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 !"#"$%" 

 !"#$"-%&'"(&)*"$$%+ ',-.!("'.",*+ – /*$%#*0$" (%12*2%34*5'+ 

#-!"/ ",(-/-6-$*+ #*.("."6*0-'!2 2-4-'!2 2 '6"7$89 #$":"."#,"$-$!$89 

'*'!-#%9 * "&;-.!%9. < (+/= /(=:*9 *$'!(=#-$!%6>$89 #-!"/"2 -? "!6*0%-! 

(-/."- '"0-!%$*- $*1.*9 ,(-/-6"2 "&$%(=7-$*+, 28'"."5 '-6-.!*2$"'!*, 

9"("@-5 2"',("*12"/*#"'!*, #*$*#%6>$":" $-"&9"/*#":" "&;-#% ,("&8. 

A%12*!*- %!"#$"-%&'"(&)*"$$"5 ',-.!("'.",** ,("!-.%-! ," ,=!* 

'"2-(@-$'!2"2%$*+ ,%(.% ,(*&"("2 – '"1/%$*+ $"289 %!"#*1%!"("2, 

#$":"B6-#-$!$89 #-!"/"2 %$%6*1%, '"2-(@-$'!2"2%$*+ #-!"/"2 ."((-.)** 

$-'-6-.!*2$":" ,":6"4-$*+, % !%.7- ," ,=!* (%1(%&"!.* #-!"/"6":*0-'.*9 

,"/9"/"2 9*#*0-'.":" #"/*C*)*("2%$*+ 28'"."!-#,-(%!=($89 ,(")-''"2 

%!"#*1%)**, *',"6>1"2%$*+ #-!"/"2 ,(-/2%(*!-6>$":" (%1/-6-$*+ * 

."$)-$!(*("2%$*+, &"6-- '"2-(@-$$89 ',"'"&"2 ,("&","/:"!"2.*. 

D-!"/"6":*+ %!"#$"-%&'"(&)*"$$":" %$%6*1% '6"7$89 ,(*("/$89 * 

,("#8@6-$$89 "&;-.!"2 *16"7-$% 2 (%16*0$89 (=."2"/'!2%9 ," %$%6*1= 

0-($89, )2-!$89 #-!%66"2, &6%:"("/$89 B6-#-$!"2 * *9 '"-/*$-$*5, 

,(*("/$89 * '!"0$89 2"/, (=/, ,"("/ * #*$-(%6"2. E(-,"/%2%$*- "'$"2 

%!"#$"-%&'"(&)*"$$"5 ',-.!("'.",** 2 "&4*9 * ',-)*%6>$89 .=('%9 

9*#*0-'.*9 C%.=6>!-!"2 =$*2-('*!-!"2 !(-&=-! =$*C*.%)**, 

'!(=.!=(*("2%$*+ * "&"&4-$*+ (%1("1$-$$":" ",=&6*."2%$$":" #%!-(*%6%. 

F("#- !":", !(-&"2%$*+ ,"/:"!"2.* 28'".".2%6*C*)*("2%$$":" %$%6*!*.% 

!(-&=3! *16"7-$*+ (+/% "!'=!'!2=34*9 2 (=."2"/'!2%9 2",("'"2: 

:"',"2-(.% %!"#$"-%&'"(&)*"$$89 ',-.!("#-!("2, ,"28@-$*- !"0$"'!* 

(-1=6>!%!"2 %$%6*1% 2 ,6%#-$* * B6-.!("!-(#*0-'.*9 %!"#*1%!"(%9, 

28'"."!-#,-(%!=($8- ,(")-''8 %!"#*1%)** B6-#-$!"2 * ',"'"&8 *9 

9*#*0-'.":" #"/*C*)*("2%$*+, C=!-("2.% :(%C*!"289 ,-0-5 !=:",6%2.*#* 

.%(&*/%#*, !-(#"/*$%#*0-'."- ."#,>3!-($"- #"/-6*("2%$*- ,(")-''"2 2 

1"$- %!"#*1%)**, *$C"(#%)*"$$8- (-'=('8 G$!-($-!% 2 %!"#$"-

%&'"(&)*"$$"5 ',-.!("'.",**. <'- B!* * /(=:*- 2",("'8 *16"7-$8 2 

$%'!"+4-# ,"'"&**, ."!"("- "!(%7%-! 0*!%-#85 $% .%C-/(- %$%6*!*0-'."5 

9*#** H"$-).":" $%)*"$%6>$":" =$*2-('*!-!% ',-).=(' « $%6*!*0-'.%+ 

%!"#$"-%&'"(&)*"$$%+ ',-.!("'.",*+». E"'"&*- 2.630%-! "&"&4-$$8- 

6*!-(%!=($8- '2-/-$*+ * '"&'!2-$$85 #$":"6-!$*5 ",8! ,(%.!*0-'."5 

(%&"!8 %2!"("2 2 "&6%'!* %!"#$"-%&'"(&)*"$$"5 ',-.!("'.",**, % !%.7- 

",8! (%&"!8 %..(-/*!"2%$$"5 6%&"(%!"(**, * '"/-(7*! ''86.* $% 

/-5'!2=34*- 2 $%'!"+4-- 2(-#+ :"'=/%('!2-$$8- * #-7/=$%("/$8- 

'!%$/%(!8, $"(#%!*2$8- /".=#-$!8 * !./. < ,"'"&** ,(-/'!%26-$8 #-!"/8 

,(-/2%(*!-6>$":" 2'.(8!*+ * ,"/:"!"2.* ,("& ,*4-289 ,("/=.!"2, 

:-"6":*0-'.*9 #%!-(*%6"2, ,"02, "&;-.!"2 ".(=7%34-5 '(-/8 * !./. I'"&"- 

2$*#%$*- "&(%4-$" $% ='!(%$-$*- ',-)*C*0$89 /6+ %!"#$"-

%&'"(&)*"$$":" #-!"/% '*'!-#%!*0-'.*9 * '6=0%5$89 ,"#-9, $% !-9$*.= 

(%&"!8,  #-7B6-#-$!$8- * #%!(*0$8- 26*+$*+, .%. 2 ,6%#-$*, !%. * 2 

B6-.!("!-(#*0-'.*9 %!"#*1%!"(%9. 
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J$%0*!-6>$"- #-'!" 2 ,"'"&** 1%$*#%3! 2",("'8 !-9$*.* * #-!"/*.* 

(%&"!8 ' B6-.!("!-(#*0-'.*#* %!"#*1%!"(%#*, ."!"(8- ,(*#-$+3!'+ ,(* 

",(-/-6-$** #*.("."6*0-'!2 !".'*0$89 #-!%66"2 2 "&;-.!%9 ".(=7%34-5 

'(-/8, ,*4-289 ,("/=.!%9, 2 .6*$*0-'.*9 %$%6*1%9 * !./. * !(-&=3! &"6-- 

28'"."5 .2%6*C*.%)** %$%6*!*.%, * ."!"(8# =/-6-$" $-/"'!%!"0$"- 

2$*#%$*- 2 /(=:*9 ,"'"&*+9 * .$*:%9. 

< =/"&$"# /6+ '*'!-#%!*1%)** !%&6*0$"# 2*/- ,(-/'!%26-$8 

#$":"0*'6-$$8- /%$$8- ," 9*#*0-'.*# #"/*C*.%!"(%#, ',"'"&%# 

='!(%$-$*+ ,"#-9 2 ,6%#-$*, ',-.!("9*#*0-'.*# &=C-(%# * !./. E"'"&*- 

'"/-(7*! "&@*($85 ',*'". (-."#-$/=-#"5 6*!-(%!=(8. 

< ,"'"&*- 2.630-$8 !%.7- 2",("'8 * 1%/%0* /6+ '%#"'!"+!-6>$"5 

(%&"!8 '!=/-$!"2, !-'!"28- * *$/*2*/=%6>$8- 1%/%$*+. 

 2!"(8 28(%7%3! $%/-7/=, 0!" ,"'"&*- &=/-! ,"6-1$8# /6+ '!=/-$!"2, 

%',*(%$!"2, $%=0$89 '"!(=/$*."2 9*#*0-'.*9 C%.=6>!-!"2 28'@*9 =0-&$89 

1%2-/-$*5, % !%.7- /6+ 9*#*."2-%$%6*!*."2, (%&"!%34*9 2 "&6%'!* %!"#$"- 

%&'"(&)*"$$"5 ',-.!("'.",**. 

 



 7

&'(#") 1. *+,-$,-'./,0.1%,$$'2  /3"4+0,/4,3%2  %  ""  

!,(-,5$,/+%  30%  ,30"#")"$%%  /)"#,!  6)"-"$+,!. 

 

D-!"/  %!"#$"-%&'"(&)*"$$"5  ',-.!("'.",**, (%12*!*-  ."!"(":"  

$-(%1(82$"  '2+1%$"  '  (%&"!%#*  K.L.E"6=B.!"2%, M.<.N>2"2%, H.O%6-2%, 

P.L6%2*$%, <.E(%5'%, 2  $%'!"+4--  2(-#+  +26+-!'+  "'$"2$8#, %  0%'!"  *  

%(&*!(%7$8#  #-!"/"#  ,(*  ",(-/-6-$**  '"/-(7%$*+  #-!%66"2  2  

"&;-.!%9  ".(=7%34-5  '(-/8, ,("/"2"6>'!2-$$"#  '8(>-  *  ,("/=.!%9  

,*!%$*+, 0-($89  *  )2-!$89  #-!%66%9  *  ',6%2%9, ,"02%9  *  !. /.  !"#$"-

%&'"(&)*"$$%+ ',-.!("'.",*+  2.630-$%  2  :"'=/%('!2-$$8-,   

#-7:"'=/%('!2-$$8- * #-7/=$%("/$8-  '!%$/%(!8, /(=:*- $"(#%!*2$8-  *  

(=."2"/+4*-  /".=#-$!8. 

<  !%&6. 1.1 ,(*2-/-$8 $-."!"(8- /%$$8-, *663'!(*(=34*-  

*',"6>1"2%$*-  B!":"  #-!"/%  2  %$%6*!*0-'."#  ."$!("6-. 

Q%&6*)% 1.1 -  !"#$"-%&'"(&)*"$$%+  ',-.!("'.",*+  ,(*  ",(-/-6-$**  

'6-/"2  B6-#-$!"2 

I&;-.! 

%$%6*1% 

I,(-/-6+-#8-  

B6-#-$!8 
K"(#%!*2$85  /".=#-$! 

E(*("/$8-  2"/8 Cd, Ni, Cu, Pb, Zn D-7/=$%("/$85  

'!%$/%(!  GLI 8288 

E"2-(9$"'!$8-  *  

'!"0$8-  2"/8 

Cu A=."2"/+4*5  /".=#-$!  

FKH 211.1.4.032-95 

E(*("/$8-  *  

"0*4-$$8-  '!"0$8-  

2"/8  

Pb, Zn, Ag, Cu, Lr, Co, 

Ni, Be, Mn 

A=."2"/+4*5  /".=#-$!  

AH  52.24.28-86 

D"('.*- 2"/8 Cd, Cu, Pb, Co, Ni, Fe, 

Mn, Cr 

A=."2"/+4*5  /".=#-$! 

AH 52.10.243-92 

<"/%  Hg D-7/=$%("/$85  

'!%$/%(! GLI 5666 

 !#"'C-($85  2"1/=9, 

2"1/=9  (%&"0*9  #-'! 

Pb D-7/=$%("/8-  

'!%$/%(!8  GLI  9855, 

GLI  8518 

E"028, "!2%68, /"$$8-  

"!6"7-$*+ 

Cd, Cu, Ni, Hg, Pb, Zn D-!"/*0-'.*-  =.%1%$*+  ,"  

",(-/-6-$*3  !+7-689  

#-!%66"2  2  ,"02%9  

'-6>9"1=:"/*5  *  ,("/=.)**  

(%'!-$*-2"/'!2%. – D., 1992  

L8(>-  *  ,("/=.!8  

,*4-28- 

Cd, Cu,  Zn, Fe, Pb D-7:"'=/%('!2-$$85  

'!%$/%(!  RILQ  30178-

96 

E6"/8, "2"4*  *  

,("/=.!8  *9  

Cd, Pb, Zn, Hg, Fe, Zn D-7/=$%("/$8-  '!%$-

/%(!8  GLI 6561, 6633, 
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,-(-(%&"!.* 6636/2, 6637, 9526 

O*$."28-  ',6%28 Al, Cu, Mg, Pb, Cd, Fe R"'=/%('!2-$$85  '!%$-

/%(! P.(%*$8 HLQP 

2856.0-94-2856.8-94 

(RILQ 25284.0-95-

25284.8-95) 

L2*$-)  Ag, Cu, Zn, Bi, As, Sn, 

Sb, Fe, Mg, Ca 

R"'=/%('!2-$$85  '!%$-

/%(! RILQ 26880.1-86, 

RILQ 26880.2-86 (LQ 

LS<  5010-85-LQ LS< 

5013-85) 

N"#  *  "!9"/8  

/(%:#-!%66"2, .%!%6*1%-

!"(8, ,86*, @6%.*,  

Au, Ag, Ru, Rh, Pd R"'=/%('!2-$$85  

'!%$/%(! P.(%*$8 HLQP 

2897-94 

 

G1  /%$$89  !%&6. 1.1 '6-/=-!, 0!"  #-!"/  %!"#$"-%&'"(&)*"$$"5 

',-.!("'.",**  @*("."  ,(-/'!%26-$  2  #-7/=$%("/$89, :"'=/%('!2-$$89  

*  #-7:"'=/%('!2-$$89  '!%$/%(!%9  ,(*  ",(-/-6-$**  #*.("."6*0-'!2  

#-!%66"2  2  ,(*("/$89  *  ,("#8@6-$$89  "&;-.!%9. S!"  "&='6"26-$"  

28'"."5  0=2'!2*!-6>$"'!>3  #-!"/%, -:" '-6-.!*2$"'!>3, 9"("@-5 

2"',("*12"/*#"'!>3, B."$"#*0$"'!>3. G',"6>1"2%$*-  '"0-!%$*+  

(%16*0$89 2%(*%$!"2 !-9$*.*  %!"#$"-%&'"(&)*"$$"5  ',-.!("#-!(** 

(,6%#-$$85  2%(*%$!, :(%C*!"2%+  ,-0>, :-$-(%)*+  :*/(*/"2, #-!"/  

9"6"/$":"  ,%(%)  /-6%-!  B!"!  #-!"/  $%*&"6--  ,"/9"/+4*#  /6+  

",(-/-6-$*+  '"/-(7%$*+  &"6>@":"  0*'6%  B6-#-$!"2 ("."6"  70)  2 

@*("."#  /*%,%1"$-  ."$)-$!(%)*5. F"$.=(-$)*3  #-!"/=  %!"#$"- 

%&'"(&)*"$$"5 ',-.!("'.",** '"'!%26+-!  %!"#$"-B#*''*"$$%+  

',-.!("#-!(*+  '  *$/=.!*2$"-'2+1%$$"5  ,6%1#"5 (GLE), ,"12"6+34%+ 

,("2"/*!>  #$":"B6-#-$!$85  %$%6*1. <  !%&6. 1.2  ,(-/'!%26-$8  

'(%2$*!-6>$8-  /%$$8-  "  ,(-/-6-  "&$%(=7-$*+ B6-#-$!"2 %!"#$"-

%&'"(&)*"$$8# #-!"/"# '  ,6%#-$$"5 (E  L) *  B6-.!("!-(#*0-'."5  

(SQ  L) %!"#*1%)*-5, % !%.7- %!"#$"-B#*''*"$$8#  #-!"/"#  '  

*$/=.!*2$"-'2+1%$$"5  ,6%1#"5 ( S-GLE). 

Q%&6*)% 1.2 - E(-/-68  "&$%(=7-$*+  %!"#$"-%&'"(&)*"$$":" #-!"/% *  

%!"#$"-B#*''*"$$":" #-!"/% '  *$/=.!*2$"-'2+1%$$"5  ,6%1#"5   

E(-/-6  "&$%(=7-$*+, #.:/6 
S6-#-$! E  L SQ  L  S-GLE 

Al 25 0,01 4 

As 140 0,08 30 

Au 6 0,01 4 

Ag 1,2 0,001 3 

Be 1 0,003 0,5 
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Bi 30 0,04 30 

Cd 1 0,002 2 

Ca 2 0,01 0,5 

Cr 3 0,004 4 

Co 4 0,008 3 

Cu 1,8 0,005 2 

Fe 5 0,01 2 

Ga 50 0,01 20 

Ge 50 0,1 50 

In 30 0,02 30 

Mg 0,3 0,0002 0,5 

Mn 1,8 0,0005 1 

Mo 25 0,03 5 

Ni 5 0,05 5 

Nb 2000 - 20 

P 30000 20 50 

Pd 20 0,05 40 

Pb 9 0,007 30 

Pt 50 0,2 30 

Sb 40 0,08 30 

Re 800 10 10 

Se 80 0,05 30 

Si 60 0,6 10 

Sn 90 0,03 30 

Ta 800 - 20 

Ti 60 0,3 2 

W 5000 - 30 

Zn 1,2 0,001 2 

Zr 2000 - 3 

<*/$", 0!"  ,"  0=2'!2*!-6>$"'!*  ",(-/-6-$*+  &"6>@*$'!2%  B6-#-$!"2  

#-!"/   S-GLE   1%$*#%-!  ,("#-7=!"0$"-  ,"6"7-$*-  #-7/= #-!"/"#  

,6%#-$$"5  *  B6-.!("!-(#*0-'."5  %!"#$"-%&'"(&)*"$$"5 ',-.!("'.",*-5, 

$", &6%:"/%(+  28'"."5  !-#,-(%!=(-  ,6%1#8 (/"  8000°L), *#--!  

,(-*#=4-'!2%  ,-(-/  %!"#$"-%&'"(&)*"$$8# #-!"/"#  ,(*  ",(-/-6-$**  

!%.*9  !=:",6%2.*9  #-!%66"2, .%.  !*!%$, )*(."$*5, $*"&*5, !%$!%6, 

(-/."1-#-6>$8-  B6-#-$!8. < )-6"# 0=2'!2*!-6>$"'!> B6-.!("!-(#*0-'.":" 

%!"#$"-%&'"(&)*"$$":" #-!"/% ," '(%2$-$*3 '  S-GLE 28@-. <  

,"'6-/$*-  :"/8  28,='.%3!  ,(*&"(8,  '"0-!%34*- ',-.!("#-!(8 GLE  '  

#%''-',-.!("#-!("#. E(*&"(8 GLE-#%''-',-.!("#-!(**  *#-3!  28'".=3  

0=2'!2*!-6>$"'!>  *  $*1.*-  ,(-/-68  "&$%(=7-$*+, '(%2$*#8-  '  

,(-/-6%#*  "&$%(=7-$*+  SQ  L, %  *$":/%  *  &"6-- $*1.*-, $%,(*#-(, 

,(-/-6  "&$%(=7-$*+ B, Ti, Sc, As, Hg – 0,001-0,01 #.:/6; Be, V, Mn, Fe, Co, 
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Ni, Ru, Rh, Pd, Ag, Cd, Sn, Sb, Pb, Bi, Ir, Pt, Au, Nb, Hf – 0,0001-0,001 #.:/6; 

Mg, Cr, Al, Cu, In, Te, Ta, La, Ce, Pr, Tb, Ho, Tm – #-$--  0,0001 #.:/6.. 

D-!"/  ,-(',-.!*2-$  /6+   #$":"B6-#-$!$":"  %$%6*1%  '6-/"2  

#-!%66"2. I/$%."  '!"*#"'!>  !%.*9  ,(*&"("2  *  (%'9"/8  ,"  B.',6=%!%)**  

1$%0*!-6>$"  ,(-2"'9"/+! %$%6":*0$8- (%'9"/8 ,(* *',"6>1"2%$** %!"#$"-

%&'"(&)*"$$89  ',-.!("#-!("2  '  :(%C*!"2"5  ,-0>3, 0!"  "&='6%26*2%-!, 2 

'2"3  "0-(-/>,  '!"*#"'!>  B6-#-$!-",(-/-6-$*+. T4-  "/$*#  

,(-*#=4-'!2"#  SQ  L  +26+-!'+  #%685  (%'9"/  "&(%1)%  /6+  %$%6*1%: 

",(-/-6-$*-  "&80$"  #"7-!  &8!>  28,"6$-$"  '  *',"6>1"2%$*-# 5 #.6 

(0,005 #6)  "&(%1)%, #%.'*#=# - 100 #.6 (0,1 #6). E6%#-$$8-  #-!"/8  

"&80$"  !(-&=3!  2-5  #6. 

L"2(-#-$$"-  '"'!"+$*-  %!"#$"-%&'"(&)*"$$":"  #-!"/%  

9%(%.!-(*1=-!'+  28'"."5  *$!-$'*2$"'!>3  $%=0$89  ,=&6*.%)*5, &"6>@*#  

0*'6"#  #"$":(%C*5 * ',-)*%6*1*("2%$$89  ,-(*"/*0-'.*9  7=($%6"2. 

G$C"(#%)*"$$8-  (-'=('8  G$!-($-!%  2  "&6%'!*  %!"#$"-%&'"(&)*"$$"5  

',-.!("'.",**  ,(-/'!%26-$8  2  !%&6. 1.3. 

Q%&6*)% 1.3 – I'$"2$8-  7=($%68  ,"  %!"#$"5  %&'"(&)** 

U=($%6  /(-' <*/  *$C"(#%)**  

2  '2"&"/$"#  /"'!=,- 

Journal  of  Analytical 

Atomic Spectrometry 

www.rsc.org/is/journals/cu

rrent/jaas/jaaspub.htm 

L"/-(7%$*-, (-C-(%!8 

Analytica  Chimica  Acta www.elsevier.nl/inca/publi

cations/store/5/0/2/6/8/1/ 

L"/-(7%$*-, ,"*'.  '!%!-5  ,"  

%2!"(=  *6*  .630-28#  '6"2%# 

Spectrochimica Acta. Part 

B Atomic Spectroscopy 

www.elsevier.nl/inca/publi

cations/store/5/2/5/4/3/7/in

dex.htt 

L"/-(7%$*-, ,"*'.  ,"  

%2!"(%#, .630-28#  '6"2%#, 

(-C-(%!8  $%  %$:6*5'."# 

+18.- 

Analytical Chemistry http://pubs.acs.org/journals

/ancham/index.html 

L"/-(7%$*-, (-C-(%!8, 

*$C"(#%)*+  "  ."$C--

(-$)*+9, '*#,"1*=#%9 

Analyst www.rsc.org/is/journals/cu

rrent/analyst/anlpub.htm 

L"/-(7%$*-, ,"6$85  

!-.'! $-."!"(89 '!%!-5 

Talanta www.elsevier.nl/inca/publi

cations/store/5/2/5/4/3/8/ 

L"/-(7%$*-, ,"*'.  

'!%!-5  ,"  %2!"(=  *6*  

.630-28#  '6"2%# 

U=($%6  %$%6*!*0-'."5  

9*#** 

www.geochi.ru/~zhakh L"/-(7%$*-, '!(%$*)%  

:6%2$":"  (-/%.!"(%, 

*$C"(#%)*+  "  '-#*-

$%(%9  ,"  %$%6*!*0-'."5  

9*#** 

Journal of Analytical 

Chemistry 

www.maik.rssi.ru/journals/

anchem.htm 

G1/%$*- U=($%6% 

%$%6*!*0-'."5 9*#** $% 

%$:6*5'."# +18.- 
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F("#-  B!*9  *1/%$*5  ",-(%!*2$=3  *$C"(#%)*3  ,"  %!"#$"-

%&'"(&)*"$$"5  ',-.!("'.",**  ,=&6*.=3!  P.(%*$'.*5  9*#*0-'.*5  

7=($%6, U=($%6  ,(*.6%/$"5  ',-.!("'.",** (e-mail: jas@imaph.bas-net.by ; 

jas@dragon.bas-net.by) * /(=:*- *1/%$*+ ," %$%6*!*0-'."5 9*#** * 

,(*.6%/$"5 ',-.!("'.",**. 

1.1. 70%$1%3  -"+,#' 

 !"#$"-%&'"(&)*"$$%+  ',-.!("'.",*+  "'$"2%$%  $%  ,":6"4-$**  

B6-.!("#%:$*!$":"  *16=0-$*+  '2"&"/$8#*  %!"#%#*  2  $-2"1&=7/-$$"#  

'"'!"+$**. E(*  ",(-/-6-$$"5  /6*$-  2"6$8, '""!2-!'!2=34-5  

",!*0-'."#=  ,-(-9"/=  %!"#%  *1  "'$"2$":"  '"'!"+$*+  $%  2"1&=7/-$$85  

=("2-$>, ,":6"4-$*-  *16=0-$*+  2-/-!  .  =#-$>@-$*3  1%'-6?$$"'!*  

"'$"2$":"  =("2$+. <-6*0*$%  %$%6*!*0-'.":" '*:$%6%  '2+1%$%  '  

."$)-$!(%)*-5  %!"#"2  2  "'$"2$"#   $-2"1&=7/-$$"#  '"'!"+$**  *, 

'6-/"2%!-6>$", '  ."$)-$!(%)*-5  B6-#-$!%  2  %$%6*1*(=-#"#  "&(%1)-. 

G1#-(++  /"63  ,":6"4-$$":"  B6-.!("#%:$*!$":"  *16=0-$*+, #"7$"  

."6*0-'!2-$$"  ",(-/-6*!>  '"/-(7%$*-  '"-/*$-$*5  ",(-/-6+-#":"  

B6-#-$!% (%$%6*!%). 

G'9"/+  *1  ,(*$)*,%  #-!"/%,  %!"#$"-%&'"(&)*"$$85  ',-.!("#-!(  

/"67-$  '"'!"+!>  *1  *'!"0$*.%  ,-(2*0$":"  *16=0-$*+, ."!"("-  

,":6"4%-!'+  %!"#%#*, *'!"0$*.%  '2"&"/$89  %!"#"2, '2+1%$$":"  '  

'*'!-#"5  22"/%  "&(%1)%, ",!*0-'."5  /*',-('*"$$"5  '*'!-#8, /-!-.!"(%,  

B6-.!("$$89  '*'!-#  '&"(%, "&(%&"!.*  /%$$89 ((*'.1.1). 

 

 
 

A*'=$". 1.1 -  !"#$"-%&'"(&)*"$$85 ',-.!("#-!( 

1 – *'!"0$*. ,-(2*0$":"  *16=0-$*+; 2 - %!"#*1%!"(; 3 – 22"/  ,("&8;  

4 – 22"/  :"(30*9  :%1"2; 5 – ",!*0-'.%+  /*',-('*"$$%+  '*'!-#%; 

6 – /-!-.!"(; 7 – '&"(  *  "&(%&"!.%  /%$$89; 8 – ,(*$!-(. 
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A%',(-/-6-$*-  %!"#"2  ,"  (%16*0$8#  B$-(:-!*0-'.*#  =("2$+#  

",*'82%-!'+  1%."$"#  M"6>)#%$%, '":6%'$" ."!"("#=  1%'-6-$$"'!>  =("2$-5  

,(","()*"$%6>$"  2-6*0*$-   e kT

E
 

, :/- T – B$-(:*+  2"1&=7/-$*+  

'""!2-!'!2=34-:"  =("2$+; Q – !-#,-(%!=(% (F); k – ."$'!%$!%  M"6>)#%$%. 

G1  B!":"  '6-/=-!, 0!"  ,(*  =2-6*0-$** !-#,-(%!=(8  1%'-6-$$"'!>  =("2$+  

"0-$>  &8'!("  2"1(%'!%-!.  

H%7-  ,(*  '(%2$*!-6>$"  28'".*9  !-#,-(%!=(%9  2 %!"#*1%!"(- (2000 – 

3000
"
L) &"6>@*$'!2"  %!"#"2  "'!%-!'+  2  $-2"1&=7/-$$"#  '"'!"+$**  

2'6-/'!2*-  B.',"$-$)*%6>$"5  1%'-6-$$"'!*  2"1&=7/-$$89  =("2$-5. 

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

",!*0-'.*-  ,-(-9"/8  #-7/=  "'$"2$8#  *  ,-(28#*  2"1&=7/-$$8#*  

=("2$+#* ((-1"$%$'$8-  =("2$*). Q... ,":6"4-$*-  *16=0-$*+  

,(","()*"$%6>$"  ."6*0-'!2=  *#-$$"  $-2"1&=7/-$$89  %!"#"2, %!"#$"-

%&'"(&)*"$$%+  ',-.!("'.",*+ – 0(-1280%5$"  BCC-.!*2$85  #-!"/. 

 &'"(&)*"$$8-  ',-.!(8  1$%0*!-6>$"  ,("4-  B#*''*"$$89, 0!"  '2+1%$" '"  

1$%0*!-6>$8#  '$*7-$*-#  ',-.!(%6>$89  ,"#-9, "&='6"26-$$89 

',-.!(%6>$8#  $%6"7-$*-#  6*$*5.  !"#8, 2"1&=7/-$$8-   2'6-/'!2*-  

%&'"(&)**  B6-.!("#%:$*!$":"  *16=0-$*+, &=/=!  ,-(-*16=0%!>  

B#*''*"$$8-  6*$**  $-  !"6>."  !"5  7-  '%#"5  /6*$8  2"6$8, 0!"  *  

,":6"4-$$"-  *16=0-$*-, $"  !%.7-  *  /(=:*-  /6*$8  2"6$. G16=0-$*-, 

*',='.%-#"- %!"#%#* ,"'6-  C"!"$$":"  2"1&=7/-$*+, $%182%-!'+  %!"#$"5  

C6="(-')-$)*-5. E(")-''  C6="(-')-$)** – B!", ," '=!*, ."#&*$%)*+  

,(")-''"2  %&'"(&)**  *  B#*''**. L,-.!(8  C6="(-')-$)**  "&80$"  "0-$>  

,("'!8, *$!-$'*2$"'!>  C6="(-')-$!$89  6*$*5  B6-#-$!"2  28@-, 0-#  

'""!2-!'!2=34*9  B#*''*"$$89  6*$*5. E(*  *',"6>1"2%$**  *$!-$'*2$":"  

,-(2*0$":"  *'!"0$*.%  *16=0-$*+ ($%,(*#-(, 6%1-(%) %!"#$"-

C6="(-')-$!$%+  ',-.!("'.",*+  +26+-!'+  "/$*#  *1  '%#89  0=2'!2*!-6>$89  

%$%6*!*0-'.*9  #-!"/"2. I/$%."  2  $%'!"+4--  2(-#+  6%1-($%+  %!"#$"-

C6="(-')-$!$%+  ',-.!("'.",*+  $-  ,"6=0*6%  @*(".":"  (%',("'!(%$-$*+, 

0!"  '2+1%$"  '  !(=/$"'!+#*  *',"6>1"2%$*+  6%1-(%  2  PV  "&6%'!*. 

F"6*0-'!2-$$85  %!"#$"-%&'"(&)*"$$85  #-!"/  "'$"2%$  $%  "'$"2$"#  

1%."$- '2-!",":6"4-$*+, ."!"(85  '2+182%-! %&'"(&)*"$$"'!> (",!*0-'.=3  

,6"!$"'!>)  %!"#$":"  ,%(%     '  ."$)-$!(%)*-5  ",(-/-6+-#":"  B6-#-$!%: 

                                        klc
I

T 
I

!! !
0lglg ,                                      (1.1) 

:/-  Q – ,(",='.%$*-; I"  *  I – *$!-$'*2$"'!>  ,%/%34-:"  *  ,("@-/@-:"  

0-(-1  %!"#*1%!"(  '2-!%; l – !"64*$%  ,":6"4%34-:"  '6"+; k – %!"#$85  

."BCC*)*-$!  ,":6"4-$*+, ,(","()*"$%6>$85  2-("+!$"'!*  ",!*0-'.":"  

,-(-9"/%. 

E"0!*  /6+  2'-9  B6-#-$!"2  1$%0-$*-  k  $%9"/*!'+  2  ,(-/-6%9  10
7
 – 

10
9
. L(%2$-$*-  '  C"!"#-!(*0-'.*#  #-!"/"#, :/-  #%.'*#%6>$"-  1$%0-$*-  
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#"6+($":"  ."BCC*)*-$!%   '2-!",":6"4-$*+  " #10
5
, ,".%182%-!, 0!"  

0=2'!2*!-6>$"'!>  %!"#$"-%&'"(&)*"$$":"  #-!"/%  28@-. 

P(%2$-$*-  (1.1)  *',"6>1=-!'+  /6+  :(%/=*("2.* %!"#$"-%&'"&)*"$$89  

,(*&"("2. I/$%."  B!%  C=$/%#-$!%6>$%+  !-"(-!*0-'.%+  1%2*'*#"'!>  #"7-!  

$%(=@%!>'+. I'$"2$8#*  ,(*0*$%#*  "!.6"$-$*+  1%2*'*#"'!* ",!*0-'."5 

,6"!$"'!* * ."$)-$!(%)**  "!  6*$-5$"'!*  '6=7%!  %,,%(%!=($8-  

":(%$*0-$*+ ($-/"'!%!"0$%+  #"$"9("#%!*1%)*+  *  26*+$*-  (%''-+$$":"  

'2-!%  *'!"0$*.%  *16=0-$*+, $-"/$"("/$"'!>  %!"#$":"  ,%(%)  *  ,"&"0$8-  

C*1*."-9*#*0-'.*-  ,(")-''8. 

1.2. 8/+,9$%4%  /!"+' 

K%*&"6--  (%',("'!(%$-$$8#*   *'!"0$*.%#*  ,-(2*0$":"  *16=0-$*+  2  

%!"#$"5  %&'"(&)**  +26+3!'+  6%#,8  '  ,"68#  .%!"/"#  *  

28'"."0%'!"!$8-  &-1B6-.!("/$8-  6%#,8. N%#,%  '  ,"68#  .%!"/"#  

'"'!"*!  *1  ,"6":" (,='!":"  2$=!(*)  .%!"/%, *1:"!"26-$$":"  6*&"  *1  

'"-/*$-$*5 ",(-/-6+-#":"  B6-#-$!%, 6*&"  *1  #%!-(*%6%, '"/-(7%4-:"  

B!"!  B6-#-$!. 

G$":/%  .%!"/  #"7-!  2.630%!> '"-/*$-$*+ $-'."6>.*9 B6-#-$!"2 

(#$":"B6-#-$!$8-  6%#,8). T'6*  #-!%66  '!%&*6-$  $%  2"1/=9-, *#--!  

/"'!%!"0$"  28'".=3  !-#,-(%!=(=  ,6%26-$*+, !"  /6+  *1:"!"26-$*+  .%!"/%  

*',"6>1=3!  0*'!85 #-!%66, $%,(*#-(, %63#*$*5. T'6*  #-!%66  9(=,"., .%.  

#%(:%$-)  *6*  2"6>C(%#, !"  /6+  *1:"!"26-$*+  .%!"/%  *',"6>1=3!  -:"  

,=/(=. <  '6=0%-, .":/%  #-!%66 ".*'6+-!'+ .*'6"("/"# 2"1/=9%  *6*  *#--!  

"!$"'*!-6>$"  28'"."-  /%26-$*-  ,%("2, $%,(*#-(, $%!(*5  *6*  .%/#*5, !"  

"&80$"  *',"6>1=3!  ".'*/8  *6*  :%6":-$*/8 B!":" B6-#-$!%. 

H6+  6-:.",6%2.*9  *   6-:."6-!=0*9  #-!%66"2  .%!"/  6%#,8  

*1:"!%26*2%3!  *1  :(%C*!%  *6*  #-!%66%  '  28'"."5  !-#,-(%!=("5  

,6%26-$*+, &"6>@*#  ."BCC*)*-$!"#  .%!"/$":"  (%',86-$*+  *  

#%6"6*$-50%!8#  ',-.!("#  *16=0-$*+ ("&80$"  B!"  #-/>  *6*  '-(-&("). 

N-:.",6%2.*5  *6*  6-:."6-!=0*5  #-!%66  22"/*!'+  .%.  ,(*#-'>  2  2*/-  

#*.("2.630-$*5  2  "'$"2$"5  #-!%66, 0!"  /%-!  2"1#"7$"'!>  ,"2-(9$"'!*  

.%!"/%   /6*!-6>$"-  2(-#+  '"9(%$+!>  ,"'!"+$$85  B6-#-$!$85  '"'!%2. <  

(+/-  '6=0%-2, $%,(*#-(, /6+  AJS, '"-/*$-$*+  ",(-/-6+-#":"  B6-#-$!%  

2.630%3!  2  .-(%#*0-'.*5  .%!"/. F%!"/  *  %$"/  (%1/-6-$8  '!-.6+$$8#  

)*6*$/("#. D-7/=  .%!"/"#  *  %$"/"#  ,("9"/*!  ,"'!"+$$85  !".  

$%,(+7-$*-#  400-600 <, '*6%  !".%  2  6%#,%9  ."6-&6-!'+  2  *$!-(2%6-  3-40 

# . E(*  B!*9  ='6"2*+9  2  ,"6"'!*  .%!"/%  2"1$*.%-!  (%1(+/. N%#,%  

$%,"6$-$%  *$-(!$8#  :%1"# (%(:"$"#  *6*  $-"$"#) '  /%26-$*-# 130-400 E% 

(1-3 ## (!. '!.). K-"$  ,(-/,"0!*!-6-$  /6+  B6-#-$!"2  '  28'".*#  

,"!-$)*%6"#  *"$*1%)**.  (:"$  "&80$"  *',"6>1=-!'+, .":/%  6*$**  

',-.!(%  $-"$%  ".%182%3!'+  '6*@."#  &6*1."  .  (-1"$%$'$"5  6*$**  

",(-/-6+-#":"  B6-#-$!%. E6%1#%  !6-34-:"  (%1(+/%  2  6%#,-  *#--!  

!-#,-(%!=(=  "."6"  800 F, ,"B!"#=  !-(#*0-'.":"  2"1&=7/-$*+  '2-0-$*+  
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%!"#$89  ,%("2  $-   $%&63/%-!'+. <'6-/'!2*-  ,(*6"7-$$":"  #-7/=  

B6-.!("/%#*  $%,(+7-$*+  &6%:"("/$85  :%1  2$=!(*  6%#,8  *"$*1*(=-!'+. 

E"6"7*!-6>$"  1%(+7-$$8-  *"$8  :%1%  '  &"6>@"5  '."("'!>3  =/%(+3!  2  

.%!"/, 28&*2%3!  *1  $-:"  %!"#8  ",(-/-6+-#":"  B6-#-$!%  *, '"=/%(++'>  '  

$*#*, 2"1&=7/%3!  *9  /"  &"6--  28'".":"  B$-(:-!*0-'.":"  =("2$+. D-$--  

0-#  0-(-1  10
-7

 '-.=$/  2"1&=7/-$$8-  %!"#8  2"12(%4%3!'+  2  "'$"2$"-  

'"'!"+$*-, *16=0%+  =1.*-,  *$!-$'*2$8-  6*$**  %!"#"2  *  *"$"2  B6-#-$!"2, 

"&(%1=34*9  ,6%1#= ((*'.1.2). 

 
A*'=$". 1.2 – D-9%$*1#  /-5'!2*+  6%#,8  '  ,"68#  .%!"/"# 

1 - &"#&%(/*("2.%  .%!"/%  *  .%!"/$"-  (%',86-$*-;  

2 - 2"1&=7/-$*-  %!"#"2  *"$%#*  1%,"6$+34-:"  :%1%; 

3 - *16=0-$*-  2"1&=7/-$$89  %!"#"2. 

N%#,8  '  ,"68#  .%!"/"#  '"1/%$8  ,(*&6*1*!-6>$" /6+ 70 B6-#-$!"2. 

K%*&"6>@%+  /6*$%  2"6$8  ",(-/-6+-!'+  6*$*-5  Ls 852 $#, $%*#-$>@%+ – 

6*$*-5 As  193,7 $#. 

<  )-6"#  2'-  6%#,8  '  ,"68#  .%!"/"#  *#-3!  (+/  "&4*9  

$-/"'!%!."2: 1) '(%2$*!-6>$"  $*1.%+  *$!-$'*2$"'!>  (-1"$%$'$":"  

*16=0-$*+;  2) ',-.!(  *9  *16=0-$*+  /"'!%!"0$"  '6"7-$, !...  "&80$"  .("#-  

%!"#$89  6*$*5  *#-3!'+  6*$**  *"$*1*("2%$$89  %!"#"2;  3) '(%2$*!-6>$"  

."("!.*5  '(".  '6=7&8 6%#, /6+ ",(-/-6+-#89 6-:."6-!=0*9  *  

6-:.",6%2.*9  #-!%66"2. 

E(*  ",(-/-6-$**  6-:."6-!=0*9  *  6-:.",6%2.*9  #-!%66"2 * 

$-#-!%66"2 (Pb, As, Ga, Sb, Bi, Se, Te, Na, K  *  /(.)  @*(-  ,(*#-$+3!'+  

&-1B6-.!("/$8-    6%#,8  28'"."0%'!"!$":"  (%1(+/%. M%66"$  !%."5  6%#,8  

*1:"!%26*2%3!  *1  .2%()%  *6*  ',-)*%6>$":"  '!-.6%. <$=!(>  &%66"$%  

22"/+!'+ '"-/*$-$*+ ",(-/-6+-#":"  B6-#-$!%  2  2*/-  6-:."6-!=0-5  '"6* 

("&80$"  *"/*/%). M%66"$  1%,"6$+-!'+  *$-(!$8#  :%1"#    ,(*  /%26-$**  2 

100-400 E% ($-'."6>."  ## (!.'!"6&%). H6+  ,*!%$*+  6%#,8  ,(*#-$+3!  

:-$-(%!"(8  28'"."0%'!"!$":"  B6-.!("#%:$*!$":"  ,"6+, (%&"!%34*-  ,(*  

0%'!"!-  ,"(+/.%  200 DR). E(*  2.630-$**  ,"6+  2  *$-(!$"#  :%1-  

2"1$*.%-!  (%1(+/,  *  ,"/  /-5'!2*-#  28/-6+34-:"'+  !-,6%  #-!%66  
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*',%(+-!'+, -:"  %!"#8  2"1&=7/%3!'+, *  2"1$*.%-!  *16=0-$*-,  2  ',-.!(- 

."!"(":"  ,(*'=!'!2=3!  ,(-*#=4-'!2-$$"  %!"#$8-  6*$**. G$!-$'*2$"'!>  

(-1"$%$'$89  6*$*5, *16=0%-#89  28'"."0%'!"!$8#*  6%#,%#*, $%  1 – 3 

,"(+/.%  28@-, 0-#  *$!-$'*2$"'!>  6*$*5, *16=0%-#89  6%#,%#*  '  ,"68#  

.%!"/"#, "/$%."  '!%&*6>$"'!>  *16=0-$*+  $*7-.  

<  $%'!"+4--  2(-#+  '"1/%$8  28'"."0%'!"!$8-  6%#,8  ,"0!*  /6+  2'-9  

B6-#-$!"2, $"  $%*6=0@-5  '!%&*6>$"'!>3  *  *$!-$'*2$"'!>3  "&6%/%3!  

6%#,8  /6+  6-!=0*9  #-!%66"2. M-1B6-.!("/$8-  :%1"(%1(+/$8-  6%#,8  $-  

1%#-$+3!, %  =/%0$"  /","6$+3!  6%#,8  '  ,"68#  .%!"/"#  2  (+/=  

',-.!(%6>$89  *'!"0$*."2. F  $-/"'!%!.%#  &-1B6-.!("/$89  6%#,  #"7$"  

"!$-'!*  '6-/=34*-: 1) $-"&9"/*#"'!>  *#-!>  ',-)*%6>$85  &6".  ,*!%$*+ – 

28'"."0%'!"!$85 :-$-(%!"(; 2) '!%&*6>$"'!>  (%&"!8  $*7-, 0-#  =  6%#,  '  

,"68#  .%!"/"#; 3) 2(-#+  ,(":(-2%  /6+  /"'!*7-$*+  ",!*#%6>$89  

,%(%#-!("2  *16=0-$*+  ,"(+/.%  30-40 #*$=!, 2  !"  2(-#+  .%.  =  6%#,    '  

,"68#  .%!"/"#  10-15 #*$=!. 

H6+  !":", 0!"&8  "!/-6*!>  *16=0-$*-  6%#,8  '  ,"68#  .%!"/"#  *6*  

&-1B6-.!("/$"5  6%#,8  "!  *16=0-$*+  %!"#*1%!"(% (,6%#-$*  *6*  

(%'.%6-$$"5  !(=&.*) *16=0-$*-  ,-(2*0$":"  *'!"0$*.%  #"/=6*(=3!  ,=!-#  

,"/%0*  *#,=6>'$":"  $%,(+7-$*+  $%  6%#,=  *6*  ,=!-#  ='!%$"2.*  

#-9%$*0-'.":"  ,(-(82%!-6+  $%  ,=!*  '2-!"2":"  ,=0.%  ,-(-/  

%!"#*1%!"("# (#"/=6+!"(). L,-)*%6>$85  ='*6*!-6>  $%'!(%*2%-!'+  $%  

0%'!"!=  #"/=6+)**  *  ,"'!"+$$%+, $-  #"/=6*("2%$$%+, '"'!%26+34%+  

B6-.!(*0-'.":"  '*:$%6%, "&='6"26-$$%+  *16=0-$*-#  '%#":"  %!"#*1%!"(%, 

$-  ,("9"/*!  2  '*'!-#=  (-:*'!(%)**. <  (+/-  '6=0%-2  ,(*  (%&"!-  '  

"&":%4-$$8#  '2-!+4*#'+  ,6%#-$-#  0%'!"!%  C6=.!=%)*5  *16=0-$*+  

#"7-!  '"2,%'!>  '  0%'!"!"5  #"/=6+)**  ,-(2*0$":"  *16=0-$*+. <  B!"#  

'6=0%-  '2-!"28-  ,"#-9*  "!  ,6%#-$*  #":=!  ,("9"/*!>  0-(-1  2'3  

'*'!-#=  (-:*'!(%)**, $-  "!/-6++'>  '*$9("$$8#  /-!-.!"("#. S!"  26*+-!  

$%  2-6*0*$=  ,"6=0-$$":"  '*:$%6%. Q%.*-  ,"#-9*  #"7$"  "&$%(=7*!>  *  

='!(%$*!>  !"6>."  ,=!-#  *1#-$-$*+  (-7*#%  :"(-$*+  ,6%#-$*.  

K%(+/=  '  ",*'%$$8#*  *'!"0$*.%#*  2  %!"#$"-%&'"(&)*"$$"# #-!"/-  

*',"6>1=3!  /*"/$8-  6%1-(8  *  $-,(-(82$8-  *'!"0$*.*  *16=0-$*+. 

K-,(-(82$85  *'!"0$*.  '"'!"*!  *1  .'-$"$"2"5    /=:"2"5  6%#,8  

28'".":"  /%26-$*+, *16=0%34-5  $-,(-(82$85  ',-.!(. Q%."5  *'!"0$*.  

,"12"6+-!  :*&."  28&*(%!>  $-"&9"/*#=3  (-1"$%$'$=3  6*$*3  *  0%4-  

2'-:"  *',"6>1=-!'+  2  #$":"B6-#-$!$"5  %!"#$"-%&'"(&)*"$$"5  

',-.!("'.",**. H*"/$8-  6%1-(8, 2-("+!$", */-%6>$8-  *'!"0$*.*  /6+  

%!"#$"-%&'"(&)*"$$":" #-!"/%, !... *16=0%3!  "0-$>  *$!-$'*2$8-, =1.*-  

6*$**. I/$%."  2  $%'!"+4--  2(-#+  *9  /*%,%1"$  ":(%$*0-$  /6*$"5  2"6$8  

620  $#, 0!"  ,(-,+!'!2=-!  *9  *',"6>1"2%$*3. 

I/$%."  *'!"0$*.  $-,(-(82$":"  ',-.!(%  2'-  7-  *',"6>1=-!'+  2  

%!"#$"-%&'"(&)*"$$89  ',-.!("#-!(%9  /6+  =0-!%  26*+$*+  $-(-1"$%$'$":" 

($-'-6-.!*2$":")  ,":6"4-$*+. S!" – /-5!-(*-285  ."((-.!"(  C"$%. I$  

,(-/'!%26+-!  '"&"5  $%,"6$-$$85 /-5!-(*-#  D2  &%66"$, 2  ."!"("#  
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(%',"6"7-$8  $%:(-2%-#85  .%!"/, #-!%66*0-'.*5  %$"/  *  ":(%$*0*!-6>$%+  

%,-(!=(%  #-7/=  $*#*. E(*  !".-  2  $-'."6>."  '"!  #   :%1  2"1&=7/%-!'+  

$%'!"6>.", 0!"  *',='.%-!  *$!-$'*2$"-  *16=0-$*-  $-,(-(82$":"  ',-.!(%  2  

/*%,%1"$-  /6*$  2"6$  "!  190  $#  /"  400 $#. G#-$$"  2  B!"5  "&6%'!*  

(%',"6"7-$8  (-1"$%$'$8-  6*$**  &"6>@*$'!2%  *''6-/=-#89  B6-#-$!"2  *  

$%*&"6--  28(%7-$8  BCC-.!8  $-'-6-.!*2$":"  ,":6"4-$*+. H6+  =',-@$"5  

."((-.)**  C"$%  $-"&9"/*#"  28(%2$*2%$*-  *$!-$'*2$"'!-5  6%#,8  '  

,"68#  .%!"/"#  *  /-5!-(*-2"5  6%#,8, ,(*  B!"#  2%7$", 0!"&8  "&%  B!*9  

*16=0-$*+  ,("9"/*6*  ,"  "/$"#=  *  !"#=  7-  ",!*0-'."#=  ,=!*. 

1.3. *+,-%('+,0: 

K%1$%0-$*-  %!"#*1%!"("2 – BCC-.!*2$"  ,(-"&(%1"2%!>  %$%6*1*(=-#85  

"&(%1-)  2  %!"#$85  ,%( ('"2".=,$"'!>  '2"&"/$89  %!"#"2  2  "'$"2$"#  

'"'!"+$**). L2"&"/$8-  %!"#8  (%',"6%:%3!'+  $%  ,=!*  '2-!"2":"  6=0%  

#-7/=  *'!"0$*."#  ,-(2*0$":"  *16=0-$*+  *  /*',-('*"$$"5  '*'!-#"5  

!%.*#  "&(%1"#, 0!"&8  ,"6=0*!>  /"'!%!"0$"  ,("!+7-$$85  ,":6"4%34*5  

'6"5. <  $%'!"+4--  2(-#+  *',"6>1=3! '6-/=34*- "'$"2$8-  ',"'"&8  

%!"#*1%)**: 

1. ,6%#-$$%+; 

2. B6-.!("!-(#*0-'.%+; 

3. 2  9"6"/$89  ,%(%9 (/6+  (!=!*). 

 !"#$.    !"#$%&#'  (#)"*+&,-,  .*!#  #.,$*)#/*0  1,2.*-#%.20  

&#-(%3#&*%$  !(,45  1,  2000 – 3000 
, 
6.    7.,$  .%$!%(#.8(&,$  *&.%(3#"%  

4,"%%  90 %  #.,$,3  &#',10.20  3  &%3,)4891%&&,$  2,2.,0&**.    #.,$&,:  

2!%;.(,2;,!**  *2!,"<)8=.  !"#$%&#  -,(=+*'  -#),3  3  2$%2*  2  

,;*2"*.%"0$*.    ,."*+*%  ,.  $%.,1# 7$*22*,&&,: >,.,$%.(**  !"#$%&*  

-,(%";#  *$%%.  1"*&8  5 – 10 2$  1"0  83%"*+%&*0  1"*&5  !,-",?#=?%-,  

2",0.    7.,$  2"8+#%  !,"8+#=.  "#$*&#(&,%  !"#$0. @2.(,:2.3,  -,(%";*  *  

(#2!5"*.%"<&,:  ;#$%(5  !(%1,.3(#?#%.  4",;*(,3;8  ?%"*  -,(%";*  

2,"0$*  !(*  *'  352,;,:  ;,&/%&.(#/**. A"0  ,!(%1%"%&*0  7"%$%&.,3, &% 

,4(#)8=?*'  .8-,!"#3;*'  ,;2*1,3 (Ca, Cr, Fe, Co, Ni, Mg, Sr, Mo, Cd, Cu  *  

1(.), +#?%  32%-,  *2!,"<)8=.  !"#$0  #/%.*"%&-3,)18'. A"0  .8-,!"#3;*', 

.(81&,"%.8+*'  $%.#"",3, ,4(#)8=?*'    !(*  #.,$*)#/**  .8-,!"#3;*%  

,;2*15  *  1(.  2,%1*&%&*0 (Al, Si, Ta, Ti, V, Zr, BCD  *  1(.),  *2!,"<)8=.  

!"#$0  #/%.*"%&-)#;*2< #),.#.    (01%  2"8+#%3  *2!,"<)8%.20  

&*);,.%$!%(#.8(&,%  !"#$0  !(,!#& + 48.#& – 3,)18'. E2&,3&5%  (%#;/**  3  

),&%  -,(%&*0  *  .%$!%(#.8(#  !"#$%&, *2!,"<)8%$5'  3  #.,$&,-

#42,(4/*,&&,$  $%.,1%,  !(*3%1%&5  3  .#4". 1.4. 

F#4"*/# 1.4 – G#(#;.%(*2.*;*  !"#$%& 

H,(=+*: 

-#) 
E;*2"*.%"< B%#;/**  3  ),&%  -,(%&*0 

F%$!%(#.8(#,
,
6 

63I8- 

64I10 

E2 3,)18'# 63I8  + 
3
/2E2     36E + 4I2 

64I10 + 2E2    46E + 5I2 

1700 
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I2 + 
1
/2E2     I2E  

26E + E2   26E2 + hJ – 

'%$*"=$*&%2/%&.&#0  (%#;/*0, 

,482"#3"*3#=?#0  2*&%->*,"%.,-

35:  /3%.  3.,(*+&,:  (%#;/*,&-

&,:  ),&5  !"#$%&* 

62 I2 
E2 3,)18'# 62I2 + E2     26E + I2 

I2 + 
1
/2E2     I2E 

26E + E2  =  26E2 + hJ 

2300 

62 I2 N2E 62I2 + 2N2O     2CO + H2 + 2N2 

H2 + 
1
/2O2     H2O 

2CO + O2     2CO2 

2950 

I#(018  2  7.*$*  ,2&,3&5$*  !(,/%22#$*  3  (#)"*+&5'  ),&#'  !"#$%&*  

!(,.%;#%.  $&,9%2.3,  >*)*+%2;*'  *  '*$*+%2;*'  !(,/%22,3, ,4(#)8%.20  

4,"<K,%  ;,"*+%2.3,  &,35'  2,%1*&%&*:, $,"%;8", (#1*;#",3. F#;, !,2"%  

3&%2%&*0  (#2.3,(#  !(,45  3  !"#$0  3  3*1%  #7(,),"0  2  !,$,?<=  

!&%3$#.*+%2;,-,  (#2!5"*.%"0  !(,*2',1*.  *2!#(%&*%  (#2.3,(*.%"0  2  

,4(#),3#&*%$    .3%(15'  +#2.*/  3%?%2.3#, *2!#(%&*%  .3%(15'  +#2.*/  2  

,4(#),3#&*%$  #.,$&,-,  !#(#, 1*22,/*#/*0  $,"%;8"  &#  #.,$5  *  

#22,/*#/*0  (#)"*+&5'  #.,$,3  3  $,"%;8"5, +#2.*+&#0  *,&*)#/*0  #.,$,3  

*  (%;,$4*&#/*0  *,&,3  *  ..1.    !"#$%&*  !(*28.2.38=.  (#)"*+&5%   

+#2.*/5 ($,"%;8"5, *,&5, (#1*;#"5), 3)#*$,1%:2.38=?*%  2,  23,4,1&5$*  

#.,$#$*  ,!(%1%"0%$,-, 7"%$%&.#. F#;, 3  ),&%  3&8.(%&&%-,  ;,&82#  

!(%,4"#1#=.  (#1*;#"5  *  $,"%;8"5  2  3,22.#&,3*.%"<&5$  1%:2.3*%$ – 

62
ú
, CN

ú
, 6E, CH

ú
, H2, NH

ú
.  ,  3.,(*+&,:  (%#;/*,&&,:  ),&%,  ,4,-#?%&&,:  

;*2",(,1,$, !(%,4"#1#=.  (#1*;#"5  2  ,;*2"*.%"<&5$  1%:2.3*%$ – 6E
ú
, E

ú
, 

EI
ú
, NO

ú
, I6E

ú
. A"0  1,2.*9%&*0  7>>%;.*3&,:  #.,$*)#/**  2,,.&,K%&*%  

-,(=+%-,  -#)#  *  ,;*2"*.%"0  $,9&,  $%&0.<. F#;, 3 3,22.#&,3*.%"<&,$ 

(23%.0?%$20)  !"#$%&*  ,!(%1%"0=.  Sn, Mo. E!.*$#"<&5$  354*(#=.  

.#;9%  352,.8  #&#"*.*+%2;,:  ),&5  &#1  8(,3&%$  -,(%";*. L.,$*)#/*0  3  

!"#$%&*  !(,.%;#%.  "*4,  .%($*+%2;*  32"%12.3*%  3,)1%:2.3*0  352,;,:  

.%$!%(#.8(5, "*4,  !,  (#1*;#"<&,$8  $%'#&*)$8  32"%12.3*%  

3)#*$,1%:2.3*0  2,  23,4,1&5$*  (#1*;#"#$*. M2"*  ,!(%1%"0%$5:  7"%$%&.  

,4(#)8%.  .%($,2.,:;*%  ,;2*15, -*1(,;2*15  *"*  ;#(4*15, 2.%!%&<  

#.,$*)#/**  (%);,  8$%&<K#%.20  *, 2,,.3%.2.3%&&,, 8$%&<K#%.20  #.,$&,-

#42,(4/*,&&5:  2*-&#". N,7.,$8  7"%$%&.5, ,4(#)8=?*%  .%($,2.,:;*%  

,;2*15  *  -*1(,;2*15 (&#!(*$%(, Al, Mo  *  !(.), 2"%18%.  ,!(%1%"0.<   3  

3,22.#&,3*.%"<&,:  ),&%  3&8.(%&&%-,   ;,&82#. D"%$%&.5, 1#=?*%  3  

!"#$%&*  ;#(4*15 (Si, V, W  *  !(.), !,+.*  32%-1#  ,4(#)8=.  *  

.%($,2.,:;*%  ,;2*15. 6,%1*&%&*0  7.*'  7"%$%&.,3  "8+K%  32%-,  

#.,$*)*(8=.20  3  3%('&%:  !,",3*&%  3&8.(%&&%-,  ;,&82#, 2,1%(9#?%:  

+#2.*/5  2  3,22.#&,3*.%"<&5$  1%:2.3*%$. F#;*%  7"%$%&.5, ;#;   Cu, Ag, 

Zn, Mn, ?%",+&5%  $%.#""5,  &%  ,4(#)8=.  .%($,2.,:;*'  2,%1*&%&*:  3  
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!"#$%&*.    !(*&/*!%,  *'  $,9&,  45",  45  ,!(%1%"0.<  3  "=4,:  ),&%, &,  

!(%1!,+.*.%"<&,:  03"0%.20  3.,(*+&#0  (%#;/*,&&#0  ),&#, *$%=?#0  

&#*"8+K8=  2.#4*"<&,2.<  *, 2"%1,3#.%"<&,, 3&,20?#0  &#*$%&<K*%  K8$5  

3  #.,$&,-#42,(4/*,&&5%  *)$%(%&*0.  

O#;  *  3 7$*22*,&&,: !"#$%&&,:  >,.,$%.(**, !(,4#  (#2!5"0%.20  2  

!,$,?<=  !&%3$#.*+%2;,-,  (#2!5"*.%"0  3  ;#$%(8, 2$%K*3#%.20  2  

-,(=+*$  -#),$  *  ,;*2"*.%"%$, *  7.,  -,$,-%&&#0  2$%2<  !,1#%.20  3  

-,(%";8.  6;,(,2.<  )#2#253#&*0  (#2.3,(#  !(,45  ,45+&,  2,2.#3"0%.  3-5 

$"/$*&. N,1#+#  !(,45  !(,2.#  *  3,2!(,*)3,1*$# – !,-(%K&,2.<  

2,2.#3"0%.  ,;,",  0,2 %. E2&,3&,:  &%1,2.#.,;  .#;*'  (#2!5"*.%"<&5'  

2*2.%$ – &*);#0  7>>%;.*3&,2.<: .,"<;, 3-10 %  !(,45  1,2.*-#=.  !"#$%&*, 

#  4,"%%  90 %  &%  *2!,"<)8%.20  *  8',1*.  3  1(%&#9. F#;*$  ,4(#),$, 

+832.3*.%"<&,2.<  !"#$%&&,-,  #.,$&,-#42,(4/*,&&,-,  #&#"*)#  ,-(#&*+%&#  

2"%18=?*$*  >#;.,(#$*: 

- &*);,:  7>>%;.*3&,2.<=  (#2!5"%&*0; 

- ;(#.;*$  3(%$%&%$  !(%453#&*0  #.,$,3  3  (%#;/*,&&,:  ),&% (!,(01;#  

$*""*2%;8&1); 

- !,4,+&5$  (%#;/*0$*, !(,*2',10?*$*  3  !"#$%&*; 

- (#)4#3"%&*%$  #.,$&5'  !#(,3  (#2K*(0=?*$*20  -#)#$*  !"#$%&*, ;,.,(5%  

$,-8.  .#;9%  1#3#.<  2,42.3%&&5%  !,",25  !,-",?%&*0  7$*22** (>,&,35%  

K8$5). 

P832.3*.%"<&,2.<  ,!(%1%"%&*0  &%;,.,(5'  7"%$%&.,3  3  !"#$%&*  

$,9&,  !,352*.<, 33,10  !(,48  3  !"#$0    3  -#),,4(#)&,:  >,($%. N(*  

.#;,$  2!,2,4%  33%1%&*0  !(,45  3  !"#$0  !,.%(*  3  (#2!5"*.%"<&,:  

;#$%(%  *2;"=+#=.20, 7.,  !,)3,"0%.  !,352*.<  #.,$&,-#42,(4/*,&&5:  

2*-&#"  &%  $%&%%, +%$  3  10  (#). N(,/%22  #.,$*)#/**  !(,.%;#%.  !,"&%%, 

..;.  ,.28.2.38=.  2(#3&*.%"<&,  $%1"%&&5%  2.#1**  1%2,"<3#.#/**  *  

*2!#(%&*0. F.;.  2#$#  *22"%18%$#0  !(,4#  (%1;,  453#%.  -#),$, 

,!(%1%"0%$5:  7"%$%&.  ,45+&,  !%(%3,10.  3  -#)  '*$*+%2;*$  2!,2,4,$. 

N(*$%(,$  03"0=.20  -*1(*1&5%  2*2.%$5, -1%  ,!(%1%"0%$5:  7"%$%&.  

!%(%3,1*.20  3  -#),,4(#)&5:  -*1(*1  1%:2.3*%$  2*"<&5'  3,22.#&,3*.%"%:  

3  ;*2",:  2(%1% (+#?%  32%-,  1"0  7.*'  /%"%:  *2!,"<)8=.  .%.(#-*1(,4,(#.  

&#.(*0  NaBH4). H#),,4(#)&5%  -*1(*15  35183#=.20  *&%(.&5$  -#),$   *)  

(%#;.,(#, 2$%K*3#=.20  3  ;#$%(%  2  -,(=+*$  -#),$ (+#?%  32%-,  2  

3,1,(,1,$), *  !,"8+%&&#0  -,$,-%&&#0  2$%2<  !,1#%.20  3  !"#$0 ((*2 1.3).  

Q&,-1#  3$%2.,  1*>>8)&,-,  3,)18K&,-#(-,&,3,1,(,1&,-,  !"#$%&*    2  

-*1(*1&,:  2*2.%$,:  *2!,"<)8=. !"#$0  )#;*2< #),.#-#/%.*"%&. D.,  !"#$0  

!(,)(#+&,  3  ,4"#2.*  ,.  190 &$, +.,  ,2,4%&&,  3#9&,, ..;.  (%),&#&2&5%  

"*&**  ,2&,3&5'  7"%$%&.,3, ,!(%1%"0%$5'  2  !,$,?<=  -*1(*1&5'  

2*2.%$, "%9#.  3  ;,(,.;,3,"&,3,:  ,4"#2.*  2!%;.(#. D.,  7"%$%&.5  

,4(#)8=?*%  "%-;,"%.8+*%  -*1(*15, .#;*%, ;#;  $5K<0; (193,7 &$), 2%"%& 

(196,0 &$), 28(<$# (217,6 &$), 3*2$8. (223,1 &$), .%""8( (214,3 &$), ,",3, 

(224,6 &$). 
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B*28&,; 1.3- 6'%$#  -*1(*1&,:  2*2.%$5 

N(%1",9%&5  *  1(8-*%  82.(,:2.3#  1"0  !%(%3%1%&*0  !(,45  3  

-#),,4(#)&,%  2,2.,0&*%. F#;, +832.3*.%"<&,2.<  ,!(%1%"%&*0  Si  

83%"*+*3#%.20  &#  !,(01,;, %2"*  ,&  33,1*.20  3  !"#$0  3  3*1%  >.,(*1#     

SiF4. R,(  .#;9%  ,!(%1%"0%.20  2  -,(#)1,  4,"<K%:  +832.3*.%"<&,2.<=, %2"*  

,&  3&,2*.20  3  !"#$0  3  3*1%  >.,(*1#  BF3  *"*  3  3*1%  .(*$%.*",3,-, 

7>*(#  4,(&,:  ;*2",.5. 

N(*  33%1%&**  3  !"#$0  -#),,4(#)&,:  !(,45  &#  35',1%  #.,$&,-

#42,(4/*,&&,-,  2!%;.(,$%.(#  3,)&*;#%.  !*;, ;,.,(5:  (#2.%.  2  

82;,(%&*%$  (%#;/**  ,4(#),3#&*0  -*1(*1#, !,2"%  +%-,  3&,3<  !#1#%.  !,  

$%(%  81#"%&*0  *)  2*2.%$5  ,!(%1%"0%$,-,  7"%$%&.#  *  )#3%(K%&*0  

(%#;/**. N",?#1<  !,1  ;(*3,:  2*-&#"#  !(,!,(/*,&#"<&#  2,1%(9#&*=  

,!(%1%"0%$,-,  7"%$%&.#. H*1(*1&5%  #.,$&,-#42,(4/*,&&5%  2*2.%$5  

*2!,"<)8=.20  !(*  ,!(%1%"%&**  Se  3  2.,+&5'  3,1#' ($%918&#(,1&5:  

2.#&1#(.  Q6E  9965), As  3  !*.<%3,:, !,3%('&,2.&5'  *  -(8&.,35'  3,1#' 

(Q6E  11969)  *  ..1. 

D"%;.(,.%($*+%2;#0  #.,$*)#/*0, *2!,"<)8=?#0  #.,$*)#.,(  3  3*1%  

-(#>*.,3,:  .(84+#.,:  !%+*, )&#+*.%"<&,  8$%&<K#%.  >*)*+%2;*%  *  

'*$*+%2;*%  ,-(#&*+%&*0, 230)#&&5%  2  !(,/%22,$  !"#$%&&,:  #.,$*)#/**. 

   ,."*+*%  ,.  #.,$*)#/**  3  !"#$%&*  3%2<  1,)*(8%$5:  3  -(#>*.,35:  

#.,$*)#.,(  ,4S%$  (#2.3,(#  ,4(#)/#  8+#2.38%.  3  >,($*(,3#&**  

#&#"*.*+%2;,-,  2*-&#"#, *, 2"%1,3#.%"<&,, !,.%(*  >#;.*+%2;*  

*2;"=+#=.20.    -(#>*.,3,:  .(84+#.,:  !%+*  *2!#(%&*%  !(,45  

!(,*2',1*.  3  ;3#)*)#$;&8.,$   ,4S%$%  !(*  %%  &#-(%3#&**  7"%;.(*+%2;*$  

.,;,$. L.,$&5:  !#(  ,!(%1%"0%$,-,  7"%$%&.#  81%(9*3#%.20  3  !,",2.*  

-(#>*.,3,:  !%+*  3  .%+%&*%  1,2.#.,+&,  1"*.%"<&,-,  *&.%(3#"#  3(%$%&* 

(1,  5 2)  3  ,."*+*%  ,.  ;,(,.;,-,  3(%$%&*  *'  !(%453#&*0  3  
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#&#"*.*+%2;,:  ),&%  !"#$%&* (10
-4

 2). D.,  35(#9#%.20  3  )&#+*.%"<&,$  

83%"*+%&**  +832.3*.%"<&,2.*  ,!(%1%"%&*0 (.#4".1.2). 

A(8-*$  3#9&5$  !(%*$8?%2.3,$  7"%;.(,.%($*+%2;,:  #.,$&,- 

#42,(4/*,&&,: 2!%;.(,2;,!** 03"0%.20  $#"5:  (#2',1  ,4(#)/#  1"0  

#&#"*)#  (5-100 $;"). N"#$%&&5%  $%.,15  ,45+&,  .(%48=.  2-5 $". 

B#)8$%%.20, #.,$&,-#42,(4/*,&&5:  #&#"*)  2  7"%;.(,.%($*+%2;,:  

#.,$*)#/*%:  *$%%.  *  &%;,.,(5%  &%1,2.#.;*: 

1) D"%;.(,.%($*+%2;#0  #.,$*)#/*0  03"0%.20  #&#"*.*+%2;,:  

.%'&*;,:  ,1&,-,  *)$%(%&*0->*;2*(,3#&&5:  ,4S%$  ,4(#)/#  #&#"*)*(8%.20  

,1&,;(#.&,  3  ,."*+*%  ,.  !"#$%&&,:  #.,$*)#/**, -1%  ,4(#)%/  

(#2!5"0%.20  !(,1,"9*.%"<&,%  3(%$0, 3  .%+%&*%  ;,.,(,-,  $,9%.  45.<  

35!,"&%&,  &%2;,"<;,  *)$%(%&*:. D.,  !(*3,1*.  ;  8'81K%&*=  

3,2!(,*)3,1*$,2.*. 

2) R,"<K#0  !",.&,2.<  #.,$&5'  !#(,3  3%1%.  ;  83%"*+%&*=  

&%2%"%;.*3&,-,  (&%#.,$&,-,)  !,-",?%&*0. N,$%'*  3  7.,$  2"8+#%, ;#;  

!(#3*",, )&#+*.%"<&%%, +%$  3  !"#$%&*. N,7.,$8  !(*  #&#"*)%  3  

-(#>*.,3,:  !%+*, 3  ,."*+*%  ,.  4,"<K*&2.3#  !"#$%&&5'  #&#"*),3, 

,40)#.%"<&,  .(%48%.20  ;,((%;/*0  >,&#. 

3)  (%$0  #&#"*)#  3  &%2;,"<;,  (#)  4,"<K%, +%$  3  

!"#$%&&,$  #.,$&,-#42,(4/*,&&,$ $%.,1%. 

4) N(,1,"9*.%"<&,2.<  ,1&,-,  ,!(%1%"%&*0  3  10-20 (#)  

4,"<K% (1-4 $*&), +%$  8  !"#$%&&5'  $%.,1,3. D"%;.(,.%($*+%2;*%  $%.,15  

*$%=.  35K%  2.,*$,2.<  ,1&,-,  7"%$%&.-,!(%1%"%&*0  *  .(%48=.  4,"%%  

352,;,:  ;3#"*>*;#/**  ,!%(#.,(#. 

D"%;.(,.%($*+%2;*%  #.,$*)#.,(5, *2!,"<)8%$5%  3  ;,$$%(+%2;*'  

!(*4,(#'  , $,9&,  (#)1%"*.<  &#  2  .*!# – $%.#""*+%2;*% * -(#>*.,35%. 

O  $%.#""*+%2;*$  #.,$*)#.,(#$  ,.&,20.20  3,"<>(#$,35%  2!*(#"<&5%  

#.,$*)#.,(5  *  -(#>*.,35%  !%+*, >8.%(,3#&&5%  >,"<-,:  (#)"*+&5'  

$%.#"",3 (.#&.#", "#&.#&, /*(;,&*:  *  1(.).    4,"<K*&2.3%  ,.%+%2.3%&&5'  

*  )#(84%9&5'  ;,$$%(+%2;*'  !(*4,(#'   (%#"*),3#&5  -(#>*.,35%  

#.,$*)#.,(5 – !%+*. O,&2.(8;/**  352,;,.%$!%(#.8(&5'  !%+%:  

)&#+*.%"<&,  (#)"*+#=.20, ,1&#;,  32%  ,&*  -%&%(*(8=.  23,4,1&5%  #.,$5  

#&#"*.#    .#;*$  ,4(#),$, +.,45  $,-"#  45.<  *)$%(%&#  #42,(4/*,&&,2.<. 

E45+&,  7.,  1,2.*-#%.20  .(%$0  K#-#$*: 

1. 68K;# – 2.#1*0, &#  ;,.,(,:  81#"0%.20  (#2.3,(*.%"<  *)  ,4(#)/#. 

2. N*(,"*) – 2.#1*0, &#  ;,.,(,:  81#"0=.20  ,2&,3&5%  ;,$!,&%&.5  

$#.(*/5, #  #&#"*.  !%(%3,1*.20  3  !(%1#.,$*)#/*,&&,%  2,%1*&%&*%. 

3. L.,$*)#/*0 – 2.#1*0, &#  ;,.,(,:  ,4(#)8=.20  23,4,1&5%  #.,$5    

,!(%1%"0%$,-,  7"%$%&.#. 

6*-&#"  !,-",?%&*0, !,"8+#%$5:  &#  2.#1**  #.,$*)#/**, *$%%.  >,($8  

(%);,-,  !*;#, 352,.#  (*"*  !",?#1<)  ;,.,(,-,  230)#&5  2  ;,"*+%2.3,$  

!(*28.2.38=?%-,  ,!(%1%"0%$,-,  7"%$%&.#. N(*  #&#"*)%  

$&,-,;,$!,&%&.&5'   2",9&5'  !(,4  ;,"*+%2.3,  2.#1*:  )&#+*.%"<&,  
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83%"*+*3#%.20. N(*&/*!  354,(#  .%$!%(#.8(&,-3(%$%&&,:  !(,-(#$$5    

&#-(%3#  -(#>*.,3,:  !%+*  *""=2.(*(8%.  (*2. 1.4. 

N(,4#  3  3*1%  (#2.3,(#  *"*  3)3%2*, 282!%&)** (.#;  &#)53#%$#0  slurry 

- .%'&*;#) 2  !,$,?<=  #3.,2#$!"%(# (#3.,$#.#  !(,4,!,1#+*)  *"*  1,)#.,(#  

!,$%?#%.20  &#   2.%&;8  .(84;*  *"*  &#  !"#.>,($8, (#2!,",9%&&8=  

3&8.(*  -(#>*.,3,:  .(84;*  2  !*(,"*.*+%2;*$  !,;(5.*%$  1"*&,:  16-28 

$$  2  3&%K&*$  1*#$%.(,$  6-7,6 $$ ((*2.1.5). N"#.>,($#,  !(%12.#3"0=?#0  

2,4,:  -(#>*.,3,%  ;,(5./%, 45"#  !(%1",9%&# R. . T<3,35$. H(#>*.,3#0  

.(84;#  &#-(%3#%.20  !(*  !(,',91%&**  +%(%)  &%%  2*"<&,-,  .,;#  (1,  400 

L)  !(*  &*);,$  &#!(09%&**. Q&%(.&5:  -#) (,45+&,  #(-,&  *"*  #),.) 

