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*,���#U� &�� *��-/���� A!�5� *(*(�&@?/=-A�

~���&(�#@?/=-A�� ��*�-� ,�-1,-��X� ¿,���#��

,��#�%�&/1@/=� %(%�&/� ����8�� ��A�!��

~��%(���� &�� *(*(�&�&&AU� /,���#�-/=U�

���,�#(���*(,A�(!����,��#���6��V 

t -�,��&��� 8�-� �!-/,�&(�� �(-/��!��

,�-1,-1 t -�,��&���8�-�����%(%�&/1����%(���

-�-/�%�� ����*�8�&&A� *(� ,�-1,-1� ��&(�(�

/�*1��(�%(%�&/1�*(��*#�&(�(�(�~�!-/,�&(�(��

���&(�#�&&A� ��*�-1� �� ���,�#�� *(*(�&�&&A�
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~*,�� -/,�/����U� A!�� *�,���8�?� �!-/,�&��

�(-/��!��V 

t -�,��&��� 8�-� �(-/��!�� ,�-1,-�� T�(-/ t 

-�,��&��� 8�-� ���� %(%�&/1� ��/,�/�� (��&�6��

,�-1,-1� �(� %(%�&/1� ���&(�#�&&A� ��*�-1� ��

���,�#�� *(*(�&�&&A� ~*,�� -/,�/����U� A!��

*�,���8�?�*(*(�&�&&A���*�-1�*�-#A���/,�/��

!(�&(�� (��&�6�� ,�-1,-1�U� ��#�8�&� T�(-/  

,(�,�5(�1?/=-A����4(,%1#(@W 

T�(-/ = T� + T4 + T/,XG,                       (1)  

���  T� t 8�-� �(,1� �&4(,%�6��� *,(�

&�A�&�-/=�,�-1,-1�1�-*(����8��V 

T4 t 8�-� 4(,%1��&&A� -5�%��

/,�&-*(,/1��&&A�,�-1,-1V 

T/,XG t -1%�,&��� 8�-� /,�&-*(,/1��&&A�

,�-1,-1X 

t -1%�,&�� 8�- /,�&-*(,/1��&&A ,�-1,-1 

T/,.G t �#��,��8&� -1%� 8�-(��5 �&/�,��#�� 

/,�&-*(,/1��&&A ��&(�( /�*1 ,�-1,-1 8�,�� 

�-� �1�#� /� ��#A&!� %�,9,1/1, ��#�8�&� T/,.G 

���&�8�?/=-A �� -*�����&(9�&&A%: 

  6/,äG L Ã P/,äÜ�
Ç�

Ü�@5
E Ã P/,äÜ�

Ç�

Ü�@5
,                (2) 

���t/,X�� t 8�-���!(&�&&A�(*�,�6���� �� t %1�

�1�#�� ��&(�(� %�,9,1/1�

/,�&-*(,/&(�� %�,���� *,��

/,�&-*(,/1��&&��,�-1,-1V 

t/,X�� t 8�-� /,�&-*(,/1��&&A� ,�-1,-1� �� 

t /(@ ��#A&!(@� ��&(�(�

%�,9,1/1�/,�&-*(,/&(��%�,���V 

N� N� t !�#=!�-/=� �1�#��� /�� ��#A&(!�

���*(���&(�&����&(%1�%�,9,1/��

/,�&-*(,/&(��%�,���X 

t *(!��&�!� �4�!/��&(-/�� ����*�8�&&A�

,�-1,-(%� t !�#=!�-&�� 5�,�!/�,�-/�!�U� A!��

���&�8�?� �*#��� ,��&A� ��*�-1� ,�-1,-1� /��

*(,A�!1� �(�(� *(*(�&�&&A� &�� A!�-/=�

(-#1�(�1��&&A� ��A�(!� :(�(� ��!(,�-/�&&A�

6=(�(�,�-1,-1V 

t *(!��&�!� �4�!/��&(-/�� -�-/�%��

����*�8�&&A� ,�-1,-�%�� t !�#=!�-&��

5�,�!/�,�-/�!�U� A!�� ���&�8�?� �*#��� ,��&A�

��*�-��� �-�5� /�*��� ,�-1,-��� �� -�-/�%��

����*�8�&&A�/��*(,A�!1��5&=(�(�*(*(�&�&&A�

&�� ,���&=� (-#1�(�1��&&A� ��A�(!� :(�(�

��!(,�-/�&&A�6�5�,�-1,-��V 

t -�,��&��� 8�-� ��/,�%!�� �� ���(�(#�&&��

��A�!�� �� -�-/�%�� ����*�8�&&A 4t-� t 

-/�6�(&�,&�� �&�8�&&A� ���&(9�&&A�

%�/�%�/�8&(�(� -*(����&&A� -1%�� �&/�,��#���

8�-1� ��/,�%(!� �� ���(�(#�&&�� ��A�(!� &��

,�-1,-U� ��!#�!�&�5� ���%(��%�� -�-/�%��

����*�8�&&A�*(�,�-1,-1���&(�(�~1�=-A!(�(��

/�*1� ��� ��A!��� *�,�(�� 8�-1U� �(�

%�/�%�/�8&(�(� -*(����&&A� ����#=&(��

!�#=!(-/����A�(!�&��,�-1,-�6=(�(�~1�=-A!(�(��

/�*1U� :(� &����9#�� ��� /(�� ��� *�,�(�U��

��#�8�&��4t-� ,(�,�5(�1?/=-A����4(,%1#(@W 

  ÂP-� L
kÃ øÔñçÔ

¿
Ô8- o

kÃ øÔ
¿
Ô8- o

,                            (3) 

