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�8+;5+5B5N8B8 K8>CK8>@?B8 K5HCFS HFO 5+@E< 8HE5;RJGP +5FGKC;GN Q ;5Q?@B< B8 
+5NC;TB* KC>8FG?B5P +F8E>@B-@, -5>;8 H5QN5FO� N@QB8?@>@ -5BE>8B>< 8HE5;RJGMB5P 
;GNB5N8L@, -5BE>8B>@ AN@H-5E>G 8HE5;RJGP >8 HCE5;RJGP, 8 >8-5I K8-E@K8FSB< -GFS-GE>S 
+5FGKC;<, O-8 QH8>B8 8HE5;R<N8>@ES B8 5H@B@JG +F5�G +5NC;TBG KC>8FG?B5P +F8E>@B-@. 

A mathematical model to describe the adsorption of polymer solution on the surface of 
metal plate, which allows to define constant adsorption equilibrium constants of adsorption 
and desorption, as well as the maximum amount of polymer that can adsorbuvatys per unit 
surface area metal plate. 

D5E>8B5N-8 +;5RFCK@. ��("'o��l *"#�j&'�� �� !�&'��e *"�&'+�� j�n �&#�)& m��h&��l % '�m�"-
j���!��+ *'�)!�h�" ��k#���+ *'"�&(�+ % *'"j�(#"�"(!� !� o�"#"$�i. �%(�##l o�$�!�"+ �"(#����)�� % 
'"m��!)% &)(*&'�j&�!�#��"i !&+��)� !� '"m'"o#&��� !&"'&!�h��+ *��+"��� (*'�l#� $#�ox"j% 
'"m%j���u ��"$" l���� [1–5], "���) )��&!�)� *'"�&(�� ��("'o��i *"#�j&'�� ���h&�� *"j�!�" j&�x&, 
��k �m"!&'j� i+ ��("'o��i.  m�’lm)% m ��j "(!����j� '")�j� ��!&�(���" ���h�u!� )��&!�h�� 
"("o#��"(!� ��("'o��i *"#�j&'��. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS. 	�o�' j&!"��� �"(#��k&��l ��("'o��i *"#�j&'�� �� j&k� '"m��#&��l 

g�m !�&'�� *"�&'+�l – '"mh�� �%k& "oj&k&��e [1, 3, 4]. 
���j m ��e*"*%#l'��x�+ j&!"��� n &#�*("j&!'�l, 
m� �"*"j"$"u l)"i j"k�� "��"h�(�" ��m��h�!� )"&g���n�! '&g'�)��i !� !"����% ��("'o��e�"$" x�'% [3]. 
�� �&l)�+ *'�*%�&�� ����"(�" *'"g�#u $%(!���, ��*'�)#��, �#l "��"'���"i *#��)� �&e j&!"� !�)"k 
�"m�"#ln ��m��h�!� )�#�)�(!� *"#�j&'%, ��("'o"���"$" �� *"�&'+��. 	(!��"�#&�", �" &#�*("j&!'�l 
*'���!�� �#l ���h&��l �*#��% l)"(!� '"mh����)� �� )"�g"'j���e�� mj��� ��("'o"����+ j�)'"j"#&)%# 
[6–8]. 
*%o#�)"���� !&"'&!�h�� '"o"!� m ��("'o��i, )"!'� ��#&k�!� �" '"m'�+%�)% !"����� ��("'o��e�"$" 
x�'% � '���"��k�"j% (!���, !� &#�*("j&!'�h�� ���� m i+ *&'&��')� [4, 9, 10]. 
���) j�#" *%o#�)���e 
*'�(�lh&�" m�(!��#&��u ����+ m )��&!�)� ��("'o��i, "!'�j���+ j&!"�"j &#�*("j&!'�i,  m !&"'&!�h��j� 
j"�&#lj�, l)� "*�(%u!� )��&!�)% ��("'o��i *"#�j&'�� �� *#"()�e *"�&'+��. 

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

 
�C>8 ;5R5>@. ��!&j�!�h�& j"�&#u����l ��("'o��i *"#�j&'�� �� j&!�#�h��e *#�(!����. 
	�)"'�(!"�%��#�(� �&(l!� m'�m)�� *"#�(!�'"#% m �%m�)�j j"#&)%#l'�"-j�("��j '"m*"��#"j 

��� Pressure Chemical Co. !� Tosho Co. �+�� +�'�)!&'�(!�)� m� ����j� ��'"o��)� ���&�&�� � !�o#. 1. 
�&'&$����e ��)#"$&)(�� *'"*%()�#� h&'&m )"#"�)% m (�#�)�$&#&j �#l ����#&��l �'"j�!�h��+ 

