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� ¸¸³μÉ·¥´  ³μ¤¥²Ó ³´μ£μÊ·μ¢´¥¢μ° ¸¨¸É¥³Ò, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ¸ ´ ¡μ·μ³ ·¥-
§¥·¢Ê ·μ¢, ¤²Ö ±μÉμ·μ° ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ÉμÎ´ÊÕ ¤¨´ ³¨±Ê ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ
¶²μÉ´μ¸É¨ ¸¨¸É¥³Ò, ´¥ ¨¸¶μ²Ó§ÊÖ ³ ·±μ¢¸±μ¥ ¶·¨¡²¨¦¥´¨¥. � ¨³¥´´μ, ¤ ´´ Ö ¤¨´ -
³¨±  ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²Ö¥É¸Ö ±μ´¥Î´Ò³ ´ ¡μ·μ³ ²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢-
´¥´¨°. ‚ ¤ ´´μ° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ · ´¥¥ ¤²Ö μ¤´μ£μ ²μ·¥´Í¥¢¸±μ£μ ¶¨± 
¢ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨, μ¡μ¡Ð¥´Ò ´  ¸²ÊÎ ° ¶·μ¨§¢μ²Ó´μ£μ Î¨¸²  É ±¨Ì ¶¨±μ¢,  
É ±¦¥ ÊÎÉ¥´ ¢±² ¤ μ³¨Î¥¸±μ° ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨.

The model of a multilevel system interacting with several reservoirs is considered.
The exact reduced density matrix evolution could be obtained for this model without
Markov approximation. Namely, this evolution is fully deˇned by the ˇnite set of linear
differential equations. In this work, the results which were obtained previously for only
one Lorentz peak in the spectral density are generalized to the case of an arbitrary number
of such peaks. The case of the Ohmic contribution in the spectral density is also taken
into account.
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‘É·μ£¨° ¢Ò¢μ¤ Ê· ¢´¥´¨° ¤¨´ ³¨±¨ ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨
¸¨¸É¥³Ò ¢ ³ ·±μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¡¥·¥É ¸¢μ¥ ´ Î ²μ ¢ · ¡μÉ¥ �.Œ. Š·Ò-
²μ¢  ¨ �.�. 	μ£μ²Õ¡μ¢  [1]. ˆ§²μ¦¥´´Ò¥ É ³ ³¥Éμ¤Ò ¶μ²ÊÎ¨²¨ · §¢¨É¨¥
¢ · ³± Ì É¥μ·¨¨ ¸ÉμÌ ¸É¨Î¥¸±μ£μ ¶·¥¤¥² , ¸μ¢·¥³¥´´μ¥ ¨§²μ¦¥´¨¥ ±μÉμ·μ°
³μ¦¥É ¡ÒÉÓ ´ °¤¥´μ ¢ [2]. �μ²ÊÎ ¥³Ò¥ ¶·¨ ÔÉμ³ ±¨´¥É¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¤²Ö
³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ¸¨¸É¥³Ò ¨³¥ÕÉ ¢¨¤ Ê· ¢´¥´¨° ƒμ·¨´¨ÄŠμ¸¸ ±μ¢¸±μ£μÄ
‘Ê¤ ·Ï ´ Ä‹¨´¤¡² ¤  (ƒŠ‘‹) [3,4].

�¤´ ±μ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¢¸¥ ¡μ²ÓÏ¨° ¨´É¥·¥¸ ¶·¨¢²¥± ÕÉ § ¤ Î¨ ´¥-
³ ·±μ¢¸±μ° ¤¨´ ³¨±¨ [5Ä12]. ‚ Î ¸É´μ¸É¨, ¥¸É¥¸É¢¥´´μ § ¤ ÉÓ¸Ö ¢μ¶·μ¸μ³,
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±μ£¤  ´¥³ ·±μ¢¸± Ö ¤¨´ ³¨±  ¸¨¸É¥³Ò ³μ¦¥É ¡ÒÉÓ · ¸Ï¨·¥´  ¤μ ³ ·±μ¢¸±μ°
¤¨´ ³¨±¨ ¤²Ö ±μ´¥Î´μ³¥·´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨. ‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ -
É·¨¢ ¥É¸Ö ³μ¤¥²Ó ³´μ£μÊ·μ¢´¥¢μ° ¸¨¸É¥³Ò, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ¸ ·¥§¥·¢Ê -
· ³¨ ¶·¨ ´Ê²¥¢μ° É¥³¶¥· ÉÊ·¥, ¤²Ö ±μÉμ·μ° ¤¨´ ³¨±  ³ É·¨ÍÒ ¶²μÉ´μ¸É¨
¸¨¸É¥³Ò ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  ÉμÎ´μ ¢ É¥·³¨´ Ì ±μ´¥Î´μ³¥·´μ£μ Ê· ¢´¥´¨Ö
˜·ß¤¨´£¥·  ¸ ´¥Ô·³¨Éμ¢Ò³ £ ³¨²ÓÉμ´¨ ´μ³. ŒÒ ¶·μ ´ ²¨§¨·Ê¥³ ¸²ÊÎ ¨, ±μ-
£¤  ¤¨´ ³¨±  ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ³μ¦¥É ¡ÒÉÓ · ¸Ï¨·¥´  ¤μ
³ ·±μ¢¸±μ° ¤¨´ ³¨±¨ ¡μ²ÓÏ¥°, ´μ ±μ´¥Î´μ° · §³¥·´μ¸É¨.

