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Inclusive �
0 Production in dC and dCu Interactions

at a Momentum of 4.5 GeV/c per Nucleon

The cross sections for the inclusive production of �
0 mesons in the reactions

d x� � �C �
0 and d x� � �Cu �

0 at an incident momentum of 4.5 GeV/c per nucle-

on are measured for the kinematical region specified by the inequalities �
�
�16�

and E
�
�2 GeV (lab. sys.). The cumulative number and transverse momentum depen-

dences of the exponent n in the cross section parametrization Ed d p A T

n3 3
� / ~ are in-

vestigated by comparing the observed cross sections for �
0 production on carbon

with copper targets at the intervals 0 6 18. .� �X and 0 04 0 402. .� �Pt (GeV/c) 2 .

The probabilities of the formation of six-quark configurations in 2 d , 4 He and 12 C nu-

clei are estimated. The double differential cross section of the reaction d x� � �C �
0

is first measured using statistics of more than 40000 �
0 mesons.

The investigation has been performed at the Veksler and Baldin Laboratory

of High Energies, JINR.
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Èíêëþçèâíîå îáðàçîâàíèå �
0 -ìåçîíîâ

â dC- è dCu-âçàèìîäåéñòâèÿõ ïðè èìïóëüñå 4,5 ÃýÂ/c íà íóêëîí

Èçìåðåíû ñå÷åíèÿ èíêëþçèâíîãî îáðàçîâàíèÿ �
0 -ìåçîíîâ â ðåàêöèÿõ

d x� � �C �
0 è d x� � �Cu �

0 ïðè èìïóëüñå 4,5 ÃýÂ/c íà íóêëîí äëÿ êèíåìàòè-

÷åñêîé îáëàñòè �
�
�16� , E

�
�2 ÃýÂ (ë. ñ.). Èç îòíîøåíèÿ ñå÷åíèé ãåíåðàöèè

�
0 -ìåçîíîâ íà ÿäðàõ óãëåðîäà è ìåäè ïîëó÷åíà çàâèñèìîñòü ïîêàçàòåëÿ n â ïàðà-

ìåòðèçàöèè Ed d p A n3 3
� / ~ îò êóìóëÿòèâíîãî ÷èñëà X â èíòåðâàëå 0 6 18, ,� �X

è îò êâàäðàòà ïîïåðå÷íîãî èìïóëüñà â èíòåðâàëå 0 04 0 402, ,� �Pt (ÃýÂ/ñ) 2 . Ïîëó-

÷åíû îöåíêè âåðîÿòíîñòè îáðàçîâàíèÿ 6-êâàðêîâûõ êîíôèãóðàöèé â ÿäðàõ 2 d ,
4 He è 12 C. Íà ñòàòèñòèêå áîëåå ÷åì 40000 �

0 -ìåçîíîâ âïåðâûå îïðåäåëåíî äâà-

æäû äèôôåðåíöèàëüíîå ñå÷åíèå ðåàêöèè d x� � �C �
0 .

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè âûñîêèõ ýíåðãèé èì. Â. È. Âåêñëåðà

è À. Ì. Áàëäèíà ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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‚‚…„…�ˆ…

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¨´±²Õ§¨¢´µ£µ
¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ¢ ·¥ ±Í¨ÖÌ

d + AT → π0 + x, AT = C, Cu, (1)

¶·¨ ¨³¶Ê²Ó¸¥ 4,5 ƒÔ‚/¸ ´  ´Ê±²µ´. �±¸¶¥·¨³¥´É Ö¢²Ö¥É¸Ö ¶·µ¤µ²¦¥´¨¥³ Í¨-
±²  ¨¸¸²¥¤µ¢ ´¨° [1Ä3], ¶·µ¢µ¤¨³ÒÌ ´  90-± ´ ²Ó´µ³ Î¥·¥´±µ¢¸±µ³
γ-¸¶¥±É·µ³¥É·¥ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° �ˆŸˆ [4]. –¥²Ó ÔÉ¨Ì ¨¸-
¸²¥¤µ¢ ´¨° Å ¢ÒÖ¸´¥´¨¥ ³¥Ì ´¨§³  µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢ ¢¡²¨§¨ ¨ §  ±¨´¥-
³ É¨Î¥¸±µ° £· ´¨Í¥° ¤²Ö ´Ê±²µ´-´Ê±²µ´´ÒÌ ¸Éµ²±´µ¢¥´¨° [5].

1. �Š‘�…�ˆŒ…�’

�±¸¶¥·¨³¥´É ¶·µ¢µ¤¨²¸Ö ´  ¶ÊÎ±¥ Ö¤¥· ¤¥°É¥·¨Ö ¸ ¨³¶Ê²Ó¸µ³ 4,5 ƒÔ‚/¸
´  ´Ê±²µ´ (∆p/p = ±2 %) ¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ ¤µ 100 ÉÒ¸. Î ¸É¨Í / Í¨±².
�±¸¶¥·¨³¥´É ²Ó´ Ö  ¶¶ · ÉÊ·  ¶µ§¢µ²Ö²  ¨§³¥·ÖÉÓ ± ± Ô´¥·£¨¨, É ± ¨ Ê£²Ò
¢Ò²¥É  γ-±¢ ´Éµ¢, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤  π0-³¥§µ´µ¢. ‘Ì¥³ É¨-
Î¥¸±¨° Î¥·É¥¦ Ô±¸¶¥·¨³¥´É ²Ó´µ°  ¶¶ · ÉÊ·Ò ¶·¨¢¥¤¥´ ´  ·¨¸. 1. “¸É ´µ¢± 
¢±²ÕÎ ¥É 90 γ-¸¶¥±É·µ³¥É·µ¢ ¨§ ¸¢¨´Íµ¢µ£µ ¸É¥±² , ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥É-
Î¨±¨ · §³¥· ³¨ 5 × 5 ¸³ (S1, S2, S3) ¨ 15 × 15 ¸³, ¶µ·µ£µ¢Ò° £ §µ¢Ò°
¸Î¥ÉÎ¨±, ¸Í¨´É¨²²ÖÍ¨µ´´Ò° ¸Î¥ÉÎ¨±, · ¡µÉ ÕÐ¨° ¢ ·¥¦¨³¥  ´É¨¸µ¢¶ ¤¥´¨°,
£µ¤µ¸±µ¶¨Î¥¸±¨¥ ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨.