!(,.%;#%.  +%(%)  -(#>*.,35%  3.8";*, 81%(9*3#=?*%  !%+;8, *  )#?*?#%.  

3&8.(%&&==  *  3&%K&==  !,3%('&,2.<  .(84;*  ,.  452.(,-,  ,;*2"%&*0. 

 
B*28&,; 1.4 – I#-(%3  -(#>*.,3,:  !%+*  3  7"%;.(,.%($*+%2;,:  #.,$&,- 

#42,(4/*,&&,: 2!%;.(,2;,!** 

1 – 3;"=+%&*%  !,.,;#  #(-,&#; 2 – 2.#1*0  28K;*; 3 – 2.#1*0  ,),"%&*0; 4 

– ,.;"=+%&*%  #(-,&#; 5 – 3;"=+%&*%  #(-,&#; 6 – 2.#1*0  #.,$*)#/**; 7 

– 2.#1*0  ,'"#91%&*0 (;,&1*/*,&*(,3#&*0  !%+*). 

 
B*28&,; 1.5 – H(#>*.,3#0  !%+<  2  !"#.>,($,: 

1 – !"#.>,($#; 2 – &#;,&%+&*;  1,)#.,(#. 
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6;,(,2.<  *&%(.&,-,  -#)#  3,  3&8.(%&&%:  !,",2.*  !%+;*  

!(,-(#$$*(8%.20. N*(,"*.*+%2;,%  !,;(5.*%, .,"?*&#  ;,.,(,-,  ,;,",  30  

$;$, 8$%&<K#%.  !,.%(*  #&#"*.#  32"%12.3*%  1*>>8)**  3  !,(5  -(#>*.#, 

!(%1,.3(#?#%.  ,;*2"%&*%  *  (#)(8K%&*%  -(#>*.# 32"%12.3*%  '*$*+%2;,:  

*&%(.&,2.*,  2&*9#%.  3%(,0.&,2.<  ,4(#),3#&*0  ;#(4*1,3, 83%"*+*3#%.  

2(,;  2"8945  !%+*  *  #&#"*.*+%2;8=  +832.3*.%"<&,2.<  ,!(%1%"%&*0. 

A%:2.3*%  !"#.>,($5  )#;"=+#%.20  3  .,$, +.,45  )#1%(9#.<  *2!#(%&*%  

,4(#)/#  1,  .%'  !,(, !,;#  -(#>*.,3#0  .(84;#  &%  &#-(%%.20  1,  !,2.,0&&,:  

.%$!%(#.8(5, ..%.  1,  *),.%($*+%2;*'  82",3*:. 

N,1,4&5%  7"%;.(,.%($*+%2;*%   82.(,:2.3#  HGA (heated  graphite  

atomizer)  *2!,"<)8=.  &%  .,"<;,  3  #.,$&,-#42,(4/*,&&,$  $%.,1%. F#;, 

;,&.(,"*(8%$5:  ;,$!<=.%(,$  7"%;.(,.%($*+%2;*:  #.,$*)#.,(  HGA-

600MS !,"&,2.<=  *&.%-(*(8%.20  2  $#22-2!%;.(,$%.(,$  *  !,)3,"0%.  

$%&%%  +%$  )#  1 $*&.  35!,"&*.<  ,!(%1%"%&*%  ,;,",  70  7"%$%&.,3   !(,45  

,4S%$,$  5 $;".    -(#>*.,3,:  !%+*  #&#"*)*(8%$#0  !(,4#  3525'#%., 

!,13%(-#%.20 !*(,"*)8  *  *2!#(0%.20. N#(5  .(#&2!,(.*(8=.20    *&%(.&5$  

-#),$  3  $#22-2!%;.(,$%.(  2  *&18;.*3&,-230)#&&,:  !"#)$,:, 1"0  +%-,  

1,)*(,3,+&,%  ,.3%(2.*%  3  -(#>*.,3,:  !%+*  !%(%;(53#%.20. 6.#1*0  

!*(,"*)# !,)3,"0%.  +#2.*+&,  ,.,-&#.<  $#.(*/8  *  $*&*$*)*(,3#.<  %%  

3"*0&*%  &#  82",3*0  ,4(#),3#&*0  !"#)$5. 

6,3(%$%&&5%  #.,$&,-#42,(4/*,&&5%  2!%;.(,$%.(5  ,2&#?#=.20  

-(#>*.,35$*    !%+#$*  &%  2  !(,1,"<&5$ ((*2. 1.6, #), #  !,!%(%+&5$ 

((*2.1.6, 4) (#2!,",9%&*%$  -(#>*.,35'  .(84,;  ,.&,2*.%"<&,  3.8",;-

1%(9#.%"%:.  

H(#>*.,3#0  .(84;#  1,!,"&*.%"<&,  ,2&#?#%.20  -(#>*.,3,:  

!"#.>,($,:. N,1,4&#0  ;,&2.(8;/*0  #.,$*)#.,(#  !,)3,"0%.  35!,"&*.<  

#&#"*)  3  82",3*0'  .%$!%(#.8(&,-2.#4*"*)*(,3#&&,:  !%+*  2  !"#.>,($,:  

T<3,3# (stable tempreture platform furnace - STPF) – 3 ,!.*$#"<&5'  82",3*0'  

!(*  #.,$&,-#42,(4/*,&&5'  *)$%(%&*0'  ;,&/%&.(*(,3#&&5'  2,"%35'  

(#2.3,(,3.    82",3*0'  STPF  !(#;.*+%2;*  &%  ,.$%+#%.20  $#.(*+&5'  

3"*0&*:  &#  (%)8"<.#.5  *)$%(%&*:, ,!.*$#"<&5  !(,/%225  ,4(#),3#&*0  

23,4,1&5'  #.,$,3, ,.28.2.38=.  !,.%(*  #&#"*.#  *  ;,&1%&2#/*0  !(,45  &#  

',",1&5'  ;,&/#'  -(#>*.,3,:  .(84;*. 

D.,  !,)3,"0%.  3,  $&,-*'  2"8+#0'  82.(#&*.<  '*$*+%2;*%  3"*0&*0, 

*$%=?*%  $%2.,  3  !(,1,"<&5'  #.,$*)#.,(#'. I*9%  $5  !,1(,4&,  

,2.#&,3*$20  &#  STPF-;,&/%!/**, (%#"*)#/*0  ;,.,(,:  ,40)#.%"<&,  

3;"=+#%.  *2!,"<),3#&*%  '*$*+%2;*'  $,1*>*;#.,(,3. 

 !"#$"-%&'"(&)*"$$"+  ",(+-+.+$*+  (!/!*  #+!"-"#  
«0"."-$"1"  ,%(%».    1963 -,18  #;#1%$*;,$  I.6. N,"87;.,35$  2  

2,.(81&*;#$*  !,;#)#&,, +.,  +832.3*.%"<&,2.<  !"#$%&&,-,  #.,$&,-

#42,(4/*,&&,-,  ,!(%1%"%&*0  (.8.*  $,9&,  )&#+*.%"<&,  !,352*.<  !(*  

1,4#3"%&**  ;  (#2.3,(8  '",(*1#  ,",3#  ;#;  3,22.#&,3*.%"0. 
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# 

 

4 

B*28&,; 1.6 – 6(#3&%&*%  .%$!%(#.8(&5'  !(,>*"%:  !(,1,"<&,  (#)  *  

!,!%(%+&, (4)  (#2!,",9%&&5'  -(#>*.,35'  !%+%: 

B.8.<, 3,22.#&#3"*3#02<  1, #.,$#(&,-,  2,2.,0&*0, !,"&,2.<=  !%(%',1*.  3  

-#),38=  >#)8.    (%)8"<.#.%  45"  (#)(#4,.#&  !(*&/*!*#"<&,  &,35:  

&%!"#$%&&5:  #.,$&,-#42,(4/*,&&5:  $%.,1  ,!(%1%"%&*0  (.8.*,  

,2&,3#&&5:  &#  *)$%(%&**  !,-",?%&*0  23%.#  #.,$#$*  (.8.*, 

351%"%&&5$*  *)  #&#"*)*(8%$,-,  (#2.3,(# (!,2"%  %%  3,22.#&,3"%&*0) 
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!,.,;,$  3,)18'#  *"*  *&%(.&,-,  -#)#. D.,.  $%.,1  !,"8+*"  &#)3#&*%  

$%.,1#  «',",1&,-,  !#(#».    

U&,-*%  >*($%&&5%  2!%;.(,>,.,$%.(5  2&#49%&5  2!%/*#"<&,:  

#!!#(#.8(,:, &%,4',1*$,:  1"0  (#4,.5  !,  7.,$8  $%.,18. N(%1%"  

,4&#(89%&*0  (.8.* 7.*$ $%.,1,$ 0,1 &-.  %('&00  -(#&*/#  ,!(%1%"0%$5'  

2,1%(9#&*:  1#&&5$  $%.,1,$  )#3*2*.  ,.  (#2.3,(*$,2.*  7"%$%&.&,:  

(.8.*  *  3  3,1%  2,2.#3"0%.  5,85 $;-/$". E!(%1%"%&*=  (.8.*  $%K#=.  

*,&5, !(%!0.2.38=?*%  !%(%3%1%&*=  (.8.*  3  -#),38=  >#)8 (Se, Te, S, Ag, 

Au). R%&),", .,"8,"  *  1(8-*%  #(,$#.*+%2;*%  8-"%3,1,(,15  3  

-#),,4(#)&,$  2,2.,0&**  2*"<&,  !,-",?#=.  3  ,4"#2.*  253,7 &$  *  

1,"9&5  ,.28.2.3,3#.<. 

B#2!(,2.(#&%&&,2.<  (.8.*  3  ,4S%;.#' ,;(89#=?%:  2(%15, 352,;#0  

.,;2*+&,2.<  %%  2,%1*&%&*:, 2!,2,4&,2.<  ;  &#;,!"%&*=  9*35$*  

,(-#&*)$#$*  .(%48=.  !,2.,0&&,-,  #&#"*.*+%2;,-,  ;,&.(,"0  %%  

2,1%(9#&*:  3  !(*(,1&5'  *  !(,$5K"%&&5'  ,4S%;.#'.    .#4". 1.5   

!(%12.#3"%&5  1#&&5%  !,  2,1%(9#&*=  (.8.*  3  &%;,.,(5'  ,4S%;.#'. 

F#4"*/# 1.5 – N(%1%"<&,  1,!82.*$5%  *  &,($#.*3&5%  ;,&/%&.(#/**  (.8.*  

3,  3&%K&%:  2(%1%, 3  *&1*;#.,(&5'  2(%1#'  *  ,(-#&*)$%  +%",3%;# 

V 

!/! 
 *1  2,%1*&%&*0  (.8.*  *  $%2.,  &#',91%&*0 O,&/%&.(#/*0 

1. NAO 1"0 $%.#""*+%2;,:  (.8.*  3  3,1%   0,005 $-/" 

2. NAO 1"0 1*7.*"(.8.*  3  3,1%   0,0001 $-/" 

3. NAO 1"0 &%,(-#&*+%2;,:  (.8.*  3  3,)18'%  0,05 $;-/"
 

4. T%1  H(%&"#&1**  1,  1900 -. 6 &-/;- 

5.  ,1#  &%)#-(0)&%&&5'  *2.,+&*;,3 1,  200 &-/" 

6.  ,1#  *2.,+&*;,3  ,;,",  )#"%9%:  (.8.&5'  (81 1,  80 $;-/" 

7.  ,1# 3 )#"*3% U*&#$#.# 3 !%(*,1 $#22,35'  

,.(#3"%&*:   

1,  600  &-/" 

8. 6(%1&%%  2,1%(9#&*%  (.8.*  3  #.$,2>%(%  0,020 &-/" 

9. N*?%35%  !(,18;.5,  ;(,$%  (545  1,  60 $;-/" 

10. B54#  &%)#-(0)&%&&5'  3,1,%$,3 1,  200 $;-/;-, 3 

;(8!&5'  '*?-

&*;#'  1,  5000 

$;-/;- 
11. B54#  3  )#"*3%  U*&#$#.# 11 $-/;- 

12. N,03"%&*%  !%(35'  2*$!.,$,3  ,.(#3"%&*0  

$%.*"(.8.<=  3  U*&#$#.#  *  Q(#;%  !(*  2,1%(9#&**  

(.8.*: 

          #) 3  ;(,3*; 

          4) 3  3,",2#'. 

 

 

 

20-40 $;-/100$-

50-60 $-/;- 

13. I%,4',1*$  1*2!#&2%(&5:  8+%.  !(*  2,1%(9#&**  

(.8.*  3  $,+% 

4,"%%  50 $;-/" 

   &#2.,0?%%  3(%$0  )#1#+#  452.(,-,, 2%"%;.*3&,-,  *  

352,;,+832.3*.%"<&,-,  ,!(%1%"%&*0  ,4?%-,  2,1%(9#&*0  (.8.*  3  
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(#)"*+&5'  ,4S%;.#' (%K#%.20  +#?%  32%-,  #.,$&,-#42,(4/*,&&5$  

$%.,1,$  3  3#(*#&.%  «',",1&,-,  !#(#». U%.,1  #.,$&,-#42,(4/*,&&,: 

2!%;.(,2;,!**   (%;,$%&1,3#&  ;#;  8&*>*/*(,3#&&5:  !(*  ,!(%1%"%&**  

(.8.*  3  2*2.%$%  M3(,!%:2;,-,  $,&*.,(*&-#. B#)(#4,.#&5  HE6F5  *  

8&*>*/*(,3#&&5%  $%.,1*;*  1"0  ,!(%1%"%&*0  (.8.*  3  (#)"*+&5'  

,4S%;.#' (.#4".1.6)  7.*$  $%.,1,$. 

B#)(#4,.#&,  $&,-,  3#(*#&.,3  #!!#(#.8(5  *  $%.,1*;, !,)3,"0=?*'  

,!(%1%"0.<  ,4?%%  2,1%(9#&*%  (.8.*  *"*  ,.1%"<&5'  %%  >,($, 

,."*+#=?*'20  (#)"*+&,:  +832.3*.%"<&,2.<=, .,+&,2.<=  *  1(8-*$*  

$%.(,",-*+%2;*$*  '#(#;.%(*2.*;#$*. I,  !(*&/*!*#"<&#0  2'%$#  32%'  

$%.,1*;  ,!(%1%"%&*0  (.8.*  #.,$&,-#42,(4/*,&&5$  $%.,1,$  ',",1&,-,  

!#(#  )#;"=+#%.20  3  2"%18=?%$: 

1. E.4,(  *  ;,&2%(3*(,3#&*%  !(,4  1"0  #&#"*)#. 

2. B#)",9%&*%  *22"%18%$5'  !(,4 2  /%"<=   82.(#&%&*0  $%K#=?%-,  

3"*0&*0  ,2&,35  *  2,!8.2.38=?*'  7"%$%&.,3. 

3.  ,22.#&,3"%&*%  (.8.*  1,  #.,$#(&,-,  2,2.,0&*0  *  .(#&2!,(.*(,3;#  %%  

!#(,3  3  *)$%(*.%"<&8=  ;=3%.8  #.,$&,-#42,(4/*,&&,-,  

2!%;.(,$%.(#. 

4. Q)$%(%&*%  #.,$&,-#42,(4/*,&&,-,  2*-&#"#  !#(,3  (.8.*  !(*  1"*&%  

3,"&5  253,7 &$. 

5. N,-",?%&*%  !#(,3  (.8.*  2,(4%&.,$  &#  35',1%  *)  *)$%(*.%"<&,:  

;=3%.5  2  /%"<=  !(%1,.3(#?%&*0  !,!#1#&*0  %%  3  ,;(89#=?8=  2(%18. 

F#4"*/# 1.6 - 6.#&1#(.&5%  $%.,1*;*  ,!(%1%"%&*0  (.8.*  $%.,1,$   

«',",1&,-,  !#(#» 

E4S%;.  #&#"*)# A*#!#),&  

,!(%1%"0%$5'  

2,1%(9#&*: 

I,($#.*3&5: 1,;8$%&. 

L.$,2>%(&5:  3,)18' 0,16-17 &-/" 

2-70 &-/" 

BA 52.04.186-89 

B.8.<  3  #.$,2>%(&,$  

3,)18'% 

N(,$5K"%&&5%  

354(,25  3  

#.$,2>%(&5:  3,)18' 

0,1-4 $;-/" A$*.(*%3 U.F., O#)&*&# 

I.Q., N*&*-*&# Q.L. 

6#&*.#(&,-'*$*+%2;*:  

#&#"*)  )#-(0)&0=?*'  

3%?%2.3  3  ,;(89#=?%:  

2(%1%.U.:G*$*0,1989. 

L.$,2>%(&5%  ,2#1;* 0,05-10 $;-/" BA 52.04.186-89. 

B.8.<  3  #.$,2>%(&,$  

3,)18'% 

N*.<%3#0  3,1# 0,1-10 $;-/" ISO 5666.+. 2 

N(*(,1&5%  3,15 0,1-10 $;-/" ISO 5666.+. 1 
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0,08-10 $;-/" BA 52.24.30-86. 

U%.,1*+%2;*%  8;#)#&*0  

!,  ,!(%1%"%&*=  

2,1%(9#&*0  (.8.*  3 

!(*(,1&5'  3,1#' 

 

0,1-10 $;-/" @&*>*/*(,3#&&5%  

$%.,15  $,&*.,(*&-#  

>,&,3,-,  )#-(0)&%&*0  

!(*(,1&,:  2(%15 /N,1 

(%1. B,3*&2;,-, W.X. 

T.:H*1(,$%.%,*)1#., 

1986. 

ISO 5666.+.1, +.3 N,3%('&,2.&5%  *  

2.,+&5%  3,15 

0,1-10 $;-/" 

6D . @&*>*/*(,3#&&5%  

$%.,15  *22"%1,3#&*0  

;#+%2.3#  3,1.U.;1983, 

F.2,+.1. 

N,+35  (#)&5'  .*!,3 2,5-250 $;-/;- 6#& N*&  42-128-4433-87. 

6#&*.#(&5%  &,($5  

1,!82.*$5'  ;,&/%&.(#-

/*:  '*$*+%2;*'  2,%1*-

&%&*:  3  !,+3%. U., 1988. 

N,+35  2%"<',)8-,1*: 2,5-250 $;-/;- U%.,1*+%2;*%  8;#)#&*0  

!,  ,!(%1%"%&*=  

.09%"5'  $%.#"",3  3  

!,+3#'  2%"<',)8-,1*: * 

!(,18;.#' (#2.%&*%3,1-

2.3#.U.,1992. 

HE6F 26927-86. 65(<%  *  

!(,18;.5 !*?%35%. 

U%.,15 ,!(%1%"%&*0 

(.8.*. 

N*?%35%  !(,18;.5 6min = 5 $;-/;- 

U%.,1*+%2;*%  8;#)#&*0  !,  

,4&#(89%&*= *  ,!(%1%"%&*=  

2,1%(9#&*0  ,4?%:  (.8.*  3  

!*?%35'  !(,18;.#'  $%.,1,$  

4%2!"#$%&&,:  #.,$&,:  

#42,(4/**. U.,1990. 

N,3#(%&&#0  2,"< 6min = 1 $;-/;- O,1%;2&5:  2.#&1#(.. 

Codex Standart for  

analyses food grade, 

150-1985. 

I%;,.,(5%  $%.,1*;*  3;"=+#=.  1,!,"&*.%"<&8=  2.#1*=  

;,&/%&.(*(,3#&*0  *"*  2,+%.#=.  ,.4,(  !(,4  *  ;,&/%&.(*(,3#&*%  (.8.*  
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,1&,3(%$%&&,. E.1%"<&5%  $%.,1*;*  *2;"=+#=.  2.#1*=  !%(%3,1#  (.8.*  3  

138'3#"%&.&,%  2,2.,0&*%, 3  &*'  ,28?%2.3"0%.20  !%(%3,1  (.8.*  3 

#.,$#(&,%  2,2.,0&*%  &%!,2(%12.3%&&,  *)  .3%(1,:  !(,45.  

B#22$,.(*$  ,1&8  *)  &#*4,"%%  8!,.(%4*.%"<&5'  1"0  ,!(%1%"%&*0  

(.8.*  2*2.%$ ((*2.1.7).  

 
B*28&,; 1.7 - @2.#&,3;#  1"0  ,!(%1%"%&*0  (.8.*  $%.,1,$  ',",1&,-,  !#(#  

2  )#$;&8.,:  2*2.%$,:  ;,$$8&*;#/*: 

1 – (%#;.,(; 2 – &#2,2; 3- >*"<.(; 4 – ;=3%.#; 5 – !,-",.*.%"<; 6 – ;(#&5. 

L&#"*)*(8%$8=  !(,48  !(%13#(*.%"<&,  !%(%3,10.  3  (#2.3,(, 3  

;,.,(,$  (.8.<  &#',1*.20  3  138'3#"%&.&,$  2,2.,0&**. B#2.3,(  !,$%?#=.  

3  ;,"48-(%#;.,((1), ;81#  )#.%$  !(*"*3#=.  (#2.3,(  '",(*1#  ,",3# (II), 

3,22.#&#3"*3#=?%-,  (.8.<  1,  $%.#""#: 

Hg (II) + Sn (II)  !   Hg
o
  + Sn (IV)                                                         (1.2) 

C#.%$  2  !,$,?<=  /*(;8"0/*,&&,-,  &#2,2#(2)
  
!(,;#+*3#=.  

&#',10?8=20  3  2*2.%$%  -#),38=  2$%2<, 2,1%(9#?8=  351%"*3K*%20  !#(5  

(.8.*, +%(%)  ;=3%.8  2  ;3#(/%35$*  ,;&#$*(4) , 82.#&#3"*3#%$8=  &#  

,!.*+%2;,:  ,2*  ;,&1%&2,(&,:  2*2.%$5  2!%;.(,>,.,$%.(#  3$%2.,  

!"#$%&*  *"* 7"%;.(,.%($*+%2;,-, #.,$*)#.,(#. A"0  ,+*2.;*  !,.,;#  -#)#  

,.  +#2.*/  #7(,),"%:  2"89*.  >*"<.((3). F#;  ;#;  2*2.%$#  ;,$$8&*;#/*:  

)#$;&8.#0, .,  3  &%:  2!82.0  &%2;,"<;,  1%20.;,3  2%;8&1   !,2"%  &#+#"#  

(%#;/**  82.#&#3"*3#%.20  (#3&,3%2&#0  ;,&/%&.(#/*0  !#(,3  (.8.*; !(*  

7.,$  #.,$&,%  !,-",?%&*%  %%  #&#"*.*+%2;,:  "*&** (253,7 &$)  1,2.*-#%.  

$#;2*$8$# ((*2.1.8).  

 

 

 

 

 

 

 

 

 

B*28&,; 1.8 - C#3*2*$,2.<  #42,(4/*,&&,2.* L  ,.  3(%$%&*  !(*  (#4,.%  

82.#&,3;* !, $%.,18  «',",1&,-,  !#(#»  2  )#$;&8.,:  2*2.%$,:  

;,$$8&*;#/*: 

"  
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C#3*2*$,2.<  #.,$&,-#42,(4/*,&&,-,  2*-&#"#  ,.  3(%$%&*  *$%%.  

>,($8  ;(*3,:  2  &#25?%&*%$, !(*+%$  !(%1%"  &#25?%&*0  

!(,!,(/*,&#"%&  2,1%(9#&*=  (.8.*  3  (#2.3,(%  !(,45. N,2"%  ,;,&+#&*0  

*)$%(%&*0  ,.;(53#=.  ;(#&5 (6)  *  (.8.&5%  !#(5  8"#3"*3#=.20  

!,-",.*.%"%$ (5).    ,!*2#&&5'  82",3*0'  1#9%  !(*  ;,$&#.&,:  

.%$!%(#.8(%   2,1%(9#?#020  3  (#2.3,(%  (.8.<  !%(%',1*.  3  -#),,4(#)&,%  

2,2.,0&*%, 4"#-,1#(0  +%$8  1,2.*-#=.20  1,3,"<&,  &*);*%  !(%1%"5  

,4&#(89%&*0 (!(*$%(&, 1 &-). A"0  !,"8+%&*0  -(#18*(,3,+&,:  

'#(#;.%(*2.*;*, ;#;  ,45+&,, *2!,"<)8=.  (#2.3,(5  2  *)3%2.&5$  

2,1%(9#&*%$  (.8.*. 6.#&1#(.&5%  (#2.3,(5  (.8.*  -,.,30.  *) Hg(NO3)2, 

'+; HgCl2,'+  *"*  *2!,"<)8=.  2.#&1#(.&5%  ,4(#)/5  H6EBU-1. 

N(*2.#3;8  ;  #.,$&,-#42,(4/*,&&,$8  2!%;.(,$%.(8  1"0  

,!(%1%"%&*0  (.8.*  $%.,1,$  «',",1&,-,  !#(#»  "%-;,  2,4(#.< 3  

"#4,(#.,(&5'  82",3*0'. N(%;(#2&,  )#(%;,$%&1,3#"*  2%40  82.#&,3;*, 

!(*3%1%&&5%  &#  (*2. 1.9, 1.10. E&*  !(,2.5  3  *2!,"&%&**, 81,4&5  *  

&#1%9&5  3  (#4,.%. 

 
B*28&,; 1.9 - N(*$%( 82.#&,3;* 1"0 ,!(%1%"%&*0 (.8.* 

1 – 29#.5: 3,)18' *"* *&%(.&5: -#); 2 – (,.#$%.(; 3 – 1%-#)#/*,&&#0 ;,"4#; 

4 – #7(#/*,&&#0 .(84;#; 5 – 2#$,!*2%/; 6 – 2!%;.(,$%.(; 7 – ;3#(/%3#0 

*)$%(*.%"<&#0 ;#$%(#; 8 – &#-(%3#.%"<; 9 – (.8.&#0 "#$!#; 10 – #42,(4%( 

(.8.*. 

 
B*28&,; 1.10 - 6'%$# -#),-!(,.,+&,: 2*2.%$5 1"0 ,!(%1%"%&*0 (.8.* 
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1 - $#-&*.&#0 $%K#";#; 2 – #7(#/*,&&#0 ;,"4#; 3 – -#),35: >*"<.(; 4 – 

#42,(4%( !#(,3 (.8.*; 5 – *)$%(*.%"<&#0 0+%:;#; 6 – #.,$&,-#42,(4/*,&&5: 

2!%;.(,$%.(. 

6*2.%$#  ;,$$8&*;#/*:  &%)#$;&8.#0.    !(,/%22%  ,!(%1%"%&*0  

!(,',10?*:  +%(%)  2*2.%$8  3,)18'  2  !#(#$*  (.8.*  !,2.8!#%.  3  

#&#"*.*+%2;8=  ;=3%.8. L&#"*.*+%2;*:  2*-&#"  3,)(#2.#%.  !,  $%(%  

!,2.8!"%&*0  #.,$,3  3  0+%:;8, !(,',1*.  +%(%)  $#;2*$8$  *  8$%&<K#%.20  

1,  &8"0  !,2"%  351%"%&*0  (.8.*  *)  2*2.%$5 ((*2.1.11). 

 

 

 

 

 

 

 

 

B*28&,; 1.11 – C#3*2*$,2.< #42,(4/*,&&,2.* ,. 3(%$%&* !(* (#4,.% 

82.#&,3;* !, $%.,18 ',",1&,-, !#(# 2 &%)#$;&8.,:  2*2.%$,:  

;,$$8&*;#/*: 

O*&%.*;#  351%"%&*0  (.8.*  *)  (#2.3,(#  ,!*253#%.20  2"%18=?*$*  

8(#3&%&*0$*: 

 A = Ba [1 – (1 - O)
t
1] (1.3) 

 Amax = Ba [1 – (1 - K)
V

U
] (1.4) 

 A = Ba (1 - K)
t
2 [1 – (1 - K)

V

U
] (1.5) 

6,,.&,K%&*0  (1.3)  *  (1.5)  ,!*253#=.  '#(#;.%(  *)$%&%&*0  

#42,(4/*,&&,2.* L  3,  3(%$0  !(,',91%&*0  !#(,3  (.8.*  3  ;=3%.%: 

35(#9%&*% (1.3) -  3,2',10?8=  3%.3<, 35(#9%&*% (1.5) – &*2',10?8=. 

@(#3&%&*% (1.4)  !,)3,"0%.  !,"8+*.<  )&#+%&*%  #42,(4/*,&&,2.*   3  

$#;2*$8$%  ;(*3,:  !,-",?%&*0: 

O – 1,"0  351%"0=?%-,20  ;,"*+%2.3#  (.8.*  )#  (#3&5%  !(,$%98.;*  

3(%$%&*; # – ;,"*+%2.3,  (.8.*, &#',10?%%20  3  (#2.3,(%;   – ;,7>>*/*%&.  

!(,!,(/*,&#"<&,2.*; t1 – 3(%$0  2  &#+#"#  )#!,"&%&*0  ;=3%.5, 2; U – ,4S%$  

;=3%.5, $"; V – 2;,(,2.<  !,.,;#  3,)18'#, $"/2; t2 – 3(%$0  2*-&#"#  !,2"%  

$#;2*$8$#  &#  ;(*3,:  !,-",?%&*0. 

Q)  !(*3%1%&&5'  8(#3&%&*:  (1.3) - (1.5) 3*1&,, +.,  #42,(4/*,&&,2.<  

-#),3,:  >#)5  3  "=4,:  .,+;%  ;(*3,:   !,-",?%&*0  ,!(%1%"0%.20  

2,1%(9#&*%$  (.8.*  3  (#2.3,(%, 2;,(,2.<=  !,.,;#  3,)18'#  *  !#(#$%.(#$*  

;=3%.5. 

A"0  1,2.*9%&*0  4,"<K%:  +832.3*.%"<&,2.*  ,!(%1%"%&*0  (.8.*  

2"%18%.  3,)18'  !(,183#.<  2  $%&<K%:  2;,(,2.<=. D.*  353,15  

!,1.3%(91%&5  7;2!%(*$%&.#"<&,  *  !(*3%1%&5  &#  (*2.1.12. 

 

 

"

L 
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 B*28&,; 1.12 - C#3*2*$,2.<  #42,(4/*,&&,2.* ,.  3(%$%&*  !(*  

(#)"*+&,:  2;,(,2.*  3,)18K&,-,  !,.,;#. V1 #  V2 #  V3 #  V4. 

L&#"*.*+%2;*:  2*-&#"  )#3*2*.  *  ,.  1"*&5  ;=3%.5. N(*  

83%"*+%&**  1"*&5  ,.  20  1,  40 2$  2*-&#"  (.8.*  3,)(#2.#%.  313,%, #  !(*  

*)$%&%&**  1"*&5  ,.  80  1,  120 2$ – 32%-,  3  1,3 (#)#. 

   ;#+%2.3%  3,22.#&,3*.%"%:  !(*  ,!(%1%"%&**  (.8.*  $%.,1,$  

«',",1&,-,  !#(#»  *2!,"<)8=.  '",(*1  ,",3# (II), 4,(,-*1(*1  &#.(*0, 

#2;,(4*&,38=  *  1*,;2*$#"%*&,38=  ;*2",.5, '",(*1  -%($#&*0 (II)  *  

1(8-*%.  54,(  .,-,  *"*  *&,-,  3,22.#&,3*.%"0  )#3*2*.  ,.  &%,4',1*$,2.*  

,!(%1%"%&*0  ,4?%-,  2,1%(9#&*0  (.8.*  *"*  ,.1%"<&5'  %%  >,($, ,.  

2,2.#3#  !(,4  *  2!,2,4#  *'  !,1-,.,3;*. B#22$,.(*$  $%'#&*)$   

3,22.#&,3"%&*0  (.8.*  &%;,.,(5$*  (%#-%&.#$*.  

2."(*-  "."3% (II)  3  4%5+'!3+  3"''!%$"3*!+.6  (!/!* (II). 
I#*4,"%% 8!,.(%4*.%"<&5$ 3,22.#&,3*.%"%$ 2+*.#%.20 '",(*1  

138'3#"%&.&,-,  ,",3#.  ,22.#&,3"%&*%  (.8.*  !(,*2',1*.  !,  8(#3&%&*=: 

Hg Cl2   + [Sn Cl4 ]
2-

     Hg
0
 + [SnCl6]

2-
                          (1.6) 

B%#;/*0 !(,.%;#%.  +%(%) 2.#1*=  ,4(#),3#&*0  ;#",$%"*  Hg2 Cl2: 

2 Hg Cl2   + [Sn Cl 4]
2-

     Hg2 Cl2$ + [Sn Cl6]
2-

              (1.7) 

Hg2 Cl2   + [Sn Cl4]
2-

     2 Hg
0
 + [Sn Cl6]

2-
                       (1.8) 

G",(*1  ,",3# (%%) 03"0%.20  81,4&5$  3,22.#&,3*.%"%$, ,1&#;,  

3,22.#&,3"%&*%  (.8.*  '",(*1,$  ,",3#  )#3*2*.  ,.  (I, 2!,2,4#  

!,1-,.,3;*  !(,4, 2,2.,0&*0  (.8.*  3  #&#"*)*(8%$,$  (#2.3,(%. 

E4S%;.*3&,:  '#(#;.%(*2.*;,:  "=4,-,  3,22.#&,3*.%"0  *"*  

,;*2"*.%"0  03"0%.20  2.#&1#(.&5:  (%1,;2-!,.%&/*#", ;,.,(5:  3  1#&&,:  

2*2.%$%  (#3%&: 

M
0

Sn(IV)/Sn(II) = +0,15  & 0,21 B,                                       (1.9) 
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M
0

Hg
2+

/Hg = +0,85 B                                                       (1.10) 

N,"&,.#  ,;*2"*.%"<&,-3,22.#&,3*.%"<&,:  (%#;/**  1,2.*-#%.20  !(*  

(#)&,2.*  !,.%&/*#",3  (%#-*(8=?*'  (%1,;2-!#(  &%  $%&%%  0,2  . 

6(#3&%&*%  !,.%&/*#",3  !#(  Sn(IV)/Sn(II)  *  Hg
2+

/Hg  !,;#)53#%., +.,  

*,&&5%  >,($5  (.8.*  Hg
2+

  "%-;,  3,22.#&#3"*3#=.20  '",(*1,$  ,",3#. 

N(*$%&%&*%  SnCl2  !(#;.*+%2;*  3  ,1&*'  *  .%'  9%  82",3*0'  

!,)3,"0%.  2+*.#.<  M
0
Sn(IV)/Sn(II)   &%*)$%&&5$. 

E;*2"*.%"<&,-3,22.#&,3*.%"<&5:  !,.%&/*#"  (%1,;2-!#(  (.8.*, 

3,22.#&#3"*3#%$5'  '",(*1,$  ,",3# (YY), 1,"9%&  45.<  &%  $%&%%  0,41  : 

M
0

HgLn/Hg  '  M
0

Sn(IV)/Sn(II) + 0,20 = 0,21 + 0,20 = 0,41  ,       (1.11) 

-1% Ln – "*-#&1. 
F,-1#  ;,&2.#&.5  82.,:+*3,2.*  2,%1*&%&*:  (.8.*, ;,.,(5%  4818.  

3,22.#&#3"*3#.<20  '",(*1,$  ,",3# (YY) , 1,"9&5  45.<  &%  4,"%%  10
15

: 

M
0

HgLn/Hg
2+

 = M
0

Hg
2+

/Hg - 
2

059,0
   lg (n                                 (1.12) 

lg (n  )  
059,0

)(2 //2

o

HgHgLn

o

HgHg
EE *+

 = 
059,0

)41,085,0(2 *
= 15           (1.13) 

F#;*$  ,4(#),$, 2,%1*&%&*0  (.8.*  (YY), *$%=?*%  82.,:+*3,2.<  lg (n 

) 15  4818.  3,22.#&#3"*3#.<20  '",(*1,$  ,",3# (YY)  !,"&,2.<=, #  

2,%1*&%&*0  (.8.* (YY), *$%=?*%  4,"<K*%  ;,&2.#&.5  82.,:+*3,2.*  4818.  

3,22.#&#3"*3#.<20  "*K<  +#2.*+&,  *"*  3,32%  &%  4818.  3,22.#&#3"*3#.<20. 

   3,1&5'  (#2.3,(#'  (.8.*  3  K*(,;,$  *&.%(3#"%  (I  3,)$,9%&  %%  

-*1(,"*)  2  ,4(#),3#&*%$  -*1(,;2,;,$!"%;2,3  HgOH
+
, Hg(OH)2,Hg(OH)

-
3, 

;,.,(5%  &%  3,22.#&#3"*3#=.20  !,"&,2.<=  '",(*1,$  ,",3# (YY). 

B#22+*.#%$  E
o
Hg(EI)2/Hg . @2.,:+*3,2.<  ;,$!"%;2#  Hg(EI)2  '#(#;.%(*)8%.20  

,4?%:  ;,&2.#&.,:  82.,:+*3,2.*  lg (2 = 20,5. 

o

HgOHHgE /)( 2
= o

HgHg
E

/2+  - 
2

059,0
 lg (2 = 0,26                        (1.14) 

N,.%&/*#"5  !#( Sn(IV)/Sn(II)  *  Hg(EI)2/Hg  ,."*+#=.20  $%&%%, +%$  

&#  0,2  , !,7.,$8  3,22.#&,3*.%"<&,:  2!,2,4&,2.*  SnCl2 &%1,2.#.,+&,  1"0  

3,22.#&,3"%&*0  (.8.*  *)  %%  -*1(,;2,;,$!"%;2,3. 

E4(#4,.;#  -*1(,;2,;,$!"%;2,3  (.8.*  2,"0&,;*2"5$  (#2.3,(,$  

4(,$*1-4(,$#.&,:  2$%2* (KBr + KBrO3 + HCl)  !(*3,1*.  ;  !(%3(#?%&*=  

*'  3  (#)"*+&5%  '",(*1&5%  *  4(,$*1&5%  ;,$!"%;25 (lg(HgCl
+ 

= 6,74, 

lg( ClHg *
3  = 14,17, lg(HgBr+ = 9,05). N(*  7.,$  !,.%&/*#"  (%1,;2-!#(5  (.8.*  

!,&*9#%.20 &%  2.,"<  28?%2.3%&&,, ;#;  1"0  -*1(,;2,;,$!"%;2,3: 

M
,

Hg6l+/Hg = 0,66  ; M
,

Hg6l3-/Hg = 0,44  ; M
,

HgBr
+

/Hg = 0,59   
N,7.,$8  '",(*1  ,",3#  3  ;*2",:  2(%1%  !,"&,2.<=  3,22.#&#3"*3#%.  

(.8.<  *)  ,4(#)8=?*'20  2,%1*&%&*:. 

   !(%2&5'  3,1#'  (.8.<  &#',1*.20  3  3*1%  -*1(,;2,'",(*1&5'  

;,$!"%;2,3, #  .#;9%  ;,$!"%;2,3  2  352,;,$,"%;8"0(&5$*  

!,"*>8&;/*,&#"<&5$*   >8"<3,-  *  -8$*&,35$*  ;*2",.#$*, !(*+%$  !(*  
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(I  7-8  1,$*&*(8=.  !,2"%1&*%.    !(*28.2.3**  >8"<3, – (WO)  *  

-8$*&,35' (HO)  ;*2",.  (.8.<  3,22.#&#3"*3#%.20  '",(*1,$  ,",3#  &%  

!,"&,2.<=. 6.%!%&<  3,22.#&,3"%&*0  .%$  $%&<K%, +%$  35K%  ;,&/%&.(#/*0  

-8$82,35'  3%?%2.3  3  (#2.3,(%. I#  2.%!%&<  3,22.#&,3"%&*0  (.8.*  HO  

3"*0=.  4,"<K%, +%$  WO.  

 ,22.#&,3"%&*=  (.8.*  $%K#%.  %%  ;,$!"%;2,,4(#),3#&*%  2  WO  *  

HO.    ;*2",:  2(%1%  1,"0 3,22.#&,3"%&,: (.8.*  35K%, +.,  $,9&,  

,4S02&*.<  !(,.,&*)#/*%:  >8&;/*,&#"<&5'  -(8!!  WO  *  HO  *  

)#.(81&%&&5$  3 230)*  2  7.*$  *'  ;,$!"%;2,,4(#),3#&*%$  2,  (.8.<= (YY). 

O#;  *  3  2"8+#%  -*1(,"*)#, &%!,"&,%  3,22.#&,3"%&*%  (.8.*  *)  

;,$!"%;2,3  2  HO  *  WO  $,9&,  ,4S02&*.<  2&*9%&*%$  2.#&1#(.&,-,  

(%1,;2-!,.%&/*#"#  (.8.* (M
,
Hg(YY)/Hg

,
 = 0,85  ) 3  (%)8"<.#.%  !,03"%&*0  3  

(#2.3,(%  &,35'  (%1,;2-!#(: Hg WO/Hg  *  Hg HO/Hg. C&#+%&*0  

!,.%&/*#",3  .#;*'  !#(  3  )#3*2*$,2.*  ,.  O82.. ;,$!"%;2,3  3  2"8+#%  

(%+&5'  WO (lg O82..Hg WO = 11,3), .,(>0&5' WO (lg O82..Hg WO =18,3), 

(%+&5' HO (lg O82..Hg HO = 20,4) (#3&5  2,,.3%.2.3%&&,  0,52  ; 0,32  ; 0,26 

 . Q)  !(*3%1%&&5'  1#&&5'  2"%18%., +.,  3,22.#&,3*.%"<&,:  2!,2,4&,2.*  

SnCl2  &%1,2.#.,+&,  1"0  3,22.#&,3"%&*0  %%  *)  -8$#.,3  *  >8"<3#.,3. 

O,$!"%;25  (.8.* (YY)  2  Cl
-
, SO4

2-
, CO3

2-
, CH3COO

-
, /*.(#.#$*, 

,;2#"#.#$*, ,;2*;#(4,&,35$*  *  #$*&,;*2",.#$*, !(*28.2.38=?*$*  3  

!(*(,1&5'  3,1#', *$%=.  lg O82. ) 15, !,7.,$8  (.8.< (YY) 481%.  

3,22.#&#3"*3#.<20  *)  .#;*'  ;,$!"%;2,3  '",(*1,$  ,",3# (YY). L HgS * 

;,$!"%;25 (.8.* (II) 2 .*,2,1%(9#?*$*  "*-#&1#$* (lg O82. ,,15) &%  

1,"9&5  3,22.#&#3"*3#.<20   SnCl2. 

7',".89"3%$*+   Ge (II)  3  4%5+'!3+  3"''!%$"3*!+.6. Q)  
$%.#"",3  !%(%$%&&,:  3#"%&.&,2.*  !%(2!%;.*3&5$  3,22.#&,3*.%"%$  (.8.*  

03"0%.20  '",(*1  -%($#&*0  (II). 

 ,22.#&,3"%&*%  (.8.*  (II)  !(,*2',1*.  !,  (%#;/** 

Hg
2+

 + Ge
2+

 + 2H2O ! Hg
,
 + GeO2 + 4H

+
                                        (1.15) 

o

HGeOGe
E ++ 4,/ 2

2 =  - 0,15                                                                          (1.16) 

 %"*+*&#  ,;*2"*.%"<&,-3,22.#&,3*.%"<&,-,  !,.%&/*#"#  (%#;/**  

3,22.#&,3"%&*0  (.8.*  !(*  *2!,"<),3#&**  Ge (II)  4,"%%  +%$  &#  50 %, #  

;,&2.#&.#  (#3&,3%2*0 – &#  16 !,(01;,3  3%"*+*&5  35K%, +%$  1"0  (%#;/**  

2  K*(,;,  *2!,"<)8%$5$  Sn (II). F#;*$  ,4(#),$, 2,%1*&%&*0  Ge (II)  4,"%%  

2*"<&5%  3,22.#&,3*.%"*, +%$  2,%1*&%&*0 Sn (II). I%,(-#&*+%2;*%  

2,%1*&%&*0  (.8.*  3,22.#&#3"*3#=.20  3  ;*2",:  2(%1%, C(HCl) = 0,2 – 8 

$,"</". E(-#&*+%2;*%  2,%1*&%&*0  (.8.*  3,22.#&#3"*3#=.20  (#2.3,(,$  

-%($#&*0 (II)  3  ?%",+&,:  2(%1%  3  !(*28.2.3**  "*$,&&,:  ;*2",.5, 

*-(#=?%:  (,"<  ;#.#"*)#.,(#, !(*  !,1,-(%3%  (#2.3,(#  1,  70 – 80
,
6. 

Q,&5  4,"<K*&2.3#  $%.#"",3 (K, Na, Ca, Mg, Cs, Ba, Cu, Al, Pb, Mo, 

Fe, Ni), #  .#;9%  2,"*  #$$,&*0  &%  $%K#=.  ,!(%1%"%&*=  (.8.*. Q,&5  

$%.#"",3, 3,22.#&#3"*3#=?*%20  1,  7"%$%&.#(&,-,  2,2.,0&*0  *  
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230)53#=?*%  23,4,1&8=  (.8.<  3  #$#"<-#$8 (Ag, Au), $%K#=.  

,!(%1%"%&*=  (.8.*. W.,(*15  *  4(,$*15  $%.#"",3  &%  ,;#)53#=.  

28?%2.3%&&,-,  3"*0&*0, #  *,1*15  *  28"<>*15  $%K#=.  1,2.#.,+&,  

2*"<&,. N(*  2,3$%2.&,$  !(*28.2.3**  (.8.*, 2%"%&#  *  .%""8(#  2,  (.8.<=  

3,22.#&#3"*3#=.20  *  $%K#=?*%  7"%$%&.5  2  !,2"%18=?*$  ,4(#),3#&*%$  

2%"%&*1# (.%""8(*1#)  (.8.*, +.,  !(%!0.2.38%.  351%"%&*=  %%  3  -#),38=  

>#)8:  

Hg
2+

 + Ge
2+

 + 2H2E  !  Hg
0
 + GeO2 + 4H

+
;                                       (1.17) 

TeO2 + 2Ge
2+

 + 2H2O   !  Te
0
 + 2GeO2 + 4H

+
;                                  (1.18) 

H2SeO3 + 2Ge
2+

 + H2O   !  Se
0
 + 2GeO2 + 4H

+
.                                (1.19) 

E;*2"*.%"<&,-3,22.#&,3*.%"<&5% !,.%&/*#"5 (%#;/*:  3,2-

2.#&,3"%&*0  (.8.*, 2%"%&#, .%""8(#  '",(*1,$  -%($#&*0 (II) (#2!,"#-#=.20  

3  2"%18=?%:  !,2"%1,3#.%"<&,2.*: 

MSe , MHg , MTe. 

N,"8+%&&5:  (01  !,;#)53#%., +.,  !(*  2,3$%2.&,$  !(*28.2.3**  Se
4+

 

*  Hg
2+

  !%(3,&#+#"<&,  3,22.#&#3"*3#%.20  2%"%&, #  *)45.,;  3,22.#&,3*.%"0  

(#2',18%.20  &#  3,22.#&,3"%&*%  (.8.*.    !(*28.2.3**  9%  F%
4+

  2&#+#"#  

3,22.#&#3"*3#%.20  (.8.<, #  !,.,$  .%""8(  2  ,1&,3(%$%&&5$  ,4(#),3#&*%$  

.%""8(*1#. 

 ,22.#&,3"%&&5%  (.8.<  *  2%"%& (.%""8()  3)#*$,1%:2.38=.  $%918  

2,4,:, ,4(#)80  2%"%&*1 (.%""8(*1)  !,  (%#;/*0$: 

Se
0
 + Hg

0
   Hg Se$ ; - E = 0,066 B ; lgK = 2,23                             (1.20) 

Te
0
 + Hg

0
   Hg Te$ ;  -E = 0,289   ; lgK = 9,76.                            (1.21) 

 %(,0.&,2.<  ,4(#),3#&*0  .%""8(*1#  &#  2%$<  !,(01;,3  3%"*+*&5  

!(%35K#%.  3%(,0.&,2.<  ,4(#),3#&*0  2%"%&*1#, +%$  ,4S02&0%.20  4,"%%  

2*"<&,%  3"*0&*%  .%""8(#  !,  2(#3&%&*=  2  2%"%&,$. 

:(*#+$+$*+  1*-(%9*$&"(%$%  -.6  3"''!%$"3.+$*6  (!/!* 
(II). H*1(#)*&4,(#&  3,22.#&#3"*3#%.  (.8.<  (II)  *)  &%,(-#&*+%2;*'  

2,%1*&%&*:  3  ;*2",:  *  ?%",+&,:  2(%1#', #  *)  >%&*"<&5'  *  #";*"<&5'  

2,%1*&%&*:  .,"<;, 3  ;*2",:  2(%1%.  

   ;*2",:  ,4"#2.*  -*1(#)*&4,(#&  03"0%.20  4,"%%  2*"<&5$  

3,22.#&,3*.%"%$, +%$  SnCl2, ;,.,(5:  3  7.*'  82",3*0'  &%  3,22.#&#3"*3#%.  

(.8.<,(-#&*+%2;*%  2,%1*&%&*0. D.*  1#&&5%  &#',10.20  3  2,,.3%.2.3**  2,  

)&#+%&*0$*  ,;*2"*.%"<&,-3,22.#&,3*.%"<&5'  !,.%&/*#",3  SnCl2 (+ 0,15  )  

*  -*1(#)*&4,(#&# (- 0,30  ). N(%*$8?%2.3#  -*1(#)*&4,(#&#  !,  2(#3&%&*=  

2  4,(-*1(*1,$  &#.(*0  2,2.,0.  3  .,$, +.,  -*1(#)*&4,(#&  !,)3,"0%.  

1*>>%(%&/*(,3#.<  >%&*"<&5%  *  #";*"<&5%  2,%1*&%&*0  (.8.*, 3  .,  

3(%$0  ;#;  NaBH4  !,&,2.<=  *'  3,22.#&#3"*3#%.  3  82",3*0'  48(&,  

!(,.%;#=?%:  (%#;/**. 6  8+%.,$  -*1(,"*)#, '#(#;.%(&,-,  1"0  

-*1(#)*&4,(#&#  3  ;*2",:  2(%1%   

N2H4 . BH3 + 3H2O  =  N2H4 + H3BO3 + 3H2  ,                                    (1.22) 
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8(#3&%&*0  (%#;/*:  3,22.#&,3"%&*0  ,(-#&*+%2;*'  2,%1*&%&*:  (.8.*  

-*1(#)*&4,(#&,$  $,9&,  )#!*2#.<  3  3*1% 
2N2H4 . BH3 + 3RHg

+
 + 6H2O    3RH + 3Hg + 2N2H4 + 2H3BO3 + 3H2/ + 3H

+
           (1.23) 

2N2H4 . BH3 + 3R2Hg + 6H2O    6RH + 3Hg + 2N2H4 + 2H3BO3 + 3H2    (1.24) 

B#)"*+&8=  2.%!%&<  3,22.#&,3"%&*0  (.8.*  *)  %%  #";*"<&5'  *  

>%&*"<&5'  2,%1*&%&*:  $,9&,  ,4S02&*.<  2"%18=?*$  ,4(#),$.    

(%)8"<.#.%  2*2.%$#.*+%2;*'  7"%;.(,'*$*+%2;*'  *22"%1,3#&*:  

82.#&,3"%&,, +.,  (.8.<,(-#&*+%2;*% 2,%1*&%&*0  "%-+%  3,22.#&#3"*3#=.20  

!(*  83%"*+%&**  !,"0(&,2.*  230)*  R – Hg. I*9%  !(*3%1%&5  )&#+%&*0  

!,.%&/*#",3  !,"83,"& M½ ( ): 

CH3Hg
+
 (- 1,3);   C2H5Hg

+
 (- 1,39); C6H5Hg

+
 (- 1,02);                            (1.25) 

(CH3)2 Hg (- 2,88); (C2H5)2 Hg (- 2,86); (C6H5)2 Hg (- 2,49).                  (1.26) 

 *1&,, +.,  3  (01#'  ;#;  $,&,-, .#;  *  1*)#$%?%&&5'  

(.8.<,(-#&*+%2;*'  2,%1*&%&*:  "%-+%  3,22.#&#3"*3#=.20  >%&*"<&5%  

>,($5, +%$  #";*"<&5%. 

;"(1*-(*-  $%!(*6  3  4%5+'!3+  3"''!%$"3*!+.6  (!/!* 
(II). R,(-*1(*1  &#.(*0 NaBH4  03"0%.20  4,"%%  2*"<&5$  3,22.#&,3*.%"%$, 

+%$  -*1(#)*&4,(#&   N2H4 . BH3   *  '",(*1  ,",3# SnCl2. N(*+%$  NaBH4  

!,"&,2.<=  3,22.#&#3"*3#%.  *  &%,(-#&*+%2;*%  *  ,(-#&*+%2;*%  >,($5  

(.8.*. 

H*1(,"*)  4,(-*1(*1#  &#.(*0  !(,*2',1*.  !,  2'%$%: 

BH4¯+ 3H2O + H
+
   H3BO3 + 4H2.                        (1.27) 

 ,22.#&,3"%&*%  2,%1*&%&*:  (.8.*  !(,*2',1*.  !,  8(#3&%&*0$: 

BH4¯+ Hg
2+

 + 3H2O   H3BO3 + 3I2 + H
+
 + Hg

0
                            (1.28) 

BH4¯+ 2RHg
+
 + 3H2O   H3BO3 + 2R – H + 2H2 + H

+
 + 2Hg

0
       (1.29)  

<*#+!*.%#*$"&"(%$. A*$%.*"#$*&,4#(#& (AULR) ,4"#1#%. 

',(,K%: 2.#4*"<&,2.<= * )&#+*.%"<&,: 2;,(,2.<= 3,22.#&,3"%&*0. 

 ,22.#&,3"%&*% (.8.* !(,*2',1*. !, 8(#3&%&*=: 

(CH3)2NH· BH3+3H2O+3HgCl2 H3BO3 + 6H
+
 + 6Cl¯ + (CH3)2NH + 3Hg   (1.30) 

AULR $,9&, *2!,"<),3#.< 3 K*(,;,$ 1*#!#),&% ;*2",.&,2.* – ,. 5U 

H2SO4 1, 5U NaOH. U%K#=. 2*"<&5% ,;*2"*.%"*: MnO4
-
,CrO4

2-
, Cr2O7

2-
, # 

.#;9% *,&5 $%.#"",3, 3,22.#&#3"*3#=?*%20 1, 7"%$%&.&,-, 2,2.,0&*0 (Au, 

Pt) * 230)53#=?*% 23,4,1&8= (.8.< 3 #$#"<-#$8.   ?%",+&,: 2(%1% 

*2;"=+#%.20 3"*0&*% Pt, Se, Te.  

A"0  3,22.#&,3"%&*0  (.8.*  *2!,"<)8=.  .#;9%  #2;,(4*&,38=, 

1*,;2*$#"%*&,38=  ;*2",.5: 

H2C6H6O6 + Hg
2+

   Hg
0
 + 2H

+
 + C6H6O6.                                  (1.31) 

A"0  3,22.#&,3"%&*0  *)45.;#  ,;*2"*.%"0 (I2, KMnO4 *  1(.), 

,2.#=?%-,20  !,2"%  (#)",9%&*0  #&#"*)*(8%$5'  !(,4  *2!,"<)8=.  +#?%  

32%-,  -*1(,;2*"#$*&, -*1(#)*&, #2;,(4*&,38=  ;*2",.8. 

N(*  7.,$  !(,.%;#=.  2"%18=?*%  (%#;/**: 
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I2 + H2C6H6O6   2I
-
 + 2H

+
 + C6H6O6                                         (1.32) 

I2 + 2NH2OH + 2OH
-
   N2

0
 + 2I

- 
+ 4H2O                                  (1.33) 

2MnO4¯ + 10NH2OH + 6I
+
   5N2 + 2Mn

2+
 + 18H2O                              (1.34) 

4MnO4¯ + 5H4N2 + 12I
+
   5N2 + 4Mn

2+
 + 16H2O                                   (1.35) 

 #(<*(80  (#)"*+&5%  3,22.#&,3*.%"*  *  2!,2,45  ,4(#4,.;*  !(,4, 

$,9&,  1*>>%(%&/*(,3#&&,  ,!(%1%"0.<  &%,(-#&*+%2;*%, >%&*"<&5%  *  

#";*"<&5%  >,($5  (.8.*  !(*  *'  2,3$%2.&,$  !(*28.2.3**. B#22$,.(*$ 

,1&8 *)  $%.,1*;  ,!(%1%"%&*0  (#)"*+&5'  >,($  (.8.*  3  !(*(,1&5'  

3,1#'. 

:(6#"+  ",(+-+.+$*+  $+"(1%$*5+'4*0, %(*.8$=0  *  
%.4*.8$=0 >"(#  (!/!*  3  ,(*("-$=0  3"-%0. U%.,1*;# #&#"*)# 
!(%12.#3"%&# &# 2'%$% 1.13. N,2"%  ,.4,(#  !(,45  3,15  *   ,4?%!(*&0.,:  

$%$4(#&&,:  >*"<.(#/**  1"0  (#)1%"%&*0  (#2.3,(%&&5'  *  3)3%K%&&5'  

>,($  (.8.*  1,!82;#%.20  ;,&2%(3*(,3#&*%  3,15  0,2 U  HNO3  &#  2(,;, &%  

4,"%%  7 1&%:. 

A"0  ,!(%1%"%&*0  (.8.*, 230)#&&,:  3  ;,$!"%;25, lg O82.    ;,.,(5' ) 
15 (61), *2!,"<)8=.  3,22.#&,3"%&*%  SnCl2  3  2,"0&,;*2",:  2(%1%. 

E!(%1%"%&*%  28$$5  &%,(-#&*+%2;*'  *  ,(-#&*+%2;*'  >,($  (.8.*, 

3;"=+#0  %%  -*1(,;2,;,$!"%;25  2  >8"<3,-  *  -8$*&,35$*  ;*2",.#$* (62), 

!(,3,10.  !,2"%  !(%13#(*.%"<&,:  ,4(#4,.;*  2$%2<=  NaCl – HNO3  2  

!,$,?<=  SnCl2    3  2%(&,;*2",:  2(%1%. 

6  !,$,?<=  -*1(#)*&4,(#&#  ,!(%1%"0=.  28$$8  &%,(-#&*+%2;*'  *  

#(*"<&5'  2,%1*&%&*:  (.8.* (63). B#)&*/#  $%918  63  *  62    2,,.3%.2.38%.  

2,1%(9#&*=  #(*"<&,:  (.8.*. 

N,2"%  (#)(8K%&*0  !(,45  3,15  ,;*2"*.%"<&,:  4(,$*1-4(,$#.&,:  

2$%2<=  *"*  2$%2<=  ,;*2"*.%"%:  (HNO3 + H2SO4 + Na2S2O8 + KMnO4) 2,  

SnCl2  *"*  -*1(#)*&4,(#&,$  ,!(%1%"0=.  ,4?%%  2,1%(9#&*%  (.8.* (64). 

B#)&*/#  $%918  64  *  63   2,,.3%.2.38%.  2,1%(9#&*=  #";*"<&5'  >,($  

(.8.*. 

A"0  (#)1%"<&,-,  ,!(%1%"%&*0  28$$#(&,-,  2,1%(9#&*0  32%'  

&%,(-#&*+%2;*'  *  28$$5  32%'  ,(-#&*+%2;*'  >,($  (.8.*  81,4&,  

3,2!,"<),3#.<20  2"%18=?%:  2'%$,:. I%,(-#&*+%2;8=  (.8.<  ,!(%1%"0=.  

!,2"%  ,4(#4,.;*  !(,45  3,15  NaCl + HNO3  2  3,22.#&,3"%&*%$  '",(*1,$  

,",3# (II), #  ,4?8=  (.8.<  ,!(%1%"0=.  !,2"%  (#)",9%&*0  ,;*2"*.%"<&5$*  

2$%20$*  !(,45  3,15  *  3,22.#&,3"%&*0  32%:  (.8.*  SnCl2. N,  (#)&,2.*  

$%918  7.*$*  ,!(%1%"%&*0$*  2810.  ,  2,1%(9#&**  ,(-#&*+%2;*'  

2,%1*&%&*:  (.8.*. 

I,  1#9%  !(*  ,!(%1%"%&**  ,4?%-,  2,1%(9#&*0  (.8.*  3  3,1#'  

2!,2,4  !,1-,.,3;*  !(,4  )#3*2*.  ,.  .*!#  *22"%18%$,:  3,15. F#;, Q6E  

5666  82.#&#3"*3#%.  $%.,15  #&#"*)#  ,4?%:  (.8.*  3  3,1%  4%2!"#$%&&,:   

#.,$&,-#42,(4/*,&&,:  2!%;.(,$%.(*%:  *  2,2.,*.  *)  .(%'  +#2.%:.
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62 – 61   2,1%(9#&*%  &%,(-#&*+%2;*' >,($ (.8.*, 230)#&&5' 3 ;,$!"%;25 2  lg O82. ) 15 (-*1(,;2,;,$!"%;25, 

;,$!"%;25 2 >8"<3,-  *  -8$*&,35$*  ;*2",.#$*), 63 – 62   2,1%(9#&*%  #(*"<&5'  >,($ (.8.*, 64 - 63   

2,1%(9#&*%  #";*"<&5' >,($ (.8.*. 

6'%$# 1.13 - L&#"*)  !(*(,1&5'  3,1  !(*  ,!(%1%"%&**  (#)"*+&5'  >,($  (.8.* 

 3
6
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D.*  +#2.*  ,."*+#=.20  1(8-  ,.  1(8-#  2!,2,4#$*  !,1-,.,3;*  !(,4  

1"0  82.(#&%&*0  $%K#=?%-,  3"*0&*0  ,(-#&*+%2;*'  3%?%2.3  3  

)#3*2*$,2.*  ,.  *'  ;,&/%&.(#/**  3  (#)"*+&5'  .*!#'  3,1. 

P#2.< 1  82.#&#3"*3#%.  $%.,1  #&#"*)#  !8.%$  $*&%(#"*)#/**  

#&#"*)*(8%$5'  !(,4  !%($#&-#&#.,$   ;#"*0  3  2%(&,;*2",:  2(%1%, #  )#.%$  

!%(28"<>#.,$  ;#"*0  !(*  95
,
6  2  /%"<=  81#"%&*0  32%'  ,(-#&*+%2;*'  

2,%1*&%&*:. U%.,1  !(*$%&*$  ;  !(*(,1&5$, !(,$5K"%&&5$, 2.,+&5$  

3,1#$  *  3,1#$, !(%1&#)&#+%&&5$  1"0  ',)0:2.3%&&,-45.,35'  &891. 

P#2.< 2 82.#&#3"*3#%.  $%.,1  #&#"*)#  !8.%$  $*&%(#"*)#/**  

8"<.(#>*,"%.,35$  ,4"8+%&*%$ ((*2.1.14)  2  /%"<=  (#)(8K%&*0  

,(-#&*+%2;*'  3%?%2.3  *  (.8.<,(-#&*+%2;*'  2,%1*&%&*:  *  !(*3%1%&*0  

32%:  (.8.*  3  138'3#"%&.&,%  2,2.,0&*%. U%.,1  !(*$%&*$  ;  !*.<%35$  

3,1#$  *  3,1#$, !(%1&#)&#+%&&5$  1"0  !(*-,.,3"%&*0  &#!*.;,3  *  

!*?%35'  !(,18;.,3. 

P#2.< 3  82.#&#3"*3#%.  $%.,1  #&#"*)#  !8.%$  $*&%(#"*)#/**  4(,$,$  

!(*  45
,
6. U%.,1  !(*$%&*$  ;  !(%2&5$, 2,"%&5$  *  !*.<%35$  3,1#$, #  

.#;9%  ;  1(8-*$  .*!#$  3,1, 2,1%(9#?*$  &%4,"<K,%  ;,"*+%2.3,  

,(-#&*+%2;*'  3%?%2.3. 
 

 
B*28&,; 1.14 - @2.#&,3;#  1"0  8"<.(#>*,"%.,3,-,  ,4"8+%&*0  

3$%2.*$,2.<=  100 $"  !(,45 

1 – 3!82;  ,+*?%&&,-,  -#)#; 2 – !,13,1  ,'"#91#=?%:  3,15 

(&%,40)#.%"<&5:); 3 – #&#"*)*(8%$#0  !(,4#  3,15; 4 – $#-&*.&5:  2.%(9%&<; 

5 – "%10&#0  4#&0; 6 – 8"<.(#>*,"%.,3#0  "#$!#  2(%1&%-,  1#3"%&*0; 7 – 

35!82;  3,15. 
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N(*  #&#"*)%  3,15  "=4,-,  .*!#  2(#)8  !,2"%  ,.4,(#  !(,4  2"%18%.  

!(*3%2.*  (I  ;#91,:  *22"%18%$,:  !(,45  ;  )&#+%&*=, $%&<K%$8  *"*  

(#3&,$8  1, 1,4#3"00  ;,&/%&.(*(,3#&&8=  #),.&8=  ;*2",.8. M2"*  #&#"*)  

!(,3,10.  +%(%)  &%;,.,(,%  3(%$0  !,2"%  ,.4,(#  !(,4  3,15, .,  ;(,$%  

#),.&,:  ;*2",.5, !(*4#3"0=.  ,1*&  *)  ;,&2%(3*(8=?*'  #-%&.,3 (3  

)#3*2*$,2.*  ,.  1#"<&%:K%-,  2!,2,4#  $*&%(#"*)#/**): !%($#&-#&#.  ;#"*0, 

1*'(,$#.  ;#"*0  *"*  4(,$. M2"*  ,!(%1%"%&*%  (#2.3,(*$5'  *  

&%(#2.3,(*$5'  2,%1*&%&*:  (.8.*  !(,3,10.  ,.1%"<&,, *22"%18%$5%  !(,45  

2(#)8  !,2"%  ,.4,(#  2,,.3%.2.3%&&,  (#)1%"0=. ( !8.%$  >*"<.(,3#&*0  

+%(%)  >*"<.(  2  !,(#$*  0,45  $;$  *"*  /%&.(*>8-*(,3#&*%$ ). 

A"0  ,!(%1%"%&*0  >,&,3,-,  *  &#1>,&,3,-,  2,1%(9#&*0  (.8.*  3  

,4S%;.#'  ,;(89#=?%:  2(%15  &%,4',1*$,  %%  !(%13#(*.%"<&,%  

;,&/%&.(*(,3#&*%. I#*4,"%%  +#2.,  *2!,"<)8=.  #$#"<-#$*(,3#&*%  *  

2,(4/*=  3  !,-",.*.%"<&5%  (#2.3,(5. 

 #%.81%#*("3%$*+. 6!,2,4&,2.<  (.8.*  ,4(#),353#.<  82.,:+*35%  

#$#"<-#$5  2,  $&,-*$*  $%.#""#$*  82!%K&,  *2!,"<)8=.  1"0  %%  

;,&/%&.(*(,3#&*0. N(*$%&0=.  ;#;  ),",.8=, 2%(%4(0&8=, !"#.*&,38=, 

(,1*%38=  !(,3,",;8, .#;  *  ),",.,, &#&%2%&&,%  &#  9%"%),, !%2,;  *  ..1. 

N(*  !,2"%18=?%$  ,!(%1%"%&**  #.,$&,-#42,(4/*,&&5$  $%.,1,$  

',",1&,-,  !#(#  1%2,(4/*=  !(,3,10.  &#-(%3#&*%$  ;,""%;.,(#  1,  800 
,
6. 

L.,$#(&8=  (.8.<  !%(%&,20.  3  ;=3%.8  #.,$&,-#42,(4/*,&&,-,  !(*4,(#  

.,;,$   3,)18'#, #),.#  *"*  -%"*0. 

Q22"%1,3#&#  2(#3&*.%"<&#0  7>>%;.*3&,2.<  8"#3"*3#&*0  *  

1%2,(4/**  (.8.*  1(%3%2&5$  8-"%$, 2%(%4(,$  *  ),",.,$  !(*  #&#"*)%  

#.$,2>%(&,-,  3,)18'#. N,  2(#3&%&*=  2  8-"%$  *  2%(%4(,$  ),",.8  

,.1#%.20  !(%1!,+.%&*%. F#;, 2,(4/*0  &#  2%(%4(%  *  8-"%  )#3*2*.  ,.  

2;,(,2.*  !,.,;#, 3(%$%&*  3)#*$,1%:2.3*0, !(*(,15  2,%1*&%&*:  (.8.*  *  

!(*28.2.3*0  $%K#=?*'  3%?%2.3. O(,$%  .,-,, .%($*+%2;#0  1%2,(4/*0  2  

#;.*3&,-,  8-"0  &%;,"*+%2.3%&&#. A,;#)#&,, +.,  &#  ),",.,:  !(,3,",;%  

2,(4*(8=.20  32%  >,($5  (.8.*, 3;"=+#0  $%.#"",,(-#&*+%2;*%. D.,.  

3#(*#&.  ;,&/%&.(*(,3#&*0  *2!,"<)8%.20  1"0  &#;,!"%&*0  (.8.&5'  !#(,3  

*)  3,)18'#  *  -#),3, *)  (#2.3,(,3  *  3,1  !,2"%  3,22.#&,3"%&*0  (.8.*, *)  

.3%(15'  !(,4 (!,+3#, (#2.%&*0, !*?%35%  !(,18;.5, -,(&5%  !,(,15  *  ..1.)  

!,2"%  !*(,"*)#. 

N(,/%22  #$#"<-#$*(,3#&*0  *  1%2,(4/**  !#(,3  (.8.*  3  !(,/%22%  

#&#"*)#  $,9%.  ,28?%2.3"0.<20  &%2;,"<;,  (#). F#;,  1"0  ,!(%1%"%&*0  

2(%1&%28.,+&,:  ;,&/%&.(#/**  !#(,3  (.8.*  *22"%18%$5:  3,)18'  

#2!*(*(8=.  3  .%+%&*%  24  +#2,3  +%(%)  !(,4,,.4,(&5:  #$#"<-#$#.,(, 

!(%12.#3"0=?*:  2,4,:  ;3#(/%38=  .(84;8  2  !,2%(%4(%&&5$*  

2.%;"0&&5$*  K#(*;#$* ((*2. 1.15). A"0  ,!(%1%"%&*0  ;,&/%&.(#/**  (.8.*  

!(,4,,.4,(&5:  #$#"<-#$#.,(  !(*2,%1*&0=.  ;  *)$%(*.%"<&,$8  

#$#"<-#$#.,(8, +%(%)  2*2.%$8  !,1#=.  #),.  *  !,$%?#=.  !(,4,,.4,(&5:  

#$#"<-#$#.,(  3  .(84+#.8=  !%+<, &#-(%.8=  1,  300 
E
6. E23,4,91#=?8=20  
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(.8.<  !,.,;,$  #),.#  !%(%&,20.  &#  *)$%(*.%"<&5:  #$#"<-#$#.,(, 

!(%12.#3"0=?*:  2,4,:  ;3#(/%38=  .(84;8  2,  2!*(#"<=  *)  2%(%4(0&,:  

!(,3,",;*. A"0  !(,3%1%&*0  #&#"*)# *)$%(*.%"<&5:  #$#"<-#$#.,(  

2,%1*&0=.  !,2"%1,3#.%"<&,  2  ;=3%.,:  2!%;.(,>,.,$%.(#, &#  35',1%  

;=3%.5  82.#&#3"*3#=.  !#.(,&  2  #;.*3*(,3#&&5$  8-"%$  1"0  !,-",?%&*0  

!#(,3  (.8.*  !,2"%  *)$%(%&*0. 

 
B*28&,; 1.15 – L$#"<-#$#.,(: 

1 – 2,(4%&., 2,1%(9#?*:  2%(%4(,; 2 – 2.%;",3#.#; 3 – !%(%-,(,1;#  *)  

!,(*2.,-,  2.%;"# 

N(,!82;#=.  +%(%)  2*2.%$8  !,.,;  ,+*?%&&,-,  ,.  (.8.*  3,)18'#  

*"*  #),.#.  3,10.  *)$%(*.%"<&5:  #$#"<-#$#.,(  3  !(%13#(*.%"<&,  

&#-(%.8=  1,  500 
E
6  .(84+#.8=  !%+<. N(*  &#-(%3#&**  *)$%(*.%"<&,-,  

#$#"<-#$#.,(#  !(,*2',1*.  351%"%&*%  (.8.*  *  !,2.8!"%&*%  %%  3  ;=3%.8  

2!%;.(,>,.,$%.(#, !(*  7.,$  >*;2*(8%.20  $#;2*$#"<&,%  )&#+%&*%  

#42,(4/**. Q)$%(*.%"<&5:  #$#"<-#$#.,(  -(#18*(8=.  !8.%$  3&%2%&*0  3  

&%-,  2  !,$,?<=  K!(*/#  1,)*(,3#&&5'  ;,"*+%2.3  !#(,3  (.8.*. 

@2.(,:2.3, 1"0 -(#18*(,3;* #$#"<-#$#.,(# !(*3%1%&, &# (*2. 1.18. A"0  

-(#18*(,3;*  *2!,"<)8=.  &#25?%&&5%  !#(5  (.8.*, &#',10?*%20  3  

(#3&,3%2**  2  $%.#""*+%2;,:  (.8.<=  3  )#$;&8.,$  2,281%  !(*  2.(,-,  

>*;2*(,3#&&,:  .%$!%(#.8(%. U#228  (.8.*, 3&%2%&&8=  3  #$#"<-#$#.,(, 

35+*2"0=., *2!,"<)80  1#&&5%  .#4".1.7. 

F#4"*/# 1.7 - C#3*2*$,2.<  $#22,3,:  ;,&/%&.(#/** (() &#25?%&&,-,  

!#(#  (.8.*  3  3,)18'%  ,.  .%$!%(#.8(5 (t) 

t , 
o
C ( , &-/$" t , 

o
C ( , &-/$" t , 

o
C ( , &-/$"

12 6,75 18 11,30 24 18,50

13 7,36 19 12,30 25 20,10

14 8,05 20 13,40 26 21,80

15 8,80 21 14,50 27 23,50

16 9,60 22 15,80 28 25,50

17 10,50 23 17,10 29 29,70

N(*$%+#&*%. O,&/%&.(#/*=  &#25?%&&5'  !#(,3  (.8.*  1"0  

!(,$%98.,+&5'  .%$!%(#.8(  (#22+*.53#=.  !8.%$  "*&%:&,:  

*&.%(!,"0/**. 

I*);*'  !(%1%",3  ,4&#(89%&*0  (.8.*  3  ,4S%;.#'  ,;(89#=?%:  

2(%15  !,)3,"0%.  1,2.*+<  !(*$%&%&*%  8&*3%(2#"<&,:  !(*2.#3;*, 3  

;,$!"%;.  ;,.,(,:  3',1*.  4*2!*(#"<&5:  ),",.,:  ;,""%;.,( ((*2. 1.16, 

1.17).  
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U%.,1  ,2&,3#&  &#  ,4(#),3#&**  #$#"<-#$5  &#  !,3%('&,2.*  ),",.,:  

!(,3,",;*,  &#$,.#&&,:  &#  &*'(,$,38=  2!*(#"<, ;,.,(#0  !,$%?%&#  3  

;3#(/%38=  .(84;8, 452.(,:  1%2,(4/**  (.8.*  !(0$5$  *$!8"<2&5$  

&#-(%3,$  !(,3,",;*  1,  750-800 
,
6  !(*  !(,!82;#&**  +%(%)  &%%  

7"%;.(*+%2;,-,  .,;#  *"*  (#)(01,$  ;,&1%&2#.,(,3. N,-",?%&&#0  (.8.<  

!(*  7.,$  3,)-,&0%.20  *  %%  !#(5  !,2.8!#=.  3  *)$%(*.%"<&8=  ;=3%.8  

!(*4,(#. R*2!*(#"<&5:  ),",.,:  ;,""%;.,(  !,)3,"0%.  ,!(%1%"0.<  (.8.<  2  

4,"<K%:  +832.3*.%"<&,2.<= ((*2.1.19), +%$ !(* *2!,"<),3#&** 1(8-*'  

!,-",.*.%"%:  &#  ,2&,3%  4"#-,(,1&5'  $%.#"",3. 

