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 !"#$%&' (.)., *+!,-%&. /./., 012-%&3 4.5. 

 !"!#$% 

& '()*$'! #$++,$%#-.$!%+/ 0$'$1$ +*!2(3 -'!4%-"-)$5-- - .6#$.4-.$4-/ 

)$4$*$ +./0-. 7#!'*$8$!%+/ $*8(#-%, +*!2(8( .6#$.4-.$4-/ )$4$*$, 

(+4(.$4463 4$ 2(+%#(!4-- 2#!(9#$0(.$4-/ 4!0$.-+-,(+%- 4$9*:'$!,6; 

(%+1!%(. +-84$*$. 7#- 2(+%#(!4-- 2#!(9#$0(.$4-/ 4!0$.-+-,(+%- 

-+2(*<0=:%+/ 4$9(# '.=,!#46; .69(#(146; "=4)5-3 #$+2#!'!*!4-/, 

2(+%#(!4463 2( 4$9(#= 4$9*:'$!,6; (%+1!%(. +-84$*$.  

1. &.!'!4-! 

) 6!-+78'&7 9!8: 6"!#,+#72-# ;!+<=!. &'27"7- % -+76!. &87'2&>&%1?&& &@6A+<-'!. 

31"1%27"&-2&%& %1'1+1, !-!;7''! , 273 -+A$1#3, %!981 &-6!+<B!,1'&7 &-6:2127+<':3 -&9'1+!, 

'7,!B@!C'! &+& '7C7+127+<'!. D16"&@7", , @'!9!2!$7$':3 -72#3 TDMA 6!-2!#''1# 67"781$1 

&-6:2127+<'!. 6!-+78!,127+<'!-2& -AE7-2,7''! -'&C172 F>>7%2&,'!-2< &-6!+<B!,1'&# 6!+!-: 

%1'1+1, 1 &-6!+<B!,1'&7 2"7'&"!,!$'!. -7--&& '7F>>7%2&,'! , @'!9!6!+<B!,127+<-%!. -&-27@7. G.!. 

,1C'!-2< &--+78!,1'&. -+76:3 @72!8!, ,:"1,'&,1'&# & &87'2&>&%1?&& %1'1+1 -,#B& 8&%2A72-# 

6"1%2&$7-%&@& 'AC81@& [1]. 

H1 8,1 6!-+78'&7 87-#2&+72&# 6"78+!C7'! %1% @&'&@A@ 8,1 %+1--1 1+9!"&2@!, -+76!. 

&87'2&>&%1?&& [2]. I2! 1+9!"&2@: !-'!,1'':7 '1 "1B+&$':3 @!8&>&%1?&#3 6"1,&+1 @1%-&@1+<'!9! 

6"1,8!6!8!;&# (JK) & 1+9!"&2@: &-6!+<BALE&7 A"1,'7'&# 8+# @!@7'2':3 >A'%?&..  

) 67",!@ -+A$17 !;:$'! !;7-67$&,172-# ;!+77 ,:-!%1# 2!$'!-2<, '! 1+9!"&2@ 6"786!+19172 

"7=7'&7 ,1"&1?&!''!. B181$& & &@772 ,:-!%AL ,:$&-+&27+<'AL -+!C'!-2<.  

K"& &-6!+<B!,1'&& @!@7'2':3 1+9!"&2@!, !?7'%1 &@6A+<-'!. 31"1%27"&-2&%& 6"!&B,!8&2-# , 

#,'!@ ,&87, '! 2"7;A72-# ;!+<=!7 $&-+! &'>!"@1?&!'':3 ;+!%!, 8+# 6!+A$7'&#  !?7'!% @!@7'2':3 

>A'%?&. - 8!-212!$'!. 2!$'!-2<L. 

