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�¡Ñ¥¤¨´e´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

‹ ¡µ· Éµ·¨Ö É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ¨³. �. �. �µ£µ²Õ¡µ¢ 

�µ± § ´µ, ÎÉµ 19 Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³ÒÌ ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¨´É¥·-
¢ ²¥ ³ ¸¸ µÉ 0,4 ¤µ 1,7 ƒÔ‚ ³µ£ÊÉ ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´Ò ± ± £²Õ¡µ² ¸ ³ ¸¸µ° 1500 ŒÔ‚ ¨ ¤¢ 
´µ´¥É  ¸± ²Ö·´ÒÌ ³¥§µ´µ¢. �¥·¢Ò° ´µ´¥É ¸µ¸Éµ¨É ¨§ µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ³¥§µ´µ¢ ¸ ³ ¸¸ ³¨
³¥´ÓÏ¥ 1 ƒÔ‚,   ¢Éµ·µ° Ö¢²Ö¥É¸Ö ´µ´¥Éµ³ ¨Ì ¶¥·¢ÒÌ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨°, ÉÖ¦¥²¥¥ 1,3 ƒÔ‚
¨ ²¥£Î¥ 1,7 ƒÔ‚. „²Ö µ¶¨¸ ´¨Ö £²Õ¡µ²  ¨ ¤¢ÊÌ ´µ´¥Éµ¢ ¨¸¶µ²Ó§Ê¥É¸Ö U(3) × U(3) ±¨· ²Ó´ Ö
±¢ ·±µ¢ Ö ³µ¤¥²Ó É¨¶  � ³¡ÊÄˆµ´ -‹ §¨´¨µ.

It is shown that 19 experimentally observed scalar meson states in the mass range from 0.4 to
1.7 GeV can be interpreted as a glueball with the mass 1500 MeV and two nonets of scalar mesons.
The ˇrst nonet consists of the ground meson states with masses less than 1 GeV, and the second
one is the nonet of their ˇrst radial excitations, heavier than 1.3 GeV and lighter than 1.7 GeV. For
the description of the glueball and the two meson nonets, a U(3) × U(3) chiral quark model of the
NambuÄJona-Lasinio type is used.

