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�·¥¤² £ ¥É¸Ö Ô±¸¶¥·¨³¥´É ¶μ ¶·μ¢¥·±¥ ¢μ§³μ¦´μ¸É¨ ³μÐ´μ£μ Ê¸¨²¥´¨Ö Ô´¥·£¨¨ ¸¢¥Éμ¢μ°
¢μ²´Ò ¶·¨ ¶μ²´μ³ ¢´ÊÉ·¥´´¥³ μÉ· ¦¥´¨¨ μÉ  ±É¨¢´ÒÌ £ §μ¢ÒÌ ¸·¥¤.

An experiment for strong light ampliˇcation at multiple total re	ections from active gaseous media
is proposed.

PACS: 42.25.Bs; 88.80.H-; 42.70.Ln; 42.25.Gy; 78.20.Ci
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�É· ¦¥´¨¥ ¸¢¥É  μÉ £· ´¨ÍÒ · §¤¥²  ¤¢ÊÌ ¸·¥¤ μ¶·¥¤¥²Ö¥É¸Ö ¢μ²´μ¢Ò³¨ Ê· ¢´¥´¨Ö³¨
¢´ÊÉ·¨ ¸·¥¤ ¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨, ¸²¥¤ÊÕÐ¨³¨ ¨§ Ê· ¢´¥´¨° Œ ±¸¢¥²² . ‚μ²´μ-
¢Ò¥ Ê· ¢´¥´¨Ö ¤²Ö Ô²¥±É·¨Î¥¸±μ£μ (E) ¨ ³ £´¨É´μ£μ (H) ¶μ²¥° ¢ μ¤´μ·μ¤´μ° ¸·¥¤¥ ¸
¶μ¸ÉμÖ´´Ò³¨ ¶ · ³¥É· ³¨ μ ¨ ε ¨³¥ÕÉ ¢¨¤

ΔE (r, t) = −με

c2

∂2

∂t2
E (r, t), ΔH (r, t) = −με

c2

∂2

∂t2
H (r, t). (1)

�¡  Ê· ¢´¥´¨Ö ¨³¥ÕÉ ·¥Ï¥´¨Ö ¢ ¢¨¤¥ ¶²μ¸±¨Ì ¢μ²´

E (r, t) = E exp (ik · r − iωt), H(r, t) = H exp (ik · r− iωt), (2)

£¤¥ k2 = εμk2
0 , k0 = ω/c,   c Å ¸±μ·μ¸ÉÓ ¸¢¥É  ¢ ¢ ±ÊÊ³¥. �μ²Ö E ¨ H ´¥ Ö¢²ÖÕÉ¸Ö

´¥§ ¢¨¸¨³Ò³¨. �´¨ ¸¢Ö§ ´Ò ¤·Ê£ ¸ ¤·Ê£μ³ ¸μμÉ´μÏ¥´¨Ö³¨

H =
1

μω
[k × E], E = − 1

εω
[k × H], (3)

¨ ¥¸²¨ |E| = 1, Éμ ¤²¨´  ¢¥±Éμ·  H · ¢´  |H| =
√

ε/μ = 1/Z, £¤¥ Z =
√

μ/ε ´ §Ò¢ ¥É¸Ö
¢μ²´μ¢Ò³ ¨³¶¥¤ ´¸μ³.

…¸²¨ ¸·¥¤  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Î ¸É¥° ¸ · §´Ò³¨ ε1,2 ¨ μ1,2, Éμ ¢μ²´μ¢Ò¥ Ê· ¢´¥´¨Ö (1)
¨ ¨Ì ·¥Ï¥´¨Ö ´¥μ¡Ìμ¤¨³μ ¸Ï¨¢ ÉÓ ´  £· ´¨Í¥ · §¤¥² , ÎÉμ ¶·¨¢μ¤¨É ± Ö¢²¥´¨Õ μÉ· ¦¥-
´¨Ö ¨ ¶·¥²μ³²¥´¨Ö ¢μ²´. “¸²μ¢¨Ö ¸Ï¨¢±¨ § ¤ ÕÉ¸Ö Ê· ¢´¥´¨Ö³¨ Œ ±¸¢¥²² , ¨§ ±μÉμ·ÒÌ
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¸²¥¤Ê¥É É·¥¡μ¢ ´¨¥ ´¥¶·¥·Ò¢´μ¸É¨ ±μ³¶μ´¥´É E‖(r, t), H‖(r, t) Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £-
´¨É´μ£μ ¶μ²Ö, ¶ · ²²¥²Ó´ÒÌ £· ´¨Í¥ · §¤¥² , ¨ ±μ³¶μ´¥´É ε(n · E(r, t)), μ(n · H(r, t))
Ô²¥±É·¨Î¥¸±μ° ¨ ³ £´¨É´μ° ¨´¤Ê±Í¨¨, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ £· ´¨Í¥ · §¤¥² , £¤¥ n Å ¢¥±-
Éμ· ´μ·³ ²¨ ± £· ´¨Í¥ · §¤¥² :

ψ(r, t) = Θ(z < 0)
(
eik1·r−iωtψ1 + eikr ·r−iωtψrρ

)
+ Θ(z > 0)eik2·r−iωtψ2τ. (4)

‡¤¥¸Ó ¸² £ ¥³μ¥ exp (ik1 · r− iωt)ψ1 ¸μμÉ¢¥É¸É¢Ê¥É ¶ ¤ ÕÐ¥° ¨§ ¸·¥¤Ò 1 ¶²μ¸±μ° ¢μ²´¥
¸ ¢μ²´μ¢Ò³ ¢¥±Éμ·μ³ k1, ³´μ¦¨É¥²¨ ψi = Ei + Hi (i = 1, r, 2) μ¡μ§´ Î ÕÉ ¸Ê³³Ê
Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ ¢¥±Éμ·μ¢ ¶μ²Ö·¨§ Í¨¨, ¸² £ ¥³Ò¥ exp (ikr,2 · r − iωt)ψr

¸μμÉ¢¥É¸É¢ÊÕÉ μÉ· ¦¥´´μ° ¨ ¶·¥²μ³²¥´´μ° ¢μ²´ ³ ¸ ¢μ²´μ¢Ò³¨ ¢¥±Éμ· ³¨ kr,2, ρ, τ Å
 ³¶²¨ÉÊ¤Ò μÉ· ¦¥´¨Ö ¨ ¶·¥²μ³²¥´¨Ö (¶·μ¶Ê¸± ´¨Ö £· ´¨ÍÒ · §¤¥² ) ¸μμÉ¢¥É¸É¢¥´´μ,  
Θ(z) Å ¸ÉÊ¶¥´Î É Ö ËÊ´±Í¨Ö, · ¢´ Ö ¥¤¨´¨Í¥, ±μ£¤  ´¥· ¢¥´¸É¢μ ¢ ¥¥  ·£Ê³¥´É¥ ¢Ò¶μ²-
´¥´μ, ¨ ´Ê²Õ ¢ ¨´μ³ ¸²ÊÎ ¥.

