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DonyqeHHe HHTeHCHBHblX aneKTpOHHblX ny'I{KOB - onHa li3 Ba>KHblX 

aanaq yCKOpHTenbHO~ TeXHHKH 1 3HaqeHHe KOTOpO~ OC06eHHO B03pOCnO 

B CBSI3H C pa3BiiTHeM HOBblX MeTonoB ycKopeHHSI H H3y'l{eHHeM npo6neM 

KonneKTHBHbiX B3aHMone~cTBH~ nyqKoB c nnaaMoi1. BoaMO>KHbiMH nyniMH 
" /1/ 

peweHHSI 9TOH aanaqH HBnH~TCSI TipHMeHeHHe aBT09MHCCHOHHblX nHonoB 

H pa3nH'I{HbiX CHCTeM npHMOI"O pa3pHna Hnli nHHeHHOI"O nna3MeHHOI"O 6eTa

/2-5/ 
TpOHa 

B HacToHwe~ pa6oTe HccnenyeTCH noBeneHHe xononHoro KaTona npH 

naBneHHSIX raaa B KaMepe p>lQ- 3 TOpp. 3KcnepHMeHTanbHO TIOKa3aH0 1 

'I{TO npH COOTBeTCTBy~WeM Bbi60pe pa6oqero naBneHHSI H nnHTenbHOCTH HM

nynbCa HanpH>KeHHH Mo>KeT 6biTb nonyqeH HHTeHCHBHbifi (no 10 Ka) raaoc~o-

KyCHpOBaHHblH nyqoK aneKTpOHOB. 

3KcnepHMeHTanbHaH VCTaHOBKa 

CxeMa aKcnepHMeHTanbHOfi ycTaHOBKH npencTaBneHa Ha pHc. 1-3. 

DpHMoyronbHbi~ HMnynbc oTpHuaTenbHOH nonHpHOCTH <flopMnposancH npH paa-

pHne eMKOCTH C = 0,1 • 0,5 MK~ Ha COTipOTHBneHHH RH = 1 KOM H no-

naBancH Ha KaTon (1) aneKTpOHHO~ nyWKH. nnHTenbHOCTb HMnynbCa pery

nHpOBanaCb aanycKoM ynpaBnHeMbiX paapHnHHKOB P1 H P2 • BHyTpeHee 

conpoTHBneHHe reHepaTopa onpenenHnocb senH'I{HHOfi orpaHH'I{HBa~wero co-
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PHc. 1, CxeMa axcnepHMeHTanbHOA ycTaHoBKH, 1 - KaTon, 2 - nose 
PoroBcxoro, 3 - xaTonuas KaMepa, 4 - auon, 5 - cTeKnHHHBH Tpy6xa 12MM, 
6 - npeA$oBaH Tpy6a H3 oprcTexna, 7 - uaTeKaTenb, 8 - H3MepHTenbHaH 
K8Mepa, 9 - UHnHHnp ~apanes, 10 - sneKTpOCT8TH~eCKHA auanH38TOPt 

11 - CHCTeMa nH$parM, 
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PHc. 1. CxeMa sxcnepHMeHTanbHOA ycTaHoBKH. 1 - xaToJl, 2 - noHc 
PorOBCKOrO, 3 - K8TOJlH8H KaMepa, 4 - 8HOJl, 5 - CTeKnHHH8H Tpy6xa 12 MM, 
6 - JlpeA~oBaH Tpy6a H3 oprcTexna, 7 - HaTeKaTenb, 8 - H3MepHTenbHaH 
K8Mepa, 9 - UHnHHJlp ~apaJleH, 10 - sneKTpOCT8THqecKHft 8H8nH38TOp, 
11 - CHCTeMa JlH~parM. 
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PHc. 2. CxeMa ycTaHOBKH JlnH H3MepeHHH sHepreTHqecxoro cnexTpa. 
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<.. 4 oM. AMnnHTyAa H <l!opMa Han 

nocpeACTBOM oMH'IecKoro AenHTensr R H I R u • j 

4!poHTa HMfiYllbCa HanpSI)KeHHSI COCTaB11S11la 40 HCel 

HaMepeHHe TOKOB npoH3BOAH110Cb nosrcaMH F 
-6 .. 5•10 ceK H KOaKCHallbHbiMH rnyHTaMH c L I R 

KaToA ( 1), HSroTosneHHbiil: H3 sonh<l!paMOBO 

pacnonarallCSI B AH911eKTpH'IeCKOil: KaTOAHOil: KaMe: 

11SI11 co6oil: MeTa1111H'IeCKHil: AHCK C ueHTpallbHhlM ( 

ysellH'IeHHSI speMeHH cymeCTBOBaHHSI raaoc<i!OKYC~ 

KaTOA yAa11SI11CSI OT aHOAa Ha paCCTOSIHHe 200 M~ 
d 12 MM HCfi011b30Ba11aCb A11SI <i!oKyCHpOBKH H C~ 

CTOSIHHe Me*AY KOHUOM Tpy6KH H aHOAHblM AHCKI 

aHOAOM pacnonaranaCb H3rOTOB11eHHaSI H3 oprCTE 

( /J 75 MM, f = 300 MM), B KOHUe KOTOpOil: 6bl 

AeSI (9). 
llasneHHe B CHCTeMe perynHpOBallOCb npH 

pacnono)KeHHbiX B KaTOAHOil: ( 3) H H3MepHTe11bH( 

PeaynbTaThl aKcnepHME 

PaasHTHe paapsrAa B Tpy6Ke (4) conposo~ 

qeHHeM sa aHOAOM B ApeA<i!oBoil: Tpy6Ke (5). CJ 

H HMeno qeTKO Bbipa)KeHHbiil: KepH AHaMeTpOM IS 

aHOAOM, H3MepseMhlil: UH11HHApOM 4>apaAeSI ( 8), 

OT nonHero TOKa C KaTOAa H COCTaBnSI11 1/2 + 

BaHHe BMeCTO AHCKOBOrO aHOAa naTyHHOil: ceTK: 

pHOAOM perneTKH 1 MM He MeHSI110 cymeCTBeHHI 

cneAOB8HHSI B OCHOBHOM npOH3BOAH11HCb 6e3 K8 

none:ll. noaToMy ace peaynbT8Tbi, ecnH aTo He 

HOCSITCSI K. T8KOMY HMeHHO cnyqaiOo 
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<.. 4 OM. AMnnHTyJla H ¢opMa HanpsnKeHHSI KOHTponHposanHcb 

nocpeJlCTBOM OMH"'8CKOrO )lenHTensr R H I R u • nnHTenbHOCTb nepeJlHero 

¢poRTa HMnyn~:>ca nanpsr*eHHSI cocTasnsrna 40 ncex. 

I13MepeHHe Toxos npoH3BOJlHnocb nosrcaMH Poroscxoro ( 2) c LIR "' 

= 5'10-6 
cex H xoaKcHanbHbiMH myHTaMH c L/R = 10-

9 
cex ( R =2·I0-

2
oM). 

lii 

KaTOJl ( 1) 1 H3roTosneHHbdl: H3 son~:>¢paMosoA nposonoxH P 01 5 MM1 

pacnonarancsr B )lHsnexTpH"'ecxoA xaTOJlHOA xaMepe (3). AHOJl (4) npeJlcTas

nsrn C060A MeTannH"'8CKHA JlHCK C U8HTpanbHbiM OTBepCTH8M c/ 20 MM, nnsr 

ysenH"'8HHSI BpeMeHH CyWeCTBOB8HHSI ra30C¢oKyCHpOB8HHOft CT8JlHH p83pS1Jl8 

K8TOJl yJlansrnCSI OT 8H0Jl8 H8 paCCTOSIHHe 200 MM, CTeKnSIHH8SI Tpy6xa (5) 

c1 12 MM Hcnonb3osanacb Jlnsr ¢oxycHpoBKH H cTa6HnH38UHH ny"'xa. Pac

CTOSIHHe M8*llY KOHUOM Tpy6KH H 8HOJlHblM JlHCKOM COCT8Bnsrno 20 MM. 3a 

aHOJlOM pacnonaranacb H3roTosneHHasr H3 oprcTexna JlpeA¢osasr Tpy6xa (6) 

( p 75 MM1 £ = 300 MM) 1 B KOHUe KOTOpOA 6bin noMeWeH UHnHHJlp 4>apa

Jl8SI (9). 

nasneHHe B CHCTeMe perynHpOBanOCb npH nOMOWH H8T8K8TeneA (7) 1 

pacnon0*8HHbiX B K8TOJlHOA ( 3) H H3MepHTenbHOA ( 8) K8Mepax. 

