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Abstract  
The present study, obtain an axial compressor performance map by using of the software calculations and adaptation of the Moore-
Gritter curve in combination This method has high computing speed beside very low-cost and availability. In this study rotor 37, 
which is a single stage compressor used. Numerical solution of the rotor is performed by the rotor design process and then the results 
are plotted as curve fitting Third Grade Maps compressor at three rpm speeds of 70, 90 and 100%. According to the obtained results 
with the results of the calculation error maximum pressure and mass flow is minimal. Predict point in three rpm work instability, 
error is encountered. Working around 100, the percentage of error in predicting maximum pressure of 0.4490% and 1.8993% of the 
Predict mass flow is equal at this point. Working around 90 percent, the error in predicting maximum pressure of 0.6685% and 
4.3578% of the Predict mass flow rate was calculated at this point and around 70 percent, the error in predicting maximum pressure 
of 0.9363 percent and 8.9840 percent predicted mass flow rate at this point is equal.  
Keywords: Axial Compressor, Moore-Geritzer, numerical simulation, stall, pressure ratio. 
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7� �0 ��
D� F� ~�<� 
9�D ���� F� G�,���F� �� U�g F� �C������ 5� 

��=�� ���A ���� � WB9 �D N
6�� j�6 ��=�� �� �K<� 	Z� � 

G�>
?� 7� � N��s.0 j�6 �� �D� 	E4 �� 	D�	D 	E4 
9� ��=�� 

�X�� �9 �� ���A ����� .7� �0 :�	D N�� ��� �D G�>
?� ��=� y �� �D� 

	E4 I�� F��� ��� ����D �� N�� ���<� �� 	D�	D �D� N�� ���<� �� �K<� 

�1EZ ��9	B.� }	  ����.� .F� N�� �� 7�0�� � ���9� ��
����� �,<� 

��9	B.� ��Z �� �D G��4 :	Q� P9� ����.� .�� ���� ���A ~�KZ F� 


.�g U�g F� �C������ 7� �0 F� �� '�� ���E
9� ����.� N���� '�� 

���E
9� F� ��=�� 	�ID � N���� '�� ���E
9� F� Gk��3� �2�D ���D 


9� .�� 	0 �� '�� Y��
� ���	<� �D�,� �� ��6�D F� ���/�� �� n�0 

N�� �� ;<=� �9�	D ��
 � :��(C ��9	B.� �� ��T�� d	9 
9� � 7 �0  

�D N�.0 �� '�� ����D ���.� � Gk��3� �� d�	?
9� ���	�.  

  

4 - 
D-4R ����( ) �
+� /���  

�� N�� �9�	D :�	D ��/�� �9��0 � ���6 �:��D ��
D� �D ���� 7��.� 

G�AOV� ~�D	� �D �T�	V U�� 	�� �,�� � �q�� � U� �	� �����37 �� 

H	� ��I � Bladegen� �9��0 ����� ����� ����	C 
9� .WB9 :�	D 

���6 :��D �9��0 ��/�� ��6 e�� �� �D H	� ��I � Turbogrid e�<
�� 

���� � ���6 ���� F��� e�.A� �� ��6 .G�AOV� ���� F��� :�	D �T�	V 

N�� ����� �� e��X 2 �l��� ��6 
9� .�� ����� 	���<� �� ��� 100 

�4�� ~�<� �T�	V :�	D N�� ����� �9�	D �� ��6.  

  

 E)��2- �5 )� 
D-4R /-4� S��� 3�5� /�(4��-��� S- /3-�J 37 ]16[ 

	
����� ���<� 

�	� ���3������ :�0 36 

�,�� �� q�� 	Kg 
��� 7/0 

����� �	� :	Q�� 
��� 19/1 

�	� q�� �<� 7�I�� 356/0 �@��)(	
� 

 ��	X 7��	X �1EZ v	� 93/20 (����p/H	C�@��) 

 �	� q�� 
A	9 356/0 (����p/	
�) 

