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�. �. ��������, �. �. ������ �!�, �. �. "�# �, 
. �. � �$� %&
���'+'�' #!"'!(�+�!�/"0 1!(��+/+ +1. �. �. �")2/",� ��� �/ �+�3
�). �+14! ".")5�/�2, 2-�, #. ��!. ".!' ",�/, 490005, �/ �+��. 
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� �'�'5! ."/�$��", �'" . + +��)!6",��++ . "-!��",  �$ �7!�+2 /"1."$+-+-

"��3( 1�'! +�)", �� 1�/ "�' �/'� �"1 � ",�! ,  26! �)���!, �!"%("6+1" ��+-

'3,�'5 -!)30 /"1.)!/� 4�/'" ",, /"'" 3! +1!&' �)���0�30 (� �/'! , 

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

�)���0�3! "'/)"�!�+2 , �/)�6/! ,")"/"� + '.6. ��/+1 1!'"6"1, /"'" 30 ."$,"-

)2!' ��+%")!! .")�" ��!�'5 + �+�'!$+ ",�'5  �$�""% �$��& +�4" 1�-+& " �'�-

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

��'�%()% *��(�: �'�'+�'+�!�/+! 1!'"63, /"1."$+-+"��3! 1�'! +�)3,  �$-
 �7!�+!, ��/".)!�+! .", !86!�+0. 
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�. +. ��.�����, �. �. ������ �!�, �. �. "�# �, 
. �. � �$� %&/
���'+'�' #!"'!(����"* 1!(���/+ �1. 
. �. �")2/",� ��� �/ �*�+
,�). ��14! ".")5�5/�, 2-�, 1. ���. ".!' ",�5/, 490005, �/ �*��. 
E-mail: office.igtm@nas.gov.ua 

� �'�''� ."/�$��", :" . + 6"�)�68!��� . "-!��,  �0��,���2 /"1."$+-�0�+(
1�'! ��)�, �� 1�/ "�' �/'� �"1�  �,�� �  26� ,+.�6/�, �!"%(�6�" , �(",�,�'+
-�)+0 /"1.)!/� �+��+/�,, 2/� 1�&'5 ,+.�6/",+0 (� �/'! , ��. +/)�6,  "$/+6
1�-�"�'� ,")"/"�,  "$/+6 1�-�"�'� $,'2$/� /"1."�!�'�,, ,+.�6/",� ,�6(+)!��2 ,
�/)�6���� ,")"/"� � '.6. ��/+1 1!'"6"1, 2/+0 6"$,")2; 2/��0.",��7! , �(�,�'+
� �+�'!$�,�'+  �$�"1���'�� ��4" 1�-�& . " �'�'+�'+��� ,)��'+,"�'� /"1."�!�-

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

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

��/".+�!��2 ."7/"68!�5. 

�
���������� �����<. �!�1"' 2 �� ". !6!)!��3! 6"�'+8!�+2 , ."-

�' "!�++ 1"6!)!0 6!4" 1+ �!13( � !6 � �!"6�" "6�"0 �' �/'� "0 + , +$��!�++
��/".)!�+2 .", !86!�+0 , 1�'! +�)�( , ��)",+2( �)"8�"#" ��. 28!��"#" �"-

�'"2�+2 [1–6], . + ���)+$! . "-!��", .! ! ��. !6!)!�+2 ��. 28!�+0 , /"1."$+-
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'�(, /�/ . �,+)", +�.")5$�&'�2 ��+%")!! . "�'3! �(!13, "' �8�&:+! 1!(��+/�
,$�+1"6!0�',+2 /"1."�!�'", �� 4"�! 1�/ "�!"6�" "6�3(, "6�""��3( .")!0 ��-
. 28!�+0. � !6+ ."6("6",, +$���&:+(  ��. !6!)!�+! ��. 28!�+0 �� 1+/ "-

�' �/'� �"1 � ",�!, 1"8�" ,36!)+'5 6,� "��",�3( ��. �,)!�+2: +��)!6",��+!
.! ! ��. !6!)!�+2 ��. 28!�+0 . +  �$ 3,! ,")"/"� +)+ . + ��)+�++ 6+�/ !'-
�3( ,")"/"� + ���)+$  .! ! ��. !6!)!�+2 ��. 28!�+0, ,3$,���"#"  �$)+�+!1
�. �#".)��'+�!�/+( �,"0�', /"1."�!�'", . + +( �",1!�'�"1 6!4" 1+ ",��++. 

�!)5  �%"'3 – +$��+'5 �'�'+�'+�!�/+! 1!'"63, ��+%")!! �6!/,�'�" ".+�3-

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


������� � ��=������< �����������	. � $�6���( " �",1!�'�"1
6!4" 1+ ",��++ /"1."�!�'",  ���1�' +,�&'�2 /"1."$+'3 � �!. ! 3,�31+
+)+ 6)+��31+ ,")"/��1+, . !6.")�#�!'�2, �'" , +��)!6�!1"0 "%)��'+ �! . "+�-

("6+' .! ! ��. !6!)!�+2 "�!,3( ��. 28!�+0 1!86� ,")"/��1+ + 1�' +-!0, +
���)+$+ �!'�2  ��. !6!)!�+! ��. 28!�+0 '")5/" , .".! !��"1 ��. �,)!�++. 

