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Annotatsiya.Ushbu maqolada Boze kondensatsiya yaginida Xximik potensialning
temperaturaga bog’lanish masalasi nazariy jihatdan tahlil etilgan. Boze kondensatsiyadan pastki
sathda ushbu bog’lansh mikroskopik tabiatga ega. Boze kondensatsiyadan yuqori sathlarda esa
ximik potentsial kondensat zarralari soniga teskari proportsional ekan.

Kalit so’zlar: Boze kondensatsiya, tenglama, zarrachalar, potentsial.
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AHHOTaIII/IH.I/ICCJIe,I[OBaHa 3aBUCUMOCTb XHUMHYCCKOI'0 IOTCHIHAJIA OT TCMIICPATYPhHI B
OKPCCTHOCTHU M HUKC TOYKHU IIE€pCXoaa bose KOHICHCAIUN. CJIGI[yeT OTMETHUTD, YTO HUXKXC TOUYKHU
603€-KOH[[€HCB,III/II/I XUMHAYECKUHU IIOTECHIIAJI UMECT MI/IKpOCKOHI/I‘-IeCKI/If/'I IMOPAIOK. Hwuxe Touku
6036-KOH,Z[CHC3HI/II/I XUMHYECKUI IIOTCHIUAJI 06paTHO [NPOMOPLHUOHAJICH YHUCIY 4YaCTUI]
KOHJCHCAaTa.

KuaroueBble c10B. bo3e KoHIeHCanWsl, ypaBHEHUE, YaCTULIbI, TOTEHIINAI
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Abstract.In this paper we investigated and the dependence of the chemical potential on
temperature in the vicinity of and below the transition Bose condensation. It should be noted that
below the Bose condensation chemical potential has microscopic order. It was shown that below
bose condensation point chemical potential is inversely proportional to the number of condensate
particles.
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INTRODUCTION
Distribution function of Bose particles is easy to obtain, considered the
thermodynamic potential of the system

Q=-TInZz (1)
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where the partition function Z in the grand canonical ensemble for a system of
nevz and moderating particles has the form
N _Em n
Z=eT>e T =) ("), (2)
N n Ny
where g,n, the energy of ny particles in state k and p <0 is the chemical potential

[3-5]. Now you can find the average number of particles
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The expression (2) is the one-particle Bose - Einstein distribution function. The
energy of one particle, is
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The total number of particles in gas we obtain, summing up (2)
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At low temperatures, the properties of a Bose gas are fundamentally different

from those of a classical system in that the ground state of the system has
energy E=0 (i.e., all particles are condensed into state ¢, =0 ). According to the
normalization equation (3), at lower temp and tours chemical potential increases,
the remaining negative, and up to p=0 value at a temperature T, that satisfies the

relation
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Here it is taken into account thatj:dzzizl=r(z)(;(z),where ¢(z) - the Riemann

e i
zeta function C(§j=2.162, I'(z) , r@}%r[%):ﬁ/zthe gamma function From
(4) we obtain the temperature (as will be seen below, the condensation

temperature)
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At lower temperatures T<T,, normalization equation (4) has no solutions

n <0, although they should exist for Bose statistics. This associated with a fact
that in this case can not move formally from summation to integration in (3). It is

necessary to take into account the term carefullye, =0, and due to the presence of

the muItipIier«E, it drops out of the sum.
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Fig. 1. The temperature dependence of the number of particles

However, it is precisely this that is important at low temperatures, since all
particles condense into the statee, =0. Formally, from (3) may be of a mark that
during the transition to the limitp — O this term diverges. To solve this problem in
two ways: firstly, letting p not to zero but to a small value and, secondly, by
calculating first number of particles in €=0 (forT <T,), since this value is

determined by (5) n =0 is limiting, of course

V(mT)*? 7Y
s>0 \/_TCZhB _[0 (To} (5)

(31ech MCMoIb30BaHO onpeaeicHue 1o (7)). OcTallbHbIC CKOHICHCHPOBAHHBIC

B coctosinne € =0 wactuiel onpenenstores u3 Hopmuposku(here the definition of
To (3) is used). The remaining condensed state €=0 in the particles was

determined by the normalization condition

N_,=N,= N[l(le/z}. (6)
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Thus, at a temperature T=T,, the condensation of Bose particles into the

lowest energy state e&=0begins, and the number of condensed particles Ng is

determined by the power-law dependence (6). Hence, in particular, that with

decreasing the system temperature from the critical value concentration of particles
having a zero pulse. The chemical potential of a Bose gas obeys the equation

@ma)> N=N, 7, < PP u T 302 (nHJ
= [pPdpD> exp| | === ||=,[Z D n ¥ exp| — 7
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n=1

Above the Bose condensation u<o0point, the chemical potential is shown in
Fig. 2. The transition to the Boltzmann case is carried out if WLl T,
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Fig. 2. The temperature dependence of the chemical potential

RESULTS AND DISCUSSIONS
We derive an analytic expression for the chemical potential for specified

limiting case. For this, we present the formula
L (L) [Ej S (z_u) 11
ZS+1£T] —oP 7 +2ﬁeXp T (11)
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to the next simple form

B 21h’

T,= 2 . (12)
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Where we can easily find the expression for the chemical potential, as

follows
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Now we find the temperature dependence of the chemical potential and

critical temperature T.. Solving equations (10) - (12) together, we find the

2sl+1[(%jm ) (I_:jm] ) gn_m (eXp (u?nj _1j 4

After simple analytical transformations

] ool oo
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following expression

we find the formula for the chemical potential

L(T—Tc i 3

T j 4%2} (25 +1)?

Thus, we have obtained an expression for the temperature-dependence of
chemical potential near the critical temperature. It should be noted that below the
Bose condensation point the chemical potential has microscopic order. Below Bose
condensation point chemical potential is inversely proportional of the number of

condensate particles
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Fig. 3. The temperature dependence of the chemical potential
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The behavior of the chemical potential in the vicinity of and below the point

of crossing can be presented following interpolation formula
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In fig. 3 is a plot of the chemical potentials on temperature in the vicinity of
and below the point of transition.
CONCLUSION
In this paper we investigated and the dependence of the chemical potentials
of the temperature in the vicinity of and below the transition Bose condensation. It
should be noted that below the Bose condensation chemical potential a
microscopic order and inversely proportional to the number of particles
condensate.
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