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O HEKOTOPOW AHAJIOTHH PA3PYWIEHUSA TBEPIAbIX
HENPOBOAANIUX MATEPHUANOB NPHU B3PbIBE BB U
J UMIIYJAbCHOM 3JIEKTPUYECKOM NPOBOE
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M. M. KAJISILKHWH, B. B. KPHBKO

(Tlpencrapjena Hay4HbIM CEMHHAPOM HayYHO-HCC/I@AOBATENLCKOTO HHCTHTYTA
BBICOKHX HalpsiKeHHii)

Yenexu, 10cTHIHYTbiE B OGJIACTH 3J1EKTPUUECKOTO DA3PAAA B AUIJEKTPH-
Kax, B Moc/jeqHee BpeMs [i03BOJH/IH HCNOJAB30BaTh pPaspsja B psae oTpacieit
NPOMBIILIJIEHHOCTH (3/1eKTPOHCKpoBas 06paboTka MeraJsia, o6paboTka u pas-
pymienye TBepIblX HENPOBOASLIUX MATEPHAJOB YAapHOH BOJHOH IPH 3J€KT-
PHYECKOM paspaje B JKHAKOCTH H Ip.).

ITpocToTa moJyyeHHs GOJbLIMX MOLLHOCTEH B KaHaJjle 3JeKTPUYECKOro -
pa3psila U BO3MOXHOCTh yNpaBJeHHss H PeryJHpPOBaHHS BEJHUHHOH SHEPruu
H CKODOCTH €e Bbl/I€/J€HHs MO3BOJNAIT NPEANOJaraTh NepCcneKTHBHOCTL HoJjiee
UIHPOKOTO NPUMEHEHHA 3JIeKTPHUECKOro paspsiia B HapoJHOM XO03sicTBe.

C 3Tofl TOUKH 3peHHs] HPECTABJSET HayuyHbId M IPAKTHYECKHH HHTEpec
YCT2HOBJIEHHe OCLIHX 3aKOHOMEDHOCTEH pa3pylleHHUs TBePABbIX TeJ NPH HM-
IIYJIbCHOM 3JIEKTPHUECKOM Daspsjie H SHepPTHH B3PHIBAMOILErccsl BellecTBa.

~ Kak nokasano B pa6ote [12], uMny/ibcHBIA 2/JeKTpHUECKHH paspsn ny
CKOPOCTH BBHLAEJIEHHUS] 3HEPTUH M BHUAY MEXaHHUECKOrO paspyileHHs Hog00eH
MHKpPOB3pbiBYy BB (B3pbiBuaTOoro BeulecTna).

ITpu B3pbiBe BB Tak ke, Kak H NpPH 3JEKTPHYECKOM Mpo6oe, B TBEPAOM
TeJle PaCOpOCTpaHseTCs ynpyrasi Bo/Ha B BH/le OJHOKPATHOTO HMIyJibCa.

YcnoBUA pacnpoCTPAHEHHS] U 3aTyXaHHS YIOPYTOH BOJIHBI, BO3HMKAIOULLH
npH B3pbiBe BB, u nocneAcTBHS ee BO3AEHCTBUS 3aBUCHAT:

1) oT ¢opMmbl, pasMepoB 1 CBOHCTB pa3pylliaeMoro TBEPAOTO Tesa;

2) ot ¢opmbl, pa3mepoB H CBOHCTB Marepuasia BB (ymenbHoe sHepro-
COAEPXKAHHE H CKOPOCTb JE€TOHALHH).

ITpu snekrpuueckom npo6oe YCJIOBHS DAacnpoCTPaHEHHst H 3aTyXaHus -
YIPYrod BOJIHBI H TOCJHENCTBHS ee BO3AEHCTBHS TaKKe 3aBHUCHT:

1} ot ¢opmbl, pa3MepoB H CBOACTB Pa3pyniaeMoro TBEpAOro TeJa;

2) OT yCJIOBHH 3JeKTpHYeCKOro npc6osi ofpasyiolierocst KaHaja pasps-
Ja, ero mapaMerpoB (yAeJbHOE HEProcoiep:KaHHe M CKOPOCTL BhIAE/CHHS
SHEpTHH B KaHaje).