M-+!,&# -+76!. &87'2&>&?&"A7@!-2& %1'1+1 B1,&-#2 !2 -212&-2&$7-%&3 -,!.-2, 

&'>!"@1?&!''!. 6!-+78!,127+<'!-2&. G1% 7-+& &'>!"@1?&!''1# 6!-+78!,127+<'!-2< !6&-:,172-# 

@!87+<L -21?&!'1"'!9! 91A--!,-%!9! ,"7@7''!9! "#81, 2! &87'2&>&%1?&# ,!B@!C'1 2!+<%! 8+# 

@&'&@1+<'!->1B!,!. -&-27@: [3]. N-+& &'>!"@1?&!''1# 6!-+78!,127+<'!-2< !6&-:,172-# 

67"&!8&$7-%&-%!""7+&"!,1'':@ ,"7@7'':@ "#8!@ (?&%+!-21?&!'1"'1# 6!-+78!,127+<'!-2<) 2! 

A-+!,&7 -+76!. &87'2&>&%1?&& F2! !2-A2-2,&7 'A+7. %1'1+1 '1 78&'&$'!. !%"AC'!-2& [4].  

O87'2&>&%1?&# 6"!&B,!+<'!. &@6A+<-'!. 31"1%27"&-2&%& %1'1+1 ,!B@!C'1 8+# '791A--!,-%&3 

&+& '7-21?&!'1"':3 [6]  @!87+7. &'>!"@1?&!''!. 6!-+78!,127+<'!-2&. ) 6!-+78'7@ -+A$17 

6"786!+19172-# 8!6!+'&27+<'1# '7-21?&!'1"'1# @!8A+#?&# &'>!"@1?&!''!. 6!-+78!,127+<'!-2& 

[5,6]. /1''!7 A-+!,&7 , $1-2'!-2& !B'1$172 %!'7$'!-2<  &'>!"@1?&!''!. 6!-+78!,127+<'!-2& & 

-&-27@'!. >A'%?&& %1'1+1. 

J!87+< -&-27@: 67"781$& 8&-%"72':3 -!!;E7'&. @!C72 ;:2< 6"78-21,+7'1 , ,&87 -+78ALE79! 

,:"1C7'&# [2]: 
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987:  !ty  - -&9'1+ , 6"&7@'&%7; * +na  - 6!-+78!,127+<'!-2< &'>!"@1?&!'':3 -&@,!+!,  

1+>1,&21 * +Mk aaaA ,...,,...,1' ;  !kk as ,)  - %1'1+<':. -&9'1+, -!!2,72-2,ALE&. k-@A -&@,!+A; 

 !th ,)  - &@6A+<-'1# 31"1%27"&-2&%1 %1'1+1 -,#B&;  !tv - 188&2&,'1# 6!@731, T - 21%2!,:. 

&'27",1+.  
/+# +&'7.'!. ?&>"!,!. @!8A+#?&& (1) @!C'! 6"7!;"1B!,12< % ,&8A (2).   
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%&

$%'

&%'

$(&(' tvdnTsthaty
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n

n ))) 0,    (2) 

/+# %1'1+!, - @78+7'':@& ,"7@7'':@& B1@&"1'&#@& -6"1,78+&,! -+78ALE77 A6"!E7'&7:  



 !  !  !  !"#
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$(&(&' tvdnTsthaty
n
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n ))) 0    (3) 

K!-+7 8&-%"72&B1?&& -&9'1+1 , 6"&7@'&%7 @!87+<  -&-27@: 67"781$& 8&-%"72':3 -!!;E7'&. 

8+# 6"#@:3 ,&8!, @!8A+#?&& @!C72 ;:2< B16&-1'1 , ,&87: 
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lTt lvlnxnhtyly        (4) 

) F2!@ ,:"1C7'&&  !lx  - '7&B,7-2'1# &'>!"@1?&!''1# 6!-+78!,127+<'!-2<, !6&-:,17@1# 

2!. &+& &'!. -212&-2&$7-%!. @!87+<L,  !lh  - '7&B,7-2'1# &@6A+<-'1# 31"1%27"&-2&%1 

-%,!B'!9! 8&-%"72'!9! %1'1+1 -&-27@: 67"781$&; L - 61@#2< %1'1+1,  !lv - '7!9"1'&$7''1# 

6!-+78!,127+<'!-2< -212&-2&$7-%& '7B1,&-&@:3, 6"!&B,!+<'! “!%"1=7'':3” !2-$72!, =A@1. 

