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The eye diagram analyzer constructs both conventional eye diagrams
and special eyeline diagrams to perform extinction ratio and mask tests
on digital transmitters. It also makes a number of diagnostic
measurements to determine if such factors as waveform distortion,
intersymbol interference, or noise are limiting the bit error ratio of a
transmission system.
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Input: Ideal 100-MHz Square Wave
fsignal = 100 MHz
tsignal = 10 ns

Instrument State:
Time Span = 10 ns
Number of Trace Points = 10
N = 5
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Therefore: Ts = 51 ns
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Therefore: Ts = 61 ns



��� � � � � � � � 
0#0./� ���	� �!2'!//6���&�- � �*0-)�'

�$0.�� !1!-4� "*0-/$� �4�'!� *"� /$!� +�//!-)�� /$!� .�(+'%)#� +*%)/

(*1!.� "*-2�- � �� ).�� �) � �"/!-� .%3/4� �4�'!.� *"� /$!� +�//!-)

2�1!"*-(�� *)!� �*(+'!/!� /-��!� *"� /$!� +�//!-)� %.�  %.+'�4! �

���� ��������


�$!� !4!'%)!� (* !� /-��!.� ��)� �!� "%'/!-! � /*� -!(*1!� /$!� )*%.!

�) � )*)+�//!-)�  !+!) !)/� !""!�/.�� 
.� .$*2)� %)� �%#�� ���� /$%.

�''*2.� �)� !)*-(*0.� %(+-*1!(!)/� %)� /$!� ��%'%/4� /*� 1%!2� /$!

%) %1% 0�'� /-��!.�� �$!� -! 0�/%*)� %)� /-��!� )*%.!� �) � /$!� %(6

+-*1!(!)/� %)� .%#)�'6/*6)*%.!� -�/%*� ������ �1�%'��'!� %)� !4!'%)!

(* !� �-!� !)��'! � �4� /0-)%)#� *)� /$!� !4!� "%'/!-�� �-��!� �1!-�#6

%)#�� �� �*((*)� /!�$)%,0!� /*� %(+-*1!� /$!� ���� *"� /%(!6

 *(�%)�  %.+'�4.� *"� �� ./��'!� +�//!-)�� ��))*/� �!� �++'%! � /*

�*)1!)/%*)�'� !4!�  %�#-�(.� �!��0.!� /$!� �1!-�#! � 2�1!"*-(

2*0' � �*)1!-#!� /*� /$!�  �� *-� �1!-�#!� '!1!'�

�*-� .%#)�'.� 2%/$� +�//!-)� -!+!/%/%*)� "-!,0!)�%!.� #-!�/!-� /$�)

��� ��5�� /0-)%)#� *)� /$!� !4!� "%'/!-� .2%/�$!.� %)� �� ���6&�5� ��

$�- 2�-!� "%'/!-�� �$%.� !""!�/%1!'4� -! 0�!.� /$!� ��� ��) 2% /$

"-*(� ��� ��5� /*� ���� &�5�� 2$%�$� +-*1% !.� �� "%3! � ��6 �� .%#6

)�'6/*6)*%.!� %(+-*1!(!)/�� �*2!1!-�� "*-� (*./� ����� .%#)�'.�

/$!� +�//!-)� -!+!/%/%*)� "-!,0!)�4� %.� (0�$� '!..� /$�)� ��� ��5�

�)� /$%.� ��.!�� �  %/%*)�'�  %#%/�'� .%#)�'� +-*�!..%)#� %.� +!-"*-(! 

/*� %(+-*1!� /$!� ����� �)� !..!)�!�� �� )0(�!-� *"� .�(+'!.� �-!

/�&!)� �/� !��$� /%(!� -!�*- � +*%)/� %)� /$!� (!�.0-! � 2�1!"*-(�

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

(*)%��''4� -!'�/! � /*� /$!� +�//!-)� -!+!/%/%*)� "-!,0!)�4�� �*-

!��$� /%(!� +*%)/�� /$!� .�(+'!.� �-!� +�..! � /$-*0#$� �� )�--*26

��) � "%'/!-� %(+'!(!)/! � 2%/$� �)� ����� �*� .�(+'!� /$!� )!3/

/-��!� +*%)/�� /$!� %)/!-)�'� .4)/$!.%5!-� �*)/-*''%)#� /$!� .�(+'%)#

-�/!� %.� +$�.!6.$%"/! � �� +-!�%.!� �(*0)/�� �$%.� +-*�!..� %.� -!6

+!�/! � "*-� !��$� /-��!� +*%)/�� �$!� ��/0�'� �(*0)/� *"� )*%.!� -!6

 0�/%*)� *-� +-*�!..%)#� #�%)� %.� �� "0)�/%*)� *"� /$!� )0(�!-� *"

.�(+'!.� /�&!)� �/� !��$� /-��!� +*%)/�� �-*(� �)� *+!-�/%*)�'

./�) +*%)/�� /$!� �(*0)/� *"� +-*�!..%)#� #�%)� %.� -!+-!.!)/! � �4

�)� !,0%1�'!)/� )*%.!6"%'/!-� ��) 2% /$�� �$!� ��) 2% /$� *"� /$!

