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Œμ¸±μ¢¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É ¨³. Œ.‚. ‹μ³μ´μ¸μ¢ , Œμ¸±¢ 

� °¤¥´μ ·¥Ï¥´¨¥ μ¡Ð¨Ì Ê· ¢´¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¢ Î ¸É¨ I [1] ¨ μ¶¨¸Ò¢ ÕÐ¨Ì · §¢¨É¨¥ £· ¢¨-
É Í¨μ´´μ° ´¥Ê¸Éμ°Î¨¢μ¸É¨ ´  Ëμ´¥ μ¸Í¨²²¨·ÊÕÐ¥° μ¤´μ·μ¤´μ° ¨ ¨§μÉ·μ¶´μ° ‚¸¥²¥´´μ° ¢ �’ƒ
¸ ³ ¸¸¨¢´Ò³ £· ¢¨Éμ´μ³. �·¨¢¥¤¥´Ò ¶μ²´Ò¥ ·¥Ï¥´¨Ö ¨ ¨Ì ±μ·μÉ±μ- ¨ ¤²¨´´μ¢μ²´μ¢Ò¥  ¸¨³¶Éμ-
É¨±¨ ¤²Ö ´ ¨¡μ²¥¥ Ì · ±É¥·´ÒÌ ÔÉ ¶μ¢ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° Å ¢¡²¨§¨ ÉμÎ¥± ¶μ¢μ·μÉ , ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨Ì ³ ±¸¨³ ²Ó´μ° ¨ ³¨´¨³ ²Ó´μ° ¶²μÉ´μ¸ÉÖ³,   É ±¦¥ ´  · ¤¨ Í¨μ´´μ-¤μ³¨´¨·μ¢ ´´μ°,
´¥·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨ÖÌ ¨ ±¢¨´ÉÔ¸¸¥´Í¨¨. ‚ ± ¦¤μ³ ¨§ ÔÉ¨Ì ¸²ÊÎ ¥¢, ±·μ³¥ ÉμÎ¥± ¶μ¢μ·μÉ , ¤²Ö
¸± ²Ö·´ÒÌ ¨ ¢¥±Éμ·´ÒÌ ¢μ§³ÊÐ¥´¨° ´ °¤¥´Ò ± ²¨¡·μ¢μÎ´Ò¥ ¢¥±Éμ·Ò, ¶μ§¢μ²¨¢Ï¨¥ ¨¸±²ÕÎ¨ÉÓ
¢μ²´μ¢Ò¥ ·¥Ï¥´¨Ö, ¨³¥ÕÐ¨¥ Ë §μ¢ÊÕ ¸±μ·μ¸ÉÓ, · ¢´ÊÕ ¸±μ·μ¸É¨ ¸¢¥É . ‘¤¥² ´ ¢Ò¢μ¤ μ ¶·¨´Í¨-
¶¨ ²Ó´μ° ¢μ§³μ¦´μ¸É¨ μ¡· §μ¢ ´¨Ö ´ ¡²Õ¤ ¥³μ° ¸É·Ê±ÉÊ·Ò ¢μ ‚¸¥²¥´´μ° §  ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ¥
Î¨¸²μ ¥¥ Í¨±²μ¢.

One has obtained the part I [1] general equations, describing evolution of gravitational instability
on the background of oscillating homogeneous and isotropic Universe in the framework of RTG with
massive gravitons. Both complete solutions and their short and long wave asymptotes have been
calculated for the most typical stages of Universe evolution in the vicinity of return points corresponding
to minimal and to maximal matter densities, and also in radiation-dominated and nonrelativistic stages.
It was shown that for all these stages gauge vectors exist, allowing one to exclude wave solutions with
speed of light phase velocity. There exists a principal opportunity to form the observed structure of
Universe during sufˇciently big number of its cycles.

PACS: 04.50.Kd; 95.30.Sf

1. �“‹…‚�… ��ˆ�‹ˆ†…�ˆ…

� ¸ÉμÖÐ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö μ±μ´Î ´¨¥³ Í¨±²  ¶Ê¡²¨± Í¨° [1, 2] ¨ Î ¸ÉÓÕ II ¸É ÉÓ¨ [1],
¢ ±μÉμ·μ° ¸μ¤¥·¦ É¸Ö ¢¸¥ ¶·¥¤Ï¥¸É¢ÊÕÐ¨¥ Ëμ·³Ê²Ò ¨ ¢¢¥¤¥´´Ò¥ μ¡μ§´ Î¥´¨Ö.

Šμ¸³μ²μ£¨Î¥¸± Ö § ¤ Î  ¢ ´Ê²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ¢ · ³± Ì �’ƒ ¡Ò²  · ¸¸³μÉ·¥´ 
¢ [3, 4]. ’ ³ ¡Ò²μ ¶μ± § ´μ, ÎÉμ α(η) μ¸Í¨²²¨·Ê¥É ³¥¦¤Ê ´¥±μÉμ·Ò³¨ §´ Î¥´¨Ö³¨ αmin

¨ αmax ¸ ¶¥·¨μ¤μ³, μ¶·¥¤¥²Ö¥³Ò³ ³ ¸¸μ° £· ¢¨Éμ´  m ¨ ¶ · ³¥É·μ³ ±¢¨´ÉÔ¸¸¥´Í¨¨ w.

1E-mail: modestov@goa.bog.msu.ru
2E-mail: chugreev@goa.bog.msu.ru
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‚¸²¥¤¸É¢¨¥ Ê· ¢´¥´¨Ö (1.3) [1] ε ∼ 1/α3(1+w), ± ± ¨ ¢ �’� [5Ä8], ¶μÔÉμ³Ê ³ ²Ò³ α
¸μμÉ¢¥É¸É¢ÊÕÉ ¡μ²ÓÏ¨¥ ¶²μÉ´μ¸É¨. �μ ¢¸¥° ¢¨¤¨³μ¸É¨, ¢ · °μ´¥ ÉμÎ±¨ αmin ¶²μÉ´μ¸ÉÓ ¨
É¥³¶¥· ÉÊ·  ¤μ²¦´Ò ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨³¨, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ · ¸¶ ¤ ÉÖ¦¥²ÒÌ Ô²¥-
³¥´Éμ¢ ¨ Ê¸É ´μ¢²¥´¨¥ É¥·³μ¤¨´ ³¨Î¥¸±μ£μ · ¢´μ¢¥¸¨Ö ³¥¦¤Ê ·¥²¨±Éμ¢Ò³ ¨§²ÊÎ¥´¨¥³
¨ ¢¥Ð¥¸É¢μ³, ¶μÔÉμ³Ê ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ αmax/αmin � 1. Š·μ³¥ Éμ£μ, ¶·¨´Í¨¶ ¶·¨-
Î¨´´μ¸É¨ ((30) [4]) ´ ±² ¤Ò¢ ¥É μ£· ´¨Î¥´¨¥ ¸´¨§Ê ´  ±μ´¸É ´ÉÊ β ¢ (39) [4]: β � amax.
�É  ±μ´¸É ´É  μ£· ´¨Î¥´  É ±¦¥ ¨ ¸¢¥·ÌÊ É·¥¡μ¢ ´¨¥³ ¶μ²μ¦¨É¥²Ó´μ¸É¨ ¶· ¢μ° Î ¸É¨
Ê· ¢´¥´¨Ö (1.2) [1], ¶·¨Î¥³ Î¥³ ¡²¨¦¥ β ± ¢¥·Ì´¥³Ê ¶·¥¤¥²Ê, É¥³ ³¥´ÓÏ¥  ³¶²¨ÉÊ¤ 
¨§³¥´¥´¨Ö α(η); ¶·¨ β = βmax α(η) = const. ’ ± ± ± ´ ³ ´¥μ¡Ìμ¤¨³μ ¡μ²ÓÏμ¥ μÉ´μÏ¥-
´¨¥ αmax ± αmin, ¶μ²μ¦¨³, ± ± ¨ ¢ [4], β = amax. ’ ±¦¥, ¸²¥¤ÊÖ [4], ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ
αmax � 1. �·¨ É ±¨Ì ¶·¥¤¶μ²μ¦¥´¨ÖÌ Ô¢μ²ÕÍ¨Õ ‚¸¥²¥´´μ° μÉ αmin ¤μ αmax ³μ¦´μ
¶·¥¤¸É ¢¨ÉÓ ± ± ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¶ÖÉ¨ ÔÉ ¶μ¢, μ¶¨¸Ò¢ ¥³ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ëμ·-
³Ê² ³¨.

I ÔÉ ¶. �·¨ α ∼ αmin ¶²μÉ´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¶·¥¢μ¸Ìμ¤¨É ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢ , ¶μÔÉμ³Ê
¢ Ê· ¢´¥´¨¨ ¸μ¸ÉμÖ´¨Ö ¢¥Ð¥¸É¢  w = 1/3. Œ ¸ÏÉ ¡´Ò° Ë ±Éμ· ³μ¦´μ ¶·¨¡²¨¦¥´´μ
μ¶¨¸ ÉÓ ¸μμÉ´μÏ¥´¨¥³ α = αmin(1+aη2), £¤¥ aη2 � 1; ¨§ Ê· ¢´¥´¨Ö (1.2) [1] ¸²¥¤Ê¥É, ÎÉμ

κ

3
εmax ≈ m2

12
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α4
min

.

