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ƒµ·µ¤¸± Ö µ¡Ð¥¸É¢¥´´ Ö µ·£ ´¨§ Í¨Ö ®‡ ·Ö¤¯, �µ¢µ¸¨¡¨·¸±, �µ¸¸¨Ö

�·¥¤² £ ¥É¸Ö ³¥Éµ¤ ¸µÌ· ´¥´¨Ö ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸  ¢
Í¨±²¨Î¥¸±¨Ì Ê¸±µ·¨É¥²ÖÌ. �¥§Ê²ÓÉ ÉÒ  ±ÉÊ ²Ó´Ò ¤²Ö ¶µ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶µ²Ö·¨§µ¢ ´´ÒÌ
¶ÊÎ±µ¢ Î ¸É¨Í ¢Ò¸µ±¨Ì Ô´¥·£¨°. �·¨¢¥¤¥´ Î¨¸²¥´´Ò° ¶·¨³¥·.

The method of preservation of polarization of a beam at crossing a spin resonance in cyclic
accelerators is offered. Results are essential for production of the intensive polarized beams of high
energy particles. The numerical example is presented.

1. �·µ¡²¥³  Ê¸±µ·¥´¨Ö ¶µ²Ö·¨§µ¢ ´´µ£µ ¶ÊÎ±  Î ¸É¨Í ¤µ ¢Ò¸µ±¨Ì Ô´¥·£¨° Ö¢²Ö¥É¸Ö
¢ ¦´µ° ¢ Ë¨§¨±¥ Ê¸±µ·¨É¥²¥°. „¥¶µ²Ö·¨§ Í¨Ö ¶ÊÎ±  ¢ µ¸´µ¢´µ³ ¶·µ¨¸Ìµ¤¨É ¢ ±µ²ÓÍ¥
Ê¸±µ·¨É¥²Ö ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢. �¤´¨³ ¨§ ´ ¶· ¢²¥´¨° ¨¸¸²¥¤µ¢ ´¨°
Ö¢²Ö¥É¸Ö  ´ ²¨§ ¸É·Ê±ÉÊ· ³ £´¨É´µ£µ ¶µ²Ö Ê¸±µ·¨É¥²Ö, ¨¸±²ÕÎ ÕÐ¨Ì ¢µ§³µ¦´µ¸ÉÓ ¶¥-
·¥¸¥Î¥´¨Ö ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢ ¤²Ö ¢Ò¡· ´´µ£µ ¤¨ ¶ §µ´  Ô´¥·£¨°. ’ ±µ° ¸É·Ê±ÉÊ·µ°
¶µ²Ö µ¡² ¤ ¥É É· ¤¨Í¨µ´´Ò° Ê¸±µ·¨É¥²Ó ¸µ ¢¸É ¢²¥´´Ò³¨ ¢ ¶·Ö³µ²¨´¥°´Ò¥ ¶·µ³¥¦ÊÉ±¨
®¸¨¡¨·¸±¨³¨ §³¥°± ³¨¯ [1Ä4]. �·¨³¥·µ³ ³µ¦¥É ¸²Ê¦¨ÉÓ Ê¸±µ·¨É¥²Ó RHIC (�·Ê±ÌÔ°¢¥´)
¤²Ö Ê¸±µ·¥´¨Ö ¶µ²Ö·¨§µ¢ ´´ÒÌ ¶ÊÎ±µ¢ Î ¸É¨Í.

