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By assessing the trend of air temperature changes, it is possible to explore traces 

of climatic changes in the area of Iran. Climate change and temperature increase 

are important human-environmental issues. Based on the change point method, it 

is possible to identify the onset time of changes in basic variables such as 

minimum and maximum temperature. Therefore, the present research aims to 

analyze the change point of temperature thresholds of heat and cold waves in Iran. 

The temperature threshold means the 95th percentile for maximum temperature 

values and the 5th percentile for minimum values. For this purpose, the 

temperature data (minimum and maximum) of 43 synoptic stations in Iran, which 

have a long statistical period (1966-2018) and suitable distribution, were used. To 

identify the temperature threshold change time, three change point methods - 

Pettitt, SNHT, and Buishand's Range Test were used. The results showed that the 

temperature threshold of heat and cold waves has been increasing over the past 

few decades. The rising growth rate is equal to 0.019 and 0.052 degrees Celsius 

per year, respectively. Therefore, in the current study, it was found that the 

increasing trend of the temperature threshold led to an increase in the frequency 

of maximum temperatures, and on the other hand, it will lead to an increase in hot 

days and a decrease in cold nights, in addition to the higher frequency of events, it 

can be stated that the frequencies will move towards higher values. Based on the 

results of the spatial-temporal analysis of the thresholds, the increasing trend of 

the minimum temperature in the northwest, Zagros, and southeast regions of Iran 

is quite evident. And from the other results of this study, we can emphasize the 

time of the change point or jump of the temperature threshold of cold and heat 

waves around 1991. The mentioned year is in line with global studies. 
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�

 �
�F1 .�@� 
� .�?�D' �
�' .@D(' �)������ E��7�'1  �
�F1 %�!� 
� �0 H�45�' �1 �.E�� �!1 ���� ��� 

�����)� L�5��� 
� �����)� .r()� E�5� :E�� ���  U� !' t�S�' �� �
��F" �"  #� -�  �
�'0 �
�� %�� ��
�� �"

50  8�?�7� Y�F6 �!���  
� .2 !(��" _��(' p)#�6 � -(2�< ��
�� ��)� ���� Y�F6 
� .r()� Y�� � !(1�  %��

 #� z< .!(1�  ��)�E��)
� ���� �)#
� �
�' 	�"�����)� .2 �6
�W 
� .!(��� 
�7 �^�2 � �F2 � �
�'0 {h/ #� �"

�/ 
�����)� Q�  .2 �D ��
 J���   !���  
�� )�F�:
  i��
�rF" �1396 � �r)�O� .  .��6 �  ��  
�7  (

.���M' .  Y�!7� N�2� l�M' 
� ��)���2�' #� ���^��� �  �0 #� z< .!�!1 NF�r6 �G�0 t�^6
� Q�(oF"  .����0

��'� �)�'� � �)�'� T��'�  V!W J���  95Y� .����0 .���M' �� ��  ��'� �� V!W � .(5Y�  .���M' �� 

!1 .(�F2 ��'� .����0 ).'@��7 	��
�rF" �1397 .(.����0�" !)�� .���M' )# l ��
 J���   !�)-5�:�
  �

	��
�rF"1397:(  

)1 (  Percentile=N*P  

 .D �
 
�1 	N ���� ��!�6  �   	�"P   � �    Y�� � %�� ="��
�'  -"�>< Q)� 
� .2 	E�� U�N V!W  �   ��"

5  � (.(�F2 ��'� .����0)95 �' (.(���  ��'�  .����0) .!1�   �)�'� .����0 ���'# �� N�r�6 
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� �)�e� � ���'# H����6 .  E��� N�7 .�:' 
� �!1 NW�: ���'# �� J���   .!1 Y�I�� �)�'� � �)�'� T��'

Q' =)�'�
�<�� ;�
 #� ���^��� �  ����' �� "  .�?�D' ��2 
�� .  .!1 Y�!7� Q� _�1 � %�!(2 R!" �  �
 -�<

.(���  � .(�F2 ��'� .����0 -)�O�� ���6 .D@� �)���(1 E�5� -5  Q)� 
� 	
 �� Q)��  
�7 ��'#0 �
�'

�'  !"�.2  .(���  � .(�F2 ��'� �)0��
�� ) ~�/ �) E�� -)�O�� !��
H1 = �� < ��.(  

  