�"j�x"), )�*’l!�#� m #%k��j j&!�#"j, *�(#l h"$" g'�)��"�%��#� *&'&$"�)"u o&m*"(&'&���" *&'&� 
�k�����lj. 	�)"'�(!��" (*&)!'�#��" h�(!� !&!'�+#"' )�'o"� !� !"#%"#, *&'&$���� *&'&� �"(#��"j. 
	(� '"mh��� *"#�(!�'"#% *'"*%()�#� h&'&m g�#�!' Millipore FH *&'&� ��("'o��e��j� mj���j�. 

	 l)"(!� (%o(!'�!% ��)"'�(!"�%��#� +'"j"�� *#�(!��)�, "!'�j��� j&!"�"j $�#����"(!&$�i !� 
"h��&�� !"#%"#"j � �*�'�!� �")(#&!�, !� m����!�k&��lj � !&*#�e 18 %-e '"mh�� $��'")(��% ��!'�u 
�� 1 $"�. ��(#l ��"$" *#�(!��)� *'"j���#� ��(!�#�"���"u �"�"u, (%x�#� !� o�$�!")'�!�" *'"-
�"��#� )'�m� *"#%j’l (*�'!"�"i $"'�#)�. 
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F�G��H
 1  
�8;8->C;@E>@-@ Q;8Q-GN +5FGE>@;5F< 

�'�m") MW � 10-3 MW/Mn 
P-3 120 1.06 
P-4 200 1.06 
P-5 498 1.06 
P-6 670 1.15 

FF-32 775 1.04 
FF-33 2420 1.07 
FF-34 4590 1.08 
FF-35 7620 1.05 
FF-36 9700 1.06 
FF-37 13400 1.05 

 
	�)"'�(!"�%���(l $"'�m"�!�#���e &#�*("j&!' Shimadu [8]. �'"j"�% *#�(!��)% m��%'u��#� � 

!'�*&��n*"��o�% )"j�')% m '"mh����)"j. �*"h�!)% ��m��h�#� ����"(�% '�m���u g�m � !� ����"-
x&��l �j*#�!%� tgQ �#l +'"j"�"i *#�(!��)� � '"mh����)% *'� � = 546 �j. �� �"*"j"$"u x*'���  
����#l#� '"mh����) � ��"��#� � )"j�')% '"mh�� *"#�(!�'"#% % ���*"����"j% '"mh����)%. 	�j�-
'u��#� mj��� � h�(� l) �, !�) � Q. ��m��h�e ��j�'u����l !'���#� *"��� 3 �"o�. �&j*&'�!%'� o%#� 
35, 40 !� (45 " 0.1)�� � ��)#"$&)(��� !� (35 " 0.1)�� � !&!'�+#"' )�'o"�� !� !"#%"#�. 

�� &)(*&'�j&�!�#���j� ����j� � !� Q '"m'�+"�%��#� ���&)( '&g'�)��i nf ��("'o��e�"$" x�'% 
!� !"����% tp "��"'���"$" x�'% (*&'*&���)%#l'�" �" *"�&'+��), ��)"'�(!"�%uh� )"j*’u!&'�% 
(�(!&j% FACOM 760/60 !� j"��g�)"���% �&'(�u *'"$'�j� ��) �'�)&�� [11]. ��(% ��("'o"���"$" 
�� *"�&'+�� *"#�j&'% Q ($/(j2), '"m'�+"�%��#� m� '���l��lj 

 
A = tp(nf – n0)/(dn/dc) = tpcf.       (1) 

�%! n0 – ���&)( '&g'�)��i '"mh����)� *'� � = 546 �j, dn/dc – ��)'&j&�! ���&)(% '&g'�)��i *"#�j&'% 
� '"mh����)% � cf – (&'&���e �j�(! *"#�j&'% � ��("'o��e�"j% x�'�. �'� ��"j% ��)"'�(!"�%��#�(� !� 
(�j� m��h&��l n0 !� dn/dc �#l ���*"�����+ '"mh����)��, �" � *%o#�)���l+ [8, 12, 13]. �"+�o)� 
��j�'u����l &)(*&'�j&�!�#���+ �&#�h�� �& *&'&���%��#� 5 %. ���k&��lj )"��&�!'���i *"#�j&'% 
� '"mh��� *�� h�( ��("'o��i, l) *")�m%u!� "���)�, j"k�� m�&+!%��!�. 

