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IIpeiv1oif(eH MeTO,D; pac'IeTa 3JieKTplneCIUIX 11,erreii co B3pbIBaIOIIl,HMl{C.II npOBO,D;HJIKaMJ.I, 
Il03BOJI.III01Il,Hli C ,D;OCTaTO'llIOH ,D;JIH: rrpaKTHKH TO'llIOCTl>IO rrpOH3BO,D;HTl> MarHHTOrH,rt;pO,D;HHairn-
11ec1UUI pac11eT B3pI>IBa Me,D;HbIX npOBO,D;HHKOB B Te'IeHH0 Bcero nponecca B3p1,rna . 3aBE:CHMOCTb 
npOBO,D;HMOCTH Me,D;H OT IJJIOTHOCTH H y,n;eJII,HOH TeIIJIOBOli 3HeprHH Haii,n;eHa pac11eTHO-,lKCile
pHMeHTaJII>HHM nyreM. B pac11erax HCIIOJII>3Y0TCH: ypaBHeHH0 COCTOllHtlll MeTaJJJia, 
Y"lllTI>IBaIOIIl,ee ero HCnapeHHe. Ilpl:IBO,D;.RTC.11 peayJibTaTI>I paC'leTOE II' o6cym,n;aeTC.II BX 
corJiaCOBaHH0 C 3KCrrepHM0HTaJII>HIDIH ,n;aHHblMH, 

B CHJibHOTO'lHhlX renepaTopax HMIIYJibCOB BhlCOROro HaIIpamemrn B pap;e 

CJiy'laeB HCIIOJib3YIOTCH cxeMhl HH)];YI<TBBHLIX HaROIInTeJieii co B3pLIBarom.n

MHCH IlpOBOAHHKaMH, AJIH paC'l0Ta KOTOphlX IIpHMeHHIOTCH RaK HHIBenepHhle, 

TaK H MarmrTOfHAPOAHHaMH'l8CKH0 M:0TOl);J,I, B 1rnmeaepHhlX , MeTo,:i;ax (1 ) 

11pon;ecCbI, IIpOTeKarom.ue BHYTPH IIpOBOl];Hlrna, 3aMeHHIOTCH H8KOTOpbIMH HH

Terpam,HhlMH xapaRTepHCTHRairn, TaIHIMH, aanp1n1rnp, I<aK CKOpOCTL pocTa 

COIIpOTHBJI0HHH. Ilpu 8TOM ORa3hlBa0TCH BO3MOIBHhlM onpe,:i;eJIHTb JIHlliL 8I<C

TpeirnJibHhle 3Ha'leHHH TOKa H aa11pamemrn B cxeMe lI IIOJIYIIllIPHHY HMIIyJibCa. 

'Y,:i;oBJI8TBOpHT8JlbH00 COBIIa,:i;enue pac'leTa C 8KCIIepHM8HTOM MOIBHO OIBHl);aTb 

JIHllib AJIH y3KOH· o6JiaCTH COCTOHHHH B3phlBarom,eroca IIpOBOAHirRa. MarHHTO

fHAPOAHHaArn•rnc1rne MeTOAhl pac'leTa [ 2 ] MoryT ,:i;aTb 110,:i;po6noe onucaaue 

B3phlBa IIpOBOAHHRa TOJibRO B CJiy'lae, ecJIH H3B8CTHbl aJieRTponpOBOAHOCTb 

H ypaBH8HHe COCTOHHHH B3phlnarom.eroca Bem,eCTBa B xapaRrepHOM l);HaIIa3oHe 

IIJIOTHOCTeii II anepruii 10-3 < o < 1, 0 < e: < 30 K,D,m / r, r,:i;e o= V0 /V -
6eapaar.rnpHaH IlJIOTHOCTb , V - y,:i;eJibHhlir 06-1,'eM, e: - y,n;eJibHaH BHYTP8HHHH 

aaeprirn. 

