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‚ · ¡μÉ¥ ¶μ²ÊÎ¥´μ  ´ ²¨É¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¡Ò¸É·μ¢· Ð Õ-
Ð¨Ì¸Ö ¸¢¥·Ì¶²μÉ´ÒÌ ´ÓÕÉμ´μ¢¸±¨Ì ¶μ²¨É·μ¶ ¢ ¢¨¤¥ ³´μ£μÎ²¥´μ¢ ¶μ ¸É¥¶¥´Ö³ ¶ · ³¥É·μ¢ ¸¶²Õ¸-
´ÊÉμ¸É¨ e ¨ ¨´¤¥±¸  ¶μ²¨É·μ¶Ò n,  ¶¶·μ±¸¨³¨·ÊÕÐ¨Ì ¥£μ ¸ ¶μ£·¥Ï´μ¸ÉÓÕ 10−3. �μ¸É·μ¥´  ¸Ì¥³ 
μ¶·¥¤¥²¥´¨Ö ±·¨É¨Î¥¸±¨Ì ÉμÎ¥± ¢ · ¸¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨. „²Ö ¸²ÊÎ Ö n = 1,4 ¶μ-
²ÊÎ¥´Ò §´ Î¥´¨Ö ¶ · ³¥É·μ¢, Ì · ±É¥·¨§ÊÕÐ¨Ì  ´ ²¨É¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶²μÉ´μ¸É¨ ¢¡²¨§¨
±·¨É¨Î¥¸±¨Ì ÉμÎ¥±. ˆ¸¸²¥¤μ¢ ´  ¤¨´ ³¨±  ±·¨É¨Î¥¸±¨Ì ÉμÎ¥± ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶ · ³¥É·  e. �μ-
± § ´μ ¢μ§´¨±´μ¢¥´¨¥ ± É ¸É·μË É¨¶  A2, A3. „μ± § ´μ, ÎÉμ ¢¡²¨§¨ ÉμÎ±¨ e = 0,3503 ¢ · ¸¶·¥¤¥-
²¥´¨¨ ¶²μÉ´μ¸É¨ ¢μ§´¨± ¥É μ¡² ¸ÉÓ ¶Ê§Ò·Ö, ¨³¥ÕÐ¥£μ Ëμ·³Ê Ô²²¨¶É¨Î¥¸±μ£μ Éμ· .

In this work we have obtained an analytic expression of density distribution of rapidly rotating
superdense Newtonian polytropes by polynomials based on degrees of parameter 	atness e and a
polytropic index n approximating it with an accuracy of 10−3. We have built the diagram of deˇnition
of critical points in conˇguration density distribution. For the case where n = 1.4, we have obtained the
parameter values characterizing the analytic expression of density near the critical points. In this work
there has been studied the critical points dynamics versus e parameter. This work visualizes formation
of bumping of type A2, A3. It has been proved that near the point of e = 0.3503 in density distribution,
a ®bubble area¯ in the form of elliptic torus arises.

PACS: 97.10.Kc
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“´¨± ²Ó´Ò¥ ¤ ´´Ò¥ μ¡ Ê· ¢´¥´¨ÖÌ ¸μ¸ÉμÖ´¨Ö ¸¢¥·Ì¶²μÉ´μ° Ö¤¥·´μ° ³ É¥·¨¨ ¸ ¶²μÉ-
´μ¸ÉÓÕ ρ > 2,9 · 1014 £/¸³3 ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ± ± ¨§ ´ ¡²Õ¤¥´¨Ö ¸¢μ°¸É¢ ¢· Ð Õ-
Ð¨Ì¸Ö ´¥°É·μ´´ÒÌ §¢¥§¤ (¶Ê²Ó¸ ·μ¢), É ± ¨ ² ¡μ· Éμ·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸Éμ²±´μ¢¥-
´¨Õ ¢¸É·¥Î´ÒÌ ¢Ò¸μ±μÔ´¥·£¨Î´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢.

� ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´Ò³¨ ¢ ÔÉμ³  ¸¶¥±É¥ Ö¢²ÖÕÉ¸Ö ´ ¡²Õ¤¥´¨Ö §  Ô¢μ²ÕÍ¨¥° Ô±¸É·¥-
³ ²Ó´μ ¢· Ð ÕÐ¨Ì¸Ö ³¨²²¨¸¥±Ê´¤´ÒÌ ¶Ê²Ó¸ ·μ¢. Œ´μ£¨¥ ¨Ì ¸¢μ°¸É¢  ´ Î¨´ ÕÉ ¸¨²Ó´μ
§ ¢¨¸¥ÉÓ μÉ ¢¨¤  Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö [1].

‘ÊÐ¥¸É¢¥´´Ò³ ¢±² ¤μ³ ¢ ·¥Ï¥´¨¥ ¤ ´´μ° § ¤ Î¨ Ö¢²Ö¥É¸Ö ¶μ¨¸± ´  Ê¸±μ·¨É¥²ÖÌ ´μ-
¢ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥·´μ° ³ É¥·¨¨, ¢μ§´¨± ÕÐ¨Ì ¢ ¶·μÍ¥¸¸¥ ¸μÊ¤ ·¥´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢
¢Ò¸μ±¨Ì Ô´¥·£¨°. �É  § ¤ Î  ·¥Ï ¥É¸Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢± Ì LHC (CERN,
˜¢¥°Í ·¨Ö), RHIC (BNL, ‘˜�),   É ±¦¥ ¶² ´¨·Ê¥É¸Ö ¤²Ö ¨§ÊÎ¥´¨Ö ´  ¡Ê¤ÊÐ¨Ì Ê¸±μ-
·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸ Ì NICA (�ˆŸˆ, „Ê¡´ ) ¨ FAIR (GSI, ƒ¥·³ ´¨Ö) [2, 3]. ‚ �ˆŸˆ
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μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸É·μ¨É¥²Ó¸É¢μ ´μ¢μ£μ ÉÖ¦¥²μ¨μ´´μ£μ ±μ²² °¤¥·  NICA ¸ Ô´¥·£¨Ö³¨ μÉ
4 ¤μ 11 ƒÔ‚/´Ê±²μ´ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. �·¨ É ±¨Ì Ô´¥·£¨ÖÌ μ¡· §Ê¥É¸Ö ¸μ¸ÉμÖ´¨¥
£μ·ÖÎ¥° ¨ ¶²μÉ´μ° Ö¤¥·´μ° ³ É¥·¨¨ ± ± ¢ Ëμ·³¥ ¸³¥Ï ´´μ° Ë §Ò ¨§ ±¢ ·±μ¢ ¨ £²Õμ-
´μ¢, É ± ¨ ¨§  ¤·μ´μ¢. Š·μ³¥ ÔÉμ£μ, ´  NICA ¡Ê¤¥É ¢μ§³μ¦¥´ ¶μ¨¸± ¸¨£´ ²μ¢ ¶¥·¥Ìμ¤ 
 ¤·μ´´μ° ³ É¥·¨¨ ¢ ±¢ ·±-£²Õμ´´ÊÕ ¶² §³Ê [2].

