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reTMaBOB 6,C, P2 - 9991 

Cslil3aBHbl8 COCTOS!HHSI COJIIITOHO_B B MO)l8Jlll TeOpBB IIOJISI ¢~ 

B 'IIICJI8BBb!X 3KC!IepllM8BT8X o6aapyJKeHO 11 11ayqeso BOBOe KBl131'1CT8-

llllOBapaoe ·cBsr3aHB08 COCTOSIBBe Tpex COJIIITOHOB KJiacc11qec1t0ro CKaJI!IpBoro. 

llOJISI Xarrca . .UeTaJlhHO BCCJ18Jl0BllBO CBSl3aHHOe·cocTOHBR8, BllliJleBH08 B pa-

6oTe /I/ , . B np~AJIOJl{eBO Bb!p8ll{8Bll8, K8'18CTB8B~O aepao .O!IIICb!Bll10mee ero 

JlllBaMB'.K}', IlpeACKaaaao II aaliAeHo· CBSl38HB08, ~OCTOBHBe COJIBTOBOB Hen11aeii,;, 

·aoro ypaaaeaa_st Kneliaa-ropnoe:a, 

P1160T11 B!a!IIOJIH8Hll B na6opaTopHH Bbl'IHCJIHT8JibHOi1: T8lOIHKH H llBTO-

MaTHaau1111 OlHU1. · 

r IlpenpffHT OQbe111rneHHoro HHCTl!T)"tB ,neplll,IJ( eccsenOBam.fi 

r · _ny6Ha rn76 

l P2 - 9991 f Getmanov B. S. f . . 

{ Soliton Bou.nd States. in the ¢~ Field Theory. 

I .The new quasistable b6Urid state of three s~litons of 
the classical scalar Hisgs field has foini and inv~~tigated 
in the computer exp~riments. The bourid state founded by 
Kudrjavtsev /I/, has precisely investigated and described 
analitically w.ith ·good accuracy. The n·ew soliton bo'und 
state of the Kle-in-Gordori equation has predicted and found 
in the co-puter eiperiments. 

f . The investigation has been ~efformed at the Laboratory f of Computirig Techniquei ~nd Automation~ JINR; 
r. 
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HeAaBHO /l / 6Lmo o6Hapy)KeHO KBa3HCTa6HnLHOe A0nro

)KHBymee ocuunnupywmee CBH3aHHoe cocT0HHHe ABYX conu

TOHOB B M0AenH TeopHH Il0ilJI C ypaBHeHHeM ABH)l(eHHJI 

/ypaanettue Xurrca/: 

t/J ll - t/J X X - 2rr. 2 (1 - A 2 t/J 2)t/J = 0 • /1/ 

OAHaKo npH 3T0M 0CTanHCL HeBLIJICHeHHLIMH B0ilp0CLI 

0 BpeMeHH )KH3HH 3T0ro C0CT0JIHHJI /"6HoHa"/, 0 BenH'IHHe 

rpaHH'IHOH CK0p0CTH "3axea Ta" C0ilHT0H0B /no 3T0My noao

AY HMeIOTCJI HeJICHLie H npoTHBope'IHBLie AaHHLie / 2 / /, 

a TaK>Ke 6Lmo C,I\enatto YTBep)K,I\eHHe 06 0TCYTCTBHH APYrHX 

CBH3aHHLIX MH0roconHT0HHLIX C0CTOJIHHH. B HaCT0Jimeii pa-

6oTe OilHCaHo H0B0e KBa3HCTa6HnLHOe CBJI3aJIH0e C0CT0JIHHe 

Tpex conHTOHOB /,"TpHTou"/, AeTanLHo H3y'leHLI caoiicTaa 

H BLIJIBileHa BLIC0KaH perynHpH0CTL Il0BeAeHHJI TpHT0Ha 

11 6uoua. Toquoe n0Kanu3oeauuoe peweuue ypaeueuua /1/, 
06na,I\a10mee 'laCTHUeil0A06HLIMH CBOHCTBaMH - C0ilHT0H 

/"KHHK"/ HMeeT BHA 

1 [ 2 -1/2 t/J <x, t) = A th my(x - x0 - vt )] , y = (1 - v ) /2/ 

PacCMOTpHM Ha'lailLH0e C0CT0JIHHe, 0ilHCLIBawmeecJI 

IPYHKUHeii / puc. 1/: 

1 3 i + 1 
tjJ = - I. (-1) th[my. <x - x

0
. )] ; 

A i= 1 I I 

x0 ,i= x 0,i _ 1 + ~x 0 ; vi= v j-l +~v, j = 2,3. /3/ 

3 



t(><J 

:::,i, r 

-:!. \.:r ,ce::,,,o• A 

X 
i-=O 

- - - - - - - -').-1. 

