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Abstract: This paper presents the modeling and simulation of gas turbine aero-
engine for fuel control system design in steady state and transient modes. In 
this study, for the generation of the compressor map, two different methods 
including generalized and designed methods are used. In addition, the effects 
of the climatic and flight conditions on the engine performance parameters 
including engine thrust, fuel consumption and inlet turbine temperature are 
modeled. The objective of the engine performance analysis is to investigate the 
critical parameters for engine control during different climatic and flight 
conditions. For this purpose, a computer simulation is developed using Matlab 
Simulink, and the engine steady state and transient performance are obtained. 
The results are then compared with the experimental data for a turbojet engine 
at standard condition where a good agreement are seen. Moreover, the results 
show how some of the engine parameters exceed their allowable limits as the 
climatic and flight conditions change. These results confirm the need for a 
control system to avoid such malfunctions. Finally, the fuel control system 
functions are classified based on the climatic and flight conditions.  
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ŵŵźĭ�ƾƯ�ƲǀƯŚţ�ƹ�ƒƠů�ŹƺţƺƯ�ƾƨƿżǀƟ�ƽŚƷ�ŢƿŵƹŶŰƯ��ŵƹźƳ�źţřźƟ��
źƃ� Źŵ� ŚƯř�ƲǀƯŚţ� ŢƸū� ŹƺţƺƯ� Źƹŵ� ƩźŤƴƧ� �ŵźſ� ƾƿřƺƷ� ƹ� śō� Ǝƿř

ŶƃŚŝ�ƾưƳ�ƾƟŚƧ�ŹƺţƺƯ�ƾƨƿżǀƟ�ƽŚƷ�ŢƿŵƹŶŰƯ���
��

��
�ƪƨƃê���ŢƗźſ�Ŝƀů�źŝ�ƲǀŝŹƺţ�ƶŝ�ŵƹŹƹ�ƽŚƯŵ�šřźǀǀƜţ

ƞƬŤŴƯ�ƽŚƷŚƯŵ�Źŵ�ƾƳřŹƹŵ��
��

è�æ�é��řźƃ�ƾſŹźŝƿŻřƹźě�ƞƬŤŴƯ�Ǝƽ��
řźŝ�Ţưƀƣ�Ʋƿř�ŹŵƽſŹźŝ�ƾŧŚţ�ǀřźƃ�źƿŻřƹźě�ƎƽƃŚƳ�ƶĩ�ƾƜţ�Żř�ǀǀ�šřź

ţŹř�ƹ�ƕŚƠƿěřƺƷ�ŢƗźſ�Śǀ�ƹ�ƞƬŤŴƯ�šŚƗŚƠţŹř�Źŵ�řŹ�ŹƺţƺƯ�ƩŶƯ��Ţſř�Śư
Şƃ�ƞƬŤŴƯ�űŚƯ�ŵřŶƗř�ŽŚſř�źŝǀŻŚſ�ƶƽŚŤƳ�ƹ�Ƶŵźĩ�ƿ�ƵŶƯō�ŢſŶŝ�Ū

Ư� ƶŗřŹřƾŵŵźĭ�� �ƫźŤƴĩ� źŤƯřŹŚě� Ʃƹř� ŢƫŚů� Źŵƾŝŵ� ŹřŶƤƯ� ŹƺţƺƯ�ƾ�
ř� Źŵ� �Ţſř�Ţųƺſƿŝŵ�ŢƫŚŰƴƾŵƹŹƹ�Ţųƺſ�ƽ�ŹřŶƤƯ� řŹ� ŹƺţƺƯ� ƶŝ�

ƾůřźƏ�ƶƐƤƳ� ŹřŶƤƯ�źŝřźŝ�ŢŝŚŧŢſř� ƵŶƃ�ƶŤƟźĭ�źƔƳ� Źŵ�� �řƿ�ƱřŶŝ�Ʋ
ƴƘƯƾŚƷ�űŚƯ�ƹ�ŚƷ�ƕŚƠţŹř�Źŵ�ƶĩ�Ţſř�ƽŤŝŚŧ�Ţųƺſ�ŹřŶƤƯ�ƞƬŤŴƯ�ƾ�

Śſ�ƹ�Ƶŵřŵ�ŹƺţƺƯ�ƶŝ�řŹƿŶƳř�ƵŶƃ�ƶŤƃřŸĭ�ŵřŻō�ŚƷźŤƯřŹŚě�ź��ŚŤƳƿ�ƪƇŚů�Ū
ř�ŻřƿŻŚƀƫŶƯ�Ʋƽ�ƽŚƷ�ƪƨƃ�Źŵ�źƿŻ�ƽŚƷ�ƕŚƠţŹř�ŌřŻř�ƶŝ�ëƹì�Ƶŵřŵ�ƱŚƄƳ�

Ţſř�ƵŶƃ��Ŷƿŵ�ŚƷ�ƪƨƃ�Ʋƿř�Źŵ�ƶƧ�ŹƺƐƳŚưƷ�Źŵ�ƶĤƳŚƴģ��ŵƺƃ�ƾƯ�Ƶ
�ƾůřźƏ�ƶƐƤƳ�Ţųƺſ�ƾŝŵ�ŹřŶƤƯ�ƱŚưƷ�Żř�ŚƿŹŵ�ŮƐſ�Żř�źţǇŚŝ�ƕŚƠţŹř

ŚƯŵ� ƹ� ŹŚƄƟ�ŢŞƀƳ� �ŵƺƃ�ƵŵŚƠŤſřƽŝŹƺţ�ƶŝ�ŵƹŹƹ�ǀ�ŻŚŬƯ�źƿŵŚƤƯ� Żř�Ʋ
�ƞƬŤŴƯ�Ǝƿřźƃ�Źŵ�Ţųƺſ�ƾŝŵ�ŹřŶƤƯ�ƮǀƔƴţ�řŸƫ�ƹ�ŢƟŹ�ŶƷřƺų�źţřźƟ

ŶƃŚŝ�ƾƯ�ƽŹƹźƋ�ŹƺţƺƯ�ƽŚƷ�ŢƿŵƹŶŰƯ�ŽŚſř�źŝ�ƽŻřƹźě����
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�ƪƨƃë���Ŝƀů�źŝ�ƲǀŝŹƺţ�ƶŝ�ŵƹŹƹ�ƽŚƯŵ�šřźǀǀƜţ

ƞƬŤŴƯ�ƽŚƷ�ƕŚƠţŹř�Źŵ�űŚƯ�ŵŶƗ�šřźǀǀƜţ��

��
�ƪƨƃì���űŚƯ�ŵŶƗ�Ŝƀů�źŝ�ŹƺţƺƯ�ƾƳřŹƹŵ�Źƹŵ�šřźǀǀƜţ

ƞƬŤŴƯ�ƽŚƷ�ƕŚƠţŹř�Źŵ��
��

ƫźŤƴĩ�źŤƯřŹŚě� �ƭƹŵ�ŢƫŚů�ŹŵƾŚƯŵ�ƽŝŹƺţ�ƶŝ�ŵƹŹƹ�ǀ�ƶŤƟźĭ�źƔƳ�Źŵ�Ʋ
Ţſř�ƵŶƃ� �ŚƷ�űŚƯ�ƹ� ŚƷ�ƕŚƠţŹř� Źŵ�ƶĩ�ŢſŚƴƘƯ�ƱřŶŝ�ƲƿřƽŴƯ��ƞƬŤ

