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HMIIYJbCHAS 3JEKTPHYECKAS NMPOYHOCTb
H U3BUPATEJBHOCTb NNIYTH PA3PAJA B HEOOHOPOAHOM
TBEPIOM JIH3JIEKTPHKE

B. U. KYPEIL],
(Mpeacrapiena payunslM CeMuHapoM KaQeAphl TeXHHKH BBICOKHX HanpsKeHHE)

DVIEKTPUYECKasi HPOYHOCTH TBEPAOH H3OJALUMM B 3HAUHTEJNLHOH Mepe:
OnpeAeiACTCs OMAHOPOAHOCTBIO CTPYKTYPLl AH3JeKTpHKa. Hanuuue B TBep-
A0 H30:51KH TIOCTOPOHHHX BKJINOUEHHH, UMEIOIIUX yIe/bHbie CONPOTHBJIE-
HUSL W JH/ACKTPHUECKHE IIPOHHLAEMOCTH, OTJHUHBIE OT 3THX K€ XapakTe-
PHCTHK caMCll H30/ALHH, TPHBOAHT K H3MEHeHHIo HaNpsKeHHOCTe# Ha no-
BEPXHOCTH BRIIOYEHUS HJIM BHYTPH €70, UTO 10JZKHO CKa3aThCd HA BEJHUHHE
cperMHX ApOCUBHLIX IPDAAMEHTOB W HaNpapBJIeHWM OYTH paspsila B TBEPAOM
JAH3JEKTPHKE.

Hecnuopoanoctn (nope, BK/IIOYEHHsI) B TBEPAOH H30JALHH, B BHICOKO-
BOJLTHHIX annaparax M yCTPOHCTBAaxX 3ayacTyio BCTPeUaloTcs BCJAeJCTBHE He-
COBEPUIEHCTBA  TEXHOJOTHH M H3TOTOBJIEHHS H30/JALHOHHOTO MaTepHaJa,
4 TaKxKe B TIpollecce 3KCIIYaTalHH MPH Pa3BUBAIIMXCA HOHH3AUHOHHBIX
npoueccax BHYTPH JH3JACKTPHUKA. TakuM o0pasoM, UCCAENOBAHHSA BJHAHH
METa/THYCCKOTO BKIIOYEHHSI Ha 3JEKTPHUECKYIO MPOUHOCTh U MYTh SJEKTPH-
HeCKOrO paspsaa B TBePAOM AHJNEKTPHKE MPeACTaB/ISIOT 3HAYHTEAbHBII
NpaKTHYECKHH HHTEpecC.

B cBssn ¢ u3a0xeHHBIM B 1aHHON pafoTe GLiIH MPOBEAeHBl HCCHe 0Ba-
HHS 110 OUEHKe BJHSHHUS NPOBOAAIINX BKJIKUEHHH B TBEDAOM HNHIJIEKTPUKE
Ha Cpefinne NpoOHBHBIE TPAJHEHTHl W HANPABJIECHHA NYTH Paspsaja B HEM.

MeTonHKaA 3KCHEePHMEHTOB, B KauecTBe MCTOYHHKA BBICOKOTO
HANDSXKEHHST HCOOJAB30BAJICH TeHEPATOP HMIYJbCHbIX Hampsikenuin (IHH)
Ha 240 kB ¢ eMKocTbIo B paspsage 1700 ng. /linna ppoHTa BOJHB MMITYJIb-
CHOTO HanpsiKeHHsA cocTtasasga 0,2 10— 6 cex. DjeKkrpHueckas cxema HM-
NyJbCHOTO TCHEPATOPA M CXeMa H3MepPeHMs HanpsiKeHHs OpHBejeHa HA
puc. 1. Msmepente HMOYJbCHOrO HaNpsiKeHHs MPOH3BOAHJAOCH C MOMOLIBIO
3JeKkTponnoro ocuumiorpada OK-19M u ommueckoro penurens ¢ compo-
TuBJeHneM 6000 oM. B uccaenoBanusx B KauecTBe TBEPAOTO JHUJICKTPUKA
NpuMeHsJcst napaduH, npoBoAsiiiee BRKIIOUEHHe B AH3JIEKTPHKE HMHTHPO-
BaJoch ApOGbIo, BN/aBieHHol B ob6paseu. IIpu  H3rOTOBJEHMH O0GpPAa3IoB
CHOeNHaJbHBIl TEMIIEPAaTYPHHIA peKHM I[03BOJSLI [HOJAYYaTh napadHHOBLIE
00pasipl 0e3 HaTHYMA KPYMHbIX BOSLYLIHBIX NOP K C 5JKTPHUYECKOH IpOu-
HOCTbIO Nopsiika 15 kB/MM. B mcenenoBanuu npuMensanch oGpasibl pasMe-
pom 407<30X25 mM. B ombltax no mpo6or o6pasibl MOFPYHKAdUCh B TPall-
copmaTopHoe Macsio TNpouHOCTHI0 30 KB B CTaHJapTHOM MpoBOHHHKE
¢ LEJBI0 HCK/IIOYEHHS TNePeKPBITHS 0Opa3loB MO MOBEPXHOCTH. DJIEKTPOAa-
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MU CJAYKHAM JaTVHIAs NJI0CKOCTh AuameTpom 100 MM 1 3a0CTpeHHBIH cTep-
2KeHb ¢ yriioM B pepuine 30°, TliockocTh 3aseMasgach, a Ha cTepKHeBOIl
_3JIGKTPOZ MOAABAJTHCh HMIVILChl HANPSAKEHH MOJTOKHUTEILHOH IIOJSPIOCTI.

