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 .!. "#$%&%&#, '.!. ()*#+,-#,  
../. 012+,-, 3. . ",4,5,-# 

'!+1"&%2 $-3%4$-56$72 %""5!849-#!56"&%2  

:45%#!;$%<!"&%2 =$%9!+"%#!# 

6/78'9:8!;36  ( /<(/38=8 78> 3?6;';  

0833@A 8>'8B 36C /88(<B 36C  

78 8D6/>"  />8D3@A !80 7( 07(6E>6C  

A6.6D /"8C 8>(;/'6 F. G ( :36"6 

'+% >&":5=-#-3%% "44+=?!$%2 :4 844<%"#&! "#4<$7; 948 :+!8:+%@#%2 ;%-

1%<!"&42 4#+-"5% A. B!+!C$%&% D4+1%+=E#"@ 84$$7! 4#54?!$%@.   $-"#4@F%2 

141!$# 4,G!1 $-&4:5!$$7; 84$$7; 4#54?!$%2 $! :4C945@!# 4"=F!"#95@#6 $4+-

1-56$=E >&":5=-#-3%E "44+=?!$%2.  7:45$!$7 %""5!849-$%@ :4 4:+!8!5!$%E 

="549%2 D4+1%+49-$%@ 84$$7; 4#54?!$%2 % %; D%C%&4-;%1%<!"&%; ;-+-&#!+%-

"#%&. (- 4"$49-$%% :45=<!$$7; 8-$$7; +!&41!$849-$7 ":4"4,7 4<%"#&% 8$- "4-

4+=?!$%2 4# 84$$7; 4#54?!$%2, ":4"4,7 4,!C94?%9-$%@ 84$$7; 4#54?!$%2 % 

$-:+-95!$%@ %":456C49-$%@ %; +!"=+"$4A4 :4#!$3%-5-. 

 

"$HIJ-KJ L$,-#: '+417H5!$$72 &-$-5 ('0), 84$$7! 4#54?!$%@, 4<%"#&- 

8$-, 4,!C94?%9-$%!, C-A+@C$!$%!, &4$#!2$!+ Geotube. 

 

I#4<$7! 9487 :+417H5!$$7; :+!8:+%@#%2 A. B!+!C$%&% 

:4"5! :+!89-+%#!56$42 4<%"#&% 1!;-$%<!"&%1%, D%C%&4-;%1%-

<!"&%1% % ,%454A%<!"&%1% 1!#48-1% $-:+-95@E#"@ 85@ "491!-

"#$42 844<%"#&% 9 '+417H5!$$72 &-$-5 ('0), 8-5!! 9 &49H-

4#"#42$%& '0, :!+!&-<%9-E#"@ % :4"#=:-E# <!+!C +-""!%9-E-

F%2 97:="& 9 +. 0-1=. 

  '+417H5!$$72 &-$-5 :4"#=:-E# "#4<$7! 9487  15 ;4-

C@2"#9=EF%; "=,G!&#49, 4"=F!"#95@EF%; "-$&3%4$%+49-$$4! 

9484:456C49-$%! $- 4"$49-$%% 84A494+$7; 4#$4H!$%2, 5%9$!-

97! "#4<$7! 9487 " 9484",4+$7; :54F-8!2, - #-&?! D%56#+--

3%4$$7! 9487 0-1"&4A4 9484;+-$%5%F-. *"+!8$!$$4! "48!+?--

$%! C-A+@C$@EF%; 9!F!"#9, :4"#=:-EF%; 9 '0 4# 4D%3%-56-

$7; -,4$!$#49, :+!8"#-95!$4 9 #-,5. 1. 

J$-5%C 8-$$7; 4 "48!+?-$%% C-A+@C$@EF%; 9!F!"#9 

9 "#4<$7; 948-;, :4"#=:-EF%; 9 '0 % ",+-"79-!17; 9 +. 0-1=, 

:4C945%5 4:+!8!5%#6 "#!:!$% 4<%"#&% 9487 :4 :4&-C-#!5@1: 
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9C9!H!$$7! 9!F!"#9- — 82,70 %; %4$7 &-563%@ — 70,0 %; "=-

;42 4"#-#4& — 58,3 %. K!C=56#-#-1% -$-5%#%<!"&%; %""5!849--

$%2 :48#9!+?8!$- >DD!&#%9$4"#6 4<%"#&% "#4<$7; 948 4# 9C9!-

H!$$7; 9!F!"#9 % %4$$7; :+%1!"!2, ":4"4,$7; :+% 9C-%14-

8!2"#9%% 4,+-C4979-#6 #+=8$4+-"#94+%17! "4!8%$!$%@ [1]. 

