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ˆ¸¸²¥¤μ¢ ´¨¥ ·¥Ï¥´¨° ±· ¥¢ÒÌ § ¤ Î
¤²Ö ¸¨´£Ê²Ö·´μ-¢μ§³ÊÐ¥´´μ£μ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö
¢Ò¸μ±μ£μ ¶μ·Ö¤±  ¢ ¶μ²¥ ±Ê²μ´μ¢¸±μ£μ ¶μÉ¥´Í¨ ² 

‚ · ¡μÉ¥ ¶·¥¤²μ¦¥´  ²£μ·¨É³ ´ Ìμ¦¤¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ¨ ¸μ¡¸É¢¥´-
´ÒÌ ËÊ´±Í¨° ¤²Ö μ¤´μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢´¥´¨Ö Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  ¸ ³ -
²Ò³ ¶ · ³¥É·μ³ μ ¶·¨ ¸É ·Ï¥° ¶·μ¨§¢μ¤´μ° ¸ ±Ê²μ´μ¢¸±¨³ ¶μÉ¥´Í¨ ²μ³. �²-
£μ·¨É³ ·¥ ²¨§μ¢ ´ ¸ ¨¸¶μ²Ó§Ò¢ ´¨¥³ ¸¨¸É¥³Ò ¸¨³¢μ²Ó´ÒÌ ¢ÒÎ¨¸²¥´¨° MAPLE.
�·¨ μ → 0 ÔÉμ Ê· ¢´¥´¨¥ ¶¥·¥Ìμ¤¨É ¢ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· . �·μ¢¥¤¥´Ò ¨¸-
¸²¥¤μ¢ ´¨Ö ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ¨ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¶·¨ · §²¨Î´ÒÌ §´ -
Î¥´¨ÖÌ μ. �·¨ Ë¨±¸¨·μ¢ ´´μ³ §´ Î¥´¨¨ μ ´ °¤¥´Ò ¤¢  É¨¶  ·¥Ï¥´¨Ö: μ¤´μ
¶·¨ μ → 0 ¶¥·¥Ìμ¤¨É ¢ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ,   ¤·Ê£μ¥ ¸É ´μ¢¨É¸Ö
¶μ£· ´¸²μ°´Ò³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Amirkhanov I. V. et al. P11-2008-103
Investigation of Solutions of Boundary Problems
for Singular-Perturbed Differential Equation of Fourth Order
in a Field of Coulomb Potential

In the paper an algorithm to ˇnd eigenvalues and eigenfunctions for one boundary
problem for the equation of 4th order with a small parameter at the highest deriv-
ative with Coulomb potential is proposed. The algorithm is implemented using the
symbolic calculations MAPLE. At μ → 0, this equation converts to the Schrodinger
equation. The investigations of eigenvalues and eigenfunctions with different values
of μ have been conducted. In the ˇxed value of μ two types of solutions have been
found. At μ → 0, one of these solutions converts to the solution of the Schrodinger
equation, and the other comes into boundary layer.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2008



‚‚…„…�ˆ…

�¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ § ¤ Î É¥μ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í Ö¢²Ö¥É¸Ö ¶μ¸É·μ-
¥´¨¥ ³μ¤¥²¨ ¤²Ö ¥¤¨´μμ¡· §´μ£μ μ¶¨¸ ´¨Ö ¸¶¥±É·  ¨ Ëμ·³Ë ±Éμ·μ¢ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ²¥£±¨Ì ¨ ÉÖ¦¥²ÒÌ ³¥§μ´μ¢, É ± ´ §Ò¢ ¥³ÒÌ ±¢ ·±μ´¨¥¢, · ¸¸³ É·¨-
¢ ¥³ÒÌ ± ± ¸¢Ö§ ´´Ò¥ ¸μ¸ÉμÖ´¨Ö ±¢ ·±  ¨  ´É¨±¢ ·± . ’Ö¦¥²Ò¥ ±¢ ·±μ´¨¨ ¢
´¥±μÉμ·μ³ ¶·¨¡²¨¦¥´¨¨ Ê¸¶¥Ï´μ μ¶¨¸Ò¢ ÕÉ¸Ö ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ°
³¥Ì ´¨±μ° - ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ´  ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö [1].
�·¨ μ¶¨¸ ´¨¨ ²¥£±¨Ì ³¥§μ´μ¢ ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ÊÎ¥É  ·¥²ÖÉ¨¢¨¸É-
¸±¨Ì ÔËË¥±Éμ¢.

�¥²ÖÉ¨¢¨¸É¸±μ¥ μ¡μ¡Ð¥´¨¥ ¶μÉ¥´Í¨ ²Ó´μ° ³μ¤¥²¨ ±¢ ·±μ´¨Ö ¶·¨¢μ¤¨É ±
·¥Ï¥´¨Õ ¸¶¥±É· ²Ó´μ° § ¤ Î¨ ¤²Ö Ê· ¢´¥´¨Ö �¥É¥Ä‘μ²¶¨É¥·  ¨ · §²¨Î´ÒÌ
¢ ·¨ ´Éμ¢ ±¢ §¨¶μÉ¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° [2Ä6].