‚ ¶² ´¨·Ê¥³ÒÌ ´  NICA Ô±¸¶¥·¨³¥´É Ì ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ ¸μ¸ÉμÖ´¨¥ ¢¥Ð¥¸É¢  ¸
¶²μÉ´μ¸ÉÓÕ,  ´ ²μ£¨Î´μ° ¶²μÉ´μ¸É¨ ´¥°É·μ´´ÒÌ §¢¥§¤ ¶μ·Ö¤±  5·1014Ä1015 £/¸³3. ‚μ§´¨-
± ¥É Ê´¨± ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ¡ Ê· ¢´¥´¨ÖÌ ¸μ¸ÉμÖ´¨Ö ¸³¥Ï ´-
´μ° Ë §Ò ¨ ±¢ ·±-£²Õμ´´μ° ¶² §³Ò, ¨¸¶μ²Ó§μ¢ ´¨¥ ¥¥ ¢ · ¸Î¥É Ì ¸¢μ°¸É¢ ¡Ò¸É·μ¢· Ð Õ-
Ð¨Ì¸Ö ´¥°É·μ´´ÒÌ §¢¥§¤, É ±¨Ì ± ± ³ ¸¸ , · ¤¨Ê¸Ò, ³μ³¥´É ¨´¥·Í¨¨, ¸±μ·μ¸ÉÓ ¨§³¥´¥´¨Ö
¨Ì ¶¥·¨μ¤  ¢· Ð¥´¨Ö. ‘· ¢´¥´¨¥ · ¸Î¥Éμ¢ ¸  ¸É·μË¨§¨Î¥¸±¨³¨ ¤ ´´Ò³¨ ¶μ§¢μ²¨É ¶μ-
²ÊÎ¨ÉÓ μ£· ´¨Î¥´¨Ö ´  ³¥Ì ´¨§³Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ ¨ £²Õμ´μ¢ ¢ Ê± § ´´μ³ ¢ÒÏ¥
¤¨ ¶ §μ´¥ ¶²μÉ´μ¸É¥°.

� ¨¡μ²ÓÏ¥° ¶μ¶Ê²Ö·´μ¸ÉÓÕ ¶μ²Ó§Ê¥É¸Ö § ¤ ´¨¥ Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¢ ¢¨¤¥ ¶μ²¨-
É·μ¶Ò. Š ± ¶μ± § ´μ ¢ ´ Ï¥° · ¡μÉ¥ [4], ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ± ± Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö
¨¤¥ ²Ó´μ£μ Ë¥·³¨-£ § , É ± ¨ ·¥ ²¨¸É¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö 
¥É¥Ä„¦μ´¸μ´  ¨ �¥°¤  ³μ¦´μ
¶·¨¡²¨§¨ÉÓ ¶μ²¨É·μ¶μ° ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¨´¤¥±¸ .

1. �‘��‚�›… “��‚�…�ˆŸ

‚ ¸²ÊÎ ¥ ¶μ²¨É·μ¶Ò μÉ´μ¸¨É¥²Ó´ Ö ¶²μÉ´μ¸ÉÓ ρ̃ = ρ/ρ0 (ρ0 Å ¶²μÉ´μ¸ÉÓ ¢ Í¥´É·¥)
μ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· ²Ó´Ò³ Ê· ¢´¥´¨¥³ (‹Ö¶Ê´μ¢ ) ¸ ¶μ¤¢¨¦´μ° £· ´¨Í¥° ¢ R3 [1]:
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√
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2, x1 = x/a1, x2 = y/a1, x3 = z/a3,
a1, a3 Å ¤²¨´Ò ¡μ²ÓÏμ° ¨ ³ ²μ° ¶μ²Êμ¸¥° ¸Ë¥·μ¨¤ ,  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ¶μ¢¥·Ì´μ¸ÉÓ
±μ´Ë¨£Ê· Í¨¨; e = a3/a1, ε = ω2/(4πGρ0), ω Å Ê£²μ¢ Ö ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ±μ´Ë¨£Ê-
· Í¨¨; G Å £· ¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö; K0 = P0/(2πGρ2
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1), P0 Å ¤ ¢²¥´¨¥ ¢ Í¥´É·¥

±μ´Ë¨£Ê· Í¨¨; n Å ¨´¤¥±¸ ¶μ²¨É·μ¶Ò.
ƒ· ´¨Í  ±μ´Ë¨£Ê· Í¨¨ ´ Ìμ¤¨É¸Ö ¨§ Ê¸²μ¢¨Ö ρ(r) = 0.
‚ ¤ ²Ó´¥°Ï¥³ ¤²Ö Ê¶·μÐ¥´¨Ö μ¡μ§´ Î¥´¨° ¶μ²μ¦¨³ x3 = z ¨ ¡Ê¤¥³ ¨¸± ÉÓ ·¥Ï¥-

´¨¥ (1) ¢ ¢¨¤¥ ¶μ²¨´μ³  ´ ¨²ÊÎÏ¥£μ ¶·¨¡²¨¦¥´¨Ö ¢ ³¥É·¨±¥ L2 ¢ ¸²ÊÎ ¥ Ë¨£Ê· ¢· Ð¥´¨Ö:

ρ̃ = 1 +
N∑

a+b=2

ρ̃ab(e, n) razb. (2)

‚ (2) §´ Î¥´¨Ö ¨´¤¥±¸μ¢ a ¨ b ¡¥·ÊÉ¸Ö Î¥É´Ò³¨,   N ¢μ§Ó³¥³ · ¢´Ò³ Ï¥¸É¨.
’¥μ·¥É¨Î¥¸±¨³ μ¸´μ¢ ´¨¥³ (2) Ö¢²Ö¥É¸Ö É¥μ·¥³  ‘ÉμÊ´ Ä‚¥°¥·ÏÉ· ¸¸  μ · ¢´μ³¥·-

´μ³ ¶·¨¡²¨¦¥´¨¨ ´¥¶·¥·Ò¢´μ° ´  ±μ³¶ ±É¥ ËÊ´±Í¨¨ ´¥¸±μ²Ó±¨Ì ¶¥·¥³¥´´ÒÌ [5].
ˆ¸¶μ²Ó§ÊÖ · §· ¡μÉ ´´Ò° ´ ³¨ ¢ [6] ±μ³¶²¥±¸ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´ÒÌ ¶·μ£· ³³ ¢ ¸¨-

¸É¥³¥ MAPLE, ³Ò ¶μ²ÊÎ¨²¨  ´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥ ¢ ¢¨¤¥ ³´μ£μÎ²¥´μ¢ ¶μ ¸É¥¶¥´Ö³
e ¨ n,  ¶¶·μ±¸¨³¨·ÊÕÐ¨Ì ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ¶μ·Ö¤±  10−6 Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ ρ̃ab(e, n).
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�¨¸. 1. ‹�“ ¤²Ö e = 1,0000

�¸´μ¢´ Ö § ¤ Î  ´ Ï¥° · ¡μÉÒ Å ÔÉμ  ´ ²¨§ ¸É·Ê±-
ÉÊ·Ò (2) ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¶· ¢²ÖÕÐ¨Ì ¶ · ³¥É·μ¢ e ¨
n. �¡Ð¨° ¸²ÊÎ ° ¶·μ¨§¢μ²Ó´ÒÌ §´ Î¥´¨° e ¨ n Î·¥§¢Ò-
Î °´μ ¸²μ¦¥´, ¶μÔÉμ³Ê ³Ò, ± Î¥¸É¢¥´´μ ´¥ Ê¶·μÐ Ö § -
¤ ÎÊ, ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¥¥ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ §´ -
Î¥´¨¨ ¨´¤¥±¸  ¶μ²¨É·μ¶Ò n = 1,4. „ ´´μ¥ §´ Î¥´¨¥
¡²¨§±μ ± §´ Î¥´¨Õ ¨´¤¥±¸  ¶μ²¨É·μ¶Ò ¤²Ö ¨¤¥ ²Ó´μ£μ
´¥·¥²ÖÉ¨¢¨¸É¸±μ£μ Ë¥·³¨-£ §  ´¥°É·μ´μ¢ ¨ ¶·¨¢μ¤¨É ±
μÎ¥´Ó ¨´É¥·¥¸´Ò³ ÔËË¥±É ³ ¢ · ¸¶·¥¤¥²¥´¨¨ ρ̃. “¶· -
¢²ÖÕÐ¨³ ¶ · ³¥É·μ³ § ¤ Î¨ μ¸É ¥É¸Ö Éμ²Ó±μ ¶ · ³¥É·
¸¶²Õ¸´ÊÉμ¸É¨ e(ε).

�¤´¨³ ¨§ ¶·μ¸ÉÒÌ ¨ ´ £²Ö¤´ÒÌ ³¥Éμ¤μ¢ ¨§ÊÎ¥´¨Ö
ËÊ´±Í¨¨ ρ̃(r, z, e) Ö¢²Ö¥É¸Ö ³¥Éμ¤ ¨§ÊÎ¥´¨Ö ¶μ¢¥·Ì´μ-
¸É¥° ¶μ¸ÉμÖ´´μ£μ Ê·μ¢´Ö (��“), ¶μ²ÊÎ¥´´ÒÌ ¶·¨ Ë¨±-
¸¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ ρ̃. „²Ö Ë¨£Ê· ¢· Ð¥´¨Ö ÔÉÊ § -
¤ ÎÊ ³μ¦´μ Ê¶·μ¸É¨ÉÓ. � ¸¸³μÉ·¨³ ¸¥Î¥´¨¥ ±μ´Ë¨£Ê-
· Í¨¨ ¶μ²Ê¶²μ¸±μ¸ÉÓÕ φ = const (φ Å Ê£μ²  §¨³ÊÉ ).
’μ£¤  ��“ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¸ ¶μ²Ê¶²μ¸±μ¸ÉÓÕ μ¡· -
§ÊÕÉ ¸¥³¥°¸É¢μ ²¨´¨° ¶μ¸ÉμÖ´´μ£μ Ê·μ¢´Ö (‹�“). �´¨
É ±¦¥ Ö¢²ÖÕÉ¸Ö  ²£¥¡· ¨Î¥¸±¨³¨ ±·¨¢Ò³¨ Ï¥¸Éμ£μ
¶μ·Ö¤± .

� ¸¸³μÉ·¨³ ¢´ Î ²¥ ¸ ³Ò° ¶·μ¸Éμ° ¸²ÊÎ ° e = 1,
É. ¥. ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´Ò° ¸²ÊÎ ° ¡¥§ ¢· Ð¥´¨Ö.
‹�“ ¸ Ï £μ³ 1/30 ¶μ± § ´Ò ´  ·¨¸. 1.

