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ˆ§²µ¦¥´Ò · §²¨Î´Ò¥ ³¥Éµ¤Ò µ¶¨¸ ´¨Ö ¶²µÉ´µ¸É¥° Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°. �µ-
¤·µ¡´µ · ¸¸³µÉ·¥´ Ëµ·³ ²¨§³ ¢ÒÎ¨¸²¥´¨Ö ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ Ô±¢¨-
¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ¸ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨, ±µ´¥Î´µ° £²Ê¡¨´Ò ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò,
ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö, Ê¸·¥¤´¥´´µ° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨, ¸¶¨-
´µ¢µ° § ¢¨¸¨³µ¸É¨ ¨ · §¤¥²¥´¨Ö Î ¸É¨Í ¨ ¤Ò·µ± ´  ¶·µÉµ´Ò ¨ ´¥°É·µ´Ò. ˆ§²µ¦¥´Ò ³¥Éµ¤Ò µ¶¨-
¸ ´¨Ö ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ³¥¦ÊÉµÎ´µ£µ ¨ ±µ´¥Î´µ£µ Ö¤¥· ¢
· §²¨Î´ÒÌ ³µ¤¥²ÖÌ ¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨°. � ¸¸³µÉ·¥´µ ¢²¨Ö´¨¥ Ô´¥·£¥É¨Î¥¸±µ° § -
¢¨¸¨³µ¸É¨ ·¥ ²¨¸É¨Î¥¸±µ° µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ (ÔËË¥±É  ±µ´É¨´ÊÊ³ ). �·¨¢¥¤¥´Ò ³¥Éµ¤Ò
· ¸Î¥É  ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ¸É¥° Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¸ ÊÎ¥Éµ³ ÔËË¥±É  ¸²ÊÎ °´µ£µ
µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö.

Various methods of description for particle-hole state densities are presented. A detailed discus-
sion is made of the calculation formalisms for particle-hole state densities in the equidistant spacing
model taking into account the restrictions due to the Pauli principle, the ˇnite depth of the nuclear
potential, the pairing effect, the average energy dependence of the single particle state densities, the
spin-dependence and distinction between the neutrons and the protons. A method of description of
available particle-hole state densities for intermediate and ˇnite states of the nuclei in various pre-
equilibrium nuclear reaction models is presented. The in�uence of the energy dependence of the
realistic particle-hole state densities and the calculation methods taking into account the effect of
random two-body residual interaction are discussed.

‚‚…„…�ˆ…

�·¨³¥´¥´¨¥ ³¥Éµ¤µ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¤²Ö ¨§ÊÎ¥´¨Ö Ë¥·³¨-¸¨¸É¥³
¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ( Éµ³´µ¥ Ö¤·µ) [1] ¶µ± § ²µ, ÎÉµ  Éµ³´µ¥
Ö¤·µ ¢¥¤¥É ¸¥¡Ö ± ± £ § ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ±¢ §¨Î ¸É¨Í (Ô±¸¨Éµ´µ¢ Å ¢µ§-
¡Ê¦¤¥´´ÒÌ Î ¸É¨Í ¨ ¤Ò·µ±), ¶µ³¥Ð¥´´ÒÌ ¢ ¶µÉ¥´Í¨ ²Ó´ÊÕ Ö³Ê. ‚µ§¡Ê¦¤¥´-
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´µ³Ê ¸µ¸ÉµÖ´¨Õ Ö¤·  ¸µµÉ¢¥É¸É¢Ê¥É ¶µÖ¢²¥´¨¥ ´¥¸±µ²Ó±¨Ì ¢µ§¡Ê¦¤¥´´ÒÌ Î -
¸É¨Í ¨ ¤Ò·µ±. •µÉÖ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ±¢ §¨Î ¸É¨Í ³¨ ¨ ´¥ ³ ²µ, ¶µ²Ê-
Î ¥É¸Ö §´ Î¨É¥²Ó´µ¥ Ê¶·µÐ¥´¨¥ § ¤ Î¨, É. ±. ¤µ¸É ÉµÎ´µ · ¸¸³ É·¨¢ ÉÓ Éµ²Ó±µ
¶ ·´Ò¥ ¸µÊ¤ ·¥´¨Ö ±¢ §¨Î ¸É¨Í. ‚ Ë¥·³¨-¸¨¸É¥³ Ì, ¤ ¦¥ ¶·¨ ¸¨²Ó´µ³ ¢§ -
¨³µ¤¥°¸É¢¨¨, ¸ÊÐ¥¸É¢ÊÕÉ ¢¥É¢¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¢µ§¡Ê¦¤¥´¨°. ‘¢¥¤¥´¨¥
 Éµ³´µ£µ Ö¤·  ± £ §Ê ±¢ §¨Î ¸É¨Í ¶µ§¢µ²¨²µ Ê¶·µ¸É¨ÉÓ ¥£µ · ¸¸³µÉ·¥´¨¥,
¶·¨ ÔÉµ³ ¶µ²´Ò° £ ³¨²ÓÉµ´¨ ´ Ö¤·  H § ³¥´Ö¥É¸Ö ´  ³µ¤¥²Ó´Ò° Ö¤¥·´Ò°
£ ³¨²ÓÉµ´¨ ´, ±µÉµ·Ò° ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ H→Hm = H0 + H ′, £¤¥ H0

µ¶¨¸Ò¢ ¥É ¸·¥¤´¥¥ ¶µ²¥ Ö¤· , H ′ Å ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ±¢ §¨Î ¸É¨Í ³¨
(Ô±¸¨Éµ´ ³¨).

„²Ö µ¶¨¸ ´¨Ö · §²¨Î´ÒÌ ³¥Ì ´¨§³µ¢ ¨´±²Õ§¨¢´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨°
A(a, b)B ¶·¨ ´¨§±¨Ì ¨ ¸·¥¤´¨Ì Ô´¥·£¨ÖÌ Ê¸¶¥Ï´µ ¶·¨³¥´ÖÕÉ¸Ö Ë¥´µ³¥´µ²µ-
£¨Î¥¸± Ö ³µ¤¥²Ó ¶·¥¤· ¢´µ¢¥¸´µ£µ · ¸¶ ¤  (Ô±¸¨Éµ´´ Ö ³µ¤¥²Ó (�Œ) [2] ¨ ¥¥
³µ¤¨Ë¨± Í¨¨ [3Ä5]) ¨ ±¢ ´Éµ¢Ò¥ ¶µ¤Ìµ¤Ò (±¢ ´Éµ¢ Ö É¥µ·¨Ö ³´µ£µ¸ÉÊ¶¥´Î -
ÉÒÌ ¶·Ö³ÒÌ ·¥ ±Í¨° [6], ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¸É É¨¸É¨Î¥¸±¨Ì ³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ
±µ³¶ Ê´¤ (‘ŒŠ�)- ¨ ¶·Ö³ÒÌ (‘Œ��)-¶·µÍ¥¸¸µ¢ [7], µ¡µ¡Ð¥´´ Ö ³µ¤¥²Ó
¸É É¨¸É¨Î¥¸±¨Ì ³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ ·¥ ±Í¨° (�Œ‘Œ�) [8, 9]).

‚ µ¸´µ¢¥ ÔÉ¨Ì ¶µ¤Ìµ¤µ¢ ²¥¦ É ¸²¥¤ÊÕÐ¨¥ ¶µ²µ¦¥´¨Ö:

1) ¶·µ³¥¦ÊÉµÎ´µ¥ Ö¤·µ (a + A) · ¸¸³ É·¨¢ eÉ¸Ö ± ± ¸¨¸É¥³  Ô±¸¨Éµ´µ¢
¸ ¤¢ÊÌÎ ¸É¨Î´Ò³ µ¸É ÉµÎ´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³, ¤¢¨¦ÊÐ¨Ì¸Ö ¢ ¸·¥¤´¥³ ¶µ²¥;

2) ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  ´  k-° ¸É ¤¨¨ ³´µ-
£µ¸ÉÊ¶¥´Î Éµ£µ ¶·µÍ¥¸¸  Ì · ±É¥·¨§ÊÕÉ¸Ö Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö E, ¶µ²´Ò³
Î¨¸²µ³ ¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Í p ¨ ¤Ò·µ± h, É. ¥. Î¨¸²µ³ Ô±¸¨Éµ´µ¢ n = p + h;

3) ¤¢ÊÌÎ ¸É¨Î´Ò° Ì · ±É¥· µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö µ¶·¥¤¥²Ö¥É ¶· -
¢¨²µ µÉ¡µ·  ´  ¤µ¶Ê¸É¨³Ò¥ ¢´ÊÉ·¨Ö¤¥·´Ò¥ ¶¥·¥Ìµ¤Ò ∆n = ±2.

‚ ¶·µÍ¥¸¸¥ Ö¤¥·´µ° ·¥² ±¸ Í¨¨ ¶·µ³¥¦ÊÉµÎ´µ¥ Ö¤·µ ¨§ ¸µ¸ÉµÖ´¨Ö ¸ n
Ô±¸¨Éµ´ ³¨ ³µ¦¥É ²¨¡µ ¶¥·¥°É¨ ¢ µ¤´µ ¨§ ¸µ¸ÉµÖ´¨° ¸ n±2 Ô±¸¨Éµ´ ³¨,
²¨¡µ ¨¸¶Ê¸É¨ÉÓ Î ¸É¨ÍÊ b. �µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¢´ÊÉ·¨Ö¤¥·´ÒÌ ¶¥·¥Ìµ¤µ¢ ¸
∆n = +2 µ¶¨¸Ò¢ ¥É ¶·µÌµ¦¤¥´¨¥ Í¥¶µÎ±¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ ¸µ¸ÉµÖ´¨° (�‘) ¸
· ¸ÉÊÐ¥° ¸²µ¦´µ¸ÉÓÕ (Ê¢¥²¨Î¥´¨¥³ Î¨¸²  Ô±¸¨Éµ´µ¢) ¤µ ´¥±µÉµ·µ£µ §´ Î¥´¨Ö
n̄ (r Å · ¢´µ¢¥¸´ Ö ¸É ¤¨Ö (· ¢´µ¢¥¸´ Ö Ô³¨¸¸¨Ö)) (¸³. ·¨¸. 1).

„²Ö ¨´±²Õ§¨¢´µ° ·¥ ±Í¨¨ A(a, b)B ·¥ ²¨§Ê¥É¸Ö ¸¨ÉÊ Í¨Ö, ±µ£¤  Î¨¸²µ
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢¥²¨±µ ¨ ¢µ§¡Ê¦¤¥´´Ò¥ Ê·µ¢´¨ Ö¤¥· ¶¥·¥±·Ò-
¢ ÕÉ¸Ö, ÎÉµ ¨ µ¶·¥¤¥²Ö¥É ¸É É¨¸É¨Î¥¸±¨° ¶µ¤Ìµ¤, ¢ · ³± Ì ±µÉµ·µ£µ µ¸´µ¢´µ°
Ì · ±É¥·¨¸É¨±µ° Ö¤·  Ö¢²Ö¥É¸Ö ¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸ § ¤ ´-
´Ò³¨ Î¨¸² ³¨ Î ¸É¨Í p ¨ ¤Ò·µ± h. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨°
§ ³±´ÊÉµ° Ë¥·³¨-¸¨¸É¥³Ò ¸ Ë¨±¸¨·µ¢ ´´Ò³ Î¨¸²µ³ ¢µ§¡Ê¦¤¥´¨° ¨¸¶µ²Ó-
§Ê¥É¸Ö ¸É É¨¸É¨Î¥¸±¨° ³¥Éµ¤ [10]. ‚ ± Î¥¸É¢¥ Ë¥·³¨µ´µ¢ ¸¨¸É¥³Ò ³µ¦´µ
· ¸¸³ É·¨¢ ÉÓ ¢µ§¡Ê¦¤¥´´Ò¥ Î ¸É¨ÍÒ ¨ ¤Ò·±¨ (¤¢  É¨¶  Ë¥·³¨µ´µ¢). ‚Ò-
Î¨¸²¥´¨¥ ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° ¸ § ¤ ´´µ° Ô´¥·£¨¥° E ¨ ±¢ ´Éµ¢Ò³¨ Î¨-
¸² ³¨ q = (q1, . . . , qτ ) (´ ¶·¨³¥·, Î¨¸²µ ¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Í q1 = p (¤Ò·µ±
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�¨¸. 1. ‘Ì¥³  ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ¶·µÍ¥¸¸  Ö¤¥·´µ° ·¥² ±¸ Í¨¨ (Ô³¨¸¸¨Ö Î ¸É¨ÍÒ b):
a) ¢ �Œ; ¡) ¢ · ³± Ì Ëµ·³ ²¨§³  ‘ŒŠ� ¨ ‘Œ��

q1 = h), ¶·µ¥±Í¨Ö ¶µ²´µ£µ ¸¶¨´  Ö¤·  ´  µ¸Ó z (q2 = M ))

ω(E, q) =
∑

s

δ(q − qs)δ(E − Es) (1)

¸¢µ¤¨É¸Ö ¢ ¸É É¨¸É¨Î¥¸±µ³ ³¥Éµ¤¥ ± ´ Ìµ¦¤¥´¨Õ ¸É É¨¸É¨Î¥¸±µ°
¸Ê³³Ò [11Ä13]:

Z(β, α) =
∑

s

exp

(
τ∑

i=1

αiqis − βEs

)
, (2)

¶·¨ ÔÉµ³ ω(E, q) ¸¢Ö§ ´  ¸ Z(β, α) ¸µµÉ´µÏ¥´¨¥³

ω(E, q) =
1

(2πi)τ+1

c1+i∞∫
c1−i∞

dβ

c2+i∞∫
c2−i∞

dα1 · · ·

· · ·
cτ+1+i∞∫

cτ+1−i∞

dατ exp

(
βE −

τ∑
i=1

αiqi

)
Z(β, α), (3)

£¤¥ α, β Å ¶¥·¥³¥´´Ò¥ ¨´É¥£·¨·µ¢ ´¨Ö; Es Å Ô´¥·£¨Ö s-£µ ¸µ¸ÉµÖ´¨Ö ¸¨-
¸É¥³Ò Ë¥·³¨µ´µ¢, Ì · ±É¥·¨§Ê¥³µ£µ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ qs = (q1s, . . . , qτs).

ˆ´É¥£· ² ¢ (3) ¢ÒÎ¨¸²Ö¥É¸Ö ³¥Éµ¤µ³ ¶¥·¥¢ ²  ¨²¨ ¸ ¶µ³µÐÓÕ É¥µ·¨¨
¢ÒÎ¥Éµ¢ [14, 15]. ‚ ³µ¤¥²¨ ´¥§ ¢¨¸¨³ÒÌ Î ¸É¨Í (Œ�—) ¤²Ö ¸É É¨¸É¨Î¥¸±µ°
¸Ê³³Ò Z(β, α) (2) ¶·¨ § ³¥´¥ qs→

∑
ν

ns(ν) ¨ Es→
∑
ν

ns(ν)uν , £¤¥ {ns(ν)} Å

Î¨¸²  § ¶µ²´¥´¨Ö µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° (ν) · ¢´Ò 0 ¨²¨ 1; uν Å Ô´¥·£¨¨
µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°, µÉ¸Î¨ÉÒ¢ ¥³Ò¥ µÉ Ô´¥·£¨¨ ”¥·³¨ (F ), ¨³¥¥³

Z(β, α) =
∏
ν

(1 + eα−βuν ). (4)
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‚Ò· ¦¥´¨¥ (4) ¤²Ö Z(β, α) ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¢ Œ�— ¶²µÉ´µ¸É¨
¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤· .

1. �‹�’��‘’ˆ ‚�‡�“†„…��›• —�‘’ˆ—��-„›��—�›•
‘�‘’�Ÿ�ˆ‰ ‚ �Š‚ˆ„ˆ‘’��’��Œ ��ˆ�‹ˆ†…�ˆˆ

1.1. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ �Œ. ‚ �Œ (¢ µÉ²¨Î¨¥
µÉ ‘ŒŠ� ¨ ‘Œ��) ¸¢Ö§ ´´Ò¥ ¨ ´¥¸¢Ö§ ´´Ò¥ (±µ£¤  ÌµÉÖ ¡Ò µ¤´  Î ¸É¨Í 
(´Ê±²µ´) ´ Ìµ¤¨É¸Ö ¢ ´¥¶·¥·Ò¢´µ³ ¸¶¥±É·¥) ¶·µ³¥¦ÊÉµÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö µ¶¨-
¸Ò¢ ÕÉ¸Ö ¥¤¨´Ò³ µ¡· §µ³, ¶µÔÉµ³Ê ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
¢ �Œ, ¶µ ¸ÊÐ¥¸É¢Ê, ¥¸ÉÓ ¶µ²´Ò¥ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
(¸¢Ö§ ´´Ò¥ + ´¥¸¢Ö§ ´´Ò¥).

�·¨ ¢ÒÎ¨¸²¥´¨¨ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ �Œ ¨ ‘ŒŠ�
Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö Ô±¢¨¤¨¸É ´É´ Ö ¸Ì¥³  µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°
d, 2d, . . . , £¤¥ d Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸µ¸¥¤´¨³¨ ¸µ¸ÉµÖ´¨Ö³¨, ¶·¨Î¥³ d =
1/g = const, g Å ¶²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°.

‡ ¶µ²´¥´¨¥ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° (uν), · ¸¶µ²µ¦¥´´ÒÌ ¢ÒÏ¥ Ô´¥·-
£¨¨ ”¥·³¨ F (Ô´¥·£¨Ö ”¥·³¨ µ¶·¥¤¥²Ö¥É¸Ö ± ± Ô´¥·£¨Ö ¶µ¸²¥¤´¥£µ § ¶µ²-
´¥´´µ£µ ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ Ê·µ¢´Ö), ¸µµÉ¢¥É¸É¢Ê¥É ¢µ§¡Ê¦¤¥´¨Õ Î ¸É¨Í,  
´¨¦¥ F Å ¢µ§¡Ê¦¤¥´¨Õ ¤Ò·µ± (u′

ν), ¸Ê³³ ·´ Ö Ô´¥·£¨Ö ±µÉµ·ÒÌ µ¶·¥¤¥²Ö¥É
Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  E.

•µÉÖ ³´µ£¨¥ ¨§ ¶·¨¡²¨¦¥´¨° ¤ ´´µ° ³µ¤¥²¨ Ö¢²ÖÕÉ¸Ö Î·¥§³¥·´µ Ê¶·µ-
Ð¥´´Ò³¨, µ¤´ ±µ Éµ²Ó±µ ¢ ´¥° Ê¤ ¥É¸Ö ¶µ²ÊÎ¨ÉÓ ¶·µ¸ÉÒ¥, Ê¤µ¡´Ò¥ ¤²Ö ¶· ±-
É¨Î¥¸±¨Ì ¢ÒÎ¨¸²¥´¨°  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¶²µÉ´µ¸É¥° Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°.

‚ �Œ ¤²Ö 1p-¸µ¸ÉµÖ´¨Ö (¸¢Ö§ ´´µ¥ + ´¥¸¢Ö§ ´´µ¥) ¸¶¥±É· ¨³¥¥É ¢¨¤ uν =
d�, � = 1, 2, . . . ,∞, ¨ ¤²Ö 1h-cµ¸ÉµÖ´¨Ö u′

ν = dk, k = 0, 1, . . . , gF − 1.
‘É É¨¸É¨Î¥¸± Ö ¸Ê³³  Z(β, αp, αh) (c³. (4)) µ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³¨

¢Ò· ¦¥´¨Ö³¨ [16, 17]:

Z(β, αp, αh) ≡ Z(x, y, z) = Zp(x, y)Zh(v, y), (5)

Zp(x, y) =
∞∏

�=1

(1 + xyd�) = 1 +
∞∑

m=1

xmy1/2dm(m+1)/
m∏

�=1

(1 − yd�), (6)

Zh(v, y) =
gF−1∏
k=0

(1 + vydk) = 1 +
gF∑

n=1

vny1/2dn(n−1)
n∏

k=1

1 − yF−d(n−k)

1 − ydk
, (7)

£¤¥ y = e−β ; x = eαp ; v = eαh . ˆ¸¶µ²Ó§ÊÖ (6) ¨ (7), ¤²Ö ¶²µÉ´µ¸É¨ ω(p, Ep) c p
Î ¸É¨Í ³¨ ¨ Ô´¥·£¨¥° Ep ¨ ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ω(h, Eh) c h
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¤Ò·± ³¨ ¨ Ô´¥·£¨¥° Eh ¸µ£² ¸´µ (3) ¨³¥¥³ (¶µ¸²¥ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ x ¨ v)

ω(p, Ep) =
1

(2πi)

c+i∞∫
c−i∞

dy
y1/2dp(p+1)

p∏
�=1

(1 − yd�)yEp+1

, (8)

ω(h, Eh) =
1

(2πi)

c+i∞∫
c−i∞

dyy1/2dh(h−1)
h∏

k=1

1 − yF−(h−k)d

(1 − ykd)yEh+1
. (9)

„²Ö ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° ¸ p Î ¸É¨Í ³¨ ¨ h ¤Ò·± ³¨ ¨ Ô´¥·£¨¥° E

ω(p, h, E) =

E∫
0

ω(p, h, Ep)ω(h, E − Ep)dEp (10)

¶·¨ gF � h ¨ ¶·¥´¥¡·¥¦¥´¨¨ Î²¥´ ³¨ d(h − k) ¢ Ô±¸¶µ´¥´É¥ Î¨¸²¨É¥²Ö ¢
(9) ¶µ²ÊÎ¨³ ¢Ò· ¦¥´¨¥

ω(p, h, E) =
h∑

j=0

(−1)jCj
h

1
2πi

×

×
c+i∞∫

c−i∞

dβ
exp [β(E − αp,h − jF )]

p∏
�=1

(1 − e−βdl)
h∏

k=1

(1 − e−βdk)
, (11)

£¤¥

αp,h =
1
2

p2 + p

g
+

1
2

h2 − h

g
(12)

¥¸ÉÓ ³¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö p Î ¸É¨Í ¨ h ¤Ò·µ±; Cm
n =

n!
m!(n−m)!

.

ˆ¸¶µ²Ó§ÊÖ ¶·¨¡²¨¦¥´´ÊÕ Ëµ·³Ê²Ê ¤²Ö §´ ³¥´ É¥²¥° ¢ (12) 1− e−t � t e−1/2t

¨ É¥µ·¥³Ê ¢ÒÎ¥Éµ¢, µ±µ´Î É¥²Ó´µ ¤²Ö ω(p, h, E) ¶µ²ÊÎ¨³

ω(p, h, E) =
gn

p!h!(n − 1)!
×

×
h∑

j=0

(−1)jCj
h(E − Ap,h − jF )n−1H(E − αp,h − jF ), (13)
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£¤¥

Ap,h =
1
4g

(p2 + p) +
1
4g

(h2 − 3h) (14)

Ö¢²Ö¥É¸Ö ¶µ¶· ¢±µ°, ÊÎ¨ÉÒ¢ ÕÐ¥° ¶·¨´Í¨¶ � Ê²¨; H(x) Å ËÊ´±Í¨Ö •Ô¢¨-
¸ °¤ :

H(x) =

{
1, x > 0,

0, x ≤ 0.
(15)

„²Ö F = ∞ (¶µÉ¥´Í¨ ²Ó´ Ö Ö³  ¡¥¸±µ´¥Î´µ° £²Ê¡¨´Ò) ¨§ (13) ¶µ²ÊÎ¨³ [16]

ω(p, h, E) =
gn(E − Ap,h)n−1

p!h!(n − 1)!
H(E − αp,h). (16)

�µ²´ Ö ¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E
µ¶·¥¤¥²Ö¥É¸Ö ± ±

ω(E) =
∑
p,h

ω(p, h, E). (17)

ˆ¸¶µ²Ó§ÊÖ (16), ¤²Ö p = h ´¥É·Ê¤´µ ¶µ± § ÉÓ, ÎÉµ∑
p=h

ω(p, h = p, E) � ω1(E), (18)

£¤¥ ω1(E) Å ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ´¨° ¢µ§¡Ê¦¤¥´´µ£µ Ö¤·  ¢ ³µ¤¥²¨ ¢Ò·µ¦¤¥´-
´µ£µ Ë¥·³¨-£ §  ¡¥§ ÊÎ¥É  · §¤¥²¥´¨Ö ´  ¶·µÉµ´Ò ¨ ´¥°É·µ´Ò (µ¤´µ±µ³¶µ-
´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) [11]:

ω1(E) =
exp [2(aE)1/2]√

48E
, (19)

£¤¥ a = π2/6g Å ¶ · ³¥É· ¶²µÉ´µ¸É¨ Ê·µ¢´¥° Ë¥·³¨-£ § .
„²Ö ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  ± ± ¤¢ÊÌ±µ³¶µ´¥´É-

´µ° Ë¥·³¨-¸¨¸É¥³Ò (¶·µÉµ´Ò (π) ¨ ´¥°É·µ´Ò (ν)) ¢ ¶·¨¡²¨¦¥´¨¨, ±µ£¤ 
¸¶¥±É· µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° Ô±¢¨¤¨¸É ´É´Ò° ¨ ¨³¥¥É ¶²µÉ´µ¸É¨ gπ ¨ gν

¤²Ö ¶·µÉµ´´µ° ¨ ´¥°É·µ´´µ° ±µ³¶µ´¥´É ¸µµÉ¢¥É¸É¢¥´´µ,  ´ ²µ£¨Î´µ · ¸¸³µ-
É·¥´´µ° ¢ÒÏ¥ µ¤´µ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³e ¶µ²ÊÎ¨³

ω(pπ, hπ, pν , hν , E) =
gpπ+hπ

π gpν+hν
ν

pπ!hπ!pν !hν !(n − 1)!
×

×
pπ∑

iπ=0

pν∑
iν=0

hπ∑
jπ=0

hν∑
jν=0

(−1)jπ+jν Cjπ

hπ
Cjν

hν
(E −Apπ,hπ,pν ,hν − jπFπ − jνFν)n−1 ×

× H(E − αpπ,hπ,pν ,hν − jπFπ − jνFν), (20 )
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£¤¥

αpπ ,hπ,pν ,hν =
(p2

π + h2
π + pπ − hπ)
2g

+
(p2

ν + h2
ν + pν − hν)
2gν

; (20¡)

Apπ ,hπ,pν ,hν =
1

4gπ
(p2

π + pπ + h2
π − 3hπ) +

1
4gν

(p2
ν + pν + h2

ν − 3hν); (20¢)

pπ(hπ) Å Î¨¸²µ ¢µ§¡Ê¦¤¥´´ÒÌ ¶·µÉµ´´ÒÌ Î ¸É¨Í (¤Ò·µ±); pν(hν) Å Î¨¸²µ
¢µ§¡Ê¦¤¥´´ÒÌ ´¥°É·µ´´ÒÌ Î ¸É¨Í (¤Ò·µ±); n = pπ + hπ + pν + hν . „²Ö
Fπ = Fν = ∞ ¨§ (20a) ¨³¥¥³

ω(pπ, hπ, pν , hν , E) =

=
gpπ+hπ

π gpν+hν
ν (E − Apπ ,hπ,pν ,hν )n−1

pπ!hπ!pν !hν !(n − 1)!
H(E − αpπ ,hπ,pν ,hν ). (21)

�¨¸. 2. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´Òx ¸µ¸ÉµÖ´¨° ¨ ¶µ²´ Ö ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ´¨° [16]:
a) ω(p, h, E) ¶µ Ëµ·³Ê² ³ (16) ¨ (19) ¸ g = 1 ŒÔ‚−1; ¡) ω(p, h, E) ¶µ Ëµ·³Ê² ³ (20)
¨ (23) ¸ gπ = gν = g/2 = 1 ŒÔ‚−1; ¢) ω(p, h, E) ¶µ Ëµ·³Ê² ³ (19), (20a) ¨ (23) ¤²Ö
Ö¤·  93Nb c g = A/13 ŒÔ‚−1; gπ = gν = g/2
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ˆ¸¶µ²Ó§ÊÖ (21), ¤²Ö pπ = hπ ¨ pν = hν ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ∑
pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E) � ω2(E), (22)

£¤¥

ω2(E) =
√

π

12
exp [2(aE)1/2]

a1/4E5/4
(23)

e¸ÉÓ ¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  ¢ ³µ¤¥²¨ ¢Ò·µ¦¤¥´´µ£µ ¤¢ÊÌ-
±µ³¶µ´¥´É´µ£µ Ë¥·³¨-£ §  ¸ a = (π2/6)g ¨ g = gπ + gν [15]. �·µ¢¥·± 
¸µµÉ´µÏ¥´¨° (18) ¨ (22) ¨²²Õ¸É·¨·Ê¥É¸Ö · ¸Î¥É ³¨, ¶·¨¢¥¤¥´´Ò³¨ ´  ·¨¸. 2.

1.2. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ‘ŒŠ�.
‘¢Ö§ ´´Ò¥ Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢ Œ�— ¢ÒÎ¨¸²ÖÕÉ¸Ö ´  ¡ §¨¸¥ ¸¢Ö-
§ ´´ÒÌ (¤¨¸±·¥É´Ò° ¸¶¥±É·) ¨ ±¢ §¨¸¢Ö§ ´´ÒÌ (±¢ §¨¤¨¸±·¥É´Ò° ¸¶¥±É·) µ¤-
´µÎ ¸É¨Î´ÒÌ Ê·µ¢´¥° ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ö³¥ ¤µ £· ´¨Î´µ° Ô´¥·£¨¨ S0 (¢¥·Ì´ÖÖ
£· ´¨Í  ±¢ §¨¤¨¸±·¥É´µ£µ µ¤´µÎ ¸É¨Î´µ£µ ¸¶¥±É· ). �·¨ ÊÎ¥É¥ ·¥§µ´ ´¸´ÒÌ
¨´¤¨¢¨¤Ê ²Ó´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° (±¢ §¨¤¨¸±·¥É´Ò° ¸¶¥±É· (D1 >
Γ1)) ¢ ‘ŒŠ� S0 ¶µ² £ ¥É¸Ö · ¢´Ò³ S0 = S±¢

0 = 15−20 ŒÔ‚. �·¨ ¤µ¶µ²´¨-
É¥²Ó´µ³ ÊÎ¥É¥ ¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö ·¥§µ´ ´¸´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µcÉµÖ´¨° (´¥-
¶·¥·Ò¢´Ò° ¸¶¥±É· (Γ1 > D1)) S0 ¸²¥¤Ê¥É ¢Ò¡· ÉÓ · ¢´Ò³ S0 > S±¢

0 (¸³. ´¨¦¥
·¨¸. 25, 26).

