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�¢Éμ³ É¨Î¥¸±¨° £¥´¥· Éμ· ¶·μ¸É· ´¸É¢¥´´ÒÌ ¸¥Éμ±

„ ¥É¸Ö μ¶¨¸ ´¨¥ ¡ §¨·ÊÕÐ¥£μ¸Ö ´  ¶μ¤Ìμ¤¥ Mapping  ¢Éμ³ É¨Î¥¸±μ£μ £¥´¥-
· Éμ·  ¶·μ¸É· ´¸É¢¥´´ÒÌ ¸¥Éμ±, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì É·¥¡μ¢ ´¨Ö³ ³¥Éμ¤  ±μ´¥Î-
´ÒÌ Ô²¥³¥´Éμ¢. „²Ö Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ¶μ¸É·μ¥´´μ° ¸¥É±¨ ¶·¨ ¥¥ ¨§³¥²ÓÎ¥´¨¨
¨¸¶μ²Ó§Ê¥É¸Ö ¡¨¡²¨μÉ¥±  ¸É ´¤ ·É´ÒÌ · §¡¨¥´¨°. ‘μ§¤ ´ Ê¤μ¡´Ò° ¶μ²Ó§μ¢ É¥²Ó-
¸±¨° ¨´É¥·Ë¥°¸ ¤²Ö § ¤ ´¨Ö ¢Ìμ¤´μ° £¥μ³¥É·¨¨. 	 §· ¡μÉ ´ ¨´¸É·Ê³¥´É ·¨° ¤²Ö
μ¶¨¸ ´¨Ö ¸É ´¤ ·É´ÒÌ ¨ ´¥¸É ´¤ ·É´ÒÌ Éμ±μ¢ÒÌ μ¡³μÉμ± ¸ · §²¨Î´Ò³ ¶μ¶¥·¥Î-
´Ò³ ¸¥Î¥´¨¥³, ¢±²ÕÎ Ö ¢μ¸É·¥¡μ¢ ´´Ò¥ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö μ¡³μÉ±¨ ¸ ±μ ±¸¨ ²Ó-
´Ò³ ¸¥Î¥´¨¥³ ± ¡¥²Ö. ‘ÊÐ¥¸É¢Ê¥É ¢¨§Ê ²Ó´Ò° ±μ´É·μ²Ó ´  ¢¸¥Ì ¸É ¤¨ÖÌ · ¡μÉÒ
£¥´¥· Éμ· , ¢ Éμ³ Î¨¸²¥ §  ± Î¥¸É¢μ³ Ë¨´ ²Ó´μ£μ · §¡¨¥´¨Ö. �·¥¤² £ ¥³Ò° £¥´¥-
· Éμ· ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ± ± ¶·¥¶·μÍ¥¸¸μ· ¤²Ö ·¥Ï¥´¨Ö Ï¨·μ±μ£μ ±² ¸¸ 
§ ¤ Î, ¡ §¨·ÊÕÐ¨Ì¸Ö ´  ³¥Éμ¤¥ ±μ´¥Î´ÒÌ Ô²¥³¥´Éμ¢.

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

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

Akishin P. G. et al. P11-2008-149
Automatic 3D Mesh Generator

A 3D ˇnite elements mesh generator based on the Mapping approach is described.
In order to improve the quality of the mesh generation a special standard subdividing
elements library is used for mesh reˇnement. A user-friendly interface for deˇning
the input geometry is built. A set of tools to describe the curvature of standard
and non-standard current windings curvature with various cross-sections is designed.
This covers also the currently requested coil windings made for coaxial cables. On
all stages of the mesh generation process a visual control of the quality is available
including also the ˇnal reˇnement stage. The proposed generator can be used as
a preprocessor for solving a wide range of problems based on the ˇnite elements
method.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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Œ¥Éμ¤ ±μ´¥Î´ÒÌ Ô²¥³¥´Éμ¢ (ŒŠ�) [1] Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò³
Î¨¸²¥´´Ò³ ³¥Éμ¤μ³ ·¥Ï¥´¨Ö ¸²μ¦´ÒÌ ²¨´¥°´ÒÌ ¨ ´¥²¨´¥°´ÒÌ ³´μ£μ³¥·´ÒÌ
§ ¤ Î ´ Ê±¨ ¨ É¥Ì´¨±¨. �´ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ · ¸Î¥ÉÒ ¸¨¸É¥³, ¨³¥ÕÐ¨Ì
¸²μ¦´ÊÕ £¥μ³¥É·¨Õ ¨ ´¥·¥£Ê²Ö·´ÊÕ Ë¨§¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê. �¤´μ° ¨§ ´ ¨¡μ-
²¥¥ É·Ê¤μ¥³±¨Ì ¶·μÍ¥¤Ê· ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ŒŠ� ¤²Ö ·¥Ï¥´¨Ö É·¥Ì³¥·´ÒÌ
§ ¤ Î Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥  ¤ ¶É¨¢´μ° ¸¥É±¨, μÉ¢¥Î ÕÐ¥° É·¥¡μ¢ ´¨Ö³ ŒŠ�,
¶μ§¢μ²ÖÕÐ¥° ¶·¥¤¸É ¢¨ÉÓ ¤μ¸É ÉμÎ´μ ¸²μ¦´ÊÕ ¢μ ³´μ£¨Ì ¸²ÊÎ ÖÌ £¥μ³¥É·¨Õ
μ¡² ¸É¥° ¨§³¥´¥´¨Ö ´¥¨§¢¥¸É´ÒÌ ¶ · ³¥É·μ¢ ¨ ¤¥É ²Ó´μ μ¶¨¸Ò¢ ÕÐ¥° ¶μ-
¢¥·Ì´μ¸É¨ · §¤¥²  ¸·¥¤. ‘μ§¤ ´¨¥  ¢Éμ³ É¨Î¥¸±μ£μ £¥´¥· Éμ·  ¶·μ¸É· ´¸É¢¥´-
´μ° ¸¥É±¨ ¸ Ê¤μ¡´Ò³ ¨´É¥·Ë¥°¸μ³ ¤²Ö § ¤ ´¨Ö · ¸Î¥É´μ° £¥μ³¥É·¨¨, ¢¨§Ê -
²¨§ Í¨¥° ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ ¸ ±μ´É·μ²¥³ ± Î¥¸É¢  ¶μ¸É·μ¥´´μ° ¸¥É±¨ Ö¢²Ö¥É¸Ö
¸²μ¦´μ° ¨  ±ÉÊ ²Ó´μ° § ¤ Î¥°. �μ¤μ¡´Ò¥ £¥´¥· Éμ·Ò Ö¢²ÖÕÉ¸Ö ´¥μ¡Ìμ¤¨³Ò³
¸μ¸É ¢´Ò³ ³μ¤Ê²¥³ ±·Ê¶´ÒÌ ¸¶¥Í¨ ²¨§¨·μ¢ ´´ÒÌ ¶·μ£· ³³´ÒÌ ±μ³¶²¥±¸μ¢,
¡ §¨·ÊÕÐ¨Ì¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ŒŠ�. �¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¨§¢¥¸É´ÒÌ ¶·¥¤-
¸É ¢¨É¥²¥° ¶μ¤μ¡´ÒÌ £¥´¥· Éμ·μ¢ Ö¢²Ö¥É¸Ö £¥´¥· Éμ· mesh ¢ ¶·¥¶·μÍ¥¸¸μ·¥
OPERA Ë¨·³Ò Vector Fields [2].

