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EoH'!--0CMDnDBCKHil A.r., PeweTHHKOBa K.A. P9.:..6136 

0 CTa6nnnaaunn·. HeyCTOil'IHBOCTH TH Ila "3Mei!KH" llBYXKOMIIOHeHTHO!'O 
pemITHBHCTCKoro KDm,ua aanMyTanbHbIM MarHHTHbIM noneM 

B pa6oTe Ha ocnoae rnapoanHaMn'IecKoil Moaenn aByx wnypoa pac­

CMDTpeHa neyCTOil'!HBOCTb Tlllla 'aMeilKn" B rrpncy,cTBn·n aanMyTanbHoro· 

MarHHTHoro nong. TToKaaano, 'ITO rrpn aocTaTo'!HD 6onbwoil nennqnne rrocnea­

nero o6naCTH ycToil'!HBOCTH cymecTBeHHO ll3MeHRIOTCR, B '18CTHOCTH, He­

ycTOil'IHBOCTb MOlKeT 6b1Tb CTa6nnnanpoBaHa rrpn 3H8'IHTenbHbIX 11.riOTHOCTRX 

IIY'IKOB, 

IlpenpHHT O61.e,QJmeHH0I'O HHCTHTYT8 .!IA8PHlilX HCCJl8.ll0B8Hidl. 

,lbrtiua, 1971 

Bonch-Osmolovsky A.G., Reshetnikova K.A. P9-6136 

On Stabilization of the Kink-Instability of the 
Two-Component Relativistic Ring by the Azimuthal 

Magnetic Field 

The kink-instability is considered for the cas8 of 
presence of the azimuthal magnetic field basing on the hyd 
rodynamical model of two strings. It is shown that at 
sufficiently high value of the magnetic field the stabi­
lity regions are changed essentially. In particular the 
instability can be stabilizes at significant beam densitieb. 

Preprint. Joint Institute for Nuclear Research. 
·. _ Dubna, 1971 
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ITpn H3y'leHnn pem1THBIICTCKoro cTa6nnn3npona1rnoro rry'!Ka Eyi:IKe-

/ 1 / 6 u poM bW8 KpaTKO paCCMOTpeHa nnyxrry'IKOBaSI aeyCTOH'IHBOCTb Ha OCHO· 

Be rrpocTei1rnei1 Monenu /lBYX 3apm1rnHHhlX lllHypoB - aneKTpOHHoro II HOHHO· 

ro, CBSl38HHblX nuaei1HbIMH CHnaMH rrpuTmlrnHHSI II HCilb!ThIBaIOIUHX ne<popMa­

UHII B BH/le "3MeeK". lleTanhHblll aHanH3 6bm 3aTeM naH '-IIIpHKOBbIM 
121

; 
/3/ 

HeKOTOpbie o6o6rueHHSI HenaBHO rrony'leHhl 3eHKeBH'leM II KornKapeBbIM • 

3Ta HeyCTOH'IHBOCTb MOllieT rrpoSIBHTbCSI B 9KCI1epnMeHTaX KaK C 

/4/ . • "' 
aneKTpOHHO-IIOHHbIMII KOnbUaMH , TaK H C nnHelIHbIMII caMO4'OKYCIIpyro-

• /5/ IT 
IIIIIMIICSI aneKTpOHHhIMII .f!Y'IK8MII • O3TOMY BO3MOlliHOCTb ee CTa6nnII-

38UHII Ha mrnei1Hoi1 cTannII rrpencTaBnSieT orrpeneneHHhiii IIHTepec, 

B naHnoii pa6oTe B paMKax rIInponnHaMH'lecKoii Monenu EynKepa-l.JII­

puKoBa 6yneT I1OKa3aHo, 'ITO B rrpIICyTCTBIIII /lOCTaTO'IHO 6onbllloro 83IIMy­

TanbHoro MarHHTHOro rronSI o6naCTb ycTOH'IIIBOCTH cyruecTBeHHO pacrnnpSieT• 

CS! B CTopoHy 6onblllIIX 3Ha'leHIIH rrnoTHOCTeii Ily'IKOB, 

1. ITycTb KOnhUO panIIyca R HaXO/lIITCH BO BHelllHeM O/lHOPOllHOM Mar 

xi 
HIITHOM none C KOMilOHeHTaMn H 

z: 
II ff¢= ; 

