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	.  �. ��2�; �<�(�, �.  �. 
!3��, +. �. �(%=2.��(  
���'+'�' ��6',! 6+( 1�'! ��)�,  �1. �.. ��/�)2
,�). �,'"$�,"6�5/�, 2, 1. 
+*,, 04074, �/ �*��.  
�-mail: Vinogradovaelena @ ro.ru. 
=�. "."�",��" 1�'!1�'+��� 1"6!)5 �'," !��2 -�)+/�,  #� �5/"* ." "6+ ,  !-

$�)5'�'� ** 6+�/ !'�"#"  �0��,���2 "/ !1+1 ��6!�'" "1, 2/� "' +1��" �� "��",�
!1.� +��"* ,$�;1"$�)!8�"�'� 1�8 �'�.!�!1 $�"7�,���2  "%"�"* / "1/+ ��6!�-
'" � (�)1�$�"#" $! �� , ���' �1!�'�) '�  "$1� �1+ 4 �#1!�'� . "6�/'�,  �0��-
,���2 #� �5/"* ." "6+. �'!1�'+��� 1"6!)5 1"8! %�'+ ,+/" +�'��� 6)2
. "#�"$�,���2 . "6�/'+,�"�'� . "-!��  �0��,���2 �)1�$�+1 ���' �1!�'"1 #� -
�5/"* ." "6+ $ 1!'"& .�6,+:!��2  !�� �"$%! !8!��2 . + "6�+( �)1�$�, , ."-
 "6" �0��,�"1� ���' �1!�'�, $1!�7!��2 !�! #";1�"�'�  �0��,���2 #� �5/"*
." "6+ '�, 2/ ���)�6"/, $1!�7!��2 �"%�,� '"�'� #!")"#" "$,�6�,�)5�+(  "%�'. 

��'��(. *��(�: 1�'!1�'+��� 1"6!)5, �)1�$, 4 �#1!�'  ." "6+.  
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	.  �. ��2�; �<�(�, �.  �. 
!3��, �. �. �(%=2���(  
���'+'�' �,! (',! 63( 1�'! +�)", +1. �.. ��/�)2
�). �,'"$�,"6�/�2, 2, #. 
+!,, 04074, �/ �+��.  
�-mail: Vinogradovaelena @ ro.ru. 
� !6)"8!�� 1�'!1�'+�!�/�2 1"6!)5 "% �$",��+2 -!)+/", #" �"0 ." "63 ,

 !$�)5'�'! !! 6+�/ !'�"#"  �$ �7!�+2 "'6!)5�31 +�6!�'" "1 (�)1�$�31 $! -
�"1 , +��' �1!�'!), /"'" �2 .")��!�� �� "��",! 91.+ +�!�/"0 ,$�+1"$�,+�+1"-
�'+ 1!86� �'!.!�5& +$��7+,��+2  �%"�!0 / "1/+ +�6!�'" � +  �$1! �1+
!6+�+��"#" 4 �#1!�'� . "6�/'",  �$ �7!�+2 #" �"0 ." "63. �'!1�'+�!�/�2
1"6!)5 1"8!' %3'5 +�.")5$",��� 6)2 . "#�"$+ ",��+2 . "+$,"6+'!)5�"�'+
. "-!���  �$ �7!�+2 �)1�$�31 +��' �1!�'"1 #" �"0 ." "63 � -!)5& .",37!-
�+2  !�� �"�%! !8!�+2 . + "6�3( �)1�$", , ." "6" �$ �7�&:!1 +��' �1!�-
'!, �1!�57!�+2 9�! #"!1/"�'+  �$ �7!�+2 #" �"0 ." "63 +, /�/ �)!6�',+!, 
�1!�57!�+! �!%!�'"+1"�'+ #!")"#" �$,!6",�'!)5�3(  �%"'. 

��'�%()% *��(�: 1�'!1�'+�!�/�2 1"6!)5, �)1�$, 4 �#1!�' ." "63. 