L-,5%3- 1 

/,*J4M#&%J N#F42N&2HO%P -JOJLQ-,  
R,LQ)R#HO%P - 74,SKT$J&&KU +#&#$ 

'4&-C-#!56 
I48!+?-$%!, 

1A/813 '4&-C-#!56 
I48!+?-$%!, 

1A/813 

J1%$7 0,000713—0,0023 (%&!56 0,0164—0,0185 
J114$%2$72 %4$ 12,97—13,73 (%#+-#7 52,54—58,94 
J$%5%$ 0,0001—0,000144 (%#+%#7 0,3967—0,7230 
B'0 :45$4! 1,161—2,395 I'J  0,028—0,035 
 -$-8%2 0,00053—0,0006 I=56D-#7 149,48—162,93 
 C9!H. 9!F!"#9- 158,45—255,43 I=56D%#7 0,021—0,096 
M!5!C4 4,F!! 0,2626—0,2646 I=;42 4"#-#4& 10623,4—12915,92 
0-5%2 625,942—721,1 L%4"=56D-#7 0,0115—0,09 
0-563%2 1327,56—1830,87 L%#-$ 0,00022—0,0006 
0-+,-1%8 5,5896—10,3357 N!$45 0,000144—0,0004 
O-A$%2 22,498—23,876 N4"D-#7 0,7595—1,0414 
O-+A-$!3 0,00588—0,0818 P54+%87 6026,56—7328,66 
O!86 0,0018—0,0025 P'0 25,57—40,50 
O4$4>#-$45-1%$ 0,0585—0,0593 P+41 (+3) 0,0023—0,0049 
(-#+%2 2076,21—2313,66 P+41 (+6) 0,00017—0,0029 
(!D#!:+48=&#7 0,163—0,164 Q%$& 0,0019—0,0036 

 

'45=<!$$-@ %$D4+1-3%@ :4C945%5- 4:+!8!5%#6 ="549%@ 

D4+1%+49-$%@ 4,G!1- % "4"#-9- 84$$7; 4#54?!$%2 (/R), $-&-:-

5%9-!17; 9 4#"#42$%&!.   2008 A. 9 +="5! &-$-5- :+4%C4H54 4"--

?8!$%! 9540,6 # 9C9!H!$$7; 9!F!"#9; 9 +!C=56#-#! :+4#!&-$%@ 

;%1%<!"&%; +!-&3%2 ,754 84:45$%#!56$4 4,+-C49-$4 438 872 # 

4#54?!$%2 (:4 "=;41= 4"#-#&=), 9 2009 A. — 13 999,4 # 9C9!H!$-

$7; 9!F!"#9 % 246 818,1 #/A48 4#54?!$%2, 4,+-C49-$$7; :+% 

;%1%<!"&41 9C-%148!2"#9%% &41:4$!$#49 "#4<$7; 948 [2]. 

J$-5%C %C1!$!$%@ 1-""7 9C9!H!$$7; 9!F!"#9 % 1%$!-

+-56$7; :+%1!"!2 9 :+43!""! #+-$":4+#%+49&% "#4<$7; 948 & 

",+4"= 9 +. 0-1= C- 2006—2009 AA. :4C945%5 ="#-$49%#6, <#4 4"-

$49$-@ 1-""- 84$$7; 4#54?!$%2 9 '0 % &49H!-4#"#42$%&! 

D4+1%+=!#"@ 9 +!C=56#-#! ;%1%<!"&%; :+!9+-F!$%2 &41:4$!$-

#49 "#4<$7; 948. 
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/4$$7! 4#54?!$%@ :+!8"#-95@E# "4,42 97"4&495-?$=E 1-"-

"= % %1!E# +-C$=E "#+=&#=+=: 9!+;$%2 "542 $- A5=,%$! 0,5—0,9 1 

:+!8"#-95@!# "4,42 1!5&48%":!+"$7! :54;4 4"-?8-!17! 4#54-

?!$%@; $%?$%2 "542 — "5!?-9H%!"@ 4#54?!$%@ " ,45!! 97"4-

&42 1%$!+-5%C-3%!2. 

'4 +!C=56#-#-1 D%C%&4-;%1%<!"&%; %""5!849-$%2 4:+!8!-

5!$7  ;-+-&#!+%"#%&% 84$$7; 4#54?!$%2 +="5- &-$-5- % &49H--

4#"#42$%&- (#-,5. 2). R"$49$-@ <-"#6 /R &-$-5- #+-$":4+#%+49-

&% % &49H--4#"#42$%&- 1%$!+-5%C49-$- (54—95 %), <#4 4,=-

"5495%9-!# $%C&4! C$-<!$%! :4&-C-#!5!2 P'0 % B'0 948$42 

97#@?&%. 

L-,5%3- 2 

V%N%+,-P%S%IJL+%J P#4#+QJ4%LQ%+% *,&&KP ,Q$,MJ&%U 

S$-<!$%! :4&-C-#!5@ 
'4&-C-#!56 0-$-5  

#+-$":4+#%+49&% 
049H-4#"#42$%& 

 5-?$4"#6, % 99,2—99,9 99,2—99,9 
+( 948$42 97#@?&%  8,1—8,3 8,1—8,3 
P'0 948$42 97#@?&% (1:1), 1A/5 28,4 28,4 
B'0 948$42 97#@?&% (1:1), 
1AR2/5 

7,1 7,1 

O-""49-@ 845@ 4+A-$%<!"&%;  
9!F!"#9, %* 

5,17—45,9 38,7—41,4 

O-""49-@ 845@ C457, % * 54,1—94,83 58,6—61,3 
(!D#!:+48=&#7, 1A/&A * 50—4419 627—930 
0-+,4$-#7, 1A/&A* 51680—458590 386750—412880 
J5E1%$%@ 4&"%8 Al2O3, 1A/&A * 17756—109291 16358—18624 
M!5!C- 4&"%8 Fe2O3, 1A/&A * 18343—29186 11314—30129 
0-5%@ 4&"%8 K2O, 1A/&A * 3314—23114 4804—7568 
0-563%@ 4&"%8 CaO, 1A/&A * 17850—348516 346808—372680 
0+!1$%@ 4&"%8 SiO2, 1A/&A* 54064—723771 93921—125764 
O-A$%@ 4&"%8 MgO, 1A/&A * 10333—26200 4717—23683 
O-+A-$3- 4&"%8 MnO2, 1A/&A * 411—3100 1186—3100 
(-#+%@ 4&"%8 Na2O, 1A/&A * 21700—46810 37564—57606 
L%#-$- 4&"%8 TiO2, 1A/&A * 1933—7500 1300—4850 
N4"D4+- 4&"%8 P2O5, 1A/&A * 115—344 160—1924 
I!+7 4&"%8 SO3, 1A/&A * 2300—6600 11700—20100 

* (- "=;4! 9!F!"#94. 