„ ´´ Ö · ¡μÉ  · §¢¨¢ ¥É ¨ μ¡μ¡Ð ¥É ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ [13, 14].
‚ · §¤. 1 ³Ò μ¶¨Ï¥³ · ¸¸³ É·¨¢ ¥³ÊÕ ³μ¤¥²Ó ¨ ¶·¨¢¥¤¥³ ·¥§Ê²ÓÉ ÉÒ · -
¡μÉÒ [14], ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ´ ¸ÉμÖÐ¥° ¸É ÉÓ¨. ‡  ¶μ¤·μ¡´Ò³ μ¡¸Ê¦¤¥´¨¥³
Éμ£μ, ± ± ¤ ´´ Ö ³μ¤¥²Ó ¸¢Ö§ ´  ¸ ¤·Ê£¨³¨ ¨§¢¥¸É´Ò³¨ ¢ ²¨É¥· ÉÊ·¥ ³μ¤¥²Ö³¨,
³Ò μÉ¸Ò² ¥³ Î¨É É¥²Ö ± [13, 14]. “¶μ³Ö´¥³ Éμ²Ó±μ, ÎÉμ μ´  É¥¸´μ ¸¢Ö§ ´  ¸
³μ¤¥²ÓÕ ”·¨¤·¨Ì¸  [15],   ³¥Éμ¤, ¨¸¶μ²Ó§Ê¥³Ò° ´ ³¨ ¢ ÊÉ¢¥·¦¤¥´¨ÖÌ 1 ¨ 3,
Ö¢²Ö¥É¸Ö · §¢¨É¨¥³ ³¥Éμ¤  ¶¸¥¢¤μ³μ¤, ¶·¥¤²μ¦¥´´μ£μ ¢ [16Ä18]. ‚ · §¤. 2
³Ò · ¸¸³μÉ·¨³ ¸²ÊÎ °, ±μ£¤  ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ·¥§¥·¢Ê ·  Ö¢²Ö¥É¸Ö
±μ³¡¨´ Í¨¥° ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢,   ¢ · §¤. 3 ÊÎÉ¥³ μ³¨Î¥¸±¨° ¢±² ¤ ¢ ¸¶¥±-
É· ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ. � ±μ´¥Í, ¢ § ±²ÕÎ¥´¨¨ ³Ò ¶μ¤¢¥¤¥³ ¨Éμ£¨ ¨ ´ ³¥É¨³
¢μ§³μ¦´Ò¥ ´ ¶· ¢²¥´¨Ö ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.

1. Œ�„…‹œ

ŒÒ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¤¨´ ³¨±Ê ¢ £¨²Ó¡¥·Éμ¢μ³ ¶·μ¸É· ´¸É¢¥

H ≡ (C ⊕ C
N ) ⊗

N⊗
i=1

Fb(L2(R)).

‡¤¥¸Ó C⊕C
N Å (N +1)-³¥·´μ¥ £¨²Ó¡¥·Éμ¢μ ¶·μ¸É· ´¸É¢μ ¸ ¢Ò¤¥²¥´´Ò³ μ¤-

´μ³¥·´Ò³ ²¨´¥°´Ò³ ¶μ¤¶·μ¸É· ´¸É¢μ³. ‘É¥¶¥´¨ ¸¢μ¡μ¤Ò CN μ¶¨¸Ò¢ ÕÉ ¢μ§-
¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö ¸¨¸É¥³Ò,   ¢Ò¤¥²¥´´μ¥ ¶μ¤¶·μ¸É· ´¸É¢μ ¸μμÉ¢¥É¸É¢Ê¥É
μ¸´μ¢´μ³Ê ¸μ¸ÉμÖ´¨Õ. �Ê¸ÉÓ |i〉, i = 0, 1, . . . , N , Å μ·Éμ´μ·³¨·μ¢ ´´Ò° ¡ -
§¨¸ ¶·μ¸É· ´¸É¢  C ⊕ CN , £¤¥ |0〉 ¸μμÉ¢¥É¸É¢Ê¥É ¢Ò¤¥²¥´´μ³Ê ¶·μ¸É· ´¸É¢Ê.
Fb(L2(R)) Å ¡μ§μ´´Ò¥ Ëμ±μ¢¸±¨¥ ¶·μ¸É· ´¸É¢ , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥§¥·-
¢Ê · ³. �¡μ§´ Î¨³ |Ω〉 ¢ ±ÊÊ³´μ¥ ¸μ¸ÉμÖ´¨¥ ÔÉ¨Ì ·¥§¥·¢Ê ·μ¢. ’ ±¦¥ ¢¢¥¤¥³
μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö, Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥ ± ´μ´¨Î¥¸±¨³ ±μ³-
³ÊÉ Í¨μ´´Ò³ ¸μμÉ´μÏ¥´¨Ö³: [bi(k), b†j(k

′)] = δijδ(k − k′), [bi(k), bj(k′)] = 0,
bi(k)|Ω〉 = 0.

ŒÒ · ¸¸³ É·¨¢ ¥³ £ ³¨²ÓÉμ´¨ ´, ±μÉμ·Ò° μ¡´Ê²Ö¥É¸Ö ´  μ¸´μ¢´μ³ ¸μ-
¸ÉμÖ´¨¨, ¢ μ¸É ²Ó´μ³ ¦¥ ¨³¥¥É μ¡Ð¨° ¢¨¤. � ¨³¥´´μ,

ĤS =
∑

i

εi|i〉〈i| +
∑
i�=j

Jij |i〉〈j| = 0 ⊕ HS , i, j = 1, . . . , N, (1)
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£¤¥ ³Ò ´¥ ¶·¥¤¶μ² £ ¥³, ÎÉμ ĤS ¤¨ £μ´ ²¨§Ê¥É¸Ö ¢ ¡ §¨¸¥ |i〉. ‘ Ë¨§¨Î¥¸±μ°
ÉμÎ±¨ §·¥´¨Ö |i〉 ¨£· ¥É ·μ²Ó ²μ± ²Ó´μ£μ ¡ §¨¸  [19].