�¶¨¸ ´¨¥ µ¸´µ¢´ÒÌ ¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸± ²Ö·´ÒÌ, ¶¸¥¢¤µ¸± ²Ö·-
´ÒÌ ¨ ¢¥±Éµ·´ÒÌ ³¥§µ´µ¢ (¢±²ÕÎ Ö ¸± ²Ö·´Ò° £²Õ¡µ²) Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´µ°
¨ ¸²µ¦´µ° ¶·µ¡²¥³µ°, ¶·¨¢²¥± ÕÐ¥° ¢´¨³ ´¨¥ ³´µ£¨Ì Ë¨§¨±µ¢ ¢ ¶µ¸²¥¤´¨¥
£µ¤Ò (¸³., ´ ¶·¨³¥·, [1]). �·¨ ÔÉµ³ ´ ¨¡µ²¥¥ ¸²µ¦´Ò¥ ¶·µ¡²¥³Ò ¢µ§´¨± ÕÉ
¶·¨ µ¶¨¸ ´¨¨ ¸± ²Ö·´ÒÌ ³¥§µ´µ¢. „¥°¸É¢¨É¥²Ó´µ, ¢ ¨´É¥·¢ ²¥ ³ ¸¸ µÉ 0,4 ¤µ
1,7 ƒÔ‚ Ô±¸¶¥·¨³¥´É ²Ó´µ µ¡´ ·Ê¦¥´µ 19 ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨°, ¨
¤µ ¸¨Ì ¶µ· ¤²Ö ´¨Ì ´¥ ¸ÊÐ¥¸É¢Ê¥É µ¤´µ§´ Î´µ° ¨´É¥·¶·¥É Í¨¨ (¸³. [1]). � §-
²¨Î´Ò¥  ¢Éµ·Ò ¶µ-· §´µ³Ê ¨¤¥´É¨Ë¨Í¨·ÊÕÉ ÔÉ¨ ¸µ¸ÉµÖ´¨Ö, ¶·¨ ÔÉµ³ ´¨±Éµ
´¥ ¤ ¥É ¶µ²´µ° ±² ¸¸¨Ë¨± Í¨¨ ¢¸¥Ì 19 ¸µ¸ÉµÖ´¨°. �·µ¡²¥³  Ê¸²µ¦´Ö¥É¸Ö
É¥³, ÎÉµ ¢ Ê¶µ³Ö´ÊÉµ³ ¢ÒÏ¥ ¨´É¥·¢ ²¥ ³ ¸¸ ±·µ³¥ µ¸´µ¢´ÒÌ ¨ · ¤¨ ²Ó´µ-
¢µ§¡Ê¦¤¥´´ÒÌ ¸± ²Ö·´ÒÌ ±¢ ·±µ´¨¥¢ ¸ÊÐ¥¸É¢Ê¥É É ±¦¥ ¨ ¸± ²Ö·´Ò° £²Õ¡µ²,
±µÉµ·Ò° ¸¨²Ó´µ ¸³¥Ï¨¢ ¥É¸Ö ¸ ¤·Ê£¨³¨ ¸± ²Ö·´Ò³¨ ¨§µ¸± ²Ö·´Ò³¨ ¸µ¸ÉµÖ-
´¨Ö³¨. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö £²Õ¡µ² ´¥ ¨¤¥´É¨Ë¨Í¨·µ¢ ´ µ¤´µ§´ Î´µ. � ¨¡µ²¥¥
¢¥·µÖÉ´Ò³¨ ¶·¥É¥´¤¥´É ³¨ ´  ·µ²Ó ¸± ²Ö·´µ£µ £²Õ¡µ² , ¶µ ³´¥´¨Õ ³´µ£¨Ì
 ¢Éµ·µ¢, Ö¢²ÖÕÉ¸Ö ¸µ¸ÉµÖ´¨Ö f0(1500) ¨ f0(1710). ‚ ´ Ï¨Ì · ¡µÉ Ì ³Ò ¶µ-
± § ²¨, ÎÉµ ¢¸¥ ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒ¥ 19 ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ³µ¦´µ
· ¸¸³ É·¨¢ ÉÓ ± ± ¤¢  ´µ´¥É  ¸± ²Ö·´ÒÌ ±¢ ·±µ´¨¥¢ ¨ ¸± ²Ö·´Ò° £²Õ¡µ²
(f0(1500)).
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�¥¸±µ²Ó±µ ¶·µÐ¥ ¸¨ÉÊ Í¨Ö ¢ ¸²ÊÎ ¥ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ (¢ · ¸¸³ -
É·¨¢ ¥³µ³ ¨´É¥·¢ ²¥ ³ ¸¸), £¤¥ ´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ¢¢µ¤¨ÉÓ ¤µ¶µ²´¨É¥²Ó´µ¥
¸µ¸ÉµÖ´¨¥ (£²Õ¡µ²). �¤´ ±µ §¤¥¸Ó, É ± ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ ¸± ²Ö·´ÒÌ ³¥§µ´µ¢,
¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ¸¨´£²¥É-µ±É¥É´µ¥ ¸³¥Ï¨¢ ´¨¥ ¤²Ö µ¸´µ¢´ÒÌ ¨ ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ¨§µ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ´µ´¥Éµ¢.

…Ð¥ ¡µ²¥¥ ¶·µ¸É Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¢ ¸²ÊÎ ¥ ¢¥±Éµ·´ÒÌ ³¥§µ´´ÒÌ
´µ´¥Éµ¢, £¤¥ ¢µ§´¨± ¥É ¨¤¥ ²Ó´µ¥ ¸¨´£²¥É-µ±É¥É´µ¥ ¸³¥Ï¨¢ ´¨¥ ¶·¨ µ¶¨¸ ´¨¨
± ± µ¸´µ¢´ÒÌ, É ± ¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°.