„²Ö µ¤´µ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò (Ô±¢¨¤¨¸É ´É´ Ö ¸Ì¥³  ¸¢Ö§ ´´ÒÌ
¨ ±¢ §¨¸¢Ö§ ´´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°: uν = 1d, 2d, . . . , S0 ¨ u′

ν =
0, 1d, . . . , F −d), § ³¥´¨¢ Zp(x, y) (6) ´  Zp(x, y) =

∏gS0
�=1(1+xy)dl, ¶µ¢Éµ·ÖÖ

¸Ì¥³Ê µ¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ ω(p, h, E) (¸³. (5)Ä(14)) ¶·¨ gS0 � p, gF � h
¨ ¶·¥´¥¡·¥£ Ö Î²¥´ ³¨ (p− �)d, (h− k)d, ¤²Ö ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¨³¥¥³

ωB(p, h, E) =
p∑

i=0

h∑
j=0

(−1)i+jCi
pC

j
h

1
2πi

×

×
c+i∞∫

c−i∞

dβ
exp [β(E − αp,h − iS0 − jF )]

p∏
�=1

(1 − exp (−βd�))
h∏

k=1

(1 − exp (−βdk))
. (24 )

ˆ¸¶µ²Ó§ÊÖ É¥µ·¥³Ê ¢ÒÎ¥Éµ¢ (¢ · ³± Ì ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·¨¡²¨¦¥´¨°), ¤²Ö
ωB(p, h, E) µ±µ´Î É¥²Ó´µ ¶µ²ÊÎ¨³ [18]

ωB(p, h, E) =
gn

p!h!(n − 1)!

p∑
i=0

h∑
j=0

(−1)i+jCi
pC

j
h ×

× (E − Ap,h − iS0 − jF )n−1H(E − αp,h − iS0 − jF ). (24¡)
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�´ ²µ£¨Î´µ (20) ¤²Ö ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
Ö¤·  (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¨³¥¥³

ωB(pπ, hπ, pν , hν , E) =
gpπ+hπ

π gpν+hν
ν

pπ!hπ!pν !hν !(n − 1)!

pπ∑
iπ=0

pν∑
iν=0

hπ∑
jπ=0

hν∑
jν=0

×

× (−1)iπ+iν+jπ+jν Ciπ
pπ

Ciν
pν

Cjπ

hπ
Cjν

hν
×

× (E − Apπ,hπ,pν ,hν − iπS0π − iνS0ν − jπFπ − jνFν)n−1 ×
× H(E − αpπ,hπ,pν ,hν − iπS0π − iνS0ν − jπFπ − jνFν). (25)

�¶·¥¤¥²¨³ Ô´¥·£¨Õ ”¥·³¨ F ¢Ò· ¦¥´¨¥³ F = (eN + eN+1)/2, £¤¥ eN Å
Ô´¥·£¨Ö ¶µ¸²¥¤´¥£µ § ¶µ²´¥´´µ£µ µ¤´µÎ ¸É¨Î´µ£µ Ê·µ¢´Ö ¢ µ¸´µ¢´µ³ ¸µ¸Éµ-
Ö´¨¨ Ö¤·  (¢ Œ�—); eN+1 Å Ô´¥·£¨Ö ¶¥·¢µ£µ ¸¢µ¡µ¤´µ£µ µ¤´µÎ ¸É¨Î´µ£µ
Ê·µ¢´Ö, ¶·¨Î¥³ eN , eN+1 µÉ¸Î¨ÉÒ¢ ÕÉ¸Ö µÉ ¤´  ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò.

’µ£¤  ¢ Ô±¢¨¤¨¸É ´É´µ° ¸Ì¥³¥ ¸¶¥±É· Ô´¥·£¨° ¤²Ö 1p-¸µ¸ÉµÖ´¨Ö
1
2
d,

3
2
d, . . . , S0 −

1
2
d ¨ ¤²Ö 1h-¸µ¸ÉµÖ´¨Ö

1
2
d,

3
2
d, . . . , F − 1

2
d, ¨, ¶µ¢Éµ·ÖÖ ¸Ì¥³Ê

µ¶·¥¤¥²¥´¨Ö ωB(p, h, E) (¸³. (5)Ä(14)), ¶µ²ÊÎ¨³ ¢Ò· ¦¥´¨¥ (24¡) (µ¤´µ±µ³-

�¨¸. 3. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´Òx ¸µ¸ÉµÖ´¨° ¤²Ö 2p1h- ¨ 3p2h-±µ´Ë¨£Ê· Í¨° ¢
Ô±¢¨¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³  ¸ g = 1 ŒÔ‚−1)
[17]: ¸¶²µÏ´ Ö ±·¨¢ Ö Å ω(p, h, E) ¶µ Ëµ·³Ê²¥ (16); ÏÉ·¨Ìµ¢ Ö Å ω(p, h, E) ¶µ
Ëµ·³Ê²¥ (13) ¸ gF = 200; ÉµÎ¥Î´ Ö Å ω(p, h, E) ¶µ Ëµ·³Ê²¥ (13) c gF = 100
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¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ), ¢ ±µÉµ·µ³ ¸²¥¤Ê¥É § ³¥´¨ÉÓ

αp,h(12) →
(

1
2

p2

g
+

1
2

h2

g

)
, (26 )

Ap,h(14) →
(

1
4

p2 − p

g
+

1
4

h2 − h

g

)
(26¡)

�¨¸. 4. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ Ô±¢¨¤¨¸É ´É´µ³ ¶·¨-
¡²¨¦¥´¨¨ [18]: a) ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (24¡) (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ 
¸ g =8 ŒÔ‚−1, F =32 ŒÔ‚−1, S0 =B =8 ŒÔ‚); ¡) ω(p, h, E) ¶µ Ëµ·³Ê²¥ (16) ¨
ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (24¡) (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³  ¸ g =8 ŒÔ‚−1);
¢) ω(p, h, E) ¶µ Ëµ·³Ê²¥ (16) ¨ ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (24¡) (µ¤´µ±µ³¶µ´¥´É´ Ö
Ë¥·³¨-¸¨¸É¥³ ); ωB(pπ, hπ , pν , hν , E) ¶µ Ëµ·³Ê²¥ (25) (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-
¸¨¸É¥³  ¸ g = 8 ŒÔ‚−1; Fπ = Fν = F = 32 ŒÔ‚; S0π = S0ν = B = 8 ŒÔ‚;
gπ = gν = g/2)
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¨ ¸µµÉ¢¥É¸É¢¥´´µ ¢ (25) (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )

αpπ,hπ,pν ,hν (20¡) →
(

p2
π + h2

π

2gπ
+

p2
ν + h2

ν

2gν

)
, (26¢)

Apπ ,hπ,pν ,hν (20¢) →

→ 1
4

(
pπ(pπ − 1) + hπ(hπ − 1)

gπ
+

pν(pν − 1) + hν(hν − 1)
gν

)
, (26£)

¶·¨ ÔÉµ³ Ëµ·³Ê²Ò ¤²Ö ωB(p, h, E) ¨ ωB(pπ, hπ, pν , hν , E) ¸¨³³¥É·¨Î´Ò µÉ-
´µ¸¨É¥²Ó´µ Î ¸É¨Í ¨ ¤Ò·µ±. ‚ ¤ ²Ó´¥°Ï¥³ ¶·¨ µ¡¸Ê¦¤¥´¨¨ ω(p, h, E) ¨
ωB(p, h, E) (µ¤´µ±µ³¶µ´¥´É´ Ö ¨²¨ ¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¶·¥¤-
¶µ² £ ¥É¸Ö, ÎÉµ αp,h, Ap,h, αpπ,hπ,pν ,hν , Apπ,hπ,pν ,hν µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨ (26a)Ä(26£). �·¨³¥·Ò · ¸Î¥Éµ¢ ¶²µÉ´µ¸É¥° ω(p, h, E),
ωB(p, h, E) ¨ ωB(pπ, hπ, pν , hν , E) ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3, 4. �·¨ ÉµÎ´µ³ ÊÎ¥É¥
¶·¨´Í¨¶  § ¶·¥É  � Ê²¨ ¢ ¶²µÉ´µ¸É¨ ωB(p, h, E) ¨´É¥£· ² ¢ (24a) ¶·¥µ¡· -
§Ê¥É¸Ö ± ¢¨¤Ê [19]

F (p, h, t) =
gp+h

p!h!
1

2πi

c+i∞∫
c−i∞

dβf(p, h, β)
exp (tβ)
βp+h

, (27 )

£¤¥

f(p, h, β) = Q(p, β)Q(h, β); Q(p, β) =
p∏

�=1

S(�, β);

Q(h, β) =
h∏

k=1

S(k, β); S(m, β) =
mβd

1 − exp (−mβd)
, m = �, k;

t = E − αp,h − iS0 − jF.

� §² £ Ö S(m, p) ¢ ·Ö¤ ’¥°²µ·  ¢ ÉµÎ±¥ β = 0

S(m, β) =
∞∑

n=0

bn(−mβd)n

n!
, (27¡)

£¤¥ bn Å ±µÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö b0 = 1, b1 = −1/2, b2s+1 = 0 (s≥1),
Q(p, β) ¨ f(p, h, β) § ¶¨¸Ò¢ ÕÉ ¢ ¢¨¤¥

Q(p, β) =
∞∑

µ=0

C(p, µ)βµ, f(p, h, β) =
∞∑

λ=0

B(p, h, λ)βλ, (27¢)
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£¤¥

B(p, h, λ) =
λ∑

λ1=0

C(p, λ1)C(h, λ − λ1),

(27£)

C(p, λ1) =
λ1∑
i=0

1
i!

bi(−pd)iC(p − 1, λ − i),

¶·¨Î¥³ C(0, λ) =

{
1, λ = 0,

0, λ 	= 0.

�·¨ S0 → ∞, F → ∞ B(p, h, λ) ¸µ¢¶ ¤ ÕÉ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ±µÔË-
Ë¨Í¨¥´É ³¨ ¢ [20]. ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö (27) ¨ ¶µ¤¸É ¢²ÖÖ (27a) ¢ (24a),
¤²Ö ωB(p, h, E) µ±µ´Î É¥²Ó´µ ¶µ²ÊÎ¨³ (¶·¨ ÉµÎ´µ³ ÊÎ¥É¥ ¶·¨´Í¨¶  � Ê²¨)

ωB(p, h, E) =
gn

p!h!

p∑
i=0

h∑
j=0

Ci
pC

j
h

n−1∑
λ

(E − αp,h − iS0 − jF )n−1−λ ×

× H(E − αp,h − iS0 − jF )
B(p, h, λ)

(n − 1 − λ)!
. (28)

� ¸Î¥ÉÒ ¶µ¶· ¢µÎ´ÒÌ Î²¥´µ¢ ´  ¶·¨´Í¨¶ � Ê²¨ Ap,h ¢Ò¶µ²´¥´Ò
¢ [19, 21].

1.3. “Î¥É ±µ··¥²ÖÍ¨µ´´ÒÌ ÔËË¥±Éµ¢ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥£µ É¨¶  ¢ ¶²µÉ´µ-
¸ÉÖÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°. ‚²¨Ö´¨¥ µ¸É ÉµÎ´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°
±µ··¥²ÖÍ¨µ´´µ£µ É¨¶  ´  ¶²µÉ´µ¸ÉÓ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ (±¢ §¨Î ¸É¨Î´ÒÌ)
¸µ¸ÉµÖ´¨° ¢ ³µ¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤·a ¡Ò²µ ¨¸¸²¥¤µ¢ ´µ ¢ · ³± Ì ¸É É¨¸É¨-
Î¥¸±µ£µ ³¥Éµ¤  ¢ [14, 15]. �·µ¢¥¤¥´´Ò¥ ¢ÒÎ¨¸²¥´¨Ö (¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ
¸¨¸É¥³  ¨³¥¥É Ô±¢¨¤¨¸É ´É´Ò° ¤¢Ê±· É´µ ¢Ò·µ¦¤¥´´Ò° ¶µ ¶·µ¥±Í¨¨ ³µ³¥´É 
m µ¤´µÎ ¸É¨Î´Ò° ¸¶¥±É· ¶²µÉ´µ¸É¨ g/2, ´¨§±µÉ¥³¶¥· ÉÊ·´µ¥ ¶·¨¡²¨¦¥´¨¥
¨ ¶·¨¡²¨¦¥´¨¥ ´¥¶·¥·Ò¢´µ£µ ¸¶¥±É· ) ¶µ± § ²¨, ÎÉµ ¶µ²ÊÎ¥´´Ò¥ ¶²µÉ´µ¸É¨
¸µ¸ÉµÖ´¨° ¸¨¸É¥³Ò ¸ n ¢µ§¡Ê¦¤¥´´Ò³¨ ±¢ §¨Î ¸É¨Í ³¨ ³µ¦´µ ¤µ¸É ÉµÎ´µ
Ìµ·µÏµ  ¶¶·µ±¸¨³¨·µ¢ ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨ ¢ Œ�—, ¥¸²¨
¢¢¥¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ ÔËË¥±É¨¢´ÊÕ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö

E → E∗ = E − 1
4
g(∆2

0 − ∆2(E, n)) − n(n − 2)
8g

, (29)

£¤¥ ∆0 ¨ ∆(E, n) Å ±µ··¥²ÖÍ¨µ´´Ò¥ ËÊ´±Í¨¨ µ¸´µ¢´µ£µ ¨ ¢µ§¡Ê¦¤¥´´µ£µ
¸µ¸ÉµÖ´¨° [15].

‚ [22, 23] ¶·¨ ÊÎ¥É¥ ¶·¨´Í¨¶  § ¶·¥É  � Ê²¨ ¨ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ÔË-
Ë¥±É¨¢´ Ö Ô´¥·£¨Ö E∗ µ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¸µµÉ´µÏ¥´¨¥³:

E∗ = E − aA(p, h, E), (30 )
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£¤¥

aA(p, h, E) = Ap,h

(
1 +
(

3g∆(E, n)
n

)2
)1/2

+
g

4
(
∆2

0 − ∆2(E, n)
)
. (30¡)

Šµ··¥²ÖÍ¨µ´´ Ö ËÊ´±Í¨Ö ∆(E, n) ¢ (30¡) µ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É·¨§ -
Í¨¥° [22, 23]

∆(E, n)
∆0

=

{
0, 996 − 1, 76(n/nc)1,60(E/C)−0,68, ¥¸²¨ E ≥ Ephase,

0, ¥¸²¨ E < Ephase,
(31 )

£¤¥ nc = 0, 792g∆0 Å ±·¨É¨Î¥¸±µ¥ Î¨¸²µ Ô±¸¨Éµ´µ¢; Ephase Å Ô´¥·£¨Ö Ë -
§µ¢µ£µ ¶¥·¥Ìµ¤  ¨§ ´µ·³ ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ¸¢¥·ÌÉ¥±ÊÎ¥¥:

Ephase =

{
C[0, 716 + 2, 44(n/ne)2,17], ¥¸²¨ (n/nc) ≥ 0, 446
0, ¥¸²¨ (n/nc) < 0, 446;

(31¡)

C = g∆2
0/4 Å Ô´¥·£¨Ö ±µ´¤¥´¸ Í¨¨, ±µÉµ· Ö µ¶·¥¤¥²Ö¥É¸Ö ¨§  ´ ²¨§  Ô±¸¶¥-

·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.
�µ·µ£ ¢µ§¡Ê¦¤¥´¨Ö Eth(p, h, E) Å ³¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö

¤ ´´µ° n-±¢ §¨Î ¸É¨Î´µ° ±µ´Ë¨£Ê· Í¨¨ ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö µ¶·¥-
¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³

Eth(p, h, E) =
g

4
(
∆2

0 − ∆2(E, n)
)

+ αp,h

(
1 +
(

2g∆(E, n)
n

)2
)1/2

. (32)

� ¶·¨³¥·, ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö Ëµ·³Ê²  (16) ¤²Ö ω(p, h, E) ¶·¥-
µ¡· §Ê¥É¸Ö ± ¢¨¤Ê

ω(p, h, E) =
gn(E − aA(p, h, E))n−1

p!h!(n − 1)!
H(E − Eth(p, h, E)). (33)

„²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )∑
p=h

ω(p, h = p, E) � ω1(E) (¸³. (19)) ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö

ω1(E) → ω1(E − Up) = exp
2[a(E − Up)1/2]√

48(E − Up)
,

£¤¥

Up = C =
g∆2

0

4
(34)
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Ö¢²Ö¥É¸Ö ¶µ¶· ¢±µ° ´  ÔËË¥±É ¸¶ ·¨¢ ´¨Ö ¨ µ¡ÒÎ´µ ¶µ¤¡¨· ¥É¸Ö ¨§  ´ ²¨§ 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ Ô´¥·£¨Ö³ ¸¢Ö§¨ Ö¤¥· · §´µ° Î¥É´µ¸É¨ (Î. Î.,
Î. ´., ´. Î., ´. ´.) [22]. �·¨³¥·Ò · ¸Î¥Éµ¢ ω(p, h, E) ¡¥§ ¨ c ÊÎ¥Éµ³ ÔËË¥±É 
¸¶ ·¨¢ ´¨Ö ¶·¨¢¥¤¥´Ò ´  ·¨¸. 5.

„²Ö ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB(p, h, E) (¸³.
(24¡)) ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ¤²Ö µ¤´µ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò

�¨¸. 5. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ω(p, h, E) ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨-
¢ ´¨Ö [22]: a) ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å ω(p, h, E) ¡¥§ ÊÎ¥É  ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö; ¸¶²µÏ-
´ Ö Å ω(p, h, E) ¸ ÊÎ¥Éµ³ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö (¤²Ö n = p + h = 2, 4, 8, 14, 20;
g = 14 ŒÔ‚, ∆0 = 1 ŒÔ‚); ¡) ¸¶²µÏ´ Ö ±·¨¢ Ö Å

∑
p=h

ω(p, h, E, P + B),

P + B ≡ aA(p, h, E); ÏÉ·¨Ìµ¢ Ö Å ω1(E − Up) ¶µ Ëµ·³Ê²¥ (34) ¤²Ö g = 4 ŒÔ‚−1,
Up = 0, 2, 4 ŒÔ‚ (1, 2 ¨ 3 ¸µµÉ¢¥É¸É¢¥´´µ)

�¨¸. 6. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB(p, h, E) (µ¤´µ±µ³-
¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³  ¸ g = 8 ŒÔ‚−1, F = 32 ŒÔ‚, S0 = B = 8 ŒÔ‚) [19]:
a) ÉµÎ¥Î´ Ö ±·¨¢ Ö Å ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (24¡) ¸ Ap,h = 1/4g[p(p−1)+h(h−1)];
¸¶²µÏ´ Ö Å ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (28) ¸ ÉµÎ´Ò³ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨; ¡) Éµ-
Î¥Î´ Ö ±·¨¢ Ö Å ωB(p, h, E) ¡¥§ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ¶µ Ëµ·³Ê²¥ (28); ¸¶²µÏ´ Ö Å
c ÊÎ¥Éµ³ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ¶µ Ëµ·³Ê²¥ (36) ¸ ∆0 = 1 ŒÔ‚
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¢ Ô±¢¨¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ ¢Ò· ¦¥´¨¥

ωB(p, h, E) =
gn

p!h!(n − 1)!

p∑
i=0

×

×
h∑

j=0

(−1)i+jCi
pC

j
h(E − aA(p, h, E) − iS0 − jF )n−1 ×

× H(E − Eth(p, h, E) − iS0 − jF ). (35)

�·¨ ÉµÎ´µ³ ÊÎ¥É¥ ¶µ¶· ¢µÎ´µ£µ Î²¥´  ´  ¶·¨´Í¨¶ § ¶·¥É  � Ê²¨ ¨ ¶·¨ ÊÎ¥É¥
ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ¢ (28) ¸²¥¤Ê¥É § ³¥´¨ÉÓ αp,h → Eth(p, h, E) [19, 21],
Éµ£¤ 

ωB(p, h, E) =
gn

p!h!

p∑
i=0

×

×
h∑

j=0

(−1)i+jCi
pC

j
h(E − Eth(p, h, E) − iS0 − jF )h−1−λ ×

× H(E − Eth(p, h, E) − iS0 − jF )
B(p, h, λ)

(n − 1 − λ)!
. (36)

�·¨³¥·Ò · ¸Î¥Éµ¢ ωB(p, h, E) ¶µ Ëµ·³Ê² ³ (25¡), (28) ¨ (36) ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 6.

„²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö
Ëµ·³Ê²  ¤²Ö ω(p, h, E) (33) § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ (¢ µÉ¸ÊÉ¢¨e ´¥°É·µ´-¶·µÉµ´-
´ÒÌ ±µ··¥²ÖÍ¨°)

ω(pπ, hπ, pν , hν , E) = gnπ
π gnν

ν

(E − aA(pπ, hπ, pν , hν))n−1

pπ!hπ!pν !hν !(n − 1)!
×

× H(E − Eth(pπ, hπ, pν , hν , E)), (37)

£¤¥

aA(pπ, hπ, pν , hν) = aA(pπ, hπ) + aA(pν , hν) =

=
∑

i=π,ν

{
Api,hi

[
1 +
(

2gi∆i(Ei, ni)
ni

)2
]1/2

+
gi

4
[∆2

0i − ∆2
i (Ei, ni)]

}
; (38)
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Eth(pπ, hπ, pν , hν , E) =

=
∑

i=π,ν

{
gi

4
(∆2

0i − ∆2
i (Ei, ni)) + αpi,hi ×

×
[
1 +
(

2gi∆i(Ei, ni)
ni

)2
]1/2}

. (39)

‚ (37)Ä(39) E = Eπ + Eν , nπ = pπ + hπ, nν = pν + hν , ¶·¨ ÔÉµ³ Eπ ¨ Eν

µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ´µÏ¥´¨Ö³¨

Eπ � Enπ/n; Eν � Enν/n. (40)

„²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )

∑
pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E) � ω2(E)

(¸³. (23)) ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö

ω2(E) → ω2(E − Up) =
√

π

12
exp {2[a(E − Up)]1/2}

a1/4(E − Up)5/4
, (41)

£¤¥ Up =
gπ∆2

0π + gν∆2
0ν

4
.

„²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò Ëµ·³Ê²Ò ¤²Ö ωB(p, h, E) (35) ¨
(36) § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

1) ¸ ¶·¨¡²¨¦¥´´Ò³ ÊÎ¥Éµ³ ¶µ¶· ¢µÎ´µ£µ Î²¥´  ´  ¶·¨´Í¨¶ � Ê²¨ [18]

ωB(pπ, hπ, pν , hν , E) =

=
gnπ

π gnν
ν

pπ!hπ!pν !hν !(n − 1)!

pπ∑
iπ=0

hπ∑
jπ=0

pν∑
iν=0

hν∑
jν=0

(−1)iπ+jπ+iν+jν ×

×Ciπ
pπ

Cjπ

hπ
Ciν

pν
Cjν

hν
(E−aA(pπ, hπ, pν , hν)− iπS0π − iνS0ν − jπFπ − jνFν)n−1×

× H(E − Eth(pπ, hπ, pν , hν , E) − iπS0π − iνS0ν − jπFπ − jνFν); (42)
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2) ¸ ÉµÎ´Ò³ ÊÎ¥Éµ³ ¶µ¶· ¢µÎ´µ£µ Î²¥´  ´  ¶·¨´Í¨¶ � Ê²¨ [19]

ωB(pπ, hπ, pν , hν , E) =

=
gnπ

π gnν
ν

pπ!hπ!pν !hν !

pπ∑
iπ=0

hπ∑
jπ=0

pν∑
iν=0

hν∑
jν=0

(−1)iπ+jπ+iν+jν Ciπ
pπ

Cjπ

hπ
Ciν

pν
Cjν

pν
×

×
n−1∑
λ=0

(E − Eth(pπ, hπ, pν , hν , E) − iπS0π − iνS0ν − jπFπ − jνFν)n−1−λ ×

× H(E − Eth(pπ, hπ, pν , hν , E) − iπS0π − iνS0ν − jπFπ − jνFν) ×

× B(pπ , hπ, pν , hν , λ)
(n − 1 − λ)!

, (43)

£¤¥ B(pπ , hπ, pν , hν , λ) =
λ∑

λν=0

B(pν , hν , λν)B(pπ, hπ, λ− λν), ±µÔËË¨Í¨¥´ÉÒ

B(pi, hi, k) ¤²Ö i = ν, π ¨ k = λν , λ − λν ; λ = 0, 1, . . . , n − 1 µ¶·¥¤¥²ÖÕÉ¸Ö
Î¨¸²¥´´Ò³¨ ³¥Éµ¤ ³¨ ¨§ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (27¡)Ä(27£) [19, 20].

�¨¸. 7. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ω(pπ, hπ, pν , hν , E) ¨ ¶µ²´ Ö ¶²µÉ-
´µ¸ÉÓ ω2(E) [19]: a) ¸¶²µÏ´ Ö ±·¨¢ Ö Å

∑
pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E); ¶Ê´±É¨·-

´ Ö Å ω(pπ, hπ, pν , hν , E); ¡) ¸¶²µÏ´ Ö ±·¨¢ Ö Å
∑

pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E);

ÏÉ·¨Ìµ¢ Ö Å ω2(E−Up); ¶Ê´±É¨·´ Ö Å ω2(E−Peff(E, C)), £¤¥ Peff(E, C) (¸³. (44))
(¤²Ö g = 8 ŒÔ‚−1, ∆0 = ∆0π = ∆0ν = 1 ŒÔ‚, F = ∞, B = ∞)
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�·¨ · ¸Î¥É¥ ¶µ²´µ° ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° Ö¤·  ω1(E − Up) (¸³. (34))
¶·¨ ¡µ²¥¥ ÉµÎ´µ³ ±µ²¨Î¥¸É¢¥´´µ³ µ¶¨¸ ´¨¨ Up µ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É·¨§ -
Í¨¥° [23]

Up → Peff(E, C) = max
(

E2,
C

{1 + exp [4(0, 625 − E/C)]}

)
, (44)

£¤¥

E2 =

{
C[1, 2508/n2

c], ¥¸²¨ nc ≤ 4, 48,

C[6, 46/nc − 6, 28/n2
c], ¥¸²¨ nc > 4, 48.

(45)

‘µµÉ¢¥É¸É¢¥´´µ ¤²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° Ö¤·  ω2(E − Up) (c³. (41))

Up → Peff(E, C) = Peff(Eπ , Cπ) + Peff(Eν , Cν). (46)

�·¨³¥·Ò · ¸Î¥Éµ¢ ω(pπ, hπ, pν , hν , E) ¨
∑

pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E) ¶·¨-

¢¥¤¥´Ò ´  ·¨¸. 7.
1.4. “Î¥É Ê¸·¥¤´¥´´µ° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ µ¤´µÎ ¸É¨Î´µ°

¶²µÉ´µ¸É¨ ¢ ¶²µÉ´µ¸ÉÖÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (µ¡µ¡Ð¥´´ Ö Ëµ·-
³Ê² ). ‚  Éµ³´ÒÌ Ö¤· Ì ¸¶¥±É· µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ´¥ Ö¢²Ö¥É¸Ö Ô±¢¨-
¤¨¸É ´É´Ò³, É. ±. µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ g(e) § ¢¨¸¨É µÉ Ô´¥·£¨¨ e (¸³. ¤ -
²¥¥ · §¤. 3). ‚ Î ¸É´µ¸É¨, ¢ ³µ¤¥²¨ Ë¥·³¨-£ §  ¢ ±¢ §¨±² ¸¸¨Î¥¸±µ³ ¶·¨¡²¨-
¦¥´¨¨ g(e) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ [15]

g(e) = g0

( e

F

)1/2

=
3A

2F

( e

F

)1/2

. (47)

�´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ g(e) ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´ , ±µ£¤  Ô´¥·£¨Ö ¢µ§-
¡Ê¦¤¥´¨Ö ¢Ò¸µ±  ¨ · ¸¶·¥¤¥²¥´  ³¥¦¤Ê ³ ²Ò³ Î¨¸²µ³ Ô±¸¨Éµ´µ¢, ±µÉµ·Ò¥
³µ£ÊÉ ¨³¥ÉÓ Ô´¥·£¨Õ, ¸¨²Ó´µ µÉ²¨Î ÕÐÊÕ¸Ö µÉ Ô´¥·£¨¨ ”¥·³¨, ¶·¨Î¥³ ¢
¤ ´´µ³ ¸²ÊÎ ¥ ÊÎ¥É ¶·¨´Í¨¶  � Ê²¨ ´¥ ¸ÊÐ¥¸É¢¥´¥´.

�ËË¥±É Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ g(e) (47) ¢ ¶²µÉ´µ¸ÉÖÌ ω(p, h, E) (¢
�Œ (¸³. ¶. 1.2)) ³µ¦´µ ¶·¨¡²¨¦¥´´µ ÊÎ¥¸ÉÓ, ¥¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨¥ Ê¸·¥¤´¥´´Ò¥ Ô´¥·£¥É¨Î¥¸±¨ § ¢¨¸¨³Ò¥ µ¤´µÎ ¸É¨Î´Ò¥ ¶²µÉ´µ¸É¨ ¤²Ö
Î ¸É¨Í ¨ ¤Ò·µ±:

gp(ūp) = g0p

(
F + ū

F

)1/2

≡ gp(p, h, E),

gh(ūh) = g0h

(
F − ū′

F

)1/2

≡ gh(p, h, E),

(48)
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¶·¨Î¥³ g0p = g0h = g0. ‚ (48) ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö Î ¸É¨ÍÒ
ū = ē − F ´ Ìµ¤¨É¸Ö ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ ±µ´Ë¨£Ê· Í¨Ö³¨
n-Ô±¸¨Éµ´´µ£µ ¸µ¸ÉµÖ´¨Ö [24, 25]:

ū =
1

pω(p, h, E)

E∫
0

dEpEpω(p, 0, Ep)ω(0, h, E − Ep), (49)

¶·¨ ÔÉµ³ ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¤Ò·±¨

ū′ =
(E − pū)

h
. (50)

…¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö ω(p, h, E) Ëµ·³Ê²Ê (13) ¶·¨ αp,h = Ap,h = 0, Éµ ¤²Ö
ū (49) ¶µ²ÊÎ¨³

ū =
(p + 1)ω(p + 1, h, E)

gω(p, h, E)
=

E

n

ϕ(p + 1, h, E)
ϕ(p, h, E)

, (51)

£¤¥ ϕ(p, h, E) =
h∑

j=0

(−1)jCj
h

(
E − jF

E

)n−1

H(E − jF ).

