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aˆ´¸É¨ÉÊÉ £¥µ²µ£¨¨ Š ·¥²Ó¸±µ£µ ´ ÊÎ´µ£µ Í¥´É·  ��	, �¥É·µ§ ¢µ¤¸±

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

� ¸¸³µÉ·¥´Ò ´¥±µÉµ·Ò¥ µ¡· É´Ò¥ § ¤ Î¨ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨ ŸŒ�-¸¶¥±É·µ¸±µ¶¨¨.
„²Ö ¨Ì ·¥Ï¥´¨Ö ¶·¨³¥´¥´Ò ³¥Éµ¤Ò ¨´É¥£· ²Ó´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ”Ê·Ó¥ ¨ ³ ±¸¨³Ê³  Ô´É·µ-
¶¨¨. ˆ´É¥£· ²Ó´Ò¥ µ¡· §Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¨´Ëµ·³ É¨¢´Ò ¶·¨ µ¶·¥¤¥²¥´¨¨
¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± µ¡² ¸É¨ £¥´¥· Í¨¨ Î ¸É¨Í ¨  ´ ²¨§¥ · §³ÒÉÒÌ ¸¶¥±-
É·µ¢. � ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ ³¥Éµ¤µ¢ ¶·µ¢¥·¥´  ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¨Ì ·¥§Ê²ÓÉ Éµ¢ ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´-
´Ò³¨ ´¥§ ¢¨¸¨³Ò³ µ¡· §µ³.

Some inverse problems of high energy physics and NMR spectroscopy are observed. The methods
of the Fourier transformation and the ³ Ìimum entropy technique have been applied for their solutions.
The integral images of the experimental distributions are informative for determination of the space-time
characteristics of the particles generation domain and for the analysis of blurring spectra. These methods
have been tested in comparision with the results which have been obtained independently.

�¡· É´ Ö § ¤ Î  ¢µ§´¨± ¥É É ³, £¤¥ ¨¸±µ³ Ö ¨´Ëµ·³ Í¨Ö ´¥ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ 
¶·¨ ¶µ³µÐ¨ ¶·Ö³ÒÌ ¨§³¥·¥´¨°. 
µ²ÓÏ¨´¸É¢µ µ¡· É´ÒÌ § ¤ Î Ö¤¥·´µ° Ë¨§¨±¨ ¸¢Ö§ ´µ
¸ ¨´É¥·¶·¥É Í¨¥° ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ · ¸¸¥Ö´¨Õ Î ¸É¨Í ¢Ò¸µ±¨Ì Ô´¥·£¨° ´  ³¨-
Ï¥´ÖÌ. �µ ± ·É¨´¥ · ¸¸¥Ö´¨Ö µ¶·¥¤¥²ÖÕÉ ¸É·Ê±ÉÊ·Ê ¸É ²±¨¢ ÕÐ¨Ì¸Ö Î ¸É¨Í, ¶µÉ¥´Í¨ ²
¢§ ¨³µ¤¥°¸É¢¨Ö, ¤¨´ ³¨±Ê ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¶·¨ ¸Éµ²±´µ¢¥´¨¨ ¶·µÍ¥¸¸µ¢. ‚ ´¥±µÉµ·ÒÌ
¸²ÊÎ ÖÌ Ö¤·µ ¨²¨ Î ¸É¨ÍÊ · ¸¸³ É·¨¢ ÕÉ ± ± §µ´¤ ¸ ¨§¢¥¸É´Ò³¨ ³ £´¨É´Ò³ ³µ³¥´Éµ³,
¤²¨´µ° ¢µ²´Ò, ¸¨¸É¥³µ° Ô´¥·£¥É¨Î¥¸±¨Ì Ê·µ¢´¥°,   ¶µ ¥£µ ¢§ ¨³µ¤¥°¸É¢¨Õ ¸ ¢¥Ð¥¸É¢µ³
¨ ¶µ²¥³ ¸Ê¤ÖÉ µ ±µ´Í¥´É· Í¨¨ ¢¥Ð¥¸É¢ , µ¸µ¡¥´´µ¸ÉÖÌ ¸·¥¤Ò ¨²¨ ±µ´Ë¨£Ê· Í¨¨ ¶µ²Ö.
’ ±¨¥ µ¡· É´Ò¥ § ¤ Î¨ É¨¶¨Î´Ò ¤²Ö ŸŒ�- ¨ Ÿƒ� (³¥¸¸¡ ÊÔ·µ¢¸±µ°)-¸¶¥±É·µ¸±µ¶¨¨, ´¥°-
É·µ´´µ° ¤¨Ë· ±Éµ³¥É·¨¨,  ±É¨¢ Í¨µ´´µ£µ  ´ ²¨§ , Ô³¨¸¸¨µ´´µ° Éµ³µ£· Ë¨¨ ¨ ¤·Ê£¨Ì
¶·¨²µ¦¥´¨° Ö¤¥·´µ° Ë¨§¨±¨.

‚ ¸É ÉÓ¥ · ¸¸³µÉ·¥´Ò ´¥±µÉµ·Ò¥ µ¡· É´Ò¥ ¶·µ¡²¥³Ò Ô±¸¶¥·¨³¥´Éµ¢ Ë¨§¨±¨ ¢Ò¸µ-
±¨Ì Ô´¥·£¨° [1Ä7]. „²Ö ¨Ì ·¥Ï¥´¨Ö ¨¸¶µ²Ó§µ¢ ´Ò Ë¨²ÓÉ· Í¨µ´´Ò¥ ³¥Éµ¤Ò, ¶µ§¢µ²Ö-
ÕÐ¨¥ ¶ÊÉ¥³ ËÊ·Ó¥-¶·¥µ¡· §µ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ²ÊÎ¨ÉÓ ·¥§Ê²ÓÉ É ¡¥§
¸±µ²Ó-´¨¡Ê¤Ó ¸ÊÐ¥¸É¢¥´´µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö  ¶·¨µ·´ÒÌ µ£· ´¨Î¥´¨° [3Ä9]. �Éµ ¸¢µ°-
¸É¢µ µ± §Ò¢ ¥É¸Ö µ¸µ¡¥´´µ ¢ ¦´Ò³ ¶·¨ ¢Ò¡µ·¥ ³µ¤¥²¥° ¶·µÍ¥¸¸µ¢ ¢ ¸²ÊÎ ÖÌ, ±µ£¤ 
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸µ¢³¥¸É¨³Ò ¸ ´¥¸±µ²Ó±¨³¨ ³µ¤¥²Ö³¨,   ¶·¨³¥´¥´¨¥
 ¶¶·µ±¸¨³ Í¨µ´´ÒÌ ³¥Éµ¤µ¢ µ± §Ò¢ ¥É¸Ö ´¥ÔËË¥±É¨¢´Ò³.

�·¨ ·¥Ï¥´¨¨ µ¡· É´µ° § ¤ Î¨ ¢µ§´¨± ¥É ¢µ¶·µ¸ µ ¤µ¸Éµ¢¥·´µ¸É¨ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²Ó-
É Éµ¢. �É¢¥É ´  ÔÉµÉ ¢µ¶·µ¸ ³µ¦¥É ¡ÒÉÓ ¤ ´ ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ
´¥§ ¢¨¸¨³Ò³¨ ¸¶µ¸µ¡ ³¨. ’ ±µ¥ ¸· ¢´¥´¨¥ ¶·µ¢¥¤¥´µ ´  ¶·¨³¥·¥ · §³ÒÉÒÌ ¸¶¥±É·µ¢,
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· §·¥Ï¥´¨¥ ±µÉµ·ÒÌ ¶µ¢ÒÏ¥´µ ¶·¨³¥´¥´¨¥³  ¶¶ · ÉÊ·´ÒÌ ¸·¥¤¸É¢ ¨  ¶µ¸É¥·¨µ·´µ ¶·¨
¶µ³µÐ¨ ³¥Éµ¤  ³ ±¸¨³Ê³  Ô´É·µ¶¨¨ (ŒŒ�) [8, 9].