�¤´ ±µ ¤²Ö ³¥´ÓÏ¨Ì Ô´¥·£¨° (´ ¶·¨³¥·, ¤²Ö Ê¸±µ·¨É¥²¥° AGS (�·Ê±ÌÔ°¢¥´) ¨²¨
U-70 (�·µÉ¢¨´µ)) ¨¸¶µ²Ó§µ¢ ´¨¥ ®¸¨¡¨·¸±¨Ì §³¥¥±¯ É·¥¡Ê¥É ¸ÊÐ¥¸É¢¥´´µ° ¶¥·¥¸É·µ°±¨
±µ²ÓÍ . �µÔÉµ³Ê ¶µ¨¸± ÔËË¥±É¨¢´ÒÌ ³¥Éµ¤µ¢ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢, ¸µÌ· -
´ÖÕÐ¨Ì ¶µ²Ö·¨§ Í¨Õ, µ¸É ¥É¸Ö  ±ÉÊ ²Ó´µ° § ¤ Î¥° ¤²Ö Ê¸±µ·¨É¥²¥° Î ¸É¨Í ´  Ô´¥·£¨¨
¶µ·Ö¤±  ¤¥¸ÖÉ¨ ƒÔ‚ ¨ ¢ÒÏ¥.

„²Ö Ê³¥´ÓÏ¥´¨Ö ¤¥¶µ²Ö·¨§ÊÕÐ¥£µ ¢µ§¤¥°¸É¢¨Ö ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢ ¶·¨ Ê¸±µ·¥´¨¨
¶·¨³¥´ÖÕÉ¸Ö ³¥Éµ¤Ò, µ¸´µ¢ ´´Ò¥ ´ :

• Ê¢¥²¨Î¥´¨¨ ¸±µ·µ¸É¨ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸  §  ¸Î¥É ®¸± Î±µ¢¯ ¡¥É É·µ´-
´ÒÌ Î ¸ÉµÉ [5Ä8];

• Ê¢¥²¨Î¥´¨¨ ¸±µ·µ¸É¨ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸  §  ¸Î¥É ¸± Î±  ¸¶¨´µ¢µ°
Î ¸ÉµÉÒ [9];

• ±µ³¶¥´¸ Í¨¨ ³µÐ´µ¸É¨ ·¥§µ´ ´¸  [5Ä8,10];
• ¶·¥¤´ ³¥·¥´´µ³ Ê¢¥²¨Î¥´¨¨ ³µÐ´µ¸É¨ ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸  ¸ ¶µ³µÐÓÕ ¸¶¥Í¨-

 ²Ó´µ ¢¢¥¤¥´´ÒÌ ³ £´¨É´ÒÌ ¶µ²¥° ¤²Ö  ¤¨ ¡ É¨Î¥¸±µ£µ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢µ£µ ·¥§µ-
´ ´¸ . �·¨´Í¨¶¨ ²Ó´Ò³ ¶·¨ ÔÉµ³ Ö¢²Ö¥É¸Ö ÊÎ¥É ¸¨´Ì·µÉ·µ´´µ° ³µ¤Ê²ÖÍ¨¨ Ô´¥·£¨° Î -
¸É¨Í ¢ ¶ÊÎ±¥ [1, 4, 11];

• ¶·¥¤´ ³¥·¥´´µ³ Ê³¥´ÓÏ¥´¨¨ ¸±µ·µ¸É¨ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢ [1, 4, 11].
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‘ Ê¢¥²¨Î¥´¨¥³ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨ Î¨¸²µ ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢ · ¸É¥É, ¨ ¸µÌ· ´¨ÉÓ
¶µ²Ö·¨§ Í¨Õ ¶ÊÎ±  Ê± § ´´Ò³¨ ³¥Éµ¤ ³¨ ¸É ´µ¢¨É¸Ö ¶·µ¡²¥³ É¨Î´Ò³.

‚ ¤ ´´µ° · ¡µÉ¥ ¶·¥¤² £ ¥É¸Ö ³¥Éµ¤, ¶µ§¢µ²ÖÕÐ¨° ¢ ¶·¨´Í¨¶¥ ®¨¸±²ÕÎ¨ÉÓ¯ ¤¥¶µ²Ö-
·¨§ÊÕÐ¨¥ ÔËË¥±ÉÒ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¸¶¨´µ¢ÒÌ ·¥§µ´ ´¸µ¢.

