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Abstract 
The effect of using eucalyptus (Eucalyptus SPP) leaf chloroform oral extract (EE) and black pepper (Piper nigrum) powder (BP) in diet on growth 
performance, carcass traits, blood parameters and microbial populations of intestine and syrinx was investigated in a completely randomized design 
using 160 Cobb 500 day-old chicks and four treatments, four replicates and 10 birds per replicate for 42 days. The treatments were 1- basal diet 
(control), 2- basal diet supplemented with 0.1 % EE solution in drinking water, 3- basal diet supplemented with 0.2% BP, and 4- basal diet 
supplemented with 0.2% BP and 0.1% EE solution in drinking water. Over the study, feed intake of chickens consumed oral EE or BP in diet and/or 
the combination of them was lower than chickens in control group (P<0.05). Oral EE resulted in greater percentile lungs weight and lower heart and 
abdominal fat weights (P<0.05). Using oral EE or BP in diet and/or the combination of them caused a significant decrease in serum concentrations of 
glucose, cholesterol and uric acid (P<0.05). Chickens consumed oral EE or BP in diet and/or the combination of them showed a significant lower 
intestinal E-coli population than control birds (P<0.05). In addition, using oral EE decreased Mycoplasma population of syrinx of broilers (P<0.05). 
The results showed that using oral EE leads to lowered abdominal fat and microbial populations of intestine and syrinx while adding BP in diet leads a 
decrease in microbial populations of intestine in broiler chickens. 
 
Keywords: Black pepper, Broiler chicken, Eucalyptus, Immunity, Performance. 
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��*� G�? E*����� �33: 2 ��*� G�? E*����� O1: 75/1 ��*� G�? E*����� O2: 6/6 ��*� G�? E*����� :E*8�*2 30 ��*� G�? �*8) :R*<�!�<" 10 ��*� G�? E*����� 

O6: 3 ��*� G�? O9: 1 ��*� G�? O12: 015/0 ��*� G�? E*�!*� 01/0 ��*�G�? � ��2$ :>2)�*3) 1 ��*�G�? .�!�   

2. �� G�?!�*3 ��*9 H" F) ���6�) 5/2 G�?!�*3 7	:� �)!� �2�,� �)�)� 100��*�G�?  6<S<� 50 ��*�G�?  E�$ 80 ��*�G�?  ��� 10 ��*�G�?  H� 1 ��*�-

G�?  �� 2/0 ��*�G�? G!*<�8 � 250 ��*�G�? E*&!3� ��)��3 .�!�  

3. #!�T�� F) >D2 50:50 U�= ��) � �8�� ��
 � RV= ��
 �!�.  
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1� ��Y	� ���� 6"7,) ���+"� *���� 1)�) �0 

1� F�� 6\0 6��� �a	�- ���� ���& �C ���� 1� ��@ 

(��� �� ���� �
�rZ �#�5 .��& f' �� ���\� 1)�) �0* 

1��,� /�0 ���� 4% �0 �� (5�� 1#�# /�0 (
��� 1� 6�� 1� 

��a\
���% (_�	� .���& 6D) (
��� 4��,� n;� �)��5 

*���� 1�F�� =
 1_"<� �� [�"��+#�M	� �
��� =
 �O�� 

��< ���� ��& � f!� �� $% ;_� (
��� 1���@ (��� 

6�& �&� .���& Vi� [���
� ���� �� u"h� AB��� (
��� 

�� ��a��� `���- ��) ��& � �� 4��0 �	"E (
��� ��,0 

�� ���h� �+,� ���� (
��� )w/v NaCl85/0(�O�� 

]a,0 ��& � 6<�/�0 �#�
� �� 1	��� 1 -10 �C 8 -10 1"DC 

.�& �� 6<� /�0 |�� 6hC u
�& *(
��� �,3Q ���7� 

100 �"#�+"� 1�&��� � 1� 6"�' /��Q u"h�/�0 6\� 

TSA )Triptic soy nutrient agra( 1� X��	� /�� 6\� 

/���� /�0 /B��"\
&� 6�� (_�	� � �� n;� 4% Vi' 

