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�μ¸É·μ¥´¨¥ ±·¨É¨Î¥¸±¨Ì ±·¨¢ÒÌ ¤²Ö ¸¨³³¥É·¨Î´ÒÌ ¤¢ÊÌ¸²μ°´ÒÌ
¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ±μ´É ±Éμ¢

�·μ¢¥¤¥´μ Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ±·¨É¨Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥° ¢¨¤  ®Éμ±Ä³ £´¨É´μ¥
¶μ²¥¯ ¢ ¤¢ÊÌ¸²μ°´μ³ ¸¨³³¥É·¨Î´μ³ ¸É¥±¥ ¨´¤Ê±É¨¢´μ ¸¢Ö§ ´´ÒÌ ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ±μ´-
É ±Éμ¢. „²Ö ÔÉμ° Í¥²¨ ¶¥·¥Ìμ¤Ò ¨§ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¢ ·¥§¨¸É¨¢´Ò° ·¥¦¨³ · ¡μÉÒ μÉ-
¤¥²Ó´ÒÌ ¸²μ¥¢ ±μ´É ±É  ³ É¥³ É¨Î¥¸±¨ ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ± ± ¡¨ËÊ·± Í¨¨ ¸É É¨Î¥¸±¨Ì
· ¸¶·¥¤¥²¥´¨° ³ £´¨É´μ£μ ¶μÉμ±  ¢ ¸²μ¥ ¶·¨ ¨§³¥´¥´¨¨ ¶·¨²μ¦¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¨ ¢´¥Ï´¥£μ Éμ±  [1, 2]. Š ¦¤μ³Ê · ¸¶·¥¤¥²¥´¨Õ ¢ ±μ´±·¥É´μ³ ¸²μ¥ ¸É ¢¨É¸Ö ¢ ¸μμÉ-
¢¥É¸É¢¨¥ ·¥£Ê²Ö·´ Ö § ¤ Î  ˜ÉÊ·³ Ä‹¨Ê¢¨²²Ö, ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ±μÉμ·μ° ¶μ§¢μ²ÖÕÉ
¸Ê¤¨ÉÓ μ ¶ ·Í¨ ²Ó´μ° Ê¸Éμ°Î¨¢μ¸É¨ ¨²¨ ´¥Ê¸Éμ°Î¨¢μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö. Š·¨É¨Î¥¸±¨¥
§ ¢¨¸¨³μ¸É¨ ¤²Ö ± ¦¤μ£μ ¨§ ¸²μ¥¢ ¸É·μÖÉ¸Ö ± ± μ£¨¡ ÕÐ¨¥ ¡¨ËÊ·± Í¨μ´´ÒÌ ±·¨¢ÒÌ,
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ´±·¥É´Ò³ · ¸¶·¥¤¥²¥´¨Ö³. ‘ ³ É¥³ É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ÔËË¥±É
®¸¨´Ì·μ´¨§ Í¨¨ ±·¨É¨Î¥¸±¨Ì Éμ±μ¢¯ (current locking), μ¡´ ·Ê¦¥´´Ò° ´¥¤ ¢´μ ¢ Ô±¸¶¥·¨-
³¥´É¥ [3, 4], ³μ¦¥É ¡ÒÉÓ μ¡Ê¸²μ¢²¥´ ´ ²¨Î¨¥³ ÉμÎ¥± · §·Ò¢  ´¥¶·¥·Ò¢´μ¸É¨ ¶ ·Í¨ ²Ó´ÒÌ
±·¨É¨Î¥¸±¨Ì ±·¨¢ÒÌ.
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A numerical modelling of the critical current as a function of applied magnetic ˇeld in a
two-layer symmetric inductive coupled Josephson stack is presented. For this purpose, the
crossovers between superconducting and resisting regimes of each of the layers are math-
ematically interpreted as bifurcations of the magnetic 	ux in the layer [1, 2]. A magnetic
conˇguration in one of the layers corresponds to a partial scalar SturmÄLiouville problem,
the eigenvalues of which are related to the stability of the system. A critical curve of the
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1. ��‘’���‚Š� ‡�„�—ˆ

‘¢μ°¸É¢  ³´μ£μ¸²μ°´ÒÌ (¨ ¢ Î ¸É´μ¸É¨ ¤¢ÊÌ¸²μ°´ÒÌ) ¨´¤Ê±É¨¢´μ ¸¢Ö§ ´-
´ÒÌ ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ±μ´É ±Éμ¢ (¤ ²¥¥ ¨¸¶μ²Ó§Ê¥³ ¸μ±· Ð¥´¨¥ „Š) ¢μ ¢´¥Ï-
´¨Ì ³ £´¨É´ÒÌ ¶μ²ÖÌ ¨¸¸²¥¤μ¢ ²¨¸Ó §  ¶μ¸²¥¤´¥¥ ¢·¥³Ö ³´μ£¨³¨  ¢Éμ· ³¨
(¸³., ´ ¶·¨³¥·, [3Ä10]). ’ ±¨¥ ¸É·Ê±ÉÊ·Ò ³μ£ÊÉ ¡ÒÉÓ ¸±μ³¶μ´μ¢ ´Ò ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³, ´ ¶·¨³¥·, Nb-(Al/AlOx-Nb)n ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ±μ´É ±Éμ¢ [8].
Œ´μ£μ¸²μ°´Ò¥ „Š ¶·¥¤¸É ¢²ÖÕÉ, ¸ μ¤´μ° ¸Éμ·μ´Ò, §´ Î¨É¥²Ó´Ò° ¨´É¥·¥¸ ¸
ÉμÎ±¨ §·¥´¨Ö ¶· ±É¨Î¥¸±¨Ì ¶·¨³¥´¥´¨°, ´ ¶·¨³¥·, ¢ ± Î¥¸É¢¥ ¢Ò¸μ±μÎ ¸ÉμÉ-
´ÒÌ μ¸Í¨²²ÖÉμ·μ¢. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ³μ¤¥²¨ ¸¢Ö§ ´´ÒÌ „Š μ¶¨¸Ò¢ ÕÉ¸Ö
¸²μ¦´Ò³¨ ´¥²¨´¥°´Ò³¨ ¸¨¸É¥³ ³¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°, ÎÉμ ¶μ-
§¢μ²Ö¥É ¸É ¢¨ÉÓ ¨ ¨§ÊÎ ÉÓ É¥μ·¥É¨Î¥¸±¨ ·Ö¤ ´μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì ÔËË¥±Éμ¢, ´¥
¨³¥ÕÐ¨Ì ³¥¸É  ¤²Ö ®É· ¤¨Í¨μ´´ÒÌ¯ μ¤´μ¸²μ°´ÒÌ „Š.