"%'/!-� %) %��/!.� /$!� -!'�/%1!� )*%.!� -! 0�/%*)� )*-(�'%5! � /*� /$!

��6��5� ��� ��) 2% /$�� 
.� /$!� !""!�/%1!� ��) 2% /$� %.� -!6

 0�! �� /$!�

)0(�!-� *"� .�(+'!.� %)�-!�.!.�� �) � /$!� /-��!� 0+ �/!� -�/!� #!/.

.'*2!-�� �$!� "*''*2%)#� /��'!� .$*2.� /$!� ���� -�/%*�

%(+-*1!(!)/� "*-� �� #%1!)� )0(�!-� *"� .�(+'!.�

Equivalent Filter SNR Number of
Bandwidth Improvement Samples

10 MHz 0 dB 1
2 MHz 7 dB 16
1 MHz 10 dB 32

500 kHz 13 dB 64
250 kHz 16 dB 128
125 kHz 19 dB 256

62.5 kHz 22 dB 512

�$!� !4!'%)!� (* !� 2%/$� !4!� "%'/!-%)#� *""!-.� �� .%#)%"%��)/� %(6

+-*1!(!)/� *1!-� �*)1!)/%*)�'� !4!�  %�#-�(� (!�.0-!(!)/.� %)

/$!� ��%'%/4� /*� *�.!-1!� '*2� *+/%��'� .%#)�'� '!1!'.�� �$*2)� %)� �%#�

��� %.� /$!� .�(!� '�.!-� /-�).(%//!-� 2$*.!� *0/+0/� )*2� $�.� �!!)

*+/%��''4� �//!)0�/! �� �$%.� �*)1!)/%*)�'� !4!�  %�#-�(�  %.+'�4

%.� *"� +**-� ,0�'%/4� �!��0.!� *"� %)$!-!)/� .!).%/%1%/4� '%(%/�/%*).

�) � /$!� %)��%'%/4� /*� +!-"*-(� /-��!� �1!-�#%)#� *)� �� ����� 2�1!6

"*-(�� �)��'%)#� /$!� !4!'%)!� (* !� �) � ��/%1�/%)#� /$!� !4!� "%'/!-

(�&!.� /$!� !4!�  %�#-�(� *)�!� �#�%)� �'!�-'4� 1%.%�'!� �.� .$*2)

%)� �%#�� ���� �$%.� "0)�/%*)� (�&!.� %/� !�.4� /*� *�.!-1!� .%#)�'.� /$�/

�-!� *)'4� .!1!-�'� (%''%1*'/.� %)� �(+'%/0 !�� 2$%�$� %.� %(+*..%�'!

Fig. 9.� ���� �*)1!)/%*)�'� !4!�  %�#-�(� *"� �� '*26'!1!'� .%#)�'��

���� �4!'%)!�  %�#-�(� *"� �� '*26'!1!'� .%#)�'� 2%/$� !4!� "%'/!-%)#� �++'%! �

(a)

(b)

/*�  *� 2%/$� �*)1!)/%*)�'� $%#$6.+!! �  %#%/�'� .�(+'%)#� *.�%''*6

.�*+!.�


)� �++'%��/%*)� *"� /$%.� (!�.0-!(!)/� ��+��%'%/4� %.� /$!� *�.!-1�6

/%*)� *"� /$!� !4!�  %�#-�(� *"� �� /-�).(%//! � *+/%��'� .%#)�'� �"/!-

/$!� .%#)�'� $�.� +�..! � /$-*0#$� �� '*)#� '!)#/$� *"� *+/%��'� "%�!-�

�!��0.!� *"� /$!� �//!)0�/%*)� *"� /$!� "%�!-�� !4!�  %�#-�(.� �-!

*"/!)�  %""%�0'/� /*� *�.!-1!� %)� /$%.� (�))!-�� �%/$� /$!� !4!'%)!

