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�8 H5+5K5L5* ;CB>LCB5E>;<-><;B5L5 8B8FGQ< NE>8B5NFCB5, �5 N LCFC<>N5;*-
N8FSB@T +5FGKC;B@T E@E>CK8T B8 5EB5NG -5+5FGKC;GN TG>5Q8B-+;-+5FGNGBGF+G;5FGH5B, 
5HC;I8B@T +;@�C+FCB5* ;8H@-8FSB5* -5+5FGKC;@Q8JG�* +C;5-E@TG>5Q8B< G 1-NGBGF-2-
+G;5FGH5B< <B8EFGH5- <>N5;CBBO GB>;8+5FGKC;B@T -5K+FC-EGN KGI -5K+FCKCB>8;B@K@ 
];8LKCB>8K@ F8BJ*LGN D�D G �G> ]5;K<*>SEO 5RF8E>G KG-;5LC>C;5LCBB5E>G. 

Gel-like polymer systems, formed by chitosan-gr-polyvinylpyrrolidone copolymer, were 
studied using X-ray spectrascopy. Chitosan-gr-polyvinylpyrrolidone copolymer was obtained 
via grafted coplymerisation of chitosan and 1-vinyl-2-pyrrolidone. It was shown, that inside 
these gel systems, as a result of creation of new intrapolymeric complexes between 
complementary fragments of chitosan and polyvinylpyrrolidone chains, new microheterogenic 
areas are formed.  

�E><+. 
 j&������ !� g�'j���i �&#�)"$" m��h&��l ��o%��u!� j�!&'��#�, (!�"'&�� �� "(�"�� 
*'�'"���+ *"#�j&'��. ��"$"��� ��)���j� n j�!&'��#�, �" j"k%!� o%!� ��)"'�(!��� l) m�("o� 
!'��(*"'!%����l #�)�� �" *&���+ "'$���� �o" )#�!��-j�x&���, m")'&j�, *"#�j&'�� m"���x��"-h%!#���, 
�o" «'"m%j��» j�!&'��#�, l)� mj��uu!� (�"i *�'�j&!'� ("o’nj, *"'%��!�(!�, $%(!��%, )"�g"'j���u 
j�)'"j"#&)%#, '"mh����(!� !"�") % ���*"���� �� mj��% m"���x��+ %j"� [1, 2] m���l)� "("o#��"(!lj 
()#��% � o%�"�� *"#�j&'��+ j"#&)%# !� j�kj"#&)%#l'��j �m�nj"��lj. 
("o#��% %��$% *'��&'!�u!� 
j�!&'��#�, (!�"'&�� m ��)"'�(!���lj *'�'"��"$" o�"*"#�j&'% +�!"m��% (o�#�x�(!� #��") l)"$" n  
2-�j��"-2-�&m")(�-D-$#u)"*�'��"m��j� ��)#�j�, m’n����� 1,4-ó-$#�)"m����j m�’lm)"j) !� *"#�����#-
*�'"#��"�%. 

�#l &g&)!���"$" ��)"'�(!���l +�!"m��% (��!), l) *'���#", m��e(�uu!� e"$" j"��g�)���u, �" 
*"�’lm��" m *"$��"u '"mh����(!u % �"���+ (&'&�"����+ !� !&'j"����j�h�"u �&(%j�(��(!u m 
o�#�x�(!u *"#�j&'�� [3]. �&!"� *'��&*#&�"i )"*"#�j&'�m���i �&l)�+ ����#"��+ j"�"j&'�� (!�)�+, 
l) ����#*�'"#��"�, �)'�#�j��, $��'")(�&!�#�)'�#�! !"�") �"m�"#ln ����!� )"*"#�j&'�j �� "(�"�� 
+�!"m��% *#��)"%!�"'u��#���, &#�(!�h�� !"�" �#�(!��"(!�. �'�j !"$", % !�)�+ )"*"#�j&'�+ mo&'&-
$�u!�(l %��)�#��� �#�(!��"(!� +�!"m��% (��!�o�)!&'��#���(!�, o�"(%j�(��(!�, o�"�&(!'%)��l, o�"-
�&$'���o&#���(!�, )"j*#&)("%!�"'&��l !"�") [4]. 

�"#�����#*�'"#��"� (�	�) !� e"$" *"+���� ��)"'�(!"�%u!� % j&������ l) �j*#��!�!�, )'"�"-
m�j����)� !"�" m "$#l�% �� e"$" o�"- !� $&j"(%j�(��(!�, ("'o��e�� �#�(!��"(!� � �&!")(�h��(!�. 
�"n�����l �#�(!��"(!&e +�!"m��% !� *"#�����#*�'"#��"�% n *&'(*&)!����j x#l+"j "�&'k���l 
�"��+ j�!&'��#�� �#l j&������.  

��!, l) � +�!��, l�#ln ("o"u #���e��e *"#�(�+�'��. 	&#�)� �"�k��� j�)'"j"#&)%# � i+ 
"oj&k&�� $�%h)�(!� !� ��l���(!� &#&)!'"�"�"�"'��+ � *'"!"�"�"�"'��+ g%�)��"��#���+ $'%* n 
*&'&�%j"��j� %!�"'&��l o�"*"#�j&'"j +�!"m��"j ()#����+ ���j"#&)%#l'��+ (!'%)!%'. ��)(���u 
�m�nj�"$" '"m!�x%����l j�)'"j"#&)%# ��! m�o&m*&h%u!� ��%!'�x��"- !� j�kj"#&)%#l'�� �"��&�� 
m�’lm)�, % l)� j"k%!� o%!� �)#uh&�� �!"j� 
�-$'%* *'� �3, �6, ")(�$&� ��*����&!�#��"$" �o" 
$#�)"m���"$" m�’lm)% !� �!"j� �j���"i �o" ��&!�j���"i $'%*. �'� ��"j% ���k�u!�, �" $��'")(�#��� 
$'%*� *'� �3 �)#uh&�� % ��%!'�x��"j"#&)%#l'��e m�’lm") m ��*����&!�#���j ")(�$&�"j (%j�k�"$" 
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*�'��"m�"$" ��)#%. ����l)� '&$%#l'��e o%�"�� j�)'"j"#&)%# ��! g"'j%u!�(l �*"'l�)"���� (!'%)-
!%'�, l)� +�'�)!&'�� �#l )'�(!�#�h�"$" g�m"�"$" (!��% *"#�j&'%, !"j% ��! n �j"'g�"-)'�(!�#�h��j 
*"#�j&'"j. �'� ��"j% )'�(!�#�h�� (!'%)!%'� &#&j&�!�'��+ )"j�'") )'�(!�#�!�� ��! +�'�)!&'�-
m%u!�(l *"#�j"'g�mj"j [4]. 