���  ?� t �&/�&-��&�-/=� ��A�(!� &�� �-��� /�*�

,�-1,-1���-�-/�%������*�8�&&AV 

4t� t -�,��&��� 8�-� ��/,�%!�� ��

���(�(#�&&�� ��A�(!� &�� �-��� /�*�

,�-1,-1���-�-/�%������*�8�&&AV 

N t !�#=!�-/=� /�*��� ,�-1,-��� �� -�-/�%��

����*�8�&&AX 

t !(�4�6�?&/� �4�!/��&(-/�� ����*�8�&&A�

,�-1,-(%�t �%(��,&�-/=�/(�(U�:(����(��#=&���

%(%�&/� 8�-1� *,�� *,��&A/��� -/,�/�����

*(*(�&�&&A� ��*�-1� ,�-1,-1� ��&(�(� /�*1�

���%(��� -�-/�%�� ����*�8�&&A� *(� &=(%1�&��

-/�&�/=-AV 

t !(�4�6�?&/ �4�!/��&(-/� ����*�8�&&A 

K�� ,�-1,-�%� t �%(��,&�-/= /(�(, :( � 

�(��#=&�� %(%�&/ 8�-1 *,� *,��&A/�5 

-/,�/���A5 *(*(�&�&&A ��*�-�� ,�-1,-�� �-�5 

/�*�� ���%(�� -�-/�%� ����*�8�&&A &� 

���1��/=-A, !(�4�6�?&/ �4�!/��&(-/� 

����*�8�&&A K�� ,(�,�5(�1?/=-A �� 

4(,%1#(@: 

 -�� L Â -Ø�äÜ
Ç
Ü@5 ,                        (4) 

���K��X� t !(�4�6�?&/��4�!/��&(-/������*�8�-

&&A� � t �(� /�*1� ,�-1,-1� �� -�-/�%��

����*�8�&&AX 

ª#A� *(!��&�!��� �4�!/��&(-/�� �� -�-/�%��

����*�8�&&A�-*,����#����-*�����&(9�&&AW 

 -�� L ATL<FÂP-�Ã ÉÜ
Ç
Ü@5 =.                  (5) 

¶,�%� /(�(U� �(��/!(��%� �!(&(%�8&�%�

*(!��&�!(%U� A!��� ��!(,�-/(�1?/=-A� *,��

(6�&@��&&�� �4�!/��&(-/�� ����*�8�&&A�

,�-1,-�%�U�?�-1%�,&����/,�/��&��,�-1,-�X 

Á1%�,&����/,�/��&��,�-1,-��t �#��,��8&��

-1%���(1/!���!�#=!(-/��,�-1,-���!(&!,�/&(�(�
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/�*1��(���/,�/�&��(�&1�(��&�6@���&(�(�/�*1�

,�-1,-1X� Á1%�,&�� ��/,�/�� &�� ,�-1,-�� �-�5�

/�*��� �� -�-/�%�� ����*�8�&&A� ���&�8�@/=-A�

���-*�����&(9�&&A%W 

 %� L Ã .Ü?Ü
Ç
Ü@5 ,                           (6) 

���-� t ��/,�/��~��,/�-/=U�([?%U�%�-��/(:(��&��

(�&1� (��&�6@� �-�(� /�*1� ,�-1,-1� ��

-�-/�%������*�8�&&AV 

Li t ,���&=� ��*�-1� �-�(� /�*1� ,�-1,-1� ��

-�-/�%������*�8�&&AX 

Á1%�,&�� ��/,�/�� &�� ,�-1,-�� %(�1/=�

��%�,@��/�-A� �� (��&�6A5� ��,/(-/�U� (-A�1U�

����U� /(:(X� ¦� %���5� (�&(�(� !(&!,�/&(�(�

,(�,�51&!1�~(6�&!���4�!/��&(-/�����/,�/��&��

,�-1,-�� � �-�5� /�*��� *(��&&�� ������/�-A� ��

(�&�!(��5� (��&�6A5X� ¿,�� &�(5��&(-/�� ��

,(�,�51&!�5� -1%�,&�5� ��/,�/� &�� ,�-1,-��

%(�1/=� �,�5(�1��/�-A� �(��/!(��� �,(9(���

��/,�/�� &�� /,�&-*(,/1��&&A� ~�(-/��!1��

,�-1,-��� �� -�-/�%�� ����*�8�&&A� �� ,��&�5�

���,�#�*(*(�&�&&AX 

Á1%�,&�� ��/,�/�� &�� /,�&-*(,/1��&&A�

,�-1,-1 Á/,XG t �#��,��8&�� -1%�� ��/,�/� &��

/,�&-*(,/1��&&A� ��&(�(� /�*1� ,�-1,-1� 8�,���

�-���1�#��/����#A&!��%�,9,1/1X�¦�#�8�&� C/,XG 

���&�8�?/=-A����-*�����&(9�&&A%W 

  %/,äG L Ã ?/,äÜ�
Ç�

Ü�@5
E Ã ?/,äÜ�

Ç�

à�@5
,              (7) 