‚ ¤ ´´μ° · ¡μÉ¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥  ¢Éμ³ É¨Î¥¸±μ£μ £¥´¥· Éμ·  ¶·μ¸É· ´-
¸É¢¥´´ÒÌ ¸¥Éμ±, ¡ §¨·ÊÕÐ¥£μ¸Ö ´  ¶μ¤Ìμ¤¥ Mapping [3], ¨¸¶μ²Ó§Ê¥³μ³ ¢
¶·¥¶·μÍ¥¸¸μ·¥ OPERA. ’ ± ¦¥ ± ± ¨ ¢ OPERA, £¥´¥·¨·Ê¥É¸Ö ¶¥·¢μ´ Î ²Ó-
´ Ö ¤¢Ê³¥·´ Ö ¸¥É±  ´  ¡ §μ¢μ° ¶²μ¸±μ¸É¨, ±μÉμ· Ö ¶μÉμ³ ¶·μ¤μ²¦ ¥É¸Ö ¢
¶·μ¸É· ´¸É¢μ ¸ ¸μÌ· ´¥´¨¥³ Éμ¶μ²μ£¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò. ‚ ¶·¥¶·μÍ¥¸¸μ·¥
OPERA ¸ÊÐ¥¸É¢ÊÕÉ ¶·μÍ¥¤Ê·Ò ¤²Ö ¨§³¥²ÓÎ¥´¨Ö ¶¥·¢μ´ Î ²Ó´μ° ¤¢Ê³¥·´μ°
¸¥É±¨, ´μ μ´¨ ¨³¥ÕÉ ´¥±μÉμ·Ò¥ μ£· ´¨Î¥´¨Ö. �·¨ ¤·μ¡²¥´¨¨ Î¥ÉÒ·¥ÌÊ£μ²Ó-
´¨±μ¢ § ¤ ¥É¸Ö μ¤¨´ ±μ¢μ¥ Î¨¸²μ · §¡¨¥´¨° ´  ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ¸Éμ·μ´ Ì,
ÎÉμ ¶·¨¢μ¤¨É ± ´¥μ¡Ìμ¤¨³μ¸É¨ § ¤ ´¨Ö Éμ£μ ¦¥ Î¨¸²  · §¡¨¥´¨° ´  ¢¸¥Ì
Éμ¶μ²μ£¨Î¥¸±¨ ¸¢Ö§ ´´ÒÌ Ô²¥³¥´É Ì. ‘ÊÐ¥¸É¢ÊÕÉ μ£· ´¨Î¥´¨Ö ¨ ¶·¨ ¤·μ¡²¥-
´¨¨ É·¥Ê£μ²Ó´ÒÌ Ô²¥³¥´Éμ¢. �¥μ¡Ìμ¤¨³μ § ¤ ¢ ÉÓ μ¤¨´ ±μ¢μ¥ Î¨¸²μ · §¡¨¥-
´¨° ÌμÉÖ ¡Ò ¤²Ö ¤¢ÊÌ ¸Éμ·μ´. �·μÍ¥¤Ê·Ò, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ ÔÉμ³,
¶·¨¢μ¤ÖÉ ± ¶μÖ¢²¥´¨Õ Ô²¥³¥´Éμ¢ ¸ μÎ¥´Ó μ¸É·Ò³¨ Ê£² ³¨, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ
ÊÌÊ¤Ï ¥É μ¡Ê¸²μ¢²¥´´μ¸ÉÓ ·¥Ï ¥³ÒÌ ¢ ¤ ²Ó´¥°Ï¥³ ¤¨¸±·¥É¨§μ¢ ´´ÒÌ § ¤ Î.
‚ · ¸¸³ É·¨¢ ¥³μ³ £¥´¥· Éμ·¥ ¤²Ö Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ¶μ¸É·μ¥´¨Ö ¸¥É±¨ ¤²Ö
¤·μ¡²¥´¨Ö É·¥Ê£μ²Ó´ÒÌ ¨ Î¥ÉÒ·¥ÌÊ£μ²Ó´ÒÌ ³ ±·μÔ²¥³¥´Éμ¢ ´  ¡ §μ¢μ° ¶²μ¸-
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±μ¸É¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´ Ö ¡¨¡²¨μÉ¥±  ¸É ´¤ ·É´ÒÌ · §¡¨¥-
´¨°. ‘μ§¤ ´ £· Ë¨Î¥¸±¨° ¨´É¥·Ë¥°¸ ¤²Ö § ¤ ´¨Ö ¢Ìμ¤´μ° £¥μ³¥É·¨¨. ‘ÊÐ¥-
¸É¢Ê¥É ¢¨§Ê ²Ó´Ò° ±μ´É·μ²Ó ± ± § ¤ ´¨Ö ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨, É ± ¨ ± Î¥-
¸É¢  £¥´¥· Í¨¨ ¸¥É±¨. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ô²¥±É·μË¨§¨Î¥¸±¨Ì Ê¸É·μ°¸É¢ ¸μ-
§¤ ´  ¡¨¡²¨μÉ¥±  É¨¶μ¢ÒÌ, ¶ · ³¥É·¨Î¥¸±¨ § ¤ ´´ÒÌ Éμ±μ¢ÒÌ μ¡³μÉμ± ± ± ¸
¶·Ö³μÊ£μ²Ó´Ò³ ¸¥Î¥´¨¥³ ¶·μ¢μ¤´¨± , É ± ¨ ¤²Ö ±μ ±¸¨ ²Ó´μ£μ ± ¡¥²Ö. „ ´-
´ Ö ¶·μ¡²¥³  ¢μ§´¨±²  ¢ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¶μ¤μ¡´Ò° ± ¡¥²Ó ¶·¥¤¶μ² £ ¥É¸Ö
¨¸¶μ²Ó§μ¢ ÉÓ ¶·¨ ¸μ§¤ ´¨¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢ ¤²Ö Ê¸±μ·¨É¥²Ó´μ£μ
±μ³¶²¥±¸  FAIR, ¢±²ÕÎ Ö £² ¢´Ò° Ê¸±μ·¨É¥²Ó ÉÖ¦¥²ÒÌ ¨μ´μ¢ SIS100 [4Ä7] ¢
GSI („ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö). �·¥¤²μ¦¥´´Ò¥ ³¥Éμ¤Ò  ¶¶·μ±¸¨³ Í¨¨ μ¡³μÉμ±
¸ ±μ ±¸¨ ²Ó´Ò³ ± ¡¥²¥³ ¶μ§¢μ²ÖÕÉ ¸ÊÐ¥¸É¢¥´´μ ¶μ¢Ò¸¨ÉÓ ± Î¥¸É¢μ ³μ¤¥²¨-
·μ¢ ´¨Ö ³ £´¨Éμ¢ ¨, ± ± ¸²¥¤¸É¢¨¥, Ê²ÊÎÏ¨ÉÓ ÉμÎ´μ¸ÉÓ ¶·μ¢μ¤¨³ÒÌ · ¸Î¥Éμ¢.

1. ��ˆ‘��ˆ… ˆ‘��‹œ‡“…Œ�ƒ� ��„•�„�

‘ÊÐ¥¸É¢ÊÕÉ μ¶·¥¤¥²¥´´Ò¥ É·¥¡μ¢ ´¨Ö, ¶·¥¤ÑÖ¢²Ö¥³Ò¥ ± ¤¢Ê³¥·´Ò³ ¨
É·¥Ì³¥·´Ò³ ¸¥É± ³, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ŒŠ�. Œ É¥³ É¨Î¥¸±¨ § ¤ Î 
Ëμ·³Ê²¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¶Ê¸ÉÓ ¨³¥¥É¸Ö ´¥±μÉμ· Ö μ¤´μ¸¢Ö§´ Ö
μ¡² ¸ÉÓ Ω ⊂ R3. �Ê¸ÉÓ Ω̆ ¥¸ÉÓ ´¥±¨° ³´μ£μ£· ´´¨±,  ¶¶·μ±¸¨³¨·ÊÕÐ¨°
Ω; É·¥¡Ê¥É¸Ö ¶·¥¤¸É ¢¨ÉÓ Ω̆ ¢ ¢¨¤¥ μ¡Ñ¥¤¨´¥´¨Ö ±μ´¥Î´μ£μ Î¨¸²  N0 ³´μ-

£μ£· ´´¨±μ¢ Si

(
Ω =

N0⋃
i=1

Si

)
, ±μÉμ·Ò¥ Ê¤μ¢²¥É¢μ·ÖÕÉ ¸²¥¤ÊÕÐ¨³ Ê¸²μ¢¨Ö³:

μ(Si ∩ Sj) = 0 ¶·¨ i �= j, É. ¥. ³¥·  ¶¥·¥¸¥Î¥´¨Ö · §²¨Î´ÒÌ ³´μ£μ£· ´´¨±μ¢
· ¢´  ´Ê²Õ.