ŚƯŵƽŝŹƺţ�ƶŝ�ŵƹŹƹ�ǀŚſ�ƹ�ƶŤƃřŵ�ƶĮƳ�ŢŝŚŧ�řŹ�Ʋƿ�ƶŞſŚŰƯ�řŹ�ŚƷźŤƯřŹŚě�ź
Ưƾƴĩ�ǀƮ��ŚŤƳƿř�Żř�ƪƇŚů�Ūƿ�ƪƨƃ�Źŵ�ŢƫŚů�ƲíŢſř�ƵŶƃ�ƶŗřŹř����

�ƪƨƃ�Źŵ�ƶƧ�ŹƺƐƳŚưƷí�Źŵ�ŹƺţƺƯ�ŵźƨƬưƗ�ƽŚƷźŤƯřŹŚě�ŵƺƃ�ƾƯ�ƵŶƿŵ�
�ƽŚƯŵ�ƩźŤƴƧ�ŚƯř�ŶƳř�ƶŤƟźĭ�Źřźƣ�ƩźŤƴƧ�ŢŰţ�ƽŵŚƿŻ�Ŷů�Śţ�ŢƫŚů�Ʋƿř

Źƺţ�ƶŝ�ŵƹŹƹ�ŹƺţƺƯ�Ʋƿř�ŵźƨƬưƗ�ƽŻřƹźě�Ǝƿřźƃ�ƭŚưţ�Źŵ�ƾƿŚƸƴţ�ƶŝ�Ʋǀŝ
Ţſř� ƵŵƺưƴƳ� ƲǀƯŚţ� řŹ� ��ŢƗźſ� Żřƹźě� Ǝƿřźƃ� Żř� ƾƌƘŝ� Źŵ� Ɩƣřƹ� Źŵ

Ţſř� ƶŤƟŹ� źţřźƟ� ŻŚŬƯ� ŢƗźſ� ƮưƿżƧŚƯ� Żř� ŹƺţƺƯ� ��ƱŚƄƳ� ŪƿŚŤƳ� Ʋƿř
�ƩźŤƴƧ�ƶŝ�ŹŵŚƣ�ƾƿŚƸƴţ�ƶŝ�żǀƳ�ƲǀŝŹƺţ�ƶŝ�ŵƹŹƹ�ƽŚƯŵ�ƩźŤƴƧ�ƶƧ�ŶƷŶǀƯ

Ƴ�Ǝƿřźƃ�ƭŚưţ�Źŵ�ŹƺţƺƯ�ƲưƿřŶƃŚŝ�ƾư���
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�ƪƨƃ�í��ŵŶƗ�šřźǀǀƜţ�Ŝƀů�źŝ�ŹƺţƺƯ�Ţſřźţ�šřźǀǀƜţ�
ƞƬŤŴƯ�ƽŚƷ�ƕŚƠţŹř�Źŵ�űŚƯ��
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ř�ƭŚŬƳřƿŚƤƯ�ƲƿƘƣřƹ�ƖŝŚţ� řŶŤŝř�ƶƀƾƘƣƺƯ�ǀ�ƭŚĮƴƷ�Źŵ�ƶĩ�ŻŚĭ�ƶŤſŵ�Ţ
Ź�šŹƺƇ�ƶŝ�ƵŶƃ�ƩŚưƗř�ŹƺţƺƯ�ƶŝ�ŢƀţƿƋŚƾř�žĜſ�ƹ�ƵŶƃ�ƩŶƯ�ƿ�Ʋ

Ź�ƩŶƯ�ƶŝ�ƖŝŚţƿƋŚƾŢſř�ƵŶƃ�ƩŚưƗř�ŹƺţƺƯ���ŚƸƳ�ŹŵƿŚŤƳ�Ţƿūƹźų�Ūƾ�
Ź�ƩŶƯ�ŻřƿƋŚƾŹřŵźŝ�Ƶŵřŵ�Śŝ�ƽŚƷ�ƽƬưƗ�ƾŚƤƯ�ŵŹƺƯ�ƿ�ƶŤƟźĭ�Źřźƣ�ƶƀ

