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Nucleus–Nucleus Scattering in the High-Energy Approximation

and the Optical Folding Potential

For the nucleus–nucleus scattering, the complex potential is obtained which cor-

responds to the eikonal phase of an optical limit of the Glauber–Sitenko high-energy

approximation. The potential does not include free parameters, its real and imaginary

parts depend on energy and are determined by the reported data on the nuclear density

distributions and nucleon–nucleon scattering amplitude. Alternatively, for the real

part, the folding potential can be utilized which includes the effective NN -forces

and the exchange term, as well. As a result, the microscopic optical potential is con-

structed where contributions of the calculated real and imaginary parts are formed

by fitting the two respective factors. An efficient of the approach is confirmed

by agreements of calculations with the experimental data on elastic scattering

cross-sections.

The investigation has been performed at the Bogoliubov Laboratory of Theoreti-

cal Physics, JINR.
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ßäðî-ÿäåðíîå ðàññåÿíèå â âûñîêîýíåðãåòè÷åñêîì ïðèáëèæåíèè

è îïòè÷åñêèé ïîòåíöèàë ôîëäèíãà

Ïîëó÷åí êîìïëåêñíûé ïîòåíöèàë ôîëäèíãà, ñîîòâåòñòâóþùèé ýéêîíàëüíîé

ôàçå îïòè÷åñêîãî ïðåäåëà âûñîêîýíåðãåòè÷åñêîãî ïðèáëèæåíèÿ Ãëàóáåðà–Ñè-

òåíêî äëÿ ÿäðî-ÿäåðíîãî ðàññåÿíèÿ. Îí íå ñîäåðæèò ñâîáîäíûõ ïàðàìåòðîâ, åãî

âåùåñòâåííàÿ è ìíèìàÿ ÷àñòü çàâèñÿò îò ýíåðãèè è îïðåäåëÿþòñÿ èçâåñòíûìè

äàííûìè î ðàñïðåäåëåíèÿõ ÿäåðíûõ ïëîòíîñòåé è îá àìïëèòóäå íóêëîí-íóêëîí-

íîãî ðàññåÿíèÿ. Àëüòåðíàòèâíî äëÿ âåùåñòâåííîé ÷àñòè èñïîëüçóåòñÿ òàêæå ïî-

òåíöèàë ôîëäèíãà ñ ýôôåêòèâíûìè íóêëîí-íóêëîííûìè ñèëàìè è ó÷åòîì îáìå-

íà íóêëîíàìè. Â èòîãå ñòðîèòñÿ îïòè÷åñêèé ìèêðîñêîïè÷åñêèé ïîòåíöèàë, ãäå

âêëàäû ðàññ÷èòàííûõ âåùåñòâåííîé è ìíèìîé ÷àñòè ðåãóëèðóþòñÿ ïîäãîíêîé

äâóõ ïàðàìåòðîâ. Ðåçóëüòàòèâíîñòü òàêîãî ïîäõîäà ïîäòâåðæäàåòñÿ ñðàâíåíèåì

ðàñ÷åòîâ ñ ýêñïåðèìåíòàëüíûìè äàííûìè ñå÷åíèé óïðóãîãî ðàññåÿíèÿ.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áîãîëþ-

áîâà ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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ˆ§¢¥¸É´µ, ÎÉµ É ±¨¥ Ì · ±É¥·¨¸É¨±¨ Ö¤·µ-Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨°, ± ±
¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö ¨ ¶µ²´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨
¶·¨ Ô´¥·£¨ÖÌ ¢ ¤¥¸ÖÉ±¨ ¨ ¸µÉ´¨ ŒÔ‚ ´  ´Ê±²µ´ ¶ ¤ ÕÐ¥£µ Ö¤· , ¢¥¸Ó³  ÎÊ¢-
¸É¢¨É¥²Ó´Ò ± ¸É·Ê±ÉÊ·¥ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¢ µ¡² ¸É¨ ¨Ì ¶¥·¨Ë¥·¨¨. ’ ±,
 ´ ²¨§ ¶µ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨° ´¥¸É ¡¨²Ó´ÒÌ ²¥£±¨Ì Ö¤¥· ¸ Ö¤· ³¨ ¶µ§¢µ²¨²
Ê¸É ´µ¢¨ÉÓ Ê ·Ö¤  ¨§ ´¨Ì Ô±§µÉ¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê,   ¨³¥´´µ £ ²µ ¨²¨ ¨§¡Ò-
Éµ± ´Ê±²µ´µ¢ ¢ µ¡² ¸É¨ ¶µ¢¥·Ì´µ¸É¨ [1] (¸³. É ±¦¥ µ¡§µ·Ò [2Ä4]). „¥É ²Ó-
´µ¥ ¨§ÊÎ¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö  ²ÓË -Î ¸É¨Í
¨ Ö¤¥· p-µ¡µ²µÎ±¨ ¸ Ö¤· ³¨ ¶·¨¢¥²µ ± ´¥µ¡Ìµ¤¨³µ¸É¨ ¢¢µ¤¨ÉÓ ÔËË¥±É¨¢´Ò¥
´Ê±²µ´-´Ê±²µ´´Ò¥ ¸¨²Ò, § ¢¨¸ÖÐ¨¥ µÉ Ö¤¥·´µ° ¶²µÉ´µ¸É¨ ¨ Ô´¥·£¨¨ ¸Éµ²±´µ-
¢¥´¨Ö [5Ä7]. �  ÔÉµ° µ¸´µ¢¥ ¨¸¸²¥¤ÊÕÉ¸Ö ¸¢µ°¸É¢  Ö¤¥·´µ° ³ É¥·¨¨ ¢ µ¡² ¸É¨
¶¥·¥±·ÒÉ¨Ö Ö¤¥·´ÒÌ ¶²µÉ´µ¸É¥° [6, 8]. �µ²ÊÎ¥´¨¥ É ±µ£µ ·µ¤  ¨´Ëµ·³ Í¨¨
µ ¸É·Ê±ÉÊ·¥ Ö¤¥· ¨ Ö¤¥·´µ° ³ É¥·¨¨ É·¥¡Ê¥É ¤¥É ²Ó´µ£µ §´ ´¨Ö ³¥Ì ´¨§³ 
¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥·, ¨ ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¶µ¸É·µ¥´¨Ö Ö¤·µ-Ö¤¥·´ÒÌ µ¶É¨Î¥-
¸±¨Ì ¶µÉ¥´Í¨ ²µ¢. �·¨ ÔÉµ³, ÊÎ¨ÉÒ¢ Ö ¶·µ¡²¥³Ê ´¥µ¤´µ§´ Î´µ¸É¨ ¢ ¶µ²Ê-
Î¥´¨¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ ¸ ¶µ³µÐÓÕ χ2-¶µ¤£µ´µ±, ¢ ¦´¥¥ ¸
¸ ³µ£µ ´ Î ²  ¸É·µ¨ÉÓ µ¶É¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò, µ¶¨· Ö¸Ó ´  Î¥É±¨¥ Ë¨§¨Î¥-
¸±¨¥ ³µ¤¥²¨ ³¥Ì ´¨§³  ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥·. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨³¥¥É¸Ö Ìµ-
·µÏµ · §· ¡µÉ ´´ Ö ¶µ²Ê³¨±·µ¸±µ¶¨Î¥¸± Ö ³µ¤¥²Ó, ¢ ±µÉµ·µ° ¢¥Ð¥¸É¢¥´´ Ö
Î ¸ÉÓ ±µ³¶²¥±¸´µ£µ ¶µÉ¥´Í¨ ²  · c¸Î¨ÉÒ¢ ¥É¸Ö ´  µ¸´µ¢¥ ³¨±·µ¸±µ¶¨Î¥¸±µ°
³µ¤¥²¨ ¤¢µ°´µ£µ Ëµ²¤¨´£  (Œ„”),   ¥£µ ³´¨³ Ö Î ¸ÉÓ § ¤ ¥É¸Ö Ë¥´µ³¥´µ-
²µ£¨Î¥¸±¨, µ¡ÒÎ´µ ¢ ¢Ê¤¸-¸ ±¸µ´µ¢¸±µ° Ëµ·³¥, ¶ · ³¥É·Ò ±µÉµ·µ° ´ Ìµ¤ÖÉ
¶µ¤£µ´±µ° ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ³Ò ¶·¥¤² £ ¥³ ³¨±·µ¸±µ¶¨Î¥¸±¨° ¶µ¤Ìµ¤, £¤¥ ± ±
¢¥Ð¥¸É¢¥´´ Ö, É ± ¨ ³´¨³ Ö Î ¸ÉÓ ¶µÉ¥´Í¨ ²  ¢ÒÎ¨¸²ÖÕÉ¸Ö ´  ¡ §¥ ³¨±·µ-
¸±µ¶¨Î¥¸±¨Ì ³µ¤¥²¥°. ‘ ÔÉµ° Í¥²ÓÕ ¨¸¶µ²Ó§Ê¥É¸Ö µ¶É¨Î¥¸±¨° ¶µÉ¥´Í¨ ², ±µ-
Éµ·Ò° ³µ¦´µ ´ °É¨ ± ± ÉµÎ´µ¥ ¸µµÉ¢¥É¸É¢¨¥ µ¶É¨Î¥¸±µ³Ê ¶·¥¤¥²Ê ³¨±·µ¸±µ-
¶¨Î¥¸±µ° ³µ¤¥²¨ · ¸¸¥Ö´¨Ö ¢ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ (‚��),
¶·¥¤²µ¦¥´´µ° ¢´ Î ²¥ ƒ² Ê¡¥·µ³ ¨ ‘¨É¥´±µ ¤²Ö  ¤·µ´-Ö¤¥·´µ£µ · ¸¸¥Ö´¨Ö
[10, 11],   ¶µ§¤´¥¥ µ¡µ¡Ð¥´´µ° ´  ¸²ÊÎ ° · ¸¸¥Ö´¨Ö Ö¤¥· [12, 13]. ‚ ·Ö¤¥
¸²ÊÎ ¥¢ ¤²Ö · ¸Î¥É  ¢¥Ð¥¸É¢¥´´µ° Î ¸É¨ ¶µÉ¥´Í¨ ²  ³Ò ¨¸¶µ²Ó§Ê¥³ É ±¦¥
Œ„” ¸ ÊÎ¥Éµ³ µ¡³¥´  ´Ê±²µ´ ³¨. �ÉµÉ ³ É¥·¨ ² ¨§²µ¦¥´ ¢ · §¤. 1 ¨ 2. ‚
· §¤. 3 ¶·¨¢µ¤ÖÉ¸Ö · ¸Î¥ÉÒ É ±¨Ì ¶µÉ¥´Í¨ ²µ¢, ¶·¥¤² £ ¥É¸Ö ³µ¤¥²Ó ¶µ¤£µ´±¨,
±µ£¤  ¢ ·Ó¨·ÊÕÉ¸Ö ¤¢  ´µ·³¨·ÊÕÐ¨Ì ³´µ¦¨É¥²Ö, µ¶·¥¤¥²ÖÕÐ¨Ì ¢±² ¤ ¢¥Ð¥-
¸É¢¥´´µ° ¨ ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ ² , ¤ ´µ ¸· ¢´¥´¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¸¥Î¥´¨Ö³¨ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö.
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Œ´µ£¨¥ ¨¸¸²¥¤µ¢ ´¨Ö Ö¤·µ-Ö¤¥·´µ£µ · ¸¸¥Ö´¨Ö ¶·¨ Ô´¥·£¨ÖÌ
10 ÷ 100 ŒÔ‚/´Ê±²µ´ µ¸´µ¢ ´Ò ´  Ô°±µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨. �Éµ ¶µ§¢µ-
²Ö¥É ·Ö¤ · ¸Î¥Éµ¢ ¢Ò¶µ²´¨ÉÓ  ´ ²¨É¨Î¥¸±¨ ¨ É ±¨³ µ¡· §µ³ ¢ÒÖ¢¨ÉÓ § ¢¨¸¨-
³µ¸ÉÓ ¸¥Î¥´¨° µÉ Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É·µ¢ § ¤ Î¨, ÎÉµ µ¡²¥£Î ¥É ¶µ´¨³ ´¨¥
³¥Ì ´¨§³  ¶·µÍ¥¸¸ . �µ¤Ìµ¤ ¶·¨³¥´¨³ ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨° E � |U |,
kRf � 1 ¨ ϑ � ϑ̄ =