‚ ¤ ´´μ° · ¡μÉ¥ É ± ¦¥ ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì [7Ä13], ³Ò · ¸¸³ -
É·¨¢ ¥³ ±¢ §¨¶μÉ¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ [3, 4]. ‚ Î ¸É´μ³ ¸²ÊÎ ¥ ¤²Ö S-¢μ²´Ò,
μ´μ ¨³¥¥É ¢¨¤

[Eε − Hε − V (r)] Ψ (r) = 0, (1)

£¤¥

Eε =
2
ε2

[√
1 + ε2q2 − 1

]
=

2q2√
1 + ε2q2 + 1

, (2)

Hε =
2
ε2

[
ch

(
iε

d

dr

)
− 1

]
, (3)

V (r) = −Ze2

r
− ±Ê²μ´μ¢¸±¨° ¶μÉ¥´Í¨ ², (4)

(¤ ²¥¥ ³Ò ¶μ² £ ¥³ Z = 1, e2 = 1), ε Å ³ ²Ò° ¶ · ³¥É·. �·¨ ε →

0, Eε → q2, Hε → d2

dr2
, É. ¥. Ê· ¢´¥´¨¥ (1) ¶¥·¥Ìμ¤¨É ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±μ¥

Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· 

[
d2

dr2
− V (r) + q2

]
Ψ (r) = 0. (5)
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‚ Ê· ¢´¥´¨¨ (1), · §² £ Ö μ¶¥· Éμ· ch

(
iε

d

dr

)
¢ ·Ö¤, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ

¸²¥¤ÊÕÐ¥¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¡¥¸±μ´¥Î´μ£μ ¶μ·Ö¤±  [14]:

[
Eε +

(
d2

dr2
− 2ε2

4!
d4

dr4
+

2ε4

6!
d6

dr6
− . . .

)
− V (r)

]
Ψ (r) = 0. (6)

…¸²¨ ¢ Ê· ¢´¥´¨¨ (6) μÉ¡·μ¸¨ÉÓ Î²¥´Ò ¢Ò¸Ï¨Ì ¶μ·Ö¤±μ¢, Éμ ¢ ·¥§Ê²ÓÉ É¥ ³Ò
¶μ²ÊÎ¨³ μ¡Ò±´μ¢¥´´μ¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ±μ´¥Î´μ£μ ¶μ·Ö¤± 

[
Eε +

(
d2

dr2
− 2ε2

4!
d4

dr4
+

2ε4

6!
d6

dr6
− . . . +

+
2 (−1)m−1

ε2(m−1)

(2m)!
d2m

dr2m

)
− V (r)

]
ψ (r) = 0, (7)

£¤¥ 2m Å ¶μ·Ö¤μ± Ê· ¢´¥´¨° (m = 2, 3, 4, . . . , M).
�¤´μ° ¨§ μ¸μ¡¥´´μ¸É¥° ¤ ´´μ£μ Ê· ¢´¥´¨Ö Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ³ ²μ£μ ¶ -

· ³¥É·  ¶·¨ ¸É ·Ï¨Ì ¶·μ¨§¢μ¤´ÒÌ, É. ¥. ÔÉμ ¸¨´£Ê²Ö·´μ-¢μ§³ÊÐ¥´´μ¥ ¤¨ËË¥-
·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥. ‡ ¤ Î  ŠμÏ¨ ¤²Ö É ±¨Ì ¸¨¸É¥³ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° ¡Ò²  · ¸¸³μÉ·¥´  · ¡μÉ Ì [15, 16]. Š· ¥¢Ò¥ § ¤ Î¨ ¤²Ö ¸¨´£Ê²Ö·´μ-
¢μ§³ÊÐ¥´´ÒÌ Ê· ¢´¥´¨° Ö¢²ÖÕÉ¸Ö ¶·¥¤³¥Éμ³ ¨§ÊÎ¥´¨Ö Ï¨·μ±μ£μ ±·Ê£  · -
¡μÉ [17, 18].

��‘’���‚Š� ‡�„�—ˆ

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·μ¢μ¤¨É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ·¥Ï¥´¨° μ¤´μ° ±· ¥¢μ°
§ ¤ Î¨ ¤²Ö ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  (m = 2)

[
−μ2 ∂4

∂ r4
+

∂2

∂ r2
− α2 − V (r)

]
Ψ(r) = 0 (8)

¸μ ¸²¥¤ÊÕÐ¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨:

Ψ (0) = 0, Ψ (r → ∞) = 0,

Ψ′ (0) = 1, Ψ′ (r → ∞) = 0,
(9)

£¤¥ α2 = −Eε Å ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥; μ =
ε

2
√

3
Å ³ ²Ò° ¶ · ³¥É·.
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�¥Ï¥´¨¥ ¸ n Å Ê§² ³¨ ¨Ð¥³ ¢ ¢¨¤¥

Ψ (r) = r (1 − c1r) (1 − c2r) (1 − c3r) . . . (1 − cnr) exp (−κr), (10)

£¤¥ c1, c2, c3, . . . , cn Å ´¥¨§¢¥¸É´Ò¥ ¶μ¸ÉμÖ´´Ò¥.
�μ¤¸É ¢²ÖÖ ÔÉμ ¢Ò· ¦¥´¨¥ ¢ Ê· ¢´¥´¨¥ (8) ¨ ¶·¨· ¢´¨¢ Ö ¸² £ ¥³Ò¥ ¶·¨

