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ƶƯŶƤƯ  

źŝ�šǇŵŚƘƯōưƘţ�źĭŵŹƹǀ�ƮƿŤƟŚƶ١ )GEE  (ƫ�Ǝſƺţ�ƶĩǀĬƳŚ٢�ŻƹƿźĮ٣ ) ١٩٨٦ (�řŹřƿ�ƶ�ƵŶƃ�Ţſř

ſƹ�ŹƺƏ�ƶŝ� ƵŻƹźƯřǀƘƾ�ŝ� Źŵǀĥƺƫƺƽ�Īƃżě�ƹƾ �ƹ�ƶŤƟŹ�ŹŚĩ�ƶŝ�Źŵ�Ʊō� ŵźŝŹŚĩƶŤƃŹ ŚƷƽ�ưƬƗƾ�ŵƿ�źĮ

ŻŹƹŚƄĩ�ŶƴƳŚƯƽ�ŚƴƇ�ƹƿƘƾ��Źŵ�ƶĩƬŰţǀŚƷ�Ƶŵřŵ�ƪƽ ĮŤƀŞưƷ�ŚƸƳōƾ�ŝǀ�ŵƺūƹ�šřŶƷŚƄƯ�Ʋŵ�ŵŹřŵƿ�ƵŶ

Ưƾ ŵƺƃ.��ƩŚŨƯ�ƱřƺƴƗ� ƶŝŻŹƹŚƄĩ�Źŵƽ��Ţſř�ƲĪưƯŚƷ� Ƶŵřŵƽ�Źƹō�Ɩưūƽ�� ƵŶƃƹŹƽ ƿ�Żř�šźĩ�Ĩ

ƯŻǀřŵ�ƲřŹƽ�ĮŤƀŞưƷƾ��ŶƴƃŚŝ�ƹƿ� Ś�ŹŵƤŰţǀƇ�šŚƤŤƘƴƾ��šřŶƷŚƄƯŹƹō�Ɩưūƽ��ƵŶƃ�ƶŝ�ƍƺŝźƯƿ�Ĩ

ř�ƶƗƺưŬƯ�ƵŹƺĩƽ�ŚƷ�Ƶŵřŵ�Żřƽ��ŵƺūƺŝ�řŹ�ƶŤƀŞưƷōŶƳŹƹ.  

ƘƣƺƯ�Ŷƴģ�Źŵ�ƶƳƺưƳ�ƺƌƗ�źƷ�Żř�ƵŚĭźƷǀ�ŢƳŚĪƯƾ ƿƳŚƯŻ�Śƾ ţřŶƷŚƄƯƾ Źƹō�Ɩưūƽ�ř���ŵƺƃƿ�Ʋ

řŹ�ŚƷ�Ƶŵřŵ�ĭ�ƵŻřŶƳřǀźƽ ŚƷƽ�ŹźĪƯ٤�Ưƾ�ƳŚƯǀƮ. ŚƷ�Ƶŵřŵƽ��ƺƌƗ�źƷ�ƶŝ�ƍƺŝźƯř�ƶƗƺưŬƯƽ�Żř �šřŶƷŚƄƯ

�řŹ�ƶŤƀŞưƷĪƄţǀƯ�ƪƾ��ŶƴƷŵƯŚƳ�ƶƃƺų�řŹ�ŚƸƳō�ƶĩǀƹ�ƵŶ�Ƶŵřŵ ŚƷƽ�ƘƣƺƯ�Ʊō�Źŵ�ƶĩ�řŹ�ŹźĪƯǀ�ŹřźĪţ�Ţ

�šřŶƷŚƄƯ��ƳŚƯŻ�ƍŚƤƳƾ��ŶƴŤƀƷ��Ƶŵřŵ ŚƷƽ�ƫƺƏƾ�ř�Żř�šŚƘƫŚƐƯ�ƹƿƫƺƏ�šŚƘƫŚƐƯ�řŹ�ƕƺƳ�Ʋƾ�Ưƾ�ƯŚƳ�Ŷƴ. 

ƫƺƏ�šŚƘƫŚƐƯ�Źŵƾ��ŜƬƛřŝǀƜŤƯ�ƲǀŚƷźƽ��ƶƃƺų�źƷ�ƱƹŹŵĮŤƀŞưƷƾ�řŵ�ŵƺūƹ�ƶŤƃưƷ�ƶŝ�ƹǀƫŵ�Ʋǀ�ƪ

řźŝƽ ƬŰţǀř�ƪƿ�ƕƺƳ�Ʋ�ŻřŚŝ� ŚƷ� Ƶŵřŵƿưţ�ŶƸǀƇŚų�šřŶƾ � řŹ� ŵźŝ� ŹŚĩ�ƶŝ�źĭŵŹƹřźŝ�šǇŵŚƘƯ�ƁƹŹ�ƶĩ

ưƘţǀ�Ʈƿ�ƶŤƟŚƿĪƾ�Ţſř�ŚƸƳō�Żř.  