��l���(!� *&'�����+ �j��"$'%* o�#l �2 % $#u)"m�j���"j% ��)#� (% !'��(- *"#"k&��� �" 
$��'")(�#���+ $'%* o�#l �3) m%j"�#uu!� m��!��(!� *"#�j&'��+ j"#&)%# +�!"m��% (��!) '"mh��l!�(� 
% )�(#�+ �"���+ (&'&�"����+ m���l)� *'"!"��m���i, �, l) ��(#��"), �"��m���i !� $��'�!���i �j��"$'%*.  
��#&k��(!� '"mh���"(!� ��! ��� '� (&'&�"���� � ���(%!��(!� '"mh���"(!� % #%k��+ (&'&�"����+ n 
*��¨'%�!lj �#l "�&'k���l '�-m�#&k��+ )"*"#�j&'�� !� *"#�j&'��+ (�(!&j �� e"$" "(�"��. �%j�x� 
��! !� �	� n ��)���j� % o�"j&��h��+ m�(!"(%����l+ l) (�(!&j� �#l !'��(*"'!%����l #�)��. �"(#��-
k&��l *'�'"�� j�kj"#&)%#l'��+ �m�nj"��e % !�)�+ (%j�x�+ *")�m�#� [5], �" j�kj"#&)%#l'�� 
�m�nj"��l j�k j�)'"#���u$�j� m��e(�un!�(l %��(#��") g"'j%����l �"��&��+ m�’lm)��. �'� ��"j% 
*'"!"�"�"�"'��j� $'%*�j�, ��(�j*&'&� n $��'")(�#� *'� �6, % j&�x"j% (!%*&�� – $��'")(�#� *'� 
�3, � !�)"k, NH- *'� C2, +"h� NH-$'%*� �&m��h�" o&'%!� %h�(!� � %!�"'&��� �"��&��+ m�’lm)��. �)-
�&*!"'"j *'"!"��� � %!�"'&��� �"��&��+ m�’lm)�� n )�'o"��#��� $'%*� �j���"$" ��)#% �	�, 
*'�h"j% j�#"��'"$���", �" ��!'"$&� *�'"#��"�"�"$" ��)#% n �)�&*!"'"j *'"!"��� 
�-$'%* ��! % 
��+ (�(!&j�+.  


 [6] *��!�&'�k&�" %!�"'&��l ���j"#&)%#l'��+ (!'%)!%' %��(#��") ��!&'j"#&)%#l'�"i 
�m�nj"��i �	� m j�)'"j"#&)%#�j� *"#�(�+�'����, m")'&j�, % (%j�x�+ m )�'o")(�j&!�#�&#u#"m"u. 

 
�C>8 H5EFGHICBS. �&!"u �"(#��k&�� n "�&'k���l �"��+ *"#�j&'��+ (�(!&j, � (�j&, $&#&-

%!�"'u��#���+ )"*"#�j&'�� +�!"m��-*'-*"#�����#*�'"#��"� (��!-�	�) *'��&*#&�"u )"*"#�j&'�-
m���nu 1-����#-2-*�'"#��"�% (	�) !� ��! m� '���)�#���j j&+���mj"j, l)% �����un *&'")(����e 
g'�$j&�! !'&!-o%!�#*&'")(�j&!�#j�#&i��!-���"�% % ()#��� *&'")(�+�!"m��% !� �"(#��k&��l (!'%)-
!%'� ��+ *"#�j&'��+ (�(!&j �� "(�"�� ��!-�	�. 

 
�-E+C;@KCB>8FSB8 ?8E>@B8. ��!"m�� (��!) (Aldrich), N,N�-j&!�#&�-o�(-�)'�#�j�� (�t�) 

(Merck), 2,6-��!'&!-o%!�#-4-j&!�#g&�"# (�"�"#) (Aldrich) ��)"'�(!"�%��#� o&m "h��&��l. N-����#-
2-*�'"#��"� (	�) (Aldrich) "h��%��#� ��(!�#l��nu m� !�()% 5 jj.'!.(! � ��)"'�(!"�%��#� g'�)��u m 
�)�* 354 �. �'&!-o%!�#*&'")(�j&!��"# (�t��) (��!&m%��#� m� j&!"��)"u [7], �j�(! �)!���"$" 

)�(�u �
��)!=13,2 % (!&"'. 13,33 %); 20
dn =1,4127 (#�!. 1,4128). �'&!-o%!�#*&'")(�j&!�#"��e &(!&' 

o%!&���)�'o"�"�"i )�(#"!� (��) "�&'k%��#� ���#%����lj �t�� j�#&i�"��j ��$��'��"j % 
*'�(%!�"(!� *�'����% m� 333�, (*������"x&��l �t�� � �� l) 1,2:1 � *&'&j�x%����l *'"!l$"j 10 
$"���, *�(#l h"$" ���g�#�!'"�%��#�, *'"j���#� �&�&#�)"u )�#�)�(!u !&!'�+#"'j&!��% !� 
��(%x%��#�. ��#&i�"��e ��$��'�� (��) (Aldrich), "h��%��#� *&'&)'�(!�#�m���nu % +#"'"g"'j�. 

