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CrauHOHapHbte HenHHeiiHbie a3KMyTanbHbie sonHbi 
B UllpKynHpyiOIUUX 3Bp5DKeHHbiX ny'IKBX 
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PaccMaTpUBBIOTC51 Heni!HellHbie CTBUHOHBpHble BOnHbl npH ycnOBH51X, KOI'
na nKHellHB51 TeOpH51 npenCKB3biB8eT pa3BHTI!e HeyCTOll'IHBOCTH THna OTpHUB
TenbHOil MaCChi. BonHI>I npencrasnRJOT co6oll nocnenosarenbHOCTb caMo<jloKy
cupyJOIUIIXCR CI'yCTKOB, KOTOpbie aBH>KyTC51 CO CKOpOCTbiO, paBHOii cpenHeii 
CKOpocTH o6paweHII51 qacrnu. Ecn11 3HepreTK'IeCKHii pa36poc 'IBCTHU 3HB'IH
renbHo MeHbwe noporosoro paa6poca, cneay10wero ua nuHeiiHoii Teopuu 
a<jl!jleKTa orpuuaTenbHoii MaCChi, TO yrnosoii 11 panHanbHbiii pa3Mepbr cryCTKOB I ,.,., 
M8nhr. 

Pa6ora BbtnOnHeHa s 0Tnene HOBbiX MeTonos ycKopeHHH 0115111. 

DpenpiiHT 06beiU!HeHHoro HHCTIITyTa smepHbiX HCcnenoBaHHli. Dy6Ha 1978 

Kasarinov N.Yu., Perelstein E.A. 

Stationary Nonlinear Azimuthal Waves 

in Circulating Charged Beams 

pg- 11788 

Under negative-mass instability conditions the exi
stence of nonlineary stationary waves is established. The 

waves are consecutive self-focusing bunches moving with 
average rotation velocities of particles. Whenever the 

energy soread in the beam is sufficiently l~s than the 

linear theory negative-mass instability threshould,the 
angular as well as radial bunch dimensions are small. 

The investigation has been performed at the 

Department of New Acceleration Methods, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

Bonpoc o pe)I(HMe CHJihHOH HeJIHHeHHOCTH 6hiJI nocraB

neH y)l(e B nepBhlx n~op~THl.JeCKHX pa6orax no 3qxpeKTY 

OTpHIJ,a TeJihHOH MaCChi I • ~( JlHHeHHaH TeOpHH BOJMy~eHHH, 
HCllOJih3yeMaH B 3THX pa6oTaX, yKa3biBaJia Ha B03MO)I(

HOCTh o6pa30BaHHH cryCTKOB /6aHl.JeH/ B nepBOHal.JaJihHO 

o.r.Hopo.r.HhiX no aJHMYTY nyl.JKax. B pa6ore/l/ paccMaTpH

sanoch peweHHe CaMOCOrJiaCOBaHHOH Ja,Llal.JH, COOT BeT

CTBYIO~ee .[lBH)I(eHHlO O,LlHOrO 3JIJIHnCOH,LlaJihHOrO cryCTKa. 

AJHMyTaJihH~H c,aMoMO.LlYJIHI.J,HH ny'IKOB Ha6JIIO.r.anach B 3KC

nepHMeHrax-' 3·t,, 

B nOCJie.[lHee BpeMJI HHTepec K HeJIHHeHHOH TeOpHH 

aJHMyTaJihHbiX HeycTOHl.JHBOCTeH B l.I,HpKyJIHPYIO~HX llYl.JKaX 

npOHBJIHeTCH , B l.JaCTHOCTH, B CBH3H C 3KCnepHMeHTaMH 
;- 6 -I 

no ycroiil.JHBOCTH HHTeHCHBHhiX 3JieKTPOHHbiX Koneu· "· '·' • 

B KOHel.JHOM Cl.JeTe H3yl.JeHHe CHJihHOH HeJIHHeHHOCTH B npo6-

neMe ycroiil.JHBOCTH 3JieKTPOHHbiX Koneu .r.omKHO npHBeCTH 

K npoHcHeHHIO Bonpoca o .r.onycTHMhiX napaMerpax Kon

neKTHBHhiX YCKOpHTeJieH C 3JieKTpOHHhiMH KOJibi.J,aMH. 

