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

’μÎ´Ò³ ¨  ¸¨³¶ÉμÉ¨Î¥¸±¨³ ³¥Éμ¤ ³¨ ¨¸¸²¥¤μ¢ ´Ò ±· ¥¢Ò¥ § ¤ Î¨ ¤²Ö ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢Ò¸μ±μ£μ ¶μ·Ö¤±  ¸ ³ ²Ò³ ¶ · ³¥É·μ³ ε ¶·¨ ¸É ·Ï¨Ì
¶·μ¨§¢μ¤´ÒÌ. �·μ¢¥¤¥´ ¸· ¢´¨É¥²Ó´Ò°  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ε.
“¸É ´μ¢²¥´μ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¶μ£· ´¨Î´μ£μ ¸²μÖ ¤²Ö ¶·μ¨§¢μ¤´ÒÌ μÉ ·¥Ï¥´¨°.
�μ± § ´μ, ÎÉμ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ε ·¥Ï¥´¨Ö μ¤´μ° ±· ¥¢μ° § ¤ Î¨ (±μ£¤  ´  ·¥-
Ï¥´¨¥ ψ(r) ¨¸Ìμ¤´μ£μ Ê· ¢´¥´¨Ö ´ ±² ¤Ò¢ ÕÉ¸Ö ±· ¥¢Ò¥ Ê¸²μ¢¨Ö ¸²¥¤ÊÕÐ¨³
μ¡· §μ³: ψ(0) = 0, ψ

′′
(0) = 0, ψIV(0) = 0, . . . ; ψ(∞) = 0) ¸Ìμ¤ÖÉ¸Ö ± ·¥Ï¥´¨Ö³

¢Ò·μ¦¤¥´´μ° § ¤ Î¨ (Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· ),   ¤²Ö ¤·Ê£μ° ¸Ìμ¤¨³μ¸É¨ ´¥É.
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Investigation of Boundary-Value Problems for the Singular Perturbed
Differential Equation of High Order

Boundary-value problems for the differential equations of high order with the
small parameter ε at higher derivatives are investigated by the exact and asymptotic
methods. A comparative analysis of the results is performed at diminution of ε.
The existence of a boundary layer for a derivative from the solutions is established.
It is shown, that at diminution of ε the solutions of one boundary-value problem
(when for the solution ψ(r) of the given equation sets the next boundary conditions:
ψ(0) = 0, ψ

′′
(0) = 0, ψIV(0) = 0, . . . ; ψ(∞) = 0) converge to the solutions of

a degenerate problem (Schréodinger equation), and for the other convergence do not
exist.
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‚‚…„…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥, ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ [2Ä6], · ¸¸³ É·¨-
¢ ¥³ ±¢ §¨¶μÉ¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ [1] ¢ ·¥²ÖÉ¨¢¨¸É¸±μ³ ±μ´Ë¨£Ê· Í¨μ´´μ³
¶·μ¸É· ´¸É¢¥. ‚ Î ¸É´μ¸É¨, ¤²Ö ¸²ÊÎ Ö S-¢μ²´Ò (l = 0) ¨¸Ìμ¤´μ¥ Ê· ¢´¥´¨¥
¨³¥¥É ¢¨¤

[E − H − V (r)] ψ = 0,

E =
2
ε2

[√
1 + ε2q2 − 1

]
, H =

2
ε2

[
ch

(
iε

d

dr

)
− 1

]
,

£¤¥ H Å ·¥²ÖÉ¨¢¨¸É¸±¨° £ ³¨²ÓÉμ´¨ ´; V Å ±¢ §¨¶μÉ¥´Í¨ ²; ε Å ³ ²Ò°

¶ · ³¥É·. � §² £ Ö μ¶¥· Éμ· ch
(

iε
d

dr

)
¢ ·Ö¤, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¤¨ËË¥·¥´Í¨-

 ²Ó´μ¥ Ê· ¢´¥´¨¥ ¡¥¸±μ´¥Î´μ£μ ¶μ·Ö¤± . �·¨ ε → 0 ÔÉμ Ê· ¢´¥´¨¥ ¶¥·¥Ìμ¤¨É
¢ ´¥·¥²ÖÉ¨¢¨¸É¸±μ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· .

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

[
E +

d2

dr2
− 2ε2

4!
d4

dr4
+

2ε4

6!
d6

dr6
− · · · + 2(−1)m−1ε2(m−1)

(2m)!
d2m

dr2m
− V (r)

]
×

× ψ(r) = 0, (1)

£¤¥ 2m Å ¶μ·Ö¤μ± Ê· ¢´¥´¨° (m = 2, 3, 4, · · · , M ).
�¤´μ° ¨§ ¢ ¦´ÒÌ μ¸μ¡¥´´μ¸É¥° Ê· ¢´¥´¨° (1) Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ³ ²μ£μ

¶ · ³¥É·  ¶·¨ ¸É ·Ï¨Ì ¶·μ¨§¢μ¤´ÒÌ, É. ¥. ÔÉμ ¸¨´£Ê²Ö·´μ ¢μ§³ÊÐ¥´´Ò¥ ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·μ¢μ¤¨É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ · §²¨Î´ÒÌ ±· ¥¢ÒÌ § ¤ Î
¤²Ö ¶·Ö³μÊ£μ²Ó´μ° ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò

V (r) =
{

−V0, r � r0,
0, r > r0.

(2)
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1. Š��…‚›… ‡�„�—ˆ „‹Ÿ “��‚�…�ˆŸ 4-ƒ� ���Ÿ„Š�

� ¸¸³μÉ·¨³ Ê· ¢´¥´¨¥ (1) ¶·¨ m = 2

−μ2 d4ψ

dr4
+

d2ψ

dr2
+ [E − V (r)]ψ(r) = 0; μ2 =

ε2

12
, (3)

¸μ ¸²¥¤ÊÕÐ¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨:

ψ(0) = 0;
dψ(0)

dr
= 0; ψ|r→∞ = 0, (4)

ψ(0) = 0;
d2ψ(0)

dr2
= 0; ψ|r→∞ = 0. (5)

„ ²¥¥ § ¤ ÎÊ (3), (4) ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¥°,   § ¤ ÎÊ (3),
(5) Å ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¥°, É. ¥. ¡Ê¤¥³ ¨¸¸²¥¤μ¢ ÉÓ ¤¢  É¨¶  ±· ¥¢ÒÌ § ¤ Î.
‚¢μ¤Ö ¶μ¸ÉμÖ´´ÊÕ E > 0, £¤¥ E = −E, 0 � E � V0, ±· ¥¢Ò¥ § ¤ Î¨ (3)Ä(5)
¶¥·¥¶¨Ï¥³ ¤²Ö ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò (2) ¢ μ¡² ¸ÉÖÌ 0 < r � r0, r0 � r < ∞:

−μ2 d4ψI

dr4
+

d2ψI

dr2
+ (V0 − E)ψI(r) = 0; 0 < r � r0; (6)

ψI(0) = 0;
dψI(0)

dr
= 0; (7)

ψI(0) = 0;
d2ψI(0)

dr2
= 0; (8)

−μ2 d4ψII

dr4
+

d2ψII

dr2
− EψII(r) = 0; r0 � r < ∞; (9)

ψII|r→∞ = 0. (10)

ˆ¸¸²¥¤μ¢ ´¨¥ ±· ¥¢ÒÌ § ¤ Î ¶·μ¢μ¤¨É¸Ö ¤¢Ê³Ö ¸¶μ¸μ¡ ³¨: ¢ ¶.  ) ®ÉμÎ-
´Ò³¯ ³¥Éμ¤μ³ (¸²μ¢μ ®ÉμÎ´Ò°¯ ¢§ÖÉμ ¢ ± ¢ÒÎ±¨, É ± ± ± É· ´¸Í¥´¤¥´É´Ò¥
Ê· ¢´¥´¨Ö ¤²Ö ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ·¥Ï ÕÉ¸Ö Î¨¸²¥´´μ) ¨ ¢ ¶. ¡)  ¸¨³¶Éμ-
É¨Î¥¸±¨³ ³¥Éμ¤μ³.