Š ± ¢¨¤´μ ¨§ ·¨¸. 1, ‹�“ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° μ±·Ê¦´μ¸É¨. �É³¥É¨³, ÎÉμ ¢ Í¥´É· ²Ó-
´μ° Î ¸É¨ ¨ ¢¡²¨§¨ £· ´¨ÍÒ ¶²μÉ´μ¸ÉÓ Ê¡Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ ³¥¤²¥´´¥¥, Î¥³ ¢ ¸·¥¤¨´´μ°
¥¥ Î ¸É¨.

�·¨ ´ ²¨Î¨¨ ¢· Ð¥´¨Ö ε �= 0 ¨ e �= 1 ± ·É¨´  Ê¸²μ¦´Ö¥É¸Ö. ‡ ¢¨¸¨³μ¸ÉÓ ε μÉ e ¶·¨
n = 1,4 ¤ ¥É £· Ë¨± ·¨¸. 2.

‚ ¸²ÊÎ ¥ e = 0,6 (ε = 0,03225) ‹�“ ¨§μ¡· ¦¥´Ò ´  ·¨¸. 3.

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ËÊ´±Í¨¨ ε μÉ e �¨¸. 3. ‹�“ ¤²Ö e = 0,6000
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ˆ§ ·¨¸. 3 ¢¨¤´μ, ÎÉμ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ‹�“ ¢ μ¡² ¸É¨ §´ Î¥´¨° 0,7 < r < 0,9
¸ÊÐ¥¸É¢¥´´μ ¢μ§·μ¸²μ. �Éμ μ§´ Î ¥É ´ ²¨Î¨¥ ¢ ÔÉμ° μ¡² ¸É¨ Ô±¢ Éμ·¨ ²Ó´μ° ¶²μ¸±μ¸É¨
¡μ²ÓÏμ° §μ´Ò ¸ ³¥¤²¥´´μ ³¥´ÖÕÐ¥°¸Ö ¶²μÉ´μ¸ÉÓÕ.

Š ·É¨´  ‹�“ ¸ÊÐ¥¸É¢¥´´μ Ê¸²μ¦´Ö¥É¸Ö ¶·¨ e � 0,5105 (ε � 0,03502). �μÔÉμ³Ê ¤ ²¥¥
Í¥²¥¸μμ¡· §´μ ¤²Ö ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò ρ̃ ¨¸¶μ²Ó§μ¢ ÉÓ ± Î¥¸É¢¥´´Ò¥ ³¥Éμ¤Ò  ´ ²¨§  ¨§
³ É¥³ É¨Î¥¸±μ° É¥μ·¨¨ ± É ¸É·μË [7, 8]. ‘μ£² ¸´μ ÔÉμ° É¥μ·¨¨, Í¥´É· ²Ó´μ¥ ³¥¸Éμ ¢
´ Ï¥³ ¸²ÊÎ ¥ § ´¨³ ¥É ¢μ¶·μ¸ μ ¶μ¨¸±¥ ±·¨É¨Î¥¸±¨Ì ÉμÎ¥±, ¨Ì ±² ¸¸¨Ë¨± Í¨¨ ¨ ¨§ÊÎ¥-
´¨¨ ¤¨´ ³¨±¨ ¶·¨ ¨§³¥´¥´¨¨ Ê¶· ¢²ÖÕÐ¥£μ ¶ · ³¥É·  e(ε). �ÉÊ ¶·μ£· ³³Ê ´¥¸²μ¦´μ
·¥ ²¨§μ¢ ÉÓ ´  ±μ³¶ÓÕÉ¥·¥ ¢ ¸¨¸É¥³¥ MAPLE, É ± ± ± ¢ · ³± Ì ÔÉμ° ¸¨¸É¥³Ò Ê ´ ¸ Ê¦¥
¥¸ÉÓ  ´ ²¨É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ρ̃ab(e).

2. ��‘—…’ Š�ˆ’ˆ—…‘Šˆ• ’�—…Š

Š·¨É¨Î¥¸±¨¥ ÉμÎ±¨ rk , zk ¤²Ö £² ¤±¨Ì ËÊ´±Í¨° f(r, z) ´ Ìμ¤ÖÉ¸Ö ¨§ Ê· ¢´¥´¨Ö

��f(r, z, e) = 0. (3)

�μ¸±μ²Ó±Ê Ê ´ ¸ ρ̃ Å ¶μ²¨´μ³ ¶μ ±μμ·¤¨´ É ³ r ¨ z, ¶·¨¡²¨¦ ÕÐ¨° ¶²μÉ´μ¸ÉÓ
±μ´Ë¨£Ê· Í¨¨ ¢ L2, ³Ò ¶·¥¤² £ ¥³ ¤²Ö ¶μ¨¸±  ±·¨É¨Î¥¸±¨Ì ÉμÎ¥± ¨ ¨§ÊÎ¥´¨Ö ¶μ¢¥¤¥´¨Ö
ρ̃ ¢¡²¨§¨ ´¨Ì ¨¸¶μ²Ó§μ¢ ÉÓ ¸²¥¤ÊÕÐ¨° ¶μ¤Ìμ¤, Ô±¢¨¢ ²¥´É´Ò° Ê¸²μ¢¨Õ (3) ¤²Ö £² ¤±¨Ì
ËÊ´±Í¨°, ±μÉμ·Ò° ²¥£±μ ·¥ ²¨§Ê¥É¸Ö ¢ ¢¨¤¥ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò. ‚¡²¨§¨ ±·¨É¨Î¥-
¸±¨Ì ÉμÎ¥± rk, zk ¶·¥¤¸É ¢¨³ r ¨ z ¢ ¢¨¤¥

r = rk + R cosα + Z sin α, z = zk + Z cosα − R sin α,
(4)

|R| � 1, |Z| � 1.

