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1. The wide range of physical problema can be studied on 

the basia of the nonideal Bose-gas models. On quantum-mechani­

cal levels such models of N particles is described by the 

Shr6dinger equation \-\<:P=(l'-\-\j) ~.::. E cp with, for example, 

d -function interaction potential U • Three-particle repulsive 

and two-psrticle attractive forces were taken into account, 

e.g., in/li through the following potential 

N N 
U ::: 'tUc ~ S (XL - Xi) - 3Wc "'\ s.Xi.- ~.) DO... -X~) C" U VJ >O)

i:t . J L j ).J ) c . 
J L~*K
 

In this concern for the one-particle wave function 'f in a
 

self-consistent fields we have 

'~+t +t~";;-d.~-+\'\'t·'i-\'h'1,\,-=-0 1 (.J(> O). (1) 

Eq. (1) ia also used to describe a great number of other phy­

sycal phenomena. For exareple, it describes propagation of light 

beams in nonlinear media/2/, nuclear hydrodynamics with 

Skyrme's forces/3/, it also arises in studying some problems 

of the theory of magnetism and molecular crystalls. The pheno~ 

menological description of HeII superfluidity with inhomogene­

ous and nonatationary order parameter ~ is also baaéd on 

Eq.(1)/4/. 

Various aoliton-like solutiona to this equation under tri ­

vial boundary c ond i t i ons (+(·)(.):')'-10J·'f-~!.c><:»)Which corres­

in/l,5/.pond to "drops" of quasiparticlea, have been obtained 

The authors of Ref /5/ have a l e o considered the "condensate" 

version 01~qs. (1) 

~''ft --\- 'f~'Ã Je (lf\+.Pu ) \p +.MA-t.lpJ \~il.~ - 3i~1~1f= O (~) 
with nonvanishing boundary conditions (\'t.Jl...\~;};:)\·--:,,~Jo )Y('J../c)~O1-.. ) 
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'f-'~ 't, oa ") ,which correepond to the finite deneity gae
 

20'~ ~~ ~ (thermodynamical limit). They aleo obtained the
 
N .. oo Iv 
~~Qa 

following soliton-like aolution:
 

-,1.;.1..
 

~(y:./'=)==fif: ehéi.-iJ'1) t0 -jJc- f\)' (I\\ V1)1/1-+ d,iX 1 , (3) 

, Jc.:L- v): f\.P. +V1/'1 '!) .(-- ----. 

where '/..:: tX-Vi:--X) c.OS2J~ -= 0---,., and C .=.t.~.f(,(f.: -1\)A 

o , JoVA1..-t-V 2 

ie the eound velocity in the condenaate 01' finite denaity J'c • 

Thia condeneste ia etable under emall perturbations (Bogolubov 
~ f.;'1 I

mode) 01' the frequency WIj" -::.l K.\ j( +'ifc (/0'-A) • 
Two integraIs 01' motion 01' the Eqs. (2) look like: 

1) energy 01' system 

E =l{ \\f)r.. ,lo t (\\jj1._yc,)1 (i~il_I\)) Jx 
2) number 01' particles 

00 

N =: ~ ( \ ~ i2.- J~ ) ,{:( , 
.- 00 

Solution (3) describes a eolitary wave 01' rarefaction-

bubble, propagating in a condenaate with the velocity V~ C 

at 0-</"1i..1L/1 (cr OL A~K i, The· queation 01' etability 01' 

such bubbles was investigated in works/6,?/, where the connec­

tion between the bubble stability and condensate stability was 

established; nameIy static bubble (3) (V=O) at OL A'-.10 is 

infinitesimally unstable/6/, eo that one 01' the bubble ineta­

bility modes creates a cavity expanding unlimitedly, which 

gives rise to condensate decay/?/. Ae wae numeric~lly ehown in 

/?/, for a moving bubble there is a criticaI velocity ~6t(A) ­

eo bubble (3) ia ~able at ~ur.< V ~ c:. and it decaye 

through the very modee at V~ VI,Ul. (' À.) • Stability region 

for moving bubblea (3) lies above the line I in the Figure. 

a. Let ue look how the aituation changee when two-bubble 

collision takee place. For two bubbles, moving with the velo­

Vcr/CFig. (1) the threshold bubble
 

velocity Vlcr as a function 01' A;
 
0.8 

(2) the sarne for velocity V2c;'
 
which separates regions 01' inelastic
 
and quaai-elastic collisions 01' two
 

0.4
bubbles. 