μ¤¨´ ±μ¢ÒÌ ¸É¥¶¥´´ÒÌ r, ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê n Ê· ¢´¥´¨° ¤²Ö ´ Ìμ¦¤¥´¨Ö
ci, i = 1, 2, 3, . . . , n, ¨ Ê· ¢´¥´¨Ö ¤²Ö ´ Ìμ¦¤¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨°,  
¨³¥´´μ

2μ2k3 − k +
1

n + 1
= 0, (11)

μ2k4 − k2 + α2 = 0. (12)

�·¨ n = 0 Å ÔÉμ ¡¥§Ê§²μ¢μ¥ ·¥Ï¥´¨¥, n = 1 Å ·¥Ï¥´¨¥ ¸ μ¤´¨³ Ê§²μ³,
n = 2 Å ·¥Ï¥´¨¥ ¸ ¤¢Ê³Ö Ê§² ³¨ ¨ É. ¤.

’ ±¨³ μ¡· §μ³,  ²£μ·¨É³ ´ Ìμ¦¤¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¨ ¸μ¡¸É¢¥´-
´ÒÌ §´ Î¥´¨° ±· ¥¢μ° § ¤ Î¨ (8, 9) ¸¢μ¤¨É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê:

1. „²Ö § ¤ ´´ÒÌ §´ Î¥´¨° μ ¨ n ¨Ð¥³ ¤¥°¸É¢¨É¥²Ó´Ò¥ ¨ ¶μ²μ¦¨É¥²Ó-
´Ò¥ (¤²Ö Ê¤μ¢²¥É¢μ·¥´¨Ö £· ´¨Î´μ³Ê Ê¸²μ¢¨Õ ¶·¨ r → ∞ ´¥μ¡Ìμ¤¨³μ,
ÎÉμ¡Ò k > 0) ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (11).

2. �μ¤¸É ¢²ÖÖ ´ °¤¥´´Ò¥ ·¥Ï¥´¨Ö k ¢ Ê· ¢´¥´¨¥ (12), ´ Ìμ¤¨³ ¸μ¡¸É¢¥´-
´Ò¥ §´ Î¥´¨Ö α2. ’ ± ± ± ¨§ ¶μ¸É ´μ¢±¨ § ¤ Î¨ ¸²¥¤Ê¥É, ÎÉμ α2 > 0, Éμ
¤²Ö ÔÉμ£μ ¤μ²¦´μ ¢Ò¶μ²´ÖÉÓ¸Ö Ê¸²μ¢¨¥ μk ≤ 1.

3. �¥Ï Ö ¸¨¸É¥³Ê Ê· ¢´¥´¨° ¤²Ö ci, ı = 1, 2, 3, . . . , n, ´ Ìμ¤¨³ ´¥´μ·³¨·μ-
¢ ´´μ¥ ·¥Ï¥´¨¥ (10), ±μÉμ·μ¥ Ê¤μ¢²¥É¢μ·¨É £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³ (9).

4. „ ²¥¥ ³Ò ¡Ê¤¥³ ¨§ÊÎ ÉÓ ¸¢μ°¸É¢  ´μ·³¨·μ¢ ´´ÒÌ ·¥Ï¥´¨°. „²Ö ÔÉμ£μ
ËÊ´±Í¨Õ Ψ Ê³´μ¦ ¥³ ´  ±μ´¸É ´ÉÊ A, ±μÉμ· Ö ´ Ìμ¤¨É¸Ö ¨§ Ê¸²μ¢¨Ö
A = 1√

∞∫
0

Ψ2dr

. �·¨ ÔÉμ³ £· ´¨Î´μ¥ Ê¸²μ¢¨¥ Ψ′ (r) = 1 ¶¥·¥Ìμ¤¨É ¢

Ψ′ (r) = A.

„¥°¸É¢¨É¥²Ó´Ò¥ ¨ ¶μ²μ¦¨É¥²Ó´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (11) ¸ÊÐ¥¸É¢ÊÕÉ
Éμ²Ó±μ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ μ£· ´¨Î¥´¨ÖÌ, ´ ±² ¤Ò¢ ¥³ÒÌ ´  ¶ · ³¥É· § ¤ Î¨
μ. „²Ö ´ Ìμ¦¤¥´¨Ö ÔÉμ£μ Ê¸²μ¢¨Ö Ê· ¢´¥´¨¥ (11) ¶¥·¥¶¨Ï¥³ ¢ ¢¨¤¥

k3 + 3p k + 2q = 0, (13)

£¤¥ p = − 1
6μ2 , q = 1

4μ2(n+1)) .
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“· ¢´¥´¨¥ (13) ¨³¥¥É É·¨ · §²¨Î´ÒÌ ¤¥°¸É¢¨É¥²Ó´ÒÌ ·¥Ï¥´¨Ö, ¶·¨Î¥³
¤¢  ¶μ²μ¦¨É¥²Ó´ÒÌ ·¥Ï¥´¨Ö k1 > 0, k2 > 0, ¥¸²¨ ¥£μ ¤¨¸±·¨³¨´ ´É D =
q2 + p3 < 0 [19]. ˆ§ ÔÉμ£μ Ê¸²μ¢¨Ö ¶μ²ÊÎ ¥³ μ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É·

0 < μ <

√
2 (n + 1)
3
√

3
. (14)

’ ±¨³ μ¡· §μ³, ¤²Ö Ë¨±¸¨·μ¢ ´´μ£μ §´ Î¥´¨Ö μ ¢ ¨´É¥·¢ ²¥ (14) ¶μ²ÊÎ ¥³
¤¢  ¶μ²μ¦¨É¥²Ó´ÒÌ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (13). ‚¸¥ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò¥ ¶Ê´±ÉÒ
 ²£μ·¨É³  ¢Ò¶μ²´¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨¸É¥³Ò ¸¨³¢μ²Ó´ÒÌ ¢ÒÎ¨¸²¥´¨°
MAPLE.

