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*/0 628.316.12 

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

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

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

! !2/3 *4".5.6 .7/8"9/  

8".7 :; 6.5 ." 8<2=>/5.6 

>-""14#+!$7 84"#4%$"#9- % $!84"#-#&% ?%@%<!"&%;, ;%1%<!"&%;, ,%4;%1%-

<!"&%; 1!#4849 8!A-@-3%% 9487, 4,4"$49-$- +!-A!$#$-B #!;$454A%B 4<%"#&% ,7#4-

97; "#4<$7; 948 4# "=56?%849. 

 

9?@1A'BA C?%'(: "#4<$7! 9487, ,!@+!-A!$#$7!, +!-A!$#$7!, ,%4;%1%<!"&%! 

% &41,%$%+49-$$7! 1!#487 8!A-@-3%% 9487, "=56?%87, "!+49484+48. 

 

'+4,5!1- :497C!$$42 &4$3!$#+-3%% "=56?%849 9 "#4<$7; 

948-; A4+4849 B95B!#"B -&#=-56$42 85B ,456C%$"#9- :4"!5!$%2, 

4"=D!"#95BED%; #+-$":4+#%+49&= "#4<$7; 948 $- 4<%"#$7! "4-

4+=F!$%B :4 $-:4+$71 &455!&#4+-1.  

G=56?%87 % "!+49484+48 9 "#4&-; B95BE#"B :+%<%$42 &4+-

+4@%% #+=,4:+494849, - "#4<$7! 9487 " &4$3!$#+-3%!2 "=56?%-

849 20 1A/5 4&-@79-E# $!A-#%9$4! 94@8!2"#9%! $- :+43!"" ,%4-

;%1%<!"&42 4<%"#&% "#4<$7; 948 [1]. G48!+F-$%! "=56?%849 9 

"#4<$7; 948-; "%"#!1 &411=$-56$42 &-$-5%@-3%% 4A+-$%<%9--

!#"B 84 &4$3!$#+-3%% 1,5 1A/5 [2, 24]. 

0 ?-&#4+-1, ":4"4,"#9=ED%1 4,+-@49-$%E "=56?%849 :+% 

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

1. (-5%<%! 85%$$7; $-:4+$7; #+=,4:+494849 :!+!8 %; 

:+%"4!8%$!$%!1 & ,!@$-:4+$71 &455!&#4+$71 #4$$!5B1 %5% & 

:+%!1$42 &-1!+! "#4<$7; 948. '+% 89%F!$%% "#4<$7; 948 9 

$-:4+$7; #+=,4:+4948-; 4"4,!$$4 ,7"#+4 94@+-"#-!# &45%<!"#94 

"=56?%849 % =1!$6C-!#"B &45%<!"#94 +-"#94+!$$4A4 9 948! &%-

"54+48-, <#4 ":4"4,"#9=!# :+4#!&-$%E ;%1%<!"&%; +!-&3%2 " 

978!5!$%!1 "!+49484+48-. >!@=56#-#7 %""5!849-$%2 ())HI 

%1. J.J. K94@8!9- :4&-@-5%, <#4 &-F872 &%541!#+ $-:4+$4A4 

#+=,4:+4948- =9!5%<%9-!# "48!+F-$%! "=56?%849 9 "#4<$42 948! 

:+%1!+$4 $- 10 %. 

2. (%@&4! "48!+F-$%! 9 "#4<$7; 948-; +-"#94+!$$4A4 &%-

"54+48-, <#4 "4@8-!# ,5-A4:+%B#$7! ="549%B 85B 4,+-@49-$%B 
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"!+49484+48-, &4#4+72 :+% 4:+!8!5!$$7; A%8+-95%<!"&%; +!-

F%1-; #!<!$%B "#4<$42 F%8&4"#% 978!5B!#"B 9 :48"948494! 

:+4"#+-$"#94 &455!&#4+-. 

3. (-&4:5!$%! 4"-8&- 9 &455!&#4+!.  

4. '48&5E<!$%! "#4&49, %1!ED%; :497C!$$=E #!1:!+-#=-

+= % :4$%F!$$4! @$-<!$%! pH, - #-&F! "#4&49, @-A+B@$!$$7; 

4#;48-1% &4F!9!$$4A4 :+4%@948"#9-, :+!8:+%B#%2 :4 :!+!+--

,4#&! 1B"-, +7,7, @-94849 ,!@-5&4A456$7; $-:%#&49. 

G#4<$7! 9487 A4+48"&42 "%"#!17 &-$-5%@-3%%, #+-$":4+-

#%+=!17! :4 $-:4+$71 &455!&#4+-1, &-& :+-9%54, "48!+F-# 

"=56?%87 9 &4$3!$#+-3%B; 5—25 1A/5, <#4 $! "44#9!#"#9=!# 

1-&"%1-56$4 84:="#%171 &4$3!$#+-3%B1 $- ,%454A%<!"&%! 

4<%"#$7! "44+=F!$%B — 1,5 1A/5. M-&%! "#4<$7! 9487 $=F8--

E#"B 9 :+!89-+%#!56$42 4<%"#&! 4# "=56?%849 84 :+%!1$42 &--

1!+7 4<%"#$7; "44+=F!$%2. 

0 #!;$454A%% :+!84<%"#&% ;4@B2"#9!$$4-,7#497; "#4<$7; 

948 4# "=56?%849, :4 1$!$%E -9#4+49, 845F$7 :+!8NB95B#6"B 

"5!8=ED%! #+!,49-$%B: 

  :+4"#4#- #!;$454A%% % 94@14F$4"#6 4"=D!"#95!$%B :+4-

3!""- 4<%"#&% $!:4"+!8"#9!$$4 9 "%"#!1! #+-$":4+#%+49&% "#4&49; 

  84"#%F!$%! 4"#-#4<$42 &4$3!$#+-3%% "=56?%849 9 "#4-

&-; $- 97;48! %@ #+=,7 1,5 1A/5; 

  $!=;=8C!$%! 8+=A%; :4&-@-#!5!2 "4"#-9- "#4<$7; 948;  

  1%$%1-56$-B "#4%14"#6 4<%"#&% "#4<$7; 948.  

G=D!"#9=ED%! 1!#487 8!A-@-3%% 14A=# ,7#6 ="549$4 +-@-

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

;%1%<!"&%!, ,%4;%1%<!"&%!, %5% &41,%$%+49-$$7!. 

1.  !"!#$%&!$ '$()*+.   4"$49! ?%@%<!"&%; 1!#4849 8!-

A-@-3%% 9487 5!F%# %@1!$!$%! ?%@%<!"&%; "942"#9 4,+-,-#7-

9-!142 9487: #!1:!+-#=+7 9487 %5% :-+3%-56$4A4 8-95!$%B 

=8-5B!14A4 A-@- [3]. 

'+% $-A+!9-$%% 9487 4# 0 84 30 °G "#!:!$6 $-"7D!$%B !! 