�
���������� ������. �!")"#" "$,�6�,�)5�! %� ���2 ." �6 �! !6�5"*
1�-�"�'� 6"�+'5 !4!/'+,�" $6�0��&;'5�2 �! �0�+1+ ',! 6"�.)�,�+1+ /" "�/�-
1+, �)! . + . "("6-� �+1+ 1�-�+( .��/",+/�,, :" $��' ���&'5�2 � ,+#)26� . "-
7� /�, ."'�8���'& 6" 100 1, ,"�" ; 1�)"!4!/'+,�+1 �! !$ �+$5/� �'�0/��'5
���' �1!�'�. � "#�"$�,���2 !4!/'+,�"*  "%"'+ %� ","#" ���' �1!�'� $ 1!'"&
.�6,+:!��2 0"#" $�"�"�'�0/"�'� '� 1!(�����"* 7,+6/"�'� ; 1"8)+,+1 . + 6!'�-
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)5�"1� ,+,�!��� 1!(���$1� ,$�;1"6�* "6+�+��"#" ." "6" �0��,�"#"  ��6!�'" �
$ #� �5/"& ." "6"&. =����+0 1��+, ��4" 1�-�* . " 1!(���$1  �0��,���2 #� �5-
/"* ." "6+ %� ",+1 ���' �1!�'"1 1"8�'5 1��'+'+ ** . "6�/'+  �0��,���2. ��-
�",�+1+ 1!'"6�1+ ,+$���!��2 # ���)"1!' +��"#" �/)�6� . "6�/'�,
 �0��,���2 . + 6"�)�68!��� #� �5/+( ." �6  , )�%" �'" �+( �1",�( ; �+'",+0
���)�$, � 6)2 %�)57 '"�/+( ���)�$�, 1"8�'5 $��'"�",�,�'+�2 1!'"6+ 6+�.! ��0-
�"#" ���)�$�: �!6+1!�'"1!' �2, -!�' +4�#�,���2, �6�" %-�2 '� ��7� [1]. ��/, 
�,'" + [2] 6)2 ,+$���!��2 .+'"1"* .",! (�� ,+�"/"6+�.! ��+( 1�'! ��)�, ,+-
/" +�'",�,�)+ �6�" %-�0�+0 1!'"6 ��� (� ����!  – �11!' – ��))! ), ��'5
2/"#" .")2#�; � ,+$���!��� /�)5/"�'�  !�",+�+, :" �6�" %�;'5�2 �� .",! (��
',! 6"#" '�)�. �+1� &,���2 .)":� .+'"1"* .",! (�� %� ","#" 7)�1� . ","6+-
)"�5 �'�'+�'+��+1 1��"1!' +��+1 1!'"6"1 �� . +)�6� «�/��" %–2100» 4� 1+
«
�)5' !��/�»(@ ��-�2) [3], , 2/"1� ,+/" +�'",�;'5�2 �6�" %-�2 �$"'� . + �+-
$5/+( '!1.! �'� �(.   

�)2 1"6!)&,���2 . "-!��  �0��,���2 #� �5/"* ." "6+ ��1��/���5/� D.D., 

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

��0��,���2 ��6!�'" "1 #� �5/"* ." "6+, 2/� �,'" +  "%"'+ [17] . !6�'�,)2-
&'5 ��/�.���'& "/ !1+(, 6",�)5�+( � $,’2$��+( ���'+�"/ – ',! 6+(  '�), :" ��-
,�'5 .! !/ +,�&'5 "6�! "6�"#" � '"�/�( /"�'�/'�, ,�6%�,�;'5�2 ,  !$�)5'�'�
 "$ +,� $,’2$/�, 1�8, '"%'", . "6�/'�1+  �0��,���2 ; $! ��, :" 4" 1�&'5 1"-
�")�' #� �5/"* ." "6+, �%" *( /"�#)"1! �'+, :" �! 1�&'5 �'�)+( �� 4" 1+, ��
 "$1� �,. �4! +��+1+ '�)�1+, :"  "$1�:�&'5�2 .�6 '" -!1 %� ","#" ���' �1!�-
'�, . !6�'�,)!�� ���'+�/+ 7)�1� ���;,+1 .�., [5], �"$6,+8!��5/+1 �.�., [6], ��-
�&/"1 �.. [7], � #)+%+��  �0��,���2 ,�6.",�6�; ."6��� ���' �1!�'�. 
��6&/", A. D, �)��&/ �.�. �. �.+ �� �.�. [8] !)!1!�' / �.�"#" ,�6/")� . !6�'�-
,)2&'5 ' +/�'�"* 4" 1+ (,+6 $%"/�,  +�. 1, ."$. 7). =#�6�" $� �(!1"&, '",:+��
!)!1!�'� / �.�"#" ,�6/")�, 2/ $�$����)"�5 � ,+:!$#�6��+(  "%"'�(, �! .! !,+-
:�; ,!)+�+�� $�#)+%)!��2 �)1�$�"#" $! �� � #� �5/� ." "6�. 

