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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ· Ë¥··μ¦¨¤±μ¸É¨ ¸ Í¥¶μÎ¥Î´Ò³¨  £·¥-
£ É ³¨ ¶μ¤ ¢²¨Ö´¨¥³ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö. �  μ¸´μ¢ ´¨¨ · ¢´μ¢¥¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö Í¥¶μ-
Î¥± ¶μ · §³¥· ³ ¡Ò² ¢ÒÎ¨¸²¥´ ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ· ± ± ËÊ·Ó¥-μ¡· § · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥-
¤¥²¥´¨Ö. �·μ¢¥¤¥´´μ¥ ¸· ¢´¥´¨¥ ¶·¥¤¸± § ´¨° ¶μ¸É·μ¥´´μ° É¥μ·¥É¨Î¥¸±μ° ³μ¤¥²¨ ¸ ·¥§Ê²ÓÉ É ³¨
±μ³¶ÓÕÉ¥·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ± § ²μ ± Î¥¸É¢¥´´μ¥ ¸μ£² ¸¨¥ ¤ ´´ÒÌ. � ²¨Î¨¥ Í¥¶μÎ¥± ¶·¨¢μ¤¨É
± ¸¨²Ó´μ°  ´¨§μÉ·μ¶¨¨ ¶ · ²²¥²Ó´μ° ¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ° ±μ³¶μ´¥´É ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· .

In this paper we present the structure factor of ferro�uid with chain aggregates under the in�uence
of an externally applied magnetic ˇeld. On the basis of the equilibrium chains distribution the structure
factor is calculated as Fourier transform of the radial distribution function. An extensive comparison of
the theoretical model to the results of computer simulations showed a qualitative agreement of the data.
The existence of the chains leads to strong anisotropy of the structure factor for the cases parallel and
perpendicular to the external magnetic ˇeld.

PACS: 47.65.Cb

Œ £´¨É´Ò¥ ¦¨¤±μ¸É¨ Å ÔÉμ ¸¨¸É¥³Ò, ¸μ¸ÉμÖÐ¨¥ ¨§ ³ £´¨É´ÒÌ ´ ´μÎ ¸É¨Í, ¢§¢¥Ï¥´-
´ÒÌ ¢ ¦¨¤±¨Ì ´μ¸¨É¥²ÖÌ, μ¡² ¤ ÕÐ¨¥ ¸²μ¦´μ° ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·μ°. ‚ ´¨Ì ¢μ§³μ¦´μ
μ¡· §μ¢ ´¨¥ · §²¨Î´ÒÌ ³¨±·μ¸É·Ê±ÉÊ·: Í¥¶μÎ¥± ¨§ ´ ´μÎ ¸É¨Í, Ë· ±É ²Ó´ÒÌ ±² ¸É¥·μ¢,
³¨±·μ± ¶¥²Ó ¨ É. ¤. „²Ö ¨§ÊÎ¥´¨Ö ³¨±·μ¸É·Ê±ÉÊ·Ò Ë¥··μ¦¨¤±μ¸É¨ ¸ÊÐ¥¸É¢Ê¥É ³´μ¦¥-
¸É¢μ · §²¨Î´ÒÌ ³¥Éμ¤¨±, μ¤´μ° ¨§ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ³ ²μÊ£²μ¢μ¥ ´¥°É·μ´´μ¥ · ¸¸¥Ö´¨¥
(¸³., ´ ¶·¨³¥·, [1, 2]). �É¨ Ô±¸¶¥·¨³¥´ÉÒ ¶μ§¢μ²ÖÕÉ ¨§ÊÎ¨ÉÓ  Éμ³´ÊÕ ¨ ³ £´¨É´ÊÕ ¸É·Ê±-
ÉÊ·Ò ³ £´¨É´ÒÌ ¤¨¸¶¥·¸´ÒÌ ´ ´μÎ ¸É¨Í ¨ Ì · ±É¥· ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μÉμ·Ò°, ¢ ¸¢μÕ
μÎ¥·¥¤Ó, μ¶·¥¤¥²Ö¥É ³¨±·μ¸É·Ê±ÉÊ·Ê ¸¨¸É¥³Ò (¡μ²¥¥ ¶μ¤·μ¡´μ ¸³. ¢ · ¡μÉ¥ [1]). ‚ · ³-
± Ì ÔÉμ° ³¥Éμ¤¨±¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨ É ± ´ §Ò¢ ¥³Ò° ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ·, ±μÉμ·Ò°
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  μ¡· §Í¥ I(q) ±
¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ´  ®¨¤¥ ²Ó´μ³¯ μ¡· §Í¥ (¡¥§ ³¥¦Î ¸É¨Î´ÒÌ ±μ··¥²ÖÍ¨°) I0(q):

