk nemMoHCTpUpYeT, YTO YBEIMYEHUE IIPO-
BOIMMOCTH CBepx 3HaueHus 2 - 10* Cm/M He mipu-
BOJIUT K CYLIECTBEHHOMY CHUXEHUIO HaTPSKEH-
HOCTH MOJIsI B KpUTUYECKOM 30He 1. OUeBUIHO, YTO
BTU pe3yIbTaThl MOXHO PACIPOCTPAHUTh U HA KPU-
TUYECKYIO 30HY 2 [12].

[Hainee, Hamu Oblj1a IPOBeNEeHA OLIEHKA KOHCTPYK-
TUBHBIX pa3MepPOB CTPECC-KOHYCa COETMHUTEIIBHOI
MY(GTbI, U3TOTOBJIEHHOTO U3 KPEMHUMOPraHUYECKOM
pe3uHbl U3BeCcTHOro mpoussonutend [13—15], nnsa
Kabesneit knacca HanpsikeHus 110 kB. B pesynbrate
ONTHMU3ALIMU TIOJIS B TTPOOJIEMHBIX 30HAX 110 OIMU-
CaHHOMY BHIIIE AJTOPUTMY MOXKHO TIPEIIOXUTH
clenyolue IMapaMeTpbl IBYXKOMITIOHEHTHOTO
cTpecc-KoHyca (3JeKTpUYeCcKre U MeXaHU4ecKure
CBOICTBA 3J1aCTOMEPHBIX U30JISILIMOHHBIX Y IIPOBO-

JISIIMX MaTepyaoB U3BECTHHI) [ 15] mpu aiMHe co-
eIMHUTENBHOM THIL3bI (CcrutaB Mean) 160 Mmw:

oO1as uIMHa cTpecc KoHyca — 780 MMm;

IuHa audexkTopa (IMpOoeKIrs Ha 0Ch Kabes)
— 200 MM (C Kaxkm0ii CTOPOHBI);

IJIMHA TTOJMMEPHOTO BBICOKOBOJIBTHOTO 3JIEK-
Tpoma — 220 MM;

paccTOSTHUE MEXK1Y BICOKOBOJIETHBIM 3JIEKTPO-
oM 1 mudaekTopoM — 80 MM.

I1pu 5TOM MakCcMMaJIbHOE PacYETHOE 3HAUCHUE
TaHTEeHLIMAJIbHOM COCTaBIISIIOLIEH HAMTPSXKEHHOCTU
nons £ — 2,45 kB/mm (30Ha 3).

AHaJIM3 pacnpenejaeHnss MOIYISA W TAHTeHIUAJIbHOIMA
COCTABJISIIONIEH HANPSDKEHHOCTH HJIEKTPUYECKOTO MOJIsSt
NpH ONTAMAJILHOM KOHCTPYKINH YCHIUBAIOMIEi
H30JIAAH COETUHUTETbHO MY THI

IMpoananusupyem pacrnpeneacHue MHTEHCUBHO-
CTH JIEKTPUYECKOTO MOJIs1 B yCWJIMBAIOIIEH N30JISILIMN
My(THI B BUIIe JBYXKOMIIOHEHTHOTO CTPECC-KOHYyca
C YKa3aHHBIMM BBIIIE ONTUMaJIbHBIMU TeOMETpUYe-
CKUMM XapaKTepUCTUKaMU. J1JIs1 3TOrO BbIAEIUM JIv-
Huu (puc. 7), BIOJb KOTOPBIX OyaeM HCCienoBaTh
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Puc. 6. 3aBUCUMOCTD HATIPSIKEHHOCTH TMOJIS B 30HE | OT aKTUBHOM
COCTaBIISIOIIEH TPOBOAUMOCTH AUDIEKTOpa

pacnpenejeHre HanpsKEHHOCTU BJISKTPUYECKOTO
oJIs1 — Kak Moayns Ey, Tak ¥ TaHT€HLIMAIbHOM CO-
cTaBistioreit £

«AB» — nuHWMA, TIpoxoadmIas Mo MTOBEPXHOCTU
BBICOKOBOJIBTHOT'O 2JIEKTPO/A ¥ 3aKaHUMBAIOILASICST
B M€CTe CThIKa ero ¢ u3oJisiuueit Kadess (MpoxoauT
yepe3 KPUTUIECKYIO 30HY 3);

«BC» — nuHUS OT CThIKa BBICOKOBOJIBTHOTO
3JIEKTPOIa U U3OJISIUU Kabesisl 10 CThIKa TudJieK-
TOpa ¥ OJIMMEPHOTO 3KPaHa 1Mo U30JISIIIIK Kabes,
MpOXoJsIIasi O MOBEPXHOCTU U3OSIILIUU Kades
(TIpoxoauT yepe3 KpUTUIECKYIO 30HY 1);

«CD» — nuHus1, npoxosiias Mo MOBepXHOCTU
nuiekTopa (IIpoXoauT Yepe3 KpUTUIECKYIO 30HY 2).