 

R"$49$71% 4:-"$71% 9!F!"#9-1% /R @95@E#"@ 1!#-557 % 

:45=1!#-557, 4,5-8-EF%! #4&"%<$71% "942"#9-1%. T&":!+%-

1!$#-56$71% %""5!849-$%@1% 4:+!8!5!$4 9-5494! "48!+?-$%! 

1!#-5549 9 /R &-$-5- #+-$":4+#%+49&% % &49H--4#"#42$%&-. 
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I48!+?-$%! 1!#-5549 9 /R % $4+1-#%97 %; :+!8!56$4 84:="#%-

14A4 "48!+?-$%@ 9 "=A5%$%"#7; % A5%$%"#7; :4<9-; [3, 4] 

:+!8"#-95!$7 9 #-,5. 3. I48!+?-$%! +#=#%, ;+41-, "=+617 % 

17H6@&- :+!97H-!# ="#-$495!$$7! $4+1-#%97, $4 4"$49$-@ %; 

<-"#6 $-;48%#"@ 9 "9@C-$$41 "4"#4@$%% % $! :!+!;48%# 9 948-

$=E 97#@?&=. 

L-,5%3- 3 

/,*J4M#&%J SJQ#$$,- - *,&&KP ,Q$,MJ&%U (SF/+F) 

'4&-C-#!56 
 !5%<%$- 

'/0 " =<!#41 
D4$- 

0-$-5  
#+-$":4+#%+49&%

049H-4#"#42$%& 

 -$-8%2 150,0 22,27—64,82 14,04—77,7 
0-81%2 2,0 0,05—0,205 0,05—0,354 
O!86 132,0 22,67—74,9 17,0—88,0 
O7H6@& (III) 10,0 3,292—18,04 22,48—31,4 
(%&!56 80,0 11,41—23,7 8,055—17,65 
K#=#6 2,1 0,076—0,37 0,029—2,39 
I9%$!3 (III) 32,0 7,99—15,79 10,9—19,95 
I=+61- 4,5 1,314—6,445 2,522—21,32 
P+41 (VI) 0,05 52,94—533,9 95,61—608,2 
Q%$& 220,0 18,88—39,73 32,5—83,0 

 

  $-"#4@F!! 9+!1@ 8$4 &-$-5- #+-$":4+#%+49&% % &49H--

4#"#42$%&- C-:45$!$4 84$$71% 4#54?!$%@1%. '+% A5=,%$! "4-

4+=?!$%2 2,5—4,0 1 A5=,%$-  84$$7; 4#54?!$%2 "4"#-95@!# 

2,0—2,5 1, 4,G!1 $-&4:5!$$7; 84$$7; 4#54?!$%2 "4"#-95@!# 

4&454 120 523 13. /5@ 8-56$!2H!2 $4+1-56$42 >&":5=-#-3%% 

'+41&-$-5- A. B!+!C$%&% $!4,;48%14 4<%"#%#6 8$4 &-$-5- 

#+-$":4+#%+49&% % &49H--4#"#42$%&- 4# 84$$7; 4#54?!$%2. 

R,+-F!$%! " 84$$71% 4#54?!$%@1% &-$-5- #+-$":4+#%-

+49&% % &49H--4#"#42$%&- '+41&-$-5- C-&5E<-!#"@ 9 %; 97-

!1&! %C &-$-5- #+-$":4+#%+49&% % &49H--4#"#42$%&-; "&5--

8%+49-$%% % 4,!C94?%9-$%% $- :54F-8&! 9+!1!$$4A4 ;+-$!-

$%@; C-;4+4$!$%% %5% 8-56$!2H!1 %":456C49-$%% 9 $-+48$41 

;4C@2"#9!. )":456C49-$%! 84$$7; 4#54?!$%2 9 $-+48$41 ;4-

C@2"#9! ,45!! :+!8:4<#%#!56$4.  

I4#+=8$%&-1% '!+1"&4A4 :45%#!;$%<!"&4A4 =$%9!+"%#!#- 

:+!854?!$- #!;$454A%@ 4<%"#&% 8$- &-$-5- #+-$":4+#%+49&% % 

&49H--4#"#42$%&- 4# 97"4&495-?$7; 84$$7; 4#54?!$%2 % ":4-

"4,7 %; 4,!C94?%9-$%@. 
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R<%"#&= 8$- &-$-5- #+-$":4+#%+49&% % &49H--4#"#42$%&- 

4# /R +!&41!$8=!#"@ 4"=F!"#95@#6 A%8+41!;-$%<!"&%1 ":4"4-

,41. U%8+41!;-$%<!"&-@ +-C+-,4#&- 84$$7; 4#54?!$%2 :4C94-

5@!# 84"#%<6 97"4&4A4 =+49!$@ :+4%C948%#!56$4"#% #+=8-, $!-

:+!+79$4"#% :48-<% 84$$7; 4#54?!$%2, :+4948%#6 4<%"#&= ,!C 

4"=H%#!56$7; % 9484:4$%?-EF%; +-,4#. /5@ :+4%C948"#9- +--

,4# A%8+41!;-$%<!"&%1 ":4"4,41 :+!854?!$4 %":456C49-#6 "5!-

8=EF!! 4,4+=849-$%!:  

  @&4+$7! C!15!"4"7 " +!D=5%+49-$%!1 A+=$#- :4 $-:4+-

$41= #+=,4:+4948= $- :48948$72 %5% ,!+!A4942 4#9-5, 

  "&+!:!+$7! "-144#94C$7! C!1"$-+@87. 