–¥²Ó · ¡µÉÒ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ¶·µ¤¥³µ´¸É·¨·µ¢ ÉÓ ¶·¨³¥´¨³µ¸ÉÓ µ¤´µÉ¨¶´ÒÌ
³ É¥³ É¨Î¥¸±¨Ì ¨  ²£µ·¨É³¨Î¥¸±¨Ì ¶µ¤Ìµ¤µ¢ ´  µ¸´µ¢¥ ¨´É¥£· ²Ó´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ±
·¥Ï¥´¨Õ ´¥±µÉµ·ÒÌ µ¡· É´ÒÌ § ¤ Î Ö¤¥·´µ° Ë¨§¨±¨.
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‚ ¶µ¤Ìµ¤¥ �µ¤£µ·¥Í±µ£µÄŠµ¶Ò²µ¢  ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶·µ-
Í¥¸¸  ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, ¨§ÊÎ Ö ±µ··¥²ÖÍ¨¨ Éµ¦¤¥¸É¢¥´-
´ÒÌ Î ¸É¨Í ¸ ¡²¨§±¨³¨ 4-¨³¶Ê²Ó¸ ³¨ [1]. ‚¥·µÖÉ´µ¸ÉÓ W (q0,q) µ¡´ ·Ê¦¥´¨Ö ¤¢ÊÌ Éµ-
¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¸ 4-¨³¶Ê²Ó¸ ³¨ P1 = {ε1,p1} ¨ P2 = {ε2,p2}, ¨¸¶ÊÐ¥´´ÒÌ ¤¢Ê³Ö
´¥¶µ¤¢¨¦´Ò³¨ ÉµÎ¥Î´Ò³¨ ¨¸ÉµÎ´¨± ³¨ ¸ ±µµ·¤¨´ É ³¨ {t1, r1} ¨ {t2, r2}, ¢Ò· ¦ ÕÉ
Ëµ·³Ê²µ°

W (q0,q) = 1 +
cos [q(r1 − r2) − q0(t1 − t2)]

1 + (q0τ)2
, (1)

£¤¥ q = p1 − p2, q0 = ε1 − ε2, τ Å ¢·¥³Ö ¦¨§´¨ ¨¸ÉµÎ´¨±µ¢. „²Ö Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í
µ¤¨´ ±µ¢µ° Ô´¥·£¨¨ q0 = 0 § ¢¨¸¨³µ¸ÉÓ µ¶·¥¤¥²¥´  ¶·µ¸É· ´¸É¢¥´´µ° ¶¥·¥³¥´´µ° R =
r1 − r2:

W (q) = 1 + cos (qR). (2)

�Ê¸ÉÓ f(R) Å ´µ·³¨·µ¢ ´´µ¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨¸ÉµÎ´¨±µ¢ Î ¸É¨Í
¶µ ¶¥·¥³¥´´µ° R. ’µ£¤  Ëµ·³Ê²  (2) ¤²Ö ¢¥·µÖÉ´µ¸É¨ W (q) ¨³¥¥É ¢¨¤

W (q) = 1 +
∫

f(R) cos (qR) dR. (3)

�·¨ ÔÉµ³ ¢ ¸¨²Ê ´Ê³¥· Í¨¨ Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¤¢Ê³Ö · ¢´µ¶· ¢´Ò³¨ ¸¶µ¸µ¡ ³¨
f(R) = f(−R) ËÊ´±Í¨Ö W (q) ´¥ § ¢¨¸¨É µÉ §´ ±  R,   ¨´É¥£· ²Ó´µ¥ ¸² £ ¥³µ¥ ¢ (3)
Ö¢²Ö¥É¸Ö ËÊ·Ó¥-µ¡· §µ³ F (q) ËÊ´±Í¨¨ f(R)

W (q) = 1 + F (q). (4)

�µ Ô±¸¶¥·¨³¥´É ²Ó´µ° § ¢¨¸¨³µ¸É¨ W (q) ´ Ìµ¤¨³ ËÊ·Ó¥-µ¡· §

F (q) = W (q) − 1, (5)

  ¶µ ´¥³Ê ¶ÊÉ¥³ µ¡· É´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ”Ê·Ó¥ µ¶·¥¤¥²Ö¥³ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö
f(R).

‚ ¸Éµ²±´µ¢¥´¨ÖÌ Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¶·¨ Ê¸²µ¢¨¨ ´¥§ ¢¨¸¨³µ¸É¨ ¨¸ÉµÎ´¨±µ¢ Î -
¸É¨Í ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨´Ëµ·³ Í¨Õ ´¥¶µ¸·¥¤¸É¢¥´´µ µ
¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¨¸ÉµÎ´¨±µ¢ ¢ µ¡² ¸É¨ £¥´¥· Í¨¨ ρ(r) [3]. ”Ê·Ó¥-µ¡· § G(q)
ËÊ´±Í¨¨ ρ(r) ¢ÒÎ¨¸²ÖÕÉ ¶µ Ëµ·³Ê²¥

G(q) =
√

W (q) − 1. (6)
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�µ²ÊÎ¥´´ÊÕ µ¡· É´Ò³ ¶·¥µ¡· §µ¢ ´¨¥³ ”Ê·Ó¥ É·¥Ì³¥·´ÊÕ ËÊ´±Í¨Õ ρ(r) Ê¤µ¡´µ ¶·¥¤-
¸É ¢¨ÉÓ ¢ ¢¨¤¥ ¸¥Î¥´¨° µ¡² ¸É¨ £¥´¥· Í¨¨ ¸¨¸É¥³µ° ¶ · ²²¥²Ó´ÒÌ ¶²µ¸±µ¸É¥° ¨²¨ ¶·µ¥±-
Í¨¥° µ¡² ¸É¨ £¥´¥· Í¨¨ ´  ¶²µ¸±µ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ § ¤ ´´µ³Ê ´ ¶· ¢²¥´¨Õ. “¸²µ-
¢¨¥ ρ(r) � 0 µ£· ´¨Î¨¢ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¶·¥¤¥²¥´´Ò³ ±² ¸¸µ³
ËÊ´±Í¨°. �Éµ µ£· ´¨Î¥´¨¥  ¢Éµ³ É¨Î¥¸±¨ ¸´¨³ ¥É¸Ö, ¥¸²¨ ·¥±µ´¸É·Ê±Í¨Õ · ¸¶·¥¤¥²¥-
´¨Ö ¨¸ÉµÎ´¨±µ¢ ¢¥¸É¨ ¶µ ¥£µ ËÊ·Ó¥-µ¡· §Ê ¸ ¶·¨³¥´¥´¨¥³ ŒŒ� [8].

�É¡µ· Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¸ q = 0 ¤²Ö µ¶·¥¤¥²¥´¨Ö ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¨¸-
ÉµÎ´¨±µ¢ ¶µ ¶¥·¥³¥´´µ° t = t1 − t2 ´¥¢µ§³µ¦¥´, É ± ± ± ¶·¨¢µ¤¨É ± §´ Î¥´¨Õ q0 = 0,
ÎÉµ ¸²¥¤Ê¥É ¨§ Ê¸²µ¢¨Ö, ¸¢Ö§Ò¢ ÕÐ¥£µ ³ ¸¸Ò, Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸Ò Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í.

