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 !"# "$"%! !&!'(! 

*/0 504.05+658.567.1]:666.1 

).(. *+,-.+/, 0.0. 12345 

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

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

*$67!8"9*(! '0 $1 #&0:;#: " !7#  

( <! "<!19(*= <! ! 0%$91( "9!1>$%$) 

>-""14#+!$7 94:+4"7 4,+-?49-$%@ "#!&54,4@ 9 =+,-$%?%+49-$$7; #!++%#4-
+%@; % !A4 94?8!2"#9%! $- 4&+=B-CD=C "+!8=. E,"=B8-C#"@ F&4$41%<!"&%! % 

#!;$454A%<!"&%! -":!&#7 9#4+%<$4A4 %":456?49-$%@ "#!&54,4@ 85@ :+4%?948"#9- 
+-?5%<$7; :+48=&#49. 

 

1?@A25B2 -?45+: "#!&54,42, 9#4+%<$4! %":456?49-$%!, "942"#9- :49!+;$4-
"#%, 8%":!+"$4"#6, %4$$72 4,1!$. 

 

G456H! :@#%8!"@#% 9!&49 ?$-&414 <!549!<!"#94 "4 "#!&-

541. ID! '5%$%2 J#-+H%2 9 "94!2 «I"#!"#9!$$42 %"#4+%%» 97-

"&-?79-!# 9!+"%C 4 #41, &-& ,754 4#&+7#4 "#!&54. /45A4! 9+!-
1@ "#!&54 4"#-9-54"6 84"#-#4<$4 84+4A%1 1-#!+%-541 % 8-B! 
:+!81!#41 +4"&4H%. K456&4 %$8="#+%-56$-@ F:4;- "8!5-5- 
"#!&54 4,D!84"#=:$71 % 8!H!971 1-#!+%-541, %":456?=!171 

:49"!1!"#$4 9 ,7#= % 9 +-?5%<$7; 4#+-"5@; :+417H5!$$4"#%. 

L%+4&41= +-":+4"#+-$!$%C "#!&5- ":4"4,"#949-5% &-& 4#$4"%-

#!56$-@ :+4"#4#- % $!97"4&-@ "#4%14"#6 !A4 %$8="#+%-56$4A4 
:+4%?948"#9-, #-& % =$%&-56$7! "942"#9- 1-#!+%-5- — 97"4&-@ 
:+4<$4"#6, %$!+#$4"#6, :+4?+-<$4"#6, $%?&-@ :4+%"#4"#6.  

E8$-&4, :4 1!+! +-?9%#%@ 3%9%5%?-3%%, 97H!:!+!<%"5!$-
$7! =$%&-56$7! "942"#9- "#!&5- :+%9!5% & +@8= F&4$41%<!-
"&%; % #!;$454A%<!"&%; :+4,5!1 " !A4 9#4+%<$71 %":456?49--
$%!1.   4#5%<%! 4# ,456H%$"#9- 9%849 ,7#497; 4#;4849 "#!&54 
$! 9;48%# 9 !"#!"#9!$$7! :+43!""7 &+=A494+4#- 9!D!"#9 9 4&-

+=B-CD!2 "+!8! % :4F#41= ":4"4,$4 $-&-:5%9-#6"@ 9 1!"#-; 
"&5-8%+49-$%@, :+-&#%<!"&% $! :489!+A-@"6 :+43!""-1 -&&=1=-
5@3%% 9 4&+=B-CD=C "+!8=. /4:45$%#!56$4 4"54B$%5 :+4,5!-
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1= #4# M-&#, <#4 "#!&54 9"5!8"#9%! +-?$44,+-?%@ "4+#49 #+=8$4 
:488-!#"@ 9#4+%<$42 :!+!+-,4#&! 5%,4 F#4# :+43!"" @95@!#"@ 
F&4$41%<!"&% $!3!5!"44,+-?$71.  

'+4,5!1- 9#4+%<$4A4 %":456?49-$%@ "#!&54,4@ @95@!#"@ 
4"4,4 -&#=-56$42 $- =+,-$%?%+49-$$7; #!++%#4+%@;, :4"&456&= 
!! +!H!$%! "9@?-$4 " $!4,;48%14"#6C 4,!":!<!$%@ $4+1-56$42 

B%?$!8!@#!56$4"#% $-"!5!$%@, "-$%#-+$42 4<%"#&% A4+4849, 4;-
+-$7 4&+=B-CD!2 "+!87 % +!"=+"4",!+!B!$%@.  

J#!&54,42, 978!5@!172 &-& &41:4$!$# KGE, @95@!#"@ "1!-
"6C +-?5%<$7; "4+#49 "#!&5- % $! 14B!# ,7#6 %":456?49-$ 9#4-
+%<$4 9 "#!&456$42 :+417H5!$$4"#%. '4F#41= 84 $-"#4@D!A4 
9+!1!$% M-&#%<!"&% !8%$"#9!$$71 9-+%-$#41 =#%5%?-3%% $!-
"4+#494A4 "#!&54,4@, 978!5@!14A4 9 +!?=56#-#! :!+!+-,4#&% 

KGE, @95@!#"@ !A4 "&5-8%+49-$%! $- :45%A4$-;.  
N="4+4"4+#%+494<$7! ?-9487 :+!8:45-A-C# 4#8!5!$%! "#!&-

54,4@ 4# 8+=A%; &41:4$!$#49 KGE, $4 :45=<!$$72 1-#!+%-5 :!+!8 
!A4 9#4+%<$71 %":456?49-$%!1 $=B8-!#"@ 9 84:45$%#!56$41 +-?-
8!5!$%% :4 "4+#-1. /5@ 4"=D!"#95!$%@ F#42 #+=84!1&42 4:!+-3%% 
:+%1!$@!#"@ &-& +=<$42 #+=8, #-& % "49+!1!$$4! 4:#%<!"&4! &4$-
#+456$4! 4,4+=849-$%! [1]. K!1 $! 1!$!! 8-B! " %":456?49-$%!1 

"49+!1!$$7; #!;$454A%2 "4+#%+49&% :45=<-!#"@ $!84"#-#4<$4 97-

"4&-@ 48$4+48$4"#6 "#!&5-, % 1-#!+%-5 9 $!&4#4+7; "5=<-@; $! 
14B!# ,7#6 %":456?49-$ 85@ :48H%;#49&% $- "#!&456$7; ?-94-
8-;. O %":456?49-$%! $!"4+#494A4 "#!&54,4@ 9 $-"#4@D!! 9+!1@ 
$!84:="#%14 $% :4 48$42 %? #!;$454A%2. 

045%<!"#94 "#!&54,4@ 85@ ?-:-8$4!9+4:!2"&%; "#+-$ 43!-
$%9-!#"@ 9 1%55%4$7 #4$$ !B!A48$4.   #-,5%3! :+%9!8!$7 4,P-

!17 4,+-?49-9H!A4"@ "#!&54,4@ 9 2001 A. % :+43!$# !A4 9#4+%<-
$4A4 %":456?49-$%@. 

$CD2.B 4CE+F45+/GH -32I?4C4H  
5 25E4J2,-IGK -3E+/+K (J4 L+//B. [2]) 

J#+-$- 
'+4%?9!8!$4 "#!&5-, 

#7". # 
 #4+%<$-@ :!+!+-,4#&- 

"#!&54,4@, % 
L9!23-+%@ 320 92 
Q%$5@$8%@ 51 91 
(4+9!A%@ 50 88 
G!56A%@ 317 88 
R!+1-$%@ 3064 87 
L9!3%@ 171 84 
O9"#+%@ 241 83 
(%8!+5-$87 513 78 
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E&4$<-$%! #-,5%37 

J#+-$- 
'+4%?9!8!$4 "#!&5-, 

#7". # 
 #4+%<$-@ :!+!+-,4#&- 

"#!&54,4@, % 
/-$%@ 185 65 
Q+-$3%@ 3545 55 
)#-5%@ 2000 55 
)+5-$8%@ 115 40 
'4+#=A-5%@ 359 34 
 !5%&4,+%#-$%@ 2165 34 
)":-$%@ 1548 33 
R+!3%@ 163 27 
K=+3%@ 304 24 
) # 4 A 4  15111 58 

 

K-&%1 4,+-?41, 9 2001 A. 9 !9+4:!2"&%; "#+-$-; ,754 $--
:+-95!$4 $- "9-5&= ,45!! 6 15$ # "#!&54,4@, <#4 "44#9!#"#9=!# 
40 % 4# 9"!A4 :+4%?9!8!$$4A4 "#!&5-. 