‚μ²´μ¢Ò¥ ¢¥±Éμ·Ò kr,2 ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²ÖÕÉ¸Ö ¢¥±Éμ·μ³ k1 ¶ ¤ ÕÐ¥° ¢μ²´Ò, Ô²¥±-
É·μ³ £´¨É´Ò³¨ ¶μ¸ÉμÖ´´Ò³¨ εi ¨ μi ¸·¥¤,   É ±¦¥ É¥³ Ë ±Éμ³, ÎÉμ k0 = ω/c ¨ ±μ³¶μ-
´¥´ÉÒ k‖ ¢μ²´μ¢ÒÌ ¢¥±Éμ·μ¢ ¤μ²¦´Ò ¡ÒÉÓ μ¤¨´ ±μ¢Ò³¨ ¤²Ö ¢¸¥Ì ¢μ²´. ‚ ¤ ²Ó´¥°Ï¥³
³Ò ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¢ ¸·¥¤¥ 1 μÉ¸ÊÉ¸É¢ÊÕÉ ¶μÉ¥·¨ ¨ ¶μÉμ³Ê ¢¥²¨Î¨´  ε1μ1 Ö¢²Ö¥É¸Ö
Î¨¸Éμ ¢¥Ð¥¸É¢¥´´μ°, ¸²¥¤μ¢ É¥²Ó´μ, ¢¥Ð¥¸É¢¥´´Ò³¨ Ö¢²ÖÕÉ¸Ö ¨ ¢¸¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ-
·μ¢ k1 ¨ kr.

�μ·³ ²Ó´ Ö ±μ³¶μ´¥´É  k2⊥ ¶·¥²μ³²¥´´μ° ¢μ²´Ò · ¢´ 

k2⊥ =
√

ε2μ2k2
0 − k2

‖ =
√

k2
1⊥ − (ε1μ1 − ε2μ2)k2

0 , (5)

¨ ¥¥ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

k2⊥ =
√

εk2
1 − k2

‖ =
√

n2k2
1 − k2

‖, (6)

£¤¥ n =
√

ε Å ±μÔËË¨Í¨¥´É ¶·¥²μ³²¥´¨Ö, ¨ ³Ò ¢¢¥²¨ μÉ´μ¸¨É¥²Ó´ÊÕ ¤¨Ô²¥±É·¨Î¥¸±ÊÕ
¶·μ´¨Í ¥³μ¸ÉÓ ε = ε2μ2/ε1μ1.

�³¶²¨ÉÊ¤Ò ρ ¨ τ Ìμ·μÏμ ¨§¢¥¸É´Ò (¸³., ´ ¶·¨³¥·, [1]). �´¨ ²¥£±μ · ¸¸Î¨ÉÒ¢ -
ÕÉ¸Ö ¤²Ö ’…-¢μ²´ ¸ ¶μ²Ö·¨§ Í¨¥° Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (¡Ê¤¥³ ¥¥ μ¡μ§´ Î ÉÓ Ee), ¶ -
· ²²¥²Ó´μ° £· ´¨Í¥ · §¤¥² , ¨ ¤²Ö ’Œ-¢μ²´ ¸ ¶μ²Ö·¨§ Í¨¥° ³ £´¨É´μ£μ ¶μ²Ö (¡Ê¤¥³ ¥¥
μ¡μ§´ Î ÉÓ Hm), ¶ · ²²¥²Ó´μ° £· ´¨Í¥ · §¤¥² . ‚μ ¢Éμ·μ³ ¸²ÊÎ ¥ ¢¥±Éμ· ¶μ²Ö·¨§ Í¨¨
Em Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´ Ìμ¤¨É¸Ö ¢ ¶²μ¸±μ¸É¨ ¶ ¤¥´¨Ö. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥  ³¶²¨ÉÊ¤Ò
μÉ· ¦¥´¨Ö ¤ ÕÉ¸Ö Ëμ·³Ê² ³¨ ”·¥´¥²Ö

ρe =
μ2k1⊥ − μ1k2⊥
μ2k1⊥ + μ1k2⊥

, ρm =
ε2k1⊥ − ε1k2⊥
ε2k1⊥ + ε1k2⊥

, (7)

   ³¶²¨ÉÊ¤Ò ¶·μ¶Ê¸± ´¨Ö · ¢´Ò τe,m = 1 + ρe,m. ‚ ¤ ²Ó´¥°Ï¥³ ¶·μ¸ÉμÉÒ · ¤¨ ³Ò
¶·¨³¥³ μ1,2 = 1, ¨ Éμ£¤  ÔÉ  ¶μ¸ÉμÖ´´ Ö ¢Ò¶ ¤¥É ¨§ ´ Ï¨Ì Ëμ·³Ê².

ˆ§ (6) ¸²¥¤Ê¥É, ÎÉμ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¶μÉ¥·Ó, ±μ£¤  0 < ε < 1, ¶ ¤ ÕÐ Ö ¢μ²´ , ¤²Ö ±μ-
Éμ·μ° k‖ Ê¤μ¢²¥É¢μ·Ö¥É ´¥· ¢¥´¸É¢Ê nk1 � |k‖| � k1, ¶μ²´μ¸ÉÓÕ μÉ· ¦ ¥É¸Ö μÉ £· ´¨ÍÒ
· §¤¥² , ¶μÉμ³Ê ÎÉμ ´μ·³ ²Ó´ Ö ±μ³¶μ´¥´É  ¢μ²´μ¢μ£μ ¢¥±Éμ·  ¶·¥²μ³²¥´´μ° ¢μ²´Ò
¸É ´μ¢¨É¸Ö ³´¨³μ°:

k2⊥ = iK ′′
2⊥ ≡ i

√
k2
‖ − εk2

1 . (8)
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�·¥²μ³²¥´´ Ö ¢μ²´  μ± §Ò¢ ¥É¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´μ § ÉÊÌ ÕÐ¥°:

exp (ik2⊥z) = exp (−K ′′
2⊥z),

¶ ¤ ÕÐ Ö Ô´¥·£¨Ö ¢´ÊÉ·Ó ¢Éμ·μ° ¸·¥¤Ò ´¥ ¶·μ´¨± ¥É ¨ ¶μ § ±μ´Ê ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨
¤μ²¦´  ¶μ²´μ¸ÉÓÕ μÉ· ¦ ÉÓ¸Ö ¢´ÊÉ·Ó ¸·¥¤Ò 1.