�&'")(�+�!"m�� (��!-��) g"'j%#� 
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"�&'k%��#� �m�nj"��nu ��! !� �� � �"��"j% (&'&�"���� m� )�j��!�"i !&j*&'�!%'� [8]. 

���'"$&#�, *"#�j&'��e )�')�( )"!'�+ *'&�(!��#ln *"#�j&'�% (�!)% m *'��&*#&��+ )"*"#�j&'�� 
��!-�	�, g"'j%��#� *�� h�( '���)�#��"i *'��&*#&�"i )"*"#�j&'�m���i *&'")(�+�!"m��% � 	� % 
*'�(%!�"(!� �$&�!% mx�����l �t� (!�o#. 1) % �"��"j% (&'&�"����, *��)�(#&�"j% "�!"�"u 
)�(#"!"u ('� 5,0), m� ���(%!�"(!� % '&�)��e��e (%j�x� )�(�u, �#l h"$" '&�)��e�% (%j�x *&'&� 
(��!&m"j '&!&#��" "h��%��#� ��� )�(�u o�'o"!%����lj �'$"�%. ���!&m *'"�"��#� m� !&j*&'�!%'� 
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333 � o&m *&'&j�x%����l *'"!l$"j 4 $"�. �����u����l m��e(�u��#"(� m� '�+%�") !&'j"'"m)#��% 
*&'")(���"$" g'�$j&�!% �� % ()#��� ��!-��. 

 
F�G��H
 1 

�8;8->C;@E>@-8 E@B>CQ< G E-F8H +;@�C+FCB@T -5+5FGKC;GN �G>-D�D  
Q8 -5BJCB>;8JGP ];8LKCB>GN D� 9,0�103 -K5FS/K3 G 333 ' 

�"h�!)"�� )"��&�!'���l 
'&�$&�!�� % '&�)��e��e (%j�x�, 

)j"#�/j3 

�)#��  
��!-�	�, 
 j�(. %, �"*"#�-j&'� 

��!:	�, 
j"#�� 

��!�102 	� �t��102 

�%j� 
)"��-e, 

)j"#�/j3 

	�+�� 
��!-�	�, 

j�(. % 

m�	�*':m
��! + 
100, 
 % 

m�	�*':m
	� + 
100, 
 % ��! �	� 

��!-�	�-1 1:15 6,2 0,930 1,3 1,00 31,5 255,0 24,8 28,3 71,7 

��!-�	�-2 1:10 9,3 0,930 1,3 1,03 39,2 160,0 23,5 38,5 61,5 

��!-�	�-3 1:7,5 12,4 0,930 1,3 1,06 42,2 157,8 31,0 38,6 61,4 

��!-�	�-4 1:7,5 6,2 0,465 0,67 0,54 53,0 226,0 44,0 30,0 70,0 

��!-�	�-5 1:5 9,3 0,465 0,67 0,57 50,6 122,8 36,0 45 55 

��!-�	�-6 1:3,5 12,4 0,465 0,67 0,60 58,1 106,9 41,8 48,3 51,7 

 
�" m�)��h&��� *'"�&(% *'��&*#&�"i )"*"#�j&'�m���i (g"'j"���� $��'"$&#� "h��%��#� ��� 	�, 

$"j"*"#�j&'% *"#�����#*�'"#��"�% (�	�) !� *'"�%)!�� '"m)#��% g'�$j&�!% �� &)(!'�$%����lj 
��(!�#�"���"u �"�"u *'"!l$"j 48 $"�. �#l "�&'k���l (%+�+ m'�m)�� )"*"#�j&'�� ��!-�	� "h��&�� 
$��'"$&#� ��(%x%��#� m� )�j��!�"i !&j*&'�!%'� �" *"(!�e�"i ��$�. 

 
�C>5H@ H5EFGHICBS. 	�+��, (!%*��� !� &g&)!����(!� *'��&*#&��l �	� �" ��! ��m��h�#� $'���-

j&!'�h�". �!%*��� *'��&*#&��l Q ��m��h�#� l) ����"x&��l: Q = (m�	�*'/m��!)100 %, �& m�	�*' – 
�j�(! *'��&*#&��"$" �	� % m'�m)% )"*"#�j&'� ��!-�	�, $; m��! – �j�(! ()#��"�"i ��! % m'�m)% 
)"*"#�j&'� ��!-�	�.  

�g&)!����(!� *'��&*#&��l �	� "���u��#� ����"x&��lj )�#�)"(!� *'��&*#&��"$" �	� �" 
*"h�!)"�"i )�#�)"(!� 	� G: G = (m�	�*/ m	�)�100 %, �& m�	�* – �j�(! *'��&*#&��"$" �	� % m'�m)% 
)"*"#�j&'� ��!-�	�, $; m	� – *"h�!)"�� )�#�)�(!� 	�, l)� ���*"����n �"(#��k%���"j% m'�m)% 
)"*"#�j&'� ��!-�	�. 

�)#�� *'��&*#&��+ )"*"#�j&'�� ��!-�	� *��!�&'�k%��#� �¸-(*&)!'"()"*�nu. �¸-(*&)!'� 
m'�m)�� "�&'k%��#� m� �"*"j"$"u (*&)!'"g"!"j&!'� Specord-80� % ���*�m"�� 400–4000 (j-1.  