ƒ ³¨²ÓÉμ´¨ ´ ·¥§¥·¢Ê ·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸Ê³³Ò μ¤¨´ ±μ¢ÒÌ £ ³¨²Ó-
Éμ´¨ ´μ¢ ¸¢μ¡μ¤´ÒÌ ¡μ§μ´´ÒÌ ¶μ²¥° (¸ μ¤¨´ ±μ¢Ò³¨ ¤¨¸¶¥·¸¨μ´´Ò³¨ ¸μμÉ-
´μÏ¥´¨Ö³¨ ω(k)):

ĤB =
N∑

i=1

∫
ω(k) b†i (k) bi(k) dk. (2)

‚§ ¨³μ¤¥°¸É¢¨¥ μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ £ ³¨²ÓÉμ´¨ ´μ³:

ĤI =
∑

i

∫ (
g∗(k)|0〉〈i| ⊗ b†i (k) + g(k)|i〉〈0| ⊗ bi(k)

)
dk. (3)

�É³¥É¨³, ÎÉμ ¤ ´´μ¥ ¢Ò· ¦¥´¨¥ ÊÎ¨ÉÒ¢ ¥É, ÎÉμ ± ¦¤Ò° Ê·μ¢¥´Ó ¢§ ¨³μ¤¥°-
¸É¢Ê¥É ¸μ ¸¢μ¨³ ·¥§¥·¢Ê ·μ³,   ËÊ´±Í¨¨ g(k) (¨´μ£¤  ´ §Ò¢ ¥³Ò¥ Ëμ·³Ë ±Éμ-
· ³¨ [21]) ¸μ¢¶ ¤ ÕÉ ¤²Ö ¢¸¥Ì ·¥§¥·¢Ê ·μ¢. ‘ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö É ±μ°
£ ³¨²ÓÉμ´¨ ´ ¶μ¤· §Ê³¥¢ ¥É, ÎÉμ ¢Ò¶μ²´¥´μ ¤¨¶μ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ (É ± ± ±
ÊÎÉ¥´Ò Éμ²Ó±μ Î²¥´Ò, ²¨´¥°´Ò¥ ¶μ μ¶¥· Éμ· ³ ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö),  
É ±¦¥ ¶·¨¡²¨¦¥´¨Ö ¢· Ð ÕÐ¥°¸Ö ¢μ²´Ò (ÔÉμ ¢Ò· ¦¥´μ ¢ μÉ¸ÊÉ¸É¢¨¨ Î²¥´μ¢
|i〉〈0| ⊗ b†i (k) ¢ £ ³¨²ÓÉμ´¨ ´¥).

ŒÒ · ¸¸³μÉ·¨³ Ê· ¢´¥´¨¥ ˜·ß¤¨´£¥· 

d

dt
|Ψ(t)〉 = −iĤ|Ψ(t)〉 (4)

¸ £ ³¨²ÓÉμ´¨ ´μ³ Ĥ = ĤS ⊗ I + I ⊗ ĤB + ĤI ¨ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³

|Ψ(0)〉 = (|ψ(0)〉 + ψ0(0)|0〉) ⊗ |Ω〉, 〈0|ψ(0)〉 = 0, (5)

É. ¥. ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ Ö¢²Ö¥É¸Ö ¶μ²´μ¸ÉÓÕ Ë ±Éμ·¨§μ¢ ´´Ò³ ¨ ¶·¥¤¶μ² £ ¥É
´Ê²¥¢ÊÕ É¥³¶¥· ÉÊ·Ê ·¥§¥·¢Ê · .

� ¸ ¡Ê¤¥É ¨´É¥·¥¸μ¢ ÉÓ ¤¨´ ³¨±  ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨

ρS(t) ≡ trR |Ψ(t)〉〈Ψ(t)|,

£¤¥ trR Å Î ¸É¨Î´Ò° ¸²¥¤ ¶μ ·¥§¥·¢Ê ·Ê, É. ¥. ¶μ ¶·μ¸É· ´¸É¢ ³
N⊗

i=1

Fb(L2(R)).

‚ [14] ³Ò ¤μ± § ²¨ ¸²¥¤ÊÕÐÊÕ É¥μ·¥³Ê, ¶μ§¢μ²ÖÕÐÊÕ μ¶¨¸ ÉÓ ¤¨´ ³¨±Ê ·¥-
¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ¢ É¥·³¨´ Ì ±μ´¥Î´μ³¥·´μ£μ ·¥Ï¥´¨Ö ¨´-
É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö.

’¥μ·¥³  1. �Ê¸ÉÓ ¨´É¥£· ² ¸Ìμ¤¨É¸Ö (±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ·¥§¥·-
¢Ê · )

G(t) =
∫

|g(k)|2 e−iω(k)t dk (6)
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¤²Ö ¶·μ¨§¢μ²Ó´μ£μ ³μ³¥´É  ¢·¥³¥´¨ t ∈ R+ ¨ μ¶·¥¤¥²Ö¥É ´¥¶·¥·Ò¢´ÊÕ ËÊ´±-
Í¨Õ, Éμ£¤ 

ρS(t) =

(
1 − ||ψ(t)||2 ψ0(0)〈ψ(t)|
ψ∗

0(0)|ψ(t)〉 |ψ(t)〉〈ψ(t)|

)
,

£¤¥ |ψ(t)〉 Å ·¥Ï¥´¨¥ ¨´É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö

d

dt
|ψ(t)〉 = −iHS|ψ(t)〉 −

t∫
0

ds G(t − s)|ψ(s)〉 (7)

¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³ |ψ(t)〉|t=0 = |ψ(0)〉.
‚ Ë¨§¨Î¥¸±μ° ²¨É¥· ÉÊ·¥ Î ¸Éμ ¸Î¨É ¥É¸Ö § ¤ ´´μ° ´¥ ËÊ´±Í¨Ö g(k)

¨²¨ G(t),   ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ J (ω), É. ¥. ¶·¥μ¡· §μ¢ ´¨¥ ”Ê·Ó¥ ËÊ´±-
Í¨¨ G(t):

G(t) =

+∞∫
−∞

dω

2π
e−iωtJ (ω), J (ω) =

+∞∫
−∞

G(t) eiωtdt.

‚ [14] ³Ò · ¸¸³μÉ·¥²¨ ¸²ÊÎ ° ¸¶¥±É· ²Ó´ÒÌ ¶²μÉ´μ¸É¥° ¸ μ¤´¨³ ²μ·¥´Í¥¢-
¸±¨³ ¶¨±μ³. ‚ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥ ³Ò μ¡μ¡Ð¨³ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ´  ¸²ÊÎ °
¶·μ¨§¢μ²Ó´μ£μ ±μ´¥Î´μ£μ Î¨¸²  ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢,   ¢ · §¤. 3 ÊÎÉ¥³ ¢±² ¤
μ³¨Î¥¸±μ° ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨.