�  ·¨¸. 1 ¶μ± § ´  ¸Ì¥³  ¤¢ÊÌ¸²μ°´μ£μ „Š. Šμ´É ±É ¸μ¸Éμ¨É ¨§ É·¥Ì
¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ô²¥±É·μ¤μ¢ Éμ²Ð¨´μ° Δ1, Δm ¨ Δ2 ¸μμÉ¢¥É¸É¢¥´´μ, · §-

�¨¸. 1. ‘Ì¥³  ¤¢ÊÌ¸²μ°´μ£μ „Š

¤¥²¥´´ÒÌ ¡ ·Ó¥·´Ò³¨ ¸²μÖ³¨, Éμ²Ð¨´  ±μÉμ·ÒÌ ´ ³´μ£μ ³¥´ÓÏ¥ Éμ²Ð¨´Ò
Ô²¥±É·μ¤μ¢. ‘É·Ê±ÉÊ·  ´ Ìμ¤¨É¸Ö ¢ μ¤´μ·μ¤´μ³ ¸É É¨Î¥¸±μ³ ³ £´¨É´μ³ ¶μ²¥
hB , ´ ¶· ¢²¥´´μ³ ¶μ μ¸¨ y (¢¸¥ ¨¸¶μ²Ó§Ê¥³Ò¥ §¤¥¸Ó ¨ ´¨¦¥ ¢¥²¨Î¨´Ò ¡¥§-
· §³¥·´Ò; μ ¸¶μ¸μ¡ Ì ¶·¨¢¥¤¥´¨Ö ± ¡¥§· §³¥·´μ³Ê ¢¨¤Ê ¸³. [8, 11]).

…¸²¨ μ¡  ¸²μÖ ®· ¡μÉ ÕÉ¯ ¢ ¤¦μ§¥Ë¸μ´μ¢¸±μ³ ·¥¦¨³¥ (¶·¨ § ¤ ´´μ³ hB

Éμ±, ¶·μÌμ¤ÖÐ¨° Î¥·¥§ ¸É·Ê±ÉÊ·Ê, ³¥´ÓÏ¥ ´¥±μÉμ·μ£μ ±·¨É¨Î¥¸±μ£μ §´ Î¥-
´¨Ö), Éμ ´ ¶·Ö¦¥´¨Ö, ¨§³¥·Ö¥³Ò¥ ´  ¸²μÖÌ, V1(t) = 0 ¨ V2(t) = 0 (¸³. ·¨¸. 1).
…¸²¨ μ¤¨´ ¨²¨ μ¡  ¸²μÖ ¢ÒÏ²¨ ´  ·¥§¨¸É¨¢´Ò° ·¥¦¨³ [11], Éμ V1(t) �= 0
¨/¨²¨ V2(t) �= 0 ¨ ¶μ § ±μ´Ê �³  ¶μ²´μ¥ ´ ¶·Ö¦¥´¨¥ V (t), ¨§³¥·Ö¥³μ¥ ´ 
¸É·Ê±ÉÊ·¥,

V (t) = V1(t) + V2(t). (1.1)
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‡¤¥¸Ó ´ ¶·Ö¦¥´¨Ö ´  μÉ¤¥²Ó´ÒÌ ¸²μÖÌ μ¶·¥¤¥²ÖÕÉ¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¸μμÉ-
´μÏ¥´¨Ö³¨ „¦μ§¥Ë¸μ´ 

Vi(t) =
1
2l

l∫
−l

φi,t(t, x) dx, i = 1, 2, (1.2)

£¤¥ φi(t, x) Å § ¢¨¸ÖÐ Ö μÉ ¢·¥³¥´¨ t ¨ ±μμ·¤¨´ ÉÒ x · §´μ¸ÉÓ Ë § ¢μ²´μ-
¢ÒÌ ËÊ´±Í¨° ¸¢¥·Ì¶·μ¢μ¤´¨±μ¢ i-£μ ¸²μÖ. �·¨ ¶μ¤Ìμ¤ÖÐ¥° ´μ·³¨·μ¢±¥ [1,
11] ¢¥²¨Î¨´Ê φi(t, x) ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± ¡¥§· §³¥·´Ò° ³ £´¨É´Ò°
¶μÉμ±. �¨¦´¨³ ¨´¤¥±¸μ³ t μ¡μ§´ Î¥´μ ¤¨ËË¥·¥´Í¨·μ¢ ´¨¥ ¶μ ¢·¥³¥´¨.

�É³¥É¨³, ÎÉμ ¢ ¸²ÊÎ ¥ ³μ¤¥²¨ ¸ ¥³±μ¸É´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ³¥¦¤Ê ¸²μ-
Ö³¨ (¸³., ´ ¶·¨³¥·, · ¡μÉÊ [10] ¨ Í¨É¨·μ¢ ´´ÊÕ É ³ ²¨É¥· ÉÊ·Ê) ¢³¥¸Éμ (1.2)
¸²¥¤Ê¥É ¨¸¶μ²Ó§μ¢ ÉÓ μ¡μ¡Ð¥´´Ò¥ ¸μμÉ´μÏ¥´¨Ö „¦μ§¥Ë¸μ´ .