.�& 6"�' /�0 |�� 1�F�� 48 6��� �� ��C���+�� �� 

F��Q 37 1)��  �"��� /���Da� � 1	-'/�0 

("+\C ��& `��,& .�& f!� ��� 1� 6�� ���% �� f+� 

6<� �#�
� $l �& ]18[. f' �� ���\� 1)�)  �0/�� 

1"DC 6\� ���+"� �� 1� �0�� /�� )Syrinx( �
 �3	Q 

��\' )larynx Caudal( 1)�) �0 6D) ������ /"- ����� 

/�,�B'�+
�� *4�-��' 1��,� 6��� Y����� �	��,0 `�� 

4�"� ��& �� 2�� 1"DC � �� u"h� 6\� ���) /� )Frey 

agar medium( n"_�C �& ]9[. 1��,� /�0 1� �0�� /�� 

A��O �� ��- �0�& � �0�- 1� �����  ��!"#��� �� $% 

���"��&% R�� *���� 1"DC .�&  

����/�0 (O�Q  ���� 1;��� )1( � �� X#�< ?@ 

AB��� �����C �� ������� �� [� ��M�� /���%SAS  1i�� 

1/9 )2003( 1
M3C ]23[ � ]"a��"� �0 u��C 4���% 

T� C]
 RB�5� �	7� ��� )LSD( �� n;� ��,�Q� 5 

�O�� 1�
�_� .���&   

1;���) 1(                                    Yijk= µ + Ti + Eij  

1� �� ]
� *1;��� Yijk* ���_� 0 ��0�\�} µ* ]"a��"� 

(� ��0�\� �0} Ai* �� ��,"C �\
���% � Eijk* /�;5 

�\
���% .6��  

  

���� 	 ���  

"�mC /�0��,"C �\
���% R��) ����� ���"��&%  ��!"#��� 

� 4��M�� ���' (��� ��"� 1� (�") � R�� S���5 

1)�) �0/ ��&�- �� ���� /�0 =
 �C 10 �-��� � =
 �C 

24 �-��� �	7���� *��W�  ���R�� S���5 �� ��- �0�& 

4���) 4�0�"- (�
���� 1� ��@ �	7� ��� 6W�� 1� 
�� 

��- /�0 /��,"C V"� C ��� )05/0<P.( F���C �	7� ��� �� 

R�� S���5 42 -1  �-���1)�) �0�
 1� ����� 

���"��&%  ��!"#��� � �
 ���' (��� ��"� �� �") ������� 

*���� ��0�\� �\� ���)) 2.( �� ~"0 [��� �� ���� /�0 

*`��' �� /�0��,"C �\
���% � V
�M�� *4�� 4�� ���� � 

X
l (
�WC 1)�) �0/ ��&�- �	7���� .��W�   

R�� (��� ��"� U��� 4�&���% 
��_� /2�� ]
��!"' 

F��"� ��)�� �� 4% �� ��a��� `���- 1)�) �0/ ��&�- 

����& 1� �� ����C 4�
) 1��"&/�0 �&���- �� �� ��C� 

��7� V
�M�� �0� ]7[. 1���
 /�0 =
 V0�.' 4�\� ��� 1� 

1
rsC ���' (��� ��"� �� �") 1� ��@ (��< �D)�C 4�� *4�� 

X
l Tb0 ]"�C�' *[�5 ����� 4j��"� *���% (� ���� 

/rs� (��< Tb0 � /j�� (��< 65�� ���� �� �� 

1)�) �0/ ��&�- V
�M�� �� �0� ]15[. �� �\0�.' *a
� 

R�� ����� � ���' ��  ��!"#��� �� g
@ $��� 

/���� /�0 [- ��	� � *[�
�
���� 1� (��� V0�� �&� 

*�	��0 3	� 1� V
�M�� 4�� 4�� � ��WD� R�� � $r) 

���� /rs� �� ]"E���� /�0 �	'�j �& ]1[. 1� ���5 oi\� 

��& 6�� 1� ��bQ 6"7,) /���� /�0 b� �� ��a��� 

`���- ]+,� 6�� U��� 1
M3C /�0�"�� 1	"�% ��& � �� 
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13"�� $r) 4% �0 �� V0�� .�0� (��� ��"� ���< 1� V0�� 

6"7,) ���+"� b� ��a��� `���- � ��WD� 4�M"� $r) 