2. ����� ‹��…�–…‚‘Šˆ• �ˆŠ�‚

‚ ¤ ´´μ³ · §¤¥²¥ ³Ò ¸¢¥¤¥³ ¤¨´ ³¨±Ê ¸μ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸ÉÓÕ ¢
¢¨¤¥ ¶μ²μ¦¨É¥²Ó´μ° ±μ³¡¨´ Í¨¨ ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢

JL(ω) =
K∑

j=1

γjg
2
j(γj

2

)2

+ (ω − εj)2
, gj > 0, γi > 0, K ∈ N, (8)

± ¸¨¸É¥³¥ ²¨´¥°´ÒÌ Ê· ¢´¥´¨°. Šμ´¥Î´Ò° ´ ¡μ· Î¨¸¥² gj ¨ ËÊ´±Í¨Ö g(k)
μ¡μ§´ Î¥´Ò μ¤´μ° ¡Ê±¢μ°, É ± ± ± μ´¨ ¨³¥ÕÉ ¡²¨§±¨° Ë¨§¨Î¥¸±¨° ¸³Ò¸².
�·¨ ÔÉμ³ ¸Éμ¨É ¶μ³´¨ÉÓ, ÎÉμ g(k) Å ±μ³¶²¥±¸´μ-§´ Î´Ò¥ ËÊ´±Í¨¨,   gj Å
¸É·μ£μ ¶μ²μ¦¨É¥²Ó´Ò¥ ¢¥Ð¥¸É¢¥´´Ò¥ Î¨¸² . Šμ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ·¥§¥·-
¢Ê ·  ¢ ¸²ÊÎ ¥ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨ (8) ¶·¨´¨³ ¥É ¢¨¤

GLorentz(t) =
K∑

j=1

g2
j exp

(
−γj

2
|t| − iεjt

)
. (9)

’μ£¤  ¢Ò¶μ²´¥´μ ¸²¥¤ÊÕÐ¥¥ ÊÉ¢¥·¦¤¥´¨¥.
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“É¢¥·¦¤¥´¨¥ 1. �Ê¸ÉÓ |ψ(t)〉 Å ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (7) ¸ ´ Î ²Ó´Ò³ Ê¸²μ-
¢¨¥³ |ψ(t)〉|t=0 = |ψ(0)〉 ¢ ¸²ÊÎ ¥, ±μ£¤  G(t) = GLorentz(t) μ¶·¥¤¥²Ö¥É¸Ö
Ëμ·³Ê²μ° (9), Éμ£¤  (K+1)N -³¥·´Ò° ¢¥±Éμ· |ψ̃(t)〉 ≡ |ψ(t)〉⊕⊕K

j=1|ϕj(t)〉 ∈
⊕K+1CN , £¤¥

|ϕj(t)〉 ≡ −igj

t∫
0

ds exp
[
−

(γj

2
+ iεj

)
(t − s)

]
|ψ(s)〉, (10)

Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ ˜·ß¤¨´£¥·  ¸ ´¥Ô·³¨Éμ¢Ò³ £ ³¨²ÓÉμ´¨ ´μ³

d

dt
|ψ̃(t)〉 = −iHeff |ψ̃(t)〉,

Heff =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

HS g1IN g2IN · · · gKIN

g1IN

(
ε1 − i

γ1

2

)
IN 0 · · · 0

g2IN 0
(
ε2 − i

γ2

2

)
IN · · · 0

...
...

...
. . . 0

gKIN 0 0 0
(
εK − i

γK

2

)
IN

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(11)

¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³ |ψ̃(0)〉 = |ψ(0)〉 ⊕ 0.
„μ± § É¥²Ó¸É¢μ. �μ¤¸É ¢²ÖÖ (9) ¢ (7) ¨ ÊÎ¨ÉÒ¢ Ö (10), ¶μ²ÊÎ¨³

d

dt
|ψ(t)〉 = −iHS|ψ(t)〉 − i

K∑
j=1

gK |ϕj(t)〉,

  ¤¨ËË¥·¥´Í¨·ÊÖ (10) ¶μ ¢·¥³¥´¨ t, ¶μ²ÊÎ ¥³ ¥Ð¥ K ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨°

d

dt
|ϕj(t)〉 = −ig|ψj(t)〉 −

(γj

2
+ iεj

)
|ϕj(t)〉.

Šμ³¡¨´¨·ÊÖ ÔÉ¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö ¢ μ¤´μ ¤²Ö ¢¥±Éμ·  |ψ̃(t)〉 =
|ψ(t)〉 ⊕ |ϕ1(t)〉 ⊕ . . . ⊕ |ϕK(t)〉 = |ψ(t)〉 ⊕ ⊕K

j=1|ϕj(t)〉, ¶μ²ÊÎ¨³ (11). Š·μ³¥
Éμ£μ, μ¶·¥¤¥²¥´¨¥ (10) ¶·¨¢μ¤¨É ± |ϕj(0)〉 = 0, É. ¥. ± ´ Î ²Ó´μ³Ê Ê¸²μ¢¨Õ
|ψ̃(0)〉 = |ψ(0)〉 ⊕ 0. �

‚ [13] ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¢ ¸²ÊÎ ¥, ±μ£¤  ³ É·¨Í  V = (i/2)(Heff −H†
eff)