II ÔÉ ¶. �μ±  ¶²μÉ´μ¸ÉÓ ¤μ¸É ÉμÎ´μ ¢Ò¸μ± , ¨³¥¥É ³¥¸Éμ · ¤¨ Í¨μ´´μ-¤μ³¨´¨·μ¢ ´´ Ö
¸É ¤¨Ö Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° ¨ w = 1/3. �·¨ α � αmin ³ ¸¸μ° ¢ Ê· ¢´¥´¨¨ (1.2) [1]
³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨ ³ ¸ÏÉ ¡´Ò° Ë ±Éμ· ¡Ê¤¥É ¢¥¸É¨ ¸¥¡Ö É ± ¦¥, ± ± ¨ ¢ ¸É ´¤ ·É´μ³
Ë·¨¤³ ´μ¢¸±μ³ ¸Í¥´ ·¨¨ ¢ �’�:

α ∼ η,
α′

α
=

1
η
, ε ∼ 1

η4
.

III ÔÉ ¶. �·¨ ¤ ²Ó´¥°Ï¥³ · ¸Ï¨·¥´¨¨ ´ ¸ÉÊ¶ ¥É ¶Ò²¥¢ Ö ¸É ¤¨Ö Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´-
´μ°, ±μ£¤  w = 0. Œ ¸¸μ° ¢ (1.2) [1] ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨ α(η) ¸´μ¢  ¢¥¤¥É ¸¥¡Ö, ± ±
¢ �’�:

α ∼ η2,
α′

α
=

2
η
, ε ∼ 1

η6
.

IV ÔÉ ¶. „²Ö μ¡ÑÖ¸´¥´¨Ö ´ ¡²Õ¤ ¥³μ£μ Ê¸±μ·¥´´μ£μ · ¸Ï¨·¥´¨Ö ‚¸¥²¥´´μ° [9Ä11]
¢ ¸É ´¤ ·É´Ò° ±μ¸³μ²μ£¨Î¥¸±¨° ¸Í¥´ ·¨° ´ ³¨ ¡Ò²  ¤μ¡ ¢²¥´  ¸É ¤¨Ö ¤μ³¨´¨·μ¢ ´¨Ö
±¢¨´ÉÔ¸¸¥´Í¨¨ ¸ ¶·μ¨§¢μ²Ó´Ò³ −1 < w < 0. �¶ÖÉÓ ¶·¥´¥¡·¥£ Ö ³ ¸¸μ° ¢ (1.2) [1],
¶μ²ÊÎ¨³

α ∼ η
β+1
2 ,

α′

α
=

β + 1
2

1
η
, ε ∼ 1

ηβ+3
.

V ÔÉ ¶. � ±μ´¥Í, ¶·¨ α ∼ αmax ¶·μ¨¸Ìμ¤¨É μ¸É ´μ¢±  · ¸Ï¨·¥´¨Ö. ‚ ÔÉμ³ ¸²ÊÎ ¥ w
É ±μ¥ ¦¥, ± ± ´  ¶·¥¤Ò¤ÊÐ¥³ ÔÉ ¶¥,   ³ ¸ÏÉ ¡´Ò° Ë ±Éμ· ³μ¦´μ ¶·¨¡²¨¦¥´´μ ¢Ò· §¨ÉÓ
± ± α = αmax(1 − bη2), £¤¥ bη2 � 1. ˆ§ Ê· ¢´¥´¨Ö (1.2) [1] ¸²¥¤Ê¥É, ÎÉμ

2κ

m2
εmin = 1 − 1

α2
max

, b =
w + 1

8
m2α2

max.

�¢μ²ÕÍ¨Ö ‚¸¥²¥´´μ° μÉ αmax ¤μ αmin ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ É¥Ì
¦¥ ¶ÖÉ¨ ÔÉ ¶μ¢ ¢ μ¡· É´μ³ ¶μ·Ö¤±¥ ¸ μÎ¥¢¨¤´μ° § ³¥´μ° η → −η ¢ Ëμ·³Ê² Ì (§ ¢¨-
¸¨³μ¸ÉÓ α(η) ¸¨³³¥É·¨Î´  μÉ´μ¸¨É¥²Ó´μ ÉμÎ¥± αmin ¨ αmax, ¶·¨Î¥³ α(η) = α(−η)).
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“· ¢´¥´¨Ö ¤²Ö ³ ²ÒÌ ¢μ§³ÊÐ¥´¨° £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÔÉ ¶ Ì
· ¸Ï¨·¥´¨Ö ¨ ¸¦ É¨Ö ‚¸¥²¥´´μ° ¸μ¢¶ ¤ ÕÉ, ¶μÔÉμ³Ê ¡Ê¤ÊÉ ¸μ¢¶ ¤ ÉÓ ¨ ¨Ì ·¥Ï¥´¨Ö,
Éμ²Ó±μ ¢¸²¥¤¸É¢¨¥ Ê¶μ³Ö´ÊÉμ° § ³¥´Ò η ´ ¶· ¢²¥´¨Õ μÉ ¶·μÏ²μ£μ ± ¡Ê¤ÊÐ¥³Ê ¡Ê¤¥É
¸μμÉ¢¥É¸É¢μ¢ ÉÓ ´¥ Ê¢¥²¨Î¥´¨¥ |η|,   Ê³¥´ÓÏ¥´¨¥.

’¥¶¥·Ó ¶¥·¥°¤¥³ ± ¨¸¸²¥¤μ¢ ´¨Õ ·¥Ï¥´¨° Ê· ¢´¥´¨° ¤²Ö ¸± ²Ö·´ÒÌ ¢μ§³ÊÐ¥´¨° ´ 
¢¸¥Ì ¶ÖÉ¨ ÔÉ ¶ Ì.

2. ‚�‡Œ“™…�ˆŸ ‘ ˆ‡Œ…�…�ˆ…Œ �‹�’��‘’ˆ Œ�’…�ˆˆ
(‘Š�‹Ÿ��›… ‚�‡Œ“™…�ˆŸ)

�¥Ï¥´¨¥ Ê· ¢´¥´¨° ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ((2.3) [1]) ¨³¥¥É ¢¨¤

Ω = ηβ/2+1{D1Jβ/2(nη) + D2Nβ/2(nη)},
a = η−β/2{D3Jβ/2(nη) + D4Nβ/2(nη)}.

(2.1)

�¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ((3.4) [1])

λ = η−β/2{C5Jβ/2(nη) + C6Nβ/2(nη)}. (2.2)

ˆ§ (3.3) [1] ¢¨¤´μ, ÎÉμ λ ³μ¦¥É ¡ÒÉÓ ¶μ²´μ¸ÉÓÕ Ê´¨ÎÉμ¦¥´μ ± ²¨¡·μ¢μÎ´Ò³¨ ¶·¥-
μ¡· §μ¢ ´¨Ö³¨.

‡´ Ö ¤¢  ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (3.6) [1], ¤ ¢ ¥³Ò¥ ± ²¨¡·μ¢μÎ´Ò³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨,
Ê¶·μ¸É¨³ ÔÉμ Ê· ¢´¥´¨¥, ¢¢¥¤Ö ¢¸¶μ³μ£ É¥²Ó´ÊÕ ¶¥·¥³¥´´ÊÕ

y = μ̃′′ +
1 − β

η
μ̃′ + n2μ̃. (2.3)

‹¥£±μ ¶·μ¢¥·¨ÉÓ, ÎÉμ ¤²Ö ± ²¨¡·μ¢μÎ´μ£μ ·¥Ï¥´¨Ö ξ0 �= 0, ¤²Ö ±μÉμ·μ£μ μ̃ μ¶·¥¤¥²Ö¥É¸Ö
¸μμÉ´μÏ¥´¨Ö³¨ (3.2), (3.3) [1], y ¡Ê¤¥É · ¢´ÖÉÓ¸Ö ´Ê²Õ, É. ¥. μ´μ ´¥ ¤ ¥É ¢±² ¤  ¢ y.
‚ É¥·³¨´ Ì y ¶¥·¢μ¥ ¨§ Ê· ¢´¥´¨° (3.6) [1] ¶·¨³¥É ¢¨¤

y′′ +
β + 3

η
y′ + wn2y = 0. (2.4)

…£μ ·¥Ï¥´¨¥

y = η−(β/2+1)[C3Jβ/2+1(
√

wnη) + C4Nβ/2+1(
√

wnη)], (2.5)

  ¤²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±μ£μ ¸²ÊÎ Ö β = 3

y = C3 + C4η
−5. (2.6)