/�0�"�� 1	"�% ���&�� � �� ]
� g
@ U��� ��WD� �+�,� 

��"@ �� ��& ]13[. �� =
 *17#�;� ������� �� ?�;� *�O 

5/0 � =
 �O�� ���' (��� ��"� �� �") �
�rZ 1)�) �0/ 

��&�- �� ]� =
 �C 21 �-��� U��� F���C �	7���� �� 

4�� 4�� 4% �0 �\� ]5[* 1� �� ^
��� V0�.' l�Q ��,0 

��.�&�� RB5� *4% 1���
 /�0 �\0�.' a
� 4�\� ��� 1� 

������� �� ���' (��� ��"� �� n;� 02/0  �O��� X"�C 

���' (��� ��"� 1���,0 ���' ("W3�� �� n;� 02/0 �O�� 

�� �") �
�rZ 1)�) �0/ ��&�- �� ]� =
 �C 42 

�-��� U��� V
�M�� �	7� ��� 4�� 4�� 1)�) �0 �& 1� �� 

^
��� V0�.' l�Q ��-��� ��W� ]25[.   

^
��� =
 V0�.' 4�\� ��� 1� 4��M�� ���' (��� 

��"� 1� �") �� ?�;� 5/0* 75/0 � 1 �O�� 1���@ 

�	7� ��� U��� V
�M�� R�� S���5 1)�) �0/ ��&�- 

�&* ��� �� �\0�.' *a
� ������� �� ?�;� *�O 5/0 � 

1 �O�� ���' (��� ��"� �� �") �
�rZ �� ]� =
 �C 

21 �-��� F���C �	7���� � R�� S���5 1)�) �0/ 

��&�- 6&��� ]5[. F�7#�;� /�� F�W"�C �e� (��� 

4�\� ���� 6�� 1� F�W"�C �	C (��� 1� �.
� *]
!"' 

�B"�% �<�M� �� ��7� ���	� 1� U��� V
�M�� �"#�C |�M� � 

F�h&C ��7� ��& 1� �� ����C U��� ��WD� R�� 

S���5 ��& ]14.[ T0 *]"	E ��D	\"' ��& 6�� 1� "�mC 

(��� ��"� � ��WD� 4�� 4�� � F�"O��5 1&2 

1)�) �0/ ��&�- ]+,� 6�� 1� ("#� V
�M�� 6"���< 

Tb0 ���� �
�rZ .�&�� (��� ��"� /���� X"�C ��7� 

]"�
��!� ���&�� 1� �	Z �� ]"���
� C 6�� 1� �� C���� 

�� ��WD� �+�,� ���' �e� �&�� ]7[.  

1���
 /�0 =
 V0�.' 4�\� ��� 1� ������� �� ����� 

��  ��!"#��� �� n;� 100 ��"� �"# �� 100 �"# $% 

���"��&% 1)�) �0/ ��&�- U��� V0�� �	7� ��� 

X
l (
�WC S���5 �� (� ���� V
���% �& 1� �� 

^
��� V0�.' l�Q T0 ����5 ����� ]2[. �	��,0 4% 1E 

�� ���� (��� ��"� 4�"� �& �� � ]
� 6�� 1� 

F�W"�C �e�  ��!"#��� �� V0�� 6"7,) /���� /�0 

b� �� ��a��� `���- �� 1�,) /����/�0 [- ��	� � 

[�
�
���� �0 � �� 13"�� 1� (<��Q 4����� "�mC �W
iC 

4% �0 � ���� *�,b0 3	� 1� V
�M�� 4�� 4�� � ��WD� 

4������ �&� ��"@ ��&�- �� ��& ]1 � 13[.  

  
A��9 2. �0) W�'� ���'/ �2�*��
$ 4!�5*&�3) � ��!" 7��� ��*8 �� ��*9 �� ��:�	/ �
� �9!9 ��� ��
!?  

"s��  
���� `��'  

(���)  
��,"C  /�;5 ���������   

]"a��"� �0  
n;�   

�	7� /���  �0�&  (���   ��!"#����  +(���  ��!"#����  

S���5 ���� ([-/���'/����)  

10 -1  04/368  13/374  38/377  13/386  71/7  443/0  

24 -1  38/1584  75/1626  63/1580  64/1552  05/26  297/0  

42 -1  a 83/4525  b 38/4336  b 88/4290  b 53/4246  71/58  027/0  

V
�M�� 4�� ([-/���'/����)  

10 -1  13/242  38/242  75/253  02/253  02/8  602/0  

24 -1  50/1036  63/1012  61/1005  13/986  75/19  383/0  
42 -1  63/2427  25/2341  02/2297  25/2316  72/55  398/0  