Puc. 1. Tpu111011 npu t=0 u t,,,20 (v=0,6). 

KaqecTBeHHO HCHO, qTO TaKoe COCTOHHHe - ")J,eqJopMH

poBaHHhIH KHHK" - HeCTa6HnhHO; B cuny Toro, qTo B3aHMO

)J,eHCTBHe Me)K)J,y conHTOHaMH pa3HOro 3HaKa HOCHT xapaKTep 

IlpHTH)KeHHH, BhffO)J,HhIM /no BC.HKOM cnyqae npH Manoii !iv / 

HBnHeTCH nepexo)J, B COCTOHHHe /2/ C ncnycKaHHeM H36hITKa 

3HeprHH B BH)J,e BOnH Manoii aMilllHTY)J.hl /qTO B03MO)KH0, 

IlOCKOilhKY CHCTeMa / 1/ He HBnHeTCH BilOnHe HHTerpnpye .

MOH/. 3nonioumo COCTOHHHH /3/ y)J.06Ho n3yqaTb B CHCTeMe 

n;eHTpa nuepn;HH, npn v 2 = 0, x 0 , 2= 0 • KpoMe Toro, npe -

o6pa30BaHHe At/; ➔ 1/-1, IDX ➔ X 'mt➔ t )J,enaeT ypaBHeHHe /1/ HH

BapHaHTHhIM OTHOCHTenhHO napaMeTpOB A ' m • CooTBeTCT -

BeHHO HHBapHaHTHhl H pe3ynLTaThl qncneHHOro cqeTa B 

6e3pa3MepHhIX nepeMeHHhIX. B qncneHHhIX 3KCnepHMeHTax 

/q.3./ o6Hapy)KeHo, qTo npH CKOpOCTH v~v1=-V3 < vrP,,' 

vrp. = 0,75±0,03 3B0IllOUHH COCTOHHHH /3/ npHBO)J,HT K o6-

pa30BaHHIO nynhCHpyroID;ero CBH3aHHOro COCTOHHHH. IlynL

can;HH HOCHT BnonHe perym1pHhIH xapaKTep H conpOBO)K)J,a

IOTCH MOID;HhIM /Ha uaqanhHOH CTa)J,HH/ H3nyqeHHeM, qTo 

npHBO)J,HT K nnaBHOMY YMeHbWeHHIO qacTOThl H aMilllHTY)J.hl 

nynLcaunii. Ilpn t .... oo nepno)J. nynLcaunii cTpeMHTCH K T . = .::... 
mm m 

O6pa6oTKa pe3ynLTaTOB q.3. IlOKa3ana, qTO yMeHLWeHHe 

3Heprnn TPHTOHa 3a cqeT noreph Ha H3nyqeuue Ha pery

nxpuoii cTa)J.HH npouecca MO)KHO onnca Th qiopMynoii / OTKno-
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HeHHe OT 3KCnepHMeHTanhHOH KPHBOH He npeBbIWaeT 5"/o 

Ha HHTepnane t =400/: 

E ( t ) = E0 + 2E O exp (-o 1 t ) , /4/ 
4m2 -2 

r)J.e Eo = M = -- - Mac ca COilHTOHa, o I = (3± 0.1) • 10 m. 
3,\ 2 

OTCIO)J,a HHTeHCHBHOCTh H3nyqeHHH 

2 
dE 2m 

I<t) = -- =-8,10-2 --exp<-,5i t). /5/ 
dt >.. 2 

TaKHM o6pa30M, TPHTOH OKa3hIBaeTCH OTHOCHTenhHO )J,Onro

)KHBYIUHM o6pa30BauneM. 

Tenepb paCCMOTpHM )J,HHaMHKY COCTOHHHH, 3a)J,aBaeMoro 

HaqanhHOH qiyHKD;Heii /1/ . 

1 
t/; = -I th[my(x + x )] - th[my(x - x )J- 1 l. 