S(q) =
I(q)
I0(q)

, (1)

£¤¥ q Å ÔÉμ ¢μ²´μ¢μ° ¢¥±Éμ·. ‚¥²¨Î¨´  S(q) ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  É ±¦¥ ¨ ¢ É¥μ·¥É¨-
Î¥¸±μ³ ¨¸¸²¥¤μ¢ ´¨¨ ± ± ËÊ·Ó¥-μ¡· § · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö g(r) [3]:

S(q) = 1 + ρ

∫
(g(r) − 1) exp (−iq · r) dr. (2)
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‡¤¥¸Ó ρ Å ÔÉμ Î¨¸²μ¢ Ö ¶²μÉ´μ¸ÉÓ ³ £´¨É´ÒÌ Î ¸É¨Í,   i Å ±μ³¶²¥±¸´ Ö ¥¤¨´¨Í . ‡´ Ö
· ¤¨ ²Ó´ÊÕ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö, ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ·. ’ ±¨³
μ¡· §μ³, μ¸´μ¢´μ° § ¤ Î¥° ¢ É¥μ·¨¨ Ö¢²Ö¥É¸Ö ¢ÒÎ¨¸²¥´¨¥ ËÊ´±Í¨¨ g(r) ¢ § ¢¨¸¨³μ¸É¨ μÉ
Éμ£μ, ± ±¨¥ ³¨±·μ¸É·Ê±ÉÊ·Ò Ö¢²ÖÕÉ¸Ö ¶·¥μ¡² ¤ ÕÐ¨³¨ ¢ ¸¨¸É¥³¥. Š·μ³¥ Éμ£μ, ´ ²¨Î¨¥
¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¡Ê¤¥É ¢´μ¸¨ÉÓ  ´¨§μÉ·μ¶¨Õ ¢ ¸¨¸É¥³Ê, É¥³ ¸ ³Ò³ Ê¸²μ¦´ÖÖ
¢ÒÎ¨¸²¥´¨¥ · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö.

„²Ö Ê³¥·¥´´μ ±μ´Í¥´É·¨·μ¢ ´´ÒÌ Ë¥··μ¦¨¤±μ¸É¥° ¸ ¸¨²Ó´Ò³ ³ £´¨É´Ò³ ¤¨¶μ²Ó-
¤¨¶μ²Ó´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ (λ Å ¨´É¥´¸¨¢´μ¸ÉÓ ¤ ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö) ¶·¥μ¡² ¤ Õ-
Ð¨³¨ ³¨±·μ¸É·Ê±ÉÊ· ³¨ Ö¢²ÖÕÉ¸Ö Í¥¶μÎ±¨ ¨§ ³ £´¨É´ÒÌ Î ¸É¨Í. „²Ö É ±¨Ì ¸¨¸É¥³ ¡Ò²μ
¨¸¸²¥¤μ¢ ´μ ¶μ¢¥¤¥´¨¥ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ¤²Ö ³μ´μ- ¨ ¡¨¤¨¸¶¥·¸´ÒÌ ¸²ÊÎ ¥¢ ¢ μÉ-
¸ÊÉ¸É¢¨¨ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö [4]. …¸É¥¸É¢¥´´Ò³ ¶·μ¤μ²¦¥´¨¥³ ÔÉμ° · ¡μÉÒ Ö¢²Ö-
¥É¸Ö ¶μ¶ÒÉ±  ÊÎ¥É  ¢²¨Ö´¨Ö ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö. ’ ±¨³ μ¡· §μ³, Í¥²ÓÕ ¤ ´´μ°
· ¡μÉÒ ¡Ò²μ ¢ÒÎ¨¸²¥´¨¥ · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¨ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· 
Ë¥··μ¦¨¤±μ¸É¨ ¸ Í¥¶μÎ¥Î´Ò³¨  £·¥£ É ³¨ ¢ ³ £´¨É´μ³ ¶μ²¥.

