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1. BBEAEHHE 

Hcno!lb3oeaHI4e C14IlbHOT04H~x sneKTpoHH~x ny4KOB AilR uene~ reHe
paU1414 MeA!leHHbiX noeepXHOCTH~X BOilH CBR3aHO C nOI4CKOM CnOC060B 
Hal46onee 3~~eKT14BHoro npeo6pa3oeaHI4R KI4HeTI44ecKo~ 3Heprl414 ny4Ka 
e 3HeprHIO 3IleKTpoMarH14THoro nonR. Ha146onee 143y4eHH~M e 3TOM oT
HoweHI414 RBilReTCR 4epeHKOBCKI4~ MeXaHI43M reHepaU1414 /ny4KOBaR He
YCT0~414BOCTb/. 0AHaKO Aame AilR Hero 3HepreT144eCK14~ 6a!laHC KOH
KpeTHO~ C14CTeM~ npaKT144eCK14 He 14CCileAOBa!lCR. 8 HaCTOR~e~ pa6oTe 
Ha OCHOBe aHai1143a KOHe4HOrO He!li4He~HOrO COCTORHI4R 3!1eKTPOHHOrO 
ny4Ka 14 noeepXHOCTHO~ BOilHbl Ha rpaH14Ue ny40K-n!la3Ma 14CC!leAyeTCR 
nepepacnpeAe!leHI4e Ha4a!lbHO~ KI4HeTI44ecKo~ 3Heprl414 ny4Ka Me>KAY 
pa3!1144HbiM14 4aCTRM14 CI4CTeM~. 4TO KaCaeTCR Ili4He~HO~ CTaA1414 B036y>K
AeHI4R 3IleKTpOHH~M ny4KOM noeepXHOCTHO~ BOilH~ Ha rpaH14Ue C n!la3-
MO~, TO oHa AOCTaT04HO xopowo 143y4eHa 1 1·21 • nocne Ha4a!lbHoro 
3KCnOHeHU14ailbHOrO pOCTa aMni114TYA~ 3BOI110U14R BOilH~ BO epeMeH14 npo-
14CXOA14T C!leAY10~14M o6pa30M: pOCT aMn!l14TYA~ 3aMeAI1ReTCR 143-3a 
yMeHbWeH14R CKOPOCTI4 ny4Ka, a TaK>Ke B CBR314 C rpynnl4pOBKO~ 14 3ax
BaTOM 3IleKTpOHOB ny4Ka noneM BOilHbl, nocne KOTOporo ee aMni114TYAa 
Ha4HHaeT OCU14!1IlHPOBaTb, 

~rn H~urpaHI44~HHU~ nJ~3M~ ~Ta H~Ili4H~~HaR CTaAHR pa3BI4THR 
ny4KOBO~ HeyCT0~414BOCT14 414C!leHHO HCCileAOBaHa B pa6oTe /3/. 8 or
paH144eHH~X cHcTeMax Kone6aHI4R aMnilHTYA~ 143-3a ~a3oeoro nepeMewH
eaHI4R 3aXBa4eHH~X 4aCTHU OKa3~BaiOTCR 3aTyXa~I4MI4/4/. npH4eM 
B none noeepXHOCTHO~ BOilH~, cy~eCTBeHHO HeOAHOPOAHO~ B nonepe4-
HOM HanpaeneHI414, 3aTyxaHHe HacTynaeT o4eHb 6~cTpo H aMn!lHTy-
Aa AOCT14raeT npeAe!lbHOrO 3Ha4eHI4R npaKTI44eCK14 6e3 KO!lefiaHH~. 
HMeHHO 3To o6cTORTe!lbCTBO n03BOI1ReT, He paccMaTpHBaR nepeXOAH~e 
npouecc~, OUeHHTb K.n.A. ·C14CTeM~ Ha OCHOBe aHa!lH3a KOHe4HOrO 
paBHOBeCHOrO COCTORHI4R. Ha 3TO~ CTaAHH ny40K H BOilHa nOilHOCTbiO 
CHHXpOHH30BaH~, T.e, 14X CKOPOCTH COBnaAaiOT. nna3MY, KaK· npaB14IlO, 
C414TaiOT IlHHe~Ho~. Heni4He~HOCTb o6ycnoeneHa BI114RHHeM eonH~ Ha 
ABH>KeHI4e 3IleKTPOHOB ny4Ka. TaKo~ noAXOA 6~!1 enepe~e npeA!lO>KeH 
B pa6oTe /6/. 8 HaWe~ pafioTe, TaK >Ke KaK H 8/S/, HCnO!lb3yeTCR rHA

POA14HaMH4eCKOe npH6!1H>KeHHe, AOnonHeHHOe 3aKOHOM coxpaHeHHR 3Hep
ri4H, no3BOI1RIO~HM CBR3aTb Ha4a!lbH~e napaMeTp~ CHCTeM~ C HX 3Ha-
4eHI4RMI4 Ha KOHe4HO~ paBHOBeCHOA CTaAHH. 

