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1 • BBEAEHI1E 

8 CBR3H C pa3pa60TKO~ CHCTCM $OKYCHpOBKH H TpaHcnopTHpOBKH 
HHTCHCMBHWX HOHHWX ny4KOB ~IlR HHH4HMpOBaHMR TepMOR~CpHOro CHH
Te3a, B nocne~Hee BpeMR BHOBb npORBI!RCTCR HHTepec K BOnpocaM 
YCT0~4MBOCTH ny<~KOB OTHOCMTCI!bHO 3I1CKTpOCTaTH4CCKMX $nyKTya-
4HA/l·S/,OTBCTCTBCHHWX, B 4aCTHOCTH, 3a yBCI1H4CHHe 3MHTTaHca 

npH HHTCHCMBHOCTRX ny4Ka, 6nM3KHX K npe~ei!bH~M no npOCTpaHCT

BCHHOMy 3apR~Y. 8 yKa3aHHbiX pa6oTaX HCCne~OBaHbl nonepe4Hble KO
ne6aHHR OAHOKOMnOHeHTHOrO ny4Ka H o6HapymeHW, AI!R onpeACI!CHHOrO 
Knacca ¢yHK4H~ pacnpeAeneHMR, C06CTBCHHWC MOAW KOne6aHM~ C OT
PH4aTei!bHO~ 3HeprMe~. HanM4He BTOpOrO KOMnOHCHTa, HanpHMep, 

3aXBa4CHH~X B HOHH~~ ny40K 3I!CKTpOHOB, MOMCT npMBCCTM K Heyc
T0~4HBOCTM npH HHTCHCMBHOCTRX, cy~eCTBeHHO MCHbWMX npeACilbH~X, 
BCI!CACTBMe CBR3M KOne6aHM~ C OTPM4aTei!bHO~ 3HeprMe~ OAHOro KOM
nOHCHTa ny4Ka, M Kone6aHM~ c nonomHTenbHO~ 3HeprHe~ APYroro. 

AHanorM4Hbl~ 3$$eKT B03MomeH s 3neKTPOHHO-HOHHbiX KOI1b4ax, 
npeAHa3Ha4eHHbiX AI!R KOI!IlCKTMBHOro YCKOpeHMR MOHOB. Pa3BMTMe He
yCT0~4MBOCTM npMBCACT K nepepacnpeACIICHM~ niJOTHOCTM 4aCTH4 /o6-
pa30BaHM~ cryCTKOB/ B nonepe4HOM ¢a30BOM npocTpaHCTBe, 4TO M3-
MCHHT CHI!~, YACPMHBa~~He MOH~ B 3I1CKTpOHHOM KOI1b4e. 

B~cwHe pe30HaHc~ aneKTpOHHO-HOHH~x Kone6aHM~ s OAHOMepHo~ 
MOAei!H HCCI!CAOBai!HCb /npH6I!HMeHHO/ B pa6oTe/4/AI1R CTyneH4aTO~ 
$yHK4HM pacnpeAeneHMR no 3HeprMM 4aCTM4. HeycT0~4MBOCTb MHTe

pecy~~ero HaC TMna MOMCT B03HMKHYTb, OAHaKo, TOI!bKO Ail.R $YHK4M~ 
pacnpeAeneHH.R, HapacTaiOU\MX Ha Ka KoM-nM6o MHTepsane 3HeprM~ /3 ,51. 

8 HaCTOR~e~ pa6oTe B paMKaX I!MHC~HO~ TeOpMM B03MY~CHM~ MC
CI!CAYCTC.R yCTOH4MBOCTb OAHOMCpH~X KOne6aHM~ B 3I!CKTpOHHO-MOHHOM 
CI!Oe AI!R 4aCTHOrO cny4aR nOCTORHHO~ nnOTHOCTM B HCB03My~eHHOM 
cnoe, AOnycKa~wero T04Hoe peweHMe aaAa4M. 