ECJIH He Y'lHThlBaTb TeIIJIOIIpOBOAHOCTJ, I{ BH3ROCTb nem.ecrna H 11pene6-

pe'lb TOKaMH CM0Ill,8HHH BHYTPH IIpOBOAHHKa, TO OCHOBHaH CHCTeMa ypanne

HH'H npHMeT BHA 

ar _ . av a ( ,_1 ) _ 0 Tt - u, at- ax- r u - ' 

~ + r•-i~ _ _ J_ VEH 
at ax - C p ' 

~ av v~ . at+Pae=-P-; p=p(e:, V); p=p(e:, V), 

1 a ( VH ) - aE . E _ cp a (r'-IH) 
C ot r •-1 - OX ' - 41tV OX ' 

(1) 

fJ V fJ 
r.,:i;e ox= r • - 1 fJr' IJ H E - nanp.flIB8HHOCTH MarHHTHOro H 8JI0KTpH'l0CIWfO 

IlOJieii, p - .,:i;aBJI8HH0, p - yp;eJibHOe conp OTHBJI0HHe, v= 1, 2 - IIORa3aTeJib 

CHMMeTpHH. MarHHTHOe IIOJI0 B ORpymarom,eM npOBO)];HHR IIpOCTp aHCTB0 MO>I<HO 

Y'l0CTb BB0)];0HH8M B 8JI0RTPH'l0CRYIO n;e111, IlOCJI0)J;OBaTeJibHO C npoBO)];HHKOM 

11epe111:eHHOH HHAYRTHBHOCTH L, H3M0H0HH0 ROTOpoi'r O11pep;eJIH0TCH Y B8JIH'l0-

BH0M eapymaoro pap;uyca paaJierarom.eroca nponop;mrna. EcJIH nap bIB 11po

nop;mn<a IIpOHCXO)];HT B RaROH-JIH6o )];H8JI81{TPH'l8CROH cpep;e, TO 0MKOCT1> aroro 
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.:,ll;ll9JI0KTpHKa yqHTbIBaeTCH BB0A0Hll0M B pacC4.HThlBaeMyIO cxeMy IIOAC00AHH0H

Horo rrapaJIJI0JlbHO rrpOBOAHHKY KOHA0HCaTopa. 

fpaH11qHhle 3HaqeHHH 9JieKTpOMarHHTHhlX BeJIHqllH Ha IIOBepXHOCTll rrpo

BOJIOqKH orrpeAeJIHIOTCH IIOAOOHO [ 3 ] COBMeCTHhlM pemeHHeM CHCTeMhl (1) 
C CHCTeMOH 9JieKTpoTeXHHqecKHX ypaBHeHHH cxeMhl, B KOTopyro BKJIIOqeHhl 

rrpoBOAHHKH. 8JieKTpHqecKaH cxeMa H300pameHa Ha p11c. 1, fAe Co - eMKOCTb, 

rrepBoHaqaJibHo aapHIBeHHaH AO HarrpHIBeHHH U0; £ 1, L 2 - HaKorruTeJibHhle 

HHAYKTHBHOCTH rrepBoro H BTOporo KaCKaAOB; 11, 12 - TOKH, rrpoTeKaIO~He 

qepea l H l l KacKaAhl rrpoBOAHHKOB; n 1, n2 - ROJiuqecTBO rrapaJIJieJibHO 

Bap1,rna10m;uxcH rrpoBOAHHROB rrepBoro H BToporo RacRaAoB; Rn, Cu, Ln - aR

'THBHoe corrpoTHBJieHHe, eMROCTb H HHAYRTHBHOCTb HarpyaRH; P 1, P 2 , P 3 -

paapHAHHRH, BRJIIOqaro~HeCH rrpu aapaHee 3aAaHHOM ~arrpHIBeHHll H yrrpaB

.JUIIO~He paoOTOH cxeMbl. IlpH HeOOXOAHMOCTH JIIOOOH 9JieMeHT HJIH JIIOOaH 

......-:-

-,-
1 
I 

~--+--~-'--- --!--~-._ __ __.~ d 

Puc. 1. IlpHHUHllHam,HaJI CXeMa 0Jl0KTpuqec1wro HOHTypa. 