>-""14#+%1 4,+-?49-$%! % =#%5%?-3%C "#!&54,4@. /-$$7! 
:4 :+4%?948"#9= "#!&5- % 9#4+%<$41= %":456?49-$%C "#!&54,4@ 
9 R!+1-$%% :+!8"#-95!$7 $- +%"=$&!. E<!9%8$4, <#4 " $-<-5- 
1990-; AA. &45%<!"#94 :+4%?948%14A4 "#!&5- "#-,%5%?%+49-54"6 
$- 4#1!#&! :+%1!+$4 9 3,4—3,6 15$ #. '+% F#41 % 4,P!17 9#4+%<-
$4 %":456?=!14A4 "#!&5- 4"#-$49%5%"6 $- =+49$! 2,7—2,8 15$ # 
!B!A48$4, #.!. 84 700—800 #7". # "#!&54,4@ $! $-;48%# :+%1!-
$!$%@ % $-&-:5%9-!#"@ 9 4&+=B-CD!2 "+!8!, <#4 "4"#-95@!# 
20 % 4# 9"!A4 &45%<!"#9- !B!A48$4 :+4%?948%14A4 "#!&5-. 

 

 !". #$%!&'%(")'% ")*+,- ! !".%,/&%'-0!* ")*+,%1%2 ' 3*$4-0!! [2] 
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O$-54A%<$-@ "%#=-3%@ $-,5C8-!#"@ :+-&#%<!"&% 94 9"!; 
:+417H5!$$4 +-?9%#7; "#+-$-;.   1995 A. 9 J4!8%$!$$7; 
L#-#-; ,754 :+4%?9!8!$4 12,9 15$ # 4#;4849 "#!&5-. S#4 "4-
"#-95@!# 4&454 6 1-".% 1=$%3%:-56$7; #9!+87; ,7#497; 4#-
;4849, :+%<!1 9"!A4 #456&4 27 % 9"!; "#!&5@$$7; !1&4"#!2 

(,=#754& % ,-$4&) %":456?=C#"@ 9#4+%<$4.   #41 "5=<-!, &4A8- 
%1!!#"@ 94?14B$4"#6 3!$#+-5%?49-$$4 ?-$%1-#6"@ ",4+41 % 

=#%5%?-3%!2 "#!&54,4@, :+43!$# 9#4+%<$4A4 %":456?49-$%@ 
8-$$4A4 +!"=+"- =9!5%<%9-!#"@. (-:+%1!+, 9 (6C-T4+&! 9 2000 

A. ,754 $-:+-95!$4 $- 9#4+%<$4! %":456?49-$%! 4&454 150 #7". 
# "#!&5-, <#4 "4"#-95@!# $!1$4A%1 1!$!! :4549%$7 4# 9"!A4 "4,-
+-$$4A4 "#!&5-.  

K-&%1 4,+-?41, 4,D!! &45%<!"#94 $!%":456?=!14A4 "#!&54-
,4@, $-&-:5%9-CD!A4"@ 9 :+417H5!$$7; "#+-$-;, "4"#-95@!# 
4# 10 84 75 % 9"!A4 !B!A48$4 :+4%?948%14A4 "#!&5-.   >4""%% 

F#4# :4&-?-#!56 ?$-<%#!56$4 97H!, - 9 4#8!56$7; +!A%4$-; 
,5%?4& & 100 %. 

J4A5-"$4 %""5!849-$%C 1-+&!#%$A4942 A+=::7 Techart [2], 

&45%<!"#94 9"!A4 4,+-?49-9H!A4"@ "#!&54,4@ 9 >4""%% 9 2008 A. 
14B$4 43!$%#6 9 1,129 15$ #. E8$-&4 F#% 8-$$7! 4#5%<-C#"@ 
4# +!?=56#-#49 8+=A%; -9#4+49. K-&, :4 8-$$71 [3], 9 >4""%% 

#456&4 %? N4"&49"&42 4,5-"#% 9794?%#"@ !B!A48$4 $- ?-;4+4-
$!$%! 13 15$ # #9!+87; ,7#497; 4#;4849, 9 &4#4+7; 4&454 8 % 

"4"#-95@!# "#!&54,42, - F#4 :+%1!+$4 1,04 15$ #.  
E,7<$4 4#+%3-#!56$4! 94?8!2"#9%! "#!&54,4@ $- 4&+=-

B-CD=C "+!8= "<%#-!#"@ $!?$-<%#!56$71, % :4"5!8"#9%@ !A4 
"&5-8%+49-$%@ $! 97?79-C# 4:-"!$%2 = :+%+4844;+-$$7; 4+A--
$49. K-&4! 4#$4H!$%! & :+4,5!1! @95@!#"@ ?-,5=B8!$%!1 % 9!-
8!# & 3!541= +@8= :+@17; % &4"9!$$7; :+4,5!1. '+!B8! 9"!A4 
F#4 &-"-!#"@ 4,P!149 "#!&54,4@. (- 4"$49-$%% 97H!:+%9!8!$-

$4A4 -$-5%?- 14B$4 :+!8:454B%#6, <#4 !B!A48$4 9 >4""%% 

9 "+!8$!1 "&5-8%+=!#"@ $- :45%A4$-; KGE % $!"-$&3%4$%+4-
9-$$7; "9-5&-; :+%1!+$4 2,4—2,9 15$ # 4#;4849 "#!&5-. U%1%-

<!"&-@ ,!?4:-"$4"#6 "#!&5- 9 #-&%; &45%<!"#9-; =B! $! @95@!#-
"@ ,!"":4+$42.  

)?9!"#$4, <#4 84:="#%1-@ 9!5%<%$- 97D!5-<%9-$%@ "#!&5- 
94842 9 :!+!"<!#! $- 1A Na2O " 1 812 &45!,5!#"@ 9 :+!8!5-; 
0,71—0,76 [4].  

E8$-&4 "#!&54,42, :4"#=:-CD%2 $- :45%A4$7 KGE, %1!!# 
+-?5%<$72 M+-&3%4$$72 % ;%1%<!"&%2 "4"#-9. (-:+%1!+, 
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9 +-,4#! [5] :+%948%#"@ +-":+!8!5!$%! "#!&54,4@ :4 +-?1!+-1 
9 "4"#-9! A4+48"&%; #9!+87; ,7#497; 4#;4849. E<!9%8$4, <#4 
:+-&#%<!"&% <!#9!+#6 "#!&54,4@ :+!8"#-95!$- 1-#!+%-541 
" +-?1!+41 <-"#%3 1!$!! 5 11. 

/5@ 43!$&% &45%<!"#9- 97179-!14A4 Na2O 94":456?=!1"@ 
8-$$71%, :45=<!$$71% :+% %""5!849-$%% 97179-$%@ NaOH %? 
"#!&5- +-?5%<$42 8%":!+"$4"#% % :+4%";4B8!$%@ [6].  

*"#-$495!$4, <#4 "#!&54 9 8%":!+"$41 "4"#4@$%% 5!A&4 
:489!+A-!#"@ -&#%9-3%% " 4,+-?49-$%!1 $- :49!+;$4"#% ;%1%<!-
"&% -&#%9$42 M-?7 A%8+-#%+49-$$4A4 4&"%8- &+!1$%@ (:45%-

&+!1$%!942 &%"54#7). /5@ 9"!; %""5!849-$$7; #%:49 "#!&45 
&45%<!"#94 97179-!14A4 Na+ :+!8"#-95@!# "=D!"#9!$$=C 9!5%-

<%$= :+% 8%":!+"$4"#% <-"#%3 1!$!! :+%1!+$4 0,1 11. 045%<!-
"#94 97179-!14A4 Na+ ?-9%"%# #-&B! 4# &%"54#$4"#% F5C!$#-. 

J5!8=!# 4,+-#%#6 9$%1-$%!, <#4 +-9$49!"$-@ &4$3!$#+-3%@ 
Na+ 9 +-"#94+! "4 9+!1!$!1 :-8-!#. '4F#41= 9 +!-56$7; ="549%-

@; "5!8=!# 43!$%9-#6 97D!5-<%9-$%! ?- 84"#-#4<$4 85%#!56$72 

%$#!+9-5 9+!1!$%. 
K-&%1 4,+-?41, &45%<!"#94 97179-!14A4 Na+ ?-9%"%# 4# 

+@8- M-&#4+49: A5=,%$7 :+4#!&-$%@ :+43!""- (&45%<!"#9- %"-
:456?49-$$4A4 F5C!$#-), 8%":!+"$4"#% "#!&5-, #%:- "#!&5-, &%-

"54#$4"#% +-"#94+-. '4F#41= 85@ :45=<!$%@ 84"#49!+$7; +!-
?=56#-#49, &4#4+7! 14B$4 ,754 ,7 "44#$!"#% " ="549%@1% 97-
179-$%@ %? "#!&54,4@ $- :45%A4$-; KGE, %""5!849-$%@ 
:+4948%5% " +!-56$71 "#!&54,4!1. 