´¥μÉ·¨Í É¥²Ó´μ μ¶·¥¤¥²¥´ , Éμ ¶μ É ±μ³Ê ´¥Ô·³¨Éμ¢Ê £ ³¨²ÓÉμ´¨ ´Ê ³μ¦¥É
¡ÒÉÓ ¶μ¸É·μ¥´μ (μ¤´μÎ ¸É¨Î´μ¥) Ê· ¢´¥´¨¥ ƒŠ‘‹ É ±μ¥, ÎÉμ ρS(t) ¶μ²ÊÎ -
¥É¸Ö ¢§ÖÉ¨¥³ ¸²¥¤  ¶μ KN ¤μ¶μ²´¨É¥²Ó´Ò³ ¸É¥¶¥´Ö³ ¸¢μ¡μ¤Ò, ¢μ§´¨±Ï¨³ ¢
Ê· ¢´¥´¨¨ (11) ¶μ ¸· ¢´¥´¨Õ ¸ (7). ‘²¥¤ÊÖ [17], ³Ò ´ §Ò¢ ¥³ É ±¨¥ ¸É¥¶¥´¨
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¸¢μ¡μ¤Ò ¶¸¥¢¤μ³μ¤ ³¨,   ³ É·¨ÍÊ V , ¸²¥¤ÊÖ [20], ¡Ê¤¥³ ´ §Ò¢ ÉÓ μ¶É¨Î¥¸±¨³
¶μÉ¥´Í¨ ²μ³. �¥ μ¸É ´ ¢²¨¢ Ö¸Ó ´  ÔÉμ³ ¢μ¶·μ¸¥ ¶μ¤·μ¡´μ, μÉ³¥É¨³, ÎÉμ

V = 0 ⊕ γ1

2
IN ⊕ . . . ⊕ γK

2
IN

¨ ´¥μÉ·¨Í É¥²Ó´ Ö μ¶·¥¤¥²¥´´μ¸ÉÓ ³ É·¨ÍÒ V ¸²¥¤Ê¥É ¨§ ¶μ²μ¦¨É¥²Ó´μ¸É¨
γj . ’ ±¨³ μ¡· §μ³, ¢ ¸²ÊÎ ¥, ±μ£¤  ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ Ö¢²Ö¥É¸Ö ¶μ-
²μ¦¨É¥²Ó´μ° ±μ³¡¨´ Í¨¥° ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ [13] ³Ò
¶μ²ÊÎ¨²¨, ÎÉμ ¤¨´ ³¨±  ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ¢¸¥£¤  ³μ¦¥É
¡ÒÉÓ · ¸Ï¨·¥´  ¤μ ³ ·±μ¢¸±μ° (ƒŠ‘‹) ¤¨´ ³¨±¨ ¡μ²ÓÏ¥° · §³¥·´μ¸É¨.

3. �Œˆ—…‘Š�Ÿ ‘�…Š’��‹œ��Ÿ �‹�’��‘’œ

‚ ¤ ´´μ³ · §¤¥²¥ ³Ò · ¸¸³μÉ·¨³ ¢²¨Ö´¨¥ ¢±² ¤  μ³¨Î¥¸±μ° ¸¶¥±É· ²Ó-
´μ° ¶²μÉ´μ¸É¨

JOhmic(ω) = ηω, η > 0.

’ ± ± ± ¶·¥μ¡· §μ¢ ´¨¥ ”Ê·Ó¥ É ±μ° ËÊ´±Í¨¨ ¸ÊÐ¥¸É¢Ê¥É Éμ²Ó±μ ¢ ¸³Ò¸²¥
μ¡μ¡Ð¥´´ÒÌ ËÊ´±Í¨°, Éμ É¥μ·¥³  1 ´ ¶·Ö³ÊÕ ´¥¶·¨³¥´¨³ . �μÔÉμ³Ê ³Ò ¡Ê-
¤¥³ · ¸¸³ É·¨¢ ÉÓ ¸¥³¥°¸É¢μ ¸¶¥±É· ²Ó´ÒÌ ¶²μÉ´μ¸É¥° ¸ Ô±¸¶μ´¥´Í¨ ²Ó´Ò³
μ¡·¥§ ´¨¥³

JΩ(ω) = ηω exp
(
−|ω|

Ω

)
,

¶ · ³¥É·¨§μ¢ ´´ÒÌ Î ¸ÉμÉμ° μ¡·¥§ ´¨Ö Ω, ±μÉμ·ÊÕ ³Ò ¡Ê¤¥³ ¸É·¥³¨ÉÓ ± +∞.
‘μμÉ¢¥É¸É¢ÊÕÐ Ö ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ·¥§¥·¢Ê ·  ¨³¥¥É ¢¨¤

GΩ(t) = −iη
2tΩ3

π(1 + (Ωt)2)
. (12)

‚³¥¸Éμ HS ´ ³ É ±¦¥ ¶μ´ ¤μ¡¨É¸Ö ¸¥³¥°¸É¢μ £ ³¨²ÓÉμ´¨ ´μ¢

HS(Ω) = H
(r)
S +

ηΩ
π

. (13)

„ ²¥¥ ³Ò Ê¢¨¤¨³, ÎÉμ ηΩ/π ¨£· ¥É ·μ²Ó ±μ´É·Î²¥´  [22, · §¤. 3.6.1]. ’ ± ± ±
³Ò Ê¸É·¥³¨³ Ω → +∞, Éμ ¸ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É Éμ³Ê,
ÎÉμ Ô´¥·£¨¨ ¶¥·¥Ìμ¤μ¢ ¨§ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ¢μ§¡Ê¦¤¥´´μ¥ §´ Î¨É¥²Ó´μ
¡μ²ÓÏ¥ Ô´¥·£¨° ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¢μ§¡Ê¦¤¥´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨. � Ï¨ ¨¸¸²¥-
¤μ¢ ´¨Ö ¡Ò²¨ ³μÉ¨¢¨·μ¢ ´Ò ³μ¤¥²Ö³¨ ¶¥·¥´μ¸  ¢ ¡¨μ²μ£¨Î¥¸±¨Ì ¸¨¸É¥³ Ì,
£¤¥ É ±μ¥ Ê¸²μ¢¨¥ ¢Ò¶μ²´¥´μ [23Ä26]. 	μ²¥¥ Éμ£μ, ¨³¥´´μ ÔÉμ Ê¸²μ¢¨¥ ¤¥-
² ¥É ¶· ¢μ³¥·´Ò³ ¶·¥´¥¡·¥¦¥´¨¥ ³´μ£μÔ±¸¨Éμ´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ ¢ ´ Ï¥°
³μ¤¥²¨, μ¶¨¸ ´´μ° ¢ · §¤. 1.
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“É¢¥·¦¤¥´¨¥ 2. �Ê¸ÉÓ |ψΩ(t)〉 Å ·¥Ï¥´¨¥ (7) ¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³
|ψΩ(0)〉 = |ψ(0)〉, £¤¥ G(t) = GΩ(t) + Gc(t), GΩ(t) μ¶·¥¤¥²Ö¥É¸Ö Ëμ·³Ê-
²μ° (12),   Gc(t) Å ´¥¶·¥·Ò¢´ Ö ËÊ´±Í¨Ö, HS = HS(Ω) μ¶·¥¤¥²Ö¥É¸Ö Ëμ·-
³Ê²μ° (13). �Ê¸ÉÓ ¶·¨ t > 0 ¸ÊÐ¥¸É¢Ê¥É ¶·¥¤¥² lim

