
���������� 	 �
�����
�������� ����������� ��������
��	������� �����
�� ����� ������


�������  !�� �"!�! #"$%! �#�&�� '!(�")"#�* #� �+�"#" ,+ "%�+-',�. �+.��/ 1/2015(15). 

18 

��
 53.098 

	�
�"
���������� 0+��1��� �	�+

��0�+��	-0+
�	���+���+-��� �������,�����

	. �. �% %23/4(, +. �. �3 %�/&�(�  

��-�"��)5�+0 '!(����+0 ���,! �+'!' �/ �*�+ «
��» 

,�). �" :�#�,�5/�, 115, /�1�. 104, 1. 
+*,, 03056, �/ �*��. 

�-mail: Oltr_1@ukr.net 

�. +. ���.4(

� ","# �6�5/� )5"'�� �/�6!1�2 ��-�"��)5�"#" �,��-�0�"#" ���,! �+'!'�
,�). �"% ",")5�/"#", 1, 1. 
� ","# �6, 25005, �/ �*��. 

�-mail:zakiev@ukr.net 

� �'�''� ��,!6!�"  !$�)5'�'+ 6"�)�68!�5 $1��+ 1"6�)2 . �8�"�'� #� �5/+(
." �6 .�6 6�;& 1�#��'�"-#�6 "/�,�'�-�0�"#" ��,��'�8!��2 �� . +/)�6� # ���'�. 

�)2 ,+$���!��2 1"6�)2 . �8�"�'� ,+/" +�'��" . +�' �0 «
�/ "� ��11�», , "�-

�",�  "%"'+ 2/"#" ."/)�6!�" 1!'"6 �)�,! �-@� �. �+$���!�", :" . + "% "%-�
'�)5/+ /�,�'�-�0�+1 ��,��'�8!��21 # ���'� 1"6�)5 . �8�"�'� $�+8�;'5�2 ��
 3,9 % $� 105,91 6" 101,82 ���. � + /"1%��",��"1� 1�#��'�"-#�6 "/�,�'�-�0�"1�
��,��'�8!��� – $1!�7�;'5�2 �� 7,1 % $� 105,91 6" 98,39 ���. = "�'���2 ,.)+,�
1�#��'�"-#�6 "/�,�'�-�0�"#" ��,��'�8!��2 �� 1"6�)5 . �8�"�'� (� ." �,�2��� $
/�,�'�-�0�+1 ��,��'�8!��21) ."2��&;'5�2 $%�)57!��21 /�)5/"�'� /+��& (26! 
/�,�'�-�*) � . "1+,��0  �6+�� .�6 6�;& !)!/' "1�#��'�"#" .")2 �� (6…20) %. 

����)�6"/ -5"#", ��'!��+4�/�;'5�2 /�,�'�-�0�+0 . "-!�, :" ,+/)+/�; ."2,� 6!-

4!/'�, �, 2/  !$�)5'�', $�+8!��2 1"6�)2 . �8�"�'�. ��/"8 . !6�'�,)!�" �(!1�
�'!�6� !/�.! +1!�'�)5�+( 6"�)�68!�5. 

��'��(. *��(�: 1"6�)5 . �8�"�'�, #� �5/� ." "6�, /�,�'�-�2. 
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+ ","# �6�/�2 )!'��2 �/�6!1+2 ��-+"��)5�"#" �,+�-+"��"#" ��+,! �+'!'�
�). �"% ",")5�/"#", 1, #. 
+ ","# �6, 25005, �/ �+��. 

�-mail: zakiev@ukr.net 

� �'�'5! . +,!6!�3  !$�)5'�'3 +��)!6",��+0 +$1!�!�+2 1"6�)2 �. �#"�'+
#" �3( ." "6 ."6 6!0�',+!1 1�#�+'�"-#+6 "/�,+'�-+"��"0 ��# �$/+ �� . +1!-
 ! # ��+'�. �)2 ". !6!)!�+2 1"6�)2 �. �#"�'+ +�.")5$",��" ��' "0�'," «
+/-

 "� ��11�», , "��",!  �%"'3 /"'" "#" )!8+' 1!'"6 �)+,! �-@�  �. 
�. !6!)!�", �'" . + "% �%"'/! '")5/" /�,+'�-+"��"0 ��# �$/"0 # ��+'�, 1"-