 ) �¡Ð¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (6), (9) ¨³¥ÕÉ ¢¨¤

ψI = C1sin k1r + C2 cos k1r + C3e−k2r + C4ek2(r−r0), (11)

ψII =

⎧⎨
⎩

C5e−χ1(r−r0) + C6e−χ2(r−r0) + C7eχ1(r−r0) + C8eχ2(r−r0), D � 0,

e−α(r−r0)[C5 sin βr + C6 cos βr] + eα(r−r0)[C7 sin βr + C8 cos βr],
D < 0,

(12)
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£¤¥

k2
1 =

√
1 + 4μ2(V0 − E) − 1

2μ2
, k2

2 =

√
1 + 4μ2(V0 − E) + 1

2μ2
, D = 1 − 4μ2E,

χ2
1 =

1 −
√

D

2μ2
, χ2

2 =
1 +

√
D

2μ2
, α2 =

1 + 2μ
√

E

4μ2
, β2 =

2μ
√

E − 1
4μ2

,

Ci, i = 1, 2, · · · , 8, Å ´¥¨§¢¥¸É´Ò¥ ±μ´¸É ´ÉÒ.
“Î¨ÉÒ¢ Ö £· ´¨Î´μ¥ Ê¸²μ¢¨¥ (10) (C7 = C8 = 0), ·¥Ï¥´¨¥ ¤²Ö ψII ¶¥·¥-

¶¨Ï¥³ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

ψII =
{

C5e−χ1(r−r0) + C6e−χ2(r−r0) ¶·¨ D � 0,
e−α(r−r0)[C5 sin βr + C6 cos βr] ¶·¨ D < 0.

(13)

„²Ö ± ¦¤μ° ¨§ ±· ¥¢ÒÌ § ¤ Î, Ê¤μ¢²¥É¢μ·ÖÖ £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³ ¶·¨
r = 0 ¨ Ê¸²μ¢¨Õ ´¥¶·¥·Ò¢´μ¸É¥° ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¨ ¨Ì ¶·μ¨§¢μ¤´ÒÌ
¢¶²μÉÓ ¤μ ¶·μ¨§¢μ¤´ÒÌ É·¥ÉÓ¥£μ ¶μ·Ö¤±  ¢ ÉμÎ±¥ r = r0, ¶μ²ÊÎ¨³ ¸¨¸É¥³Ê
²¨´¥°´ÒÌ μ¤´μ·μ¤´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¤²Ö ´¥¨§¢¥¸É´ÒÌ Ci, i = 1,
2, . . . , 6. ’μ£¤  ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö En μ¶·¥¤¥²ÖÕÉ¸Ö ¨§ Ê¸²μ¢¨Ö · ¢¥´¸É¢ 
´Ê²Õ ¤¥É¥·³¨´ ´É  ³ É·¨ÍÒ ÔÉμ° ¸¨¸É¥³Ò. �μ¸²¥ ´ Ìμ¦¤¥´¨Ö En, ·¥Ï Ö
¨¸±μ³ÊÕ ¸¨¸É¥³Ê c ÊÎ¥Éμ³ Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨∫ r0

0

ψ2
I dr +

∫ ∞

r0

ψ2
IIdr = 1, (14)

´ Ìμ¤¨³ §´ Î¥´¨Ö ±μ´¸É ´É Ci, i = 1, 2, · · · , 6.
�´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶·¨¢μ¤¨É¸Ö ¢ · §¤. 3.

¡) �¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ ¨¸¸²¥¤μ¢ ´¨Ö ±· ¥¢ÒÌ § ¤ Î (6)Ä(10).
„²Ö ¶μ¨¸±  ·¥Ï¥´¨° § ¤ Î (6)Ä(10) ³Ò ¶·¨¢²¥± ¥³ ³¥Éμ¤Ò, ¶·¨³¥´Ö¥-

³Ò¥ ¢ · ³± Ì É¥μ·¨¨ ¸¨´£Ê²Ö·´ÒÌ ¢μ§³ÊÐ¥´¨° ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°
[7Ä12].

�¸¨³¶ÉμÉ¨Î¥¸±¨¥ · §²μ¦¥´¨Ö ·¥Ï¥´¨° ψI(r, μ), ψII(r, μ) ¡Ê¤¥³ ¸É·μ¨ÉÓ,
¨¸¶μ²Ó§ÊÖ ³¥Éμ¤ ¶μ£· ´¨Î´ÒÌ ËÊ´±Í¨° [8Ä12]. ’μ£¤   ¸¨³¶ÉμÉ¨Î¥¸±¨° ·Ö¤
¤²Ö ψI(r, μ) ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

ψI(r, μ) = ψI(r, μ) + �ψI(ρ1, μ) + QψI(ρ2, μ), (15)

£¤¥
ψI(r, μ) = ψ

0

I (r) + μψ
1

I (r) + μ2ψ
2

I (r) + · · · (16)

Å ·¥£Ê²Ö·´ Ö Î ¸ÉÓ · §²μ¦¥´¨Ö,

�ψI(ρ1, μ) = �ψ0
I (ρ1) + μ�ψ1

I (ρ1) + μ2�ψ2
I (ρ1) + · · · (17)
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Å ¶μ£· ´¨Î´ Ö ËÊ´±Í¨Ö, μ¶¨¸Ò¢ ÕÐ Ö ·¥Ï¥´¨Ö ´  ²¥¢μ³ ±· Õ μÉ·¥§± 
[0, r0],

QψI(ρ2, μ) = Qψ0
I (ρ2) + μQψ1

I (ρ2) + μ2Qψ2
I (ρ2) + · · · (18)

Å ¶μ£· ´¨Î´ Ö ËÊ´±Í¨Ö, μ¶¨¸Ò¢ ÕÐ Ö ·¥Ï¥´¨Ö ´  ¶· ¢μ³ ±· Õ μÉ·¥§± 
[0, r0].

‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö E É ±¦¥ ¡Ê¤¥³ ¨¸± ÉÓ ¢ ¢¨¤¥  ¸¨³¶ÉμÉ¨Î¥¸±μ£μ
·Ö¤  ¶μ ¸É¥¶¥´Ö³ μ:

E = E
0
+ μE

1
+ μ2E

2
+ · · · (19)

„²Ö ¶μ£· ´¨Î´ÒÌ ËÊ´±Í¨° �ψk
I (ρ1), Qψk(ρ2), k = 0, 1, 2, · · · , §¤¥¸Ó ¢¢¥-

¤¥´Ò ´μ¢Ò¥ ´¥§ ¢¨¸¨³Ò¥ (· ¸ÉÖ´ÊÉÒ¥) ¶¥·¥³¥´´Ò¥ ρ1 = r/μ, ρ2 = (r−r0)/μ.
�  ¶μ£· ´¨Î´Ò¥ ËÊ´±Í¨¨ �ψk

I (ρ1), Qψk(ρ2) ´ ±² ¤Ò¢ ÕÉ¸Ö É ±¨¥ ¤μ-
¶μ²´¨É¥²Ó´Ò¥ Ê¸²μ¢¨Ö, ±μÉμ·Ò¥ μ¡¥¸¶¥Î¨¢ ÕÉ ¸É·¥³²¥´¨¥ ÔÉ¨Ì ËÊ´±Í¨° ±
´Ê²Õ ¢´¥ ¶μ£· ´¨Î´μ£μ ¸²μÖ, É. ¥.