2. AHAJn13 CTAUHOHAPHOrO COCTO~HH~ nY4KA H nOBEPXHOCTHO~ BOJlHbl 

PenRTHBHCTCKH~ 3IleKTPOHH~~ ny4oK, nnoTHOCTb 3IleKTPOHOB e Ko
TopoM n b• ABH>KeTCR CO CKOpOCTbiO Vb = {3b C B Hanpae!leHHH OCH Z 
B BepxHeM nonynpOCTpaHCTBe X> 0. ny40K CHilbHO 3aMarHH4eH, 4TO 

2 

no3BOI1ReT C414TaTb ero ABI4>KeH14e OAHOMepHbiM. H3oTponHaR nna3Ma 
n!lOTHOCTbiO Up 3aHI4MaeT HI4>KHee nonynpocTpaHCTBO X< 0, npl4 3TOM 

HeB03My~eHHaR n!lOTHOCTb ny4Ka nb 3Ha414Te!lbHO MeHbWe Ha4ailbHO~ 
n!lOTHOCTI4 n!la3Mbl llp . HeB03My~eHHaR CKOpOCTb ny4Ka Vo = f3 oC MO

>KeT 6~Tb CKOilb yrOAHO 6!1143Ka K CKOpOCT14 CBeTa. 
PaccMaTpl4eaeM cTaU140HapHoe caMocornacoeaHHOe cocToRHI4e ny4Ka, 

n!la3M~ 14 MeAileHHO~ noeepXHOCTHO~ BOilH~ Ha rpaH14Ue nna3Ma-ny40K. 
8 COOTBeTCTBI414 CO CKa3aHH~M BO BBeAeH1414, M~ C414TaeM, 4TO 3TO 
paBHOBeCHOe COCTORHI4e RBilReTCR KOHe4HO~ CTaAI4e~ pa3B14TI4R ny4-
KOBO~ HeyCT0~414BOCT14, B pe3y!lbTaTe 4ero 14 B036Y>KAaeTCR MeA!leH
HaR noeepXHOCTHaR BO!lHa. ~CXOAHaR CI4CTeMa ypaeHeHI4~ COCT014T 143 
ypaeHeHI4~ MaKceenna, ypaeHeHI4~ AB14>KeHI4R, Henpep~BHOCT14 14 ypae

HeHI4R 6anaHca 3Hepr1414. 
0TMeT14M, 4TO noCTaHOBKa 3aAa414 aHa!lOr144Ha 14CnOilb3yeMO~ B pa-

/2/ 6oTe • Ho TaM npeAnOnarailOCb, 4TO B C14CTeMe noKOR BOilH~ AB14-
>KeH14e 3IleKTpOHOB, 3aXBa4eHH~X ee no!leM, RBilReTCR HepeilRT14BI4CT
CK14M. He!li4He~HaR paccTpo~Ka 4aCTOT~ /no ee!li4414He/ pasHa Il14He~
HOMY 14HKpeMeHTy. 3TO HaK!laA~BailO Ha aMni114TYAY BOilH~ onpeAe!leH

Hble orpaH~4e'i1R: e<l> << mc 2 lib Yo• rAe <I>- noTeHU14a!l eo!lHbl, 
y
0 

= (1 - f3 
0

) - 2 • Mbl paccMaTp14eaeM penRT14BI4CTCKoe ABI4>KeHI4e 
3IleKTpOHOB B CI4CTeMe nOKOR BOilH~, 4TO n03BOI1ReT CHRTb B~Weyno
MRHYTOe orpaH144eH14e 14 14CC!leAOBaTb nOilR 86!114314 npeAeilbH~X 3Ha4e
H14~. KpoMe Toro, 14CnOilb30BaHI4e e Hawe~ pa6oTe ypaeHeH14R 6anaHca 
3Hepr1414, B OTI114414e OT 121 , n03BOI1ReT no!ly414Tb nOilHYIO C14CTeMy 
ypaBHeH14~ AilR onpeAe!leH14R He143BeCTH~X 14 AeTa!lbHO 14CCileAOBaTb 

