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1. O(P0Q�R�S0QNT�U  R�VNW U�X0U�Y�U�QNZ�[ *

 \  ] ^ _ ` a bNa c�c�^ d  e a ^ bNa f ` g�g  g  f ^ h�^ i ^ e g�g  j k i l  g�e ` m n�f  o�j c�p m bNa c�f m i q c�j n  ` ^ i q  – c�m h�` g�bNa ` , _
g�k j r a c�g�g  f ` a s bNa ` c�l�s  bNc�^ e ^ ^ t ` m k g�d .u ] s ^ p v  g�k  ^ h�` a p a i a c�g�v  j k i m , w m w  ^ t�i m ] f g  _ a f _ i a c�g�v  c�a w ^ f ^ ` ^ e ^  f ` a s bNa ` c�^ e ^  bNc�^ e ^ ^ t ` m k g�v  3

1M

h�` g  ̀ m k _ a f _ i a c�c�^ b  c�m w ` l�f g�g  bNc�^ e ^ ^ t�` m k g�v  3
0M  , ̂ t�^ t x�g�b  ̂ h�` a p a i a c�g�a  r m ] f g�y�l  – j k i m , ̀ m ] ] bNm f ` g�_ m v

h�^ ] i a p c�g�d  w m w  f ^ h�^ i ^ e g�r a ] w j n  ̂ ] ^ t a c�c�^ ] f q , m  g�bNa c�c�^ , ̂ t�i m ] f q  _ a f _ i a c�g�v  o�g�k g�r a ] w ^ e ^  h�` ^ ] f ` m c�] f _ m .z ^ i m e m v  e i ^ t m i q c�j n  e a ^ bNa f ` g�n  h�` ^ ] f ` m c�] f _ m  e ^ b�a ^ bN^ ` o�c�^ d  3- bNa ` c�^ bNj  e g�h�a ` t ^ i g�r a ] w ^ bNj
h�` ^ ] f ` m c�] f _ j  { 3, ̀ m ] ] b�^ f ` g�b  p�a d�] f _ g�a  c�m  c�a b  _ _ a p�a c�c�^ d  _  ̀ m t�^ f m s  ([3,4,7]) |&c�g�_ a ` ] m i q c�^ d  e ` j h�h�l  U:} i v  _ ] v w ^ e ^  k m bNw c�j f ^ e ^  g  ̂ ` g�a c�f g�` j a bN^ e ^  bNc�^ e ^ ^ t ` m k g�v  ~ 3 ] j x�a ] f _ j a f  w ^ c�a r c�^ g�p a w ] c�m v  h�^ p e ` j h�h�m
G ≤ U, f m w m v , r f ^  ~ 3 e ^ bNa ^ b�^ ` o�c�^  o�m w f ^ `  – h�` ^ ] f ` m c�] f _ j  H3/G.� j c�p m bNa c�f m i q c�l�b  bNc�^ e ^ e ` m c�c�g�w ^ b , ] ^ ^ f _ a f ] f _ j n�x�g�b  � f ^ d  |&c�g�_ a ` ] m i q c�^ d  e ` j h�h�a , v _ i v a f ] v
h�` m _ g�i q c�l�d  e g�h�a ` t ^ i g�r a ] w g�d  p ^ p�a w m � p�` , g�bNa n�x�g�d  p�_ j e ` m c�c�l�a  j e i l , ̀ m _ c�l�a  900, e p a  ̂ f ^ ��p a ] f _ i a c�g�a
h�` ^ g�] s ^ p g�f  h�^  c�a w ^ f ^ ` ^ d  e ` j h�h�a  G⊂� Isom E3, m  o�m w f ^ ` h�` ^ ] f ` m c�] f _ ^  a ] f q  S3 ]  ] g�c�e j i v ` c�l�b
bNc�^ ��a ] f _ ^ b  �, ] ^ ] f ^ v x�g�b  g�k  k m y�a h�i a c�c�l�s  ^ w ` j ��c�^ ] f a d  – �0^ ` ^ bNa a _ l�s  w ^ i a y . ��^ e p m , w m ��p ^ a
k m bNw c�j f ^ a  3-s  bNa ` c�^ a  bNc�^ e ^ ^ t ` m k g�a  v _ i v a f ] v  ` m k _ a f _ i a c�c�l�b  c�m w ` l�f g�a b  ] o�a ` l  S3 c�m p  �0^ ` ^ bNa a _ l�bNg
w ^ i q y�m bNg  ]  g�c�p�a w ] m bNg  _ a f _ i a c�g�v  1, 2, g  4; |&c�g�_ a ` ] m i q c�m v  e ` j h�h�m  U h�^ ` ^ ��p m a f ] v  h�^ _ ^ ` ^ f m bNg  c�m  π/2
_ ^ w ` j e  ] w ` a x�g�_ m n�x�g�s ] v  ̀ a t�a `  p�^ p a w m � p ` m .� a c�a ` m f ^ ` l  e ` j h�h�l  U g�bNa n�f  ] i a p j n�x�a a  h�` a p ] f m _ i a c�g�a :
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.� p�c�g�b  g�k  _ m ��c�l�s  ] _ ^ d�] f _  e ` j h�h�l  U v _ i v a f ] v  f ^ f  o�m w f , r f ^  p i v  ] a bNa d�] f _ m  h�i ^ ] w ^ ] f a d ,
^ t�` m k j a bNl�s  i a _ ^ g�c�_ m ` g�m c�f c�l�bNg  ^ f c�^ ] g�f a i q c�^  p a d�] f _ g�v  U e ` m c�v bNg  p ^ p�a w m � p�` ^ _ , i n�t l�a  p _ a
h�i ^ ] w ^ ] f g  g�i g  c�a  h�a ` a ] a w m n�f ] v , g�i g  h�a ` a ] a w m n�f ] v  h�^ p  h�` v bNl�bNg  j e i m bNg .