√
2/kRf + ZpZte

2/ERf [14], £¤¥ E Å ±¨´¥É¨Î¥¸± Ö
Ô´¥·£¨Ö ¸Éµ²±´µ¢¥´¨Ö, U Å ¶µÉ¥´Í¨ ², Rf Å £· ´¨Í  µ¡² ¸É¨ ¥£µ µ¸´µ¢´µ£µ
¢±² ¤ , k Å ¨³¶Ê²Ó¸ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö Ö¤¥·, ϑ Å Ê£µ² · ¸¸¥Ö´¨Ö, Zpe
¨ Zte Å § ·Ö¤Ò ¶ ¤ ÕÐ¥£µ Ö¤·  ¨ Ö¤· -³¨Ï¥´¨. �³¶²¨ÉÊ¤  Ê¶·Ê£µ£µ · ¸¸¥-
Ö´¨Ö ¨ ¶µ²´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¨³¥ÕÉ ¢¨¤

f(q) = ik

∫ ∞

0

dbb J0(qb)
[
1 − eiΦN (b) + iΦC(b)

]
, (1)

σR = 2π

∫ ∞

0

dbb
[
1 − e−2ImΦN (b)

]
, (2)

£¤¥ b Å ¶·¨Í¥²Ó´Ò° ¶ · ³¥É·, q = 2k sinϑ/2 Å ¶¥·¥¤ ´´Ò° ¨³¶Ê²Ó¸. ‚¸Ö
¨´Ëµ·³ Í¨Ö µ ¸É·Ê±ÉÊ·¥ Ö¤¥· § ²µ¦¥´  ¢ Ô°±µ´ ²Ó´ÒÌ Ë § Ì · ¸¸¥Ö´¨Ö, ±Ê-
²µ´µ¢¸±µ° ΦC ¨ Ö¤¥·´µ° ΦN . ‘ ³  Ë §  ¢ÒÎ¨¸²Ö¥É¸Ö ± ± ¨´É¥£· ² µÉ ¶µÉ¥´-
Í¨ ²  ¢¤µ²Ó ¶·Ö³µ²¨´¥°´µ° É· ¥±Éµ·¨¨ ¤¢¨¦¥´¨Ö:

Φ(b) = − 1
�v

∫ ∞

−∞
U

(√
b2 + z2

)
dz, (3)

£¤¥ v Å ¸±µ·µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö Ö¤¥·. �¡ÒÎ´µ ¨¸¶µ²Ó§Ê¥É¸Ö
±Ê²µ´µ¢¸± Ö Ë §  ΦC(b) Ö¢´µ£µ ¢¨¤  ¤²Ö ¶µÉ¥´Í¨ ²  ¢§ ¨³µ¤¥°¸É¢¨Ö Éµ-
Î¥Î´µ£µ § ·Ö¤  Zpe ¸ µ¤´µ·µ¤´Ò³ · ¸¶·¥¤¥²¥´¨¥³ § ·Ö¤  Zte ¢ µ¡² ¸É¨

r ≤ Rc = rc(A
1/3
p +A

1/3
t ). —Éµ ± ¸ ¥É¸Ö Ö¤¥·´µ° Ë §Ò ΦN (b), Éµ ¤²Ö ·¥ ²¨¸É¨-

Î¥¸±¨Ì Ëµ·³ µ¶É¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  Uopt(r) = V (r)+ iW (r) ¥¥ ¶·¨Ìµ¤¨É¸Ö
´ Ìµ¤¨ÉÓ Î¨¸²¥´´µ ²¨¡µ ¸É·µ¨ÉÓ ¶·¨¡²¨¦¥´´Ò¥ ³¥Éµ¤Ò ¢ÒÎ¨¸²¥´¨Ö [15],  
¶ · ³¥É·Ò ¶µÉ¥´Í¨ ²  ¶µ¤£µ´ÖÉÓ ¢ Ìµ¤¥ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨. ˆ´µ£¤  ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ µÉ±²µ´¥´¨¥ É· ¥±Éµ·¨¨ µÉ ¶·Ö³µ°
¶¥·¢µ´ Î ²Ó´µ£µ ¤¢¨¦¥´¨Ö, ¶·µÌµ¤ÖÐ¥° ¶ · ²²¥²Ó´µ µ¸¨ oz ´  · ¸¸ÉµÖ´¨¨
¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  b. ˆ ¶µ¸±µ²Ó±Ê ´  ¶¥·¨Ë¥·¨¨ £² ¢´ÊÕ ·µ²Ó ¨£· ¥É
±Ê²µ´µ¢¸±µ¥ ¶µ²¥ ZpZte

2/r, Éµ ÊÎ¥¸ÉÓ ¨¸± ¦¥´¨¥ ³µ¦´µ, § ³¥´¨¢ b ´  · ¸-
¸ÉµÖ´¨¥ ³ ±¸¨³ ²Ó´µ£µ ¸¡²¨¦¥´¨Ö Ö¤¥· bc ¢ ÔÉµ³ ¶µ²¥:

b ⇒ bc = ā +
√

ā2 + b2, (4)

£¤¥ ā = ZpZte
2/2E ¥¸ÉÓ ¶µ²Ê· ¸¸ÉµÖ´¨¥ ³ ±¸¨³ ²Ó´µ£µ ¸¡²¨¦¥´¨Ö ¶·¨ b = 0.

‚ Í¥²µ³ É ±µ° Ë¥´µ³¥´µ²µ£¨Î¥¸±¨° ¶µ¤Ìµ¤, ±µ£¤  Ëµ·³  ¶µÉ¥´Í¨ ²  § ¤ -

2



¥É¸Ö,   ¶ · ³¥É·Ò ¶µ¤£µ´ÖÕÉ¸Ö, µ¸É ¢²Ö¥É ³ ²µ ´ ¤¥¦¤ ´  ¶µ¸É·µ¥´¨¥ ®£²µ-
¡ ²Ó´µ£µ Ö¤·µ-Ö¤¥·´µ£µ ¶µÉ¥´Í¨ ² ¯ ¨§-§  ´¥¶µ³¥·´µ ¡µ²ÓÏµ£µ µ¡Ñ¥³  · -
¡µÉÒ. „¥°¸É¢¨É¥²Ó´µ, ´ ¡µ· ¶ · ³¥É·µ¢ ¤²Ö ± ¦¤µ° § ¤ ´´µ° Ô´¥·£¨¨ µ± -
§Ò¢ ¥É¸Ö ¸¢µ°,   ¸µÎ¥É ´¨° ¶ · ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· µÎ¥´Ó ³´µ£µ. Š·µ³¥
Éµ£µ, µ¸É ¥É¸Ö ¶·µ¡²¥³  ´¥µ¤´µ§´ Î´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢, ±µ£¤  ¶µ¤£µ´±  ± µ¤-
´¨³ ¨ É¥³ ¦¥ ¤ ´´Ò³ ¤ ¥É · §´Ò¥ ´ ¡µ·Ò ¶ · ³¥É·µ¢ ¸ ¡²¨§±¨³¨ §´ Î¥´¨Ö³¨
³¨´¨³Ê³µ¢ χ2,   §´ Î¨É, ´ ¤µ ¢Ò¡¨· ÉÓ µ¤¨´ ¶µÉ¥´Í¨ ² ¨§ ´¥¸±µ²Ó±¨Ì, ÎÉµ
¶µ¤Î ¸ µ± §Ò¢ ¥É¸Ö ¸Ê¡Ñ¥±É¨¢´Ò³. �µÔÉµ³Ê Í¥²¥¸µµ¡· §´µ ¸ ¸ ³µ£µ ´ Î ² 
µ£· ´¨Î¨¢ ÉÓ ±² ¸¸ ¶µÉ¥´Í¨ ²µ¢ ¨¸Ìµ¤Ö ¨§ µ¶·¥¤¥²¥´´ÒÌ ³µ¤¥²Ó´ÒÌ ¶·¥¤¶µ-
²µ¦¥´¨° µ ³¥Ì ´¨§³¥ ¶·µÍ¥¸¸  ¨ ¢¥¸É¨ ¶µ¤£µ´±Ê ¢ ¶·¥¤¥² Ì ÔÉµ£µ ±² ¸¸ .

‚ ÔÉµ³ ¶² ´¥ ¶¥·¸¶¥±É¨¢´Ò³¨ Ö¢²ÖÕÉ¸Ö ³¨±·µ¸±µ¶¨Î¥¸±¨¥ É¥µ·¨¨, ¢ ±µ-
Éµ·ÒÌ ²¨¡µ ¶µÉ¥´Í¨ ², ²¨¡µ ¸ ³  Ë §  ΦN (b) · ¸¸Î¨ÉÒ¢ ¥É¸Ö ´  ¡ §¥ ¤ ´-
´ÒÌ µ ¸É·Ê±ÉÊ·¥ Ö¤¥· ¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸µ¸É ¢²ÖÕÐ¨Ì ¨Ì ´Ê±²µ´µ¢. ’ ±,
¨¤¥Ö Ô°±µ´ ²  ¨ ¶·¥¤¶µ²µ¦¥´¨¥ µ ³¥Ì ´¨§³¥ ¶¥·¥· ¸¸¥Ö´¨Ö ´Ê±²µ´µ¢ ¶ ¤ -
ÕÐ¥£µ Ö¤·  ´Ê±²µ´ ³¨ Ö¤· -³¨Ï¥´¨ ¶µ§¢µ²¨²¨ µ¡µ¡Ð¨ÉÓ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥-
¸±µ¥ ¶·¨¡²¨¦¥´¨¥, · §· ¡µÉ ´´µ¥ ¢´ Î ²¥ ¤²Ö  ¤·µ´-Ö¤¥·´µ£µ · ¸¸¥Ö´¨Ö [10,
11], ´  ¸²ÊÎ ° Ö¤·µ-Ö¤¥·´µ£µ · ¸¸¥Ö´¨Ö [12, 13]. �·¨ ÔÉµ³ Ë §  · ¸¸¥Ö´¨Ö
ΦN ¶µ²ÊÎ ¥É¸Ö ¢ Ö¢´µ³ ¢¨¤¥ ¡¥§ ¶µ¸É·µ¥´¨Ö ¸ ³µ£µ ¶µÉ¥´Í¨ ²  Uopt(r). ‚
É ± ´ §Ò¢ ¥³µ³ µ¶É¨Î¥¸±µ³ ¶·¥¤¥²¥ É¥µ·¨¨ Ë §  µ¶·¥¤¥²Ö¥É¸Ö ¶²µÉ´µ¸ÉÓÕ
· ¸¶·¥¤¥²¥´¨Ö ÉµÎ¥Î´ÒÌ ´Ê±²µ´µ¢ ¢ ´ ²¥É ÕÐ¥³ Ö¤·¥ ρ◦p(r), Ö¤·¥-³¨Ï¥´¨
ρ◦t (r) ¨  ³¶²¨ÉÊ¤µ° ´Ê±²µ´-´Ê±²µ´´µ£µ · ¸¸¥Ö´¨Ö [12]:

ΦN (b) =
σ̄NN

2
(i + ᾱNN )

∫
d2sp d2st ρ◦p(sp) ρ◦t (st) fN (|�ξ = �b +�sp −�st|). (5)