�'"(!"'"�& �*"'l�)%����l g'�$j&�!�� j�)'"#���u$�� )"*"#�j&'�� ��!-�	� '�m�"$" ()#��% 
!� h�(!�+ ��! !� �	� �"(#��k%��#� j&!"�"j x�'")")%!"�"$" '"m(�u����l '&�!$&���(�)�+ *'"j&-
��� m ��)"'�(!���lj '&�!$&���(�)"$" ��g'�)!"j&!'� ��
�-4-07, '&�!$&�"$'�g�h�% (+&j% l)"$" 
��)"���" m� j&!"�"j �&o�l-�'&�&'� �� *'"+"�k&��l '&�!$&���(�)�+ *'"j&��� h&'&m �"(#����e 
m'�m"). ��)'"$&!&'"$&��% (!'%)!%'% ��+ *"#�j&'�� �"(#��k%��#� j&!"�"j j�#")%!"�"$" '"m(�u���-
�l '&�!$&���(�)�+ *'"j&��� m ��)"'�(!���lj j�#")%!"�"i '&�!$&���(�)"i )�j&'� ���-1. à�#���% 
)"#�j���u *&'����"$" ��*'"j��u����l m��e(�u��#� m� j&!"�"j �'�!)�. �&"j&!'�h�� *�'�j&!'� 
)�j&'� ���*"����#� ��j"$�j o&m)��&h�"i ��("!� )"#�j���e�"i ��#���. �)(*&'�j&�!�#��� *'"g�#� 
��!&�(���"(!� �"'j%��#� �" m��h&��l g�)!"'� *"(#�o#&��l *&'����"$" ��*'"j��u����l �"(#��k%-
����j� m'�m)�j� � �" �&#�h��� i+ '"m(�u��#��"$" "o’nj% m *"��#�x�j ��&(&��lj % �"'j"���� 
*'"g�#� ��!&�(���"(!� )"#�j���e�"i *"*'��)� m� j&!"�"j �j��!� [9, 10]. 	(� '&�!$&���(�)� �"(#��-
k&��l ��)"�%��#� % CuKÙ – ��*'"j��u�����, j"�"+'"j�!�m"���"j% Ni-g�#�!'"j *'� !&j*&'�!%'� 
(295±2)K. �"(#��k%��#� m� j&!"�"j ��!"j�!�h�"$" *")'")"�"$" ()��%����l. 

 
	RL5N5;CBBO. ����x& o%#" *")�m��", �" %!�"'&��l *'��&*#&��+ )"*"#�j&'�� ��!-�	� % 

�"��"j% (&'&�"���� ���o%��n!�(l ���(#��") '���)�#��"i *'��&*#&�"i )"*"#�j&'�m��i 	� � *&'")(�-
+�!"m��%. �����u����l '���)�#���+ '&�)��e m��e(�un!�(l '���)�#�j�, �" ����)�u!� *�� h�( 
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!&'j"'"m)#��% *&'")(���"$" g'�$j&�!% �� % ()#��� *&'")(�+�!"m��% [8]. 
 '&m%#�!�!� !&'j"-
'"m)#��% � g'�$j&�!���i '���)�#�� %!�"'uu!�(l ��m�)"j"#&)%#l'�� *'"�%)!�: !'&!-o%!�#"��e 
(*�'!, ��&!"�, ��")(�� �%$#&�u !� j&!���#�. 	�'!" ���m��h�!�, �" �� '&h"����, l)� *�� h�( (��!&m% 
%!�"'uu!�(l % �&�&#�)�e )�#�)"(!� � '"mh��lu!�(l % �"��"j% '&�)��e�"j% (&'&�"����, *"���(!u 
����#lu!�(l '�m"j m m�#�x)"��j 	� !� $"j"*"#�j&'"j �	� *�� h�( "h��%����l $��'"$&#u 
&)(!'�$%����lj. �"#�j&'�� (�!)� )"*"#�j&'% ��!-�	� %!�"'un!�(l ���(#��") '���)�#���+ '&�)��e 
*&'&������l #���u$� �� $#u)"m�j���� ��)#� *"#�j&'�"i j"#&)%#� ��! !� '&)"jo�����i j�)'"-
'���)�#��, m")'&j� �m m'"(!�uh�j� j�)'"'���)�#�j� �	�. �#l '&$%#u����l ��#��"(!� *"#�j&'�"i 
(�!)� ��)"'�(!"�%��#� �$&�! mx�����l �t�.  


 !�o#. 1 ���&�&�" '&m%#�!�!� �"(#��k&��l m�#&k�"(!� ()#��% )"*"#�j&'�� ��!-�	�, (!%*&�l 
*'��&*#&��l, � !�)"k i+ ��+"�% ��� )"��&�!'���i '&�$&�!�� % '&�)��e��e (%j�x� !� i+ (*��-
����"x&��l. 

� !�o#. 1 ����", �" �j�(! ��! % *'��&*#&�"j% )"*"#�j&'� m'"(!�n (�jo�!�" *"h�!)"�"j% 
(*������"x&��u ��!:	�. ��m"j m !�j, ���j�h&�� !�)� (�j� m�#&k��(!� m'"(!���l ��+"�% *'��&*-
#&�"$" )"*"#�j&'%, �" %!�"'un!�(l *'"!l$"j 4 $"�, ����!� m� j&�x�+ )"��&�!'���e 	� � �$&�!% 
mx�����l �t�. 


!�"'&��l *'��&*#&��+ )"*"#�j&'�� ��! �	� *��!�&'�k%��#� �¸-(*&)!'"()"*�nu. �� '�(. 1 
���&�&�" �¸-(*&)!'� )"*"#�j&'�� ��!-�	� *"'���l�" �¸-(*&)!'�j� ��!, $"j"*"#�j&'% �	� !� 
j"�"j&'� 	�. ª) ����" m '�(. 1, � � J, % (*&)!'� )"*"#�j&'�� ��!-�	� m`l�#lu!�(l �"�� (j%$� 
*"$#�����l *"'���l�" m� (*&)!'"j ��! – 1424, 1296, 1225, 864 (j-1, +�'�)!&'�� �#l (*&)!'� �	� ('�(. 1, 
G) �j%$� *"$#�����l 1424 !� 1296 (j-1 ���*"����u!� )"#�����lj �-N $'%* *'��&*#&�"$" �	�. 