:qerrb cxeMhl MoryT OhlTb OTRJIIOqeHhl. TaRHM o6paaoM, HMeeTCH B08MOIBHOCTb 

pacqeTa OAHOro HJIH ABYX RaCl\aAOB B3phlBaIO~HXCH rrpoBOAHHROB C Harpya
ROH HJIH 6ea Hee. 

PemeHHe CHCTeMhl (1) HaXOAHJIOCb qllcJieHHO. ,ll;JIH IIOCTpoeHHH CHCT0Mbl 

paaHoCTHhlX ypaBHeHHH rrpHMeHHJICH MeTOA pacm;errJieHHH no cf>uauqecRHM 

rrpo:qeccaM, II03BOJIHIO~HH pemaTb ITO OTAeJibHOCTH ypaBH0HHH MaRcBeJIJia 

H ypaBHeHHH ra30AHHaMHRH. ,ll;.rr'H pacqeTa ypaBHeHHH ra30AHHaMHRH IIpH

MeHHJiaCb HBHaH pa3HOCTHaH cxeMa (4 ], B ROTOPOH oco6oe BHHMaHHe o6pa

~aJIOCb Ha TOqHOCTb BhlqHcJieHHH 9HeprHH. 'YpaBHeHHH MaRCBeJIJia paccqu

ThlBaJIHCb no IieHBHOH paaHoCTHoii cxeMe ( 5J. HaJIHqHe B ypaBHeHHHx raao

AHHaMHRH rrpaBhlX qacTeH IIpHBOAHT R ll3MeHeHHIO YCJIOBHH ycToiiquBOCTH, \ 
ROTOpoe IIpHHHMaeT BHA ' 

-c ¾ h/va.....,2c-+-:---=H=2/--,-4-1t v=, 
rAe a2 =-(iJp/o V)., -c H h - marH ceTRH no BpeMeHH H no x . ,ll;JIH o6ecrreqeHHH 

_ TOqHOCTll BhlqHcJieHHH mar 't AOIIOJIHHTeJibHO orpaHHqHBaJICH TaK, qTOObl OT

HOCHTeJibHOe ll3MeHel;Ille IlJIOTHOCTH 9HeprHH B TOqRe aa cqeT BhlAeJieHHH AIBO

yJieBa TenJia B TeqeHHe BpeMeHH 't He npeBhlillaJio Ohl 3aAaHHOH BeJIHqHHhl. 

PacqeThl npOBOAHJIHCb l];JIH MeAHhlX npOBOAHHROB. HcnOJib30BaJIOCb 

ypaBHeHue COCTOHHHH [
6 1, OllHChlBaro~ee HcnapeHHe MeAH H OOJiaCTb CMec11 

rrapa H IBHAROCTH., B OAHO<pa3HOH OOJiaCTH ypaBHeHHe COCTOHHHH HMeeT BHA 
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P ,' Px +PT; s=·sx +sT, 

Px = 2.32. 1012 (as.1 - a2 ,5), 

oeT 
PT= r (a, sT) To, 

( 
2 2o ). 1 + 2.02 · 10-11eT 

I' = 3 + 1 + 0.5a' 1 + 6.06 . 10-11eT ' 

I ex=- f PxdV, 

(2) 



r,i;e paaMepHOCTH BeJIH111m: V[cM3 /r), P[apr/cM3 ), e[apr/r). fpaumi;a o6JiaCTH 

CMec.e: qiaa paCC'IHThIBaeTCH HCXOlJ;H 118 TepMOlJ;HHaMH'leCKHX COOTHOmeHnii:. 

BHYTPH .aToii o6JiaCTH rnJJ;pOJJ:HHaM1111eCKHe B0JIH'IHHbI e H V pacc1111TbIBaJI.e:c1, 

HHTepnOJIH~Heii no KOH~eHTpa~HH Oll;HOH H8 qiaa M0IBJJ:Y 8Ha'leHHHMH 8THX 

B0JIH'IHH Ha rpaHH~e. 