‡¤¥¸Ó ρ◦(s) =
∫ ∞
−∞ ρ◦(

√
s2 + z2)dz Å ¶·µË¨²Ó´ Ö ËÊ´±Í¨Ö ¶²µÉ´µ¸É¨ ρ◦(r),

´µ·³¨·µ¢ ´´µ° ´  ³ ¸¸µ¢µ¥ Î¨¸²µ Ö¤·  A, ¢¥±Éµ·Ò s, ξ ²¥¦ É ¢ ¶²µ¸±µ-
¸É¨ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  b, ¶¥·¶¥´¤¨±Ê²Ö·´µ° µ¸¨ oz,   σ̄NN ¨ ᾱNN ¥¸ÉÓ
Ê¸·¥¤´¥´´Ò¥ ¶µ ¨§µ¸¶¨´ ³ Ö¤¥· ¶µ²´µ¥ ¸¥Î¥´¨¥ NN -· ¸¸¥Ö´¨Ö ¨ µÉ´µÏ¥-
´¨¥ ¤¥°¸É¢¨É¥²Ó´µ° ± ³´¨³µ° Î ¸É¨  ³¶²¨ÉÊ¤Ò NN -· ¸¸¥Ö´¨Ö ¶µ¤ Ê£²µ³
¢¶¥·¥¤. ”Ê´±Í¨Ö fN(ξ) µ¶·¥¤¥²Ö¥É¸Ö Î¥·¥§ Ëµ·³Ë ±Éµ· f̃N (q)  ³¶²¨ÉÊ¤Ò
NN -· ¸¸¥Ö´¨Ö fN(q) = fN (0)f̃N(q) ± ± ¤¢Ê³¥·´Ò° ËÊ·Ó¥-µ¡· §: fN(ξ) =
(2π)−2

∫
d2q exp(−iqξ)f̃N (q). �·¨ ÔÉµ³ Ëµ·³Ë ±Éµ· µ¡ÒÎ´µ § ¤ ¥É¸Ö ¢

Ëµ·³¥ £ Ê¸¸µ¢µ° ËÊ´±Í¨¨ f̃N(q) = exp(−q2r2
N rms/6), £¤¥ rN rms ¥¸ÉÓ ¸·¥¤-

´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸ NN -¢§ ¨³µ¤¥°¸É¢¨Ö.
‚³¥¸É¥ ¸ ÔÉ¨³ ¢ ¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ ³´µ£µ Ê¸¨²¨° ¡Ò²µ ´ ¶· ¢²¥´µ

´  · §¢¨É¨¥ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì ³µ¤¥²¥° ¤²Ö · ¸Î¥É  ¸ ³¨Ì Ö¤·µ-Ö¤¥·´ÒÌ ¶µ-
É¥´Í¨ ²µ¢, ¨ ¶·¥¦¤¥ ¢¸¥£µ ³µ¤¥²¨ ¤¢µ°´µ£µ Ëµ²¤¨´£ . �¨¦¥ ³Ò ¶µ¤·µ¡´µ
µ¡¸Ê¤¨³ ¸¢Ö§Ó ÔÉ¨Ì ¤¢ÊÌ ¶µ¤Ìµ¤µ¢, ‚�� ¨ Œ„”,   ¶µ±  µÉ³¥É¨³ µ¤´Ê Ì · ±-
É¥·´ÊÕ Î¥·ÉÊ ¶µ¸²¥¤´¥£µ,   ¨³¥´´µ Éµ, ÎÉµ ¢ ´¥³ ´ ¨¡µ²¥¥ ¶·µ¤¢¨´ÊÉÒ · ¸-
Î¥ÉÒ Éµ²Ó±µ ¢¥Ð¥¸É¢¥´´µ° Î ¸É¨ µ¶É¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ² . —Éµ ¦¥ ± ¸ ¥É¸Ö
¥£µ ³´¨³µ° Î ¸É¨, Éµ ¥¥ Ëµ·³  µ¡ÒÎ´µ § ¤ ¥É¸Ö Ë¥´µ³¥´µ²µ£¨Î¥¸±¨,   ¶ · -
³¥É·Ò ¶µ¤£µ´ÖÕÉ¸Ö ¶µ¤ Ô±¸¶¥·¨³¥´É, Éµ ¥¸ÉÓ µ¶ÖÉÓ ´¥µ¡Ìµ¤¨³µ ¨¸± ÉÓ ¸¢µ°
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´ ¡µ· ¶ · ³¥É·µ¢ ¶·¨ ± ¦¤µ° Ô´¥·£¨¨ ¨ ¡µ·µÉÓ¸Ö ¸ ´¥µ¤´µ§´ Î´µ¸ÉÓÕ. ’ ±µ°
¶µ¤Ìµ¤ ³Ò ´ §Ò¢ ¥³ ¶µ²Ê³¨±·µ¸±µ¶¨Î¥¸±¨³. ‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ¥³Ê ¢ ³¨-
±·µ¸±µ¶¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ‚�� Ë §  ΦN (5) ¢ÒÎ¨¸²Ö¥É¸Ö µ¤´µ§´ Î´µ, µ´  Ö¢²Ö-
¥É¸Ö ±µ³¶²¥±¸´µ° ¨ ¥¥ § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ µ¶·¥¤¥²Ö¥É¸Ö E-§ ¢¨¸¨³µ¸ÉÓÕ
¢¥²¨Î¨´ σ̄NN ¨ ᾱNN , ¨§¢¥¸É´µ° ¨§ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ NN -· ¸¸¥Ö´¨Õ. �Éµ
¤ ¥É ¶µ¢µ¤ ¸¢Ö§ ÉÓ µ¡  ¶µ¤Ìµ¤ , ‚�� ¨ Œ„”, ¨ ¶µ²ÊÎ¨ÉÓ ¶µÉ¥´Í¨ ² ¸ ¢¥Ð¥-
¸É¢¥´´µ° ¨ ³´¨³µ° Î ¸ÉÓÕ, ±µÉµ·Ò° ¡Ê¤¥É § ¢¨¸¥ÉÓ µÉ Ô´¥·£¨¨ ¨ µ¤´µ§´ Î´µ
¸µµÉ¢¥É¸É¢µ¢ ÉÓ Ë §¥ ‚��. �ÉµÉ ¶µÉ¥´Í¨ ² ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ É ±¦¥ ¤²Ö
· ¸Î¥É  ¸¥Î¥´¨° ¶·¨ ¡µ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ, £¤¥ ‚�� ´¥¶·¨³¥´¨³µ, ¨ ¶µ-
ÔÉµ³Ê ´¥µ¡Ìµ¤¨³µ Î¨¸²¥´´µ ·¥Ï ÉÓ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· .

2. ��’…�–ˆ�‹› ”�‹„ˆ�ƒ�

„²Ö ¶µ¸É·µ¥´¨Ö ¶µÉ¥´Í¨ ² , ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ‚��, ¨¸Ìµ¤¨³ ¨§ µ¶·¥¤¥-
²¥´¨Ö ¶·Ö³µ° Î ¸É¨ ¶µÉ¥´Í¨ ²  Œ„” [9], § ¶¨¸ ´´µ£µ ¢ ¨³¶Ê²Ó¸´µ³ ¶·¥¤-
¸É ¢²¥´¨¨:

U(r) =
1

(2π)3

∫
d3q e−iqrρ̃◦p(q)ρ̃

◦
t (q)vNN (q), (6)

£¤¥ ρ̃◦(q) =
∫

d3q exp(iqr)ρ◦(r) Å Ëµ·³Ë ±Éµ· ÉµÎ¥Î´µ° ¶²µÉ´µ¸É¨ Ö¤· .
�µ¤µ¡´µ Éµ³Ê ± ± ÔÉµ ¤¥² ÕÉ ¢ ‚��, ¢Ò· §¨³ ´  µ¸´µ¢¥ µ¶É¨Î¥¸±µ° É¥µ-
·¥³Ò ËÊ·Ó¥-µ¡· § ´Ê±²µ´-´Ê±²µ´´µ£µ ¶µÉ¥´Í¨ ²  vNN (r) Î¥·¥§ Ëµ·³Ë ±Éµ·
NN - ³¶²¨ÉÊ¤Ò: vNN (q) = −(E/k)σNN (i+αNN)f̃N (q). ’µ£¤  (6) ¶·¨´¨³ ¥É
¢¨¤

UH
opt(r) = V H(r) + iWH(r), (7)

V H = − 2E

k(2π)2
σ̄NN ᾱNN

∫ ∞

0

dq q2j0(qr)ρ̃◦p(q)ρ̃◦t (q)f̃N (q), (7 )

WH = − 2E

k(2π)2
σ̄NN

∫ ∞

0

dq q2j0(qr)ρ̃◦p(q)ρ̃◦t (q)f̃N (q), (7¡)

ˆ´¤¥±¸ H Ê± §Ò¢ ¥É, ± ± ³Ò Ê¢¨¤¨³ ´¨¦¥, ´  ¸µµÉ¢¥É¸É¢¨¥ ÔÉµ£µ ¶µÉ¥´Í¨ ² 
³¥Éµ¤Ê ‚��. � ¶µ±  µÉ³¥É¨³, ÎÉµ ¶·¨ · ¸Î¥É¥ (7a), (7¡) ¶µ²¥§´µ ÊÎ¥¸ÉÓ ÉµÉ
Ë ±É, ÎÉµ (¸³. [16]) ¶·¨ ³ ²ÒÌ q Ëµ·³Ë ±Éµ· f̃N(q) ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É
¸ Ëµ·³Ë ±Éµ·µ³ ´Ê±²µ´  FN (q), ¨ Éµ£¤  Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸µµÉ´µÏ¥-
´¨¥ ρ̃◦t (q)f̃N (q) = ρ̃t(q), £¤¥ ρ̃t(q) ¥¸ÉÓ Ëµ·³Ë ±Éµ· Ö¤· -³¨Ï¥´¨, ±µÉµ·Ò°
µ¡ÒÎ´µ ³µ¦´µ ¢§ÖÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ ¤ ´´ÒÌ ¶µ · ¸¸¥Ö´¨Õ Ô²¥±É·µ´µ¢.
�¨¦¥ ¢ · ¸Î¥É Ì ³Ò ¡Ê¤¥³ ¨¸¶µ²Ó§µ¢ ÉÓ ¶ · ³¥É·Ò Ö¤¥·´ÒÌ ¶²µÉ´µ¸É¥° ρ(r)
¨ ÉµÎ¥Î´ÒÌ ¶²µÉ´µ¸É¥° ρ◦(r) ¨§ [16] (¸³. ¸µµÉ¢¥É¸É¢¥´´µ É ¡². 1 ¨ 2).

’¥¶¥·Ó ¶µ± ¦¥³, ÎÉµ ¶µÉ¥´Í¨ ² UH ¤ ¥É ÉÊ ¦¥ ¸ ³ÊÕ Ë §Ê ΦN , ±µÉµ· Ö
¡Ò²  ¶µ²ÊÎ¥´  ¢ É¥µ·¨¨ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ‚�� ¢ [12]. “ÎÉ¥³, ÎÉµ ¢
‚�� · ¡µÉ ÕÉ ¢ Í¨²¨´¤·¨Î¥¸±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, £¤¥ d3q = q⊥dq⊥dφdq||
¨ ¨³¥ÕÉ ³¥¸Éµ · ¢¥´¸É¢  qr = q⊥b cosφ + q||z (q2 = q2

⊥ + q2
||, q⊥ =
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q cos(ϑ/2), q|| = q sin(ϑ/2)). �µ¤¸É ¢²ÖÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (6) ¨ ¨¸¶µ²Ó-

§ÊÖ µ¶·¥¤¥²¥´¨Ö
∫ ∞
−∞ dq|| exp(−iq||z) = 2πδ(z) ¨

∫ 2π

0
dφ exp(−iq⊥b cosφ) =

2πJ0(q⊥b), ¶µ²ÊÎ ¥³ ¶µÉ¥´Í¨ ² ¢ ¢¨¤¥

UH(b, z) = − 1
2π

E

k
σ̄NN (i + ᾱNN )δ(z)

∫ ∞

0

dq qJ0(qb)ρ̃◦p(q)ρ̃
◦
t (q)f̃N (q). (8)

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (3), ´ Ìµ¤¨³ Ë §Ê

ΦN (b) =
1
4π

σ̄NN (i + ᾱNN )
∫ ∞

0

dq qJ0(qb)ρ̃◦p(q)ρ̃
◦
t (q)f̃N (q). (9)

‡¤¥¸Ó ¶·¨´ÖÉµ q⊥ = q = 2k sin(ϑ/2), ÎÉµ ¸¶· ¢¥¤²¨¢µ ¶·¨ ³ ²ÒÌ Ê£² Ì · ¸¸¥-
Ö´¨Ö ϑ <