’µ²Ð¨´  Ê£²¥·µ¤´µ° ³¨Ï¥´¨ ¶µ ¶ÊÎ±Ê ¸µ¸É ¢²Ö²  12,6 £/¸³2 (0,3 · ¤. ¥¤.),
Éµ²Ð¨´  ³¥¤´µ° ³¨Ï¥´¨ Å 5,4 £/¸³2 (0,4 · ¤. ¥¤.). ‘µ¡ÒÉ¨Ö É¨¶  nγ,
£¤¥ n = 2, 3, ..., £¥´¥·¨·Ê¥³Ò¥ ¢ ³¨Ï¥´¨, ·¥£¨¸É·¨·µ¢ ²¨¸Ó Î¥·¥´±µ¢¸±¨³
γ-¸¶¥±É·µ³¥É·µ³. „¥É¥±Éµ·Ò γ-¸¶¥±É·µ³¥É·  · ¡µÉ ÕÉ ´¥§ ¢¨¸¨³µ ¨ ¸µ¡· ´Ò
¢ ³ É·¨ÍÊ 7×13 · §³¥· ³¨ 140×215 ¸³. • · ±É¥·¨¸É¨±¨ ¸¶¥±É·µ³¥É·  ¶·¨-
¢¥¤¥´Ò ¢ [2, 4].

‚ Ô±¸¶¥·¨³¥´É¥ · ¸¸ÉµÖ´¨¥ µÉ Í¥´É·  ³¨Ï¥´¨ ¤µ γ-¸¶¥±É·µ³¥É·  ¶µ
¶ÊÎ±Ê ¸µ¸É ¢²Ö²µ 340 ¸³ ¤²Ö Ê£²¥·µ¤´µ° ³¨Ï¥´¨ ¨ 520 ¸³ ¤²Ö ³¨Ï¥´¨ ¨§
³¥¤¨. ‚ Ê± § ´´µ° £¥µ³¥É·¨¨ ¤¨ ¶ §µ´Ò Ê£²µ¢ ¢Ò²¥É  π0-³¥§µ´µ¢, ·¥£¨¸É·¨-
·Ê¥³ÒÌ Ê¸É ´µ¢±µ°, ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥ (². ¸.) ±µµ·¤¨´ É · ¢´Ò ¸µµÉ¢¥É-
¸É¢¥´´µ ±16 ¨ ±10◦.

�¥£¨¸É· Í¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·µ¨§¢µ¤¨² ¸Ó ¸ ¶µ³µÐÓÕ £µ¤µ¸±µ¶ 
¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, ¸µ¸ÉµÖÐ¥£µ ¨§ 40 ¸Î¥ÉÎ¨±µ¢ · §³¥· ³¨ 2×10×
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�¨¸. 1. ‘Ì¥³ É¨Î¥¸±¨° Î¥·É¥¦ Ô±¸¶¥·¨³¥´É ²Ó´µ°  ¶¶ · ÉÊ·Ò: S1, S2, S3 Å ¸Í¨´-
É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨; C1 Å ¶µ·µ£µ¢Ò° £ §µ¢Ò° ¸Î¥ÉÎ¨±; A Å ¸Í¨´É¨²²ÖÍ¨µ´´Ò°
¸Î¥ÉÎ¨±, · ¡µÉ ÕÐ¨° ¢ ·¥¦¨³¥  ´É¨¸µ¢¶ ¤¥´¨°; M Å ³¨Ï¥´Ó; SH Å £µ¤µ¸±µ¶¨Î¥-
¸±¨¥ ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨; C2 Å γ-¸¶¥±É·µ³¥É·Ò ¨§ ¸¢¨´Íµ¢µ£µ ¸É¥±² 