Takum o6pasoMm, umeercst BHeIUHSiT aHAJOrUSl MeXAy B3phiBoM BB
M HMIYJbCHBIM 3JEeKTPHYECKHM NpoGoeM. DTa aHaJords KacaeTcs Kak yCjo-
BHH pacrnpocTpaHeHHsl paspyllamoled yaapHOH BOJHBI, TakK H MOCAeACTBHIA
oT ee BozjercTBuA. B o6onx ciayuasx BO3HHKHOBEHHE YAapHOl BOJHEL B TBEp-
JIOM paspylraeMOM Tejie CBS3aHO € Ha/JIHUHEM BeCbMa BLICOKHX JaBJIeHUN
(3.105—5.10° x2fcm?) u remmepatyp (o 10*—4.105) [1—11], cocpenoTouen-
HBIX B MaJioM (110 OTHOLIEHHIO KO BCeMy o6beMy paspyliaeMoro MaTepuaJal
o0beMe. B ToM 1 B Apyrom ciyuae onpepeNsiOLUIHMHE TapaMeTpaMH SIBJASIOTCS
YAeAbHOE IHEProcojiep’kaHHe H CKOPOCTb OCBOOOKAEHHA SHEPTHH.

91



L4

ComnocTasasia pas3pylieHHe TBeplblX Tea npH B3puibe BB u anektpuue-
- ¢KOM 1po6oe, caefiyeT HMETb B BHAY pas3/aHuyHe (PU3HYECKUX MPOLECccoB
NPH 3TOM. '

[Tpu B3puiBe BB mpoucxoaut peakiusi TepMHYeckKoro pasjoxenus BB.
KHHeTHKA KOTOPOH XapaKTepH3yercss MOIMHOCThIO 3apsiaa BB, mioTHocThIO
SHEPTHH W TPOUYHMH XapakTepHcTHKaMH [3], comocTaBUMBEIMH C XapakKTepH-
CTMKaME BblJeJeHHs 3Heprud npu npotoe [1]. Peakuusa tepMuyeckKoro pas-
JIOKEHHUS] MPOTEKaeT NpH YuacTHH (OTOMOHH3ANHKM M BO3OYKIEHHSI aTOMOB
Tesa YAbTPaPHOJETOBBIM H3JAy4eHHeM H3 006sacTH B3pbiBa [7]. B cayuae um-
MyJbCHOTO 3JIEKTPHUECKOro NPoO6OS 3HEPrus BbIAEAAETCS H3 KOHJLEHCaTopa
B pa3psAHOM KOHTYpeE.

VaenvHoe sueproconepxauue BB (sHeprus B eiuHuIle Beca HJIH 00be-
Ma BB) u cKopocTb HeTOHALlUH ONpeeNnsioTCA ero XMMHYECKHM COCTaBOM
H CTPYKTYPOH. YesbHOe 3Heprocoiep:KaHue KaHaKa paspsafa npu npoboe
¥ CKOPOCTb BBbIJ€JIEHUS] SHEPTHH ONpeIeNsioTCd 3aacoM 3HEePrHH B KOHTYype
¥ YCJIOBHUSIMH ee IOJABOJA K KaHaly. YJeabHoe 3Heprocciepxkanne BB co-
crasasier 0,9.10° dowc/cm® [11]. B Kanase WMIY/NbCHOTO paspsifa yIeJbHOe
SHEprocojepKaHne Moxker noctarath 6.102—6.103 dorc/cud.