B HCCJiep;yeMoii o6JiaCTH IlJIOTHOCTeii II TeMnepaTyp aaBHCHMOCTb yp;eJII,HOro 

conpOTHBJI0HHH M0)J;H OT O H BT H8B0CTHa H0)J;OCTaTO'IHO xopomo. IlOilbITKH HC

IlOJib8OBaTb (no)J;OOHO rD aaBHCHMOCTH THila p ( BT , o) = P1 ( 8T) P2 ( o) K YAOB

h~TBOpHT0JibHOMY peayJibTaTy He npHB0JIH: no,i;6op KOHCTaHT B BbipameHHHX 

P1 H P2 IlO8BOJIH~ IlOJIY'IHTb corJiacoBaHHe C 8KCnepnMeHTaJibHbIMH ,i;aHHbIMH 

TOJibKO B yaKoii o6JiaCTH cocTOHHHii Beni;ecTBa. Pac11eTLI noKaaLIBaJI11, 'ITO qiyuK

~ P2 ( o) ll;OJIIBHa cym;eCTB0HHO aaBHC0Tb OT BT, He p;aJIH corJiaCOBaHHH C 8K-

tlfO 
er, K/J..JJC/l 

Pnc. 2. 3auncnMOCTh YA8JI1>noro conpOTJiIBJiemrir M8AJiI OT eT 
IlpH 11=1. 

cnepHMeHTOM H IlOilbITI{H HCilOJib8OBaTb 6oJiee CJIOi-KHYIO HHTepnOJIH~HOHHYIO 

aaB:e:cmrncTb p ( o, T) , npeJJ;JiomeHHYIO B [ 8 ]. Bee :no npnBeJio K Heo6xo,i;n

MOCTH OTKaaaTI,CH OT HCIIOJib8OBaHHH orryoJIHKOBaHHI,IX pauee Bbipamemiii: 

AJIH yp;eJibHoro COIIPOTHBJI0HHH p;ame IlOCJie HX Mop;epHH8a~HH. 

,ll;JIH onpep;eJieHHH p ( o, ET) ObIJI npHMeHeH paC110TH0-8KCD0pHM0HTaJibHblH 

M0TO1J;, IIpH KOTOPOM 8Ta aaBHCHMOCTb BbIOHpaJiaCb TaK, 'ITOObI C DOMOIIl;bIO 

pac11eTOB omi:caTb H0CI<OJlbKO (<ODOpHbIX>} 8KCDepHM0HTOB, BbIOpaHHbIX ll;JIH 

8Ha"IHT0JJbHO OTJIIl'IaIOilJ;HXCH ,i;pyr OT ,i;pyra YCJIOBHH B8pbIBa rrpoBOlJ;HHKOB. 

BbIJIO orrpo6oBaHO O0Jlbill00 KOJIH110CTBO BHlJ;OB q>yHK~HH p (eT, o). AHaJIH8 

peayJibTaTOB pac11eTOB DOKaaaJI, t:JTO YAOBJl0TBOpHT0JlbHOro corJiaCOBaHHH OlJ;HO

BpeMeHHO co BC0MH orropHbIMH 8KCII0pHM0HTaMH B Te'leHHe ncero Bp0M0HH 

IlOll;'L0Ma H cnap;a TOKa MOIBHO ll;OOHTbCH TOJlbKO B CJiy<rae, ecmr xapaKTep aa

BHCHMOCTH p ( ET, o) orrpep;eJIH0TCH qiaaOBbIM COCTOHHH0M Beni;ecTBa. BLI6paH

HaH TaKHM oopaaOM aaBHCHMOCTb ll;JIH OOJiaCTH O ~ Oxp ( Oxp - OTHOCHT0JlbHaH 

UJIOTHOCTb B KpHTH110CI<OH TO'IKe) aanHCbIBaeTCH B BHp;e ' 

p (Er, o) _ m ( ~ l P1<p lg o 
1) 

-'W ex, er1 g--1 • , 
P1 (er, P1 g 0 xp 

lg o 
ex = lg o,p ' 

I 
ex - (1 - ex)~ IIpH O,p!¾ 0 ¾ 1, 

<I> (ex, er)= ET •p 

1 - n OCTaJlbHOH o6JJaCTH e'i,, o, 

(3) 

r)J;e Prp - yp;eJibHOe corrpOTHBJI0HH0 B KpHTH110CKOii TO<rKe, BT l{p - YJJ:0JlbHaH 

