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1. „ˆ”��Š–ˆŸ �…‰’����‚
�� Œ�Š��‘Š��ˆ—…‘Šˆ• ��š…Š’�•

� ¡²Õ¤¥´¨¥ ¤¨Ë· ±Í¨¨ ´¥°É·µ´µ¢ ´  ±·¨¸É ²² Ì ¢ 1936 £. [1, 2] Ö¢¨-
²µ¸Ó ¶¥·¢Ò³ ¶·Ö³Ò³ ¸¢¨¤¥É¥²Ó¸É¢µ³ ´ ²¨Î¨Ö Ê ´¥°É·µ´  ¢µ²´µ¢ÒÌ ¸¢µ°¸É¢.
‚¶µ¸²¥¤¸É¢¨e ´¥°É·µ´´ Ö ¤¨Ë· ±Í¨Ö ¶·¥¢· É¨² ¸Ó ¢ ³µÐ´Ò° Ô±¸¶¥·¨³¥´-
É ²Ó´Ò° ³¥Éµ¤ ¨¸¸²¥¤µ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ¨ ¤¨´ ³¨±¨ ±·¨¸É ²²µ¢ (¸³., ´ ¶·¨-
³¥·, [3]). �¤´ ±µ ¢ É¥Î¥´¨¥ ¥Ð¥ ¤µ¢µ²Ó´µ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨ Ô±¸¶¥·¨-
³¥´É Éµ· ³ ¡Ò²¨ ¤µ¸ÉÊ¶´Ò ²¨ÏÓ É¥¶²µ¢Ò¥ ´¥°É·µ´Ò ¸ Ì · ±É¥·´µ° ¤²¨´µ°
¢µ²´Ò ¶µ·Ö¤±  ´¥¸±µ²Ó±¨Ì  ´£¸É·¥³. �µÔÉµ³Ê ´ ¡²Õ¤¥´¨¥ ¤¨Ë· ±Í¨¨ ´¥°-
É·µ´µ¢ ´  ³ ±·µ¸±µ¶¨Î¥¸±¨Ì µ¡Ñ¥±É Ì ¶·¥¤¸É ¢²Ö²µ ¸¥·Ó¥§´Ò¥ É·Ê¤´µ¸É¨ ¨
¸É ²µ ¢µ§³µ¦´Ò³ ²¨ÏÓ ¢ ·¥§Ê²ÓÉ É¥ ¸ÊÐ¥¸É¢¥´´µ£µ ¶·µ£·¥¸¸  Ô±¸¶¥·¨³¥´-
É ²Ó´µ° É¥Ì´¨±¨. ‚ 1969 £. ˜ ²² ¢¶¥·¢Ò¥ ´ ¡²Õ¤ ² ¤¨Ë· ±Í¨Õ ´¥°É·µ´µ¢
´  Ð¥²¨ [4],   � ÊÌ ¸ ¸µ ¢Éµ· ³¨ Å ¤¨Ë· ±Í¨Õ ´  µ¶É¨Î¥¸±µ° ¤¨Ë· ±Í¨-
µ´´µ° ·¥Ï¥É±¥ [5, 6]. � Î¨´ Ö ¸ ¸¥³¨¤¥¸ÖÉÒÌ £µ¤µ¢ ¸É ²µ ¢µ§³µ¦´Ò³ ¨¸-
¶µ²Ó§µ¢ ÉÓ µÉ´µ¸¨É¥²Ó´µ ¤²¨´´µ¢µ²´µ¢Ò¥ Ìµ²µ¤´Ò¥ ¨ Ê²ÓÉ· Ìµ²µ¤´Ò¥ ´¥°-
É·µ´Ò (“•�), ÎÉµ ¥Ð¥ · ¸Ï¨·¨²µ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨. ‚ · ¡µ-
É Ì [7, 8] ´ ¡²Õ¤ ² ¸Ó ¤¨Ë· ±Í¨Ö “•� ´  £· ¢¨·µ¢ ´´µ° ·¥Ï¥É±¥ ¸µ ¸¶¥Í¨-
 ²Ó´Ò³ ¶·µË¨²¥³,    ¢Éµ·Ò · ¡µÉ [9, 10] ¨¸¶µ²Ó§µ¢ ²¨ ¢ ± Î¥¸É¢¥ Ëµ±Ê¸¨·ÊÕ-
Ð¥£µ Ê¸É·µ°¸É¢  ¸¶¥Í¨ ²Ó´µ · ¸¸Î¨É ´´Ò¥ ¨ ¨§£µÉµ¢²¥´´Ò¥ ¤¨Ë· ±Í¨µ´´Ò¥
¸É·Ê±ÉÊ·Ò Å µ¤´µ³¥·´Ò¥ §µ´´Ò¥ ¶² ¸É¨´±¨. ‚ ·Ö¤¥ ¨§ÖÐ´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢
´ ¡²Õ¤ ² ¸Ó ¤¨Ë· ±Í¨Ö µÎ¥´Ó Ìµ²µ¤´ÒÌ ´¥°É·µ´µ¢ ´  ±· Õ ¶µ£²µÐ ÕÐ¥£µ
Ô±· ´  [11, 12], ¨ ´  Ð¥²ÖÌ (µ¶ÒÉ �´£  ¸ ´¥°É·µ´ ³¨) [13]. ‚Ò¸µ± Ö ÉµÎ-
´µ¸ÉÓ Ô±¸¶¥·¨³¥´Éµ¢ [12, 13] ¶µ§¢µ²¨²  ¶·µ¢¥¸É¨ ¨ ±µ²¨Î¥¸É¢¥´´µ¥ ¸· ¢´¥´¨¥
¸ É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨. ‚ 1981 £. ¶µÖ¢¨²µ¸Ó ¶·¥¤²µ¦¥´¨¥ ¨¸¶µ²Ó-
§µ¢ ÉÓ ¤¨Ë· ±Í¨µ´´Ò¥ ·¥Ï¥É±¨ ¢ ± Î¥¸É¢¥ µ¸´µ¢´µ£µ Ô²¥³¥´É  ´¥°É·µ´´µ£µ
¨´É¥·Ë¥·µ³¥É·  [14]. ’ ±µ° ¶·¨¡µ· ¡Ò² ¶µ¸É·µ¥´ ¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ É¥-
¶²µ¢Ò³¨ ´¥°É·µ´ ³¨ ¡Ò²  ¶·µ¤¥³µ´¸É·¨·µ¢ ´  ¥£µ · ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ [14].
�µ§¦¥ ¶µÖ¢¨²¸Ö  ´ ²µ£¨Î´Ò° ¶·¨¡µ· ¤²Ö µÎ¥´Ó Ìµ²µ¤´ÒÌ ´¥°É·µ´µ¢ [16].