"!+49484+4841 "$%F-!#"B ,45!! <!1 9 2—3 +-@-, - :+% $-A+!9--

$%% 84 100 °G +-"#94+%14"#6 "!+49484+48- 9 948! "$%F-!#"B 

:4<#% 84 $=5B. '4L#41= =8-5!$%! %@ 9487 "!+49484+48- :+%$-

3%:%-56$4 94@14F$4 :=#!1 4,+-,4#&% !! 9 ":!3%-56$7; #!+1%-

<!"&%; 8!-L+-#4+-; 5%,4 :4$%F!$%!1 8-95!$%B 84 =+49$B, :+% 

&4#4+41 948- 14F!# @-&%:!#6 :+% ,45!! $%@&%; #!1:!+-#=+-;, 

<#4 14F!# ,7#6 4"=D!"#95!$4 9 ":!3%-56$7; 9-&==1$7; 8!A--

@-#4+-;. 
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G+!8% ?%@%<!"&%; 1!#4849 8!A-@-3%% "!+49484+48$7; 948 

4#8-!#"B :+!8:4<#!$%! -L+-3%4$$41= ":4"4,=, 4#5%<-ED!1="B 

:+4"#4#42. JL+-3%4$$-B 8!A-@-3%B 9487 4,!":!<%9-!# "4@8-$%! 

+-@9%#42 :49!+;$4"#% &4$#-&#- 4,+-,-#79-!142 "!+49484+48$42 

9487 " -#14"?!+$71 94@8=;41, 9 &4#4+41 4,7<$4 :-+3%-56$4! 

8-95!$%! "!+49484+48- +-9$4 $=5E.   $-"#4BD!! 9+!1B 85B 

-L+-3%4$$42 8!A-@-3%% 9487 %":456@=E# -::-+-#7-8!A-@-#4+7 " 

:+%$=8%#!56$42 % !"#!"#9!$$42 -L+-3%!2 (:5!$4<$7! " +-@5%<-

$4A4 +48- $-"-8&-1%, "#+=2$4-:5!$4<$7!, ,-+,4#-F$7!). 

  4,7<$7; ="549%B; &%"54+48 94@8=;- ":4"4,!$ <-"#%<$4 

4&%"5B#6 +-"#94+!$$72 9 948! "!+49484+48 " 4,+-@49-$%!1 &45-

54%8$42 % 1!5&48%":!+"$42 "!+7. '+% -L+-3%4$$42 8!A-@-3%% 

L#4# :+43!"" $!"&456&4 %$#!$"%?%3%+=!#"B % :+4#!&-!# :4 +!-

-&3%% 2H2S + O2 = 2 H2O + 2S. 

0 84"#4%$"#9-1 1!#487 4#$4"B#"B: "+-9$%#!56$4 $%@&-B 

"#4%14"#6, :+4"#4#- 4?4+15!$%B % L&":5=-#-3%% 8!A-@-3%4$$7; 

-::-+-#49. O8$-&4 L#% 1!#487 %1!E# % "94% $!84"#-#&%: 978!-

5!$%! #4&"%<$4A4 "!+49484+48-, @-A+B@$BED!A4 4&+=F-ED=E 

"+!8=; 978=9-$%! GO2, :+%948BD!! & "1!D!$%E &-+,4$-#$4A4 

+-9$49!"%B 9 "#4+4$= =9!5%<!$%B D!54<$4"#% % 4,+-@49-$%B 

&-+,4$-#- &-563%B G-GO3; =9!5%<!$%! D!54<$4"#% 9487 ":4"4,-

"#9=!# :!+!;48= "94,48$4A4 "!+49484+48- H2S 9 A%8+4"=56?%8-

$7! % "=56?%8$7! %4$7 ((S— % S2—), &4#4+7! $! =8-5BE#"B %@ 

9487 :+% -L+-3%%. (-5%<%! &4554%8$42 % 1!5&48%":!+"$42 "!-

+7 9 948! :+%8-!# !2 1=#$4"#6 % 4:-5!"3!$3%E.   "9B@% " L#%1 

:4"5! -L+-3%% "!+49484+48$7; 948 <-"#4 94@$%&-!# $!4,;48%-

14"#6 9 %; 4"9!#5!$%% % 4,!"39!<%9-$%%. 

  :+417C5!$$4"#% :45=<%5 +-":+4"#+-$!$%! ":4"4, 4&%"-

5!$%B 9 F%8&42 ?-@! &%"54+4841 94@8=;- :48 8-95!$%!1. O&%"-

5!$%! A%8+4"=56?%849 % "=56?%849 :+4#!&-!# <!+!@ +B8 :4"5!-

849-#!56$7; "#-8%2 [4, 5]: 

! ! ! ! !
" " " " "

2 0 2 2 2 2
6 2 3 3 4S S S O S O SO SO

n
 

'+% +( = 7,0…13,75 4"$49$71 :+48=&#41 4&%"5!$%B Na2S, 

Na(S, H2S B95B!#"B #%4"=56?-#.   D!54<$42 "+!8! (+( = 9,0…9,5) 

:+4#!&-E# +!-&3%% " 4,+-@49-$%!1 "=56?%#49, "=56?-#49. '+% 

L#41 +( "#4<$42 9487 :4$%F-!#"B. '+% 4&%"5!$%% 9 D!54<$42 

"+!8! (+( = 12,15…12,75) "=56?%849 % A%8+4"=56?%849 84 "=56-

?%#- % "=56?-#- %@1!$!$%B +( "#4<$42 9487 $! :+4%";48%#. 
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'497C!$%! #!1:!+-#=+7 % 8-95!$%B =9!5%<%9-!# "&4-

+4"#6 % A5=,%$= 4&%"5!$%B "=56?%849 % A%8+4"=56?%849, $! 

%@1!$BB 1!;-$%@1 +!-&3%% [4]. M!4+!#%<!"&% $- 1 A "=56?%8-

$42 "!+7 +-";48=!#"B 1 A &%"54+48-. '+% #!1:!+-#=+! 4# 60—

80 84 100—120 °G, 8-95!$%% 0,1—0,8 P'- % +-";48! 94@8=;- 80—

150 13/13 L??!&#%9$4"#6 4<%"#&% "#4<$7; 948 4# "=56?%849 

84"#%A-!# 90—95 % [4]. 

 !"!#$"$%&'()& )($'#&*$& ($'#)+),)- .)/,01!.   "5=<-! 

:+%1!$!$%B &-#-5%@-#4+49 "&4+4"#6 4&%"5!$%B 94@+-"#-!#.  7"4-

&%1% &-#-5%#%<!"&%1% "942"#9-1% 4,5-8-E# A+-?%#497! 1-#!-

+%-57. '+% %":456@49-$%% &+%"#-55%<!"&4A4 A+-?%#- 4&%"5!$%! 