��!&j�!�h�& j"�&#u����l ��("'o��i *"#�j&'% �� !�&'��e *"�&'+�� ��)"'�(!"�%n!�(l *&'&��k�" 
�#l )�#�)�(�"$" "*�(% �m�nj"��i ��(")"j"#&)%#l'��+ (*"#%) m *"�&'+�&u h�(!"h") � (%(*&�m�l+ [14 – 17]. 
��!&j�!�h�"j% j"�&#u����u )��&!�)� ��("'o��i *"#�j&'�� �� *"�&'+�� j&!�#�h��+ *#�(!��") 
*'���#ln!�(l � #�!&'�!%'� ��o�$�!" j&�x& %��$�. 	 [18], ��*'�)#��, m�*'"*"�"���" )��&!�h�& '���l��l �#l 
"*�(% ��("'o��i *"#�����#��&!�!% �� *"�&'+�� j&!�#�h�"i *#�(!��)�. 	"�" "*�(%n mj��% � h�(� h�(!)� 
*#"�� *"�&'+�� *#�(!��)� �, *")'�!"i *"#�j&'"j. �'� ��"j%, "���), ����)�n *'"o#&j� ��j�'u����l ��ni 
�&#�h���. �#l *&'x"$" ��o#�k&��l m�*'"*"�"���" ��)"'�(!"�%��!� ����"x&��l )�#�)"(!� ��("'o"���"$" 
*"#�j&'% � )"k&� j"j&�! h�(% �" e"$" '���"��k�"$" m��h&��l [18]. 
���), � "(!����"j% ��*��)% �� 
*"�&'+�� *#�(!��)� j"k%!� m�#�x�!�(l ��#���j� �&�!'� ��("'o��i. �"j% �#l !"h��x"i "���)� � *"!'�o�" 
m��e!� j�(% *"#�j&'%, l)� j"k& m��+"��!�(� �� *"�&'+�� *#�(!��)�, )"#� �(� �&�!'� ��("'o��i �� ��e 
m�e�l!� *"#�j&'"j, Qm. 	 ��"j% ��*��)% � = Q/Qm. 

�"m$#l�&j" ��("'o��u j"�"��(*&'(�"$" *"#�j&'% m '"mh��% �� *"�&'+�� j&!�#&�"i 
*#�(!��)�. ����j�)� mj��� )�#�)"(!� j�)'"j"#&)%#, ��("'o"����+ �� "������ *#"�� *"�&'+��, \� 
��m��h�n!�(l '�m���&u j�k x���)�(!u ��("'o��i (va) !� x���)�(!u �&("'o��i *"#�j&'% (vd). �$���" m 
(%h�(��j� *"$#l��j�, ��("'o��l *"#�j&'% '"m$#l��n!�(l l) o�$�!"(!���e��e *'"�&( [3, 4], �" 
�)#uh�n !'��(*"'! j�)'"j"#&)%# m "o'nj% '"mh��% �" $'���h�"$" x�'% o�#l *"�&'+�� ��("'o&�!%, 
j�("*&'&��h% � $'���h�"j% x�'� � *'�n�����l �" *"�&'+��, � !�)"k mj��� )"�g"'j���i ��("'-
o"����+ j�)'"j"#&)%#. ����)�(!� j�("*&'&��h� � $'���h�"j% x�'� !&k j"k& ��m��h�!�(l  )"�g"'-
j���e��j� mj���j� *"#�j&'��+ #���u$��. �� *&���e ��#l��� )��&!�h�"i )'��"i m�$�#��% x���)�(!� 
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*'"�&(% j"k& #�j�!%��!� !� h� ��x� (!���l (���. ��kh&). ª)�" ����j�)% *'"�&(% �� ��e ��#l��� 
)��&!�h�"i )'��"i ��m��h�n j�("*&'&��h�, !" x���)�(!� ��("'o��i *"����� o%!� *'"*"'���"u h�(!�� 
��#���+ �&�!'�� ��("'o��i �� *"�&'+�� *#�(!�)� (1 – �), � !�)"k h�(#� j�)'"j"#&)%# � "������ 
"o'nj% '"mh��% *"#�j&'% \, !"o!" va = R1(1 – �)\ (R1 – )"�(!��!� x���)"(!� ��("'o��i). 