�μ¤·μ¡´μ · ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨¥ Î ¸É´Ò¥ ¸²ÊÎ ¨ ¨ ¶·μ ´ ²¨§¨·Ê¥³ ¸¢μ°-
¸É¢  ¶μ²ÊÎ¥´´ÒÌ ·¥Ï¥´¨°.

�¥§Ê§²μ¢μ¥ ·¥Ï¥´¨¥. �¥Ï¥´¨¥ ¨Ð¥³ ¢ ¢¨¤¥

Ψ (r) = r exp (−kr). (15)

‘¨¸É¥³  Ê· ¢´¥´¨° (10, 11) ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤ (n = 0)

2μ2k3 − k + 1 = 0, (16)

μ2k4 − k2 + α2 = 0. (17)

“· ¢´¥´¨° (16) ¨³¥¥É ¤¢  ¶μ²μ¦¨É¥²Ó´ÒÌ ·¥Ï¥´¨Ö, ±μ£¤  ¶ · ³¥É· μ ³¥´Ö-

¥É¸Ö ¢ ¨´É¥·¢ ²¥ 0 < μ <
√

2
3
√

3
(¸³. (14)). ‚ÒÖ¸´¨³, ± ± ³¥´ÖÕÉ¸Ö ¸¢μ°¸É¢ 

·¥Ï¥´¨° ¶·¨ μ → 0 ¨ μ →
√

2
3
√

3
�·¨ μ = 10−4.

κ1 = 1, 0000000200, α2
1 = 1, 0000000300; A1 = 2, 0000000600;

κ2 = 7070, 567759, α2
2 = 0, 2499999950 · 108; A1 = 0, 1189080969 · 107.

�  ·¨¸. 1 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö. �¥Ï¥´¨¥ ¸ k1,¶· ±É¨Î¥¸±¨
¸μ¢¶ ¤ ¥É ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ,   ¤·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2 Ö¢²Ö-
¥É¸Ö ¶μ£· ´¸²μ°´Ò³ (É. ¥. ËÊ´±Í¨Ö μÉ²¨Î´  μÉ ´Ê²Ö ¢ μ±·¥¸É´μ¸É¨ ´ Î ² 
±μμ·¤¨´ É r = 0).

�·¨ μ →
√

2
3
√

3
, É. ¥. ´ ¶·¨³¥·, ¶·¨ μ = .2721655268

κ1 = 1,500027387, α2
1 = 1,250013694; A1 = 3,674335240;

κ2 = 1,499972615, α2
2 = 1,249986308; A2 = 3,674133994.

�É¸Õ¤  ¢¨¤´μ, ÎÉμ μ¡  ·¥Ï¥´¨Ö ¸É·¥³ÖÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê.
�¥Ï¥´¨¥ ¸ μ¤´¨³ Ê§²μ³. �¥Ï¥´¨¥ ¨Ð¥³ ¢ ¢¨¤¥

Ψ (r) = r (1 − c1r) exp (−kr). (18)
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�¨¸. 1.

‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° (n = 1) ¨³¥¥É ¢¨¤

2c1

(
6μ2k2 − 1

)
+ 1 = 0, (19)

2μ2k3 − k +
1
2

= 0, (20)

μ2k4 − k2 + α2 = 0. (21)

“· ¢´¥´¨¥ (20) ¨³¥¥É ¤¢  ¶μ²μ¦¨É¥²Ó´ÒÌ ·¥Ï¥´¨Ö (μ¤´μ μ¤´μÊ§²μ¢μ¥,   ¤·Ê-
£μ¥ Å ¡¥§Ê§²μ¢μ¥ ·¥Ï¥´¨¥), ±μ£¤  ¶ · ³¥É· μ ³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ 0 < μ <
2
√

2
3
√

3
(¸³. (14)). ‚ÒÖ¸´¨³, ± ± ³¥´ÖÕÉ¸Ö ¸¢μ°¸É¢  ·¥Ï¥´¨° ¶·¨ μ → 0 ¨

μ → 2
√

2
3
√

3
.

�·¨ μ = 10−4

k1 = 0,5000000025, c1 = 0,5000000075, A1 = 0,7071067758,

α2
1 = 0,2500000019; k2 = 7070,817799, c2 = −0, 2500265203,

A2 = 0,1189080975 · 107, α2
2 = 0,2499999987 · 108

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö. �¥Ï¥´¨¥ ¸ k1, ¶· ±É¨-
Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ,   ¤·Ê£μ ·¥Ï¥´¨¥ ¸ k2

Ö¢²Ö¥É¸Ö ¶μ£· ´¸²μ°´Ò³ (É. ¥. ËÊ´±Í¨Ö μÉ²¨Î´  μÉ ´Ê²Ö ¢ μ±·¥¸É´μ¸É¨ ´ Î ² 
±μμ·¤¨´ É r = 0).

