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�. �. ����� , �. �. �!�!"#��
��-+"��)0�12 '!(�+�!�/+2 ��+,! �+'!' �/ �+�1 «
��» 
�). �" 3�#",�/�4, 115, #. 
+!,, 03056, �/ �+��. 
E-mail: tverdaya@ukr.net 
�$)"5!�1  !$�)0'�'1 +��)!6",��+2 ." ". !6!)!�+& ".'+7�)0�"#" ��. �,)!-

�+4 "'%"2/+ �/,�5+��17+ $� 46�7+ ' !3+�",�'1( �/�)0�1( ." "6 �� /� 0! �(. 
�"/�$��", �'" �!7 %")08! .)"3�60 # ��+ "'6!)0�"�'+, '!7 !! �". "'+,)4!7"�'0
��# �$/! %�6!' 7!�08!. ��'��",)!�� $�,+�+7"�'0 �6!)0�"#"  ��("6� ,$ 1,��'1(
,!3!�', "' 6+�7!' � !�'!�',!��"2 "'6!)0�"�'+ + /"9::+-+!�'� ' !3+�",�'"�'+. 
� !6)"5!� ."6("6 6+::! !�-+ ",���"#" ,1%" � ��. �,)!�+4 "'%"2/+ + .� �7!'-
 ", ,$ 1,�1(  �%"' � ��!'"7 ' !3+�",�'"�'+ #" �"#" 7���+,�. 

	$%&��'� ($!��: ,$ 1,, ,$ 1,��'"! ,!3!�',", $� 46, ".'+7�)0�"! ��. �,-
)!�+!, "'%"2/�, ��'�., /� 0! . 

�)�������� �	��) ��������� �)���*�
��
�	������ ���)� �
 �
�*��	 ����
������ �
����	*

�)��)�	� �������������� �
���
��
�. �. �����, �. �. �!�!"+!�
��-�"��)0�+2 '!(����+2 ���,! �+'!' �/ �*�+ «
��» 
,�). �" 3�#�,�0/�, 115, 7. 
+*,, 03056, �/ �*��. 
E-mail: tverdaya@ukr.net 
�+/)�6!�"  !$�)0'�'+ 6"�)�65!�0 $ ,+$���!��4 ".'+7�)0�"#" ��. 47/� ,�6-

%�2/+ �,! 6)",+��+7+ $� 46�7+ ' �3+��,�'+( �/!)0�+( ." �6 �� /� '; �(. �"-
/�$��", 3" �+7 %�)08� .)"3� # ��� "/ !7"�'�, '+7 ** ".� ���'0 ��,��'�5!��&
%�6! 7!�8�. ��'��",)!�" $�)!5���'0 .+'"7"* ,+' �'+ ,+%�(","*  !�",+�+ ,�6
6��7!' � . + "6�"* "/ !7"�'� � /"!:�-�;�'� ' �3+��,�'"�'�. <�. "."�",��" .�6-
(�6 6+:! !�-�2",��"#" ,+%" � ��. 47/� ,�6%�2/+ � .� �7!' �, .�6 +,�+(  "%�' $
� �(�,���47 ' �3+��,�'"�'� #� �0/"#" 7��+,�. 

	$%&!�, ($!��: ,+%�(, ,+%�(",�  !�",+��, $� 46, ".'+7�)0�+2 ��. 47"/, 
,�6%�2/�, ��'�., /� '; . 

�
���������� �����=. ��$ �8!�+& ' !3+�",�'1( 7���+,", �/�)0�1(
." "6 9�! #+!2 ,$ 1,�, "%��)",)+,�&3+( +(  �$)+���& %)"��"�'0, ."�,43!�"
%")08"! /")+�!�'," +��)!6",��+2 + .�%)+/�-+2. � + 9'"7  ���7"' !�1  �$-
)+��1! ,$#)461 "'�"�+'!)0�" :+$+�!�/"2 ��3�"�'+ . "-!��� ,$ 1,� , #" �1(
." "6�(, /"'" 1! %�$+ �&'�4 �� . !6�'�,)!�+4( "% ��!'!  �$)+��1( ,)+4&3+(
:�/'" ", +, '!7 ��717, �,+6!'!)0�',�&' "% "'��'�',++ !6+�"#" 7�!�+4 ." 6��-
�"7� ��. �,)!�+&. 

�!2�',+! ,$ 1,� , ' !3+�",�'1( 7���+,�( #" �1( ." "6 "')+��!'�4 . +�-+-
.+�)0�17+ "�"%!��"�'47+, "/�$1,�&3+7+ ,)+4�+! �� +$7!�!�+! �". "'+,)4!7"-
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�'+  �$ �8!�+&. �"9'"7� . + ,$ 1,�1(  �%"'�( +�'!��+,�"�'0  �$ �8!�+4 ". !-
6!)4!'�4 �! �'")0/" . "��"�'�17+ �,"2�',�7+ ." "6�"#" 7���+,�, �/")0/" �'!.!-
�0& !#" ' !3+�",�'"�'+, :" 7+ �!7"2 !�'!�',!��17+ "'6!)0�"�'47+  �$)+��1(
#!"7!' +�!�/+( :" 7 +  �$7! ",. �" � �,�!�+& �  �$ �8!�+!7 7"�")+'�1( #" -
�1( 7���+,", ��)+�+! ' !3+�",�'"�'+ �7!�08�!' "%>!7 $"�1 6 "%)!�+4 + �,!)+-
�+,�!' .� �7!' 1 $"�1  �$,�)� ,$" ,���"2 #" �"2 7���1 [1]. 