X
l (
�WC �
�rZ ([-/[-)  

10 -1  523/1  483/1  481/1  526/1  040/0  768/0  

24 -1  530/1  603/1  568/1  570/1  034/0  532/0  

42 -1  860/1  852/1  865/1  836/1  033/0  908/0  
a-b: C���� �*S2�*E�� �� W��M ���V��2 �� �� ���X <,���)� >8) )05/0<P(.  
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"�mC ������� �� ����� ���"��&%  ��!"#��� � ���' (��� 

��"� �� �") � ����� 1&2 � 4�� �W�� 1&2 (��< *R�� 

1�"0�� *1	"� 4�� *�0 ��E ��Q *�,+& *a) *4��a	� 

��Z  ���  �"�
��� � ��h@ 1)�) �0/ ��&�- �	7� ��� 

��W� ���)) 3.( 4�� �W�� V& /�0 1)�) �0 �� ��- 

 ��!"#���� � ��- +(���  ��!"#���� 1� ��@ �	7� ��� �� 

��- /�0 �0�& � (��� V"� C .��� �O�� 4�� V& �0 �� 

��- (��� 6W�� 1� ��- �0�& �	7� ��� .��� 4�� �W�� 

X�< 1)�) �0 �� ��- /�0  ��!"#���� � +(���  ��!"#���� 

1� ��@ �	7� ��� �� ��- /�0 �0�& � (��� T� C ��� 

)05/0<P.( �O�� ��E ��Q �,+& �� ��-  ��!"#���� 

� ��- +(���  ��!"#���� 1� ��@ �	7� ��� �� ��- /�0 �0�& 

� (��� T� C .���  

�� 1)�C 1� ]
� 1� ��E ��Q �,+& M"� �� 

1)�) �0�
 1� �����  ��!"#��� R�� ���� V0�� 

1���
 *6�� ]
� "�mC �� ����C �� =
 �� �&�� �� "�mC ���� 

�e��  ��!"#��� � �� /�� a
� 1� @�5 V0�� R�� 

S���5 �� 1��0 /�0 ���
�' V
���% �&�� �
� 1� 17��C 

6��� ��E �� ]"	� C2�� �&� 1)�) �0/ ��&�- |��C� 

�� ���� ]22[.  

 "�mC������� �� ����� ���"��&%  ��!"#��� � ���' 

(��� ��"� �� �") � 6Y�Z *M���- ]"�C�' [�C � 

=
����"�� [� 4�5 1)�) �0/ ��&�- �	7���� ��� 

)05/0<P.( 6Y�Z M���- [� 4�5 1)�)  �0�� ��- 

�0�& 1�  ��@�	7� ��� 6W�� 1� 
�� ��- /�0 /��,"C 

V"�  C.��� V"� C]
 6Y�Z ]"�C�' [�C [� 4�5 �� 

��-  ��!"#���+(��� ��0�\� �& 1� F���C �	7� ��� �� 


�� ��-  /�0 /��,"C 6&��. 6Y�Z =
����"�� [� 

4�5 1)�)  �0�� ��- �0�& 1�  ��@�	7� ��� 6W�� 1� 


�� ��- /�0 /��,"C V"�  C��� )05/0<P.( ^
��� 

1
M3C f��
��� 4�\� ��� 1�  "�mC/�0��,"C �\
���% � 

6Y�Z /C *�0�
�"�- *������ HDL � LDL [� 

4�5 1)�) �0/ ��&�- �	7���� .��W� 1�
�_� ]"a��"� �0 

4�\� ��� 1� 6Y�Z ������ [� 4�5 �� 1)�) �0/ 

��- �0�& 6W�� 1� 1)�) �0�
 1� 4�0�"- �
���� 

6��
�� *���� 1�  ��@�	7� ��� V"�  C��� )05/0<P.(  

  

A��9 3. �0) W�'� ���'/ �2�*��
$ 4!�5*&�3) � ��!" 7��� ��*8 �� ��*9 �� ��F�� �
[ � �F� �D2 �)69) �
[ �9!9 ��� ��
!?  