���Á/,X�� t ��/,�/��&����!(&�&&A�(*�,�6�����E�-

%1� �1�#�� ��&(�(� %�,9,1/1� /,�&-*(,/&(��

%�,����*,��/,�&-*(,/1��&&��,�-1,-1V 

Á/,X�� t ��/,�/��&��/,�&-*(,/1��&&A�,�-1,-1 

i�-(@� ��#A&!(@� ��&(�(� %�,9,1/1�

/,�&-*(,/&(��%�,���X 

Á1%�,&�� ��/,�/�� &�� /,�&-*(,/1��&&A�

,�-1,-1� &�(5��&(� &(,%1��/�U� /(/(�

���&�8�/�� �� ,(�,�51&!1� &�� (�&1� �(-/��!1�

,�-1,-1� �-�(� /�*1� �� �!#@8�/�� 1� ��,/�-/=�

(��&�6��,�-1,-1����*(���&(�(�/�*1X 

¦� %�/(��8&(%1� *��5(��� 1��%(�

,(��#A��/��/�*(���-/,1!/1,��-�-/�%��(-/��!��

,�-1,-��U� A!�� �!#@8�@/=� ���,�#(� *(*(�-

&�&&AU� ��*�-� ,�-1,-��� (*�,�/��&(�(� ,��&AU�

��*�-� ,�-1,-��� /�!/�8&(�(� ,��&AU� -*(����8��

,�-1,-��X� §,�4�8&�� �(,���&&A� 6�5� /�*(��5�

-/,1!/1,�&�����&��&��%�#X 1. 

¿,��6=(%1�1��%(�*�,���8�/�U�:(W 

t *(*(�&�&&A� ��*�-��� ,�-1,-���

����-&@?/=-A� �� ��� *(-/�8�&&AU� A!��

�����@/=-A� ���,�#�%�� *(*(�&�&&AU� :(�

���(�(#=&A@/=� 1-�� ��A�!�� &�� ,�-1,-�� ���

��/,�%(!V 

t 1� ��(,��&����� -/,1!/1,�� ��*�-�� ,�-1,-���

&��8(�(� ,��&A� ��*�,�,�&(� *(*(�&@@/=-A�

���,�51&(!���*�-���,�-1,-�����:(�(�,��&AX 

 

º�#X 1 t Ã�*(���-/,1!/1,��-�-/�%��(-/��!��,�-1,-�� 

 

¿��� !(,��1��&&A%� ��*�-1� ,�-1,-1�

,(�1%�@/=� ���&�8�&&A� �(�(� ,��&AU� A!���

���(�(#=&A/�%�� ��%(��%� �(� *(!��&�!��

�4�!/��&(-/�� ����*�8�&&A� ~*,A%�� ����8���
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�(� (%���&&A%� &�� -1%�,&�� ��/,�/�� &��

����*�8�&&A� ,�-1,-�%�� ~��(,(/&�� ����8���

*,������&���-/,�/�����*(*(�&�&&AX 

ª#A� ���&�8�&&A� �4�!/��&(-/� 41&!6�(&1-

��&&A� -�-/�%�� ����*�8�&&A� *,(6�-���

�!-*#1�/�6��� /�� ���&(�#�&&A� ½¦Ã� ,�-1,-�%��

&�(5��&(� (6�&@��/�� �4�!/��&�-/=�

����*�8�&&A� ,�-1,-�%�� !(�&(�(� /�*1�

(!,�%(� /�����&�8�/��&�� �5�(-&(���*(!��&�!��

�4�!/��&(-/�� -�-/�%����6�#(%1� /�����*(���&��

-1%�,&����/,�/��&������*�8�&&A�,�-1,-�%�X 

¯���*�8�&&A� ,�-1,-�%�� �����?/=-A�

(,��&��(��&�%� A!�-&(U� A!:(� ,(�,�5(��&��

�&�8�&&A� ���*(���&(�(� *(!��&�!�� �4�!/��-

&(-/�� ����*�8�&&A� ���*(����?� ��%(��%U� ��

-1%�,&����/,�/��&������*�8�&&A�,�-1,-�%��

?�%�&�%�#=&(�%(�#���%�X 

¿(-#��(�&�-/=� ��5(���U� A!�� ��!(&1@/=-A�

*,�� (,��&���6��� ����*�8�&&A� ,�-1,-�%�U�

&�����&��1����#A���#(!--5�%��&��%�#. 2. 

»�� *(8�/!(�(%1� �/�*�� �� #(6�� í� ��*�-��

,�-1,-��� /�� %�,9,1/�� /,�&-*(,/1��&&A�

,�-1,-��� �-/�&(�#@@/=-A� ����&(� 1%(���

%�&�%1%1�-1%�,&�5���/,�/�&������*�8�&&AX 

¿(� ����,9�&&�� ��:����&�8�&�5� ,(�,�-

51&!���*(��-�5�/�*�5�,�-1,-�����-�-/�%������-

*�8�&&A� ,(�,�5(�1@/=-A� ��#�8�&�� *(!��&�-

!����4�!/��&(-/��-�-/�%������*�8�&&AX 

¦� %�/(��8&(%1� *��5(��� �#A� *,(����&&A�

��5(������(,��&���6�������*�8�&&A�,�-1,-�%��

1��%(� ��!(,�-/(�1��/�� &�-/1*&�� ��5��&��

��&��~#(!�í�W 

t ���� *(!��&�!� �4�!/��&(-/��

����*�8�&&A�~4t-�  �( K��); 