√
2/kRf [14], ±µ£¤  ¢ ¶µ± § É¥²¥ Ô±¸¶µ´¥´ÉÒ qr ¢ (6) ³µ¦´µ ¶·¥´¥-

¡·¥ÎÓ ¢Éµ·Ò³ ¸² £ ¥³Ò³ q||z = qz sin(ϑ/2) � 2kRf sin2(ϑ/2). ” §  (9) ¢ ÉµÎ-
´µ¸É¨ ¸µ¢¶ ¤ ¥É ¸ (5), ¥¸²¨ É ³ ¸¤¥² ÉÓ ¤¢Ê³¥·´Ò¥ ËÊ·Ó¥-¶·¥µ¡· §µ¢ ´¨Ö ¶µ-
¤Ò´É¥£· ²Ó´ÒÌ ËÊ´±Í¨° ¨ ÊÎ¥¸ÉÓ · ¢¥´¸É¢µ ρ̃◦(q) =

∫
d2s exp(−iqs)ρ◦(s) =∫

d3r exp(−iqr)ρ◦(r), £¤¥ ρ◦(s) =
∞∫

−∞
ρ◦(

√
s2 + z2)dz, ±µÉµ·µ¥ ¢Ò¶µ²´Ö¥É¸Ö

¢ · ³± Ì ‚��, Éµ ¥¸ÉÓ ¶·¨ q|| = 0, q⊥ = q. �´ ²µ£¨Î´Ò° ·¥§Ê²ÓÉ É ¶·¨-
¢¥¤¥´ ¢ [17], £¤¥ ¶µÉ¥´Í¨ ² (6) ¶µ²ÊÎ¥´ ´¥¶µ¸·¥¤¸É¢¥´´Ò³ ¸· ¢´¥´¨¥³ (3)
¨ (9). �É¸Õ¤  ¤¥² ¥³ ¢Ò¢µ¤, ÎÉµ · ¸Î¥ÉÒ  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö (1) ¨ ¸¥Î¥-
´¨Ö ·¥ ±Í¨¨ (2) ¢ · ³± Ì ³¨±·µ¶µ¤Ìµ¤  ‚�� ¸ Ë §µ° (4) Ô±¢¨¢ ²¥´É´Ò ¨Ì
· ¸Î¥ÉÊ ¸ Ô°±µ´ ²Ó´µ° Ë §µ° (3), ¢ ±µÉµ·ÊÕ ¢Ìµ¤¨É Ëµ²¤¨´£-¶µÉ¥´Í¨ ² (7),
´¥ ¢±²ÕÎ ÕÐ¨° µ¡³¥´´ÊÕ Î ¸ÉÓ. ’ ±µ° ¶µÉ¥´Í¨ ² UH

opt = V H + iWH Ì -
· ±É¥·¥´ ¤²Ö Ö¤·µ-Ö¤¥·´µ£µ · ¸¸¥Ö´¨Ö ¶·¨ ¸· ¢´¨É¥²Ó´µ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ,
±µ£¤  ¸É·Ê±ÉÊ·  Ö¤¥· ¶·µÖ¢²Ö¥É¸Ö ¢ µ¸´µ¢´µ³ ´  ¶¥·¨Ë¥·¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö,  
¤²Ö ¢´ÊÉ·¥´´¥° µ¡² ¸É¨ Ì · ±É¥·´µ ¸¨²Ó´µ¥ ¶µ£²µÐ¥´¨¥. �Éµ µ¸² ¡²Ö¥É ¶·µ-
Ö¢²¥´¨¥ É¥Ì ¸É·Ê±ÉÊ·´ÒÌ ÔËË¥±Éµ¢, ¢ Éµ³ Î¨¸²¥ µ¡³¥´´ÒÌ, ±µÉµ·Ò¥ ¨£· ÕÉ
¢¥¸Ó³  ¢ ¦´ÊÕ ·µ²Ó ¢ Ëµ·³¨·µ¢ ´¨¨ ¤¥°¸É¢¨É¥²Ó´µ° Î ¸É¨ ¶µÉ¥´Í¨ ²  ¶·¨
r < R. �µ²µ¦¨É¥²Ó´ Ö ¸Éµ·µ´  UH

opt-¶µÉ¥´Í¨ ²  Å ÔÉµ µÉ¸ÊÉ¸É¢¨¥ ¢ ´¥³
¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢. ’ ±, ¶²µÉ´µ¸É¨ Ö¤¥· µ¶·¥¤¥²ÖÕÉ¸Ö ¨§  ´ ²¨§  Ëµ·³-
Ë ±Éµ·µ¢ Ö¤¥·,   ¶ · ³¥É·¨§ Í¨Ö ¶µ²´ÒÌ ¸¥Î¥´¨° σNN NN -· ¸¸¥Ö´¨Ö ¶·¨-
¢¥¤¥´ , ´ ¶·¨³¥·, ¢ [18] ¨ ¨¸¶µ²Ó§µ¢ ² ¸Ó ¤²Ö · ¸Î¥É  σ̄NN ¨ ¶µ²´ÒÌ ¸¥Î¥´¨°
Ö¤·µ-Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ [16]. �É´µÏ¥´¨Ö αNN É ±¦¥ ¶ · ³¥É·¨§µ¢ ´Ò, ¨ ³Ò
¨Ì ¡¥·¥³ ¨§ · ¡µÉÒ [19] ¢³¥¸É¥ ¸ ᾱNN :

ᾱNN =
NpNtαnnσnn + ZpZtαppσpp + (ZpNt + NpZt)αnpσnp

NpNtσnn + ZpZtσpp + (ZpNt + NpZt)σnp
, (10)

αnn = αpp = 0, 0078 + 0, 1762
√

ε + 0, 01436ε, (10 )

αnp = −0, 0301 + 0, 2148
√

ε − 0, 0551ε, (10¡)

£¤¥ ε = E/Ap Å Ô´¥·£¨Ö ¢ ŒÔ‚ ´  ´Ê±²µ´ ¶ ¤ ÕÐ¥£µ Ö¤·  ¢ ² ¡µ· Éµ·´µ°
¸¨¸É¥³¥.
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“¦¥ µÉ³¥Î ²µ¸Ó, ÎÉµ · ¸Î¥ÉÒ ¸¥Î¥´¨° ¢ ‚�� µ§´ Î ÕÉ ¨¸¶µ²Ó§µ¢ ´¨¥
Éµ²Ó±µ ¶·Ö³µ° Î ¸É¨ Ëµ²¤¨´£-¶µÉ¥´Í¨ ²  Ö¤·µ-Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö.
Œµ¦´µ, µ¤´ ±µ, ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö · ¸Î¥É  Ô°±µ´ ²Ó´µ° Ë §Ò (3) ´¥¶µ¸·¥¤-
¸É¢¥´´µ ®¶µÉ¥´Í¨ ² ¤¢µ°´µ° ¸¢¥·É±¨¯, ±µÉµ·Ò° ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ± ± ¶·Ö³ÊÕ,
É ± ¨ µ¡³¥´´ÊÕ Î ¸ÉÓ (¸³., ´ ¶·¨³¥·, [20, 21]):

V DF = V D + V EX , (11)

V D(r) =
∫

d3rpd
3rt ρp(rp) ρt(rt) vD

NN (rpt = r + rt − rp), (11 )

V EX(r) =
∫

d3rpd
3rt ρp(rp, rp + rpt) ρt(rt, rt − rpt)×

×vEX
NN(rpt) exp

[
iK(r)rpt

M

]
. (11¡)

ŒÒ ¶·µ¢µ¤¨³ · ¸Î¥É Ö¤·µ-Ö¤¥·´µ£µ ¶µÉ¥´Í¨ ²  (11) ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ÔË-
Ë¥±É¨¢´µ£µ ¶ ·¨¦¸±µ£µ NN -¶µÉ¥´Í¨ ² , ¢ ±µÉµ·µ³ ÊÎÉ¥´  § ¢¨¸¨³µ¸ÉÓ µÉ
¶²µÉ´µ¸É¨ Ö¤¥· ¢ µ¡² ¸É¨ ¨Ì ¶¥·¥±·ÒÉ¨Ö §  ¸Î¥É ¢±²ÕÎ¥´¨Ö Ë ±Éµ·  F (ρ) =
C[1 + α exp(−βρ) − γρ] ¸ ¶ · ³¥É· ³¨ ¸¨² ¢¨¤  CDM3Y6 ¨§ [6]. ‡ ¢¨-
¸¨³µ¸ÉÓ V EX µÉ Ô´¥·£¨¨ ¢µ§´¨± ¥É ¢ µ¸´µ¢´µ³ µÉ ¢±² ¤  ¶µ¤Ò´É¥£· ²Ó´µ°
Ô±¸¶µ´¥´ÉÒ, £¤¥ K(r) = {2Mm/�

2[E−VN (r)−Vc(r)]}1/2 ¥¸ÉÓ ²µ± ²Ó´Ò° ¨³-
¶Ê²Ó¸ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·, M = ApAt/(Ap +At), m Å ³ ¸¸  ´Ê±²µ´ . ‚³¥¸É¥
¸ F (ρ) É ±¦¥ ¢±²ÕÎ ¥É¸Ö ³´µ¦¨É¥²Ó (1 − 0, 003 E/Ap), ±µ··¥±É¨·ÊÕÐ¨° § -
¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö (¶µ¤·µ¡´¥¥ µ¡ ÔÉµ³ ¸³. ¢ [21]). �·¨ · ¸-
Î¥É¥  ³¶²¨ÉÊ¤Ò ¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö, ¢±²ÕÎ Ö
·¥§¥·Ëµ·¤µ¢¸±µ¥ ¸¥Î¥´¨¥, ³Ò ¨¸¶µ²Ó§Ê¥³ ·¥²ÖÉ¨¢¨¸É¸±ÊÕ ±¨´¥³ É¨±Ê.

3. �…‡“‹œ’�’› ��‘—…’�‚. ��’…�–ˆ�‹› ��„ƒ��Šˆ

‚´ Î ²¥ · ¸¸³µÉ·¨³, ´ ¸±µ²Ó±µ ÉµÎ´µ ¢ · ³± Ì ¨§²µ¦¥´´µ£µ ¶µ¤Ìµ¤ 
¢µ¸¶·µ¨§¢µ¤ÖÉ¸Ö ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥. ‚ ± Î¥¸É¢¥ ¶·¨³¥· 
¢µ§Ó³¥³ ¤ ´´Ò¥ · ¡µÉÒ [22] ¶µ · ¸¸¥Ö´¨Õ Ö¤¥· 16O ´  ³¨Ï¥´ÖÌ 40Ca, 90Zr,
208Pb ¶·¨ Elab = 1503 ŒÔ‚ ¨ ¶·¨¢¥¤¥´´Ò¥ É ³ ¦¥ ¢Ê¤¸-¸ ±¸µ´µ¢¸±¨¥ ¶µ-
É¥´Í¨ ²Ò ¶µ¤£µ´±¨ ± ÔÉ¨³ ¤ ´´Ò³ ¸ ¶µ³µÐÓÕ ±µ¤  Î¨¸²¥´´µ£µ ·¥Ï¥´¨Ö
Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ECIS [23]. � Ï¨ · ¸Î¥ÉÒ ¸¥Î¥´¨° ¢Ò¶µ²´¥´Ò ¢ · ³-
± Ì ‚�� ´  µ¸´µ¢¥ (1)Ä(4), ¶·¨ ÔÉµ³ ¢´ Î ²¥ ³Ò ´¥ ¤¥² ²¨ ´¨± ±¨Ì ¶µ¤£µ´µ±,
  ¶·µ¸Éµ ¨¸¶µ²Ó§µ¢ ²¨ ³¨±·µ¸±µ¶¨Î¥¸±¨¥ µ¶É¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò

Uopt(r) = V H(r) + iWH(r), (12)

Uopt(r) = V DF (r) + iWH(r), (13)

£¤¥ V H , WH , V DF ¢ÒÎ¨¸²Ö²¨¸Ó ¶µ Ëµ·³Ê² ³ (7), (11).
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�¨¸. 1Ä3 ¤¥³µ´¸É·¨·ÊÕÉ Ìµ¤ ¢¥Ð¥¸É¢¥´´µ° ¨ ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ -
²µ¢,   É ±¦¥ ¸¥Î¥´¨°, µÉ´¥¸¥´´ÒÌ ± ¸¥Î¥´¨Õ �¥§¥·Ëµ·¤ . ˜É·¨Ìµ¢Ò³¨ ±·¨-
¢Ò³¨ ¶µ± § ´Ò · ¸Î¥ÉÒ ¤²Ö V H ¨ WH , ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ Å · ¸Î¥ÉÒ ¤²Ö
V DF , ¶Ê´±É¨·´Ò³¨ Å Ë¥´µ³¥´µ²µ£¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò ¶µ¤£µ´±¨ ¨ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¸¥Î¥´¨Ö, ±µÉµ·Ò¥ ¶·µÌµ¤ÖÉ ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ÉµÎ± ³.