Œ É¥³ É¨Î¥¸±¨ ¢ · ³± Ì ²¨´¥°´μ° É¥μ·¨¨ Ê¸Éμ°Î¨¢μ¸É¨ ¶¥·¥Ìμ¤ μ¤´μ£μ
¨§ ¸²μ¥¢ „Š ¸ ¤¦μ§¥Ë¸μ´μ¢¸±μ£μ ¢ ·¥§¨¸É¨¢´Ò° ·¥¦¨³ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ
[12] ± ± ¡¨ËÊ·± Í¨Õ ´¥±μÉμ·μ£μ ¸É É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ-
Éμ±  ¢ ¸²μ¥ ¶·¨ ¨§³¥´¥´¨¨ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¢´¥Ï´¥£μ Éμ± . �·¨
ÔÉμ³ Ê¸Éμ°Î¨¢Ò³ μÉ´μ¸¨É¥²Ó´μ ³ ²ÒÌ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ÒÌ ¢μ§³ÊÐ¥-
´¨° ¸É É¨Î¥¸±¨³ · ¸¶·¥¤¥²¥´¨Ö³ ¸μμÉ¢¥É¸É¢Ê¥É ¤¦μ§¥Ë¸μ´μ¢¸±¨° ·¥¦¨³ ¸²μÖ
(¶μ± § ´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¢μ²ÓÉ³¥É·  ´  ·¨¸. 1 · ¢´μ ´Ê²Õ). �·¨ § ¤ ´-
´μ³ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥ hB ¢¸Ö±μ³Ê Ê¸Éμ°Î¨¢μ³Ê ¸É É¨Î¥¸±μ³Ê · ¸¶·¥-
¤¥²¥´¨Õ ¸μμÉ¢¥É¸É¢Ê¥É ´¥±¨° ³ ±¸¨³ ²Ó´Ò° (±·¨É¨Î¥¸±¨°) Éμ±, ¶·¨ ¤μ¸É¨¦¥-
´¨¨ ±μÉμ·μ£μ · ¸¶·¥¤¥²¥´¨¥ É¥·Ö¥É Ê¸Éμ°Î¨¢μ¸ÉÓ (¨³¥¥É ³¥¸Éμ ¡¨ËÊ·± Í¨Ö
· ¸¶·¥¤¥²¥´¨Ö) ¨ ¶¥·¥Ìμ¤¨É ¢ § ¢¨¸ÖÐ¥¥ μÉ ¢·¥³¥´¨ ´¥Ê¸Éμ°Î¨¢μ¥ · ¸¶·¥-
¤¥²¥´¨¥. …¸²¨ ¢ ¸²μ¥ ´¥É ¤·Ê£¨Ì Ê¸Éμ°Î¨¢ÒÌ Ô´¥·£¥É¨Î¥¸±¨ ¡μ²¥¥ ¢Ò£μ¤´ÒÌ
¸É É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¸ ¡μ²ÓÏ¨³ ±·¨É¨Î¥¸±¨³ Éμ±μ³, Éμ ¢ ·¥§Ê²ÓÉ É¥
´  ¸²μ¥/±μ´É ±É¥ ¢μ§´¨± ¥É ´¥´Ê²¥¢μ¥ ´ ¶·Ö¦¥´¨¥ ¢ ¸¨²Ê Ëμ·³Ê²Ò (1.2).

�É³¥É¨³, ÎÉμ ¢ · ³± Ì É· ¤¨Í¨μ´´μ° ³μ¤¥²¨ μ¤´μ³¥·´μ£μ ¤²¨´´μ£μ „Š
É ±μ° ¶μ¤Ìμ¤ ¡Ò² ¢¶¥·¢Ò¥ ¶·¥¤²μ¦¥´ ¢ ±² ¸¸¨Î¥¸±μ° · ¡μÉ¥ [1].

�¥²¨´¥°´ Ö ±· ¥¢ Ö § ¤ Î , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³μ¤¥²¨ ¨´¤Ê±É¨¢´μ ¸¢Ö§ ´-
´ÒÌ ¸²μ¥¢, ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ¢¨¤¥

−Aϕxx + Jz(ϕ) + Γ = 0, (1.3a)

ϕx(±l) = H. (1.3b)

‚ Ê· ¢´¥´¨ÖÌ (1.3) ¨ ¤ ²¥¥ ¶μ É¥±¸ÉÊ ´¨¦´¨³ ¨´¤¥±¸μ³ x μ¡μ§´ Î¥´  μ¶¥· -
Í¨Ö ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö ¶μ ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨´ É¥. �·¨ ¶μ¤Ìμ¤ÖÐ¥³
¢Ò¡μ·¥ ¥¤¨´¨Í ¢¥²¨Î¨´  ϕ(x) = (ϕ1, ϕ2)T ¥¸ÉÓ 2-¢¥±Éμ· ¸É É¨Î¥¸±¨Ì ³ £´¨É-
´ÒÌ ¶μÉμ±μ¢ ¢ ®´¨¦´¥³¯ ϕ1(x) ¨ ®¢¥·Ì´¥³¯ ϕ2(x) ¸²μÖÌ (¢¥·Ì´¨° ¨´¤¥±¸ T
¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¶¥· Í¨¨ É· ´¸¶μ´¨·μ¢ ´¨Ö).


²¥³¥´ÉÒ ¸¨³³¥É·¨Î¥¸±μ° ±¢ ¤· É´μ° 2-³ É·¨ÍÒ A μ¶·¥¤¥²ÖÕÉ¸Ö Î¥·¥§
Ë¨§¨Î¥¸±¨¥ ±μ´¸É ´ÉÒ ³ É¥·¨ ²μ¢ Ô²¥±É·μ¤μ¢ ¨ ¨Ì Éμ²Ð¨´ Δ1, Δm ¨ Δ2
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(Ö¢´Ò¥ ¢Ò· ¦¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ [8]). „ ²¥¥ μ£· ´¨Î¨³¸Ö · ¸¸³μÉ·¥´¨¥³ ³μ-
¤¥²¨ ¤¢ÊÌ¸²μ°´μ£μ „Š, μÉ¤¥²Ó´Ò¥ ¸²μ¨ ±μÉμ·μ£μ ¨¤¥´É¨Î´Ò ¨, ¢ Î ¸É´μ¸É¨,
Δ1 = Δm = Δ2. ’μ£¤  ³ É·¨Í  A(s) § ¢¨¸¨É Éμ²Ó±μ μÉ ±μ´¸É ´ÉÒ ¸¢Ö§¨ s
[4, 8] ³¥¦¤Ê ¸²μÖ³¨

A(s) =
1

1 − s2

(
1 −s
−s 1

)
,

£¤¥ s ∈ (−1, 0]. ‚¥±Éμ· ¶²μÉ´μ¸É¥° Éμ±μ¢ „¦μ§¥Ë¸μ´  ¢ μÉ¤¥²Ó´ÒÌ ¸²μÖÌ ±μ´-

É ±É  μ¶·¥¤¥²Ö¥É¸Ö ± ± Jz(ϕ) = (sinϕ1, sin ϕ2)
T . 2-¢¥±Éμ· Γ = γ (1, 1)T , £¤¥

¤²Ö ¶·μ¸ÉμÉÒ ¢ ¤ ²Ó´¥°Ï¥³ ¶·¥¤¶μ² £ ¥³ ¢´¥Ï´¨° Éμ± γ = const,
2-¢¥±Éμ· H = hB(1, 1)T . �É³¥É¨³, ÎÉμ ·¥Ï¥´¨Ö (1.3) § ¢¨¸ÖÉ £² ¤±¨³ μ¡· -
§μ³ ± ± μÉ Ë¨§¨Î¥¸±μ° ±μμ·¤¨´ ÉÒ x, É ± ¨ μÉ ¶ · ³¥É·μ¢ l, s, hB ¨ γ, É. ¥.
ϕ = ϕ(x, p), £¤¥ Î¥·¥§ p ≡ {l, s, hB, γ}, p ∈ P ⊂ R

4, μ¡μ§´ Î¥´ 4-¢¥±Éμ·
¶ · ³¥É·μ¢ ³μ¤¥²¨.