� ŢƬƗ� ƶŝŻ� ŵźŝŹŚĩƿƁƹŹ� ŵŚ )GEE ( ŚƷźŤƯřŹŚě� ŵŹƹōźŝ� Źŵƽ�ŚƷ� ƩŶƯƽ�Ɛųƾ�ưƘţǀ� ƮƿƶŤƟŚ  

ſŹźŝƾ�ŧŐţǀ�šřŶƷŚƄƯ�źŹƹō�Ɩưūƽ�� ƵŶƃƹŹƽ�źŝōř� ƹ� Ƶŵƺŝ�ƮƸƯ� ŚƷźŤƯřŹŚě� ŵŹƹƿ�Źƹŵ�šřŶƷŚƄƯ� ƶĪƴ

ŶƴƯřŶĩ�ƵŵŚŤƟř�ŧŐţ�ƹǀƳō�źƹŹ�ŚƸƽ�źŝōģ�ŚƷźŤƯřŹŚě�ŵŹƹǀżŗŚů�Ţƀ�ưƷřǀŢſř�Ţ.  

                                                 
˺ .generalized estimating equations 
˻ .liang 
˼ .zeger 
٤ Repeated measurements 



˻ 
 

ſŹźŝ�ŹƺƔƴƯ�ƶŝƾ�ŴƄţ�ƹǀř�Ɔƿ�šřŶƷŚƄƯ�ƝŸů�źŧř�Źŵ�ƶĪƴƿƜţ�ƶģ�ŚƷ�ƶƃƺų�Śǀǀţřźƾ��ƁŻřźŝ�Źŵ

Ư�ơŚƠţř�ƩŶƯƾ ŶŤƟř��ŚƷ�ƁƹŹƽ ŴƄţǀƈƾ�ſźĭŹǀ�Ʊƺř�ƵŵźŝŹŚĪŝ�řŹƿƮ .ƁƹŹ�Żř�ƵŵŚƠŤſř ŚƷƽ ŴƄţǀƈƾ�

řźŝƽ�ŚƷ�Ƶŵřŵ�šřźŧř��ŚƸƫŶƯ�Źŵ�ľŚƇƺƈųƽ�ƜŤƯ�ŶƴģǀƵź�řŹŚĩƾƿ�ŗǇŚŝƾ řŶƳ�ƶŤƃ�ƵƹǈƘŝŗŚſŚƴƃƾ �Źƹŵ�ƍŚƤƳ

ŴƄţ� ƹ� ƵŵŚŤƟřǀ� Źŵ�Ʊō�ƆſźĭŹǀƹŵƹŵ�Ʊƺƾƿ ƜŤƯ� ŚƸƳō� Źŵ� ƶĩǀŤƫŚů�ƹŵ�šŹƺƇ�ƶŝ�ŲſŚě� źƾ ٠ ƿ� Ś١�

Ư�ŭźƐƯƾ��Żř�ŵƺƃŴƄţǀƺƷ�ƆƿŚƷ�Ƶŵřŵ�Źŵ�ŚƸƳō�Ţƽ�ěǀŢſř�źţŹřƺƃŵ�ƶŤſƺ.  

Żř ŚŬƳō �ƶĩŻř�ƝŶƷ�ŹŚƸƃƹƽ �ŹřƺŤſřŻŚſƽ ŚſŚƴƃƾƿ��ƹƧ�ƂƷŚ�źŧřŚƷ�Ƶŵřŵƽ �ƹ�ƵŵŚŤƟřŹƹŵźě��ŷƺƠƳ

Ţſř��ř�ŹŵƿƲ�ƤŰţǀ�ƢřŶŤŝř ŚƸƃƹŹƽ ŗŚſŚƴƃƾ��ŷƺƠƳźě�ƹ�ƵŵŚŤƟřŹƹŵ�ƍŚƤƳĩ�ŭźƐƯ�řŹ�ƵŵźŚƷ�Ƶŵřŵ�źŧř�ƹƽ�

ƛǀƹŹ�řŹ�žƳŚŬŤƯźƽ�ŚƷźŤƯřŹŚěƽ ŚƸƫŶƯƽ�Ɛųƾ�ưƘţǀ�ƮƿƶŤƟŚ�ƁƹŹ�ƶŝ�ƶĩGEE ƬŰţǀƯ�ƪƾ�ŶƳƺƃ �ŵŹƺƯ

ſŹźŝƾ�Ư�Źřźƣƾ�ƷŵǀƮ .ŚƸƃƹŹ�žĜſƽ�řŻŚſŹřƺŤſƽ �řŹ�ƵŵŚŤƟřŹƹŵ�ƍŚƤƳ�źŧř�ƂƷŚĩ�ŹƺƔƴƯ�ƶŝ�ŷƺƠƳ�źě�ƹ