T'unoTesnl, oObsCHSIONIHEe DAa3pylleHHe TBePAbIX Tes mnpu B3phise BB,
UCXOIST U3 CJeAYIOUX neaoxkenui [9]: ‘

1. Paspylienye Tesa B3PBIBOM [IPOMCXOAUT 3a CUET JaBJleHHs Ta3oo0pas-
HbIX NMPOAYKTOB paanoxkerus BB. [laBaenue, a ciaejoBaTesqbHO, H paspylie-
H¥e HanmpaBJieHbl OT 3apsA/la K NOBEPXHOCTH TeJa. ‘

2. Paspyumenue Teq mpH B3pbiBe NPOMCXOAUT BCJeACTBHE BOJH Hampsi-
JKeHHs, BO3HHKZIOIWHX MPH UMIYJBCHOM BO3JefCTBUM ra3oo0pa3HbiX NPOAYK-
10B. [IpH 3TOM BOJHBI PaCIPOCTPAHSIOTCS OT 3apsilia BO BCe CTOPOHHL, o6pa-
3ySl CJIOXKHYIO KapTHHY paclpefe/eHHsl HaNnpsiKeHHH CXKATHA M DaCTSXKeHUd
B o6beMe Tesa, onpelessieMyl0 HHTepdepeHlHel NajalomuX U OTPaXeHHbX
-OT NOBEPXHOCTH TeJla BOJIH.

3. Paspyuien#e NPOHCXOAUT KakK MOA AefCTBHEM BOJIH HANPSXKEHHT,
TaK 4 3a CUeT TaBJeHHs ra3oo00pa3HbIX NPOAYKTOB AeTOHAIHH.

Ilpu UMIy/IbCHOM 3JeKTpHUecKoM npofoe TBEPAbIX Tei OTrpaHHYEeHHbIX
pa3MepoB BOJIHL HANDPSIKEHUS CXKATUA PACIpPOCTPAHSIOTCA OT KaHajJa Ipo-
6051 K cBOGOAHON MOBEPXKOCTH Tesad H oTpaxaiorcs ot Hee [1]. Paspymienune
MaTepHasa MOXKET MDOHCXOAHUTh KaK Moj JedcTBUeM BOJH CXKaTud, Tak
¥ BOJIH pactsikeHusi. [Ipi 3ToM Ha yclOBHe OTpaKeHHs BOJH OT CBOOOIHOH
' [IOBEPXHOCTH OKa3bIBAIOT BJHsSHHE (OpMa.H pasMepsl paspylliaeMOro TeJa.

Bo3HHKHOBEHHEe BOJIH HAaNpSKEHHS OT ra3oo0pa3HbiX IPOAYKTOB MpH
HMIYJbCHOM paspsije MaJCBepOosTHO.

[1pu mopsemuoMm B3pbiBe BB ycmoBHo pasiuuator [10] Tpu 301l B3pHiBa:
OTUKHSIST 30HA, CPEIHSIS U 1aJBHSS.

PasMepnl HX B OCHOBHOM OIIPELEJISIIOTCS BECOM 3apsifia U THIOM MOPOABL
B omuxaiimefi 30He elle BbIIENSIOT IBe 00J1aCTH: 00/1aCTh C:KATHSA H 06J1aCTh
paspywenusi. B ob6sactu c:kaTHa CylWecTByeT YAapHas BOJHA C Pa3PbiBHLIM
¢pouTom. [Topoma 13-33a OrpPOMHBIX HATPY30K APOOHUTCA M ymjaoTHaercs. [pa-
HMlla ee NP B3PbIBE TPOTHUJIOBBIX 3aPAAOB ONpeAeNseTas O IMIUPHIECKOH

dopMmyne
Rc =19 K’c,

tle R.— OTHOCHTEJNBLHBIH pPajiHyC OOJIACTH CXHKATHS;
K. — oMOHUPHYECKHH KO3(MOHIIMEHT, 3aBUCAUIMH OT THIIA NOPOJIHI.
O6aacth paspyilieHdd XapaKTepPU3YETCH HAPYIIEHHEM CIJOIIHOCTH
HOPOABl U MOSIBJEHUEM TPEIWH M OmnpelessieTci Kak

Ry = 19K,

r/ie R,-— OTHOCHTeNbHBIH paguyc chepsl paspylieHus;
K, — smnupuueckuii koapduuueur.
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Cpe/Hsisi 30Ha 11013eMHOTO B3PbIBA, F1€ NPOMCXOAAT ynpyro-mjiac-
Tuueckue aedopmManvd HOPOALI, NPOCTHPAETCS TPHMEPHO A0 PACCTOA-
‘Husg okono 100 Ros (Re:— paanyc 3apgia), H JAajbHssi 30HA B3PHIBA
YCJAOBHO OrpaHHuMBaeTcs auanazonoM paccrosuuit oT 100 1o 1000R..