Š· ¥¢ Ö § ¤ Î  (1.3) ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´¥μ¡Ìμ¤¨³Ò¥ Ê¸²μ¢¨Ö
Ô±¸É·¥³Ê³  ËÊ´±Í¨μ´ ²  ¶μ²´μ° Ô´¥·£¨¨ ±μ´É ±É 

F [ϕ] = F1 + F2 + F12. (1.4)

‡¤¥¸Ó F1 ¨ F2 Å Ô´¥·£¨¨ ´¥¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸²μ¥¢:

Fi[ϕi] =

l∫
−l

(
1
2

ϕ2
i,x + 1 − cosϕi + γϕi

)
dx − hBΔϕi, (1.5)

  Ô´¥·£¨Ö ¸¢Ö§¨ F12 ¢ÒÎ¨¸²Ö¥É¸Ö ± ±

F12 [ϕ1, ϕ2] =
s

1 − s2

l∫
−l

[ s

2
(
ϕ2

1,x + ϕ2
2,x

)
− ϕ1,x ϕ2,x

]
dx+

+
s

1 + s
hB (Δϕ1 + Δϕ2) . (1.6)

‡¤¥¸Ó ¨ ´¨¦¥ ¢¥²¨Î¨´Ò Δϕi = ϕi(l) − ϕi(−l) Å ±μμ·¤¨´ ÉÒ 2-¢¥±Éμ· 
¶μ²´μ£μ ³ £´¨É´μ£μ ¶μÉμ±  Δϕ = (Δϕ1, Δϕ2)

T . �¡² ¸ÉÓÕ μ¶·¥¤¥²¥´¨Ö
ËÊ´±Í¨μ´ ²  (1.4) Ö¢²Ö¥É¸Ö ³´μ¦¥¸É¢μ ¢¸¥Ì £² ¤±¨Ì ´  μÉ·¥§±¥ [−l, l]
2-¢¥±Éμ·-ËÊ´±Í¨° ϕ(x), ±μ´ÍÒ ±μÉμ·ÒÌ ²¥¦ É ´  ¢¥·É¨± ²Ó´ÒÌ ¶·Ö³ÒÌ x =
−l ¨ x = l.

� ·Í¨ ²Ó´ Ö Ê¸Éμ°Î¨¢μ¸ÉÓ · ¸¶·¥¤¥²¥´¨° ¢ ¸²μÖÌ „Š. „²Ö ¨§ÊÎ¥´¨Ö
¶ ·Í¨ ²Ó´μ° Ê¸Éμ°Î¨¢μ¸É¨ · ¸¶·¥¤¥²¥´¨° ³ £´¨É´μ£μ ¶μÉμ±  ¢ i-³ ¸²μ¥ ¨¸-
¸²¥¤Ê¥É¸Ö [12] Ì · ±É¥· Ô±¸É·¥³Ê³  ¸Ê³³Ò Fi + F12 Ô´¥·£¨¨ ¸²μÖ (1.5) ¨
Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö (1.6). �·¨ ÔÉμ³ ± ¦¤μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ·μ¦¤ ¥É

3



·¥£Ê²Ö·´ÊÕ § ¤ ÎÊ ˜ÉÊ·³ Ä‹¨Ê¢¨²²Ö (‡˜É‹) ¸ Ê¸²μ¢¨Ö³¨ �¥°³ ´  ´  ±μ´-
Í Ì

−aiiψi,xx + qi(x)ψi = μi ψi, (1.7a)

ψi,x(±l) = 0, (1.7b)

l∫
−l

ψ2
i (x) dx − 1 = 0, (1.7c)

¶μÉ¥´Í¨ ² ±μÉμ·μ° μ¶·¥¤¥²Ö¥É¸Ö Î¥·¥§ ·¥Ï¥´¨¥ ϕi(x) ± ± qi(x) = cosϕi(x).
�  ±μ´¥Î´μ³ μÉ·¥§±¥ [−l, l] § ¤ Î  ¢¨¤  (1.7) ¨³¥¥É μ£· ´¨Î¥´´Ò° ¸´¨§Ê ¤¨¸-
±·¥É´Ò° ¸¶¥±É·. �·¨ ÔÉμ³ ± ¦¤μ³Ê ¸μ¡¸É¢¥´´μ³Ê §´ Î¥´¨Õ (‘‡) μi n μÉ-
¢¥Î ¥É ¥¤¨´¸É¢¥´´ Ö ¸μ¡¸É¢¥´´ Ö ËÊ´±Í¨Ö (‘”) ψi n(x), n = 0, 1, 2, . . ., ¤²Ö
±μÉμ·μ° ¢Ò¶μ²´¥´μ Ê¸²μ¢¨¥ ´μ·³¨·μ¢±¨ (1.7c). —¨¸²μ ´Ê²¥° ψi n(x) ´  μÉ-
·¥§±¥ [−l, l] · ¢´μ ´μ³¥·Ê n. ‚ Î ¸É´μ¸É¨, ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ψi0(x),
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³¨´¨³ ²Ó´Ò³ ‘‡ μi 0, ´¥ ¨³¥ÕÉ ´Ê²¥° ¶·¨ x ∈ [−l, l]. �¨-
ËÊ·± Í¨μ´´ Ö § ¢¨¸¨³μ¸ÉÓ ®Éμ±Ä³ £´¨É´μ¥ ¶μ²¥¯ (¡¨ËÊ·± Í¨μ´´ Ö ±·¨¢ Ö)
¤²Ö · ¸¶·¥¤¥²¥´¨Ö ϕi(x) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° £¥μ³¥É·¨Î¥¸±μ¥ ³¥¸Éμ ÉμÎ¥± ´ 
¶²μ¸±μ¸É¨ Phγ ⊂ R