A%8+4"=56?%8- % "=56?%8- $-#+%B %8!# 9 4"$49$41 84 #%4"=56?--

#-, - :+% %":456@49-$%% &4554%8$4-8%":!+"$7; 1-#!+%-549 — 84 

L5!1!$#-+$42 "!+7. )""5!849-$%B :4&-@-5%, <#4 "&4+4"#6 4&%"5!-

$%B :+4:4+3%4$-56$- &4$3!$#+-3%% "=56?%849. G&4+4"#6 4&%"5!-

$%B "=56?%849 :497C-!#"B " =9!5%<!$%!1 8-95!$%B. 

'+43!""= 4&%"5!$%B "=56?%849 1!C-E# 4+A-$%<!"&%! % 

9@9!C!$$7! 9!D!"#9-. '4L#41= 4<%"#&= :+4%@948B# 9 89! "#--

8%%. (- :!+942, :+!89-+%#!56$42 "#-8%% :+4%@948B# =8-5!$%! 

4+A-$%<!"&%; % 9@9!C!$$7; 9!D!"#9 :=#!1 4#"#-%9-$%B 9 #!<!-

$%! 3—4 < " :4"5!8=ED!2 +!-A!$#$42 9 #!<!$%! 40—50 1%$. '+% 

L#41 %":456@=E#"B 84,-9&% &4-A=5B$#- FeSO4 9 @-9%"%14"#% 4# 

"#!:!$% @-A+B@$!$$4"#% "#4&- 9 &45%<!"#9! 84 1,2 A/5 % ?54&=-

5B$#- 'JJ 9 &45%<!"#9! 84 5 1A/5. G#4&, :+4C!8C%2 ?54#-3%-

4$$=E ="#-$49&=, $-:+-95BE# $- 9#4+=E, 4"$49$=E "#-8%E "4,-

"#9!$$4 &-#-5%#%<!"&4A4 4&%"5!$%B "=56?%849 &%"54+4841 94@-

8=;- 9 #!<!$%! 6 <. 0-#-5%@-#4+41 B95BE#"B +-"#94+%17! 9 

948! "45% Ni %5% Mn 9 &45%<!"#9-;, @-9%"BD%; 4# "48!+F-$%B 

"=56?%849 9 "#4<$7; 948-; % "4"#4BD%; %@ 0,4—0,5 1A Ni2+ %5% 

Mn2+/1A S2— :+% @$-<!$%% pH = 10 [6].  

(!84"#-#&-1% L#4A4 ":4"4,- B95BE#"B: @-A+B@$!$%! "#4<$42 

9487 "45B1% F!5!@- (4# 84,-9&% &4-A=5B$#-) % $%&!5B %5% 1-+-

A-$3- (4# 84,-9&% &-#-5%@-#4+-), 84+4A49%@$- &4-A=5B$#49 % &--

#-5%@-#4+49, $%@&-B "&4+4"#6 4&%"5!$%B, "54F$4"#6 -::-+-#=+-

$4A4 4?4+15!$%B, $!84"#-#4<$-B "#!:!$6 4<%"#&%, ,456C-B 85%-

#!56$4"#6 4,+-,4#&%. 

>-@+-,4#-$ ":4"4, 4<%"#&% "#4<$7; 948 4# "=56?%849 

4&%"5!$%!1 :4"5!8$%; &%"54+4841 94@8=;- " 4,+-@49-$%!1 L5!-

1!$#-+$42 "!+7 [25]. '+43!"" 9!8!#"B 9 89! "#-8%%. (- "#-8%% 

:+!89-+%#!56$42 4<%"#&% 9948B# :+% :!+!1!C%9-$%% 9 &-<!"#9! 
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84,-9&% ?4"?4A%:" 9 "=;42, :4+4C&44,+-@$42, $!+-"#94+%142 

?4+1! 9 &45%<!"#9! 0,5—10 A/5 " :4"5!8=ED%1 4#"#-%9-$%!1 9 #!-

<!$%! 10—30 1%$, - "#-8%E 4&%"5!$%B :+4948B# :+% @$-<!$%% 

pH = 9…12 9 :+%"=#"#9%% &-#-5%@-#4+- %@ #!&"#%56$7; 4,N!1$7; 

"#+=&#=+ :+% 9+!1!$% &4$#-&#- 5—45 1%$. /4"#4%$"#94 ":4"4,- — 

84"#%F!$%! 97"4&42 "#!:!$% 4<%"#&% 4# "=56?%849 98—99,1 %. 

0 $!84"#-#&-1 8-$$4A4 ":4"4,- 14F$4 4#$!"#% %":456@49--

$%! &-#-5%@-#4+49, 9 &-<!"#9! &4#4+7; :+%1!$BE# 4,N!1$7! 

#!&"#%56$7! "#+=&#=+7, - #-&F! "45% &4,-56#- %5% 1-+A-$3- 

%5% F!5!@$7! "#+=F&%. 0+41! #4A4, 85B 4&%"5!$%B %":456@=E# 

89-83-#%&+-#$72 4,N!1 94@8=;-. 

2. ,!'!#$%&!$ '$()*+. G=D$4"#6 ;%1%<!"&%; 1!#4849 

=8-5!$%B %@ 9487 "!+49484+48- % "=56?%849 @-&5E<-!#"B 9 84-

,-95!$%% & 4,+-,-#79-!142 948! ;%1%<!"&%; +!-A!$#49, 9"#=-

:-ED%; 9 +!-&3%E " H2S % S2-, 9 +!@=56#-#! &4#4+42 :+4%";48%# 

"9B@79-$%! %5% :!+!948 %; 9 1!$!! -&#%9$7! "4!8%$!$%B.   &--

<!"#9! +!-A!$#49 :+% ;%1%<!"&42 4,+-,4#&! "!+49484+48$7; 948 

+!&41!$8=!#"B %":456@49-#6: ;54+ % !A4 :+4%@948$7!, A%8+-# 

4&%"% F!5!@- % F!5!@4, :%+45E@%#, 1-+A-$3494&%"572 &-5%2, 

&%"54+48 % :!+!&%"6 9484+48- [7, 8—13]. (-%,45!! C%+4&4! 

:+-&#%<!"&4! :+%1!$!$%! 85B 4,+-,4#&% "!+49484+48$7; 948 

$-C!5 ;54+, &-& $-%,45!! %@=<!$$72 % "+-9$%#!56$4 8!C!972 

+!-A!$#. 

2($'#&*$& 1#)+)-. G&4+4"#6 % A5=,%$- +!-&3%% 4&%"5!$%B 

;54+41 @-9%"B# 4# :+%+487 :+%1!"!2, 4# #!1:!+-#=+7, +(, 

&4$3!$#+-3%% 4&%"5%#!5B, 9+!1!$% &4$#-&#- % #.8. '+% 84,-9-

5!$%% 9 "!+49484+48$=E 948= ;54+- :+4%";48%# 4&%"5!$%! H2S 84 

"94,48$42 "!+7 — :+% 1-57; +-";48-; ;54+- % 84 "=56?-#49 — :+% 

,456C%; !A4 +-";48-;. '+% L#41 4,+-@=E#"B &%"54#7 % %4$7 94-

84+48-, <#4 :+%948%# & @-1!#$41= "$%F!$%E +( 4,+-,-#79-!142 

9487.   +-,4#! [10] 4:%"-$7 %""5!849-$%B :4 4&%"5!$%E H2S 89=-

4&%"6E ;54+- ClO2.   @-9%"%14"#% 4# 84@7 ClO2 % +( = 6,8…8,5 

:+48=&#-1% 4&%"5!$%B 14A=# ,7#6: "!+- L5!1!$#-+$-B, #%4-

"=56?-#-, "=56?-#-%4$7. '+% 1-57; +-";48-; ;54+-+!-A!$#- "!-

+49484+48 4&%"5B!#"B 84 L5!1!$#-+$42 "!+7, &4#4+-B :+%8-!# 

948! 1=#$4"#6 % ;-+-&#!+$=E 4:-5!"3!$3%E. 