�Ƶŵřŵ�Źřźƣ�ƶūƺţ�ŵŹƺƯƹ �řźƳōưƘţźĭŵŹƹōźŝ�šǇŵŚƘƯǀ�Ʈƿ�ƹ�ŹřƺŤſř�ƶŤƟŚŹŚƈŤųř�ƶŝ١ ) REGEE  (Ưƾ�

ƯŚƳǀƮ .řƿ�ŚƸƃƹŹ�ƲƷŵ�ƱŻƹ�ŽŚſř�źŝƾ��šřŶƷŚƄƯ�ƶŝŚƴŞƯźŝƽ ƯǀŧŐţ�ƱřżǀƹŹ�ŚƸƳō�źƽ ŚƷźŤƯřŹŚě�ŵŹƹōźŝƽ 

ůřźƏ� ƩŶƯƾ�ŶƳř� ƵŶƃ .ŚƸƃƹŹƽ�� Źŵ� źŤƯřŹŚě� ŵŹƹōźŝ) REGEE(�� ƶƘſƺţƿ� ƶŤƟŚƽ�ŚƸƃƹŹƽ�

ŹřƺŤſřŻŚſƽ�ŚƸƫŶƯƽ�Ɛųƾ�ưƘţǀ�Ʈƿ�Ǝſƺţ�ƶĩ�ŶƳř�ƶŤƟŚźěĭǀ�ƱƺŞ)١٩٨٢(٢��ƲſŹŶě�ƹ�ƩƹŹŚĩ�ƹ)٣)١٩٩٣�

ŻŚſŹřƺŤſř�Źŵƽ�ſźĭŹǀŤſĥƺƫ�Ʊƺǀřźě�ƹ�Ĩƿ�ƹźƀŚĩĩǀƂ )٤)١٩٩٥�ŻŚſŹřƺŤſř�Źŵƽ�ŚƸƫŶƯƾƿ��ŲſŚě�Śŝ

ř�Źŵ���ŶƳř�ƵŶƃ�ŭźƐƯ�ƶŤƀŞưƷƿ�ƁƹŹ�Ʋ�ŚƷŚĩƂƷ��šřŶƷŚƄƯ�ƱŻƹŹƺĮƫř�Żř�ƵŵŚƠŤſř�ŚŝƿƘƯ�ƮŤǀƴƾ��ƭŚŬƳř

�ƹ� ƵŶƃřźŝƽ�ƳŻƹ� ƵŶƷŚƄƯ�źƷƾ�ŝǀ�Ʋ ٠ ƹ١�Ư�ƶŤƟźĭ�źƔƳ�Źŵƾ�ř�ƶĩ�ŵƺƃƿƯ�ƱŻƹ�Ʋ�ŜſŚƴŤ�Ʊō�źŧř� Śŝ

�ƵŶƷŚƄƯƹŹƽ �ŵŹƹōźŝŚƷźŤƯřŹŚěƽ �ƩŶƯŢſř.  

                                                 
˺ .Resistant generalized estimating equations 
˻ Pergibon  
˼ Carroll and Pederson 
٤ Preisser and Qaqish  



˼ 
 

�Ʃƹř�ƪƈƟŹŵŚƸƫŶƯ�ƶŝ�ƖūřŹƽ�Ɛųƾ�ưƘţǀ�ƮƿưƘţ�źĭŵŹƹōźŝ�šǇŵŚƘƯ�ƁƹŹ�ƹ�ƶŤƟŚǀ�Ʈƿ�ŦŰŝ�ƶŤƟŚ

Ưƾ ŵƺƃ. ƁƹŹ��ƽŚƷŴƄţǀƈƾ �ƽŻŚſŹřƺŤſř�ƩƺƇř�ƹ�ƭƹŵ�ƪƈƟ�ŹŵŹřźƣ�ƾſŹźŝ�ŵŹƺƯ�Ưƾ�ŵźǀĭ .�Źŵ

ŚƸƃƹŹ�ƭƺſ�ƪƈƟƽ ŴƄţǀƈƾ��řŹřźŝƽ ưƘţ�źĭŵŹƹōźŝ�šǇŵŚƘƯǀ�Ʈƿ�ƶŤƟŚ�ŵŹƺƯ�ŦŰŝƫŚŨƯ�ƹ�Ƶŵřŵ�Źřźƣƾ�

ŵźŝŹŚĩƽ�ŚƷ� Ƶŵřŵ� Żřƽ�Īƃżěƾ�ƬŰţ� řŹǀƷřƺų� ƪǀŵźĩ� Ʈ� �ŚƸƃƹŹƽ �� řŹ� ƽŻŚſŹřƺŤſřřźŝƽ �šǇŵŚƘƯ

ưƘţ�źĭŵŹƹōźŝǀ�Ʈƿ�ƶŤƟŚ�ƭŹŚƸģ�ƪƈƟ�Źŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�Ƶŵřŵ�ƹŞƃ�Żř�ƵŵŚƠŤſř�ŚŝǀŻŚſ�ƶƽ��ƹƿ�Ĩ�ƩŚŨƯ