2. �¸´µ¢´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸  Ö¢²ÖÕÉ¸Ö:
• ¶µ²µ¦¥´¨¥ ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸ 

ν = νk,

£¤¥ ν Å ¸¶¨´µ¢ Ö Î ¸ÉµÉ  ¶·¥Í¥¸¸¨¨; νk Å Í¥²µÎ¨¸²¥´´ Ö ±µ³¡¨´ Í¨Ö ¨§ Î ¸ÉµÉ µ·¡¨-
É ²Ó´µ£µ ¤¢¨¦¥´¨Ö ¢ ¥¤¨´¨Í Ì Î ¸ÉµÉÒ µ¡· Ð¥´¨Ö ¢ Ê¸±µ·¨É¥²¥ ω0;

• ³µÐ´µ¸ÉÓ ·¥§µ´ ´¸  |wk|, ±µÉµ· Ö Ö¢²Ö¥É¸Ö ³µ¤Ê²¥³ ËÊ·Ó¥-£ ·³µ´¨±¨ ¸¶¨´µ¢µ£µ
¢µ§³ÊÐ¥´¨Ö;

• ¸±µ·µ¸ÉÓ ¨§³¥´¥´¨Ö µÉ¸É·µ°±¨ µÉ ·¥§µ´ ´¸  ε′ = d/dθ(ν − νk), £¤¥ θ =

t∫
0

ω0dt Å

µ¡µ¡Ð¥´´Ò°  §¨³ÊÉ Î ¸É¨ÍÒ ¢ Ê¸±µ·¨É¥²¥.
‘É¥¶¥´Ó ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥§µ´ ´¸  ¸ ¶µ¸ÉµÖ´´µ° ¸±µ·µ¸ÉÓÕ ε′

¢ÒÎ¨¸²Ö¥É¸Ö ¶µ Ìµ·µÏµ ¨§¢¥¸É´µ° Ëµ·³Ê²¥ [5]:

〈Sz〉 =
〈(

2 exp
(
−π

2

∣∣∣∣w2
k

ε′

∣∣∣∣
)
− 1

)
S0

z

〉
,

£¤¥ Sz Å ±µ³¶µ´¥´É  ¢¥±Éµ·  ¸¶¨´  ¢¤µ²Ó ´µ·³ ²¨ ± ¶²µ¸±µ¸É¨ µ·¡¨ÉÒ, ¸±µ¡±¨ 〈. . .〉
µ§´ Î ÕÉ Ê¸·¥¤´¥´¨¥ ¶µ · ¸¶·¥¤¥²¥´¨Õ Î ¸É¨Í ¢ ¶ÊÎ±¥.

�·¨ ¡Ò¸É·µ³ ¶¥·¥¸¥Î¥´¨¨ ·¥§µ´ ´¸ 

|ε′| � |w2
k| (1)

¸É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ D = 1 − |〈Sz〉| ¸É ´µ¢¨É¸Ö · ¢´µ°

D = π|wk|2/|ε′|.

„²Ö ¶·µ¨§¢µ²Ó´µ° § ¢¨¸¨³µ¸É¨ ε(θ) ¸É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨Ö
(1) ¢ÒÎ¨¸²Ö¥É¸Ö ¶µ Ëµ·³Ê²¥ [4, 11]:

D =
1
2

∣∣∣∣∣∣
∞∫

−∞

wk exp


−i

θ∫
0

ε dθ


 dθ

∣∣∣∣∣∣
2

. (2)

‘²¥¤µ¢ É¥²Ó´µ, ¤²Ö ±µ³¶¥´¸ Í¨¨ ¤¥¶µ²Ö·¨§ Í¨¨ ´¥µ¡Ìµ¤¨³µ ¢Ò¶µ²´¨ÉÓ Ê¸²µ¢¨¥ (¶·¨
wk = const):

∞∫
−∞

exp


i

θ∫
0

ε dθ


 dθ = 0, (3)