-X	� :��� 15/288 N��@� 

 �T�	V ^Z	] 
A	9 7/17177 (�<�g� 	D ���) 

�,�� /q�� _�36 
��� 7/0 

�	� _���0 MCA 

  

����� UT 7��	X :�	D ����� 37 �� U�6 2 � ����T	V 	�3� 

7��	X � �9��0 :�0 �D ��� �
 � �� U�� 	�� �	� ��	.0 �D G�=�f�� 

~�D	� �D G�>
?� -X	� �� ��
Z�9 �9��0 ����� 37 �� U�6 3 

7�,� ���� ��6 
9�.  
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L
� 2- ���-3 LD ��=4� ) B=-4� /S4� E��,- ��� 4� �T  

  

  
L
�3- ] H�1�2� /�( �5"� H�12'� ) �4� ����(19[  

  

F� ���/�� �� UT :��A ���� 	Q� �� N�� ;�<=� �� ���X ����� 

�0��Z 
6�� �� ����I� :���F �D �C������ � d	9 ����� � UT �D 

G��4 ���� H�/�� �0��Z ��6 :F��� �D e�.A� ���6 :��D ���s�� � 

;�g� �D [�>Z �� ����I� ������ ��X� `����� �	] �� e��9 ��]� 

�^���X :�0��
 � ��(C � :�������� :�0 �9�9� �0��?� �6 .F� N�� �� 

F� ���IC ATM Optimized ���E
9� ��6 
9� .N�� '�� N�	
8D ^� 

7��F�9 �
 �� �� �� G�=E4 �,�� � q�� �	� � G�=E4 :F��� 7� �0 

��/�� �� ���.� .N�� '�� F� ���/�� �� Ug��T �KZ �� �� 
��� 

:	Q�� � ��/�� ���6 :�0 �D :����F ����D ��� ���� �6�� j9��� :�	D 

UT �����37 �� N�� ;�<=� �� �6�D )U�6 4.(  

F� ���/�� �� :{������ N��3� ����� _�� ���6 �� G�=E4 :F��� 

�,�� � q�� �	� �
9� �� '	
�C N�� ���6 �0 :�	D ��/�� ^� �9 

:�3D �D 
.9 �	1��.0 N�.� 
9� 5� ���6 ��]� ^s�� ^�D F� 

�F���� ��6 � P/T �E�� ��X�D ���� .:�	D ����� N�� ���� n	V	D ��6 

5� �=E4 :F��� �� �=E4 �,�� � q�� ��/�� �� ��6 �� 	D ��9� 

��8�,�� ��Z H	� ��I � �� 1/42 �4�� e�V ���0� �	� ��	g ����.  

  

  
  

 L
�4-  /-4�) �=48 5��5  �-KV- W4� B�5  ��� 3�	=- 0�158136 

(0�  

  

�� ����� � �D ��Q�� �9�	D ���� eO<
9� UT F� ����6 �9 _�� 

���6 :��D G��E
� ���� ���E
9� ��	g 
 	C .:�	D ^� ����� 65160 

�7�.�� b9�
� 97208 7�.�� � �� N�	
8D 
��T ���3� 158136 7�.�� 

:�	D ���6 :��D �� 	Q� �
 	C �6.  

  

5 - .)� W�	�- Z�A"   

�� '�� H�/�� ;�<=� 	D :�� ����� 37 UT�	� �D N�� G��4 H�/�� 

�� �	�(� .��
D� �D ���E
9� F� '�� U�@=� H	� :��I � b9�� H	� ��I � 

Ansys CFX �K<� �1EZ �� 5� ��� :��� ��9�=� �� ��	C .WB9 

H�C �D H�C � �D ���E
9� F� UT :�0 �@�g 	���<� �,<� ��9	B.� �� 5� 

��� :��� F� �K<� �1EZ �D 
.9 �C������ ��3� ^0�� �D� ��	X 

�e��9 ��9�=� �� ��6 .N�� ���� �� ���X ����� ���� �� 	���<� :��A 


9�D ���� �� �,<� �D 	���<� �0�1,���F� � O
Z� 	�F 1/0�4�� 

�
6�� ��6�D .�3D F� H�.�� G��9�=� �D G��4 :��A ��
D� }	  �� 

��6 �� N�D �K<� e�� )�1EZ (� �K<� :�3D 5� bZ �X�� 5� ���A 

�� ��� � N�� bZ �� ���A ���� � j�6 7� ��9�=� �� ��6 )U�6 5.(  
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 L
�5-  B[ �5+, ) /3�, .)� �� ���T F��� \�A��T S- �(  