1. ’…��…’ˆ—…‘Š�Ÿ Œ�„…‹œ

� ¸¸³ É·¨¢ ¥É¸Ö ³μ´μ¤¨¸¶¥·¸´ Ö Ë¥··μ¦¨¤±μ¸ÉÓ (¢¸¥ Î ¸É¨ÍÒ ¨³¥ÕÉ μ¤¨´ ±μ¢Ò°
· §³¥·), ¢ ±μÉμ·μ° ³μ£ÊÉ μ¡· §μ¢Ò¢ ÉÓ¸Ö Í¥¶μÎ±¨ · §²¨Î´μ° ¤²¨´Ò. „²Ö ¶μ¨¸±  · ¸-
¶·¥¤¥²¥´¨Ö Í¥¶μÎ¥± ¶μ · §³¥· ³ ¢ É¥·³μ¤¨´ ³¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤
³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ²  ¶²μÉ´μ¸É¨ ¸¢μ¡μ¤´μ° Ô´¥·£¨¨ ¸¨¸É¥³Ò. „ ´´Ò° ËÊ´±Í¨μ´ ²
¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

F (H) = F (H) + kT
∞∑

n=1

gn(H)
[
ln

gn(H)v
e

− ln Qn(H)
]

, (3)

£¤¥ k Å ÔÉμ ±μ´¸É ´É  	μ²ÓÍ³ ´ ; T Å É¥³¶¥· ÉÊ· ; gn(H) Å ±μ´Í¥´É· Í¨Ö Í¥¶μÎ¥±,
¸μ¸ÉμÖÐ¨Ì ¨§ n Î ¸É¨Í; Qn(H) Å ±μ´Ë¨£Ê· Í¨μ´´Ò° ¨´É¥£· ² Í¥¶μÎ±¨; v Å μ¡Ñ¥³ Î -
¸É¨ÍÒ; H Å ¢´¥Ï´¥¥ ³ £´¨É´μ¥ ¶μ²¥. 
¸´μ¢´μ° ¸²μ¦´μ¸ÉÓÕ §¤¥¸Ó Ö¢²Ö¥É¸Ö ¢ÒÎ¨¸²¥´¨¥
±μ´Ë¨£Ê· Í¨μ´´μ£μ ¨´É¥£· ² , μ¤´ ±μ ¢ [5] ¡Ò² ¶·¥¤¸É ¢²¥´  ²£μ·¨É³ ¤²Ö ¥£μ ¢ÒÎ¨-
¸²¥´¨Ö. �¥·¢μ¥ ¸² £ ¥³μ¥, ¢Ìμ¤ÖÐ¥¥ ¢ ËÊ´±Í¨Õ F (H), ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¢μ¡μ¤´ÊÕ
Ô´¥·£¨Õ ¨¤¥ ²Ó´μ£μ ¶ · ³ £´¨É´μ£μ £ §  Î ¸É¨Í, ¢Éμ·μ¥ ¸² £ ¥³μ¥ Å ¸¢μ¡μ¤´ÊÕ Ô´¥·£¨Õ
¸³¥¸¨ Í¥¶μÎ¥± · §´μ° ¤²¨´Ò. ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê Í¥¶μÎ± ³¨ ´¥ · ¸¸³ É·¨¢ ¥É¸Ö,  
¢ Í¥¶μÎ±¥ μ´μ ÊÎ¨ÉÒ¢ ¥É¸Ö Éμ²Ó±μ ³¥¦¤Ê ¡²¨¦ °Ï¨³¨ ¸μ¸¥¤Ö³¨. 
¡Ð¥¥ Î¨¸²μ Î ¸É¨Í ¢
¸¨¸É¥³¥ μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³:

ρ =
∞∑

n=1

gn(H)n. (4)

Œ¨´¨³¨§¨·ÊÖ ËÊ´±Í¨μ´ ² (3) ¶·¨ ¡ ² ´¸μ¢μ³ μ£· ´¨Î¥´¨¨ (4), ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¢Ò· -
¦¥´¨¥ ¤²Ö · ¢´μ¢¥¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö Í¥¶μÎ¥± ¶μ · §³¥· ³ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢´¥Ï´¥£μ
³ £´¨É´μ£μ ¶μ²Ö.

