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

„ ´ µ¡§µ· ·¥§Ê²ÓÉ Éµ¢ ¶µ ¶¥·¥´µ·³¨·µ¢± ³ ¢ ± ²¨¡·µ¢µÎ´ÒÌ É¥µ·¨ÖÌ ¸µ ¸¶µ´É ´´µ ´ -
·ÊÏ¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¥°. �µ± § ´µ, ÎÉµ ¶¥·¥´µ·³¨·µ¢±¨ ¢ ´ ·ÊÏ¥´´ÒÌ É¥µ·¨ÖÌ ¶µ²´µ¸ÉÓÕ
µ¶·¥¤¥²ÖÕÉ¸Ö ÉµÎ´µ° É¥µ·¨¥° ¨ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¨§ ´¥¥ ¸ ¶µ³µÐÓÕ · §²µ¦¥´¨Ö ¶µ £· ¸c³ -
´µ¢µ° ¶¥·¥³¥´´µ°. �µ²ÊÎ¥´Ò ´µ¢Ò¥ ÉµÎ´Ò¥,   É ±¦¥ Ê¤µ¡´Ò¥ ¶·¨¡²¨¦¥´´Ò¥,  ´ ²¨É¨Î¥¸±¨¥
·¥Ï¥´¨Ö Ê· ¢´¥´¨° ·¥´µ·³£·Ê¶¶Ò ¢ ·Ö¤¥ ³µ¤¥²¥°: ³¨´¨³ ²Ó´ Ö ¸Ê¶¥·¸¨³³¥É·¨Î´ Ö ¸É ´¤ ·É´ Ö
³µ¤¥²Ó, ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ É¥µ·¨¨ ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö, ³Ö£±µ ´ ·ÊÏ¥´´Ò¥ ±µ´¥Î´Ò¥ É¥µ·¨¨,
N = 2 ¸Ê¶¥·¸¨³³¥É·¨Î´ Ö É¥µ·¨Ö ‘ °¡¥·£ Ä‚¨ÉÉ¥´ .

A review of recent results on renormalizations in gauge theories with spontaneously broken su-
persymmetry is given. It is shown that the renormalizations in a broken theory are completely deˇned
by those in a rigid theory and may be obtained with the help of expansion over the Grassmannian
variables. New exact as well as suitable approximate analytic solutions of the renormalization group
equations are obtained in some particular models: the Minimal Supersymmetric Standard Model,
supersymmetric Grand Uniˇed Theories, softly broken ˇnite theories, and N = 2 supersymmetric
SeibergÄWitten theory.