B .r.aHHOH pa6ore paccMaTpHBaiOTCH HeJIHHeHHble cra

I.J,HoHapHbie BOJIHbl npH YCJIOBHHX, KOr,Lla B03MO)I(eH TOJibKO 

3$4leKT orpHI.J,aTeJihHOH Macchi. BonHhi npe.r.craBJIJIIOT co-

6oii cryCTKH, KOTOpble ,LlBH)I(YTCJI CO CKOpOCThiO, paBHOH 

Cpe,LlHeH CKOpOCTH o6pa~eHHJI l.JaCTHI.J,. 

cl>yHKI.J,HH pacnpe.r.eneHHH f .LlJIH o.r.HoMepHoro I aJHMY

ranbHoro/ .LlBH)I(eHHH qacTHI.J, y.r.oBJieTBOpJleT ypaBHeHHIO/ 1 • 21: 

df 

at 
· a r 

+ cb-- + aq, 
· a r 
w (j w 0, /1/ 

r.r.e 0 - a3HMyTaJibHaJI KOOp)J.HHaTa, W - OTKJIOHeHBe o6o6-
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IJ.:(eHHOrO MOMeHTa KOllH'IeCTBa ,D,BH)KeHHJI OT ero 3Ha'leHHJI 

,D,llJI paBHOBeCHOH qacTHIJ,bl. 

YpasHeHHJI .D.BH)KeHHJI qacTHD.bi 3anucbiBaiOT o6hi'IHO 

,D,llJI ManhiX OTKnoHeHHH OT paBHOBecHoro I ,D,nJI KoToporo 

¢ = (u
0 

, w ,., 0 I B npu6nH)KeHHOM BH.D.e: 

¢ Wo + a w ' w c- 2 Tr R e E ' 121 

3.D.ecb R- paBHOBeCHbiH pa,D,Hyc, E - a3HMyTanhHaJI KOMno

HeHTa HanpJJ)KeHHOCTH C06CTBeHHOrO 3lleKTpH'IeCKOrO no

llJI nyqKa, a - KOHCTaHTa, CBJI3aHHaJI C 3«<lccleKTHBHOH 

Maccoii qacTHIJ.bi. 

ilpHMeM HOpMHpOBKY ciJyHKD.HH pacnpe,D,eneHHJI 

jf(w,¢)dwdcb = 2rr 131 

H CBJI)KeM HanpJJ)KeHHOCTb 3neKTpuqecKoro non.11 c nnoT

HOCTbiO qucna qacTHD. 

A.(¢) = )f(w,cj,)dw 141 

qepe 3 HMlle,D,aHC KaMepbl C ny'IKOM Z ( ¢) COOTHOllieHH
eM /B/ . 

2rr R E f3 2rr , , 
_ Ne_5_ I Z(¢ _ ¢')?..(¢ )d ¢ 

(2rr) 2 R 0 
151 

r.D.e 
Rw0 --, f3 = N - nonHoe qucno qacTHIJ.. 
c 

PaccMaTpHBaJI cTan.uouapHble sonHhl, 3aBHCJIIJ.:(He nHWb 

OT KOOP.D.HHaTbl e = ¢- Wo t ' ypaBHeHHe 111 c yqeTOM 

121-151 MO)KHO npe,D,CTaBHTb KaK 

2rr 
w~ _ _!jef3!?_ i!_ J Z(e-e')A.(e')de' = 0 

ae (277)2 Ra aw o 
161 

Jiy,D,eM HCKaTb peweHHJI CHCTeMbl ypaBHeHHH 141, 161 
B Knacce ciJaKTOpH30BaHHbiX ciJyHKD.HH, T.e. 

r ( w, e) = tfi <e) x < w) • 171 
uopMHPY 11 «<lYHKD.HIO x ( w) ua e,D,HHHD.Y. 

4 

... 

.. 

HeTPY.D.HO y6e,D,HTbCJI, 'ITO cllYHKUHJI 

1 w2 
X ( w) = -= exp ( - -) 

..j2Trf1 2!1 
181 

a ciJyHKIJ,HJI ~( 8) HaXO,D,HTCJI H3 HHTerpO.D.H«<lcclepeHIJ,Hanb

HOrO ypaBHeHHJI: 

2rr 

-- ~ 
d~ Nef1c ~ 1,(0) J Z(0-0') l/,(0')d0' 

