
c8<Ta=A=]ecaCT]8�e8�c8<Ta=A=]ecaCC=�8E8c8eaVf<f:8CCO
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#��P�bPẐV�Txn�_r̀rTPRP]]n�TXaZ̀rb]̂r�q]d̂ \̀Pfqr�t�̀ t̂hX̀r]]n\�
a_rZb̀c�tP�T̂_̂\̂p̂m�eP̂bXg]Xe�q�QPpPb̂gPab̂b]Xe�aXp]PxqR�"�#��fRX\q̀mRPxk]qY�bre]qfq�
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CPcẐRq�_̀Pfq�:Cef��
�11, s�
 2

cXa��	��=xrZb̀Xg]P�aer\P�QPpPb̂gPab̂b]̂p̂�pr]r̀Pb̂ P̀�]P�̂a]̂Rq�_̂xk̂R̂r�b̀P]tXab̂ ]̀̂r�ab̀cZbc̀X�t�RqT4p\]X\�
_̂̂`̂\
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pP̀\̂]qZ��î �tc\̂Rxmp�TR̂gPab̂b]XY�̀rVX\�pr]r̀Pb̂ P̀��VqxkhP�t\q]P�̂_̂ c̀�;
�RXZxXZPp�
q̀tZc�t\q]c�p\]qa]̂p̂�aZxPT]XZP�_̂R]̂p̂�̂_̂ c̀�Eed:a��î �tc\̂Rxmp�t]Pg]r�RqTeXxr]]n�
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pr]r̀ R̂P]Xe�ẐxXRP]k�t�̀qt]X\X�gPab̂bP\X�

'2C7=2C:G>2�=?67<H�3252C?G2BC?C>?5?�57>7A2C?A2

=ZRqRPxr]b]P�aer\P�QPpPb̂gPab̂b]̂p̂�pr]r̀Pb̂ P̀�]P�Eed:a�\Pp�RXpxnT��t̂Q̀PVr]XY�]P�
X̀a��
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,0��� �� ( &6(&6( (2)

Tr�( &6(� 3̀ rt̂]P]a]P�gPab̂bP�]rxq]qY]̂p̂�ẐxXRPxk]̂p̂�Ẑ]bc̀P�
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TR̂gPab̂b]̂\c�̀rVX\q�̂_Xacpbkan�a_qRRqT]̂hr]]n\

,sin4
3

3
~

2
0

2

�
�

� ��
�

��

 ��

�
mSm hUghUE

U (15)

Tr� 0mU 3P\_xqbcTP�abPfq̂]P̀]Xe�ẐxXRP]k�xq]qY]̂p̂�ẐxXRPxk]̂p̂�Ẑ]bc̀c�
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PaX\_b̂bXg]Xe�\rb̂TqR��t̂Z̀r\P��\Px̂p̂�_P̀P\rb̀P�PQ̂�_̂Rqxk]̂�t\q]]Xe�P\_xqbcT��iq�
\rb̂TX�]PZxPTPmbk�acR̂ q̀�̂Q\rVr]]n�]P�RXeqT]q�TP]q��P�b̂\c�p�\Px̂_̀XTPb]X\X�Txn�
T̂axqTVr]]n�QPpPb̂gPab̂b]Xe�̀rVX\qR�̀ Q̂̂bX�fk̂p̂�pr]r̀Pb̂ P̀��ê\c�̀ t̂R4nt̂Z�aXabr\X�
]rxq]qY]Xe�TXdr̀r]fqPxk]Xe�̀qR]n]k�_r̀ĥ p̂�_̂ ǹTZc��	 �t�c̀PecRP]]n\��� �3�� �q�̀qR]n]]n�
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P_̀ ẐaX\Pfqr��	
 �_̀ R̂rTr]̂�\rb̂T̂\�cc]pr�3 ]cbbP��-p̂�_̂ ǹTZc�tP�T̂_̂\̂p̂m�
\Pbr\PbXg]̂p̂�_PZrbc�_̀ p̂̀P\�8AL)3AC�"�#��[�fqpm�\rb̂m�RXẐ X̀abP]̂�RQcT̂RP]c�R�8AL)3AC�
dc]Zfqm�.+(*M'C��<xn�_qTRXir]]n�b̂g]̂abq�̀̂ t̀Pec]ZqR���R̀PêRcmgX�̂âQxXRqabk�hRXTẐp̂�
_r̀rbR̂ r̀]]n�Jc̀�p�R�_PZrbq�8AL)3AC��̂Q̀P]̂�ZqxkZqabk�RqTxqZqR�	�
���crtcxkbPbX�gXarxk]̂p̂�
\̂TrxmRP]]n�̂T]̂- q�QPpPb̂gPab̂b]Xe�̀rVX\qR�_̂TP]̂�]P�̀Xa����3
�c�RXpxnTq�̂afXx̂p̀P\��
P\_xqbcT̂-gPab̂b]̂p̂�a_rZb̀P�Y�b̀PpZb̂ q̀Y�̀ cec�̀ Q̂̂ĝr�b̂gZX�]P�dPt̂RqY�_x̂iX]q�
pr]r̀ R̂P]Xe�ẐxXRP]k�

P � Q 

R 
cXa�����;̀PdqZX�̂afXx̂p̀P\��P ��P\_xqbcT̂-gPab̂b]̂p̂�a_rZb̀P��Q �Y�dPt̂R̂r�_x̂iX]X��R �pr]r̀ R̂P]Xe�ẐxXRP]k�c�

T̂]̂gPab̂b]̂\c�̀rVX\q
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P � Q 

R 
cXa�����;̀PdqZX�̂afXx̂p̀P\��P ��P\_xqbcT̂-gPab̂b]̂p̂�a_rZb̀P��Q �Y�dPt̂R̂r�_x̂iX]X��R �pr]r̀ R̂P]Xe�ẐxXRP]k�c�

TR̂gPab̂b]̂\c�̀rVX\q

P � Q 

R 
cXa��
��;̀PdqZX�̂afXx̂p̀P\��P ��P\_xqbcT̂-gPab̂b]̂p̂�a_rZb̀P��Q �Y�dPt̂R̂r�_x̂iX]X��R �pr]r̀ R̂P]Xe�ẐxXRP]k�c�

b̀XgPab̂b]̂\c�̀rVX\q



c8<Ta=A=]ecaCT]8�e8�c8<Ta=A=]ecaCC=�8E8c8eaVf<f:8CCO
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+79D<HC2C:�7;B@7A:=7>C2<H>:F�6?B<K687>H

f�̀ Q̂̂bq�Qcx̂�̀ t̂̀ Q̂xr]̂�rZa_r̀X\r]bPxk]XY�\PZrb�QPpPb̂gPab̂b]̂p̂�pr]r̀Pb̂ P̀�]P�
â]̂Rq�ar̀qY]̂p̂�\qZ̀ t̂QX̀P]]n�_̂xk̂RXe�b̀P]tXab̂ q̀R�bX_c�]c
��Ce	V��Ĉ\q]PxX�
rxr\r]bqR�q�_̂xǹ]qabk�_qTZxmgr]]n�]P_̀cpX�VXRxr]]n�_̂TP]̂�]P�̀Xa��	��8Rb̂ P̀\X�Qcx̂�
_̀ R̂rTr]̂�rZa_r̀X\r]bPxk]r�T̂axqTVr]]n�̀rVX\qR�̀ Q̂̂bX�QPpPb̂gPab̂b]̂p̂�pr]r̀Pb̂ P̀�]P�
Eed:a��̀rtcxkbPbX�nZXe�_̀rTabPRxr]̂�]P�̀Xa����3	��"
#��=Za_r̀X\r]bPxk]̂�_r̀rRq̀r]̂�
T̂]̂gPab̂b]XY�q�QPpPb̂gPab̂b]q�̀rVX\X�̀ Q̂̂bX�pr]r̀Pb̂ P̀��OZ�RXT]̂�tq�a_rZb̀ p̂̀P\��
QPpPb̂gPab̂b]q�̀rVX\X�t�̀qt]̂r�ZqxkZqabm�pr]r̀ R̂P]Xe�ẐxXRP]k�eP̀PZbr̀Xtcmbkan�RXâẐm�
a_rZb̀Pxk]̂m�iqxk]qabm�_̂QxXtc�pP̀\̂]qZX�̂a]̂R]̂p̂�ẐxXRP]]n�t�gPab̂b̂m�̀rt̂]P]ac�
_P̀Pxrxk]̂p̂�Ẑ]bc̀c�7	3��

P � Q 
cXa�����aafXx̂p̀P\P��P �q�a_rZb̀��Q �pr]r̀ R̂P]Xe�ẐxXRP]k�R�̂T]̂gPab̂b]̂\c�̀rVX\q

P Q 

R 
cXa�����aafXx̂p̀P\X�pr]r̀ R̂P]Xe�ẐxXRP]k��aX]è ]̂qt̂RP]Xe�tP�̂a]̂R]̂m�gPab̂b̂m��P �q�tP�gPab̂b̂m�QXbbn��Q 0�

a_rZb̀�ẐxXRP]k��R 
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P Q 

R 
cXa�����aafXx̂p̀P\X�pr]r̀ R̂P]Xe�ẐxXRP]k��aX]è ]̂qt̂RP]Xe�tP�̂a]̂R]̂m�gPab̂b̂m��P �Y�tP�gPab̂b̂m�QXbbn��Q 0�

a_rZb̀�ẐxXRP]k��R 

P Q 

R 
cXa��.��aafXx̂p̀P\X�pr]r̀ R̂P]Xe�ẐxXRP]k���aX]è ]̂qt̂RP]Xe�tP�̂a]̂R]̂m�gPab̂b̂m��P �Y�tP�gPab̂b̂m�QXbbn��Q 0�

a_rZb̀�ẐxXRP]k��R 
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P Q 

R 
cXa��	���aafXx̂p̀P\X�pr]r̀ R̂P]Xe�ẐxXRP]k���aX]è ]̂qt̂RP]Xe�tP�̂a]̂R]̂m�gPab̂b̂m��P �Y�tP�gPab̂b̂m�QXbbn�

�Q 0�a_rZb̀�ẐxXRP]k��R 

;:B>?4;:

f�̀ Q̂̂bq�_̀ R̂rTr]̂�P]PxqbXg]q�bP�rZa_r̀X\r]bPxk]q�T̂axqTVr]]n�QPpPb̂gPab̂b]̂p̂�
pr]r̀Pb̂ P̀�]P�̂a]̂Rq�p\]qa]̂p̂�rdrZbc�_̂xk̂R̂r�b̀P]tXab̂ ]̀̂r�ab̀cZbc̀X�t�RqT4p\]X\�
_̂̂`̂\��ĉt̀ Q̂xr]̂�\Pbr\PbXg]c�\̂Trxk�pr]r̀Pb̂ P̀�tq�aZxPT]̂m�TX]P\qẐm�pr]r̀ R̂P]Xe�
ẐxXRP]k��CPRrTr]̂�̀rtcxkbPbX�gXarxk]̂p̂�\̂TrxmRP]]n�Y�rZa_r̀X\r]bPxk]Xe�T̂axqTVr]k��
[QqV]qabk�̂b̀X\P]Xe�̀rtcxkbPbqR�_qTbRr̀TVcp�PTrZRPb]qabk�̀̂ t̀ Q̂xr]̂r�\Pbr\PbXg]̂r�\̂Trxq��
OZ�]rT̂xqZ�gXarxk]̂p̂�\̂TrxmRP]]n�R�_PZrbq�_̀ p̂̀P\�8AL)3AC�_̂b̀qQ]̂�tPt]PgXbX�
]r\̂VxXRqabk�T̂axqTXbX�̀rVX\X�̀ Q̂̂bX�pr]r̀Pb̂ P̀�RXir�b̀k̂e�pr]r̀ R̂P]Xe�ẐxXRP]k�tP�
T̂_̂\̂p̂m�̂b̀X\P]Xe�a_qRRqT]̂hr]k�

dE?da]�ATe=c8efc?
	��]c̀X]�:��;��Êxcgr]Xr�\]̂p̂gPab̂b]je�aXp]Px̂R�R�pr]r̀Pb̂ P̀e�TXd̀PZfX̂]]̂p̂�Xtxcgr]Xn���:��;��]c̀X]�

���cPTX̂dXtXZP�X�lxrZb̀ ]̂XZP��3ê\�	����s�	��32008. 3d��		��3113.