‚¥·Ï¨´Ò μ¤´μ£μ ³´μ£μ£· ´´¨±  ´¥ ³μ£ÊÉ ¡ÒÉÓ ¢´ÊÉ·¥´´¨³¨ ÉμÎ± ³¨
£· ´¨ ¨²¨ ·¥¡·  ¤·Ê£μ£μ ³´μ£μ£· ´´¨± , É. ¥. ¥¸²¨ ¤¢  ³´μ£μ£· ´´¨±  ¶¥-
·¥¸¥± ÕÉ¸Ö, Éμ μ´¨ ± ¸ ÕÉ¸Ö ¨²¨ Éμ²Ó±μ ¶μ Í¥²μ³Ê ·¥¡·Ê, ¨²¨ Éμ²Ó±μ ¶μ
Í¥²μ° £· ´¨, ¨²¨ Éμ²Ó±μ ¶μ μ¤´μ° ¢¥·Ï¨´¥.

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨§μ¶ · ³¥É·¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ± -
Î¥¸É¢¥ ³´μ£μ£· ´´¨±μ¢ Ë¨£Ê·¨·ÊÕÉ ¨Ì μ¡· §Ò. „²Ö ¶μ¸É·μ¥´¨Ö É·¥Ì³¥·-
´μ° ¸¥É±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¶μ¤Ìμ¤, ¢ ±μÉμ·μ³ ¶¥·¢μ´ Î ²Ó´μ ¸É·μ¨É¸Ö ¤¢Ê³¥·´ Ö
¸¥É±  ´  ¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨. ‚ ¤ ²Ó´¥°Ï¥³ ÔÉ  ¤¢Ê³¥·´ Ö ¸¥É±  ¸ ¡ §μ-
¢μ° £¨¶¥·¶²μ¸±μ¸É¨ ¶·μ¤μ²¦ ¥É¸Ö ¢ ¶·μ¸É· ´¸É¢μ ´  ¸²¥¤ÊÕÐÊÕ £¨¶¥·¶²μ¸-
±μ¸ÉÓ ¸ ¸μÌ· ´¥´¨¥³ Éμ¶μ²μ£¨¨ ¤μ ¸²¥¤ÊÕÐ¥° £¨¶¥·¶²μ¸±μ¸É¨, ¨ É ± ¤ ²¥¥.
‚ ± Î¥¸É¢¥ μ¸´μ¢´ÒÌ ¤¢Ê³¥·´ÒÌ Ô²¥³¥´Éμ¢ ¢ · ¸¸³ É·¨¢ ¥³μ³ £¥´¥· Éμ·¥ ´ 
¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö É·¥Ê£μ²Ó´¨±¨ ¨ Î¥ÉÒ·¥ÌÊ£μ²Ó´¨±¨ ¨²¨
¨Ì Éμ¶μ²μ£¨Î¥¸±¨¥  ´ ²μ£¨ ·¨¸. 1, ÎÉμ ¶μ·μ¦¤ ¥É £¥±¸ Ô¤·Ò ¨ É·¥Ê£μ²Ó´Ò¥
¶·¨§³Ò ¨²¨ ¨Ì ¨§μ¶ · ³¥É·¨Î¥¸±¨¥  ´ ²μ£¨ ¢ É·¥Ì³¥·´μ³ ¶·μ¸É· ´¸É¢¥.

„²Ö ¶·μ¤μ²¦¥´¨Ö É·¥Ì³¥·´μ° ¸¥É±¨ ¸ ¤¢Ê³¥·´μ° £¨¶¥·¶²μ¸±μ¸É¨ ¢ ¶·μ-
¸É· ´¸É¢μ ¨¸¶μ²Ó§ÊÕÉ¸Ö Ô²¥³¥´ÉÒ ¸¥·¥´¤¨¶μ¢  É¨¶  (·¨¸. 2).
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	¨¸. 1.

	¨¸. 2.

�  ¶¥·¢μ³ ÔÉ ¶¥ ¤²Ö Ê¶·μÐ¥´¨Ö · ¡μÉÒ  ²£μ·¨É³  ¨ § ¤ ´¨Ö ¢Ìμ¤´ÒÌ
¤ ´´ÒÌ Ëμ·³¨·Ê¥É¸Ö £·Ê¡ Ö ¸¥É± . �  ¢Éμ·μ³ ÔÉ ¶¥ ¢ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸É¨
¶·μ¨§¢μ¤¨É¸Ö ¨§³¥²ÓÎ¥´¨¥ ¶μ¸É·μ¥´´μ° £·Ê¡μ° ¸¥É±¨. ‚ ÔÉμ° ¸¢Ö§¨ ¢μ§´¨± ¥É
¶μÉ·¥¡´μ¸ÉÓ ¢ ¸ÊÐ¥¸É¢μ¢ ´¨¨  ¢Éμ³ É¨Î¥¸±¨Ì  ²£μ·¨É³μ¢ ¤·μ¡²¥´¨Ö ±·Ê¶-
´ÒÌ ³ ±·μÔ²¥³¥´Éμ¢ ´  ¡μ²¥¥ ³¥²±¨¥ ³¨±·μÔ²¥³¥´ÉÒ ¸ ¸μÌ· ´¥´¨¥³ É·¥¡μ-
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¢ ´¨° ŒŠ�. �Ê¸ÉÓ F Å ¶·¥μ¡· §μ¢ ´¨¥, ¶¥·¥¢μ¤ÖÐ¥¥ ¸É ´¤ ·É´Ò° Ô²¥³¥´É
¢ ¨¸Ìμ¤´Ò°. �·μÍ¥¸¸ · §¡¨¥´¨Ö ¶¥·¢μ´ Î ²Ó´μ ¶·μ¨§¢μ¤¨É¸Ö ´  ¸É ´¤ ·É´μ³
Ô²¥³¥´É¥. �Ê¸ÉÓ {Si} ¥¸ÉÓ ³¨±·μÔ²¥³¥´ÉÒ · §¡¨¥´¨Ö ¸É ´¤ ·É´μ£μ Ô²¥³¥´É .
’μ£¤  {F (Si)} ¡Ê¤¥É · §¡¨¥´¨¥³ ¨¸Ìμ¤´μ£μ Ô²¥³¥´É .

2. ƒ…�…��–ˆŸ ’�…•Œ…��›• ‘…’�Š

‘ÊÐ¥¸É¢Ê¥É É·¨ μ¸´μ¢´ÒÌ ÔÉ ¶  ¢ £¥´¥· Í¨¨ ¸¥É±¨: £¥´¥· Í¨Ö ¡ §μ¢μ°
£¨¶¥·¶²μ¸±μ¸É¨, ¶·μ¤μ²¦¥´¨¥ ¶μ¸É·μ¥´´μ° ¤¢Ê³¥·´μ° ¸¥É±¨ ´  ¸²¥¤ÊÕÐ¨¥
£¨¶¥·¶²μ¸±μ¸É¨, ¨§³¥²ÓÎ¥´¨¥ ´ Î ²Ó´μ° É·¥Ì³¥·´μ° ¸¥É±¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
É·¥¡μ¢ ´¨Ö³¨, § ¤ ¢ ¥³Ò³¨ ¶μ²Ó§μ¢ É¥²¥³.