�&l)� �"(#����)� '"m$#l��u!� ��("'o��u *"#�j&'�� l) )��m��&"o"'"!��e *'"�&(, !"j% �" *'� 
'"mo��#&��� '"mh��% ��(")"j"#&)%#l'�"$" *"#�j&'% �o" m�j��� e"$" '"mh����)"j �&("'o��l � 
�&l)�+ ��*��)�+ �& (*"(!&'�$�n!�(l. 
���) ��&�&��l �"�"$" ��("'o�!%, m�j��� '"mh����)� �o" mj��� 
$��'"����j�h�"$" '&k�j% j"k& (*'�h���!� h�(!)"�% �&("'o��u *"#�j&'% [3], �" j"k& (%*'"-
�"�k%��!�(l e"$" m�j��&��lj ��("'o"�%����j� #���u$�j� �o" j"#&)%#�j� '"mh����)�. ����-
)�(!� �&("'o��i *"����� o%!� *'"*"'��e�"u �" )�#�)"(!� j�)'"j"#&)%#, ��("'o"����+ �� "������ 
*#"�� *"�&'+��, \�. ����e��(!� ��*��#"$�'�gj�h�"j�+ ���j"'g"m )��&!�h��+ )'���+ �&("'o��i 
*"#�(!�'"#%, ��("'o"���"$" �� *"�&'+�� ")�(#&�"$" (�#���u [19], j"k& (#%$%��!� *��!�&'�k&��lj 
��ni $�*"!&m�.  !�)"j% ��*��)% vd = R2\�, �& R2 – )"�(!��!� x���)"(!� �&("'o��i. 

�� *��(!��� ���&�&�"$" ���& x���)�(!� mj��� )�#�)"(!� j�)'"j"#&)%#, ��("'o"����+ �� 
"������ *#"�� *"�&'+��, j"k�� "*�(�!� ��'�m"j 

aa PKPKdtdP 21 )1(/ ��� � .      (2) 

��#&k��(!� j�k j�("u *"#�j&'%, ��("'o"���"u �� "������ *#"�� *"�&'+�� *#�(!��)�, � 
)�#�)�(!u ��("'o"����+ j�)'"j"#&)%# j"k& o%!� "*�(��� ��'�m"j Q = P�B/NQ, a )"��&�!'���u 
*"#�j&'% � '"mh��� j"k�� *"��!� % ��$#l�� 	 = PM/NA (�& B – j"#l'�� j�(� *"#�j&'% � NA – h�(#" 
��"$��'"). 

���k&��l )"��&�!'���i *"#�j&'% � '"mh��� m� '�+%�") ��("'o��i �� *"�&'+�� j&!�#&�"i 
*#�(!��)� �&m��h�&. �"j% 	 = 	0, �& c0 – *"h�!)"�� )"��&�!'���l *"#�j&'% � '"mh���.  !�)"j% '�m� m 
(2) ��*#���n '���l��l 

AKCAAKdtdA m 201 )/1(/ ��� .      (3) 

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

)/( mAb ANMs � .       (4) 

�"�� &g&)!����e ���j&!' o#")"���"$" j�)'"j"#&)%#"u j�e���h�)� 
2/1)/(2 �bsd �       (5) 

 '���"��k�"j% (!���, �" ���*"����n ��#l�)�j *#�!" )��&!�h��+ )'���+ ('�(. 1), x���)�(!� 
*'"�&(% �"'���un �%#u: dA/dt = 0.  ��"j% ��*��)% '���l��l (3) j"k�� *"��!� % ��$#l�� #���e�"i 
m�#&k�"(!� 

)/1)(/(/1/1 012 cKKAA mp ��      (6) 

�%! Q� – j�(� *"#�j&'%, ��("'o"���"$" �� "������ *#"�� *"�&'+��, �� ��#l��� *#�!" )��&!�h�"i )'��"i. 
 

 
 

\�	. 1. R������ ���� ��	��GH� ���	������ �� ������� ���	���H  
� ������� � H����J��	�� ��� 35°C. Mw � 10-3 = 2420 (1), 670 (2), 7620 (3) � 13400 (4).  

b�	������������ ��� ������ �������, ���� ���������� �� ���
��
� (11) 

� � 107, L/EK2 

t, TN 
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��#�)�(!� �&�!'�� ��("'o��i �� *"�&'+�� *#�!��)�, o#")"����+ j�)'"j"#&)%#"u ��("'o"-
���"$" *"#�j&'%, j�n m�#&k�!� ��� ii '"mj�'% �, "!k&, ��� (!%*&�l *"#�j&'�m���i� ×.  *&'x"j% 
��o#�k&��� j"k�� *'�e�l!�, �" ���j&!' d j"k& o%!� ��'�k&��e h&'&m × m�#&k��(!u 

vamd lnlnln �� ,       (7) 
�& m � � – )"�(!��!�. 