3

—

/

0

Puc. 7. IlnarpamMmma pacrnpenenieHust MOIYJist
HaMNPsKEHHOCTHY 3JIEKTPUIECKOTO TTOJISt
(1 — BBICOKOBOJIBTHBII 3JIEKTPO/I CTPECC KOHYCa;
2 — OCHOBHOE M3OJISIIMOHHOE TEJIO CTPECC-KOHYCA;
3 — JludaekTop cTpecc-KoHyca; 4 — N30T Kabes;
5 — MOMMEPHBIIt 9KpaH 10 XKujie Kabest
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Huke ipuBeaeHbI 3aBUCMMOCTY MOIYJIST HATIPSI -
KEHHOCTU U €€ KacaTeJIbHOI COCTaBIISIONIE, TTo-
CTPOEHHBIC BAOJIb BHIOpAHHBIX IUHUIA (puc. 8, 9).

Taxum 00pa3oM, MBI BUIMM, YTO MaKCUMaJIbHbIC
3HAYEHUST MOIYJIb HAITPSKEHHOCTH 3JIEKTPUIECKOTO
MOJISI ¥ €r0 TaHTeHILIMAaJIbHAsl COCTABJISIONIAS TIPU-
HUMAIOT Ha TMHUY AB B KpuTnueckoii 30He 3, T.e. Ha
Kpasix TTOJIMMEPHOTO BICOKOBOJILTHOTO 3JIEKTPO/A,
HaXOISIIETOCs Hal COeNMHUTEILHOMN IMIb301. Yuu-
TBIBAsI TO OOCTOSITEJICTBO, YTO IJISI O0Jiee BEICOKMX
KJIACCOB HAIPSDKEHMST KOHCTPYKLIMY YCYJIMBAIOIICH
MU30JISIIAN Y COEIMHUTENIEHOM THITb3bI OYIyT Mog00-
HbI pacCMaTpHBAEMbIM, MOXKHO MPEATNOI0KUTh, YTO
HanOOJIbIIAasI KOHLIEHTpALKMs MOJIsI OydeT Takke Ha
KpasiX BLICOKOBOJIBTHOTO ITOJIMMEPHOTO 3JIeKTpoa.

O0cyxeHne pe3ysTaToB

YucaeHHOE MOACIMPOBAHUE 3JEKTPUUECKOTO
M0JI51 B yCUJIMBAIOLLEW U30JISLIUUA COENUHUTETbHOM
MY(TBI TT03BOJIMIIO OIIPEAEIUTD IIPOOJIEMHBIE 30HbI
(KpuTHYeCcKHe TOUKU) ¢ HAUOOJIbILIeH aMITTUTY IO
1 HEOTHOPOIHOCTBIO PACIIPeaeIeHUS TIOJIST: MECTO
00OphIBa MOJUMEPHOTO dKpaHa I0 U3O0JSILUMA Ka-
Oens (3oHa 1); okoHYaHMs AUIEKTOpa CTpPecc-
KOHyca (30Ha 2); Kpasi HOJIMMEPHOIO BBICOKOBOJIBT-
HoTo 3JieKTpozaa (30Ha 3).

OnTUMM3aLKS KOHCTPYKIIUK CTPECC-KOHYCA OCY-
LLIECTBJISIETCS 32 CYET MUHUMU3aLMU TAHTeHLIUATbHOM
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Puc. 8. PacripenesnieHre MomyIIsi HAIIPSKEHHOCTH 3JIEKTPUYECKOTO TIOJISI BIOJIb PACYETHBIX
KOHTYPOB YCHJIMBAIOLIEH N30SI
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Puc. 9. PacnipeneneHue TaHreHIIMAIbHOM COCTABIISIONIEH HAMPSIXKEHHOCTH
3JIEKTPUYECKOTO TIOJIST BIOJIb PACUETHBIX KOHTYPOB YCUTUBAIOIIIEH N30SI

AJIbHOM COCTaBIISIIONIEH 2JIEKTPUYECKOTO TOJISI B
MpOOJEMHBIX 30HaX MYTEM BbIOOpA reOMETPUM KaK
nudirekTopa (yrojl HAKJIOHA KacaTeJIbHOI K Havajlb-
HOMY yJacTKy AuJaeKTopa; IJruHa IPOeKIUU T1ud-
JIEKTOpa Ha OChb KabeJis), TaK U TTOJIMMEPHOIO BhI-
COKOBOJIBTHOI'O 3JIEKTPOAa Hal COeIVMHUTEIbLHOM
ruiib3oit. [1pruém Bce pa3Mephl JOJKHBI OBITh CO-
[JIACOBAHBI MEXIY COOOIA.