	 ¡μÉ  ¸ ¶·μ£· ³³μ° ´ Î¨´ ¥É¸Ö ¸ § ¤ ´¨Ö ¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨. ‚¸¥
¤ ²Ó´¥°Ï¨¥ ¤¥°¸É¢¨Ö ´  ¶¥·¢μ³ ÔÉ ¶¥ ¡Ê¤ÊÉ ¶·μ¢μ¤¨ÉÓ¸Ö ´  ÔÉμ° ¶²μ¸±μ-
¸É¨. „²Ö § ¤ ´¨Ö ¢Ìμ¤´μ° £¥μ³¥É·¨¨ ¸ÊÐ¥¸É¢ÊÕÉ É·¨ ¢μ§³μ¦´μ¸É¨: § ¤ ´¨¥
ÉμÎ¥± ¢ É¥±¸Éμ¢μ³ ·¥¦¨³¥, § ¤ ´¨¥ ÉμÎ¥± ¢ ¨´É¥· ±É¨¢´μ³ ·¥¦¨³¥ ±Ê·¸μ-
·μ³ ¨ § ¤ ´¨¥ ÉμÎ¥± ± ± ¶¥·¥¸¥Î¥´¨° ¶·¥¤¢ ·¨É¥²Ó´μ ¶μ¸É·μ¥´´ÒÌ ±·¨¢ÒÌ.
‚ ¶·μ£· ³³¥ ¥¸ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¶μ¸É·μ¥´¨Ö £· Ë¨±μ¢ ËÊ´±Í¨° (¶·Ö³ÒÌ ¨²¨
μ±·Ê¦´μ¸É¥°) ± ± ¸ ¶μ³μÐÓÕ Ê· ¢´¥´¨°, É ± ¨ ¶μ ÉμÎ± ³.

�  ·¨¸. 3 ¶·¨¢¥¤¥´  ¶ ´¥²Ó £¥´¥· Éμ· , Ö¢²ÖÕÐ Ö¸Ö ¢Ìμ¤´Ò³ ¨´É¥·Ë¥°-
¸μ³ ¤²Ö · ¡μÉÒ ¸ ¶·μ£· ³³μ° ´  ÔÉμ³ ÔÉ ¶¥. ‘ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¢μ§³μ¦-
´μ¸É¥° ¨§³¥´¥´¨Ö ±μμ·¤¨´ É ÉμÎ¥±: ¨§³¥´¥´¨¥ ±μμ·¤¨´ É ÉμÎ¥± ¢ É¥±¸Éμ¢μ³
·¥¦¨³¥, ¶¥·¥´μ¸ ÉμÎ±¨ ¸ ¶μ³μÐÓÕ ±Ê·¸μ· , ¶·μ¥±Í¨Ö £·Ê¶¶Ò ÉμÎ¥± ´  £· -
Ë¨±, ¶ · ³¥É·¨Î¥¸±μ¥ ¨§³¥´¥´¨¥ ±μμ·¤¨´ É £·Ê¶¶Ò ÉμÎ¥±, ¶μ¢μ·μÉ £·Ê¶¶Ò
ÉμÎ¥± μÉ´μ¸¨É¥²Ó´μ ¶·μ¨§¢μ²Ó´μ° ÉμÎ±¨ ´  Ë¨±¸¨·μ¢ ´´Ò° Ê£μ². �μ¸²¥ § -
¤ ´¨Ö ÉμÎ¥± μ´¨ £·Ê¶¶¨·ÊÕÉ¸Ö ¢ ¤¢Ê³¥·´Ò¥ Ô²¥³¥´ÉÒ (·¨¸. 1) ¸ ¶μ³μÐÓÕ
±Ê·¸μ· . ˆ³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ± ± Ê¤ ²¥´¨Ö Ê¦¥ ¸μ§¤ ´´ÒÌ ¤¢Ê³¥·´ÒÌ Ô²¥-
³¥´Éμ¢, É ± ¨ ¶μ¸É·μ¥´¨Ö ´μ¢ÒÌ. �μ μ±μ´Î ´¨¨ ÔÉμ£μ ÔÉ ¶  ¶·μ¢μ¤¨É¸Ö
±μ´É·μ²Ó ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨: ¶·μ¢¥·Ö¥É¸Ö ´ ²¨Î¨¥ ÉμÎ¥±, ´¥ Ö¢²ÖÕÐ¨Ì¸Ö
¢¥·Ï¨´ ³¨ ÌμÉÖ ¡Ò μ¤´μ£μ Ô²¥³¥´É ; ¶·μ¢¥·Ö¥É¸Ö ¶¥·¥¸¥Î¥´¨¥ Ô²¥³¥´Éμ¢;
¶·μ¢¥·Ö¥É¸Ö ²μ± ²¨§ Í¨Ö ¢¥·Ï¨´Ò μ¤´μ£μ Ô²¥³¥´É  ´  ¢´ÊÉ·¥´´¥° ÉμÎ±¥ ¸Éμ-
·μ´Ò ¤·Ê£μ£μ Ô²¥³¥´É .

‘²¥¤ÊÕÐ¨³ ÔÉ ¶μ³ ¢ £¥´¥· Í¨¨ ¸¥É±¨ Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥ É·¥Ì³¥·´ÒÌ
³ ±·μÔ²¥³¥´Éμ¢ (·¨¸. 2). „²Ö ÔÉμ£μ ÉμÎ±¨ ¸ ¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨ ¶·μ-
¤μ²¦ ÕÉ¸Ö ¢ ¶·μ¸É· ´¸É¢μ ¤μ ¸²¥¤ÊÕÐ¥° £¨¶¥·¶²μ¸±μ¸É¨ ¸ ¸μÌ· ´¥´¨¥³ Éμ-
¶μ²μ£¨¨ Ê¦¥ ¶μ¸É·μ¥´´ÒÌ ¤¢Ê³¥·´ÒÌ Ô²¥³¥´Éμ¢ (·¨¸. 4),   ¶μ¸²¥ ÔÉμ£μ ¤μ
¸²¥¤ÊÕÐ¥° ¨ É. ¤. �·¨ ÔÉμ³ ¢μ§³μ¦´Ò ¨§³¥´¥´¨Ö ¢ ±μμ·¤¨´ É Ì ÉμÎ¥± ´¥
Éμ²Ó±μ ¢ ¶·¥¤¥² Ì ± ¦¤μ° £¨¶¥·¶²μ¸±μ¸É¨, ´μ ¨ ¢ ´ ¶· ¢²¥´¨¨ ´μ·³ ²¨ ±
¶²μ¸±μ¸É¨.

�·¨ £¥´¥· Í¨¨ Ô²¥³¥´Éμ¢ ´  ·¨¸. 2 ¨¸¶μ²Ó§Ê¥É¸Ö ¤μ¶μ²´¨É¥²Ó´ Ö ¶·μ³¥-
¦ÊÉμÎ´ Ö £¨¶¥·¶²μ¸±μ¸ÉÓ.
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	¨¸. 3.

	¨¸. 4.
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�μ¸²¥ § ¢¥·Ï¥´¨Ö ¢Éμ·μ£μ ÔÉ ¶  £¥´¥· Í¨¨ ¸¥É±¨ ¢¸¥ ¸μ§¤ ´´Ò¥ ³ ±·μ-
Ô²¥³¥´ÉÒ ³μ£ÊÉ ¡ÒÉÓ · §¡¨ÉÒ ´  £·Ê¶¶Ò ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ § ¤ ´´Ò³¨ ¶·¨§´ -
± ³¨ (´ ¶·¨³¥·, · §²¨Î´Ò¥ É¨¶Ò ³ É¥·¨ ² , § ¶μ²´ÖÕÐ¥£μ Ô²¥³¥´ÉÒ; · §²¨-
Î¨¥ ·¥Ï ¥³ÒÌ Ê· ¢´¥´¨°; μÉ²¨Î¨¥ ¢ ±μÔËË¨Í¨¥´É Ì ¨ É. ¤.). �  ¤ ´´μ³ ÔÉ ¶¥
¶·μ¨§¢μ¤¨É¸Ö ³ ·±¨·μ¢±  ´¥±μÉμ·ÒÌ £· ´¥° ³ ±·μÔ²¥³¥´Éμ¢ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¢¢μ¤¨³Ò³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨. ˆ³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶μ³¥É¨ÉÓ Ô²¥³¥´ÉÒ
· §²¨Î´Ò³ Í¢¥Éμ³ ¸μ£² ¸´μ ¶·¨¸¢μ¥´´Ò³ ¨³ ¶·¨§´ ± ³ (·¨¸. 5).