(* !�� %/� %.� +*..%�'!� /*�  !/!-(%)!� %"� /$!� �$%-+� *"� /$!� '�.!-

/-�).(%//!-�� �'*)#� 2%/$� /$!�  %.+!-.%*)� %)� /$!� "%�!-�� %.� ��0.%)#

�)4� 2�1!"*-(�  %./*-/%*)�

��������� �����	������ ��
� ��������


��� �*--!�/%*).� ��)� �!� �++'%! � /*� !3/!) � /$!� (!�.0-!(!)/

��) 2% /$� *"� /$!� ��� ��
��
� /*� 	�� ��5� 2$%'!� /$!� %)./-06

(!)/� %.� %)� /$!� !4!'%)!�  %.+'�4� (* !�� %)� 2$%�$� �� 0)%,0!� (�+6

+%)#� !3%./.� �!/2!!)� /$!� ��� "-!,0!)�4� �) � /$!� %)+0/� ��� "-!6

,0!)�4�� �$!)� /$!� ��� .%#)�'� %.�  %#%/%5! �� �)� ���� %.� 0.! � /*

�*)1!-/� %/� /*� /$!� "-!,0!)�4�  *(�%)�� �$!� ��� "-!,0!)�%!.� �-!

/$!)� (�++! � %)/*� /$!� �*--!.+*) %)#� ��� "-!,0!)�%!.�� �) � /$!



�4&423� ���	� �$6+$33;� "* 1#� �.41- +� � � � � � � ��

Fig. 10.� �8$+(-$� #( &1 ,� 6(3'� 2.%36 1$� %(+3$1(-&�  //+($#�  -#� 42$1

".11$"3(.-� 3 !+$� ".11$2/.-#(-&� 3.�  � %.413';.1#$1� �$22$+;�'.,2.-

1$2/.-2$�

 //1./1( 3$� ".11$"3(.-� (2�  //+($#�  3� $ "'� %1$04$-"8�� �(- ++8�

 -� (-5$12$� ���� (2�  //+($#� 3.� 3'$� 1$24+3� 3.� 31 -2%.1,� (3� ! "*� 3.

3'$� 3(,$� #., (-�� �'$2$� 2 ,$� /1."$22(-&� 1.43(-$2�  1$�  5 (+;

 !+$� %.1� 42$1;#$%(-$#� ".11$"3(.-2� .1� %(+3$12�� �.1� $7 ,/+$�� 3'(2

" / !(+(38� " -� !$� 42$#� 3.� " +(!1 3$� 3'$� $8$+(-$� +(&'36 5$

,$ 241$,$-32� !8� ".11$"3(-&� %.1�  -8� ./3(" +� ".-5$13$1� 1.++;

.%%�� �-�  ##(3(.-�� (3� " -� !$� 42$#� 3.� $5 +4 3$� $8$+(-$� #( &1 ,2

4-#$1� #(%%$1$-3� %(+3$1� 1$2/.-2$� ".-#(3(.-2�

�2� /1$5(.42+8� ,$-3(.-$#�� 3'$� 31 -2,(22(.-� 23 -# 1#2� 1$04(1$

3' 3� 3'$� $8$� , 2*� ,$ 241$,$-32� !$� , #$� (-�  � 1$"$(5$1� ! -#;

6(#3'� 3' 3� ".11$2/.-#2� 3.�  � %.413';.1#$1� �$22$+;�'.,2.-

1$2/.-2$� 6(3'�  � 1$%$1$-"$� %1$04$-"8�  3� 3'1$$� %.413'2� .%� 3'$

!(3� 1 3$�� � 1#6 1$� %(+3$12� .1� 2/$"( +� +(&'36 5$� ".-5$13$12�  1$

.%3$-� $,/+.8$#� 3.�  "'($5$� 3'(2�� �8� 42(-&� 3'$� 42$1� ".11$"3(.-2

 5 (+ !+$� (-� 3'$� ��� ��
����� 3'$� (#$ +� 31 -2%$1� %4-"3(.-� " -

!$� (,/+$,$-3$#� 6(3'�  � 2.%36 1$� %(+3$1�� �'$� %(+3$1$#� #(2/+ 8

2'.6-� (-� �(&�� ��� 6 2� , #$� 6(3'�  � 2.%36 1$� %(+3$1�  //+($#

3' 3� ".11$2/.-#$#� 3.� 3'$� #$2(1$#� (#$ +� �$22$+;�'.,2.-

1$2/.-2$�

�/� 3.� ��
� , &-(34#$�  -#� /' 2$� /.(-32� " -� !$� +. #$#�  2

42$1� ".11$"3(.-2�� �'.6-� (-� 3'$� +.6$1� ' +%� .%� �(&�� ��� (2�  � /.1;

3(.-� .%� 3'$� 42$1� ".11$"3(.-� 3 !+$� 3' 3� ".11$2/.-#2� 3.� 3'$

%.413';.1#$1� �$22$+;�'.,2.-� 1$2/.-2$�� �'(2� 3 !+$� .%� , &-(;