\  p�m i q c�a d���a b , h�^ p  U – w _ m c�f g�k m y�g�a d  h�` ^ ] f ` m c�] f _ m  t j p a b  h�^ p ` m k j bNa _ m f q  o�m w f ^ ` g�k m y�g�n  H3/U.

2. O(P0Q�R�S0QNT�U  ��RNRN��S0U0��P
��S�Z�[
{&g���a  h�^ ] f j i g�` j n�f ] v  c�a w ^ f ^ ` l�a  ] ^ ^ f _ a f ] f ] f _ g�v , w ^ f ^ ` l�a  _  r m ] f c�^ ] f g  t j p j f  g�] h�^ i q k ^ _ m c�l  _

p�m i q c�a d���a b .
(1) ��m ] h�` ^ ] f ` m c�a c�g�n  � i a w f ` ^ b�m e c�g�f c�^ d  _ ^ i c�l  _  _ m w j j bNa  ] ^ ^ f _ a f ] f _ j a f  f ^ h�^ i ^ e g�r a ] w m v  U –

w _ m c�f g�k m y�g�v  p m c�c�^ d  ̂ t i m ] f g  h�` ^ ] f ` m c�] f _ m .
|&r g�f l�_ m v  ] j x�a ] f _ ^ _ m c�g�a  f .c . g�] w i n�r g�f a i q c�^ e ^  g�k ^ bN^ ` o�g�k bNm  (] b  [5])

Ψ:PSL(2,C)�  →PSO1(IR,q1)=PSO(1,3), e p a  q1(x0,x1,x2,x3)= 2
0x - 2

1x - 2
2x - 2

3x , j ` m _ c�a c�g�v  ~�m w _ a i i m ,
g�c�_ m ` g�m c�f c�l�a  ^ f c�^ ] g�f a i q c�^  m _ f ^ bN^ ` o�g�k bN^ _  4-bNa ` c�^ e ^  h�] a _ p ^ a _ w i g�p�^ _ ^ e ^  h�` ^ ] f ` m c�] f _ m , bN^ ��c�^
` m ] ] bNm f ` g�_ m f q  w m w  j ` m _ c�a c�g�v  g�c�_ m ` g�m c�f c�l�a  ^ f c�^ ] g�f a i q c�^  m _ f ^ bN^ ` o�g�k bN^ _  ϕ⊂PSL(2,C)
e g�h�a ` t ^ i g�r a ] w ^ e ^  3-bNa ` c�^ e ^  h�` ^ ] f ` m c�] f _ m .