1. ‘Ê¶¥·¸¨³³¥É·¨Ö, ¥¸²¨ µ´  ·¥ ²¨§µ¢ ´  ¢ ¶·¨·µ¤¥, ¤µ²¦´  ¡ÒÉÓ ´ ·Ê-
Ï¥´´µ°. „²Ö ´ ·ÊÏ¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨ ¸ ¸µÌ· ´¥´¨¥³ ¢¸¥Ì ¶·¥¨³ÊÐ¥¸É¢
¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ É¥µ·¨°, É ±¨Ì ± ± ¸µ±· Ð¥´¨¥ ±¢ ¤· É¨Î´ÒÌ · ¸Ìµ¤¨-
³µ¸É¥°, É¥µ·¥³ µ ´¥¶¥·¥´µ·³¨·µ¢±¥ ¨ É. ¤., ¨¸¶µ²Ó§Ê¥É¸Ö ³¥Éµ¤ ¸¶µ´É ´´µ£µ
´ ·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨,  ´ ²µ£¨Î´µ£µ ¸¶µ´É ´´µ³Ê ´ ·ÊÏ¥´¨Õ ± ²¨¡·µ¢µÎ-
´µ° ¨´¢ ·¨ ´É´µ¸É¨. �Éµ ¤µ¸É¨£ ¥É¸Ö §  ¸Î¥É ´¥´Ê²¥¢ÒÌ ¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì
¢¸¶µ³µ£ É¥²Ó´ÒÌ ¶µ²¥°, É ± ´ §Ò¢ ¥³ÒÌ D- ¨²¨ F -±µ³¶µ´¥´É ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ¸Ê¶¥·¶µ²¥°. ‚ ·¥§Ê²ÓÉ É¥ ¢ ² £· ´¦¨ ´¥ ¢µ§´¨± ÕÉ É ± ´ §Ò¢ ¥³Ò¥
³Ö£±¨¥ ¸² £ ¥³Ò¥, É. ¥. µ¶¥· Éµ·Ò · §³¥·´µ¸É¨ ≤ 3, ±µÉµ·Ò¥ ´ ·ÊÏ ÕÉ ¸Ê-
¶¥·¸¨³³¥É·¨Õ, ´¥ § É· £¨¢ Ö µ¸´µ¢´ÒÌ ¸¢µ°¸É¢ ÉµÎ´µ° É¥µ·¨¨. �Éµ ³ ¸¸Ò
± ²¨¡·¨´µ, ¸Ê¶¥·¶ ·É´¥·µ¢ ± ²¨¡·µ¢µÎ´ÒÌ ¶µ²¥°, ³ ¸¸Ò ¸±¢ ·±µ¢ ¨ ¸²¥¶-
Éµ´µ¢, ¸Ê¶¥·¶ ·É´¥·µ¢ ±¢ ·±µ¢ ¨ ²¥¶Éµ´µ¢,   É ±¦¥ É·µ°´Ò¥ ¨ ¡¨²¨´¥°´Ò¥
¶µ ¸± ²Ö·´Ò³ ¶µ²Ö³ ¸² £ ¥³Ò¥. ’ ± ± ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ µ¶¥· Éµ·Ò ¨³¥ÕÉ
· §³¥·´µ¸ÉÓ 3 ¨²¨ 2, Éµ µ´¨ ´¥ ÊÎ ¸É¢ÊÕÉ ¢ ¶¥·¥´µ·³¨·µ¢±¥ ¡¥§³ ¸¸µ¢ÒÌ
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¶ · ³¥É·µ¢ ¨ ´¥ ¢²¨ÖÕÉ ´  Ê· ¢´¥´¨Ö ·¥´µ·³£·Ê¶¶Ò (�ƒ). ‚ Éµ ¦¥ ¢·¥³Ö
¸ ³¨ µ´¨ ¶¥·¥´µ·³¨·ÊÕÉ¸Ö ¨ ¢µ§´¨± ¥É § ¤ Î  ´ Ìµ¦¤¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
¶¥·¥´µ·³¨·µ¢µ± ¨ Ê· ¢´¥´¨° �ƒ.

�¥¸±µ²Ó±µ ²¥É ´ § ¤ ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¶¥·¥´µ·³¨·µ¢±¨ ¢ ³Ö£±µ ´ ·Ê-
Ï¥´´µ° É¥µ·¨¨ ´¥ Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³¨,   ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÉ¸Ö ÉµÎ´µ°
É¥µ·¨¥° [1Ä3]. ‚ ¤ ²Ó´¥°Ï¥³ ¡Ò² · §¢¨É ÔËË¥±É¨¢´Ò° ³¥Éµ¤ ¨Ì ¢ÒÎ¨¸²¥´¨Ö,
µ¸´µ¢ ´´Ò° ´  · §²µ¦¥´¨¨ ¶µ £· ¸¸³ ´µ¢Ê ¶ · ³¥É·Ê ¢ ¨¸Ìµ¤´µ° ÉµÎ´µ° É¥-
µ·¨¨ [4]. �ÉµÉ ³¥Éµ¤ ¨¸Ìµ¤¨É ¨§ Éµ£µ, ÎÉµ ³Ö£±µ ´ ·ÊÏ¥´´ Ö É¥µ·¨Ö ³µ¦¥É
¡ÒÉÓ § ¶¨¸ ´  ± ± ÉµÎ´ Ö, ´µ ¢ ´¥±µÉµ·µ³ ¢´¥Ï´¥³ ¶µ²¥, ¢ ¤ ´´µ³ ¸²ÊÎ ¥
¸Ê¶¥·¶µ²¥, ¥¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ¸Ê¶¥·¶µ²¥¢µ° Ëµ·³ ²¨§³. …¸²¨ ÔÉµ ¶µ²¥ ¶·¨-
µ¡·¥É ¥É ´¥´Ê²¥¢µ¥ ¢ ±ÊÊ³´µ¥ ¸·¥¤´¥¥, ¶·µ¨¸Ìµ¤¨É ¸¶µ´É ´´µ¥ ´ ·ÊÏ¥´¨¥
¸Ê¶¥·¸¨³³¥É·¨¨. �·¨ ¢ÒÎ¨¸²¥´¨¨ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö ±²ÕÎ¥¢Ò³ Ö¢²Ö-
¥É¸Ö ÉµÉ Ë ±É, ÎÉµ ¸¨´£Ê²Ö·´ Ö Î ¸ÉÓ § ¢¨¸¨É Éµ²Ó±µ µÉ ¢´¥Ï´¨Ì ¶µ²¥°, ´µ ´¥
¨Ì ¶·µ¨§¢µ¤´ÒÌ, ¨ ¶µÔÉµ³Ê ³µ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´  ¤²Ö ¶µ¸ÉµÖ´´µ£µ ¢´¥Ï´¥£µ
¶µ²Ö, É. ¥. ¢ ÉµÎ´µ° É¥µ·¨¨
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eff (g) ⇒ Ssing
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2D̄2Φ0).