���. !6!)!�+!  �6+�)5�3( + "/ �8�3( ��. 28!�+0 , /"1."�!�'�( /"1."$+-+-

"��"#" 1�'! +�)� +��)!6",�)"�5 '!" !'+�!�/+ + 9/�.! +1!�'�)5�" 1�"#+1+ +�-
�)!6",�'!)21+. 

�  26!  �%"' [6, 7] ,3�/�$3,�)"�5 1�!�+! " '"1, �'" ,"$�+/�",!�+! ��. 28!-
�+0, "%8+1�&:+( ,")"/�� (. + 6!4" 1+ ",��++ /"1."$+'", � 1!'�))+�!�/+1+
1�' +-�1+), 1"8!' "/�$�'5 ��:!�',!��"! ,)+2�+! ��  �$,+'+! . "-!���  �$ �7!-
�+2. >'" 1�!�+! "��",��" �� 9/�.! +1!�'�)5�" ��'��",)!��"1 944!/'! �,!)+�!-
�+2 6!4" 1�-++ 6"  �$ �7!�+2, /�/ � .)��'+��3(, '�/ + � ( �./+( 1�'! +�)",
. + ��)+�++ , �+( �)"8�"#" ��. 28!��"#" �"�'"2�+2, , ���'�"�'+, . + �8�'++ +(
, ��. �,)!�++, .".! !��"1 . +)"8!�++ "��",�"0  �$ �7�&:!0 ��# �$/+. 

�$�+1"6!0�',+! 1+/ "1!(��+$1",  �$ �7!�+2 . +,"6+' / �+'��-+21, /"#6�
,")"/�� ��# �8�&'�2 �+)�1+ ' !�+2, ��. +1! , . + "'�)"!�++  �$ �7+,7+(�2
,")"/"� "' 1�' +-3. � + ".+���++ ��. 28!��"#" �"�'"2�+2 , "%:!1 �)���! ,"-

$�+/�&' ��:!�',!��3! ' �6�"�'+ +, /�/ . �,+)", . + ���)+$! .! ! ��. !6!)!-

�+0 , "�!,"1 ��. �,)!�++ �! ��+'3,�!'�2 ,$�+1"6!0�',+! /"1."�!�'", ,
.".! !��"1 ��. �,)!�++. �" . !6�'�,)!�+2 " ��. 28!�+2( "%8�'+2 ,")"/"� +
+�4" 1�-+2 "% +( ,!)+�+��( "/�$3,�&'�2 ,!�51� .")!$�31+ . + "-!�/! �+)
' !�+2, ,"$�+/�&:+( �� # ��+-�( /"1."�!�'", . +  �$,+'++ . "-!��",  ��-

�)"!�+2. 

���)!6",��+& .! ! ��. !6!)!�+2 ��. 28!�+0, ,3$,���"#"  �$ �7!�+!1
,")"/"� +)+ ��)+�+!1 6+�/ !'�3( ,")"/"�, ."�,2:!�", ."-,+6+1"1�, ��+-

%")57!! �+�)"  �%"', �,2$���3( � 1+/ "1!(��+/"0 /"1."$+'�3( � !6. �26 '�-

/+( +��)!6",��+0 %3) ,3.")�!� � ."1":5& .")2 +$�-+"��"-".'+�!�/+(
1!'"6",. >'+ +��)!6",��+2 . ","6+)+�5 , .)"�/"0,  .�!,6".)"�/"0 [8] + "%?!1-

�"0  ."�'��",/�(. �" "%�'"2'!)5�',", �'" , �!."� !6�',!��"0 %)+$"�'+ "' /"�-�
,")"/��, #6! # �6+!�'3 ��. 28!�+0 1�/�+1�)5�3, +$"/)+�3 ��%)&6�&'�2  �$-
13'31+, "# ��+�+,�!' ,"$1"8�"�'+ 9/�.! +1!�'�)5�3( 1!'"6",. ���)"#+��3!
' �6�"�'+ ,"$�+/�&' . + .".3'/�( +��)!6",��+2 .! ! ��. !6!)!�+2 ��. 28!-