                                                          
* ��� � � � � �&� �  � � � � � �  � � � � � � � �  � � � � � � �N� � � � �  �  � � � ��� � � � � � �  � � � �   � : ¡ .¢ . £N� �&� ¤ ��� � ¥ � . ¦ § ¨ ©
ª «  ¬ ­ ® ¨ ¯  ª  °�ª ­ ª ± ²³ ® § ´N§ µ ¶�² ©0µ ·�¸  ¹�² º ¶�ª » . ¢�� ¼ � ½  ¾�� � � � � ¼ � �  ¿N� � ¤ � � � � � À  ÁÂ� � � ��� � � ¤ �  � � . ¾ .� . £N� ¤ ¼ � ., � . 44, 1992, � .128-158.
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��^ e p m  (1) h�^ p�` m k j bNa _ m a f , r f ^  c�m i ^ ��a c�g�a  j ] i ^ _ g�v  g�c�_ m ` g�m c�f c�^ ] f g  ̂ f c�^ ] g�f a i q c�^  p a d�] f _ g�v  e ` j h�h�l
U h�` g�_ a p a f  w  ̂ p c�^ _ ` a bNa c�c�^ bNj  w _ m c�f ^ _ m c�g�n  � i a w f ` ^ bNm e c�g�f c�^ e ^  h�^ i v  g  h�` ^ ] f ` m c�] f _ m .z a ` a r g�] i g�b  c�a w ^ f ^ ` l�a  ] i a p ] f _ g�v  (1):

I ��^ e i m ] c�^  ^ h�` a p�a i a c�g�n  e ` j h�h�l  U, o�^ f ^ c�l  bN^ e j f  c�m s ^ p�g�f ] v  i g���q  c�m  U – g�c�_ m ` g�m c�f c�^ b� _ w i g�p ^ _ ^ b  h�^ p h�` ^ ] f ` m c�] f _ a  H3;
II 
z ` g�] j f ] f _ g�a  _ ^  _ ] a b  h�` ^ ] f ` m c�] f _ a  ��a i g�w f ^ _ ^ e ^  g�k i j r a c�g�v  bN^ ��c�^  g�c�f a ` h�` a f g�` ^ _ m f q  w m w

] i a p ] f _ g�a  e i ^ t m i q c�^ e ^  f ^ h�^ i ^ e g�r a ] w ^ e ^  w _ m c�f ^ _ m c�g�v  H3, g�b�a _ ��a e ^  bNa ] f ^  _  c�a w ^ f ^ ` l�d  bN^ bNa c�f
] j x�a ] f _ ^ _ m c�g�v  c�a w _ m c�f ^ _ m c�c�^ e ^  H3;