Œ £´¨É´μ¥ ¶μ²¥ ¢´μ¸¨É  ´¨§μÉ·μ¶¨Õ ¢ ¸¨¸É¥³Ê, ¶μÔÉμ³Ê ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¢μ§-
´¨± ¥É ¤¢  ´ ¶· ¢²¥´¨Ö: ¶ · ²²¥²Ó´μ ¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ ¶μ²Õ. Š ± ¢μ²´μ¢μ° ¢¥±Éμ·,
É ± ¨ · ¤¨Ê¸-¢¥±Éμ· ³μ¦´μ · §²μ¦¨ÉÓ ´  ¤¢¥ ¶·μ¥±Í¨¨ ¢¤μ²Ó Ê± § ´´ÒÌ ´ ¶· ¢²¥´¨°.
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ˆ ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ· É¥¶¥·Ó ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

S(q||, q⊥) = 1 + 2πρ

∫
dr||

∫
r⊥dr⊥[g(r||, r⊥) − 1]J0(q⊥r⊥) exp (−iq||r||). (5)


¸´μ¢´ Ö ¸²μ¦´μ¸ÉÓ Å ÔÉμ ¶μ¸É·μ¥´¨¥ · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö. �μ¶·μ-
¡Ê¥³ ¸´ Î ²  ¸ ³Ò° ¶·μ¸Éμ° ³¥Éμ¤: ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ · ¤¨ ²Ó´ Ö ËÊ´±Í¨Ö ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¶·μ¨§¢¥¤¥´¨¥ ¤¢ÊÌ ËÊ´±Í¨°, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ § ¢¨¸¨É Éμ²Ó±μ μÉ μ¤´μ° ¶¥-
·¥³¥´´μ° (· ¤¨Ê¸-¢¥±Éμ·Ò ¶ · ²²¥²Ó´Ò ¨²¨ ¶¥·¶¥´¤¨±Ê²Ö·´Ò ¶μ²Õ). ’ ±¨³ μ¡· §μ³,
¶μ¸É·μ¨¢ ¤¢¥ · ¤¨ ²Ó´Ò¥ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö, ³Ò ¸³μ¦¥³ ¶μ²ÊÎ¨ÉÓ ¤¢  ¸É·Ê±ÉÊ·´ÒÌ
Ë ±Éμ· .