�É¨ Ô±¸¶¥·¨³¥´ÉÒ ´¥ Éµ²Ó±µ ¥Ð¥ · § ¶·µ¤¥³µ´¸É·¨·µ¢ ²¨ ¸¶· ¢¥¤²¨-
¢µ¸ÉÓ µ¸´µ¢´ÒÌ ¶·¥¤¸± § ´¨° ¸É Í¨µ´ ·´µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨, ´µ ¨ ¶·¨-
¢¥²¨ ± ¸µ§¤ ´¨Õ ´µ¢µ£µ ¶µ±µ²¥´¨Ö ¤¨Ë· ±Í¨µ´´ÒÌ ¶·¨¡µ·µ¢, ´ Ï¥¤Ï¨Ì ¶·¨-
³¥´¥´¨¥ ¢ ¶· ±É¨±¥ ´¥°É·µ´´µ£µ Ô±¸¶¥·¨³¥´É . �¤´ ±µ ¢¸±µ·¥ ¢ÒÖ¸´¨²µ¸Ó,
ÎÉµ ¢ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ Ìµ·µÏµ ¨§¢¥¸É´µ¥ Ö¢²¥´¨¥ ´¥°É·µ´´µ° ¤¨Ë· ±Í¨¨
³µ¦¥É ¶·¨µ¡·¥É ÉÓ ´¥¸±µ²Ó±µ ´¥µ¦¨¤ ´´Ò¥ Î¥·ÉÒ. ‚ · ¡µÉ¥ [17] ¡Ò²µ ¶µ± -
§ ´µ, ÎÉµ ¢ ¸²ÊÎ ¥ ¤¢¨¦¥´¨Ö ¤¨Ë· ±Í¨µ´´µ° ·¥Ï¥É±¨ ¶µ¶¥·¥± ¶ÊÎ±  ³¥¤²¥´-
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´ÒÌ ´¥°É·µ´µ¢ µ´  ¢Ò¸ÉÊ¶ ¥É ¢ ± Î¥¸É¢¥ ´¥¸É Í¨µ´ ·´µ£µ ±¢ ´Éµ¢µ£µ Ê¸É·µ°-
¸É¢  ¨ ± ± É ±µ¢µ¥ ¸ÊÐ¥¸É¢¥´´µ ¨§³¥´Ö¥É Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶ ¤ ÕÐ¨Ì
´  ´¥¥ ´¥°É·µ´µ¢. �µÎÉ¨ µ¤´µ¢·¥³¥´´µ ¶µÖ¢¨²µ¸Ó ¶·¥¤²µ¦¥´¨¥ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¤¢¨¦ÊÐ¨¥¸Ö ·¥Ï¥É±¨ ¢ ´¥°É·µ´´µ³ ¨´É¥·Ë¥·µ³¥É·¥, ÎÉµ ³µ¦¥É §´ Î¨-
É¥²Ó´µ Ê¢¥²¨Î¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¶µ¸²¥¤´¥£µ [18, 19]. �¥¤ ¢´µ ¤¨¸±·¥É´Ò°
¸¶¥±É· ¶·¨ ¤¨Ë· ±Í¨¨ “•� ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥ ´ ¡²Õ¤ ²¸Ö ¢ Ô±¸¶¥-
·¨³¥´É¥ [20]. ‚¸±µ·¥ ¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ, ÎÉµ ¤¢¨¦ÊÐ Ö¸Ö ·¥Ï¥É± 
¸ ¶¥·¥³¥´´Ò³ ¶·µ¸É· ´¸É¢¥´´Ò³ ¶¥·¨µ¤µ³ ³µ¦¥É ¸²Ê¦¨ÉÓ ±¢ ´Éµ¢µ° ¢·¥-
³¥´´µ° ²¨´§µ° ¤²Ö “•� [21, 22]. � ¸ÉµÖÐ Ö · ¡µÉ  ¶µ¸¢ÖÐ¥´  ¨§²µ¦¥´¨Õ
·¥§Ê²ÓÉ Éµ¢ ´µ¢µ£µ Ô±¸¶¥·¨³¥´É  ¶µ ´ ¡²Õ¤¥´¨Õ ¤¨Ë· ±Í¨¨ “•� ´  ¤¢¨-
¦ÊÐ¥°¸Ö ·¥Ï¥É±¥, ¶µ§¢µ²ÖÕÐ¥£µ ¶·µ¢¥¸É¨ Ê¦¥ ±µ²¨Î¥¸É¢¥´´µ¥ ¸· ¢´¥´¨¥ ¸
É¥µ·¨¥°.

2. „‚ˆ†“™�Ÿ‘Ÿ „ˆ”��Š–ˆ����Ÿ �…˜…’Š�
Š�Š �…‘’�–ˆ������… Š‚��’�‚�… “‘’��‰‘’‚�

�·¨¢¥¤¥³ ±· É±µ ·¥Ï¥´¨¥ § ¤ Î¨ µ ¤¨Ë· ±Í¨¨ ´¥°É·µ´µ¢ ´  ¤¢¨¦ÊÐ¥°¸Ö
¤¨Ë· ±Í¨µ´´µ° ·¥Ï¥É±¥, ¸²¥¤ÊÖ · ¡µÉ¥ [17]. �µ²µ¦¨³, ÎÉµ ¶²µ¸± Ö ¢µ²´ 
Ψ(z, t) = exp [i(kz − ωt)] ¶ ¤ ¥É ´  ¶¥·¨µ¤¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê Å ¤¨Ë· ±Í¨-
µ´´ÊÕ ·¥Ï¥É±Ê, ¶µ³¥Ð¥´´ÊÕ ¢ ¶²µ¸±µ¸É¨ XY ¨ ¤¢¨¦ÊÐÊÕ¸Ö ¢¤µ²Ó µ¸¨ Y
¸µ ¸±µ·µ¸ÉÓÕ V . �·µ¸É· ´¸É¢¥´´Ò° ¶¥·¨µ¤ ·¥Ï¥É±¨ L. �¥Ï Ö § ¤ ÎÊ µ ¤¨-
Ë· ±Í¨¨ ¢ ¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¢ ±µÉµ·µ° ·¥Ï¥É±  ¶µ±µ¨É¸Ö, ¨
¶µ² £ Ö T = L/V � ω−1, ¶µ²ÊÎ¨³

Ψ0(z, y, t) = exp [−i(kV y + ωV t)]×

×
∑

j

aj exp
[
i

(√
k2 + 2kV qj − q2 z + qjy − ωt

)]
, (1)

£¤¥

kV =
mV

�
, ωV =

mV 2

2�
, qj =

2π

L
j, aj =

1
L

L∫
0

θ(y) e−iqjydy, (2)

  θ(y) Å ¢µµ¡Ð¥ £µ¢µ·Ö, ±µ³¶²¥±¸´ Ö, ËÊ´±Í¨Ö ¶·µ¶Ê¸± ´¨Ö µ¤´µ£µ Ô²¥-
³¥´É  ´¥¶µ¤¢¨¦´µ° ·¥Ï¥É±¨. �¥·¥Ìµ¤Ö É¥¶¥·Ó ¢ ² ¡µ· Éµ·´ÊÕ ¸¨¸É¥³Ê ±µ-
µ·¤¨´ É [23], ¶µ²ÊÎ¨³

Ψ(z, y, t) =
∑

j

aj exp
[
i
(√

k2 + 2kV qj − q2
j z + qjy − (ω + jΩ)t

)]
, (3)

£¤¥ ¶·¨´ÖÉµ
qjV = j · 2πT−1 = jΩ. (4)
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Š ± ²¥£±µ ¢¨¤¥ÉÓ ¨§ (3), ·¥§Ê²ÓÉ Éµ³ ¤¨Ë· ±Í¨¨ Ö¢²Ö¥É¸Ö ¶µÖ¢²¥´¨¥ ¤¨¸-
±·¥É´µ£µ ¸¶¥±É· 

Ej = �ωj, ωj = ω + jΩ. (5)

�µ² £ Ö ¢¥²¨Î¨´Ê ¶·µ¸É· ´¸É¢¥´´µ° Î ¸ÉµÉÒ ·¥Ï¥É±¨ ³ ²µ° L−1 � k ¨
¶·¥´¥¡·¥£ Ö É·¥ÉÓ¨³ Î²¥´µ³ ¶µ¤ ±µ·´¥³ ¢ Ê· ¢´¥´¨¨ (3), ¶µ²ÊÎ¨³ ¤²Ö z-±µ³-
¶µ´¥´É ¢µ²´µ¢ÒÌ ¢¥±Éµ·µ¢

√
k2 + 2kV qj − q2

j
∼=

√
k2 +

2mV

�
qj = k

(
1 + j

Ω
ω

)1/2

= kj . (6)

’ ±¨³ µ¡· §µ³, ¶·¨ ³ ²ÒÌ Ê£² Ì ¤¨Ë· ±Í¨¨

Ψ(z, y, t) =
∑

j

aj exp [i(kjz + qjy − ωjt)]. (7)

�¨¸. 1 ¨²²Õ¸É·¨·Ê¥É · §²¨Î¨¥ ¢ Ë¨§¨Î¥¸±µ° ± ·É¨´¥ ¤¨Ë· ±Í¨¨ ¢ ¸²ÊÎ ¥
´¥¶µ¤¢¨¦´µ° ¨ ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¨.

�¨¸. 1. a) �¥¶µ¤¢¨¦´ Ö ·¥Ï¥É± ; ¡) ¸¨¸É¥³  ±µµ·¤¨´ É ¤¢¨¦¥É¸Ö ¢³¥¸É¥ ¸ ·¥Ï¥É±µ°;
¢) ¤¢¨¦ÊÐ Ö¸Ö ·¥Ï¥É±  ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É

3. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

�±¸¶¥·¨³¥´É ¶µ ¨§³¥·¥´¨Õ ¸¶¥±É·  ´¥°É·µ´µ¢ ¶·¨ ¤¨Ë· ±Í¨¨ ´  ¤¢¨-
¦ÊÐ¥°¸Ö ·¥Ï¥É±¥ ¡Ò² ¶µ¸É ¢²¥´ ´  ¨¸ÉµÎ´¨±¥ “•� [24] ˆ´¸É¨ÉÊÉ  ‹ ÊÔÄ
‹ ´¦¥¢¥´  (ƒ·¥´µ¡²Ó, ”· ´Í¨Ö) ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ £· ¢¨É Í¨µ´´µ£µ ¸¶¥±É·µ-
³¥É·  “•� [25, 26] (¸³. ·¨¸. 2).
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�¨¸. 2. ƒ· ¢¨É Í¨µ´´Ò° ¸¶¥±É·µ³¥É· ¸ ´¥°-
É·µ´´Ò³¨ ¨´É¥·Ë¥·¥´Í¨µ´´Ò³¨ Ë¨²ÓÉ· ³¨:
1 Å ¢Ìµ¤´ Ö ± ³¥· ; 2 Å ¢ ±ÊÊ³´ Ö ± ³¥· ;
3 Å ³µÉµ· ¤²Ö ¢· Ð¥´¨Ö ·¥Ï¥É±¨; 4 Å §¥·-
± ²Ó´Ò° ´¥°É·µ´µ¢µ¤; 5 Å ¢· Ð ÕÐ Ö¸Ö ·¥-
Ï¥É± ; 6 ÅË¨²ÓÉ·- ´ ²¨§ Éµ·; 7 Å Ë¨²ÓÉ·-
³µ´µÌ·µ³ Éµ·; 8 Å ¤¥É¥±Éµ·; 9 Å Ï £µ¢Ò°
¤¢¨£ É¥²Ó