�+0, 1!'"6�1+, "��",���31+ �� +$1! !�++ 1+/ "',! 6"�'+. 
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� �#"0 4��6�1!�'�)5�30 ."6("6 / ���)+$�  ��. !6!)!�+2 ��. 28!�+0 ,
"%)��'+ /"�-!,3( ����'/", ,")"/"� "��",�� �� �+�)!��3( 1!'"6�( 1!(��+/+
6!4" 1+ �!13( � !6, , ���'�"�'+ �� 1!'"6! /"�!��3( 9)!1!�'",. � +1!�!�+!
9'"#" 1!'"6� / $�6���1 " /"�-!�' �-++ ��. 28!�+0 , -!)"1 "'/ 3,�!' 7+ "/+!
,"$1"8�"�'+, ."$,")2!' ���)+$+ ",�'5 1"6!)+ /"1."$+'", � )&%31+ #!"1!' +-

�!�/+1+ .� �1!' �1+, � /"1."�!�'�1+  �$)+��"0 8!�'/"�'+, �  �$)+��31+ ,+-

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

/�/ . �,+)", . +,"62' / �!". !6!)!��"�'+, �,2$���"0 � �! !�)5�" ,3�"/+1+
$���!�+21+ ��. 28!�+0 , )"/�)5�3( "%)��'2(, . +)!#�&:+( �!."� !6�',!��" /
1!�'�1  �$ 3,",. 

>'+ . "'+," !�+2 1!86� . +�-+.+�)5�"0 ,"$1"8�"�'5& 1!'"6", + "# ��+-

�!��"�'5& .")��!��3(  !$�)5'�'", "%��)",)!�3 '!1 "%�'"2'!)5�',"1, �'" #!"-

1!' +2  ���!'�"0 1"6!)+, /�/ . �,+)", )+75 ,!�51� . +%)+8!��" "' �8�!'
 !�)5��& /"�4+#� �-+& .", !86!�+0, ,3$,���3(, ��. +1! ,  �$ �7!�+!1 "'-
6!)5�"#" ,")"/��. � �+)� 9'"#" ."�' "!�+! «'"��3(» 1"6!)!0 + . +1!�!�+!
«1":�3(»  ���!'�3( 1!'"6", ,  26! �)���!, . !6�'�,)2!'�2 1�)"". �,6���31. 


"8�" '�/8! "'1!'+'5, �'" ��)+�+! � !$,3��0�" %")57"#" /")+�!�',� 1"6!-

)!0, ".+�3,�&:+( .! ! ��. !6!)!�+! ��. 28!�+0 , /"1."$+'�(, + '", �'" 9'+
1"6!)+ . "6")8�&' �"$6�,�'5�2 + �'"��2'5�2, 2,)2!'�2 ."/�$�'!)!0 ". !6!)!�-

�"0 �!�6",)!'," !��"�'+, /"'" �& +�.3'3,�&' +��)!6",�'!)+ , 9'"0 "%)��'+. 

��$�""% �$�3! 1"6!)+, . +1!�2!13! 6)2 .")��!�+2 ���)+'+�!�/+( $�,+�+-

1"�'!0, ".+�3,�&:+(  ��. !6!)!�+! ��. 28!�+0 , /"1."$+'! �  �$ �7!��31+
+)+ 6+�/ !'�31+ ,")"/��1+, 1"8�" /)���+4+-+ ",�'5 /�/ ." '+.� ��. 28!�-

�"#" �"�'"2�+2 (��), /"'" "! ��+'3,�!'�2 1"6!)5& (' !(1! �3! (I), 6,�1! �3!
(II), "6�"1! �3! (III)), '�/ + ." 4" 1! +��)!6�!13( "%?!/'", ()+�!0�3! (a), 

.)"�/+! (%), "%?!1�3! (,)). 

� 1"6!)2(, ��+'3,�&:+( ' !(1! �"�'5 ��. 28!��"#" �"�'"2�+2,  ���1�'-
 +,�)"�5 -+)+�6 +�!�/"! ,")"/�" +)+ ."# �8!��"! , %!�/"�!��30 /"�'+���1
1�' +-3, +)+ "/ �8!��"! -+)+�6 +�!�/"0 1�' +-!0 [9]. >'+ 1"6!)+, /�/ . �-

,+)", 2,)2&'�2 # "1"$6/+1+ + 1�)"+�4" 1�'+,�31+. =���+'!)5�" %")57�2
+�4" 1�-+2 %3)� .")��!�� � ."1":5& 6,�(1! �3( .)"�/+( 1"6!)!0. �"  !7!-
�+2, ��+'3,�&:+! 6,�("��"�'5 ��. 28!��"#" �"�'"2�+2 , /"1."�!�'�(, /�/
. �,+)", �)�8�' 6)2 "-!�/+ . �,"1! �"�'+ . +1!�!�+2 �. ":�&:+( #+."'!$, 
�"#)���" /"'" 31 ,36!)2&'�2 8!�'/+! 9)!1!�'3,  �%"'�&:+! ��  ��'28!�+!, +
%")!! 12#/+!,  �%"'�&:+! �� �6,+# [10]. 