ŵźŝŹŚĩƽ�ŚƸƃƹŹƽ�ưƘţ�źĭŵŹƹōźŝ�šǇŵŚƘƯ�ŹřƺŤſřǀ�ƮƿŚƤƯ�Ʊō�ƩƺưƘƯ�ƁƹŹ�Śŝ�řŹ�ƶŤƟŚƿƷřƺų�ƶƀǀŵźĩ�Ʈ.  
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Ʃƹř�ƪƈƟ   

ưƘţ�źĭŵŹƹōźŝ�šǇŵŚƘƯǀ�ƮƿƶŤƟŚ 
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Ʃƹř�ƪƈƟ: ƶŤƟŚƿ�ƮǀưƘţ�źĭŵŹƹōźŝ�šǇŵŚƘƯ 

١- ١�ƶƯŶƤƯ  

� Śŝ� ƶŝ� ƶūƺţ� ŵźŝŹŚĩ�ƱřƹřźƟŚƷƺĮƫřƽ�Ɛųƾ�ưƘţǀ� ƮƿƘƋƹ� ƶŤƟŚǀŢ ŚƷƽ�ƀŝǀŹŚƽ��ƶĩ� ŵŹřŵ� ŵƺūƹ

ŚƷ�ŲſŚěƽ�ŹřźĪţƽ��ŻřƿţřŶƷŚƄƯ��Ŷůřƹ�Ĩƾ�Ư�ŵƺūƹ�ƶŝ�řŹ�ƶŤƀŞưƷƾ�ŵŹƹō .ƫŚŨƯƾ�ř�ŻřƿƯ�řŹ�ŵŹƺƯ�Ʋƾ�

ƫƺƏ�šŚƘƫŚƐƯ�Źŵ�Ʊřƺţƾ�ŚƸŴſŚě�Ʊō�Źŵ�ƶĩ ƹŹƽ ƿƳŵƺƯŻō�Ĩƾ�ĭ�ƵŻřŶƳř�ŹřźĪţ�ƶŝ�ƱŚƯŻ�ƩƺƏ�Źŵǀźƽ�

Ưƾ�ŢƟźĭ�źƔƳ�Źŵ�ŶƳƺƃ .ŶŝƿƸƾ�ƹŹ�šřŶƷŚƄƯ�ƶĩ�Ţſřƽ ƿƳŵƺƯŻō�Ĩƾ��ƲŤƟźĭ�źƔƳ�Źŵ�ƹ�ŶƳř�ƶŤƀŞưƷ

ĮŤƀŞưƷƾ�ƯǀţǈĪƄƯ� šřŶƷŚƄƯ� ƱŚƾ�Ư� ŵƺūƺŝ� řŹƾ�ŵŹƹō .ĮŤƀŞưƷ� ŵƺūƹ� Ɩƣřƹ� Źŵƾ��Żř� ƵŵŚƠŤſř

ŚƸƃƹŹƽ �źŨĩřŶůŚưƴŤſŹŵƾƿ��ƪĪƄƯ�řŹ�ƩƺưƘƯƵŵźĩ�ŚƷ�ƁƹŹ�Żř�Ţſř�ƭŻǇ�ƹƽ��ƶŞƃŹŵŚưƴŤſƾƿ �ƹƿ�Ś

ưƘţǀưƾ�ưƘţ� źĭŵŹƹōźŝ� šǇŵŚƘƯ�ƁƹŹ� ƶĩ� Ʊō� Żřǀ� Ʈƿŵƺƃ� ƵŵŚƠŤſř� Ţſř� ƶŤƟŚ .ř� Źŵƿ�řŶŤŝř� ƪƈƟ� Ʋ

ŚƸƫŶƯƽ�Ɛųƾ�ưƘţǀ�Ʈƿ�ƶŤƟŚŹ���ƶŞƃ�ƁƹŹŵŚưƴŤſƾƿ��Źŵ�ƹŚěƿ�ƱŚưƘţ�źĭ�ŵŹƹōźŝ�šǇŵŚƘƯ�ƁƹŹǀ�Ʈƿ�ƶŤƟŚ

ƟźƘƯ�řŹƾ�Ưƾ�ƴĩǀ�Ʈ.  
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٢-١�ŚƸƫŶƯƽ�Ɛųƾ�ưƘţǀ�Ʈƿ�ƶŤƟŚ  

Źŵ�ŚƷƺĮƫřƽ�ſźĭŹǀƐų�Ʊƺƾ�ƛ�ƹǀƐų�źƾ ŻƺţƿŹƺŰƯ�ƂƤƳ� ƩŚƯźƳ� Ɩƽ�řŵ� ƶŤƃ� ƹ� Źŵųźŝƾ�Żř�

ŚƸƃƹŹƽ�ƏŚŞƴŤſřƾ�ŝźƯ�ƶŝ�ƍƺſźĭŹǀƐų�Ʊƺƾ�ƛ�ƹǀƐų�źƾ�ƉźƟ Ʊō�ƜŤƯ� ƶĩ�Ţſřǀ�ŲſŚě� źY��Żř

Żƺţƿě�ƩŚƯźƳ�Ɩǀƹźƽ�Ưƾ�Ŷƴĩ .ƩŚŨƯ�ŚƯř ŚƷƽ ŵźŝŹŚĩƽ ŻƿŵŚƽ�ř�ƶĩ�ŵŹřŵ�ŵƺūƹƿŤů�ƉźƟ�Ʋƾ��ŹƺƏ�ƶŝ