�¸´µ¢´Ò³ ¸¶¥±É·µ³¥É·¨Î¥-
¸±¨³ Ô²¥³¥´Éµ³ ¶·¨¡µ·  Ö¢²Ö²¸Ö
´¥°É·µ´´Ò° ¨´É¥·Ë¥·¥´Í¨µ´´Ò°
Ë¨²ÓÉ· (�ˆ”) [27Ä30] Å ´¥°-
É·µ´´Ò°  ´ ²µ£ ¨´É¥·Ë¥·µ³¥-
É·  ” ¡·¨Ä�¥·µ. ˆ¤¥Ö Ô±¸¶¥-
·¨³¥´É  ¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 3.
‚³¥¸Éµ ²¨´¥°´µ ¤¢¨¦ÊÐ¥°¸Ö ·¥-
Ï¥É±¨ ³Ò ¨¸¶µ²Ó§µ¢ ²¨ ¢· Ð -
ÕÐÊÕ¸Ö ·¥Ï¥É±Ê, ¶·¨£µÉµ¢²¥´-
´ÊÕ ´  ¶µ¢¥·Ì´µ¸É¨ ±·¥³´¨¥-
¢µ£µ ¤¨¸±  ¤¨ ³¥É·µ³ 150 ³³
¨ Éµ²Ð¨´µ° 0,6 ³³. �  ¥¥ ¶¥-
·¨Ë¥·¨Î¥¸±µ° µ¡² ¸É¨, ¨³¥¢Ï¥°
Ëµ·³Ê ±µ²ÓÍ  ¸ ¢´ÊÉ·¥´´¨³ ¨
¢´¥Ï´¨³ ¤¨ ³¥É· ³¨ 105 ³³ ¨
135 ³³, ³¥Éµ¤µ³ ËµÉµ²¨Éµ£· -
Ë¨¨ ¡Ò²¨ ¶·¨£µÉµ¢²¥´Ò · ¤¨-
 ²Ó´Ò¥ ± ´ ¢±¨. ‘ ¶µ³µÐÓÕ ³µ-
Éµ·  ¤¨¸± ¸ ·¥Ï¥É±µ° ³µ¦´µ
¡Ò²µ ¢· Ð ÉÓ ¢µ±·Ê£ ¢¥·É¨± ²Ó-
´µ° µ¸¨ ¸µ ¸±µ·µ¸ÉÖ³¨ ¢¶²µÉÓ
¤µ 6000 µ¡/³¨´. “•� ¶µ¶ ¤ ²¨
´  ·¥Ï¥É±Ê, ¶·µÌµ¤Ö Î¥·¥§ ±µ²Ó-
Í¥¢ÊÕ Ð¥²Ó ¸ ¤¨ ³¥É· ³¨ 115
¨ 125 ³³ ¨ �ˆ”-³µ´µÌ·µ³ Éµ·.
�µ¸²¥¤´¨° ¶·µ¶Ê¸± ² ´¥°É·µ´Ò,
¸ Ê§±¨³ ¸¶¥±É·µ³ ¢¥·É¨± ²Ó´ÒÌ
¸±µ·µ¸É¥° (∆v/v ≈ 0,02) ¸ ³ ±-
¸¨³Ê³µ³ 4,52 ³/c, ÎÉµ ¸µµÉ¢¥É-
¸É¢Ê¥É Ô´¥·£¨¨ Ez = mv2

z/2 =
107 ´Ô‚. “£²µ¢µ° ¶¥·¨µ¤ ¸É·Ê±-
ÉÊ·Ò ¸µ¸É ¢²Ö² 3,325 · 10−4 · ¤.
’ ±¨³ µ¡· §µ³, ¶·µ¸É· ´¸É¢¥´-
´Ò° ¶¥·¨µ¤ ·¥Ï¥É±¨ ´  ¸·¥¤´¥³

¤¨ ³¥É·¥ 120 ³³ ¸µ¸É ¢²Ö² ¶·¨³¥·´µ 20 ³±³. ˜¨·¨´  ± ´ ¢±¨ · ¢´  ¶µ²µ-
¢¨´¥ ¶¥·¨µ¤ . ˆ§-§  ¶·¥²µ³²¥´¨Ö ¢ ±·¥³´¨¨ ¢µ²´Ò, ¶·µÏ¥¤Ï¨¥ Î¥·¥§ · §´Ò¥
Ô²¥³¥´ÉÒ ·¥Ï¥É±¨, · §²¨Î ²¨¸Ó ¶µ Ë §¥. ‘µµÉ¢¥É¸É¢ÊÕÐ Ö · §´µ¸ÉÓ Ë § ¥¸ÉÓ

∆ϕ = k(1 − n)d, (8)

£¤¥ n Å ¶µ± § É¥²Ó ¶·¥²µ³²¥´¨Ö ±·¥³´¨Ö. ƒ²Ê¡¨´  ± ´ ¢±¨ d ¸µ¸É ¢²Ö²  ¢¥-
²¨Î¨´Ê 0,14 ³±³ ¨ ¡Ò²  ¢Ò¡· ´  É ±¨³ µ¡· §µ³, ÎÉµ¡Ò µ¡¥¸¶¥Î¨ÉÓ · §´µ¸ÉÓ

4



aaaaaaaaaaaaaaaaaaaaaaaaa

�¨¸. 3. ˆ¤¥Ö Ô±¸¶¥·¨³¥´É . �¥°-
É·µ´Ò ¶·µÌµ¤ÖÉ Î¥·¥§ ¢· Ð ÕÐÊ-
Õ¸Ö ·¥Ï¥É±Ê ¸ · ¤¨ ²Ó´Ò³¨ ÏÉ·¨-
Ì ³¨, ¨³¥ÕÐÊÕ ¢¨¤ ±µ²ÓÍ . ‚´¨§Ê
¶µ± § ´ ¶·µË¨²Ó ·¥Ï¥É±¨

Ë § ∆ϕ = π ¤²Ö ´¥°É·µ´µ¢ ¸ Ô´¥·-
£¨¥° 107 ´Ô‚. �·¨ ´µ·³ ²Ó´µ³ ¶ ¤¥-
´¨¨ ´¥°É·µ´µ¢ ´  ·¥Ï¥É±Ê Ë §  ËÊ´±Í¨¨
¶·µ¶Ê¸± ´¨Ö θ(y) ¸± Î±µµ¡· §´µ ³¥´Ö¥É¸Ö
´  π Î¥·¥§ ¶µ²µ¢¨´Ê ¶¥·¨µ¤ . ”Ê·Ó¥-
±µÔËË¨Í¨¥´ÉÒ, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ É ±µ° π-
³µ¤Ê²ÖÍ¨¨ Ë §Ò, ¥¸ÉÓ

aj =
2

iπj
, j = 2s− 1, (9)

£¤¥ s Å Í¥²Ò¥ Î¨¸² . �É³¥É¨³, ÎÉµ ¢ ·¥-
§Ê²ÓÉ¨·ÊÕÐ¥³ ¸¶¥±É·¥ µÉ¸ÊÉ¸É¢Ê¥É ²¨´¨Ö
¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° �ω (j = 0). �·¨
¤¢¨¦¥´¨¨ ·¥Ï¥É±¨ (¨ ¢ ¸¨¸É¥³¥ ±µµ·¤¨-
´ É ¸ ´¥° ¸¢Ö§ ´´µ°) ´¥°É·µ´Ò ¶ ¤ ÕÉ ´ 
´¥¥ ¶µ¤ ³ ²Ò³ Ê£²µ³, ¨ Ê ËÊ´±Í¨¨ ¶·µ¶Ê¸-
± ´¨Ö θ(y) ¶µÖ¢²ÖÕÉ¸Ö ÊÎ ¸É±¨ ²¨´¥°´µ£µ
¨§³¥´¥´¨Ö Ë §Ò (¸³. ·¨¸. 4). �µÔÉµ³Ê ¤¢¨-
¦¥´¨¥ ·¥Ï¥É±¨ ¶·¨¢µ¤¨É ± ¶µÖ¢²¥´¨Õ ±· ¥¢µ£µ ÔËË¥±É  ¨, ± ± ¸²¥¤¸É¢¨¥, ±
¢µ§´¨±´µ¢¥´¨Õ ¢µ²´ ¸ Î¥É´Ò³¨ ¶µ·Ö¤± ³¨ ¤¨Ë· ±Í¨¨. 	µ²¥¥ ÉµÎ´µ¥ ¢Ò· -
¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤ ¶ ·Í¨ ²Ó´ÒÌ ¢µ²´

aj = − 1
iπ

1
1 − c2j2

[exp (iπcj) + 1]




−c ¶·¨ j = 2s,
1
j

¶·¨ j = 2s − 1,
(10)

£¤¥ c = 2dV/vzL. ‚ Ê¸²µ¢¨ÖÌ µ¶¨¸Ò¢ ¥³µ£µ Ô±¸¶¥·¨³¥´É  ¶ · ³¥É· c ≈ 0,12
¨ ±· ¥¢µ° ÔËË¥±É ¤µ¸É ÉµÎ´µ ³ ².