 (*&)!'�+ ��! !� $"j"*"#�j&'% �	� (j%$� *'� 1650 !� 1675 (j-1 ���*"����" ��#&k�!� 
)�'o"��#���j $'%*�j. 	 �¸-(*&)!'�+ )"*"#�j&'�� ��!-�	� (*"(!&'�$�n!�(l mj��&��l (j%$� *"$#�-
���l )�'o"��#��"i $'%*�, ('�(. 1, � � J) �" 1656 (j-1 !� 1669 (j-1. �j��&��l !� mj��� ��!&�(���"(!� 
(j%$ *"$#�����l )�'o"��#���+ $'%* j"k%!� (���h�!� *'" %!�"'&��l �"��+ �"��&��+ m�’lm)�� j�k 
)�'o"��#���j� $'%*�j� % #���u$�+ �	� !� *'"!"�"�"�"'��j� 
�-$'%*�j� g'�$j&�!�� ��!, �" 
*��!�&'�k%n ��l���(!� *'��&*#&��+ #���u$�� �	� % ()#��� )"*"#�j&'%.  


 (*&)!'�+ �	� !� ��!-�	� ('�(. 1, G, �, J) ���(%!�l (j%$� *"$#�����l *'� 850 (j-1, l)� 
���*"����n )"#�����lj =��2 $'%* ����#��"$" j"�"j&'% !� (j%$� *'� 1630 (j-1 � 1426 (j-1, �" 
+�'�)!&'�� �#l )"#����� ����#��"$" g'�$j&�!% ��2=��– � *'�(%!�� % (*&)!'� 	� ('�(. 1, �), �" 
(���h�!� *'" *'�(%!��(!� #���u$�� �	�. 

 

 
\�	. 1. @W-	������ �����
���
� e
�-I�I (�,J) ���
��
�� @W-	�������� e
� (�),  

J������
���� I�I (G) �� �������� �I (�) 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 360

�"*"#�j&'� ��!-�	�, �" %!�"'uu!�(l % ��$#l�� *"#�j&'�"i (�!)� g"'j%u!� *�� h�( 
)"*"#�j&'�m���i $��'"$&#�. 	���#&�� )"*"#�j&'� ��!-�	� % ��$#l�� (%+�+ m'�m)�� % �"���+ (&'&�"-
����+ ��o%+�u!�, *'�h"j% (!%*��� ��o%+���l m�#&k�!� ��� '� �"��"$" (&'&�"����, % l)"j% 
g"'j%n!�(l $��'"$&#�, ��� ��#��"(!� *"#�j&'�"i (�!)� � ��� ()#��% )"*"#�j&'%. 
�&'k��� ��(%x&�� 
m'�m)� ��!-�	� %!�"'uu!� *'"m"'� *#��)�, l)� �(!"!�" ���'�m�lu!�(l ��� ��!. 

�!'%)!%'% (%+�+ m'�m)�� )"*"#�j&'�� ��!-�	� *"'���l�" m ��+����j ��! !� �	� �"(#��k%-
��#� '&�!$&�"(!'%)!%'��j j&!"�"j. ���#�m x�'")")%!"��+ '&�!$&���(�)�+ ��g'�)!"$'�j *")�m��, 
�" (!'%)!%'� *'��&*#&�"$" ��!-�	� �(!"!�" ���'�m�ln!�(l ��� (!'%)!%'� $"j"*"#�j&'�� ��! !� 
�	�, ����!� *'� �&�&#�)"j% �j�(!� ��! (7 %). 

 

 
\�	. 2. h����������
 ����J��
�	��
 ��������J���� e
� (1), I�I (5)  

�� �����
���
� e
�-I�I (50/50) (2), e
�-I�I (25/75) (3), e
�-I�I (7/93) (4) 
 
��), ��l���(!� �� '&�!$&���(�)�e ��g'�)!"$'�j� ��! ('�(. 2, )'��� 1) "��"$" j%#�!�*#&!�"$" 

��g'�)��e�"$" j�)(�j%j% (l)�e *")�m���e (!'�#)"u), )%!"�& '"m!�x%����l (2âm) )"!'"$" 
(!��"��!� 9,5ú, � !�)"k !'�"+ "(�"���+ m� ��!&�(����(!u ��g'�)��e��+ j�)(�j%j�� ��()'&!�"$" 
!�*% *'� 2âm = 17,2ú, 19,8ú !� 21,8ú �� g"�� %l��"$" “�j"'g�"$" $�#"”, �)�m%n �� �j"'g�"-
)'�(!�#�h�% (!'%)!%'% ��!. 
���u����l ����"(�"$" (!%*&�l )'�(!�#�h�"(!� (�)') ��! !� '"m'�+%�") 
&g&)!���"$" '"mj�'% )'�(!�#�!�� ��! (L) *'"�&�&�" m� j&!"��)�j� [11] � (!��"�#l!� �)' = 67 % !�  
L = 5,5 �j. 