3HeoreTI44eCKI4~ 6a!laHC CI4CTeM~. 
CHa4a!la no!lY414M e~pa>KeHI4R AilR KOMnoHeHT HanpR>KeHHOCTI4 nonR 

noeepxHOCTHO~ eo!lH~. KaK 143BecTHO 143 Ili4HeAHo~ Teopl414
121 

c ny4-
KOM e3ai4MOAe~cTeyeT E-eonHa c KOMnoHeHTaMI4 Ez, By, Ex .'TaK >Ke, 
KaK B ' 5 ', M~ C414TaeM, 4TO Ha CTaA1414 HaC~~eH14R, ~ nepBOM npi46!114-

>KeHI414, BOilHa rapMOHI44eCKaR. 
B o6nacTI4 nna3Mbl (x < 0 ), !114Heap143YR ypaeHeH14R ABI4>KeHI4R 14 

Henpepb1BHOCT14, IlerKO nOilY414Tb AilR KOMnOHeHT nOilR CileAYI0~14e Bbl

pa>KeH14R: 

E z = Eo ellp x e -ir/1 

By . kc p E z , -1---- /1/ 
llp 

kz 
Ex =-i--Ez, 

llp 

rAe rjJ = wt - k zz , kz 
w 

=-v ' w, v - 4aCTOTa 14 ~a30BaR CKOPOCTb BOil-

'
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Hbl, k = ~ 
c ' 

2 
fp = l - ~ 

w2' 
w2 = 

p 

477e2 ii p 

m 

2 2 2 
IJ.p = kz -fpk • ,l\ll.A KOM-

noHeHT CKOpOCT~ nlla3Mbl ~MeeM: 

IJ. y 2 
f3 = i p 

X k Z (l + (1 - f ~) (y 2 - l ) ) 

eEz 
f3z = i~. 

eEz 

mew /2a/ 

/26/ 

B o6nacT~ ny4Ka, KaK noKa3aHo e pa6oTe /4/, Ha cTaA~~ HaCblllle
H~.A xapaKTep nonepe4Horo pacnpeAeneH~.A non.A MeH.AeTc.A He3Ha4~Tenb
HO no cpaeHeH~~ C XOllOAHOH /6e3 ny4Ka/ C~CTeMOH. no3TOMY np~ 

x > 0 Mbl ~llleM none . e B~Ae E z = Ce -IJ.bxe -it/1 , rAe K03<I><I>~LI~eHT IJ.b , 
xapaKTep~3Y~III~H nonepe4Hoe pacnpeAeneH~e non.A, cHa4ana He~aeec
TeH. C y4eTOM HenpepbiBHOCT~ E z -KoMnoHeHTbl np~ x = 0 nony4aeM 
ClleAY~III~e BblpameH~.A: 

E = E e -IJ.b x -tt/1 z o e , 

B · IJ.~:~k y=l---E 
.. 9' z ' /3/ 

E = i IJ.bkz E 
X K 2 z' 

rAe K 
2 

= k ~ - k 2 • 
~1cnollb3Y.A HenpepbiBHOCTb KOMnoHeHTbl By np~ nepexoAe 4epea rpa

H~LIY paaAena /x = 0/, onpeAen.AeM een~4~HY IJ.b: 

IJ.b =-fpK2/1J.p ' /4/ 

,l\Jl.A onpeAelleH~.A He~3BeCTHOH aMnll~TYAbl EO BOCnOllb3yeMC.A BOllHO
BbiM ypaeHeH~eM 

1 
c2 

2 2 2 a Ez a Ez a Ez 1 c1n0vb an b 
~ + ~ +~- = 4178(- -~- +~). 

at 2 az 2 ax 2 c 2 at az /51 

nepeHAeM K nepeMeHHOH t/1: ..2_ = -wL; L =!!!... L.BeeAeM 6eapa3Mep-at iJrfr a z v iJrfr 
HbiH o6o6111eHHbiH noTeHLI~all </>: 

4 

E = mc
2
w i.P_ 

z evy iJrfr ' 