t &��%�&1��&&A ,�-1,-��U� ����#=&��

!�#=!�-/=� �5� /�*��� ~,(�%�,� &(%�&!#�/1,��� ��

-�-/�%������*�8�&&AV 

t *�,�%�/,� ,�-1,-��� !(�&(�(� /�*1�

~�&/�&-��&�-/=� ��A�(!� &�� ,�-1,-U� /�*� ��

��#�8�&�� ��/,�/� &�� (��&�6@� ,�-1,-1U� /�*� ��

*�,�%�/,�� -/,�/����� *(*(�&�&&AU� ,���&=�

��*�-1�,�-1,-1�V 

t /�*�-/,1!/1,��-�-/�%������*�8�&&AV 

t *(8�/!(���� /�� !�&6����� �1�#�� �#A�

!(�&(�(�/�*1�,�-1,-��V 

t /�*�� /�� 5�,�!/�,�-/�!�� /,�&-*(,/&�5�

��-(��U� ��!(,�-/(�1��&�5� *,�� /,�&-*(,-

/1��&&��,�-1,-��V 

t 5�,�!/�,�-/�!�� ��#A&(!� 9#A5���

/,�&-*(,/&(�� %�,���� ~/�*� ,�#=?41�

%�-6��(-/�U� &�A�&�-/=� �� ,(�%�,�� &�-�#�&�5�

*1&!/��U� &�A�&�-/=� �� �(���&�� %(-/��� 8�,���

�(�A&��*�,�*(&�U�&�A�&�-/=� ��5�,�!/�,�-/�!��

*�,(%&�5� *�,�*,��U� &�A�&�-/=� �� �(���&��

/1&�#��U� &�A�&�-/=� �� 8�-� (8�!1��&&A� &��

��#��&�8&�5� *�,�����5U� *(,�� ,(!1U� -/�&1�

*(�(��U��&/�&-��&�-/=�,151���/(/,�&-*(,/1�X 

»�-/1*&�%�!,(!(%���#(6��î��#A�!(�&(�(�

/�*1� ,�-1,-1� &�� (-&(��� ��5��&�5� ��&�5�

,(�,�5(�1@/=-AW 

t -1%�,&��� 8�-� /,�&-*(,/1��&&A� ,�-1,-1�

��&(�(�~�-�(��/�*1�j-�%�%�,9,1/(%V 

t -1%�,&�� ��/,�/�� &�� /,�&-*(,/1��&&A�

,�-1,-1���&(�(�~�-�(��/�*1�j-�%�%�,9,1/(%V 

t -�,��&A� !�#=!�-/=� ��A�(! Aij &�� ,�-1,-�

��&(�(� ~�-�(�� /�*1U� A!�� *(-/1*�?� �(� -�-/�%��

����*�8�&&A� ��� *�,�(�� *(*(�&�&&A� ~8�-�

�(-/��!���j-�%�%�,9,1/(%�V 

t *,(%��&��� ,(�,�51&!(���� *(!��&�!�

Rij(Aij, Li, j), Li t ,���&=���*�-1�,�-1,-1���&(�(�

(�-�(�� /�*1U� j t &(%�,� %�,9,1/1� /,�&-*(,/1-

��&&A�,�-1,-��V 

t -�,��&��� 8�-� ��/,�%!�� �� ���(�(#�&&��

��A�(!�&��,�-1,-���&(�(�~�-�(��/�*1V 

t ��/,�/� cij &�� (�&1� (��&�6@� ,�-1,-1�

��&(�(� ~�-�(�� /�*1� �� 1,�51��&&A%� ���

/,�&-*(,/1��&&A�j-�%�%�,9,1/(%X 

À(�,�51&(!���:����&�8�&�5���#�8�&�/�� �5�

-!#��(��5�����-&@?/=-A�&�-/1*&�%�8�&(%X 

Á�,��&A� !�#=!�-/=� ��A�(!� &�� ,�-1,-� �-�(�

/�*1 AijU� A!�� *(-/1*�?� �(� -�-/�%��

����*�8�&&A� ��� *�,�(�� *(*(�&�&&A� ~8�-�

�(-/��!��� j-�%� %�,9,1/(%U� ,(�,�5(�1?/=-A�

���*(���&(W 

Aij=?iT*X�, *,� -/,�/���A5�Ãê L sát; Aij=?iT*X�     (8) 

#ÜÝ L ÉÜ6ÇäêÝ, *,� -/,�/���A5 Ãê L uáv;      (9) 

ª#A�!(�&(�(�/�*1�,�-1,-1�,(�,�5(�1?/=-A�

*,(%��&��� ,(�,�51&!(���� *(!��&�!�

4ÜÝk#ÜÝ á .Üá Fo ��� &�-/1*&�%��

-*�����&(9�&&A%�W 
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º�#X�2 t ¥#(!--5�%����!(&�&&A���5(����*,��(,��&���6�������*�8�&&A�*,(6�-���

�!-*#1�/�6���/�����&(�#�&&A�½¦Ã�,�-1,-�%� 

���*,��*�,�(��8&(%1�*(*(�&�&&��~��=1): 

4ÜÝk#ÜÝ á .Ü á Fo L F HJ -ÈÊäê :#Üá .Ü;,  (10) 

-ÈÊäêk#ÜÝá .Üo L sF �Òk#ÜÝ á .Üo E 
ÅÔ>5

�ÔÕ
�Òk#ÜÝ á .Ü E so,              (11) 

  �Òk#ÜÝ á .Üo L s F Ã
kºÕÔo

Ö

Þè
A?ºÔÕ

ÅÔ?5

Þ@4 ;     (12) 

�� *,�� *�,�(��8&(%1 *(*(�&�&&�� ��

�!-/,�&�%���(-/��!�%��~��=2): 

4ÜÝk#ÜÝ á .Üá Fo L F HJ DsF ¡ÈÇäêÕ

¡Òäê
2ÒäÈÇk#ÜÝá .ÜoE,   (13) 

