
ªÔÒÑÎßÊÑÄÂÐÂ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÂâ ÕÇÑÓËâ ÄÑÊÏÖÜÇÐËÌ ÆÎâ ÄÞÚËÔÎÇÐËâ ÒÇÓÄÑÌ ÒÑ ÒÂÓÂÏÇÕÓÖ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÂÕÑÏÑÄ
ÒÑÒÓÂÄÍËD�n0 � �n0(T)ÿ �n0

0 (T) Í ÊÂÄËÔËÏÑÔÕË ÑÕÕÇÏÒÇÓÂÕÖÓÞ ÐÂÔÇÎÇÐÐÑÔÕË ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâÐËâ ÂÕÑÏÑÄ ËÆÇÂÎßÐÑÅÑ
ÅÂÊÂ �n0

0 (T) ÒÓË ËØ ÍÑÐÆÇÐÔÂÙËË Ä ÂÐËÊÑÕÓÑÒÐÑÌ ÒÂÓÂÃÑÎËÚÇÔÍÑÌ ÎÑÄÖÛÍÇ. ±ÓË ÕÇÏÒÇÓÂÕÖÓÇ ÏÇÐßÛÇ ÍÓËÕËÚÇÔÍÑÌ
ÒÑÒÓÂÄÍÂ D�n0 ÑÍÂÊÞÄÂÇÕÔâ ÏÐÑÅÑ ÃÑÎßÛÇ ÐÂÌÆÇÐÐÑÌ Ä ÓÂÏÍÂØ ÕÇÑÓËË ÔÓÇÆÐÇÅÑ ÒÑÎâ (ÔÏ. Giorgini S., Pitaevskii L.P.,
Stringari S. Phys.Rev.A, 54, R4633 (1996)). ±ÓË ÒÓËÃÎËÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ Í ÍÓËÕËÚÇÔÍÑÌ àÕÂ ÒÑÒÓÂÄÍÂ ÔÕÓÇÏËÕÔâ Í
ÐÖÎá, Õ. Ç. ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÂÕÑÏÑÄ ÐÇ ÒÓËÄÑÆËÕ Í ËÊÏÇÐÇÐËá ÍÓËÕËÚÇÔÍÑÌ ÕÇÏÒÇÓÂÕÖÓÞ. ¯ÂÌÆÇÐÑ ÒÓÑÔÕÑÇ ÂÐÂÎËÕË-
ÚÇÔÍÑÇ ÄÞÓÂÉÇÐËÇ, ÑÒËÔÞÄÂáÜÇÇ ÒÎÂÄÐÑÇ ÔÕÓÇÏÎÇÐËÇ �n0

0 (T) Í ÐÖÎá Ä ÑÍÓÇÔÕÐÑÔÕË ÍÓËÕËÚÇÔÍÑÌ ÕÇÏÒÇÓÂÕÖÓÞ. ¥ÂÐ
ÐÑÄÞÌ ÍÓËÕÇÓËÌ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÅÑ ÒÓÇÆÇÎÂ.

¬ÎáÚÇÄÞÇ ÔÎÑÄÂ: ÍÑÐÆÇÐÔÂÕ ¢ÑÊÇ ë¿ÌÐÛÕÇÌÐÂ, ÔÎÂÃÑÐÇËÆÇÂÎßÐÞÌ ÅÂÊ, ÍÓËÕËÚÇÔÍÂâ ÕÇÏÒÇÓÂÕÖÓÂ.

±ÑÔÎÇÆÐËÇ ÆÑÔÕËÉÇÐËâ Ä ÑÃÎÂÔÕË ÎÂÊÇÓÐÑÅÑ ÑØÎÂÉÆÇ-
ÐËâ ÂÕÑÏÑÄ ÒÑÊÄÑÎËÎË ÓÂÊÓÂÃÑÕÂÕß à××ÇÍÕËÄÐÞÇÏÇÕÑÆÞ
ÊÂÅÓÖÊÍË ÒÂÓÂÃÑÎËÚÇÔÍËØ ÏÂÅÐËÕÐÞØ ÎÑÄÖÛÇÍ, Ä ÍÑÕÑÓÞØ
ÖÆÂÎÑÔß ÆÑÔÕËÚß ÍÓËÕËÚÇÔÍÑÌ ÕÇÏÒÇÓÂÕÖÓÞ ¢ÑÊÇ-ÍÑÐÆÇÐ-
ÔÂÙËË [1]. ³Ñ ÄÓÇÏÇÐË ÒÇÓÄÞØ ÐÂÃÎáÆÇÐËÌ ¢ÑÊÇ-ÍÑÐÆÇÐ-
ÔÂÙËË ÂÕÑÏÐÞØ ÅÂÊÑÄ ÄÑÒÓÑÔ Ñ ÄÎËâÐËË ÄÊÂËÏÑÆÇÌÔÕÄËâ
ÂÕÑÏÑÄ ÐÂ ÍÑÐÆÇÐÔÂÙËá ËÐÕÇÐÔËÄÐÑ ÑÃÔÖÉÆÂÇÕÔâ Ä ÎËÕÇ-
ÓÂÕÖÓÇ (ÔÏ., ÐÂÒÓ., [2]). ³ ÍÑÐÙÇÒÕÖÂÎßÐÑÌ ÕÑÚÍË ÊÓÇÐËâ
àÕÑÕ ÄÑÒÓÑÔ âÄÎâÇÕÔâ ÑÆÐÑÌ ËÊ ÅÎÂÄÐÞØ ÒÓÑÃÎÇÏ ÕÇÑÓËË.

£ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÆÎâ ÓÇÛÇÐËâ àÕÑÌ ÒÓÑÃÎÇÏÞ ËÔ-
ÒÑÎßÊÖÇÕÔâ ÒÓËÃÎËÉÇÐËÇ ÔÓÇÆÐÇÅÑ ÒÑÎâ [2, 3], ËÔØÑÆÐÞÏ
ÒÖÐÍÕÑÏ ÍÑÕÑÓÑÅÑ âÄÎâÇÕÔâ ÖÓÂÄÐÇÐËÇ ¤ÓÑÔÔÂ ë±ËÕÂÇÄÔ-
ÍÑÅÑ, ÑÒËÔÞÄÂáÜÇÇ ÄÑÎÐÑÄÖá ×ÖÐÍÙËá ÍÑÐÆÇÐÔÂÕÂ (ÒÂ-
ÓÂÏÇÕÓ ÒÑÓâÆÍÂ) Ë ÄÑÊÐËÍÂáÜÇÇ Ä ÓÂÏÍÂØ ÒÓÇÆÒÑÎÑ-
ÉÇÐËâ Ñ ÔÒÑÐÕÂÐÐÑÏ ÐÂÓÖÛÇÐËË ÔËÏÏÇÕÓËË. ±ÓË ÕÂÍÑÏ
ÒÑÆØÑÆÇ ÖÔÕÂÐÑÄÎÇÐÑ [3], ÚÕÑ Ä ÒÇÓÄÑÏ ÒÑÓâÆÍÇ ÒÑ ÒÂÓÂ-
ÏÇÕÓÖ ÄÊÂËÏÑÆÇÌÔÕÄËâ a (a ë ÆÎËÐÂ ÓÂÔÔÇâÐËâ) ÄÑÊÐËÍÂÇÕ
ÔÆÄËÅ ÕÇÏÒÇÓÂÕÖÓÞ ÍÑÐÆÇÐÔÂÙËË DTint ÑÕÐÑÔËÕÇÎßÐÑ ÕÇÏ-
ÒÇÓÂÕÖÓÞ ÍÑÐÆÇÐÔÂÙËË Tc ËÆÇÂÎßÐÑÅÑ ÅÂÊÂ:

DTint

Tc
� ÿ1:3 a

R
N 1=6, (1)

ÅÆÇ R � (�h=mo)1=2 ë äÓÂÊÏÇÓã ÑÔÙËÎÎâÕÑÓÂ; m ë ÏÂÔÔÂ
ÂÕÑÏÂ; o � (oxoyoz)

1=3; oi ë ÚÂÔÕÑÕÞ ÒÂÓÂÃÑÎËÚÇÔÍÑÌ ÎÑ-
ÄÖÛÍË; N ë ÒÑÎÐÑÇ ÚËÔÎÑ ÊÂØÄÂÚÇÐÐÞØ Ä ÎÑÄÖÛÍÖ ÚÂÔÕËÙ.

£ ÐÂÔÕÑâÜÇÌ ÔÕÂÕßÇ ËÔÒÑÎßÊÑÄÂÐÂ ÕÇÓÏÑÆËÐÂÏËÚÇ-
ÔÍÂâ ÕÇÑÓËâ ÄÑÊÏÖÜÇÐËÌ ÆÎâ ËÔÔÎÇÆÑÄÂÐËâ ÄÎËâÐËâ
ÄÊÂËÏÑÆÇÌÔÕÄËâ ÂÕÑÏÑÄ ÐÂ ÊÂÄËÔËÏÑÔÕß ÐÂÔÇÎÇÐÐÑÔÕË
ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâÐËâ ÅÂÊÂ �n0(T ) ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ T Ä
ÂÐËÊÑÕÓÑÒÐÑÌ ÒÂÓÂÃÑÎËÚÇÔÍÑÌ ÎÑÄÖÛÍÇ. ¤ÎÂÄÐÞÌ ÓÇÊÖ-
ÎßÕÂÕ ÕÂÍÑÅÑ ÒÑÆØÑÆÂ ÔÑÔÕÑËÕ Ä ÖÕÄÇÓÉÆÇÐËË, ÚÕÑ Ô
ÕÑÚÐÑÔÕßá ÆÑ ÒÇÓÄÑÌ ÒÑÒÓÂÄÍË ÒÑ ÒÂÓÂÏÇÕÓÖ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËâ a àÕÂ ÊÂÄËÔËÏÑÔÕß ËÏÇÇÕ ÄËÆ
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g � 23=2
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a
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N 2=3,

ÅÆÇ z(x) ë ÆÊÇÕÂ-×ÖÐÍÙËâ ²ËÏÂÐÂ. ¶ÖÐÍÙËâ �n 0
0 (T) ÑÒÓÇÆÇ-

ÎâÇÕ ÐÂÔÇÎÇÐÐÑÔÕß ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâÐËâ ËÆÇÂÎßÐÑÅÑ ÅÂÊÂ
[2, 4, 5]:
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N ÿ1=3, (3)

ÅÆÇ T 0
c � N 1=3�hozÿ1=3(3); y � 1:5(�o=o)�z(2)=z 2=3�3��� 2:18

��o=o; �o � (ox � oy � oz)=3: £ÕÑÓÑÇ ÔÎÂÅÂÇÏÑÇ Ä ×ÖÐÍ-
ÙËË j0(T) ÆÂÇÕ ÒÑÒÓÂÄÍÖ, ÔÄâÊÂÐÐÖá Ô ÍÑÐÇÚÐÞÏ ÚËÔÎÑÏ
ÚÂÔÕËÙ Ä ÎÑÄÖÛÍÇ, Ä ÓÇÊÖÎßÕÂÕÇ ÚÇÅÑ �n 0

0 (T ) ÑÃÓÂÜÂÇÕÔâ Ä
ÐÖÎß ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ Tc � T 0

c � DTfin, ÅÆÇ DTfin=T
0
c �

ÿ(y=3)Nÿ1=3 [4, 5].
±ÓËÐâÕÑ ÔÚËÕÂÕß, ÚÕÑ ÊÂÄËÔËÏÑÔÕß (3) ÆÎâ ËÆÇÂÎßÐÑÅÑ

ÅÂÊÂ ÄÞÒÑÎÐâÇÕÔâ Ä ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇÎÇ (ÔÏ.,
ÐÂÒÓ., [2, 4])

N !1; o! 0; No3 ! const. (4)

¯ËÉÇ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÒÓÂÄËÎßÐÑÇ ÖÔÎÑÄËÇ ÕÇÓÏÑÆËÐÂÏË-
ÚÇÔÍÑÅÑ ÒÓÇÆÇÎÂ ÐÇÓÂÄÐÑÏÇÓÐÑ ÒÑ �n 0

0 Ë ËÏÇÇÕ ÄËÆ

�n 0
0 �T� �

�����
N
p

. (5)

´ÑÎßÍÑ ÒÓË ÄÞÒÑÎÐÇÐËË (5), Â ÐÇ (4) ÒÓËÏÇÐËÏÞ ÄÞÓÂÉÇ-
ÐËâ (2) Ë (3). ±ÓË ÎáÃÞØ N Ë o Ä ÑÃÎÂÔÕË �n 0

0 (T )4
����
N
p

ÐÇ
ÖÚÕÇÐÐÞÇ Ä (2) Ë (3) ÒÑÒÓÂÄÍË ÔÕÂÐÑÄâÕÔâ ÅÎÂÄÐÞÏË, ÑÃÇÔ-
ÒÇÚËÄÂâ ÒÎÂÄÐÑÔÕß ÔÕÓÇÏÎÇÐËâ �n 0

0 (T ) Í ÐÖÎá (Ô ÐÖÎÇÄÑÌ
ÒÓÑËÊÄÑÆÐÑÌ) ÒÓË T=Tc 5 1ÿNÿ1=2 (ÔÏ. ÓËÔÖÐÑÍ). ¢ÑÎÇÇ
ÕÑÅÑ, Ë Ä ÑÃÎÂÔÕË ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÅÑ ÒÓÇÆÇÎÂ (5) àÕË
ÒÑÒÓÂÄÍË ËÅÓÂáÕ ÓÇÛÂáÜÖá ÓÑÎß ÆÎâ ÐÂØÑÉÆÇÐËâ ÊÂÄË-
ÔËÏÑÔÕË (2).