34#$�  -#� /' 2$� ".11$"3(.-2� 6 2� &$-$1 3$#� #(1$"3+8� %1.,� 31 "$

, 3'� %4-"3(.-2� 3' 3�  1$�  5 (+ !+$� (-� 3'$� ��� ��
����� �'$� +(-;

$ 1� /.13(.-� .%� 3'$� /' 2$� ' 2� !$$-� ".11$"3$#� 3.� 1$,.5$� 3'$

#$+ 8�� �'(2�  ++.62� 3'$� 31 "$� 3.� 1$, (-� (-� 3'$� 2 ,$� /+ "$

6'$-� 3'$� ".11$"3(.-2�  1$�  //+($#�� �.%36 1$� %(+3$12� %.1� 3'$

, ).1� ���������� 31 -2,(22(.-� 1 3$2�  1$� 23.1$#� .-� 3'$� ���

,$,.18� " 1#�� �'(2� " / !(+(38� ".4+#�  +2.� !$� 42$#� 3.� #$5$+./

 -� $04 +(9$1� .1� 3 (+.1�  � 2/$"(%("� 1$2/.-2$� 3.� (,/1.5$� 3'$� 1$;

"$(5$#� $8$� #( &1 ,�� �'42�� 3'$� 31 -2,(33$#� :$04 +(9$#�� $8$

#( &1 ,� ".4+#� !$� 2(,4+ 3$#�  -#� .!2$15$#� !$%.1$� 3'$� %(- +

' 1#6 1$� $04 +(9 3(.-� %(+3$1� (2� ".-2314"3$#�

����� ������	
�

�-�  //+(" 3(.-;2/$"(%("� 42$1� (-3$1% "$� 6 2� #$2(&-$#� %.1� 3'$

$8$� #( &1 ,�  - +89$1�� �'$� &. +2� .%� 3'$� 42$1� (-3$1% "$� 6$1$� 3.

.%%$1� 341-*$8� ,$ 241$,$-32� 3' 3� ,$$3� 3'$� 1$04(1$,$-32� .%

3'$� 23 -# 1#2�� 3.� !$� $ 28� 3.� 42$��  -#� 3.� , *$� 3'$� (-3$1% "$

3.� 3'$� / 33$1-� &$-$1 3.1�  2� 31 -2/ 1$-3�  2� /.22(!+$�� � -8� .%

3'$� 2/$"(%("� ,$ 241$,$-32� 6(++� !$� #$2"1(!$#� (-� 3'$� -$73� 2$";

3(.-2�� �-$� $ 2$;.%;42$� %$ 341$� (2� 3'$�  !(+(38� 3.� 2$3� 3'$� 3(,$

! 2$� (-� !(3� 4-(3� (-3$15 +2�� (-23$ #� .%� ' 5(-&� 3.� 1$" ++� 3'$� "+."*

/$1(.#� 3.� #(2/+ 8� 3'$� $8$� #( &1 ,�� �(,$� #$+ 8� " -�  +2.� !$

2$3� (-� !(3� (-3$15 +2�� 6'("'� , *$2� (3� ".-5$-($-3� 3.� 2"1.++

3'1.4&'� 3'$� !(32� 3' 3� , *$� 4/� 3'$� / 33$1-�� �� ,$-4� *$8�� READ
PAT GEN�� (2� 42$#� 3.� (-3$11.& 3$� 3'$� / 33$1-� &$-$1 3.1�� �3� 1$;
341-2� 3'$� "+."*� %1$04$-"8�� 3'$� / 33$1-� +$-&3'��  -#� 3'$� # 3 �

"+."*��  -#� 31(&&$1� +$5$+2�� 6'("'�  1$� 42$#� 3.� 2$3� 4/� 3'$� #(2/+ 8�

�'$� $8$� #( &1 ,�  //+(" 3(.-� /1.&1 ,� (2� 61(33$-� (-� ���

�-2314,$-3� ������  -#� (2� #.6-+. #$#� (-3.� 3'$� '.23� (-2314;