�'� ��"j% m '���l�� (4), (5) "!'�j%nj" d = 2[M/(ÚNAAm)]1/2. 
�)(*&'�j&�!�#��� ���� m ��("'o��i *"#�(!�'"#% m '"mh��% � ��)#"$&)(��� � !&!'�+#"')�'o"�� 

�� +'"j"��e *#�(!���� #l$�u!� �� *'lj� � )""'����!�+ '���l��l (6). �'� ��"j% )"&g���n�! 
)"'&#l��i R *&'&���%n )'�!�h�& m��h&��l Rc �#l '���l m��h�j"(!� 0.05 (!�o#. 2). ���h&��l Qm, R2/R1 
(� )"�(!��!� ��("'o��e�"i '���"��$� R = R1/R2, ���&�&�� � !�o#. 2, "!'�j��� m ���(�)���l �� "(� 
"'����! � !��$&�(�� )%!� ��+�#% *'lj�+. ���� !�o#. 2 *")�m%u!�, �" ����"x&��l )"�(!��! x���)"(-
!� R2/R1 m��k%u!�(l, � m��h&��l R � j"#&)%#l'��+ j�e���h�)�� % ��(�h&�"j% ��("'o��e�"j% x�'� 
sb m'"(!�u!� m� mo�#�x&��lj j"#&)%#l'�"i j�(� *"#�j&'%. � ��x"$" o")%, m��h&��l R2/R1 ���&, � 
�&#�h��� Qm � � ��kh� � +"'"x"j% '"mh����)% ��l4, ��k % !&!�-'"mh����)% (��)#"$&)(��� *'� 35 
°�). ���h&��l sb � +"'"x"j% '"mh����)% o�#�x&, � �&#�h��� j&�x&, ��k % !&!�-'"mh����)%, 
���*"����", ���(#��") (!&'�h�"i �m�nj"��i j�k *&!#lj� � +�"(!�j� ��("'o"����+ j�)'"j"#&)%#. 

 
F�G��H
 2  

�B8?CBBO +8;8KC>;GN +GH ?8E 8HE5;RJGP +5FGE>@;5F< B8 T;5K5NGM +F8E>@BJG Q ;5Q?@BGN N 
J@-F5LC-E8BG >8 >C>;8TF5;-8;R5BG < ;GNB5N8IB5K< E>8BG 

 

�"mh����)� Mw � 10-4 R Rc K2/K1 (j-1 R � 102, (j Q� � 107, $/(j2 sb � 1012, (j2 s	�1012, (j2 

��)#"$&)(�� 67 0.978 0.666 176 ± 33 0.57 ± 0.11 4.7 ±0.5 2.4 ± 0.3 2.20 ± 0.03 
 242 0.998 0.811 82 ± 6 1.22 ± 0.09 4.67 ±0.13 8.60 ± 0.24 8.91 ± 0.12 
 762 0.994 0.811 33 ± 3 3.0 ± 0.3 4.8 ± 0.5 26.2 ±0.3 26.3 ± 0.6 
 1340 0.999 0.811 31 ± 1 3.22 ± 0.10 4.74 + 0.11 47.0 ± 1.1 47.8 ± 1.3 

�&!'�+#"')�'o"� 77.5 0.974 0.950 408 ± 290 0.24 ± 0.12 1.2 ± 0.3 11 ± 3  
 242 0.980 0.878 247 ± 89 0.40 ± 0.14 1.1 ± 0.5 36 ± 15 37.7±1.4 
 762 0.957 0.878 150 ± 80 0.7 ± 0.3 0.9 ± 0.3 134 ± 50 125 ± 3 

 
�"mj�' j�e���h�)�, m�e�l!"$" j�)'"j"#&)%#"u �� *"�&'+�� j&!�#&�"i *#�(!��)�, j"k& o%!� 

�(!��"�#&��e !�)"k ���)x&. ��)'"j"#&)%#� m�ej�n "o’nj vc � ��(�h&�"j% ��("'o��e�"j% x�'�. 
�"$" �&#�h��% j"k�� m��e!� m g"'j%#� vc = B/(cfmNA). ����(� *#"�� *"�&'+��, �" ���*"����n 
j�)'"j"#&)%#� � ��(�h&�"j% ��("'o��e�j% x�'�, sc = vc/tpm. �%! �&#�h��� cfm � tpm ���*"����u!� 
j�)(�j�#���j m��h&��lj cf � tp �#l (!��%, o#�m�)"$" �" ��("'o��e�" ��(�h&�"$". � !�o#. 2 ����", �" 
m��h&��l sb %m$"�k%u!�(l m �&#�h���j� sc. 

���h&��l Qm *'�)!�h�" �&m�#&k�� ��� j"#&)%#l'�"i j�(� *"#�j&'% � !&!�-'"mh����)% � (#�o)" 
mj��uu!�(l � +"'"x"j% '"mh����)% (!�o#. 2). ��o%!�, �& *"�'lm��" m !�j, �" �"�$� *"#�j&'�� 
#���u$� � ��(�h&�"j% ��("'o��e�"j% x�'� (l$�u!� ��#� ��� *"*"�&'+��, ��k )"'"!)� #���u$�. 