A o o /6/ 

B TID;aTenhHO IlOCTaBneHHhIX qucneHHhIX 3KcnepHMeHTax 

Haii)J.eHa rpaHHqHaH CKOpOCTh conHTOHOB /HH)Ke KOTOPOH 

npOHCXO)),HT o6pa3oBaHHe 6HOHa/' OKa3aBWaHCH paBHOH 

Vr'p.= 0,2±0,01. KpoMe Toro, BhIHCHHnOCh, qTO 6HOH HBnH

eTCH 3Haqn1_enhHO 6onee . )J,OnrO)KHBYIUHM 06pa3ona11HeM, 

qeM TPHTOH, n qTo Ha ycTaHOBHBWeHCH CTa,D;HH Kone6aHHH 

nocne)J,HHe o6na)J,alOT HCKnroqHTenhHOH perynHpHOCThlO. rpa

qlHK OCUHilllHUHH aMnnHTY.D;hl nonH A(t) n ToqKe x =0 HMeeT 

xapaKTepuyro qiopMy, n306pa)Ke1111y10 ua puc. 2. 11MeeT 

t(O;t) 
-~-1 

l:>c: " f •'' I r4t r \ I , , ,1.v\l\C ,, . ) , ' •• ?¾ c:,. i • 0 

--_x! 
200 2?12 t 
Puc.2. Ko11e6a11uJ1 no11J1 a 1.1e11111pe 6uo11a a yc111a11oeueweMCJ1 
pexuMe. 
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MeCTO TaK»ce cna6an MO,D;Yil.HUHJI OCHOBHOii: 'laCTOTLI, c ne
pno,D;OM, 3Ha'IHTenLHO 6onLWHM OCHOBHoro, H C:Ilo:lKHLIM 
o6pa30M JaBHC.HII.\IIM OT BpeMeHII. ManoCTL ,D;eKpeMeHTa 
JaTyxamrn Kone6aHnii: 6110Ha, neKoTopoe Hapywenne pery
nnpnocTn npouecca na Ha'lanLuoii: cTa;:i;nn, o6ycnonnenHoe 
"BLICBe'IHDaHHeM" H36LITKa KHHeTH'leCKOii: 3Heprnn conn
TOHOD, II OTMe'lemmn BblWe MO.D;ym1.un.11 CHilLHO JaTpy,D;H.HIOT 
onpe;:i;enenne nenn'IHHLI ;:i;eKpeMeHTa JaTyxaHHJI n "npeMenn 
)KHJHn" 6noua. Ilocne;:i;uee y;:i;anocL onpe;:i;enHTL TOilLKo 
nocne Toro, KaK naMn 6Lmo uaii:;:i;euo anannTH'lecKoe BL1pa
:>Ke1111e, C BeCLMa y;:i;onneTBOPHTenLHOll TO'IHOCTLIO OilHCL1-
Ba10mee ,D;IUiaMHKY 61101-1a: 

1 
t/1 = >.. 

2 2 2 tg (l sech (m sina • x) cos (ff cosll • t )- 1 
2 2 2 tg llSech (msinll•x)cos (mcosa•t> + 1 

/7/ 

ECJIH C'IHTaTb Cl Me,D;JleHHO y6L1Ba10ll.leii /B CHilY CJ1a6oc
TH HJnyqennn/ $y11Kuneii npeMenn B mnepnane t .;["2",0] , 
TO cpopMyna /7 / ;:i;aeT Ka'leCTBennoe onncaune 3Bon10.un11 
Ha'lailbHOro COCTO.HHH.11 npu v < vrp. B npeue6pe)KeHHH HJny-

~:::::Mo~o::n~:~1::r:~::~t:;:{:~~1~:::: ~•~::::PK~~=~ 

KOne6annii HMeeT Bll,D; W£1m~k 2+4rn ; HJ /7/ B11,D;HO, 'ITO 
'laCTOTa noKanHJOBaHHblX Kone6a1111ii Jle)KIIT B Janpell.\eHHOii 
o6nacTH cneKTpa rapMOHH'ICCKHX Kone6annii, n npn a ➔ 0 
qacToTa wHeJI. =2rncosa ➔ 2rn, T.e. K umtmeii rpaunue cneKT
pa. Ilpn 3TOM a~mnnTy;:i;a Kone6annii cTpeMHTcn K uyn10, 
a o6nacTL npocTpancTnennoii noKannJaunn - K 6ecKoueq
nocTn. 

C IlOMOII.\LIO /7 /, BL16upaa npoHJBOJILHOe a G- [ T, 0], 
B '1.3. C 6onLwoii TO'IHOCTblO Ja;:i;aeTCJI Ha'lanLHOe COCTO.H
HHe 6noHa n COOTBeTCTBYIOII.\Hll MOMeHT ero )KHJHH, n 
HJyqaeMaJI cncTeMa cpaJy axo;:i;nT n caMocornacooaHHLlii 
perym1pnL1ii pe)KHM. 