±µÉµ·µ¥ ´¥ § ¢¨¸¨É µÉ ³µÐ´µ¸É¨ ·¥§µ´ ´¸ .
�·¨ ¢Ò¶µ²´¥´¨¨ ÔÉµ£µ Ê¸²µ¢¨Ö ±µ³¶¥´¸ Í¨Ö ¤¥¶µ²Ö·¨§ Í¨¨ ¶·µ¨¸Ìµ¤¨É ¸ ¢Ò¸µ±µ°

ÉµÎ´µ¸ÉÓÕ ∼ (|wk|2/|ε′|)3.
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‘²¥¤ÊÖ · ¡µÉ ³ [6Ä8], · ¸¸³µÉ·¨³ ¶¥·¥¸¥Î¥´¨¥ ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸ , µ·£ ´¨§ÊÖ ¸± -
Îµ± µÉ¸É·µ°±¨ ε, ± ± ¶µ± § ´µ ´  ·¨¸. 1. �·¨ ¡Ò¸É·µ³ ¶¥·¥¸¥Î¥´¨¨ ·¥§µ´ ´¸  ¢ µ¡² ¸É¨
|θ| � τ ¨  ¤¨ ¡ É¨Î¥¸±µ³ (³¥¤²¥´´µ³) ¶·¨¡²¨¦¥´¨¨ ¨ Ê¤ ²¥´¨¨ ¢ µ¡² ¸É¨ |θ| > τ ¨§ (2)
¶µ²ÊÎ ¥³ Ëµ·³Ê²Ê ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¸É¥¶¥´¨ ¤¥¶µ²Ö·¨§ Í¨¨:

D =
π |wk|2

|ε′| I(ψ),

I(ψ) =
1

πψ

∣∣∣∣∣∣1 + 2iψ exp (i ψ)

1∫
0

exp
(
−iψ x2

)
dx

∣∣∣∣∣∣
2

,

£¤¥ ψ = δτ/2 Å Ë § , ´ ¡¨· ¥³ Ö Î ¸É¨Í¥° ¢ §µ´¥ ¸± Î±  §  ¢·¥³Ö τ .

�¨¸. 1 �¨¸. 2

‚ Î ¸É´µ¸É¨, ¶·¨ ψ � 1 ¶µ²ÊÎ ¥³ ¨§¢¥¸É´ÊÕ Ëµ·³Ê²Ê [6Ä8]:

D =
2 |wk|2

δ2

(
1 +

δ4

3 |ε′|2

)
.

�  ·¨¸. 2 ¶·¨¢¥¤¥´ £· Ë¨± § ¢¨¸¨³µ¸É¨ Ë ±Éµ·  I µÉ ψ.
‚¨¤¨³, ÎÉµ ¸É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ µ¶·¥¤¥²Ö¥É¸Ö ¸±µ·µ¸ÉÓÕ ¶¥·¥¸¥Î¥´¨Ö ¢ ÉµÎ±¥ ·¥-

§µ´ ´¸  (ε′δ/τ ) ¨ ¢ ±² ¸¸¥ ËÊ´±Í¨° ε(θ), ¨§µ¡· ¦¥´´ÒÌ ´  ·¨¸. 1, Ê¸²µ¢¨Õ ±µ³¶¥´¸ Í¨¨
(3) Ê¤µ¢²¥É¢µ·¨ÉÓ ´¥²Ó§Ö.

�·¨¢¥¤¥³ ¶·¨³¥·Ò ËÊ´±Í¨° ε(θ), ¤²Ö ±µÉµ·ÒÌ Ê¸²µ¢¨¥ (3) ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´´Ò³.
�£· ´¨Î¨³¸Ö · ¸¸³µÉ·¥´¨¥³  ´É¨¸¨³³¥É·¨Î´ÒÌ ËÊ´±Í¨° ε(θ) ¸ µ¤´µ±· É´Ò³ ¶¥·¥¸¥Î¥-
´¨¥³ ·¥§µ´ ´¸ .

