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ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ �� �“, “²Ê£¡¥±, “§¡¥±¨¸É ´

�·¥¤² £ ¥É¸Ö ´μ¢Ò°, μ¸´μ¢ ´´Ò° ´  ¸É É¨¸É¨Î¥¸±μ° ³¥Ì ´¨±¥ ³¥Éμ¤ Ï¨Ë·μ¢ -
´¨Ö, ¶μ§¢μ²ÖÕÐ¨° ¶¥·¥¤ ¢ ÉÓ ¨´Ëμ·³ Í¨Õ ¡¥§ ¶·μÍ¥¸¸  ¶¥·¥¤ Î¨ ±²ÕÎ  Ï¨Ë·μ¢ ´¨Ö
¶μ¸²¥ μÉ¶· ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨,   É ±¦¥ μ¶·¥¤¥²ÖÉÓ ¤²Ö ± ¦¤μ° ÖÎ¥°±¨ ¨´Ëμ·³ Í¨¨
¸¢μ¥ ¸μ¡¸É¢¥´´μ¥ ¶·¥μ¡· §μ¢ ´¨¥. ‘ ÔÉμ° Í¥²ÓÕ ¨¸¶μ²Ó§ÊÕÉ¸Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö
˜·¥¤¨´£¥·  (³μ¤¥²Ó ‹¨¡ Ä‹¨´¨£¥· ) ¨ Í¥¶μÎ±¨ ±¢ ´Éμ¢ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨°
		ƒŠˆ ¸ ¶μÉ¥´Í¨ ²μ³ ¢ Ëμ·³¥ ¤¥²ÓÉ -ËÊ´±Í¨¨.

The paper proposes a new encryption method based on statistical mechanics, which
allows the transfer of encrypted information without the process of transmitting the en-
cryption key after its sending, as well as the deˇnition of its own transformation for each
information cell. For this purpose, solutions of the Schréodinger equation (LiebÄLiniger
model) and a chain of quantum kinetic equations of BBGKY are used with a delta function
potential.

PACS: 03.67.Dd

‚‚…„…�ˆ…

�¤´μ° ¨§  ±ÉÊ ²Ó´¥°Ï¨Ì ¶·μ¡²¥³ ¸μ¢·¥³¥´´μ¸É¨ Ö¢²Ö¥É¸Ö μ¡¥¸¶¥Î¥´¨¥
¡¥§μ¶ ¸´μ¸É¨ ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨. ‘μ¸ÉμÖ´¨¥ ÔÉμ° ¶·μ¡²¥³Ò ¢ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¤ ²¥±μ μÉ ¨¤¥ ²Ó´μ£μ ·¥Ï¥´¨Ö. �Éμ ¢¨¤´μ ¤ ¦¥ ¨§ Éμ£μ, ± ± ³´μ£μ
¸¶ ³  ³Ò ¶μ²ÊÎ ¥³ ± ¦¤Ò° ¤¥´Ó ¶μ Ô²¥±É·μ´´μ° ¶μÎÉ¥. ˆ§¢¥¸É´μ, ÎÉμ ®Ad-
vanced Encryption Standard¯ [1], Ö¢²ÖÕÐ¨°¸Ö μ¸´μ¢μ° § ¶ ¤´μ£μ Ï¨Ë·μ¢ -
´¨Ö ¨´Ëμ·³ Í¨¨, μ¸´μ¢ ´ ´  É ±¨Ì Ì μÉ¨Î´ÒÌ ¤¥°¸É¢¨ÖÌ, ± ± ¶¥·¥¸É ´μ¢± 
ÖÎ¥¥±, ¸Éμ²¡Íμ¢ ¨ ¸É·μ± ³ É·¨ÍÒ, ¶·¥¤¸É ¢²ÖÕÐ¨Ì ¸μ¡μ° ¶·¥μ¡· §μ¢ ´¨¥ μÉ-
±·ÒÉμ£μ É¥±¸É  ¢ Ï¨Ë·μÉ¥±¸É. �É¨ ¤¥°¸É¢¨Ö ¨³¥ÕÉ ¸²ÊÎ °´Ò° Ì · ±É¥· ¨ ¶μ-
ÔÉμ³Ê ´¥ μ¡¥¸¶¥Î¨¢ ÕÉ ¶μ²´ÊÕ § ±·ÒÉμ¸ÉÓ ¨´Ëμ·³ Í¨¨. �μ²´ÊÕ § ±·ÒÉμ¸ÉÓ
¨´Ëμ·³ Í¨¨ ³μ¦´μ μ¡¥¸¶¥Î¨ÉÓ, ¥¸²¨ § ±·ÒÉÓ ± ¦¤ÊÕ ÖÎ¥°±Ê ¨´Ëμ·³ Í¨¨
¸¢μ¨³ ¸μ¡¸É¢¥´´Ò³ ¶·¥μ¡· §μ¢ ´¨¥³. ’ ±μ¥ ¶μ²´μ¥ ³´μ¦¥¸É¢μ ¶·¥μ¡· §μ¢ -
´¨° ³μ¦´μ ¶μ²ÊÎ¨ÉÓ, ¥¸²¨ ·¥Ï¨ÉÓ Ê· ¢´¥´¨Ö ¤²Ö ËÊ´±Í¨¨ N ¶¥·¥³¥´´ÒÌ,