�·¨ · ¸¸³µÉ·¥´¨¨ µ¡Ð¥£µ ¸²ÊÎ Ö ³Ò ´¥ ¡Ê¤¥³ ´ ±² ¤Ò¢ ÉÓ µ£· ´¨Î¥´¨° ´  ¢¥²¨Î¨´Ê
q0. ‚¢¥¤¥³ ´µ·³¨·µ¢ ´´ÊÕ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö f1(R, t, τ) ¨ ¶·¥µ¡· §Ê¥³ Ëµ·³Ê²Ê
(1) ¸ ÊÎ¥Éµ³ ¨§¢¥¸É´µ£µ É·¨£µ´µ³¥É·¨Î¥¸±µ£µ Éµ¦¤¥¸É¢  ±µ¸¨´Ê¸  · §´µ¸É¨

W (q0,q) = 1 +
∫

f1(R, t, τ)
cos (qR) cos (q0t)dRdtdτ

1 + (q0τ)2
+

+
∫

f1(R, t, τ)
sin (qR) sin (q0t)dRdtdτ

1 + (q0τ)2
. (7)

�µ¸²¥¤´¥¥ ¨´É¥£· ²Ó´µ¥ ¸² £ ¥³µ¥ ¢ Ëµ·³Ê²¥ (7) · ¢´µ ´Ê²Õ ¢¸²¥¤¸É¢¨¥ · ¢´µ¶· ¢´µ-
¸É¨ ´Ê³¥· Í¨¨ Î ¸É¨ÍÒ ¢ ¶ ·¥, Î¥É´µ¸É¨ ËÊ´±Í¨¨ f1(R, t, τ) ¨ ´¥Î¥É´µ¸É¨ ¸¨´Ê¸  ¶µ
¶¥·¥³¥´´Ò³ R ¨ t.

‚ ¶·¥¤¶µ²µ¦¥´¨¨ µ ´¥§ ¢¨¸¨³µ¸É¨ ¶·µ¸É· ´¸É¢¥´´µ£µ, ¢·¥³¥´´µ£µ ¨ ·¥² ±¸ Í¨µ´-
´µ£µ · ¸¶·¥¤¥²¥´¨°, µ¶¨¸Ò¢ ¥³ÒÌ ¸µµÉ¢¥É¸É¢¥´´µ ´µ·³¨·µ¢ ´´Ò³¨ ËÊ´±Í¨Ö³¨ f(R),
χ(t) ¨ ϕ(τ), ¢Ò· ¦¥´´µ° Ê¸²µ¢¨¥³ f1(R, t, τ) = f(R)χ(t)ϕ(τ), Ëµ·³Ê²Ê (7) ¶¥·¥¶¨Ï¥³
¢ ¢¨¤¥

W (q0,q) = 1 +
∫

f(R) cos (qR)dR
∫

χ(t) cos (q0t)dt

∫
ϕ(τ) dτ

1 + (q0τ)2
. (8)

�¥·¢Ò¥ ¤¢  ¨´É¥£· ²Ó´Òx ¸µ³´µ¦¨É¥²Ö ¢Ò· ¦¥´¨Ö (8) ¶·¥¤¸É ¢²ÖÕÉ ËÊ·Ó¥-µ¡· §Ò
F (q), X(q0) ¶·µ¸É· ´¸É¢¥´´µ£µ ¨ ¢·¥³¥´´µ£µ · ¸¶·¥¤¥²¥´¨°,   É·¥É¨° Å ËÊ·Ó¥-µ¡· §
C(q0) ËÊ´±Í¨¨, · §³Ò¢ ÕÐ¥° ¢·¥³¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨¸ÉµÎ´¨±µ¢

W (q0,q) = 1 + F (q)X(q0)C(q0). (9)

�·µ¨§¢¥¤¥´¨¥ C(q0)X(q0) ´ Ìµ¤¨³ ¶µ ´ ¡²Õ¤ ¥³Ò³ § ¢¨¸¨³µ¸ÉÖ³ W (q0,q), W (0,q)

C(q0)X(q0) =
W (q0,q) − 1

F (q)
=

W (q0,q) − 1
W (0,q) − 1

. (10)

”Ê´±Í¨Ö C(q0) ¢ Ô±¸¶¥·¨³¥´É¥ ´¥¨§¢¥¸É´ . ‚Ò¤¥²¨ÉÓ ËÊ·Ó¥-µ¡· § X(q0) ¨§ ¶·µ¨§¢¥¤¥´¨Ö
C(q0)X(q0) ¨ ´ °É¨ ËÊ´±Í¨Õ χ(t) ¥£µ µ¡· É´Ò³ ¶·¥µ¡· §µ¢ ´¨¥³ ”Ê·Ó¥ ³µ¦´µ, ¢¢µ¤Ö
 ¶·¨µ·´ÊÕ ¨´Ëµ·³ Í¨Õ µ · ¸¶·¥¤¥²¥´¨¨ ¨¸ÉµÎ´¨±µ¢ Î ¸É¨Í ¶µ ¢·¥³¥´¨ ¦¨§´¨. 	 ¶·¨-
³¥·, · ¢´µ³¥·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨¸ÉµÎ´¨±µ¢ ϕ(τ) = 1/a ¶µ ¢·¥³¥´¨ ¦¨§´¨ ¢ ¨´É¥·¢ ²¥
[0; a] ¶·¨¢µ¤¨É ± ËÊ´±Í¨¨

C(q0) =
1
a

a∫
0

dτ

1 + (q0τ)2
=

arctg (q0a)
(q0a)

(11)
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¨ ¶µ§¢µ²Ö¥É ¢µ¸¸É ´µ¢¨ÉÓ · ¸¶·¥¤¥²¥´¨¥ χ(t). �¥§Ê²ÓÉ É § ¢¨¸¨É µÉ ¢¨¤  ËÊ´±-
Í¨¨ ϕ(τ).

‘É·Ê±ÉÊ·Ê · ¸¶·¥¤¥²¥´¨Ö χ(t) É ±¦¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  Ê¤¢µ¥´¨Ö ¨
±µ´É·µ²¨·Ê¥³µ£µ ¸³¥Ð¥´¨Ö ¶¨±µ¢ ¨²¨ ¶ÊÉ¥³ ËÊ·Ó¥-£¨²Ó¡¥·É-Ë¨²ÓÉ· Í¨¨, ¶µ§¢µ²ÖÕÐ¨Ì
· §¤¥²¨ÉÓ ¶¨±¨ ¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö  ¶·¨µ·´ÒÌ ¸¢¥¤¥´¨° µ ËÊ´±Í¨¨ ϕ(τ) [9]. �·¨ ÔÉµ³
¶·µË¨²¨ · §¤¥²¥´´ÒÌ ¶¨±µ¢ · ¸¶·¥¤¥²¥´¨Ö χ(t) ¸µ¤¥·¦ É ¨´Ëµ·³ Í¨Õ µ ËÊ´±Í¨¨ ϕ(τ).

ˆ´É¥£· ²Ó´Ò¥ µ¡· §Ò ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¨¸ÉµÎ´¨±µ¢ Î ¸É¨Í
³µ£ÊÉ ¡ÒÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ÒÖ¢²¥´Ò ¶·¨ ¸¶¥Í¨ ²Ó´µ³ ¶·¥¤¸É ¢²¥´¨¨ ¤ ´´ÒÌ. ‚ ·Ö¤¥
¸²ÊÎ ¥¢ ¶µ²¥§´Ò³¨ µ± §Ò¢ ÕÉ¸Ö ¨¸±Ê¸¸É¢¥´´Ò° ¶¥·¥Ìµ¤ µÉ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ± ¨Ì ¨´É¥£· ²Ó´Ò³ µ¡· § ³ ¨ ´¥²¨´¥°´Ò¥ µ¶¥· Í¨¨ ¸ ´¨³¨. ‘ÊÐ¥¸É¢Ê¥É Í¥²Ò°
±² ¸¸ É ±¨Ì µ¶¥· Í¨°, ¶µ§¢µ²ÖÕÐ¨Ì ¶·¨ µ¡· É´µ³ ¶¥·¥Ìµ¤¥ ¶µ²ÊÎ¨ÉÓ ¡µ²¥¥ ¨´Ëµ·³ -
É¨¢´Ò¥ µÍ¥´±¨ ¤ ´´ÒÌ ¶µ ¸· ¢´¥´¨Õ ¸ ¨¸Ìµ¤´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ [9].