…¸²¨ ¢Éμ· Ö ¸·¥¤  ¸μ¤¥·¦¨É ¶μÉ¥·¨ ¨²¨ Ö¢²Ö¥É¸Ö  ±É¨¢´μ°, Éμ ¶μ¸ÉμÖ´´ Ö ε μ± §Ò-
¢ ¥É¸Ö ±μ³¶²¥±¸´μ° ¢¥²¨Î¨´μ° (ε = ε′ ± iε′′) ¸ ¶μ²μ¦¨É¥²Ó´Ò³¨ ε′ ¨ ε′′. ‚ ÔÉμ³ ¸²ÊÎ ¥
¢´¥ μ¡² ¸É¨ ¶μ²´μ£μ μÉ· ¦¥´¨Ö (���) (|k‖|2 � ε′k2

1) ¨³¥¥³ k2⊥ = k′
2⊥ ± ik′′

2⊥, £¤¥ ¶·¨
³ ²ÒÌ ε′′ (ε′′k2

1 � ε′k2
1 − |k‖|2)

k′
2⊥ ≈

√
ε′k2

1 − |k‖|2, k′′
2⊥ ≈ ε′′

k2
1

2k′
2⊥

. (9)

‚ ��� ¢¥²¨Î¨´  k′
2⊥ ¢ (9) ¸É ´μ¢¨É¸Ö ³´¨³μ° iK ′′

2⊥, £¤¥ K ′′
2⊥ ≈

√
|k‖|2 − ε′k2

1 ,   ¢¥²¨-

Î¨´  ik′′
2⊥ Å ¤¥°¸É¢¨É¥²Ó´μ°:

ik′′
2⊥ → K ′

2⊥ = ε′′
k2
1

2K ′′
2⊥

. (10)

�μÔÉμ³Ê ¢ ��� k2⊥ = ±K ′
2⊥ + iK ′′

2⊥, £¤¥

K ′
2⊥ = ε′′

k2
1

2K ′′
2⊥

, K ′′
2⊥ ≈

√
|k‖|2 − ε′k2

1 . (11)

‡´ ± ®+¯ ¶¥·¥¤ ³´¨³μ° Î ¸ÉÓÕ iK ′′
2⊥ ¢Ò¡· ´ ¶μÉμ³Ê, ÎÉμ ¶·¥²μ³²¥´´ Ö ¢μ²´  ¤μ²¦´ 

Ô±¸¶μ´¥´Í¨ ²Ó´μ § ÉÊÌ ÉÓ ¶·¨ Ê¤ ²¥´¨¨ μÉ £· ´¨ÍÒ · §¤¥²  ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ: ± ± ¶·¨
´ ²¨Î¨¨ ¶μÉ¥·Ó ¢μ ¢Éμ·μ° ¸·¥¤¥, É ± ¨ ¢ ¸²ÊÎ ¥  ±É¨¢´μ° ¢Éμ·μ° ¸·¥¤Ò. „¥°¸É¢¨É¥²Ó´ Ö
¦¥ Î ¸ÉÓ K ′

2⊥ ¨³¥¥É ¶·μÉ¨¢μ¶μ²μ¦´Ò¥ §´ ±¨ ¢ ÔÉ¨Ì ¤¢ÊÌ ¸²ÊÎ ÖÌ.
�³¶²¨ÉÊ¤Ò μÉ· ¦¥´¨Ö (7) ¢ ��� ¢Ò£²Ö¤ÖÉ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ρe =
k1⊥ − iK ′′

2⊥ ∓ K ′
2⊥

k1⊥ + iK ′′
2⊥ ± K ′

2⊥
, (12)

ρm =
ε2k1⊥ − ε1(iK ′′

2⊥ ± K ′
2⊥)

ε2k1⊥ + ε1(iK ′′
2⊥ ± K ′

2⊥)
. (13)

�μ²μ¦¨É¥²Ó´ Ö ¢¥²¨Î¨´  K ′
2⊥ ¢ ¸²ÊÎ ¥ ¶μÉ¥·Ó μ§´ Î ¥É, ÎÉμ ¢ ��� Î ¸ÉÓ Ô´¥·£¨¨, ¶·μ-

¶μ·Í¨μ´ ²Ó´ Ö K ′
2⊥, ¢É¥± ¥É ¢´ÊÉ·Ó ¢Éμ·μ° ¸·¥¤Ò ¨ É ³ ¶μ£²μÐ ¥É¸Ö. �μÔÉμ³Ê ±μÔË-

Ë¨Í¨¥´É μÉ· ¦¥´¨Ö ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ. �É·¨Í É¥²Ó´ Ö ¢¥²¨Î¨´  K ′
2⊥ ¢ ¸²ÊÎ ¥  ±É¨¢´μ°

¢Éμ·μ° ¸·¥¤Ò μ§´ Î ¥É, ÎÉμ ¢ ��� Î ¸ÉÓ Ô´¥·£¨¨, ¶·μ¶μ·Í¨μ´ ²Ó´ Ö K ′
2⊥, ¢ÒÉ¥± ¥É ¨§

¢Éμ·μ° ¸·¥¤Ò ¨ ¤μ¡ ¢²Ö¥É¸Ö ± ¶μ²´μ¸ÉÓÕ μÉ· ¦¥´´μ° Ô´¥·£¨¨. �μÔÉμ³Ê ±μÔËË¨Í¨¥´É
μÉ· ¦¥´¨Ö ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ.

‚ [2] ÊÉ¢¥·¦¤ ¥É¸Ö (±·¨É¨±Ê ¸³., ´ ¶·¨³¥·, ¢ [3]), ÎÉμ ¨ ¢ ¸²ÊÎ ¥ μÉ· ¦¥´¨Ö μÉ
 ±É¨¢´μ° ¸·¥¤Ò ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ, É ± ± ± Î ¸ÉÓ Ô´¥·£¨¨ ÊÌμ¤¨É
¢  ±É¨¢´ÊÕ ¸·¥¤Ê ¨ ¸μ§¤ ¥É É ³ ¶μ²¥, Ô±¸¶μ´¥´Í¨ ²Ó´μ ¢μ§· ¸É ÕÐ¥¥ ¶·¨ Ê¤ ²¥´¨¨ μÉ
£· ´¨ÍÒ · §¤¥² . �¤´ ±μ ²¥£±μ ¢¨¤¥ÉÓ, ÎÉμ Ô±¸¶μ´¥´Í¨ ²Ó´Ò° ·μ¸É ¢ É ±μ³ ¸²ÊÎ ¥ ´¥
§ ¢¨¸¨É μÉ ¢¥²¨Î¨´Ò ε′′, Ì · ±É¥·¨§ÊÕÐ¥°  ±É¨¢´μ¸ÉÓ ¸·¥¤Ò, ¨, ¥¸²¨ ¡Ò²μ ¡Ò ¶· ¢¨²Ó´μ
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ÊÉ¢¥·¦¤¥´¨¥ [2], ¶μ²¥ ¢´ÊÉ·¨ ¢Éμ·μ° ¸·¥¤Ò, ¤ ¦¥ ¶·¨ ¡¥¸±μ´¥Î´μ ³ ²μ° ¥¥  ±É¨¢´μ¸É¨,
·μ¸²μ ¡Ò ¶·μ¶μ·Í¨μ´ ²Ó´μ exp (K ′′