  

7���� �D N
6�� j�6 �� �K<� 1 )U�6 5 (� G�>
?� ~�<� 1 �� 

n �� 7��� F� '�� �� �� N�k �X�� ��� �KZ �� F�  N�� ~�<� ���A 

���.  

�/�
� ��9�=� ����3� N�� �bZ 
9�D 7��� j�6 �� �K<� nH� 


9� .e�T �D ���E
9� }	  '�� ��� -�I
�	C �� 7��D �� 
6�� ��
 � 

��=�� :�	�@.A �� 	0 :������ :��
 � �KZ � F� �X�� 3 �� �6�D � 

N��s.0 }	  G�>
?� �D� 	D�	D 	E4 b9�� 7�0�� � ����9� �D 

N
6�� G�>
?� �� �K<� � j�6 �� 7� �� �K<� �� 7��� ����3� �X�� 

�9 �� 	Q� �� ���A ��� � ��=�� :�	�@.A ��9	B.� �� P9� ��.� .�� 

����� �D x	6 UT�	� ��� ��6 � G��f	  m�?�� ��6 �
Z��	� �� ��6.  

�� N�� ;�<=� :�	D :F����� �:��A e��9 �D G��4 ������ � 

7��	X �D G��4 ��
E6� �9 :�3D �  �D [��Z ���I� ��	� 
D�p �� 	Q� 

�
 	C ��6 
9�.  

b��	6 :F	� � 	��9 :�0	
����� ���E
9� ��6 �� N�� UT �:��A �� 

e��X 3 � U�6 5 �l��� ��6 
9� .~	6 :F	� ��,  U� :���� - ��,  

5���
9� �X�	Z �D N�� U��� t�?
�� ��6 
9� �� �D ^0�� ��,  

5���
9� � �D -�V 7� ^0�� �D� ��	X �� 	0 ��� :��� �
D�p �,<� 

:�	�@.A ��9	B.� U4�T �� ��6 .�� ����� � �D ��Q�� 
=4 �/�9 

�� 
���D Y��
� U4�T F� N�� '�� �D Y��
� 
�� :�0 �D	/� ����<� 

��6 .:�	D e�.A� ~	6 �:F	� ��,  � :��� U� :���� �� �.0 


��T �0 
D�p }	  �� ��6 � �8�� ��,  5���
9� �X�	Z 	��w� 

�� ���.  

  

 E)��3- /3�, LD H�12'� 

	
����� :��A UT �� e�.A� 

:F	� b��	6 :���� U� ��,  - �X�	Z 5���
9� ��,  

����� 
�	T  
A�9 ��� �,Z	]�	C 

7��	X 
�	T 
8X F	� 	D ��.A 

U��A e��9 ���� F�Ce� 

Gk��3� _�� ������/��	4 

-X	� ��,  0 	E�.�� 

:���� U� ��,  1 	E�.�� 

:���� U� :��� 15/288 N��@� 

6 - 
��4� ���J� 
=-4]�( �
+�  

k�4� �� ���6 :F�9 ��0 ��� F� ���0	
����� �� N�.� 
9� �� 

5��I� 7��D Y��
� ���6 :F�9 �D t��X �3g�� 	p�� �6�D I��9 ���6 


9� .�� ���6 :F�9 :��A :�KZ ����9�=� �� �D ���8D ���6 U�@<� 

�� ��D�� �D 7���A :�KZ �
��C :F�9 �
Z��6 �� ��6 .:�	D �D 
9� 

7���� ���<� N�� �KZ �6�� ������
9� b9�� 7�9��8� Gk��9 ^?D 

)ASME38 (�l��� ��6 
9� .N�� '�� �D G��4 �@� F� 7�.0 ��A�g 

7�	D �D�� 7�9���s�� 
�3�V �� `��� �D N�� G��E� �� b9�� r�� � 

^�����.0 ]21 [:�	D :�0�	D��� ��	
�C :	� �� 5������ Gk��9 

����9�=� �39�� ���� �6.  