2. C06CTBEHHWE KOnE6AHHH CnOH 3APHIEHHWX 4ACT11U 

3aAa4a 0 C06CTBCHH~X MOAaX nOTCH4MaiJbH~X KOne6aHM~ nnOTHOCTM 
paBHOMCpHO 3apRMCHHOrO CI!OR 4aCTM4 6~na peweHa $.Am.CaxepepoMIS( 
Mw npMBCAeM 3Aecb APYroe, 6onee npocToe peweHMe. 

nycTb 4acTM4W c aapRAOM e M Maceo~ m, cosepwa~~Me Kone6aHMR 
C 4aCTOTO~ W B CYMMapHOM /C03AaBaeMOM BHeWHMMM MCT04HMKaMM M 
caMMM cnoeM/ napa6onM4eCKOM noTeH41-1ane U(x), o6pa3y~T pasHoMep
HO 3apRMCtiH~~ CI!OH nnOTHOCTb~ p O M TOil~MHO~ 2a 0 • $yHK4MR pac
npeACI!CHMR no 3HeprMM 4acTIH~ II, coo 1 se 1 c 1 EJ110Uf<rri-Tai<OMY cocToR-
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Hl.-110, 11MeeT B11A: 

r
0 

(H)= Po • a(H 0 -H) 

rrey2m · v'Ho- H 
/1/ 

rAe Ho = U(ao)=mw2 acr/2 - rpaHI14Hoe sHa4eHI1e 3Heprl111, a(x) = 0 
Allfl x< 0, a(tt)= 1 Anfl x;::,O. npeAnonarafl, Aanee, H 0<< mc211 nepexo-" 
Afl K nepeMeHH~M 3Heprl1fl - ¢asa, san11weM K11HeTI14ecKoe ypaaHeHI1e 
Allfl 6ecKOHe4HO ManbiX B03My~eHI1~ ¢yHK41111 pacnpeAeneHI1fl B BI1Ae 

ar(l) ar (1) p (1) dfo 
.--•+w--·c--F (x,t)-, /2/ 

at ae m dH 

rAe F(1)= eE(1)·_ c11na JlopeH4a, CBfl3aHHafl C B03My~eHI1eM 3neKTPI14e
CKOrO nOnfl, 0 =·U> • BosapaT K nepeMeHHbiM KOOPA11HaTa-11MnynbC ocy

~eCTBJlfleTCR no ¢opMynaM 

2H 
X = y --

2 
COS8, 

m6J 

P = - v 2mH sin8 • /31 

Bq3My~eHI1e nnOTHOCTI1 sapRAa 11 CBR3aHHOe C H11M 3neKTpl14eCKOe no
ne onpeAe~R~TCR COOTHOWeHI1RMI1 

P(1)(x) 
00 

= e I dHy~ 
U(x) 2H 

)i: (1) (x) = 4rr j p (1) (x') dx' s . . 
-oo • 

f(l) (8) + f (1) (2rr- 8) 

sine 
/4/ 

!51 

B Gny~ae rapMOHI14ecKo~ saBI1CI1MOCTI1 aosMy~eHH~X aeni1411H oT ape
MeHI1 (f(l) - e-iilt ) 113 /2-5/ HeTPYAHO nony411Tb /?/ 

E(sl)(X)= 8;ejdx'F(1)(x') F dH· dfo sina(rr-8>)sina8<;_ 

U max dH a sin rra 
' !6! 

rAe 

a = il/w, 8> =max{8,8'l, 8< =minl8,8'l, U = U(x> ). , max 

AnR ~oro, 4To6~ coaepwi1Tb cneAY~~I1~ war, npeACTaBI1M npOI13BeAe
H11e CI1HYCOB B /6/ B B11Ae 

a " - I c1f> • sina(rr- ¢) J(c,b) • 
2 o. 

171 

2 

~ ~. 1• 

rAe J(c,b) = a[cos¢ -·cos(8 + 8')]a[cos(8 -8')- cos¢}, 111111, nepexOAR 
OT nepeMeHHbiX 8, 8' K a(H) 11 X, x', 