�É¸Õ¤  ¶μ²ÊÎ ¥³ ¢ ±¢ ¤· ÉÊ· Ì

μ̃ = ηβ/2

{
C1Jβ/2(nη) + C2Nβ/2(nη)−

− Jβ/2(nη)
∫

Nβ/2(nη)[C3Jβ/2+1(
√

wnη) + C4Nβ/2+1(
√

wnη)]η−βdη+

+ Nβ/2(nη)
∫

Jβ/2(nη)[C3Jβ/2+1(
√

wnη) + C4Nβ/2+1(
√

wnη)]η−βdη

}
. (2.7)
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„²Ö ω ¶μ²ÊÎ ¥³ ¨§ (3.5) [1]

ω = ηβ/2

{
C1

(
− 2

3(β + 1)
nηJβ/2+1(nη) + Jβ/2(nη)

)
+

+C2

(
− 2

3(β + 1)
nηNβ/2+1(nη) + Nβ/2(nη)

)
−

−
(
− 2

3(β + 1)
nηJβ/2+1(nη) + Jβ/2(nη)

)
×

×
∫

Nβ/2(nη)[C3Jβ/2+1(
√

wnη) + C4Nβ/2+1(
√

wnη)]η−βdη+

+
(
− 2

3(β + 1)
nηNβ/2+1(nη) + Nβ/2(nη)

)
×

×
∫

Jβ/2(nη)[C3Jβ/2+1(
√

wnη) + C4Nβ/2+1(
√

wnη)]η−βdη−

−
√

w

πβn

[
C3Jβ/2+1(

√
wnη) + C4Nβ/2+1(

√
wnη)

]
η−β

}
. (2.8)

‘²ÊÎ ° β = 3 ¸É·μ¨É¸Ö  ´ ²μ£¨Î´μ ¶μ É¥³ ¦¥ ³ É¥³ É¨Î¥¸±¨³ Ëμ·³Ê² ³.
‘²ÊÎ ° ¤²¨´´μ¢μ²´μ¢ÒÌ ¢μ§³ÊÐ¥´¨° nη � 1 ¶μ²ÊÎ ¥³ · §²μ¦¥´¨¥³ ¢ ·Ö¤ ·¥Ï¥-

´¨Ö ¨²¨ ¶·¨¡²¨¦¥´´Ò³ ·¥Ï¥´¨¥³ ¨¸Ìμ¤´ÒÌ Ê· ¢´¥´¨° (´  · ¤¨ Í¨μ´´μ-¤μ³¨´¨·ÊÕÐ¥°
¸É ¤¨¨ ¶·¨¢¥¤¥´´Ò¥ Ëμ·³Ê²Ò ´¥¶·¨³¥´¨³Ò, ¸³. ¤ ²¥¥)

λ = C′
5

[
1 − 1

2(β + 2)
n2η2

]
+ C′

6η
−β

[
1 +

1
2(β − 2)

n2η2

]
, (2.9)

ω = C′
1η

β

[
1 − 3β + 7

6(β + 1)(β + 2)
n2η2

]
+ C′

2

w + 1
2

[
1 +

β + 7
2(β − 2)(β + 3)

n2η2

]
+

+ C′
3

β2 − 4
β

[
1 +

1
2(β − 2)

n2η2

]
+ C′

4η
−β

[
− 2

3(β2 − 1)(β − 2)
n2η2

]
, (2.10)

μ̃ = C′
1η

β

[
1 − 1

2(β + 2)
n2η2

]
+ C′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+ C′
3[n

2η2] + C′
4η

−β

[
1 − β2 + 3

6(β2 − 1)(β − 2)
n2η2

]
, (2.11)

μ = μ̃ − λ = C′
1η

β

[
1 − 1

2(β + 2)
n2η2

]
+ C′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+ C′
3[n

2η2] + C′
4η

−β

[
1 − β2 + 3

6(β2 − 1)(β − 2)
n2η2

]
−

− C′
5

[
1 − 1

2(β + 2)
n2η2

]
− C′

6η
−β

[
1 +

1
2(β − 2)

n2η2

]
, (2.12)
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ρ =
(ω − μ)′

2n
= − nη

3(β + 1)

(
C′

1η
β

[
1 − 1

2(β + 2)
n2η2

]
+ C′

2

[
1 +

1
2(β − 2)

n2η2

])
+

+ C′
3

[
−β − 2

2β
nη

]
+ C′

4

β

2nη
η−β

[
1 − 1

6β
n2η2

]
+

+ C′
5

[
− 1

2(β + 2)
nη

]
+ C′

6

(
− β

2nη

)
η−β

[
1 +

1
2β

n2η2

]
, (2.13)

v =
nη

3(β + 1)

(
C′

1η
β

[
1 − 1

2(β + 2)
n2η2

]
+ C′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+C′
3

2(β2 − 4)
(w + 1)β

[
1 +

3β2 + β + 6
6(β2 − 4)(β + 1)

n2η2

]
+

+C′
4η

−β 2β

β + 3

[
1 − β2 − 2β + 9

6(β − 2)(β2 − 1)
n2η2

])
, (2.14)

δ = C′
1

(
−w + 1

2

)
ηβ

[
1 − 1

2(β + 2)
n2η2

]
+ C′

2

(
−w + 1

2

) [
1 +

1
2(β − 2)

n2η2

]
+

+C′
3

(
−β2 − 4

β

) [
1 +

3β − 1
6(β + 1)(β − 2)

n2η2

]
+C′

4η
−β

[
2(2β2 − β + 3)

9(β − 2)(β − 1)(β + 1)2
n2η2

]
.

(2.15)

�μ¸ÉμÖ´´Ò¥ C′
1, C

′
2, C

′
3, C

′
4, C

′
5, C

′
6 μÉ²¨Î ÕÉ¸Ö μÉ ¶μ¸ÉμÖ´´ÒÌ C1, C2, C3, C4, C5, C6 Î¨-

¸²μ¢Ò³¨ ³´μ¦¨É¥²Ö³¨, ±μÉμ·Ò¥ ¤²Ö ¶·μ¸ÉμÉÒ ³Ò §¤¥¸Ó ´¥ ¶·¨¢μ¤¨³.
’¥¶¥·Ó · ¸¸³μÉ·¨³ ¢Ò¸μ±μÎ ¸ÉμÉ´ÊÕ  ¸¨³¶ÉμÉ¨±Ê nη � 1. �μ¤¸É ¢²ÖÖ  ¸¨³¶ÉμÉ¨±¨

Í¨²¨´¤·¨Î¥¸±¨Ì ËÊ´±Í¨°, ¶μ²ÊÎ¨³ c ÉμÎ´μ¸ÉÓÕ ¤μ Î¨¸²μ¢μ£μ ³´μ¦¨É¥²Ö ¤²Ö μ̃ ËÊ´±Í¨¨
¶·¨ ¶μ¸ÉμÖ´´ÒÌ C1, C2, C3 ¨ C4 ¸μμÉ¢¥É¸É¢¥´´μ

η
β−1

2 cos
(

nη − (β + 1)π
4

)
, η

β−1
2 sin

(
nη − (β + 1)π

4

)
,

(2.16)

η− β+3
2 sin

(√
wnη − (β + 1)π

4

)
, η− β+3

2 cos
(√

wnη − (β + 1)π
4

)
.

„²Ö ω, v ¨ δ  ´ ²μ£¨Î´Ò¥ ËÊ´±Í¨¨ ¨³¥ÕÉ ¢¨¤

− 2
3(β + 1)

nη
β+1
2 sin

(
nη − (β + 1)π

4

)
,

2
3(β + 1)

nη
β+1
2 cos

(
nη − (β + 1)π

4

)
,

(2.17)

− 1
β

η− β+3
2 sin

(√
wnη − (β + 1)π

4

)
, − 1

β
η− β+3

2 cos
(√

wnη − (β + 1)π
4

)
,

1
3(β + 1)

nη
β+1
2 cos

(
nη − (β + 1)π

4

)
,

1
3(β + 1)

nη
β+1
2 sin

(
nη − (β + 1)π

4

)
,

− 2
√

w

3(β + 1)(β + 3)
n2η

1−β
2 cos

(√
wnη − (β + 1)π

4

)
, (2.18)

2
√

w

3(β + 1)(β + 3)
n2η

1−β
2 sin

(√
wnη − (β + 1)π

4

)
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¨

−w + 1
2

η
β−1

2 cos
(

nη − (β + 1)π
4

)
, −w + 1

2
η

β−1
2 sin

(
nη − (β + 1)π

4

)
,

4
9(β + 1)2

n2η
1−β

2 sin
(√

wnη − (β + 1)π
4

)
, (2.19)

4
9(β + 1)2

n2η
1−β

2 cos
(√

wnη − (β + 1)π
4

)
.