∗E-mail: rasulova@live.com
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£¤¥ N Å Î¨¸²μ ÖÎ¥¥±. Š ± ¨§¢¥¸É´μ, ¨³¥¥É¸Ö μÎ¥´Ó ³ ²μ ÉμÎ´μ ·¥Ï ¥³ÒÌ
Ê· ¢´¥´¨° ¤²Ö ËÊ´±Í¨° N ¶¥·¥³¥´´ÒÌ. �¤´μ° ¨§ ¸ ³ÒÌ ´ ¤¥¦´ÒÌ Ö¢²Ö¥É¸Ö
³μ¤¥²Ó ‹¨¡ Ä‹¨´¨£¥·  ¤²Ö μ¶¨¸ ´¨Ö ¸¨¸É¥³ ¡μ§μ´μ¢, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶μ-
¸·¥¤¸É¢μ³ ¶μÉ¥´Í¨ ²μ¢ ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨¨. „ ´´ Ö § ¤ Î  ¢¶¥·¢Ò¥ ¡Ò² 
·¥Ï¥´  ‹¨¡μ³ ¨ ‹¨´¨£¥·μ³ [2] ¨ ¨§¢¥¸É´  ¢ ´ ÊÎ´μ° ²¨É¥· ÉÊ·¥ ± ± ³μ¤¥²Ó
‹¨¡ Ä‹¨´¨£¥· . „·Ê£¨³ ÊÖ§¢¨³Ò³ ³μ³¥´Éμ³, ¶·¨¢μ¤ÖÐ¨³ ± ¶μÉ¥·¥ ¨´Ëμ·³ -
Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨, Ö¢²Ö¥É¸Ö ¶·μÍ¥¸¸ ¶¥·¥¤ Î¨ ±²ÕÎ  Ï¨Ë·μ¢ ´¨Ö ¶μ¸²¥
μÉ¶· ¢²¥´¨Ö Ï¨Ë·μ¢ ´´μ° ¨´Ëμ·³ Í¨¨ μÉ μÉ¶· ¢¨É¥²Ö (�²¨¸ ) ± ¶μ²ÊÎ -
É¥²Õ (	μ¡Ê). �ÉÊ ÊÖ§¢¨³μ¸ÉÓ ³μ¦´μ Ê¸É· ´¨ÉÓ, ¥¸²¨ �²¨¸  ¨ 	μ¡ ¡Ê¤ÊÉ
¨³¥ÉÓ ¸¢μ¨ ¸μ¡¸É¢¥´´Ò¥ ±²ÕÎ¨ Ï¨Ë·μ¢ ´¨Ö. ˆ¸¸²¥¤μ¢ É¥²¨ μ¡· É¨²¨ ¢´¨-
³ ´¨¥ ´  ¶·μ¡²¥³Ê ´ ²¨Î¨Ö ¸μ¡¸É¢¥´´ÒÌ ±²ÕÎ¥° Ï¨Ë·μ¢ ´¨Ö ¥Ð¥ § ¤μ²£μ ¤μ
· §¢¨É¨Ö ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° ¸μ¢·¥³¥´´μ¸É¨. …Ð¥ ¢ ´ Î ²¥ 30-Ì ££.
•• ¢. ¶μ¶ÒÉ±  ¨£·Ò ¢ ¶μ±¥· ´  · ¸¸ÉμÖ´¨¨ ¶·μË¥¸¸μ·  �¨²Ó¸  	μ·  ¸ ¸Ò´μ³,
ƒ¥°§¥´¡¥·£μ³ ¨ ¤·Ê£¨³¨ ±μ²²¥£ ³¨ ¡Ò²  ¡¥§Ê¸¶¥Ï´μ°, ¨ ¢μ§´¨±²  ¶·μ¡²¥³ 
´ ²¨Î¨Ö Ê ¨£·μ±μ¢ ¸¢μ¨Ì ¸μ¡¸É¢¥´´ÒÌ ±²ÕÎ¥° Ï¨Ë·μ¢ ´¨Ö. ’μ²Ó±μ ¢ 80-¥ ££.
XX ¢. �¤¨ ˜ ³¨· [3] Ê± § ² ´  ¶ÊÉÓ ·¥Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò. …£μ ³¥Éμ¤ Î -
¸Éμ ´ §Ò¢ ÕÉ É·¥Ì¸ÉÊ¶¥´Î ÉÒ³ ¶·μÉμ±μ²μ³. �´ ¸μ¸Éμ¨É ¨§ ¸²¥¤ÊÕÐ¨Ì Ï £μ¢.
�²¨¸  § Ï¨Ë·μ¢Ò¢ ¥É ¸¢μ¨³ ±²ÕÎμ³ Ï¨Ë·μ¢ ´¨Ö ¨´Ëμ·³ Í¨Õ ¨ μÉ¶· ¢²Ö¥É
¥¥ 	μ¡Ê. 	μ¡ ¶μ²ÊÎ¥´´ÊÕ ¨´Ëμ·³ Í¨Õ § Ï¨Ë·μ¢Ò¢ ¥É ¸¢μ¨³ ¸μ¡¸É¢¥´´Ò³
±²ÕÎμ³ Ï¨Ë·μ¢ ´¨Ö ¨ ¢μ§¢· Ð ¥É ´ Ìμ¤ÖÐÊÕ¸Ö É¥¶¥·Ó ¶μ¤ ¤¢Ê³Ö ±²ÕÎ ³¨
Ï¨Ë·μ¢ ´¨Ö ¨´Ëμ·³ Í¨Õ μ¡· É´μ �²¨¸¥. �²¨¸ , ¶μ²ÊÎ¨¢ ÔÉÊ ¨´Ëμ·³ Í¨Õ,
¤¥Ï¨Ë·Ê¥É ¥¥ ¸¢μ¨³ ±²ÕÎμ³ ¤¥Ï¨Ë·μ¢ ´¨Ö ¨ μÉ¶· ¢²Ö¥É ¨´Ëμ·³ Í¨Õ, ´ Ìμ-
¤ÖÐÊÕ¸Ö É¥¶¥·Ó ¶μ¤ μ¤´¨³ ±²ÕÎμ³, μ¡· É´μ 	μ¡Ê. ˆ´Ëμ·³ Í¨Ö É¥¶¥·Ó ´ Ìμ-
¤¨É¸Ö ¶μ¤ μ¤´¨³ ±²ÕÎμ³ Ï¨Ë·μ¢ ´¨Ö 	μ¡ . 	μ¡, ¶μ²ÊÎ¨¢ ÔÉÊ ¨´Ëμ·³ Í¨Õ μÉ
�²¨¸Ò, ¤¥Ï¨Ë·Ê¥É ¥¥ ¸¢μ¨³ ±²ÕÎμ³ ¤¥Ï¨Ë·μ¢ ´¨Ö. ’¥¶¥·Ó ¨´Ëμ·³ Í¨Ö ´ -
Ìμ¤¨É¸Ö ¡¥§ ±²ÕÎ  Ï¨Ë·μ¢ ´¨Ö ¨ 	μ¡ ³μ¦¥É μ§´ ±μ³¨ÉÓ¸Ö ¸ ¨´Ëμ·³ Í¨¥°,
±μÉμ·ÊÕ �²¨¸  ÌμÉ¥²  ¶¥·¥¤ ÉÓ 	μ¡Ê. �ÉÊ § ¤ ÎÊ ³μ¦´μ ¸Ëμ·³Ê²¨·μ¢ ÉÓ
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