� ."6�,)2&:!1 %")57+��',! +��)!6",��+0 +�.")5$",�)+�5 "6�"1! �3!
)+�!0�3! 1"6!)+, , /"'" 3( ��+'3,�!'�2 .! ! ��. !6!)!�+! ��. 28!�+0 '")5-

/" ,6")5 "6�"0 "�!,"0 /"" 6+��'3. 

�' �/'� �30 + 4 �/'"# �4+�!�/+0 ���)+$ )"/�)5�3( .", !86!�+0, ,3-

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

4!/'3, /�/ . �,+)", ��:!�',!��"  �$)+��&'�2 ." ,+6�, �"6! 8�'
1+/ ".", !86!�+2 . +)!#�&:!0 1�' +-3, 1+/ " ��. !6!)!�+2 ." # ��+-�1
/"1."�!�'",, +1!&' �!. �,+)5�3! #!"1!' +�!�/+! 4" 13. � �+)� 9'"#" -!)!-
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�""% �$�"�'5 ���)+$� ��. 28!��"#" �"�'"2�+2, �!."� !6�',!��" , "%)��'+ )"-

/�)5�"#" 6!4!/'� �� "��",! %")!! «'"��3(» 1"6!)!0 . !6�'�,)2!'�2 �"1�+'!)5-

�"0. � '" 8! , !12 , "%)��'+, �!�/")5/" �6�)!��"0 "' 1!�'� )"/�)5�"#"
 �$ �7!�+2, .! ! ��. !6!)!�+! ��. 28!�+0 1!86� /"1."�!�'�1+ 6"�'�'"��"
944!/'+,�" ".+�3,�!'�2 ,,!6!�+!1  26� �. ":�&:+( #+."'!$, , ���'�"�'+, �
+�.")5$",��+!1 "6�"1! �3( . !6�'�,)!�+0. 

� +1!�!�+! ,! "2'�"�'�3( 1!'"6", / +��)!6",��+& . "-!��",  �$ �7!�+2
/"1."$+'", � ,")"/��1+, +1!&:+1+ ��:!�',!��30  �$% "� . "��"�'�3(  

�,"0�',, "%��)",)!�" ,��' !��!0 �' �/'� "0 9'+( 1�'! +�)",. �'�'+�'+�!�/+!
'!" ++ . "��"�'+ /"1."$+'",, /�/ . �,+)", ".+ �&'�2 ��  �$,+'3! �.�. �!0-

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

�!�/+( �,"0�', "'6!)5�3( �' �/'� �3( 1�'! +�)",. 

�)!6�!' "'1!'+'5, �'" !:!  ��57! ,! "2'�"�'�3! 1!'"63 +�.")5$",�)+�5
. + ". !6!)!�++ ��)",+0 .! !("6� 1!'�))� "' �. �#"#" �"�'"2�+2 , .)��'+�!-

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

�!�/+( "-!�/�( / �'/", !1!��"0 . "��"�'+ 1�'! +�)", ��+%")!! ���'"
. +1!�2!'�2 #+."'!$�  �$ �7!�+2 ." �)�%!07!1� $,!��, /"'" �2 )!#)� , "��"-

,� ."6("6",,  �$,+'3( �. �. @ !�/!)!1 + �. �. 
"�'" ","0, �. �. �")"'+�31 +
6 �#+1+ [3, 4] +��)!6",�'!)21+, 6�,7+1+ "%?2��!�+! �!/"'" 3( ��.!/'",
. "��"�'+ ',! 63( '!), , ���'�"�'+ 1��7'�%�"#" 944!/'� � ,! "2'�3( ."$+-

-+0 [4, 11, 12]. 

��  ���!1 9'�.!  �%"' ." /"1."$+-+"��31 1�'! +�)�1 +��)!6",�'!)!0 %"-

)57! . +,)!/�) 9'�. ��/".)!�+2 .", !86!�+0, +)+ /�1�)2'+,�"!  �$ �7!�+!. 

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

��0�" ,3�"/�2 . "��"�'5 /" "'/+( ����'/", ,")"/"�. 

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

�". "��1 .! !("6� "'  �$ �7!�+2 "'6!)5�3( ,")"/"� / 1�/ " �$ �7!�+&
���'+��" ."�,2:!�3  �%"'3 �,!%!�� [13–15], , /"'" 3( ���)+$+ �!'�2 ,! "-

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

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


 +'! +!1 .! !("6� / 1�/ " �$ �7!�+& . + 9'"1 2,)2!'�2 ��)+�+! / +'+-

�!�/"#" �+�)�  �$ 3,", �"�!6�+( ,")"/"�. �")"8+, 9'" �+�)"  �,�31 !6+�+-!, 

." �,!%!��, 1"8�" .")��+'5 �+8�&& "-!�/� . "��"�'+ /"1."$+'�. � ."�)!-
6�&:+( �",1!�'�3(  �%"'�( �,!%!�� + �. �"$!�� [14] 6!)�!'�2 .".3'/� "%?!6+-