2, É ±¨Ì, ÎÉμ

μi0 (hB , γ) = 0. (1.8)

„²Ö Ë¨±¸¨·μ¢ ´´μ£μ hB ¢ ¸²μ¥ ³μ£ÊÉ ¸ÊÐ¥¸É¢μ¢ ÉÓ ´¥¸±μ²Ó±μ ¸É É¨Î¥-
¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¸ · §²¨Î´Ò³¨ ±·¨É¨Î¥¸±¨³¨ Éμ± ³¨. Š·¨É¨Î¥¸±¨³ Éμ±μ³
¸²μÖ ¶·¨ § ¤ ´´μ³ hB ¡Ê¤¥³ ´ §Ò¢ ÉÓ ´ ¨¡μ²ÓÏ¨° ¨§ ¢¸¥Ì ±·¨É¨Î¥¸±¨Ì Éμ±μ¢
μÉ¤¥²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°. ƒ¥μ³¥É·¨Î¥¸±μ¥ ³¥¸Éμ ÉμÎ¥± ¸ ´ ¨¡μ²ÓÏ¨³ ±·¨-
É¨Î¥¸±¨³ Éμ±μ³ ¡Ê¤¥³, ¸μμÉ¢¥É¸É¢¥´´μ, ´ §Ò¢ ÉÓ ±·¨É¨Î¥¸±μ° ±·¨¢μ° (ŠŠ)
¸²μÖ. Ÿ¸´μ, ÎÉμ ŠŠ ¤²Ö ± ¦¤μ£μ ¸²μÖ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ£¨¡ ÕÐÊÕ ¡¨ËÊ·-
± Í¨μ´´ÒÌ ±·¨¢ÒÌ (�Š) ¤²Ö μÉ¤¥²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¢ ¸²μ¥ [12].

2. �‹ƒ��ˆ’Œ ��‘—…’� �ˆ”“�Š�–ˆ���›• ’�—…Š

„²Ö · ¸Î¥É  �Š ¢¨¤  (1.8) Ê¤μ¡´μ ¶·¨³¥´ÖÉÓ  ²£μ·¨É³, ¶·¥¤²μ¦¥´´Ò°
¢ · ¡μÉ Ì [13]. �Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ Ê· ¢´¥´¨Ö (1.3) ¨ (1.7) ¶·¨ Ë¨±¸¨·μ-
¢ ´´ÒÌ §´ Î¥´¨ÖÌ ¤²¨´Ò 2l ¨ ¶ · ³¥É·  ¸¢Ö§¨ ³¥¦¤Ê ¸²μÖ³¨ s ± ± ¥¤¨´ÊÕ
¸¨¸É¥³Ê ¤²Ö ´¥¨§¢¥¸É´ÒÌ ËÊ´±Í¨° ϕ(x) ¨ ψi(x), § ¢¨¸ÖÐÊÕ μÉ É·¥Ì ¶ · ³¥-
É·μ¢ hB , γ ¨ μi. ‚ ¸¨¸É¥³Ê ¢Ìμ¤ÖÉ É·¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨Ö ¢Éμ·μ£μ
¶μ·Ö¤± . ‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö Éμ£μ ÎÉμ¡Ò ¸¨¸É¥³  ¡Ò²  § ³±´ÊÉμ°, ´¥μ¡Ìμ¤¨³μ
§ ¤ ÉÓ ¤¢  ¨§ ÔÉ¨Ì É·¥Ì ¶ · ³¥É·μ¢.

‚ ®É·¨¢¨ ²Ó´μ³¯ ¸²ÊÎ ¥ § ¤ ¥³ ¢¥²¨Î¨´Ò hB ¨ γ. ’μ£¤  ¸¨¸É¥³  · ¸-
Ð¥¶²Ö¥É¸Ö ´  ¤¢¥ ´¥§ ¢¨¸¨³Ò¥ ¶μ¤¸¨¸É¥³Ò μÉ´μ¸¨É¥²Ó´μ ¶¥·¥³¥´´ÒÌ ϕ(x) ¨
(ψi(x), μi), ÎÉμ Ô±¢¨¢ ²¥´É´μ ¶·μ¢¥·±¥ Ê¸Éμ°Î¨¢μ¸É¨ ·¥Ï¥´¨Ö ϕ(x).

4



‚ μ¸É ²Ó´ÒÌ ¤¢ÊÌ ¸²ÊÎ ÖÌ, ¶·¨ § ¤ ´´ÒÌ γ ¨ μi ¨²¨ hB ¨ μi, ¸¨¸É¥³ 
¤μ²¦´  · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´¥²¨´¥°´ Ö § ¤ Î  ´  ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¸μ
¸¶¥±É· ²Ó´Ò³ ¶ · ³¥É·μ³ hB ¨²¨ γ ¸μμÉ¢¥É¸É¢¥´´μ. ‚¥²¨Î¨´Ê μi � −1
³μ¦´μ § ¤ ¢ ÉÓ ¤μ¸É ÉμÎ´μ ¶·μ¨§¢μ²Ó´μ, ´μ ÉμÎ± ³ ¡¨ËÊ·± Í¨¨ ´Ê²¥¢μ£μ
¶μ·Ö¤±  [2, 12] ¸μμÉ¢¥É¸É¢Ê¥É §´ Î¥´¨¥ μi = 0.

�Ê¸ÉÓ ¢ ± Î¥¸É¢¥ ¸¶¥±É· ²Ó´μ£μ ¢Ò¡· ´ ¶ · ³¥É· hB . �·¥¤¶μ² £ Ö ¸ÊÐ¥-
¸É¢μ¢ ´¨¥ ¨§μ²¨·μ¢ ´´μ£μ ·¥Ï¥´¨Ö ϕ(x), ψi(x), hB , ¤²Ö ·¥Ï¥´¨Ö Ê± § ´´μ°
¢ÒÏ¥ § ¤ Î¨ Í¥²¥¸μμ¡· §´μ ¶·¨³¥´ÖÉÓ ¨É¥· Í¨μ´´Ò°  ²£μ·¨É³, μ¸´μ¢ ´´Ò°
´  ´¥¶·¥·Ò¢´μ³  ´ ²μ£¥ ³¥Éμ¤  �ÓÕÉμ´  [14].