 R�(M1: D
�� �(� ���SIJ� /�
 ��QI')� ��T�	�   

U)�� V�. W��N� (V V) �.Z�J F��7 ��� U)�� V�. W��N� (V V) �.Z�J F��7 ��� 
1 V�
� =�/ .F��  3/350 6/13 23 N �# =�/ 5/61 6/22 

2  .�'�
� =�/ .F�� 4/361 2/11 24  ��!"�# =�/ 2/96 18,5 

3  ��G^W� =�/ 1/121 1/16 25  ��I�# =�/ 2/96 6/18 

4  �?O�� L L��' .F�� 3/1874 16 26  
��O�� =�/ 5/187 5/17 

5  #��"� =�/ 3/205 2/26 27  O@� �� .���)!' 8/521 3/12 

6  G���)� =�/ 6/117 6/27 28  ��(F� =�/ 140 17/10 

7  ���� 0 =�/ 9/152 3/25 29  T!((� �� .���)!' 1/484 2/14 

8  �� �  L��' 5/879 5/16 30  ��"�1 =�/ 5/156 5/14 

9  8  =�/ 1/64 23 31  �2G1 =�/ .F�� 9/32 6/12 

10  J��k L =�/ 5/185 3/27 32  #��1 =�/ .F�� 2/344 8/17 

11  .�(? L =�/ 4/151 6/27 33  z�� =�/ 87 4/22 

12  G1�  =�/ 2/261 5/24 34  ��� =�/ 290 26 

13  !(��  =�/ 176 5/16 35  Q)�O7 =�/ .F�� 7/316 3/14 

14  O)�6 =�/ .F�� 301 9/11 36  87 =�/ 150 26 

15  � E 6 =�/ .F�� 8/272 8/17 37  ��1�2 =�/ 4/138 7/19 

16  ��G6 =�/ 2/230 1/17 38  ��'2 =�/ 9/158 9/16 

17  
�G �� =�/ 200 26 39  �����'2 =�/ .F�� 8/456 4/14 

18  �� 0 Y/ =�/ 2/520 3/17 40  ���� �� .���)!' 1/612 8/17 

19  ��/ =�/ .F�� 7/308 5/12 41  !G�' =�/ .F�� 3/259 8/13 

20  %��#� =�/ .F�� 2/344 8/17 42  ��!F" =�/ .F�� 5/391 3/24 

21  �'�
 L��' .F�� 9/1221 9/15 43  �O) =�/ 7/62 2/16 

22  E1
 L��' .F�� 6/1355 6/15      

  

&� *+�28) �����LA (.�� �J��7 -(&J _�� �Q3���A � R�(3H :  

Q' ��'#0- =) 
���
 
� ���G��� -G� �) !��
 .��� " ��2 
�r10 
�U(' .  	E�� =)�'�
�<�� ��'#0 =) %�!(2

 %�� �  ���'# �� =) 
� ���'# ��n )i=1,2,…,n Q)O�)�� 	��)�O�� !��
 _�66 .  	���)�" .�6
 �  �" ���� 	(

�(�' !��
 ���" �� ' ��"
���F� 8��6 .!1 !("��/
������ 
� � �(M(' ��D/ 	!1�  .�1�� ���� �"U � U, 

�' pD7 �
 �)!F" ���!M' N/�� 
� 
�2a' ��D/ �� .!((2) ���M  �96/1 ± ��'# .���� !((2 pD7 �
 �)!F" (

�� 
� !��
 ���� ����  i!((2 pD7 �
 �)!F" ���M  ���!M' #� T
�/ .2 �6
�W 
� � ���G��� ���6 #�P0 ��"

E�� ���'# 	�)�(� � �)�Dk) 1391i i 	��
�rF" � �M�� 1394i 	��
�rF" � ����F�� 1399.(  Q�F56 
�U(' . 
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 Q� _�1 ;�
 #� H����6 _�1)1986 (#� �r) .2 !1 ���^��� ;�
 � ���� ��"=)�'�
�<��  �� �)���(1  !��


�' ���'# �� =) 
� �D/ .!1� ��
 l/ _�1 Q�F56 EG� Q� _�1 ;�
) !QI Q�  _�1 E�)�  �' E�/ 	(

) �6�!"��' � ���� E^� "N!)�F� .���M' )# .?���' #� ���^��� �  ��'# %�� 
� �
 (.  

)2(  QI=median( 
�����

���
 )    for j=1,…,N  

 .2Q   ��@� Q�  l/ _�1X I  �XK   ��G��'# 
� �6�!"��' )��@' _�66 . j  �k ) !(��"j>kQ�F56 .���' .( ��"

 .E�� Q� _�1 � Q�F56 N'�1)��@'  !��
 ��)�F� �^(' )��@' � ��)�O�� !��
 #� ���� E�x' �!1 .���M'

E�� ��"�2 	��
�rF" � 
�<^��) 1395	�!FM' i 1398.(  

-�< .�?�D' ��W� R�!"� #� �r) .����0 J���   �)�'� � �)�'� T��'� �)�'� .����0 #�P0 ��'# Q���6 �
 2| ��" 

���� #� ���^��� �  N�7 -5  
� �!1 �' .(��  � .(�F2 ��'� .��#�
 ��"  ���^��� `)�
 ;�
 .� #� 
�U(' Q)!  .!1� 

�(�' .!1 ��'# �
�� �(�' �D� 
� ;�
 .� " #� �!1 `�(' ���6 ��"  �
��95 )α = 0.05 
�7 � �)#
� �
�' (

.��� !('#��� ���6 ��'# #� �G  V
� .E�� %�� �!(  .��� ;�
 #� 
�U(' Q)!  .E1�� NW�: ��"  �!( 

������ }�D' ��"  .@��)  �
� 
� 4�5' �M�S�6 .'��� 
� ���  �)�(10 
�U(' .  .!1 ���^��� (z����� �!( 

;�
 .!1 !"��/ .��
� ���6 .D@� ��"  

 

:���LA �`:. &���A F��  

�)�'� !��
 ���6 ��'# �)���(1 EG� .�?�D' Q)� 
� ����0 �)�'� � �)�'� T��'� �)�'� . ;�
 .� #�`)�
 

;�
 .!1 ���^��� ���6 .D@� �)���(1  }�7� Q���6 .2 �0 E�5� :!�
��
�/  ��W� E)O' �� #� �!1 ��) ��"

E�F2� �5��� .����0 .��� ��" #� ���^��� ��!  
�2a' ��" .@��� Z�F�' .2) ��r'� (E�� �� 	.2 �0 Y�� .E�� )a<

;�
��" G  �  �G(6 	���6 .D@�� ���� #� ��������)� ��"�' Y�I�� N �7 ���(1��" ��"!1�  �a?  .�?�D' Y�I�� �� 

���� #�  
� �'� .��#�
 ��"43 ��)� .(G< 
� �����)� Q�'#  � �
�� �� 1966 -2018 .E�� �!1 ���^���  Q)� 
�

 N'�1 ���6 .D@� ;�
 .� #� .�?�D'E��< ��'#0	 �)� �
�!����� %�'� �(�F" ��'#0 � !�� !1 ���^���  � �!�^')

 	��
�rF"1392.(   

*+�28 C�I1
 :  

�
 E��< ��'#0�1 =)�'�
�<�� ;#�  .  #��� .2 E�� ���� �
   ��)#�6 ��" �� � 
�U(' .  � �
�!� �"����

 ���6 .D@� Q���6���'# ��  ���^����' ���E��<) 	1979 :#� E�� H
��k ��'#0 Q)� 
� ���^��� �
�' �
�'0  .(  

)3 (  Ut,T= ∑  �
��� ∑  �

�����  ���  

 .2i  �j � )��@' #� !(6
��k � �?���' ���'#,…xt)2x ,1(x �(Xt+1 , Xt+2 , … , XT) 	t  �T "���� ���66 �
�F1v� �

� � .D@� �6 ���'#���6 ��
�rF" � ���#) �0 #� !�  � 	2009  E��< �
�'0 .���M' #� z< (v� ��"�� � �!��'


�� .  .����' Q)O�)�� ��  .2 ��"��'#0 �:#� E�� H
��k �
�'0 .�� ��  

                                                      
1  - Pettitt 
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)4 (  Kt=  ����� | ��,!|
"#$                   

��'#0 �<�E ?� . �N ���:�E  .  �0 .D@�� " l�� 
� E�r1� ��'#�	 %��!�' 6)Q ��'#0 �  ���^��� �
�'� 

5�6�c �6 .D@��� E�� )�)(��
��(  	��
�rF" �2003(.  

 *+�28 �3Q�
���(.�IJ� R���.:  

 ��'#0 �(�F"%�'� �
�!����� )SNHT1 (� 
� ���
!���r?� l��6v%� ��" )1984(  �)1986(  vU(' .v��6 
�v Q�

� 
� ���6 .D@� ��"���� ���'# �����' .���M' )# Nr1 .  �
�'0 Q)� .�2 �!�< .���6 ��!�
�  )=������2  �

 	��
�rF"2009 �?�#� �3  	��
�rF" �2012(:  

)5(    TD=  �� � ��             
"#$                 [&'̅1

2 +(n-v) '̅2
2] 

.2 �  � .���M'1Z  �2Z  . Nr1 :!��� �' s)�6 )#  

)6 (  '̅1 = 
�

)
∑ *ₜ)

���  

)7 (  '̅2 = 
�

,�)
∑ *ᵢ�

��)� �  

*+�28 �3���(.�	)+7 /4 )B(:  

 ��'#0 Q)�l��6 �)� �!� )1982 �
�'0 p)#�6 ��" #� �� �6 .2 ���'# �� =) ���6 .D@� �)���(1 
�U(' .  (

E��) .���6 E���. :��� �' s)�6 )# �1 .  �
�'0  

)8 (  ./
∗∗= ./

∗  /  1
˄  

)9 (  .ₒ
∗ = 0 , ./

∗   = ∑ (*ₜ − /
���  6

˄ ) , 7 = 1,2, … , ;  

)10 (  Q =  ��  / ��        
"#$                    |./

∗  |  

 .2xi � )��@' ����'# 	 6
˄ � )��@' � ��: Q�����' � � ���'# 1

˄ � 
���' R�M�� � � ���'#k  ���6 .D@�

�"�� Z�  ;�
 .� " 
� .2 E�� 2| ��)�1 .E�� �:#� !(6
��k ��'#0 

�S9 a�5 ���' :X i  ��'# 
�T   �  z��)
�� � Q�����' p)#�6 #�0  �1 ��< �.!(2�' 

K7�:� a�5 ��'# Q�  :1  �n ) p)#�6 =) #� �"���'1 ,1N(μ 	��< ��  � !((2�' Q1n+  �T �"���' �)#�6 #�vp 

)1 ,2N(μ 	��< �.!((2�' ^W �� �!1 �
 H
�W 
� 	� 
� .r()� !�)�6 �  � �� �
�� ���� ���6 .D@� ���'#

' .��)a< N �@'v1�v
���(�' }�@M6 Q)� 
� .�� � ���^��� �  �";�
 #� =) " 
� (���6 .D@� ����) N �@' ��

 �D� 
� �?
�2E��' ;�
 #�95E�� .��� 
�7 -I(� � ��'#0 �
�' %.  

  

                                                      
1  - Standard Normal Homogeneity Test 

2  - Stepanek 

3  - Vezzoli 

4  - Buishand’s Range Test 
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�I.)b c�7 � 

7�4�J b3 � �.Z�J �����LA (.�� �J��1 �.�IJ8�3�	�7 � �3��H /�
  

 .(���  � .(�F2 ��'� .��#�
 l���' H����6 ���2�� .  Y�!7� E�5� 	-"�>< ;�
 
� �!1 ���  N:�' J���  

 E�� �!1 ;h6 #�I)� E)�k
 � t�S�' Q���6 
�U(' .  	�����)� " ��#� .  �"
���F� ��)# ��!�6 .  .��6 �  .!1

 ���' �� Q)� !��
 E��S� #� ����2NW�: �����)� N2 #� �" H
�W �� .  t�S�' Q)� .��1 .��
� ���^��� �
�' �

 ��
 10  �
�F1 Nr1) .?��2 �
�F1 Nr1) .�Z�� ���'# �� ��
  � (3 
���F� �� J���   .E�� �!1 ��
�0 (

 �
�F1 Nr1 
� ����'2  �3 �' �!"��'� .(�F2 ��'� �
�'0 H�45�' �'�F6 ��� .(���   Q)� .E�� ��2 ���6

� 
� t�S�'.��� ��"
���F � �/ .  ��N �7 �' � �/ .  �
 -)�O�� Q)� ���� E�� c�5�6 �)�'� H�@�� 
� ���6

��F� �!"��'  �
�F1 Nr1)2 – Nr1 E��
 EF� (Q�)�< � Z�  ��" .Nr1  �� 
� (Q�)�< � Z� ) E��
 EF� ��"

 ���'# �
��1980-1966  �1981-2018  z�� � 8��@6���� �'�F6.  .��#�
 ��" 10 .@�� ������  .!�!1 8��@6

�' .U:h' .2 
�D��F".('�� 
� H�@�� %�� �
�� 
� .(���  � .(�F2 ��'� ���'# �� �� " 
� ��� �'� Q�)�< �

�' �!"��' .E�� �!�� 
�r6 Y�� �
�� 
� .2 ���� ���6 .2 E�� �(�' Q)!  Q)�  .E�� ���� b
 �'� -G� . 

 .��F� ���(k Y�� �
�� ������)  (.(�F2 ��" ��!: ���� b
 ��'� Q)�F208/0 E�� J����� .�
� �?�: 
� Q)� .

 ��!: .�?�� �
�� 
� 
�!@' Q�F" .2 E��55/2- �'  �
�F1 Nr1) !1� 2 - .(E��
 EF�  ��  .(�F2 ��'� l���'

 �   �  _�66 .  �
�� �� "69/10  �69/11 �' �
�� =) 
� �(�) .!1� 50 g��)@6 .?��  ��!: .(�F2 ��'� l���'

1 E�� .�1�� -)�O�� J����� .�
�  Nr1)3
� l)�1 Q)� ( �
�  H!1 .��?� .E�� f��W O�� .(���  ��'� l���'

�)�O��.(���  ��'� � �
�� 
�� 	 . ��' ��!:  %�� �
�� 
� .(���  ��'� l���' .E�� .(�F2 ��'� #� ��� 

24/23 �
�� 
� .2 �
�� .  ���  J�����  .  Y��37/24 �' J����� .�
� ��!:  �  �
�� ��F" 
� �(�) .!�


13/1  Nr1) E�� ���� b
 �'� -)�O�� J����� .�
�3 .( 

) Nr13 - ) Nr1 �  .(�F2 ��'� .����0 l���' !��
 (s?�3-  �'�F6 ��  �
 .(���  �'� .����0 l���' !��
 (L

�����)� �' -)�F� .�?�D' �
�' ��" ���   .!"�Nr1 Q)� J -)�O�� !��
 ��
�� �� " .(���  � .(�F2 ��'� 	�"

."� �6 g��)@6 �'� Q���5� �
�� 
� .2 �
�� .  .!(��"� 1990  ����� !�  .  ."� Q)� #� �'� .E�� ����� ��
��

.��� .  ���'# �� 
���
 �'� �
�� ���� %�� 
� Q�)�< )��@' .2 E�� ��  �!�� 
�r6 �!I' .�1a� ��" Q)� .E��

 %�� 
� l@� .(�F2 ��'� 
� l)�12008  .(���  ��'� � _1 
� .(�F2 ��'� %�F�' 
�� .  .E�� �!1 .��r1

�' -)�O�� Q)� �  .��1 �' E�q #�
 
�  ���6.I��� %�� 
� .2 E�� �����)� �/� ��"  ��"	���^��� �
�'  ��'�

��2 E�q �
 �6Z�  .���1 � .��#�
 !�� 	�����:) 1396.( -"�>< ��
�rF" � 
�< �O�� )1390(  ��   E�� �!�)�6

 ��"�'� .2 t�S�'.(�F2  �.(��� ���� ���� ��/ #� �6��^�' ��"
���
 	  ��'� � !��.(�F2  .  ��@� #� �
���  
�

 ��'� .�� .E�� .�1�� ��)�O�� b� 
�r10 
��.(���  ?� !"� �' ���� ��)�O�� b� ��@� #� ���/ 
� 8" .  �

 ��'� �  .�)�@' 
� �0 �F2 b� E�k.(�F2.E�� �!1 �'� �#�
 .���1 .('�� -"�2 _��' 	  

  

                                                      
1  - Pentad 
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 K=�2) �3��H /��� �J+I� �.�IJ8 �����LA (.�� /� ���M ���+�. � /� �')�:� V��d+I'�
 :CJ��) �3	�7 � (e>�+	H �J�A�J �� (  
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 ���  �?�F1 �:��� #� �'� -)�O�� 
�!@'E�� ��� . �' ��" ��'� H����6 !��
 ��
  �   �F��7� H����6 ��<�
 ���6

 .(G< 
���)� �
  Q)� `)��� Q�(oF" .�2 �I���-"�><  ���'# � ���r' !)!1 H����6 ���� .(�F2  Q�  
� �'�

�����)� %�F1 ��"  ��2 
�� .  .E�� 
��2 �����"�2 �:��� � LP.(�F2  �
�'0 �
�� %�� 
� 
��2 �D� 
� �'�

 %�� #� �
 .(�F2 �'� ���6 .D@� .E�� ��2 �� �
 ��)�O�� !��
1992 �'.�2 � �)�
 ���6  

 R�(M2 :�3�� i`J � /��� (R�J) ���LA �`:. �3�	�7 /��� �3��H �  l�=SA �743 ) ��QI')�P�3�(�(.��Q. : 

V�. 
Pettitt SNHT B Pettitt SNHT B Pettitt SNHT B Pettitt SNHT B 

 ���LA �`:.)�3��H /���(  ���LA �`:.)�3�	�7 /���(   /����3��H  )p-value(   /���) �3�	�7p-value(  

m��� - - -  - - - 0,573 0,5018 0,2334 0,948 0,343 0,1949 

������ - - - 1997 2013 1997 0,153 0,2074 0,067 0,0014 0,0001 0,0013 <  

*�"S9�  - - - 1993 1996 1993 0,950 0,4092 0,466 0,0001 0,0001 0,0001 <  

 �40.�1994 1994 1994 - 2009 2009 0,000 0,0001 0,000 0,0542 0,0008 0,0167 

2�+
� 1992 1992 1992 - - - 0,000 0,0001 0,000 0,948 0,0343 0,1949 

�"	.��)� - 1975 1977 1997 2013 1997 0,127 0,0301 0,020 0,0014 0,0001 0,0013 

*���78 1993 1993 1993 1993 1996 1993 0,000 0,1173 0,000 0,0001 0,0001 0,0001 <  

�'�7�7  1994 1994 1994 - 2009 2009 0,000 0,0002 0,000 0,0542 0,0008 0,0167 

W7 1992 1977 1992 1997 1997 1997 0,006 0,0001 0,011 0,0001 0,0001 0,0001 <  

n��� g  - - - 1981 1981 1981 0,969 0,285 0,427 0,0006 0,0001 0,0001 <  

�Q34 g  1993 2017 1989 - 2013 - 0,000 0,1864 0,000 0,1914 0,037 0,1044 

�"�+7 1994 1994 1994 1978 1978 1980 0,000 0,3864 0,000 0,0052 0,0004 0,00037 

(3M��7 - - - - - - 0,596 0,0008 0,176 0,8452 0,6341 0,7058 

0)��A - - - 1994 2013 1994 0,103 0,0001 0,061 0,002 0,0001 0,0007 

o C7�A - - - 1985 1984 1985 0,123 0,0001 0,303 0,0001 0,0001 0,0001 <  

*��"A  1993 1993 1993 1993 - 1993 0,000 0,1773 0,000 0,043 0,0579 0,01794 

��"7�> 1992 1984 1984 1993 1983 1983 0,000 0,1422 0,000 0,0001 0,0001 0,0001 < 

��78 V�1  1979 1979 1979 2002 2007 2002 0,000 0,0001 0,000 0,0046 0,0007 0,0022 

/+1 - - - 1999 2013 1999 0,255 0,0465 0,340 0,0008 0,0001 0,0001 < 

R+52�  - - - 1982 1979 1979 0,091 0,485 0,515 0,044 0,0289 0,317 

�'��� 1994 1994 1994 1997 1997 1997 0,000 0,0964 0,000 0,0001 0,0001 0,0001 <  

C��  1993 1977 1977 1997 1997 1997 0,000 0,0429 0,000 0,0002 0,0001 0,0001 

K7�2 - - - 2000 2000 2000 0,634 0,0478 0,352 0,0006 0,0007  0,0006  

*�(
�2  - - - - - - 0,0269 0,6856 0,052 0,474 0,6445 0,4122 

*��.2 1993 1992 1992 - 2013 2009 0,036 0,1963 0,012 0,1158 0,0001 0,012 

���0�J 1986 1977 1984 1993 1993 1993 0,000 0,048 0,002 0,001 0,0014 0,005 

0:J - - - - 2014 2013 0,552 0,0009 0,652 0,2228 0,0001 0,0428 

*�3�J 1994 - - 2000 2000 2000 0,02 0,0654 0,055 0,0056 0,0086 0,0056 

h(33J 1992 1992 1992 2004 2004 2004 0,000 0,0048 0,000 0,0008 0,0001 0,0004 

���
�� 1994 1985 1985 - - - 0,000 0,009 0,000 0,3668 0,2999 0,3518 

��H�"� - - 2004 1983 1983 1983 0,058 0,065 0,049 0,0001 0,0001 0,0001 <  
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2����  - 1973 1975 1987 1976 1996 0,094 0,004 0,046 0,0046 0,0014 0,0036 

p�� 1979 1977 1978 1993 1993 1993 0,000 0,0001 0,000 0,0026 0,0073 0,0019 

�'5 1974 1984 1984 1976 1976 1976 0,000 0,0001 0,000 0,0006 0,0001 0,0001 <  

&)�0N  1993 1993 1993 - 2013 - 0,007 0,031 0,007 0,6748 0,0161 0,2482 

WN - - - - 2012 2008 0,748 0,204 0,539 0,0716 0,0129 0,0447 

*���H - - - 1983 1983 1983 0,201 0,246 0,369 0,0098 0,006 0,0021 < 

*���H  1976 1976 1989 1993 1987 1987 0,009 0,000 0,000 0,0026 0,0017 0,0011 <  

��	.���H  1995 - 1992 1993 1994 1994 0,005 0,106 0,008 0,0001 0,0001 0,0001 <  

*�d�d  2005 - - 1999 2005 1999 0,032 0,687 0,066 0,0001 0,0001 0,0001 <  

("	�  1986 1985 1986 1994 1994 1994 0,000 0,0001 0,000 0,0001 0,0001 0,0001 <  

*�(�
  1993 - 1992 - - - 0,346 0,084 0,023 0,2308 0,9554 0,8138 

�0) 1994 1994 1997 1993 1993 1993 0,000 0,0001 0,000 0,0001 0,0005 0,0002 <  
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 R�(M3R�J �.����5 /(37 �IJ� : /���8 ���� �� �)���J � �)���d h�+�� �.�IJ8 �)��� ���LA *��2 /�
  

  ب*ش)نه 'مینه
R�J   F�� pettitt   F�� SNHT  ()�	)+7  F��   F�� pettitt   F�� SNHT  ()�	)+7  F��  

(9��  �.����5  (9��  �.����5  (9��  �.����5  (9��  �.����5  (9��  �.����5  (9��  �.����5  

0  0  0  0  0  0  0  0  0  0  0  0  1965-1961  

0  0  0  0  0  0  0  0  0  0  0  0  1970-1966  

0  0  0  0  0  0  33/2  1  65/4  2  33/2  1  1975-1971  

65/4  2  3/9  4  3/9  4  98/6  3  63/11  5  3/9  4  1980 -1976  

63/11  5  63/11  5  63/11  5  0  0  98/6  3  3/9  4  1985 -1981  

33/2  1  33/2  1  33/2  1  65/4  2  0  0  98/6  3  1990-1986  

58/25  11  63/11  5  93/20  9  19/44  19  58/25  11  23/30  13  1995 -1991  

93/20  9  28/16  7  93/20  9  0  0  0  0  33/2  1  2000-1996  

65/4  2  65/4  2  65/4  2  33/2  1  0  0  33/2  1  2005-2001  

0  0  98/6  3  3/9  4  0  0  0  0  0  0  2010-2006  

0  0  93/20  9  33/2  1  0  0  0  0  0  0  2015-2011  

0  0  0  0  0  0  0  0  33/2  1  0  0  2020-2016  

��J8  
*�"M  
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K=� 8 /���8 ���� �)� �7 ��� �J+I� �����LA :2000-1971 :P�3�) . NASA, 2023(  
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