�´ ²¨§ Ê¸·¥¤´¥´´µ° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ g(e) (´¨¦¥ ¨ ¢ÒÏ¥
F ) ´  µ¸´µ¢¥ ÉµÎ´ÒÌ ±µ³¡¨´ Éµ·´ÒÌ · ¸Î¥Éµ¢ ·¥ ²¨¸É¨Î¥¸±¨Ì Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¶²µÉ´µ¸É¥° ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¤´µÎ ¸É¨Î´µ° ¸Ì¥³Ò Ê·µ¢´¥° ¢ µ¡µ-
²µÎ¥Î´µ³ ¶µÉ¥´Í¨ ²¥ [30] ¶µ± § ², ÎÉµ Ô±¢¨¤¨¸É ´É´µ¥ ¶·¨¡²¨¦¥´¨¥ Ö¢²Ö¥É¸Ö
£·Ê¡Ò³ ¶·¨¡²¨¦¥´¨¥³ ¤ ¦¥ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö. �·¨ ÔÉµ³ ·¥-
 ²¨¸É¨Î¥¸± Ö µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ g(e) ²¨´¥°´µ § ¢¨¸¨É µÉ e (¢ÒÏ¥ F )
(¸³. · §¤. 4) gp(e) = g0p(e/F ), ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¤²Ö gp(ūp) (¸³. (48), (51))
¨³¥¥³

gp(ūp) = g0p

(
F + ū

F

)
= gp(p, h, E). (52 )

�µÔÉµ³Ê ¤²Ö Ô´¥·£¥É¨Î¥¸±¨ § ¢¨¸¨³µ° µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ g(p, h, E)
³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ±µ³¶µ§¨É´ÊÕ Ëµ·³Ê²Ê

g(p, h, E) =




gp(p, h, E) = g0p

(
F + ū

F

)
,

gh(p, h, E) = g0h

(
F − ū′

F

)1/2

.

(52¡)

�  ·¨¸. 8, 9 ¶·¨¢¥¤¥´Ò · ¸Î¥ÉÒ µÉ´µÏ¥´¨Ö [gp
p(p, h, E)gh

h(p, h, E)/
gp
0pg

h
0h]1/n ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ Ëµ·³Ê² (48), (50)Ä(52) ¤²Ö Ö¤¥· 57Fe ¸ p = h+1
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¨ 57Fe ¸ p = h [27]. ˆ§ ·¨¸. 8, 9 ¢¨¤´µ, ÎÉµ Ô±¢¨¤¨¸É ´É´µ¥ ¶·¨¡²¨¦¥´¨¥ ³µ-
¦¥É ¤ ¢ ÉÓ Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤µ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ≤ 60 ŒÔ‚
(¨¸±²ÕÎ Ö ¶·µ¸É¥°Ï¨¥ Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥ ±µ´Ë¨£Ê· Í¨¨).

�·¨ ÊÎ¥É¥ ÔËË¥±É  Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Ê¸·¥¤´¥´´ÒÌ µ¤´µÎ -
¸É¨Î´ÒÌ ¶²µÉ´µ¸É¥° gp(p, h, E) = g(F +ū) ¨ gh(p, h, E) = g(F −ū′) (c³. (48))
¤²Ö ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB(p, h, E) (¢ ‘ŒŠ�

�¨¸. 8. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ µÉ´µÏ¥´¨Ö

[
gp

p(p, h, E)gh
h(p, h, E)

gp
0pgh

0h

]1/n

[27]:

a) ¤²Ö Ö¤·  57Fe c p = h + 1; ¡) ¤²Ö Ö¤·  56Fe c p = h ¶·¨ g0p = g0h = g0 =
A/20 ŒÔ‚−1; gp(p, h, E) ¨ gh(p, h, E) ¶µ²ÊÎ¥´Ò ¶µ (48), (50), (51) (³µ¤¥²Ó Ë¥·³¨-
£ § ) ¶·¨ ϕ(p, h, E) = 1; ¢, £)  ´ ²µ£¨Î´µ a, ¡ c g(p, h, E) ¶µ ±µ³¶µ§¨É´µ° Ëµ·-
³Ê²¥ (52¡)
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(¸³. ¶. 1.3)) Ëµ·³Ê²  (35) (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¶·¨´¨³ ¥É ¢¨¤
(µ¡µ¡Ð¥´´ Ö Ëµ·³Ê² )

ωB(p, h, E) =
[gp(p, h, E)]p[gh(p, h, E)]hEn−1

p!h!(n − 1)!
f(p, h, E), (53)

�¨¸. 9. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ

[
gp

p(p, h, E)gh
h(p, h, E)

gp
0pgh

0h

]1/n

¤²Ö ±µ´Ë¨£Ê· Í¨°

1p1h (Ö¤·µ 56Fe) ¨ 2p1h (Ö¤·µ 57Fe) [27]: a, ¡) gp(p, h, E) ¨ gh(p, h, E) ¶µ Ëµ·³Ê²¥
(48) ¶·¨ ϕ(p, h, E) = 1 (a) ¨ ¸ ϕ(p, h, E) ¶·¨ F = 30 ŒÔ‚ (¡); ¢, £) g(p, h, E) ¶µ
±µ³¶µ§¨É´µ° Ëµ·³Ê²¥ (52¡) ¶·¨ ϕ(p, h, E) = 1 (¢) ¨ ¸ ϕ(p, h, E) ¶·¨ F = 30 ŒÔ‚ (£)
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£¤¥

f(p, h, E) =
p∑

i=0

h∑
j=0

Ci
pC

j
h(−1)i+j ×

×
(

E − aA(p, h, E) − iS0 − jF

E

)n−1

H(E − Eth(p, h, E) − iS0 − jF ).

�·¨ ÔÉµ³ ¸·¥¤´¨¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤Ò·±¨ ū′ ¨ Î ¸É¨ÍÒ ū µ¶·¥¤¥²ÖÕÉ¸Ö
¢Ò· ¦¥´¨Ö³¨ ( ´ ²µ£¨Î´Ò³¨ (50) ¨ (51)) [26]

ū′ =
E − pū

h
, ū =

E

n

f+(p, h, E)
f(p, h, E)

, (54)

£¤¥

f+(p, h, E) =
p∑

i=0

h∑
j=0

(−1)i+j

(
E − aA(p, h, E) − iS0 − jF

E

)n

×

×
(

1 +
n

p

iS0

E − aA(p, h, E) − iS0 − jF

)
×

× H(E − Eth(p, h, E) − iS0 − jF ), (55)

¶·¨ ÔÉµ³ aA(p, h, E) ¨ Eth(p, h, E) ¢ÒÎ¨¸²ÖÕÉ¸Ö ¸ g → ḡ = {[gp(p, h, E)]p×
[gh(p, h, E)]h}1/n Å ¸·¥¤´ÖÖ Ô´¥·£¥É¨Î¥¸±¨ § ¢¨¸¨³ Ö µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ-
´µ¸ÉÓ. �¡µ¡Ð¥´´ Ö Ëµ·³Ê²  ¤²Ö ω(p, h, E) ¢ �Œ (¸³. ¶. 1.2) ¸²¥¤Ê¥É ¨§ (53)
¶·¨ S0 = ∞.

„²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò ¸µµÉ¢¥É¸É¢ÊÕÐ Ö µ¡µ¡Ð¥´´ Ö Ëµ·-
³Ê²  ¤²Ö

ωB(pπ , hπ, pν , hν , E)

µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (42) ¸ § ³¥´µ°

gpπ+hπ
π → [gp(pπ, hπ, Eπ)]pπ [gh(pπ, hπ, Eπ)]hπ

¨
gpν+hν

ν → [gp(pν , hν , Eν)]pν [gh(pν , hν , Eν)]hν ,

¶·¨ ÔÉµ³ ūπ ¨ ūν ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶µ Ëµ·³Ê² ³ É¨¶  (54) ¶·¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
Ô´¥·£¨ÖÌ Eπ ¨ Eν (¸³. (40)).

�¡µ¡Ð¥´´ Ö Ëµ·³Ê²  ¤²Ö ω(pπ, hπ, pν , hν , E) ¢ �Œ (¸³. ¶. 1.2) ¸²¥¤Ê¥É
¨§ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²Ò ¤²Ö ωB(pπ, hπ, pν , hν , E) ¶·¨ S0π = S0ν = ∞.
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�·¨³¥·Ò · ¸Î¥Éµ¢ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (µ¤´µ±µ³-
¶µ´¥´É´ Ö ¨ ¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³Ò) ¢ Ô±¢¨¤¨¸É ´É´µ³ ¶·¨¡²¨-
¦¥´¨¨ (¸³. (24¡), (25)) ¨ ¶µ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ (¸³. (53)) ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 10Ä12 [26].

�·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶·¥¤· ¢-
´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨° (¢ �Œ, ‘ŒŠ� ¨ ‘Œ��) ¶·¨ · ¸Î¥É Ì ¶²µÉ´µ-
¸É¥° ωB(p, h, E) ¨²¨ ωB(pπ, hπ, pν , hν , E) ¶µ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ (Ô±¢¨-
¤¨¸É ´É´µ¥ ¶·¨¡²¨¦¥´¨¥) ¶ · ³¥É·Ò ¢Ò¡¨· ÕÉ¸Ö · ¢´Ò³¨ (Ë¥´µ³¥´µ²µ£¨-
Î¥¸±¨¥ §´ Î¥´¨Ö): g ≡ g(F ) = A/13 ŒÔ‚−1; gπ = Z/13 ŒÔ‚−1; gν =
N/13 ŒÔ‚−1; Fπ = Fν = F = 40 ŒÔ‚; S0π = S0ν = B = 8 ŒÔ‚ (¶·¨
ÊÎ¥É¥ ¸¢Ö§ ´´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°); S0π = S0ν = S0 = 15−20 ŒÔ‚
(¶·¨ ÊÎ¥É¥ ¸¢Ö§ ´´ÒÌ (¤¨¸±·¥É´Ò° ¸¶¥±É·) ¨ ·¥§µ´ ´¸´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ
¸µ¸ÉµÖ´¨° (±¢ §¨¤¨¸±·¥É´Ò° ¸¶¥±É·)); S0π = S0ν = S0 > 15−20 ŒÔ‚ (¶·¨
¤µ¶µ²´¨É¥²Ó´µ³ ÊÎ¥É¥ ´¥¶·¥·Ò¢´µ£µ ¸¶¥±É·  ·¥§µ´ ´¸´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ-
¸ÉµÖ´¨° (Γ1 > D1)).

�¨¸. 10. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (µ¤´µ±µ³¶µ´¥´É´ Ö
Ë¥·³¨-¸¨¸É¥³ ): ÉµÎ¥Î´ Ö ±·¨¢ Ö Å ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (24¡) [18]; ¸¶²µÏ´ Ö Å
ωB(p, h, E) ¶µ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ (53) [26] (¶·¨ g0 = 8 ŒÔ‚−1; F = 32 ŒÔ‚;
S0 = B = 8 ŒÔ‚)

�¨¸. 11. ‘· ¢´¥´¨¥ ¶²µÉ´µ¸É¥° ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¤²Ö µ¤-
´µ±µ³¶µ´¥´É´µ° ¨ ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³: ÉµÎ¥Î´Ò¥ ±·¨¢Ò¥ (1111) ¨
(11) Å ωB(1, 1, 1, 1, E) ¶µ Ëµ·³Ê²¥ (25) ¨ ωB(1, 1, E) ¶µ Ëµ·³Ê²¥ (24¡) [18] ¶·¨
g = 8 ŒÔ‚−1; F = 32 ¨ 106 ŒÔ‚; S0 = B = 8 ¨ 106 ŒÔ‚ (µ¤´µ±µ³¶µ´¥´É´ Ö
Ë¥·³¨-¸¨¸É¥³ ) ¨ gπ = gν = g/2, g = 8 ŒÔ‚−1; Fπ = Fν = F = 32 ¨ 106 ŒÔ‚;
S0π = S0ν = S0 = 8 ¨ 106 ŒÔ‚ (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ); ¸¶²µÏ´Ò¥
±·¨¢Ò¥ (1111) ¨ (11) Å ωB(1, 1, 1, 1, E) ¶µ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ ¨ ωB(1, 1, E)
¶µ Ëµ·³Ê²¥ (53) [26] ¶·¨ g0 = 8 ŒÔ‚−1 (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¨
g0π = g0ν = g/2 (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )
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�¨¸. 12. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¨ ÊÎ¥É¥ ÔËË¥±É  ¸¶ -
·¨¢ ´¨Ö (µ¤´µ±µ³¶µ´¥´É´ Ö ¨ ¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³Ò): a) ÉµÎ¥Î´ Ö ±·¨-
¢ Ö Å ωB(p, h, E) ¶µ Ëµ·³Ê²¥ (36) [19]; ¸¶²µÏ´ Ö Å ωB(p, h, E) ¶µ µ¡µ¡Ð¥´´µ°
Ëµ·³Ê²¥ (53) [26] ¶·¨ g0 = 8 ŒÔ‚−1, F = 32 ŒÔ‚, S0 = B = 8 ŒÔ‚, ∆0 = 1 ŒÔ‚
(µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ); ¡) ÉµÎ¥Î´ Ö ±·¨¢ Ö Å ωB(pπ, hπ , pν , hν , E) ¶µ
Ëµ·³Ê²¥ (43) [19]; ¸¶²µÏ´ Ö Å ωB(pπ, hπ, pν , hν , E) ¶µ µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ [26]
¶·¨ g0π = g0ν = g0/2; Fπ = Fν = F = 32 ŒÔ‚; S0π = S0ν = S0 = B = 8 ŒÔ‚,
∆0π = ∆0ν = ∆0 = 1 ŒÔ‚ (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )

1.5. �²µÉ´µ¸ÉÓ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¸ ¶µ²´Ò³ ¨³¶Ê²Ó¸µ³.
‘¶¨´µ¢ Ö § ¢¨¸¨³µ¸ÉÓ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°. �²µÉ-
´µ¸ÉÓ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¸ ¶µ²´Ò³ ¨³¶Ê²Ó¸µ³ K ¨ ¶µ²´µ° Ô´¥·-
£¨¥° Ẽ ¢ Œ�— ¡¥§ ÊÎ¥É  ¶·¨´Í¨¶  � Ê²¨ (¶·¨ µÉ´µ¸¨É¥²Ó´µ ¢Ò¸µ±¨Ì Ô´¥·-
£¨ÖÌ ¨ ³ ²o³ Î¨¸²e Ô±¸¨Éµ´µ¢) ¨ · §¤¥²¥´¨Ö ´  ¶·µÉµ´Ò ¨ ´¥°É·µ´Ò µ¶·¥¤¥-
²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³ [25, 28]:

ω(p, h, Ẽ,K) =

=
1

p!h!

∫
· · ·
∫

δ


Ẽ −

p∑
i=1

ei +
h∑

j=1

e′j


 δ


K −

p∑
i=1

ki +
h∑

j=1

k′
j


×

×
p∏

i=1

g(ki)H(ki − kF )d3ki

h∏
j=1

g(k′
j)H(kF − k′

j)d
3k′

j , (56)

£¤¥ (g(ki)) ¨ (g(k′
j)) Å µ¤´µÎ ¸É¨Î´ Ö ¨ µ¤´µ¤Ò·µÎ´ Ö ¶²µÉ´µ¸É¨ ¢ ¨³¶Ê²Ó¸-

´µ³ ¶·µ¸É· ´¸É¢¥; ki(k′
j) Å ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ (¤Ò·±¨), ¶·¨Î¥³ ¢¸¥ ¨³¶Ê²Ó¸Ò
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(ki,k′
j) ¨ Ô´¥·£¨¨ (ei, e

′
j) ¨§³¥·ÖÕÉ¸Ö µÉ´µ¸¨É¥²Ó´µ ¤´  ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò;

kF Å ¨³¶Ê²Ó¸ ”¥·³¨.
—¨¸²µ µ¤´µÎ ¸É¨Î´ÒÌ (µ¤´µ¤Ò·µÎ´ÒÌ) ¸µ¸ÉµÖ´¨° ¸ ¨³¶Ê²Ó¸µ³ ¢ ¨´É¥·-

¢ ²¥ (k, k + dk) · ¢´µ

dN(k)
dk

= 4πk2g(k). (57)

�²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ (µ¤´µ¤Ò·µÎ´ÒÌ) ¸µ¸ÉµÖ´¨° g(e) ¢ Ô´¥·£¥É¨Î¥¸±µ³
¶·µ¸É· ´¸É¢¥ µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ (¸³. (47))

dN(e)
de

= g(e) =




3A

2F

( e

F

)1/2

(³µ¤¥²Ó Ë¥·³¨-£ § ),

g (Ô±¢¨¤¨¸É ´É´ Ö ³µ¤¥²Ó).
(58)

ˆ¸¶µ²Ó§ÊÖ e = k2/2m, ²¥£±µ ¶µ²ÊÎ¨ÉÓ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê g(k) ¨ g(e):

g(k) =
g(e)

4πmk
=




3A

4πk3
F

(³µ¤¥²Ó Ë¥·³¨-£ § ),

g

4πmk
(Ô±¢¨¤¨¸É ´É´ Ö ³µ¤¥²Ó).

(59)

‚ ¸¨²Ê ¸Ë¥·¨Î¥¸±µ° ¸¨³³¥É·¨¨ ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò ω(p, h, Ẽ,K) ´¥ § ¢¨¸¨É
µÉ ´ ¶· ¢²¥´¨Ö ¶µ²´µ£µ ¨³¶Ê²Ó¸  K, ¨ ¨§ (56) ¶µ²ÊÎ¨³

∞∫
0

ω(p, h, Ẽ,K)4πK2dK = ω(p, h, Ẽ), (60)

£¤¥ ω(p, h, Ẽ) µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³

ω(p, h, Ẽ) =
1

p!h!

∫
· · ·
∫

δ


Ẽ −

p∑
i=1

ei +
h∑

j=1

e′j


×

×
p∏

i=1

g(ei)H(ei − F )d�i

h∏
j=1

g(e′j)H(F − e′j)de′j . (61)

‚Ò· ¦¥´¨¥ (61) ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

ω(p, h, E) =
1

p!h!

E∫
0

du1ω(1, 0, u1) · · ·
E∫

0

dupω(1, 0, up)

E∫
0

du′
1ω(0, 1, u′

1) · · ·

· · ·
E∫

0

du′
hω(0, 1, u′

h)δ


E −

p∑
i=1

ui −
h∑

j=1

u′
j


 , (62 )



�‹�’��‘’ˆ ‚�‡	“†„…��›• —�‘’ˆ—��-„›��—�›• ‘�‘’�Ÿ�ˆ‰ 933

£¤¥

ω(1, 0, ui) = g(F + ui), ui = ei − F, (62¡)

ω(0, 1, u′
j) = g(F − u′

j), u′
j = F − e′j, (62¢)

¶·¨ ÔÉµ³ E = Ẽ−(p−h)F . ˆ¸¶µ²Ó§ÊÖ (62a), ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ ·¥±Ê··¥´É´Ò¥
¸µµÉ´µÏ¥´¨Ö

ω(p, 0, Ep) =
1
p

Ep∫
0

dE′ω(p − 1, 0, E′)ω(1, 0, Ep − E′),

ω(0, h, Eh) =
1
h

Eh∫
0

dE′ω(0, h− 1, E′)ω(0, 1, Eh − E′), (63)

ω(p, h, E) =

E∫
0

dEpω(p, 0, Ep)ω(0, h, E − Ep),

£¤¥ Ep =
p∑

i=1

ui; Eh =
h∑

j=1

u′
j ; E = Ep + Eh.

”µ·³Ê²Ò (62), (63) ¶µ§¢µ²ÖÕÉ ¢ÒÎ¨¸²¨ÉÓ ¶²µÉ´µ¸ÉÓ ω(p, h, E), ±µ£¤ 
Ô±¢¨¤¨¸É ´É´µ¥ ¶·¨¡²¨¦¥´¨¥ (g(e) = const) Ö¢²Ö¥É¸Ö £·Ê¡Ò³,   ¨³¥´´µ ¤²Ö
¡µ²ÓÏ¨Ì §´ Î¥´¨° Ô´¥·£¨¨ E ¨ ´¥¡µ²ÓÏµ£µ Î¨¸²  Ô±¸¨Éµ´µ¢ n (¢ ¤ ´´µ³
¸²ÊÎ ¥ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨ ¨ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö)
¤²Ö ²Õ¡µ° ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö µ¤´µÎ -
¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ g(e) ¨§¢¥¸É´  (ÉµÎ´Ò° ÊÎ¥É Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨
µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ ¢ µÉ²¨Î¨¥ µÉ ¶·¨¡²¨¦¥´´µ£µ ÊÎ¥É  ¶µ µ¡µ¡Ð¥´´µ°
Ëµ·³Ê²¥ (53)).

�·¨ ¢ÒÎ¨¸²¥´¨¨ ¢ ‘ŒŠ� ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ
ωB(p, h, E) (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) (¸³. ¶. 1.2)) ¶µ Ëµ·³Ê²¥ (62a)
¸²¥¤Ê¥É § ³¥´ :

E∫
0

dui →
S0∫
0

ui

¨
E∫

0

du′
i →

F∫
0

du′
i.

”µ·³Ê²  (62a) ¤²Ö · ¸Î¥É  ω(p, h, E) (ωB(p, h, E)) ²¥£±µ µ¡µ¡Ð ¥É¸Ö ´  ¸²Ê-
Î ° ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò (¤²Ö ¨§¢¥¸É´ÒÌ gπ(e) ¨ gν(e)).
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ˆ¸¶µ²Ó§ÊÖ (61), ¢Ò· ¦¥´¨¥ (56) ¤²Ö ω(p, h, Ẽ,K) ¶·¥¤¸É ¢¨³ ¢ ¢¨¤¥

ω(p, h, Ẽ,K) = ω(p, h, Ẽ)M(p, h, Ẽ,K), (64 )

¶·¨ ÔÉµ³

∫
M(p, h, Ẽ,K)4πK2dK = 1.

„²Ö ¡µ²ÓÏµ£µ Î¨¸²  Ô±¸¨Éµ´µ¢ ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸É É¨¸É¨Î¥¸±¨¥  ·-
£Ê³¥´ÉÒ, ¨ ¸µ£² ¸´µ Í¥´É· ²Ó´µ° ¶·¥¤¥²Ó´µ° É¥µ·¥³¥ ³ É¥³ É¨Î¥¸±µ° ¸É É¨-
¸É¨±¨ ¤²Ö M(p, h, Ẽ,K) ¡Ê¤¥³ ¨³¥ÉÓ

M(p, h, Ẽ,K) =
1

(2π)3/2σ3
n

exp
(
−K2

2σ2
n

)
, (64¡)

£¤¥ σ2
n = n〈(kproj

i )2〉av, 〈(kproj
i )2〉av Å ¸·¥¤´¨° ±¢ ¤· É ¶·µ¥±Í¨¨ ¨³¶Ê²Ó¸ 

Ô±¸¨Éµ´  ´  ´ ¶·a¢²¥´¨¥ ¶µ²´µ£µ ¨³¶Ê²Ó¸  K.
…¸²¨ Θi Å Ê£µ² ³¥¦¤Ê ki ¨ K, Éµ ¸·¥¤´¨° ±¢ ¤· É ¶·µ¥±Í¨¨ ¨³¶Ê²Ó¸ 

Ô±¸¨Éµ´  ¢¤µ²Ó K ¥¸ÉÓ

〈(kproj
i )2〉 =

1
4π

∫
(ki cos Θi)2dΩi = k2

i /3 = 2mei/3. (65a)

’µ£¤ 

σ2
n = n〈(kproj

i )2〉av = n(2meav/3). (65¡)

‘·¥¤´ÖÖ Ô´¥·£¨Ö Ô±¸¨Éµ´  eav ¢ (65¡) µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³
(¸³. (61)Ä(63))

eav =
1

ω(p, h, Ẽ)
1

p!h!

∫
· · ·
∫

δ


Ẽ −

p∑
i=1

ei +
h∑

j=1

e′j


×

×
p∏

i=1

g(ei)H(ei − F )dei

h∏
j=1

g(e′j)H(F − e′j)de′j

[∑p
i=1 ei +

∑h
j+1 e′j

p + h

]
≡

≡
〈∑p

i=1 ei +
∑h

j=1 e′j
n

〉
=

〈∑p
i=1 ui −

∑h
j=1 u′

j + (p + h)F
n

〉
=

=
2
n
〈Ep〉 −

E

n
+ F, (66)

£¤¥

〈Ep〉 =
1

ω(p, h, E)

E∫
0

dEpω(p, 0, Ep)Epω(0, h, E − Ep). (67)
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�¨¸. 13. ‘· ¢´¥´¨¥ £ Ê¸¸µ¢¸±µ£µ ¨
ÉµÎ´µ£µ ¨³¶Ê²Ó¸´µ£µ · ¸¶·¥¤¥²¥-
´¨° M(p, h, Ẽ,K) · 4πK2 ¤²Ö ±µ´-
Ë¨£Ê· Í¨° 1p1h (a), 2p2h (¡) ¨
3p3h (¢): ¸¶²µÏ´ Ö ±·¨¢ Ö Å £ Ê¸-
¸µ¢¸±µ¥ ¨³¶Ê²Ó¸´µ¥ · ¸¶·¥¤e²¥´¨¥
(¸³. (64¡)); ÉµÎ¥Î´ Ö Å ÉµÎ´µ¥ ¨³-
¶Ê²Ó¸´µ¥ · ¸¶·¥¤e²¥´¨¥ (¢ ³µ¤¥²¨
Ë¥·³¨-£ § )

‚ Ô±¢¨¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ g(e) =
g = const, ¶·¨ ÔÉµ³ ω(1, 0, ui) = g, ui ≥
0 ¨ ω(0, 1, u′

j) = g, u′
j ≤ F , ¨§ (62a)

¤²Ö ω(p, h, E) ¶µ²ÊÎ¨³ Ëµ·³Ê²Ê (13) ¶·¨
αp,h = Ap,h = 0, Éµ£¤  ¤²Ö µÍ¥´±¨ eav

¨³¥¥³

eav =
2p(p + 1)ω(p + 1, h, E)

ngω(p, h, E)
−

− E

n
+ F, (68)

¶·¨Î¥³ eav → F ¶·¨ E → 0.

„µ¸Éµ¢¥·´µ¸ÉÓ Éµ£µ, ÎÉµ M(p, h, Ẽ, K)
(¸³. (64 )) ¥¸ÉÓ · ¸¶·¥¤¥²¥´¨¥ ƒ Ê¸¸ 
(64¡), ¶µ¤É¢¥·¦¤ ¥É¸Ö ÉµÎ´Ò³ · ¸Î¥Éµ³
M(p, h, Ẽ, K) (¸³. ·¨¸. 13) ¸ ¨¸¶µ²Ó§µ¢a-
´¨¥³ Ëµ·³Ê² (56), (61) (¢ ¸Ì¥³¥ ¢ÒÎ¨¸²¥-
´¨° ¨´É¥£· ²µ¢ ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ) ¤²Ö
1p1h-, 2p2h- ¨ 3p3h-±µ´Ë¨£Ê· Í¨° ¢ ³µ-
¤¥²¨ Ë¥·³¨-£ §  ¶·¨ E = 5 ŒÔ‚ [25]. Š ±
¢¨¤´µ ¨§ ·¨¸. 13, £ Ê¸¸µ¢¸±µ¥ · ¸¶·¥¤¥²¥-
´¨¥ ¨³¶Ê²Ó¸  K (64¡) Ö¢²Ö¥É¸Ö Ìµ·µÏ¥°  ¶-
¶·µ±¸¨³ Í¨¥° ¶·¨ n > 2.

‚ ±¢ §¨±² ¸¸¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ¢ ³µ¤¥²¨
Ë¥·³¨-£ §  Ê£²µ¢µ° ³µ³¥´É Ô±¸¨Éµ´  ji ¢
¸·¥¤´¥³ ¥¸ÉÓ

j̄i = |ki × ri| = ravki, (69a)

£¤¥ rav Å ¸·¥¤´¥¥ · ¤¨ ²Ó´µ¥ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¢¥±Éµ·µ³ ki ¨ Í¥´É·µ³ ³ ¸¸
Ö¤· :

rav =
1

4πR3/3

∫
d3r
[

1
4π

∫
|k̂i × r|dk̂i

]
=

3πR

16
, (69¡)

R = 1, 2A1/3 Ë³ (· ¤¨Ê¸ Ö¤· ).

‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ¶²µÉ´µ¸ÉÓ ω(p, h, Ẽ,J) ´¥ § ¢¨¸¨É µÉ ´ ¶· ¢²¥´¨Ö
J, ¶µ  ´ ²µ£¨¨ ¸ (61) ¡Ê¤¥³ ¨³¥ÉÓ [25]
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ω(p, h, Ẽ,J) =
1

p!h!