� §·Ò¢´ Ö ËÊ´±Í¨Ö

ε(θ) =
{

ε′1 θ, |θ| � τ,
ε′0 θ, |θ| > τ,

¨§µ¡· ¦¥´´ Ö ´  ·¨¸. 3, Ê¤µ¢²¥É¢µ·Ö¥É Ê¸²µ¢¨Õ ±µ³¶¥´¸ Í¨¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì §´ Î¥´¨ÖÌ
¶ · ³¥É·µ¢:

ε′1 ≈ 5,26ε′0, τ ≈ 1,03
√

ε′0, δ ≈ 5,42
√

ε′0.
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�ÉµÉ ¶·¨³¥· ¶µ± §Ò¢ ¥É ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ±µ³¶¥´¸ Í¨¨ ¤¥¶µ²Ö·¨§ Í¨¨.
�  ·¨¸. 4 ¶·¨¢¥¤¥´ ¶·¨³¥· ´¥¶·¥·Ò¢´µ° ËÊ´±Í¨¨

ε(θ) =


 ε′0θ + ε′1 θ

(
1 − θ2

τ2

)2

, |θ| � τ,

ε′0θ, |θ| > τ,

ε′1 ≈ 7,04 ε′0, τ ≈ 1,45√
ε′0

, δ ≈ 3,6
√

ε′0 ¶·¨ τδ ≈ 0,71√
ε′0

,

(4)

É ±¦¥ Ê¤µ¢²¥É¢µ·ÖÕÐ¥° Ê¸²µ¢¨Õ ±µ³¶¥´¸ Í¨¨.
ˆ´É¥·¥¸´µ ¶·µ¸²¥¤¨ÉÓ, ± ± ¨§³¥´Ö¥É¸Ö ¶µ¶¥·¥Î´ Ö ±µ³¶µ´¥´É  ¸¶¨´  |S⊥| =

√
1 − S2

z

¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥§µ´ ´¸ .

�¨¸. 3 �¨¸. 4

�  ·¨¸. 5 ¨§µ¡· ¦¥´µ ¨§³¥´¥´¨¥ ¶µ¶¥·¥Î´µ° ±µ³¶µ´¥´ÉÒ |S⊥| ¤²Ö  ´É¨¸¨³³¥É·¨Î-
´µ° ËÊ´±Í¨¨ (4). �µ¶¥·¥Î´ Ö ±µ³¶µ´¥´É  ¸¶¨´ , ¨§µ¡· ¦¥´´ Ö ¸¶²µÏ´µ° ²¨´¨¥°, ¶·¨

�¨¸. 5

θ > −τ ´ Î¨´ ¥É µÉ²¨Î ÉÓ¸Ö µÉ £· Ë¨±  ËÊ´±-
Í¨¨ |S⊥0|, ¨§µ¡· ¦¥´´µ£µ ¶Ê´±É¨·´µ° ²¨´¨¥°, ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¥£µ ¶¥·¥¸¥Î¥´¨Õ ·¥§µ´ ´¸  ¸ ¶µ¸ÉµÖ´-
´µ° ¸±µ·µ¸ÉÓÕ ε′0. ‚ ³µ³¥´É ¶¥·¥¸¥Î¥´¨Ö ·¥§µ´ ´¸ 
(θ = 0) ¸¶¨´ ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨Ö ±µ³¶¥´¸ Í¨¨
µ¸É ¥É¸Ö ¢¥·É¨± ²Ó´Ò³ (S⊥ = 0 ¶·¨ θ = 0),   ¢
µ¡² ¸É¨ θ � 1/