 
B*28&,; 1.16 - @&*3%(2#"<&#0  !(*2.#3;#  1"0  ,!(%1%"%&*0  (.8.* 

 

 
 

B*28&,; 1.17 - R*2!*(#"<&5:  ),",.,:  ;,""%;.,( 
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B*28&,; 1.18 - @2.(,:2.3,  1"0  -(#18*(,3;* #$#"<-#$#.,(# 

 
B*28&,; 1.19 - 6(#3&%&*%  #42,(4/*,&&,2.* (.8.* L !(* %% #.,$&,-

#42,(4/*,&&,$ ,!(%1%"%&** 2  !,$,?<=  ;,&/%&.(*(,3#&*0  &#  (#)"*+&5'  

;,""%;.,(#': 

1 – 4*2!*(#"<&5: ),",.,: ;,""%;.,(; 2 – ),",.,: 2,(4%&.; 3, 4, 5 – 

;,""%;.,(5 2 3&%K&*$ &#-(%3,$: 2%(%4(0&5: (3),),",.,:(4), !"#.*&,35: (5). 

L&#"*.*+%2;*%  '#(#;.%(*2.*;*  #.,$&,-#42,(4/*,&&,-,  $%.,1#  

,!(%1%"%&*0  (.8.*  2  ;,&/%&.(*(,3#&*%$  &#  4*2!*(#"<&,$   ),",.,$  

;,""%;.,(% : 

N(%1%"  ,4&#(89%&*0                                   1·10
-12 

 - 

A*#!#),&  ,!(%1%"0%$5'  2,1%(9#&*:       3·10
-12

 – 1·10
-8

 - 
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E.&,2*.%"<&,%  2.#&1#(.&,%  ,.;",&%&*%  0,03 – 0,20 

N(%1%"  ,4&#(89%&*0: 

   -#)5 (,4S%$  !(,45  1 ")                           1·10
-10

 -/" 

   9*1;,2.* ( ,4S%$  !(,45  1  $")              1·10
-9

  -/" 

   .3%(15%  !(,45 ( $#22#  1 -)                     1·10
-9

  -/;- 

2+#"'"(&)*"$$"+  4"$)+$!(*("3%$*+ ( 4"$)+$!(*("3%$*+  
,"1."!*!+.8$=#*  (%'!3"(%#*). N,2"%  3,22.#&,3"%&*0  (.8.*  1,  

$%.#""#  %%  !#(5  35183#=.  !,.,;,$  -#)#  *  !,-",?#=.  &%4,"<K*$  

,4S%$,$  !,-",.*.%"<&,-,  (#2.3,(#.    ;#+%2.3%  !,-",.*.%"<&5'  

(#2.3,(,3  +#?%  32%-,  *2!,"<)8=.  !,1;*2"%&&5:  2%(&,:  ;*2",.,:  

(#2.3,(  !%($#&-#&#.#  ;#"*0  *"*  (#2.3,(  *,1#  3  *,1*1%  ;#"*0. N(*  7.,$  

!(,*2',10.  2"%18=?*%  (%#;/**: 

5Hg
o
 + 2MnO4¯+ 16H

+
 = 5Hg

2+
 + 2Mn

2+
 + 8H2O                                 (1.36) 

Hg
o
 + I3¯ + I¯   HgI4

2
¯                                                                          (1.37) 

6'%$#  82.#&,3;*  1"0  ;,&/%&.(*(,3#&*0  (.8.*  !(*3%1%&#  &#  (*2.  

1.20, 1.21. N,-",?%&&8=  !(*  ;,&/%&.(*(,3#&**   (.8.<  3,22.#&#3"*3#=.  

1,  $%.#""#  ,1&*$  *)  !%(%+*2"%&&5'  35K%  3,22.#&,3*.%"%:. N(*  

,!(%1%"%&**  (.8.*  3  3,)18'%  ,.4,(  !(,4  3;"=+#%.  3  2%40  2.#1*=  

;,&/%&.(*(,3#&*0. Q22"%18%$5:  3,)18'  ,4S%$,$  60 – 80  "
  
 #2!*(*(8=.  

+%(%)  &%4,"<K,:  ,4S%$ (5 $") !,-",.*.%"<&,-,  (#2.3,(#  3  .%+%&*%  

,!(%1%"%&&,-,  3(%$%&* (20  $*&). 6,%1*&%&*0  (.8.*, !(*28.2.38=?*%  3  

3,)18'%, !(*  7.,$  ,;*2"0=.20, !%(%',10.  3  (#2.3,(*$5%  2,%1*&%&*0  

(.8.* * ;,&/%&.(*(8=.20  3  !,-",.*.%"<&,$  (#2.3,(%. F#;*$  $%.,1,$  

3,)$,9&,  ,!(%1%"%&*%  (.8.*  3  3,)18'%  3  1*#!#),&%   0,16 – 17  &-/", ..%.  

&#  8(,3&%  &*9%  NAO  1"0  &%,(-#&*+%2;,:  (.8.* (50 &-/").  

 
B*28&,; 1.20 - 6'%$#  82.#&,3;*  1"0  ;,&/%&.(*(,3#&*0  (.8.* : 

1-(%#;/*,&&5:  2,281; 2,4- !,(*2.5%  &#2#1;*; 3- !,-",.*.%"<&#0  2$%2<  1"0  

!#(,3  *,1#; 5- !(,4*(;*  2  *,1,$; 6- '",(;#"</*%3#0  .(84;#; 7- 

!,-",.*.%"<  !#(,3  (.8.*; 8- 8-,"<&5:  >*"<.(; 9- -,",3;#  2,  K"*>,$. 
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B*28&,; 1.21 - 6'%$#  #7(#.,(# - 4#(4,.%(#  

B#)&,3*1&,2.<=  1#&&,-,  $%.,1#  ;,&/%&.(*(,3#&*0  03"0%.20  

!(*$%&%&*%  2,(4/*,&&5'  .(84,;, 2,1%(9#?*'  2.%;"0&&5%  K#(*;*  *"*  

2*"*;#-%"<  2  &#&%2%&&5$  &#  &*'  !"%&,+&5$  '%$,2,(4%&.,$ – (#2.3,(,$  

CrO3  3  40%-&,:  H2SO4. G%$,2,(4%&.  &#&,2*.20  !8.%$  !,-(89%&*0  

2,(4/*,&&5'  .(84,;  3  !,-",.*.%"<&5:  (#2.3,(. @1#"%&*% 

&%2,(4*(,3#&,-, *)45.;#  (#2.3,(#  1"0  ,4(#4,.;*  .(84,;  !(,*)3,10.  2  

!,$,?<=  82.#&,3;*, !(%12.#3"%&&,:  &#  (*2. 1.22. A"0  ,!(%1%"%&*0  

(#),3,:  ;,&/%&.(#/**  !#(,3  (.8.*  *22"%18%$5:  3,)18'  #2!*(*(8=.  

+%(%)  2,(4/*,&&8=  .(84;8  2, 2;,(,2.<=  1,  4  "/$*&  3  .%+%&*%  20  

$*&8.. E.,4(#&&5%  !(,45  )#;(53#=.  )#-"8K;#$*, 8!#;,353#=.  3  

!,"*7.*"%&,35:  !#;%.  *  .(#&2!,(.*(8=.  ;  $%2.8  !(,3%1%&*0  #&#"*)#. 

6(,;  '(#&%&*0  ,.,4(#&&5'  !(,4 - 30  28.,;  !(*  ;,$&#.&,:  .%$!%(#.8(%. 

N(*  35!,"&%&**  *)$%(%&*:  &#  #&#"*)#.,(#'  !,-",?%&&8=  (.8.<  

(#2.3,(0=.  3  2,(4/*,&&,:  .(84;%  !(*  !,$,?*  2%(&,:  ;*2",.5. 

E.4*(#=.  #"*;3,.8  !,"8+%&&,-,  (#2.3,(#, ,!(%1%"0=.  ;,&/%&.(#/*=  

(.8.*  $%.,1,$  ',",1&,-,  !#(#  *  35+*2"0=.  2,1%(9#&*%  (.8.*  3  

3,)18'% (2)  !,  >,($8"%: 

 

                        2 = 
VpVa

Vom

.
.

,                                                             (1.38) 

-1%  2 – ;,&/%&.(#/*0  (.8.*  3  3,)18'%, $;-/"; 
            

m – $#22#  (.8.*, &#:1%&&#0  !,  -(#18*(,3,+&,$8  -(#>*;8, $;-; 

       Va – ,4S%$  #"*;3,.5  (#2.3,(#, 3)0.,-,  &#  #&#"*), $"; 
        

  Vo – ,4?*:  ,4S%$  (#2.3,(#  1"0  #&#"*)#, $"; 

       Vp – ,4S%$  !(,45  3,)18'#, !(*3%1%&&5:  ;  &,($#"<&5$  

82",3*0$, ". 

A*#!#),&  *)$%(%&*0  $#22,3,:  ;,&/%&.(#/**  (.8.*  3  #.$,2>%(&,$  

3,)18'%  $,9%.  45.<  )&#+*.%"<&,  (#2K*(%&  !8.%$  *)$%&%&*0  ,4S%$#  

#"*;3,.5  (#2.3,(#, 3)0.,:  &#  #&#"*).  
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B*28&,; 1.22 - @2.#&,3;#  1"0  81#"%&*0 &%2,(4*(,3#&,-, *)45.;# 

(#2.3,(# *) 2,(4/*,&&5'  .(84,; 

1 - #2!*(#.,(; 2- #7(,),"<&5:  >*"<.(; 3- (%)*&,3#0  $8>.#; 5- >*"<.(  1"0  

,+*2.;*  3,)18'#; 6- !(*%$&*;; 7- 2,(4/*,&&#0  .(84;#; 8- 4(5)-,,.4,:&*;. 

N(*  ,!(%1%"%&**  2,1%(9#&*:  (.8.*, ,2,4%&&,  2"%1,35', 3  

7;,",-*+%2;*'  ,4S%;.#'  3#9&,%  )&#+%&*%  *$%%.  !(,3%1%&*%  ',",2.,-,  

,!5.#, .#;  &#)53#%$5:  #&#"*)  &8"%3,:  !(,45. A"0  7.,-,  *2!,"<)8=.  

2,(4/*,&&5%  .(84;* (!,-",.*.%"<&5%  (#2.3,(5, ;,""%;.,(5), 

,4(#4,.#&&5%  ,1&,3(%$%&&,  2  .(84;#$* (!,-",.*.%"<&5$*  (#2.3,(#$*, 

;,""%;.,(#$*), ;,.,(5%  !(*$%&0"*2<  1"0  ,.4,(#  !(,4. Q'  !(,3,10.  

+%(%)  32%  2.#1**  #&#"*)#, ;(,$%  ,.4,(#  !(,4. N,"8+%&&8=  ;,&/%&.(#/*=  

(.8.*  3  &8"%3,:  !(,4%  35+*.#=.  *)  ;,&/%&.(#/**  (.8.*  3  

#&#"*)*(8%$,:  !(,4%. 

N#(5  (.8.*  "%-;,  2,(4*(8=.20  &#  ;,$$8&*;#/*0', 3  230)*  2  +%$  

2,%1*&*.%"<&5%  K"#&-*  ,.  (%#;.,(#  ;  ;=3%.%  1,"9&5  45.<  35!,"&%&5  

*)  !,"*3*&*"'",(*1&,-,  !"#2.*;#  *  *$%.<  $*&*$#"<&8=  1"*&8.  3*18  

.,-,, +.,  !,-",.*.%"<&5%  (#2.3,(5  "%-;,  2,(4*(8=.  !#(5  (.8.*  *)  

3,)18'#, *'  '(#&0.  3  2;"0&;#'  2  !(*.%(.5$*  !(,4;#$*. N,-",.*.%"<&5:  

(#2.3,(  *,1#  4,"%%  82.,:+*3, +%$  (#2.3,(  !%($#&-#&#.#  ;#"*0. N%(35:  

*)  &*'  $,9&,  '(#&*.<  3  .%+%&*%  3-'  $%20/%3, #  3.,(,:  &%  4,"%%  .(%'  

28.,;  3  ',",1*"<&*;%. 

?,(+-+.+$*+  '"-+(@%$*6  (!/!*  3  !3+(-=0  ,("&%0. N(*  

#&#"*)%  -,(&5'  !,(,1, !,+3, .3%(15'  !*?%35'  !(,18;.,3  *  (#)"*+&5'  

4*,",-*+%2;*'  ,4S%;.,3  3,)$,9&5  2  ,2&,3&5'  3#(*#&.#  !,1-,.,3;*  

!(,4  !(*  #.,$&,-#42,(4/*,&&,$  ,!(%1%"%&**  (.8.*, (#)"*+#=?*'20  

2!,2,4,$  (#)",9%&*0  !(,4: $,;(#0  *  28'#0  $*&%(#"*)#/*0. 

U,;(#0  $*&%(#"*)#/*0 )#;"=+#%.20 3 ;*2",.&,:  *"*  ?%",+&,:  

1%2.(8;/**  !(,4  2  !(*$%&%&*%$  ,;*2"*.%"%:  1"0  !%(%3%1%&*0  

2,%1*&%&*:  (.8.*  3  &%"%.8+*%  (#2.3,(*$5%  >,($5  *  82.(#&%&*0  

$%K#=?%-,  3"*0&*0  ,2&,35. P#?%  32%-,  *2!,"<)8=.  2$%2*  *"*  

!,2"%1,3#.%"<&,%  !(*4#3"%&*%  H2SO4, HNO3, KMnO4. N(*  ?%",+&,:  
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1%2.(8;/**  !(*$%&0=.  45%-&5:  (#2.3,(  NaOH. A"0  2&*9%&*0  

!%&,,4(#),3#&*0  !(*$%&0=.  &-,;.#&,"  *"*  &-1%;#&,". 

O*2",.&#0  $*&%(#"*)#/*0  !(,4  '#(#;.%(*)8%.20  3%2<$#   

1"*.%"<&5$  &#-(%3,$, 4,"<K*$  (#2',1,$  (%#;.*3,3  *  3%2<$#  

&%4%),!#2&#  3  *2!,"&%&**. R,"%%  !(,2.5$, 7;,&,$*+&5$  *  452.(5$  

03"0%.20  $%.,1  Surma-Aho.  #9&5$  1,2.,*&2.3,$  7.,-,  $%.,1#, &#(018  2  

3,)$,9&,2.<=  #&#"*)#  3  !,"%35'  82",3*0', 03"0%.20  (#)1%"<&,%  

,!(%1%"%&*%  &%,(-#&*+%2;*'  *  $%.*"*(,3#&&5'  >,($  (.8.*. N,"&,%  

(#)",9%&*%  4*,",-*+%2;*'  .;#&%:  !(,*2',1*.  3  13#  7.#!# : ?%",+&,:  

-*1(,"*)  !(*  &#-(%3%  &#  3,10&,:  4#&%  3  .%+%&*%  30  $*&8.  *  

!,2"%18=?%%  1,4#3"%&*%  #),.&,:  ;*2",.5  *  '",(*1#  &#.(*0, 

!(*3,10?%%  ;  &#-(%38  (%#;/*,&&,:  2$%2*  *  !,"&,$8  (#2.3,(%&*=  

,4(#)/,3.  %2<  !(,/%22  (#)",9%&*0  !(,*2',1*.  3  ,45+&5'  2.%;"0&&5'  

!(,4*(;#'. 6;,(,2.<  1%2.(8;/**  )#3*2*.  ,.  '#(#;.%(*2.*;  

#&#"*)*(8%$5'  ,4(#)/,3. F#;, !(*  #&#"*)%  $5K%+&5'  .;#&%:  (54  3  

)#3*2*$,2.*  ,.  *'  9*(&,2.*  ,23%."%&*%  ;*2",.&,-,  1%2.(8;.#.#  

!(,*2',1*.  3  .%+%&*%  10-30  $*&8., !(*  #&#"*)%  !%+%&* – 3  .%+%&*%  

,1&,-,  +#2#. F#;#0  9%  !(,1,"9*.%"<&,2.<  ;*2",.&,:  2.#1**  1%2.(8;/**  

(1  +#2)  .(%48%.20  !(*  #&#"*)%  30"%&5'  ,4(#)/,3  $5K%+&5'  .;#&%:. 

I%,4',1*$5$  82",3*%$  1"0  452.(,:  *  7>>%;.*3&,:  1%2.(8;/**  

,4(#)/,3  03"0%.20  *'  !(%13#(*.%"<&#0  -,$,-%&*)#/*0  *"*  .?#.%"<&,%  

*)$%"<+%&*%. B#)1%"<&,%  ,!(%1%"%&*%  &%,(-#&*+%2;*'  *  ,(-#&*+%2;*'  

>,($  (.8.*  ,2&,3#&,  &#  (#)"*+**  3  3,22.#&,3*.%"<&,:  2!,2,4&,2.*  

'",(*1#  ,",3# (II)  3  ;*2",:  *  ?%",+&,:  2(%1#'.    ;*2",:  2(%1%  

3,22.#&#3"*3#%.20  &%,(-#&*+%2;#0  (.8.<, #  3  ?%",+&,:  2(%1% – 

&%,(-#&*+%2;#0  *  ,(-#&*+%2;#0. 

E2&,3&5$  &%1,2.#.;,$  $,;(,:  $*&%(#"*)#/**  !(,4  03"0%.20 %%  

1"*.%"<&,2.<  *  3,)$,9&,2.<  )#-(0)&%&*0  (%#;.*3,3  (.8.<=, +.,  .(%48%.  

*'  1,!,"&*.%"<&,:  ,+*2.;*. 

?,(+-+.+$*+  (!/!*  3  !3+(-=0  ,("&%0  '  !+(#*5+'4"A  
,("&","-1"!"34"A. F%($*+%2;#0  1%2.(8;/*0  !(,4  !(#;.*+%2;*  

*2;"=+#%.  !(*$%&%&*%  '*$*+%2;*'  (%#;.*3,3, !,7.,$8  82.(#&0%.20  

)#-(0)&%&*%  !(,4  (.8.<=, &#',10?%:20  3  (%#;.*3#'. U%.,1  ,2&,3#&  &#  

.,$, +.,  !(*  29*-#&**  .3%(15'  !(,4  ,4(#)8%.20  &%82.,:+*35:  !(*  

352,;,:  .%$!%(#.8(%  ,;2*1  (.8.* (II), ;,.,(5:  (#)"#-#%.20  2  351%"%&*%$  

$%.#""*+%2;,:  (.8.*. 

HgS + O2 0 0
t   Hg

o
 + O2                                    (1.39) 

CnHmHg + O2   nCO2 + 
2

m
H2O + Hg

o
               (1.40) 

2HgO 0 0t  2Hg
o
 + O2                                         (1.41) 

N(,/%22  *)$%(%&*0  2,1%(9#&*0  (.8.*  3  .3%(15'  !(,4#'  2,2.,*.  

*)  138'  ,!%(#/*: : 1) .%($*+%2;#0  3,)-,&;#  (.8.*  *)  !(,45    3  !%+*  !(*  

700
,
6  *  !,-",?%&*%  !#(,3  (.8.*  2,(4%&.,$, 2) 3,22.#&,3"%&*%  

'*$*+%2;*  230)#&&,:  (.8.*  3  2,(4%&.%  1,  $%.#""*+%2;,:, !%(%3,1  %%  3  
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-#),38=  >#)8  !,.,;,$  3,)18'#  2  !,2"%18=?*$  !(,;#+*3#&*%$  3,)18'#  

2  !#(#$*  (.8.*  +%(%)  *)$%(*.%"<&8=  ;=3%.8.  5!,"&%&*%  ,!(%1%"%&*0  

!(,3,10.  2"%18=?*$  ,4(#),$  ( (*2. 1.23). 

I#3%2;8  !(,45  1  3  .#(*(,3#&&,:  2.#"<&,:  ",9%+;%  !,$%?#=.  3  

;3#(/%38=  .(84;8  !%+*  2, -1%  !(,*2',1*.  3,)-,&;#  (.8.*. N#(5  (.8.*  

+%(%)  >*"<.(5  3  *  4  !,2.8!#=.  3  2,281 (!(,4*(;8)  2  9*1;*$  

2,(4%&.,$  5. 6,(4%&.,$  03"0%.20  (#2.3,(  *,1#  2  KI. Q)  2,281#  6  +%(%)  

(%,$%.(  7, ;(#&  8, .(,:&*;  9, 48>%(&8=  %$;,2.<  10  3,)18'  35;#+*3#=.  

&#2,2,$  11  3  #.$,2>%(8. C#.%$  3  2,281  6  1,4#3"0=.  3,22.#&,3*.%"< - 

'",(*1 ,",3# (II).  ,22.#&,3"%&&8=  1,  $%.#""*+%2;,:  (.8.<  *)  2,281#  14  

2  !,.,;,$  3,)18'#  +%(%)  >*"<.(  16  !(,;#+*3#=.  3  *)$%(*.%"<&8=  

;=3%.8  17. 

 
 

B*28&,; 1.23 - R",;-2'%$#  BLW-1U 

N(*  35',1%  *)  ;=3%.5  3,)18'  !(,',1*.  +%(%)  !,-",.*.%"<  (,;2*1  

2%(%4(#)  18  *, 23,4,1&5:  ,.  !#(,3  (.8.*, !,2.8!#%.  3  ;=3%.8  2(#3&%&*0  

19. Q)  ;=3%.5  2(#3&%&*0  +%(%)  (%,$%.(  13, ;(#&  12, 48>%(&8=  %$;,2.<  

10 3,)18' ,.;#+*3#%.20  3  #.$,2>%(8. N(*$%&0%$#0  3  !(*4,(%  

*)$%(*.%"<&#0  2'%$#  2(#3&%&*0  !,)3,"0%.  *2;"=+*.<  *)  2'%$5  

$,&,'(,$#.,(. Q2.,+&*;,$  *)"8+%&*0  2  1"*&,:  3,"&5  253,7 &$  03"0%.20  

(.8.&#0  "#$!#  NBO-4, ;,.,(#0  !*.#%.20  ,.  352,;,+#2.,.&,-,  -%&%(#.,(#  

20. E.  *2.,+&*;#  *)"8+%&*%  !(,',1*.  !,  *)$%(*.%"<&,:  ;=3%.%  17  *  

;=3%.%  2(#3&%&*0  19. N(,K%1K*:  +%(%)  ;=3%.5  23%.  &#!(#3"0%.20  &#  

>,.,7"%$%&.5  22  *  23 (W-1  *"*  W-4). W,.,7"%$%&.5  2,%1*&%&5  3  

$,2.,38=  2'%$8, 2*-&#"  2  ;,.,(,:  +%(%)  !(%,4(#),3#.%"<  !,2.8!#%.  &#  

82*"*.%"<  !%(%$%&&,-,  .,;#  24. @2*"%&&5:  2*-&#"  *)$%(0%.20  



 47

$*;(,#$!%($%.(,$  27, ;,.,(5:  !(,-(#18*(,3#&  3  %1*&*/#'  

;,&/%&.(#/**  (.8.*. O(,$%  .,-,, *$%%.20  *&.%-(*(8=?*:  ;#2;#1  26  2  

35',1,$  &#  $*;(,#$!%($%.(  28, !(,-(#18*(,3#&&5:  3  $#22,35' 

2,1%(9#&*0'  (.8.*. 

 $%2.,  9*1;,2.&,-,  *,1*1&,-,  2,(4%&.#  *$%%.20  3,)$,9&,2.<  

!,-",?#.<  !#(5  (.8.*, 3,),-&#&&,:  *)  !(,45  *"*  *)  3,)18'#, &#  

),",.,$  2,(4%&.%. C,",.,:  2,(4%&.  35!,"&%&  3  3*1%  .,&;,:  2!*(#"*, 

&#$,.#&&,:  *)  !(,3,",;*  1*#$%.(,$  0,05-0,075  $$  &#  &*'(,$,38=  

2!*(#"<, ;,.,(#0  !,$%?%&#  3  ;3#(/%38=  .(84;8. N,2"%  2,(4/**  !#(,3  

(.8.*  &*'(,$,3#0  2!*(#"<  &#-(%3#%.20  7"%;.(*+%2;*$  .,;,$, 

!,-",?%&&#0  ),",.,$  (.8.<  3,)-,&0%.20, *  %%  !#(5  !,2.8!#=.  3  

*)$%(*.%"<&8=  ;=3%.8  !(*4,(#. E1&#;,  1"0  !*?%35'  !(,18;.,3  2  

4,"<K*$  2,1%(9#&*%$  9*(#  1#&&5$  $%.,1,$  !,"8+#=.20  &%1,2.#.,+&,  

3,2!(,*)3,1*$5%  (%)8"<.#.5. A"0  .#;*'  !(,4  !(*$%&0=.  .%($*+%2;8=  

$*&%(#"*)#/*=  3  .,;%  ;*2",(,1#  3  !(*28.2.3**  !%2;#, ,;2*1#  $#-&*0  *  

!%&.#,;2*1#  3#&#1*0  (;#.#"*)#.,().  51%"0=?*%20  !#(5  (.8.*  

8"#3"*3#=.  (#2.3,(,$  *,1# 2 $,"0(&,: ;,&/%&.(#/*%: 7;3*3#"%&.# 0,05 

$,"</" 3 1%-&,$  *,1*1%  ;#"*0. B.8.<  ,!(%1%"0=.  #.,$&,-#42,(4/*,&&5$  

$%.,1,$  !,2"%  %%  3,22.#&,3"%&*0. @2.#&,3;#  1"0  .%($*+%2;,:  

$*&%(#"*)#/**  !(,4  !(%12.#3"%&#  &#  (*2. 1.24. 

 

 
 

B*28&,; 1.24 - 6'%$#  82.#&,3;*  1"0  .%($*+%2;,:  1%2.(8;/**  !(,4: 

1 - !%+<  1"0  $*;(,#&#"*)#  6@ET- 0,15.06/12  UN; 2 - !%+<  6@ET- 

0,15.2/12 UN; 3 - ;3#(/%3#0  .(84;# 1"*&,:  60 2$; 4 - ;3#(/%3#0  ",1,+;#; 5 - 

2.%;"0&&#0  .(84;#  2  2*.+#.5$  ;,&/,$; 6 - !(,4*(;#  2,  K"*>,$ 

E4(#)%/  29*-#=.  3  ;3#(/%3,:  ",1,+;%  7×13  2$, !,$%?%&&,:  3  

K*(,;8=  +#2.<  ;3#(/%3,:  .(84;*  1"*&,:  60 2$, 2,2.,0?%:  *)  138'  

+#2.%: – K*(,;,: (1*#$%.(,$  1,7  2$  *  1"*&,:  20  2$)  *  8);,: (0,6  *  40 

2$  2,,.3%.2.3%&&,). F(84;8  !,1,-(%3#=.  1,  800
,
6  138$0  $*;(,!%+#$*  

.*!#  6@ET-0,15  1"*&,:  6  *  20  2$. I#-(%3#%$#0  3  !%+*  8);#0  +#2.<  

.(84;*  2"89*.  1"0  1,!,"&*.%"<&,-,  29*-#&*0  .3%(15'  +#2.*/ (15$#), 

351%"0=?*'20  !(*  &#-(%3#&**  ,4(#)/#. O  ;,&/8  ;3#(/%3,:  .(84;*  

!(*2,%1*&0=.  2,-&8.8=  !,1  !(0$5$  8-",$  2.%;"0&&8=  .(84;8, 

)#;#&+*3#=?8=20  2%.+#.5$  1&,$. F(84;8  ,!82;#=.  3  !,-",.*.%"<&5:  

(#2.3,(.    .%+%&*%  32%-,  !%(*,1#  29*-#&*0  !,1#%.20  ;*2",(,1. 

N,-",?%&&8=  (.8.<  ,!(%1%"0=.  #.,$&,-#42,(4/*,&&5$  $%.,1,$  
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“',",1&,-,  !#(#”, *2!,"<)80  3  ;#+%2.3%  3,22.#&,3*.%"0  

1*,;2*$#"%*&,38=  ;*2",.8  *"*  '",(*1  ,",3# (II)  3  ?%",+&,:  2(%1%. 

D.,.  $%.,1  !(*$%&*$  ;  #&#"*)8  ,4S%;.,3  9*3,.&,-,, (#2.*.%"<&,-,  

!(,*2',91%&*0, !,+3  *  ..1. 

   !,+3#'  2,1%(9*.20  )&#+*.%"<&,  $%&<K%  ,(-#&*+%2;*'  3%?%2.3, 

!,7.,$8  .%($*+%2;,%  351%"%&*%  (.8.*  )&#+*.%"<&,  8!(,?#%.20. E.!#1#%.  

&%,4',1*$,2.<  !(*$%&%&*0  V2O5  *  MgO. A"0 !,"&,-,  ,),"%&*0  !(,45  

3,  3(%$0  &#-(%3#&*0  1,2.#.,+&,  !(,!82;#&*0  &#1  ,4(#)/,$  3,)18'#, #  

&%  ;*2",(,1#. E.!#1#%.  &%,4',1*$,2.<  &#-(%3#&*0  8);,:  +#2.*  .(84;*  

1"0  29*-#&*0. N(%1%" ,4&#(89%&*0 (.8.* 1#&&5$  $%.,1,$  2,2.#3"0%.  

1·10
 –7 

%. N(,1,"9*.%"<&,2.<  #&#"*)#  &%  !(%35K#%.  10  $*&8.. 

1.4.  !"#$%&'#%  &#&"%() 

E!.*+%2;*%  2'%$5 #.,$&,-#42,(4/*,&&5'  2!%;.(,$%.(,3 .#;*% 9%, 

;#; 3 #.,$&,-7$*22*,&&5'  2!%;.(,$%.(#'. O,$$%(+%2;*%  #.,$&,-

#42,(4/*,&&5%  !(*4,(5 – ,1&,7"%$%&.&5%  #&#"*)#.,(5. A"0  354,(#  

#&#"*.*+%2;,:  "*&**  *2!,"<)8=.  $,&,'(,$#.,(, !(%12.#3"0=?*:  2,4,:  

!,13*9&8=  !",2;8=  1*>(#;/*,&&8=  (%K%.;8 (2'%$#  P%(&*-F%(&%(#). 

@2*"*0  ;,&2.(8;.,(,3  &#!(#3"%&5  &#  2,)1#&*%  $&,-,7"%$%&.&5'  

!(*4,(,3  2  *2!,"<),3#&*%$  7K%""% !,"*'(,$#.,(,3.    ,."*+*%  ,.  

7$*22*,&&5'  2!%;.(,$%.(,3, 3  #.,$&,-#42,(4/*,&&,: 2!%;.(,2;,!**  

.(%48%.20  )&#+*.%"<&,  $%&<K#0  1*2!%(2*0. N,7.,$8  ,45+&,  *2!,"<)8=.  

"*&)5  2  &%4,"<K*$  >,;82&5$  (#22.,0&*%$  (0,25-0,5 $), 1*>(#;/*,&&8=  

(%K%.;8  1800 K.(*',3/$$  *  ?%"<  K*(*&,:  0,2-1 &$. 

 2%  ,!.*+%2;*%  2*2.%$5  1%"0.  &#  ,1&,"8+%35%  *  138'"8+%35%.    

138'"8+%35'  !(*4,(#'  23%.  ,.  *2.,+&*;#  !%(3*+&,-,  *)"8+%&*0  1%"*.20  

2  !,$,?<=   )%(;#"<&,-,  $,18"0.,(#  &#  13#  "8+#, ,1*&  *)  ;,.,(5'  

!(,',1*.  +%(%)  #.,$*)#.,(, #  3.,(,: – $*&8%.  %-, ((*2. 1.25). 

 
B*28&,; 1.25 – E1&,"8+%3#0 (L)  *  138'"8+%3#0 ( )  ,!.*+%2;*%  2'%$5  

!(*4,(,3: 1 – *2.,+&*;  (%),&#&2&,-,  *)"8+%&*0; 2– #.,$*)#.,(; 3 – 
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$,&,'(,$#.,( (1*2!%(2*,&&#0  2*2.%$#); 4 – $,18"0.,(; 5 – !,"8!(,)(#+&,%  

)%(;#", 

N%(%1  3',1,$  3  $,&,'(,$#.,(   ,4#  "8+#  23,10.20  2  !,$,?<=  

!,"8!(,)(#+&,-,  )%(;#"#.  A38'"8+%3#0  2'%$#  !,)3,"0%.  82.(#&*.<   

&%;,&.(,"*(8%$5%  *)$%&%&*0  (1(%:>) 3  *&.%&2*3&,2.*  *2.,+&*;#  

!%(3*+&,-,  *)"8+%&*0. E1&#;,  ,&#  &%  ;,$!%&2*(8%.  1(%:>  

+832.3*.%"<&,2.*  2#$,-,  #.,$*)#.,(#. N,2"%  $,&,'(,$#.,(# *)"8+%&*%  

!,!#1#%.  &#  1%.%;.,(, 3  ;#+%2.3%  ;,.,(,-,  3  #.,$&,-#42,(4/*,&&,:  

2!%;.(,2;,!**  *2!,"<)8%.20  >,.,7"%;.(,8$&,9*.%"<  (WD@).    

!"#$%&&,:  #.,$&,-#42,(4/*,&&,: 2!%;.(,2;,!**  !,2.,0&&5:  2*-&#"  

*&.%-(*(8%.20  )#  !%(*,1  3(%$%&*  &%2;,"<;,  2%;8&1.    

7"%;.(,.%($*+%2;,: - 2*-&#"  *$%%.  3*1  !*;#, *)$%(%&*%  ;,.,(,-,  

35!,"&0=.  ;#;  !,  352,.%, .#;  *  !,  !",?#1*. 

1.5. *+&!+,%-'.  ."+(/+-.0&+-01#+//)2  &!%'"-+(%"-+, 

N,(01,;  $%.(,",-*+%2;,-,  ,4%2!%+%&*0  #.,$&,-#42,(4/*,&&5'  

2!%;.(,$%.(,3  82.#&,3"%&  -,281#(2.3%&&5$*  2.#&1#(.#$*, 35!,"&%&*%  

;,.,(5'  ,40)#.%"<&,  1"0  "=4,: "#4,(#.,(**, #  ,2,4%&&,, 1"0  

#;;(%1*.,3#&&,:. N(*4,(  2&#49#%.20  .%'&*+%2;,:  1,;8$%&.#/*%: 

(!#2!,(., >,($8"0(, 23*1%.%"<2.3,  *  ..!.), 3;"=+#=?%:  &#*$%&,3#&*%, 

,4,)&#+%&*%  .*!#  *  )#3,1#  *)-,.,3*.%"0, )#3,12;,:  &,$%(, #  .#;9%  

1,;8$%&., 81,2.,3%(0=?*:  %-,  $%.(,",-*+%2;8=  !(*-,1&,2.<, ..%.  

23*1%.%"<2.3#  ,  -,2!,3%(;%. 6!%;.(,$%.(  1,"9%&  7;2!"8#.*(,3#.<20  3  

2,,.3%.2.3**  2  .(%4,3#&*0$*, 82.#&,3"%&&5$*  &,($#.*3&,-.%'&*+%2;,:  

1,;8$%&.#/*%:, *&2.(8;/*0$*  !,  7;2!"8#.#/**, '(#&%&*=  *  (%$,&.8. 

H,2!,3%(;#  !(,3,1*.20 1"0  82.#&,3"%&*0  !(*-,1&,2.*  2(%12.3#  

*)$%(%&*0, !(,K%1K%-,  -,281#(2.3%&&5%  *2!5.#&*0. H,2!,3%(;8  !(,3,10.  

,1*&  (#)  3  -,1    .%((*.,(*#"<&5%  ,(-#&5  -,281#(2.3%&&,:  

$%.(,",-*+%2;,:  2"8945, 3  +#2.&,2.*, ,4"#2.&,:  /%&.(  2.#&1#(.*)#/**, 

$%.(,",-**  *  2%(.*>*;#/**  H,22.#&1#(.#  @;(#*&5. N%(*,1*+%2;#0  

!,3%(;#  !(,3,1*.20  3  2,,.3%.2.3**  2  $%.,1*+%2;*$*  8;#)#&*0$*, 

(#)(#4,.#&&5$*  1"0  1#&&,-,  #.,$&,-#42,(4/*,&&,-,  2!%;.(,$%.(#, *  

3;"=+#%.  3  2%40: !(,3%1%&*%  3&%K&%-,  ,2$,.(#, ,!(%1%"%&*%  ,2&,3&,:  

#42,"=.&,:  !,-(%K&,2.*  *  ,!(%1%"%&*%  2(%1&%;3#1(#.*+%2;,-,  

,.;",&%&*0  2"8+#:&,:  2,2.#3"0=?%:  !,-(%K&,2.*  2!%;.(,$%.(#. N(*  

!(,3%1%&**  !,3%(;*  !(*$%&0=.  &#4,(  &%:.(#"<&5'  23%.,>*"<.(,3  2  

*)3%2.&5$  !(,!82;#&*%$  F (%), !(,K%1K*'  $%.(,",-*+%2;8=  #..%2.#/*=  

3  ,(-#&#'  -,281#(2.3%&&,:  $%.(,",-*+%2;,:  2"8945, *  !,3%(,+&5%  

(#2.3,(5. N(*  !(,3%1%&**  3&%K&%-,  ,2$,.(#  82.#&#3"*3#=.  !,"&,.8  

;,$!"%;.#/**  !(*4,(#, &#"*+*%  $%'#&*+%2;*'  !,3(%91%&*:, 

&%*2!(#3&,2.%:  (%-8"*(,3,+&5'  *  2,%1*&*.%"<&5'  7"%$%&.,3, 

2,,.3%.2.3*%  $#(;*(,3;*  2!%;.(,>,.,$%.(#    .%'&*+%2;,$8  ,!*2#&*=  *  

*&2.(8;/**  !,  7;2!"8#.#/**. E!(%1%"%&*%  ,2&,3&,:  !,-(%K&,2.*  

2!%;.(,>,.,$%.(#  !,  ;#&#"8  *)$%(%&*:  ,!.*+%2;,:  !",.&,2.*  *  %%  



 50

!(%,4(#),3#&*0  3  7"%;.(*+%2;*:  2*-&#"  !(,3,10.  !,  "*&**  ;#"</*0  

(422,7 &$)  *"*  $%1* (324,8 &$). A"0  7.,-, 82.#&#3"*3#=.  

2,,.3%.2.38=?*%  "#$!5  2  !,"5$  ;#.,1,$, !(,3,10.  &#2.(,:;8  

2!%;.(,>,.,$%.(#  !,  138'"8+%3,:  2'%$%  3  2,,.3%.2.3**  2  *&2.(8;/*%:. 

N,2"%1,3#.%"<&,  33,10.  3  23%.,3,:  !8+,;  (#4,+%-,  "8+#  #..%2.,3#&&5%  

23%.,>*"<.(5  * !(,3,10.  *)$%(%&*% #42,(4/*,&&,2.* (,!.*+%2;,:  

!",.&,2.*)  !,  /*>(,3,$8  *&1*;#.,(8  !(*4,(#, 8+*.53#0, +.,  Lmax=0,999. 

N%(%2+*.#3  !(,!82;#&*%  23%.,>*"<.(,3  F  &#  3%"*+*&8 #42,(4/*,&&,2.* 

(,!.*+%2;,:  !",.&,2.*)  (A = - lg T), ,!(%1%"0=.  #42,"=.&8=  !,-(%K&,2.<  

-  1"0  ;#91,-,  23%.,>*"<.(#: 

                                              - = L *)$. – L #..%2..                                          (1.42) 

E2&,3&#0  !,-(%K&,2.<   -  &%  1,"9&#  !(%35K#.<  3%"*+*&5     1 (0,005 

1 0,045 L #..%2..)  1"0  32%'  23%.,>*"<.(,3. 

A"0 ,!(%1%"%&*0  ,2&,3&,:  #42,"=.&,:  !,-(%K&,2.*  

2!%;.(,>,.,$%.(#  -,.,30.  2%(*=  -(#18*(,3,+&5'  (#2.3,(,3  !8.%$  

!,2"%1,3#.%"<&,-,  (#)4#3"%&*0  2.#&1#(.&,-,  (#2.3,(#  $%1* (II)  2 

;,&/%&.(#/*%: 2,5;5,0  *  10  $;-/$", #  .#;9%  +%.5(%  #&#"*)*(8%$5'  

(#2.3,(#  1"0  !(,3%(;*  ,2&,3&,:  !,-(%K&,2.*  2  ;,&/%&.(#/*%: 2,0; 4,0; 

6,0  *  8,0  $;-/$". A"0  !(*-,.,3"%&*0  7.*'  (#2.3,(,3  $,9&,  *2!,"<),3#.<  

!,3%(,+&5%  (#2.3,(5  -,281#(2.3%&&5'  2.#&1#(.&5'  ,4(#)/,3  2,2.#3#  

3,1&5'  (#2.3,(,3  2,"%:  $%.#"",3, #..%2.,3#&&5'  ,(-#&#$*  H,22.#&1#(.#  

@;(#*&5. I#2.(#*3#=.  2!%;.(,>,.,$%.(  3  2,,.3%.2.3**  2  *&2.(8;/*%:  *  

!(,3,10.  >,.,$%.(*(,3#&*%  3&#+#"%  -(#18*(,3,+&5'    (#2.3,(,3, #  )#.%$  

#&#"*)*(8%$5'. C#!*253#=.  !,;#)#&*0  /*>(,3,-,  *&1*;#.,(#  !(*4,(#  *  

,1&,3(%$%&&,  !(,3,10.  )#!*2<  &#  2#$,!*2/%  O6N 4. E4(#4#.53#=.  

1#&&5%  *)$%(%&*:  $%.,1,$  &#*$%&<K*'  ;3#1(#.,3  *  !,"8+#=.  

8(#3&%&*%  -(#18*(,3,+&,-,  -(#>*;#  L = # + 3•6 (Cu
2+

), "*4,  2.(,0.  

-(#18*(,3,+&5:  -(#>*; &# $*""*$%.(,3,:  48$#-%. N,  -(#>*;8  

,!(%1%"0=.  ;,&/%&.(#/*=  $%1*  3  #&#"*)*(8%$5'  (#2.3,(#'  *  

(#22+*.53#=.  ,2&,3&8=  !,-(%K&,2.<  -i = 26 &#:1. – 6 *2.. 2, -1% 6 &#:1. – 

&#:1%&&5%  !,  -(#>*;8  )&#+%&*0  ;,&/%&.(#/**  ,!(%1%"0%$,-,  7"%$%&.#  

3  $;-/$"; 6 *2.. -  *2.*&&5%  )&#+%&*0  ;,&/%&.(#/**  3  $;-/$". E2&,3&#0  

!,-(%K&,2.<  &%  1,"9&#  !(%35K#.<  )&#+%&*0  1 (  0,01• 6 *2../ L +  0,06 •    

6 *2..), -1%  6 *2.. – *2.*&&#0  ;,&/%&.(#/*0  ,!(%1%"0%$,-,  7"%$%&.#; L – 

#42,(4/*,&&,2.< (,!.*+%2;#0  !",.&,2.<)  !,  /*>(,3,$8  *&1*;#.,(8  

!(*4,(#. L&#",-*+&,  ,!(%1%"0=.  ,2&,3&8=  #42,"=.&8=  !,-(%K&,2.<  

1"0  7"%;.(,.%($*+%2;,-,  #.,$*)#.,(#. 

Q, &#;,&%/, !(,3,10.  ,!(%1%"%&*%  2(%1&%-,  ;3#1(#.*+%2;,-,  

,.;",&%&*0  2"8+#:&,:  2,2.#3"0=?%:  !,-(%K&,2.*  2!%;.(,>,.,$%.(#.  

N(,*)3,10.  13#1/#.*;(#.&,%  >,.,$%.(*(,3#&*%  #&#"*)*(8%$5'  

(#2.3,(,3  $%1*, !(*-,.,3"%&&5', ;#;  8;#)#&,  35K%,  *  !,"8+#=.  

!,2"%1,3#.%"<&,2.<  !,;#)#&*:  L1Z, -1% L1Z – !,;#)#&*% #42,(4/*,&&,2.*      

(,!.*+%2;,:  !",.&,2.*), ,.&,20?%:20  ;  i-.,$8  *)$%(%&*=  !%(3,:  2%(**. 
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P%(%)  0,5 +#2#  2&,3#  !(,*)3,10.  13#1/#.*;(#.&,%  >,.,$%.(*(,3#&*%  .%'  

9%  (#2.3,(,3  *    !,"8+#=.  !,2"%1,3#.%"<&,2.<  !,;#)#&*:  L2Z. 

B#22+*.53#=.  2(%1&%%  )&#+%&*% #42,(4/*,&&,2.* (,!.*+%2;,:  !",.&,2.*)  

L12( = 
20

20

1

13
4i

iA

  *    L22( =  
20

20

1

23
4i

iA

                                            (1.43) 

2  .,+&,2.<=  1,  .(%'  )&#;,3   !,2"%  )#!0.,:. I#',10.  #42,"=.&8=  

3%"*+*&8  ,.;",&%&*0   ;#91,-,  !,;#)#&*0  !%(3,: 2%(**  ,.  2(%1&%-,  

)&#+%&*0  !,;#)#&*:  7.,:  9%  2%(**  !,  >,($8"%: 

                                               -1i = 2L1Z – L12(2.                                          (1.44) 

E!(%1%"0=.  ;,7>>*/*%&.5  O  !,  >,($8"#$: 

O1 =  
01

01

CC

AA

*
*

  ,  O2 =   
12

12

CC

AA

*
*

  *  O3 =   
23

23

CC

AA

*
*

,                       (1.45) 

-1%  61, 62, 63 – ;,&/%&.(#/**  #&#"*)*(8%$5'  (#2.3,(,3  $%1* (II), 6, – 

&8"%3,:  (#2.3,( (1*2.*""*(,3#&&#0  3,1#), L,, L1, L2, L3 -  

2,,.3%.2.38=?*%  )&#+%&*0 #42,(4/*,&&,2.*  (,!.*+%2;*'  !",.&,2.%:), 

&#:1%&&5%  !(*  ,!(%1%"%&**      ,2&,3&,:  #42,"=.&,:  !,-(%K&,2.*. 

A#"%%  35+*2"0=.  3%"*+*&8  2(%1&%-,  ;3#1(#.*+%2;,-,  ,.;",&%&*0:    

S = 
Ki

1

19

1

220

1

3-
4i i

,                                                                       (1.46) 

-1%  Oi – ;,7>>*/*%&.  &#  *&.%(3#"%  ,!.*+%2;,:  !",.&,2.*, 

2,,.3%.2.38=?%:  L12(. M2"* L12(  .,+&,  2,,.3%.2.38%.  -(#&*/%  $%918  

*&.%(3#"#$*  2  (#)"*+&5$* Oi , .,  354*(#%.20  $%&<K*:  ;,7>>*/*%&.  Oi . 

 5+*2"0=.  *)$%&%&*%  )&#+%&*0  2*-&#"#  )#  0,5  +#2#  2"%18=?*$  

,4(#),$: 

- = 
 !

"A #$#$ 21 *
                                                                            (1.47) 

M2"* L12(  * L22(  !,!#1#=.  &#  *&.%(3#"5  2  (#)"*+&5$*  Oi , .,  

354*(#%.20  $%&<K*:  ;,7>>*/*%&.  Oi. C&#+%&*%  2(%1&%-,  

;3#1(#.*+%2;,-,  ,.;",&%&*0  2"8+#:&,:  2,2.#3"0=?%:  !,-(%K&,2.*  

1,"9&,  45.<  &%  4,"%%  1/3  2,,.3%.2.38=?%-,  )&#+%&*0  ,2&,3&,:  

#42,"=.&,:  !,-(%K&,2.*, # *)$%&%&*%  2*-&#"#  )#  0,5  +#2# &% 1,"9&, 

!(%35K#.< 0,5  ,.  !(%1%"#  1,!82;#%$,-,  )&#+%&*0  ,2&,3&,:  !,-(%K&,2.*. 

B%)8"<.#.5  !,3%(;*  ,>,($"0=.20 !(,.,;,",$. N,  (%)8"<.#.#$  

!,3%(;*  351#%.20  23*1%.%"<2.3,  ,  -,281#(2.3%&&,:  !,3%(;%  2(%12.3  

*)$%(%&*0  2(,;,$  &#  1  -,1. 

3+!-+&) 456 &.(+&"+6"%57/+8 -.0+") # 9.4.$# 

1. N(*&/*!  #.,$&,-#42,(4/*,&&,:  2!%;.(,2;,!**. 

2. N(*&/*!  (#4,.5  "#$!5  2  !,"&5$  ;#.,1,$  *  %%  ,2&,3&5%  

!(%*$8?%2.3#. 
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3. N,+%$8  3  #.,$&,-#42,(4/*,&&,: 2!%;.(,2;,!**  *2!,"<)8=.  

-,(%";*  2  1"*&&,:  ?%"<=? 

4. E!*K*.%  (#)"*+&5%  2.#1**  7"%;.(,.%($*+%2;,:  !(,-(#$$5. 

5. N,+%$8  3  #.,$&,-#42,(4/*,&&,: 2!%;.(,2;,!**  &%  &89&5  

1*2!%(2*,&&5%  2*2.%$5  2  352,;*$  (#)(%K%&*%$ ? 

6. U,9&,  "*  $%.,1,$  #.,$&,-#42,(4/*,&&,:  2!%;.(,2;,!**  

,!(%1%"*.<  ,1&,3(%$%&&,  2-3  7"%$%&.#  3  *'  2$%2*? P.,  1"0  7.,-,  

&%,4',1*$, ? 

7. N,+%$8  $%.,1  #.,$&,-#42,(4/*,&&,:  2!%;.(,2;,!**  *2!,"<)8%.20  

1"0  ,!(%1%"%&*0  ?%",+&5'  $%.#"",3  (%9%, +%$ 7$*22*,&&#0 

!"#$%&&#0  >,.,$%.(*0? 

8. N(*3%1*.%  !(*&/*!*#"<&8=  2'%$8  #.,$&,-#42,(4/*,&&,:  

2!%;.(,>,.,$%.(#. O#;*%  $#(;*  ,.%+%2.3%&&5'  !(*4,(,3  35  

)&#%.%? 

9. O#;*% 7"%$%&.5 $,9&, ,!(%1%"0.< $%.,1,$ #.,$&,-#42,(4/*,&&,: 

2!%;.(,2;,!** * 3 ;#;*' ;,"*+%2.3#'? U,9&, "* *2!,"<),3#.< 7.,. 

$%.,1 1"0 ,!(%1%"%&*0 S, N, Cl, C? 

10. N,+%$8 !"#$%&&#0 #.,$&,-#42,(4/*,&&#0 2!%;.(,2;,!*0 $%&%% 

+832.3*.%"<&#, +%$ 7"%;.(,.%($*+%2;#0? 

11. N%(%+*2"*.% ,2&,3&5% 2!,2,45 ,!(%1%"%&*0 ;,&/%&.(#/** 3 

;,"*+%2.3%&&,$ #.,$&,-#42,(4/*,&&,$ #&#"*)%. 

12. A"0  ,!(%1%"%&*0  !(*$%2*  Na  3  ,4(#)/%  $%.,1,$  #.,$&,-

#42,(4/*,&&,: 2!%;.(,2;,!**  &#3%2;8  ,4(#)/#  1,0000 -    

(#2.3,(*"*  *  ,4S%$  1,3%"*  3  $%(&,:  ;,"4%  1,  100,0 $". N,  

-(#18*(,3#&,$8   -(#>*;8  &#K"*  11,3 $;-/$"  &#.(*0. B#22+*.#:.%  

$#22,38=  1,"=  &#.(*0  3  ,4(#)/% (%). 

13. A3#  ,4(#)/#  &%>.*, 2.#&1#(.&5:  *  #&#"*)*(8%$5:, $#22,:  !,  1,000 

-  (#)4#3*"* $%.*"*),48.*";%.,&,$   *  (#2!5"*"*  3  !"#$%&*  

#.,$&,-#42,(4/*,&&,-,  2!%;.(,$%.(#. L42,(4/*,&&,2.< L  "*&**  

3#&#1*0  1"0  2.#&1#(.&,-,  ,4(#)/#  2  2,1%(9#&*%$  3#&#1*0  0,01 %  

2,2.#3*"#  0,740  *  1"0  ,4(#)/#  2  &%*)3%2.&5$  2,1%(9#&*%$  0,520. 

 5+*2"*.<  $#22,38=  1,"=  3#&#1*0  3  &%>.* (%). 

14. L"<1%-*15  $,9&,  ,!(%1%"*.<  ;,23%&&5$  #.,$&,-#42,(4/*,&&5$  

$%.,1,$  !,  (%#;/**  ,;*2"%&*0  *,&#$*  2%(%4(#  2  ,4(#),3#&*%$  2-

'  $,"%:   $%.#""*+%2;,-,  2%(%4(#  &#  ;#915:  $,"<  #"<1%-*1#. 

6%(%4(, )#.%$  (#2.3,(0=.  3  HNO3  *  ,!(%1%"0=.  #.,$&,-

#42,(4/*,&&5$  $%.,1,$. Q&.%(3#"  ,!(%1%"0%$5'  ;,&/%&.(#/*:  

2%(%4(#  2,2.#3"0%.  2-20  $;-/$". E!(%1%"*.%  2,,.3%.2.38=?*:  %$8  

*&.%(3#"  ;,"*+%2.3  #"<1%-*1# (3  $*;(,$,"0')  !(*  82",3**, +.,  

,4S%$  !(,45  2,2.#3"0%.  10 $". 

15. U#22,3#0 1,"0 9%"%)#  3  #"=$*&*%3,$  2!"#3%  ;,"%4"%.20  3  

!(%1%"#'  0,1-0,5 % . O#;8=  &#3%2;8  2!"#3#  2"%18%.  3)0.<  1"0  

#.,$&,-#42,(4/*,&&,-,  ,!(%1%"%&*0  9%"%)#, %2"*  +832.3*.%"<&,2.<  
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,!(%1%"%&*0  7.,-,  7"%$%&.#  10  $;-/$" ? O,&%+&5:  ,4S%$  (#2.3,(#  

2!"#3#  1"0  #&#"*)#  2,2.#3"0%.  50  $". 

16. A"0  ,!(%1%"%&*0  $,"*41%&#  &#3%2;8  2.#"*  0,2000 -   (#2.3,(*"*  !,  

HE6F  *  ,4S%$  1,3%"*  3  $%(&,:  ;,"4%  3$%2.*$,2.<=  100,0 $". 

N(*  #.,$&,-#42,(4/*,&&,$  ,!(%1%"%&**  1"0  7.,-,  (#2.3,(#  

!,"8+%&#  #42,(4/*,&&,2.<  L = 0,250. H(#18*(,3,+&#0  )#3*2*$,2.<  

!(*  7.,$  *$%%.  3*1  L = 0,020 + 99,8'; -1% ' – ;,&/%&.(#/*0  

$,"*41%&#, $-/$" . B#22+*.#:.%  $#22,38=  1,"=  $,"*41%&#  3  2.#"* 

(%). 

17. E!*K*.%  !(*-,.,3"%&*%  -(#18*(,3,+&5'  (#2.3,(,3  1"0  #.,$&,-

#42,(4/*,&&,-,  ,!(%1%"%&*0  9%"%)#  3  /3%.&,$  2!"#3%  !(*  %-,  

$#22,3,: 1,"% 0,1-1,0 %, %2"* 2.#&1#(.&5:  (#2.3,(  9%"%)#  *$%%.  

;,&/%&.(#/*=  1,0043 $-/$" , &#3%2;*  *22"%18%$,-,  2!"#3#  0,2000 -, 

$%(&5%  ;,"45  3$%2.*$,2.<=  100,0 $". 

18. B#22+*.#:.%  $#228  1,4#3;*  1"0  !(,3%(;*  !(#3*"<&,2.*  (%)8"<.#.,3  

#.,$&,-#42,(4/*,&&,-,  ,!(%1%"%&*0  $#-&*0  3  4#44*.%  RO–2. U#22#  

!(,45  0,5000 -, ,4S%$  >,.,$%.(*(8%$,-,  (#2.3,(#  50,00 $", 

$#22,3#0 1,"0  $#-&*0  3  2!"#3%  0,025 %. 

:%&"+,)%  9.4./#6 

1. @2.#&,3*.%  2,,.3%.2.3*%: ,!(%1%"0%$5:  ;,$!,&%&. – &#*4,"%%  

(#/*,&#"<&5:  $%.,1  #&#"*)#: 

 

O,$!,&%&. U%.,1 

U%.#""5  *  2!"#35 L. Q&1*;#.,(&5%  .(84;* 

H#),35%  )#-(0)&%&*0  #.$,2>%(5 R. Q,&,$%.(*0 

I*.(#.5  *  1(8-*%  #&*,&5  

 3  3,1% 

 . W,.,$%.(*0 

U*;(,;,"*+%2.3#  >,2>,(#  *  

;(%$&*0  3  2.#"* 

H.L.,$&,-#42,(4/*,&&5: 

$%.,1  

 

2. N(*(,1&#0  3,1#  !,  !(%13#(*.%"<&5$  1#&&5$  2,1%(9*.  4,"<K,%  

;,"*+%2.3,  2,"%:  &#.(*0. N(%1",9*.%  &#*4,"%%  (#/*,&#"<&5:  

$%.,1  ;,"*+%2.3%&&,-,  ,!(%1%"%&*0  &#.(*0  3  3,1%  *  8;#9*.%  

!(#3*"<&5:  ,.3%.: 

                                       #) 2  !,$,?<=  /*&;8(#&*"#/%.#.#; 

4) 18-,35$  #.,$&,-7$*22*,&&5$  $%.,1,$; 

3) 7$*22*,&&5$ !"#$%&&,->,.,$%.(*+%2;*$  

$%.,1,$; 

-) !,.%&/*,$%.(*+%2;*$  $%.,1,$  2  

*,&2%"%;.*3&5$ 7"%;.(,1,$. 

3. N(%1",9*.%  &#*4,"%%  (#/*,&#"<&5:  $%.,1  *1%&.*>*;#/**  

$%.#"",3  3  3%?%2.3#'  &%*)3%2.&,-,  2,2.#3#  *  8;#9*.%  

!(#3*"<&5:  ,.3%.:  
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#) #.,$&,-#42,(4/*,&&5:; 

4) !"#$%&&,->,.,$%.(*+%2;*:; 

3) #.,$&,-7$*22*,&&5:; 

-) #.,$&,->"8,(%2/%&.&5:. 

 

4. @2.#&,3*.%  2,,.3%.2.3*%  >#;.,(,3, 3"*0=?*'  &#  3%"*+*&8  

#&#"*.*+%2;,-,  2*-&#"#  !(*  *2!,"<),3#&**  $%.,1,3  2!%;.(#"<&,-,  

#&#"*)#: 

1. L.,$&,-7$*22*,&&5: L. F%$!%(#.8(#  !"#$%&*  *2.,+&*;#  

     3,)4891%&*0 

R. O,&/%&.(#/*0  ,!(%1%"0%$,-,   

    7"%$%&.# 

 . F,"?*&#  2",0  !,-",?%&*0 

2. L.,$&,-#42,(4/*,&&5: 

H. 6.(,%&*%  #.,$#  ,!(%1%"0%$,-,   

    7"%$%&.# 

 

5. @2.#&,3*.%  2,,.3%.2.3*%  #.,$&5'  2!%;.(#"<&5'  $%.,1,3  #&#"*)#  

*  *2!,"<)8%$5'  *2.,+&*;,3  *)"8+%&*0: 

1. L.,$&,-#42,(4/*,&&5: L. D"%;.(*+%2;#0  18-# 

2. L.,$&,-7$*22*,&&5: R. D"%;.(*+%2;#0  *2;(# 

 . T#$!#  2  !,"5$  ;#.,1,$ 3. L.,$&,->"8,(%2/%&.&5: 

H. N"#$0  

 

6. @2.#&,3*.%  2,,.3%.2.3*%  $%.,1#  #.,$&,:  2!%;.(,2;,!**  *  

2!,2,4#  33%1%&*0  !(,45  3  #.,$*)#.,(: 

1.A8-,3#0  #.,$&,-7$*22*,&&#0   

   2!%;.(,2;,!*0 

L. N(,4#  !,$%?#%.20  3  !,"5:    

     ;#.,1 

2.D$*22*,&&#0 !"#$%&&#0  >,.,-

$%.(*0 

R. L&#"*)*(8%$5:  (#2.3,(   

    (#2!5"0%.20  3  !"#$0 

3. N"#$%&&5:  #.,$&,-

#42,(4/*,&&5: $%.,1 

4. D"%;.(,.%($*+%2;*:  #.,$&,- 

#42,(4/*,&&5: $%.,1 

 . L&#"*)*(8%$5:  (#2.3,(   

    &#&,20.  &#  &#-(%.8=   

    !,3%('&,2.< 

 

7. 6>,($8"*(8:.%  !(*&/*!  #.,$&,-#42,(4/*,&&,-,  $%.,1#. U%.,1  

,2&,3#&  &#: 

1) !,-",?%&**  23%.#  $,"%;8"#$*; 

2) !,-",?%&**  23%.#  23,4,1&5$*  #.,$#$*; 

3) *)"8+%&**  23%.#  3,)4891%&&5$*  #.,$#$*  *  *,&#$*. 

8. N(%1",9%&  ,4(#)%/  2.,+&,:  3,15  '*$*+%2;,-,  !(%1!(*0.*0.  #$  

&%,4',1*$,  354(#.<  &#*4,"%%  +832.3*.%"<&5:  $%.,1  ,!(%1%"%&*0  

>,&,35'  ;,"*+%2.3  ;#1$*0  3  2.,+&,:  3,1%  *  8;#)#.<  !(#3*"<&5:  

,.3%.:  

1) 7$*22*,&&#0 !"#$%&&#0  >,.,$%.(*0;  
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2) !"#$%&&5:  #.,$&,-#42,(4/*,&&5: $%.,1;  

3) 7"%;.(,.%($*+%2;*:  #.,$&,-#42,(4/*,&&5: $%.,1. 

9.  54%(*.%  ,!.*$#"<&5:  $%.,1  #.,$*)#/**  1"0  !"#$%&&,-

>,.,$%.(*+%2;,-,  ,!(%1%"%&*0  ?%",+&5'  7"%$%&.,3:  

1) 7"%;.(,.%($*+%2;*:  #.,$*)#.,(; 

2) !"#$0  !(,!#& – 3,)18'; 

3) !"#$0  )#;*2<  #),.# – #/%.*"%&. 

10.  54%(*.%  $%.,1  #.,$*)#/**  1"0  &#*4,"%%  +832.3*.%"<&,-,  

#.,$&,-#42,(4/*,&&,-,  ,!(%1%"%&*0  (%1;,)%$%"<&5'  7"%$%&.,3:  

1) !"#$0  #/%.*"%& – 3,)18'; 

2) !"#$0  )#;*2<  #),.# – #/%.*"%&; 

3) 7"%;.(,.%($*+%2;*:  #.,$*)#.,(. 

11.  54%(*.%  $%.,1  #.,$*)#/**  1"0  ,!(%1%"%&*0  (.8.*  &#  >,&,3,$  

8(,3&%:  

1) !"#$0  #/%.*"%& – 3,)18';  

2) 3  ',",1&5'  !#(#'; 

3) 7"%;.(,.%($*+%2;*:  #.,$*)#.,(. 

12. @;#9*.%, ;#;*%  *,&5  $%K#=.  !"#$%&&,$8  #.,$&,-#42,(4/*,&&,$8  

,!(%1%"%&*=  ;#"</*0:  

1) BE4
3
; 

2) Cl
-
 ; 

3) NO3
-
. 

13. @;#9*.%  $%.#""5, ;,.,(5%  &%  $%K#=.  #.,$&,-#42,(4/*,&&,$8  

,!(%1%"%&*=  (.8.*  $%.,1,$  ',",1&,-,  !#(#:  

1) $%.#""5, ,4(#)8=?*%  #$#"<-#$5; 

2) $%.#""5, ,4(#)8=?*%  ;,$!"%;2&5%  2,%1*&%&*0; 

3) $%.#""5, &%  (%#-*(8=?*%  2  $%.#""*+%2;,:  (.8.<=. 

14.  54%(*.%  !#(#$%.(, ;,.,(5:  *2!,"<)8=.  1"0  ;#+%2.3%&&,-,  

#.,$&,-#42,(4/*,&&,-,  #&#"*)#: 

1) #42,(4/*,&&,2.<; 

2) +#2.,.#  *)"8+%&*0; 

3) *&.%&2*3&,2.<  *)"8+%&*0; 

4) +#2.,.#  !,-",?%&*0. 
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 !"#$% 2. &$'()%)*+,$-.+$ /!(!.'$(+-'+.+ !')01)-

!2-)(23+)11)*) 0$')#! 

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

#1!"0"8, 0-9 3"!"(+7 3"$)1$!(%)*9 "/(101-91#":" ;-1#1$!% ")1$*8%1!'9 /" 

:(%05*("8"4$", 3(*8",, /"'!("1$$", /" '!%$0%(!$+# (%'!8"(%# (;!%-"$%#). 

< 11 "'$"81 -12*! .%3"$ =5:1(%->%#&1(!%-=1(%    = klc, !.1. -*$1,$", .%8*-

'*#"'!* 81-*4*$+ %&'"(&)*"$$"'!*   "! 3"$)1$!(%)** ;-1#1$!% ! 8 %!"#-

$+7 /%(%7 *, '""!81!'!81$$", 8 (%'!8"(%7, 8$"'*#+7 8 %!"#*.%!"(. ?(%@*41-

'3"1 "!"&(%21$*1 ;!", .%8*'*#"'!* – 3%-*&("8"4$+, (:(%05*("8"4$+,) 

:(%@*3 ((*'. 2.1). A% "'* "(0*$%! "!3-%0+8%B! (%.$"'!$+, %$%-*!*41'3*, 

'*:$%- – (%.$"'!6 '*:$%-"8 8 *'/+!51#"# * 7"-"'!"# "/+!%7. 

 
C*'5$"3 2.1 – ?(%05*("8"4$+, :(%@*3 

 !"#$"%$&'()*#$(. D58'!8*!1-6$"'!6 #1!"0% "/(101-91!'9 $%-

3-"$"# -*$1,$", 4%'!* 3%-*&("8"4$", 3(*8", 
dc

dA
tgk   ! . < "!-*4*1 "! 

#"-135-9($+7 %&'"(&)*"$$+7 #1!"0"8 :(%@*3 -*$11$ 8 /(101-%7   = 0,1 – 

0,4. 

D1# 3(541 7"0 :(%05*("8"4$":" :(%@*3%, !1# &"-6E1 458'!8*!1-6-

$"'!6, !1# 3"$!(%'!$11 *.#1$91!'9 %$%-*!*41'3*, '*:$%- /(* "0$"# * !"# 

21 *.#1$1$** 3"$)1$!(%)**. < %!"#$"-%&'"(&)*"$$", '/13!("'3"/** 0-9 

7%(%3!1(*'!*3* 458'!8*!1-6$"'!* "/(101-1$*9 88101$ '/1)*@*41'3*, !1(-

#*$ – 7%(%3!1(*'!*41'3%9 3"$)1$!(%)*9 F7%(. G!" 3"$)1$!(%)*9 ;-1#1$!% 8 

(%'!8"(1, '""!81!'!85BH%9 1 % /":-"H1$*9 *-* 99 % /("/5'3%$*9.  &'"(&-

)*"$$"'!6 /(* ;!"# '"'!%8-91!  A = -lgT = -lg0,99 = 0,0044. I%(%3!1(*'!*41-

'3%9 3"$)1$!(%)*9 "&+4$" 8+(%2%1!'9 8 #3:/#-. 

 

J-%#1$$%9 %!"#*.%)*9    F7%( = 0,01 – 10 #3:/#- 

           8 '(10$1# 

G-13!("!1(#*41'3%9     F7%( = 0,0001 – 0,1 #3:/#-, !.1. 

        %!"#*.%)*9          $% 2-3 /"(903% $*21 

D58'!8*!1-6$"'!6 "/(101-1$*9 .%8*'*! "! 81("9!$"'!* 0%$$":" ;-13-

!("$$":" /1(17"0%, "! !*/% %!"#*.%!"(% (/-%#1$$+, *-* ;-13!("!1(#*41-

0 

  

F 

!
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'3*,), "! ;@@13!*8$"'!* %!"#*.%)**. <""&H1, 8".#"2$"'!* 8%(6*("8%$*9 

458'!8*!1-6$"'!* 8 (%#3%7 0%$$":" !*/% * 3"$'!(53)** %!"#*.%!"("8 ":(%-

$*41$+. J";!"#5 .$%41$*9 7%(%3!1(*'!*41'3*7 3"$)1$!(%)*, 0-9 (%.-*4-

$+7 /(*&"("8 ' /-%#1$$+# %!"#*.%!"("# #1$91!'9 8'1:" -*E6 8 2-5 (%., % 

0-9 /(*&"("8 ' ;-13!("!1(#*41'3*#* %!"#*.%!"(%#* – 8 /(101-%7 /"(903%. 

< /"'-10$1# '-54%1 0-9 7%(%3!1(*'!*3* 458'!8*!1-6$"'!* *'/"-6.5-

B! /"$9!*1 «7%(%3!1(*'!*41'3%9 #%''%». I%(%3!1(*'!*41'3%9 #%''% ;-1#1$-

!%, 8+.+8%BH%9 %&'"(&)*"$$"'!6, (%8$5B 0,0044, 8+4*'-91!'9 /" @"(#5-1: 

A

7%(
Q

0044,0VC
m

""
 ,                                      (2.1) 

:01    F – 3"$)1$!(%)*9, :/#-; 

V – "&K1# 88"0*#", 0".+, #-; 

QA = # "
t

o

dt)t(A  – *$!1:(%-6$"1 .$%41$*1 %&'"(&)*"$$"'!*. 

L'-* (1:*'!(*(5BH%9 '*'!1#% '/13!("#1!(% $1 /".8"-91! @*3'*("-

8%!6 *$!1:(%-6$"1 .$%41$*1 %&'"(&)*"$$"'!*, !" 7%(%3!1(*'!*41'35B #%''5 

#"2$" "/(101-*!6 /" @"(#5-1: 

    
A

0044,0VC
m 7%(

""
 ,                                      (2.2)       

:01   – /"3%.%$*9 '%#"/*E5H1:" /(*&"(%. 

I%(%3!1(*'!*41'3%9 #%''% "&+4$" 8+(%2%1!'9 8 /*3":(%##%7. <1-*-

4*$% 7%(%3!1(*'!*41'3", #%''+ 98-91!'9 "&K13!*8$", 7%(%3!1(*'!*3", 458-

'!8*!1-6$"'!*. L1 !1"(1!*41'3"1 .$%41$*1 0-9 &"-6E*$'!8% ;-1#1$!"8 (%'-

'4*!%- =.<. >68"8. M%3, 8 ;-13!("!1(#*41'3*7 %!"#*.%!"(%7 7%(%3!1(*'!*41-

'3%9 #%''% As '"'!%8-91! 14 /:, Cu – 2,4 /:, Cd – 0,45 /:, Hg – 68,8 /: (-54-

E%9 458'!8*!1-6$"'!6 0"'!*:%1!'9 %!"#*.%)*1, 8 7"-"0$+7 /%(%7), Pb – 11 

/:, Se – 30 /:. 

 J"8+E1$*B 458'!8*!1-6$"'!* '/"'"&'!85B! '-105BH*1 @%3!"(+: 

1. I"("E11 (%.(1E1$*1 %$%-*!*41'3", (1."$%$'$", -*$** * 0(5:*7 

&-*.3*7 /" 0-*$1 8"-$+ -*$*, (;!" 0"'!*:%1!'9 5#1$6E1$*1# E*(*$+ 

H1-* #"$"7("#%!"(%). 

2. N81-*41$*1 3"-*41'!8% * 0*'/1('$"'!* %;("."-9, 8$"'*#":" 8 %!"#*-

.%!"( 8 10*$*)5 8(1#1$* ($%/(*#1(, 0"&%8-1$*1# "(:%$*41'3*7 (%'-

!8"(*!1-1,, $%:(18%$*1# (%'!8"(% *-* /(*#1$1$*1# '/1)*%-6$+7 3"$-

'!(53)*, (%'/+-*!1-9 * (%'/+-*!1-6$", 3%#1(+). 

3. O/!*#*.%)*9 5'-"8*, %!"#*.%)** – '""!$"E1$*1 :"(B4*, :%. – "3*'-

-*!1-6, (%&"4%9 8+'"!% /-%#1$*, 88101$*1 '/1)*%-6$+7 0"&%8"3. 

4. P'/"-6."8%$*1 &"-11 5.3"/"-"'$+7 *'!"4$*3"8 (8+'"3"4%'!"!$+1 

&1.;-13!("0$+1 -%#/+, -%#/+ /"8+E1$$", 9(3"'!*) *-* /(*#1$1$*1 

#%-+7 !"3"8 /(* (%&"!1 ' -%#/", ' /"-+# 3%!"0"# * :%."(%.(90$", 

-%#/",. 
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Q-9 $13"!"(+7 ;-1#1$!"8, '"10*$1$*9 3"!"(+7 !(50$" %!"#*.*(5B!-

'9 8 8".05E$"-%)1!*-1$"8"# /-%#1$* (Ba, Ca, Cr, Mo, Sn), 458'!8*!1-6$"'!6 

#"2$" /"8+'*!6 /(*#1$1$*1# 3-7 H1-18", :"(1-3* *-* &"-11 5.3":" '81!"-

8":" /543%. P$":0% /(* "/(101-1$** 8+'"3*7 3"$)1$!(%)*, ;-1#1$!"8 458-

'!8*!1-6$"'!6 $1"&7"0*#" 5#1$6E*!6 *-*, 3%3 :"8"(9!, «.%:(5&*!6» /(*&"(. 

N#1$6E1$*1 458'!8*!1-6$"'!* 0"'!*:%1!'9: 

1. C%.&%8-1$*1# (%'!8"(%. G!" &501! 3 !"#5 21 5'!(%$9!6 #%!(*4$+1 ;@-

@13!+. 

2. P'/"-6."8%$*1# $1(1."$%$'$+7 &"-11 '-%&+7 %$%-*!*41'3*7 -*$*,. 

G!* -*$** $1(103" *#1B! -54E11 '""!$"E1$*1 '*:$%-/E5# * &"-11 

E*("35B "&-%'!6 "/(101-91#+7 3"$)1$!(%)*,, 41# $%*&"-11 458'!8*-

!1-6$+1 (1."$%$'$+1 -*$**. M%3, 8 !%&-. 2.1 /(*8101$%  F7%(  0-9 21-1-

.% $% (%.-*4$+7 %$%-*!*41'3*7 -*$*97. 

 

M%&-*)% 2.1 – D58'!8*!1-6$+1 -*$** 21-1.% 
 $%-*!*41'3%9 

-*$*9 21-1.%, $# 
248,3 252,3 271,9 302,1 296,7 372,0 386,0 382,4

F7%(, #3:/#- 0,08 0,3 0,5 0,7 1,0 1,0 2,0 30,0 

 

3. D58'!8*!1-6$"'!6 -1:3" #"2$" 5#1$6E*!6 /(*#1$1$*1# &"-11 3"("!-

3", :"(1-3* *-* 11 /"8"("!"# $% 90
"
. J(* ;!"# -*$1,$"'!6 3%-*&("-

8"4$", 3(*8",, 3%3 /(%8*-", 5-54E%1!'9, $" 581-*4*8%1!'9 #%!(*4$+, 

;@@13! * 5750E%1!'9 8"'/("*.8"0*#"'!6. 