∫
· · ·

· · ·
∫

δ


Ẽ −

p∑
i=1

ei +
h∑

j=1

e′j


 δ


J −

p∑
i=1

kirav +
h∑

j=1

k′
jrav


×

×
p∏

i=1

g(ki)H(ki − kF )d3ki

h∏
j=1

g(k′
j)H(kF − k′

j)d
3k′

j , (70)

¶·¨ ÔÉµ³ ω(p, h, Ẽ, J) = 4πJ2ω(p, h, Ẽ,J). ˆ§ (56) ¨ (70) ¸²¥¤Ê¥É ¸µµÉ´µ-
Ï¥´¨¥

ω(p, h, Ẽ, J) =
4πJ2

r3
av

ω(p, h, Ẽ,K), (71)

£¤¥ K = J/rav.
ˆ§ (64¡) ¨ (71) ¶·¨ § ³¥´¥ ±² ¸¸¨Î¥¸±µ£µ Ê£²µ¢µ£µ ³µ³¥´É  ´  ¸µµÉ¢¥É-

¸É¢ÊÕÐ¥¥ ±¢ ´Éµ¢µ¥ §´ Î¥´¨¥ (J → (J + 1/2)�) ¸²¥¤Ê¥É, ÎÉµ

ω(p, h, Ẽ, J) = ω(p, h, E, J) = ω(p, h, E)(2J + 1)R(n, E, J), (72a)

£¤¥ ¸¶¨´µ¢ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö [7]

R(n, E, J) =
(2J + 1)

2(2π)1/2σ3(E, n)
exp

[
−(J + 1/2)2

2σ2(E, n)

]
, (72¡)

¶ · ³¥É· ¸¶¨´µ¢µ° § ¢¨¸¨³µ¸É¨

σ2(E, n) =
r2
avσ

2
n

�2
= n

r2
av

�2

(
2meav

3

)
. (72¢)

„²Ö E/n � F , p = h ¨ F = 35 ŒÔ‚ ¶ · ³¥É·

σ2(E, n) = n · 0, 282A2/3. (73)

�Í¥´±  (73) ¡²¨§±  ± µÍ¥´±¥ σ2(E, n), ¶µ²ÊÎ¥´´µ° ¢ [29, 30] ´  µ¸´µ¢¥
ÉµÎ´ÒÌ ±µ³¡¨´ Éµ·´ÒÌ · ¸Î¥Éµ¢ ·¥ ²¨¸É¨Î¥¸±¨Ì Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¶²µÉ-
´µ¸É¥° ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¤´µÎ ¸É¨Î´µ° ¸Ì¥³Ò ¢ µ¡µ²µÎ¥Î´µ³ ¶µÉ¥´Í¨ ²¥
(¸³. · §¤. 4):

σ2(E, n) = n(0, 24 + 0, 0038E)A2/3. (74)

‚ · ³± Ì ¸É É¨¸É¨Î¥¸±µ£µ ¶µ¤Ìµ¤  ¸ ÊÎ¥Éµ³ ¢²¨Ö´¨Ö µ¸É ÉµÎ´ÒÌ ¢§ ¨³µ¤¥°-
¸É¢¨° ±µ··¥²ÖÍ¨µ´´µ£µ É¨¶  [31, 32] ¤²Ö ¶ · ³¥É·  σ2(E, n) ¶µ²ÊÎ¥´  ¸²¥¤Ê-
ÕÐ Ö µÍ¥´±  [32]:

σ2(E, n) = (ln 4)
(

n

nc

)(
E − Eth(p, h, E)

E

)x

σ2
c , (75)
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£¤¥ x = −0, 413+1, 08(n/nc)1/2−0, 226(n/nc); σ2
c = gTc〈m2〉; Tc = 2∆0/3, 5;

〈m2〉 = 0, 24A2/3.
� · ³¥É· ¸¶¨´µ¢µ° § ¢¨¸¨³µ¸É¨ σ2

1(E) ¤²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° ω1(E) (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) (¸³. (33), (34))
µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ [32]

σ2
1(E) =

∑
p=h ω(p, h, E)σ2(E, n)∑

p=h ω(p, h, E)
� 0, 24A2/3g

√
(E − Up)

a
. (76)

„²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò

ω(pπ, hπ, pν , hν , E, J) = ω(pπ, hπ, pν , hν , E)(2J + 1)R(nπ, nν , E, J), (77)

£¤¥

R(nπ, nν , E, J) =
2J + 1

2(2π1/2σ3(E, nπ , nν))
, (78a)

σ2(E, nπ, nν) = σ2(Eπ , nπ) + σ2(Eν , nν), (78¡)

¶·¨ ÔÉµ³ σ2(Eπ , nπ)(σ2(Eν , nν)) ¶ · ³¥É·¨§Ê¥É¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ËÊ´±-
Í¨¥° σ2(E, n) (¸³. (73)Ä(75)) ¸ § ³¥´µ° E → Eπ(Eν), n → nπ(nν).

�¨¸. 14. ‘· ¢´¥´¨¥ ¶ · ³¥É·µ¢ ¸¶¨´µ¢µ° § ¢¨¸¨³µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¶²µÉ-
´µ¸É¥° (n = 2) ¨ ¶µ²´ÒÌ ¶²µÉ´µ¸É¥° (

∑
n) ¤²Ö Ö¤·  41Ca (µ¤´µ±µ³¶µ´¥´É´ Ö

(σ2
1(n = 2), σ2

1(
∑

n)) ¨ ¤¢ÊÌ±µ³¶µ´¥´É´ Ö (σ2
2(n = 2), σ2

2(
∑

n)) Ë¥·³¨-¸¨¸É¥³Ò) [33]:
ÉµÎ¥Î´Ò¥ ±·¨¢Ò¥ Å σ2

1(n = 2) ¨ σ2
2(n = 2); ¸¶²µÏ´Ò¥ Å σ2

1(
∑

n) ¨ σ2
2(
∑

n), £¤¥
σ2

1(n = 2) ≡ σ2(E,n = 2) (¸³. (75)); σ2
1(
∑

n) ≡ σ2
1(E) (¸³. (76)); σ2

2(n = 2) =[
σ2(E, nπ = 2, nν = 0) + σ2(E, nπ = 0, nν = 2)

]
/2, σ2

2(
∑

n) ≡ σ2
2(E) (¸³. (79)) ¤²Ö

g = 3, 937 ŒÔ‚−1, Up = 1, 83 ŒÔ‚
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� · ³¥É· ¸¶¨´µ¢µ° § ¢¨¸¨³µ¸É¨ ¤²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ
¸µ¸ÉµÖ´¨° ω2(E) (c³. (37), (42)) ¨³¥¥É ¢¨¤

σ2
2(E) =

∑
pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E)σ2(E, nπ, nν)∑
pπ=hπ,pν=hν

ω(pπ, hπ, pν , hν , E)
, (79)

¶·¨ ÔÉµ³ σ2
1(E) � σ2

2(E) [33] (¸³. ·¨¸. 14).

2. �‹�’��‘’ˆ „�‘’“��›• —�‘’ˆ—��-„›��—�›•
‘�‘’�Ÿ�ˆ‰

2.1. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ³¥¦ÊÉµÎ-
´µ£µ Ö¤·  ¢ Ô±¸¨Éµ´´µ° ³µ¤¥²¨ (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ). �·¨
µ¶¨¸ ´¨¨ ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ³¥Ì ´¨§³  Ö¤¥·´µ° ·¥² ±¸ Í¨¨ ¢ �Œ [2, 34Ä
36] Ê¸·¥¤´¥´´ Ö ¢¥·µÖÉ´µ¸ÉÓ ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¢´ÊÉ·¨Ö¤¥·´µ£µ ¶¥·¥Ìµ¤ 
(∆n = ±2) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

λ±(p, h, E) =
2π

�
〈|V (E)|2〉ω±(p, h, E), (80)

£¤¥ 〈|V (E)|2〉 Å ¸·¥¤´ÖÖ ¢¥²¨Î¨´  ±¢ ¤· É  ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¸É ÉµÎ-
´µ£µ ¤¢ÊÌÎ ¸É¨Î´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö; ω±(p, h, E) Å ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  (∆n = ±2).

�·¨ ¢Ò¢µ¤¥ Ëµ·³Ê² ¤²Ö ω±(p, h, E) ¤¥² ¥É¸Ö ·Ö¤ Ê¶·µÐ ÕÐ¨Ì ¤µ¶Ê-
Ð¥´¨°:

1) ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¢´ÊÉ·¨Ö¤¥·´Ò° ¶¥·¥Ìµ¤ n → n ± 2 ¥¸ÉÓ ·¥§Ê²Ó-
É É ¶·µÍ¥¸¸  · ¸¸¥Ö´¨Ö µ¤´µ° Î ¸É¨ÍÒ (¤Ò·±¨) ´  ´¥¢µ§¡Ê¦¤¥´´µ³ ´Ê±²µ´¥:
1p → 2p1h(1h → 1h2p) ¨²¨ ¶·µÍ¥¸¸ ·¥±µ³¡¨´ Í¨¨ ¸ µ¤´µ° ¨§ ¤Ò·µ± 2p1h →
1p(1p2h → 1h) (¸³. ·¨¸. 15);

2) ¸Î¨É ¥É¸Ö, ÎÉµ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¢²¨Ö´¨¥³ ´  ÔÉ¨ ¶·µÍ¥¸¸Ò ¤·Ê£¨Ì
Î ¸É¨Í ¨ ¤Ò·µ±, ¸µ¤¥·¦ Ð¨Ì¸Ö ¢ n-Ô±¸¨Éµ´´µ° ±µ´Ë¨£Ê· Í¨¨ (ÌµÉÖ ÔÉµ ¨
¢²¥Î¥É §  ¸µ¡µ° ´ ·ÊÏ¥´¨¥ ¶·¨´Í¨¶  � Ê²¨).

�·¨ ´¥¡µ²ÓÏµ³ Î¨¸²¥ Ô±¸¨Éµ´µ¢ ÔÉ¨ ¶·¥¤¶µ²µ¦¥´¨Ö ¢Ò¶µ²´ÖÕÉ¸Ö ¸ Ìµ-
·µÏ¥° ÉµÎ´µ¸ÉÓÕ. ‚ �Œ ¶·¥¤¶µ² £ ¥É¸Ö ±¢ §¨· ¢´µ¢¥¸¨¥ ¤²Ö ¢¸¥Ì ¸É ¤¨°
¢´ÊÉ·¨Ö¤¥·´µ£µ ¶·µÍ¥¸¸  ·¥² ±¸ Í¨¨, ±µÉµ·µ¥ ³µ¦´µ É· ±Éµ¢ ÉÓ ± ± µ¡· É¨-
³µ¸ÉÓ ¶·µÍ¥¸¸  ¡¨´ ·´ÒÌ ¸µÊ¤ ·¥´¨°:

ω+(p, h, E)
ω(p + 1, h + 1, E)

=
ω−(p, h, E)
ω(p, h, E)

. (81)

’ ±¨³ µ¡· §µ³, ¤µ¸É ÉµÎ´µ ¢ÒÎ¨¸²¨ÉÓ Éµ²Ó±µ ω+(p, h, E). �É´µ¸¨É¥²Ó´ Ö ¢¥-
·µÖÉ´µ¸ÉÓ ´ °É¨ ¢ ¸¨¸É¥³¥ Ô±¸¨Éµ´µ¢ (p, h, E) µ¤´Ê Î ¸É¨ÍÊ (¤Ò·±Ê) ¸ Ô´¥·-
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�¨¸. 15. ‚´ÊÉ·¨Ö¤¥·´Ò¥ ¶¥·¥Ìµ¤Ò: a, ¡) n → n + 2 (∆n = +2); ¢, £) n → n − 2
(∆n = −2)

£¨¥° E1(E′
1) (¸³. ·¨¸. 15) · ¢´ 

P1(E1) =
ω(p − 1, h, E − E1)g

ω(p, h, E)

²¨¡µ

P1(E′) =
ω(p, h− 1, E − E′

1)g
ω(p, h, E)

. (82)

�²µÉ´µ¸ÉÓ ¤µ¸ÉÊ¶´ÒÌ ¸µ¸ÉµÖ´¨° ω+(p, h, E) µ¶·¥¤¥²Ö¥É¸Ö ¶·µ¨§¢¥¤¥´¨¥³
P1(E) (²¨¡µ P1(E′

1)) ´  Î¨¸²µ ¢µ§³µ¦´ÒÌ ¶ÊÉ¥° · ¸¸¥Ö´¨Ö Î ¸É¨ÍÒ (¤Ò·±¨) ¸
·µ¦¤¥´¨¥³ ¶ ·Ò Î ¸É¨Í Ä¤Ò·± , · ¢´µ¥ ¶²µÉ´µ¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
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3-Ô±¸¨Éµ´´ÒÌ ¸µ¸ÉµÖ´¨° ¸ Ô´¥·£¨¥° E1(E′
1):

ω+(p, h, E) =
1

ω(p, h, E)




E∫
0

dE1gω(p− 1, h, E − E1)ω(2, 1, E1)+

+

E∫
0

dE′
1gω(p, h− 1, E − E′

1)ω(1, 2, E′
1)


 . (83a)

ˆ¸¶µ²Ó§ÊÖ (16), (81) ¨ (83a), ¶µ²ÊÎ ¥³

ω+(p, h, E) � g3(E − Ap,h)2

2(n + 1)
, (83¡)

ω−(p, h, E) � gph(p + h − 2)
2

. (83¢)

‚ [37] ¢ · ³± Ì ¸É É¨¸É¨Î¥¸±µ£µ ³¥Éµ¤  (³¥Éµ¤ „ ·¢¨´ Ä” Ê²¥· ) ¢ Ô±¢¨-
¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ¸ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨ ¶µ²ÊÎ¥´Ò  ´ ²¨É¨Î¥-
¸±¨¥ (¢¥¸Ó³  £·µ³µ§¤±¨¥) ¢Ò· ¦¥´¨Ö ¤²Ö ω±(p, h, E), ¨ ¢ ¶·¥´¥¡·¥¦¥´¨¨
³ ²Ò³¨ Î²¥´ ³¨ µ´¨ ¸µ¢¶ ¤ ÕÉ ¸ (83¡), (83¢). ˆ§ ¶µ²ÊÎ¥´´ÒÌ ¢Ò· ¦¥´¨°
¤²Ö ω±(p, h, E) ¢ [37] ¸²¥¤Ê¥É, ÎÉµ ³µ¦´µ ¤²Ö Ê¶·µÐ¥´¨Ö · ¸Î¥Éµ¢ ´  ¶¥·-
¢µ³ ÔÉ ¶¥ ¶·¥´¥¡·¥ÎÓ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨,   § É¥³ ¶·¨¡²¨¦¥´´µ ÊÎ¥¸ÉÓ
¢ ¶µ²ÊÎ¥´´ÒÌ ¸µµÉ´µÏ¥´¨ÖÌ § ³¥´µ° E → [E − Ap,h].

‚ �Œ ¢¥·µÖÉ´µ¸ÉÓ ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¢Ò²¥É  Î ¸É¨ÍÒ b = n, p, d, t, 3He, α
¸ Ô´¥·£¨¥° εb ¨§ n-Ô±¸¨Éµ´´µ£µ ¸µ¸ÉµÖ´¨Ö µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (¶·¥¤¶µ-
² £ ¥É¸Ö, ÎÉµ ´¥É ¶·¥¤¢ ·¨É¥²Ó´µ ¸Ëµ·³¨·µ¢ ´´ÒÌ b-±² ¸É¥·µ¢ ¢´ÊÉ·¨ Ö¤· )
[38, 39]

λb(p, h, E, εb) =
2sb + 1
π2�3

mbεbσinv(εb)
ω(p − �, h, U)F (�, m, εb)

ω(p, h, E)
, (84)

£¤¥ F (�, m, εb) Å Ë ±Éµ· Ëµ·³¨·µ¢ ´¨Ö ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b ¨§ � ¢µ§¡Ê-
¦¤¥´´ÒÌ Î ¸É¨Í ¨ m ´Ê±²µ´µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ´¨¦¥ Ê·µ¢´Ö ”¥·³¨. �·¨ ÔÉµ³
´¥µ¡Ìµ¤¨³Ò¥ ¶²µÉ´µ¸É¨ ω(p, h, E) ¨ ω(p − �, h, U) ¢ �Œ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶µ
¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Ëµ·³Ê² ³¨, ¶·¨¢¥¤¥´´Ò³ ¢ ¶¶. 1.1, 1.3 ¨ 1.4.

2.2. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ³¥¦ÊÉµÎ-
´µ£µ ¨ ±µ´¥Î´µ£µ Ö¤¥· ¢ ‘ŒŠ� ¨ ‘Œ�� (µ¤´µ±µ³¶µ´¥´É´ Ö Ë¥·³¨-
¸¨¸É¥³ ). ‚ ‘ŒŠ� ¶·¨  ´ ²¨§¥ ·¥ ±Í¨¨ A(a, b)B, a, b = p, n, ¶ ·Í¨ ²Ó-
´ Ö Ï¨·¨´  · ¸¶ ¤  ¸¢Ö§ ´´µ£µ n-Ô±¸¨Éµ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ¢ÒÌµ¤´µ° ± ´ ²

(b ≡ �b, s
′, J) Γ↑(∆n)

n,b (E, εb, �b, s
′, J) c ∆n = 0,±2 ¨ ·¥² ±¸ Í¨µ´´ Ö Ï¨·¨´ 
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�¨¸. 16. ƒ· Ë¨±¨, µ¶¨¸Ò¢ ÕÐ¨¥ ‘ŒŠ� ¨ ¤ ÕÐ¨¥ ¢±² ¤Ò ¢ ¶¥·¥Ìµ¤Ò ¨§ n-° ¸É ¤¨¨
¢ ¢ÒÌµ¤´µ° ± ´ ² (¢Ò²¥É ´Ê±²µ´ ) ¶·¨ ∆n = +2 (a, ¡), ∆n = 0 (¢, £), ∆n = −2 (¤)

Γ↓
n(E, J) µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ´µÏ¥´¨Ö³¨ [7Ä9]

Γ↑(∆n)
n,b (E, εb, �b, s

′, J) =

= 2π〈|V (∆n)(n, E, εb, �b, s
′, J)|2〉ωB(∆n)

f,b (p, h, U), (85a)

Γ↓
n(E, J) = 2π〈|V (n, E, J)|2〉ωB+(p, h, E), (85¡)

£¤¥ ω
B(∆n)
f,b (p, h, U) Å ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ-

´¨° ±µ´¥Î´µ£µ Ö¤·  ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö U , ¤µ¸ÉÊ¶´ÒÌ ¶·¨ ¶¥·¥Ìµ¤¥
¢ ¢ÒÌµ¤´µ° ± ´ ² (¢Ò²¥É ¢Éµ·¨Î´µ° Î ¸É¨ÍÒ b) ¸ ∆n = 0,±2 (·¨¸. 16);
ωB+(p, h, E) Å ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ-
³¥¦ÊÉµÎ´µ£µ Ö¤·  ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö E, ¤µ¸ÉÊ¶´ÒÌ ¶·¨ ¢´ÊÉ·¨Ö¤¥·-
´µ³ ¶¥·¥Ìµ¤¥ ¸ ∆n = +2 (¸³. ·¨¸. 15, a, ¡); 〈|V (∆n)(n, E, εb, �b, s

′, J)|2〉,
〈|V (n, E, J)|2〉 Å ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ±¢ ¤· ÉÒ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ¤¢ÊÌÎ -
¸É¨Î´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, Ê¸·¥¤´¥´´Ò¥ ¶µ ´ Î ²Ó´Ò³ ¸¶¨´µ¢Ò³
±µ´Ë¨£Ê· Í¨Ö³ (n) ¨ ¶·µ¸Ê³³¨·µ¢ ´´Ò¥ ¶µ ±µ´¥Î´Ò³ (n±∆n, ∆n = 0,±2) ¸
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¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸¶¨´µ¢Ò³¨ ËÊ´±Í¨Ö³¨ · ¸¶·¥¤¥²¥´¨Ö {R(n, E, J)}
(c³. (72¡)).

�·µ¤¥³µ´¸É·¨·Ê¥³ ¢Ò¢µ¤ Ëµ·³Ê²Ò ¤²Ö ωB+
f,N (p, h, U) (µ¤´µ±µ³¶µ´¥´É´ Ö

Ë¥·³¨-¸¨¸É¥³ ; ¡¥§ ÊÎ¥É  ¶·¨´Í¨¶  � Ê²¨ ¨ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö).
‚¢¥¤¥³ W p−a,h−b

ph (U) Å ¢¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ ¢ ¶·µÍ¥¸¸¥ ¤¢ÊÌÎ ¸É¨Î´µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö (∆n = 0,±2) ¢ ¶·µ³¥¦ÊÉµÎ´µ³ Ö¤·¥ (ph-¸µ¸ÉµÖ´¨¥) ´¥¢§ ¨-
³µ¤¥°¸É¢ÊÕÐ¨° Ô±¸¨Éµ´´Ò° ±µ· ¢ (p − a)(h − b)-¸µ¸ÉµÖ´¨¨ ¨³¥¥É Ô´¥·£¨Õ
U ′ ≤ U [7]:

W p−a,h−b
ph (U) =

1
p!h!ωB(p, h, E)

U∫
0

dU ′
S0∫
0

du1 · · · dup ×

×
F∫

0

du′
1 · · · du′

h

[
p∏

i=1

ωB(1, 0, ui)

]
 h∏

j=1

ωB(0, 1, u′
j)


×

× δ


U ′ −

p−a∑
i=1

ui −
h−b∑
j=1

u′
j


 δ


E −

p∑
i=p−a+1

ui −
h∑

j=h−b+1

u′
j − U ′


 , (86a)

£¤¥

ωB(1, 0, u) ≡ ωB(1, 0, e = F + u) =

{
g, e ≤ S0,

0, e′ > F,

ωB(0, 1, u′) ≡ ωB(0, 1, e′ = F − u′) =

{
g, e′ ≤ F,

0, e′ > F.

(86¡)

�·¨ ÔÉµ³ ¢¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨° Ô±¸¨Éµ´´Ò° ±µ· ¨³¥¥É
Ô´¥·£¨Õ U , µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³

P p−a,h−b
ph (U) =

d

dU ′ W
p−a,h−b
ph (U ′)|U ′=U . (87)

‚±² ¤ £· Ë¨± , ¨§µ¡· ¦¥´´µ£µ ´  ·¨¸. 16, a, ¢ ωB+
f,N (p, h, U) µ¶·¥¤¥²Ö¥É¸Ö ¨´-

É¥£· ²µ³ µÉ ¶·µ¨§¢¥¤¥´¨Ö É·¥Ì ¸µ³´µ¦¨É¥²¥°: Î¨¸²  ¢µ§³µ¦´ÒÌ ¤¢ÊÌÎ ¸É¨Î-
´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¸ ∆n = +2 ¢ ph-c¨¸É¥³¥, · ¢´µ£µ p; ¶²µÉ´µ¸É¨ ¸¢Ö§ ´-
´ÒÌ ¸µ¸ÉµÖ´¨° ·µ¦¤¥´´µ° 1p1h-¶ ·Ò ¸ Ô´¥·£¨¥° t ωB(1, 1, t) ¨ ¢¥·µÖÉ´µ¸É¨
P p−1,h

ph (U−t) Éµ£µ, ÎÉµ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨° Ô±¸¨Éµ´´Ò° ±µ· ¨³¥¥É Ô´¥·£¨Õ
U − t. �·¨ ÔÉµ³

W p−1,h
ph (U) =

1
ωB(p, h, E)p

U∫
0

dU ′ωB(1, 0, U ′)ωB(p − 1, h, U ′) (88a)
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¨ ¸µ£² ¸´µ (87)

P p−1,h
ph (U − t) =

d

dU ′ W
p−1,h
ph (U ′)|U ′=U−t =

=
ωB(1, 0, E − U + t)ωB(p − 1, h, U − t)

pωB(p, h, E)
. (88¡)

ˆ¸¶µ²Ó§ÊÖ (88¡), ¤²Ö ¢±² ¤  £· Ë¨±  ·¨¸. 16,   ¢ ωB+
f,N(p, h, U) ´ Ìµ¤¨³

ωB+
f,N(a)(p, h, U) = p

U∫
0

dtωB(1, 1, t)P p−1,h
ph (U − t) =

1
ωB(p, h, E)

×

×
U∫

0

dE1ω
B(p − 1, h, E1)ωB(1, 0, E − E1)ωB(1, 1, U − E1). (88¢)

�´ ²µ£¨Î´µ ¤²Ö £· Ë¨±  ·¨¸. 16, ¡ ¨³¥¥³

ωB+
f,N(¡)(p, h, U) = h

U∫
0

dtωB(0, 2, t)P p,h−1
ph (U − t) =

1
ωB(p, h, E)

×

×
U∫

0

dE′
1ω

B(p, h − 1, E′
1)ω

B(0, 1, E − E′
1)ω

B(0, 2, U − E′
1). (88£)

�²µÉ´µ¸ÉÓ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° ωB+
f,N(U) ¶·¨ ∆n = +2 (¢±² ¤Ò

£· Ë¨±µ¢ ·¨¸. 16, a, ¡) µ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

ωB+
f,N =

1
ωB(p, h, E)

×

×




U∫
0

dE1ω
B(p − 1, h, E1)ωB(1, 0, E − E1)ωB(1, 1, U − E1)+

+

U∫
0

dE′
1ω

B(p, h − 1, E′
1)ω

B(0, 1, E − E′
1)ω

B(0, 2, U − E′
1)


 . (89)

‘µµÉ¢¥É¸É¢¥´´µ ¤²Ö ωB0
f,N(p, h, E) ¶·¨ ∆n = 0 (¢±² ¤ £· Ë¨±µ¢ ·¨¸. 16, ¢, £)

ωB−
f,N (p, h, E) ¶·¨ ∆n = −2 (¢±² ¤ £· Ë¨±µ¢ ·¨¸. 16, ¤) ¨ ωB+(p, h, E)
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(∆n = +2) (¢±² ¤ £· Ë¨±µ¢ ·¨¸. 15, a, ¡) ¨³¥¥³

ωB0
f,N (p, h, E) =

1
2
p(p− 1)

1
ωB(p, h, E)

U∫
0

dE1ω
B(1, 0, U −E1)P

p−2,h
ph (E1)+

+ ph
1

ωB(p, h, E)

U∫
0

dE′
1ω

B(0, 1, U − E′
1)P

p−1,h−1
ph (E′

1) =

=
1

ωB(p, h, E)




U∫
0

dE1ω
B(p − 2, h, E1)ωB(2, 0, E − E1)ωB(1, 0, U − E1)+

+

U∫
0

dE′
1ω

B(p − 1, h − 1, E′
1)ω

B(1, 1, E − E′
1)ω

B(0, 1, U − E′
1)


 ; (90)

ωB−
f,N (p, h, U) =

1
2
hp(p − 1)P p−2,h−1

ph (U) =

=
ωB(2, 1, E − U)ωB(p − 2, h − 1, U)

ωB(p, h, E)
; (91)

ωB+(p, h, E) = p

E∫
0

dE1ω
B(2, 1, E1)P

p−1,h
ph (E − E1) +

+ h

E∫
0

dE′
1ω

B(1, 2, E′
1)P

p,h−1
ph (E − E′

1) =

=
1

ωB(p, h, E)




E∫
0

dE1ω
B(2, 1, E1)ωB(1, 0, E1)ωB(p − 1, h, E − E1)+

+

E∫
0

dE′
1ω

B(1, 2, E′
1)ω

B(0, 1, E′
1)ω

B(p, h − 1, E − E′
1)


 . (92)

‚ (89)Ä(92) ¶²µÉ´µ¸É¨ {ωB(p, h, E)} ¢ µ¡Ð¥³ ¸²ÊÎ ¥ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶µ Ëµ·-
³Ê² ³ (24¡) ²¨¡µ (28) (¡¥§ ÊÎ¥É  ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö) ¨²¨ (35) ²¨¡µ (36) (¸
ÊÎ¥Éµ³ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö). �·¨ ¢ÒÎ¨¸²¥´¨ÖÌ {ωB(p, h, E)} ¶µ Ëµ·³Ê²e
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(24¡) ¤²Ö F = ∞, S0 = ∞ ¶·¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° µÍ¥´±¥ ¨´É¥£· ²µ¢ ¢ (89)Ä

(92) ¢ [40] ¶µ²ÊÎ¥´Ò  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ω
(∆n)
f,N (p, h, U) (´¨¦¥ ¶·¨-

¢¥¤¥´Ò · ¸Î¥É´Ò¥ Ëµ·³Ê²Ò ¤²Ö ´ ¨¡µ²¥¥ ¢ ¦´ÒÌ ¶¥·¥Ìµ¤µ¢ ∆n = 0, +2):

ω+
f,N (p, h, U) = (p + h)

1
n

g2(E − Ap,h)
(

U − Ap,h+1

E − Ap,h

)n

, (93a)

ω0
f,N (p, h, U) =

(
p(p − 1)

2
+ ph

)
g

(
U − Ap−1,h

E − Ap,h

)n−2

, (93¡)

ω+(p, h, E) =
g3(E − Ap+1,h+1)

2(n + 1)
. (93¢)

CµµÉ¢¥É¸É¢ÊÕÐ¨¥  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ω
B(∆n)
f,N (p, h, U), ∆n = 0,±2

¨ ωB+(p, h, E) ¶·¨¢¥¤¥´Ò ¶·¨ F = ∞; S0 = B; Ap,h = 0 ¢ [41] ¨ F<∞;

S0 = B; Ap,h = 0 ¢ [18]. �·¨³¥·Ò · ¸Î¥Éµ¢ ω
B(∆n)
f,N (p, h, U) ¨ ω

(∆n)
f,N (p, h, U)

¢ ‘ŒŠ� (Ö¤·µ 93Nb) [41] ¶·¨ E = 25 ŒÔ‚; n = 3(2p1h), n = 5(3p2h), n =
7(4p3h); ∆n = 0,±2; F = ∞; B = 8, 8 ŒÔ‚, ∞; Ap,h = 0 ¶·¨¢¥¤¥´Ò

´  ·¨¸. 17, 18. �·¨³¥·Ò · ¸Î¥Éµ¢ ω
B(∆n)
f,N (p, h, U) [18] ¶·¨ E = 25 ŒÔ‚;

�¨¸. 17. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤·  ¢ ‘ŒŠ�
(93Nb(N, N ′)) ¶·¨ ∆n = +2 (∆k = +1) [41]: ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å ω+

f,N (p, h, U) ≡
EY k+1

k (U) ¶·¨ F = ∞, S0 = B = ∞; ¸¶²µÏ´ Ö Å ωB+
f,N (p, h, U) ≡ BY k+1

k (U) ¶·¨

F = ∞, S0 = B = 8, 8 ŒÔ‚ ¤²Ö E = 25 ŒÔ‚, g = 7, 1 ŒÔ‚−1

�¨¸. 18. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤·  ¢
‘ŒŠ� (93Nb(N, N ′)) ¶·¨ ∆n = 0,−2 (∆k = 0,−1) [41]: ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å
ω0

f,N (p, h, U) ≡ EY k
k (U), ω−

f,N (p, h, U) ≡ EY k−1
k ¶·¨ F = ∞, S0 = B = 8, 8 ŒÔ‚

¤²Ö E = 25 ŒÔ‚, g = 7, 1 ŒÔ‚−1
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�¨¸. 19. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ
Ö¤·  ¶·¨ ∆k = 0,−1 ¢ ‘ŒŠ� (k = 1 − 4) [18]. ωB0

f,N (p, h, U) ≡ Y k
k (U),

ωB−
f,N (p, h, U) ≡ Y k−1

k (U): ¸¶²µÏ´ Ö ±·¨¢ Ö Å F> E, F = 32 ŒÔ‚; ÏÉ·¨Ìµ¢ Ö Å

F < E, F = 20 ŒÔ‚ (¤²Ö E = 25 ŒÔ‚, g = 8 ŒÔ‚−1, S0 = B = 8 ŒÔ‚)

�¨¸. 20. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ
Ö¤·  ¶·¨ ∆k = +1 ¢ ‘ŒŠ� [18]: ¸¶²µÏ´ Ö ±·¨¢ Ö Å ωB+

f,N (p, h, U) ≡ Y k+1
k (U),

F > E; ÏÉ·¨Ìµ¢ Ö Å ωB+
f,N(p, h, U) ≡ Y k+1

k , F < E (¤·Ê£¨¥ µ¡µ§´ Î¥´¨Ö ¸³. ·¨¸. 19)

�¨¸. 21. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö-
§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  ¢ ‘ŒŠ� (∆k =
+1, k = 1 − 3) [18]: ¸¶²µÏ´ Ö ±·¨-
¢ Ö Å ωB+(p, h, E) ≡ Y k+1↓

k (E), F =
32 ŒÔ‚; ÉµÎ¥Î´ Ö Å ωB+(p, h, E) ≡
Y k+1↓

k (E), F = ∞ (¤²Ö g = 8 ŒÔ‚−1,
S0 = B = 8 ŒÔ‚)
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�¨¸. 22. ƒ· Ë¨±¨, µ¶¨¸Ò¢ ÕÐ¨¥ ‘ŒŠ� ¨ ¤ ÕÐ¨¥ ¢±² ¤Ò ¢ ¶¥·¥Ìµ¤Ò ¨§ ¸¢Ö§ ´´ÒÌ
¶·µ³¥¦ÊÉµÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¸ n Ô±¸¨Éµ´ ³¨ ¢ ¢ÒÌµ¤´µ° ± ´ ² (¢Ò²¥É γ-±¢ ´É ) ¶·¨
∆n = 0 (a) ¨ ∆n = −2 (¡)

n = 3(2p1h), n = 5(3p2h), n = 7(4p3h); ∆n = 0,±2; F = 20; 32 ŒÔ‚;
S0 = B = 8 ŒÔ‚; Ap,h = 0; g = 8 ŒÔ‚−1 ¶·¨¢¥¤¥´Ò ´  ·¨¸. 19, 20 ¨
ωB+(p, h, E) [18] ¶·¨ F = 32 ŒÔ‚; B = 8 ŒÔ‚; g = 8 ŒÔ‚−1 ´  ·¨¸. 21.