100 ¸³. ‘Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨ · ¸¶µ² £ ²¨¸Ó ¶¥·¥¤ γ-¸¶¥±É·µ³¥É·µ³
¨ ¶µ§¢µ²Ö²¨ ·¥£¨¸É·¨·µ¢ ÉÓ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ µ±µ²µ
99 %. „¥É¥±Éµ·Ò γ-¸¶¥±É·µ³¥É·  · §¤¥²¥´Ò ´  14 £·Ê¶¶ ¶µ 6 ¨²¨ 7 ³µ¤Ê-
²¥° ¢ ± ¦¤µ° £·Ê¶¶¥. ‘¨£´ ²Ò ¢ £·Ê¶¶¥ ²¨´¥°´µ ¸Ê³³¨·ÊÕÉ¸Ö ¨ ¶µ¸ÉÊ¶ ÕÉ
´  ¢Ìµ¤Ò ¤¨¸±·¨³¨´ Éµ·µ¢. �µ·µ£¨ ¤¨¸±·¨³¨´ Éµ·µ¢ ¢ Ô±¸¶¥·¨³¥´É¥ ¡Ò²¨
Ê¸É ´µ¢²¥´Ò ´  Ê·µ¢´¥ 1,0 ƒÔ‚. ‡ ¶Ê¸± Ê¸É ´µ¢±¨ ¶·µ¨§¢µ¤¨²¸Ö ¶·¨ ¸µ¢¶ ¤¥-
´¨¨ ¸¨£´ ²µ¢ ¶ÊÎ±µ¢ÒÌ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, £ ²µ-¸Î¥ÉÎ¨±µ¢ (¢  ´-
É¨¸µ¢¶ ¤¥´¨¨), ¤¢ÊÌ ¨ ¡µ²¥¥ £·Ê¶¶ ¤¥É¥±Éµ·µ¢ γ-¸¶¥±É·µ³¥É·  ¶·¨ Ê¸²µ¢¨¨,
ÎÉµ ¸Ê³³ ·´µ¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ ÔÉ¨Ì £·Ê¶¶ Ì ¶·¥¢ÒÏ ¥É 2 ƒÔ‚. ‘·¥¤´ÖÖ
¸±µ·µ¸ÉÓ ´ ¡µ·  ∼ 10 ¸µ¡ÒÉ¨° ¢ Í¨±²¥ ¶·¨ ¤²¨´¥ ¸µ¡ÒÉ¨Ö 132 16-· §·Ö¤´ÒÌ
¸²µ¢ . ‚ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É  Î¥·¥§ Ê£²¥·µ¤´ÊÕ ¨ ³¥¤´ÊÕ ³¨Ï¥´¨ ¡Ò²µ ¶·µ-
¶ÊÐ¥´µ ¸µµÉ¢¥É¸É¢¥´´µ 1, 51 · 109 ¨ 2, 48 · 109 Ö¤¥· ¤¥°É¥·¨Ö. �  ³ £´¨É´Ò¥
²¥´ÉÒ § ¶¨¸ ´µ 200 ÉÒ¸. É·¨££¥·µ¢ ¤²Ö Ê£²¥·µ¤´µ° ³¨Ï¥´¨ ¨ 160 ÉÒ¸. ¤²Ö
³¨Ï¥´¨ ¨§ ³¥¤¨.
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2. �’��� ‘��›’ˆ‰

π0-³¥§µ´Ò ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¶µ · ¸¶ ¤ ³ ´  ¤¢  γ-±¢ ´É  ¨ µÉ¡¨· ²¨¸Ó
¨§ ¶¨±  ¢ · ¸¶·¥¤¥²¥´¨¨ ¶µ ¨´¢ ·¨ ´É´µ° ³ ¸¸¥ (¸³. ·¨¸. 2). ‚ Ô²¥±É·µ³ £-
´¨É´µ³ ± ²µ·¨³¥É·¥ ËµÉµ´Ò · ¸¶µ§´ ¢ ²¨¸Ó ± ± ±² ¸É¥·Ò (µ¡² ¸ÉÓ ¸³¥¦´ÒÌ
³µ¤Ê²¥° ¢ γ-¸¶¥±É·µ³¥É·¥ ¸ ¸¨£´ ²µ³, ¶·¥¢ÒÏ ÕÐ¨³ ¶µ·µ£ ·¥£¨¸É· Í¨¨).
�´¥·£¨Ö ËµÉµ´  ¢ÒÎ¨¸²Ö² ¸Ó ¶µ Ô´¥·£µ¢Ò¤¥²¥´¨Õ ¢ ³µ¤Ê²ÖÌ ±² ¸É¥·  ¸ ÊÎ¥-
Éµ³ ¶µÉ¥·Ó, § ¢¨¸ÖÐ¨Ì µÉ ³¥¸É  ¶µ¶ ¤ ´¨Ö γ-±¢ ´É . ‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ
ËµÉµ´Ò £¥´¥·¨·ÊÕÉ¸Ö ¢ ³¨Ï¥´¨, ´ ¶· ¢²¥´¨¥ ¢Ò²¥É  γ-±¢ ´É  µ¶·¥¤¥²Ö²µ¸Ó
¢ § ¢¨¸¨³µ¸É¨ µÉ £¥µ³¥É·¨¨ ±² ¸É¥·  ¸ ÊÎ¥Éµ³ Ô´¥·£µ¢Ò¤¥²¥´¨Ö ¢ ³µ¤Ê²ÖÌ.

0 100 200 300 400 500 600

M ,�� ÌýÂ

0 100 200 300 400 500 600

M ,�� ÌýÂ

0

5000

10000

15000

20000

0

2000

4000

6000
a á

Ñ
÷

åò
/2

0
Ì

ýÂ

�¨¸. 2. � ¸¶·¥¤¥²¥´¨Ö ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ ¶µ¶ ·´µ ¸±µ³¡¨´¨·µ¢ ´´ÒÌ γ-±¢ ´Éµ¢ ¢
·¥ ±Í¨ÖÌ d+C → π0 +x (a) ¨ d+Cu → π0 +x (¡) (¸¶²µÏ´Ò¥ £¨¸Éµ£· ³³Ò). ’µÎ¥Î-
´Ò¥ £¨¸Éµ£· ³³Ò Å Ëµ´µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¶ÊÉ¥³ ¸²ÊÎ °´µ£µ µÉ¡µ· 
γ-±¢ ´Éµ¢ ¨§ · §´ÒÌ ¸µ¡ÒÉ¨°. ˜É·¨Ìµ¢ Ö £¨¸Éµ£· ³³  ´  a ¶µ²ÊÎ¥´  ³µ¤¥²¨·µ¢ -
´¨¥³ ¶µ ³¥Éµ¤Ê Œµ´É¥-Š ·²µ ¸ ÊÎ¥Éµ³ ·¥ ²Ó´ÒÌ Ê¸²µ¢¨° · ¡µÉÒ Ô±¸¶¥·¨³¥´É ²Ó´µ°
 ¶¶ · ÉÊ·Ò ¨ ±·¨É¥·¨¥¢ µ¡· ¡µÉ±¨

