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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
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� §· ¡μÉ ´  ²£μ·¨É³ ¤²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ±¢ ´Éμ¢μ° § ¤ Î¨ · ¸¸¥Ö´¨Ö ´  ¶²μ¸±μ¸É¨. �μ²Ê-
Î¥´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¸ ¨§¢¥¸É´μ°  ¸¨³¶ÉμÉ¨±μ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ¢ ´¨§-
±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¤²Ö ±·Ê£μ¢μ£μ ¡¥¸±μ´¥Î´μ ¸¨²Ó´μ£μ μÉÉ ²±¨¢ ÕÐ¥£μ ¶μÉ¥´Í¨ ² .
�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¶μ± § ², ÎÉμ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ¸² ¡μ § ¢¨¸¨É μÉ
Ê£²  · ¸¸¥Ö´¨Ö ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¥¤¥²¥ ¤²Ö Ë¨´¨É´ÒÌ ¶μÉ¥´Í¨ ²μ¢ ¨  ´¨§μÉ·μ¶¨Ö ¶μÉ¥´-
Í¨ ²  ¶μ·μ¦¤ ¥É Ê£²μ¢Ò¥ μ¸μ¡¥´´μ¸É¨ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨ÖÌ: ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê£² Ì
¸¥Î¥´¨Ö ¨³¥ÕÉ Ö·±μ ¢Ò· ¦¥´´Ò¥ Ô±¸É·¥³Ê³Ò.

The algorithm for integration of the two-dimensional (2D) quantum scattering problem is developed.
This approach was applied for investigation of anisotropy effects in 2D scattering. We have obtained
good agreement of the numerical results with known asymptotics in a low-energy limit. It was found
that the differential cross section depends weakly on the scattering angle in the low-energy limit for
ˇnite potentials, and the anisotropy of the potential causes angular features of the differential cross
sections: at certain angles they have pronounced peaks.

PACS: 34.50.-s; 34.50.Cx
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–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö Î¨¸²¥´´μ¥ ·¥Ï¥´¨¥ § ¤ Î¨ μ ¤¢Ê³¥·´μ³ (2D) · ¸-
¸¥Ö´¨¨ ±¢ ´Éμ¢ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éμ³  ´¨§μÉ·μ¶¨¨ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö. „¢Ê³¥·´ Ö § ¤ Î 
· ¸¸¥Ö´¨Ö ¢μ§´¨± ¥É, ¢ Î ¸É´μ¸É¨, ¶·¨ μ¶¨¸ ´¨¨ ¸Éμ²±´μ¢¥´¨° Ê²ÓÉ· Ìμ²μ¤´ÒÌ  Éμ³μ¢ ¨
³μ²¥±Ê² ¢ μ¶É¨Î¥¸±μ° ²μ¢ÊÏ±¥, £¤¥ ¤¢¨¦¥´¨¥ Î ¸É¨Í ®§ ³μ·μ¦¥´μ¯ ¢¤μ²Ó μ¤´μ£μ ´ ¶· -
¢²¥´¨Ö ¨ ¨Ì ¤¨´ ³¨±  μ£· ´¨Î¥´  ¤¢¨¦¥´¨¥³ ¢ ¶²μ¸±μ¸É¨ [1Ä5].

�¸μ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ÊÎ¥É  ´¨§μÉ·μ¶¨¨ ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ³¥¦¤Ê  Éμ³ ³¨ ¨
¶μ²Ö·´Ò³¨ ³μ²¥±Ê² ³¨ ¸ ¡μ²ÓÏ¨³¨ ¤¨¶μ²Ó´Ò³¨ ³μ³¥´É ³¨ ¢ ¸¢Ö§¨ ¸ ¢μ§³μ¦´μ¸ÉÓÕ ³μ-
¤¥²¨·μ¢ ´¨Ö ¸¨²Ó´μ±μ··¥²¨·μ¢ ´´ÒÌ ±¢ ´Éμ¢ÒÌ ¸¨¸É¥³, ÎÉμ ¡Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ
¢ ´¥¤ ¢´¨Ì Ô±¸¶¥·¨³¥´É Ì ¸ Ê²ÓÉ· Ìμ²μ¤´Ò³¨ ¶μ²Ö·´Ò³¨ ³μ²¥±Ê² ³¨ LiCs ¨ LiK [6,7].