��ˆ‘Š ���ˆ���›• �…‡����‘�‚ ‚ ‘�…Š’��• �””…Š’ˆ‚�›• Œ�‘‘

�·¥¤³¥Éµ³ ¨¸¸²¥¤µ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ¤¢ÊÌÎ ¸É¨Î´Ò¥ ±µ··¥²ÖÍ¨¨ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨
³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ¶·µÖ¢²ÖÕÐ¨¥¸Ö ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¶ ·
¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ MÔË ¨ ´¥¸ÊÐ¨¥ ¨´Ëµ·³ Í¨Õ µ¡ µ¡· §ÊÕÐ¨Ì¸Ö
¢ ¶·µÍ¥¸¸¥ £¥´¥· Í¨¨ Î ¸É¨Í ±µ³¶ Ê´¤-¸¨¸É¥³ Ì ¨²¨ ·¥§µ´ ´¸ Ì.

„²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶·µÍ¥¸¸  ¸Éµ²±´µ¢¥´¨Ö ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ∆-¨§µ¡ -
·Ò Å ¡ ·¨µ´´Ò¥ ·¥§µ´ ´¸Ò, µ¡· §ÊÕÐ¨¥ ¸¢Ö§ ´´ÊÕ ±µ·µÉ±µ¦¨¢ÊÐÊÕ ¸¨¸É¥³Ê ¨§ ´Ê-
±²µ´  ¨ π-³¥§µ´ . ˆ´É¥·¥¸ µ¡Ê¸²µ¢²¥´ É¥³, ÎÉµ ·µ¦¤¥´¨¥ É ±¨Ì ·¥§µ´ ´¸µ¢ ´  Ö¤· Ì ¢
¸Éµ²±´µ¢¥´¨¨  ¤·µ´µ¢ ¸ Ö¤· ³¨ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ³µ¦¥É Ö¢²ÖÉÓ¸Ö µ¸´µ¢´Ò³ ± ´ ²µ³
Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö. ˆ§µ¡ ·Ò ³µ£ÊÉ ´¥¸É¨ ¨´Ëµ·³ Í¨Õ µ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸ ¤·Ê£¨³¨ Ë· £-
³¥´É ³¨ Ö¤·  ¨ ¶·¥¤µ¸É ¢²ÖÕÉ ¢µ§³µ¦´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§ÊÎ ÉÓ Í¢¥É´Ò¥ ¸É¥¶¥´¨
¸¢µ¡µ¤Ò.

–¥²ÓÕ ¨¸¸²¥¤µ¢ ´¨Ö ¸¶¥±É·µ¢ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ (π±p) ¶ · ¢ π−p- ¨ π−12C-¢§ ¨³µ-
¤¥°¸É¢¨ÖÌ ¶·¨ Pπ− = 40 ƒÔ‚/c ¡Ò²µ µ¶·¥¤¥²¥´¨¥ ¸É·Ê±ÉÊ·Ò ¸¶¥±É·µ¢ ¨ Ê¸É ´µ¢²¥´¨¥
¸¢Ö§¨ ³¥¦¤Ê ·µ¦¤¥´¨¥³ ¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢ ¨ Î ¸É´Ò³ ¸²ÊÎ ¥³ ³´µ¦¥¸É¢¥´´µ° £¥´¥-
· Í¨¨  ¤·µ´µ¢ Å ±Ê³Ê²ÖÉ¨¢´Ò³ ·µ¦¤¥´¨¥³ Î ¸É¨Í ¢ π−12C-¢§ ¨³µ¤¥°¸É¢¨ÖÌ [5].

‘¶¥±É·Ò ÔËË¥±É¨¢´ÒÌ ³ ¸¸ (π±p) ¶ · ¡Ò²¨ ¶µ¸É·µ¥´Ò ´  µ¸´µ¢¥ ´¥Ê¶·Ê£¨Ì 11688
π−p- ¨ 8642 π−12C-¢§ ¨³µ¤¥°¸É¢¨°, ¶µ²ÊÎ¥´´ÒÌ ¶·¨  ´ ²¨§¥ ¸É¥·¥µËµÉµ¸´¨³±µ¢ ¸ ¤¢ÊÌ-
³¥É·µ¢µ° ¶·µ¶ ´µ¢µ° ± ³¥·Ò ‹‚� �ˆŸˆ, µ¡²ÊÎ¥´´µ° ¶ÊÎ±µ³ π−-³¥§µ´µ¢ ¸¥·¶ÊÌµ¢-
¸±µ£µ Ê¸±µ·¨É¥²Ö [2]. �ËË¥±É¨¢´ÊÕ ³ ¸¸Ê (π±p) ¶ · · ¸¸Î¨ÉÒ¢ ²¨ ¶µ Ëµ·³Ê²¥

MÔË =
√

m2
p + m2

π + 2(EpEπ − pppπ cos θ) (12)

¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³ ¸¸ ¶·µÉµ´  ¨ π-³¥§µ´  Å mp ¨ mπ, ¨Ì ¶µ²´ÒÌ Ô´¥·£¨° Å Ep ¨
Eπ,  ¡¸µ²ÕÉ´ÒÌ §´ Î¥´¨° ¨³¶Ê²Ó¸µ¢ Å pp ¨ pπ ¨ Ê£²  ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ Å θ ¢ ². c.
ˆ³¶Ê²Ó¸ µÉµ¡· ´´ÒÌ ¶·µÉµ´µ¢ ¸µ¸É ¢²Ö² µÉ 140 ¤µ 700 ŒÔ‚/¸.

„²Ö Ê¸É ´µ¢²¥´¨Ö ¸¢Ö§¨ ³¥¦¤Ê ¶·µÍ¥¸¸ ³¨ ·µ¦¤¥´¨Ö ∆-¨§µ¡ · ¨ ±Ê³Ê²ÖÉ¨¢´µ£µ ¨¸-
¶Ê¸± ´¨Ö π-³¥§µ´µ¢ ¢ π−12‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¤¢¥ ¸Ì¥³Ò µÉ¡µ·  ¢Éµ-
·¨Î´ÒÌ π-³¥§µ´µ¢ ¢ ¸µ¡ÒÉ¨¨. ‚ ¶¥·¢µ° ¸Ì¥³¥ ÊÎ¨ÉÒ¢ ²¨ ¢¸¥ π-³¥§µ´Ò ¸µ¡ÒÉ¨Ö, ¢µ ¢Éµ·µ°
¸Ì¥³¥ ¨¸±²ÕÎ ²¨ π-³¥§µ´ ¸ ³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ ¶µ·Ö¤±  ±Ê³Ê²ÖÉ¨¢´µ¸É¨ nc ¢ ¸µ-
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¡ÒÉ¨¨. �µ·Ö¤µ± ±Ê³Ê²ÖÉ¨¢´µ¸É¨ µ¶·¥¤¥²Ö²¨ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ëµ·³Ê²µ° nc =
E − p‖

mN
Î¥·¥§ ¶µ²´ÊÕ Ô´¥·£¨Õ E, ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸ p‖ π-³¥§µ´  ¨ ³ ¸¸Ê ´Ê±²µ´  mN .