�¥·¢¨Î´ Ö ¨´Ëµ·³ Í¨Ö µ¡· ¡ ÉÒ¢ ² ¸Ó ¶µ ¶·µ£· ³³¥ £¥µ³¥É·¨Î¥¸±µ° ¨
Ô´¥·£¥É¨Î¥¸±µ° ·¥±µ´¸É·Ê±Í¨¨ ¸µ¡ÒÉ¨° [6]. �  ²¥´ÉÊ ¸Ê³³ ·´ÒÌ ·¥§Ê²ÓÉ -
Éµ¢ (DST) ¡Ò²µ § ¶¨¸ ´µ 140 ÉÒ¸. ¸µ¡ÒÉ¨°, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì ¸²¥¤ÊÕÐ¨³
±·¨É¥·¨Ö³:

1) Nγ � 2,
2) Eγ � 500 ŒÔ‚,
3) kγ⊥ � 120 ŒÔ‚,

£¤¥ Nγ Å Î¨¸²µ γ-±¢ ´Éµ¢ ¢ ¸µ¡ÒÉ¨¨, Eγ ¨ kγ⊥ Å Ô´¥·£¨Ö ¨ ¶µ¶¥·¥Î´Ò°
¨³¶Ê²Ó¸ γ-±¢ ´É .
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3. ˆ�Š‹�‡ˆ‚�›… ‘�…Š’�› π0-Œ…‡���‚

� ¸¶·¥¤¥²¥´¨¥ ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ Mγγ ¶µ¶ ·´µ ¸±µ³¡¨´¨·µ¢ ´´ÒÌ
γ-±¢ ´Éµ¢ ¸ Ô´¥·£¨¥° Eγ1 +Eγ2 � 2 ƒÔ‚ ¶·¥¤¸É ¢²¥´µ ´  ·¨¸. 2. ’µÎ¥Î´Ò³¨
£¨¸Éµ£· ³³ ³¨ ´  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥
±µ³¡¨´ Í¨° ¨§ ¤¢ÊÌ γ-±¢ ´Éµ¢, µÉµ¡· ´´ÒÌ ¸²ÊÎ °´µ ¨§ · §´ÒÌ ¸µ¡ÒÉ¨°.

Œµ¤¥²¨·µ¢ ´¨¥ ·¥ ±Í¨° d+C → π0+x ¨ d+Cu → π0+x ¶·µ¨§¢µ¤¨²µ¸Ó
´  µ¸´µ¢¥ ¤ ´´ÒÌ ¶µ ³´µ¦¥¸É¢¥´´µ³Ê ·µ¦¤¥´¨Õ π0-³¥§µ´µ¢, ¶µ²ÊÎ¥´´ÒÌ ¢
Ô±¸¶¥·¨³¥´É Ì ´  ¤¢ÊÌ³¥É·µ¢µ° ¶·µ¶ ´µ¢µ° ± ³¥·¥ ‹‚� [7]. „²Ö ³µ¤¥²¨-
·µ¢ ´´ÒÌ ¸µ¡ÒÉ¨° ¶·µ¢¥·Ö²µ¸Ó ¶µ¶ ¤ ´¨¥ γ-±¢ ´Éµ¢ ¢ Ê¸É ´µ¢±Ê, · §Ò£·Ò¢ -
²µ¸Ó Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ ³µ¤Ê²ÖÌ γ-¸¶¥±É·µ³¥É·  ¨ É·¥¡µ¢ ²µ¸Ó ¢Ò¶µ²´¥´¨¥
Ê¸²µ¢¨° É·¨££¥· . ‘µ¡ÒÉ¨Ö § ¶¨¸Ò¢ ²¨¸Ó ´  DST ¤²Ö ¶µ¸²¥¤ÊÕÐ¥° µ¡· ¡µÉ±¨
¸ ¶µ³µÐÓÕ ¶·µ£· ³³ £¥µ³¥É·¨Î¥¸±µ° ¨ Ô´¥·£¥É¨Î¥¸±µ° ·¥±µ´¸É·Ê±Í¨¨ ¸µ-
¡ÒÉ¨°. ‚¥²¨Î¨´Ò ¨´±²Õ§¨¢´ÒÌ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö ´¥°É· ²Ó´ÒÌ ¶¨µ´µ¢
¢ÒÎ¨¸²Ö²¨¸Ó ¤²Ö Ê£²µ¢ θπ � 16◦ ¨ Ô´¥·£¨° Eπ � 2 ƒÔ‚ (². ¸.).
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�¨¸. 3. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ¢ ·¥ ±Í¨ÖÌ d+C → π0+x
¨ d + Cu → π0 + x ¤²Ö µ¡² ¸É¨ θπ � 16◦, Eπ � 2 ƒÔ‚ ¢ § ¢¨¸¨³µ¸É¨ µÉ ±¢ ¤· É 
¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  (². ¸.)

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö π0-³¥§µ´µ¢
¢ ·¥ ±Í¨ÖÌ d + C → π0 + x ¨ d + Cu → π0 + x ¢ § ¢¨¸¨³µ¸É¨ µÉ P 2

t ,
¨´É¥£·¨·µ¢ ´´Ò¥ ¢ Ê± § ´´µ° ¢ÒÏ¥ µ¡² ¸É¨ Ê£²µ¢ ¨ Ô´¥·£¨°.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ¨´¢ ·¨ ´É´ÒÌ ¨´±²Õ§¨¢´ÒÌ ¸¥-
Î¥´¨° µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ¢ dC- ¨ dCu-¢§ ¨³µ¤¥°¸É¢¨ÖÌ µÉ ±Ê³Ê²ÖÉ¨¢-
´µ£µ Î¨¸²  X . �¥·¥³¥´´ Ö X µ¶·¥¤¥²Ö¥É¸Ö ¨§ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¤²Ö ·¥ ±Í¨¨ XNi + Nt → (X + 1)Nf + π0:

X = [MNEπ0 − M2
π0/2]/[ENMN − ENEπ0 − M2

N + PNPπ0cos θπ0 ],
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�¨¸. 4. ˆ´¢ ·¨ ´É´Ò¥ ¨´±²Õ§¨¢´Ò¥ ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ¢ ·¥ ±Í¨ÖÌ
d + C → π0 + x ¨ d + Cu → π0 + x ¢ § ¢¨¸¨³µ¸É¨ µÉ ±Ê³Ê²ÖÉ¨¢´µ£µ Î¨¸²  X

£¤¥ MN , Mπ0 , EN , Eπ0 , PN , Pπ0 Å ¸µµÉ¢¥É¸É¢¥´´µ ³ ¸¸Ò, Ô´¥·£¨¨ ¨ ¨³-
¶Ê²Ó¸Ò ´Ê±²µ´  ¨ π0-³¥§µ´ ; θπ0 Å Ê£µ² ¢Ò²¥É  π0-³¥§µ´  ¢ ². ¸.; PN =
4, 5 ƒÔ‚/c.

�·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 3 ¨ 4 µÏ¨¡±¨ Ö¢²ÖÕÉ¸Ö ¸É É¨¸É¨Î¥¸±¨³¨.

4. �–…�Š� ‘ˆ‘’…Œ�’ˆ—…‘Šˆ• �˜ˆ��Š

‘¨¸É¥³ É¨Î¥¸±¨¥ µÏ¨¡±¨ ³µ£ÊÉ ¡ÒÉÓ µ¡Ê¸²µ¢²¥´Ò ´¥±µ´É·µ²¨·Ê¥³Ò³
· §¡·µ¸µ³ ³µ´¨Éµ·´µ£µ ¸Î¥É , ¶·¨Ìµ¤ÖÐ¥£µ¸Ö ´  µ¤´µ ·¥£¨¸É·¨·Ê¥³µ¥ ¸µ-
¡ÒÉ¨¥, ¨ µÏ¨¡± ³¨ ¶·¨ µÍ¥´±¥ ±µ³¡¨´ Éµ·´µ£µ Ëµ´ .
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�¨¸. 5. Œµ´¨Éµ·´Ò° ¸Î¥É ´  µ¤´µ ·¥£¨¸É·¨·Ê¥³µ¥ ¸µ¡ÒÉ¨¥ ¢ § ¢¨¸¨³µ¸É¨ µÉ Î¨¸² 
¸µ¡ÒÉ¨° ¢ Í¨±²¥ Ê¸±µ·¥´¨Ö: a Å ¤²Ö ·¥ ±Í¨¨ d+C → π0 +x ¨ ¡ Å d+Cu → π0 +x
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‚¥²¨Î¨´Ò ³µ´¨Éµ·´µ£µ ¸Î¥É , ¶·¨Ìµ¤ÖÐ¨¥¸Ö ´  µ¤´µ ¸µ¡ÒÉ¨¥, ¨§³¥·¥´-
´Ò¥ ¢ · §´Ò¥ ¶·µ³¥¦ÊÉ±¨ ¢·¥³¥´¨ ¢ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É , ¢ § ¢¨¸¨³µ¸É¨ µÉ
§ £·Ê§±¨ Ê¸É ´µ¢±¨ (µÉ Î¨¸²  ·¥£¨¸É·¨·Ê¥³ÒÌ ¸µ¡ÒÉ¨° ¢ µ¤´µ³ Í¨±²¥ Ê¸±µ-
·¥´¨Ö) ¶µ± § ´Ò ´  ·¨¸. 5  , ¡ (¤²Ö ·¥ ±Í¨° dC ¨ dCu ¸µµÉ¢¥É¸É¢¥´´µ).
‚¥²¨Î¨´Ò · §¡·µ¸  ³µ´¨Éµ·´µ£µ ¸Î¥É  µÉ´µ¸¨É¥²Ó´µ ¸·¥¤´¨Ì §´ Î¥´¨°, ¶µ-
²ÊÎ¥´´ÒÌ ¢ É¥Î¥´¨¥ ± ¦¤µ£µ Ô±¸¶¥·¨³¥´É , ¶µ± § ´Ò ´  ·¨¸. 6.
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�¨¸. 6. �É±²µ´¥´¨Ö ³µ´¨Éµ·´µ£µ ¸Î¥É , ¶·¨Ìµ¤ÖÐ¥£µ¸Ö ´  µ¤´µ ·¥£¨¸É·¨·Ê¥³µ¥ ¸µ¡Ò-
É¨¥, µÉ ¸·¥¤´¥£µ §´ Î¥´¨Ö, ¶µ²ÊÎ¥´´µ£µ ¢ É¥Î¥´¨¥ ± ¦¤µ£µ Ô±¸¶¥·¨³¥´É 

Š ± ¢¨¤´µ ¨§ ·¨¸. 5 ¨ 6, ³ ±¸¨³ ²Ó´µe µÉ±²µ´¥´¨¥ µÉ ¸·¥¤´¥£µ §´ Î¥´¨Ö,
É ± ¦¥ ± ± ¨ ¨§³¥´¥´¨¥ Î¨¸²  ³µ´¨Éµ·´µ£µ ¸Î¥É  ¸ ¨§³¥´¥´¨¥³ § £·Ê§±¨, ´¥
¶·¥¢ÒÏ ¥É 20 %.
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�¨¸. 7. �É´µÏ¥´¨Ö ¸¥Î¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¶·¨ · §´ÒÌ ¸¶µ¸µ¡ Ì µÍ¥´±¨ Ëµ´ 