�μ¤¸É ¢²ÖÖ (4) ¢ (2), ¨³¥¥³

ρ̃ = ρ̃0k(e) +
6∑

a+b=1

F (a, b, rk, zk, α, e)RaZb. (5)

� §´μ¸ÉÓ ρ̃ − ρ̃0k Ê¤μ¡´μ μ¡μ§´ Î¨ÉÓ ± ± h. ’μ£¤  (5) ¶¥·¥¶¨Ï¥É¸Ö ¢ ¢¨¤¥

h =
6∑

a+b=1

F (a, b, rk, zk, α, e)RaZb. (6)

‡´ Î¥´¨Ö rk , zk ¨ α ´ Ìμ¤ÖÉ¸Ö ¨§ Ê· ¢´¥´¨°

F (1, 0, rk, zk, α, e) = F (0, 1, rk, zk, α, e) = F (1, 1, rk, zk, α, e) = 0. (7)

�μ¤¸É ¢²ÖÖ ¨Ì ¢ (6) ¨ ¸μÌ· ´ÖÖ ¢ ´¥³ §´ Î Ð¨¥ Î²¥´Ò · §²μ¦¥´¨Ö ¶μ ¸É¥¶¥´Ö³ R ¨
Z ¢ μ±·¥¸É´μ¸É¨ ±·¨É¨Î¥¸±μ° ÉμÎ±¨ rk, zk, ¨³¥¥³

h = λ1(e)R2 + λ2(e)Z2 + ã(e)R3 + b̃(e)Z3 + c̃(e)Z4. (8)
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‚ ³ É¥³ É¨Î¥¸±μ° É¥μ·¨¨ ± É ¸É·μË ¢Ò· ¦¥´¨¥ hM = λ1R
2 + λ2Z

2 ¶μ²ÊÎ¨²μ ´ §¢ -
´¨¥ ³μ·¸μ¢¸±μ° ¸μ¸É ¢²ÖÕÐ¥°,   hNM = ãR3 + b̃Z3 + c̃Z4 ´¥³μ·¸μ¢¸±μ° ¸μ¸É ¢²ÖÕÐ¥°.
‚ ·¥§Ê²ÓÉ É¥ h = hM + hNM .

”Ê´±Í¨Õ hNM ´ §Ò¢ ÕÉ É ±¦¥ ·μ¸É±μ³ ± É ¸É·μËÒ, ¨ μ´  ¸ÊÐ¥¸É¢¥´´  Éμ²Ó±μ ¶·¨
λ1 · λ2 = 0. �É¨ ÉμÎ±¨ ¶μ²ÊÎ¨²¨ ´ §¢ ´¨¥ ± É ¸É·μË. ‚ ÉμÎ± Ì ± É ¸É·μË ¢ ´ Ï¥³
¸²ÊÎ ¥ μÉ²¨Î´Ò³¨ μÉ ´Ê²Ö ¡Ê¤ÊÉ ±μÔËË¨Í¨¥´ÉÒ ¨²¨ ã, ¨²¨ b̃, ¨²¨ c̃.

…¸²¨ λ1 = 0, ã �= 0 (b̃ = c̃ = 0), Éμ hNM ∼ R3 ¨ ¨³¥¥É ³¥¸Éμ É¨¶ ± É ¸É·μËÒ A2.
’μÎ´μ É ±μ° ¸²ÊÎ ° ·¥ ²¨§Ê¥É¸Ö ¶·¨ λ2 = 0, b̃ �= 0 (ã = c̃ = 0), hNM ∼ Z3 ¨ É¨¶
± É ¸É·μËÒ A2. �μ ¶·¨ λ2 = 0, c̃ �= 0 (ã = b̃ = 0), hNM ∼ Z4 ¨ É¨¶ ± É ¸É·μËÒ Ê¦¥
¡Ê¤¥É A3. ‚ μ¡Ð¥³ ¸²ÊÎ ¥ É¨¶ ± É ¸É·μËÒ An μ¶·¥¤¥²Ö¥É¸Ö ·μ¸É±μ³ xn+1.

Š·¨É¨Î¥¸±¨¥ ÉμÎ±¨ ¸ λ1 · λ2 �= 0 ´ §Ò¢ ÕÉ¸Ö ³μ·¸μ¢¸±¨³¨, ¸ λ1 · λ2 = 0 ´¥³μ·¸μ¢-
¸±¨³¨. Œμ·¸μ¢¸±¨¥ ÉμÎ±¨ Å ÔÉμ ÉμÎ±¨ ²μ± ²Ó´μ£μ ³ ±¸¨³Ê³  (λ1 < 0, λ2 < 0), ÉμÎ±¨
³¨´¨³Ê³  (λ1 > 0, λ2 > 0) ¨ ¸¥¤²μ¢Ò¥ ÉμÎ±¨ (λ1 ·λ2 < 0). ˆÌ ¸μμÉ¢¥É¸É¢¥´´μ μ¡μ§´ Î¨³
§´ ± ³¨ ⊕, �, ⊗.

�·μ¢¥¤¥´´Ò¥ ´  ±μ³¶ÓÕÉ¥·¥ · ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ¶μ¸ÉμÖ´´μ° ±·¨É¨Î¥¸±μ° ³μ·-
¸μ¢¸±μ° ÉμÎ±μ° ⊕ ¶·¨ ¢¸¥Ì §´ Î¥´¨ÖÌ e(ε) ¡Ê¤¥É ÉμÎ±  rk = zk = 0, É. ¥. ¢ Í¥´É·¥
±μ´Ë¨£Ê· Í¨¨. ‹�“ ¢¡²¨§¨ ´¥¥ ¡Ê¤ÊÉ Ô²²¨¶¸Ò ¸ ¶μ²Êμ¸Ö³¨

√
h/λ1 ¨

√
h/λ2 (h � 1)

¸μμÉ¢¥É¸É¢¥´´μ.
‡´ Î¥´¨Ö λ1 ¨ λ2 ¶·¨ e = 1 (ε = 0) ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò −2,8652, −2,8652,   ¶·¨

e = 0,6 (ε = 0,03225) −3,5865, −7,4672.
‚Éμ· Ö ±·¨É¨Î¥¸± Ö ÉμÎ±  ¢μ§´¨± ¥É ¶·¨ e = 0,5105 (ε = 0,03502). ‚ ´¥° rk =

0,8360, zk = 0, α = 0, λ1 = 0, λ2 = −0,2850, ·μ¸Éμ± ± É ¸É·μËÒ A2 = ãR3 (ã =

�¨¸. 4. ‹�“ ¤²Ö e = 0,5105

−12,5569). “· ¢´¥´¨¥ ‹�“ ¢¡²¨§¨ ÔÉμ° ±·¨É¨-
Î¥¸±μ° ÉμÎ±¨ ¨³¥¥É ¢¨¤

h = λ2Z
2 + ãR3. (9)

‘É·Ê±ÉÊ·  ‹�“-±μ´Ë¨£Ê· Í¨¨ ¤²Ö ¤ ´´μ£μ
¸²ÊÎ Ö ¨§μ¡· ¦¥´  ´  ·¨¸. 4.