„²Ö λ ËÊ´±Í¨¨ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ C5 ¨ C6 ¸μμÉ¢¥É¸É¢¥´´μ

η− β+1
2 cos

(
nη − (β + 1)π

4

)
, η− β+1

2 sin
(

nη − (β + 1)π
4

)
. (2.20)

„²Ö · ¤¨ Í¨μ´´μ-¤μ³¨´¨·ÊÕÐ¥° ¸É ¤¨¨ ÔÉ¨ ËÊ´±Í¨¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¶μ¤¸É ´μ¢±μ° β =
1, w = 1/3. „²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨¨ β = 3, μ¤´ ±μ w μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó, ¶μÔÉμ³Ê
ËÊ´±Í¨¨ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ C3 ¨ C4 ¡Ê¤ÊÉ ¨³¥ÉÓ É¥¶¥·Ó ¤·Ê£μ° ¢¨¤:

1 ¨ η−5 ¤²Ö μ̃,

−1
3

¨ − 1
3
η−5 ¤²Ö ω,

(2.21)

− 1
18

nη ¨
1
12

nη−4 ¤²Ö v,

1
36

n2η2 ¨
1
36

n2η−3 ¤²Ö δ.

� ¤¨ Í¨μ´´μ-¤μ³¨´¨·ÊÕÐ Ö ¸É ¤¨Ö

Jβ/2(nη) = J1/2(nη) =
√

2
πnη

sin nη,

Nβ/2(nη) = N1/2(nη) = −
√

2
πnη

cosnη.

(2.22)

�μ¸²¥ ¢§ÖÉ¨Ö ¨´É¥£· ²μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ (2.7),

μ̃ = C1

√
2

πn
sin nη − C2

√
2

πn
cosnη−

− C3

√
2

4
√

3π3/2
√

n

{
sin nη

(
Si

[(
1 + 1/

√
3
)

nη
]
− Si

[(
1 − 1/

√
3
)

nη
])

+

+ cosnη
(
Ci

[(
1 + 1/

√
3
)

nη
]
− Ci

[(
1 − 1/

√
3
)

nη
])

− 3
nη

sin
nη√

3

}
+

+ C4

√
2

4
√

3π3/2
√

n

{
sin nη

(
Ci

[(
1 + 1/

√
3
)

nη
]

+ Ci
[(

1 − 1/
√

3
)

nη
])

−

− cosnη
(
Si

[(
1 + 1/

√
3
)

nη
]

+ Si
[(

1 − 1/
√

3
)

nη
])

− 3
nη

cos
nη√

3

}
. (2.23)
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‘²ÊÎ ° nη � 1:

λ = C′
5

[
1 − 1

6
n2η2

]
+ C′

6η
−1

[
1 − 1

2
n2η2

]
, (2.24)

ω = C′
1η

[
1 − 5

18
n2η2

]
+ C′

2

2
3

[
1 − n2η2

]
+

+ C′
3(−3)

[
1 − 1

2
n2η2

]
+ C′

4η
−1

[
−1

3
n2η2 ln

(
n2η2

)]
, (2.25)

μ̃ = C′
1η

[
1 − 1

6
n2η2

]
+ C′

2

[
1 − 1

2
n2η2

]
+

+ C′
3

[
n2η2

]
+ C′

4η
−1

[
1 − 1

3
n2η2

(
ln

(
n2η2

)
− 1

2

)]
, (2.26)

μ = μ̃ − λ = C′
1η

[
1 − 1

6
n2η2

]
+ C′

2

[
1 − 1

2
n2η2

]
+

+ C′
3

[
n2η2

]
+ C′

4η
−1

[
1 − 1

3
n2η2

(
ln

(
n2η2

)
− 1

2

)]
−

− C′
5

[
1 − 1

6
n2η2

]
− C′

6η
−1

[
1 − 1

2
n2η2

]
, (2.27)

ρ =
(ω − μ)′

2n
= −nη

6

(
C′

1η

[
1 − 1

6
n2η2

]
+ C′

2

[
1 − 1

2
n2η2

])
+

+ C′
3

[
1
2
nη

]
+ C′

4

1
2nη

η−1

[
1 − 1

6
n2η2

]
+

+ C′
5

[
−1

6
nη

]
+ C′

6

(
− 1

2nη

)
η−1

[
1 +

1
2
n2η2

]
, (2.28)

v =
nη

6

(
C′

1η

[
1 − 1

6
n2η2

]
+ C′

2

[
1 − 1

2
n2η2

])
+

+ C′
3

(
−3

4

)
nη

[
1 − 5

18
n2η2

]
+ C′

4η
−1 1

12
nη

[
1 − 2

3
n2η2 ln

(
n2η2

)]
, (2.29)

δ = C′
1

(
−2

3

)
η

[
1 − 1

6
n2η2

]
+ C′

2

(
−2

3

) [
1 − 1

2
n2η2

]
+

+ C′
33

[
1 − 1

6
n2η2

]
+ C′

4η
−1

[
2
9
n2η2

(
ln

(
n2η2

)
− 1

2

)]
. (2.30)
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�¥·¥²ÖÉ¨¢¨¸É¸± Ö ¸É ¤¨Ö

Jβ/2(nη) = J3/2(nη) = −
√

2
π

nη cosnη − sinnη

(nη)3/2
,

Nβ/2(nη) = N3/2(nη) = −
√

2
π

nη sin nη + cosnη

(nη)3/2
.

(2.31)

�μ¸²¥ ¢§ÖÉ¨Ö ¨´É¥£· ²μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ (2.7),

μ̃ = −C1

√
2
π

nη cosnη − sin nη

n3/2
− C2

√
2
π

nη sin nη + cosnη

n3/2
+ C3

2
n2π

+

+ C4
1

72πη3

{
8 − 2n2η2 +

√
π/2(nη)9/2

[
J3/2(nη)Ci(nη) + N3/2(nη)Si(nη)

]}
. (2.32)

‘²ÊÎ ° nη � 1:

λ = C′
5

[
1 − 1

10
n2η2

]
+ C′

6η
−3

[
1 +

1
2
n2η2

]
, (2.33)

ω = C′
1η

3

[
1 − 2

15
n2η2

]
+ C′

2

1
2

[
1 +

5
6
n2η2

]
+ C′

3

5
3

[
1 +

1
2
n2η2

]
+ C′

4η
−3

[
− 1

12
n2η2

]
,

(2.34)

μ̃ = C′
1η

3

[
1 − 1

10
n2η2

]
+ C′

2

[
1 +

1
2
n2η2

]
+ C′

3

[
n2η2

]
+ C′

4η
−3

[
1 − 1

4
n2η2

]
, (2.35)

μ = μ̃ − λ = C′
1η

3

[
1 − 1

10
n2η2

]
+ C′

2

[
1 +

1
2
n2η2

]
+

+ C′
3

[
n2η2

]
+ C′

4η
−3

[
1 − 1

4
n2η2

]
− C′

5

[
1 − 1

10
n2η2

]
− C′

6η
−3

[
1 +

1
2
n2η2

]
, (2.36)

ρ =
(ω − μ)′

2n
= −nη

12

(
C′

1η
3

[
1 − 1

10
n2η2

]
+ C′

2

[
1 +

1
2
n2η2

])
+ C′

3

[
−1

6
nη

]
+

+ C′
4

3
2nη

η−3

[
1 − 1

18
n2η2

]
+ C′

5

[
− 1

10
nη

]
+ C′

6

(
− 3

2nη

)
η−3

[
1 +

1
6
n2η2

]
, (2.37)

v =
nη

12

(
C′

1η
3

[
1 − 1

10
n2η2

]
+ C′

2

[
1 +

1
2
n2η2

])
+

+ C′
3

5
18

nη

[
1 +

3
10

n2η2

]
+ C′

4η
−1 1

12
nη

[
1 − 1

4
n2η2

]
, (2.38)

δ = C′
1

(
−1

2

)
η3

[
1 − 1

10
n2η2

]
+ C′

2

(
−1

2

) [
1 +

1
2
n2η2

]
+

+ C′
3

(
−5

3

) [
1 +

1
3
n2η2

]
+ C′

4η
−3

[
1
8
n2η2

]
. (2.39)
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3. ‚��™�’…‹œ�›… ‚�‡Œ“™…�ˆŸ (‚…Š’���›… ‚�‡Œ“™…�ˆŸ)

�¥Ï¥´¨¥ Ê· ¢´¥´¨° (2.3) [1] ¨³¥¥É ¢¨¤

A(η) = η−β/2{D3Jβ/2(nη) + D4Nβ/2(nη)}. (3.1)

�¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (4.4) [1]

σ(η) = η−β/2{C1Jβ/2(nη) + C2Nβ/2(nη)}. (3.2)

‚¨¤´μ, ÎÉμ σ ³μ¦¥É ¡ÒÉÓ ¶μ²´μ¸ÉÓÕ Ê´¨ÎÉμ¦¥´μ ± ²¨¡·μ¢μÎ´Ò³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨.
‚Ò· ¦¥´¨Ö ¤²Ö Í¨²¨´¤·¨Î¥¸±¨Ì ËÊ´±Í¨° ´  μÉ¤¥²Ó´ÒÌ ¸É ¤¨ÖÌ Ô¢μ²ÕÍ¨¨,   É ±¦¥

¨Ì  ¸¨³¶ÉμÉ¨±¨ ¤ ´Ò ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥.
ˆ§ (4.5) [1] ´ Ìμ¤¨³ P

P (η) = η−β/2{C1Jβ/2+1(nη) + C2Nβ/2+1(nη)} + C3η
−(β+1). (3.3)

‚¨¤´μ, ÎÉμ Éμ²Ó±μ μ¸Í¨²²¨·ÊÕÐ¨¥ Î²¥´Ò ¢ P ³μ£ÊÉ ¡ÒÉÓ Ê´¨ÎÉμ¦¥´Ò ± ²¨¡·μ¢μÎ´Ò³¨
¶·¥μ¡· §μ¢ ´¨Ö³¨, Î¨¸Éμ ¸É¥¶¥´´μ° Î²¥´ μ¸É ¥É¸Ö.