�²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î-

´µ£µ Ö¤·  ¢ ¸²ÊÎ ¥ Ô³¨¸¸¨¨ γ-±¢ ´É  ω
B(∆n)
f,γ (p, h, U) c ∆n = 0,−2 µ¶·¥¤¥-

²ÖÕÉ¸Ö £· Ë¨± ³¨, ¶·¨¢¥¤¥´´Ò³¨ ´  ·¨¸. 22. ‚±² ¤Ò £· Ë¨±µ¢ ·¨¸. 22, a ¢
¶²µÉ´µ¸ÉÓ ωB0

f,γ(p, h, U)(∆n = 0) µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ´µÏ¥´¨¥³

ωB0
f,γ(p, h, U) = p

U∫
0

dE1ω
B(1, 0, U − E1)P

p−1,h
ph (E1) +

+ h

U∫
0

dE′
1ω

B(0, 1, U − E′
1)P

p,h−1
ph (E′

1) =

=
1

ωB(p, h, E)




U∫
0

dE1ω
B(p − 1, h, E1)ωB(1, 0, U − E1)ωB(1, 0, E − E1)+

+

U∫
0

dE′
1ω

B(p, h − 1, E′
1)ω

B(0, 1, U − E′
1)ω

B(0, 1, E − E′
1)


 . (94a)

‚±² ¤ £· Ë¨±  ·¨¸. 22, ¡ ¢ ¶²µÉ´µ¸ÉÓ ωB−
f,γ (p, h, U)(∆n = −2) µ¶·¥¤¥²Ö¥É¸Ö

¸µµÉ´µÏ¥´¨¥³

ωB−
f,γ (p, h, U) = phP p−1,h−1

ph (U) =

=
ωB(p − 1, h − 1, U)ωB(1, 1, E − U)

ωB(p, h, E)
. (94¡)
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�·¨ F = ∞, S0 = B · ¸Î¥É´ Ö Ëµ·³Ê²  (94a) ¨³¥¥É ¢¨¤ [42]

ωB0
f,γ(p, h, U) =

1
ωB(p, h, E)

{
g2

n − 1
[ωB(p − 1, h, U)−

−ωB(p − 1, h, E − B)] +
g2

n − 1
ωB(p, h − 1, U)

}
. (95)

�²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ
Ö¤·  ¢ ‘ŒŠ� ¢ ¸²ÊÎ ¥ Ô³¨¸¸¨¨ ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b = d, t, 3He, α
ω

B(∆n)
f,b (p, h, U) c ∆n = 0,±2 µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ £· Ë¨± ³¨

( ´ ²µ£¨Î´µ £· Ë¨± ³ ·¨¸. 16). ’ ±, ´ ¶·¨³¥·, ωB+
f,b (p, h, U) (∆n = +2)

µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ (Ëµ·³¨·µ¢ ´¨¥ ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b ¨§ b ¢µ§¡Ê-
¦¤¥´´ÒÌ Î ¸É¨Í (³¥Ì ´¨§³ ±µ ²¥¸Í¥´Í¨¨))

ωB+
f,b (p, h, U) = Cb

p

U∫
0

dtωB(1, 1, t)P p−b,h
ph (U − t) +

+ Cb−1
p C1

h

U∫
0

dtωB(0, 2, t)P p−b+1,h−1
ph (U − t) =

1
ωB(p, h, E)

×

×
{ U∫

0

dE1ω
B(p − b, h, E1)ωB(b, 0, E − E1)ωB(1, 1, U − E1) +

+

U∫
0

dE′
1ω

B(p − b + 1, h− 1, E′
1) ×

× ωB(b − 1, 1, E − E′
1)ω

B(0, 2, U − E′
1)

}
. (96)

�·¨ ÊÎ¥É¥ ³¥Ì ´¨§³  m-¶µ¤Ì¢ É  Å Ëµ·³¨·µ¢ ´¨¥ ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b
¨§ � ¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Í (� > F ) ¨ m ´Ê±²µ´µ¢ ´¨¦¥ Ê·µ¢´Ö ”¥·³¨
(m < F ) [39] Å ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¶²µÉ´µ¸ÉÓ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB+

f,� (p, h, U) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (96) ¸ § ³¥´µ°

b → � [9]. ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ωB0−
f,� (p, h, U) ¶·¨¢¥¤¥´Ò ¢ [9].

‚ ¦´µ° µ¸µ¡¥´´µ¸ÉÓÕ ‘ŒŠ� [7] Ö¢²Ö¥É¸Ö ¨¸¶µ²Ó§µ¢ ´¨¥ ¢ µÉ²¨Î¨¥ µÉ �Œ
¤²Ö · ¢´µ¢¥¸´µ° ¸É ¤¨¨ (r) c Î¨¸² ³¨ Ô±¸¨Éµ´µ¢ n ≥ n̄, £¤¥ n̄ Å ´ ¨¡µ²¥¥
¢¥·µÖÉ´µ¥ §´ Î¥´¨¥ Î¨¸²  Ô±¸¨Éµ´µ¢ ¶·¨ ¤µ¸É¨¦¥´¨¨ · ¢´µ¢¥¸´µ£µ ¸µ¸ÉµÖ´¨Ö
n̄ = 1, 09

√
gE [15], ¸µµÉ´µÏ¥´¨Ö Γn(E, J) = Γ↑

n(E, J) ¤²Ö n ≥ n̄. �·¨ ÔÉµ³
¢±² ¤Ò ¢¸¥Ì ¸É ¤¨° ¸ n < n̄ ¢ ‘ŒŠ� µ¶·¥¤¥²ÖÕÉ ´¥· ¢´µ¢¥¸´ÊÕ Ô³¨¸¸¨Õ
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¢Éµ·¨Î´ÒÌ Î ¸É¨Í. � ·Í¨ ²Ó´ Ö · ¸¶ ¤´ Ö Ï¨·¨´  Γ↑
r(E, J) (· ¢´µ¢¥¸´ Ö

Ô³¨¸¸¨Ö) ¢ ‘ŒŠ� µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ (¸³. (85¡))

Γ↑
r,b(E, εb, �b, s

′, J) =

=
∞∑

n=n̄

∑
∆n

XnJΓ↑(∆n)
n (E, εb, �b, s

′, J)ωB(∆n)
f,b (p, h, U), (97)

�¨¸. 23. �µ²´ Ö · ¸¶ ¤´ Ö Ï¨·¨´  (r-¸É -
¤¨Ö) ¤²Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥· 60Co (E =
21, 3 ŒÔ‚), 94Nb (E = 21, 1 ŒÔ‚) ¨ 182Ta
(E = 20, 0 ŒÔ‚) [43]: ¸¶²µÏ´ Ö ±·¨¢ Ö Å
· ¸Î¥ÉÒ ¢ ‘ŒŠ� (r-¸É ¤¨Ö); ÏÉ·¨Ì¶Ê´±-
É¨·´ Ö Å · ¸Î¥ÉÒ ¶µ Ëµ·³Ê²¥ •” (¨¸¶ -
·¥´¨¥)

£¤¥

XnJ =
ωB(p, h, E, J)

∞∑
n=n̄

ωB(p, h, E, J)
. (98)

”µ·³Ê²  (97) ¤²Ö · ¢´µ¢¥¸´µ°
¸É ¤¨¨ (r) Ô±¢¨¢ ²¥´É´  Ëµ·³Ê²¥
• Ê§¥· Ä”¥Ï¡ Ì  (•”) [43]. �µ¤-
É¢¥·¦¤¥´¨¥³ ÔÉµ£µ Ö¢²ÖÕÉ¸Ö ¶·¨-
³¥·Ò · ¸Î¥Éµ¢ ¢ [42] ¶µ²´ÒÌ ¶ ·-
Í¨ ²Ó´ÒÌ Ï¨·¨´ Γ↑

r(E, J) (r Å
· ¢´µ¢¥¸´ Ö ¸É ¤¨Ö) ¨ Γ↑(E, J)
(¶µ Ëµ·³Ê²¥ •” (¨¸¶ ·¥´¨¥))
¤²Ö Ö¤¥· 60Co, 94Nb ¨ 182Ta
(¸³. ·¨¸. 23).

‚ ‘Œ�� [7] ¶·¥¤¶µ² £ ¥É¸Ö,
ÎÉµ ¡Ò¸É· Ö (²¨¤¨·ÊÕÐ Ö) ¶·µ³¥-
¦ÊÉµÎ´ Ö Î ¸É¨Í  (´Ê±²µ´) ¢ ±µ´-
É¨´ÊÊ³¥ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸µ ¸¢Ö§ ´-
´Ò³ ´Ê±²µ´µ³ Ö¤·  ¸ ·µ¦¤¥´¨¥³
1p1h-¶ ·Ò (¶¥·¥Ìµ¤ n − 2 → n(k −
1 → k)), ¶·¨ ÔÉµ³ ¶²µÉ´µ¸ÉÓ ¤µ-
¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° µ¸É -
ÉµÎ´µ£µ Ö¤·  (k-Ö ¸É ¤¨Ö) ¶·¨´¨³ -
¥É¸Ö · ¢´µ°

ωBf (n, n, Un) = ωB(1, 1, Ek−1 − Ek). (99)

‚ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸Ì¥³µ° ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ³¥Ì ´¨§³  ‘Œ�� Ô´¥·£¥É¨Î¥-
¸±¨ Ê¸·¥¤´¥´´µ¥ ±‘��-¸¥Î¥´¨¥ Ö¤¥·´µ° ·¥ ±Í¨¨ A(a, b)B (m-¶µ¤Ì¢ É) µ¶·¥-
¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ [7, 9]
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d2σ±‘��
ab (εa, εb)
dεbdΩb

= ωBf
k(�)(U)

∑
J,J1,... ,Jk

(2J1 + 1)R(2, J1) · · ·

· · · (2Jk + 1)R(2, Jk)
〈

dσ±‘��
ab (εa, εb, J1, . . . , Jk, J)

dΩb

〉
, (100)

£¤¥ ωBf
k(�)(U) Å ¶²µÉ´µ¸ÉÓ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸Éµ-

Ö´¨° ±µ´¥Î´µ£µ Ö¤·  ¶·¨ ¶¥·¥Ìµ¤¥ ∆n = +2 ¢ ¢ÒÌµ¤´µ° ± ´ ² ¸ Ëµ·³¨-
·µ¢ ´¨¥³ ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b ¨§ ¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Í (� > F ) ¨ m ´Ê-
±²µ´µ¢ ´¨¦¥ Ê·µ¢´Ö ”¥·³¨ (m-¶µ¤Ì¢ É). ‚ Î ¸É´µ¸É¨, ¤²Ö ·¥ ±Í¨¨ (N, b)
(m-¶µ¤Ì¢ É, ´ Î ²Ó´ Ö ±µ´Ë¨£Ê· Í¨Ö 2p1h) ωBf

k(�)(U) µ¶·¥¤¥²ÖÕÉ¸Ö ¢Ò· ¦¥-
´¨Ö³¨

ωBf
1(�)(U) =

{
ωB(2 − �, 1, U), � = 1, 2,

0, � > 2,

ωBf
2(1)(U) =

U∫
0

dE1ω
B(1, 1, U − E1)ωB(1, 1, E1),

ωBf
2(2)(U) =

U∫
0

dE1ω
B(1, 1, U − E1)ωB(0, 1, E1) + (101)

+

U∫
0

dE1ω
B(0, 1, U − E1)ωB(1, 1, E1),

ωBf
2(3)(U) =

U∫
0

dE1ω
B(0, 1, U − E1)ωB(0, 1, E1).

�´ ²µ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ ¤²Ö k = 3 (� = 1, 2, 3) ¨ É. ¤.
�  ·¨¸. 24 ¶·¨¢¥¤¥´Ò ¶·¨³¥·Ò · ¸Î¥Éµ¢ ωBf

k(�)(U) ¢ ‘Œ�� ¤²Ö ·¥ ±Í¨¨ § -

Ì¢ É  ³¥¤²¥´´ÒÌ π−-³¥§µ´µ¢ Ö¤·µ³ 59Co (´ Î ²Ó´ Ö ±µ´Ë¨£Ê· Í¨Ö 2p2h) ¸
¨¸¶Ê¸± ´¨¥³ ¶·µÉµ´  (·¨¸. 24, a) ¨ ¤¥°É·µ´  (·¨¸. 24, ¡).

2.3. �²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (¤¢ÊÌ±µ³¶µ-
´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ). „²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò (¶·µÉµ´Ò
(π) ¨ ´¥°É·µ´Ò (ν)) ¶²µÉ´µ¸É¨

ω
B(∆n)
f,� (pπ, hπ, pν , hν , U)

¢ ‘ŒŠ� ¢ ¸²ÊÎ ¥ Ô³¨¸¸¨¨ ¸µ¸É ¢´µ° Î ¸É¨ÍÒ b (m-¶µ¤Ì¢ É) µ¶·¥¤¥-
²ÖÕÉ¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ £· Ë¨± ³¨ ¢ (π, ν)-¶·¥¤¸É ¢²¥´¨¨ ( ´ ²µ£¨Î-
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�¨¸. 24. �²µÉ´µ¸É¨ ωBf
k(�)(U) ¢ ‘Œ�� ¤²Ö ·¥ ±Í¨° 59Co(π−, p) (a) ¨ 59Co(π−, d) (¡):

a) ¶·¨ (k, �) = (1, 1); (2, 1); (3, 1) (±·¨¢Ò¥ 1Ä3 ¸µµÉ¢¥É¸É¢¥´´µ); ¡) ¶·¨ (k, �) = (1, 1);
(2, 1); (3, 1); (1, 2); (2, 2); (3, 2) (±·¨¢Ò¥ 1Ä6 ¸µµÉ¢¥É¸É¢¥´´µ) (¤²Ö g = A/13 ŒÔ‚−1,
F = 40 ŒÔ‚, S0 = 15 ŒÔ‚)

´Ò³¨ ¶µ ¸É·Ê±ÉÊ·¥ £· Ë¨± ³ ·¨¸. 16). „²Ö ± ¦¤µ£µ £· Ë¨±  ¢ (π, ν)-¶·¥¤¸É ¢-
²¥´¨¨ ¢ÒÎ¨¸²Ö¥É¸Ö (¢ ¶·¨¡²¨¦¥´¨¨ Vππ = Vπν ) ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¶²µÉ´µ¸ÉÓ

ω
B(∆n)
f,� (pπ , hπ, pν , hν , U), ¶·¨ ÔÉµ³ ± ¦¤µ³Ê £· Ë¨±Ê ¸µµÉ¢¥É¸É¢Ê¥É µ¶·¥¤¥-

²¥´´Ò° Ë ±Éµ· Ëµ·³¨·µ¢ ´¨Ö (m = mπ + mν-¶µ¤Ì¢ É) ¸µ¸É ¢´µ° Î ¸É¨ÍÒ
b = Zb + Nb F b(�π, �ν , mπ, mν , εb), ¶·¨Î¥³ �π + mπ = Zb, �ν + mν = Nb.

�´ ²µ£¨Î´µ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸Ì¥³µ° ‘Œ�� (m-¶µ¤Ì¢ É) ± ¦¤µ³Ê £· -
Ë¨±Ê ¢ (π, ν)-¶·¥¤¸É ¢²¥´¨¨ ¸µµÉ¢¥É¸É¢Ê¥É ¶²µÉ´µ¸ÉÓ ωBf

k(�)(pπ, hπ, pν , hν , U),
µ¶·¥¤¥²Ö¥³ Ö Ëµ·³Ê²µ° É¨¶  (101) ¶·¨ ÊÎ¥É¥ · §¤¥²¥´¨Ö ´  ¶·µÉµ´Ò (π) ¨
´¥°É·µ´Ò (ν) c § ³¥´µ° ωB(1, 1, E1) ´  ¤¢ÊÌ±µ³¶µ´¥´É´ÊÕ ¶²µÉ´µ¸ÉÓ 1p1h-
¸µ¸ÉµÖ´¨° ωB(pπ, hπ, pν , hν , E1) ¢ ± ¦¤µ° ¢¥·Ï¨´¥ ¢§ ¨³µ¤¥°¸É¢¨Ö (Vπν =
Vνπ ¨²¨ Vππ=Vνν).

‚ �Œ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸Ì¥³µ° ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ¶·µÍ¥¸¸  (¸ ∆nπ =
+2 ¨ ∆nν = +2) ¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ
¸µ¸ÉµÖ´¨° µ¶·¥¤¥²ÖÕÉ¸Ö ¢Ò· ¦¥´¨¥³ (16), ¢¥·µÖÉ´µ¸ÉÓ ¢´ÊÉ·¨Ö¤¥·´µ£µ ¶¥·¥-
Ìµ¤  (∆nπ = +2) ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¤²Ö ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò
(gπ = gν = g/2) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (¶·¨ Vπν 	=Vππ)

λ+
π (pπ, hπ, pν , hν , E) =

2π

�

g3(E − Apπ ,hπ,pν ,hν )2

8n(n + 1)
×

×
[
〈|Vππ(E)|2〉nπ

2
+ 〈|Vπν |2〉nν

]
. (102)

�´ ²µ£¨Î´µ¥ ¢Ò· ¦¥´¨¥ ¶µ²ÊÎ ¥³ ¤²Ö λ+
ν (pπ, hπ, pν , hν , E) c ∆nν = +2 ¸

§ ³¥´µ° ¢ (102) Vππ → Vνν , nπ → nν . �·¨ Vππ = Vπν = V



952 †ˆ‚��ˆ‘–…‚ ”. �., •“��‹‘“• ‘.

λ+(pπ, hπ, pν , hν , E) = λ+
π (pπ, hπ, pν , hν , E) + λ+

ν (pπ, hπ, pν , hν , E) =

=
2π

�
〈|V (E)|2〉ω+(pπ, hπ, pν , hν , E), (103a)

£¤¥

ω+(pπ, hπ, pν , hν , E) =
3
8

g3(E − Apπ,hπ,pν ,hν )2

2(n + 1)
. (103¡)

‚¥·µÖÉ´µ¸ÉÓ ¢Ò²¥É  ¶·µÉµ´  (π) ¢ �Œ (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ )
µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (¸³. (84))

λπ(pπ, hπ, pν , hν , E, επ) =

=
(2sπ + 1)

π2�3
επσinv(επ)

ω(pπ − 1, hπ, pν , hν , U)
ω(pπ, hπ, pν , hν , E)

. (104)

�´ ²µ£¨Î´µ¥ ¢Ò· ¦¥´¨¥ ¨³¥¥³ ¤²Ö ¢Ò²¥É  ´¥°É·µ´  (ν) λν(pπ, hπ, pν , hν , E,
εν) ¸ § ³¥´µ° ¢ (104) επ → εν , sπ → sν , pπ − 1 → pπ, pν → pν − 1.

„¢ÊÌ±µ³¶µ´¥´É´ Ö ¢¥·µÖÉ´µ¸ÉÓ ¢Ò²¥É  ¶·µÉµ´  (´¥°É·µ´ ) λπ(ν)(pπ, hπ,
pν , hν , E, επ(ν)) (104) ¸¢µ¤¨É¸Ö ± ÔËË¥±É¨¢´µ° µ¤´µ±µ³¶µ´¥´É´µ° ¢¥·µÖÉ´µ-
¸É¨ ¢Ò²¥É  ¶·µÉµ´  (´¥°É·µ´ ) [44, 45] (ÎÉµ §´ Î¨É¥²Ó´µ Ê¶·µÐ ¥É ¢ÒÎ¨¸-
²¥´¨Ö):

λπ(ν)(p, h, E, επ(ν)) =

=
(2sπ(ν) + 1)

π2�3
επ(ν)σinv(επ(ν))Kπ(ν)(p, h)

ω(p − 1, h, U)
ω(p, h, E)

, (105)

£¤¥ Kπ(ν)(p, h), ´ ¶·¨³¥·, ¤²Ö ·¥ ±Í¨¨ (p, N), N = n(≡ ν), p′(≡ π), µ¶·¥¤¥-
²ÖÕÉ¸Ö ¸µµÉ´µÏ¥´¨Ö³¨

Kπ(2, 1) = {(ω(1, 1, 0, 0, U)+ω(0, 0, 1, 1, U))/(ω(2, 1, 0, 0, E)+
+ ω(1, 0, 1, 1, E))}/(ω(1, 1, U)/ω(2, 1, E));

Kν(2, 1) = {(ω(1, 0, 0, 1,U) + ω(0, 0, 1, 1, U))/(ω(2, 1, 0, 0, E) +
+ ω(1, 0, 1, 1, E))}/(ω(1, 1, U)/ω(2, 1, E)); (106)

Kπ(3, 2) = {(ω(2, 2, 0, 0, U) + ω(1, 1, 1, 1, U) +
+ω(0, 0, 2, 2, U))/(ω(3, 2, 0, 0, E) + ω(2, 1, 1, 1, E) +

+ ω(1, 0, 2, 2, E))}/(ω(2, 2, U)/ω(3, 2, E))

¨ É. ¤. �·¨ gπ = gν = g/2, Ap,h = 0 ¨§ (106) ¶µ²ÊÎ¨³ Kπ(2, 1) = 1, 333;
Kν(2, 1) = 0, 667; Kπ(3, 2) = 1, 2 ¨ É. ¤., ¶·¨Î¥³ Kπ(p, h) + Kν(p, h) = 2. ‚
· ³± Ì ¤ ´´µ£µ ¶µ¤Ìµ¤  ¢ �Œ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ Ë ±Éµ·Ò Kb(p, h) (Ô³¨¸¸¨Ö
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¸µ¸É ¢´µ° Î ¸É¨ÍÒ b (¸³. (84)). �µ¤µ¡´Ò° Ë ±Éµ· Rb(p) ¡Ò² ¶·¥¤²µ¦¥´ ¢
· ³± Ì ±µ³¡¨´ Éµ·´µ£µ ³¥Éµ¤  ¢ [46], ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ³µ¤¨Ë¨Í¨·µ¢ ´-
´Ò° Ë ±Éµ· Qb(p) ¢ [47]:

Qb(p) =
(

A

Z

)Zb
(

A

N

)Nb Zb!Nb!
b!

Rb(p), (107)

¶·¨ ÔÉµ³ ÔËË¥±É¨¢´ Ö µ¤´µ±µ³¶µ´¥´É´ Ö ¢¥·µÖÉ´µ¸ÉÓ ¢Ò²¥É  ¸µ¸É ¢´µ° Î -
¸É¨ÍÒ b ¨³¥¥É ¢¨¤

λb(p, h, E, εb) =
2sb + 1
π2�3

µbεbσinv(εb)Qb(p)
ω(p − b, h, U)

ω(p, h, E)
. (108)

‚ ‘ŒŠ� (¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ω(p, h, E) ¢Ò· ¦ ¥É¸Ö Ëµ·³Ê²µ° (16)) ¤¢ÊÌ-

±µ³¶µ´¥´É´Ò¥ ¶²µÉ´µ¸É¨ ω
(∆n)
f,N (pπ, hπ, pν , hν , U) ¢ ¸²ÊÎ ¥ Ô³¨¸¸¨¨ ´Ê±²µ´ 

(N = p(≡ π), n(≡ ν)) µ¶·¥¤¥²ÖÕÉ¸Ö ¶·¨ gπ = gν = g/2 ¢Ò· ¦¥´¨Ö³¨, ¶·¨-
¢¥¤¥´´Ò³¨ ¢ [40], ¢ Î ¸É´µ¸É¨, ¤²Ö ∆n = 0, +2, Ap,h = 0 ¨³¥¥³

ω+
f,π(pπ, hπ,pν , hν , U) =

=
{

pπz0 + pπu0 + pνz0 +
hπz0

2
+ hνz0

}
1
n

(g

2

)2

E

(
U

E

)n

,

(109)

ω0
f,π(pπ, hπ, pν , hν , U) =

{
pπ(pπ − 1)

2
+ pπhπ + pνhν + pπhν

}(g

2

)
×

×
(

U

E

)n−2 [
(n − 1) − (n − 2)

U

E

]
,

£¤¥ z0 = Z/A; u0 = N/A; pπ = Za + hπ; pν = Na + hπ; hν = h − hπ; p =
Za + Na + h; Za(Na) Å Î¨¸²µ ¶·µÉµ´µ¢ (´¥°É·µ´µ¢) ¢ ¶ ¤ ÕÐ¥° Î ¸É¨Í¥ a.

„¢ÊÌ±µ³¶µ´¥´É´ Ö ¶²µÉ´µ¸ÉÓ, ´ ¶·¨³¥· ω
(∆n)
f,π (pπ, hπ, pν , hν , U), ¸¢µ¤¨É¸Ö

± ÔËË¥±É¨¢´µ° µ¤´µ±µ³¶µ´¥´É´µ° ¶²µÉ´µ¸É¨ ω
(∆n)
f,π (p, h, U), ¥¸²¨ ¨¸¶µ²Ó§µ-

¢ ÉÓ ¶·µÍ¥¤Ê·Ê, ¶·¥¤²µ¦¥´´ÊÕ ¢ [48]:

ω
(∆n)
f,π (p, h, U) =

h∑
hπ=0

(
h

hπ

)
zhπ
0 uh−hπ

0 ω
(∆n)
f,π (pπ, hπ, pν , hν , E). (110)

�±µ´Î É¥²Ó´µ ¤²Ö ÔËË¥±É¨¢´µ° µ¤´µ±µ³¶µ´¥´É´µ° ¶²µÉ´µ¸É¨ ω
(∆n)
f,π (p, h, U),

∆n = 0, +2, ¶µ²ÊÎ¨³

ω
(+
0)

f,π (p, h, U) = A
(+

0)
f,π (p, h)ω(+

0)
f,N (p, h, U), (111a)
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£¤¥

A+
f,π(p, h) =

[
Za + (n + h − Za − 3h

2
z0)

z0

4n

]
; (111¡)

A0
f,π(p,h) =

=
[Za (n − hz0 − (1 + Za)/2) + (n − 1 + ((1 + h)/2)z0) − hz0]

2 [p (h + (p − 1)/2)]
. (111¢)

”µ·³Ê²Ò ¤²Ö ω
(∆n)
f,π(ν)(p, h, U) ¢ ‘ŒŠ� ²¥£±µ µ¡µ¡Ð ÕÉ¸Ö ´  ¸²ÊÎ ° ¢Ìµ¤´µ°

±µ´Ë¨£Ê· Í¨¨ (p0
π, h0

π, p0
ν , h0

ν) ¤²Ö ·¥ ±Í¨° (γ, N), (π−, N) ¨ (µ−, N) [49].
�¥ ²Ó´Ò¥ ¤¢ÊÌ±µ³¶µ´¥´É´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¢ · ³± Ì ‘ŒŠ� (¨²¨ �Œ) Ö¢²Ö-
ÕÉ¸Ö ´ ¨¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´Ò³¨ ¨ ±µ··¥±É´Ò³¨ (´µ ¢¥¸Ó³  £·µ³µ§¤±¨³¨),
¶µÔÉµ³Ê ¶· ±É¨Î¥¸±¨ ¢Ò¶µ²´ÖÕÉ¸Ö µ¤´µ±µ³¶µ´¥´É´Ò¥ ¢ÒÎ¨¸²¥´¨Ö (¸ ¢¢¥¤¥-

´¨¥³ Ë ±Éµ·µ¢ É¨¶  Kb(p, h) ¨²¨ Qb(p) ¢ �Œ, ¨²¨ A
(∆n)
f,b (p, h) ¢ ‘ŒŠ�).

3. “—…’ ��…�ƒ…’ˆ—…‘Š�‰ ‡�‚ˆ‘ˆŒ�‘’ˆ �…�‹ˆ‘’ˆ—…‘Š�‰
�‹�’��‘’ˆ �„��—�‘’ˆ—�›• ‘�‘’�Ÿ�ˆ‰

��ˆ ‚›—ˆ‘‹…�ˆˆ �‹�’��‘’…‰
—�‘’ˆ—��-„›��—�›• ‘�‘’�Ÿ�ˆ‰ Ÿ„��

‚  Éµ³´ÒÌ Ö¤· Ì ¸¶¥±É· µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ö³¥
´¥ Ö¢²Ö¥É¸Ö Ô±¢¨¤¨¸É ´É´Ò³. ‚±² ¤ ¸¢Ö§ ´´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°
gB(ε) ¢ ·¥ ²¨¸É¨Î¥¸±ÊÕ µ¤´µÎ ¸É¨Î´ÊÕ ¶²µÉ´µ¸ÉÓ g(ε) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· -
¦¥´¨¥³

gB(ε) =
I

π

∑
ν

[
1

(ε − εν)2 + I2

]
−−→
I→0

∑
ν

δ(ε − εν), (112a)

£¤¥ εν Å Ô´¥·£¨Ö ¸¢Ö§ ´´µ£µ (εν < 0) µ¤´µÎ ¸É¨Î´µ£µ ¸µ¸ÉµÖ´¨Ö, µ¶·¥¤¥²Ö¥-
³ Ö ¨§ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö

Ĥµ¡ϕ
B
ν = ενϕB

ν ; (112¡)

Ĥµ¡ = p̂2/2m + U(r) Å µ¤´µÎ ¸É¨Î´Ò° µ¡µ²µÎ¥Î´Ò° £ ³¨²ÓÉµ´¨ ´ (¸·¥¤´¥¥
¶µ²¥), ¶·¨Î¥³ εν µÉ¸Î¨ÉÒ¢ ¥É¸Ö µÉ ´Ê²Ö ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò (U(∞)); I Å
¨´É¥·¢ ² Ê¸·¥¤´¥´¨Ö I � �ω; �ω Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê µ¡µ²µÎ± ³¨ Ö¤· .