x/ He rrpencTaBnSieT oco6oro Tpyna paccMoTpeTb cnyqaii, Korna KonI 

uo H8XO/lIITCSI B cna6o<poKyCIIPYIOllleM II a3IIMyTanbHOM rronSIX, aHann3 naeT 

rrpaKTII'!eCKII Te lie pe3ynhT8Tbl, 

3 



/1/ 
CqnTaH, KBK B , qTo TOHKoe KOnbUO COCTOHT H3 AByx nyqKoB - aneKT-

' poenoro H HOBHoro- COAHH8KOBhlMH HeHaMeHHhlMH ceqeHHHMH H paBHOMep-

HbIMH no ceqeemo nnoT11ocTHMH, HanH11IeM cneny10my10 cncTeMy ypaBHem1li 

nnH nonepeq&b!X ABll)KeHHli nyqKOB KBK uenoe ( B npeHe6pe)KeHHH CO6CTBeH-
v. 

HbIM Mar&HTHbIM noneM, T.e. IlpH 

2 
V 

2 

-«1 ): 
y 

, 
e 

¢ e 

r Q " ( re - r I ) + w H Vcp - w" Z e 

2 
z = - n ( z - z, ) + w r , e e e e e 

2 
r I = - QI ( r1 - r

9
) + w I z

1 

2 
z = - n (z - z ) - w r 

I I I e I 

( I) 

3necb B ypaBeeenHx nnH aneKTpoaoB ..!L=-2-.+ w .L, ....Li =....Lr· 
dt at H ae dt , at ,, 

eH., 2 2 2 2 
0 2= 2TTn,.e 2 

_ ( J /3 J-½ Q _ TT n / e w = --, y - - ¢ , " - my I H mcy I M 
n ,n - nnoTHOCTll HOHOB 

' e H .!:!..1!. 
H aneKTpOHOB, 

eH¢ 
M, m - COOTB0TCTByIOU1He 

M8CCbl IlOKOH, w 
e mcy 

CtJ =-
/ Mc 

B ycnoBllHX BH011IH0ll cpoKyCHpOBKH ( HanpHMep, B 6oqKoo6paaHoM no-

ne H % ) n I MO)K8T MeHHTbCH B npener lX O ::; n I ::; n e ' B ycnoBHHX 
ne 

caMocpoKycHpoBKH 2 ::; n
1 

::; n e 

y 

ITonaraH, qTo aneKTpOHbl H HOHbl HCITb1TbiB8IOT MBnbie OTKnoHeBHH OT 

nonom:0HllH paBHOB0CHH ( re = r I = R, z e = z / = 0 ) H npeacTaBmrn 3TH OTKno-

HeHHH nponopuHOHanbHbIMH r' = z' = e 1 < n 0 - w t I 
e e 

, , - /Ct.) t 
r = z = e , nonyqa-

' I eM cneny10mee nncnepcHoanoe ypaBHeHHe: 
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(2) 

4 my 2 2 2 2 my 2 2 2 2 [ 2 2] 
+p (1.4) v (n-v) -p (M) v [Q.-(n-v)] l+Q.-(n-v) =O,, 

n. n, w. !!_j, w 
3.oech Q = Q, p V -, 

Hz e 
WH WH WH WH 

A 2 2 2 2 Q 2 Q2 • 
(3) 

(v - Q ) [(n - v)· - Q ))-
I e I e · 

YpaBHeHHe (2) rrpe.ocTaBnHeT co6ofi anre6paH'IecKoe ypaBHeHHe 

8-ro rropH.llKB OTHOCHTenbHO v II e cnyqae ycTOH'IIIBOCTII .oonlliHO HMeTb 

BOCCMb .oeficTBHTenbHblX KOpHefi. 

Ecnn H cp = 0 ( p = 0) , To ypaBHeHHe ( 2) rrepexo.oHT B .oea ypaB-

/1, 2/ 
HeHHH 4-ro rropH.oKa, IICCne.ooBaHHbie BrrepBble e , a HMeHHO: 

A = 0 , (4) 

A - 2 
V + (5) 