1E-mail: e-cov@yandex.ru
2E-mail: kov.oksana20@gmail.com
3E-mail: melezhik@theor.jinr.ru
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1. Š‚��’�‚�Ÿ ‡�„�—� ��‘‘…Ÿ�ˆŸ �� �‹�‘Š�‘’ˆ

‡ ¤ Î  ¸μ¸Éμ¨É ¢ Î¨¸²¥´´μ³ ·¥Ï¥´¨¨ ¤¢Ê³¥·´μ£μ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¢ ¶μ²Ö·´ÒÌ
±μμ·¤¨´ É Ì (ρ, φ) ¸μ ¸¶¥Í¨ ²Ó´μ°  ¸¨³¶ÉμÉ¨±μ° ¤²Ö ψ(ρ, φ) ¢ ¶·¥¤¥²¥ ρ → ∞:

H(ρ, φ)ψ(ρ, φ) = Eψ(ρ, φ),

ψ(ρ, φ) → ei(qρ) + f(q, φ)
eiqρ

√
−iρ

,
(1)

£¤¥ £ ³¨²ÓÉμ´¨ ´ H(ρ, φ) ¨³¥¥É ¢¨¤

H(ρ, φ) = − �
2

2μ

(
1
ρ

∂

∂ρ

(
ρ

∂

∂ρ

)
+

1
ρ2

H0(φ)
)

+ U(ρ, φ). (2)

‡¤¥¸Ó q =
√

2μE/� μ¡μ§´ Î ¥É μÉ´μ¸¨É¥²Ó´Ò° ¨³¶Ê²Ó¸ Î ¸É¨Í, E Å Ô´¥·£¨Õ ¸Éμ²±´μ-
¢¥´¨Ö, μ Å ¶·¨¢¥¤¥´´ÊÕ ³ ¸¸Ê, φ ¥¸ÉÓ Ê£μ² · ¸¸¥Ö´¨Ö ¨ H0(φ) = ∂2/∂φ2. ‡ ¤ Î  § ±²Õ-
Î ¥É¸Ö ¢ ´ Ìμ¦¤¥´¨¨  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö f(q, φ) [8] ¶·¨ § ¤ ´´μ³ q. ‚ μ¡Ð¥³ ¸²ÊÎ ¥
2D-¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö U(ρ, φ) § ¢¨¸¨É μÉ Ê£²  φ ¨, ± ± ¸²¥¤¸É¢¨¥, μÉ ´ ¶· ¢²¥´¨Ö
· ¸¶·μ¸É· ´¥´¨Ö ¶ ¤ ÕÐ¥° ¢μ²´Ò, ±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É¸Ö Ê£²μ³ φin ³¥¦¤Ê μÉ´μ¸¨É¥²Ó´Ò³
¨³¶Ê²Ó¸μ³ Î ¸É¨Í q ¨ μ¸ÓÕ X . Šμμ·¤¨´ É´ Ö ¸¨¸É¥³  ¢¸¥£¤  ³μ¦¥É ¡ÒÉÓ ¶μ¢¥·´ÊÉ  É -
±¨³ μ¡· §μ³, ÎÉμ¡Ò ¶ ¤ ÕÐ Ö ¢μ²´  · ¸¶·μ¸É· ´Ö² ¸Ó ¢¤μ²Ó μ¸¨ X , ¶·¨ ÔÉμ³ ¶μÉ¥´Í¨ ²
¢§ ¨³μ¤¥°¸É¢¨Ö É· ´¸Ëμ·³¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: U(ρ, φ) → U(ρ, φ + φin).

„²Ö ·¥Ï¥´¨Ö § ¤ Î¨ (1), (2) ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤, ¶·¥¤²μ¦¥´´Ò° ¢ · ¡μÉ¥ [9].
‚ ÔÉμ³ ¶μ¤Ìμ¤¥ ¢μ²´μ¢ Ö ËÊ´±Í¨Ö ψ(ρ, φ) ¨Ð¥É¸Ö ¢ ¢¨¤¥ · §²μ¦¥´¨Ö

ψ(ρ, φ) =
1
√

ρ

Nb∑
j=0

Nb/2∑
m=−Nb/2

ξm(φ)ξ−1
mjΨj(ρ) (3)

¶μ ¡ §¨¸Ê ξm(φ) ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° μ¶¥· Éμ·  H0(φ), § ¤ ´´ÒÌ ´  · §´μ¸É´μ° ¸¥É±¥

Ê§²μ¢ φj =
2πj

Nb + 1
(j = 0, 1, . . . , Nb) ¶μ Ê£²μ¢μ° ¶¥·¥³¥´´μ° φ ∈ [0, 2π]:

ξm(φ) =
1√
2π

eim(φ−π) =
(−1)m

√
2π

eimφ, (4)

H0(φ)ξm(φ) = εmξm(φ), (5)

£¤¥ εm = −m2. 	 ¡μ· ξm(φ) μ¡· §Ê¥É ±¢ ¤· É´ÊÕ ³ É·¨ÍÊ ξjm ≡ ξm(φj) (m = −Nb/2,
−Nb/2 + 1, . . . , Nb/2). ŠμÔËË¨Í¨¥´É ξ−1

mj ¢ (3) μ¡μ§´ Î ¥É μ¡· É´ÊÕ ³ É·¨ÍÊ ± ξjm.
�μ¸²¥ ¶μ¤¸É ´μ¢±¨ · §²μ¦¥´¨Ö ¢ ¨¸Ìμ¤´μ¥ Ê· ¢´¥´¨¥ ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê ¤¨ËË¥·¥´-

Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°

ρ2 d2Ψk(ρ)
dρ2

+
1
4
Ψk(ρ) + ρ2 2μ

�2
[E − U(ρ, φk)]Ψk(ρ) +

∑
j

ζkjΨj(ρ) = 0, (6)

£¤¥ ζkj =
Nb/2∑

m=−Nb/2

εmξm(φk)ξ−1
mj . “£²μ¢ Ö § ¢¨¸¨³μ¸ÉÓ § ±²ÕÎ¥´  ¢ ¸É·Ê±ÉÊ·¥ ³ É-

·¨ÍÒ ζkj ¨ ¤¨ £μ´ ²Ó´μ° ³ É·¨ÍÒ §´ Î¥´¨° ¶μÉ¥´Í¨ ²  ¢ Ê§² Ì ¸¥É±¨ ¶μ Ê£²μ¢μ° ¶¥-
·¥³¥´´μ° Ukj(ρ) = U(ρ, φk)δkj . ‚ É ±μ³ ¶μ¤Ìμ¤¥ ¸¢Ö§Ó ³¥¦¤Ê Ê· ¢´¥´¨Ö³¨ ¸¨¸É¥³Ò (6)
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μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ¶μ¸ÉμÖ´´ÊÕ ³ É·¨ÍÊ ζkj , ´¥ § ¢¨¸ÖÐÊÕ μÉ · ¤¨ ²Ó´μ° ¶¥·¥³¥´´μ°
¨ μ¶·¥¤¥²Ö¥³ÊÕ §´ Î¥´¨Ö³¨ ¡ §¨¸´ÒÌ ËÊ´±Í¨° ¢ Ê§² Ì ¸¥É±¨ ¶μ Ê£²μ¢μ° ¶¥·¥³¥´´μ°.
�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · §²μ¦¥´¨Ö (3) Ê¸É· ´Ö¥É¸Ö ´¥μ¡Ìμ¤¨³μ¸ÉÓ É·Ê¤μ¥³±μ° ¶·μÍ¥¤Ê·Ò
¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ Ukj(ρ) ¶μÉ¥´Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¸²¥¤¸É¢¨¥ ¤¨ -
£μ´ ²Ó´μ¸É¨ ³ É·¨ÍÒ, ÎÉμ ¶·¨¢μ¤¨É ± Ô±μ´μ³¨¨ · ¸Î¥É´μ£μ ¢·¥³¥´¨. ’ ±¨³ μ¡· §μ³,
¢³¥¸Éμ É· ¤¨Í¨μ´´μ£μ · §²μ¦¥´¨Ö ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¶μ ¡ §¨¸Ê, ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ
Ô²¥³¥´Éμ¢ £ ³¨²ÓÉμ´¨ ´  ¨ ·¥Ï¥´¨Ö ¢μ§´¨± ÕÐ¥° ¸¨¸É¥³Ò ¨´É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° § ¤ Î  (1), (2) ¸¢¥¤¥´  ± ·¥Ï¥´¨Õ ¸¨¸É¥³Ò μ¡Ò±´μ¢¥´´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° ¸ ³ É·¨Í¥° ±μÔËË¨Í¨¥´Éμ¢ ¸¶¥Í¨ ²Ó´μ£μ ¢¨¤ , ¤μ¶Ê¸± ÕÐ¥£μ ¶μ¸É·μ¥´¨¥ Ô±μ-
´μ³¨Î´ÒÌ ¸Ì¥³ ¤²Ö ¥¥ ¢ÒÎ¨¸²¥´¨Ö.

