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X.O.A6,ayJIJIOeB, l1.JI.BoroJII06CKHH, B.r .Max8.HbKOB 

0 83Al1MO~MCTBJ1l1 

IlJIOCKJ1X JIEHrMIOPOBCKJ1X COJIJ1TOHOB 

HanpaBJieHo B "Nuclear Fusion" 



§1. BBE,l(EHHE 

B nocneAHee BpeMJI, oco6eHHO B CBJl3H C ny'IKOBLIM 

H 11a3epHLIM HarpeBOM nnaJMLI, pe3KO B03poc HHTepec 

I< HJy'IeHHIO ceoiicTB 11eHrM10poec1<oii (e) Typ6yneHTHOCTH. 

Kai< H3BeCTHO, TeOpHH cna6oii Typ6yneHTHOCTH 01<a3a11acL 

Hecnoco6Hoii o6~JICHRTL HR AHHa~HK~, HR cne1<tpoe neHr· 

MIOpOBCKOH Typ6yneHTHOCT8 npu He C1IHWKOM Ma1ILIX Il1IOT • 

HOCTJIX :rneprHH no1111 l > ~ > k5 d; , · / k O - xapa1<TepHoe 

B01IHOBOe 'IRC1IO, d =~) ~ /. 
e (IJ pc 

Ell(e e pa6oTe BeAeHoea H PyAaI<oea /I/ 6Lma o6Hapy

)KeHa Tai< Ha3LIBaeMaJI MOAY1IJll.{ROHHaJI HeycTOH'IHBOCTL neHr-

MIOPOBCKHX B01IH, 

MOAY11RpOBaHHbIX 

npHBOAJIU(aJI I< B03HHKHOBeHHIO CH1IbHO 

He1IHHeHHbIX B01IH H1IH C01IHTOHOB. 3Ta 

HeycTOH'IHBOCTL npoJ1B1IJ1eTCJI, ecnH A1IHHa B011Hbl B03My

ll(eHHJI A= l /k JHa'IRTenLHO 6onLwe AnHHLI ne11rM10ponc1<oe 

eonuw ,\0 = 1/k O • 3axapoBLIM/2/ 6L111a paccMoTpeHa HeycToe

'IRBOCTL Il1IOCKOH MOHOXpOMaTR'IeCKOHi f ·B011Hbl B o6paT· 

HOM npeAene AO» A' /6yAeM Ha3LIBa Tb ee I<Ba3Hpacn.aAHOH/. 

0AHRM H3 aBTOpOB /B.r .MaxaHbKOBbIM/ 6b1110 IlOI<aJaHO 

/cM. TaJ<)Ke / 3/ /, 'ITO Kai< MOAY1IJll.{HOHHaJI, Tai< H I<BaJH• 

pacnaAHaJI HeycTOH'IHBOCTb Ha Ha'Ia1ILHOM 3Tane HX pa3BH· 

TRJI xopowo OilRCbIBaIOTCJI e paMI<ax TeOpHH cna6oii Typ-

6yneHTHOCTH / 4 / H JIB1IJIIOTCJI npeAC!1ILHbIMH cnyqaJIMH OAHOH 

ueycTOH'I
0

RBOCTR - ueyCTOH'IHBOCTH neHrMIOPOBCI<Oro cneKT· 

pa no OTHOWeHHIO I< C1IHDaHHIO nna3MOHOB /HHOrAa ee ua-

3bIBaIOT MOAH<lJHURPOBaHHbIM pacnaAOM/. Hu1<peMeHT 3TOH 

ueycTOH'IHBOCTH Kai< <liYHI<l{HJI B01IHOBOro 'IHC]la npHBeAeH 
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Ha puc. 1, r,IJ.e BBe,IJ.eHbl o6o3HaqeHHH 

1 . W me 
k ==.-v- ' µ. = - • 

k _J_, 2 JL,¼ 
tran-de ~µ.nT1, 

max ae 6nT , mi • 

B pa6oTe/3/ OTMeqanoci., qTo ,IJ.HHaMHKa o6pa30BaHHH 

H B3aHMO,IJ.eHCTBHH JieHrMIOpOBCKHX COJIHTOHOB ,IJ.onycKaeT 

HHTepnpeTanmo Ha R3h1Ke H.IJ.epHoii ciiH3HKH, ecnHpaccMaT

pHBaTi. f -nna3MOHbl KaK npHTHrHBalO~HeCH HepeJIHTHBHCT

CKHe KBa3HqacTHUbl, cnoco6Hble H3JiyqaTb 3BYKOBble BOJIHbl. 

,D;eiiCTBHTeJibHO, cneKTpaJibHaH KPHBaH (} (ko) HMeeT 

BH,IJ. /cM/3-4/ / 

, .. / (ko) 3 2 2 1 W = w +-k v /w --w --,. Pe 2 0 e p e 8 pe n T /1.1/ 

EcnH paccMaTpHBaTb 3TO COOTHOWeHHe KaK o6hlqHoe 

3:ii:HwTeiiHoBcKoe onpe,IJ.eneHHe 3HeprHH HepenHTHBHCTCKoii 

qacTHUbl /nonaraH ·h = 1 /, MO)KHO HaiiTH 3~eKTHBHYIO Macey 

neHrMIOPOBCKoro nna3MOHa meff = ~pe H BeJIHqHHY, COOT

BeTCTByro~yro CKOpOCTH CBeTa c 2 = 3 v ~ • Ilocne,IJ.HHH qneH 

B /1.1/ COOTBeTCTByeT IlOTeHnHaJibHOH. 3HeprHH e -nna3-

MOHa a none OCTaJibHblX. 3HaK MHHYC COOTBeTCTByeT CHJie 

npHTH)KeHHH Me)K.IJ.Y nna3MOHaMH *. 