Hzmenpuenye u ApobjeHHe MaTepuana npH B3poibe BB, uMeiomue me-
CTO (B HEMOCPeACTBEHHON OJHM30CTH OT 3apsja, 00YCJAOBIMBAIOTCH (POHTOM
NOJHOro MMNYJbCca B3PoiBa U MPOHCXOAAT NPH MaJOM pacHIMPEHHH NPOAYK-
TOB JeTOHALMH., DTO TaK HaspiBaeMoe ODH3aHTHOe jAeHcTBHe B3phiBa. Boub-
1asi YyacTh NOJIHOM paboThl B3PLIBa, oflpejedsieMass MPOXOKIEHHEM BCEro
MMIyJbca, HIET Ha paspylileHHe M oTOpachiBaHue Martepuala U COCTABJISLT
obuee wiH ¢yracHoe peiictsie B3pbiBa {10]. Benuuuna Gpu3aHTHEIX QOpPM
paBoTHl B3pHiBA NMpEJCTaB]IsAeT HeGOMbIWIVIO YacTh NOMHON PaGoTHl ¥ CHJIBHO
3aBHCUT OT CKOpOCTH jeTcHaluu BB. Beauunna ¢yrachoit ¢opmbl paGoThi
B3DBIBA ONpejesieTcs TMOJHOH SHeprued B3pbiBa 32 BHIUETOM [OTEPb M HE
3aBHCHT OT CKOPOCTH [J€TOHAIHH.

B ycsioBHSIX WMIYJEBECHOTO 3JIEKTPHUYECKOrO HPO0Osi TBEPABIX Tesl TaKie
MOKHO BBEIZEJNHUTH JABe (hopMbl PaGOTHl yAaPHOM BOJHEL, BO3HHKAIOLIEH B Ka-
Haje paspanaa. AHajornyHo, Kak u npH B3phiBe BB, uamenpuenue u gpoodie-
HHe MaTepHa/ja IPH HMIYJIbCHOM 3JIEKTPHYECKOM MPoboe NPOHCXOAAT B He-
NocpeCTBeHHON OJH30CTH OT KaHajda paspsifa:. BpusautHocTe jaeficTBus
paspsila OmpeeJsiercss CKOPOCTbIO BHAEJeHMs HEPrud B KaHaje paspsila
H C YBeJIHUEHHEM CKOPOCTH Bo3pacTaeT. BesnunHa MOJHOIC pa3pylIeHHUs Tena
onpeensierTcss KOJAUYECTBOM SHEPIUH, BbIAE/sOIEHCsS B KaHale paspsafa 3a
NepBBIi NOJNYNEPHO/ KoeGanHsa TOKa nocse npoGost.

[Mpu BapbiBe BB, moMHMO MeXaHHUeCKOro paspyllieHHs TBepAOTO Tena
BOJIHAMM HaNpsiKeHHs, BO3MOMKHO TaKiKe TepPMHYECKOe paspylleHHe HEKO-
TOPOro 06beMa TeJa 3a CYeT BHICOKHX TeMIepaTyp ¥ 3HAUHMTEJNbHOro KOJIHUE-
¢TBa TeNJa, BeIe/s0Ierocs npy B3pbiBe. :

TepMHYecKoe paspymieEde TBepIOro Teia (IlaBJjeHue, HCapeHue) Moi
JelicTBHEM IBHICOKMX TeMIepaTyp WMeeT MecTo B MajbXx o0beMmax H NpH
3JIeKTPUUECKOM TPOGOE TBEPABIX AU3JeKTPHKOB. I1pu aToM 3Heprus, pacxo-
ayeMmas HA NJ2BJieHHe CTEHOK KaHaJsa pa3psiia, MOXKeT COCTaB/ATh A0 10%
Bcell SHePTHH, Bhiesiomelicst B Kanage [2]. .