(D2(D1(E2(E1P )))) = (D2(D1(E1(E2P )))) = (D2(E2P )) = P, (1)

£¤¥ E1, E2 Å ±²ÕÎ¨ Ï¨Ë·μ¢ ´¨Ö �²¨¸Ò ¨ 	μ¡  ¸μμÉ¢¥É¸É¢¥´´μ ¨ D1, D2 Å
±²ÕÎ¨ ¤¥Ï¨Ë·μ¢ ´¨Ö �²¨¸Ò ¨ 	μ¡  ¸μμÉ¢¥É¸É¢¥´´μ. Š²ÕÎ¨ Ï¨Ë·μ¢ ´¨Ö
¨³¥ÕÉ ¸¢μ°¸É¢μ

E2E1 = E1E2,

É. ¥. ³ É·¨ÍÒ, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ±²ÕÎ¨ E1, E2, ¤μ²¦´Ò ¡ÒÉÓ ±μ³³ÊÉ É¨¢´Ò³¨.
‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢Ò· ¦¥-

´¨°, μ¶·¥¤¥²¥´´ÒÌ ´  μ¸´μ¢¥ · ¡μÉÒ ‹¨¡ Ä‹¨´¨£¥· , ¢ ± Î¥¸É¢¥ ±μ³³Ê-
É É¨¢´ÒÌ ±²ÕÎ¥° Ï¨Ë·μ¢ ´¨Ö �²¨¸Ò ¨ 	μ¡  ¤²Ö ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨
´  μ¸´μ¢¥ É·¥Ì¸ÉÊ¶¥´Î Éμ£μ ¶·μÉμ±μ² . �μ± § ´μ, ÎÉμ ¤²Ö μ¶·¥¤¥²¥´¨Ö ±μ-
²¨Î¥¸É¢  ¨´Ëμ·³ Í¨¨, § ¢¨¸ÖÐ¥£μ μÉ ¢·¥³¥´¨, ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ·¥Ï¥-
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´¨¥ Í¥¶μÎ±¨ ±¢ ´Éμ¢ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨° 	μ£μ²Õ¡μ¢ Ä	μ·´ Äƒ·¨´ Ä
Š¨·±¢Ê¤ Äˆ¢μ´  (		ƒŠˆ), ±μ£¤  · ¢´μ¢¥¸´ Ö ³ É·¨Í  ¶²μÉ´μ¸É¨ μ¶·¥¤¥²Ö-
¥É¸Ö Î¥·¥§  ´§ Í 	¥É¥.

1. –…��—Š� Š‚��’�‚›• Šˆ�…’ˆ—…‘Šˆ• “��‚�…�ˆ‰
��ƒ�‹���‚�Ä�����Äƒ�ˆ��ÄŠˆ�Š‚“„�Äˆ‚���

ˆ …… �…˜…�ˆ…

� ¸¸³μÉ·¨³ Í¥¶μÎ±Ê ±¢ ´Éμ¢ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨° 	μ£μ²Õ¡μ¢ Ä
	μ·´ Äƒ·¨´ ÄŠ¨·±¢Ê¤ Äˆ¢μ´  ¢ É·¥Ì³¥·´μ° μ£· ´¨Î¥´´μ° μ¡² ¸É¨ Λ [4, 5]:

i
∂ρΛ

s (t, x1, . . . , xs; x′
1, . . . , x

′
s)

∂t
= [HΛ

s , ρΛ
s ](t, x1, . . . , xs; x′

1, . . . , x
′
s)+

+
N

V

(
1 − s

N

)
Trxs+1

∑
1�i�s

(φi,s+1(|xi − xs+1|)−

− φi,s+1(|x′
i − xs+1|))ρΛ

s+1(t, x1, . . . , xs, xs+1; x′
1, . . . , x

′
s, xs+1) (2)

¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³

ρΛ
s (t, x1, . . . , xs; x′

1, . . . , x
′
s)|t=0 = ρΛ

s (0, x1, . . . , xs; x′
1, . . . , x

′
s).