�´ ²¨§ ¸É·Ê±ÉÊ·Ò ¸¶¥±É·µ¢ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ (π±p) ¢¥²¨ ¸ ¶µ³µÐÓÕ ¤¢ÊÌ ³¥Éµ¤µ¢
µ¡· ¡µÉ±¨ ´  µ¸´µ¢¥ ¶·¥µ¡· §µ¢ ´¨Ö ”Ê·Ó¥. ‚ ¶¥·¢µ³ ³¥Éµ¤¥ ¢ÒÖ¢²Ö²¨ ¶¥·¨µ¤¨Î´µ¸É¨
¢ § ¢¨¸¨³µ¸É¨ ³µ¤Ê²Ö ËÊ·Ó¥-µ¡· §  ¸¨³³¥É·¨§µ¢ ´´µ£µ ¸¶¥±É·  µÉ Ê£²µ¢µ° Î ¸ÉµÉÒ, ¶µ
±µÉµ·Ò³ µ¶·¥¤¥²Ö²¨ ¶µ²µ¦¥´¨Ö ±µ³¶µ´¥´É, ¸µ¶µ¸É ¢²Ö¥³Ò¥ ³ ¸¸ ³ ·¥§µ´ ´¸µ¢ [4]. �¥-
§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ³¥Éµ¤  ¶µ± § ´Ò ´  ·¨¸. 1. �µ²µ¦¥´¨Ö ¢Ò¤¥²¥´´ÒÌ µ¸µ¡¥´´µ¸É¥°
¸¶¥±É·µ¢ Ê± § ´Ò ¸É·¥²± ³¨, µÏ¨¡±¨ ¶µ²µ¦¥´¨° Å µÉ·¥§± ³¨ ´ ¤ ¸É·¥²± ³¨, §´ Î¥´¨¥
³ ¸¸Ò ¡²¨§±µ£µ ± § ¤ ´´µ³Ê ¶µ²µ¦¥´¨Õ ¶¨µ´-´Ê±²µ´´µ£µ ·¥§µ´ ´¸  Å Î¨¸²µ³.

�¨¸. 1. �¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ³µ¤¨Ë¨Í¨·µ¢ ´´µ£µ ËÊ·Ó¥- ²£µ·¨É³  ± ¸¶¥±É· ³ ÔËË¥±É¨¢´ÒÌ

³ ¸¸ (π±p) ¶ · ¢ π−p- (¢, £) ¨ ¢ π−12‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ( , ¡) ¶·¨ Pπ− = 40 ƒÔ‚/c

‚µ ¢Éµ·µ³ ³¥Éµ¤¥ ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¨¤¥Ö ±µ´É·µ²¨·Ê¥³µ£µ ·¥£Ê²¨·µ¢ ´¨Ö Ï¨·¨´
±µ³¶µ´¥´É ¸¶¥±É·  ÔËË¥±É¨¢´ÒÌ ³ ¸¸ [6, 9]. “³¥´ÓÏ¥´¨Ö Ï¨·¨´ ±µ³¶µ´¥´É ¢ µÍ¥´±¥
¸¶¥±É·  ¤µ¸É¨£ ²¨ Ê³´µ¦¥´¨¥³ ËÊ·Ó¥-µ¡· §  ¸¶¥±É·  ´  Ô±¸¶µ´¥´Í¨ ²Ó´ÊÕ ËÊ´±Í¨Õ.
�·¨ µ¡· É´µ³ ¶·¥µ¡· §µ¢ ´¨¨ ”Ê·Ó¥ É ±µ£µ µ¡· §  ¶µ²ÊÎ¥´´ Ö µÍ¥´±  ¨³¥²  ¡µ²¥¥ ¢Ò-
¸µ±ÊÕ ±µ´É· ¸É´µ¸ÉÓ ¶µ ¸· ¢´¥´¨Õ ¸ ¶¥·¢µ´ Î ²Ó´Ò³ ¸¶¥±É·µ³ ¨ ¸µ¤¥·¦ ²  µ¸µ¡¥´-
´µ¸É¨, ±µÉµ·Ò¥ ¶µ ¢¥²¨Î¨´¥ ÔËË¥±É¨¢´µ° ³ ¸¸Ò ³µ£²¨ ¡ÒÉÓ ¸µ¶µ¸É ¢²¥´Ò ¡ ·¨µ´´Ò³
·¥§µ´ ´¸ ³ [5].
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�¥§Ê²ÓÉ ÉÒ ÔÉµ£µ ³¥Éµ¤  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2, ´  ±µÉµ·µ³ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨-

³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö
dN(MÔË)

dMÔË
¨ ¶µ²ÊÎ¥´´Ò¥ µÍ¥´±¨ f(MÔË), ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥

π±p-¶ · ³ ¶¥·¢µ° ¸Ì¥³Ò µÉ¡µ·  π-³¥§µ´µ¢ ¸µ¡ÒÉ¨Ö ( , ¡) ¨ π±p-¶ · ³ ¢Éµ·µ° ¸Ì¥³Ò
µÉ¡µ·  (¢, £). ƒ² ¢´Ò° ¶¨± ¢ÒÖ¢²¥´´ÒÌ ³Ê²ÓÉ¨¶²¥É´ÒÌ ¸É·Ê±ÉÊ· ¸µµÉ¢¥É¸É¢Ê¥É ³ ¸¸¥
1,232 ƒÔ‚/c2, ¤µ¶µ²´¨É¥²Ó´Ò° ¶¨± Å ³ ¸¸¥ 1,650 ƒÔ‚/c2. ˆ¸±²ÕÎ¥´¨¥ ±Ê³Ê²ÖÉ¨¢´ÒÌ
π-³¥§µ´µ¢ ¶·¨¢µ¤¨²µ ± · ¢´µ³¥·´µ³Ê ¶µ´¨¦¥´¨Õ µÍ¥´±¨ ¸¶¥±É·  ÔËË¥±É¨¢´ÒÌ ³ ¸¸
¶·¨³¥·´µ ´  30 % ¡¥§ ¨§³¥´¥´¨Ö Ëµ·³Ò.

�µ²ÊÎ¥´´Ò¥ µ¸µ¡¥´´µ¸É¨ ¢ ¸¶¥±É· Ì ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π±p-¶ · ¸µ¶µ¸É ¢²¥´Ò
∆+o+(1,232)-, ∆+o+(1,650)-, ∆+o+(1,670)-, ∆+o+(1,910)-¨§µ¡ · ³ ¢ π−p- ¨
∆+o+(1,232), ∆+o+(1,650) ¢ π−12‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ. �´ ²¨§ ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ-
¸É¨ π+- ¨ π−-³¥§µ´µ¢ ¢ π−12‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ Pπ− = 40 ƒÔ‚/c ¸ ÊÎ¥Éµ³ Ëµ´ 

¶µ± § ², ÎÉµ ¨¸±²ÕÎ¥´¨¥ ²Õ¡µ£µ π-³¥§µ´  ¢ ¸µ¡ÒÉ¨¨ ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ
dN(MÔË)

dMÔË

¶·¨³¥·´µ ´  30 %. �ÉµÉ ·¥§Ê²ÓÉ É ¶·µ¨´É¥·¶·¥É¨·µ¢ ´, ± ± Ê± § ´¨¥ ´  ´¥§ ¢¨¸¨³µ¸ÉÓ
¶·µÍ¥¸¸µ¢ ¶µÖ¢²¥´¨Ö ±Ê³Ê²ÖÉ¨¢´ÒÌ π-³¥§µ´µ¢ ¨ ·µ¦¤¥´¨Ö ¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢.