2 2 % rAe y = (l - v /c )- • 

/6/ 

C y4eTOM ypaeHeH~.A HenpepbiBHOCT~ ypaBHeH~e /5/ 6yAeT: 

. 2 . 2 

fi + _1_ £i = f32y(vb - ii"b ), 
iJrfr2 K2 ax2 

417e2 n b _ 
rAe vb = , vb =<vb> 

rnw2 

HeH~e no t/11 • 

417e 2 <nb> 

mw2 

171 

/cKo6K~ oaHa4a~T ycpeA-

~cnonb3Y.A nepeble ~HTerpallbl ypaeHeH~.A AB~meH~.A ~ HenpepblaHoc
T~ IS! , Bblpaa~M vb 4epea cf>. TorAa ypaeHeH~e /7 I MOmHo 6yAeT aan~
caTb B Bif~Ae: 

a2
<t> 1 --+-

i¥ 2 K 2 
a= f32y 
ax 2 

<ro + <t>> 
<vb > [ I + (I - l )] . 

v' (y 0 + </>) 2 - l 

2 -% 
3Aecb y~ =yy

0
(l -{3{3 0 ), Yo =U-f3 0 ) 

An.A K03<I><I>"'LI~eHTa I ~MeeM cneAy~ee BblpameH~e: 

y"' 

1 
217 

217 <Yo + </>) + f3ldt/J 
f [ 2 

v'( '+</>) -1 o Y0 

/8/ 

/9/ 

Cnoco6 np~BeAeH~.A npaeoH 4aCT~ ypaeHeH~.A /7/ K B~AY /8/ ~anomeH 
nOAP06HO B pa6oTe/8/. 3AeCb TOllbKO OTMeT~M, 4TO ~HTerpall ypae
HeH~.A HenpepbiBHOCT~ ~CnOllb3yeM B B~Ae: 

<vb > I' 
vb = f3 -{3 

/10/ 

b 

np~ 3TOM I 
1 217 n.t. -1 

= [- r _:::t:__ J 
217 0 f3~:~-f3 

C y4eTOM CB.A3~ f3b C cf>, KOTOpa.A ClleAyeT ~3 ~HTerpana ypaeHeH~.A 
ABiflmeH~.A, nony4aeM /9/ ~ /10/. 

B AallbHeHweM All.A nonepe4Horo pacnpeAeneH~.A Ha4allbHOH nnoTHoc
T~ ny4Ka ll b ~CnOllb3yeM ClleAY~U\YIO 3aB~CifiMOCTb: 
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-ILb X 

nb = n bO e /11/ 

3AeCb 11HAeKC 11 011 0603Ha4eHI1P 0 bO OTHOCI1TC.A K HeB03MYI.lleHHOi1 
nilOTHOCTI1 3JleKTPOHOB ny4Ka np11 X = 0 11 He CB.A3aH CO 3Ha4eHI1eM 
nnOTHOCTI1 np11 cP = 0 . 

)ln.A Manblx aMnnHTYA non.A, KorAa 2¢ << {30
2 Yo , T. e. eenH411Ha aMnnH

TYAbl BOJlHbl AaneKa OT aMnJ111TYAbl 11 HaCbll.lleH11.A 11 (¢o ), 113 /8/ nony4aeT
C.A Jl11Hei1Hoe A11CnepCI10HHOe ypaBHeHHe, Oni1Cb1Ba~l.llee B3ai1MOAei1cTBI1e 
cna6oro ny4Ka c noeepxHoCTHol1 eonHol1 Manol1 aMnnHTYAbl 121 · 

E~ _1_ [l 
--- = 2 
IL~ K 

2 
wbO ----- ] 

y~(w-kzv0 )2 ' 

2 
rAe wbO 

2-
4rr e n bO 

myo 

/12/ 

nepei1AeM K peweH11~ ypaBHeH11.A /8/ no MeTOAY KpbiJlOBa-5oron~6oea 191• 
2 -

C411Ta.A f3 yvb<<l, nonY411M, B nepBOM np116n11meH1111, ypaeHeHHe Ail.A 
aMnnHTYAbl non.A. )ln.A 3Toro YMHomHM neey~ 11 npaey~ 4aCTI1 /8/ Ha ¢, 
npOI1HTerpHpyeM no X OT 0 AO ~ 11 ycpeAH11M no ~a3e. 3aMeTI1M, 4TO 
OTHoweHHe HHTerpanoe no ~ 113 npaeor, 4aCTI1 /8/ 6yAeT 6nH3KO K eAH
HHUe. C 60JlbWO~ CTeneHb~ T04HOCTI1 3TO nOATBePA11110Cb pe3yJlbTaTaMI1 
4HcneHHoro C4eTa. B CB.A311 c Bbll:leH3nomeHHbl!'l Ail.A ¢ 0 nony4aeM Bbl
pameHHe: 