0 :+!%1=D!"#9-1 ;54+%+49-$%B "!+49484+48$7; 948 4#$4-

"B#"B: 4,!@@-+-F%9-$%! 4,+-,-#79-!142 9487, 48$49+!1!$$4 " 

4&%"5!$%!1 H2S, :+4"#4#- % &41:-&#$4"#6 ="#-$494& 85B ;54-

+%+49-$%B 9487, 84"#=:$4"#6 % 8!C!9%@$- ;54+- % !A4 :+4%@-
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948$7;. OA+-$%<%9-E# :+%1!$!$%! 1!#48- 4<%"#&% "#4<$7; 948 

-&#%9$71 ;54+41 "5!8=ED%! ?-&#4+7: $!84"#-#4<$-B A5=,%$- 

4&%"5!$%B 4+A-$%<!"&%; :+%1!"!2, 4,+-@49-$%! #4&"%<$7; 

;54+4+A-$%<!"&%; "4!8%$!$%2, $!4,;48%14"#6 :+%1!$!$%B 97-

"4&%; 84@ -&#%9$4A4 ;54+-, 97"4&-B #4&"%<$4"#6 "-14A4 ;54+-.  

3'4)#5/).!*$& ,#6 )7+!7)"($ '&+).),)+),*81 .), 9&#&/! 

$ &:) ')&,$*&*$;. O,+-,4#&= "!+49484+48$7; 948 4"=D!"#95B5% 9 

":!3%-56$7; ,-+-,-$-;, @-:45$!$$7; F!5!@$42 "#+=F&42 [14]. 

H!5!@4 +!-A%+=!# " "!+49484+4841 :4 +!-&3%% H2S + Fe =  

= FeS + H2   

>-@$49%8$4"#B1% 94@8!2"#9%B F!5!@- $- "!+49484+48$7! 

9487 B95B!#"B ?%56#+49-$%! "!+49484+48$7; 948 <!+!@ "542 

?!++4A!5B % 4,+-,4#&- 9487 A%8+-#41 4&%"% F!5!@- [8]. Q!++4-

A!56 :+!8"#-95B!# "4,42 1-#!+%-5, $- :49!+;$4"#% &4#4+4A4 $--

$!"!$ A%8+4&"%8 F!5!@-.  @-%148!2"#9%! "!+49484+48- " ?!++4-

A!5!1 14F$4 :+!8"#-9%#6 +!-&3%B1%: 

9 D!54<$42 "+!8! 2Fe(OH)3 + 3H2S = Fe2S3 + 6H3O; 

9 $!2#+-56$42 "+!8! 2Fe(OH)3 + H2S = 2FeS + S + 6H2O. 

P!#48 #!4+!#%<!"&% 4,!":!<%9-!# @-1&$=#72 :+43!"" 4,+--

,4#&% "!+49484+48$7; 948 A%8+-#41 4&%"% F!5!@- " 1$4A4&+-#-

$71 %":456@49-$%!1 !! :=#!1 :4:!+!1!$$4A4 :!+!948- #4 9 "!+$%-

"#4! F!5!@4, #4 9 A%8+4&"%8 F!5!@-. O8$-&4 :4"#!:!$$4! $-&4:5!-

$%! "!+7 9 :+43!""! 94844,+-,4#&% :+%948%# & $!4,;48%14"#% 

97948- %@ @-1&$=#4A4 :+43!""- <-"#% @-A+B@$!$$4A4 "!+42 A%8+4-

&"%8- F!5!@- % @-1!$7 !A4 "9!F%1% :4+3%B1% A%8+4&"%8-, 85B 

<!A4 +!&41!$8=!#"B & 4,+-,-#79-!142 "!+49484+48$42 948! 84,-9-

5B#6 &-&=E-5%,4 "456 F!5!@- (FeCl3 %5% FeSO4). 

)@9!"#!$ ":4"4, 4<%"#&% "#4<$7; 948 4# "=56?%849 %; 4,-

+-,4#&42 "=56?-#41 F!5!@- " :4"5!8=ED%1 4"-F8!$%!1 "=56-

?%8- F!5!@- [15]. 0 4"$49$71 $!84"#-#&-1 ":4"4,- 4#$4"%#"B 

%":456@49-$%! 84+4A4"#4BD!2 "45% — "=56?-#- F!5!@-.  1!"#! " 

#!1, %":456@49-$%! "=56?-#- F!5!@- :+%948%# & :4B95!$%E 9 

"#4<$42 948! 84:45$%#!56$7; :+%1!"!2 9 9%8! %4$49 "=56?-#-. 

P!#487 4,+-,4#&% "!+49484+48$7; 948 " %":456@49-$%!1 F!-

5!@- $! :45=<%5% +-":+4"#+-$!$%B %@-@- "54F$4"#% %$F!$!+$4A4 

4?4+15!$%B % L&":5=-#-3%%, $!4,;48%14"#% +-";4849-$%B <-"#4 

8!?%3%#$4A4 F!5!@-, - #-&F! :4"5!8=ED!2 844<%"#&% 4# "!+$%-

"#4A4 F!5!@- % 4,!@@-+-F%9-$%B 4,+-,-#79-!142 9487. 

0+41! "4!8%$!$%2 F!5!@- 85B 4<%"#&% 4# "=56?%849 %"-

:456@=E# ;54+%8 -5E1%$%B " 4,+-@49-$%!1 4"-8&- "=56?%8- 
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-5E1%$%B [16]. 0 $!84"#-#&-1 8-$$4A4 ":4"4,- 14F$4 4#$!"#% 

%":456@49-$%! 84"#-#4<$4 84+4A4"#4BD!2 "45% — ;54+%8- -5E-

1%$%B.  1!"#! " L#%1 %":456@49-$%! ;54+%8- -5E1%$%B :+%94-

8%# & :4B95!$%E 9 "#4<$42 948! 84:45$%#!56$7; :+%1!"!2 9 

9%8! ;54+%8 %4$49. 

2($'#&*$& )/)*)-. R&454A%<!"&% <%"#71 4&%"5%#!5!1 B9-

5B!#"B 4@4$ O3, 4&%"5BED%2 H2S "4A5-"$4 "5!8=ED%1 +!-&3%B1 

[8, 14—17]: 

H2S + O3 ! S + (2O + O2; 

3H2S + O3 ! 3S + 3(2O. 