 '�� ���� 	Q� �Z�6 ���	1.0 ���6 )grid convergence 

index (GCI) (������ �� ��6 �� ����=� :�KZ �
��C :F�9 �� :�	D 

:�0	�w
� ���� 	Q� �� UT :��A �?,� �� ��� .��K��.0 �� 

�?,� 
9� :�KZ �
��C :F�9 �D 	E4 �0��?� ��9� � ����.0 

5� ���<� �KZ ��X� �0��Z 
6�� �� '�� GCI 5� |�	3� � 7�I�� 

�?,� F� N�� �KZ � �� �/�
� 7�I�� eO<
9� F� ^� UT :��A �� 

7��D �0��Z �	�.  

:�	D H�/��  ���� �9�	D eO<
9� UT F� �^� �9 	
����� P8� �D� �@� 

7��	X ���	X 
��� ��,  U� � ��F�D �@� �� 	Q� �
 	C �6 .;�V 

e��X 4� ���<� :�KZ ����3a
21 � �Z�6 ���� ���	1.0 ���6 

GCIfine
21 ��9�=� �� ��6 �� ��A U4�T ���6 :�KZ���<� UT :��A 

�� ���6 :F�9 7��	X �� �����37 
9� ]21. [  

  

E)��4-  �-�A� 
��4�GCI �5 )� /S�� ��+� 37  

�@� ��F�D U� ��,  
��� 
 7��	X �@� �D�

��	X 
 

19/0% 29/0% 44/0% 21
fineGCI 

33/0% 57/0% 86/0% 21
ae 

  

7 - ^"� ) 
��4� _=���  

�3D F� e�.A� b��	6 :F	� � ����� 	D :�� :�2  ���6 :��D ��6 

�� 5� e���� F� ����� 37 � H�/�� UT :�0 ��3
� �D ���3� ���6 :�0 

G��E
� � �� :�0��� �G��E
� Y��
� F� �X�	Z H	� ��I � d�	?
9� �6 .

N�� �X�	Z �0 ~�D	� �D �9 �
9� ��� ���9	B.� :�0��� 100 ��4�� 

90 �4�� � 70 �4�� ��� �:���  �� ��6�D.  

Y��
� N�� U�@=� �0 :�	D ����<� �D Y��
� �D	/� ]20 [�� 5� ���0� �	� 

:�	D 	���<� -�f�� ��,  � ��� �� U�6 :�0 ���.6 6 � 7  7�,� ���� 

��6 
9�.  
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L
� 6-  `=S5  F+�� ��'V �3 E5R ���(3 �4�  

  

  
 L
�7-  �4� ���(3 E5R �3 ��'V F+�� `=S5   

  

�3D F� 
9�D 7��� Y��
� �:��A :�	D U�@=� Y��
� �D ��Q�� P9� 

U��� ��=�� :�	�@.A ����� 37 �� 
���D Y��
� :��A �� �� 	D 

��=�� Y��
� �D	/� ;�K�� �� �6�D �� ��X ��.� .�� ��� 100 �4�� �D 

^��I � 
��� ��,  :�KZ Y��
� :��A 	
,�D �� ��6 .N�� Y��
� �� 

�K<� P,6 ��3� �� ���<� 55/17 �4�� ^��I � �� 
��� ��,  �1EZ 

UD�g e��g �� �6�D .�� ��� 90 �4�� N�� ���<� �� �K<� P/�� � �� 

29/18�4�� ^��I � �� 
��� ��,  �1EZ �� N�� ��� �� �6�D .��� �� 

��� 70 �4�� F� ���/�� �� ���.� 	���<� 
��� �D Y��
� �D	/� :���� 

nO
Z� �� ��6�D :���<� F� N�� Y��
� �� 	Q� �
 	C �� ��6 �� :�	D 

����� ��� 7��
D ��=�� :�	�@.A �� N�� ��� �� U��,� ��� .N�� ���3� 

�K<� �� 
<�<T Y�� �K<� e�� F� �� �K<� ��9�=� ��6 �� �6�D.  