(2rr)2Ra fl 0 
0. 191 

dO 

BenH'IHHa Jl B COOTBeTCTBHH C 181 pasHa cpe,D,HeKBa,D,pa

TH'IHOMy 3Ha'leHHIO W ( f1 ~ < W 
2 >) • 06naCTb onpe,D,ene

HHJI fL 3a,D,aeTCJI YCllOBHeM CyiJ.:(eCTBOBaHHJI HeTpHBHanb

HbiX pemeHHH ypaBHeHHJI 191. 
OrpaHH'IeHHe Knacca ciJyHKD.HH npuseno Hac K "an

npoKCHMaD.HH llO,D,06HJI", npe,D,llO)KeHHOH 3.M.CeccnepoM 
!~I 

B' 'i Cne,D,oBaTenbHO, ecnu B MO,D,enu Ceccnepa B acHMnTo-

THKe flO BpeMeHH B03HHKaiOT CTaiJ,HOHapHble BOllHbl, TO 

OHH xapaKTepH3YIOTCJI COOTHOllieHHJIMH 18-91. 
l1To6bl BhiJICHHTb csoiicrsa ~( O), Y.D.06Ho paccMoT-

peTb HapH.D.Y c ypasHeHHeM 191 ero ciJypbe - TpaHcllJopMaH

ry, KOTOpyro 3allHllieM B BH,D,e 

fLfi C _ 
n 

+"" 
L lllfLmCmCn- ~ 0, 

Jn=:-<XJ rn 

r,D,e BBe,D,eHbi o6o3Ha'leHHJI 

en 

fln 

zn 

1 2 Tr 
2rr f ~(e) e-ine de 

0 , 

iZnNe,BC 

277 Ran 

1 2rr . e 
- f z ( e) e-m de 

277 0 

1101 

Ill I 

1121 

1131 
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ll3 $opMyn 131, 17 I u IBI nonyqaeM C0 =1, !Ln ecTh 

noporoaoe ,Ami n -oil rapMOHHKH JHa'leHue cpe,AHeKBa,Apa

TH'IHOrO pa36poca no HMllYJibCY Vv B JIHHeHHOH TeOpHH 

3~eKTa OTpHI.I,aTeJihHOH MaCChi. 

113 ypaaHeHH.JI 1101 cne,AyeT: 

1. CTauuoHapHble BOJIHhi B03MO)I(Hbi JIHillb B cucTeMax 

6e3 ,AHCCHllal.I,HH 3HeprHH. ~eHCTBHTeJibHO, npu n =0 H3 

ypaBHeHH.JI 1101 noJiy'laeM ,AOCTaTO'IHOe yCJIOBHe cymecT

BOBaHH.JI perneHH.JI fLm- fL-m. HJIH, Y'IHThiBa.JI 1121 H 1131, 
z n c - z- n ~ - z; TaKHM o6pa30M, ,AJI.JI cymecTBOBaHH.JI 

CTal.I,HOHapHhlX BOJIH HMlle,AaHC ,AOJI)KeH 6biTb 'IHCTO peaKTHB" 

HhiM. 

2. Ko3$$uuueHThl c n - 'leTHbie $yHKI.I,HH ll' H, CJie,AoBa

TeJibHO, ~j ( ()) • 'leTHa.JI. $yHKI.I,H.JI 11. lJeTHOCTh Cn MO)KHO 

ycTaHOBHTb, paccMaTpuaaH ypaBHeuue 1101 npu n 0. 
MeHH.JI npu 3TOM cyMMHpoaauue no m ua cyMMHpoBauue 

no - m u ucnoiih3Y.JI cne,ACTBHe 11 f1 111 11_ 111 • B pe-

3YJibTaTe Henocpe,ACTBeHHO y6e)K,AaeMC.JI, 'ITO K03~Hl.I,HeH-
Thl C n Y.AOBIIeTBOP.JIJOT TeM )Ke ypaBHeHH.JIM, 'ITO u 

C -n' T. e. Cn C- n 

3. Ecnu HJBecTHO npouJBOJihHOe peWfHHe cucTeMhi 

1101, CKa)KeM C n , TO K03~Hl.I,HeHThl E' wl ° C n Tai<)Ke 

Y.AOBJieTBOP.JIJOT cucTeMe 1101. B 3TOM nerKo y6e.AHTbC.JI 

llp.JIMOH no,ACTaHOBKOH HOBhiX K03~Hl.I,HeHTOB B 1101. YKa-

3aHHOe CBOHCTBO 03Ha'laeT Bcero JIHillh HHBapHaHTHOCTb 

peweHH.JI OTHOCHTeJibHO Bhi6opa Ha'laJia OTC'leTa KOOp,AHHa

Tbl 0. 
4. CucTeMa I 101 ,AonycKaeT perneHH.JI c cuMMeTpueil 

nopH,AKa n
0 

I n
0 

- Ha TypanhHOe qucnol, T .e. TaKue perne

HH.JI, KOTOpble He MeH.JIIOTC.JI npH nOBOpOTaX CHCTeMbl KOOp· 

217 TT v 6 ,AHHaT Ha BeJIH'IHHy, KpaTHYJO -----. ,._.,eHCTBHTeJihHO, Bhl Op 
no 

ck n ~ kn 
peweHH.JI 1101 B BH.Ae C = l 0 0 o r,Ae n 0 - npo-

n 0 n /c kno ' 