�·µ°¤Ö Ë¨²ÓÉ·-³µ´µÌ·µ³ Éµ· ¨ ·¥Ï¥É±Ê, ´¥°É·µ´Ò ¶µ¸ÉÊ¶ ²¨ ¢ §¥·± ²Ó-
´Ò° ¢¥·É¨± ²Ó´Ò° ´¥°É·µ´µ¢µ¤ (¸³. ·¨¸. 2). �µ¸²¥¤´¨° ¸µ¸ÉµÖ² ¨§ Ï¥¸É¨ ¸É¥-
±²Ö´´ÒÌ ¶² ¸É¨´ ¸ ¢Ò¸µ±¨³ ± Î¥¸É¢µ³ ¶µ¢¥·Ì´µ¸É¨. ‚Ò¸µÉ  ´¥°É·µ´µ¢µ¤ 
¸µ¸É ¢²Ö²  50 ¸³. �·¨ ¤¢¨¦¥´¨¨ ¢¤µ²Ó ´¥°É·µ´µ¢µ¤  ´¥°É·µ´Ò Ê¸±µ·Ö²¨¸Ó ¢
£· ¢¨É Í¨µ´´µ³ ¶µ²¥ ‡¥³²¨, ³¥´ÖÖ ¸¢µÕ Ô´¥·£¨Õ ´  ¢¥²¨Î¨´Ê 1,025 ´Ô‚ ´ 

�¨¸. 4. ‚µ§´¨±´µ¢¥´¨e ±· ¥¢µ£µ ÔËË¥±É 
¶·¨ ´ ±²µ´´µ³ ¶ ¤¥´¨¨ ´  ·¥Ï¥É±Ê. ‚´¨§Ê
Ê¸²µ¢´µ ¶µ± § ´µ ¨§³¥´¥´¨¥ Ë §Ò ¶·µÏ¥¤-
Ï¥° ¢µ²´Ò
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1 ¸³ ¢Ò¸µÉÒ. ‚´ÊÉ·¨ ´¥°É·µ´µ¢µ¤  ¢ ¸¶¥Í¨ ²Ó´µ° ± ·¥É±¥ ¡Ò² ¶µ³¥Ð¥´ ¢Éµ-
·µ° ¨´É¥·Ë¥·¥´Í¨µ´´Ò° Ë¨²ÓÉ·, ¸²Ê¦¨¢Ï¨°  ´ ²¨§ Éµ·µ³. Œ¥´ÖÖ ¶µ²µ¦¥-
´¨¥ ÔÉµ£µ Ë¨²ÓÉ·  ¶µ ¢Ò¸µÉ¥, ³µ¦´µ ¡Ò²µ µ¸ÊÐ¥¸É¢²ÖÉÓ ¸± ´¨·µ¢ ´¨¥ ¸¶¥±-
É·  ´¥°É·µ´µ¢ ¸· ¢´¨É¥²Ó´µ Ê§±µ° (∆v/v ≈ 0,02) ²¨´¨¥° ¶·µ¶Ê¸± ´¨Ö  ´ -
²¨§ Éµ· . „²Ö ±µ³¶¥´¸ Í¨¨ £· ¢¨É Í¨µ´´µ£µ ¨§³¥´¥´¨Ö Ô´¥·£¨¨ “•� ³ ±¸¨-
³Ê³ ¶·µ¶Ê¸± ´¨Ö ÔÉµ£µ Ë¨²ÓÉ·  ¸µµÉ¢¥É¸É¢µ¢ ² Ô´¥·£¨¨ 127 ´Ô‚. �¥°É·µ´Ò,
¶·µÏ¥¤Ï¨¥ Î¥·¥§  ´ ²¨§ Éµ·, ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¤¥É¥±Éµ·µ³. ‘É·µ£µ £µ¢µ·Ö,
¸¶¥±É·µ³¥É· ¡Ò² ÎÊ¢¸É¢¨É¥²¥´ ´¥ ± ¶µ²´µ° Ô´¥·£¨¨ ´¥°É·µ´ ,   Éµ²Ó±µ ±
¢¥²¨Î¨´¥ ¢¥·É¨± ²Ó´µ° ±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ£µ ¢¥±Éµ· . �¤´ ±µ ¨³¥´´µ ÔÉ 
±µ³¶µ´¥´É  ¨ ³¥´Ö¥É¸Ö ¶·¨ ¤¢¨¦¥´¨¨ ·¥Ï¥É±¨ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨.

‚ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·Ö² ¸Ó ¸±µ·µ¸ÉÓ ¸Î¥É  ¤¥É¥±Éµ·  ± ± ËÊ´±Í¨Ö ¶µ-
²µ¦¥´¨Ö  ´ ²¨§ Éµ· . …¸²¨ ·¥Ï¥É±  ´ Ìµ¤¨É¸Ö ¢ ¶µ±µ¥, Éµ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö
±·¨¢ Ö ¸± ´¨·µ¢ ´¨Ö Ö¢²Ö¥É¸Ö ¶·µ¸Éµ ¸¢¥·É±µ° ¸¶¥±É· ²Ó´ÒÌ ËÊ´±Í¨° ³µ´µ-
Ì·µ³ Éµ·  ¨  ´ ²¨§ Éµ·  f(Ez) ¨ η(Ez)

F1(z) =
∫

f(E) η(E − ξ) dE, (11)

£¤¥ ξ = mg∆H ; g Å Ê¸±µ·¥´¨¥ ¸¢µ¡µ¤´µ£µ ¶ ¤¥´¨Ö, a ∆H Å · ¸¸ÉµÖ-
´¨¥ ³¥¦¤Ê Ë¨²ÓÉ· ³¨. ‡¤¥¸Ó ¨ ´¨¦¥, ¥¸²¨ ÔÉµ ´¥ µ£µ¢µ·¥´µ ¸¶¥Í¨ ²Ó´µ, ³Ò
µ¶Ê¸± ¥³ ¨´¤¥±¸ z ¢ µ¡µ§´ Î¥´¨ÖÌ, ¶µ´¨³ Ö ¶µ¤ ¢µ²´µ¢Ò³ Î¨¸²µ³ k ¢¥·-
É¨± ²Ó´ÊÕ ±µ³¶µ´¥´ÉÊ ¢µ²´µ¢µ£µ ¢¥±Éµ· ,   ¶µ¤ E Å ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ ¥°
¢¥²¨Î¨´Ê Ô´¥·£¨¨.

‚ ¸²ÊÎ ¥ ¢· Ð ÕÐ¥°¸Ö ·¥Ï¥É±¨ ¸¶¥±É· ´¥°É·µ´µ¢, ¶·µÏ¥¤Ï¨Ì Î¥·¥§
·¥Ï¥É±Ê, ¥¸ÉÓ

Φ(E) =
∑

j

|aj |2f(E + j�Ω), (12)

  ±·¨¢ Ö ¸± ´¨·µ¢ ´¨Ö ¨³¥¥É ¢¨¤

F2(ξ) =
∑

j

|aj|2F1(ξ + j�Ω). (13)

4. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’� ˆ ‘��‚�…�ˆ… ‘ ’…��ˆ…‰

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ±·¨¢Ò¥ ¸± ´¨·µ¢ ´¨Ö, ¶µ²Ê-
Î¥´´Ò¥ ¶·¨ Î ¸ÉµÉ Ì ¢· Ð¥´¨Ö ·¥Ï¥É±¨ 7, 60, 80 ¨ 99 ƒÍ. �±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ±·¨¢Ò¥ Ë¨É¨·µ¢ ²¨¸Ó ËÊ´±Í¨¥°

Fexp(ξ) = a + b · ξ + A

10∑
j=−10

|aj |2 exp
[
− (ξ − ξc − j∆)2

2σ2

]
. (14)
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’ ±µ° ¢¨¤ ¶µ¤£µ´µÎ´µ° ËÊ´±Í¨¨ µ¸´µ¢ ´ ´  ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ±·¨¢ Ö ¸± -
´¨·µ¢ ´¨Ö ¤²Ö ¶µ±µÖÐ¥°¸Ö ·¥Ï¥É±¨ ¥¸ÉÓ ¸Ê³³  ²¨´¥°´µ ´ · ¸É ÕÐ¥£µ Ëµ´ 
¨ ËÊ´±Í¨¨ ƒ Ê¸¸  ¸ Í¥´É·µ³ ¢ ξ ¨ ¤¨¸¶¥·¸¨¥° σ.