(- 4"$49-$%% :+49!8!$$7; F&":!+%1!$#49 [7] ,754 :+%$@-
#4 84:=D!$%!, <#4 &45%<!"#94 97179-!14A4 Na+ 85@ #%:494A4 
"4"#-9- $!"4+#494A4 "#!&54,4@ "4"#-95@!# 7,94 1A Na+ $- 1 &A 
"#!&54,4@, <#4 "4"#-95@!# 10,7 A 9 :!+!"<!#! $- Na2O %5% 13,8 A 
9 :!+!"<!#! $- "=;42 NaOH.  

S&454A%<!"&%2 =D!+, 4# =;=8H!$%@ % +-?+=H!$%@ :4<9 % 

?!1!56 :48 94?8!2"#9%!1 -$#+4:4A!$$7; $-A+=?4& 97+-B-!#"@ 
A5-9$71 4,+-?41 9 8!A+-8-3%% :4<9 % ?!1!56; ?-A+@?$!$%% ?!-
1!56 ;%1%<!"&%1% 9!D!"#9-1% % ?-;5-15!$%% ?!1!56 $!"-$&-

3%4$%+49-$$71% "9-5&-1%, 8+=A%1% 9%8-1% $!"-$&3%4$%+4-
9-$$4A4 % $!+!A5-1!$#%+49-$$4A4 +-?1!D!$%@ 4#;4849. E,D-@ 
9!5%<%$- :+!84#9+-D!$$4A4 =D!+,- 4# =;=8H!$%@ % +-?+=H!$%@ 
:4<9 % ?!1!56 9 +-""1-#+%9-!141 +-24$! 4:+!8!5@!#"@ "=11%+4-
9-$%!1 9"!; 9%849 :+!84#9+-D!$$7; =D!+,49 [8]. K456&4 85@ #!+-
+%#4+%% N4"&49"&42 4,5-"#% "=11-+$72 A484942 =D!+, 4# +-?-
1!D!$%@ "#!&54,4@ "4"#-95@!# 9312 #7". +=,./A48 [7, 9]. 
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K-&%1 4,+-?41, :+% ?-;4+4$!$%% 600 #7". # "#!&54,4@ 9 A48 
$- :45%A4$-; N4"&49"&42 4,5-"#% F&454A%% $-$4"%#"@ "=11-+$72 
=D!+, 9 +-?1!+! 9 15$ 312 #7". +=,. *D!+, 4# ?-;4+4$!$%@ 1 # 
"#!&54,4@ "4"#-95@!# 9312 / 600 = 15 520 +=,./A48. 

J5!8=!# 4#8!56$4 4#1!#%#6, <#4 :41%14 :+@14A4 =D!+,- 
4&+=B-CD!2 "+!8! 4# "#!&54,4@ %1!!#"@ #+=8$4 +-""<%#79-!1-@ 
"4"#-95@CD-@ 4# :+!84#9+-D!$$4A4 =D!+,- 4# :!+!+-,4#&% :+%-
+48$4A4 "7+6@ :+% 9#4+%<$41 %":456?49-$%% "#!&54,4@. K-&, 
:+%1!$!$%! 1 # "#!&54,4@ "$%B-!# +-";48 &-563%$%+49-$$42 

"487 :+% :+4%?948"#9! $494A4 "#!&5- $- 140—145 &A [10]. /4:45-
$%#!56$4 :+4%";48%# "$%B!$%! ?-A+@?$!$%@ 94?8=;- $- 6—22 %, 

=1!$6H!$%! 4,+-?49-$%@ #9!+87; 4#;4849 $- 79 %, F&4$41%#"@ 
84 6 % F$!+A%%, 50 % <%"#42 9487 % 54 % !"#!"#9!$$7; +!"=+-
"49 [11]. 

0+41! #4A4, 4#1!#%1 &+-2$! $!A-#%9$4! "43%-56$4! 94"-
:+%@#%! "#!&54,4@ &-& 4,%56$4A4, $4 $!=$%<#4B%14A4 4#;48- 
<!549!<!"&42 B%?$!8!@#!56$4"#%. S&454A%<!"&4! 94":%#-$%! % 

F&454A%<!"&4! 1%+494??+!$%! 9 3!541 $! 14A=# "M4+1%+49-#6"@ 
:+% 4<!9%8$42 $!":4"4,$4"#% 4,D!"#9- ":+-9%#6"@ " 48$%1 %? 
:+!4,5-8-CD%; % 4<!9%8$7; 85@ 94":+%@#%@ 4#;4849. 

)";48@ %? "&-?-$$4A4, 14B$4 ?-&5C<%#6, <#4 9#4+%<$4! 
%":456?49-$%! $!"4+#494A4 "#!&54,4@ 14B$4 +-""1-#+%9-#6 &-& 

"=D!"#9!$$=C F&454A%<!"&=C :+4,5!1=. /5@ :4$%1-$%@ #!;$%-

<!"&%; :+4,5!1, 94?$%&-CD%; :+% !! +!H!$%%, $!4,;48%14 
+-""14#+!#6 %1!CD%!"@ 9 8-$$42 4,5-"#% :+!854B!$%@. 

 4?14B$4"#% :+417H5!$$4A4 %":456?49-$%@ "#!&54,4@ 9 
&-<!"#9! 3!$$4A4 1%$!+-56$4A4 "7+6@ +-"&+7#7 !D! 8-5!&4 $! 
:45$4"#6C. IA4 9#4+%<$4! %":456?49-$%! 4,="5495!$4, " 48$42 

"#4+4$7, =+49$!1 "=D!"#9=CD%; #!;$454A%2, - " 8+=A42 — F&4-
54A%<!"&42 4,"#-$49&42 $- "44#9!#"#9=CD!2 #!++%#4+%% % $--
5%<%!1 :+!8:+%@#%2, 4,5-8-CD%; #!;$454A%@1% %":456?49-$%@ 
"#!&54,4@.   $-"#4@D!! 9+!1@ %":456?49-$%! "4+#494A4 "#!&54-
,4@ 4"=D!"#95@!#"@ :+-&#%<!"&% $- ,456H%$"#9! "#!&456$7; 
?-94849, A8! $-+@8= " #-& $-?79-!171 «:!+9%<$71», #.!. "4,"#-
9!$$71 "#!&541 4# ,+-&- % $-+=H!$%2 9 #!;$454A%<!"&41 +!-
B%1!, "=D!"#9=!# 94?14B$4"#6 %":456?49-$%@ % «9#4+%<$4A4» 

"#!&54,4@, #.!. "4,+-$$4A4 &-& 9#4+%<$4A4 +!"=+"-.   F#41 "5=-
<-! "=D!"#9=CD%2 #!;$454A%<!"&%2 :+43!"" :+!8:+%@#%@ ":4-
"4,!$ :4A54#%#6 ?$-<%#!56$7! 4,P!17 1-#!+%-5- ,!? =D!+,- 
85@ &-<!"#9- :+48=&#- % 4,7<$4 :+% F&4$41%% F$!+A!#%<!"&%; 
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% "7+6!97; +!"=+"49 [12]. '+% F#41 :+!8:+%@#%C 97A48$4 =9!-
5%<%9-#6 845C "#!&54,4@ 9 "7+6!. (-:+%1!+, :+49!8!$$7! ":!-
3%-5%"#-1% K%+-":456"&4A4 "#!&456$4A4 ?-948- +-,4#7 :4 %?-
1!$!$%C "44#$4H!$%@ ?-A+=?&% :!<% H%;#42 % "#!&54,4!1 

(60:40; 50:50; 40:60) 9 :+43!""! :+4%?948"#9- "#!&54#-+7 :4&--
?-5%, <#4 "!,!"#4%14"#6 ="549$42 !8%$%37 :+48=&3%% "$%B-!#-
"@ 9 "+!8$!1 $- 4 % $- &-B87! 5 % =9!5%<!$%@ "#!&54,4@ 9 
"7+6! "9!+; 30 % [12]. 0 "4B-5!$%C, :+4,5!1- 14B!# ,7#6 FM-

M!&#%9$4 +!H!$- #456&4 9 "5=<-! "4+#494A4 "#!&54,4@.   +!-56-
$4"#% !A4 ?$-<%#!56$4! &45%<!"#94 :4"#=:-!# $- :!+!+-,4#&= 
%5% ?-;4+4$!$%! 9 9%8! 1!;-$%<!"&42 "1!"% &="&49 +-?5%<$4A4 
+-?1!+- % "4+#-.  