CnenyeT OTMeTHTb, qTo OKOHqaTeJibHble pe3yJI1>TaTbl 

pa3BHTHH MO.IJ.YJIHUHOHHOH H KBa3Hpacna,IJ.HOH HeycToiiqHao

CTeii pa3JIHqHbl. Ilepuas MO)KeT npoHBJIHTbCH npH W/n T<k5 d 2 , 

JIHWb 6bl 6blno ai.rnonHeHo W/n T>(~k) 2 d ~ /rne ~k xapaKT;

pH3yeT OTHOCHTeJibHyro KHHeTHqecKylO 3HeprHIO CJIHnaro

~HXCH nna3MOHOB/ H npHBO,IJ.HT JIHWb K He3HaqHTeJibHOMY 

H3MeHeHHIO KBa3HCTanHoHapHoro cneKTpa, nonyqaro~erocs 

. H3 TeOpHH cna6oii Typ6yneHTHOCTH /4/. 

* Bhlpa)KeHHe • / 1. 1/ cnpaBe,IJ.JIHBO B TaK Ha3blBaeMOM 
KBa3HCTaTuqecKOM npH6JIH)KeHHH, B 6onee o6~eM BH,IJ.e /cM. 
HB)Ke/ nocne,IJ.HHii qneH npe,IJ.cTaBJIHeT co6oii e eff ¢ , r,IJ.e 
IlOTeHnHaJI ¢ no,IJ.qHHHeTCH BOJIHOBOMY ypaDHeHHIO 

a2 a2 1. a2 1E12 
(- - v2 -) ¢ = - - ..L!:!.L_ 
a t2 s a x2 nmj a x 2 1617 

4 
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I 
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·I 

KBa3Hpacna,IJ.HaH BeTBb BO3MO)KJla JIHWb npH 6onee )KeCT

KHX ycnoausx Ha 3HeprHro Typ6yneHTHOCTH W/n T > k 2 d 2 
, , 

·A.A, • G Oe 
HO H 3'!"!'eKT ee 3HaqHTem,Hee: OHa MO)KeT O ora~aTb cneKTP 

·6 <w ½ 1 a o6nacTH oni.wHx BOJIHOBblX qHcen k = -T) 2 T > k 0 , 
n e 

B pe3yJibTaTe O,IJ.HOro .. aKTa KBa3Hpacna,IJ.a. C ,IJ.pyroii CTO-

. pOHbl, B pa6oTaX /5, 6 / 6blJia OTMeqeHa BO3MO)KllOCTb IlOCTe-

neHHOro, 3CTaclieTHoro o6ora~eHHH KOpOTKOBOJIHOBOH 06-

naCTH cneKTpa, qTC, CBH3aHo C o6pa30BaJIHeM H B3aHMO

neiiCTBHeM COJIHT.OHOB. 

B pe3yJibTaTe nocne,IJ.OBaTeJILHblX CJIHHHHH COJIHTOHOB 

MoryT BO3HHKaTb crycTKH · BOJlHOBOH 3HeprHH C BeCbMa 

DblCOKOH IlJIOTHOCTLIO, H, CJie,IJ.OBaTeJILHO, C MaJiblMH ,IJ.JIHHa

MH BOJIH. 

B HaCTOH~eii pa6oTe Mbl Il0,IJ.po6Ho o6cy,IJ.HM . YCJIOBHH . 

CJIHHHHH .IJ.BYX COJIHTOHOB B O,IJ.HH, TaK KaK 3TOT nponecc 

HBJIHeTCH onpe,IJ.eJIHIOIIUIM npH pa3BHTHH CHJibHOH Typ6yneHT

HOCTH. 

§2. YCAOBUJI CAUJIHUJI COAU1110H06 

. 
YpaBHeHHH, OilHbblBaIOIIU1e 

B3aBMO,IJ.eHCTBHH COJIHTOHOB B 

6wnH nonyqeHbl 3axapoBblM 121: 

-aE a2 
1-- + --E:= nE 
at ax2 

(~ 
at2 

-~) 
a 2 n 

X• . 

- a2 
- ax2 IEl2 

2 2 yqµ. 
r,IJ.e t= 3 qµ.wpet, x= 3 ~x, 

.IJ.HHaMHKY o6pa30BaHHH; H 

Y.IJ.06Hoii .IJ.JIR Hae cliopMe, 

/2.1/ 

3~ 
n =-;r qµ.no T Te+ Ti 

T 2 .3 E 2 T 
q=---, E =- . v =v-

2 V 
v =3k0 v /w M=J 

T e 64 qµ 1T n O T ' s mi g e pe' v • 
s 

5 



I· 

CTa.QBOHapHoe pemeHHe CHCTeMi.i /2.1/ B BHAe 6erymero 

co CKOPOCTLIO v g = 3ko v; / w pe COJIHTOHa HMeeT BUA: 

B 

E=Emch- 1[(x-Mt) Em }expli(~x - Ot}l /2.2/ 
y2(l - M2) 

n 
M2 
_;, 

4 

E2 m 
2{ 1-~) 

/2.3/ 

/Em- _aMnnHTYAHOe 3Ha11eHHe 3neKTpH11ecxoro nom1, ko -
xapaKTepHoe BOnHoBoe 'IHcno, onpeAemnomee cpeAHIOIO xH-
HeTH'lecKyro 3HeprHro nna3MOHOB B conHTOHe. . 