·ÂÓÂÍÕÇÓÐÑÌ ÑÔÑÃÇÐÐÑÔÕßá (2) âÄÎâÇÕÔâ ÖÃÞÄÂÐËÇ ÒÑ-
ÒÓÂÄÍË D�n0 � �n0(T )ÿ �n 0

0 (T ) ÄÏÇÔÕÇ Ô ÖÃÞÄÂÐËÇÏ �n0. ¯ËÉÇ
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ÒÑÍÂÊÂÐÑ, ÚÕÑ àÕÂ ÑÔÑÃÇÐÐÑÔÕß ÔÑØÓÂÐâÇÕÔâ Ë Ä ÑÃÎÂÔÕË
�n 0
0 �T�4

����
N
p

. ¿ÕÑ ÑÊÐÂÚÂÇÕ, ÚÕÑ Ô ÒÑÄÞÛÇÐËÇÏ ÕÇÏÒÇÓÂ-
ÕÖÓÞ ÒÓË T! Tc ÍÓËÄÞÇ �n0(T ) Ë �n 0

0 (T ) ÔÃÎËÉÂáÕÔâ (ÔÏ.
ÓËÔÖÐÑÍ), ÚÕÑ ÐÂØÑÆËÕÔâ Ä ÍÂÚÇÔÕÄÇÐÐÑÏ ÒÓÑÕËÄÑÓÇÚËË Ô
ÓÇÊÖÎßÕÂÕÑÏ ÕÇÑÓËË ÔÓÇÆÐÇÅÑ ÒÑÎâ (1). ¥ÓÖÅÑÇ ÒÓÑÕËÄÑ-
ÓÇÚËÇ ÔÑÔÕÑËÕ Ä ÕÑÏ, ÚÕÑ ÒÂÓÂÏÇÕÓ, ÑÕÄÇÚÂáÜËÌ ÊÂ ÒÑ-
ÒÓÂÄÍÖ, Ä ÄÞÓÂÉÇÐËË (2) Ä

����
N
p

ÓÂÊ ÃÑÎßÛÇ, ÚÇÏ Ä (1), Õ. Ç.
ÒÓË T < Tc ÑÒÓÇÆÇÎâÇÏÂâ ×ÑÓÏÖÎÑÌ (2) ÒÑÒÓÂÄÍÂ ÏÐÑÅÑ
ÃÑÎßÛÇ ÒÑÎÖÚÂáÜÇÌÔâ ËÊ (1).

£ÑÊÐËÍÐÑÄÇÐËá ÒÂÓÂÏÇÕÓÂ g Ä ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÌ
ÕÇÑÓËË ÄÑÊÏÖÜÇÐËÌ ÏÑÉÐÑ ÆÂÕß ÍÂÚÇÔÕÄÇÐÐÑÇ ÒÑâÔÐÇ-
ÐËÇ. ·ÂÓÂÍÕÇÓÐÂâ ÒÑÒÓÂÄÍÂ Í àÐÇÓÅËË, ÄÞÊÄÂÐÐÂâ ÄÊÂË-
ÏÑÆÇÌÔÕÄËÇÏ ÂÕÑÏÑÄ, Ä ÓÂÔÚÇÕÇ ÐÂ ÑÆÐÖ ÚÂÔÕËÙÖ ÑÒÓÇ-
ÆÇÎâÇÕÔâ ÒÂÓÂÏÇÕÓÑÏ �ho(a=R)N (ÔÏ., ÐÂÒÓ., [6, 7]). ±ÓË
ÒÑÆÔÕÂÐÑÄÍÇ Ä ÓÂÔÒÓÇÆÇÎÇÐËÇ ¤ËÃÃÔÂ àÕÂ ÒÑÒÓÂÄÍÂ ÆÇ-
ÎËÕÔâ ÐÂ T (ÕÇÏÒÇÓÂÕÖÓÂ Ä àÐÇÓÅÇÕËÚÇÔÍËØ ÇÆËÐËÙÂØ),
ÒÑÔÎÇ ÚÇÅÑ ÐÂÆÑ ÖÚÇÔÕß, ÚÕÑ �ho=T � (�ho=Tc)(Tc=T ) �
(Tc=T )Nÿ1=3.

ªÔØÑÆÐÞÏ ÒÖÐÍÕÑÏ ÄÞÚËÔÎÇÐËâ âÄÎâÇÕÔâ ËÔÒÑÎßÊÑÄÂ-
ÐËÇ ÕÇÑÓËË ÄÑÊÏÖÜÇÐËÌ ÆÎâ ÐÂØÑÉÆÇÐËâ ÄÞÊÄÂÐÐÞØ ÄÊÂË-
ÏÑÆÇÌÔÕÄËÇÏ ÂÕÑÏÑÄ ÒÑÒÓÂÄÑÍ Í ÔÑÃÔÕÄÇÐÐÞÏ ÊÐÂÚÇÐËâÏ
àÐÇÓÅËË ÄÕÑÓËÚÐÑ ÍÄÂÐÕÑÄÂÐÐÑÅÑ ¤ÂÏËÎßÕÑÐËÂÐÂ

Ĥ � Ĥ0 � Û ; Ĥ0 �
X
s

esa�s as;

Û � 1
2

X
s01; s

0
2; s1; s2

U
s01; s

0
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s1; s2 a
�
s01
a�s02as1as2 ;

ÅÆÇ a�s Ë as ë ÑÒÇÓÂÕÑÓÞ ÓÑÉÆÇÐËâ Ë ÖÐËÚÕÑÉÇÐËâ ÚÂÔÕËÙÞ
Ä ÔÑÔÕÑâÐËË s. £ ÔÎÖÚÂÇ ÂÐËÊÑÕÓÑÒÐÑÌ ÎÑÄÖÛÍË ÄÔÇ ÖÓÑÄ-
ÐË ÐÇÄÞÓÑÉÆÇÐÞ Ë ÒÇÓÄÂâ ÒÑÒÓÂÄÍÂ DE�n0; n1; :::� Í àÐÇÓ-
ÅËË ÐÇÄÑÊÏÖÜÇÐÐÑÅÑ ¤ÂÏËÎßÕÑÐËÂÐÂ E0�n0; n1; :::� � e0n0
� e1n1 � ::: ËÏÇÇÕ ÄËÆ

DE�n0; n1; :::� � hn0; n1; :::jÛ jn0; n1; :::i
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Akknk�nk ÿ 1� �
X
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Aklnknl . (6)