"s��  
��,"C  /�;5 ���������   

]"a��"� �0  

n;�   

�	7� /���  �0�&  (���   ��!"#����  +(���  ��!"#����  

����� 1&2  09/70  47/73  25/73  74/75  84/2  562/0  

1	"�  58/24  92/25  30/28  07/26  92/0  108/0  

4�� �0  75/20  56/20  20/20  88/20  59/0  717/0  

��E �,+&  a 27/2  a 23/2   b96/1   b08/2  04/0  140/0  

V& �0  b 48/0  b 51/0  a 55/0  a 57/0  01/0  023/0  

X�<  a 47/0  a 45/0  b 40/0  b 38/0  01/0  047/0  

�W�  53/2  30/2  21/2  25/2  08/0  214/0  

4��a	�  49/1  53/1  40/1  37/1  05/0  694/0  

 ���  �"�
���  12/0  13/0  12/0  10/0  02/0  360/0  

��h@  10/0  12/0  11/0  13/0  01/0  344/0  

a-b: C���� �*S2�*E�� �� W��M ���V��2 �� �� ���X <,���)� >8) )05/0<P(.  
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1���
 �0 4�\� ���� 6�� 1� F�W"�C ��7� ��)�� �� 

(��� ��"� �� ����C � ���"-/�0 ������0 �� ��Z �����% 

"�mC 1�&�r- � �� 6
�D� U��� V0�� n&C ACTH 

��& 1� ]
� 4����0 �� V
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�& V	C �� *4�� 

U��� ]���2�� �	< 4�5 �� .��& ]
���	� ��D	\"' ��& 1� 

R�� (��� ��"� �� C���� �	< 4�5 �� V0�� �0� ]10 � 

26[ 1� ]
� ��l�� �� 1���
 /�0 V0�.' *l�Q g���� 

.��� 4�,0 1���@ �� ���) )4( ��0�\� �� *��& R�� 

1��-��) � T0 4��� ���' (��� ��"� � �����  ��!"#��� 

U��� V0�� �	7� ��� n;� ������ /�,�B' 4�5 

1)�) �0 .�& �� 1�,) 6�� /�0 �e� �� V0�� n;� 

������ *4�5 ]���2�� n;� R�"#� [�5 ��)�� �� 

�")/�0 �
�rZ �� 4��� ������� �� 4�0�"- �
���� 

�� �&�� 1� 1� ���5 oi\� ��& 6�� 1� ��)� R�"#� 

[�5 ��
� �� �") *�
�rZ U��� V
�M�� v�� ��O ��& 

1� �� ����C X)�� V0�� n;� ������ 4�5 ��& ]6[. 

T0 *]"	E ������ "�mC R�� 4�0�"- �
���� � n;� 

=
����"�� 4�5 `��M- ��& 6�� 1� (��� ��"� �C 

/���Q �� 6W�� � v�� ���� �z�� �� 4�� .���� 1� Y� 

�� ��� 1� F�W"�C ��)�� �� (��� ��"� �� 1"Q�� �
�D��� 

/��3� v,) ��		� ����� 1� 1"Q�� $r)��� =
����"�� 

�� *�&�� $r)��� 4% �� V0�� �� *�0� �� 13"�� 4�M"� 

4% �� ����� V
�M�� � �� 4�5 V0�� �� ���
 ]13[.  

�
�3�%�� 1� 4�5 /"- �� 1)�) �0 �� 4�
�' ���� 

V
���% )42 (�-��� [�3�� ��& � gW@ ���) )2(* 4�M"� 

S���5 ���� 1)�) �0 �� R�� �����  ��!"#��� � 

(��� ��"� � X"�C 4% �0 �� ���� ���
�' V0�� 1���
 

*6�� �\i� �� V0�� �� 6Y�Z *M���- ������ � 

=
����"�� 4�5 �� ����C �&�� �� V0�� R�� S���5 

�&�� � �
�& -� 4�5 /"- �� 4��� /�0 x��i� [�3�� 

�� �& ^
��� /a
� (O�Q �� .�&  

^
��� 4�\� ��� 1� /�0��,"C �\
���%  "�mC�	7� ��� � 

]"a��"� 6Y�Z *]"���-�,0 �O�� T3Q ��\� *�#��� 

6Y�Z ]"���-�,0 �#��� )Mean Corpuscular 

Hemoglobin: MCH*( ]"a��"� T3Q �#��� )Mean 

Corpuscular Volume: MCV*( pH* T��C ��W�- �0 

�"�� � �O�� �<���� ("��C�� �0 � 6"���	# /�0 4�5 

1)�)  �06&��� ���)) 5.(   

  