D58'!8*!1-6$"'!6 ;-13!("!1(#*41'3*7 %!"#*.%!"("8 .%8*'*! "! $13"!"-

(+7 0"/"-$*!1-6$+7 @%3!"("8: 

- 3"$'!(53)** /14* (/*("-*!*41'3"1 /"3(+!*1, '3"("'!6 $%:(18%$*9); 

- /(*("0+, (%'7"0% * 08*21$*9 *$1(!$":" :%.%; 

- !1#/1(%!5($", /(":(%##+ (!1#/1(%!5( "!01-6$+7 '!%0*, * '3"("'!* 

$%:(18%$*9); 

- @"(#+ 7*#*41'3":" '"10*$1$*9 "/(101-91#":" ;-1#1$!% * 88"0*#+7 

0"&%8"3; 

- "&K1#% /("&+. 

 

+,&-&' *.)/,!0&)%1. <".#"2$"'!6 "/(101-1$*9 "41$6 #%-+7 '"-

01(2%$*, ":(%$*4*8%1!'9 $1 !"-63" 81-*4*$", %$%-*!*41'3":" '*:$%-%, $" * 

5("8$1# E5#"8, $% @"$1 3"!"(+7 ;!"! '*:$%- *.#1(91!'9. A% (*' 2.2 /(*81-

01$+ .%/*'* 0857 (%8$+7 '*:$%-"8 ' 7"("E*# * $1&-%:"/(*9!$+# '""!$"-

E1$*1# '*:$%-/E5#. <*0$", 4!" 7%(%3!1(*'!*41'3%9 3"$)1$!(%)*9 5 '*:$%-

-"8 % * & "0*$%3"8%. A" 8"! 5#1$6E*!6 3"$)1$!(%)*B 8" 2-"# '-54%1 521 

$1-6.9, !.3. '""!81!'!85BH*, '*:$%- $1"!-*4*# "! @-53!5%)*, @"$%.  

J(101-"# "&$%(521$*9 $%.+8%1!'9 #*$*#%-6$%9 3"$)1$!(%)*9 ;-1-

#1$!%, 3"!"(5B #"2$" "&$%(52*!6 ' .%0%$$", '!%!*'!*41'3", 0"'!"81($"-

'!6B. 
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C*'5$"3 2.2 –  !"#$"-%&'"(&)*"$$+, '*:$%- 

% – 7"("E11 '""!$"E1$*1 '*:$%-/E5#; & – /-"7"1 '""!$"E1$*1 '*:$%-/E5#; 

8 – '*:$%- * @"$ $% /(101-1 "&$%(521$*9. 

    J(101- "&$%(521$*9 

 

 

  &'"-B!$+,        O!$"'*!1-6$+, 

(:, #:, #3: *-* #3:/#-)                   (%) 

O&+4$" .%0%$$%9 0"81(*!1-6$%9 81("9!$"'!6 0"'!%!"4$" 8+'"3%        

(C = 0,95 *-* C = 0,99). J(101- "&$%(521$*9 #"21! &+!6 .%0%$ * #*$*#%-6-

$+# %$%-*!*41'3*# '*:$%-"#  min, 3"!"(+, #"2$" 581(1$$" "!-*4%!6 "! 

'*:$%-% 3"$!("-6$":" (7"-"'!":") "/+!% –  @"$.  

< %!"#$"-%&'"(&)*"$$"# #1!"01 /(101-"# "&$%(521$*9 '4*!%B! 

3"$)1$!(%)*B ;-1#1$!%, /(* "/(101-1$** 3"!"(", %$%-*!*41'3*, '*:$%- 

(%81$ 5!("1$$"#5 .$%41$*B '!%$0%(!$":" "!3-"$1$*9 @-53!5%)*, @"$%      

S" @"$%. G!" !%3 $%.+8%1#+, !(17'*:#"8+, 3$  – 3(*!1(*,. M(17'*:#"8+, 

3(*!1(*, "&1'/14*8%1! '!%!*'!*41'35B 0"'!"81($"'!6 "&$%(521$*9 0,997. 

F/"'"&+ "/(101-1$*9 /(101-% "&$%(521$*9 $% «4*'!+7» (%'!8"(%7: 

1. R$":"3(%!$"1 *.#1(1$*1 %&'"(&)*"$$":" '*:$%-% $5-18":" (%'!8"(%. 

F$*#%B! 15-20 /"3%.%$*, )*@("8":" (1:*'!(*(5BH1:" 5'!(",'!8%  i. 

C%''4*!+8%B! .$%41$*1 '!%$0%(!$":" "!3-"$1$*9 @"$% 

% &
1n

AA

S

n

1i

2

i

0 '

'
 
(
                                                                          (2.3) 

 Q%-11 (%''4*!+8%B! /(101- "&$%(521$*9, 3%3 
S

S
C

p

0

min,

3
 , :01 S – 3"-

;@@*)*1$! 458'!8*!1-6$"'!*. 

2. < !141$*1 30-60 '135$0 .%/*'+8%B! «E5#"85B 0"("235» $% '%#"/*'-

)1, /"'-1 41:" ")1$*8%B! /(101- "&$%(521$*9 /" :(%05*("8"4$", 3(*-

8", 3%3 3"$)1$!(%)*B, '""!81!'!85BH5B '*:$%-5, 3"!"(+, (%81$ 

5!("1$$"#5 .$%41$*B '!%$0%(!$":" "!3-"$1$*9 '*:$%-% $5-18":" (%'-

!8"(%. 

J(101-+ "&$%(521$*9 $13"!"(+7 ;-1#1$!"8 $% %!"#$"-%&'"(&)*"$$"# 

'/13!("#1!(1 F%!5($-3 0-9 «4*'!+7» (%'!8"("8 /(*8101$+ 8 !%&-. 2.2. 

 

 

8 
 

& 
 

% 
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M%&-*)% 2.2 – J(101-+ "&$%(521$*9 ;-1#1$!"8 /(* *'/"-6."8%$** '/13!("-

#1!(% F%!5($-3  

J(101- "&$%(521$*9 

G-1#1$! 
/-%#9, #3:/#- 

:(%@*!"8%9 !(5&4%!%9 

/146, #3:/- 

Al 0,15  
V 0,08  
Bi 0,10 3,0 
W 2,0  
Ga 0,05 5,0 
Ge 0,20 30 
Fe 0,015  
Au 0,03  
Ir 40 
In 0,07 1,5 
Cd 0,007 0,05 
K 0,005  
Ca 0,004  
Co 0,025 0,6 
Mg 0,0007  
Mn 0,004 0,05 
Cu 0,004 0,5 
Mo 0,06  
Na 0,0015  
Ni 0,02 4,0 
Nb 10  
Sn 1,0 5,0 
Pt 0,4 8,0 
Pd 1,5 
Hg 0,4  
Rh 2,0 
Pb 0,05 0,5 
Ag 0,004 0,1 
Sb 0,06 2,0 
Tl 0,06 0,5 
Ta 10  
Te 0,45 1,0 
Ti 0,4  
Rb 0,01 0,4 
Cr 0,005 0,8 
Cs 0,006 3,0 
Zn 0,004  
Zr 4,0  

< #"$":(%@** R.G. =(*)31 /(*8"0*!'9 #1!"0*3% ")1$3* /(101-% "&-

$%(521$*9 *. !%3 $%.+8%1#+7 '310%'!*41'3*7  3(*8+7. G!" .%8*'*#"'!* 

'!%$0%(!$":" S * "!$"'*!1-6$" '!%$0%(!$":" "!3-"$1$*9 Sr '*:$%-% %&'"(&-

)*"$$"'!* "/(101-91#":" ;-1#1$!% "! 1:" 3"$)1$!(%)**.  
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Q-9 #$":*7 %$%-*!*41'3*7 #1!"0"8, 8 !"# 4*'-1 * 0-9 %!"#$"-

%&'"(&)*"$$":" %$%-*.%, :(%@*3* .%8*'*#"'!* S * Sr "! 3"$)1$!(%)** *#1-

B! 8*0, /"3%.%$$+, $% (*'. 2.3. 

 
C*'5$"3 2.3 – <*0  .%8*'*#"'!* '!%$0%(!$":" "!3-"$1$*9 S * "!$"'*!1-6$"-

:" '!%$0%(!$":" "!3-"$1$*9 Sr "! 3"$)1$!(%)** "/(101-91#":" ;-1#1$!%:   

2$  * 3$  – 3"$)1$!(%)**, '""!81!'!85BH*1 /(101-%# "&$%(521$*9 /" 2$  * 

3$ - 3(*!1(*B; FA * F< – :(%$*)+ 0*%/%."$% (%&"4*7 ("/!*#%-6$+7) 

3"$)1$!(%)*,. 

<*0$", 4!" "!$"'*!1-6$"1 '!%$0%(!$"1 "!3-"$1$*1 Sr 8 0"8"-6$" 

&"-6E"# 0*%/%."$1 3"$)1$!(%)*, *#11! /"4!* /"'!"9$$"1 .$%41$*1, &-*.-

3"1 3 #*$*#%-6$"#5, 3"!"("1 0-9 '"8(1#1$$+7 /(*&"("8 8+'E1:" 3-%''% 

"&+4$" $1 /(18+E%1! 0,01-0,02. G!"! 0*%/%."$ $%.+8%B! 0*%/%."$"# «(%&"-

4*7 3"$)1$!(%)*,», % 1:" :(%$*)+ 53%.+8%B! 8 *$'!(53)*97 * /("'/13!%7 

/(*&"("8. J(* 5#1$6E1$** 3"$)1$!(%)** "/(101-91#":" ;-1#1$!% 8 (%'-

!8"(1 Sr 8".(%'!%1!, "'"&1$$" (1.3" 8&-*.* /(101-% "&$%(521$*9. A%*&"-11 

8+:"0$" (%&"!%!6 *#1$$" 8 0*%/%."$1 3"$)1$!(%)*,, 8 3"!"("# Sr /"'!"9$$" 

* &-*.3" 3 #*$*#%-6$"#5. 

J" 2$ -3(*!1(*B /(101- "&$%(521$*9 – ;!" 3"$)1$!(%)*9, '*:$%- 0-9 

3"!"(", (%81$ 508"1$$", 81-*4*$1 '!%$0%(!$":" "!3-"$1$*9 So. M":0% 

    5,0
S2

S
S

o

o

r                                                        (2.4) 

J" 3$ -3(*!1(*B   33,0
S3

S
S

o

o
r                                             (2.5) 

O!3-%0+8%9 $% "'* "(0*$%! .$%41$*1 Sr , (%8$"1 '""!81!'!81$$" 0,5 * 

0,33, /" '310%'!*41'3", 3(*8", "/(101-9B! 81-*4*$5 /(101-% "&$%(521$*9. 

<*0$", 4!" /(* "/(101-1$** /(101-% "&$%(521$*9 /" 3$ -3(*!1(*B /":(1E-

$"'!6 $*21 ("3"-" 33 %), !.1. ;!" &"-11 $%012$+, 3(*!1(*,. 

 F/"'"&+ '$*21$*9 /(101-% "&$%(521$*9: 

Sr 

S 

F<FA 3$  2$

0,33 

Sr, S 

0,5 

F 
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1. P'/"-6."8%$*1 #%3'*#%-6$", 9(3"'!* '8141$*9 *'!"4$*3% ($" &1. 

'%#""&(%H1$*9 '""!81!'!85BH1, -*$**). 

2. R%3'*#%-6$" 8".#"2$%9 E*(*$% H1-*, $" $1 /(*8"09H%9 3 /1(13(+-

8%$*B 0(5:*#* &-*.3*#* -*$*9#*. 

3. R*$*#*.%)*9 $1'1-13!*8$":" /":-"H1$*9. 

4. N'(10$1$*1 '*:$%-% * 5#1(1$$"1 /"0%8-1$*1 E5#"8 (01#/@1(*("8%-

$*1). 

5. O&H%9 "/!*#*.%)*9 '""!$"E1$*9 '*:$%-/E5#. 

Q-9 '/13!("#1!("8 ' &"-6E*#* /"!1(9#* '81!% ($%/(*#1(, 0857-541-

8+1 ' 5'-"2$1$$", "/!*41'3", '71#",) '$*.*!6 /(101- "&$%(521$*9 #"2$", 

1'-* /1(1,!* $% "0$"-5418", (12*#. 

2*#3,*%4"*-%5*#$(. <"'/("*.8"0*#"'!6 %!"#$"-%&'"(&)*"$$":" 

#1!"0% "/(101-91!'9: 

1) '-54%,$+#* /":(1E$"'!9#* %$%-*.%, 8".$*3%BH*#* $% 8'17 /(10E1'!-

85BH*7 '!%0*97 %$%-*!*41'3":" /(")1''%; 

2)/":(1E$"'!9#*, 8".$*3%BH*#* /(* %!"#$"-%&'"(&)*"$$+7 *.#1(1$*97. 

<"'/("*.8"0*#"'!6 .%8*'*! "! /"#17 (%.-*4$":" !*/%. >B&"1 8-*9-

$*1 $% %$%-*!*41'3*, '*:$%-, 8+.+8%BH11 1:" 5750E1$*1, $%.+8%1!'9 /"-

#17",. C%.-*4%B! 2 8*0% /"#17. 

 

      J"#17* 

 

        %00*!*8$+1     #5-6!*/-*3%!*8$+1 

                (/"'!"9$$+1)             (/1(1#1$$+1) 

   

J(*'5!'!8*1  3%3":"--*&"  /"'!"-

("$$1:"  3"#/"$1$!%  8 /("&1  

/(*8"0*! 3 '-"21$*B %$%-*!*41-

'3":"  '*:$%-% ' '*:$%-"#, "&5-

'-"8-1$$+# ;!*# 3"#/"$1$!"#. 

?(%05*("8"4$+, :(%@*3 /%(%--

-1-6$" '#1H%1!'9. R1!"0 0"&%8"3 

$1 5'!(%$91! %00*!*8$+1 /"#17*. 

 S%3",-$*&506 3"#/"$1$! /("&+ $1 

0%1! '%# '*:$%-. A" "$ 5'*-*8%1! 

*-* "'-%&-91! %$%-*!*41'3*, '*:-

$%-. P.#1$91!'9 5:"- $%3-"$% (458-

'!8*!1-6$"'!6) :(%05*("8"4$":" 

:(%@*3% &1. 1:" /%(%--1-6$":" '#1-

H1$*9. R5-6!*/-*3%!*8$+1 /"#17* 

#":5! &+!6 '89.%$+ ' 8-*9$*1# "'-

$"8$":" 3"#/"$1$!%, '#1H1$*1# 

(%8$"81'*9 8 :%."8", @%.1 * !.0. R1-

!"0 0"&%8"3 5'!(%$91! #5-6!*/-*3%-

!*8$+1 /"#17*. 

F5##%($%9 8"'/("*.8"0*#"'!6 %!"#$"-%&'"(&)*"$$+7 *.#1(1$*, 

'":-%'$" .%3"$5 '-"21$*9 /":(1E$"'!1, #"21! &+!6 /(10'!%8-1$%: 

  
2

.;-13!(

2

%!"#

2

.*'! SSSS )) ,                                         (2.6) 

:01 S*'!. – '!%$0%(!$"1 "!3-"$1$*1 @-53!5%)*, *'!"4$*3%; 

  S%!"#. – '!%$0%(!$"1 "!3-"$1$*1 @-53!5%)*, %!"#*.%!"(%;  
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  S;-13!(. – '!%$0%(!$"1 "!3-"$1$*1 ;-13!("$$":" (1:*'!(*(5BH1:" 

5'!(",'!8%. 

J(*41#, 3%3 /(%8*-",  .%!"#

2

;-13!(

2

*'! SSS *) , !.1. "'$"8$+# *'!"4-

$*3"# E5#"8 98-91!'9 %!"#*.%!"(. J-%#9 – ;!" 0*$%#*41'3%9 '*'!1#%, :1"-

#1!(*9 * '!17*"#1!(*9 3"!"(", #1$91!'9 8 *.81'!$+7 /(101-%7, * 0-9 3"!"-

(", 7%(%3!1($+ -"3%-6$+1 !1#/1(%!5($+1 /1(1/%0+, .%8*7(1$*9 * !.0. 

T-53!5%)** '"&'!81$$":" /":-"H1$*9 /("/"()*"$%-6$+ 81-*4*$1 %&'"(&-

)** /-%#1$* * #":5! &+!6 '$*21$+ /(*#1$1$*1# &"-11 "3*'-*!1-6$":" 

/-%#1$*, 8+&"("# "/!*#%-6$", (%&"41, 8+'"!+ /-%#1$*, /"07"09H1:" (%'-

!8"(*!1-9 * 5#1$6E1$*1# 3"$)1$!(%)** 8 (%'!8"(1 "'$"8$+7 3"#/"$1$!"8 

/("&+. F!%&*-6$"'!6 %!"#*.%)** .%8*'*! "! 3"$'!(53)** :"(1-3*, (12*#% 

:"(1$*9 ($%*&"-11 '!%&*-6$"1 :"(1$*1 $%&-B0%1!'9 5 '!17*"#1!(*41'3":" 

/-%#1$*), '!%&*-6$"'!* (%&"!+ '*'!1#+ (%'/+-*!1-6 – :"(1-3% * /(")1''"8 

%!"#*.%)** "/(101-91#":" ;-1#1$!%. J(* /("4*7 (%8$+7 5'-"8*97 !(50$"-

%!"#*.*(51#+1 #1!%--+ &"-11 458'!8*!1-6$+ 3 @-53!5%)*9# /-%#1$* * "/-

(101-9B!'9 ' 750E1, 8"'/("*.8"0*#"'!6B. 

T-53!5%)** *'!"4$*3% S*'!. .%8*'9! "! 3"$'!(53)** * /*!%BH1:" !"3% 

-%#/+. M%3, -%#/+ ' /"-+# 3%!"0"# 0-9 As, Bi, Te, Se, Sn (%&"!%B! #1$11 

'!%&*-6$". L0*$'!81$$+, /%(%#1!(, 3"!"(+# %$%-*!*3 #"21! 5/(%8-9!6 – 

;!" !"3 -%#/+. J(* &"-11 8+'"3"# !"31 8"'/("*.8"0*#"'!6 5-54E%1!'9 (8 

"'"&1$$"'!* 0-9 -1:3"-1!54*7 #1!%--"8 * ;-1#1$!"8, '"10*$1$*9 3"!"(+7 

-1:3" %!"#*.*(5B!'9 – Ag, Cd, Cu, Zn, H1-"4$+1 #1!%--+.) A" /(* ;!"# 

5#1$6E%1!'9 8(1#9 2*.$* -%#/+, $1'3"-63" '$*21!'9 458'!8*!1-6$"'!6 * 

'52%1!'9 -*$1,$%9 4%'!6 :(%05*("8"4$":" :(%@*3%. 

Q-9 "0$"-5418":" '/13!("#1!(% E5# * 0(1,@ '81!"8":" /"!"3% /"'-1 

83-B41$*9 -%#/+ 8 !141$*1 15 – 30 #*$5! .$%4*!1-6$" 5#1$6E%1!'9. Q-9 

0857-5418+7 /(*&"("8 E5# *'!"4$*3% 8""&H1 &"-6E", ("-* $1 *:(%1!. 

U5#, '89.%$$+, ' $1'!%&*-6$"'!6B ;-13!("$$", '71#+ S;-13!(., 3%3 /(%8*-", 

$*."3. A%*&"-11 '5H1'!81$$+, 83-%0 8$"'*! @"!"$$+, E5# @"!"5#$"2*-

!1-9, /("/"()*"$%-6$+, 3"($B 38%0(%!$"#5 *. *$!1$'*8$"'!* '81!"8":" 

/"!"3% (3%3 "! *'!"4$*3%, !%3 * "! %!"#*.%!"(%). J";!"#5 E5# @"$"8", 

;#*''** @"!"5#$"2*!1-9 '!%$"8*!'9 .$%4*!1-6$+# /(* "/(101-1$** ;-1-

#1$!"8 ' '*-6$+# *.-541$*1# 8 /-%#1$* (Ca, Ba, Cs, K, Li, Na, Rb) *-* ;-1-

#1$!"8, 46* -*$** (%'/"-"21$+ 8 "&-%'!* '/13!(% '" .$%4*!1-6$", '"&'!-

81$$", ;#*''*1, /-%#1$*, *-* (%0*3%-"8, "&(%.5BH*7'9 /(* /*("-*.1 #%3-

("3"#/"$1$!"8. A%/(*#1(, %&'"(&)*"$$+, '*:$%- $1'!%&*-1$ /(* "/(101-

-1$** &%(*9 8 '81!9H1#'9 '*-6$" 8"''!%$"8*!1-6$"# 8".05E$"-

%)1!*-1$"8"# /-%#1$* *-* /(* *.&+!31 8 (%'!8"(1 3%-6)*9 * -%$!%$% *.-.% 

.$%4*!1-6$", ;#*''** (%0*3%-"8 CaOH +  * LaO +  * '%#":" /-%#1$* 8&-*.* 

-*$** &%(*9 ' 0-*$", 8"-$+ 553,6 $#. 

+,/"%'()*#$(. J(%8*-6$"'!6 %$%-*!*41'3":" #1!"0% 7%(%3!1(*.5-

1!'9 "!3-"$1$*1# '(10$1:" (1.5-6!%!% &"-6E":" 4*'-% "/(101-1$*, "! *'-

!*$$":" ($%012$" 5'!%$"8-1$$":") '"01(2%$*9 ;-1#1$!% 8 /("&1. J(%8*-6-
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$"'!6 !1# 8+E1, 41# #1$6E1 '*'!1#%!*41'3%9 /":(1E$"'!6 #1!"0%. J(*4*-

$%#* '*'!1#%!*41'3*7 "E*&"3, '/1)*@*4$+7 0-9 %!"#$"-%&'"(&)*"$$":" 

%$%-*.%, 98-9B!'9: 
'
 8(1#1$$", 0(1,@ $5-18", -*$** ("'"&1$$" 0-9 "0$"-5418+7 '/13-

!("#1!("8);
 

'
 8(1#1$$", 0(1,@ 458'!8*!1-6$"'!*;

 

' 8-*9$*9, 8+.8%$$+1 (%.-*4*1# 8%-"8":" '"'!%8% /("& * '!%$0%(!$+7

 (%'!8"("8. 

G@@13!*8$"'!6 %!"#*.%)** .%8*'*! "! #$":*7 @%3!"("8, $13"!"(+1 

*. 3"!"(+7 #":5! /"'!1/1$$" * $13"$!("-*(51#" #1$9!6'9 8" 8(1#1$*. G!", 

8 '8"B "41(106, /(*8"0*! 3 0(1,@5 458'!8*!1-6$"'!* *.#1(1$*9. 

P$!1$'*8$"'!6 '81!"8":" /"!"3%, E*(*$% ;#*''*"$$", -*$**, '""!-

$"E1$*1 *$!1$'*8$"'!1, %$%-*!*41'3", * '"'10$*7 -*$*, .%#1!$" 0(1,-

@5B! 8 /1(8+1 10-30 #*$5! /"'-1 83-B41$*9 -%#/+. G-13!("$$+1 &-"3* 

!%321 /"081(21$+ "/(101-1$$"#5 8(1#1$$"#5 0(1,@5. O! $%:(18%$*9 /"-

'!1/1$$" #1$9B!'9 (%.#1(+ H1-* :"(1-3* * 0-*$% 8"-$+, $% 3"!"(5B $%-

'!("1$ #"$"7("#%!"(. < 0(1,@1 ;!*7 /%(%#1!("8 "/(101-1$$5B ("-6 *:(%-

B! * $1*.&12$+1 8*&(%)** 3"#/(1''"(%. J(* 0-*!1-6$"# (%'/+-1$** (%'-

!8"("8 ' 8+'"3*# '"01(2%$*1# '"-1, $% H1-* :"(1-3* "!3-%0+8%B!'9 '"-* 

* 5:-1("0; ;!" .%#1!$" #1$91! 0%8-1$*1 * (%'7"0 (%'/+-9BH1:" :%.%, % !%3-

21 '""!$"E1$*1 :"(B41:" :%.% * "3*'-*!1-9. 

Q(1,@ 458'!8*!1-6$"'!*, /(*8"09H*, 3 '*'!1#%!*41'3", /":(1E$"-

'!*, '-1051! /" 8".#"2$"'!* *'3-B4%!6. G!" 0"'!*:%1!'9 (%)*"$%-6$", #1-

!"0*3", *.#1(1$*9: /("8101$*1# '1(** *.#1(1$*, .% 3"("!3*, /("#125!"3 

8(1#1$*, 4%'!+# 41(10"8%$*1# *.#1(1$*, /("&+, '!%$0%(!$":" (%'!8"(% * 

(%'!8"(*!1-9, 4%'!+# (%'/+-1$*1# $5-18":" (%'!8"(% * /("81(3", /"-"21-

$*9 $5-18", -*$**. 

Q-9 ;-13!("!1(#*41'3*7 %!"#*.%!"("8 $%&-B0%1!'9 0(1,@ 458'!8*-

!1-6$"'!*, 8+.+8%1#+,: 

' $%3"/-1$*1# /("053!"8 /*("-*.% /(10E1'!85BH*7 /("& (5:-1("0, 

!(50$"-1!54*1 '"-*); 

' .%(%21$*1# ("'"&1$$" 0-9 !(50$"-1!54*7 * 3%(&*0""&(%.5BH*7 

;-1#1$!"8); 

' 5750E1$*1# 3"$!%3!% #1205 :(%@*!"8", !(5&3", * !"3"/"08"0%#*; 

' *.#1$1$*1# '8",'!8 /"81(7$"'!* /14* (/*("-*.$":" /"3(+!*9, /"-

(*'!"'!*), #17%$*41'3*#* /"8(1201$*9#* /"81(7$"'!* 3"$4*3"# 0".%!"(%; 

' /"'!1/1$$+# 5#1$6E1$*1 !"-H*$+ '!1$"3 8 (1.5-6!%!1 8".:"$3* * 

"3*'-1$*9 :(%@*!% * 0(. 

Q(1,@ 458'!8*!1-6$"'!* #"2$" *'3-B4*!6, /(*#1$99 /"#*#" (%-

)*"$%-6$", #1!"0*3* *.#1(1$*9 1H1 * #1!"0 '!%$0%(!$+7 0"&%8"3, 3"!"-

(+, !*/*41$ /(* (%&"!1 ' ;-13!("!1(#*41'3*#* %!"#*.%!"(%#*. C%0*3%-6-

$"1 (1E1$*1 /("&-1#+ 8"'/("*.8"0*#"'!* * /(%8*-6$"'!* ;-13!("!1(#*-

41'3*7 #1!"0"8 0%1! /(":(%##$"1 5/(%8-1$*1 !1#/1(%!5(", ' "&(%!$", '89-



 65

.6B, (1:*'!(%)*9  *$!1:(%-6$", %&'"(&)*"$$"'!* * %8!"#%!*.%)*9 0".*("8-

3* /("&+. 

<-*9$*9 /"'!"("$$*7 3"#/"$1$!"8, /(*'5!'!85BH*7 8  %$%-*.*(51-

#+7 /("&%7, !%321 #":5! /(*8"0*!6 3 '*'!1#%!*41'3*# /":(1E$"'!9#. 

4)5()-6 #%7 -!0)-')7'$%81)9 (!2)'6 + "!#!,+ 

1. < 41# (%.$*)% /"$9!*, «458'!8*!1-6$"'!6» * «/(101- "&$%(521$*9»? 

2. C%''4*!%,!1 7%(%3!1(*'!*41'3*1 3"$)1$!(%)** /(* %!"#$"-

%&'"(&)*"$$"# "/(101-1$** ;-1#1$!"8, *'/"-6.59 '-105BH*1 0%$$+1: 

G-1#1$! S"$)1$!(%)*9 
P.#1(1$$+1 /%(%#1!(+ /":-"H1$*9 

*-* /("/5'3%$*9 

Ni 10 #3:/#-   = 0,292 

Sn 100 #3:/#- M = 80 % 

Ag 0,0185 #"-6/-   = 0,151 

3. <+4*'-*!1 7%(%3!1(*'!*41'35B 3"$)1$!(%)*B :1(#%$*9 /(* 1:" %!"#$"-

%&'"(&)*"$$"# "/(101-1$**, 1'-* /(* 3"$)1$!(%)** 100 #3:/#- %&'"(&-

)*"$$"'!6 :1(#%$*9 '"'!%8-91!   = 0,352. 

4. I%(%3!1(*'!*41'3%9 3"$)1$!(%)*9 #%(:%$)% /(* 1:" %!"#$"-

%&'"(&)*"$$"# *.#1(1$** 8 /-%#1$* %)1!*-1$-8".057 '"'!%8-91!        

0,05 ppm. <+4*'-*!6 #"-9($5B 3"$)1$!(%)*B Mn (II). 

5. <+4*'-*!6 7%(%3!1(*'!*41'35B #%''5 !%--*9 /(* 1:" ;-13!("!1(#*41-

'3"# "/(101-1$**, 1'-* /(* 88101$** 20 #3- (%'!8"(% !%--*9 (I) ' 3"$-

)1$!(%)*1, 3,75 
.
 10

-6
 :/- *$!1:(%-6$%9 %&'"(&)*"$$"'!6 '"'!%8*-% QA = 

0,110. 

6. J1(14*'-*!1 /(*1#+, /"8+E%BH*1 458'!8*!1-6$"'!6 %!"#$"-

%&'"(&)*"$$":" "/(101-1$*9 21-1.% 8 0,01 R (%'!8"(1 %."!$", 3*'-"!+ 

8 /-%#1$* %)1!*-1$-8".057. 

7. S%3 #"2$" 5#1$6E*!6 458'!8*!1-6$"'!6 /(* %!"#$"-%&'"(&)*"$$"# "/-

(101-1$** 3%-6)*9 8 /*!618", 8"01? 

8. O! 3%3*7 @%3!"("8 .%8*'*! 81-*4*$% /(101-% "&$%(521$*9 8 %!"#$"-

%&'"(&)*"$$"# #1!"01? 

9. J1(14*'-*!1 /(*4*$+ 8".$*3$"81$*9 @"$% (E5#%) /(* /-%#1$$"# * 

;-13!("!1(#*41'3"# %!"#$"-%&'"(&)*"$$"# *.#1(1$*97. 

10. S%3 3"-*41'!81$$" #"2$" "7%(%3!1(*."8%!6 /(%8*-6$"'!* * 8"'/("*.8"-

0*#"'!6 (1.5-6!%!"8 %!"#$"-%&'"(&)*"$$":" %$%-*.%? 

11. F/"'"&+ /("81(3* /(%8*-6$"'!* (1.5-6!%!"8 %!"#$"-%&'"(&)*"$$":" 

#1!"0%. 

12. J1(14*'-*!1 8".#"2$+1 '/"'"&+ '$*21$*9 /(101-% "&$%(521$*9 /-%-

#1$$":" %!"#$"-%&'"(&)*"$$":" "/(101-1$*9 #10* 8 3*'-"!$+7 #*$1(%-

-*.%!%7 &*"-":*41'3*7 !3%$1,. 

13. S%3*#* /(*1#%#* 5'!(%$9B!'9 /(*4*$+ '*'!1#%!*41'3*7 /":(1E$"'!1,, 

'/1)*@*4$+7 0-9 %!"#$"-%&'"(&)*"$$":" %$%-*.%? 



 66 

14. J(* :"'/"81(31 %!"#$"-%&'"(&)*"$$":" '/13!("#1!(% &+-% /("8101$% 

'1(*9 *.#1(1$*, '!%$0%(!$":" (%'!8"(% #10* (II) * /"-541$+ '-105BH*1 

.$%41$*9 %&'"(&)*"$$"'!*  : 0,242; 0,244; 0,238; 0,232; 0,240; 0,246; 

0,246; 0,240; 0,230; 0,242. D1(1. /"-4%'% /"8!"(*-* *.#1(1$*1: 0,244; 

0,246; 0,250; 0,241; 0,240; 0,252; 0,254; 0,248; 0,240; 0,246. O)1$*!1 /"-

:(1E$"'!6 *.#1(1$*9 '*:$%-%. V8-91!'9 -* (%.$*)% (1.5-6!%!"8 0857 *.-

#1(1$*, '!%!*'!*41'3* .$%4*#",? 

15. J(* %!"#$"-%&'"(&)*"$$"# "/(101-1$** #%''"8", 0"-* $%!(*9 8 '!%$-

0%(!$"# "&(%.)1 /(10/(*9!*9 (FOJ) &%&&*!% 3%-6)*18":" =S2 ' %!!1'!"-

8%$$+# '"01(2%$*1# $%!(*9 0,200 ,  0,007 % &+-* /"-541$+ '-105BH*1 

(1.5-6!%!+ (%):  0,195; 0,199; 0,206; 0,204. F"01(2*! -* #1!"0*3% '*'!1-

#%!*41'35B /":(1E$"'!6? 
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 !"#$% 3. &$'()*! ) +$,-#)*! .!/-,0 (! !,-+(--

!/1-./2)-((0' 3.)/-.!' 

 !"#$ %&'()&* %&)+&,&-*# %'#!&'. * '.!&,/, %'#01#% # &2/'/)0&3,4 

%&)+&,&-#,/54067 # '.!&2#7 &%/'.1#$ )5( %'#!&'&- '.8067 9&)/5/$ 

%'#9/'0& &)#0.*&-6. :'&1/);'. %&)+&,&-*# .,&90&-.!3&'!1#&00&+& 

3%/*,'&9/,'. * '.!&,/ &!620& ;*.86-./,3( - #03,';*1## * *&0*'/,0&9; 

%'#!&';. :'# %&)+&,&-*/ * '.!&,/ - %/'-;< &2/'/)4 %'&-/'(/,3( 

%&)*5<2/0#/ %'#!&'. * =5/*,'#2/3*#9, +.8&-69 3/,(9, 3#3,/9/ -&)(0&+& 

&75.>)/0#(, 0.5#2#/ -6,(>0&$ -/0,#5(1## 0.) %'#!&'&9. :'# .,&9#8.1## 

%'&! - %5.9/0# # - =5/*,'&,/'9#2/3*#7 .,&9#8.,&'.7 -6)/5(<,3( 

,&*3#206/ %.'6 # ,/%5&. ?6,(>0.( -/0,#5(1#( )&5>0. ;).5(,4 +.86 # %.'6 

3& 3*&'&3,4< 0/ 9/04@/ 5 5/3.  

:&35/ ;3,.0&-*# - %'#!&' 0/&!7&)#9&$ 5.9%6 (#3,&20#* 

'/8&0.030&+& #85;2/0#( – 5.9%. 3 %&569 *.,&)&9 #5# -63&*&2.3,&,0.( 

!/8=5/*,'&)0.( 5.9%.) %'#!&' -*5<2.<, - =5/*,'&3/,4 # )5( 3,.!#5#8.1## 

'/>#9. %'/)-.'#,/540& %'&+'/-.<, 37/96 %#,.0#( # #3,&20#*# #85;2/0#(. 

A,& &3&!/00& -.>0& %'# '.!&,/ 0. &)0&5;2/-67 %'#!&'.7. ? 8.-#3#9&3,# &, 

%'#!&'. # 5.9%6 -'/9( %'&+'/-. 3&3,.-5(/, &, 10 )& 30 9#0;,. 

B3,.0.-5#-.<, &%,#9.540;< -/5#2#0; ,&*. 2/'/8 5.9%;, *&,&'.( &!620& 

3&3,.-5(/, )-/ ,'/,# &, 9.*3#9.540&$, ;*.8.00&$ 0. 5.9%/. ?& -'/9( 

%'&+'/-. 5.9%6 0/&!7&)#9& ;3,.0&-#,4 0/&!7&)#96$ '.89/' (@#'#0;) 

-7&)0&$ "/5# 9&0&7'&9.,&'., -6-/3,# 0. -7&)0;< "/54 9&0&7'&9.,&'. 

.0.5#,#2/3*;< 5#0#< &%'/)/5(/9&+& =5/9/0,.. ?63&*.( 2;-3,-#,/540&3,4 # 

,&20&3,4 #89/'/0#$ &!/3%/2#-./,3( %'# ,".,/540&$ ;3,.0&-*/ #3,&20#*. 

'/8&0.030&+& #85;2/0#( # .,&9#8.,&'. 0. &%,#2/3*&$ &3#, . #8&!'.>/0#/ 

#3,&20#*. 3C&*;3#'&-.0& 0. -7&)0&$ "/5# 9&0&7'&9.,&'.. D&0&7'&9.,&' 

# &3-/,#,/540.( &%,#*. &!620& &,E<3,#'&-.06 %'# #8+&,&-5/0##, . )5( 

<3,#'&-*# #3,&20#*. '/8&0.030&+& #85;2/0#( # .,&9#8.,&'. %'/);39&,'/0. 

-&89&>0&3,4 '/+;5#'&-*# %'&3,'.03,-/00&+& %&5&>/0#( "/5# +&'/5*# #5# 

&3# ,';!*# &,0&3#,/540& &%,#2/3*&$ &3# %'#!&'.. B3,.0&-*. #3,&20#*. 

'/8&0.030&+& #85;2/0#( 0. &%,#2/3*;< &34 &3;"/3,-5(/,3( %/'/9/"/0#/9 

5.9%6 - )-;7 -8.#90& %/'%/0)#*;5('067 0.%'.-5/0#(7 3 %&9&"4< 

'/+;5#'&-&2067 -#0,&-. F&0,'&54 <3,#'&-*# #3,&20#*. %'&-&)(, %& ;+5; 

&,*5&0/0#( 3,'/5*# 0. @*.5/ %'#!&'.. F&+). *.,&) #3,&20#*. '/8&0.030&+& 

#85;2/0#( ;3,.0&-5/0 0. &%,#2/3*&$ &3#, ;+&5 &,*5&0/0#( 3,'/5*# 

9.*3#9.5406$. G35# '.!&,. %'&-&)#,3( 3 *&''/*1#/$ C&0., 0/&!7&)#9& 

-*5<2#,4 - 3/,4 5.9%; *&''/*,&'. C&0., *&,&'.( &!620& &,E<3,#'&-.0. %'# 

#8+&,&-5/0## %'#!&'.. F&+). &!/ 5.9%6 %'&+'/<,3(, 0/&!7&)#9& 

3!.5.03#'&-.,4 #7 3#+0.56 - 3&&,-/,3,-## 3 #03,';*1#/$ * %'#!&';. 

H3,#'&-*. "/5# +&'/5*# #5# ,';!*# =5/*,'&,/'9#2/3*&+& 

.,&9#8.,&'. &3;"/3,-5(/,3( ,.*>/ %;,/9 #89/0/0#( %'&3,'.03,-/00&+& 

%&5&>/0#( 0.3.)*# +&'/5*# #5# ,';!*# .,&9#8.,&'. 3 %&9&"4< 

'/+;5#'&-&2067 -#0,&-. :&5&>/0#/ +&'/5*# '/+;5#';/,3( 30.2.5. !/8 
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%5.9/0#, %& «8.$2#*;» &, #3,&20#*. 7.'.*,/'#3,#2/3*&+& #85;2/0#( 3 

%&9&"4< 5#3,. !;9.+#. «I.$2#*» )&5>/0 '.3%&5.+.,43( 3#99/,'#20& 0.) 

"/54< +&'/5*# %'# %/'/9/"/0## -)&54 -3/$ )5#06, . 1/0,' «8.$2#*.» – 

-6@/ 3'/8. +&'/5*# 0. 5–7 99.  *&02.,/540& %&5&>/0#/ +&'/5*# 

&,0&3#,/540& &%,#2/3*&$ &3# 9&>0& ;,&20#,4 <3,#'&-&2069# -#0,.9# %'# 

'.3%65/0## - %5.9( '.3,-&'., 3&)/'>."/+& &%'/)/5(/96$ =5/9/0,. :'# 

=,&9 )&!#-.<,3( 9.*3#9.540&+& 80.2/0#( .0.5#,#2/3*&+& 3#+0.5.. 

 !"#!$!%&' & (')!$* #!(*+&, , ('-./+,$*+0.  :'/>)/ 2/9 

8.>/24 %5.9(, 1/5/3&&!'.80& %'&-/'#,4 '.!&,; +&'/5*# # '.3%65#,/5(. J. 

+&'/5*/ )&5>0. !6,4 0.3.)*., 3&&,-/,3,-;<".( 3&3,.-; +&'<2/$ 39/3#, 3 

*&,&'&$ %'/)%&5.+./,3( '.!&,.,4. K5( '.!&,6 3 %5.9/0/9 39/3# 8.*#34 

.8&,.–.1/,#5/0  9&>0& %'#9/0(,4 ,&54*& 3%/1#.540;< 0.3.)*;, !&5// 

*&'&,*;<, 2/9 )5( %5.9/0# -&8);7–.1/,#5/0. ?63&,. -&)(0&+& 3,&5!. - 

3&3;)/ +#)'&8.,-&'. )&5>0. !6,4 0/ 9/04@/ 10–15 39. 

L.'.*,/' '.!&,6 %& <3,#'&-*/ '.3%65#,/5( 8.-#3#, &, /+& 

*&03,';*1## ('/+;5#';/9&$ #5# >/3,*&$). M.3%65#,/5# >/3,*&$ 

*&03,';*1## &,'/+;5#'&-.06 %'# #8+&,&-5/0## ,.*, 2,&!6 &!/3%/2#,4 

&%,#9.540;< =CC/*,#-0&3,4 '.3%65/0#(. :'&-/'*. '.!&,6 '.3%65#,/5( 

>/3,*&$ *&03,';*1## 3-&)#,3( * 35/);<"/9;: %'&-/'(/,3(, 0/ 8.3&'#53( 5# 

*.%#55(', 2/'/8 *&,&'6$ %&)./,3( '.3,-&' - '.3%65#,/54, # 0/ ;9/04@#5.34 

5# =CC/*,#-0&3,4 '.3%65/0#(. M.3%65#,/54 0/>/3,*&$ *&03,';*1## 9&>0& 

'/+;5#'&-.,4 - %'&1/33/ =*3%5;.,.1## 3 1/54< %&5;2/0#( ,'/!;/9&$ 

3*&'&3,# # 9.*3#9.540&+& .0.5#,#2/3*&+& 3#+0.5. #5# ,&54*& 3 1/54< 

#89/0/0#( 3*&'&3,# (9/)5/00.( 3*&'&3,4 '.3%65/0#( 0/&!7&)#9. %'# 

.0.5#8/ 0/!&54@#7 &!E/9&- '.3,-&'.). 

G35# %'# *&0,'&5/ '.3%65#,/5( &!0.';>/0&, 2,& 8.3&'#53( *.%#55(', 

,& /+& 0/&!7&)#9& %'&2#3,#,4 3 %&9&"4< ,&0*&$ %'&-&5&*#. M.3%65#,/54, 

'.3%65#,/540;< *.9/'; # +&'/5*; 0/&!7&)#9& %&))/'>#-.,4 - 2#3,&9 

3&3,&(0##. N.3,&,. %'&96-*# 8.-#3#, &, 0.36"/00&3,# 3&5(9# 

.0.5#8#';/967 '.3,-&'&-.  ,5&>/0#( &'+.0#2/3*#7 3&/)#0/0#$, ;+5/'&). # 

3&5/$ 9&>0& ;).5#,4 3,';/$ -&)6 # 3 %&9&"4< 9&2.5&*, "/,&* # 

0/$,'.54067 9&<"#7 3'/)3,-, %'#9/0(/967 )5( 96,4( %&3;)6. J/548( 

2#3,#,4 %&-/'70&3,4 0.3.)*# # "/54 +&'/5*# 9/,.55#2/3*#9# %'/)9/,.9#, 

,.*. 9&>0& &3,.-#,4 1.'.%#06 0. %&-/'70&3,#, *&,&'6/ 0.';@.<, 

5.9#0.'0&3,4 +.8&-&+& %&,&*. 2/'/8 "/54 +&'/5*# # ,.*#9 &!'.8&9 

;7;)@.<, 7.'.*,/'#3,#*# %5.9/0#. O/54 +&'/5*# 9&>0& 2#3,#,4 *;3&2*&9 

,-/')&$ !;9.+# #5# *.',&0.. 

 *&02.,/540.( %'&-/'*. '.!&,6 '.3%65#,/5( # +&'/5*# %'&-&)#,3( 

%'# '.3%65/0## *&0,'&540&+& '.3,-&'. - %5.9(. :'/>)/, 2/9 8.>/24 %5.9(, 

0/&!7&)#9& ;3,.0&-#,4 - %&)-&)("/$ +.8&-&$ 3#3,/9/ ,'/!;/9&/ 

#03,';*1#/$  ).-5/0#/ +.8&-. :'# =,&9 %&).<, - +&'/5*; 30.2.5. -&8);7, . 

8.,/9 +&'<2#$ +.8 (- 2.3,0&3,#, .1/,#5/0). N,&!6 %'/)&,-'.,#,4 %'&3*&* 

%5.9/0# - +&'/5*;, 5;2@/ %/'/) %&)>#+.0#/9 %5.9/0# ;3,.0.-5#-.,4 

3*&'&3,4 %&,&*. +.8&- 0/3*&54*& -6@/ 0&'9.540&$. A,& &3&!/00& -.>0& %'# 
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'.!&,/   !"#$%$&  '( )* #"+, ) "#$-"–".(-,/(0 ,'(*1(& %2 $+3*  +$4$ -) 

!$4(0,5. 64, !"7(0,, 8/"'(0, -"+9( 0($:;$<,'$ 84(%27(0,(  +$4$ -, 

8$-$+" !"#$% 0"<  +$4$ -)* !$4(0,5 8/"'(0,. 6$=-$'3 !"#2 %+/*>"*- % 

$84(<(/(00$' 8$45<+(:  0">"/" !$4*>,& !"#, #"-(' !"#–$+, /,-(/). ? /, 

8$ /( 8$<9,!" 8/"'5 $-42%"(- 5 $- !$4(/+,, =-$ $#0">"(-, >-$  +$4$ -) 

8$-$+" !"#$%$&  '( , %2 $+" 8$  4"%0(0,*  $  +$4$ -)* !$4(0,5. @ 

8$'$1)* %(0-,/(& % !"#$4" 84(<(/,-(/)0$' :/$+(  /(<3(- $-4(!3/,4$%"-) 

 $$-0$7(0,(  +$4$ -(& 8$-$+$% !$4*>(!$ !"#" , $+, /,-(/5 (%$#<3;") -"+, 

>-$:2 $:( 8(>,-)  8$+$&0$( !$4(0,( 8/"'(0,. 

A"/)0(&73* 8$<!$-$%+3 + 4":$-(  , -('2 4" 82/,-(/) – !$4(/+" 

/3>7( 84$%$<,-) 84, 4" 82/(0,, % 8/"'5 +$0-4$/)0$!$ 4" -%$4", </5 

+$-$4$!$ ,#%( -0" %(/,>,0" "0"/,-,>( +$!$  ,!0"/" 84, $8-,'"/)02; 

3 /$%,5; 4" 82/(0,5 , "-$',#".,,. B<$:0$ </5 =-$& .(/, 84,!$-$%,-) 

4" -%$42   -"+$& +$0.(0-4".,(& $84(<(/5('$!$ =/('(0-", </5 +$-$4$& 

%(/,>,0" ": $4:.,$00$ -,  $ -"%/5(- 0,1 – 0,2 , 0( %2;$<,- #" 84(<(/2 

845'$/,0(&0$& >" -, !4"<3,4$%$>0$!$ !4"C,+". ? /, 8$/3>(00"5 %(/,>,0" 

"0"/,-,>( +$!$  ,!0"/" '(0)7( +$0-4$/)0$&, -$ 84$%$<5- +$0-4$/)03* 

84$%(4+3 $8-,'"/)0$ -, %2:4"002; 3 /$%,& (* -,4$%+" , -$>0,+" 

;"4"+-(4, -,>( +$!$ ,#/3>(0,5, !$4(/+,, 3 /$%,& 4" 82/(0,5,  $$-0$7(0,( 

!"#$% % !$4*>(&  '( , , <4.). D$/)+$ 8$ /( -"+$& 84$%(4+, '$90$  <(/"-) 

#"+/*>(0,( $  0,9(0,, =CC(+-,%0$ -, 4" 82/(0,5 %  , -('( 4" 82/,-(/) 

– !$4(/+". 

E 84$.(  ( =+ 8/3"-".,,, +$!<" , 8$/)#3(- 5 $:$!"1(00$( 8/"'5 , 

4" 82/5*- 5 :$!"-2(  $/5', (~ 10 '!/'/) 4" -%$42, :2 -4$ $:4"#3(- 5 

$ "<$+  $/(& , +$8$-, 0" +4"5; !$4(/+,. B -4"0,-) =-$- 0"!"4 /3>7( 84, 

%2+/*>(00$' 8/"'(0,. 

F-$',#".,5 4" -%$4$% % 8/"'(0, 84, 8$/0$' , 8"4(0,, >" -,. 

"=4$#$/5 $:( 8(>,%"(- ,<(0-,>0$ -)  $ -"%" "-$'02; 8"4$% % 8$!/$1"*1(' 

 /$( ,  $ -"%" 4" -%$4$%. @-":,/)0$ -) "0"/,-,>( +$!$  ,!0"/" <$ -,!"(- 5 

#"  >(- <,0"',>( +$!$ 4"%0$%( ,5 % 8$!/$1"*1('  /$(, +$!<"  +$4$ -) 

8$ -38/(0,5 "-$'$% ,# "=4$#$/5 4"%0"  +$4$ -, %20$ " ,; 8$-$+$' !"#$% % 

8/"'(0,. E4('5, #"-4">(00$( 0" 3 -"0$%/(0,( <,0"',>( +$!$ 4"%0$%( ,5, 

#"%, ,- $- +$0 -43+-,%02; $ $:(00$ -(&  , -('2 4" 82/,-(/) – !$4(/+" 

($:2>0$ 0($:;$<,'$ 3 – 5  ). G" =-$ %4('5 4" ;$<3(- 5 $+$/$ 1 '/ 4" -%$4". 

? /, % $<0$' 4" -%$4( 0($:;$<,'$ #"'(4,-) +$0.(0-4".,* 0( +$/)+,; 

=/('(0-$%, -$ 4" ;$<3*- 5 :$/)7,( $:H('2 4" -%$4", -.+. "-$'0$ – 

": $4:.,$002& "0"/,-,>( +,&  ,!0"/ #"'(45(- 5 </5 +"9<$!$ =/('(0-" 

8$ /(<$%"-(/)0$ ,# 0$%$& <$#2 4" -%$4". 

64, 4":$-( % 4(9,'( =/(+-4$-(4',>( +$& "-$',#".,, 0($:;$<,'$: 

  3 -"0$%,-) "-$',#"-$4 %'( -$ !$4(/+,;   8$'$1)* %,0-$%, 

8(4('(1"*1,; (!$ 8$ !$4,#$0-"/, , %(4-,+"/,, 84$,#%( -, (!$ 

* -,4$%+3 -"+,' $:4"#$', >-$:2 >(4(# 8(>) 84$;$<,/$ '"+ ,'"/)0$( 

+$/,>( -%$  %(-" $- , -$>0,+" ,#/3>(0,5; 

  %+/*>,-) :/$+ 384"%/(0,5 , %%( -, 0($:;$<,'3* 84$!4"''3. E2:$43 
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84$!4"''2 0"!4(%" =/(+-4$-(4',>( +$!$ "-$',#"-$4" 8$ %51(0 4"#<(/ 

5.6 <"00$& +0,!,; 

  $-+42-) :"//$0   #"1,-02' !"#$' , 8$<"-) 0" 84,:$4 0($:;$<,'$( 

<"%/(0,(; 

  $-+42-) %$<$84$%$<02& +4"0 , 3 -"0$%,-) 0($:;$<,'2& 4" ;$< 

$;/"9<"*1(& %$<2 >(4(# "-$',#"-$4; 

  %+/*>,-) :/$+ 8,-"0,5 "-$',#"-$4"; 

  84$,#%( -, 84$!$0 84$!4"''2 :(# %+/*>(0,5 8,-"0,5; 

  84$,#%( -, $>, -+3 +*%(-2 $:9,!$' 84, -('8(4"-34(, :$/)7(& ,/, 

4"%0$& -$&, +$-$4"5 3 -"0$%/(0" % 84$!4"''( </5 "-$',#".,, 

 $(<,0(0,& $84(<(/5('$!$ =/('(0-", <$ -(; 8$4, 8$+"  ,!0"/ 84, $:9,!( 

0(  -"0(- 0(#0">,'2'; 

  ,# 4" -%$4" 84$:2 $-:,4"*-  8(.,"/)0$& 8,8(-+$& – <$#"-$4$' "/,+%$-3 

4" -%$4" 20–30 '+/ , %%$<5- (( %03-4) -43:+, >(4(# $-%(4 -,( %  (4(<,0( 

:$+$%$&  -(0+,; 

  #"83 +"*- 3 -"0$%/(003* 84$!4"''3 0"!4(%" , C,+ ,43*- 

"0"/,-,>( +,&  ,!0"/. 

? /, <,"8"#$0 $84(<(/5('2;  $<(49"0,&  $$-%(- -%3(- 

 4"%0,-(/)0$ :$/)7$'3  ,!0"/3 0",:$/(( 3<$:0$  >,-2%"-) 8$+"#"0,5 

.,C4$%$!$ %$/)-'(-4" ,/, 4(!, -4,4$%"-) (!$ 8$+"#"0,5 0" 

.,C4$8(>"-"*1(' 3 -4$& -%(. E 8/"'(00$' %"4,"0-( $:2>0$ C,+ ,43*- 

 4(<0(( #0">(0,(  ,!0"/" #" 0( +$/)+$  (+30<. D"+$&  8$ $: 4(!, -4".,, 

8$#%$/5(- :2 -4$ 84$%$<,-) ,#'(4(0,5 84, 84$%(<(0,, '"  $%2; "0"/,#$% 

$<0$-,802; 84$:. 64, 4":$-(   =/(+-4$-(4',>( +,', "-$',#"-$4"', 

%"90$, >-$:2 <(-(+-$4, 3 ,/,-(/) ,  , -('" 4(!, -4".,, 8$+"#"0,& ,'(/, 

'"/3* 8$ -$5003* %4('(0, (8$45<+" 0,1 – 0,2  ). 

64, $84(<(/(0,, $-0$ ,-(/)0$ 0,#+,; +$0.(0-4".,&, +$!<" 

%(/,>,0"  ,!0"/" 0( 84(%27"(- 0,010 – 0,020, :$/(( -$>02( ,#'(4(0,5 

'$90$ 84$%$<,-)   , 8$/)#$%"0,(' 4(!, -4".,,  ,!0"/" 0" /(0-( 

8$-(0.,$'(-4", 84,>('  ,!0"/ '$9(- :2-) «4" -503-»   8$'$1)* <(/,-(/5 

0"8459(0,5 (4" 7,4(0,( 7+"/2). I" 7-": %2:,4"(- 5 8$ 9(/"0,* 

$8(4"-$4", 84,>(' +4,-(4,(' %2:$4"  /39,- %(/,>,0" C/3+-3".,, C$0". 

J" 7,4(0,( 7+"/2  $84$%$9<"(- 5 8$%27(0,(' 34$%05 73'$%. K(- 

 '2 /" 3%(/,>,%"-) '" 7-": 7+"/2 8$-(0.,$'(-4", ( /, 34$%(0) 

C/3+-3".,, («73'$%"5 <$4$9+"») :$/(( 2 – 3 ''. 

6$%27(0,( -$>0$ -, % =-$'  /3>"( '$90$ <$ -,!03-) #"  >(- 

3 4(<0(0,5  ,!0"/": 3%(/,>(0,( %4('(0, #"8, , , 8$ -$500$& %4('(0, 

84,:$4" (<('8C(4,4$%"0,(). B%(/,>(0,( 8$ -$500$& %4('(0, 8$#%$/5(- 

0( +$/)+$ 3'(0)7,-) "'8/,-3<3 C/3+-3".,&, $<0"+$ 84, =-$'  0,9"(- 5 

 +$4$ -) #"8, , , 3%(/,>,%"(- 5 +$/,>( -%$ 4" 82/5('$!$ 4" -%$4". 

K"/,>,( ',+4$84$.(  $4" (,/, '$<3/5  %5#,, 84($:4"#3*1(!$ 

 0,'"('2&  $  8(+-4$'(-4"  ,!0"/ % .,C4$%$& +$< , 8$ 8$ /(<$%"-(/)0$'3 

,0-(4C(& 3 8(4(<"*1(!$ (!$ 0" LEI) 8$#%$/5(- 84$,#%$<,-) 4" >(- 
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+$0.(0-4".,& 84, 84$,#%$/)0$& C$4'( !4"<3,4$%$>0$!$ !4"C,+" 

(/,0(&0$& , 0(/,0(&0$&). M$/)7,( %$#'$90$ -, ,'((- ',+4$84$.(  $4 84, 

$:4":$-+( ,'83/) 02;  ,!0"/$%, 8$/3>"('2; 84, 4":$-(   

=/(+-4$-(4',>( +,', "-$',#"-$4"',. N'83/) 02& ;"4"+-(4 8$ -38/(0,5 

"-$'02; 8"4$% % 8$!/$1"-(/)03* 5>(&+3 $84(<(/5(- C$4'3  ,!0"/", , 

8$=-$'3  ,!0"/ 84, #"8, , 0" 8$<%,903* /(0-3 ,'((- C$4'3 8,+"   $<0,' 

,/, 0( +$/)+,', '"+ ,'3'"',. 6/$1"<), $!4"0,>(00"5 +4,%$&, 

$84(<(/5(- 5 ": $/*-0$& %(/,>,0$&  $<(49"0,5 =/('(0-$% % 

"0"/,#,43('$' 4" -%$4(. ? /, #"8, ) 8,+" ,'((- '"/3* 7,4,03 , $<03 

%(47,03, -$ "0"/,-,>( +,'  ,!0"/$' '$9(-  /39,-) %2 $-" 8,+". 

@, -('" 4(!, -4".,, C,+ ,43(- ,0-(0 ,%0$ -) '$<3/,4$%"00$!$ 

,#/3>(0,5, 84$7(<7(!$ >(4(# "-$',#"-$4 % 84, 3- -%,, 8"4$% 

"0"/,#,43('$& 84$:2 (I) , :(# 0,; (I0). B'(0)7(0,( ,0-(0 ,%0$ -, 

'$<3/,4$%"00$!$ ,#/3>(0,5 8$ /( 84$;$9<(0,5 (!$ >(4(# 8$!/$1"*13* 

5>(&+3   8"4"', "0"/,#,43('$& 84$:2 $:3 /$%/(0$  (/(+-,%02' 

8$!/$1(0,('  %(-"  %$:$<02', 0(&-4"/)02', "-$'"',, " -"+9( 0(- 

 (/(+-,%02' 8$!/$1(0,('  %(-" 0" 4(#$0"0 0$& >" -$-( <43!,', 

;,',>( +,',  $(<,0(0,5', , 4"  (50,(' ,#/3>(0,5 0" '(/+,; >" -,.";, 

84, 3- -%3*1,; % "-$',#"-$4(. J":$-" 8$ $<0$/3>(%$&  ;('(   

+$44(+-$4$' 3 -4"05(- =-, 8$'(;,. O-$:2 3>( -) %$#'$902( C/3+-3".,, 

,0-(0 ,%0$ -, $:$,; , -$>0,+$%  %(-", % 8$ /(<0,; '$<(/5; "-$'0$-

": $4:.,$002;  8(+-4$'(-4$% 84(<3 '"-4,%"*- 5 <%3/3>(%2( 

$ %(-,-(/)02(  , -('2 </5 $:$,; , -$>0,+$%.  

J(!, -4".,5 %2;$<0$!$  ,!0"/" $ 31( -%/5(- 5  -4(/$>02', 

84,:$4"',,  "'$8, ."',, .,C4$%2', 3 -4$& -%"',   %2<">(& 4(#3/)-"-" 

,#'(4(0,5 0" .,C4$%$' -":/$ ,/, 0" .,C4$8(>"-"*1(' 3 -4$& -%(. 

P"9<$( ,# =-,; 4(!, -4,43*1,; 3 -4$& -% $:/"<"(- $84(<(/(002', 

<$ -$,0 -%"', , -"+9( 0(  %$:$<0$ $- 0(<$ -"-+$%. 

K",:$/(( 84$ -2 % 4":$-(  -4(/$>02( 84,:$42. Q<0"+$ %$ '0$!,; 

 /3>"5; 0(%$#'$90$   <$ -"-$>0$& 0"<(90$ -)* $.(0,-)  4(<0(( 

8$/$9(0,(  -4(/+,. L-$  %5#"0$   C/3+-3".,5',  ,!0"/" ,#-#" ,#'(0(0,5 

+$0.(0-4".,, !"#$% , 8"4$% % 8/"'(0,, -.+. "0"/,#,43('$( %(1( -%$ 

84$;$<,- >(4(# 8/"'5 % %,<( $-<(/)02; >" -,>(+. 64, %28$/0(0,, 

,#'(4(0,&   %2 $+,' +$=CC,.,(0-$' 3 ,/(0,5 </5 $84(<(/(0,5 '"/2; 

+$0.(0-4".,& =/('(0-" +$/(:"0,5  -4(/+,  -"0$%5- 5 0(4(!3/5402', , 

#0">,-(/)02', 8$ "'8/,-3<(. A/5 3'(0)7(0,5 "'8/,-3<2 73'$% 

84,'(05*- <('8C(4,4$%"0,( 4(!, -4,43*1,; 3 -4$& -%. Q<0"+$ 84, 

#0">,-(/)0$' <('8C(4,4$%"0,, 8$+"#"0,5 84,:$4" , +"9"*- 5. 

J(!, -4".,5 %2;$<0$!$  ,!0"/"   8$'$1)*  "'$8, .(% ,'((- 45< 

84(,'31( -% 8$  4"%0(0,*  $  -4(/$>02', 84,:$4"',. @,!0"/ 84, 

"-$',#".,, % 8/"'(0, ,/, =/(+-4$-(4',>( +$' "-$',#"-$4( ,'((- 

<,0"',>( +,& ;"4"+-(4, , #"8, ) 0" <%,931(& 5 /(0-( 84,$:4(-"(- %,< 

8,+$%, C$4'" +$-$42; #"%, ,- $- +,0(-,+, "-$',#".,,, ,0(4.,$00$ -, 

 "'$8, .",  +$4$ -, <%,9(0,5 /(0-2, %(/,>,02  ,!0"/" , ,0-(4%"/" 
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,#'(45('$!$ 0"8459(0,5. 64, =-$' C,+ ,43*- 5 % ( +$/(:"0,5  ,!0"/", " 

-"+9( <4(&C C$0". Q:2>0$ 84,'(05*- 5 '"/$,0(4.,$002(  "'$8, .2, 3 

+$-$42; %4('5 84$:(!" 7+"/2 '(0)7( 1 . K"  "'$8, .( ,'((- 5 

%$#'$90$ -) '(05-)  +$4$ -) <%,9(0,5 /(0-2 , ,0-(4%"/ ,#'(45('2; 

0"8459(0,&. D(;0,+" 4(!, -4".,,  8(+-4$% 8$!/$1(0,5 84, ,'83/) 0$' 

, 8"4(0,, % =/(+-4$-(4',>( +,; "-$',#"-$4";  /$90((, >(' 84, 

4"%0$%( 0$', -.+. 0"<$ 4(!, -4,4$%"-) :2 -4$ '(05*1,& 5  ,!0"/. 6$=-$'3 

</5 #"8, ,  ,!0"/" 84, ,'83/) 0$' , 8"4(0,, 84$: 84,'(05*- 5 

 "'$8, .2   %4('(0(' 84$:(!" 7+"/2 $+$/$ 0,1 . G"8, )  ,!0"/" 

'"/$,0(4.,$002'  "'$8, .(' 8$#%$/5(- 84$%$<,-) ,  /(<$%"0,( C$4'2 

 ,!0"/" 84, "-$',#".,, % =/(+-4$-(4',>( +,; "-$',#"-$4"; , <43!,; 

 /3>"5; ,'83/) 0$& "-$',#".,, 84$:. 

F-$'0$–": $4:.,$002( 84,:$42 % 45<(  /3>"(%  0":9(02 

.,C4$%2', %$/)-'(-4"',   %2<">(& 4(#3/)-"-" 0"  %(-$%$' -":/$ ,/, 

.,C4$8(>"-"*1(' 3 -4$& -%(. R,C4$%"5 4(!, -4".,5 8$#%$/5(- ,#:(9"-) 

$7,:$+ 0(84"%,/)0$!$ $- >(-" 8$/$9(0,5  -4(/+, ,/, %2 $-2 8,+" 0" 

/(0-(. P4$'( -$!$, 84, .,C4$%$& 4(!, -4".,, '$90$ 8$/3>,-)  4(<0,& 

 ,!0"/ ,/, 84$%( -, ,0-(!4,4$%"0,(  ,!0"/" #" $84(<(/(00$( %4('5. 

64$.(   3 4(<0(0,5 84$%$<,- 5 % -"+$' 8$45<+(: %28$/05*- 5 <( 5-+, ,/, 

 $-0, '!0$%(002; #"'(4$% %(/,>,02  ,!0"/" % 84$.(  ( 4" 82/(0,5 

4" -%$4" % 8/"'5 % -(>(0,( 0( +$/)+,;  (+30<. 6(4( >(-0$( 3 -4$& -%$ 

 3'',43(- % ( 4(#3/)-"-2 #"'(4$% , %2>, /5(-  4(<0((. 64, 

,0-(!4,4$%"0,, 84$%$<,- 5 0(84(42%0$(  3'',4$%"0,(  ,!0"/" % -(>(0,( 

$84(<(/(00$!$ %4('(0, (0( +$/)+$  (+30<). B 4(<0(002&  ,!0"/ 8$ -38"(- 

0"  %(-$%$( -":/$ ,/, 0" .,C4$8(>"-"*1(( 3 -4$& -%$. ? /, 

4(!, -4,43*1"5  , -('" ,'((- ',0,-LEI, -$ 8$5%/5(- 5 %$#'$90$ -) 

4(!, -4,4$%"-)  ,!0"/ /,:$ % (<,0,."; ": $4:.,$00$ -, ($8-,>( +$& 

8/$-0$ -,), /,:$ % (<,0,."; +$0.(0-4".,,. ? /, 4(!, -4".,5 84$%$<,- 5 % 

(<,0,."; +$0.(0-4".,,, -$ 0($:;$<,'$ %%( -, % 8"'5-) LEI <"002( $: 

$:4"#.";  4"%0(0,5. 64"+-,>( +, % ( "-$'0$–": $4:.,$002(  8(+-4$'(-42 

'$!3- 4":$-"-) % =',  ,$00$' %"4,"0-(, -.(. %2<(/5-)  8(+-4"/)02( /,0,,, 

,#/3>"('2( "-$'"', , ,$0"', % "-$',#"-$4(, 4(!, -4,4$%"-) , ,#'(45-) ,; 

,0-(0 ,%0$ -). 6$+"#"0,5 ,#'(4,-(/)02; 84,:$4$% 84$8$4.,$0"/)02 

,0-(0 ,%0$ -, ,#/3>(0,5 , %24"9(02 % 84$,#%$/)02; (<,0,.";. E "-$'0$–

": $4:.,$00$'  8(+-4$'(-4(  ,!0"/   C$-$3'0$9,-(/5 8$ -38"(- 0" 

 8(.,"/)02& 3 ,/,-(/), +$-$42& 4":$-"(- +"+  ,0;4$002& <(-(+-$4 , +"+ 

/,0(&02& 3 ,/,-(/) '$<3/,4$%"002;  ,!0"/$%. O-$:2 , 8$/)#$%"-) (!$ 

</5 3 ,/(0,5 , 4(!, -4".,, ,0-(0 ,%0$ -, ,#/3>(0,5 8/"'(0, ,/, <43!$!$ 

"-$',#"-$4", 0($:;$<,'$ =-$ ,#/3>(0,( '$<3/,4$%"-) <$ %;$<" % 

C$-$3'0$9,-(/) ,/, 8$ /( 0(!$   -"+$& 9( >" -$-$&, 0" +"+3* 3 ,/,-(/) 

0" -4$(0. D"+$( 84($:4"#$%"0,( ,#/3>(0,5 $ 31( -%/5(- 5  8(.,"/)02' 

'$<3/5-$4$', %+/*>"*1,' 5 % 4":$-3 84, 8(4(+/*>(0,, 43+$5-+, 0" 

8(4(<0(& 8"0(/, 84,:$4" % 8$/$9(0,( «=',  ,5». 

64, 4":$-( 0" "-$'0$–": $4:.,$002;  8(+-4$'(-4"; % =',  ,$00$' 
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%"4,"0-( 0($:;$<,'$ 3>,-2%"-), >-$  8(+-42 =',  ,, :$!">( /,0,5', 8$ 

 4"%0(0,*  $  8(+-4"', 8$!/$1(0,5 "-$'$% , %(4$5-0$ -)  8(+-4"/)02; 

0"/$9(0,& %  8(+-4"; ,#/3>(0,5 #0">,-(/)0$ %27(. 

@%5#) '(9<3 %(/,>,0$& ": $4:.,$00$ -, , +$0.(0-4".,(& 

$8, 2%"(- 5 34"%0(0,(' F=kl@. I(-$< "-$'0$–": $4:.,$00$& 

 8(+-4$'(-4,, $-0$ ,-(/)02& , 8$=-$'3 </5 3 -"0$%/(0,5 %,<" 

#"%, ,'$ -, F $- @ , 8$/)#3*-  -"0<"4-02( 4" -%$42, % +$-$42; 

+$0.(0-4".,5 $84(<(/5('$!$ =/('(0-" ,#%( -0". P$0.(0-4".,5 

$84(<(/5('$!$ =/('(0-" %  -"0<"4-02; 4" -%$4"; 3 -"0"%/,%"(- 5 % 

<,"8"#$0( $9,<"('2; ,#'(0(0,&  $<(49"0,5 (!$ % 4" -%$4"; 

"0"/,#,43('2; 84$:. 64, %%(<(0,, % "-$',#"-$4  -"0<"4-02; 4" -%$4$% 

#"'(45*- %(/,>,03  ,!0"/$% ,  -4$5- !4"<3,4$%$>02& !4"C,+ % 

+$$4<,0"-"; 8$+"#"0,5 84,:$4" – +$0.(0-4".,5. 64, =-$' 3>,-2%"*- 

;$/$ -$& $82- , 8$ $ , $4<,0"- $-+/"<2%"*- 4"#0$ -02& "0"/,-,>( +,& 

 ,!0"/ (4"#0$ -)  ,!0"/$% % , 82-3('$' , ;$/$ -$' $82-";). Q:2>0$ $ ) 

+$0.(0-4".,& (0(#"%, ,'2( 8(4('(002() %2:,4"(- 5 % +">( -%( $ , 

": .,  . 

64, =-$' , 8$/)#3*-  /(<3*1,( $ 0$%02(  8$ $:2 $84(<(/(0,5 

+$0.(0-4".,, "0"/,#,43('$!$ =/('(0-" % 84$:(. 

1. I(-$< !4"<3,4$%$>0$!$ !4"C,+". 

Q0 $ 0$%"0 0" , 8$/)#$%"0,, %$<02; !4"<3,4$%$>02; 4" -%$4$% 

$84(<(/5('$!$ =/('(0-", +$0.(0-4".,5 +$-$42; ,#%( -0" (0"<(90$ 

3 -"0$%/(0"). ? /, '(-$<,+" 84(<8$/"!"(- , 8$/)#$%"0,( :3C(402; <$:"%$+ 

+ "0"/,#,43('$'3 4" -%$43, -$ ,; %%$<5- , % !4"<3,4$%$>02( 4" -%$42 % 

$<,0"+$%$& +$0.(0-4".,,. @/(<3(- -"+9(  -"4"-) 5 8$<<(49,%"-) 

$<,0"+$%3* +$0.(0-4".,* +, /$-2 % 84$:"; , !4"<3,4$%$>02; 4" -%$4";. 

6$ /( 4" 82/(0,5 !4"<3,4$%$>02; 4" -%$4$% ($:2>0$ -4(; – >(-24(;) 

84$%$<5- ,#'(4(0,( 4" -%$4$% 84$: (8 – 10), 8$ /( >(!$ 84$%(45*- ;$-5 :2 

$<03 -$>+3 !4"<3,4$%$>0$!$ !4"C,+". J" ;$9<(0,( '(9<3 %(/,>,0"', 

 ,!0"/$% !4"<3,4$%$>0$!$ 4" -%$4" 0( <$/90$ 84(%27"-) 3-4$(00$!$ 

 -"0<"4-0$!$ $-+/$0(0,5 </5 <"00$!$ 34$%05 +$0.(0-4".,&. 6$ $+$0>"0,, 

,#'(4(0,& 84$%(45*- % * +"/,:4$%$>03* +4,%3*. M$/)7,0 -%$ "-$'0$–

": $4:.,$002; '(-$<,+ -4(:3*- 84$%(<(0,5 <%3; ,#'(4(0,&. A/5 

, +/*>(0,5 %$#'$902; 8$!4(70$ -(& 4(+$'(0<3(- 5 4" 82/5-) 4" -%$42 

84$:  0">"/" % $<0$' 8$45<+(, #"-(' – % $:4"-0$'. Q:2>0$ !4"<3,4$%$>02& 

!4"C,+ ,'((- %,< 845'$&, %2;$<51(& ,# 0">"/" +$$4<,0"-. A/5 :$/)7,; 

%(/,>,0 ": $4:.,$00$ -, F (8$45<+" 0,3 , :$/(() 0":/*<"(- 5 , +4,%/(0,( 

!4"C,+" – 3'(0)7"(- 5 >3% -%,-(/)0$ -) "0"/,-,>( +$!$  ,!0"/". N0$!<" 

!4"<3,4$%$>02& !4"C,+ $-+/$05(- 5 %%(4; $- $ , +$0.(0-4".,&. Q:2>0$ 

=-$  %5#"0$   ,$0,#".,(& $84(<(/5('$!$ =/('(0-". 

2. I(-$< <$:"%$+.  

64, "0"/,#( 0(-,8,>02; 84$:   '"-4,.(& 0(,#%( -0$!$  $ -"%" 

, 8$/)#3*- '(-$< <$:"%$+. E =-$'  /3>"( % +">( -%(  -"0<"4-02; 4" -%$4$% 

 /39"- "0"/,#,43('2(, +$-$42( !$-$%5- 5 + "0"/,#3 8$  /(<3*1(& 
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84$!4"''(. M(43- 3 – 4 $<,0"+$%2( 8$4.,, "0"/,#,43('$!$ 4" -%$4". P 

+"9<$& 8$4.,, <$:"%/5*- $:H('2 4" -%$4" – <$:"%+,,  $<(49"1,( 

4"#/,>02( +$0.(0-4".,, $84(<(/5('$!$ =/('(0-". E 8(4%$& 84$:( $:2>0$ 

$84(<(/5('2& =/('(0- $- 3- -%3(- (@$ <$:"%+, = 0). E$ %-$4$& (!$ 

 $<(49"0,( – @1; % -4(-)(& @2 , -.<. A/5 % (; 4" -%$4$% ,#'(45*- %(/,>,03 

": $4:.,$00$ -, ,  -4$5- !4"<3,4$%$>02& !4"C,+, -,8,>02& %,< +$-$4$!$ 

8$+"#"0 0" 4, . 3.1.  