���), m ��x"$" o")%, h�j o�#�x� !"����� ��(�h&�"$" ��("'o��e�"$" x�'%, !�j j&�x"u (!�n �j�(! 
*"#�j&'% � ��"j%. ��e(�", $'���h�� !"����� ��("'o��e�"$" x�'% � !&!�-'"mh����)% *'"*"'��e�� 
)���'�!�"j% )"'&�u m j"#&)%#l'�"i j�(� *"#�(!�'"#% [8]. ��m"j m !�j $'���h��e (&'&���e �j�(! 
*"#�(!�'"#% (m j"#&)%#l'�"u j�("u ���& 5 � 105) � ��("'o��e�"j% x�'� #���e�" m��k%n!�(l m� 
mo�#�x&��lj j"#&)%#l'�"i j�(� m ��+�#"j -0.5 � #"$�'�gj�h��+ )""'����!�+ [8]. 
!k&, mo�#�x&��l 
!"����� ��("'o��e�"$" x�'% m m'"(!���lj j"#&)%#l'�"i j�(� *"#�j&'% )"j*&�(%n!�(l m��k&��lj 
�j�(!% *"#�j&'% � ��("'o��e�"j% x�'�. 

�)(*&'�j&�!�#��� ���� m ��("'o��i *"#�(!�'"#% �� +'"j"��e *#�(!���� m '"mh���� % ��)#"-
$&)(���, !"#%"#� �o" !&!'�+#"')�'o"�� '"m!�x"�%u!�(l �� *'lj�+ % )""'����!�+ '���l��l (7) 
()"&g���n�!� )"'&#l��i R ���&�&�" � !�o#. 3). � i+ ��+�#% �(!��"�#&�", �" m��h&��l � ã 1/2 (!�o#. 3). 
	�'!" ���m��h�!�, �" m�#&k��(!� j�k $'���h�"u !"����"u ��("'o��e�"$" x�'% � j"#&)%#l'�"u 
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j�("u *"#�(!�'"#% *'&�(!��#ln ��'�m, ���#"$�h��e '���l��u (7) �#l ���j&!'� d, *'�h"j% !��$&�( 
)%!� ��+�#% (!��"��!� o#�m�)" 1/2 � !&!�-'"mh����)% � o#�m�)" 0.4 � +"'"x�+ '"mh����)�+ [8, 9]. 

 
F�G��H
 3 

 �B8?CBBO -5BE>8B> ;GNBOBBO (7) HFO +5FGE>@;5F<,  
8HE5;R5N8BB5L5 B8 +5NC;TBG T;5K< Q ;5Q?@BGN N J@-F5LC-E8BG, >C>;8TF5;-8;R5BG >8 >5F<5FG 

�"mh����) F, °� R Rc � m � 108, (j 

��)#"$&)(�� 35 0.992 0.666 0.44 ± 0.05 4.0 ± 1.0 
 40 0.997 0.811 0.50 ± 0.06 2.3 + 1.3
 45 0.985 0.811 0.50 + 0.03 2.5 + 1.4 
�&!'�+#"')�'o"� 35 0.999 0.707 0.50 ± 0.02 4.5 + 0.9 
�"#%"# 35 0.999 0.950 0.49 ± 0.04 7 ± 3 

 
����x& m$��%��#"(l, �" )"�(!��!� ��("'o��e�"i '���"��$� !�)"k m�#&k�!� ��� j"#&)%#l'�"i 

j�(� *"#�(!�'"#%. �'� ��"j% mj��� )"�(!��!� x���)"(!� ��("'o��i j"k& o%!� "o%j"�#&��, ��*'�)-
#��, mj��"u )"&g���n�!� ��g%m�i � (�o") x���)"(!� '&)"�g"'j���� j�)'"j"#&)%# m� m'"(!���lj '"m-
j�'% j�)'"j"#&)%#l'�"$" )#%o)�. � ��x"$" o")%, (!���l ���'��% *"#�j&'�"$" #���u$� ��� *"�&'+�� 
#�j�!%n x���)�(!� �&("'o��i [19]. ����)�(!� ���'��% *"����� m�#&k�!� ��� )�#�)"(!� (&$j&�!�� 
��("'o"����"i j�)'"j"#&)%#�, )"!'� o&m*"(&'&���" )"�!�)!%u!� m *"�&'+�&u.  (�"u h&'$%, "(!��-
�l �&#�h��� *"����� o%!� g%�)��nu (!%*&�l *"#�j&'�m����. 