6



�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´µ µÉ´µÏ¥´¨¥ ¸¥Î¥´¨°, ¶µ²ÊÎ¥´´ÒÌ · §´Ò³¨ ¸¶µ¸µ-
¡ ³¨: ¶·¨ µÍ¥´±¥ ±µ³¡¨´ Éµ·´µ£µ Ëµ´  ¶ÊÉ¥³ ¸²ÊÎ °´µ£µ µÉ¡µ·  γ-±¢ ´Éµ¢
¨§ · §´ÒÌ ¸µ¡ÒÉ¨° (É ± ´ §Ò¢ ¥³Ò³ ¶¥·¥³¥Ï¨¢ ´¨¥³) ¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
·¥§Ê²ÓÉ Éµ¢ ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. �Í¥´±  Ëµ´  ¶ÊÉ¥³ ¶¥·¥-
³¥Ï¨¢ ´¨Ö ¶·µ¢µ¤¨² ¸Ó ¤¢Ê³Ö ¸¶µ¸µ¡ ³¨ µÉ¡µ· : ¡¥§ ± ±¨Ì-²¨¡µ µ£· ´¨Î¥-
´¨° (¸¢¥É²Ò¥ ±·Ê¦µÎ±¨) ¨ ¶·¨ µÉ¡µ·¥ ¸µ¡ÒÉ¨° ¶µ ¸²¥¤ÊÕÐ¨³ ±·¨É¥·¨Ö³:

• ¸Ê³³ ·´ Ö Ô´¥·£¨Ö ¢ ¸µ¡ÒÉ¨¨ E � 5, 5 ƒÔ‚ (µ±µ²µ 99 % ¢¸¥Ì ¸µ¡ÒÉ¨°);

• ¸Ê³³  Ô´¥·£¨° ¸²ÊÎ °´µ µÉµ¡· ´´ÒÌ γ-±¢ ´Éµ¢ E1 + E2 � 5, 5 ƒÔ‚;

• · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸²ÊÎ °´µ µÉµ¡· ´´Ò³¨ γ-±¢ ´É ³¨ ´  ¶µ¢¥·Ì´µ¸É¨
¸¶¥±É·µ³¥É·  L � 17 ¸³ (· ¸¸ÉµÖ´¨Ö, µÉ¸ÊÉ¸É¢ÊÕÐ¨¥ ¢ µ¤´µ³ ¸µ¡ÒÉ¨¨).

Š ± ¢¨¤´µ ¨§ ·¨¸. 7, ¶µ¸²¥ ¡µ²¥¥  ¤¥±¢ É´µ£µ µÉ¡µ·  γ-±¢ ´Éµ¢ ¨§ · §´ÒÌ
¸µ¡ÒÉ¨° · ¸Ìµ¦¤¥´¨¥ ³¥¦¤Ê ¤¢Ê³Ö ·¥§Ê²ÓÉ É ³¨ ¸ÊÐ¥¸É¢¥´´µ ¸µ±· Ð ¥É¸Ö ¨
´¥ ¶·¥¢ÒÏ ¥É 20 % ¢ µ¡² ¸É¨ 0, 6 � X � 1, 5.

5. ���‹ˆ‡ ��‹“—…��›• „���›•

� · ³¥É·¨§ Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö ¨´¢ ·¨ ´É´µ£µ ¸¥Î¥´¨Ö
¢ § ¢¨¸¨³µ¸É¨ µÉ X ¶·µ¨§¢µ¤¨² ¸Ó ¸ ¶µ³µÐÓÕ Ô±¸¶µ´¥´Í¨ ²Ó´µ° ËÊ´±Í¨¨

(E/Ap)d3σ/d3p = A1exp (−B1 X), (2)

£¤¥ Ap = 2 Å µÉ´µ¸¨É¥²Ó´ Ö  Éµ³´ Ö ³ ¸¸  Ö¤· -¸´ ·Ö¤ .
„²Ö ¶ · ³¥É·µ¢ A1 (³¡ · ƒÔ‚−2 · c3) ¨ B1 ´ °¤¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

A1 = 604 ± 32, B1 = 8, 34 ± 0, 06 Å ¤²Ö ·¥ ±Í¨¨ d + C → π0 + x;
A1 = 1025 ± 117, B1 = 8, 21 ± 0, 12 Å ¤²Ö ·¥ ±Í¨¨ d + Cu → π0 + x.

�É´µÏ¥´¨¥ ¨´¢ ·¨ ´É´ÒÌ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ´  Ö¤· Ì-
³¨Ï¥´ÖÌ C ¨ Cu ¶·¥¤¸É ¢²¥´µ ¢ ¢¨¤¥ σCu/σC = (ACu/AC)n = (63, 5/12)n.
‡´ Î¥´¨Ö ¶ · ³¥É·  n ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶¥·¥³¥´´ÒÌ X ¨ P 2

t ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 8. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¢ µ¡² ¸É¨ X > 0, 6 ¨´¢ ·¨ ´É´µ¥ ¸¥Î¥´¨¥
µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢ ¢ ¤¥°É·µ´-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¸² ¡µ § ¢¨¸¨É
µÉ ³ ¸¸Ò Ö¤· -³¨Ï¥´¨. ‘·¥¤´¥¥ §´ Î¥´¨¥ n · ¢´µ 0, 39 ± 0, 02. �µ²ÊÎ¥´´Ò¥
¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¢ ¶·µÍ¥¸¸ Ì (1) ¶·¨ X > 0, 6 ÊÎ ¸É¢Ê¥É
¶¥·¨Ë¥·¨Î¥¸± Ö µ¡² ¸ÉÓ Ö¤· -³¨Ï¥´¨.