 
J, 30$+ 3.1 - S4"<3,4$%$>02& !4"C,+ 84, 4":$-( 8$ '(-$<3 <$:"%$+ 

E '(-$<( <$:"%$+ 84$:/('" ;$/$ -$!$ $82-" (1( :$/(( "+-3"/)0". 6$ 

$ , $4<,0"- -"+9(  /(<3(- $-+/"<2%"-) 4"#0$ -02&  ,!0"/ F. O(4(# 

8$/3>(002( -$>+, 84$%$<5- 845'3* <$ 8(4( (>(0,5   $ )* ": .,   % -$>+( 

0. L-" -$>+" :3<(- 0">"/$' +$$4<,0"-, " $-4(#$+ 0 – @; :3<(- 

 $$-%(- -%$%"-) +$0.(0-4".,, $84(<(/5('$!$ =/('(0-" % 4" -%$4( 84$:2. 

I(-$<  -"0<"4-02; <$:"%$+  84"%(</,% 84, %28$/0(0,,  /(<3*1,; 

3 /$%,&: 

  /,0(&0$ -) !4"<3,4$%$>0$!$ !4"C,+" %$ % (' <,"8"#$0( 

$84(<(/5('2; +$0.(0-4".,&; 

  %/,50,( '"-4,>02; =CC(+-$% $ -"(- 5 8$ -$5002' 84, ,#'(0(0,, 

$-0$7(0,5 +$0.(0-4".,, $84(<(/5('$!$ =/('(0-" + '"-4,.( $:4"#."; 

  ,<(0-,>0$ -) C$4'2 ;,',>( +$!$  $(<,0(0,5 $84(<(/5('$!$ 

=/('(0-" % "0"/,#,43('$' 4" -%$4( , % <$:"%+(; 

  $84(<(/(0,(  %$:$<0$ $-  8(+-4"/)02; %/,50,&; 

  0( (/(+-,%02( 8$'(;,  +$44(+-,4$%"02. 

N 8$/)#$%"0,( '(-$<" <$:"%$+ .(/( $$:4"#0$ 84, "0"/,#( 84$: 

0(,#%( -0$!$  $ -"%" ,/,  $  /$90$& '"-4,.(&, " -"+9( 84, 84$%(4+( 

84"%,/)0$ -, %0$%) 4"#4":"-2%"('2; '(-$<,+ 84, $- 3- -%,,  -"0<"4-02; 

$:4"#.$%. K(<$ -"-+"', '(-$<" 5%/5(- 5 (!$ :$/)7"5 -43<$('+$ -) , 

;3<7"5 %$ 84$,#%$<,'$ -) – %(/,>,0" $-0$ ,-(/)0$!$  -"0<"4-0$!$ 

$-+/$0(0,5 Sr % 2–3 4"#" :$/)7( 8$  4"%0(0,*   '(-$<$' !4"<3,4$%$>0$!$ 

!4"C,+". 

3. I(-$< $!4"0,>,%"*1,; 4" -%$4$%. 

A/5 8$%27(0,5 -$>0$ -, 4(#3/)-"-" "0"/,#" '$9(- :2-) , 8$/)#$%"0 

F 

0 @1 @2 @3 @; @ <$:"%+, 
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'(-$< $!4"0,>,%"*1,; 4" -%$4$%. Q0 #"+/*>"(- 5 %  /(<3*1('. 6$ '(-$<3 

!4"<3,4$%$>0$!$ !4"C,+" $84(<(/5*-  $<(49"0,( =/('(0-" % 4" -%$4( @;. 

S$-$%5- 2 !4"<3,4$%$>02; 4" -%$4"   '(0)7,' (@1) , :$/)7,' (@2) 

 $<(49"0,(' "0"/,-", >(' $84(<(/(0$ % ,  /(<3('$' 4" -%$4(. J" 82/5*- 

4" -%$42 % -"+$& 8$ /(<$%"-(/)0$ -,: @1, @;, @2, 4(!, -4,435 

 $$-%(- -%3*1,( ,' %(/,>,02 ": $4:.,$00$ -, (F1, F;, F2). D$>0$( 

 $<(49"0,( =/('(0-" % ,  /(<3('$& 84$:( $84(<(/5*- 8$ C$4'3/(: 

  
12

112

1

)()(

AA

AACC
CC

x

x  

 ! 
"#  

O(' :/,9( :3<3- '(9<3  $:$&  $<(49"0,5 "0"/,-" % !4"<3,4$%$>02; 

4" -%$4"; @1 , @2, -(' -$>0(( :3<(- $84(<(/(0$ (!$  $<(49"0,( % 84$:(. 

I(-$< $!4"0,>,%"*1,; 4" -%$4$% 84,'(05(- 5 +"+ % 8/"'(00$', -"+ , % 

=/(+-4$-(4',>( +$' "0"/,#(. E 8$ /(<0('  /3>"( (!$ , 8$/)#$%"0,( '$9(- 

8$#%$/,-)  $+4"-,-) +$/,>( -%$ ,#'(4(0,&, 84$<$/9,-(/)0$ -) +$-$42; 

:$/)7(, >(' </5 8/"'(00$!$ '(-$<". 
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 !"#$% 4. &'()*$+,$ -'.+'/-, 0%!1$++'2' !-'1+'-

!3/'435,'++'2' !+!%,"! 

? /,  $<,0  ,/,  0( +$/)+$  8$ -$4$00,;  +$'8$0(0-$%  

84, 3- -%3*-  %  "0"/,#,43('$&  84$:(, 0$  $- 3- -%3*-  %  !4"<3,4$%$>02;  

4" -%$4";, -$  >3% -%,-(/)0$ -)  $84(<(/(0,5  =/('(0-"  '$9(-  :2-)  

0($<,0"+$%$&. L-$  5%/(0,(  0"#2%"*-  %  "-$'0$-": $4:.,$00$'  "0"/,#(  

8$'(;"',  (%/,50,5',)  ,  5%/5*- 5  , -$>0,+"',  #0">,-(/)0$!$  

3;3<7(0,5  -$>0$ -,  4(#3/)-"-$%  "0"/,#". 64,  %%(<(0,(  %  8/"'5  

4" -%$4"  "0"/,#,43('$!$  $:4"#."  84$-(+"*-  4"#/,>02(  C,#,+$-

;,',>( +,(  ,  ;,',>( +,(  84$.(  2, %(<31,(  +  C$4',4$%"0,*  

"0"/,-,>( +$!$   ,!0"/". L-,  84$.(  2  8$<%(49(02  4"#/,>02'  8$'(;"', 

+/"  ,C,+".,5  +$-$42;  84(</$9(0" A. R"/(%2'. K"  4, . 4.1  84,%(<(02  

$ 0$%02(  84$.(  2, 84$, ;$<51,(  84,  %%(<(0,,  "0"/,#,43('$!$  

4" -%$4"  %  8/"'5, ,  %$#'$902(  8$'(;,, %$#0,+"*1,(  0"  $84(<(/(002;  

 -"<,5;. J"  '$-4,'  :$/((  8$<4$:0$  8$'(;,  %  8/"'(0,  ,   8$ $:2  ,;  

3 -4"0(0,5. 

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

8$<"%/5*1('  :$/)7,0 -%(   $%4('(002;   8(+-4$C$-$'(-4$%  </5  

8$/3>(0,5  "=4$#$/(&  , 8$/)#3*-  80(%'"-,>( +$(  4" 82/(0,(. 

@4(<0,&  <,"'(-4  +"8(/)  %  "=4$#$/(  $:4"-0$  84$8$4.,$0"/(0  

 +$4$ -,  !"#"  $-0$ ,-(/)0$  9,<+$ -,  ,  #"%, ,-  $-  C,#,>( +,;   %$& -%  

4" 82/5('$!$  4" -%$4". A,"'(-4  +"8(/)  3'(0)7"(- 5  $-  65  <$  10  '+'  

84,  ,#'(0(0,,   +$4$ -,  !"#"  $-  50  <$  350  '/ . E5#+$ -)  ,  8/$-0$ -)  

4" -%$4,-(/5  0(#0">,-(/)0$  %/,5*-  0"  4"#'(4  +"8(/); 3'(0)7(0,(  

%5#+$ -,  ,  8/$-0$ -,  4" -%$4,-(/5  84,%$<,-  +  4$ -3   +$4$ -,  

8$-4(:/(0,5  4" -%$4"  ,   8$ $: -%3(-  4$ -3   ,!0"/". J"#/,>,(  %  

%(/,>,0(  8$%(4;0$ -0$!$  0"-59(0,5  $4!"0,>( +,;  9,<+$ -(&  ,  %$<2  

84$5%/5(- 5  %  <, 8(4 0$ -,  "=4$#$/5; 4"#'(4  +"8(/)  </5  $4!"0,>( +,;  

9,<+$ -(&  84,'(40$  %  1,5-2  4"#"  '(0)7(, >('  </5  %$<2. F=4$#$/)  ,#  

'(-,/,#$:3-,/+(-$0"   $<(49,-  65%  C4"+.,,  +"8(/)     4"#'(4$'  '(0((  

5  '+', "  %$<02&  "=4$#$/) – 35%. P4$'(  -$!$, =CC(+-,%0$ -)  4" 82/(0,5  

 $ -"%/5(-  18,6%  </5  '(-,/,#$:3-,/+(-$0"  ,  6,8%  </5  %$<2. M/"!$<"45  

=-,'  C"+-$4"'  #0">,-(/)0$   0,9"(- 5  84(<(/  $:0"439(0,5  =/('(0-$%  

84,  4" 82/(0,,  %  8/"'5  $4!"0,>( +$!$  4" -%$4,-(/5. 

          A/5  8$%27(0,5  =CC(+-,%0$ -,  4" 82/(0,5  , 8$/)#3*-  

-"+9(  <43!,(  84,('2: 0"!4(%"*-  %$<02&  4" -%$4  ,/,  !"#-0$ ,-(/)  8(4(<  

,;  8$ -38/(0,('  %  4" 82/,-(/), 0"!4(%"*-  0(8$ 4(< -%(00$  

4" 82/,-(/)03*  +"'(43. Q<0"+$  84,  =-$'  3;3<7"(- 5  

%$ 84$,#%$<,'$ -)  ,#'(4(0,&. 

6$4$7$+  !4"C,-", <$:"%/(00$!$  %  "0"/,#,43('2&  4" -%$4  %  %,<(  

 3 8(0#,,  ,/,  +$//$,<0$!$  4" -%$4"  84,  $84(<(/(0,,  9(/(#"  ,  +"<',5, 

,#'(05(-  C$4'3  ,  4"#'(4  >" -,.   3;$!$  "=4$#$/5. 
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  T$4',4$%"0,(  "0"/,-,>( +$!$   ,!0"/"                       6$'(;, 

  

 

 

                                         4" 82/(0,( 

 

 

                                         , 8"4(0,( 4" -%$4,-(/5 

 

 

                                         , 8"4(0,(  -%(4<2;  >" -,. 

 

 

 

                                          "-$',#".,5 

 

 

 

 

 

 

 

 

 

 

 

 

 

J, 30$+ 4.1 - 64$.(  2, $84(<(/5*1,(  C$4',4$%"0,(  "0"/,-,>( +$!$   

           ,!0"/"  %  8/"'(0,  ,  +/"  ,C,+".,5  8$'(; 

E  84, 3- -%,,  !4"C,-"  >" -,.2  84,$:4(-"*-  C$4'3   C(42  

4"#'(4$'  ~5  '+', %  $-/,>,(  $- >" -,. % C$4'(  -(490(&, ( /,  4" -%$4  0(  

 $<(49"/  !4"C,-$%$!$  8$4$7+". P4$'(  -$!$, 0( +$/)+$  %$#4" -"(-  <$/5  

>" -,.   3;$!$  "=4$#$/5  '"/$!$  4"#'(4"  ('(0((  1  '+'), >-$  5%/5(- 5  

84,>,0$&  3%(/,>(0,5  >3% -%,-(/)0$ -,. A$:"%/(0,(  0,08% !4"C,-$%$!$  

8$4$7+"  -"+9(  3 -4"05(-  %/,50,(  SO  2

4 - ,$0"  0"  "0"/,-,>( +,&   ,!0"/  

Ca, Ba, Mg  0(#"%, ,'$  $- +, /$-0$ -,  4(<2 , 84,4$<2 +"-,$0$% $ 0$%2 

(H
+
, K

+
, NH4

+
). 

E4('5  84(:2%"0,5  "=4$#$/5  %  8/"'(0,  $84(<(/5(- 5   +$4$ -)*  

!"#$%2;  8$-$+$%  ,   $ -"%/5(-  10
-4

  . 64,  +,0(-,>( +$'  4(9,'(  

, 8"4(0,5   +$4$ -)  , 8"4(0,5  +"8(/)  ,/,  >" -,.   C(4,>( +$&  C$4'2  

#"%, ,-  $-  ,;  4"#'(4$%. E4('5, 0($:;$<,'$(  </5  8$/0$!$  , 8"4(0,5, 

4"%0$ 

J" -%$4 

F=4$#$/) -%(4<$( -(/$-!"# 

I(7"*1,(  

"-$'2, ,$02, 

4"<,+"/2 

'$/(+3/2 %$:$<02( "-$'2 ,$02 

S"# (+$'8$0(0-2 "0"/,#,43('$!$ 

4" -%$4" , 84$<3+-2 !$4(0,5) 

F=4$#$/) 9,<+$ -)-!"# 

F0"/,-,>( +,&  ,!0"/ 

1.E/,50,(   $ -"%" 

84$:2 84, 

8$/3>(0,, , 

8(4(0$ ( "=4$#$/5 

 

2. E/,50,(  $ -"%" 

84$:2 %  "'$' 

8/"'(0,. 

2.1.8$'(;, % 

+$0<(0 ,4$%"00$& 

C"#(. 

 

2.2.8$'(;,  % 

!"#$%$& C"#(. 

 

 

 

 

3. 8(+-4"/)02(  

8$'(;, 
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                            t = 
k

d
o

2

,                                                          (4.1) 

!<(  do – 8(4%$0">"/)02&  <,"'(-4  +"8/,; 

       + – +$0 -"0-", ;"4"+-(4,#3*1"5   +$4$ -)  , 8"4(0,5. 

P%"<4"-,>0"5  #"%, ,'$ -)   +$4$ -,  ,/,  %4('(0,  , 8"4(0,5  

+"8(/)  $-  ,;  4"#'(4$%  $:3 /"%/,%"(-  :2 -42&  4$ -   -(8(0,  "-$',#".,,  

4" -%$4"  84,   8$%27(0,,  =CC(+-,%0$ -,  4" 82/(0,5. 64$.(    , 8"4(0,5  

+"8(/)  "=4$#$/5  '$90$  4"#:,-)  0"  2   -"<,, :  0">"/"  ,<(-  , 8"4(0,(  

4" -%$4,-(/5, #"-('  -%(4<$!$  $ -"-+". J"#'(4  >" -,.   3;$!$  $ -"-+"  

+"8(/)  "=4$#$/5  $84(<(/5(- 5  %24"9(0,(' 

                                            r =  

3/1

100 $$
%

&
''
(

)

*
 

!"#$%
r  ,                                            (4.2) 

!<(   
!"#$%
r –  4(<0,&  4"<,3   +"8/,; 

         @ –  $<(49"0,(  4" -%$4(00$!$  %(1( -%",   '" .%; 

         *- 8/$-0$ -)  4" -%$4,-(/5. 

@/(<$%"-(/)0$, >('  :$/)7(   $<(49"0,(  4" -%$4(00$!$  %(1( -%", 

-('  :$/)7(  4"#'(4  +"8(/), +4380((   3;,(  >" -,.2, '(</(00((  ,<(-  

, 8"4(0,(  "=4$#$/5. D4(:$%"0,(  8$/0$!$  , 8"4(0,5  +"8(/)  "=4$#$/5  

0"+/"<2%"(-  $!4"0,>(0,5  0"  +$0.(0-4".,*  %(1( -%"  %  4" -%$4";. 

K(8$/0$(  , 8"4(0,(  >" -,.  "=4$#$/5  0" 21(002;  4" -%$4$%  84,%$<,-  +  

, +4,%/(0,*  !4"<3,4$%$>02;  !4"C,+$%. 

@+$4$ -)  , 8"4(0,5  >" -,.  "=4$#$/5  84,  4"%02;  4"#'(4";  

#"%, ,-  $-  -('8(4"-342  8/"%/(0,5   $/(&,  $ -"%/5*1,;  >" -,.3, 

 +$4$ -,  3<"/(0,5  8"4$%  $-  ((  8$%(4;0$ -,, -('8(4"-342  8/"'(0,  ,  

4(9,'"  , 8"4(0,5. E  %2 $+$-('8(4"-3402;   4(<";  84$.(    , 8"4(0,5  

>" -,.  0(  % (!<"   $$-%(- -%3(-  +,0(-,>( +$'3  4(9,'3, %$#'$90$  

-(4',>( +$(  4"#437(0,(  >" -,.2  0"  $ +$/+,. 64,  =-$'  8"42  

%2:4" 2%"*- 5  ,#  >" -,.  %  %,<(  $-<(/)02;   -43&. N#  +"8/,  4" 8/"%"  

%$#'$90$  C4"+.,$00$(  , 8"4(0,(, +"+$(  0":/*<"(- 5  84,  , 8"4(0,,  ,#  

+4"-(4"  !4"C,-$%$!$  =/(+-4$<". E  45<(   /3>"(%  %$#'$90"   3:/,'".,5, 

-.(.  , 8"4(0,(  ,#  -%(4<$!$   $ -$50,5. E  0"/,>,,  -"+$!$  '(;"0,#'"  

, 8"4(0,5  3:(9<"(-  84, 3- -%,(  %  8/"'(0,   %$:$<02;  "-$'$%  

=/('(0-$%, +$-$42(  0";$<5- 5  %  >" -,.";  "=4$#$/5  %  %,<(  -(4'$ -$&+,;  

 $(<,0(0,&, ,'(*1,;  -('8(4"-343  8/"%/(0,5  %27(  -('8(4"-342  

8/"'(0,. ? /,  84$.(    , 8"4(0,5  $-/,>"(- 5  $-  +,0(-,>( +$!$, -$  %4('5  

8$/0$!$  , 8"4(0,5  >" -,.  $84(<(/5(- 5  34"%0(0,('            

                                                             
k

d
t

o#                                               (4.3) 

64,  -"+$'  4(9,'(  , 8"4(0,5  84(<(/)0"5  +$0.(0-4".,5  %(1( -%"  %  

4" -%$4(  '$9(-  :2-)  :$/)7(. E  ,-$!(  % (;  84$.(  $%  , 8"4(0,5  %  

8/"'(0,   $<0$%4('(00$  84, 3- -%3*-  4"#/,>02(   $(<,0(0,5, $ -"-+,  

+"8(/)  ,   3;,(  >" -,.2.  
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6$'(;,  84,  8(4(0$ ( "=4$#$/5 3 -4"05*- 5  $-0$ ,-(/)0$  84$ -$. 

E   -"0<"4-02(  4" -%$42  $:2>0$  %%$<5-  '"+4$+$'8$0(0-, 34"%0,%"5  (!$  

 $<(49"0,(  %   -"0<"4-02;  4" -%$4";  ,  84$:";     -$>0$ -)*  <$  10%. 

D"+, %  !4"<3,4$%$>02(  4" -%$42  84,  $84(<(/(0,,  Ca, Na, Zn  %  

+"/).,(%2;  :"::,-";  8$  SQ@D  9519.3-77  %%$<5-  C$0$%2&  4" -%$4  

0,-4"-"   %,0.". F0"/$!,>0$  8$ -38"*-  84,  $84(<(/(0,,  Ag, Cu, Zn, Bi, 

Sn, Fe, Mg, Ca  %  '(-"//,>( +$'   %,0.(  '"4$+  @0, @1, @2, @3@  ,  @3  8$  

SQ@D  26880.1 – 86. 64,  "0"/,#(  :,$/$!,>( +,;  9,<+$ -(&  ,;  

4"#:"%/5*-, "  ,0$!<", 0"$:$4$-, %%$<5-  %  !4"<3,4$%$>02(  4" -%$42  

!/,.(4,0  </5  34"%0,%"0,5  %5#+$ -,  "0"/,#,43('2;  ,  !4"<3,4$%$>02;  

4" -%$4$%. 64,'(05*-  -"+9(  '(-$<  <$:"%$+. 

?1(  $<0$&  8$'(;$&  5%/5(- 5  0(4"%0$'(40$(  4" 84(<(/(0,(  

"=4$#$/5  %  8/"'(0,. M$/((  80%   %$:$<02;  "-$'$%   $ 4(<$-$>(02  %  

3#+$&  .(0-4"/)0$&  #$0(  8/"'(0,  7,4,0$&  2-3  '', +4"(%2(  9(  #$02  

$+"#2%"*- 5  84"+-,>( +,  “83 -2',”, ;$-5  -('8(4"-34"  ,;  %27(. E  45<(  

 /3>"(%  =-$  <"(-  %2,!427  %  >3% -%,-(/)0$ -,. D"+, %  84, 3- -%,,   $/(&  

,/,  0(/(-3>,;  +, /$-  %  8/"'(0,  ".(-,/(0-#"+, )  "#$-"  +"8/,  "=4$#$/5  

 -"0$%5- 5  +,0(-,>( +,  :$/((  ,0(4-02',, ,;  8$8(4(>0"5  <,CC3#,5  %  

8/"'(0,  3'(0)7"(- 5, 84,  =-$'  3%(/,>,%"(- 5   $<(49"0,(  "=4$#$/5  (", 

 /(<$%"-(/)0$, ,   %$:$<02;  "-$'$%)  %  3#+$&  .(0-4"/)0$&  #$0(  0"<  $ )*  

!$4(/+,. L-$-  '(;"0,#', %  >" -0$ -,, $:H5 05(-  8$%27(0,(  

>3% -%,-(/)0$ -,  $84(<(/(0,5  "/*',0,5  %  84, 3- -%,,   (40$&  +, /$-2. 

6$<$:02&  =CC(+-  $-'(>"(- 5  !/"%02'  $:4"#$'  </5  8/"'(0,  #"+, )  

"#$-"-".(-,/(0. L-,  8$'(;,  '$90$  3 -4"0,-)  '(-$<$'  <$:"%$+  ,/,  

34"%0,%"0,('   $<(49"0,5  '"+4$+$'8$0(0-"  %  84$:";  ,   -"0<"4-02;  

4" -%$4";. 

 !"#$%  1  2!+3#+,%'!1-++!4  5-/#. Q 0$%02(  84,>,02  

8$'(;  %  +$0<(0 ,4$%"00$&  C"#(   %5#"02     -(', >-$  %4('5  84$:(!"  

>" -,.  "=4$#$/5  $-  $ 0$%"0,5  !$4(/+,  <$  $:/" -,  $8-,>( +$&  $ ,  $>(0)  

'"/$  (8$45<+"  10
-3

  ). E  84, 3- -%,,  '(7"*1,;  +$'8$0(0-$%, +$-$42(  

;,',>( +,   %5#2%"*-  ,/,  C,#,>( +,  :/$+,43*-  , 8"4(0,(  

$84(<(/5('$!$  =/('(0-", =-$!$  %4('(0,  0(<$ -"-$>0$  </5  8$/0$!$  

84$-(+"0,5  84$.(  $%  "-$',#".,,. D,8  8$'(;,  '$90$  3 -"0$%,-)  ,#  

%,<"  C30+.,$0"/)0$&  #"%, ,'$ -,  “": $4:.,$00$ -)  $84(<(/5('$!$  

=/('(0-" – +$0.(0-4".,5  '(7"*1(!$  +$'8$0(0-"  @'”. K",:$/((  

;"4"+-(402(  #"%, ,'$ -,  84(< -"%/(02  0"  4, . 4.2. M/$+,4$%+" – 

C,#,>( +$(  %/,50,(,  %5#"00$(     ,#'(0(0,('   +$4$ -,  , 8"4(0,5  

$84(<(/5('$!$  =/('(0-"  %  84, 3- -%,,  :$/)7$!$  ,#:2-+"  '"-4,.2. 

T,#,>( +"5  :/$+,4$%+"  84,%$<,-  +  $>(0)  '(</(00$'3  '$0$-$00$'3  

3'(0)7(0,*   ,!0"/". 

P"+  84"%,/$, %  84, 3- -%,,  %2 $+,;   $<(49"0,&  '"-4,.2  

 +$4$ -)  , 8"4(0,5  ,,  /(<$%"-(/)0$, >3% -%,-(/)0$ -)  $84(<(/(0,5  

8$0,9"*- 5  8$   4"%0(0,*   $   -"0<"4-02',  4" -%$4"',.  
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J, 30$+ 4.2 - U"4"+-(402(  #"%, ,'$ -,  ": $4:.,$00$ -,  $-  

+$0.(0-4".,,  '(7"*1(!$  +$'8$0(0-"     4"#/,>02'  '(;"0,#'$'  8$'(;  

%  +$0<(0 ,4$%"00$&  C"#(: 

1-C,#,>( +"5  :/$+,4$%+"; 2-$:4"#$%"0,(  -43<0$/(-3>,;   8/"%$%; 

3-$:4"#$%"0,(  ;,',>( +,;   $(<,0(0,&; 4-8$<"%/(0,(  84(9<(%4('(00$!$  

%$  -"0$%/(0,5. 

K"84,'(4, 84,  $84(<(/(0,,  /(!+$"-$',#,43*1,; 5  '(<,,  (4(:4"  

,   %,0."  %  4" -%$4(,  $<(49"1('  2%  Al(NO3)3  $:4"#3(- 5  0(/(-3>"5  

C"#"  Al2O3, ,  >3% -%,-(/)0$ -)  8$0,9"(- 5  ,#-#"  #"-43<0(00$!$  

, 8"4(0,5  $84(<(/5('2;  =/('(0-$%  ,#  >" -,.   3;$!$  "=4$#$/5. 

D43<0$<,  $.,,43*1,',   $(<,0(0,5',  %  8/"'(0,  5%/5*- 5  -"+9(  CaO, 

MgO, V2O5, Nb2O5, AlPO4  ,  <4. M/$+,4$%+3  '$90$  %  #0">,-(/)0$&  

 -(8(0,  8$<"%,-)  4".,$0"/)02'  %2:$4$'  4" -%$4,-(/5  ,  $8-,',#".,(&  

"88"4"-3402;  8"4"'(-4$%. 6$<;$<51,',  4" -%$4,-(/5', 5%/5*- 5 

+, /$-2  (HCl, HClO4, CH3COOH, HNO3), "  -"+9(  4" -%$4  "'',"+", -. +.    

 $/, 3+"#"002; +, /$-  4"%0,-(/)0$  /(!+$/(-3>,. K"$:$4$-, 84,  

, 8$/)#$%"0,,  0(/(-3>,;  H2SO4  ,  H3PO4, "  -"+9(  (<+,;  1(/$>(&, 

<$83 +"(- 5 #0">,-(/)0$ :$/(( 0,#+"5 +$0.(0-4".,5  '"-4,.2. LCC(+-  

:/$+,4$%+,  '$90$   +$'8(0 ,4$%"-)  34"%0,%"0,('  +$0.(0-4".,,  

'"+4$+$'8$0(0-$%  %  84$:";  ,  !4"<3,4$%$>02;  4" -%$4";. 64,'(05(- 5  ,  

'(-$<  <$:"%$+. 

64,  $:4"#$%"0,,  -43<0$/(-3>,;   8/"%$%  ,/,  -%(4<2;  4" -%$4$%   

(4, . 4.2, +4,%"5  2 )  =CC(+-  #0">,-(/(0, 0$  +4,%"5  0(  ,'((-  4(#+$!$  

8(4(!,:", ;"4"+-(40$!$  </5  ;,',>( +,;  8$'(;. Q:4"#$%"0,(   8/"%$%  

;"4"+-(40$  </5  8/"-,0$%2;  '(-"//$%, ;4$'"  ,  '$/,:<(0". 

K",:$/((  '0$!$>, /(002  ;,',>( +,(  8$'(;,  (+4,%"5  3, 4, . 4.2). 

Q0,  %2#%"02  $:4"#$%"0,('  %  8/"'(0,  -43<0$/(-3>,;   $(<,0(0,&  

$84(<(/5('$!$  ,  '(7"*1(!$  +$'8$0(0-". P4,%"5  84,  =-$'  ,'((-  >(-+,&  

8(4(!,:, 8$'(;"  84$5%/5(- 5  39(  84,  '"/2;  +$0.(0-4".,5;  '(7"*1(!$  

+$'8$0(0-". O" -$  '( -$  8(4(!,:"  $84(<(/5(- 5   -(;,$'(-4,(&  

F 

@' 

4 

1 

2 

3 
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$:4"#3*1(!$ 5  -43<0$/(-3>(!$   $(<,0(0,5. U,',>( +,(  8$'(;,  

 8(.,C,>02. E   "'$'  $:1('  %,<(  $:4"#3*1(( 5   $(<,0(0,(  

84(< -"%/5(-   $:$&   '(7"002&  $+ ,<  C$4'3/2  AxByOz . K(+$-$42(  ,#  

8$<$:02;   $(<,0(0,&  ,#3>(02  '(-$<"',   '$/5402;  $-0$7(0,&, 

,#$'$/5402;   (4,&  ,  4(0-!(0$ -43+-3402'  "0"/,#$'. E  8/"'(0,  '$!3-  

$:4"#$%2%"-) 5   /(<3*1,(   $(<,0(0,5 : CaSO4, Ca3(PO4)2, BaTiO3, 

MgAl2O4, CaSiO3, MgZrO3, AlLaO3, AlV2O4, CaO·2MoO3, Ca2Fe2O3, CaAl4O7. 

U,',>( +,'  8$'(;"'  8$<%(49(02  '0$!,( $84(<(/5('2( =/('(0-2  (Mg, 

Ca, Sr, Ba, Al, Y, La, JGL, Sn, Zr, V, Nb, Ta, Cr, Mo). I(7"*1,',  

=/('(0-"',  $:2>0$  5%/5*- 5  B, Al, Si, Ti, Zr, P, V, Mo, W. 

B'(0)7,-)  ,/,  3 -4"0,-)  8$'(;,  %  +$0<(0 ,4$%"00$&  C"#(  

'$90$, , 8$/)#35  /(<3*1,( 84,('2. 

1. Q8-,',#".,5  "88"4"-3402;  8"4"'(-4$%. 

E2 $-"   %(-$%$!$  83>+"  0"<  !$4(/+$&  $84(<(/5(-  %4('5  84$:(!"  

>" -,.2, 8$=-$'3  84,  :$/)7(&  4":$>(&  %2 $-(  8/"'(0,  8$'(;,  

3'(0)7"*- 5. K"84,'(4, 84,  $84(<(/(0,,  Ni  ,  Ca  %  8/"'(0,  ".(-,/(0-

%$#<3;  %/,50,(  '0$!,;  =/('(0-$%  3'(0)7"(- 5  84,  3%(/,>(0,,  %2 $-2  

 %(-$%$!$  83>+"  0"<  !$4(/+$&. P4$'(  -$!$, </5  '0$!,;  =/('(0-$%  %  

$+, /,-(/)0$'  8/"'(0,  (,#:2-$+  %$#<3;")  8$'(;,  3'(0)7"*- 5  ,/,  

8$/0$ -)*  3 -4"05*- 5  :/"!$<"45  %2 $+$&  -('8(4"-34(  8/"'(0,, 

$- 3- -%,*  84(9<(%4('(00$!$  %$  -"0$%/(0,5  ,  +"4:,<$$:4"#$%"0,5  %  

+$0<(0 ,4$%"00$&  C"#(. K"84$-,%, %  %$  -"0$%,-(/)0$'  %$#<370$-

".(-,/(0$%$'  8/"'(0,  0":/*<"*- 5  ;,',>( +,(  8$'(;,  <"9(  </5  -"+,;  

/(!+$"-$',#,43*1,; 5  =/('(0-$%, +"+  Co, Fe, Mn, Ni, Cr  ,  <4. 

2. 6$%27(0,(  <, 8(4 0$ -,  "=4$#$/5. L-$  '$9(-  :2-)  

<$ -,!03-$  0" -4$&+$&  4" 82/,-(/5, "  -"+9(  $8-,',#".,(&  8$/$9(0,5  

,'8"+-$4"  ( -(+/5002&  ,/,  -"0-"/$%2&  7"4,+, 3 -"0$%/(002&  %  

 '( ,-(/)0$&  +"'(4(  0"  %2;$<(  ,#  4" 82/,-(/5, +$-$42&  $:( 8(>,%"(-  

<$8$/0,-(/)0$(  4"#:,%"0,(  :$/((  +43802;  +"8(/)  "=4$#$/5  0"  :$/((  

'(/+,().  A, 8(4 0$ -)  "=4$#$/5, +"+  $-'(>"/$ )  %27(, '$9(-  :2-)  

3%(/,>(0"  <$:"%+$&  $4!"0,>( +$!$  4" -%$4,-(/5. K"84,'(4, 

<(84(  ,43*1((  %/,50,(  C$ C"--,$0"  0"  $84(<(/(0,(  +"/).,5  '$90$  

3 -4"0,-)  <$:"%+$&  50%  ".(-$0". 

3. N 8$/)#$%"0,(  %2 $+$-('8(4"-3402;  8/"'(0. K(+$-$42(  

<(84(  ,43*1,(  8$'(;,, 84$5%/5*1,( 5  %  0,#+$-('8(4"-3402;  

8/"'(0";, '$90$  3 -4"0,-)  8(4(;$<$'  +  8/"'(0,  #"+, )  "#$-"-".(-,/(0. 

4. E%(<(0,(   8(.,"/)02;  <$:"%$+   8(+-4$;,',>( +,;  :3C(4$%. 

M3C(4  %%$<5-  +"+  %  4" -%$42  84$:, -"+  ,  %  !4"<3,4$%$>02( , ;$/$ -2( 

4" -%$42. 6$  '(;"0,#'3  <(& -%,5  :3C(42  <(/5- 5  0"  #"1,-02(, 

, 8"45*1,(, $ %$:$9<"*1,(. 

G"1,-02(  <$:"%+,  4"#<(/5*-  $84(<(/5('2&  ,  '(7"*1,&  

+$'8$0(0-2  %  >" -,.(  "=4$#$/5. N0$!<"  %  +">( -%(  #"1,-02;  <$:"%$+  

, 8$/)#3*-  $4!"0,>( +,(  4("!(0-2, +$-$42(   %5#2%"*-  '(7"*1,&  

=/('(0-  %  3 -$&>,%2(  4" -%$4,'2(  +$'8/(+ 2. E  +">( -%(  , 8"45*1,;  
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<$:"%$+  , 8$/)#3*-  /(!+$/(-3>,(, -(4',>( +,  0(3 -$&>,%2(   $(<,0(0,5, 

-"+,(  +"+  NH4Cl, HBF4, NH4ClO4, Na2SO4  ,  <4., +$-$42(  , 8"45*- 5  ,  

8$8"<"*-  %  8/"'5  <"9(  84,  0,#+,;  -('8(4"-34";  ,  8$  =-$&  84,>,0(  

3/3>7"*-  <, 8(4 0$ -)   3;$!$  "=4$#$/5, /,:$  9(  %#",'$<(& -%3*-     

$84(<(/5('2'   =/('(0-$', 8(4(%$<5  (!$  %  /(-3>,(   $(<,0(0,5  

(0"84,'(4, %  ;/$4,<2, ;/$4"-2, C-$4,<2,  3/)C,<2  ,  -.8.). 

Q %$:$9<"*1,(  <$:"%+,  $:/"<"*-   8(.,C,>( +,'  ;,',>( +,'  

<(& -%,('  ,  84(9<(  % (!$  3 -4"05*-  84,>,03  8$<"%/(0,5  "-$',#".,,  

$84(<(/5('$!$  =/('(0-",  %5#"003*     $:4"#$%"0,('  '(9<3  $84(<(/5('2'  

,  '(7"*1,'  +$'8$0(0-"',  -43<0$/(-3>,;  ;,',>( +,;   $(<,0(0,&. 

J(#+$!$  4"#<(/(0,5  '(9<3  #"1,-02',, , 8"45*1,',  ,  

$ %$:$9<"*1,',  <$:"%+"',  0(-, $0,  $+"#2%"*-  +$':,0,4$%"00$(  

<(& -%,(  ,  $ $:(00$  =CC(+-,%02  84,   $%'( -0$'  , 8$/)#$%"0,,. @'( , 

#"1,-02;, , 8"45*1,; , $ %$:$9<"*1,; <$:"%$+ 8$#%$/5*-  3'(0)7,-)  

$:1((  +$/,>( -%$  %%$<,'$!$  :3C(4"  ,,  /(<$%"-(/)0$,  0,#,-)  %(/,>,03  

 ,!0"/"  ;$/$ -$&  84$:2. 64,'(42  $ %$:$9<"*1,;, , 8"45*1,;  ,  

#"1,-02;  <$:"%$+  84,%(<(02  %  -":/. 4.1. 

D":/,." 4.1 – @8(+-4$;,',>( +,(  <$:"%+,-:3C(42 

 

Q84(<(/5

('2(  

=/('(0-2 

I(7"*1,&  

+$'8$0(0-    

A$:"%+" I(;"0,#'  

<(& -%,5  

<$:"%+, 

Cr, Mo Fe  ,  /(!,43*-

1,(  +$'8$0(0-2  

 -"/,  (Ni, V  ,  

<4.) 

!,<4$+ ,/"',0,!,<4"#,0 , 8"45*1"5+ 

$ %$:$9<"*1"5 

Mo Cr, Fe, Ni, Co,V C$4'"',<, '$>(%,0", 

=-"0$/"',0, 

!,<4$+ ,/"',0 

$ %$:$9<"*1"5 

V +$'8$0(0-2  

 -"/, 

8-$+ ,;,0$/,0 #"1,-0"5 

Si Ca 8-$+ ,;,0$/,0 #"1,-0"5+ 

$ %$:$9<"*1"5 

Cr, Fe, Pb, 

Au 

'0$!,(  +"-,$02  

,  "0,$02 

KCN $ %$:$9<"*1"5 

Fe H2PtCl6, K2PdCl4, 

Cu
2+

, Co
2+

, Ni
2+

 

"',0$ 3/)C$ "/,.,/$%"5   

,   3/)C$ "/,.,/$%"5 

+, /$-2 

#"1,-0"5+ 

+$ %$:$9<"*1"5 

Mn, Cr, 

Ni 

 

 

Co, Ni, Cu 

Mo, Rh, H3PO4,  Si,

Ge, V, As, Sb 

W 

.,"0$".,/".(-"/)<(!,<-

!,<4"#$0 

 

 

<$<(.,/ 3/)C"-  0"-4,5 

$ %$:$9<"*1"5+ 

#"1,-0"5 

#"1,-0"5 
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Rh LADF, 8-$+ ,;,-

0$/,0,  3/)C$ "-

/,.,/$%"5 +--",

8,4$!"//$/, 

!/,.(4,0 

:3-,/"',0 + HClO4 #"1,-0"5 + 

, 8"45*1"5 

Ca /,'$00"5, %,00"5,

1"%(/(%"5  +--2 

HBr, HCl, HI $ %$:$9<"*1"5  

+, 8"45*1"5 

Mg Si (NH4)2M$O4 + NH4VO3 +

HNO3 

Ca, Mg, 

Sr, Ba 

SQ4
2-

, PO4
3-

, Si, Al,

Ti. 

HClO4 + !/,.(4,0 #"1,-0"5 

Ca, Mg, 

Sr, Ba 

Al, Cr, PO4
3-

, Si SrCl2 ,/,   LaCl3 $ %$:$9<"*1"5 

Fe, Mn, 

Cr, Co, Ni 

Si, Ca, Mg Cs + La $ %$:$9<"*1"5+ 

8$<"%/(0,(  

,$0,#".,$002; 

8$'(; 

Fe, Mn Si CaCl2  ,/,  BaCl2 $ %$:$9<"*1"5 

Mo, V Ca FlCl3 $ %$:$9<"*1"5 

Sr Al, Si, PO4
3-

 LADF #"1,-0"5 

Cr, Mo Ca, Fe 1 – 2 %  NH4Cl , 8"45*1"5 

Cr, Mo, W '0$!,(  =/('(0-2 Na2SO4 , 8"45*1"5 

Ca $+ ,+"4:$0$%2( 

+, /$-2 

HI , 8"45*1"5 

Ca W <,=-,/(0-4,"',08(0-"-

3+3 0"5 +--" + NH4OH 

, 8"45*1"5 + 

#"1,-0"5 

Sr Cu, Ni, JGL LADF + CsCl + NH4Cl , 8"45*1"5 + 

#"1,-0"5 

Yb H2SO4, H3PO4  3/)C$ "/,.,/$%"5  +, -

/$-" + <$<(.,/ 3/)C"- Na

#"1,-0"5 

Os, Pt, Ru :/"!$4$<02(  

'(-"//2 

Na2SO4 + CdSO4 + 

!/,.(4,0 

#"1,-0"5 

Mg, Al Si HBF4 , 8"45*1"5 + 

$ %$:$9<"*1"5 

Mo C" + PO4
3-

 + SO4
2-

 NH4Cl + Al@l3 , 8"45*1"5 + 

$ %$:$9<"*1"5 

Cr '0$!,(  =/('(0-2 NH4HF2 + Na2SO4 , 8"45*1"5 + 

#"1,-0"5 

JGL %#",'02(  %/,50,5 NH4ClO4 , 8"45*1"5 + 

#"1,-0"5 

N#  <"002;  -":/. 4.1   /(<3(-, >-$  ;,',>( +,'  %/,50,5'  

8$<%(49(02  '0$!,(  =/('(0-2  (Mg, Ca, Sr, Ba, Al, Y, La, JGL, Sn, Zr, V, Nb, 
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Ta, Cr, Mo, Fe, :/"!$4$<02(  =/('(0-2). I(7"*1,',  =/('(0-"',  $:2>0$  

5%/5*- 5  B, Al, Si, Ti, P, Zr, V, S, Mo, W. E%(<(0,(  #0">,-(/)0$!$  

+$/,>( -%"  (0,5-2%)  $ %$:$9<"*1(&  <$:"%+,  '$9(-   "'$  8$   (:(  

 $#<"-)  0(9(/"-(/)02&  '"-4,>02&  =CC(+-  ,/,  <43!,(  '(-$<,>( +,(  

$ /$90(0,5  (%2 $+,(   ,!0"/2  ;$/$ -$&  84$:2, 0(<$ -"-$>0"5  

4" -%$4,'$ -)  4("!(0-"  %  84,'(05('$'  4" -%$4,-(/(, #" $4(0,(  1(/,  

!$4(/+,, 3%(/,>(0,(   -$,'$ -,  "0"/,#"  ,  <4.). 6$=-$'3  $ $:(00$  

=CC(+-,%0$  84,'(0(0,(   '( (&  4"#/,>02;  8$  <(& -%,*  <$:"%$+ – 

 8(+-4$;,',>( +,;  :3C(4$%. 

N, 0"+$0(., (1(  $<,0  -,8  8$'(;  %  +$0<(0 ,4$%"00$&  C"#( – 

+$ %(002(  %/,50,5  (4, . 4.2, +4,%"5  4). E  %$  -"0$%,-(/)0$'  %$#<370$-

".(-,/(0$%$'  8/"'(0,  ,  8/"'(0,  ".(-,/(0- #"+, )  "#$-"  %$#'$902  

%/,50,5, 84,  +$-$42;  -43<0$"-$',#,43('2(  =/('(0-2  3%(/,>,%"*-  

 ,!0"/2  <43!,;  =/('(0-$%. 64(</$9(0$   /(<3*1((  $:H5 0(0,(  =-$!$  

%/,50,5. L/('(0-2, :$/((  -43<0$  /(-3>,(  %  '(-"//,>( +$'   $ -$50,,  

,/,  %  C$4'(  +"4:,<$%, >('  %  %,<(  $+ ,<$%, $84(<(/5*- 5  %  

%$  -"0$%,-(/)0$'  8/"'(0,     0,#+$&  >3% -%,-(/)0$ -)*. L-$   %5#"0$     

-(', >-$  (1(  %  -%(4<2;  "=4$#$/)02;  >" -,.";  84$, ;$<,-  

%$  -"0$%/(0,(  =/('(0-"  <$  0(/(-3>,;  84$<3+-$%. 64, 3- -%,(  $+ ,<$%  

<43!,;  =/('(0-$%  8$ $: -%3(-  84$.(  3  $+, /(0,5  $84(<(/5('$!$  

=/('(0-"  <$  :$/((  /(-3>(!$  $+ ,<". E  =-$'   /3>"(  , 8"4(0,(  

"=4$#$/)02;  >" -,.  84($:/"<"(-  0"<  84$.(  $'  %$  -"0$%/(0,5  ,  

8$/3>(0,5  0(/(-3>,;  C"#. 

D"+, %  84, 3- -%,,  +, /$4$<02;   $(<,0(0,&  "/*',0,5  %  

%$  -"0$%,-(/)0$'  8/"'(0,  8$%27"(- 5  >3% -%,-(/)0$ -)  $84(<(/(0,5  

Ti, V, Mo  ,  <4.  :/"!$<"45  84$-(+"0,*   /(<3*1(!$  

%2 $+$-('8(4"-340$!$  84$.(  ":  

 ! "#
C"#2 0(/(-3>,(

2CMo  Mo "  + !"#

+$'8$0(0-
'(7"*1,&

32OAl  +     !  "#
C"#2  /(-3>,(

3 MoO  MoO "  + Al 

Q-<(/)0$  4"  '"-4,%"*- 5  %  8/"'(00$&  "-$'0$-": $4:.,$00$& 

 8(+-4$'(-4,, 8$'(;, % !"#$%$&  C"#(. E  ,;  $ 0$%(  /(9"-   4"%0,-(/)0$  

/(!+$  3>,-2%"('2(  4"%0$%( 02(  84$.(  2, "  ,'(00$ – %/,50,(  0"  

<,  $.,".,*  %  8/"'(0,   $(<,0(0,&  $84(<(/5('$!$  =/('(0-", %/,50,(  0"  

$:4"#$%"0,(  $84(<(/5('2'  =/('(0-$'  0$%2;  '$/(+3/5402;   $(<,0(0,&  

%  !"#$%$&  C"#(  ("  $.,".,5), %/,50,(  0"  4"%0$%( ,(  84$.(  "  ,$0,#".,,. 

A(& -%,(  8(4%2;  <%3;  84$.(  $%  $!4"0,>(0$, $0$  84$5%/5(- 5  !/"%02'  

$:4"#$'  84,  $84(<(/(0,,  1(/$>02;  ,  1(/$>0$#('(/)02;  =/('(0-$%  %  

0,#+$-('8(4"-340$'  8/"'(0,. E  =-$'   /3>"(  ,#:2-$+  %  84$:(  

!"/$!(0,<-   ,  !,<4$+ ,<-,$0$%   <%,!"(-  4"%0$%( ,(  '(9<3  !"/$!(0,<"',  

,  !,<4$+ ,<"',  '(-"//$%  %  8/"'(0,. K"/,>,(  %/,50,&  %  !"#$%$&  C"#(  

<$+"#"0$  =+ 8(4,'(0-"/)0$  '(-$<$'  <%3;  4" 82/,-(/(&; $0,    

84$5%/5*- 5  +"+  84,  4"#<(/)0$', -"+  ,  84,   $%'( -0$'  %0( (0,,  %  

8/"'5  $84(<(/5('$!$  ,  '(7"*1(!$  +$'8$0(0-". 
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A/5  <$ -,9(0,5  '"+ ,'"/)0$&  >3% -%,-(/)0$ -,  ,  84"%,/)0$ -,  

"0"/,#"  0($:;$<,'$, >-$:2   -(8(0)  ,$0,#".,,  $84(<(/5('$!$  =/('(0-"  

:2/"  ',0,'"/)0"  ,  8$ -$500"  +"+  %  "0"/,#,43('2;  84$:";, -"+  ,  %  

 -"0<"4-02;  4" -%$4";. @-(8(0)  ,$0,#".,,  #"%, ,-  $-  -('8(4"-342  

8/"'(0,, 8$-(0.,"/"  ,$0,#".,,  ,  +$0.(0-4".,,  $84(<(/5('$!$  =/('(0-", 

"  -"+9(  $-  +$0.(0-4".,,  =/(+-4$0$%. 6$ /(<055  #"%, ,-  $-   $<(49"0,5  

8$ -$4$00,;  +$'8$0(0-$%  (84(9<(  % (!$ – $-  /(!+$,$0,#,43('2;  

'(-"//$%), $-   -(;,$'(-4,,  ,  4":$>(&  %2 $-2  8/"'(0,. N$0,#".,$002(  

8$'(;,  %$#'$902  %   /(<3*1,;   /3>"5; : 

- %  %$#<370$- 84$8"0$%$'  8/"'(0,  84,  $84(<(/(0,,  Cs  ,  Rb; 

- %  %$#<370$- ".(-,/(0$%$'  8/"'(0, – </5  % (;  1(/$>02;  '(-"//$%, "  

-"+9(  </5  Ba  ,  Sr; 

- %  8/"'(0,  ".(-,/(0 – #"+, )  "#$-"  </5  % (;  =/('(0-$%. 

E  8$ /(<0('   /3>"(  8$/0$ -)*  ,/,  %  #0">,-(/)0$&   -(8(0,  

,$0,#,4$%"02  1(/$>02(  ,  1(/$>0$#('(/)02(  '(-"//2, >" -,>0$ – 

"/*',0,&, !"//,&, ,0<,&, -"//,&  ,  4(<+$#('(/)02(  =/('(0-2  ,   /":$  

(<$  10-15%) – :$/)7"5  >" -)  $ -"/)02;  =/('(0-$%, %  >" -0$ -,, Cu, Mg, 

Si, Ti, Pb, V, Cr, Mo, Mn  ,  <4. E  $+, /,-(/)0$&  >" -,  8/"'(0,  

(%03-4(00,&  +$03  ".(-,/(0$%$- %$#<370$!$  8/"'(0,)   +$0.(0-4".,5  

=/(+-4$0$%  #0">,-(/)0$  %27(, >('  %  %$  -"0$%,-(/)0$' 8/"'(0,. L-$  

%(<(-  +   <%,!3  4"%0$%( ,5  84$.(  "  ,$0,#".,,  I , I
+
 + e     %/(%$. 

D"+, </5   -4$0.,5   -(8(0)  ,$0,#".,,   $ -"%/5(-  7%  %  

%$  -"0$%,-(/)0$'  8/"'(0,  ,  20%  %  $+, /,-(/)0$'. 

N$0,#".,*  '$90$  8$<"%,-)  <$:"%/(0,('  %  "0"/,#,43('2(  ,  

 -"0<"4-02(  4" -%$42  ,$0,#".,$00$!$  :3C(4". A/5  =-$&  .(/,  

, 8$/)#3*-  ;/$4,<2  +"/,5, .(#,5, /,-,5  ,  /"0-"0" (0,1-1 '" .%). 

6&#27'-(8+9#  &!"#$%. @8(+-4"/)02(  8$'(;,  84,  "-$'0$-

": $4:.,$002;  ,#'(4(0,5;  %$#0,+"*-  % /(< -%,(: 

1) 0"/$9(0,5  /,0,&; 

2) :/,#+$!$  4" 8$/$9(0,5  /,0,&; 

3) 0( (/(+-,%0$!$  8$!/$1(0,5   %(-". 

N#-#"  '"/$&   8(+-4"/)0$&  7,4,02  ": $4:.,$002;  /,0,&  ,   ,;  

0(:$/)7$!$  +$/,>( -%"  %(4$5-0$ -)  0"/$9(0,5  /,0,&  <$%$/)0$  '"/". 

L-,  8$'(;,  %  "-$'0$-": $4:.,$00$&   8(+-4$ +$8,,  0(#0">,-(/)02  %  

 4"%0(0,,     =',  ,$002',  '(-$<"',. E (  9(  0(+$-$42(   $%8"<(0,5  

4(#$0"0 02;  "0"/,-,>( +,;  /,0,&   $   /":2',  /,0,5',  '(7"*1,;  

=/('(0-$%  %$#'$902, 0"84,'(4, Al  308,216 0'  - V  308,211  0'; Fe  271,903 

0' – Pt 271,904 0'; Au  242,79  0' – Fe  242,82  0'; Ga  403,307  0'  -  Mn  

403,307  0'; Zn  213,856  0' – Fe  213,859  0'; Hg  253,652  0'  -  Co  253,65  

0'. 

L-,  8$'(;,  <"*-  $   (:(  #0"-)  -$/)+$  84,  #0">,-(/)0$'  ,#:2-+(  

'(7"*1(!$  +$'8$0(0-". @8(+-4"/)02;  8$'(;  '$90$  ,#:(9"-)  

, 8$/)#$%"0,('  <43!$&  /,0,,   8$!/$1(0,5  ,/,  ;,',>( +,'  $-<(/(0,('  

'(7"*1(!$  +$'8$0(0-". 64,  , 8$/)#$%"0,,  0(+$-$42;  '0$!$=/('(0-02;  
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/"'8  ,/,  7,4$+,;  1(/(&  '$0$;4$'"-$4", "  -"+9(  /"'8     0(<$ -"-$>0$  

>, -2'  '"-(4,"/$'  +"-$<"   8(+-4"/)02(  8$'(;,, "0"/$!,>02(  

$8, "002'  %27(,   -"0$%5- 5  :$/((  %(4$5-02',. D"+, 84,  "-$'0$-

": $4:.,$00$'  $84(<(/(0,,  ;4$'"  %  4" -%$4";,  $<(49"1,;  9(/(#$,    

'0$!$=/('(0-0$&  (Ag, Cr, Ni, Ca, Fe)  /"'8$&     8$/2'  +"-$<$'  '$!3-  

:2-)  8$/3>(02  0(%(402(  <"002(  % /(< -%,(   8(+-4"/)02;  8$'(;. 

I0$!$=/('(0-0"5  /"'8"  ,#/3>"(-   8(+-4  9(/(#". N#%( -0$, >-$  45<$'     

/,0,(&  ;4$'"  357,9  0'  4" 8$/$9(0"  /,0,5  9(/(#"  358,1  0'. 64,  

7,4$+$&  1(/,  '$0$;4$'"-$4"   %(-  $-  /,0,,  9(/(#"  358,1  0'  8$8"<"(-  

0"  C$-$+"-$<, ,  8$=-$'3  4(#3/)-"-2  $84(<(/(0,5  ;4$'"  #"%, 5-  $-  

+$0.(0-4".,,  9(/(#"  %  4" -%$4(. 64,  4":$-(     $<0$=/('(0-0$&  /"'8$&  

,  :$/((  3#+$&  1(/)*  '$0$;4$'"-$4"  (0,2  0')  84, 3- -%,(  9(/(#"  %  

4" -%$4(  <$  2  '!/'/  0(  %/,5(-  0"  4(#3/)-"-2  $84(<(/(0,5  ;4$'", -.+.  

, +/*>"(- 5   8(+-4"/)0"5  8$'(;"  -  8$!/$1(0,(  "-$'$%  9(/(#"  0"  

/,0,,  358,1  0'. K(+$-$4$(   0,9(0,(  4(#3/)-"-"  $84(<(/(0,5  ;4$'"     

$<0$=/('(0-0$&  /"'8$&  %  84, 3- -%,,  4  '!/'/  9(/(#"  $:H5 05(- 5  

$:4"#$%"0,('  ,  0(8$/02'  , 8"4(0,('  +43802;  >" -,.   3;,;  $ -"-+$%  

8$ /(    %2 2;"0,5  +"8(/)  4" -%$4"     :$/)7,'   $<(49"0,('  9(/(#". 

E$$:1(   8(+-4"/)02(  8$'(;,  >"1(  0":/*<"*- 5  84,  

$84(<(/(0,,  =/('(0-$%, <"*1,;  '0$!$/,0(&>"-2(   8(+-42. @8(+-4"/)0"5  

8$'(;"  84,%$<,-  +  #"%27(0,*  4(#3/)-"-$%  "0"/,#", +"+  %  

4"  '$-4(00$'   /3>"(  $84(<(/(0,5  ;4$'", +$!<"  "-$'2   $83- -%3*1(!$  

=/('(0-"  8$!/$1"*-  ,#/3>(0,(     </,0$&  %$/02, :/,#+$&  +  4(#$0"0 0$&  

/,0,,  $84(<(/5('$!$  =/('(0-". ? /,  :/,#+$  +  "0"/,-,>( +$&  /,0,,  

$84(<(/5('$!$  =/('(0-"  4" 8$/$9(02  /,0,,  ,/,  8$/$ 2  ,#/3>(0,5  

 $83- -%3*1,;  =/('(0-$%, -$  4(#3/)-"-2  "0"/,#"  :3<3-  #"0,9"-) 5  %  

#"%, ,'$ -,  $-  +$0.(0-4".,,   $83- -%3*1,;  =/('(0-$%. D"+$&  =CC(+-  

0":/*<"(- 5  84,  4(!, -4".,,  "0"/,-,>( +$!$  ,!0"/" 0,+(/5  8$  /,0,,  

232,0  0'     7,4$+$&  1(/)*, -.+.  84,  =-$'  0(  $-<(/5(- 5  ,#/3>(0,(  

0(4(#$0"0 02;  /,0,&  0,+(/5  231,1  ,  232,1  0'. D$/)+$  3#+"5  1(/)  

'$0$;4$'"-$4"  %2<(/5(-  4(#$0"0 03*  /,0,*  0,+(/5  232,0  0'. E  -":/. 

4.2  84,%(<(02  0(+$-$42(  <"002(  $   8(+-4"/)02;  8$'(;";  84,  "-$'0$-

": $4:.,$002;  ,#'(4(0,5;. 

D":/,." 4.2 – @8(+-4"/)02(  8$'(;,  84,  "-$'0$-": $4:.,$002;  

,#'(4(0,5; 

L/('(0- F0"/,-,>( +"5

/,0,5, 0' 

@8(+-4"/)0"5 8$'(;", 

=/('(0-, </,0" %$/02,0' 

J(+$'(0<".,,  8$  

3 -4"0(0,* 

Ba 553,6 8$/$ " 8$!/$1(0,5 

CaOHV 

3#+"5 1(/), +$44(+-$4  

C$0",%2:$4 $8-,'"/)0$& 

$:/" -, 8/"'(0,, 

3<"/(0,( :$/)7$!$ 

+$/,>( -%" +"/).,5 

Co 240,7 Co 241,0 0(": $4:.,$0-

0"5 /,0,5 

3#+"5  1(/), +$44(+-$4  

C$0" 
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Si 251,6 Fe 3<"/(0,(  Fe,  +$44(+-$4  

C$0" 

Li 670,6 '$/(+3/540"5  8$/$ " 

8$!/$1(0,5 % 

84, 3- -%,,  Sr, 

4"  (5002&   %(- 

3#+"5 1(/), +$44(+-$4 

C$0",  %(-$C,/)-4  <$  

600 0' 

Mn 279,5 279,98  ,  280,1  Mn  

 /":2( ": $4:.,$002( 

/,0,, 

3#+"5 1(/), +$44(+-$4  

C$0" 

Cu 324,7 Fe 324,8 

Ni  324,85 

$<0$=/('(0-0"5  /"'8", 

3#+"5 1(/), +$44(+-$4 

C$0" 

Ni 232,0 Ni 231,7  ,  232,1 

0(": $4:.,$002(  /,0,, 

3#+"5 1(/), +$44(+-$4  

C$0" 

Rb 780,0 4"  (5002&   %(- +$44(+-$4  C$0", 

 %(-$C,/)-4 <$  700 0' 

Pb 217,0 Pb 217,6  0(": $4:.,$00"5

Cu 217,8; 216,5 

 

Ar 217,5 

3#+"5 1(/) 

3#+"5 1(/), $<0$=/(-

'(0-0"5 /"'8" 

0"8$/0(0,(  /"'82 

0($0$' 

Ag 328,1 Cu 327,1 3#+"5 1(/), 

$<0$=/('(0-0"5 /"'8" 

Sb 231,5 

217,58 

217,02 

Ni 231,096 

Pb  217,0 

3#+"5 1(/), +$44(+-$4  

C$0", $<0$=/('(0-0"5 

/"'8" 

Cr 357,9 Fe 358,1 3#+"5 1(/), 

$<0$=/('(0-0"5 /"'8",  

+$44(+-$4  C$0" 

Zn 213,86 Fe  213,8 

Cu  213,85 

$<0$=/('(0-0"5  /"'8", 

3#+"5 1(/), +$44(+-$4  

C$0" 

Cs 852,1 4"  (5002&   %(- 

 

 %(-$C,/)-4  <$  700 0', 

3#+"5 1(/) 

 

U"4"+-(4   8(+-4"/)02;  8$'(;  $-  :/,#+$  4" 8$/$9(002;  

4(#$0"0 02;  /,0,&  $<0$!$  =/('(0-"  #"%, ,-  $-  7,4,02  1(/,  

'$0$;4$'"-$4". K"84,'(4, 4"#<(/)0"5  4(!, -4".,5  /,0,&  4(#$0"0 0$!$  

-4,8/(-"  '"4!"0."  %$#'$90"  -$/)+$     3#+$&  1(/)*, +"+  =-$  8$+"#"0$  0"  

4, . 4.3. 
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J, 30$+ 4.3 – E2<(/(0,(  4(#$0"0 0$&  /,0,,  '"4!"0."  279,4  0'  

'$0$;4$'"-$4$'     3#+$&  (")  ,  7,4$+$&  (:)  1(/5', 

K,#+,&  84(<(/  $:0"439(0,5  '"4!"0."  $:( 8(>,%"(- 5  84,  4":$-(  

8$  0",:$/((   ,/)0$&  %  8$!/$1(0,,  /,0,,  279,4  0'  ,#  -4,8/(-": 279,4; 

279,8  ,  280,1  0'. K$  %$ 84$,#%$<,'$ -)  4(#3/)-"-$%  ,#'(4(0,&  8/$;"5  

,#-#"   ,/)0$!$  $!4"0,>(0,5   %(-$%$!$  8$-$+"  3#+$&  1(/)*. J" 7,4(0,(  

1(/,  8$%27"(-  %$ 84$,#%$<,'$ -)  "0"/,-,>( +$!$   ,!0"/", 0$  

$<0$%4('(00$   0,9"(- 5  +$=CC,.,(0-  >3% -%,-(/)0$ -,, -.+.  7,4$+"5  

1(/)  '$0$;4$'"-$4"  84$83 +"(-  ,#/3>(0,(   /":2;  %  8$!/$1(0,,  /,0,&  

-4,8/(-"  279,8, 280,1  0'  (4, . 4.3, :). 

K( (/(+-,%0$(  8$!/$1(0,( (background) – $ 0$%0"5   8(+-4"/)0"5  

8$'(;"  %  "-$'0$-": $4:.,$00$'  "0"/,#(. K( (/(+-,%0$(  8$!/$1(0,(  

(0("-$'0$(, C$0$%$()  84(< -"%/5(-   $:$&   3''3  0( +$/)+,;  =CC(+-$%. 

L-$  8$!/$1(0,(  ,  4"  (50,(   %(-"  "-$'"',, '$/(+3/"',  ,  '(/+,',  

>" -,."',  %  8$!/$1"*1('   /$(. E  +$4$-+$%$/0$%$&  >" -,   8(+-4"  

#0">,-(/)03*  4$/)  ,!4"(-  4"  (50,(   %(-", +$-$4$(  #"%27"(-  4(#3/)-"-2  

,#'(4(0,5  "-$'0$-": $4:.,$00$!$   ,!0"/". 64,  0"/,>,,  4"  (50,5   %(-"  

!4"<3,4$%$>02(  !4"C,+,   '(1"*- 5  %%(4;  $-0$ ,-(/)0$  $ ,  ": .,  . 

A/5  , +/*>(0,5  %/,50,5  4"  (500$!$   %(-"  0($:;$<,'$  , 8$/)#$%"-)  

4" -%$42     0,#+$&  +$0.(0-4".,(&   $/(&  ,  %24"%0,%"-)   $ -"%  

!4"<3,4$%$>02;  4" -%$4$%     "0"/,#,43('2',. 

I$/(+3/540$(  0( (/(+-,%0$(  8$!/$1(0,(, ,!4"*1((  $ 0$%03*  

4$/)  %  0( (/(+-,%0$'  8$!/$1(0,,   %(-",  %5#"0$     =/(+-4$002',  

8(4(;$<"',  %  '$/(+3/";  ,  4"<,+"/";, 5%/5*1,; 5  84$<3+-"',  8,4$/,#"  

'"-4,.2  SO
•
, SO2, SO3, PO

•
, NO

•
, CaO, CaOH

•
, MgOH

•
, NaCl, KBr, KI  ,  <4. 

I$/(+3/540"5  ": $4:.,5   ,/)0$  #"%, ,-  $-  </,02  %$/02  ( 8(+-42  

8$!/$1(0,5). Q $:(00$  #0">,-(/)0"  %(/,>,0"  0( (/(+-,%0$!$  

8$!/$1(0,5  %  =/(+-4$-(4',>( +,;  8$/3#"+42-2;  "-$',#"-$4";  

% /(< -%,(  ,;  '"/$!$  $:H('"  ,  %2 $+$&  8/$-0$ -,  8"4$%  '"-4,.2. 

Q 0$%02(  5%/(0,5, 84,%$<51,(  +  C$0$%$'3  8$!/$1(0,*, =-$ – 4"  (50,(  

,#/3>(0,5  <2'$'  (-3'"0$'), %$#0,+"*1('  84,  8(4(+$0<(0 ".,,  

'"-4,.2  %  ;$/$<02;  #$0";  !4"C,-$%$&  -43:+,  =/(+-4$-(4',>( +$!$  

  ! 
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"-$',#"-$4", 4"  (50,(  ,#/3>(0,5  >" -,."',  !4"C,-", 8$ -38"*1,'   $  

 -(0$+  !4"C,-$%$&  -43:+,  84,  -('8(4"-34(  2000-3000
$
@, 8$!/$1(0,(  

'$/(+3/"',, +$-$42(  , 8"45*- 5  ,/,  $:4"#3*- 5  %  8(4,$<  "-$',#".,,  

$:4"#.". K( (/(+-,%0"5  ": $4:.,5  =/(+-4$-(4',>( +,;  "-$',#"-$4$%  

$-/,>"(- 5, +  -$'3  9(, 8/$;$&  %$ 84$,#%$<,'$ -)*   ,!0"/"  ,  8$=-$'3  

$ $:(00$  039<"(- 5  %  "%-$'"-,>( +$&  +$44(+-,4$%+(. A/5  8/"'(002;  

'(-$<$%  <$83 +"(- 5  8$ /(<$%"-(/)0$(  ,#'(4(0,(   3''"40$!$  ,  

0( (/(+-,%0$!$  8$!/$1(0,5. K( (/(+-,%0"5  ": $4:.,5  '$9(-  3;3<7,-)  

0(  -$/)+$  84"%,/)0$ -), 0$  ,  %$ 84$,#%$<,'$ -) ,  84(<(/  $:0"439(0,5. 

6$=-$'3  84,  8$<:$4(  3 /$%,&  "0"/,#"  0( (/(+-,%0$(  8$!/$1(0,(  

0($:;$<,'$  ',0,',#,4$%"-). L-$  <$ -,!"(- 5  4"#:"%/(0,('  4" -%$4$%, 

4".,$0"/)0$&  8$<!$-$%+$&  84$:  ,  $8-,',#".,(&  "88"4"-3402;  

8"4"'(-4$%. 6$<  4".,$0"/)0$&  8$<!$-$%+$&  %  <"00$'   /3>"(  8$0,'"(- 5  

%%(<(0,(  , 8"45*1,;  <$:"%$+, 4" -%$4(0,( %(1( -%"  %  $-0$ ,-(/)0$  

/(-3>,;  +, /$-";, 0"</(9"1"5  $:4":$-+"  84$:2  </5  ,#'(0(0,5  ((  

 $ -"%". N#  "88"4"-3402;  8"4"'(-4$%  0( (/(+-,%0$(  8$!/$1(0,(  #"%, ,-  

$-  4":$>(&  %2 $-2  8/"'(0,,  -(;,$'(-4,,  ,  -('8(4"-342  8/"'(0,. A/5  

=/(+-4$-(4',>( +,;  '(-$<$%  ;"4"+-(40$  (1(  ,  %/,50,(  -('8(4"-342, "  

-"+9(  %4('(0,  8,4$/,#  ,  "-$',#".,,, 4" ;$<"  ,0(4-0$!$  !"#", %%$<,'2(  

<$:"%+,  ,  <4. 

N#'(45('2&  "0"/,-,>( +,&   ,!0"/   +/"<2%"(- 5  ,#  <%3;  %(/,>,0 

–  (/(+-,%0$(  ("-$'0$()  ,  0( (/(+-,%0$(  (0("-$'0$()  8$!/$1(0,(. E (  

"88"4"-3402(  '(-$<2  +$44(+.,,  $ 0$%"02  0"  ,#'(4(0,,   3''"40$!$   

 ,!0"/"  ,  %2>, /(0,,  (43>0$'  ,/,  "%-$'"-,>( +$')  %(/,>,02  "-$'0$&  

": $4:.,,  +"+  ,;  4"#0$ -,. E(/,>,03  0( (/(+-,%0$!$  8$!/$1(0,5  '$90$  

,#'(45-)   /(<3*1,',   8$ $:"',: 

1) 84,  8$'$1,  “03/(%$!$”  4" -%$4", 0(   $<(49"1(!$  

$84(<(/5('$!$  =/('(0-", 0$   $<(49"1(!$  % (  +$'8$0(0-2,  $#<"*1,(  

0( (/(+-,%03*  ": $4:.,*  ,  %/,5*1,(  0"  0((. L-$ – 0",/3>7,&, 0$  

84"+-,>( +,  -43<0$  $ 31( -%,'2&  '(-$<; 

2) 8$   $ (<0(&  0(>3% -%,-(/)0$&  /,0,,. 6$ /(  ,#'(4(0,5  

 3''"40$!$  8$!/$1(0,5  8$  4(#$0"0 0$&  /,0,,  ,#'(45(- 5  

0( (/(+-,%0$(  8$!/$1(0,(   $ (<0(&  0(4(#$0"0 0$&  /,0,,  $84(<(/5('$!$  

=/('(0-", ,0(4-0$!$  !"#"  ,/,  <43!$!$  =/('(0-". ? /,  8$<;$<51"5  /,0,5  

%   8(+-4(  /"'82  $- 3- -%3(-, 0( (/(+-,%0$(  8$!/$1(0,(  '$90$  ,#'(45-)  

   <43!$&  /"'8$&     8$/2'  +"-$<$'. W,0,5  </5  +$44(+.,,  <$/90"  :2-)  

0(>3% -%,-(/)0", <$ -"-$>0$   -":,/)0"  ,  %2#2%"-)  -"+$(  9(  8$  

%(/,>,0(  0( (/(+-,%0$(  8$!/$1(0,(, +"+  ,  4(#$0"0 0"5  /,0,5; 

3) 8$ /(<$%"-(/)0$&  ,/,  "%-$'"-,>( +$&  4(!, -4".,(&  

"0"/,-,>( +$!$  ,/,  C$0$%$!$   ,!0"/"     , -$>0,+$'  0(84(42%0$!$  

 8(+-4"; 

4) 84,  8$'$1,  =CC(+-"  G(('"0"; 

5) 84,  8$'$1,  =CC(+-"  @',-"-U,C-,; 

6) <43!,',  '(-$<"',. 



 90

64,  4":$-(   $   8/$702'  , -$>0,+$'  >(4(#  8/"'5  ,/,  

!4"C,-$%3*  8(>)  8$$>(4(<0$  84$83 +"*-  4(#$0"0 0$(  ,#/3>(0,(  ,  

,#/3>(0,(   8/$70$!$   8(+-4" <(&-(4,(%$& /"'82. E  8(4%$'   /3>"(  

,#'(45(- 5   3''"40$(  (4(#$0"0 0$(  ,  0( (/(+-,%0$()  8$!/$1(0,(, "  %$  

%-$4$' – 0( (/(+-,%0$(, ,  %  +">( -%(  4(#3/)-"-"  %2<"(- 5  ,;  4"#0$ -). E  

$:/" -,  </,0  %$/0  190-350  0'  %  +">( -%(  , -$>0,+"   8/$70$!$   8(+-4"  

, 8$/)#3(- 5  <(&-(4,(%"5  /"'8", %  $:/" -,  350-770  0' – !"/$!(00"5  

/"'8". 64,  , 8$/)#$%"0,,  +$44(+-$4"  C$0"  0($:;$<,'"  -$>0"5  

* -,4$%+"  $:$,;   %(-$%2;  83>+$%, $:( 8(>,%"*1"5  ,;  84$;$9<(0,(  

>(4(#  $<03  ,  -3  9(  $:/" -)   "-$',#"-$4". @31( -%3(-  84(<(/)0"5  

%(/,>,0"  0( (/(+-,%0$!$  ,!0"/", %27(  +$-$4$&  +$'8(0 ".,5     8$'$1)*  

<(&-(4,(%$!$  +$44(+-$4"  0(%$#'$90". L-"  %(/,>,0"  4"#0"5  </5  

4"#/,>02;  -,8$%  84,:$4$%, 0"84,'(4, </5  84,:$4"  “@"-340 – 361”  $0"  

8$45<+"  30%  7+"/2. 64,  4":$-(     +$44(+-$4$'  C$0"  %$#4" -"(-  73', 

3;3<7"*- 5  %$ 84$,#%$<,'$ -)  ,  84(<(/  $:0"439(0,5. 64,  +$'8(0 ".,,  

0( (/(+-,%0$!$  ,!0"/"    -$0+$&   -43+-34$&   8(+-4"  %$#'$902  

 , -('"-,>( +,(  8$!4(70$ -,. F%-$'"-,>( +,&  +$44(+-$4  +$'8(0 ,43(-  

3 4(<0(00$(  #0">(0,(  0( (/(+-,%0$!$  ,!0"/"   %  <"00$'   8(+-4"/)0$'  

,0-(4%"/(, +$-$4$(  '$9(-  0(   $%8"<"-)     (!$  #0">(0,('  0"  </,0(  %$/02  

4(#$0"0 0$&  /,0,,. D"+, 84,  $84(<(/(0,,  #$/$-"  %  ;/$4,<(  ,0<,5  

"%-$'"-,>( +,&  <(&-(4,(%2&  +$44(+-$4  “8(4(+$'8(0 ,43(-”  

0( (/(+-,%02&  ,!0"/. 64"%,/)0$ -)  4":$-2  +$44(+-$4"  '$90$  

84$%(4,-), 84$,#%$<5  ,#'(4(0,5   $  1(/5',  4"#/,>0$&  7,4,02: #0">(0,5  

"-$'0$&  ,  0( (/(+-,%0$&  ": $4:.,,  84,  =-$'  0(  <$/902  '(05-) 5.  

J5<  -43<0$ -(&, %$#0,+"*1,;  84,  4":$-(     <(&-(4,(%2'  

+$44(+-$4$',  '$9(-  :2-)  3 8(70$  84($<$/(0  84,  , 8$/)#$%"0,,  </5  

+$'8(0 ".,,  0( (/(+-,%02;  8$'(;  =CC(+-"  G(('"0"  (4, . 4.4).  