'4"5! %CG@#%@ 84$$7! 4#54?!$%@ +-C1!F-E#"@ $- 4#&+7#42 

:54F-8&! 9+!1!$$4A4 ;+-$!$%@. '54F-8&- 845?$- +-":45-A-#6"@ 

" :489!#+!$$42 "#4+4$7 :4 4#$4H!$%E & ?%542 C-"#+42&!; C--

A4+4?!$- C-,4+41  %5% "!#&42-+-,%3!2 85@ :+!84#9+-F!$%@ 

84"#=:- :4"#4+4$$%; 5%3; %1!#6 $-8:%"%, :+!8=:+!?8-EF%! 4, 

4:-"$4"#% :+4;4?8!$%@ $- #!++%#4+%E :54F-8&%. 

/5@ D4+1%+49-$%@ :54F-8&% 9+!1!$$4A4 ;+-$!$%@ :+494-

8@#"@ "5!8=EF%! 1!+4:+%@#%@:  

  :48A4#49&- :48G!C8$42 84+4A% H%+%$42 $! 1!$!! 2,5 1; 

  &4+<!9-$%! %1!EF%;"@ &="#-+$%&49 % 1!5&45!"6@; 

  4<%"#&- :54F-8&% 4# +-"#%#!56$4-&4+$!94A4 :4&+49- 

(:5484+48$72 "542 "89%A-!#"@ 9 ,=+#7, "4;+-$@!#"@ % :4"5! C--

9!+H!$%@ +-,4# 14?!# ,7#6 94C9+-F!$ $- 1!"#4); 

  :5-$%+49-$%! 54?- #!;$454A%<!"&42 :54F-8&%; 

  4,="#+42"#94 4,9-549&% :54F-8&% (85@ :!+!;9-#- 84?8!-

97; % :-948&497; 948); 

  ="#+42"#94 9484$!:+4$%3-!14A4 :4&+7#%@ — :+4#%94-

D%56#+-3%4$$42 C-F%#7 4"$49-$%@ (:+4#%94D%56#+-3%4$$72 

>&+-$ %C A!4#!&"#%5@, A5%$%"#4!, -"D-56#494! %5% ,!#4$$4! 4"-

$49-$%!); 

  +-C,%9&- :54F-8&% $- &-+#7 $-179-; 

  ="#+42"#94 4"$49$7; % +!C!+9$7; ",+4"$7; &45483!9. 

'54F-8&- 9+!1!$$4A4 ;+-$!$%@ 84$$7; 4#54?!$%2 845?-

$- ,7#6 ":5-$%+49-$- #-&, <#4,7 =<-"#4& ,75 C-F%F!$ 4# :48-

#4:5!$%@ :49!+;$4"#$71% 948-1%. I =<!#41 1!"#$7; 4"4,!$$4-

"#!2 #!;$454A%<!"&=E :54F-8&= :+!854?!$4 ="#+4%#6 98456 '0 

" $!,456H%1 =&54$41 (2—4 %) 9 !A4 "#4+4$=, 85@ #4A4 <#4,7 :4-

9!+;$4"#$72 "#4& "-14#!&41 :4:-8-5 9 '0. 
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U%8+4%C45@3%4$$72 >&+-$ :54F-8&%  9+!1!$$4A4 ;+-$!-

$%@ /R +!&41!$8=!#"@ 97:45$%#6 :=#!1 4#"7:&% A5%$7 #45-

F%$42 $! 1!$!! 0,5 1 % 4#"7:&% "54@ F!,$@ #45F%$42 0,3 1, 

(+%". 1). O!?8= "54!1 A5%$7 % F!,$@ =&5-879-!#"@ A!4#!&"#%56 

9 48%$ "542. /5@ ",4+- 8+!$-?$7; 948 = $%?$!2 &+41&% :54-

F-8&% ="#+-%9-!#"@ 8+!$-?$-@ #+=,- (+%". 2), &4#4+-@ :+4;4-

8%# "&94C6 8-1,= 9 8+!$-?$72 &4548!3.  48- %C 8+!$-?$42 

#+=,7 "4,%+-!#"@ 9 &4548!3, "4!8%$!$$72 " :+%!1$71 +!C!+-

9=-+41. /+!$-?$7! 9487, 4,+-C=EF%!"@ $- #!;$454A%<!"&42 

:54F-8&!, "4,%+-E#"@ 9 4"$49$42 %5% +!C!+9$72 ",+4"$42 &4-

548!3 % ",+-"79-E#"@ 4,+-#$4 9 '0. 

 

 !". 1. #$%&' !"()*+%+!, -!./)!0)*,1!)++)-) 23/'+' (*)4'.3!  