O'>!"@1?&!''1# 6!-+78!,127+<'!-2<  !lx  8+# +&'7.'!. @!8A+#?&& -!!2,72-2,A72 

6!-+78!,127+<'!-2& &'>!"@1?&!'':3 -&@,!+!,* +la , 8+# '7+&'7.'!. @!8A+#?&& #,+#72-# 

6!-+78!,127+<'!-2< B'1$7'&. '7%!2!"!. '7+&'7.'!. >A'%?&& %1'1+<'!9! -&9'1+1  !* +lk as .  

O@6A+<-'1# 31"1%27"&-2&%1 -%,!B'!9! %1'1+1 @!C72 "1--@12"&,12<-# %1% 8727"@&'&"!,1''1#, 

21% & -+A$1.'1# >A'%?&#. J!87+< (6) &-6!+<BA72-# 21%C7 8+# !6&-1'&# %!@6+7%-':3 8&-%"72'!-

,"7@7'':3 -&-27@ - !8'&@ ,3!8!@ & ,:3!8!@ (SISO). *!981 %1'1+ , (2)  -21?&!'1"':., ,:3!8'1# 

6!-+78!,127+<'!-2< -21?&!'1"'1 , 8&-%"72'!@ ,"7@7'&.  

/+# +&'7.':3, 6!-2!#'':3 ,! ,"7@7'&, $1-2!2'! B1,&-&@:3 8727"@&'&"!,1'':3 %1'1+!, (2), 

%!981 $1-2!21 8&-%"72&B1?&& ,:=7 -%!"!-2& 67"781$& -&@,!+!,  (!;:$'! , ?7+!7 $&-+! M "1B)  

8&-%"72&B&"!,1'':. -&9'1+ #,+#72-# ?&%+!-21?&!'1"':@, &+&, $2! F%,&,1+7'2'!, @!C72 ;:2< 

6"78-21,+7' %1% ,7%2!" -21?&!'1"'!. 6!-+78!,127+<'!-2&, +7C1E&. , !-'!,7 @!87+& - !8'&@ ,3!8!@ 

& @'!C7-2,7'':@ ,:3!8!@ (SIMO), 987 @: -%+18:,17@ , -27% M-6!-+78!,127+<'!-2< ,3!8':3 

!2-$72!,, , 27$7'&7 6"&7@1 !$7"78'!9! ,3!8'!9! -&@,!+1. 

) ;!+<=&'-2,7 1+9!"&2@!, -+76!. &87'2&>&%1?&& @: 6"786!+1917@ &B,7-2':@& 

-212&-2&$7-%&7 -,!.-2,1 &'>!"@1?&!''!. 6!-+78!,127+<'!-2&. P1-2! 6"& F2!@ @: 6"786!+1917@ $2! 

 !lx  - 6!-+78!,127+<'!-2< !8&'1%!,! "1-6"787+7'':3, -212&-2&$7-%& '7B1,&-&@:3 -+A$1.':3 

,7+&$&'. ) F2!@ -+A$17 B181$1 -+76!. &87'2&>&%1?&& & 6!-+78ALE79! ,:"1,'&,1'&# %1'1+1 @!C72 

"1--@12"&,12<-# , %!'27%-27 B181$ 1'1+&B1 '7B1,&-&@:3 %!@6!'7'2 [7], 2.7. %1% B181$1 6!-2"!7'&# 

6"7!;"1B!,1'&# '7B1,&-&@!-2&  ,7%2!"1 '1;+L817@:3 !2-$72!, -&9'1+1. 

) 81''!. -212<7 @: "1--@!2"&@ ,!B@!C'!-2< 6!-2"!7'&# !;E79! ,&81 6"7!;"1B!,1'&# 

'7B1,&-&@!-2& “,-+76AL”, 2.7. &-6!+<BA# 2!+<%! '1;!" "71+&B1?&. '1;+L817@!9! -&9'1+1. 