Pe3ynbT8Thl sxcnepHMeBTa 

Pa3BHTHe pa3psrJla B Tpy6xe (4) conposo*Jlanocb HHTeHCHBHhlM cse

"'eHHeM 38 8HOJlOM B JlpeA<fJosoA Tpy6Ke ( 5) • CBe"'eHHe He 6binO OJlHOpOJlHbiM 

H HMeno "18TKO BbiP8*eHHhlA K8pH JlH8MeTpOM 5 + 10 MMo ToK ny'IK8 38 

8HOJlOM, H3Mepa:eMhlA UHnHHJlpOM <t>apaJleSI ( 8) 1 Mano OTnH"'ancsr no <fJopMe 

oT nonHero Toxa c xaToJla H cocTasnsrn 1/2 + 4/5 ero '18CTH. 11cnon~:>3o-

B8HHe BMeCTO JlHCKOBOrO 8HO)l8 naTyHHOA C8TKH H3 npOBOnOKH 0 1 2 MM C ne

pHOJlOM pemeTKH 1 MM He MeHSinO cymecTBeHHO pe3ynbT8TOB ODhlT8. J1c

cne)lOB8HRSI B OCHOBHOM DpOR3BOJlRnHCb 6e3 K8KHX-nH60 BHeliiHRX MarHRTHhlX 

noneA. noaToMy see pe3ynbTaTbi1 ecna sTo He orosopeHo cneuHanbH01 oT-

HOCSITCSI K. T8KOMY HMeHHO cny"'810o 
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llnsr ycnOBHit Hawero 9KCnepHMeHTS 6binH xapaKTepHbl TpH CTSllHH 

pa3BHTHH TOKS. 

1. nepBOit CTSllHH COOTBeTCTBOBSnO OTCyTCTBHe sneKTpOHHOrO TOKS 

C K8TOlla, 3SMeTHO npeBbiWSIOUXero eMKOCTHbiit TOK B CHCTeMe. llnHTenbHOCTb 

STOlt CTSllHH 38BHCena OT llSBneHHSI B KaMepe H npH llBBneHHSIX p~ 0,5.10-
2 

npHMepHO COOTBeTCTBOBana BpeMeHH HeitTpanH38UHH r = -
1
-- , rne D 

n
0 

o v o 

16 
.. 3,56.10 p (Topp) - nnOTHOCTb HeitTpanoB, v - CKOpOCTb sneKTpOHOB, 

. mv 2 /6/ 
0 

= ( 2Jr ea I m v2l) tn (-) - ce'leHHe HOHH3aUHH sneKTpoHHbiM ynapoM 
2le 

- llOTeHUHan HOHH38UHH. 

Ha pHc. 4 H3o6pa*eHa 38BHCHMOCTb 3allep*KH B llOSIBneHHH TOKa K8K 

~yHKUHSI speMeHH HeitTpanH38UHH (nasneHHH). npHMSSI nHHHSI COOTBeTCTByeT 

t = r, KpHBaH - aa6monaeMaH nnHTenbHOCTb nepsoA CTBllHH nnsr asoTa. 

-2 
BHllHO, 'ITO npH p > 0,5•10 Topp xapaKTep saBHCHMOCTH sanep*KH oT r 

3aMeTHO OTnH'IaeTCH OT nHHeAHoro. 

llnHTenbHOCTb nepBOA CTSilHH cna6o 38BHCena OT llnHHhl CTeKnHHHOA 

Tpy6KH ( 4). TaK, npH p 
-2 10 TOpp 9TS 38BHCHMOCTb OTCYTCTBOBana. 

-3 2•10 Topp sanep*Ka yMeHbWanacb Ha 20% npH H3MeHeHHH nnH-npH p 

Hbl Tpy6KH C 60 llO 20 CM. 

llnH HCCnellOBSHHH pa60Thl KSTOllS npH OTCYTCTBHH HOHHOA HeATpanH

-5 
38UHH 6binH npoBelleHbl Ollb!Tbl npH llSBneHHH 10 TOpp, KOTOpble IIOK83SnH, 

'ITO B llHSll830He HSllPSI*eHHA 40,-f 60 KB TOK C KSTOilS llpHMepHO COOTBeT-

CTByeT 
u 
Po 
v'~ 

mc2 
a 

p = 120rr OM - BOnHOBOe COllpOTHBneHHe CB060llHOrO npOCTp8HCTBS. 
0 

llnsr ~OKYCHpOBKH ny'IKS B 9THX OllbiTSX HCIIOnb30BSnOCb !IpOllOnbHOe 

MarHHTHoe none. 
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aarnero sKcnepHMeHTa 6binH xapaKTepHbi TpH cTanHH :. 
I 

cTanHH COOTBeTCTBOBano OTCyTCTBHe sneKTpOHHOrO TOKa 

npeBbllllaiOmero eMKOCTHblil: TOK B CHCTeMe. llnHTenbKOCTb . 2 ' 
cena oT nasneHHSI s KaMepe H npH nasneKHBX p~ 0,5.10- Topp: 1 : 

..... a.<>'l"r.Tsosana speMeHH aeii:TpanHaauHH r = - , rne n n
0 

o v o 

( TOPP) - nnoTHOCTb aeii:Tpanos, v - cKopoCTb aneKTpoHoB, 

mv 2 /6/ 
fn(-) - ceqeKHe HOKH3aUHH sneKTpOKKblM ynapOM 

21e 

HOHH3aUHHo 

H306pa*eHa 38BHCHMOCTb aanep*KH B DOSBneKHH TOK8 KaK 

KH aeii:TpanH3aUHH (nasneKHSI), npgMaS nHKHS COOTBeTCTByeT 

s - aa6n10naeMaS1 nn&TenbKOCTb nepsoll: cTanHH nns aaoTa. 

-2 0,5•10 Topp xapaKTep aaBHCHMOCTH aanep*KH oT r 

g oT n&aeii:Horo. 

HOCTb nepsoil: CTanHH cna60 38BHCena OT nnHHhl CTeKDSHHOil: 

-2 P = 10 Topp sTa aaBHCHMOCTb oTcyTcTBoBana. 

aanep*Ka yMeHblllanacb Ha 20% npH HaMeaeHHH nnH-

20 CM. 

lccnenoBaKHS pa60Thl KaTona npH OTCyTCTBHH HOHHOil: Heii:TpanH
-5 

u 
Po 

nasneHHH 10 Topp, KOTOpbie noKaaanH, 

40 4 60 KB TOK C KaTona npHMepHO COOTBeT-

v~ 
mc2 

a 

OM - BODHOBOe conpOTHBneHHe CB06onHoro npoCTpaHCTB8e 

BKH nyqKa B STHX OfihlTaX HCDODb30B8DOCb npononbHOe 

none. 
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PHc. 4. 3aBHCHMOCTb aaJleplKKH oT speMeHH aei!:TpanHaauHH ( AaBneHHH). 
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IToHaneHHe ToKa aceraa conpoBo*aanocb caeqeHHeM Ha KOHue aonh

$paMoBoA Hrnhl. ITpH aanpH*eHHHX1 MeHbWHX 40 KB 1 caeqeHHe Ha Ka

Tone H TOK OTCyTCTBOBanH, 3TOT $aKT roBopHT 0 TOM 1 qTO nosaneHHe 
IV 

TOKa OOS3aHO KaTonHOMY $aKeny 1 9MHCCHS C KOTOpOrO HneT B pe*HMe 

orpaHHqeHHS nnOTHOCTH TOKa npOCTpaHCTBeHHhlM 3apsaoM (pe*HM BHpTy

anbHOrO KaTona), 

EcnH r( t) /L « 1 , r ( t) - panHyc $aKena, L - paeeTosHHe no 

aaona, TO nonHbiA TOK B nepBOM npH6nH*eHHH He 3aBHeHT OT nnowanH 

aMHTTHpyJOweA noaepxHoeTH S "'r 2(t), noeKOnbKY nns aKBHBaneHTHoro I 
u3 2 

nnocKoro aHona $aKTop d B Bbrpa*eHHH ans nnoTHoeTH ToKa j = A ---
/8/ d

2 

paeeH "'r 

2, BTopas eTaaHs paaeHTHS xapaKTepHaoaanaeh yMepeHHbiM poeToM 

TOKa BO BpeMeHH, 3aMeTHbiA poeT TOKa MO*HO OO~SeHHTb ynyqweHHaM 

ycnoeHA npoxo*neHHS nyqKa qepea Tpy6Ky (4) aeneneTBHe ero aeATpanH-

aauHH H nepepaenpeneneHHeM noTeHUHana anonb nyqKa e naneHHeM npHno

meaHoro HanpsmeHHS Ha nnHHe panHyea neoas, 

B oonaeTH nnaaMeHHOrO eTOnoa p "' 0 H 38MeTHO OTnHqaeTeS OT 

ayns B neoaeeeKOM enoe. EenH panHye neoas MHoro MeHbWe nyqKa, TO 

nns eKanspHoro noTeHuHana a o6naeTH ne6aeaeKoro enos HMeeM B KaaaH

eTauHoHapHOM npHOnH*eHHH: 

az¢ p 
(1) 

a z 2 l 

BeKTOpHbiA noTeHuHan, onpenenseMbrA nnoTHOeTbJO ToKa, 6yneT pae-
M. 
a t • npeneneH no aeeA anHHe 