�D ��Q�� ��9�=� j�6 �� �K<� 	Z� �� 	0 ��� 5� Spline �X�� �� 

N�D ~�<� ���A ���� �� ��6 .N�� �� �� N�k �D N�� }	  U��,� ��6 


9� �� bZ :���A F� �� �K<� e�� �X�� 5� �6�D .F� N�� �� Spline 

N�D ~�<� :�3D UD�g ��9�=� �� �6�D .���.� G��9�=� :�	D 
9�D 

7���� Gk��3� �� :�2  j�	f ��D � j�	f 7��	X G��4 �� �	�C .

	���<� j�	f ��D � j�	f 7��	X :�	D 	0 ��� :��� �D j��	� e��X 5 


9�.  
  

E)�� 5- /��7 �)3 4( �3 ��� �+��"� ��=4� ) ��� a=4; 4=3�A�  

point 
100% 90 % 70% 

φ ψ φ ψ φ ψ 
1 0.4529 0.3475 0.4660 0.3655 0.4746 0.3509 

2 0.4529 0.3602 0.4659 0.3877 0.4678 0.3766 

3 0.4528 0.3859 0.4656 0.4168 0.4529 0.4050 

4 0.4525 0.4375 0.4645 0.4501 0.4315 0.4372 

5 0.4511 0.4744 0.4435 0.4937 0.4005 0.4753 

6 0.4410 0.5146 � � � � 

  

 �D ~�D	� G��9�=� H�/�� F� �3DSpline  	Z� �K<� �� j�6

 	D�	D 7��	X j�	f �K<� �� ��D j�	f ���<� �� ���/�� F� .�6 ��9�=�

 �X�� �D �/�
� �� ��1EZ �K<� �� ��D j�	f ���<� �D 
9� 	D�	D �	E4

 ���.6 U�6 �D8  e��X 	D�	D �� 	���<�6 :
6�� P�0��Z  
 

  

  
L
� 8-  �5+, �<3�J� ���3 �� S- b�� )3 �9A� �3  �'A��5�46�7  

  

 E)��6- /��7 �)3 4( �3 4c� 3�5� �9A� )3 �3 a�� ) H�1�2�  

 
100% 90 % 70% 

Aφ
 

0.44101435 0.429858412 0.400514309 

Aψ
 

0.514621842 0.509006559 0.475303619 

Am
 

-0.39713627 -0.50023521 -0.639455426 

Bφ
 

0 0 0 

Bψ
 

0.347584857 0.365549019 0.350922426 

Bm
 

0 0 0 

  

 e��X :��A 	���<� � G��9�=� ��9� 	D6  	���<� 
9� ��6 U��,�

 F� G�>
?� 	���<� � ~�<� N�D F� bZ 7��� ���A G��9�=� F� j�6

  U�6 �D �X�� �D .
9� ���� 
9�D :��I � H	� G��9�=�6  
�3g��

 ~�<�A  �B �� �?,�  :�	D I�� �9 �X�� ����3� U�6 N�� �� .�6�D

 j�	f �� j�6 �� ���/�� F� ��� .
9� ��6 �
6�� G�>
?� N�� ��D

�� 	E4 �	E4 	D�	D  ���<� �6�Dc 
9� 	E4 ����3� N�� ���  �D �� �	]

 ����3� 	E4 	D�	D ����3� e�� ;
,� N
 	C 	D�	Dc  
9�D 	E4 :����

�����.  