6�)5 �. �#"�'+ ��+8�!'�2 �� 3,9 % � 105,91 6" 101,82 ���. � + /"1%+�+ ",��-
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�"0 1�#�+'�"-#+6 "/�,+'�-+0�"0 ��# �$/! - �1!�57�!'�2 �� 7,1 % � 105,91 6"
98,39 ���. �"�' ,)+2�+2 1�#�+'�"-#+6 "/�,+'�-+"��"0 ��# �$/� �� 1"6�)5 �.-

 �#"�'+ (." � �,�!�+& � /�,+'�-+"��"0 ��# �$/"0) "%?2��2!'�2 �,!)+�!�+!1
/")+�!�',� /+�)" "6� (26! /�,+'�-++) , . "13,�"0 8+6/"�'+ ."6 6!0�',+!1
9)!/' "1�#�+'�"#" .")2 �� (6...20) %. ��)!6�',+! 9'"#", +�'!��+4+-+ �!'�2 /�-

,+'�-+"��30 . "-!��, ,3$3,�&:+0 ."2,)!�+! 6!4!/'", +, /�/  !$�)5'�', - ��+-

8!�+! 1"6�)2 �. �#"�'+. ��/8! . !6�'�,)!�� �(!1� �'!�6� 9/�.! +1!�'�)5�3(
+��)!6",��+0. 

��'�%()% *��(�: 1"6�)5 �. �#"�'+, #" ��2 ." "6�, /�,+'�-+2. 

�
���������� ������. ��0��,���21 #� �5/+( ." �6, �6"�/"��)!��21
�'� +( �  "$ "%/"& �",+( �."�"%�, $�01�)+�2: �. �. �"�6� !�/", �. � � +)��,  

�. �. � +'�;,, A. �. �" &�",, �. 
. �� /",, �. @. 
���#+�, @. �. 
��! 2,+0,  

�. =. �� '"�, �. �. �/"�+��5/+0, �. 
. �! .+#" 5;,, �. �. B!,2/",, D. �. B!12-

/�� '� ��7� [1–3]. � "'!, 6" -5"#" ���� � ,�'�+$�2��0 #� �+��0 . "1+�)","�'� ,+-

/" +�'",�&'5 �."�"%+  �0��,���2, :" 1�&'5 ,+�"/� !�! #";1���'5 , 6!/�)5/�
'+�2� 
�8/13 

[3]. �" 8, 6" �5"#"6�� $�6���  "$ "%/+ !�! #"$%! �#�&�+( �."�"%�,
 �0��,���2 #� �5/+( ." �6 $�)+7�;'5�2 �/'��)5�"&. �! '�/"8 .�6',! 68!�" ."-

�'��","& 
�%��!'� 
����' �, �/ �*�+ ,�6 1 %! !$�2 2010  . C 243 [4]. � 6���0
�'�''� $�. "."�",��" ,+/" +�'���2 6"6�'/","#" 1�#��'�"-#�6 "/�,�'�-�0�"#" ��-

,��'�8!��2 (
�
�) . +  �0��,���� #� �5/+( ." �6.  


!'"& ; "�)�%)!��2 1��+,� #� �5/+( ." �6 $�  �(��"/ $�+8!��2 1"6�)2 . �-

8�"�'� .�6 6�;& 
�
�. �.)+, 
�
� �� #� �5/� ." "6+ "-��&;'5�2 1"6�)!1
. �8�"�'�, "�/�)5/+ ,�� (� �/'! +$�; 6!4" 1�-�0�� ,)��'+,"�'�, ,�6 2/+( $�)!-

8+'5 !�! #";1���'5  �0��,���2.  