Ω→+∞
|ψΩ(t)〉 = |ψ(r)(t)〉,

Ö¢²ÖÕÐ¨°¸Ö ¡¥¸±μ´¥Î´μ ¤¨ËË¥·¥´Í¨·Ê¥³μ° ËÊ´±Í¨¥° ¶·¨ t ∈ (0, +∞), Éμ£¤ 
|ψ(r)(t)〉 Å ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö

d

dt
|ψ(r)(t)〉 = −i

1

1 + i
η

2

H
(r)
S |ψ(r)(t)〉 −

t∫
0

ds
1

1 + i
η

2

Gc(t − s)|ψ(r)(s)〉 (14)

¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³ |ψ(r)(0)〉 = 1/(1 + iη/2)|ψ(0)〉.
„μ± § É¥²Ó¸É¢μ. �·¨¢¥¤¥³ Éμ²Ó±μ ±· É±¨° ´ ¡·μ¸μ± ¤μ± § É¥²Ó¸É¢ . �É-

³¥É¨³, ÎÉμ

GΩ(t) = iη
d

dt
fΩ(t), fΩ(t) =

1
π

Ω
1 + (Ωt)2

,

£¤¥ fΩ(t) Å ¸¨³³¥É·¨Î´μ¥ δ-μ¡· §´μ¥ ¸¥³¥°¸É¢μ. ’μ£¤ 

−
t∫

0

ds GΩ(t − s)|ψΩ(s)〉 = −iη

t∫
0

ds f ′
Ω(t − s)|ψΩ(s)〉 =

= iη

t∫
0

ds
d

ds
fΩ(t − s)|ψΩ(s)〉 =

= iη

(
Ω
π
|ψΩ(t)〉 − fΩ(t)|ψ(0)〉

)
− iη

t∫
0

ds fΩ(t − s)
d

ds
|ψΩ(s)〉.

�μ¤¸É ¢²ÖÖ ¤ ´´μ¥ ¢Ò· ¦¥´¨¥ ¢ ¨´É¥£· ²Ó´ÊÕ Ëμ·³Ê Ê· ¢´¥´¨Ö (7), ¨³¥¥³

|ψΩ(t)〉 − |ψ(0)〉 = −iH
(r)
S

t∫
0

dτ |ψΩ(τ)〉 −
t∫

0

dτ

τ∫
0

ds Gc(τ − s)|ψΩ(s)〉−

− iη

t∫
0

dτfΩ(τ)|ψ(0)〉 − iη

t∫
0

dτ

τ∫
0

ds fΩ(τ − s)
d

ds
|ψΩ(s)〉.
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(—²¥´Ò ¢¨¤ 
t∫
0

dτ
iηΩ
π

|ψΩ(τ)〉 ¸μ±· É¨²¨¸Ó.) �·¨ t > 0, Ω → +∞ ¶μ²ÊÎ ¥³

|ψ(r)(t)〉 − |ψ(0)〉 = −iH
(r)
S

t∫
0

dτ |ψ(r)(τ)〉 −
t∫

0

dτ

τ∫
0

ds Gc(τ − s)|ψ(r)(s)〉−

− i
η

2
|ψ(0)〉 − i

η

2
(|ψ(r)(t)〉 − |ψ(0)〉).

„¨ËË¥·¥´Í¨·ÊÖ ¨ ¸μ±· Ð Ö ´  1 + η/2, ¶μ²ÊÎ ¥³ (14). Š·μ³¥ Éμ£μ, ¶μ² £ Ö
¢ ¤ ´´μ³ Ê· ¢´¥´¨¨ t = 0, ¶μ²ÊÎ ¥³ É·¥¡Ê¥³μ¥ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥. �

�É³¥É¨³, ÎÉμ ¥¸²¨ μ£· ´¨Î¨ÉÓ¸Ö Éμ²Ó±μ μ³¨Î¥¸±¨³ Î²¥´μ³, ¶μ²μ¦¨¢
Gc(t) = 0, Éμ Ê· ¢´¥´¨¥ (14) ¶·¨´¨³ ¥É ¢¨¤ Ê· ¢´¥´¨Ö ˜·ß¤¨´£¥·  (11)

¸ ´¥Ô·³¨Éμ¢Ò³ £ ³¨²ÓÉμ´¨ ´μ³ Heff = 1/(1 + iη/2)H(r)
S . ‘μμÉ¢¥É¸É¢ÊÕÐ¨°

μ¶É¨Î¥¸±¨° ¶μÉ¥´Í¨ ² ¨³¥¥É ¢¨¤ V = (η/2)/(1 + (η/2))2H(r)
S . ’ ±¨³ μ¡· -

§μ³, ¤²Ö Éμ£μ, ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ ¶μ¸É·μ¨ÉÓ ³ ·±μ¢¸±μ¥ · ¸Ï¨·¥´¨¥, ´¥μ¡-

Ìμ¤¨³μ, ÎÉμ¡Ò £ ³¨²ÓÉμ´¨ ´ H
(r)
S ¡Ò² ¶μ²μ¦¨É¥²Ó´μ μ¶·¥¤¥²¥´:

H
(r)
S � 0. (15)

�É³¥É¨³, ÎÉμ ¸ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ÔÉμ μ§´ Î ¥É, ÎÉμ ¶¥·¥Ìμ¤ ´  ¢μ§-
¡Ê¦¤¥´´Ò¥ Ê·μ¢´¨ £ ³¨²ÓÉμ´¨ ´  ¸¨¸É¥³Ò ĤS ¨§ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¸μ-
μÉ¢¥É¸É¢Ê¥É ¡μ²ÓÏ¨³ Ô´¥·£¨Ö³, Î¥³ ηΩ/π, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö Î ¸ÉμÉμ°
μ¡·¥§ ´¨Ö.