Ţſř���ƪƨƃ�Źŵ�ƶƧ�ŹƺƐƳŚưƷÖ�Ʋǀŝ�ƩƺŞƣ�ƪŝŚƣ�ŢƤŝŚƐƯ�ŵƺƃ�ƾƯ�ƵŶƿŵ�
�ŵŵźĭ�ƾƯ�ƶƔůǈƯ� řŹŸĭ�ŢƫŚů�Źŵ�Ţƀţ�ŪƿŚŤƳ� ƹ�ƽŻŚſ�ƶǀŞƃ�ŪƿŚŤƳ
�ƱŚƯŻ� ƶŞſŚŰƯ� ƽřźŝ� ƵŶƃ� ƭŚŬƳř� ƽřŹŸĭ� ŢƫŚů� ƽŻŚſ� ƶǀŞƃ� ƶŝ� ƶƧ

ƴƯ�śŚŤƃ�ƹ�ƽźǀĭ�śŚŤƃŶƄŴŝ�ƾƯ�ŹŚŞŤƗř�ƾƠ���
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�ƪĪƃÖ��ŚƤƯƿŚŤƳ�ƶƀƿŝ�řŹŸĭ�ŢƫŚů�ŪǀƬưƗ�Ţƀţ�Ʋƾ�ƹ�������

ŞƃǀŻŚſ�ƶƽ��ūƹźų�ŹŚƄƟƾŹƺſźĜưĩ�Żř����
��

Ó��Ŷƴŝ�ƶŤſŵƽŚƓƹ�ƿſ�ƞǀřźƃ�Źŵ�Ţųƺſ�ƩźŤƴĩ�ƮŤƀƿ�Ǝ
ƞƬŤŴƯ��

�ƩźŤƴƧ�ƽŚƷŵƺƯ�ƾƿřƺƷ�ŻŚĭ�ƲǀŝŹƺţ�ŹƺţƺƯ�ƾƫźŤƴƧ�ƽŚƷŵƺƯ�ƶƧ�ŚŬƳō�Żř
ŤƴƧ� ƹ� ƾƨƿżǀƟ� ƽŚƷ�ŢƿŵƹŶŰƯ� ƩźŤƴƧ� �Ţſřźţ�ƾƯ� řŹŸĭ�ŢƫŚů� Ʃź

ŚŤƳ� ƶŝ� ƶūƺţ� Śŝ� Ţưƀƣ� Ʋƿř� Źŵ� �ŶƃŚŝƿŻŚƀƫŶƯ� ŪƽŚƷ� ŢƫŚů� Źŵ�ƽ�
řƺƷ�ƹ�śō�ƞƬŤŴƯƾƿŻřƹźě�ƹ�ƽƯ�ƾƳ�Ʊřƺţ�ǀŶƴƯŻŚƽŚƷ�ƽƫźŤƴĩ�ƾ�ŹƺţƺƯ�

řźƃ�Źŵ�řŹƿŻ�šŹƺƇ�ƶŝ�ƞƬŤŴƯ�ƎƿŶƴŝ�ƶŤſŵ�źƽŵƺưƳ�����
 ŧŚţǀűŚƯ�ŵŶƗ�ƹ�ƕŚƠţŹř�ź��řżƟř�Śŝƿƫŵ�ƶŝ�ƕŚƠţŹř�Ƃǀ�ƹ�ŚƯŵ�ƂƷŚĩ�ƪ

ŤƳ� Źŵ� ƹ� ŹŚƄƟǀŚĩ�ƶŬŚƷźŤƯřŹŚě�ƂƷƽ�, �Ţųƺſ�ƱŚưƷ� řŻř�ƶŝ�
ŵŚƤƯ�ŵŹřŶƳŚŤſř�ŢƫŚůƿŚƯŵ�źƽŝŹƺţ�ƶŝ�ŵƹŹƹ�ǀřżƟř�ŹƺţƺƯ�Źƹŵ�ƹ�Ʋƿ�Ƃ