2⊥z). ’μ£¤  ¶·¨ ¤²¨´¥ ¢μ²´Ò λ ∼ 1000 ´³ ¶ ¤ ÕÐ¥£μ
¨§²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¶μ²Ö ¢ ¸·¥¤¥ ´  · ¸¸ÉμÖ´¨¨ 1 ³³ μÉ £· ´¨ÍÒ · §¤¥²  ¡Ò² 
¡Ò ¢ e2000 ≈ 10860 · § ¡μ²ÓÏ¥ ¨´É¥´¸¨¢´μ¸É¨ ¢ ¶ ¤ ÕÐ¥° ¢μ²´¥, ÎÉμ ¶·¥¢μ¸Ìμ¤¨É ¢¸¥
³Ò¸²¨³Ò¥  ¸É·μË¨§¨Î¥¸±¨¥ ³ ¸ÏÉ ¡Ò. �Éμ ¤μ± §Ò¢ ¥É, ÎÉμ ÊÉ¢¥·¦¤¥´¨¥, ¢Ò¸± § ´´μ¥
¢ [2], μ Éμ³, ÎÉμ ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö μÉ  ±É¨¢´μ° ¸·¥¤Ò ¢ ��� ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ,
´¥ ³μ¦¥É ¡ÒÉÓ ¢¥·´Ò³.

�·¨ ¶· ¢¨²Ó´μ³ ¢Ò¡μ·¥ §´ ±  k2⊥ = −K ′
2⊥ + iK ′′

2⊥ ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö μÉ  ±-
É¨¢´μ° ¸·¥¤Ò ¢ ��� ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ. ”μÉμ´Ò, ¨´¤ÊÍ¨·μ¢ ´´Ò¥ ¶ ¤ ÕÐ¥° ¢μ²´μ° ¢μ
¢Éμ·μ° ¸·¥¤¥, ´¥ ³μ£ÊÉ · ¸¶·μ¸É· ´ÖÉÓ¸Ö ¢ ´¥° É ± ¦¥, ± ± ´¥ ³μ¦¥É · ¸¶·μ¸É· ´ÖÉÓ¸Ö
¶ ¤ ÕÐ¨° ËμÉμ´. �´¨ ³μ£ÊÉ Éμ²Ó±μ ¶μ¤¡ ·Ó¥·´μ, ÉÊ´´¥²Ó´Ò³ μ¡· §μ³, ¢Ò°É¨ ¨§ ¢Éμ-
·μ° ¸·¥¤Ò ¢ ¶¥·¢ÊÕ, ¨ ¢ÒÏ¥¤Ï¨¥ ËμÉμ´Ò ¤¥² ÕÉ ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö μÉ  ±É¨¢´μ°
¸·¥¤Ò ¡μ²ÓÏ¨³ ¥¤¨´¨ÍÒ. —¥³ ¡μ²¥¥  ±É¨¢´  ¸·¥¤ , É¥³ ¡μ²ÓÏ¥ ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö.
�·μ¨¸Ìμ¤¨É ´ ± Î±  ¶ ¤ ÕÐ¥° ¢μ²´Ò Ô´¥·£¨¥°  ±É¨¢´μ° ¸·¥¤Ò, ¶·¨Î¥³ ¤ ¦¥ ¥¸²¨ ¶²μÉ-
´μ¸ÉÓ Ô´¥·£¨¨ ¢ ¶ ¤ ÕÐ¥° ¢μ²´¥ ¡μ²ÓÏ¥ ¶²μÉ´μ¸É¨ Ô´¥·£¨¨  ±É¨¢´μ° ¸·¥¤Ò, Éμ ¢¸¥ · ¢´μ
Ô´¥·£¨Ö ¶¥·¥± Î¨¢ ¥É¸Ö μÉ ³¥´ÓÏ¥° ¶²μÉ´μ¸É¨ ¢ ¢μ²´Ê ¸ ¡μ²ÓÏ¥° ¶²μÉ´μ¸ÉÓÕ Ô´¥·£¨¨.

‚�‡Œ�†�›‰ �Š‘�…�ˆŒ…�’
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�¥·¥± Î±  Ô´¥·£¨¨ ¨§  ±É¨¢´μ° ¸·¥¤Ò ¢ ¢μ§· ¸É ÕÐÊÕ Ô´¥·£¨Õ ¸¢¥Éμ¢μ° ¢μ²´Ò ³μ-
¦¥É ¡ÒÉÓ ¶·μ¢¥·¥´  Ô±¸¶¥·¨³¥´É ²Ó´μ. �·¥¤¸É ¢¨³ ¸¥¡¥ ¸É¥±²Ö´´ÊÕ ¸Ë¥·Ê ¸ μÉ·μ¸É-
±μ³ P , ± ± ¶μ± § ´μ ´  ·¨¸Ê´±¥. ‘Ë¥·  ³μ¦¥É ¨³¥ÉÓ Éμ´±¨¥ ¸É¥´±¨,   ³μ¦¥É ¡ÒÉÓ
¨ ¸¶²μÏ´μ°. …¸²¨ ¸Ë¥·  ¶μ£·Ê¦¥´  ¢ ¢μ§¡Ê¦¤¥´´Ò° £ § ¨²¨ ¨´ÊÕ  ±É¨¢´ÊÕ ¸·¥¤Ê,
Éμ ¸¢¥Éμ¢μ° ²ÊÎ, ¶μ± § ´´Ò° ´  ·¨¸Ê´±¥ Éμ´±μ° ²¨´¨¥°, ¶·μÏ¥¤Ï¨° ¢´ÊÉ·Ó ¸Ë¥·Ò

‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¶μ ´ ± Î±¥
Ô²¥±É·μ³ £´¨É´μ° ¢μ²´Ò Ô´¥·£¨¥° ¶·¨