·reIIJIOBaJI 8HeprHJI B KpHTH110CKOii TO'IKe, o,, (eT) - OTHOCHT0JlbHaH IlJIOT

HOCTb iRHll;KOCTH Ha rpann~e OOJiaCTH CMeCH qiaa, P1 (B T , 1) - yp;eJibHOe co

npOTHBJI0HH0 MeTaJIJia npH o=1. 3aBHCHMOCTb P1= P1 (eT, 1) npep;cTaBJI0Ha 

Ha pnc. 2. II pH MaJibIX BT P1 ( 6T, 1) corJiacyeTCH co cnpaBO'IHbIMH p;aHHbIMH. 

J,ia CHCT0MbI (3) BH,rt;HO, 'ITO aaBHCHMOCTH p ( BT, o) IIpH q>HKCHpOBaHHbIX BT~ 
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~ er KP MeHJIIOT CBOH xapaKTep n TO'IKax, Jiea<all.\HX Ha rpaHHIJ;e o6JiaCTH CMeCH 
qiaa. O6pall.\aeT Ha ce6JI BBHMamrn, 'ITO npH o= o•P y.u;em,Hoe conpoTHBJieH1rn 
Be aaBHCHT OT er. IlocTpOeHHaJI TaKHM cnoco6oM aaBHCHMOCTI> p (er, o) B 06-
JiaCTH o > oxp onpep;eJIJieTCJI aa.u;amrnM P,p, p1 (er, 1) H noJiomeHiieM rpamn:i;hl 
o6JiaCTH CMeCH qiaa B llJIOCKOCTH €7, 0. B o6JiaCTH O < 10-3 .0:cnom,aonaJIHCI> 
aaBHCHMOCTH p (er, o), npep;JIO}l{eHBl>Ie B [ 9] . B rrpo1-rnmyTO'IHOH o6JiaCTH 
p (er, o) onpep;eJIJIJIOCI> HHTeprroJJJIIJ;HeH noJIHH0MaMH TpeT1>ero nopJip;Ka no o 
npn qJHKCHpOBaHHhIX Er, 

!,KA {J,KB 

8 f60 

6 120 

2 

a I 

0 0.'t· 0.8 f.Z f.6 0 

t , MKC 

6 

0.Y 0.8 f.Z f.6 

PHc. 3. BapLUI OAHOH np0B0JI0"IKH l= 12 CM, r= 0.007 CM npH 
U0=32 KB, C0= 0.5 MKq>, L= 2.5 ~mrn B Macne (a) u B Boa11yxe (6). 

IlocJie no.u;6opa napaMeTpon B (3) 61,mo paccq1naHo 6oJiee 10 KOHTPOJil>BhIX 
aKcnepHMeHTOB, B 'IHCJIO KOTOPl>IX BX0,[J;HJIH Kai{ OJJ;HOKaCKa)J;Bhle, TaK H ;:i;nyx
KaCl{aP,Hbie B3pb1Bhl npono.u;mrnon B noap;yxe, Bop;e, MaCJJe H 8IlOKCHJJ;HOM KOM
nayHp;e. O cHOBHbie napaMeTpbI, onpep;eJIJIJOTI.\He YCJJOBHJI B3p1>rna npoBO)J;HHKOB, 
11aMeHJI~HC1> B p;Hanaaonax: 8 KB < U0 < 1 MB, 0.15 Ml{q) < C0 < 22 MKq>, 

/,KA U,118 
50 500 

20 200 

fO 

0 f 2 

a 5 

I 

3 f z 
t,MKC 

PHc. 4. Bapbm OAHOH np0B0JI0'llill B B03)WX8 nplI 
U0=140 ItB , C0=1.5 Mltq>, L = 3 MRfH. 

a - 1=61 CM, r=0 .02 CM; 6 - 1= 27 CM, r=0.014 CM. 