2. 7#!(9#$0(.$4-! 4!0$.-+-,(+%- N-,!#4(8( +*=1$34(8( .!)%(#$ 

) F2!. "1;!27 @: ;A87@ "1--@12"&,12< -+A$1.':7 ,7%2!"1, -!,@7-2':7 >A'%?&& "1-6"787+7'&# 

%!@6!'7'2 %!2!":3, ,@7-27 -! ,-7@& -,!&@& @1"9&'1+<':@& "1-6"787+7'&#@& '76"7":,': & ,-L8A 

6!+!C&27+<':. 

Q1--@!2"&@ !2!;"1C7'&7 
NN RRH ,:  - %!!"8&'12':@& >A'%?&#@& ,&81: 
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987:   !111...1| ,...,| && kkkk yyyF  - A-+!,'1# >A'%?&# "1-6"787+7'&# -+A$1.'!. ,7+&$&': ky , 

 !1&
kF  - !;"12'1# >A'%?&#, -!!2,72-2,ALE1# !8'!@7"'!. >A'%?&& "1-6"787+7'&# -+A$1.'!. 

,7+&$&': ky . *1% ;:+! 6!%1B1'! , [8] -&-27@1 -+A$1.':3 ,7+&$&' * +
Nkkx ,...,1'  ,B1&@'! '7B1,&-&@1. 

),787''!7 , [8,11] 2"7A9!+<'!7 6"7!;"1B!,1'&7 '7B1,&-&@!-2& (5) >1%2&$7-%& #,+#72-# 

,1"&1'2!@ 6"7!;"1B!,1'&# ,,787''!9! , "1;!27 [9], %1% 6"7!;"1B!,1'&7 &-3!8'!. ,:;!"%& , ,:;!"%A 

B'1$7'&. "1,'!@7"'! "1-6"787+7''!9! '1 N-@7"'!@ 78&'&$'!@ %A;7 -+A$1.'!9! ,7%2!"1.  R!"!=! 

&B,7-2'!, $2! 8+# 91A--!,-%&3 -+A$1.':3 ,7%2!"!, -,!.-2,! '7B1,&-&@!-2& &3 %!@6!'7'2 

F%,&,1+7'2'! &3 '7%!""7+&"!,1''!-2&. K!F2!@A 8+# %1C8!9! 91A--!,-%!9! ,7%2!"1 -AE7-2,A72 



+&'7.'!7 6"7!;"1B!,1'&7 !"2!9!'1+&B1?&&, -!,6181LE77 - (5). ) -+A$17 6"!&B,!+<'!9! 

"1-6"787+7'&# %!@6!'7'2* +
Nkky ,...,1'  6"7!;"1B!,1'&7 (5) '7+&'7.'!7.  

J!C'! 6!%1B12<, $2! 7-+& &B,7-2': A-+!,':7 >A'%?&& "1-6"787+7'&# -+A$1.':3 ,7+&$&' 

* +
Nkky ,...,1'  -  !111...1| ,...,| && kkkk yyyF , %!!"8&'12':7 >A'%?&& 6"7!;"1B!,1'&# (6) - 2!$'!-2<L 8! 

6!-2!#''!9! @'!C&27+# -!!2,72-2,AL2 %!!"8&'12':@ >A'%?&#@ !;"12'!9! 6"7!;"1B!,1'&# (4). 
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   (6) 

) [10] @: "1--@12"&,1+& ,!B@!C'!-2< 6"&@7'7'&# 6"7!;"1B!,1'&# (5) 8+# -!,@7-2'!. 

,&BA1+&B1?&& &B!;"1C7'&. , @'!9!-67%2"1+<':3 -&-27@13 8&-21'?&!''!9! B!'8&"!,1'&# H7@+&. K"& 

F2!@ 6"7!;"1B!,1'&7 '7B1,&-&@!-2& -2"!&+!-< 6! ,:;!"!$':@ >A'%?&#@ "1-6"787+7'&# 

'1;+L817@:3 ,7%2!"!,. K"!;+7@1 "71+&B1?&& 81''!9! 6!83!81 , '1=7@ -+A$17 F2! '7!;3!8&@!-2< 

!9"!@'!9! !;S7@1 -212&-2&$7-%!. &'>!"@1?&& 6"& 6!-2"!7'&& @'!9!@7"':3 ,:;!"!$':3 >A'%?&. 