� Î´¥³ ¸μ ¸²ÊÎ Ö ¶ · ²²¥²Ó´μ° ±μ³¶μ´¥´ÉÒ. –¥¶μÎ±¨ ¢Ò¸É· ¨¢ ÕÉ¸Ö ¢¤μ²Ó ´ ¶· -
¢²¥´¨Ö ¶μ²Ö, ¶μÔÉμ³Ê ¸¨¸É¥³ , ¸¶·μ¥±É¨·μ¢ ´´ Ö ´  ÔÉμ ´ ¶· ¢²¥´¨¥, É ±¦¥ Ö¢²Ö¥É¸Ö
¸¨¸É¥³μ° Í¥¶μÎ¥±. ‡´ Î¨É, ³μ¦´μ ¶μ¤¸Î¨É ÉÓ ±μ²¨Î¥¸É¢μ · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨°, ¢¸É·¥-
Î ÕÐ¨Ì¸Ö ¢ Í¥¶μÎ± Ì. • · ±É¥·´μ¥ · ¸¸ÉμÖ´¨¥ σ̃ ¡Ê¤¥É § ¢¨¸¥ÉÓ ´¥ Éμ²Ó±μ μÉ ¸¨² ¶·¨-
ÉÖ¦¥´¨Ö ¨ μÉÉ ²±¨¢ ´¨Ö, ´μ ¨ μÉ ¢¥²¨Î¨´Ò ³ £´¨É´μ£μ ¶μ²Ö. „²Ö ¥£μ ´ Ìμ¦¤¥´¨Ö ´Ê¦´μ
¢ÒÎ¨¸²¨ÉÓ ¸·¥¤´ÕÕ ¶·μ¥±Í¨Õ · ¤¨Ê¸-¢¥±Éμ· , ¸μ¥¤¨´ÖÕÐ¥£μ ¤¢¥ Î ¸É¨ÍÒ, ´  ´ ¶· -
¢²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¸ Ê¸·¥¤´¥´¨¥³ ¶μ²μ¦¥´¨Ö ³ £´¨É´μ£μ ³μ³¥´É  ¢Éμ·μ° Î ¸É¨ÍÒ
μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ° ¨ Ê¸·¥¤´¥´¨¥³ ¶μ ¢¸¥¢μ§³μ¦´Ò³ ´ ¶· ¢²¥´¨Ö³ Í¥¶μÎ±¨ μÉ´μ¸¨-
É¥²Ó´μ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö. ‡´ Ö ¤ ´´ÊÕ ¶·μ¥±Í¨Õ (Ô²¥³¥´É ·´Ò° ®±¨·¶¨Î¨±¯
Í¥¶μÎ±¨) ¨ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¶μ · §³¥· ³, ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ · ¤¨ ²Ó´ÊÕ ËÊ´±Í¨Õ
· ¸¶·¥¤¥²¥´¨Ö ¨ ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ·. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§Ê¥É¸Ö  ²£μ·¨É³, ¶μ¤μ¡´Ò° Éμ³Ê,
±μÉμ·Ò° · ¸¸³ É·¨¢ ¥É¸Ö ¢ [6]. 
¤´ ±μ, ¢ μÉ²¨Î¨¥ μÉ ¨§μÉ·μ¶´μ£μ ¸²ÊÎ Ö, ¸¢¥·´ÊÉÓ
¸Ê³³Ò, ¢Ìμ¤ÖÐ¨¥ ¢ S(q), ¢ ¥¤¨´ÊÕ Ëμ·³Ê²Ê (¸³. [4]) ´¥ Ê¤ ¥É¸Ö ¨ ¶·¨Ìμ¤¨É¸Ö ¸Î¨É ÉÓ
¨Ì ´ ¶·Ö³ÊÕ. ‚ ¸²ÊÎ ¥ ¶¥·¶¥´¤¨±Ê²Ö·´μ° ±μ³¶μ´¥´ÉÒ ¸¨ÉÊ Í¨Ö ¶μÌμ¦  ´  ¶·¥¤Ò¤Ê-
ÐÊÕ, Éμ²Ó±μ Ì · ±É¥·´μ¥ · ¸¸ÉμÖ´¨¥, ±μÉμ·μ¥ ¢¸É·¥Î ¥É¸Ö ¢´ÊÉ·¨ Í¥¶μÎ¥±, ¡Ê¤¥É ¤·Ê£¨³.
’ ±¦¥ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ Í¥¶μÎ±¨ ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ´  ¶²μ¸±μ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·-
´ÊÕ ¶μ²Õ, · ¸¶·¥¤¥²¥´Ò · ¢´μ³¥·´μ.

2. �…‡“‹œ’�’›

„²Ö μ¶¨¸ ´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¶ · ³¥É· ‹ ´¦¥¢¥´  α = mH/kT , Ö¢²Ö-
ÕÐ¨°¸Ö μÉ´μÏ¥´¨¥³ Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ³ £´¨É´μ£μ ³μ³¥´É  Î ¸É¨ÍÒ ¸ ¶μ²¥³ ±
É¥¶²μ¢μ° Ô´¥·£¨¨. �  ·¨¸Ê´±¥ ¶·¨¢¥¤¥´Ò ¶ · ²²¥²Ó´ Ö ( ) ¨ ¶¥·¶¥´¤¨±Ê²Ö·´ Ö (¡) ±μ³-
¶μ´¥´ÉÒ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· . ‚¥·Ì´¨¥ £· Ë¨±¨ Å ¤ ´´Ò¥ ±μ³¶ÓÕÉ¥·´ÒÌ Ô±¸¶¥·¨³¥´-
Éμ¢, ´¨¦´¨¥ Å É¥μ·¥É¨Î¥¸±¨¥ ¤ ´´Ò¥.