�+'5 9'+ 6,! 1"6!)+, +( /"1%+��-+2 6�!' �!.)"("! . +%)+8!�+! . + "-!�/!
. "��"�'+ /"1."$+'",, �" )+75 , '!( �)���2(, /"#6� . "-!��  �$ �7!�+2 .")�"-

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

)"/"�. 
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�1!&'�2 + 6 �#+! ��. �,)!�+2  �$,+'+2 /"�-!.-++ .��/� + ��!'� .! !# �$-
/+ ,")"/"�. ��. +1! , ,  �%"'! 
" � [1] . +�+1�!'�2, �'" . + "% 3,! ,")"/��
��# �$/� � �!#" .! ! ��. !6!)2!'�2 �� %)+8�07+! �"�!6�+! ,")"/�� + 9'+ .! !-

# �8!��3! ,")"/�� . !6�'�,)2&' �"%"0 .��"/ «/"1."$+'�"! ,")"/�"»,  �$ �-

7!�+! /"'" "#" 1"8!' %3'5 ".+���" ." ���+9)5��. �")"/��, "/ �8�&:+!
/"1."$+'�"! ,")"/�" .! ,"#" ." 26/�, "% �$�&' .��"/ ,'" "#" ." 26/� + '.6. 

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

7!�+2 ,�! %")!! / �.�3( .��/", ,")"/"�, ."-,+6+1"1�, �"6! 8+' , �!%! "# �-

�+�!��"�'5 . !636�:+( 1"6!)!0. 


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

7!�+2 /"1."$+'",, %3)�  �$ �%"'��� �. �. 
+)!0/" [16]. �"$1"8�"�'5  !�)+$�-
-++ 9'�.� ��/".)!�+2 .", !86!�+0 + ,"$1"8�"�'5  �$,+'+2 1�/ " �$ �7!�+2
1�'! +�)� ,�)!6 $�  �$ �7!�+!1 "'6!)5�3( ,")"/"� "-!�+,�&'�2 . + 9'"1 ."6-

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

�'+�!�/+0 ��.!/' . "%)!13  �$ �7!�+2 . !6�'�,)!� , �!�/")5/"
�!". !6!)!��"1 ,+6!, ,  �%"'�( �. �. 
+)!0/" 6�!'�2 "-!�/� # ��+- . +1!�+-

1"�'+ #+."'!$3  �$ �7!�+2 ." �)�%!07!1� $,!�� 6)2 /"1."$+'",, ". !6!)2&'-
�2 "%?!1�3! 6")+ ,")"/"�, . + /"'" 3(  !�)+$�!'�2 6 "%)!�+! ,")"/"�, +
6�&'�2  !/"1!�6�-++ ." �,!)+�!�+& . "��"�'+ 1�'! +�)", $� ��!' %")!! .")-

�"0  !�)+$�-++ ,3�"/+( . "��"�'�3( �,"0�', ,")"/"�. 

�".3'/� ��!�'5  �$�""% �$�3! 1!(��+$13  �$ �7!�+2, ��. +1! , "'�)"!-
�+!  �$ �7+,7+(�2 ,")"/"�,  �$,+'+! ' !:+� , 1�' +-! + '.6. ,  26!  �%"' 6!-
)+)+�5 .�'!1 ,! "2'�"�'�"#" ���)+$� 1�"#""% �$+2 .",! (�"�'!0  �$ �7!�+2. 

�. !6!)!��30 9'�. ,  �$,+'++ �'�'+�'+�!�/+( . !6�'�,)!�+0 "  �$ �7!�++
1�'! +�)", �,2$�� � ."�' "!�+!1 /+�!'+�!�/+( 1"6!)!0. ��+%")!! "%:+0 ."6-

("6 / �'"(��'+�!�/"1� ".+���+&  �$ �7!�+2  �$,+,�!'�2 ,  �%"'�( [3, 4], �"-

#)���" /"'" 31  �$ �7!�+! 1�'! +�)� . !6�'�,)2!'�2 1�"#"1! �31 �)���0�31
. "-!��"1. ��/"0 ."6("6 ."$,")2!' ��!�'5  �$)+��3! 1+/ "1!(��+$13  �$ �-

7!�+2, ��/".)!�+! "'6!)5�3( .", !86!�+0, +( �)+2�+! , 1�#+�' �)5��& ' !-

:+��, � '�/8! ��!�'5 �!�'�-+"�� �"�'5 . "-!��� ��# �8!�+2, , !1!��3!
944!/'3, '.!. . �/'+�!�/+ ,�! "�"%!��"�'+  �$,+'+2  �$ �7!�+2 �� 1+/ "�' �/-

'� �"1 � ",�!. �6��/" �!"%("6+1" $�1!'+'5, �'" �!."� !6�',!���2  !�)+$�-+2
9'+( 1"6!)!0 �� 9)!/' "��"0 ,3�+�)+'!)5�"0 1�7+�! (>�
) ' !%�!' ,,!6!�+2
�. ":�&:+( #+."'!$, �'" ��:!�',!��" ��+8�!' "%:�"�'5 ."6("6�. 