źƤţƿŞƾ�Ƴ�Źřźƣźŝ�ƮƷǀŢƀ .ƳŚƯŻ�ľǈŨƯƾ��ƶĩƜŤƯǀź��ŲſŚěƿ�ĨƜŤƯǀź�ƃŹŚưƃ�ƹ�ƶŤƀƀĭƾ��Ţſřřƿ�ƉźƟ�Ʋ

Ư�ƊƤƳƾ�ŵŵźĭ .�ƱřƺƴƗ�ƶŝƯ�Źŵ�ƩŚŨŗŚƸƫŶƯƾ��ŚŝŚƷ�ŲſŚěƽ�Śţƹŵƾƿ�Ƴǀ�ż�ƶĩƤƟƺƯ�ŢƫŚů�ƹŵ�ƎƤƟǀ�Ţ)١( 

�ŢƀĪƃ�ƹ)٠ (�Ţſř�źƔƳ�ŵŹƺƯƃ�ƊƤƳ�Ʊŵƺŝ�ƩŚƯźƳ�ƉźƟŢſř�ƵŶ .ŵŹřƺƯƽ��ƶĩ�ŵŹřŵ�ŵƺūƹƜŤƯǀź�

ě�ŲſŚěǀ�ƶŤſƺ�Ƶŵƺŝƫƹƾ�Ƴ�Źřźƣźŝ�Ʊŵƺŝ�ƩŚƯźƳ�ƉźƟǀ�ŢƀƯ�ƩŚŨƯ�ƱřƺƴƗ�ƶŝƾ��ƶŝ�ƱřƺţŻƺţƿ�Źŵ�ŹŚƄƟ�Ɩ

ƳŚĪƯ�ŌřżūřǀĪƾ��ƹƿřżūř�ƩřƹŻ�ƱŚƯŻ�Śƽ�ƳƹźŤĪƫřǀĪƾ�ŵźĩ�ƵŹŚƃř.  

ŚƷƺĮƫřƽ�Ɛųƾ�ưƘţǀ�Ʈƿ�ƶŤƟŚ١)GLM  (řźŝƽ�ŚƷƺĮƫř�ƁŻřźŝƽ�ſźĭŹǀŚƷ�Ƶŵřŵ�ƶŝ�Ʊƺƾƿ��ŶƴŤƀƷ

ƜŤƯ� ƶĩǀŻƺţ� Żř� ŚƸƳō� Źŵ� ŲſŚě� źƿŚưƳ� ƵŵřƺƳŚų� Ɩƾƿ�ƘŞţǀƯ� Ţƾ�Ŷƴƴĩ .Żƺţ� ƵŵřƺƳŚųƿŚƷ� Ɩƽ���ƩŚƯźƳ

ƶƬưūƹŵ řƽſŶƴƷ� �Ʊƺſřƺě� �ƾƶƬưū�ƹŵ� � řƽ�ƠƴƯƾŚưƳ� �ƾƿ� ř� Żř� �ŚƯŚĭƿŶƴŤƀƷ�ƕƺƳ�Ʋ .Ƭĩ�ƪĪƃƾ �ƩŶƯ

Ɛųƾ�ưƘţǀ�ƮƿŻ�šŹƺƇ�ƶŝ�ƶŤƟŚƿ�Ţſř�ź:  

)١- ١ (                                 XyEgg   

X�ƜŤƯ� ŹřŵźŝǀŚƷźƽ�Īưĩƾ�ƹ�� ŚƷźŤƯřŹŚě� ŹřŵźŝƿřźƋ� ŚƿſźĭŹ�ŜǀŢſř� Ʊƺ .g�ě� ƖŝŚţǀ� ŶƳƺƿ�ƎŝŹ� Ś  

Ưƾ�Ư�ŶƃŚŝƾ�ƺĮƫř�źƷ�ŢƠĭ�Ʊřƺţƽ�Ɛųƾ�ưƘţǀ�Ʈƿ�ƶſ�ƶŤƟŚƬƇř�Ōżūƾ�ŵŹřŵ:  

١ .ŻƺţƿƜŤƯ�ƖǀŲſŚě�ź.  

٢ .ěǀƺĮƄƽ�Ɛųƾ�ƜŤƯ�ƶĩǀŚƷźƽ��ŢƄĭźŝƿĪưĩ�Śƾ�Ư�ƪƯŚƃ�řŹƾ�ŵƺƃ.  