B pa6oTe1161 0LIIlO noKa3aHo, 'ITO. CHCTeMa /2.1/ t xpoMe 

3aKoHa coxpaHeHH.11 11Hcna nna3MOJJOB 
"" 2 . 

SI =- J I El dx = const, 
-oo 

HMeeT eme no Kpa:ii:Heii Mepe ABa HHTerpana ABH>KeHu.11: 

3aKOH coxpaHeHHJI HMnyn&ca H 3HeprBH. HaM noHaA06HTCJI 
nocneAHBii: 

S = J(nlEI 2 + !E~l 2 + 0

2
2 

+ V2
2

) dx = const, /2. 4/ 

rAe 

an av 
-- + --at a x 

0 • 

<l>opMyna /2.4/ eLipa>KaeT 3aKoH coxpaHeHB.11 3HeprBB, cKna

AL1Ba101.Qe:ii:c.11 B3 noTeH.QBailbHOH 3HeprHH nna3MOHOB B·ca

MOCornacoBaHHOM none, KBHeTB'leCKOH 3Hepre:B ABB>KeHBJI 
COilBT0Ha KaK '.Qenoro H OTHOCHTenLHOro ABB>KeHBJI nna3MO

HOB BHYTPB COilBTOHa, a TaK>Ke KBHeTH'leCKOH B noTeH.QHan&

HOH 3HeprH:ii: rBAPOABHaMB'leCKBX B03MymeHBH, CBJl3aHHblX 
C ABH>KeHBeM B.11. non.11 H reHepa.QBe:ii: s-BOilH. 

HiITerpan S All.II COilBTOHa /2.2/ MO>KeT 6blTL nerKO 
BLl'IHCileH: 

S - Y-2:..., 51\12 - 1 . E3 + l\12 / l - 1\12 Em. /2.5/ 
- 3 ( 1 - M 2)3/2 m \ 2 

6 
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·i. 

Hyneno:ii: yponeHL. 3HeprHH S=0 COOTBeTCTByeT ycnoBHIO 

E (M) = [ .1_ M2 1 - M 2 ] 1/2 /2.6/ 
m 2 1 - 5M 2 ' 

* KOTopoe BLlnOilHHMO npH 

M < M* _l_ :: 0,45 • 
y5 

/2.7/ 

B. TOM cnyqae, KOrAa S<0' ecTeCTBeHHO paccMaTpHBaTL 

COilHTOH KaK crycTOK B. 'I. 3HeprHH, COCTOJ1m11!i: H3 cnunmHX -

CJI nna3MOHOB, TaK KaK HMeHHO 3HeprHJI HX npHTJl>KeHHJI .1rn

n.11eTCJI onpeAen.11rome:e:. B cny11ae S>0 ocHOBHa.11 AO.II.II_ 3Hep

ruu cocpeAOTO'leHa B MeAneHHOM ABH>KeHHH 'laCTH.Q, a co
·nBTOH MO>KHO paccMaTpHBaTL KaK BOilHY pa3pe>KeHH.11 c 3a

xna11eHHLIM B.11. noneM, yMeHLmaIOI.QHM CKOpOCTL ee ABH
>KeHHJI. 

BTopoe ypaBHeHBe CHCTeMLI /2.1/ 6e3 11neHa 
·2 cJ I Fl2 "'J?l '1 

IlHHeHHO H, cneAOBaTeilbHO, onBCLIBaeT noeeAeHHe cna6LIX 

3BYKOBbIX BOilH, He B3aBMO~eiiCTBYIOI.I.\HX Apyr C APYrOM. 

EcnB npHHJITL BO BHHMaHBe, 'ITO All.II conHTOHOB IEI 
2 /n = M2- 1, 

MO>KHO O>KHAaTL, 'ITO BX B3aHMOAeHCTBHe 6yAeT TeM 6onee 

noXOAHTb Ha B3aHMOAeHCTBHe 3BYKOBLIX .Qyroe /npu TOH 

>Ke BeilH'IHHe Em /, 'leM 6nH>Ke HX 'IHCna Maxa K eAHHH.Qe, 

M ➔ 1. Ilo3TOMY MO>KHO O>KHAaTL, 'ITO o6naCTb cnunaHHJI 

ABYX OAHHaKOBLIX COilHTOHOB, ABH>KYI.QHXCJI HaBCTpeqy APYr 
,t . 

Apyry, Ha nnoCKOCTH Em , M onpeAenBTCJI H3 ycnoBHJI, 'ITO 
BX 3HeprH.ll B na6opaTOpHOH CBCTeMe KOOPAHHaT He nonO)KH

TenLHa, T.e·.s :SO, BnH M<0,45, npu Em>> I • IlponeAeHHoe 
HaMB 'IHCileHHOe uccneAOBaHHe HeCKOilLKO pacmup.11eT 06-

naCTb cnBnaHH.11, aHMeHHo:M < Mcr=0,58/npu 1Em1
2 
>>I/, 

T.e. B03HBKaeT K03<l>4>B.QHeHT Mer /M* = l,:JJ; 3TO 03Ha'laeT, 
'ITO Aa>Ke npB S > 0 , HO M < M er B. 'I. none n COilHTOHaX 

OKa3blBaeT cyI.QeCTBeHHOe BilB.IIHBl: Ha BX B3aBMOAeHCTBBe. 
•O6naCTb cnunaHBJI ABYX OABHaKOBbIX COilBTOHOB Ha nnoc -

KOCTB Em' M' onpeAeneHHa.11 C no'MOI.QblO cepHB 'IBCileHHLIX 
3KcnepHMeHTOB, npeACTanneHa Ha puc. 2. 