A��9 4. �0) W�'� ���'/ �2�*��
$ 4!�5*&�3) � ��!" 7��� ��*8 �� ��*9 �� >\�. �;<8)�� ��� ���*	*
!*� G�8 �!= 

�9!9 ��� ��
!? �� 42 �?F��  

"s��  
��,"C  /�;5 ���������   

]"a��"� �0  

n;�   

�	7� /���  �0�&  (���   ��!"#����  +(���  ��!"#����  

M���- ��"�) [- �� ��� (�"#  a 48/172  b 60/127  b 65/143  b 63/132  04/8  006/0  

]"�C�' [�C [-) �� ��� (�"#  11/7  09/7  02/7  23/6  16/0  138/0  

/C �0�
�"�- ��"�) [- �� ��� (�"#  80/87  54/81  22/85  70/89  07/4  542/0  

������ ��"�) [- �� ��� (�"#  a 90/192  b 52/177  b 17/172  b 82/175  12/3  049/0  

�"�� =
��� ��"�) [- �� ��� (�"#  a 51/7  b 39/6  b 47/6  b 35/6  12/0  025/0  

]"�C�'�!"# �� �#�aE 2�� ��"�) [- �� ��� (�"#  70/131  82/142  47/140  67/138  23/3  667/0  

]"�C�'�!"# �� �#�aE ��"5 ]"
�' ��"�) [- �� ��� (�"#  53/17  30/16  04/17  93/17  41/0  549/0  

a-b: C���� �*S2�*E�� �� W��M ���V��2 �� �� ���X <,���)� >8) )05/0<P(.  
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A��9 5. �0) W�'� ���'/ �2�*��
$ 4!�5*&�3) � ��!" 7��� ��*8 �� ��*9 �� �;<8)�� ��� �!= �8�<
 �9!9 ��� ��
!?  

"s��  
��,"C  /�;5 ���������   

]"a��"� �0  
n;�   

�	7� /���  �0�&  (���   ��!"#����  +(���  ��!"#����  
��W�- /�0 M�< ×)106 �� (�"#�+"�  52/13  67/13  83/14  65/15  18/1  211/0  

]"���-�,0 [-) �� ��"� (�"#  66/8  22/8  65/9  45/9  38/0  504/0  
T3Q T���� �#��� (�O��)  75/25  00/24  50/26  50/28  93/1  421/0  

]"a��"� ]"���-�,0 �#��� ([-�+"')  42/6  92/6  67/6  30/6  41/0  649/0  
]"a��"� T3Q �#��� (�"#��,�)  42/19  80/18  35/18  15/16  02/1  232/0  
��W�- /�0 �"�� ×)103 �� (�"#�+"�  50/20  00/23  12/26  25/28  09/2  610/0  

("��C�� �0 (�O��)  25/61  25/56  25/49  50/56  58/3  589/0  
6"���	# �0 (�O��)  50/38  50/38  70/39  50/40  38/3  608/0  

a-b: C���� �*S2�*E�� �� W��M ���V��2 �� �� ���X <,���)� >8) )05/0<P(.  

  
������� �� ����� ���"��&%  ��!"#��� � ���' (��� ��"� 

�� �") 1� ��@ �	7� ��� )05/0<P( U��� V0�� 6"7,) 