� + . "!/'+ ",��++ .� �7!' ", /" "'/"$�7!6)!��"#" ,$ 1,��+4 (
<�) ��
/� 0! �( ' !3+�",�'"�'0 #" �1( 7���+,",  !/"7!�6�&' "-!�+,�'0 + ��+'1,�'0
� ."7"30&  �$)+��1( ."/�$�'!)!2: �6!)0�"2 ���'"'1 ' !3+�, �6!)0�"2 ' !3+-
�",�'"�'+, ."/�$�'!)!7 ' !3+�",�'"�'+, /"9::+-+!�'"7 ���'"'1 ' !3+�, /"-
9::+-+!�'"7 ' !3+�",�'"�'+. �"�)!6�+2 ."/�$�'!)0 .")��+) ��+%")08!!
. +7!�!�+! , . �/'+/!. �"  !$�)0'�'�7 +��)!6",��+2 ��'��",)!�1 :��/-+"-
��)0�1! $�,+�+7"�'+ +$7!�!�+4 �!/"'" 1( .� �7!' ", + ."/�$�'!)!2 /��!�',�
,$ 1,", "' ,!)+�+�1 /"9::+-+!�'� ' !3+�",�'"�'+ (��) � "%"��",���"2  !�-
)+$�-+!2 +( , . �/'+/!. 

�)!6�!' "'7!'+'0, �'" / "7! ".'+7+$+ ",���1( .� �7!' ", 7���","#" ,$ 1-
,�, , '"7 �+�)! � ��!'"7 ��, 9::!/'+,�17 7!'"6"7 �. �,)!�+4 !#" 9�! #+!2 4,-
)4!'�4 +�.")0$",��+! " +!�'+ ",/+ ��. �,)!�+4 : "�'� "'%"2/+ (��, # �6��) 
$� 46�7+ . + 
<� "'�"�+'!)0�" �$+7�'� . "�'+ ��+4 (��, # �6��) . !"%)�6�&-
3+( �+�'!7 ' !3+� #" �"#" 7���+,�. �$,!�'�1!  !/"7!�6�-++ ." 9'"7� 7!'"6�
�! +7!&' 6"�'�'"��"#" "%"��",��+4 + �! 6�&' /")+�!�',!��"2 "-!�/+ +$7!�!�+4
,!)+�+�1 �� , $�,+�+7"�'+ "' �� + )+�++ "'/"�� ��'�.� (��, # �6��), �! ."/�$1-
,�&' ,)+4�+! !! ��  !$�)0'�'1 ,$ 1,�. ?'" 4,)4!'�4 "6�"2 +$ . +�+� "'��'�',+4
!6+�1( + 9::!/'+,�1( 7!'"6",  ���!'� .� �7!' ", ,$ 1,�1(  �%"' + '!(�")"-
#+�!�/+(  !8!�+2 ." �. �,)!�+& /��!�',"7 6 "%)!�+4 ." "6. 

�  �%"'! [1] ."/�$��", �'" "' �'!.!�+ ' !3+�",�'"�'+ #" �"#" 7���+,� $�,+-

�+'  !#�)+ �!7"�'0 /��!�',� 6 "%)!�+4 ." "6, (� �/'! +$�!7�4 !! /��/",�'"-

�'0&. � �,!)+�!�+!7 ' !3+�",�'"�'+ /��/",�'"�'0 ��+5�!'�4. 

��%-", �.
. (1965 #.) "'7!��!', �'" � �,!)+�!�+!7 ' !3+�",�'"�'+ 7���+,�
' �6�!!  �$6 "%+'0 �"6! 5�3+!�4 , �!7 / �.�1! !�'!�',!��1! "'6!)0�"�'+ +
'!7 7!�08! +( ,1("6 . + ,$ 1,!. �"9'"7� "6�+7 +$ "��",�1( ��)",+2 4,)4!'-
�4 ". !6!)!�+! �"6! 5��+4 !�'!�',!��1( "'6!)0�"�'!2 (N, %) ,  �$ �8�!7"7
#" �"7 7���+,!, '.!. ��'��",)!�+! $�,+�+7"�'+ N=f(de.o), #6! de.o – � !6�+2 6+�-

7!' "'6!)0�"�'+ (7). ��'!��+,�"�'0 ' !3+�",�'"�'+ +$7!�4!'�4 /�/ ." : "�-

'� 6"%1��1(  �%"', '�/ + ." #)�%+�!  �$ �%"'/+, �! !6�4�0 $"��7+ �
 �$)+��17+  �$7! �7+ de.o ( +�. 1). � + 9'"7 "��",�"2 "%>!7 ' �6�",$ 1,�!-

71( $"� 7���+,� (� �/'! +$�!'�4  �$7! �7+ de.o "' 1,5 6" 2,5 7 + %")!! [2]. <�-

,+�+7"�'0 N=f(de.o) 6)4 / �.�"%)"��1( +$,!�'�4/", + # ��+'", . +,!6!�� ��
 +�. 2, +$ ���)+$� /"'" "#" ,+6�", �'" � �,!)+�!�+!7 de.o / �.�"%)"��"#" 7��-

�+,� ,!)+�+�� N ,"$ ��'�!'. 

