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PACUET CTATUYECKOM AE®OPMAIIMA CUJIb®OHA
BAKY YMHBbBIX BBIK/IIOYATEJIEU CPEJHEI'O HAIIPAKEHUA

Y ecmami posenanymo cmamuuny degpopmauito cunvghona 6aKyymHozo sumuxaua nio eniaueoM ammochepHozo muckKy 6 3anexic-
HOCmi 6i0 X00a KOHMAKMmMie Memooom Kinyesux einemenmie. Ompumai 3anexdcnocmi mexaniunoi Hanpyzu ¢ mamepiai 6 3aie-
JHCHOCMI 610 11020 MOBWIUHU 8 3A1EHCHOCHI 610 MOGUUHU CINIHKU CUTbJIOHY NPU 3A0AHOMY X00i KOHMAKMIE.

B cmamve paccnompena cmamuyueckan depopmanun cuiv(ona 6aKyymHo20 @blKuiouamesn noo 6030eiicmeuem ammocpepnozo
0a61eHUA 6 3A8UCUMOCINIL O X004 KOHMAKNIO08 MENMO0OM KOHEUHbIX Inemenmos. Ilonyuensl 3a6ucumocmu Mexanueckozo Ha-
npAdMCceHUn 6 Mamepuae 6 3a6UCUMOCIU ONl MOTWUHBL CHIEHKU CUbOHA RPU 3A0AHHOM X00€ KOHMAKMO8.

OpHNM W3 OCHOBHBIX Y3JIOB BaKyyMHBIX BBIKITIOUA-
TeNe CpeHNX HANpSDKEHWH SIBIAETCS BaKyyMHasl TyTo-
racuTenbHast KaMepa, a OJHOM U3 JeTaneil Takol KaMepsl
SIBISIETCS BaKyyMHBIM CHIB(OH, OTHEISIIONINN KOHTaKT-
HYIO TIOBEPXHOCTb OT OKpY’KaromeH cpeast puc. 1.
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Puc. 1. Bakyymnast gyroracutenbHast Kamepa

Cam cunb(oH (HONOBMHA) U TPAaHUYHBIC YCIOBHS
MIOKa3aHbI Ha puC. 2.
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Puc. 2. Bua nonoBusb! CHitb(oHA

Kak cnenyer u3 puc. 1, Bo Bpems pa3MbIKaHHUs KOH-
TaKTOB MaTepHan cmib(oHa IOABEPKEH MEXaHHIECKOU
nedopmanyy, BEI3BIBAIONICH IOSBICHUE HANpPSHKCHUNA B
Matepuane. Kpome 3Toro Ha BHYTPEHHIOIO ITOBEPXHOCTh
cuib(oHa BO3IEHCTBYET aTMOC(EpHOE JaBIICHHUE.

B nmaHHON cTaThe HUCCIENYIOTCS CTATHYECKUE Je-
(opMaryy U pacrpeneneHus HalpsDKeHUH B MaTepualie B
3aBHCHMOCTH OT TOJIIIMHBI 000JIOUYKH NP 33JaHHOM XO0J1e
KOHTaKTOB W TeoMeTpuu cuib(oHa. JlaHHas mpobiema
aKTyaJlbHa, TaK KaK IIpW MPOEKTHPOBAHUU M MOJEpPHH3A-
LM KOHCTPYKIMH BaKyyMHBIX KaMep HE0OXOIMMO orpe-

JIETIUTh U3MEHEeHUE GOpPMBI M BHYTPCHHHUE HAIPSHKEHUS B
CHIIb(OHE, KOTOPbIE BIMSIOT Ha HAJASKHOCTD €ro padoTHI.

Pacueram 1momo6HOTO posa MOCBSIIIEHO OONBIIOE KO-
JIMYECTBO padOT, YTO TOBOPHUT O CIOKHOCTH M aKTyalbHO-
cru npobiemsr [1-4]. Tak B [1] paccmarpuBarotest obime
BOIIPOCHI IIPOEKTUPOBAHUS C HCIIONB30BAaHUEM MHOTOYHC-
JICHHBIX HOMOTPaMM IIONy4YEHHBIX HAa OCHOBAaHHMH YIPO-
IICHHBIX MOJIEJIEH, a JUIsl TOTO YTOOBI BOCHOJIB30BATHCS pe-
3ynmbTaTaMi Ipyrux pabor [2-4], HeoGxoanuMo, 3a4acryro,
TIPOZIENIaTh TY)XKe padboTy, 4To 1 aBTop. OIHAKO C MOSBIICHU-
€M B [OCIIEIHIE TOIBI POrpaMMHBIX KOMIUTEKCOB(ANSYS,
COMSOL u 1p.) uMeercst BOSMOXKHOCTD TIPOBOIUTD TAKHE
pacdeTsl ¢ BEICOKOH TOUHOCTBIO 32 MajIoe BpeMsl.