�ÒäÈÇk#ÜÝá .Üo L Ã �Ò @#ÜÝ áJ:.Ü E s;A¶
á@4 L

Ã JÃ
kºÔÕo

Ö

Þè
A?ºÔÕ

á:ÅÔ>5;>ÅÔ
Þ@á:ÅÔ>5;¶

á@4 ;           (14) 

���*,����*�,�,�&(%1 *(*(�&�&&��~��=3): 

4ÜÝk#ÜÝ á .Üá Fo L F HJPsF kºÔÕo
½Ô6-

:ÅÔ>5;èÃ k²Ôo
Ö

Öè

½Ô6-

Ö8,

Q;  (15) 
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��� *,�� *(*(�&�&&�� ��� ,��&�%� &��&��1-

��&(�(���*�-1�mi (��=4): 

4ÜÝk#ÜÝ á .Ü á Fo L F HJ Js F
kºÔÕo

ØÔ6.

kºÔÕo
ØÔ6.>kºÔÕ>5o

ØÔ6-:ÅÔ?àÔ;K, *,� .Ü R tIÜ E t,     (16) 

 

4ÜÝk#ÜÝ á .Ü á Fo L F HJ Js F
kºÔÕo

ØÔ6.

kºÔÕ>5o
ØÔ6-kÅÔ?àÔ>ºÔÕo

K, *,� .Ü L tIÜ E s.       (17) 

 

Á�,��&��� 8�-� ��/,�%!�� �� ���(�(#�&&��

��A�(!� &�� ,�-1,-� �-�(� /�*1� *,�� *(*(�&�&&��

~�(-/��!��� j-�%�%�,9,1/(%U� ���&�8�?/=-A� ���

4(,%1#(@� 

ÂP-�äÜÝ L
ËÔÕkºÔÕáÅÔáÝo

øÔ
.                     (18) 

¿(!��&�!�%�� �4�!/��&(-/�� 1� ��(,��&�����

-/,1!/1,�� -�-/�%�� �(-/��!�� ?� *(!��&�!��

�4�!/��&(-/�U� A!�� 5�,�!/�,��1@/=� /�!/�8&���

~^&��&��_�� ,���&=� -�-/�%�X� ¿,(/�� ��#�8�&��

6�5� *(!��&�!��� *(��&&�� 1/�� ,(�,�5(��&�� ��

1,�51��&&A%� (%���&(-/�� ��:(�(� ,��&@�

-�-/�%�� �(-/��!�X� Ä,�51��&&A� (%���&(-/��

��*�-1� ,�-1,-��� (*�,�/��&(�(� ~^��,5&=(�(_��

,��&A� ����-&@?/=-A� 9#A5(%� ��#=9�&&A�

*�,�%�/,��� -/,�/����� *(*(�&�&&A� ��*�-���

,�-1,-��� /�!/�8&(�(� ~^&��&=(�(��� ,��&AU�

*(*�,��&=(� (,�&�5� �� *,�*1:�&&�U� :(�

��*�-�� ,�-1,-��� ��:(�(� ,��&A� &�� (%���&�U�

/(/(W 

¡Çäêä&, L ¡Çäêä&,ä¶ E ÂP-�äêä�,, ¡��äêä&, L ¡��äêä&,ä¶ E ÂP-�äêä�,,  (19) 

 

���¡Çäêä&, t 8�-��(-/��!��,�-1,-1��-�(�/�*1���

��*�-1� &��&=(�(� ,��&A� ��

1,�51��&&A%� (%���&(-/��

��*�-�����,5&=(�(�,��&AV 

¡Çäêä&,ä¶ t 8�-��(-/��!��,�-1,-1��-�(�/�*1���

��*�-1� &��&=(�(� ,��&A� ���

1,�51��&&A� (%���&(-/��

��*�-�����,5&=(�(�,��&AV 

¡��äêä&,  t 8�-��!-/,�&(���(-/��!��,�-1,-1�

�-�(� /�*1� �� ��*�-1� &��&=(�(�

,��&A� �� 1,�51��&&A%�

(%���&(-/����*�-�����,5&=(�(�

,��&AV 

¡��äêä&,ä¶  t 8�-��!-/,�&(���(-/��!��,�-1,-1�

�-�(� /�*1� ��� 1,�51��&&A�

(%���&(-/����*�-�����,5&=(�(�

,��&AV 

ÂP-�äêä�,  t -�,��&��� 8�-� ��/,�%!�� ��

���(�(#�&&����A�(!�&��,�-1,-��-

�(� /�*1� ��*�-(%� ��,5&=(�(�

,��&AX 

Ô!:(� ��4�!-1��/�� -1!1*&�-/=� %�,9,1/���

/,�&-*(,/1��&&A�,�-1,-���/��*(�&�8�/�� �5U�A!�<NÜ=U� /(� �#A� 1/�(,�&(�� /,�&-*(,/&(�� %�,����
��#�8�&�� *(!��&�!��� �4�!/��&(-/�� -�-/�%��

����*�8�&&A�,(�,�5(�1@/=-A����4(,%1#�%� 

  -ÈÊ L ATL<FÃ 4Ü:#Üá .Ü á NÜ;Ç
Ü@5 =,     (20) 

  ÂP-� L
Ã ËÔ:ºÔáÅÔáåÔ;¿
Ô8-

Ã øÔ
¿
Ô8-

.              (21) 