�¨¸. 2. ‘¶¥±É·Ò ÔËË¥±É¨¢´ÒÌ ³ ¸¸ (π+p) ( ) ¨ (π−p) ¶ · (¡)
dN(MÔË)

dMÔË
(◦), ¨Ì µÍ¥´±¨ f̂(MÔË)

(•) ¤²Ö ¤¢ÊÌ ¸Ì¥³ µÉ¡µ·  π-³¥§µ´µ¢
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‘’�“Š’“�� ��‘��…„…‹…�ˆ‰ —�‘’ˆ– �� �›‘’��’…

‘µ£² ¸´µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ µ ¢§ ¨³µ¤¥°¸É¢¨¨  ¤·µ´µ¢ ¢Ò¸µ±¨Ì Ô´¥·£¨°
¸ ´Ê±²µ´ ³¨ ¨ Ö¤· ³¨ µ¸´µ¢´ Ö ¤µ²Ö ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢µ§´¨± ¥É ¢ ¶·µÍ¥¸¸¥  ¤·µ´¨§ -
Í¨¨ ¡Ò¸É·µ£µ ±¢ ·±-¶ ·Éµ´  ¢ ¸É·ÊÕ Î ¸É¨Í [10]. �·µÖ¢²ÖÕÐÊÕ¸Ö ¢ ¡²¨§±µ¤¥°¸É¢ÊÕÐ¨Ì
±µ··¥²ÖÍ¨ÖÌ ¶·µ¤Ê±Éµ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸É·Ê°´ÊÕ  ¤·µ´¨§ Í¨Õ Ê¤µ¡´µ ¨§ÊÎ ÉÓ ¢ · ¸¶·¥-

¤¥²¥´¨ÖÌ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¶µ ¡Ò¸É·µÉ¥ y =
1
2

ln
(

E + p‖
E − p‖

)
(E ¨ p‖ Å ¸µµÉ¢¥É¸É¢¥´´µ

Ô´¥·£¨Ö ¨ ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸ ¢Éµ·¨Î´µ° Î ¸É¨ÍÒ), ´ ¡²Õ¤ Ö £·Ê¶¶¨·µ¢±Ê Î ¸É¨Í µÉ´µ-
¸¨É¥²Ó´µ ´¥¸±µ²Ó±¨Ì Ì · ±É¥·´ÒÌ ¡Ò¸É·µÉ.

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ π-³¥§µ´µ¢ (π+ (•), π− (◦)) ¶µ ¡Ò¸É·µÉ¥ ¢ π−p- ( ) ¨ ¢ π−12‘-

¢§ ¨³µ¤¥°¸É¢¨ÖÌ (¡) ¨ ¨Ì µÍ¥´±¨ ¸µµÉ¢¥É¸É¢¥´´µ (¢) ¨ (£), ¶µ²ÊÎ¥´´Ò¥ ¶·¨ ¶µ³µÐ¨ ËÊ·Ó¥- ²£µ·¨É³ 

·¥£Ê²¨·µ¢ ´¨Ö Ï¨·¨´Ò ¸¶¥±É· ²Ó´ÒÌ ²¨´¨°

’¨¶¨Î´Ò³ Ö¢²Ö¥É¸Ö ¸²ÊÎ °, ±µ£¤  · ¸¶·¥¤¥²¥´¨Ö ¶µ ¡Ò¸É·µÉ¥ ¶·¥¤¸É ¢²ÖÕÉ £² ¤±¨¥
±·¨¢Ò¥ ¡¥§ ¢¨¤¨³ÒÌ Ì · ±É¥·´ÒÌ µ¸µ¡¥´´µ¸É¥°, ÎÉµ § É·Ê¤´Ö¥É ¢Ò¤¥²¥´¨¥ ¸É·Ê°. „²Ö
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¢ÒÖ¢²¥´¨Ö Ì · ±É¥·´ÒÌ ¡Ò¸É·µÉ ¶·µÍ¥¸¸  ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö π±-³¥§µ´µ¢ ¢ ·¥ ±-
Í¨ÖÌ π−p ¨ π−12‘ ¶·¨ Pπ− = 40 ƒÔ‚/c [7] ¡Ò² ¶·¨³¥´¥´ · ´¥¥ ¨¸¶µ²Ó§µ¢ ´´Ò° ³¥Éµ¤
Ê³¥´ÓÏ¥´¨Ö Ï¨·¨´ ±µ³¶µ´¥´É · ¸¶·¥¤¥²¥´¨° [6, 9].

ˆ¸Ìµ¤´Ò¥ ¤ ´´Ò¥ ¨ ·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ³¥Éµ¤  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3. � ¸¶·¥¤¥-
²¥´¨Ö ¶µ ¡Ò¸É·µÉ¥ π±-³¥§µ´µ¢ ¢ ÔÉ¨Ì ·¥ ±Í¨ÖÌ ( , ¡) ¸¨²Ó´µ · §³ÒÉÒ,   ¨Ì ±µ´É· ¸É-
´Ò¥ µÍ¥´±¨ (¢, £) ¤¥³µ´¸É·¨·ÊÕÉ ¸²µ¦´ÊÕ ¸É·Ê±ÉÊ·Ê. ‚ π−p-¢§ ¨³µ¤¥°¸É¢¨¨ µÍ¥´± 
· ¸¶·¥¤¥²¥´¨Ö ¶µ ¡Ò¸É·µÉ¥ π+-³¥§µ´µ¢ Ö¢²Ö¥É¸Ö ¤Ê¡²¥Éµ³ ¸ ³µ¤ ³¨ ≈ 1,4 ¨ 2,8, ¤²Ö
π−-³¥§µ´µ¢ Å É·¨¶²¥Éµ³ ¸ ³µ¤ ³¨ ≈ 1,2; 2,8; 4,7. ‚ π−12‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ µÍ¥´± 
· ¸¶·¥¤¥²¥´¨Ö ¶µ ¡Ò¸É·µÉ¥ ¤²Ö π+-³¥§µ´µ¢ ¸µ¤¥·¦¨É É·¨ ¶¨±  ¸ ¡Ò¸É·µÉ ³¨ ≈ 1,4; 2,8;
3,3,   ¤²Ö π−-³¥§µ´µ¢ Å É·¨ ¶¨±  ¸ ¡Ò¸É·µÉ ³¨ ≈ 0,9; 2,5; 4,4, ¶·¨Î¥³ ¢Éµ·µ° ¶¨±
µ± §Ò¢ ¥É¸Ö ¸¨²Ó´µ · §³ÒÉÒ³ ¢ ¨´É¥·¢ ²¥ ¡Ò¸É·µÉ 1,8Ä3,2.

�µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ§¢µ²ÖÕÉ ¸µ¶µ¸É ¢¨ÉÓ Ì · ±É¥·´Ò¥ ¡Ò¸É·µÉÒ ¢Éµ·¨Î´ÒÌ
π-³¥§µ´µ¢ ¢ ¤¨ ¶ §µ´ Ì 1,0Ä1,6; 1,8Ä3,2; 4,0Ä4,4 µ¡² ¸ÉÖ³ Ë· £³¥´É Í¨¨ ³¨Ï¥´¨, ´ -
²¥É ÕÐ¥° Î ¸É¨ÍÒ ¨ ¸µÌ· ´¥´¨Õ ´ ²¥É ÕÐ¥£µ π-³¥§µ´ . —¨¸²µ ¨ §´ Î¥´¨Ö Ì · ±É¥·´ÒÌ
¡Ò¸É·µÉ ¶·µÍ¥¸¸  § ¢¨¸ÖÉ µÉ ³ ¸¸Ò ³¨Ï¥´¨ ¨ § ·Ö¤µ¢ ¢Éµ·¨Î´ÒÌ π-³¥§µ´µ¢.