5/%&%++)-) $/'+%+!, .)++6$ )7*)8%+!9 

 

 !". 2. :"7/)9"75) ./%+'8+)9 "!"7%&6 

O!;-$%<!"&4! 4,!C94?%9-$%! /R 14?!# ,7#6 4"=F!"#95!$4 

"5!8=EF%1% ":4"4,-1%: 

  1!;-$%<!"&4! 4,!C94?%9-$%! 9 !"#!"#9!$$7; ="549%@; $- 

:54F-8&! 9+!1!$$4A4 ;+-$!$%@, 

  3!$#+%D=A%+49-$%!, 

  4,!C94?%9-$%! :4 #!;$454A%% Geotube. 

/5@ :497H!$%@ >DD!&#%9$4"#% 4,!C94?%9-$%@ 84$$7; 4#-

54?!$%2 :+43!"" 4"=F!"#95@E# 9 :+%"=#"#9%% D54&=5@$#-. 
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R,!C94?%9-$%! /R 9 !"#!"#9!$$7; ="549%@; $- :54F-8&! 

9+!1!$$4A4 ;+-$!$%@ :+4%";48%# C- "<!# :+43!""49 %$#!$"%D%-

&-3%% 4,!C94?%9-$%@ 4"-8&- 9 !"#!"#9!$$7; ="549%@; % =9!5%-

<!$%@ 94844#8-<% :4"5! :45$4A4 C-14+-?%9-$%@ % 4##-%9-$%@ 

4"-8&-. '48"=H%9-$%! 84$$7; 4#54?!$%2 $- :54F-8&! 9+!1!$-

$4A4 ;+-$!$%@ :+4%";48%# <!+!C 1—3 A48-.  7"4#- "&5-8%+49--

$%@ 84$$7; 4#54?!$%2 4:+!8!5@!#"@ A5=,%$42 :+41!+C-$%@ 9 

C%1$%2 :!+%48 % "4"#-95@!# 1,6—2,0 1. 

K-C1!F!$%! /R $- :54F-8&! +!&41!$8=!#"@ 4"=F!"#95@#6 

+-,4<%1% &-+#-1%. *"#+42"#9- 85@ :48-<% /R $- &-+#7 845?-

$7 4,!":!<%9-#6 +-9$41!+$4! %; +-":+!8!5!$%!. /5@ 4<%"#&% 

&-+# 4# 4,!C94?!$$4A4 4"-8&- $-85!?%# :+!8="1-#+%9-#6 ="#-

+42"#94 :48G!C8$7; 84+4A % :-$8="49 85@ 9G!C8- ,=5684C!+- $- 

:54F-8&%, "89%A-$%@ 4"-8&- 9 C4$= 8!2"#9%@ A+=C4:48G!1$7; 

1!;-$%C149. 

/5@ 1$4A4&+-#$4A4 %":456C49-$%@ &-+# "5!8=!# =<%#79-#6 

$!4,;48%14"#6 :+49!8!$%@ 94""#-$49%#!56$7; +-,4# :4 :5-$%-

+49&! 8$- :54F-84&, =9!5%<!$%E 97"4#7 4A+-8%#!56$7; 8-1, 

:4"5! 4<%"#&%. 

R,!C94?%9-$%! /R 1!#4841 3!$#+%D=A%+49-$%@ :+4%";48%# 

C- "<!# 978!5!$%@ %C $%; #9!+842 D-C7 :48 8!2"#9%!1 3!$#+4-

,!?$7; "%5 % :4C945@!# "$%C%#6 95-?$4"#6 84 80—86 %, 1-""= % 

4,G!1 4"-8&-.   &5%1-#%<!"&%; ="549%@; S-:-8$4A4 *+-5- 4,!C-

94?%9-$%! 3!$#+%D=A%+49-$%!1 94C14?$4 #456&4 9 C-&+7#7; 

:41!F!$%@; " 14F$42 :+%#4<$4-97#@?$42 9!$#%5@3%!2. 

R,!C94?%9-$%! 84$$7; 4#54?!$%2 :4 #!;$454A%% Geotube 

:+!8="1-#+%9-!# :+%1!$!$%! 97"4&4:+4<$4A4 9484:+4$%3-!14A4 

:45%:+4:%5!$494A4 A!4#!&"#%5@, "D4+1%+49-$$4A4 9 49-56$=E 

«#+=,=» (&4$#!2$!+).   4"$49! :+43!""- 5!?%# A+-9%1!#+%<!-

"&%2 8+!$-? :48 8-95!$%!1 "54@ 4"-8&-. I:!3%-56$4! :5!#!$%! 

% 1-#!+%-57 A!4#!&"#%5@ "4C8-E# :4+7, :+4:="&-EF%! 948= 

#456&4 9 48$41 $-:+-95!$%% — $-+=?= &4$#!2$!+- — % =8!+?%-

9-EF%! 9$=#+% #9!+87! <-"#%37. R,!C94?%9-$%! /R :4 +-"-

"1-#+%9-!142 #!;$454A%% :4C945@!# 84"#%<6 &4$!<$42 95-?$4-

"#% 70—80 %. /4$$7! 4#54?!$%@ "1!H%9-E#"@ 9 &4$#-&#$41 

+!C!+9=-+! " :+!89-+%#!56$4 :+%A4#495!$$71 +-"#94+41 D54&=-

5@$#49 % :48-E#"@ <!+!C 1-A%"#+-56$72 #+=,4:+4948 :48-<% 

:=56:7 9 &4$#!2$!+. '48-<- /R 4"=F!"#95@!#"@ 84 84"#%?!$%@ 

1-&"%1-56$42 97"4#7 8-$$4A4 #%:4+-C1!+- &4$#!2$!+-. O-&-

"%1-56$-@ 94844#8-<- :+4%";48%# 9 #!<!$%! 10—14 "=#. K!&4-
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1!$8=!14! 9+!1@ :+43!""- 4,!C94?%9-$%@ /R 10—25 "=#. *9!5%-