‚ (2) ρ Å ³ É·¨Í  ¶²μÉ´μ¸É¨; x Å É·¥Ì³¥·´ Ö ±μμ·¤¨´ É  Î ¸É¨ÍÒ; t Å
¢·¥³Ö; m Å ³ ¸¸  Î ¸É¨ÍÒ; � = 1 Å ¶μ¸ÉμÖ´´ Ö �² ´± ; H Å £ ³¨²ÓÉμ´¨ ´
¸¨¸É¥³Ò Î ¸É¨Í; s Å Î¨¸²μ Î ¸É¨Í ¢ · ¸¸³ É·¨¢ ¥³μ° μ¡² ¸É¨; φi,j(|xi −
xj |) Å ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨. ƒ ³¨²ÓÉμ´¨ ´ ¸¨¸É¥³Ò
Î ¸É¨Í ¨³¥¥É ¢¨¤

HΛ
s (x1, . . . , xs) =

∑
1�i�s

(
− 1

2m
�xi + uΛ(xi)

)
+

∑
1�i<j�s

φi,j(|xi − xj |),

£¤¥ �xi Å ² ¶² ¸¨ ´.
�·¥¤¶μ² £ ¥É¸Ö, ÎÉμ μ¶¥· Éμ·Ò ρL

N ¨ £ ³¨²ÓÉμ´¨ ´ HL
N ¤¥°¸É¢ÊÕÉ ¢ ¶·μ-

¸É· ´¸É¢¥ H ¸ ´Ê²¥¢Ò³ £· ´¨Î´Ò³ Ê¸²μ¢¨¥³ [6].
„²Ö μ¶·¥¤¥²¥´¨Ö ·¥Ï¥´¨Ö Í¥¶μÎ±¨ (2) ¢¢¥¤¥³ ¸μ£² ¸´μ [6, 7] ¶·μ¸É· ´-

¸É¢μ Ö¤¥·´ÒÌ μ¶¥· Éμ·μ¢ BΛ, ±μÉμ·μ¥ Ö¢²Ö¥É¸Ö ¡ ´ Ìμ¢Ò³ ¶·μ¸É· ´¸É¢μ³
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥° ¶μ²μ¦¨É¥²Ó´μ μ¶·¥¤¥²¥´´ÒÌ ¸ ³μ¸μ¶·Ö¦¥´´ÒÌ Ö¤¥·´ÒÌ
μ¶¥· Éμ·μ¢ ρΛ

s (x1, . . . , xs; x′
1, . . . , x

′
s):

ρΛ = {ρΛ
0 , ρΛ

1 (x1; x′
1), . . . , ρ

Λ
s (x1, . . . , xs; x′

1, . . . , x
′
s), . . .},

£¤¥ ρΛ
0 Å ±μ³¶²¥±¸´μ¥ Î¨¸²μ, ρΛ

s ⊂ BΛ
s ,

ρΛ
s (x1, . . . , xs; x′

1, . . . , x
′
s) = 0, s > s0,
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s0 Å μ£· ´¨Î¥´´μ¥ Î¨¸²μ ¨ ´μ·³  μ¶·¥¤¥²¥´  ± ±

|ρΛ|1 =
∞∑

s=0

|ρΛ
s |1

¨
|ρΛ

s |1 = sup
∑

1�i�∞
|(ρΛ

s ψs
i , ϕ

s
i )|,

  ¢¥·Ì´ÖÖ £· ´¨Í  ¡¥·¥É¸Ö ¶μ ¢¸¥³ μ·Éμ´μ·³¨·μ¢ ´´Ò³ ¸¨¸É¥³ ³ Ë¨´¨É´ÒÌ,
¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨·Ê¥³ÒÌ ËÊ´±Í¨° ¸ ±μ³¶ ±É´Ò³ ´μ¸¨É¥²¥³ {ψs

i } ¨ {ϕs
i }

¢ Ls
2(Λ), s � 1 ¨

∣∣ρΛ
0

∣∣
1

=
∣∣ρΛ

0

∣∣. ‚¢¥¤Ö μ¶¥· Éμ·

(
Ω(Λ)ρΛ

)
s
(x1, . . . , xs; x′

1, . . . , x
′
s) =

N

V

(
1 − s

N

)
×

×
∫
Λ

∑
i

ρΛ
s+1(x1, . . . , xs, xs+1; x′

1, . . . , x
′
s, xs+1)g1

i (xs+1)g̃1
i (xs+1) dxs+1

¨ ¨¸¶μ²Ó§ÊÖ ³¥Éμ¤ ¶μ²Ê£·Ê¶¶Ò, ´  μ¸´μ¢¥ É¥μ·¥³Ò ‘ÉμÊ´  ¢ · ¸¸³ É·¨¢ ¥³μ³
¶·μ¸É· ´¸É¢¥ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¥¤¨´¸É¢¥´´μ¥ ·¥Ï¥´¨¥ Í¥¶μÎ±¨ ±¢ ´Éμ¢ÒÌ
±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨° 		ƒŠˆ ¢ ¢¨¤¥

ρΛ
s (t, x1, . . . , xs; x′

1, . . . , x
′
s) = UΛ(t)ρΛ

s (x1, . . . , xs; x′
1, . . . , x

′
s) =

= (eΩ(Λ)e−iHΛt e−Ω(Λ)ρΛ eiHΛt)s(x1, . . . , xs; x′
1, . . . , x

′
s), (3)

£¤¥
ρΛ

s (x1, . . . , xs; x′
1, . . . , x

′
s) =

∑
i=1

ψi(x1, . . . , xs)ψ∗
i (x′

1, . . . , x
′
s).