 �9 �X�� ����3� 	���<� �K<� �� N�� �� j�6 � �K<� �� N
6�� �D e�T

7� N�D �	f :�	D ��6 ��9�=� 	���<� .
9� d�	?
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 �X�� Gk��3�3  ���.6 e��X j��	� �D7 �� .�6�D  
  

E)�� 7- 4=3�A� F��� ���T /-4� a=-4; �<3�J� ���3 ��  

 
100% 90 % 70% 

A -5.93669219 -6.318190179 -7.858296472 

B 3.476996435 3.492303941 3.922747408 

C 0 0 0 

D 0.347584857 0.365549019 0.350922426 

  

j��	f ��9�=� ��6 �� e��X k�D ����3� �X�� �9 ��� -�I
�	C �� �� 

	0 ��� :��� �� ��F�9 .����.� �X�� �9 ~�D	� �D N�� �9 ��� :��� 

�� U�6 :�0 9� 10 � 11 7�,� ���� ��6 
9�.  
  

  
 L
�9- �5� 
�"��- �)3 �� \5�4� ���T F��� �K�=48100 �$�3  

  

  
L
� 10 - 
�"�� �5�-�K�=48 F��� ���T \5�4� �� �)3 90 �$�3  

  

  
L
� 11- 
�"�� �5�-�K�=48 F��� ���T \5�4� �� �)3 90 �$�3  

  

�� �9 ��=�� k�D �� �D j��	� :�	D ��� :�0 100��4�� 90 

�4�� � 70 �4�� �� ��6�D 	���<� j�	f ��D 	D j�T j�	f 7��	X 

7�,� ���� ��6 
9� .N�� ��=�� �0 �� ��=�� :�0 �X�� �9 �� ��6�D 

	D ��9� ��=�� �X�� �9 ��� -�I
�	C )����3� 10 (U��,� ��6 ��� .

��K��.0 �� �� 
.�g 3  �
EC �6 �� e�� ��� -�I
�	C ��<
A� 	D N�� 


9� �� ��
 � ��=�� :�	�@.A ��9	B.� �� 	0 ��� :��� F� _�� 

�X�� �9 �� �6�D .e�T :�	D ����<� Y��
� 
9�D ���� �D Y��
� �D	/� 

	���<� j�	f ��D � j�	f 7��	X �D ���E
9� F� bD��� 	�F �D 	���<� 


��� ��,  � �D� ��	X 7��	X U���� �0��Z �6.  