�Ê¸ÉÓ (ϕ0(x), ψ0
i (x), h0

B) Å ´ Î ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ ± ÉμÎ´μ³Ê ·¥Ï¥´¨Õ.
’μ£¤ :

1) ´  n-° ¨É¥· Í¨¨ (n = 1, 2, . . .) ·¥Ï ¥³ ²¨´¥°´Ò¥ ±· ¥¢Ò¥ § ¤ Î¨ (¨´-
¤¥±¸ ¨É¥· Í¨° μ¶Ê¸± ¥³ ¤²Ö Ê¶·μÐ¥´¨Ö § ¶¨¸¨)

−AUxx + Q(x)U = Aϕxx(x) − Jz(ϕ(x)) − Γ, (2.1a)

Ux (±l) = hB − ϕx(±l), (2.1b)

−AVxx + Q(x)V = 0, (2.1c)

Vx(±l) = 1 (2.1d)

μÉ´μ¸¨É¥²Ó´μ 2-¢¥±Éμ·-ËÊ´±Í¨° U(x) = (U1(x), U2(x))T ¨ V (x) = (V1(x),
V2(x))T . ‡¤¥¸Ó 2-³ É·¨Í  Q(x) = diag (cosϕ1(x), cosϕ2(x));

2) ¢ÒÎ¨¸²Ö¥³ ¸± ²Ö·´Ò¥ ËÊ´±Í¨¨ Φ(x) ¨ Ψ(x) ± ± ·¥Ï¥´¨Ö ²¨´¥°´ÒÌ
±· ¥¢ÒÌ § ¤ Î

−aiiΨxx + [cosϕi(x) − μi] Ψn =

= aiiψxx(x) + [cosϕ(x) − μi] ψ(x) + sin ϕi(x)ψi(x)U(x), (2.2a)

Ψx (±l) = −ψi,x(±l); (2.2b)

−aiiΦxx + [cosϕi(x) − μi] Φ = sinϕi(x)ψi(x)V (x), (2.2c)

Φx (±l) = 0; (2.2d)

3) ¨§ Ê· ¢´¥´¨Ö

χ =

⎛
⎝2

l∫
−l

ψV1 dx

⎞
⎠

−1 ⎛
⎝1 −

l∫
−l

ψ2 dx − 2

l∫
−l

ψU1 dx

⎞
⎠ (2.3)

¢ÒÎ¨¸²Ö¥³ ¶·¨· Ð¥´¨¥ H ¡¨ËÊ·± Í¨μ´´μ£μ ¶ · ³¥É·  hB ´  É¥±ÊÐ¥° ¨É¥-
· Í¨¨;
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4) μÎ¥·¥¤´μ¥ ¶·¨¡²¨¦¥´¨¥ ± ÉμÎ´μ³Ê ·¥Ï¥´¨Õ ´ Ìμ¤¨³ ¶μ Ëμ·³Ê² ³

ϕn(x) = ϕn−1(x) + τn [Un(x) + χnV n(x)] , (2.4)

ψn(x) = ψn−1(x) + τn [Ψn(x) + χnΦn(x)] , (2.5)

hn
B = hn−1

B + τnχn. (2.6)

ˆÉ¥· Í¨μ´´Ò° ¶ · ³¥É· τn ¢ÒÎ¨¸²Ö²¸Ö ¶μ Ëμ·³Ê²¥ …·³ ±μ¢ ÄŠ ²¨É±¨´ 
[15].

„²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ²¨´¥°´ÒÌ ±· ¥¢ÒÌ § ¤ Î (2.1) ¨ (2.2) ¶·¨³¥´Ö-
² ¸Ó · §´μ¸É´ Ö ¸Ì¥³  ´  μ¸´μ¢¥ ³¥Éμ¤  ¸¶² °´-±μ²²μ± Í¨¨ [16]. ’¥μ·¥É¨Î¥-
¸± Ö μÍ¥´±  ÉμÎ´μ¸É¨ ¸Ì¥³Ò O(h4) ´  · ¢´μ³¥·´μ° ¸¥É±¥ ¸ Ï £μ³ h ¤μ± § ´ 
Î¨¸²¥´´Ò³ ¶ÊÉ¥³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶· ¢¨²  �Ê´£¥. �É³¥É¨³, ÎÉμ ¤¨ËË¥·¥´-
Í¨ ²Ó´Ò¥ ¢Ò· ¦¥´¨Ö ¢ ²¥¢ÒÌ Î ¸ÉÖÌ (2.1) ¨ (2.2) μ¤¨´ ±μ¢Ò, ÎÉμ ¶μ§¢μ²Ö¥É
μ¡· Ð ÉÓ Éμ²Ó±μ μ¤¨´ · § ³ É·¨ÍÒ ²¨´¥°´ÒÌ ¸¨¸É¥³  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥-
´¨°, ¶μ²ÊÎ¥´´ÒÌ ¢¸²¥¤¸É¢¨¥ ¤¨¸±·¥É¨§ Í¨¨.

3. �…Š�’��›… —ˆ‘‹…��›… �…‡“‹œ’�’›

�  ·¨¸. 2 ¶μ± § ´Ò ´¥±μÉμ·Ò¥ ¨§ ¶ ·Í¨ ²Ó´ÒÌ �Š ¤²Ö ±μ´É ±É  ¤²¨´μ°
2l = 10 ¸ ¶ · ³¥É·μ³ ¢§ ¨³μ¤¥°¸É¢¨Ö s = −0, 3. Š ± ¡Ò²μ Ê± § ´μ ¢ÒÏ¥, ¤²Ö
¶μ¸É·μ¥´¨Ö ¶ ·Í¨ ²Ó´μ° ŠŠ ¸²μÖ ´¥μ¡Ìμ¤¨³μ ´ °É¨ μ£¨¡ ÕÐÊÕ ¢¸¥Ì �Š.