�  �%"'�( �. �. ��1�8� [17]  �$,+'+! /+�!'+�!�/+( �'�'+�'+�!�/+( 1"6!)!0
 �$ �7!�+2 +6!' , 6,�( ��. �,)!�+2(. �! ,"! �"�'"+' , ."�' "!�++ '!" ++ 6+-

�.! ��"#"  �$ �7!�+2 ',! 6"#" '!)� . + �)"8�"1 ��. 28!��"1 �"�'"2�++. >'"
��. �,)!�+! ".+ �!'�2 �� �'�'+�'+�!�/+! '!" ++ .)��'+��"�'+ + �� '!" ++ 6)+-

'!)5�"0 . "��"�'+ �. �. �)5&'+��, A. �. �"%"'�",�, �. 
. 
����",� [1], , /"-

'" 3( �'�'+�'+�!�/"! ��/".)!�+! .", !86!�+0 , "%?!1! '!)� �! �,2$3,�!'�2 �
/�/+1+-)+%" /"�/ !'�31+ ,+6�1+ 6!4!/'", 1�'! +�)� +)+ 1+/ "1!(��+$1�1+
 �$ �7!�+2. 
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�'" "! ��. �,)!�+! �"�'"+' , ��!'! /"�/ !'�3( 1!(��+$1",  �$ �7!�+2, 

+( /+�!'+/+ + �'�'+�'+/+, ��. +1! , �� ��%1+/ "�' �/'� �"1 � ",�! 6)2
/"1."$+-+"��3( 1�'! +�)",. �")+1! �30 1�'! +�) . !6�'�,)2!'�2 �"�'"2-

:+1 +$ �","/�.�"�'+ 9)!1!�'",,  �$1! 3 /"'" 3( �""',!'�',�&'  �$1! �1 $�-

 "637!,3( ' !:+�, + . !6.")�#�!'�2, �'" ,! "2'�"�'5  �$ �7!�+2 9)!1!�'�
".+�3,�!'�2 $�,+�+1"�'5&, 6".��/�&:!0 '! 1"�/'+,�-+"���& +�'! . !'�-

-+& 9)!1!�'� �3( �/'",  �$ �7!�+2 [17]. �"$�+/�&:+! 6!4!/'3  �$�3(  �$-
1! ", . !6�'�,)2)+�5 , ,+6! �4! "+6",, �'" ."$,")+)"  ����+'3,�'5
/"�-!�' �-+& ��. 28!�+0 , 9)!1!�'�(, �"�!6�',�&:+( �  �$ �7!��31+, +
��+'3,�'5 !! . + ". !6!)!�++ ,! "2'�"�'+  �$ �7!�+2 �""',!'�',�&:+( 9)!-

1!�'",. 

� + ."�' "!�++ 1"6!)+  �$ �7!�+2 /"1."$+-+"��"#" 1�'! +�)� [1, 17] +�-

.")5$",�)+�5 . !6�'�,)!�+2, ���)"#+��3! '!1, /"'" 3! . +1!�2)+�5 �"$!�"1
[15], ��+'3,�)��5 $�,+�+1"�'5 . "��"�'+ ,")"/"� "' , !1!�+. >'" 6"�'+#�)"�5
,,!6!�+!1 6,"0�"#" (." , !1!�+ + ." ��. 28!�+21) �'�'+�'+�!�/"#"  ��. !6!-
)!�+2 '+.� ,!0%�))",�/"#". � +  ���!'! )"/�)5�3( .! !# �$", ,")"/"� , "/ !-
�'�"�'2( 6!4!/'", . +1!�2)��5 "6�"1! ��2 "%?!1��2 1"6!)5, ��+'3,�&:�2
�. �#".)��'+�!�/+! �,"0�',� 1�' +-3 ���#+  �$ �7!�+2, �"6! 8�:+! �!�/")5-

/"  �$ �7!��3( ,")"/"�, . !6�'�,)2)+�5 , ,+6! 6+�/""% �$�3( ' !:+�.  

���)+$ /+�!'+/+ ��/".)!�+2 .", !86!�+0, . ",!6!��30 �. �. ��1�8!1, 

."/�$�), �'" %")57+��'," !6+�+��3(  �$ 3,", ,")"/"�, ,"$�+/�!' , ����)! ��-

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

, '" 8! , !12 /")+�!�'," / �.�3( 6!4!/'", ,"$ ��'�!' � '!�!�+!1 , !1!�+
,.)"'5 6" "/"���'!)5�"#"  �$ �7!�+2 1�'! +�)�. �)!6�!' $�1!'+'5, �'", ("'2
1"6!)5 6�!' ,"$1"8�"�'5 . "�)!6+'5 /+�!'+/� 6!4!/'",  �$)+��"0 ,!)+�+�3, ,
�!0 �! ��+'3,�!'�2 ,$�+1"6!0�',+! 6!4!/'",,  �$,+,�&:+(�2 +$  �$)+��3(
-!�' ",, �! ��+'3,�!'�2 ,"$1"8�"�'5 "% �$",��+2 / �.�3( ����1%)!0 6!4!/'",
$� ��!' �)+2�+2 %")!! 1!)/+(. 