J (a, c,6) = a (a - a c,6), 
y'x 2 + x' 2-2xx' cos¢ 

a¢ = sin¢ 

noACTaBnRfl Tenepb /7/ B /6/ 11 MeHRR nopRAOK 11HTerpl1pOBaHI1fl, no
ny411M 

E(1)(x)c- 4rre jdx'F(1) (x') fd¢ sina(rr-c,b)f [tJ(a.)], /8/ 
s w _

00 
o sin arr 0 <If 

rAe U(a) = mw 2 a 2/2. Ao c11x nop KOHKpeTHbl~ B11A ¢YHK41111 pacnpeAene
H11R f 0 (H) He 6bln Y4TeH; eA11HCTBeHHOe cy~eCTBeHHOe Tpe6oaaHI1e, 
He06XOA11MOe AnR BbiBOAa /8/ - napa60ni14HOCTb CYMMapHoro noTeH411a-
11a U(~. Hcnonb3YR Tenepb /1/ 11 cooTHOWeHI1R 181 , 

sina¢ = i 
sinarr n-=0 

(-l)n+1 Pn(cosc,b) • 

,\ n (a) II P n 11
2 

TT 

! (dc,6Pn(xx'-y(1-x2)(1-x'2)cosc,6) =Pn(x)Pn(x'), 
TT 0 

nocne HecnomH~x npeo6pasoaaHI1~ npi1BeAeM /8/ K B11AY 

2 1 "" 
E (l)(x) "'_K_ f dx' F(1)(x') !. 

s e _ 1 n=O 

P (x)P (x') 
n n 

>- <a> II P 11
2 

n n 

/9/ 

/10/ 

/11 I 

rAe p (x) - noni1HOM Jle>KaHApa n- ro nOPRAKa; nOA X, Anfl COKpa~e
HI1fl saA11c11, nOApa3yMeaaeTCfl 6espa3MepHOI;l OTHOWeHI1e· x/a O , K 

2 = 
= 4rrepol ffi(L) 2 = w~/ (L) 

2• nepBble ABa co6cTBeHHbiX 3Ha4eHI1fl paBH~ 

,\ 
0 

(a) ..... a 2 - 1 , ,\ (a) = a 2 - 2 2 1 • /12/ 

l' a nocneAY~~I1e onpeAenR~TCR peKyppeHTH~M COOTHOWeHI1eM 

,\ (a) = ..\ (a) . a Ja- (n + 1)2 
n n-2 

a 2 - (n -2)2 
/12 'j 

npeAnonomi1M Tenepb, 4TO nOJlHOe 3JleKTpl14eCKOe none E(1) RBnReTCR 
cynepnos11411e~ aHewHero np11nomeHHoro nonR E(1)t /aHanor 3neKTpl1-. ex 
4eCKO~ 11HAYK41111/ 11 co6cTBeHHoro E~). TorAa, np11 npocTpaHCTBeH-
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HOCi .aaB!IIC!IIMOCH1 E (l)- P/ (x), MO>KHO BBeCT!II AH3JleKTp!114ecKyiO npOHH-

£ = E (l)t E (1) , KOTopaR, cor nacHo I 11 I, oKa3biBaeT-
n ex 

4aeMOCTb CJlOR 

CR paBHOCi 

En 1 - K
2 

,\ n (a) 
1131 

Co6cTBeHHWe 4acTOTw Kone6aHHi1 cnoR onpeAe!lRIOTCR o6w4HWM ypas

HeHHeM f =·0.3TO ypaBHeHHe CBOA!IITCR K anre6pa!ll4eCKOMy ypaBHeH!IIIO 

nopRAKa N = (n/2) + 1 OTHOC!IITeJlbHO a 2 = (0/w) 2 Ill !IIMeeT, COOTSeT.cT

BeHHO, N peweHI.1i1 anm, rn = 1,2, ••• ,N. Ha p111c.1 npeACTasneHa 3aBH

C!IIMOCTb C06CTSeHHWX 6e3pa3MepHWX 4aCTOT anm OT napaMeTpa nnoT

HOCT!II K A!lR n = 0,2,4. 

PeweHHR A!lR n = 0 111 11 = 1 HMeiOT o4eSHAHbiH <!JH3!114ecKHH CMbiC!l. 