H3BOnbHoe uenoe qucno, He npoTuaope'IHT cucTeMe I 101. 

<I>H3H'leCKH 3TO 03Ha'laeT, 'ITO B03MO)I(Hbl HeJIHHeHHble CTa-

l.I,HOHapHble BOJIHbl B BH,Ae llOCJie,AOBa TeJihHOCTH 11 O 

KOBhiX cryCTKOB. 

6 

O,AHHa-

1 
j 

·l 
:1 

5. Jluueapu3al.I,H.JI ypaaHeHH.JI 1101 npu ycnoau.s~x 
· C • :nlO '-' 1 ,AaeT npu6JIH)KeHHbie 3Ha'leHH.JI fL· paBHhie 

fi I' p 
' 1141 

3Ha'IeHHe C p npH 3TOM npOH3BOJibHOe ITpe6yeTC.JI 

JIHillb MaJIOCTb MO.AYJI.JI c., I' 3Ha'leHH.JI c m npu Ill j p (m 1- 0)
BeJIH'IHHbl nop.JI,AKa MaJIO~TH, 60JibllleH : cp: . TaKHe JIHHeii

Hbie CTal.I,HOHapHhie BOJIHhl, ecTeCTBeHHO, MOryT cymecTBO· 

BaT b JIHillb npu BhlllOJIHeHHH noporoaoro ycnoau.JI I 141 ,AJI.JI 

BhJ,AeJieHHOH rapMOHHKH p . 
l13 noJIO)KHTeJibHOH onpe,AeJieHHOCTH fl H COOTHOilleHHH 

I 121 u I 141 cne,AyeT, 'ITO nuHeHHhie cTauuouapHhie BOJIHhi 

B03MO)I(Hbl npu OTpHI.I,aTeJibHOH 3$$eKTHBHOH Macce (a· 0) 
H eMKOCTHOM HMne,Aauce ( Im zp ', 0) H npu nOJIO)KHTeJibHOH 

Macce (a'- 0) H HH.AYKTHBH_OM HMlle,AaHCe ( lm Zp · 0) , 
'ITO cornacyeTC.JI C pe3yJibTaTaMH JIHHeHHOH TeOpHH npo

,AOJibHhiX HeyCTOH'IHBOCTeH. 

Hcnoiib3YH pe3yiihTaTbi 1, 2, u 4, pe,AyuupyeM ypaaHe

HHe 191 K CHCTeMe anre6paH'IeCKHX ypaBHeHHH. ~JI.JI 3TOrO 

npe,ACTaBHM HMne,AaHC Z (0) B BH,Ae 

Z ( IJ ) • 2 i ~ Z sin 111 0 
m··O m 

1151 

H no,ACTaBHM 1151 B 191. Tor,Aa cy'IeToMI12I $opMaiihHOe 

perneuue ypaaHeHH.JI 191 ecTb 

., ...,. I fi muo 
-- l-rn''O m fL- cos mn() I} 

1161 
c'; Ae 

r,Ae 

B 
m 

1 77 

- r d () (f ( ()) cos lllllu () ' 
77 0 

1171 

a nocTO.JIHHa.JI A onpe,Aen.s~eTC.JI H3 ycnoau.JI HOPMHPOBKH: 