‡ ¢¨¸¨³µ¸ÉÓ ¨´¢ ·¨ ´É´µ£µ ¸¥Î¥´¨Ö µÉ ³ ¸¸Ò Ö¤· -³¨Ï¥´¨ ³ ²µ ³¥´Ö-
¥É¸Ö ¸ ¨§³¥´¥´¨¥³ X (¸³. ·¨¸. 8,  ), ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ Éµ³, ¶µ²ÊÎ¥´-
´Ò³ ¢ [2].

’ ±µ¥ ¶µ¢¥¤¥´¨¥ ¶ · ³¥É·  n, ¶µ-¢¨¤¨³µ³Ê, ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¢ ·µ¦¤¥-
´¨¨ ³¥§µ´µ¢ ¤µ³¨´¨·Ê¥É ³¥Ì ´¨§³ ±¢ ·±µ¢µ° ·¥±µ³¡¨´ Í¨¨ [8], µ¡¸Ê¦¤¥´-
´Ò° ¢ [2].
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�¨¸. 8. ‡ ¢¨¸¨³µ¸ÉÓ ¸É¥¶¥´¨ n ¢ ¶ · ³¥É·¨§ Í¨¨ Ed3σ/d3p ∼ An
T :   Å µÉ ¶¥·¥³¥´´µ°

X ¨ ¡ Å µÉ ±¢ ¤· É  ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  π0-³¥§µ´µ¢ ¤²Ö ·¥ ±Í¨° d+AT → π0+x,
£¤¥ AT = C, Cu

�¡µ§´ Î Ö Î¥·¥§ pi, i = 6, 9, ..., ¢¥·µÖÉ´µ¸É¨ µ¡· §µ¢ ´¨Ö ¢ Ö¤·¥ i-
±¢ ·±µ¢ÒÌ ±µ´Ë¨£Ê· Í¨° ¤²Ö µ¡² ¸É¨ X ∼ 1, £¤¥ ¢±² ¤ ¤¥¢ÖÉ¨ ¨ ¡µ²¥¥ ±¢ ·-
±µ¢ÒÌ ±µ´Ë¨£Ê· Í¨° ´¥§´ Î¨É¥²¥´ [9], ¨´¢ ·¨ ´É´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨° (1) ¸
ÉµÎ´µ¸ÉÓÕ ¤µ ¶µ¸ÉµÖ´´µ£µ ³´µ¦¨É¥²Ö ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

Ed3σ/d3p ∼ A{1 −
∑

i=6, 9, ...

pi}nq/3(X) + p6[(A − 2)nq/3(X) + nq/6(X/2)], (3)

£¤¥

Xnq/i(X) = [B(η(2)
i , η

(1)
i + 1)]−1(1 − X)η

(1)
i Xη

(2)
i

Å · ¸¶·¥¤¥²¥´¨Ö ±¢ ·±µ¢ ¢ i-±¢ ·±µ¢µ° ±µ´Ë¨£Ê· Í¨¨, µ¶·¥¤¥²¥´´Ò¥ ¨§ ¶· -

¢¨² ±¢ ·±µ¢µ£µ ¸Î¥É  ¶·¨ η
(1)
i = 2(i − 1) − 1, η

(2)
6 = 0, 5, η

(2)
3 ≈ 0, 65 [10],

B(..., ...) Å Ô°²¥·µ¢  β-ËÊ´±Í¨Ö.
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‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ p3 µÉ¸ÊÉ¸É¢¨Ö ±µ··¥²ÖÍ¨° ´Ê±²µ´µ¢ ¢
Ö¤·¥ · ¢´ 

p3 = 1 −
∑

i=6, 9, ...

pi ≈ 1 − p6,

´  µ¸´µ¢ ´¨¨ Ëµ·³Ê²Ò (3) ¨ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ (¸³.
·¨¸. 4) ¨ ¢ [2, 3] ¤²Ö µ¡² ¸É¨ 0, 95 � X � 1, 1, ¤²Ö ¢¥·µÖÉ´µ¸É¥° µ¡· §µ¢ -
´¨Ö 6-±¢ ·±µ¢ÒÌ ±µ´Ë¨£Ê· Í¨° ¢ Ö¤· Ì ¤¥°É¥·¨Ö, £¥²¨Ö ¨ Ê£²¥·µ¤  ¶µ²ÊÎ¥´Ò
¸²¥¤ÊÕÐ¨¥ µÍ¥´±¨:

p6(2d) ≈ 2 %; p6(4He) = 5 ÷ 10 %; p6(12C) = 20 ÷ 40 %. (4)

�¨¦´¨¥ £· ´¨ÍÒ p6 ¤²Ö Ö¤¥· £¥²¨Ö ¨ Ê£²¥·µ¤  ¢ (4) ¶µ²ÊÎ¥´Ò ¡¥§ ÊÎ¥É 
ÔËË¥±É  Ô±· ´¨·µ¢ ´¨Ö ´Ê±²µ´µ¢ ¨ 6-±¢ ·±µ¢ÒÌ ±µ´Ë¨£Ê· Í¨° ¢ Ö¤·¥: ¢ Ëµ·-
³Ê²¥ (3) ¶·¨´ÖÉµ σ ∼ Aα

Ë, £¤¥ α = 1, AË Å Î¨¸²µ Ë· £³¥´É¨·ÊÕÐ¨Ì Í¥´É·µ¢-
´Ê±²µ´µ¢ ¨ 6-±¢ ·±µ¢ÒÌ ±µ´Ë¨£Ê· Í¨°. �·¨ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ³ α = 2/3
Ê± § ´´Ò¥ §´ Î¥´¨Ö p6 Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¶·¨³¥·´µ ¢ ¤¢  · § .