 *&'x"j% ��o#�k&��� j"k�� *'�*%(!�!�, �" m�#&k��(!� R ��� (!%*&�l *"#�j&'�m���i n #���e�"u: 
vlbK lnlnln ��       (8) 

�)(*&'�j&�!�#��� ���� m ��("'o��i *"#�(!�'"#% �� +'"j"��e *#�(!���� K(v) #l$�u!� �� *'lj� � 
#"$�'�gj�h��+ )""'����!�+. �")"&g���&�! )"'&#l��i (!��"�#l!� 0.989 � 0.999, � m��h&��l l '����  
0.5 ± 0.2 !� 0.44 ± 0.2 �#l ��("'o��i m '"mh���� % ��)#"$&)(��� � !&!'�+#"')�'o"��, ���*"����". 

��)��" *'"(!&k�!� m� mj��"u !"����� ��(�h&�"$" ��("'o��e�"$" x�'% *"#�j&'% � )�#�)"(!� 
��("'o"���"$" *"#�j&'% � '���"��k�"j% (!���. �$���" m '�(. 2, *&'x� �&#�h��� m'"(!�n *'"*"'��e�" 
�'%$�e *'� ��m�)�+ ii m��h&��l+. �"��#�x& m'"(!���l �&#�h��� ��("'o��i *"#�j&'% ���o%��n!�(l 
�k& m �&�&#�)"u mj��"u !"����� ��("'o��e�"$" x�'%. 
!k&, � "(!����"j% ��*��)% j�(� ��("'-
o"���"$" *"#�j&'% � '���"��k�"j% (!��� mo�#�x%n!�(l *&'&��k�" m� '�+%�") %��#��&��l ��("'o-
��e�"$" x�'%. 

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

��(. 3 ���"o'�k�n m�#&k��(!� j�k �j�(!"j *"#�(!�'"#% � ��(�h&�"j% ��("'o��e�"i x�'� cf � 
j�("u ��("'o"���"$" *"#�j&'% Q. �l m�#&k��(!� (���h�!� *'" %��#��&��l ��("'o��e�"$" x�'% *'� 
mo�#�x&��� )�#�)"(!� ��("'o"���"$" *"#�j&'%. �'� ��"j% *'�)!�h�" � %(�"j% �"(#��k&�"j% 
���*�m"�� mj��� Q (*"(!&'�$�n!�(l #���e�� m�#&k��(!� j�k �&u � cf. 

ª) ����" m '�(. 1, �� *"h�!)"��+ (!���l+ )��&!�h��+ )'���+ (*"(!&'�$�n!�(l '�m)& mo�#�x&��l 
)�#�)"(!� ��("'o"���"$" *"#�j&'%. 
���) *"!�j *'"�&( *"j�!�" (*"��#��un!�(l. 	 �"(#��k&��� [20] 
!�)"k m�m��h�#"(l, �" *&'x�, x���)� (!���l ��("'o��i *"#�j&'% ���o%��n!�(l *'"!l$"j �%k& 
)"'"!)"$" *'"j�k)% h�(%, *�(#l h"$" ���o%��n!�(l �(!"!�& %*"��#��&��l ��("'o��i. 
h&����", �� 
*&'x�e (!���i x���)�(!� ��("'o��i #�j�!%n!�(l !'��(*"'!"j j�)'"j"#&)%# m "o'nj% '"mh��% �" 
$'���h�"$" x�'% o�#l *"�&'+�� *#�(!��)�. �'"!& �� ��(!%*��e (!���i *'"�&(% ��("'o��l *"#�j&'% 
j"k& ��m��h�!�(l j�("*&'&��h&u � $'���h�"j% x�'� � *'�n�����lj j�)'"j"#&)%# �" *"�&'+��. 

���&!�)� *'"�&(% �� ��e (!���i j"k& o%!� "*�(��� '���l��lj, "!'�j���j ��!&$'%����lj 
'���l��l (3) *'� *"h�!)"��e %j"�� A(t=0)´ A0. 

)./1)((ln/)(ln 001 tFDcKtF ���       (9) 

�%! D = 1/Am + 1/(Kc0), F = |1 – DA| i F = |1 – DA0|. 
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\�	. 2. a���L�	�� �L 	������������������> 
���M���> ��	��GH���J� ����  ��	�> 

���	������, ��	��G�����J� �� ������� ���	���H
 � ������� � H����J��	�� � 	��� ������J� ��� 
35°C.Mw � 10-3 = 13400 (7), 7620 (2), 2420 (3),  

670 (4) � 110 (5) 

\�	. 3. ��	� ������� � ��	��GHH����� ���  
�� ������� ������� ���	����� 
� ����H
 ��	� 
��	��G�����J� ���	������ � 	��� ������J�. 