£ (6) ÖÚÕÇÐÑ, ÚÕÑ ÒÓË ÑÕÔÖÕÔÕÄËË ÄÞÓÑÉÆÇÐËâ ÄÔÇ ÔÑÃÔÕ-
ÄÇÐÐÞÇ ×ÖÐÍÙËË ÄÇÜÇÔÕÄÇÐÐÞ Ë ÄÄÇÆÇÐÑ ÑÃÑÊÐÂÚÇÐËÇ

Akl � Alk � Ukl
kl � Ulk
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l �r 0�dr dr 0:

±ÑÆÔÕÂÄÎâÇÏ E0 � DE Ä ÓÂÔÒÓÇÆÇÎÇÐËÇ ¤ËÃÃÔÂ
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Ë, ËÔÒÑÎßÊÖâ (6), ÄÞÚËÔÎâÇÏ ÐÑÓÏËÓÑÄÑÚÐÖá ÒÑÔÕÑâÐÐÖá

S � S0
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1ÿ
X
kl

Bkl~nk~nl

�
; S0 �

Y
i

�
1ÿ exp
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~mÿ ei
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��ÿ1
; (8)

~ni �
�
exp
�
ei
T
ÿ ~m
�
ÿ 1
�ÿ1

; Bkl � Akl

T
;

ÅÆÇ ~m � m=T. ±ÑÆÚÇÓÍÐÇÏ, ÚÕÑ ÒÓË ÐÂÎËÚËË ÄÊÂËÏÑÆÇÌÔÕ-
ÄËâ (Bkl 6� 0) ~ni ÐÇ ËÏÇÇÕ ÔÏÞÔÎÂ ÔÓÇÆÐÇÅÑ ÚËÔÎÂ ÚÂÔÕËÙ,
ÍÑÕÑÓÞÏ ÑÐÑ âÄÎâÇÕÔâ ÕÑÎßÍÑ Ä ÔÎÖÚÂÇ ËÆÇÂÎßÐÑÅÑ ÅÂÊÂ
(Bkl � 0).

¥Îâ ÄÞÚËÔÎÇÐËâ ÔÓÇÆÐÇÅÑ ÚËÔÎÂ ÚÂÔÕËÙ �ni ÐÂ ÖÓÑÄÐÇ i
ÒÓË Bkl 6� 0 ÐÇÑÃØÑÆËÏÑ ÐÂÌÕË ÔÖÏÏÖ
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n0 ;n1;:::
niW�n0; n1; :::�.

ªÔÒÑÎßÊÖâ (7) Ë (8), ÒÑÎÖÚÂÇÏ
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±ÑÔÎÇ àÕÑÅÑ ÒÂÓÂÏÇÕÓ ~m ÐÂØÑÆËÕÔâ ËÊ ÔÑÑÕÐÑÛÇÐËâ N �P
�ni, ÍÑÕÑÓÑÇ ÏÞ ÒÇÓÇÒËÛÇÏ Ä ÄËÆÇ

N � ~n0 �
X
i 6�0

~ni ÿ 2B00�~n0�2�~n0 � 1�

ÿ ~n0�~n0 � 1�S1 ÿ ~n0S2 ÿ S3; (10)

S1 � 2
X
k6�0

B0k~nk; S2 � 2
X
k 6�0

B0k~nk�~nk � 1�;

S3 � 2
X
k;l 6�0

Bkl~nk~nl�~nl � 1�;

ÄÞÆÇÎËÄ ÚÎÇÐÞ, ÔÑÆÇÓÉÂÜËÇ ~n0. µÓÂÄÐÇÐËÇ (10) ÑÕÐÑÔË-
ÕÇÎßÐÑ ÒÂÓÂÏÇÕÓÂ ~m ÏÑÉÐÑ ÓÇÛËÕß ËÕÇÓÂÙËÑÐÐÞÏ ÏÇÕÑ-
ÆÑÏ. £ÞÚËÔÎËÏ ÒÓÇÉÆÇ ÄÔÇÅÑ ÔÖÏÏÖ

F � ~n0 �
X
k6�0

~nk : (11)

1.0

�n0=N; �n 0
0 =N

0.8

0.6

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0 T=T 0
c

0.4 �n0=N; �n 0
0 =N

0.3

0.2

0.1

0

0.85 0.90 0.95 1.00 T=T 0
c

©ÂÄËÔËÏÑÔÕË ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ ÍÑÐÆÇÐÔÂÕÐÑÌ ×ÓÂÍÙËË ËÆÇÂÎßÐÑÅÑ ÅÂ-
ÊÂ �n 0

0 =N, ÓÂÔÔÚËÕÂÐÐÑÌ ÒÑ ×ÑÓÏÖÎÇ (16) (ÔÒÎÑÛÐÂâ ÍÓËÄÂâ) Ë ÒÑ ×ÑÓ-
ÏÖÎÇ (3) (ÒÖÐÍÕËÓ), Â ÕÂÍÉÇ ÍÑÐÆÇÐÔÂÕÐÑÌ ×ÓÂÍÙËË ÔÎÂÃÑÐÇËÆÇÂÎßÐÑ-
ÅÑ ÅÂÊÂ �n0=N, ÓÂÔÔÚËÕÂÐÐÑÌ ÒÑ ×ÑÓÏÖÎÇ (19) ÒÓË g � 0:25 (ÛÕÓËØÑÄÂâ
ÍÓËÄÂâ) Ë ÿ0:25 (ÛÕÓËØ-ÒÖÐÍÕËÓ). ±ÑÎÐÑÇ ÚËÔÎÑ ÚÂÔÕËÙ N � 103:
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¥Îâ àÕÑÅÑ ÄÄÇÆÇÏ ÄÇÍÕÑÓÐÞÌ ËÐÆÇÍÔ k � �kx; ky; kz� (ÅÆÇ
ki � 0; 1; :::; i � x; y; z), ÐÖÏÇÓÖáÜËÌ ÖÓÑÄÐË àÐÇÓÅËË ÕÓÇØ-
ÏÇÓÐÑÅÑ ÑÔÙËÎÎâÕÑÓÂ ek � �ho(kX), ÅÆÇ X � (Ox;Oy;Oz�,
Oi � oi=o (àÐÇÓÅËâ ÑÔÙËÎÎâÕÑÓÂ ÑÕÔÚËÕÞÄÂÇÕÔâ ÑÕ ÊÐÂÚÇ-
ÐËâ �3=2��h�o), Ë ÊÂÒËÛÇÏ ~nk Ä ÄËÆÇ

~nk �
�
exp�bkÿ ~m� ÿ 1

�ÿ1 �X1
p�1

exp� p�ÿbk� ~m��;
(12)

b � �ho
T

X :

±ÑÔÎÇ àÕÑÅÑ ÔÖÏÏËÓÑÄÂÐËÇ Ä (11) ÎÇÅÍÑ ÄÞÒÑÎÐâÇÕÔâ [8] Ë
ÏÞ ÐÂØÑÆËÏ

F � ~n0 �
X1
p�1

e~mp
�Y3

i�1

�
1ÿ eÿbi p

�ÿ1
ÿ 1
�
: (13)