�μ  ´ ²μ£¨¨ ¸ ÊÉ¢¥·¦¤¥´¨¥³ 1 ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸²¥¤ÊÕÐ¥¥ ÊÉ¢¥·¦¤¥´¨¥.
“É¢¥·¦¤¥´¨¥ 3. �Ê¸ÉÓ |ψ(r)(t)〉 Å ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (14) ¸ ´ Î ²Ó´Ò³

Ê¸²μ¢¨¥³ |ψ(t)〉|t=0 = |ψ(0)〉 ¢ ¸²ÊÎ ¥, ±μ£¤  Gc(t) = GLorentz(t) μ¶·¥¤¥-
²Ö¥É¸Ö Ëμ·³Ê²μ° (9), Éμ£¤  (K + 1)N -³¥·´Ò° ¢¥±Éμ· |ψ̃(t)〉 ≡ |ψ(t)〉 ⊕
⊕K

j=1|ϕj(t)〉 ∈ ⊕K+1
C

N , £¤¥ |ϕj(t)〉 μ¶·¥¤¥²Ö¥É¸Ö  ´ ²μ£¨Î´μ (10), Ê¤μ¢²¥-
É¢μ·Ö¥É Ê· ¢´¥´¨Õ ˜·ß¤¨´£¥·  ¢¨¤  (11) ¸ ´¥Ô·³¨Éμ¢Ò³ £ ³¨²ÓÉμ´¨ ´μ³

Heff =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

1 + i
η

2

H
(r)
S

g1

1 + i
η

2

IN
g2

1 + i
η

2

IN · · · gK

1 + i
η

2

IN

g1IN

(
ε1 − i

γ1

2

)
IN 0 · · · 0

g2IN 0
(
ε2 − i

γ2

2

)
IN · · · 0

...
...

...
. . . 0

gKIN 0 0 0
(
εK − i

γK

2

)
IN

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.
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—Éμ¡Ò ¶·μ¢¥·¨ÉÓ ´¥μÉ·¨Í É¥²Ó´ÊÕ μ¶·¥¤¥²¥´´μ¸ÉÓ μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨-
 ²  ¢ ¤ ´´μ³ ¸²ÊÎ ¥, § ³¥É¨³, ÎÉμ ¥¸²¨ ¶¥·¥°É¨ ¢ ± ¦¤μ³ ¶μ¤¶·μ¸É· ´¸É¢¥ CN

¶·μ¸É· ´¸É¢  ⊕K+1CN ¢ £²μ¡ ²Ó´Ò° ¡ §¨¸ (¸μ¡¸É¢¥´´Ò° ¡ §¨¸ HS), Éμ Heff

· §μ¡Ó¥É¸Ö ¢ ¶·Ö³ÊÕ ¸Ê³³Ê ¡²μ±μ¢ ¢¨¤  (Eα Å ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö HS)

Heff,α =

⎛
⎜⎜⎜⎜⎝

1

1 + i
η

2

Eα
1

1 + i
η

2

gT

g ε − i
1
2
γ

⎞
⎟⎟⎟⎟⎠ ,

gT = (g1 · · · gK), ε = diag (ε1, . . . , εK), γ = diag (γ1, . . . , γK).

’μ£¤  μ¶É¨Î¥¸±¨° ¶μÉ¥´Í¨ ² · §μ¡Ó¥É¸Ö ¢ ¶·Ö³ÊÕ ¸Ê³³Ê ¡²μ±μ¢ ¢¨¤ 

Vα =
i

2
(Heff,α − H†

eff,α) =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

η

2

1 +
(η

2

)2 Eα

η

2
2(1 + i

η

2
)
g

η

2
2(1 + i

η

2
)
gT 1

2
γ

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

’ ± ± ± ¶μ¤³ É·¨Í  (1/2)γ ¶μ²μ¦¨É¥²Ó´μ μ¶·¥¤¥²¥´ , Éμ ¤²Ö ¶μ²μ¦¨É¥²Ó´μ°
μ¶·¥¤¥²¥´´μ¸É¨ Vα ¤μ¸É ÉμÎ´μ ¶·μ¢¥·¨ÉÓ ¶μ²μ¦¨É¥²Ó´μ¸ÉÓ μ¶·¥¤¥²¨É¥²Ö

detVα =

⎛
⎜⎜⎝

η

2

1 +
(η

2

)2 Eα −

(η

2

)2

2
(

1 +
(η

2

)2
) gT γ−1g

⎞
⎟⎟⎠det

(
1
2

γ

)
.

�Î¥¢¨¤´μ, detVα > 0 Ô±¢¨¢ ²¥´É´μ

Eα >
η

4
gT γ−1g =

η

4

K∑
j=1

g2
j

γj
.