‘μ£² ¸´μ (4.6) [1]

V (η) =
n2η2C3η

−(β+1)

(β + 1)(β + 3)
, (3.4)

É. ¥.
V (η) ∼ η1−β , (3.5)

ÎÉμ ´ Ìμ¤¨É¸Ö ¢ ¶μ²´μ³ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ê· ¢´¥´¨¥³ (1.17) [1], ±μÉμ·μ¥ ¤²Ö ¢· Ð É¥²Ó´ÒÌ
¢μ§³ÊÐ¥´¨° ¨³¥¥É É ±μ° ¦¥ ¢¨¤, ± ± ¨ ¢ ¸²ÊÎ ¥ ¢μ§³ÊÐ¥´¨°, ´¥ § ¢¨¸ÖÐ¨Ì μÉ ¶·μ¸É· ´-
¸É¢¥´´ÒÌ ±μμ·¤¨´ É.

4. ƒ��‚ˆ’�–ˆ���›… ‚�‹�› (’…�‡���›… ‚�‡Œ“™…�ˆŸ)

�¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (5.3) [1]

υ(η) = η−β/2{C1Jβ/2(nη) + C2Nβ/2(nη)}. (4.1)

‚Ò· ¦¥´¨Ö ¤²Ö Í¨²¨´¤·¨Î¥¸±¨Ì ËÊ´±Í¨° ´  μÉ¤¥²Ó´ÒÌ ¸É ¤¨ÖÌ Ô¢μ²ÕÍ¨¨,   É ±¦¥
¨Ì  ¸¨³¶ÉμÉ¨±¨ ¤ ´Ò · ´¥¥.

5. 	‚�‹
–ˆŸ Œ�‹›• ”‹“Š’“�–ˆ‰ ‚�‹ˆ‡ˆ ’�—…Š ��‚���’�

’μÎ´μ¥  ´ ²¨É¨Î¥¸±μ¥ ·¥Ï¥´¨¥ ´  ¶·μÉÖ¦¥´¨¨ ¢¸¥° ¸É ¤¨¨ ´ °É¨ ´¥ Ê¤ ¥É¸Ö, ¶μ-
ÔÉμ³Ê μ£· ´¨Î¨³¸Ö · §²μ¦¥´¨¥³ ¢ ·Ö¤ ’¥°²μ·  ¢¡²¨§¨ ÉμÎ¥± ¶μ¢μ·μÉ . „²Ö ¶¥·¢μ° ÉμÎ±¨
¶μ¢μ·μÉ  ÉμÎ´ Ö § ¢¨¸¨³μ¸ÉÓ ³ ¸ÏÉ ¡´μ£μ Ë ±Éμ·  μÉ ±μ´Ëμ·³´μ£μ ¢·¥³¥´¨ ¨³¥¥É ¢¨¤

α2 = α2
min +

m2α4
max

12α2
min

η2. (5.1)
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„²Ö λ, ω, μ, δ ¶μ²ÊÎ¨³ · §²μ¦¥´¨¥

λ = C5

(
1 − 1

2
n2η2 +

1
6

n2η4

a2
+

1
24

n4η4

)
+

+ C6η

(
1 − 1

3
η2

a2
+

1
5

η4

a4
− 1

6
n2η2 +

1
15

n2η4

a2
+

1
120

n4η4

)
,

ω = C1

(
1 − 1

2
n2η2 +

1
24

n4η4

)
+ C2

(
−1

3
n2η2 +

1
27

n4η4

)
+

+ C3η

(
1 − 1

6
n2η2 − 1

90
n2η4

a2
+

1
120

n4η4

)
+ C4η

(
−1

9
n2η2 +

1
90

n2η4

a2
+

1
135

n4η4

)
,

(5.2)

μ̃ = C1

(
−1

6
n2η4

a2

)
+ C2

(
1 − 1

6
n2η2 − 1

18
n2η4

a2
+

1
216

n4η4

)
+

+ C3η

(
1
3

η2

a2
− 1

5
η4

a4
− 1

18
n2η4

a2

)
+

+ C4η

(
1 − 1

3
η2

a2
− 1

18
n2η2 +

1
5

η4

a4
− 1

90
n2η4

a2
+

1
1080

n4η4

)
,

δ = C1

(
−1 +

1
6
n2η2

)
+ C2

(
1
9
n2a2 +

2
9
n2η2 − 1

54
n4η2a2

)
+

+ C3η

(
−2

3
+

1
27

n2η2

)
+ C4η

(
1
9
n2a2 +

2
27

n2η2 − 1
162

n4η2a2

)
.

„²Ö ¢Éμ·μ° ÉμÎ±¨ ¶μ¢μ·μÉ   ´ ²μ£¨Î´Ò¥ § ¢¨¸¨³μ¸É¨ ¨³¥ÕÉ ¢¨¤

αmax − α 	 w + 1
8

m2α3
maxη

2 +
(w + 1)2(w − 4/3)

128
m4α5

maxη
4 (5.3)

¨

λ = C5

(
1 − 1

2
n2η2

)
+ C6η

(
1 +

w + 1
12

m2α2
maxη

2 − 1
6
n2η2

)
,

ω = C1

(
1 − 1

2
n2η2 − 3(w + 1)

4
m2α2

maxη
2

)
+ C2

(
−3w + 1

6
n2η2

)
+

+ C3η

(
1 − 1

6
n2η2 +

(w + 1)(3w − 7)
24

m2α2
maxη

2

)
+ C4η

(
−3w + 1

18
n2η2

)
,

(5.4)

μ̃ = C1

(
−3(w + 1)

4
m2α2

maxη
2

)
+ C2

(
1 − w

2
n2η2

)
+

+ C3η

(
(w + 1)(w − 3)

8
m2α2

maxη
2

)
+ C4η

(
1 − w

6
n2η2 +

w + 1
12

m2α2
maxη

2

)
,
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δ = C1

(
3(w + 1)2

8
m2α2

maxη
2

)
+

+ C2
n2

m2α2
max

(
2
3

+
(w + 1)(3w + 1)

12
m2α2

maxη
2 − w

3
n2η2

)
+

+ C3η

(
−w + 1

2
− (w + 1)2(3w − 7)

48
m2α2

maxη
2 +

w(w + 1)
12

n2η2

)
+

+ C4
n2

m2α2
max

η

(
2
3
− w

9
n2η2 +

w + 1
18

m2α2
maxη

2

)
.

6. ‘��‚�…�ˆ… ‘ �’�

„²Ö ¸· ¢´¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ´ ³¨ ·¥§Ê²ÓÉ Éμ¢ �’ƒ ¸ ·¥§Ê²ÓÉ É ³¨ �’� ´¥μ¡Ìμ¤¨³μ
¤μ¡ ¢¨ÉÓ ¢ ¸É ´¤ ·É´ÊÕ ± ·É¨´Ê Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° ¢ �’� ¸É ¤¨Õ ±¢¨´ÉÔ¸¸¥´Í¨¨.
�μ  ´ ²μ£¨¨ ¸ [5, 6] ¤²Ö ¶μ²ÊÎ¥´¨Ö ÔÉ¨Ì ·¥§Ê²ÓÉ Éμ¢ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ É ± ´ §Ò¢ ¥³μ¥
Ê¸²μ¢¨¥ ¸¨´Ì·μ´´μ¸É¨ (g00 = 1, g0i = 0).