o' 'A'1 I I I I 

0.4 0.8 

cities V.,L Vl ' the relation Eg(V" ') ) 1=6 (V
2) 

ia easily 

shown to hold for alI A. First we deecribe the head-on colli ­

s i ona 01' two remoted bubbles (3), with velocities Vi and VI 

The calculations at J =í (without loeing generality) and the 

several vslues 01' A were carried out. The resulta indicate a 

criticaI velocity V1.oz.( f\) > ~üz. (A) to exist such that at 

\1,,)"'1 )·'{0[.(A) the "fast" bubb Le s emerge f'r-om c oLl Le Lon without 

essential change , At V"uc..L.~) V'l L ~O'l. an unlimitedly expand­

ing cavity ia formed as a reeult of the bubble collision (not~ 

that gas from the cavity ia completely forced out). The behavi­

our 01' such a cavity ia the same as in the case of decaying a 

elow VL V10l. (or- atat c ) bubb l.e , The quasielast ic bubble col­í 

lieion region lies above the line 2 in the Figure. 

Collisions of unidirectionally moving bubbles do not influ· 

ence the condenaste etab~lity. 

In the Table the energies of system (condenaate plus bubble) 

EgC,-\' cÂ )) and .tE, (V:LUL(1\)) , corresponding to excits­
ut 

tions 01' one and two bubbles, at several values of A snd the 

threahold velocities are listed. From theae data the excitation 

energy Ee.L V... Uf...) for one threehold bubble ab Le to destroy 

condensate is eaeily seen to be somewhat greater than lE€lVzuz ) 
the energy needed to create two threahold bubblee interaction 

J 
'1 the syatem under consideration there ia an additional "dynamical" 

of which can cause condenaate to decay aa well. This meane in 

I 

I channel for the condenaate to decay due to bubble gas formation. 

2 3 
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Table 

A 0.2 0.5 0.8 

V1cr/C 0.2 0.35 0 045 

Eb(l) 0.482519 0.133013 00012715 

V2c r/C 0 064 0.75 0.8 .
2E
1n(2) 0 0470493 0.118053 0.012156 0.001978 

However,Thia channel ia somewhat energetically preferable. li 
• 

more important is the following: the input energy 

r 
density ne­

ceaaary for the gas channel decay is nearly twice less than 

that for formation of a static (or alowly moving) unstable 

bubble ("static" channel). Roughly speaking, this implies a de­

cay of comdensate through the gaa channel to begin at tempera­

ture twice less than that needed for the "static" channel to open. 

In conclusion one of the authors (V.G.M.) ia grateful to 

Academician N.N.Bogolubov for his valuable comments on the 

resulta of the work. 
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YCTOHqHBOCTb KOHAeHcaTa B paMKax MOAenH 603e-ra3a 
c ABYX- H TpeXqaCTHqHbI!"1 B3aHMOAeHCTBHeM 

llccneAOBaHa 3aAaqa 06 YCTOHqHBOCTH 603e-KoHAeHcaTa 
B par-ncax MOAenH c ABYXqaCTHqHbIM npHTJDKeHHeM H TpeXqaCTHq­
HbIM OTTanKHBaHHeM. YCTaHOBneHbI ABa xaaana pacnarra KOHAeH- . 
caTa, cBH3aHHwe c B036ymAeHHeM B HeM OAHoro nY3wpH H ra3a 
nY3bIpeH4 KaK nOKa3bIBalOT nacven,r, r-aao asrã xaaan pacnaria 
3HepreTHqeCKH 60nee BwrOAeH, TaK qTO OH HMeeT MeCTO npH 
60nee HH3KHX, qeM oAHoconHToHHbrn: KaHan, TeMnepaTypax. 

Pa60Ta BwnonHeHa B lla60paTopHH BWqHCnHTenbHoH TeXHHKH 
H aBTOMaTH3aUHH üllHll. 

Ilpenpanr 06õenHHeHHOrO HHCTHTYTa anepasrx HccnenOBaIIHH. ,Uy6Ha 1987 
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Condensate StabiIity in the Model of Bose-Gas 
with Two- and Three-ParticIe Interactions 

The probIem of the Bose-condensate stabiIity in the 
model with two-particIe attraction and three-particle 
repulsion is investigated. Two channels of condensate 
decay due to excitation of one bubbIe and a gas of 
bubbIes are observed. Calculations show the bubbIe gas 
channel of decay to be energeticaIIy preferabIe so that 
the decay should proceed at reIativeIy Iow temperatures 
than in the case of the one bubbIe channel. 
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