�¨¸. 1. �¶É¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò V H(V DF ) + iW H , · ¸¸Î¨É ´´Ò¥ ¢ ³¨±·µ¸±µ¶¨Î¥-
¸±¨Ì ¶µ¤Ìµ¤ Ì ‚�� (Œ„”) ¤²Ö 16O+ 40Ca ¶·¨ Elab = 1503 ŒÔ‚: a Å ¢¥Ð¥¸É¢¥´´ Ö
Î ¸ÉÓ ¶µÉ¥´Í¨ ² , ¡ Å ³´¨³ Ö Î ¸ÉÓ, ¢ Å ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥
¸¥Î¥´¨Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö, ¤¥²¥´´Ò¥ ´  ¸¥Î¥´¨¥ �¥§¥·Ëµ·¤ . �  ·¨¸Ê´± Ì a ¨ ¡
ÏÉ·¨Ìµ¢Ò³¨ ±·¨¢Ò³¨ ¶·¥¤¸É ¢²¥´Ò ¶µÉ¥´Í¨ ²Ò V H ¨ W H , ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ Å
V DF , ¶Ê´±É¨·´Ò³¨ Å ¢Ê¤¸-¸ ±¸µ´µ¢¸±¨¥ ¶µÉ¥´Í¨ ²Ò ¶µ¤£µ´±¨. �  ·¨¸Ê´±¥ ¢ ¶µ± -
§ ´Ò ¸¥Î¥´¨Ö, · ¸¸Î¨É ´´Ò¥ ¢ · ³± Ì ‚��: ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å ¤²Ö V H + iW H ;
ÏÉ·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ¤²Ö V DF + iW H ; ¸¶²µÏ´ Ö ±·¨¢ Ö Å ¤²Ö ¶µÉ¥´Í¨-
 ²  ¶µ¤£µ´±¨; ÉµÎ±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥; ¶Ê´±É¨·´ Ö ±·¨¢ Ö Å Î¨¸²¥´´µ¥
·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¤²Ö ¢Ê¤¸-¸ ±¸µ´µ¢¸±µ£µ ¶µÉ¥´Í¨ ²  ¶µ¤£µ´±¨

‘¶²µÏ´Ò³¨ ±·¨¢Ò³¨ ´  ·¨¸. 1, ¢, 2, ¢, 3, ¢ ¶µ± § ´Ò · ¸Î¥ÉÒ ‚�� ¤²Ö É¥Ì
¦¥ ¸ ³ÒÌ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ ¶µ¤£µ´±¨. ‚µ-¶¥·¢ÒÌ, ³Ò ¢¨¤¨³
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�¨¸. 2. ’µ ¦¥, ÎÉµ ´  ·¨¸. 1, ´µ ¤²Ö
16O+90Zr

¢¶µ²´¥ ¶·¨¥³²¥³µ¥ µ¡ÑÖ¸´¥´¨¥ ¤ ´´ÒÌ ¸ ¶µ³µÐÓÕ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì µ¶É¨-
Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ (12), (13), Ê ±µÉµ·ÒÌ ¨ ³´¨³ Ö ¨ ¢¥Ð¥¸É¢¥´´ Ö Î ¸ÉÓ
· ¸¸Î¨É ´Ò ¡¥§ ¢¢¥¤¥´¨Ö ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢. �¥¡µ²ÓÏµ° ¸¤¢¨£ ¢ ¸Éµ-
·µ´Ê ¡�µ²ÓÏ¨Ì Ê£²µ¢ · ¸Î¥É´µ° ±·¨¢µ° ¤²Ö ¶µÉ¥´Í¨ ²  Uopt = V H + iWH

¶µ µÉ´µÏ¥´¨Õ ± ¤ ´´Ò³ ¸¥Î¥´¨Ö 16O + 40Ca ³µ¦´µ µÉ´¥¸É¨ ´  ¸Î¥É ¨¸-
¶µ²Ó§µ¢ ´¨Ö £ Ê¸¸µ¢  Ëµ·³Ë ±Éµ·  f̃N(q) ´Ê±²µ´-´Ê±²µ´´µ°  ³¶²¨ÉÊ¤Ò ¤²Ö
³ ²ÒÌ q, ÎÉµ ¶·¨¢µ¤¨É ± ¥£µ ´¥¸±µ²Ó±µ µÉ²¨Î´µ³Ê ´ ±²µ´Ê µÉ Ìµ¤  Ë¥´µ³¥-
´µ²µ£¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ¶µ¤£µ´±¨ ¢ µ¡² ¸É¨ ¨Ì £· ´¨ÍÒ (¸³. ·¨¸. 1, a, ¡).
‚µ-¢Éµ·ÒÌ, µ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ¡µ²ÓÏ Ö · §´¨Í , ¢ 3÷5 · §, ³¨-
±·µ¸±µ¶¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ ¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ¶µ¤£µ´±¨
¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨, ´µ, ´¥¸³µÉ·Ö ´  ÔÉµ, ´¥É ¸Éµ²Ó ¦¥ ¸¨²Ó´µ° · §´¨ÍÒ
¢ · ¸Î¥É Ì ¸¥Î¥´¨°. ‚¸¥ ÔÉµ ¥Ð¥ · § ¶µ¤Î¥·±¨¢ ¥É ¢ ¦´ÊÕ ·µ²Ó ¨³¥´´µ ¶¥-
·¨Ë¥·¨°´µ° µ¡² ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨Ö. „ ²¥¥, ¸· ¢´¥´¨¥ · ¸Î¥Éµ¢ ¸¥Î¥´¨°
¢ · ³± Ì ‚�� (¸¶²µÏ´Ò¥ ±·¨¢Ò¥) ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ÉµÎ´ÒÌ Î¨¸²¥´´ÒÌ
· ¸Î¥Éµ¢ (¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥) £µ¢µ·¨É µ ¢¶µ²´¥ µ¡µ¸´µ¢ ´´µ° ¶·¨³¥´¨³µ-
¸É¨ ‚�� ´¥ Éµ²Ó±µ ¤²Ö ± Î¥¸É¢¥´´µ£µ, ´µ ¨ ¤²Ö ±µ²¨Î¥¸É¢¥´´µ£µ  ´ ²¨§ 
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�¨¸. 3. ’µ ¦¥, ÎÉµ ´  ·¨¸. 1, ´µ ¤²Ö
16O+208Pb

Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. � ¶·¨³¥·, ¤²Ö ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö ´  Ö¤· Ì 40Ca,
90Zr ‚�� Ìµ·µÏµ · ¡µÉ ¥É ¢¶²µÉÓ ¤µ Ê£²µ¢ Ê£²µ¢ ϑ̄ � 4◦, ÎÉµ µÌ¢ ÉÒ¢ ¥É
¡�µ²ÓÏÊÕ Î ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ˆ¸Ìµ¤Ö ¨§ ÔÉµ£µ ¢ ¤ ²Ó´¥°Ï¥³
¶·¨ ·¥ ²¨§ Í¨¨ ¶·µÍ¥¤Ê·Ò ¶µ¤£µ´±¨ ´  ¡ §¥ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì ¶µÉ¥´Í¨ -
²µ¢ V H , WH ¨ V DF ´ ³ ¡Ê¤¥É ¶·µÐ¥ ¶·µ¢µ¤¨ÉÓ · ¸Î¥ÉÒ ¸¥Î¥´¨° ¢ · ³± Ì
‚�� ¶µ Ëµ·³Ê² ³ (1)Ä(4). ˆ Éµ£¤  ¥¸É¥¸É¢¥´´µ ¸· ¢´¨¢ ÉÓ ¨Ì ¸ ®¶¸¥¢¤µ-
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨¯, §  ±µÉµ·Ò¥ ³Ò ¡Ê¤¥³ ¶·¨´¨³ ÉÓ ¸¶²µÏ´Ò¥
±·¨¢Ò¥ ´  ·¨¸. 1, ¢, 2, ¢, 3, ¢, ±µÉµ·Ò¥ Éµ¦¥ ¶µ²ÊÎ¥´Ò ¢ · ³± Ì ‚��-· ¸Î¥Éµ¢,
´µ ¸ Ê¦¥ ¶µ¤µ£´ ´´Ò³¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³¨ ¶µÉ¥´Í¨ ² ³¨ UWS

opt [22]. ‚
É ±µ³ ¸²ÊÎ ¥ ¢ ¶·µÍ¥¤Ê·¥ ¶µ¤£µ´±¨ ¡Ê¤ÊÉ ÊÎ ¸É¢µ¢ ÉÓ ¤ ´´Ò¥ ¨§ ¢¸¥° µ¡² -
¸É¨ Ê£²µ¢ · ¸¸¥Ö´¨Ö,   ¶µ²ÊÎ¥´´Ò° ³¨±·µ¸±µ¶¨Î¥¸±¨° ¶µÉ¥´Í¨ ² ¶µ¤£µ´±¨
³µ¦´µ ¡Ê¤¥É ¨¸¶µ²Ó§µ¢ ÉÓ É ±¦¥ ¨ ¤²Ö Î¨¸²¥´´ÒÌ · ¸Î¥Éµ¢ ¸¥Î¥´¨° ´  µ¸´µ¢¥
Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¢ µ¡² ¸É¨ Ê£²µ¢ §  ¶·¥¤¥² ³¨ ¶·¨³¥´¨³µ¸É¨ ‚��.