;:; 
- 2 IL b 

¢ =2v f3 y(l- --). 
0 bO K 2 

2-
4rre nbo 

3AeCb 'bo =--
mw2 

Y411Tb1Ba.A BblpameHI1.A r~nR ILb' IL p 11 K • OKOH4aTeJlbHO nOilY411M Ail.A 
¢ 0 -aMnnHTYAbl noTeHuHana: 

- f3 2 ) 
¢ =2u -

0 bOy (l-£{32) 
p 

/13/ 

/14/ 

CneAY~I.llee ypaeHeHHe, CB.A3b1Ba~l.llee Hei13BeCTHble eenH411Hbl, nony4HM, 
- - 16 113 yCJlOBI1.A 3aXBaTa 3JleKTPOHOB ny4Ka 3JleKTpOMarHI1TH011 BOJ1HOI1 

<Po = Yo - l. /15/ 

0TMeTI1M np11 3TOM, 4TO ABI1meHI1e 3JleKTPOHOB B CI1CTeMe KOOPAHHaT, 
ABHmYI.llei1c.A C <)>a30BOi:1 CKOPOCTb~ BOJlHbl, B OT Jli14He OT pa60Tbl '2!, .AB
Jl.AeTC.A pen.ATI1B11CTCKI1M, 

6 

:J 

·~ 

Aanee Hcnonb3yeM 3aKOH coxpaHeHH.A 3Heprl111, CB.A3b1Ba~l.lll111 Ha4anb
Hble HeB03MYI.lleHHble 3Ha4eHI1.A nilOTHOCTI1 11 CKOPOCTI1 3JleKTPOHOB ny4-
Ka C BeJli1411HaMI1, OTHOC.AI.lii1MI1C.A K KOHe4HOMY paBHOBeCHOMy COCTO.A
HI1~ /EO - aMnJ111TYAa 11HaCbll.lleHI1.A 11

/: 

~ <E2> +<E~>+<B? c2<n y > + mc2<npyp>]dx f[ x +m bb 
-oo 87T /16/ 

00 

2- - -f me (nbyb +np)dx. 
-oo 

3AeCb c npaeol1 cTopoHbl I 16/ Bbi411Cn.AeTC.A nonHa.A 3Hepri1.A Heeo3-
MYI.lleHHol1 CHCTeMbl, a cneea nepebll1 4JleH - 3Hepri1.A 3neKTPOMarHHT
Horo non.A, eTopol1 - 3Hepri1.A 3neKTPOHOB ny4Ka, TpeTHI1 - 3HeprH.A, 
3aTpa411BaeMa.A Ha Kone6aHH.A 3JleKTPOHOB nna3Mbl. CKo6KH 03Ha4a~T 
ycpeAHeHHe no <)>a3e. 3aMeT11M, 4TO < vb > = v = vbO e -IL b X • nocne 
HHTerpHpoeaHH.A /16/ no x c y4eToM /9/ 11 /101 11 nepexoAa K 6e3-
pa3MepHbiM eeni1411HaM nony411M 