Y4!11TbiSaR, 4TO w 2 =<t>e~t-w;, rAe Wex - 4ac·TOTa KOJle6aHI-1H SO SHew

HeM noTeH41-1ane, A!lR n =0 HMeeM a2 =f+K2,111n1-1, so3spalllaRcb K 4ac

TOTaM, 

o2 = w 2 + (<)2 = w 2 
p ext 

TO ,ecTb cnoi1 KaK 4enoe cosepwaeT Kone6aHI-1R c 4acToToi1 BHewHei1 

RMbl. ,l\JlR n = 1 -OC4111Jl!lR4111H WIIIPVIHbl CJlOR - VIMeeM a2 = 4 + K 2 VIJlVI 

0 2 = 4w 2 -·3w 2 
ext p 

np111 W~-+ 0 0=2wext, 4TO COOTBeTCTSyeT !113BeCTHOMy pe3y!lbTaTy, -

4acToTa Kone6aHHH orV16a10lllei1 cna6o~04Horo ny4Ka pasHa YASOeHHoi1 

4aCTOTe KOJle6aHVIH OTAe!lbHWX 4aCTIII4. 

,l\JlR ll ~ 2 cneKTp C06CTBeHHbiX 4aCTOT. BKJ1104aeT OCHOSHyiO 4aCTOTy 

a nl, paCTYlllYIO C yseJ1!114eHV18M nJlOTHOCTVI 4aCTVI4 nponOpl.IIIIOHaJlbHO K, 

Ha4VIHaR co 3Ha4eHVIR a 01(K = 0) = n + 1, a TaK>Ke N -·i, rAe N = [n/21+ 1, 

no6o4HYIO 4aCTOTY a nk, k = 2, ••• , N. C poe TOM K OT 0 AO "" a nk 

MOHOTOHHO y6biSaeT OT 3Ha4eHVIR ll +3-2k AO n + 2 -•2k. 1 

Pa3JlO>KVIB f(l) (H,O) s PRA <!lypbe no 0, A!lR O=:.fw 111 E(l)_cnfPn(x), 

OCTaB!lRR MaKCVIMaJlbHWH 4JleH PHAa, J10JlY4111M 

df i£0 1T ( ) 
r<O(H, 0) = c v2H • ...:...2-. e . ..!...JP0 (~cosO')sinfO'sinO'd0'. 

nf m dH o - e w " o a o I 1 4 I 

Ha pV1C. 2 noKa3aHbl K03<!l<!JV14VIeHTbl <llypbe ·r <:> (H) A!lR n = 6 VI e = 
= 1,3,5,7. Bo3MYllleHHe nnoTHOCTV1 4aCTV14 \ <Pa30BOM npocTpaHCTB~ 
MO>KHO npeACTaS!IITb CJ1eAYIOlilV1M o6pa30M. 11MeeTCR (n- £ + 3)/2 11 3Hepre

TV14eCK!IIX ypOSHeH
11 

1coOTSeTCTSYIOlllV1X MaKC!IIMyMaM [f~P(H)[, Ha Kam

AOM 1113 KOTOpWX HaXOA!IITCR e cryCTKOB, COBepWaiOlllVIX Kone6aH!IIR C He

B03MYllleHHOH 4aCTOTOH w. 11TaK l np111 K « 1 VI U:2 2 Kbne6aH!IIR nJlOTHO

GT!II pnOR Ha C06CTBeHHOH 4aCTOTe ank COOTSeTCtByiOT"ASVI>KeH!IIIO 

k·(n+3-2k) crycTKos, rAe k=1,2, ... ,N. 
4 

. ,. ~ 

I 

' 

()( 

.f., 

0,6 

2r 0/~, ' 
o I"" \ 0.5 II tplf/1\ 

0/~3 

Ci;; , 
0 1 2 3 L. ae 

Puc. I Puc.2 

06paT!IIMCH Tenepb K 3HepreT!II4eCKV1M COOTHOWeH!IIHM. KaK !113BecT

HO/S/, 3Hepr!IIR KOJle6aHI-1i1 nponOPl.IVIOHaJlbHa np0!113BOAHOH d(0f),Ld0. 

HeTPYAHO y6eAHTbCR, 4TO 3Hepr!IIR KOJle6aH!IIH Ha OCHOBHOH 4aCTOTe 

nOJ10lKJ.1TeJlbHa, S TO speMR KaK Ha no604HbiX - OTp11L.!aTeJlbHa. CneAy

eT O>KI-IAaTb J103TOMy, 4~0 np!ll He60JlbW!IIX OTKJlOHeHVIRX <!JYHKL.IVIIII pac

npeAe!leHVIR OT 111 HeJ1!11Hei1HaR CBR3b MOA C J10JlOlKVITeJlbHOH Ill OTpH

l.laTeJlbHOH 3HeprV1RM!II np!-1BeAeT K HeyCTOH4!11BOCT!II CJlOR np111 HeKOTO

PWX 3Ha4eH!IIRX napaMeTpa K. 