B oonbWHHeTBe enyqaeB 

nyqKa. Hanps*eaaoeTb nonH E = -grad¢ 
a A 

B neoaeeeKoM enoe I grad ¢ I »I~ I H peweaHe 

aaaaqH eaoaHTeH K peweHHIO ypaaaeHHH ITyaeeoaa (1). IToeKonhKY Ha rpa-

HHU8X enOS! !.!!_ 
a z 

0 , TO aaaaqa aKBHBaneHTHa enyqaJO nnoeKoro aHoaa 

10 

-
. '· 

e aHpTyanhHbiMH KaTonoM H aHonoM. B nnoeKoM nHone 

nons y KaTona H aaona paaaa ayn10, Korna nnoTHOeTH 

HOrO TOKOB orpaHHqeHhl npoeTpaHCTBeHHb!MH 3apHn8MH, 

PeweHHe ypaeaeHHH (1) B aToM cnyqae H3BeeTHo 

j e 
B...!!_ y~ £: _! 

9 m L2 9 
B J... y 2e¢ ....!. 

p mc2 r.; 

rae 

B 
l 

..;2 

0 

j 1 

m . 
-'- J V M e 

4 E (sin ___.!_ ) 
8 

l -2 ( 4 +Y 2 ) K (sin ; ) ] 

L - paeeToSIHHe Me~y aaoaoM H KaToaoM. 

CneayeT aaMeTHTb1 qTo B nnoeKoM aHoae npH n~ 

SIHHH Me~y aneKTpoaaMH eoOTHOW9HHe Me~y nnOTHOC 

eTOSIHHeM L TaKOB0 1 qTO noeneaaee aeeraa eOOTBeTCTI 

3KpaHH~OBaHHSI anSI aneKTpOHOB C TeMnepaTypoA ecf> a 

yoeaHTbes, abrpaaHB L H3 paeeaeTBa ( 2) qepea j e 

Toraa HMeeM: L = y~ D , rae D - ae6aeeeKHA pat 

B o6weM enyqae e yq~TOM npoueeeoa HOHHaauHE 

(2) HeBepH01 onHaK0 1 MO*HO llOKa3aTb 1 qTO B pHae el 

pHqHblX aneKTpOHOB H HOHOB Ha aenHqHHbl TOKOB MOmf! 

eTBHTanbHO: 

d" 
~ - a n j -a n i = 0 

dx e 0 e 1 0 

..!1,__ + a n j + a n j = 0 
dx e o e 1 0 1 

11 



ToKa aceraa conpoBo*aanoch caeqeaHeM aa KOHue aonh

npH aarrpg*eHHgX, MeHbWHX 40 KB 1 CBeqeHHe H8 K8-

TCTBOB8nH, 3TOT ~8KT rOBOpHT 0 TOM 1 qTO rrogBneHHe 
IV 

TOUHOMY ~aKeny 1 9MHCCHg C KOTOporo HUeT B pe*HMe 

THOCTH TOK8 ITpOCTp8HCTBeHHbiM 3apgaoM (pe*HM BHpTy-

1 L << 1 , r ( t ) - paaHyc ~aKena, L - paccTogHHe no 

IA TOK B rrepBOM rrpH6nH*eHHH He 38BHCHT OT rrnowaaH 

oaepxaocTH S "' r 
2( t), rrocKonhKY ang aKBHBaneHTHoro I 

u3 2 

~8KTOp d B Bbipa*eHHH nm1 rrnoTHOCTH ToKa j "' A 
d2 

CT8UHg p83BHTHg xapaKTepH30BanaCb yMepeHHbiM pOCTOM 

H, 3aMeTHbiA poeT TOK8 MO*HO o6~RCHHTb ynyqweHHeM 

eHHR rryqKa qepea Tpy6Ky (4) acnencTBHe ero aeATpanH-

rrpeneneaHeM rroTeHuHana aaonb rryqKa c rraneaHeM rrpHno

eaHg H8 UnHHe paUHyca ne6ag, 

rrnaaMeHHOrO CTOn6a p "' 0 H 38MeTHO OTnHqaeTCR OT 

OM cnoe, EcnH paaHyc ne6ag MHOro MeHbWe rryqKa, TO 

ITOTeHuHana B o6naCTH ae6aeBCKOro cnog HMeeM B KB83H-

!pH6nH*e HHH: 

a2cf> p 

a z 2 
f 

ITOTeHUHan, onpeaenReMbiA rrnOTHOCTbiO TOK8 1 6yaeT 

A anHHe rryqKa. HanpR*eHHOCTb rrong E "' -grad cf> 

(1) 

pac-

.D..A.. 
at · a A 

cnyqaea B ae6aeacKoM cnoe I grad cf> I »I~ I H peweaHe 

K peweHHIO ypaBHeHHg nyaCCOH8 ( 1), nocKOnbKY Ha rpa-

0 , To aaaaqa 9KBHBaneHTHa cnyqaJO nnocKoro aHoaa 

10 

.,... 
ill 

:'1\ 

C BHpTyanhHbiMH KBTOaOM H aaoaol\li, B rrnOCKOM aHoae HBITPR*eHHOCTb 

rrong y KBToaa H 8HOaa p8BH8 HyniO, KDraa rrnOTHOCTH aneKTpOHHOrO H HOH

HOrO TOKOB orpaHHqeHbl ilpOCTp8HCTBeHHbiMH 3apgaaMH, 

PeweaHe ypaBHeHHR (1) B aToM cnyqae HSBecTao: 

£~..! j "' e 
s~v~ 

9 m L2 9 
B.....:! V 2ecf> _! 

p me 2 L2 
0 

( ( 2) 
-m 

j I ., v-
M e 

rae 

B 1 [ E ( . 17 1 ( - K ( . 17 ] 2 == 4 sm - ) - - 4 +v' 2 ) sm -) 
v2 8 2 8 

2 

L - paccTogaHe Me*Jly aaoaoM H KaToaoM, 

CneayeT aaMeTHTh, qTo B nnocKoM aHoae npH rrpoHaaonhHOM paccTo

gaHH Me*)ly aneKTpoaaMH COOTHOW8HHe Me*)ly nnOTHOCTbiO TOK8 H pac

CTORHHeM L T8KOB0 1 qTo ITOCneaaee BCeraa COOTBeTCTByeT ae6aeBCKOft anHHe 

aKpaHHpoaaaHg anR aneKTpOHOB c TeMnepaTypoA ecf> 

y6eaHTbCg, BbipaaHB L H3 paaeacTBa ( 2) qepea j 
e 

aa, B aToM nerKo 
? .. .J.. 

1 H CKOpOCTb V"'V~• 
m 

Toraa HMeeM: L "'V ~ D , rae D - ae6aeBCKHA paaHyc aKpaHHpoaaHHR, 

B o6weM cnyqae c yq~ToM npoueccoB HOHHsauHH B cnoe paBeHCTBO 

(2) HeBepH0 1 oaHaKO, MO*HO ITOK838Tb1 qTO B pgae cnyqaeB BnHgHHeM BTO

pHqHbiX M8KTpOHOB H HOHOB Ha BenHqHHbl TOKOB MO*HO npeae6peqb, neA

CTBHTenbHO: 

dje 

dx 

.1.1.-
dx 

u n j 
e 0 e 

+ u 
e 

n j 
o e 

u n 0 ' I 0 

+ u n j 
I 0 I 0 ' 

11 



-

a H a - nonepe•rHoe ceqeHHe anSI o6pa3osaHHSI napbi HOH-sneKTpOH 
e 1 

sneKTpOHHb!M H lfOHHbJH yaapOM COOTBeTCTBeHHO, n0 - nnOTHOCTb Hei!:Tpanb-

HhTX flTOMOB, 

OueHHM BnHSIHHe HOHH38UHH 0 C'!HT8SI a 
e 

H a 1 
He 38BHCSIWHMH OT 

X ( cp ) H paBHbiMH HX M8KCHM8nbHOMy 3H8'!eHHIO, PeweHHe CHCTeMbl 

Toraa HMeeT BH/J.: 