ITpu pacuere nedopmarmii cunbdona ObLIM MPUHS-
THI CJICAYIONIME AOMYIICHHS . INIOTHOCTh MaTepHaa 1 ero
TOJIIIIMHA TOCTOSHHBI, 3aBUCUMOCTh MEXAY AehopMaru-
eif 1 crTol NuHelHa (MaTepHa oJYUHSIeTCs 3aKoHy [y-
ka). CormacHo Teopun ynpyrocru [5, 6] ¢ yuerom npus-
TBIX JIOMYIIEHUI CHCTeMa ypaBHEHHMH PaBHOBECHS TBEp-
JIOTO Tella B CTaTHKE IPH OTCYTCTBUH OOBEMHBIX BHYT-
PEHHHX CHJI 3aIMIIIETCS B BHJC:

(A +G)-V-div(d@)+G- Vi =0, 1)
riae U — BEKTOp MepeMenieHHUH.
Koncrautel B (1) ompemensiroTcst 4epe3 M3BECTHBIE

BEJIMYMHBI, TaKue Kak Moxyib FOnra — E u ko3 dunuent
ITyaccona v ciemyrommm odpa3om:
= YE e B g
Q+v)-1-2-v) 2:(1+v)

Vpasuenue (1) ¢ yuerom (2) mOmKHO GBITH OION-
HEHO TPaHUYHBIMU YCIOBUSIMU (pHUC.2) W JEHCTBHEM aT-
MOC(EpPHOro [aBJICHWS HAa BHYTPCHHIOIO IOBEPXHOCTH
CHIIb(OHA.

Pacuer Obu1 mpoBeneH Ui CIIb()OHA, M3TOTOBJIEH-
HOTO W3 BBICOKOIPOYHOM HEprKaBeromel CTaju ¢ MOIy-
nem ympyroctu 200-10° Tla u mpeesioM TeKydecTH pas-
Hom 1.10° Ta.

Pasmeps! cunbona: BHyTpeHHHH paanyc — 11,8 mvm;
HapyXHbI paguyc — 20 MM; pazuyc BHYTPEHHETO CKPYT-
nenusi — 1 MM; pagnyc Hapy)KHOTO CKpyrieHus — 1,5 mm;
XOJl KOHTaKTOB — 8 MM; YHCIIO MOJHBIX ceKiwid — 10.

Ha puc. 3 npuBeneH pacueT HaIpsHKEHHOTO COCTOS-
HUS CHIb(QOHA IPH MAKCHMAJIFHOM XO/€ KOHTAaKTOB M
TommuHe 060moukn cubdona 0,1 M.

Kaxk cienyer u3 puc. 3, MakcuMasbHble HAIPSDKCHUS
PacIIONIOKCHBI Ha BHYTPEHHEH 4acTH 00OIOYKH (CBETIIbIE
obnactr). Heo6X0MMMO OTMETHTh, YTO TPEXMEPHBIN BUJL
KpacuB, HO HenH(opmaTHBeH. [103TOMy OCHOBHBIE pacue-
TBI IPOBOJVWIINCH B IMJIMHJPUUECKONW CHCTEME KOOpJUHAT
U rapaMeTpuieckoM pexxume. Ha puc. 4 mpuBeneHs pe-
3yJbTaThl pacdeTa 3aBUCUMOCTH MaKCUMAJIbHBIX HampspKe-
HUH B 000JIOYKE B 3aBUCUMOCTH OT €€ TOJIIMHBI TSI MaK-
CHMAJIHOTO 3HAUYEHHUS X0/1a KOHTAKTOB.
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Puc. 3. PacnpeneseHie MaKCHUMaJIbHBIX HAMPSDKCHUN B 000JI0UKEe
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Puc. 4. Hanpsbkenust B 0007109Ke CHTb()OHA TIPH MAKCHMAIIEHOM
3HAUCHHH X0J[a KOHTAKTOB

Kak crnenyer u3 puc. 4, yBenuueHne TOJIIMHBI CTEH-
KU CHIIb()OHA MPUBOAUT K YBEIMUCHHUIO YCHIINH, TIPUYEM,
9Ta 3aBUCUMOCTB T10JTy4aeTcs HeJMHEHHOM.