3AeCb >Ke Mbl paCCMOTPIIIM HeyCTOJ:141o1SOCTb 3JleKTpOHHO-J-10HHbiX CJlOeB, 

HMBIOlllYIO MeCTO nplll cosnaAeH!IIlll no604HOJ:1 4aCTOTW 3JlBKTpOHHWX Kone-

6aHV1H C OCHOBHOH 4aCTOTOR !IIOHHbiX KOJle6aHVIR. 

3. PE30HAHC~ 3nEKTPOHH0-110HH~X KOnE&AHH~ 

nycTb 3JlBKTpOHbl, AB!IIlKYllllo1eCR CO CKOpOCTbiO V = c{3 SAO!lb OC!II y, 
o6paayiOT pasHoMepHo-3apR>KeHHbiR cnol::i TO!llllHHW 2a 0 , cosnaAaiOlll!IIH 

CO CJlOeM ITaK>Ke paSHOMepHo-3apf!>KeHHWMI lo10HOS, COSepwaiOlll!IIX TOJlb

KO Kone6aHHR no oc111 x. 4acTOTbl Kone6aHHi1 1.10HOB 111 3JleKTpOHOB Aa

IOTCR BWpa>KeH!IIHMIII 

w2 
...:.:.ru!... w 2 = w2 -·w 2 
y 2 ' i ie pi 

w2 =·w2 + w2 
e el ext 1151 

rAe y "'-(1-{3
2 )-llz - peJ1RTVIBio1CTCKVIR <!JaKTOp HanpasneHHOrO AS!II>KeHI-IR 

3JleKTpOHOS, w2 = -417ep
0 

/my - KBaApaT 4aCTOTbl KOJle6aHHR 3JleKT-
ei i 
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pOHOB B none 110HOB, w
1
2 =· 477e Zp /M- KBaApaT 4aCTOTbl KOJ1e6aH111:\ 

v e oe v z M 110HOB B C03AaBaeMOI1 3JleKTpOHaMI1 noTeH411aJ1bHOI1 RMe,. 11 - 3a-

PRAHOCTb 11 Macca 110HOB, <iJpe,i - nna3MeHH~e 4aCTOT~ 3JleKTpo-

HOB 11 110HOB IA11R 3JleKTpoHoe RBHO y4TeHa KOMneHca411R KynoHoecKo

ro pacTaJ1~11BaHI1R MarHI1TH~M CTRri1BaHI1eM/. ~YHK~I111 ~acnpeAeJleH11R 
KaK 110HOB, TaK 11 3JleKTpOHOB 11Me~T BI1A /1/ C rpaHI14H~MI1 3Ha4e

H11RMI1 3Heprl111 H 08 =myw;a~/2, H 01=Mw1_a5/2. 
PaccMOTPI1M B03My~eHI1e nnoTHOCTI1 cnoee, 11Me~~ee B11A 6ery~ei:1 

BOJlHbl EO)_ exp(iky -·iOt). HeTPYAHO noKa3aTb, 4TO a KBa311CTaTI14e

cKOM npeAene (ka 0 << 1, Oa0 /c<<1) CBR3b Me>KAY ·aneKTpl14eCK11M noneM, 
CBR3aHHbiM C B03My~eHHeM nJlOTHOCTI-1 4aCTI14 AaHHOrO COpTa lo1 Aei:I

CTBy~~eH Ha H11X CHJlOH flopeH4a AaeTCR TeMme COOTHOWeHHeM /11/, 

B KOTOpOM napaMeTp a npi1HI1MaeT 3Ha4eHHR a 
8

= (0 -k~)/w8 AJ1R 3JleKT

pOHOB 11 a 1 =0/ <iJ I AJlR HOHOB. Y411TbiBaR Tenepb, 4TO 

F(l)= e(E(1)jy2 +E(l))· F(1) =-eZ(E(1)+E(1)) 
e e· i' i i e' 