2. ‹ £· ´¦¨ ´ N = 1 ¸Ê¶¥·¸¨³³¥É·¨Î´µ° ± ²¨¡·µ¢µÎ´µ° É¥µ·¨¨ ¢ É¥·-
³¨´ Ì ¸Ê¶¥·¶µ²¥° ¨³¥¥É ¢¨¤
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∫
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‚µ ¢´¥Ï´¥³ ¶µ²¥ ±µ´¸É ´ÉÒ ¸¢Ö§¨ g ¨ λijk ¸É ´µ¢ÖÉ¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ,
¢¥Ð¥¸É¢¥´´Ò³ ¨ ±¨· ²Ó´Ò³ ¸Ê¶¥·¶µ²Ö³¨, § ¢¨¸ÖÐ¨³¨ µÉ £· ¸¸³ ´µ¢ÒÌ ¶¥-
·¥³¥´´ÒÌ. …Ð¥ µ¤´¨³ ¨¸ÉµÎ´¨±µ³ ³Ö£±µ£µ ´ ·ÊÏ¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨ Ö¢²Ö-
¥É¸Ö D-Î²¥´, ¢µ§´¨± ÕÐ¨° ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ±¨· ²Ó´ÒÌ ¶µ²¥° ¸ ¢´¥Ï´¨³
¢¥±Éµ·´Ò³ ¶µ²¥³ V ′:
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Dθ2θ̄2Φ = Φ̄m2θ2θ̄2Φ.

�Éµ ¶·¨¢µ¤¨É ± Ê³´µ¦¥´¨Õ ±¨· ²Ó´µ£µ ¶·µ¶ £ Éµ·  ´  ³´µ¦¨É¥²Ó (1 +
m2θ2θ̄2)−1, ÎÉµ Ô±¢¨¢ ²¥´É´µ ³µ¤¨Ë¨± Í¨¨ Õ± ¢¸±¨Ì ±µ´¸É ´É ¸¢Ö§¨.

’ ±¨³ µ¡· §µ³, ³Ö£±µ¥ ´ ·ÊÏ¥´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨ ¤µ¸É¨£ ¥É¸Ö ¤µ¡ ¢²¥-
´¨¥³ ± (1) ¸²¥¤ÊÕÐ¨Ì ¸² £ ¥³ÒÌ:
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£¤¥ λ Å ± ²¨¡·¨´µ,   φi Å ¸± ²Ö·´Ò¥ ±µ³¶µ´¥´ÉÒ ±¨· ²Ó´ÒÌ ¸Ê¶¥·¶µ²¥°
(¸±¢ ·±¨ ¨ ¸²¥¶Éµ´Ò), ¨ ³Ö£±µ ´ ·ÊÏ¥´´ Ö É¥µ·¨Ö µ± §Ò¢ ¥É¸Ö Ô±¢¨¢ ²¥´É´µ°
ÉµÎ´µ° É¥µ·¨¨ ¸ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò³¨ § ·Ö¤ ³¨ [3Ä5]:

g̃2 = g2(1 + Mη + M̄η̄ + (MM̄ + Σg)ηη̄), η = θ2, η̄ = θ̄2, (3)

