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Abstract 
Laniz structural sub-zone, located between Ahar-Maygoon faults in north and Imamzad-e-Davood fault in south, is one of the 
structural sub-zones in the south of Central Alborz range. In this paper, an intial model is presented on structural evolution of 
the Laniz sub-zone as one of the south Central Alborz range sub-zones. This model is based on geometry, kinematics, and 
strain analysis of the structures. The model can also be used as a refrence frame to interpret structural evolution of the south 
Central Alborz range. Field mapping accompanied by  structual interpretation of the study area shows that thrust faults with 
minor strike component that  dip towards north and south, are the main structures that control deformation in the sub-zone. 
The geometry of these thrust faults is similar to the geometry of Pop-up structures in which the older rocks are exposed and  
well developed in all structural sub-zones of the range. Hangingwall antiforms and footwall synforms accompany all these 
thrust faults. These folds are asymmetric and their geometric and kinematic analysis show that they were developed by 
propagation of thrust faults. Therefore, they were classified as fault propagation folds. These thrust faults were disrupted and 
translated by almost north-south trending transverse faults with greater strike slip component. Furthermore, these faults that 
also caused passive rotation of the thrust-related folds are interpreted as the result of interaction between Alborz range and 
Caspian Sea ocanic floor basin in Late Tertiary.  This caused compressional and thrust tectonics to be substituted by 
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transpressional tectonic regim in the south Central Alborz range. The very low values of measured strain on samples along the 
fault zones indicate that this tectonic regim is of the thin-skinned one.  
 
Key words: Geometry and kinematics of fault, Fault related fold, Structural sub-zone, Transpression tectonics, Structural 
evolution of Central Alborz 
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� Ţſř� ƶŤƟźĭŹřźƣ� śƺƴū� Źŵ� ŵƹƹřŵ� ƵŵřŻ� ƭŚƯřƹ� ƩŚưƃ� Źŵ�� ƪƨƃæ� ���Ʋƿř
�ƪƨƃ�ƽŹŚŤųŚſ�ƶƄƤƳ�Źŵ�żǀƳ�ƵŵƹŶŰƯæéAlavi (1996)��Źŵ�ƹ�ƶŤƃřŵ�Źřźƣ

ƶƄƤƳ�Ʊō�Śſ�ƹ�ƾĭŶƳřŹ�ƪƀĭ�ƕƺƳźƷ�ŶƣŚƟ��ƾƟźƘƯ�ƵřźưƷ�ƽŚƷŹŚŤųƃŢſř�ƵŶ��
� ƾƿřźŰƇ�ƽŚƸŤƃřŵźŝ� Ʋƨǀƫ�ƾſŚŞƗ��æèíæ� � ��Ʋƿř� Źŵ� ƶƧ� ƵŵƹŶŰƯ� Ʋƿř� Żř

ŝ�ƶƘƫŚƐƯƶ�żƿŹ�ƱřƺƴƗ��ƾƟźƘƯ�żǀƳǇ�ƽŹŚŤųŚſ�ƶƴƸěƃƵŶ���ƽŚƸƬƀĭ�ƶƧ�ŵřŵ�ƱŚƄƳ�
�ƹ�ƵřźưƷ�ƽŚƷŹŚŤųŚſ�ƹ�ƾŝƺƴū�ƹ�ƾƫŚưƃ�šƹŚƠŤƯ�ƽŚƸƄƳřŹ�ƹ�ŚƸŞǀƃ�Śŝ�ƾĭŶƳřŹ

ƾƋźƗ�ƽŚƸƬƀĭ��ŚƸƳō�ƖƏŚƤŤƯ�ƾƃźŝŶƳŹřŵ�ŵƺūƹ�żǀƳ�����
żƿŹ��ƾƟřźĭƺƿżǀƟ�źƔƳ��Żř�ŝ�ƩŚģƺţ�šŚƗŚƠţŹř�ƶƯřŵř�Źŵ�żǀƳǇ�ƶƴƸěƶ��ŢưſźŤųŚŝ�

� ƲƄų� ƹ� ƖƠţźƯ� ƾƟřźĭƺěƺţ� ƽřŹřŵ� ƹ� ƵŵƺŝŢſř�ƦǀƨƠţ� ŜūƺƯ� ƹ�
ƶƋƺů�Ŷſ�ƹ�ƱřźƸţ�ƩŚưƃ�żƿźŝō�ƽŚƷ��ũźƧƃƵŶ�Ţſř���ŶƳŻŚſ�ƽŚƸĮƴſ�Ɲƺţ

�Ʋſƺŗř�Ʋſ� Śŝ�ũźƧ�� �ƾƯŚƯř� ƹ�ƾƴǀƯřÎÐÔÏ�ƬƇř�ƽŚƷ�ƱƺưƴųŹ� �żƿŹ�ƾ��ƶƴƸě
řŹ�żǀƳǇ�ƾƯ�ƪǀƨƄţ�ŶƴƷŵ���ƲŬƟ�ƽŚƷŶƳŻŚſ�ƶŝ�ƍƺŝźƯ�ƾĮƴſ�ƽŚƷŶůřƹ�ƶģźĭ

ƾĭŶƳřŹ�ƽŚƸƬƀĭ�ƽŚŤſřŹ�Źŵ� �ŽŚƿźţ�ƹ�ƲƿźƿŻ�Ʋſƺŗř� �Ʋſ� Śŝ� Śƨǀƫř� ƹ��Źŵ�
� ƲƿżĮƿŚū� żǀƳ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� żƧźƯ� ƹ� ƽŹƹŚų� ƩŚưƃƵŶƃ��ŶƳř

�ƪƨƃÎ���ŹŚƷō�ƽŚƸƬƀĭ���śƺƴū�Źŵ�ŵƹƹřŵ�ƵŵřŻ�ƭŚƯř�ƹ�ƩŚưƃ�Źŵ�ƱƺĮǀƯ�żƿŹ
�ƽŚƷ� ƂŴŝ� Źŵ� ƶƧ� ƽźĮƿŵ� ƽŚƷ� ƾĭŶƳřŹ� ƲǀƴĤưƷ� ƹ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě

ƶƘƫŚƐƯ�Ʋƿř�ƾƏ� Źŵ� ŚţŶưƗ� ƹ�ŶƳŹřŵ� Źřźƣ� ƶƴƸě� żƿŹ�Ʋƿř�ƽżƧźƯ��ƹ�ƾƿŚſŚƴƃ�
�ƪǀƬŰţƃƵŶ��ŶƳř��ƶƴƸě� żƿŹ�ƽŹŚŤųŚſ�ƪƯŚƨţƹ�ƽźǀĭ�ƪƨƃ�Źŵ�ƾưƸƯ�ƂƤƳ�

ƶŤƃřŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŶƳř���
�������ƾƘſ�ŹŚŤƃƺƳ�Ʋƿř�ŹŵƾƯ�ŵƺƃŤųŚſ�ƾƟźƘƯ�ƲưƋ��ƹ�Ţƃřŵźŝ�ƾƬƇř�ƽŚƷŹŚ

Ťųřŵźě�ŚƸƳō�ƾƄŞƴū�ƹ�ƾſŶƴƷ�ƪǀƬŰţ�ƶŝ��ƶƴƸěżƿŹ�Ʋƿř�Źŵ�ƵŶƃ�ƾƿŚſŚƴƃººººº�ƶ
ƵŵŚſ�ƽŹŚŤųŚſ� ƽƺĮƫř� �ƂƳźƧ� ƱřżǀƯ� ƪǀƬŰţ� ƶŝ� ƶūƺţ� Śŝ� ƲǀƴĤưƷ� ƹ��Żř� ƽř

ŵŵźĭ� ƶŗřŹř� ŚƸƳō� ƪƯŚƨţ� ��Żř� ƾƨƿ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě� żƿŹ� ƶƧ� ŚŬƳō� Żř
żƿŹ�ƶƴƸě�ƫ� �Ţſř�ƽżƧźƯ� ŻźŞƫř� Źŵ�ƽŹŚŤųŚſ�ƽŚƷƾƯ�ƾƿƺĮƫř� Ʋǀƴģ� řŸ��ŶƳřƺţ
źŝƽřƶƴƸě�żƿŹ�źĮƿŵ�ƽŹŚŤųŚſ�ƪƯŚƨţ��ŝ�żǀƳ�ŚƷƶ�ŵƹŹ�ŹŚƧ��ŹƺƔƴƯ�ƲǀưƷ�ƶŝ��Źŵ�
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řŶŤŝř�Ƭƀĭ�ƾƄŞƴū�ƹ�ƾſŶƴƷ�ƽŚƸǀĭĦƿƹ�ƸƲǀģ�ƹ�Ś��ƪǀƬŰţ�ŚƸƳō�Śŝ�ƵřźưƷ�ƽŚƷ
ƃŢſř� ƵŶ� �ŶƘŝ� ƶƬůźƯ� Źŵ��ŵŹƺƯ� ƵŵƹŶŰƯ� ƾƿŚƸƳ� �ƂƳźƧ� ƱřżǀƯ�šřźǀǀƜţ�

ƵŻřŶƳř� ƶƘƫŚƐƯ�ƹ� ƵŶƿŵźĭ�ƪǀƬŰţ� ƹ�ƽźǀĭ�ŵźĭ�ƽŚƷ� Ƶŵřŵ�ƽŚƴŞƯ� źŝ� ƭŚŬƳřźſ�
ƵŶƃ�ƵŵŚſ�ƽƺĮƫř��ƵŶƃ�ƽŹƹō�żƿŹ�ƽŹŚŤųŚſ�ƪƯŚƨţ�ƪůřźƯ�Żř�ƽř��ŵŹƺƯ�ƶƴƸě

źŝ�ƮǀưƘţ�ƪŝŚƣ�ƶƧ�ƶƘƫŚƐƯƽř��Ţſř�ƽżƧźƯ� �ŻźŞƫř�śƺƴū�ƽŹŚŤųŚſ�ƪƯŚƨţ�
řŹřŗ�ƶƾƯ�ŵƺƃ���
��
ç��ƾƬƇř�ƽŚƷŹŚŤųŚſ���

źĭŵ�ŢųŚƴƃ� ƽŹƹźƋ� ƽŚƷŹřżŝř� �ƽŹŚŤųŚſ� źƇŚƴƗƾƬƨƃ��ƶŝ� ƾŝŚǀŤſŵ� ƹ� ŚƷ
Įƫřźĭŵ�ƽƺƾƬƨƃƶǀůŚƳ���ƽřŤƀƷŶƴ� �ƮƸƯ�Ʋƿř�ƶŝ�ƾŝŚǀŤſŵ��Żř� żū�ƵřŹ�ƪǀƬŰţ�

� ƢǀƣŵƽŚƸǀĭĦƿƹŢƀǀƳ� ƲƨưƯ� �ŚƷŹŚŤųŚſ� ƾƄŞƴū� ƹ� ƾſŶƴƷ�� ��ƽŚƴŞƯ� źŝ
�ƆŴƄƯ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŵƹŶŰƯ�Źŵ�ƵŶƃ�ƭŚŬƳř�ƾƿřźŰƇ�ƽŚƸǀſŹźŝƹ�ŚƸŤƃřŵźŝ

ƃ�ƶƬưū� Żř� �ŚƸƳō� Śŝ� ƵřźưƷ� ƽŚƸǀĭŵŹƺų� Ʋǀģ� ƹ� ƾĭŶƳřŹ� ƽŚƸƬƀĭ� ƶƧ� Ŷ
ƬƇř�ƽŚƷŹŚŤųŚſŶƴŤƀƷ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƴƸě�żƿŹ�ƾƬƨƃ�źĭŵ�ƵŶƴƴƧ�ƩźŤƴƧ�ƾ��

ŬǀŤƳ�ŹŵŠƾƿřźŰƇ�ƽŚƸŤƃřŵźŝ�Ʋǀƴģ���ÎÓ�ƹ�ƾƿŚſŚƴƃ�ƵřźưƷ�ƽŚƸƴǀģ�ƹ�ƪƀĭ�
�ƪǀƬŰţƃƵŶ��ƪƨƃ�ƽŹŚŤųŚſ�ƶƄƤƳ�Źŵ�ŚƸƳō�ŢǀƘƣƺƯ�ƶƧ�ŶƳřÐ�ƹ�ƵŶƃ�ƆŴƄƯ�

�ƽŚƸƴǀģ�ƹ� ŚƸƬƀĭ�Ƶƹźĭ�ƹŵ�Źŵ�ŚƸƳō�ƽŹŚŤųŚſ�ƾƬƧ�ƞǀƇƺţ�ƎƤƟ� ŚŬƴƿř�Źŵ
řŹř�ƵřźưƷ�ƶŗŶƿŵźĭŢſř�Ƶ���

��
ç�æ�ŚƸƬƀĭ���

ƾƯ�řŹ�ŚƸƬƀĭ�ƮƸƯ�Ʊřƺţ��ƶŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŵƹŶŰƯ�Źŵ�ŵƺūƺƯ�ƽŚƷŹŚŤųŚſ�Ʋƿźţ
ŹŚưƃŵŹƹō�� ��ƾƄŞƴū� ƪǀƬŰţ� ƽŚƴŞƯ� źŝ� ƹ� ƲǀƯŻ� ƽƹŹ� ŶƷřƺƃ� ƶŝ� ƶūƺţ� Śŝ

�� ƪƨƃ� ƽŚƸƯřźĭƺƿźŤſřè�� �źŤƄǀŝ�Śŝ� ƾĭŶƳřŹ� ŹŚƧƹŻŚſ� ƽřŹřŵ� ŚƸƬƀĭ� Ʋƿř�
ƶƠƫƺƯ�ƦģƺƧ�ƽŚƷ�ƾƯ�żƜƫŚŤſřŹ�źţ�ŶƴƃŚŝ��Ƭƀĭ�ƲǀƴĤưƷ�ƹ�żƜƫŚŤſřŹ�ƽŚƸƽŵŚƗ�
ƶŝ�żǀƳ�ƾƯ�ƵŶƿŵ�ƾƬŰƯ�ƹ�ŵƹŶŰƯ�šŹƺƇ�ŶƳƺƃ���ƾĮƴſ�ƽŚƷŵżƳƹźŝ�ƶƧ�ŚŬƳō�Żř

�řŸƫ��ŶƴƃŚŝ�ƾƯ�ũźƧ�ŶƳŻŚſ�ƾƳŚǀƯ�Śţ�ƾƴǀƿŚě�ƽŚƸƄŴŝ�Żř�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƤƐƴƯ�Źŵ
ŵƺūƺƯ� ƽŚƸƬƀĭ�ŢǀƫŚƘƟ��ŶƳŻŚſ� Ʋƿř�ƞƬŤŴƯ� ƽŚƸƄŴŝ� ƱŶƃ� ƵŶƳřŹ�ŦƗŚŝ�

�Ţſř�ƵŶƃ�źĮƿŶƨƿ�ƽƹŹźŝ��źƿƹŚƈţæ��ç��è�ƹ�é����
�ƩƹŶū�ŹŵæŶưƗ�ƶƧ�ƶƤƐƴƯ�ƽŚƸƬƀĭ�Żř�ƾŤſźƸƟ��ƽřźŝ�Śţ��ƲǀŤƀŴƳ�ƾƏ�Źŵ�ŹŚŝ

ƵŶƃ�ƪǀƬŰţ� ƹ� ƾƿŚſŚƴƃ� ƶƘƫŚƐƯ� Ʋƿř�řŹř� �ŶƳř� ƶŗŢſř� ƵŶƃ�� �ƩƹŶū�Ʋƿř� Źŵ��
ƀĭ�ƾſŶƴƷ�šŚƈŴƄƯ�ŵŹƺƯ� Źŵ�ƾţŚƗǈƏřƬ�ŚƸƳō�ƽŚƴŞƯ� źŝ�ƶƧ�ƽŶƷřƺƃ� �ŚƸ

� ƪǀƬŰţ� ŚƸƬƀĭ� ŹŚƧƹŻŚſƃŶƵ�ŶƴƳŚƯ� �ŶƳřŝŚū� ƽŚŤſřŹ�ƶ�ƿŚū� � ƾº� ƹƸūŚū�Ţ�
ŝƶ�ƿŚūºƾ�řŹřŗŢſř�ƵŶƃ�ƶ��Śū�ŢƸū�ƹ�ƾƄŞƴū�ƪǀƬŰţ�ŝƶ��ƾƿŚūƵźǀģ�źŝ�ŚƸƬƀĭ�

ƣŚţ� ƱŹŚƤŤƯŚƳ� ƶſŶƴƷ� �ƽŹŚĮƳ� ƶƴǀģ� ŶƷřƺƃ� ƽŚƴŞƯŢŴƿź�řźƟ� ƽŚƷ��ƽř� ƵŹřƺƿŵ
Ɓźŝ�Śƿ�ƹ�ƾĮŤƄĭźŝ�Śŝ�ƪƀĭ�ƺƬƸě�Źŵ�ƾĭŵŹƺų��ŚƸƳō�ƾƳŚƄǀě�ƽŚƷ���źƿƺƈţæ��

�ƱŹŚƤŤƯ� ŚƳ�ƶſŶƴƷ�ƹ�ƹŚƳŢŴƿŹ�ƽŚƷ�ƹźƟ��ƷƺƬƸě� Śŝ�ƪƀĭ�ƽř� ƵŹřƺƿŵ�ƾƠƬų�ƽŚ
�ŚƸƳō�ƵŵŹƺų�Ɓźŝ�Śƿ�ƹ�ƶŤƄĭźŝ��źƿƺƈţç���ƶƴƸě�Źŵ�ƱŹŚƤŤƯ� ŚƳ�ƽŚƸƴǀģ�żƿŹ��

�ƾƬƀĭ��źƿƺƈţè���ƪƀĭ�ƶƴƸě�Źŵ�ƾĭŶƳřŹ�ƽŚƸƀƨƬěƹŵ�żƿŹ�ƶſŶƴƷ�ƹ��źƿƺƈţ
é���Ţſř�ƶŤƟźĭ�šŹƺƇ���

Śū� ƽŚŤſřŹŝƶ�Ƶŵřŵ� ƽŚƴŞƯ� źŝ� �ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� ƽŚƸƬƀĭ� ƾƿŚū�ƽŚƷ��
ŝƶ��ƵřźưƷ�ƽŚƷŹŚŤųŚſ�Żř�ƵŶƯō�Ţſŵ�ƪǀƬŰţ�źƿŻ�ƁƹŹ�ƹŵ�Żř�ƾƨƿ�ƶŝ�ƹ�ŚƸƳō

ƵŶƃ�ŶƳř���
ƞƫř�Ƶŵřŵ�ƽƹŹ�Żř��ŝ�ƽŚƷƶ�ƃżƜƫ�ƍƺƐų�Ʊƺģ�ƾƬƀĭ�ŭƺƐſ�Żř�ƵŶƯō�Ţſŵƾ�
�� ƩŚŨƯ� ƽřźŝVan der Pluijm & Marshak, 1997���Ʊƺģ�ƾƿŚƸƬƀĭ�

TF1,TF3�ƪƨƃ�ŹŵèƵŵřŵ�Ʋǀƴģ�Żř�ƵŵŚƠŤſř�Śŝ���ƪǀƬŰţ�ƾƿŚƷƃƵŶ�ŶƳř���
ś�Śŝ� ƎŞţźƯ� ƽŚƷŹŚŤųŚſ� ƪǀƬŰţ� ƽŚƴŞƯ� źŝ�� ƪƀĭ� �ŶƴƳŚƯ�ŭƺƐſ�ŢǀƘƣƺƯ�

īźŝ��ƾĭŶǀƄƧ��ƽŚƸŤųŚſ��ŚƸƴǀģ�ƽŹƺŰƯ�ƵŹřƹ��ƵŵŚƠŤſř�Śŝ�ƹ�ƾƬƀĭ�ƶƴƸě�ƽŚƷ
�ŻřƁƹŹ�Roering & Smit (1987)���ŶƴƳŚƯ�ƽŚƸƬƀĭ�TF4 ƭŚƯř�ƹ��ƵŵřŻ�
�� ƪƨƃ� Źŵ� ŵƹƹřŵè� ���ƹ� ŚƸƴǀģ� ƾƄŞƴū� ƍŚŞţŹř� ƽŚƴŞƯ� źŝ� ƪǀƬŰţ� Ʋƿř� Źŵ

ƵŹřƺĭźŝ�ŝ� ƹ� ŚƷ�Ʋǀģ�ƽŹƺŰƯ�ŭƺƐſ� �ƾƬƀĭ� ƶƴƸě�ƽŚƷƵŹřƺĭź�ŻřƺƯ� ƶŝ� ŚƷ�ƽ
ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ƾƬƀĭ�ƶŰƠƇ�ŶƳř����

�ƽŚƴŞƯ�źŝ�ƹ�ŚƸƳō�ŶƳƹŹ�ƶŝ�ƶūƺţ�Śŝ�Ʊřƺţ�ƾƯ�řŹ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŵƹŶŰƯ�ƽŚƸƬƀĭ
ƪƨƃ�ƽŵřŶŤƯř�ŹřŵƺưƳéŵźƧ�ƦǀƨƠţ�źƿŻ�ƾƬƇř�Ƶƹźĭ�ƶſ�ƶŝ�żǀƳ����

ç��æ�æƩƹř� Ƶƹźĭ��śƺƴū� º� ƽźŤųŚŝ� ƩŚưƃ� ƾŞƿźƤţ� ŶƳƹŹ� Śŝ� ƽŚƸƬƀĭ� �
��ƽŹƹŚų)ƾţƺưƿŻō�ŶƳƹŹ�Śŝ�æèå�Śţ�æêå�ƪƨƃ�Źŵé���źŤƄǀŝ�ƾƬƇř�ƽŚƸƬƀĭ�

ŝ� ƶ�ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě� żƿŹ� ƵŶƴƴƧ� ƩźŤƴƧ� ƽŚƸƬƀĭ� ƵĦƿ��ƽŚƸƬƀĭ� ƾƴƘƿ�
ƭŚƯř�ƵŵřŻ�ŹŚƷō� �ŵƹƹřŵ��� Ƶŵƺŝ� ƽŶƳƹŹ� Ʋǀƴģ� ƽřŹřŵ� �ƱƺĮǀƯƶƧ�Śŝ� ŶƳƹźưƷ�

� ƽŚƷŻźƯ� ƵŶƴƷŵ� ƪǀƨƄţ� ƾƬƇř� ƽŚƸƬƀĭźĮƿŵżƿŹ��ƶƴƸě��Źŵ� ƽŹŚŤųŚſ� ƽŚƷ
ƾƯ� żǀƳ� ƽżƧźƯ� ŻźŞƫř�� ŶƴƃŚŝ�ƪƨƃæ� �� ��Źŵ� ƾưƸƯ�ƂƤƳ� ŚƸƬƀĭ�Ʋƿř�ŢǀƫŚƘƟ

ƪƨƃ�Ţſř� ƶŤƃřŵ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� ƾƟřźĭƺěƺţ� ŢǀƘƋƹ� ƽźǀĭ��
ƶŝ�ƶƳƺĭ�řƎų� �źƋŚů� ƩŚů� Źŵ� ƶƧ� ƽ�źƫřřŽ�ƂƨƷŻ� ƹ� ŚƷ��ƾƬƇř� ƽŚƷ
�ƶƳŚųŵƹŹ�ƱƺƫŚţ�ƹ�ƦƳŚŤſźƸƃ�ƽŚƷ��ŶƳŹřŵ�ƁźŤƀĭ�ŚƸƳō�šřŻřƺƯ�ƶŝ���ƽŚƴŞƯ�źŝ

ƽźǀĭ�ƵŻřŶƳř��ƹ�ƾƬƀĭ�ŭƺƐſ�ƽƹŹźŝ�ƶŤƟźĭ�šŹƺƇ�ƽŚƷ�šŹƺƇ�ƪǀƬŰţ�Śƿ
Śū�ƽŚŤſřŹ�Żř�ƶŤƟźĭ�ŝƶ�ƾƿŚū��Ŝǀƃ�ŢƸū�ƶŝ�ƶūƺţ� Śŝ�ƹ�ƶŤſŵ�Ʋƿř�ƽŚƸƬƀĭ

�ŢƸū��ŶƳř�ƵŶƃ�ƽźǀĭ�ƵŻřŶƳř�ƽŹƹŚų�ƩŚưƃ�Ţưſ�ƶŝ�ƶƧ�ŚƸƳō�ƾƬƀĭ�ŭƺƐſ
Śūŝƶ�Śūƿ� ƪǀƬŰţ� ƽźŤųŚŝ� śƺƴū� ƽƺſ� ƶŝ� � ŚƸƬƀĭ� Ʋƿř� ƾƃƵŶ��řŢſ�
�ƪƨƃ�ƽŚƸƯřźĭƺƿźŤſřè���ĭ�Ʋƿř�ŹŚƧƹŻŚſ��ƾƬǀƬŰţ�Ʋǀƴģ�ƽŚƴŞƯ�źŝ�řŸƫ��ŚƸƬƀ

� ƾĭŶƳřŹƵźǀģƯ� Śŝ�� ƺƦģƺƧ� ƶƠƫ�ŤſřŹ� żƜƫ� ŚŤſřŹ� źţŵźĮ� ƲǀǀƘţ�ƃř� ƵŶŢſ�
��ƩƹŶūæ�ƪƨƃ�ƹ�è����
ç��æ�ç� �ƭƹŵ� Ƶƹźĭ� �� ƽŹƹŚų� ƩŚưƃ� ƾŞƿźƤţ� ŶƳƹŹ� Śŝ� ƽŚƸƬƀĭ��śƺƴū�

� � ƽźŤųŚŝ)� ƾţƺưƿŻō� ŶƳƹŹ� ŚŝåëåŚţ�åìå�ƪƨƃ� Źŵ�é� ��ŠưƷ�Ʋƿř� ƽŚƸƬƀĭ�
� ƪƀĭ� Ǝſƺţ� ŵƺų� ƽźŤųŚŝ� ƽŚƸŤƳř� Źŵ� ƵƹźĭTF1�ƵŶƿźŝƵŶƃ��ŶƳř��

ƵŻřŶƳř��ŢƸū� � ŚƸƬƀĭ� Ʋƿř� ƾƬƀĭ� ŭƺƐſ� ƽƹŹ� źŝ� ƶŤƟźĭ�šŹƺƇ�ƽŚƸƿźǀĭ
ƾƯ�ƱŚƄƳ�ƽŹƹŚų�śƺƴū�Ţưſ�ƶŝ� řŹ� ŚƸƳō�ƾƬƀĭ�ƶŰƠƇ�Ŝǀƃ�ŶƷŵ� ��ƪǀƬŰţ



ŚŤųŚſ�ƶƴƸě�żƿŹ�ƾƄŞƴū�ƹ�ƾſŶƴƷ�ƪǀƬŰţ�ƽŹ�żǀƳǇƽżƧźƯ�ŻźŞƫř�śƺƴū�ƽŹŚŤųŚſ�ƪƯŚƨţ�źŝ�ƽŶƷŚƃ����
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Śū�ƽŚŤſřŹ�Żř�ƶŤƟźĭ�šŹƺƇ�ŝƶ�ŚƸƬƀĭ�Ʋƿř�ŹŚƧƹŻŚſ�ƹ�ƾƿŚū���źĮƳŚƄƳ�ŢƸū�
�ƽźŤųŚŝ�ƩŚưƃ�Ţưſ�ƶŝ�ŚƸƳō�ƾĭŶƳřŹŢſřŚƸƬƀĭ�Ʋƿř�řŸƫ����ŹŚƧƹŻŚſ�ƽřŹřŵ�

ƵźǀģřŹ�ƦģƺƧ�ƶƠƫƺƯ�Śŝ�ƹ�ƾĭŶƳ��żƜƫŚŤſřŹ�źţŢſř����ƪƨƃ�ƽŚƸƯřźĭƹźŤſř
è���ƽŚƸƬƀĭ�ƶŝ�Ʊřƺţ�ƾƯ�ŚƸƬƀĭ�Ʋƿř�ƶƬưū�Żř�TF9��TF10��ƹTF11��ƵŹŚƃř

�ŵźƧ��ƩƹŶūæƪƨƃ�ƹ�è����
ç��æ�è�ƭƺſ�Ƶƹźĭ���ƾƫŚưƃ�ƾŞƿźƤţ�ŶƳƹŹ�Śŝ�ƽŚƸƬƀĭ���ƾŝƺƴū���ƽŚƸƬƨƃè�
�ƹé� ��ƮƸƯ�Żř�ƽŚƸƬƀĭ�ƶŝ�Ʊřƺţ�ƾƯ�Ƶƹźĭ�Ʋƿř�ƽŚƸƬƀĭ�Ʋƿźţ TF1� ƹ�TF5��

ŵźƧ�ƵŹŚƃř���ƪƀĭTF1�ŝŚū�ƹ�ƱŶƃ�ƖƐƣ�ŜūƺƯƶ��ƪƀĭ�Żř�ƾƿŚƸƄŴŝ�ƾƿŚū
ƖƐƣ�ƹ�ŵƹƹřŵ� ƵŵřŻ�ƭŚƯř��ƪƀĭ�Ʊƺģ�ƭƹŵ�Ƶƹźĭ�ƽŚƸƬƀĭ�ŶƳƹŹ�ƾĭŶƃTF9�

�Ţſř�ƵŶƃ��ƪƨƃè����ƾƄŞƴū�ƪǀƬŰţ�ƶŝ�ƶūƺţ�Śŝ�Ƶƹźĭ�Ʋƿř�ƽŚƸƬƀĭ�ƾƯŚưţ
�ŚƸƳō��řŹř�ƽŚƷ�ƵŵřŵŗƩƹŶū�Źŵ�ƵŶƃ�ƶæ�ƪƨƃ�Źŵ�ƾƬǀƬŰţ�ƽŚƸƯřźĭƺƿźŤſř�ƹ�
è� � �� żƜƫŚŤſřŹ� ƶƠƫƺƯ� Śŝ� ƵřźưƷ� ƾĭŶƳřŹ� ŹŚƧƹŻŚſ�ŶƳŹřŵ�� ��Żř� ƶŤſŵ� Ʋƿř� źŧř�

ŚƸƬƀĭ�Śū� ŦƗŚŝ� ŚƸƴţ� ƶƳ��ŝƶ�ƵŶƃ� źĮƿŵ� ƽŚƸƷƹźĭ� ƽŚƸƬƀĭ� ƾƿŚū��ƶƨƬŝ�
�ƽŹƺŰƯ�źŧř�ƱŶƃ�ŶƳƹźưƷ�ƹ� ŚƸƬƀĭ�Ʋƿř� Śŝ�ƎŞţźƯ�ƽŚƸƴǀģ�Ƃųźģ�ŜūƺƯ

� ŚƸƬƀĭ� Żř� ƶŤſŵ� Ʋƿř� ƾŝƺƴū� ƾƫŚưƃ� ŶƳƹŹ� Śŝ� ŚƸƳōƃƵŶ�Ʋǀģ� ŶƴƳŚƯ� �ŶƳř��ƽŚƷ
ƟƵŹřƺƿŵřź��ƽŚƸƬƀĭ�ƽřTF5�� ƹTF1�ƪƨƃ�Źŵ�è���ƶŝ�ŵƺƃ�ƶƘūřźƯ�ƲǀƴĤưƷ

�ƪƨƃì����
��
ç�çŚƸƬƀĭ�Śŝ�ƵřźưƷ�ƽŚƷ�Ʋǀģ����

�ƪǀƬŰţ� ƢƿźƏ� Żř� ƹ� ƾƿřźŰƇ� ƮǀƤŤƀƯ� ƽŚƸŤƃřŵźŝ� Śŝ� ŚƸƴǀģ� ƾſŶƴƷ� ƪǀƬŰţ
�ƶƧ�ŵřŵ�ƱŚƄƳ�ƎŞţźƯ�ƽŚƸƯřźĭƺƿźŤſřźŤƄǀŝ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�Śŝ�ƎŞţźƯ�ŚƸƴǀģ�

ƶƳřƺŤſř�ƕƺƳ�Żř�ƹ�Ƶŵƺŝ�Şƃ�Śƿƹ�ƽřƶƳřƺŤſř�ƶ�ŶƴŤƀƷ�ƽř���ƽřŹřŵ�ŚƸƴǀģ�ŜƫŚƛ�ŹƺŰƯ
�Żř�źŤưƧ�ƪƿŚưţçå�ƾţƺưƿŻō�ƽŚŤſřŹ�Śŝ�ƹ�Ƶŵƺŝ�ƶūŹŵ�æèå�Śţ�æêå�Śŝ�ŶƳƹźưƷ�

�ƶƴƸě�żƿŹ�ƵŶƴƴƧ�ƩźŤƴƧ�ƾƬƇř�ƽŚƸƬƀĭ�ŶƳƹŹ�ƀĭŚƸƬ�ƶƴƸě�żƿŹ�ŻźƯ�ƽ���ŶƴŤƀƷ
��ƩƹŶūç�����

�����Śū�ŢƸū�ƪǀƬŰţ�ƹ�ƾƿŚſŚƴƃ�Źŵ�ƾưƸƯ�ƂƤƳ� �ƂƬƀĭ�Śŝ� ƵřźưƷ�ƽŚƸƴǀģ�
ŝƶ�ƿŚū�ŶƳŹřŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƴƸě�żƿŹ�ƾĭŶƳřŹ�ƽŚƸƬƀĭŹŚƧƹŻŚſ�ƹ�ƾ��źƿƹŚƈţ
æ� �ç� ƹ�è� � ��ƵŹřƺƿŵřźƟ� ŹŵƵŹřƺƿŵƹźƟ� ƹ��ŠưƷ�Ʋǀģ� ƾĭŶƳřŹ� ƽŚƸƬƀĭ�

�ŚƸƴǀģ�żƿŹ�Śţ�ŚƸƴǀģ�īŹżŝ�Żř�šƹŚƠŤƯ�ƽŚƸſŚǀƤƯ�Źŵ�ƹ�ƱŹŚƤŤƯŚƳ�ƽŚƸǀĭŵŹƺų
ƾƯ� ƵŶƷŚƄƯ�ŶƳƺƃ� ��ƽŚƸǀĭŶƳřŹ�ƂƳřŹ� Żř� źŧŚŤƯ� ŚƸƴǀģ�īŹżŝ�ƽŹƺŰƯ�ŮƐſ

ŝƶ�ō�ŵƺūƹ�ƹ�Ƶŵƺŝ�ƶŤƄĭźŝ�ŚƸƳō�ƵŶƳŹƹřŜƬƛ�ƾƳŚƄǀě�ƽŚƷƺƬƸěơŚţ��ŢŴƿŹ���ƽŚƷ
ƵŹřƺƿŵřźƟ�� ƽř�źƿƺƈţæ� �ŢŴƿŹƹŚƳ� � ƾŤƃŵ� ƽŚƷƺƬƸě� ƹ�ƵŹřƺƿŵƹźƟ� � � ƽŚƷ��ƽř

��źƿƺƈţç���ƵŵŹƺų�Ɓźŝ�ŚƸǀĭŶƳřŹ�ŹŚƄŤƳř�Żř�źŧŚŤƯ��żǀƳƾƯ��ŶƴƃŚŝ��ƪƨƃê�����Żř
ƾƄŞƴū� źƔƳ�� ƾĭŶƳřŹ� ƽŚƸƬƀĭ�ƂŞƴū� Śŝ� ƎŞţźƯ� ŚƸƴǀģ� Ʋƿř� ƪƯŚƨţ�Ţſř��

ŝ�ƾƿŚƸƴǀģ�Ʋǀƴģ�ƽŹŚŤųŚſ�Ʋƿƺƨţƶ��ƪƨƃ�Źŵ�ƦǀţŚưƃ�šŹƺƇê�Ƶŵřŵ�ƱŚƄƳ�
Ţſř� ƵŶƃ� �ƱŚưƷ�ƶƳƺĭ� ƪƨƃ� Źŵ� ƶƧ��ê���ƾƯ� ƶƔůǈƯ�ƞƫř�� �ŵƺƃ� Śŝ�ŵřŶųŹ�

ƶƿǇ� �ƢưƗ� Źŵ� ƾĭŶƳřŹ�ƂƬƀĭ��źŝ� ƾĭŶƳřŹ�ƂŞƴū� ƶŬǀŤƳ� Źŵ� ƾŰƐſ�ƽŚƷ
ŚŤŞƀƳ�ƹ�ƮƿǈƯ�ƾĭŵŹƺų�Ʋǀģ�ƹ�ƵŶƯō��ƾƯ�ƱŚƄƳ�ŵƺų�Żř� řŹ�ƾƳŹŚƤŤƯŚƳ�ŶƴƷŵ��

�Ʋƿř� ŹŵƶƬůźƯ�ƾƯ�ƾĭŶƃ� ƵŚţƺƧ�ƱřżǀƯ��� ŵƹŶů� ƶŝ� ŶƳřƺţêŶƇŹŵ�Ŷſźŝ�� ��Śŝ
ƪƀĭ�ƂŞƴū�ƶƯřŵř� �źĭŵ�żƧźưţ� Śŝ�ƶƧƾƬƨƃƾĭŶƳřŹ�ƥƺƳ� Źŵ���Ʋƿř� �Ţſř
ŝ� ƾĭŵŹƺų� Ʋǀģƶ�ơŚţ� šŹƺƇ��ŢŴƿŹƹŚƳ� ƹ��� ŢŴƿŹƶŤƀŝ�ƱŹŚƤŤƯŚƳ� ƹ� źţ��ƽźţ

ƵŶƯōŹŵ��ŝ�ƶ�ơŚţ�ƾƳŚƄǀě�ƽƺƬƸě�ƶƧ�ƽŹƺƏ��ŢŴƿŹƹŚƳ�ƾŤƄě�ƽƺƬƸě�ƹ��ŢŴƿŹ�
Ƨźů� Żř� źŧŚŤƯ�ƶƘſƺţ� Śŝ� ŵŹřƺƯ�ƾųźŝ� Źŵ� ƹ� ƵŶƃ� ƶŤƄĭźŝ�ƾĭŶƳřŹ�ƥƺƳ�Ţ

� ŶƃŚŝ� ƾƯ� ƵřźưƷ� ƾƃźŝ� ƶƤƐƴƯ�� ƪƨƃêś� ��ƶƬůźƯ� Ʋƿř� Źŵ��ƵŚţƺƧ� ƱřżǀƯ�
źŨƧřŶů� ƶŝ� ƹ� ƶŤƟŚƿ� ƂƿřżƟř� ƾĭŶƃèåŶƇŹŵ�ƾƯ��ŶſŹ� �Śŝ�ŢƧźů� ƶƯřŵř�

ƺƬƸě�Ʋƿř�ƾĭŶƳřŹ�ƪƀĭ�ƥƺƳ��ƾĭŶƳřŹŚƷ�ƶŤƄĭźŝ�ƽŚƸƴǀģ�ƖƐƣ�żǀƳ�řŹ�ŵźƧ�Ƶ
ƾƯ�ŜūƺƯ�ƹ�ŵƺƃ�ơŚţ�ƶƧ�ƿŹŢŴƹŚƳ�ƽƹŹ�źŝ�ƽř� ƵŹřƺƿŵřźƟ�ƶŤƄĭźŝ���ŢŴƿŹ�

ƵŹřƺƿŵƹźƟ� ƶŤƄĭźŝ�� ŵƺƃ� ƵŶƳřŹ�ƽř��ƪƨƃêũ� źƿƺƈţ� ƹ�æ���ƶƬůźƯ�Ʋƿř� Źŵ�
�ƾĭŶƃ�ƵŚţƺƧƾƯ�ŶƳřƺţ�źŨƧřŶů��ƶŝéêŶƇŹŵ��żǀƳŶŝŚƿ�ƂƿřżƟř���

ƶſŶƴƷ� Ʋǀƴģ� żǀƳǇ� ƶƴƸě� żƿŹ� ƾĭŶƳřŹ� ƽŚƸƬƀĭ� źŤƄǀŝ������ŶƳŹřŵ� � ƽř� ��ŮƐſ
ƶŤƄĭźŝ�ƽŚƸƴǀģ�Ʋƿř�ƽŹƺŰƯ�ŝ�ƶ�řŻřƺƯ�ŭƺƐſ�š�ƽŚƸƬƀĭ��Śŝ�ƹ�Ƶŵƺŝ�ƾĭŶƳřŹ

�ƶūƺţŝ��ƾĭŶƳřŹ�ŢƧźů�Żř�ŚƸƳō�Ʋƿƺƨţ�ƶŝƶ��ƲǀǀƘţ�Źŵ�ƾƄŞƴū�źĮƳŚƄƳ�ƱřƺƴƗ
ŝ� ŚƸƬƀĭ� ƾĭŶƳřŹ� ŢƧźů� ŢƸūƶ�ƶŤƟŹ� ŹŚƧ�ŶƳř��� ƪƨƃ� ƽŚƸƯřźĭƹźŤſřè���

ƵŹřƺƿŵřźƟ�ƽŚƸƴǀģ�� Źŵ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�ƽř�źĮƿŵ� ƹ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě� żƿŹ
żƿŹ�ƶƴƸě�źŞƫř�śƺƴū�Źŵ�ƽŹŚŤųŚſ�ƽŚƷƽżƧźƯ�Ż�Ʋǀƴģ�Żř� źŧŚŤƯ��ƽŹŚƧƹŻŚſ��
ŝƶ��ŻźŞƫř�śƺƴū�Źŵ�ŚƸƴǀģ�ƶƘſƺţ�Źŵ�ƾĭŶƳřŹ�ƂƬƀĭ�źŧř�źĮƳŚǀŝ�ƹ�ƵŶƯō�ŵƺūƹ

�ƽżƧźƯŤƀƷŶƴ���
������ŝƽřźƂƬƀĭ� Śŝ� ƵřźưƷ�ƽŚƷ�Ʋǀģ�ƶſŶƴƷ�ƲǀǀƘţ��ƾĭŶƳřŹ�ƽŚƷ��ƁƹŹ�Żř�

ƃƹŹ� ƶƧ� ƵŶƃ� ƵŵŚƠŤſř� ŚƸƴǀģ� ƾſŶƴƷ� ƪǀƬŰţƾ�ƶſŶƴƷ� ƲǀǀƘţ� Źŵ� ƩƹřŶŤƯ�
Ƭƀĭ� Śŝ� ƎŞţźƯ� ƽŚƸƴǀģŢſř� ƾĭŶƳřŹ� ƽŚƸƄ� ���� ƾſŶƴƷ�ƂƿŚƯŻō�Ʀƿ� Źŵ

�ƽŚƸǀĭĦƿƹ�ƂƬƀĭ�Śŝ�ƵřźưƷ��Ʋǀģ�Ʀƿ�ŶƴƳŚƯ�ŚƷƺƬƸě�Ŝǀƃ��ŚƷƺƬƸě�Ʋǀŝ�ƶƿƹřŻ�
ƾƯ� Źřźƣ� ƵŵŚƠŤſř� ŵŹƺƯ� ŚƷƺƬƸě�ŢƯŚŴƋ�šřźǀǀƜţ� ƹ��ŚƸƳō�ŽŚſř� źŝ� Śţ� ŶƳźǀĭ

Ƃǀě�Ʋǀģ�ƩŶƯ��ƾƴǀŝƺƃŵ����
řŹř�ƽŚƷŹřŵƺưƳ�ƽƹŹźŝ�ŚƸƴǀģ�Żř�ƵŶƃ�Ţƃřŵźŝ�ƽŚƷ�Ƶŵřŵ�ƱŵřŵŹřźƣ� Śŝŗ�ƶ�ƵŶƃ

�Ǝſƺţ� ƶƴǀƯŻ�Ʋƿř� ŹŵJamison (1987)� �ƾƯ�ƱŚƄƳ�ƶƧ�ŶƷŵźŤƄǀŝ��ƽŚƸƴǀģ�
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�źĮƿŵ�ƽƹŹ�źŝ�ŚƸƴǀģ�ŚƷŹřŵƺưƳŶƳƺƃ�źƿƺƈţ��Ʋƿř�ƶƧ�Ţſř�Ʊō�źĮƳŚǀŝ��ŚƸƴǀģ��

�ƮƧ�Ţſŵ�ŶƿŚŝ�çê�ƶŤƃřŵ�Ƃƿƺų�ƾƳŚƄǀě�ƽŚƷƺƬƸě�Źŵ�ƾĭŶƃ�ƥŻŚƳ�ŶƇŹŵ�
ŶƴƃŚŝ� �� ơŚţ� ƾƳŚƄǀě� ƽŚƷƺƬƸě� Źŵ� ƾĭŶƃ� ƥŻŚƳ� ƲǀƴģŢŴƿŹ��řźƟ� ƽŚƷ
ƵŹřƺƿŵ�ƺƬƸě� ƹ� ƽř�ƽŚƷ� ƾŤƄě�ƹŚƳ��ŢŴƿŹ�ƵŹřƺƿŵƹźƟ� ƽŚƷ�Ƴ� Ţƃřŵźŝ� ƽřƄ�ƵŶ
Ţſř��ƶſŶƴƷ�źĮƿŵ�ŶƴƳřƺţ�ƾưƳ�ŚƸƴǀģ�Ʋƿř�řŸƫ�ĭŶƳřŹ�ƽŚƸƬƀĭ�Śŝ�ƎŞţźƯ�ƽŚƷ�ƾ
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� ƽŚŤſřŹ� Źŵ� ƶƧƵźǀģƾĭŶƳřŹ� ƽŚƸƬƀĭ��� ơŚţ�ŢŴƿŹ�� ƽŚƷ�ƶŤƄĭźŝ�

ƵŹřƺƿŵřźƟ�� ƹŚƳ� ƽƹŹ� źŝ� ƽřŢŴƿŹ�ƽŚƷƿŵƹźƟ� ƶŤƄĭźŝ�ºººººº�ƵŶƳřŹ� ƽŚƷŹřƺ
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Break Through Fault Propagation Folds��ŝ� řŹƶ�ƵŵŹƹō� ŵƺūƹ��ŶƳř
�Suppe and Medewdeff, 1990�����

�Ƶƹźĭ�ƽŚƸƬƀĭ�Żř�źŧŚŤƯ�ƽř�ƵŹřƺƿŵřźƟ�ƽŚƸƴǀģ��Ʋƿř�ƶƧ�ƶƤƐƴƯ�Żř�ƾƿŚƸƄŴŝ�Źŵ
ƶŤƟźĭ�Źřźƣ�ƾŝƺƴū�º�ƾƫŚưƃ�ƾŞƿźƤţ�ŶƳƹŹ�Śŝ�ƭƺſ��ƽƹŹ�Ʋǀģ�Źŵ�ƾƄųźģ��ŶƳř

Ư�Źŵ�šƹŚƠţ�ƂƿřŶǀě�ŜūƺƯ�ƶƧ�Ƶŵřŵ�ŚƸƳō�ŹƺŰƯ�Śŝ�ŚƸƴǀģ�ƽŹƺŰƯ�źŧř�ŢǀƘƣƺ
�Ţſř� ƵŶƃ�� ƪƨƃì�ŝ� �ƽřźƩŚŨƯ��ơŚţ��ŢŴƿŹ��ƵŹřƺƿŵřźƟ� ƽŚƷ��ƽŚƸƬƀĭ� ƽř

TF1�ƹTF5�ƪƨƃŹŵèƲǀģ� Żř� ƶƧ� ���ƹ� Ƶŵƺŝ� ƶƴƸě� żƿŹ�ƽżƧźƯ�ƂŴŝ�ƽŚƷ
ƾƯ�ƵŶƿŵ�ƾŝƺƴū�º��ƾƫŚưƃ�ƽŚƸƬƀĭ�Śŝ�ƵřźưƷ�ŶƳƺƃ���ƽřŹřŵ�ƶģ�źĭř�ŚƸƴǀģ�Ʋƿř

ŻřƺƯ� �ƽŹƺŰƯ� źŧř�ƽ� �ŶƴŤƀƷ� ŚƸƬƀĭ�Ʋƿř�źĮƳŚǀŝ� ŚƸƴǀģ�Ʋƿř� ŹƺŰƯ�ƪǀƬŰţ� ŚƯř
ŚƸƳō�ƽŹƺŰƯ�źŧř�ŶƳƹŹ�ƶŝ�ŢŞƀƳ�ŚƸƳō�ŹƺŰƯ�ƽřźŝ�šƹŚƠŤƯ�ƽŶƳƹŹ�ŵƺūƹŢſ��

ƭŚƯř�ƪƀĭ� Śŝ� ƵřźưƷ�ƽŚƸƴǀģ� �ƽŹƺŰƯ� źŧř�ƵŵřŻ��ƽŚƸƴǀģ�źĮƿŵ�ŶƴƳŚưƷ� �ŵƹƹřŵ
�ŶƳƹŹ�Śŝ�ƽŚƸƬƀĭ�źǀŧŚţ�ŢŰţ�żǀƳ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŵƹŶŰƯ�Źŵ�ƂƬƀĭ�Śŝ�ƎŞţźƯ

� ƾƫŚưƃ�řźƣ� Ƃƿƺų� ŹƹŚŬƯ� ƾŝƺƴū�� Ƃųźģ� ƹ� ƶŤƟźĭ� ŹźƧƵŵ�ŶƳř� �ŝƽřź��
ŻřƺƯ��Ʊō�ƾƫŚưƃ�ƽŚƸƄŴŝ�Źŵ�ƱƺƫŚţ�žƿŵƹŚƳ�ƽŹƺŰƯ�źŧř��ƩŚŨƯƽƭŚƯř�ƪƀĭ��

Ţſř� Ʊō� ŹƺŰƯ� ŢǀƘƣƺƯ� źŝ� ƢŞƐƴƯ� ŚŞƿźƤţ� ƹ� ŵƹƹřŵ� ƵŵřŻ��ƂŴŝ� Źŵ� ƾƫƹ�
ƪƀĭ�ŵźƨƬưƗ�Żř�źŧŚŤƯ�ƾŝƺƴū� TF1�ƽŶƳƹŹ�ƹ�ƵŵźƧ�źǀǀƜţ�Ʋǀģ�ƽŹƺŰƯ�źŧř

ŚţŶưƗ�ƹ�ŵƹƹřŵ�ƵŵřŻ�ƭŚƯř�ƪƀĭ�Żř�šƹŚƠŤƯŻřƺƯ�ƽ�ƪƀĭ� TF1�ŵŹřŵ���ƪƨƃ
è� ��Ʊřƺū� ŢǀƫŚƘƟ� źĮƳŚǀŝ� ƶƫŚƀƯ� Ʋƿř��ƲǀƴĤưƷ� ƹ� ŚƸƬƀĭ� Żř� ƶŤſŵ� Ʋƿř� źţ

ƵźƸŝ�ƶƔůǈƯ�ƪŝŚƣ� ƶƠƫƺƯ� Żř� ŚƸƳō�ƽŶƴƯ��ƽŚƷƹźĭ�źĮƿŵ� ƶŝ�ŢŞƀƳ� żƜƫŚŤſřŹ�źţ
� żǀƳǇ� ƶƴƸě� żƿŹ� Źŵ� ƾƬƀĭŢſř� �ƱƹżƟř�źŝ�īŹżŝ� ƽŚƸƴǀģ� �ŚƸƴǀģ� Ʋƿř�

ŽŚǀƤƯ��ƵŹřƺƿŵƹźƟ�ƹ�ƵŹřƺƿŵřźƟ�Źŵ�żǀƳ�ƽźţ�ŹŚƷō�ƪƀĭ�ƹ�ŵƹƹřŵ�ƵŵřżƯŚƯř�ƪƀĭ
��Źŵ�ƱƺĮǀƯ�ŹƹŚųƾƯ�ƵŶƿŵ�żǀƳ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŵƹŶŰƯ���ŵƺƃ�ƾƣŚƀƿ��æèëí����
��
è��ƵŻřŶƳř��ƂƳźƧ�ƽźǀĭ��

��ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� ƽŚƸĮƴſ� ƾƿŚƸƳ� ƂƳźƧ� ƱřżǀƯ� ƲǀǀƘţ� ŹƺƔƴƯ� ƶŝ
ƶƳƺưƳ�ŢƸū� ƾĮƴſ� ƽŚƷ��ƾĮƴſ� ƽŚƷŶůřƹ� Żř� ƹ� ƞƬŤŴƯ� ƽŚƸƄŴŝ� Żř� Źřŵ

ƄƳ� ŵƺūƹ� ƩŚưŤůř� ƶƧ�ŜſŚƴƯ�Ţƃřŵźŝ� �Ţƃřŵ� ŵƺūƹ� ŚƸƳō� Źŵ�ƂƳźƧ� źĮƳŚ
ƃ� Ŷ�ƶƳƺưƳ� ƪŰƯ�� ƪƨƃ� Źŵ� ƵŶƃ�Ţƃřŵźŝ�ƽŚƷèŢſř� ƵŶƯō�� ��ƶƳƺưƳ��ƽźǀĭ

ƶƿǇ� źŝ� ŵƺưƗ�Śū�ƽŚŤſřŹ� źŝřźŝ�ƾƿŚŤſřŹ� Źŵ� ƹ�ƽŶƴŝ�ŝƶ��Żř� ƵŶƃ�ƪǀƬŰţ�ƾƿŚū
ƶƳƺưƳ� ƶƧ� ƾƿŚƸƬƀĭ�ƵŶƃ� ƶǀƸţ� ŚƸƳō� ƵŹřƺƿŵřźƟ� Żř� ŚƷ��Śţ� Ţſř� ƶŤƟźĭ� ƭŚŬƳř�

ƵŻřŶƳř��ƾŰƐſ�Źŵ�ƂƳźƧ�ƽźǀĭŻřƺƯƽ�ƂƳźƧ�ŮƐſ��ƶƴǀƄǀŝ��XZ���šŹƺƇ
ŵźǀĭ��ŝ�ƽřź��ƵŶƃ�ƶŞſŚŰƯ�ƂƳźƧ�ƱřżǀƯ�Źŵ�ƂƳźƧ�ƖƿŻƺţ�źŧř�Żř�ƽźǀĭƺƬū�
�ƾƘſƃ�ƶƧ�Ţſř�ƵŶ�ƶưƷƶƳƺưƳ���ŢƯƹŚƤƯ�ƱřżǀƯ�Śŝ�ƾŝƺſŹ�ƽŚƸĮƴſ�Ɲƺţ�Żř�ŚƷ
ƾŞƀƳ�ƳŚƧ�ƾ��ƾſŚƴƃŵƺƃ�śŚŴŤƳř�ƱŚƀƨƿ�ŢƟŚŝ�ƹ� �ŶƘŝ�ƶƬůźƯ�Źŵ��ƶƳƺưƳ�Żř��ŚƷ�

�ƶǀƸţ�ƥŻŚƳ�ƖƏŚƤƯƃţ�Śŝ�ƹ�Ŷ�ŚƷ�ƶƳƺưƳ�ŢƟŚŝ�ƶŝ�ƶūƺ��źƿƺƈţê�ƵŻřŶƳř����ƽźǀĭ
� ƁƹŹ� Żř� ƵŵŚƠŤſř� Śŝ� ƂƳźƧFry (1979)��żţŹřƺƧ� ƽŚƷŹƺƬŝ� ƽƹŹ� źŝ� ƹ

Ţſř�ƶŤƟźĭ�šŹƺƇ� �ƁƹŹ�Ʋƿř�Żř� ƵŵŚƠŤſř� Śŝ�ƂƳźƧ�ŹřŶƤƯ��ŵřŶƘţ�ƽřźŝ�î�

�Źŵ� ƶƇǈų� šŹƺƇ� ƶŝ� ŚƸƳō� šŚƈŴƄƯ� ƵřźưƷ� ƶŝƹ� ƶŞſŚŰƯ� ƾĮƴſ� ƶƳƺưƳ
� ƩƹŶūèŹř�ƶŗřŢſř� ƵŶƃ�� �ƱŚưƷ�� ƶƳƺĭƶƧƾƯ� ƶƔůǈƯ��ŵƺƃ��ƂƳźƧ� ƱřżǀƯ�

ƶƳƺưƳ�ƾƿŚƸƳ��ƲǀƿŚě�ľŚŤŞƀƳ�ŚƷŢſř���
��
é�ƽźǀĭ�ƶŬǀŤƳ�ƹ�ŦŰŝ���

�Źŵ� ƵŶƃ� ƱřƺƴƗ�ŜƫŚƐƯ� Żř� ƽŶƴŝ� Ɩưū� Śŝ�Ţſř� ƵŶƃ� ƾƘſ�Ţưƀƣ� Ʋƿř� Źŵ
�ŵŹƺƯ�żǀƳǇ�ƶƴƸě�żƿŹ�ƾƬƨƃ�źĭŵ�ƹ�ƽŹŚŤųŚſ�ƶſŶƴƷ��řŶŤŝř��ƶŤƃŸĭ�ƽŚƸƄŴŝ

Śſ� ƩŶƯ� � ƵŚĮƳō� ƹ� ŵźǀĭŹřźƣ� ƪǀƬŰţ�ƵŶƴƴƧ� ƶǀūƺţ� ƶƧ� ƽŹŚŤųŚſ� ƵŶƃ� Ƶŵ
źĭŵ�ƽŚƸǀĭĦƿƹƬƨƃżƿŹ�Ʋƿř�ƽŹŚŤųŚſ� źƇŚƴƗ�ƾ�ŶƃŚŝ� ƶƴƸě�řŹř�ŗ� ƶƺƃŵ� � ��Źŵ
�ƺĮƫř�Ʋƿř�Żř�ƱŚƿŚěƽřźŝŵŵźĭ�ƵŵŚƠŤſř�ƽżƧźƯ�ŻźŞƫř�śƺƴū�ƽŹŚŤųŚſ�ƪǀƬŰţ����

��
é�æ�ƽŹŚŤųŚſ�ƶſŶƴƷ���

Ƶŵřŵ�ŝ�ƽŚƷƶ��ƵŵƹŶŰƯ� ƽŚƷŹŚŤųŚſ� ƾƄŞƴū� ƹ�ƾſŶƴƷ� ƪǀƬŰţ� Żř� ƵŶƯō�Ţſŵ
� ƶƘƫŚƐƯ� ŵŹƺƯƦģƺƧ� ƶƠƫƺƯ� Śŝƹ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ� ƶƧ�Ţſř�Ʊō� źĮƳŚƄƳ��źţ

żƜƫŚŤſřŹ��ƽŹŚŤųŚſ�ƶƴƸě�żƿŹ�ƾƬƨƃ�źĭŵ�ƵŶƴƴƧ�ƩźŤƴƧ�ƾƬƇř�ƽŚƷŹŚŤųŚſ�Żř�
� żǀƳǇŤƀƷŶƴ� �ŹŚƷō� ƾƬƇř� ƽŚƸƬƀĭ��ƭŚƯřƹ� ƩŚưƃŹŵ� ƱƺĮǀƯ�ƵŵřŻ��ŵƹƹřŵ

�Źŵ� ƾƬƇř� ƽŚƸƬƀĭ� ƽŚŤſřŹ� Śŝ� ŶƳƹźưƷ� �ƽŹŚŤųŚſ� ƶƴƸě� żƿŹ� Ʋƿř�śƺƴūŹŵ
ŶƴŤƀƷ�ƽżƧźƯ� ŻźŞƫř� ��ƽŚƸƄŴŝ� Źŵ� ŵƺūƺƯ�ƽŚƸƬƀĭ�ƶƗƺưŬƯ�ƶƧ�ƾƫŚů�Źŵ

�ƽřźŝ�ƶƧ�ƶƴƸě�żƿŹ�Ʋƿř�ƾƳŚǀƯƲǀŤƀŴƳ�ƹ�ƾƿŚſŚƴƃ��Ţƃřŵźŝ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ŹŚŝ�
�ƪǀƬŰţƃƵŶ�ƽŹƹŚų�ƩŚưƃ�šƹŚƠŤƯ�ƽŚƷŶƳƹŹ��ŶƳř��º��ƾƫŚưƃ�ƹ�ƽźŤųŚŝ�śƺƴū�

�º��ƾƬƨƃźĭŵ�ƾĭŶǀĤǀě�ƪƯŚƗ�ƹ�ƶŤƃřŵ�ƾŝƺƴū��ƶƴƸěżƿŹ�ƽŚƷƶŝ��ƾƯ�ŹŚưƃ�Ŷƴƿō��
ƧƹŻŚſ�ƪǀƬŰţŝ�ƁƹŹ�ƹŵ�ƽŚƴŞƯ�źŝ�ŚƸƬƀĭ�Ʋƿř�ŹŚƶ��ƂŴŝ�Źŵ�ƶŤƟŹ�ŹŚƧç��æ�Śŝ�
Ƶŵřŵ� ƶŝ� ƶūƺţ�ŝ� ƱŚƀƨƿ� ŚŤŞƀƳ� ƽŚƷƶ��Ʀƿ�ƽřźŝ�ƁƹŹ� ƹŵ� źƷ� Żř� ƵŶƯō�Ţſŵ
ƪƀĭ�ƶƳƺưƳ��TF1�ŝ�ƽŚƸƃƹŹ�ƶƧ�ŵřŵ�ƱŚƄƳ�ƶ�ƶŤƟŹ�ŹŚƧ��ƾƯ���ƽŚƸƃƹŹ�ŶƴƳřƺţ

ŹŚƧƹŻŚſ�ƲǀǀƘţ�Źŵ�ƾŞſŚƴƯ�ŶƴƃŚŝ�ƽżƧźƯ�ŻźŞƫř�ƽŚƸƬƀĭ�ƽŚƷ���ƁƹŹ�ŵźŝŹŚƧ
ƭƹŵ� �ŝ�ƶ��ƍƺƐų� ƶŝ� ŵŹřƺƯ� ŜƬƛř� Źŵ� ƾſźŤſŵ� ƶƧ� ƽżƧźƯ� ŻźŞƫř� Źŵ� ƵĦƿƹ

Ƴ�źƀǀƯ�ƾƬƀĭ�ŭƺƐſ�Źŵ�ŵƺūƺƯ�ƾƃżƜƫ��ŢƀǀŵŹřŵ�ƽźŤƄǀŝ�ŢǀưƷř�������
�īŹżŝ� ƹ� ŽŚǀƤƯ� ƎſƺŤƯ� ƽŚƸƴǀģ� �� ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� Źŵ� ƲǀƴĤưƷ

ƾƯ�ƵŶƿŵ�ƾſŚǀƤƯ��ŚƸƳō�ƾƄŞƴū�ƹ�ƾſŶƴƷ�ƽŚƸƬǀƬŰţ�ŽŚſř�źŝ�ƶƧ�ŶƳƺƃ��ƪƨƃ
ê�ƹ�ë��ƴǀģ�ƕƺƳ�Żř� ŚţŶưƗ�ƾĭŶƳřŹ�ƽŚƸƄƬƀĭ�Śŝ�ƎŞţźƯ�ƽŚƸŢſř���ƲǀưƷ�ƶŝ

ƪǀƫŵ��ŚƸƳō� ŹŚƧƹŻŚſ�ƲǀǀƘţ�ƹ� ŚƸƬƀĭ�ƾƄŞƴū�ƪǀƬŰţ�ŹƺƔƴƯ� ƶŝ� ŚƸƴǀģ�Ʋƿř� Żř�
Ţſř� ƵŶƃ� ƵŵŚƠŤſř� ��ƽŚƸƬƀĭ� źǀŧŚţ� ŢŰţ� ŚţŶưƗ� ŚƸƴǀģ� Ʋƿř� ƽŹƺŰƯ� źŧř

ƾƫŚưƃ�ŶƳƹŹ�Śŝ�ƹ�ƭƺſ�Ƶƹźĭ�ƽźǀųŚţ�º��Ƃųźģ�ƹ�ƶŤƟźĭ�Źřźƣ�ƾŝƺƴūźƧƵŵ��ŶƳř
�ƪƨƃì� ��ƱŚưƷ�� ƶƳƺĭ� ƶƧ� ƪƨƃ� ŹŵêƾƯ� ƶƔůǈƯ�ƞƫř��ƺƃ� ƹŚƳ� �ŵ�ŢŴƿŹ
�ƵŹřƺƿŵřźƟ�řźƟ�Źŵ�ƾĭŶƳřŹ�ƪƀĭ�ŢƧźů�Żř�źŧŚŤƯ�ƽř��ƹ�ƵŶƯō�ŵƺūƺŝ�Ʊō�ƵŹřƺƿŵ