A11R co6cTBeHHbiX 4acToT Kone6aHI1H c E (1) - P
0 

(x), nony411M AHcnep-
CHOHHOe ypaBHeHI1e 

2 2 
wpe wpi 

-......:.--- + ------
y Pru: A 

0
(a e) w~ A

0 
(a 1 ) 

f32w2 w2 
+ pe pi 

w2w21 A (a )>.. (a I) e n e n 

1 . /16/ 

~R Al1nOJlbHbiX (n=0) 11 KBaApynOJlbHbiX (n=1) KOJle6aHHH ypaBHeHHe 

/16/ npi1BOAI1TCR K CTaHAapTHOH ~OpMe /4~ 0TJ111411TeJlbHOH OCOOeH

HOCTbiO 3T.11X KOJleOaHHH RBJlReTCR TO, 4TO 11X HeyCTOH41o1BOCTb B03MO>K

Ha TOJlbKO np11 k,& 0. 8 npoT'I1BOnOJ10lKHOCTb 3TOMY BbiCW11e MOAbl KOJle-

6aHI1H (D :2:, 2) MOryT 6b1Tb HeyCTOH411Bbl 11 np11 k = 0, KOrAa nepeKa4-

Ka 3Heprl111 1-1~ -ManpaaneHHoro ABH>KeHJ1.R 3JleKTpoHoe e nonepe4Hble 

KOJle6aHHR He np011CXOAHT. HeyCTOH411BOCTb B 3TOM CJly4ae, ·KaK y>Ke 

OTMe4aJlOCb, o6yCJlOBJleHa CBR3b~ KOJleOaHHH C OTPI14aTeJlbHOH 3Hep

rl1eH OAHOH 113 KOMnOHeHT CJlOR 11 KOJle6aHI1RMI1 C nOJ10lKI1TeJ1bHOH 

3HeprHei1 APYroii. ~nR npocTOTbl nono>KI1M, Aanee, 4TO BblnOnHeHo 

ycnoe11e IPoe 1 » IPot 1 » IPoe lfy 2, o6ecne411ea10~ee w ; 1 » wie 1 y 2 , 
w{'· >> w 2

1 
11 noaaonRIO~ee ynpocTHTb AHcnepcHOHHoe ypaeHeHHe 

BB~AY M~JlOCTH nepBbiX ABYX 4JleHOB B neBOH 4aCTH /16/ no cpaBHe

HHIO C TpeTbHM. ~JlR caMO~OKYCHPYIOUlHXCR CJlOeB (w e:rt ,;, 0) 

{32 w~ 8 w:l =w:w~ 11 A11CnepCI10HHOe ypaBHeHHe /16/ CBOAHTCR K 

An (a e ) A n (a 1 ) = 1 • /17/ 

nycTb 

w!lw~ =w;1 /w~8 -=Mp01 /(Zmylp0 e \) =~ 

' - OTHOWeHHe nnOTHOCTeH Mace HOHOB 1o1 3J1eKTpOHOB / 11 aarpy3Ka 11 / 

6onbwe"1. TorAa peaoHaHc aneKTPOHHO-HOHHbiX Kone6aHHH B03MO>KeH 

6 

J 

;J ,. 
l 
I 
I 
I 

np1o1 

0 =·(n + 1)wl =jwe + kv. 

r.qe J-2£ +1, e = 0,1, •••• (m-1) AJlR nc2ml1 j=·2£ ·£ =l, .•. ,mAJlR 

Ann np110!lH>KeHHoro peweHHR ypaaHeHHR I 17 I aocnonbay.eMcR 
HHeM COOCTBeHHbiX 3Ha4eHHi:1 An (a) np1o1 a -+ j : 

A 0 (a) I a .... j = C nj (a - j), 

0
nj I J:S n- 3 

0 n,n-1 

Cn, n+1 = 

(n -j + 1)11 (n+j+ 1)1! 

j(n-j-2)!!(n +j-2)1! 

2°+ 1 n l 
·, 

(n - 1)(2n- 3)!! 

2n+1n! 