√
ε′0 ¸¨²Ó´µ µÉ²¨Î ¥É¸Ö µÉ ËÊ´±Í¨¨

|S⊥0|, ¶µ²ÊÎ¥´´µ° ¤²Ö ε0 = const.
�·¨ ¸· ¢´¥´¨¨ ¸ ¨§¢¥¸É´Ò³¨ ³¥Éµ¤ ³¨ ¤ ´´Ò°

³¥Éµ¤ µÉ²¨Î ¥É¸Ö ³¥´¥¥ ±·¨É¨Î´Ò³¨ Ì · ±É¥·¨¸É¨-
± ³¨ µÉ±²µ´¥´¨Ö µÉ¸É·µ°±¨ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥-
§µ´ ´¸ . ’ ±, ¢ ¶·¥¤²µ¦¥´´µ³ ³¥Éµ¤¥  ³¶²¨ÉÊ¤ 
¸± Î±  δ ¨ Ì · ±É¥·´µ¥ ¢·¥³Ö ¥£µ ®¢±²ÕÎ¥´¨Ö¯ τ
¶µ·Ö¤± 

√
ε′0 ¨ 1/

√
ε′0 ¸µµÉ¢¥É¸É¢¥´´µ. „²Ö ³¥Éµ¤µ¢, µ¸´µ¢ ´´ÒÌ ´  Ê¢¥²¨Î¥´¨¨ ¸±µ·µ-

¸É¨ ¶¥·¥¸¥Î¥´¨Ö ·¥§µ´ ´¸  ε′, ÎÉµ¡Ò Ê³¥´ÓÏ¨ÉÓ ¸É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ ¢ |ε′/ε′0| � 1 · §,
´¥µ¡Ìµ¤¨³µ ¨³¥ÉÓ  ³¶²¨ÉÊ¤Ê ¢

√
ε′/ε′0 · § ¡µ²ÓÏÊÕ,   ¢·¥³Ö ¢ ÔÉµ Î¨¸²µ · § ³¥´ÓÏ¥¥,

Î¥³ ¢ ¶·¥¤² £ ¥³µ³ ³¥Éµ¤¥.
�·µ ´ ²¨§¨·Ê¥³ ¢²¨Ö´¨¥ · §¡·µ¸  É· ¥±Éµ·¨° Î ¸ÉµÉ, ¶·¨¢µ¤ÖÐ¥£µ ± · §¡·µ¸Ê ³µ-

³¥´É  ¶¥·¥¸¥Î¥´¨Ö ¸¶¨´µ¢µ£µ ·¥§µ´ ´¸ . “¸²µ¢¨¥, ±µ£¤  · §¡·µ¸ |∆ε| ¸µÌ· ´Ö¥É ±µ³¶¥´-
¸ Í¨Õ ¤¥¶µ²Ö·¨§ Í¨¨, ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

|∆ε|4 � |ε′0|2.
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‘É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ ¶·¨ ¸¤¢¨£¥ Î ¸ÉµÉÒ ´  ∆ε µ¶·¥¤¥²Ö¥É¸Ö Ê¸²µ¢¨¥³

D =
w2

k

2

∣∣∣∣∣∣
∞∫

−∞

exp


i

θ∫
0

ε dθ


 exp (−i ∆ε θ) dθ

∣∣∣∣∣∣
2

.

�¨¸. 6

�  ·¨¸. 6 ¶·¨¢¥¤¥´  § ¢¨¸¨³µcÉÓ µÉ´µÏ¥´¨Ö
¸É¥¶¥´¥° ¤¥¶µ²Ö·¨§ Í¨¨ D/D0 µÉ µÉ±²µ´¥´¨Ö
ÉµÎ±¨ ·¥§µ´ ´¸  ´  ¢¥²¨Î¨´Ê |∆ε|, £¤¥

D0 = π
|wk|2

ε′0

Å ¸É¥¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥-
§µ´ ´¸  ¸ ¶µ¸ÉµÖ´´µ° ¸±µ·µ¸ÉÓÕ ε′0. ’ ±, ¶·¨
¸¤¢¨£¥ ÉµÎ±¨ ·¥§µ´ ´¸  ´  ¢¥²¨Î¨´Ê |∆ε| <
0,48

√
ε′0 µÉ´µÏ¥´¨¥ D/D0 < 0,01.