� ",!6!��17+  ��!! +��)!6",��+47+ [3–6] ��'��",)!�", �'" �� +�'!��+,-

�"�'0 6 "%)!�+4 ' !3+�",�'1( #" �1( 7���+,",, / "7! 6 �#+( :�/'" ",, $��-

�+'!)0�"! ,)+4�+! "/�$1,�!' ��. �,)!�+! : "�'� "'%"2/+ "'�"�+'!)0�"
 ��.")"5!�+4 ' !3+�. 
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�) %) 

�+���"/ 1 – �� �/'! �"! �' "!�+! 6"%1��"#" ��'�.� �� # ��+'�"7 /� 0! !  
«�!)+3!–2», #" . +157 7; S + Q – .)"�/"�'+ �+�'!7 ' !3+�  

("6�" 6!)!�+! 7! �"2  !2/+ 10 �7): � – "%3+2 ,+6; % – ,16!)!��12 ����'"/ ��'�.�

�+���"/ 2 – � �:+/ +$7!�!-

�+4 # ���)"7!' +�!�/"#"
�"�'�,� / �.�"%)"��1( # �-

�+'", [2] + +$,!�'�4/",
 (." �.
. ��%-",�): 

 1 – # ��+'1; 2 – +$,!�'�4/+

�"/�$��" [3], �'" . +  ��.")"5!�++ ' !3+� , 7"6!)+ ."6 �#)"7 "' 0 6" 30 º 

+�'!��+,�"�'0 6 "%)!�+4 ��+5�!'�4, "' 45 6" 90 º – .",18�!'�4. ��+%")!! ,1�"-

/�4 +�'!��+,�"�'0 6 "%)!�+4 6"�'+#�!'�4 . + �#)! , 90 º 7!56� ' !3+�"2 + �,"-

%"6�"2 .",! (�"�'0& 7"6!)+. �� "��",! '!" !'+�!�/+(  ���!'", ."/�$��" [4], 

�'" " +!�'+ ",/� )+�++ $�%"4 6"%1��"#" ��'�.� 6")5�� �",.�6�'0 � "��",�"2
�+�'!7"2 ' !3+�, '.!. %1'0 .� �))!)0�"2 !2, � ��. �,)!�+! : "�'� "'%"2/+ – 

.! .!�6+/�)4 �17 !2. � +  �$ �8!�++ 7!)/"%)"��1( 7���+,", " +!�'+ ",/�
: "�'� "'%"2/+  �,�"$����� , )&%1( ��. �,)!�+4( "'�"�+'!)0�" �+�'!7 ' !-
3+�. �"  !$�)0'�'�7 9/�.! +7!�'�)0�1( . "718)!��1( ,$ 1,", [5] ."/�$��", 

�'" .",18!�+! /��!�',� 6 "%)!�+4 ." "6 6"�'+#�!'�4 . + "'%"2/! ,/ !�' . "-

�'+ ��+4 �)"!,, �! "#",� +,�4 ,!)+�+�1 �#)� " +!�'+ ",/+ / ' !3+��7 7���+,�. 
�"  !$�)0'�'�7 "%"%3!�+4 6���1( . "718)!��1( ,$ 1,", �� /� 0! �(  

[2, 6] ."/�$��", �'" ,)+4�+! ��. �,)!�+4 "'%"2/+ �� /��!�'," 6 "%)!�+4 ' !3+-

�",�'1( 7���+,", ,$ 1,"7 ."6',! 56�!'�4 +  !$�)0'�'�7+ ". !6!)!�+4 ,1("6�
7!)/+( : �/-+2 (B, %) #" �"2 7���1 ( +�. 3).  
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�+���"/ 3 – � �:+/ $�,+-

�+7"�'+ ,1("6� 7!)/+(
: �/-+2 #" �"2 7���1  

"' ��. �,)!�+4 "'%"2/+
." "6: 1 – � !6�!,$ 1-

,�!71(; 2 – ' �6�",$ 1-

,�!71(; 3 – ,!�07�
' �6�",$ 1,�!71(

�$ ���)+$�  +�. 3 ,+6�", �'" 7�/�+7�)0��4 ,!)+�+�� B ��%)&6�!'�4 . + " +-

!�'+ ",/! ��. �,)!�+4 "'%"2/+ ."6 �#)"7 , . !6!)�( 35-50º (. + /"9::+-+!�'!
�%)+5!�+4 $� 46", m=1). �  �%"'! [7] ."/�$��", �'" ��+)��8!! 6 "%)!�+! ." "6
6"�'+#��'" . + 6+�#"��)0�"2 �(!7! ,$ 1,��+4 � " +!�'+ ",/"2 ��. �,)!�+4
"'%"2/+ / �)"+�'"�'+ ."6 �#)�7+ ,�' !�+ : "�'� ,")� ��. 45!�+2 80-90º, � . +
�#)�( 40-50º /��!�'," 6 "%)!�+4 ." "6 �(�68�!'�4 ."�'+ ,6,"!. 

