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�3�&%!�	 ��&�,�$' ��$4	 ���56	 �!7	 &'$��	 3�$��!�5	 8'8�,�$%�0
�'	%!���*%�	��'�'*�%�	-9#*%!�	8$���	*'5��'	*	��9���&:
%�*!-�&45%4&:	$��!��+	��!;	��!7�!	��$#*%'	8$�4��78%�5	&�(
%!�+	5��	!	*&!6<	*�$����56&�5	�'�9��%';&!	8' !�$#*	$��,!�'(
*�%4&:	 8$���	 %!�+	 ��*�$��56	 %'*�	 '<,!*';&!	 3��'*�%!�
�4��� #*	'	�%�&�%�5	!%��-$�&5!+	8'�*�,�56&4&:	%�	*4�'%�(
%!�	 &�9�-'	*�&:,�$��	 8' !�$#*+	 8$�4	 �%!�' �5	 !%-�$�%&5!
*	'3!���	8' !�$'*40
�$�4�9��� 	  '<�	 34=	 ����'�'*�%!�	 ��&�,�$' ��$�	 �'

8' !�$�	 �$�5���'$!!	 $�&:�	 8'5����+	 -��!�	 8$�4	 �<4&!�	 �4,(
�'	 ��-'	 &��5%!��	 5����; 4	 *	 ���%!�	 '�$�;,!=	 8$�4�8!����(
%!�+	8$7��';=+	8$��34�6	�$'-7+	�,�	���<�	 '&	!	 ' �%�	'3(
$'�'*4	 �!,%!��	 �� '&:'��+	 *	 ��#$4 	 -'	 ��!%���,'*�%'0
��94	8' !�$	'�34*�	�!7	3��	5��!�5�',*!��	!%-�$�%&5!	*	!%(
���,�&57	 �� '&:'��+	 3��	 ����osowania dodatkowych ele-
 �%�#*	 �&:�%!&�%4&:+	 �	 ���<�	 3��	 �8�&5�,%�-'	 ���%'*!(
���	 8' !�$'*�-'0
��-��%!�%!�	 8' !�$�	 8$�4�8!����%!�	 �	 *4�'$�4���%!� 

��&�,�$' ��$#*	 '$��	 ��&��-#94	 3��'*4	 �4��� �	 8' !�$'(
*�-'	8$���%�'*�%�-'	*	�4 	�$�4��,�	�'���94	���$'�'	' #(
*!'%�	*	8$�&y magisterskiej autora [1>0	�$������*!'%4	�'(
���9	 *	 %!�5	 !�$'8$'&��'$'*4	 ��9��	 8' !�$'*4	 '8�$�4	 %�
&��5%!��	8$�4�8!����%!�+	8'�*�,�56&4	%�	��4���%!�	*4%!�#*
8' !�$�	�!,��	 $#<%4&:	*!�,�';&!	 �	�'�9��%';&!6	8'$#*%4(
*�,%6	�	*4�8�&5�,!�'*�%4 !	�$�6���%!� !	8' !�$'*4 !0
"9#*%6	 $#<%!&6	 *	 ��!�9�%!�	 �4��� �	 �*!7����56&6	 �'(

�9��%';=	8' !�$�	*�-,7�� 	!%%4&:	�$�6���?	��-'	�48�	5���
�*���'8%!'*4	 8' !�$+	 8'��!�,'%4	 %�	 @��7	 8$�4�8!����(
%!�	!	:� '*�%!�	A$4�0	BC0	��5���$�&5!	8'�,�-�	��$#*%'	 '(
 �%�	$'�87���%!�	�!7	8'5����+	 5��	 !	8'*',%�-'	�� '&�4%(
%�-'	 *4:� '*4*�%!�	 8'�	 *894*� 	 �!9	 ��$&!�	 !	 '8'$#*
8'*!��$��0

	
�������$��3!�-	8$�4�8!����%!�	8'�&���
���%��$�'*�-'	 8' !�$�

��!7�!	 �%�,!�!�	 @��4	 :� '*�%!�+	  '<,!*�	 5���	 *4�%�(
&��%!�	 *�8#9&�4%%!�#*	 ��9'<'%�-'	 '��,�	 &:�$����$4��(
56&�-'	'8'$4	��!�9�56&�	%�	8'5���	*	&���!�	 $�&:�	 [4>0	��(
%!��3�%!�	 !&:	 8$'*���!	 �'	 �%�&�%4&:	 ��%!<�?	 *�$�';&!
 !�$�'%4&:	8�$� ��$#*+	&'	8'*'��5�	�%�&�%4	*�$'��	%!�(
�'�9��%';&!	 8' !�$�	 *	 !%%4&:	 �$�6���%!�&:	 ��!�9�56&4&:
%�	8'�'3%�5	������!�0