�  ·¨¸. 3 ¸· ¢´¨¢ ÕÉ¸Ö ¶μ²ÊÎ¥´´Ò¥ ¢ Î¨¸²¥´´μ³ Ô±¸¶¥·¨³¥´É¥ ŠŠ ¶·¨
±μÔËË¨Í¨¥´É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ¸²μÖ³¨ s = −0, 3 ¨ ¤¢ÊÌ ¤²¨´ Ì 2l = 10
¨ 2l = 7 ±μ´É ±É . ‚ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö ¥¤¨´¨Î´μ£μ „Š, ´  ¶ ·Í¨ ²Ó´ÒÌ ŠŠ
¨³¥ÕÉ¸Ö ÉμÎ±¨ · §·Ò¢  ´¥¶·¥·Ò¢´μ¸É¨, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ¸± Î±¨ ³ ±-
¸¨³ ²Ó´μ£μ ±·¨É¨Î¥¸±μ£μ Éμ±  γ ¤²Ö ´¥±μÉμ·ÒÌ §´ Î¥´¨° ³ £´¨É´μ£μ ¶μ²Ö
hB . �  ·¨¸. 3 ¸± Î±¨ μÉ³¥Î¥´Ò ¢¥·É¨± ²Ó´Ò³¨ ¶·Ö³Ò³¨. �É³¥É¨³, ÎÉμ ¶·¨
Ê¢¥²¨Î¥´¨¨ ¤²¨´Ò ±μ´É ±É  (2l = 10) Î¨¸²μ ¸± Î±μ¢ Éμ±  · ¸É¥É,   ¨Ì ¸É·Ê±-
ÉÊ·  ¸É ´μ¢¨É¸Ö ¸²μ¦´¥¥. �¤´ ±μ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ´ ¡²Õ¤¥´¨¥ ´¥±μÉμ·ÒÌ
¨§ ¸± Î±μ¢, ¢μ§³μ¦´μ, ¡Ê¤¥É § É·Ê¤´¨É¥²Ó´Ò³ ¢¢¨¤Ê ¨Ì ´¥§´ Î¨É¥²Ó´μ°  ³-
¶²¨ÉÊ¤Ò.

‘É·Ê±ÉÊ·  �Š ¨ ¢μ§´¨±´μ¢¥´¨¥ ÉμÎ¥± · §·Ò¢  ´¥¶·¥·Ò¢´μ¸É¨ ŠŠ ¤¥-
³μ´¸É·¨·Ê¥É¸Ö ´  ·¨¸. 4Ä6. „²Ö μ¶¨¸ ´¨Ö ·¥Ï¥´¨° ¨¸¶μ²Ó§Ê¥³ μ¡μ§´ Î¥´¨Ö:
M Å ³¥°¸¸´¥·μ¢¸±μ¥ ·¥Ï¥´¨¥, Φn Å n-Ë²Õ±¸μ´´Ò° ¢¨Ì·Ó, B Å ¡·¨§¥·
(¶μ¤·μ¡´μ¸É¨ ¨§²μ¦¥´Ò ¢ ´ Ï¥° · ¡μÉ¥ [12]). —¨¸²μ ¢¨Ì·¥° (Ë²Õ±¸μ´μ¢) ¢
· ¸¶·¥¤¥²¥´¨¨ ϕi(x) ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ [2, 12]

n[ϕi] =
1

2lπ

l∫
−l

ϕi(x) dx.
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�¨¸. 2. �¥±μÉμ·Ò¥ ¶ ·Í¨ ²Ó´Ò¥ ¡¨ËÊ·-
± Í¨μ´´Ò¥ ±·¨¢Ò¥ ¢ ¸²ÊÎ ¥ 2l = 10 ¨
s = −0, 3

�¨¸. 3. � ·Í¨ ²Ó´Ò¥ ŠŠ ¶¥·¢μ£μ ¸²μÖ
„Š ¶·¨ s = −0, 3 ¤²Ö 2l = 10 (1) ¨
2l = 7 (2)

�¨¸. 4. � ·ÊÏ¥´¨Ö ´¥¶·¥·Ò¢´μ¸É¨ ¶ ·-
Í¨ ²Ó´μ° ŠŠ ¤²Ö 2l = 7 ¨ s = −0, 2

�¨¸. 5. � ·ÊÏ¥´¨Ö ´¥¶·¥·Ò¢´μ¸É¨ ¶ ·-
Í¨ ²Ó´μ° ŠŠ ¤²Ö 2l = 7 ¨ s = −0, 5

�·¨ ³ ²ÒÌ hB ¤μ³¨´¨·Ê¥É �Š, μ¡μ§´ Î¥´´ Ö ´μ³¥·μ³ 1. �´  ¸μμÉ¢¥É-
¸É¢Ê¥É ¸¨³³¥É·¨Î´μ³Ê ·¥Ï¥´¨Õ (ϕ1(x) = ϕ2(x)) ¢¨¤  (M, M). �·¨ ´ · ¸É -
´¨¨ ¶μ²Ö hB ¢ ÉμÎ±¥ A ¶·μ¨¸Ìμ¤¨É ´¥¶·¥·Ò¢´Ò° ¶¥·¥Ìμ¤ ´  ¡¨ËÊ·± Í¨μ´´ÊÕ
±·¨¢ÊÕ 2. ‚ μÉ²¨Î¨¥ μÉ ÉμÎ±¨ A ¢ ÉμÎ±¥ B ¨³¥¥É¸Ö ¸± Îμ± ³ ±¸¨³ ²Ó´μ£μ
±·¨É¨Î¥¸±μ£μ Éμ±  ¸ ¡¨ËÊ·± Í¨μ´´μ° ±·¨¢μ° 2 ´  �Š ¸ ´μ³¥·μ³ 3. �·¨
¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨ ¶μ²Ö hB ¢ ÉμÎ±¥ C ¸´μ¢  ¨³¥¥É¸Ö ¸± Îμ± ¸ ¡¨ËÊ·± -
Í¨μ´´μ° ±·¨¢μ° 3 ´  ¡¨ËÊ·± Í¨μ´´ÊÕ ±·¨¢ÊÕ 4. �¥Ï¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
Ê± § ´´Ò³ ±·¨¢Ò³ 2, 3, 4 ¨ 5, ´¥¸¨³³¥É·¨Î´Ò (ϕ1(x) �= ϕ2(x)) ¨ ¶·¥¤¸É -
¢²ÖÕÉ ¸μ¡μ° ´¥±μÉμ·Ò¥ ¨§ ¶ · ¢¨¤  (M, Φ), (Φ, M), (M, B) ¨²¨ (B, M).