��("64 +$ ,1.")�!��"#" / �'/"#" ���)+$� , "%)��'+ �",! 8!��',",��+4 .�-

 �7!' ", ,$ 1,�1(  �%"' ,+6�", �'" , ."�)!6�+! #"61 . "�)!5+,�!'�4 '!�6!�-+4
��!'� ��. �,)!�+4 "'%"2/+ . + 
<� $� 46", , �!"6�" "6�1( ' !3+�",�'1( 7��-
�+,�( #" �1( ." "6. 
 ���'"43!7� , !7!�+  �$ �%"'��1 . "# �771 + 7!'"6+/+
 ���!'� .� �7!' ", ,$ 1,�"2 "'%"2/+ � ."7"30& /"7.0&'! �"#" "%!�.!�!�+4. 

�6��/" +�.")0$",��+! .")��!��1(  !/"7!�6�-+2 ." ".'+7�)0�"7� ��. �,)!�+&
"'%"2/+ ." "6 �! "%!�.!�+,�!' , 6"�'�'"��"2 �'!.!�+ �!"%("6+7"2 7�"#",� +-

��'�"�'+  ���!'", + ,"$7"5�"�'+ ,� 0+ ",��+4  !$�)0'�'�7+ . "718)!��1(
,$ 1,",. � ���'�"�'+, "'��'�',�!' "-!�/� +$7!��+,"�'+ �' "!�+4 7���+,� ." ,!-
)+�+�! �� , $�,+�+7"�'+ "' " +!�'+ ",/+ : "�'� "'%"2/+ $� 46�7+ �� ." "'�"-

8!�+& / "��",�17 ' !3+��7 �+�'!7 S + Q #" �"#" 7���+,�. ?'" ,�"�+'
". !6!)!��1! "'/)"�!�+4 "'  �-+"��)0�1( $���!�+2 . + ,1%" ! 9�! #!'+�!�/"-

#" .� �7!' � – �6!)0�"#"  ��("6� �� (q) + #!"7!' +�!�/+( .� �7!' ", –  �$7! ",
�!'/+ �/,�5+� (�, b) + )+�++ ��+7!�08!#" �". "'+,)!�+4 (w). 

�!)0  �%"'1 – "%"��",��+! 9::!/'+,�"�'+ ��!'� ".'+7�)0�"#" ��. �,)!�+4
"'%"2/+ . + 
<� $� 46", , ' !3+�",�'1( 7���+,�( �/�)0�1( ." "6 �� /� 0! �(. 

������� � ��<������= �����������	. � + . "!/'+ ",��++ .�-

 �7!' ", ,$ 1,�1(  �%"' +�.")0$�&' /)���+:+/�-++ ." ' !3+�",�'"�'+ +
%)"��"�'+, . !6)"5!��1!  46"7 �,'" ", 6)4 /"�/ !'�1( #" �"'!(�")"#+�!�/+(
��)",+2 [4, 8–10]. � "��",�"7 9'+ /)���+:+/�-++ %�$+ �&'�4 �� 6���1( , !-

7!��"2 /)���+:+/�-++ !5,!6"7�',!��"2 /"7+��++ ." ,$ 1,�"7� 6!)� [9]. 

� +7!�+'!)0�" / �' �/'� ! 9'+( /)���+:+/�-+2  �$ �%"'��1 '�/5! /)���+:+-

/�-++ ." /�'!#" +47 ,$ 1,�!7"�'+ ." "6, 6".")�!��1! ."/�$�'!)47+ :+$+/"-

7!(��+�!�/+( �,"2�', + .� �7!' �7+ ,$ 1,�1(  �%"' [11–14]. 
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� '�%). 1 . +,!6!�1 "%"%3!��1! 6���1! ." ' !7 /)���+:+/�-+47 [4, 9, 13]. 

�,! +$ �+( [9, 13] �"6! 5�' .4'0 /�'!#" +2, � "6�� [4] – �!'1 ! /�'!#" ++ ."
' !3+�",�'"�'+ (%)"��"�'+). � !6)�#�!7�4 /)���+:+/�-+4 6".")�!�� ."/�$�'!-
)47+

.e od + ��, +�("64 +$ . !6!)", +$7!�!�+4 ." /�56"2 /�'!#" ++. �!)+�+��

��=1/
.e od  [4]. � 6,�( /)���+:+/�-+4( [4, 9] "'��'�',�!'  ���!'�12 �6!)0�12

 ��("6 �� (q�).  

��%)+-� 1 – �%"%3!���4 � �,�+'!)0��4 /)���+:+/�-+4 ." ' !3+�",�'"�'+, 

%)"��"�'+ + ,$ 1,�!7"�'+ � 6".")�!�+47+ ."/�$�'!)!2 �' �/'� �"#" �' "!�+4
7���+,", #" �1( ." "6

�)4 ,�!( '+.", #" �1( ." "6 [9] 
�!)!$+�'1! /,� -+'1

[13] 