�·¨ μ → 2
√

2
3
√

3
, É. ¥. ´ ¶·¨³¥·, ¶·¨ μ = 0,5443310540

κ1 = 0, 7499863073, c1 = 13683, 14727, A1 = 0, 0000410782,

α2
1 = 0, 4687363073, k2 = 0, 7500136934, c2 = −13692, 98060,

A2 = 0, 0000410802, α2
2 = 0, 4687636934.
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�¨¸. 2.

�É¸Õ¤  ¢¨¤´μ, ÎÉμ ¢¸¥ ¶ · ³¥É·Ò μ¡μ¨Ì ·¥Ï¥´¨° (±·μ³¥ c1, c2) ¸É·³ÖÉ¸Ö ¤·Ê£
± ¤·Ê£Ê, ´μ ¶·¨ ÔÉμ³ É¨¶ ·¥Ï¥´¨Ö ´¥ ³¥´Ö¥É¸Ö ¨ ´¥ ¸É·¥³¨É¸Ö ± ¤·Ê£μ³Ê, É. ±.
c1, c2 ¨³¥ÕÉ · §´Ò¥ §´ ±¨.

�¥Ï¥´¨¥ ¸ ¤¢Ê³Ö Ê§² ³¨. �¥Ï¥´¨¥ ¨Ð¥³ ¢ ¢¨¤¥

Ψ (r) = r (1 − c1r) (1 − c2r) exp (−kr). (22)

‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° (n = 2) ¨³¥¥É ¢¨¤

(c1 + c2)
(
6μ2k2 − 1

)
+ 12c1c2μ

2k +
2
3

= 0, (23)

3c1c2

(
6μ2k2 − 1

)
+

1
3

(c1 + c2) = 0 (24)

2μ2k3 − k +
1
3

= 0, (25)

μ2k4 − k2 + α2 = 0. (26)

’ ± ¦¥ ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì ¶Ê´±É Ì, Ê· ¢´¥´¨¥ (25) ¨³¥¥É ¤¢  ¶μ²μ¦¨É¥²Ó´ÒÌ
·¥Ï¥´¨Ö, ±μ£¤  ¶ · ³¥É· μ ³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ 0 < μ < μ3 (μ3 =

√
2/3)

�¤´ ±μ ¢ ÔÉμ³ ¸²ÊÎ ¥ Î¨¸²¥´´Ò³ μ¶ÒÉμ³ Ê¸É ´μ¢²¥´μ, ÎÉμ ÔÉμÉ ¨´É¥·¢ ²
¤¥²¨É¸Ö ´  É·¨ ¶μ¤Ò´É¥·¢ ² :

0 < μ < μ1, μ1 < μ < μ2, ¨ μ2 < μ < μ3,

£¤¥ μ1 = 0,6917325391, μ2 = 0,7132557344.

�¨¦¥ ¸Ì¥³ É¨Î¥¸±¨ ¶·¨¢¥¤¥´Ò ÔÉ¨ ¶μ¤Ò´É¥·¢ ²Ò, ¨ ¢ ± ¦¤μ³ ¶μ¤Ò´É¥·-
¢ ²¥ Å §´ ±¨ ¶μ¸ÉμÖ´´ÒÌ c1 ¨ c2, μÉ ±μÉμ·ÒÌ § ¢¨¸¨É É¨¶ ·¥Ï¥´¨°.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ μ¤´μ ¨§ ·¥Ï¥´¨° ¸ k1 ¢ ¨´É¥·¢ ²¥ 0 < μ < μ2

Ö¢²Ö¥É¸Ö ¤¢ÊÌÊ§²μ¢Ò³ ·¥Ï¥´¨¥³,   ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨´É¥·¢ ² μ2 < μ < μ3 ¸É -
´μ¢¨É¸Ö μ¤´μÊ§²μ¢Ò³. „·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2 ¢ ¨´É¥·¢ ²¥ 0 < μ < μ1 Ö¢²Ö¥É¸Ö
¡¥§Ê§²μ¢Ò³,   ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨´É¥·¢ ² μ1 < μ < μ3 ¸É ´μ¢¨É¸Ö μ¤´μÊ§²μ¢Ò³.
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’¥¶¥·Ó · ¸¸³μÉ·¨³ ¸¢μ°¸É¢  ·¥Ï¥´¨° ¢ · §´ÒÌ ¶μ¤Ò´É¥·¢ ² Ì.
�·¨ μ = 10−4

k1 = 0,3333333341, c1 = 0,5257834298, c2 = 0,1408832443,

A1 = 0,3849001740, α2
1 = 0,1111111115

k2 = 7070,901139, c1 = −0,07044599542, 2 = −0,2629187688,

A2 = 0,1189080976 · 107, α2
2 = 0,2499999994 · 108

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ·³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö. �¥Ï¥´¨¥ ¸ k1, ¶· ±-
É¨Î¥¸±¨ ¸μ¢¶ ¤¥É ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· , ¤·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2

Ö¢²Ö¥É¸Ö ¶μ£· ´¸²μ°´Ò³ ¨ ¡¥§Ê§²μ¢Ò³ (É. ±. c1 < 0, c2 < 0).
� ¸¸³μÉ·¨³ ¸²ÊÎ °, ±μ£¤ , μ ³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ μ1 < μ < μ2. �Ê¸ÉÓ

μ = μ1 + γ, γ → 0, ´ ¶·¨³¥·, ¶·¨ μ = 0,6917325392. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥
¶ · ³¥É·Ò ¨³¥ÕÉ §´ Î¥´¨Ö:

k1 = 0,3901791666, c1 = 5,317632630, c2 = 0,2049905573;

k2 = 0,7696723311, c1 = 0,4214418487 · 109, c2 = −0,1585612204.