‘²ÊÎ ° nη � 1:

λ = C′
1η

− β+3
2

[
− 4

3(β2 − 1)
n2η2

]
− C′

2+

+ C′
3

[
1

6(β + 2)
n2η2

]
+ C′

4η
−β

[
1 − 1

6(β − 2)
n2η2

]
, (6.1)

μ = C′
1η

− β+3
2

[
1 +

4
3(β2 − 1)

n2η2

]
+ C′

2 + C′
3

[
1 − 4

3(β + 1)(β + 7)
n2η2

]
+

+ C′
4η

−β

[
− 8

3(β − 7)(β − 2)(β + 1)
n2η2

]
, (6.2)

μ̃ ≡ μ + λ = C′
1η

− β+3
2 + C′

3

[
1 +

β2 − 9
6(β + 1)(β + 2)(β + 7)

n2η2

]
+

+ C′
4η

−β

[
1 − (β − 3)2

6(β − 7)(β − 2)(β + 1)
n2η2

]
, (6.3)

v =
nη

3(β + 1)

(
−C′

1η
− β+3

2 + C′
3

[
2(β − 3)

3(β + 1)(β + 2)(β + 7)
n2η2

]
−

−C′
4η

−β 2β

β + 3

[
1 − (β − 3)2

6β(β − 7)(β + 1)
n2η2

])
, (6.4)

δ = C′
1

(
−w + 1

2

)
η− β+3

2 +
4

9(β + 1)2

(
C′

3

[
β + 3
β + 7

n2η2

]
+ C′

4η
−β

[
β − 3
β − 7

n2η2

])
. (6.5)

‡¤¥¸Ó ´¥Ë¨§¨Î¥¸±¨³¨, ¸μ£² ¸´μ ¨¤¥μ²μ£¨¨ �’� [5Ä8], Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö, ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨¥ ±μ´¸É ´É ³ C1, C2. � ¶μ³´¨³, ÎÉμ, ¸μ£² ¸´μ ¨¤¥μ²μ£¨¨ �’ƒ [2, 12], ¢ ¶·¥´¥¡·¥-
¦¥´¨¨ ³ ¸¸μ° £· ¢¨Éμ´  ´¥Ë¨§¨Î¥¸±¨³¨ Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´¸É ´-
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É ³ C1, C2, C5, C6 ¢ (2.2), (2.7), (2.8). � §²¨Î¨¥ ¢ Î¨¸²¥ ´¥Ë¨§¨Î¥¸±¨Ì ·¥Ï¥´¨° ¸¢Ö-
§ ´μ ¸ · §²¨Î¨¥³ ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤μ¶μ²´¨É¥²Ó´μ£μ Ê¸²μ¢¨Ö, ´ ±² ¤Ò¢ ¥³μ£μ ´  ³¥É·¨±Ê,
¶·¨§¢ ´´μ£μ Ê¸É· ´¨ÉÓ ¶·μ¨§¢μ² ¢ ¢Ò¡μ·¥ ¸¨¸É¥³Ò ±μμ·¤¨´ É: ¢ �’� ÔÉμ Ê¸²μ¢¨¥ ¸¨´-
Ì·μ´´μ¸É¨ ´Ê²¥¢μ£μ ¶μ·Ö¤±  ¶μ ¶·μ¨§¢μ¤´Ò³,   ¢ �’ƒ Å Ê¸²μ¢¨¥ £ ·³μ´¨Î´μ¸É¨ ¶¥·¢μ£μ
¶μ·Ö¤± . �ÉμÉ ¢μ¶·μ¸ ¶μ¤·μ¡´μ ¨§²μ¦¥´ ¢ [2].

‚¨¤´μ, ÎÉμ ¢ �’� £² ¢´Ò° Î²¥´ · §²μ¦¥´¨Ö ¢ Ë¨§¨Î¥¸±¨Ì ·¥Ï¥´¨ÖÌ μÉ¸ÊÉ¸É¢Ê¥É.

�´ ²μ£¨Î´μ ¢ �’ƒ ³μ¦´μ ¤·Ê£¨³ ¢Ò¡μ·μ³ ±μ´¸É ´ÉÒ C′
2 = C̃′

2 − 2(β2 − 4)
(w + 1)β

C′
3 § ´Ê²¨ÉÓ

£² ¢´Ò° Î²¥´ · §²μ¦¥´¨Ö ¶·¨ C′
3 ¢ v ¨ δ μ¤´μ¢·¥³¥´´μ. ’μ£¤  ËÊ´±Í¨¨, ´¥μ¡Ìμ¤¨³Ò¥

¤²Ö ¸· ¢´¥´¨Ö ¸ �’�, ¶·¨³ÊÉ ¢¨¤

λ = C′
5

[
1 − 1

2(β + 2)
n2η2

]
+ C′

6η
−β

[
1 +

1
2(β − 2)

n2η2

]
, (6.6)

μ̃ = C′
1η

β

[
1 − 1

2(β + 2)
n2η2

]
+ C̃′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+C′
3

(
−2(β2 − 4)

(w + 1)β

) [
1 − β2 + 3β − 2

6(β2 − 4)(β + 1)
n2η2

]
+C′

4η
−β

[
1 − β2 + 3

6(β2 − 1)(β − 2)
n2η2

]
,

(6.7)

μ = μ̃ − λ = C′
1η

β

[
1 − 1

2(β + 2)
n2η2

]
+ C̃′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+ C′
3

(
−2(β2 − 4)

(w + 1)β

) [
1 − β2 + 3β − 2

6(β2 − 4)(β + 1)
n2η2

]
+

+ C′
4η

−β

[
1 − β2 + 3

6(β2 − 1)(β − 2)
n2η2

]
−

− C′
5

[
1 − 1

2(β + 2)
n2η2

]
− C′

6η
−β

[
1 +

1
2(β − 2)

n2η2

]
, (6.8)

v =
nη

3(β + 1)

(
C′

1η
β

[
1 − 1

2(β + 2)
n2η2

]
+ C̃′

2

[
1 +

1
2(β − 2)

n2η2

]
+

+C′
3

[
− 4

β + 3
n2η2

]
+ C′

4η
−β 2β

β + 3

[
1 − β2 − 2β + 9

6(β − 2)(β2 − 1)
n2η2

])
, (6.9)

δ = C′
1

(
−w + 1

2

)
ηβ

[
1 − 1

2(β + 2)
n2η2

]
+ C̃′

2

(
−w + 1

2

) [
1 +

1
2(β − 2)

n2η2

]
+

+ C′
3

[
2(β + 2)
3β(β + 1)

n2η2

]
+ C′

4η
−β

[
2(2β2 − β + 3)

9(β − 2)(β − 1)(β + 1)2
n2η2

]
. (6.10)

‚¨¤´μ, ÎÉμ Ë¨§¨Î¥¸±¨¥ ±μ³¶μ´¥´ÉÒ ·¥Ï¥´¨° ¢ �’ƒ ¢ ¶·¥´¥¡·¥¦¥´¨¨ ³ ¸¸μ° £· ¢¨Éμ´ 
¨ ¢ �’� ¨³¥ÕÉ μ¤¨´ ±μ¢Ò¥ ¸É¥¶¥´¨ ¨ μÉ²¨Î ÕÉ¸Ö Éμ²Ó±μ Î¨¸²μ¢Ò³¨ ±μÔËË¨Í¨¥´É ³¨.
�¤´ ±μ ´ ¤μ ¶μ³´¨ÉÓ, ÎÉμ §  ¸Î¥É ´¥´Ê²¥¢μ° ³ ¸¸Ò £· ¢¨Éμ´  ´  ¸ ³μ³ ¤¥²¥ ¢¸¥ Ï¥¸ÉÓ
·¥Ï¥´¨° �’ƒ Ö¢²ÖÕÉ¸Ö Ë¨§¨Î¥¸±¨³¨. Š ± Ê± § ´μ ¢ [2], ¢ ÔÉμ³ ¸²ÊÎ ¥ ´¥Ë¨§¨Î¥¸±¨³¨
³μ£ÊÉ ¡ÒÉÓ ²¨ÏÓ ·¥Ï¥´¨Ö, ¤ ¢ ¥³Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö³¨ £·Ê¶¶Ò �Ê ´± ·¥. �¤´ ±μ, ¢ μÉ-
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²¨Î¨¥ μÉ ¸²ÊÎ Ö ¶·μ¸É· ´¸É¢¥´´μ ´¥§ ¢¨¸¨³ÒÌ ¢μ§³ÊÐ¥´¨° n = 0, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ÔÉ¨
¶·¥μ¡· §μ¢ ´¨Ö ´¥ ¤ ÕÉ ´¨± ±¨Ì ·¥Ï¥´¨° ¸ ±μ´¥Î´Ò³ n.