+ 
e eo 

j = j + 
I IO 

j eo 
j 

e(x=o) 

( ito + ---!-e j e J ( l - e Y x ) 

I 

yL ae 
e - --a 

1 

(. +~ j ) ( e y x - eY L ) 
J I 0 a eo 

eYL - ..!!.J.. 
a 

I 

j IO jl(x=L) 
y = (a -a 

e 1 
n 

0 

EcnH y L << l , TO ysenHqeHHe nnoTHOCTH sneKTpoHHoro TOK8 38 cq~T 

HOHH38UHH B aeoaeBCKOM cnoe 

a 

je 

~j < j eo 
e 

a n L 
0 

H a 
e - M8KCHM8nbHOe H3 a 

4 2 I 4 
10 a/eM , ¢ = 6'10 B, 

~j e 

-2 
< 10 

LlnSI renHSI, HanpHMep, npH P 

j eo ' 

-2 10 Topp, 

TaKHM o6pa30M
1 

B 9TOH MoaenH OCHOBH8SI M8CC8 sneKTpOHOB npOXO/J.HT 

nonHyiO pa3HOCTb noTeHUH8nOB H Henocpe/J.CTBeHHO 38 aeoaeBCKHM cnoeM 

MO~HO O~H/l8Tb M8nhlfi p830pOC sneKTpOHOB TIO SHeprHSIM, 

12 

( 

EcnH nono~HTb, qTo B o6nacTH BHpTyanbHOI 

C'!HT8Tb npesanHpyiOlliHM BH/lOM HOHH38UHH HOHH3~ 

H8MH 1 TO 
dn 

e a n n v 

dt 
e 0 e e 

H j e 

t 

je (t= 0 )e 7", rile r - BpeM 
1 

aeveno 

Mo~Ho CK838Tb, '!TO ysenHqeHHe nnoTHOCTil 

yMeHbWeHHSI ~aKTopa L nnocKoro /J.HOJla, paBHoro 

Ha6nDilaeMaSI B sKcnepHMeHTe aaBHCHMOCTl 

BO BTOpOi!: CT8JlHH 6nH3Ka K 9KCTIOH9HUH8nbHOfi H 

ysenH'!HBancst s e pa3, nopSIIlKa speMeHH Hei!:Tp 

B o6nacTH nna3MeHHoro cTon6a Hanpst~eHH 

o6ycnosneHHoro nepeMeHHOR so epeMeHH nnoTHO< 

KorJla JlnHHa wHypa MHoro 6onbwe pallHYCf 

Az 
~2 

IL 4 r 

- Jlnst paeHoMepHoro pacnpeJleneHHst nnoTHOCTH ~ 

A -p. 
z 

Jlnst j 0 
1 

(r) (1 + ...!'-..!....) 
a2 

- JlnSI nepsoro cnyqaSI; 

]lnSI eToporo. 

j 
0 

4 

Ez 

Ez 

a 2 fn(l +-

IL 
r2 

4rr a 2 

_£_ fn 
4rr 

Hanpst~eHHOCTb sHxpeeoro sneKTpH'!eCKorc 

ceqeHHD ny'!Ka H e o6weM cnyqae Mo~eT 6b1Tb 

13 



ITOITepeqHoe ceqeHHe anH o6pasoBaHHH ITapbi HOH-sneKTpoH 

H ROHHhlM yaapOM COOTB9TCTB9HH0 0 n0 - ITnOTHOCTb H9~Tpanb-

BnHHHH9 HOHH3aUHH 0 CqHTaH a 
e 

H a 
1 He 3aBHCHU1HMH OT 

aBHbiMH HX MaKCHManbHOMy 3HaqeHHIOo PeuteHHe CHCT9Mbl 

BHa! 

+ 
e eo 

j + 
10 

j 
e (x=o) 

a 
( j 10 + __ e j ad (1 - e yx ) 

a1 

yL ae 
e - --

a 
1 

( . + -2e.. j ) ( e y x - eY L ) 
J 10 eo a 

eYL - ..!!...!1.. 
a 

1 

j 10 j1(X=L) 
= (a -a 

e 1 
y n 

0 

!L << l t TO yBenHqeHHe ITnOTHOCTH aneKTpOHHOI"O TOKa sa cq~T 

e6aeBcKoM cnoe 

~j < j eo e 

nbHOe HS a H 
1 

M
2

, cp = 6•104 
B

0 

a n L 
0 

a 
e 

llnSI renHSI, HarrpHMep, ITpH p 

-z 
~ j e < 10 j eo 

-2 
10 Topp, 

6pa30M 0 B STO~ MOaenH OCHOBHaH Macca aneKTpOHOB ITpOXOaHT 

Tb ITOT9HUHanoB H H9ITOCpeaCTB9HHO sa aeoaeBCKHM cnoeM 

b Manw~ pas6poc aneKTpoHoB ITO aHeprHHM. 

12 

,.. 

l 

( 
,*1 

EcnH ITono>KHTb, qTo B o6nacTH BHpTyanbHoro aaoaa n = n H 
.. 1 

cqHTaTb ITpeBanHpyiOUIHM BHaOM HOHHsaUHH HOHHS8UHIO ObiCTpbiMH aneKTpo-

HaMH, TO 
dn 

e a n n v 
dt e 0 e e 

H j e 

I 

l. (t= 0 )e 7" rae r 
e ' - Bp9MSI He~TpanH38UHH. 

l 

aeveno 

Mo>KHO cKasaTb, qTo ysenHqeaHe ITnOTHOCTH TOKa ITpoHcxoaHT sa cq~T 

YM9HbU19HHH ~aKTopa L ITnOCKOI"O aHoaa, paBHOI"O paaHycy neoaH ~ l 
V ne 

Ha6n10aaeMaS1 B aKciTepHMeHTe saBHCHMOCTb pocTa ToKa co speMeHeM 

BO BTOpOtl: CTaaHH 6nH3Ka K :3KCITOH9HUHanbHO~ H Bp9MH, sa KOTOpoe TOK 

yBenHqHBanCSI B e pas, ITOpHaKa Bp9M9HH Hetl:TpanH3aUHH. 

B o6nacTH ITnasMeHHoro cTon6a HarrpSI>KeHHOCTb aneKTpHqeCKOI"O ITOnSI, 
a A 

= - ----L.. • 
at 

o6ycnosneHHOI"O rrepeMeHHOtl: BO Bp9M9HH ITnOTHOCTbiO TOKa,E 
z 

Koraa anHHa utHypa MHoro 6onbme paaHyca, Az BHyTpH ITY~Ka paBHO 

Az 
J..o_2 

IL 4 r 

- anSI pasaoMepaoro paciTpeaeneHHH ITnOTHOCTH ToKa ITO ceqeHHIO; 

j 
A = - IL 

z 4 

anH j 0 
l 

(r) 
(l + ..!2.__) 

a2 

- anSI ITepsoro cnyqaSI; 

- anSI BToporo. 

0 

E 
z 

E z 

r 2 

a 2 fn(l +--) 
a2 

IL r 2 d I 

477 a2 dt 

r2 dl 
L en (l +-;;-) d't 
477 

HarrpSI>KeHHOCTb BHxpesoro aneKTpHqecKoro ITOnH HeoaHopoaaa ITO 

CeqeHHIO ITyqKa H B OOU19M Cnyqae MO>K9T Ob!Tb ITpHqHHOtl: SHepreT~qeCKOI"O 
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~ 

pas6poca ~aCTHU. Ha "rpaHHUew ny~Ka anB oooHX BapHaHTOB pacnpeaeneHHB 

nnoTHOCTH TOKa 

E z "' 
417 

dl 

dt 

3. nng TpeTbeA cTaaHH OhlnO xapaKTepHO pesKoe ysenH~eHHe CKOpOCTH 

aapacTaHHB TOKa. C yMeHblli9HH9M aaBneHHB CKOpOCTb aapacTaHHB yBenH

~HBanacb H Ha~ano wBSphlBa' TOKa npOHCXOaHnO npH BC9 M9HblliHX ypOBHBX 

TOKa BTOpOA CTaaHHo YBenH~eHHe npOBOaHMOCTH nnaSMbl npHBOaHnO B KO

H9~HOM C~~Te K TOMy, ~TO oOnblliaB ~aCTb Hanpg~eHHB naaana Ha BHyT

peHH9M conpoTHBneHHH reHepaTopa H conpoTHBneHHH noaBoaBrnHx npoBoaoB. 