�Ö¤ · ¡µÉ, µ¶Ê¡²¨±µ¢ ´´ÒÌ ´ ³¨ §  ¶µ¸²¥¤´¨¥ ´¥¸±µ²Ó±µ ²¥É, ¡Ò² ¶µ¸¢Ö-
Ð¥´ ·¥Ï¥´¨Õ Ê± § ´´ÒÌ ¢ÒÏ¥ ¶·µ¡²¥³ [2Ä7]. „²Ö ÔÉµ£µ ´ ³¨ ¡Ò²  ¨¸¶µ²Ó-
§µ¢ ´  ´¥²µ± ²Ó´ Ö ±¨· ²Ó´ Ö ±¢ ·±µ¢ Ö ³µ¤¥²Ó É¨¶  � ³¡ÊÄˆµ´ -‹ §¨´¨µ
[2Ä4]. ‚ ÔÉµ° ³µ¤¥²¨ ¤²Ö µ¶¨¸ ´¨Ö ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¡Ò²¨ ¨¸¶µ²Ó-
§µ¢ ´Ò ¶·µ¸ÉÒ¥ Ëµ·³Ë ±Éµ·Ò ¶µ²¨´µ³¨ ²Ó´µ£µ ¢¨¤  ¢ ²µ·¥´Í-±µ¢ ·¨ ´É´µ°
Ëµ·³¥. „²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¶¥·¢ÒÌ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° µ± § ²µ¸Ó ¤µ¸É -
ÉµÎ´µ ¶µ²¨´µ³µ¢ ¢Éµ·µ£µ ¶µ·Ö¤±  ¶µ µÉ´µ¸¨É¥²Ó´µ³Ê ¨³¶Ê²Ó¸Ê ±¢ ·±µ¢. ‚
ÔÉµ³ ¸²ÊÎ ¥ ± ¦¤Ò° Ëµ·³Ë ±Éµ· ¸µ¤¥·¦¨É ¤¢  ¶ · ³¥É· : ¢´¥Ï´¨° ¨ ¢´Ê-
É·¥´´¨°. ‚´¥Ï´¨° ¶ · ³¥É· µ¶·¥¤¥²Ö¥É ³ ¸¸Ê ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ´¨Ö, ¢
Éµ ¢·¥³Ö ± ± ¢´ÊÉ·¥´´¨° ´¥ Ö¢²Ö¥É¸Ö ¶·µ¨§¢µ²Ó´Ò³,   Ë¨±¸¨·Ê¥É¸Ö ¨§ Ê¸²µ-
¢¨Ö, ÎÉµ Ê· ¢´¥´¨Ö Ð¥²¨ ´¥ ³¥´ÖÕÉ ¸¢µ¥° Ëµ·³Ò ¶µ¸²¥ ¢¢¥¤¥´¨Ö ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° ³¥§µ´µ¢ ¢ ² £· ´¦¨ ´. ’µ£¤  ¸µ¸É ¢²ÖÕÐ¨¥ ³ ¸¸Ò ±¢ ·±µ¢ ¨
±¢ ·±µ¢Ò¥ ±µ´¤¥´¸ ÉÒ É ±¦¥ ´¥ ¨§³¥´ÖÕÉ¸Ö. ‚ ·¥§Ê²ÓÉ É¥ ¢µ¸¶·µ¨§¢µ¤ÖÉ¸Ö
¢¸¥ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨¥ É¥µ·¥³Ò ¢ ±¨· ²Ó´µ³ ¶·¥¤¥²¥ ¨ ³¥Ì ´¨§³ ¸¶µ´É ´-
´µ£µ ´ ·ÊÏ¥´¨Ö ±¨· ²Ó´µ° ¸¨³³¥É·¨¨. 	² £µ¤ ·Ö ÔÉµ³Ê,   É ±¦¥ ±¨· ²Ó´µ°
¸¨³³¥É·¨¨, ¶µ§¢µ²¨¢Ï¥° ¨¸¶µ²Ó§µ¢ ÉÓ µ¤´¨ ¨ É¥ ¦¥ Ëµ·³Ë ±Éµ·Ò ± ± ¤²Ö
¸± ²Ö·´ÒÌ, É ± ¨ ¤²Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢, Î¨¸²µ ¶ · ³¥É·µ¢ ¢ ³µ¤¥²¨
§ ³¥É´µ ¸µ±· Ð ¥É¸Ö: ¤²Ö µ¶¨¸ ´¨Ö ¸¶¥±É·  ³ ¸¸ · ¤¨ ²Ó´µ-¢µ§¡Ê¦¤¥´´ÒÌ
¸± ²Ö·´ÒÌ ¨ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ´µ´¥Éµ¢ µ± §Ò¢ ¥É¸Ö ¤µ¸É ÉµÎ´µ 4
¶·µ¨§¢µ²Ó´ÒÌ (¢´¥Ï´¨Ì) ¶ · ³¥É·µ¢. „²Ö µ¶¨¸ ´¨Ö ¢¥±Éµ·´ÒÌ ³¥§µ´´ÒÌ ´µ-
´¥Éµ¢ ´Ê¦´µ ¤µ¡ ¢¨ÉÓ ¥Ð¥ 3 ¶ · ³¥É· . �·¨ ÔÉµ³ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¢¸¥Ì ±µ´-
¸É ´É ¸¨²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö µ¸´µ¢´ÒÌ ¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ³¥§µ´µ¢
ÔÉ¨ ¶ · ³¥É·Ò ´¥ É·¥¡ÊÕÉ¸Ö.