YpaBHeHn:e ( 4) cpaKTll'IeCKH OIIHCb!BaeT HeyCTOH'IIIBOCTb rrpHMOnHHeHHOro 

rryqKa ( rrpn: HI\ = 0), ( 4) n: ( 5) coeMecTHo - HeycTott'IHBocTb Konhueeor.o 

ITY'IKB B O.llHOpO.llHOM MarHHTHOM none Hz • 
/2 3/ 

norronHHM neCKOnbKO pe3ynhT8Thl ' 1 IIpHBe.llH .oaHHhle O rpannue 

o6nacTH YCTOH'IHBOCTII B rrpaKTll'I0CKH B8lliHOM cnyqae; KDr.oa 

Tor.oa ll:3 ypaeneHHH (4) MOlliHO rrony'IHTb: 

Q ,,,,Q =Q. 
e - I 

2 
Q2< JL. (6) 

- 8 
ilnH ypaeHeHHH ( 5) aHanorll'IHOH rrpocToH cpopMynhI HeT. npH n = 1 8TO 

ypaBHeHn:e .oaeT ycTOll'IHBOCTb npn: mo6b1X Q ' rrpH n 2: 2 rpaHHUa nelliHT 

HHllie, 'IeM ( 6). CooTBeTCTByIOIIUre .oaHHbie .llnH H0CKonbKIIX 3Ha'IeHHi1 n 

rrpn:ee.oeHbI B cne.oy10mei1 Ta6nn:ue. 

5 



~ 2 3 

ypaBH! ( 4) 1/8 1/2 9/8 

ypaBH, ( 5) 0;29 0,9 

BepHeMCSI K aHannay HeycTOH'IHBOCTH B rrpncyTCTBHH H </>· -rronsi. ByneM 

CtJHTa Tb,, 'ITO 

p < 
M 

my ( 7) 

3To rrpenrronO)IWime <paKTH'IeCKH oaHatJaeT, 'ITO MbI rrpeHe6peraeM BnnmineM 

MarHHTHoro rronsi Ha HOHbl, Torna B ypaBHeHHH ( 2) TpeMSI rrocnenHHMH 

qneHaMH MO)l(HO rrpeHe6petJb, IToamree Mb! K 9TOMy rryHKTY BepHeMCSI. 

YpaBHeHHe (2) B 9TOM cnyqae 6yneT HMeTh BHJl (8) 

[( 2 2 2 2Q 2] 2 2 Q 2 2 2 2 2 2 2 2 2 2 2 n-v} (v -Q 
1 
}-v e -(v -

1
} [(n-v} (v -Q 

1 
}-v Q e ]-p (n-v} (v -Q 

1
} =0. 

ITpencTaBnsieT TaK)l(e HHTepec nncrrepcnoHHoe ypaBHeHHe nnsi rrpHMonnHeu-

noro rrytJKa, naxonsrn1erocsi B rrpononhHOM MarnnTHOM rrone H • B rrpen­

rrono)l(eHHH ( 7) OHO cBonuTcsi K cneny10meu rrape ypaBHeHHH 4-ro rropsinKa: 

(w
2

- o:)(ku - w}(ku - w :,!: wH} = w 2n:. ( 9) 

3nech k - BonHOBOH BeKTop BO3Mymemrn ' u -CKOpOCTh aneKTPOHOB. 

ITpoCTbie paccy)l(JleHH.ll IIpHI3OJlSIT K BblBOJlY, 'ITO orrpenenSIIOlIIHM nn.ll 

aHanuaa yCTOH'IHBOCTH SIBnSieTCSI ypaBHeHne (9) co 3H8KOM +. BBeneM 
. 2 

nnsi yno6cTBa cnoBa 6eapaaMepHbie Bem1tJHHb1, rronenuB ( 9) na ( k u J : 
2 2 2 2 

(v -Q
1
}(1- v}(l - v +p} = v Qe. 

Terreph 

V = _.!,!. 
ku ' 

0 
Q = ----1...t. 

1," ku 
p 

<i>H 

ku 

( 10) 

B peaynhTaTe KatJeCTBeHHoro aHannaa ypaBHeHHH (8) n ( 10) MO)l(HO cnenaTb 

cnenyJOmne aaKn10qe11n.11: CTa6nmrnnpy10mee neucTBHe MarnnrHoro rron.11 yBe-

6 



POCTOM e ~o BeJIII"IHHhI, HO cymecTByeT pe3oHaHc o6mero JIH'IHBaeTCSI C , 

BH/lB: 

n. = ku 
I JIJIH Q 1 = nw H , 

( 11) 

KOI'llB, no Kpa11Heti Mepe npl! ycnOBHI! ( 7). CTa6HJII!3Hpy10mee /l011CTBHe 

TTOJISI l!C'l038eT. CooTHowenne (11) 03HaqaeT, '!TO 'IBCTOTa KOJie6annfi no-. 