�+���"/ 1 – �(!1� /"�'�/'� �)1�$�"#" $! �� $ #� �5/"& ." "6"&: 

 1– $"�� . �8�+( 6!4" 1�-�0; 2 – #� �5/� ." "6�; 3 – 1�' +-2 ���' �1!�'�; 

 4 – �)1�$�! $! �"; 5 – 26 " �$ '"�/"6+�.! ��+( . "6�/'�,  �0��,���2; 

 6 – '"�/"6+�.! ��� . "6�/'+  �0��,���2; 7 – !)!1!�' / �.�"#" ,�6/")�; 

 8 – ' �:+��
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��! #";1���'5  �0��,���2 1�'! ��)�, $#�6�" $ [9]  "$ �(",�;'5�2 2/ ,�6-

�"7!��2  "%"'+  �0��,���2 6" ."6,�0�"* .)":� �","�'," !�"* .",! (��. 
��! #";1���'5  �0��,���2 #� �5/"* ." "6+ %� ",+1 ���' �1!�'"1 , /)��+�-

�"1� .�6("6�  "$ �(",�;'5�2 2/ ,�6�"7!��2  "%"'+, ,+' ��!�"* ��  �0��,��-

�2 ." "6+, 6" "%’;1� $ �0�",��"* ." "6+ [10, 11]. ��/+0 .�6(�6 .",'2$��+0 $
,�6��'���'& ��4" 1�-�* . " "6+�+��+0 . "6�/' $ �0�",��"* #� �5/"* ." "6+
"/ !1+1 ��6!�'" "1 (�)1�$�+1 $! �"1). �)":� ,�6 +,� ,�6 1��+,� #� �5/"*
." "6+ "6+�+��"#" 4 �#1!�'� 7)�1� 1"#)� % %�'+ ,+/" +�'��� 6)2 "%�+�-

)!��2 !�! #";1�"�'�  �0��,���2 ." "6+ 6��+1 ,+6"1 ��6!�'" � �%" ���' �-

1!�'� . + $�6��"1� !/�.)��'�-�0�"1�  !8+1�.  
=�,62/+ !/�.! +1!�'�)5�+1 6"�)�68!��21 , ���'+'�'� ��6',! 6+( 1�'!-

 ��)�, �1. �.. ��/�)2 ��� �/ �*�+ [12], ��. �,)!�+1 ��  ,+,�!��2 /�)5/��-

�"#" � 2/���"#" �/)�6� . "6�/'�,  �0��,���2: .��/",+/� �! !%",)2��5/"#"
 "6",+:� ',! 6"�.)�,�+1  �$-!1 ��-221; .��/",+/� �" !$5/"#"  "6",+:�
�)1�$�"-',! 6"�.)�,�"& .)��'+�"& (���) 6��1!' "1 13,5 11 -+)��6 +��+1
!)!1!�'"1 �$ /"1."$+-�0�"#" �)1�$",1���"#" 1�'! ��)� «�)�,�'+�» $ .)��-

/+1 '" -!1 6��1!' "1 10 11 $ $! �+�'"�'5& �)1�$�, 800/630 1/1 . + *( ,�6-

�"���0 /"�-!�' �-�* 100 %; # ���'� D1!)52��,�5/"#"  "6",+:� �)1�$�+1
,�6 �$�+1 �!#1!�'�+1 / �#"1 1�1RSS/�1500 ��160 400/315 1/1, # ���'�

" "�'+7�,�5/"#"  "6",+:� �)1�$�"& �1. !#�",��"& /" "�/"& 6��1!' "1
76 11, "%)�6���"& �+�'!'+��+1+ �)1�$�1+ $! �+�'��'& 400/315 1/1, %�)"
,+$���!�" $� 6"."1"#"& 1�/ "�/".� �"1" !'�1 �-1 $ CCD ,�6!"/�1! "&
Digital KOCOM . + $%�)57!��� "%’;/'+,�, , 175, 360, 900 / �' ��,� ���'���'5
/"�4�#� �-�* ,! (�5"* '� $," "'�"* ���'+� "6+�+��+( 4 �#1!�'�, 7)�1�, 

 +�. 2, 2/�, $�)+7�&'5 ,�6%+'/+ �� ,+%"* #� �5/"* ." "6+ $ .! �"6"1 � � ��
,�6�'��� � "6+� ,�6 "6�"#" ( +�. 3), [13].  

    
100 µm

                           �)                                                                %) 

�+���"/ 2 – @ �#1!�' . "6�/'�,  �0��,���2 # ���'� 
" "�'+7�,�5/"#"
 "6",+:�  �)1�$�"& �1. !#�",��"& /" "�/"&, "���:!�"&  �)1�$�1+

$ $! �+�'��'& 400/315 1/1, '",:+�"& 1200 1/1: 
�) – ,! (�2 ���'+��; %) – $," "'�� ���'+��  
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                    100 µ m

V1

V2
H

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

4 �#1!�'�, 7)�1�, ,  !$�)5'�'� 0"#"  �0��,���2 -+)��6 +��+1 !)!1!�'"1  
$� «�)�,�'+��» $ .)��/+1 '" -!1; � – .! �"6 ,�6/")&,���2 �)1�$�+1  �$-!1