�ψk
I (ρ1)|ρ1→∞ → 0, k = 0, 1, 2, · · · , (20)

Qψk
I (ρ2)|ρ2→−∞ → 0, k = 0, 1, 2, · · · (21)

�´ ²μ£¨Î´Ò³ ¸¶μ¸μ¡μ³ · §² £ ¥É¸Ö ¨ ËÊ´±Í¨Ö ψII(r, μ). ˆ¸¸²¥¤μ¢ ´¨¥
¶·μ¢μ¤¨³ Éμ²Ó±μ ¢ ´Ê²¥¢μ³ ¶·¨¡²¨¦¥´¨¨. �μ¸²¥ ¶μ¤¸É ´μ¢±¨ · §²μ¦¥´¨°
¤²Ö ψI(r, μ) ¨ ψII(r, μ) ¢ (6) ¨ (9) ¤²Ö ´Ê²¥¢μ£μ ¶·¨¡²¨¦¥´¨Ö ¶μ²ÊÎ¨³

d2ψ
0

I

dr2
+ (V0 − E

0
)ψ

0

I (r) = 0; 0 < r � r0, (22)

−d4�ψ0
I

dρ4
1

+
d2�ψ0

I

dρ2
1

= 0, (23)

−d4Qψ0
I

dρ4
2

+
d2Qψ0

I

dρ2
2

= 0, (24)

d2ψ
0

II

dr2
− E

0
ψ

0

II(r) = 0; r0 � r < ∞, (25)

−d4�ψ0
II

dρ4
2

+
d2�ψ0

II

dρ2
2

= 0. (26)

�¡Ð¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (22)Ä(26) ¨³¥ÕÉ ¢¨¤

ψ
0

I = A1 sin kr + A2 cos kr, k =
√

V0 − E
0
, (27)

�ψ0
I = A3e−ρ1 + A4eρ1 + A5ρ1 + A6, (28)
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Qψ0
I = A7e−ρ2 + A8eρ2 + A9ρ2 + A10, (29)

ψ
0

II = A11e−χ(r−r0) + A12eχ(r−r0), χ =
√

E
0
, (30)

�ψ0
II = A13e−ρ2 + A14eρ2 + A15ρ2 + A16. (31)

“Î¨ÉÒ¢ Ö Ê¸²μ¢¨Ö (20), (21) ¨ ψ0
II|r→∞ = 0, ´ Ìμ¤¨³

A4 = A5 = A6 = A7 = A9 = A10 = A12 = A14 = A15 = A16 = 0.

’ ±¨³ μ¡· §μ³, ¤²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (6), (9) ¶·¨  ¸¨³¶ÉμÉ¨Î¥¸±μ³
³¥Éμ¤¥ ¢ ´Ê²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ²ÊÎ¨³ ¢Ò· ¦¥´¨Ö

ψI = A1 sin kr + A2 cos kr + A3e−r/μ + A8e(r−r0)/μ, (32)

ψII = A11e−χ(r−r0) + A13e−(r−r0)/μ. (33)

‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö E
0

¨ §´ Î¥´¨Ö μ¸É ¢Ï¨Ì¸Ö ´¥¨§¢¥¸É´ÒÌ A1, A2,
A3, A8, A11, A13 ´ Ìμ¤¨³ É ± ¦¥, ± ± ¢ ¶.  ).

�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨¢μ¤¨É¸Ö ¢ · §¤. 3.

2. Š��…‚›… ‡�„�—ˆ „‹Ÿ “��‚�…�ˆŸ 6-ƒ� ���Ÿ„Š�

ˆ¸¸²¥¤Ê¥³ Ê· ¢´¥´¨¥ (1) ¶·¨ m = 3

2
5
μ4 d6ψ

dr6
− μ2 d4ψ

dr4
+

d2ψ

dr2
+ [E − V (r)]ψ(r) = 0 (34)

¸μ ¸²¥¤ÊÕÐ¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨:

ψ(0) = 0;
dψ(0)

dr
= 0;

d2ψ(0)
dr2

= 0; ψ|r→∞ = 0, (35)

ψ(0) = 0;
d2ψ(0)

dr2
= 0;

d4ψ(0)
dr4

= 0; ψ|r→∞ = 0. (36)

‡ ¤ ÎÊ (34), (35) ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¥°,   § ¤ ÎÊ (34),
(36) Å ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¥°.

“· ¢´¥´¨¥ ¨ ±· ¥¢Ò¥ Ê¸²μ¢¨Ö (34)Ä(36), ± ± ¨ ¢ · §¤. 1, ¶¥·¥¶¨Ï¥³ ¢
μ¡² ¸ÉÖÌ 0 < r � r0, r0 � r < ∞

2
5
μ4 d6ψI

dr6
− μ2 d4ψI

dr4
+

d2ψI

dr2
+ (V0 − E)ψI(r) = 0; 0 < r � r0, (37)

ψI(0) = 0;
dψI(0)

dr
= 0;

d2ψI(0)
dr2

= 0, (38)
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ψI(0) = 0;
d2ψI(0)

dr2
= 0;

d4ψI(0)
dr4

= 0; (39)

2
5
μ4 d6ψII

dr6
− μ2 d4ψII

dr4
+

d2ψII

dr2
− EψII(r) = 0; r0 � r < ∞, (40)

ψII|r→∞ = 0. (41)

 ) �¡Ð¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (37), (40) ¨³¥ÕÉ ¢¨¤

ψI = C1 sin kr + C2 cos kr + e−αr(C3 sin βr + C4 cos βr)+

+ eα(r−r0)(C5 sin βr + C6 cos βr), (42)

ψII = C7e−χ1(r−r0) + e−χ2(r−r0)(C8 sin χ3r + C9 cos χ3r)+

+ eχ2(r−r0)(C10 sin χ3r + C11 cos χ3r), (43)

£¤¥

k2 = −(u + v + α1); α1 =
10
ε2

; u = 3
√√

q2 + p3 − q;

v = − 3
√√

q2 + p3 + q; p =
20
ε4

;

q =
800
ε6

+
180
ε4

(V0 − E); A = α1 −
u + v

2
;

B =
√

3
2

(u − v); α =

√√
A2 + B2 + A

2
;

β =

√√
A2 + B2 − A

2
; χ2

1 = −(u1 + v1 + α1);

u1 = 3

√√
q2
1 + p3 − q1; v1 = − 3

√√
q2
1 + p3 + q1;

q1 =
800
ε6

− 180
ε4

E; A1 = α1 −
u1 + v1

2
;

B1 =
√

3
2

(u1 − v1); χ2 =

√√
A2

1 + B2
1 + A1

2
;

χ3 =

√√
A2

1 + B2
1 − A1

2
.
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—Éμ¡Ò Ê¤μ¢²¥É¢μ·¨ÉÓ Ê¸²μ¢¨Õ (41), ¶μ²μ¦¨³ C10 = C11 = 0.
‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö E ¨ §´ Î¥´¨Ö ¤·Ê£¨Ì ´¥¨§¢¥¸É´ÒÌ ±μ´¸É ´É Ci; i =

1, · · · , 9, μ¶·¥¤¥²ÖÕÉ¸Ö É ± ¦¥, ± ± ¨§²μ¦¥´μ ¢ · §¤. 1.