¶μ²´μ³ μÉ· ¦¥´¨¨ μÉ  ±É¨¢´μ° ¸·¥¤Ò

Î¥·¥§ μÉ·μ¸Éμ±, ³μ¦¥É ³´μ£μ±· É´μ ¨¸¶ÒÉ ÉÓ ¶μ²-
´μ¥ μÉ· ¦¥´¨¥. �·¨ ± ¦¤μ³ μÉ· ¦¥´¨¨ ¥£μ Ô´¥·-
£¨Ö ¢μ§· ¸É ¥É, ¨ ¢ ±μ´Í¥ ±μ´Íμ¢ μ´  ²¨¡μ ¤μ-
¸É¨£´¥É É ±μ° ¢¥²¨Î¨´Ò, ÎÉμ ¸É¥±²μ ´ Î´¥É ¶² -
¢¨ÉÓ¸Ö, ²¨¡μ ¶μ¸²¥ ³´μ£¨Ì μÉ· ¦¥´¨° Ê¸¨²¥´´Ò°
²ÊÎ, ¶μ± § ´´Ò° ´  ·¨¸Ê´±¥ ¦¨·´μ° ²¨´¨¥°, ¢Ò°-
¤¥É μ¡· É´μ Î¥·¥§ μÉ·μ¸Éμ±. Œμ¦´μ ¶·¥¤¸É ¢¨ÉÓ
¸¥¡¥ ¨ É ±ÊÕ £¥μ³¥É·¨Õ ¸É¥±² , ¶·¨ ±μÉμ·μ° ²ÊÎ
´¥ ¸³μ¦¥É ¢Ò°É¨. “¸¨²¥´¨¥ § ¢¨¸¨É μÉ Î¨¸²  μÉ-
· ¦¥´¨° ¨ μÉ  ±É¨¢´μ¸É¨  ±É¨¢´μ° ¸·¥¤Ò. —¨-
¸²μ μÉ· ¦¥´¨° ÎÊ¢¸É¢¨É¥²Ó´μ ± Ê£²Ê ¶ ¤¥´¨Ö ¶¥·-
¢¨Î´μ£μ ²ÊÎ . …¸²¨ μ¡Ð¥¥ Ê¸¨²¥´¨¥ ²ÊÎ  ¢¥²¨±μ,
Éμ Éμ´±μ¸É¥´´ Ö ¸É¥±²Ö´´ Ö ¸Ë¥·  ¶·¥¢· É¨É¸Ö ¢
¦¨¤±¨° ¶Ê§Ò·Ó ¸ Éμ´±¨³¨ ¸É¥´± ³¨, § ¶μ²´¥´´Ò³¨
ËμÉμ´ ³¨. 
² £μ¤ ·Ö ¸¨² ³ Ô²¥±É·μ¸É·¨±Í¨¨ É ±μ¥
μ¡· §μ¢ ´¨¥ ³μ¦¥É ¡ÒÉÓ Ê¸Éμ°Î¨¢Ò³, ¨ μ´μ ¶μÌμ-
¤¨É ´  ³μ¤¥²Ó Ï ·μ¢μ° ³μ²´¨¨, μ¶¨¸ ´´μ° ¢ [4].

—Éμ¡Ò μÍ¥´¨ÉÓ Ê¸¨²¥´¨¥ ¢ ¶·¥¤² £ ¥³μ³ Ô±¸¶¥-
·¨³¥´É¥, ¶·¨³¥³, ÎÉμ ¤¨Ô²¥±É·¨Î¥¸± Ö ¶·μ´¨Í ¥³μ¸ÉÓ  ±É¨¢´μ° ¸·¥¤Ò · ¢´  ε2 ≈ 1−iα,  
ε1 ¸É¥±²  ¨³¥¥É ¢¥Ð¥¸É¢¥´´μ¥ §´ Î¥´¨¥. �μ²´μ¥ μÉ· ¦¥´¨¥ ’…-³μ¤Ò ¸μ£² ¸´μ (12) ¨ (11)
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¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

ρe ≈ k1⊥ − iK2⊥ + αk2
0/2K2⊥

k1⊥ + iK2⊥ − αk2
0/2K2⊥

, (14)

£¤¥ K2⊥ =
√

(ε1 − 1)k2
0 − k2

1⊥, ¨ ¶μ²ÊÎ¥´´ Ö Ëμ·³Ê²  ¸¶· ¢¥¤²¨¢  ¶·¨ ³ ²ÒÌ α. �´ -
²μ£¨Î´μ¥ ¢Ò· ¦¥´¨¥ ¶μ²ÊÎ ¥É¸Ö ¨ ¤²Ö ρm ’Œ-³μ¤Ò. ˆ§ ¢Ò· ¦¥´¨Ö (14) ¢¨¤´μ, ÎÉμ
Î¥³ ³¥´ÓÏ¥ K2⊥, É. ¥. Î¥³ ¡²¨¦¥ Ê£μ² ¶ ¤¥´¨Ö ± ±·¨É¨Î¥¸±μ³Ê, É¥³ ¡μ²ÓÏ¥ Ê¸¨²¥-
´¨¥. ’¥³ ´¥ ³¥´¥¥ ¤²Ö μÍ¥´±¨ ³Ò ¶μ²μ¦¨³, ÎÉμ Ê¸¨²¥´¨¥ μ¡μ¨Ì É¨¶μ¢ ¢μ²´ ¶·¨ μ¤-
´μ³ μÉ· ¦¥´¨¨ μ¶¨¸Ò¢ ¥É¸Ö ¢¥²¨Î¨´μ° 1 + 2α. “¸¨²¥´¨¥ ¶μ¸²¥ N μÉ· ¦¥´¨° · ¢´μ
∝ (1 + 2α)N ≈ exp (2Nα). —¨¸²μ N ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ Î¥·¥§ ¢·¥³Ö t ± ± t/t1, £¤¥
t1 = 2R cos θ

√
ε1/c Å ¨´É¥·¢ ² ¢·¥³¥´¨ ³¥¦¤Ê ¤¢Ê³Ö ¶μ¸²¥¤μ¢ É¥²Ó´Ò³¨ ¸μÊ¤ ·¥´¨Ö³¨,

θ Å Ê£μ² ¶ ¤¥´¨Ö,   R Å · ¤¨Ê¸ ¸Ë¥·Ò. �μÔÉμ³Ê ¨´É¥´¸¨¢´μ¸ÉÓ ¢μ²´Ò I Î¥·¥§ ¢·¥³Ö t
· ¢´  I = I0 exp (t/τ), £¤¥ τ = t1/2α = R sin θ

√
ε1/c,   I0 Å ´ Î ²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ

¢μ²´Ò. „²Ö R = 10 ¸³, θ = 0,1 ¨ α = 10−7 ³Ò ¶μ²ÊÎ ¥³ 1/τ ≈ 3 · 103 c−1. �É¸Õ¤ 
¸²¥¤Ê¥É, ÎÉμ ¶·¨ I0 = 10−19 „¦ (∼ 1 Ô‚) Ô´¥·£¨Ö I Î¥·¥§ 20 ³¸ ¤μ¸É¨£ ¥É ¢¥²¨Î¨´Ò
∼ 10 Œ„¦.