OTMeTBM, 'ITO npH Em.s 1 npOBCXOABT cnurraHBe conu

TOHOB npu M > Mer-· ,D;eno e TOM, 'ITO n npo.Qecce 4JopMBpo-

*B npoTBBHOM cnyqae Em CTaHOBBTCJI MHBMLIM. 
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r(K) 

const 

K. 
/(0 K/11QX /(fran Kmlix Kn 

Puc. 1. H11KpeMe11111 anepuoou<1ecKou 11eyc111ou<1uaocmu y 
KUK fPYHKf.lUJI 60/III0B0Z0 'IUC/la .. k O • ap 

Em 

/0 

I I 
I i 
I 
I 1 I 

. ..L 
T' 

2 I 
I 
I 
} 

1 I 
I 

_,,/ 

- :s 
< -

0,5 1 M. 
Puc. 2. O611acmb c11una11_u.11 oayx O0UHUKOBblX C0/IU11101106 Ha 
nA0CK0C1/1U E m,M, no11y<1e1111a.11 C noM0IJlblO cepuu 'IUC/1€111lblX 
3KcnepuMe11moe. Ily11Kmup11a.H 11u11u.H coomeemcmeyem 3aeu
cuMocmu S(E m, M) = 0 • 
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naHHJI BHOBL o6pa3yronteroc,i: COJIHTOHa npoHCXOAHT 01:nten

JieHHe OT Hero OKOJI03BYKOBbIX COJIHTOHOB MeHLWeii aMilJIH

TYALI H YHOCHMaJI npH 3TOM ,AOilOJIHHTeJILHaJI 3HeprHJI 

npuno,AHT K pacwnpeHmo o6nacTH cnnnaHHJI. Ilpu E;<<l; 
KpHBaJI CJIHilaHHJI npoxo,AHT BbIWe JIHHHH S=O .,ll;JIJI BbIJICHeHHJI 

2 . 
3aBHCHMOCTH Em {M) npn Em, M << 1 npune,AeM HeKOTOpbie 

oueHKH. ,ll;JIJI CJIHJIHHJI ABYX COJIHTOHOB ,AOJDKHa H3JiyqHTLCK 

B BH,Ae s -B_OJIH 3HeprHJI AS= 2s - sc,IlpHqeM EC =2Em/l-M 2 • 

H3 4JopMyJibI /2.5/ nonyqHM npH M << 1 

AS= ~E 3 
-- 12M2 E 

3 m V m' /2.8/ 

T.e. C e,AHHHUbI AJIHHbI ,AOJDKHa 6bITL H3JiyqeHa 3Heprn,i: 

4 M2 2 ( AS/ Ax) c--.:> K • (Em - - Em) , IlOCKOJILKY A xc-)(1 /Err). MontIIOCTL 
2 

H3JiyqeHHJI S -noJIH MO>KHO oueHHTL, HCilOJIL3YJI BTOpoe H3 

ypaBHeHHii /2.1/: 

a 2v.> 4 -1 
dt n Em tdec /2.9/ 

BpeMH reHepauun s -noJIH oueHunaeTc,i: H3 cne.AYJOIUHX 

coo6pa:>KeHHii: ~pouecc B3aHMO,AeHCTBHJI /HeycToiiqHBOCTH/ 

BHa,ane HOCHT anep✓o)UlqecKHH xapaKTep, a HHKpeMeHT 

ero 3, 7/ ecTL yap "' W /n T, T.e. npeM11 pa3BHTHJI anepuo

AHqecxoii HeycToiiqunocTH 

/2.10/ r e,,:, _l_ 
ap E 

m 

no HCTeqeHHH t :::. rap 'anepHO,AHqecKaJI HeycToHqHBOCTL 

HaCbI(UaeTCJI /B03MO>KHO, 3a C'leT HeJIHHeiiHoro C,ABHra qac

TOT/ H nepexO,!J;HT B _pacna,AHYJO /'ITO xopowo BHAHO Ha 

puc. 3; CM. TaK:>Ke/7,8 / /, npeMJI pa3BHTHJI KOTopo:e: eCTL 

1 ~--. r dee E 2 
/2.11/ 

m 
KpoMe 3THX .ABYX npeMeH, xapaKTepH3YJOIUHX B3aHMO,Aeii-

CTBHe COJIHTOHOB, eCTL eiue o6bJqHoe KHHeMaTnqecxoe npeMJI 

npOXO'.)f(AeHHJI HX Apyr qepe3 ,Apyra, KOTopoe oueHHBaeTCJI 

CJieAYIOIUHM o6pa30M: 
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MOMeHma t ::::. 2 HeycmoU'lU60Cmb HOCUm 'lUCmo anepuoOU'leCKUU ' 
xapaKmep, a 3ameM nepexooum e pacna0Hy10. 
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r dr :::. ~x ~· _l_ • /2.12/ 
v g EmM 