‚±² ¤ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ´¥¶·¥·Ò¢´µ³ ¸¶¥±É·¥ (ε > 0) (¢ µ¸´µ¢-
´µ³, ¢±² ¤ ·¥§µ´ ´¸´ÒÌ ¸µ¸ÉµÖ´¨°) gu(ε) µ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥-
´¨¥³ [50Ä52]:

gu(ε) =
∑
�,j

2j + 1
π

dδ�j(ε)
dε

, (112¢)
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£¤¥ δ�j(ε) Å Ë §  · ¸¸¥Ö´¨Ö [51]. �·¨ ÔÉµ³

g(ε) = gB(ε) + gu(ε). (112£)

�Ê¸ÉÓ ¸¨¸É¥³  Ë¥·³¨-Î ¸É¨Í (Ö¤·µ) § ±²ÕÎ¥´  ¢ ¸Ë¥·Ê · ¤¨Ê¸  Rmax (Ö¤·µ ¢
µ£· ´¨Î¥´´µ³ µ¡Ñ¥³¥ Ω = 4π/3R3

max ¨²¨ ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ö³¥ ¸ ¡¥¸±µ´¥Î-
´Ò³¨ ¸É¥´± ³¨ U(r>Rmax) = ∞), Éµ£¤  ¢µ§³µ¦¥´ Éµ²Ó±µ ¤¨¸±·¥É´Ò° ´ ¡µ·
§´ Î¥´¨° ¢¥±Éµ·  ¨³¶Ê²Ó¸  K (¤¨¸±·¥É¨§ Í¨Ö ±µ´É¨´ÊÊ³ ). �·¨ Ω → ∞ ¢¥·-
´¥³¸Ö ± ¸¢µ¡µ¤´µ³Ê ¤¢¨¦¥´¨Õ Î ¸É¨Í ¢ ´¥µ£· ´¨Î¥´´µ³ ¶·µ¸É· ´¸É¢¥ (±µ´-
É¨´ÊÊ³¥). ‚ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ (Ö¤·µ ¢ µ£· ´¨Î¥´´µ³ µ¡Ñ¥³¥
Ω; {ελ} Å ´ ¡µ· Ô´¥·£¨° µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ö³¥ ¸
¡¥¸±µ´¥Î´Ò³¨ ¸É¥´± ³¨) ·¥ ²¨¸É¨Î¥¸± Ö ¶²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ-
´¨° g(ε) µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ [53]

g(ε) =
1
π

∫
d3r[G(r, r′, ε + iI)]r=r′−−→

I→0

∑
λ

δ(ελ − ε), (113a)

£¤¥ µ¤´µÎ ¸É¨Î´ Ö ËÊ´±Í¨Ö ƒ·¨´  G(r, r′, ε+ iI) ´ Ìµ¤¨É¸Ö ¨§ ·¥Ï¥´¨Ö Ê· ¢-
´¥´¨Ö

(ε − Ĥµ¡ + iI)G(r, r′, ε + iI) = δ(r − r′), (113¡)

¶·¨ ÔÉµ³ ËÊ´±Í¨Ö ƒ·¨´  G(r, r′, ε + iI) ¤µ¶Ê¸± ¥É ¡¨²¨´¥°´µ¥ · §²µ¦¥´¨¥
¶µ ¸µ¡¸É¢¥´´Ò³ ËÊ´±Í¨Ö³ {ϕλ(r)} £ ³¨²ÓÉµ´¨ ´  Ĥµ¡:

G(r, r′, ε + iI) =
∑

λ

ϕ+
λ (r)ϕλ(r′)

ελ − ε + iI
. (113¢)

‘µµÉ¢¥É¸É¢ÊÕÐ Ö ·¥ ²¨¸É¨Î¥¸± Ö ¶²µÉ´µ¸ÉÓ g(ε) ¤²Ö ±µ´¥Î´µ° ¶µÉ¥´Í¨ ²Ó-
´µ° Ö³Ò (U(r > Rmax) = 0, Ω → ∞) ¶·¨ ε > 0 ¤µ²¦´  ¡ÒÉÓ c±µ··¥±É¨-
·µ¢ ´  ¢ÒÎ¨É ´¨¥³ ¨§ (113¢) ¢±² ¤  µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¸¢µ¡µ¤´µ£µ
Ë¥·³¨-£ §  [53]:

gf(ε) =
1
π

∫
dr[G0(r, r′, ε + iI)]r=r′ , (114a)

£¤¥ G0(r, r′, ε + iI) ´ Ìµ¤¨É¸Ö ¨§ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö(
ε − p̂2

2m
+ iI

)
G0(r, r′, ε + iI) = δ(r − r′). (114¡)

’ ±¨³ µ¡· §µ³, ¤²Ö ±µ´¥Î´µ° ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò ·¥ ²¨¸É¨Î¥¸± Ö µ¤´µÎ -
¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ ¨ ·¥§µ´ ´¸´ÒÌ ¸µ¸ÉµÖ´¨° (¸³. (112£)) ¢ ¤ ´´µ³
±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³

g(ε) =
1
π

∫
d3r[[G(r, r′, ε + iI) − G0(r, r′, ε + iI)]]r=r′ . (115)
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”Ê´±Í¨¨ ƒ·¨´  G ¨ G0 ¢ÒÎ¨¸²ÖÕÉ¸Ö ¢ · ³± Ì ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ£µ ³¥-
Éµ¤  ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (113¡) ¨ (114¡), ¶·¥¤²µ¦¥´´µ£µ ¢ [54].

ˆ§-§  µ¡µ²µÎ¥Î´ÒÌ ÔËË¥±Éµ¢ (´¥µ¤´µ·µ¤´ Ö ¸É·Ê±ÉÊ·  µ¤´µÎ ¸É¨Î´µ£µ
¸¶¥±É· ) ·¥ ²¨¸É¨Î¥¸± Ö µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ g(ε) ·¥§±µ ¨§³¥´Ö¥É¸Ö ¸
Ô´¥·£¨¥° ε, Éµ£¤  g(ε) § ¶¨Ï¥³ ¢ ¢¨¤¥ ¸Ê³³Ò Ê¸·¥¤´¥´´µ° (£² ¤±µ°) ËÊ´±-
Í¨¨ gs(ε), ±µÉµ· Ö ¶² ¢´µ ¨§³¥´Ö¥É¸Ö ¢ Ï¨·µ±µ° µ¡² ¸É¨ Ô´¥·£¨°, ¨ ·¥§±µ
µ¸Í¨²²¨·ÊÕÐ¥° ËÊ´±Í¨¨ δg(ε):

g(ε) = gs(ε) + δg(ε), (116a)

¶·¨Î¥³ ¶ · ³¥É· ¶²µÉ´µ¸É¨ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° a ¢ Ëµ·³Ê² Ì (19) ¨
(23) ¸¢Ö§ ´ ¨³¥´´µ ¸ Ê¸·¥¤´¥´´µ° µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸ÉÓÕ gs(ε) cµµÉ´µ-
Ï¥´¨¥³ (g ≡ gs(F ))

a =
π2

6
gs(F ), (116¡)

£¤¥ Ê·µ¢¥´Ó ”¥·³¨ F µÉ¸Î¨ÉÒ¢ ¥É¸Ö µÉ U(∞) (F = −B; B Å Ô´¥·£¨Ö ¸¢Ö§¨
´Ê±²µ´ ), ¶·¨ ÔÉµ³

F∫
U0

dεgs(ε) = N (¨²¨ Z), (116¢)

£¤¥ U0 Å £²Ê¡¨´  ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò; N(Z) Å Î¨¸²µ ´¥°É·µ´µ¢ (¶·µÉµ´µ¢)
¢ Ö¤·¥.

�²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° gs(ε) ´ Ìµ¤ÖÉ ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ·¥-
 ²¨¸É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ g(ε) (116a) ¢ Ô´¥·£¥É¨Î¥¸±µ³ ¨´É¥·¢ ²¥, ¤µ¸É ÉµÎ´µ
Ï¨·µ±µ³ ¤²Ö Éµ£µ, ÎÉµ¡Ò ¸£² ¦¨¢ ²¨¸Ó µ¡µ²µÎ¥Î´Ò¥ ÔËË¥±ÉÒ.

„²Ö µ¶·¥¤¥²¥´¨Ö gs(ε) ¢ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ¨¸¶µ²Ó§Ê¥É¸Ö
¶·µÍ¥¤Ê·  Ê¸·¥¤´¥´¨Ö (¸£² ¦¨¢ ´¨Ö), ¶·¥¤²µ¦¥´´ Ö ¢ [55]:

gs(ε) =
∫

g(ε′)F (ε − ε′)dε′, (117a)

£¤¥

F (ε) =
1√
πΓ

e(−ε/Γ)2L
1/2
M

(( ε

Γ

)2
)

, (117¡)

L
1/2
M Å ¶µ²¨´µ³ ‹ £¥··  (¢ Î¨¸²¥´´ÒÌ · ¸Î¥É Ì µ¡ÒÎ´µ ¨¸¶µ²Ó§ÊÕÉ¸Ö Γ =

1, 2�ω ¨ M = 2−4).
‚ÒÎ¨¸²¥´¨¥ Ê¸·¥¤´¥´´µ° ¶²µÉ´µ¸É¨ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° gs(ε) ¤²Ö

¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò ¸ ¡¥¸±µ´¥Î´Ò³¨ ¸É¥´± ³¨ (Ö¤·µ ¢ µ£· ´¨Î¥´´µ³ µ¡Ñ¥³¥
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Ω) ´¥É·Ê¤´µ ¢Ò¶µ²´¨ÉÓ ¢ ±¢ §¨±² ¸¸¨Î¥c±µ³ ¶·¨¡²¨¦¥´¨¨ Å ¶·¨¡²¨¦¥´¨¨
’µ³ ¸ Ä”¥·³¨ (’”) [56]:

gs(ε) ≡ g’”(ε) =
1

2π2

(
2m

�2

)3/2 ∫
d3r(ε − U(r))1/2H(ε − U(r)). (118)

„²Ö ±µ´¥Î´µ£µ ¶µÉ¥´Í¨ ²  U(r) ·¥§Ê²ÓÉ É Ê· ¢´¥´¨Ö (118) ±µ··¥±É¨·Ê¥É¸Ö
¢ÒÎ¨É ´¨¥³ ¶·¨ ε > 0 µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ ¸¢µ¡µ¤´µ£µ £ §  Ë¥·³¨-
Î ¸É¨Í ¢ µ£· ´¨Î¥´´µ³ µ¡Ó¥³¥ Ω ¢ ’”:

gf (ε) =
1

2π2
Ω
(

2m

�

)3/2 √
ε. (119)

�·µ ´ ²¨§¨·Ê¥³ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ gs(ε) ¤²Ö ¤¢ÊÌ ¢¨¤µ¢ ¸·¥¤´¥£µ
¶µ²Ö U(r) (Ö¤·µ ¢ µ¡Ñ¥³¥ Ω = 4π/3R3

max):
 ) É· ¶¥Íe¨¤ ²Ó´Ò° ¶·µÉµ´´Ò° (´¥°É·µ´´Ò°) ¶µÉ¥´Í¨ ² ¸ ¡¥¸±µ´¥Î´Ò³¨

¸É¥´± ³¨

UÉ·(r) =




U0, r < R − D,

1
2
U0

[
1 − (r − R)

D

]
, R − D ≤ r ≤ R + D,

∞, r > Rmax = R + D,

(120)

£¤¥ U0, R, D Å ¶ · ³¥É·Ò ¶µÉ¥´Í¨ ²  UÉ·(r);
¡) ¶·µÉµ´´Ò° (´¥°É·µ´´Ò°) ¶µÉ¥´Í¨ ² ‚Ê¤¸ Ä‘ ±¸µ´ 

U‚‘(r) =




U0

{1 + exp (r − R)/d} , r ≤ Rmax,

∞, r > Rmax,
(121)

£¤¥ U0, R, d Å ¶ · ³¥É·Ò ¶µÉ¥´Í¨ ²  U‚‘(r), ¶·¨Î¥³ ¤²Ö ¶·µÉµ´µ¢ ± (121)
¤µ¡ ¢²Ö¥É¸Ö ±Ê²µ´µ¢¸±¨° ¶µÉ¥´Í¨ ².

„²Ö UÉ·(r) (120) ¨§ (118) ¨³¥¥³

gs(ε) = gÉ·
’”(ε) =

1
2π2

(
2m

�2

)3/2

×

× 4π(R − D)3

3

√
ε − U0

[
1 + 2x +

8
5
x2 +

16
35

x3

]
, (122)

£¤¥ x = −
[
2D(ε − U0)
(R − D)U0

]
. „²Ö ±µ´¥Î´µ£µ ¶µÉ¥´Í¨ ²  UÉ·(r) (120) ¸ UÉ·(r) = 0

¶·¨ r > R + D ¤²Ö ε > 0 ¨§ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¢Ò· ¦¥´¨Ö gÉ·
’”(ε) (122) ¢Ò-

Î¨É ¥É¸Ö ¶²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¸¢µ¡µ¤´µ£µ £ §  Ë¥·³¨-Î ¸É¨Í
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¤²Ö UÉ·(r) ¢ µ£· ´¨Î¥´´µ³ µ¡Ó¥³¥ Ω = 4π/3(R + D)3 ¢ ’”:

gf (ε) =
1

2π2

(
2m

�2

)3/2 4π(R + D)3

3
ε1/2

[
1 + 2y +

8
5
y2 +

16
35

y3

]
, (123)

£¤¥ y = [−2Dε/(R + D)U0].
„²Ö U‚‘(r) (121) Ê¸·¥¤´¥´´ Ö µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ gs(ε) µ¶·¥¤¥-

²Ö¥É¸Ö Î¨¸²¥´´Ò³¨ ³¥Éµ¤ ³¨ ¨´É¥£·¨·µ¢ ´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ Ê· ¢´¥´¨Ö
(118). �  ·¨¸. 25 ¶·¨¢¥¤¥´  µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ gs(ε) = gÉ·

’”(ε) (¶·µ-
Éµ´Ò + ´¥°É·µ´Ò) ¤²Ö UÉ·(r) ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨ ε ¤²Ö Ö¤·  40Ca [57]; ´ 
·¨¸. 26 Å µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ gs(ε) = g‚‘

’”(ε) (´¥°É·µ´Ò) ¤²Ö Ö¤· 
A = 274, N = 168 ¤²Ö U‚‘(r) [53].

“¸·¥¤´¥´´ Ö ¶²µÉ´µ¸ÉÓ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° gs(ε) ¤²Ö ±µ´¥Î´µ° ¶µ-
É¥´Í¨ ²Ó´µ° Ö³Ò ¶·¨ ÊÎ¥É¥ ·¥§µ´ ´¸´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ±µ´É¨-
´ÊÊ³¥ (ε > 0) (¸³. ·¨¸. 25, 26) Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³ ε (ÔËË¥±É ±µ´É¨´ÊÊ³ ).
�·¨ ÔÉµ³ µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ gs(ε) = gÉ·

’”(ε) ¤²Ö UÉ·(r) (¸³. ·¨¸. 25)
Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ gs(ε) = g‚‘

’”(ε) ¤²Ö U‚‘(r) (¸³. ·¨¸. 26), ¶·¨Î¥³ ¶·¨¡²¨-
¦¥´¨¥ ’” ¤²Ö g’”(ε) ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É ¸ gs(ε) ¢ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ³
¶µ¤Ìµ¤¥ (¸³. ·¨¸. 26), ÎÉµ ¨ µ¶·¥¤¥²Ö¥É ¤µ¸Éµ¢¥·´µ¸ÉÓ · ¸Î¥É  gs(ε) ¢ ¶·¨-
¡²¨¦¥´¨¨ ’”. �·¨³¥·Ò · ¸Î¥Éµ¢ ¢ �Œ λ+(p, h, E) ¸ gs(ε) = g

É·
’”(ε) (¸³. (80),

(83)) ¨ ¶µ²´µ° ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  λ↑(p, h, E) =
∑

b

∫
dεbλ(p, h, E, εb)

(¸³. (84)) ¤²Ö Ö¤·  40Ca ¸ ÊÎ¥Éµ³ ÔËË¥±É  ±µ´É¨´ÊÊ³  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 27,
¶·¨Î¥³ ¶²µÉ´µ¸É¨ ω(p, h, E), ¢Ìµ¤ÖÐ¨¥ ¢ (83) ¨ (84), ¢ÒÎ¨¸²Ö²¨¸Ó ¶µ Ëµ·³Ê²¥
(62a) ¸ µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸ÉÓÕ gs(ε) = gÉ·

’”(ε) ¤²Ö UÉ·(r) (¸³. (122), (123)).
�¥§Ê²ÓÉ ÉÒ ¶·µ¢¥¤¥´´ÒÌ ¢ [57] ¢ÒÎ¨¸²¥´¨° ¢ �Œ ¸ gs(ε) = gÉ·

’”(ε) ¶ ·-
Í¨ ²Ó´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·µ¢ Ô³¨¸¸¨¨ ´Ê±²µ´µ¢ ¨§ ¢µ§¡Ê¦¤¥´´µ£µ

�¨¸. 25. �¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ-
´¨° gs(ε) (¶·µÉµ´Ò + ´¥°É·µ´Ò) ± ± ËÊ´±-
Í¨Ö Ô´¥·£¨¨ ε ¤²Ö Ö¤·  40Ca [57]: ÏÉ·¨-
Ìµ¢ Ö ±·¨¢ Ö Å gs(ε) = gÉ·

’”(ε) ¤²Ö
¡¥¸±µ´¥Î´µ£µ UÉ·(r) (¸³. (122)); ¸¶²µÏ-
´ Ö Å gs(ε)= gÉ·

’”(ε) ¤²Ö ±µ´¥Î´µ£µ UÉ·(r)
(¸³. (122), (123)). � · ³¥É·Ò UÉ·(r):
U0 = − 54 +33(t3(N −Z))/A ŒÔ‚, t3 =
1(n), t3 = −1(p); R = RU/[1+(d/R)2]1/3,
RU = 1, 12A1/3 + 1, 0 Ë³, D = πd, d =
0, 7 Ë³
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�¨¸. 26. �¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ ¸µ-
¸ÉµÖ´¨° gs(ε) (´¥°É·µ´Ò) ± ± ËÊ´±-
Í¨Ö Ô´¥·£¨¨ ε ¤²Ö Ö¤·  ¸ A = 274,
N = 168 [53]: ÏÉ·¨Ìµ¢ Ö ±·¨-
¢ Ö Å gs(ε) = g‚‘

’”(ε) ¤²Ö ±µ´¥Î´µ£µ
U‚‘(r) ¢ ¶·¨¡²¨¦¥´¨¨ ’”; ¸¶²µÏ-
´ Ö Å gs(ε) = g‚‘(ε) ¤²Ö ±µ´¥Î´µ£µ
U‚‘(r) (±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±¨° · ¸Î¥É
(¸³. (115), (117)). � · ³¥É·Ò U‚‘(r):
U0 = −46, 533 ŒÔ‚, R = 8, 08 Ë³,
d = 0, 70 Ë³, Rmax = R + 3πd;
¶ · ³¥É·Ò · ¸Î¥É  gs(ε): M = 2,
Γ = 1, 2�ω, �ω = 6, 336 ŒÔ‚, I =
�ω/300 ŒÔ‚

�¨¸. 27. ‚¥·µÖÉ´µ¸ÉÓ ¢´ÊÉ·¨Ö¤¥·´µ£µ ¶¥·¥Ìµ¤  λ+(p, h, E) ≡ λ+
n (E) (a) ¨ ¶µ²´ Ö

¢¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  λ↑(p, h, E) ≡ λ↑
n(E) (¡) ± ± ËÊ´±Í¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö

Ö¤·  40Ca (n = p + h: 2p1h (3), 3p2h (5), 4p3h (7)) [57]: ¸¶²µÏ´ Ö ±·¨¢ Ö Å ¤²Ö ±µ-
´¥Î´µ£µ UÉ·(r); ÏÉ·¨Ìµ¢ Ö Å ¤²Ö ¡¥¸±µ´¥Î´µ£µ UÉ·(r). � · ³¥É·Ò UÉ·(r) ¶·¨¢¥¤¥´Ò
¢ ¶µ¤¶¨¸¨ ± ·¨¸. 25; 〈|V 2|〉 = 3, 8 · 10−4 ŒÔ‚2
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�¨¸. 28. �²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
Ö¤·  93Nb [58]: ¸¶²µÏ´ Ö ±·¨-
¢ Ö Å ωB(p, h, E) ¢ ¶·¨¡²¨¦¥-
´¨¨ ’” ¤²Ö U‚‘(r); ÉµÎ¥Î´ Ö Å
ωB(p, h, E) ¢ Ô±¢¨¤¨¸É ´É´µ³
¶·¨¡²¨¦¥´¨¨ [18]. � · ³¥É·Ò
U‚‘(r): U0 = −43, 42 ŒÔ‚,
R = 1, 27A1/3 Ë³, d = 0, 67 Ë³

Ö¤·  40Ca ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E = 20, 50 ŒÔ‚,   É ±¦¥ λ+(p, h, E)
(¸³. ·¨¸. 27, a) ¨ λ↑(p, h, E) (¸³. ·¨¸. 27, ¡) ¶µ± § ²¨, ÎÉµ ÊÎ¥É Ô´¥·£¥É¨Î¥-
¸±µ° § ¢¨¸¨³µ¸É¨ Ê¸·¥¤´¥´´µ° µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ gs(ε) ¤²Ö ±µ´¥Î´ÒÌ
µ¤´µÎ ¸É¨Î´ÒÌ ¶µÉ¥´Í¨ ²µ¢ U(r) (ÔËË¥±É ±µ´É¨´ÊÊ³ ) ¢ ¦¥´ ¶·¨ Ô´¥·£¨ÖÌ
¢µ§¡Ê¦¤¥´¨Ö E ≥ 30 ŒÔ‚ ¨ µ¸µ¡¥´´µ ¶·¨ ³ ²µ³ Î¨¸²¥ Ô±¸¨Éµ´µ¢, ¶·¨ ÔÉµ³
· §²¨Î¨¥ ³¥¦¤Ê ¸¶¥±É· ³¨, ¢ÒÎ¨¸²¥´´Ò³¨ ¤²Ö ±µ´¥Î´µ° ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò
(U(r > Rmax) = 0) ¨ ¡¥¸±µ´¥Î´µ° ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò (U(r > Rmax) = ∞),
¤²Ö ¤ ´´µ° Ô´¥·£¨¨ E Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³ Î¨¸²  Ô±¸¨Éµ´µ¢, ¶·¨Î¥³ ¸ ·µ-
¸Éµ³ E §´ Î¨³µ¸ÉÓ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ gs(ε) (ÔËË¥±É ±µ´É¨´ÊÊ³ )
¢µ§· ¸É ¥É. �·¨³¥·Ò · ¸Î¥Éµ¢ ωB(p, h, E) ¢ ¶·¨¡²¨¦¥´¨¨ ’” [58] ¤²Ö Ö¤· 
93Nb ¤²Ö U‚‘(r) ¶·¨¢¥¤¥´Ò ´  ·¨¸. 28.

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨¥ (116¡), µ¶·¥¤¥²¨³ ¶ · ³¥É· KA ¸²¥¤ÊÕÐ¨³ ¢Ò-
· ¦¥´¨¥³:

KA =
A

a
= (6/π2)A/gs(F ).

�¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨Ö KA ¢ ¶·¨¡²¨¦¥´¨¨ ’” (·¨¸. 26) ± ± ËÊ´±Í¨¨ A1/3

¤²Ö ¸¶¥±É·  Ê·µ¢´¥° ¢ ¶µÉ¥´Í¨ ²¥ ‚Ê¤¸ Ä‘ ±¸µ´  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 29.
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ˆ§ · ¸Î¥Éµ¢ gs(ε) ≡ gs(e) ¢ ’” ¤²Ö · §²¨Î´ÒÌ ¶µÉ¥´Í¨ ²µ¢ U(r) [53] ¸²¥-
¤Ê¥É, ÎÉµ Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ gs(e) µ¶¨¸Ò¢ ¥É¸Ö ¶·¨¡²¨¦¥´´Ò³ ¢Ò-
· ¦¥´¨¥³ gs(e) = Cαeα ¶·¨ e < F + B ¸ α = 2 (¤²Ö ¶µÉ¥´Í¨ ²  £ ·³µ´¨Î¥-
¸±µ£µ µ¸Í¨²²ÖÉµ· ), α = 1 (¤²Ö ¶µÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±¸µ´ ), α = 1/2 (³µ¤¥²Ó
Ë¥·³¨-£ § ). �·¨ ÔÉµ³ ¶ · ³¥É· KA ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ¶µ²´µ¥ Î¨¸²µ ´Ê±²µ´µ¢

Ö¤·  ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ · ¢´µ (¸³. (116¢)) A =
∫ F

0

gs(e)de, µ¶·¥¤¥²Ö¥É¸Ö

¸µµÉ´µÏ¥´¨¥³

KA =
(

6
π2

)[
F

(1 + α)

]
,

¶·¨Î¥³ ¤²Ö F = 40 ŒÔ‚ KA = 8 (α = 2); 12 (α = 1); 16 (α = 1/2) ŒÔ‚
(¸³. ·¨¸. 29 (¶µÉ¥´Í¨ ² ‚Ê¤¸ Ä‘ ±¸µ´ , α = 1)).

�¨¸. 29. � · ³¥É· KA ± ± ËÊ´±Í¨Ö
A1/3 ¤²Ö ¶µÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±¸µ´ 
¢ ¶·¨¡²¨¦¥´¨¨ ’”

ˆ§  ´ ²¨§  Ö¤¥·´ÒÌ ·¥§µ´ ´¸µ¢ ¨ ¨¸-
¶ ·¨É¥²Ó´µ£µ ¸¶¥±É·  ¶µ²ÊÎ¥´µ §´ Î¥´¨¥
KA � 8 ŒÔ‚ (Ô±¸¶¥·¨³¥´É), ¶·¨ ÔÉµ³
g ≡ gs(F ) � A/13 ŒÔ‚−1.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ Ô±¢¨¤¨¸É ´É´ Ö
³µ¤¥²Ó ¸ g = A/13 ŒÔ‚−1 ¨ F = 40 ŒÔ‚
¶·µÉ¨¢µ·¥Î¨É Ê¸²µ¢¨Õ, ÎÉµ ¶µ²´µ¥ Î¨-
¸²µ ´Ê±²µ´µ¢ ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ · ¢-
´µ A, É. ±.

F∫
0

gde � 3A.

�µÔÉµ³Ê ¢ · ¸Î¥É Ì ¶²µÉ´µ¸É¥° ω(p, h, E)
´ ¨¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´Ò³ ¨ ±µ··¥±É-
´Ò³ Ö¢²Ö¥É¸Ö ¨¸¶µ²Ó§µ¢ ´¨¥ µ¡µ¡Ð¥´´µ°
Ëµ·³Ê²Ò (53) ¨²¨ (62 ), ±µ£¤  ¨§¢¥¸É´ 
µ¤´µÎ ¸É¨Î´ Ö ¶²µÉ´µ¸ÉÓ g(e) ≡ gs(e),
Ê¤µ¢²¥É¢µ·ÖÕÐ Ö Ê¸²µ¢¨Õ (116¢).

”µ·³Ê²Ò (62a) ¨ (63) ³µ¦´µ ¨¸¶µ²Ó-
§µ¢ ÉÓ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ωB(p, h, E) ¸ ¶·¨-
¡²¨¦¥´´Ò³ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨ ¨ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö. �  ¶¥·¢µ³ ÔÉ ¶¥
(¸³. (63)) ¢ÒÎ¨¸²ÖÕÉ ¶²µÉ´µ¸É¨ ωB(p, 0, Ep) ¨ ωB(0, h, E − Ep) ¡¥§ ÊÎ¥É 
¶·¨´Í¨¶  � Ê²¨ ¨ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö ¶µ Ëµ·³Ê²¥ (62 ) ¶·¨ ÊÎ¥É¥ ±µ´¥Î-
´µ° £²Ê¡¨´Ò ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò (u′

i ≤ F ) ¨ ¸¢Ö§ ´´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ-
¸ÉµÖ´¨° (ui ≤ S0), § É¥³ ¶·¨¡²¨¦¥´´µ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¶µ¶· ¢±¨ ´  ¶·¨´Í¨¶
� Ê²¨ ¨ ÔËË¥±É ¸¶ ·¨¢ ´¨Ö ¶ÊÉ¥³ ¨§³¥´¥´¨Ö ¶·¥¤¥²µ¢ ¨´É¥£·¨·µ¢ ´¨Ö ¢ (63)
(¸³. ¶. 1.3):
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E∫
0

dEp →
E−aA(p,h,E)∫
Eth(p,h,E)

dEp.