)11     (                                                      0m AUρ φ=&   

)12(                                                       

2 1

p 01

U
Pr 1

c T

γ
γψ − 

= + 
     

 �KD�� ��)11( 7��	X j�	f ���<� F� ��	X �D� ��9�=� :�	D∅   �

 :���� 
T���A 7��	X 
A	9 �U 7��	X e�T �� e��9 ���1] �ρ0  

 �KD�� .
9� ��6 ���E
9�)12(  ���<� F� ��,  
��� ��9�=� :�	D

 �KD�� N�� �� �
9� �
 	C ��	g ���E
9� ���� ��D j�	fψ   ���D j�	f

2p ����� :��	C@01   � :���� �� 7��9 :���γ  ���� :��	C 
���

�� .
9� d�	?
9� UD�g :��A Y��
� F� k�D 	���<� ���.� .�6�D  

 ��=�� ��/�� F� ���� 
9�D 	���<� � k�D bD��� F� ���E
9� �D 7����

��� - G��9�=� �@T	� �� ���� 
9�D :��A Y��
� N��s.0 � �I
�	C

	��� �:��I � H  ����� :�	�@.A ��=�� 7���37  �� �1EZ �K<� F� ��

 �K<� F� �3D�C������ ��� e�� �D �X�� �D - N�� .��.� P9� �I
�	C

 ���.6 U�6 �� ��=��10 .
9� ��6 ���� 7�,� 

 U�6 ����.�12 ��� Y��
� U���� F� �3D - � ��D j�	f :�2  F� �I
�	C

� � e��9 ��	X �D� �D 7��	X j�	f � 	V F� � ����� ��,  
��

] �D	/� Y��
� �D ����<�14 ��9� 	D 	�F ����.� �� .
9� ���� 
9�D [

��� e�� -:�������� _�	6 �K<� 	D�	D ����.� ���,�D �I
�	C�� �0 .�6�D

 �KZ :���� 	Q�� �� F� �D	/� Y��
� �D ��� 	0 �� ���,�D ~�<� N��

�� ^�� �� �KZ ��C��� 5� .�6�D ���D � 
9� ���,�D ��,  
���

^�� �� �KZ :	1���� �K<� 7� �� e��9 ��	X �D� ���D �� .�6�D

 ��� ����100 ^�� �� �KZ �4�� 	D�	D ��,  	\���T ���D4490/0 

 	D�	D �K<� N�� �� ��	X �D� ���D ^�� ���� �� � �4��8993/1 

�� �4��  ��� �� .�6�D90  �T ���D ^�� �� �KZ :��� ��� �4��

 	D�	D ��,  	\��6685/0  N�� �� ��	X �D� ���D ^�� ���� �� � �4��

 	D�	D �K<�3578/4�� �4��  ��� �� �KZ ���� �� Y��
� ��� .�6�D70 

 	D�	D ���,�D ��,  
��� ���D ^�� ���� �� :��� ��� �4��9363/0 

 	D�	D �K<� N�� �� ��	X �D� ���D ^�� ���� �� � �4��9353/8  ��

 
9�D �4.
9� ����  
  

  
L
� 12- 
�"�� /34
��, �5 )� 37 L$�D S- _=��� /3�, ) 
�"�� 

�5�-�K�=48 ��=�A�) �� _=��� 
�4	  ]17[  
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 e��X F� �KZ 	���<�8  F� �KZ ��9�=� :�	D .
9� ��6 ��9�=�

 ���.6 e��	 13 .
9� ��6 ���E
9�  

)13                                                      ( 3AABA =  CDEFGCHIJ
CDEF

  

  

 E)��8-  4=3�A� ) �<�A� �3 ��� �d-�- .)� S- ���T F��� _=���

] 
�4	  35�5�17�5�46�7 e� ���'�� �3 [  

  
  