B CHny npHHJIToro npe,nnono>KeHHJI Em« 1, HMeeM 
1ap .<< fdee 

H, nocKonLKY M < 1 / Js , 
Tap<< 1 dr • 

Cne.noaa Teni.HO, OCH_OBHaJI ·npo,non>KHTenbHOCTb B3aHMo,neii

CTBHJI onpe,nenJieTCJI O,llHHM H3 'ABYX BpeMeH: T dee HnH 

i; dr • EcnH T dee < r dr , TO HeycTOH'IHBOCTb ycneaaeT pa3-

BHBaTLCJ1, npH T dee > T dr conHTOHbl npOXO,llJIT ,npyr 11epe3 

,npyra, npaKTH11ecKH He Hlny11aJ1. HTaK, ycnoaHe, npH Ko

TopoM B03MO>KHO OTIQenneHHe s -aonH, ecTb 

HnH 

I K -

T dee < T dr 

'IHcneHHblB K03'1>4>Hl.(BeHT 

F\11 >KM. 

/2.13/ 

nopJI,nKa e,nHHHI.(bI/ 

/2.14/ 

BpeMJI H3ny11eHHJ1 r d = min Ir d , rd I , U03TOMY., Hcnonb3YH . ra r ec 
/2.9/ H /2,11/, nerKO nony'IBTb, 'ITO ,3a epeMJI B3aHMO,neii-

CTBBJI H3nY'IHTCJI 3HeprHJI 
• . an 2. 4 

1 raa -a' ~ Em Trad /rdee. 
t ' 

3Ta aenH'IHHa ,llOn>KHa Obi Tb oonbwe /j S / LI x , 'ITO 

npH Manblx E H M. coana,naeT c /2.14/, no3TOMY 06-. m . . 
naCTb cnHHlUfJI conHTOHOB onpe,nenJleTCJI ycnOBHeM /2.14/. 

lfa puc. 2 BH,llHO, 'ITO KpHBaJI cnHJIHHH BblXO,llHT H3 Ha

qana Koop,ne:Ha T H HMeeT BH,ll E m ::::. K M ' IlO,llTBep>K,nan npH

ae,neHHble Bblllle Ol.(eHKH. 

3TO 03Ha11aeT. 'ITO ,na>Ke npH BeCLMa ManLIX aMnnHTy,nax 

B.11. noneii H ManbIX CKOpOCTHX COilHTOHOB,\1 << 1, Cyll.(eCT

BeHHOe BnHJJ:HHe Ha BX. B3aHMO,neiiCTBHe OKa3LIBaIOT corna

COBaHHble HB3KO'laCTOTHble ,llBH>KeHHH nna3Mbl. Ell.(e 6onLWe 

nocne,nHHe BilBHIOT Ha ·4iopMHpoaaHHe conHTOHOB, ,na>Ke npH 

Em<< 1 H l\l < l/y5 ' TaK.'ITO $aKTH'leCKH o6naCTb npHMe

HBMOCTB a,nea6aTH'leCKOro npe6nH>KeHHH HC'le3aeT. Hc

Il0Ilb3YH pa3nO>KeHHe 4>ypbe, nerKO llOKaJaTb, 'ITO Bb16paCbl

BaHBe 11neHa(iJ2n/iJt2) BO BTOpOM ypaBHeHHH /2 •. 1/npHBO,llHT 
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K HenpaBHJILH0MY 0ilHCaHHIO ,llHHaMHKH anepHO,llH'leCKOH /He 

roBopa y,Ke 0 pacna,nHoii/ HeyCTOH'IHBOCTH. 

B 3aKmo'leHHe 3Toro · pa3,nena 0CTaH0BHMCH Ha 4JopMH

poBaHHH C0JIHT0Ha H3 HeCHMMeTpH'IHLIX Ha'laJILHLIX naKeT0B 

e -B_0JIH. ,lJ;HHaMHKa 3Toro npouecca noKa3aHa Ha puc. 3. 
IlepBOHa'laJILHO Heno,nBH:>KHLIH (¾ =0)HeCHMMeTpH'IHLIH naKeT 

B pe3yJILTaTe pa3BHTHH CHa11ana anepHO,llH'leCKOH, a 3aTeM 

pacna;l{HOH HeycTOH'IHBOCTH CTali0BHTCH CHMMeTpH'IHLIM H 

Ha'IHHaeT ,llBHraTLCH. ,lJ;BH)KeHHe C0JIHT0Ha HBJIHeTca cne.n

CTBHeM H3Jiy'leHHH s -B0JIH, YH0CHUUIX B np0THB0il0JI0:>KHLie 

CT0P0HLI pa3JIH'IHLIH HMilYJILC H ,neiiCTBYIOUUIX Ha C0JIHT0H 

IlOJ{06Ho peaKTHBHOii CTpye. Ilo,nqepKHeM, 'IT0 3T0T npouecc 

6i.rn 61>1 HeB03M0)KeH B KBa3HCTaTH'leCK0M npH6JIH)KeHHH. 

§3. I'paHU'-IHble YCA06UJI 6 OOHOMepHOM '-IUCAeHHOM 
MooeAupoaauuu 

B CBH3H C pewaroiueii PQJILIO, K0Topyro HrpaeT B3aHMo-

,neiiCTBHe COJIHTOH0B B KOHUeilUHH CHJILHOiineHrMIOPOBCKOH 

Typ6yneHTHOCTH, npe,ncTaBnaeTpa uene_coo6pa3HLIM o6cy

JlHTL BJIHHHHe rpaHH'IHLIX YCJIOBHH Ha 3TO B3aHMO,neiiCTBHe. 