"1-6"787+7'&#. 

) 81''!@ 8!%+187 @: 6"78-21,&@ 6"!?78A"A 6!-2"!7'&# 6"7!;"1B!,1'&# '7B1,&-&@!-2& 2&61 

(5-6) 2!+<%! 6! 8,A@7"':@ ,:;!"!$':@ >A'%?&#@ "1-6"787+7'&#.  

 

3. “>*!2(!” 2(+%#(!4-! 2#!(9#$0(.$4-/ 4!0$.-+-,(+%- N-,!#4(8( +*=1$34(8( .!)%(#$ + 

2(,(?<: 2$#46; 2#!(9#$0(.$4-3 4!0$.-+-,(+%- 

 

)!B@!C'!-2< 6!-2"!7'&# 6"7!;"1B!,1'&# '7B1,&-&@!-2& N-@7"'!9! -+A$1.'!9! ,7%2!"1 - 

6!@!E<L 61"':3 6"7!;"1B!,1'&. '7B1,&-&@!-2& 8+# '791A--!,-%&3 -+A$1.':3 ,7%2!"!, ;:+1 

'1.87'1 4.5. 012-%&3 , [13]. )!B@!C'!-2< 21%!9! 6!-2"!7'&# !$7,&8'1 , 91A--!,-%!@ -+A$17. ) [13] 

6!%1B1'!, $2!  8!-212!$':@ A-+!,&7@ ,!B@!C'!-2& 6!-2"!7'&# 6"7!;"1B!,1'&# '7B1,&-&@!-2& N-

@7"'!9! -+A$1.'!9! ,7%2!"1 - 6!@!E<L 61"':3 6"7!;"1B!,1'&. '7B1,&-&@!-2& #,+#72-# -,!.-2,! 

,!-6"!&B,!8&@!-2& A-+!,':3 %,1'2&+7. @'!9!@7"'!9! "1-6"787+7'&#. 

M-+!,':7 %,1'2&+&  !NiNii
yyyq ,...~,...,1
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...
~

...1|
 "1-6"787+7'&.  !111...1| ,...,| && kkkk yyyF  !6"787+&@ 

-+78ALE&@& A"1,'7'&#@& (7). 
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987 -&@,!+ “1” '18 67"7@7''!. !B'1$172 77 &-%+L$7'&7. 

TA87@ 9!,!"&2< [13], $2! -+A$1.':. ,7%2!" !;+18172 -,!.-2,!@ ,!-6"!&B,!8&@!-2& A-+!,':3 

%,1'2&+7. "1B@7"'!-2& N-1 6"& -AC7'&& '1 !8'!@7"':7 A-+!,':7 %,1'2&+&, 7-+& 8+# +L;!9! 

Ni ,...,1'  & 8+# +L;!9! Nk ,...,1'  21%!9!, $2! ik 2 : 

 !  !  !  ! !  !kkikkNikkkkkkkkkNii
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/1+77 ;A87@ -$&212<, $2! -+A$1.':. ,7%2!" !;+18172 -,!.-2,!@ ,!-6"!&B,!8&@!-2& A-+!,':3 

%,1'2&+7. 6"& -AC7'&& '1 ,-7 A-+!,':7 %,1'2&+& @7'<=7. "1B@7"'!-2&. 

) "1;!213 [11,12,14] 6"&,787': 6"&@7": @'!9!@7"':3 "1-6"787+7'&., A-+!,':7 %,1'2&+& 

%!2!":3 !;+181L2 -,!.-2,!@ ,!-6"!&B,!8&@!-2&. I2! "1-6"787+7'&#   1A--1, 42<L87'21, *!=&, 

/&"&3+7 & '7%!2!":7 2&6: -!6"#C7'':3 "1-6"787+7'&..  

J!C'! 6!%1B12<, $2! F2&@ -,!.-2,!@ !;+18172 "1-6"787+7'&7 -+A$1.'!9! ,7%2!"1 6!+A$7''!9! 

