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�@B>CQ5N8B5 B5NG ;C8-JGMB5QH8>BG R;5K5NKGEBG +C;5-E@H@ – +5TGHBG ,->;C>-R<>@F-
+C;5-E@8F-GFQ8KG�CB@T RCBQ@FL8F5LCBGHGN. &5EFGHICB5 PTBG NF8E>@N5E>G >8 +GH>NC;HICB5 
R<H5N<. 

New reactive brominated peroxides – derivatives from ,-tert-butylperoxyalkyl benzyl 
halohenide were synthesised. Their properties were investigated and was structure confirmed.  

D5E>8B5N-8 +;5RFCK@. ��"$"��� ���m��h�e�" �)!%�#���j m������lj n "�&'k���l 
'&�)��e�"m��!��+ j"��g�)�!"'�� *"�&'+��, m")'&j� *&'")(��"�j�(��+. �#l ��&�&��l *&'")(����+ 
$'%* � "'$���h�� (*"#%)�, � !�)"k o&m*"(&'&���" �� *"�&'+�u ��)"'�(!"�%u!� g%�)��"��#��� 
*&'")(���. 
���) �(�%n j�#" g%�)��"��#���+ *&'")(����, l)� j"k�� o%#" o ��)"'�(!"�%��!� l) 
'&�$&�!� �#l *'��&*#&��l *&'")(����+ $'%*. 	��"j", �" o&�m�#$�#"$&���� n &g&)!����j� 
�#)�#uuh�j� �$&�!�j�, l)� x�'")" m�(!"�%u!�(l �#l j"��g�)���i *"#�j&'�� !� m�+�(!% 
g%�)��"��#���+ $'%*. �"j% *&'")(��"�j�(�� o&�m�#$�#"$&���� � i+�� *"+���� j"k%!� o%!� 
*&'(*&)!����j� *&'")(��#)�#uuh�j� �$&�!�j�.  

 
�B8FGQ 5E>8BBGT H5EFGHICBS >8 +<RFG-8JGM. 
 #�!&'�!%'� "*�(��� j&!"�� "�&'k���l  

�-$�#"$&�"�#)�#���+ *&'")(����, m")'&j�, �-+#"'"- !� �-o'"j"j&!�#(&!�#)-!'&!-�#)�#*&'")(���� [1, 
2]. 	"�� �(!%*�u!� % '&�)��i �%)#&"g�#��"$" m�j��&��l m� �!"j"j $�#"$&�%, �" *'"+"�l!� l) �m 
mo&'&k&��lj, !�) � m '"m'��"j 
–
 m�’lm)%. �� )�g&�'� "'$���h�"i +�j�i �
 "�����(�)� *"#�!&+��)�" 
�*&'x& o%#� (��!&m"���� ��!'&!���� �'�#)�#��� *&'")(��� m �- !� --$�#"$&�"�#)�#���j� 
m�j�(��)�j� % o&�m&�"�"j% l�'�, j&!"�� "�&'k���l l)�+ "*�(��� � [3, 4]. ���!&m ��+ (*"#%) 
�#)�#%����lj *&'")(���� � $��'"$&�*&'")(��% o'"j"�j�(��j (*�'!"j % *'�(%!�"(!� )�(#"! 
*&'&o�$�n o&m %()#���&��: 

OH

Br

OOR

BrROOH, H+

- H2O  

	�#��"'���)�#���j o'"j%����lj �#)�#m�j��&��+ *&'")(���� m� �"*"j"$"u N-o'"j"(%)-
����j��% (NBS) o%#� "!'�j��� �-o'"j"�j�(�� ��!'&!���� �'�#)�#��� *&'")(��� [5, 6]: 
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Alk
NBS

Br

OOBu-t

R = Me-, Et-, t- Bu

OOBu-t

 

 [7, 8] "*�(��" (��!&m *&'")(����+ *"+����+ $�#"$&�"j&!�#o&�m"e��+ )�(#"!. ��), m� 

�m�nj"��i 4-$�#"$&�"j&!�#o&�m"i#+#"'��% �m $��'"*&'")(���j� "�&'k��" ���*"����� *&'")(�&(!&'�: 
 