¥ÂÎÇÇ ËÊ (8) ÔÎÇÆÖÇÕ ÕÑÚÐÑÇ ÔÑÑÕÐÑÛÇÐËÇ ~m � ÿln�1�
1=~n0�, ÍÑÕÑÓÑÇ ÄÒÎÑÕß ÆÑ ÑÚÇÐß ÏÂÎÞØ ~n0 5 5 ÏÑÉÐÑ Ô
ÃÑÎßÛÑÌ ÕÑÚÐÑÔÕßá ÒÇÓÇÒËÔÂÕß Ä ÄËÆÇ ~m � ÿ1=~n0. ±ÂÓÂ-
ÏÇÕÓ b � �ho=T � Nÿ1=3Tc=T, ÑÕÍÖÆÂ ÄËÆÐÑ, ÚÕÑ ÒÓË ÃÑÎß-
ÛËØ N, ÐÂÚËÐÂâ Ô ÕÇÏÒÇÓÂÕÖÓ T, ÏÐÑÅÑ ÏÇÐßÛËØ ÕÇÏÒÇ-
ÓÂÕÖÓÞ ÍÑÐÆÇÐÔÂÙËË (T� Tc), ÐÑ ÖÆÑÄÎÇÕÄÑÓâáÜËØ ÖÔ-
ÎÑÄËá

t� N ÿ1=3; t � T=Tc ; (14)

ÄÞÒÑÎÐâÇÕÔâ ÖÔÎÑÄËÇ b� 1. µÔÎÑÄËÇ (14) ÃÖÆÇÏ ÔÚËÕÂÕß
ÄÞÒÑÎÐÇÐÐÞÏ ÄÑ ÄÔÇÏ ÆÂÎßÐÇÌÛÇÏ ÓÂÔÔÏÑÕÓÇÐËË. ±ÓË
ÇÅÑ ÄÞÒÑÎÐÇÐËË ÔÖÏÏÖ Ä (13) ÏÑÉÐÑ ÓÂÊÎÑÉËÕß Ô ÕÑÚÐÑ-
ÔÕßá ÆÑ ÚÎÇÐÑÄ ÄÕÑÓÑÅÑ ÒÑÓâÆÍÂ ÒÑ 1=b Ë ÒÇÓÄÑÅÑ ÒÑÓâÆ-
ÍÂ ÒÑ ~m � ÿ1=~n0. £ ÓÇÊÖÎßÕÂÕÇ ÒÑÎÖÚÂÇÏ

F � ~n0 �Nj0�T� ÿ
1
~n0

Nj1�T�; j1�T� � gt3; g � z�2�
z�3� : (15)

±ÇÓÇØÑÆ Í ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏÖ ÒÓÇÆÇÎÖ ÔÑÑÕÄÇÕÔÕÄÖÇÕ
ÑÕÃÓÂÔÞÄÂÐËá ÒÑÔÎÇÆÐÇÅÑ ÔÎÂÅÂÇÏÑÅÑ Ä ÄÞÓÂÉÇÐËË ÆÎâ
F Ä (15). °ÆÐÂÍÑ ËÏÇÐÐÑ àÕÑ ÔÎÂÅÂÇÏÑÇ ÑÃÇÔÒÇÚËÄÂÇÕ
ÒÎÂÄÐÑÔÕß ÖÏÇÐßÛÇÐËâ ÐÂÔÇÎÇÐÐÑÔÕË ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâ-
ÐËâ ÆÑ ÐÖÎâ (Ô ÐÖÎÇÄÑÌ ÒÓÑËÊÄÑÆÐÑÌ) Ä ÑÃÎÂÔÕË �n 0

0 4
����
N
p

(j1ÿ tj 4Nÿ1=2) Ë ÆÂÇÕ ÓÇÛÂáÜÖá ÆÎâ ÆÂÎßÐÇÌÛËØ ÄÞ-
ÚËÔÎÇÐËÌ ÒÑÒÓÂÄÍÖ Ä ÑÃÎÂÔÕË ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÅÑ ÒÓÇ-
ÆÇÎÂ (5).

£ ÐÖÎÇÄÑÏ ÒÑÓâÆÍÇ ÒÑ ÄÊÂËÏÑÆÇÌÔÕÄËá ÚÂÔÕËÙ (ËÆÇ-
ÂÎßÐÞÌ ÅÂÊ) ÒÑÎÂÅÂÇÏ Ä (10) B � 0, ÑÕÍÖÆÂ ÔÎÇÆÖÇÕ, ÚÕÑ F
� N Ë ~ni ÑÃÓÇÕÂáÕ ÔÏÞÔÎ ÐÂÔÇÎÇÐÐÑÔÕÇÌ ÔÑÔÕÑâÐËÌ ËÆÇ-
ÂÎßÐÑÅÑ ÅÂÊÂ. ¥Îâ ÐÂÔÇÎÇÐÐÑÔÕË ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâÐËâ ~n0
� �n 0

0 ËÊ (15) ÐÂØÑÆËÏ ÄÞÓÂÉÇÐËÇ

�n 0
0

N
� 1

2

�
1ÿ j0�T� �

n
�1ÿ j0�T��2 � 4j1�T�=N

o1=2
�
; (16)

ÍÑÕÑÓÑÇ Ä ÑÍÓÇÔÕÐÑÔÕË ÕÇÏÒÇÓÂÕÖÓÞ ÍÑÐÆÇÐÔÂÙËË jtÿ 1j
� 1 ÒÓËÐËÏÂÇÕ ÄËÆ

�n 0
0

N
� 3

2

(
1ÿ t�

�
�1ÿ t�2 � 4

9
g
N

�1=2)
:

±ÓË t < 1 Ë 1ÿ j0(T)� Nÿ1=2 (ÚÕÑ àÍÄËÄÂÎÇÐÕÐÑ ÖÔÎÑ-
ÄËá (5)) ËÊ (16) ÔÎÇÆÖÇÕ ÊÂÄËÔËÏÑÔÕß ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ (3),
ÑÃÞÚÐÑ ÐÂÊÞÄÂÇÏÂâ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍËÏ ÒÓÇÆÇÎÑÏ. ´Â-
ÍÑÇ ÖÃÞÄÂÐËÇ �n 0

0 Ô ÓÑÔÕÑÏ ÕÇÏÒÇÓÂÕÖÓÞ ÒÓÑÆÑÎÉÂÇÕÔâ
ÄÒÎÑÕß ÆÑ ÕÇÏÒÇÓÂÕÖÓ, ÑÚÇÐß ÃÎËÊÍËØ Í Tc, ÑÆÐÂÍÑ ÖÆÑÄ-
ÎÇÕÄÑÓâáÜËØ àÍÄËÄÂÎÇÐÕÐÑÏÖ (5) ÖÔÎÑÄËá 1ÿ t�Nÿ1=2.