�·¨ ¢μ§· ¸É ´¨¨ ¢¥²¨Î¨´Ò |s| μ¡² ¸É¨ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¶μ ¶ · ³¥É· ³ hB

¨ γ ·¥Ï¥´¨¥ 4 É ±¦¥ Ê¢¥²¨Î¨¢ ¥É¸Ö, ÎÉμ ¶μ± § ´μ ´  ·¨¸. 6. �·¨ ÔÉμ³ ¸μμÉ-
¢¥É¸É¢ÊÕÐ Ö �Š 4 ¶¥·¥¸¥± ¥É¸Ö ¸ �Š 5 ¢ ÉμÎ±¥ D (¸³. ·¨¸. 6), ¢ ·¥§Ê²ÓÉ É¥
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Î¥£μ ¸É·Ê±ÉÊ·  ¸± Î±μ¢ ³¥´Ö¥É¸Ö. �É³¥É¨³, ÎÉμ ¶·¨ ´¥¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ¶ -
· ³¥É·  ¸¢Ö§¨ s ·¥Ï¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ �Š 4 (·¨¸. 5, 6), ´¥ μ¡´ ·Ê¦¥´Ò ¢
Î¨¸²¥´´μ³ Ô±¸¶¥·¨³¥´É¥, ÎÉμ £μ¢μ·¨É μ ´ ²¨Î¨¨ ¡¨ËÊ·± Í¨° ·¥Ï¥´¨° § ¤ Î¨
(1.3) ¶μ ¶ · ³¥É·Ê s.

�  ·¨¸. 7 ¤¥³μ´¸É·¨·Ê¥É¸Ö ¢²¨Ö´¨¥ ¶ · ³¥É·  ¸¢Ö§¨ s ´  ¶ ·Í¨ ²Ó´ÊÕ
ŠŠ. ‚¨¤´μ, ÎÉμ ¸ Ê³¥´ÓÏ¥´¨¥³ §´ Î¥´¨Ö |s| ±·¨É¨Î¥¸±¨¥ ±·¨¢Ò¥ ¸¤¢¨£ ÕÉ¸Ö
´ ¶· ¢μ,    ³¶²¨ÉÊ¤  ¸± Î±μ¢ ±·¨É¨Î¥¸±μ£μ Éμ±  ¡Ò¸É·μ Ê³¥´ÓÏ ¥É¸Ö. ’¥³
¸ ³Ò³ ŠŠ ¶·¨ Ê³¥´ÓÏ¥´¨¨ |s| ¸É·¥³ÖÉ¸Ö ± ¶μ²μ¦¥´¨Õ, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê
´¥§ ¢¨¸¨³Ò³ ¸²μÖ³ (s = 0).

�¨¸. 6. � ·ÊÏ¥´¨Ö ´¥¶·¥·Ò¢´μ¸É¨ ¶ ·-
Í¨ ²Ó´μ° ŠŠ ¤²Ö 2l = 7 ¨ s = −0, 6

7 6

�¨¸. 7. ŠŠ „Š ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ
¶ · ³¥É·  s ¤²Ö 2l = 7: 1 Å s = 0;
2 Å s = −0,01; 3 Å s = −0,05; 4 Å
s = −0,1; 5 Å s = −0,2; 6 Å s = −0,3;
7 Å s = −0,5

4. ‡�Š‹	—ˆ’…‹œ�›… ‡�Œ…—��ˆŸ

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ê¸Éμ°Î¨¢μ¸É¨ ¨ ¡¨ËÊ·± Í¨° ±μ´-
Ë¨£Ê· Í¨° ³ £´¨É´μ£μ ¶μÉμ±  ¢ ¸¨³³¥É·¨Î´μ³ ¤¢ÊÌ¸²μ°´μ³ „Š ¶·¨³¥´ÖÕÉ¸Ö
³¥Éμ¤Ò É¥μ·¨¨ ¶ ·Í¨ ²Ó´μ° Ê¸Éμ°Î¨¢μ¸É¨. —¨¸²¥´´Ò³ ¶ÊÉ¥³ ¶μ¸É·μ¥´Ò ¡¨-
ËÊ·± Í¨μ´´Ò¥ ±·¨¢Ò¥ ¤²Ö ·Ö¤  · ¸¶·¥¤¥²¥´¨° ¢ „Š. ŠŠ ± ¦¤μ£μ ¸²μÖ · ¸-
¸³ É·¨¢ ¥É¸Ö ± ± μ£¨¡ ÕÐ Ö �Š ¤²Ö μÉ¤¥²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°. ‘ ³ É¥³ É¨-
Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ÔËË¥±ÉÒ, μ¡´ ·Ê¦¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ [3, 4], ³μ£ÊÉ
¡ÒÉÓ μ¡Ê¸²μ¢²¥´Ò ´ ²¨Î¨¥³ ÉμÎ¥± · §·Ò¢  ´¥¶·¥·Ò¢´μ¸É¨ ¶ ·Í¨ ²Ó´ÒÌ ±·¨-
É¨Î¥¸±¨Ì ±·¨¢ÒÌ, ¶μ²μ¦¥´¨¥ ±μÉμ·ÒÌ § ¢¨¸¨É μÉ ¢Ò¡μ·  ³μ¤¥²¨ ¨ §´ Î¥´¨°
¶ · ³¥É·μ¢.

�É³¥É¨³, ÎÉμ ³¥Éμ¤Ò ´ ¸ÉμÖÐ¥° · ¡μÉÒ ²¥£±μ ¶¥·¥´μ¸ÖÉ¸Ö ´  ¡μ²¥¥
¸²μ¦´Ò¥ ¸²μ¨¸ÉÒ¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ¸É·Ê±ÉÊ·Ò.
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�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·´Ò ¶·μË. ‹.�. �Ê² ¥¢¸±μ³Ê (‹μ¸-�² -
³μ¸, ‘˜�), ¶·μË. 
. ƒμ²¤μ¡¨´Ê (’Õ¡¨´£¥´, ƒ¥·³ ´¨Ö), ¶·μË. ….�.†¨¤±μ¢Ê
¨ ¶·μË. ˆ. ‚.�Ê§Ò´¨´Ê (�ˆŸˆ, „Ê¡´ , �μ¸¸¨Ö),   É ±¦¥ ¶·μË. ‹. ‹¨²μ¢Ê
(‘μË¨°¸±¨° Ê´¨¢¥·¸¨É¥É ‘¢. Š².�Ì·¨¤¸±μ£μ, �μ²£ ·¨Ö) §  ¸É¨³Ê²¨·ÊÕÐ¨¥
¤¨¸±Ê¸¸¨¨.
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