¦� #(6�� ï� ,(�,�5(��&�� ��#�8�&��

*(!��&�!�� �4�!/��&(-/�� ����*�8�&&A�

*�,���,A?/=-A� &�� ���*(���&�-/=� ��%(��%X� Ä�

,���� &����*(���&(-/�� ��%(��%� ��#�8�&��

��*�-��� ,�-1,-��� /�� %�,9,1/���

/,�&-*(,/1��&&A� 6�5� ,�-1,-��� �� #(6�� ð�

!(,��1@/=-A� �#A� ���&�8�&&A� �5&�5�

(*/�%�#=&�5� ��#�8�&X� É�� !(,��1��&&A�

����-&@?/=-A� �� ��!(,�-/�&&A%� %�/(�1�

&��9���9(�(�*(!((,��&�/&(�(�-*1-!1U�A!���

,��#��1?/=-A� 1� ���#A��� �#�(,�/%1�

^*(!,(!(�(�_� (*/�%���6��U� *,�� A!��� &��

!(�&(%1� &�-/1*&(%1� ^!,(6�_� ,(�,�51&!1�

%�&A@/=-A� /�#=!�� /�� 5�,�!/�,�-/�!�U� �%�&� 

A!�5� &�� 6=(%1� ^!,(6�_� ��?� &���#=9���

*,�,�-/� �4�!/��&(-/�� ����*�8�&&A� ��

,(�,�51&!1�&��(��&�6@���/,�/X� 

ª#A�6=(�(�-/(-(�&(�!(�&(�(�/�*1�,�-1,-1�

,(�,�5(�1@/=-AW 

t ��#�8�&�� *,(%��&(�(� ,(�,�51&!(�(�(�

*(!��&�!�� 4ÜÝk#ÜÝ á .Ü á Fo /�� ��/,�/� ?ÜÝ &��

(��&�6@ ,�-1,-1� �#A� *(/(8&(�� !�#=!(-/��

,�-1,-1� ��&(�(� ~�-�(�� /�*1� *,��

/,�&-*(,/1��&&�� ri-�%�%�,9,1/(% (j = ri); 

t ��#�8�&�� *,(%��&(�(� ,(�,�51&!(�(�(�

*(!��&�!�� 4ÜÝk#ÜÝ á .Ü E sá Fo /�� ��/,�/� ?ÜÝ &��

(��&�6@� ,�-1,-1� �#A� ��#=9�&(�� &��

(��&�6@�!�#=!(-/��,�-1,-1���&(�(� ~�-�(��/�*1�

*,��/,�&-*(,/1��&&� ri-�% %�,9,1/(% (j = ri); 

t ��#�8�&�� *,(%��&(�(� ,(�,�51&!(�(�(�

*(!��&�!�� 4ÜÝk#ÜÝ á .Ü á Fo /�� ��/,�/� ?ÜÝ &��

(��&�6@� ,�-1,-1� �#A� *(/(8&(�� !�#=!(-/��

,�-1,-1� ��&(�(� ~�-�(�� /�*1� *,��
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/,�&-*(,/1��&&�� �-�%�� �&9�%�� j-�%��

%�,9,1/�%��:F M NÜ;. 
Ã(/(U� �#A� *(/(8&(�(� %�,9,1/1�

/,�&-*(,/1��&&A�,(�,�51&!(����*(!��&�!�/��

��/,�/�����&�8�@/=-A� ���&(-&(� ��#=9�&(�(�

��*�-1� ,�-1,-1U� �� �#A� �&9�5� %�,9,1/��� t 

���&(-&(�*(/(8&(�(���*�-1�,�-1,-1X 

¦�#(6��ñ����&�8�?/=-A���#�8�&��*,�,(-/1�

�4�!/��&(-/�� ����*�8�&&A� ,�-1,-1� ÂÜÝ �#A�

!(�&(�(� /�*1� ,�-1,-1� &�� j-(%1� %�,9,1/�� ��

,(�,�51&!1� &�� (��&�6@� ��/,�/X�

Á*�����&(9�&&A��#A�,(�,�51&!1�%�?����#A� 

ÂÜÝ L
ËÔÝÔ

@ºÔÝÔ áÅÔáåÔA?ËÔÕkºÔÕáÅÔ>5áÝo
ÖÔÕ

, A!:( F L NÜ;  (22) 

ÂÜÝ L
ËÔÝÔ

@ºÔÝÔ áÅÔáåÔA?ËÔÕkºÔÕáÅÔáÝo
ÖÔÕ

, A!:( F M N.  (23) 

¦�#(6��ò�����-&@?/=-A�*�,���,!��*,�,(-/1�

�4�!/��&(-/�� &�� *(/(8&(%1� %�,9,1/�� &��

%�!-�%�#=&���&�8�&&AX�¿,��6=(%1�&��!(�&���

k-��� �/�,�6��� �#�(,�/%1� ��!(&1?/=-A� (�&�� ��

���W 

t ��#=91?/=-A���*�-�,�-1,-1��-�(�/�*1U�A!:(�

��#�8�&�� *,�,(-/1� �4�!/��&(-/��

����*�8�&&A%� 6�%� ,�-1,-(%� &���#=9�� &��

*(/(8&(%1�%�,9,1/��/,�&-*(,/1��&&A�~#(!�ó�V 

t �%�&@?/=-A� %�,9,1/� /,�&-*(,/1��&&A�

,�-1,-1U�A!:(���#�8�&��*,�,(-/1��4�!/��&(-/��

����*�8�&&A� 6�%� ,�-1,-(%� &���#=9�� *,��

*(/(8&(%1�,��&���(�(���*�-���~#(! 8). 

Ã�!�%� 8�&(%U� (�&(8�-&(� ����-&@?/=-A�

*(91!� (*/�%�#=&(�(� ,�9�&&A� *(� �-���

&(%�&!#�/1,�� /�*��� ,�-1,-��� A!� ��� ,��&�%�

��*�-��� ,�-1,-��U� /�!� �� ��� %�,9,1/�%�� �5�

/,�&-*(,/1��&&AX�¦�,��1#=/�/��&(����&�8�&&A�

��*�-1� ,�-1,-1� ��#=91?/=-A� Li(k)=Li(kt1)+1 

�(� &(%�,� %�,9,1/1� /,�&-*(,/1��&&A�

,�-1,-1��%�&@?/=-A�&� j-�� (ri = j). 

¯�1,�51��&&A%�&(��5�,��1#=/�/�����#(6��õ�

,(�,�5(�1@/=-A� �&�8�&&A� *(!��&�!���

�4�!/��&(-/�� ����*�8�&&A� /�� �� #(6�� ï�

*(,��&@@/=-A����,�&�8&�%����#�8�&�%�X 

Ä� ,���� �5� ���*(���&(-/�� (/,�%1?/=-A�

,��1#=/�/� *,(� A!�-&1� (,��&���6�@�

����*�8�&&A� ,�-1,-�%�U� �� -�%�� t 

��4�!-(��&��-1!1*&�-/= {Li} ?�(*/�%�#=&�%����

��/,�/�%����*�-(%�,�-1,-��U���-1!1*&�-/=� {ri} 

1/�(,@?�,�6�(&�#=&1�/,�&-*(,/&1�%�,��1X� 

¦� *,(/��&(%1� ��*��!1� �#A� &(�(�(�

�&�8�&&A Li(k) �(� &(�(�(� &(%�,1�%�,9,1/1�

/,�&-*(,/1��&&A ri ,(�,�5(�1@/=-A 

4ÜåÔk#ÜåÔ á .Üá NÜo, 4ÜÝk#ÜÝ á .Ü á Fo, 4ÜÝk#ÜÝ á .Ü E
sá Fo, ?ÜÝ, ÂÜÝ:G;X� ¿,(6�-� *(91!1� ,�9�&&A�
*,(�(��1?/=-A� 9#A5(%� ��!(&�&&A�

,(�,�51&!�����#(6��ð�&��&(�����/�,�6��X 

 

¦�-&(�!�             

 

Ã�!�%� 8�&(%U� �� -/�//�� ��*,(*(&(��&(�

%�/(��8&��� *��5��� :(�(� (6�&@��&&A�

�4�!/��&(-/�� ����*�8�&&A� *,(6�-���

�!-*#1�/�6��� /�� ���&(�#�&&A�½¦Ã� ,�-1,-�%�U�

A!��� �(��(#A?� �,�5(�1��/�� ,��#��(��&1�

-/,�/���@� *(*(�&�&&A� ��*�-��� ,�-1,-��� /��

,�6�(&�#=&�-/=�(,�&(�� /,�&-*(,/&(��%�,����

�� 1%(��5� A!� %�,&(�(� 8�-1U� /�!� �� ����&&A�

(�(��5����X 

¯�-/(-1��&&A� ,(�,(#�&(�(� %�/(��8&(�(�

*��5(�1� :(�(� (6�&@��&&A� �4�!/��&(-/��

����*�8�&&A� *,(6�-��� �!-*#1�/�6��� /��

���&(�#�&&A� ½¦Ã� ,�-1,-�%�� �(��(#�/=�

*(!,�:�/�� �4�!/��&�-/=� -�-/�%�� #(��-/�8-

&(�(� ����*�8�&&A� 9#A5(%� (�,1&/1��&&A�

,�6�(&�#=&�5�,�9�&=�:(�(�-/�(,�&&A���*�-���

,�-1,-���/��/,�&-*(,/&(��%�,���� �5��(-/��!�X�

»�����&���*��5����(6�#=&(���!(,�-/(�1��/��

(,��&�%�� #(��-/�8&(�(� ����*�8�&&A� �-�5�

,��&��� *,�� *,(����&&�� ���*(���&�5� (*�,�-

/��&�5� /��(*�,�/��&(-/�!/�8&�5�,(�,�51&!���

�� 5(��� *#�&1��&&A� ��5(���� #(��-/�8&(�(�

����*�8�&&AX 

»�� (-&(��� ��*,(*(&(��&(�(� %�/(��8&(�(�

*��5(�1U� &�*,A%!(%� *(��#=9�5 �(-#����&=�

%(�1/=�,(��#A��/�-A�&�-/1*&�W 

t ���&�8�&&A�*�,�#�!1���5��&�5���&�5��#A�

���&�8�&&A�5�,�!/�,�-/�!�%�,9,1/����(-/��-

!�� ,�-1,-��� ~&��%�&1��&&A� �(� 9�4,��

,�-1,-��U� ����#=&�� !�#=!�-/=� �5� /�*��� ~,(�%�,�

&(%�&!#�/1,��� �� -�-/�%�� �(-/��!�V� *(8�/-

!(���� /�� !�&6����� �1�#�� �#A� !(�&(�(� /�*1�

,�-1,-��V� /�*� ��/,�/� &�� ,�-1,-� �� (��&�6A� �5�

��%�,1V�/�*��/��5�,�!/�,�-/�!��/,�&-*(,/&�5�
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��-(��U� ��!(,�-/(�1��&�5� *,�� /,�&-*(,-