¡) �¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ ¨¸¸²¥¤μ¢ ´¨Ö § ¤ Î (37)Ä(41).
�´ ²μ£¨Î´Ò¥ · §²μ¦¥´¨Ö, ± ± ¨ ¢ · §¤. 1, ¶·¨¢μ¤ÖÉ ± ¸²¥¤ÊÕÐ¨³ Ê· ¢´¥-

´¨Ö³ ¤²Ö ËÊ´±Í¨° ψ(r, μ), �ψ(ρ1, μ) ¨ Qψ(ρ2, μ) ¢ ´Ê²¥¢μ³ ¶·¨¡²¨¦¥´¨¨:

d2ψ
0

I

dr2
+ (V0 − E

0
)ψ

0

I (r) = 0; 0 < r � r0, (44)

2
5

d6�ψ0
I

dρ6
1

− d4�ψ0
I

dρ4
1

+
d2�ψ0

I

dρ2
1

= 0, (45)

2
5

d6Qψ0
I

dρ6
2

− d4Qψ0
I

dρ4
2

+
d2Qψ0

I

dρ2
2

= 0, (46)

d2ψ
0

II

dr2
− E

0
ψ

0

II(r) = 0; r0 � r < ∞, (47)

2
5

d6�ψ0
II

dρ6
2

− d4�ψ0
II

dρ4
2

+
d2�ψ0

II

dρ2
2

= 0. (48)

� Ìμ¤Ö μ¡Ð¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (44)Ä(48), ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· -
¦¥´¨Ö ¤²Ö ψI(r, μ), ψII(r, μ):

ψI = C1 sin kr + C2 cos kr + e−α r
μ

(
C3 sin

βr

μ
+ C4 cos

βr

μ

)
+

+ eα
r
μ

(
C5 sin

βr

μ
+ C6 cos

βr

μ

)
+ e−α r−r0

μ

(
C7 sin

βr

μ
+ C8 cos

βr

μ

)
+

+ eα
r−r0

μ

(
C9 sin

βr

μ
+ C10 cos

βr

μ

)
, (49)

ψII = C11e−χ(r−r0) + e−α r−r0
μ

(
C12 sin

βr

μ
+ C13 cos

βr

μ

)
+

+ eα
r−r0

μ

(
C14 sin

βr

μ
+ C15 cos

βr

μ

)
, (50)

£¤¥

k2 = V0 − E
0
; χ2 = E

0
; α =

√√
40 + 5

8
; β =

√√
40 − 5

8
.
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“Î¨ÉÒ¢ Ö Ê¸²μ¢¨Ö (20), (21) ¨ ψ0
II|r→∞ = 0, ´ Ìμ¤¨³

C5 = C6 = C7 = C8 = C14 = C15 = 0.

‡´ Î¥´¨Ö ±μ´¸É ´É C1, C2, C3, C4, C9, C10, C11, C12, C13 ¨ ¸μ¡¸É¢¥´´Ò¥

§´ Î¥´¨Ö E
0

´ Ìμ¤ÖÉ¸Ö É ± ¦¥, ± ± ¨§²μ¦¥´μ ¢ · §¤. 1.
�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨¢μ¤¨É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥.

3. ��‘“†„…�ˆ… ��‹“—…��›• �…‡“‹œ’�’�‚

�¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¶·¨ V0 = 20, r0 = π ¨³¥ÕÉ Î¥ÉÒ·¥
¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨Ö E0, E1, E2, E3.

‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¨ ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö
¶¥·¢μ° ¨ ¢Éμ·μ° ±· ¥¢ÒÌ § ¤ Î ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ε ¶·¨¢¥¤¥´Ò ¸μμÉ-
¢¥É¸É¢¥´´μ ¢ É ¡². 1, 2.

’ ¡²¨Í  1. ‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¨ ¶¥·¢ÒÌ ±· ¥¢ÒÌ § ¤ Î
¤²Ö Ê· ¢´¥´¨° 4-£μ, 6-£μ ¶μ·Ö¤±μ¢ ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·  ε

“· ¢´¥´¨¥ ¨ ε E0 E1 E2 E3

³¥Éμ¤ ·¥Ï¥´¨Ö
“· ¢´¥´¨¥ −19,1293 −16,5284 −12,2385 −6,3766

˜·¥¤¨´£¥· 
0,5 −19,0103 −15,8960 −10,2615 −1,9584

“· ¢´¥´¨¥ 4-£μ 0,1 −19,1127 −16,4559 −12,0537 −6,0065
¶μ·Ö¤± , 0,01 −19,1278 −16,5223 −12,2249 −6,3528

ÉμÎ´Ò° ³¥Éμ¤ 0,001 −19,1291 −16,5278 −12,2372 −6,3743
0,0001 −19,1293 −16,5283 −12,2384 −6,3763

0,5 −19,0285 −15,9477 −10,3043 −1,8278
“· ¢´¥´¨¥ 6-£μ 0,1 −19,1168 −16,4720 −12,0889 −6,0638

¶μ·Ö¤± , 0,01 −19,1281 −16,5227 −12,2279 −6,3580
ÉμÎ´Ò° ³¥Éμ¤ 0,001 −19,1291 −16,5275 −12,2366 −6,3733

0,0001 −19,1293 −16,5283 −12,2383 −6,3762

0,5 −19,0502 −16,2211 −11,5812 −5,3072
“· ¢´¥´¨¥ 4-£μ 0,1 −19,1142 −16,4685 −12,1064 −6,1526

¶μ·Ö¤± , 0,01 −19,1278 −16,5225 −12,2254 −6,3543
 ¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ 0,001 −19,1291 −16,5278 −12,2372 −6,3743

0,0001 −19,1293 −16,5283 −12,2384 −6,3763

0,5 −19,0624 −16,2639 −11,6579 −5,4005
“· ¢´¥´¨¥ 6-£μ 0,1 −19,1182 −16,4846 −12,1420 −6,2130

¶μ·Ö¤± , 0,01 −19,1281 −16,5238 −12,2284 −6,3594
 ¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ 0,001 −19,1291 −16,5275 −12,2366 −6,3733

0,0001 −19,1293 −16,5283 −12,2383 −6,3762
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ˆ§ μ¡¥¨Ì É ¡²¨Í ¢¨¤´μ, ÎÉμ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¶ · ³¥É·  ε ¸μ¡¸É¢¥´´Ò¥
§´ Î¥´¨Ö ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ¶·¨¡²¨¦ ÕÉ¸Ö ± ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨Ö³
Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ; ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¢¥·Ì´¨Ì ¸μ¸ÉμÖ´¨° (É. ¥. E3)
¸¨²Ó´¥¥ ¢μ§³ÊÐ ÕÉ¸Ö ¶·¨ ¨§³¥´¥´¨¨ ε ¶μ ¸· ¢´¥´¨Õ ¸ ´¨¦´¨³¨ ¸μ¸ÉμÖ´¨-
Ö³¨ (É. ¥. E0); ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥  ¸¨³¶ÉμÉ¨Î¥¸±¨³ ³¥Éμ¤μ³,
¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ¶·¨¡²¨¦ ÕÉ¸Ö ± ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨Ö³, ¶μ²Ê-
Î¥´´Ò³ ÉμÎ´Ò³ ³¥Éμ¤μ³.

�·¨ ε = 0, 5 ¶·¨³¥´¥´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±μ£μ ³¥Éμ¤  ¤²Ö Ê· ¢´¥´¨°
6-£μ ¶μ·Ö¤±  ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¤μ¶μ²´¨É¥²Ó´μ£μ ¸μ¡¸É¢¥´´μ£μ §´ Î¥´¨Ö
(E4 = −0, 4116).

�  ·¨¸. 1, 2 ¶·¨¢¥¤¥´Ò £· Ë¨±¨ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¤²Ö Ê· ¢´¥´¨°
4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢ ¶·¨ ε = 0, 1. �É¨ ·¥Ï¥´¨Ö ¢¨§Ê ²Ó´μ ´¥ μÉ²¨Î ÕÉ¸Ö μÉ
·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· . �¤´ ±μ ¶·μ¨§¢μ¤´Ò¥ ÔÉ¨Ì ·¥Ï¥´¨° ¸¨²Ó´μ
μÉ²¨Î ÕÉ¸Ö ¤·Ê£ μÉ ¤·Ê£  ¢ μ±·¥¸É´μ¸É¨ r = 0 ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ ³ ²μ£μ
¶ · ³¥É·  ε.