1 77 

A ~ I ·- I exp ( 2 ~ 
77 () m::"O 

fL mn0 -1 
-- B m cos mn0 0) dfJ] . 1181 

fL 
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11.3 !l>opMyn I 161- I 181 nonyqaeTc.R CHCTeMa ypaaneuuii 
.D:JI.R K03c:P4>HU.HeHTOB B m: 

rr f'mn 0 J dO. cos mn Oexp(2 'L Bm-- cos mn e) 
0 0 rn>O fl 0 

Brn 
rr llmu

0 f d(} • exp (2 'L B --- cos mn
0 

A) 
0 m>O rn f1 

/19/ 

Ecnu napaMeTpM ny'IKOB MeH.RIDTC.R TaK, 
fl 

'ITO __.ll!. coxpa-
f1 

H.RIDTC.R HeHJMeHHMMH Ia COOTBeTCTBHH c 181 H 1121 no 

N 
--2-, 
', w 

OJHa'laeT I, TO, KaK CJie,nyeT H3 1191, const 

He MCH.RIDTC.R u Ko3c:W>uu.ueHThi Brn , TaK9e npaauno 6hiJIO 
ycTaHOBJICHO 3KCnepHMeHTaJibHO B pa6oTe 1 

Haii,neM peweHH.R ypaaHeHH.R 1191, c.nenaa Mo,neJibHhie 
npe,nnOJio:>KeHH.R 0 BH,ne HMne,nauca. PaCCMOTpHM caMhiH 

npOCTOH CJiy'laH, KOr,na B HMlle,nance MO)I(HO orpaHH'IHTbC.R 

O.D:HOH rapMOHHKOH z n . llpu 3TOM CHCTeMa I 191 CBO.D:HTC.R 
() 

K O,l1;HOMY ypaBHCHHID: 

a 

b dlicosn0 0.exp(xn
0

cosn 0 0) I l ( xn ) 
0 

rr 
J dO exp ( xn cos n 00) 

0 

B non !l>opMyJie X 
m 

-- __ fl __ 
-- ~11 m 

I 0 ( x ) 
no 

B 
X m 

' , 
,\m 

a I
0 

(x) 

X X 
n n 

0 0 

1201 

H I
1 

(x) 

Mo.nu!l>uu.upoaanHwe li>YHKU.HH Beccenx uyneaoro H nepaoro 

DOp.R,n;Ka COOTBeTCTBeHHO. 

llpu Manwx JHa'leHHHX apryMeHTa xn 
0 

nonyqaeM 

1 
Xn = -

2
, Bn - npo-

0 0 
peJyJihTaT JIHHeiiHoro npu6JIH)I(eHH.R 

HJBOJihHOe Manoe qucno. B npe,nene lxn
0

1>>1 JHa'leHH.R 

JieBOH 'laCTH B ypaoHeHHH 1201 CTpeM.RTC.R K e,n;HHHU.e, 

H MW nonyqaeM Bn 0 :::: 1, f1 << llno· TaKHM o6pa30M, cpe.n-

8 

HeKBa,npaTH'IHhiH pa36poc W, llpH KOTOpOM B03MO)I(HM CTa

U.HOHapHMe BOJIHhl, paCDOJIO)I(eH B HHTepBaJie 

0 ·;_ f1 .S: Jlno • 1211 

3aBHC.8MOCTh aMDJIHTY.D:hl rapMOHHKH C HOMepOM n0 - B 
oT napaMeTpa 1/x, nonyqeHHax HJ ypaauenux 1201, npe,n-

cTaoneHa ua pucyHKe. 

)],JIB CHJihHOH HeJIHHeHHOCTH KOJie6aHHH 

'leHH.R 11/11 no I aMnJIHTY.D:hl rapMOHHKH n 0 
C He O'leHh BMCOKHMH HOMepaMH (m <; I1o ) 
llJIHTy,ne HyJieBOH rapMOHHKH. 

IManMe JHa

H rapMOHHK 
6JIH3KH K aM-

11.3 !l>opMyJI 1161 H 1181 llOJiy'laeM .RBHhiH BH.D: li>YHKU.HH 
tj; ( (}) B pe)I(HMe CHJihHOH HeJIHHeHHOCTH: 

tj;(O) = 

2fln 
exp(--0-cos n

0
0) _ 

2pn -
I (--0-) 

0 f1 

/4rrfLn 2/Ln 
== v ---0- exp f --0

- (cos n 0 -1)] . 
fl f1 0 

8 I 
t.O~------------ ---~-

01 " 