III \�l�r g�] i g�b  ^ t�� a b  a p g�c�g�r c�^ e ^  “ w _ m c�f m ”  h�` ^ ] f ` m c�] f _ m  – e g�h�a ` t ^ i g�r a ] w ^ e ^  p�^ p�a w m � p�` m ,
h�` g�t�i g���a c�c�^  ] r g�f m v  p ^ p a w m � p `  ] o�a ` ^ d  ]  ̀ m p�g�j ] ^ b  r = α, e p�a  α – h�^ i j ^ ] q  p�^ p�a w m � p�` m , R / α ≈1.27 ] b .
[4]
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��` m _ c�g�_ m v  Vhyp ]  ̂ t ��a bN^ b  ] ^ ^ f _ a f ] f _ j n�x�a d  ] o�a ` l  _  E3, h�^ i j r g�b  Vhyp/Veuc≈44. ��f ^  ̂ k c�m r m a f ,
r f ^  ^ t ��a b  “ c�m t i n�p�m a bN^ e ^ ”  a _ w i g�p ^ _ ^ e ^  h�` ^ ] f ` m c�] f _ m  c�m  ] m bN^ b  p�a i a  ] ^ ] f m _ i v a f  ^ w ^ i ^  3% _ ] a e ^
e g�h�a ` t ^ i g�r a ] w ^ e ^  h�` -_ m  H3.� m w  g�k _ a ] f c�^ , p i v  p�^ ] f g���a c�g�v  w ` g�f g�r a ] w ^ d  h�i ^ f c�^ ] f g , c�a ^ t�s ^ p�g�bN^ d  p i v  ^ t ��v ] c�a c�g�v
c�m t�i n�p m a bN^ d  a _ w i g�p ^ _ ^ ] f g  \�] a i a c�c�^ d , ] f m i ^  c�a ^ t�s ^ p�g�bNl�b , h�^ bNg�bN^  “ f a bNc�^ d  bNm ] ] l ” , _ _ a p a c�g�a
f m w ��a  “ f a bNc�^ d  � c�a ` e g�g ”  _ m w j j bNm  (w _ m c�f ^ _ ^ e ^  h�^ i v , c�m k _ m c�c�^ e ^  “ w _ g�c�f � ] ] a c�y�g�a d ” ), ^ c�g  _ bNa ] f a
^ t�a ] h�a r g�_ m n�f  c�a p ^ ] f m n�x�g�a  ≈95% _ ] a d  b�m ] ] l  \�] a i a c�c�^ d . 

� p c�m w ^ , ] ^ e i m ] c�^  (1), “ c�m t i n�p m a bNm v ”
\�] a i a c�c�m v  t j p a f  _ ] a e p m  � _ w i g�p�^ _ m , c�a c�j i a _ m v  ��a  � c�a ` e g�v  _ m w j j bNm , (h�^ k _ ^ i v n�x�m v  h�` g�h�g�] m f q  _ ] a bNj
h�` ^ ] f ` m c�] f _ j  a _ w i g�p ^ _ j  bNa f ` g�w j ), _  e a ^ bNa f ` g�r a ] w ^ d  g�c�h�` a f m y�g�g  ] ^ ^ f _ a f ] f _ j a f  f ^ h�^ i ^ e g�r a ] w g
w _ m c�f ^ _ m c�c�^ d  e g�h�a ` t�^ i g�r a ] w ^ d  ] f ` j w f j ` a  ] m bN^ e ^  3-s  bNa ` c�^ e ^  h�` ^ ] f ` m c�] f _ m . ��` m a w f ^ ` g�v  o�^ f ^ c�m ,
i ^ w m i g�k ^ _ m c�c�^ e ^  _  h�` ^ ] f ` m c�] f _ a , c�m h�` g�bNa ` , _  m f ^ bNa , h�` g�c�g�bNm a f  o�^ ` bNj  3-s  k m y�a h�i a c�c�l�s  bNa ��p j  ] ^ t�^ d
_ k m g�bNc�^ ^ ` f ^ e ^ c�m i q c�l�s  �0^ ` ^ bNa a _ l�s  w ^ i a y , f m w  w m w  a _ w i g�p ^ _ l  h�` v bNl�a , ] ^ ^ f _ a f ] f _ j n�x�g�a  ^ ] v b
_ ` m x�a c�g�v  3-s  e a c�a ` m f ^ ` ^ _  j c�g�_ a ` ] m i q c�^ d  e ` j h�h�l , h�` g  c�m w ` l�_ m n�x�a b  ^ f ^ t�` m ��a c�g�g  H3/U →� S3/B
t�a ] w ^ c�a r c�^ a  w ^ i g�r a ] f _ ^  ̀ m k  ̂ t�b�m f l�_ m n�f ] v  _ ^ w ` j e  �0^ ` ^ bNa a _ l�s  w ^ i a y  (̂ t i m ] f g  _ a f _ i a c�g�v ).