Ưƾ�ƿřżƟř�Ŷƴģ�źƷ�ŶŝŚƿŶů�Śţ�űŚƯ�ŵŶƗ�Ƃƽř�ƿŧŚţ�ƲǀƯ�ƱřźŞū�řŹ�źƾ�
Ŷƴĩ��ƫǀƳ�ƲĪǀĭƺƬū�ŢƸū�ŹƺţƺƯ�Ţųƺſ�ƩźŤƴĩ�ƶŝ�ŻŚǀźƽ�ŢƟŹřźƟ�Żř�

ƳřŹƹŵ�ŢƗźſƾŚƯŵ�ƹ�ƽ�ŵƹŹƹ�ŝŹƺţ�ƶŝǀŹƹźƋ�ƲƽŢſř����
 ŧŚţǀƎǀŰƯ� ƽŚƯŵ� ź� �� źŤƯřŹŚě� ŚƯŵ� ƂƷŚĩ� Śŝ�šǇŵŚƘƯ� Źŵ�

Űƈţǀ�ƂƷŚĩ�ŹƺţƺƯ�ƵŶƃ�ŮƿŤƳ�Źŵ�ƹ�ƶŤƟŚǀƳ�ƹ�ŹƺţƺƯ�Źƹŵ�ƶŬǀŚƯŵ�żƽ�
ŝŹƺţ�ƶŝ�ŵƹŹƹǀŝ�ƲǀŶƃ�ŶƷřƺų�ŻŚŬƯ�Ŷů�Żř�źŤƄ��ř�Źŵƿ�ƶƐƤƳ�ŢƫŚů�Ʋ

ůřźƏƾźŤưĩ�Ţųƺſ� ŌřŻř� ƶŝ� ŹƺţƺƯ�ƽƯ� ƪƇŚů�ƾŵƺƃ�� �ŝřźŝŚƴƿ�Ʋ
ř�Źŵ�ŹƺţƺƯ�Ţųƺſ�źƫźŤƴĩƿŚŝ�ŢƫŚů�ƲƿŚƷźŤƯřŹŚě�ƩźŤƴĩ�ŢƸū�Ŷƽ�

ŚƯŵ�ƹ�ŹƺţƺƯ�ŹƹŵƽŝŹƺţ�ƶŝ�ŵƹŹƹ�ǀŵƺƃ�ƩŚƘƟ�Ʋ����
�ƪĪƃÎÍř�ƶƳƺưƳ�ƽůřźƏ�ŢƸū�ŹƺţƺƯ�ŵźƨƬưƗ�ŢƿŵƹŶŰƯ�Żř�ƾ�źƫźŤƴĩ�

ŚưƳ� řŹ�ŢųƺſƿƯ�ƂƾŶƷŵ�� �řźŝƽƯ� ƶƔůǈƯ� ƶƳƺưƳ�ƾ�Źŵ� ƶĩ� ŵƺƃ�
� Ʋǀů� Źŵ� ƮƸƯ� ƶƬŘƀƯ� ƲǀƿŚě� ƾƳřŹƹŵ� ƽŚƷ� ŢƗźſ�ŹƺţƺƯ� ƽźǀĮŝŚŤƃ

ŶƃŚŝ� ƾƯ� ŹƺſźĜưƧ� ũźſ� ƶƬŘƀƯ� ��ƩźŤƴƧ� ƮŤƀǀſ� źĮƿŵ� šŹŚŞƘŝ

�ƶƧ�ŶƿŚưƳ�ƮǀƔƴţ�ƱŚƴģ�řŹ�ŹƺţƺƯ�ƽźǀĭ�śŚŤƃ�ƾŤƀƿŚŝ�ŹƺţƺƯ�Ţųƺſ
ŶŤƠǀƳ�ơŚƠţř�ũźſ�ƵŶƿŶě�ŹƺţƺƯ�ƾƳřŹƹŵ�ŢƗźſ�ƾƳŚƸĭŚƳ�źǀǀƜţ�źŧř�Źŵ��

ŚƷ�ŢƗźſ�Źŵ�ƲƨƫƽƳřŹƹŵ�ƾě�ǇŚŝ�ǀŵƹŶŰƯ�ƶĪƳō�Żř�Ƃƿ�ƮƸƯ�ũźſ�Ţ
ŚƯŵ�ŶƃŚŝƽ�ŵƹŹƹ�ŝŹƺţ�ƶŝǀŚŝ�Ʋƿŵƺƃ�ƩźŤƴĩ�Ŷ����

��

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
Steady state Response 

Air mass flow(kg/s)[w/w(des)]

pr
es

su
re

 r
at

io

TIT constant
mf constant
surge line
Thrust constant
working line

��
�ƪƨƃæå���ŢƿŵƹŶŰƯ�ƍƺƐų�ƵřźưƷ�ƶŝ�ŹƺţƺƯ�ŵźĪƬưƗ�ƾƴŰƴƯ

Ţſřźţ�ƹ�Ţųƺſ�ƹ�ƲǀŝŹƺţ�ƶŝ�ŵƹŹƹ�ƽŚƯŵ�ƹ�ũźſ�ƽŚƷ��
��

Ô��ƽźǀĭ�ƶŬǀŤƳ��
� ƽŻŚƀƫŶƯ� ƶƫŚƤƯ� Ʋƿř� Źŵ� ƹƶǀŞƃ��ŢƫŚů� ƹ� ŚƿŚě� ŢƫŚů� ŵźƨƬưƗ� ƽŻŚſ

� ƶŗřŹř� ƾŗřƺƷ� ŻŚĭ� ƲǀŝŹƺţ� ŹƺţƺƯ� ƽřŹŸĭŶƿŵźĭ� ��ƽŻŚƀƫŶƯ� ƽřźŝ
ǀƴŰƴƯ� ƁƹŹ� ƹŵ� Żř� ŹƺſźĜưƧ� ƶƈŴƄƯ� ƽŚƸƶŤƟŚƿ� ƮǀưƘţ�

�generalized� ��ƾůřźƏ�ƹ�designed� �Ţſř�ƵŶƿŵźĭ�ƵŵŚƠŤſř� ��Ʋƿř
�ƁƹŹ� Żř� ŹƺſźĜưƧ� ƶƈŴƄƯ�ƾƴŰƴƯ�ƽźǀĭŹŚƨŝ� ƶƧ� ŵřŵ� ƱŚƄƳ� ŪƿŚŤƳ

ƾƯ� ŜſŚƴƯ� ŚƿŚě� ŢƫŚů� ŵźƨƬưƗ� ƽŚƸƴǀưŴţ� ƽřźŝ� ƾƯƺưƗ�ŶƃŚŝ��
�ƽŚƸƃƹŹ�ŹƺţƺƯ�ƽźǀĮŝŚŤƃ�ƱŚƯŻ�ƲǀưŴţ�ƽřźŝ�ƲǀƴĤưƷŚƿ�ƮǀưƘţƶŤƟ�

ŶƳŵƺưƳ�ƶŗřŹř� řŹ�ƾƸŝŚƄƯ�ŪƿŚŤƳ�ƾůřźƏƹ���Źŵ�Śŝ�ŵřŵ�ƱŚƄƳ�ƽŻŚſ�ƶǀŞƃ
ƾƐǀŰƯ� ƪƯřƺƗ� ƲŤƟźĭ� źƔƳ ��ŢŝŚŧ� ŢƗźſ� Ĩƿ� Źŵ� �ŹŚƄƟ� ƹ� ŚƯŵ

�ƵĦƿƹ� ƝźƈƯ� �ƾūƹźų� Ţſřźţ� źǀƔƳ� ŹƺţƺƯ� ƽŵźĪƬưƗ� ƽŚƷźŤƯřŹŚě
�ƂƿřżƟř� Śŝ�ƾƟźƈƯ�Ţųƺſ�ƾŝŵ� ƹ� ŹƺſźĜưĩ�ƾūƹźų� ŹŚƄƟ� �Ţųƺſ