—Éµ¡Ò ¢Ò· ¡µÉ ÉÓ É¥¶¥·Ó ¸É· É¥£¨Õ ¶µ¤£µ´±¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢ ± Î¥-
¸É¢¥ µ¸´µ¢Ò ³¨±·µ¸±µ¶¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ V H , WH ¨ V DF , ´ ¶µ³´¨³, ÎÉµ
¢ ¶·¨´ÖÉµ° · ´¥¥ ¶·µÍ¥¤Ê·¥ ¶µ¤£µ´±¨ ¶µ²Ê³¨±·µ¸±µ¶¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢
¨¸¶µ²Ó§Ê¥É¸Ö ´¥ ³¥´¥¥ 4Ä5 ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢. ˆ§ ´¨Ì, ´ ¶·¨³¥·, É·¨ Å
¸¨²  W0, · ¤¨Ê¸ R ¨ ¤¨ËËÊ§´µ¸ÉÓ a Å µ¶·¥¤¥²ÖÕÉ ¢ É·¥Ì¶ · ³¥É·¨Î¥¸±µ°
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Ëµ·³¥ ³´¨³ÊÕ Î ¸ÉÓ ¢Ê¤¸-¸ ±¸µ´µ¢¸±µ£µ ¶µÉ¥´Í¨ ² ,   µ¤¨´ ¶ · ³¥É· Å
Nr Å ´µ·³¨·Ê¥É ¥£µ ¢¥Ð¥¸É¢¥´´ÊÕ Î ¸ÉÓ V DF . �  ¸ ³µ³ ¤¥²¥ ¢¢¥¤¥´¨¥
ÔÉµ£µ ¶µ¸²¥¤´¥£µ ¶ · ³¥É·  ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê £· ´¨ÍÒ (· ¤¨Ê¸  ¤¥°¸É¢¨Ö)
¶µÉ¥´Í¨ ²  ¢ µ¡² ¸É¨ £² ¢´µ£µ ¢±² ¤  ´  ¥£µ ¶¥·¨Ë¥·¨¨. Š·µ³¥ ¢µ§³µ¦´µ-
¸É¨ ¸¤¢¨£ ÉÓ ±·¨¢Ò¥ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ §  ¸Î¥É ¢¢¥¤¥´¨Ö ´µ·-
³¨·ÊÕÐ¨Ì Ë ±Éµ·µ¢, · ¸¸³µÉ·¨³ ¥Ð¥ ¢µ§³µ¦´µ¸ÉÓ ®Ê¶· ¢²¥´¨Ö ´ ±²µ´µ³¯
µ¶É¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ¢ µ¡² ¸É¨ ¶¥·¨Ë¥·¨¨. „²Ö ¥£µ ¢¥Ð¥¸É¢¥´´µ° Î ¸É¨
V ´ ±²µ´ ¢ Œ„” ¨ ¢ ‚�� µ¶·¥¤¥²Ö¥É¸Ö ¢ µ¸´µ¢´µ³ ´ ±²µ´µ³ ®Ì¢µ¸É ¯ · ¸-
¶·¥¤¥²¥´¨Ö µ¤´µÎ ¸É¨Î´ÒÌ Ö¤¥·´ÒÌ ¶²µÉ´µ¸É¥°. —Éµ ¦¥ ± ¸ ¥É¸Ö ³¥Ì ´¨§³ 
¶µ¸É·µ¥´¨Ö ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ ²  W , Éµ µ´ µ¡Ê¸²µ¢²¥´ Ë¨§¨±µ° ÊÌµ¤ 
¶µÉµ±  ¢¥·µÖÉ´µ¸É¨ ¨§ Ê¶·Ê£µ£µ ¢ ´¥Ê¶·Ê£¨¥ ± ´ ²Ò ¨ ± ´ ²Ò ·¥ ±Í¨°, ¨
¶µÔÉµ³Ê ¥£µ ´ ±²µ´ ´  ¶¥·¨Ë¥·¨¨ ´¥ ¤µ²¦¥´ µ¡Ö§ É¥²Ó´µ ¸µ¢¶ ¤ ÉÓ ¸ ¶µ¢¥-
¤¥´¨¥³ V . �¤´ ±µ ¶·¨ ¸· ¢´¨É¥²Ó´µ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¸Éµ²±´µ¢¥´¨Ö, ± ±
¡Ò²µ ¶µ± § ´µ ¢ [24], µ¸´µ¢´ÊÕ ·µ²Ó ¨£· ÕÉ ± ´ ²Ò ·¥ ±Í¨° ¸ ¶¥·¥¤ Î¥°
´Ê±²µ´µ¢ ´  µ¤´µÎ ¸É¨Î´Ò¥ Ê·µ¢´¨ Ö¤¥·,   ÔËË¥±É ³¨ ¢µ§¡Ê¦¤¥´¨Ö ±µ²²¥±-
É¨¢´ÒÌ Ê·µ¢´¥° ³µ¦´µ ¶·¥´¥¡·¥ÎÓ. �Éµ ¶µ§¢µ²Ö¥É ¤¥² ÉÓ ¤µ¶ÊÐ¥´¨¥, ÎÉµ ¢
¤ ´´µ³ ¸²ÊÎ ¥ ¶·¨ · ¸Î¥É¥ ³´¨³µ£µ ¶µÉ¥´Í¨ ²  µ¶ÖÉÓ µ¸´µ¢´ÊÕ ·µ²Ó ¨£· ÕÉ
®Ì¢µ¸ÉÒ¯ µ¤´µÎ ¸É¨Î´ÒÌ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° Ö¤¥·. Š·µ³¥ Éµ£µ, ¢ÒÏ¥ ³Ò ¢¨-
¤¥²¨, ÎÉµ ³¥Ì ´¨§³ ¶¥·¥· ¸¸¥Ö´¨Ö ´Ê±²µ´µ¢, ±µÉµ·Ò° § ²µ¦¥´ ¢ · ¸Î¥É¥ Ë §Ò
‚�� ¶µ¤Ìµ¤  ƒ² Ê¡¥· Ä‘¨É¥´±µ, Éµ¦¥ ¶·¨¢µ¤¨É ± Ëµ²¤¨´£-¶µÉ¥´Í¨ ²Ê ¸ ¶¥-
·¥±·ÒÉ¨¥³ µ¤´µÎ ¸É¨Î´ÒÌ Ö¤¥·´ÒÌ ¶²µÉ´µ¸É¥°. ’ ± Ö  ·£Ê³¥´É Í¨Ö ¤¥² ¥É
µ¡µ¸´µ¢ ´´Ò³ ¶µ¤Ìµ¤, ±µ£¤  ¶·¨ ¶µ¤£µ´±¥ ³´¨³µ£µ ¶µÉ¥´Í¨ ²  W ¨¸¶µ²Ó§Ê-
¥É¸Ö ¥£µ Ï ¡²µ´ ¢ ¢¨¤¥ WH . ‡´ Î¨É, ¶·¨ Ô´¥·£¨ÖÌ ¢ ¤¥¸ÖÉ±¨ ŒÔ‚ ´  ´Ê±²µ´
¨ ¢ÒÏ¥ ¶·µ¸É¥°Ï¨° ³¨±·µ¸±µ¶¨Î¥¸±¨° Ö¤·µ-Ö¤¥·´Ò° ¶µÉ¥´Í¨ ² ³µ¦´µ ¶µ-
¸É·µ¨ÉÓ ± ± ¸Ê³³Ê ¶µ²ÊÎ¥´´ÒÌ ¢ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì · ¸Î¥É Ì ¢¥Ð¥¸É¢¥´´µ°
¨ ³´¨³µ° Î ¸É¨, ¢¢µ¤Ö ¤²Ö ± ¦¤µ° ¨§ ´¨Ì ´¥§ ¢¨¸¨³Ò° ´µ·³¨·ÊÕÐ¨° ³´µ-
¦¨É¥²Ó Nr ¨ Nim. �É¨ ¤¢  ³´µ¦¨É¥²Ö ¨ ¡Ê¤ÊÉ ¢ ·Ó¨·µ¢ ÉÓ¸Ö ¢ ¶·µÍ¥¸¸¥
¶µ¤£µ´±¨ ¸¥Î¥´¨° ± ®¶¸¥¢¤µÔ±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³¯. ŒÒ ¡Ê¤¥³ É¥¸É¨-
·µ¢ ÉÓ É·¨ ¢¨¤  ¶µ¤£µ´µÎ´ÒÌ ¶µÉ¥´Í¨ ²µ¢:

UA
opt = NA

r V H + iNA
im WH , (14)

UB
opt = NB

r V DF + iNB
im WH , (15)

UC
opt = NC

r V DF + iNC
im V DF . (16)

�¥ ²¨§ Í¨Ö É ±µ° § ¤ Î¨ Å ¶µ¤£µ´±¨ ¤¢ÊÌ ¶ · ³¥É·µ¢, ·¥£Ê²¨·ÊÕÐ¨Ì ²¨´¥°-
´ÊÕ § ¢¨¸¨³µ¸ÉÓ ¢±² ¤  ¢¥Ð¥¸É¢¥´´µ° ¨ ³´¨³µ° Î ¸É¨ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì
¶µÉ¥´Í¨ ²µ¢, Å ¶·¥¤¸É ¢²Ö¥É¸Ö ¤µ¢µ²Ó´µ ¶·µ¸Éµ° ¶·µÍ¥¤Ê·µ°. ’·Ê¤´¥¥ ¶·µ-
¢¥¸É¨ ÉÐ É¥²Ó´Ò° · ¸Î¥É ¸ ³¨Ì ¡ §µ¢ÒÌ ¶µÉ¥´Í¨ ²µ¢ V H , WH ¨ V DF , µ¸µ-
¡¥´´µ µ¡³¥´´µ° Î ¸É¨ ¶µ¸²¥¤´¥£µ. �¥µ¡Ìµ¤¨³ É ±¦¥ µ¡µ¸´µ¢ ´´Ò° ¢Ò¡µ·
·¥ ²¨¸É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¶²µÉ´µ¸É¨ Ö¤¥· ¨ ÔËË¥±É¨¢´ÒÌ ¸¨², ¶µ²ÊÎ¥´-
´ÒÌ ¨§ ´¥§ ¢¨¸¨³ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.
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�¥§Ê²ÓÉ ÉÒ É ±¨Ì · ¸Î¥Éµ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4Ä6,   ¢¨¤ ¶µ¤£µ´Ö¥³ÒÌ
¶µÉ¥´Í¨ ²µ¢ ¨ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ ¶µ¤£µ´±¨ ¤ ´Ò ¢ É ¡². 1. �  ·¨¸Ê´-
± Ì ¶·¨¢µ¤¨É¸Ö ¨Ì Ìµ¤ Éµ²Ó±µ ¢ µ¡² ¸É¨ ¶µ¢¥·Ì´µ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨Ö, £¤¥
µ´¨ ¨§³¥´ÖÕÉ¸Ö ¢ ¶·¥¤¥² Ì µÉ 1 ¤µ 50 ŒÔ‚. „²Ö ¸· ¢´¥´¨Ö ¸¶²µÏ´Ò³¨
²¨´¨Ö³¨ ¶µ± § ´ Ìµ¤ ¢Ê¤¸-¸ ±¸µ´µ¢¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ ¶µ¤£µ´±¨ ¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨Ì ¨³ ®¶¸¥¢¤µÔ±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¥Î¥´¨°¯. �  ·¨¸. 4 ¤²Ö · ¸¸¥Ö-
´¨Ö 16O + 40Ca ÏÉ·¨Ìµ¢Ò³¨ ±·¨¢Ò³¨ ¶µ± § ´Ò ¶µÉ¥´Í¨ ² UB

opt ¨ ¸¥Î¥´¨¥,
ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ Å ¶µÉ¥´Í¨ ² UC

opt ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¸¥Î¥´¨¥. �  ·¨¸. 5
¤²Ö 16O + 90Zr ÏÉ·¨Ìµ¢Ò³¨ ±·¨¢Ò³¨ ¶µ± § ´Ò ¸¥Î¥´¨¥ ¨ ¶µÉ¥´Í¨ ²Ò ¶µ¤-
£µ´±¨ ¢¨¤  UA

opt,   ´  ·¨¸. 6 ¤²Ö 16O + 208Pb Å ¸¥Î¥´¨Ö ¨ ¶µÉ¥´Í¨ ²Ò
UB

opt ¨ UC
opt. ‡´ Î¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¢¥¸µ¢ÒÌ ±µÔËË¨Í¨¥´Éµ¢ ¶µ¤£µ´µÎ-

�¨¸. 4. �¶É¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò (14)Ä(16) ¸ ¶µ¤£µ´±µ° ´  µ¸´µ¢¥ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì
· ¸Î¥Éµ¢ ¢¥Ð¥¸É¢¥´´ÒÌ V H(V DF ) ¨ ³´¨³ÒÌ W H Î ¸É¥° (·¨¸Ê´±¨ a ¨ ¡) ¨ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö (·¨¸Ê´µ± ¢), · ¸-
¸Î¨É ´´Ò¥ ¢ · ³± Ì ‚��. ‘¶²µÏ´Ò¥ ±·¨¢Ò¥ Å ¤²Ö ¢Ê¤¸-¸ ±¸µ´µ¢¸±µ£µ ¶µÉ¥´-
Í¨ ²  ¶µ¤£µ´±¨ (®¶¸¥¢¤µÔ±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥¯), ÏÉ·¨Ìµ¢Ò¥ ±·¨¢Ò¥ Å ¤²Ö
V DF + i1,32W H , ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ Å ¤²Ö V DF + i0,88V DF
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�¨¸. 5. ’µ ¦¥, ÎÉµ ´  ·¨¸. 4, ´µ ¤²Ö
16O+90Zr. ‡¤¥¸Ó ÏÉ·¨Ìµ¢Ò¥ ±·¨¢Ò¥ Å
¤²Ö 1,13V H + iW H

´ÒÌ ¶µÉ¥´Í¨ ²µ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. ˆ§ ·¨¸Ê´±µ¢ ¢¨¤´µ, ÎÉµ, ´¥¸³µÉ·Ö ´ 
´¥¸±µ²Ó±µ · §²¨Î´Ò¥ ´ ±²µ´Ò ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ ²µ¢ ¢ ³¨±·µ¸±µ¶¨Î¥-
¸±µ³ ¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±µ³ ¶µ¤Ìµ¤ Ì ¤²Ö · ¸¸¥Ö´¨Ö ´  Ö¤· Ì 40Ca ¨ 208Pb,
®¶¸¥¢¤µÔ±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥¯ µ¶¨¸Ò¢ ÕÉ¸Ö ¤µ¸É ÉµÎ´µ Ìµ·µÏµ.