λ̃ijk = λijk − Aijkη +
1
2
(λnjk(m2)i

n + λink(m2)j
n + λijn(m2)k

n)ηη̄, (4)

˜̄λijk = λ̄ijk − Āijk η̄ +
1
2
(λ̄njk(m2)n

i + λ̄ink(m2)n
j + λ̄ijn(m2)n

k )ηη̄. (5)

�É¨ ³µ¤¨Ë¨± Í¨¨ ¶ · ³¥É·µ¢ ¸¶· ¢¥¤²¨¢Ò ´¥ Éµ²Ó±µ ¢ ±² ¸¸¨Î¥¸±µ³ ² £· ´-
¦¨ ´¥, ´µ ¨ ¢ ±¢ ´Éµ¢µ³∗. Š ± ¡Ò²µ ¶µ± § ´µ ¢ [3], ¸¶· ¢¥¤²¨¢µ ¸²¥¤ÊÕÐ¥¥
ÊÉ¢¥·¦¤¥´¨¥.

…¸²¨ ÉµÎ´ Ö É¥µ·¨Ö (1) ¶¥·¥´µ·³¨·Ê¥É¸Ö ¸ ¶µ³µÐÓÕ ±µ´¸É ´É ¶¥·¥-
´µ·³¨·µ¢±¨ Zi, µ¶·¥¤¥²¥´´ÒÌ ¢ ´¥±µÉµ·µ° ¡¥§³ ¸¸µ¢µ° ³¨´¨³ ²Ó´µ° ¸Ì¥³¥,
Éµ ³Ö£±µ ´ ·ÊÏ¥´´ Ö É¥µ·¨Ö ¶¥·¥´µ·³¨·Ê¥É¸Ö ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¸Ê¶¥·¶µ²¥°
Z̃i, ±µÉµ·Ò¥ ¸¢Ö§ ´Ò ¸ ¨¸Ìµ¤´Ò³¨ ±µ´¸É ´É ³¨ Zi § ³¥´µ°  ·£Ê³¥´Éµ¢:

Z̃i(g2, λ, λ̄) = Zi(g̃2, λ̃, ˜̄λ). (6)

“± § ´´ Ö ¶·µÍ¥¤Ê·  ¶µ¤¸É ´µ¢±¨ ³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ § ·Ö¤µ¢ · ¡µÉ ¥É
´  ¢¸¥Ì ¸É ¤¨ÖÌ. …¥ ³µ¦´µ ¶·µ¨§¢µ¤¨ÉÓ ´  Ê·µ¢´¥ ±µ´¸É ´É ¶¥·¥´µ·³¨·µ¢±¨,
�ƒ-Ê· ¢´¥´¨° ÉµÎ´µ° É¥µ·¨¨, ·¥Ï¥´¨° ÔÉ¨Ì Ê· ¢´¥´¨°, ¶·¨¡²¨¦¥´´ÒÌ ·¥Ï¥-
´¨°, Ë¨±¸¨·µ¢ ´´ÒÌ ÉµÎ¥±, Ê¸²µ¢¨° ±µ´¥Î´µ¸É¨ É¥µ·¨¨, ¤ ¦¥ ¢ ´¥¶¥·ÉÊ·¡ -
É¨¢´ÒÌ ·¥Ï¥´¨ÖÌ. � §² £ Ö ¶µ £· ¸¸³ ´µ¢µ° ¶¥·¥³¥´´µ°, ³Ò ¶µ²ÊÎ ¥³ ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¢ ³Ö£±µ ´ ·ÊÏ¥´´µ° É¥µ·¨¨. ’ ±¨³ µ¡· §µ³ ¡Ò²¨
¶µ²ÊÎ¥´Ò ´µ¢Ò¥ ·¥Ï¥´¨Ö �ƒ-Ê· ¢´¥´¨° ¤²Ö ³Ö£±¨Ì ¶ · ³¥É·µ¢, ¨¸Ìµ¤Ö ¨§ ·¥-
Ï¥´¨° ¢ ÉµÎ´µ° É¥µ·¨¨ ¨¸¸²¥¤µ¢ ´Ò Ë¨±¸¨·µ¢ ´´Ò¥ ÉµÎ±¨, ¨§ÊÎ¥´  § ¢¨¸¨-
³µ¸ÉÓ µÉ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨°, ¶µ²ÊÎ¥´Ò Ê¸²µ¢¨Ö, µ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ±µ´¥Î´µ¸ÉÓ
´ ·ÊÏ¥´´µ° É¥µ·¨¨, ¨ É. ¤. �¨¦¥ ³Ò ¶·¥¤¸É ¢¨³ ·Ö¤ ¶·¨³¥·µ¢.