� +�"1 ��.!/'!  �$,+'+2  �$ �7!�+2 ," , !1!�+ . !6�'�,)!�" , 1"6!)+
�. �+47+-� [18], /"'" 30 '�/8!,  �$,+,�2 1"6!)5 �. �"$!�� [15], ��+'3,�!' /+-

�!'+/� �1!�57!�+2  �!��:!0 �."�"%�"�'+ /"�-!,3( ����'/",  �$ �7�,7+(�2
,")"/"� $� ��!'  !)�/��-++ /���'!)5�3( ��. 28!�+0 , 1�' +-!. � + 9'"1 �1!-

�57!�+! �!��:!0 �."�"%�"�'+ /"�-!,3( ����'/", ,")"/"�, ." �. �+47+-�, 9/-

,+,�)!�'�" ��/".)!�+& �",3(  �$ 3,", ,")"/"�. 

�-!�+,�2  ���1"' !��3! /+�!'+�!�/+! 1"6!)+ , -!)"1, �!"%("6+1" "'1!-

'+'5, �'", �!�1"' 2 �� ��+,! ��)5�"�'5 ���)+'+�!�/+( 1!'"6",, ,  �1/�( /+�!-
'+�!�/+( ,! "2'�"�'!0 1"6!)!0 ."/� �! �6�!'�2 , .")�"0 1! ! . !"6")!'5
%� 5! , "'6!)2&:+0 /+�!'+/� ��/".)!�+2 .", !86!�+0 , "%?!1! 1�'! +�)� +
/+�!'+/�  �$,+'+2 "'6!)5�3( "��#",  �$ �7!�+2. �"'2 "%� 9'+ . "-!��� 1"#�'
%3'5 ".+���3 !6+�"0 �+�'!1"0 � �,�!�+0, �+�)!���2  !�)+$�-+2 !! �� >�

,3$3,�!' . +�-+.+�)5�3! ' �6�"�'+, �'" �!+$%!8�" �'�,+' ,". "� "  �-+"-

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

4" 1�'+,�"�'+ .")���!13(  !$�)5'�'",. 
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�  26! �)���!, . !6�'�,)2!'�2 -!)!�""% �$�31 ,36!)!�+! 6,�( 9'�.", ,  �$-
,+'++ . "-!���  �$ �7!�+2 �� 1�/ "�' �/'� �"1 � ",�!. �! ,30 9'�. – 9'" 9'�.
�'�'+�'+�!�/"#" ��/".)!�+2 .", !86!�+0 . + �,!)+�!�++ ��# �$/�1+ +)+ � '!-
�!�+!1 , !1!�+, ,'" "0 – 9'" )�,+��3! . "-!��3  �$ �7!�+2 1+/ ""%?!1", 1�-
'! +�)� . + �!/"'" "0 4+/�+ ",���"0 ��# �$/! +)+ 4+/�+ ",���"1 ," , !1!�+. 

� . !6.")"8!�++, �'" �� 9'�.! �'�'+�'+�!�/"#" ��/".)!�+2 .", !86!�+0
��/".)!�+!  �$ 3,", ,")"/"� . "+�("6+' ," ,�!1 "%?!1! 1�'! +�)�, %3)�  �$-
 �%"'��� 1"6!)5, ."$,")2&:�2 . "#�"$+ ",�'5 6+�# �113  ��'28!�+2 /"1."-
$+'", � ( �./+1+ ,")"/��1+ [1]. �)2 /"1."$+'", � �!%")57+1+ "%?!1�31+
6")21+ ,")"/"�, '.!., /"#6�  �$ 3,3 "'6!)5�3( ,")"/"� �! . +,"62' / ��:!�'-
,!��"0 .! !# �$/! �"�!6�+( + �! ,3$3,�!' +( ."�)!6�&:!#"  �$ �7!�+2, .")�-
�!�3 ���)+'+�!�/+! ,3 �8!�+2 4��/-+0 ��/".)!�+2 .", !86!�+0, "��",���3!
�� �.. "/�+1�-++  ��. !6!)!�+0 . "��"�'+ +�("6�3( ,")"/"�. 