�´ ²¨§ § ¢¨¸¨³µ¸É¨ Ê¸²µ¢¨Ö ±µ³¶¥´¸ Í¨¨ µÉ
¤·Ê£¨Ì ¶ · ³¥É·µ¢ ¶·µ¢µ¤¨É¸Ö  ´ ²µ£¨Î´µ.

3. �·¨¢¥¤¥³ Î¨¸²¥´´Ò° ¶·¨³¥· ¤²Ö ±µ³¶¥´-
¸ Í¨¨ ¤¥¶µ²Ö·¨§ Í¨¨ ¢´ÊÉ·¥´´¥£µ ·¥§µ´ ´¸  ν = 16−νz ¶·¨ Ek ≈ 3,85 ƒÔ‚ ¸ ³µÐ´µ¸ÉÓÕ
·¥§µ´ ´¸  wk ≈ 10−3 ¨ ¸±µ·µ¸ÉÓÕ ¶¥·¥¸¥Î¥´¨Ö ε′0 ≈ 7 · 10−6 ¶·¨ Ê¸±µ·¥´¨¨ ¶·µÉµ´µ¢
¢ ±µ²ÓÍ¥ ´Ê±²µÉ·µ´  (�ˆŸˆ, „Ê¡´ ). …¸²¨ ´¥ ¶·¨´¨³ ÉÓ ¸¶¥Í¨ ²Ó´ÒÌ ³¥·, ¸É¥¶¥´Ó ¤¥-
¶µ²Ö·¨§ Í¨¨ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ Ê± § ´´µ£µ ·¥§µ´ ´¸  · ¢´  D ∼ 40 %. �·¨ µ·£ ´¨§ Í¨¨
¸± Î±  ¡¥É É·µ´´µ° Î ¸ÉµÉÒ ¸  ³¶²¨ÉÊ¤µ° 2δ(1−ε′0/ε′) ≈ 0,04 §  ¢·¥³Ö 2τ ≈ 24 ³±¸ ¸É¥-
¶¥´Ó ¤¥¶µ²Ö·¨§ Í¨¨ Ê³¥´ÓÏ¨É¸Ö ¤µ D ≈ 1 % [5Ä8]. ‚ ¶·¥¤² £ ¥³µ³ ³¥Éµ¤¥ ¶·µ¨¸Ìµ¤¨É
±µ³¶¥´¸ Í¨Ö ¤¥¶µ²Ö·¨§ Í¨¨, ¥¸²¨ µ·£ ´¨§µ¢ ÉÓ ¤µ¶µ²´¨É¥²Ó´µ¥ ¨§³¥´¥´¨¥ µÉ¸É·µ°±¨ ¸
 ³¶²¨ÉÊ¤µ° 2(δ − ε′0τδ) ≈ 0,015 §  ¢·¥³Ö 2τ ≈ 150 ³±¸.

�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¶·¨§´ É¥²Ó´Ò §  ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö ˆ. �. ˆ¸¸¨´¸±µ³Ê,
‚. �. Œ¨Ì °²µ¢Ê ¨ ¢¸¥³ ÊÎ ¸É´¨± ³ ¸¥³¨´ ·  ‹‚� �ˆŸˆ. ŒÒ ¡² £µ¤ ·´Ò §  ¶µ¸Éµ-
Ö´´ÊÕ ¶µ³µÐÓ ¨ ¢´¨³ ´¨¥ ‘. ‘. ˜¨³ ´¸±µ³Ê.

� ¡µÉ  Ë¨´ ´¸¨·µ¢ ² ¸Ó ¨§ ¸·¥¤¸É¢ �””ˆ ¶µ £· ´ÉÊ º 02-02-16931.
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