� ������ �����	���

�'	&�,#*	3���*&�4&:	�3��'*�%4	�'���9	�4��� 	 !�$'8$'(
&��'$'*4	'8�$�4	%�	&��5%!��	8$�4�8!����%!�	 @!$ 4	�%�,'-
��D!&��	[5>	A$4�0	.C0	�$�6���%!� 	%��$�7�%4 	��$�6���56(
&4 	8' !�$� 	8$�4�8!����%!�+	 !�$�6&4 	&���+	%���'$�56(
&4 	��8!�	�'	8� !7&!	5���	8$'&��'$	����"�	2	[6>0	��%�	8'(
 !�$'*�	 ��8!�4*�%�	 �6	 *	 8� !7&!	 %!��,'�%�5	 ����E,��:0
"9#*%4 !	����� !	�4��� �	�6F	��<�	!%��-$�,%';=	i niska cena.
�$�6���%!�	8'�*�,�	%�	$�5���$�&57	*�$�';&!	8$�4�8!����(

%!�	*��9�<	 5��%�5	 �	 '�!	 ��&�,�$' ��$�0	 �$�4	 ��9'<�%!�+	 <�
�'���9'	'%'	8$�4 '&'*�%�	�'	��$'��$!!	8'5����	*��9�<	5�5
'�!	*	�8'�#3	%!�8'�*�,�56&4	%�	$�&:4	*�-,7�� 	%!�5	A%80
�'	 ��&:�	 ,�3	 ����!	 $'���!�,&��5C+	 5��'	 *4%!�	 8' !�$�
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'�$�4 �5�	�!7	8$��3!�-	8$�4�8!����%!�	�� '&:'��	*	&���!�0
�8'�#3	�� '&'*�%!�	 '<�	 !�=	*894*	%�	&��9';=	��&�,�(
$' ��$�	'$��	%�	'@@���	*�$�';&!0	�	$'���!�,�	G	'8!��%'	8'
�$#�&�	  ��'�7	 �'$��&5!	 *4%!�#*	 3���56&6	 %�	 *��78%4 
$'�8'�%�%!�	����*!�%!�	&��5%!��	*	8$����$��%!0

	
���
�	�4-,6�	$�5���$��'$�	�3��'*�%�-'	�'	&�,#*	3���*&�4&:


%��-$�,%6	 &�7;&!6	 �4��� �	 5���	 �8,!��&5�	 �' 8���$'*�
�'�'%�56&�	 '3,!&��?	 %�	 ��$�5���$'*�%4&:	 ��%4&:	 '$��
8$��8$'*����56&�	 *!���,!��&57	 '�$�4 �%4&:	 *4%!�#*0
�	 $'���!�,�	 H	 8$������*!'%'	 �4 �,�&57	 ��!�9�%!�	 &�9�-'
�4��� �	 8'&�6*��4	 '�	 $�5���$�&5!	 �4-%�9�	 8$�4�8!����%!�+
8'8$���	�,-'$4� 4	@!,�$�&5!	!	�'$��&5!+	�<	�'	8$���%��&5!	*4(
%!�#*0	�	$'���!�,�	I	��8$���%�'*�%4	�'���9	�@���	��!�9�%!�
�4��� �	 *	 *�$�%��&:	 $��&�4*!��4&:0	 �'�'%�%'	 $#*%!�<
8'$#*%�%!�	 *4%!�#*	 �	 8$'@��5'%�,%4 	 �$�6���%!� 	 8'(
 !�$'*4 	 [2].