"6+�+��+( 4 �#1!�'�, 7)�1� – �); # ���'� D1!)52��,�5/"#"  "6",+:� �)1�$�+1
,�6 �$�+1 �!#1!�'�+1 / �#"1 1�1RSS/�1500 ��160 400/315 1/1; 

V1, V2 – ,!/'" + 7,+6/"�'� 6,"( 4 �#1!�'�, 7)�1�; 
� – / "/ 1�8 %" "$��1+, :" �/)�6�&'5�2 $ !)!1!�'� �+( )��"/ – %) 

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

������� � ��=������� ����������. �/ ."/�$�&'5  !$�)5'�'+ 6"-
�)�68!�5  �0��,���2 #� �5/"* ." "6+ "/ !1+1 ��6!�'" "1, . "6�/'+,���'5 . "-
-!��  �0��,���2, � "'8!, �  "$1� + ���'+�"/ . "6�/'�,  �0��,���2, $�)!8�'5 ,�6
 �6���� / +,+$�+ .! !6�5"* / "1/+ ��6!�'" �. �� ."��'/",�0 �'�6�* . "-!��, /"-
)+ / "1/� #"�' �, ,  !$�)5'�'� 1!(�����"* 6�* �� ." "6�, .! �"6+��" ,$6",8 ' �-
;/'" �*  �(�  �$-2 ,�6/")&&'5�2 / �.�� 4 �#1!�'+ . "6�/'�,  �0��,���2
#� �5/"* ." "6+ (-�)+/+), 2/ ."/�$��" ��  +�. 4, �(!1� ."�)�6",�"#" ,�6/")&,��-
�2 4 �#1!�'�, . "6�/'�,  �0��,���2 %)"/� # ���'� 
" "�'+7�,�5/"#"  "6",+:�
�)1�$�"& %� ","& /" "�/"&, "���:!�"& �+�'!'+��+1+ �)1�$�1+ $! �+�'��'&
400/315 1/1. �� / �.�� 4 �#1!�'+ ." 4" 1� 6"�+'5 ."6�%�� 1�8 �"%"&. =,+��0-
�", :" / �1 -�)+/�, ; �:! 6 �%�� ���'+�/+ 7)�1�. �" 1� � $�'�.)!��2 .! !6�5"*
/ "1/+  �$-2  "$1� + / �.�+( -�)+/�, $1!�7�&'5�2. 

100µm ����

�

��

�	

�+���"/ 4 – �(!1� ,�6/")&,���2 -�)+/�, , . "-!��  �0��,���2 %)"/� # ���'�

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

"���:!�"& �)1�$�1+ $! �+�'��'& 400/315 1/1 , ."�)�6",�� 1"1!�'+ ����: 

'",:+�"& 1600, 1500, 1200, 700, 200; 200 1/1; L(t) – 6",8+�� �","�'," !�"#"
$ �$/�; V,V1,V2 – ,!/'" + 7,+6/"�'� 4 �#1!�'�, 7)�1�



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

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

45 

� + ,+. "%�,���� !)!1!�'� $� «�)�,�'+��» �� !/�.! +1!�'�)5��0 ��'��"-

,-� '� . + !/�.)��'�-�0�"1�  !8+1�, ".+���+1 ,  "%"'� [12], ,�6"/ !1)!�� $
"(")"68�&�"*  �6+�+ . "6�/'+  �0��,���2 .��/",+/� �" !$5/"#"  "6",+:�
6"�2#�)+ #�%� +'�+(  "$1� �, 6" 3000 1/1 . + *( '",:+�� – 700 1/1. D 01"-

,� ���'5, :" �)1�$�! $! �" � ,+. "%�,��"1� !)!1!�'� $  "%"�"& / "1/"&
 �6���� R1 = 83 1/1,  +���"/ 5�, 2/! .! !1�:�;'5�2 $� 7,+6/��'& V ." ,+%"&
,�6/")&; 4 �#1!�' 6",8+�"& L(t1) = 1200 1/1 � '",:+�"& 700 1/1, ."/�$�-

�+0 ��  +�. 6� $ '+1 8!  �6���"1 $�#)+%)!��2 ��6!�'" � [14]. 
"�4�#� �-�2
$"�+ $�#)+%)!��2 ��6!�'" �, � 4 �#1!�'�, . !6�'�,)!�"1� ��  +�. 6%, 6",8+-

�"& L(t2) = 715 1/1 � '",:+�"& 400 1/1, �,�6�+'5 . " ,$�;1�! ,. ",�68!�-

�2 6,"( ����6��( ��6!�'" �,, 2/ ,+ "#�6�", 1"#)" ,�6%�,�'+�2 . + /"�'�/'� $
#� �5/"& ." "6"& 6,"( ����6��( $�#"�' !�+( / "1"/ $  �6����1+ / +,+$�+ r1 