B HTore JaBHCllMOCTL 3Hepruu 6noua OT BpeMeHH na 
perynn:pnoii .cTa,D;HII y;:i;anoch onuca TL C IlOMOll.\blO <i>OPMYilhl 

-4 
E(t)=2Mexp(-8 2 t), 8 2 =(4±0.3)-10 rn. /8/ 
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TaKHM o6paJoM, npeM.H "nonypacna;:i;a" /yMe11Lweun11 311ep-
rnn n;:i;noe/ panuo :: 1750rn- 1 ! · · · · 

MeTO,D; nony'leHH.H qiopMynLI /7 / /<l>aKTH'leCKII MCTO,D; 
npn6nH)KeHHOro onucaHH.H MHOroconHTOHHLIX COCTOHUHU n 
neKOTOpOM Knacce ,D;BYMCPIILIX IlOJIIIHOMHam.nLIX MO,D;eneii 
TeOpHH IlOJI.H/, a TaK)Ke 6onee ,D;eTanLHOe cpanHeHne /7/ 
C peJynLTaTaMH '1.3. 6y;:i;yT 113JIO)KeHLI B )J,pyroM. MCCTe. 

OTMeTHM 3,D;eCL TOJILKO, . 'ITO C IlOMOII.\LIO 3Toro MeTO,D;a 
/ OCHOBaHHOro na 4laKTe "6nH30CTII" pace Ma TpnnaeMLIX 
ypanuenuii K ypannennro "SINE- GORDON'/, HaMH TaK:>Ke 
npe,D;cKaJauo, a JaTeM o6napy:>Keno B '1.3. cn.HJannoe co
CTO.HHHe connToHoB 11en1111eiinoro ypannennn Kneiina-rop
;:i;ona 

t/1 -t/1 t rn 2 (1 - 2A2 t/,J 2)t/l = 0, 
lt xx 

/9/ 

6JIH3KOe no CBOHCTBaM K /7 / II OilllCLIBaeMoe BLlpa)KellHCM 

1 
i/J= A 

2tgasech(rnsina-x)cos(rncosa•t> [~O] /10/ __ _:..,. ____________ , afe 

2 
, , 

tg 2a sech 2(rn sina x) cos2 (m cos a• t>+ 1 

3aMe'laTenLHO TO, 'I.JTO COCTO.HHlle /10/ uenLJ.H IlOJIY'IHTL 
B 'I. 3. no CTOilKHOBeHHIO COilHTOHOB ypannemrn /9 /' TaK KaK 
nocne,D;HHe ueycT6H'IIIBhl OTHOCIITCilhHO ManLIX B03MYII.\CHIIH 
Ha'laJILHLIX ;:i;aHHLIX. O;:i;naKO OHO OKaJanocL YCTOU'IIIBLIM 
n o6naCTII sin a::; 0,2, npn'leM IIHTeHCHBHOCTb ero IIJilY'ICHil.11 
CIIIlLHO pacTeT C pOCTOM aMUilllTY,D;LI. TaKHM o6pa30M, 
y:>Ke na KnaCCll'ICCKOM YPOBHC ypanHeHH.H MO,D;enH cf,~ o6na
,D;aIOT 6oraTLIM crreKTpoM qacTH.uerro;:i;o6111,1x pewennii c ne
Tp11n11an1,11oii ,D;HHaMnKoii. 

,ll;OCTOBepnocTL rrpnBe,D;eHHLIX B naCTO.Hll.\eH pa6oTe 3KC
nepHMeHTanLHLIX .u.an111,1x rapa11Tnponanac1, coxpa11en11eM 
BO ncex 'I. 3. IIHTerpana ,D;Bll)[CeHH.11 - IIOilHOH 311epr1111 - C 
TO'IHOCTL10, ne xy)Ke 10-4 , a TaK)Ke na,D;e)KHO ycTanonnen
HLIM <l>aKTOM OTCYTCTBIIH BilllfillJIH na peJynLTaTLI 3<li4ieKTOB, 
CBHJaHHLIX C rpaHH'IHLIMH ycnOBH.IIMH /no IIOBO,D;Y Ba:>KHOCTH 
BHHMaHH.H K 3THM 3<li<l>eKTaM CM., B 'laCTIIOCTH, pa6oTy /3/;. 

AnTop HCKpe1rne 6naro;:i;apeH ,ll;.B.lllHpKony Ja necLMa 
ueHHhle II CTHMYilHPYIOII.\He 6ece,D;LI, BHHMaHHe II IIO,D;,D;ep)KKY, 
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a TaK)Ke H.JI.Iioromo6cKoMy H B.r .MaxaHLKoey 3a no
ne3HLie o6CY,)KAeHH.II. 
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