„²Ö μÍ¥´±¨ ¢¥²¨Î¨´Ò α § ³¥É¨³, ÎÉμ Ê¸¨²¥´¨¥ ²ÊÎ  ¢ ² §¥·¥ ´  ¶ÊÉ¨ l μÍ¥´¨¢ ¥É¸Ö
¢¥²¨Î¨´μ° exp (2k′′l), £¤¥ k′′ Å ³´¨³ Ö Î ¸ÉÓ ¢μ²´μ¢μ£μ Î¨¸²  ¢ ¸·¥¤¥,   g = 2k′′

´ §Ò¢ ¥É¸Ö ±μÔËË¨Í¨¥´Éμ³ Ê¸¨²¥´¨Ö. ‚ ¸·¥¤¥ ¸ ε = 1 − iα ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö
· ¢¥´ g ≈ αk = 2πα/λ, £¤¥ λ Å ¤²¨´  ¢μ²´Ò ¨§²ÊÎ¥´¨Ö. “ N2, CO2 £ §μ¢μ£μ ² §¥· 
±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¶·¨¡²¨§¨É¥²Ó´μ · ¢¥´ 10−2 ¸³−1 [5]. �·¨ λ/2π 
 10−4 ¸³ ³Ò
¶μ²ÊÎ ¥³ α = 10−6.

‚ ²¨É¥· ÉÊ·¥ ¨³¥ÕÉ¸Ö μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¸ ³¨±·μ¸Ë¥· ³¨ · ¤¨Ê¸μ³ ∼ 1 ³³
(¸³., ´ ¶·¨³¥·, [6Ä9] ¨ Ê± § ´´ÊÕ ¢ ´¨Ì ²¨É¥· ÉÊ·Ê). �´¨ ¨£· ÕÉ ·μ²Ó ·¥§μ´ Éμ·μ¢ ¤²Ö
¸¢¥É  ¢ ³μ¤¥ Ï¥¶ÎÊÐ¥° £ ²¥·¥¨ (�Œ˜ƒ), ±μÉμ·Ò° ¶μ¶ ¤ ¥É ¢ ¸Ë¥·Ê ¶μ¸·¥¤¸É¢μ³ ´ ·Ê-
Ï¥´´μ£μ ¶μ²´μ£μ ¢´ÊÉ·¥´´¥£μ μÉ· ¦¥´¨Ö. �μ± §Ò¢ ¥É¸Ö, ÎÉμ ÔÉ¨ ·¥§μ´ Éμ·Ò μ¡² ¤ ÕÉ
¡μ²ÓÏμ° ¤μ¡·μÉ´μ¸ÉÓÕ Q ¢¶²μÉÓ ¤μ Q ∼ 1010 [6]. �Éμ μ§´ Î ¥É, ÎÉμ ¸¢¥É ¢ ´¨Ì ¨¸¶ÒÉÒ-
¢ ¥É μ£·μ³´μ¥ Î¨¸²μ N ∼ Q ¶μ²´ÒÌ ¢´ÊÉ·¥´´¨Ì μÉ· ¦¥´¨°. ‚ ¸Ë¥· Ì ¡μ²ÓÏ¥£μ · ¤¨Ê¸ ,
¶μ³¥Ð¥´´ÒÌ ¢  ±É¨¢´ÊÕ ¸·¥¤Ê ¸ α ∼ 10−7, ¤μ¡·μÉ´μ¸ÉÓ ³μ¦¥É ¡ÒÉÓ ¥Ð¥ ¢ÒÏ¥. �μÔÉμ³Ê
´ ±μ¶²¥´´ Ö Ô´¥·£¨Ö ³μ¦¥É ¡ÒÉÓ μÎ¥´Ó ¢¥²¨± . ”μÉμ´Ò, § Ì¢ Î¥´´Ò¥ ¢ É ±μ° ¸Ë¥·¥, ³μ-
£ÊÉ · ¸¶² ¢¨ÉÓ ·¥§μ´ Éμ·, ´μ ¸¨²Ò Ô²¥±É·μ¸É·¨±Í¨¨ ´¥ ¶μ§¢μ²ÖÉ ¥³Ê · ¸¶ ¸ÉÓ¸Ö. ‚ É ±μ°
¸¨¸É¥³¥ ³μ¦´μ ´ ¤¥ÖÉÓ¸Ö Ê¢¨¤¥ÉÓ ³´μ¦¥¸É¢μ ¨´É¥·¥¸´ÒÌ ´¥²¨´¥°´ÒÌ ÔËË¥±Éμ¢.

‚�‡Œ�†��‘’ˆ ���‹ˆ‡� ‘ ��Œ�™œ� ‘”…�ˆ—…‘Šˆ• ƒ��Œ��ˆŠ

‚ · ¡μÉ Ì [6Ä9] ¨ ³´μ£¨Ì ¤·Ê£¨Ì, ¶μ¸¢ÖÐ¥´´ÒÌ �Œ˜ƒ, É¥μ·¥É¨Î¥¸±¨°  ´ ²¨§ ¶·μ¨§-
¢μ¤¨É¸Ö ³¥Éμ¤μ³ ¸Ë¥·¨Î¥¸±¨Ì £ ·³μ´¨±. �Éμ μ§´ Î ¥É, ÎÉμ ’…- ¨ ’Œ-¶μ²Ö ¶·¥¤¸É ¢²Ö-
ÕÉ¸Ö ¸ ¶μ³μÐÓÕ ËÊ´±Í¨° ¢¨¤ 

ψ(r, t) = exp (−iωt)Yl,m(θ, φ)Fl(r), (15)

£¤¥ Yl,m(θ, φ) Å μ¡ÒÎ´Ò¥ ¸Ë¥·¨Î¥¸±¨¥ £ ·³μ´¨±¨,   · ¤¨ ²Ó´Ò¥ ËÊ´±Í¨¨ Fl(r) ¢Ò· ¦ -

ÕÉ¸Ö Î¥·¥§ ¸Ë¥·¨Î¥¸±¨¥ ËÊ´±Í¨¨ 
¥¸¸¥²Ö, jl(kr), ¨ • ´±¥²Ö, h
(1)
l (k′r):