Hal O

Cl

ROOH Hal O

OOR

Hal = Cl, Br; R = t-Bu, CMe2Ph  
 

�� ���#"$�h�"u '&�)��nu �m $��'"$&�*&'")(��"j "�&'k��" ���*"����� �����#*&'")(��� [9]: 
 

Hal O

Cl

H2O2, NaOH
Hal O

O Hal

O

O  
 

�&"o+���" m�m��h�!�, �" '&�)��e�� m��!��(!� $�#"$&�"�#)�#�'�#���+ *&'")(���� *&'&��k�" 
��m��h�n!�(l (!'%)!%'"u $�#"$&�"�j�(�"$" '���)�#% !� *'�'"�"u $�#"$&�%. �o�#�x&��l h�(#� 
�#)�#���+ $'%* o�#l �!"j� )�'o"�%, �" j�(!�!� $�#"$&�, � !�)"k m�j��� +#"'% �� o'"j m��k%u!� 
(!�e)�(!� *&'")(����. ��� h�( �"(#��k&��l �����uuh�+ �#�(!��"(!&e *�'�-$�#"$&�"�j�(��+ 
�'�#)�#���+ *&'")(���� % *'"�&(� *"#�j&'�m���i �(!��"�#&�" [9], �" �"�� n &g&)!����x�j� 
������!"'�j� *"'���l�" m i+ �&m�j��&��j� ���#"$�j�, � �����uuh� �)!����(!� m'"(!�n � *"'l�)% 
mo�#�x&��l &#&)!'"�&$�!���"(!� $�#"$&���. 

 
�C>8 ;5R5>@ – "�&'k�!� �"��e !�* ,-!'&!-o%!�#*&'")(��#)�#m�j��&��+ *"+����+ o&�m�#-

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

 
	RL5N5;CBBO ;CQ<FS>8>GN. 	��"j", �" �'�#)�#��� *&'")(��� m ��!'&!����j� *&'")(�$'%-

*�j� x�'")" m�(!"("�%u!�(l l) &g&)!���� ������!"'� ��#��"'���)�#���+ *'"�&(��: *'��&*#u-
��#��"i )"*"#�j&'�m���i, (!'%)!%'%����l, �%#)���m���i !"�". 
("o#��" x�'")" m�(!"("�%u!�(l 
g%�)��"��#��� �'�#)�#��� *&'")(��� m *&'")(���"u $'%*"u *'� �-�%$#&�&�"j% �!"j�. ����x& 
(��!&m%��#� ��!'&!���� *&'")(��� m �����#&�"u ��� o&�m&�"�"$" l�'� *&'")(�$'%*"u !� j&!�#���j 
m�j�(��)"j % l�'� [10, 11]. ��l���(!� �#)�#��"$" m�j�(��)� % o&�m&�"�"j% l�'� ��+ (*"#%) ��n mj"$% 
(&#&)!���" *'"�"��!� o�$�!" '&�)��e m� �)!��"����j o&�m�#���j m�'lm)"j �-� � "�&'k%��!� �� 
i+��e "(�"�� �"�� !�*� g%�)��"��#���+ *&'")(����. 	����#&��l m�'lm)% 
-
 ��� o&�m&�"�"$" l�'� 
*")'��%n m��!��(!� !�)�+ (*"#%) �����u��!� ��#��"'���)�#��� *'"�&(� � )�(#"j% (&'&�"����, � 
!�)"k *�����%n i+�u (!�e)�(!� �" ��i )�(#"! *"'���l�" m �-�'�#)�#���j� *&'")(���j�. ����x& 
��+���� -- !� .-�'�#)�#��� *&'")(���, �" j�(!l!� l) m�j�(��) % o&�m&�"�"j% l�'� j&!�#��% $'%*%, 
o%#� "�&'k��� m� �m�nj"��i ���*"�����+ !'&!����+ (*�'!�� � !'&!-o%!�#$��'"*&'")(��% (�t��) m 
��)"'�(!���lj l) )�!�#�m�!"'� (%#�g�!�"i !� "'!"g"(g�!�"i )�(#"!. 
���) % ��+ %j"��+ ���(#��") 
*&'&$'%*%����l ��+���"$" (*�'!% %!�"'u��#�(l (%j�x '�m��+ *&'")(����+ *"+����+, �" m%j"�#&�" 
�&�"(!�!��j� %j"��j� (!�o�#�m���i -- !� .-�'�#�j�(�"$" )�'o"��e-e"�%. �#l *")'�����l (!�o�#�m���i 
���*"����"$" !'&!��"$" )�'o"��e-e"�%, �#)�#u����l �t�� �'�#�j�(��j� (*�'!�j� (1�-b) o%#" 
m��e(�&�" % *'�(%!�"(!� l) )�!�#�m�!"'� *&'+#"'�!�"i )�(#"!� ('&�)��l 1): 