�¥Ï¥´¨¥ ¸ k1 ¸ ¤¢Ê³Ö Ê§² ³¨ (É¨¶ ·¥Ï¥´¨¥ ´¥ ³¥´Ö¥É¸Ö),   ¤·Ê£μ¥ ·¥Ï¥´¨¥
¸ k2 ¸É ²μ μ¤´μÊ§²μ¢Ò³ (Ψ (r1) = 0, £¤¥ r1 = 1

c1
, ¶·¨ γ → 0 1 → ∞, r1 → 0).

�¨¸. 3.
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�Ê¸ÉÓ μ = μ2 − γ, γ → 0, ´ ¶·¨³¥·, ¶·¨ μ2 = 0,7132557344. ‘μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ¶ · ³¥É·Ò ¨³¥ÕÉ §´ Î¥´¨Ö:

k1 = 0,3969943351, c1 = 0,1203747843 · 1010, c2 = 0,2141167761

k2 = 0,7313571293, c1 = 4,571650616, c2 = −0,1691231834.

�¥Ï¥´¨¥ ¸ k2 ¸ μ¤´¨³ Ê§²μ³ (É¨¶ ·¥Ï¥´¨¥ ´¥ ³¥´Ö¥É¸Ö),   ¤·Ê£μ¥ ·¥Ï¥´¨¥

¸ k1 ¤¢ÊÌÊ§²μ¢μ¥, ¶·¨Î¥³ μ¤¨´ ¨§ Ê§²μ¢
(
Ψ (r1) = 0, £¤¥r1 = 1

c1

)
¶·¨ γ →

0 1 → ∞, r1 → 0.
� ¸¸³μÉ·¨³ ·¥Ï¥´¨¥ ¶·¨ μ = 0,7 (¶·¨³¥·´μ ¢ ¸¥·¥¤¨´¥ ¶·μ³¥¦ÊÉ± 

μ1 < μ < μ2). ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥·Ò ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

k1 = 0,3926665255, c1 = 8,402084668, c2 = 0,2082815280,

α2
1 = 0,2082815280, A1 = 0,01990773115;

k2 = 0,7548596267, c1 = 12,25976874, c2 = −0,1623687372,

α2
2 = 0,4107164656, A2 = 0,03077307172.

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ·³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö. �¥Ï¥´¨¥ ¸ k1 μ¸É -
¥É¸Ö ¤¢ÊÌÊ§²μ¢Ò³ (·¨¸. 4,  , ¡),   ¤·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2 ¸É ´μ¢¨É¸Ö μ¤´μÊ§²μ¢Ò³
(·¨¸. 4, ¢, £). �  ·¨¸. 4,  , ´¥ ¢¨¤´μ μ¤´μ£μ Ê§²  (¢ ´ Î ²¥ ±μμ·¤¨´ É), ±μÉμ·Ò°
¶μ± § ´ ´  ·¨¸. 4, ¡. �  ·¨¸. 4, ¢, É ±¦¥ ´¥ ¢¨¤´μ Ê§²  (¢ ´ Î ²¥ ±μμ·¤¨´ É),
±μÉμ·Ò° ¶μ± § ´ ´  ·¨¸. 4, £.

’¥¶¥·Ó · ¸¸³μÉ·¨³ ·¥Ï¥´¨¥ ¢ ¶μ¤Ò´É¥·¢ ²¥ μ2 < μ < μ3.
�·¨ μ → μ3, ´ ¶·¨³¥·, μ = 0,8164965809, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥É·Ò

¶·¨´¨³ ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

k1 = 0,4999954357, c1 = 0,4082364611, c2 = −0,4082638474,

α2
1 = 0,1666643845, A1 = 0,2672565366;

k2 = 0,5000045644, c1 = 0,4082601203, c2 = −0,4082327346,

α2
2 = 0,1666689489, A2 = 0,2672659473.

�É¸Õ¤  ¢¨¤´μ, ÎÉμ μ¡  ·¥Ï¥´¨Ö ¸É·¨³ÖÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê.
� ¸¸³μÉ·¨³ ·¥Ï¥´¨¥ ¶·¨ μ = 0,75 (¶·¨³¥·´μ ¢ ¸¥·¥¤¨´¥ ¶·μ³¥¦ÊÉ± 

μ2 < μ < μ3). ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥·Ò ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

k1 = 0,4120226592, c1 = 0,2355096901, c2 = −2,483540692,

α2
1 = 0,1304180088, A1 = 0,06272223098;

k2 = 0, 6666666667, c1 = 1, 527329629, c2 = −0, 1939962993,

α2
2 = 0,2777777778, A2 = 0,1895117482.
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�¨¸. 4.