/1��&&�� ,�-1,-��V� 5�,�!/�,�-/�!�� ��#A&(!�

9#A5���/,�&-*(,/&(��%�,����V 

t ���&�8�&&A� !�#=!(-/�� 5�,�!/�,�-/�!U� A!��

(*/�%��1@/=-A� ~&�*,�!#��W� 8�-� �(-/��!��

,�-1,-��V� ��/,�/�� &�� �(-/��!1� ,�-1,-��V� 8�-�

�(-/��!��,�-1,-���*,��(%���&&A5���/,�/�&��

�(-/��!1V� ��/,�/�� &�� �(-/��!1� ,�-1,-��� *,��

(%���&&A5�&��8�-��(-/��!��V� 

t 4(,%1��&&A�%�/(��8&(�(�*��5(�1�:(�(�

���&�8�&&A� ,�6�(&�#=&(�� /,�&-*(,/&(��

%�,������-�-/�%��#(��-/�8&(�(�����*�8�&&AX 

Á*�-(!���!(,�-/�&�5����,�#         

 

1. ¿,(� ,�9�&&A� À��� &�6�(&�#=&(�� ��*�!�� ��

((,(&�� Ä!,��&�� ���� îõ� �,1�&A� îìíò� ,(!1�

*,(�ª�,���&1�*,(�,�%1�,(���/!1�¯,(�&�5�

Á�#� Ä!,��&�� &�� *�,�(�� �(� îìîì� ,(!1W� Ä!���

¿,�����&/�� Ä!,��&�� ���� îîXìïXîìíó� ¶�

73/2017 URL: https://zakon.rada.gov.ua/laws/ 

show/n0017525-16. 

2. ¿,(� ��/��,���&&A� ¿(,A�!1� #(��-/�8&(�(�

����*�8�&&A� -�#� ((,(&�� *��� 8�-�

��!(&�&&A� �����&=� �� ((,(&�� ��,����U�

��5�-/1� ��� -1��,�&�/�/1U� /�,�/(,��#=&(��

6�#�-&(-/�� /�� &��(/(,!�&&(-/�W� ¿(-/�&(���

¶��&�/1�º�&�-/,���Ä!,��&������îóXíîXîìíô�¶�

1208 URL: https://zakon.rada.gov.ua/laws/ 

show/1208-2018-*X 

3. ¿,(� ��/��,���&&A� ½-&(�&�5� *(#(��&=�

#(��-/�8&(�(� ����*�8�&&A� ¯,(�&�5� Á�#�

Ä!,��&�W� »�!��� º�&�-/,�� ((,(&�� Ä!,��&��

���� ííXíìXîìíò�¶� ñîî� l� �¶(*�A�X� ¶���� W�º½�

Ä!,��&�X 

4. ³&-/,1!6�A� �� *,(����&&A� �!-*�,�%�&/1� ���

-/�(,�&&A� /�� 41&!6�(&1��&&A� -�-/�%��

#(��-/�8&(�(� ����*�8�&&A� ¯,(�&�5� Á�#�

Ä!,��&�W� »�!��� &�8�#=&�!�� §�&�,�#=&(�(�

9/�1 t §(#(�&(!(%�&�1��8��¯,(�&�5�Á�#�

Ä!,��&������îòXìïXîìíô�¶�íïíX 

5. §(,(�&(��¦X ¿X, ¦#�-@! ¦X ¦XU�½�8�,�&!(�¦X ¦X 

º(��#=� �� %�/(��!�� (6�&!�� �*#��1�

�#�%�&/��� %�/�,��#=&(�(� ����*�8�&&A� &��

*(!��&�!� �/,�/�� -*,(%(�&(-/�� ��!(&�&&A�

-#1�(�(-(�(��5� �����&=� *��,(���#�%��

»�6�(&�#=&(�� ���,���� Ä!,��&�� �� (-(#�����

*�,�(�. ¯�,&�!� &�1!(��5� *,�6=�
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Abstract 

The results of the research published in the article will be useful for logistics specialists who 

are engaged in the organization of the provision of resources (material and technical means) 

for the processes of operation and renewal of armament and military equipment (AME). The 

article discusses existing approaches to logistic support of operations (combat actions) and 

methodological approaches to assess the effectiveness of its operation. The influence of 

factors and problematic issues on the creation of a modern logistics system of the Armed 

Forces of Ukraine is analyzed. The scientific substantiation of determination of indicators of 

efficiency of delivery of resources in the system of logistic support is offered with the 

purpose of improvement of functioning of the system of delivery of resources for further 

consideration during planning of activity. According to the results of the analysis, the urgency 

of making a quick and correct decision in managing the provision of necessary resources was 

determined. The dependence of resource efficiency on the type of resources, the intensity of 

applications for their use, and the capabilities of the system to create and replenish 

resources have been established. The basic concepts and typical structures of the resource 

delivery system for working out of the research materials are clarified. 

Based on the analysis, it was found that the evaluation of the efficiency of the system of 

maintenance of the processes of operation and restoration of AME resources should be 

carried out by the results of the evaluation of the efficiency of providing the resources of 

each type individually and further determination of the system performance indicators as a 

whole, taking into account the corresponding total costs for providing the resources, which 

allowed to offer methodological an approach to assessing the effectiveness of operating 

processes and the renewal of AME resources themselves, which allows to take into account 

the implemented strategy of replenishment of resources and rationality of the selected 

transport network in the conditions of both peacetime and fighting. 

On the basis of the proposed methodological approach, the directions of further researches 

were determined concerning: determination of the list of initial data for determining the 

characteristics of the routes of resource delivery; determining the number of characteristics 
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that are being optimized; forming a methodological approach for determining a rational 

transport network in the logistics system. 

Keywords: logistical support, samples of armament and military equipment, operation, 

reconstruction, resources. 
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