3. ‚ ¦´µ¥ ¨ ¢¥¸Ó³  ÔËË¥±É¨¢´µ¥ ¶·¨³¥´¥´¨¥ ¤ ´´µ£µ ³¥Éµ¤  ¡Ò²µ ·¥-
 ²¨§µ¢ ´µ ¤²Ö ¶µ²ÊÎ¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ¢ µ¤´µ° ¨§ ¸ ³ÒÌ ¶µ¶Ê²Ö·´ÒÌ ³µ¤¥²¥°
É¥µ·¨¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° Å ¢ ³¨´¨³ ²Ó´µ³ ¸Ê¶¥·¸¨³³¥É·¨Î-
´µ³ · ¸Ï¨·¥´¨¨ ¸É ´¤ ·É´µ° ³µ¤¥²¨. ‘¶¥±É· ³ ¸¸ Î ¸É¨Í ¢ ÔÉµ° É¥µ·¨¨
µ¡ÒÎ´µ µ¶·¥¤¥²Ö¥É¸Ö § ¤ ´¨¥³ ´ Î ²Ó´ÒÌ §´ Î¥´¨° ³ ¸¸ ¨ ±µ´¸É ´É ¸¢Ö§¨ ´ 
Ï± ²¥ ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö ¨ ¶µ¸²¥¤ÊÕÐ¥° ¨Ì Ô¢µ²ÕÍ¨¥° ¤µ ´¨§±¨Ì Ô´¥·£¨°
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ �ƒ-Ê· ¢´¥´¨° ¨ ¨Ì ·¥Ï¥´¨°. ‚ ¸Í¥´ ·¨¨ ¸ ³ ²Ò³ tg β (µÉ-
´µÏ¥´¨¥ ¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì ¤¢ÊÌ Ì¨££¸µ¢¸±¨Ì ¤Ê¡²¥Éµ¢) ¸¨¸É¥³  Ê· ¢´¥´¨°
¸ÊÐ¥¸É¢¥´´µ Ê¶·µÐ ¥É¸Ö ¨ ¨Ì ³µ¦´µ ·¥Ï¨ÉÓ Ö¢´µ. �¤´ ±µ ¢ ¸²ÊÎ ¥ ¡µ²ÓÏµ£µ
É ´£¥´¸  ´¥µ¡Ìµ¤¨³µ ·¥Ï ÉÓ ¢¸Õ ¸¨¸É¥³Ê Ê· ¢´¥´¨° Í¥²¨±µ³, ¨ ¤ ¦¥ Éµ²Ó±µ