�'!-

#" +4
' !-

3+�"-

,�'"�'
+

�'!.!�0
' !3+�",�'"-

�'+ (%)"��"�'+)

de.o, 7 . ,e od

7
�K

[4] 
q�, /#/7

3


�'!-

#" +4
,$ 1,�-

!7"�'+

de.o, 

7
. ,e od

7

1 2 3 4 5 6 7 8 9 

I 

� !$,1��2�"
' !3+�",�'1!
(7!)/"%)"�-

�1!), �

�" 0,1 0,05 20 �" 20 II –)!#/"-

,$ 1,�-
!71!, ��

0,1-

0,25 

0,18 

II 

�+)0�"' !3+-

�"-,�'1!
(� !6�!-

%)"��1!), ��

0,1-0,5 0,30 3,3 20,1-40 III –

� !6�!-
,$ 1,�-
!71!, ��

0,25-

0,50 

0,38 

III 

� !6�!' !3+-

�"-,�'1!
(/ �.�"-

%)"��1!), 
�

0,5-1,0 0,75 1,33 40,1-60 IV –

' �6�"-

,$ 1,�-
!71!, ��

0,50-

1,0 

0,75 

IV 

�)"' !3+�"-

,�'1! (,!�07�
/ �.�"%)"�-

�1!), �
�

1,0-1,5 1,25 0,8 60,1-80 V –

,!�07�
' �6�"-

,$ 1,�-
!71!, 
���

1,0-

1,5 

1,25 

V 

� �/'+�!�/+
7"�")+'�1!
(+�/)&�+'!)0-

�" / �.�"-

%)"��1!), �
�

>1,5 2,0* 0,5 80,1-

100 

VI –  

, ,1�-
8!2
�'!.!�+
' �6�"-

,$ 1,�-
!71!, 
����

>1,5 2,0* 
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� "6")5!�+! '�%)+-1 1 
� ��+'1 [4] 
�'!-

#" +4
' !3+�"-

,�'"�'+
�K  [4]

q, 

/#/73


�'!#" +4 ' !-

3+�",�'"�'+
(,$ 1,�!7"�'+) 

L, 7 . ,e od 7 �� �K

1 10 11 12 13 14 15 16 

I 5,56 1,0 – – – – – 

II 2,63 1,15 I – �+)0�"-

' !3+�",�'1! (��)

�" 0,5 0,4 2 + %"-

)!!
2,5 

III 1,33 1,22 II – � !6�!-

' !3+�",�'1! (��)

0,5-1,0 0,75 1-2 1,3 

IV 0,8 1,34 III – �)�%"-

' !3+�",�'1! (��)

1,0-2,5 2,0 1-0,4 0,5 

V 0,5 1,5 IV – �!-

' !3+�",�'1! (��)

2,5 +
%")!!

2,5 +
%")!!

�" 0,4 0,4 

� +7!���+4: 1) q� – 9'�)"��12  ��("6 ��; L –  ���'"4�+! 7!56� ' !3+��7+; 

                     2) , /")"�/�( 4, 5, 9, 14, 16 . +,!6!�1  ���!'�1! � !6�+! $���!�+4 ."/�$�'!)!2; 

                     3) $,!$6"�/"2 , /")"�/�( 4 + 9 ."/�$�'!)+ . +�4'1 ��)",�". 

� 6���1( /)���+:+/�-+4( ��%)&6�!'�4 "'��'�',+! �",.�6!�+4 �!/"'" 1(
/�'!#" +2 ." ' !3+�",�'"�'+, %)"��"�'+ + ,$ 1,�!7"�'+, , '"7 �+�)! + "-!�/�
." "6 ." ,!)+�+�! ��. �")0/" ." III + IV /�'!#" +47 . + de.o=0,5–1,0 7 + 1,0–1,5 

7 6���1! . �/'+�!�/+ �",.�6�&'. <�,+�+7"�'0 ��=f(
.e od ) +7!!' / +,")+�!2�12

(� �/'! +$7!�!�+4 ( +�. 4). � �,!)+�!�+!7
.e od $���!�+4 �� �7!�08�&'�4. �

"%3!7 �)���!, � �,!)+�!�+!7
.e od � !6�!- + / �.�"%)"��1( ." "6 , . !6!)�(

0,5–3,0 7, �� +$7!�4!'�4 "' 3,3 6" 0,5. �!�""',!'�',+! 6���1( , /)���+:+/�-+4(
." �!/"'" 17 /�'!#" +47 ' !3+�",�'"�'+ + %)"��"�'+ �,4$��" �  �$)+��17+
'+.�7+ ." "6 + 7!'"6�7+ +$��!�+4 +( �' �/'� �1( 9)!7!�'",. 

�+���"/ 4 – � �:+�!�/�4
$�,+�+7"�'0 +$7!�!�+4 ��
"'

.e od , /)���+:+/�-+4(: 

1 – ." [4]; 2 – ." [9]; 

3 – ." [13] 

�!$�)0'�'1 ,1.")�!��1( +��)!6",��+2 �,+6!'!)0�',�&' " .")"5+'!)0�"2  "-

)+ ��!'� ' !3+�",�'"�'+ + %)"��"�'+ ." "6 . + . "!/'+ ",��++ + ,1.")�!�++
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7���",1( ,$ 1,", , �/�)0�1( ." "6�(. � + 9'"7 8+ "/"!  ��. "�' ��!�+! ��
/� 0! �( �(!7 �"!6+�!�+4 $� 46", . + 7�"#" 46�"7 
<� ."$,")4!' ,� 0+ ",�'0
.� �7!' �7+ ,$ 1,� � 6"�'+5!�+!7 ' !%�!7"#" /��!�',� 6 "%)!�+4 #" �"2 7���1. 