 
J, 30$+ 4.4 – @;('"  3>(-"  0( (/(+-,%0$!$  8$!/$1(0,5  0"  

$ 0$%(  =CC(+-"  G(('"0": 
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1 – /"'8"     8$/2'  +"-$<$'; 2 –  %4"1"*1,& 5  8$/54,#"-$4; 3 

– "-$',#"-$4  '(9<3  8$/* "',  '"!0,-"  (5-15  +S ); 4 – '$0$;4$'"-$4; 5 – 

C$-$3'0$9,-(/); 6 – 3 ,/,-(/); 7 – 4(!, -4,43*1((  3 -4$& -%$; 8 – +$0-34  

--+$'8$0(0-2  /,0,,  8$!/$1(0,5; 8X, 8Y – +$0-342  ./-+$'8$0(0-  /,0,,  

8$!/$1(0,5; 9 – 0( (/(+-,%0$(  8$!/$1(0,(; 10 – +$0-34  =',  ,$00$&  

/,0,,. 

E  8$ -$500$'  '"!0,-0$'  8$/(  ": $4:.,$00"5  /,0,5  

4" 1(8/5(- 5  0"  -4,  +$'8$0(0-2: - (0I=0)  ,  ./(0I= .1), 84,>('  --

+$'8$0(0-"  0(   '(1"(- 5  $-0$ ,-(/)0$  .(0-4"  /,0,,, 0$  8$/54,#$%"0"  

%  0"84"%/(0,,, 8"4"//(/)0$'  0"84"%/(0,*  '"!0,-0$!$  8$/5, "  ./  

+$'8$0(0-2   '(1(02  $-0$ ,-(/)0$  .(0-4"  /,0,,  ,  8$/54,#$%"02  

8(48(0<,+3/540$  '"!0,-0$'3  8$/*. @$$-%(- -%(00$, +$!<"     8$'$1)*  

%4"1"*1(!$ 5  8$/54,#"-$4"  0"  "-$',#"-$4  $-  /"'82     8$/2'  +"-$<$'  

8$ -38"(-  ,#/3>(0,(, 8$/54,#$%"00$(  8"4"//(/)0$  '"!0,-0$'3  8$/*, 

:3<(-  4(!, -4,4$%"-) 5   3''"40$(  8$!/$1(0,(  -- +$'8$0(0-2  ,  C$0", "  

+$!<"  8$ -38"(-  ,#/3>(0,(, 8$/54,#$%"00$(  8(48(0<,+3/540$  '"!0,-0$'3  

8$/*, %  "-$',#"-$4(  C,+ ,43(- 5  -$/)+$  0( (/(+-,%0$(  8$!/$1(0,(, 

84,>('   -4$!$  0"  -$&  9(  </,0(  %$/02, >-$  ,   ,!0"/  "-$'0$&  

": $4:.,,. J"#0$ -)  =-,;  <%3;  ,#'(4(0,&  <"(-  #0">(0,(  8$/(#0$!$  

 ,!0"/".  

E  8$ /(<0((  %4('5  84(<8$>-(0,(  $-<"*-  84$<$/)0$'3  

G(('"0$% +$'3  +$44(+-$43. 6$8(4(>0"5  G(('"0$% +"5   , -('"  +$44(+.,,  

, 8$/)#3(-  '"!0,-0$(  8$/(, 0"84"%/(00$(  8(48(0<,+3/540$  $8-,>( +$&  

$ ,  (0"  4, . 4.4  0"84"%/(0,(  '"!0,-0$!$  8$/5  8$+"#"0$  9,402',  

 -4(/+"',). E  4(#3/)-"-(  </5  :/$+,4$%"0,5  --+$'8$0(0-2  84,  

,#'(4(0,,  0( (/(+-,%0$!$  8$!/$1(0,5  >(4(#  "-$',#"-$4  <$8$/0,-(/)0$  

84$83 +"*-  8$/54,#$%"00$(  ,#/3>(0,(  (8"4"//(/)0$(  +  ,  

"0-,8"4"//(/)0$(  1  '"!0,-0$'3  8$/*). L-$  #0">,-(/)0$   0,9"(-  

+$/,>( -%$   %(-"  %   , -('(, >-$, %   %$*  $>(4(<),  3;3<7"(-  

"0"/,-,>( +,(  ;"4"+-(4, -,+,. 64$<$/)0"5  G(('"0$% +"5   , -('"  

+$44(+.,,  (4, . 4.5, :)  , 8$/)#3(-  '"!0,-0$(  8$/(, 0"84"%/(0,(  +$-$4$!$  

8"4"//(/)0$  $8-,>( +$&  $ ,. N#  4, . 4.5  %,<0$, >-$  4" 1(8/(0,(  

": $4:.,$00$&  /,0,,  384$1"(- 5. Q- 3- -%,(  -- +$'8$0(0-2  3 -4"05(-  

0($:;$<,'$ -)  , 8$/)#$%"0,5  8$/54,#"-$4$%, 3'(0)7"*1,;   %(-$%$&  

8$-$+. 64,  %+/*>(00$'  '"!0,-0$'  8$/(  0"  4(#$0"0 0$&  /,0,,  

,#'(45(- 5  -$/)+$  0( (/(+-,%0$(  8$!/$1(0,(. 64,  =-$'  <$ -,!"(- 5  0(  

,'(*1((  "0"/$!$%   $$-0$7(0,(   ,!0"/ / 73'. 

G(('"0$% +"5  +$44(+.,5  C$0"  8$#%$/5(-  +$'8(0 ,4$%"-)  

0( (/(+-,%0$(  8$!/$1(0,(  <$  34$%05  2,0  (<,0,.  ": $4:.,$00$ -, 

($8-,>( +$& 8/$-0$ -,). P4$'(  -$!$, $0"  $:( 8(>,%"(-  +$44(+.,*  +"+  

0(84(42%0$!$  C$0$%$!$  8$!/$1(0,5, -"+  ,  /,0(&>"-$!$. 
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J, 30$+ 4.5 - 6$8(4(>02&  (")  ,  84$<$/)02& (:)  =CC(+-  G(('"0" 

64(,'31( -%$'  =-$!$   8$ $:"  +$44(+.,,  5%/5(- 5  -$, >-$  

$:( 8(>,%"(- 5  3 /$%,(  4"%(0 -%"  ,0-(0 ,%0$ -(&  ,  * -,4$%+,  2-;  

/3>(&, %$#'$90"  +$'8(0 ".,5  0( (/(+-,%0$!$  8$!/$1(0,5  %$  % ('  

<,"8"#$0(  </,0  %$/0, +$'8(0 ,43*- 5  :$/)7,(  %(/,>,02  

0( (/(+-,%0$!$  8$!/$1(0,5, %  -$'  >, /(  %   8(+-4";  8$!/$1(0,5     

-$0+$&   -43+-34$&.  

E$#'$90$, (<,0 -%(002'  0(<$ -"-+$'  , 8$/)#$%"0,5  =CC(+-"  

G(('"0"  </5  +$44(+.,,  C$0$%$!$  8$!/$1(0,5  5%/5(- 5  0(:$/)7$(  

3;3<7(0,(  /,0(&0$ -,  !4"<3,4$%$>02;  !4"C,+$% ,  0(#0">,-(/)0"5  

8$-(45  >3% -%,-(/)0$ -,  </5  0(+$-$42;  =/('(0-$%. L-$ +$'8(0 ,43(- 5  

-$>0$ -)*  C$0$%$&   +$44(+.,,  ,  #0">,-(/)02'  3/3>7(0,('  

 $$-0$7(0,5   ,!0"/ / 73'  8$   4"%0(0,*     +$44(+.,(&     8$'$1)*  

, -$>0,+"  0(84(42%0$!$   8(+-4". J(#3/)-"-$'  =-$!$  5%/5(- 5  3/3>7(0,(  

%$ 84$,#%$<,'$ -,, 84"%,/)0$ -,  ,  84(<(/$%  $:0"439(0,5  </5  4("/)02;  

$:4"#.$%. 

P$44(+-$4  @',-"-U,C-,   %5#"0     -"+  0"#2%"('2'  “=CC(+-$'  

 "'$$:4"1(0,5”  4(#$0"0 0$& /,0,,, +$-$42&  %24"9"(- 5  %  -$', >-$  84,  

<$ -"-$>0$  :$/)7$'  8"4.,"/)0$'  <"%/(0,,  "-$'$%  ,  /(<3('$!$  

=/('(0-"  %  +$/:(  /"'82  , 831(00$(  %$#:39<(002',  "-$'"',  

,#/3>(0,(  8$!/$1"(- 5  0(%$#:39<(002',  "-$'"',, 84,>('  %  :$/)7(&  

 -(8(0,  8$!/$1"(- 5  .(0-4"/)0"5  >" -)   8(+-4"/)0$&  /,0,,  ,#/3>(0,5. 

6$=-$'3  C$4'"   8(+-4"/)0$&  /,0,,  4(#$0"0 0$!$  ,#/3>(0,5, 

%2;$<51(!$  ,#  /"'82  %  3 /$%,5;   "'$$:4"1(0,5, ,'((-  84$%"/  

(',0,'3')  0"  .(0-4"/)0$&  >" -$-(  4(#$0"0 0$!$  8(4(;$<"  ,  '"+ ,'3'2  

 /(%"  ,   84"%"  $-  =-$&  >" -$-2. Z,4,0"  ,  !/3:,0"  .(0-4"/)0$!$  

',0,'3'"  #"%, 5-  $-  %(/,>,02  -$+"  8,-"0,5  /"'82. 64,  =-$'  

, 8$/)#3*-  ,'83/) 0$(  8,-"0,(  , -$>0,+"  4(#$0"0 0$!$  ,#/3>(0,5  

-$+"',  4"#/,>0$&  %(/,>,02. 64,  <$ -"-$>0$  :$/)7,;  -$+";  '$90$  

<$ -,>)  -$!$, >-$  %  0(+$-$4$&  $+4( -0$ -,  .(0-4"/)0$&  >" -$-2  

,0-(0 ,%0$ -)  %2;$<51(!$  ,#/3>(0,5  :3<(-  4"%0"  03/*. L-$  5%/5(- 5  

0($:;$<,'2'  3 /$%,('  , 8$/)#$%"0,5  =CC(+-"   "'$$:4"1(0,5  </5  

3>(-"  0( (/(+-,%0$!$  8$!/$1(0,5. A$ -,!"(- 5  =-$   /(<3*1,'  83-('. K"  

/"'83     8$/2'  +"-$<$'  8$8(4('(00$  8$<"*-  -$   /":2&  ($:2>0$  $-  

6$8(4(>02& =CC(+- 

G(('"0" 

64$<$/)02& =CC(+- 

G(('"0" 

=',  ,$00"5 /,0,5 (1 $4,(0-,4$%"00"5 

+$'8$0(0-") 
=',  ,$00"5 /,0,5 

/++$'8$0(0-" (       8$-

/54,#$%"00"5) 
/-+$'8$0(0-" (       8$-

/54,#$%"00"5) 

/++$'8$0(0-"         

(18$/54,#$%"00"5) 

--+$'8$0(0-"         

+8$/54,#$%"00"5 

/-+$'8$0(0-"         

(18$/54,#$%"00"5) 

" :
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0( +$/)+,;  'F  <$  30  'F), -$   ,/)02&  -$+  (<$  150-300  'F). 64,   /":$'  

-$+(  C$4'"   8(+-4"/)0$&  /,0,,  %2;$<51(!$   ,#  /"'82  4(#$0"0 0$!$  

,#/3>(0,5  ,'((-  $:2>02&  %,<     '"+ ,'3'$'  0"  .(0-4"/)0$&  >" -$-(  

"-$'0$!$  8(4(;$<". 6$=-$'3  C$-$84,('0,+  #"4(!, -4,43(-   3''"402&  

 ,!0"/, $:3 /$%/(002&  4(#$0"0 02'  8$!/$1(0,('  $84(<(/5('$!$  

=/('(0-"  ,  0( (/(+-,%02'  C$0$%2'  8$!/$1(0,('. 64,   ,/)0$'  -$+(  %  

/"'8(  %  "-$',#"-$4(  8$!/$1"(- 5 ,#/3>(0,(, %   8(+-4(  +$-$4$!$  ,#-#"  

=CC(+-"   "'$$:4"1(0,5  ,0-(0 ,%0$ -)  4"%0"  03/*  +"+  4"#  %  0(+$-$4$&  

$+4( -0$ -,  .(0-4"/)0$&  >" -$-2  "-$'0$!$  8(4(;$<". ? /,  7,4,0"  =-$&  

>" -$-2   8(+-4"  :$/)7(   8(+-4"/)0$&  7,4,02  /,0,,  4(#$0"0 0$!$  

,#/3>(0,5, %$#0,+"*1(!$  84,   /":$'  -$+(, -$  C$-$84,('0,+  %  =-$'  

 /3>"(  #"4(!, -4,43(-   ,!0"/  ": $4:.,,,  $$-%(- -%3*1,&  -$/)+$  

0( (/(+-,%0$'3  C$0$%$'3  8$!/$1(0,*. N#'(4,-(/)0"5   , -('"  84,:$4"  

%2<"(-  4"#0$ -)   ,!0"/$%,  $$-%(- -%3*1,;   /":$'3  ,   ,/)0$'3  -$+3, 

-.(.   ,!0"/,  %5#"002&    8$!/$1(0,('  %(-" -$/)+$  "-$'"',  

$84(<(/5('$!$  =/('(0-". L-$-   8$ $:  +$44(+.,,  C$0"  ,'((-  -(  9(  

8/* 2, >-$  ,  =CC(+-  G(('"0", $<0"+$  #<( )  =CC(+-,%0$ -)  +$44(+.,,  

#"%, ,-  $-  +">( -%"  , -$>0,+"  ,#/3>(0,5. P4$'(  -$!$, 84,  -"+$&  4":$-(  

/"'8     8$/2'  +"-$<$'  #0">,-(/)0$   $+4"1"(- 5  %4('5  ,;  9,#0,, 

$ $:(00$  </5  /(!+$/(-3>,;  =/('(0-$%, -"+,;  +"+   %,0(., +"<',&, .,0+  ,  

<4. 

D"+,'  $:4"#$', %  =-$'  4"#<(/(  :2/,  4"  '$-4(02  $ 0$%02(  

84,>,02  3;3<7(0,5  -$>0$ -,  4(#3/)-"-$%  "-$'0$-": $4:.,$00$!$  

,#'(4(0,5, "  -"+9(  8$'(;,, %(<31,(  +  8$5%/(0,*   , -('"-,>( +,;  ,  

 /3>"&02;  8$!4(70$ -(&. E  4("/)02;  3 /$%,5;  "0"/,-,>( +,&   ,!0"/  

, 82-2%"(-  %/,50,5  0(  $<0$&, "  .(/$!$  45<"  8$'(;, +$-$42(  84,05-$  

0"#2%"-)  '"-4,>02'  =CC(+-$'. I"-4,>02&  =CC(+- – =-$  %/,50,(  

%"/$%$!$   $ -"%"  "0"/,#,43('$!$  %(1( -%"  0"  ": $4:.,$002&   ,!0"/  

$84(<(/5('$!$  =/('(0-". I"-4,>02&  =CC(+- – =-$   $%$+380$ -)  

0( +$/)+,;  4"#/,>02;  8$   %$(&  84,4$<(  =CC(+-$%: 8(4(0$ "  %(1( -%", 

,$0,#".,,, ;,',>( +,;  %/,50,&  ,  <4. K"84,'(4, 84,  4" 82/(0,,  1-2%- 

02;  4" -%$4$%   $/(&  %$#0,+"(-  $8" 0$ -)   8(+-4"/)02;  8$'(; – 

4"  (50,5  ,  '$/(+3/540$!$  8$!/$1(0,5. K(#"%, ,'$  $-  =-$!$  '$9(-  

84$5%,-) 5  =CC(+-  :/$+,4$%+,  ,  ;,',>( +,(  %/,50,5, "  -"+9(   <%,!,  

4"%0$%( ,5  4("+.,&  ,$0,#".,,  %  8/"'(0,. Q:$:1"5  %27(,#/$9(002(  

<"002(  $   8$ $:";  3 -4"0(0,5  $-<(/)02;  %,<$%  8$'(;  %  8/"'(00$&  

"-$'0$-": $4:.,$00$&  8(+-4$ +$8,,, 8(4(>, /,'  '(-$<2  8$%27(0,5  

-$>0$ -,  4(#3/)-"-$%  %  8$45<+(  ,;  3 /$90(0,5:   

1.J"#:"%/(0,(  4" -%$4" – $ /":/5(-  <(& -%,(  % (;  8$'(;, +4$'(  

,$0,#".,$002;, $<0"+$  0(=CC(+-,%0$  84,   ,/)02;  ;,',>( +,;  8$'(;";. 

2.B4"%0,%"0,(   $<(49"0,5  $ 0$%0$!$  +$'8$0(0-"  %  !4"<3,4$%$>02;  

4" -%$4";  ,  84$:";. 64,'(05*-  </5  3>(-"  %/,50,5  '"-4,>0$!$  =CC(+-"  

%  -$'   /3>"(, +$!<"  ,#%( -(0 '"-4,>02&  $ -"% 84$:. 
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3.Q8-,',#".,5  "88"4"-3402;  3 /$%,&. E  8(4%3*  $>(4(<)  =-$  $-0$ ,- 5  

+   -(;,$'(-4,,  8/"'(0,, 4":$>(&  %2 $-(  0":/*<(0,5. E"902'  

8"4"'(-4$'  5%/5(- 5  -$+  /"'82,  8(+-4"/)0"5  7,4,0"  1(/,  

'$0$;4$'"-$4". 

4.E%(<(0,(  $ %$:$9<"*1,;   8(+-4$;,',>( +,;  :3C(4$%, , 8"45*1,;  ,  

#"1,-02;  <$:"%$+  ,  ,;   '( (&. L-$  $ 0$%0$&  '(-$<  3 -4"0(0,5  8$'(;  

%  +$0<(0 ,4$%"00$&   C"#(. 

5.N 8$/)#$%"0,(  %2 $+$-('8(4"-340$!$  8/"'(0,  ".(-,/(0 – #"+, )  "#$-". 

I(-$<  $-0$ ,- 5  +  =/('(0-"', $84(<(/5('2'  %  %$#<370$-".(-,/(0$%$'  

8/"'(0,     $-0$ ,-(/)0$  0,#+$&  >3% -%,-(/)0$ -)*  ,  :$/)7,',  

8$'(;"',  (Ca, Sr, Ba, Cr, Mo, Sn), "  -"+9(  +  =/('(0-"', $84(<(/5('2'  %  

0,#+$-('8(4"-340$'  8/"'(0,      ,/)02',  '(7"*1,',  =CC(+-"',  

(8/"-,0$%2(  '(-"//2, '"!0,&, '27)5+,  (/(0). E  0(+$-$42;   /3>"5;  

%2 $+"5  -('8(4"-34"  8$/0$ -)*  3 -4"05(-  8$'(;,, $<0"+$  >"1(  

84,;$<,- 5  , 8$/)#$%"-)  ,  <43!,(  4"  '$-4(002(   4(< -%". 

6.I(-$<  <$:"%$+. 

7.A$:"%/(0,(  $4!"0,>( +,;  4" -%$4,-(/(&. 64,  4".,$0"/)0$'  %+/*>(0,,  

=-$!$  '(-$<"  %  "0"/,-,>( +3*  84$.(<343  '$90$   4"%0,-(/)0$  84$ -2',  

 4(< -%"',  <$:,-) 5  #0">,-(/)0$!$  =CC(+-". O" -$  , 8$/)#3*-  20-50%- 

02&  4" -%$4  ".(-$0", 8-50 %  4" -%$4  =-"0$/", 2% - 02&  4" -%$4  

!/,.(4,0"  ,  4"#/,>02(   '( ,. 

8.M3C(4,4$%"0,(. N$0,#".,$002(  :3C(42  , 8$/)#3*-, +"+  84"%,/$, 84,  

"-$',#".,,  %  8/"'(0,  ".(-,/(0 – #"+, )  "#$-". 

9.U,',>( +$(  4"#<(/(0,(. 

E  -":/. 4.3  84,%(<(02  84,'(42  4"#/,>02;  -,8$%  8$'(;  ,  

 8$ $:2  ,;  3 -4"0(0,5. E  -":/. 4.4  3+"#"02  $8-,'"/)02(  3 /$%,5  

$84(<(/(0,5  =/('(0-$%. 

D":/,."  4.3  - K(+$-$42(  8$'(;,  84, 8/"'(00$' "-$'0$-

": $4:.,$00$'  $84(<(/(0,,  ;,',>( +,;  =/('(0-$%  ,   8$ $:2  ,;  

3 -4"0(0,5 

L/('(0- D,8  

8/"'(0, 

6$'(;,  B -4"0(0,(  

Ag %$#<3;-84$8"0 

, %$#<3;-

".(-,/(0 

H2SO4  ,  H3JO4 

 0,9"*-   ,!0"/  Ag  

% /(< -%,(  ,#'(0(0,5  

%5#+$ -,  

"0"/,#,43('2;  

4" -%$4$% 

84,%$<5-  %   $$-%(- -%,(

 $<(49"0,(  +, /$-  %  84$:";  ,

!4"<3,4$%$>02;  4" -%$4"; 

Al ".(-,/(0-

#"+, ) "#$-" 

,$0,#".,5  <$:"%/5*-  2000 '!//  KNO3.

I$90$ , 8$/)#$%"-)  La 

As %$#<3;-

".(-,/(0 

Al, Cr, Mn, Mo, Pb, Sn

8$0,9"*-   ,!0"/ As  

0" 8-10 % 

84,%$<5-  %   $$-%(- -%,(

'"-4,.2 =-"/$0$% , 4" -%$4$% 

B ".(-,/(0- %/,50,(  Na  84,  4(!3/,43*-  8/"'5  <$
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#"+, ) "#$-" $>(0)  %2 $+$'  

$-0$7(0,,  Na : B 

0(&-4"/)0$&   -(;,$'(-4,,

(+4" 02&  +$03   %2 $-$&  1  ')

   8$ /(<3*1(&  8$-(4(&

>3% -%,-(/)0$ -, 

Ba ".(-,/(0-

#"+, ) "#$-" 

,$0,#".,5  <$:"%/5*-  2000 '!//  KCl  ,/,

NaCl %  !4"<3,4$%$>02(

4" -%$42  ,  %  84$:3 

E" %$#<3;-

".(-,/(0 

8$/$ "  @"QKV  %  

84, 3- -%,,  

:$/)7$!$ +$/,>( -%" 

@" 

, 8$/)#3*-  8/"'5  @2K2 – N2Q

,/,  ,#'(45*-  ": $4:.,* 8$

,$00$&  /,0,,  E" 455,4 0' 

Ba %$#<3;-

".(-,/(0 

PO4
3-

, Si, Al  

8$0,9"*-  ,!0"/ E" 

<$:"%/5*-  2000 '!//  La  %$  % (

84$:2  ,  =-"/$02  ,/,

, 8$/)#3*-  8/"'5  C2H2 – N2O 

Be ".(-,/(0-

#"+, ) "#$-" 

Na , Si  %  

+$0.(0-4".,,  1000 

'!//   ,/)0$   0,9"*- 

 ,!0"/  Be; Al  

 0,9"(-   ,!0"/ Be  

0" 25 %. F#$-0"5, 

 (40"5, -(-4"C-$4-

:$40"5  ,  3+ 3 0"5  

+, /$-2  3%(/,-

>,%"*-   ,!0"/ Be. 

<$:"%/5*-  1,5 !//  C-$4,<" 

Ca %$#<3;-

".(-,/(0 

Na, K, Li, Mg  

3%(/,>,%"*-   ,!0"/  

Ca 0" 5-10 %. Al, Be, 

Cr, Fe, Ti, Zr, V, SO4
2-

, 

PO4
3-

, HCl, HNO3, HF  

 0,9"*-   ,!0"/  Ca. 

<$:"%/5*-  Sr  <$  +$0.(0-4".,,

5000 '!//  ,/,  La  (10000 '!//).

@" ".(-,/(0-

#"+, ) "#$-" 

,$0,#".,5  @" (10-20 

%) 

<$:"%/5*-  :$/((  /(!+$

,$0,#,43('2&  =/('(0-,

0"84,'(4, P
+
 (2000-5000 '!//).

6/"'5  #"+, ) "#$-" - ".(-,/(0

84(<8$>-,-(/)0$ 

Cd %$#<3;-

".(-,/(0 

',0,'"/)02(  

Co %$#<3;-

".(-,/(0 

',0,'"/)02(.  Fe

84,  +$0.(0-4".,,

1%  3%(/,>,%"(-

 ,!0"/  @$  0"  25%

84,  (!$   $<(49"0,,

10 '+!/'/. 



 96

%$#<3;-84$8"0 '0$!$>, /(002( 

Cr %$#<3;-

".(-,/(0 

-$  9( 

@$, Ni  ,  $ $:(00$ Fe

8$0,9"*-   ,!0"/ Cr 

JQ4
3-

  8$0,9"*-  

 ,!0"/  ;4$'" 

, 8$/)#3*-  $+, /,-(/)0$(

8/"'5  %$#<3;-".(-,/(0,

84(<8$>-,-(/)0$  #"+, ) "#$-"-

".(-,/(0. I$90$  <$:"%,-)

NH4Cl. E%$<5-   $(<,0(0,5  @". 

E%$<5-   $(<,0(0,5  @" 

Cr #"+, ) "#$-"-

".(-,/(0 

%-$4$ -(8(002(  

'(9=/('(0-02(  

%/,50,5 

Cu %$#<3;-

".(-,/(0 

0,+"+,;   31( -%(0-

02;  8$'(; 0(  0":/*-

<"(- 5. Q>(0) 

:$/)7$&  ,#:2-$+  

0(+$-$42; =/('(0-$%, 

0"84,'(4, Fe  ,  Zn   

 0,9"*-   ,!0"/  @u. 

84,'(05*-  $+, /,-(/)0$(

%$#<370$-".(-,/(0$%$(  8/"'5

,/,  #"+, )  "#$-"-".(-,/(0. 

Fe %$#<3;-

".(-,/(0 

Si  8$0,9"(-   ,!0"/  

Fe. W,'$00"5  +, -

/$-"  84,  +$0.(0-

-4".,,  200 '!//  

8$0,9"(-   ,!0"/  Fe  

0" 50%.   

<$:"%/5*-  CaCl2  

A$:"%/5*-  H3PO4, %2:,4"*-

$8-,'"/)03*  %2 $-3  !$4(/+,.

N 8$/)#3*-  8/"'5  #"+, )

"#$-"-".(-,/(0. 

K %$#<3;-

".(-,/(0 

,$0,#".,5  <$:"%/5*-  Na, Li  ,/, Cs 

Li %$#<3;-

".(-,/(0 

,$0,#".,5. [(/$>02( 

'(-"//2  %/,5*-  0"  

 ,!0"/ Li 

<$:"%/5*-  ,#:2-$+  P. 

Mg %$#<3;-84$8"0 

%$#<3;-

".(-,/(0 

#"+, ) "#$-"-

".(-,/(0 

-$  9(   

'0$!$>, /(002(  ,  

%#",'$#"%, ,'2( 

8$'(;, 

Al, Ti, Zn, SiO3
2-

, 

CO3
2-

, SeO3
2-

  

8$0,9"*-   ,!0"/, 

Mg, Li – 8$%27"(-. 

1(/$>02(  '(-"//2  

3%(/,>,%"*-   ,!0"/  

Mg  0"  15%. 

Ti  8$0,9"(-   ,!0"/ 

Mg 

4":$-"*-     <43!,',

8/"'\0"', 

%%$<5-  ,#:2-$+  :3C(4",

0"84,'(4, Sr (1000-5000'!//)

,/,  La (10000 '!//). 

<$:"%/5*-  Sr. 

<$:"%/5*-  La. 

Mn %$#<3;-

".(-,/(0 

8$'(;,  4(<+,. 

E/,5*-  Fe, Ni, Co, 

4":$-"*-  %  $+, /,-(/)0$'

8/"'(0,  %$#<3;-".(-,/(0  ,/,



 97

%$#<3;-

".(-,/(0 

PO4
3-

, ClO4
-
 

Si  8$0,9"(-   ,!0"/ 

Mn 

%  8/"'(0,  #"+, )  "#$-"-

".(-,/(0 

<$:"%/5*-  @" 

Mo %$#<3;-

".(-,/(0 

Cu, Sr, SO4
2-

  ,  

$ $:(00$  Fe  

8$0,9"*-   ,!0"/  

Mo 

<$:"%/5*-  NH4Cl  ,/,  AlCl3,

84,'(05*-  8/"'5  #"+, )

"#$-"-".(-,/(0, %  +$-$4$'

, >(#"(-  %/,50,(  Fe, "  <43!,(

8$'(;,  , +/*>"*-  %%(<(0,('

Al (1000 '!//) 

Na %$#<3;-

".(-,/(0 

%$#<3;-84$8"0 

,$0,#".,5 

 ,/)02(  ',0(4"/)-

02(  +, /$-2  

8$0,9"*-   ,!0"/  

Na. 

<$:"%/5*-  KNO3  ,/,  KCl

(2000 '!//); 84,'(05*-

%$#<370$-84$8"0$%$(  8/"'5. 

Ni %$#<3;-

".(-,/(0 

8$'(;,  

0(#0">,-(/)02; Fe, 

Co, Cr  %  4" -%$4";  

HCl  ,  H@lO4  

8$0,9"*-   ,!0"/  Ni  

(0"  5%) 

84,'(05*-  $+, /,-(/)0$(

8/"'5  %$#<3;-".(-,/(0  ,/,

8/"'5  #"+, ) "#$-"-".(-,/(0. 

Pb %$#<3;-

".(-,/(0 

8$'(;,  

0(#0">,-(/)02; 

%/,5(-  :$/)7$(  

+$/,>( -%$  Fe (1% ,  

:$/(() 

Sb %$#<3;-

".(-,/(0 

8$'(;,  

0(#0">,-(/)02(; 

',0(4"/)02(  

+, /$-2   0,9"*-  

 ,!0"/  Sb. 

!4"<3,4$%$>02(  4" -%$42

!$-$%5-     3>(-$'   $<(49"0,5

,$0$%  %  ,  /(<3('2;

4" -%$4";. 

Si #"+, )  "#$-"-

".(-,/(0 

HF, H3BO3  ,  P  %  

#0">,-(/)02;  +$-

/,>( -%";  8$0,9"*-  

 ,!0"/ Si 

, 8$/)#3*-  '(0((  %$  -"-

0$%,-(/)0$(  8/"'5     +4" 02'

+$03 $'  %2 $-$&  0,5  '. 

Se %$#<3;-

%$<$4$< 

Ba, Jb, Li, Na, Sr  

8$0,9"*-   ,!0"/  Se  

0"  25,55,12.6  ,  15 %, 

 $$-%(- -%(00$. 

84,'(05*-  8/"'5  %$#<3;-

".(-,/(0 (%/,50,(  Na  ,  Sr 0(

3 -4"05(- 5) ,/,  8/"'5  #"+, )

"#$-"-".(-,/(0 (%  =-$'   /3>"(

3'(0)7"(- 5  >3% -%,-(/)0$ -))
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Sn %$#<3;-

".(-,/(0 

%$#'$902 84,'(05*-  8/"'5  #"+, )

"#$-"-".(-,/(0 

Sr %$#<3;-

".(-,/(0 

-$ 9( 

#"+, )  "#$-"-

".(-,/(0 

Al, P, Si  %/,5*-  0"  

 ,!0"/ Sr 

%2 $+,(  

+$0.(0-4".,,  '0$!,;

"0,$0$%  ,  +"-,$0$%  

8$0,9"*-  ,!0"/     

Sr  

,$0,#".,5  Sr (<$  

84%) 

<$:"%/5*-  Ca ,/,  La 

84,'(05*-  8/"'5  #"+, )

"#$-"-".(-,/(0, "  %  84$:2

%%$<5-  ,$0,#".,$002&  :3C(4. 

%%$<5-  ,$0,#".,$002&  :3C(4 

Ti #"+, )  "#$-"-

".(-,/(0 

,$0,#".,5  %%$<5-  KNO3 ,/,  KCl <$

+$0.(0-4".,,  +"/,5  2000 '!//

%$  % (;  4" -%$4";  ,/,

84,'(05*-  %$#<370$-

".(-,/(0$%$(  8/"'5 

V #"+, )  "#$-"-

".(-,/(0 

Al, Ti, Fe  , 0(+$-$-

42(  4" 84$ -4"0(0-

02(  =/('(0-2  

3%(/,>,%"*-  ,!0"/ 

V. 

!$-$%5-  !4"<3,4$%$>02(

4" -%$42     3>(-$'   $<(49"0,5

%  84$:";  $ 0$%02;  ,$0$% 

Zn %$#<3;-

".(-,/(0 

0( 31( -%(002; Si  

 /":$   0,9"(-  ,!0"/

Zn 
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D":/,." 4.4 – B /$%,5  $84(<(/(0,5  =/('(0-$%  '(-$<$'  8/"'(00$&  "-$'0$-": $4:.,$00$& 

 8(+-4$ +$8,, (3 /$%02(  $:$#0">(0,5: E – %$#<3;, F – ".(-,/(0, G – #"+, ) "#$-", $+, /. – $+, /,-(/)0$(, %$  -. - 

%$  -"0$%,-(/)0$(). 

L/(-

'(0-  

A/,0"  

%$/-

02, 

0' 

Z,4,0" 

1(/, 

'$0$;4$'"-

-$4", 0' 

A43!,(  

/,0,,, 0' 

D,8  

8/"'(0, 

U"4"+-(4, -,>( -

+"5 +$0.(0-4".,5, 

'+!/'/ 

64(<(/  

/,0(&0$ -

-,  

!4"C,+", 

'+!/'/ 

L0(4!,5  

<,  $.,"-

.,, 

'$0$$+ ,<", 

=E 

L0(4!,5  

,$0,#"-

.,,, =E 

Ag 328,1 0,5 338,3 E-

F,$+, /. 

0,06 <$ 4 1,4 7,57 

Al 309,3 0,5 308,2 

394,4 

G-F, 

%$  -. 

0,8 <$ 50 4,99 5,98 

As 193,7 0,5 197,2 

189,0 

E-F, 

 /(!+" 

%$  -. 

0,8 <$ 50 4,9 9,81 

Au 242,8 0,5 267,6 

274,8 

E-F, 

$+, /. 

0,2 <$ 2 9,22  

Ba 553,6 0,1-0,2 455,4 E-F, 

%$  -.  

G-F 

7,0 

 

0,4 

 5,95 8,29 

Be 234,9 0,5 - G-F, 

%$  -. 

0,02 <$ 15 4,6 9,32 

Bi 223,1 0,2 222,8 

306,8 

227,7 

E-F, 

$+, /. 

0,4 <$ 20 3,65 7,29 

Ca 422,7 0,5 239,9 E-F, 

G-F, 

$+, /. 

0,06 

0,03 

<$ 4 5,0 6,11 

9
9
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Cd 228,8 0,5 326,1 E-F, 

$+, /. 

0,02 <$ 2 3,77 6,11 

Ce 520,0 0,14 569,7 G-F 30   6,91 

Co 240,7 0,1-0,2 242,5 

252,1 

341,3 

E-F, 

$+, /. 

0,08 <$ 5 3,80 7,86 

Cr 357,9 0,2 360,5 

425,4 

E-F,$+, /. 0,05 <$ 2 4,2 6,76 

Cs 852,1 0,5 455,5 E-F, 

$+, /. 

0,5 <$ 15 3,00 3,87 

Cu 324,8 0,15 327,4 

217,9 

222,6 

249,2 

244,2 

E-F, 

$+, /. 

0,04 <$ 4 4,9 7,72 

Fe 248,3 0,1 252,3271,9 

302,1;296,7 

372,0;386,0 

344,1;382,4 

E-F 0,08 <$ 5 4,19 7,87 

Ga 287,4 0,2 294,4 

417,2 

403,3 

E-F, 

$+, /. 

2,3 <$ 100 2,5 6,0 

Ge 265,2 1,0 259,3 

271,0 

275,4 

G-F, 

%$  -. 

1,5 <$ 65 6,5 7,88 

Hg 253,7 0,2 - '(-$< 

;$/$<0$-

!$ 8"4" 

0,4 0!    10,43 

1
0

0
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In 303,9 0,5-1,0 325,6 

410,5 

271,0 

E-

F,$+, /. 

G-

F,$+, /. 

0,9 

0,10 

  1,1 5,78 

K 766,5 1,0 769,9 

404,4 

E-F, 

$+, /. 

0,04 <$ 2 2,9 4,34 

La 550,1 0,1 418,7 

357,4 

392,7 

G-F,%$  -. 40 <$ 2500 7,0 5,61 

Li 670,7 0,5 323,3 E-

F,$+, /. 

0,03 <$ 1,5 3,34 5,39 

Mg 285,2 0,2 279,6 

202,5 

E-F 0,005 <$ 0,4 4,3 7,64 

Mn 279,5 0,2 403,1 

222,2 

321,7 

E-F 0,025 <$ 3 4,11 7,43 

Mo 313,3 0,5 317,0 

379,8 

320,8 

E-

F,%$  -. 

G-F,%$  -.

0,5 

0,2 

<$ 20 4,98 7,10 

Na 589,0 0,5 330,2 E-

F,%$  -. 

0,02 <$ 0,8 2,6 5,14 

Ni 232,0 0,1 234,6 

341,5 

346,2 

352,5 

339,1;247,7 

E-

F,%$  -. 

0,1 <$ 5 4,1 7,61 

Pb 217,0 

283,3 

0,2 

0,5 

261,4 E-

F,$+, /. 

0,12 

0,2 

<$ 15 4,1 7,42 

 

1
0

1
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Pd 247,6 0,15 244,8 

276,3 

E-

F,$+, /. 

0,5    8,33 

Pt 265,9 0,2 306,5 

217,5 

299,8 

E-

F,$+, /. 

2,5 <$ 30  9,0 

Rb 780,0 0,5 794,8 

420,2 

E-

F,$+, /. 

0,5 <$ 10 2,6 4,18 

Sb 217,6 0,2 231,2 E-

F,$+, /. 

1,1 <$ 50 3,2 8,64 

Sn 224,6 0,2 286,3 

270,6 

303,4 

E-

F,%$  -. 

2,5   5,1 7,34 

Sr 460,7 0,5 407,8 E-F 0,12 <$ 2,0 4,85 5,69 

Tl 276,8 0,5 377,6 

238,0 

E-F 0,2 <$ 100  6,11 

Y 410,2 0,05 412,8 

407,7 

414,3 

G-F,%$  -. 3,0 <$ 50 7,0 6,51 

Yb 398,8 0,05 346,4 

246,5 

G-F 0,25 <$ 20  6,22 

Zn 213,9 0,5 307,6 E-F 0,012 <$ 1,0 3,94 9,39 

1
0

2
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6'04'/) #%7 /!1'/-'7-$%8+'9 4!3'-) , "!#!., 

1. K"4, 3&-( :/$+- ;('3 "-$'0$-": $4:.,$00$!$  8(+-4$'(-4" , 

$;"4"+-(4,#3&-( 0"#0">(0,( +"9<$!$ :/$+". O(' =-"  ;('" 

$-/,>"(- 5 $- :/$+- ;('2 +%"4.(%$!$  8(+-4$!4"C"? 

2. E +"+,; (<,0,."; ,#'(45*- "0"/,-,>( +,&  ,!0"/ % "-$'0$-

": $4:.,$00$' '(-$<(? B+"9,-(  8$ $:2 4(!, -4".,,  ,!0"/".  

3. 6(4(>, /,-( $ 0$%02(  8$ $:2 $84(<(/(0,5 +$0.(0-4".,,, 

84,'(05('2( 84, +$/,>( -%(002; "-$'0$-": $4:.,$002; 

$84(<(/(0,5;.  

4. 64(,'31( -%" , $!4"0,>(0,5 '(-$<" <$:"%$+. 

5. 64, =/(+-4$-(4',>( +$' "-$'0$-": $4:.,$00$' $84(<(/(0,, 

+"<',5 % 7";-0$& %$<( (U) '(-$<$' <$:"%$+ :2/, 8$/3>(02 

 /(<3*1,( <"002(: 

@ ('+!//)                 U                   U+1             U+3              U+5 

F                           0,025              0,075             0,18             0,29 

E2>, /,-( +$0.(0-4".,*  $(<,0(0,& +"<',5 % %$<( ,  4"%0,-(   

6AP. 

6. 6$>('3  $ -"%  -"0<"4-$%, , 8$/)#3('2; % "-$'0$-": $4:.,$00$' 

'(-$<(, <$/9(0 :2-) '"+ ,'"/)0$ 84,:/,9(0 +  $ -"%3 

"0"/,#,43('2; 84$:? 

7. 64, "-$'0$-": $4:.,$00$' $84(<(/(0,, 9(/(#" % 4" -%$4( 8$ 

'(-$<3 $!4"0,>,%"*1,; 4" -%$4$% :2/, 84,!$-$%/(02 2 

!4"<3,4$%$>02; 4" -%$4"   +$0.(0-4".,(& Fe (III)  9 '+!/'/ , 14 

'+!/'/, </5 +$-$42; #0">(0,( ": $4:.,$00$ -,  $ -"%,/$ F=0,14 , 

0,23,  $$-%(- -%(00$. Q84(<(/,-( +$0.(0-4".,* 9(/(#" % 

,  /(<3('$' 4" -%$4(, ( /, ,#'(4(00$( #0">(0,( ": $4:.,$00$ -, 

9(/(#" </5 0(!$  $ -"%,/$ F=0,15. 

8. G">(' 84, "-$'0$-": $4:.,$00$' "0"/,#( "/*',0,(%2;  8/"%$% 8$ 

SQ@D % !4"<3,4$%$>02( 4" -%$42 %%$<5- C$0$%2& 4" -%$4 

"/*',0,5? 

9. 6(4(>, /,-( $ 0$%02( 84$.(  2, %(<31,( + C$4',4$%"0,* 

"0"/,-,>( +$!$  ,!0"/" % 8/"'(00$' "-$'0$-": $4:.,$00$' '(-$<(. 

10. Q:H5 0,-(, 8$>('3 9(/(#$ 3'(0)7"(-  ,!0"/ Cr (III) % 8/"'(0, 

".(-,/(0-%$#<3;, 0$ '"/$ %/,5(- 0"  ,!0"/ Cr (VI). P"+ 3 -4"0,-) 

'(7"*1(( %/,50,( 9(/(#" 84, $84(<(/(0,, ;4$'"? 

11. ](/(#$ % :$/)7,; +$/,>( -%"; '(7"(- "-$'0$-": $4:.,$00$'3 

$84(<(/(0,* #$/$-" 0" </,0( %$/02 /,0,, #$/$-" 242,8 0'. B+"9,-( 

%$#'$902( 84,>,02 =-$!$ %/,50,5 ,  8$ $:2 (!$ 3 -4"0(0,5. 

12. @4"%0,-( =CC(+-,%0$ -)  $%4('(002;  8$ $:$% +$44(+.,, 

0( (/(+-,%0$!$ 8$!/$1(0,5. 
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 !"#$% 5. &'()*$+,$ -'.+'/-, 0%$1-2'-$23,.$/1'4' 

!-'3+'–!5/'256,'++'4' 3$-'#! 

5.1. 7/'5$++'/-, 0%$1-2'-$23,.$/1'4' /8'/'5! !-'3,"!6,, 

 !"#$%%&$ '()')*& "+)#,-".,, /"0+ (1$21"'%&$ 1$-3!4+"+&, )%, 

(1)'+& , 5,1)2) 1"'(1)'+1"%$%&, ()-6)!70+ *&'+1) (1)6$'+, ,-#$1$-

%,7. 8/%"2) (!"#$%%)9 "+)#,-".,, (1,'3:, %$2)+)1&$ %$/)'+"+2,, );-

1"%,<,6"0:,$ $= (1,#$%$%,$ (1, )(1$/$!$%,, >)%)6&? 2)%.$%+1".,9 

@!$#$%+)6: 

   !!"#$%&'()$* +'"&,-$%.")#(/ )%)$",0 1-)+02"'%3 (40.'( '" 

+1"&05-"$ 10 %; 

  )$"+"'* -$(,%6-7%% & +2-,"'% 6-&%)%$ ($ "8( $",+"1-$910, ($ 

&6-%,(:"/)$&%3 ,";:9 8-6-,% +2-,"'%, #(,+('"'$-,% ,-$1%70 %  -'-2%-

$(, – (+1":"23",0,  2","'$(,, ($ <%,%.")#%< +(,"< & +2-,"'%; 

  6('- +2-,"'%, & #($(1(/ (40.'( %,""$ ,")$( -4)(147%3, (."'* '"-

6'-.%$"2*'- +( )1-&'"'%= )( &)", +2-,"'",. >2":(&-$"2*'(,  !!"#$%&-

'()$* +1(7"))- +(82(?"'%3 6-&%)%$ ($ $(/ .-)$% -$(,(& & ()'(&'(, )(-

)$(3'%%, #($(1-3 '-<(:%$*)3 '- +9$% )&"$(&(8( 29.- & :-''0/ ,(,"'$ 

&1","'%. @1",3 +1"40&-'%3 -$(,- & )&"$(&(, +($(#" .1"6&0.-/'( ,-2( 

! "c10~ 4  % 6-&%)%$ ($ )#(1()$% 8-6(& +2-,"'%; 

  .%)2( -$(,(& 9.-)$&9=?%< & )(6:-'%% -'-2%$%.")#(8( )%8'-2-, 

(."'* ,-2( +( )1-&'"'%= ) (4?%, #(2%.")$&(, 1-)+02"''(8(  2","'$-; 

  8-60 +2-,"'% $-#;" :-=$ )(($&"$)$&"''0" +(2()0 +(82(?"'%3 % 

 ,%))%%, #($(10" ,(89$ &060&-$* &2%3'%" % !('(&0" 59,0. 

A2"#$1($"1,%.")#-3 -$(,%6-7%3, %)+(2*69=?-3 -$(,%6-$(1 & &%:" 

81-!%$(&(/ $194.-$(/ +".%, '-81"&-",(/  2"#$1%.")#%, $(#(,, 6'-.%-

$"2*'( 9,"'*5-"$ !%6%.")#%" % <%,%.")#%" (81-'%."'%3, )&36-''0" ) 

+1(7"))(, +2-,"''(/ -$(,%6-7%%. @ ($2%.%" ($ -$(,%6-7%% & +2-,"'% 

&")* :(6%19",0/ & 81-!%$(&0/ -$(,%6-$(1 (4B", 1-)$&(1- (41-67- 9.--

)$&9"$ & !(1,%1(&-'%% -'-2%$%.")#(8( )%8'-2- %, )2":(&-$"2*'(, +($"1% 

!-#$%.")#% %)#2=.-=$)3. C$(,'0/ +-1 (+1":"23",(8(  2","'$- 9:"1-

;%&-"$)3 & +(2()$% 81-!%$(&(/ +".% & $"."'%" :()$-$(.'( :2%$"2*'(8( 

%'$"1&-2- &1","'% ('")#(2*#( )"#9':). D4?%/  !!"#$ ($ +1%&":"''0< 

&05" !-#$(1(& )()$(%$ & 6'-.%$"2*'(, 9&"2%."'%% .9&)$&%$"2*'()$% 

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

E198%, &-;'0, +1"%,9?")$&(,  2"#$1($"1,%.")#%< -$(,%6-$(-

1(& 3&23"$)3  ,-20/ 1-)<(: (41-67- :23 -'-2%6-. D+1":"2"'%" (40.'( 

,(;"$ 40$* &0+(2'"'( ) %)+(2*6(&-'%", 5 ,#2 (0,005 ,2) (41-67-, ,-#-

)%,9, – 100 ,#2 (0,1 ,2), +2-,"''0" ,"$(:0 (40.'( $1"49=$ 2–5 ,2. 

F-13:9 )  $%, )2":9"$ ($,"$%$* % '":()$-$#%  2"#$1($"1,%.")#(/ 

-$(,%6-7%%: 

  ('- '" +1%8(:'- :23 (+1":"2"'%3 $98(+2-&#%< ,"$-22(& (&(2*!-

1-,, $-'$-2, 7%1#('%/); 
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   2"#$1($"1,%.")#-3 -$(,%6-7%3 3&23"$)3 -'-2%$%.")#(/ $"<'%#(/ 

(:'(8( %6,"1"'%3. G%#)%1(&-''0/ (4B", (41-67- -'-2%6%19"$)3 (:'(-

#1-$'( & ($2%.%" ($ +2-,"''(/ -$(,%6-7%%, 8:" (41-6"7 1-)+023"$)3 

+1(:(2;%$"2*'(" &1",3, % & $"."'%" +"1%(:- 1-)+02"'%3 ,(;"$ 40$* 

&0+(2'"'( '")#(2*#( %6,"1"'%/. A$( +1%&(:%$ # 9<9:5"'%= &()+1(%6-

&(:%,()$% %6,"1"'%/ +1%  2"#$1($"1,%.")#(/ -$(,%6-7%% +( )1-&'"'%= 

) +2-,"''0, &-1%-'$(,; 

  +1% -'-2%6" & 81-!%$(&(/ +".%, & ($2%.%" ($ +2-,"'%, (436-$"2*-

'( $1"49"$)3 #(11"#7%3 !('-; 

  &1",3 -'-2%6- & '")#(2*#( 1-6 4(2*5", .", & +2-,"''(, -$(,'(-

-4)(147%(''(, ,"$(:", 9&"2%.%&-"$)3 % )$(%,()$*  2","'$–

(+1":"2"'%3; 

  +1(7")) 1-61-4($#% ,"$(:%# % %)+(2*6(&-'%" ,"$(:-  2"#$1($"1-

,%.")#(/ -$(,'(--4)(147%(''(/ )+"#$1()#(+%% $1"49"$ 4(2"" &0)(#(/ 

#&-2%!%#-7%% (+"1-$(1-. 

 

5.2.  !"#$"!%&'$( &'&)$*$+(,-!.! ,$.'&)& % /)(-*"!*("#$+(-

,-!0 &*!#'!-&1,!"12$!''!0 ,3(-*"!,-!3$$ 

@  2"#$1($"1,%.")#(/ -$(,'(--4)(147%(''(/  )+"#$1()#(+%% )&36* 

,";:9 -'-2%$%.")#%, )%8'-2(, % ,-))(/ (+1":"23",(8(  2","'$- 3&23"$)3 

,'(8()$9+"'.-$(/ % &#2=.-"$ +( #1-/'"/ ,"1" 4 +1(,";9$(.'0" )$9+"'%. @ 

+1(7"))" $"1,%.")#(/ -$(,%6-7%% +1(4- +"1"<(:%$ & 8-6(&9= !-69 )( )#(1(-

)$*= S(#) -$·)
-1

 % +"1"'()%$)3 & (4B"," -$(,%6-$(1-, !(1,%193 '")$-7%('-1-

'0/ +(82(?-=?%/ )2(/ ) .%)2(, -$(,(& N(t). H1()&".%&-'%" (41-6(&-&5"-

8()3 (42-#- -$(,(& 2%'"/.-$0, %629."'%", $(8( ;"  2","'$- :-"$ '- &0<(:" 

,"'3=?9=)3 -4)(147%(''()$* C(t), #($(1-3 6-$", & )%)$"," 1"8%)$1-7%% 

)+"#$1(!($(,"$1- +1"(41-69"$)3 & -'-2%$%.")#%/ )%8'-2 U(t): 

                                                                       (t) U

(t)A (t) N(t) Sm

3I"8%)$1-7%

C4)(147%3H"1"'()C$(,%6-7%3

$$$$ %$

%$$$ %$$$$ %$$$$$ %$
                        (5.1) 

F"6-&%)%,( ($ #(')$19#7%% -$(,%6-$(1- +1(7"))0 %)+-1"'%3, &0'()- -$(-

,(& %6 -'-2%$%.")#(/ 6('0, +1(<(;:"'%3 )%8'-2- ."1"6 1"8%)$1%19=?%/ 

$1-#$ +1%4(1- +1":)$-&23=$ )(4(/ +()2":(&-$"2*'()$* )$-:%/, #-;:-3 %6 

#($(10< (+%)0&-"$)3 )%)$",(/ :%!!"1"'7%-2*'0< 91-&'"'%/. J(8:-, '"6--

&%)%,( ($ $%+- -$(,%6-$(1- )%8'-2 -4)(147%% C, +1(+(17%('-2*'0/ #('-

7"'$1-7%% -$(,(& (+1":"23",(8(  2","'$- & 8-6(&(/ !-6" N(t), (+%)0&-"$)3 

%'$"81-2*'(/ )&"1$#(/ (5.2) 

                            &''
t

                            ,)d-R(t )( S(t) N(t)A 
0

###((                 (5.2) 

8:" ( - #( !!%7%"'$ +1(+(17%('-2*'()$% ,";:9 C(t) % N(t); 

      S (#) - !9'#7%3 +()$9+2"'%3 +-1(&, &01-;-=?-3 #(2%.")$&( -$(,(&,                  

&0<(:3?%< ) +(&"1<'()$% %)+-1"'%3 & ":%'%79 &1","'%. Ee 

$-#;" '-60&-=$ !9'#7%"/ %)$(.'%#- %2% !9'#7%"/ %)+-1"'%3. 
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R (t-#) - !9'#7%3 +"1"'()-, (+%)0&-=?-3 %6,"'"'%" .%)2- -$(,(& & 

-'-2%$%.")#(/ 6('" +1% ,8'(&"''(, %,+92*)" %)+-1"'%3. 

H1% 1"-2%6-7%% )(($&"$)$&9=?%< 9)2(&%/ !9'#7%/ S (#) % R (t-#) ,(89$ 

40$* %))2":(&-'0 '"6-&%)%,(. J"(1%= +"1"'()- -$(,(& & +(82(?-=?", 

)2(", +(6&(23=?9= 9)$-'(&%$* )&36* ,";:9 #(')$19#7%"/ -$(,%6-$(1- % 

<-1-#$"1%)$%.")#%,% +-1-,"$1-,% -'-2%$%.")#(8( )%8'-2-, ,(;'( ).%$-$* & 

(4?%< ."1$-< )!(1,92%1(&-''(/ :23 -$(,%6-$(1(& #-# ($#10$(8(, $-# % +(-

296-#10$(8( $%+(&. 

K02( +(#-6-'(, .$( :23  2"#$1($"1,%.")#%< -$(,%6-$(1(& ) +1($(#(, 

Ar !(1,- -'-2%$%.")#(8( )%8'-2- (+1":"23"$)3 & ()'(&'(, !9'#7%"/ %)+--

1"'%3 S (t), - :23 -$(,%6-$(1(& ) :%!!96%(''0, &0'()(, +-1-, '-+1%,"1, 

+".* L-)),-'- & 1";%," “8-6-)$(+” - !9'#7%"/ ($#2%#- -$(,%6-$(1- R (t). 

H1% %)+(2*6(&-'%% 13:- 9+1(?-=?%< :(+9?"'%/ 402- +(29."'- 6-&%)%-

,()$*, (+%)0&-=?-3 )%8'-2 ($ !9'#7%% +"1"'()- R (t): 

(1.3)t      D
)12(

-exp
12

(-1)4

S

N
(t) R

S

N
(t)A 

2

1

1
00 )

*

'

+

,-

.
/0

1  

 
'' 2

l

k

kk

k

3
((

 

8:" N0 - +(2'(" #(2%.")$&( -$(,(& & +1(4"; 

       ( - #( !!%7%"'$, )&360&-=?%/ %6,"13",9= -4)(147%(''()$* ) #('7"'-

$1-7%"/ ,"$-22- & +(82(?-=?", )2("; 

S - +2(?-:* +(+"1".'(8( )"."'%3 &'9$1"''"/ +(2()$% +".%; 

D
)
 - #( !!%7%"'$ :%!!96%% -$(,(& ,"$-22- & -$,()!"1" +()$(1(''"8( 

8-6-; 

t - &1",3; l - :2%'- +".%. 

@ )&(= (."1":*: 

(1.4)             ,
P

P

T

T
DD 0

m

0
0 44

5

6
77
8

9
' ))  

8:" I, J - :-&2"'%" % $",+"1-$91- +()$(1(''"8( 8-6-; 

m - +(#-6-$"2* )$"+"'%, &"2%.%'- #($(1(8( :23 1-62%.'0< #(,4%-

'-7%/ ,"$-22 - %'"1$'0/ 8-6 )()$-&23"$ 1,5 - 2; 
)
0D - #( !!%7%"'$ :%!!96%% +1% $",+"1-$91" J0 % :-&2"'%% %'"1$-

'(8( 8-6- I0. 

H1% (."'* 4(2*5%< %'$"1&-2-< &1","'% t !(1,92- (5.3) $1-')!(1,%19-

"$)3: 

(1.6)                                                        ,
DM

l
N

(1.5)        ,
N

t
exp

S

ON
)0.15N(tOR

S

ON
(t)A 

P2

2

O

O

0
O

0

'

 ':'

 

8:" #( - &1",3 +1"40&-'%3 -$(,(& & +(82(?-=?"/ 6('", (49)2(&2"''(" :%!-

!96%"/. 

J-#%, (41-6(,, -'-2%$%.")#%/ )%8'-2 (+1":"23"$)3 &"2%.%'(/ #(. Q6 

&01-;"'%3 (5.5) )2":9"$, .$( R(t) = 1
#(

 +1% t;0,15 #( , +1%  $(, &"2%.%'- C(t) 

               (5.3)

               (5.4)

               (5.5)

               (5.6)
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(#-60&-"$)3 +()$(3''(/. J-#%, (41-6(,, '-.-2( 1"-2*'(8( -4)(147%(''(8( 

)%8'-2- (+1":"23"$)3 $(2*#( #%'"$%#(/ %)+-1"'%3, +1%.", ")2% +1(4- %)+--

13"$)3 6- &1",3 #s , ,"'*5" .", 0,15#( , $( Amax = ((N0)/S. >2":9"$ $-#;" 9.%-

$0&-$*, .$( &0'() -$(,'(8( +-1- %6 (4B",- +(29($#10$(8( -$(,%6-$(1- 

,(;"$ +1(%)<(:%$* '" $(2*#( ."1"6 #('70 +".%, '( % ."1"6 :(6%1(&(.'(" ($-

&"1)$%", - $-#;" 6- )."$ :%!!96%% ."1"6 81-!%$. >1":'"" &1",3 +1"40&-'%3 

-$(,(& ,"$-22- & 81-!%$": 

                    #b = b
2
/32

 D
T
 ,                               (1.7) 

8:" b - $(2?%'- )$"'#% +".%; 

     D
T
  - #( !!%7%"'$ :%!!96%% ,"$-22- & $&"1:(, &"?")$&". 

                   D
T 

= D
T

0 exp (– Ed/RT),                                                                  (5.8) 

8:" Rd -  '"18%3 -#$%&-7%% +1(7"))- :%!!96%% (+1":"23",(8( ,"$-22- &      

81-!%$"; J - $",+"1-$91-. 

Q)+-1"'%" % &0'() +-1(& -'-2%6%19",0< &"?")$& +1(%)<(:3$ +1% +"-

1","''(/ $",+"1-$91" +".% %, )2":(&-$"2*'(, -'-2%$%.")#(/ 6('0. @  $(, 

)29.-" &1",3 +1"40&-'%3 -$(,(& & +".% +1":2(;"'( (7"'%&-$* #-#  

            #c = d(t0)/(dT/dt) t0 ,                     

8:" J(to) -  $",+"1-$91-, )(($&"$)$&9=?-3 ,(,"'$9 (to) +()$9+2"'%3 +-1- & 

-'-2%$%.")#9= 6('9. 

E23 +(29($#10$0< -$(,%6-$(1(& ) +1($(#(, Ar '- &"2%.%'9 # ,(;"$ +(&2%-

3$* $-#;" %6,"'"'%" )#(1()$% 8-6- +1% '-81"&" -$(,%6-$(1-. E23 (7"'#%  $(-

8( !-#$(1- +1":2(;"'( %)+(2*6(&-$* )2":9=?9= !(1,929: 

                        #d = 300HV/FT,                                                                       (5.10) 

8:" V - (4B", +".%; 

      F - '-.-2*'-3 )#(1()$* 8-6- (<(2(:'(8(); 

      F - #( !!%7%"'$, 6-&%)3?%/ ($ )+()(4- &&":"'%3 8-6- & +".*. 

E23 +"."/ (4B",(, & '")#(2*#( ,2 &"2%.%'- #d (7"'%&-"$)3 & 0,05 - 0,1 ). 

A!!"#$%&'(" &1",3 +1"40&-'%3 -$(,(& & -'-2%$%.")#(/ 6('" (+1":"23"$)3 

)9,,-1'0, &(6:"/)$&%", +"1".%)2"''0< &05" !-#$(1(&. R8( ,(;'( 1-)-

).%$-$*: 

                                   2'
  !" ##

11
 ,                                                          (5.11) 

8:" #1 )(($&"$)$&9"$ #-;:(,9 ($:"2*'( &63$(,9 +1(7"))9. 

G9'#7%3 S(#) (+%)0&-"$ %)+-1"'%" ,"$-22-. H1% %)+-1"'%% %2% )942%-

,-7%% )#(1()$* +()$9+2"'%3 .-)$%7 & -'-2%$%.")#9= 6('9 +1(+(17%('-2*'- 

9:"2*'(,9 +($(#9 (j) % +(&"1<'()$% %)+-1"'%3 (<), $.". :23 S (#) ,(;'( 6-+%-

)-$* : 

                                         S(#) = j=<                                                          (5.12) 

@ &-#99," ,(231'0/ +($(# j (+%)0&-"$)3 !(1,92(/ S"17--T'9:)"'- 

                                        
MMRT)(2

P O
j

2
1

'  ,                                                  (5.13) 

8:" I - 1-&'(&")'(" :-&2"'%" +-1- +1% $",+"1-$91" J; 

               (5.7)

(5.9)
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      L – ,(231'-3 ,-))- -$(,(& & +-1-<; 

      R - 8-6(&-3 +()$(3''-3; 

      ( - #( !!%7%"'$ %)+-1"'%3, :23 .%)$0< ,"$-22(& 42%6#%/ # ":%'%7". 

@ 9)2(&%3< -$(,'(--4)(147%(''(8( ,"$(:- +1(7")) 2%,%$%19"$)3 8-6(-

&(/ :%!!96%"/ & Cr. F-: +(&"1<'()$*= %)+-1"'%3 )9?")$&9"$ 1-&'(&")'0/ 

)2(/ +-1- $(2?%'(/, +1%42%6%$"2*'( 1-&'(/ :2%'" )&(4(:'(8( +1(4"8- -$(-

,(&. Q6  $(8( )2(3 +1(%)<(:%$ &0'() -$(,(& 6- )."$ #('7"'$1-7%(''(/ 

:%!!96%%. > 9."$(,  $(8(, !9'#7%3 +()$9+2"'%3 -$(,(& S 6-&%)%$ ($ 

-+2(?-:% %)+-1"'%3; 

-1-&'(&")'(8( :-&2"'%3 +-1- ,"$-22- I; 

-#(')$19#7%% -$(,%6-$(1- (81-:%"'$- :-&2"'%3 +-1(& ,";:9 :%!!96%-

(''0, )2(", % (42-)$*= '- '"#($(1(, 1-))$(3'%% ($ +(&"1<'()$%) ; 

-)#(1()$% :%!!96%%. 

I-)),($1%,  $% !-#$(10 4(2"" +(:1(4'(. R)2% +(&"1<'()$* %)+-1"'%3 

+1":)$-&23"$ )(4(/ .%)$0/ ,"$-22, $( &"2%.%'- I )(($&"$)$&9"$ :-&2"'%= 

"8( '-)0?"''0< +-1(& (I
0
) +1% :-''(/ $",+"1-$91". @ '"#($(1(, +1%42%-

;"'%%, &01-;-3 I
0
 ."1"6 %6,"'"'%"  '$-2*+%% >F(

J +1% %)+-1"'%%, ,(;'( 

).%$-$*, .$(  

                            ln I 
0
 ? – >H

0
T/RT + const.                                          (5.14) 

U-&%)%,()$* ln P
0
 = f(1/T) :23 4(2*5%')$&- ,"$-22(& & 5%1(#(, %'$"1-

&-2" $",+"1-$91 +1":)$-&23"$ )(4(/ +13,9= 2%'%=. V$( #-)-"$)3 +2(?-:% 

%)+-1"'%3 % 81-:%"'$- #('7"'$1-7%% -$(,(&, $( :23 %6($"1,%.")#(8( +(29-

($#10$(8( -$(,%6-$(1- +1% 4(2*5(/ +2(?-:% (41-67-, )1-&'%,(/ ) +2(?--

:*= +(&"1<'()$% +".%, #('7"'$1-7%3 +-1- & -'-2%$%.")#(/ 6('" +1%42%;--

"$)3 # 1-&'(&")'(/. H1% 6'-.%$"2*'(, 9,"'*5"'%% +(&"1<'()$% 1-&'(&")-

'(" :-&2"'%" +-1- 9)$-'-&2%&-"$)3 $(2*#( & :%!!96%(''(, )2(" '-: +(-

&"1<'()$*= %)+-1"'%3 +2(?-:*= <. J(8:- !9'#7%3 +()$9+2"'%3 +-1(& 

                                       S = 2<D
T

0P/RTl ,                                              (5.15) 

8:" l - :2%'- $194.-$(/ +".%;  < - +2(?-:* %)+-1"'%3. 

@  2"#$1($"1,%.")#(/ a$(,'(--4)(147%(''(/ )+"#$1()#(+%% +(&"1<-

'()$*= %)+-1"'%3 3&23"$)3, #-# +1-&%2(, )9<(/ ()$-$(# 1-)$&(1-, 1-)+1":"-

2"''0/ +( +(:2(;#". R)$")$&"''(, .$( )$19#$91- ()$-$#- % )()$(3'%" +(-

&"1<'()$% %)+-1"'%3 $-#;" &2%3=$ '- !9'#7%= +()$9+2"'%3 +-1(&. I-)$&(1 

+1(40 &0)0<-"$ & &%:" ,"2#%< #1%)$-22(&, 1-)+1":"2"''0< '- '"#($(1(/ 

+2(?-:%. D$)=:- )2":9"$ 6'-.%,()$* $-#%< !-#$(1(&, #-# +2($'()$* 1-)$&(-

1-, #( !!%7%"'$ +(&"1<'()$'(8( '-$3;"'%3 %))2":9",(8( ,"$-22-, ),-.%-

&-",()$*, 5"1(<(&-$()$* +(&"1<'()$%. K(2*59= 6'-.%,()$* %,"=$ :%!!9-

6%(''0" +1(7"))0 +1% %)+-1"'%%. I-)$&(1 6- )."$ #-+%2231'0< )%2 +1(+%-

$0&-"$ '"#($(10/ +(&"1<'()$'0/ )2(/ % 1-)+1":"23"$)3 & +(1-<. H1% '--

81"&" +1(%)<(:%$ &0'() ,"$-22- %6 +(1 & -'-2%$%.")#9= 6('9, +1%.", & 6--

&%)%,()$% ($ +(1%)$()$% ,"<-'%6, &0'()- 1-62%."'. H(&"1<'()$'-3 :%!!9-

6%3 +1(%)<(:%$ & )2(" $(2?%'(/, 42%6#(/ # :2%'" )&(4(:'(8( +1(4"8- -$(,-. 

E23 +(1%)$(8( $"2- ) 1-6,"1(, +(1< 5 ',  $($ ,"<-'%6, 3&23"$)3 (+1":"-
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23=?%,. F( )1":'%/ 1-:%9) +(1 81-!%$-, %)+(2*69",(8( :23 %68($(&2"'%3 

-$(,%6-$(1(&, )()$-&23"$ 2500 - 1400 ',. H1% $-#(, 1-:%9)" +(1 ()'(&'0,% 

,"<-'%6,-,%, !(1,%19=?%,% +($(# -$(,(&, 3&23=$)3 %)+-1"'%" % )&(4(:-

'-3 :%!!96%3. A'"18%3 -#$%&-7%% :%!!96%(''(8( +1(7"))- (+1":"23"$)3 

$"+2(&0,  !!"#$(, &6-%,(:"/)$&%3 >Hf,T ,"$-22- ) ,-$"1%-2(, +(:2(;#%. 

J-#%, (41-6(,, '"6-&%)%,( ($ $(8(, 1-)),-$1%&-"$)3 2% +1(7")) ),-.%&-'%3 

%2% 1-)$"#-'%3, !(1,%1(&-'%" ,%#1()$19#$910 +(&"1<'()$% %)+-1"'%3 (+-

1":"23"$)3 &6-%,(:"/)$&%", ,"$-22- ) +(:2(;#(/. H()#(2*#9 +1% '-81"&" 

+1(40 & -$(,%6-$(1" (:'(&1","''( ,(89$ %6,"'3$*)3 9:"2*'0/ +($(# &"?"-

)$&- 6- )."$ %6,"'"'%3 $",+"1-$910 % +2(?-:* %)+-1"'%3 6- )."$ %6,"'"'%3 

)$19#$910 (41-67- % 9402% ,-))0 +1% %)+-1"'%%, & :-2*'"/5", !9'#7%= 

+()$9+2"'%3 )$-2% 1-6:"23$* '- :&- )(,'(;%$"23: 

                                     S(t,T) = k(T)=N<(t),                                             (5.16) 

8:" k(J) - !9'#7%3, (+%)0&-=?-3 $(2*#( $",+"1-$91'9= 6-&%)%,()$*, 

+()$(3''-3 +1% (+1":"2"''(/ $",+"1-$91" :23 :-''(8( +1(7"))-; 

N<(t) - #(2%.")$&( &"?")$&- '- +(&"1<'()$% %)+-1"'%3 & :-''0/ ,(,"'$ 

&1","'%. 

I"5-=?9= 1(2* & +1(7"))" -$(,%6-7%% %81-=$ <%,%.")#%" 1"-#7%% 

'- )$-:%% -$(,%6-7%%. H1%  $(, )2":9"$ 9.%$0&-$* '" $(2*#( 1"-#7%% -$(-

,%6-7%%, &":9?%" # +(3&2"'%= )&(4(:'0< -$(,(&. T 1-62%.'0, 1"-#7%3, 

+1%&(:%$ '-2%.%" D2 & %'"1$'(, 8-6", &6-%,(:"/)$&%" +-1(& ,"$-22- )( 

)$"'#(/ 81-!%$(&(/ +".%, &2%3'%" +1(:9#$(& +%1(2%6-, &6-%,(:"/)$&%" 

 2","'$(& :198 ) :198(, % ) #(,+('"'$-,% ,-$1%70 % $.+. @05"9+(,3'9-

$0" !-#$(10 )&%:"$"2*)$&9=$ ( ,'(8((41-6%% % )2(;'()$% <%,%.")#%< 

+1(7"))(&. @(6,(;'0" :(,%'%19=?%" )<",0 +1(7"))(& +1% -$(,%6-7%% 

&"?")$& '" 1-6 (4)9;:-2%)* & 2%$"1-$91", (:'(6'-.'(/ $1-#$(&#% ,"<-'%6-

,- -$(,%6-7%% ,'(8%<  2","'$(& & 2%$"1-$91" '"$. 

 1. H1(4- $"1,%.")#% 1-62-8-"$)3 :( (#)%:(& ,"$-22(&, +()2" ."8( 

+1(%)<(:%$ &())$-'(&2"'%" (#)%:- 982"1(:(, '- +(&"1<'()$% +".% ) +()2"-

:9=?%, %)+-1"'%", ,"$-22-, +1(%)<(:3?%, 6-.-)$9= ."1"6 )$-:%= (41--

6(&-'%3 :%,"1- 

MxOy (J@, W) + yC(J@) % yCO(S) + <L(J@, W) @ </2 L2 (S) % <L(S)    (5.17) 

A$($ ,"<-'%6, ($,".-"$)3 +1% %)+-1"'%% :()$-$(.'( 4(2*5%< #(2%-

.")$& +1(40 (10 
-7

-10
-5

 8). 

2. L"<-'%6, -$(,%6-7%%, +1(%)<(:3?%/ +()1":)$&(, 1-62(;"'%3 (#)%:(& 

+( 1"-#7%% 

                              MxOy($&, ;) % <L(S) + 9/2 D2(8),                                      (5.18) 

.$( (40.'( ($,".-"$)3 +1% '"4(2*5%< #(2%.")$&-< :(6%19",(/ & +".* +1(-

40 10
-8

- 10 
-10

 8. I3: -&$(1(& +(2-8-"$, .$( +1(7")) &())$-'(&2"'%3 982"1(:(, 

+1% +1(.%< 1-&'0< 9)2(&%3< +1($"#-"$ 6'-.%$"2*'( 40)$1"", .", +1(7")) 

$"1,%.")#(/ :%))(7%-7%% (#)%:(&. L"<-'%6, 982"$"1,%.")#(8( &())$-'(&-
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2"'%3 (#)%:- )&(:%$)3 # #(':"')-7%% +-1- 982"1(:- & (4B"," .-)$%70. H( 

+1(5")$&%% %':9#7%(''(8( +"1%(:- '-.%'-"$)3 1"-#7%3 &())$-'(&2"'%3. 

3. L"<-'%6, -$(,%6-7%%, <-1-#$"1'0/ :23 )%)$",, & #($(10< +1%)9$)$&9=$ 

8-2(8"'%:0 ,"$-22(&: 

    LXm($&, ;) % LXm(8) % L(8) + mX(8),                                                   (5.19) 

4. @ )%)$",-< ) &0)(#%, )(:"1;-'%", -6($- &(6,(;'- -$(,%6-7%3 +()1":-

)$&(, 1-62(;"'%3 7%-'%:(& +( 1"-#7%% 

        MCN(8) %L(8) + >(8) + N(8)                                                               (5.20) 

5. C$(,%6-7%3 +9$", '"+()1":)$&"''(8( %)+-1"'%3 ,"$-22(& 

             L($&) % L(8)                                                                             (5.21) 

 L(;'( &0:"2%$* :&" ()'(&'0" <%,%.")#%" ,(:"2%, +1%8(:'0" :23 #(-

2%.")$&"''(8( (+%)-'%3 +1($"#-=?%< <%,%.")#%< +1(7"))(& - $"1,(:%'--

,%.")#9= % #%'"$%.")#9=.  

-C&$(10 1-4($ +"1&(8( '-+1-&2"'%3 +1":+(2(;%2%, .$( $",+"1-$91- 

+(3&2"'%3 %,+92*)- )%8'-2- +(82(?"'%3 )(($&"$)$&9"$ $",+"1-$91" '-.-2- 

&())$-'(&2"'%3 (#)%:- ,"$-22- 982"1(:(,, 1-)).%$0&-",(/ :23 1"-#7%% 

LD($&) + >($&) = L(8) + >D(8) %6 9)2(&%3 >GA = 0, 8:" GA -  '"18%3 S%44)-. 

H1% (+1":"2"''(/ $",+"1-$91" >GA )$-'(&%$)3 ($1%7-$"2*'(/. @05"  $(/ 

$",+"1-$910 1"-#7%3 $"1,(:%'-,%.")#% ()9?")$&%,-. L(;'( 1-)).%$-$* 

:23  $(/ $",+"1-$910 >GA 1"-#7%% 

>GA1"-#7%% = >GAf M(8) + >GAf CO(8) – >GAf MO($&) – >GAf C($&)               (5.22) 

 A$- $",+"1-$91- )(($&"$)$&9"$ ,%'%,-2*'(/ $",+"1-$91", +1% #($(1(/ '--

42=:-"$)3 )9?")$&"''-3 +(+9237%3 -$(,(& & 81-!%$(&(/ +".%.  I-)).%$-'0 

:%-+-6('0 $",+"1-$91, +1% #($(10< >GA )$-'(&%$)3 ($1%7-$"2*'(/, % $",-

+"1-$910 +(3&2"'%3 )&(4(:'0< -$(,(& & 8-6(&(/ !-6" :23 18  2","'$(&. E"-

2-2%)* +(+0$#% )&36-$* &(6,(;'0/ ,"<-'%6, -$(,%6-7%% ) )(($'(5"'%", 

 '"18%/ &(68('#% % :%))(7%-7%% (#)%:(& & 8-6((41-6'(, )()$(3'%%. R)2% 

$"1,(:%'-,%.")#-3 &"1(3$'()$* :%))(7%-7%% 8-6((41-6'(8( (#)%:- ,-2-, 

$.". $"+2($- &(68('#% ,"'*5" $"+2($0 :%))(7%-7%%, $( "8( +"1"<(: %6 $&"1-

:(8( )()$(3'%3 & 8-6((41-6'(" )(&"15-"$)3 +1-#$%.")#% 4"6 :%))(7%-7%% 

MeO($&) % MeO(8-6). 