/B��"\
&� ���� =E�� 1)�) �0 �& ���)) 6.( 

6"7,) ]
� /���� �� ��- *(���  ��!"#��� � 

 ��!"#���+(��� 1� ��@ �	7� ��� )05/0<P( �� ��- �0�& 

T� C .��� F���C �	7� ��� ]"� 1� ��- 6��
�� ��		� 4�0�"- 

�
���� ��0�\� .�\�  

4��M�� �����  ��!"#��� �� $% ���"��&% 1)�) �0/ 

��&�- U��� V0�� �	7� ��� 6"7,) /�,�B'�+
�� 

4�-��' �� 1� �0�� /�� 4% �0 �& )05/0<P*( 1� ��@/ 

1� 6"7,) �,�B'�+
�� �� ��-  ��!"#��� 1� ��@ AB��� 

�	7� ��� T� C �� ��- �0�& ��� )33/12 �� (��_� 25/33 

����� �� .([-  

�� =
 *V0�.' 4��M�� ���' ��  ��!"#��� �� n;� 

=
 � �� �O�� 1� �") �
�rZ 1)�) �0/ ��&�- "�mC 

�	7� ��� � V0�� ���7C /����/�0 B��,#�� � 

/B��"\
&� ���� �/ 1�&�� 6�� ]4[* 1� �� 1���
 /�0 

V0�.' l�Q g���� .��� �� �\0�.' a
� `��M- �& 1� 

4��M�� ����� (��� ��"� �� n;� �� ��"� [- �� ��"� �"# 

$% ���"��&% 1)�) �0/ ��&�- "�mC �	7� ��� � V0�� 

/���� /�0 /B��"\
&� �  ��"������2 �� 1�
�_� �� ��,"C 

�0�& � 4��M�� ���% ="C�"� 1�&�� 6�� ]12[. �� 1")�C ]
� 

^
��� 4�"� ��& 6�� 1� ]"�
��!� ��)�� �� (��� ��"� �� 

T
j� �
�rZ 1)�) �0/ ��&�- X)�� V
�M�� 6���_� 1� 

B��,#�� � /"-��) �� "�mC ��	� 4% � [���� /�0 �&���- 

�� ��@ ���� �&� �� .��& �� ���� F�W"�C �e� (��� 

oi\� �& 1� �
�0�"z�#�+#% �	��� *]
!"' ]
�
!"' � 

]Z�� /�0 *��� 6"#�7� /�����l �� ��5 4�\� ����� 1� 

������� ]
� �-.
� /���� �\� �� �� ]"� 4�� /
r'y��� 

/�\Z �#��� /���� �0 �� .�&�� T0 ]"	E 4�"� ��& 6�� 1� 

]+,� 6�� �-.
� �
�
�����l  ��!"#��� 1� ("#� V
�M�� 

6"#�7� �h&C ��Z �"z�"C �&�� ]8 � 19[.  

X�Z� V0�.' /�0 F��O 1��- �� Vi� /��,"� /�0 

��a��� ���	C ��"@ t��� 1� 1��- �,�B'�+
�� �#�- 

[�+"�!� ��.�&�� ]
� *1��- (��� /"-�� /�0 *���	C 

6�� �"#�C 6&�-) � TiC *(�� V
�M�� �� "�� �&�� 

�� /��,"� /�0 ���
� �	��� 6"\��� ����� � 

/�M������% ��"@ .6�� 1� Y� �� ���  ��!"#��� �� g
@ 

4����\- "�� *���	C 1	"�� �� /�� �&� /��,"� �0�� 

���h� �� �	� ]9[.  
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 A��96 . �� ��*9 �� ��*8 7��� ��!" � 4!�5*&�3) �2�*��
$ ���'/ W�'� �0) �8 � ���� G!]��) ^T� �-3�*V��
) >*,	9
 ��2 ��)��9!9 ��
!? ��� (G�? �� �2!�3)  

"s��  
��,"C  /�;5 ���������   

]"a��"� �0  
n;�   

�	7� /���  �0�&  (���   ��!"#����  +(���  ��!"#����  

/B��"\
&� (����)  a 25/50  b50/13  b50/6  b20/6  85/3  006/0  
�,�B'�+
�� 1�) �0�� (/��  a 25/33  -  b 33/12  - 92/1  008/0  

a-b: C���� �*S2�*E�� �� W��M ���V��2 �� �� ���X <,���)� >8) )05/0<P(.  

  

^
��� ]
� V0�.' 4�\� ��� 1� ������� �� ����� 

���"��&% 1/0 �O�� ��  ��!"#��� �� V0�� 6"7,) 

/�,�B'�+
�� 4�-��' �� 1� �0�� */�� 6"7,) 

/B��"\
&� ���� /� � ��E �,+& 1)�) �0/ ��&�- 

�e� .6�� T0 *]"	E 4��M�� 2/0 �O�� (��� ��"� �� �") 

�� ����C U��� V0�� 6"7,) /B��"\
&� ���� /� 

1)�) �0/ ��&�- .��&  

  

���� 	  �����!  

�� ��a\��� �W	-  ���� /�� 6
�,Q �#�� � T0�� 4�� 

F���+�� �0�a\
���%* +\C � ������< �� ��-.  

  

"�#� $%&�  

~"0 1��- ���7C v��	� u��C 4�-�	�
�� ��)� �����.  
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