��ŶŝŚƿ�ƾƯ�ƂƷŚĩ��ŢŝŚŧ�űŚƯ�Źŵ�ƕŚƠţŹř�źŤĭŹżŝ�ƽŵƹŹƹ�ŹŚƄƟ�ƂƷŚĩ�űźƳ
Ţſř� ŹƺſźĜưĩ� ƾūƹźų� Źŵ� ŹŚƄƟ�ƂƷŚĩ� ŢƗźſ� Żř� � ��Śŝ� ƲǀƴĤưƷ

�ƂƷŚĩ�ŹƺſźĜưĩ�ŹŚƄƟ�ŢŞƀƳ��ŢŝŚŧ�ƕŚƠţŹř�Ĩƿ�Źŵ�űŚƯ�ŵŶƗ�ƂƿřżƟř
Ưƾ�ƿŶŝŚ��ƴĤưƷǀŞƃ� ƲǀŻŚſ� ƶƽŚƸŤƫŚů�ƽŻřƹźě�ƽřƺƷ� ƹ� śō� ƹ�ƾƿ�

ŚƷźŤƯřŹŚě�ŢƟŹřźƟ�ƞƬŤŴƯƽůřźƏ�ŢƫŚů�Żř� řŹ�ŹƺţƺƯ�ƞƬŤŴƯ�ƾ�Źŵ�ƹ�
ŤƳǀƳ� ƶŬǀŚŶƴƯŻƽſ� ƶŝ�ǀŵřŵ� ƱŚƄƳ� řŹ� Ţųƺſ� ƩźŤƴĩ� ƮŤƀ� �řƿ�Ʋ

ŻŚƀƫŶƯƽ�ŹřŶƤƯ�ƱŚưƷ�Żř�ŚƿŹŵ�ŮƐſ�Żř�źţǇŚŝ�ƕŚƠţŹř�Źŵ�ƶĩ�ŵřŵ�ƱŚƄƳ�
ŚƯŵ�ƹ�ŹŚƄƟ�ŢŞƀƳ��ŵƺƃ�ƵŵŚƠŤſř�ƾůřźƏ�ƶƐƤƳ�Ţųƺſ�ƾŝŵƽ�ŵƹŹƹ�

ŝŹƺţ�ƶŝǀ�ƾŝŵ�ŹřŶƤƯ�ƮǀƔƴţ�řŸƫ�ƹ�ŢƟŹ�ŶƷřƺų�źţřźƟ�ŻŚŬƯ�źƿŵŚƤƯ�Żř�Ʋ
ſř�źŝ�ƽŻřƹźě�ƞƬŤŴƯ�Ǝƿřźƃ�Źŵ�Ţųƺſ�ŹƺţƺƯ�ƽŚƷ�ŢƿŵƹŶŰƯ�ŽŚ

ŶƃŚŝ�ƾƯ�ƽŹƹźƋ��ƴĤưƷǀ�ƾƿŚƸƴţ�ƶŝ�ƲǀŝŹƺţ�ƶŝ�ŵƹŹƹ�ƽŚƯŵ�ƩźŤƴƧ�Ʋ
ưƳ�ƲǀƯŚţ� řŹ�ŹƺţƺƯ�Ʋƿř�ŵźƨƬưƗ�ƽŻřƹźě�Ǝƿřźƃ�ƭŚưţ�ŹŵƾŚưƳ�ƿŶ� ��Źŵ

ř� Źŵ� Ɩƣřƹƿ�Żř� ŹƺţƺƯ� ŢƗźſ� Żřƹźě� Ǝƿřźƃ� Żř� ƾƌƘŝ� Źŵ� �ŢƫŚů� Ʋ
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