Y)Ke B pa6oTe/6/ 6LIJIO IlOKa3aHO, 'ITO IlOCTaHOBKa rpa

HH'IHLIX ycnOBHH BeCLMa cyiuecTBeHHa npH MaTeMaTH'leCKOM 

MO,nenHpOBaHHH B3aHMO,neiiCTBIU COJIHTOHOB. TaK, ecnH no

MeCTHTL B3aHMO,neiiCTBYIOIUHe C0JIHTOHLI CHMMeTpH'IHO BOT

pa)KaIOIUHH 3BYKOBLie BOJIHLI HIUHK/ycnoBHe n{-L)=n(L) = 0 /, 
TO o6pa30BaBWHHCH B pe3yJILTaTe CJIHHHHH CORHTOH 6y,neT 

CHOBa pa36HT Ha ,nBa pacxo.nHIUHXCH COJIHTOHa OTpa)KeHHHLIMH 

OT CTeHOK s -B_OJIHaMH. HaJIH'IHe acHMMeTpHH 3Ha'IHTeJILHO 

ycJIO)KHHeT KapTHHY. 

IlpH npoBe,neHHH O,llHOMepHoro 'IHCJieHHoro MO,llenHpOBa

HHH qacTO HCilOJIL3yroT nepHO,llH'leCKHe rpaHH'IHLie ycno

BHa/9 /. BcTaeT Bonpoc, HaCKOJILKO a,neKBaTHO TaKHe ycno

BHH MoryT OilHCLIBaTL paccMOTpeHHYIO BLIWe KapTHHY pa3-

BHTHH neHrMIOpOBCKOH Typ6yneHTHOCTH'? PacCMOTpHM ero 

Ha npOCTOM npHMepe "3neMeHTapHLIX" aKTOB o6pa30BaHHH 

H B3aHMO,neiiCTBHH COJIHTOHOB. IlocTaHOBKa nepH0,llH'leCKHX 

rpaHH'IHLIX YCJIOBHH IlP,HB0,llHT K TOMy, 'ITO, ,llOH.l\H .no rpaHH

ULI, s -BOJIHLI B03BpaiuaroTCH B CHCTeMy C ,npyroii CTOpo

HLI H pa3BaJIHBaIOT o6pa30BaBWHHCH B pe3yJibTaTe Heye-

12 

TOH'IHBOCTH HJIH CJIHHHHH COJIHT0H, T .e. B3aHMO,neiiCTBHe 

CTaHOBHTCH KaK 6LI o6paTHMLIM 11epe3 npoMe)KyTOK BpeMeHH 

t O = 2L /vs , r,ne 2L - ,nnnHa nepno,na. 3To 03Ha11aeT, 'ITO 

IlOCTaHOBKa nepHO_,llH'leCKHX rpaHH'IHLIX YCJIOBBH npeBpaiua

eT paccMaTpHBaeMyro 3,neci. CHCTeMy, B KOTOpoii pa3BBBa

eTCH f -Typ6yJieHTHOCTL, B CHCTeMy C OTPHUaTeJILHOH 06-

paTHOH CBH3LIO. 

Ha puc. 4 u 5 npe,ncTaBJieHLI, COOTBeTCTBeHHO, KapTBHLI 

o6pa30BaHHH H B3aHMo,neiiCTBHH COJIHTOHOB, nony11eHHL1e C 

IlOMOIULIO. 'IHCJieHHoro peweHHH ypaBHeHHH /2.1/ Ha 3BM 

CDC -6_200 npu nepHO,llH'leCKHX rpaHH'IHLIX YCJIOBHHX. Puc.4 
COOTBeTCTByeT pa3BIITHIO KBa3Hpacna,n11oii HeyCTOH'IHB,icTH 

c uaqaJILHLIM naKeT0M E(x,0) = Eo ( 1 + a cos A kx) e 1 x , 
( E O = 0,5, a= 0,0 5, llk=;, k=0), a puc. 5 - B3aHMO,neiiCTBHIO 

.IlDYX O,llHHaKOBLIX COJIHTOHOB c Em= 4 H M = 0,5 • 
TaKHM o6pa3oM, B Mo,nenLHLIX 3a,na11ax ·c nepno,nu11ec

KHMH rpaHH'IHLIMH YCJIOBHHMH He MO)KeT np0HCXO,llHTL ycTa

HOBJieHHH CTaunouapm..ix· HeJIHHeiiHLIX BOJIH, a HX B3aHMo

,neiiCTBHe MO)KeT 6LITL o6paTHMO, eCJIH He BBO,llHTL 3aTy
xaHHH S-B_OJIH. 

Ilocne,nuuii BLIBO,ll, no-BH,llHMOMY' HOCBT 6onee 06UU1il 

xapaKTep H cnpaBe,nJIHB npu nepHO,llH'leCKOH CTPYKType 11a-

11aJILHLIX B03Myiueuuii H B He0,llHOMepuoii reoMeTpHB. 

3To 03Ha11aeT, 'ITO JIH6o HCCJie,nyeMaH MO,lleJib ,ll0JI)KHa 

BKmo11aTL 3aTyxauue s •Bona, nu6o onHCLIBaeMLie npoueccLI 

,llOJI)KHLI pa3BHBaTLCH 3a, .. BPeMeHa, MeHLWHe DpeMeHH yno

MHHYTOH o6paTHMOCTH. 