(2) � m  bNm ] ] j  r m ] f g�y�l  h�` g�c�g�bNm a f ] v  e g�h�a ` t ^ i g�r a ] w g�d  ̂ t ��a b  ] ^ ^ f _ a f ] f _ j n�x�a e ^  e g�h�a ` t ^ i g�r a ] w ^ e ^
bNc�^ e ^ ^ t ` m k g�v , v _ i v n�x�g�d�] v  _ ^ k ` m ] f m n�x�a d  o�j c�w y�g�a d  ] i ^ ��c�^ ] f g  bNc�^ e ^ ^ t�` m k g�v  (] b [2]).

(3) 
z a ` a c�^ ] r g�w m b  ] i m t l�s  _ k m g�bN^ p a d�] f _ g�d  – r m ] f g�y�m b  W� ± , Z0, _  ̂ f i g�r g�a  ̂ f  c�a -h�^ i a _ l�s  r m ] f g�y ,

] ^ ^ f _ a f ] f _ j n�f  |&c�g�_ a ` ] m i q c�l�a  j k i l .
��i m t l�a  ` m ] h�m p l  _ g�p m  A→B� F (c�m h�` g�bNa `  n0→p+W-) bN^ ��c�^  ^ h�` a p a i g�f q  w m w  h�a ` a ] f ` m g�_ m c�g�a

bNc�^ e ^ ^ t ` m k g�v  A
)( k\SM 33

0 ≅  _  bNc�^ e ^ ^ t�` m k g�a  B
)( k\SM 33

0 ≅ , h�` ^ g�] s ^ p v x�a a  t i m e ^ p�m ` v  ] j x�a ] f _ ^ _ m c�g�n
` a e j i v ` c�^ e ^  ̀ m k _ a f _ i a c�c�^ e ^  c�m w ` l�f g�v  bNc�^ e ^ ^ t ` m k g�v bNg  )(

AM 3  g  )(
BM 3  bNc�^ e ^ ^ t�` m k g�v  univ

)( k\SM 33
0 ≅ ,

g�i g  ,� w g�_ m i a c�f c�^ :
H3/

�	�
→H3/

� \ + H3/
�

F, 
�	�

≤
�	�

≤
�

f.z ^ ] f j i g�` j v  _  ^ t�x�a b  e ` j h�h�^ _ ^ d  s m ` m w f a `  ^ h�g�] m c�g�v  _ k m g�bN^ p a d�] f _ g�a  bNa ��p j  ^ f p a i q c�l�bNg
r m ] f g�y�m bNg , ^ ] c�^ _ l�_ m v ] q  c�m  g�c�f a ` g�h�` a f m y�g�g  r m ] f g�y  _  f a ` bNg�c�m s  c�m w ` l�_ m n�x�g�s  h�` ^ ] f ` m c�] f _ ,
` m ] ] bN^ f ` g�b  i a h�f ^ c�l  g  h�` ^ bNa ��j f ^ r c�l�a  t�m k ^ c�l  w m w  � i a bNa c�f l  c�a w ^ f ^ ` ^ d  e ` j h�h�l

{ } { }0Z,W,W,,,,,,,,e,,eG ee
* +−

ττµ ντντνµνν= .

�N^ e p�m  ] ^ ^ f c�^ ��a c�g�v  _ g�p�m   [ ][ ] K))(k(g)i(g =−1 , e p a  K  h�^ p e ` j h�h�m  *G , ` m k ^ t�q a f  *G c�m  w i m ] ] l
� w _ g�_ m i a c�f c�^ ] f g  {α}, {β} g  { g} , ̂ f c�^ ] g�f a i q c�^  h�^ p�e ` j h�h�l  F={ Z0,W-,W+}

ijji C=αα −1 ,

ijji C=ββ −1 ,

ijji C=γγ −1 ,

e p�a  { αi} ={ e,γe} , {βi} ={ µ, ν µ}  { γi} ={ τ, ν τ} ,  
�
�

	




�
�

�



= −

+

0
0

0

ZW

WZ
Cij .