OaHaKo Ha nepBOM aTane TpeTbeA cTaaHH Hanpg~eHHe Me~ay KaToaoM 

H aHoaoM cpaBHHTenbHO BenHKo. OaHoA HS BOSMO~HbiX npH~HH yMeHbllieHHB 

conpoTHBneHHB nnasMhi Mo~eT obiTb pesKoe yBenH~eHHe ee nnoTHOCTH sa 

C~~T HOHHSaUHH BTOpH~HbiM.H ~aCTHUaMH, ToT 4JaKT, ~TO Hanbin9HHe 

M~TepHanOB KaToaa H aHoaa Ha noBepXHOCTb CT9KnBHHOft TpyoKH (5) npo

HCXOaHnO TonbKO BonHsH KaToaa H aHoaa (aa~e npH nonHOM paspgae eM-

KOCTH C '" 10 tP , rOBOpHT 0 TOM, ~TO wBSpbiB"' TOKa H9 ooycnoBneH -7 ) 

napaMH MeTanna (pHc. 1-3). IlpaBaa, npH nonHoM paspgae eMKOCTH 

-7 C = 5•10 <P ~epes paspBaHbiA npoMe~yToK aaomoaanocb aanbmeHHe Ma-

TepHana KaToaa no BceA anHHe TpyoKH nocne npoaon~HTenbHOA paooTbi. 

Ho B aToM cny~ae anHTenbHOCTb HMnynbca TOKa npHMepHO paBHBnacb Bpe

MeHH, Heo6xoaHMOMY anB pacnpocTpaHeHHB KaToaHoro <PaKena ao aHoaa. 

HccneaoBaHHe HsMeHeHHB reoMeTpH~ecKHX pa3MepoB rnHypa co Bpe

MeHeM npOHSBOaHnOCb nyTeM HSMeHeHHB anHTenbHOCTH HMnynbCa Hanpg~e
-2 HHB. IlpH aaBneHHBX .. 10 Topp Ha~anbHOe cse~eHHe, KoTopoe Morno 6hiTb 

HaMH saMe~eHO, HMeno BHa TOHKOrO lliHypa aHaMeTpOM 
2 MM npH BHyTpeH-

HeM aRaMeTpe Tpy6KH (4), paBHOM 12 MMo llJHyp He Bceraa 6hin npgMOnH-

14 

aeAHbiM, HHoraa oH npHoopeTan <PopMy sMeAKH. C yse 

HOCTH HMnynbCa TOKa HaoniDaanHCb pOCT HHTeHCHBHOC' 

nH~eHHe aHaMeTpa rnHypa H ero cnpgMneHHe, CneayeT 

scex cny~aBx, Korna aHaMeTp ny~Ka ohm cpaBHHM c 

HeyCTOft~HBOCTH THna "SMeAKa" He Ha6niDaanHCbo Ilo1 

<PoBoA Tpy6Ke sa aaoaoM saBHceno oT poaa npHMeHBE 

B nerKHX rasax ( renHft) ny~Ky 6binH CBOftCTBeHHbl Kp 

HeyCTOii:~HBOCTH, TO B TB~enbiX rasax ( KCeHOH) OH 01 

Hax, no KpaAHeA Mepe, ao 30 eM. IlpH aToM nonepe~. 

yMeHblliHnHcb no anHHe. 

3HepreTH~eCKHA COCTaB HOCHTeneA 

OueHKa aHepreTH~ecKoro cocTaBa npoHSBOAHnac 

aHeprHH aneKTpOHOB aneKTpOCTaTH~eCKHM 8HanHS8TOp 

M9TpH~eCKHMH HSMepeHHBMH nonHOA aHeprHH, Bbiaeng 

Tope, H no TpaeKTOpHH rasoc<PoKyCHpOB8HHOrO aneKT! 

pe~HOM MarHHTHOM none. CxeMa ycTaHoBKH Hsoopa~E 

C noMOllibiD HaTeKaTeng (7) B KaToaaoA KaMepE 
-2 

Tpy6Ke (5) nonaep~HBancg pa6o~HA BaKyyM 10 ~ 
-5 

o6aeM HaxonHnCB noa aaBneHHeM 10 Topp. Ilepena; 

ngncg nocpeacTBOM ysKoro uHnHHapH~ecKoro KaHana 

10 MM B naTyHHOM aHoae ( 4), 3neKTp0Hbi, npOHHKaJ< 

iiyiD KaMepy, KonnHMRpoBanRCb CRCTeMoA aRa<PparM I 

CT8TH~eCKOrO aHanRSaTopa (10) H RHaRUHpOBanHCb U 

HsMepeHHB aHeprHH aneKTpoHOB aHanHsaTopoM, npoB 

Hb!X aaBneHRBX B K8TOaHOA K8Mepe H pasnH~HblX TO!! 

llnHTenbHOCTbiD HMnynbCa Hanpg~eHHB ang Bhl6paHHOI 

nH cpaBHHTenbHO ysKHA aaepreTH~ecKHA cneKTp. Bo 

15 



, Ha "rpaHHUe' rryqxa anR o6onx aapHaHTOB pacrrpeaeneHHH 

"' "' "-z 

IL 

4rr 

dl 

dt 

Tbeft CT8AHH 6hlnO X8p8KT9pHO pe3K09 yBenH'I9HHe CKOpOCTH 

, C yM9Hblli9HH9M A8Bn9HHR CKOpOCTb H8p8CT8HHH yBenn

no "aapbiBa" ToKa rrponcxoanno rrpn Bee MeHbWHX ypoBHHX 

ann. YBenn'leHne rrpoBOAHMOCTH rrna3Mbi rrpnBoanno B xo-

ToMy, 'ITO 60nblli8H '18CTb H8IIpH~9HHH rraaana Ha BHyT

Bn9HHH reHepaTopa H COIIpOTHBn9HHH IIOABOAHlliHX rrpOBOAOB, 

OM 3Tarre Tp9Tb9ft CTaAHH HaiipR~9HH9 Me~y KaTOAOM 

nTenbHO Bennxo, OaHol!: na B03MO~HhiX rrpH'IHH yMeHbWeHHH 

rrnaaMbi Mo~eT 6biTb peaKoe yBenn'leHne ee rrnoTHOCTH aa 

BTopn'IHhiMH qacTnuaMn. ToT <l!aKT, 'ITO HarrhmeHne 

oaa n aHoaa Ha rroBepxHoCTb cTexnHHHoft Tpy6KH (5) npo

IO B6nnan xaToaa n aHoaa ( aa~e npn nonHOM paapHae eM-
7 4J), rOBOpHT 0 TOM, 'ITO "'B3pb!B' TOK8 H9 o6ycnoBneH 

( pnc, 1-3), flpaBaa, npn nonHoM paapHae eMKOCTH 

qepea paapRAHhifi npoMe~yTOK Ha6moaanocb HarrbmeHne Ma-

rro Bceft annHe Tpy6xn nocne npoaon~nTenbHOl!: pa6oTbi. 

qae annTenbHOCTb nMrrynbca Toxa npnMepHo paBHHnacb Bpe

MOMY anH pacnpocTpaHeHHH KaToaHoro <l!axena ao aHoaa. 

HH9 H3M9H9HHH reOM9TpH'19CKHX pa3M9pOB WHypa CO Bpe

HnOCb rryTeM H3M9H9HHH anHT9nbHOCTH HMrrynbCa HarrpH~e-
-2 HHHX "' 10 Topp Ha'lanbHoe cBe'leHne, xoTopoe Morno 6biT& 

0 HMeno BHA TOHKOrO WHypa AHaMeTpOM 2 MM rrpH BHyTpeH-

Tpy6KH ( 4) 0 paBHOM 12 MM, lliHyp He BCeraa 6bin rrpHMOnH-

14 

.... 