Fl(r) = Θ(r < R)
jl(nk0r)
jl(nk0R)

+ Θ(r > R)
h

(1)
l (n′k0r)

h
(1)
l (n′k0R)

. (16)
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‡¤¥¸Ó n, n′ Å ±μÔËË¨Í¨¥´ÉÒ ¶·¥²μ³²¥´¨Ö ¢´ÊÉ·¨ ¨ ¢´¥ ¸Ë¥·Ò, k0 = ω/c, ¨ ¸Ë¥·¨-
Î¥¸±¨¥ ËÊ´±Í¨¨ ¢Ò¡· ´Ò ¸ ³´μ¦¨É¥²Ö³¨, μ¡¥¸¶¥Î¨¢ ÕÐ¨³¨ ´¥¶·¥·Ò¢´μ¸ÉÓ ËÊ´±Í¨¨
Fl(r) ´  £· ´¨Í¥ · §¤¥²  r = R. ‚Éμ·μ¥ £· ´¨Î´μ¥ Ê¸²μ¢¨¥, É·¥¡ÊÕÐ¥¥ ´¥¶·¥·Ò¢´μ¸É¨
¶·μ¨§¢μ¤´μ°, ¶·¨¢μ¤¨É ± μ£· ´¨Î¥´¨Ö³ ´  ¢¥²¨Î¨´Ê k0.

�¤´ ±μ ¢ ´ Ï¥³ ¸²ÊÎ ¥ É ±μ°  ´ ²¨§ ´¥ £μ¤¨É¸Ö, ¶μ¸±μ²Ó±Ê ¢´¥Ï´ÖÖ ËÊ´±Í¨Ö ¤²Ö
³μ¤Ò Ï¥¶ÎÊÐ¥° £ ²¥·¥¨ ¤μ²¦´  ¡ÒÉÓ Ô±¸¶μ´¥´Í¨ ²Ó´μ § ÉÊÌ ÕÐ¥°, Éμ£¤  ± ± ËÊ´±Í¨¨
• ´±¥²Ö ÔÉμ£μ ´¥ μ¡¥¸¶¥Î¨¢ ÕÉ. „²Ö μ¶¨¸ ´¨Ö ¸¢¥É , § Ì¢ Î¥´´μ£μ ¢ ³μ¤Ê Ï¥¶ÎÊÐ¥°
£ ²¥·¥¨ ¨ ¸μ¸·¥¤μÉμÎ¥´´μ£μ ¢ Ê§±μ³ ¸²μ¥ ¢¡²¨§¨ · ¤¨Ê¸  ¸Ë¥·Ò R, ¢ ¸²ÊÎ ¥ Rk0 � 1
Ì · ±É¥·´Ò Ê£²μ¢Ò¥ ³μ³¥´ÉÒ l � 1, ¤²Ö ±μÉμ·ÒÌ ³μ¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö · §²μ¦¥´¨¥³ [8]

l2

r2
≈ l2

R2
− 2(r − R)

l2

R3
(17)

¨ ¶·¨´ÖÉÓ ²¨´¥°´μ¥ ¸² £ ¥³μ¥ ¢ ± Î¥¸É¢¥ ¢μ§³ÊÐ¥´¨Ö. ’μ£¤  ¢ ¶·μ¸É¥°Ï¥³ ¶·¨¡²¨¦¥´¨¨
· ¤¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¶·¨´¨³ ¥É ¢¨¤

(
d2

dr2
+ εk2 − l2

R2

)
Fl(r) = 0. (18)

…£μ ·¥Ï¥´¨¥³ ¸²Ê¦¨É ËÊ´±Í¨Ö

Fl(r) = Θ(r < R)
sin(krr)
sin(krR)

+ Θ(r > R) e−Kr(r−R), (19)

£¤¥ kr ≈
√

εk2
0 − l2/R2, Kr =

√
(ε − ε′)k2

0 − k2
r . Œμ¤  Ï¥¶ÎÊÐ¥° £ ²¥·¥¨ ³μ¦¥É ¢μ§´¨-

± ÉÓ Éμ²Ó±μ ¶·¨ ε′ < ε ¨ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨Ì l, ÎÉμ¡Ò  ·£Ê³¥´ÉÒ μ¡μ¨Ì ±μ·´¥° ¡Ò²¨
¶μ²μ¦¨É¥²Ó´Ò.

‚Éμ·μ¥ £· ´¨Î´μ¥ Ê¸²μ¢¨¥ ´ ±² ¤Ò¢ ¥É μ£· ´¨Î¥´¨¥ (±¢ ´Éμ¢ ´¨¥) ´  k2
0 . …¸²¨ ¸·¥¤ 

¸´ ·Ê¦¨  ±É¨¢´ , Éμ ε′ ¸μ¤¥·¦¨É μÉ·¨Í É¥²Ó´ÊÕ ³´¨³ÊÕ Î ¸ÉÓ −iε′′, ¨ ¢Éμ·μ¥ £· ´¨Î´μ¥
Ê¸²μ¢¨¥ ¶·¨¢¥¤¥É ± Éμ³Ê, ÎÉμ k2

0 ,   §´ Î¨É, ¨ ω ¤μ²¦´Ò ¡ÒÉÓ ±μ³¶²¥±¸´Ò³¨ Î¨¸² ³¨
¸ ¶μ²μ¦¨É¥²Ó´μ° ³´¨³μ° Î ¸ÉÓÕ iω′′. ˆ§ ÔÉμ£μ ´¥³¥¤²¥´´μ ¸²¥¤Ê¥É, ÎÉμ ³´μ¦¨É¥²Ó
exp (−iωt) ¢ (15) ¶·¨μ¡·¥É ¥É Ô±¸¶μ´¥´Í¨ ²Ó´μ · ¸ÉÊÐÊÕ Î ¸ÉÓ ∼ exp (ω′′t), ¸μμÉ¢¥É-
¸É¢ÊÕÐÊÕ ´ ± Î±¥ ¢μ²´Ò ¨§ ¢´¥Ï´¥° ¸·¥¤Ò.