>9$* #%'"$%.")#(8( ,"$(:- %))2":(&-'%3 6-#2=.-"$)3 &  #)+"1%,"'-

$-2*'(, (+1":"2"'%% #-;9?"/)3 #(')$-'$0 )#(1()$% -$(,%6-7%%  2","'$- 

(B) & :()$-$(.'( 5%1(#(, %'$"1&-2" $",+"1-$91, +()$1("'%% 81-!%#- C11"-

'%9)- lg B = f (1/T) % (+1":"2"'%% %6 '-#2('-  $(8( 81-!%#-  '"18%% -#$%&--

7%% %69.-",(8( +1(7"))- Ra. F-/:"''-3 &"2%.%'- Ra )(+()$-&23"$)3 ) &"2%-

.%'-,% $"+2(&0<  !!"#$(& >FA$ '-%4(2"" &"1(3$'0< +1(7"))(&, &":9?%< # 

+"1"<(:9  2","'$- & 8-6((41-6'(" -$(,-1'(" )()$(3'%". F-%29.5"" )(82-)%" 

 #)+"1%,"'$-2*'(/ &"2%.%'0 Ra ) (:'%, %6 1-)."$'0< 6'-."'%/ >FA$  3&23-

"$)3 #1%$"1%", &04(1- $(8( %2% %'(8( ,"<-'%6,- +1(7"))- -$(,%6-7%%.  
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K(2"" '-:";'0, +1":)$-&23"$)3 ,"$(: -'-2%6- -4)(2=$'0< )#(1()$"/ 

+1(7"))(& -$(,%6-7%%, $.#. +1% )(+()$-&2"'%% Ra ) 1-)."$'0,% &"2%.%'-,% 

>FA$ 9+9)#-"$)3 %6 &%:9, .$( &"2%.%'9 Ra '-:( )1-&'%&-$* ) )9,,-1'0, $"+-

2(&0,  !!"#$(, 1"692*$%19=?"8( +1(7"))- -$(,%6-7%%, - '" )  '"18%"/ ($-

:"2*'0< "8( 6&"'*"& ( '"18%"/ :%))(7%-7%% 8-6((41-6'0< (#)%:(& %2% :%-

,"1(& ,"$-22(& % $.+.). H1":2-8-",0/ ,"$(: )&(:%$)3 # )(+()$-&2"'%=  #)-

+"1%,"'$-2*'0< 6'-."'%/  '"18%% -#$%&-7%% Ra % .-)$($'0< !-#$(1(& B0 

:23 #(')$-'$ )#(1()$"/ %69.-",0< +1(7"))(& ) 1-)."$'0,% &"2%.%'-,%  $%< 

+-1-,"$1(& :23 +1":+(2-8-",0< )<", -$(,%6-7%%. L"$(: +1%,"'"' :23 

9$(.'"'%3 ,"<-'%6,- -$(,%6-7%% #%)2(1(:)(:"1;-?%< )(":%'"'%/ 15-$% 

 2","'$(&. Y)$-'(&2"'(, .$( ,"<-'%6, +1(7"))- & 6'-.%$"2*'(/ )$"+"'% (+-

1":"23"$)3 )(($'(5"'%", $",+"1-$910 +2-&2"'%3 (#)%:- ,"$-22- % $",+"-

1-$910 -$(,%6-7%%. T 819++" %)+-13=?%<)3 ,"$-22(& ($'")"'0 Ag, Au, +2--

$%'(%:0, Co, Cu, Fe, Ni, Pb % Sn; # 819++" $"1,%.")#% :%))(7%%19=?%< 

#-14%:(& – Mo, V, Ti, Zr, Hf, Nb, Ta, Th; # 819++" $"1,%.")#% :%))(7%%19=-

?%< (#)%:(& – Ca, Cd, Mg, Zn, Al, Cr, Be, Sr, Ba, Y, Sc, 2-'$-'(%:0. T%'"$%-

.")#%" ,(:"2% 1-62%.'(/ )$"+"'% )2(;'()$% (+%)0&-=$ +()$9+2"'%" % &0-

'() -$(,(& %6 +".% )%)$",(/ 2%'"/'0< :%!!"1"'7%-2*'0< 91-&'"'%/ +"1-

&(8( +(13:#-. D:'-#( )2(;'-3 !9'#7%3 +()$9+2"'%3 -$(,(& & +".* &13: 2% 

,(;"$ 40$* +(2'()$*= (+%)-'- #(')$-'$(/ )#(1()$% +"1&(8( +(13:#-. J", 

4(2"", .$( -$(,0 %))2":9",(8(  2","'$- '- +(&"1<'()$% -$(,%6-$(1-  '"1-

8"$%.")#% '"(:'(1(:'0. >2":9"$ ($,"$%$*, .$( & 2%$"1-$91" +1-#$%.")#% '" 

1-)),($1"'0 &0)(#($",+"1-$91'0" +1(7"))0 '- )$-:%3< +1":&-1%$"2*'(/ 

$"1,%.")#(/ (41-4($#%. @ $( ;" &1",3 '-  $%< )$-:%3< +1(%)<(:%$ !(1,%-

1(&-'%" $"< )(":%'"'%/, %6 #($(10< &+()2":)$&%% (41-69=$)3 )&(4(:'0" 

-$(,0. 

5.3. 4("#!5$'&#$+(,-!( #!5()$"!%&'$( 3"!2(,,!% &*!#$6&2$$ % 

&*!#'! – &1,!"12$!''!0 ,3(-*"!,-!3$$ 

H1% #(,+*=$"1'(, ,(:"2%1(&-'%% &(6,(;'0< +1(7"))(& (41-6(-

&-'%3 )&(4(:'0< -$(,(& +1% &0)(#(/ $",+"1-$91" %)+(2*69=$ $"1,(:%-

'-,%.")#(" ,(:"2%1(&-'%" $"1,(<%,%.")#%< +1(7"))(&, #($(1(" 6-#2=-

.-"$)3 & $"1,(:%'-,%.")#(, -'-2%6" 1-&'(&")'(8( )()$(3'%3 )%)$", & 

7"2(,. H(: $"1,(:%'-,%.")#(/ )%)$",(/ +('%,-=$ 9)2(&'( &0:"2"''0" 

,-$"1%-2*'0" (42-)$%, &6-%,(:"/)$&%" #($(10< ) (#19;-=?"/ )1":(/ 

)&(:%$)3 # (4,"'9 $"+2(, % 1-4($(/. L(:"2%1(&-'%" +(6&(23"$ +1(8'(-

6%1(&-$* )()$-& % )&(/)$&- )2(;'0< 8"$"1(8"''0<, ,'(8( 2","'$'0<, 

,92*$%!-6'0< )%)$", & 5%1(#(, :%-+-6('" $",+"1-$91 % :-&2"'%/ ) 

9."$(, <%,%.")#%< % !-6(&0< +1"&1-?"'%/. A$( :-Z$ &(6,(;'()$*  !-

!"#$%&'( %69.-$* $"1,(<%,%.")#%" +1(7"))0 & )9?")$&9=?%< &0)(#(-

$",+"1-$91'0< 9)$-'(&#-<. >%)$",-$%6%1(&-$* $"(1"$%.")#9= %  #)+"-

1%,"'$-2*'9= %'!(1,-7%=, (+$%,%6%1(&-$* 9)2(&%3 +1(&":"'%3 '"(4-

<(:%,0< +1(7"))(&, +1(8'(6%1(&-$* 1"692*$-$0 &0)(#($",+"1-$91'0< 
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&6-%,(:"/)$&%/, +1(&(:%$* 4(2"" 1"692*$-$%&'(" (49."'%" )$9:"'$(& % 

)+"7%-2%)$(&. 

I-)."$ $"1,(:%'-,%.")#(8( 1-&'(&")%3 +1(%6&(2*'0< )%)$", ((+-

1":"2"'%" &)"< 1-&'(&")'0< +-1-,"$1(&, $"1,(:%'-,%.")#%< )&(/)$&, 

<%,%.")#(8( % !-6(&(8( )()$-&-) ()9?")$&23"$)3 +9$", ,%'%,%6-7%% 

%6(4-1'(–%6($"1,%.")#(8( +($"'7%-2- %2% ,-#)%,%6-7%%  '$1(+%% )%)-

$",0 S +1% 9."$" &)"< +($"'7%-2*'( &(6,(;'0< & 1-&'(&")%% %':%&%:9-

-2*'0< &"?")$& q. I-)."$'0" ,"$(:0 1-6&%$0 '- ()'(&" &-1%-7%(''0< 

+1%'7%+(& $"1,(:%'-,%#%: 

1. Q6 &)"< :(+9)$%,0< 6'-."'%/ #(2%.")$&- &"?")$&- Mq %':%&%:9-

-2*'0< &"?")$& & $"1,(:%'-,%.")#(/ )%)$"," $" %6 '%<, #($(10" ,%'%-

,%6%19=$ $"1,(:%'-,%.")#%/ +($"'7%-2 )%)$",0, )(($&"$)$&9=$ 1-&'(-

&")'0, 6'-."'%3,. 

2. Q6 &)"< :(+9)$%,0< 6'-."'%/  '"18%% Ui, &'()%,(/ #-;:0, '"6--

&%)%,0, #(,+('"'$(, (-$(,(,), $" %6 '%<, #($(10" ,-#)%,%6%19=$ 

)9,,-1'0/ &#2-:  '"18%% ($:"2*'0< -$(,(& & )%)$",9, )(($&"$)$&9=$ 

1-&'(&")'0, 6'-."'%3,. 

D:'(/ %6 '-%4(2""  !!"#$%&'0< +1(81-,,, 1"-2%69=?%< $-#%" 

1-)."$0, 3&23"$)3 +1(81-,,'0/ #(,+2"#) C)$1--4. H1% )(6:-'%% -28(-

1%$,- 1-)."$- +1%'3$0 )2":9=?%" :(+9?"'%3 :23 ,-$",-$%.")#(/ ,(-

:"2%: 1-)),-$1%&-=$)3 6-#10$0" % %6(2%1(&-''0" $"1,(:%'-,%.")#%" 

)%)$",0, & #($(10< 81-'%70 '"+1('%7-",0 :23 (4,"'- &"?")$&(,, $"+-

2(, % 1-4($(/ ) (#19;-=?"/ )1":(/; -'-2%6%19=$)3 )%)$",0 & )()$(3-

'%% &'"5'"8( % &'9$1"''"8( $"1,(:%'-,%.")#(8( 1-&'(&")%3 (+(2'(8( 

%2% 2(#-2*'(8(); ).%$-"$)3, .$( %))2":9",-3 )%)$",- 3&23"$)3 8"$"1(8"'-

'(/, )()$(3?"/ %6 '")#(2*#%< (:'(1(:'0< .-)$"/ (!-6), 1-6:"2Z''0< &%-

:%,0,% 81-'%7-,%; +1%)9$)$&%" 8-6(&(/ !-60 & )%)$"," (436-$"2*'(; 

&)" 8-6((41-6'0" %':%&%:9-2*'0" &"?")$&- (-$(,0, ,(2"#920, +1()$0" 

% )2(;'0" %('0,  2"#$1(''0/ 8-6) &<(:3$ & )()$-& (:'(/ 8-6(&(/ !-60; 

8-6(&-3 !-6- (+%)0&-"$)3 91-&'"'%", )()$(3'%3 %:"-2*'(8( 8-6-; +(-

&"1<'()$'0"  !!"#$0 '- 81-'%7" 1-6:"2- !-6 '" 9.%$0&-=$)3, 1-)$&(1%-

,()$* 8-6(& & #(':"')%1(&-''0< (;%:#%< % $&"1:0<) !-6-< ($)9$)$&9"$; 

#(':"')%1(&-''0" !-60 ,(89$ ($)9$)$&(&-$*; #(':"')%1(&-''0" !-60 

(41-69=$ (:'(#(,+('"'$'0", '" ),"5%&-=?%")3 :198 ) :198(, !-60 

2%4( &<(:3?%" & )()$-& %:"-2*'0< #(':"')%1(&-''0< 1-)$&(1(&; %':%-

&%:9-2*'0" &"?")$&-, %,"=?%" (:%'-#(&9= <%,%.")#9= !(1,929, '( 

&<(:3?%" & 1-62%.'0" !-60, ).%$-=$)3 1-6'0,% #(,+('"'$-,%; &"?")$-

&- ) (:%'-#(&(/ <%,%.")#(/ !(1,92(/, '-<(:3?%")3 & 1-62%.'0< +(2%-

,(1!'0< ,(:%!%#-7%3<, #1%)$-22%.")#(, %2% ;%:#(, )()$(3'%%, 1-)-

),-$1%&-=$)3 #-# (:%' #(,+('"'$, 9 #($(1(8( %6,"'"'%" )&(/)$& +1(%)-

<(:%$ )#-.#((41-6'( +1% $",+"1-$91-< +1"&1-?"'%/; (4B", #(':"')%1(-

&-''0< #(,+('"'$(& +1"'"41";%,( ,-2. 

I-&'(&")%" +(:(4'0< )%)$", & )(($&"$)$&%% )( &$(10, 6-#('(, 

$"1,(:%'-,%#% <-1-#$"1%69"$)3 ,-#)%,9,(,  '$1(+%% ($'()%$"2*'( 
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$"1,(:%'-,%.")#%< )$"+"'"/ )&(4(:0, # .%)29 #($(10< ($'()3$)3 )(-

:"1;-'%3 #(,+('"'$(& 1-&'(&")'(/ ),")% (Mq, ,(2*/#8), $",+"1-$91- J % 

:-&2"'%" I. Y:"2*'0/ (4B", V, #-# % &'9$1"''33  '"18%3 U, +1%  $(, ()-

$-=$)3 '"6-&%)%,0,% +"1","''0,%, $.#. 9)2(&%3 1-&'(&")%3 )%)$",0 

($'()%$"2*'( (#19;-=?"/ )1":0 ,(89$ 40$* &01-;"'0 ) +(,(?*= 1--

&"')$&:  
,constU%constV%2%0dU%0dV ''''  

! "C D 22
''

++ '
R

r

r

o

ri

k

i

ioo

o

i MSMVTMRRSS
11

/ln  

! "C D ,/ln max

1

2 2 %
E
F
G

H
I
J

 +
'N

Nm

m

mNmmo

o

m SMMMRS                                     (5.23) 

8:"   o

mmri S,M,M,M – .%)2( ,(2"/ % )$-':-1$'-3  '$1(+%3 (+1% 

$",+"1-$91" J % :-&2"'%% 0,1 LH-) & 8-6(&(/ (i), #(':"')%1(&-''(/ (r) 

!-6-< % & 1-)$&(1" (m) )(($&"$)$&"''(;  

 k, R, N – #(2%.")$&( 8-6((41-6'0<, #(':"')%1(&-''0< 

#(,+('"'$(& % 1-)$&(1(& & $"1,(:%'-,%.")#(/ )%)$"," )(($&"$)$&"''(; 

 NmM – #(2%.")$&( ,(2"/ &"?")$&- & m-, #(':"')%1(&-''(, 

1-)$&(1";   oR  – 9'%&"1)-2*'-3 8-6(&-3 +()$(3''-3. 

U % V $-#;" )&36-'0 ) #('7"'$1-7%"/ #(,+('"'$(& $"1,(:%'-,%-

.")#(/ )%)$",0, ) P % T +1% +(,(?% )(($'(5"'%/: 

2 2 2 2
' ' '

'   
k

1i

R

1r N

Nm

1m

NmNmrrii 0MUMUMUU                               (5.24) 

      % ! "2
'

' 
k

1i

io ,0MP/TRV                                                        (5.25) 

8:" Nm,ri UU,U  – +(2'-3 &'9$1"''33  '"18%3 %':%&%:9-2*'0< &"?")$&, ($-

'")"''-3 # 1 ,(2= % &#2=.-=?-3 & )"43  '$-2*+%= (41-6(&-'%3 %':%&%-

:9-2*'0< &"?")$&. 

! "& >+'
K

T

oT
o

o

rV THdTCU ,                                                  (5.26) 

8:" m,r,i'K . 

A$% 91-&'"'%3 ,(89$ 1-)),-$1%&-$*)3 #-# (81-'%."'%3 %2% )&36%, 

'-#2-:0&-",0" '- (42-)$* :(+9)$%,0< 6'-."'%/ +"1","''0< +1% 9)$--

'(&2"'%% <%,%.")#(8( % !-6(&(8( 1-&'(&")%3 +1% :()$%;"'%% ,-#)%,9-

,-  '$1(+%% maxS  )%)$",0. E(+(2'%$"2*'( '-#2-:0&-=$)3 )2":9=?%" 

)&36% (91-&'"'%3), (81-'%.%&-=?%" 9)2(&%3 )9?")$&(&-'%3 )%)$",0: 

+()$(3')$&( ,-))0 <%,%.")#%<  2","'$(& % 6-#(' )(<1-'"'%3 6-13:- 

( 2"#$1('"/$1-2*'()$%) &)"/ )%)$",0. H-1-,"$10 1-&'(&")%3 $"1,(:%-

'-,%.")#(/ )%)$",0 (+1":"23=$)3 1"5"'%", ,-$",-$%.")#(/ 6-:-.% ( 

'-<(;:"'%%  #)$1",9,- ) 9."$(, +"1".%)2"''0< )&36"/ +9$", %)+(2*6(-

&-'%3 !9'#7%% [-81-';-. E23 &0.%)2"'%/ %)+(2*69"$)3 ,"$(: F*=$('- 

(,"$(: +()2":(&-$"2*'0< +1%42%;"'%/), #($(10/ (4")+".%&-"$ &0)(#9= 
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)#(1()$* )<(:%,()$% 1"692*$-$(& '- #('".'0< )$-:%3< %$"1-7%(''(8( 

+1(7"))-. 

H1(81-,,'0/ #(,+2"#) C)$1--4  +1":9),-$1%&-"$ )2":9=?%" 

&(6,(;'()$%: 

  6-:-'%" 9)2(&%/ 1-&'(&")%3 $"1,(:%'-,%.")#(/ )%)$",0 ) 

(#19;-=?"/ )1":(/ 2=4(/ +-1(/ 6'-."'%/ $"1,(:%'-,%.")#%< 

+-1-,"$1(& %6 .%)2- )2":9=?%< 5")$% &"2%.%': P(:-&2"'%"), 

V(9:"2*'0/ (4B",), T($",+"1-$91-), S( '$1(+%3), I( '$-2*+%3),   

U(&'9$1"''33  '"18%3);  

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

 2","'$'(8( )()$-&-; 

  &#2=."'%" & .%)2( (;%:-",0< #(,+('"'$(& 1-&'(&")'(8( )()$-&- 

2=40< %':%&%:9-2*'0< &"?")$& 6- )."$ %6,"'"'%3 $(2*#( %)<(:'0< :-'-

'0<; 

  (+1":"2"'%" 1-&'(&")'(8( !-6(&(8( )()$-&- )%)$",0 4"6 +1":&--

1%$"2*'(8( 9#-6-'%3 $"1,(:%'-,%.")#% :(+9)$%,0< )()$(3'%/. 

J-#%, (41-6(,, :23 (+1":"2"'%3 #('#1"$'0< +-1-,"$1(& )()$(3-

'%3 )%)$",0 '"(4<(:%,( 6-:-$* :&" "Z <-1-#$"1%)$%#% ('-+1%,"1: P % T, 

V % T, I % P % $.:.), ,-))(&0" )(:"1;-'%3 <%,%.")#%<  2","'$(& & 1-4(-

.", $"2", )+%)(# +($"'7%-2*'( &(6,(;'0< & 1-&'(&")%% %':%&%:9-2*-

'0< &"?")$& ) %< $"1,(:%'-,%.")#%,% !9'#7%3,% –  '$1(+%"/ %  '-

$-2*+%"/. 

@ +1(81-,,'(, #(,+2"#)" C)$1--4 +1":9),($1"'- $-#;" &(6,(;-

'()$* 9."$- '"#($(10< ($#2('"'%/ ($ %:"-2*'()$%: %)#2=."'%" %6 .%)2- 

#(,+('"'$(& 1-&'(&")%3 2=40< %':%&%:9-2*'0< &"?")$&; &(6,(;'()$* 

'-6'-.-$* (!%#)%1(&-$*) #('7"'$1-7%% (:'(8( %2% '")#(2*#%< &"?")$& ) 

+()2":9=?%, 1-)."$(, 1-&'(&")%3 +( ()$-&5"/)3 .-)$% )%)$",0; 1-)-

),($1"'%" '"%:"-2*'0< #(':"')%1(&-''0< 1-)$&(1(& +9$", 6-:-'%3 %6-

40$(.'(/  '"18%% S%44)-; 9."$ )(4)$&"''(8( (4B",-, 6-'%,-",(8( #('-

:"')%1(&-''0,% !-6-,%. 

I-)."$0 )()$-&- !-6 % <-1-#$"1%)$%# 1-&'(&")%3 +1(&(:3$)3 ) %)-

+(2*6(&-'%", )+1-&(.'(/ 4-60 :-''0< +( )&(/)$&-, %':%&%:9-2*'0< 

&"?")$&. K-6- :-''0< 3&23"$)3 )()$-&'(/ .-)$*= +1(81-,,'(8( #(,+2"#-

)-. D)'(&9 %'!(1,-7%% & 4-6" :-''0< )()$-&23=$ $"1,(:%'-,%.")#%", 

$"+2(!%6%.")#%" % $"1,(<%,%.")#%" )&(/)$&- %':%&%:9-2*'0< &"?")$&, 

)%)$",-$%6%1(&-''0" & Q')$%$9$" &0)(#%< $",+"1-$91 ICF % F-7%(-

'-2*'(, 4=1( )$-':-1$(& >\C, #($(10" (+942%#(&-'0 & 13:" )+1-&(.-

'%#(&, - $-#;" )&(/)$&-, 1-)).%$-''0" & L()#(&)#(, 8()9:-1)$&"''(, 

$"<'%.")#(, 9'%&"1)%$"$" +( ,(2"#9231'0,, #-2(1%,"$1%.")#%, % )+"#-

$1()#(+%.")#%, :-''0,. K-6- :-''0< ):"2-'- ($#10$(/ :23 +(2*6(&-$"-

2"/ % :(+9)#-"$ 1-)5%1"'%" % #(11"#$%1(&#9  %'!(1,-7%%. 

J"1,(:%'-,%.")#(" ,(:"2%1(&-'%" & +1%2(;"'%% # 6-:-.-, %69-

."'%3 $"1,(<%,%.")#%< +1(7"))(& & %)$(.'%#-< -$(,%6-7%% – +2-,Z'-<,  



 115

+(6&(23"$ (+1":"23$* -:%-4-$%.")#9= $",+"1-$919 8(1"'%3 % 1-&'(&")-

'0/ )()$-& +2-,Z', 9)$-'-&2%&-$*  !!"#$%&'()$* -$(,%6-7%% % %('%6--

7%%  2","'$(&, )$"+"'* %< )&360&-'%3 & 1-62%.'0" ,(2"#9231'0" )(":%-

'"'%3, +"1"<(:%$* # 6-&%)%,()$3, -'-2%$%.")#(8( )%8'-2- ($ )$"<%(,"$-

1%% +2-,Z', 9)$-'-&2%&-$* ($'()%$"2*'0" +1":"20 (4'-19;"'%3  2","'-

$(& % :1. H1% ,(:"2%1(&-'%% +2-,Z'- 1-)),-$1%&-=$)3 #-# #&-6%1-&'(-

&")'0" $"1,(:%'-,%.")#%" )%)$",0 )( )$-7%('-1'0, 1-)<(:(, 8(1=."-

8( 8-6-, (#%)2%$"23 % -'-2%6%19",(8( 1-)$&(1-, .$( +(6&(23"$ 6-:-&-$* 

%)<(:'0/ )()$-& $"1,(:%'-,%.")#(/ )%)$",0 .%)2"''( 1-&'0, ,-))(-

&(/ )#(1()$% 1-)<(:- #(,+('"'$(&(8/,%'). D)'(&'0" :(+9?"'%3: ($)9$-

)$&%" +()$9+2"'%3 #%)2(1(:- %6 -$,()!"1'(8( &(6:9<-; :-&2"'%" P=0,101 

LH- (%2% 6-:-''("); 1-&'(,"1'(" 1-)+1":"2"'%" 1-&'(&")'0< #(,+(-

'"'$(& +( +2-,"'%. 

F-+1%,"1, ) 7"2*= (+$%,%6-7%% +1(7"))(& -$(,%6-7%% )(":%'"-

'%/ #-:,%3 & +2-,"'% -7"$%2"'–&(6:9< 402( +1(&":"'( $"1,(:%'-,%."-

)#(" ,(:"2%1(&-'%" &0)(#($",+"1-$91'0< +1(7"))(& +1"&1-?"'%3 #-:-

,%3. H1% 1-)."$" %)+(2*6(&-2%)* )2":9=?%" %)<(:'0" :-''0": 1-)<(: 

&(6:9<- – 1270 2/.-) % <%,%.")#%/ )()$-& &(6:9<-; 1-)<(: -'-2%6%19",(-

8( 1-)$&(1- – 1,7 ,2/,%'; <%,%.")#%/ )()$-& &&":"''(/ +1(40 – 

Cd(NO3)2; 1-)<(: -7"$%2"'-. @ 1"692*$-$" 1-)."$- +(29."'0 :-''0" $",-

+"1-$910 -7"$%2"' – &(6:95'(8( +2-,"'% % )(:"1;-'%" 1-62%.'0< #(,-

+('"'$(& -'-2%$- & ,(23<, +1%&":Z''(" # 1#8 -'-2%$%.")#(/ 6('0, +(: 

#($(1(/ +('%,-"$)3 +2-,3, %,"=?"" (:%'-#(&0/ <%,%.")#%/ )()$-&, 

$",+"1-$919 % )&(/)$&-. H(29."''0" :-''0" +1":)$-&2"'0 &  $-42. 5.1. 

J-42%7- 5.1 – I"692*$-$0 $"1,(:%'-,%.")#(8( ,(:"2%1(&-'%3 +1(7"))- 

-$(,%6-7%% )(":%'"'%/ #-:,%3 & +2-,"'% -7"$%2"' – &(6:9<  

I-)<(: -7"$%2"'-, 

2/.-) 
115 220 350 440 530 

I-)."$'-3 $",+"1--

$91- +2-,"'%, T 
2398 2184 1959 2004 2058 

>(:"1;-'%" #(,+('"'$(&, ,(2*/#8 

Cd 8,2
.
10

-3
 7,7

.
10

-3
 6,7

.
10

-2
 6,4

.
10

-2
 6,2

.
10

-2
 

Cd2 3,0
.
10

-8
 2,5

.
10

-8
 1,9

.
10

-6
 1,7

.
10

-6
 1,6

.
10

-6
 

CdO 2,4
.
10

-6
 2,5

.
10

-8
 2,1

.
10

-9
 3,6

.
10

-10
 1,7

.
10

-10
 

CdH
+
 4,7

.
10

-8
 8,2

.
10

-8
 3,9

.
10

-7
 3,2

.
10

-7
 6,7

.
10

-7
 

CdOH
+
 2,6

.
10

-5
 2,8

.
10

-6
 1,3

.
10

-6
 1,7

.
10

-7
 6,4

.
10

-8
 

Cd(OH)2 7,4
.
10

-7
 1,7

.
10

-8
 9,3

.
10

-10
 1,4

.
10

-11
 1,6

.
10

-12
 

@%:'(, .$( )$"+"'* -$(,%6-7%% #-:,%3 & '-5%< 9)2(&%3< +1%42%-

;-"$)3 # 100%. D4  $(, )&%:"$"2*)$&9"$ )(:"1;-'%" 1-62%.'0< !(1, 

#-:,%3 & 6('" -$(,%6-7%%. H1"(42-:-=?%, #(,+('"'$(, 3&23=$)3 )&(-

4(:'0" -$(,0 #-:,%3. >(:"1;-'%" :198%< .-)$%7 – :%,"1- Cd2, (#)%:- 

CdO, 8%:1%:- CdH
+
, 8%:1(#)%:(& – '- 3-5 +(13:#(& ,"'*5". >$"+"'* 

-$(,%6-7%% '"6'-.%$"2*'( %6,"'3"$)3 +1% 9&"2%."'%% 1-)<(:- -7"$%2"-
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'- ($ 115 :( 530 2/.-), )2":(&-$"2*'( :23 )(":%'"'%/ #-:,%3 & (."'* 

5%1(#(, %'$"1&-2" $",+"1-$91 '-42=:-=$)3 (+$%,-2*'0" 9)2(&%3 +"-

1"&":"'%3 +1(40 & -$(,-1'(" )()$(3'%". Q)<(:3 %6  $%< 1"692*$-$(& 

,(;'( +1":+(2(;%$*, .$( )+()(40 +(&05"'%3 .9&)$&%$"2*'()$%, (+%-

)-''0" & 1-6:"2" 4, 49:9$ '"6'-.%$"2*'( &2%3$* '- )$"+"'* -$(,%6-7%% 

)(":%'"'%/ #-:,%3 % '- .9&)$&%$"2*'()$* "8( (+1":"2"'%3 & +2-,"'% 

-7"$%2"'-&(6:9<. A$( +1":+(2(;"'%" +(:$&"1;:-=$ :-''0" $"1,(:%'--

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

50%-'0< &(:'(-(18-'%.")#%< 1-)$&(1-<  +1% 1-)<(:" -7"$%2"'- 530 2/.-) 

($-42. 5.2). 

J-42%7- 5.2 – L(:"2%1(&-'%" +1(7"))(& -$(,%6-7%% )(":%'"'%/ #-:,%3 

& +1%)9$)$&%% (18-'%.")#%< 1-)$&(1%$"2"/ 

>(:"1;-'%" #(,+('"'$(&, ,(2*/#8 T(,+('"'$0 

-'-2%$%."-

)#(/ 6('0 
H2O -7"$(' : &(:-=1:1  $-'(2 : &(:-=1:1 

Cd 6,2
.
10

-2
 6,2

.
10

-2
 6,2

.
10

-2
 

Cd2 1,5
.
10

-6
 1,6

.
10

-6
 1,6

.
10

-6
 

CdO 1,7
.
10

-10
 1,1

.
10

-10
 1,1

.
10

-10
 

CdOH
+
 6,4

.
10

-8
 4,0

.
10

-8
 4,3

.
10

-8
 

CdH
+
 6,6

.
10

-7
 6,7

.
10

-7
 6,7

.
10

-7
 

Cd(OH)2 1,6
.
10

-12
 6,5

.
10

-13
 7,4

.
10

-13
 

Q6 :-''0< $-42. 5.2  &%:'(, .$( &&":"'%" (18-'%.")#(8( 1-)$&(1%$"-

23, )+()(4)$&9=?"" +(29."'%= ,"2#(:%)+"1)'(8( - 1(6(23 % "8(  !!"#$%&-

'(,9 %)+-1"'%=, ,-2( &2%3"$ '- :(2= )&(4(:'0< -$(,(& #-:,%3 & +2-,"'%. 

H1%  $(, & &(:'(-(18-'%.")#%< 1-)$&(1-< 9,"'*5-"$)3, +( )1-&'"'%= ) 

&(:'0,%, :(23 #%)2(1(:)(:"1;-?%< )(":%'"'%/ #-:,%3 CdO, CdOH
+
 % 

Cd(OH)2 , .$(, 9.%$0&-3 ,"<-'%6, -$(,%6-7%%, :(2;'( +1%&")$% # 9&"2%."-

'%= -'-2%$%.")#(8( )%8'-2-. >2":9"$ ($,"$%$*, .$( +1%)9$)$&%"  $-'(2- % 

-7"$('- '"6'-.%$"2*'( %6,"'3"$ )(:"1;-'%" #-:,%3 & )&(4(:'(, -$(,-1'(, 

)()$(3'%%. 

J"1,(:%'-,%.")#(" ,(:"2%1(&-'%" +(6&(23"$ +1()2":%$* ()(4"''(-

)$% +(&":"'%3 & +2-,"'% )(":%'"'%/ (+1":"23",(8(  2","'$- & 1-62%.'0< 

)$"+"'3< (#%)2"'%3. J-#, $"1,(:%'-,%.")#%/ 1-)."$ )(:"1;-'%3 )&(4(:'0< 

-$(,(& <1(,- & -'-2%$%.")#(/ 6('" +2-,"'% +(6&(23"$ +1()2":%$* &2%3'%" 

(#%)2%$"2*'(-&())$-'(&%$"2*'0< <-1-#$"1%)$%# +2-,"'% '- )$"+"'* -$(,%-

6-7%% )(":%'"'%/ <1(,- (III) % <1(,- (VI). @ $-42. 5.3 +1%&":"'0 1"692*$-$0 

,(:"2%1(&-'%3. 

@%:'(, .$( '-42=:-"$)3 6-&%)%,()$* $",+"1-$910 +2-,"'% % #(2%."-

)$&- )&(4(:'0< -$(,(& <1(,-, -, )2":(&-$"2*'(, % )$"+"'% -$(,%6-7%% )(-

":%'"'%/ Cr(III) % Cr(VI), ($ 1-)<(:- 8(1=."8( 8-6- >2F2. F-42=:-"$)3 ,-#-

)%,9, #('7"'$1-7%% )&(4(:'0< -$(,(& +1% 1-)<(:" -7"$%2"'- 220 2/. '"6--

&%)%,( ($ )$"+"'% (#%)2"'%3 <1(,- & 1-)+023",(, 1-)$&(1".  
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J-42%7- 5.3 – >(:"1;-'%" )&(4(:'0< -$(,(& <1(,- (X) & -'-2%$%."-

)#(/ 6('" +2-,"'% -7"$%2"' – &(6:9<  & ,(2*/#8 

1-)<(: &(6:9<- – 600 2/. 

I-)<(: -7"$%2"'-, 2/. 180 220 270 300 

J",+"1-$91- +2-,"'%, T 2229 2116 1992 1941 
X +1% &&":"'%% & +2-,3 1-)$&(1(& Cr(VI) 0,0184 0,0711 0,0401 0,0225
X +1% &&":"'%% & +2-,3 1-)$&(1(& Cr(III) 0,0089 0,0157 0,0131 0,0112

T-# +(#-6-2( ,(:"2%1(&-'%", ) 9&"2%."'%", 1-)<(:- >2F2 $",+"1-$9-

1- +2-,"'% )'%;-"$)3, (:'-#( :(23 )&(4(:'(8( 982"1(:- 1-)$"$. >2":(&--

$"2*'(, 9&"2%.%&-=$)3 &())$-'(&%$"2*'0" )&(/)$&- +2-,"'%. K-2-')  $%< 

:&9< +1(7"))(& % (+1":"23"$ )$"+"'* -$(,%6-7%%. L(:"2%1(&-'%" +(#-6-2( 

$-#;" '-2%.%" & +2-,"'% 6'-.%$"2*'(8( #(2%.")$&- $"1,()$(/#(8( $19:'(-

:%))(7%%19=?"8( (#)%:- Cr2O3  & &%:" #(':"')%1(&-''(/ !-60, & $( &1",3 

#-# 6'-.%$"2*'0< #(2%.")$& #-14%:(& <1(,- 1-)."$ '" +(#-6-2. >2":(&--

$"2*'(, 1()$ -'-2%$%.")#(8( )%8'-2- ) 9&"2%."'%", 1-)<(:- >2F2 ,(;'( )&3-

6-$* )( )2":9=?%, ,"<-'%6,(, -$(,%6-7%% )(":%'"'%/ <1(,-: 

 ! " ! " ! " CO8-6Cr8-6OCr#(':OCr 8-6C

32

ot

32 +$$ %$$%$                                   (5.27) 

H()2":9=?"" 9,"'*5"'%" -'-2%$%.")#(8( )%8'-2- +1% 9&"2%."'%% 1-)<(:- 

-7"$%2"'- (49)2(&2"'(, +(-&%:%,(,9, 9,"'*5"'%", )942%,-7%% Cr2O3 & 

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

L(:"2%1(&-'%" +(6&(23"$ +1":)#-6-$* &2%3'%" &&(:%,0< :(4-&(# '- 

&"2%.%'9 -'-2%$%.")#(8( )%8'-2- 4"6 +1":&-1%$"2*'(8(  #)+"1%,"'$-2*'(8( 

%))2":(&-'%3. J-#, ,(:"2%1(&-'%" +(#-6-2(, .$( +1% -$(,%6-7%% )(":%'"-

'%/ #-# <1(,-(III), $-# % <1(,-(VI) )"1'-3 #%)2($- (#-60&-"$ :"+1"))%19=-

?"" &2%3'%" '- )(:"1;-'%" )&(4(:'0< -$(,(& <1(,- & -'-2%$%.")#(/ 6('", 

$.". '- )$"+"'* -$(,%6-7%% ($-42. 5.4). 

@2%3'%= )"1'(/ #%)2($0 4(2"" +(:&"1;"' +1(7")) -$(,%6-7%% )(-

":%'"'%/ <1(,- (III). E"+1"))%19=?"" &2%3'%" F2SO4  +1(3&23"$)3 6'-.%-

$"2*'"" +1% +(&05"''(, 1-)<(:" -7"$%2"'- & &())$-'(&%$"2*'(, +2-,"'%. 

J-42%7- 5.4 – @2%3'%" F2SO4  '- -$(,%6-7%= )(":%'"'%/ Cr(III), Cr(VI) & 

+2-,"'% -7"$%2"'-&(6:9<  

1-)<(: &(6:9<- – 600 2/. 

I-)<(: -7"$%2"'-, 2/. 180 220 270 300 
4"6 F2SO4 0,0185 0,0710 0,0401 0,0227>(:"1;-'%" -$(,(& <1(,- 

(,(2*/#8) +1% &&":"'%% & +2-,3 

1-)$&(1(& Cr (VI) & 0,1 L 1-)-

$&(1" F2SO4 
0,0188 0,0300 0,0129 0,0126

4"6 F2SO4 0,0089 0,0157 0,0131 0,0112>(:"1;-'%" -$(,(& <1(,- 

(,(2*/#8) +1% &&":"'%% & +2-,3 

1-)$&(1(& Cr (III) & 0,1 L 1-)-

$&(1" F2SO4 
0,0091 0,0142 0,0042 0,0032

T-# +(#-60&-"$ 1-)."$, ('( )&36-'( ) +(3&2"'%", '(&(/ $"1,()$(/#(/ #('-

:"')%1(&-''(/ !-60 CrS, :(23 #($(1(/, (."&%:'(, 49:"$ 1-)$% ) 9&"2%."'%-

", #('7"'$1-7%% F2SO4. D:'-#(, '"),($13 '- +(3&2"'%" '(&(/ #(':"')%1(-
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&-''(/ !-60, ,"<-'%6, -$(,%6-7%% '" ,"'3"$)3, .$( +(:$&"1;:-"$ '"%6,"'-

'()$* +(2(;"'%3 ,-#)%,9,- '- 6-&%)%,()$% -'-2%$%.")#(8( )%8'-2- ($ 1-)-

<(:- -7"$%2"'-.  

A#)+"1%,"'$-2*'0" %))2":(&-'%3 &"2%.%'0 -'-2%$%.")#(8( )%8'-2- 

<1(,- & +1%)9$)$&%% F2SO4 % Na2SO4 +(:$&"1;:-=$ 1"692*$-$0 1-)."$(&. 

E23 )(":%'"'%/ Cr(III) % Cr(VI) 0,04 L 1-)$&(1 F2SO4 )'%;-"$ &"2%.%'9 

-'-2%$%.")#(8( )%8'-2- & 1,5–2 1-6-. E"+1"))%19=?"" &2%3'%" Na2SO4  '(-

)%$ -'-2(8%.'0/ <-1-#$"1, <($3 % &01-;"'( '")#(2*#( )2-4"". 

J"1,(<%,%.")#%" +1(7"))0, +1(%)<(:3?%" & #(':"')%1(&-''(/ !-6" 

'- +(&"1<'()$%  2"#$1($"1,%.")#(8( -$(,%6-$(1-, & +"1&9= (."1":* (+1"-

:"23=$ $",+"1-$919 )$-:%% +%1(2%6- %69.-",(8(  2","'$- % !(1,9 "8( ()-

'(&'0< +($"1* '- :-''(/ )$-:%%. H1% $"1,(:%'-,%.")#(, ,(:"2%1(&-'%% 

+(:(4'(/ )%)$",0 ,(;'( +1%,"'3$* ,(:"2* $('#(8( 81-'%.'(8( )2(3 ["'-

8,=1-, & #($(1(, 6- #(1($#%/ +1(,";9$(# &1","'% 9)$-'-&2%&-"$)3 1-&'(-

&")%". H1% +1(&":"'%% ,(:"2%1(&-'%3 %)+(2*69=$ )2":9=?%/ -28(1%$,. 

1. I-64%&-=$ 81-'%.'0/ )2(/ '- 6('0, #('$-#$%19=?%" % '" #('$-#-

$%19=?%" ) +(&"1<'()$*= -$(,%6-$(1-, .$( ,(:"2%19"$ +1%)9$)$&%" :()$--

$(.'( $(2)$(8( )2(3 -'-2%$- '- +(&"1<'()$%  2"#$1($"1,%.")#(8( -$(,%6--

$(1-. >()$-& +(&"1<'()$'(8( )2(3: )()$-& +1(40 (,-$1%7- % %69.-",0" +1%-

,")% %2% +1()$( -'-2%$ & (#)%:'(/ !(1,"), +1%&":"''0" # 9)2(&'(,9 ,(2=, 

% ,(2* %'"1$'(8( 8-6- -18('-. >()$-& )2(3, #('$-#$%19=?"8( ) +(&"1<'(-

)$*= -$(,%6-$(1-: )()$-& +1(40 (& (#)%:'(/ !(1,"), +1%&":"''0/ # 9)2(&-

'(,9 ,(2=, +2=) ,(2* %'"1$'(8( 8-6-, +2=) 10 ,(2"/ &"?")$&- ,-$"1%-2- 

-$(,%6-$(1-. 

2. @0+(2'3=$ 1-)."$ & )(($&"$)$&%% ) +()2":(&-$"2*'()$*= $"1,%."-

)#%< +1"(41-6(&-'%/ &"?")$&- & #(':"')%1(&-''(/ !-6" +1(40: ")2% &03)-

'3"$)3, .$( +1% #-#%<-$( $",+"1-$91-< ,"'3"$)3 !(1,- )9?")$&(&-'%3 -'--

2%$- '- +(&"1<'()$% -$(,%6-$(1- ('-+1%,"1, (#)%:  2","'$- +1"(41-69"$)3 & 

#-14%: %2% ,"$-22), $( :23 1-)."$- 1-&'(&")'(8( )()$-&- )%)$",0 +1% 4(2"" 

&0)(#(/ $",+"1-$91" '"(4<(:%,( 6-:-&-$* %)<(:'0/ )()$-& )%)$",0 ) 9."-

$(, &(6,(;'0< $"1,%.")#%<  +1"(41-6(&-'%/.  

3. H( 1"692*$-$-, 1-)."$(& )$1(3$ 81-!%.")#%" 6-&%)%,()$% 

! "C DMeMem#$% 22 /lg  ($ $",+"1-$910, 8:" ! "Mem8-6 2  – )(:"1;-'%" %69.-",(8( 

 2","'$- & 8-6(&(/ !-6". @041-''9= +(  $%, 81-!%#-, '-%,"'*59= $",+"-

1-$919 $"1,(:%'-,%.")#(/ )%)$",0, +1% #($(1(/ 91(&"'* )(:"1;-'%3  2"-

,"'$- Me & 8-6(&(/ !-6" :()$%8-"$ (0,01-0,0001)2Me, ,(;'( +1%'%,-$* 6- 

+1(8'(6%19",9= $",+"1-$919 )$-:%% +%1(2%6-, $.#.  $( )(($&"$)$&9"$ ,%'%-

,-2*'( (4'-19;%&-",(,9 91(&'= )'%;"'%3 )%8'-2- +(82(?"'%3. @03)'3-

=$, %6 #-#(8( )2(3 +1(40 % & #-#(/ ()'(&'(/ !(1," %:9$ +($"1% (+1":"23"-

,(8(  2","'$- '- )$-:%% +%1(2%6-. 

4. @-1*%1(&-'%" ) +(,(?*= $"1,(:%'-,%.")#(8( ,(:"2%1(&-'%3 <%-

,%.")#(8( ,(:%!%#-$(1-, ,-$"1%-2- +(&"1<'()$% -$(,%6-$(1- %2% -$,()!"-
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10 +(6&(23"$ 9)$-'(&%$* 9)2(&%3 +%1(2%6-, ):&%8-=?%" $",+"1-$919 )$-:%% 

:( '"(4<(:%,(8( 6'-."'%3. 

J-#, & $-42. 5.5 +1%&":"'0 :-''0", %22=)$1%19=?%" &2%3'%" <%,%-

.")#%< ,"$-22(#(,+2"#)'0< ,(:%!%#-$(1(& – #(,+2"#)('-$(& Fe(III), 

Bi(III), Ni(II) – '- <%,%.")#%/ )()$-& #(':"')%1(&-''(/ !-60 +1(40 +1% 

 2"#$1($"1,%.")#(, -$(,'(--4)(147%(''(, (+1":"2"'%% )&%'7- (II), #-:-

,%3(II) % 4"1%22%3(I) & (40.'(, $",+"1-$91'(, :%-+-6('" )$-:%% +%1(2%6- 

+1% 1F=3. 

J-42%7- 5.5 – J"1,(:%'-,%.")#(" ,(:"2%1(&-'%" +1(7"))(& +%1(2%6- )(-

":%'"'%/ Pb(II), Cd(II), Be(I) 
A2"-

,"'$ 

X%,%.")#%/ 

,(:%!%#--

$(1 

J",+"1--

$91- '-.--

2- +%1(2%-

6-,  Co  

>()$-& #(':"')%-

1(&-''(/ !-60 & 

'-.-2" +%1(2%6-  

J",+"1--

$91- #('7- 

+%1(2%6-, 

Co  

>()$-& #(':"')%-

1(&-''(/ !-60 & 

#('7" +%1(2%6- 

– 300 PbO, KNO3, 

KDH, K2CO3 

1000 PbO, KNO3, 

KOH, K2CO3 

Fe AEJC 
–
 300 FeOOH, PbO2, 

Na2CO3, K2CO3 

1000 PbO, NaFeO2, 

K2CO3 

Bi AEJC
–
 300 Bi, Pb, Na2CO3 1000 Bi, Pb, Na2CO3 

Pb 

Ni AEJC
2–

 300 Ni(OH)2, PbO2, 

Na2CO3, K2CO3, 

KNO3 

1000 Ni, PbO, 

Na2CO3, K2CO3 

– 300 CdO, KNO3, 

KOH, K2CO3 

1000 KNO3, KOH, 

K2CO3 

Fe AEJC
–
 300 FeOOH, 

Cd(OH)2, 

Na2CO3, K2 CO3, 

KNO3 

800 Fe2O3, CdO, 

NaFeO2, KOH, 

K2CO3, KNO3 

Bi AEJC
–
 300 Bi, Na2CO3, 

Cd(OH)2 

800 Bi, Cd 

 

Cd 

Ni AEJC
2–

 300 Ni(OH)2, 

Cd(OH)2, 

Na2CO3, K2CO3,  

KNO3, 

800 NiO, CdO, 

Na2CO3, K2CO3, 

KNO3 

 300 Be, BeSO4, 1000 BeO 

Fe AEJC
–
 300 FeS2, BeO, 

Na2SO4 

1000 FeS, BeO, Na2S 

Bi AEJC
–
 300 Bi2O3, Be(OH)2, 

BeSO4, Na2SO4 

1000 BeO, Bi2O3, 

Na2SO4 

Be 

Ni AEJC
2–

 300 NiO, Be(OH)2, 

Na2CO3, K2CO3, 

K2SO4 

1000 Ni, BeO, NaOH, 

KOH, K2SO4 

H1% !(1,%1(&-'%% ,-))%&- %)<(:'0< :-''0< 9.%$0&-2%, .$( )&%'"7 

% #-:,%/ &&(:%2% & 1-)$&(1 +1(40 & &%:" '%$1-$-, - 4"1%22%/ – & &%:" )92*-
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!-$-. Q)+(2*6(&-2% :%'-$1%"&9= )(2* AEJC. F"(4<(:%,(" 1F )(6:-&-2%, 

+(:?"2-.%&-3 +1(49 1-)$&(1(, TDF %2% +(:#%)233 1-)$&(1(, HNO3.  

Q6 :-''0< $-42. 5.5 )2":9"$, .$( ,(:%!%#-$(1 & 13:" )29.-"& %6,"'3-

"$ <-1-#$"1 +1":-$(,%6-7%(''(8( )(":%'"'%3, $.". %6,"'3"$ !%6%#(-

<%,%.")#%" +1(7"))0, &":9?%" # (41-6(&-'%= )&(4(:'0< -$(,(& (+1":"-

23",(8(  2","'$-. J-#, Bi AEJC
–
  +"1"&(:%$ +( 6-&"15"'%% +%1(2%6-  )&%-

'"7 % #-:,%/ & ,"$-22%.")#(" )()$(3'%", - '" & (#)%:. H1%)9$)$&%" ,(:%-

!%#-$(1- &":"$ # (41-6(&-'%= '- )$-:%% +%1(2%6-, '-13:9 ) +1()$0,% +1"-

:-$(,%6-7%(''0,% )(":%'"'%3,% -'-2%$-, +1(:9#$(& &0)(#($",+"1-$91'(-

8( 1-62(;"'%3 ,(:%!%#-$(1- – (#)%:(& Bi2O3, NiO, Fe2O3, ,"$-22(& – Bi, Ni, 

4(2"" )2(;'0<  )(":%'"'%/ – '-+1%,"1, !"11%$(& NaFeO2 % :1. D)'(&'(" 

:"/)$&%" <%,%.")#%< ,(:%!%#-$(1(& – $"1,%.")#-3 )$-4%2%6-7%3 -'-2%$- % 

1-6:"2"'%" -'-2%$- % ,-$1%70 – ,(;"$ 40$* <(1(5( (4B3)'"'( (41-6(&-'%-

", ),"5-''0< (#)%:(&, %'$"1,"$-22%:(&  % :198%< )(":%'"'%/, '-+1%,"1, 

!"11%$(&, '- +1":&-1%$"2*'(/ )$-:%% -$(,%6-7%%. >(+()$-&2"'%"  #)+"1%-

,"'$-2*'0< :-''0< ) :-''0,% $-42. 5.5 )&%:"$"2*)$&9"$, .$( 9&"2%."'%" 

,-#)%,-2*'( :(+9)$%,(/ $",+"1-$910 +%1(2%6- % +1%1()$ )%8'-2- '-42=-

:-"$)3 $(2*#( & $(, )29.-", #(8:- +1":-$(,%6-7%(''0" )(":%'"'%3 ,(:%!%-

#-$(1- % -'-2%$- +1":)$-&23=$ )(4(/ 1(:)$&"''0" )(":%'"'%3, $.". ,"$-22-

,"$-22, (#)%:-(#)%:, - %'(8:- % )92*!%:-(#)%: (& )29.-" Be–Fe AEJC
–
),  '( 

'" ,"$-22-(#)%:. L(;'( +1":+(2(;%$*, .$(  $( (4B3)'3"$)3 !%6%.")#%,% 

!-#$(1-,% ()$"+"'* :%)+"1)'()$%, ),-.%&-",()$* &"?")$&- 1-)+2-&-,% % 

$.:.), (49)2-&2%&-=?%,% &6-%,(:"/)$&%" +1":-$(,%6-7%(''0< )(":%'"'%/ 

-'-2%$- % ,(:%!%#-$(1-. @ $"< )29.-3<, #(8:- !%6%.")#%" !-#$(10 )+()(4-

)$&9=$ %< &0)(#($",+"1-$91'(,9 &6-%,(:"/)$&%=, '-42=:-"$)3 &01-;"'-

'0/ -'-2%$%.")#%/  !!"#$, $.". &  $(, )29.-" ,(:%!%#-$(1  !!"#$%&"'. 

J-#%, (41-6(,, $"1,(:%'-,%.")#(" ,(:"2%1(&-'%" &0)(#($",+"1--

$91'0< +1(7"))(& +%1(2%6-, -$(,%6-7%% % :1. & +2-,"'% %  2"#$1($"1,%."-

)#%< -$(,%6-$(1-< +(6&(23"$ +1(8'(6%1(&-$* +(&":"'%" )(":%'"'%/ (+1":"-

23",0<  2","'$(&, &04%1-$* (+$%,-2*'0" 9)2(&%3 (+1":"2"'%3, )+()(4)$-

&9"$ +(%)#9 4(2""  !!"#$%&'0< <%,%.")#%< ,(:%!%#-$(1(&. 

5.4. 7!#(8$ % &*!#'!-&1,!"12$!''!0 ,3(-*"!c-!3$$  , ."&9$*!-

%!0 3(+:; 

 !"!#$%&!$ '()$*! + ,-./!0(+(1 '$#!. @2%3'%" !%6%.")#%< 

)&(/)$& 1-)$&(1(& '- +1-&%2*'()$* 1"692*$-$(& &  -$(,'(--4)(147%(''(/ 

)+"#$1()#(+%%  ) 81-!%$(&(/ +".*= ,"'"" )9?")$&"''(, .", & +2-,"''(, 

-'-2%6". D:'-#(, &36#()$* 1-)$&(1(& ,(;"$ &2%3$* '- +1(7")) "8( :(6%1(&--

'%3 & 81-!%$(&9= $194#9: 1-)$&(10 ) 4(2*5"/ &36#()$*= ('-+1%,"1, ) &0)(-

#(/ #('7"'$1-7%"/ #%)2($0) ,(89$ ()$-&-$*)3 & '-#('".'%#" :(6-$(1-, '" 

:()$%8-3 +".%. F-(4(1($, 1-)$&(10 ) ,-2(/ &36#()$*= ,(89$ &0$"#-$* %6 '--

#('".'%#-, '" :()$%8-3 +".%. A$% +1(42",0 1"5-=$)3 1-64-&2"'%", 1-)$&(-

1(& ) &0)(#(/ &36#()$*= % +1-&%2*'(/ $"<'%#(/ %';"#7%% 1-)$&(1- & 81--

!%$(&9= +".*. H(&"1<'()$'(" '-$3;"'%" % &36#()$* 1-)$&(1- ,(89$ )#-60-
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&-$*)3 '- &()+1(%6&(:%,()$% "8( 1-)+1":"2"'%3 &'9$1% 81-!%$(&(/ $194#%, 

&2%3$* '- )$"+"'* 1-641068%&-'%3 (41-67- '- )$-:%% )95#%. 

Q)+-1"'%" -'-2%$- %6 1-62%.'0< +(2(;"'%/ '- +1(:(2*'(/ ()% 81--

!%$(&(/ $194#% ,(;"$ &2%3$* '- %6,"13",0/ )%8'-2 & 1"692*$-$" &(6:"/)$-

&%3 :&9< !-#$(1(&. @(-+"1&0<, &1",3 +1"40&-'%3 -$(,(& & 81-!%$(&(/ +".% 

)%2*'( 6-&%)%$ ($ $(8(, #-# :-2"#( ($ 7"'$1- $194#% +1(%)<(:%$ +1(7")) %)-

+-1"'%3, -$(,0, %)+-13=?%")3 42%;" # #('7-, $194#%, & +1(7"))" %< 9:--

2"'%3 %6 $194#% :(2;'0 49:9$ +1(/$% ,"'*5"" 1-))$(3'%" :( "Z #('7(&, 

.", $", #($(10" %)+-13=$)3 & 7"'$1" $194#%. A$($  !!"#$ 49:"$ 6-,"$"' +1% 

+1"#1-?"'%% +(:-.% %'"1$'(8( 8-6- '- )$-:%% -$(,%6-7%%, $.#. +1%  $(, 49-

:"$ ($)9$)$&(&-$* #('&"#7%(''0/ +($(#, +1%&(:3?%/ # &0'()9 -$(,(& %6 

$194#% ."1"6 "Z 7"'$1-2*'(" ($&"1)$%". @(-&$(10<, & 6-&%)%,()$% ($ #(')$-

19#7%% -$(,%6-$(1- & 81-!%$(&0< $194#-< & 4(2*5"/ %2% ,"'*5"/ )$"+"'% 

%,""$ ,")$( 81-:%"'$ $",+"1-$91. D40.'( 7"'$1-2*'-3 .-)$* $194.-$(8( 

-$(,%6-$(1- +1%42%6%$"2*'( %6($"1,%.'- +1% +1($"#-'%% )$-:%/ +%1(2%6- 

% -$(,%6-7%%. H( $(,9 '"4(2*5(" 1-)$"#-'%" (41-67-, 6-#2=."''(8( & 7"'-

$1-2*'9= .-)$* $194#%, '" (#-60&-"$ )9?")$&"''(8( &2%3'%3 '- &()+1(%6&(-

:%,()$* 1"692*$-$(&. 

>(($&"$)$&%" !%6%.")#%< )&(/)$& (41-67- % 81-:9%1(&(.'(8( 1-)$&(-

1- 3&23"$)3 &-;'0, 9)2(&%", &  2"#$1($"1,%.")#(/ -$(,'(--4)(147%(''(/ 

)+"#$1()#(+%%. >()$-& 81-:9%1(&(.'0< 1-)$&(1(& :(2;"' 40$* 42%6(# )(-

)$-&9 (41-67-, .$(40 9,"'*5%$* 1-6'%79 & $-#%< )&(/)$&-<, #-# +(&"1<'()$-

'(" '-$3;"'%" % &36#()$*. 

E23 ,'(8%<  2","'$(& '"$ 6'-.%$"2*'(/ 1-6'%70 & ($#2%#" ,";:9 

81-:9%1(&(.'0,%  1-)$&(1-,%, +1%8($(&2"''0,% '- :%)$%22%1(&-''(/ &(:" 

% '- &(:'0< 1-)$&(1-<, )(:"1;-?%< '")#(2*#( +1(7"'$(& ,%'"1-2*'0< #%-

)2($. I-62%.%3 & )%8'-2" )$-'(&3$)3 6-,"$'0,% ) 9&"2%."'%", #('7"'$1--

7%% #%)2($0. H1% 4(2"" &0)(#%< #('7"'$1-7%3< #%)2($0 ,(;'( #('$1(2%-

1(&-$* )%8'-2 +(:<(:3?%, &04(1(, 9)2(&%/ )95#%. D'% :(2;'0 40$* &0-

41-'0 $-#%, (41-6(,, .$(40 (4")+".%$* +1-#$%.")#% (:%'-#(&9= :")(2*&--

$-7%=  81-:9%1(&(.'0< 1-)$&(1(& % -'-2%6%19",0< (41-67(&. E23 &&":"'%3 

(41-67- ;"2-$"2*'( +(2*6(&-$*)3 -&$(,-$%.")#%, :(6-$(1(, (-&$()-,+2"-

1(,), $.#. +1%  $(, :()$%8-"$)3 29.5-3 &()+1(%6&(:%,()$* +(2(;"'%3 (4-

1-67- & $194#".  R)2% 81-!%$(&0/ -$(,%6-$(1 9#(,+2"#$(&-' -&$(:(6-$(1(,, 

$( +1%8($(&2"'%" 81-:9%1(&(.'0< 1-)$&(1(& % -'-2%6 (41-67(& ,(89$ 40$* 

&0+(2'"'0 -&$(,-$%.")#%. E23  $(8( -&$(:(6-$(1 +1(81-,,%19=$ '- ),"-

5%&-'%" 1-62%.'0< (4B",(& 81-:9%1(&(.'0< 1-)$&(1(& % 1-)$&(1(& (41-67- 

) <(2()$0, 1-)$&(1(, :23 +(29."'%3 (:%'-#(&0< (4?%< (4B",(& 1-)$&(1-, 

'-)#(2*#(  $( &(6,(;'(. 

2!)!#$%&!$ '()$*!. X%,%.")#%" +(,"<% $1"49=$, #-# +1-&%2(, 

4(2*5"8( &'%,-'%3 :23 (4")+"."'%3 $(.'()$% 1"692*$-$- -'-2%6-. D'% %,"-

=$ ,")$(, #(8:- #(,+('"'$0 ,-$1%70 (#-60&-=$ &2%3'%" '-  !!"#$%&'()$* 

-$(,%6-7%% -'-2%$-. 
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X%,%.")#%" +(,"<% ,(;'( 9)2(&'( #2-))%!%7%1(&-$* )2":9=?%, 

(41-6(,. 

1. D41-6(&-'%" -'-2%$(, 2"$9.%< )(":%'"'%/, +1%&(:3?"" # "8( +(-

$"1" +1% )1-&'%$"2*'( '%6#%< $",+"1-$91-< :( )$-:%% -$(,%6-7%% (&(6,(;-

'(, '- )$-:%3< )95#% %2% +%1(2%6-). F-+1%,"1, ,'(8%" ,"$-220 (41-69=$ 

)$-4%2*'0" #(&-2"'$'0" <2(1%:0, % & +1%)9$)$&%% 4(2*5(8( %640$#- <2(-

1%:-%('(& ,"$-22 ,(;"$ 92"$9.%&-$*)3 & &%:" <2(1%:- "?" :( $(8(, #-# +1(-

%6(/:"$ "8( -$(,%6-7%3. A$( <-1-#$"1'(, '-+1%,"1, :23 $-#%<  2","'$(&, #-# 

)&%'"7, (2(&( % 7%'#. Q)+-1"'%" -'-2%$- & &%:" <2(1%:- ,(;"$ +1%&")$% # 

4(2*5%, "8( +($"13,. 

F-%4(2"" +(:<(:3?%, )+()(4(, 9)$1-'"'%3  $(8(  !!"#$- 3&23"$)3 

:(4-&2"'%" (+1":"2"''0< <%,%.")#%< &"?")$& – ,(:%!%#-$(1(&. Y.%$0&-3 

6'-.%,()$* &(+1()- <%,%.")#(8( ,(:%!%7%1(&-'%3 &0)(#($",+"1-$91'0< 

+1(7"))(& -$(,%6-7%%, ",9 49:"$ +()&3?"' ($:"2*'0/ 1-6:"2. 

2. D41-6(&-'%" (:'(8( %2% '")#(2*#%< ($'()%$"2*'( 9)$(/.%&0< )(-

":%'"'%/ -'-2%$- )  2","'$-,% ,-$1%70. A$( ,(;"$ +1%&(:%$* #-# # )'%-

;"'%=  !!"#$%&'()$% -$(,%6-7%%, $-# % # +(3&2"'%= '")#(2*#%< +%#(& 

-$(,%6-7%%, +()#(2*#9 $",+"1-$91- %< +(3&2"'%3 6-&%)%$ ($ +1%1(:0 +1(-

,";9$(.'0< <%,%.")#%< !(1, -'-2%$-. 

F"#($(10"  2","'$0 +1% &6-%,(:"/)$&%% ) 81-!%$(, $194#% (41-69-

=$ )$-4%2*'0" #-14%:0, #($(10" $19:'( 1-62(;%$* :-;" +1% &0)(#%< $",-

+"1-$91-< -$(,%6-7%%. D41-6(&-'%" #-14%:(& +1%&(:%$ # )'%;"'%= .9&)$-

&%$"2*'()$% (+1":"2"'%3, # +(3&2"'%= 6'-.%$"2*'(8( )%8'-2- +-,3$%, $.". 

)%8'-2-, +(29.-",(8( +1% +()2":9=?"/ -$(,%6-7%% 4"6 :(4-&2"'%3 (41-67-. 

T-14%:((41-69=?%" ,"$-220, #($(10" "?" ,(;'( -'-2%6%1(&-$* & 81-!%-

$(&(/ +".%,  $( Ba, V, Mo, Ti. D:'-#( (41-69=?%" 9)$(/.%&0" #-14%:0 ,"-

$-220 Ta, W, Zr '" ,(89$ 9)+"5'( -'-2%6%1(&-$*)3 & 81-!%$(&0< +".-<. X%-

,%.")#%" +(,"<% ,(89$ 40$* :( '"#($(1(/ )$"+"'% )'%;"'0 +9$", $?--

$"2*'(8( &04(1- +-1-,"$1(& )$-:%% +%1(2%6-, .$(40 9,"'*5%$* #(2%.")$&( 

,-$1%70, ()$-=?"/)3 # '-.-29 -$(,%6-7%%. A$% +(,"<% .-)$( 9,"'*5-=$)3 

+1% %)+(2*6(&-'%% +(&05"''(/ $",+"1-$910 -$(,%6-7%%, - +()#(2*#9 -$(-

,%6-7%3 ) +2-$!(1,0 +(6&(23"$ 6'-.%$"2*'( 9&"2%.%$* $",+"1-$919  $(/ 

)$-:%% :23 ,'(8%<  2","'$(&, $( %)+(2*6(&-'%" +%1(2%$%.")#(/ +2-$!(1,0 

,(;"$ +1%'")$% 4(2*59= +(2*69 & +1-#$%.")#%< -'-2%6-<. 

F-%4(2"" 1-)+1()$1-'"''0,  !!"#$%&'0, )+()(4(, 9)$1-'"'%3 <%-

,%.")#%< +(,"< 3&23"$)3 <%,%.")#-3 ,(:%!%#-7%3 (41-67-, $.". :(4-&2"'%" 

&"?")$&- %2% ),")% &"?")$&, #($(10" (#-60&-=$ &2%3'%" '- 2"$9.")$* #(,-

+('"'$(& +1(40 (,-$1%70 %2% -'-2%$-). 

3'$&0-.4567$ '()$*!. >+"#$1-2*'0" +(,"<% &  2"#$1($"1,%."-

)#(, -$(,%6-$(1" %,"=$ $9 ;" +1%1(:9, .$( % & +2-,"''(,. >&"$ +(82(?-=$ 

'" $(2*#( -$(,0 (+1":"23",(8(  2","'$- ()"2"#$%&'(" +(82(?"'%"), '( % 

,(2"#920, (41-69=?%")3 +1% :")$19#7%% ,-$1%70, %2% -$(,0 )(+9$)$&9=-

?%<  2","'$(& ('")"2"#$%&'(" !('(&(" %2% '"-$(,'(" +(82(?"'%"). I"692*-

$%19=?"" +(82(?"'%" 6-&%)%$ $-#;" ($ $"+2(&(8( %629."'%3 '-81"$(/ +".%.  
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>+"#$1-2*'0" +(,"<%, &06&-''0" :198%,%  2","'$-,%, %,"=$ ,")$(, 

#(8:- )+"#$1-2*'0" 2%'%% ,"5-=?"8( % -'-2%6%19",(8(  2","'$(& +"1"-

#10&-=$)3. T ).-)$*=,  $($ $%+ +(,"< :()$-$(.'( 1":(# +1% 1-4($" ) 81-!%-

$(&(/ +".*= %6-6- 96()$% %)+(2*69",0< )+"#$1-2*'0< 2%'%/. T1(," $(8(, 

1-61-4($#- +(:<(:3?%< $",+"1-$91'0< +1(81-,, % %)+(2*6(&-'%" 2-,+ &0-

)(#(/ )+"#$1-2*'(/ .%)$($0 & #-.")$&" %)$(.'%#- )&"$- ,(;"$ ,%'%,%6%1(-

&-$* &(6,(;'()$* +1(3&2"'%3 +(,"<  $(8( $%+-. 

G('(&(" ('")"2"#$%&'(") +(82(?"'%" (40.'( &06&-'( %2% ,(2"#9-

231'0, +(82(?"'%", )(2"/, #($(10", %)+-1%&5%)*, +(+-:-=$ '- (+$%."-

)#%/ +9$*, %2% 1-))"3'%", )&"$- '- ($:"2*'0< .-)$%7-< &"?")$&- +1% %)+--

1"'%% ,-$1%.'0< #(,+('"'$(& '- )$-:%% -$(,%6-7%%. I-))"3'%" )&"$- 

(40.'( %81-"$ '"4(2*59= 1(2*, & $( &1",3 #-# 5%1(#(+(2()'(" +(82(?"'%" 

,(2"#9231'0,% .-)$%7-,% 4(2"" )9?")$&"''(. H(2()0 ,(2"#9231'(8( +(-

82(?"'%3 ,(89$ +1()$%1-$*)3 '- '")#(2*#( )($"' '-'(,"$1(&, 9&"2%.%&-3 

$", )-,0, &"1(3$'()$* )+"#$1-2*'0< +(,"<. Q,"''( $-#(/ $%+ )+"#$1-2*-

'0< +(,"< '-%4(2"" 1-)+1()$1-'"' +1% -'-2%6-< ) 81-!%$(&(/ +".*=. @"2%-

.%'- '"1"6('-')'(8( (!('(&(8() +(82(?"'%3 ,(;"$ )%2*'( %6,"'3$*)3 & 6--

&%)%,()$% ($ $%+- (41-67-. H( $(,9  !!"#$%&'()$* !('(&(/ #(11"#7%% 

+1%4(1- ,(;"$ 6-&%)"$*  #-# ($ %)+(2*6(&-''(/ :2%'0 &(2'0 (+1":"23",(8( 

 2","'$-, $-# % ($ +1%1(:0 % &"2%.%'0 +(,"<. 

H1% -'-2%6" & 81-!%$(&(/ +".% '")"2"#$%&'(" +(82(?"'%" ,(;"$ 

40$* 6'-.%$"2*'0, '- :2%'-< &(2' :( 340',, % !('(&0/ )%8'-2 ,(;"$ +1"-

&()<(:%$* 1,0 -4)(147%(''()$%. >9?")$&9"$ $1% )+()(4- 4(1*40 )  $%, 3&-

2"'%",: 

  #(11"#7%3 !('-; 

  +(:<(:3?"" +1(81-,,%1(&-'%" $",+"1-$910; 

  <%,%.")#-3 ,(:%!%#-7%3. 

T-# 9;" ($,".-2()* 1-'"", #(11"#7%= !('- )2":9"$ +1%,"'3$* &)"8:- 

+1% -'-2%6" & 81-!%$(&(/ +".%. @(-+"1&0<, .$(40 +(29.%$* :()$(&"1'0/ 

-'-2%$%.")#%/ 1"692*$-$. @(-&$(10<, .$(40 9)$-'(&%$*, :"/)$&%$"2*'( 2% 

%,""$ ,")$( !('(&(" +(82(?"'%", % %6,"1%$* !('(&0/ )%8'-2, ")2%  $( '"-

(4<(:%,(. @-$1"$*%<, .$(40 +1(&"1%$*  !!"#$%&'()$* :198%< ,"1. 

>"1*"6'9= +1(42",9 +1% -'-2%6" )2(;'0< ,-$1%7 )()$-&23"$ '-2%-

.%" )$19#$91%1(&-''(8( !('-, $.". 13:- 96#%< ,(2"#9231'0< +(2() (#(2( 

2%'%% -'-2%$-. J-#(/ !(' '-42=:-"$)3, '-+1%,"1, +1% (+1":"2"'%% )2":(& 

As, Se, P  & ,-$1%7" FeCl3. F-%4(2"" 1-:%#-2*'( +1(42",- 9."$- $-#(8( !('- 

1"5-"$)3 ) +(,(?*= 6"",-'(&)#(/ #(11"#7%%. E"/$"1%"&0/ #(11"#$(1 & 

 $%< )29.-3< ,(;"$ :-&-$* '"+1-&%2*'0/ 1"692*$-$. H1"%,9?")$&(, 6"",--

'(&)#(/ #(11"#7%% !('- 3&23"$)3 $-#;" &(6,(;'()$* 9."$- '")"2"#$%&'0< 

+(,"< &( &)", :%-+-6('" :2%' &(2' )+"#$1(,"$1-, & $( &1",3 #-# :"/)$&%" 

:"/$"1%"&(8( #(11"#$(1- 1-)+1()$1-'3"$)3 2%5* '- 92*$1-!%(2"$(&9= (4-

2-)$* (:( 400 ',). 

E(4-&#- '- )$-:%% +%1(2%6- # %'"1$'(,9 8-69 :198(8( (:(+(2'%$"2*-

'(8() 8-6-, '-+1%,"1, #%)2(1(:- :23 (18-'%.")#%< ,-$1%7 %2% &(:(1(:- :23 
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8-2(8"'%:'0< ,-$1%7, ,(;"$ )+()(4)$&(&-$* 6'-.%$"2*'(,9 )'%;"'%= '"-

)"2"#$%&'(8( +(82(?"'%3 % <%,%.")#%< +(,"< & 8-6(&(/ !-6". @ +"1&(, 

)29.-" #%)2(1(: )+()(4)$&9"$ 4(2"" 40)$1(,9 %  !!"#$%&'(,9 9:-2"'%= 

(18-'%.")#(/ )()$-&23=?"/ +1(40, &( &$(1(, – 9:-2"'%= 8-2(8"'%:-%('- & 

&%:" 8-2(8"'&(:(1(:- % 9)$1-'"'%= "8( &2%3'%3 '- -'-2%$. 

U'-.%$"2*'( )'%6%$* &"2%.%'9 '")"2"#$%&'(8( +(82(?"'%3 ,(;"$ 

&04(1 $",+"1-$91'(-&1","''(/ +1(81-,,0 '-81"&- -$(,%6-$(1-. ]"2* +1(-

81-,,%1(&-'%3 $",+"1-$910 +1% '-2%.%% !('(&(8( +(82(?"'%3 )()$(%$ & 

$(,, .$(40: 

  9:-2%$* &"?")$&( ,-$1%70, &060&-=?"" !('(&(" +(82(?"'%", :( 

)$-:%% -$(,%6-7%% 4"6 +($"1% -'-2%$-; 

  )(6:-$* ,";:9 )%8'-2(, !('- % )%8'-2(, -'-2%$- $-#(/ &1","'-

'(/ +1(,";9$(#, .$(40  $% :&- )%8'-2- '-42=:-2%)* % %6,"132%)* +( ($-

:"2*'()$%. 

R)2%  $( +1-#$%.")#%" '"()9?")$&%,(, '"(4<(:%,( %)+(2*6(&-$* <%-

,%.")#%" ,(:%!%#-$(10. F"%6($"1,%.'()$* -$(,%6-$(1- )(6:-"$ 9)2(&%3 

:23 (41-6(&-'%3 ,(2"#92 % 9&"2%.%&-"$ '")"2"#$%&'(" +(82(?"'%". H( $(-

,9 (:'%, %6 )+()(4(& 4(1*40 ) '")"2"#$%&'0,% +(,"<-,% 3&23"$)3 -$(,%-

6-7%3 +1%  %6($"1,%.")#%< 9)2(&%3<. C$(,%6-7%3 ) +2-$!(1,0 +1% ,-#)%-

,-2*'(/ )#(1()$% +(&05"'%3 $",+"1-$910 '- )$-:%% -$(,%6-7%% (L 

2000
(
C/)) )+()(4)$&9"$ )'%;"'%= '")"2"#$%&'(8( +(82(?"'%3, (:'-#( +1% 

 $(, +(3&23"$)3 :198-3 $19:'()$* – '"(4<(:%,()$* #(,+"')-7%% '")"2"#-

$%&'0< +(,"< +1% 1"6#(, (40)$1(,) &0<(:" -'-2%$%.")#(8( )%8'-2-, .$( 

$1"49"$ '-2%.%3 & )+"#$1(,"$1"  )%)$",0 40)$1(/ (41-4($#% )%8'-2- (40)$-

1(:"/)$&9=?"8( #(11"#$(1-). 