¥ÂÎÇÇ ÊÂÍÑÐ ÖÃÞÄÂÐËâ �n 0
0 (T ) ÏÇÐâÇÕÔâ Ë Ä ÑÃÎÂÔÕË

Nÿ1=2 � tÿ 1� 1, ÍÂÍ ÔÎÇÆÖÇÕ ËÊ (16), ÑÐ ÒÓËÐËÏÂÇÕ ÄËÆ
�n 0
0 (T ) � (g=3)(tÿ 1)ÿ1. £ ÒÓÑÏÇÉÖÕÑÚÐÑÌ ÑÃÎÂÔÕË jtÿ 1j
4Nÿ1=2 ÐÇÑÃØÑÆËÏÑ ÒÑÎßÊÑÄÂÕßÔâ ÕÑÚÐÑÌ ×ÑÓÏÖÎÑÌ (16).
¥Ñ ÐÂÔÕÑâÜÇÅÑ ÄÓÇÏÇÐË àÕÑ ÑÕÔÕÖÒÎÇÐËÇ ÊÂÄËÔËÏÑÔÕË �n 0

0 (T )
ÑÕ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÅÑ ÒÓÇÆÇÎÂ ËÔÔÎÇÆÑÄÂÎÑÔß ÕÑÎßÍÑ
ÚËÔÎÇÐÐÑ [4, 5]. ´ÂÍËÏ ÑÃÓÂÊÑÏ, Ä ÐÖÎÇÄÑÏ ÒÑÓâÆÍÇ ÒÑ
ÄÊÂËÏÑÆÇÌÔÕÄËá ÂÕÑÏÑÄ ÐÂÔÇÎÇÐÐÑÔÕß ÑÔÐÑÄÐÑÅÑ ÔÑÔÕÑâ-
ÐËâ �n 0

0 (ËÆÇÂÎßÐÞÌ ÅÂÊ) ÑÒÓÇÆÇÎâÇÕÔâ ÄÞÓÂÉÇÐËÇÏ (16).
£ ÒÇÓÄÑÏ ÒÑÓâÆÍÇ ÒÑ ÄÊÂËÏÑÆÇÌÔÕÄËá ÂÕÑÏÑÄ ÒÑÎÂ-

ÅÂÇÏ

~n0 � �n 0
0 � D�n0; F�~n0� � F

ÿ
�n 0
0

�� � qF
q�n 0

0

�
D�n0

� N �
h
1�Nj1

ÿ
�n 0
0

�ÿ2i
D�n0

Ë ËÊ (10) Ë (9) ÒÑÎÖÚÂÇÏ

�n0 � �n 0
0 �

ÿ
�n 0
0

�2ÿ
�n 0
0

�2 � j1N

ÿÿ 2B00j1N�n 0
0

ÿ j1NS1 � �n 0
0S2 � S3

�
: (17)

°ÕÏÇÕËÏ, ÚÕÑ ÕÑÎßÍÑ ÃÎÂÅÑÆÂÓâ ÖÚÇÕÖ ÒÑÔÎÇÆÐÇÅÑ ÔÎÂÅÂÇ-
ÏÑÅÑ Ä ÄÞÓÂÉÇÐËË ÆÎâ F Ä (15) (ÒÑÒÓÂÄÍÂ Í ÕÇÓÏÑÆËÐÂ-
ÏËÚÇÔÍÑÏÖ ÒÓÇÆÇÎÖ) Ä (17) ÔÑØÓÂÐâÇÕÔâ ÒÓÑÒÑÓÙËÑÐÂÎß-
ÐÑÇ B00 ÔÎÂÅÂÇÏÑÇ, ÍÑÕÑÓÑÇ Ä ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇ-
ÎÇ (5) ÑÍÂÊÞÄÂÇÕÔâ ÅÎÂÄÐÞÏ.

£ ÔÎÖÚÂÇ ÅÂÓÏÑÐËÚÇÔÍÑÅÑ ÑÔÙËÎÎâÕÑÓÂ Ë ÍÑÐÕÂÍÕÐÑÅÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâ U�rÿ r 0� � �4p�h2a=m�d�rÿ r 0� ÄÇÎËÚËÐÂ
B00 Ë ÔÖÏÏÞ S1;2;3 ÄÞÚËÔÎâáÕÔâ ÕÑÚÐÑ. ±ÓË àÕÑÏ B00 ÐÂ-
ØÑÆËÕÔâ Ä ÓÇÊÖÎßÕÂÕÇ ÒÓÑÔÕÑÅÑ ËÐÕÇÅÓËÓÑÄÂÐËâ: 2B00 �
g�gNt�ÿ1, ÅÆÇ ÖÚÕÇÐÑ, ÚÕÑ �ho=T � tÿ1Nÿ1=3z 1=3(3). ¥Îâ
ÐÂØÑÉÆÇÐËâ ÔÖÏÏ S1;2;3 ÄÇÎËÚËÐÞ ~nk ÊÂÒËÔÞÄÂáÕÔâ Ä ÄË-
ÆÇ (12), Ë Ô ÒÑÏÑÜßá ËÊÄÇÔÕÐÑÅÑ ÔÑÑÕÐÑÛÇÐËâ ÆÎâ ÒÑÎË-
ÐÑÏÑÄ ¿ÓÏËÕÂ [9]

X1
k�0

yk

k!
H 2

k �x� �
1

�1ÿ 4y2�1=2
exp
�

4y
1� 2y

x2
�

ÄÞÒÑÎÐâÇÕÔâ ÔÐÂÚÂÎÂ ÔÖÏÏËÓÑÄÂÐËÇ ÒÑ k, Â ÊÂÕÇÏ ËÐÕÇ-
ÅÓËÓÑÄÂÐËÇ. ²ÇÊÖÎßÕÂÕ, ËÏÇáÜËÌ ÄËÆ ÔÖÏÏ ×ÖÐÍÙËÌ ÒÑ
ÑÆÐÑÏÖ ËÎË ÆÄÖÏ ÔÍÂÎâÓÐÞÏ ËÐÆÇÍÔÂÏ (m1;m2), Ä ËÐÕÇ-
ÓÇÔÖáÜÇÏ ÐÂÔ ÔÎÖÚÂÇ b� 1 ÖÒÓÑÜÂÇÕÔâ Ë ÒÓËÐËÏÂÇÕ ÄËÆ

S1 � g
z�3=2�
z�2�

�
z�3�
N

�1=2
t1=2; S3 � gzÿ1�2�t 7=2

�
N
z�3�

�1=2
M;

(18)

S2 � gzÿ1�2�t
�
z�3�
N

�1=3 �1
0
duu
� Y
i�x;y;z

�
1ÿ eÿOiu

�ÿ1=2
ÿ 1
�
;

ÅÆÇ

M �
X1

m1;m2�1
mÿ3=21 mÿ1=22 �m1 �m2�ÿ3=2 � 1:2.