                                                 
˺ .Generalized Linear model. 
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٣ .ě�ƖŝŚţǀ�ŶƳƺg�ě�ƶĩǀƺĮƄƽ�Ɛųƾ�Ư�ƶŝ�řŹǀĮƳŚǀƜŤƯ�ƲǀƯ�ƍƺŝźƯ�ŲſŚě�źƾ�Ŷƴĩ.  

  

١-٢-١�ŻƺţƿƜŤƯ�ƖǀŲſŚě�ź  

ƶĩŹƺƐƳŚưƷ ƜŤƯ�Ŷƃ�ƶŤƠĭǀŲſŚě�źy�Ư� ŚŝǀĮƳŚǀƲ  yEŚƸƫŶƯ�Źŵƽ�Ɛųƾ�ưƘţǀ�ƮƿřŹřŵ�ƶŤƟŚƽ �

�ƖŝŚţƫŚĮģƾ�ŚưƳ�ƵŵřƺƳŚų�Żřƾƿ�Ưƾ�ŶƃŚŝ.řƿƫŚĮģ�ƖŝŚţ�Ʋƾ��ƶŝšŹƺƇ�Ƭĩƾ�ŻƿƯ�ŭźƐƯ�źƾ�ŵƺƃ.  
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Ż�šŹƺƇƿ�Ţſř�ź:  
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٢-٢-١�ěǀƺĮƄƽ�Ɛųƾ  

ěǀƺĮƄƽ�Ɛųƾ ƿ� ƱŚưƷ� Śſ� ƶƠƫŒƯǀţŚưŤƀǀƜŤƯ�ĨǀŚƷźƾƿ�� ŶƴƳŚƯx�Ư� ƱŚƄƳ� řŹƾ��ƂƤƳ� ƶĩ� ŶƷŵ

ƜŤƯǀźŚƷƽ�Şţǀǀƴƾ�ſźĭŹ�Źŵ�řŹǀŶƳŹřŵ�ƵŶƸƗ�ƶŝ�Ʊƺ .ƴĩ�ƉźƟǀƮ  yE ƯǀĮƳŚǀŹřŶƤƯ�ŶƃŚŝ�ƩŚưŤůř�Ʋ 

 Źŵ GLM Ɯţ�ŚŝǀǀƜŤƯ�źǀŚƷźƽ�Şţǀǀƴƾ�ƜţǀǀƯ�źƾ�Ŷƴĩ .Ƭĩ�ŹƺƏ�ƶŝƾ�ſ�ƶƠƫŒƯǀţŚưŤƀǀ�Ĩ�šŹƺƇ�ƶŝ

ŻƿƯ�ŭźƐƯ�źƾ�ŵƺƃ.  

)٣- ١(                    n2211 x...xxX n 


  

řƿĩźţ�ƲǀƐų�Ŝƾ��ƜŤƯǀźŚƷƽ�ěǀƯŚƳ�ƺĮƄǀƯ�ƵŶƾ�ŵƺƃ.  

  

٣-٢-١�ě�ƖŝŚţǀ�ŶƳƺ )�ƎŝŹ�ƖŝŚţ(  

ƿě�ƖŝŚţ�ĨǀĮƳƺĮģ�ŶƳƺƾ�ĮŤƀŝřƹƾ  yE�ƶŝ� řŹX �Ư�ŭźƃƾ�ŝ� ľǇƺưƘƯ�ƹ�ŶƷŵ�šŹƺƇ�ƶ

 g�Ư�ƶŤƃƺƳƾ��ƶĩ�ŵƺƃƿƛ�ƖŝŚţ�ĨǀƐų�źƾ �ƵŵƺŝŻ�šŹƺƇ�ƶŝ�ƹƿƯ�ŭźƐƯ�źƾ�ŵƺƃ.  
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)٤- ١(                   Xg n  n2211 x...xx


  

źţ� ƵŵŚſƿě� ƖŝŚţ� ƲǀřŹřŵ� ŶƳƺƽ�ƪĪƃ   g ě� ƶĩ� ŢſřǀƳŚưƷ� ŶƳƺƾ�ƯŚƳǀƯ� ƵŶƾ�ŵƺƃ. řƿ�ƖŝŚţ� Ʋ

ƯǀĮƳŚǀƤŤƀƯ�ŹƺƏ�ƶŝ� řŹ�ƲǀŻŚƀƫŶƯ�Ʈƽ�ĩ�ƵŵźƫŶƯ�ƹƾ�Şƃǀ�ƶ�ƩŶƯſźĭŹǀƫƺưƘƯ�Ʊƺƾ�ŶěƿƯ�Ŷƾ��ŵŹƹō�ƶĩ

�ǇƺưƘƯřźŝƽ�ŚƷ�ŲſŚěƽ�ěǀƯ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ƶŤſƺƾ�ĭǀź�ŵ.  