 7H! =B! 4#1!<-54"6, <#4 :+43!"" "4+#%+49&% $!"4+#494A4 
"#!&54,4@ @95@!#"@ 1-54:+4%?948%#!56$71 % ?-#+-#$71 8-B! 
:+% %":456?49-$%% "49+!1!$$42 #!;$%&%. 0+41! #4A4, :+% 97-

"4&42 8%:!+"$4"#% "#!&54,4@, - %1!$$4 :+% =1!$6H!$%% +-?1!-
+- <-"#%3 $%B! 5—10 11, +!-5%?-3%@ $- :+-&#%&! +-?8!5!$%@ 
$-#-5&%9-!#"@ $- :+4,5!1= 1!;-$%<!"&4A4 ,7"#+48!2"#9%@ %"-
:45$%#!56$7; ="#+42"#9. /-B! " %":456?49-$%!1 "49+!1!$$7; 
#!;$454A%2 "4+#%+49&% :45=<-!#"@ $!84"#-#4<$4 97"4&-@ 48$4-
+48$4"#6 "#!&5-. 

E"$49$-@ :+4,5!1- :+% :!+!+-,4#&! "#!&54,4@ ?-&5C<-!#"@ 
9 =#%5%?-3%% $!"4+#494A4 1-#!+%-5-. )1!$$4 #-&42 1-#!+%-5 
"4"#-95@!# 4"$49$4! &45%<!"#94 $!=#%5%?%+49-$$4A4 "#!&54,4@, 
- 4"=D!"#95!$%! !A4 "4+#%+49&% 9!"61- ?-#+=8$!$4 " :+-&#%<!-
"&42 #4<&% ?+!$%@, #-& &-& &45%<!"#94 "#!&54,4@ % !A4 8%"-
:!+"$4"#6 8!5-C# &+-2$! ?-#+=8$%#!56$42 #!;$%<!"&% % $!97-

A48$42 F&4$41%<!"&% !A4 "4+#%+49&=. '4F#41= 4"$49$42 :+4-
,5!142 9#4+%<$4A4 %":456?49-$%@ "#!&54,4@ @95@!#"@ %1!$$4 
$!"4+#4942 "#!&54,42.  "! "49+!1!$$7! 1!#487 !A4 :!+!+-,4#&% 

4"$49-$7 $- %":456?49-$%% "942"#9 "#!&5- &-& 1-#!+%-5- % 

:+!8:45-A-C# ?-1!D!$%! "#!&541 #!; %5% %$7; 1-#!+%-549. 
  &4$!<$41 "<!#! :+4,5!1- =#%5%?-3%% $!"4+#494A4 "#!&54,4@ 
4:+!8!5@!#"@ F&4$41%<!"&%1% M-&#4+-1%, - %1!$$4 "44#$4H!-
$%!1 3!$7 $- +7$&! $- 1-#!+%-5, &4#4+72 ?-1!D-!# "#!&54,42, 

% ?-#+-#-1% $- 978!5!$%! $!"4+#494A4 "#!&54,4@ % :!+!+-,4#&= 
!A4 9 :+%!15!14! 85@ %":456?49-$%@ "4"#4@$%!.  

>-""14#+%1 F#4 $- :+%1!+!, 4:%"-$$41 9 +-,4#! [13], 9 &4-
#4+42 %?=<-!#"@ :!+!+-,4#&- KGE 9 (6C-T4+&!. E#8!5 4<%"#&% 

(6C-T4+&- :+% "=D!"#9=CD!2 "%"#!1! :5-#!B!2 :5-#%# 1="4-
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+4:!+!+-,-#79-CD%1 :+!8:+%@#%@1 ?- 9794? % :!+!+-,4#&= 
#9!+87; ,7#497; 4#;4849 :4 45 8455. ?- &-B8=C #4$$= 9794?%-

14A4 " #!++%#4+%% A4+48- 1="4+-. '+%$%1-@ 94 9$%1-$%! #4# 
M-&#, <#4 1="4+4:!+!+-,-#79-CD%! :+!8:+%@#%@ 14A=# :+48-#6 
1!#-557 % :5-"#%& :4"5! 4#8!5!$%@ 4# "#!&54,4@, #4 4$% 14A=# 
:4?945%#6 "!,! :4$!"#% ?-#+-#7 $- :+4"#4! ?-;4+4$!$%! "#!&54-
,4@ $- :45%A4$-; KGE. I"5% 4#&+4C#"@ $497! +7$&% "1!H-$$4-
A4 :4 39!#= "#!&54,4@, #4 14B$4 4B%8-#6, <#4 1=$%3%:-5%#!#7 

?-;4#@# "$%?%#6 :5-#= ?- +-?1!D!$%! "#!&54,4@ $- :45%A4$-; 
#9!+87; ,7#497; 4#;4849, <#4, 9 "94C 4<!+!86, "#%1=5%+=!# 
&4$&=+!$#$72 +7$4& :!+!+-,4#&% "#!&54,4@. 

J=D!"#9!$$71 $!84"#-#&41 85@ ,456H%$"#9- 1!#4849 :!-
+!+-,4#&% "#!&54,4@ @95@!#"@ !A4 :!+!1!$$72 ;%1%<!"&%2 % 

M-?4972 "4"#-9 % $-5%<%! :+%1!"!2. /-B! <%"#72 "#!&54,42 $! 
14B!# ,7#6 %":456?49-$ 85@ 9#4+%<$4A4 %":456?49-$%@ $- "#!-
&456$7; ?-948-; 9"5!8"#9%! +-?5%<%@ :4 39!#-1. K-&, :4 8-$-
$71 [13], -$-5%? +!:+!?!$#-#%9$42 :+4,7 8-5 "5!8=CD!! 39!#4-
94! +-":+!8!5!$%!: 62 % — ,!"39!#$4!, 19 % — ?!5!$4!, 14 % — 

@$#-+$4! % 5 % — 8+=A%! 39!#-. 
0+41! #4A4, $!"4+#%+49-$$72 "#!&54,42 4#5%<-!#"@ &+-2$! 

$!+-9$41!+$71 +-":+!8!5!$%!1 :4 +-?1!+-1, <#4 ?-#+=8$@!# 
+-?+-,4#&= !8%$42 #!;$454A%%.  

*9!5%<!$%! 845% =#%5%?%+=!14A4 $!"4+#%+49-$$4A4 1-#!-
+%-5- 4A+-$%<%9-!#"@ "=D!"#9=CD%1% #!;$454A%@1% % 9 :4-
"5!8$%! A487 :+-&#%<!"&% $! :+!#!+:!9-54 %?1!$!$%2. S#4 "9@-
?-$4 " #!1 4,"#4@#!56"#941, <#4 9 $-"#4@D!! 9+!1@ :+-&#%<!"&% 

4#"=#"#9=C# $-8!B$7! % :+4%?948%#!56$7! 9-+%-$#7 :!+!+--
,4#&% $!"4+#%+49-$$4A4 "#!&54,4@. 

(- 4"$49-$%% 4,?4+- 4"$49$7; :=#!2 =#%5%?-3%% "#!&54-
,4@ [14] % "942"#9 "#!&5- 9 +-?5%<$7; 8%":!+"$7; "4"#4@$%@; % 

:+% +-?5%<$7; #!1:!+-#=+-; 9"! ":4"4,7 :!+!+-,4#&% 14B$4 
+-?8!5%#6 $- 4 A+=::7 [15]. 

0 :!+942 A+=::! 4#$4"@#"@ ":4"4,7 :!+!+-,4#&% &="&494A4 
"#!&5- " <-"#%3-1% +-?1!+41 ,45!! 0,5—1 11. /5@ "#!&5- #-&4A4 
M+-&3%4$$4A4 "4"#-9- ;-+-&#!+$- 97"4&-@ :+4<$4"#6, ;4+4H-@ 
-8A!?%@ & "%5%&-#$71 1-#!+%-5-1, 97"4&%! 8!&4+-#%9$7! 
"942"#9-. 