‚ Ô±¢¨¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ (g(e) = const) ¨§ (62a) ¨ (63) ´¥É·Ê¤´µ ¶µ-
²ÊÎ¨ÉÓ ¶·¨ F = S0 = ∞ ¤²Ö ω(p, h, E) ¢Ò· ¦¥´¨¥ (33) ¨ ¶·¨ ±µ´¥Î´ÒÌ
§´ Î¥´¨ÖÌ F ¨ S0 ¤²Ö ωB(p, h, E) ¢Ò· ¦¥´¨¥ (35). „ ´´Ò° ¶µ¤Ìµ¤ ²¥£±µ
µ¡µ¡Ð ¥É¸Ö ´  ¸²ÊÎ ° ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò (¶·µÉµ´Ò ¨ ´¥°-
É·µ´Ò). ”µ·³Ê²  (62 ) ¶·¨ ÊÎ¥É¥ ¶·¨´Í¨¶  � Ê²¨, ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö,
±µ´¥Î´µ° £²Ê¡¨´Ò ¶µÉ¥´Í¨ ²Ó´µ° (¶·µÉµ´´µ° ¨ ´¥°É·µ´´µ°) Ö³Ò, ¸¢Ö§ ´´ÒÌ
µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¨ · §¤¥²¥´¨Ö ´  ¶·µÉµ´Ò ¨ ´¥°É·µ´Ò, ±µ£¤  ¨§-
¢¥¸É´Ò µ¤´µÎ ¸É¨Î´Ò¥ ¶²µÉ´µ¸É¨ gπ(e) ¨ gν(e), ¶·¥¤¶µÎÉ¨É¥²Ó´  ¢ · ¸Î¥É Ì
¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB(pπ , hπ, pν , hν , E).

‚ · ³± Ì ±¢ ´Éµ¢µ° É¥µ·¨¨ ¸É É¨¸É¨Î¥¸±¨Ì ³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ Ö¤¥·´ÒÌ
·¥ ±Í¨° (‘ŒŠ� ¨ ‘Œ��), ¶·µÉ¥± ÕÐ¨Ì ¢µ ¢´ÊÉ·¨Ö¤¥·´µ° µ¡² ¸É¨ (r ≤ R),
Î ¸É¨Í  (¶·µÉµ´ ¨²¨ ´¥°É·µ´) ¢ ±µ´É¨´ÊÊ³¥ µ¶¨¸Ò¢ ¥É¸Ö ¢µ²´µ¢µ° ËÊ´±Í¨¥°
ϕ(u)(k, r). ‚ ³¥Éµ¤¥ Ë ±Éµ·¨§ Í¨¨ µ¤´µÎ ¸É¨Î´ÒÌ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¢ ¶µ-
É¥´Í¨ ²¥ [59] · ¤¨ ²Ó´ Ö Î ¸ÉÓ µ¤´µÎ ¸É¨Î´µ° ËÊ´±Í¨¨ ±µ´É¨´ÊÊ³ 

R
(u)
�j (k, r), ´µ·³¨·µ¢ ´´ Ö ´  δ-ËÊ´±Í¨Õ µÉ Ô´¥·£¨¨, ¶·¨ r ≤ R ³µ¦¥É ¡ÒÉÓ

¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥

R
(u)
�j (k, r) =

√
m

�2k

{
1
π

[
r +

dδ�j

dk
+

1
2k

sin (2kR + δ�j)
]}1/2

R
(u)
�j (r) ≡

≡ [�j(ε)]1/2R
(u)
�j (r), (124a)

£¤¥ R
(u)
�j (r) Å ¸² ¡µ § ¢¨¸ÖÐ Ö µÉ Ô´¥·£¨¨ ËÊ´±Í¨Ö (É¨¶  sin kr) c Ê¸²µ¢¨¥³

´µ·³¨·µ¢±¨

R∫
0

[Ru
�j(r)]

2r2dr = 1; (124¡)

δ�j Å Ë §µ¢Ò° ¸¤¢¨£ ¢ ¸·¥¤´¥³ (¸ ³µ¸µ£² ¸µ¢ ´´µ³) ¶µ²¥; �j(ε) Å ¶²µÉ´µ¸ÉÓ
µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´É¨´ÊÊ³  ¢´ÊÉ·¨ Ö¤·  ¸ § ¤ ´´Ò³¨ �, j:

�j(ε) =
m

�2kπ

[
R +

dδ�j

dk
+

1
2k

sin (2kR + δ�j)
]

. (124¢)

’·¥ÉÓ¨³ Î²¥´µ³ ¢ ±¢ ¤· É´µ° ¸±µ¡±¥ ¢ (124¢) ³µ¦´µ ¶· ±É¨Î¥¸±¨ ¢µ ¢¸¥Ì
¸²ÊÎ ÖÌ ¶·¥´¥¡·¥ÎÓ (kR > 1). ’µ£¤  ¤²Ö ¶²µÉ´µ¸É¨ µ¤´µÎ ¸É¨Î´ÒÌ (¶·µÉµ´-
´ÒÌ ¨²¨ ´¥°É·µ´´ÒÌ) ¸µ¸ÉµÖ´¨° ±µ´É¨´ÊÊ³  (ε > 0) ¢´ÊÉ·¨ Ö¤·  (µÉ´¥¸¥´´µ°
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± Ô²¥³¥´ÉÊ Ô´¥·£¨¨ dε) ¸¶· ¢e¤²¨¢µ ¸²¥¤ÊÕÐe¥ ¢Ò· ¦¥´¨¥:

u(ε) =
∑
�j

(2j + 1)�j(ε) =
∑
�j

(2j + 1)
π

[
R

dk

dε
+

dδ�j

dε

]
. (125)

‚Éµ·µ° Î²¥´ ¢ ±¢ ¤· É´µ° ¸±µ¡±¥ ¢ (125) µ¡Ê¸²µ¢²¥´ ¢ µ¸´µ¢´µ³ ¢±² ¤ ³¨
·¥§µ´ ´¸´ÒÌ ¸µ¸ÉµÖ´¨° ¢ u(ε), ±µÉµ·Ò¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢ µ¶·¥¤¥²¥´´µ° ¢ÒÏ¥
·¥ ²¨¸É¨Î¥¸±µ° µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ g(ε) (¸³. (112)). �µÔÉµ³Ê §  ¢Ò-
Î¥Éµ³ ¢ (125) ¢±² ¤  ·¥§µ´ ´¸´ÒÌ ¸µ¸ÉµÖ´¨° ¤²Ö µ¤´µÎ ¸É¨Î´µ° (¶·µÉµ´´µ°
¨ ´¥°É·µ´´µ°) ¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° ±µ´É¨´ÊÊ³  ¢´ÊÉ·¨ Ö¤·  (¢ µ¡Ñ¥³¥ Ö¤· 
V = 4π/3R3) ¶µ²ÊÎ¨³

(ε) =
∑
�j

(2j + 1)
m

�2kπ
R =

V 4π(2m)3/2ε1/2

(2π�)3
. (126)

„²Ö µ¶¨¸ ´¨Ö ‘Œ�� ¢ �Œ‘Œ� [9] µ¶·¥¤¥²ÖÕÉ¸Ö ¶²µÉ´µ¸É¨ ´¥¸¢Ö§ ´´ÒÌ
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωu(m, p − m, h, E), ¶µ¸É·µ¥´´Ò¥ ´  ¡ §¨¸¥
±µ´Ë¨£Ê· Í¨° ¶·µ³¥¦ÊÉµÎ´µ° ¸¨¸É¥³Ò, ¢ ±µÉµ·ÒÌ m Î ¸É¨Í ´ Ìµ¤ÖÉ¸Ö ¢
¸µ¸ÉµÖ´¨¨ ±µ´É¨´ÊÊ³  [60, 61]:

ωu(m, p − m, h, E) =

= A(p, m)

E−Bm∫
0

dEmωB(p − m, h, E − Bm − Em)(m, Em), (127)

£¤¥ (m, Em) Å ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ´¨° m Î ¸É¨Í (¶·µÉµ´µ¢ ¨²¨ ´¥°É·µ´µ¢) ¢
±µ´É¨´ÊÊ³¥ ¸ ¸Ê³³ ·´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¥° Em (Bm Å Ô´¥·£¨Ö µÉ¤¥²¥-
´¨Ö m Î ¸É¨Í):

(m, Em) =
1
m!

Em∫
0

dε1 · · ·
Em∫
0

dεm(ε1) · · · (εm)δ

(
Em −

m∑
i=1

εi

)
, (128)

£¤¥ (εi) µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (126). ” ±Éµ· A(p, m) = 1, ¥¸²¨ ¶µ¸ÉÊ²¨-
·µ¢ ÉÓ · §²¨Î¨³µ¸ÉÓ ´¥¸¢Ö§ ´´ÒÌ Î ¸É¨Í ¨ µ¸É ²Ó´ÒÌ (¸¢Ö§ ´´ÒÌ) Î ¸É¨Í, ¨

A(p, m) =
m!(p − m)!

p!
¶·¨ Ê¸²µ¢¨¨ Éµ¦¤¥¸É¢¥´´µ¸É¨ Î ¸É¨Í (¸¢Ö§ ´´ÒÌ ¨ ´¥-

¸¢Ö§ ´´ÒÌ). ’µ£¤  ¶µ²´ Ö ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ´¨° ¸ § ¤ ´´Ò³ Î¨¸²µ³ Ô±¸¨Éµ´µ¢
¢ �Œ‘Œ� µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³

ωt(p, h, E) =

= ωB(p, h, E) +
∑
m

ωu(m, p − m, h, E) = ωB(p, h, E) + ωu(p, h, E). (129)
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‚¢¥¤¥´¨¥ ¶²µÉ´µ¸É¥° {ωu, ωB} ¶µ§¢µ²Ö¥É µÍ¥´¨ÉÓ Ë ±Éµ·Ò RB
n =

ωB(p, h, E)/ωt(p, h, E) ¨ Ru
n = ωu(p, h, E)/ωt(p, h, E), µ¶·¥¤¥²ÖÕÐ¨¥ µÉ´µ-

¸¨É¥²Ó´Ò¥ ¢¥·µÖÉ´µ¸É¨ ¶¥·¥Ìµ¤µ¢ ¢ ‘ŒŠ� ¨ ‘Œ�� ´  ± ¦¤µ° ¸É ¤¨¨ ¢´Ê-
É·¨Ö¤¥·´µ£µ ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ¶·µÍ¥¸¸ , ¶·¨ ÔÉµ³ ¶²µÉ´µ¸É¨ {ωu} ¨¸¶µ²Ó-
§ÊÕÉ¸Ö ¶·¨ µ¶¨¸ ´¨¨ ³´µ¦¥¸É¢¥´´µ£µ ¢ÒÌµ¤  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ‘Œ�� [9].
‚ Ëµ·³Ê² Ì (127) ¨ (128) ´¥É·Ê¤´µ ÊÎ¥¸ÉÓ · §¤¥²¥´¨¥ Î ¸É¨Í ¨ ¤Ò·µ± ´  ¶·µ-
Éµ´Ò (π) ¨ ´¥°É·µ´Ò (ν).

4. �…�‹ˆ‘’ˆ—…‘Šˆ… �‹�’��‘’ˆ —�‘’ˆ—��-„›��—�›•
‘�‘’�Ÿ�ˆ‰ Ÿ„��

Œ¨±·µ¸±µ¶¨Î¥¸±¨° ¶µ¤Ìµ¤ ± ¢ÒÎ¨¸²¥´¨Õ ¶²µÉ´µ¸É¥° Î ¸É¨Î´µ-¤Ò·µÎ-
´ÒÌ ¸µ¸ÉµÖ´¨° ¢ Œ�— (ÔËË¥±ÉÒ µ¸É ÉµÎ´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ³¥¦¤Ê ´Ê±²µ-
´ ³¨ ¶µ² £ ÕÉ¸Ö ´Ê²¥¢Ò³¨) ¸¢Ö§ ´ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥ ²¨¸É¨Î¥¸±¨Ì µ¤´µÎ -

�¨¸. 30. �¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¸¢Ö§ ´-
´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¤²Ö Ö¤· 
60Ni(T<, JP = 1−) ¢ ¸Ì¥³¥ Ê·µ¢´¥° ¶µÉ¥´-
Í¨ ²  ‚Ê¤¸ Ä‘ ±¸µ´  [62]: a) 1p1h; ¡) 2p2h;
¢) 3p3h

¸É¨Î´ÒÌ ¸Ì¥³ Ê·µ¢´¥° ¢ Ö¤· Ì
(¤¨¸±·¥É´Ò° + ±¢ §¨¤¨¸±·¥É´Ò°
µ¤´µÎ ¸É¨Î´Ò¥ ¸¶¥±É·Ò) ¢ µ¶·¥-
¤¥²¥´´µ³ ¶µÉ¥´Í¨ ²¥, ´ ¶·¨³¥·,
‘¨£¥· Ä•µ¢ ·¤ , ‚Ê¤¸ Ä‘ ±¸µ´ 
¨²¨ �¨²Ó¸¸µ´ , ¨²¨ c § ¤ ´¨¥³
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸Ì¥³ µ¤´µÎ -
¸É¨Î´ÒÌ Ê·µ¢´¥°. ‘¶¥Í¨Ë¨±  Ö¤· 
± ± ¸¨¸É¥³Ò ¸ µ£· ´¨Î¥´´Ò³ Î¨-
¸²µ³ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò É·¥¡Ê¥É
±µ··¥±Í¨¨ ³¥Éµ¤µ¢ ¸É É¨¸É¨Î¥-
¸±µ° ³¥Ì ´¨±¨ [11] ´  µ¡µ²µÎ¥Î-
´Ò¥ ÔËË¥±ÉÒ, ¸¶ ·¨¢ ´¨¥ ´Ê±²µ-
´µ¢ ¨ É. ¤., ¸ É¥³ ÎÉµ¡Ò ³µ¦´µ
¡Ò²µ ÊÎ¥¸ÉÓ µ¸µ¡¥´´µ¸É¨ µÉ¤¥²Ó-
´ÒÌ Ö¤¥·. �¥±µÉµ·Ò¥ ¨§ É ±¨Ì
±µ··¥±Í¨° ¢Ò¶µ²´¥´Ò ¢ [31].

‚ · ³± Ì ³¨±·µ¸±µ¶¨Î¥¸±µ£µ
¶µ¤Ìµ¤  ± ¢ÒÎ¨¸²¥´¨Õ ¶²µÉ´µ¸É¥°
ω(p, h, E) Ëµ·³Ê²¨·ÊÕÉ¸Ö  ²£µ-
·¨É³Ò ±² ¸¸¨Ë¨± Í¨¨ (¶¥·¥Î¨-
¸²¥´¨Ö) Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ-
¸ÉµÖ´¨°, µ¸´µ¢ ´´Ò¥ ´  ¶·Ö³µ³
¶¥·¥¡µ·¥ · §²¨Î´ÒÌ · §³¥Ð¥´¨°
Î ¸É¨Í ¨ ¤Ò·µ± ´  µ¤´µÎ ¸É¨Î-
´ÒÌ Ê·µ¢´ÖÌ ¸ É·¥¡Ê¥³Ò³¨ ±¢ ´-

Éµ¢Ò³¨ Ì · ±É¥·¨¸É¨± ³¨, ¨ ·¥ ²¨§ÊÕÐ¨° ¨Ì ±µ³¶²¥±¸ ¶·µ£· ³³, ·¥Ï ÕÐ¨Ì
µ¶¨¸Ò¢ ¥³Ò¥ ±µ³¡¨´ Éµ·´Ò¥ § ¤ Î¨ ¶·¨ ³¨´¨³¨§ Í¨¨ ³ Ï¨´´µ£µ ¢·¥³¥´¨.
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‚ [60, 62, 63] ±µ³¡¨´ Éµ·´Ò³¨ ³¥Éµ¤ ³¨ ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ·¥ ²¨¸É¨Î¥-
¸±¨¥ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ´  µ¸´µ¢¥ ·¥ ²¨¸É¨Î¥¸±¨x
Ê·µ¢´¥°. �  ·¨¸. 30 ¶·¨¢¥¤¥´Ò ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î-
´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ωB(p, h, E) ¢ ¸Ì¥³¥ Ê·µ¢´¥° ¶µÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±-
¸µ´  ¤²Ö Ö¤·  60Ni (T<, J = 1−) [62]. �  ·¨¸. 31 ¶·¨¢¥¤¥´Ò ·¥ ²¨¸É¨Î¥¸±¨¥
¶²µÉ´µ¸É¨ ωB(p, h, E), · ¸¸Î¨É ´´Ò¥ ¢ ¸Ì¥³¥ Ê·µ¢´¥° �¨²Ó¸¸µ´  ¨ ¢ Ô±¢¨-
¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ¤²Ö Ö¤¥· A = 115, Z = 46 ¨ 50 [63]. �  ·¨¸. 32
¶µ± § ´Ò ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ωB(pπ, hπ, pν , hν , E) ¤²Ö Ö¤·  60Ni, · ¸-
¸Î¨É ´´Ò¥ ´  ¡ §¥ ¸Ì¥³Ò ¶·µÉµ´´ÒÌ ¨ ´¥°É·µ´´ÒÌ Ê·µ¢´¥° ¢ ¶µÉ¥´Í¨ ²¥
‚Ê¤¸ Ä‘ ±¸µ´  [60]. �  ·¨¸. 33 ¶µ± § ´Ò £¨¸Éµ£· ³³Ò ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ-
´µ¸É¥° ωB(p, h = p, E, JP = 1−) ¨ ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ¸É¥° ¤µ¸ÉÊ¶´ÒÌ
¸µ¸ÉµÖ´¨° ωB+(p, h = p, E, JP = 1−) ¤²Ö Ö¤·  60Ni [64].

‚ · ¸Î¥É Ì ¨¸¶µ²Ó§µ¢ ²¨¸Ó µ¤´µÎ ¸É¨Î´Ò¥ Ê·µ¢´¨ ¸Ë¥·¨Î¥¸±µ£µ ¶µÉ¥´-
Í¨ ²  �¨²Ó¸¸µ´ . ’µÎ¥Î´Ò¥ ±·¨¢Ò¥ ´  ·¨¸. 33, ´µ·³¨·µ¢ ´´Ò¥ ¶µ ¶²µÐ ¤¨
± £¨¸Éµ£· ³³ ³, ¶¥·¥¤ ÕÉ Ëµ·³Ê ±·¨¢ÒÌ En−1 ¤²Ö ω(p, h, E) ¨ E2 ¤²Ö

�¨¸. 31. ‘· ¢´¥´¨¥ ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ¸É¥° ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸Éµ-
Ö´¨° ¢ ¸Ì¥³¥ Ê·µ¢´¥° ¶µÉ¥´Í¨ ²  �¨²Ó¸cµ´  (Ë²Ê±ÉÊ¨·ÊÕÐ¨¥ ²¨´¨¨) ¨ ¢ Ô±¢¨¤¨-
¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ (¶² ¢´Ò¥ ²¨´¨¨) ¤²Ö Ö¤¥· A = 115, Z = 46 (a) ¨ 50 (¡) ¨
Ê± § ´´µ£µ Î¨¸²  Î ¸É¨Í (p) ¨ ¤Ò·µ± (h)
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�¨¸. 32. �¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨
¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ-
´¨° ωB(0, 0, pν , hν , E) Ö¤·  60Ni, · ¸-
¸Î¨É ´´Ò¥ ¢ ¸Ì¥³¥ Ê·µ¢´¥° ¶µÉ¥´Í¨-
 ²  ‚Ê¤¸ Ä‘ ±¸µ´  [60]: ¸¶²µÏ´Ò¥
±·¨¢Ò¥ Å ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨;
ÏÉ·¨Ìµ¢Ò¥ Å ¶²µÉ´µ¸É¨ ¢ Ô±¢¨¤¨-
¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ¸ · §¤¥²¥´¨¥³
Î ¸É¨Í ¨ ¤Ò·µ± ´  ¶·µÉµ´Ò ¨ ´¥°-
É·µ´Ò

ω+(p, h = p, E), ¶·¥¤¸± §Ò¢ ¥³ÊÕ Ô±¢¨¤¨¸É ´É´µ° ³µ¤¥²ÓÕ. ‚ [30, 65Ä68] ·¥-
 ²¨¸É¨Î¥c±¨¥ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò
¸ ÊÎ¥Éµ³ ¸¶¨´µ¢, Î¥É´µ¸É¨ ¨ ¸¶ ·¨¢ ´¨Ö. �¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´ÒÌ · ¸Î¥Éµ¢ ¶µ-
± §Ò¢ ÕÉ, ÎÉµ ¤²Ö ±µ··¥±É´µ£µ µ¶·¥¤¥²¥´¨Ö ωB(pπ , hπ, pν , hν , E) ´¥µ¡Ìµ¤¨³µ
ÊÎ¨ÉÒ¢ ÉÓ ÔËË¥±ÉÒ µ¡µ²µÎ¥Î´µ° ¸É·Ê±ÉÊ·Ò Ö¤· , ¨¸¶µ²Ó§µ¢ ÉÓ ¨§¢²¥Î¥´´Ò¥
¨§ Ô±¸¶¥·¨³¥´É  Ô´¥·£¨¨ µ¤´µÎ ¸É¨Î´ÒÌ Ê·µ¢´¥° ¸·¥¤´e£µ ¶µ²Ö,   É ±¦¥ ¶·µ-
¨§¢µ¤¨ÉÓ µÉ¡µ· Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¸ µ¶·¥¤¥²¥´´Ò³¨ §´ Î¥´¨Ö³¨
±¢ ´Éµ¢ÒÌ Î¨¸¥² (ÊÎ¨ÉÒ¢ ÉÓ § ±µ´Ò ¸µÌ· ´¥´¨Ö Î¥É´µ¸É¨, ¸¶¨´  ¨ ¨§µ¸¶¨´ ),
ÊÎ¨ÉÒ¢ ÉÓ ÔËË¥±ÉÒ ¸¶ ·¨¢ ´¨Ö ¨ · §¤¥²¥´¨¥ Î ¸É¨Í ¨ ¤Ò·µ± ´  ¶·µÉµ´Ò (π)
¨ ´¥°É·µ´Ò (ν).

�±¢¨¤¨¸É ´É´ Ö ³µ¤¥²Ó ¤ ¥É Ìµ·µÏ¥¥ ¶·¨¡²¨¦¥´¨¥ ¤²Ö µ¶·¥¤¥²¥´¨Ö
ωB(pπ, hπ, pν , hν , E) ¶·¨ ¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö E. �·¨ ³ ²ÒÌ ¦¥
E µ¶¨¸ ´¨¥ µ± §Ò¢ ¥É¸Ö ´¥ ¤¥±¢ É´Ò³, µ¸µ¡¥´´µ ¤²Ö Ö¤¥· ¸ § ¶µ²´¥´´Ò³¨
¨²¨ ¶µÎÉ¨ § ¶µ²´¥´´Ò³¨ µ¡µ²µÎ± ³¨, £¤¥ · ¸Ìµ¦¤¥´¨¥ ¢ÒÎ¨¸²¥´´ÒÌ ¢ Ô±¢¨-
¤¨¸É ´É´µ³ ¶·¨¡²¨¦¥´¨¨ ¨ ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ¸É¥° ³µ¦¥É ¡ÒÉÓ §´ Î¨-
É¥²Ó´Ò³.

”²Ê±ÉÊ Í¨¨ ¢ ¶²µÉ´µ¸ÉÖÌ, ¸¢Ö§ ´´ÒÌ ¸ µ¡µ²µÎ¥Î´µ° ¸É·Ê±ÉÊ·µ°, ´ ¨¡µ-
²¥¥ § ³¥É´Ò ¶·¨ ´Ê²¥¢µ³ ¶ · ³¥É·¥ ¤¥Ëµ·³ Í¨¨ (ÊÎ¥É ¤¥Ëµ·³ Í¨¨ Ö¤·  ¶·¨-
¢µ¤¨É ± ²ÊÎÏ¥³Ê ¸µ£² ¸¨Õ), ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö, ³ ²µ³ Î¨¸²¥
Ô±¸¨Éµ´µ¢ ¨ ¸£² ¦¨¢ ÕÉ¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ³ ¸¸µ¢µ£µ Î¨¸²  A. „¥É ²Ó´µ¥ ¶µ-
¢¥¤¥´¨¥ ÔÉ¨Ì Ë²Ê±ÉÊ Í¨° § ¢¨¸¨É µÉ ±µ´±·¥É´µ° ¸Ì¥³Ò µ¤´µÎ ¸É¨Î´ÒÌ Ê·µ¢-
´¥° ¸·¥¤´¥£µ ¶µ²Ö, ¶µ²µ¦¥´´ÒÌ ¢ µ¸´µ¢Ê · ¸Î¥Éµ¢. ”²Ê±ÉÊ Í¨¨ ¶²µÉ´µ¸É¥°
¶·µ¸É¥°Ï¨Ì Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· ³µ£ÊÉ ¡ÒÉÓ  ¸¸µÍ¨¨·µ¢ ´Ò ¸
Ë²Ê±ÉÊ Í¨Ö³¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É· Ì [62, 66Ä68].

‚²¨Ö´¨¥ µ¡µ²µÎ¥Î´ÒÌ ÔËË¥±Éµ¢ (¢ µ¡² ¸É¨ Ö¤¥·, ¡²¨§±¨Ì ± ³ £¨Î¥¸±¨³)
¢ ¶²µÉ´µ¸ÉÖÌ ωB(p, h, E) ¢ ‘ŒŠ� ³µ¦´µ ÊÎ¥¸ÉÓ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨ ¢¢¥-
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�¨¸. 33. �¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ (a, ¢) ¨ ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸µ-
¸ÉµÖ´¨° (¡, £) ¤²Ö Ö¤·  60Ni: a, ¢) £¨¸Éµ£· ³³Ò Å ωB(3, 3, E, 1−) ¨ ωB(2, 2, E, 1−);
ÉµÎ±¨ Å ωB(3, 3, E) ∼ En−1 ¨ ωB(2, 2, E) ∼ En−1, n = 6; ¡, £) £¨¸Éµ£· ³³Ò Å
ωB+(3, 3, E, 1−) ¨ ωB+(2, 2, E, 1−); ÉµÎ±¨ Å ω+(3, 3, E) ∼ E2 ¨ ωB(2, 2, E) ∼ E2
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¤¥´¨¥³ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° µÉ
Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E [14]:

g → g(E) = g

[
1 +

δW (Z, A)
E

(1 − exp (−0, 05E))
]

, (130)

£¤¥ δW (Z, A) Å µ¡µ²µÎ¥Î´ Ö ¶µ¶· ¢±  ± Ô´¥·£¨¨ ¸¢Ö§¨ δW (Z, A) =
MÔ±¸¶(Z, A) − M¦.±(Z, A); MÔ±¸¶(Z, A) Å Ô±¸¶¥·¨³¥´É ²Ó´ Ö ³ ¸¸  Ö¤-
·  (Z, A); M¦.±(Z, A) Å ³ ¸¸  Ö¤·a ¢ ³µ¤¥²¨ ¦¨¤±µ° ± ¶²¨.

„²Ö ±µ··¥±É´µ£µ µ¶·¥¤¥²¥´¨Ö ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ¸É¥° ωB(p, h, E) ´¥-
µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ÔËË¥±ÉÒ µ¸É ÉµÎ´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ³¥¦¤Ê ´Ê±²µ´ ³¨
(¶µ³¨³µ ÔËË¥±É  ¸¶ ·¨¢ ´¨Ö), µ¸µ¡¥´´µ ¤²Ö Ö¤¥·, ¡²¨§±¨Ì ± ³ £¨Î¥¸±¨³, £¤¥
µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¨£· ¥É ¤µ³¨´¨·ÊÕÐÊÕ ·µ²Ó. ‚ Ë¥·³¨-¸¨¸É¥³¥
¸ ¸¨²Ó´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ ( Éµ³´µ¥ Ö¤·µ) ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ³µ¦´µ
· §¤¥²¨ÉÓ ´  É·¨ £·Ê¶¶Ò: µ¤´µ±¢ §¨Î ¸É¨Î´Ò¥ (¶µÖ¢²¥´¨¥ µ¤´µ° Î ¸É¨ÍÒ ¨²¨
¤Ò·±¨), ³´µ£µ±¢ §¨Î ¸É¨Î´Ò¥ (Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥) ¨ ±µ²²¥±É¨¢´Ò¥. �¥±µ²-
²¥±É¨¢´Ò¥ Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö (¶µÖ¢²¥´¨¥ ´¥¸±µ²Ó±¨Ì Î ¸É¨Í ¨
¤Ò·µ±, · §Ê³¥¥É¸Ö, ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ³¥¦¤Ê ¸µ¡µ°) µ¶·¥¤¥²ÖÕÉ¸Ö ±¢ ´Éµ-
¢Ò³¨ Î¨¸² ³¨ ({λ}, {λ′}), ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶µÖ¢²¥´¨Õ Î ¸É¨Í ¢ ¸µ¸ÉµÖ´¨ÖÌ
{λ} ¨ ¤Ò·µ± ¢ ¸µ¸ÉµÖ´¨ÖÌ {λ′}, £¤¥ λ(λ′) Å ´ ¡µ· ±¢ ´Éµ¢ÒÌ Î¨¸¥² ¸µ¸ÉµÖ´¨Ö
µ¤´µ° Î ¸É¨ÍÒ (¤Ò·±¨). ˆ§-§  ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ±¢ §¨Î ¸É¨Í ³¨ Ô´¥·£¨Ö
Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¸µ¸ÉµÖ´¨Ö ´¥ ¥¸ÉÓ ¸Ê³³  Ô´¥·£¨° Î ¸É¨Í ¨ ¤Ò·µ± (± ±
¤²Ö ¸¨¸É¥³Ò ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ±¢ §¨Î ¸É¨Í). ‚±²ÕÎ¥´¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö
¶·¨¢µ¤¨É ± ¸³¥Ï¨¢ ´¨Õ É ±¨Ì ¸µ¸ÉµÖ´¨° ¨ ¸¤¢¨£Ê ¨Ì Ô´¥·£¨°.

	µ²ÓÏ¨´¸É¢µ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° µ¸É ÕÉ¸Ö ´¥±µ²²¥±É¨¢´Ò³¨,
É. ¥. ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¸Ê¶¥·¶µ§¨Í¨Õ ¡µ²ÓÏµ£µ Î¨¸²  Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ
¸µ¸ÉµÖ´¨°, ¢ ±µÉµ·µ° ¤µ³¨´¨·Ê¥É ¢±² ¤ µ¤´µ£µ Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¸µ¸Éµ-
Ö´¨Ö ({λ}, {λ′}) ¸ ¢¥¸µ³ ¶µ·Ö¤±  ¥¤¨´¨ÍÒ, Éµ£¤  ± ± ± ¦¤µ¥ ¨§ µ¸É ²Ó´ÒÌ
¸µ¸ÉµÖ´¨° ¨³¥¥É ³ ²Ò° ¢¥¸. �´¥·£¨¨ ´¥±µ²²¥±É¨¢´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ
¸µ¸ÉµÖ´¨° ³ ²µ ¸¤¢¨£ ÕÉ¸Ö µÉ´µ¸¨É¥²Ó´µ Ô´¥·£¨¨, ¤ ¢ ¥³µ° ³µ¤¥²ÓÕ ´¥¢§ -
¨³µ¤¥°¸É¢ÊÕÐ¨Ì ±¢ §¨Î ¸É¨Í, Å ÔÉµ ¨Ì Ì · ±É¥·´Ò° ¶·¨§´ ±, µÉ²¨Î ÕÐ¨°
´¥±µ²²¥±É¨¢´Ò¥ Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö µÉ ±µ²²¥±É¨¢´ÒÌ. �ËË¥±ÉÒ
ÊÎ¥É  ±µ²²¥±É¨¢´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶²µÉ´µ¸ÉÖÌ É·¥¡ÊÕÉ ¸¶¥Í¨ ²Ó´µ£µ · ¸¸³µ-
É·¥´¨Ö [61, 69, 70].