2 

~~~(l 
8{32 y 2 IL P 

1 + Ep_j3~) + 
+ -- 2 

1 - fp f3 

2_(1 + {32) t 
2 1 - fp f3 

ILb 1 
+ 2 (1 - ( ) . - (1 + ---) l 

P ILp 1-cpf3 2 v bO (y 0 - Y) · 

/17/ 

TaKHM o6pa30M, Ail.A onpeAeneHH.A Tpex Hei13BeCTHblx: aMnnHTYAbl, 4ac
TOTbl 11 ~a30BOI1 CKOpOCTI1 BOJlHbl 11MeeM nOnHy~ CI1CTeMy ypaeHeHI111 
/14/, /15/, /17/. 

3. PACnPEAEnEH~E HA4AnbHO~ K~HET~4ECKO~ 3HEPr~~ nY4KA 

OnpeAen11e xapaKTePHCTI1KI1 3neKTpoMarHHTHO~ eonHbl, Mbl nony4aeM 
B03MOmHOCTb npoaHaJl11311POBaTb pacnpeAeneHHe Ha4aJlbHO~ KI1HeTI14eC
KOI1 3Heprl111 ny4Ka MemAY pa311114HbiMI1 4aCT.AMI1 CI1CTeMbl. 3Ha.A aMnnH
TYAY BOJlHbl 11 CB.A3b Me~AY ee KOMnOHeHTaMI1 /1/ 11 /2/, onpeAeJ111M 
K.n.A. npeo6pa3oeaHH.A KHHeTH4ecKo~ 3Heprl111 ny4Ka e 3Heprl1~ non.A: 

"" 2 2 2" 
( [<Ex>+<Ez> +<By>]dx 

-oo 
TJ /18/ 00 

8rr r mc 2n b(y b- l )dx 

11HTepec npeACTaen.AeT TaKme K03<)><!>HU11eHT TJp• xapaKTepH3Y~I111 noTe
PH 3Heprl111 Ha KOne6aH11.A 3JleKTPOHOB nna3Mbl: 

7 



""- <{3:> <{3;> 
f np[-- + --1 dx 

- 2 2 
11p "" 

/19/ 
r nb (y b -1 )dx 

-oo 

BBeAeM TaKme K03~~~~eHT 77b, xapaKTep~3y~~~ OTHOWeH~e 3Hepr~~. 
OTAaHHO~ ny4KOM C~CTeMe, K Ha4aflbHO~ K~HeT~4eCKO~ 3Hepr~~ ny4Ka. 

11 = 
b 

yb- y 

yb -y 
/20/ 

AflR onpeAeneH~R 3~eKT~BHOCT~ B3a~MOAe~CTB~R ny4Ka C BOflHO~ 
none3HbiM~ RBflRIOTCR K03$$~~~eHTbl 77' ~ 71~, xapaKTep~3YIOll.\~e COOT-. 
BeTCTBeHHO TO, KaKaR AOflR OTAaHHO~ ny4KOM 3Hepr~~ npeepalJ.IaeTCR 
B BOflHOBYIO (77') ~ KaKaR TepReTCR Ha pacKa4KY KOne6aH~~ 3fleKTpo
HOB nna3Mbl (77' ) : 

p 

.,, _[ {<E!> + <E:> + < B~>] dx 
/21/ 

00 

811 J mc 2n b(yb- y) dx 
-oo 

2 
"" <{3

2
> </3 z>] - dx r [+ +-2- ·np _.., , .... _ . 

., p r iib (yb - y) dx 
ILL/ 

-oo 

C~cTeMa ypaBHeH~~ /14/, /15/, /17/ pewanacb 4~cneHHO, a aaTeM on-
77' ~ 77~~PeaynbTaTbl pac4eTa npeA-peAenRn~c b K03<!><!>~~~eHTbJ 77, 11 P , 

cTaeneHbl Ha p~c. 1 7 5. Ha p~c.1 noKa3aH XOA KP~BbiX ~ ~ 1l KaK 
f3o 

<!>YHK~~~ een~4~Hbl v 113 AflR paaHbiX 3Ha4eH~~ y
0

• 3AeCb v 
n b(3cp) 

np(3<lJ) 
ii bO -

rAe nb(~J --,a np( 3<!J)- nnOTHOCTb 3neKTpOHOB nna3Mbl Ha eA~H~~y 
ILb 

0.9 

0.8 

8 

/ 
/ ,. 

/ / ,.,.., /"",., """.,.. /// 
-'/./ '-Y 

ons 0.1 

PHc.l 

~ ?s 

n,., V IIJ 
0 0,05 0,1 

PHc.2 

3 
2 
1 

1/J v 

l 

Afl~Hbl no X /nOCKOflbKY nna3Ma OAHOPOAHa, 4~cneHHble 3Ha4eH~R np(3<!J) 
~ np OA~HaKOBbl/. 3aMeT~M, 4TO B cny4ae OAHOPOAHOrO ny4Ka V -

OTHOWeH~e Ha4aflbHO~ nnOTHOCT~ ny4Ka K nnOTHOCT~ nna3Mbl. 