,$-3�� 3'$� ��� ��
���� ,("1.6 5$� 31 -2(3(.-�  - +89$1� ,.#4+$�

�'$� ,("1.6 5$� 31 -2(3(.-�  - +89$1� (2�  -� $731$,$+8� %+$7(!+$�

&$-$1 +;/41/.2$� (-2314,$-3� 3' 3� .%%$12� !.3'� 3(,$;#., (-�  -#

%1$04$-"8;#., (-� 2(&- +�  - +82(2� " / !(+(38�	� �'(2� 5$12 3(+$

,$ 241$,$-3� " / !(+(38� (2�  5 (+ !+$� 2(,4+3 -$.42+8� 6(3'� 3'$

$8$� #( &1 ,� ,$ 241$,$-3� " / !(+(38��  -#� (2� 2(,/+8�

 ""$22$#� 3'1.4&'� (32� .6-� ,$-4�

���� ��	
�	�� ��	���������

�� -4,!$1� .%� / 1 ,$31("� ,$ 241$,$-32�  1$� .%3$-� /$1%.1,$#

.-� $8$� #( &1 ,2� 3.� #$3$1,(-$� 3'$(1� 04 +(38�� �.,$� .%� 3'$

,.1$� /1$5 +$-3� ,$ 241$,$-32� (-"+4#$� $8$� ./$-(-&� '$(&'3�

$8$� ./$-(-&� 6(#3'��  ,/+(34#$� .%� 3'$� "1.22(-&� +$5$+�� )(33$1�  3

3'$� 31 -2(3(.-� /.(-3��  -#� 3'$� 1(2$�  -#� % ++� 3(,$2� .%� 3'$� !(3

31 -2(3(.-2�� �(&�� ��� 2'.62�  � -4,!$1� .%� 3'$2$� ,$ 241$,$-32

, #$� 6(3'� 3'$� ��� ��
���� $8$� #( &1 ,�  - +89$1� .-�  � + 2$1

31 -2,(33$1� ./$1 3(-&�  3� �����
� �!(32�2�� �'$� $73(-"3(.-� 1 3(.