HefiHbiM, HHoraa OH rrpno6peTan <l!opMy 3Meftxn, C yBennqeHHeM annTenb

HOCTH HMrrynbCa TOKa Ha6n~nanHCb pOCT HHT9HCHBHOCTH CB9'19HHH, yBe

nH'I9HH9 AHaMeTpa WHypa H ero CIIpHMneHHe, CnenyeT 3aMeTHTb
0 

'ITO BO 

BC9X cnyqaHX0 Kor.ua AHaMeTp IIy'IKa 6bin CpaBHHM C AHaMeTpOM Tpy6KH
0 

HeycToft'IHBOCTH Tnna "aMeftxa" He Ha6n~nanncb, floBeneHHe rryqxa B apeft

<l!osol!: Tpy6xe aa aHonoM aaanceno oT poaa rrpHMeHHeMoro raaa, Ecnn 

B nerxnx raaax ( rennft) nyqxy 6bmn caoftcTBeHHhi KpyrrHoMacwTa6Hbie 

H9YCTOfi'IHBOCTH0 TO B TH~enbiX raaax ( KC9HOH) OH 6bin ycTOft'IHB Ha AnH

HaX, no xpaftHeft Mepe, no 30 eM, flpn aToM nonepe'IHbie paaMepbi rryqxa 

YM9HbWHnHCb ITO AnHH9, 

3HepreTH'I9CKHft COCTaB HOCHTenel!: TOKa 

OueHKa 3HepreTnqecxoro cocTaBa rrponaBonnnacb rryTeM naMepeHHH 

aHeprnn aneKTpOHOB aneKTpocTaTnqecxnM aHannaaTopoM, a TaK~e xanopn

MeTpnqecKHMH H3M9p9HHHMH IIOnHOH 3HeprHH 0 BbiA9nH9MOft Ha aHOA9-KOnneK

TOpe, n no TpaexTopnn raaoc4JoxycnpoBaHHoro aneKTpOHHoro rryqxa B rrone

pe'IHOM MarHHTHOM none. CxeMa ycTaHoBKH nao6pa~eHa Ha pnc, 2, 

C IIOMOllib~ HaTeKaTenH (7) B KaTOAHOl!: KaMepe (3) H CTeKnHHHOft 

Tpy6xe (5) rronaep~naancH pa6oqnft saxyyM 10-2 ~ 10-3 Topp, OcTanbHol!: 
-5 

o6~eM HaxoanncH non naBneHneM 10 Topp, fleperraa naaneHnl!: ocymecTB-

nHnCH IIOCp9ACTBOM Y3Koro UHnHHApH'I9CKOrO KaHana ~ 3 MM H AnHHOl!: 

10 MM B naTyHHOM aHOA9 ( 4), 3neKTpOHb! 0 rrpOHHKa~wne B BbiCOKOBaKyyM

HY~ KaMepy, xonnnMnpoBanncb cncTeMoft ana4JparM ( 11) Ha axoae aneKTpo

cTaTnqecxoro aHannaaTopa (10) n nHanunpoBannc& unnnHapoM ~apaaeH (9), 

11aMepeHHH aHeprnn aneKTpoHoB aHannaaTopoM, rrpoBeaeHHbie rrpn paanH'I

HLIX aasneHHHX B KaTOAHOl!: KaMepe H paanH'IHb!X TOK8X IIY'IK8
0 

orrpeaenH9MhlX 

annTen&HOCT&~ HMrryn&ca HarrpH~eHHH anH BLI6paHHoro aaBneHHH, rroxaaa-

nn cpaBHHTen&Ho yaxnA aHepreTH'Iecxnl!: crrexTp. Bo Bcex cny'laHx MaxcnMyM 
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,... 

~HKUUU pacnpeaeneHuR npuxoauncR aa saepruu, aecKonhKO Meabwue 
/9/ 

npuno>Keaaoro aanpR>KeHUR. TaK >Ke, KaK B , Mbi aa6moaanu MeKTpo-

Hbi c saepruell:, npeBbiWaJOwell: aanpR>Keaue KaTona. Ha puc, 5 npueeaeaa 

TunuqaaR Kpueag ~yHKuuu pacnpeaeneHUR sneKTpOHOB no saeprURM, Ha6nJO

aaeMbill: pa36poc sneKTpOHOB no 9HeprURM He MO>KeT 6biTb 06'bRCHeH TOnb-

KO aanuqueM euxpeeoro sneKTpuqecKoro nonR, KOTopoe anR aawux Bpe

MeHHbiX u aMnnuTyaHbiX xapaKTepucTUK ToKa Mano. ~hoT paa6poc o6ycnoe
/9/ 

neH KonneKTUBHbiMU B3aUMoaeli:CTBURMU B nnaaMe , 

npu KanopUMeTpUqeCKUX U3MepeHUHX ucnonb30BanCR nerKUll: naTyH

Hhlll: aHoa, UMeiOWUll: TennOBOll: KOHTaKT C TepMonapoll: U conpOTUBneHUeM, 

nocneaaee ucnonbaoeanoch anR Kanu6poeKu TepMonapbi nyTeM paapRaa 

qepea aero eMKOCTu, aanacaJOmell: aaaaaaoe KonuqecTBo saepruu, 3To 

n03BOnUnO yMeHbWUTb OWU6Ky, CB.R3aHHyiO C KOHeqHbiM TennOBbiM conpo

TUBneHUeM Me>Kay KOnneKTOpOM U MaCCUBHbiMU npOBOaHUKaMU, CpaBHeHUe 

saepruu, BbiaenHeMoll: Ha KonneKTope, c paccquTaHHoll: no ocuunnorpaMMaM 

TOKa U HanpR>KeHUR n03BOnUnO caenaTb BhlBOa1 qTQ TOK B OCHOBHOM nepe-

HOCUTCH 9HepreTuqHbiMU 9neKTpOHaMU, 

fa30C~OKyCUpOBaHHbill: sneKTpOHHbill: nyqoK B nonepeqHOM MarHUTHOM 

none Ben ce6H aaanoruqao sneKTpOHHoMy nyqKy B BaKyyMe. Ha puc, 6 

aaaa ~oTorpa~HR nyqKa B none nocToRHHoro MarHHTa, pacnono>Keaaoro 

noa apell:~oBoll: Tpy6oll:, 3aaqeaue saepruu sneKTpoHoB, oueaeaaoe no 

TpaeKTopuu nyqKa, aaxoaunocb B xopoweM cornacuu c peaynbTaTaMu ua

Mepeaull: yKa3aHHbiMU BbiWe MeiToaaMU, 

B npouecce KonneKTHBHbiX BaaHMoaell:cTBHll: nyqKa sneKTpoHoB c uo

HaMH nna3Mbl B03MO>KHa nepeaaqa 9Hepruu nyqKa HOHaM U yCKOpeHUe HX 
/10/ 

ao saeprull:, aaaquTenbHo npeBbiWaJOWHX saeprHJO sneKTpoHoB • B aaH-

aoll: pa6oTe He CTaBHnOCb uenbiO UayqeHHe ~eKTOB ycKopeHHR HOHOB1 

oaHaKO npU OTKnOHeHHH nyqKa BHeWHUM MarHUTHbiM noneM Ha OCH CUCTeMbl 

3a MarHHTOM o6Hapy>KeH nOTOK HOHOB, 3aeprUR UOHOB1 oueHeHHaH no Bpe-

MeHH nponeTa, aa nopRaoK npeBbiWana saeprHJO sneKTpoHoB B nyqKe, 

16 

- I 

I 
(om~'- •")" 

a g. 

Q6 

0,5 

0,4 

0,3 

0,.2 

0,1 

15 30 

Puc, 5. PacnpeJ:leneaue aneKTpoaoe, npoHHKaro: 
KaMepy, no aaeprHliM, Hanpli>KeHHe K8TOJ:l8 - f 