HOB B CIICTeMe TT OK OSI 9JieKTpOHOB "< n, - ku} Y[ [ paBHa HYJIID. 

AHaJIHTH'l0CKOe pewenne MO)!{HO nony'IHTh B aCHMTTTOTH'l0CKOM cJiy'lae, 
2 2 2 2 2 2 

KOI'/l8 Q; » k U l!JIH Q I >> n W H , fpaHHUbl 06JiaCTH yCTOli'IHBOCTII 

onpeneJISIIOTCSI ypaBHeHHSIMII (8) n (10) COBMeCTHO c ycnoBIISIMH o6pame­

HllSI B HYJih rrepBhlX rrpoH3BO/lHhlX OT HHX. 

TTpOI!3BO/lSI B 9THX /lByX rrapax ypaBH0HHII ynpomeHHSI ( Q: >> V l ) , 

MO)!{HO nony'lllTb: 

KpuaonnueiiHhIII rry'!oK: 
p 

TTpsiMonHneAuwn nyqo£ 

min 

2 

Q2 
4-"­

Ql 
I 

P min 

Q2 

" 

Q2 

" "' 4 :::-r 
l+pmln Q, 

¢opMyna (12) naeT uennoxoii pe3ynhTaT n npu 

pac•1eT naeT 3,8 BMecTo 4,0 cornacuo ( 12). 

> 1. ( 12) 

( 13) 

Ha puc. 1 u 2 npen·cTaBneHbI pe3yJihTaTbI qucneuuh1X pacqeToB o6nac-

~ Tefi yCTOH'Il!BOCTl! /lJISI Kpl!BOJIIIHefiuoro ny'IKa ( ypaBHeune ( 8), n = 1 , pnc. 1) 

II /lJISI npSIMOJ!lIH0HHOI'O rry'IKa ( ypaBuenne ( 10)' pnc. 2). no OCSIM KOOpllH-
2 2 

HaT OTJl0)!{0Hbl B0JllI'IlIHbl Q., , Q; , rrponopunonanbHb!9 ITJIOTHOCTSIM HOH-

HOH II 9JI0KTPOHHOII KOMTTOHeHT ny'IKa COOTB0TCTB0HHO. 06naCTH yCTOU'IHBOC­

TlI 38WTplIXOB8Hbl /lJISI npIIMepa rrpn p = 10 • llBOUHaSI lllTplIXOBKa orrpenenSI­

eT o6JIBCTb ycTOll'IHBOCTl! 6e3 83lIMyTanhHOI'O, ( lIJIH rrpO/lOJ!hHOI'O) MaI'HlIT­

HOI'O nonSI. Xon KplIBbIX /lllSI n = 2,3, ... ua puc. 1 He noKa3aH, B OCHOBHOM 

OH TOT )!{0, 'ITO llJISI n = 1 • nIIIUb o6naCTb HeycTOll'IIIBOCTH npn QI > n 

orpaHU'IeHa B o6meM cny,rae OChlO_ a6CUlICC II IlpSIMOll n2( Q 2 + 1} = Q 2 • 
" I 

Y'IeT 'IJieHOB B ypaBHeHHSIX ( 8, 10), nponopillIOHaJibHbIX !:!J:'. , nprrno-
M 

llHT B npaKTH'I0CKll llOCTH)!{IfMbIX /lOJISIX ( 7) K H03H8~l!TeJihHblM l!3M0H0HlISIM 

puc. 1 lI 2, B OCHOBHOM B OKpecTHOCTl! TO'IKl! pe3oHauca ( 11). -.. 
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B 3aKnroqeHne 38MeTnM, qTo B cnyqae JlBH}Kymerocn KaK uenoe Konb­

""' ua npn pennTHBHcTcKoil aneprnrr HanpaBnennoro nBnX<eHrrH, nponopunonanb-

noil y =. ( 1 - /3 2 
J -}i, B ncxonnh1x ypaBnennnx none Hep non}KH0 6b1Tb 

% % /6/ 
3aMeneno Ha Hj, yz 

ABTOPbI cqnTalOT CBOlIM IlplIHTHb!M nonroM Bb!p83llTb Ilpll3HaTenbHOCTb 
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