ŒÒ ´¥ ¸²¥¤μ¢ ²¨ ÔÉ¨³ ¶ÊÉ¥³ ¢ ¸¢μ¥³  ´ ²¨§¥, ¶μÉμ³Ê ÎÉμ ¶·¨¡²¨¦¥´¨¥ (18) Ô±¢¨-
¢ ²¥´É´μ ¶·¥¤¸É ¢²¥´¨Õ μÉ· ¦¥´¨Ö ¢ ± ¦¤μ° ÉμÎ±¥ ¢ ¶²μ¸±μ° £¥μ³¥É·¨¨. Š·μ³¥ Éμ£μ,
¶·¥¤¸É ¢²¥´¨¥ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¢ ¢¨¤¥ (15) ¶μ¤· §Ê³¥¢ ¥É ¶¥·¨μ¤¨Î´μ¸ÉÓ ¶μ²Ö ¢ ¸Ë¥·¥,
É. ¥. § ³±´ÊÉμ¸ÉÓ ¢¸¥Ì ²ÊÎ¥¢ÒÌ É· ¥±Éμ·¨°, ÎÉμ, ¢μμ¡Ð¥ £μ¢μ·Ö, ³μ¦¥É ¨ ´¥ ¢Ò¶μ²´ÖÉÓ¸Ö.
�μÔÉμ³Ê ¶·¨ Rk0 � 1 μ¶¨¸ ´¨¥ ¸¢¥É , § Ì¢ Î¥´´μ£μ ¢ ³μ¤Ê Ï¥¶ÎÊÐ¥° £ ²¥·¥¨, ¸ ¶μ³μ-
ÐÓÕ ¸Ë¥·¨Î¥¸±¨Ì £ ·³μ´¨± ´¥ Ö¢²Ö¥É¸Ö  ¤¥±¢ É´Ò³ § ¤ Î¥.

‡�Š‹�—…�ˆ…

ŒÒ ´ ¶μ³´¨²¨ ¨§¢¥¸É´Ò° Ë ±É, ÎÉμ ¶μ²´μ¥ ¢´ÊÉ·¥´´¥¥ μÉ· ¦¥´¨¥ μÉ  ±É¨¢´ÒÌ ¸·¥¤
μ¶¨¸Ò¢ ¥É¸Ö ±μÔËË¨Í¨¥´Éμ³ μÉ· ¦¥´¨Ö, ¡μ²ÓÏ¨³ ¥¤¨´¨ÍÒ, ¨ ¶μ± § ²¨, ÎÉμ ÔÉμ Ô±¢¨¢ -
²¥´É´μ ¶¥·¥± Î±¥ Ô´¥·£¨¨ ¨§ ¸·¥¤Ò ¢ ¶ ¤ ÕÐÊÕ ¢μ²´Ê. „²Ö ¶·μ¢¥·±¨ ÔÉμ£μ ÊÉ¢¥·¦¤¥´¨Ö
¶·¥¤² £ ¥É¸Ö Ô±¸¶¥·¨³¥´É ¶μ §´ Î¨É¥²Ó´μ³Ê Ê¸¨²¥´¨Õ ¸¢¥É , § Ì¢ Î¥´´μ£μ ¢´ÊÉ·Ó ¸É¥-
±²Ö´´μ° ¸Ë¥·Ò ¢ ³μ¤Ê Ï¥¶ÎÊÐ¥° £ ²¥·¥¨, ±μ£¤  ¸Ë¥·  ¶μ³¥Ð¥´  ¢ £ §μ¢ÊÕ ¸·¥¤Ê ¸
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¢μ§¡Ê¦¤¥´´Ò³¨  Éμ³ ³¨, ·¥§μ´ ´¸´Ò³¨ Î ¸ÉμÉ¥ § Ì¢ Î¥´´μ£μ ¸¢¥É . ŒÒ £μ¢μ·¨²¨ §¤¥¸Ó
μ ¸Ë¥·¥, ´μ, ±μ´¥Î´μ ¦¥, ¸É¥±²Ö´´Ò° μ¡Ñ¥±É ¤²Ö Ì· ´¥´¨Ö ¸¢¥É  ³μ¦¥É ¨³¥ÉÓ ¨ ¤·Ê-
£ÊÕ Ëμ·³Ê. �Éμ ³μ¦¥É ¡ÒÉÓ ²¨¡μ Ô²²¨¶¸μ¨¤, ²¨¡μ Éμ·μ¨¤, ²¨¡μ ÎÉμ-´¨¡Ê¤Ó ¨´μ¥, ²¨ÏÓ
¡Ò § Ì¢ Î¥´´Ò° ¸¢¥É ¤μ¸É ÉμÎ´μ ¤μ²£μ ´¥ ¢ÒÌμ¤¨² ¨§ ·¥¦¨³  ¶μ²´μ£μ μÉ· ¦¥´¨Ö. ŒÒ
¶μ´¨³ ¥³, ÎÉμ μÍ¥´±  ¢¥²¨Î¨´Ò ´ ±μ¶²¥´´μ° Ô´¥·£¨¨ 10 Œ„¦ Ö¢²Ö¥É¸Ö ´¥¸±μ²Ó±μ ´¥-
·¥ ²¨¸É¨Î´μ°, μ¤´ ±μ ¤ ¦¥ ¥¸²¨ ´ ±μ¶²¥´´ Ö Ô´¥·£¨Ö μ± ¦¥É¸Ö ¢ 1000 · § ³¥´ÓÏ¥, Ô±¸-
¶¥·¨³¥´É ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ± ± ¤²Ö ËÊ´¤ ³¥´É ²Ó´μ° Ë¨§¨±¨, É ± ¨ ¤²Ö ¶·¨±² ¤´μ°,
¶μ¸±μ²Ó±Ê ¶μ§¢μ²Ö¥É ´ ¤¥ÖÉÓ¸Ö ´  ¸μ§¤ ´¨¥ ¤¢¨£ É¥²Ö ¸μ¢¥·Ï¥´´μ ´μ¢μ£μ É¨¶ .

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¨¸±·¥´´ÕÕ ¡² £μ¤ ·´μ¸ÉÓ ¶·μË¥¸¸μ·Ê ƒ.Œ¨Í¥²Ó-
³ Ì¥·Ê ¨§ ˆ´¸É¨ÉÊÉ  Ë¨§¨±¨ ¨  ¸É·μ´μ³¨¨ Ê´¨¢¥·¸¨É¥É  ”²μ·¨¤Ò, ¶·μË¥¸¸μ·Ê ‹.�μ¢μÉ-
´μ³Ê ¨ ¤μ±Éμ·Ê ‘. ‹Ê±¨Ïμ¢μ° ¨§ �¶É¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ  �μÎ¥¸É¥·¸±μ£μ Ê´¨¢¥·¸¨É¥É ,
  É ±¦¥ ¶·μË¥¸¸μ·Ê ‚. ƒ. Š ¤ÒÏ¥¢¸±μ³Ê ¨§ �ˆŸˆ §  ¨Ì ¨´É¥·¥¸, ¸μ¢¥ÉÒ ¨ ¶μ¤¤¥·¦±Ê.
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