0 .07 MKfH < L < 30 r.rnfH, 1 CM< lup < 10 M, 1 < n np < 30, 
0.02 MM< r"P < 0.2 MM. Bo ncex I{0HTPOJil>Hl>IX pacqernx paaBHIJ;a Mem.u;y 
paCC'Il:ITaHHhlMJI H 8KCnepnMeHTaJIJ,HO onpep;eJJeHHI>lMH anaqenum.rn aMilJIH
ty.u; I (t) H U (t) ne npen1,1maJia 10 % . ,[(ocTaTO<JHO xopowo pac11enr om1caJIH H 
aaBHCHMOCTH I {t) H u (t) , a TaKa,e aaBHCHMOCTH TOKa H nanpJimemrn OT xa
paKTepHCTlIK npoBOJIO'leK H aJieKTpH'IeCKJIX cxeM. 

Ha pHc. 3-5 np11se.u;em.r B Ka11ecTBe npuMepa Hel{0Top1,re cJiyt:JaH cpasae
mrn 8KCnepnMeHTaJil>HhIX H pac'leTHl>IX p;aHHhlX. CnJIOillHI,Ie JIHHHH - / (t) H 
u (t), IlOJiy'leHHble B ::mcnepHMElHTax , mTpHXOBI,Ie - ·B p eayJI1>TaTe paC'leTOB. 
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P:ac. 3, 4. HJIJIIOCTp11pyroT o.n;HoKacKa.n;m,1ii: B3pi.IB npoBo,n;HHKOB, p11c. 5 -
,n;ByxKacKa,n;HLIH. B nocJie,n;HeM cJiyqae .n;aHLI KaK KpHBLie / 1 (t) 11 U1 (t) TOKa 

H HanpHmeHHH Ha npOBO,n;HHKax nepBoro KaCKa.n;a, TaK H KpHBI,Ie /2 (t) H 

U2 (t), OTHOCHID;HeCH KO BTOpOMy KacKa,n;y B3phlBarom;nxcH apoBO,n;HHKOB . 

lfa p11c. 4, a, 6 BH,n;Ho, qTo pacqeT .n;aeT KaqecTBeHHO corJiacyro~nii:cH c :me-. 

rrep:aMeHTOM xo.n; I (t) He TOJibKO B o6JiaCTH rro.n;'beMa, MaKCHMyMa 11 crra.n;a 

TOKa, HO 11 B o6JiaCTH MHHHMyMa TOKa M ero ,n;aJII,Heii:mero BOCCTaHOBJieH:rirn. 

IlpH 3TOM HYIBHO no,n;qepKHYTh, qTo B pacqeTe yq11TL1BaJiac1, 3aBMCMMOCTI, p 
TOJII,KO OT €T Ji O 6ea IIpHBJieqeHMH KaKMX-JIM6o .n;pyr11x q)H3JiqecKHX ape,n;cTaB-

!.~A U,1<8 a 
10 zoo 

8 

6 

4 80 

z f/0 

0 

10 zoo /j 

8 

6 

4 80 

2 

0 0.8 1.2 f.6 f. 3 1.5 1.7 f.9, 
t, M K C 

[ P.Hc . 5. ,[lnyxKaCI<a)];Hl,IH B3phlB upOBO)];HHKOB B MaCJI0. 

U, = 33 RB, C,= 0.5 MllcjJ, L, = 2.5 MRrl-1, L2 =2 ~rnrn, l,=l. = 12 CM, 
r, = 0.004 CM, r, = 0.002 CM, n, = 4, n,=2 (a) H 3 (6). 