�  ¶μ¸²¥¤´¥³ ÔÉ ¶¥ £¥´¥· Í¨¨ ¶·μ¨§¢μ¤¨É¸Ö ¨§³¥²ÓÎ¥´¨¥ Ê¦¥ ¶μ¸É·μ¥´-
´μ° £·Ê¡μ° ¸¥É±¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ § ¤ ´´Ò³¨ É·¥¡μ¢ ´¨Ö³¨. �μ²Ó§μ¢ É¥²Ó
§ ¤ ¥É Î¨¸²μ · §¡¨¥´¨° ¤²Ö ± ¦¤μ£μ ·¥¡·  ¢¸¥Ì ¤¢Ê³¥·´ÒÌ Ô²¥³¥´Éμ¢ ´  ¡ -
§μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨. �Éμ ¦¥ Î¨¸²μ · §¡¨¥´¨° ¡Ê¤¥É Ê ¢¸¥Ì Éμ¶μ²μ£¨Î¥¸±¨
Ô±¢¨¢ ²¥´É´ÒÌ ·¥¡¥· ´  ¤·Ê£¨Ì £¨¶¥·¶²μ¸±μ¸ÉÖÌ, ¶μ²ÊÎ¥´´ÒÌ É· ´¸²ÖÍ¨¥° ¢
¶·μ¸É· ´¸É¢¥ ¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨. ‚ ¶¥·¢μ´ Î ²Ó´ÒÌ ¢¥·¸¨ÖÌ ¶·μ£· ³³Ò
¸ÊÐ¥¸É¢μ¢ ²¨ μ£· ´¨Î¥´¨Ö ´  § ¤ ´¨¥ Î¨¸²  · §¡¨¥´¨° ´  ¸Éμ·μ´ Ì ³ ±·μÎ¥-
ÉÒ·¥ÌÊ£μ²Ó´¨±μ¢ ¨ ³ ±·μÉ·¥Ê£μ²Ó´¨±μ¢. „²Ö ³ ±·μÉ·¥Ê£μ²Ó´¨±μ¢ ¸ÊÐ¥¸É¢μ-
¢ ²μ É·¥¡μ¢ ´¨¥ § ¤ ´¨Ö μ¤¨´ ±μ¢μ£μ Î¨¸²  · §¡¨¥´¨° ÌμÉÖ ¡Ò ¤²Ö ¤¢ÊÌ ¸Éμ-
·μ´. �Éμ ¶μ§¢μ²Ö²μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤μ¸É ÉμÎ´μ ¶·μ¸Éμ°  ²£μ·¨É³ · §¡¨¥´¨Ö, ´μ
¤²Ö ¡μ²ÓÏ¨Ì §´ Î¥´¨° Î¨¸¥² · §¡¨¥´¨° ¶·¨¢μ¤¨²μ ± ¸ÊÐ¥¸É¢¥´´μ³Ê ÊÌÊ¤Ï¥-
´¨Õ ± Î¥¸É¢  · §¡¨¥´¨Ö. „²Ö Î¥ÉÒ·¥ÌÊ£μ²Ó´¨±μ¢ Î¨¸²μ · §¡¨¥´¨° ´  ¶·μÉ¨-
¢μ¶μ²μ¦´ÒÌ ¸Éμ·μ´ Ì ¤μ²¦´μ ¡Ò²μ ¡ÒÉÓ μ¤¨´ ±μ¢Ò³. ‘ μ¤´μ° ¸Éμ·μ´Ò, ÔÉμ
¶μ§¢μ²Ö²μ ¶μ¸É·μ¨ÉÓ ¡Ò¸É·Ò¥ ¨ ÔËË¥±É¨¢´Ò¥  ²£μ·¨É³Ò · §¡¨¥´¨Ö ¡ §μ¢μ£μ

	¨¸. 5.
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Î¥ÉÒ·¥ÌÊ£μ²Ó´¨± ,   ¸ ¤·Ê£μ° Å ¶·¨¢μ¤¨²μ ± ´¥μ¡Ìμ¤¨³μ¸É¨ § ¤ ´¨Ö μ¤´μ£μ
¨ Éμ£μ ¦¥ Î¨¸²  · §¡¨¥´¨° ´  ¸Éμ·μ´ Ì Ô²¥³¥´Éμ¢, Éμ¶μ²μ£¨Î¥¸±¨ ¸¢Ö§ ´´ÒÌ
¸ ¨¸Ìμ¤´Ò³. „²Ö Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ¤¢Ê³¥·´ÒÌ · §¡¨¥´¨° ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥°
¢¥·¸¨¨ ¶·μ£· ³³Ò ¨¸¶μ²Ó§Ê¥É¸Ö ¸²¥¤ÊÕÐ¨° ¶μ¤Ìμ¤. „²Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ£μ
´ ¡μ·  · §²¨Î´ÒÌ §´ Î¥´¨° · §¡¨¥´¨° ´  ¸Éμ·μ´ Ì ³ ±·μÔ²¥³¥´É  ¸μ§¤ ´ 
μ¡Ï¨·´ Ö ¡¨¡²¨μÉ¥±  ¸É ´¤ ·É´ÒÌ · §¡¨¥´¨° ± ± ¤²Ö É·¥Ê£μ²Ó´¨±μ¢, É ± ¨
¤²Ö Î¥ÉÒ·¥ÌÊ£μ²Ó´¨±μ¢. �·¨ ÔÉμ³ ¤²Ö ¤·μ¡²¥´¨Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö ± ± É·¥Ê£μ²Ó-
´¨±¨, É ± ¨ Î¥ÉÒ·¥ÌÊ£μ²Ó´¨±¨. „²Ö ´ ¡μ·μ¢ §´ Î¥´¨° μÉ¸ÊÉ¸É¢ÊÕÐ¨Ì ¢ ¡ §¥,
· §· ¡μÉ ´Ò  ²£μ·¨É³Ò ·¥¤ÊÍ¨·μ¢ ´¨Ö ¢Ìμ¤´μ£μ ´ ¡μ·  ± ¸ÊÐ¥¸É¢ÊÕÐ¨³.
‘ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ ·ÊÎ´μ° μ¶É¨³¨§ Í¨¨ · §¡¨¥´¨Ö ¶ÊÉ¥³ ±μ··¥±Í¨¨
±Ê·¸μ·μ³ ¶μ²μ¦¥´¨Ö ¢¥·Ï¨´ ³ ±·μÔ²¥³¥´É  ´  Ô±· ´¥. �·¨³¥·Ò ¸É ´¤ ·É-
´ÒÌ · §¡¨¥´¨° Î¥ÉÒ·¥ÌÊ£μ²Ó´¨±  ¨ É·¥Ê£μ²Ó´¨±  ¨ ¨Ì μ¡· §Ò ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 6, 7 ¸μμÉ¢¥É¸É¢¥´´μ.

	¨¸. 6.

	¨¸. 7.
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�μ¸²¥ £¥´¥· Í¨¨ ¤¢Ê³¥·´μ° ¸¥É±¨ ´  ¡ §μ¢μ° ¶²μ¸±μ¸É¨ Ê§²Ò ¸¥É±¨ É· ´¸-
²¨·ÊÕÉ¸Ö ¢ ¶·μ¸É· ´¸É¢¥ ¤μ ¸²¥¤ÊÕÐ¥° £¨¶¥·¶²μ¸±μ¸É¨ ¨ É ± ¤ ²¥¥. �·¨ ÔÉμ³
¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ ± ± ±μ··¥±Í¨¨ ¶μ²μ¦¥´¨Ö Ê§²μ¢ ¢´ÊÉ·¨ £¨¶¥·¶²μ¸-
±μ¸É¥°, É ± ¨ ¨Ì É· ´¸Ëμ·³ Í¨¨ §  ¶·¥¤¥²Ò £¨¶¥·¶²μ¸±μ¸É¨. „ ²¥¥ ¶μ²Ó§μ-
¢ É¥²Ó ¤μ²¦¥´ § ¤ ÉÓ Î¨¸²μ ¸²μ¥¢, ´  ±μÉμ·μ¥ ¤¥²¨É¸Ö ¶·μ¸É· ´¸É¢μ ³¥¦¤Ê
± ¦¤Ò³¨ ¤¢Ê³Ö £¨¶¥·¶²μ¸±μ¸ÉÖ³¨. „·μ¡²¥´¨¥ ³ ±·μÔ²¥³¥´Éμ¢ (·¨¸. 2) ¶·μ¨§-
¢μ¤¨É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �Ê¸ÉÓ G ¥¸ÉÓ ÔÉ ²μ´´Ò° ±Ê¡, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö
¶·μμ¡· §μ³ · ¸¸³ É·¨¢ ¥³μ£μ É·¥Ì³¥·´μ£μ ³ ±·μÔ²¥³¥´É  (S = F (G)).