�¨¸. 5. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ±·¨¢Ò¥ ¸± ´¨·µ¢ ´¨Ö ¨ Ë¨É¨·ÊÕÐ¨¥ ËÊ´±Í¨¨

ƒ· Ë¨±¨ ¶µ¤£µ´µÎ´ÒÌ ËÊ´±Í¨° ¨§µ¡· ¦¥´Ò ´  ·¨¸. 5 ¸¶²µÏ´Ò³¨ ²¨´¨-
Ö³¨. �  ·¨¸. 6 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¶ · ³¥É·  ∆. ‘
Ìµ·µÏ¥° ÉµÎ´µ¸ÉÓÕ µ´¨ ²¥¦ É ´  ¶·Ö³µ° ∆ = Bν, £¤¥ ν Å Î ¸ÉµÉ  ¢· Ð¥-
´¨Ö ·¥Ï¥É±¨, ¸ ±µÔËË¨Í¨¥´Éµ³ ´ ±²µ´  Bexp = (7,48 ± 0,05) · 10−2 ¸³ · ¸.
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�ÉÊ ¢¥²¨Î¨´Ê ¸²¥¤Ê¥É ¸· ¢´¨ÉÓ ¸ · ¸Î¥É´Ò³ §´ Î¥´¨¥³ Bth = 7,605 · 10−2.
�µ¸²¥¤´¥¥ µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ Bth = 4�π2(mgα)−1, £¤¥ α Å Ê£²µ-
¢µ° ¶¥·¨µ¤ ·¥Ï¥É±¨. ’ ±¨³ µ¡· §µ³, ¶µ²ÊÎ¥´´µ¥ ¢ Ô±¸¶¥·¨³¥´É¥ §´ Î¥´¨¥

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·  · ¸Ð¥¶-
²¥´¨Ö ∆ µÉ Î ¸ÉµÉÒ ¢· Ð¥´¨Ö ·¥Ï¥É±¨

¢¥²¨Î¨´Ò · ¸Ð¥¶²¥´¨Ö ¸¶¥±É·  ¸
¤¢ÊÌ¶·µÍ¥´É´µ° ÉµÎ´µ¸ÉÓÕ ¸µµÉ¢¥É-
¸É¢Ê¥É · ¸Î¥ÉÊ. �¥¡µ²ÓÏµ³Ê · ¸Ìµ-
¦¤¥´¨Õ ´¥ ¸²¥¤Ê¥É ¶·¨¤ ¢ ÉÓ ¸¥·Ó¥§-
´µ£µ §´ Î¥´¨Ö, ¶µ¸±µ²Ó±Ê µ´µ, ¢¥-
·µÖÉ´µ, µ¡Ê¸²µ¢²¥´µ ³¥Éµ¤¨Î¥¸±¨³¨
¶·¨Î¨´ ³¨.

�µ¤£µ´±  ¤ ¥É É ±¦¥ µÍ¥´±¨  ³-
¶²¨ÉÊ¤ . ˆÌ ¢¥²¨Î¨´Ò ¶·¨¢¥¤¥´Ò ´ 
£· Ë¨± Ì ·¨¸. 5. �É³¥É¨³, ÎÉµ ¶·¨
Î ¸ÉµÉ¥ ¢· Ð¥´¨Ö 7 ƒÍ · ¸Ð¥¶²¥´¨¥
¸¶¥±É·  ³ ²µ ¨ ±·¨¢ Ö ¸± ´¨·µ¢ ´¨Ö
¤µ²¦´  µÉ²¨Î ÉÓ¸Ö µÉ ±·¨¢µ° ¤²Ö ¶µ-
±µÖÐ¥°¸Ö ·¥Ï¥É±¨ ²¨ÏÓ ¢¥¸Ó³  ´¥-
¡µ²ÓÏ¨³ ÊÏ¨·¥´¨¥³. � ¶·µÉ¨¢, ¶·¨
Î ¸ÉµÉ¥ 99 ±·¨¢ Ö ¸± ´¨·µ¢ ´¨Ö ¶·¥¤-

¸É ¢²Ö¥É ¸µ¡µ° ¸Ê³³Ê Éµ²Ó±µ ¤¢ÊÌ £ Ê¸¸µ¢¸±¨Ì ±·¨¢ÒÌ ¸  ³¶²¨ÉÊ¤ ³¨ A|a1|2,
¶µ¸±µ²Ó±Ê Ô´¥·£¨Ö ´¥°É·µ´µ¢, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ²¨´¨Ö³ ¡µ²¥¥ ¢Ò¸µ±µ£µ ¶µ-
·Ö¤± , ²¥¦¨É ¢´¥ ¤¨ ¶ §µ´  ¨§³¥·¥´¨°. �µÔÉµ³Ê ¨§ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ §´ Î¥´¨° ¢¥²¨Î¨´ A ÔÉ¨Ì ¤¢ÊÌ ±·¨¢ÒÌ ³µ¦´µ ¸Ê¤¨ÉÓ µ ¸É¥¶¥´¨ ¸µ-
µÉ¢¥É¸É¢¨Ö ¨´É¥´¸¨¢´µ¸É¥° ²¨´¨° ¶¥·¢µ£µ ¶µ·Ö¤±  ¨Ì É¥µ·¥É¨Î¥¸±¨³ §´ Î¥-
´¨Ö³. ˆÌ µÉ´µÏ¥´¨¥ ¸ ÊÎ¥Éµ³ ¶µ¶· ¢±¨ ´  ±µ´¥Î´µ¥ Î¨¸²µ Ô²¥³¥´Éµ¢ ¸Ê³³Ò
¢ (14) · ¢´µ 0,95 ± 0,02, ÎÉµ ¤ ¥É ¤²Ö µÉ´µ¸¨É¥²Ó´µ° ¨´É¥´¸¨¢´µ¸É¨ ¢µ²´
¶¥·¢µ£µ ¶µ·Ö¤±  |a1|2exp = 0,383(8). � ¸Î¥É ¶µ Ëµ·³Ê²¥ (10) ¤ ¥É §´ Î¥´¨¥
|a1|2th = 0,403. �ÖÉ¨¶·µÍ¥´É´Ò° ¤¥Ë¨Í¨É ¤¨Ë· ±Í¨µ´´µ° ÔËË¥±É¨¢´µ¸É¨ ·¥-
Ï¥É±¨ ²¥£±µ ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´ ´¥±µÉµ·µ° ´¥¨¤¥ ²Ó´µ¸ÉÓÕ ¥¥ ¶·µË¨²Ö. ‚
Í¥²µ³ ¦¥ ¸µµÉ¢¥É¸É¢¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ É¥µ·¥É¨Î¥¸±¨³ ¶·¥¤¸± § -
´¨Ö³ ³µ¦´µ ¸Î¨É ÉÓ ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò³.

5. ˜ˆ�ˆ�› ��…�ƒ…’ˆ—…‘Šˆ• �ˆŠ�‚ ˆ ���…�…—��Ÿ
„‹ˆ�� Š�ƒ…�…�’��‘’ˆ ‘‚���„��ƒ� �…‰’����

�·¨¢¥¤¥´´µ¥ ¢ÒÏ¥ ·¥Ï¥´¨¥ § ¤ Î¨ µ ¤¨Ë· ±Í¨¨ ´¥°É·µ´  ´  ¤¢¨¦ÊÐ¥°¸Ö
·¥Ï¥É±¥ µ¸´µ¢ ´µ ´  µ¡Ð¥¶·¨´ÖÉµ³ ¶·¥¤¸É ¢²¥´¨¨ ¸µ¸ÉµÖ´¨Ö ´¥°É·µ´  ¢
¢¨¤¥ ¶²µ¸±µ° ¢µ²´Ò. •µÉÖ ¸±µ²Ó±µ-´¨¡Ê¤Ó ¸¥·Ó¥§´ÒÌ µ¸´µ¢ ´¨° ¸µ³´¥¢ ÉÓ¸Ö
¢ ¸¶· ¢¥¤²¨¢µ¸É¨ É ±µ£µ ¶µ¤Ìµ¤  ´¥ ¨³¥¥É¸Ö, ¢µ¶·µ¸ µ ¥£µ Ô±¸¶¥·¨³¥´É ²Ó-
´µ° ¶·µ¢¥·±¥ ´¥ ²¨Ï¥´ ¨´É¥·¥¸ . ‚ ´ ¸ÉµÖÐ¥³ · §¤¥²¥ ³Ò ¶·µ ´ ²¨§¨·Ê¥³,
¢ ± ±µ° ¸É¥¶¥´¨ µ¡¸Ê¦¤ ¥³Ò° ¢ÒÏ¥ Ô±¸¶¥·¨³¥´É ÎÊ¢¸É¢¨É¥²¥´ ± ¢µ§³µ¦´µ³Ê
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¶·µ¸É· ´¸É¢¥´´µ³Ê µ£· ´¨Î¥´¨Õ Ë·µ´É  ´¥°É·µ´´µ° ¢µ²´Ò ´¥±µÉµ·µ° ËÊ´-
¤ ³¥´É ²Ó´µ° ¤²¨´µ°. �µ-¢¨¤¨³µ³Ê, ±µ´¥Î´µ¥ §´ Î¥´¨¥ ¶µ¶¥·¥Î´µ° ¤²¨´Ò
±µ£¥·¥´É´µ¸É¨ ´¥°É·µ´  ¢µ§³µ¦´µ ²¨ÏÓ ¢ ´¥²¨´¥°´µ° É¥µ·¨¨. ‘¢µ°¸É¢  ´¥-
²¨´¥°´µ£µ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¨¸¸²¥¤µ¢ ²¨¸Ó ³´µ£¨³¨  ¢Éµ· ³¨ [31Ä34],
  ´¥±µÉµ·Ò¥ ¶·¥¤¸± § ´¨Ö ´¥²¨´¥°´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶·µ¢¥·Ö²¨¸Ó Ô±¸¶¥-
·¨³¥´É ²Ó´µ [12, 35].

Š ± ³Ò ¢¨¤¥²¨ ¢ÒÏ¥, Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¸µ¸ÉµÖ´¨°, ¢µ§´¨± ÕÐ¨°
¶·¨ ¤¨Ë· ±Í¨¨ ¨¤¥ ²Ó´µ ¶²µ¸±µ° ¢µ²´Ò, ¡¥¸±µ´¥Î´µ ¶·µÉÖ¦¥´´µ° ¢ ¶µ¶¥-
·¥Î´µ³ ´ ¶· ¢²¥´¨¨, ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´ ¡µ· ¡¥¸±µ´¥Î´µ Ê§±¨Ì ²¨´¨° (5).
‚ Ê¸²µ¢¨ÖÌ ·¥ ²Ó´µ£µ Ô±¸¶¥·¨³¥´É  ± ¦¤ Ö ²¨´¨Ö ÔÉµ£µ ¸¶¥±É·  ¸¢µ· Î¨¢ -
¥É¸Ö ¸  ¶¶ · É´µ° ËÊ´±Í¨¥° ¶·¨¡µ· , ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ (13).

�·¥¤¶µ²µ¦¨³ É¥¶¥·Ó, ÎÉµ Ë·µ´É ¶ ¤ ÕÐ¥° ´  ·¥Ï¥É±Ê ¢µ²´Ò ´¥ ¡¥¸-
±µ´¥Î¥´,    ³¶²¨ÉÊ¤  ¢µ²´Ò ¨³¥¥É ´¥±µÉµ·µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¤µ²Ó µ¸¨ Y,
µ¶¨¸Ò¢ ¥³µ¥ ËÊ´±Í¨¥° p(y). �É  ± ·É¨´  ¢¶µ²´¥ Ô±¢¨¢ ²¥´É´  ¸²ÊÎ Õ, ±µ-
£¤  p(y) ³µ¤Ê²¨·Ê¥É ´¥  ³¶²¨ÉÊ¤Ê ¢µ²´Ò,   ¶·µ¶Ê¸± ´¨¥ ·¥Ï¥É±¨. ‡ ³¥É¨³,
ÎÉµ É ± Ö § ¤ Î  Ö¢²Ö¥É¸Ö É¨¶¨Î´µ° ¤²Ö É¥µ·¨¨ ¤¨Ë· ±Í¨¨ (¸³., ´ ¶·¨³¥·,
[36]). �·µ¶Ê¸± ´¨¥ ·¥Ï¥É±¨ µ¶¨¸Ò¢ ¥É¸Ö É¥¶¥·Ó ËÊ´±Í¨¥°

h′(y) = h(y) · p(y), ¸ h(y) = θ(y) ⊗
∑

µ

δ(y − µL). (15)

‡¤¥¸Ó h(y) Å ´¥µ£· ´¨Î¥´´ Ö ¢¤µ²Ó Y ¶¥·¨µ¤¨Î¥¸± Ö ËÊ´±Í¨Ö ¸ ¶¥·¨µ¤µ³ L,
¶·¥¤¸É ¢²ÖÕÐ Ö ¸µ¡µ° ¸¢¥·É±Ê ËÊ´±Í¨¨ ¶·µ¶Ê¸± ´¨Ö θ(y) ¥¤¨´¨Î´µ£µ Ô²¥-
³¥´É  c ¡¥¸±µ´¥Î´Ò³ ¨ ¶¥·¨µ¤¨Î¥¸±¨³ ´ ¡µ·µ³ δ-ËÊ´±Í¨°,   ⊗ Å ¸¨³¢µ²
¸¢¥·É±¨. �¥§Ê²ÓÉ Éµ³ ¤¨Ë· ±Í¨¨ ´  É ±µ° ·¥Ï¥É±¥ Ö¢²Ö¥É¸Ö ¶µÖ¢²¥´¨¥ · ¸-
¶·¥¤¥²¥´¨Ö Y-±µ³¶µ´¥´É ¢µ²´µ¢µ£µ Î¨¸²  q, § ¤ ¢ ¥³µ¥ ËÊ´±Í¨¥° H ′

H ′(q) = H(q) ⊗ P (q), (16)

£¤¥ H(q) ¨ P (q) ¥¸ÉÓ ËÊ·Ó¥-¶·¥µ¡· §µ¢ ´¨Ö ËÊ´±Í¨° h(y) ¨ p(y).
„²Ö µ¶·¥¤¥²¥´´µ¸É¨ ¶µ²µ¦¨³, ÎÉµ p(y) ¨³¥¥É £ Ê¸¸µ¢¸±ÊÕ Ëµ·³Ê p(y) =

exp
(
−y2/

2ς2

)
,   ¢ ± Î¥¸É¢¥ Ì · ±É¥·´µ° ¤²¨´Ò ±µ£¥·¥´É´µ¸É¨ ¶·¨³¥³ ¥¥

Ï¨·¨´Ê � = 2
√

2ς . ‚ ÔÉµ³ ¸²ÊÎ ¥

H ′(q) =
ς√
2π

∑
j

aj exp
(
−1

2
(q − jq0)2ς2

)
. (17)

� ¶¨¸ ¢ É¥¶¥·Ó ¢µ²´µ¢ÊÕ ËÊ´±Í¨Õ ¤²Ö ·¥§Ê²ÓÉ¨·ÊÕÐ¥£µ ¸µ¸ÉµÖ´¨Ö ¢
¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨ ¶¥·¥°¤Ö § É¥³ ¢ ² ¡µ· Éµ·´ÊÕ ¸¨¸É¥³Ê,
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¶µ²ÊÎ¨³ ¢³¥¸Éµ (3)

Ψ(z, y, t, q) =
ς√
2π

∑
j

aj exp
(
− (q − jq0)2ς2

2

)
×

× exp
[
i
(√

k2 + 2kV q − q2 z + qy − V tq − ωt
)]

, (18)

£¤¥ q0 = 2π/L. �µ¸±µ²Ó±Ê ¢¥²¨Î¨´  q ¶µ¤ ±µ·´¥³ ¢ Ô±¸¶µ´¥´É¥ ´¥ ¨³¥¥É
É¥¶¥·Ó ¸É·µ£µ ¤¨¸±·¥É´µ£µ · ¸¶·¥¤¥²¥´¨Ö, Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·µ´µ¢
É ±¦¥ · §³Ò¢ ¥É¸Ö:

Ξ(Ez) ∼=
1√
2πε

∑
j

|aj |2 exp
{
−

[
(E − Ej)2

2ε2

]}
, (19)

£¤¥

ε =
�

2

m

√
2kV

ς
. (20)

ˆ§ (19) ¨ (20) ¸²¥¤Ê¥É, ÎÉµ ¸¶¥±É· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´ ¡µ· Ô±¢¨¤¨¸É ´É-
´ÒÌ £ Ê¸¸µ¢¸±¨Ì ±·¨¢ÒÌ ¸ µÉ´µ¸¨É¥²Ó´µ° ¨´É¥´¸¨¢´µ¸ÉÓÕ |aj |2 ¨ ¤¨¸¶¥·¸¨¥°
ε, ¶·µ¶µ·Í¨µ´ ²Ó´µ° ¸±µ·µ¸É¨ ·¥Ï¥É±¨. ‚µ§¢· Ð Ö¸Ó ± ¢µ¶·µ¸Ê µ¡ ¨§³¥·¥-
´¨¨ ¸¶¥±É· , § ³¥Î ¥³, ÎÉµ ËÊ´±Í¨Ö · §·¥Ï¥´¨Ö ¸¶¥±É·µ³¥É·  ¸¢µ· Î¨¢ ¥É¸Ö
É¥¶¥·Ó ´¥ ¸ δ-ËÊ´±Í¨Ö³¨,   ¸µ ¸¶¥±É·µ³ (19),   ¤¨¸¶¥·¸¨Ö É ±µ° ¸¢¥·É±¨ ¥¸ÉÓ

σ =
√

σ2
0 + ε2(V ). (21)

’ ±¨³ µ¡· §µ³, ±µ´¥Î´µ¥ §´ Î¥´¨¥ ¤²¨´Ò ±µ£¥·¥´É´µ¸É¨ ¶·¨¢µ¤¨É ±
¤µ¡ ¢µÎ´µ³Ê ÊÏ¨·¥´¨Õ ²¨´¨°, ¶·¨Î¥³ Ì · ±É¥·´µ° µ¸µ¡¥´´µ¸ÉÓÕ ¸¶¥±É· 
Ö¢²Ö¥É¸Ö § ¢¨¸¨³µ¸ÉÓ Ï¨·¨´Ò ²¨´¨° µÉ ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö ·¥Ï¥É±¨.