2. ��‡�– �…’… „‹Ÿ ��‡…-ƒ�‡�

‘²¥¤ÊÖ [2], · ¸¸³μÉ·¨³ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¤²Ö Î ¸É¨Í s,
¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸ ¶μÉ¥´Í¨ ²μ³ ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨¨

δ(|xi − xj |) =

{
∞, ¥¸²¨ xi = xj ,

0, ¥¸²¨ xi �= xj .

‚ μ¤´μ³¥·´μ³ ¶·μ¸É· ´¸É¢¥⎛
⎝−

s∑
1

1
2m

�xi +2c
∑

1�i<j�s

δ(|xi − xj |)

⎞
⎠ ψ = Eψ, (4)
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£¤¥ 2c � 0 Å  ³¶²¨ÉÊ¤  ¤¥²ÓÉ -ËÊ´±Í¨¨, μ¡² ¸ÉÓ · ¸¸³μÉ·¥´¨Ö § ¤ Î¨ μ¶·¥-
¤¥²Ö¥É¸Ö ± ± R: ¢¸¥ 0 � xi � L ¨ ¢μ²´μ¢ Ö ËÊ´±Í¨Ö ψ Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Õ
¶¥·¨μ¤¨Î´μ¸É¨ ¶μ ¢¸¥³ ¶¥·¥³¥´´Ò³. ‚ · ¡μÉ¥ [2] ¤μ± § ´μ, ÎÉμ μ¶·¥¤¥²¥´¨¥
·¥Ï¥´¨Ö ψ ¢ R Ô±¢¨¢ ²¥´É´μ μ¶·¥¤¥²¥´¨Õ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö

−
s∑
1

1
2m

�xi ψ = Eψ

¸ £· ´¨Î´Ò³ Ê¸²μ¢¨¥³(
∂ψ

∂xj
− ∂ψ

∂xk

)∣∣∣∣
xj=xk+0

−
(

∂ψ

∂xj
− ∂ψ

∂xk

)∣∣∣∣
xj=xk−0

= 2cψ|xj=xk
(5)

¤²Ö ψ ¢ μ¡² ¸É¨ R1 ¨ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ ¶¥·¨μ¤¨Î´μ¸É¨ Ô±¢¨¢ ²¥´É´μ Ê¸²μ-
¢¨Ö³ ¶¥·¨μ¤¨Î´μ¸É¨ ¢ R1:

ψ(0, x1, . . . , xs) = ψ(x1, . . . , xs, L), ψ|xj=xk+0 = ψ|xj=xk−0 .

ˆ¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨e (5), ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (4) ¢ Ëμ·³¥
 ´§ Í  	¥É¥ [2, 8]:

ψ(x1, . . . , xs) =
∑
P

a(P )P exp

⎛
⎝i

s∑
j=1

xjkj

⎞
⎠ (6)

¢ μ¡² ¸É¨ R1: 0 � x1 � x2 � . . . � xs � L ¸ ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨¥³

Es =
s∑

i=1

k2, £¤¥ ¸Ê³³¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ¶μ ¢¸¥³ ¶¥·¥¸É ´μ¢± ³ P Î¨¸¥² k

¨ a(P ) Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´´Ò³ ±μÔËË¨Í¨¥´Éμ³, § ¢¨¸ÖÐ¨³ μÉ P :

a(P ) = −c − i(kα − kβ)
c + i(kα − kβ)

= − exp (iθα1,α2),

£¤¥

θi,j = θ(ki − kj), θ(r) = −2 tan−1(r/c)

¨ r Å ·¥ ²Ó´ Ö ¢¥²¨Î¨´ :

π � θ(r) � −π.

„²Ö £ ³¨²ÓÉμ´¨ ´  ¸ ¶μÉ¥´Í¨ ²μ³ ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨¨

−
∑

1�i�s

1
2m

�xi +2c
∑

1�i<j�s

δ(|xi − xj |)
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Í¥¶μÎ±  ±¢ ´Éμ¢ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨° 		ƒŠˆ ¤²Ö μ¤´μ³¥·´μ° μ¡² ¸É¨
¨³¥¥É ¢¨¤

i
∂ρL

s (t, x1, . . . , xs; x′
1, . . . , x

′
s)

∂t
= [HL

s , ρL
s ](t, x1, . . . , xs; x′

1, . . . , x
′
s)+

+ 2c
N

|L|

(
1 − s

N

)
Trxs+1

∑
1�i�s

(δi,s+1(|xi − xs+1|)−

− δi,s+1(|x′
i − xs+1|))ρL

s (t, x1, . . . , xs, xs+1; x′
1, . . . , x

′
s, xs+1) (7)