� /��!�',! . +7! � ��  +�. 5 ."/�$��" ,)+4�+!
.e od , (� �/'! +$�&3!! %)"�-

�"�'0 + ' !3+�",�'"�'0 #" �"#" 7���+,�, �� ,!)+�+��  �6+��� $"�1 6 "%)!�+4
R	 ($�,+�+7"�'0 1) + �6!)0�12  ��("6 �� – q ($�,+�+7"�'0 3). � + 9'"7  

R	 =f(
.e od ) . +�4'� �"#)���"  �%"'! [16], � q, ��=f(

.e od ) ."�' "!�1 ." 6���17
/)���+:+/�-++ ." "6 ." ,$ 1,�!7"�'+ [12]. <�/"�"7! �"�'0 +$7!�!�+4 ($�,+-

�+7"�'0 2) ��=f(
.e od ) �"#)���!'�4 � ��'��",)!��17+ ���)"#+��17+ $�,+�+7"-

�'47+ 6 �#+( �,'" ", ( +�. 4). 

0,5 0,8 1,1 1,4 1,7 1,9

0,3

0,6

0,9

1,2

1,5

5

6

7

8

9

0,5

0,8

1,1

1,4

1,7

1

2 3

�+���"/ 5 – � �:+�!�/�4
$�,+�+7"�'0 +$7!�!�+4  �-

6+��� 6 "%)!�+4 R	 (1), 

/"9::+-+!�'� ' !3+�"-

,�'"�'+ �� (2) + �6!)0�"#"
 ��("6� �� q (3) "' � !6�!-

#" 6+�7!' � !�'!�',!��"2
"'6!)0�"�'+

.e od

�$ ���)+$�  +�. 5 ,+6�", �'" � �,!)+�!�+!7
.e od ,!)+�+�� �� �7!�08�!'�4, �

q ,"$ ��'�!'. �"�)!6�+2 ."/�$�'!)0  !#)�7!�'+ �!'�4 6)4 /�56"2 /�'!#" ++
' !3+�",�'"�'+ + %)"��"�'+ [11, 12] + 4,)4!'�4 ."�'"4��17 �� ,!�0 "%>!7  �$-
 �8�!7"#" 7���+,� ." "6 �! +!2 ,$ 1,�!71( �/,�5+��1( $� 46", ��. �6��/"
6)4 /�56"#" 6"%1��"#" ��'�.� , /� 0! ! � +$7!�!�+!7 ��. �,)!�+4 "'%"2/+ ."
"'�"8!�+& �+�'!7 ' !3+� S + Q, (� �/'! +$�&3+( �'!.!�0 ' !3+�",�'"�'+ +
%)"��"�'+, .� �7!' 1 7���","#" ,$ 1,� 6")5�1 %1'0  �$)+��17+. ?'" "%>4�-

�4!'�4 �!"6+��/",17+  �$7! �7+ # ��!2 !�'!�',!��1( "'6!)0�"�'!2 + +( /")+-

�!�',"7 . +  ��. "�' ��!�++ : "�'� ,$ 1,�"2 ,")�1, "%��)",)+,�&3+(
 �$)+���& �". "'+,)4!7"�'0 ,$ 1,�"2 ��# �$/!. �!7 %")08! .)"3�60 # ��+
"'6!)0�"�'+, '!7 �". "'+,)4!7"�'0 !! ��# �$/! %�6!' 7!�08!. �$�+7�"!  ��."-

)"5!�+! )+�+2 : "�'� "'%"2/+ DE + KL "'�"�+'!)0�" ' !3+� �+�'!7 S + Q, �
'�/5! )+�+2 "'/"�� ��'�.� AB + BC ."/�$��1 �� .)��-�(!7!  +�. 6. � + 9'"7
� !6�+2  �$7! "'6!)0�"�'+ (� �/'! +$�!'�4 )+�!2�17  �$7! "7 !!  !% � ab + cd

(ab > cd) + , "%3!7 �)���! "-!�+,�!'�4 ,!)+�+�"2 ��. 
�)4 � �,�+'!)0�"2 "-!�/+ ,)+4�+4 ' !3+�",�'"�'+ + %)"��"�'+ �� ,!)+�+-

�� q ,1.")�!�1  ���!'1 + # �:+�!�/+! $�,+�+7"�'+ ." :" 7�)�7, . +7!�4!-
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717 , . �/'+/! . "!/'+ ",��+4 .� �7!' ", ,$ 1,�1(  �%"' [12, 17, 18]. <���!-
�+4 q + �� ". !6!)!�1 ." �� !6�!��17 6���17  �%"'1 [12]. � + 9'"7 ,!)+�+��
�� ". !6!)4)��0 ." 7�/�+7�)0�"7� $���!�+& . !6!)� � !6�!#"  ���'"4�+4 7!-

56� ' !3+��7+ /�/
.e od , ���+��4 � 0,5 6" 1,85 7, � +7!��": 

de.o, 7 0,5 0,75 1,0 1,25 1,50 1,70 1,85 

��(1/de.o) 2,0 1,33 1,0 0,80 0,67 0,59 0,54 

q, /#/73
 0,32 0,45 0,60 0,78 0,99 1,24 1,55 

�+���"/  6 – �)��-�(!7� "' �%"'/+ 6"%1��"#" ��'�.� , /� 0! ! 6,�74 $�%"47+
. + ".'+7�)0�"7 ��. �,)!�++ "'%"2/+ ." "6: 

 1 – ��. �,)!�+! "'%"2/+; 2 – $� 461 ��;  

�
Q + �
S – �$+7�'1 . "�'+ ��+4 ' !3+� �+�'!7 Q + S;  