� §´Ò¥ Í¢¥É  ²¨´¨° ¨ ¸¨³¢μ²μ¢ ¸μμÉ¢¥É¸É¢ÊÕÉ · §´Ò³ §´ Î¥´¨Ö³ ¶ · ³¥É·  ³ £-
´¨É´μ£μ ¤¨¶μ²Ó-¤¨¶μ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö (É¥³´μ-¸¥·Ò° Å λ = 2, Î¥·´Ò° Å λ = 3,
¸¢¥É²μ-¸¥·Ò° Å λ = 4). ‚¨¤´μ, ÎÉμ ± Î¥¸É¢¥´´μ¥ ¸μ£² ¸¨¥ ¤ ´´ÒÌ Ìμ·μÏ¥¥, μ¤´ ±μ
±μ²¨Î¥¸É¢¥´´μ£μ ¸μ¢¶ ¤¥´¨Ö ´¥É. ˆ ¸ Ê¢¥²¨Î¥´¨¥³ ¶μ²Ö ¸μ¢¶ ¤¥´¨¥ ¤ ´´ÒÌ Ê²ÊÎÏ ¥É¸Ö.
�Éμ £μ¢μ·¨É μ Éμ³, ÎÉμ ¢Ò¤¢¨´ÊÉμ¥ ¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ · ¤¨ ²Ó´ÊÕ ËÊ´±Í¨Õ · ¸¶·¥¤¥-
²¥´¨Ö ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ± ± ¶·μ¨§¢¥¤¥´¨¥ ¤¢ÊÌ g(r||, r⊥) = g(r||)g(r⊥), · ¡μÉ ¥É ²¨ÏÓ
¢ ¸¨²Ó´ÒÌ ¶μ²ÖÌ. 
¤´ ±μ Ê¦¥ ´  μ¸´μ¢¥  ´ ²¨§  ¤ ´´ÒÌ ±μ³¶ÓÕÉ¥·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
³μ¦´μ ¸¤¥² ÉÓ ´¥±μÉμ·Ò¥ ¢Ò¢μ¤Ò μ ¶μ¢¥¤¥´¨¨ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  Ë¥··μ¦¨¤±μ¸É¨ ¸
Í¥¶μÎ± ³¨. � ²¨Î¨¥ Í¥¶μÎ¥± ¶·¨¢μ¤¨É ±  ´¨§μÉ·μ¶¨¨ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ¶μ ¶μ²Õ ¨
¶¥·¶¥´¤¨±Ê²Ö·´μ ¶μ²Õ. ‘ Ê¢¥²¨Î¥´¨¥³ ¨´É¥´¸¨¢´μ¸É¨ ¢´¥Ï´¥£μ ¶μ²Ö ´ ¡²Õ¤ ¥É¸Ö ·μ¸É
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� · ²²¥²Ó´ Ö ( ) ¨ ¶¥·¶¥´¤¨±Ê²Ö·´ Ö (¡) ±μ³¶μ´¥´ÉÒ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· . ‚¥·Ì´¨¥ £· Ë¨±¨ Å

¤ ´´Ò¥ ±μ³¶ÓÕÉ¥·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ´¨¦´¨¥ Å É¥μ·¥É¨Î¥¸±¨¥ ¤ ´´Ò¥