ŸŒ�-‘�…Š’�› ’‚…�„›• ’…‹

Ÿ¢²¥´¨¥ ³ £´¨É´µ£µ ·¥§µ´ ´¸  Ì · ±É¥·´µ ¤²Ö Ö¤¥· ¸µ ¸¶¨´µ³, µÉ²¨Î´Ò³ µÉ ´Ê²Ö,
¶µ³¥Ð¥´´ÒÌ ¢ ³ £´¨É´µ¥ ¶µ²¥, ¨ ¶·µÖ¢²Ö¥É¸Ö ¢ ¶·¥Í¥¸¸¨¨ ³ £´¨É´ÒÌ ³µ³¥´Éµ¢. 	¥-
¸ÊÐ¨¥ Ì¨³¨Î¥¸±ÊÕ, ¡¨µË¨§¨Î¥¸±ÊÕ ¨ ³¥¤¨Í¨´¸±ÊÕ ¨´Ëµ·³ Í¨Õ, ŸŒ�-¸¶¥±É·Ò ·¥£¨-
¸É·¨·ÊÕÉ ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ³ £´¨É´ÒÌ ³µ³¥´Éµ¢ Ö¤¥· ¸ Ô²¥±É·µ³ £´¨É´Ò³ ¨§²ÊÎ¥-
´¨¥³, ¸µ¤¥·¦ Ð¨³ Î ¸ÉµÉ´Ò¥ ±µ³¶µ´¥´ÉÒ ¢¡²¨§¨ Î ¸ÉµÉÒ ‹ ·³µ· , ¨²¨ ¢ ·¥§Ê²ÓÉ É¥
¡Ò¸É·ÒÌ ¨§³¥´¥´¨° µ·¨¥´É Í¨¨ ¢´¥Ï´¥£µ ³ £´¨É´µ£µ ¶µ²Ö ¶µ¤ ¤¥°¸É¢¨¥³ ¸¶¥Í¨ ²Ó´ÒÌ
¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¥° · ¤¨µÎ ¸ÉµÉ´ÒÌ ¨³¶Ê²Ó¸µ¢, ¨´¨Í¨¨·ÊÕÐ¨Ì ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò
¢ ¸¨¸É¥³¥ Ö¤¥·´ÒÌ ¸¶¨´µ¢ [11]. �·¨³¥´¥´¨¥ É ±¨Ì ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¥° ¶µ§¢µ²¨²µ ÔË-
Ë¥±É¨¢´µ Ê¸·¥¤´¨ÉÓ ¸¶¨´-¸¶¨´µ¢µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Ö¤¥· ¢ É¢¥·¤ÒÌ É¥² Ì ¨ ¶µ²ÊÎ¨ÉÓ ¨Ì
ŸŒ�-¸¶¥±É·Ò, ´¥ Ê¸ÉÊ¶ ÕÐ¨¥ ¶µ · §·¥Ï¥´¨Õ ŸŒ�-¸¶¥±É· ³ ¦¨¤±µ¸É¥°.

‚µ§³µ¦´µ¸ÉÓ § ·¥£¨¸É·¨·µ¢ ÉÓ ŸŒ�-¸¶¥±É· ¶µ²¨±·¨¸É ²²¨Î¥¸±µ£µ µ¡· §Í  ¸ · §²¨Î-
´Ò³ · §·¥Ï¥´¨¥³ ¶µ§¢µ²Ö¥É, ¶·¨³¥´ÖÖ ± ¸¶¥±É·Ê ´¨§±µ£µ · §·¥Ï¥´¨Ö ŒŒ�-¸¶µ¸µ¡ ¢¢¥-
¤¥´¨Ö ¶·µ¡´ÒÌ ËÊ´±Í¨° · §³ÒÉ¨Ö [9], ¸· ¢´¨ÉÓ ¶µ²ÊÎ¥´´ÊÕ µÍ¥´±Ê ¸µ ¸¶¥±É·µ³ ¢Ò-
¸µ±µ£µ · §·¥Ï¥´¨Ö. ‚ ¤ ´´µ° § ¤ Î¥ · ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ ŒŒ�-¸¶µ¸µ¡  ¶·µ¢¥·¥´  ´ 
¶·¨³¥·¥ · §³ÒÉµ£µ ŸŒ�-¸¶¥±É·  µ·£ ´¨Î¥¸±µ£µ ¸µ¥¤¨´¥´¨Ö  ¤ ³ ´É ´ , ¨³¥ÕÐ¥£µ ¶µ-
¸ÉµÖ´´Ò° Ê·µ¢¥´Ó Ëµ´ .

	  ·¨¸. 4 ¶µ± § ´ ŸŒ�-¸¶¥±É· 13‘  ¤ ³ ´É ´  ( ), § ·¥£¨¸É·¨·µ¢ ´´Ò° ³¥Éµ¤µ³ ¢Ò-
´Ê¦¤¥´´µ° ¶·¥Í¥¸¸¨¨ (±·¨¢ Ö 1) ¨ ¸ ¶µ³µÐÓÕ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸µ¢ (±·¨¢ Ö 2)
[11],   É ±¦¥ ŒŒ�-µÍ¥´±  (±·¨¢ Ö 3) ¨ ¥¥ ÏÉ·¨Ì¤¨ £· ³³  (±·¨¢ Ö 4) (¡), ¶µ²ÊÎ¥´´Ò¥
¶·¨ µ¡· ¡µÉ±¥ · §³ÒÉµ£µ ¸¶¥±É·  (±·¨¢ Ö 1).

�·µ¨§¢µ²Ó´µ¥ ¶µ²µ¦¥´¨¥ ¶µ µ¸¨ µ·¤¨´ É, µÉ¸ÊÉ¸É¢¨¥ ¨´Ëµ·³ Í¨¨ µ ¶µ¸ÉµÖ´´µ°
¸µ¸É ¢²ÖÕÐ¥° Ëµ´  µ¡ÒÎ´µ § É·Ê¤´ÖÕÉ µ¡· ¡µÉ±Ê ¨ ¨´É¥·¶·¥É Í¨Õ É ±µ£µ ¸¶¥±É· .
„¥°¸É¢¨É¥²Ó´µ, ÏÉ·¨Ì¤¨ £· ³³  ŒŒ�-µÍ¥´±¨ ¸¶¥±É·  ¸µ¤¥·¦¨É Í¥²ÊÕ ¸¥·¨Õ ¶¨±µ¢,
¡µ²ÓÏ¨´¸É¢µ ¨§ ±µÉµ·ÒÌ ¨³¥¥É Ëµ´µ¢µ¥ ¶·µ¨¸Ìµ¦¤¥´¨¥. • · ±É¥·´Ò³, µ¤´ ±µ, Ö¢²Ö-
¥É¸Ö ´ ²¨Î¨¥ ¢ ŒŒ�-µÍ¥´±¥ ¤¢ÊÌ ¨´É¥´¸¨¢´ÒÌ ¶¨±µ¢, µÉ· ¦ ÕÐ¨Ì ¨¸É¨´´ÊÕ ¸É·Ê±ÉÊ·Ê
§ ·¥£¨¸É·¨·µ¢ ´´µ£µ ŸŒ�-¸¶¥±É·  ¢Ò¸µ±µ£µ · §·¥Ï¥´¨Ö.
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�¨¸. 4. a) ŸŒ�-¸¶¥±É· 13C  ¤ ³ ´É ´ , § ·¥£¨¸É·¨·µ¢ ´´Ò° ³¥Éµ¤µ³ ¢Ò´Ê¦¤¥´´µ° ¶·¥Í¥¸¸¨¨ (1)

¨ ¸ ¶µ³µÐÓÕ π/2-, π-¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ �—-¨³¶Ê²Ó¸µ¢ (2); ¡) ŒŒ�-µÍ¥´±  ±·¨¢µ° 1 (3) ¨ ¥¥
ÏÉ·¨Ì¤¨ £· ³³  (4)

�·¨³¥· Ê± §Ò¢ ¥É ´  ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÉµÎ´µ£µ ÊÎ¥É  Ëµ´  · §³ÒÉµ£µ ¸¶¥±É·  ¤²Ö ¶µ²Ê-
Î¥´¨Ö ¶· ¢¨²Ó´ÒÌ ¢Ò¢µ¤µ¢ µ ¥£µ ¸É·Ê±ÉÊ·¥, ´µ É ±¦¥ ¤¥³µ´¸É·¨·Ê¥É ¢µ§³µ¦´µ¸ÉÓ µ¶·¥-
¤¥²¥´¨Ö ¶µ²µ¦¥´¨Ö ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ±µ³¶µ´¥´É · §³ÒÉµ£µ ¸¶¥±É·  ¤ ¦¥ ¶·¨ µÉ-
¸ÊÉ¸É¢¨¨ ¨´Ëµ·³ Í¨¨ µ ¶µ¸ÉµÖ´´µ° ¸µ¸É ¢²ÖÕÐ¥° Ëµ´ .

