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vzq�����y~�{z~�ryz}~�4�r0(F), x0(F) en�p{zn�pyz�{t~zx��lv~tnytu�~l�|qlv~tnytu�z{z|t�w�y���
{q|q|�szx�F; �Uypz{, �U{lpz{epz{�}~tx��n~|l~t�yl{|�ot���Z[�n�yz|xlw�yzx��~l�{�}w�lnl|�u-
yzx��|qrtxl��|zmz~t�w�y���n�p{zn�pyz

kv�ml�txz	�z}zmwtn�}~��z~|txlyz��xl~qxl~t�yz��xzpqw����yl�ny�}~��n�y�u�yq�~�w�vt�lv~tn-

yt���xzn��4) e�0�	�lwq�u�{l}tnyz���xznt��1�
�kv�z�n�pvty�~t�{l}tny���xzn�	�~z�xt�z~|txl�xz�
snt�luy��slpl���w�y�uyzoz�{|zo|lx�nlyy�	�n��v�u�{zvlsytvzx�q�qv~tnyz}~����p�lozylw�yl�
��yv����'�Ss), vq|znlyz��sx�yyz��enqwt�tylSs, l��xznt�(4) e�0��o|l�~��|zw��zmxqrqy��yl�
vq|znly��sx�yy�

ptvzylytu�ln~z|lxt�lylw�s�slpl��ntsyl�qyy��sl{l}�n�{|z{�}vyz��spl~yz}~���y�t��}twznt��

qwqxqy~�n�s_a�{zvlsln	��z�v�w�v�}~��{l}tnyt���xzn�xzrq�m�~t�m�w��z�

}̂v�w�vt�ntvzylyy��{l}tnyt���xzn�yq�slwqrt~��n�p���vlyz��nqwt�tyt	�~z�pw��|zsn��slyy��

{z}~lnwqyz��slpl���pz��w�yz�}{z�l~v��{q|qn�|t~t�ntvzylyy��n}���yl�nyt��{l}tnyt���xzn����
��zx��nt{lpv���xznt��1��
�kv�z��z��zpyl�{l}tnyl��xznl�yq�ntvzy��~�}�	�~z�{z��v�nqwt�tyt�
Sun~|l�l��}qy}
�c���zx��nt{lpv��yqzm��pyz�{|tuy�~t�Su�0.
kv�z�r��}��{l}tny���xznt�ntvzy��~�}�	�~z�pw��ntsyl�qyy��nqwt�tyt�Suyqzm��pyz�|zsn��-

sl~t�slpl�������e�0�	�ntvz|t}~zn���t�n�pzx��xq~zpt�w�y�uyzoz�{|zo|lx�nlyy�

my�z��z}zmwtn�}~�������slpl�����~q	��z	��v�ntpyz��s�xl~qxl~t�yz��xzpqw������e�1�	�pw�����

|zsnh�slyy��yqzm��pyz�syl~t��}y�����syl�qyy��|zs|l��yvznzoz�}~|�x��~l�vzq�����y~l�{z~�r-
yz}~��Z[
�nwq�ntx�|�~t����nqwt�tyt�mqs{z}q|qpy�z�yqxzrwtnz	�z}v�w�vt�|qlw�yq�ylnly-
~lrqyy��Z[�sx�y��~�}��n��l}�	�l�|zs|l��yvzntu�}~|�x�so�pyz�K/L����xznyz�yqsx�yyz��
nqwt�tyz�	�qvn�nlwqy~yz��sl�xlv}txlw�yz��~qx{q|l~�|z�����ylo|�nlyy�

]z|xl~tnytu�pzv�xqy~�K/L�|qowlxqy~���ntsyl�qyy��|zs|l��yvznt��ylnly~lrqy��qwqxqy~�n�

qwqv~|z{z}~l�lw�yt��}t}~qx�yl�}~lp������{|zqv~�nlyy�
�c�|zmz~��K1L�ln~z|lxt�m�wz�{zvlslyz	�
�z�ntvz|t}~zn�nl~t�yz|xl~tny��xq~zpt�{|zoyzs�nlyy��|zs|l��yvznt��ylnly~lrqy����{|z�q-
}��qv}{w�l~l����s_a�yqpz��w�yz
�c���u�|zmz~��ln~z|t�sl{|z{zy�nlwt�xl~qxl~t�y��~l�vzx{��-
~q|y��xzpqw��ntsyl�qyy���}y���t��|zs|l��yvznt��ylnly~lrqy����p���t��qwqv~|z{z}~l�lw�-
yt��}t}~qxl��slqv}{q|txqy~lw�ytxt�plytxt	�z~|txlytxt��s�pz{zxzoz��qwqv~|zyyzoz�w��t-
w�ytvl�qwqv~|zqyq|o���sl�{q|�zp��l}��yq�xqy�tu�sl�~|tnlw�}~��xlv}txlw�yz�slnly~lrqyz��
sx�yt�|zmz~t�}{zrtnl�l�qwqv~|zqyq|o��
�_|t���zx��n|l�zn��~�}��{z}~�uyl�ylo|�nlyy��qwq-
xqy~l�s_a	�{z��vzx��{q|qpl�~�}���q�ylnly~lrqyy�
�ptvz|t}~zn���t����xzpqw�	�xzryl�
sylu~t�|zs|l��yvzntu�}~|�x�~l�vzq�����y~�{z~�ryz}~��pw��m�p�-�vzoz�qwqxqy~l�s_a�sl�
|qs�w�~l~lxt�pt}v|q~yt��plyt��ntx�|�nly��lv~tnyz��~l�|qlv~tnyz��{z~�ryz}~���s�slplytx�
{q|�zpzx�y~qo|l����qwqv~|zyyzoz�w��tw�ytvl

]l�|t}�yv��
�{zvlslyl�vzx{��~q|yl�xzpqw��ntsyl�qyy��sl{l}��{|z{�}vyz��spl~yz}~��vl-

mqw�yz��w�y���sl�z~|txlytxt�~lvtx��tyzx�{l|lxq~|lxt�I|~l�cos(���pw��zpy�����s�Z[�
��vp�
aqnq|ty�n}�vzoz��qoqw�yzoz�slnzp�
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�Zzx{��~q|yl�xzpqw��ntsyl�qyy��sl{l}��{|z{�}vyz��spl~yz}~��Z[

Zzx{��~q|y��xzpqw��}~nz|qyz�yl�|zmz�zx��wt}~��qwqv~|zyyzoz�{|z�q}z|l�Excel ��ntow�p��
qwqv~|zyyz��~lmwt�����x�}~t~��nt��py��ply��~l�|qs�w�~l~t�|zs|l��yv�	�z~|txly��sl�pz{zxzoz��
nm�pznlyzoz�n�Excel sl}zm��f_z��v�|zsn��sv�:��s�ntvz|t}~lyy�x�xq~zp��w�y�uyzoz�{|zo|lx�-
nlyy�	�|qlw�sznlyzoz�n���zx��sl}zm�
�c�vzx�|vl��qwqv~|zyyz��~lmwt���~lvzr�ntvz|t}~lyz�
�z|x�wt	��z�{zvlsly��n�~lmwt���

�rw��s|��yz}~��lylw�s��|qs�w�~l~�n�|zsn��sv��slpl�����
}~zn{���G ln~zxl~t�yz���v}��~�}���xznt	��v��zmxqrtwt�syl�qyy��{l|lxq~|��Su
�bz�y�}~��
��v}l����zmxqrqy��slpl�~�}��n�vzx�|���Z��
�
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kv�z�Z[�yq�slpznzw�y���{l}tnyzx��zmxqrqyy�	�lmz��z�l�m�zpyzx��lv~tnyzx��zmxqrqy-
y��{|t�Su��	�~z�n�vzx�|���9�2�ln~zxl~t�yz�s��nw��~�}��{zn�pzxwqyy�3�fm}y���tu�{q|q|�s�Z[�
]s�slpznzw�y���zmxqrqyy�x
�*s�6���:


blmwt���



,>@<C;8�6;6:B@>==>J�B23;8DI�:><?�GB6@=>J�<>56;I�487=2E6==H�72?2AC�?@>?CA:=>J�752B=>ABI�"#

Zzx�|vt dz|x�wt�|zmz�zozwt}~l�Excel
K11 6*/�Ẑ s̀]i����I
K13 =Sp*CosF
K14 =Sp*SIN(ACOS(CosF))
K21 6>vs$Ẑ s̀]i�_{�$
����a
F28 6*s$:.̂<
I28 6*s$*>B�8:C*�:.̂<��
K28 6*s�Ẑ s̀]i����I

B29
6sa[v�v�=��6�r̂ _
�4�=�.6�r̂ _
�4�=�06�r̂ _
�4�=�26�r̂ _
�4�=��6�r̂ _
��4�
��4��m}y���tu�{q|q|�s�Z[�]s�slpznzw�y���zmxqrqyy�x
�*s�6�����

C33 6>/�>s
E33 6sa[v�v[v�Zpz{�6���4�>pz{�6����4���4�Zpz{$>pz{�
H33 6sa[v�:���56�;�����:��$�	����
4��r̂ _
�4��]s�r̂ _
��
C35 6sa[v�Zs�7�
4�Zs$�>/�>s�$*y{l4���
E35 6�Z{l$Zpz{$>pz{
H35 6sa[v�:���56�;�����:��$�"���4��r̂ _
�4��]s�r̂ _
��
C37 6sa[v�I�6���4���4��F.$�'/�'s��-.$�E/�Es��$#�
��I ��
E37 6RIypz{
H37 6sa[v�:�.�56�;�.���:�.$�"���4��r̂ _
�4��]s�r̂ _
��
C39 6�sa[v�Zs�7�
4�RIy$Zs$*y{l4���
E39 6RI{lpz{
H39 6sa[v�:�2�56�;�2���:�2$�"���4��r̂ _
�4��]s�r̂ _
��
C42 6<vs
E42 6<vw
H42 6sa[v�:���56�;�����:��$�"���4��r̂ _
�4��]s�r̂ _
��
G33 6sa[v�v�:���56�;�����:��$�"���4�:���76�;���- C33*$K$43); "v"; "")
G35 6sa[v�v�:�.�56�;�.���:�.$�"���4�:�.�76�;�.�- C35*$K$43); "v"; "")
G37 6sa[v�v�:�0�56�;�0���:�0$�"���4�:�0�76�;�0�- C37*$K$43); "v"; "")
G39 6sa[v�v�:�2�56�;�9 + C39*$K$43; C39 >= E39 - C39*$K$43); "v"; "")
G42 6sa[v�v�:���56�;�����:��$�"���4�:���76�;���- C42*$K$43); "v"; "")

�8A=>4:8

c�|zmz~���z|xlw�sznlyz�{zy�~~��sl{l}��{|z{�}vyz��spl~yz}~��}twznzoz�qwqxqy~��qwqv~|z-
{z}~l�lw�yz��}t}~qxt��s��|l��nlyy�x��}���xzn�pz{�}~txz��qv}{w�l~l������zoz�qwqxqy~�
�ul{-
|z{zyznlyz�xl~qxl~t�y��~l�vzx{��~q|y��xzpqw��{|z�q}�n�ntsyl�qyy��sl{l}��{|z{�}vyz��
spl~yz}~��vlmqw�yt��w�y�u	�{|tpl~y��pz�ntvz|t}~lyy��n��xznl��|zs�t|qyy��nt|zmyt�~nl	�xz-
pq|y�sl����~q�yzwzo��yt��{|z�q}�n�~l�{�pvw��qyy��yznt��}{zrtnl��n�qwqv~|zqyq|o���pz��}y�-
��z��qwqv~|zxq|qr�
�_|l�qspl~y�}~��sl{|z{zyznlyt��xzpqwqu�{q|qn�|qyl�yl�|qlw�yt��plyt��
�}y���z��}t}~qxt�qwqv~|z{z}~l�lyy��{|t�nt|��qyy��{t~lyy��{|z�pz{�}~tx�}~��{�pvw��qyy��
pzpl~vznt��ylnly~lrqy��pz��}y���z��Z[�
��vp