17 



H pacnpeaeneHHH npHXOaHnCH HB 9HeprHH1 HeCKOnbKO MeHbWHe 

/9/ 
HHOrO HanpH>KeHHHo TaK >Ke, KBK B 1 Mbl Ha6moaanH sneKTpo-

SHeprHelt, npeBbiWBIOWelt HanpH>KeHHe KaToaa. Ha puc. 5 npuseaeHa 

KpHBBH ~yHKUHH pacnpeaeneHHH sneKTpoHoB no sHeprHHM, Ha6nl0-

paa6poc sneKTpOHOB no SHeprHHM He MO>KeT 6biTb·o6~HCHeH TOnb

···~" suxpesoro sneKTpH'IecKoro nonH, KOTopoe anH Hawux spe-

H aMnnHTyaHbiX xapaKTepHCTHK ToKa Mano, 3ToT paa6poc o6ycnos

/9/ 
B38HMoaeltCTBHHMH B nnaaMe , 

KBnopHMeTpH'IeCKHX H3MepeHHHX HCnOnb30B8nCH nerKHlt naTyH

HMeiOWHlt TennOBOlt KOHTBKT C TepMonapolt H conpOTHBneHHeM, 

e HCnOnb30B8nOCb anH K8nH6pOBKH TepMOIT8pbl rryTeM p83pHaa 

Hero eMKOCTH 1 aanaCBIOWelt aaaaHHOe KOnH'IeCTBO 9HeprHH, 3To 

yMeHbWHTb OWH6Ky, CB.H38HHYIO C KOHe'IHbiM TerrnOBbiM conpo

Me>Kay KOnneKTOpOM H MBCCHBHblMH npOBOaHHKBMH, Cp8BHeHHe 

BbiaenHeMOlt HB KonneKTOpe, C p8CC'IHT8HHOlt no OCUHnnorpaMMBM 

BbiBOa, 'ITO TOK B OCHOBHOM rrepe-

BBHHbllt sneKTpOHHbllt ny'IOK B norrepe'IHOM MBrHHTHOM 

aHanorH'IHO sneKTpoHHoMy ny'IKY B BaKyyMe, Ha pHc, 6 

B none nocToHHHoro MarHHTa, pacnono>KeHHoro 

Tpy6olt, 3HB'IeHHe 9HeprHH sneKTpOHOB1 OUeHeHHOe no 

ny'IKa, HaxoaHnocb B xopoweM cornacHH c pe3ynbTBTBMH H3-

YK838HHblMH BbiWe MeToaaMH, 

npouecce KonneKTHBHblX B38HMoaeltCTBHlt ny'IK8 sneKTpOHOB C H0-

3Mbl B03MO>KH8 nepeaa'la SHeprHH ny'IK8 HOHBM H ycKopeHHe HX 

/10/ 
sneKTpOHOB , B aaH-

He CTBBHnOCb UenbiO H3y'leHHe ~eKTOB ycKopeHHH HOHOB
1 

OTKnOHeHHH rry'IK8 BHeWHHM MarHHTHbiM noneM HB OCH CHCTeMbl 

HHTOM 06Hapy>KeH nOTOK HOHOB, 3HeprHH HOHOB1 OUeHeHHBH no Bpe

oneTa, Ha nopHaoK npeBbiWana sHeprHIO sneKTpoHOB B rry'IKe, 
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PHc. 5. PacnpeneneHHe aneKTpoaoa, npoHHKaromHx B BbiCoKoBaKyyMHyro 
KaMepy, no saeprHl!M, Hanpl!JKeHHe KaTona - 60 KB, 
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Pac. 6. «<>oTorpacj)ast ny'lKa B nonepe'IHOM MarHHTHOM none. 
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Ha pHc, 3 Hao6pa*eH npyroA ~~pHaHT paapsn 

KOpOTKan CTeKnHHH8Sl Tpy6Ka (5) H ITOnHhlA UHnHHJl 

c paapeaoM snonb o6paayiOmeA nns aa6n10neHHH aa 

o6beM c perynHpyeMbiM nasneHHeM, c!>oTorpacj)HH IT) 

pHC, 7,8, Tiy'lOK 0 H8ITp8Bn9HHbiA ITO OCH CHCT9Mblo JJ 

H8 p8CCTOHHU9 JlO 30 CM (puc, 7a). fly'IOK 1 OTKnof. 

BbiC8*UBancs Ha aHon, a ITponon*an npeA!floBaTb, o 

cTeHoK aaona (puc. 76, 8a). EcnH Ha Bbixone B nc 

8H0Jl rry'IOK HMen 83HMyTanbHYIO COCT8BnHIOlllYIO CKI 

6bma ciTupanbiO ( pHc. 86). Bee aTo yKa3biBaeT Ha 

B8HUH KOnbUeBOrO CKOMITeHCHpOB8HHOro cryCTKa, 

3 a K n 10 q e H H e 

MexaHH3M pa3BHTHH pa3psna nns KopoTKHX IT 

171 
B pa6oTax M ecsua (eM,, HaiTpHMep, ) • TipH M8Kf 

6 
E "'10 a/eM 3a speMSI "' 1 HCeK B03HHKaeT Ka1 

6 
lllHil:CSI CO CKOpOCTbiO "' 2'10 CMfCeK, 8MHCCHSI ant 

HOCTH ifJaKena B pe*HMe 3/2, H ITOnbiH TOK pacTeT 

)1(9HHH H3-38 yBenH'l9HHSI IlnOlll8JlH !flaKena H yMeHbl 

8HOJl8, flpH Jl0CTH)I(9HHH K8TOJlHbiM iflaKenoM 8H0Jl8 

if>aKen, .QBH)I(y!llHHCH K KaTo.ny. B aanbHeJ:imeM 38)1(11 

MeT anna, 
6 B HameM aKciTepHMeHTe E"' 10 a/eM, JlnHHa 

MHoro 6onbwe paaHyca if>aKena H TOK B Ha'lanbHOJ:i 

He 38BHCHT OT p83MepoB K8TOJlHOrO ifJaKena, TionHO 

pS!JlHOrO npOM9)1(YTK8 B 3TOT MOMBHT BpeMeHH CKnB 

neHHSI BaKyyMHOrO 3830pa (nHona), COilpOTHBneHHH 

H COI1pOTHBnBHHSI KOHT8KT8 ifJaKena C K8TO)l0Mo flep 
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6. «l>oTorpaljlHsr ny'IKa B nonepe'IHOM MarHHTHOM none. 

18 

...... 

Ha pHc. 3 Hao6pa:lKeH apyroA c.<tpHaHT paapsraHoii KaMephi. KaToll ( 1), 

KOpOTKan CTeKnSIHH8SI Tpy6Ka (5) H DOnHblii UHnHHllpHqeCKHii aHOll (4) 

c paapeaoM Bllonb o6paayJOmeA anH Ha6nJOaeHHsr aa ny'IKOM noMemeHhr B 

o6'beM c perynHpyeMbiM aasneHHeM. ¢oTorpaljlHH ny'IKa npHBeaeHhr Ha 

pHc. 7,8. 0y'IOK, HanpaBneHHblii no OCH CHCTeMbl, llpeiiljlosan BHYTpH aHOll8 

Ha p8CCTOSIHHe llO 30 CM {pHc. 7a). 0y'IOK 1 OTKnOH8HHhlii OT OCH
1 

He 

BbiC8:lKHBanCSI H8 SHOll, a npOQOn:lKan apeit!floBaTb1 OTpa:lKaHCb OT BHyTpeHHHX 

cTeHoK aHoaa ( pHc. 76, Sa). EcnH Ha Bhrxoae B nonhrii uHnHHllpHqecKHit 

aHOll DY'IOK HMen a3HMyTanbHYJO COCT8BnHJOIUyJO CKOpOCTH, TpaeKTOpHSI ero 

6brna CDHpanbJO ( pHc. 86). Bee 8TO yKaSbiBaeT Ha BOSMO:lKHOCTb o6paso-

BaHHSI KOnbU8BOf'O CKOMfi8HCHpOB8HHOro cryCTKa. 

3aKnJOqeHHe 

MexaHHSM pasBHTHR paspRaa nnR KopoTKHX npoMe:lKyTKOB H3y'lancsr 
171 

a pa6oTax Mecgua (eM., HanpHMep, ). OpH MaKponone Ha KaTone 
6 

E ""10 a/eM sa BpeMH "" 1 HCeK B03HHKaeT KaTollHhrit !flaKen, llBH:lKy-
6 

IIIHiiCSI CO CKOpOCTbJO "" 2'10 CM/CeK, 3MHCCHSI aneKTpOHOB HneT C DOBepx-

HOCTH !flaKena B pe:lKHMe 3/2, H DOnbiH TOK pacTeT DpH ITOCTOSIHHOM H8ITpH

:lK8HHH H3-sa yBenHqSHHSI nnoruanH !flaKena H YM8Hblll8HHH p8CCTOHHHH no 

anona. OpH nocTH:lKeHHH KaTonHhiM !flaKenoM aRona BosHHKaeT aHonHhiit 

!flaK en, llBH:lKYIUHHCH K KaTony. B nanbHeiimeM aa:lKHraeTcR nyra B rrapax 

MeT anna. 

6 
B HameM 9KcnepHMeHTe E"' 10 a/eM, nnHHa paspHnHoro npoMe:lKyTKa 

MHoro 5onbllle panHyca !flaKena H ToK B Ha'lanhHOH cTanHH paspRna noqTH 

He SaBHCHT OT pasMepoB K8TOnHoro !flaKena, OonHoe CODpOTHBn8HH8 pas-

pRnHoro 1IpOM8)1{YTK8 B 9TOT MOM8H'I' Bp8M8HH CKnanbiBaSTCH HS C01IpOTHB

neHH51 BaKyyMHoro sasopa (nHona), corrpoTHBneHHH KaTonHoro ~aKena 

H COIIpOTHBneHHH KOHT8KT8 !flaKena C KaTonoM. OepBoe H8MHOf'O rrpeBhii1188T 
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PHc. 8. «PoTorpa$HH rryqKa, npeA$y~mero BHyTpH uHnHHJlpHqecKoro aHona. 