¶¨±  ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ¤²Ö ¢μ²´μ¢ÒÌ ¢¥±Éμ·μ¢, ¶ · ²²¥²Ó´ÒÌ ¶μ²Õ,   ¤²Ö ¢μ²´μ¢ÒÌ
¢¥±Éμ·μ¢, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¶μ²Õ, Å ¨¸Î¥§´μ¢¥´¨¥ ¶¨± . �Éμ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³. �·¨ Ê¸¨²¥´¨¨ ¨´É¥´¸¨¢´μ¸É¨ ¶μ²Ö Í¥¶μÎ±¨ Ê¤²¨´ÖÕÉ¸Ö ¨ ±μ²¨Î¥¸É¢μ ¶ ·
Î ¸É¨Í Ê¢¥²¨Î¨¢ ¥É¸Ö, ÎÉμ ¶·¨¢μ¤¨É ± ·μ¸ÉÊ ¶¨± . ‚ Éμ ¦¥ ¢·¥³Ö Í¥¶μÎ±  ®¢ÒÉÖ£¨¢ ¥É¸Ö¯
¢¤μ²Ó ¶μ²Ö ¨ ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ¥¥ ´  ¶²μ¸±μ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ ¶μ²Õ, Ì · ±É¥·´μ¥
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· ¸¸ÉμÖ´¨¥ ¢ Í¥¶μÎ±¥ ¸É·¥³¨É¸Ö ± ´Ê²Õ. ‘É¥¶¥´´μ¥ ¶μ¢¥¤¥´¨¥ ¢ μ¡² ¸É¨ ³ ²ÒÌ q ³μ¦¥É
¸²Ê¦¨ÉÓ ¨´¤¨± Éμ·μ³ Éμ£μ, ± ±¨¥ ¸É·Ê±ÉÊ·Ò ¶·¥μ¡² ¤ ÕÉ ¢ ¸¨¸É¥³¥.

3. ‡�Š‹�—…�ˆ… ˆ „�‹œ�…‰˜ˆ… �‹��›

‚ ¤ ´´μ° · ¡μÉ¥ ¡Ò² ¶·¥¤¸É ¢²¥´ ´ Î ²Ó´Ò° ÔÉ ¶ ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· 
Ë¥··μ¦¨¤±μ¸É¨ ¸ Í¥¶μÎ¥Î´Ò³¨  £·¥£ É ³¨ ¢ ³ £´¨É´μ³ ¶μ²¥. ‘É·Ê±ÉÊ·´Ò° Ë ±Éμ· ¢ÒÎ¨-
¸²Ö²¸Ö ± ± ËÊ·Ó¥-μ¡· § · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö. …¸²¨ · ¸¸³μÉ·¥ÉÓ ¤ ´´ÊÕ
ËÊ´±Í¨Õ ± ± ¶·μ¨§¢¥¤¥´¨¥ ¤¢ÊÌ ËÊ´±Í¨°, § ¢¨¸ÖÐ¨Ì μÉ ¶ · ²²¥²Ó´μ° ¨ ¶¥·¶¥´¤¨±Ê-
²Ö·´μ° (μÉ´μ¸¨É¥²Ó´μ ´ ¶· ¢²¥´¨Ö ¶μ²Ö) ±μ³¶μ´¥´É · ¤¨Ê¸-¢¥±Éμ·  ¸μμÉ¢¥É¸É¢¥´´μ, Éμ
³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¤¢  ¸É·Ê±ÉÊ·´ÒÌ Ë ±Éμ· . 
¤´ ±μ ¶·μ¢¥¤¥´´μ¥ ¸· ¢´¥´¨¥ ¶μ²ÊÎ¥´´ÒÌ
¤ ´´ÒÌ ¸ ·¥§Ê²ÓÉ É ³¨ ±μ³¶ÓÕÉ¥·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ± § ²μ, ÎÉμ É ±μ¥ É¥μ·¥É¨Î¥¸±μ¥
¶·¨¡²¨¦¥´¨¥ · ¡μÉ ¥É Éμ²Ó±μ ¤²Ö ¸¨²Ó´ÒÌ ¶μ²¥°. �μÔÉμ³Ê ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö · §· ¡ -
ÉÒ¢ ¥É¸Ö  ²£μ·¨É³ ¢ÒÎ¨¸²¥´¨Ö · ¤¨ ²Ó´μ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö, ÊÎ¨ÉÒ¢ ÕÐ¥° ¶¥·¥-
±·¥¸É´Ò¥ ¸¢Ö§¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º 08-02-00647- ), £· ´É 
�‚–� º 2.1.1/1535, ”��ˆ £/± 02.740.11.0202, £· ´É  CRDF º PG07-005-02, £· ´É 
�·¥§¨¤¥´É  ¤²Ö ³μ²μ¤ÒÌ ± ´¤¨¤ Éμ¢ ´ Ê± (ŒŠ-6415.2010.2).
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