�¤´ ±µ ¶µ¤ ¢²ÖÕÐ¥¥ ¡µ²ÓÏ¨´¸É¢µ ´¥±µ²²¥±É¨¢´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ
¸µ¸ÉµÖ´¨° (¨¸±²ÕÎ Ö ¸ÊÐ¥¸É¢¥´´µ ±µ²²¥±É¨¢´Ò¥, ±µÉµ·ÒÌ µÎ¥´Ó ³ ²µ) ¡Ê-
¤¥É ´ Ìµ¤¨ÉÓ¸Ö ¶· ±É¨Î¥¸±¨ ¢ Éµ° ¦¥ µ¡² ¸É¨ Ô´¥·£¨°, ÎÉµ ¨ ¢ ´Ê²¥¢µ³
¶·¨¡²¨¦¥´¨¨. �µÔÉµ³Ê ÊÎ¥É µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ±¢ §¨Î ¸É¨-
Í ³¨ ¶·¨ ¢Ò¡µ·¥ ¨´É¥·¢ ²  Ê¸·¥¤´¥´¨Ö, ¸· ¢´¨³µ£µ ¸µ ¸¤¢¨£µ³ Ô´¥·£¨¨
ÔÉ¨Ì ¸µ¸ÉµÖ´¨°, ´¥ ¸ÊÐ¥¸É¢¥´¥´ ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ·¥ ²¨¸É¨Î¥¸±¨Ì ¶²µÉ´µ-
¸É¥° ωB(p, h, E). � ¨¡µ²¥¥ ÔËË¥±É¨¢´Ò³¨ ±µ³¶ÓÕÉ¥·´Ò³¨ ¶·µ£· ³³ ³¨ ¢Ò-
Î¨¸²¥´¨Ö ωB(p, h, E), ±µ£¤  ¤µ¸É¨£ ¥É¸Ö §´ Î¨É¥²Ó´Ò° ¢Ò¨£·ÒÏ ¢µ ¢·¥³¥´¨,
Ö¢²ÖÕÉ¸Ö ¶·µ£· ³³Ò, ¡ §¨·ÊÕÐ¨¥¸Ö ´  ³¥Éµ¤¥ Œµ´É¥-Š ·²µ [71, 72].
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‚ ‘ŒŠ� ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¨³¥¥É ³¥¸Éµ ±¢ §¨· ¢´µ¢¥¸¨¥ ¶·µ³¥¦ÊÉµÎ-
´µ° ¸¨¸É¥³Ò ´  ± ¦¤µ° ¸É ¤¨¨ ³´µ£µ¸ÉÊ¶¥´Î Éµ£µ ¶·µÍ¥¸¸  Ö¤¥·´µ° ·¥² ±-
¸ Í¨¨, É. ¥.

τ0 < τ+, (131a)

£¤¥ τ0 = �/Γ0(p, h, E); τ+ = �/Γ+(p, h, E) Å ¸·¥¤´¥¥ ¢·¥³Ö · §¢ ²  §  ¸Î¥É
¸¢Ö§¨ ¸µ ¸²µ¦´Ò³¨ (n + 2)-±µ´Ë¨£Ê· Í¨Ö³¨; Γ0(p, h, E) Å ·¥² ±¸ Í¨µ´´ Ö
Ï¨·¨´  ¤²Ö ∆n = 0(n → n); Γ+(p, h, E) ≡ Γ↓(p, h, E) Å ·¥² ±¸ Í¨µ´´ Ö
Ï¨·¨´  ¤²Ö ∆n = +2(n → n + 2). �·¨ τ0 > τ+ ±¢ §¨· ¢´µ¢¥¸¨¥ ´¥ ¨³¥¥É
³¥¸Éa. ‚ ‘Œ�� ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ²¨¤¨·ÊÕÐ Ö (¡Ò¸É· Ö) Î ¸É¨Í  ¢ ±µ´-
É¨´ÊÊ³¥ (¶¥·¥Ìµ¤ n− 2 → n) ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸µ ¸¢Ö§ ´´Ò³ ´Ê±²µ´µ³ Ö¤·  ¸
·µ¦¤¥´¨¥³ 1p1h-¶ ·Ò (¸³. (99)), É. ¥.

τc > τ+ > τ0, (131¡)

£¤¥ τc = �/−2Wµ¶É Å ¸·¥¤´¥¥ ¢·¥³Ö ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  ²¨¤¨·ÊÕÐe° Î -
¸É¨ÍÒ; Wµ¶É Å ³´¨³ Ö Î ¸ÉÓ µ¶É¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ² .

‚ ‘ŒŠ� ¨ ‘Œ�� µÉ¤¥²Ó´Ò¥ Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö |p, h, β〉 ±µ-
´¥Î´µ£µ Ö¤·  ´¥ ´ ¡²Õ¤ ¥³Ò, É. ±. ¨§³¥·Ö¥³µ¥ ¸¥Î¥´¨¥ Ê¸·¥¤´Ö¥É¸Ö ¶µ ¡µ²Ó-
Ïµ³Ê Î¨¸²Ê ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¨´É¥·¢ ²¥ I , £¤¥ I Å Ô´¥·£¥É¨Î¥¸±µ¥
· §·¥Ï¥´¨¥ ¤¥É¥±Éµ· , ¶·¨Î¥³ ¢·¥³¥´´µ° ¨´É¥·¢ ² ³¥¦¤Ê ¢·¥³¥´¥³ ¶·µÉ¥± -
´¨Ö ·¥ ±Í¨¨ ¨ ¤¥É¥±É¨·µ¢ ´¨Ö ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¤µ¸É ÉµÎ´µ ¢¥²¨±, É ± ÎÉµ
§  ÔÉµ ¢·¥³Ö ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨° (131a), (131¡) ±µ´¥Î´µ¥ Ö¤·µ ¤µ¸É¨£´¥É
¸µ¸ÉµÖ´¨Ö · ¢´µ¢¥¸¨Ö, ¶·¨ ÔÉµ³ ± ¦¤µ¥ ·¥ ²Ó´µ¥ (· ¢´µ¢¥¸´µ¥) ¢µ§¡Ê¦¤¥´-
´µ¥ ¸µ¸ÉµÖ´¨¥ Ö¤·  |f〉 c Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö Uf Ö¢²Ö¥É¸Ö ¸Ê¶¥·¶µ§¨Í¨¥°
¡ §¨¸´ÒÌ |p, h, β〉-¸µ¸ÉµÖ´¨°:

|f〉 =
∑
p,h,β

af
p,h,β(Uf )|p, h, β〉. (132)

�·¨ Ê¸·¥¤´¥´¨¨ ¶µ ¡µ²ÓÏµ³Ê Î¨¸²Ê ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° |f〉 (¶·¨ Γf > Df ) ¢
¨´É¥·¢ ²¥ I ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ³ É·¨Î´Ò¥ Ô²e³¥´ÉÒ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö ¤²Ö ±µ´¥Î´µ£µ Ö¤·  ¸²ÊÎ °´Ò ¶µ ¢¥²¨Î¨´¥ ¨ §´ ±Ê (Vµ¸É Å ¸²ÊÎ °´ Ö
³ É·¨Í ), ¨³¥¥³

∑
f

af∗

p,h,β(Uf )af
p′,h′,β′(Uf )δI(Uf − U) =

= δph,p′h′δβ,β′

∑
f

|af
p,h,β(Uf )|2δI(Uf − U), (133)

£¤¥

δI(Uf − U) =
I

2π[(Uf − U)2 + I2/4]
,

U Å Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö ±µ´¥Î´µ£µ Ö¤· .
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ˆ§ (133) ¸²e¤Ê¥É, ÎÉµ

ω̃(p, h, β, U) =
∑

f

|af
p,h,β(Uf )|2δI(Uf − U) (134)

Ö¢²Ö¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ |p, h, β〉-¸µ¸ÉµÖ´¨° ¶µ ·¥ ²Ó´Ò³ ¸µ¸ÉµÖ´¨Ö³ ±µ´¥Î-
´µ£µ Ö¤·  ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö U (¶ ·Í¨ ²Ó´Ò° ¢±² ¤ |p, h, β〉 ¢ |f〉). �·¨
ÔÉµ³ ∑

β

ω̃(p, h, β, U) = ω̃(p, h, U) (135)

¥¸ÉÓ ·¥ ²¨¸É¨Î¥¸± Ö ¶²µÉ´µ¸ÉÓ |p, h, U〉-¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤·  ¸ ÊÎ¥Éµ³
ÔËË¥±É  µ¸É ÉµÎ´µ£µ (¸²ÊÎ °´µ£µ) ¢§ ¨³µ¤¥°¸É¢¨Ö (¢ µÉ²¨Î¨e µÉ ·¥ ²¨¸É¨Î¥-
¸±µ° ¶²µÉ´µ¸É¨ ωB(p, h, U) ¢ Œ�— (¸³. · §¤. 4)).

„²Ö µÍ¥´±¨ ±‘��-¸¥Î¥´¨Ö (k = 1, 2, 3, . . . ) (¸³. (100)) É·¥¡Ê¥É¸Ö ¢ÒÎ¨-
¸²¥´¨¥ ω̃(p, h, β, U) (135) ¶·¨ p = 1, h = 1. ‚ [6] ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¶·µ¸Éµ¥
Î ¸É¨Î´µ-¤Ò·µÎ´µ¥ ¸µ¸ÉµÖ´¨¥ |1, 1, β〉 ¢ µ¤´µ±µ³¶µ´¥´É´µ³ Ëµ·³ ²¨§³¥ · ¸-
¶·¥¤¥²¥´µ ¶µ ·¥ ²Ó´Ò³ ¸µ¸ÉµÖ´¨Ö³ ±µ´¥Î´µ£µ Ö¤·  ¶µ § ±µ´Ê ƒ Ê¸¸  ¨²¨
‹µ·¥´Í :

ω̃(1, 1, β1, U) ≡ G(Uβ1 , U) =




exp
[
−(Uβ1 − U)2/2Γ2

]
Γ
√

2π
,

Γ
[(U − Uβ1)2 + Γ2/4] 2π

,

(136)

£¤¥ Uf Å Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö |1, 1, β1〉-¸µ¸ÉµÖ´¨Ö, µ¶·¥¤¥²Ö¥³ Ö ¢ ³µ¤¥²¨
µ¡µ²µÎ¥± (Uβ1 � εβ1 − εβ1); Γ Å Ï¨·¨´  · ¸¶·¥¤¥²¥´¨Ö (¢ · ¸Î¥É Ì ¶µ² -
£ ¥É¸Ö Γ = 4 ŒÔ‚), ¶·¨Î¥³ Ï¨·¨´Ê Γ ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± µÍ¥´±Ê
ÔËË¥±É  µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ±µ´¥Î´µ³ Ö¤·¥. ”µ·³Ê²  (136) ²¥£±µ
µ¡µ¡Ð ¥É¸Ö ´  ¸²ÊÎ ° ¤¢ÊÌ±µ³¶µ´¥´É´µ° Ë¥·³¨-¸¨¸É¥³Ò [73]. ‘¶· ¢¥¤²¨-
¢µ¸ÉÓ ¸µµÉ´µÏ¥´¨Ö (136) ³µ¦´µ ¶µ´ÖÉÓ ´  ¶·µ¸Éµ³ ¶·¨³¥·¥. �Ê¸ÉÓ |d〉 ≡
|1, 1, β1〉 ¨ |s〉 Å ¡µ²¥¥ ¸²µ¦´Ò¥ ¸µ¸ÉµÖ´¨Ö, Î¥³ |d〉, ¨ ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ,
ÎÉµ

〈d|Vµ¸É|d′〉 = 〈s|Vµ¸É|s′〉 = 0, 〈d|Vµ¸É|s〉 ≡ Vds = const 	= 0, Ds = const,

Éµ ÉµÎ´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ±µ´¥Î´µ£µ Ö¤· 

|f〉 = af
d(Uf ) +

∑
s

af
s (Uf )|s〉, (137 )

£¤¥

|af
d(Uf )|2 = DsΓds/2π[(Uf − Ud)2 + Γ2

ds/4], (137¡)
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Γds = 2πV 2
ds/Ds Å ·¥² ±¸ Í¨µ´´ Ö Ï¨·¨´  ¸µ¸ÉµÖ´¨Ö |d〉. ˆ§ Ô±¸¶¥·¨³¥´-

É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ Ï¨·¨´ ³ Γ↓
1p1h ¨ Γ↓

Œƒ� ¸²¥¤Ê¥É ¶·¨¡²¨¦¥´´ Ö µÍ¥´±  ¤²Ö
Γds � 4 ŒÔ‚. ’µ£¤  ¤²Ö ω̃d(U) ≡ ω̃(1, 1, β, U) (¸³. (134)) ¨³¥¥³

ω̃d =
∑

f

|af
d(Uf )|2δI(Uf − U). (137¢)

ˆ¸¶µ²Ó§ÊÖ (137¡), (137¢), µ±µ´Î É¥²Ó´µ ¶µ²ÊÎae³ (¶·¨ Ds ≡ Df )

ω̃d(U) =
∫

dUf
1
2π

ΓdsδI(Uf − U)
(Uf − Ud)2 + Γ2

ds/4
� Γds

2π[(U − Ud)2 + Γ2
ds/4]

,

ÎÉµ ¸µ¢¶ ¤ ¥É ¸ (136) (· ¸¶·¥¤¥²¥´¨¥ ‹µ·¥´Í  ¸ Γ = Γds ¨ Uβ1 = Ud).
�´¥·£¨¨ Uβ1 = εβp − εβn ¢ (136) ¢ÒÎ¨¸²ÖÕÉ¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥ ²¨-

¸É¨Î¥¸±¨Ì µ¤´µÎ ¸É¨Î´ÒÌ (µ¤´µ¤Ò·µÎ´ÒÌ) ¸Ì¥³ Ê·µ¢´¥° ¸ ÊÎ¥Éµ³ ¸µÌ· ´¥´¨Ö
¶µ²´µ£µ Ê£²µ¢µ£µ ³µ³¥´É  (J) ¨ Î¥É´µ¸É¨ (P ):

(−1)�p+�n = P ; |jp − jn| ≤ J ≤ jh + jp,

¨ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ·¥ ²¨¸É¨Î¥¸± Ö µ¤´µÎ ¸É¨Î´µ-µ¤´µ¤Ò·µÎ´ Ö ¶²µÉ´µ¸ÉÓ ¸
§ ¤ ´´Ò³¨ J, P c ÊÎ¥Éµ³ µ¸É ÉµÎ´µ£µ (¸²ÊÎ °´µ£µ) ¢§ ¨³µ¤¥°¸É¢¨Ö (β1 ≡
βp, βh, J, P )

ω̃(1, 1, U, JP ) =
∑

βp,βn

G(Uβ1 , U). (138)

�¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ‘Œ��
ω̃Bf

k(�)(U) c ÊÎ¥Éµ³ µ¸É ÉµÎ´µ£µ (¸²ÊÎ °´µ£µ) ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶µ

�¨¸. 34. �¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
ω̃B(p, h = p, U, JP = 1+) ¤²Ö Ö¤·  208Pb (p = h = 1−4) [75]: a) ¡¥§ ÊÎ¥É  µ¸É -
ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö (¢ Œ�—); ¡) ¸ ÊÎ¥Éµ³ ¸²ÊÎ °´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö
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Ëµ·³Ê² ³ É¨¶  (101) ¸ § ³¥´µ° ω(1, 1, U1) → ω̃(1, 1, U1) =
∑

β1
G(Uβ1 , U)

(¸³. (135)).
‚ · ³± Ì · ¸Î¥É´µ£µ Ëµ·³ ²¨§³ , · §¢¨Éµ£µ ¢ [74Ä76] ´  µ¸´µ¢¥ µÍ¥´±¨

¢Éµ·ÒÌ ³µ³¥´Éµ¢ ¤²Ö ³ É·¨Î´ÒÌ Ô²e³¥´Éµ¢ ¸²ÊÎ °´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö ¢ÒÎ¨¸²¥´Ò ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ-
´ÒÌ ¸µ¸ÉµÖ´¨° ω̃B(p, h, U, JP ) c ÊÎ¥Éµ³ ¸²ÊÎ °´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°-
¸É¢¨Ö (¸³. (134), (135)). �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ωB(p, h = p, U, JP = 1+) ¤²Ö
Ö¤·  209Pb ¶·¨ p = 1−4 ¶·¨¢¥¤¥´Ò ´  ·¨¸. 34 [76]. Š ± ¢¨¤´µ ¨§ ·¨¸. 34,
ÊÎ¥É ¸²ÊÎ °´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¶·¨ ³ -
²ÒÌ Î¨¸² Ì Ô±¸¨Éµ´µ¢ ¶²µÉ´µ¸É¨ ω̃B(p, h = p, U, JP ) ¤²Ö Ö¤·  208Pb ¢ ´¨§±µ°
µ¡² ¸É¨ Ô´¥·£¨°, ¶·¨Î¥³ ÔËË¥±É ÊÎ¥É  µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¶²µÉ-
´µ¸ÉÖÌ ω̃B(p, h, U, JP ) ¢ ¦¥´ ¤²Ö Ö¤¥·, ¡²¨§±¨Ì ± ³ £¨Î¥¸±¨³, £¤¥ µ¸É ÉµÎ´µ¥
¢§ ¨³µ¤¥°¸É¢¨¥ ¨£· ¥É ¤µ³¨´¨·ÊÕÐÊÕ ·µ²Ó.

‡�Š‹	—…�ˆ…

‚ µ¡§µ·¥ ¨§²µ¦¥´Ò µ¸´µ¢´Ò¥ ³¥Éµ¤Ò µ¶¨¸ ´¨Ö ¶²µÉ´µ¸É¥° ¢µ§¡Ê¦¤¥´´ÒÌ
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°, ¨¸¶µ²Ó§Ê¥³Ò¥ ¢ · §²¨Î´ÒÌ ³µ¤¥²ÖÌ ¸É É¨¸É¨-
Î¥¸±¨Ì ³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ (¶·¥¤· ¢´µ¢¥¸´ÒÌ) Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨ ´¨§±¨Ì
¨ ¸·¥¤´¨Ì Ô´¥·£¨ÖÌ ´ ²¥É ÕÐ¨Ì Î ¸É¨Í. �µ¤·µ¡´µ · ¸¸³µÉ·¥´ Ëµ·³ ²¨§³
¢ÒÎ¨¸²¥´¨Ö ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ³µ¤¥²¨ ´¥¢§ ¨³µ-
¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¤²Ö Ô±¢¨¤¨¸É ´É´µ£µ µ¤´µÎ ¸É¨Î´µ£µ ¸¶¥±É·  ¸ ÊÎ¥Éµ³
¶·¨´Í¨¶  � Ê²¨, ±µ´¥Î´µ° £²Ê¡¨´Ò ¶µÉ¥´Í¨ ²Ó´µ° Ö³Ò, ÔËË¥±É  ¸¶ ·¨¢ -
´¨Ö, Ê¸·¥¤´¥´´µ° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ µ¤´µÎ ¸É¨Î´µ° ¶²µÉ´µ¸É¨ (´¥-
µ¤´µ·µ¤´µ¸ÉÓ µ¤´µÎ ¸É¨Î´µ£µ ¸¶¥±É· ) ¸µ¸ÉµÖ´¨°, · §¤¥²¥´¨Ö Î ¸É¨Í ¨ ¤Ò·µ±
´  ¶·µÉµ´´Ò¥ ¨ ´¥°É·µ´´Ò¥ (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¨ ¸¶¨´µ¢µ°
§ ¢¨¸¨³µ¸É¨ (¸³. · §¤. 1).

‘É É¨¸É¨Î¥¸±¨° ¶µ¤Ìµ¤ ¸ Ë¨±¸¨·µ¢ ´´Ò³ Î¨¸²µ³ ¢µ§¡Ê¦¤¥´¨°
(Î ¸É¨ÍÒ + ¤Ò·±¨) ¶µ§¢µ²Ö¥É ¸ÊÐ¥¸É¢¥´´µ · ¸Ï¨·¨ÉÓ ¢µ§³µ¦´µ¸É¨ ¸É É¨¸É¨-
Î¥¸±µ£µ µ¶¨¸ ´¨Ö ¸¢µ°¸É¢ ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥·. �¸´µ¢´Ò¥ ³¥Éµ¤Ò  ´ ²¨§ 
¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¸µ¸É ¢´µ£µ Ö¤·  (¢ ³µ¤¥²¨ ¸µ¸É ¢´µ£µ Ö¤· ) ¨ ¶²µÉ´µ¸É¨
Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (¢ · §²¨Î´ÒÌ ³µ¤¥²ÖÌ ¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·-
´ÒÌ ·¥ ±Í¨°) · ¸¸³µÉ·¥´Ò ¢ · ¡µÉ Ì [11, 14, 15, 26, 35, 36, 61]. �¡Ï¨·´Ò°
µ¡§µ· ¶µ ¶²µÉ´µ¸ÉÖ³ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¢ Ô±¸¨Éµ´´µ° ³µ¤¥²¨
¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸¤¥² ´ ¢ [77].

‚ ¤ ´´µ³ µ¡§µ·¥ ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´Ò ³¥Éµ¤Ò µ¶¨¸ ´¨Ö ¶²µÉ´µ¸É¨
¤µ¸ÉÊ¶´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  ¢ Ô±¸¨Éµ´-
´µ° ³µ¤¥²¨, ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  ¢ ‘ŒŠ� ¨ ¶²µÉ´µ¸É¨ ¤µ¸ÉÊ¶´ÒÌ ¸¢Ö§ ´´ÒÌ Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤·  ¢ ‘ŒŠ� ¨ ‘Œ�� (¸³. · §¤. 2).
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“Î¥É Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ·¥ ²¨¸É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ µ¤´µÎ ¸É¨Î-
´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
(ÊÎ¥É ÔËË¥±É  ±µ´É¨´ÊÊ³ ) ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´ ¢ · §¤. 3. �¥ ²¨¸É¨Î¥¸±¨¥
¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° µ¶·¥¤¥²ÖÕÉ¸Ö ¢ · ¸Î¥É Ì ±µ³¡¨´ -
Éµ·´µ£µ É¨¶  ¸ ·¥ ²¨¸É¨Î¥¸±¨³ ¸ ³µ¸µ£² ¸µ¢ ´´Ò³ ¶µÉ¥´Í¨ ²µ³ Ö¤· , £¤¥
· ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸Ì¥³  Ê·µ¢´¥° µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° (µ¡µ²µÎ¥Î´Ò¥ ÔË-
Ë¥±ÉÒ) ¢ ¶·¥´¥¡·¥¦¥´¨¨ µ¸É ÉµÎ´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¨ ¸ ÊÎ¥Éµ³ ÔËË¥±É 
¸²ÊÎ °´µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö (¸³. · §¤. 4). �·µ¢¥¤¥´´Ò¥ ¢ÒÎ¨¸²¥-
´¨Ö ¶²µÉ´µ¸É¥° Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¤²Ö µ¤´µÎ ¸É¨Î´µ£µ ¸¶¥±É· 
Ê·µ¢´¥° ³µ¤¥²¨ µ¡µ²µÎ¥± ¨ ¤²Ö Ô±¢¨¤¨¸É ´É´µ£µ µ¤´µÎ ¸É¨Î´µ£µ ¸¶¥±É·  (¶µ
µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ (53)) [14, 15, 26, 27, 31, 62Ä68, 76] ¶µ± § ²¨ (¸³. ¶·¨¢¥-
¤¥´´Ò¥ ¢ É¥±¸É¥ ·¨¸Ê´±¨):

1) µ¡µ²µÎ¥Î´Ò¥ ÔËË¥±ÉÒ ´ ¨¡µ²¥¥ ¸¨²Ó´µ ¶·µÖ¢²ÖÕÉ¸Ö ¤²Ö Ö¤¥·, ¡²¨§±¨Ì
± ³ £¨Î¥¸±¨³, ¨ ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨ Î¨¸²  Ô±¸¨Éµ´µ¢ ¢²¨Ö´¨¥
µ¡µ²µÎ¥Î´ÒÌ ÔËË¥±Éµ¢ µ¸² ¡¥¢ ¥É;

2) ¤²Ö ¶²µÉ´µ¸É¥° ¶·µ¸ÉÒÌ (³ ²Ò¥ n) Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·,
¡²¨§±¨Ì ± ³ £¨Î¥¸±¨³, Í¥²¥¸µµ¡· §´¥¥ ¶·¨ µÉ´µ¸¨É¥²Ó´µ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¢µ§-
¡Ê¦¤¥´¨Ö ¨¸¶µ²Ó§µ¢ ÉÓ ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²µÉ´µ¸É¨ ¸ ÊÎ¥Éµ³ ÔËË¥±É  µ¸É ÉµÎ-
´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö;

3) ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¤²Ö µÉ´µ¸¨É¥²Ó´µ ³ ²ÒÌ
n < nmax � 2

√
gE ¨ ¢Ò¸µ±µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö (E);

4) ¶·¨ ¤µ¸É ÉµÎ´µ ¢Ò¸µ±µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ≥ 30 ŒÔ‚ ¸²¥¤Ê¥É
ÊÎ¨ÉÒ¢ ÉÓ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ Ê¸·¥¤´¥´´µ° ·¥ ²¨¸É¨Î¥¸±µ° µ¤´µÎ -
¸É¨Î´µ° ¶²µÉ´µ¸É¨ gs(ε) (ÔËË¥±É ±µ´É¨´ÊÊ³ ) (¸³. · §¤. 3) ¨ ¨¸¶µ²Ó§µ¢ ÉÓ
¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¶²µÉ´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¨ µÉ´µ¸¨É¥²Ó´µ
³ ²ÒÌ n Ëµ·³Ê²Ê (62a); ¤²Ö µÉ´µ¸¨É¥²Ó´µ ¡µ²ÓÏ¨Ì n ¶·¥¤¶µÎÉ¨É¥²Ó´¥¥
µ¡µ¡Ð¥´´ Ö Ëµ·³Ê²  (53). �·¨ ²Õ¡ÒÌ n (¨¸±²ÕÎ Ö ¶·µ¸É¥°Ï¨¥ Î ¸É¨Î´µ-
¤Ò·µÎ´Ò¥ ±µ´Ë¨£Ê· Í¨¨) ¨ E ≤ 30 ŒÔ‚ ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ Ô±¢¨¤¨¸É ´É´µ¥
¶·¨¡²¨¦¥´¨¥ (35).

‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö ¶µ²´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· ω(E) =

∑
p=h ω(p, h, E) ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨Ë-

Ë¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¤²Ö Ï¨·µ±µ£µ
¤¨ ¶ §µ´  Ô´¥·£¨° ¨ Ö¤¥· ¶µ§¢µ²Ö¥É ¸Ê¤¨ÉÓ µ ¸É¥¶¥´¨ ¤µ¸Éµ¢¥·´µ¸É¨ · §-
²¨Î´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨° (¶µ¤Ìµ¤µ¢) µ É ±µ° Ë¨§¨Î¥¸±µ° ¢¥-
²¨Î¨´¥, ± ± ¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´´ÒÌ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤· ,  
É ±¦¥ µ ¸É·Ê±ÉÊ·¥ Ö¤¥· ¨ ³¥Ì ´¨§³ Ì Ö¤¥·´ÒÌ ·¥ ±Í¨°. �²µÉ´µ¸É¨ Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° (¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ), ¢ÒÎ¨¸²Ö¥³Ò¥ ¶µ
µ¡µ¡Ð¥´´µ° Ëµ·³Ê²¥ (53) ¨²¨ (62a) (¨¸±²ÕÎ Ö ³ ²Ò¥ n ¨ E), ¶µ§¢µ²ÖÕÉ
¸ ¶· ±É¨Î¥¸±¨ ¤µ¸É ÉµÎ´µ° ÉµÎ´µ¸ÉÓÕ µ¶¨¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò
¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¢ ±¢ ´Éµ¢µ³ Ëµ·-
³ ²¨§³¥ ‘ŒŠ� ¨ ‘Œ�� ¢µ ¢¸¥° µ¡² ¸É¨ Ô´¥·£¨° ¸¶¥±É·  [9, 35, 36, 61, 73],
µ¤´ ±µ ¢ É¥µ·¥É¨Î¥¸±µ³ ¶² ´¥ ´¥µ¡Ìµ¤¨³  ¤ ²Ó´¥°Ï Ö · §· ¡µÉ±  ÔËË¥±-
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É¨¢´ÒÌ ³¥Éµ¤µ¢ ¢ÒÎ¨¸²¥´¨Ö ·¥ ²¨¸É¨Î¥¸±¨Ì Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¶²µÉ´µ¸É¥°
(¤¢ÊÌ±µ³¶µ´¥´É´ Ö Ë¥·³¨-¸¨¸É¥³ ) ¸ ÊÎ¥Éµ³ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ÎÉµ
µ¶·¥¤¥²¨É ¶µ²´Ò°, ¶µ¸²¥¤µ¢ É¥²Ó´Ò° ¨ ±µ··¥±É´Ò°  ´ ²¨§ ¸¶¥±É·µ¢ ¢Éµ·¨Î-
´ÒÌ Î ¸É¨Í ¢ ¶·¥¤· ¢´µ¢¥¸´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ �. ‚. „¦µ²µ¸Ê §  ¨¸±²ÕÎ¨É¥²Ó´µ ¶µ²¥§-
´Ò¥ § ³¥Î ´¨Ö, �. �. ‘ ´É¨²² ´Ê ¨ �. �¶·Ö §  ´¥µÍ¥´¨³ÊÕ ¶µ³µÐÓ ¶·¨ ¶µ¤-
£µÉµ¢±¥ ·Ê±µ¶¨¸¨,   É ±¦¥ ‚. ‘. †¨¢µ¶¨¸Í¥¢µ° ¨ ˆ. ‹. Š·ÒÏÉ ²¥¢µ° §  ¶µ´¨-
³ ´¨¥ ¨ ¶µ¤¤¥·¦±Ê.
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