’ ¡²¨Í  2. ‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¨ ¢Éμ·ÒÌ ±· ¥¢ÒÌ § ¤ Î
Ê· ¢´¥´¨° 4-£μ, 6-£μ ¶μ·Ö¤±μ¢ ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·  ε

“· ¢´¥´¨¥ ¨ ε E0 E1 E2 E3

³¥Éμ¤ ·¥Ï¥´¨Ö
“· ¢´¥´¨¥ −19,1293 −16,5284 −12,2385 −6,3766

˜·¥¤¨´£¥· 
0,5 −19,0998 −16,2472 −11,0428 −3,2024

“· ¢´¥´¨¥ 4-£μ 0,1 −19,1279 −16,5160 −12,1869 −6,2333
¶μ·Ö¤± , 0,01 −19,1293 −16,5283 −12,2380 −6,3751

ÉμÎ´Ò° ³¥Éμ¤ 0,001 −19,1293 −16,5284 −12,2385 −6,3765
0,0001 −19,1293 −16,5284 −12,2385 −6,3766

0,5 −19,1482 −16,4518 −11,5104 −3,8889
“· ¢´¥´¨¥ 6-£μ 0,1 −19,1393 −16,5615 −12,2875 −6,4031

¶μ·Ö¤± , 0,01 −19,1304 −16,5326 −12,2476 −6,3915
ÉμÎ´Ò° ³¥Éμ¤ 0,001 −19,1293 −16,5284 −12,2386 −6,3767

0,0001 −19,1293 −16,5284 −12,2385 −6,3765

0,5 −19,1293 −16,5284 −12,2385 −6,3766
“· ¢´¥´¨¥ 4-£μ 0,1 −19,1293 −16,5284 −12,2385 −6,3766

¶μ·Ö¤± , 0,01 −19,1293 −16,5284 −12,2385 −6,3766
 ¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ 0,001 −19,1293 −16,5284 −12,2385 −6,3766

0,0001 −19,1293 −16,5284 −12,2385 −6,3766

E4 = −0,4116 0,5 −19,1760 −16,7118 −12,6370 −7,0389
“· ¢´¥´¨¥ 6-£μ 0,1 −19,1407 −16,5736 −12,3385 −6,5470

¶μ·Ö¤± , 0,01 −19,1304 −16,5327 −12,2481 −6,3929
 ¸¨³¶ÉμÉ¨Î¥¸±¨° ³¥Éμ¤ 0,001 −19,1293 −16,5284 −12,2386 −6,3767

0,0001 −19,1293 −16,5284 −12,2385 −6,3766
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�¨¸. 1. �¥Ï¥´¨Ö Ê· ¢´¥´¨Ö 4-£μ ¶μ·Ö¤±  ¤²Ö · §²¨Î´ÒÌ ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° Ei, i =
0, 1, 2, 3:   Å E0; ¡ Å E1; ¢ Å E2; £ Å E3 ¶·¨ ε = 0,1

�¨¸. 2. �¥Ï¥´¨Ö Ê· ¢´¥´¨Ö 6-£μ ¶μ·Ö¤±  ¤²Ö · §²¨Î´ÒÌ ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° Ei, i =
0, 1, 2, 3:   Å E0; ¡ Å E1; ¢ Å E2; £ Å E3 ¶·¨ ε = 0,1

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ¶·μ¨§¢μ¤´Ò¥ ·¥Ï¥´¨Ö ¶¥·¢ÒÌ ±· ¥¢ÒÌ § ¤ Î ¤²Ö
Ê· ¢´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢ ¢ μ±·¥¸É´μ¸É¨ r = 0.
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�¨¸. 3.  ) �·μ¨§¢μ¤´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö 4-£μ ¶μ·Ö¤±  ¤²Ö E0 (1 Å ε = 0, 1; 2 Å
ε = 0, 01; 3 Å ε = 0, 001) ¨ ¤²Ö E3 (4 Åε = 0, 1; 5 Å ε = 0, 01; 6 Å ε = 0, 001). ¡)
’μ ¦¥ ¸ ³μ¥ ¤²Ö Ê· ¢´¥´¨Ö 6-£μ ¶μ·Ö¤± 

�´ ²μ£¨Î´Ò° ·¨¸Ê´μ±, ¶μ²ÊÎ¥´´Ò° ¶·¨  ¸¨³¶ÉμÉ¨Î¥¸±μ³ ³¥Éμ¤¥, ¢¨§Ê-
 ²Ó´μ ´¥ μÉ²¨Î ¥É¸Ö μÉ ·¨¸. 3.

�´ ²¨§ ÔÉ¨Ì ·¨¸Ê´±μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¢¡²¨§¨ £· ´¨ÍÒ r = 0 ¤²Ö · §´ÒÌ
ε ¸ÊÐ¥¸É¢ÊÕÉ ³ ²Ò¥ ÊÎ ¸É±¨, ¢ ±μÉμ·ÒÌ ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¸μ¡¸É¢¥´´ÒÌ
ËÊ´±Í¨° Ê· ¢´¥´¨° ¢Ò¸μ±μ£μ ¶μ·Ö¤±  ³¥´ÖÕÉ¸Ö μÉ ´Ê²Ö ¤μ ¶μ¸ÉμÖ´´μ£μ §´ -
Î¥´¨Ö. —¥³ ³¥´ÓÏ¥ ε, É¥³ ±·ÊÎ¥ ¨ ±·ÊÎ¥ ³¥´ÖÕÉ¸Ö ÔÉ¨ ¶·μ¨§¢μ¤´Ò¥ μÉ
´Ê²Ö ¤μ ±μ´¸É ´ÉÒ, É. ¥. μ±μ²μ £· ´¨ÍÒ r = 0 ¶·μ¨§¢μ¤´Ò¥ μÉ ¸μ¡¸É¢¥´´ÒÌ
ËÊ´±Í¨° Ê· ¢´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢ ¨³¥ÕÉ ¶μ£· ´¨Î´Ò¥ ¸²μ¨. ‡´ Î¥´¨Ö
ÔÉ¨Ì ±μ´¸É ´É ¸μ¢¶ ¤ ÕÉ ¸μ §´ Î¥´¨Ö³¨ ¶·μ¨§¢μ¤´ÒÌ μÉ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö
˜·¥¤¨´£¥·  ¶·¨ r = 0 (¶Ê´±É¨·´Ò¥ ²¨´¨¨).

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ¢Éμ·Ò¥ ¶·μ¨§¢μ¤´Ò¥ μÉ ·¥Ï¥´¨Ö ¶¥·¢μ° ±· ¥¢μ°
§ ¤ Î¨ ¤²Ö Ê· ¢´¥´¨Ö 6-£μ ¶μ·Ö¤±  ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  ε

�¨¸. 4. ‚Éμ· Ö ¶·μ¨§¢μ¤´ Ö ·¥Ï¥´¨Ö ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨ Ê· ¢´¥´¨Ö 6-£μ ¶μ·Ö¤± 
¤²Ö E3 (  Å ε = 0, 001; ¡ Å ε = 0, 01; ¢ Å ε = 0, 1)

¤²Ö ¸μ¡¸É¢¥´´μ£μ §´ Î¥´¨Ö E3. ˆ§ ·¨¸. 4 ¢¨¤´μ, ÎÉμ ¢Éμ·Ò¥ ¶·μ¨§¢μ¤´Ò¥ μÉ
·¥Ï¥´¨° Ê· ¢´¥´¨Ö 6-£μ ¶μ·Ö¤±  Éμ¦¥ ¨³¥ÕÉ ¶μ£· ´¨Î´Ò¥ ¸²μ¨.

‚ É ¡². 3, 4 ¶·¨¢¥¤¥´Ò ³ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨°
¨ ¨Ì ¶·μ¨§¢μ¤´ÒÌ μÉ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (É. ¥. max|ψ − ψ˜| ¨
max|ψ′ − ψ′

˜| ¶·¨ 0 < r < 2π) ¤²Ö ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨. �´ ²μ£¨Î´Ò¥
·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¢ É ¡². 5, 6 ¤²Ö ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨.