��^ e i m ] c�^  f a ^ ` a bNa  � . {&a f a ` , p m c�c�^ a  ̀ m k t�g�a c�g�a  g�c�p j y�g�` j a f  c�m f j ` m i q c�l�d  e ^ bN^ ` o�g�k b  e ` j h�h�l  G*  c�m
e ` j h�h�j  

�
= G*/F, e p a  v p ` ^  e ^ bN^ b�^ ` o�m k bNm  a ] f q  h�^ p e ` j h�h�m  h�^ i a d , _  f ^  _ ` a bNv  w m w  c�a a p�g�c�g�r c�l�a  � i a bNa c�f l

e ` j h�h�l  
�

 v _ i v n�f ] v  e ^ bN^ bN^ ` o�c�l�bNg  ̂ t ` m k m bNg  h�^ w ^ i a c�g�d  i a h�f ^ c�^ _ .
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��i a p ^ _ m f a i q c�^ , ] ^ s ` m c�a c�g�a  i a h�f ^ c�c�^ e ^  r g�] i m  bN^ ��c�^  k m h�g�] m f q  w m w  e ` j h�h�^ _ ^ d  e ^ bN^ bN^ ` o�g�k b  
�

=
G*/F, e p a  e ` j h�h�m  �  bN^ ��a f  t l�f q , c�m h�` g�bNa ` , e ` j h�h�^ d  e ^ bN^ i ^ e g�d  p�i v  c�a w ^ f ^ ` ^ e ^  ` m k _ a f _ i a c�c�^ e ^
bNc�^ e ^ ^ t ` m k g�v  ]  e ^ bN^ i ^ e g�r a ] w g�bNg  w i m ] ] m bNg , h�` a p�] f m _ i a c�c�l�bNg  � i a bNa c�f m bNg  g�k  { G*} .

(4) \�^ k bNj x�a c�g�a  c�m w ` l�_ m n�x�a d  e ` j h�h�l  g  h�a ` g�^ p  h�^ i j ` m ] h�m p�m .z ` a p�h�^ i ^ ��g�b , r f ^  h�` ^ f ^ c  g  c�a d�f ` ^ c  v _ i v n�f ] v  ̀ m k c�l�bNg  c�m w ` l�_ m n�x�g�bNg  ̂ p c�^ e ^  g  f ^ e ^  ��a  )(M 3
0 ,

^ p�c�m w ^  _  c�m w ` l�_ m n�x�a d  e ` j h�h�a  c�a d�f ` ^ c�m  g�bNa a f ] v  _ ^ k bNj x�a c�g�a  (] b . [1]), f .a . _  h�` g�] j f ] f _ g�g  n>1
c�a d�f ` ^ c�^ _  a p g�c�g�r c�^ a  _ a f _ i a c�g�a  j c�g�_ a ` ] m i q c�^ d  c�m w ` l�_ m n�x�a d  o�j c�w y�g�g  c�a d�f ` ^ c�m  c�m p  M0 k m s _ m f l�_ m a f
] i ^ g  ^ f  ` m k c�l�s  � w k a bNh�i v ` ^ _  

)n(
k\S 0

3 , r f ^  bN^ ��c�^  h�` ^ g�i i n�] f ` g�` ^ _ m f q  m c�m i ^ e g�a d  ]  } g�w g�b  |�k i ^ b
� m c�f ^ ` ^ _ ] w ^ e ^  _ g�p�m  (] b . c�m h�` . [6]).��^ e p m , p i v  N>>1, k m  h�a ` _ l�d  h�a ` g�^ p  τ

�
 (τ
�

-_ ` a bNv  ��g�k c�g  c�a d�f ` ^ c�m )
` m ] h�m p  k m s _ m f g�f  k2  c�a d�f ` ^ c�^ _  g  r g�] i ^  ̂ ] f m _ ��g�s ] v  r m ] f g�y  t j p a f  kk1-k 21-2221 ≈=…++ .