�·¨ Ê³¥´ÓÏ¥´¨¨ e μÉ §´ Î¥´¨Ö 0,5105 ¶·μ-
¨¸Ìμ¤¨É ¶·μÍ¥¸¸ ¢ÒÉÖ£¨¢ ´¨Ö ¨§ ´¥³μ·¸μ¢¸±μ°
±·¨É¨Î¥¸±μ° ÉμÎ±¨ A2 ¤¢ÊÌ ³μ·¸μ¢¸±¨Ì Å ¸¥¤-
²μ¢μ° ÉμÎ±¨ ⊗ ¨ ÉμÎ±¨ ³ ±¸¨³Ê³  ⊕. �ÉμÉ ¶·μ-
Í¥¸¸ ¨§μ¡· ¦¥´ ´  ¤¨ £· ³³¥ ´  ·¨¸. 5.

�¡¥ ÉμÎ±¨ · ¸¶μ²μ¦¥´Ò ¢ ¶²μ¸±μ¸É¨ Ô±¢ -
Éμ· .

‘¥¤²μ¢ Ö ÉμÎ±  ¸ Ê³¥´ÓÏ¥´¨¥³ e ¤¢¨£ ¥É¸Ö ¢
¸Éμ·μ´Ê μ¸¨ ¢· Ð¥´¨Ö,   ÉμÎ±  ³ ±¸¨³Ê³  ¢ ¸Éμ-

�¨¸. 5

·μ´Ê Ô±¢ Éμ· . „²Ö e = 0,48 ¶·¨¢¥¤¥³ ¸¨¸É¥³Ê
‹�“ ´  ·¨¸. 6.

Šμ£¤  e ¤μ¸É¨£ ¥É §´ Î¥´¨Ö e = 0,4195 (ε =
0,03474), ¢μ§´¨± ÕÉ ¥Ð¥ ¤¢¥ ´¥³μ·¸μ¢¸±¨¥ ±·¨-

É¨Î¥¸±¨¥ ÉμÎ±¨ A2, λ1 = 2,3336, λ2 = 0 ¸ ±μÔËË¨Í¨¥´É ³¨ rk = 0,7204, zk = ±0,1227,
α = ∓0,2479. �μ¸Éμ± ± É ¸É·μËÒ A2 · ¢¥´ b̃Z3, b̃ = −1,2300. ‚¡²¨§¨ ÔÉ¨Ì ÉμÎ¥±
Ê· ¢´¥´¨¥ ‹�“ μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³

h = λ1R
2 + b̃Z3. (10)
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�¨¸. 6. ‹�“ ¤²Ö e = 0,4800 �¨¸. 7. ‹�“ ¤²Ö e = 0,4195

�¨¸. 8

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ‹�“ ¨§μ¡· ¦¥´Ò ´  ·¨¸. 7.
�·¨ ¤ ²Ó´¥°Ï¥³ Ê³¥´ÓÏ¥´¨¨ e ¨§ ± ¦¤μ° ´¥-

³μ·¸μ¢¸±μ° ÉμÎ±¨ ¢ÒÉÖ£¨¢ ÕÉ¸Ö ¤¢¥ ³μ·¸μ¢¸±¨¥
ÉμÎ±¨ ³¨´¨³Ê³  � ¨ ¸¥¤²μ¢ Ö ⊗. �ÉμÉ ¶·μÍ¥¸¸
¨§μ¡· ¦¥´ ´  ¤¨ £· ³³¥ ´  ·¨¸. 8.

‘¥¤²μ¢Ò¥ ÉμÎ±¨ ¤¢¨¦ÊÉ¸Ö μÉ ¶²μ¸±μ¸É¨ Ô±¢ Éμ·  ¨ ± μ¸¨ ¢· Ð¥´¨Ö. ’μÎ±¨ ³¨´¨³Ê³ 
¦¥ ¸¤¢¨£ ÕÉ¸Ö μÉ μ¸¨ ¢· Ð¥´¨Ö ¨ ± Ô±¢ Éμ·¨ ²Ó´μ° ¶²μ¸±μ¸É¨.

�¨¸. 9. ‹�“ ¤²Ö e = 0,4180 �¨¸. 10. ‹�“ ¤²Ö e = 0,4159 �¨¸. 11. ‹�“ ¤²Ö e = 0,4100
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‹�“ ¤²Ö e = 0,418 (ε = 0,03470) ¶·¨¢μ¤ÖÉ¸Ö ´  ·¨¸. 9. „²Ö e = 0,4159 (ε = 0,03465)
¨ e = 0,41 (ε = 0,03449) ´  ·¨¸. 10 ¨ 11 ¸μμÉ¢¥É¸É¢¥´´μ.