�¥·¢μ´ Î ²Ó´μ ´  ³¨±·μÔ²¥³¥´ÉÒ · §¡¨¢ ¥É¸Ö ÔÉ ²μ´´Ò° ±Ê¡ G(G =
Gi⋃
i

) Å ¶²μ¸±μ¸ÉÖ³¨, ¶ · ²²¥²Ó´Ò³¨ £· ´Ö³. ’μ£¤  ³ ±·μÔ²¥³¥´É S ¡Ê¤¥É · §-

¡¨É ´  ³¨±·μÔ²¥³¥´ÉÒ {Si} (Si = F (Gi)). „²Ö É·¥Ê£μ²Ó´ÒÌ ¶·¨§³ (·¨¸. 2, ¢, £)
¶·¨³¥´Ö¥É¸Ö  ´ ²μ£¨Î´Ò° ¶μ¤Ìμ¤. ‚ ¤¢Ê³¥·´μ³ ¸²ÊÎ ¥ ¶¥·¢μ´ Î ²Ó´μ · §¡¨-
¢ ¥É¸Ö ÔÉ ²μ´´Ò° É·¥Ê£μ²Ó´¨±, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö ¶·μμ¡· §μ³ · ¸¸³ É·¨¢ -
¥³μ£μ ³ ±·μÔ²¥³¥´É . �¨¦¥ ¶·¨¢μ¤¨É¸Ö ¶·¨³¥· ¨¸¶μ²Ó§μ¢ ´¨Ö  ¢Éμ³ É¨Î¥-
¸±μ£μ £¥´¥· Éμ·  ¤²Ö ¶μ¸É·μ¥´¨Ö É·¥Ì³¥·´μ° ±μ´¥Î´μ-Ô²¥³¥´É´μ° ³μ¤¥²¨ ¦¥-
²¥§´μ£μ Ö·³  ¤¨¶μ²Ó´μ£μ ³ £´¨É  É¨¶  ®μ±μ´´ Ö · ³ ¯ [4Ä6]. �  ·¨¸. 8, 9 Å

	¨¸. 8. 	¨¸. 9.

	¨¸. 10.
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	¨¸. 11.

	¨¸. 12.

¶·¨³¥· · §¡¨¥´¨Ö ´  ¡ §μ¢μ° £¨¶¥·¶²μ¸±μ¸É¨,   ´  ·¨¸. 10 Å μ¡Ð¨° ¢¨¤
³ £´¨É .

„²Ö  ´ ²¨§  ± Î¥¸É¢  ¶μ¸É·μ¥´´μ° ¸¥É±¨, ±μ··¥±É´μ¸É¨ § ¤ ´¨Ö ¢Ìμ¤-
´ÒÌ ¤ ´´ÒÌ · §· ¡μÉ ´ ¨´¸É·Ê³¥´É ·¨° É·¥Ì³¥·´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ³μ¤¥²¨.
„²Ö ÔÉμ£μ ¶μ²Ó§μ¢ É¥²Ó Ëμ·³¨·Ê¥É ¸¶¨¸μ± ¶·¥¤¢ ·¨É¥²Ó´μ ¶·μ³ ·±¨·μ¢ ´-
´ÒÌ μ¡Ñ¥±Éμ¢ ¨²¨ ³ É¥·¨ ²μ¢ ¤²Ö ¨Ì ¤ ²Ó´¥°Ï¥£μ · ¸¸³μÉ·¥´¨Ö. ‘ÊÐ¥¸É¢Ê¥É
¢μ§³μ¦´μ¸ÉÓ ¢· Ð¥´¨Ö ¨ ¶¥·¥³¥Ð¥´¨Ö ¨§μ¡· ¦¥´¨Ö ¢ ¶·μ¸É· ´¸É¢¥, ¶·¨ ÔÉμ³
¢¨§Ê ²Ó´Ò° ±μ´É·μ²Ó μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¨§³¥´¥´¨¥³ ± ± ÉμÎ±¨ ´ ¡²Õ¤¥´¨Ö, É ±
¨ Ê£²  μ¡§μ·  ¢ ¶·μ¸É· ´¸É¢¥. �  ·¨¸. 11 ¨²²Õ¸É·¨·ÊÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ ¢¨§Ê-
 ²¨§ Í¨¨ £¥´¥· Éμ·  ¤²Ö É·¥Ì³¥·´μ° ³μ¤¥²¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É .

‘ÊÐ¥¸É¢Ê¥É É ±¦¥ ¨´¸É·Ê³¥´É ·¨° ¤²Ö ¶μ¸É·μ¥´¨Ö ¸¥Î¥´¨° 3D-μ¡Ñ¥±Éμ¢.
„²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ § ¤ ÉÓ ¶²μ¸±μ¸ÉÓ ¸¥Î¥´¨Ö ¨ ¢¨¤¨³μ¥ ¶μ²Ê¶·μ¸É· ´¸É¢μ.
‘¥Î¥´¨¥ ³μ¦´μ ¶μ¸É·μ¨ÉÓ ´¥¸±μ²Ó±¨³¨ ¶²μ¸±μ¸ÉÖ³¨. �²μ¸±μ¸É¨ ¸¥Î¥´¨° § -
¤ ÕÉ¸Ö:
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• É·¥³Ö ÉμÎ± ³ ¨ §´ ±μ³ ¶μ²Ê¶·μ¸É· ´¸É¢ ;
• Ê· ¢´¥´¨¥³ ¶²μ¸±μ¸É¨ ¨ §´ ±μ³ ¶μ²Ê¶·μ¸É· ´¸É¢ ;
• ÉμÎ±μ° ´  ¶²μ¸±μ¸É¨ ¨ ¢¥±Éμ·μ³ ´μ·³ ²¨ ± ´¥°.
�  ·¨¸. 12 ¤¥³μ´¸É·¨·Ê¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¢¨§Ê ²¨§ Í¨¨ · §·¥§μ¢ ¨§μ¡· -

¦¥´¨Ö.