(2n- 1)!1 

/18/ 

n=2m+1. 
paanome-

/19/ 

PeweHHR ypaaHeHHR /17/ a HHTepecyiO~eii Hac o6nacTI1 4aCTOT /18/ 
aanHC~BaiOTCR TOrAa B BHAe 

0 =; ((n+1)w
1 

+(kV+jw
8

)] ± 

/~0/ 
1 . 2 we w! ± v' 4[(n + l)w 

1 
- (kv + Jw 

8
)] + _ ___::.___;:, __ 

c n,n + 1 c nj 

HHKpeMeHT HeyCTOi:141o1BOCTH MaKCHMaJleH np11 T04HOM BblnOJ1HeHI11o1 pa
BeHCTBa /18/: 

we wl 
") = v' lc I r .. (lmu max c + 1 nj nj n,n 

/21/ 

Pe3oHaHCHaR nonoca onpeAeJlReTcR, cornacHo /20/, ycnoeHeM 

\(n + l)w 1 - (kv + jw )I < 21 . . 
e - DJ /22/ 

MaKcHMaJlbHbiH HHKpeMeHT /21 I RBHO He 3as11c11T OT npOAOJlbHoro son'

Hoaoro 411Cna k. Bblpa>KaR, OAHaKo, we 4epea w 1 11 kv 11 C4J.1TaR 

Wt /TO eCTb nJlOTHOCTb 3JleKTpOHOB/ ~HKCHpOBaHHOI:\ BeJ111411HOi:1~ no-
11Y411M 

1' 



r . =c1J. 
nJ 1 

(n + 1) - kvl c1J 1 v . ·. 
jcn,n+ 1 I cnj I 

/23/ 

HHKpeMeHT HapacTaH~~ sonH, pacnpocTpaH~~~~xc~ B OAHOM Hanpasne
H~~ C 3neKTpOHaM~ (kV > 0), naAaeT C pOCTOM lk I, TO eCTb C yMeHb
weH~eM An~Hbl BOnHbl. 3aMeT~M TaK>Ke, 4TO B OTn~4~e OT KBaApynonb
HbiX ~ A~nonbHbiX KOne6aH~i1, AHA KOne6aH~i1 C n 2:. 2 HeycTOH4~Ba 
~ o6paTHa~ som-ta kv < 0. 

Am'l 3neKTpOHHO-~OHHbtX Kone1.1 nocTo~HHa~ pacnpocTpaHeH~~ k 
np~H~MaeT A~CKpeTHbiH Ha6op 3Ha4eH~i1 k = r I R ' f = 0, ± 1, ± 2 •.•• 
R- paA~YC KOnbl.\a. np~ 3TOM kVIc1Ji=fiQi, rAe Qi- OTHOWeH~e 
~OHHOH 4aCTOTW K 4aCTOTe o6pa~eHH~ 3neKTpOHOB. nocKonbKy An~ 
peanbHbtX Kone1.1 Q1 << 1,To np~ nono>K~TenbHbiX f ~.1 Kone6aH~~ c 
ManbtM~ n soo6~e He so36Y>KAaiOTC~, a c n > f/ Q i c~nbHO noAasne
Hbt. np~ OTP~L\aTenbHbiX t < -1 pe30HaHCbl MOryT ~MeTb. MeCTO TOnb
KO np~ o4eHb 6onbw~x 3Ha-:;eH~~x 3arpy3K~ ~ > ~ 21 Q.2. Ha~6onbw~i1 
~HTepec no3TOMY npeAcTasn~eT Clly4ai1 k = 0. B Ta6h~Lie np~BeAeHbt 
3Ha4eH~~ 6e3pa3MepHoro ~HKpeMeHTa y . =T . I (t) 1 An~ n =2 411 • 

nJ nJ . 
Bell~4~Ha 3arpy3K~, cooTBeTCTBY~~a~ pe3oHaHcy c AaHHWM~ n,J, 
OnpeAell~eTC~ COOTHOWeH~eM 

" 

n 

~ =· ( n.+ 1) 2 
J 

Ta6mu~a 

0THOCHTe.rfbHblH HHKpeMeHT y nj /t:IeTHbiM U COOTBeTCTBYIOT 
Het:IeTHbJe 3Hat:IeHHH HHp;eKca j, 11 Hao6opoT/ 