’¥¶¥·Ó · ¸¸³μÉ·¨³ ¢ �’� ¸²ÊÎ ° nη � 1. C ÉμÎ´μ¸ÉÓÕ ¤μ Î¨¸²μ¢μ£μ ³´μ¦¨É¥²Ö
¤²Ö λ ËÊ´±Í¨¨ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ C3 ¨ C4

η− β+3
2 ei

√
wnη. (6.11)

„²Ö μ, v ¨ δ  ´ ²μ£¨Î´Ò¥ ËÊ´±Í¨¨ ¨³¥ÕÉ ¢¨¤

− 4
β + 1

η− β+3
2 ei

√
wnη, (6.12)

− 2iw
√

w

(β + 1)(β + 3)
n2η

1−β
2 ei

√
wnη (6.13)

¨

− 4w

3(β + 1)2
n2η

1−β
2 ei

√
wnη. (6.14)

‡¤¥¸Ó ¤²Ö Ë¨§¨Î¥¸±¨Ì ±μ³¶μ´¥´É ·¥§Ê²ÓÉ ÉÒ ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ (2.16), (2.18), (2.19).
„²Ö · ¤¨ Í¨μ´´μ-¤μ³¨´¨·ÊÕÐ¥° ¸É ¤¨¨ ÔÉ¨ ËÊ´±Í¨¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¶μ¤¸É ´μ¢±μ°

β = 1, w = 1/3. „²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨¨ β = 3, μ¤´ ±μ w μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó,
¶μÔÉμ³Ê ËÊ´±Í¨¨ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ C3 ¨ C4 ¡Ê¤ÊÉ ¨³¥ÉÓ É¥¶¥·Ó ¤·Ê£μ° ¢¨¤:

±μ´¸É ´É  ¨ η−3 Å ¤²Ö λ,
±μ´¸É ´É  ¨ η−3 Å ¤²Ö μ,

·¥Ï¥´¨Ö μÉ¸ÊÉ¸É¢ÊÕÉ Å ¤²Ö v,

1
2
η2 ¨

1
2
η−3 Å ¤²Ö δ.

(6.15)

’¥¶¥·Ó · ¸¸³μÉ·¨³ ¢· Ð É¥²Ó´Ò¥ ¢μ§³ÊÐ¥´¨Ö. „μ¡ ¢²ÖÖ ¢ �’� ¸É ¤¨Õ ±¢¨´ÉÔ¸¸¥´-
Í¨¨, ¶μ²ÊÎ¨³

σ(η) ∼
∫

dη

α2
∼

∫
dη

ηβ+1
,

(6.16)

V (η) =
nη2σ′

(β + 1)(β + 3)
∼ η1−β .

‚¨¤´μ, ÎÉμ ¸±μ·μ¸ÉÓ ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ¥É ¸ (3.5).
ˆ ¢ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ ¤²Ö Î¨¸Éμ £· ¢¨É Í¨μ´´ÒÌ ¢μ§³ÊÐ¥´¨° (£· ¢¨É Í¨-

μ´´ÒÌ ¢μ²´) Ê· ¢´¥´¨Ö ³ ²ÒÌ Ë²Ê±ÉÊ Í¨°,   ¸²¥¤μ¢ É¥²Ó´μ, ¨ ¨Ì ·¥Ï¥´¨Ö  ¡¸μ²ÕÉ´μ
¨¤¥´É¨Î´Ò.

7. ‡�Š‹
—…�ˆ…

�·¥¦¤¥ ¢¸¥£μ ¶·μ¢¥·¨³, Ê¤μ¢²¥É¢μ·ÖÕÉ ²¨ ´ °¤¥´´Ò¥ ´ ³¨ ·¥Ï¥´¨Ö ¶·¨´Í¨¶Ê ¶·¨-
Î¨´´μ¸É¨ [12]: ²Õ¡μ° ¨§μÉ·μ¶´Ò° ¢ Ëμ´μ¢μ³ ¶·μ¸É· ´¸É¢¥ 4-¢¥±Éμ· ´¥ ¤μ²¦¥´ ¡ÒÉÓ
¢·¥³¥´¨¶μ¤μ¡´Ò³ ¢ ·¨³ ´μ¢μ³ ¶·μ¸É· ´¸É¢¥: ¥¸²¨ γikuiuk = 0, Éμ gikuiuk � 0.
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‚ ´ Ï¥³ ¸²ÊÎ ¥ ((2.3), (2.4) [2] ¢ ±μ´Ëμ·³´μ³ ¢·¥³¥´¨)

ds2 = α2(dη2 − dx2 − dy2 − dz2) + hikdxidxk,

dσ2 =
C

α4
dη2 − dx2 − dy2 − dz2,

¨ ÔÉμ Ê¸²μ¢¨¥ ¶·¨´¨³ ¥É ¢¨¤

α2(u0)2
(

1 − C

α4

)
+ hikuiuk � 0, (7.1)

£¤¥ ui Å ¶·μ¨§¢μ²Ó´Ò° ¨§μÉ·μ¶´Ò° ¢ Ëμ´μ¢μ³ ¶·μ¸É· ´¸É¢¥ 4-¢¥±Éμ·. �¥·¢μ¥ ¸² -
£ ¥³μ¥ Å ¢¥²¨Î¨´  ´Ê²¥¢μ£μ ¶μ·Ö¤±  ³ ²μ¸É¨,   ¢Éμ·μ¥ Å ¶¥·¢μ£μ ¶μ·Ö¤± , ¶μÔÉμ³Ê
Î²¥´ ∼ hik ³μ¦¥É ¢²¨ÖÉÓ ´  §´ ± ¢¸¥£μ ¢Ò· ¦¥´¨Ö Éμ²Ó±μ ¥¸²¨ C = α4. …¸²¨ ¸¤¥-
² ÉÓ ¸É ´¤ ·É´Ò° ¢ �’ƒ ¢Ò¡μ· [12] C = α4

max, Éμ ÔÉμ · ¢¥´¸É¢μ ¢Ò¶μ²´Ö¥É¸Ö Éμ²Ó±μ ¢
ÉμÎ±¥ α = αmax, ¶μÔÉμ³Ê ¶·¨´Í¨¶ ¶·¨Î¨´´μ¸É¨ ³μ¦¥É § ¶·¥É¨ÉÓ ´¥±μÉμ·Ò¥ ±μ³¡¨´ Í¨¨
·¥Ï¥´¨° ´  Î¥É¢¥·Éμ³ ÔÉ ¶¥ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°. ‚ÒÖ¸´¨ÉÓ, ± ±¨¥ ÔÉμ ±μ³¡¨´ Í¨¨, ¤μ-
¢μ²Ó´μ ¸²μ¦´μ, ¨ ³Ò ´¥ ¡Ê¤¥³ ÔÉμ£μ ¤¥² ÉÓ. ‚³¥¸Éμ ÔÉμ£μ § ³¥É¨³, ÎÉμ ³Ò ¢Ò¡· ²¨
C = α4

max Éμ²Ó±μ ¶μÉμ³Ê, ÎÉμ ÌμÉ¥²¨ μ¡¥¸¶¥Î¨ÉÓ ³ ±¸¨³ ²Ó´Ò° · §³ Ì ±μ²¥¡ ´¨° α(η);
´¨± ±¨Ì ¤·Ê£¨Ì ¸μμ¡· ¦¥´¨° ¢ ¶μ²Ó§Ê É ±μ£μ ¢Ò¡μ·  Ê ´ ¸ ´¥É. …¸²¨ ¦¥ ¢Ò¡· ÉÓ C
´¥³´μ£μ ¡μ²ÓÏ¥, Î¥³ α4

max, Éμ μ¶¨¸ ´´ Ö ´ ³¨ ± ·É¨´  ´¥ ¨§³¥´¨É¸Ö,   ´¥· ¢¥´¸É¢μ (7.1)
¡Ê¤¥É ¸É·μ£μ ¢Ò¶μ²´ÖÉÓ¸Ö ¢¸¥£¤  ¨ ¶·¨´Í¨¶ ¶·¨Î¨´´μ¸É¨ ´¥ ´ ²μ¦¨É ¸μ¢¸¥³ ´¨± ±¨Ì
μ£· ´¨Î¥´¨° ´  ¢μ§³ÊÐ¥´¨Ö.