3. ƒ…�…��–ˆŸ ’�Š�‚›• ��Œ�’�Š

‚ ¸¢Ö§¨ ¸ ¶μ¸É·μ¥´¨¥³ ¢ GSI Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  SIS100 [7] ¢
· ³± Ì ¶·μ¥±É  FAIR ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ³μ¤¥²¨·μ¢ ´¨Ö ¨ μ¶É¨³¨§ -
Í¨¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢ ¸μ§¤ ¢ ¥³μ£μ Ê¸±μ·¨É¥²Ö. ‚¢¨¤Ê §´ Î¨É¥²Ó-
´μ° ¸Éμ¨³μ¸É¨ ¸μ§¤ ´¨Ö ¶μ¤μ¡´ÒÌ ³ £´¨Éμ¢ μ¤´¨³ ¨§ μ¸´μ¢´ÒÌ ¨´¸É·Ê³¥´-
Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²Ö¥É¸Ö ±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥. ‚¢¨¤Ê Î·¥§¢ÒÎ °´μ
¢Ò¸μ±¨Ì É·¥¡μ¢ ´¨° ± ± Î¥¸É¢Ê ¶μ²Ö ¢ ÔÉ¨Ì ³ £´¨É Ì ¶·¨ ¶μ¸É·μ¥´¨¨ ³μ¤¥-
²¥° ¶·¨Ìμ¤¨É¸Ö ÊÎ¨ÉÒ¢ ÉÓ ³¥²ÓÎ °Ï¨¥ ¤¥É ²¨ ±μ´¸É·Ê±Í¨°. ‚ ¤ ´´μ³ · §-
¤¥²¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥ ¨´¸É·Ê³¥´É ·¨Ö ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Éμ±μ¢ÒÌ μ¡³μÉμ±,
±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö μ¤´¨³ ¨§ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ ²Õ¡μ£μ Ô²¥±É·μ³ £´¨É´μ£μ
Ê¸É·μ°¸É¢ . „¥É ²Ó´μ¥ μ¶¨¸ ´¨¥ ±μ´Ë¨£Ê· Í¨¨ μ¡³μÉ±¨ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨-
³Ò³ Ê¸²μ¢¨¥³ ± Î¥¸É¢¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¢¸¥° Ê¸É ´μ¢±¨. �·μÍ¥¸¸ ±μ´-
¸É·Ê¨·μ¢ ´¨Ö É·¥Ì³¥·´μ° ³μ¤¥²¨ μ¡³μÉ±¨ Å ¤μ¸É ÉμÎ´μ ¸²μ¦´Ò° ¨ ±· °´¥
É·Ê¤μ¥³±¨°. „²Ö Ê¶·μÐ¥´¨Ö ÔÉμ° ¶·μÍ¥¤Ê·Ò ¢ ¶·¥¤² £ ¥³μ³ £¥´¥· Éμ·¥ ¸μ-
§¤ ´Ò ¶ · ³¥É·¨§μ¢ ´´Ò¥ ³μ¤¥²¨ ´ ¨¡μ²¥¥ Î ¸Éμ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ·¨ ´Éμ¢
μ¡³μÉμ± ¸ ¶·Ö³μÊ£μ²Ó´Ò³ ¸¥Î¥´¨¥³ ± ¡¥²Ö, É ±¨¥ ± ± Racetrack, Bedstead,
Solenoid ¨ ¤·. „²Ö μ¶¨¸ ´¨Ö μ¡³μÉμ± ¨¸¶μ²Ó§ÊÕÉ¸Ö 20-Ê§²μ¢Ò¥ ¨§μ¶ · ³¥-
É·¨Î¥¸±¨¥ ±μ´¥Î´Ò¥ Ô²¥³¥´ÉÒ (·¨¸. 2). 	 §· ¡μÉ ´ É ±¦¥  ²£μ·¨É³ ¶μ¸É·μ¥-
´¨Ö ¸²μ¦´ÒÌ ´¥¸É ´¤ ·É´ÒÌ μ¡³μÉμ±. „²Ö ÔÉμ£μ ¶μ²Ó§μ¢ É¥²Ó ¤μ²¦¥´ § ¤ ÉÓ
Éμ±μ¢ÊÕ ²¨´¨Õ Í¥´É·  ¸¥Î¥´¨Ö μ¡³μÉ±¨ ¨ ¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ± ¡¥²Ö. �·¨-
³¥·Ò § ¤ ´¨Ö Í¥´É· ²Ó´μ° Éμ±μ¢μ° ²¨´¨¨ ¤²Ö μ¡³μÉμ± Racetrack, Bedstead,
Solenoid ¶·¨¢¥¤¥´Ò ´  ·¨¸. 13.

	¨¸. 13.
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‚ ± Î¥¸É¢¥ ³ ±·μ¸μ¢ μ¶¨¸ ´¨Ö Í¥´É· ²Ó´μ° Éμ±μ¢μ° ²¨´¨¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö
μÉ·¥§±¨ ¶·Ö³ÒÌ ²¨´¨° ¨ ¤Ê£¨ μ±·Ê¦´μ¸É¥°. �  ·¨¸. 14 ¶·¨¢¥¤¥´Ò ¸É ´¤ ·É-
´Ò¥ ¢ ·¨ ´ÉÒ ¸¥Î¥´¨Ö ± ¡¥²Ö. „²Ö ¶μ¸É·μ¥´¨Ö ¸¥Î¥´¨Ö μ¡Ð¥° Ëμ·³Ò ¸μ§¤ ´
¸¶¥Í¨ ²Ó´Ò° ·¥¤ ±Éμ· ¸¥Î¥´¨Ö ± ¡¥²Ö (·¨¸. 15).

‘²¥¤Ê¥É ¶μ¤Î¥·±´ÊÉÓ, ÎÉμ ¢ · ³± Ì ¤ ´´μ£μ ¶μ¤Ìμ¤  · §· ¡μÉ ´Ò  ²£μ-
·¨É³Ò μ¶¨¸ ´¨Ö μ¡³μÉμ± ¤²Ö ±μ ±¸¨ ²Ó´μ£μ ± ¡¥²Ö, ÎÉμ μÎ¥´Ó ¢ ¦´μ ¤²Ö
³μ¤¥²¨·μ¢ ´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢, ¨¸¶μ²Ó§ÊÕÐ¨Ì ¶·μ¢μ¤´¨±¨ ¸ ¢´Ê-
É·¥´´¨³ μÌ² ¦¤¥´¨¥³. ‚ ± Î¥¸É¢¥ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ μ¡³μÉ±¨ μ¡Ð¥£μ ¢¨¤ 
¶·¨³¥´ÖÕÉ¸Ö:

	¨¸. 14.

	¨¸. 15.

	¨¸. 16.
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	¨¸. 17.

• ±μμ·¤¨´ ÉÒ Í¥´É·  μ¡³μÉ±¨;

• Ê£²Ò ¶μ¢μ·μÉ  ¸¨¸É¥³Ò ±μμ·¤¨´ É (Ê£²Ò �°²¥· );

• ¸Ê³³ ·´Ò° Éμ±, ¶·μÌμ¤ÖÐ¨° Î¥·¥§ ¸¥Î¥´¨¥.

ˆ§³¥´¥´¨¥ §´ ±  ¢ §´ Î¥´¨¨ ¸Ê³³ ·´μ£μ Éμ±  ¸μμÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ
´ ¶· ¢²¥´¨Ö ¤¢¨¦¥´¨Ö Éμ± . „ ²¥¥ ¶μ²Ó§μ¢ É¥²Ó ¤μ²¦¥´ § ¤ ÉÓ ´ ¡μ· Ô²¥-
³¥´Éμ¢ μ¶¨¸ ´¨Ö Í¥´É· ²Ó´μ° Éμ±μ¢μ° ²¨´¨¨. �É·¥§μ± ¶·Ö³μ° § ¤ ¥É¸Ö ±μ-
μ·¤¨´ É ³¨ ´ Î ²Ó´μ° ¨ ±μ´¥Î´μ° ÉμÎ±¨,   É ±¦¥ Î¨¸²μ³, ´  ±μÉμ·μ¥ μ´
· §¡¨¢ ¥É¸Ö. „Ê£  μ±·Ê¦´μ¸É¨ § ¤ ¥É¸Ö ´ Î ²Ó´μ° ¨ ±μ´¥Î´μ° ÉμÎ± ³¨, Í¥´-
É·μ³ μ±·Ê¦´μ¸É¨ ¨ Î¨¸²μ³ · §¡¨¥´¨Ö ¤Ê£¨. �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ Éμ± ¤¢¨¦¥É¸Ö
¢ ¶μ²μ¦¨É¥²Ó´μ³ ´ ¶· ¢²¥´¨¨ μÉ ´ Î ²Ó´μ° ÉμÎ±¨ ± ±μ´¥Î´μ° ¶μ ¤Ê£¥ μ±·Ê¦-
´μ¸É¨ ¸ § ¤ ´´Ò³ Í¥´É·μ³, ²¥¦ Ð¥° ¢ ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ ÔÉ¨ É·¨
ÉμÎ±¨.

�  ·¨¸. 16 ¨§μ¡· ¦¥´Ò ¢ ·¨ ´ÉÒ ¸É ´¤ ·É´ÒÌ μ¡³μÉμ± ¤²Ö ± ¡¥²Ö ¸ ¶·Ö-
³μÊ£μ²Ó´Ò³ ¸¥Î¥´¨¥³. �  ·¨¸. 17 ¶·¨¢¥¤¥´μ ³¥´Õ, ¶μ§¢μ²ÖÕÐ¥¥ ¤μ¸É ÉμÎ´μ
¶·μ¸Éμ § ¤ ¢ ÉÓ Ô²¥³¥´ÉÒ ¶·μ¨§¢μ²Ó´μ° μ¡³μÉ±¨.