�� ���j��% ��� ��!, $"j"*"#�j&' �	� n �j"'g��j. �'" �& (���h�!� ��l���(!� �� e"$" ��g'�)!"-
$'�j� ��"+ ��g'�)��e��+ j�)(�j%j�� ��g%m�e�"$" !�*% *'� 2âm = 10,6ú !� 20,9ú ('�(.2, )'��� 5). 
��&�!�g�)���u �)�m���+ ��g'�)��e��+ j�)(�j%j�� j"k�� *'"�&(!� m� ���#"$�nu m �!�)!�h��j 
*"#�(!�'"#"j [12]. 	��*"����" �" ��"$", ��l���(!� ��eo�#�x"$" m� ��!&�(����(!u j�)(�j%j% *'� 
2âm = 10,6ú, m%j"�#&�� j�kj"#&)%#l'��j� ��!&'g&'&���e��j� &g&)!�j�, �" *"l(�un!�(l o#�k��j 
*"'l�)"j % '"m!�x%����� g'�$j&�!�� "(�"���+ )�'o"#���u$�� � "o’nj� $"j"*"#�j&'% �	�. 
	!"'����e m� ��!&�(����(!u j�)(�j%j *'� 2âm = 20,9ú *"l(�un!�(l ��%!'�x��"j"#&)%#l'��j� 
��!&'g&'&���e��j� &g&)!�j�, m%j"�#&��j� o#�k��j �*"'l�)%����lj g'�$j&�!�� o")"��+ *�'"#�-
�"�"��+ ��)#�� �m�"�k "(�"���+ j�)'"#���u$��. �&'&��l ���(!��� d j�k x�'�j� "(�"���+ 
j�)'"#���u$�� � "o’nj� $"j"*"#�j&'% �	� (!��"��!� m� '���l��lj t'&$$� d = Ù·(2 sin âm)-1 o#�m�)" 
0,83 �j, � j�k *�'"#��"�"��j� ��)#�j� 0,42 �j. 

�&�!$&���(�)� ��g'�)!"$'�j� )"*"#�j&'�� ��!-�	� (���h�!� *'" �(�%����l � "o’nj� )"*"#�-
j&'% ��!-�	� (�m �j�(!"j ��! 50  j�(. %) ('�(. 2, )'��� 2) �&m��h�"i h�(!)� )'�(!�#�h�"i g�m� 
+�!"m��"�"i ()#��"�"i – �)' = 23 %, )'�(!�#�h�� (!'%)!%'� l)"i m��h�" ���'�m�ln!�(l ��� (!'%)!%'� 
h�(!"$" ��!. �'" �& (���h�!�, ��(�j*&'&�, �(�%����l �� ��g'�)!"$'�j�+ )"*"#�j&'% ��!-�	� (��! – 
50 j�(. %) ��"+ ")'&j�+ ��g'�)��e��+ j�)(�j%j�� *'� 2âm = 7,9 ú !� 11,3 ú (*")�m��" (!'�#)�j�) 
m�j�(!� "��"$" j%#�!�*#&!�"$" ��g'�)��e�"$" j�)(�j%j% *'� 2âm = 9,5ú, l)�e j�n j�(�& �� 
��g'�)!"$'�j� h�(!"$" ��! ('�(. 2, )'��� 1). ��m"j m !�j, �� ��g'�)!"$'�j� )"*"#�j&'% ��!-�	� 
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(��! – 50 j�(. %) !�)"k (*"(!&'�$�n!�(l j�#"��!&�(����e ��g'�)��e��e j�)(�j%j ��()'&!�"$" 
!�*% *'� 2âm = 18,0ú � "!"h&��� ��"+ “*&'&$����” �� ��g'�)��e��e )'���e, l)� +�'�)!&'�m%u!� 
(#�o)"��'�k&�� ��g'�)��e�� j�)(�j%j�. �"m��#&��l j%#�!�*#&!�"$" ��g'�)��e�"$" j�)(�j%j% 
��! �� ��� ")'&j�+ ��g'�)��e��+ j�)(�j%j� '�m"j m ��x�j� *"��o��j� mj���j� ��g'�)��e�"i 
)�'!��� ��!, (*"(!&'�$�#� ��!"'� [13] '���x& � %j"��+ �(�%����l ��!&�(����+ ��!&'j"#&)%#l'��+ 
�m�nj"��e % o���'��+ (%j�x�+ ��! m %'&!���j�(��j *"#�j&'"j. �& ��n mj"$% *'�*%(!�!�, �" 
��l�#&�� ���j���"(!� )'�(!�#�h�"i (!'%)!%'� +�!"m��"�"i ()#��"�"i )"*"#�j&'% ��!-�	� (��! –  
50 j�(. %) ��� (!'%)!%'� h�(!"$" ��! m%j"�#&�� �(�%����lj m��h�"i )�#�)"(!� ��%!'�x��"j"#&)%-
#l'��+ �"��&��+ m�’lm)�� m� %h�(!u *'"!"�"�"�"'��+ *"#l'��+ $'%* ��! m *'"!"�"�)�&*!"'��j� 
*"#l'��j� $'%*�j� *'��&*#&��+ #���u$�� �	�, �" n +�'�)!&'��j �#l *"��o��+ )"*"#�j&'�� m 
+�j�h�" )"j*#&j&�!�'��j� )"j*"�&�!�j� [12, 13]. ��(!%*�& mj&�x&��l )�#�)"(!� ��! !� mo�#�-
x&��l �	� % ()#��� )"*"#�j&'�� (*'�ln *'�$��h&��u m��!�"(!� )'�(!�#�m%��!�(�, *'" �" (���h�!� 
��l���(!� �� '&�!$&���(�)�+ ��g'�)!"$'�j�+ )"*"#�j&'�� ��!-�	� (��! – 25 %) ('�(. 2, )'��� 3) !� 
��!-�	� (��! – 7 %) ('�(. 2, )'��� 4) "��"$" ��g'�)��e�"$" j�)(�j%j% ��g%m�e�"$" !�*% (“�j"'g-
�& $�#"”) m )%!"��j *"#"k&��lj e"$" �&'x��� ���*"����" 18,0ú !� 17,8ú. 	��j����(!� o#�k��"$" 
!'��(#l��e�"$" *"'l�)% % *'"(!"'"�"j% '"m!�x%����� g'�$j&�!�� j�)'"#���u$�� ����+ *'��&*-
#&��+ )"*"#�j&'�� ��!-�	� ��� o#�k��"$" �*"'l�)%����l g'�$j&�!�� #���u$�� $"j"-�	� �)�m%n 
�� m��h�% ��!&�(����(!� ��%!'�x��"j"#&)%#l'��+ �"��&��+ m�’lm)��. �& (���h�!� *'" !&, �" *�� h�( 
)"*"#�j&'�m���i (g"'j%���(l *"#�j&' m"�(�j ��x"i *'�'"��, *"'���l�" m $"j"*"#�j&'"j �	� !� 
��!. �" !"$" k ��'!" ���m��h�!�, �" % '�m� m'"(!���l �j�(!% �	� % )"*"#�j&'�+ (*'� *&'&+"�� ��� 
��!-�	� m �j�(!"j ��! 25 % �" ��!-�	� m 7 % ��!) m��k%n!�(l ��!&�(����(!� ��%!'�x-
��"j"#&)%#l'��+ �m�nj"��e, %��(#��") h"$" (&'&��l o'&$$��(�)� ���(!��� d j�k x�'�j� j�)'"-
j"#&)%# � "o’nj� )"*"#�j&'�� j�n !&��&���u �" mo�#�x&��l m 0,49 �j �" 0,50 �j. �& ��n *��(!��� 
���k�!�, �" ��#���(!� %*�)"�)� j�)'"#���u$�� � "o’nj� ��!-�	� �m �j�(!"j ��! 7 % �&�" j&�x�, 
��k % ��!-�	� m 25 % ��!. 