� r2,  �,��0 25 1/1, :"  �(�&'5�2 ." ,+%"& $� 7,+6/"�'21+ V1, V2 �� ,�6�'���
180 1/1 "6�� ,�6 "6�"* ( +�. 5%), �'," !�� . + $1!�7!��� ,+�"'+ ,+�'�.���2
(,+)5"'�) �)1�$� $ 1�' +-� 6" 51 1/1 � $�#�)5�"#"  �6���� / +,+$�+  "%"�"*
/ "1/+ 6" $���!��2 R2 = 350 1/1. �"6�)57! $1!�7!��2 $�#�)5�"#"  �6����
/ +,+$�+  "%"�"* / "1/+ �)1�$� ��. ","68�;'5�2 ,�6/")&,���21 1�/ "4 �-

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

%� +'��  "$1� +  ,+:!$#�6��+( ���'+�"/ . "6�/'�,  �0��,���2.  

100µ m

R1

         

100 1/1

V2

µm

V1

µm

R2

r2

r1

                                �)                                                 %) 

�+���"/ 5 – �)1�$�! $! �" , !/�.! +1!�'�)5�"1� !)!1!�'� $� «�)�,�'+��», 

:" ,+�'�.�; ��6  �,�!1 1�' +-�: 
�) – �� 210 1/1 (6"  "%"'+); %) – �� 51 1/1 (.��)2  "%"'+); 

 V1 � V2 – ,!/'" + 7,+6/"�'� 6,"( ����6��( #"�' +( / "1"/ �)1�$�"#" $! ��; 

 R1 – ."��'/",+0  �6��� / +,+$�+  "%"�"* / "1/+ �)1�$�; 

 R2 –�","�'," !�+0  �6��� / +,+$�+ �)1�$�; 

  r1, r2 – �","�'," !��  �6���+ / +,+$�+  "%"�+( / "1"/ �)1�$�
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                �)                                           %)                                         ,) 

�+���"/ 6 – @ �#1!�' . "6�/'�,  �0��,���2 .��/",+/� �" !$5/"#"  "6",+:�
!)!1!�'"1 $� «�)�,�'+��» $ $! �+�'��'& �)1�$�, 800/630 1/1 '� *( ,�6�"��"&

/"�-!�' �-�;& 100 %, �'," !�+0:  "%"�"& / "1/"& �)1�$�"#" $! �� $  �6���"1
/ +,+$�+ R1, ('",:+�"& 700 1/1); V – ,!/'" 7,+6/"�'� �)1�$�"#" $! ��,  

:" �'," &; 6��+0 4 �#1!�' . "6�/'�,  �0��,���2 – �); 6,"1� ����6��1+  

 "%"�+1+ / "1/�1+ r1, r2,  �,�+1+ 25 1/1, ('",:+�"& 400 1/1);  

V1 � V2 – ,!/'" + 7,+6/"�'� 6,"( ����6��( #"�' +( / "1"/ �)1�$�"#" $! �� – %); 

#"�' +1+ / "1/�1+ �)1�$�  �6���"1 3 1/1 – ,) 

�$ ��,!6!�"#" ,+:! ,+.)+,�;, :" ����; $,’2$"/ 1�8 2,+:!1 $�"7�,���2 ($�-
'�.)!��2) .! !6�5"* / "1/+ ��6!�'" � '� (� �/'! "1  �0��,���2 ." "6+ – $1!-

�7!��21  "$1� �, -�)+/�,.  

� .! 7"1� ,+.�6/� �."��'/� ,+1� &&'5  �6��� / +,+$�+ r / "1/+ �!$�-

'�.)!�"#" ��6!�'" � (, ."��'/",+0 1"1!�' ���� t = 0): r(t) = r0 ). ��)� �! !$
 �,�� . "1�8/+ ���� Gt  "%"'+ ���' �1!�'� ,+1� &&'5  �6��� / +,+$�+ r(t1 =

Gt) = r1 , r(t2 = 2Gt) = r2, …,  r(tn = nGt) = rn. �  !$�)5'�'� ,+1� &,��5 "' +-

1�&'5 ."�)�6",���'5 $���!�5  �6����, / +,+$�+ r0, r1, r2, …, rn. ��/�)5/+ ,
."��'/",� 1"1!�'+ ���� $�"7�,���2 ($�'�.)!��2) .! !6�5"* / "1/+ ,�6%�,�-

;'5�2 ��'!��+,��7!, ��8 , %�)57 ,�66�)!�� ���'�.�� 1"1!�'+, '" 7,+6/��'5
$1��+ $���!�5 r(t) , ."��'/",� 1"1!�'+ ; ��0%�)57"& (. + �1",� �!$1���"#"
 !8+1� ��,��'�8!��2  �$-2, "6�" �6�"�'� 1!(�����+( ,)��'+,"�'!0 ." "6+, 

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

;'5�2, . 21�&�+ 6" ��)2, '"%'" $���!��2 r(tn) ,+("62'5 �� �'�-�"�� �+0  !-

8+1: r(tn) → � = const . + t → ∞.  