DE + KL – )+�++ : "�'� ,$ 1,�"2 ,")�1; ab + cd –  �$7! 1 "'6!)0�"�'+

���)+$  !$�)0'�'",  ���!'� ."/�$1,�!', �'" $�,+�+7"�'0 q=f(de.o, ��) +$7!�4!'-
�4 ." / +,")+�!2�"7� (� �/'! �. � �,!)+�!�+!7 de.o "' 0,5 6" 1,85 7, �'" '" 5! ��-
7"! � �7!�08!�+!7 �� "' 2 6" 0,54, $���!�+4 q �,!)+�+,�&'�4 "' 0,32 6" 1,55 /#/73

. 
?'" ,.")�! �"#)���!'�4 + ."6',! 56�!'�4 . �/'+/"2 . "!/'+ ",��+4 .� �7!' ",
,$ 1,�1(  �%"'. �6��/" � ��!'"7 ��. �,)!�+4 : "�'� "'%"2/+ � 6,�( ,$�+7".! -
.!�6+/�)4 �1( �'" "� ,$ 1,�!7"#" %)"/� ." "6 (�" �'" "�1 ' !3+� Q + S) .� �-
7!' 1 ,$ 1,�1(  �%"' 7"#�' "')+��'0�4 ." . +�+�!  �$)+��"#" �". "'+,)!�+4
,$ 1,�"2 ��# �$/! !�'!�',!��1( "'6!)0�"�'!2, "')+��&3+(�4 ."  �$7! �7 + #!"-
7!' +�!�/"2 :" 7!. ��/, ��. +7! , , ��. �,)!�++ : "�'� "'%"2/+ KL ( +�. 6) 
9�! #!'+�!�/+! $�' �'1 %�6�' %")08!, �!7 , ��. �,)!�++ : "�'� "'%"2/+ DE. ?'"
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7"5!' 6"�'+#�'0�4 ��5!�+!7 �!'/+ �/,�5+��1( $� 46", +)+ �,!)+�!�+!7 7���1
�� . +  �,�1(  �$7! �( �!'/+ �/,�5+� 6)4 "%"+( �)���!,. �)+ 5!, . + . "�+(
 �,�1( .� �7!' �( $� 46", +  �$7! ", �!'/+ �/,�5+� 9::!/'  �$ �8!�+4 ." "6
7"5!' %1'0 .",18!� �" �'" "�1 : "�'� "'%"2/+ KL $� ��!' . +7!�!�+4 6)+��"2
6+�#"��)+ , �(!7! ,$ 1,��+4 � %")08!2 ,!)+�+�"2 /"9::+-+!�'� �%)+5!�+4 $�-
 46", m, /�/ 9'"  ���7"' !�" ,  �%"'! [19]. 

� +,!6!���4 ��  +�. 6 �(!7� 6"%1��"#" %)"/� ." "6 � 6,�74 �!/-+47+ ($�-
%"47+), .! !�!/�&3+7+�4 ."6 �#)"7 , . !6!)�( 80–100 º, 7"5!' %1'0  !�)+$"-
,��� . + "6�", !7!��"7 +)+  �$6!)0�"7 +( ,$ 1,��++. �)4 ."6',! 56!�+4
9::!/'+,�"�'+ 6���"#" �."�"%� �!"%("6+7� 9/�.! +7!�'�)0��4 . ",! /� ,
. "718)!��1( ��)",+4(. 

�=���=. 
1.�$)"5!�1  !$�)0'�'1 +��)!6",��+2 ." ". !6!)!�+& ".'+7�)0�"#" ��. �,-

)!�+4 "'%"2/+ �/,�5+��17+ $� 46�7+ ' !3+�",�'1( �/�)0�1( ." "6 �� /� 0! �(. 
2.��'��",)!�", �'" 6)4 /�56"#" 6"%1��"#" ��'�.� , /� 0! ! � +$7!�!�+!7

��. �,)!�+4 "'%"2/+ ." "'�"8!�+& �+�'!7 ' !3+� S + Q, (� �/'! +$�&3+(
�'!.!�0 ' !3+�",�'"�'+ + %)"��"�'+, .� �7!' 1 7���","#" ,$ 1,� 6")5�1
%1'0  �$)+��17+. ?'" "%>4��4!'�4 �!"6+��/",17+  �$7! �7+ # ��!2 !�'!�'-
,!��1( "'6!)0�"�'!2 + +( /")+�!�',"7 . +  ��. "�' ��!�++ : "�'� ,$ 1,�"2
,")�1, "%��)",)+,�&3+(  �$)+���& �". "'+,)4!7"�'0 ,$ 1,�"2 ��# �$/!. 

3.��'��",)!�� $�,+�+7"�'0 �6!)0�"#"  ��("6� �� "' 6+�7!' � !�'!�',!��"2
"'6!)0�"�'+ + /"9::+-+!�'� ' !3+�",�'"�'+. � !6)"5!� ."6("6 6+::! !�-+-
 ",���"#" ,1%" � ��. �,)!�+4 "'%"2/+ + .� �7!' ", ,$ 1,�1(  �%"' � ��!'"7
' !3+�",�'"�'+ #" �"#" 7���+,�. 