 

 
\�	. 3. I���
�
 
����	����	�
 ����������J� ���	
>����
  

����J��
�	���� ������
� e
� (1), I�I (5) �� �����
���
� e
�-I�I (50/50) (2),  
e
�-I�I (25/75) (3), e
�-I�I (7/93) (4) 

 
���&�&�& ���& *��!�&'�k%n ��(�"�)� *'" j�)'"$&!&'"$&���(!� )"*"#�j&'��. �")'&j�, *"'���u-

uh� *'"g�#� ��!&�(���"(!� j�#")%!"�"$" '"m(�u����l '&�!$&���(�)�+ *'"j&��� $"j"*"#�j&'�j� !� 
)"*"#�j&'�j� ����", �" ��!&�(����(!� '"m(�u����l ��! � $"j"-�	� m��h�" ��kh�, ��k )"*"#�j&'�j� 
��!-�	� ('�(. 3). ���#�m *'"g�#�� ��!&�(���"(!� % )""'����!�+ �%#���� [14]: s3(s)-s3 (�& s = 2 sin â ê-1,  
(s) – ��!&�(����(!� '"m(�u����l *'� ��#����e )"#�j���i *&'����"$" ��*'"j��u����l) *")�m��, �" 
#�x& $"j"*"#�j&' �	� j�n "��"'����e '"m*"��# &#&)!'"��"i $%(!��� *" "o’nj%, !"o!" (!'%)!%'�" 
$"j"$&���e, !"�� l) ��! � �(� )"*"#�j&'� ��!-�	� (!'%)!%'�" j�)'"$&!&'"$&���, !"o!" � i+ "o’nj� 
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(*"(!&'�$�n!�(l )"�!'�(! &#&)!'"��"i $%(!���. ��)'""o#�(!lj� $&!&'"$&��"(!� � "o’nj� ��! n 
)'�(!�#�!� � �j"'g�� j�)'""o#�(!�. 	 �j"'g��+ )"*"#�j&'�+ ��!-�	� �m �j�(!"j ��! 25 % !� 7 %, 
��ex���x& m� �(&, j�)'""o#�(!lj� $&!&'"$&��"(!� n %!�"'&��l ���"�k&�"i g"'j�, l)� (g"'j"���� 
#��)�j� % *'��&*#&��+ �" ��! #���u$�+ �	�, �" “��#�*#�” �� j�)'"j"#&)%#l'�� #���u$� ��! 
���(#��") ��%!'�x��"j"#&)%#l'��+ �m�nj"��e m +�!"m��"��j� g'�$j&�!�j� j�)'"j"#&)%#. 	��(%!-
��(!� ��!&'g&'&���e�"$" j�)(�j%j% �� *'"g�#l+ ��!&�(���"(!� ��! !� )"*"#�j&'�� ��!-�	� �)�m%n 
�� !&, �" '"m*"��# j�)'""o#�(!&e $&!&'"$&��"(!� � "o’nj� *"#�j&'��+ (�(!&j n (!"+�(!�h��j. �� 
j&!"�"j [14] "���&�" �&#�h��% ���*�m"�% $&!&'"$&��"(!� lp , l)�e n (!'%)!%'��j *�'�j&!'"j, 
m�’lm���j m (&'&���j ���j&!'"j j�)'""o#�(!&e $&!&'"$&��"(!� l1 !� l2 (!�o#. 2). 

 
F�G��H
 2 

�8;8->C;@E>@-8 KG-;5]8Q5N5P E>;<-><;@ -5+5FGKC;GN �G>-D�D 

�)#�� )"*"#�j&'%, j�(. % 
�"*"#�j&' 

��! �	� 
�"mj�' j�)'""o#�(!&e 
$&!&'"$&��"(!� lp, �j 

����'���! �"'"�� Q, 
����. "�. 