- 6!@!E<L  +&'7.'!9! !8'!B'1$'!9! !2!;"1C7'&# ,7%2!"1 - '7B1,&-&@:@&, 6"!&B,!+<'!, '! 

!8&'1%!,! "1-6"787+7'':@& %!@6!'7'21@&. K!-+78'## @!87+< -!!2,72-2,A72 "1--@12"&,17@!@A 

'1@& -+A$1L (4). 

) -!!2,72-2,&& - [14] 6"!?78A"1 “-+76!9!” 6!-2"!7'&# 6"7!;"1B!,1'&# '7B1,&-&@!-2& N-

@7"'!9! -+A$1.'!9! ,7%2!"1 - 6!@!E<L 61"':3 6"7!;"1B!,1'&. '7B1,&-&@!-2& @!C72 ;:2< -,787'1 % 

-+78ALE&@ F2161@: 

1. KA-2< @: &@77@ '1;!" "71+&B1?&. N -+A$1.':3 ,7+&$&' * +
Nkky ,...,1' . K! '1;!"A 

"71+&B1?&. 6!-2"!&@ N-1  ,:;!"!$':3 A-+!,':3 "1-6"787+7'&.  !1

1

1| | yyF kk , k>1. K!+A$&@ '1;!" 

"71+&B1?&. N-1 -+A$1.':3 ,7+&$&' * +
1,...,1

1

&' Nmmy &-6!+<BA# 6"7!;"1B!,1'&7  !11

1

1|1

1 | yyFy mmm $$' . 



2. K! '1;!"A "71+&B1?&. * +
1,...,1

1

&' Nkky  6!-2"!&@ N-2  ,:;!"!$':3 A-+!,':3 

"1-6"787+7'&.  !1

1

12
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&Ny  & -!!2,72-2,ALEAL 6"78:8AE7@A F216A ,:;!"!$'AL >A'%?&L "1-6"787+7'&# 
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4. O-6!+<BA# 6!+A$7'':. '1;!" 8,A@7"':3 ,:;!"!$':3 A-+!,':3 >A'%?&. 

"1-6"787+7'&# 6"7!;"1B!,1'&7 '7B1,&-&@!-2& @!C72 ;:2< 6!-2"!7'! %1% "7%A""7'2'1# -&-27@1 

"1,7'-2, (9). 
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G.!. ,:"1C7'&7 (9) 8172 '1@ 1+9!"&2@ -+76!9! ,:"1,'&,1'&# %1'1+1 -,#B&, !6&-:,17@!9! 

@!87+<L (4). /+# -+A$1# -+1;!9! 188&2&,'!9! ;7+!9! =A@1 %!@6!'7'2: * +
Nkk

x
,...,1'3  #,+#L2-# 

'7-@7E7'':@& !?7'%1@& &-%!@!9! ,3!8'!9! -&9'1+1, , !;E7@ -+A$17 F2! A2,7"C87'&7 '7,7"'!. 

3. &6.('6 

G.!. B181$1 -+76!9! ,:"1,'&,1'&# %1'1+1 -,#B& @!C72 ;:2< -,787'1 % B181$7 1'1+&B1 

'7B1,&-&@:3 %!@6!'7'2 '1;+L817@:3 , 6"&7@'&%7 !2-$72!, -&9'1+1.   

U+9!"&2@ -+76!9! ,:"1,'&,1'&# %1'1+1 @!C72 ;:2< 6!-2"!7' '1 !-'!,7 '7+&'7.'!9! 

6"7!;"1B!,1'&# '7B1,&-&@!-2& '1;+L817@!9! -&9'1+1.  

N-+& '1;+L817@:. ,7%2!" !2-$72!, -&9'1+1 !6&-:,172-# @'!9!@7"':@ "1-6"787+7'&7@ 8+# 

%!2!"!9! ,:6!+'#72-# -,!.-2,! ,!-6"!&B,!8&@!-2& A-+!,':3 %,1'2&+7., 2! 6"7!;"1B!,1'&7 

'7B1,&-&@!-2& @!C72 ;:2< 6!-2"!7'! %1% -A67"6!B&?&# 61"':3 6"7!;"1B!,1'&. '7B1,&-&@!-2&.  