¤²Ö 1 � s < N ¨

i
∂ρL

s (t, x1, . . . , xs; x′
1, . . . , x

′
s)

∂t
= [HL

s , ρL
s ](t, x1, . . . , xs; x′

1, . . . , x
′
s) (8)

¤²Ö s = N . ‡¤¥¸Ó · ¸¸³ É·¨¢ ¥³ ¸¨¸É¥³Ê ¡μ§μ´μ¢ ¢ μ¤´μ³¥·´μ° μ¡² ¸É¨ L,
£¤¥ Λ = L3 μ¡Ñ¥³μ³ V = |Λ = L3|. �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ μ¶¥· Éμ·Ò ρL

N ¨
£ ³¨²ÓÉμ´¨ ´ HL

N ¤¥°¸É¢ÊÕÉ ¢ ¶·μ¸É· ´¸É¢¥ H ¸ ´Ê²¥¢Ò³ £· ´¨Î´Ò³ Ê¸²μ-
¢¨¥³ [7].

‘μ£² ¸´μ Ëμ·³Ê²¥ (3) ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (7) ¨ (8) ¡Ê¤ÊÉ ¨³¥ÉÓ ¢¨¤ ¸μ-
μÉ¢¥É¸É¢¥´´μ [7]:

ρL
s (t, x1, . . . , xs; x′

1, . . . , x
′
s) = UL(t)ρL

s (x1, . . . , xs; x′
1, . . . , x

′
s) =

= (eΩ(L) e−iHLt e−Ω(L)ρL eiHLt)s(x1, . . . , xs; x′
1, . . . , x

′
s) (9)

¨

ρL
s (t, x1, . . . , xs; x′

1, . . . , x
′
s) = UL(t)ρL

s (x1, . . . , xs; x′
1, . . . , x

′
s) =

= (e−iT t ρL eiT t)s(x1, . . . , xs; x′
1, . . . , x

′
s), (10)

£¤¥

ρL
s (x1, . . . , xs; x′

1, . . . , x
′
s) =

∑
i=1

ψi(x1, . . . , xs)ψ∗
i (x′

1, . . . , x
′
s),

ψ(x1, . . . xs) =
∑
P

a(P )P exp

⎛
⎝i

s∑
j=1

xjkj

⎞
⎠ ,

ψ(x1, . . . , xs) Å  ´§ Í 	¥É¥ (6) ¨ T = −
s∑
i

�xi Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö

¸¨¸É¥³Ò. „²Ö Ëμ·³Ê² (9) ¨ (10) ³μ¦´μ μ¶·¥¤¥²¨ÉÓ Ô´É·μ¶¨Õ Ëμ´ �¥°³ ´ 
(±μ²¨Î¥¸É¢μ ¨´Ëμ·³ Í¨¨) ¸ ¶μ³μÐÓÕ Ëμ·³Ê²Ò

S = −Tr ρL
s (t) ln ρL

s (t),

£¤¥ ln Å (´ ÉÊ· ²Ó´Ò°) ³ É·¨Î´Ò° ²μ£ ·¨Ë³.
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„²Ö ¸²ÊÎ Ö s = 2 ¨§ Ê· ¢´¥´¨° (5), (4) ¶·¨ t = 0 ³μ¦´μ ¶μ²ÊÎ¨ÉÓ [2, 9, 10]:

a1,2(k1, k2) ei(k1x1+k2x2) + a2,1(k1, k2) ei(k2x1+k1x2)

¨
ik2a1,2 + ik1a2,1 − ik1a1,2 − ik2a2,1 = c(a1,2 + a2,1)

¨²¨

a2,1 = −c − (k2 − k1)
c + (k2 − k1)

a1,2.

…¸²¨ ¢Ò¡¥·¥³
a1,2 = ei(k1x1+k2x2),

¶μ²ÊÎ¨³

ei(k2y1+k1y2) = −c − i(k2 − k1)
c − i(k2 − k1)

ei(k1y1+k2y2) = −eiθ2,1 ei(k1y1+k2y2).

3. ��ˆŒ…�…�ˆ… ��‡�–� �…’…
‚ ˆ�”��Œ�–ˆ����‰ ’…•��‹�ƒˆˆ

� ¸¸³μÉ·¨³, ± ± ¶μ¸²¥¤´¥¥ Ê· ¢´¥´¨¥ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´μ ¤²Ö É·¥Ì-
¸ÉÊ¶¥´Î Éμ° ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨. �Ê¸ÉÓ �²¨¸  Ï¨Ë·Ê¥É ¨´Ëμ·³ Í¨Õ P =
ei(k1x1+k2x2+k3x3+k4x4) ¸ ¶μ³μÐÓÕ ±²ÕÎ  Ï¨Ë·μ¢ ´¨Ö E1 = eiθ1,4 eiθ4,3 eiθ3,2×
eiθ2,1 ¨ μÉ¶· ¢²Ö¥É ¥¥ 	μ¡Ê:

E1P = eiθ1,4 eiθ4,3 eiθ3,2 eiθ2,1 ei(k1x1+k2x2+k3x3+k4x4) =

= ei(k2x1+k3x2+k4x3+k1x4).