E8$%1 %? ":4"4,49 =#%5%?-3%% "#!&54,4@ @95@!#"@ !A4 %"-
:456?49-$%! 9 &-<!"#9! 4"$497 85@ 84+4B$4A4 :454#$-, &41:4-
$!$#- 84+4B$7; 48!B8, 8+!$-B$7; "%"#!1, ?-:45$%#!5@ -"-
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M-56#4,!#4$- [16].   8-$$41 "5=<-! 91!"#4 H%+4&4 %":456?=!-
14A4 D!,$@ ,!+!#"@ "#!&54,42. '454B%#!56$72 141!$# 9 %"-
:456?49-$%% "#!&5- — F#4 ";4B-@ %5% 1!$6H-@ "#4%14"#6, "#42-

&4"#6 & $-A+=?&-1 :48 8-95!$%!1 % =8-+=, ;4+4H%! 8+!$-B$7! 
"942"#9-. E#+%3-#!56$71 141!$#41 "5=B%# ?-9%"%14"#6 #!;$%-

<!"&%; ;-+-&#!+%"#%& 4# "4"#-9- "#!&5-, 84"#=:$4"#6 ,45!! 8!-
H!97; 1-#!+%-549 85@ :!+!+-,4#&%. 

'41%14 :48"#%5-CD!2 4"$497 85@ 84+4B$7; 48!B8, 14B-

$4 %":456?49-#6 "#!&54 % 85@ 84+4B$4A4 :454#$- 9 9%8! "#!&54-
-"M-56#-. )":456?49-$%! &="4<&49 "#!&5- 91!"#4 D!,$@ 4,=-
"5495!$4 ";4B!2 %5% 1!$6H!2 "#4%14"#6C, 84:45$%#!56$42 9%-

8%14"#6C $4<6C, ,45!! $%?&42 4,P!1$42 :54#$4"#6C. (4 "#!&54 
14B!# ,7#6 97"94,4B8!$4 " :49!+;$4"#%, <-"#%<&-1% "#!&5- 
14B$4 #+-91%+49-#6"@ % :49+!8%#6 H%$7 -9#4#+-$":4+#-, &+4-
1! #4A4, =9!5%<!$$72 ,5!"& :49!+;$4"#% 4"5-,5@!# 9%8%14"#6. 

'+%1!$!$%! "#!&5- 9 &-<!"#9! 8!&4+-#%9$4A4 F5!1!$#- :4-
?945@!# ?-1!$%#6 D!,!$6 % A+-9%2 :+% :45=<!$%% 4,5%3494<-
$7; &4$"#+=&3%2. IA4 %":456?49-$%! :4?945@!# :45=<%#6 $497! 
8!&4+-#%9$7! 39!#- :+% 97"4&42 :+4<$4"#% % $%?&42 3!$!, 48-
$-&4 94?$%&-!# $!4,;48%14"#6 4<%"#&% 4# 4+A-$%<!"&%; % $!4+-
A-$%<!"&%; ?-A+@?$!$%2, - #-&B! "=D!"#9=!# 94?14B$4"#6 
#+-91%+49-#6"@ 4 A4#497! F5!1!$#7 &4$"#+=&3%%. 

'+% %":456?49-$%% "#!&5- 9 &-<!"#9! &41:4$!$#- 9 ,!#4$! 
14B$4 ?-1!$%#6 D!,!$6, A+-9%2, <-"#%<$4 :4+#5-$83!1!$# % 

:=3345-$ 9 9%8! 5!#=<!2 ?457 [17]. '5C"-1% 9 8-$$41 "5=<-! 
@95@!#"@ $%?&-@ "#4%14"#6, 8!&4+-#%9$7! 39!#-, - #-&B! :4-
8-95!$%! D!54<$42 -&#%9$4"#% &9-+3-, <#4, :+-98-, 14B!# 97-

?9-#6 =1!$6H!$%! 1!;-$%<!"&42 :+4<$4"#%. 

04 9#4+42 A+=::! 1!#4849 4#$4"@#"@ ":4"4,7 :!+!+-,4#&% 
A+=,48%":!+"$4A4 :4+4H&- " <-"#%3-1% 4# 0,05—0,1 84 0,5—1,0 11. 

/5@ #-&4A4 "#!&5- ;-+-&#!+$- 97"4&-@ :+4<$4"#6 $- %"#%+-$%! 
% 97"4&-@ ;%1%<!"&-@ %$!+#$4"#6. 

'!+972 ":4"4, %? 8-$$42 A+=::7 — F#4 %":456?49-$%! 
"#!&5- 9 &-<!"#9! -,+-?%9$4A4 F5!1!$#- 91!"#4 &9-+3!94A4 :!"-
&-, -,+-?%9$7; <-"#%3 "#-56$42 8+4,%, <=A=$$42 8+4,%, A+-$%-

#-, "#!&5@$$42 8+4,%, 1!8$4A4 % $%&!5!94A4 H5-&-, 45%9%$-, 
4&"%8- -5C1%$%@. '4 "+-9$!$%C " :!+!<%"5!$$71% 1-#!+%-5--
1% "#!&54 %1!!# &4$&=+!$#4":4"4,$=C 3!$=, FMM!&#%9$4! :+%-

1!$!$%! 9"5!8"#9%! <-"#%3 $!:+-9%56$42 M4+17, =5=<H!$$=C 

,!?4:-"$4"#6 — "#!&54 $! "48!+B%# &+%"#-55%<!"&4A4 &9-+3- % 

%1!!# $%?&4! "48!+B-$%! #@B!57; 1!#-5549. 
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'+%1!$!$%! "#!&5- 9 &-<!"#9! M+%&3%4$$4A4 1-#!+%-5- 
85@ ":%<!& % ,4!:+%:-"49 :+-&#%<!"&% 9$! &4$&=+!$3%%: "#!&-

54 — :+!8:4<#%#!56$72 1-#!+%-5. 
/5@ :45=<!$%@ M%56#+-3%4$$42 "+!87 91!"#4 &9-+3!94A4 

:!"&- % -$#+-3%#- 14B$4 %":456?49-#6 "#!&54 [18], $4 :+-9%5- 
?8+-944;+-$!$%@ #+!,=C# -:+4,-3%% !A4 %":456?49-$%@ 9 4,5-"-
#% :+4#%94"#4@$%@ +4"#= ,-&#!+%2. 

J#!&54 #-&B! 14B$4 %":456?49-#6 &-& 84,-9&= 9 5%#!2$41 

8!5! 85@ M4+1. V-1!$- 97"4&4&-<!"#9!$$4A4 &9-+3!94A4 :!"&- 
:4?945@!# 84,%#6"@ "$%B!$%@ %?8!+B!& % :45=<%#6 :+!8"&-?=!-
1=C <%"#4#= %?8!5%@ % ;-+-&#!+%"#%&% :5-95!$%@. 

K+!#6@ A+=::- 1!#4849 4"$49-$- $- %":456?49-$%% "+!8$!- 
% 1!5&48%":!+"$4A4 :4+4H&- " <-"#%3-1% 1!$!! 0,1 11. '+% 

%?1!56<!$%% "#!&5- 84 +-?1!+49 1!$!! 50 1&1 ,456H=C +456 
$-<%$-C# %A+-#6 :49!+;$4"#$7! "%57, % :45=<-!172 :4+4H4& 

4,5-8-!# ?-1!#$71% 9@B=D%1% "942"#9-1%. 

'+%1!$!$%! "#!&5- 9 &-<!"#9! ?-:45$%#!5@ 9 &+-"&! % :5--
"#1-""! :4?945@!# ?-1!$%#6 A5%$= % &-+,4$-#7 " :45=<!$%!1 

#49-+$4A4 :+48=&#- #-&4A4 B! &-<!"#9-. E#+%3-#!56$71 141!$-
#41 @95@!#"@ #+!,49-$%! 84+4A4"#4@D!2 :+43!8=+7 — #D-#!56-
$4A4 %?1!56<!$%@. 

)?1!56<!$$72 :4+4H4& "#!&5- 14B$4 %":456?49-#6 &-& 

-,"4+,!$# % &-#%4$44,1!$$72 1-#!+%-5.   8-$$41 "5=<-! ?-1!-
$@!#"@ :+%+48$-@ A5%$-, 3!45%#7, 5!#=<-@ ?45- — A%8+-# &+!1-

$!&%"54A4 &-563%@. '+% $%?&42 "#4%14"#% % "942"#9! $! "#-$4-
9%#6"@ 5%:&%1 :+% =95-B$!$%% $- #!&=D%2 141!$# = 8-$$4A4 
1!#48- $!# &411!+<!"&4A4 %":456?49-$%@. 