„²Ö ¶·μ¢¥·±¨ ´¥μÉ·¨Í É¥²Ó´μ° μ¶·¥¤¥²¥´´μ¸É¨, ¢μμ¡Ð¥ £μ¢μ·Ö, ´Ê¦´μ ¶·μ¢¥-
·¨ÉÓ ´¥μÉ·¨Í É¥²Ó´μ¸ÉÓ ¢¸¥Ì ¤¨ £μ´ ²Ó´ÒÌ ³¨´μ·μ¢ [27, £². 10, � 4]. �¤´ ±μ
¢¸¥ ³¨´μ·Ò, ¸μ¤¥·¦ Ð¨¥ Ô²¥³¥´É (η/2)(1 + (η/2)2)Eα, ¡Ê¤ÊÉ ¨³¥ÉÓ ¢¨¤,  ´ -
²μ£¨Î´Ò° Vα, ´μ ¢³¥¸Éμ g ¢ ´¨Ì ¡Ê¤ÊÉ ¢¥±Éμ·Ò, ¸μ¤¥·¦ Ð¨¥ ¢¸¥ ¢μ§³μ¦´Ò¥
¶μ¤³´μ¦¥¸É¢  Ô²¥³¥´Éμ¢ ¢¥±Éμ·  g. �μÔÉμ³Ê ¥¸²¨ ¢Ò¶μ²´¥´μ

Eα � η

4

K∑
j=1

g2
j

γj
,
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Éμ ´¥· ¢¥´¸É¢  ¤²Ö μ¸É ²Ó´ÒÌ ³¨´μ·μ¢ ¢Ò¶μ²´¥´Ò  ¢Éμ³ É¨Î¥¸±¨ ¢ ¸¨²Ê ¶μ-
²μ¦¨É¥²Ó´μ¸É¨ g2

j /γj . „ ´´μ¥ ¢Ò· ¦¥´¨¥ (±·¨É¥·¨° ¢μ§³μ¦´μ¸É¨ ³ ·±μ¢-
¸±μ£μ · ¸Ï¨·¥´¨Ö) ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ ¢ ³ É·¨Î´μ³ ¢¨¤¥

H
(r)
S �

⎛
⎝η

4

K∑
j=1

g2
j

γj

⎞
⎠ IN ,

ÎÉμ Ö¢²Ö¥É¸Ö μ¡μ¡Ð¥´¨¥³ Ê¸²μ¢¨Ö ´ ²¨Î¨Ö ³ ·±μ¢¸±μ£μ · ¸Ï¨·¥´¨Ö (15), ¶μ-
²ÊÎ¥´´μ£μ · ´¥¥ ¢ ¸²ÊÎ ¥ Gc(t) = 0. ”¨§¨Î¥¸±¨ ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É Éμ³Ê,
ÎÉμ Ô´¥·£¨¨ ¶¥·¥Ìμ¤  ¢ ¢μ§¡Ê¦¤¥´´Ò¥ Ê·μ¢´¨ ¤μ²¦´Ò ¡ÒÉÓ ¡μ²ÓÏ¥ ¸Ê³³Ò
±μ´É·Î²¥´ , ±μÉμ·Ò° ¶·μ¶μ·Í¨μ´ ²¥´ Î ¸ÉμÉ¥ μ¡·¥§ ´¨Ö, ¨ Î²¥´ , ¶·μ¶μ·Í¨-
μ´ ²Ó´μ£μ ¸Ê³³¥ ³ ±¸¨³Ê³μ¢ ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢.

‡�Š‹	—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¤²Ö ³μ¤¥²¨, μ¶¨¸ ´´μ° ¢ · §¤. 1, ¡Ò²  ¶μ²ÊÎ¥´  ÉμÎ´ Ö
¤¨´ ³¨±  ·¥¤ÊÍ¨·μ¢ ´´μ° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨, ¢Ò· §¨¢Ï Ö¸Ö ¢ É¥·³¨´ Ì ·¥-
Ï¥´¨Ö Ê· ¢´¥´¨Ö ¸ ´¥Ô·³¨Éμ¢Ò³ £ ³¨²ÓÉμ´¨ ´μ³. 	Ò²¨ · ¸¸³μÉ·¥´Ò ¸²ÊÎ ¨,
±μ£¤  ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¨³¥¥É ¢¨¤ ±μ³¡¨´ Í¨¨ ²μ·¥´Í¥¢¸±¨Ì ¶¨±μ¢,  
É ±¦¥ ±μ£¤  ¶·¨¸ÊÉ¸É¢Ê¥É μ³¨Î¥¸±¨° ¢±² ¤ ¢ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨. 	Ò²¨
¶μ²ÊÎ¥´Ò Ê¸²μ¢¨Ö, ±μ£¤  ·¥¤ÊÍ¨·μ¢ ´´ Ö ¤¨´ ³¨±  ³μ¦¥É ¡ÒÉÓ · ¸Ï¨·¥´  ¤μ
³ ·±μ¢¸±μ°.

‚ ± Î¥¸É¢¥ ¢μ§³μ¦´μ£μ ´ ¶· ¢²¥´¨Ö ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° ´ ³ ± -
¦¥É¸Ö ¨´É¥·¥¸´Ò³ ¶μ¶ÒÉ ÉÓ¸Ö ¶μ²ÊÎ¨ÉÓ ÉμÎ´ÊÕ ´¥³ ·±μ¢¸±ÊÕ ¤¨´ ³¨±Ê, μ¶¨-
¸ ´´ÊÕ ¢ ¤ ´´μ° ¸É ÉÓ¥ ± ± ¶·¥¤¥² ¶·¨¡²¨¦¥´´μ° ¤¨´ ³¨±¨ ¡μ²¥¥ μ¡Ð¥£μ
¢¨¤ , ¶μ¤μ¡´μ Éμ³Ê, ± ± ³ ·±μ¢¸±¨¥ Ê· ¢´¥´¨Ö ¢μ§´¨± ÕÉ ¢ ¶·¥¤¥²¥ 	μ£μ²Õ-
¡μ¢  Ä ‚ ´ ƒμË  [2, · §¤. 1.8].

�² £μ¤ ·´μ¸É¨. ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ -
ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É º17-71-20154).

�¢Éμ· ¢Ò· ¦ ¥É £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ ˆ. ‚.‚μ²μ¢¨ÎÊ, ‘. ‚.Šμ§Ò·¥¢Ê,
�.ˆ.Œ¨Ì °²μ¢Ê ¨ �.‘.’·ÊÏ¥Î±¨´Ê §  ¶²μ¤μÉ¢μ·´μ¥ μ¡¸Ê¦¤¥´¨¥ ¢μ¶·μ¸μ¢,
· ¸¸³ É·¨¢ ¥³ÒÌ ¢ ¸É ÉÓ¥.
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