ªÊ (18) ÄËÆÐÑ, ÚÕÑ ÒÓË ÄÞÒÑÎÐÇÐËË ÖÔÎÑÄËâ (14) ÔÎÂ-
ÅÂÇÏÑÇ Ä (17), ÔÑÆÇÓÉÂÜÇÇ S2, ÏÐÑÅÑ ÏÇÐßÛÇ ÔÎÂÅÂÇÏÑÅÑ,
ÒÓÑÒÑÓÙËÑÐÂÎßÐÑÅÑB00, ÕÂÍ ÚÕÑ ÚÎÇÐÑÏ ÔS2 Ä (17) ÏÑÉÐÑ
ÒÓÇÐÇÃÓÇÚß. ±ÑÔÎÇ àÕÑÅÑ ÆÎâ ÐÂÔÇÎÇÐÐÑÔÕË ÑÔÐÑÄÐÑÅÑ ÔÑ-
ÔÕÑâÐËâ ÒÑÎÖÚÂÇÏ ÄÞÓÂÉÇÐËÇ

�n0 � �n 0
0 ÿ gt2

ÿ
�n 0
0

�2ÿ
�n 0
0

�2 � gt3N

�
�n 0
0 � dt3=2N1=2

�
; (19)

´ÇÏÒÇÓÂÕÖÓÐÂâ ÊÂÄËÔËÏÑÔÕß ÍÑÐÆÇÐÔÂÕÐÑÌ ×ÓÂÍÙËË ÔÎÂÃÑÐÇËÆÇÂÎßÐÑÅÑ ÊÂØÄÂÚÇÐÐÑÅÑ Ä ÎÑÄÖÛÍÖ ¢ÑÊÇ-ÅÂÊÂ 443



ÅÆÇ �n 0
0 ÑÒÓÇÆÇÎâÇÕÔâ ËÊ (16); d � z�3=2�zÿ1=2�3��1ÿM

�zÿ1�2�zÿ1�3=2�� � 1:74.
£ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇÎÇ (5) �1ÿ t� Nÿ1=2� àÕÑ

ÄÞÓÂÉÇÐËÇ ÒÓËÐËÏÂÇÕ ÄËÆ

�n0
N
� �1ÿ j0�T��

ÿ
1ÿ gt 2

�ÿ gdt 7=2N ÿ1=2: (20)

±ÓË T � Tc ËÊ (19) ÔÎÇÆÖÇÕ,ÚÕÑ

�n0
N
�
�

g
N

�1=2�
1ÿ 1

2
g
�
1� dgÿ1=2

��
: (21)

ª ÐÂÍÑÐÇÙ, ÒÓË Nÿ1=2 � tÿ 1� 1 (�n 0
0 � N 1=2) ËÊ (19) ÐÂ-

ØÑÆËÏ

�n0
N
� 1

3
g

N�tÿ 1�
�
1ÿ d

3
gN ÿ1=2�tÿ 1�ÿ1

�
: (22)

£ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇÎÇ (20) ÒÑÒÓÂÄÍÂD�n0, ÔÄâ-
ÊÂÐÐÂâ Ô ÒÑÔÎÇÆÐËÏ ÔÎÂÅÂÇÏÞÏ Ä ÒÓÂÄÑÌ ÚÂÔÕË, ÏÐÑÅÑ
ÏÇÐßÛÇ ÒÑÒÓÂÄÍË Ä ÒÇÓÄÑÏ ÔÎÂÅÂÇÏÑÏ, ÄÑÊÐËÍÂáÜÇÌ, ÍÂÍ
ÖÉÇ ÖÒÑÏËÐÂÎÑÔß, ÕÑÎßÍÑ Ä ÓÇÊÖÎßÕÂÕÇ ÖÚÇÕÂ ÑÕÎËÚËâ ÄÇ-
ÎËÚËÐÞ �n 0

0 ÑÕ ÄÞÓÂÉÇÐËâ (3) Ä ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇ-
ÎÇ (5). ´ÂÍËÏ ÑÃÓÂÊÑÏ, ÄÏÇÔÕÑ (20) ÔÎÇÆÖÇÕ ËÔÒÑÎßÊÑÄÂÕß
×ÑÓÏÖÎÖ (2). ¿ÕÑ ÑÊÐÂÚÂÇÕ, ÚÕÑ ÄÑ ÄÔÇØ ÔÎÖÚÂâØ (20) ë (22)
ÒÑÒÓÂÄÍÂ D�n0 ÒÓÑÒÑÓÙËÑÐÂÎßÐÂ �n 0

0 Ë ÔÕÓÇÏËÕÔâ Í ÐÖÎá Ä
ÑÃ-ÎÂÔÕË tÿ 15Nÿ1=2 ÄÏÇÔÕÇ Ô �n 0

0 (ÔÏ. ÓËÔÖÐÑÍ). ­ËÛß
ÒÓË ×ÑÓÏÂÎßÐÑÏ ÔÕÓÇÏÎÇÐËË �n 0

0 Ä (20) Í ÐÖÎá ��n 0
0 �

Nÿ1=2�, ÒÓË-ÄÑÆâÜÇÏ Í ÕÑÏÖ, ÚÕÑ ÄÞÓÂÉÇÐËÇ (20) ÄÞØÑ-
ÆËÕ ÊÂ ÅÓÂÐËÙÞ ÇÅÑ ÒÓËÏÇÐËÏÑÔÕË (5), Ë ÆÇÎÂáÜËÏ ÇÅÑ
ËÔÒÑÎßÊÑÄÂÐËÇ ÐÇÊÂÍÑÐÐÞÏ (Ä àÕÑÌ ÑÃÎÂÔÕË �n0 ËÏÇÇÕ ÄËÆ
(22), Â ÐÇ (20)), ËÊ (20) ÒÑÎÖÚÂÇÕÔâ ÓÇÊÖÎßÕÂÕ (1). £ÂÉÐÑÌ
ÑÔÑÃÇÐÐÑÔÕßá ÄÞÓÂÉÇÐËâ (2) âÄÎâÇÕÔâ ÇÅÑ ÊÂÄËÔËÏÑÔÕß
ÕÑÎßÍÑ ÑÕ ÑÆÐÑÅÑ ÚÎÇÐÂ (A00=2)�n

2
0 ËÊ ÔÖÏÏÞ (6), ÍÑÕÑÓÞÌ

ÔÑØÓÂÐâÇÕ ÔÄÑÌ ÄËÆ ÆÎâ ÎÑÄÖÛÇÍ ÎáÃÑÌ ×ÑÓÏÞ.
°ÕÏÇÕËÏ, ÚÕÑ, ÇÔÎË ÊÂÄËÔËÏÑÔÕË �n0(T ) ÓÂÔÔÚËÕÞÄÂÕß

ÒÑ ×ÑÓÏÖÎÂÏ (3) ËÎË (16) Ô ÒÑÒÓÂÄÍÑÌ ÐÂ ÍÓËÕËÚÇÔÍÖá
ÕÇÏÒÇÓÂÕÖÓÖ ÒÑ ×ÑÓÏÖÎÇ ÕÇÑÓËË ÔÓÇÆÐÇÅÑ ÒÑÎâ (1),
ÄÎËâÐËÇ àÕÑÌ ÒÑÒÓÂÄÍË ÐÂ ÓËÔÖÐÍÇ ÃÖÆÇÕ ÐÇÊÂÏÇÕÐÞÏ.