H rryqKa, npeA$y~mero BHyTpH uHnHHnpHqecKoro aHona. 
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conpoTHsneaHe ~aKena. KoaTaKT ~aKena c KaToaoM ocywecTBnHeTCH npH 
22 -3 17 -3 

KOHeqHOM rpaaHeHTe nnDTHOCTH OT n "' 10 CM ao n "' 10 CM 

171 (s H3MepHnHcb cpeaHHH nnoTHDCTb ~aKena) H ero conpoTHBneaHe TaK*e 

aon*ao 6brTb ManbrM. TaKHM o6paaoM, senHqHaa ToKa onpeaenHeTcH aMHT

THpyiOwe~ cnoco6aocTbiO ~aKena H nponycKHD~ cnoco6aocTbiO Tpy6KH. Me

xaHH3M npDXD*aeHHH aneKTpDHHOrO TDK8 qepe3 anHHHY!O aHaneKTpHqeCKY!O 
/111 

Tpy6Ky o6cy*aanCH B • llsa ~aKTOpa npenHTCTByiOT aanHp8HH!O nyqKa: 

1) aepaBHOMepKaH no anHHe H 83HMYTY 38pHaKa CTeKOK Tpy6KH aneKT-

poaaMH; 

2) nono*HTenhHbi~ o6'beMHbi~ aapHa. 

HenpepwsaaH HDHH38UHH ae~Tpanhaoro raaa aaepreTHqKwMH aneKTpo-
-2 

aaMH, anHlJa cso6oaaoro npo6era KDTDpbiX npH p"' 10 Topp MKoro 6onbiiie 

anHKbi paapHaaoro npoMe*yTKa, seaeT K ysenHqeKHIO nnoTKOCTH nono*H

TenbKO 38PH*eHHblX HOHOBo 

3a speMH 1 In a v npocTpaacTseKHbi~ aapga aneKTpoaaoro nyqKa 
0 

6yaeT cKoMrreacHposaa, nyqoK caMocljloKycHpyeTcH H npoH3o~aeT nepepac-

npeaeneaHe noTeHuHana no anHae nyqKa, B peaynbTaTe qero ocaosaaH paa

aocTb noTeauHanos 6yaeT cocpeaoToqeaa aa anHae nopHaKa paaHyca lle-

6aH. ITpH onpeaeneaawx ycnosHHX ae6aescKH~ cno~ aKBHBaneaTeK saKyyMao

MY aHoay C BHpTyanbHbiMH 8HOaDM H KaToaoM. ITnOTHDCTH HOHHOrO H aneKT

pOHHOrO TOKOB qepea cno~ orpaaHqeaw npocTpaacTBeHHbiM aapHaoM. B aTHX 

ycnOBHHX pOCT nnOTHOCTe~ T~KOB o6ycnosneH yMeHbUieKHeM anHHbl :3Kp8HH-

pOB8HHHo 

B aanbae~UieM npoHcxoaHT peaKoe ysenHqeaHe cKopocTH aapacTaHHH, 

TOK8, KDTOpoe CBH38HO, no-BHaHMOMy, C aaqanoM HOHH38UHH Ke~Tpanb

HOrO ra38 BTDpHqKbiMH qaCTHU8MH. 

EonbiiiaH qacTb nyqKa MO*eT 6biTb nponyweaa qepea oTsepcTHe 

s aHcKoBoM HnH anHKHOM uHnHaapHqecKOM aaoae. CKoMneHcHposaKHbi~ 

rryqOK OTpa*aeTCH DT MeTannHqeCKHX npenHTCTBH~. C nDMOUlb!O MeTannH

qeCKOrO :3Kp8H8 T8KO~ nyqoK MO*eT 6b!Tb C~OpMHpOB8H B 38MKHYTbl~ KOnb-

ueBO~ crycToK. 

22 

B nonepeqaoM MarKHTHOM none raaoc~oK~ 

ce6H aaanorHqao aneKTpoHHoMy nyqKy s saKyyl 

0CHOBH8H aonH TOK8 B nyqKe o6ycnosneHI 

3aepreTHqeCKHI crreKTp aneKTpOHOB cpaBHHTenJ 

UHH pacrrpeaeneHHH no aaeprHHM COOTBeTCTBye• 

MeKbiiiHM npHno*eHHoro aanpH*eHHH. HMeiOTCH 

rHeA, rrpeBbiiii8IOineA HanpH*eHHe Ha KaToae. 
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BbiiTo 4, 1970 r. CTp. 1131. 

4. E.H. nyueKKO, .H.E. <l>aAH6epr H ap. }1(3T<I>, 

CTp. 1575. 

5. r.B. llon6Hnos, B.IT. CapaHues, A.IT. CyM6a 

KOH~epeHUHH no ycKopHTenHM 38PH*eHHblX 

6. G.S. Janes, R.H. Levy, H.A. Bethe and 

v. 145, No. 3, 1966, p. 925. 
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5 HHB8pH 1971 r. 
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e ~aKena. KoHTBKT ~aKena c KaToaoM ocymecTBnHeTCH npH 
22 -3 17 -3 

nnOTHOCTH OT n "' 10 CM ao n "' 10 CM 

pHnHcb cpeaHHH nnoTHOCTb ~aKena) H ero conpoTHBneHHe TaK~e 

6biTb ManbiM. TaKHM o6paaoM, BenH'IHHa TOKa onpeaenReTCH 9MHT

cnoco6aocTbiD ~aKena H nponycKRO~ cnoco6HoCTbiD. Tpy6KH, Me

poxo~aeaHH aneKTpoaaoro ToKa qepea anHRHYID aHaneKTpHqecKyiD 
Ill/ 

o6cy~aanCH B o nsa ~8KTOpa npenHTCTByiDT 3anHp8HHID nyqKa: 

aepaBHOM9pH8H no anHHe H 83HMyTy 38pHaKa CTeHOK Tpy6KH aneKT-

nono~HTenbHbi~ o6'beMRbi~ aapHa. 

pbiBRBH HOHH38UHH ae~Tpanbaoro raaa aaepreTH'IHbiMH aneKTpo
-2 

a cBo6oaaoro 11po6era KOTOpbiX 11pH p"' 10 Topp Maoro 6onbme 

Haaoro 11poMe~yTKa, BeneT K yBenH'IeRHID 11noTROCTH 11ono~H-

~eHHb!X HOHOB, 

11pOCTp8HCTBeHHbl~ 38pHa aneKTpOHHOrO ny'IK8 

ny'IOK C8MOC~OKYCHpyeTCH H npOH30~aeT nepepac-

110TeHuHana 110 anHae 11Y'IKa, B peaynbTaTe qero ocaoBaaR paa

auHanoB 6yaeT cocpeaoTO'IBH8 H8 anHRe 110pHaKa paaHyca ne-

011peaeneHHb!X ycnOBHHX ae6aeBCKH~ cno~ 9KBHBaneaTeH B8KyyMHO

C BHpTyanbHbiMH aaoaoM H K8TOaOM, 0nOTHOCTH HOHHOro H aneKT

qepea cno~ orpaRH'IeRbi 11pocTpaacTBeHHbiM aapHaoM, B 9THX 

11noTHocTeH TOKOB o6ycnosnea yMeabmeaHeM anHRbi 9KpaHH-

aanbHeHmeM 11pOHCXOaHT pe3KOe yBenH'IeRHe CKOpOCTH H8p8CT8HHH 1 

opoe CBH38H0 1 110-BHaHMOMy, C H8'18nOM HOHH38UHH Re~Tpanb-

BTOpH'IHbiMH '18CTHU8MH, 

qacTh 11Y'IKa Mo~eT 6biTb npo11ymeaa qepea oTsepcTHe 

anHHHOM UHnHaapH'IeCKOM aaoae. CKOMI1eacHposaaRbi~ 

OT MeTannH'IeCKHX 11penHTCTBH~o C 110MOUibiD MeTannH

T8KOH 11Y'IOK MO~eT 6b!Tb C~OpMHpOB8H B 38MKHYTbl~ KDnb-

22 

.-

B nonepe'IROM MarRHTHOM none raaoc<f>oKycHposaaRbi~ nyqoK seaeT 

ce6R aaanorH'IHO aneKTpORHOMy nyqKy B BaKyyMe, 

0CHOBH8H llOnH TOK8 B nyqKe o6ycnosneHa 6biCTpb!MH aneKTpOH8MH, 

3aepreTH'IeCKH~ cneKTp aneKTpoaoB cpaBRHTenbao yaoK. MaKCHMYM ~yaK

UHH pacnpeaeneHHH no aaeprHHM COOTBeTCTByeT aaeprHHM1 ReCKOnbKO 

MeHbUIHM npHno~eHHOrO Hanpg;~eHHH, YfMeiDTCH aneKTpOHbl H HDHbl C aaep

rHeft, npeBbiUI8IDIIIe~ aanpg~eaHe aa KaToae. 
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