  :+43!""! 4@4$%+49-$%B :+4%";48B# 48$49+!1!$$4! 4&%"-

5!$%! :+%1!"!2, 4,!"39!<%9-$%!, 8!@484+-3%B, 4,!@9+!F%9-$%! 

"#4<$42 9487 % $-"7D!$%! !! &%"54+4841.  

/4"#4%$"#941 1!#48- B95B!#"B #4, <#4 9 948= $! 9$4"B#"B 

;%1%<!"&%! +!-A!$#7. '+%1!$!$%! ;54+- L&4$41%<!"&% % #!;$4-

54A%<!"&% :+!8:4<#%#!56$!!, <!1 4@4$%+49-$%!, $4 L&454A%<!"&% 

3!5!"44,+-@$!! :+%1!$!$%! 9 &-<!"#9! 4&%"5%#!5B 4@4$-. R#4 4,N-

B"$B!#"B 5!A&4"#6E 4#8-<% %1 -#41- &%"54+48- (O3 = O2 + O). 

0 $!84"#-#&-1 1!#48- 4#$4"B#"B: #4&"%<$4"#6 % 9@+7944:-"-

$4"#6 4@4$-, $%@&-B +-"#94+%14"#6 4@4$- 9 948! % @-9%"%14"#6 

+-"#94+%14"#% 4# #!1:!+-#=+7. (%@&-B +-"#94+%14"#6 9 948! 

:+%948%# & :4#!+! 20—30 % 4@4$-, <#4 @$-<%#!56$4 @-A+B@$B!# 

94@8=C$=E "+!8=. 

2($'#&*$& 4&+)('$,)- .),)+),! <
2
2

2
. (-%,45!! L??!&#%9-

$4 :48 8!2"#9%!1 (2O2 4&%"5BE#"B "!+49484+48 % +-"#94+%17! 

"=56?%87. '+% @$-<!$%% +(, ,5%@&%; & $!2#+-56$71 (~8), "!-

+49484+48 9 #!<!$%! 15—60 1%$ 4&%"5B!#"B :!+4&%"841 9484+48- 

84 L5!1!$#-+$42 "!+7.   D!54<$42 "+!8! "=56?%87 4&%"5BE#"B 

84 "=56?-#49. '4 4#$4C!$%E & "!+49484+48= % "=56?%8-1 :!-

+4&"%8 9484+48- B95B!#"B "!5!&#%9$71 4&%"5%#!5!1. R#- "!5!&-

#%9$4"#6 4,="5495!$- 4#$4"%#!56$4 ,7"#+71 :+4#!&-$%!1 +!-&-

3%% 4&%"5!$%B "4!8%$!$%2 "!+7 % ;%1%<!"&42 %$!+#$4"#6E :!-

+4&"%8- 9484+48- :4 4#$4C!$%E & -114$%2$71 % 8+=A%1 

4+A-$%<!"&%1 "4!8%$!$%B1.  

'4 "+-9$!$%E " 4@4$41 :!+4&"%8 9484+48- [7] 4,5-8-!# +B-

841 :+!%1=D!"#9: 4$ ;4+4C4 +-"#94+%1 9 948!, ="#42<%9 9 +-"-

#94+! 9 C%+4&41 8%-:-@4$! +( % #!1:!+-#=+, :4@945B!# 4"=D!-

"#9%#6 97"4&4"!5!&#%9$4! 4&%"5!$%! +-@5%<$7; :+%1!"!2 "#4<-

$7; 948 :+% :48,4+! ="549%2 :+49!8!$%B :+43!""-, 14F!# 

%$%3%%+49-#6 $!":!3%?%<!"&%! +-8%&-56$7! :+43!""7 4&%"5!-
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$%B " =<-"#%!1 +-8%&-549 O(. '5E" & L#41= 97"4&-B "#-,%56-

$4"#6 :4 "+-9$!$%E " 8+=A%1% 4&%"5%#!5B1%, "+-9$%#!56$-B 

:+4"#4#- -::-+-#=+$4A4 4?4+15!$%B :+43!""49 4&%"5!$%B " =<--

"#%!1 (2O2, 4#"=#"#9%! #4&"%<$4"#%. O"#-#4<$72 :!+4&"%8 94-

84+48- ":4"4,"#9=!# :+43!""-1 :4"5!8=ED!2 -L+4,$42 ,%454A%-

<!"&42 4<%"#&% % ,5-A4:+%B#$4 "&-@79-!#"B $- "4"#4B$%% 948-

$7; L&4"%"#!1.   "%5= "94%; #!;$454A%<!"&%; :+!%1=D!"#9 

:!+4&"%8 9484+48- :45=<%5 C%+4&4! +-":+4"#+-$!$%! 9 @-+=-

,!F$42 :+-&#%&! 4<%"#&% :+417C5!$$7; "#4<$7; 948. O8$-&4 

:+%1!$!$%! :!+4&"%8- 9484+48- 9 $-C!2 "#+-$! 85B 4<%"#&% 

"#4<$7; 948 "8!+F%9-!#"B !A4 97"4&42 "#4%14"#6E % 8!?%3%#-

$4"#6E. 

3.  !"!&)--!'!#$%&!$ '$()*+. =#&("+)1$-$%&'()& )($'-

#&*$&. '+% :54#$4"#% #4&- 200—800 J/12 9 L5!&#+45%@!+! " -"-

,!"#4942 %5% ;54+%$4942 8%-?+-A142 % A+-?%#4971 -$4841 

84"#%A-!#"B 98—99 % =8-5!$%! "=56?%849, 1!+&-:#-$49 % 8+=-

A%; "4!8%$!$%2 9 +!@=56#-#! %; -$48$4A4 4&%"5!$%B 84 L5!1!$-

#-+$42 "!+7, #%4"=56?-#49 % "=56?-#49 [18]. 

  &-#45%#! $-&-:5%9-!#"B D!54<6, &4#4+-B 14F!# ,7#6 

9$496 %":456@49-$- $- :+4%@948"#9!. '+% 84,-95!$%% 9 "#4<$=E 

948= 50 A/5 NaCl 4&%"5B!14"#6 9 #!<!$%! 8 < "$%F-!#"B "4 180 

84 0,4 A/5. I!@ 84,-95!$%B ;54+%849 4&%"5B!14"#6 =1!$6C-!#"B 

" 24,2 84 2,2 A/5. I45!! "=D!"#9!$$4! "$%F!$%! 4&%"5B!14"#% 

:+% 84,-95!$%% 9 L5!&#+45%# NaCl "9B@-$4, :4-9%8%141=, " 

4&%"5!$%!1 "!+$%"#7; "4!8%$!$%2 145!&=5B+$71 ;54+41, 4,-

+-@=ED%1"B :+% 4&%"5!$%% ;54+%8-%4$- $- -$48!. S54+ 4&%"-

5B!# "!+$%"#7! "4!8%$!$%B 9 "44#9!#"#9%% " +!-&3%!2 

Na2S + 4Cl2 + 8NaOH ! Na2SO4 + 8NaCl + 4H2O. 