���)+$ "�"%!��"�'!0 ��/".)!�+2 .", !86!�+0 + �". "'+,)!�+2 1�'! +�)",
6!0�',�&:+1 ��# �$/�1 , $�,+�+1"�'+ "' ��)",+0 ��# �8!�+2 � ."$+-+0 �+�! -
#!'+/+ . +,"6+' / $�/)&�!�+& " ,"$1"8�"�'+ �. �,)!�+2 �,"0�',�1+ /"1."$+-
-+"��3( 1�'! +�)", .�'!1 -!)!��. �,)!��"#" +�.")5$",��+2 /"".! �'+,�3(
944!/'", .)��'+�!�/"#" 6!4" 1+ ",��+2 +  �$ �7!�+2 �' �/'� �3( 9)!1!�'",, 
'.!. 944!/'",, "' �8�&:+( �,"0�'," ��1"" #��+$�-++ 6+��+.�'+,�3( �' �/'� . 
B+ "/+! .! �.!/'+,3 , 9'"1 ��. �,)!�++ "'/ 3,�!' �"!6+�!�+! ."6("6", �+-
�! #!'+/+ � ,"$1"8�"�'5& /"1.5&'! �"0 +1+'�-++ 1!(��+$1", 6!4" 1+ ",�-
�+2 +  �$ �7!�+2 1�'! +�)", ��  �$)+��3( �' �/'� �3( � ",�2(. 

�<���<. � + +��)!6",��++ . "-!��",  �$ �7!�+2 /"1."$+-+"��3( 1�'!-
 +�)", �� 1�/ "�' �/'� �"1 � ",�! ,  26! �)���!, �!"%("6+1" ��+'3,�'5 -!-
)30 /"1.)!/� 4�/'" ",, /"'" 3! +1!&' �)���0�30 (� �/'! , ��. +1! ,  �$% "�
. "��"�'+ ,")"/"�,  �$% "� . "��"�'+ �,2$+ /"1."�!�'",, �)���0�3! "'/)"�!-
�+2 , �/)�6/! ,")"/"� + '.6. ��/+1 1!'"6"1, /"'" 30 ."$,")2!' ��+%")!! .")�"
��!�'5 + �+�'!$+ ",�'5  �$�""% �$��& +�4" 1�-+& " �'�'+�'+�!�/+( �,"0�',�(
/"1."�!�'",, +( �,2$+ + �/)�6/!, � '�/8! ."$,")2!' �+�'!1�'+�!�/+ +��)!6",�'5
 ")5 "'6!)5�3( 4�/'" ", + +( ,)+2�+! ��  �$,+'+!  �$ �7!�+2 1�'! +�)�, 2,-
)2!'�2 �' �/'� �"-+1+'�-+"��"! 1"6!)+ ",��+! �� >�
. 

����������
1. �,�+��/+0 �. �. � "-!��3  �$ �7!�+2 /"1."$+-+"��3( 1�'! +�)",. – 


.: ���/�, 1988. – 278 �. 
2. ��� @" @3 �. �. �!" +2 � 1+ ",���3( 1�'! +�)",. – 
+!,: ���/. 6�1/�, 

1971. – 181 �. 
3. ���5/", �. �. �'�'+�'+�!�/�2 1!(��+/� .5!$"/"1."$+'",. – �! 15: �$6-

," �! 1�/"#" #"��6� �',!��"#" '!(�+�!�/"#" ��+,! �+'!'�, 2009. – 480 �. 
4. �")"'+� �. �. 
 1!(��+/!  �$ �7!�+2 /"1."$+-+"��3( 1�'! +�)", // 

� "%)!13 . "��"�'+. – 1981. – C 7. – �. 17–28. 
5. >%! ' �. 
�'!1�'+�!�/�2 1"6!)5 1!(��+�!�/"#" .",!6!�+2 .",! (�"�'!0

 �$6!)� , /"1."$+-+"��3( 1�'! +�)�( // �")"/�+�'3! /"1."$+-+"��3! 1�'!-
 +�)3. – 
.: 
+ , 1967. – �. 110–137. 
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6. �. "��!�+! 1!'�))", ,")"/��1+ / �. �. �,��",�, �. 
. 
".5!,, 
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STATISTICAL APPROACHES TO RESEARCH OF DESTRUCTIONS 

PROCESSES IN COMPOSITION MATERIALS

S. Skipochka, T. Palamarchuk, N. Bobro, L. Prokhorets 
M. S. Polyakov Institute of Geotechnical Mechanics under the National Academy 

of Science of Ukraine (IGTM, NASU) 
vul. Simpferopolskaya, 2-�, Dnepropetrovsk, 490005, Ukraine. 
E-mail: office.igtm@nas.gov.ua 
It is shown in the article, that at research of destruction processes in composition 

materials at macrostructural level in a number of cases it is necessary to take into ac-
count the whole complex of factors, which have a casual character, for example, 
throwing of strength of fibres, throwing of strength of components communication, 
casual rejections in piling of fibres and etc. By such method, which allows most com-
plete to take into account and synthesize various information about statistical proper-
ties of components, their communication and piling, and also allows systematic to 
explore the role of separate factors and their influence on development of destruction 
of material, there is the structural-imitation design on COMPUTER. 

Key words: statistical methods, composition materials, destruction, accumulation 
of damages. 
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