MLI C'IHTaeM, 'ITO npH MO,nenHpOBaHHH ,llHHaMHKH 4Jop

MHpOBaHHH H B3aHMO,neiiCTBHH COJIHTOHOB He06XO,llHMO CTa • 

BHTL "BOJIHOBLie" rpaHH'IHLie YCJIOBHH, OilHCLIBaIOUU1e npo

XOY.c,neune s-n_OJIH H cryCTKOB B.11. IlOJIH 11epe3 paccMaTpH

BaeMyro rpaunuy. 

0CH06Hble pe3yAbmambl 
1. IloKa3auo, 'ITO o6pa30Ba11ne n B3aHMo,neiicTnne JieHr

MroponcKHX COJIHTOHOB, paBHO KaK H ,llHHaMHKa anepno,nn-

11ecKoii ueycTOH'IHBOCTH, ue MoryT n3y11aTLCH B • paMKax 

a,nua6TH'leCKOro npH6JIH)KeHHH, TaK KaK cyiueCTBeHHYIO 

POJIL B 3THX npoueccax urpaIOT HH3KO'laCTOTHLie ,llBH)KeHHH 
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Puc. 4. Pa3eumue Koa3upacnao11ou 11eycmoi111ueocmu npu 
nepuoou11eCKUX HO'lQAbHblX yCA06UJIX. CnAOUlHble AUHUU co
omeemcmey,0111 fPYHKlJUU E2 (x, t) 2L OAJI 11fpex MoMeHmoe epe
MeHu t1 = 0 , t2 = t form , t3= to= --, nyHKIIIUPHOJI AUHUJI or.mo-
CU111CJI K fPYHKijUU n ( x, t 3 ) , vs 
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Puc. 5. B3aUMooeucmeue c)eyx OOUHaK06blX COAUMOH06 npu 
nepuoou11ecKUX zpaHU'lHblX ycA06UJIX. 
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nna3MLI. 

. 2. Onpe,l\eJieHa o6nacn. CJIH.HHH.H ABYX 0,1\HHaKOBLIX ,I\BH

:>KYLQHXC.H HaBCTpeqy ,l\pyr ,l\pyry JieHrMIOPOBCKHX COJIHTOHOB 

Ha nhoCKOCTH Em ; M. IIoKa3aHo, 'ITO npu MaJILIX Em« 1 
o6nacTL CJIH.HHH.H npe,I\CTaBJI.HeT co6oii ceKTop Em > K M c 

neHTp0M B Haqane KOOPAHHaT. 

Ilpu yaeJIH'leHHH Em , Ha'IHHa.H c BeJIH'IHHLI Em= 1, quc

JieHHoe uccneAOBaHue pacwup.aeT o6naCTL CJIH.HHH.H, no cpaa

HeHHIO C TOH, KOTOpa.H nonyqaeTC.H H3 ycJiOBH.H s < 0 • 
TaK, npu · Em 2: l, HMeeTC.H o6pe3aHHe o6nacTH CJIH.HHH.H 

rpaHuneii M,S:Mcr = 0,58 ' 'ITO, B03MO:>KHO, CB.H3aHO C JIH

HeHHLIM xapaKTepoM onucaHH.H 3BYK0BLIX HMnyJibGOB BC -

XOAHOii cucTeMoii. BMecTe c TeM, npu M > M* = 1/v'~ oc

HOBHa.H 3HeprH.H 3aKJIIO'leHa B HH3KO'laCTOTHLIX KOJie6aHB.HX, 

no3T0My npH B3aHMO,l\eHCTBHB H cl>opMBPOBaHHH 6LICTPLIX 

/oKOJI03BYKOBLIX/ COJIHTOHOB C aMnJIHTYAOH ~2: 1 ( M > M * ) 
BTOpoe ypaBHeHBe CHCTeMLI /2.1/ ,I\0Jl)KHO 6LITb 3aMeHeH0 

HeKOTOpbIM CHMMeTpH!-IHLIM aHaJioroM ypaBHeHH.H-KopTeaera

,1\e- Bpu3a C npaaoii qacTLIO, CKa:>KeM, HeO,I\HOpO,I\HLIM /He

JIHHeiiHLIM/ ypaBHeHHeM liyccHHeca /10, 11 / . 

<I>xx -<l>tt +a(<l>
2

)xx _+ f3<l>xxxx =F([E[ 2
) 

rAe F (IE 12 
) - JIHHeiiHLiii one pa Top, AeiicTBYIOIUHii Ha IE 12 

• 

IIpH TaKOM no,I\XO,l\e MO:>KHO O:>KH,l\.aTb no.HBJieHH.H H0BLIX BH

TepeCHbIX peweHHH. 

3. IIoKa3aHO Ha npHMepe qiopMHPOBaHH.H H B3aHMOAeii

CTBH.H COJIHTOH0B, 'IT0 nepHO,I\H'leCKBe rpaHH'IHLie YCJIOBH.H 

npu MaTeMaTH'leCKOM MO,l\eJIHpoBaHHH HY:>KHO HCnOJib30BaTb 

C onpe,l\eJieHHOH OCTOPO:>KHOCTblO, TaK KaK nocTaHOBKa Ta

KHX YCJIOBHH M0:>KeT npeapaTHTb HCCJie,l\yeMylO CBCTeMy 

B CHCTeMy C OTpunaTeJibHOH o6paTHOH CB.H3LIO, co BCeMn 

BLITeKaIOLQHMH OTCIO,l\a nocne,nCTBH.HMH. IIpe,I\JIO:>KeHLI 6JIH3KHe 

K p_eaJILHOCTH BOJIHOBLie rpaHH'IHLie YCJI0BB.H. 