/5B 4<%"#&% "#4<$7; 948 4# "=56?%849, 4,+-@=ED%;"B :+% 

$!?#!84,7<! % $!?#!:!+!+-,4#&!, $- &4F!9!$$7; :+!8:+%B#%B; 

% $- 8+=A%; ;%1%<!"&%; :+4%@948"#9-; :+!854F!$ ":4"4, L5!&-

#+4;%1%<!"&42 4,+-,4#&% "#4<$42 9487 :+% L5!&#+48$42 :54#-

$4"#% #4&- 67—200 1J/"12 " %":456@49-$%!1 +-"#94+%14A4 F!-

5!@$4A4 -$48-, 1-#!+%-541 85B &4#4+4A4 "5=F%# F!5!@$72 1!-

#-554541. O,+-@49-9C%2"B 4"-84& "=56?%8- F!5!@- 4"-F8-E# % 

4#8!5BE#. G:4"4, %1!!# :+!%1=D!"#94 — =8!C!95!$%! 4<%"#&% 

"#4<$7; 948 @- "<!# %":456@49-$%B 1!#-554541- [6]. 

R5!&#+4;%1%<!"&%! 1!#487 :45=<!$%B 9!D!"#9 %5% 4,+--

,4#&% 9487 %1!E# 4:+!8!5!$$7! $!84"#-#&%. O8$%1 %@ $%; B9-
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5B!#"B ,456C42 +-";48 L5!&#+4L$!+A%%, <#4 :+% "+-9$%#!56$4 

97"4&42 "#4%14"#% L5!&#+4L$!+A%% 8!5-!# L#4# 1!#48 ,45!! 84-

+4A%1, <!1 1!#487, $! #+!,=ED%! +-";48- L5!&#+4L$!+A%%. K%-

:4;54+%# $-#+%B, :45=<-!172 L5!&#+45%#%<!"&%, 4,5-8-!# 9"!-

1% 84"#4%$"#9-1% 4,7<$4A4 F%8&4A4 ;54+- — -&#%9$4A4 4&%"5%-

#!5B.   #4 F! 9+!1B 4$ 5%C!$ "=D!"#9!$$7; $!84"#-#&49. M-&, 

$-:+%1!+, 4#"=#"#9=!# $!4,;48%14"#6 9 #+-$":4+#%+49&! % ;+--

$!$%% L#4A4 #4&"%<$4A4 9!D!"#9-. '4 %1!ED%1"B 8-$$71 [19], 

"#4%14"#6 4,!@@-+-F%9-$%B 9487 F%8&%1 ;54+41 9 1,5—1,8 +-@- 

8!C!95! 4,!@@-+-F%9-$%B ;54+$42 %@9!"#6E % A%:4;54+%#41, 

97:="&-!171 :+417C5!$$4"#6E. 

4. .!)-!'!#$%&!$ '$()*+. '+%$3%: ,%454A%<!"&42 4<%-

"#&% 9487 4# "!+49484+48- % :+48=&#49 !A4 8%""43%-3%% 4"$49-$ 

$- %":456@49-$%% 1%&+44+A-$%@149, 4&%"5BED%; "!+4"48!+-

F-D%! "4!8%$!$%B. G<%#-!#"B, <#4 4"$49$=E +456 9 ,%454A%<!-

"&41 &+=A494+4#! "!+7 %A+-E# 89! A+=::7 1%&+44+A-$%@149: 

1) :+48=3%+=ED%! "!+49484+48 (& $%1 4#$4"B#"B A$%54"#-

$7!, "=56?-#+!8=3%+=ED%! % "!+494""#-$-95%9-ED%! ,-&#!+%%); 

2) 4&%"5BED%! "!+49484+48 % $!4+A-$%<!"&%! "4!8%$!$%B 

"!+7 [18, 20]. 

G!+4,-&#!+%% "+-9$%#!56$4 C%+4&4 +-":+4"#+-$!$7 9 :+%-

+48!. >-@5%<$7! A+=::7 "!+44&%"5BED%; ,-&#!+%2 4#5%<-E#"B 

8+=A 4# 8+=A- #%:41 :%#-$%B, ?%@%454A%<!"&%1% "942"#9-1% % 

L&454A%<!"&%1% 4"4,!$$4"#B1%. 

M%4$497! % "!+$7! ,-&#!+%% 4&%"5BE# 48$% % #! F! "4!8%-

$!$%B, $4 +-@$%3- @-&5E<-!#"B 9 #41, <#4 #%4$497!, %5% $!"!+-

$7! ,-&#!+%% 4#&5-879-E# 4,+-@=ED=E"B "!+= 9$! "94%; &5!#4&, 

- %"#%$$7! "!+4,-&#!+%% $-&-:5%9-E# !! 9$=#+% &5!#4&. '+% 4#-

"=#"#9%% "!+49484+48- 9 4&+=F-ED!2 "+!8! % #! % 8+=A%! ,-&#!-

+%% 4&%"5BE# "!+= 84 #%4"=56?-#49 % 8-5!! 84 "=56?-#49. 

  "44+=F!$%B; #%:- -L+4?%56#+- [21] ,75- :+49!8!$- 

4<%"#&- 4# "!+49484+48-. *8-5!$%! "!+49484+48- %@ 9487 9 -L-

+4?%56#+! :+4%";48%# 9 +!@=56#-#! #+!; :-+-55!56$4 :+4#!-

&-ED%; :+43!""49: 8!"4+,3%% "!+49484+48- 978=9-$%!1, ;%-

1%<!"&4A4 4&%"5!$%B "!+49484+48- &%"54+4841 94@8=;-, 1%&-

+4,%454A%<!"&4A4 4&%"5!$%B "!+49484+48- :+% &4$#-&#! 9487 

" 4,+-@=ED!2"B $- @-A+=@&! ,%4:5!$&42 "!+4,-&#!+%2. 

'+49!8!$$7! %":7#-$%B :4&-@-5%, <#4 :+% L&":5=-#-3%% 

-L+44&%"5%#!5B 94@$%&-E# 4:+!8!5!$$7! #+=8$4"#% "+-9$%#!56-

$4 ,7"#+4A4 @-+-"#-$%B @-A+=@&% &-+,4$-#41 &-563%B " $!&4#4-
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+71 &45%<!"#941 "!+7, <#4 B95B!#"B "5!8"#9%!1 8!"4+,3%% +-"-

#94+!$$42 =A5!&%"54#7. 

)""5!849-$%B 1!#4849 ,%4;%1%<!"&42 4<%"#&% 9487 4# "!-

+49484+48- ,75% 97:45$!$7 94  ()) O/KTO [14]. R#% +-,4#7 

,75% :+49!8!$7 $- 5-,4+-#4+$7; 148!5B; -L+4#!$&--"1!"%#!5B 

" +!3%+&=5B3%!2 -&#%9$4A4 %5- % ,%4?%56#+49 " %"&=""#9!$$42 

% !"#!"#9!$$42 -L+-3%!2.   -&#%9$41 %5! +-@9%9-5%"6 #%4$497! 