Takum 06pa3om, BCeICTBHE HEKOTOPOH aHaJIOTHH pa3pyLIeHHsT TBePIbIX
Teq NpH B3pbiBe BB M HMIYJIbCHOM 3JeKTPHYECKOM Mpoboe, BO-NMEPBDIX,
NPUHIANHA/IbHO BO3MOXKIIC B OTJJNbHBIX caydyasX 3¢¢dekTHBHOE HCHOJb30BA-
HHe MMIYJbCHOIO 3JeKTpHUeCcKoro paspsaaa BMecro BB ¢ psagoM npeumy-
ImecTB (OTCYTCTBHE omacHecTy xpaHeHHs M TpawcmopTnpoBkd BB, mpocroe
roJiydesne 3Meprau B KOHTYpe, YIPaBJiseMoCTh TIpolecca H T. 11.) ; BO-BTOPHIX,
EMeeTcsd BO3MOMKHOCTh PAacCUMTaTh B3PbIBHOE JeACTBHE HMIYJIbCHOTO 3JEKT-
PHUECKOTO Pa3psfa, UCMONB3YS (POPMYJbI IMAPOAHHAMHUKH JAasi B3peiBa BB;
B-TPeTbUX, NMPH Pa3pYLIEEHH TBEPABIX TeJ HMIYJIbCHBIMH 3JEKTPHYECKUMH
paspaaaMi uMeeTcsl O0ibluasi, IO CPaBHEHHIO ¢ HCHo/db3oBaHueM BB, Bo3-
MOKHOCTL PEryJHPOBaHKsA CKOPOCTH BbiAEJEHHS JHEPIHH B KaHaje paspsana
U ee 0OIEro KOJNHUecTBa, a TaKxKe BO3MOXKHOCTH OCYIIECTBJ/SITh HalpaBJeH-
HOe paspylleHue, HCMOJb3YS YCJA0BUs H30HPATEIbHOH HAMPABJIEHHOCTH MYTH
3JICKTPHUYECKOTO pa3psiia B AH3I1eKTPHYECKOH Cpefie.

JIUTEPATYPA

1. A A Bopo6nes, E. K. 3aBanosckas OIJekTpuieckad MPOYHOCTL TBEp-
amx pamsaektpuko. IHUITTJI, 1956. :

2.B.U. O6yxos, A. W JIucunwu NOX, 1, 1963.

3.C.U. Aunpeesn, M. IL. Banwxkos JXT®, 31, . 8, 1961; 32, B. 6, 1962.

4. 10. B. CkBopuos, B. C. Komenskos, H M Kysneumos XITQ,

30, 10, 1959,
5 H. A. Pom, . Il. ®poos. 3sykoobpasoBatie NpH HCKPOBHIX paspAlax B BOZe.

Oruer 1, M, 1957. .
93



i

6. K. K. Annpeen. Tepmuueckoe pas/ioKeHHe H TOpPeHHe B3DLIBYATHIX BEIIECTB.
- Y3H, 1957. S

7. @. U. Boyaeun, AL Hod de BosbympmeHue u pasBuTHe B3DPHBA B TBEP/IHX
. mopojax M KHUAKHX Tenax. WJI., 1955.

8 I U MokpoBscKHHA PU3MYECKHE OCHOBH B3pHiBHOTo Aeda. 3HaHHe. 1956.

O. E. Binacos. OcHoBu Teopud B3peiBa, Visn. BHA, 1957.

10. C. ixoBaes. ugpoaunamuka BapwiBa, Cyanpomrus, 1961.

B. A. AccoHoB. BapbBubie paGoTh. Yraerexuzgar, 1958.

H.