�¨¸. 12

ˆ§ ·¨¸. 9Ä11 μÎ¥¢¨¤´Ò³ ¸É ´μ¢¨É¸Ö (¸ Ê³¥´ÓÏ¥´¨¥³ e) ¶·μÍ¥¸¸ ¸¡²¨¦¥´¨Ö ¸¥¤²μ¢μ°
ÉμÎ±¨ ¢ ¶²μ¸±μ¸É¨ Ô±¢ Éμ·  ¨ ÉμÎ¥± ³¨´¨³Ê³ . �·¨ e = 0,3992 (ε = 0,03414) ¶·μ¨¸Ìμ-
¤¨É ¸²¨Ö´¨¥ ÔÉ¨Ì ³μ·¸μ¢¸±¨Ì ÉμÎ¥± ¢ ´¥³μ·¸μ¢¸±ÊÕ A3. �ÉμÉ ¶·μÍ¥¸¸ ¨§μ¡· ¦¥´ ´ 

�¨¸. 13. ‹�“ ¤²Ö e =

0,3992

�¨¸. 14

¤¨ £· ³³¥ ´  ·¨¸. 12.
’μ£¤  rk = 0,7271, zk = 0, λ1 = 3,3204, λ2 = 0, α = 0, ·μ¸Éμ±

± É ¸É·μËÒ · ¢¥´ c̃Z4, c̃ = 14,5289 ¨ ¸¥³¥°¸É¢μ ‹�“ ¢¡²¨§¨ ÔÉμ°
ÉμÎ±¨ μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³

h = λ1R
2 + c̃Z4. (11)

�μ²ÊÎ¨²¨¸Ó ¸¨²Ó´μ ¢ÒÉÖ´ÊÉÒ¥ ¢¤μ²Ó μ¸¨ ¢· Ð¥´¨Ö ¢Ò¶Ê±²Ò¥
±·¨¢Ò¥. ‘¥³¥°¸É¢μ ‹�“ ¤ ´μ ´  ·¨¸. 13.

„ ²¥¥ ¸ Ê³¥´ÓÏ¥´¨¥³ e §´ Î¥´¨¥ ¶ · ³¥É·  λ2 ¸É ´μ¢¨É¸Ö ¶μ-
²μ¦¨É¥²Ó´Ò³ ¨ ´¥³μ·¸μ¢¸± Ö ÉμÎ±  ± É ¸É·μËÒ A3 ¶¥·¥Ìμ¤¨É ¢
³μ·¸μ¢¸±ÊÕ ÉμÎ±Ê ²μ± ²Ó´μ£μ ³¨´¨³Ê³  (¤¨ £· ³³  ´  ·¨¸. 14).

�É  ÉμÎ±  ³¨´¨³Ê³  ¸ ¤ ²Ó´¥°Ï¨³ Ê³¥´ÓÏ¥´¨¥³ e ¸¤¢¨£ ¥É¸Ö
± μ¸¨ ¢· Ð¥´¨Ö,   §´ Î¥´¨¥ ρ̃k ¢ ÔÉμ° ÉμÎ±¥ ¡Ò¸É·μ ´ Î¨´ ¥É
Ê³¥´ÓÏ ÉÓ¸Ö. ‡´ Î¥´¨¥ ρ̃k = 0 ¤μ¸É¨£ ¥É¸Ö ¢ ÉμÎ±¥ e = 3503
(ε = 0,03176). ‚μ±·Ê£ ¤ ´´μ° ÉμÎ±¨ ¢μ§´¨± ¥É μ¡² ¸ÉÓ ¸ Î·¥§¢Ò-
Î °´μ ³ ²μ° ¶²μÉ´μ¸ÉÓÕ,   ‹�“ μ¡· §ÊÕÉ Ô²²¨¶¸Ò ¸ ¶μ²Êμ¸Ö³¨√

h/λ1,
√

h/λ2. �É´μÏ¥´¨¥ ¶μ²Êμ¸¥°
√

λ2/λ1, · ¢´μ¥ 0,2010, £μ-
¢μ·¨É μ Éμ³, ÎÉμ ÔÉ¨ Ô²²¨¶¸Ò ¸¨²Ó´μ ¢ÒÉÖ´ÊÉÒ ¢¤μ²Ó μ¸¨ ¢· Ð¥´¨Ö.

„ ²Ó´¥°Ï¥¥ Ê³¥´ÓÏ¥´¨¥ e ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ Ëμ·³ ²Ó´μ ¢
ÉμÎ±¥ r = rk, z = 0 Ê¦¥ ρ̃k < 0, ¨ ÔÉÊ ÉμÎ±Ê ³Ò μ¡μ§´ Î¨³ 	.
“¸²μ¢¨¥ ρ̃ � 0 ´ Î¨´ ¥É ¢Ò¶μ²´ÖÉÓ¸Ö ²¨ÏÓ ¢´¥ ´¥±μÉμ·μ° ³ ²μ°
μ±·¥¸É´μ¸É¨ ÉμÎ±¨ e < 3503. ƒ· ´¨Í  ±μ´Ë¨£Ê· Í¨¨ ¢¡²¨§¨ ´¥¥
¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö Ê· ¢´¥´¨¥³ Ô²²¨¶¸ :

R2

(
√
−ρ̃k/λ1)2

+
Z2

(
√
−ρ̃k/λ2)2

= 1, (12)

  · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Ëμ·³Ê²μ°

h = λ1R
2 + λ2Z

2. (12 )

�·μ¨§¢μ¤Ö μ¡· É´Ò¥ § ³¥´Ò Z = z, R = r − rk , ¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ Ô²²¨¶É¨Î¥¸±μ£μ
Éμ·  ¢ Í¨²¨´¤·¨Î¥¸±¨Ì ±μμ·¤¨´ É Ì:

z2 =
λ1

λ2

(
− ρ̃k

λ1
− (r − rk)2

)
. (13)
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�¨¸. 15. ƒ· ´¨Í  ¶Ê-

§Ò·Ö ¶·¨ e = 0,3480 ¸
Ê¤¥·¦¨¢ ´¨¥³ Éμ²Ó±μ

±¢ ¤· É¨Î´ÒÌ ¶μ R ¨
Z Î²¥´μ¢ ¢ Ê· ¢´¥-

´¨¨ ¶μ¢¥·Ì´μ¸É¨ ±μ´-

Ë¨£Ê· Í¨¨ (±·¨¢ Ö 1)
¨ ¸ ÊÎ¥Éμ³ ¤μ Î¥É¢¥·-

Éμ° ¸É¥¶¥´¨ ¢±²ÕÎ¨-

É¥²Ó´μ (±·¨¢ Ö 2)

‡ ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ λ1, λ2, ρk, rk μÉ e ¢¡²¨§¨ ÉμÎ±¨ e =
0,3503 ¶·¥¤¸É ¢²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨Ö³¨

ρ̃k = 0, 8870(e− 0, 3503),
rk = 0, 6985 + 0, 5217(e− 0, 3503),

(14)
λ1 = 4, 2578− 19, 4348(e− 0, 3503),
λ2 = 0, 1720− 4, 3913(e− 0, 3503).