Š ± ¢¨¤´μ ¨§ Ê· ¢´¥´¨° (1.10)Ä(1.14) [1], �’ƒ ¶·¥¤¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¤¢ÊÌ
É¨¶μ¢ ±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ ¢μ§³ÊÐ¥´¨° ¢ μ¤´μ·μ¤´μ° ¨ ¨§μÉ·μ¶´μ° ‚¸¥²¥´´μ°: Î¨¸Éμ
£· ¢¨É Í¨μ´´Ò¥ ¢μ§³ÊÐ¥´¨Ö, ¶·¨ ±μÉμ·ÒÌ ¶²μÉ´μ¸ÉÓ ¨ ¸±μ·μ¸ÉÓ ¢¥Ð¥¸É¢  μ¸É ÕÉ¸Ö ´¥-
¨§³¥´´Ò³¨, ¨ ¢μ§³ÊÐ¥´¨Ö Ì · ±É¥·¨¸É¨± ¢¥Ð¥¸É¢ , ¶·¨ ±μÉμ·ÒÌ ¨§³¥´Ö¥É¸Ö É ±¦¥ ¨
£· ¢¨É Í¨μ´´μ¥ ¶μ²¥. ‚μ§³ÊÐ¥´¨Ö ¶¥·¢μ£μ É¨¶  ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° μ¶¨¸ ´´Ò¥ ¢ · §¤. 4
É¥´§μ·´Ò¥ ¢μ²´Ò. �É¨ ¢μ²´Ò μ¶¨¸Ò¢ ÕÉ¸Ö μ¤¨´ ±μ¢Ò³¨ Ê· ¢´¥´¨Ö³¨ ¨ ¢¥¤ÊÉ ¸¥¡Ö μ¤¨-
´ ±μ¢μ: ¨Ì  ³¶²¨ÉÊ¤  ¨ Î ¸ÉμÉ  Ê³¥´ÓÏ ÕÉ¸Ö ¸ ·μ¸Éμ³ α,   ¸±μ·μ¸ÉÓ ¶·¨ ¤μ¸É ÉμÎ´μ
¡μ²ÓÏ¨Ì ¢μ²´μ¢ÒÌ Î¨¸² Ì ¸μ¢¶ ¤ ¥É ¸μ ¸±μ·μ¸ÉÓÕ ¸¢¥É ; ¸·¥¤´ÖÖ  ³¶²¨ÉÊ¤  ³μ¦¥É ¨§-
³¥´ÖÉÓ¸Ö μÉ μ¤´μ£μ Í¨±²  Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° ± ¤·Ê£μ³Ê Éμ²Ó±μ Ê ¤μ¸É ÉμÎ´μ ¤²¨´´ÒÌ
¢μ²´. ‚μ§³ÊÐ¥´¨Ö ¢Éμ·μ£μ É¨¶ , ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¸μ¸ÉμÖÉ ¨§ ¤¢ÊÌ Î ¸É¥°: ¢μ-¶¥·¢ÒÌ, ÔÉμ
¢μ§³ÊÐ¥´¨Ö ¢¨Ì·¥¢μ° ±μ³¶μ´¥´ÉÒ ¸±μ·μ¸É¨ ¢¥Ð¥¸É¢  u1

α, ¢²¥±ÊÐ¨¥ §  ¸μ¡μ° ¨§³¥´¥´¨¥
±μ³¶μ´¥´ÉÒ ³¥É·¨±¨ h0

α, ¢μ-¢Éμ·ÒÌ, ¢μ§³ÊÐ¥´¨Ö É¥Ì ¦¥ ¸± ²Ö·´ÒÌ ¢¥²¨Î¨´, ±μÉμ·Ò¥
Ö¢²ÖÕÉ¸Ö ®§¢Ê±μ¢Ò³¨¯ ¢μ²´ ³¨ ´  Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨¨ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°
(Ê· ¢´¥´¨¥ ¸μ¸ÉμÖ´¨Ö ¢¥Ð¥¸É¢  p = (1/3)ε),   ´  ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨¨ (p = 0) ¤¥-
³μ´¸É·¨·ÊÕÉ ¸É¥¶¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨; ¶·¨ ¤μ¸É ÉμÎ´μ ³ ²ÒÌ ¢μ²´μ¢ÒÌ Î¨¸² Ì
(n2η2 � 1) ÔÉ¨ ³μ¤Ò ¢ ·¥Ï¥´¨ÖÌ · ¸ÉÊÉ ¤ ¦¥ ´  ·¥²ÖÉ¨¢¨¸É¸±μ° ¸É ¤¨¨, ¶μÔÉμ³Ê ³μ¦´μ
£μ¢μ·¨ÉÓ μ Éμ³, ÎÉμ ¢¥²¨Î¨´  (α

√
ε)−1 ¨£· ¥É ·μ²Ó ¤¦¨´¸μ¢¸±μ° ¤²¨´Ò ¢μ²´Ò ¤²Ö ÔÉ¨Ì

¢μ§³ÊÐ¥´¨°. �μ¢¥¤¥´¨¥ ÔÉ¨Ì ¶μ¸²¥¤´¨Ì ¢μ§³ÊÐ¥´¨° ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÔÉ ¶ Ì (¢Éμ-
·μ³, É·¥ÉÓ¥³ ¨ Î¥É¢¥·Éμ³) ¶μÌμ¦¥ ´  ¶μ¢¥¤¥´¨¥, ¶·¥¤¸± §Ò¢ ¥³μ¥ μ¡ÒÎ´μ  ¢Éμ· ³¨,
· ¸¸³ É·¨¢ ÕÐ¨³¨ ÔÉÊ § ¤ ÎÊ ¢ · ³± Ì μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¢ ¸¨´Ì·μ´´μ°
± ²¨¡·μ¢±¥.

�μÎÉ¨ ´  ¢¸¥Ì ÔÉ ¶ Ì Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°, ± ± ¶·¨ · ¸Ï¨·¥´¨¨, É ± ¨ ¶·¨ ¸¦ É¨¨,
¢μ§³ÊÐ¥´¨Ö ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  δ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨Ì · §³¥·μ¢ ³μ£ÊÉ · ¸É¨. �μÔÉμ³Ê
³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ, ÌμÉÖ ¶μ²ÊÎ¥´´ Ö ´ ³¨ ¸±μ·μ¸ÉÓ ·μ¸É  ¢μ§³ÊÐ¥´¨° É ± Ö ¦¥,



500 Œμ¤¥¸Éμ¢ Š. �., —Ê£·¥¥¢ �. ‚.

± ± ¢ �’� (´¥¡μ²ÓÏ Ö ¸É¥¶¥´Ó ¢·¥³¥´¨), ¨, ¸²¥¤μ¢ É¥²Ó´μ, §  μ¤¨´ Í¨±² ±μ²¥¡ ´¨° ‚¸¥-
²¥´´μ° ´¥μ¤´μ·μ¤´μ¸É¨ ´¥ ¸É ´ÊÉ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³¨, μ´¨ ³μ£ÊÉ ´ · ¸É ÉÓ μÉ Í¨±²  ±
Í¨±²Ê ¨ ¢ ±μ´Í¥ ±μ´Íμ¢ ¢Ò· ¸É¨ §´ Î¨É¥²Ó´μ. ˆ´É¥·¥¸´μ μÉ³¥É¨ÉÓ, ÎÉμ, ¸μ£² ¸´μ £¨¶μ-
É¥§¥ �. „¨±±¥ [13], Î¨¸²μ É ±¨Ì Í¨±²μ¢ ³μ¦¥É ¸μ¸É ¢²ÖÉÓ ¤²Ö μ¸Í¨²²¨·ÊÕÐ¥° ‚¸¥²¥´´μ°
´¥¸±μ²Ó±μ ¸μÉ¥´. �·¨ ÔÉμ³ Ê¤ ¥É¸Ö μ¡ÑÖ¸´¨ÉÓ ¶·μ¨¸Ìμ¦¤¥´¨¥ ¡μ²ÓÏμ° ¢¥²¨Î¨´Ò μÉ´μ-
Ï¥´¨Ö Î¨¸²  ËμÉμ´μ¢ ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ± Î¨¸²Ê ¡ ·¨μ´μ¢ N = 108. ’ ±¨³ μ¡· §μ³,
�’ƒ ´¥ § ¶·¥Ð ¥É μ¡· §μ¢ ´¨¥ ´ ¡²Õ¤ ¥³μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢¥Ð¥¸É¢  ¢ ·¥§Ê²ÓÉ É¥ ·μ¸É 
¸²ÊÎ °´ÒÌ Ë²Ê±ÉÊ Í¨° ¢ ¶¥·¢μ´ Î ²Ó´μ μ¤´μ·μ¤´μ³ · ¸¶·¥¤¥²¥´¨¨. ‚μ¶·μ¸ μ ³¥Ì ´¨§³¥
¨§μÉ·μ¶¨§ Í¨¨ ‚¸¥²¥´´μ° ¨ ¥¥ · ´´¥° ¸É·Ê±ÉÊ·¥ ¢ÒÌμ¤¨É §  · ³±¨ ´ ¸ÉμÖÐ¥° · ¡μÉÒ.
ˆ§ÊÎ¥´¨¥ ÔÉ¨Ì ¢μ¶·μ¸μ¢, ¢μ§³μ¦´μ, ¸É ´¥É ¶·¥¤³¥Éμ³ ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ �.�. ‹μ£Ê´μ¢Ê ¨ Œ. �.Œ¥¸É¢¨·¨Ï¢¨²¨ § 
¶μ¸ÉμÖ´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥ ¨ ³´μ£μÎ¨¸²¥´´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

�¤¨´ ¨§  ¢Éμ·μ¢ (Š.�.Œμ¤¥¸Éμ¢) ¢Ò· ¦ ¥É ¡² £μ¤ ·´μ¸ÉÓ ´ Î ²Ó´¨±Ê �“‘�	 ®	·μ´-
´¨ÍÒ¯ Œƒ‘“ ‚.�.˜Ê³¨²μ §  ¸μ§¤ ´¨¥ ¡² £μ¶·¨ÖÉ´ÒÌ Ê¸²μ¢¨° ¤²Ö ¶²μ¤μÉ¢μ·´μ° · ¡μÉÒ
´ ¤ ¸É ÉÓ¥°.
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