������� � ��=������� ����������. � ",!6!�" !/�.! +1!�'�)5�!
6"�)�68!��2 ,.)+,� 
�
� �� #� �5/� ." "6+ �� . +/)�6� # ���'�. �  !$�)5'�'�
,+$���!�" 1"6�)5 . �8�"�'� � # ���'� 6" � .��)2 !/�.! +1!�'� �! �0��,�+1 1!-
'"6"1 ����"��6!�'�,���2 $� 6"."1"#"& . +�' "& «
�/ "� ��11�» [5]. �!0 1!-
'"6 $���",��+0 �� %!$.! ! ,��0 �,'"1�'+���0  !;�' �-�* $�)!8�"�'�
��,��'�8!��2 �� ��6!�'" ,�6 #)+%+�+ ,6�,)&,���2 $ ."%�6","& 6��# �1+ ��,�-

�'�8!��2. ���# �1� ��,��'�8!��2 $ �$/� # ���'�  !$�)5'�'+ ** . "# �1�"* "% "-

%/+ . !6�'�,)!�� ��  +�. 1, 2. �1",�� ."$���!��2  +�. 1 '� 2 ���'�.��: 
C – ." 26/",+0 �"1! ,6�,)&,���2; � – ��,��'�8!��2, #; V – 7,+6/��'5 ��,��-

'�8!��2, # /�; h1 –#)+%+�� $��� !��2 ��6!�'" � . + 1�/�+1�)5�"1� ��,��'�-
8!���, 1/1; h2 – #)+%+�� $��� !��2 .��)2 $�2''2 ��,��'�8!��2, 1/1; H (
� '!)) 

– ',! 6��'5 ." 
� '!)�, 
��; �(
!0! ) – ',! 6��'5 ." 
!0! �, 
��; � – 1"-

6�)5 . �8�"�'�, ���; ��� –  "%"'� ,+' ��!�� �� ."6")���2 "." � 1�'! ��)�, 

�8; ��� –  "%"'� . �8�"-.)��'+��+( 6!4" 1�-�0, �8; s(.)��') – /"!4�-�;�'
.)��'+��"�'�, ,. ".; K .)��' – /"!4�-�;�' .)��'+��"�'� 1�'! ��)�, ,.".; D – 1�/-

�+1�)5�! ,�6(+)!��2 $���!�5 ,+:! .! !)��!�+( 4�$+��+( ,!)+�+� � 6�0��+(
"6+�+-2(; 	 – �! !6�5"�'�'+�'+��! $���!��2 ,+:! .! !)��!�+( 4�$+��+( ,!)+-

�+� � 6�0��+( "6+�+-2(,% – ."(+%/�,%. 
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�+���"/ 1 – ���# �1+ ��,��'�8!��2 # ���'� ��6!�'" "1 �! /",+��

�+���"/ 2 – �!$�)5'�'+ . "# �1�"* "% "%/+ 6��# �1 ��,��'�8!��2 # ���'�
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���# �1� ��,��'�8!��2 # ���'� �/)�6�;'5�2 $ 6,"( (� �/'! �+( 6�)2�"/: 

/ +,"* ��,��'�8!��2 (��) '� / +,"*  "$,��'�8!��2 (��). �� 6��# �1� ,�6"% �-
8�;'5�2  "%"'�, ,+' ��!�� ��6!�'" "1 �� ."6")���2 "." � 1�'! ��)� ��� – 

.)":+�� ��6 #�)/"& ��,��'�8!��2,  +�. 1. � '�/"8  "%"'� . �8�+( �+) ,+/"-

���� 1�'! ��)"1 �� ,�6�",)!��2 4" 1+ ��� .��)2 ,6�,)&,���2 – .)":� .�6 #�)-

/"&  "$,��'�8!��2,  +�. 2. �+$���!��2 1"6�)2 . �8�"�'� $ �$/� ." 6��# �1�
��,��'�8!��2 %�$�;'5�2 �� 1!'"6� �)�,! �-@� � [6]. �!$�)5'�'+ . !6�'�,)!��
��  +�. 2. 