,-&#!+%%, A5-9$71 4,+-@41, Thiobacillus thiooxidans (84 109 

&5!#4& $- 1 A %5-). Th. thioparus +-@9%9-5"B 4<!$6 "5-,4.   +!-

@=56#-#! %$#!$"%9$42 -L+-3%% 9!"6 H2S 4&%"5B5"B 84 "!+$42 

&%"54#7 % @$-<!$%! +( 9487 "$%F-54"6 84 3,8 $- 148!5% ,%4-

?%56#+- " !"#!"#9!$$42, - #-&F! :+%$=8%#!56$42 9!$#%5B3%!2, 

4"$49$-B +456 :+%$-85!F%# Th. thioparus. (-+B8= " -L+4,$71% 

#%4$4971% ,-&#!+%B1% Th. thioparus % Th. thiooxidans $- $!&4-

#4+41 +-""#4B$%% 4# :49!+;$4"#% ,%4?%56#+- 9 -$-L+4,$7; ="-

549%B; +-@9%9-5%"6 "=56?-#+!8=3%+=ED%! % 8!$%#+%?%3%-

+=ED%! ,-&#!+%% (4&454 30 % 1%&+4?54+7 ,%4?%56#+-). '4 

8-$$71 ;%1%<!"&%; -$-5%@49, "!+49484+48 :45$4"#6E $! 4&%"-

5B5"B 84 "=56?-#49.  

J$-54A%<$7! %""5!849-$%B ,75% 97:45$!$7 :4 4<%"#&! 

"!+49484+48$7; "#4<$7; 948 "=56?-#$4-3!55E54@$4A4 :+4%@948-

"#9- $- 148!5% ,%4?%56#+- " !"#!"#9!$$42 -L+-3%!2. )";48$-B 

948- %1!5- +( = 7,6 % "48!+F-5- 33—103 1A/5 H2S. P%&+4,%454-

A%<!"&%! %""5!849-$%B :4&-@-5%, <#4 841%$%+=ED=E +456 9 4<%-

"#&! "#4<$7; 948 4# "!+49484+48- :+%$-85!F%# Th. thioparus. 

'4 8-$$71 ;%1%<!"&%; -$-5%@49, "!+49484+48 4&%"5B5"B &-& 84 

"!+7, #-& % 84 "=56?-#49, 4"#-#4<$-B &4$3!$#+-3%B "!+49484+48- 

9 948! :4"5! ,%4?%56#+- "4"#-95B5- 3—12 1A/5. 

/-56$!2C%! %""5!849-$%B, 97:45$!$$7! 9 U()) 0=+4+-

#454A%% % ?%@%4#!+-:%% [14], :4@945%5% 4:+!8!5%#6 4:#%1-56-

$7! :-+-1!#+7 ,%4;%1%<!"&42 4<%"#&% 9487 4# H2S $- -L+4-

?%56#+-;. G4A5-"$4 :+!854F!$$41= ":4"4,=, -L+-3%E 4"=D!"#-

95BE# <!+!@ @-A+=@&= (A+-9%2, D!,!$6 &+=:$4"#6E 10—40 11) 

:+% +-";48! 94@8=;- 5—6 4,N!149 $- 48%$ 4,N!1 4,+-,-#79-!142 

9487, - "!+4,-&#!+%% (Th. thioparus) %":456@=E# 9 &45%<!"#9! 

1010—1015 &5!#4& 9 1 13 @-A+=@&%. '4&-@-$4, <#4 :+% &+=:$4"#% 

@-A+=@&% 1!$!! 10 11 :+4%";48%# ,7"#+4! @-%5%9-$%!, - :+% 

&+=:$4"#% ,45!! 40 11 $! 4,!":!<%9-!#"B $!4,;48%14! &45%<!-

"#94 ,-&#!+%2 9 1 13 @-A+=@&% % $! 84"#%A-!#"B #+!,=!1-B "#!-

:!$6 4<%"#&%, <#4 :+%948%# & 978=9-$%E "!+49484+48- % @--
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A+B@$!$%E 94@8=C$4A4 ,-""!2$-. I75 +-@+-,4#-$ $4972 ":4"4, 

,%4;%1%<!"&42 4<%"#&% 948 4# "!+49484+48-, 4"4,!$$4"#6E &4-

#4+4A4 B95B!#"B :+%1!$!$%! -L+4?%56#+- " @-#4:5!$$42 @-A+=@-

&42, $-@9-$$4A4 -9#4+-1% +!-&#4+41 ,%4;%1%<!"&4A4 4&%"5!$%B 

%5% ,%4+!&#4+41 [14]. '4 1$!$%E -9#4+- [14], $-%,45!! :+!8-

:4<#%#!56$71% B95BE#"B 1!#487 4,+-,4#&% 9487 9 -L+44&%"5%-

#!5! % 1!#48 4&%"5!$%B "!+49484+48- 9 ,%4+!-&#4+!.   1!#48!, 

4:%"-$$41 9 +-,4#! [22], #-&F! 85B 4&%"5!$%B "!+49484+48- 

:+%1!$B5% ,-&#!+%% Th. thioparus.  

(!"41$!$$4, ,%454A%<!"&%! 1!#487 4,+-,4#&% %1!E# 4:+!-

8!5!$$7! :+!%1=D!"#9- :!+!8 ;%1%<!"&%1% % ?%@%<!"&%1% 1!-

#48-1%. 0-& :+-9%54, "!,!"#4%14"#6 4<%"#&% 9487 ,%4;%1%<!-

"&%1 1!#4841 $%F! "!,!"#4%14"#% !! 4<%"#&% 8+=A%1% 1!#48--

1%. 0+41! #4A4, :+% =8-5!$%% H2S %@ 9487 ,%4;%1%<!"&%1% 

1!#48-1% %"&5E<-!#"B $!4,;48%14"#6 :+%1!$!$%B A+414@8&4A4 

+!-A!$#$4A4 ;4@B2"#9-. I%4;%1%<!"&-B 4<%"#&- :4@945B!# :45=-

<%#6 @$-<%#!56$72 L&454A%<!"&%2 L??!&#, #-& &-& !! :+%$3%: 

4"$49-$ $- 8=,5%+49-$%% 48$4A4 %@ L#-:49 ,%454A%<!"&4A4 &+=-

A494+4#- "!+7 9 :+%+48!. (4 :+% L#41 $!4,;48%14"#6 %"&5E<%#6 

@-A+B@$!$%! 4&+=F-ED!2 "+!87 <-"#%<$4 978=9-!171 :+% 

-L+-3%% "!+49484+4841. O8$-&4 :+% ,%454A%<!"&41 4&%"5!$%% 9 

4,+-,-#79-!142 948! ,=8!# ="%5%9-#6"B 1=#$4"#6 %@-@- <-"#%<-

$4A4 97$4"- 5%C$!2 ,%41-""7. '+%1!$!$%! 85B 4<%"#&% "!+$%-

"#4-D!54<$7; "#4&49 L&454A%<!"&% $-%,45!! :+%!15!14A4 1%&-

+4,%454A%<!"&4A4 ":4"4,- #+!,=!# :+!89-+%#!56$42 :48A4#49&% 

"#4&49 85B :+%9!8!$%B 9!5%<%$7 +( % &4$3!$#+-3%% "!+$%"#7; 

"4!8%$!$%2 & =+49$E, :48;48BD!1= 85B 8!B#!56$4"#% "!+44&%"-

5BED%; ,-&#!+%2. 