)٥- ١(                   Xn  n2211 x...xx


  

ě�Ɩŝřƺţ�ƶƬưū�Żřǀŵ�ŶƳƺƿ� źĮ    logg�ŹŚĮƫ�Ŝƀů�źŝ� řŹ�ƩŶƯ�ƶĩ�ŢſřƿƯ�ƮŤǀĮƳŚǀŝ�ƲǀƯ�ƱŚƾ�

Ŷƴĩ .ě�Ɩŝřƺţ�śŚŴŤƳřǀ�ŶƳƺĮŤƀŝƾ ƷŚƯ�ƶŝǀƜŤƯ�Ţǀě�źǀŵŹřŵ�ƩźŤƴĩ�ŶƯŚƄ .ƎŝŹ�Ɩŝřƺţ�ƕřƺƳř )ŶƳƺǀě(�řźŝƽ�

ŻƺţƿŚƷ�Ɩƽ��ƞƬŤŴƯ�ƩƹŶūŹŵ)١-١ (�ƵŶƯō�Ţſř.  
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ěǀƝŹŚƘŤƯ�ŶƳƺ  ŻƺţƿƖ  
 )ěǀƳŚưƷ�ŶƳƺƾ (ii    ƩŚƯźƳ  
 )ěǀūƺƫ�ŶƳƺǀ�Ţ( 
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٣-١�ŚưƴŤſŹŵ�šǇŵŚƘƯƾƿ�řźŝƽ�ŚƷƺĮƫřƽ�Ɛųƾ�ưƘţǀ�ƮƿƶŤƟŚ  

�Źŵ�ŚƷźŤƯřŹŚě�ŵŹƹōźŝ�ƁƹŹGLM��ƁƹŹ źŨĩřŶů�ŹŵŚưƴŤſƾƿ�Ưƾ��ŶƃŚŝƫƹƾ�Ɯţǀǀ�šřźƘƣřƹƾ �źŨĩřŶů�

ŤſŹŵŚưƴƾƿ�ŹƺĮƫř� ƶŝƿưŤƾ�Ưƾ�Śěźŝ�ƶĩ�ŶſŹƿŹřźĪţ�ƁƹŹ�ƶƽ�źŤưĩƿ�ƲƳŻƹ�šŚƘŝźƯƾ Źřźƣ ŵŹřŵ . �Źŵ
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ţŹƺƇƾ � ƶĩě� Żřǀ� ŶƳƺ�ƝŹŚƘŤƯ   iii Xg �ƴĩ� ƵŵŚƠŤſřǀƮ��ŹŚĮƫ� ƖŝŚţƿŚưƴŤſŹŵ� ƮŤƾƿ��šŹŚŞƗ

Żř�Ţſř:  
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Ưƾ�ƳřƺţǀŚƷŵŹƹōźŝ�Ʈƽ �źŨĩřŶůŚưƴŤſŹŵƾƿ�Ż�šǇŵŚƘƯ�ƵŚĮŤſŵ�ƪů�Śŝ�řŹ��ŚƷźŤƯřŹŚěƿřźŝ�źƽ�ěǀ�řŶ

ƴĩǀ�Ʈŝ�Źŵ�ƶĩ�ŚŬƳōŻřǀ�ŵŹřƺƯ�źŤƄ a ƿĨ��ŵŶƗŢſř�ŢŝŚŧ��řƿŻ�šŹƺƇ�ƶŝ�šǇŵŚƘƯ�ƲƿƯ�Źŵ�źƾ ōƿŶƴ:  

)٧- ١ (                              


n

i
iii Xy

1

  

řƿ� ƵŚĮŤſŵ� ƲƽřŹřŵ 1 kp�� ƶƫŵŚƘƯ� Ƶŵƺŝřźŝ� ƶƫŵŚƘƯ� źƷ� ƹƽ ƿƯ� ƺĮƫř� źŤƯřŹŚě�Ĩƾ�ŶƃŚŝ .�ƪĪƃ

źţŚƯƿƀƾ�řƿŻ�šŹƺƇ�ƶŝ�ƶƫŵŚƘƯ�Ʋƿ�Ţſř�ź:   

)٨- ١(                                 yX  

� Ʊō� Źŵ� ƶĩ n ,..., 21�Ưƾ�ŶƃŚŝ .řƿŤƯř� šǇŵŚƘƯ� řŹ� šǇŵŚƘƯ� ƲǀŻŚ�� źŨĩřŶůŚưƴŤſŹŵƾƿ        

Ưƾ�ŶƴƯŚƳ.  