�/:" ,�6  �6���� / +,+$�+ r(t) .! !0'+ 6" / +,+$�+ k(t): 
)(

1)(
tr

tk = , '" 6)2 ."-

�)�6",�"�'�
n

n r
k

r
k

r
k

r
k 1...,,1,1,1

2

2

1

1

0

0 ==== "' +1�;1" # �4�/, $"% �8!�+0 ��  +�. 7. 

=,�6�+ ,+6�", :" / +,+$�� / "1/+ ��6!�'" � $1��&;'5�2 , ���� $� !/�."�!�-��-

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

)5�+1+ 6��+1+ 1"8�� $��0'+ $�)!8���'5 k = k(t), �. "/�+1�,�,7+ -� 6���
,�6.",�6�"& !/�."�!�-��)5�"& �+ �'!.!�!,"& / +,"&.  

10µm
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�+���"/ 7 – =1��� / +,+$�+ / "1/+ ��6!�'" � , . "-!��  �0��,���2
#� �5/"* ." "6+

�+$���+1" $�)!8���'5 k = k(t) �� "��",� ���)�$� $�"7�,���2  �$-2 , . "-!��
 �0��,���2 ." "6+. = !/�.! +1!�'�, ,�6"1", :" �+1 #"�' �7�  "%"�� (.! !6�2) 

/ "1/� ( +�. 8), '"%'" �+1 %�)57� ** / +,+$�� k(t), '+1 / �.��7+0 -�)+/ ,�6"/ !-

1)&;'5�2 ,�6 ." "6+. =,�6�+ ,+.)+,�;, :" (� �/'! �+0  "$1� L(t) -�)+/� . 21"
. "." -�0�+0 / +,+$��  "%"�"* / "1/+: L(t) ~ k(t) (�%" , $�#�)5�"1� ,+.�6/�
L(t) ~ k(t)

m
, 6! m > 0 – ."/�$�+/ �'!.!�2).  

          

                                                                                                
                           �)                                                        %) 

�+���"/ 8 – �"%"�� .",! (�2 �)1�$�"#" ��6!�'" �: �) – 4"'"; %) – �(!1�

�+,!6!1"  �,�2��2, 2/! ".+��; $1��� / +,+$�+  "%"�"* / "1/+ ��6!�'" � ,
. "-!�� 0"#"  "%"'+ –  �0��,���2 �+1 1��+,� #� �5/"* ." "6+. B,+6/��'5 $1��+

/ +,+$�+ / "1/+
t

tkttk

∆

−∆+ )()(
�� ��'! ,�)� ���� [t; t + Gt] . "." -�0�� �! !6��0

,!)+�+�� 1!(�����"#" ��. �8!��2 �� / "1-� (��. +/)�6, �" 1�)5�"#" ��. �-

8!��2 nσ ) 

nt

tkttk
σα−=

∆

−∆+ )()(
,                                           (1) 

                                                                   

6! H – /"!4�-�;�' . "." -�0�"�'�, � $��/ “1����” "$����;, :" �$ .)+�"1 ����
/ +,+$�� / "1/+ $1!�7�;'5�2. 
"!4�-�;�' 1"8! %�'+ ,+$���!�" . + , �(�,����
,$�;1",.)+,� 4�$+/"-1!(�����+( ,)��'+,"�'!0 #� �5/"* ." "6+ � �)1�$� (',! -

k(t)

0       t1              t2     t3      t4                                                  t            

t  t t

k0 

k1   

k2

kn

r(t)

�������

���	�


����
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6��'5, �% �$+,���'5) , $�6��"1� !/�.)��'�-�0�"1�  !8+1� ,+/" +�'���2 ���' �-
1!�'� (��,��'�8!��2 �� ���' �1!�', �'�� ,+%"&: �!'" /��+0 ,+%�0, �%" "(".)!-
�+0 ��'/"& 1�/ "' �:+� .! !6  �0��,���2 � '.��.). �!)+�+�� ��. �8!��2 nσ

1"8�� "%�+�)+'+ $� 4" 1�)"&  

)(tS

Fn

n =σ ,                                                                  (2) 

6! Fn – �" 1�)5�! $��+))2 �� .! !6��0 / "1-�; 
     S(t) – .)":� /"�'�/'� .",! (�� ��6!�'" � $ ." "6"&. 
�)":� S(t) $1��&;'5�2 , ���� � $�)!8+'5 ,�6  �6���� r(t) / "1/+. � .! 7"1�

��%)+8!��� 1"8�� . +0�2'+ ( +�. 8), :" 1�8 S(t) � r(t) ; . 21" . "." -�0�� $�-
)!8���'5: 

S(t) = Ir(t),  (I = const) �%"
)(

I
)(

tk
tS = ,                           (3) 

6! I – /"!4�-�;�' . "." -�0�"�'�. 
�  !$�)5'�'� .�6�'��",/+ �.�,,�6�"7!��2 (3) , (2), � ."'�1 , (1) "' +1�;1"

)(
)()(

tk
F

t

tkttk n

β

α
−=

∆

−∆+
.                                           (4) 

�. 21�,�,7+ , (4) ,!)+�+�� Gt 6" ��)2, "' +1�;1" 6+4! !�-��)5�!  �,�2�-
�2 .! 7"#" ." 26/� ,�6�"��" / +,+$�+ k(t): 

)(
)(

tk
dt

tdk
γ−= ,                                                    (5) 

6!
β

α
γ nF

= . ��,�2��2 (5) 1�;  "$,’2$"/ teCtk γ−=)( . �+/" +�'�,7+ ."��'/",�

�1",� 0)0( ktk == , 6��'��!1" "�'�'"��+0 ,+ �$ 6)2 / +,+$�+ k(t): 

tektk γ−= 0)( .                                                  (6) 

� �(�,�,7+ . 21". "." -�0�� $�)!8���'5 1�8 (� �/'! �+1  "$1� "1 – 6"-
,8+�"& L(t) -�)+/� – � / +,+$�"& / "1/+ ��6!�'" � k(t), $�.+7!1" ���)"#���+0
(6) ,+ �$ 6)2 L(t): 

tekAtL γ−= 0)( ,                                                   (7) 

6! � – /"!4�-�;�' . "." -�0�"�'�. �"' �%�" $��,�8+'+, :" , 4" 1�)� (7) $��-
�!��2 L(t) "%�+�)&&'5�2 �! ,�6 ."��'/� (t = 0) . "-!��  �0��,���2 ��6!�'" "1
." "6+, � ,�6 1"1!�'� ,�6/")&,���2 .! 7"#" -�)+/�.

�/:" .)":� /"�'�/'� S(t) ; . 21" . "." -�0�"& 6!2/"1� �'!.!�& l (l > 0) 

 �6���� r(t) / "1/+, '" $�1��'5 (3) "' +1�;1" �.�,,�6�"7!��2
)(

I
)(

tk
tS

l
= , � $�-

1��'5 (5) –  �,�2��2 )(
)(

tk
dt

tdk lγ−= , 2/! . + l J 1 1�;  "$,’2$"/
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( ) 1

1
1

0

0

)1(1

)(
−−−+

=
ll tkl

k
tk

γ
. 

@" 1�)� (7) 6�; $1"#� ".+��'+ . "-!� ."�)�6",�"#"  �0��,���2 "/ !1+1
��6!�'" "1 #� �5/"* ." "6+. � "-!�  �0��,���2 ,�6%�,�;'5�2 �! %!$.! ! ,�", �
6+�/ !'�".   

�)1�$�� %� ",� /" "�/� [15],  +�. 9, /" .�� 1 2/"* "���:!�" . +$1�'+��+1+
!)!1!�'�1+ $� «�)�,�'+��» 2, 2/� � . +/! �",�0 3, -!�' �)5��0 4 '� . +�,! 6)",+�-

��0 5 $"��( 1�&'5  �$�� /"�-!�' �-�& . + "6�+( �)1�$�,, :" 6"$,")2; "' +1�,�'+
%�)57 #�%� +'�� 4 �#1!�'+ . "6�/'�,  �0��,���2 #� �5/"* ." "6+ , . +�,! 6)"-

,+���0 $"�� '�  �,�"1� �+0 $�"� /" "�"��"#" '" -2 ,  �6��)5�"1� ��. 21/�, �',"-

 !�" '� ,+. "%�,��" . + $��'"��,���� «�."�"%� ,+$���!��2 . �-!$6�'�"�'�
���' �1!�'� 6)2  �0��,���2 / +(/+(, . �8�"/ +(/+( ',! 6+( � ��6',! 6+( 1�'!-
 ��)�,», [16] �� %�$�  "$ "%)!�"* 1�'!1�'+��"* 1"6!)�. 
" "�/� . "("6+)� ." .��/"-

,+/�( VI � IX /�'!#" �0 %� +1"�'� $� 7,+6/��'& 3,64 '� 1,2 1/#"6, ,�6.",�6�", . +
$�"�"�'�0/"�'� . +$1�'+��+( !)!1!�'�, 0,01 � 0,21 11/1.  