"6�)5 . �8�"�'� 6)2 # ���'� ,+$����,�2 $  !$�)5'�'�, . "# �1�"#" ���)�-
$� ( +�. 2) 9-'+ 6��# �1 ��,��'�8!��2 ( +�. 1). 
"8�� 6��# �1� ��,��'�8!��2
,�6.",�6�; �/")� ��6!�'" �. 
��-!,! $���!��2 1"6�)2 . �8�"�'� 6)2 ��5"#"
$ �$/� ,+$����)"�5 2/ �! !6�5"�'�'+�'+��! $ 9-'+  !$�)5'�'�, � �'��",+'5 – 

105,91 ���. �+�.! ��2 $���!�5 �/)�6�; 18,4 %. ���+0 $ �$"/ # ���'� 1�; ,/)&-

�!��2 �)&6+, .")5","#" 7.�'� '� /,� -�. �!$����!  "$��&,���2 6��+( "%�1"-

,)!�! / �.�"$! �+�'��'& 1�'! ��)� $ �$/�. �"�/+ ,6�,)&,���2 ��6!�'" �
 "$1�:!��, $6!%�)57"#" �� $! ��( /,� -�, '�/ 2/ 0"#" ,�6�"'/",� ���'/� � $ �$-
/� ��0%�)57� (65 %). 

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

1��" 6��# �1+ ��,��'�8!��2 '�  !$�)5'�'+ *( . "# �1�"* "% "%/+, ." ���)"#�*
6"  !$�)5'�'�, . !6�'�,)!�+( ��  +�. 1 '� 2. = ���)�$� -+(  !$�)5'�'�, $ "%)!�"
,+��","/, :" . + "% "%-� '�)5/+ /�,�'�-�0�+1 ��,��'�8!��21 # ���'� � $�+-

8�;'5�2 �� 3,9 % $� 105,91 6" 101,82 ���. � + /"1%��",��"1� 
�
�, � $�+8�-

;'5�2 �� 7,1 % $� 105,91 6" 98,39 ���. 

=%�)57!��2 ,.)+,� 
�
� �� 1"6�)5 . �8�"�'�, � ." �,�2��� $ /�,�'�-�0-

�+1 ��,��'�8!��21, ."2��&;'5�2 ���'�.�+1 4�$+��+1 2,+:!1, ".+���+1 �
 "%"'�( �. 
. @!6"'/���, �. �. @ !�/!)2 '� ��7+( [7–8]. ��6 6�;& !)!/' "1�#��-
'�"#" .")2 �� .",! (�� /�,�'�-�0�+( %�)5%�7"/ ,+�+/�&'5 !)!/' +��� $� 26+. 

� + �()".�,���� /�,�'�-�0�"* %�)5%�7/+ ($� $1!�7!��21 **  "$1� �,) ,�6%�,�-

;'5�2 /"�-!�' �-�2 ��. �8!�"�'� !)!/' +��"#" .")2 �� .",! (��. ��6 6�;& -5"-

#" !)!/' +��"#" .")2 ,�6%�,�;'5�2 �/'+,�-�2 '� �"��$�-�2 #�$�, ,�! !6+��
%�)5%�7/+. � "-!� $�,! 7�;'5�2 !)!/' +��+1  "$ 26"1. �  !$�)5'�'�, ,+�+/�;
!)!/' +��+0 . "%�0, 2/+0 ��. ","68�;'5�2 ."2,"& ' 5"(,�)!�'�"#" /+��& �3. 

��/+1 �+�"1, .�6 6�;& !)!/' "1�#��'�"#" .")2 $%�)57�;'5�2 /�)5/��'5 /+��&
(26! /�,�'�-�*) �  �6+�� �� (6…20) % [9]. ����)�6"/ -5"#", ��'!��+4�/�;'5�2
/�,�'�-�0�+0 . "-!�, :" ,+/)+/�; ."2,� 6!4!/'�, �, 2/  !$�)5'�', $�+8!��2 1"-

6�)2 . �8�"�'�.  
�)2 . ",!6!��2 !/�.! +1!�'�)5�+( 6"�)�68!�5 $1��+ 1"6�)2 . �8�"�'�

#� �5/+( ." �6 .�6 6�;& 
�
� �'," !�" �(!1� �'!�6�,  +�. 3.  
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�

�+���"/ 3 ���(!1� !/�.! +1!�'�)5�"#" �'!�6� 6)2 6"�)�68!��2 . "-!��
"�)�%)!��2  #� �5/+( ." �6 1�#��'�"-#�6 "/�,�'�-�0�+1 ��,��'�8!��21: 

 1 – !)!/' +��� 1! !8� $1���"#" �' �1� 220 �; 2 – ,�6-!�' ",+0 ���"� JEX 500; 