6. „‚�†„› „ˆ””…�…�–ˆ�‹œ��… ‘…—…�ˆ…

�  ¸É É¨¸É¨±¥ ∼ 45000 π0-³¥§µ´µ¢ µ¶·¥¤¥²¥´µ ¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨ ²Ó-
´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ d + C → π0 + x ¢ § ¢¨¸¨³µ¸É¨ µÉ Ê£²  ¢Ò²¥É  ¨ Ô´¥·£¨¨
π0-³¥§µ´µ¢:

(E/A) (d3σ/d3p) = (E/2)∆σ/(p2 ∆p ∆Ω) ≈ ∆σ/(2E sin θ ∆θ ∆E 2π). (5)

�¥§Ê²ÓÉ ÉÒ, ¢Ò· ¦¥´´Ò¥ ¢ ¥¤¨´¨Í Ì ³¡/ƒÔ‚2, ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥ ¨ ´ 
·¨¸. 9.

�µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶µ§¢µ²ÖÕÉ ¶·µ¢¥·¨ÉÓ É ± ´ §Ò¢ ¥³Ò° ±² ¸É¥·´Ò°
³¥Ì ´¨§³ µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢. …¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¶·µ³¥¦Ê-
ÉµÎ´µ£µ µ¡Ñ¥±É  (´ ¶·¨³¥·, ±² ¸É¥·µ¢, ¶·¥¤²µ¦¥´´ÒÌ ¢ [11,12]), Éµ ¨´¢ ·¨-
 ´É´µ¥ ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö π0-³¥§µ´µ¢

Ed3σ/d3p ∼ exp(−E∗/T0), (6)

£¤¥ E∗ Å Ô´¥·£¨Ö π0-³¥§µ´  ¢ ¸¨¸É¥³¥ ¶µ±µÖ ±² ¸É¥· , T0 ∼ mπ Å Ê´¨¢¥·-
¸ ²Ó´ Ö  ¤·µ´´ Ö É¥³¶¥· ÉÊ· . ‚ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥

Ed3σ/d3p ∼ exp (−E/T ), T = T0(1 − β2)1/2/(1 − β cos θ), (7)

£¤¥ β Å ¸±µ·µ¸ÉÓ ¤¢¨¦¥´¨Ö ±² ¸É¥· .
‡´ Î¥´¨Ö β, ¶µ²ÊÎ¥´´Ò¥ ¨§ (7) ¶·¨ T0 = 160 ŒÔ‚ (± ± ¶·¨´ÖÉµ ¢ [11])

¤²Ö · §²¨Î´ÒÌ Ê£²µ¢ ¢Ò²¥É  π0-³¥§µ´µ¢, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 10. Š ±
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�¨¸. 9. ˆ´¢ ·¨ ´É´µ¥ ¸¥Î¥´¨¥ σinv = (E/2)d3σ/d3p (³¡ · ƒÔ‚−2) ·¥ ±Í¨¨ d + C →
π0 + x ¢ § ¢¨¸¨³µ¸É¨ µÉ Ê£²  ¢Ò²¥É  θ ¨ Ô´¥·£¨¨ E π0-³¥§µ´µ¢ (². ¸.)

0 4 8 12 16

��

�

0,2

0,4

0,6

0,8

�¨¸. 10. ‡ ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·  β ¢ (7) ¶·¨ T0 = 160 ŒÔ‚ µÉ Ê£²  ¢Ò²¥É  π0-³¥§µ´µ¢.
˜É·¨Ìµ¢µ° ²¨´¨¥° ¶·¥¤¸É ¢²¥´µ ¸·¥¤´¥¥ §´ Î¥´¨¥ β ¢ µ¡² ¸É¨ θ � 8◦ ¶·¨ T0 =
140 ŒÔ‚

¢¨¤´µ, Ì · ±É¥· § ¢¨¸¨³µ¸É¨ β(θ) ¢ µ¡² ¸É¨ Ê£²µ¢ θ < 8◦ ´¥ ¶·µÉ¨¢µ·¥Î¨É
¶·¥¤¶µ²µ¦¥´¨Õ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¶·µ³¥¦ÊÉµÎ´µ£µ ±² ¸É¥· , ´µ ¢µ§³µ¦´Ò¥
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¸±µ·µ¸É¨ ±² ¸É¥·  ¶µ²ÊÎ ÕÉ¸Ö ³ ²Ò³¨: β < 0, 85 (¶·¨ T0 > 110 ŒÔ‚). „²Ö
µ¡ÑÖ¸´¥´¨Ö É ±¨Ì ¸±µ·µ¸É¥° ´¥µ¡Ìµ¤¨³µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¢ ·¥ ±Í¨¨ ÊÎ ¸É-
¢Ê¥É ¡µ²¥¥ ¤¢ÊÌ ´Ê±²µ´µ¢ Ö¤· -³¨Ï¥´¨, ÎÉµ ´¥ ¸µ£² ¸Ê¥É¸Ö ¸ ´ ¡²Õ¤ ¥³µ°
A-§ ¢¨¸¨³µ¸ÉÓÕ ¤²Ö ³¨Ï¥´¨ (¸³. ·¨¸. 8).

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚. ‚. �·Ì¨¶µ¢Ê, ‘. ƒ. �¥§-
´¨±µ¢Ê, ‘. �. �²ÖÏ±¥¢¨ÎÊ, ‚. ˆ. �·µÌµ·µ¢Ê ¨ �. ˆ. ˜¨·µ±µ¢Ê §  ¶µ³µÐÓ ¢
¨§³¥·¥´¨ÖÌ,   É ±¦¥ …. �. �²¥Ì ´µ¢Ê ¨ ‘. ‘. ˜¨³ ´¸±µ³Ê §  ¶µ²¥§´Ò¥ § ³¥-
Î ´¨Ö.
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