1.1. ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö. �μ¸±μ²Ó±Ê · ¤¨ ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ Ψj ¸É·¥³ÖÉ¸Ö ± ´Ê²Õ
¶·¨ ρ → 0 (É ± ± ± ¢Ò· ¦¥´¨¥ Ψj/

√
ρ ¤μ²¦´μ ¡ÒÉÓ ±μ´¥Î´Ò³ ¢ ÉμÎ±¥ ρ = 0), ²¥¢μ¥

£· ´¨Î´μ¥ Ê¸²μ¢¨¥ ¤²Ö Ψj ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

Ψj(0) = 0. (7)

ˆ¸¶μ²Ó§ÊÖ · §²μ¦¥´¨¥ ¶²μ¸±¨Ì ¢μ²´ ¶μ ¡ §¨¸Ê ËÊ´±Í¨° 
¥¸¸¥²Ö1 [8] ¨ · §²μ¦¥´¨¥  ³-

¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö f(q, φ) =
∞∑

m′=−∞
fm′ξm′(φ) ¶μ ¡ §¨¸Ê ”Ê·Ó¥ (4), ¶μ²ÊÎ ¥³ ¶· ¢μ¥

£· ´¨Î´μ¥ Ê¸²μ¢¨¥ ¶·¨ ρ → ∞ ¢ ¢¨¤¥

1
√

ρ

Nb∑
j=0

ξ−1
mjΨj(ρ) = imJm(qρ)

√
2π +

fm√
−iρ

eiqρ. (8)

‡¤¥¸Ó ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¶·¥¤¸É ¢²¥´¨¥ (3) Ψ(ρ, φj) ¤²Ö  ¸¨³¶ÉμÉ¨±¨ ¢μ²´μ¢μ° ËÊ´±-
Í¨¨ ψ(ρ, φ) ¶·¨ ρ → ∞ ´  · §´μ¸É´μ° ¸¥É±¥ φj .

1.2. Šμ´¥Î´μ-· §´μ¸É´ Ö  ¶¶·μ±¸¨³ Í¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ¸¥³¨ÉμÎ¥Î´μ°  ¶¶·μ±¸¨³ -
Í¨¨ ¶·μ¨§¢μ¤´ÒÌ ¢ (6) ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¸ ¡²μÎ´μ-
¤¨ £μ´ ²Ó´μ° ³ É·¨Í¥° ±μÔËË¨Í¨¥´Éμ¢:

AnΨn−3 + BnΨn−2 + CnΨn−1 + DnΨn + EnΨn+1 + FnΨn+2 + GnΨn+3 = Hn, (9)

£¤¥ ±μÔËË¨Í¨¥´ÉÒ An, Bn, Cn, Dn, En, Fn, Gn Ö¢²ÖÕÉ¸Ö ³ É·¨Í ³¨, Hn Å ¢¥±Éμ· ³¨,
N Å Î¨¸²μ³ Ê§²μ¢ÒÌ ÉμÎ¥± · §´μ¸É´μ° ¸¥É±¨ ρn(n = 0, 1, . . . , N) ¶μ · ¤¨ ²Ó´μ° ¶¥·¥-
³¥´´μ°. ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö (8) ¶·¨¢μ¤ÖÉ¸Ö ± ¢¨¤Ê (9) ¶ÊÉ¥³ ¨¸±²ÕÎ¥´¨Ö ´¥¨§¢¥¸É´μ£μ
¢¥±Éμ·  fm ¨§ ¢Ò· ¦¥´¨° (8), § ¶¨¸ ´´ÒÌ ¢ ¤¢ÊÌ ±μ´¥Î´ÒÌ ÉμÎ± Ì ρN−1, ρN .


²μÎ´ Ö ¸É·Ê±ÉÊ·  ¸¨¸É¥³Ò (9) ¨³¥¥É ¢ ¦´Ò¥ ¶·¥¨³ÊÐ¥¸É¢ . 
²μÎ´ Ö ³ É·¨Í  ³μ¦¥É
¡ÒÉÓ ¸μÌ· ´¥´  ¢ Ê¶ ±μ¢ ´´μ° Ëμ·³¥, ±μÉμ· Ö ¶μ§¢μ²Ö¥É μ¶É¨³ ²Ó´μ ¨¸¶μ²Ó§μ¢ ÉÓ ·¥-
¸Ê·¸Ò ±μ³¶ÓÕÉ¥· ,   ¸¨¸É¥³  (9) ³μ¦¥É ¡ÒÉÓ ÔËË¥±É¨¢´μ ·¥Ï¥´  ³μ¤¨Ë¨Í¨·μ¢ ´´Ò³
³¥Éμ¤μ³ ³ É·¨Î´μ° ¶·μ£μ´±¨ [11].