<!$%! "#!:!$% 4,!C94?%9-$%@ 94C14?$4 9 +!C=56#-#! C%1$!A4 

:+414+-?%9-$%@, 85@ <!A4 &4$#!2$!+ +!&41!$8=!#"@ 4"#-9%#6 

$- :54F-8&! 9 #!<!$%! C%1$!A4 "!C4$-. )C95!<!$%! 4,!C94?!$-

$7; /R %C &4$#!2$!+49 4"=F!"#95@E# <!+!C 1!"@3 :4"5! 4##-%-

9-$%@. I;!1- +-C1!F!$%@ &4$#!2$!+49 Geotube $- :54F-8&! 

9+!1!$$4A4 ;+-$!$%@ :+!8"#-95!$- $- +%". 3. 

 

 !". 3. #$%&' /'0&%4%+!, 3)+7%9+%/)5 +' (*)4'.3% 5/%&%++)-) $/'+%+!, 

K!-5%C-3%@ :+!854?!$$7; ":4"4,49 4<%"#&% 8$- &-$-5- 

#+-$":4+#%+49&% % &49H--4#"#42$%&- 4# 97"4&495-?$7; 84$$7; 
4#54?!$%2 % ":4"4,49 %; 4,!C94?%9-$%@ :4C945@# :497"%#6 >D-

D!&#%9$4"#6 +-,4#7 '+41&-$-5- A. B!+!C$%&%. 
I =<!#41 D%C%&4-;%1%<!"&%;, 1!;-$%<!"&%; % #4&"%&454-

A%<!"&%; "942"#9 4,!C94?!$$7! 84$$7! 4#54?!$%@ :+!854?!$4 

%":456C49-#6 9 &-<!"#9!:  

  %C45%+=EF!A4 1-#!+%-5- :+% "#+4%#!56"#9! % >&":5=--

#-3%% :45%A4$49 C-;4+4$!$%@ 4#;4849 (#!;$%<!"&%2 A+=$#); 

  1-#!+%-5- 85@ +!&=56#%9-3%% "#-+7; "9-54& % &-+6!+49 

(+!&=56#%9-3%4$$72 A+=$#). 
/5@ :45=<!$%@ #!;$%<!"&4A4 A+=$#- 4,!C94?!$$7! /R 

978!+?%9-E#"@ $- :54F-8&! 9+!1!$$4A4 ;+-$!$%@ 9 #!<!$%! 

2—3 1!"@3!9 #!:54A4 :!+%48- A48- ("+!8$!1!"@<$-@ #!1:!+-#=+- 
97H! +5 °I). L!;$%<!"&%2 A+=$# 14?!# ,7#6 %":456C49-$ &-& 

85@ :+41!?=#4<$42, #-& % 85@ 4&4$<-#!56$42 %C45@3%% 4#;4849 
$- :45%A4$-; C-;4+4$!$%@. 

N%C%&4-1!;-$%<!"&%! % D%C%&4-;%1%<!"&%! "942"#9- #!;-

$%<!"&4A4 A+=$#-, %":456C=!14A4 85@ :+41!?=#4<$42 %C45@3%%, 
845?$7 "44#9!#"#949-#6 "5!8=EF%1 #+!,49-$%@1: 

pH......................................................................5,5—8,2 
&+-#$4"#6 +-C9!8!$%@ >&"#+-&#-, 8!2"#9=EF-@  

$- A%8+4,%4$#7 ($! ,45!!), !8. ................................... 100 

P'0 948$42 97#@?&% (1:1)..............$- =+49$! "48!+?-$%@  
                9 D%56#+-#! 
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"=11- D+-&3%2 +-C1!+41 1!$!! 0,01 11, %............. 10—75 

95-?$4"#6 4# :+!8!56$42 :45!942 95-A4!1&4"#%  

($! ,45!!), % ...........................................................85,0 

=8!56$-@ -&#%9$4"#6 +-8%4$=&5%849  

($! ,45!!), B&/&A .......................................................300 

95-?$4"#6 ($! ,45!!), %......................................... 60—85 

/5@ :45=<!$%@ +!&=56#%9-3%4$$4A4 A+=$#- 4,!C94?!$$7! 

84$$7! 4#54?!$%@ 978!+?%9-E#"@ $- :54F-8&! 9+!1!$$4A4 

;+-$!$%@ 9 #!<!$%! 1 A48-, <#4 4,!":!<%# C$-<!$%@ "-$%#-+$4-

A%A%!$%<!"&%; :4&-C-#!5!2 #+!,49-$%@1, :+!8G@95@!171 & 

<%"#42 :4<9! (#-,5. 4). 

L-,5%3- 4 

3,4S#Q%-K 5%,#FJ&Q,- *$2 I%LQ,U R,I-K [5] 

 %8 :4&-C-#!5@ (-%1!$49-$%! :4&-C-#!5@ V%"5!$$7! C$-<!$%@ 
)$8!&" BU0' 1—10 &5./A 
)$8!&" >$#!+4&4&&49 1—10 &5./A 

I-$%#-+$4-
,-&#!+%454A%<!-
"&%! '-#4A!$$7! >$!+4,-&#!+%%,  

9 #.<. "-5614$!557 
0 (9 25 A) 

W23- % 5%<%$&% A!561%$#49 0 (9 1000 A) I-$%#-+$4-
:-+-C%#454A%<!-
"&%! 