ƾƫŚưƃ�ƪƀĭ�ŢƧźů� Żř� źŧŚŤƯ�žĜſ�ơŚţ� Ʋƿř� ƾŝƺƴū�ŢŴƿŹƵŹřƺƿŵřźƟ���ƽř
�ƂųźģźƧƵŵ��ŝ�ƶ��ƶǀƫƹř�ŶƳƹŹ�Śŝ�ŶƳƹźưƷ�ƮƧ�ƪƿŚưţ�Śŝ�Ʋǀģ�ŹƺŰƯ�ƶƧ�ƽŹƺƏ



ŚŤųŚſ�ƶƴƸě�żƿŹ�ƾƄŞƴū�ƹ�ƾſŶƴƷ�ƪǀƬŰţ�ƽŹ�żǀƳǇƽżƧźƯ�ŻźŞƫř�śƺƴū�ƽŹŚŤųŚſ�ƪƯŚƨţ�źŝ�ƽŶƷŚƃ����
 

      ��ƱŚŤƀŝŚţíé���ƩŚſ��Żřƹŵ�ƵŹŚưƃ��ƮƷŵ��êë                                              æêì ��

 

ŻřƺƯ� ƹ� ƂƿƺųƽŢſř� ƪƀĭ�� �� Śŝźĭŵ� ŢƟźƄǀěƾƬƨƃ�źŤƄǀŝ� ŢǀƫŚƘƟ� ƹ�
ŚƸƬƀĭ�� ƾƫŚưƃ�ƽ�ƾŝƺƴū�� �ŚƸƴǀģ� Ʋƿř� ƽŹƺŰƯ� źŧř���Ʋƿř� ŶƳƹŹ� ƶŝ� ƪƿŚưŤƯ�

� ƾƫŚưƃ� ƽŚƸƬƀĭ�� ƾŝƺƴū�ƃƵŶ�ŶƳř� �ƾƯ� řŹ� ŚƸƴǀģ� Ʋƿř� Żř� ƾƫŚŨƯ��Źŵ� Ʊřƺţ
řźƟ��ƽŚƸƬƀĭ�ƵŹřƺƿŵTF5 ,TF1ƭŚƯř�ƹ��ƵŵřŻ��ƵŶƷŚƄƯ�ŵƹƹřŵźƧ�ŵ��ƪƨƃè����źŝ

ƾƫŚưƃ� ƽŚƸƬƀĭ� Ʋƿř�ŢǀƘƣƺƯ� ƽŚƴŞƯ�����ƾĭŶƳřŹ� ƽŚƸƬƀĭ� ƶŝ� ŢŞƀƳ� ƾŝƺƴū
ŝ� ƹ� ƶƴƸě� żƿŹ� ŻźƯ� ƾƬƇřƶ��Ʋƿř� �� ƶƤƐƴƯ� ƽŚƸƴǀģ�Ƃųźģ� Źŵ� ŚƸƳō� źŧř� ƪǀƫŵ

�ƽŚƸǀĭŶǀĤǀě� ƪƯŚƗ� ƹ� ƵŵźƧ� ƪưƗ� ƾƃźŝ� º� ƾƋźƗ� šŹƺƇ� ƶŝ� ŚƸƬƀĭ
żƿŹ� Źŵ� ƽŹŚŤųŚſ�żƿŹ� źĮƿŵ� ƹ� � ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě�ƶƴƸě��ŻźŞƫř� śƺƴū� Źŵ� ŚƷ

�ƽżƧźƯŤƀƷŶƴ���
� ƽŚƸƬƀĭ� ŢǀƫŚƘƟ� ƶŬǀŤƳ� ŹŵTF9��TF10�� ƹTF11���ƾŞƿźƤţ� ŶƳƹŹ� Śŝ

ŹƹŚų�ƩŚưƃ�ƽŹƹŚų��źŤųŚŝ�śƺƴū�ƽźŤųŚŝ� �ƾưƿŶƣ� ƽŚƷ� ƶƿǇ�� ƾƨƷō� źţ� ��Śŝ
�ƾƿǇŚŝ�ƶſŚţźƧ�Ʋſ�Śŝ�ŚƳŚƨƳƹźţƹźŝƺƬĭ�ƪǀƀƟ�ŵƺūƹ�ƶŝ�ƶūƺţ�����Ʋſƺŗř�ƲƿźƿŻ��

Ƶŵƺţ� ƹ�ƹźƨǀƯ� ƹ� ƹźŝŚĭ� ƹźƨǀƯ� žƴū� Żř� ƽŷƺƠƳ� ƽŚƷ��ƶƧ� ŢƿŹƺƿŵƹżƳƺƯ
ƸƟƺţ�ƽƹŹ�źŝ�ƹ�ŶƳŹřŵ�ƾƬǀſ� ŹŚŤųŚſ� ŚţŶưƗ�ƵŶƳřŹ�ũźƧ�ƶƿǇ�ƥŻŚƳ� żŞſ�ƽŚ

ƵŶƃ�ŶƳř�ƶŤƟŚƿ� ƱƺưƴųŹ��ŶƳř� �ƲǀģżƿŹ� Żř�ƽŶƷřƺƃ�ƪƀĭ� ƶƴƸě� Źŵ� ŚƷ  TF9 

��ƪƨƃè�ƪƨƃ�ƭřźĭƺƿźŤſř�ƹ�í��ƾƯ�ƵŶƿŵ�ŶƳƺƃ��ŚƸƴǀģżƿŹ�Ʋƿř�ƪǀƬŰţ��ƽƹźŝ�
�ŢƳƺƿźŤſř��ƪƨƃí��ƾƯ�ƱŚƄƳ�ŚƷŶůřƹ�ƾĭŶƳřŹ�ƶƧ�ŶƷŵ�ƢǀưƗ�ƽ��ŮƐſ�ƶŝ�źţ

Ɓźŝ�Śŝ�ƵřźưƷ�ƪƀĭ�Ʋƿř�ƽŚŤſřŹ�Źŵ�ĭŵŹƺųƾ�Ɓźŝ�ŜūƺƯ�ƹ�Ƶŵƺŝ���ƾĭŵŹƺų
ŝ�ƽźǀĭŹřźƣ�ƶŝ�ŚƸƴǀģ�Ʋƿř�Ƃųźģ�ƹ�ƶŚū�ƽŚŤſřŹ�šřŻřƺƯ�ŝƶ�Ţſř�ƵŶƃ�ƾƿŚū��

żƿŹ� šƹŚƠŤƯ� ŢǀƘƣƺƯ�Śū� ƽŚŤſřŹ� Śŝ� ŚƸƳō� ŹƺŰƯ� ŜƫŚƛ� ƽŶƳƹźưƷ� ƹ� ŚƸƴǀģ�
ŝƶ�� ƾĭŶƳřŹ� ƪƀĭ� ƾƿŚūTF9�ƹ� ƪƀĭ� ƾƃźŝ� ƶƴƸě� Źŵ� ƾĭŹřƺĭźŝ� ƶƘſƺţ� �

ƾưƿŶƣ�ƽŚƸƨƷō�ƾĭŶƳřŹ���źţƽƹŹ�źŝ� �ũźƧŶƳŻŚſ�Żř��źŝ�ŢƫǇŵ�ƾĮưƷ�ŚƸƳō�
ƢǀưƗ�ƪƨƃ� ƹ� źţ�� ƽŚƸƬƀĭ� ƶƗƺưŬƯ� Ʊŵƺŝ� źţźƿŸěTF9� �TF10�� ƹTF11�

� ƶŝ� ŢŞƀƳźĮƿŵŵŹřŵ� żǀƳǇ� ƶƴƸě� żƿŹ� ƵŵƹŶŰƯ� ƽŚƸƬƀĭ�� �� ƶƧ� řźģĮƿŵ�ź
ƀĭƬżƿŹ�Ʋƿř�ƽŚƸ�ƶƴƸě��ƶŝ��żūƪƀĭ��ŹŚƷō�������ƽŚƸƬƀĭ�ƶƗƺưŬƯ�Żř�ƶƧ�ƱƺĮǀƯ
� ŚƄƯŤƀƷ� �Ŷƴ�ƾưƿŶƣ�ƽŚƸƄŴŝ�ƾĭŶƳřŹ�ŦƗŚŝ�ƎƤƟ�Ƨ�ŶƳŻŚſ� źţ�ƽƹŹ� źŝ�ũź

Ʊřƺū�ƽŚƷŶůřƹ�ƵŶƃ�ŶƳŻŚſ�Ʊō�źţ�ŶƳř� �ƖƐƣ��źĮƿŵ�Ǝſƺţ� ŚƸƬƀĭ�Ʋƿř�ƾĭŶƃ
ƾưƿŶƣ�ŶƿƺƯ�żǀƳ�ƶƴƸě�żƿŹ�ƽŚƸƬƀĭ��ŚƸƳō�Ʊŵƺŝ�źţŢſř����

��
é�ç�ƂƳźƧ�ƪǀƬŰţ���

ŝ� ƂƳźƧ� ƲǀƿŚě� ľŚŤŞƀƳ� ƱřżǀƯƶ�ƵŻřŶƳř� Żř� ƵŶƯō� Ţſŵ�ƶƳƺưƳ� ƾųźŝ� ƽźǀĭ��ŚƷ
�� ƩƹŶūÐ� �źĭŵ� ƶƧ� ŵřŵ� ƱŚƄƳƬƨƃ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƵŵƹŶŰƯ� Źŵ� ƾ�ľŚţŶưƗ
ƶŝ�Śū�šŹƺƇ�ŝƶ�ŚūƿƶƿǇ�ƾ�ƶƿǇ�Ƃųźģ�ƹ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�ƽŚŤſřŹ�Źŵ�ŚƷ��ŚƷ

ŚƸƳō�ƵřźưƷ�ƽŚƸƴǀģ�ƪǀƨƄţ�ŚŝŢſ���źŝ�ƮƧŚů�ƽŹŚŤųŚſ�ƮƿĥŹ�źĮƳŚƄƳ�źƯř�Ʋƿř
żƿŹ�źĭŵ�ƽźƿŸě�źǀŧŐţ�ƲǀŞƯ�ƹ� Ƶŵƺŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƴƸěƾƬƨƃ�Żř�ƶƴƸě�żƿŹ�Ʋƿř�

�ƾĭŶƳřŹ�ƽŚƸƬƀĭŢſř���
� ƶŝ� ƶūƺţ� ŚŝƴƷōººĬ� ƽǇŚŝ�źĭŵƃººƬƨƾū� ƕƺƳ� Żř�ººŚ�ŝƶ�ŚūƿƀƳ� ƾºº�ƶŝ� ŢŞ

ƳźƧºººƂ�ƾƯ�ţººǀŤƳ� Ʊřƺº� ƶƧ� ŢƟźĭ� ƶŬŽŚſřźŝ�Ǝſƺţ� ƵŶƃ� ƶŗřŹř� ƩŶƯ�

Coward (1984)�ƲǀƿŚě�źƿŵŚƤƯ�ƶŝ�ƶūƺţ�Śŝ�ƶƤƐƴƯ�źŝ�ƮƧŚů�ŢųŚſ�ƲǀƯŻ��
�ƶŤſƺě�ƥŻŚƳ�ƕƺƳ�Żř�ƂƳźƧŢſř���

��
�é�èƽŹŚŤųŚſ�ƪƯŚƨţ�ƽƺĮƫř����

żƿŹ� ƽŹŚŤųŚſ� ƪǀƬŰţ�źĭŵ� ƶƧŵřŵ� ƱŚƄƳ� żǀƳǇ� ƶƴƸěƃƬƨ�ƵŵƹŶŰƯ� Ʋƿř� Źŵ� ƾ
ƦģƺƧ� ƶƠƫƺƯ� Śŝ� ƹ� ƾƬƇř� ƾĭŶƳřŹ� ƽŚƸƬƀĭ� Ǝſƺţ��ƩźŤƴƧżƜƫŚŤſřŹ� źţ

ƾƯ�ŵƺƃ� �źĭŵ� ƽŚƴŞƯ� źŝƬƨƃƶŤƄƸƳ� źŝ� ŚƷŹŚŤųŚſ� Ʋƿř� źŧř� Żř� ƪƇŚů� ƾ��ƽŚƷ
Ƶŵƺţ�ƹ�ũźƧ�Ʋſƺŗř�ƺĮǀƫř�ƽŷƺƠƳ�ƲƿŹŷō�ƽŚƷ�ƖƐƣ�ƲſƺǀƯ�ŝ��ŚƸƳō�ƵŶƴƴƧƶ��źƔƳ

ƾƯ�ŹŚƷō�ƾƬƇř�ƽŚƸƬƀĭ�ƵĦƿƺŝ�ŚƷŹŚŤųŚſ�Ʋƿř�ƶƧ�ŶſŹ���ǀƯ�ƹ�ƩŚưƃ�Źŵ�ƱƺĮ
ƵŵřŻ�ƭŚƯř�ŝ��śƺƴū�Źŵ�ŵƹƹřŵƶ��ƽŹŚŤųŚſ�ƶƴƸě�żƿŹ�ŻźƯ�ƾƬƇř�ƽŚƸƬƀĭ�ƱřƺƴƗ

ƶƴƸě� żƿŹ� źĮƿŵ� ƽŚƷŻźƯ� ƵŶƴƷŵ� ƪǀƨƄţ� ƾƬƇř� ƽŚƸƬƀĭ� źĮƿŵ� ƹ� żǀƳǇ��ƽŚƷ
� �ƽżƧźƯ� ŻźŞƫř�śƺƴū� Źŵ� ƽŹŚŤųŚſ� ƮƧ�Ţſŵŝ� ƲſƺǀƯ� ƱŚƯŻ� Żř�ƶ��ŵƺūƹ

ƵŶƯō�ŶƳř� �ƽŹƹŚų�ƩŚưƃ�ŶƳƹŹ�Śŝ�ƽŚƸƬƀĭ���śƺƴū�ƽźŤųŚŝ�ţ�Śŝ��ŹŚŤƟŹ�ƶŝ�ƶūƺ
ƶưǀƳ�ƪƨƃ�Śū� ƹ� źƿŸě�ŝƶ�Ŷůřƹ� ƶƔůǈƯ� ƪŝŚƣ� ƾƿŚū��ƶŬǀŤƳŹŵ� ƾĮƴſ� ƽŚƷ

ƢǀưƗźĮƳŚǀŝ� ƶƧ� ŚƸƳō� ŵźƨƬưƗ��Ʋƿř�ŢǀƫŚƘƟ� Śŝ� ƱŚƯżưƷ� żǀƳ� �ŢſŚƸƳō� Ʊŵƺŝ� źţ
ŝ� ƾĭŶƳřŹ� ƽŚƸƬƀĭƶ�ƵŶƯō� ŵƺūƹ�ŶƳř� �� ŚŝƶūƺţǀƯ� ƾƬƇř�Ƃƴţ� ƽŚŤſřŹ� ƶŝ�Ś�Ʊ

�ƽŚƸţƺưƿŻōåçå�Śţ�åéå�ƩŚưƗř��ƵŶºƃŝºƿř�šǈƟ�źººŻř�ƱřźƯŻ�ººƃźţ�ƱŚºº�ƽźǀ
ƀěºƲǀ (Priesttley et al., 1994 and Jackson et al., 2000) �źŝ� ƹ

ŝ� �ƾƬƇř�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�Ʋƿř�Żř�ƾƬǀƬŰţ�ŹŚƧƹŻŚſ�ƽŚƴŞƯƶ�ƾƯ�źƔƳ��ƶƧ�ŶſŹ
ŝ�Ƃƴţ� Żř� ƾƿŚŤſřŹ� Ʋǀƴģ� ƩŚưƗř� źŧřŹŵ� żǀƳ� ŚƸƬƀĭ� Ʋƿřƶ��ŶƴƃŚŝ� ƵŶƯō� ŵƺūƹ

�ƪƨƃ �îƞƫř���ƽżƧźƯ�ƽŚƸƄŴŝ�Źŵ�ƶƧ�ŚƸƬƀĭ�Ʋƿř�ƶſŶƴƷŶůřƹ�ŚƸƳō���ƽŚƷ
ƾưƿŶƣ�ƶŝ� źţ�ƵŶǀſŹ� ŮƐſ��ƵŶƳřŹǇŚŝ� ƽŚƷŹŚŤųŚſ� ƶſŶƴƷ� ƶŝ� ƶǀŞƃ� �� ŶƳř�

�McClay, 1992��Źŵ�ƶƧ�Ƶŵƺŝ�ŵƿĮżƿŹ�ź�ƶƴƸě��ƽżƧźƯ�ŻźŞƫř��ƽŹŚŤųŚſ�ƽŚƷ
�ŶƳƺƃ�ƾƯ�ƵŶƿŵ�żǀƳ�ƱřƹŶƴƧ�ƾĭŶƳřŹ�ƪƀĭ�ƶƴƸě�Źŵ�Ʊƺģ�ƦǀƳ�ŵřĦƳ��æèíç����

źĭŵ�ƭƹřŶţ�Śŝ�ƹ�ƽŶƘŝ�ƪůřźƯ�ŹŵƬƨƃ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ��ƾ�ŚŞƿźƤţ�ŶƳƹŹ�Śŝ�ƹ
ƾƫŚưƃ��º��ŜƫŚƛ� ƶƠƫƺƯ� Śŝ� ƹ�ƾŝƺƴū�ŝ� żƜƫŚŤſřŹ�źţƶ�ƾƋźƗ�ƽŚƸƬƀĭ�šŹƺƇ��º��

ƵŶƃ�ƪǀƨƄţ� ƶƴƸěżƿŹ� ŻźƯ�ƾƬƇř�ƽŚƸƬƀĭ�ƪƇŚƟ�ŶůŹŵ� ƹ�ƾƃźŝ�ŶƳř� �ŝƶ��źƔƳ
ƾƯ�ƾƋźƗ�ƽŚƸƬƀĭ�Ʋƿř�ƶƘſƺţ�ƶƧ�ŶſŹ�����ƶŝ�ƶūƺţ�Śŝ�żǀƳǇ�ƶƴƸě�żƿŹ�Źŵ�ƾƃźŝ

�ƪƇŚů� ŚƸƳō�šƹŚƠŤƯ�ŶƳƹŹŝź�ƭźĭŵ�ƂƴƧƬƨƃƃŹ�ƾ�ƩŚů�Źŵ� �ŻźŞƫř� ƵƺƧ�ƶŤ
ƵŚţƺƧ��� ƹ� ƾĭŶƃŢſŚųřźƟ�ƶƴƸě� Śŝ� �ƾĭŶƳřŹ� ƾƬƇř� ƽŚƸƬƀĭ� ƽŚŤſřŹ� Źŵ�

ŶƃŚŝ� Źżų� ƭƹŚƤƯ� �ƲſƺǀƯ� ƱŚƯŻ� Żř� � ƾŝƺƴū� Źżų� ƶƴƸě� ƱŶƃ� ƵŶƳřŹ�Ʋǀƀě���
ŝ�ƾƿŚŤſřŹ�Źŵ�ƲſƺǀƬěƶ�śƺƴū�ƽƺſ�źŤųŚŝ���Axen et al., 2001����źŝ�ƾƬƯŚƗ

ƵŚţƺƧ�Ʋǀƴģ�ƃººƹ�ƾĭŶŢſŚųřźƟ�ŤƟźĭ�źƔƳ�Źŵ�ººƃ�ƶººſř�ƵŶººŢ��ŬǀŤƳ�Źŵºº�ƶ
ŧřººǀƴģ�źººţƺƧ�ƲººƵŚ�ƃºº��ƾĭŶƧºº�źŝřźŝ�ƮƧ�Ţſŵ�ƶ�ÐÍƇŹŵ�ºº�ŶºŞƫř�Źŵºº�Żź

�ŵŹƹōźŝºººƃƵŶ��Jackson et al. 2002��ƿř�ººƀĭ�ƲºƸƬººƽŚ�ƾƋźƗ���ƾƃźŝ
� ƶƘſƺţƶŤƟŚƿ�ŶƳř� �ƾƋźƗ� ƽŚƸƬƀĭ� Ʋƿř��ŚŤſřŹ� ƂƿřŶū� ŜūƺƯ� ƾƃźŝ��żƜƫ

�ƾƬƇř�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�ƭŚƯř�ƪƀĭ�Ʊƺģ�řŵ�ƵŵřŻ�ƪƨƃ��ŵƹƹÐ���Ƃųźģ�ƹ
ƵŹřƺƿŵřźƟ� ƽŚƸƴǀģ�� �ŚƸƳō� ƵřźưƷ� ƽřŶƴƳŚƯƵŹřƺƿŵřźƟ� Źŵ� żǀƳǇ�žƿŶƣŚţ���ƪƀĭ�
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ƭŚƯř�ƾĭŶƳřŹ�ƵŵřŻ��ŵƹƹřŵ��ƪƨƃÐ�ƹ�Ô�� �ŶƃƵ�ŶƳř� �ŝ� řŸƫƶ�ƳƾƯ�źƔ��Ʋƿř� ƶƧ�ŶſŹ
�Źŵ�ƽżƧźƯ�ŻźŞƫř�ƽŹŚŤųŚſ�ƪƯŚƨţ�ƾƿŚƸƳ�ƪůřźƯ�Źŵ�ƹ�Ƶŵƺŝ�ƽźǀųŚţ� ŚƸƬƀĭ

ƾƬƇř� ƾĭŶƳřŹ� ƽŚƸƬƀĭ� ƶƧ� ƾƳŚƯŻ� ƲſƺǀƬěŝ�ƶ�� źŧř� ƪǀƫŵ� ƮƷźŝ�Źżų�ƂƴƧ
Ƶŵřŵ�ŹŚƧƹŻŚſ�źǀǀƜţ�żƜƫŚŤſřŹ�ƶƠƫƺƯ�Śŝ�ƽŚƸƬƀĭ�ƶŝ�ŻźŞƫř�Śŝ�ƾŝƺƴū�ŶƳř��ŵƺūƺŝ�

ƵŶƯō��ŶƳř�ƪƨƃ �îś�����ƾƯ�ƶƧ�ƽŹŚƧƹŻŚſ�źǀǀƜţ�Ʋǀƴģ��Żř�ƩŚƤŤƳř�źĮƳŚǀŝ�ŶƳřƺţ
ƲǀƯŻ�ƮƿĥŹ�ƾƃŹŚƄƟ�ŢųŚſ�ƶŝ��ƲǀƯŻ�ŶƃŚŝ�ƱŚƯŻ�Ʋƿř�Źŵ�ƾƃŹŚƄƟřźţ�ŢųŚſ��

ƾĭŶǀĤǀě�ŜūƺƯ�źŤƄǀŝ�ƽŚƷƵŶƃ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƴƸě�żƿŹ�ƽŹŚŤųŚſ��ŶƳř���ƽƺĮƫř
ƵŵŚſ�Ŷƃ�ş�ƪƨƃŹŵ�ŚƸƬƀĭ�Ʋƿř�ƽŹŚŤųŚſ�ƪƯŚƨţ�ƪůřźƯ��Ö�ƶŗřŹř�ƃŢſř�ƵŶ��

� ƪƨƃ�ŽŚſř� źŝÖźĭŵ� ƶǀƫƹř� ƪůřźƯ� Źŵ� �Ƭƨƃ�ƾ��ƩŵŚƘƯ� ƹ� ƲſƺǀƯ� ǇŚưŤůř
Ʊřƺū�ƲǀĜƫō� ŵřżƷƺƧ� �ƲǀƯŻ�ſººº�ŢųŚ� Ƶźǀģ� Ƶŵƺŝ� ƮƧŚů�ƾƃŹŚƄƟ��ŝƶ��ŹƺƏ

ƩŚŨƯAlavai, 1996 ���ĭ�ƹ�ƂƳřŹ�ƽŚƷƺſ�ƹ�ŚƸŞǀƃ�Śŝ�ƾƬƇř�ƾĭŶƳřŹ�ƽŚƸƬƀ
�ŶƳř�ƵŶƃ�ƪǀƨƄţ�šƹŚƠŤƯ�ƪƨƃîƞƫř����źĭŵ�ƶƯřŵř�ŹŵƾƬƨƃŝ�ƹ�ƶ�ƂƳřŹ�ƪǀƫŵ�

ŝ�Źżų�ƭƹŚƤƯ�ƶƴƸěƶ�śƺƴū�ƽƺſ��ŝƧźŤųŚ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�ŹŚƧƹŻŚſ�źǀǀƜţ�Śŝ�ƶ
Źŵ� ƾƬƇř�Ƶŵƺŝ� ƵřźưƷ� żǀƳ� ƽżƧźƯ� ŻźŞƫř� ƹ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸě��ƽŚƸƬƀĭ�
ƾƋźƗ�ƯƺưƗ�ŶƳƹŹ�Śŝ�ƾƃźŝƾƫŚưƃ�ƾ��º��ƶŤƟŚƿ�ƶƘſƺţ�ƾŝƺƴū��ŶƳř�ƨƃƪ Öś���

ƾƿŚƸƳ�ƪůřźƯ�Źŵ�źĭŵ�źţƬƨƃ�ƾƿřźĮưƷ�ƭƹřŶţ�Śŝ�ƶƧ�ƾƶŰƠƇŝ�ƾŝźƗ��ƽƺſ�ƶ�
ƵŚţƺƧ�Śŝ�ƶŬǀŤƳ�Źŵ�ƹ�Ʊřźƿř�šǈƟ����Ţſř�Ƶŵƺŝ�ƵřźưƷ�ŻźŞƫř�Źŵ�żǀƳ�źŤƄǀŝ�ƾĭŶƃ

ƬƨƃƾƋźƗ�ƽŚƸƬƀĭ�Ʋƿř�ƾ�����Ţſř�ƶŤƟŚƿ�ƂƿřżƟř�żǀƳ�ƾƃźŝ��ƪƨƃ�îũ����
ŝŚūƶ�řŶŤƯř�ƾƿŚūƾƋźƗ�ƽŚƸƬƀĭ�Ʋƿř�ƽŚŤſřŹ�Źŵ�ƽŵ���Ƃųźģ�ŦƗŚŝ�ƾƃźŝ
ơŚţ�ŢŴƿŹ��řźƟ�ƽŚƷ�ƵŹřƺƿŵ��ƪƨƃ�Źŵ�żǀƳǇ�žƿŶƣŚţ�Ʊƺģ�ƽřÖƵŶƃ�żǀƳ��Ţſř���

ƾƋźƗ�ƽŚƸƬƀĭ�ƽŹŚŤųŚſ� ƵŵŚſ�ƩŶƯ�Ʋƿř� Źŵ��º��ƾƫŚưƃ�ƽŚŤſřŹ� Śŝ�ƾƃźŝ��º�
��ƽŚƸƬƀĭ� źŝ�ƢŞƐƴƯ�ƾŝƺƴū TF1� ƹ� TF5�ƽŚƸƬƀĭ�ƹ�TF10�ƹ TF11 

�ƾĭŶƳřŹ�ƽŚƸƬƀĭ�źŝ�ƢŞƐƴƯƩŚưƃ�ŶƳƹŹ�Śŝ�ƽŹƹŚų���śƺƴū��ƽźŤųŚŝŢſř���
� ƶŝ� ƶūƺţ� ŚŝƾƋźƗ� ƽŚƸƬƀĭ� Ʋƿř� ŶƳƹŹ� ƢŝŚƐţ������ƽŚƸƬƀĭ� ŶƳƹŹ� Śŝ� ƾƃźŝ

ƾƫŚưƃ����ƾě�ƾŝƺƴū�ƽżƧźƯ�Ʊřźƿř� Źŵ�ƾĮƴſ� żǀƳ� ƹ�ƾě�Ʊŵƺŝ� ƱŚƀƨƿ���Ĭƴſ
Ʊřźƿř� Śŝ�ŻźŞƫř�ƽżƧźƯ��Stocklin, 1974�� �ŝƶ�ƾƯ�źƔƳ��ƽŚƸƬƀĭ�Ʋƿř�ƶƧ�ŶſŹ

ƾƋźƗ����ĭ�Ʋǀƴģ�Śŝ�ƎŞţźƯ�ƾƃźŝƾě�ƽŚƸƬƀ�ŝ�ƹ�ƾĮƴſƶ��ŢǀƫŚƘƟ�ŜţřźƯ�ƱřƺƴƗ
Ʊřƺū�� ŹŚƧƹŻŚſ� Śŝ� ƹ� ŚƸƬƀĭ� Ʋƿř� źţƵźǀģŶƴƃŚŝ� Ƶŵƺŝ� ŮƐſ� Źŵ� żƜƫŚŤſřŹ���

ƾƫŚưƃ� �ŶƳƹŹ� Śŝ� ŚƸƬƀĭ�Ʋƿř� ŶƳƹŹ�ƽŶƳƹźưƷ���Ƭƀĭ� �ƾŝƺƴūƸƾě� ƽŚ��ƾĮƴſ
Ʊřźƿř�ŢųŚƀƴǀƯŻ�ƶƄƤƳ�Źŵ�ƵŶƃ�ƪǀƬŰţ�ƾƀǀƏŚƴƜƯ�Nogole-Sadat, 1993��

ƧźƯ� ŻźŞƫř� ŹŵººŰƯ� Żř� ƶƧ� ƽżººƹŶżƿŹ� Ƶŵ�ƴƸěººǀƳ� żǀƳǇ� ƶºº� żƾƯ�ĭºº�ŵŹŸ
ƾƯ�ƳřƺţººƃŚŝ�ƶƬŘƀƯ�Ʋƿř�ŶƿƺƯ�ŶººŶ��ģźĭººŝ�ƶƶ�ƔƳººƾƯ�ź�ſŹººƧ�Ŷº�ƶźĭŵƬƨƃ�ƾ

Ʊřƺū�ŜţřźƯ�ƸƬƀĭ�Ʋƿř�źţºººƾě�ƽŚ�ŝ�ŮƐſ�Źŵ�ƾĮƴſƶ�ŝŚū�šŹƺƇƶ�ƹ�ƾƿŚū��Śƿ��
��
��

�ƱřżǀƯ� řŸƫ� ƹ� Ƶŵƺŝ� ƶƘƫŚƐƯ� ƵŵƹŶŰƯ� ƽŚƷŹŚŤųŚſ� źĮƿŵ� ŶƳƹŹ� Źŵ� Ƃųźģ
�ƽŚŤſřŹ�Źŵ�řŹ�ƾƿǇŚŝ�ƂƳźƧƶŤƃřŶƳ�źŧŚŤƯ�ƾĮƴſ�ƽŚƷŶůřƹ�Źŵ�ŵƺų�ŶƳř����

ƾƯ�ƲƿřźŝŚƴŝ�ƶŬǀŤƳ�Ʋǀƴģ�Ʊřƺţ��ƽźǀĭźƧ�źŧř�Żř�źŧŚŤƯ�ƹ�Ʋǀƀě�ƽźǀƃźţ�Źŵ�ƶƧ�ŵ
�ƮƷźŝƵŚţƺƧ�Śŝ�ƶƧ�ƽżƧźƯ�ŻźŞƫř�Śŝ�Źżų�ƭƹŚƤƯ�ƶƴƸě�ƂƴƧ��ƹ�ƾĭŶƃƟźř�ŢſŚų

ſ� źǀǀƜţ� ƹºººƧƹŻŚºŹŚ�Ƭƀĭ�ƽŚƸƇř�ººƳřŹ� ƾƬººưƷ� ƾĭŶººŢſř� Ƶŵƺŝ� Ƶřź��
ƀĭºººƾě�ƾƬ�ƴſººŝ�ƾĮƩŚưƃ�ŶƳƹŹ� Ś��ƩŚưƃ��ƽŹƹŚų�śƺƴū���śƺƴū��ƽźŤųŚŝ
ŝƶ�Ƈººƀĭ� šŹƺººººººƇř� ƪººƾƬ�ƄƤƳ� Źŵ� ƶƧºººººººººƲǀƯŻ� ƶ�ſºº�Ʊřźƿř� ŢųŚ
�Nogole-Sadat, 1993��ŝƶ��ŢǀƫŚƘƟ��ƵŶƃ�Ţƃřŵźŝ�ƾƀǀƏŚƴƜƯ�ƪƀĭ�ƱřƺƴƗ
ŵƵŹŚŝƹƶŤƟŚƿ��Ţſř�� �ŬǀŤƳ� ŹŵŠŵ� ŢǀƫŚƘƟ�ƵŹŚŝƹƾě� ƾƬƇř� ƪƀĭ� Ʋƿř��ƾĮƴſ���

ě�Źŵ�ŚƸƳō�ƾƬƀĭ�ŜţřźƯƾƋźƗ�ƽŚƸƬƀĭ�ƾŰƐſ�Ƃƃƺ�����ƕřƺƳř�Ʊƺģ�ƾƃźŝ
żƿŹ� Źŵ� ƵŶƃ�ƾƿŚſŚƴƃ�ŝ� řŹ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƴƸěƶ�ƵŵŹƹō� ŵƺūƹ�ŶƳř� ��Żř�ƽŶƷřƺƃ

ŝ�żƜƫŚŤſřŹ�ƽŚƸƬƀĭ�Ʋǀƴģ�ŶƃŹ�ƾĮƳƺĮģƶ��ƪƀĭ�Ʀƿ�ƾƬƀĭ�ŜţřźƯ�ƱřƺƴƗ
ƾě� ƾƬƇř�ŝ� ƾĮƴſƶ�� Ǝſƺţ� ƾŝźŬţ�šŹƺƇNaylor et al. (1986)�ƶŗřŹř�

ƃŵ�ŢǀƫŚƘƟ�Żř�ƾƿŚƸƫŚŨƯ�ƹ�ƵŶŹŚŝƹƵƾě�ƽŚƸƬƀĭ�Ʋǀƴģ��ƾƫŚưƃ�ŶƳƹŹ�Śŝ�ƾĮƴſ���
ūŝ�Ʊřźƿř�šǈƟ�ƽŚƸƄŴŝ�źĮƿŵ�Źŵ�ƾŝƺƴƶ�Ʋǀģ�ŽźĭřŻ�Źŵ�ƵĦƿƹ�ƵŵŹƺų���ƵŶƳřŹ

�ƵŶƃ�ƩŚŨƯ�ƽřźŝ�Hessami et al., 2001��ƶŗřŹř�ƃŢſř�ƵŶ��ƲƿřźŝŚƴŝ��ŝ�ƶ��źƔƳ
ƾƯ�żƿŹ�Źŵ�ƶƧ�ŶſŹ��ƽŚƸƬƀĭ�żǀƳǇ�ƽŹŚŤųŚſ�ƶƴƸěTF1��TF2��TF3��ƹTF5�
��ƪƨƃÐ��ƿř�ƾƬƀĭ�ŜţřźƯƾě�ƪƀĭ�Ʋ�ŶƴƃŚŝ�ŮƐſ�Źŵ�ƾĮƴſ���Ʋǀƴģ�ƽŚƴŞƯ�źŝ

ƵŻźƫ� ŢǀƫŚƘƟ� ƾƿƺĮƫř�� ŹŚƧƹŻŚſ� Śŝ� ŚƄƯ� ƪƀĭ� ƽřƵźǀģĜģ�Įź� ŵ�ŹƹŚų� Źŵ
ŻźŞƫř�ƽżƧźƯJackson et al. 2002 ) �Śū� ƹ��ŝƶ�Śūƾƿ��Źŵ� Ʊō� Ʊřƺū�ƽŚƷ

� ƪǀƬŰţ� Ʊō� ƽŚŤſřŹ� Źŵ� ŹŚţ� ƶģŚƿŹŵ� ƪǀƨƄţ� Śŝ� ƶƧ� ƲſƺǀƬěººººƃſř� ƵŶººŢ�
�Allen et al. 2003��ƾƯ�ŶƳřƺţŝ�ƶ�ŵ�ŢǀƫŚƘƟ�ƾƬƀĭ�ƶŞţźƯ�ƱřƺƴƗƵŹŚŝƹ�ƾƨƿ�

ƾě�ƽŚƸƬƀĭ�Ʋƿř�Żř�ŶƃŚŝ�ŮƐſ�Źŵ�ƾĮƴſ����
� ƪǀƬŰţ� ƹ� ƾƿŚſŚƴƃ� ƽŚƷ� ŹŚŤųŚſƃżƿŹ� Źŵ� ƵŶ��Ʋƿř� Źŵ� żǀƳǇ� ƽŹŚŤųŚſ� ƶƴƸě

Źŵ�Ʊřƺţ�ƾƯ�řŹ�ƶƘƫŚƐƯŵ�ƿĮƶƴƸěżƿŹ�ź��ƽżƧźƯ�ŻźŞƫř�śƺƴū�Źŵ�ƽŹŚŤųŚſ�ƽŚƷ
� ƵŶƷŚƄƯ� żǀƳźƧŵ� �żƿŹ� Źŵ� ŵƺūƺƯ� ƽŚƷŹŚŤųŚſ� ƶǀƫƹř� ƶƘƫŚƐƯ� ŚƀƳ� ƶƴƸě��ƱŚǀƯ�

�Ʋǀƴģ�ƶƘſƺţ�Żř�ƱŚƄƳ�żǀƳ�śƺƴū�Źŵ�ŚƄƯ�ƹ�ƩŚưƃ�Źŵ�ƱŚƤƫŚƏ�ƾĭŶƳřŹ�ƽŚƸƬƀĭ
�ƾƋźƗ�ƽŚƸƬƀĭ�ƾƫŚưƃ� ƾŞƿźƤţ� ŶƳƹŹ� Śŝ� ƾƃźŝ�����ŵŹřŵ� ƾŝƺƴū� ��Żř� źŧŚŤƯ

ƪƀĭ�ƲǀưƷ�ŵźƨƬưƗ�ƾƋźƗ�ƽŚƷ����ƾĭŶǀưų�ƾƃźŝ��ƂŴŝ�ƽŚƸƴǀģ�Źŵ�ƾƿŚƷ
ŝ� żǀƳ� ƶƴƸě� żƿŹ�Ʋƿř�ƽżƧźƯƶ�Ţſř� ƵŶƯō� ŵƺūƹ� �ŝ� řŸƫƶ�źƔƳƾƯ���ƩŶƯ� ƶƧ� ŶſŹ
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