8 - �	��� /4�8  

 ��I � H	� F� ���E
9� �D �9�	D N�� ��CFX  �1
E6� e�� b9�� �K − , 

 ��X�� �����
9� ����� ���.� 5� �I
�	C � ��� b9�� ��6 �l��� e�� �

 ����� H�� �D -D��� ��37  F� ���E
9� �D .
 	C ��	g �9�	D � U�@=� ����

 ����� :�	�@.A �,<� ��I � H	� N��37  :��� :�0��� ��100  ��4��

90  � �4��70  bZ �D 7�6 5��I� �� �4���C������  _�	6 �

��������:  �D� ��,  
��� ����.� � ����<� �D	/� Y��
� �D � d�	?
9� �0

 ��9	B.� :�������� b��	6 �D 7�6 5��I� .�6 d�	?
9� 7��	X ��	X

 ����� U� �� ��(C UT ���F��� � ���6� ����D :��A '�� b9��

�� ���F 7��F � ���I0 n	4 �D F��� 	�� N�� �� 
9� ��9	B.� .�6�D

 N�� �� �� ��K��.0 bZ �D 7�6 5��I� �6 ���� 7�,� �0����.�

�C������ 7�9� ����D ;�<=� N�� �� ��6 x	K� '�� �@�9� �D  F� 	�

 ����I� �� N�1�9 :��A UT Y�� H�/�� Ug��T � ���D :��A '��

�.� F��� 	1�� ��9	B.� :�������� '�� N�� �� ��X�� :�KZ .�6�D

��� U� �� ��(C :��A UT '���D �����] G��E� ����� ��9	B.� ��

�� :	
.� 7��F � ���I0 :���� '�� N�� ��� :�KZ 	�F �� .�6�D

 :������ ��>
Z� �D 	1�� ��D �D	/� Y��
� �D 
��� ���� 
9�D Y��
�

�� :��6 

•  :��� ���100  ��,  	\���T ���D ^�� �� �KZ �4��

 	D�	D4490/0  �� ��	X �D� ���D ^�� ���� �� � �4��

 	D�	D �K<� N��8993/1 �� �4�� `�6�D  

•  :��� ��� ��90  ��,  	\�� �T ���D ^�� �� �KZ �4��

 	D�	D6685/0  �� ��	X �D� ���D ^�� ���� �� � �4��

 	D�	D �K<� N��3578/4 �� �4�� `�6�D 

•  :��� ��� ��70  ��,  	\�� �T ���D ^�� �� �KZ �4��

 	D�	D9363/0  �� ��	X �D� ���D ^�� ���� �� � �4��

N��  	D�	D �K<�9353/8 �� �4�� .�6�D 
 ��� �� �� ���6 F� eO<
9� :�	D ���� 
9�D 	���<�100  H�/�� �4��

�� 	�F x	6 �D �
 	�(� :�6�D  
•  ���<�e32  	D�	D 7��	X ��	X �D� :�	D24/0  :�	D ��4��

 	D�	D ��,  
���16/0  	D�	D U� 7������ :�	D � �4��

10/0 �� �4�� `�6�D 
•  ���	1.0 �Z�6GCI fine 23  	D�	D 7��	X ��	X �D� :�	D

12/0  	D�	D ����� ��,  
��� :�	D ��4��08/0  � �4��

 	D�	D U� 7������ :�	D06/0 �� �4�� .�6�D  

7�.0 ��V �� ��0�,� �� ��6 �D ^0�� ��� :��� �KZ �� ^�� ���D 

�K<� _�	6 :�������� �0 ^��I � �
 �� 
9� .N�� 	�� F� ���/�� �� �D 	Q� 

:���� ���1�� �?,� ���6�D :	�� t�@K� 
9� �	] �� N�.� 
9� 

�D 
9�D 7���� :�1�� ^��I � �KZ 7��
D �D ���E
9� F� ����	f 7� �0 �� 

e�� :F�9 � n(T ��.� ��� F� � 	V 	1�� 
9�D 7���� :�1�� �KZ 

�� 	0 ��� :��� HI@
�� ;�<=� N�� '�� ^�� ���D 	D :�� N���] 

��9	B.� :��=� 	1�� �� �6�D �� :�	D 
9�D 7���� N�� �1�� F��� 


9�.  

F� 	1�� ������g� �� :�	D ^0�� �KZ �� 7��� �� 	Q� 
 	C 	��w� 


��� ��,  �� �K<� �D� 	D�	D 	E4 
9� �� �� �/��� �D ��V �f	  

	D�	D 
��� ��,  �� �K<� �1EZ }	  �6 .�D ^0�� �� ^��I � N�� 

���<� �� 7��� �0�KZ �� �� :�T ���8D ��� ��� N�� _�f�� I�� ���F��� 

���� 7�	� ���1�� :�	D N��3� ^0�� �� ^��I � � 7�I�� 	��w� N�� 

���<� 
9� �� HI@
�� �9�	D 	
,�D 	D :�� ���3� ��9	B.� 	
,�D 

�� �6�D.  

�D ��V �@� �� N�� '�� ^�� ���D �K<� �C������ �D �
g� j9��� 

H�/�� �6 �� 	C� N�� ��� �D '�� :��A H�/�� �� ��6 ���F��� ��/�� 

���6 :�0 �N�1�9 UT :�0 ��(C �� N���] �K<� :��� � F� �.0 

P8� 	� n	4 
g� ���F �� ��D .e�T �D N�� �'�� ^�� ���D  �C������

����D ���9 	� �� ���.� ��� :�	D ^0�� :�KZ ��X�� �� '�� F��� �D 

�9�	D :�0 	
,�D � ���E
9� F� j��	f � ���0�1�� �� N�� '�� �� �6�D 

�� N�� '�� �� �D 5� e�� U���� ���.�.  
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