  $-"#4BD!! 9+!1B +-@+-,4#-$7 % %":456@=E#"B 85B =$%<-

#4F!$%B @-:-;- 4# $-"4"$7; "#-$3%2, $-:4+$7; #+=,4:+494849, 

&455!&#4+49 ;4@B2"#9!$$4-,7#497; "#4<$7; 948 % 4<%"#$7; "4-

4+=F!$%2 :+4A+-117 8!@484+-3%% Amelin ChemEngR. 

O+A-$%<!"&%! ,%4148%?%&-#4+7 ChemEngR :+!:B#"#9=E# 

4,+-@49-$%E "=56?%849 9 -$-L+4,$7; "%"#!1-;. I-&#!+%% ,45!! 

4;4#$4 :4A54D-E# $%#+-#"48!+F-D%! &41:4$!$#7, <!1 "=56?--

#7, ,5-A48-+B <!1= "=56?-#7 $! :!+!;48B# 9 "=56?%87.  

R#% 4+A-$%<!"&%! :+48=&#7 :+!:B#"#9=E# 4,+-@49-$%E 

"=56?%849, %5% ;%1%<!"&% " $%1% "4!8%$BE#"B, 9"5!8"#9%! <!A4 

="#+-$B!#"B @-:-; % 978!5!$%! A-@49. R#% ":!3%-56$7! :+48=&-

#7 1%$%1%@%+=E# $-&4:5!$%B %5-, #-& &-& "4!8%$!$%B 4"#-E#-

"B 9 9%8! +-"#94+-. 
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J9#4+-1% [24] +-@+-,4#-$- #!;$454A%B, :4@945BED-B "$%-

@%#6 &4$3!$#+-3%% "=56?%849 9 ;48! %; #+-$":4+#%+49&% 

(" :+%1!$!$%!1 +!-A!$#49 +4""%2"&4A4 :+4%@948"#9-), ,-@%+=E-

D-B"B $- :+%$3%:-; :+4A+-117 8!@484+-3%% Amelin ChemEngR. 

'+49!8!$$72 -$-5%@ :4&-@-5, <#4 ,456C%$"#94 %@ +-"-

"14#+!$$7; 1!#4849 %1!E# +B8 "=D!"#9!$$7; $!84"#-#&49: 

1. Q%@%<!"&%! 1!#487 "9B@-$7 " 978!5!$%!1 9 -#14"?!+= 

#4&"%<$4A4 "!+49484+48- % 4,+-@49-$%!1 4"-8&49 &-+,4$-#- 

&-563%B % @45!2 L5!1!$#-+$42 "!+7, %; :+%1!$!$%! 3!5!"44,-

+-@$4 " ="#+42"#941 54&-56$7; 4<%"#$7; "44+=F!$%2 85B 97-

"4&4&4$3!$#+%+49-$$7; "!+49484+48"48!+F-D%; "#4<$7; 948. 

2. S%1%<!"&%! % ?%@%&4-;%1%<!"&%! 1!#487 "9B@-$7 " 

:+%1!$!$%!1 #4&"%<$7; %5% 84+4A%; +!-A!$#49, "54F$7 9 L&"-

:5=-#-3%%, #+!,=E# @$-<%#!56$4A4 +-";48- +!-A!$#49 %5% ,456-

C%; @-#+-# L$!+A%%. 

3. I%4;%1%<!"&%! 1!#487 9!"61- <=9"#9%#!56$7 & +!F%1= 

:48-<% "#4<$7; 948, 9!5%<%$! +(, &4$3!$#+-3%% "4!8%$!$%2 "!-

+7, -@4#-, ?4"?4+-, #+!,=E# :+!89-+%#!56$4A4 =8-5!$%B %5% "$%-

F!$%B &4$3!$#+-3%% ,%4#4&"%&-$#49, 84,-9&% :%#-#!56$7; 9!-

D!"#9, "#+4A4A4 #!1:!+-#=+$4A4 +!F%1-, :45=<!$%B &=56#=+ #%4-

,-&#!+%2 " @-8-$$71% "942"#9-1% % ,456C%; ?%$-$"497; @-#+-#. 

 "! +-""14#+!$$7! ":4"4,7 4<%"#&% "#4<$7; 948 4# "=56-

?%849 %1!E# 4:+!8!5!$$7! $!84"#-#&%, 8!5-ED%! L#% ":4"4,7 

$!:+%1!$%171% 9 <%"#41 9%8! 85B 4<%"#&% &411=$-56$7; "#4-

&49 $!:4"+!8"#9!$$4 9 "%"#!1! #+-$":4+#%+49&%. '+!F8! 9"!A4, 

L#4 97"4&-B L&":5=-#-3%4$$-B "#4%14"#6, "54F$4"#6 #!;$454-

A%%, L&454A%<!"&-B $!:+%!15!14"#6 +B8- 1!#4849.  

(-%,45!! :!+":!&#%9$42, $- 9@A5B8 -9#4+49, B95B!#"B #!;-

$454A%B 99!8!$%B 9 "#4<$=E 948= ,%4148%?%&-#4+49, :+!:B#"#-

9=ED%; 4,+-@49-$%E "=56?%849 9 -$-L+4,$7; "%"#!1-;. M-&-B 

#!;$454A%B 14F!# ,7#6 4"=D!"#95!$- $!:4"+!8"#9!$$4 $- $--

"4"$42 "#-$3%%, :!+!&-<%9-ED!2 "#4&% $- ,%454A%<!"&%! 4<%-

"#$7! "44+=F!$%B. 

D#E?#%FG(H#1AC,#I CJ#C%, 

1. )9-$49  .K.  484"$-,F!$%! :+417C5!$$7; :+!8:+%B#%2. —  

G',., 2003. 

2. P/0 3-01.2001. P!#48%<!"&%! +!&41!$8-3%% :4 +-"<!#= &45%<!-

"#9- % &-<!"#9- :+%$%1-!17; "#4<$7; 948 % @-A+B@$BED%; 9!D!"#9 9 

"%"#!17 &-$-5%@-3%% $-"!5!$$7; :=$&#49: =#9. :+%&-@41 K4""#+4B >4"-

"%% 4# 06.04.2001 . 75. 
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3.  G#+41,!+A J.K., G!1<!$&4 /.'. Q%@%<!"&-B ;%1%B. — P.:  7"-

C-B C&45-, 1999. 
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