� m bNa f g�b , r f ^  a x�a  _  1957 e ^ p j  p�i v  ^ t ��v ] c�a c�g�v  _ a ` ^ v f c�^ ] f g  h�` g�` ^ p�l  ` m ] h�m p�m  � i a bNa c�f m ` c�l�s
r m ] f g�y , 

� q n  ��_ a ` a f f  g�] h�^ i q k ^ _ m i  h�^ c�v f g�a  ` m k _ a f _ i a c�c�^ d  _ ^ i c�^ _ ^ d  o�j c�w y�g�g  r m ] f g�y�l , _ _ a p v
“ bNc�^ e ^ bNg�` ^ _ j n ”  g�c�f a ` h�` a f m y�g�n  w _ m c�f ^ _ ^ d  bNa s m c�g�w g , e p�a  p i v  _ ] a s  bN^ b�a c�f ^ _  _ ` a bNa c�g , w ^ e p�m  c�a d�f ` ^ c
p�^ ^ i ��a c  ̀ m ] h�m ] f q ] v , ] j x�a ] f _ j a f  1 w ^ h�g�v  \�] a i a c�c�^ d , e p�a  � f ^  ̀ a m i q c�^  h�` ^ g�] s ^ p g�f .

� � � . 3. £N� � � � � � � �  � � � � � � � À  �0¼ � ¤ � � �  � � À � � � � �

H /43

S/B9

H
3

��� � 	 
 �
� � � 
 � � � �
�
 
	 � 	 � � 
 � 	 �

1
9

2 10

� � � . 1. ¡N� À � � � � �  � � ¼ � � ½  U � �
� � � � � � � � � � � �  H(3) � � � . 2. ¿�� � � � � �  � ¤ � � �&� � � ½��  � � � � �  �� � � � ��� � � ½  ¤ � �   � �  � � �  � � � ��� � � � � � � � � �

� � � � � À  � � � �
� ¼ � � �   � � � �  � � � � ¤ � � � � � .

2K

n3

n1

n2 } 1+2+...+2k-1

� � � . 4. N-� � � � � � � � �  � � � � � � � �  �0¼ � ¤ � � �
 ( � � À � � � � � � )



Georgian Electronic Scientific Journal: Computer Science and Telecommunications 2005 | No.2(6)

77

���������	�
�����
�

1.  \ . 
� t�g�w ^ o . ��� ��� � ��� � � ��� - � ��� �
� ��� � � � ��� �  ��� � ��� �  � ��� � �
��� ��� ��� �   !� " # $	%&� �
� ��� . ~ .:~�g�`  1985.

2.  � . { . 
� h�m c�m ] ^ _ . '�� � $(� �
��� �  )*� � � ��� �
��+ #  , � - � �  �  $	��� ,.� � / ��� 0.� " . ~ . : {&m j w m , 1991

3.  H. M. Hilgen, M. T. Lozano, J. M. Montesion. On the universal group of the Borromean rings. Lect.
Notes. Math. 1350. Berlin : Springer Verlag. 1989. pp1-13.

4.  N. M. Hilden, M. T. Lozano, J. M. Montesion, W.C. Whitten. On universal group and three-
dimensional  manifolds. Invent. Mat., Vol. 87, pp 441-456 (1987).

5. J.  Elstrodt, F. Grunewald, Mennicke Groups Acting on Hyperbolic Space. Springer, 1997 (Springer
monographs in Mathematics)

6.  A. Sossinsky, Nodi Genesi di una teoria matematica Bollati Boringhieri 2000
7. W.  Thurston. The Geometry and Topology of three –dimensional manifolds. Princeton Press Preprint

1996.
8.  

}
.� . \�m ��m w bNm p k a .  !� � ��� �  1 0 �
� �  �  23� 0.� �	�  4��
� $3� � ��� � ��+ #  5�� � ��� 6 . ��` j p�l  

u c�] f g�f j f mz ` g�w i m p�c�^ d  ~�m f a b�m f g�w g  g�b . 
u

.{ . \�a w j m ., f . 44, 1992, ] .128-158.