U���� ��	��GH� �� ������H
 ������, 
� �� ��	. 2 

 
 
 

 
\�	. 4. a���L�	�� �L ��	�> ��	��G�����J� �������  ��	�� 

 �� ��	 ��	��GH� ���	������ �� ������� ���	���H � ������� � H����J��	��  
��� 35 °C � ����������� ���
��
 (9). Bw � 10-3 = 2420 (1), 670 (2), 13400 (3) i 7620 (4) 

 
�$���" m '�(. 4, &)(*&'�j&�!�#��� ���� m )��&!�)� ��("'o��i *"#�(!�'"#% �� +'"j"��e *#�(!��-

�� %)#���u!�(l �� *'lj� #���i � )""'����!�+ '���l��l (9). 	��(�)���l �� "(� "'����! ��u!� 
j"k#���(!� m��e!� �&#�h��� R1, � m��h&��l !��$&�(� )%!� ��+�#% – �&#�h��� Q0 (���. !�o#. 4). �#l 
��m��h&��l �&#�h��� R2 ��)"'�(!�#� '���l��l (10), "!'�j��& ��!&$'%����lj '���l��l (3) m� !�ni 
(�j"i *"h�!)"�"i %j"�� 

� � 107, L/EK2 

Ef � 102, L/EK3 

� � 107, L/EK2 

-(
10

2  /t
) 
� 

ln
F,

 T
N

.-1
 

Ef � 102, L/EK3 

102 /t, TN.-1 
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),/1)((ln/)(ln 02 tHGKtH ��      (10) 

�& E = c0K, G = – (E/Am +1), H = |E – GA| i H0 = |E + GA0|. ���&!�h�� ���� m ��("'o��i *"#�(!�'"#% �� 
+'"j"�"i *#�(!���� %)#���u!�(l �� *'lj� � )""'����!�+ '���l��l (10) ���#"$�h�" ����j, ���&-
�&��j �� '�(. 4. �� ���(�)���lj �� "(� "'����! ���'�m)�� m��e�&�" m��h&��l R2 (!�o#. 4). �"h� '���l�-
�l (9) � (10) �& n �&m�#&k��j�, i+ (*�#��& ��)"'�(!���l �"m�"#�#" m��m�!� *"+�o)� ��m��h&��l 
�������%�#���+ )"�(!��! x���)"(!� ��("'o��i !� �&("'o��i. 

 
F�G��H
 4 

'5BE>8B>@ AN@H-5E>G 8HE5;RJGP  
>8 HCE5;RJGP +5FGE>@;5F< Q ;5Q?@B< N J@-F5LC-E8BG B8 T;5K5NGM +F8E>@BJG 

Mw �  10-4 R1 � 106, (j/+� R2 � 105, +� Q0 � 107, $/(j2 

67 1.8 ± 0.4 31 ± 11 1.47 ± 0.19 
762 4.1 ± 0.8 13 ±3 1.71 ± 0.26 

1340 3.9 ± 0.9 12.2 ± 1.6 1.49 ± 0.18 
 

	�'!" m�%��k�!�, �" )"�(!��!� x���)"(!� ��("'o��i !� �&("'o��i ��kh� �#l *'"�&(% � 
+"'"x"j% '"mh����)% (R1 � 106 = 0.2-0.3 (j / +�, R2 � 105 = 3-7 +�-1 � !&!'�+#"')�'o"��), ��k % !&!�-
'"mh����)% (��)#"$&)(�� *'� 35°) �#l !�+ (�j�+ m��h&�� j"#&)%#l'��+ j�( *"#�(!�'"#%. ª) *&'&�-
o�h�u!� �&l)� !&"'�i [21–23], � +"'"x�+ '"mh����)�+ o�#�x& (&$j&�!�� *"#�j&'� )"�!�)!%u!� m 
*"�&'+�&u. �& j"k& %*"��#��u��!� l) )"�g"'j���e�� mj��� ��("'o"����+ j�)'"j"#&)%#, !�) � i+ 
���'�����l ��� *"�&'+��. ��j j"k�� *"l(��!� m��k&��l �&#�h�� K1 � R2 � +"'"x�+ '"mh����)�+. 


!'�j��� m��h&��l )"�(!��! x���)"(!� ��("'o��i !� �&("'o��i *"#�(!�'"#% ��#� mj"$% '"m-
'�+%��!� )��&!�h�� )'��� m� ���&�&��j ��kh& '���l��lj, �" ���&�&�& *&'&!�"'&��lj '���"(!� (9): 

DtDcKDAA /)]exp(11[ 010 ����       (11) 

��(. 1 �&j"�(!'%n ���*"�����(!� )��&!�h��+ )'���+, '"m'�+"����+ m� '���l��lj (11), &)(*&'�-
j&�!�#���j ����j. 
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