„²Ö µ¶¨¸ ´¨Ö ¸¨´£²¥É-µ±É¥É´µ£µ ¸³¥Ï¨¢ ´¨Ö ³Ò ¢±²ÕÎ¨²¨ ¢ ³µ¤¥²Ó
6-±¢ ·±µ¢µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ É'•µËÉ , ¨´¤ÊÍ¨·µ¢ ´´µ¥ ¨´¸É ´Éµ´´Ò³¨ ¢§ ¨-
³µ¤¥°¸É¢¨Ö³¨. �Éµ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶µ§¢µ²Ö¥É µ¶¨¸ ÉÓ ¸¨´£²¥É-µ±É¥É´µ¥ ¸³¥-
Ï¨¢ ´¨¥ ± ± ¢ ¸± ²Ö·´µ³, É ± ¨ ¢ ¶¸¥¢¤µ¸± ²Ö·´µ³ ¸¥±Éµ· Ì [4,5].

„²Ö ¢¢¥¤¥´¨Ö £²Õ¡µ²  ¢ ÔËË¥±É¨¢´Ò° ³¥§µ´´Ò° ² £· ´¦¨ ´ ¡Ò²  ¨¸-
¶µ²Ó§µ¢ ´  ¤¨² Éµ´´ Ö ³µ¤¥²Ó, µ¸´µ¢ ´´ Ö ´  ¶·¨¡²¨¦¥´´µ° ³ ¸ÏÉ ¡´µ° ¨´-
¢ ·¨ ´É´µ¸É¨. Š ± ¨ ¢ Š•„, ³ ¸ÏÉ ¡´ Ö ¨´¢ ·¨ ´É´µ¸ÉÓ ´ ·ÊÏ¥´  Î²¥´ ³¨,
±µÉµ·Ò¥ ¸µ¤¥·¦ É Éµ±µ¢Ò¥ ³ ¸¸Ò ±¢ ·±µ¢,   É ±¦¥ Î²¥´ ³¨, ¨´¤ÊÍ¨·µ¢ ´-
´Ò³¨ £²Õµ´´Ò³¨  ´µ³ ²¨Ö³¨. ’ ± Ö ³µ¤¥²Ó, µ¶¨¸Ò¢ ÕÐ Ö Éµ²Ó±µ µ¸´µ¢´Ò¥
¸µ¸ÉµÖ´¨Ö ¸± ²Ö·´ÒÌ ±¢ ·±µ´¨¥¢ ¨ £²Õ¡µ², ¡Ò²  ¶µ¸É·µ¥´  ¢ · ¡µÉ¥ [6].
� Ï¨ ¢ÒÎ¨¸²¥´¨Ö ¶µ± § ²¨, ÎÉµ ¸µ¸ÉµÖ´¨¥ f0(1500) ¢ µ¸´µ¢´µ³ ¸µ¸Éµ¨É ¨§
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£²Õ¡µ² , ¢ Éµ ¢·¥³Ö ± ± f0(1710) Ö¢²Ö¥É¸Ö ¢µ§¡Ê¦¤¥´´Ò³ ¸µ¸ÉµÖ´¨¥³ ±¢ ·-
±µ´¨Ö f0(980).