Jiemi:i, o6'hHCHHIOID;HX. 3TO HBJieHMe (HaIIpMMep, . rrpe,n;IIOJIOJl<eHHH O 3aBHCM

MOCTH p OT E; CM., uanp11Mep, [ 10 ]). PacqeT IioKaaLIBaeT, qTo yBeJrnqeHHe 

IIJIOTHOCTH c pe,n;hl, OKpymarom;eii: npOBOJIOqKy, IIPH npoq11x paBHhlX YCJIOBHHX 

HeCKOJibKO CHHmaeT H 3aTHrHBaeT HMilYJibC HanpmKeHHH (p11c. 3). AHaJIH3 

pacqeTOB IlO3BOJIHeT BhlHBHTI, BJIHHHHe napaMeTpOB CXE)MI,I Ha xapaKTep aa

BHCJ,IMOCTeii: I (t) n U (t). TaK, HarrpHMep, Ha pnc. 5 BII,n;Ho ncqeaHoBemi:e nep

Boro MaKCHMyMa U1 (t) npn yMeHbllieHHH ROJiliqecTBa napaJIJieJihHhlX rrpoBo.n;

HHKOB BTOporo KaCKa.n;a . 3aMeTHM, 'ITO ,n;aJihHeii:mee yBeJrnqeHHe HaqaJibHOro 

conpOTHBJieHHH npOBO,n;HHKOB BTOporo KaCKa.n;a IIpHBOp;HT I{ IIOHBJieHIIIO BTO-

poro MaKcnMyMa Ha Kp:aBoii: U2 (t). · . 
Bo Bcex CJiyqaJIX pacqeT .n;aeT HeCKOJibKO 6oJree paHHHH B3phlB npOBQ,n;HH

KOB, qeM 3Kcnep11MeHT (Ha HeCROJII,J{O npou;eHTOB). OTO oneperKeHHe, IlO-BH

.n;:e: 'IOMY, o6'bHCHHeTCH TeM, qTo ypaBHeHHe COCTOHHHJ (2) He yqJ,ITI,JBaeT nJiaB

JieHHH Bem;ecTBa . Ha pnc. 3-5 B MOMeHT IIJiaB'JieHHH Ha 3RcnepHMeHTaJibHOH 

i-p1rnoii: aaMeTHO aaMe,n;Jiemi:e pocTa HanpHmeHHH, qero HeT B pacqeTe. ,l];JIH 
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,n;ByxKacKap;HhlX cxeM aaMeTHa paamrn;a B xop;e U 1 (t) B MoMeHT BKmoqemu1 

BToporo KacKap;a (t=1.3 MKC Ha pnc. 5), Bhl3hlBarom;aH orrepemeHne pacqeT

Horo MOMeHTa B3phlBa rrpoBop;HHKOB BToporo KacKap;a. 8Ta paaHHn;a oo~Hc

HHeTCH IIpHHHTOH B pacqeTe np;eaJIH3an;neii: paooThl paapH,!J;HHKa. 

AHaJIH8 pacqeTHhlX aaBHCHMOCTeii: OT BpeMeHH rnp;pop;nHaMnqecKHX H 
:meKTpop;HHaMHqecKHX BeJIHqHH B pa3JIHqHI,IX TOqKax rrpOBO)];HHKa p;aeT rrpep;

CTaBJieHn:e O MeXaHH3Me B8phlBa rrpoBO,!l;HHKa. Ha pn:c. 6 )];JIH CJiyqaeB B3phlBa 

Mep;HhlX rrpoBOJIOqeK B BO3p;yxe JI 8IIOKCH,!l;HOM KOMnayHp;e rrpn:Bep;eHhl OOJiaCTH 

COCTOHHHH Mep;n: (er, o) B pa8JIHqHhle MOMflHThl BpeMeHH. CrrJIOIIIHhle KpHBhle 

1 n: 2 OTHOCHTCH COOTBeTCTBeHHO, K HapyiKHOH IIOBepXHOCTH n OCH rrpoBO)];HHKa. 

IIITpHXOBhlMH JIHHHHMH coep;HH0Hhl ToqKJI COCTOHHHH Bem;eCTBa, OTHOCHID;H0CH 
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P.ac. 6. CocTOJIHlIJI M0All-

a - BSphlB B B0311:YXe O)l;H0.11 rrpOBOJIO'IKH l ,;=39 CM, r=0.015 CM IIPH Uo=140 KB, 
Co=i.5 MK(j), L=4.5 MKrH; 6 - B3ph1B B ijIIOKCH)l;HOM KOMIIayH)l;e O)l;H0.11 rrpono

JIO'IKH l.=1.5 CM, r=0,017 CM IIPH U0 =8 KB, C0=22 MK(j), L=0.07 MKrH. 