0.6 ~ 

0.~ 

0:2 

0 2 6 -, J() 12 14 J6 II 20 .!.. 
z 

.1aeucuMoC111b aMnAU111YObl zapMoHuKu B 0111 napaMe111pa 1/x. , 

9 



<l>opMyJihl 181 H 1221 yKa3LIBaJOT Ha Cyll.\eCTBOBaHHe perne

HHH, COOTBeTCTBYIDII.\HX nOCJie~OBaTeJILHOCTH n0 cryCTKOB, 

y~aJieHHhiX no a3HMYTY Ha paCCTO.RHH.R 
2 77 ~pyr OT ~pyra, 
no 

C MaJIOH pa~HaJibHOH H yrJIOBOH lliHpHHOH lyrJioBaH lliHpHHa 

crycTKa npuMepuo paBua 3._ \ L l, 
n 0 /1 

no 
B o61.L\eM cnyqae B nocne~oBaTeJihHOCTH 11 MO)I(HO 

m 
orpaHH'IHThCH N nepBhiMH qneuaMu u paccMaTpHBaTh N 
ypaBHeHHH BH~a I 191. Hai~eM perneuue TaKoii cucTeMhi 

B npe~eJie CHJihHOH HeJIHHeHHOCTH (~~ 
fl 

'ITO ypaBHCHHH 1191 C HCnOJih30BaHHeM 

0603HalJeHHH MO)I(HO npe~CTaBHTh KaK 

r~e 

arnr 
a xkn 

0 

X 
xkno kno 

1 77 N 
- J dO exp( L xkn cos kH0 0). 
77 0 k~l 0 

0603Ha'IHM TO'IKH MaKCHMYMOB tPYHKU.HH 

N 
p ( e ) = L x, cos kn

0 
o 

k= 1 "no 

] ) , 3aMCTHM, 

BBC~CHHhiX BhllliC 

1231 

1241 

1251 

qepe 3 Op , npuqeM e cnu tPYHKU.H.R P noJIO)I(HTeJILHo onpe

~eJieHa npH tl = 0, 77, TO () - 0 nyCTh COOTBCTCTByeT 

r = 0 . a f) = 77 - f !' rn "x• 

B6JIH3H MaKCHMYMOB orpaHH'IHMCH napa6onuqecKOH an

npoKCHMau.ueii tPYHKU.HH p ( ()) : 

r~e 

10 

p ( fl) ::: p ( ()I' ) -

2 

,, 
2(0_01')

al'--2--

2 
a!' I ct PI 

cte 2 I e =or· 

1261 

IIo~cTaHOBKa 1261 B 1241 H npu6JIH)I(euuoe Bhi'IHcneuue 

HHTerpana B 1241 ~aJOT B pe3yJihTaTe 

-e 
2 max :::: v- L 
77 p = 0 

< 1 P( On ) 
£- e L 

. ap 

1 f=O,fmax' 

'£= l2 C;iO,fmax 
/271 

HcnoJih3Y.R 127 I npH peweHHH ypasueHHH 1231, c TO'IHOCThiD 

~o 3Kcnoueuu.uanLHO MaJILIX nonpasoK nonyqaeM Bkn 0 ~ 1. 
Pacnpe~eJieHHe nJIOTHOCTH qacTHU. no a3HMYTY COOTBeT

CTBeHHO eCTb 

-- 1\i 
l/l(tl) :.::v'277a 0 exp[~ l fLrrm,(cosmn0 fl-1)1. 

11 m=l u 
1281 

3KcnoueHU.HaJI tPOPMYJihl 1281 npHHHMaeT MaKCHMaJihHhie 

L) 2 77 
3HalJeHH.R B TO'IKaX t = B oxpecTHOCTH 3THX TO'IeK mno 
tPYHKU.H.R t/J ( ()) npH6JIH)I(eHHO paBHa 

N 
' ') ~ 2 L /l.mn m-n-

" '2 I. m=c I 0 () -v 77a 0 exp --------
fl 

1291 
') 

(}- ] ' !/J(O) 

TaKHM o6pa30M, B cnyqae, xor~a nuueiuaH TeopH.R npe~
CKa3LIBaeT nO.RBJieHHe HeyCTOH'IHBOCTH THna OTPHU.aTeJIL

HOH MaCChi, B03MO)I(H0 CyiiJ.eCTBOBaHHe CTaU.HOHapHhiX BOJIH 

B BH~e nocne~OBaTeJihHOCTH CaMOtPOKYCHPYIDI.L\HXCH crycT

KOB. Ecnu 3HepreTH'IeCKHH pa36poc qacTHU. 3Ha'IHTeJihHO 

MeuLwe noporosoro pa36poca, cne~YIDI.L\ero H3 nuue8uo8 

TeOpHH 3tPtPeKTa OTPHU.aTeJihHOH MaCChi, TO yrJIOBOH pa3-

Mep cryCTKOB, TaK )l(e KaK H pa~HaJihHhiH, MaJI . 
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