)":456?49-$%! "#!&5- &-& 84,-9&% 9 &5%$&!+ 84 % :4"5! 
4,B%A- -$-54A%<$4 ?-1!$! "#!&5- 9 ,!#4$! " #42 +-?$%3!2, <#4 9 
8-$$41 "5=<-! :+%1!$@!#"@ $! &="&494! "#!&54, - !A4 :4+4H4&. 

)""5!849-$%@, :+49!8!$$7! -9#4+-1% [19], :4?945%5% +-?+-,4-
#-#6 FMM!&#%9$=C #!;$454A%C, :4?945@CD=C %":456?49-#6 ,42 

"#!&5- $! #456&4 &-& ?-:45$%#!56, $4 % 9 &-<!"#9! 4"$49$4A4 
&41:4$!$#- "9@?=CD!A4. '+!9+-D!$%! #4$&48%":!+"$4A4 :4-
+4H&- "9@?=CD!A4 $- 4"$49! ,4@ "#!&5- 9 &-1$!9%8$4! #!54 
:+4%";48%# 9 +!?=56#-#! 9?-%148!2"#9%@ &41:4$!$#49, 9;48@-
D%; 9 !A4 "4"#-9, " 948$71 +-"#94+41 D!54<!2.   +!?=56#-#! 
:45=<-C#"@ "#+4%#!56$7! %?8!5%@ " :54#$4"#6C 500—2400 &A/13 

:+% :+4<$4"#% 0,5—25 N'- % &4FMM%3%!$#! #!:54:+4948$4"#% 

4# 0,13  #/(1 °C). 
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/+=A%1% %""5!849-#!5@1% [20] ,75% %?=<!$7 94:+4"7, 

"9@?-$$7! " =5=<H!$%!1 #!:54#!;$%<!"&%; ;-+-&#!+%"#%& -9-
#4&5-9$4A4 &%+:%<- % :497H!$%C 845A49!<$4"#% &5-8&% "#!$. 
)1% ,75 :45=<!$ 4,5!A<!$$72 =&+=:$!$$72 :4 +-?1!+-1 "%5%-

&-#$72 &%+:%< :54#$4"#6C 1500 &A/13 % #!:572 &5-84<$72 

+-"#94+ (950 &A/13) :=#!1 99!8!$%@ 9 %; "4"#-9 9?-1!$ <-"#% 

$!1454#4A4 &9-+3!94A4 :!"&- 8+4,5!$4A4 &!+-1?%#494A4 ?-:45-
$%#!5@. J#+=&#=+- 5!A&4A4 &!+-1?%#494A4 :!"&- :+!8"#-95!$- 
9 4"$49$41 1-54#!:54:+4948$71 -5C14"%5%&-#$71 "#!&541 

" ?-1&$=#71% 1%&+4:4+-1%. 

E8$%1 %? ":4"4,49 #-&B! @95@!#"@ :+%1!$!$%! "#!&5- 85@ 
<-"#%<$42 ?-1!$7 3!1!$#- :+% :45=<!$%% 14$45%#$7; ,!#4$-
$7; &41:4?%3%2 [21—23]. 

W+&4 97+-B!$$7! %4$44,1!$$7! "942"#9- 97"4&48%":!+"-
$7; :4+4H&49 "#!&5-, "9@?-$$7! " -&#%9$71 1!BM-?4971 4,-
1!$41 &41:4$!$#49 "#!&5- % +-"#94+-, :+%948@# :+% 4:+!8!5!$-
$7; ="549%@; & :4@95!$%C 9@B=D%; "942"#9. /-$$4! 4,"#4@-
#!56"#94 :4?945@!# :45=<-#6 $- 4"$49! "#!&54,4@ 9@B=D%! 
&41:4?%3%%, $! ="#=:-CD%! :4 +@8= ;-+-&#!+%"#%& 4,7<$71 

:4+#5-$83!1!$#$71 ,!#4$-1 [24]. I"#!"#9!$$4, <#4 #-&42 1-#!-
+%-5 14B!# ,7#6 :4+%?49-$ :+% $!97"4&%; #!1:!+-#=+-; -$--
54A%<$4 A-?4,!#4$= " :45=<!$%!1 #!:54%?45@3%4$$4A4 1-#!+%--
5- [25—27]. '45=<!$$72 1-#!+%-5 :+% :54#$4"#% 400—900 &A/13 

%1!!# &4FMM%3%!$# #!:54:+4948$4"#% 0,07—0,17  #/(1·°C), 

:+4<$4"#6 :+% "B-#%% 1,5—5,5 N'-, 9484:4A54D!$%! 32—12 % 

(:4 1-""!).   4"$49= :45=<!$%@ :454B!$- ":4"4,$4"#6 +-"#94+!$%@ 
9 948! -14+M$4A4 &+!1$!?!1- % !A4 4"-B8!$%@ %? +-"#94+- :4"+!8-
"#941 :+43!""- &4$8!$"-3%4$$42 :45%1!+%?-3%% 14$41!+- &+!1-

$%!942 &%"54#7 Si(OH)4.   8-$$7; "5=<-@; #4$&%2 :4+4H4& "#!&-
5- "5!8=!# +-""1-#+%9-#6 &-& ?-1!$= 3!1!$#= $! #456&4 " #!;$4-
54A%<!"&42, $4 % " ;%1%<!"&42 #4<&% ?+!$%@: :+43!""7, 

:+4%";48@D%! :+% #9!+8!$%% 1-#!+%-5-, :+4#!&-C# :4 A%8+-#$4-
1= 1!;-$%?1= % :+!8:45-A-C# $-5%<%! 9 "%"#!1! 9487. 

  +-,4#! [28] #-&B! :+!8:45-A-!#"@ :4+%?-3%@ :4+4H&- 
"#!&5-, :45=<!$$4A4 %? 5C,4A4 $!"4+#%+49-$$4A4 "#!&54,4@. '4-
"5! #!+144,+-,4#&% :+% #!1:!+-#=+! 100—135 °C :45=<-!#"@ 
1%&+4:4+%"#72 5!A&44,+-,-#79-!172 &!+-1%<!"&%2 1-#!+%-5 " 
:+4<$4"#6C 16—22 N'-. 

  <!#9!+#42 A+=::! 1!#4849 %":456?=C#"@ :%+4:5-"#%<$7! 
"942"#9- "#!&5- :+% #!1:!+-#=+-; 97H! 680—850 °C.   F#41 "4-
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"#4%# :+%$3%:%-56$4! 4#5%<%! 8-$$42 A+=::7 1!#4849 4# :!+!-
<%"5!$$7; 97H!. 

)":456?49-$%! :4+4H&- "#!&5- 9 &-<!"#9! "9@?=CD!A4 
&41:4$!$#- 9 &!+-1%&! % &%+:%<! :4?945@!# ?-1!$%#6 1%$!-
+-56$7! "9@?=CD%!, $-:+%1!+ A5%$=. /-$$-@ ?-1!$- 9 $!&4#4-
+7; "5=<-@; =9!5%<%9-!# :+4<$4"#6 % 14+4?4"#42&4"#6, :4$%-

B-!# #!1:!+-#=+= +-?1@A<!$%@, =1!$6H-!# 9+!1@ 4,B%A- % :4-
#+!,5!$%! #4:5%9- [18]. 

0+=:$71 :4#+!,%#!5!1 "#!&54,4@ &-& :%+4:5-"#%<$4A4 
1-#!+%-5- @95@!#"@ :+417H5!$$4"#6 "#!&5@$$7; 9454&4$ % 

"#!&549-#7.   8-$$42 4,5-"#% $-+@8= " "4+#4971 "#!&541 9 &--
<!"#9! "7+6@ :+!8:+%$%1-C#"@ :4:7#&% =9!5%<%#6 845C "#!&-

54,4@. E"$49$71 :4#+!,%#!5!1 ,4@ "#!&5- @95@C#"@ "#!&549--
+!$$7! ?-9487, $4, &-& 4#1!<-54"6 97H!, 4$% 4+%!$#%+49-$7 

:+!%1=D!"#9!$$4 $- "4+#4942 "#!&54,42. 