T .
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Puc. [. DaekTpnueckas cxeMa remepaTopa HMIIYJIBbCOB.

Upy pceoe10Balin BJANSHHSA METAJIHUYECKOro BKJAIOUEHHS HA CHHKEHHE
‘TIDOGHBHLIN IPaJIMEHTOB H3JEKTPHKA OCTPHE CTEPIKHS YCTAHABIHBAJIOCKH
TI0 OCH PACMONONKEHHs! MeTaMJHYeCKOro BK/IOUEHHS, a NPH HCCAeLOBAHHI
H3MEHEHHS NYTH paspsja oCTPHe CMelanoch OT BepTHKAJbHOH ocu pac-
[IOJIOXKEHHST MeTajJIMYeCKOTO BKIIOUEHHS.

ITpcCoii obpasuos npoBoanics Ha (GpOHTE OJAUHOUHOIO HMIYJbCA Ha-
npsiedns. Kaxnas Touka B NPUBOJAMMBIX HHKE ONBITHHIX 3aBHCHMOCTSX
MOCTpoeHa no pesyabsTaraM npoGos 4 = 6 o6pasuos. Paszbpoc B BemHuuHax
‘NPOGHBHBIX HanpsiKenuil He npeBblman-1-20% oT cpefHero 3HauyeHHs.
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Puc. 2. 3aBucHMOCTH CpeiH#X NPOGUBHLIX [PATHEHTOB OT TOJj-
uLgse o0pasua.
] — ofpasupl He colepikaT MEeTAMIHYECKOro BEIOUeHus, 2 —— of-
pasuBl coaepIkaT MEeTAIMUeCKOe BRJAIOUEHHC,

Pezyapratn sKcnepuyenTa. Ha puc. 2 npeicrapiena 3aBHCH-
MOCTh CPEIHHX HPOOHBHLIX IPaiHEHTOB OT TOTIMIAHBI AHIIEKTPHAKA 111 06-
pasnos, coAepxauwmx 2 @ 1e coxepKanux [ MeTaNTHYeCKOTO BKAOUE-
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uus. [Toacuer cpeHUX NPOGUBHBIX IPAJHEHTOB A48 06pa3iloB, cOAepKAIIHX
MeTa/l/IHYecKoe BKJI0YeHHe, NIPOBOAUICH M0 (PopMy.ae

bl
S—d

Ecp. np =

rge U — nanpsizkenue npo6os o6pasua,
S — Tosuuua obpasna,
d — AuaMeTp MEeTaAIMYEeCKOIO BKJIOUEHHS.

‘Takum ©6pascM, pasMep MeTa/JIMYeCKHX BKJIOUEHHH B pacueTe CpejHHX
NPOGHBHBIX IPAJHMEHTOB He YuUMTHIBaJCs. Kak BYAHO M3 rpaduka puc. 2,
‘B 00OKX C/Iyuasix cpelHde NPOGHBHBIE TPALHEHTH YMEHLUIAKTCS C POCTOM
TOJILIUHBL, OJHAKO HX 3HaYeHMs s 0o6pasuoB 6e3 METaVIMYeCKOTO BKJIO-
yeHHs Ha 25 + 309, Bbime, ueM B o06pasuax, coAep:KalMX BKJIOUCHHE.
Takum 0o6pasoM, HaMHYHe MECTHOH HOBBILIEHHOH HAMpPAXKEHHOCTH 3JEKTpH-
YeCKOro HOJIsE HA NOBEPXHOCTH NPOBOJSIIETO 'BK/AIOUEHHS] NPHBEJO K OTHO-
‘CHTENBHOMY CHHMKEHHIO BEJIHYHHBI UMIIYJbCHOTO NPOOGHBHOIO HANPSKEHHUS.

3 padoTe NpoBeJeHb HCCICHAOBAHWS H3MEHEHHs CPeAHHX IIPOBHBHBIX
rpajaesTor 5 o6pasue ¢ HPOBOLALIHM BKJIIOUEHHEM TIPH PA3JHUHOM OTHOCH-
TEJbHOM YBEJHUEHHH PA3PSAHOTO IIYTH, HCCIEA0BANOCh TaKxKe U36UpaTe/b-
HOe HanpaBJeHHe UMITYJAbCHOTO Pas3psifa B TBEP/AOM AU3JIEKTPHKE,

Ha puc. 3 nmpeacrasieno u3Menenue cpefHHX NPOOGUBHLIX I'DajHEHTOB
TIpH PasMuYHOM BEJHUMHe CMEIIeHHA BBICOKOBOJIBTHOLO 3J€KTPOAa OT CETH
PAacroJOKeHUsT METaJIHYeCKOro BK/Iouenns. s rpaduxa na puc. 3 BHAHO,
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Puc. 3. 3aBHCMMOCTL cpelHEX NPOCHBHBIX Tpalver-