  

٤-١ �ƁƹŹưƘţ�šŚƘŝźƯ�ƪƣřŶůǀ�ƮƿƱƹŻƺƯ�ƹ�ƶŤƟŚ  

   ſźĭŹ�ƩŶƯ�ŹŵǀƐų�Ʊƺƾ  Xy�ţŚƋƹźƠƯƾ��ŶƴƳŚƯ     EϭIV 2��źƔƳ�Źŵ

Ư�ƶŤƟźĭƾ�ƷŚĭ�ŵƺƃƾ�řƿ�ƪŝŚƣ�šŚƋƹźƠƯ�Ʋřźūř�ƳǀŶƴŤƀ  .�ƩŚŨƯ�ƱřƺƴƗ�ƶŝ�źĭř  VV 2 ��ƶĩV ƿ�Ĩ

źţŚƯƿ�žnn�ţŚůǈƇř�ŶƃŚŝ�ƵŶƃ�ƶŤųŚƴƃƾ�ŚŝƿƹŹ�Ŷƽ�ƫƺưƘƯ�šŚƘŝźƯ�ƪƣřŶů�ƁƹŹƾ��ƶŤƟźĭ�źƔƳ�Źŵ
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ŵƺƃ .Ưƾ�Ƴřŵǀźĭř� ƶĩ� ƮV ƿźţŚƯ�Ĩƿ�žźƐƣƽ�ŚƌƗř� ŚƯř� ŶƃŚŝƽ�ƹŚƀƯ� źƐƣƽ�ř� Źŵ� ŶƃŚŞƳƿ�šŹƺƈƴ

ƯƜŤǀŚƷźƽ y�ƳŹřƹ�ŚƯř�ŶƳř�ƶŤƀŞưƷŚƿŚƸƀƳŚƽ�ƹŚƀƯƽ�ŶƳŹřŶƳ.�ƌƘŝ�źĭřƾ�ŚƌƗř�Żřƽ�ƛǀƬƇř�źƐƣ�źƾ��źƠƇ

� ƶŤƀŞưƷ�šřŶƷŚƄƯ� ŶƃŚŞƳ� ƵŵƺŝƫƺưƘƯ�šŚƘŝźƯ� ƪƣřŶů� ŵŹƹōźŝ� ƹƾ  yXXX 
1��ƸŝǀƳ� ƶƴǀŢƀ.�

ƱƺģV2�źţŚƯƿŹřƹƺĩ�žƿƯ� ŚƷŚƐų�žƳŚƾ��ŶƃŚŝV�ŚŝƿŤƀƾ�ƹŚƳƿƘƯ� ƹ� ƵĦǀřźŝŚƴŝ� ŶƃŚŝ�ŢŞŨƯ� Ʋƿ�Ʋ

źţŚƯƿ�žnn�ƹŚƳƿ�ƱŹŚƤŤƯ�ƵĦk��ƶŝ�Ţſř�ŵƺūƺƯŹƺƏƽ ƶĩVkkkk  .źţŚƯƿ�žk�Źƿ�ƭƹŵ�ƶƄV 

ƯŚƳǀƯ�ƵŶƾ�ŵƺƃ. ƜŤƯǀźŚƷƽ�ŻƿƯ�źƔƳ�Źŵ�řŹ�źƾ�ĭǀźƿƮ:  

111 
 kgXkBykZ  

ŵ�šŹŚŞƗ�ƶŝƿ�źĮſźĭŹ�ƩŶƯǀƱƺ  Xy Ż�šŹƺƇ�ƶŝƿ�ŶƃŶƷřƺų�ź  

                                                                                          
 111 kXkyk  

)٩- ١                                                                                              (gBZ    

ŚƷŚƐųƽ�ŶŞţƿ�ƪƿ�ƶŤƟŚŶū�ƩŶƯ�Źŵƿ�Ŷ�řŹřŵƽ�ƯřǀŹ�ŶƿƋŚƾ�źţŚƯ�ƹ�Ƶŵƺŝ�źƠƇƿŹřƹƺĩ�žƿžƳŚ g��ƶŝ�ƮƷ

Ż�šŹƺƇƿŵƺŝ�ŶƷřƺų�ź.   
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řźŝŚƴŝƿŚƌƗř�Ʋƽ g�řŹřŵƽ�ƯǀĮƳŚǀŹřƹ�ƹ�źƠƇ�ƲƿƯ�ƶŤƀŞưƷŚƳ�ƹ�Ƶŵƺŝ�ŢŝŚŧ�žƳŚƾ�ŶƴƃŚŝ.�ŚƷŚƐų�Ʊƺģƽ 

g��ƩŶƯ�ŹŵgBZ  �ƹ Ư�ơŶƇ�ƩƺưƘƯ�šŚƋƹźƠƯ�Źŵƾ�Ư�Ŷƴĩƾ�Ƴřƺţǀ�šŚƘŝźƯ�ƪƣřŶů�ƁƹŹ�Ʈ

řźŝ� řŹ�ƩƺưƘƯƽ�źŞŝ� ŹŚĩ� ƶŝ� ƱōƿƮ .�šŚƘŝźƯ�ƪƣřŶů�ƖŝŚţŤƳŹŵ� ƹǀŻ�šŹƺƇ�ƶŝ�ƩŚƯźƳ�šǇŵŚƘƯ� ƶŬƿ�ź

�ŵƺŝ�ŶƷřƺų.  

)١٠- ١ (                      XyVXyVggS 
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