/5@ :45=<!$%@ "#!&5- %5% &!+-1%&% 14A=# ,7#6 %":456?4-
9-$7 4#;487 &4$&+!#$7; :+4%?948"#9 9 "1!"% "4 "#!&54,4!1 

[29]. (4 9 8-$$41 "5=<-! $!4,;48%14 +-?+-,-#79-#6 #!;$454A%C 

:48 &4$&+!#$72 "4"#-9 4#;4849 % "#!&54,4@. 
 7:45$!$$7! &-M!8+42 ;%1%<!"&42 #!;$454A%% "#!&5- % 

"%#-5549 NUK) %1. /.). N!$8!5!!9- %""5!849-$%@ 9 +-1&-; 
+!H!$%@ :+4,5!17 %":456?49-$%@ 4#;4849 "#!&5- 9 :+4%?948"#-
9! 8!&4+-#%9$4-4#8!54<$7; 1-#!+%-549 #%:- "#!&54&+!1$!?%#- 
:4&-?79-C#, <#4 :+4%?948"#94 ":!<!$$7; 1-#!+%-549 $- 4"$49! 
"#!&5- 14B!# ,7#6 :45$4"#6C :!+!9!8!$4 $- :+%1!$!$%! "#!&-

54,4@. K!;$454A%<!"&-@ ";!1- :+4%?948"#9- "#!&54&+!1$!?%#- 
9&5C<-!# 9 "!,@ 8+4,5!$%! "#!&54,4@, :+%A4#495!$%! "1!"% % 

=&5-8&- !! 9 M4+1=, ":!&-$%! :5%# :+% #!1:!+-#=+! 900—960 °C, 

4#B%A % 4;5-B8!$%!, 4,+!?&- &+414&. E8$%1 %? $!84"#-#&49 
":!<!$$7; 1-#!+%-549 (:54#$4"#6 2390—2430 &A/13) @95@!#"@ %; 
"+-9$%#!56$4 $!97"4&-@ 1!;-$%<!"&-@ :+4<$4"#6 9 "+-9$!$%% " 
%";48$71 "#!&541 [30, 31]. 

J#!&54 :+% :497H!$$7; #!1:!+-#=+-; &-& $!+-9$49!"$-@ 
"%"#!1- — :!+!4;5-B8!$$-@ B%8&4"#6 9"!A8- "#+!1%#"@ & &+%-

"#-55%?-3%%. '4F#41= :+% +-""14#+!$%% ":4"4,49 :!+!+-,4#&% 

"#!&54,4@ :+% :497H!$$7; #!1:!+-#=+-; 4#8!56$4 "5!8=!# 4"-
#-$49%#6"@ $- #!;$454A%@;, :+%948@D%; & &+%"#-55%?-3%% 

"#!&5-. E,7<$4 3!56C #-&%; #!;$454A%2 @95@!#"@ :45=<!$%! 
"#+4%#!56$7; 1-#!+%-549, <#4 84"#%A-!#"@ $- 4"$49! "#!&45 4:-
+!8!5!$$7; "4"#-949 " :4"5!8=CD!2 %; &+%"#-55%?-3%!2 [32, 
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33]. S#% 1-#!+%-57 4#5%<-C#"@ 845A49!<$4"#6C, :+4<$4"#6C, 

$=5!971 9484:4A54D!$%!1, 4A$!- % "9!#4"#42&4"#6C, 97"4&42 

%?$4"4"#42&4"#6C % ":4"4,$4"#6C 85%#!56$4! 9+!1@ +-,4#-#6 9 
-A+!""%9$7; "+!8-;. 0 $-"#4@D!1= 9+!1!$% +-?+-,4#-$4 ,456-
H4! &45%<!"#94 +-?5%<$7; 9%849 "#+4%#!56$7; "#!&54&+%"#-5-
5%<!"&%; 1-#!+%-549: "#!&541+-14+, -9-$#C+%$494! "#!&54, 
"#!&54&+%"#-55%#, "#!&54&+4H&-, +-?5%<$7! 9%87 "%#-5549, 
"%A+-$ % 8+. '+% :+4%?948"#9! #-&%; 1-#!+%-549 14B$4 %"-
:456?49-#6 &-& ":!3%-56$4 "9-+!$$7! "#!&5-, #-& % +-?5%<$7! 
4#;487 "#!&456$4A4 :+4%?948"#9- [34, 35]. 

)$#!+!"$71, $4, :4 $-H!1= 1$!$%C, "54B$4 1!;-$%?%-

+=!171 % $!84"#-#4<$4 =$%9!+"-56$71 @95@!#"@ 1!#48 "4?8--
$%@ ?-D%#$42 :5!$&% $- :49!+;$4"#% ,!#4$49, +-":5-95!$%!1 

+-?5%<$4A4 :4 39!#= % M+-&3%4$$41= "4"#-9= "#!&54,4@ [36]. 
O$-54A%<$4! +!H!$%! :4 "4?8-$%C "#!&544,+-?$42 :5!$&%, $4 
$- :49!+;$4"#% &%+:%<- [37], 4"4,!$$4 &!+-1%<!"&4A4, :+!8-
"#-95@!#"@ ,45!! :!+":!&#%9$71 &-& 9 "9@?% " ,45!! 97"4&42 :4 
"+-9$!$%C " ,!#4$41 ="#42<%94"#6C :49!+;$4"#% &%+:%<- & $--
A+!9=, #-& % 9 "9@?% " =$%9!+"-56$4"#6C +-?1!+49 &%+:%<-. 

/+=A%1 %$#!+!"$71 $-:+-95!$%!1 %":456?49-$%@ 97"4&4-
#!1:!+-#=+$7; :+43!""49 9 :!+!+-,4#&! "#!&54,4@ @95@!#"@ ="-
+!8$!$%! "942"#9 :4"5!8$!A4 :+% :!+!:5-9&!. K-&, $-:+%1!+, :%-
+41!#-55=+A%<!"&4! :5-95!$%! 9 94""#-$49%#!56$42 "+!8!, %"-
:456?=!14! -9#4+-1% [38], :4?945@!# "#-,%5%?%+49-#6 "4"#-9 % 
"942"#9- 85@ &41:5!&"$42 :!+!+-,4#&% ?454H5-&497; 4#;4849 
:+% :45=<!$%% :!$4"%5%&-#-. E8$-&4 8-$$72 ":4"4, 9 "9@?% " 97-
"4&%1 :4#+!,5!$%!1 F$!+A%% :+%1!$%1 5%H6 9 <-"#$7; "5=<-@;. 

  "44#9!#"#9%% " /%+!&#%942 200/532/IJ 9 I9+4:! 4#+-,4-
#-9H!! F5!&#+%<!"&4! % F5!&#+4$$4! 4,4+=849-$%!, "48!+B-D!! 
9+!8$7! &41:4$!$#7, $! 14B!# ,7#6 ?-;4+4$!$4 $- :45%A4$-; 
KGE. S5!&#+4$$4-5=<!97! #+=,&% #!5!9%?4+49 % &41:6C#!+$7; 
14$%#4+49 "4"#-95@C# 65—70 % 4# 4,D!2 1-""7 4#;4849 "#!&5-, 
"48!+B-D%; 9+!8$7! &41:4$!$#7.   +-,4#! [39] :+!85-A-!#"@ 
":4"4, :+4%?948"#9- 978=9$7; %5% 5%#7; "#!&5@$$7; %?8!5%2. 

/-$$72 ":4"4, :4?945@!# =#%5%?%+49-#6 84 100 % "#!&5-, :4-
"#=:-CD!A4 $- :!+!:5-9&=, 48$-&4 4,P!17 :+4%?948"#9- ,=8=# 
?$-<%#!56$4 $%B! &45%<!"#9- 4#+-,4#-9H%; &%$!"&4:49. '4-
1%14 8=#7; % 5%#7; %?8!5%2 "#!&5- &%$!"&4:49 14A=# ,7#6 
%":456?49-$7 :+% :+4%?948"#9! &!+-1%&%, 9 84+4B$41 "#+4%-

#!56"#9!, - #-&B! 9 8+=A%; :+4%?948"#9-; :+% "1!H%9-$%% "4 
"#!&541, $! "48!+B-D%1 9+!8$7; &41:4$!$#49 [40].  
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0 #!;$454A%@1 :!+!+-,4#&%, %":456?=CD%1 :%+4:5-"#%<-
$7! "942"#9- "#!&5-, 14B$4 4#$!"#% :+4%?948"#94 :!$4"#!&5@$-

$7; %?8!5%2. '+%<!1 9 F#41 $-:+-95!$%% 9 :4"5!8$%! A487 $--
1!#%5"@ "=D!"#9!$$72 :+4A+!"". '+!B8! 9"!A4, F#4 "9@?-$4 " 
97"4&42 :+%,-94<$42 "#4%14"#6C A4#494A4 :+48=&#- % $!94?-
14B$4"#6C %?A4#495!$%@ :4"5!8$!A4 %? %$7; 1-#!+%-549, :4-
1%14 "#!&5-.   8-$$41 "5=<-! "#!&54 $! ?-1!D-!# &-&42-5%,4 
%$42 1-#!+%-5 9 :+43!""! 9#4+%<$4A4 %":456?49-$%@, &-&, $--
:+%1!+, A+-$%#$72 ?-:45$%#!56 9 ,!#4$-;, - @95@!#"@ "-143!$-
$71 "7+6!1. 0 "4B-5!$%C, 9 &5-""%<!"&41 9-+%-$#! #!;$454-
A%@ :!$4"#!&5- $! 14B!# %":456?49-#6 $!"4+#4942 "#!&54,42 9 
&-<!"#9! "7+6@. K-&, $-:+%1!+, 9 1-#!+%-5-; M%+17 

Schaumglas Global Consulting GmbH [41] =&-?-$4, <#4 &4+%<$!-
94! "#!&54 :+-&#%<!"&% $! :489!+A-!#"@ 9":!$%9-$%C.  