∗ŒÒ ¶·¥¤¶µ² £ ¥³ ´ ²¨Î¨¥ ´¥±µÉµ·µ° ¸Ê¶¥·¸¨³³¥É·¨Î´µ-¨´¢ ·¨ ´É´µ° ·¥£Ê²Ö·¨§ Í¨¨.
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¤²Ö µ¤´¨Ì ± ²¨¡·µ¢µÎ´ÒÌ ¨ Õ± ¢¸±¨Ì ±µ´¸É ´É ¸¢Ö§¨ ´ °É¨ ÔÉ¨ ·¥Ï¥´¨Ö
Ê¤ ²µ¸Ó ²¨ÏÓ ´¥¤ ¢´µ. ˆ¸¶µ²Ó§µ¢ ´¨¥ £· ¸¸³ ´µ¢  · §²µ¦¥´¨Ö ¶µ§¢µ²¨²µ,
§´ Ö ÔÉ¨ ·¥Ï¥´¨Ö, ¢¶¥·¢Ò¥ ¶µ²ÊÎ¨ÉÓ  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ·¥Ï¥´¨°
�ƒ-Ê· ¢´¥´¨° ¤²Ö ³Ö£±¨Ì ¶ · ³¥É·µ¢ ¨ ¨¸¸²¥¤µ¢ ÉÓ Ë¨±¸¨·µ¢ ´´Ò¥ ÉµÎ±¨
ÔÉ¨Ì ·¥Ï¥´¨° ¨ § ¢¨¸¨³µ¸ÉÓ µÉ ¨§³¥´¥´¨Ö ´ Î ²Ó´ÒÌ Ê¸²µ¢¨° [6]. �Ò²¨ ¶µ-
²ÊÎ¥´Ò É ±¦¥ Ê¤µ¡´Ò¥ ¶·¨¡²¨¦¥´´Ò¥ ·¥Ï¥´¨Ö �ƒ-Ê· ¢´¥´¨° ¨ ¨¸¸²¥¤µ¢ ´Ò
Ë¨±¸¨·µ¢ ´´Ò¥ ÉµÎ±¨ ÔÉ¨Ì ¶·¨¡²¨¦¥´´ÒÌ ·¥Ï¥´¨° [7].

„²Ö ±µ´¥Î´ÒÌ É¥µ·¨°, É. ¥. É¥µ·¨°, ¸µ¸É ¢ ¶µ²¥° ±µÉµ·ÒÌ ¶µ¤µ¡· ´ É -
±¨³ µ¡· §µ³, ÎÉµ¡Ò ¸µ±· É¨ÉÓ ¢¸¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨ ¢ ´¨§Ï¨Ì
¶¥É²ÖÌ, £· ¸¸³ ´µ¢µ · §²µ¦¥´¨¥ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ ¸¢Ö§¨ ³¥¦¤Ê ³Ö£±¨³¨
¶ · ³¥É· ³¨,  ´ ²µ£¨Î´Ò¥ ¸¢Ö§Ö³ ¤²Ö ±µ´¸É ´É ÉµÎ´µ° É¥µ·¨¨, ´¥µ¡Ìµ¤¨³Ò¥
¤²Ö Ê¸É· ´¥´¨Ö · ¸Ìµ¤¨³µ¸É¥°, ¶µÖ¢²ÖÕÐ¨Ì¸Ö ¢ ¢Ò¸Ï¨Ì ¶¥É²ÖÌ [4,8].

�·¨³¥´ÖÖ £· ¸¸³ ´µ¢µ · §²µ¦¥´¨¥ ± ·¥Ï¥´¨Õ ‘ °¡¥·£ Ä‚¨ÉÉ¥´  ¤²Ö
N = 2 ¸Ê¶¥·¸¨³³¥É·¨Î´µ° ± ²¨¡·µ¢µÎ´µ° É¥µ·¨¨, ÊÎ¨ÉÒ¢ ÕÐ¥³Ê ± ± ¶¥·-
ÉÊ·¡ É¨¢´Ò¥, É ± ¨ ´¥¶¥·ÉÊ·¡ É¨¢´Ò¥ ÔËË¥±ÉÒ, ³µ¦´µ ¶µ²ÊÎ¨ÉÓ  ´ ²µ£¨Î´Ò¥
ÉµÎ´Ò¥  ´ ²¨É¨Î¥¸±¨¥ ·¥Ï¥´¨Ö ¤²Ö ¶ · ³¥É·µ¢, ³Ö£±µ ´ ·ÊÏ ÕÐ¨Ì N = 2 ¨
N = 1 ¸Ê¶¥·¸¨³³¥É·¨Õ [4].
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