‚›‚�„›

1. 	  µ¸´µ¢¥ ¨´É¥·Ë¥·¥´Í¨µ´´µ£µ ¶µ¤Ìµ¤  µ¶¨¸ ´ ³¥Éµ¤ ·¥±µ´¸É·Ê±Í¨¨ ¶·µ¸É· ´¸É-
¢¥´´µ-¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± µ¡² ¸É¨ £¥´¥· Í¨¨ Î ¸É¨Í ¢ ¸Éµ²±´µ¢¥´¨ÖÌ Î ¸É¨Í ¢Ò-
¸µ±¨Ì Ô´¥·£¨° ¶µ ´ ¡²Õ¤ ¥³Ò³ · ¸¶·¥¤¥²¥´¨Ö³ ¶ · ¢Éµ·¨Î´ÒÌ Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í
¶µ · §´µ¸É¨ ¨Ì ¨³¶Ê²Ó¸µ¢ q ¨ Ô´¥·£¨° q0. �¥Ï¥´¨¥ µ¡· É´µ° § ¤ Î¨ ¶·µ¢¥¤¥´µ ¢ · ³± Ì
¸É É¨Î¥¸±µ° ³µ¤¥²¨ ¨¸ÉµÎ´¨±µ¢ Î ¸É¨Í. ‚ ÔÉµ° ³µ¤¥²¨ ¸¢Ö§Ó Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ ¸ ¨´É¥£· ²Ó´Ò³¨ µ¡· § ³¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¨¸ÉµÎ´¨±µ¢
Î ¸É¨Í ¢Ò· ¦¥´  ´ ¨¡µ²¥¥ ¶·µ¸Éµ. ‚ ¡µ²¥¥ ·¥ ²¨¸É¨Î´ÒÌ ³µ¤¥²ÖÌ ¶·µÍ¥¸¸  ³´µ¦¥¸É¢¥´-
´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í [12] ÔÉ  ¸¢Ö§Ó µ¸²µ¦´¥´  ¤¢¨¦¥´¨¥³ ¨¸ÉµÎ´¨±µ¢ ¨ § ¢¨¸¨³µ¸ÉÓÕ
±µµ·¤¨´ É q0 ¨ q‖. ‘É É¨¸É¨Î¥¸± Ö µ¡¥¸¶¥Î¥´´µ¸ÉÓ ¸µ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ Ë¨§¨±¨
¢Ò¸µ±¨Ì Ô´¥·£¨° ¸¶µ¸µ¡¸É¢Ê¥É ¶·¨³¥´¥´¨Õ ³¥Éµ¤ .

2. �·¨ ¶µ¨¸±¥ ¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢ ¨ Ì · ±É¥·´ÒÌ ¡Ò¸É·µÉ ¢ ·¥ ±Í¨ÖÌ π−p- ¨
π−12‘-¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ Pπ− = 40 ƒÔ‚/c ¶·¨³¥´¥´¨¥ ³¥Éµ¤µ¢ ËÊ·Ó¥- ´ ²¨§  · §³Ò-
ÉÒÌ ¸¶¥±É·µ¢ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ µ¸µ¡¥´´µ¸É¨ ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ¨ ¸µ¶µ¸É ¢¨ÉÓ ¨Ì ¨§¢¥¸É´Ò³ ∆-¨§µ¡ · ³ ¨ µ¡² ¸ÉÖ³ Ë· £³¥´É Í¨¨ ¶·µ¤Ê±Éµ¢
·¥ ±Í¨¨ ¢ ¶·µ¸É· ´¸É¢¥ ¡Ò¸É·µÉ. �¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¶·¨  ´ ²¨§¥ ¸¶¥±É·µ¢ ÔËË¥±-
É¨¢´ÒÌ ³ ¸¸ π±p-¶ · ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ · §²¨Î´ÒÌ ¸Ì¥³ µÉ¡µ·  π-³¥§µ´µ¢ ¢ ¸µ¡ÒÉ¨¨, Ê± -
§Ò¢ ÕÉ ´  ´¥§ ¢¨¸¨³µ¸ÉÓ ¶·µÍ¥¸¸µ¢ µ¡· §µ¢ ´¨Ö ∆-¨§µ¡ · ¨ ¨¸¶Ê¸± ´¨Ö ±Ê³Ê²ÖÉ¨¢´ÒÌ
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π-³¥§µ´µ¢. „ ´´Ò° ¶µ¤Ìµ¤ ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ¶·¨ ¶µ¨¸±¥ · §´µµ¡· §´ÒÌ ·¥§µ´ ´-
¸µ¢, ³Ê²ÓÉ¨±¢ ·±µ¢ÒÌ ¸¨¸É¥³, Ô±§µÉ¨Î¥¸±¨Ì ³¥§µ´µ¢ ¨ Î¨¸Éµ £²Õµ´´ÒÌ ¸µ¸ÉµÖ´¨° [13].

3. ‚ µ¡· É´ÒÌ § ¤ Î Ì ¶·¨±² ¤´µ° Ö¤¥·´µ° Ë¨§¨±¨, µÉ´µ¸ÖÐ¨Ì¸Ö ± µ¡² ¸É¨ ´¥°-
É·µ´´µ° ¤¨Ë· ±Éµ³¥É·¨¨ ¨ ŸŒ�, ³¥Éµ¤Ò  ´ ²¨§  · §³ÒÉÒÌ ¸¶¥±É·µ¢ ´  µ¸´µ¢¥ ŒŒ�
¶·¨¢¥²¨ ± ·¥§Ê²ÓÉ É ³, ¸· ¢´¨³Ò³ ¸ ·¥§Ê²ÓÉ É ³¨  ¶¶ · ÉÊ·´ÒÌ ³¥Éµ¤µ¢ ¢Ò¸µ±µ£µ · §·¥-
Ï¥´¨Ö. ‚Ò¸µ± Ö ¨´Ëµ·³ É¨¢´µ¸ÉÓ ŒŒ�-³¥Éµ¤µ¢ ¶µ¤É¢¥·¦¤¥´  ¶·¨ µ¡· ¡µÉ±¥ ¶·µ¸ÉÒÌ
¨ ¸²µ¦´ÒÌ ¸¶¥±É·µ¢ ¢ Ê¸²µ¢¨ÖÌ, ±µ£¤  ¨´Ëµ·³ Í¨Ö µ ¶µ¸ÉµÖ´´µ° ¸µ¸É ¢²ÖÕÐ¥° Ëµ´ 
¸¶¥±É·  µÉ¸ÊÉ¸É¢Ê¥É.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚. ‹. ‹Õ¡µÏ¨ÍÊ ¨ ‘. ‘. ˜¨³ ´¸±µ³Ê §  ¶µ²¥§´µ¥
µ¡¸Ê¦¤¥´¨¥.
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