TOB  OT B@JMYUUHBl CMEIUEHHS BHLICOKOBGJBLTHOTO

3JeKTPO/1a  OT PACTIOJNOXKEHHST BEPTHKAJALHOH OCH
MEeTaJTHYeCKOTO BKIIOUEHHS,

UTO CpeAlHe npoGHBHEIE IPAJMEHThl TPYNIHPYIOTCA B TPH 0GJIACTH, COOT-
BETCTBYICIME DA3IHUHLIM HAENpaBJEHHSAM NYTH paspsaa. B o6.acTH Magmbix
CMEeIIeHHH 0T 2 10 5 MM HMEIOT MECTO OTHOCHTEJIbHO HH3KHE 3HAYCHHS npo-
GuBHBIX rpaauentoB (10 KB/MM), KOTOphle BO3PACTAIOT ¢ VBEAHUCHHEM CMe-
ILEHN] BBICOKOBOIBTHOI'O 3J€KTPOAd. B 3T0OH 06/1acTH KaK Al MMIYAbCHHIM
paspiAl IPOXOAUT 4epe3 nmposoxguiee BKIodeHue. Bropas obaacts or 5 10
9 MM COOTBETCTBYET PaspsiiaM, KOTOPLIe IOJ JeHCTBHEM MOBLINEHHBIX Ha-
Opsi2KeHHOCTEl Ha TIOBEPXHOCTH MeTaJJHYECKOro BKIIOUEHHS H3MeHSIOT
‘CBOH NYTh, CKJIOHSAACH B CTOPOHY IIPOBOJASIILErO BKAKUYEHHS. BeaHunHL] cpei-
HUX TNpOGHBHEIX TPAaJHEHTOB NPH 35TOM H3MeHATes oT 11 KB/MM 10
15 xB/Mm. Tlpu nanbHeiiniem yBeaHUEHHH OMelleHHSA (Gosee 9 MM) BAHAHHE
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MeTaJJIM4eCKOro BKJIOYEHHS He CKa3blBaeTcss Ha NMyTh pa3psja 1 cpeiHHe
NpoOWBHBle TPAXHEHTBI OCTAIOTCE [OCTOAHHBIMH U COOTBETCTBYIOLIHMH
9JIEKTPHYECKOH NPOUYHOCTH napacduHa 0e3 HaANHUUHs BKJIIOUEHH.

B onwvitax 6bl10 yCTaHOBJAEHO, UTO NPU 3HAYHTENBHOM CMEUIEHHH BLICO-
KOBOJBTHOI'O 3/I€KTPOJA COXPaHsIeTCs1 CeJeKTHBHOe HamnpasJdeHUe paspsiia
yepes MerTandigndeckoe BKAloueHue. Ha puc. 4 npeactanied rpaduk H3aMeHe-
HHUS NPOLEHTHOrO KOJHUeCTBa pa3psiioB, NPOXOASAILUX yepes MeTa i IHuecKoe
BKJIOUEHHE, OT OTHOCHTCJBLHOTO YBeJHUYeHHs paspanHoro nyrtu. Kak BHAHO
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Puc. 4. 3aBHCHMOCTbL [IPOHEHTHOrO KOJHYECTHA
paspajes, NpOLUeAIINX Yepe3 MeTaJdJIMUeCKOoe BKJIH0-
HYeHHe OT OTHOCHTE/NBHOIO YBeJNHUEHHS HYTH paspsia.

13 rpaduKa Ha pHC. 4, OTHOCHTeJbHOE yBe/auueHHe NyTH paszpsaia ao 30%
He NPHBOAYT K H3MEHCHHIO M30HPATeIbHOCTH NMYTH pa3psiia B TBEPAOM HH-
saqekTpHke U Bce 1009 pas3pagoB NpoXOLST uepes MEeTaNIHdecKoe BKAIOUE-
HHe, Jaxe IPH OTHOCHTeJbHOM YBeJHYEHHH NyTH paspsga jo 1,5 oxouso
809% pazps10B NPOXOAAT Uepe3 MPOBOJSILCE BKAOUEHHE.

BuiBO B

. SKcoepuMeHTanbHO NOKA3aHO, UTO HaJHUHe MPOBOIAINMX BKJIIOUYEHH
B TBePAOM [H3JEKTPHKe NMPUBOAHT K MECTHBIM YCHJEHHSIM HAMPSIKEHHOCTH
ICKTPHUECKOTO MOJS Ha NOBEPXHOCTU BKJ/IOUEHHS, UTO CHHXKaeT 3Ha4YeHHe
CpeIHHX NPOOHBHBIX IPAfHEeHTOB B HEOJHOPOAHBIX JAUJIECKTPHKAX.

2. Hannune MPOBOASAILErO BKJIIOYEHHS B TBEPAOM JHIIEKTPHKE NPHBO-
JAHT K CeJIeKTHBHOMY HAMPABJIEHHIO IyTH Paspsiia B TOJUIE JUIJIEKTPHKA.