6 2� #$3$1,(-$#� !8� 3 *(-&�  � 5$13(" +� '(23.&1 ,� .%� 3'$� $8$

#( &1 ,� 6(-#.6$#� .5$1� .-$� !(3� (-3$15 +�� �-�  +&.1(3',� 3' 3

1$"412(5$+8�  #)4232� 3'$� +(,(32� %.1� 24!2$04$-3� $5 +4 3(.-2� .%

3'$� '(23.&1 ,� # 3 � ".-5$1&$2� .-� 3'$� ,.23� /1$5 +$-3� +.&(" +

Fig. 11.� � !+$� .%� $8$� #( &1 ,� / 1 ,$31("� ,$ 241$,$-32�



��� � � � � � � � �:,:89� 	���� �*<1*99@�&(0&7)� �4:73&1

	� &3)� �� 1*;*18�� "-*� 5*&08� 4+� 9-*� -.894,7&2� &7*� :8*)� 94� 8*9

.3.9.&1� 1.2.98� +47� 9-*� (425:9&9.43� 4+� 9-*� 	� &3)� �� 1*;*18�� "-*

.3.9.&1� 2*&3� &3)� 89&3)&7)� )*;.&9.43� �8.,2&�� 4+� 9-*� 	� 1*;*1� &7*

'&8*)� 43� -.894,7&2� )&9&� &'4;*� 9-*� 7*1&9.;*� 
��� 54.39� 4+� 9-*

5*&08�� "-*� 1.2.98� +47� 9-*� 3*=9� *;&1:&9.43� 4+� 9-*� -.894,7&2

)&9&� &7*� 8*9� 94� 9-*� .3.9.&1� 2*&3� 1*;*1� 51:8� 47� 2.3:8� 43*

8.,2&�� "-*� 3*<� 2*&3� &3)� 8.,2&� +47� 9-*� 	� 1*;*1� &7*� 9-*3

)*9*72.3*)�� "-.8� 574(*88� .9*7&9*8� 8*;*7&1� 9.2*8� :39.1� 9-*

8.,2&� '*(42*8� 82&11� &3)� 9-*� 2*&3� (43;*7,*8� 43� 9-*� 2489

57*;&1*39� 	� 1*;*1�� "-*� )*9*72.3&9.43� 4+� 9-*� 2489� 57*;&1*39� �

1*;*1� .8� '&8*)� 43� 9-*� 8&2*� &1,47.9-2�� *=(*59� 9-&9� 9-*� .3.9.&1

2*&3� &3)� 8.,2&� 4+� 9-*� �� 1*;*1� &7*� '&8*)� 43� -.894,7&2� )&9&

'*14<� 9-*� 7*1&9.;*� 
��� 54.39� 4+� 9-*� 5*&08�� "-.8� &1,47.9-2� +47

)*9*72.3.3,� *=9.3(9.43� 7&9.4� -&8� '**3� )*243897&9*)� 94� '*

247*� 7*5*&9&'1*� 9-&3� 2*7*1>� 9&0.3,� 9-*� 5*&08� 4+� 9-*� -.894@

,7&2� ).897.':9.438�� "-*� 49-*7� *>*� 5&7&2*9*7� 2*&8:7*2*398

&7*� &184� '&8*)� 43� -.894,7&28�

�9� 9.2*8�� .9� .8� (43;*3.*39� 94� ).851&>� 9-*� 97&(*� .3� 459.(&1

54<*7� :3.98�� "-.8� (&3� '*� *&8.1>� )43*� <.9-� 9-*� ��� �	
�	��

$.9-� 9-*� 7*85438.;.9>� 4+� 9-*� 459.(&1� (43;*79*7� *39*7*)� &8� .3

�.,�� 		�� <*� (&3� *&8.1>� 8**� :8.3,� 9-*� 2&70*7� +:3(9.438� 9-&9� 9-*

1&8*7� .8� 5:99.3,� 4:9� &'4:9� ���� �$� 4+� &;*7&,*� 459.(&1� 54<*7�

$.9-� 9-*� 7*85438.;.9>� *39*7*)�� 9-*� *>*� 2*&8:7*2*398� &7*

).851&>*)� .3� 9-*� &557457.&9*� 459.(&1� 54<*7� :3.98�

"4� ,*9� &� ,44)� *=9.3(9.43� 7&9.4� 2*&8:7*2*39� 7*8:19�� .9� .8�

*85*(.&11>� .25479&39� 94� ,*9� &3� &((:7&9*� )*9*72.3&9.43� 4+� 9-*

&;*7&,*� 54<*7� (477*8543).3,� 94� 9-*� 14<� 14,.(� 1*;*1�� �9� (&3

'*� 7*&).1>� 8-4<3� 9-&9� &� 2*&8:7*2*39� *7747� 4+� &� ,.;*3� 2&,@

3.9:)*� -&8� &� 2:(-� ,7*&9*7� .25&(9� 43� 9-*� ;&1:*� 4+� 9-*� 14<

1*;*1� 9-&3� 9-*� -.,-� 1*;*1�� �*(&:8*� 4+� 8*38.9.;.9>� 1.2.9&9.438�

&((:7&9*� 2*&8:7*2*39� 4+� 9-*� 14<� 1*;*1� 2&>� '*� ).++.(:19�

�4<*;*7�� 9-.8� .8� &3� &7*&� <-*7*� 9-*� *>*� +.19*7.3,� (&5&'.1.9>� 4+

9-*� ��� �	
�	�� (&3� 2&0*� &� (4397.':9.43�� $-*3� 2&0.3,� 2*&@

8:7*2*398� 43� -.,-@85**)� 1&8*7� 97&382.99*78� <.9-� :3&251.+.*)