Me

OOBu-t

R1
R

OOBu-t

R1
R

t-BuOOH, H+

(1)

R, R1, n  = H, H, 0 (a); Me, Me, 1 (b).
I a,b II a,b

Br- H2O

 

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



 66

�'"�&( *'"�"��#� o&m ��)"'�(!���l '"mh����)�, m� !&j*&'�!%'�, �& ���"i ��k 20 0�, 
�*'"�"�k 11 $"�. �"#��& (*������"x&��l (*�'!% !� )�!�#�m�!"'�, �" %j"k#��#un �"(l$!� 
g�)!�h�" )�#�)�(�"i ��!'�!� $��'"*&'")(��%, n 1 : 1,2. 	�+�� ��#�"��+ *&'")(���� (!��"��� 72–80 %. 
��(#l *&'&$"�)� % ��)%%j� *&'")(��� �"��!)"�" "h���#� +'"j�!"$'�g%����lj �� (�#�)�$&#�.  


�&'k��� -- !� .-�'�#)�#��� *&'")(��� o%#� ��)"'�(!��� l) ��+���� (*"#%)� m j&!"u 
"�&'k���l ���*"�����+ o'"j"�j�(��+ *"+����+. 
 *"*&'&���+ '"o"!�+ o%#" *")�m��", �" m'%h��j 
'&�$&�!"j �#l "�&'k���l �-o'"j"m�j��&��+ *&'")(��"�j�(��+ o&�m�#$�#"$&����� n  
N-o'"j"(%)����j�� (NBS) [5, 6]. �����(!� ��"$" o'"j%uh"$" �$&�!� *"#l$�n % !"j%, �" *�� h�( e"$" 
m�(!"(%����l �& ����#ln!�(l o'"j"�"�&��, l)�e m��!��e ��)#�)�!� $&!&'"#�!�h��e '"m)#�� 
�'�#�#)�#���+ *&'")(����. �"j% -- !� .- o'"j"�j�(�� *&'")(��� ('&�)��l 2) o%#� "�&'k��� m� 66-
���#"$�h�"u j&!"��)"u: 

 

Me

OOBu-t

R1
R

OOBu-t

R1
R

NBS, AIBN

CCl4 , 78oC
(2)

R, R1, n  = H, H, 0 (a); Me, Me, 1 (b).II a,b III a,b

Br

 
 
�'"�&( m��e(�u��#� � '"mh��� !&!'�+#"'"j&!��% m� !&j*&'�!%'� 80 0� !� �����u��#� 2,2�-�m"-

o�(-(2-j&!�#*'"*��"��!'�#"j). �&�)��l *'"+"��!� '&$�"(&#&)!���" m ��+"�"j ��#�"��+ *'"�%)!�� 
83...89 %.  

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

t%�"�� "�&'k���+ o'"j"�j�(��+ *&'")(���� *��!�&'�k&�� '&m%#�!�!�j� &#&j&�!�"$" ���#�m%, 
�¸- !� ���-(*&)!'"()"*�i. �¸-(*&)!'� m��j�#� �� (*&)!'"g"!"j&!'� ” Specord � 80” � !"�)�e *#����. 
�*&)!'� ��� m��j�#� �� (*&)!'"j&!'� “	rucker” m '"o"h"u h�(!"!"u 300 ��� (��%!'�x��e 
(!����'! $&)(�j&!�#��(�#")(��). ¸�(!"!% (��!&m"����+ '&h"��� )"�!'"#u��#� m� �"*"j"$"u ��� 
�� *#�(!��)�+ “Silufol UV 254” !� j&!"�"j $�m"'�����"i +'"j�!"$'�g�i.  