E8$-&4 #!;$%<!"&4! +!H!$%! 85@ +!H!$%@ :+4,5!17 ,754 
$-28!$4 $- 4"$49! -$-5%?- "942"#9 "#!&5- &-& 1-#!+%-5- [42, 

43].  7H!=:41@$=#-@ ":4"4,$4"#6 "#!&5- & %4$$41= 4,1!$= 
14B!# ,7#6 %":456?49-$- 85@ :+%8-$%@ 9@B=D%; "942"#9 :-"-
#-1 $- 4"$49! 8%":!+"$4A4 "#!&5-.  

  +!?=56#-#! %4$$4A4 4,1!$- Na+   H+ $- :49!+;$4"#% 

"#!&5- 4,+-?=!#"@ "542 A%8+-#%+49-$$7; :45%&+!1$%!97; &%-

"54#, M-&#%<!"&% 4,5-8-CD%; &%"54#$71% "942"#9-1%, 84"#--
#4<$71% 85@ :+49!8!$%@ ?456-A!56-:!+!;48-, $-$!"!$$4A4 $- 
#-&=C :49!+;$4"#6 948$4A4 +-"#94+- +-"#94+%17; "%5%&-#49. 
 $!H$! F#4# FMM!&# :+4@95@!#"@ &-& +4"# :+4<$4"#% &41:4?%-

3%2. 0+41! #4A4, :45=<!$$72 $- :49!+;$4"#% <-"#%3 "#!&5- 
"542 A%8+-#%+49-$$7; :45%"%5%&-#49 M-&#%<!"&% :+!8"#-95@!# 
"4,42 &41:4?%3%C %? A%8+-#%+49-$$4A4 4&"%8- &+!1$%@ % "4!8%-
$!$%2 Na+ % J-2+ 9 &45%<!"#9-;, "44#9!#"#9=CD%; "4"#-9= #%:%<-
$4A4 "#!&5-. '4"5!8$!! 4,"#4@#!56"#94 :4?945@!# :+!8:454B%#6, 
<#4 $-A+!9 &41:4?%3%2 84 #!1:!+-#=+ $%?&4#!1:!+-#=+$4A4 "%$-
#!?- "#!&5- :+%9!8!# & "#!&544,+-?49-$%C 9 :5!$&!, "4:+494B-

8-!141= A-?4978!5!$%!1, :+!%1=D!"#9!$$4 :-+49 9487. 

K-&%1 4,+-?41, %":456?49-$%! %4$44,1!$$42 148%M%&-3%% 

8%":!+"$4A4 "#!&5- :4?945@!# "4?8-#6 $- :49!+;$4"#% <-"#%3 

"#!&5- "542, 4,5-8-CD%2 89=1@ ;-+-&#!+$71% 1-&+4"942"#9--
1%: +4"# :+4<$4"#% 84 0,5—80 N'- % :+4%";48@D!! :+% #!+14-
4,+-,4#&! :45=M-,+%&-#- "#!&544,+-?49-$%! 9 "54! :45=<!$$7; 
A%8+-#%+49-$$7; :45%"%5%&-#49, "4:+494B8-CD!!"@ A-?4978!-
5!$%!1, <#4 $- 1-&+4=+49$! 97+-B-!#"@ 9 =9!5%<!$%% &-B=D!-
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A4"@ 4,P!1- ?-A4#49&% % :45=<!$%% :!$4"#!&5@$$4A4 1-#!+%-5-. 
K-&%1 4,+-?41, :+4,5!1- :!+!+-,4#&% $!"4+#494A4 "#!&54,4@ 9 
&411!+<!"&%! :+48=&#7 14B!# ,7#6 =":!H$4 +!H!$-. 

  ?-&5C<!$%! "5!8=!# 4#1!#%#6, <#4 $- "!A48$@H$%2 8!$6 
94:+4"7 ",4+-, 978!5!$%@ % :!+!+-,4#&% "#!&54,4@ 9 >4""%% 

+!H-C#"@ &+-2$! :54;4. '4F#41= 4"$49$71 1!#4841 =#%5%?--
3%% 8-$$4A4 &41:4$!$#- 4"#-!#"@ ?-;4+4$!$%! $- :45%A4$-; 
KGE, A8! 1-#!+%-5 $!A-#%9$4 95%@!# $- 4&+=B-CD=C "+!8= :4-
"+!8"#941 979!8!$%@ ?!1!56 %? 4,4+4#- % ?-A+@?$!$%@ 948 97-

179-!171% D!54<$71% &41:4$!$#-1%. E"$49$71 1!#4841 9#4-
+%<$4A4 %":456?49-$%@ "#!&54,4@ @95@!#"@ !A4 %":456?49-$%! 
85@ :48H%;#49&% :+% 9-+&! $494A4 "#!&5-. '484,$72 1!#48 :!-
+!+-,4#&% :+!4,5-8-!# % 9 1%+4942 :+-&#%&!. E8$-&4 9 :4"5!8-
$!1 "5=<-! =8-!#"@ 84"#%A-#6 97"4&42 845% 9#4+%<$42 :!+!+--
,4#&% ?- "<!# =":!;49 9 +-?9%#%% % 4"94!$%% :+43!""49 +-?8!56-
$4A4 ",4+- % -9#41-#%?%+49-$$42 "4+#%+49&% "#!&54,4@. X#4 
&-"-!#"@ :+43!""49 :!+!+-,4#&% $!"4+#494A4 "#!&54,4@, $!%"-
:456?=!14A4 "#!&456$71% ?-948-1%, #4 9 F#42 4,5-"#% $!56?@ 
978!5%#6 :+!4,5-8-CD=C #!;$454A%C. '4"5!8$!! 4,"#4@#!56"#-
94 "9@?-$4 &-& " 4#"=#"#9%!1 #!;$%<!"&%; +!H!$%2, :4?945@C-

D%; :!+!+-,-#79-#6 $!"4+#4942 "#!&54,42 9 #+!,=!17; &45%<!-
"#9-;, #-& % " $!97"4&%1% #!;$%&4-F&4$41%<!"&%1% :4&-?-#!-
5@1% :+!85-A-!17; #!;$454A%2. 

>@8 =":!;49 9 +!H!$%% :+4,5!17 9#4+%<$4A4 %":456?49--
$%@ "#!&54,4@ :4?945@!# $-8!@#6"@, <#4 4$- ,=8!# 4&4$<-#!56$4 
+!H!$-, #!1 ,45!!, <#4 "#!&54 4"#-!#"@, :4 "=#%, :4"5!8$%1 %? 
&41:4$!$#49 KGE, =#%5%?-3%@ &4#4+4A4 $! 4"=D!"#95@!#"@ 84 
$-"#4@D!A4 9+!1!$%.   :+4845B!$%! #+%83-#% 9!&49 5C8% $! 
?$-5% 8-B! #4A4, <#4 "#!&54 14B!# ,7#6 :+4?+-<$71. E:#%<!-
"&%! "942"#9- "#!&5- $-<-5% =?$-9-#6 9"!A4 H!"#6 9!&49 $-?-8. 
O 17 $-8!!1"@, <#4 4#&+7#%! "#!&5- &-& 3!$$4A4 "7+6!94A4 +!-
"=+"- :+4%?428!# 9 ,5%B-2H!1 ,=8=D!1. 
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