‚ · ¡µÉ¥ [7] ³Ò µ¡Ñ¥¤¨´¨²¨ ³¥Éµ¤Ò, ¨¸¶µ²Ó§µ¢ ´´Ò¥ · ´¥¥ ¢ [5] ¨ [6], ¤²Ö
¶µ¸É·µ¥´¨Ö µ±µ´Î É¥²Ó´µ£µ ¢ ·¨ ´É  · ¸Ï¨·¥´´µ° ´¥²µ± ²Ó´µ° U(3)×U(3)-
³µ¤¥²¨ ¸ £²Õ¡µ²µ³, ¶µ§¢µ²ÖÕÐ¥° µ¶¨¸ ÉÓ ¢¸¥ 19 ¸± ²Ö·´ÒÌ ¨ 18 ¶¸¥¢¤µ¸± -
²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¨´É¥·¥¸ÊÕÐ¥³ ´ ¸ ¨´É¥·¢ ²¥ ³ ¸¸. ‡¤¥¸Ó ³Ò
ÊÎ²¨ ¸³¥Ï¨¢ ´¨¥ ³¥¦¤Ê 5 ¸± ²Ö·´Ò³¨ ¨§µ¸± ²Ö·´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨,   É ±¦¥
³¥¦¤Ê 4 ¶¸¥¢¤µ¸± ²Ö·´Ò³¨ ¨§µ¸± ²Ö·´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨.

�  µ¸´µ¢¥ ¶·¨¡²¨¦¥´´µ° ±¨· ²Ó´µ° ¸¨³³¥É·¨¨ ´ ³ Ê¤ ²µ¸Ó ¶µ ³ ¸¸ ³
¢µ§¡Ê¦¤¥´´ÒÌ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¥¤¸± § ÉÓ ¸¶¥±É· ³ ¸¸
· ¤¨ ²Ó´µ-¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ [4, 5, 7]. ‘· ¢´¥´¨¥
¥£µ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ§¢µ²¨²µ ´ ³ ¨´É¥·¶·¥É¨·µ¢ ÉÓ 19 ¸± -
²Ö·´ÒÌ ³¥§µ´µ¢ ± ± £²Õ¡µ² ¨ ¤¢  ´µ´¥É  ±¢ ·±µ´¨¥¢: ´µ´¥É µ¸´µ¢´ÒÌ ¸µ-
¸ÉµÖ´¨° (¸ ³ ¸¸ ³¨ ´¨¦¥ 1 ƒÔ‚) ¨ ´µ´¥É ¶¥·¢ÒÌ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° (¸
³ ¸¸ ³¨ ¢ÒÏ¥ 1 ƒÔ‚) [7]. 	Ò²¨ É ±¦¥ µ¶¨¸ ´Ò ¢¸¥ µ¸´µ¢´Ò¥ ¸¨²Ó´Ò¥ · ¸-
¶ ¤Ò · ¤¨ ²Ó´µ-¢µ§¡Ê¦¤¥´´ÒÌ ¸± ²Ö·´ÒÌ ¨ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ [4, 7].
‘µ¶µ¸É ¢²¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ¤-
É¢¥·¤¨²µ ´ ÏÊ ¨´É¥·¶·¥É Í¨Õ ÔÉ¨Ì ¸µ¸ÉµÖ´¨°. 	Ò²µ ¶µ± § ´µ, ÎÉµ £²Õ¡µ²,
µ± §Ò¢ ¥É¸Ö, § ³¥É´µ ¸³¥Ï¨¢ ¥É¸Ö ¸ ¸µ¸ÉµÖ´¨Ö³¨ f0(400−1200) ¨ f0(1370), ¢
µ¸´µ¢´µ³ ¸µ¸ÉµÖÐ¨³¨ ¨§ u- ¨ d-±¢ ·±µ¢, ¨ ¸² ¡µ ¸³¥Ï¨¢ ¥É¸Ö ¸ ¸µ¸ÉµÖ´¨Ö³¨
f0(980) ¨ f0(1710), ¸µ¸ÉµÖÐ¨³¨ ¢ µ¸´µ¢´µ³ ¨§ s-±¢ ·±µ¢.