5-494).4)*� (43;*79*78�� 9-*� 7*8:19.3,� )*9*(9*)� ;419&,*8� &7*

431>� 2.11.;4198� .3� &251.9:)*�� 2&0.3,� (43;*39.43&1� *=9.3(9.43

7&9.4� 2*&8:7*2*398� 3*=9� 94� .25488.'1*�� %*9�� <.9-� 9-*� *>*

+.19*7� *3&'1*)� 43� 9-*� ��� �	
�	��� 9-*� *=9.3(9.43� 7&9.4� (&3� '*

7*&).1>� )*9*72.3*)�

����� �
����
�

��

"-*� ��� �	
�	�� -&8� &� ,*3*7&1@5:7548*� 2&80� 9*89.3,� (&5&'.1.9>

<.9-� .39*73&11>� 8947*)� )*+&:19� 2&808� +47� 9-*� 2&/47� !���"�

!��� 97&382.88.43� 7&9*8� 94� 9*89� (4251.&3(*� <.9-� 9-*8*� 89&3@

)&7)8�� "-*8*� )*+&:19� 2&808� (&3� '*� &:948(&1*)� 94� 9-*� )&9&

&((47).3,� 94� 9-*� 85*(.+.(&9.438� .3� 9-*� !���"�!��� 89&3)&7)�

�&80� 2&7,.3� 9*89.3,� .8� &184� 574;.)*)�� �.,�� 	
� 8-4<8� &� !���"�

!��� *>*� ).&,7&2� 2&80� 9*89� 5*7+472*)� '>� 9-*� ��� �	
�	��

�3(*� &,&.3�� 9-*� 97&382.88.43� 7&9*� <&8� �

���� �'.98�8�� "-*

2*&8:7*2*39� '&3)<.)9-� <&8� +.=*)� '>� &� -&7)<&7*� +.19*7� <.9-

&� +4:79-@47)*7� �*88*1@"-42843� 7*85438*� &3)� &� 7*+*7*3(*

+7*6:*3(>� 4+� ����
�� ��?�� �47� 9-.8� 97&382.88.43� 7&9*�� 9-*� )*@

+&:19� 2&80� (438.898� 4+� &� -*=&,43�� �	�� .3� 9-*� (*39*7� 4+� 9-*

*>*�� &3)� :55*7� &3)� 14<*7� 1.2.9� 1.3*8�� �
� &3)� ���� "-*� )*+&:19

2&80� -&8� '**3� &:948(&1*)� 94� 9-*� )&9&�� "-*� *7747� (4:39� +47

*&(-� 4+� 9-*� 2&80� 7*,.438� .8� ).851&>*)� 43� 9-*� 14<*7� 5479.43

4+� 9-*� 8(7**3�� &143,� <.9-� &� 3:2'*7� (477*8543).3,� 94� 9-*� 949&1

97&(*8� *;&1:&9*)�� "-*� 97&382.99*7� 2*&8:7*2*39� 8-4<3� 5&88*8

9-*� 2&80� 9*89� <.9-4:9� &3>� ;.41&9.438�� �3� 842*� .389&3(*8�� .9� .8

:8*+:1� 94� )*9*72.3*� '>� -4<� 2:(-� 2&7,.3� &� 97&382.99*7� 5&88*8

9-*� 2&80� 9*89�� �9� .8� 4+9*3� )*8.7&'1*� .3� 574):(9.43� 9*89.3,� 94

Fig. 12.� �>*� 2&80� 2*&8:7*2*39�

&114<� 842*� &)).9.43&1� ,:&7)'&3)� 94� *38:7*� 9-&9� 9-*� 97&382.9@

9*7� (&3� 5&88� 9-*� 89&3)&7)� 2&80�� ���� �
�� &3)� ��� )*349*� 9-*

2&7,.3� 2&80� 7*,.438�� &3)� 43*� (&3� 9*89� +47� *77478� 8.2:19&@

3*4:81>� .3� 9-48*� 7*,.438� &8� <*11� &8� 9-*� 89&3)&7)� 2&80� 7*@

,.438�� �8� 8-4<3�� 9-*7*� <&8� &� 2&7,.3� 2&80� ;.41&9.43� 4+� 9-*

14<*7� 1.2.9� &+9*7� 	
	
� 97&(*8� -&)� '**3� *;&1:&9*)�� �:8942

2&808� (&3� &184� '*� *&8.1>� (43897:(9*)� +47� 49-*7� 97&382.88.43

8>89*28� 47� 94� &88.89� .3� 9-*� )*8.,3� &3)� 974:'1*8-449.3,� 4+

1&8*7� 97&382.99*78�

������ ���	
� ������


"-*� /.99*7� .3� 9-*� )&9&� 97&38.9.438� .8� &� ;*7>� .25479&39� 97&382.8@

8.43� 5&7&2*9*7� 9-&9� -&8� &� ).7*(9� .25&(9� 43� 9-*� �� �� �3� 2&3>

8>89*28� 431>� 9-*� 7&3)42� /.99*7� .8� 85*(.+.*)�� �:9� .3� 459.(&1

8>89*28�� &� )*9*72.3.89.(� (42543*39� 4+� /.99*7� 9-&9� .8� )*5*3@

)*39� 43� 9-*� 459.(&1� 5&99*73� .8� 4+9*3� 57*8*39�� #8.3,� 9-*� *>*@

1.3*� 24)*� <.9-� *>*� +.19*7.3,� 43*� (&3� 4'8*7;*� 9-*� 5*&0@94@

5*&0� ;&7.&9.438� .3� 9-*� (7488.3,� 54.398� &8� 8-4<3� .3� �.,�� 	��

Fig. 13.� �.99*7� .3� )&9&� 97&38.9.438�



�9+978� ����� �);0)88@�%'/%6(� �3962%0� � � � � � � ��

Fig. 14.� �6636� '%4896)� 3*� %� .-88)6)(� 86%27-8-32�

"3� ()8)61-2)� -*� %� 4%68-'90%6� 4%88)62� -7� 6)74327-&0)� *36� 8,)� .-8@

8)6)(� 86%27-8-32�� %� '97831� 1%7/� '%2� &)� )1403=)(�� �=� (-7@

40%=-2+� 7):)6%0� 46)')(-2+� &-8� -28)6:%07� %2(� )2%&0-2+� 8,)� )6636

86%')� '%4896)� '%4%&-0-8=� 3*� 8,)� ��� �������� 32)� '%2� 3&7)6:)