’ ¡²¨Í  1. �¶É¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò, ¶µ¸É·µ¥´´Ò¥ ´  µ¸´µ¢¥ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì
‚��- ¨ Œ„”-¶µÉ¥´Í¨ ²µ¢

�µÉ¥´Í¨ ² 16O + 40Ca 16O + 90Zr 16O + 208Pb

UA
opt Å 1,13V H + i W H Å

UB
opt V DF + i 1,32W H Å V DF + i W H

UC
opt V DF + i 0,88V DF Å V DF + i 0,6V DF

‚ ²¨É¥· ÉÊ·¥ ¶·¨´ÖÉµ É ±¦¥ ¶·¨¢µ¤¨ÉÓ §´ Î¥´¨Ö µ¡Ñ¥³´ÒÌ ¨´É¥£· ²µ¢
¶µÉ¥´Í¨ ²µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö, µÉ´¥¸¥´´ÒÌ ± ¶µ²´µ³Ê Î¨¸²Ê ¶ · ApAt ¢§ ¨³µ-
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�¨¸. 6. ’µ ¦¥, ÎÉµ ´  ·¨¸. 4, ´µ ¤²Ö
16O + 208Pb. ‡¤¥¸Ó ÏÉ·¨Ìµ¢Ò¥ ±·¨-
¢Ò¥ Å ¤²Ö V DF + iW H , ÏÉ·¨Ì¶Ê´±-
É¨·´Ò¥ Å ¤²Ö V DF + i0,6V DF

¤¥°¸É¢ÊÕÐ¨Ì ´Ê±²µ´µ¢ ¨§ Ö¤·  Ap ¨ Ö¤·  At. �¤´ ±µ ¸³Ò¸² ÔÉ¨Ì Ì · ±É¥-
·¨¸É¨± É¥·Ö¥É¸Ö, ±µ£¤  £² ¢´µ° µ¡² ¸ÉÓÕ · ¸¸¥Ö´¨Ö Ö¢²Ö¥É¸Ö ¶µ¢¥·Ì´µ¸É´Ò°
¸²µ° ¢§ ¨³µ¤¥°¸É¢¨Ö, ÎÉµ ± ± · § ¨ ¨³¥¥É ³¥¸Éµ ¶·¨ · ¸¸³ É·¨¢ ¥³ÒÌ ´ ³¨
Ô´¥·£¨ÖÌ ¸Éµ²±´µ¢¥´¨Ö. �  ÔÉµ É ±¦¥ µ¡· Ð ²µ¸Ó ¢´¨³ ´¨¥ ¢ · ¡µÉ¥ [25], £¤¥
¨´É¥£· ² ¶µ µ¡Ñ¥³Ê ¢´¥Ï´¥£µ ¸²µÖ ¶µÉ¥´Í¨ ²  µÍ¥´¨¢ ²¸Ö §  ¶·¥¤¥² ³¨ ¥£µ
¸·¥¤´¥±¢ ¤· É¨Î´µ£µ · ¤¨Ê¸  rrms. �¤´ ±µ ´ ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¡µ²¥¥ ¨´Ëµ·-
³ É¨¢´Ò³ ¢¢µ¤¨ÉÓ ¤·Ê£ÊÕ ¢¥²¨Î¨´Ê, Ì · ±É¥·¨§ÊÕÐÊÕ ¢´ÊÉ·¥´´ÕÕ £· ´¨ÍÊ
¸²µÖ ¶µ¢¥·Ì´µ¸É¨. �Éµ · ¤¨Ê¸ Rin, ¶·¨ ±µÉµ·µ³ ¢¸¥ É¥¸É¨·Ê¥³Ò¥ ¶µÉ¥´Í¨ ²Ò
¨³¥ÕÉ µ¤¨´ ±µ¢Ò¥ §´ Î¥´¨Ö ¸ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° ³´¨³µ° Î ¸ÉÓÕ, É ± ÎÉµ¡Ò
³´¨³ Ö Î ¸ÉÓ Ë §Ò ΦN Éµ¦¥ ¡Ò²  ¡µ²ÓÏµ°,   §´ Î¨É, ¶·µ´¨Í ¥³µ¸ÉÓ Ö¤¥·
¢µ ¢´ÊÉ·¥´´ÕÕ µ¡² ¸ÉÓ ¶µÉ¥´Í¨ ²  ¸¢µ¤¨² ¸Ó ± ´Ê²Õ. ‡¤¥¸Ó ³Ò ¢Ò¡¨· ¥³
Rin ¨§ Ê¸²µ¢¨Ö, ÎÉµ¡Ò ¢¸¥ ¶µÉ¥´Í¨ ²Ò ¨³¥²¨ §´ Î¥´¨¥ Ä50 ŒÔ‚. �¡Ñ¥³´Ò¥
¨´É¥£· ²Ò ¢´¥Ï´¥£µ ¸²µÖ ¶µÉ¥´Í¨ ²  · ¢´Ò

Jout
r =

4π

ApAt

∞∫
Rin

r2dr V (r), Jout
im =

4π

ApAt

∞∫
Rin

r2dr W (r). (17)
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ˆ§ É ¡². 2 ¢¨¤´µ, ÎÉµ ¨Ì §´ Î¥´¨Ö ¤²Ö ³´¨³µ° ¨ ¢¥Ð¥¸É¢¥´´µ° Î ¸É¨ ¶µ-
²ÊÎ¥´´ÒÌ ´ ³¨ ¶µÉ¥´Í¨ ²µ¢ ¶µ¤£µ´±¨ ¡²¨§±¨ ¤·Ê£ ± ¤·Ê£Ê, ¢ Éµ ¢·¥³Ö ± ±
¤²Ö ¢Ê¤¸-¸ ±¸µ´µ¢¸±µ£µ ¶µÉ¥´Í¨ ²  ¶µ¤£µ´±¨ ¨´É¥£· ²Ò ³´¨³µ£µ ¶µÉ¥´Í¨ ² 
¢¸¥£¤  ¡µ²ÓÏ¥, Î¥³ ¤²Ö ¢¥Ð¥¸É¢¥´´µ£µ.

’ ¡²¨Í  2. �¡Ñ¥³´Ò¥ ¨´É¥£· ²Ò ¢´¥Ï´¥£µ ¸²µÖ ¶µÉ¥´Í¨ ²µ¢ ¶µ¤£µ´±¨

�µÉ¥´Í¨ ²
16O+40Ca 16O+90Zr 16O+208Pb

Jout
r Jout

im Jout
r Jout

im Jout
r Jout

im

UWS
opt 56,2 63,5 21,9 23,1 19,5 32,6

UA
opt Å 28,3 19,9 Å

UB
opt 44,6 34,0 Å 18,2 13,2

UC
opt 44,6 44,9 Å 18,2 18,4

‚ Í¥²µ³ ¦¥ ¨Ì §´ Î¥´¨Ö ¤²Ö ¢¸¥Ì ¶·¨¢¥¤¥´´ÒÌ ¶µÉ¥´Í¨ ²µ¢ ´ Ìµ¤ÖÉ¸Ö
¢ ¶·¥¤¥² Ì µ¤´µ£µ ¶µ·Ö¤± , ´¥¸³µÉ·Ö ´  Éµ, ÎÉµ  Éµ³´Ò° ¢¥¸ Ö¤¥·-³¨Ï¥´¥°
¸¨²Ó´µ · §²¨Î ¥É¸Ö. �Éµ £µ¢µ·¨É µ ¶·¨³¥·´µ µ¤¨´ ±µ¢µ³ ¸²µ¥ ¶µ¢¥·Ì´µ¸É¨ ¨
¥¥ ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨ ¢ ¨´É¥·¶·¥É Í¨¨ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö, ÎÉµ ¶·µÖ¢²Ö¥É¸Ö,
¢ Î ¸É´µ¸É¨, ¢ Ô±¸¶µ´¥´Í¨ ²Ó´µ³ Ì · ±É¥·¥ ´ ±²µ´  ±·¨¢µ° ¤¨ËË¥·¥´Í¨ ²Ó-
´µ£µ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ¢ µ¡² ¸É¨ Ê£²µ¢ Ë· Ê´£µË¥·µ¢µ° ¤¨Ë· ±Í¨¨. ˆ ¥¸²¨
µ¡Ñ¥³´Ò¥ ¨´É¥£· ²Ò ¸±µ·¥¥ Ì · ±É¥·¨§ÊÕÉ ·µ²Ó · ¤¨Ê¸  ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ-
É¥´Í¨ ² , Éµ ¨´É¥£· ²Ò µ¡Ñ¥³  ¢´¥Ï´¥£µ ¸²µÖ ÎÊ¢¸É¢¨É¥²Ó´Ò ± ¨Ì ´ ±²µ´Ê ¢
· °µ´¥ ÔÉµ£µ · ¤¨Ê¸ .

‡�Š‹	—…�ˆ…

‚ ¢µ¶·µ¸¥ ¢µ¸¸É ´µ¢²¥´¨Ö µ¶É¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢ Ö¤·µ-Ö¤¥·´µ£µ · ¸-
¸¥Ö´¨Ö ¶¥·¸¶¥±É¨¢´Ò³ ´ ¶· ¢²¥´¨¥³ Ö¢²Ö¥É¸Ö · §· ¡µÉ±  ¨Ì ³¨±·µ¸±µ¶¨Î¥-
¸±¨Ì ³µ¤¥²¥°. ˆ ¥¸²¨ ¢¥Ð¥¸É¢¥´´ Ö Î ¸ÉÓ ¶µÉ¥´Í¨ ²  V DF Ê¦¥ ¢ É¥Î¥´¨¥
·Ö¤  ²¥É · ¸¸Î¨ÉÒ¢ ¥É¸Ö ´  ¡ §¥ ³µ¤¥²¨ ¤¢µ°´µ£µ Ëµ²¤¨´£ , Éµ ³´¨³ÊÕ Î ¸ÉÓ
¶µÉ¥´Í¨ ²  · ¸¸Î¨É ÉÓ ¢¥¸Ó³  É·Ê¤´µ.