Kp~eble Ha p~c.1 noKa3biBaJOT, 4TO c yeen~4eH~eM nnoTHOCT~ ny4Ka 

~ ero 3Hepr~~ K.n.A. npeoopaaoeaH~R K~HeT~yecKo~ 3Hepr~~ ny4Ka 
B BOflHOBYIO 3Hepr~JO pacTeT. <!>aaoeaR CKOpOCTb B036ymAaeMO~ 3neKT-

POMarH~TH0~ eonHbl fa yMeHbwaeTcR. OTMeT~M, 4TO K. n ·A. AnR no

eepxHOCTHO~ BOflHbl B HaweM cny4ae OKa3biBaeTCR 3Ha4~TeflbHO 60flbWe 
K.n.A. o6oeMHO~ BOflHbl AflR HeorpaH~4eHHO~ nna3Mbl lSI. 3TO 06CTOR
TeflbCTBO CBR3aHO C TeM, 4TO BOnHa OAHO~ ~ TO~ me aMnn~TYAbl B03-
6ymAaeTCR B cny4ae noeepXHOCTHO~ BOflHbl ny4KOM C MeHbWe~ K~HeT~-
4eCKO~ 3Hepr~e~. 

~3 p~c.2 B~AHO, 4TO ~ AOflR 3Hepr~~. OTAaHHO~ ny4KOM C~CTeMe, 
AOBOflbHO 3Ha4~TenbHa ~ B03pacTaeT C pOCTOM Ha4aflbHO~ 3Hepr~~ ny4-
Ka ~ ero nnOTHOCT~, T.e. C~flbHOT04Hble ny4K~ C BbiCOK~M~ y OTAaJOT 
C~CTeMe 60flbWe K~HeT~4eCKO~ 3Hepr~~. 4eM cna60T04Hble. 04~B~AHO, 
4TO 3TO cnpaBeAn~BO B paMKaX np~HRTO~ MOAen~, KOrAa nb0 << nO 

v p 
~ nnaaMa n~He~Ha. '?P 

Ha p~c.3 noKaaaHa aae~c~MOCTb W5 
K03$<!>11i~~eHTa 7lp = 77P(v 113 ) AflR 
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napaMeTpa v ADnR 3Hepr~~. ~AYll.laR 

Ha Kone6aH~R nnaaMeHHbiX 3neKTpo
HOB, yeen~4~BaeTCR, HO np~ OAHOM 
~ TOM me V C OOCTOM 3HeOr~~ nV4Ka 
(yo) K03$$~~~eHT 11 p yMeHbWaeTCR. 

0,10 
2 

C T04K~ apeH~R reHepa~~~ ~ yc~ne

H~R BOflH 3TO ~HTepeCHbl~ peaynb
TaT. OH o6oRCHReTCR TeM, 4To e 
c~ny yeen~4eH~R 113~eKT~BHO~" 
MaCCbl nna3MeHHbiX 3neKTpOHOB B 

03 
005~ 

01 0,15 v 0 0.05 . 

C~CTeMe nOKOR BOflHbl, OH~ pacKa-
4~BaJOTCR C POCTOM y

0 
Bee TPYAHee pp/? 

/eM. <t>opMyny /2a/, rAe f p = -y 2 I. 
0,3 

L~~ 
1,0 

=================~ ----------------1 
0,2 

0.5 0.1 

:-.:-:-=--~~~~~~~~~~i 113 

0,05 0,1 0.15 v 
PHc.4 

2 

PHc.3 

3 
PHc.5 

4 5 

4!, 

9 



Ha p~c.4 noKa3aHo, KaK pacnpeAen~eTcR 3Hepr~R, OTAaHHaR ny4-
KOM, MemAY pa3n~4H~M~ 4aCTRM~ C~CTeM~. np~ 3TOM BepXH~e cnnow
Hble KP~Bble - K03l)lCtJ~I..I~eHT~ r(, H~mH~e nyHKT~pHble -71 ~. 3T~ K03l)l
<l>~l..l~eHT~ cna6o 3aB~CRT OT napaMeTpa v, HO AOBOnbHO C~nbHO OT Y. , 

4eM 6onbwe y0 , TeM 6onbwaR 4aCTb OTAaeaeMo~ ny4KOM 3Hepr~~ TpaH~
l)lopM~pyeTcR e 3Hepr~~ nonR ~ TeM MeHbwe ~AeT Ha noTep~ e nnasMe. 
3TO HarnRAHO B~AHO H3 p~c.5, rAe noKa3aHO OTHOWeH~e 11p/11 KaK 
<I>YHKI..I~R Yo np~v=const !v =0,01/. B~AHO, 4TO np~ Yo> 2,5 no4-
T~ BCR 3Hepr~R, OTAaHHaR ny4KOM C~CTeMe, ~AeT Ha B036ymAeH~e 
noeepXHOCTH~X BOnH. 