��Ê\rêtPiXio]]̂abk�aXabr\�̀PTX̂aRntX�a�̀PahX̀r]Xr\�a_rZb̀P�aXp]Px̂R�\rb̂T̂\�_arRT̂axcgPY]̂Y�

_r̀rab̀ ŶZX�̀PQ̂grY�gPab̂bj���:��?��V̂ X̀âR�X�T̀��3B�/�cPTX̂�X�aRntk��
�����3����a�
���EPbr]b�
	�
��
�ĉaaXYaẐY�JrTr̀PfXX��BE]7 H 04 K 1/00 d_̂âQ�_r̀rTPgX�X]d̂ \̀PfXX�a�_̂\̂ikm�

eP̂bXgraZXe�aXp]Px̂R���8��d��<\Xb̀XrR��8��?��EP]Pa��d��a��dbP̀ẐR, k��:��8]T̀rrR��A��:��]ctk\X]��V��=��
]ǹpX]aZXY��C��8��BPZaX\̂R0�[PnR]XZ�bP�_Pbr]b̂RxPa]XZ�<\Xb̀XrR�8��d��3s�
���	

�����.0tPnRx�����	��
���0�
_̂cQx��	�����
��
��3Vmx��	
�
���BPZaX\̂R�C��8��hP̂bXgraZPn�X�̀rpcxǹ]Pn�TX]P\XZP�PRb̂]̂\]je�PRb̂ẐxrQPbrxk]je�aXabr\��âTr̀VPiXe�

-̀n-_r̀rêT���C��8��BPZaX\̂R��:��O���]Xax̂R����cPTX̂bre]XZP�X�lxrZb̀ ]̂XZP��31997. 3N 12. 3d��	����31492.

��aaPTgcZ�a��:��VPpPb̂gPab̂b]XY�pr]r̀Pb̂ �̀]P�̂a]̂Rq�_̂xk̂R̂r�b̀P]tXab̂ ]̀̂r�ab̀cZbc̀X�t�RqT4p\]X\�̂_̂`̂\�

��a��:��aaPTgcZ��8��a��dr\r]̂R��]��a��]̂RPxk����dcgPa]q�_̀ Q̂xr\X�̀PTq̂rxrZb̀ ]̂qZX��brxrẐ\c]qZPfqY�bP�
_̀XxPT̂QcTcRP]n��dEceE-
��. ��BPbr̀qPxX�6 �BCe]��\��:q]]Xfn����3	�V̂Rb]n�
��.�̀ Ẑc��MPabX]P�	��3
:q]]Xfn��
��.��3d. 96 397.
���dP\̂Yx̂�]��8��Brb̂T�P]PxXtP�ẐxrQPbrxk]je�aXabr\�Rb̂`̂p̂�_̂ ǹTZP���]��8��dP\̂Yx̂��3B�/�d̂R��̀PTX̂��

1976. 3
���a�
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���dr\r]̂R�1��a��]RPtqxq]qY]P�\Pbr\PbXg]P�\̂Trxk�pr]r̀Pb̂ q̀R�]P�̂a]̂Rq�b̀P]tXab̂ ]̀Xe�ab̀cZbc̀�t�
RqT4p\]X\�̂_̂`̂\����1��a��dr\r]̂R����CPcẐRq�_̀Pfq�:q]]XfkẐp̂�]Pfq̂]Pxk]̂p̂�bre]qg]̂p̂�c]qRr̀aXbrbc��3s����
3
��.��crVX\�T̂abc_c�T̂�Vc̀]�/�http://www.nbuv.gov.ua/e-journals/VNTU/2009-4/2009-4.files/uk/09aaswnr_ua.pdf.
���]PpP]̂R�:��?��cPTX̂bre]XZP���Ẑ\_kmbr̀���8AL)%AC���:��?��]PpP]̂R. 3B�/�;̂ ǹgPn�xX]Xn��
��	��3�	��a�

�!��$#������!��� ��������� ���$3T��b��]���_̀ d̂râ �̀�tPRqTcRPg�ZPdrT̀X�̀PTq̂bre]qZX��

����������� (������!��� ���$��Z��b��]���T̂fr]b�ZPdrT̀X�̀PTq̂bre]qZX.

�����%���!"'�"����������$3Z��b��]���PaXabr]b�ZPdrT̀X�̀PTq̂bre]qZX�
:q]]XfkZXY�]Pfq̂]Pxk]XY�bre]qg]XY�c]qRr̀aXbrb�

http://www.nbuv.gov.ua/e-journals/VNTU/2009-4/2009-4.files/uk/09aaswnr_ua.pdf.