����������
1. � �/",��12 .@. !'"61 �. �,)!�+4 ,$ 1,"7 �� /� 0! �(. – .: �!6 �, 

1973. – 416 �. 
2. ���)!6",��+! +  �$ �%"'/�  �-+"��)0�1( 7!'"6", ,$ 1,�1(  �%"' 6)4

"%!�.!�!�+4  �-+"��)0�1( .� �7!' ",  �$,�)� #" �"2 7���1 � �"( ��!�+!7 /�-
�!�',� 6 "%)!�+4 + �!2�7"�'"2/"�'+ . "718)!��1( + # �56���/+( "%>!/'",: 
�'�!' " ��� ($�/)&�+'!)0�12) / ��-' #!":+$+/+ +7. �.�. ��%%"'+�� ������. 
A �� 01.8.80 051824; ��,. A 02.890061773. – 
., 1989. – 191 �. 

3. �",! 8!��',",��+! '!(�")"#++  �$ �%"'/+ # ��+'�1( /� 0! ",
/ 
��! 4,12 @.�., 
 1�+� �.�., �� /", B.�. – 
.: �!(�+/�, 1966. – 268 �. 

4. �"#" 46�"! /" "'/"$�7!6)!��"! ,$ 1,��+! �� /� 0! �( �' "+'!)0�1(
7�'! +�)", / 
��! 4,12 @.�., �)!2�+/", �.�., �")", �.�. – 
.: ��6�,!)0�+/, 
1975. – 84 �. 

5. �)+4�+! ��. �,)!�+4 "'%"2/+ + �' �/'� 1 #" �1( ." "6 �� /��!�',"
,$ 1,� / �.�. C�.� +�, �.�. �3!�/", �.�. C!/�� // �$ 1,. 6!)". – 1971. – 70/27. 
– �. 147–151. 

6. 
�$�!-", �.�. �)+4�+! #" �"'!(�+�!�/+( ��)",+2 �� 6 "%)!�+! #" �1(
." "6 / �.�. 
�$�!-",, �.�. ��'7��",�, �.�. �)1( // �$ 1,. �!)" A 77/34. – 
1976. – �. 241–246. 
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7. ��$ �8!�+! #" �1( ." "6 9�! #+!2 ,$ 1,� / �: !7", ?.�., 
 �,-", �.�., 
4�+�� �.�. + 6 . – 
.: ���/",� 6�7/�, 1987. – 264 �. 

8. �!# !��+"��1! 7"6!)+  �$�"%)"��1( 7���+,", ." "6 / �.�. ��/+8!,, <.�. 

��/+8!,�, �.. ��9$",�, �.�. �� !�%!/",� // �!�'�+/ 
�$���. – 2013. – A 6 

(100). – �. 104–110. 

9. � !7!���4 /)���+:+/�-+4 #" �1( ." "6 ." �'!.!�+ ' !3+�",�'"�'+ ,
7���+,!. – ., 1968. – 30 �. (��:" 7. ,1.. / ��-' #" �. 6!)� +7. 

�.�. �/"�+��/"#"; A�–199). 

10.�#��'!�/" �.. ��2"�+ ",��+! /� 0! � «��� « �'"2)!��/+2 ��
» ."
%)"��"�'+ #" �1( ." "6 // �$,!�'+4 ��)��. ���/+ " <!7)!. – 2010. – �1.. 1. – 

�. 83–92. 

11.� �/",��12 .@. !'"61 �. �,)!�+4 ,$ 1,"7 �� /� 0! �(. – .: �!6 �, 
1973. – 416 �.  

12.
)���+:+/�-+4 #" �1( ." "6 ." ,$ 1,�!7"�'+ 6)4 /� 0! ", / �.�. 
�'�-

$",, �.�. �!7!8, �.@. �)�5�+/", // �" �. 5� ��). – 1979. – A 2. – �. 41–43. 

13.��2"�+ ",��+! ." "6�"#" 7���+,� +(�2)",�/"#" 7!�'" "56!�+4 ."
%)"��"�'+ + ,$ 1,�!7"�'+ / �.�. ����!,, �.�. �4#�$",, �.�. �! ��+7", + 6 . // 

�" �. 5� ��). – 1996. – A 9–10. – �. 53–57. 

14.
)���+:+/�-+4 #" �1( ." "6 �.�'+'","#" /� 0! � «�!�' �)0�12» ."
,$ 1,�!7"�'+ / @.�. � ��!,, �.�. ��,)",, �.�. 
���2�+/ // ��'+ .",18!�+4 9:-

:!/'+,�"�'+ "'/ 1'1( #" �1(  �%"'. – 1970. – �. 76–82. 

15.���",1 :+$+/+ #" �1( ." "6 / �5!,�/+2 �.�., �",+/ �.�. – �$6. 3-! .!-
 ! �%. + 6".. – .: �!6 �, 1978. – 390 �. 

16.���)!6",��+!  �$ �8!�+4 / !./+( ." "6 ,$ 1,"7 6)4 6"�'+5!�+4 %")0-
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The results of studies of determining the optimal direction of breaking by hole 

charges fractured rocks in the quarries are shown. It is shown that the area of the piece 

face is larger, when the resistance to load is less. The dependences of the specific 

consumption of explosive on  the diameter of natural piece  and the coefficient of 

fracture are set. Approach of differentiated selection of breaking direction and blasting 

parameters in view of fractured rock mass is offered.  

Key words: explosion, explosive, charge, the optimal direction, breaking, ledge, 

quarry. 
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