3 – 1��"1!' �
 05063; 4 – 1�4'�; 5 – /�,�'�'" ; 6 – "%1"'/� ��6�/'+,�"�'�; 
 7 � $ �$"/ ." "6+; 8 �  !$! ,�� ; 9 – ,+. 21)2� ���-5
; 

 10 � %)"/  !$+�'" �, �>�-100 

�(!1� . �-&; ���'�.�+1 �+�"1. � "1+,��  �6+�� ,�6/���;'5�2 $  !$! ,�� �
8 ." �+�'!1� ' �% $� 6"."1"#"& ,�6-!�' ","#" ��1",�1"/'�&�"#" ���"�� JEX 

500 (."$+-�2 1). �+%� '+.� ���"�� "%�1",)!�+0 '+1, :" ,�� ; ��1",�1"/'�&�+1
'� �! ."' !%�; 6"6�'/",+( !)!1!�'�, . +,"6�. �! $1!�7�; #�%� +'+ ��'��",/+
'� /�)5/��'5 !)!1!�'�, �(!1+ � '+1 ��1+1 .�6,+:�; ** ��6�0���'5. �+�/ � �+�'!1�
."6��� ,"6+ ,+1� &,�,�2 $� 6"."1"#"& 1��"1!' � �
 05063 (."$+-�2 3). 
�,�-
'�'"  5 �)�8+'5 6)2 �'," !��2 $"�+ $�+8!�"#" '+�/� ('+�/� ���+�!�"#" .� �
. + 6���0 '!1.! �'� �) 6)2 �'," !��2 /�,�'�-�*. 
�; ���'�.�� .� �1!' +: 6��1!' 
/ +'+��"#" .! ! �$� 9 11, 6",8+�� 6+4�$" � 30 11, 6��1!' ,+("6� 6+4�$" �
45 11, /�'  "$/ +''2 – 60

"
. �%1"'/� ��6�/'+,�"�'� 6 �)�8+'5 6)2 �'," !��2 !)!-

/' "1�#��'�"#" .")2 ,�! !6+�� /�,�'�'" � 5 '� $�%!$.!��; 4"/���,���2 /�,�'�-

-�0�"* /�,! �+. �+/"���� $ 1�6�, 6��1!'  0,5 11. 
�)5/��'5 ,+'/�, – 350 7'.
�%1"'/� 8+,+'5�2 ,�6 !)!/' +��"* 1! !8� 220 � � .�6’;6���� �! !$ ,+. 21)2�
���-5
 (."$+-�2 9). � �-&; �  !8+1� .)�,�"#"  !#�)&,���2 ,+. 21)!�"#"
�' �1� '� ��. �#+ , 1!8�( (0…12) � '� (0…65) �, ,�6.",�6�". �)2 ��+/�!��2
/" "'/"#" $�1+/���2 � )��-&$� 1-10-9-6 ( +�. 4) '� 6)2 $�%!$.!�!��2 %!$.! !%�0-

�"*  "%"'+ ,+. 21)2�� ,+/" +�'��" %)"/  !$+�'" �, �>�-100 (."$+-�2 10). =��-
�!��2 1�#��'�"* ��6�/-�* 
 ,+1� &,�)��5 1�#��'"1!' "1 ��20. 

�/�.! +1!�'�)5�! $���!��2 
 – 8 1�). 

������
�. 
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The results of rocks’ elastic modulus change under the influence of magnetic-

hydrocavitation stressing using granite as an example was showed. To define elastic 

modulus “MicronGamma” devise which is based on the Oliver-Pharr’s method princi-

ple was used. It was defined that the influence of cavitation stressing causes elastic 

modulus reducing on 3,9 % - from 105,91 to 101,82 GPa. The combination of mag-

netic-hydrocavitation stressing causes modulus reducing on 7,1 % from 105,91 to 

98,39 GPa. Magnetic-hydrocavitation influence increasing on elastic modulus (com-

paring with cavitation stressing) explained by oxygen volume (cavitation nucleus) in-

creasing in drilling fluid under the influence of electromagnetic field on 6…20 %. As 

a result the cavitation process is getting intensificated which causes defects formation 

and elastic modulus reducing respectively. The scheme of the test bench was showed.     

Key words: elastic modulus, rock, cavitation. 
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