Q%"#7 &%H!<$7; :-#4A!$$7; 
:+4"#!2H%; 

0 (9 25 A) 

I-$%#-+$4-
>$#41454A%<!"&%! 

X%<%$&% % &=&45&% "%$-$#+4:-
$7; 1=; 

0 (9 1000 A) 

 

I48!+?-$%! C-A+@C$@EF%; 9!F!"#9 9 +!&=56#%9-3%4$$41 

A+=$#! 845?$4 ,7#6 $- =+49$! '/0 :4<9, :+% >#41 1-#!+%-5 

845?!$ 4,5-8-#6 =84,+%#!56$71% "942"#9-1% ("48!+?-$%! ,%4-

A!$$7; >5!1!$#49 9 :+!8!5-; ="#-$495!$$7; $4+1-#%9$71% 84-

&=1!$#-1%) (#-,5. 5). 

L-,5%3- 5 

V%N%+,-SJP#&%IJL+%J % W%N%+,-P%S%IJL+%J L-,ULQ-#  
4J+)$1Q%-#X%,&&,F, F4)&Q# 

'4&-C-#!56 
 !5%<%$- 
'/0/R/0  

" =<!#41 D4$-
'4&-C-#!56 

 !5%<%$- 
'/0/R/0  

" =<!#41 D4$- 
 5-?$4"#6 4# :+!-
8!56$42 :45!942 95--
A4!1&4"#% ($! ,45!!), 
% [6] 

85  O-+A-$!3 9-5., 
1A/&A [8] 

1500  

+(  5,5—8,2  O7H6@& 9-5., 
1A/&A [8] 

3  
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R&4$<-$%! #-,5. 5 

'4&-C-#!56 
 !5%<%$- 
'/0/R/0  

" =<!#41 D4$-
'4&-C-#!56 

 !5%<%$- 
'/0/R/0  

" =<!#41 D4$- 
R+A-$%<!"&4! 9!F!"#-
94, % [7] 

40—55  (%&!56 :489%?. 
D4+1-, 1A/&A [8] 

4  

I+!8$@@ :54#$4"#6, 
#/13 [7] 

0,5—0,85  K#=#6 9-5., 1A/&A 
[8] 

2,1  

JC4# 4,F%2, % [7] 0,8—1,3  I9%$!3 9-5., 1A/&A 
[8] 

32  

N4"D4+ 4,F%2, % [7] 0,56—0,7  P+41 (+6) 9-5., 
1A/&A [8] 

0,05  

(!D#!:+48=&#7, 
1A/&A [8] 

20000  P+41 (+3) :489%?. 
D4+1-, 1A/&A [8] 

6  

0-81%2 (R/0 " =<!-
#41 D4$-), 1A/&A [8] 

2  Q%$&, :489%?. 
D4+1-, 1A/&A [8] 

23  

O!86 :489%?. D4+1-, 
1A/&A [8] 

3    

 

'+%1!$!$%! +!&=56#%9-3%4$$4A4 A+=$#- 845?$4 4"=F!"#9-

5@#6"@ " =<!#41 D4$497; &4$3!$#+-3%2 9 :4<9! $!D#!:+48=&#49 

% #@?!57; 1!#-5549 $- +!&=56#%9%+=!142 #!++%#4+%%. 

'4 +!C=56#-#-1 %""5!849-$%2, :+49!8!$$7; -9#4+-1%, 4:-

+!8!5!$4: 

1.   '+417H5!$$41 &-$-5! A. B!+!C$%&% 4"=F!"#95@!#"@ 

4<%"#&- "#4<$7; 948 :+!8:+%@#%2 ;%1%<!"&42 4#+-"5% A. B!-

+!C$%&%, 9 +!C=56#-#! &4#4+42 4,+-C=E#"@ 84$$7! 4#54?!$%@. 

2. /4$$7! 4#54?!$%@ :+!8"#-95!$7 1!;-$%<!"&%1% :+%1!-

"@1% %  #+=8$4+-"#94+%171% "4!8%$!$%@1%, 4,+-C=EF%1%"@ 9 

:+43!""! ;%1%<!"&4A4 9C-%148!2"#9%@ &41:4$!$#49 "#4<$7; 948. 

3. /4$$7! 4#54?!$%@ ;-+-&#!+%C=E#"@ 97"4&42 95-?$4-

"#6E, 97"4&42 "#!:!$6E 1%$!+-5%C-3%%, =9!5%<%9-EF!2"@ " 

=9!5%<!$%!1 A5=,%$7 C-5!A-$%@ 4#54?!$%2. 

4. R"$49$71% 4:-"$71% 9!F!"#9-1% 84$$7; 4#54?!$%2 

@95@E#"@ 1!#-557 % :45=1!#-557, 4,5-8-EF%! #4&"%<$71% 

"942"#9-1%, :+% >#41 %; "48!+?-$%! $! :+!97H-!# :+!8!56$4 

84:="#%17! $4+1-#%97 %; "48!+?-$%@ 9 "=A5%$%"#7; % A5%$%-

"#7; :4<9-; (&+41! ;+41- % 17H6@&-). 

5.   $-"#4@F!! 9+!1@ 8$4 &-$-5- #+-$":4+#%+49&% % &49-

H--4#"#42$%&- C-:45$!$4 84$$71% 4#54?!$%@1%, <#4 4,="549-

5%9-!# $!4,;48%14"#6 %; =8-5!$%@. 