Q71+&B1?&# 1+9!"&2@1 6"78+19172 &-6!+<B!,1'&7 2!+<%! 8,A@7"':3 ,:;!"!$':3 "1-6"787+7'&. 

'1;+L817@!9! ,7%2!"1. 

@-%!#$%=#$ 

1. J.T. Tugnait, L. Tong, Z. Ding, Single-user channel estimation and equlization. // IEEE Signal 

Processing Magazine, May 2000, pp.17-28. 

2. K"!%&- /C. V&>"!,1# -,#B<. K7" - 1'9+. / 6!8 "78. /./. *+!,-%!9!. – J. Q18&! & -,#B<. 

2000. – 800-. 

3. D&%&1- R.W., Q19A,7" J.Q. T&-67%2"1+<'!7 !?7'&,1'&7 6"&@7'&27+<'! % ?&>"!,!. 

!;"1;!2%7 -&9'1+!,.// GOOIQ, 1987,2.75, X7, -.5-30. 

4. L.Tong, and S. Perreau, “Multichannel blind identification: From subspace to maximum 

likelihood methods,” in Proceedings of IEEE, vol. 86, No. 10, Oct. 1998, pp.1951-1968. 

5. E. Serpedin and G.B. Giannakis, “Blind channel identification and equalization with modulation 

inducted cyclostationarity,” in Proc. CISS, Baltimore, MD, Mar. 1997, vol. II, pp. 792-797. 

6. Goriachkin O.V., Klovsky D.D. Blind Channel Identification with Non-Stationary Input 

Processes // Proceedings of World Multiconference on Systemics, Cybernetics and Informatics 

(SCI’2001), July 22-25, 2001, Orlando, Florida, USA, Vol. XVIII, 386-388p. 

7. A. Hyvarinen, "Survey on independent component analysis," Neural computing surveys, N2, 

pp.94-128, 1999.   

8. 012-%&3 4.5. (; !8'!@ -,!.-2,7 A-+!,'!. @78&1': // 4;. “J7"1 & &'279"1+”, 41@1"1: 

&B8-,! “41@1"-%&. A'&,7"-&272”, 1988. 4.156-163. 

9. Rosenblatt M. Remarks on a multivariate transformation // Ann. Math. Stat. 23, 1952. P.470-

472. 

10.  Goriachkin (.V., Filimonov A.R., Klovsky D.D., Shatskih S.J.. The New Tool for Joint 



Processing of the Information From Various Remote Sensors. // Proceedings Third International 

Airborne Remote Sensing Conference and Exhibition, 7-10 July 1997, Copenhagen, Denmark, 

v.1, p.387-392. 

11. 012-%&3 4.5. (; !8'!@ ,1"&1'27 6"7!;"1B!,1'&# '7B1,&-&@!-2& // 4;. “J7"1 & 

&'279"1+”, 41@1"1: &B8-,! “41@1"-%&. A'&,7"-&272”, 1995. 4. 99-112. 

12. Shatskih S.Ya. Multivariate Cauchy distributions as locally gaussian distributions // Journal of 

Math. Sciences. NY. V.78. 1. 1996, p. 102-108. 

13. 012-%&3 4.5. K"7!;"1B!,1'&7 '7B1,&-&@!-2& -7@7.-2,1 -+A$1.':3 ,7+&$&' !;+181LE&3 

,!-6"!&B,!8&@!-2<L A-+!,':3 ,1'2&+7. // )7-2'&% 41@1"-%!9! 9!-A81"-2,7''!9! 

A'&,7"-&2721: 7-27-2,7''!'1A$'1# -7"&#, X1, 20029. 

14. 012-%&3 4.5., *'A2!,1 N.J. )!-6"!&B,!8&@!-2< A-+!,':3 %,1'2&+7. @'!9!@7"'!9! 

"1-6"787+7'&# 42<L87'21 // OB,7-2&# QUND. 47"&# JJJOM, 2.1, 1, 1997. 4.36-58. 
 