‘ Ê³¥´ÓÏ¥´¨¥³ e Ë¨£Ê·  ¶Ê§Ò·Ö ´ Î¨´ ¥É ¸ÊÐ¥¸É¢¥´´μ μÉ²¨-
Î ÉÓ¸Ö μÉ Ô²²¨¶É¨Î¥¸±μ£μ Éμ·  (·¨¸. 15). �Éμ ¸¢Ö§ ´μ ¸ Ê¢¥²¨Î¥´¨¥³
·μ²¨ ±Ê¡¨Î¥¸±¨Ì ¨ Î¥É¢¥·Éμ° ¸É¥¶¥´¨ Î²¥´μ¢ ¶μ R ¨ Z ¢ Ê· ¢´¥´¨¨
¶μ¢¥·Ì´μ¸É¨. ‘ ÊÎ¥Éμ³ ÔÉ¨Ì Î²¥´μ¢ Ê· ¢´¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ¶Ê§Ò·Ö
¢¡²¨§¨ ÉμÎ±¨ e = 0,3503 ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

0, 8870(e− 0, 3503) + (4, 2578− 19, 4348(e− 0, 3503))×
× (r − 0, 6985− 0, 5217(e− 0, 3503))2 + (0, 1720− 4, 3913×

× (e − 0, 3503))z2 − 5, 1861(r − 0, 6985− 0, 5217(e− 0, 3503))3+

+ 19, 0380z2(r − 0, 6985− 0, 5217(e− 0, 3503))− 22, 0446×
× (r − 0, 6985− 0, 5217(e− 0, 3503))4 + 36, 1585z4−
− 102, 7447z2(r − 0, 6985− 0, 5217(e− 0, 3503))2 = 0. (15)

�μ¸±μ²Ó±Ê μ¡² ¸ÉÓ, ¢´ÊÉ·¨ ±μÉμ·μ° ρ̃ ≡ 0, ´ ¶μ³¨´ ¥É ±μ²ÓÍμ,
Éμ ³Ò ¶·¥¤² £ ¥³ ¥¥ ´ §Ò¢ ÉÓ ±μ²ÓÍ¥μ¡· §´Ò³ ¶Ê§Ò·¥³.

‚ ¸²ÊÎ ¥ ¢μ§´¨±´μ¢¥´¨Ö ¶Ê§Ò·Ö, ¢ ¶·¨´Í¨¶¥, ´ ¤μ ÊÎ¨ÉÒ¢ ÉÓ
¥£μ ¶·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨Ö (1). �μ ¶μ¸±μ²Ó±Ê · §³¥·Ò ¶Ê§Ò·Ö
³μ¦´μ ¸¤¥² ÉÓ ¸±μ²Ó Ê£μ¤´μ ³ ²Ò³¨ ¨ ¢¡²¨§¨ ¥£μ Í¥´É·  |ρ̃k| � 1,
Éμ ³Ò ¸ ´Ê¦´μ° ´ ³ ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ ¢²¨Ö´¨¥³ μ¡² ¸É¨ ¶Ê§Ò·Ö
´  ±μ´Ë¨£Ê· Í¨Õ ³μ¦¥³ ¶·¥´¥¡·¥ÎÓ.

‘¨¸É¥³  ‹�“ ¢ ¸²ÊÎ ¥ μ¡· §μ¢ ´¨Ö ¶Ê§Ò·Ö (μ´ § ÏÉ·¨Ìμ¢ ´) ¶·¨ e = 0,348 (ε =
0,03162) ¤ ´  ´  ·¨¸. 16.

�¨¸. 16. ‹�“ ¤²Ö e = 0,3480
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‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´´μ¥ ´ ³¨ ¨§ÊÎ¥´¨¥ ¶μ¢¥¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ±·¨É¨Î¥¸±¨Ì ÉμÎ¥± ËÊ´±Í¨¨ ρ̃ ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¨§³¥´¥´¨Ö ¶ · ³¥É·  ¸¶²Õ¸´ÊÉμ¸É¨ e (¡Ò¸É·μÉÒ ¢· Ð¥´¨Ö ε) ¶·¨ Ë¨±¸¨-
·μ¢ ´´μ³ ¨´¤¥±¸¥ ¶μ²¨É·μ¶Ò n ¶μ± § ²μ ¸²μ¦´Ò° Ì · ±É¥· ¶¥·¥¸É·μ°±¨ ÔÉμ° ¸É·Ê±ÉÊ·Ò.
Š·¨É¨Î¥¸±¨¥ ÉμÎ±¨ ·μ¦¤ ÕÉ¸Ö, ¶¥·¥³¥Ð ÕÉ¸Ö, ¸²¨¢ ÕÉ¸Ö. ‚μ§´¨± ¥É ¸²μ¦´ Ö ¤¨´ ³¨± 
ÔÉ¨Ì ÉμÎ¥±, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·μ° μ¡· §Ê¥É¸Ö ¸μ¸ÉμÖ´¨¥ ¶Ê§Ò·Ö.

�¢Éμ·Ò ¡² £μ¤ ·´Ò �.�. ‘¨¸ ±Ö´Ê §  ±μ´¸Ê²ÓÉ Í¨¨ ¶μ ·Ö¤Ê · §¤¥²μ¢ ¶·μ¥±É  NICA,
´¥¨§³¥´´Ò° ¨´É¥·¥¸ ¨ ¶μ¤¤¥·¦±Ê ¨¸¸²¥¤μ¢ ´¨° ¶μ ¸¢¥·Ì¶²μÉ´Ò³ £· ¢¨É¨·ÊÕÐ¨³ ±μ´-
Ë¨£Ê· Í¨Ö³.
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