��� ���������	����

J�$��'	8'*�<%4 	8$'3,� � 	8$�4	8' !�$�&:	�	*4�'$�4(
���%!� 	 &��5%!�#*	 8$�4�8!����%!�	 !	 ��$��� 	 �$4�4&�%4 
*�$�%�!� 	'�!6-%!7&!�	8'8$�*%4&:	*4%!�#*	5���	����*!�(
%!�	 ���4*%�5	 '�!	 &��5%!��	 *��9�<	 *���'$�	 8$�4�8!����%!�
8'5����0	 �4��� 	 5���	 *	 ���%!�	 ���' ��4&�%!�	 �%!*�,'*�=
*894*	'�&:4,�%!�	*	89���&�4K%!�	8!'%'*�50

	
�������'��9��	*���'$#*	8$�4�8!����?	*��9�<
8'��&��-#,%4&:	'�!	��&�,�$' ��$�	*	&���!�	8'��'5�

�' !�$	 ��,!3$�56&4	 5���	 *4�'%4*�%4	 8$���	 $'�8'&�7(
&!� 	 8' !�$�	 *9�;&!*�-'0	 �',�-�	 '%	 %�	 8' !�$��	 8$�4(
�8!����?	 *��9�<	 '�!	 &��5%!��	 *	 &���!�	 8'��'5�	 8'5����
A$4�0	GC0	
�	��5	8'����*!�	���4 '*�%�	5���	*�$�';=	�6��	θ0
�$�4�8!����%!�	�!� ��!�	*8$'*����	���94	'@@���	�'	*�$�'(
;&!	 � !�$�'%�-'	8$�4�8!����%!�0

	
�����	�'��9��	*���'$#*	8$�4�8!����?	*	&���!�	8' !�$�

��&:4,�%!�	 '�!	 ��&�,�$' ��$�	 '�	 8'�!' �	 8'*'��5�
$#*%!�<	 � !�%7	 &��9';&!	 8$�4$�6��0	 �4%!�	 8' !�$�	 5���
��%!<'%4	 *	 ��'��%��	 �'	 $��&�4*!���5	 *�$�';&!0	 �4���&57
8$������*!�	 $4��%��	 L0	���9';=	 �$�6���%!�	 �8���	*$��	 ��
�*!7����%!� 	�6��	θ0	�34	�%!*�,'*�=	��%	*894*+	*�$�';=
8$�4�8!����%!�	*��9�<	'�!	*x	'�$�4 �%�	*	*4%!��	8' !�$�
�'���5�	8$��,!&�'%�	�-'�%!�	�	��,�<%';&!6	ABC0

1

cosxa a= ⋅
Θ (1)

-��!�F
� M 8$�4�8!����%!�	 8'5����+
�: M 8$�4�8!����%!�	*��9�<	'�!	:+
Θ M �6�	'�&:4,�%!�	'�	8!'%�0

�� ����	���
����������� ������	��	��!�

�,-'$4� 	�,! !%�&5!	*894*�	'8'$#*	8'*!��$��	!	��$&!�	 �(
&:�%!&�%�-'	 $�&:' 4&:	�,� �%�#*	A'8'%4+	 9'<4���+	8$��(
9'<�%!�	*	��$�4%!	3!�-#*C	8'�*�,�	%�	��'$4-'*�%!�	�$�4(
*4&:	'�$�4 �%4&:	5��'	*4%!�!	 $�5���$�&5!0	��!7�!	 ���!� �
��!�9�%!�	*4�$�;,'%�	�$�4*�	*	*!7���4 	��'8%!�	'�*�'(
$'*�56	8$�*��!*�	8$��3!�-!	 !�$�'%4&:	8�$� ��$#*0
�'����*6	 ��!�9�%!�	 �,-'$4� �	 5���	 �%�,!��	 8$��3!�-�

8$�4�8!����%!�	A�	�'�9��%!�	'8#K%!�%!�C	*	@��!�	�*'3'�%�(
-'	�'&��%!�	�!7	8'5����0	��!7�!	%!�5	�,-'$4� 	5���	*	���%!�
*4�%�&�4=	 &:�$����$4��4�7	 �!94	 '8'$�	 '�	 8$7��';&!0	 �'(
%!�*�<	 �%� 4	 '8#K%!�%!�	 �4,�'	 *	 �4��$��%4&:	 8�%���&:
A*	 ��#$4&:	 �'���9	 *4�'%�%4	 8' !�$C+	 !��%!�5�	 8'�$��3�
�'-#,%!�%!�	&:�$����$4��4�!+	�	*!7&	8$�43,!<�%!�	5�5	8�*%6
�$�4*6+	��#$�	%�5,�8!�5	'���5�	&:�$����$	�5�*!���0
��,�<%';=	 '8'$#*	'�	8$7��';&!	 8'$����%!�	 �!7	 8'5����

8$������*!�	*�#$	N/>F

2
0 1 2F a a V a V= + + (2)

gdzie:
; M �!9�	'8'$�+

a0, a1, a2 M *�8#9czynniki podstawowego modelu,
5 M 8$7��';=	 8'5����0

�	8$���4&�	�,�	 �94&:	8$7��';&!	*4���$&��56&�	'����9'	�!7
��*7<�%!�	 '��,�	�'	�*#&:	8!�$*��4&:	&�9'%#*+	��!7�!	&��(
 �	 '�$�4 �%'	 ,!%!'*�	 8$�43,!<�%!�	 &:�$����$4��4�!+	 8'�*�,�(
56&�	%�	8$'���	A8'�	*�-,7�� 	'3,!&��%!'*4 C	�%�5�'*�%!�
*�8#9&�4%%!�#*	 ��'�6	%�5 %!�5��4&:	�*��$��#*	A$4�0	HC0
�#*%�%!� 	'8!��56&4 	 '��,	5���	���� F

tg( )tF h V= + α AGC
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���"�	�8$'��&�'%�	&:�$����$4��4��	'8'$#*	��!�9�56&4&:
%�	8'5���	*	&���!�	$�&:�F	���M	'8#$	���*!�%4	8$���	9'<4���+
'8'%4	!	8$��9'<�%!�	A%!���,�<%4	'�	8$7��';&!C+	α	M	�6�

%�&:4,�%!�	 &:�$����$4��4�!

"� �������� ����������#

��,� 	8$��8$'*���'%4&:	3���?	 �4 �,�&45%4&:	349'	 �8$�*(
���%!�	8'8$�*%';&!	��8$'8'%'*�%�5	 ��'�4	�*�-,7�%!�56(
&�5	'8'$4	8'*!��$��	*	&���!�	*4�'%4*�%!�	8' !�$#*	!	�3�(
��%!�+	 5��	�'�9��%!�	8'�*�,�	'%�	'���&'*�=	*�$�';&!	 !�(
$�'%4&:	*!�,�';&!0
���4 �,'*�%'	 @��7	 $'�87���%!�	 �!7	 �� '&:'��	'�	8'(

��'5�	�'	 ���4 �,%�5	8$7��';&!	%�	��%4 	3!�-�+	�	%���78(
%!�	 @��7	:� '*�%!�	8'�	*894*� 	'8'$#*	8'*!��$��0	�'(
5���'*!	%���%'	%!��37�%�	�'	8$��8$'*����%!�	 �����	8�$�(
 ��$4F

M  ���	BG11	�-+
M 8$' !�?	�'9�	1+.2	 +
M ��'��%��	'3$'�#*	�'	8$7��';&!	I111O21	 obr km

min h
/ .⎡ ⎤⎣ ⎦

�$�457�'	 $#*%!�<	 �$3!�$�,%6	 �$�4*�	 '8!��56&6	 �8'�#3+
*	5��!	�!,%!�	-�%�$�5�	 ' �%�	'3$'�'*4	A$4�0	IC0

	
���$���$�4*�	 ' �%��	'3$'�'*�-'	�!,%!��
�4 �,'*�%�-'	 8'5����

�-'�%!�	�	8$�457�4 !	8�$� ��$� !	�� '&:#�	8'$����9	 �!7
��	 � !�%%4 	 8$�4�8!����%!� 0	 �4�$��	 8$7��';&!	 ��$#*%'
�	�*�-,7�%!�%!� +	 5��	 !	 3��	 �*�-,7�%!�%!�	 '8'$#*	8'*!�(
�$��	�'���9	8$������*!'%4	%�	$4��%��	/0
�'<%�	*4$�K%!�	 ��'3��$*'*�=+	 <�	*	8!�$*��4 	8$�4(

8����	�� '&:#�	%!�	349	*	���%!�	'�!6-%6=	8$7��';&!	 ��(
�4 �,%�5+	*	 ' �%&!�	�!��4	'��8$�7-%!7�'	�!,%!�	'�	��$�4(
%!	3!�-#*	A*&!;%!7�'	�8$�7-9'C	ABC	5�5	*�$�';=	��&�79�	��43(
�'	�8���=0
�$�4�8!����%!�	8'5����	*$��	�	���9#&�%!� !	A��� 	%'$(

 �,%4	'	8�$� ��$�&:	A1+101HCC	��$�5���$'*�%4	8'�&���	�4(
 �,�&5!	8$������*!�	$4��%��	20

	
���%�	�$��3!�-	8$7��';&!	�� '&:'��	*	&���!�	�4 �,�&5!
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