 ª��1�-(*&)!'�+ "�&'k���+ ��+����+ *&'")(���� *'�(%!�� *’l!� $'%* (�$��#��. ��$��#� 
*'"!"��� 1,4-m�j��&�"$" o&�m&�"�"$" l�'� *'"l�#lu!�(l l) )��'!&! � "o#�(!� 7.09–7.27 j.h. (4�). 
�&!�#���e m�j�(��) o&�m&�"�"$" l�'� *'"l�#ln!�(l % ��$#l�� (��$#&!% m +�jm(%�"j 2.80Õj.h. (3�), 
j&!�#&�"�� $'%*� *&'")(��#)�#��"$" m�j�(��)� *'"l�#ln!�(l % ��$#l�� (��$#&!% m +�jm(%�"j  
2.31 j.h. (2�). �'"!"�� $&j-��j&!�#���+ $'%* o�#l !'&!-o%!�#*&'")(�$'%*� % �#)�#��"j% m�j�(��)% 
o&�m&�"�"$" l�'� *'"l�#lu!�(l % ��$#l�� (��$#&!�� m +�jm(%�"j 1.36 j.h. (9�). �'�(%!��(!� 
&#&)!'"�"�)�&*!"'�"i o'"j"j&!�#��"i $'%*� *'�m�"��!� �" mj��&��l (#�o)"*"#��"i ()#��"�"i % 
(�$��#� *'"!"��� o&�m&�"�"$" l�'� �" 7.49 j.h. 
��"h�(�" (��$#&!��e (�$��# *'"!"��� % 
o&�m�#��"j% *"#"k&���, l)�e % ��+����+ *&'")(���+ j�n +�jm(%� 2.3 j.h. (3�), % $�#"$&�"*"+����+ 
mj��%n!�(l � "o#�(!� (#�o)"$" *"#l � j�n +�jm(%� 4.49–5.3 j.h. (2�). �"#"k&��l (��$#&!��+ 
(�$��#�� j&!�#���+ !� j&!�#&�"��+ $'%* *&'")(��#)�#��"$" m�j�(��)� �& mj��un!�(l (+�jm(%� 1.12–
2.3 j.h. ). �'&!-o%!�#*&'")(�$'%*� *'"l�#ln!�(l % ��$#l�� (��$#&!% m +�jm(%�"j 1.17–1.23 j.h. (9�).  

	 �¸-(*&)!'�+ (��!&m"����+ *&'")(���� $'%*� �-
-
-� *'"l�#ln!�(l % ��$#l�� (j%$� 
*"#�����l *'� 850–870 (j-1, �" ���*"����n ��#&�!��j )"#�����lj m�'lm)% (1
-
), !� (j%$� 
*"$#�����l *'� 1100–1200 (j-1 (1�-
). ��'�)!&'�(!�h�� �&g"'j���e�� )"#�����l 1,4-m�j��&�"$" 
o&�m&�"�"$" l�'� *'"l�#lu!�(l � "o#�(!� (2 840 (j-1). �"#�����l *&'")(��#)�#��"$" m�j�(��)� j�n 
(j%$% *"$#�����l (1 870–872 (j-1). 	�#&�!��j )"#�����lj m�'lm)% (1�-Br) ���*"����n ��!&�(���� 
(j%$� *"$#�����l *'� 640 (j-1. 
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�-E+C;@KCB>8FSB8 ?8E>@B8 
B������� 	�����
� �����	��
� 
����-X����-(1,1-�������-2-(4-��������
�)���������	�� (I�) �" (%j�x� 1.5 $ (0,01 j"#�) 