1/2/ 3/4/ 5/6/ 7/8/ 9/10/ 

2 0,1875 
3 0,1398 
4 0,0731 o, 1155 
5 0,0600 0,1005 
6 0,0439 0,0520 0,0900 
7 0,0378 0,0464 0,0822 
8 0,0307 0,0337 0,0422 0,0761 
9 0,0273 0,0306 0,0390 0,0711 

10 0,0233 0,0247 0,0282 0,0364 0,0670 
II 0,0211 0,0227 0,0262 0,0342 0,0636 

KaK cneAyeT ~3 Ta6ll~l!bt, np~ AaHHOM ~ ~HKpeMeHT MaKC~MalleH 
All~ Ha~MeHbWero ~3 B03MO>KHbiX n ~, COOTBeTCTBeHHO, j. 4~cno o6-
pa3y~~~XC.A npH 3TOM 3neKTpOHHbtX crycTKOB N .:::"·y ~I 2. 
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PaccMoTpeHHa~ HeycToi14'!-1socTb xapaKTep~3yeTc~ secbMa ManbtM 
speMeHeM pa3B~T~~. TaK, np~ T~n~4HbiX All~ 3neKTpoHHO-~OHHbiX Ko
lle~.! napaMeTpax c1J i - 10,9 C -i ~ ~ ~50+1 00 T =Tnll- 20 HC. npeA
CTaBll~eT ~HTepec B03MO>KHOCTb 3aXBaTa ~OHOB B 3lleKTpOHHWe crycT
K~ Ha Hen~HeHHOH CTaA~~ pa3B~T~~ HeyCTOH4~BOCT~ ~ pa36~eH~~ ~c

XOAHOrO cno~ Ha COBQKYnHOCTb 3lleKTpOHHO-~OHHWX CllOeB C 6onee 
BWCOKOH nnOTHOCTb~. 

B 3aKll~4eH~e asTop swpamaeT np~3HaTenbHOCTb. H.D.Ka3ap~Hosy 
~ 3.A.nepenbwTei1Hy 3a MHoro4~clleHHwe ~ nolle3Hhle a6cy>KAeH~~. 
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AneKcaxHH ~.H. P9-82-652 
BwcwHe pe3oHaHcw 3JleKTpOHHO-HOHHwx Kone6aHHH /OAHOMepi-iaR MOAellb/ 

8 paMKaX JlHHeHHOH TeOpHH B03My~eHHH HCCJleAY~TCR KOne6aHHR nJlOTHOCTH 
paBHOMepHO 3apR*eHHbiX 3JleKTpOHHO-HOHHbiX CJlOeB C COBnaAa~HMH rpaHH~aMH. 3a 
OCHOBy npHHRTO HaHAeHHOe ~.A*.CaxepepoM T04HOe peweHHe 3aAa4H 0 noTeH~Hanb
HbiX KOJle6aHHRX B CJlOe 3apR*eHHbiX 4aCTH~ nOCTORHHOH nJlOTHOCTH. 06Hapy*eHO, 
4TO 3JleKTpOHHO-HOHHble CROH nOABep*eHbl pe30HaHCHOH HeyCTOH4HBOCTH, conpOBO*
Aa~eHCR o6pa30BaHHeM cryCTKOB B ~a30BOM npocTpaHCTBe. 8bi4HCJleHbl WHpHHbl 
pe30HaHCHbiX nOJlOC H HHKpeMeHTbl HeyCTOH4HBOCTH. 

Pa6oTa awnonHeHa a 0TAene Hoawx MeTOAOB ycKopeHHR OH~H. 

C~eHHe 06~eAHHeHHOro HHCTHTyTa RAePHbiX HCCJleAOBaHHH . Ay6Ha 1982 , 

Alexahin Yu.l. P9-82-652 
High-Order Resonances of Electron-len Oscillations (One-Dimensional Model) 

Density oscillations of uniformly charged electron-ion layers with 
coincident boundaries are studied in the framework of the linear perturba
tion theory. The consi.deration is based on the strict solution of the prob
lem of electrostatic oscillations in .the layer of charged particles with 
uniform density, discovered by F.J.Sacherer. It is found that electron-
ion layers are subjected to resonance instability which leads to forming 
clusters in the phase space. The resonance widths and the instability 
growth rates are calculated. 

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

COIII'!lunlcat I on of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.BHHOrpaAOBOH. 
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