�¨¸. 5.

�  ·¨¸. 5 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ·³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö
�¥Ï¥´¨¥ ¸ É·¥³Ö Ê§² ³¨. �¥Ï¥´¨¥ ¨Ð¥³ ¢ ¢¨¤¥

Ψ (r) = r (1 − c1r) (1 − c2r) (1 − c3r) exp (−kr).
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‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° (n = 3) ¨³¥¥É ¢¨¤

(c1 + c2 + c3)
(
6μ2k2 − 1

)
+

+ 12μ2c1c2c3 + 12μ2k (c1c2 + c2c3 + c1c3) + 3/4 = 0, (27)

3 (c1c2 + c2c3 + c1c3)
(
6μ2k2 − 1

)
+

+ 48μ2k c1c2c3 +
1
2

(c1 + c2 + c1) = 0, (28)

6 c1c2c3

(
6μ2k2 − 1

)
+

1
4

(c1c2 + c2c3 + c1c3) = 0, (29)

2μ2k3 − k +
1
4

= 0, (30)

μ2k4 − k2 + α2 = 0. (31)

’ ± ¦¥ ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì ¶Ê´±É Ì, Ê· ¢´¥´¨¥ (30) ¨³¥¥É ¤¢  ¶μ²μ¦¨É¥²Ó´Ò¥

·¥Ï¥´¨Ö, ±μ£¤  ¶ · ³¥É· μ ³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ 0 < μ < μ4

(
(μ 4 = 4

3

√
2
3

)
.

�¤´ ±μ ¢ ÔÉμ³ ¸²ÊÎ ¥ Î¨¸²¥´´Ò³ μ¶ÒÉμ³ Ê¸É ´μ¢²¥´μ, ÎÉμ ÔÉμÉ ¨´É¥·¢ ² ¤¥-
²¨É¸Ö ´  Î¥ÉÒ·¥ ¶μ¤Ò´É¥·¢ ² :

0 < μ < μ1, μ1 < μ < μ2, μ2 < μ < μ3 ¨ μ3 < μ < μ4,

£¤¥ μ1 = 0,7385671913, μ2 = 0,7820669029, μ3 = 1,0860904314.

�¨¦¥ ¸Ì¥³ É¨Î¥¸±¨ ¶·¨¢¥¤¥´Ò ÔÉ¨ ¶μ¤Ò´É¥·¢ ²Ò, ¨ ¢ ± ¦¤μ³ ¶μ¤Ò´-
É¥·¢ ²¥ Å §´ ±¨ ¶μ¸ÉμÖ´´ÒÌ c1 c2 ¨ c3, μÉ ±μÉμ·ÒÌ § ¢¨¸¨É É¨¶ ·¥Ï¥´¨°.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ μ¤´μ ¨§ ·¥Ï¥´¨°, ¸ k1 ¢ ¨´É¥·¢ ²¥ 0 < μ < μ2

Ö¢²Ö¥É¸Ö É·¥ÌÊ§²μ¢Ò³ ·¥Ï¥´¨¥³,   ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨´É¥·¢ ² μ2 < μ < μ4 ¸É -
´μ¢¨É¸Ö ¤¢ÊÌÊ§²μ¢Ò³. „·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2 ¢ ¨´É¥·¢ ²¥ 0 < μ < μ1 Ö¢²Ö¥É¸Ö
¡¥§Ê§²μ¢Ò³,   ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨´É¥·¢ ² μ1 < μ < μ3 ¸É ´μ¢¨É¸Ö μ¤´μÊ§²μ¢Ò³
¨ ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨´É¥·¢ ² μ3 < μ < μ4 ¸É ´μ¢¨É¸Ö ¤¢ÊÌÊ§²μ¢Ò³.
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’¥¶¥·Ó ¶·¨¢¥¤¥³ Ö¢´Ò° ¢¨¤ ·¥Ï¥´¨° ¶·¨ μ → 0 ¨ μ → μ4.
�·¨ μ = 10−4

k1 = 0,2500000003, c1 = 0, 5342894994, c2 = 0, 1512672919,

c3 = 0, 06444320033, A1 = 0, 2500000006, α2
1 = 0, 06250000011

k2 = 7070, 942809, c1 = −0, 0322242905, 2 = −0, 0756366773,

c3 = −0, 2671721815, A2 = 0,1189080977 · 107, α2
2 = 0,2499999997 · 108

�  ·¨¸. 6 ¶·¨¢¥¤¥´Ò ÔÉ¨ ´μ·³¨·μ¢ ´´Ò¥ ·¥Ï¥´¨Ö. �¥Ï¥´¨¥ ¸ k1 ¶· ±-
É¨Î¥¸±¨ ¸μ¢¶ ¤¥É ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· , ¤·Ê£μ¥ ·¥Ï¥´¨¥ ¸ k2

Ö¢²Ö¥É¸Ö ¶μ£· ´¸²μ°´Ò³ ¨ ¡¥§Ê§²μ¢Ò³ (É. ±. c1 < 0, c2 < 0, c3 < 0).
�·¨ μ → μ4, ´ ¶·¨³¥·, μ = 1,088662108, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥É·Ò

¶·¨´¨³ ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

k1 = 0,3749972937, c1 = 2,239085647, c2 = 0,1587966613,

c3 = −0,1482881740 α2
1 = 0,1171861469, A1 = 0,03738188856;

k2 = 0,3750027064, c1 = 2,239885094, c2 = 0,1588022888,

c3 = −0, 1482813520, α2
2 = 0,1171888532, A2 = 0,03736935394.