�¤´ ±µ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¸Éµ²±´µ¢¥´¨Ö ¶µ³µ£ ¥É Éµ, ÎÉµ ³´µ£¨¥
¤ ´´Ò¥ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¢ · ³± Ì ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±µ£µ ¶·¨¡²¨¦¥´¨Ö, £¤¥
· ¡µÉ ¥É ³¥Ì ´¨§³ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ´Ê±²µ´µ¢ µ¤´µ£µ Ö¤·  ´  ´Ê-
±²µ´ Ì ¤·Ê£µ£µ. ‚ · ³± Ì ÔÉ¨Ì ¶·¥¤¸É ¢²¥´¨° Ê¤ ¥É¸Ö ¶µ²ÊÎ¨ÉÓ Ô°±µ´ ²Ó´ÊÕ
Ë §Ê · ¸¸¥Ö´¨Ö ± ± ¸¢¥·É±Ê µ¤´µÎ ¸É¨Î´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶²µÉ´µ¸É¨ Ö¤¥·
¨ ´Ê±²µ´-´Ê±²µ´´µ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö. �± §Ò¢ ¥É¸Ö, ÎÉµ, µ¶¨· Ö¸Ó ´ 
µ¶·¥¤¥²¥´¨¥ Ô°±µ´ ²Ó´µ° Ë §Ò ± ± ¨´É¥£· ²  ¶µ É· ¥±Éµ·¨¨ µÉ ¶µÉ¥´Í¨-
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 ²  · ¸¸¥Ö´¨Ö, ³µ¦´µ ¢µ¸¸É ´µ¢¨ÉÓ ¶µ¸²¥¤´¨° µ¤´µ§´ Î´Ò³ µ¡· §µ³, ¶·¨-
Î¥³ ¶µ²ÊÎ¨ÉÓ ¥£µ ± ± ¢¥Ð¥¸É¢¥´´ÊÕ, É ± ¨ ³´¨³ÊÕ Î ¸ÉÓ ¢ ¢¨¤¥ ¶·Ö³µ£µ
Ëµ²¤¨´£-¨´É¥£· ² . ‘ÊÐ¥¸É¢¥´´Ò³ ³µ³¥´Éµ³ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ÔÉµÉ ¶µÉ¥´Í¨ ²
´¥ ¸µ¤¥·¦¨É ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢. � ¸Î¥ÉÒ ¶µ± §Ò¢ ÕÉ, ÎÉµ ¸ ¥£µ ¶µ³µÐÓÕ
³µ¦´µ ¤µ¸É ÉµÎ´µ Ê¸¶¥Ï´µ µ¡ÑÖ¸´ÖÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¤¨ËË¥-
·¥´Í¨ ²Ó´Ò³ ¸¥Î¥´¨Ö³ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö. � ¥¸²¨ § ¤ ÉÓ¸Ö Í¥²ÓÕ ¶·µ¢¥¸É¨
¶µ¤£µ´±Ê ¸ ³¨´¨³ ²Ó´Ò³ χ2, Éµ ÔÉµÉ ³µ¤¥²Ó´Ò° µ¶É¨Î¥¸±¨° ¶µÉ¥´Í¨ ² ¨
Ê¦¥ ¨§¢¥¸É´Ò° ¶µÉ¥´Í¨ ² ¤¢µ°´µ£µ Ëµ²¤¨´£  ¤²Ö ¢¥Ð¥¸É¢¥´´µ° Î ¸É¨ ³µ¦´µ
¨¸¶µ²Ó§µ¢ ÉÓ ± ± Ï ¡²µ´Ò ¸ ¤¢Ê³Ö ¶ · ³¥É· ³¨ Å ´µ·³¨·ÊÕÐ¨³¨ ³´µ¦¨-
É¥²Ö³¨ ¢¥Ð¥¸É¢¥´´µ° ¨ ³´¨³µ° Î ¸É¨ Å ¤²Ö ¶µ¸É·µ¥´¨Ö ³¨±·µ¸±µ¶¨Î¥¸±µ£µ
±µ³¶²¥±¸´µ£µ Ö¤·µ-Ö¤¥·´µ£µ ¶µÉ¥´Í¨ ² , ÎÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µ¶¨¸ ÉÓ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢ ¶µ²´µ³ µ¡Ñ¥³¥.

� ¸¸Î¨ÉÒ¢ ¥³Ò¥ ³¨±·µ¸±µ¶¨Î¥¸±¨¥ ¶µÉ¥´Í¨ ²Ò ¨³¥ÕÉ, ± ± ¶· ¢¨²µ, ¤µ-
¢µ²Ó´µ ¡µ²ÓÏÊÕ £²Ê¡¨´Ê, ¢ 3÷5 · § ¶·¥¢ÒÏ ÕÐÊÕ £²Ê¡¨´Ê ¶µÉ¥´Í¨ ²µ¢ Ë¥-
´µ³¥´µ²µ£¨Î¥¸±µ° ¶µ¤£µ´±¨. �µ ¶µ¸±µ²Ó±Ê ¶·¨ É¥Ì Ô´¥·£¨ÖÌ, ±µÉµ·Ò¥ · ¸-
¸³ É·¨¢ ÕÉ¸Ö, ¢´ÊÉ·¥´´¨¥ µ¡² ¸É¨ ¶µÉ¥´Í¨ ²µ¢ ¨£· ÕÉ ´¥§´ Î¨É¥²Ó´ÊÕ ·µ²Ó,
Éµ ´  ÔÉÊ · §´¨ÍÊ ³µ¦´µ ´¥ µ¡· Ð ÉÓ ¢´¨³ ´¨Ö. 	µ²¥¥ Éµ£µ, §¤¥¸Ó ¶·¨³¥-
´¨³µ¸ÉÓ ¸ ³µ° ¶·µÍ¥¤Ê·Ò Ëµ²¤¨´£  µ¸É ¥É¸Ö ¶µ¤ ¢µ¶·µ¸µ³. �¤´ ±µ ¶·¨ ¦¥-
² ´¨¨ ¶µ¢¥¤¥´¨¥ ¶µÉ¥´Í¨ ²µ¢ ¶µ¤£µ´±¨ (14)Ä(16) ³µ¦´µ  ¶¶·µ±¸¨³¨·µ¢ ÉÓ
¢Ê¤¸-¸ ±¸µ´µ¢¸±µ° Ëµ·³µ°, É ± ÎÉµ µ´¨ ¡Ê¤ÊÉ ¨³¥ÉÓ £²Ê¡¨´Ò, ¡²¨§±¨¥ ± É¥³,
±µÉµ·Ò¥ ¶µ²ÊÎ ÕÉ¸Ö ¢ Ìµ¤¥ ¶µ¤£µ´±¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ¶µÉ¥´Í¨ ²µ¢. ’ -
± Ö ¢µ§³µ¦´µ¸ÉÓ ¸¢Ö§ ´  ¸ µ¡Ð¥° ¶·µ¡²¥³µ° ´¥µ¤´µ§´ Î´µ¸É¨ ¶µ¸²¥¤´¨Ì, ¨
¢ · ³± Ì ‚�� µ´  µÉ¤¥²Ó´µ  ´ ²¨§¨·µ¢ ² ¸Ó ¢ [26].

�·¨ ¸· ¢´¨É¥²Ó´µ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¸Éµ²±´µ¢¥´¨Ö ¢ ±µ´±Ê·¥´Í¨Õ ¸ Ê¶·Ê-
£¨³ ± ´ ²µ³ ¢¸ÉÊ¶ ¥É µ£· ´¨Î¥´´µ¥ Î¨¸²µ ´¥Ê¶·Ê£¨Ì ± ´ ²µ¢, ¨ ¨§ ´¨Ì ¢¥-
¸µ³ÊÕ Î ¸ÉÓ ³µ£ÊÉ ¸µ¸É ¢²ÖÉÓ ± ´ ²Ò ¸ ¶¥·¥Ìµ¤µ³ ¢ ±µ²²¥±É¨¢´Ò¥ ¸µ¸ÉµÖ-
´¨Ö Ö¤¥·, Î ¸ÉÓ ¨§ ±µÉµ·ÒÌ ¢µ§¡Ê¦¤ ¥É¸Ö ³µÐ´Ò³ ¤ ²Ó´µ¤¥°¸É¢ÊÕÐ¨³ ±Ê²µ-
´µ¢¸±¨³ ¶µ²¥³. ‚ Ê¶·Ê£µ³ ± ´ ²¥ ÔÉµ ¶·µÖ¢²Ö¥É¸Ö ¢ ´ ²¨Î¨¨ ¸· ¢´¨É¥²Ó´µ
¸² ¡µ£µ, ´µ ¶·µÉÖ¦¥´´µ£µ ®Ì¢µ¸É ¯ ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ ² . �·¨ ±µ³¶ ±É-
´µ° ¸É·Ê±ÉÊ·¥ ¶ ¤ ÕÐ¨Ì Ö¤¥·, ´ ¶·¨³¥·  ²ÓË -Î ¸É¨ÍÒ ¨²¨ Ö¤·  ±¨¸²µ·µ¤ 
¸ ¤¢ ¦¤Ò ³ £¨Î¥¸±µ° µ¡µ²µÎ±µ°, µ´¨ ³µ£ÊÉ ¤µ¸É ÉµÎ´µ £²Ê¡µ±µ ¶·µ´¨± ÉÓ
¢µ ¢´ÊÉ·¥´´ÕÕ µ¡² ¸ÉÓ Ö¤¥·´µ£µ ¶µÉ¥´Í¨ ²  ¨ Ëµ·³¨·µ¢ ÉÓ ®¢´ÊÉ·¥´´ÕÕ¯,
Ö¤¥·´ÊÕ É· ¥±Éµ·¨Õ · ¸¸¥Ö´¨Ö, ÎÉµ ¶µ¤É¢¥·¦¤ ¥É¸Ö ´ ¡²Õ¤¥´¨¥³ ®Ö¤¥·´µ°
· ¤Ê£¨¯ ¶µ¤ ¡µ²ÓÏ¨³¨ Ê£² ³¨ (¸³., ´ ¶·¨³¥·, [7]). ‚ ÔÉµ³ ¸²ÊÎ ¥ · ¡µ-
É ¥É ±µ³¶²¥±¸´Ò° ³¥Ì ´¨§³ Ëµ·³¨·µ¢ ´¨Ö ³´¨³µ° Î ¸É¨ ¶µÉ¥´Í¨ ² , ±µ£¤ 
´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤ ± ± µ¤´µÎ ¸É¨Î´ÒÌ, É ± ¨ ±µ²²¥±É¨¢´ÒÌ ¸É¥¶¥-
´¥° ¸¢µ¡µ¤Ò ¢ ¤¨´ ³¨±Ê ¸Éµ²±´µ¢¥´¨Ö ¸²µ¦´ÒÌ ¸¨¸É¥³. �Ö¤ · ¸Î¥Éµ¢ ¢ ÔÉµ³
´ ¶· ¢²¥´¨¨ ¡Ò² ¸¤¥² ´ ¢ [24], £¤¥ ¤²Ö ± ¦¤µ£µ ±µ´±·¥É´µ£µ ¸²ÊÎ Ö ¶·¨Ìµ¤¨-
²µ¸Ó ¢ÒÎ¨¸²ÖÉÓ ¢±² ¤Ò ±µ´±·¥É´ÒÌ ± ´ ²µ¢ ¢ · ¸¸¥Ö´¨¥. �¤´ ±µ ·¥Í¥¶ÉÊ·´µ
³µ¦´µ ¶·¥¤²µ¦¨ÉÓ É¥¸É¨·µ¢ ÉÓ ¶µÉ¥´Í¨ ²Ò ¢ Éµ° Ëµ·³¥, ±µÉµ· Ö ¶µ²ÊÎ ¥É¸Ö
¢ · ¸Î¥É Ì ¶µ ³µ¤¥²¨ ¤¢µ°´µ£µ Ëµ²¤¨´£ , £¤¥ ¶·µÖ¢²ÖÕÉ ¸¥¡Ö µ¤´µÎ ¸É¨Î-
´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò Ö¤¥·,   É ±¦¥ ¤µ¡ ¢²ÖÉÓ Î²¥´Ò ¢ ¢¨¤¥ ¶·µ¨§¢µ¤´ÒÌ µÉ
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ÔÉµ° Ëµ·³Ò, ¨³¥Ö ¢ ¢¨¤Ê ¨Ì ¸µµÉ¢¥É¸É¢¨¥ ¢±² ¤Ê ±µ²²¥±É¨¢´ÒÌ ¢µ§¡Ê¦¤¥´¨°
Ö¤¥·. �µ ¸· ¢´¥´¨Õ ¸ É¥³ ·¥Í¥¶Éµ³, ±µÉµ·Ò° ³Ò ¶·¥¤² £ ¥³ ¤²Ö ¶µ¸É·µ¥-
´¨Ö ¶µÉ¥´Í¨ ²µ¢ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ´ °É¨  ¤¥±¢ É´Ò° ¨ ¶·µ¸Éµ° ·¥Í¥¶É
¶µ¸É·µ¥´¨Ö ¶µÉ¥´Í¨ ²  ´  µ¸´µ¢¥ É¨¶¨Î´ÒÌ ³¨±·µ¸±µ¶¨Î¥¸±¨Ì Ï ¡²µ´µ¢ ¢
¸²ÊÎ ¥ ´¨§±¨Ì Ô´¥·£¨° ¶·¥¤¸É ¢²Ö¥É¸Ö ¡µ²¥¥ ¸²µ¦´µ° § ¤ Î¥°.

‚ § ±²ÕÎ¥´¨¥ …. ‚. ‡¥³²Ö´ Ö ¡² £µ¤ ·¨É �””ˆ (£· ´É º 03-01-00-657)
§  ¶µ¤¤¥·¦±Ê.
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