��! 100 – 10,6 1,0 
��!-�	� 50 50 11,4 1,7 
��!-�	� 25 75 16,9 1,6 
��!-�	� 7 93 36,6 1,1 
�	� 0 100 – 0,9 

 
�#l *'"�&�&��l ��*��)�#�)�(�"i +�'�)!&'�(!�)� '���l $&!&'"$&��"(!� (!'%)!%'� )"*"#�j&'�� 

��)"'�(!"�%��#� m��h&��l ����'���!� �"'"�� Q [15], l)�e n (!'%)!%'��j *�'�j&!'"j, �&#�h��� 
l)"$" �&m�#&k�� ��� g"'j� j�)'""o#�(!&e $&!&'"$&��"(!� � o&m*"(&'&���" m�’lm��� �m mj��"u 
&#&)!'"��"i $%(!��� % *(&��"��"+g�m��e (�(!&j�. 
 !�o#. 2 ���&�&�" m��h&��l Q, l)� *")�m%u!�, �" 
��eo�#�x�e '��&�� $&!&'"$&��"(!� (&'&� )"*"#�j&'�� j�n ��!-�	� m j�)(�j�#���j �j�(!"j ��! – 50 %. 
	���", �" mj&�x&��l )�#�)"(!� ��! � ()#��� ��!-�	� (%*'"�"�k%n!�(l mj&�x&��lj '���l $&!&'"-
$&��"(!� (!'%)!%'� )"*"#�j&'��. �" !"$" k, �m mj&�x&��lj )�#�)"(!� ��! � ()#��� ��!-�	� '"mj�' 
j�)'""o#�(!&e $&!&'"$&��"(!� lp m'"(!�n, � i+ $%(!���, l) j�!&'��#���+ %$'%*%����, mj&�x%n!�(l. �& 
m%j"�#&�" mo�#�x&��lj )�#�)"(!� �	� % ()#��� ��!-�	�. 

	�)"���� �"(#��k&��l (���h�!�, �" *'��&*#&�� )"*"#�j&'� ��!-�	�, l)� j�(!l!� )"j*#&j&�-
!�'�� *"#l'�� $'%*�, )�'����#��" ���'�m�lu!�(l m� (!'%)!%'"u ��� $"j"*"#�j&'�� ��! !� �	�, �" 
(*"(!&'�$�n!�(l ����!� % )"*"#�j&'� �m �j�(!"j �	� 93 % – )"#� h�(!)� �	� n �"j��%uh"u. �& 
���o%��n!�(l %��(#��") g"'j%����l � "o’nj� *'��&*#&��+ )"*"#�j&'�� ��!-�	� ��!'�*"#�j&'��+ 
)"j*#&)(��, *'�h"j%, j�)(�j�#��� ��!&�(����(!� )"j*#&)("%!�"'&��l '&�#�m%n!�(l *'� &)����#&�!-
�"j% (*������"x&��� )"j*"�&�!�� – ��! !� �	�. 


o#�(!� j�)'"$&!&'"$&��"(!� � "o’nj� )"*"#�j&'�� g"'j%u!�(l � '&m%#�!�!� ��!'�*"#�j&'��+ 
�m�nj"��e (g"'j%����l �"��&��+ m�’lm)��). � �"(#��k&�� ����" !�)"k, �" *'� mj&�x&��� �j�(!% ��! % 
)"*"#�j&'� '"mj�'� j�)'""o#�(!&e $&!&'"$&��"(!� m'"(!�u!�, *'"!& i+�l $%(!��� mj&�x%n!�(l, �", 
"h&����", n ��(#��)"j o�#�x “!"�(!"$"” x�'% #���u$�� �	�, l)� “��#�*�u!�” �� j�)'"j"#&)%#� ��!. 

 
�@EB5N-@. 
!k&, m� �"*"j"$"u j&!"��� '&�!$&�"(!'%)!%'�"$" ���#�m% �(!��"�#&�", �" % 

)"*"#�j&'�+ ��!-�	�, "�&'k���+ *'��&*#&�"u '���)�#��"u )"*"#�j&'�m���nu *&'")(�+�!"m��% � 
	� �(�%u!� "o#�(!� j�)'"$&!&'"$&��"(!�, l)� g"'j%u!�(l � '&m%#�!�!� ��!'�*"#�j&'��+ �m�nj"��e 
)"j*#&j&�!�'��+ g'�$j&�!�� *'��&*#&��+ #���u$�� �	� � ��!, � (�j&: � '&m%#�!�!� %!�"'&��l 
�"��&��+ m’lm)�� j�k *'"!"�"�"�"'��j� 
�-$'%*�j� ��! !� �=
 $'%*�j� g'�$j&�!�� �	�. 

��(#��") ��"$" � )"*"#�j&'�+ ��!-�	�, �� ���j��% ��� �j"'g�"$" $"j"*"#�j&'% �	� g"'j%u!�(l 
"o#�(!� $&!&'"$&��"(!�, l)� m��h�" ���'�m�lu!�(l ��� �j"'g�"-)'�(!�#�h�"i (!'%)!%'� h�(!"$" ��!. 
�'� mj&�x&��� �j�(!% +�!"m��"�"i ()#��"�"i % ��!-�	� m��k%n!�(l ��!&�(����(!� ��%!'�x��"-
j"#&)%#l'��+ �m�nj"��e !� ��#���(!� %*�)"�)� j�)'"#���u$�� � "o’nj� ��!-�	�, m'"(!�n '"mj�' 
j�)'""o#�(!&e $&!&'"$&��"(!�, l)� (g"'j"���� ����#*�'"#��"�"��j� #��)�j� % *'��&*#&��+ �" ��! 
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#���u$�+ �	�, �" “��#�*#�” �� j�)'"j"#&)%#l'�� #���u$� ��! ���(#��") j�k#���u$"��+ �m�nj"-
��e, � i+ '"m*"��# � "o’nj� *"#�j&'��+ (�(!&j n (!"+�(!�h��j.  


 �"��"j% (&'&�"���� %��(#��") ��o%+���l )"*"#�j&'�� ��!-�	� %!�"'uu!�(l $��'"$&#�, l)� 
n '�-m�#&k��j� m���l)� �j�(!% +�!"m��"�"i ()#��"�"i, �" j"k& o%!� ��)"'�(!��" �#l o�"j&��h��+ 
�"(#��k&��. 
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