1”Ê´±Í¨¨ 
¥¸¸¥²Ö ¶¥·¢μ£μ ·μ¤ , ¨Ì  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ¶μ¢¥¤¥´¨¥: Jm(z) −−−→
z→0

(z/2)m 1

Γ(m + 1)
,

m �= −1,−2,−3, . . . ¨ Jm(z) −−−−−→
|z|→∞

√
2

πz
cos
(
z − mπ

2
− π

4

)
+ e|Imz|O(|z|−1) (|arg (z)| < π) [10].
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‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¡Ò²μ · ¸¸³μÉ·¥´μ ¶·¨³¥´¥´¨¥ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò ± ¶μÉ¥´-
Í¨ ²Ó´μ³Ê ¡ ·Ó¥·Ê ¸ ±μ´ÉÊ·μ³ μ¸´μ¢ ´¨Ö ρ0(φ):

U(ρ, φ) =

{
∞, ρ � ρ0(φ),
0, ρ > ρ0(φ).

(10)

‚ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¥¤¥²¥ q → 0 ¤²Ö Ë¨´¨É´μ£μ ¨§μÉ·μ¶´μ£μ ¶μÉ¥´Í¨ ²  ¸ÊÐ¥-
¸É¢Ê¥É ¶ · ³¥É·¨§ Í¨Ö  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö [2,8, 12]

f(q) −−−→
q→0

−
√

π

2q

1

ln
[

2
exp (γ)a2Dq

]
+ i

π

2

(11)

Î¥·¥§ 2D-¤²¨´Ê · ¸¸¥Ö´¨Ö a2D, £¤¥ γ ≈ 0,5772156649 Å ±μ´¸É ´É  �°²¥· .
„²Ö ¡¥¸±μ´¥Î´μ ¢Ò¸μ±μ£μ ¶μÉ¥´Í¨ ²Ó´μ£μ ¡ ·Ó¥·  (10) ¸ ±·Ê£μ¢Ò³ μ¸´μ¢ ´¨¥³

ρ0(φ) = ρ0 = const ±μ´¸É ´É  a2D · ¢´  ρ0 [8]. �μÉ¥´Í¨ ² É ±μ£μ ¢¨¤  ³μ¦¥É ¡ÒÉÓ

�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ ·¥ ²Ó´μ° ( ) ¨ ³´¨³μ° (¡) Î ¸É¥°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ¨ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ

¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö (¢) μÉ μÉ´μ¸¨É¥²Ó´μ£μ ¨³¶Ê²Ó¸  ¤²Ö φin = 0◦ ¨ ρ0(φ) = const = 1
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö μÉ Ê£²  · ¸¸¥Ö´¨Ö ¨ μÉ´μ¸¨É¥²Ó´μ£μ

¨³¶Ê²Ó¸  ¤²Ö φin = 0◦ ¢ ¸²ÊÎ ¥ ¶μÉ¥´Í¨ ²Ó´μ£μ ¡ ·Ó¥·  U0 = 1000:  ) ¸ ±·Ê£μ¢Ò³ μ¸´μ¢ ´¨¥³
ρ0(φ) = 1 ¨ ¡) ¸ Ô²²¨¶É¨Î¥¸±¨³ μ¸´μ¢ ´¨¥³ ρ0(π/2) = 2 ¨ ρ0(0) = 1

 ¶¶·μ±¸¨³¨·μ¢ ´ ¢Ò¸μ±¨³ ±μ´¥Î´Ò³ ¶μÉ¥´Í¨ ²Ó´Ò³ ¡ ·Ó¥·μ³:

U(ρ, φ) =

{
U0, ρ � ρ0(φ),
0, ρ > ρ0(φ)

(12)

c U0 −→ ∞, ¤²Ö ±μÉμ·μ£μ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¢ÒÎ¨¸²¥´¨Ö ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¥¤¥²¥.
	  ·¨¸. 1 ¶·¥¤¸É ¢²¥´   ³¶²¨ÉÊ¤  · ¸¸¥Ö´¨Ö, ¢ÒÎ¨¸²¥´´ Ö ¤²Ö ¶μÉ¥´Í¨ ²  U0 = 104 ¨

ρ0 = 1. „¥³μ´¸É·¨·Ê¥É¸Ö ¸μ£² ¸¨¥ ¢ÒÎ¨¸²¥´´μ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ·¨¸. 1,  , ¡ ¨ ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö ·¨¸. 1, ¢ ¸  ´ ²¨É¨Î¥¸±μ° μÍ¥´±μ° (11) ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³
¶·¥¤¥²¥.