���*"����"$" (*�'!% � 2 $ (0.02 j"#�) 90 %-$" �t�� m� !&j*&'�!%'� 0–2 0� !� ��!&�(���"$" 
*&'&j�x%����l �"����#� )'�*#lj� �*'"�"�k 20 +� 2 j# (0,01 j"#�) 56.3  %-i HClO4. ��$'���#� 
'&�)��e�% j�(% �" !&j*&'�!%'� 14–16 0� !� *&'&j�x%��#� �*'"�"�k 11 $"�. �"����#� 10 j# 
$&)(��%, ���")'&j#u��#� "'$���h��e x�' � *"(#��"��" *'"j���#� �"�"u, 5 %-j '"mh��"j ��!'�e 
$��'")(��%, �"�"u �" �&e!'�#��"i '&�)��i � (%x�#� ��� j�$��e (%#�g�!"j. �"mh����) ���$��l#� % 
��)%%j�, � m�#�x") +'"j�!"$'�g%��#� �� )"#"��� m �)!��. (�#�)�$&#&j, ��+�� 80 %. �'"m"'� �Ölm)� 
'�����, d4

20 0.9623; nD
20 1.4759. ���e�&�",  %: � 75.71; � 10.08; �15�24
2. 
oh�(#&�",  %: � 76.23; � 

10.24; �"#. j�(� 236.36. �¸-(*&)!', (j-1: 840 (× O
O); 945 (ØCOOC); 1148, 1128 (× C
O);  
1376 (ØC(��3)2). 

����-X����-1,1,1 ��������-3-(4-��������
�)G���������	�� (Ib) "�&'k%��#� m� 
���#"$�h�"u j&!"��)"u m ��+"�"j 82 %. nD

20 1.4848, d4
20 0.9250. ���e�&�",  %: � 78,4; � 10,98; 

�18�30
2 
oh�(#&�",  % : � 77.65; � 10.68. �"#. j�(� 278.43. �¸-(*&)!', (j-1: 872 (× O
O),  
945 (ØCOOC), 1210 (× C
O � *&'")(���) 

����-X����-(1,1-�������-2-(4-G������������
�)���������	�� (II�): �%j�x 0.05 j"#� --
*&'")(��% (I�), 0.055 j"#� NBS � 10 j# !&!'�+#"'"j&!��% ��$'���#� �" )�*���l, �"����#� 0.002 $ 
�m"-o�(-�m"o%!�'"��!'�#% � ��!'�j%��#� m� *&'&j�x%����l �*'"�"�k 1,5–2 $"�. 	��g�#�!'"�%��#� 
(%)����j�� � ���$��l#� % ��)%%j� '"mh����). 	�+�� 77 %. nD

20 1.15106, d4
20 1.1837. �"#. j�(� 

315,25. �15�23
2Br. ���e�&�",  %: Br 24.72; 
oh�(#&�",  %: Br 25.34. �¸-(*&)!', (j-1: 855 (1
-
), 
620 (1�-Br). ª�� 1�, 2, j.�.: 1.18 ( (9�, (��3)3C), 1.46 c (6�, (��3)2C), 4.31 c (2H, ��2), 7.28 )� 
(4H, C6H4).  

����-X����-1,1,1��������-3-(4-G������������
�)G���������	�� (IIb) �� ��������> 
	������ �����	��� (II�). 	�+�� 89 %. nD

20 1.5152, d4
20 1.1907. ���e�&�" %: Br 25.7, �18�29
2Br. 


oh�(#&�",  % Br:22.36. �"#. j�(� 357.32. �¸-(*&)!', (j-1: 872 (1O
O), 945 (1COOC), 1210 (1C
O � 
*&'")(���), 18 ( (9�, (��3)3C), 1.46 c (6�, (��3)2C), 4.31 c (2H, ��2), 7.48 )� (4H, C6H4).  

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

�")�m��", �" m���l)� ��(")�e '&�)��e��e m��!�"(!� �!"j� $�#"$&�% �"�� j"k%!� #&$)" �(!%*�!� � 
'&�)��i �%)#&"g�#��"$" m�j��&��l m� mo&'&k&��lj m�’lm)% 
-
. �& j"k& o%!� ��)"'�(!��" �#l 
"�&'k���l '�m��+ *&'")(��"�j�(��+ *"+����+. 
-, N-, S-�#)�#%����l '�m��+ (*"#%) "�&'k���j� 
o&�m�#$�#"$&����j� ��n mj"$% "!'�j%��!� �"�� !'&!���� �'�#)�#��� *&'")(��� m ")(�$&�-, �j��"- !� 
(%#�g%'"j�(��j� g%�)��"��#���j� $'%*�j� � *�'�-*"#"k&��� o&�m&�"�"$" l�'�. 
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� +5;GNBOFSB@T <K5N8T H5EFGHICB5 GBLGR<*?< HG* HCO-@T E+5F<- B8 ;C8-JG* 
-8>8FG>@?B5L5 ;5Q+8H< +C;5J>5N5P -@EF5>@ N +;@E<>B5E>G G5BGN -5R8FS><. 	HC;I8B5 
-GFS-GEBG ;CQ<FS>8>@ Q -GBC>@-@ -8>8FG>@?B5L5 ;5Q+8H< +C;-@EF5>@ N +;@E<>B5E>G  
�-+G-5FGB5N5P -@EF5>@ >8 8-5-E@TGB5FGB< 