�μ¸²¥ § ¤ ´¨Ö Í¥´É· ²Ó´μ° Éμ±μ¢μ° ²¨´¨¨ ´¥μ¡Ìμ¤¨³μ ¢Ò¡· ÉÓ ¸¥Î¥´¨¥
μ¡³μÉ±¨, · ¸¶μ²μ¦¥´¨¥ ¢ ¶·μ¸É· ´¸É¢¥ Í¥´É·  μ¡³μÉ±¨, ¶μ¢μ·μÉÒ ¸¨¸É¥³Ò
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	¨¸. 18.

±μμ·¤¨´ É ¨ É. ¤. �  ·¨¸. 18 ¶·¥¤¸É ¢²¥´Ò Ô²¥³¥´ÉÒ ¸²μ¦´μ° μ¡³μÉ±¨ ¤²Ö
±μ ±¸¨ ²Ó´μ£μ ± ¡¥²Ö.

�  ·¨¸. 19Ä21 ¶·¨¢¥¤¥´Ò ³¥´Õ § ¤ ´¨Ö ¸É ´¤ ·É´ÒÌ μ¡³μÉμ± ¤²Ö ¶·Ö³μ-
Ê£μ²Ó´μ£μ ¸¥Î¥´¨Ö ± ¡¥²Ö.

�  ·¨¸. 22 ¨²²Õ¸É·¨·ÊÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ £¥´¥· Éμ· , ¶μ§¢μ²ÖÕÐ¥£μ ¸μ-
§¤ ¢ ÉÓ · §²¨Î´Ò¥, Î ¸Éμ ¤μ¸É ÉμÎ´μ Ô±§μÉ¨Î¥¸±¨¥ μ¡³μÉ±¨ ¶·μ¨§¢μ²Ó´μ£μ
¸¥Î¥´¨Ö ± ¡¥²Ö. ‚ ·¥§Ê²ÓÉ É¥ · ¡μÉÒ £¥´¥· Éμ·  ¸μ§¤ ÕÉ¸Ö ³ ¸¸¨¢Ò ¸ μ¶¨-
¸ ´¨¥³ ±μμ·¤¨´ É ¶μ¸É·μ¥´´ÒÌ ÉμÎ¥±; Í¥²μÎ¨¸²¥´´Ò¥ ³ ¸¸¨¢Ò, ¸ μ¶¨¸ ´¨¥³
´μ³¥·μ¢ ÉμÎ¥±, ¢Ìμ¤ÖÐ¨Ì ¢ ¶μ¸É·μ¥´´Ò¥ ¸¥·¥´¤¨¶μ¢Ò Ô²¥³¥´ÉÒ; Ì · ±É¥-
·¨¸É¨±¨ É¨¶μ¢ ¸ ³¨Ì Ô²¥³¥´Éμ¢ ¨ ³ É¥·¨ ²μ¢, ¨§ ±μÉμ·ÒÌ ¸μ¸Éμ¨É ¤ ´´Ò°
Ô²¥³¥´É ¨ ¤·Ê£ Ö ´¥μ¡Ìμ¤¨³ Ö ¤²Ö ¤ ²Ó´¥°Ï¥£μ ³μ¤¥²¨·μ¢ ´¨Ö ¨´Ëμ·³ Í¨Ö.
�´ ²μ£¨Î´μ¥ μ¶¨¸ ´¨¥ ¤ ¥É¸Ö ¤²Ö ¶μ¸É·μ¥´´ÒÌ μ¡³μÉμ±.

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥  ¢Éμ³ É¨Î¥¸±μ£μ £¥´¥· Éμ·  ¶·μ¸É· ´¸É¢¥´´ÒÌ
¸¥Éμ±, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì É·¥¡μ¢ ´¨Ö³, ¶·¥¤ÑÖ¢²Ö¥³Ò³ ± · §¡¨¥´¨Ö³ ³¥Éμ¤μ³
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±μ´¥Î´ÒÌ Ô²¥³¥´Éμ¢. �μ¤μ¡´Ò¥ £¥´¥· Éμ·Ò Ö¢²ÖÕÉ¸Ö ¸μ¸É ¢´Ò³¨ ³μ¤Ê²Ö³¨
¡μ²ÓÏ¨Ì, ± ± ¶· ¢¨²μ, ¤μ¸É ÉμÎ´μ ¤μ·μ£¨Ì ±μ³³¥·Î¥¸±¨Ì ¶·μ£· ³³´ÒÌ ±μ³-
¶²¥±¸μ¢, ¡ §¨·ÊÕÐ¨Ì¸Ö ´  ±μ´¥Î´μ-Ô²¥³¥´É´μ³ μ¶¨¸ ´¨¨ ·¥Ï ¥³ÒÌ § ¤ Î.
ˆ¸¶μ²Ó§Ê¥³Ò° ³¥Éμ¤ £¥´¥· Í¨¨ ¸¥É±¨ ¡²¨§μ± ± ¸ÊÐ¥¸É¢ÊÕÐ¨³, μ¤´ ±μ μ¡² -
¤ ¥É ¸ÊÐ¥¸É¢¥´´Ò³¨ μÉ²¨Î¨Ö³¨. ‚ Î ¸É´μ¸É¨, §  ¸Î¥É ¸μ§¤ ´¨Ö ¡ §Ò ¸É ´-
¤ ·É´ÒÌ · §¡¨¥´¨° Ê²ÊÎÏ¥´Ò  ²£μ·¨É³Ò ¤·μ¡²¥´¨Ö ³ ±·μ¡²μ±μ¢ ´  ³¨±·μ-
¡²μ±¨, ÎÉμ ¶μ§¢μ²Ö¥É ¸´ÖÉÓ ¸ÊÐ¥¸É¢ÊÕÐ¥¥ ¦¥¸É±μ¥ μ£· ´¨Î¥´¨¥ ´  Î¨¸² 

	¨¸. 19. 	¨¸. 20.

	¨¸. 21. 	¨¸. 22.
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· §¡¨¥´¨° ´  ¸Éμ·μ´ Ì ³ ±·μ¡²μ±μ¢, ¶·¨¢μ¤ÖÐ¥¥ ¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ ± ¢Ò-
·μ¦¤¥´¨Õ ¸¥É±¨. ‘μ§¤ ´ Ê¤μ¡´Ò° ¶μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ ¤²Ö § ¤ ´¨Ö
¢Ìμ¤´μ° £¥μ³¥É·¨¨. 	 §· ¡μÉ ´ ¨´¸É·Ê³¥´É ·¨° ¤²Ö μ¶¨¸ ´¨Ö ¸É ´¤ ·É´ÒÌ ¨
´¥¸É ´¤ ·É´ÒÌ Éμ±μ¢ÒÌ μ¡³μÉμ± ¸ · §²¨Î´Ò³ ¶μ¶¥·¥Î´Ò³ ¸¥Î¥´¨¥³, ¢±²ÕÎ Ö
¢μ¸É·¥¡μ¢ ´´Ò¥ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö μ¡³μÉ±¨ ¸ ±μ ±¸¨ ²Ó´Ò³ ¸¥Î¥´¨¥³ ± ¡¥²Ö.
‘ÊÐ¥¸É¢Ê¥É ¢¨§Ê ²Ó´Ò° ±μ´É·μ²Ó ´  ¢¸¥Ì ¸É ¤¨ÖÌ · ¡μÉÒ £¥´¥· Éμ· , ¢ Éμ³
Î¨¸²¥ §  ± Î¥¸É¢μ³ Ë¨´ ²Ó´μ£μ · §¡¨¥´¨Ö. �·¥¤² £ ¥³Ò° £¥´¥· Éμ· ³μ¦¥É
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ± ± ¶·¥¶·μÍ¥¸¸μ· ¤²Ö ·¥Ï¥´¨Ö Ï¨·μ±μ£μ ±² ¸¸  § ¤ Î, ¡ -
§¨·ÊÕÐ¨Ì¸Ö ´  ³¥Éμ¤¥ ±μ´¥Î´ÒÌ Ô²¥³¥´Éμ¢.
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