a_vâ Z�[mbs̀nbc̀ v
1. p|qxqyy�q�|�vznzp��tq��vlslyt��{z�z{|qpqwqyt���wqv~|t�q}vt��ylo|�szv�{|zx��wqyy���{|qp{|t�~tu
�

ey
3�Tz}�yq|oztspl~	�
2/

�e�0�}

2. _zo|qmy�v�]. ]. aznq|�qy}~nznlytq�xq~zpzn�z{|qpqwqyt��|l}�q~y���ylo|�szv�{z�ylo|qn� / 

]. ]. _zo|qmy�v�// amz|ytv�yl��y���~|�pzn�rzyTbc. aq|t�: �wqv~|z~q�ytvl�t��yq|oq~tvl, n�{�}v�5-rzyq�v: 
rzyTbc. e2000. ea. 146e149.
�
�aznq|�qy}~nznlytq�xq~zpzn�|l}�q~l��wqv~|t�q}vt��ylo|�szv�Kswqv~|zyytu�|q}�|}L���Z�|qyy�u�j
T
	�

rxt~|tqnl�s
]
	�_zo|qmy�v�]
]
	�ol�vzn�p
y
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�yq~zp��|l}�q~l�ylo|�szv�{|zx��wqyy����wqv~|t�q}vt��}q~qu���v
a
]q}~q|qyvz�//

amz|ytv�yl��y���~|�pzn�rzyTbc. aq|t�: �wqv~|z~q�ytvl�t��yq|oq~tvl, n�{�}v�11. erzyq�v: rzyTbc. e2006. 
ea. 521e527.
.
�Z�p|ty�o
�v
�jwqv~|z}ylmrqytq	�tynq}~t�tzyyzq�{|zqv~t|znlytq�t�slv|�~tq�{|zmwqx��|l}��~l�

�wqv~|t�q}vt��ylo|�szv���o
�v
�Z�p|ty	�a
�n
�f�|�v
����jwqv~|tvl
�e2006. e���
ea
��e11.
6. vy}~|�v~tny�q�t�ty�z|xl~tny�qxl~q|tlw��{z�{|zqv~t|znlyt���wqv~|z~q�yt�q}vt��{|zx��wqyy���

�}~lyznzv
�cvlslyt��{z�|l}�q~���wqv~|t�q}vt��ylo|�szv3�̀by��/

1
��
�-92. e[gtyytu�s��

�

2�]. ey
3�
p]v_v�b�r{|zx�wqv~|z{|zqv~. e2�}.

7
�_|lntwl��}~|zu}~nl��wqv~|z�}~lyznzv.eel|�vzn:vsp-nz�fdz|~:	����2
�e0���}

8. Zlx�y}�vtu�p
�p
�Zzx{��~q|y��xzpqw��ntsyl�qyy��|zs|l��yvznt��ylnly~lrqy��sl�qv}{q|txqy~lw�ytxt�

plytxt���p
�p
�Zlx�y}�vtu	�n
�p
�Zlx�y}�vtu����p�}ytv�p_m
�e2010. e�

�ea
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http://masters.donntu.edu.ua/2006/eltf/belyaev/library/ist_2.htm.