B saKn~4eH~e OTMeT~M, 4TO np~ esa~MOAe~cTBH~ penRT~e~cTcKoro 
3neKTPOHHOrO ny4Ka C noeepXHOCTHO~ BOnHO~ Ha rpaH~Lie C nna3MO~ 
MOmHO AOCT~4b 6onbWO~ 3l)ll)leKT~BHOCT~ npeo6pa30BaH~R K~HeT~4eCKO~ 

3Hepr~~ ny4Ka B 3Hepr~~ nonR. np~4eM pacnpeAeneH~e 3Hepr~~. 

KOTOpy~ OTAaeT ny40K C~CTeMe, 3aB~C~T cy~eCTBeHHO OT napaMeTpOB 
ny4Ka /e paMKax n~He~Horo np~6n~meH~R AnR nnasM~/. TaK, yeen~4e
H~e Ha4anbHO~ 3Hepr~~ ny4Ka noseonReT pesKo cH~3~Tb noTep~ 3Hep
r~~ Ha KOne6aH~R 3neKTPOHOB nna3M~ ~ TeM CaM~M noB~C~Tb 3l)ll)leKT~B

HOCTb reHepal..l~~ ~n~ yc~neH~R 3neKTpOMarH~TH~X BOnH. 

AeTopaM np~RTHO Bblpa3HTb 6naroAaPHOCTb B.K.Ip~w~HY 3a nones
Hble o6cymAeH~R pesynbTaTos AaHHO~ pa6oTbl. 
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BorAaHoea C.H. HAP· 9-83-160 
lloeepXHOCTHbie BOnHbl 60nbWOH aMIIJIHTYAbi, B096YJK,IJ;aeMble 
penHTHBHCTCKHM nyqKOM Ha rpaHH~e C nnaSMOH 

Ha OCHOBe CHCTeMbl ypaBHeHHH rHAPOAHHaMH~eCKOrO npH6nHXeHHH 
aHanH3HpyeTCH paBHOBeCHOe COCTOHHHe penHTHBHCTCKOro sneKTpOH
HOrO nyqKa H noeepxHOCTHOH E-eonH&I 6onbmo:H aMIIJIHTYAhl Ha rpaHH~e 
ny~oK-nnasMa. C yqeTOM saKoHa coxpaHeHHH sHeprHH onpeAeneHbl 
~aSOBaH CKOpOCTb, aMnnHTYAa BOnHbl, K.n.A. TpaHC~OpMa~H KHHe
TH~eCKOH 3HeprHH ny~Ka B 3HeprHID sneKTpOMarHHTHOrO nonH, a TaK
~e pacnpeAeneHHe 3HeprHH, OTAaHHOll llY~KOM CHCTeMe. 3Ta 3HeprHH 
HAeT KaK Ha B096YJK,IJ;eHHe llOBepXHOCTHOll BOnH&I, TaK H Ha pacKa~Ky· 
sneKTPOHOB nna3Mbl. 

Pa6oTa B&monHeHa B 0TAene HOB&~ MeTOAOB ycKopeHHH OHHM. 

npenPHHT 06~eAHHeHHOro HHCTHTYTa RAeP~X HccneAOBaHHH, AY6Ha 1983 

Bogdanova S.N. et al. 9-83-160 
Surface waves of High Amplitude Excited by Relativistic 
Electron Beam on Plasma Boundary 

The equilibrium state of relativisctic electron beam and 
surface E-wave of high amplitude on the boundary of beam
plasma is analyzed in hydrodinamic approximation. Taking into 
consideration the law of conversion of the energy, the phase 
velocity, the amplitude of a wave, the efficiency of trans
formation of the kinetic energy into the energy of electromag
netic field and the distribution of the energy of a beam 
transferred to a system, have been obtained. This energy is 
expanded both for excitation of the surface wave and for the 
oscillations of plasma electrons. 

The investigation has been performed at the Department of 
New Methods of Acceleration, JINR. 
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