VienbHast TpOBOAMMOCTD MOJMMEPHOTO MaTe-
puaia, 3 KOTOpOro U3roToByIeHbI AU (hIEKTOP U IO-
JIMMEPHBIA BBICOKOBOJIBTHBIMA 3JIEKTPOJ, MOJIKHA
ObITh He MeHee 2 - 104 Cm/M.

JIMHA COeMMHUTENILHOM THJIB3bI JOKHA OBITh
KOpOoue MOJIMMEPHOTO BbICOKOBOJIBTHOTO 3JIEKTPO-
Ia He MeHee, yeM Ha 10 MM (ITo 5 MM ¢ Kaxmoit
ctoponbl). Eciiv 3To He BBIMOJHSETCS, TO IIPOUC-

XOIUT Pe3KOoe YBEeTMICHNE HATIPSCKEHHOCTH B KPH-
Th4eckoit 3oHe 3. [1pu anrHe rib3bl 00bILeH, YeM
IIJIMHA BBICOKOBOJIBTHOTO 3JIEKTPO/IA, TOSIBISIETCS
HOBasl KpUuTndeckas 30Ha — 4 (y Kpasi TiJjib3bl), 3Ha-
YeHue HaIpsSKeHHOCTU B KOTOPOIT MHOTO OOJIbIle
3HAYCHUS HATPSDKEHHOCTH Y Kpast BEICOKOBOJIBT-
HOTO 3JIeKTpo/a.

AHanu3z pacripesesieHrs] HalpsoKEHHOCTU T10J1s1
MMOKa3bIBAET, UTO €€ 3HAUEHUE MPSIMO MPOITOPILIAO-
HaJbHO YIJIy MEX]y KacaTeJbHOW K HayaJbHOMY
y4acTKy audiieKTopa 1 0Cblo Kabes (yrily HaKJIo-
Ha), U 3TOT YroJl CJAeAyeT NeIaTh MO-BO3MOXHOCTH
MEHBILINM (KPUTEPUI1 — BOBMOKHOCTU TEXHOJIOTUU
MU3TOTOBJICHUST).

3agauu, pacCMOTPEHHbBIE B HACTOSIIIENH CTaThe,
aKTyaJbHBbI, TaK KaK MECTO COeNMHEeHUs Kabeneit
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OCTaE€TCsl OMHUM U3 CJIAOBbIX 3BEHbEB B KaOEJIbHOM
JuHUM. Pan aBropoB, HaripuMmep [4], TpoBoOIMIN
aHaJIU3 pacrpenesieHs HanmpsKEHHOCTH OIS B CO-
eIMHUTEIBHOI My(dTe, OMTHAKO KOHCTPYKIIUK CTPECC-
KOHYCa U BBICOKOBOJIETHOTO MOJMMEPHOIO 3JIEKT-
pola OTJAMYaAJIMCh OT BapuaHTa, 00CYXIaeMOro B
HACTOSIIEN CTaThe.

BriBog,

B pesynbrare aHanu3a pacrpenesieHus deK-
TPUYECKOTO MOJIsI B YCUIMBAIOLLIEH U30JISILIUU MOJTY-
YeHBI ONITUMAJIBHBIE TEOMETPUIECKIE TTapaMeTPhI
9JIEMEHTOB CTpecCc-KOHYyca U COENUMHMUTENbHO
KabeIbHOU My(THI B LIeJIOM. DTU apaMeTpbl 00ec-
neyrnBaroT HanboJsee 3 HeKTUBHOE CHIDKEHHUE aM-

IUIMTYAbl U HEPAaBHOMEPHOCTU paclipeaeieHusI
3JIEKTPUYECKOTO MOJIsI B KOHCTPYKLIMU YCUTUBAIO-
e U30AIUU (IBYXKOMITOHEHTHOIO CTpeEcC-
KOHYCa) COeAMHUTENIbHOU MY(THI 1151 KaOeJIbHbIX
mmHuii kinacca 110 kB. [TapameTpbl ipu JinHe co-
eIVMHHUTENIbHOM THIB3HI (c1i1aB Mean) 160 MM crie-
nylolue: oo1as JjiMHa cTpecc-KoHnyca — 780 MM;
mMHa qudiekropa (IpoeKLus Ha oCh Kabess) —
200 MM OJIMHA TOJMMEPHOTO BBICOKOBOJIBTHOTO
anekTpona — 220 MM; pacCTOSIHME MEXIY BBICOKO-
BOJIBTHBIM 3JIEKTPOJAOM U AU(IeKTOpoM — 80 MM.
[Tpu aTHX pazmepax obecreunBaeTcss MUHUMATb-
HO€ 3HAYEHUE TAHTEHUAJIBHON COCTaBILIOLIEN
3JIEKTPUYECKOTO IT0JIsI B 30HE 3 (30HAa MAaKCUMAJIbHO
KOHLIEHTpaLUU MoJis1) Ha ypoBHe 2,45 KB/MMm.
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