K yKaaaHHhlM Ha pncyHKe MOM0HTaM Bp0M0HH (B MKc); IIITpHXIIYHKTHpOM p;aHa 

rpaHnn;a ooJiaCTH cMecn: cpaa. Ha rrepBoii: cTa~HH paaorpeBa Bem;ecTBa cocTOH

HHH B pa3JIHqHbIX TOqKax rrpOBO)];HHKa OJIH3KH p;pyr K p;pyry. Ilpn: 8TOM 06-

JiaCTb COCTOHHHH IIpHMhlKaeT K rpaHnn;e OOJiaCTH CM0CH cpaa. Ilpn: B3phlBe 

npOBO)];HHKa B BO3p;yxe B MOM0HT, Korp;a rJip;pop;HHaMn:qecKoe p;aBJI0HHe cpaB

HHBaeTCH C MarHHTHhlM, noBepXHOCTHhl0 CJIOH rrpOBO,!l;HHKa HaqnHaIOT OhlCTpo 

HCnapHTbCH H pa3JI0TaTI,CH, OOJiaCTb COCTOHHHH Be~eCTBa npH 8TOM CHJibHO 

pacrnHpH0TCH, pe8KO BO3pacTaeT yp;eJibHOe conpOTHBJI0HH0 (TaK Ha3hlBaeMaH 

«BOJIHa HCnapeHHH>>; CM. [ 11 ]). Ha KpHBhlX TOKa 8TOT MOM0HT 3aMeTeH, Kai{ 

HaqaJio «BaphlBa>> - OhlCTporo crrap;a TOKa. Ilpn: B8phlBe B IIJIOTHOH cpep;e paa

JieT BH0IIIHHX CJIOeB cp;epiKHBaeTCH, COCTOHHHH Bem;ecTBa M0HbIII0 paaJIH

qaroTCH no pap;n:ycy H Bee Be~eCTBO npoBO)];HHKa npno6peTaeT 66JibIIIYIO Ten

JIOBYIO aHeprnro, ocTaBaHCb B op;HocpaaHoii: · ooJiaCTH. Ha noap;HHX cTap;mu 

B8phlBa nJIOTHOCTb Be~eCTBa BhlpaBHHBaeTCH no pap;nycy, a npn: B3phlB0 

B IIJIOTHOH cpep;e BhlpaBHHBa0TCH H yp;eJibHaH --TenJioBaH 8HeprHH Bem;ecTBa. 

Pa3JieT p;o MaJihlX IIJIOTHOCT0H rrpn:BO)];HT K YM0HbIII0HHIO yp;eJibHOro conpOTHB' 

JI0HHH H, 0CJIH He H3pacxop;oBaH aarrac 8Heprnn:, K BOCCTaHOBJI0HHIO TOKa nocJie 

MHHHMyMa. 

. J13JIOIB0HHhlH B paOOT0 M0TO)]; MOiK0T OhlTJ. npHM0H0H )];JIH paCCMOTpeHHJI 

6oJiee rnn:poKoro Kpyra HBJI0HHH, B KOTOphlX cym;eCTB0HHa Haq JlbH;lH cpaaa 

B3pbIBa MeTaJIJia, H )];JIH n:ayqeHHH q>H8HKH rrpon;eccoB, npoTeKarom;nx npu 

1968 
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aJieKTplPieCKOM Bap1,rne npoBO,IJ;HlIKOB. KpoMe 'Toro , ero · tdOffiHO ;llCJIOJib80BaTb 

1 

,D;JI.H IICCJie,D;oBaHHH 88.BllCllMOCT0H npOBO,IJ;HMOCTll M01'aJIJIO,B OT miOTHOCTH 11 
TeIIJIOBOH aHeprHH B OOJiaCTH nepexo,n;a H3 MeTaJIJIHtJ0CKOro COCTOHHHH B Faa 

u ,IJ;JI.H yTotJHeHHH ypaBaeauii cocTo.11u11.11 B aToii o6JiacT:e:. 
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