11



’ ¡²¨Í  3. Œ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö ·¥Ï¥´¨° ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢-
´¥´¨Ö 4-£μ ¶μ·Ö¤±  μÉ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (¨´É¥·¢ ² ¨§³¥´¥´¨Ö  ·£Ê-
³¥´É  0 � r � 2π, rmax Å ±μμ·¤¨´ É  ÉμÎ±¨ ³ ±¸¨³ ²Ó´μ£μ μÉ±²μ´¥´¨Ö)

“· ¢´¥´¨¥ ¨ ε max|ψ − ψ˜| rmax max|ψ′ − ψ′
˜| rmax n

³¥Éμ¤ ·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 1,94183 · 10−2 1,119380 · 10−1 0,718804 0,000
0,01 2,05687 · 10−3 1,88495 · 10−2 0,718804 0,000 0
0,001 2,07233 · 10−4 3,14159 · 10−3 0,718804 0,000

0,1 3,81394 · 10−2 1,09955 · 10−1 1,43164 0,000
0,01 4,09529 · 10−3 1,88495 · 10−2 1,43164 0,000 1
0,001 4,12745 · 10−4 3,14159 · 10−3 1,43164 0,000

“· ¢´¥´¨¥
4-£μ ¶μ·Ö¤± , 0,1 5,56484 · 10−2 1,00530 · 10−1 2,21814 0,000
ÉμÎ´Ò° ³¥Éμ¤ 0,01 6,08480 · 10−3 1,88495 · 10−2 2,21814 0,000 2

0,001 6,13555 · 10−4 3,14159 · 10−3 2,21814 0,000

0,1 7,13448 · 10−2 9,32005 · 10−2 2,77526 0,000
0,01 7,93355 · 10−3 1,78023 · 10−2 2,77526 0,000 3
0,001 8,00193 · 10−4 3,14159 · 10−3 2,77526 0,000

0,1 1,94714 · 10−2 1,20427 · 10−1 0,718804 0,000
0,01 2,05696 · 10−3 1,88495 · 10−2 0,718804 0,000 0
0,001 2,07233 · 10−4 3,14159 · 10−3 0,718804 0,000

0,1 3,82546 · 10−2 1,11002 · 10−1 1,43164 0,000
0,01 4,09549 · 10−3 1,88495 · 10−2 1,43164 0,000 1

“· ¢´¥´¨¥ 0,001 4,12745 · 10−4 3,141590 · 10−3 1,43164 0,000
4-£μ ¶μ·Ö¤± ,

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,1 5,58385 · 10−2 1,00530 · 10−1 2,21814 0,000
³¥Éμ¤ 0,01 6,08509 · 10−3 1,88495 · 10−2 2,21814 0,000 2

0,001 6,13555 · 10−4 3,14159 · 10−3 2,21814 0,000

0,1 7,15148 · 10−2 9,32005 · 10−2 2,77526 0,000
0,01 7,93365 · 10−3 1,78023 · 10−2 2,77526 0,000 3
0,001 8,00192 · 10−4 3,14159 · 10−3 2,77526 0,000

�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨§ É ¡². 3, 4 ¶μ± §Ò¢ ¥É, ÎÉμ ¶·¨ Ê³¥´ÓÏ¥´¨¨ §´ Î¥-
´¨° ¶ · ³¥É·  ε ¢¸¥ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢-
´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢ ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ¸Ìμ¤ÖÉ¸Ö ± ·¥Ï¥´¨Õ
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’ ¡²¨Í  4. Œ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö ·¥Ï¥´¨° ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢-
´¥´¨Ö 6-£μ ¶μ·Ö¤±  μÉ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (¨´É¥·¢ ² ¨§³¥´¥´¨Ö  ·£Ê-
³¥´É  0 � r � 2π, rmax Å ±μμ·¤¨´ É  ÉμÎ±¨ ³ ±¸¨³ ²Ó´μ£μ μÉ±²μ´¥´¨Ö)

“· ¢´¥´¨¥ ¨ ε max|ψ − ψ˜| rmax max|ψ′ − ψ′
˜| rmax n

³¥Éμ¤ ·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 3,02828 · 10−2 1,26710 · 10−1 0,718804 0,000
0,01 3,11299 · 10−3 1,67551 · 10−2 0,718804 0,000 0
0,001 3,12101 · 10−4 2,09439 · 10−3 0,718804 0,000

0,1 5,95036 · 10−2 1,16238 · 10−1 1,43164 0,000
0,01 6,19858 · 10−3 1,67551 · 10−2 1,43164 0,000 1

“· ¢´¥´¨¥ 0,001 6,21610 · 10−4 2,09439 · 10−3 1,43164 0,000
6-£μ ¶μ·Ö¤± ,
ÉμÎ´Ò° ³¥Éμ¤ 0,1 8,68647 · 10−2 1,06814 · 10−1 2,21814 0,000

0,01 9,21068 · 10−3 1,67551 · 10−2 2,21814 0,000 2
0,001 9,24037 · 10−4 2,09439 · 10−3 2,21814 0,000

0,1 1,11169 · 10−1 9,94837 · 10−2 2,77526 0,000
0,01 1,20073 · 10−2 1,67551 · 10−2 2,77526 0,000 3
0,001 1,20508 · 10−3 2,09439 · 10−3 2,77526 0,000

0,1 3,03317 · 10−2 1,27758 · 10−1 0,718804 0,000
0,01 3,11307 · 10−3 1,67551 · 10−2 0,718804 0,000 0
0,001 3,12101 · 10−4 2,09439 · 10−3 0,718804 0,000

0,1 5,96054 · 10−2 1,16238 · 10−1 1,43164 0,000
0,01 6,19871 · 10−3 1,67551 · 10−2 1,43164 0,000 1

“· ¢´¥´¨¥ 0,001 6,21610 · 10−4 2,09439 · 10−3 1,43164 0,000
6-£μ ¶μ·Ö¤± ,

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,1 8,70339 · 10−2 1,06814 · 10−1 2,21814 0,000
³¥Éμ¤ 0,01 9,21084 · 10−3 1,67551 · 10−2 2,21814 0,000 2

0,001 9,24037 · 10−4 2,09439 · 10−3 2,21814 0,000

0,1 1,11134 · 10−1 9,94837 · 10−2 2,77526 0,000
0,01 1,20072 · 10−2 1,67551 · 10−2 2,77526 0,000 3
0,001 1,20508 · 10−3 2,09439 · 10−3 2,77526 0,000

Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· ,   ¶·μ¨§¢μ¤´Ò¥ ÔÉ¨Ì ËÊ´±Í¨° ¨³¥ÕÉ ³ ±¸¨³ ²Ó´Ò¥
μÉ±²μ´¥´¨Ö ¢ ÉμÎ±¥ r = 0, ´¥ ¸É·¥³ÖÐ¨¥¸Ö ± ´Ê²Õ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ε. ˆ§
É ¡². 5, 6 ¢¨¤´μ, ÎÉμ ¤²Ö ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨ ¶·¨ Ê³¥´ÓÏ¥´¨¨ §´ Î¥´¨Ö ¶ -
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’ ¡²¨Í  5. Œ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö ·¥Ï¥´¨° ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢-
´¥´¨Ö 4-£μ ¶μ·Ö¤±  μÉ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (¨´É¥·¢ ² ¨§³¥´¥´¨Ö  ·£Ê-
³¥´É  0 � r � 2π, rmax Å ±μμ·¤¨´ É  ÉμÎ±¨ ³ ±¸¨³ ²Ó´μ£μ μÉ±²μ´¥´¨Ö)

“· ¢´¥´¨¥ ¨ ε max|ψ − ψ˜| rmax max|ψ′ − ψ′
˜| rmax n

³¥Éμ¤ ·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 9,31150 · 10−4 3,19081 4,06681 · 10−2 3,14159
0,01 1,42755 · 10−5 3,15206 4,57485 · 10−3 3,14159 0
0,001 1,59666 · 10−7 3,14368 4,63331 · 10−4 3,14159

0,1 2,45640 · 10−3 3,19081 8,11082 · 10−2 3,14159
0,01 3,44439 · 10−5 3,15206 9,11513 · 10−3 3,14159 1