9,
10.
1.
12. U Kansnxknui, A T. Cunebproxosa MHss. sysos—3uepreruxa, 3, 1963,



Co— 4YacTHYHasi €MKOCTh OAHOrO TPAaHCHOPTEPA OTHOCHUTEJBHO
craropa,
Us — HanpsaxeHne BO3OYXKACHHUS.
Tpancnopreps ObJH B3ATH ¢ KPYTJIBIM CEYEHMEM [OTOMY, UTO
Taxkas Qopma saekTpoja SIBAAETCA HaubGonee sPPeKTHBHOW upu ne-

PeMelleHuy 3apsaioB B 00JaCTH BBICOKOro rpaauenTa [5].
Benuuuny kosdbdunueHta mnepesa-

o ! 743 /4 . PAJKM MOXHO ONUpeLeNuTh 10 dopmy-

Je [6]
Ki=1/1+4% ,
‘/l - 4(:0 (2)

/5
20 rie C;— 4aCcTHUHAss EMKOCTb MEXIY CO-
CEJlHUMH TPAHCIODTEPaMH.
3aBHCUMOCTH YaCTHYHBIX EMKOCTel
/ /2 C, 1 C, 6plad ompeneeHb ¢ TTOMOULbIO
MOJEJMPOBAHHA B 3JEKTPOJHTHYECKOH
BaHHe. B pesysbraTte o06paGOTKH ONBIT-
HBIX JAHHHIX IIOJIYYEHB 3MIUPHYECKUE
3dBHCUMOCTH JJs YKa3aHHBLIX BeJHYHH
& V / IpH OJHOPSAHOM PACHNOJOXEHHH TPaH-

/ ! CHOPTEPOB-NIPOBOLHHKOB:
' 43K la
Co = Y )
np

Y e

T BV P S

_ us C, 3 \2r a
P P) 12 1b rne K — nusnexTpuueckas mpouumae-
MOCTBb CMOIJIHI,

Puc. 1. T'paduk 3apucumocru { — nnuna Tpancnoprepa,
{ywa=f(U ) poropos ¢ pas- a — paccrodanue MEXAY OCAMH
JAHYHBIM YHCAOM TpaHCHOpTe- TPaHCNIOPTEPOB,
poB: | —aas  poropa r — pajguyc TpPaHCIOpPTEepa.
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m= 2;, 2—npas poropa ¢

m=45 3 —1a poropa c D.,=d 2r-Ed

m=54, 4 — qns1 poTopa ¢ P ot + oo
m=174. dew— TOJIIUHA JHIJEKTPHKA,

yos — BO3AYIIHBINA 3a30p.
C yuertom saBucumocreit (3) u (4) ypaBuenue (1) MOMKHO 3amHCATh:

' " 4.3Ela 1 /D — 0,871
hha=Ugn-2.m—2"" 144 —({Z=__ 1 sl 4
Dip L/ + [3(% ( a

HJIH

8,6 UsnmEla 7 0,3
]xs = V 1 + 4— dCM+2r+EdBOS —1 (SC -‘I_I_i"__— 1 .
dew+2r +Edy, 3 or \ a

' )]
INpu u3MenenuM paxmyca Ttpaucnoprepa r, ocrapiss U,, =, a, l,
"dew, dyos = const, BUAHO, 4TO [y OYyAeT BO3PACTATH C yMEHBIIEHHEM
panmyca r U yBEJHYEHMEM KOJHYECTBA TPaHcHOpTepoB m. I[losTomy
AJAg MOJy4YeHHsI MAKCHMAJBbHOTO TOKA KOPOTKOrO 3AMLIKAHHS B reHe-
parope ¢ HEH3MEHHHIM PaJUyCcOM JAMCKa POTOPA HEOGXOAMMO YBEJH-
YHBATh YHCJIO TPAHCHOPTEPOB-IPOBOJHHKOB H YMEHBIUIATH HX PaiHyC.
Oznako yMeHbLUEHHE pajuyca TPAHCHOPTEPOB CBH3AHO C TPYAHOCTBHIO
H3rOTOBJIEHHHA. -
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