-2� 8,)� 03;)6� 86%')� 3*� �-+�� ��� 8,%8� 8,)� ()0%=)(� 86%27-8-32

7))17� 83� &)� '%97)(� &=� -28)67=1&30� -28)6*)6)2')� *631� %� 46)@

')(-2+� ���� 4%88)62�� ",)� )6636� 86%')� '%4896)� -7� %� 92-59)� *)%@

896)� 3*� 8,)� )=)� (-%+6%1� %2%0=>)6�� 1%()� 4377-&0)� &=� 8,)� )=)@

0-2)� (-740%=� 13()� %2(� %� 86-++)6-2+� %6',-8)'896)� 8,%8� %003;7

(%8%� &)*36)� 8,)� 86-++)6� 43-28� 83� &)� :-);)(�

",)� )6636� 86%')� '%4896)� '%2� &)� %440-)(� 83� %� 291&)6� 3*� 1)%@

796)1)287�� �8� '%2� &)� 97)(� 83� 3&7)6:)� 8,)� 4%88)62� 0)%(-2+� 94

83� %� 78%2(%6(� ()*%908� 1%7/� :-30%8-32�� �-740%=)(� -2� �-+�� ��� %6)

%� 86%271-88)6� ;%:)*361� %2(� 8,)� %773'-%8)(� 1%7/� *36� 8,)

	����
	@�&-8�7� 86%271-77-32� 6%8)� (-740%=)(� -2� 8,)� %446346-%8)

&%2(;-(8,�� ",)� )6636� 86%')� ,)6)� %073� 7))17� 83� &)� %� 6)7908� 3*

-28)67=1&30� -28)6*)6)2')�

�������

�-+,@74))(� 8)0)'31192-'%8-32� 78%2(%6(7� 6)59-6)� 8,%8� )=)

(-%+6%1� 1)%796)1)287� &)� 1%()� 32� (-+-8%0� 86%271-88)67�� ",)

��� ������� )=)� (-%+6%1� %2%0=>)6� -7� ()7-+2)(� 83� 1))8� 8,)7)

1)%796)1)28� 2))(7� &=� 4)6*361-2+� -2(9786=@78%2(%6(� 1%7/

%2(� )<8-2'8-32� 6%8-3� 1)%796)1)287�� �8� '%2� '327869'8� &38,

'32:)28-32%0� )=)� (-%+6%17� %2(� 92-59)� )=)0-2)� (-%+6%17�

;,-',� '%2� &)� 97)(� *36� &-8� )6636� %2%0=7-7�

Fig. 15.� �6636� '%4896)� 3*� %� 1%7/� :-30%8-32�

������
	���	���

",)� )=)� (-%+6%1� %2%0=>)6� -2:30:)(� 8,)� '3286-&98-327� 3*� %

291&)6� 3*� 4)340)�� �,6-7� ?���� �3,%27732� ;638)� 8,)� ���!��

%440-'%8-32� 463+6%1�� !8):)� �)8)6732� ;%7� 46-1%6-0=� 6)74327-@

&0)� *36� 6):-7-327� %2(� 94+6%()7� 83� 8,)� ,378� -278691)28� *-61@

;%6)�� !8):)�� %032+� ;-8,� �3,2� $)2(0)6� %2(� �%:-(� !,%66-8�� 463@

:-()(� 8)',2-'%0� -2498�� �3,2� $-0732� 463:-()(� 1%6/)8� 6)7)%6',

%2(� 1%2=� 3*� 8,)� -()%7� 8,%8� 1%/)� 94� 8,)� 34)6%8-32� 3*� 8,)

%440-'%8-32�� �-2%00=�� �-/)� �)8,0)*732� %2(� �%6/� !03:-'/� 13(-@

*-)(� 8,)� )<-78-2+� &%7)� -278691)28�7� %0-+21)28� %2(� '%0-&6%8-32

6398-2)7� 83� %',-):)� 8,)� )=)� (-%+6%1� %2%0=>)6�7� '966)28� 78%8)@

3*@8,)@%68� 8-1)@(31%-2� 1)%796)1)28� 4)6*361%2')�

�	
	�	��	�

��� ���"����� 
�$������ �$����"�� ��"� ��������%����$���� �� ����$��

	��"�"��'� � $����� 
�$�"����� � �������$���#�� ������� ������ ��!�

"�@��
@�����

	�� � $����� 
�$�"����#� ��"� �!%� ���$#� ���� �'#$��#� ����$���� $�� $��� �'�(

��"���%#� ����$��� 	��"�"��'� � ���""�  )'311)2(%8-32� ������� �����


�� �����(�� � $����� �'�� ��$$�"�� ���#%"����$� �"����%"�� � "���

���@�	
@��� ���
�

��� ����� �%003� %2(� ����� $)2(0)6�� ?",)� �-'63;%:)� "6%27-8-32� �2%0=>)6�

�� �);� �278691)28� �6',-8)'896)� *36� �31432)28� %2(� !-+2%0� �2%0=7-7��

	�&��$$(�����"�� ��%"���� � #30�� �
�� 23�� ��� �'83&)6� ���	�� 44�� ��@
	�


