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ABSTRACT 
Introduction: One of the most significant steps towards sustainable 
development is the protection of land integrity, as land use changes annually 
for various reasons, and excluding such lands from the production path results 
in irreparable damage. Since land use change in the Khiavchai watershed is a 
great importance due to the specific conditions of this area, examining spatial 
and temporal changes in land use provides good information to planners and 
managers for accurate forecasting. Because unplanned and unprincipled 
changes in land use are considered fundamental challenges for any country, 
which in turn have very destructive effects on natural resources. Therefore, the 
need to examine land use changes and predict related changes is a great 
importance.
Materials and Methods: The present study was conducted to detect and 
predict land use changes in the Khiavchai watershed, Meshginshahr.
Accordingly, Landsat data were used to measure changes. By applying 
atmospheric corrections and using the supervised classification method, the 
maximum likelihood algorithm, the land uses in the region were classified into 
6 classes. Using two maps from 1989 and 2007 as base and forward maps, a 
land use change prediction map was produced for the year 2023. The accuracy 
of the maps was evaluated based on the kappa coefficient, and the overall 
accuracy and correctness of the maps were evaluated based on the amount of 
agreement and disagreement parameters. Finally, the land use map for the next 
three decades (2033, 2043 and 2053) was predicted using the land use map 
from 1989 and 2023. 
Results and Discussion: The results of the study of the trend of changes in 
land uses in the region indicate that the area of urban use and pasture use will 
face an increasing trend, and other uses will face a decreasing trend, compared 
to the land use map of 2023.
Conclusion: According to the results obtained, it can be acknowledged that the 
land uses of the region have been facing changes in area during the considered 
statistical period (1989 to 2023) and will have significant changes in the next 
three decades. Therefore, human intervention plays a major role in land use 
changes. These results can help planners in recognising the factors affecting 
land use changes and making correct management decisions at various 
management levels.
Keywords: Land use change, Markov chain, autonomous cells, Land Change 
Modeller (LCM).
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01� 1. P�86$,  \J$3  7�N
��H 
/ !($+E V
�$��, P��:#� 8  

  
��7B 1. �@Z(
7�� !(
�+E 	
�$��,7�  P��:#  

 q���  
g���(  

#�E/!  

g���(  

�"��  
 ��
&%�!  

o&�  

 �7
�
�  
_�
7�
 , 0"1/  

�
7G(  

7���  

_���� 2��@    

)q��� �   �Q+ (  

1  01/07/1989  10/04/1368  P��:# �5  TM  30  8  167-33  

2  17/06/2007  27/03/1386  P��:# �5  TM  30  8  167-33  

3  29/06/2023  08/04/1402  P��:# �8  OLI-TIRS  15� 30 
 100  11  167-33  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

3-2 -  F/�( �� ��9
�
 #����8 #�%  

  V
�$��,  !(
�+E  0�  ��J�
�  7!�
�.  \<D  \��E  7�!�
P��:# �5  
8   �
� K@$@ !(
�+E 
 � ���, �(/0�� M�  


 .P�� 	�� 	/�)"��  

1-3-2 -  �/, ���!L � $�
��, ��
&%�! ����'( #��� #
  

 
/  1(�  �%-3!,  !(
�+E  %� /$]
  K�#/  7���*H  ����:�
 7!)2�E�  ���(!",$(/�
  
  .� ��  ��
!�  ��'�!@$�$E  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
$L:,  0�  �"2�� !��yE �!($+E ���:� R�;+E  ̂ �+"=, 

 7�M]�  V� 0��  )  P��  C5Majd, 2008&  Zubiri  .(
 %.�� 50�  /
$,  !(
�+E   R*�  
/  %8#�*,  1(�  
/  	/�)"��

  ^�;�;+EL1T   R*� 1(� 
 �:"2�  �!(
�+E 0�  %� ��;# 

 R�;+E ����:� 	���� �  .�:"���  0��  ���:� R�;+E %�
 %�  1�:r�� � �"2�$.  P-? \D*:,  C/$�   �%8#�*,  /
$,

 ~�)E
� �,$6
 ��, 0� 	/�)"�� �� �'�!@$�$E R�;+E �:(�!'
 %D*:, 1(�   ) �� S�� �Esmaeili & Negahban, 2021 .(  
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2-3-2-   F/�(   ��&���O/4 #��!
 ����
 � ��/<G( #�%1  

 % $� �, �
 ���-8E 7��  �� ���, 7���(/0�� m���!� C�$E
s�? ��
�  K@$@ !(
�+E  1�:r�� 
  �(�$� 7�� /��(�

 C5  0�  	/�)"��  ��  %.  �!(
�+E  7

  f��.  �A 
  [�.!E
 X�$�   �, 4��)E ����@ �%8#�*, 1(� 
/ ./!. %��E �/$�

 
 � ���, 7���(/0�� m���!� �J�
� X�$� /7!�
�. ~�$ �
 �7!�� _&�:, K,�� %. �� �(���:� ��
� K@$@ !(
�+E
 X�$� 
 `E!, �P=# O�H ��(/ 70

�<. ���5 70

�<.

 �,  �'!� f��.  �A 
  !($+E  0�  	/�)"��  ��  sG�  ./$�
  K��)1 % $�  7��
�M��  
  ( S!  
/  7!�@ ��2(
/�  
�M'�

 % $�  s� .�� %��E ���-8E 7�� \��E 0�   % $�  ����-8E 7��
  0� 	/�)"�� �� % $�  1(� [�.!E 7��,� �!($+E 7��� �� 
 ��

 �� ��)F� 
 �H
5) �� %��E �)�&1393.(  

3-3-2 -  � 34 ����'( #7
�  

 K2���  ��:(�!'  1(�  _(!&0� �@Z(
  %.  �(��  �)�&  7��
  t=<,  �m>.  !�  7�!�  �F�H  � 
  ��  �� 
�/  %��<,

 �, Q

 .� $� %DB& 7�� 	$�� 1(!E/!�
�.!�  0�  7�:�  7��
 	
�$��, !(
�+E 0� ^�?>&� {�!="��  %� %]$E �� 
 P�� 7�

  C$@� $@  ~�$ �  ��#$E  C��,�  C�!�
�.  %�  �� 
�/  %.  �?$:E
 �,  �
  ^�?>&� Q

  C��,  0�  .�:�/ %DB&  7��  7�:�

 ̂ 
�L  %�  C$:.  �E  ���"3�  !l.��3  Q

  �	��  \#M:,
 _�6/ 	/�)"��!� 
 1(!E  
/ %. P�� 	�� %"H�:� 	$�� 1(!E

 )  P'
 
�. %� �M�  X�
Z�  1(�Esmaeili & Negahban, 

2021  �
 m>. !� %� K2��� !� P($�? \]
/ Q

 1(� .(
 �, ��
!� �7!�y",�:N ���"3� `(0$E `��E ��  �$-� 
 �:.

  %*��
 m���!� �P($�? ���"3� 1(!EI�� �� 7!�
�. %� �
 )1  �(
 �, j�+"H� ) ��/Ghodousi et al., 2020 .(  

ù�($) = ×� +(ð�) − 9; ×�|∑ �| − 9; ($ −1�)õ ∑ $�<9 ($ − 1�)  %*��
 )1(  

  �%#/�8, 1(� 
/i   C�<   
 7!�
�. m>. !� V�:�/X 
  V/�/n ) P�� 7�8�n    !",�
�� .(P���� �� /��8Ep(wi)   1(�

 �, %B��;, �
 ���"3�  m>. %. �:.wi   /$]
 !($+E 
/
 \�� 7�!� C5 
��D, %. 	�� �!' 
 ����� %"��/   m>. ��

  .P�� C�2�(|∑ �|   	/�/ s �(
�
$. s(!E�, C�:�,!E/ ��
  m>. 
/wi  �∑ $�<9    
 C5 m$�8, s(!E�,mi   
�/!� M� 
  1�A ��,P��.  

4-3-2- � 34 56� ������
 #7
�  

 %DB&  P6/  ���(0
�  %�:(�  %�  %]$E  �� S�� �  7�:� 0�  	��
 �$�8,  �P��  X�
Z�  ^�(

!J K,�?  1(!E /

5!�  7��

 �,  ���.  [(!J  
  �-.  P6/  K,��  P;F  
  P6/ ./$�
 c(�
 %� �K�-;E Q

 1(!E 0� 	/�)"�� �P6/ ���(0
� 
$L:,

�*H s(!E�,2   	
!@ 
/ �s(!E�, 1(�  0� 	/�)"�� �� .P��
 C�<  ��( %. 	/�/ m>. V�:�/ %DB& 0� KF�3 7�� 7�:�

 ��  ��  �P��  `]!,  �(  �:�,0  V/�/  %�  �$�!,  7!A(/  

 �,  %2(�D, �,  1�:r��  .� $� 	
!@  
/  P���,  %�  C�$E

 Wx3 7�*H 	��3   %'�J�  7�*H 
 	��4   7�*H ./!�  ��
 Wx3 1(��  	�� %?$��,  %.  P��  �:8, K2���  0�  7� ��

 %DB&  j�H  ��>.  
/  �(��,  7�:� � �,�  � ��
 %DB& 7�:� C5 	�::. .P�� 	/�/ 
�!6 7!A(/ m>. 
/ �
 ��

 %'�J�  7�*H %?$��,  %.  P��  C5  !A ���  M�  	�� 7�
 %DB& �,� � 
��  _-8E j�H ��>. %� K2��� 7�:� 	�::.

 C5 _B& ���. [(!J .P�� 	/�/ 
�!6  m>. 1(�  
/ �
  ��
 ) %*��
2 �, %B��;, ( ) /$�Chavez, 1996 .( 

 %*��
 )2(  W = U ∑ ´�å<∑ (´�ú´úå)æ�¤¥æ�¤¥U«<∑ (´�ú´úå)æ�¤¥   

N  K2���  K.  /��8E\ $�  7��   P�86�
  �(  `]!,
  ��:�,0Xi+    !*�  !F�:?  ~$��,i  
  S��X+j   ~$��,

 C$"� !F�:?j.P�� (7!�
�. /��8E) S��  

3 - `&8��! _�/��� �7!  

��, 7�!�  �B��:,  
�M��  W$.
�,  V!�� 0 ^�!��yE  70��
V!�� 0  K�-;E  .P��  �J�
�  7!�
�.   ^�!��yE  W$.
�,

	

/ 0� �J�
� 7!�
�.	

/ %� 7��, C��� �
 !A(/ 7�  q�:.  
  

 ����������������������������������������������������������� 

1. Signature 
2. Error Matrix 
3. Omission Error 
4. Commission Error 
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 1�:r��  !(
�+E  %DB& 7�:� �J�
� 7!�
�. V��  �
  K�-;E 

 
  �]
!H 7�  %�s(!E�,  ^
$F  ̂ �!��yE  �#��"3�  
 

 �]
!H 7!($+E  0�  s(!E�,  �#��"3�  ̂ �!��yE  7�!�  ��� 

 _'�  %9�
�  �, K�<, .��/  �����  �W$.
�, V!�� 0  
/ \��E 

 %<D  7��  X�� �:��  %�  ��J�
�  7!�
�. P�/ C/�� 

 ��,  
/  � ��,  ^�?>&� 70��  %�  qP�� ̂ 
�B? �!A(/ 

 %<D  7�� 	����#$E  7�
�/  �A"2��
  ̂ �?>&�  � ��, 

 1(�� .�:"2�  [�E!E  7�!�  !+:? C/
M'�  � ��,  %�  ���, 0� 

 ��,  �$-� ��7  
�./$H  	/�)"��  )  ��Esmaeili & 

Negahban, 2021 1(� �`6�

/ .(  �D�)-E ��,  0�  �$-� 7�� 

 	V!�� 0 �
�./$H   W$.
�,  
  t�+=E  V
$L:,�:N  �J�
�

 P�� .   S�  ��, %�  �	/!� 
  4�,�:(/  P���,  1"��/  K�#/

 �@Z(
 1�:r�� %�!+;:, 7�� ��, 
/ /!' �
�$? 70��

 
/  �8��
  /!�
�.  �1�,0  R*�  ��(M�'  
  �8�B&

 X�� \(!L  ./
�/  �J�
�  7!�
�.  ^�!��yE  �:�� V!�� 0 

 W$.
�,  1(�� ̂ 
$F :P��  

) %*��
3 (  VT2=MVT1  

VT1  
�/!� X�$� 1�,0 
/  C�,0   ��
�VT2  
�/!� 

X�$�  1�,0 
/ C�,0   
 S
/M  s(!E�, ���"3�  ��D" � 1 × 1   7�!�  \-F�'   � �,0Δã = ã2 − ã1   ���"3� .P��

 ) 	

/ 
/ 1�� ��D" �ijP ) %*��
 _B& (4 �, %B��;, (./$�  

) %*��
4 (  Pij = #�Ç#�   

 �%#/�8, 1(� 
/ijn  �� P�� !��!�  

) %*��
5 (  ni = ∑ nij ûÇ@9   

ijn  K2��� /��8Em>. 7��  i   %. P�� �
� C�,0 0�

  m>. %�j  	�� K(�BE  S
/ C�,0 
/  
 � �q    /��8E  K.

m>. .P���  

1-3-  �7! 5=k ������
 #���  

 \<D   X���:��V��  KF�3 0� [�.!E ��, W$.
�, 
 

 �$-�7��  ��� %� _-8", �
�./$H 2023 0� 	/�)"�� �� �

  
$"�/Validate  S!  
/  m���!�  
 �2(
/�  
�M'�
��D, 

tH�� ��  ����. \<D   �86�
   ���2023    �E  �� %2(�D,

1(��X�� P;F C�M�, _(!& ./$� /

5!� ��, �:��  

4 -   d��>�  

1-4-   � 34|E8  |��
��  ����'(  #7
�  #����8  #�%

 �9
�
  

  7��� �� [�.!E 0� �%,�/� 
/3  �4    
5  	
�$��, !(
�+E 7�

���  7��1989  �2007    
2023   \D*:,    �%8#�*, /
$,

  Q

  0�  	/�)"��  ��  sG�  
  %��E  f��.  �A 
  !($+E

 %DB&  ���"3�  !l.��3 \<D  �7�:�    �J�
�  7!�
�.

  K��) �� {�!="��2  �
�] %� %]$E �� .(2  t=<, �

7!�
�.  %�  _-8",  P3�2,  1(!"<��  %.  ��  �`E!,  7��

  P6/  ���(0
�  .P��  �(/  70

�<.  
  P=#  O�H

 %DB&	
�$��, !(
�+E 7�:�  �*H s(!E�, 0� 	/�)"�� �� 7�

���  7���.  [(!J  
  ��  ��
!�  7��1989  �2007    


2023   %�  !��!� �[�E!E72/0  �83 /0    
88/0    �-. P6/ 


���  7��1989  �2007    
2023  %� ��  !��!�  �[�E!E

87/82  �40/88    
32/92    �
�]) �,5 P�/ %�3  _B& .(

�,  �c(�"  %DB&  %.  /!.  C���  C�$E  P6/  !(
�+E  7�:�

.P�� %"��/ ��$-*,  

2-4-    �4  �9
�
  ��&,  C
�//A(  a/H��L  �  �����

���� �&+��&+ #�%  

s� %<D  {�!="��  0� 
$"�/  ��J�
�  7!�
�.  7��

crosstab    1(�  .P'
  
�.  %�  ^�!��yE  70��
���5  7�!�

K2���  /��8E  
$"�/�,  C�<  �
  �(�� 4(  0�  %.  ��/

	��  K(�BE  !A(/  7!�
�.  %�  7!�
�. �� �    /��8E  M�  


K2���V

/ 
/ �& %. �
 �(��    � �,01989-2007    


2023-2007  	� �,  �6��  !��yE  C
��  K��)  � �3  .(

7!�
�. 0� 4(!� ^>(�BE 
 ^�!��yE 0� KF�3 P3�2,  ��

7!�
�. !(�� %��
�] 
/ �� 7��4  
5  .P�� 	�,5  
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 01�2. %DB& !($+E7�:�V��  ���1989 %DB& !($+E q(|#�)7�:�V��  ���2007 %DB& !($+E q(f)7�:�V��   ���2023  ({)  
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��7B  2. P3�2,  4(!�  0� m>.7��  7!�
�. �J�
�  

���  

o&�  #����8  

1989  2007  2023  

5^�"! )��>1% (   7k��  5^�"! )��>1% (   7k��  5^�"! )��>1% (   7k��  

 7!�� _&�:,  59/490 786/3  23/535  130/4  32/337  603/2  

 ��5 70

�<.  61/461 562/3  06/714  511/5  25/713  504/5  

 �(/ 70

�<.  47/1528 796/11  94/3029  385/23  28/1817  025/14  

 P=# O�H  94/3218 844/24  84/3237  989/24  90/3285  360/25  

`E!,  23/6790 407/52  49/4208  481/32  36/5931  778/45  

 W!�  74/466  602/3  02/1231  501/9  47/871  726/6  

 08 m�B  58/12956  100  58/12956  100  58/12956  100  

  

��7B 3.  c(�"  ���(0
�  P6/ %DB& 7�:�  !(
�+E  

56� �<8  (%)  i��9 �,�8  ���  

87/82  72/0  1989  

40/88  83/0  2007  

32/92  88/0 2023  

  

  
01� 3. \<D  7!�
�. ^>(�BE 
 ^�!��yE � �,0 V

/ �& :!A(��( %� ��1989 -2007  � �,0 V

/ �& q(|#�)2007-2023  (f)  
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��7B 4.  P3�2, ^�!��yE 
 ^>(�BE  4(!�  0� 7!�
�.7��  �J�
� %�   !(�� 7!�
�.��� �& V

/   � �,01989-2007  

|E8#�%  #����8 �9
�
 �� F .
! ��&!  �GH�.!  

F��
� 1  F��
� 2  F��
� 3  F��
� 4  F��
� 5  F��
� 6  

M4�
! #���  #�����8  ��L  #�����8  2��  ��? 5RH   m(�!  `��  

C
�//A( #����8#�% �9
�
 �� �Z�71� |��
��  ���
�#�% #����8  �9
�
  

 q���  

C
�//A( 

|E8#�%  

 #����8  

�
a/! C
�//A(  

 q���  

C
�//A( 

|E8#�%  

 #����8  

�
a/! C
�//A(  

 q���  

C
�//A( 

|E8  

#�% 

 #����8  

�
a/! C
�//A(  

��>1%   7k��  ��>1%   7k��  ��>1%   7k��  

1 1 | 1 70/119 92/0  12 2 | 3 31/50 38/0  23 1 | 5 97/119 92/0  
2 2 | 1 79/20 16/0  13 3 | 3 05/1039 01/8  24 2 | 5 30/24 18/0  
3 3 | 1 71/82 63/0  14 4 | 3 40/329 54/2  25 3 | 5 36/81 62/0  
4 4 | 1 16/209 61/1  15 5 | 3 17/1432 05/11  26 4 | 5 91/152 18/1  
5 5 | 1 87/102 79/0  16 6 | 3 54/0 004/0  27 5 | 5 95/3829 55/29  
6  1 | 2 97/2 02/0  17 1 | 4 68/67 52/0  28 1 | 6 8/1 01/0  
7 2 | 2 42/354 73/2  18 2 | 4 79/11 09/0  29 3 | 6 37/17 13/0  
8 3 | 2 71/181 40/1  19 3 | 4 27/126 97/0  30 4 | 6 53/496 83/3  
9  4 | 2 21/6 04/0  20 4| 4 73/2024 62/15  31 5 | 6 31/257 98/1  
10  5 | 2 75/168 30/1  21 5 | 4 18/999 71/7  32 6 | 6 01/458 53/3  
11  1 | 3 47/187 37/1  22 6 | 4 19/8 06/0  -- -- -- --  

  
��7B 5. P3�2, ^�!��yE 
  ̂ >(�BE  4(!�  0� 7!�
�.7��  �J�
� %�   !(�� 7!�
�.��� �& V

/  � �,0 2007-2023  

|E8#�%  #����8 �9
�
 �� F .
! ��&!  �GH�.!  

F��
� 1  F��
� 2  F��
� 3  F��
� 4  F��
� 5  F��
� 6  

M4�
! #���  #�����8  ��L  #�����8  2��  ��? 5RH   m(�!  `��  

C
�//A( #����8#�% �9
�
 �� �Z�71� |��
��  ���
�#�% #����8  �9
�
  

 q���  

C
�//A( 

|E8#�%  

 #����8  

�
a/! C
�//A(  
 q���  

C
�//A( 

|E8#�%  

 #����8  

�
a/! C
�//A(  
 q���  

C
�//A( 

|E8#�%  

 #����8  

�
a/! C
�//A(  

��>1%   7k��  ��>1%   7k��  ��>1%   7k��  

1 1 | 1 12/123 95/0  12 6 | 2 98/1 015/0  23 5 | 4 63/216 67/1  
2 2 | 1 04/14 10/0  13 1 | 3 78/111 86/0  24 6 | 4 37/251 94/1  
3 3 | 1 91/53 41/0  14 2 | 3 61/182 40/1  25 1 | 5 83/61 47/0  
4 4 | 1 86/103 80/0  15 3 | 3 32/1282 89/9  26 2 | 5 30/123 95/0  
5 5 | 1 94/23 18/0  16 4 | 3 94/95 74/0  27 3 | 5 58/1265 76/9  
6  6 | 1 45/18 14/0  17 5 | 3 55/143 10/1  28 4 | 5 69/624 82/4  
7 1 | 2 92/16 13/0  18 6 | 3 08/1 008/0  29 5 | 5 04/3704 58/28  
8 2 | 2 04/383 95/2  19 1 | 4 58/221 71/1  30 6 | 5 92/151 17/1  
9  3 | 2 80/136 05/1  20 2 | 4 07/11 08/0  31 3 | 6 72/0 005/0  
10  4 | 2 18/54 41/0  21 3 | 4 61/290 24/2  32 4 | 6 53/64 49/0  
11  5 | 2 33/120 92/0  22 4 | 4 64/2294 71/17  33 6 |6 22/806 22/6  
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��7B 6. s(!E�, ���"3� ��D" � %� _-8",   ��� 2023  

o&�  #����8 M4�
! #���  #�����8  ��L  #�����8  2��  ��? 5RH   m(�! `��  
 7!�� _&�:, 2982/0  0032/0  3394/0  1270/0  2305/0 0017/0  
 ��5 70

�<. 0417/0  7902/0  0982/0  0223/0  0476/0  0000/0  
 �(/ 70

�<. 0504/0  1088/0  7077/0  0753/0  0481/0  0096/0  
 P=# O�H 0611/0  001/0  0928/0  6621/0  0431/0  1399/0  

`E!, 0133/0  0217/0  1942/0  1356/0  6019/0  0333/0  
 W!� 0000/0 0000/0 0010/0 0158/0 0000/0 9832/0 
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�,  C�<  �%8#�*,V0��  �&  %.  ��/    � �,01989    �E

2007  P3�2,  �7/119   �7!��  7!�
�.  0�  
�"��
42/354    ���5  70

�<.  7!�
�.  0�  
�"��05/1039  

  ��(/  70

�<.  7!�
�.  0�  
�"��73/2024    0�  
�"��
  �P=# O�H 7!�
�.95/3829    
 `E!, 7!�
�. 0� 
�"��

01/458    .P�� 	� �, !��yE C
�� �'!� X�$� 0� 
�"��
V0��  �&  1�:r��    � �,02007    �E2023  P3�2,  �

12/123    �7!��  7!�
�.  0�  
�"��04/383    0�  
�"��
  ���5  70

�<.  7!�
�.32/1282   7!�
�.  0�  
�"��

  ��(/ 70

�<.64/2294    �P=# O�H 7!�
�. 0� 
�"��
04/3704  !�
�.  0�  
�"��  
  `E!,  722/806   0�  
�"��

.P�� %"���  7!��yE �'!� X�$�  
  

3-4-   �/,  ��&!�� �9
�
 #����8 C
�//A( 7��� �
/�

 ���2023 

 \<D  ��#$E 7�!�  X��  �J�
� 7!�
�. ^�!��yE � 

 �:��
  ���2023 %<D  ���� �J�
� 7!�
�. 7��  7��1989    


2007 %� %<D  \#M:,V!�� 0 ��, /
�
 
!<�� 
 %(�� 7��  
X��  �:(�!'  �E  ��  W$.
�, ���  7!�
�.  ^�!��yE  �:��

2023  s�  ./$�  S�� ���,  0�  ���"3�  !(
�+E  �70��
  ��D" � ���"3� s(!E�, 
 ��D" � P3�2, s(!E�, ��&!�

7!�
�.  �
�]) �� ��#$E ��6 0� 	/�)"�� �� �P(��  
/ .(
  
�M��STCHOICE\<D  �  X��  ���  7�!�  �:��2023  

 K��) �� {�!="��4 .(  
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01� 5. \<D  X���:��V��  ���2023� 0� 	/�)"�� ��  [�.!E ��, V!�� 0 W$.
�, 
 �$-�7��   
�./$H  

  

��7B 7.  P3�2, 7!�
�.��  
/ \<D  X���:��V�� ��� 2023  

 q���  #����8  �9
�
  5^�"! )��>1% (  5^�"! ) 7k�� (  

1  _&�:,  7!�� 07/551 3/4 %  

2  70

�<.  ��5 21/735 7/5 %  

3  70

�<.  �(/ 25/2027 7/15 %  

4  O�H  P=# 92/3013 2/23 %  

5  `E!, 03/5559 9/42 %  

6   W!� 10/1070 2/2 %  

 o&��!  58/12956  100 %  

  

4-4-   _�/���  �7! i/8�(  �&<� �7! �  `&8��!  #�%

��8�&?  

��, 
/ 1(� \<D  
 [�.!E �� ��  �J�
�  7!�
�. \(�� 

_-8", %� ��� 1989� s(!E�, P3�2, ��D" � 
 !(
�+E 

���"3�  \<D  �%��" 
/  
  �'!8,  �&!�  X���:�� 

_-8", %� ��� 2023 %�  �	�!��  \)#i,  � ��,   ��  ��#$E
  K��)5  �
�] %� %]$E �� .(7 7!�
�. �  7!�� 7��3/4% �

  ��5 70

�<.7/5%  �(/ 70

�<. �7/15%  P=# O�H �
2/23%  `E!, �9/42%    �'!�  X�$� 
2/8%   P3�2, 0�

 \D*:, 	/�/ j�+"H� /$H %� �
 %8#�*, /
$, .� �  
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 F/�( � #���  F� �   �/, �
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�
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c(�"  ���(0
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X���:��  !��!�  ��86�
  
  	��84/0    1��  �_'�$E  �/$B  

 \<D   X���:��  !��!�  ��86�
 
 	��16/0    ���. [(!J 


  ��  !��!�88/0   v�B(!DE  7�:� �$E  !A ���  %"�  1(�  qP��
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��7B 8. _'�$E /$]
 
  �/$B   _'�$E  1��  \<D  X���:�� 	�� 
  �86�
 ���2023  

�%�>!
��,   ���� !  

_'�$E  1��   \<D  X���:�� 	�� 
 �86�
  M(m) 84/0 

�/$B   _'�$E)1- M(m)(  16/0  
_'�$E  ���   0� s �� N(n) 14/0  

_'�$E  ���   0�  P���. )N(m)- N(n) (  29/0  
 _'�$E �/$B  ���   0� P���.  )P(p)- P(m) (  08/0  

_'�$E C��, m>.�� 
/ 
/  \<D  X���:��	�� 
  �86�
  40/0 

_'�$E�1"���  C��, m>. �� 
/ 
/  \<D   X���:��	�� 
  �86�
  07/0  
tH��  ���.  88/0  

  

��7B  9. P3�2, 7!�
�. �� 
/  %<D 7�� X���:��	��  
 F� �   �/, �
/� _7�   ���  2033  

 q���   #����8  
 5^�"!  

 ) ��>1% (  
 7k��   C
�//A(   �� |�/6 ��   ���  

2023  
 7���   C
�//A(   �� |�/6 ��  

 ���2023  
1  7!�� _&�:,  39 /492  9 /45 %   �<(�M'� 
2  ��5 70

�<.  81 /513  9 /27 %   �<��. 
3  �(/ 70

�<.  57 /1572  4 /13 %   �<��. 
4  P=# O�H  64 /3212  2 /2 %   �<��. 
5  ̀ E!,  53 /6580  9 /10 %   �<(�M'� 
6  W!�  64 /584  9 /32 %   �<��. 

 F� �   �/, �
/� _7�   ���  2043  
1  7!�� _&�:,  72 /495  9 /46 %   �<(�M'�  
2  ��5 70

�<.  41 /562  1 /21 %   �<��.  
3  �(/ 70

�<.  07 /1613  23 /11 %   �<��.  
4  P=# O�H  41 /3199  6 /2 %   �<��.  
5  ̀ E!,  06 /6384  6 /7 %   �<(�M'�  
6  W!�  91 /701  4 /19 %   �<��.  

 F� �   �/, �
/� _7�   ���  2053  
1  7!�� _&�:,  61 /497  5 /47 %   �<(�M'�  
2  ��5 70

�<.  69 /606  9 /14 %   �<��.  
3  �(/ 70

�<.  27 /1647  3 /9 %   �<��.  
4  P=# O�H  38 /3175  3 /3 %   �<��.  
5  ̀ E!,  62 /6202  5 /4 %   �<(�M'�  
6  W!�  01 /827  1 /5 %   �<��.  

  

  
  
  
  
  
  
  
  
  
  

�P(��  
/ s�0� C�:��&� 0� P6/ X����, �:�� 
 
P;F %� c(�"  P�/�	�,5  \<D   �J�
� 7!�
�. _-8",  %� 

���  7��1989    
2023  /
�
 ��, ��  
  \<D     7!�
�.
��J�
�  ��� 7�!�  7��2033  �2043    
2053X�� ��:�� 

  K��) ��6\2(�D, �� 
/ .(   %<D   �J�
�  7!�
�. 7��
���  7��2033  �2043   
2053    ��� ��2023  t=<,

\�/  %�  
/  %.  ��  %�  	�:(5��  7!��  7!�
�.  �[�E!E  
  

  
  
  
  
  
  
  
  
  
  
9 /45 %  �9 /46 %    
5 /47 %    7!�
�. 
 �<(�M'� 7� 

 7�
�/

  �� `E!,9 /10 %  �6 /7 %    
5 /4 %    qP�� �<��. 7� 

 7�
�/
 7!�
�.  1�:r��  ��  ��5  70

�<. 7��9 /27 %  �1 /21 %    


9 /14 %  �� �(/ 70

�<. �4 /13 %  �23 /11 %    
3 /9 %  O�H �
  ��  P=#2 /2 %  �6 /2 %    
3 /3 %    ��  �'!�  X�$�  
9 /32 %  �

4 /19 %    
1 /5 %    /$�  �:��$H  �<��.  7� 

  7�
�/
 �
�])  9  K�� 
/ ^�!��yE � 

 
�/$�  .(7   .P�� 	�� %9�
�  
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01� 6. \<D  X���:��V��  ��� 2033 \<D  q(|#�) X���:��V��  ��� 2043 q(f)  \<D  X���:�� V�� ��� 2053   ({)  

  

  
01� 7. � 
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5 -  c=�   �  ��/>� #�/+  

 \J$3  
/  !J�3  X�
Z�  1�A<,  7�N
��H  �&  �!��
���  7��1989    �E2023%� �  ^�!��yE 70��
���5 
$L:,

 !(
�+E 0� �
$L:, 1(� 7�!� 
 	�� S�� � �J�
� 7!�
�.
	�:�:�  7��TM    
OLI-TIRS V
�$��,  P��:#  �5   
8  

	
�$��, 1(� �!(0 P�� 	�� 	/�)"��  � ��, 4��)E C�$E ��
	
>?  
  � 
�/  �B��:,  � �,0  
C�A(�
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%<D  �!(
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�. ^�!��yE 7��
X�� 
 %��EV�:(5 /
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/ �:��    .�� S�� � ^�!��yE  c(�" 

\�/ %� �& %. /$� C5 0� �.�3 X�
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