OCHOBHBIM YCJIOBHEM JIONT'OBEYHON PabOTHI CHIIb-
(oHa SIBISIFOTCSI OTCYTCTBHE IUIACTHYECKUX Aedopmanuii
B MarepHuaje M OTCYTCTBHE KOHTaKTa MEXIy CEKIHSIMHU.
[lepBoe ycnoBue MOXeT OBITH BBHIIOJIHEHO COOTBETCT-
BYIOIIIUM BBIOOPOM Martepualia, a BTOpOE YCIOBHE — Ha
OCHOBaHMHM PEKOMEHJAIIMKU O TOM, YTO XOJA HE JOJDKEH
npessimars 20 % or obmeit miuHb cribgona [1]. Ha
puc. 5 nokazana nedopmanus HIWKHEH 4acTH CHIb(OHA
tomumHoi 0,1 MMm. U3 puc. 5 BunHO m3menenue Gopmsl
CHIIb(OHA, HO KOHTAKT MEXIY CMEXHBIMHU CEKLISMU TIPH
CTaTHYECKOM Harpyske CHiIb(OHa OTCYTCTBYET.

Hesnmueitnsiii xapakrep 3aBucuMoctd (puc. 4) MOX-
HO OOBSICHUTH BIHMSHHEM aTMOC(EPHOrO [aBJICHUS Ha
HanpspKeHusl B MaTepuaie cuibdona. Ha puc. 6 mokasa-
HBI HaIlpsDKEHHS B MaTepualie Ipu BO3JCHCTBUM Ha HETO
aTMOc()epHOro JIaBJICHUS TPH HYJIEBOM XOJE KOHTAKTOB.
Tak kak cucrema JuHelHa (zegopManuu B Ipeaenax yi-
PYrHX), TO Pa3HOCTh MEXAy Trpadukamu puc. 4 u puc. 6
Oyzner ompenensiTh HANPSDKEHHS, CBSI3aHHBIE C XOJOM
KOHTaKTOB. Takast 3aBUCHMOCTb ITOYTH JINHEHHA.
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Puc. 6. HanpsokeHus B MaTepuae
BBI3BaHHBIC aTMOC()EPHBIM JJABICHUEM

Puc. 5. lepopmarmst
crIb(hOHA IIPH
MaKCHMaIbHOM
3HAYCHHUH XO/Ia

Kak crnemyer u3 rpaduka (puc. 6), MaKcUMabHBIC
HaNpsDKeHUsI B MaTepHalie, BEI3BaHHbBIE cXKaTHeM 000J104-
KM BO MHOro pa3 (2,9-32) Gounblie HampsoKeHWH, BBI3BI-
BaeMBIX JICHCTBHEM aTMOC(EPHOT0 IaBJICHHSI.

BBIBOJIbI

HaHpﬂ)KCHI/ISI B MaTeprajic JOCTUTAOT 3HAYUTCIIbHbIX
BCJIMYUH, U ONPEALIIACTCA KaK TOJIHII/IHOﬁ Martepuajia, Tak
1 XOJAOM KOHTAKTOB. I[JIS[ MPUHATHA PCUICHUS O IPHUT'OAHO-
CTH KOHCTPYKIUH H€O6XO,HI/IMI>I JAUHAMUYCCKUC PACUCThI,
TAaK KAaK KOHTAKTbl BBIKIIFOYATCIIA ABWMXKYTCS IO OHNPEaC-
JICHHOMY 3aKOHY U ITOCJIC UX OCTAHOBKU B CI/I.]'II)q)OHG MOryT
MMPOUCXOANTH KoJie0aTeabHbIC IMPOLECChI, YBCINYNBAIOIINC
HAIIpAKCHUSL B MCTAJUIC. HCO6XOHI/IMLI TAaKXKXC pacyCThl,
YYUTBIBAIOMINEC BIIUAHHUC TEMIICPATYpPbl KOHTAKTOB Ha pac-
peaAcjiacHue HaHpSDKCHI/Iﬁ B MaTcpuajc CI/IJ'II)(i)OHa.
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Bayda E.I.

Calculation of static deformation of medium-voltage

vacuum circuit-breaker bellows.

The article deals with FEM determination of vacuum circuit-
breaker bellows static deformation under influence of
atmospheric pressure as function of the contacts travel.
Dependences of the material stress on the bellows wall thickness
for a given contacts travel are obtained.

Key words — medium-voltage vacuum circuit-breaker,
bellows, static deformation, FEM determination.
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