�µ³¨³µ ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ´ ³¨ ¡Ò²¨ µ¶¨¸ ´Ò · ¤¨ ²Ó´µ-¢µ§¡Ê¦¤¥´´Ò¥
¶¸¥¢¤µ¸± ²Ö·´Ò¥ ¨ ¢¥±Éµ·´Ò¥ ³¥§µ´Ò. ‚ ¶¸¥¢¤µ¸± ²Ö·´µ³ ¸¥±Éµ·¥ ¡Ò² µ¶¨-
¸ ´ ¸¶¥±É· ³ ¸¸ ¶¥·¢ÒÌ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¸ ÊÎ¥Éµ³ ¸¨´£²¥É-µ±É¥É´µ£µ
¸³¥Ï¨¢ ´¨Ö ¨ µ¸´µ¢´Ò¥ ³µ¤Ò ¸¨²Ó´ÒÌ · ¸¶ ¤µ¢. 	Ò²¨ É ±¦¥ ¢ÒÎ¨¸²¥´Ò ±µ´-
¸É ´ÉÒ ¸² ¡µ£µ · ¸¶ ¤  Fπ′ ¨ FK′ [2Ä4]. �µ± § ´µ, ÎÉµ ¢ ±¨· ²Ó´µ³ ¶·¥¤¥²¥
µ´¨ µ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É É¥µ·¥³¥ —‘�’.

‚ · ¡µÉ Ì [3,4] ¡Ò² É ±¦¥ µ¶¨¸ ´ ¸¶¥±É· ³ ¸¸ ¨ µ¸´µ¢´Ò¥ ³µ¤Ò ¸¨²Ó´ÒÌ
· ¸¶ ¤µ¢ ¶¥·¢ÒÌ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¢¥±Éµ·´ÒÌ ³¥§µ´µ¢.

’ ±¨³ µ¡· §µ³, ´ Ï  ³µ¤¥²Ó ¶µ§¢µ²¨²  ¸ ¶µ³µÐÓÕ ¤µ¶µ²´¨É¥²Ó´ÒÌ 8
¶ · ³¥É·µ¢ (7 ¶ · ³¥É·µ¢ ¸¢Ö§ ´Ò ¸ Ëµ·³Ë ±Éµ· ³¨,   8-° Å ¸ ¢¢¥¤¥´¨¥³
£²Õ¡µ² ) µ¶¨¸ ÉÓ ¸¶¥±É·Ò ³ ¸¸ É·¥Ì ¢µ§¡Ê¦¤¥´´ÒÌ ³¥§µ´´ÒÌ ´µ´¥Éµ¢ ¨ ¸± -
²Ö·´µ£µ £²Õ¡µ² , ¤ ÉÓ ¶µ²´ÊÕ ¨´É¥·¶·¥É Í¨Õ ¢¸¥Ì Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§¢¥¸É-
´ÒÌ ¸± ²Ö·´ÒÌ ³¥§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¨´É¥·¢ ²¥ µÉ 0,4 ¤µ 1,7 ƒÔ‚ ¨ µ¶¨¸ ÉÓ
µ¸´µ¢´Ò¥ ¸¨²Ó´Ò¥ · ¸¶ ¤Ò ÔÉ¨Ì ³¥§µ´µ¢. �·¨ ÔÉµ³ ³µ¤¥²Ó Ê¤µ¢²¥É¢µ·Ö¥É
¢¸¥³ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨³ É¥µ·¥³ ³ ¢ ±¨· ²Ó´µ³ ¶·¥¤¥²¥.
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