  

                                             �)                                       %) 

�+���"/ 9 – �)1�$�� %� ",� /" "�/�, "���:!�� . +$1�'+��+1+ !)!1!�'�1+
$� �)�,�'+��: ,+6 $,! (�, 1– /" .�� %� ","* /" "�/+; 

 2– . +$1�'+��� !)!1!�'+ $� �)�,�'+��; 3 –. +/! �",� $"��; 

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

6– . "1+,�� /���)+, � – 6",8+�� ,+�'�.���2 !)!1!�'�
$� �)�,�'+�� $� 1!8� /" .��� – �); $�#�)5�+0 ,+6 /" "�/+ – %) 

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

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

4 �#1!�'�,, :" 1�&'5 �'�)� 4" 1�, 2/� �! $1��&;'5�2 , $�)!8�"�'� ,�6 �'���  "%"-

�"* .",! (�� ��6!�'" �. ���",�+1 .")"8!��21 1�'!1�'+��"* 1"6!)� ; ',! 68!��2, 

:" ,+�"/� #"�' "'�  "%"�"* / "1/+ �)1�$�"#" $! �� �. +�+�2; ,�6/")&,���2 4 �-
#1!�'�, . "6�/'�,  �0��,���2,  "$1� + 2/+( .! !,+:�&'5  �6��� / "1/+ , 6!�2'/+
 �$�,. =%�)57!��2  �6���� / +,+$�+  "%"�"* / "1/+ �)1�$�"#" $! �� �. 28!�! $�
$1!�7!��21 0"#" ,+)5"'� $ 1�' +-�; ,�6/")&,���2 ,+�"/"#�%� +'�+( 4 �#1!�'�,
�! ,�6%�,�;'5�2, $1!�7�;'5�2 *( '",:+��, $6!%�)57"#", $ �$/+ ,�6/")&&'5�2 6,"1�
����6��1+  "%"�+1+ / "1/�1+ �%" "6��;& $� $����+1 $1!�7!��21 #�%� +'�+(  "$-
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1� �, ���'+�/+ . "6�/'�,  �0��,���2. �"%'", .�6 . "-!�"1 $�'�.)!��2 �)1�$�"#"
$! �� 1"8�� . !6�'�,+'+ . "-!� ."�'�.","#" $1!�7!��2  1!(�����"#" ��. �8!�-

�2 � $"�� /"�'�/'� �)1�$�"* / "1/+ � ,+%"&, :" �. +�+�2; ,�6/")&,���2 $����"
1!�7+( 4 �#1!�'�, (,  "$#)2��'"1� ,+.�6/� – 6",8+�+ 4 �#1!�'� L (t)) . + �',"-

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

,���& 1�/ "4 �#1!�'�, . "6�/'�,  �0��,���2.  

� + �'," !��� �1",+ ".'+1�)5�"* ,�6.",�6�"�'�  "%"�"* .",! (�� ���' �-

1!�'� !/�.)��'�-�0�"1�  !8+1� 0"#" ,+/" +�'���2  , $�6��+( #!"'!(����+(
�1",�( $�,62/+ ,� �&,���& $���!�5 $1���+(, ,+6�)!�+( , 1�'!1�'+���0 1"6!-

)� (��. +/)�6:  �6��� / "1/+ �)1�$�"#" $! �� .!,�"* $! �+�'"�'�, ��,��'�-

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

/� – L(t), ($ ."6�)57+1  "$ �(��/"1 .)":� $," "'�"* .",! (�� 4 �#1!�'�
7)�1�) . + $%! !8!��� ,+�"/"* $�"�"�'�0/"�'� ���' �1!�'�, :" 6"$,")+'5 ,+-

 �7�,�'+ $�6��� .�6,+:!��2 !4!/'+,�"�'� . "-!��  �0��,���2 #� �5/"* ." "-

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

�","#" 1�'! ��)�, $1!�7!��2 !�! #";1�"�'�  �0��,���2 #� �5/"* ." "6+ '�, 

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

����������
1. �� ��", �.�. ��$ �7!�+! ." "6 . + "6�31 + '!(�")"#+�!�/+1 .�'!1 / 

�������  !�� �"!�! #"$%! �#�&�� '!(�")"#�* #� �+�"#" ,+ "%�+-',�: ���/","-

,+ "%�+�+0 8� ��). – 
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The mathematical model of  formation pillars of rock is offered as a result of it de-

struction by a separate indenter, that is got on the basis of empiric interdependence be-

tween the degree of wear of working edge of indenter  and sizes of fragment of 

products of destruction of mountain breed. The mathematical model can be used to 

predict the performance of the fracture process of rock a diamond tool to increase re-

source of natural diamonds in the rock cutting tool, reducing the energy intensity of 

rock failure and, consequently, a decrease in the cost of geological prospecting. 

Key words: mathematical model, diamond, rock fragments. 
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