Inhibic influence of some combinations on reaction of catalytic disintegration of 
peracetic acids at the presence of ions of cobalt is investigated in comparative conditions. 
Quantitative  results of kinetic catalytic disintegration peracid at the presence of �-picolinic 
acid and 8-oxyhinolin are received. 

D5E>8B5N-8 +;5RFCK@ G PP QN'OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. 
'$���h�� 
*&')�(#"!� m�(!"("�%u!�(l l) (*&��g�h�� ")�(��)� �#l "�&'k���l '�m��+ )#�(�� )�(�&�j�(��+ 
'&h"���. �&�)��i ")�(�&��l *&')�(#"!�j� *&'&o�$�u!� m� ��m�)�+ !&j*&'�!%' (40–80 º�) � m 
��(")"u (&#&)!����(!u. 
 ��+, l) *'���#", �& *"!'�o�" m�(!"("�%��!� )�!�#�m�!"'�, g�)!�h�" 
���(%!�� x)��#��� "'$���h�� ��)��� � �!j"(g&'% � (!�h�� �"��. 

�m "'$���h��+ *&')�(#"! ��e*'�)!�h��x& m��h&��l j�n *&'"�!"�� )�(#"!�. �& *"l(�un!�(l 
!�j, �" *&'"�!"�� )�(#"!� m ��(")"u (&#&)!����(!u %!�"'un!�(l ")�(�&��lj ��&!�#��&$��%, � 
*'"�%)! ii +�j�h�"$" *&'&!�"'&��l – "�!"�� )�(#"!� – x�'")" m�(!"("�%n!�(l % '�m��+ $�#%ml+ 
*'"j�(#"�"(!�. 

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

����)�(!� '"m*��% *&'"�!"�"i )�(#"!� % '��)�e g�m� m�#&k�!� ��� *'�'"�� � )�#�)"(!� �"��� 
j&!�#�� mj���"i ��#&�!�"(!� % '"mh��� (m�#�m�, j�'$���u, )"o�#�!%, j���, +'"j% !"�"). 	�&(&��l i+ � 
'"mh�� % j�)'")�#�)"(!l+ m��e(�un!�(l m ��+����j '&�$&�!�j� ���(#��") )"'"m�i ��'"o��h"$" 
"o#������l. �� '��)"g�m�"$" ")�(�&��l ��&!�#��&$��% �" *&')�(#"!� ("#� j&!�#�� mj���"i ��#&�!�"(!� 
(��eh�(!�x& )"o�#�!% � m�#�m�) ��)"'�(!"�%u!�(l l) )�!�#�m�!"'�. �"��& ����#&��l �m '"mh��% �"��� 
mj���"i ��#&�!�"(!� n g�)!�h�" �&j"k#���j � x���)�(!� '"m)#��% *&'"�!"�"i )�(#"!� *�(#l '�m��+ 
j&!"��� "h��&��l n *"'���l�" ��(")� (2–4 ����.  % m� �"o% m� )�j��!�"i !&j*&'�!%'�). 

�C>8 ;5R5>@ – �"(#���!� ��$�o%uh% ��u ���"j�+ �m *�!&�!��+ '"o�! '&h"��� �� '"m*�� 
*&'"�!"�"i )�(#"!� � *'�(%!�"(!� �"��� )"o�#�!%, l)�e ��eh�(!�x& m�(!"("�%n!�(l l) )�!�#�m�!"' 
")�(�&��l �#�g�!�h��+ �#��&$���� �" *&')�(#"!. 
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