¬ÓÑÏÇ ÖÔÎÑÄËâ (14), ËÏÇáÕÔâ ÆÑÒÑÎÐËÕÇÎßÐÞÇ ÑÅÓÂ-
ÐËÚÇÐËâ ÒÓËÏÇÐËÏÑÔÕË ÒÑÎÖÚÇÐÐÑÅÑ ÓÇÊÖÎßÕÂÕÂ (19), ÔÄâ-
ÊÂÐÐÞÇ ÔÑ ÔÎÂÃÑÔÕßá ÄÊÂËÏÑÆÇÌÔÕÄËâ ÂÕÑÏÑÄ. ±ÇÓÄÑÇ
ÑÅÓÂÐËÚÇÐËÇ ÔÄâÊÂÐÑ Ô ÕÇÏ, ÚÕÑ ÒÑÒÓÂÄÍÂ Í �n 0

0 Ä (19) ÆÑÎ-
ÉÐÂ ÃÞÕß ÏÂÎÑÌ ÒÑ ÔÓÂÄÐÇÐËá ÍÂÍ Ô �n 0

0 , ÕÂÍ Ë Ô ÓÂÊÐÑÔÕßá
Nÿ �n 0

0 , ÚÕÑ ÒÑÊÄÑÎâÇÕ ËÔÒÑÎßÊÑÄÂÕß ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÖá
ÕÇÑÓËá ÄÑÊÏÖÜÇÐËÌ ÆÎâ ÄÞÚËÔÎÇÐËâ ÐÂÔÇÎÇÐÐÑÔÕÇÌ ÐÇ
ÕÑÎßÍÑ ÑÔÐÑÄÐÑÅÑ, ÐÑ Ë ÄÑÊÃÖÉÆÇÐÐÞØ ÔÑÔÕÑâÐËÌ. £ÕÑÓÑÇ
ÑÅÓÂÐËÚÇÐËÇ ÄÞÕÇÍÂÇÕ ËÊ ÖÔÎÑÄËâ ÏÂÎÑÔÕË ÒÑÒÓÂÄÍË Í

àÐÇÓÅËË (6) (ÑÕÐÇÔÇÐÐÑÌ Í ÑÆÐÑÌ ÚÂÔÕËÙÇ) ÒÑ ÔÓÂÄÐÇÐËá Ô
ÓÂÊÐÑÔÕßá àÐÇÓÅËÌ �ho ÏÇÉÆÖ ÔÑÔÇÆÐËÏË ÖÓÑÄÐâÏË. £
ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÏ ÒÓÇÆÇÎÇ (20) ÔÖÜÇÔÕÄÇÐÐÞ ÑÃÂ ÑÅÓÂ-
ÐËÚÇÐËâ, ÚÕÑ ÒÓËÄÑÆËÕ Í ÖÔÎÑÄËâÏ g� 1; �a=R��n0 � 1 Ë
t� g. £ ÔÎÖÚÂÇ (21) ÅÎÂÄÐÞÏ ÑÍÂÊÞÄÂÇÕÔâ ÒÇÓÄÑÇ ÕÓÇÃÑ-
ÄÂÐËÇ, ËÊ ÍÑÕÑÓÑÅÑ ÔÎÇÆÖÇÕ, ÚÕÑ g� 1. £ ÔÎÖÚÂÇ (22) ÐÂË-
ÃÑÎÇÇ ÔÖÜÇÔÕÄÇÐÐÑ ÄÕÑÓÑÇ ÕÓÇÃÑÄÂÐËÇ, ÒÓËÄÑÆâÜÇÇ Í ÑÅ-
ÓÂÐËÚÇÐËá �a=R�N1=2 � 1, ÍÑÕÑÓÑÇ ËÊ ÄÔÇØ ÒÇÓÇÚËÔÎÇÐ-
ÐÞØ âÄÎâÇÕÔâ ÐÂËÃÑÎÇÇ ÔÎÂÃÞÏ. ¦ÆËÐÔÕÄÇÐÐÑÇ ËÊÄÇÔÕÐÑÇ
ÐÂÏ àÍÔÒÇÓËÏÇÐÕÂÎßÐÑÇ ËÊÏÇÓÇÐËÇ �n0(T ) [10] ÄÞÒÑÎÐÇÐÑ Ô
ÃÑÎßÛËÏ ÚËÔÎÑÏ ÚÂÔÕËÙ Ë ÐÇ ÖÍÎÂÆÞÄÂÇÕÔâ Ä àÕË ÑÅÓÂÐË-
ÚÇÐËâ.

²ÂÃÑÕÂ ÚÂÔÕËÚÐÑ ÒÑÆÆÇÓÉÂÐÂ ²¶¶ª (ÅÓÂÐÕ å98-02-
17502) Ë ¤ÑÔÖÆÂÓÔÕÄÇÐÐÑÌ ÐÂÖÚÐÑ-ÕÇØÐËÚÇÔÍÑÌ ÒÓÑÅÓÂÏ-
ÏÑÌ ä®ÇÕÓÑÎÑÅËâã.
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V.A.Alekseev, D.D.Krylova. Temperature dependence of condensed
fraction of weakly nonideal trapped Bose gas.

Condensation of the ideal gas in an anisotropic parabolic trap was
considered. The first order (with respect to the interaction parameter)
correction D�n0 � �n0(T )ÿ �n 0

0 (T ) to the temperature dependence of the
ground state population �n 0

0 (T ) of the atoms was found using thermo-
dynamical perturbation theory. The correction found D�n0 proved to be
much larger than the one calculated within the mean field theory (see
Giorgini S, Pitaevskii L P, Stringari S Phys. Rev. A 54 R4633 (1996)) at
temperatures below critical. This correction tends to zero as the
temperature approaches the critical one; i.e., the interaction of the
atoms does not lead to variation in the critical temperature. A simple
analytic expression was found that describes the smooth variation of
�n 0
0 (T ) as it approaches zero in the vicinity of the critical temperature. A

new criterion for applicability of the thermodynamical limit is given.
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