	μ¡, ¶μ²ÊÎ¨¢ ÔÉÊ ¨´Ëμ·³ Í¨Õ, Ï¨Ë·Ê¥É ¥¥ ¸¢μ¨³ ±²ÕÎμ³ E2 = eiθ2,4 eiθ1,3×
eiθ4,2 eiθ3,1 ¨ μÉ¶· ¢²Ö¥É ¤¢ ¦¤Ò § Ï¨Ë·μ¢ ´´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡· É´μ �²¨¸¥:

E2E1P = eiθ2,4 eiθ1,3 eiθ4,2eiθ3,1 ei(k2x1+k3x2+k4x3+k1x4) =

= ei(k4x1+k1x2+k2x3+k3x4).

�μ²ÊÎ¨¢ ¶μ¸²¥¤´ÕÕ ¨´Ëμ·³ Í¨Õ μÉ 	μ¡ , �²¨¸  ¤¥Ï¨Ë·Ê¥É ¥¥ ¸¢μ¨³ ±²Õ-
Îμ³ D1 = eiθ3,4 eiθ2,3 eiθ1,2 eiθ4,1 :

D1E2E1P = eiθ3,4 eiθ2,3 eiθ1,2 eiθ4,1 ei(k4x1+k1x2+k2x3+k3x4) =

= ei(k3x1+k4x2+k1x3+k2x4)
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¨ μÉ¶· ¢²Ö¥É μ¡· É´μ 	μ¡Ê. ’¥¶¥·Ó ¨´Ëμ·³ Í¨Ö § Ï¨Ë·μ¢ ´  Éμ²Ó±μ μ¤´¨³
±²ÕÎμ³ 	μ¡ . 	μ¡, ¶μ²ÊÎ¨¢ ÔÉÊ ¨´Ëμ·³ Í¨Õ, ¤¥Ï¨Ë·Ê¥É ¥¥ ¸¢μ¨³ ±²ÕÎμ³
¤¥Ï¨Ë·μ¢ ´¨Ö D2 = eiθ2,4 eiθ1,3 eiθ4,2 eiθ3,1 :

D2D1E2E1P = eiθ2,4 eiθ1,3 eiθ4,2 eiθ3,1 ei(k3x1+k4x2+k1x3+k2x4) =

= ei(k1x1+k2x2+k3x3+k4x4).

�μ¸²¥¤´ÖÖ ¨´Ëμ·³ Í¨Ö ¸μ¢¶ ¤ ¥É ¸ ¨´Ëμ·³ Í¨¥°, ±μÉμ·ÊÕ �²¨¸  ÌμÉ¥²  μÉ-
¶· ¢¨ÉÓ 	μ¡Ê. � §² £ Ö ¢ ·Ö¤ ±²ÕÎ¨ Ï¨Ë·μ¢ ´¨Ö E1, E2 ¨ ¤¥Ï¨Ë·μ¢ ´¨Ö
D1, D2 ¢ ³ É·¨Î´μ° Ëμ·³¥, ³μ¦´μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¶·μÍ¥¸¸ Ï¨Ë·μ¢ ´¨Ö ¨
E1, E2, D1, D2 Ô±¢¨¢ ²¥´É´Ò ¶·μÍ¥¸¸Ê Ï¨Ë·μ¢ ´¨Ö ¨ ¤¥Ï¨Ë·μ¢ ´¨Ö ¢ ³ -
É·¨Î´μ° Ëμ·³¥:

E1 =

1
1

1
1

, E2 =

1
1

1
1

,

D1 =

1
1

1
1

, D2 =

1
1

1
1

.

Œ É·¨ÍÒ E1 ¨ E2 Ö¢²ÖÕÉ¸Ö ±μ³³ÊÉ É¨¢´Ò³¨:

E1 × E2 =

1
1

1
1

×

1
1

1
1

=

E2 × E1 =

1
1

1
1

×

1
1

1
1

=

1
1

1
1

.

’ ±¦¥ ³μ¦´μ ¶μ± § ÉÓ, ÎÉμ E−1
1 Ö¢²Ö¥É¸Ö μ¡· É´μ° E1:

E1 × E−1
1 =

1
1

1
1

×

1
1

1
1

=

1
1

1
1

.
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�´ ²μ£¨Î´μ

E2 × E−1
2 =

1
1

1
1

×

1
1

1
1

=

1
1

1
1

.

�·¨¢¥¤¥³ ¶·¨³¥· É·¥Ì¸ÉÊ¶¥´Î Éμ° ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨ ¢ÒÏ¥Ê± § ´´Ò³¨
³ É·¨Í ³¨.

�Ê¸ÉÓ ´ Î ²Ó´ Ö ¨´Ëμ·³ Í¨Ö ¨³¥¥É ¢¨¤

X =

1
2
3
4

.

’μ£¤ 

E1X =

1
1

1
1

×

1
2
3
4

=

2
3
4
1

,

E2E1X =

1
1

1
1

×

2
3
4
1

=

4
1
2
3

,

D1E2E1X =

1
1

1
1

×

4
1
2
3

=

3
4
1
2

,

D2D1E2E1X =

1
1

1
1

×

3
4
1
2

=

1
2
3
4

= X .

‚ ¡¨´ ·´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¶Ê¸ÉÓ ´ Î ²Ó´ Ö ¨´Ëμ·³ Í¨Ö ¨³¥¥É ¢¨¤

X =

0
1
1
0

.
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’μ£¤ 

E1X =

1
1

1
1

×

0
1
1
0

=

1
1
0
0

,

E2E1X =

1
1

1
1

×

1
1
0
0

=

0
0
1
1

,

D1E2E1X =

1
1

1
1

×

0
0
1
1

=

1
0
0
1

,

D2D1E2E1X =

1
1

1
1

×

1
0
0
1

=

0
1
1
0

= X .