�·¥¦¤¥ Î¥³ µ¡· É¨ÉÓ¸Ö ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³, ¸¤¥² ¥³ ¥Ð¥ µ¤´µ
§ ³¥Î ´¨¥. ‚¥§¤¥ ¢ÒÏ¥ ³Ò ¶µ² £ ²¨ ¤²Ö ¶·µ¸ÉµÉÒ, ÎÉµ ´¥°É·µ´ ¶ ¤ ¥É ´ 
·¥Ï¥É±Ê ´µ·³ ²Ó´µ ± ¥¥ ¶²µ¸±µ¸É¨. ‚ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ¨¸Ìµ¤´Ò° ¢µ²´µ-
¢µ° ¢¥±Éµ· ¨³¥¥É ¨ £µ·¨§µ´É ²Ó´ÊÕ ±µ³¶µ´¥´ÉÊ. “Î¥É ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢ 
¶·¨¢µ¤¨É ± ´¥±µÉµ·µ° ³µ¤¨Ë¨± Í¨¨ ¢Ò· ¦¥´¨Ö ¤²Ö z-±µ³¶µ´¥´É ¢µ²´µ¢µ£µ
¢¥±Éµ· . ‚³¥¸Éµ (6) ¸²¥¤Ê¥É ¶¨¸ ÉÓ

kz =
√

k2
z0 + 2kV q + 2kyq − q2

j . (22)

ˆ§ (22) ¢¨¤´µ, ÎÉµ Ô´¥·£¨Ö ¢¥·É¨± ²Ó´µ£µ ¤¢¨¦¥´¨Ö ¢ ¶·¨¸ÊÉ¸É¢¨¨ ·¥-
Ï¥É±¨ µÉ²¨Î ¥É¸Ö µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ E, ¤ ¦¥ ¤²Ö ¶µ±µÖÐ¥°¸Ö ·¥Ï¥É±¨
(kv=0),   · ¸¶·¥¤¥²¥´¨¥ ¶µ £µ·¨§µ´É ²Ó´Ò³ ¸±µ·µ¸ÉÖ³ ¶·¨¢µ¤¨É ± ´¥±µÉµ·µ³Ê
®¤¨Ë· ±Í¨µ´´µ³Ê¯ ÊÏ¨·¥´¨Õ  ¶¶ · É´µ° ËÊ´±Í¨¨ F1(z). ‚ µ¶¨¸Ò¢ ¥³µ³
Ô±¸¶¥·¨³¥´É¥  ¡¸µ²ÕÉ´µ¥ §´ Î¥´¨¥ £µ·¨§µ´É ²Ó´µ° ¸±µ·µ¸É¨ ´¥ ¶·¥¢ÒÏ ²µ

10



�¨¸. 7. „¨¸¶¥·¸¨¨ σ ¶µ¤£µ´µÎ´ÒÌ ËÊ´±-
Í¨° (14) ± ± ËÊ´±Í¨Ö Î ¸ÉµÉÒ ¢· Ð¥´¨Ö
·¥Ï¥É±¨

¢¥²¨Î¨´Ò £· ´¨Î´µ° ¸±µ·µ¸É¨ ¸É¥±² 
(v� ≈ 4,5 ³/¸), ¶µ¸±µ²Ó±Ê ´¥°É·µ´Ò
¸ ¡µ²ÓÏ¥° £µ·¨§µ´É ²Ó´µ° ¸±µ·µ¸ÉÓÕ
´¥ ³µ£²¨ µÉ· §¨ÉÓ¸Ö µÉ ¸É¥´µ± ¢¥·-
É¨± ²Ó´µ£µ ´¥°É·µ´µ¢µ¤  ¨ ´¥ ¶µ-
¶ ¤ ²¨ ¢ ¤¥É¥±Éµ·. �µÔÉµ³Ê ·µ²Ó
¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ Î²¥´  2kyq ¢ (22)
¡Ò²  µÉ´µ¸¨É¥²Ó´µ ³ ²µ°. 	µ²¥¥ ¸Ê-
Ð¥¸É¢¥´´µ, ÎÉµ ¤¨Ë· ±Í¨µ´´µ¥ ÊÏ¨-
·¥´¨¥ µ¶·¥¤¥²Ö¥É¸Ö Éµ²Ó±µ ¶ · ³¥-
É· ³¨ ·¥Ï¥É±¨ ¨ · ¸¶·¥¤¥²¥´¨¥³ £µ-
·¨§µ´É ²Ó´ÒÌ ¸±µ·µ¸É¥° ¨ ´¥ § ¢¨¸¨É
µÉ ¸±µ·µ¸É¨ ·¥Ï¥É±¨.

�Í¥´±Ê ¢¥²¨Î¨´Ò ®¥¸É¥¸É¢¥´-
´µ°¯ Ï¨·¨´Ò ¸¶¥±É·  ε, µ¡Ê¸²µ¢²¥´-
´µ° ¶·µ¸É· ´¸É¢¥´´µ° ¤¨¸¶¥·¸¨¥°
¢µ²´µ¢µ£µ ¶ ±¥É  ζ, ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ´  µ¸´µ¢¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É . ˆ§
Ëµ·³Ê² (20) ¨ (21) ¢¨¤´µ, ÎÉµ ¶·¨ ±µ´¥Î´µ³ §´ Î¥´¨¨ Ï¨·¨´Ò ζ ¤¨¸¶¥·¸¨Ö
±·¨¢µ° ¸± ´¨·µ¢ ´¨Ö σ ¤µ²¦´  ±¢ ¤· É¨Î´µ § ¢¨¸¥ÉÓ µÉ Î ¸ÉµÉÒ ¢· Ð¥´¨Ö ν

σ ≈ σ0 + (C2/2σ0)ν2, C = �2π
√

2Rς−1, (23)

£¤¥ R Å · ¤¨Ê¸ ·¥Ï¥É±¨.
�  ·¨¸. 7 ¶·¨¢¥¤¥´Ò Ï¨·¨´Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ¸± ´¨·µ¢ ´¨Ö,

¶µ²ÊÎ¥´´Ò¥ ¤²Ö É·¥Ì §´ Î¥´¨° Î ¸ÉµÉÒ ¢· Ð¥´¨Ö ·¥Ï¥É±¨. �¶¶·µ±¸¨³ Í¨Ö
¨Ì ËÊ´±Í¨¥° (23) ¶·¨¢µ¤¨É ± ·¥§Ê²ÓÉ ÉÊ C2 = (1,2 ± 0,7) · 10−4 (´Ô‚/c)2.
�É¸Õ¤  ²¥£±µ ¶µ²ÊÎ¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ µÍ¥´±Ê ζ > 2,5 · 10−3 c³. ‚ ± -
Î¥¸É¢¥ µÍ¥´±¨ ¶µ¶¥·¥Î´µ£µ · §³¥·  ±µ£¥·¥´É´µ£µ Ë·µ´É  (¶µ¶¥·¥Î´µ° ¤²¨´Ò
±µ£¥·¥´É´µ¸É¨) � = 2

√
2ς ¶µ²ÊÎ ¥³ ¢¥²¨Î¨´Ê � > 7 · 10−3 c³.

6. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚ ˆ ‡�Š‹�—…�ˆ…

‚ÒÏ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶µ ¨§³¥·¥´¨Õ Ô´¥·£¥É¨Î¥-
¸±µ£µ ¸¶¥±É·  ´¥°É·µ´µ¢ ¶·¨ ¤¨Ë· ±Í¨¨ “•� ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥. ‘É·µ-
£µ £µ¢µ·Ö, µ¶¨¸ ´´Ò° ¢ÒÏ¥ ¸¶¥±É·µ³¥É·¨Î¥¸±¨° Ô±¸¶¥·¨³¥´É ´¥ Ö¢²Ö¥É¸Ö
¤¨Ë· ±Í¨µ´´Ò³, ¶µ¸±µ²Ó±Ê ¢ µÉ¸ÊÉ¸É¢¨e ±µ²²¨³ Í¨¨ ¨¸Ìµ¤´µ£µ ¶ÊÎ±  Ï¨-
·¨´  Ê£²µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·µ´µ¢ ¶·¥¢µ¸Ìµ¤¨²  Ê£µ² ¤¨Ë· ±Í¨¨ ´ 
´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò. �µ-¢¨¤¨³µ³Ê, ¶· ¢¨²Ó´¥¥ §¤¥¸Ó £µ¢µ·¨ÉÓ ´¥ µ
¤¨Ë· ±Í¨¨,   µ ¶¥·¨µ¤¨Î¥¸±µ°, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ Ë §µ¢µ°, ³µ¤Ê²ÖÍ¨¨ ´¥°É·µ´-
´µ° ¢µ²´Ò, ¨³¥ÕÐ¥° ³¥¸Éµ ¶·¨ ¡Ò¸É·µ³ ¤¢¨¦¥´¨¨ ¶¥·¨µ¤¨Î¥¸±µ° ¸É·Ê±ÉÊ·Ò
¶µ¶¥·¥± ´ ¶· ¢²¥´¨Ö · ¸¶·µ¸É· ´¥´¨Ö ¢µ²´Ò. �¤¥±¢ É´Ò³ Ö¢²Ö¥É¸Ö É ±¦¥
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É¥·³¨´ ®¤¨Ë· ±Í¨Ö ¢µ ¢·¥³¥´¨¯ [37]. �·¨ ÔÉµ³ ¤¢¨¦ÊÐ Ö¸Ö ·¥Ï¥É±  Ö¢²Ö-
¥É¸Ö ´¥¸É Í¨µ´ ·´Ò³ ±¢ ´Éµ¢Ò³ Ê¸É·µ°¸É¢µ³,  ´ ²µ£¨Î´µ³ ±¢ ´Éµ¢µ³Ê ¶·¥-
·Ò¢ É¥²Õ [38Ä41], ¨²¨, ÉµÎ´¥¥, ³µ¤Ê²ÖÉµ·Ê [42]. �´ ²µ£¨Ö ¸É ´µ¢¨É¸Ö ¡µ²¥¥
´ £²Ö¤´µ°, ¥¸²¨ ¢ ¢Ò· ¦¥´¨ÖÌ ¤²Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ (2), (7) Ê¢¥²¨Î¨¢ ÉÓ
¶·µ¸É· ´¸É¢¥´´Ò° ¶¥·¨µ¤ L ¨ ¸±µ·µ¸ÉÓ ·¥Ï¥É±¨ V ¡¥§ ¨§³¥´¥´¨Ö ¶¥·¨µ¤ 
³µ¤Ê²ÖÍ¨¨ T = L/V . ‚ ¶·¥¤¥²¥ ¡µ²ÓÏ¨Ì ¸±µ·µ¸É¥° ¤¨Ë· ±Í¨µ´´Ò° Î²¥´
qjy ¢ Ëµ·³Ê²¥ (7) µ± §Ò¢ ¥É¸Ö ¶·¥´¥¡·¥¦¨³µ ³ ²Ò³ ¨ µ´  ¸µ¢¶ ¤ ¥É ¸ Ëµ·-
³Ê²µ°, µ¶¨¸Ò¢ ÕÐ¥° ¸µ¸ÉµÖ´¨¥, Ëµ·³¨·Ê¥³µ¥ ³µ¤Ê²ÖÉµ·µ³ [41, 42].

�¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ¸µ£² ¸ÊÕÉ¸Ö ¸ ¶·¥¤-
¸± § ´¨Ö³¨ É¥µ·¨¨, µ¸´µ¢ ´´µ° ´  ¶·¥¤¸É ¢²¥´¨¨ µ ¶²µ¸±µ³ ¢µ²´µ¢µ³ Ë·µ´É¥
¨¸Ìµ¤´µ° ¢µ²´Ò. Œ¨´¨³ ²Ó´ Ö µÍ¥´±  ¶µ¶¥·¥Î´µ° ¤²¨´Ò ±µ£¥·¥´É´µ¸É¨
7 · 10−3 c³ ¶·¥¢ÒÏ ¥É ¤²¨´Ê ¢µ²´Ò ´¥°É·µ´  ´  É·¨ ¶µ·Ö¤±  ¢¥²¨Î¨´Ò.

�É³¥É¨³ ¥Ð¥, ÎÉµ ¶·¨ µÍ¥´±¥ ¤²¨´Ò ±µ£¥·¥´É´µ¸É¨ ³Ò ¨¸Ìµ¤¨²¨ ¨§ £ Ê¸-
¸µ¢¸±µ° Ëµ·³Ò ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨¸Ìµ¤´µ°
¢µ²´Ò. �É  ³µ¤¥²Ó ¡Ò²  ¢Ò¡· ´  ²¨ÏÓ ¤²Ö µ¶·¥¤¥²¥´´µ¸É¨ ¨ ¶·µ¸ÉµÉÒ
 ´ ²¨§ ,   ¶µ²ÊÎ¥´´ Ö ¢ µ¶ÒÉ¥ ¶µ²Ê± Î¥¸É¢¥´´ Ö µÍ¥´±  ¸² ¡µ § ¢¨¸¨É µÉ
±µ´±·¥É´µ° Ëµ·³Ò ®¢µ²´µ¢µ£µ ¶ ±¥É ¯. ‚³¥¸É¥ ¸ É¥³ ¨³¥´´µ £ Ê¸¸µ¢¸± Ö
Ëµ·³  ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ Î ¸É¨ÍÒ (®£ Ê¸-
¸µ´¯) Ë¨£Ê·¨·Ê¥É ¢ ³µ¤¥²¨ ´¥²¨´¥°´µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨ ¸ ²µ£ ·¨Ë³¨Î¥-
¸±µ° ´¥µ¤´µ·µ¤´µ¸ÉÓÕ [32]. �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  [12]  ´ ²¨§¨·µ¢ ²¨¸Ó
 ¢Éµ· ³¨ ¸ ÉµÎ±¨ §·¥´¨Ö ¶·µ¢¥·±¨ ÔÉµ° ³µ¤¥²¨. ˆ§ ¶µ²ÊÎ¥´´µ° É ³ ¢¥·Ì-
´¥° µÍ¥´±¨ ¢¥²¨Î¨´Ò ´¥²¨´¥°´µ£µ Î²¥´  ¢ Ê· ¢´¥´¨¨ ˜·¥¤¨´£¥·  É ±¦¥
³µ¦´µ ¶µ²ÊÎ¨ÉÓ §´ Î¥´¨¥ ¶µ¶¥·¥Î´µ£µ · §³¥·  £ Ê¸¸µ´  ¤²Ö ´¥°É·µ´ . ’ ± Ö
³µ¤¥²Ó´µ-§ ¢¨¸¨³ Ö µÍ¥´±  ¶·¥¢µ¸Ìµ¤¨É ·¥§Ê²ÓÉ É ´ Ï¥° · ¡µÉÒ ¶·¨³¥·´µ ¢
É·¨ · § .

‡´ Î¨É¥²Ó´µ ¡µ²ÓÏ Ö µÍ¥´±  ¤²Ö ¤²¨´Ò ±µ£¥·¥´É´µ¸É¨ ´¥°É·µ´  � >
2 ³³, É ±¦¥ µ¸´µ¢ ´´ Ö ´  µÉ¸ÊÉ¸É¢¨¨ ÊÏ¨·¥´¨Ö ¤¨Ë· ±Í¨µ´´µ° ²¨´¨¨, ¶·¨-
¢¥¤¥´  ¢ · ¡µÉ¥ [8]. �¤´ ±µ µÍ¥´±  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ÔÉµ° · ¡µÉÒ
¶·¨¢¥¤¥´´Ò³ ¢ÒÏ¥ ³¥Éµ¤µ³ ¨ ¸ ÊÎ¥Éµ³ Ëµ·³Ê²Ò (21) ¤ ¥É ·¥§Ê²ÓÉ É, ¸· ¢´¨-
³Ò° ¶µ ÉµÎ´µ¸É¨ ¸ ´ Ï¨³.

�¤¨´ ¨§  ¢Éµ·µ¢ (�. ”.) ¡² £µ¤ ·¥´ 	. Œ. 	µ²µÉµ¢¸±µ³Ê §  ¢¥¸Ó³  ¶²µ¤µ-
É¢µ·´Ò¥ µ¡¸Ê¦¤¥´¨Ö. � ¡µÉ  ¶µ¤¤¥·¦ ´  INTAS (£· ´É º 00-00043).
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