4. · IIpeAnaraeTc.a· HarJI.HAHa.H q>H3H_qecKa.H BHTepnpeTanu.a 

o6pa30BaHH.H H B3aHMO,l\eHCTBH.H JieHrMIOPOBCKHX COJIHTOHOB 

Ha .H3LIKe B3aHMO,l\eHCTBH.H KBa3H'laCTHU /nna3MOHOB/. CTa

HOB.HTC.H noH.HTHbIMH ,!\Ba 3Tana, qepe3 KOTOpLie npoXO,I\BT 

B3aHMO,l\eHCTBHe. IIepBLIH, - 6bICTpLiii 3Tan, CB.H3aH co CJIH.H

HHeM A~YX KOMnayH,1\-qacTHU /cOJIHTOHOB/ B OAHY, HaXOA.H-

1.QYIOC.H B B036y:>K,l\eHHOM COCTO.HHHH; Ha .H3bIKe TeOpHH nna3-
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MLI 3TOT :nan 06LI'IHO Ha3LIBaIOT anepH0J:(H'leCKOH HeycToii

'IHBOCTbIO. BTopoii 3Tan - 6onee Me,nneHHLIH - 3aKJIIOqaeTC.8 

B ai.icae'IHBaHHH H36LITKa :mepruu /"AeqleKTa" MaccLI/ a au

Ae 3BYKOBbIX BOJIH /aHanorH'IHO TOMY, Kaic 3TO HMeeT MeCTO 

B .H,l\epHoii qlH3HKe, r,l\e MoryT BLICBe'IHBaTbC.H y -KBaHTLI 

HJIH HeiiTpHHo/, npH 3TOM KOHe'IHa.H KOMnayH,1\-'laCTHUa 

nepexo.nHT B 0CHOBHOe C0CTO.RHHe. 3TOT 3TaJI C0OTBeTCTBy

eT 06LI'IHOH pacna,I\Hoif HeyCTOH'IHBOCTH THna e ➔ e' + s B 
nna3Me. 

IIpO,I\OJl:>KHTeJibHOCTL nepaoro 3Tana eCTb o6paTHLI:ii HH

KpeMeHT anepHOAH':lecKoii HeycToii':IHBQCTH, a/ 3aBHCHMOCTH 

OT najPaMeTpoa nponopnHoHaJILHoii nu6o I EI;;; 2 3 , nn6o 

I E I; ; apeM.a BToporo 3Tana M0:>KHO oneHHTL KaK 
-2 7 dee-IE/ m . 

OnucaHHa.H KaDTHHa COOTBeTCTByeT HaCLIIUeHHIO anepHOAH
':leCKO:ii HeyCTOH':IHBOCTH H nepexo.ny ee B pacnaAHYIO, 06-

cy:>K,naeMOMy .nm1 e -a.onH a pa6oTe /B/ H .1tm1 t -aonn - a pa-
6 /12/, . 

OT~BTOPLI BLipa:>KalOT CB0IO IlPH3Ha'l_'eJibHOCTb E.11.)KHAKOBY 

B M. r .Memep.HKOBy 3a CTHMYJIHPYIOillBe J:(HCKYCCBB. 
Jlumepamypa 

1. A.A.Beoenoe, . JI.H.PyoaKoe. ,4AH CCCCP, 159, 767 
/1967/. 

2. B.E.3axapoe. )K3T<P, 62, 1745 /1972/. 
3. Kh.O.Abdulioev, I.L.Bogo/ubskii, V.G.Makhankov. Preprint JINR, 

E9-77/7, Dubna 1 , Phys.Lett 48A, 161, 1974. 

4. B.H.I11,1moeu11. Teopu.11 c.11a6omyp6y.11e11m11oii Ma3Mbl. 
M., A11lOMU3oam, 1971. 

5. A.S.Kingsep, L.I.Rudakov, R.N.Sudan. Phys.Rev.Lett., 31, /482(1973). 

6. JI.M.jfe2m.11pee, B.I'.MaxanbKoe, JI.H.PyoaKoe. Ilpe
npunm HIIM, 18, 1974. 

7. B.Jf.IIIanupo. )K3T<P, 66, 945, 1974. 
8. B.H.I11,1moeu11, JI.<P.tPa.11bK. "He.11u11eii11oe onucanue Kea-

3UpacnaoHblX e3auMooeiicmeuii eo.1111". Ilpenpunm <PHAH 
188, 1973. 

9. Yu.S.Sigov, Yu .. V.Khodirev. In Proceedings of 6 EPPC, p. 579, 
Moscow, 1973. 

JO. J.Boussinesq, J.Math. Pures1 Appl., ser.2, 17, p.55-108, 1872. 
11. A.C.Scott, F. Y.Chu, D. W.McLaughlin': Proc. IEEE, 61, 1443, 1973 .. 
12. K.Nishikawa, Y.C.Lee, P.K.Kaw. Phys. Fluids, 16,. 1380, 1973. 

PyKonucb nocmynu.11a e U3oame.11bcKuii-omoe.11 
30 Ma.11 1974 zooa. 

17 