6. R<%"#&= 8$- &-$-5- #+-$":4+#%+49&% % &49H--4#"#42$%-

&- 4# 84$$7; 4#54?!$%2 +!&41!$8=!#"@ 4"=F!"#95@#6 A%8+41!-
;-$%<!"&%1 ":4"4,41, - %CG@#7! 84$$7! 4#54?!$%@ +-C1!F-#6 
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$- 4#&+7#42 :54F-8&! 9+!1!$$4A4 ;+-$!$%@. /5@ 4,!":!<!$%@ 
>&454A%<!"&42 ,!C4:-"$4"#% :54F-8&% 9+!1!$$4A4 ;+-$!$%@ 

:+!854?!$7 #+!,49-$%@ & 97,4+= =<-"#&- % #+!,49-$%@ & !A4 
4,="#+42"#9=. 

7. /4$$7! 4#54?!$%@ :+!85-A-!#"@ 4,!C94?%9-#6 9 !"#!"#-

9!$$7; ="549%@;, $- 4#&+7#7; :54F-8&-; :+% 97"4#! "&5-8%-
+49-$%@ 1,6—2,0 1 9 #!<!$%! 1—3 5!#. 

8. R,!C94?!$$7! 84$$7! 4#54?!$%@ 4,5-8-E# "=F!"#9!$-
$71 +!"=+"$71 :4#!$3%-541 % 14A=# ,7#6 %":456C49-$7 9 &--

<!"#9! #!;$%<!"&4A4 %5% +!&=56#%9-3%4$$4A4 A+=$#-. 

G%5$%,F4#W%IJL+%U LR%L,+ 

1. K-C+-,4#&- #!;$454A%<!"&4A4 +!A5-1!$#- $- =8-5!$%! % %":456C4-

9-$%! 84$$7; 4#54?!$%2 $- 4,G!&#-; RRR «'+41&-$-5», 4,+-C=EF%;"@ 

:+% #+-$":4+#%+49&! % :!+!&-<&! "#4<$7; 948 :+!8:+%@#%2--,4$!$#49: 

4#<!# 4 ()K / '!+1. A4". #!;$. =$-#. — '!+16, 2011. 

2. R,4"$49-$%! 94C14?$4"#% %":456C49-$%@ '+417H5!$$4A4 &-$-5- 

A. B!+!C$%&% &-& 4<%"#$4A4 "44+=?!$%@ / (.Y. 04+4,49-, ).I. U5=H-$&4-

9-, Y. . 0-5%$%$- [% 8+.] // T&454A%@ % :+417H5!$$4"#6 K4""%%. — 

2011. — . 5. — I. 28—31. 

3. U( 2.1.7.2041—06. '+!8!56$4 84:="#%17! &4$3!$#+-3%% ('/0) 

;%1%<!"&%; 9!F!"#9 9 :4<9!: =#9. :4"#-$495!$%!1 U5. A4". "-$. 9+-<- KN 

. 1 4# 23 @$9-+@ 2006 A. 

4. U( 2.1.7.2511—09. R+%!$#%+494<$4 84:="#%17! &4$3!$#+-3%% 

(R/0) ;%1%<!"&%; 9!F!"#9 9 :4<9!: =#9. :4"#-$495!$%!1 U5. A4". "-$. 

9+-<- KN . 32 4# 18 1-@ 2009 A. 

5. I-$'%( 2.1.7.1287—03. '4<9-. R<%"#&- $-"!5!$$7; 1!"#, ,7#4-

97! % :+417H5!$$7! 4#;487, "-$%#-+$-@ 4;+-$- :4<97. I-$%#-+$4-

>:%8!1%454A%<!"&%! #+!,49-$%@ & &-<!"#9= :4<97. 

6. R 99!8!$%% 9 8!2"#9%! "-$%#-+$7; :+-9%5 (91!"#! "  

I' 2.1.7.1038—01. '4<9-, 4<%"#&- $-"!5!$$7; 1!"#, 4#;487 :+4%C948"#9- 

% :4#+!,5!$%@, "-$%#-+$-@ 4;+-$- :4<97. U%A%!$%<!"&%! #+!,49-$%@ & ="#-

+42"#9= % "48!+?-$%E :45%A4$49 85@ #9!+87; ,7#497; 4#;4849. I-$%#-+-

$7! :+-9%5-): :4"#-$495!$%! U5-9. A4". "-$. 9+-<- KN . 16 4# 30.05.2001. 

7. '4<949!8!$%!: =<!,. 85@ =$-#49: 9 2 <. / :48 +!8.  .J. 04987, 

B.U. K4C-$49-. — V. 1. '4<9- % :4<944,+-C49-$%! / U./. B!5%3%$- [% 8+.]. — 

O.:  7"H-@ H&45-, 1988. — 400 ". 

8. R 99!8!$%% 9 8!2"#9%! A%A%!$%<!"&%; $4+1-#%949 U( 2.1.7.2041—06 

(91!"#! " U( 2.1.7.2041—06. '4<9-, 4<%"#&- $-"!5!$$7; 1!"#, 4#;487 

:+4%C948"#9- % :4#+!,5!$%@, "-$%#-+$-@ 4;+-$- :4<97. '+!8!56$4 84:="-

#%17! &4$3!$#+-3%% ('/0) ;%1%<!"&%; 9!F!"#9 9 :4<9!. U%A%!$%<!"&%! 

$4+1-#%97): :4"#-$495!$%! U5. A4". "-$. 9+-<- KN . 1 4# 23.01.2006. 

 
'45=<!$4 10.11.2011 