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö ´μ¢Ò°, μ¸´μ¢ ´´Ò° ´  ¸É É¨¸É¨Î¥¸±μ° ³¥Ì ´¨±¥
³¥Éμ¤ Ï¨Ë·μ¢ ´¨Ö, ¶μ§¢μ²ÖÕÐ¨° ¶¥·¥¤ ¢ ÉÓ ¨´Ëμ·³ Í¨Õ ¡¥§ ¶·μÍ¥¸¸  ¶¥·¥-
¤ Î¨ ±²ÕÎ  Ï¨Ë·μ¢ ´¨Ö ¶μ¸²¥ μÉ¶· ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨,   É ±¦¥ μ¶·¥¤¥²ÖÉÓ
¤²Ö ± ¦¤μ° ÖÎ¥°±¨ ¨´Ëμ·³ Í¨¨ ¸¢μ¥ ¸μ¡¸É¢¥´´μ¥ ¶·¥μ¡· §μ¢ ´¨¥. ‘ ÔÉμ° Í¥-
²ÓÕ ¨¸¶μ²Ó§ÊÕÉ¸Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (³μ¤¥²Ó ‹¨¡ Ä‹¨´¨£¥· ) ¨
Í¥¶μÎ±¨ ±¢ ´Éμ¢ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨° 		ƒŠˆ ¸ ¶μÉ¥´Í¨ ²μ³ ¢ Ëμ·³¥
¤¥²ÓÉ -ËÊ´±Í¨¨.

�·¥¨³ÊÐ¥¸É¢  ¶·¥¤² £ ¥³ÒÌ  ²£μ·¨É³  ¨ ³¥Éμ¤  ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨:
Å ´ ²¨Î¨¥ ¶μ²´μ° ¸¨¸É¥³Ò ¶·¥μ¡· §μ¢ ´¨° μ¡¥¸¶¥Î¨¢ ¥É ¶μ²´ÊÕ ¤¨Ë-

ËÊ§¨Õ ¡¨Éμ¢ ´  ± ¦¤μ³ ÔÉ ¶¥ ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨ ¢ É·¥Ì¸ÉÊ¶¥´Î Éμ³ ¶·μ-
Éμ±μ²¥;

Å  ²£μ·¨É³ Ô±μ´μ³¨Î¥¸±¨ ÔËË¥±É¨¢¥´, ¶μ¸±μ²Ó±Ê Ìμ·μÏ Ö ¤¨ËËÊ§¨Ö
μ¡¥¸¶¥Î¨¢ ¥É ¨¸¶μ²Ó§μ¢ ´¨¥ ´¥¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ¡¨É (¥¸²¨ ¢ ¸μ¢·¥³¥´´ÒÌ
¶·μ£· ³³ Ì ¤²Ö ¢Ò· ¦¥´¨Ö ¡Ê±¢ É·¥¡Ê¥É¸Ö ¶ÖÉÓ ÖÎ¥¥±, Éμ ¢ ¶·¥¤² £ ¥³μ³
¶μ¤Ìμ¤¥ ³μ¦´μ ¢Ò· §¨ÉÓ ¡Ê±¢Ê μ¤´μ° ÖÎ¥°±μ°);

Å ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ Ê¸É ´μ¢²¥´¨Ö ´Ê²¥¢μ° ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê μÉ±·Ò-
ÉÒ³ ¨ Ï¨Ë·μ¢ ´´Ò³ É¥±¸É ³¨, ÎÉμ Ö¢²Ö¥É¸Ö Ê¸²μ¢¨¥³ ¨¤¥ ²Ó´μ£μ Ï¨Ë·μ-
¢ ´¨Ö;
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Å ¶·¥¤² £ ¥³Ò° ³¥Éμ¤ μ¡¥¸¶¥Î¨¢ ¥É ¨¸±²ÕÎ¥´¨¥ ¶¥·¥¤ Î¨ ±²ÕÎ¥° Ï¨Ë-
·μ¢ ´¨Ö ³¥¦¤Ê ¶ ·É´¥· ³¨, ÎÉμ Ö¢²Ö¥É¸Ö ¸ ³μ° μ¶ ¸´μ° Î ¸ÉÓÕ ¶¥·¥¤ Î¨
¨´Ëμ·³ Í¨¨;

Å ¤ ´´Ò° ¶μ¤Ìμ¤ ¤ ¸É ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·μ£· ³³Ò, ¸μ¸É ¢²¥´-
´Ò¥ ¶μ ¶·¥¤² £ ¥³μ° ³¥Éμ¤¨±¥, ± ± ´  ¸μ¢·¥³¥´´ÒÌ, É ± ¨ ´  ±¢ ´Éμ¢ÒÌ
±μ³¶ÓÕÉ¥· Ì;

Å ¤ ´´Ò° ¶μ¤Ìμ¤ ¤ ¸É ¢μ§³μ¦´μ¸ÉÓ ¶·μ£· ³³¨·μ¢ ÉÓ · ¸¶·μ¸É· ´¥´¨¥
¡μ§μ´μ¢, ¢ Éμ³ Î¨¸²¥ ËμÉμ´μ¢ (¸¢¥É ), ¢ μ¤´μ³¥·´μ¥ ¶·μ¸É· ´¸É¢μ ¨ ¢μ
¢·¥³¥´¨.
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