„²Ö ¸²ÊÎ Ö  ´¨§μÉ·μ¶´μ° £· ´¨ÍÒ ¡ ·Ó¥·  ρ0(φ) · ¸¸Î¨É ´´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥

¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö

(
dσ(q, φ)

dφ
= |f(q, φ, φin)|2

)
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.

�¨¸. 2 ¤¥³μ´¸É·¨·Ê¥É ¸² ¡ÊÕ § ¢¨¸¨³μ¸ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö μÉ Ê£²  · ¸-
¸¥Ö´¨Ö ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¥¤¥²¥ ¤²Ö Ë¨´¨É´ÒÌ ¶μÉ¥´Í¨ ²μ¢. �´¨§μÉ·μ¶¨Ö ¶μÉ¥´-
Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ·μ¦¤ ¥É Ê£²μ¢Ò¥ μ¸μ¡¥´´μ¸É¨ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨ÖÌ:
¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê£² Ì ¶μÖ¢²ÖÕÉ¸Ö Ö·±μ ¢Ò· ¦¥´´Ò¥ Ô±¸É·¥³Ê³Ò.

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´  ²£μ·¨É³ ¤²Ö Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ±¢ ´Éμ¢μ£μ · ¸¸¥Ö´¨Ö ¢ ¤¢Ê³¥·-
´ÒÌ ¸¨¸É¥³ Ì, ´ ¶·¨³¥·, ¶ ·´ÒÌ ¸Éμ²±´μ¢¥´¨° Ê²ÓÉ· Ìμ²μ¤´ÒÌ  Éμ³μ¢ ¢ μ¶É¨Î¥¸±¨Ì
²μ¢ÊÏ± Ì. �²£μ·¨É³ ´¥ É·¥¡Ê¥É ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ ¶μÉ¥´Í¨ ²  ¢§ ¨-
³μ¤¥°¸É¢¨Ö, ¢ μÉ²¨Î¨¥ μÉ ±² ¸¸¨Î¥¸±¨Ì ³¥Éμ¤μ¢ · §²μ¦¥´¨Ö ¶μ ¡ §¨¸Ê, ÎÉμ Ô±μ´μ³¨É
· ¸Î¥É´μ¥ ¢·¥³Ö.

ˆ¸Ìμ¤´ Ö ¤¢Ê³¥·´ Ö § ¤ Î  · ¸¸¥Ö´¨Ö ¸¢¥¤¥´  ± ±· ¥¢μ° § ¤ Î¥ ¤²Ö ¸¨¸É¥³Ò μ¡Ò±´μ-
¢¥´´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° 2-£μ ¶μ·Ö¤± , ±μÉμ· Ö ¸ ¶μ³μÐÓÕ ¸¥³¨ÉμÎ¥Î´μ°
±μ´¥Î´μ-· §´μ¸É´μ°  ¶¶·μ±¸¨³ Í¨¨ ¶·¨¢μ¤¨É¸Ö ± ¸¨¸É¥³¥  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¸
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³ É·¨Í¥° ±μÔËË¨Í¨¥´Éμ¢ ¡²μÎ´μ-¤¨ £μ´ ²Ó´μ£μ ¢¨¤ . ’ ± Ö ¸É·Ê±ÉÊ·  ³ É·¨ÍÒ ¶μ§¢μ-
²Ö¥É μ¶É¨³ ²Ó´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢ÒÎ¨¸²¨É¥²Ó´Ò¥ ·¥¸Ê·¸Ò, ¸μÌ· ´ÖÖ ³ É·¨ÍÊ ¢ Ê¶ ±μ¢ ´´μ°
Ëμ·³¥, ¨ ÔËË¥±É¨¢´μ ¶·¨³¥´ÖÉÓ ³μ¤¨Ë¨± Í¨Õ ³¥Éμ¤  ³ É·¨Î´μ° ¶·μ£μ´±¨ ¤²Ö ·¥Ï¥´¨Ö
±· ¥¢μ° § ¤ Î¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ º14-02-00351a.
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