�É¸Õ¤  ¢¨¤´μ, ÎÉμ μ¡  ·¥Ï¥´¨Ö ¸É·¥³ÖÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê.

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤²μ¦¥´  ²£μ·¨É³ ´ Ìμ¦¤¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ¨ ¸μ¡-
¸É¢¥´´ÒÌ ËÊ´±Í¨° ¤²Ö μ¤´μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢´¥´¨Ö Î¥É¢¥·Éμ£μ ¶μ-
·Ö¤±  ¸ ³ ²Ò³ ¶ · ³¥É·μ³ μ ¶·¨ ¸É ·Ï¥° ¶·μ¨§¢μ¤´μ° ¸ ±Ê²μ´μ¢¸±¨³ ¶μ-
É¥´Í¨ ²μ³. �²£μ·¨É³ ·¥ ²¨§μ¢ ´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨¸É¥³Ò ¸¨³¢μ²Ó´ÒÌ ¢Ò-
Î¨¸²¥´¨° MAPLE ¨ Ê¸É ´μ¢²¥´μ ¸²¥¤ÊÕÐ¥¥:

1. ‚ ¨´É¥·¢ ²¥ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨° ¶ · ³¥É·  μ (¸³. (14)) ´ °¤¥´Ò ¤¢ 
·¥Ï¥´¨Ö. �¤´μ ¨§ ·¥Ï¥´¨° ±· ¥¢μ° § ¤ Î¨ (8, 9) ¶·¨ μ → 0 ¸É·¥-
³¨É¸Ö ± ·¥Ï¥´¨Õ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ,   ¤·Ê£μ¥ ·¥Ï¥´¨¥ Ö¢²Ö¥É¸Ö
¶μ£· ´¸²μ°´Ò³.

2. Šμ£¤  ³ ²Ò° ¶ · ³¥É· μ ¢Ò¡¨· ¥É¸Ö, ´ ¶·¨³¥·, ¤²Ö ¤¢ÊÌÊ§²μ¢μ£μ ·¥Ð¥-
´¨Ö ¢ μ±·¥¸É´μ¸É¨ §´ Î¥´¨° μ1 = 0,6917323391 ¨ μ2 = 0,7132557344,
¸¢μ°¸É¢  ·¥Ï¥´¨° ·¥§±μ ³¥´ÖÕÉ¸Ö (É. ¥. É¨¶ ·¥Ï¥´¨° ³¥´Ö¥É¸Ö). �´ -
²μ£¨Î´Ò¥ ¸¢μ°¸É¢  ´ ¡²Õ¤ ÕÉ¸Ö ¨ ¤²Ö É·¥ÌÊ§²μ¢μ£μ ·¥Ï¥´¨Ö.

3. …¸²¨ ³Ò ¶μ¶ÒÉ ¥³¸Ö ·¥Ï¨ÉÓ ±· ¥¢ÊÕ § ¤ ÎÊ (8, 9) Î¨¸²¥´´Ò³¨ ³¥Éμ-
¤ ³¨ (³¥Éμ¤μ³ ±μ´¥Î´ÒÌ · §´μ¸É¥° ¨²¨ ± ¨³¨-²¨¡μ ¤·Ê£¨³¨ ³¥Éμ¤ ³¨),
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Éμ, ´¥ §´ Ö § · ´¥¥ Ê± § ´´Ò¥ ¢ÒÏ¥ ¸¢μ°¸É¢  ·¥Ï¥´¨° (¶μ£· ´¸²μ°´Ò¥
·¥Ï¥´¨¥, ¸É·¥³²¥´¨¥ Ê§²μ¢ ·¥Ï¥´¨Ö ± ´ Î ²Ê ±μμ·¤¨´ É ¨ É. ¤.), ¶· ±-
É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ ´ °É¨ ÔÉ¨ ·¥Ï¥´¨Ö.

4. �·¥¤²μ¦¥´´Ò°  ²£μ·¨É³ ¶μÎÉ¨ ¡¥§ ¨§³¥´¥´¨° ³μ¦´μ ¶·¨³¥´ÖÉÓ ¤²Ö
¨¸¸²¥¤μ¢ ´¨Ö  ´ ²μ£¨Î´μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢´¥´¨Ö 6-£μ, 8-£μ ¨
É. ¤. ¶μ·Ö¤±μ¢. ‚ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö Ê· ¢´¥´¨Ö 4-£μ ¶μ·Ö¤±  ¢ ÔÉμ³ ¸²Ê-
Î ¥ ´¥ Ê¤ ¥É¸Ö  ´ ²¨É¨Î¥¸±¨ ¶μ²ÊÎ¨ÉÓ μ¡² ¸ÉÓ ¨§³¥´¥´¨° ¶ · ³¥É·  μ
( ´ ²μ£¨Î´μ Ê¸²μ¢¨Õ (14)).

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ, £· ´ÉÒ N 08-01-
00800- , N 07-01-00738- 
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