“· ¢´¥´¨¥ 0,001 3,70242 · 10−7 3,14368 9,22847 · 10−4 3,14159
4-£μ ¶μ·Ö¤± ,
ÉμÎ´Ò° ³¥Éμ¤ 0,1 5,18089 · 10−3 3,19499 1,23637 · 10−1 3,14159

0,01 6,55213 · 10−5 3,15311 1,35862 · 10−2 3,14159 2
0,001 6,86551 · 10−7 3,14368 1,37219 · 10−3 3,14159

0,1 9,71479 · 10−3 3,21169 1,78995 · 10−1 3,14159
0,01 1,07098 · 10−4 3,15520 1,79066 · 10−2 3,14159 3
0,001 1,09221 · 10−6 3,14368 1,79134 · 10−3 3,14159

0,1 1,90973 · 10−3 3,19081 4,12304 · 10−2 3,21908
0,01 2,51616 · 10−5 3,15206 4,58236 · 10−3 3,15416 0
0,001 2,69463 · 10−7 3,14368 4,63408 · 10−4 3,14159

0,1 3,82389 · 10−3 3,19290 8,29663 · 10−2 3,22327
0,01 4,97810 · 10−5 3,15311 9,13671 · 10−3 3,15416 1

“· ¢´¥´¨¥ 0,001 5,24347 · 10−7 3,14368 9,23066 · 10−4 3,14159
4-£μ ¶μ·Ö¤± ,

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,1 5,73594 · 10−3 3,19709 1,25613 · 10−1 3,14159
³¥Éμ¤ 0,01 7,29797 · 10−5 3,15311 1,36087 · 10−2 3,14159 2

0,001 7,62129 · 10−7 3,14368 1,37242 · 10−3 3,14159

0,1 7,55078 · 10−3 3,20651 1,68767 · 10−1 3,14159
0,01 9,18936 · 10−5 3,15415 1,78043 · 10−2 3,14159 3
0,001 9,53778 · 10−7 3,14368 1,79031 · 10−3 3,14159

· ³¥É·  ε ¢¸¥ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¨ ¨Ì ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¸ μ¶·¥¤¥²¥´´μ°
ÉμÎ´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (É. ¥. μÉ¸ÊÉ¸É¢Ê¥É
¶μ£· ´¨Î´Ò° ¸²μ°).
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’ ¡²¨Í  6. Œ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö ·¥Ï¥´¨° ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨ ¤²Ö Ê· ¢-
´¥´¨Ö 6-£μ ¶μ·Ö¤±  μÉ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (¨´É¥·¢ ² ¨§³¥´¥´¨Ö  ·£Ê-
³¥´É  0 � r � 2π, rmax Å ±μμ·¤¨´ É  ÉμÎ±¨ ³ ±¸¨³ ²Ó´μ£μ μÉ±²μ´¥´¨Ö)

“· ¢´¥´¨¥ ¨ ε max|ψ − ψ˜| rmax max|ψ′ − ψ′
˜| rmax n

³¥Éμ¤ ·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 1,32943 · 10−2 3,15206 4,77927 · 10−2 3,21803
0,01 1,32934 · 10−3 3,14263 5,63327 · 10−3 3,15415 0
0,001 1,11176 · 10−5 3,14159 1,99137 · 10−4 3,14159

0,1 2,49372 · 10−2 3,15625 8,48629 · 10−2 3,22222
0,01 2,45026 · 10−3 3,14368 9,80163 · 10−3 3,15415 1

“· ¢´¥´¨¥ 0,001 2,05272 · 10−5 3,14159 4,09477 · 10−4 3,14159
6-£μ ¶μ·Ö¤± ,
ÉμÎ´Ò° ³¥Éμ¤ 0,1 3,27744 · 10−2 3,16463 1,33937 · 10−1 3,14159

0,01 3,14455 · 10−3 3,14368 1,32316 · 10−2 3,14159 2
0,001 2,60368 · 10−5 3,14159 6,39620 · 10−4 3,14159

0,1 4,71147 · 10−2 2,60647 2,48653 · 10−1 3,14159
0,01 4,33569 · 10−3 2,59390 2,33250 · 10−2 3,14159 3
0,001 3,65744 · 10−5 2,59286 8,85644 · 10−4 3,14159

0,1 1,42567 · 10−2 3,15206 4,78064 · 10−2 3,21908
0,01 1,33972 · 10−3 3,14263 5,62582 · 10−3 3,15415 0
0,001 1,12164 · 10−5 3,14159 1,99277 · 10−4 3,14159

0,1 2,62537 · 10−2 3,15625 8,40445 · 10−2 3,22327
0,01 2,46206 · 10−3 3,14368 9,76985 · 10−3 3,15415 1

“· ¢´¥´¨¥ 0,001 2,05552 · 10−5 3,14159 4,09561 · 10−4 3,14159
6-£μ ¶μ·Ö¤± ,

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,1 3,34111 · 10−2 3,16463 1,36086 · 10−1 3,14159
³¥Éμ¤ 0,01 3,10246 · 10−3 3,14368 1,32310 · 10−2 3,14159 2

0,001 2,57594 · 10−5 3,14159 6,39023 · 10−4 3,14159

0,1 4,50923 · 10−2 2,60438 2,40480 · 10−1 3,14159
0,01 4,28817 · 10−3 2,59390 2,31390 · 10−2 3,14159 3
0,001 3,54641 · 10−5 2,59181 8,81476 · 10−4 3,14159

„²Ö ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨ ¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  ε ´¥ Éμ²Ó±μ
¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö, ´μ ¨ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¢³¥¸É¥ ¸ ¨Ì ¶·μ¨§¢μ¤´Ò³¨,
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’ ¡²¨Í  7. �¥¢Ö§±¨ δ6, δ4 ¤²Ö ¶¥·¢μ° ±· ¥¢μ° § ¤ Î¨

� §¢ ´¨¥ ε δ6 rmax δ4 rmax n
·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 6,94000 · 10−13 1,72368 3,71924 · 10−14 1,75693
0,01 4,33042 · 10−11 1,68808 2,89102 · 10−13 3,14162 0
0,001 8,23698 · 10−9 1,68389 1,22460 · 10−10 1,68427

0,1 1,25233 · 10−13 3,14263 2,69496 · 10−14 0,00034
0,01 5,03588 · 10−11 2,53317 3,10196 · 10−12 2,53614 1

“· ¢´¥´¨¥ 0,001 1,01507 · 10−8 2,52898 1,88336 · 10−10 2,53011
6-£μ ¨ 4-£μ
¶μ·Ö¤±μ¢, 0,1 4,42312 · 10−13 2,84942 5,07105 · 10−14 0,00034

ÉμÎ´Ò° ³¥Éμ¤ 0,01 4,51532 · 10−11 3,14263 2,43272 · 10−12 2,82064 2
0,001 4,06258 · 10−9 3,14263 4,19664 · 10−11 3,14162

0,1 3,97459 · 10−13 3,14368 6,21724 · 10−14 2,97851
0,01 9,93932 · 10−11 2,98241 2,08721 · 10−12 2,98360 3
0,001 2,13469 · 10−9 2,97927 1,51686 · 10−10 3,14162

0,1 5,45574 · 10−2 3,14263 2,07292 · 10−2 6,28318
0,01 2,08675 · 10−3 0,00105 1,81206 · 10−3 0,00000 0
0,001 5,01145 · 10−6 0,00105 1,80717 · 10−4 0,00000

0,1 2,15665 · 10−1 0,00105 1,48001 · 10−1 0,00000
0,01 1,65716 · 10−2 0,00105 4,78226 · 10−2 0,00000 1

“· ¢´¥´¨¥ 0,001 3,97971 · 10−5 0,00105 1,43514 · 10−3 0,00000
6-£μ ¨ 4-£μ
¶μ·Ö¤±μ¢, 0,1 7,17595 · 10−1 0,00105 4,92307 · 10−1 0,00000

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,01 5,50733 · 10−2 0,00105 1,09449 · 10−1 0,00000 2
³¥Éμ¤ 0,001 1,32257 · 10−4 0,00105 1,09173 · 10−2 0,00000

0,1 1,64365 · 100 0,00105 1,12675 · 100 0,00000
0,01 1,26050 · 10−1 0,00105 1,09449 · 10−1 0,00000 3
0,001 3,02719 · 10−4 0,00105 1,09173 · 10−2 0,00000

¶μ²ÊÎ¥´´Ò³¨  ¸¨³¶ÉμÉ¨Î¥¸±¨³ ¨ ÉμÎ´Ò³ ³¥Éμ¤ ³¨, ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ-
¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥· .

‚ É ¡². 7, 8 ¶·¨¢¥¤¥´Ò ´¥¢Ö§±¨ δ6, δ4 ¤²Ö ¶¥·¢μ° ¨ ¢Éμ·μ° ±· ¥¢ÒÌ § ¤ Î
¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ·Ö¤±μ¢ Ê· ¢´¥´¨°, ³¥Éμ¤μ¢ ¨Ì ·¥Ï¥´¨° ¨ §´ Î¥´¨° ³ ²μ£μ
¶ · ³¥É·  ε. ‡¤¥¸Ó δ6, δ4 Å ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ´¥¢Ö§μ± ¸μμÉ¢¥É¸É¢¥´´μ
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’ ¡²¨Í  8. �¥¢Ö§±¨ δ6, δ4 ¤²Ö ¢Éμ·μ° ±· ¥¢μ° § ¤ Î¨

� §¢ ´¨¥ ε δ6 rmax δ4 rmax n
·¥Ï¥´¨Ö 0 � r � 2π 0 � r � 2π

0,1 4,43312 · 10−13 1,71007 1,75525 · 10−14 1,70280
0,01 3,92090 · 10−11 3,14263 1,17628 · 10−12 1,69121 0
0,001 7,40734 · 10−9 1,68389 2,98372 · 10−10 1,68354

0,1 2,34923 · 10−13 2,57086 2,75335 · 10−14 2,55006
0,01 1,13557 · 10−10 0,84299 3,97859 · 10−12 2,53224 1

“· ¢´¥´¨¥ 0,001 9,86416 · 10−9 0,84294 3,01341 · 10−10 2,52964
6-£μ ¨ 4-£μ
¶μ·Ö¤±μ¢, 0,1 4,71622 · 10−13 3,14263 4,26325 · 10−14 2,82818

ÉμÎ´Ò° ³¥Éμ¤ 0,01 4,80087 · 10−11 2,82219 4,28901 · 10−12 2,82209 2
0,001 1,06709 · 10−9 3,14263 1,40076 · 10−10 2,81989

0,1 8,33111 · 10−13 3,01117 4,08562 · 10−14 3,05243
0,01 3,92090 · 10−11 3,14263 9,90318 · 10−13 3,14171 3
0,001 6,61483 · 10−9 2,12790 2,11366 · 10−10 2,97917

0,1 5,36424 · 10−2 3,14263 2,05178 · 10−2 6,28318
0,01 4,92053 · 10−4 3,14263 2,30717 · 10−4 6,28318 0
0,001 4,87927 · 10−6 3,14263 2,33589 · 10−6 6,28318

0,1 7,96545 · 10−2 3,14263 2,41493 · 10−2 6,28318
0,01 7,31714 · 10−4 3,14263 2,82742 · 10−4 6,28318 1

“· ¢´¥´¨¥ 0,001 7,25741 · 10−6 3,14263 2,87341 · 10−6 6,28318
6-£μ ¨ 4-£μ
¶μ·Ö¤±μ¢, 0,1 6,49430 · 10−2 3,14263 3,83259 · 10−2 1,69149

 ¸¨³¶ÉμÉ¨Î¥¸±¨° 0,01 5,96637 · 10−4 3,14263 3,83467 · 10−4 1,69149 2
³¥Éμ¤ 0,001 5,91840 · 10−6 3,14263 3,83469 · 10−6 1,69149

0,1 1,13588 · 10−1 2,99917 1,16142 · 10−1 2,12789
0,01 1,15991 · 10−3 1,27758 1,16290 · 10−3 2,97904 3
0,001 1,16289 · 10−5 2,12790 1,16292 · 10−5 2,97904

¤²Ö Ê· ¢´¥´¨° 6-£μ, 4-£μ ¶μ·Ö¤±μ¢; rmax Å ±μμ·¤¨´ ÉÒ ÉμÎ¥± ³ ±¸¨³ ²Ó´ÒÌ
§´ Î¥´¨° ´¥¢Ö§μ±. ‚¨¤´μ, ÎÉμ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ε ´¥¢Ö§±¨ ·¥Ï¥´¨°, ¶μ²ÊÎ¥´-
´ÒÌ ¶μ ÉμÎ´μ³Ê ³¥Éμ¤Ê, ÊÌÊ¤Ï ÕÉ¸Ö ¨ ³¥´ÖÕÉ¸Ö ¢ ¨´É¥·¢ ²¥ μÉ 10−14 ¤μ
10−8,   ¶μ  ¸¨³¶ÉμÉ¨Î¥¸±μ³Ê ³¥Éμ¤Ê, ´ μ¡μ·μÉ, Ê²ÊÎÏ ÕÉ¸Ö ¨ ³¥´ÖÕÉ¸Ö μÉ
100 ¤μ 10−6.
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‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´Ò ±· ¥¢Ò¥ § ¤ Î¨ ¤²Ö ¸¨´£Ê²Ö·´μ ¢μ§³ÊÐ¥´´ÒÌ Ê· ¢-
´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢  ¸¨³¶ÉμÉ¨Î¥¸±¨³ ¨ ÉμÎ´Ò³ ³¥Éμ¤ ³¨. �¥§Ê²ÓÉ ÉÒ
¨¸¸²¥¤μ¢ ´¨Ö ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.

1. �¥Ï¥´¨Ö ¶¥·¢ÒÌ ±· ¥¢ÒÌ § ¤ Î ¤²Ö Ê· ¢´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢ ¶·¨
³ ²ÒÌ §´ Î¥´¨ÖÌ ε ´¥ ¸Ìμ¤ÖÉ¸Ö ± ·¥Ï¥´¨Ö³ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (¸μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ ¨ ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ,
  ¶·μ¨§¢μ¤´Ò¥ μÉ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¨³¥ÕÉ ¶μ£· ´¨Î´Ò¥ ¸²μ¨).

2. �¥Ï¥´¨Ö ¢Éμ·ÒÌ ±· ¥¢ÒÌ § ¤ Î ¤²Ö Ê· ¢´¥´¨° 4-£μ ¨ 6-£μ ¶μ·Ö¤±μ¢
¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ ε ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ ·¥Ï¥´¨Ö³¨
Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (± ± ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¸ ¨Ì ¶·μ¨§¢μ¤´Ò³¨, É ± ¨
¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö).

3. �·¨ ³ ²ÒÌ ε ·¥§Ê²ÓÉ ÉÒ  ¸¨³¶ÉμÉ¨Î¥¸±μ£μ ³¥Éμ¤  É ±¦¥ ¸μ¢¶ ¤ ÕÉ ¸
·¥§Ê²ÓÉ É ³¨ ÉμÎ´μ£μ ³¥Éμ¤ .

4. ‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¢¥·Ì´¨Ì ¸μ¸ÉμÖ´¨° (É. ¥. E3) ¸¨²Ó´¥¥ ¢μ§³ÊÐ -
ÕÉ¸Ö ¶·¨ ¨§³¥´¥´¨¨ ε ¶μ ¸· ¢´¥´¨Õ ¸ ´¨¦´¨³¨ ¸μ¸ÉμÖ´¨Ö³¨ (É. ¥. E0).

� ¡μÉ  ¶μ¤¤¥·¦ ´  �””ˆ, £· ´ÉÒ º 05-01-00645- , º 04-01-00490.
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