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1. The wide range of physical problems can be studied on
the basis of the nonideal Bose-gas models. On quantum-mechani-
cal levels such models of N particles is described by the
Shr8dinger equation \—\CP: (T~ \)) CP =k CP with, for example,

c(;_-function interaction potential U, Three-particle repulsive
and two-particle attractive forces were taken into account,
in/l/

€80y through the following potential

N N
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U =2\, gj&x;—xj) 3W, ; OCX=%;) 8k ~X,) , (U.,)W-:> 0).
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In this concern for the one-particle wave function \P in a

self-consistent fields we have
i (TR Y . .
K b NV - A >0)
Vh Yt Yy -y =0, (1200 @
Eq. (1) is also used to describe & great number of other phy-
sycal phenomena. For example, it describes propagation of light

. . . /2
beams 1in nonlinear medla/ /

/3/

, nuclear hydrodynamics with

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

of the theory of magnetism and molecular crystalls. The pheno=
menological description of HeIll superfluidity with inhomogene=~

ous and nonstationary order parameter Y is also based on

Eq.(l)/4/.

Various soliton-like solutions to this equation under trie-

vial boundary ¢onditions ( ‘\*’( Xy O , k=t 00)) which corres-

pond to "drops" of quasiparticles, have been obtained in/l'S/.

/5/

The authors of Ref. have also considered the “condensate"

version of Eqs. (1)
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with nonvanishing boundary conditions (\\30‘;’()\_’ U"’ )(:&(XI{:)—;O)
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K> 'f\;m) » which correspond to the finite density gas )
5 — Caw N (thermodynamical limit), They also obtained the
° N 5060

k=os
following soliton-like solution:

o - . - ~ ~1j2
\:f(%,t)zﬁf‘: c)n(x— ?L/w) {(lﬂ‘ A) (A’wl) 4I1+ ch X ] , (3) 4
~ ‘ _'.L‘ " i 2 . —_— '1
where X:‘L-TV:'(X~V'L'—XO)7COS:)/“‘ :M and C.:Z«ﬁ‘(ﬁ)-[\)

foV A=+ v?

is the sound velocity in the condensate of finite density j’c .
This condensate is stable under small perturbations (Bogolubov
o=
mode) of the frequency L,Jb. =iy +A4L0F-A) «
Two integrals of motion of the Egqs. (2) look like:

1) energy of system
o =_SM{ { \&sllr Qsi-p, )z (igi'~A)} dx

2) number of particles
o0
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Solution (3) describes a solitary wave of rarefaction-
bubble, propagating in a condensate with the velocity V& C
at OA/H £Tcjqg  (or OLA«J{_ )e The question of stability of

such Bubbles was investigated in works/6'7/

, where the connec-
tion between the bubble stability and condensate stability was
established; namely static bubble (3) (V=0) at QcpA<p is

/6/

infinitesimally unstable , B0 that one of the bubble insta~

bility modes creates a cavity expanding unlimitedly, which

gives rise to condensate decay/7/

« A48 was numerically shown in
/7/, for a moving bubble there is a critical velocity \CWL(A) -
o bubble (3) isstable at V, <\ i ¢ and it decays
through the very modes at V/;\/I‘Uz U\) . Stability region
for moving bubbles (3) lies above the line 1 in the Figure.
3. Let us look how the situation changes when two-bubble

collision takes place. For twa bubbles, moving with the velo-

Fig. (1) the threshold bubble ver/c

velocity vlcr a8 a function of»A;
. /'(2,
/
] | I |

(2) the same for velocity Voor
0.4 0.8

which separates regions of inelastic
cities V41_ V). » the relation Eg(\/ﬂ) > Ee,(vl) is easily

o
T

and quasi-elastic collisions of two
bubbles.

°
T
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shown to hold for all A. First we describe the head-on colli-
sions of two remoted bubbles (3), with velocities V,‘ and Vl .
The calculations at fi={ (without losing generality) and the
several values of A were carried out. The results indicate a
ecritical velocity V.lol(f\) > \/‘OL(A) to exist such that at

\Y, )V1>VM<'A) the "fast" bubbles emerge from collision without

f
essential change. At VAULL \/4, vV, & sz

an unlimitedly expand-
ing cavity is formed as & result of the bubble collision (note
that gas from the cavity is completely forced out). The behavi-
our of such a cavity is the same as in the case of decaying a
slow \/.o VIUL

lision region lies above the line 2 in the Figure.

(or static) bubble, The quasielastic bubble col-

Collisions of unidirectionally moving bubbles do not influ=
ence the condensate stability.

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

EGC\{UL( A)) and i,E‘(\/iUL([\)') , corresponding to excita-

tions of one and two bubbles, at several values of A and the
threshold velocities are listed. From these data the excitation
energy Eet(\/w,_} for one threshold bubble able to destroy
condensate is easily seen to be somewhat greater than 7—Eg vauz\)
the energy needed to create two threshold bubbles interaction
of which can cause condensate to decay as well. This means in
the system under consideration there is an additional "dynamicel”

channel for the condensate to decay due to bubble gas formation,



Table

A 0.2 0.5 0.8 ' 0.9
vlcr/c 0.2 0.35 0.45 00475
Eb(l) 0.482519 0.133013 0,012715 0.,002217
v2cr/c 0.64 . 0.75 0.8 0.83
2Eh(2) 0,470493" 0.118063 0.012156 0.001978

This channel is somewhat energetically preferable, However,

more important is the following: the input energy density ne-

ceasary for the gas channel decay is nearly twice less than

that for formation of a static (or 8lowly moving) unstable

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

ca,

ture twice less than that needed for the "static" channel to open.
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y of comdensate through the gas channel to begin at tempera-

In conclusion one of the authors (V.G.M.) is grateful to
ademician N.N.Bogolubov for his valuable comments on the

sults of the work,
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Xonmypogos X.T., MaxaupkoB B.T. E17-87-861
YecToHuMBOCTE KOHOEHCaTa B paMKax Momenu O6o3e-rasa
C OBYX— H TpPEeX4YaCTHUUYHBM B3aUMOOEHCTBHEM

HccnenoBaHa 3agmaua 06 ycTOHUMBOCTH 603e—KOHOeHcara
B paMKax MoOOeNd C [OBYXYAaCTHYHbIM NPHTIXKeHHEM H TpexdacTHd-—
HbIM OTTANKHBaHHEeM. YCTAHOBJIeHbl OBAa KaHalla pacnaga KOHIOeH-—
cara, CBs3aHHbe C BO30yxOeHHeM B HeM OOHOTO Ny3bipsd H rasa
nysbipeli. Kak mokasbBawT pacueTsl, 'a30BblIl KaHall pacnaga
3HepreTrHuecku Gojlee BHI'OOEH, TaK UYTO OH HMeeT MeCTO IpH
6onee HHU3KHX, 4YeM OOHOCOJIMTOHHBII KaHajl, TeMnepaTrypax.

PaGora BrmosiHeHa B JlaGopaTOpuH BHIUHCIIMTENIBHON TeXHHUKH
u asTtomaTusauud OUAN.
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Condensate Stability in the Model of Bose-Gas

with Two— and Three-Particle TInteractions

The problem of the Bose—-condensate stability in the
model with two-particle attraction and three-particle
repulsion is investigated. Two channels of condensate
decay due to excitation of one bubble and a gas of
bubbles are observed. Calculations show the bubble gas
channel of decay to be energetically preferable so that
the decay should proceed at relatively low temperatures
than in the case of the one bubble channel.

The investigation has been performed at the Laboratory
of Computing Techniques and Automation, JINR.
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