D)$-'(&%,)3 '-  !!"#$" 6-)&".%&-'%3 ($ +".%. @ '(1,-2*'0< 9)2(-

&%3< )&"$, %)+9)#-",0/ )$"'#-,% $194#% +".% % :()$%8-=?%/ :"$"#$(1-, '" 

49:"$ &060&-$* '%#-#%< +1(42",, $.#. 3&23"$)3 )$-7%('-1'0, +( +1%1(:". 

D' 9&"2%.%&-"$ +()$(3''9= )()$-&23=?9= )%8'-2- % 2"8#( ,(;"$ 40$* 

)#(11"#$%1(&-'  2"#$1('%#(/ +1%4(1-. D:'-#(, ,(;"$ )29.%$*)3, .$( %629-

."'%" ($ +".%, :()$%8-=?"" !($(9,'(;%$"23, '-)$(2*#( %'$"')%&'(, .$( 

+()$(3''( :"/)$&9=?%/ )%8'-2 (+()$(3''-3 )()$-&23=?-3 )%8'-2-)  !!"#-

$%&'( «6-$(+23"$» 7"+* 9)%2%$"23 :"$"#$(1- % +()$(3''(" '-+13;"'%" ),"-

?"'%3 '" ,(;"$ 40$* +1%2(;"'( :23 +(29."'%3 +1-&%2*'(/ #(11"#7%%. @ 

 $(, )29.-" ,(;"$ '-42=:-$*)3 ),"?"'%" '92"&(/ 2%'%%, )(($&"$)$&9=?"" 

(5%4#" & #(11"#7%%. G($($(#, &(6'%#-=?%/ & !($(9,'(;%$"2", )(($&"$)$-

&9"$ +1%42%6%$"2*'( :2%'" &(2'0 500', +1% $",+"1-$91" +".% 2700 
(
>. H(-

 $(,9 &"1(3$'()$* &#2-:- & &"2%.%'9 )%8'-2- %629."'%3 ($ +".% '-%4(2"" 

&"2%#- :23  2","'$(&, ()'(&'0" -4)(147%(''0" 2%'%% #($(10< 2";-$ & 1-/-

('" 500', % #($(10" $1"49=$ &0)(#(/ $",+"1-$910 -$(,%6-7%%. A$( $-#%" 

 2","'$0, #-# IUA (Dy, Er, Eu, Tb), Ba % Ca. 

C$(,%6-$(1 &)"8:- :(2;"' 40$* 9)$-'(&2"' $-#%, (41-6(,, .$(40 

,%'%,-2*'(" #(2%.")$&( %629."'%3 ($ +".% :()$%8-2( !($(9,'(;%$"23. 

D40.'(  $( ,(;"$ 40$* :()$%8'9$( 1"892%1(&#(/ &0)($0 +".% $-#%, (41--
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6(,, .$(40 ."1"6 '"" +1(<(:%2 ,-#)%,9, )&"$- ($ 2-,+0 ) +(20, #-$(:(,. 

T1(," $(8(, ,(;"$ 40$* %)+(2*6(&-'- 9,"'*5"''-3 (1":97%1(&-''-3) &0)(-

$- ?"2% & $"< )29.-3<, #(8:-  $( $1"49"$)3. H"1": '-.-2(, -'-2%6- '"(4<(-

:%,( +1(&")$% <(2()$(/ (4;%8 +".% (4"6 (41-67-) :23 $(8(, .$(40 40$* 9&"-

1"''0,, .$( '"$ ),"5"'%3 '92"&(/ 2%'%% &)2":)$&%"  ,%))%%.    

3!%0$).0!#$%&!$ '(,-$86(%0!. H(,%,( ,-$1%.'0< &2%3'%/, 

)&36-''0< ) 1-62%.%3,% ,";:9 )()$-&(, 81-:9%1(&(.'0< 1-)$&(1(& % 1"-

-2*'0< (41-67(&, '- 1-62%.'0< )$-:%3< -'-2%6- ,(89$ &(6'%#-$* % :198%" 

+1(42",0, #($(10" )+()(4'0 (#-60&-$* &2%3'%" '- $(.'()$* % +1-&%2*'()$* 

1"692*$-$(&. D)'(&'0,% +($"'7%-2*'0,% %)$(.'%#-,% (5%4(# 3&23=$)3: 

-) 6-8136'"'%" $194#% (81-!%$(&(/ +".%); 

4) 6-8136'"'%" +()9:0 % 1-)$&(1(& (1"-8"'$(&, #('$"/'"1(&, ,(:%!%-

#-$(1(&); 

&) +-,3$* $194#%. 

@ '(&0< 81-!%$(&0< -$(,%6-$(1-< ,(89$ +1%)9$)$&(&-$* )2":0 '"#(-

$(10<  2","'$(& #-# )2":)$&%" +1(7"))- %68($(&2"'%3. J194#% ,(89$ 40$* 

2"8#( (.%?"'0 & +1(7"))" 2-3 <(2()$0< (4;%8(& (4"6 &'")"'%3 (41-67-) +1% 

$",+"1-$91"  2700 
(
>, +1% #($(1(/ 9:-23"$)3 4(2*5%')$&( +1%,")"/. E23 

 2","'$(&, $",+"1-$91- -$(,%6-7%% #($(10< &05"  2700 
(
>, $194#- :(2;'- 

(.%?-$*)3 +1% 1"#(,"':(&-''(/ $",+"1-$91" -$(,%6-7%%. F"(4<(:%,( +(&- 

$(13$*  $($ +1(7")) :( $"< +(1, +(#- '" 49:"$ +(29."' +()$(3''0/ 91(&"'* 

)%8'-2- ($ <(2()$(8( 1-)$&(1-. 

E( '-.-2- -'-2%6(& :(2;'( 40$* 9:-2"'( 6-8136'"'%" 2=40< 1"-8"'-

$(&, <%,%.")#(8( ,(:%!%#-$(1- %2% +()9:0. @ 81-!%$(&(/ +".% &0)(#-3 

)$"+"'* (.%)$#% %)+(2*6(&-''0< 1"-8"'$(&  % +()9:0 (."'* &-;'-. @)"8:- 

'"(4<(:%,(  +1(&(:%$* -'-2%6 <(2()$0< 1-)$&(1(& (blank). H1%  $(, '"(4-

<(:%,( 8($(&%$* % #('$1(2%1(&-$* )2":9=?%" <(2()$0" 1-)$&(10. 

T-2%41(&(.'0/ <(2()$(/ 1-)$&(1 – !('(&0/ 1-)$&(1, %)+(2*69=-

?%/)3 :23 +1%8($(&2"'%3 % 1-64-&2"'%3 81-:9%1(&(.'0< 1-)$&(1(& (.-?" 

&)"8( 0,1-1% 1-)$&(1 -6($'(/ #%)2($0). T-2%41(&(.'0/ <(2()$(/ (+0$ –  $( 

'92"&(/ 81-:9%1(&(.'0/  1-)$&(1, %)+(2*69",0/ :23  -&$(,-$%.")#(/ 9)$--

'(&#% '923 & -$(,'(--4)(147%(''(, )+"#$1(,"$1". H( &"2%.%'" )%8'-2- #--

2%41(&(.'(8( <(2()$(8( ,(;'( )9:%$* ( 6-8136'"'%% %)+(2*6(&-''0< 1"--

8"'$(& (&(:-, #%)2($0) (+1":"23",0,  2","'$(,. @ )29.-", ")2% ,"$(:%#- 

+1":+(2-8-"$ %)+(2*6(&-'%" ,(:%!%#-$(1(&, +1% -'-2%6" #-2%41(&(.'(8( 

<(2()$(8( 1-)$&(1- :(4-&23"$)3 '"(4<(:%,(" #(2%.")$&( ,(:%!%#-$(1-. 

F"1":#( &0)(#%/ )%8'-2 +(82(?"'%3 #-2%41(&(.'(8( <(2()$(8( )&36-' ) 6--

8136'"'%", ,(:%!%#-$(1- (+1":"23",0,  2","'$(,. 

[-4(1-$(1'0/ <(2()$(/ (+0$ :(2;"' )(:"1;-$* &)" 1"-8"'$0 & $"< 

;" )-,0< (4B",-<, #($(10" %)+(2*69=$)3 +1% (41-4($#" (41-67(&. D' :(2-

;"' &#2=.-$* +(2'9= )<",9 (41-4($#% (41-67(&, & $(, .%)2" 1-62(;"'%" 

+1(40. 

D+(2-)#%&-=?%/ <(2()$(/ 1-)$&(1 – 1-)$&(1, %)+(2*69",0/ :23 

+1(,0&-'%3 )%)$",0 -&$(,-$%.")#(8( :(6%1(&-'%3 +1% %)+(2*6(&-'%% -&-
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$(,-$- +1(4(+(:-.%. D40.'( :23  $%< 7"2"/ %)+(2*69=$ 4%:%)$%22%1(&-'-

'9=  %2% :"%('%6%1(&-''9= &(:9 ) :(4-&2"'%", '"4(2*5(8( #(2%.")$&- 

-6($'(/ #%)2($0 (1:1000) %2% +(&"1<'()$'(8( -#$%&'(8( &"?")$&- Triton – X 

100 (+1% 1-4($" ) (18-'%.")#%,% 1-)$&(1-,%).  

Q, '-#('"7, (4  !!"#$-< +-,3$% 81-!%$(&(/ $194#%. I3:  2","'$(& – 

Ti, Sr, Mo, V % :1. – (41-69"$ )$-4%2*'0" $98(+2-&#%" #-14%:0 &'9$1% 81--

!%$(&(8( -$(,%6-$(1-, & 1"692*$-$" ."8( .-)$* (+1":"23",(8(  2","'$- ()$--

"$)3 & 81-!%$(&(/ $194#" +()2" -$(,%6-7%%. @ )&36% )  $%, &( &1",3 )2"-

:9=?"8( (+1":"2"'%3 +1(3&23"$)3 ()$-$(.'0/ )%8'-2, $.".  !!"#$ +-,3$%. 

Y,"'*5%$*  !!"#$ +-,3$% ,(;'( )2":9=?%,% )+()(4-,%: 

  9&"2%."'%", $",+"1-$910 %2% &1","'", -$(,%6-7%%; 

  &#2=."'%", & #('7" -'-2%$%.")#(/ +1(81-,,0 5-8- (.%)$#% $194#%, 

(4")+".%&-=?"8( +(2'(" 9:-2"'%" ()$-$#(& (+1":"23",(8(  2","'$- +1% 

,-#)%,-2*'(, +($(#" 6-?%$'(8( 8-6-. 

A!!"#$0 +-,3$% ,(;'( (4'-19;%$* +1% &0+(2'"'%% <(2()$(8( (4-

;%8- -$(,%6-$(1- ($.". & ($)9$)$&%% (41-67-). R)2% )%8'-2 :23 <(2()$(8( (4-

;%8- 4(2*5", .", +1% +()2":9=?", (4;%8" & +1%)9$)$&%% <(2()$(8( 1-)-

$&(1-, $( '"(4<(:%,( +1":+1%'3$* 5-8% :23 9,"'*5"'%3  !!"#$- +-,3$%. 

5.5. <)(-*"!*("#$+(,-!(  &*!#'!-&1,!"12$!''!(  !3"(5()('$(  

*"=5'!&*!#$6$"=(#>8  /)(#('*!% 

@  #-.")$&"  -$(,%6-$(1(&  :23  -$(,'(--4)(147%(''(8(  -'-2%6-  5%-

1(#(  +1%,"'3=$)3  81-!%$(&0"  +".%. D:'-#(  #198  (+1":"23",0<  )  '%,%  

 2","'$(&  &  ()'(&'(,  (81-'%."'  2"8#(-  %  )1":'"2"$9.%,%  ,"$-22-,%. 

D+1":"2"'%"  $19:'(2"$9.%<  ,"$-22(&  )&36-'(  )  '"(4<(:%,()$*=  %)-

+(2*6(&-'%3  ,-#)%,-2*'0<  $",+"1-$91  '-81"&-  (2700-2800
(
>), (:'-#(  

:-;"  &   $(,  )29.-"  +"1"&":"'%"  2","'$(& & 8-6(&9= !-69 (#-60&-"$)3  

6-,":2"''0,  %  '"+(2'0,. A$(  +1%&(:%$  #  +(3&2"'%=  “+-,3$%”  +".%, 

9,"'*5"'%=  .9&)$&%$"2*'()$%  %6,"1"'%/. T1(,"  $(8(, &0)(#-3  $",+"1--

$91-  &060&-"$  40)$1("  1-6195"'%"  81-!%$-  %  +(3&2"'%"  59,(&  ($  6--

)&"$#%  !($(+1%",'%#-  1-)#-2"''0,%  )$"'#-,%  +".%, -  )2":(&-$"2*'(, %  

)9?")$&"''("  9<9:5"'%"  +1":"2(&  (4'-19;"'%3. 

T  .%)29  $-#%<  $19:'0<  :23  %)+-1"'%3  &  81-!%$(&0<  +".-<  ,"$-2-

2(&  ($'()3$)3: )#-':%/, %$$1%/, 2-'$-', 2-'$-'(%:0 (6-  %)#2=."'%",  %$-

$"14%3), 4-1%/, #1",'%/, $%$-', 91-', 7%1#('%/, &-'-:%/  %  :1. D)'(&'(/  

+1%.%'(/  '%6#(/  )#(1()$%  %)+-1"'%3  9#-6-''0<   2","'$(&  &  81-!%$(-

&0<  +".-<  3&23"$)3  (41-6(&-'%"  4(2""  $19:'(2"$9.%<  +(  )1-&'"'%=  )  

,"$-22-,%  #-14%:(&  (+1":"23",0<   2","'$(&, -  $-#;"  (41-6(&-'%"  +%-

1(982"1(:%)$0<  (4(2(."#  '-  .-)$%7-<  +1(40. D."&%:'0/  )+()(4   9)$1--

'"'%3   $(8(  '":()$-$#-  6-#2=.-"$)3  &  %6(237%%  &&(:%,(/  &  -$(,%6-$(1  

+1(40  ($  )$"'(#  81-!%$(&(/  +".%  %2%  &  +1%,"'"'%%  4"6982"1(:%)$0<  

+"."/. 

I"5"'%=  +1(42",0  -$(,'(--4)(147%(''(8( (+1":"2"'%3  $19:'(-

-$(,%6%19",0<   2","'$(&  )  %)+(2*6(&-'%",   2"#$1($"1,%.")#%<  -$(,%-
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6-$(1(&  +()&3?"'(  ,'(8(  1-4($. Q6  1-62%.'0<  +(+0$(#  '-%4(2""  9)-

+"5'0,%  )2":9"$  +1%6'-$*  )2":9=?%":  

1) Q)+-1"'%"  +1(4  )  +(&"1<'()$%  $-'$-2(&(/  !(2*8%, #($(1(/  !9$"-

1(&-'-  %6'9$1%  81-!%$(&-3  +".*. 

2) H1%,"'"'%"  $-'$-2(&(/  2(:(.#%  :23  %6(237%%  +1(4  ($  81-!%$-  

+".%. 

3) Q)+-1"'%"  +1(4  )  $-'$-2(&(/  +2-$!(1,0  &  81-!%$(&(/  +".%, !9-

$"1(&-''(/  $-'$-2(&(/  !(2*8(/. 

4) @&":"'%"  +1(4  &  81-!%$(&9=  +".*  '-  ,"$-22%.")#(,  6(':"  %6  W-

+1(&(2(#%. 

5) Q)+-1"'%"  +1(4  &  $194.-$(/  +".%, 7"2%#(,  %68($(&2"''(/  %6  

&(2*!1-,-  %2%  $-'$-2-. 

A$%  +1%",0  (4")+".%&-=$  :23  13:-   2","'$(&  10-100-#1-$'0/  

&0%8105  &  .9&)$&%$"2*'()$%  (+1":"2"'%3, 9,"'*5"'%"  $",+"1-$910  

-$(,%6-7%%  %  )'%;"'%"   !!"#$-  +-,3$%  +".%. T  )(;-2"'%=, +()2":'%" 

:&-  +1%",-  $1"49=$  '"#($(1(/  ,(:%!%#-7%%  -$(,%6-$(1-, 1"8%)$1%19=-

?"/  )<",0  %  +1(7":910  %6,"1"'%/. J-#, %)+(2*6(&-'%"  +".%  %6  &(2*!-

1-,(&(/  !(2*8%  +1":+(2-8-"$  '"  $(2*#(  ),"'9  &)"8(  -$(,%6-$(1-  %  

42(#-  +%$-'%3, '(  %  +1%,"'"'%"  &0)(#(1-61"5-=?"/  ()7%22(81-!%."-

)#(/  )%)$",0  1"8%)$1-7%%  )%8'-2(&. A$(  )&36-'(  )  ,-2(/  :2%$"2*'()$*=  

%,+92*)(&  -4)(147%%, )()$-&23=?"/  &  13:"  )29.-"&  0,1  ). H1%   $(,  9$-

1-.%&-=$)3  '"#($(10"  +1"%,9?")$&-  1-)+1()$1-'"''0<  )%)$",  -$(,'(-

-4)(147%(''0< )+"#$1(,"$1(&, &  $(,  .%)2"  &(6,(;'()$*  '-:";'(/  #(1-

1"#7%%  )+"#$1-2*'0<  +(,"<. 

T1(,"  +"1".%)2"''0<  &05"  '-%4(2""   !!"#$%&'0<  +1%",(&  +(-

&05"'%3  .9&)$&%$"2*'()$%  (+1":"2"'%3  $19:'(-$(,%6%19",0<   2","'$(&  

+1%,"'3=$  $-#;": +(#10$%"  )$"'(#  +".%  +2"'#(/  #-14%:-  $-'$-2-  %2%  

'%(4%3  +9$",  1-62(;"'%3  ,"$-22((18-'%.")#%<  )(":%'"'%/, (41-4($#9  

)$"'(#  81-!%$(&0<  +"."/  )(23,%  7%1#('%3  %2%  2-'$-'-, )9)+"'6%"/  (#-

)%:-  $-'$-2-, )(23,%  &(2*!1-,-, $%$-'-, #-2*7%3. 

I-)),($1%,  4(2""  +(:1(4'(  '"#($(10"  '-%4(2""   !!"#$%&'0"  

)+()(40  +(&05"'%3  .9&)$&%$"2*'()$%  -$(,'(--4)(14%(''(8(   2"#$1(-

$"1,%.")#(8(  (+1":"2"'%3  $19:'(-$(,%6%19",0<   2","'$(&  %  $"(1"$%."-

)#("  (4()'(&-'%"   $%<  +1(7"))(&. 

9%'.-$6!$  '-(:  %  '(+$-*6(%0!  ,-./!0(+(1  '$#!, /;-

0$-(+.66(1  0.60.4(+(1  /(45,(1. G9$"1(&#9  81-!%$(&0<  +"."/  

$-'$-2(&(/  !(2*8(/  +1(&(:3$  )2":9=?%,  (41-6(,. U-8($(&#9  %6  $-'$--

2(&(/  !(2*8%  $(2?%'(/  0,10-0,15  ,,  (1%).5.1), +1":&-1%$"2*'(  )&"1'9-

$9=  &  &%:"  7%2%':1-, &)$-&23=$  &  +".*  $-#%,  (41-6(,, .$(40  #('70  6--

8($(&#%  &+2($'9=  )$0#(&-2%)*  ,";:9  )(4(/, -  ($&"1)$%"  &  !(2*8"  :%--

,"$1(,  2  ,,  )(&+-:-2(  )  :(6%1(&(.'0,  ($&"1)$%",  +".%. E23  )$-'-

:-1$'0<  +"."/  )  &'9$1"''%,  :%-,"$1(,  5,8  ,,  %  :2%'(/  28  ,,  '"(4-

<(:%,-  6-8($(&#-  %6  !(2*8%  5%1%'(/  17  ,,. @   $(,  )29.-"  ,";:9  '"/  

%  )$"'#-,%  +".%  (41-69"$)3  '"4(2*5(/  6-6(1. H1%  ($;%8"  +1(%)<(:%$  
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1-)5%1"'%"  ,"$-22-, &  1"692*$-$"  ."8(  6-6(1  +1-#$%.")#%  %)."6-"$  %  

!(2*8-  :()$-$(.'(  +2($'(  +1%2"8-"$  #  )$"'#-,. @,")$"  )  $",  +1%  '"(4-

<(:%,()$%  ""  2"8#(  &0'9$*  %6  +".%.  

 

  
I%)9'(# 5.1 - G(1,-  %  1-6,"10 (,,)  6-8($(&#%  %6  $-'$-2(&(/  !(2*-

8% 

I"#(,"':9"$)3  !9$"1(&-$*  81-!%$(&9=  +".*  7%2%':1-,%  %6  !(2*8%  

:2%'(/  14-15  ,,. H1%  4(2*5"/  :2%'"  7%2%':1-  &  1"692*$-$"  59'$%1(-

&-'%3  7"+%  ,";:9  7%2%':1(,  %  )$"'#-,%  +".%  &(6'%#-"$  :98(&(/  1-6-

13:  %  +1(%)<(:%$  &")*,-  40)$1("  1-6195"'%"  #1-"&  !(2*8%. Q64";-$*  

"8(  ,(;'(, !9$"193  +(2()$*  '")#(2*#%,%  #(1($#%,%  7%2%':1-,%, '"  )(-

+1%#-)-=?%,%)3  :198  )  :198(,. L(;'(  %)+(2*6(&-$*  !9$"1(&#9  +".%  

$1",3  7%2%':1-,%  :2%'(/  10 (7"'$1-2*'-3  )"#7%3)  %  6  ,,  (4(#(&0"  

)"#7%%)  )  6-6(1(,  ,";:9  '%,%  (#(2(  1  ,,. H()2"  9)$-'(&#%  !(2*8%  

+".*  '-81"&-=$  +1%  1-&'(,"1'(,  (&  $"."'%"  5  ,%'9$)  +(:B","  $",+"-

1-$910  :(  2000
(
>  +1%  '"+1"10&'(/  +1(:9&#"  +".%  -18('(,. G9$"1(&#-  

+1-#$%.")#%  (&  +1":"2-<  20
(
>)  '"  &2%3"$  '-  !-#$%.")#9=  $",+"1-$919  

+".%  +(  )1-&'"'%=  )  '"!9$"1(&-''0,  -$(,%6-$(1(,. @(  %64";-'%"  1-)-

$"#-'%3  1-)$&(1-  +(  6-'(&(  9)$-'(&2"''(/  !(2*8"  %  &(6,(;'(8(  #('-

$-#$-  +1(40  )  81-!%$(,  %)+-1"'%"  +1(40  +1(&(:3$  &  $-'$-2(&(/  2(-

:(.#"  )  &0)($(=  4(1$%#-  (#(2(  1  ,,, #($(19=  +(,"?-=$  &  7"'$1"  +"-

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

+1%  &0)(#%<  $",+"1-$91-<  ""  +(&"1<'()$*  )$-'(&%$)3  4981%)$(/  %  1-)-

$"#-'%"  +1(40  '"  '-42=:-"$)3. 

L"$(:%#-  %6,"1"'%/  (40.'-3: &  +".*  :(6%19=$  10-20  ,#2  1-)$&(1-  

%))2":9",(8(   2","'$-, +()2"  "8(  &0)95%&-'%3  +1%  +2-&'(,  +(:B","  

$",+"1-$910  :(  150
(
>  &  $"."'%"  30  )  &#2=.-=$  1";%,  -$(,%6-7%%  (8-

10  )  &  6-&%)%,()$%  ($ (+1":"23",(8(  2","'$-)  )  (:'(&1","''0,  +1%-

#1-?"'%",  '-   $(  &1",3  +1(:9&#%  -18('-  ."1"6  &'9$1"''==  +(2()$*  

+".%. E23  %)#2=."'%3  '")"2"#$%&'0<  +(,"<  )(  )$(1('0  $-'$-2-  +1%  

$",+"1-$91"  &05"  2500
(
>  -$(,%6-7%=   2","'$(&  &  !9$"1(&-''(/  +".%  

+1(&(:3$  &  ,%'%+($(#"  -18('-.  

E-''0"  (  &2%3'%%  !9$"1(&#%  +".%  '-  -'-2%$%.")#%"  <-1-#$"1%-

)$%#%  ,"$(:-  +1":)$-&2"'0  &  $-42.5.6. 
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J-42%7- 5.6 - J",+"1-$91-  -$(,%6-7%%  %  .9&)$&%$"2*'()$**  (+1":"-

2"'%3  #-14%:((41-69=?%<   2","'$(& 

D40.'-3 +".* G9$"1(&-''-3 +".* 

A
2
",

"'
$ 

t, 
(
> m<-1, 8 t, 

(
> m<-1, 8 

>
 t

, 
(
>

 

)(

**

&$ 

&$ 

m

m
 

Al 2700 4,0 = 10 
–11

 2500 2,6 = 10 
–11

 200 1,5 

As 2660 4,0 = 10 
–11

 1700 4,0 = 10 
–11

 960 1,0 

B 2700 1,0 = 10 
–7

 2700 6,0 = 10 
–8

 - 1,6 

Ba 2700 4,0 = 10 
–11

 2400 8,0 = 10 
–12

 300 5,0 

Be 2700 1,0 = 10 
–12

 2500 1,0 = 10 
–12

 200 1,0 

Cs 2600 4,0 = 10 
–11

 2100 1,6 = 10 
–11

 500 3,0 

Cu 2600 5,0 = 10 
–11

 2200 4,0 = 10 
–11

 400 1,3 

Dy 2700 3,0 = 10 
–10

 2500 4,0 = 10 
–11

 200 8,0 

Er 2700 1,0 = 10 
–9

 2500 6,0 = 10 
–11

 200 17,0 

Eu 2600 3,0 = 10 
–10

 2400 3,0 = 10 
–11

 2100 10,0 

Ga 2600 2,0 = 10 
–10

 2400 8,0 = 10 
–11

 200 3,0 

Gd 2700 8,0 = 10 
–8

 2550 2,5 = 10 
–9

 150 35,0 

Ho 2700 5,0 = 10 
–10

 2500 6,0 = 10 
–11

 200 8,0 

La 2700 1,8 = 10 
–7

 2500 8,0 = 10 
–9

 200 22,0 

Li 2600 1,6 = 10 
–11

 2000 5,0 = 10 
–12

 600 3,3 

Lu 2700 3,0 = 10 
–9

 2500 3,0 = 10 
–10

 200 10,0 

Rb 2500 1,2 = 10 
–11

 2000 4,0 = 10 
–12

 500 3,0 

Sc 2700 5,0 = 10 
–10

 2500 5,0 = 10 
–11

 200 10,0 

Sm 2700 1,0 = 10 
–8

 2400 1,0 = 10 
–9

 300 10,0 

Sn 2600 1,4 = 10 
–10

 2200 5,0 = 10 
–11

 400 3,0 

Sr 2700 1,0 = 10 
–11

 2450 4,0 = 10 
–12

 250 2,5 

Tb 2700 3,0 = 10 
–8

 2600 4,0 = 10 
–10

 100 80,0 

Ti 2700 2,0 = 10 
–9

 2500 3,0 = 10 
–9

 200 1,0 

Tm 2700 8,0 = 10 
–11

 2400 2,0 = 10 
–11

 300 4,0 

U 2700 1,7 = 10 
–7

 2650 6,0 = 10 
–9

 50 28,0 

V 2700 2,0 = 10 
–10

 2400 2,0 = 10 
–10

 300 1,0 

Y 2700 6,0 = 10 
–9

 2500 6,0 = 10 
–11

 200 100,0 

Yb 2500 7,0 = 10 
–12

 2400 4,0 = 10 
–12

 100 1,8 

Zr 2700 6,0 = 10 
–8

 2600 4,0 = 10 
–8

 100 1,5 
*V9&)$&%$"2*'()$*  &01-;"'-  &  <-1-#$"1%)$%.")#%<  #(2%.")$&-<   2","'$(&  

m<-1, )(($&"$)$&9=?%<  1%-'(,9  +(82(?"'%=  +1%  -,+2%$9:'(,  )+()(4"  1"8%)$1-7%%  

)%8'-2- 

**U'-,"'-$"2* )(($&"$)$&9"$ (40.'(/, - .%)2%$"2* -  !9$"1(&-''(/ +".% 

T-#  )2":9"$   %6  +1%&":"''0<  &  $-42. 5.6  :-''0<, +1%,"'"'%"  !9-

$"1(&#%  :23  ,'(8%<   2","'$(&  :-"$  )9?")$&"''0/  &0%8105  +(  )1-&'"-
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'%=  )  (40.'0,%  9)2(&%3,%  (+1":"2"'%/, )()$(3?%/  &  9&"2%."'%%  .9&-

)$&%$"2*'()$%  %(%2%)  9,"'*5"'%%  $",+"1-$910  -$(,%6-7%%  +1(4. @  #--

.")$&"  %22=)$1-7%%  '-  1%).5.2  +1%&":"'-  1"8%)$1(81-,,-  )%8'-2(&  )--

,-1%3  +1%  %)+-1"'%%  "8(  &  (40.'(/  +".%  %  &  +".%, !9$"1(&-''(/  $-'-

$-2(&(/  !(2*8(/. 

 
I%)9'(# 5.2 - I"8%)$1(81-,,-  )%8'-2(& 4·10

-8
  8, 8·10

-8 
 8, 16·10

-8
  8  )--

,-1%3  &  (40.'(/  +".%  (-)  %  1·10
-8

  8, 2·10
-8

  8, 4·10
-8

  8  )-,-1%3  &  !9$"1(-

&-''(/  +".%  (4) 

H(  &"2%.%'"   !!"#$-, (4")+".%&-",(8(  !9$"1(&#(/, %))2":(&-''0"  

#-14%:((41-69=?%"   2","'$0  ,(;'(  1-6:"2%$*  '-  3  819++0: 

1. L"$-220, )  $19:(,  %  '"+(2'()$*=  %)+-13=?%")3  +1%  +1":"2*-

'0<  $",+"1-$91-< (2700
(
>)  %  +(.$%  )$(2*  ;"  $19:'(  %)+-13=?%")3  &  

!9$"1(&-''(/  +".%: Al, Be, Ti, V, Zr. @0%8105  &  .9&)$&%$"2*'()$%  :23  

 $%<   2","'$(&    '"  +1"&05-"$  1,5-2  1-6-. 

2. L"$-220, )  $19:(,  %  '"+(2'()$*=  %)+-13=?%")3  +1%  +1":"2*-

'0<  $",+"1-$91-<  '"!9$"1(&-''(/  +".%  %  )1-&'%$"2*'(  2"8#(  %)+-13=-

?%")3  &  !9$"1(&-''(/  +".%: La, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, Sc, Y, 

U, Sr, Ba. @0%8105  &  .9&)$&%$"2*'()$%  :23  4(2*5%')$&-  +"1".%)2"''0<  

 2","'$(&  :()$%8-"$  1-2  +(13:#-. 

3. L"$-220, +1-#$%.")#%  +(2'()$*=  %)+-13=?%")3  &  '"!9$"1(&-'-

'(/  +".%  +1%  $",+"1-$91-<  '-81"&-, ,"'*5%<  +1":"2*'(/, :23  #($(10<  

$",+"1-$91-  -$(,%6-7%%  &  !9$"1(&-''(/  +".%  +1%  $(/  ;"  %2%  +(.$%  

$(/  ;"  .9&)$&%$"2*'()$%  ,(;"$  40$*  )'%;"'-  '-  400-900
( 
>: Cu, Cs, Ga, 

Li, Rb, Sn. 
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E23   2","'$(&, '"  (41-69=?%<  $19:'(2"$9.%<  #-14%:(&, +1%,"'"-

'%"  !9$"1(&#%  '"  :-"$  #-#%<-2%4(  (?9$%,0<  +1"%,9?")$&. T  %<  .%)29  

($'()3$)3, &  .-)$'()$%,  Mo, Co, Ni  %  42-8(1(:'0"  ,"$-220  (Ir, Pd, Pt, Rh, 

Ru). K(2""  $(8(, &)2":)$&%"  (41-6(&-'%3  %'$"1,"$-22%:(&  )  $-'$-2(&(/  

!(2*8(/  ('%  %)+-13=$)3  6'-.%$"2*'(  ,":2"''""  %  '"  +(2'()$*=  :-;"  

+1%  ,-#)%,-2*'(  :()$%;%,0<  $",+"1-$91-<. 

@  -$,()!"1"  -18('-  +1%  $",+"1-$91-<  -$(,%6-7%%  2500-2600
(
>  %  

+1(:(2;%$"2*'()$%  '-81"&-  (#(2(   8-10  )  !9$"1(&#-  (#-60&-"$)3  9)$(/-

.%&(/  &  $"."'%"  200-300  7%#2(&  &#2=."'%3  +".%  (+1%  9)2(&%%  $?--

$"2*'(/  9)$-'(&#%  !(2*8%), .$(  6'-.%$"2*'(  +1"&()<(:%$  (40.'9=  +1(-

:(2;%$"2*'()$*  '-:";'(/  1-4($0  +".%  +1%  ,-#)%,-2*'0<  $",+"1-$91-<, 

)()$-&23=?9=  (#(2(  20-50  7%#2(&. @  ($2%.%"  ($  -18('-  +1(:9&#-  +".%  

-6($(,  &)2":)$&%"  (41-6(&-'%3  '%$1%:-  $-'$-2-  +1%&(:%$  #  ,(,"'$-2*-

'(,9  1-6195"'%=  !9$"1(&#%. @-1*%1(&-'%"  !9$"19",(/  .-)$%  +".%  &  

+1":"2-<  10-25  ,,  +(#-6-2(, .$(  (+$%,-2*'(/  3&23"$)3  :2%'-  !(2*8%  15  

,,. A$-  :2%'-  )(($&"$)$&9"$  1-))$(3'%=  ,";:9  #(2*7"&0,%  '-1"6#-,%  

'-  #1-3<  +"."/, +1%2-8-",0<  #  -$(,%6-$(19  HGA-76. K02%  %))2":(&-'0  

 2"#$1%.")#%"  +-1-,"$10  !9$"1(&-''(/  % (40.'(/ +"."/. >(+1($%&2"'%"  

+".%  )  !(2*8(/  :2%'(/  15  ,,  &)"8(  '-  10%  ,"'*5"  )(+1($%&2"'%3  

(40.'(/  +".%. @  )&36%  )   $%,  ,(;'(  +1"'"41".*  '"#($(10,%  1-62%.%3-

,%  &  !-#$%.")#(/  $",+"1-$91"  !9$"1(&-''(/  %  '"!9$"1(&-''(/  +"."/  

+1%  9)$-'(&#"  (:'(/  %  $(/  ;"  $",+"1-$910  '-  )$-4%2%6%1(&-''(,  +(  

'-+13;"'%=  42(#"  +%$-'%3.  

J-#%,  (41-6(,, +1%,"'"'%"  !9$"1(&-''0<  $-'$-2(,  81-!%$(&0<  

+"."/  +(6&(23"$  &  10-100  1-6  +(&0)%$*  .9&)$&%$"2*'()$*, +(  #1-/'"/  

,"1", :23  10-15   2","'$(&, '-  200-900
(
 > )'%6%$*  $",+"1-$919  -$(,%6--

7%%  :23  20-25  #-14%:((41-69=?%<   2","'$(&, 6-,"$'(  9,"'*5%$*  +--

,3$*  +".%  %  &  '")#(2*#(  1-6  9&"2%.%$*  ""  :(28(&".'()$*. D+%)-''0/  

+1%",  +1%,"'%,  :23  $194.-$0<  +"."/  2=40<  #(')$19#7%/  %  1-6,"1(&.  

<-!)$6$6!$  0.60.4(+(1  4(=(#&!, '()$>$66(1  +  ,-.-

/!0(+;?  '$#5. H1%,"'33 )+()(4  %)+-1"'%3  +1(40  %6  $-'$-2(&(/  2(-

:(.#%, +(,"?-",(/  &  81-!%$(&9=  +".*, ,(;'(  :()$%.*  $"<  ;"  -'-2%$%-

.")#%<  <-1-#$"1%)$%#, .$(  %  +1%  %)+-1"'%%  )(  )$"'#%  !9$"1(&-''(/  +"-

.%. J19:(",#%/  %  '"&()+1(%6&(:%,0/  +1(7"))  !9$"1(&#%  81-!%$(&0<  

+"."/  ,(;"$  40$*  6-,"'"'  '-  4(2""  +1()$(/  %  $"<'(2(8%.'0/ – 5$-,-

+(&#9  2(:(."#  %6  $-'$-2(&(/  !(2*8%. F"(4<(:%,(  ($,"$%$*  $-#;"  9:(4-

)$&(  1-4($0  )  2(:(.#(/  +(  )1-&'"'%=  )  !9$"1(&#(/ -  $(  %  40)$1-3  

),"'-  2(:(."#  +(  ,"1"  &0<(:-  %<  %6  )$1(3, %  %)+(2*6(&-'%"  4(2*5%<  

(4B",(&  1-)$&(1(&  +1%  :(6%1(&#". 

>+()(4  %)+-1"'%3  +1(4  %6  5$-,+(&-''0<  2(:(."#  6-#2=.-"$)3  &  

)2":9=?",. [(:(.#%  ,(;'(  %68($(&%$*  &19.'9=  %6  $-'$-2(&(/  !(2*8%  

$(2?%'(/  0,05-0,10  ,,. H1%,"1'0"  1-6,"10, ,,: :2%'--15, 5%1%'--4, &0-

)($--1. @  '-)$(3?""  &1",3  '"#($(10"  ,-1#%  -$(,'(--4)(147%(''0<  

)+"#$1(,"$1(&  9#(,+2"#$(&-'0  5$-,+(&-''0,%  $-'$-2(&0,%  2(:(.#-,%. 
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[(:(.#%  +(,"?-=$  '-  :'(  +".%  +(:  :(6%1(&(.'("  ($&"1)$%". H".*  )  

'-<(:3?"/)3  &  '"/  2(:(.#(/  $1"49"$  '"#($(1(/  =)$%1(&#%  +(  &0)($". 

H1(49  +(,"?-=$  &  2(:(.#9  )  +(,(?*=  ,%#1(:(6-$(1-  %2%  ,%#1(-

5+1%7-. D4B",  &&(:%,(8(  1-)$&(1-  )()$-&23"$  20  ,#2. H($(#  %'"1$'(8(  

8-6-  ."1"6  &'9$1"''==  +(2()$*  +".%  '-  )$-:%%  -$(,%6-7%%  ($#2=.-=$. 

I"8%)$1-7%=  )%8'-2-  29.5"  &")$%  +(  -,+2%$9:'0,  6'-."'%3,.  

F"(4<(:%,(  ($,"$%$*, .$(  :23  +(29."'%3  )$-4%2*'0<  1"692*$-$(&  

'-:(  +(:(41-$*  $-#%"  9)2(&%3, .$(40  +1":($&1-$%$*  :%!!96%=  &(6:9<-  

."1"6  :(6%1(&(.'("  ($&"1)$%"  &  +1(7"))"  %6,"1"'%/. @  +1($%&'(,  )29-

.-"  &'9$1"''33  +(&"1<'()$*  2(:(.#%  (#%)23"$)3  %2%  +(#10&-"$)3  '%$-

1%:(,  $-'$-2-, .$(  6-,"$'(  +(  4"2(,9  %2%  )%'",9  '-2"$9  '-  '"/. >  

 $(/  7"2*=  +()2"  )$-:%%  -$(,%6-7%%  +1(4  &&(:%$)3  "?"  (:'-  )$-:%3  

:23  ()$0&-'%3  81-!%$(&(/  +".%  &  '"+1"10&'(,  ,%'%,-2*'(,  +($(#"  

-18('-  (~ 5 2/.)  ."1"6  &'9$1"''==  +(2()$*  +".%. 

>%2*'(  #%)20"  1-)$&(10  +1%  :2%$"2*'(,  +1%,"'"'%%  (#%)23=$  

&'9$1"''==  +(&"1<'()$*  2(:(.#%. H( $(,9  '"(4<(:%,(  +()2"  )"1%%  %6-

,"1"'%/  :"2-$*  <(2()$(/  (4;%8  +".%  )  2(:(.#(/, &  $"."'%"  #($(1(8(  

(41-6(&-&5%/)3  (#)%:  %2%  '%$1%:  $-'$-2-  &())$-'-&2%&-"$)3. 

K02(  %))2":(&-'(  %)+-1"'%"  13:-   2","'$(&  )(  )$"'#%  +".%  % )  

$-'$-2(&(/  2(:(.#%, +(,"?"''(/  &  +".*. @  $-42. 5.7 +1%&":"'0  1"692*$--

$0, +(29."''0"  +1%  (+$%,-2*'0<  9)2(&%3<  %6,"1"'%/  :23  #-;:(8(  )+(-

)(4-  %)+-1"'%3  +1(40. V9&)$&%$"2*'()$*  (+1":"2"'%3  &)"<  %))2":(&-'-

'0<   2","'$(&  +1%  %)+-1"'%%  %6  2(:(.#%  &05", .",  +1%  %)+-1"'%%  )(  

)$"'#%  81-!%$(&(/  +".%. >1-&'%&-3  ""  )  .9&)$&%$"2*'()$*=, +(29."''(/  

+1%  %)+-1"'%%  1-)$&(1-  )(  )$"'#%  !9$"1(&-''(/  +".%, ,(;'(  6-#2=-

.%$*, .$(, &  ()'(&'(,,  $%  &"2%.%'0  42%6#%  :198  #  :1989.  

U-,"$%,, .$( +1":)$-&2"''0" & $-42. 5.7 :-''0" +(29."'0  1-6'0,%  

-&$(1-,%  '-  1-6'0<  +1%4(1-<  %  +( $(,9  ):"2-''0" '- %< ()'(&" )1-&'%-

$"2*'0" (7"'#% %,"=$ +1%42%;"''0/ <-1-#$"1. J-#,  '-+1%,"1, :23   2"-

,"'$(&, %,"=?%<  -'-2%$%.")#%"  2%'%%  &  &%:%,(/  .-)$%  )+"#$1-  (4-1%/, 

2%$%/)  %  $1"49=?%<  4(2*5%<  $",+"1-$91  -$(,%6-7%%, .9&)$&%$"2*'()$*, 

+(29."''-3  +1%  %)+(2*6(&-'%%  -$(,%6-$(1(&  HGA-74  %  C-2  49:"$  '%;", 

.",  +1%  %)+(2*6(&-'%%  -$(,%6-$(1(&  IR-603  %  HGA-76 : '-  -$(,%6-$(1"  

HGA-74  :(&(2*'(  '%6#-3  $",+"1-$91-  '-81"&-  +".%, #($(1-3  #  $(,9  ;"  

:()$%8-"$)3  ($'()%$"2*'(  ,":2"''(; '-  -$(,%6-$(1"  C-2  '-42=:-"$)3  6--

)&"$#-  !($(9,'(;%$"23  %629."'%",  ($  1-)#-2"''(/  2(:(.#%. >+"#$1(-

,"$10  IR-603  %  HGA-76  '"  %,"=$   $%<  '":()$-$#(&. 

J-42%7- 5.7 - X-1-#$"1%)$%.")#%"  ,-))0  13:-   2","'$(&  +1%  1-6-

2%.'0<  )+()(4-<  %)+-1"'%3  +1(40 

m<-1, 8  

A2","'$ )(  )$"'#%  (40.-

'(/  +".% 

)(  )$"'#%  !9$"-

1(&-''(/ +".% 

%6 $-'$-2(&(/ 

2(:(.#% 

Ba 1,4 = 10
-10

 - 5,3 = 10
-11
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Li 3,9 = 10
-11

 - 1,4 = 10
-11

 

Sb* 1,8 = 10
-10

 - 3,8 = 10
-11

 

Sm 3,0 = 10
-9

 - 1,0 = 10
-9

 

Pb** 1,2 = 10
-11

 - 4,7 = 10
-12

 

In 5,3 = 10
-11

 1 = 10
-10

 1,4 = 10
-11

 

Cr 9,6 = 10
-12

 - 4,2 = 10
-12

 

Al** 7,2 = 10
-11

 2,6 = 10
-11

 3,2 = 10
-11

 

Ga** 8,8 = 10
-11

 8 = 10
-11

 3,6 = 10
-11

 

Y - 6 = 10
-11

 8,7 = 10
-11

 
*   >+"#$1(,"$1  IR-503  )  -$(,%6-$(1(,  HGA-74   ** H".*  %6  81-!%$-  ,-1#%  HSQ 

F-  1%). 5.3  +1":)$-&2"'0  1"8%)$1(81-,,0  )%8'-2(&  %$$1%3  +1%  

1-62%.'0<  )+()(4-<  %)+-1"'%3  +1(40. Q,+92*)  )%8'-2-  %$$1%3  +1%  %)-

+-1"'%%  +1(40  )(  )$"'#%  +%1(+".%  '"  )+-:-"$  :-;"  +(  %)$"."'%%  10  )  

)  ,(,"'$-  '-.-2-  '-81"&-. >+-:  )%8'-2-  +"1"#10&-"$)3  &(61-)$-=?%,  

)%8'-2(,  “+-,3$%”. H1% %)+-1"'%% 1-)$&(1- )(  )$"'#%  !9$"1(&-''(/  +".%  

)%8'-2  %,""$  4(2""  9:(&2"$&(1%$"2*'9=  !(1,9, +1%8(:'9=  :23  :-2*-

'"/5"/  (41-4($#%  ('-<(;:"'%"  ,-#)%,9,-, +2(?-:%). 

 
I%)9'(# 5.3 - >%8'-20  %$$1%3  +1%  %)+-1"'%%  20  ,#2  1-)$&(1-  )  

#('7"'$1-7%"/  0,1  ,#8/,2  %6  $-'$-2(&(/  2(:(.#%  (-); )(  )$"'#%  !9$"1(-

&-''(/  +".%, #('7"'$1-7%3  1-)$&(1-  0,1  ,#8/,2   (4)  %  )(  )$"'#%  +%1(-

+".%, #('7"'$1-7%3  1-)$&(1-  0,5  ,#8/,2  (&) 

F"4(2*5-3  “+-,3$*”  (49)2(&2"'-  6'-.%$"2*'0,  +1(:(2*'0,  81--

:%"'$(,  $",+"1-$91  81-!%$(&(/  +".%. H1%  %)+-1"'%%  1-)$&(1-  %6  2(-

:(.#%  &  81-!%$(&(/  +".%  +%#%  )$-'(&3$)3  '")#(2*#(  &05"  %  ()$1"". 

J-#%,  (41-6(,, +1%  (+1":"2"'%%  $19:'(-$(,%6%19",0<   2","'$(& 

+1%,"'"'%"  $-'$-2(&0<  2(:(."#  :23  %)+-1"'%3  +1(4  &  81-!%$(&0<  +"-

.-<  3&23"$)3  9:-.'(/  -2*$"1'-$%&(/  $19:(",#(,9  %  '"$"<'(2(8%.'(,9  

)+()(49  -$(,%6-7%%  +1(4  &  +".-<, !9$"1(&-''0<  $-'$-2(&(/  !(2*8(/. 

9%'.-$6!$  '-(:  %  0.60.4(+(1  '4.0/(-)7  +  ,-./!0(-

+(1  '$#!, /;0$-(+.66(1  0.60.4(+(1 /(45,(1. Q)+-1"'%" +1(4 ) 

81-!%$(&(/ +2-$!(1,0 & #-.")$&" )1":)$&-, +1%42%;-=?"8( 1-)+1()$1--

'"''0" )"1%/'0" $194.-$0" -$(,%6-$(10 # %6($"1,%.")#(/ +".% $%+- 81--

!%$(&(/ #=&"$0, '-52( 5%1(#(" 1-)+1()$1-'"'%" & -$(,'(--4)(147%(''(, 

-'-2%6". @,")$" ) $",, &03&%2%)* % (81-'%."'%3  $(/ )%)$",0 -'-2%6-. 

H1";:" &)"8(  $( #-)-"$)3 4(2*5(8( .%)2-  2","'$(&, #($(10" '"&(6,(;'(  
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%)+-13$* ) 81-!%$(&(/ +2-$!(1,0. T '%, ($'()3$)3, & .-)$'()$%, &)" ?"-

2(.'(6","2*'0" % 1":#(6","2*'0" (IUA)  2","'$0. >2":9"$ ($,"$%$*, .$( 

:-;" )( )$"'#% 81-!%$(&(/ +".% '"#($(10" %6 '%< (>", Gd, La, Pr, Tb, Y % 

:1.) %)+-13=$)3 ) $19:(, % '" +(2'()$*=, $-# .$( .9&)$&%$"2*'()$* %< (+1"-

:"2"'%3  .1"6&0.-/'(  '%6#-. 

H1(42",-  -$(,'(--4)(147%(''(8( (+1":"2"'%3 ?"2(.'(6","2*'0< % 

1":#(6","2*'0<  2","'$(& & 1-,#-< 1-)+1()$1-'"''(/ )%)$",0 $",+"1-$91-

'(-)$-4%2%6%1(&-''(/ +".% ) +2-$!(1,(/ ) (40.'(/ -++-1-$91(/  1"5"'-  

+9$",  1"-2%6-7%%  3&'0<  +1"%,9?")$&  ,"$-22(& +"1": 81-!%$(, +1% 

%)+-1"'%% 9#-6-''0< ,"$-22(& % +1%,"'"'%3  +2-$!(1,, 7"2%#(, 

%68($(&2"''0< %6 $-'$-2-, - :23 9,"'*5"'%3 &2%3'%3 982"1(:- )$"'(#  +".% 

'- (41-6(&-'%" 8-6((41-6'0< #-14%:(&, #-# % 1-'"" %)+(2*69=$  !9$"1(&#9 

+".% J--!(2*8(/. L"$(:%#-  +1(&":"'%3   #)+"1%,"'$-  $-#-3  ;",  #-# $-, .$( 

(+%)-'-  &  +1":0:9?%<   1-6:"2-<. H13,(98(2*'0"  +2-$!(1,0  1-6,"1(,  8 

×
 
3 ,,  )  4(1$%#-,%  &0)($(/  1,5 ,,  ,(;'(  %68($(&%$*  &19.'9=  %6  J- – 

!(2*8% $(2?%'(/  0,10 ,,. L-))-  $-#(/  +2-$!(1,0  )()$-&23"$  (#(2(      

0,1 8, ",#()$* – (#(2(  30 ,#2 1-)$&(1-. E23  )$-4%2%6-7%%  '92"&(/  2%'%%  

+1%4(1-  &  9)2(&%3<  %'$"')%&'(/  6-)&"$#%  !($(9,'(;%$"23  )$"'#-,%  

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

#(11"#$(1(,. H1(81-,,- '-81"&- +".% &#2=.-"$ )2":9=?%" )$-:%%: 

&0)95%&-'%" 1-)$&(1- (<190°>); +%1(2%6 +1(40 (500°>); +1(,";9$(.'(" 

(<2-;:"'%" +".% (20
(
>), )+()(4)$&9=?"" ):&%89 %,+92*)- -4)(147%% & 

%6($"1,%.")#9= (42-)$*; -$(,%6-7%3 & 1";%," 40)$1(8( +(:B",- 

$",+"1-$910 (~1900
 (
>/)) % ()$-'(&#% +($(#- -18('-; (4;%8 (<2600°>). 

J",+"1-$919 )$-:%% -$(,%6-7%% &-1*%19=$  & +1":"2-< 2300 - 2650° > & 

7"23< :()$%;"'%3 ,-#)%,-2*'(/ &"2%.%'0 %'$"81-2*'(8( )%8'-2-  %  

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

!($(9,'(;%$"23. H1(:(2;%$"2*'()$* %6($"1,%.")#(8( 9.-)$#- )$-:%% 

-$(,%6-7%% '" +1"&05-"$  5 ). D#-6-2()*, .$( 1-)+1()$1-'"''9=  )%)$",9  

$",+"1-$91'(-)$-4%2%6%1(&-''(/ +".% ) +2-$!(1,(/ ,(;'(  +(2'()$*=  

1-)+1()$1-'%$*  '-  (+1":"2"'%"  $19:'(-$(,%6%19",0<  )  +(&"1<'()$%  

81-!%$-  ,"$-22(&, &  .-)$'()$%  1":#(6","2*'0<  %  ?"2(.'(6","2*'0<  

,"$-22(&.  

D#-6-2()* :()$-$(.'0, 6-,"'%$* )$-':-1$'9= +%1(81-!%$(&9= +2-$-

!(1,9 '- +2-$!(1,9 %6 $-'$-2- % !9$"1(&-$* +".* J--!(2*8(/. H1%  $(, 

+1%'7%+%-2*'0" :()$(%')$&- +2-$!(1,0 #-# )1":)$&- :()$%;"'%3 %6($"1-

,%.")#%< 9)2(&%/ -$(,%6-7%% +1(40 '" $(2*#( )(<1-'%2%)*, '( :-;" 9)%2%-

2%)*. T-# &%:'( %6 1%). 5.4, '- #($(1(, +1%&":"'0 1"8%)$1(81-,,0 )%8'-2(& 

%$$"14%3 '- !('" %6,"'"'%3 &( &1","'% $",+"1-$910 +".%, 6-:"1;#- %,-

+92*)- +1% %)+-1"'%% +1(40 ) +2-$!(1,0 +( )1-&'"'%= ) "" %)+-1"'%", )(  

)$"'#% )()$-&23"$ (#(2( 0,5 ). H( $(,9 &")* %,+92*) 1-)+(2-8-"$)3 '- %6(-

$"1,%.")#(, 9.-)$#" )$-:%% -$(,%6-7%%. E23 ()$-2*'0< %))2":(&-''0< 

 2","'$(& 6-:"1;#- %,+92*)(& (#-60&-"$)3 "?" 4(2*5", .", :23 %$$"14%3. 
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H1% )(+()$-&2"'%% :%'-,%#% '-81"&- +2-$!(1, %6 $-'$-2- % 81-!%$- 

)2":9"$ 9.%$0&-$* :&- (4)$(3$"2*)$&-: $"+2(",#()$* J--+2-$!(1,0, & 5 1-6 

,"'*59= +( )1-&'"'%= )  $(/ ;" &"2%.%'(/ :23 +%1(81-!%$(&(/ +".% (+1% 

(:%'-#(&(/ ,-))"), % & 3 - 4 1-6- ,"'*59= %629.-$"2*'9= )+()(4'()$* +(-

&"1<'()$% $-'$-2- +( )1-&'"'%= ) +(&"1<'()$*= +%1(81-!%$-. 

 

I%)9'(# 5.4 - Q)+-1"'%"  %$$"14%3  )(  )$"'#% (1)  %  )  J- – +2-$!(1,0 

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

$",+"1-$910  +".% 

I"692*$%19=?"" :"/)$&%"  $%< !-#$(1(& :(2;'( )+()(4)$&(&-$* 4(2"" 

)9?")$&"''(,9 ($)$-&-'%= $",+"1-$910 J--+2-$!(1,0 ($ $",+"1-$910 

)$"'#% +".%, ) (:'(/ )$(1('0, % '")#(2*#( 4(2"" 40)$1(,9 '-1-)$-'%= $",-

+"1-$910  +2-$!(1,0, ) :198(/. @ #('".'(, %$(8"  $( :(2;'( 42-8(+1%3$-

)$&(&-$* :()$%;"'%= (+$%,-2*'0< 9)2(&%/ -$(,%6-7%% +1(40 - 

%6($"1,%.'()$% +".% % 40)$1(,9 %)+-1"'%= (+1":"23",0<  2","'$(&.  

D:'-#( "?" 4(2*5"" &2%3'%" '- 9&"2%."'%" )#(1()$% %)+-1"'%3 ,"-

$-22(& % .9&)$&%$"2*'()$* (+1":"2"'%3 (#-60&-"$ %6(237%3 %)+-13=?"/)3 

+1(40 % +-1(& -$(,(& ($ 982"1(:-.  E"2(  &  $(,, .$(  ,'(8%"  %6   $%<  ,"-

$-22(& (Ba, Ca, Eu, Sm, Sr, Tm  %  Yb) &")*,-  2"$9.%  %  '"  (41-69=$  )#(2*-

#(-'%49:*  $19:'(2"$9.%<  )(":%'"'%/. F-+1%,"1, $",+"1-$91-  #%+"'%3  

,"$-22%.")#(8(  "&1(+%3  )()$-&23"$  &)"8(  1600
(
>, -  :-&2"'%"  +-1-  '-:  

#-14%:(,  EuC2, (41-6(&-'%"  #($(1(8(  +1%'3$(  ).%$-$*  ()'(&'(/  +1%.%-

'(/  '%6#(/  2"$9.")$%  +1(40, 9;"  +1%  $",+"1-$91"  1130
(
>  :()$%8-"$  1 

H-. 

I"5-=?9=  1(2*  &  +1(7"))-<  %)+-1"'%3  %  -$(,%6-7%% ,"$-22(&  &  

81-!%$(&0<  +".-<  %81-"$  (41-6(&-'%"  8-6((41-6'0<  #-14%:(&, -  :23  '"-

#($(10<   2","'$(& (@-, Sr) - 8-6((41-6'0< ,('(7%-'%:(&. D41-6(&-'%"  $%< 

)(":%'"'%/  +1%&(:%$  '"  $(2*#(  #  9,"'*5"'%=  :(2% )&(4(:'0< -$(,(& &  

+".%, - )2":(&-$"2*'(, # )'%;"'%= .9&)$&%$"2*'()$%  (+1":"2"'%3, '(  %  #  

(41-6(&-'%=  '-  .-)$%7-<  %)+-13=?"/)3  +1(40 +%1(982"1(:'0< (4(2(-

C 



 136

."#, +1"+3$)$&9=?%< %)+-1"'%= &"?")$&-. A$% (4(2(.#% &(6'%#-=$ & 1"-

692*$-$" .-)$%.'(/ #(':"')-7%% % 1-62(;"'%3 ,(2"#92 8-6((41-6'0< #-14%-

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

$%7-< +1(40. A2"#$1(''(-,%#1()#(+%.")#%"  %))2":(&-'%3  +(2'()$*= +(:-

$&"1;:-=$   $( +1":+(2(;"'%". Ha +(&"1<'()$% +%1(81-!%$(&(/ +2-$!(1,0 

+()2" %)+-1"'%3 ) '"" +1% 2650° > 4(2*5%< #(2%.")$& (25 ,#8) 2-'$-'- ($-

."$2%&( '-42=:-=$)3 +(20" +%1(982"1(:'0" (4(2(.#% 1-6,"1(, :( '"-

)#(2*#%< ,%#1(,"$1(&. 

>2":9"$ ($,"$%$*, .$( $"1,()$(/#()$* 8-6((41-6'0< #-14%:(& IUA & 

7"2(,  &05", .", #-14%:(& ()$-2*'0<   2","'$(&. @ )&(= (."1":*, %6 819+-

+0  IUA '-%4(2"" +1(.'0" #-14%:0 $%+-  L">2 (41-69=$ >", La, I8 % Y. 

A'"18%% :%))(7%-7%% #-14%:(& :-''0< ,"$-22(& '- Me % >2 1-&'0 )(($&"$-

)$&"''( 678; 669; 661 % 653 #E;/,(2*. H( $(,9 '" 9:%&%$"2*'(, .$( %,"''( 

:23  $%< ,"$-22(& :(23 )&(4(:'0< -$(,(& & 81-!%$(&0< +".-< ()(4"''( ,--

2-, -  !!"#$ (41-6(&-'%3 +%1(982"1(:'0< (4(2(."#, 6-$19:'3=?%< %< %)+--

1"'%", '-%4(2"" )9?")$&"'"'. H1":2-8-",0/ )+()(4 -$(,%6-7%% 9)$1-'3"$ 

 $% $19:'()$%.  

@  $-42. 5.8 +1":)$-&2"'0  <-1-#$"1%)$%#%  .9&)$&%$"2*'()$% 

(+1":"2"'%3 $19:'(-$(,%6%19",0<   2","'$(&, +(29."''0"  +1%  1-6'0<  

)+()(4-<  %)+-1"'%3  +1(40: 1) )(  )$"'#%  81-!%$(&(/  +".%; 2) )(  )$"'#%  

+".%, !9$"1(&-''(/  J- – !(2*8(/; 3) )  J- – 2(:(.#%, +(,"?"''(/  &  

81-!%$(&9=  +".*, !9$"1(&-''9=  J--!(2*8(/. 

J-42%7-  5.8 - V9&)$&%$"2*'()$*  (+1":"2"'%3  (+8)  ?"2(.'(6","2*'0<  

%  1":#(6","2*'0<   2","'$(& 

m
p

o  
m i

o  

>$"'#-  81-!%$(&(/  +".% 

A2","'$ 

4"6  40-

)$1(8(  

'-81"&- 

40)$10/  

'-81"&  

+".% 

($#10$0/  

:"1;-$"2*  

+".% 

J--!9$"1(&#-  

81-!%$(&(/  +"-

.%; 4"6  40)$1(-

8(  '-81"&- 

J--2(:(.#-  &  81-!%-

$(&(/  +".%, !9$"1(-

&-''(/  J--!(2*8(/; 

40)$10/  '-81"&  +".%

Ba - 9,4 - 8 2,5 4,3 

Ce - - - 56000 1000 3200 

Dy 200 40 9 40 2,8 6,5 

Er 1500 70 23 60 6,6 17 

Eu 60 20 5 30 1,7 4,2 

Gd 14000 11000 400 2500 200 210 

Ho 400 - 12 60 7,0 18 

La 56000 26000 1200 8000 250 550 

Nd 6000 1800 260 3500 46 140 

Pr 30000 - 3000 3600 330 1300 

Sc - - 37 50 3,6 8,7 

Sm 1000 240 70 1000 30 100 

Sr - 2 - 4 0,3 0,8 

Tb 6000 - 700 400 80 90 
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Tm 40 13 3 20 1,1 3,1 

Y - 13000 180 130 44 49 

Yb 14 2,5 1 4 0,75 1,7 

L(;'( &%:"$*, .$( '-42=:-"$)3  6'-.%$"2*'("  +(&05"'%"  

 !!"#$%&'()$%  -$(,%6-7%%, -  )2":(&-$"2*'( – +(&05"'%"  

.9&)$&%$"2*'()$% ()'%;"'%"  <-1-#$"1%)$%.")#(/  ,-))0)  +1%  +"1"<(:"  ($  

+"1&(8(  )+()(4-  -$(,%6-7%%  #(  &$(1(,9  %  #  $1"$*",9. 

@)"   $%  :-''0"  +(29."'0  &  1-6'("  &1",3, 1-6'0,%  -&$(1-,%, '-  

1-62%.'0<  +1%4(1-<. H( $(,9  &  +(&05"'%"  .9&)$&%$"2*'()$%  

(+1":"2"'%3 &'()%$ (+1":"2"''0/  &#2-:  $"<'%.")#("  9)(&"15"')$&(&-'%"  

-$(,'(--4)(147%(''0<  )+"#$1(,"$1(&: 40)$10/  '-81"&  +".%, ,"'""  

%'"17%(''-3  )%)$",-  1"8%)$1-7%%  %,+92*)(&, ($#10$0/  :"1;-$"2*  +".% 

(+1%  '-81"&"  +".%  &0'()  1-)5%13=?"8()3  8-6-  +1(%)<(:%$  '"  ."1"6  

:(6%1(&(.'("  ($&"1)$%", - & ()'(&'(, ."1"6 4(#(&0", +1%  $(,  

)9?")$&"''(  9,"'*5-=$)3  #('&"#$%&'0"  +($"1%  +-1(&  &  +1(7"))"  

'-81"&-  +".%  %  )'%;-"$)3  #('7"'$1-7%3  '"1-&'(&")'(8(  8-6((41-6'(8(  

982"1(:-  &  7"'$1-2*'(/  6('"  +".%  '-:  +1(4(/). F(  ()'(&'-3  +1%.%'-  

+(&05"'%3  .9&)$&%$"2*'()$% – %)+-1"'%"  +1(4  )  +2-$!(1,0  &  +".*, 

#($(1-3    (4")+".%&-"$  4(2""  +(2'9=  -$(,%6-7%=  8-6((41-6'0<  

)(":%'"'%/, -  :23  -'-2%$%.")#%<  2%'%/  Ce, Pr, Sm – %  4(2*59=  

6-)"2"''()$*  '%;'%<   '"18"$%.")#%<  91(&'"/. 

D7"'#-  .9&)$&%$"2*'()$%  +1%&":"'-  &  <-1-#$"1%)$%.")#%<  ,-))-<  

 2","'$-, )(($&"$)$&9=?%<  1 %-'(,9  +(82(?"'%=  +1%  1"8%)$1-7%%  

+%#(&(8(  (-,+2%$9:'(8()  6'-."'%3  -4)(147%(''()$%  (m p

o )  %  +1%  

1"8%)$1-7%%  %'$"81-2*'(8(  6'-."'%3  -4)(147%(''()$% (m i

o ). H1%  

%)+(2*6(&-'%%  %)+-1"'%3  +1(4 )  J--2(:(.#%, +(,"?"''(/  &  +".*, 

!9$"1(&-''9=  J--!(2*8(/, &0%8105  &  .9&)$&%$"2*'()$%  +(  )1-&'"'%=  )  

%)+-1"'%",  +1(4  &  !9$"1(&-''(/  J--!(2*8(/  +".%  4"6  2(:(.#%  

)()$-&23"$: :23  Ba, Tb, Y, Yb – ($  3  :(  5  1-6;  Dy, Er, Eu, Gd, Ho, Pr, Sc, Sr, 

Tm – ($  9  :(  20  1-6; Ce, La, Nd, Sm – ($  30  :(  80  1-6. Q6,"1"'%"  

+%#(&0<, - '" %'$"81-2*'0< )%8'-2(&, $-#;"  )+()(4)$&9"$  )'%;"'%=  

+1":"2(&  (4'-19;"'%3. Q6  )(+()$-&2"'%3  ,";:9  )(4(/  6'-."'%/  ' p

o   %  

' i

o   &%:'(, .$( #1(,"  '-%4(2""  $19:'(2"$9.%< Gd, Tb % Y, :23 #($(10<  ' i

o /  

' p

o M 1  , :23 ()$-2*'0<  2","'$(&  $( ($'(5"'%"  )()$-&23"$  ($  2  :(  3, -  

:23  Pr - (#(2( 4. Q6,"1"'%" )$(2* #(1($#%<  %,+92*)(&  :2%$"2*'()$*=  :(  

3 )  42-8(+1%3$)$&9"$  )'%;"'%= +1":"2(&  (4'-19;"'%3. 

R?"  (:'%,  :()$(%')$&(,  +1":2-8-",(8(  ,"$(:-  3&23"$)3 &")*,-  

'"6'-.%$"2*'0/   !!"#$  +-,3$%  +".%. H1-#$%.")#% &( &)"< )29.-3< +1%  

+(&$(1'(,  '-81"&"  +".%  ()$-$(.'("  +%#(&("  6'-."'%"  )%8'-2- '" +1"&()-

<(:%$  1%, -  %'$"81-2*'-3  &"2%.%'- - 10%  ($  +1":0:9?%<  6'-."'%/. E23  

)1-&'"'%3: ()$-$(.'0/ +%# )%8'-2- +1%  +(&$(1'(, '-81"&" 81-!%$(&(/ +".% 

:()$%8-2 10 - 12%  :23  Gd, Lu  %  Nd, 17%  :23  F( % Sm, 24%  :23  Tb  % 30% 

:23 Ir. 
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Y,"1"''0"  $",+"1-$910  (:( 2600° >)  %  ,-2-3 +1(:(2;%$"2*'()$* 

)$-:%%  -$(,%6-7%%  (3 - 5 ))  (4")+".%&-=$ 1-4(.%/ 1")91)  81-!%$(&(/   +"-

.%, :()$%8-=?%/ $0)3.% % 4(2"" 7%#2(& '-81"&-. T )(;-2"'%=, 1-4(.%/  1"-

)91)  J--+2-$!(1,0  %  ()(4"''(  !9$"1(&#% )9?")$&"''(  ,"'*5". H1%  

$",+"1-$91"  2550° >  !9$"1(&#-  :2%'(/  14 - 15 ,,  &0:"1;%&-"$  (#(2( 

100  7%#2(&  '-81"&-, +()2"  ."8(  #1-3  !(2*8% '-.%'-=$  1-6195-$*)3  %  

.9&)$&%$"2*'()$*  (+1":"2"'%/  +-:-"$. H1% (4'-19;"'%%  :"!"#$(&  &  !9-

$"1(&#"  !(2*89  '"(4<(:%,(  6-,"'%$*. T('$1(2*  6-  ""  )()$(3'%",  '"-

$19:'(  ()9?")$&23$*  )  +(,(?*=  6"1#-2*7-. >1(#  )29;40  J--+2-$!(1,0  

(#-60&-"$)3 (81-'%."''0,  $",, .$(  +1%  ""  ,'(8(#1-$'(,  '-81"&" %'(8:-  

1-)<(:3$)3 4(1$%#%  +2-$!(1,0, %  ."1"6  (41-69=?%")3  ?"2%  1-)$&(1  

.-)$%.'( &0$"#-"$ '-  )$"'#9. A$($  '":()$-$(#  ,(;"$  40$*  9)$1-'"'  +1%-

,"'"'%", 5$-,+(&-''0<  +2-$!(1,. 

H(29."''-3 +1% %)+(2*6(&-'%% :-''(8(  )+()(4-  .9&)$&%$"2*'()$*  

(+1":"2"'%3 ?"2(.'(6","2*'0<  %  1":#(6","2*'0<   2","'$(&, '"  3&23"$)3  

+1":"2*'(  &(6,(;'(/ (6-  %)#2=."'%",, 40$*  ,(;"$, Dy, Sc, Tm  %  Yb). 

A$(  )2":9"$  %6  )(+()$-&2"'%3  !-#$%.")#%<  6'-."'%/  m i

o   :23  Ba, Er, Eu  

%  Sr, +1%&":"''0<  &  $-42. 5.8, )  %<  1-)."$'0,%  6'-."'%3,%  (+8) : 0,63; 

2,7; 2,2  %  0,30. X($3  9&"2%."'%"  :2%'0  !9$"1(&-''(/  .-)$%  +".%  :(  22  

,,  +(6&(2%2(  )'%6%$*  <-1-#$"1%)$%.")#%"  ,-))0  :23  4-1%3  :(  2,7, -  

"&1(+%3  :(  3,0  +8, &)"  ;"  1-)<(;:"'%"  )  1-)."$'0,% :-''0,%, ()(4"''(  

:23  4-1%3, ()$-"$)3  6'-.%$"2*'0,. J",  '"  ,"'""  :23  4(2*5%')$&-  %)-

)2":(&-''0<   2","'$(&  <-1-#$"1%)$%.")#%"  ,-))0  '-<(:3$)3  '-  $(,  ;"  

91(&'", .$(  % :23  ()$-2*'0<    2","'$(&, (+1":"23",0<  &  9)2(&%3<  $",-

+"1-$91'(-)$-4%2%6%1(&-''(/ +".% ) +2-$!(1,(/. D4?"" .%)2(   2","'$(&, 

#($(10"  ,(89$  40$*  (+1":"2"'0  &  1-,#-<  $(/ )%)$",0, )()$-&23"$  &  '--

)$(3?""  &1",3  (#(2(  50.  

H1%,"'"'%"  J--+2-$!(1,0  & #(,4%'-7%%  )  (40.'(/  %2%  !9$"1(-

&-''(/  !(2*8(/  81-!%$(&(/  +".*= (4")+".%&-"$  )9?")$&"''0/  &0%8105  

&  )#(1()$%  %)+-1"'%3 % :23 '"#($(10< :198%<  ,"$-22(&, )  $19:(,  %)+--

13=?%<)3  )  81-!%$(&(/  +2-$!(1,0, '-+1%,"1,  Be, Cr, Li  %  Si. 

5.6. ?!,*&%)('$( 3"!."&## 5)@ ."&9$*!%!0 3(+$ 

I-4(.%" +-1-,"$10 +".% –  $( -'-2%$%.")#-3 +1(81-,,-, &0+(2'"'%" 

#($(1(/ +1%&(:%$ # +(29."'%= :-''0< :23 (+1":"2"''(8(  2","'$- & #('-

#1"$'(/ ,-$1%7". F"(4<(:%,( 9)$-'(&%$* $-#%" +-1-,"$10 '-81"&- +".%, 

#($(10" +(6&(23$ +(2'()$*= &0)95%$* (41-6"7, 9:-2%$* ,-#)%,-2*'(" #(-

2%.")$&( ,-$"1%-2- ,-$1%70 '- )$-:%% +%1(2%6-, +(29.%$* '"(4<(:%,9= 

.9&)$&%$"2*'()$* % ($:"2%$* +%# -'-2%$- ($ +%#(& '")"2"#$%&'(8( ('"-$(,-

'(8() +(82(?"'%3. 

T-# ($,".-2()* 1-'"", +1(81-,,- (40.'( &#2=.-"$ )2":9=?%" )$--

:%%: )95#-, +%1(2%6, '"+()1":)$&"''( -$(,%6-7%3, (.%)$#- 81-!%$(&(/ +"-

.%. J",+"1-$91- % &1",3 )$-:%% )95#% &04%1-=$)3 $-#%, (41-6(,, .$(40 

(4")+".%$* +(2'(" &0)95%&-'%" (41-67- :( '-)$9+2"'%3 )$-:%% +%1(2%6-. 
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H-1-,"$10 )$-:%% )95#% 6-&%)3$ ($ +1%1(:0 1-)$&(1%$"23 % (4B",- (41-6-

7-. D40.'( $",+"1-$91- 9)$-'-&2%&-"$)3 '")#(2*#( '%;" $",+"1-$910 #%-

+"'%3 1-)$&(1%$"23. R)2% $",+"1-$91- )2%5#(, &0)(#-, (41-6"7 49:"$ 1-6-

41068%&-$*)3, .$( +1%&":"$ # "8( +($"13, '- &'"5'"/ +(&"1<'()$% +".% %2% 

'- (#(5#-< '- #('7-< -$(,%6-$(1-. I-641068%&-'%" ,(;"$ +1(%)<(:%$* % & 

)29.-", #(8:- '- )$-:%= %)+-1"'%3 ($&(:%$)3 '":()$-$(.'( +1(:(2;%$"2*-

'(" &1",3, %, )2":(&-$"2*'(, +(:B", $",+"1-$910 '- )$-:%% +%1(2%6- '-.%-

'-"$)3 :( (#('.-'%3 %)+-1"'%3 (41-67-. D40.'( %)+-1"'%" 1-)$&(1%$"23 

,(;'( 2"8#( #('$1(2%1(&-$* ) +(,(?*= 6"1#-2*7-. 

D4?"" &1",3 )95#% &(:'0< 1-)$&(1(& +1% $",+"1-$91" '")#(2*#( 

'%;" $",+"1-$910 #%+"'%3 (40.'( )()$-&23"$ ($ 1 :( 3 )"#9': '- ,%#1(-

2%$1 (,#2) (4B",- (41-67-. F-+1%,"1, :23 20 ,#2 &(:'(8( 1-)$&(1- &1",3 

)95#% (40.'( 1-&'( 40 ). E23 $(8( ;" (4B",- (18-'%.")#(8( 1-)$&(1%$"23 

&1",3 )95#% ,(;"$ 40$* 4(2"" #(1($#%,. D40.'( :(6%19",0/ (4B", )(-

)$-&23"$ ($ 5 :( 40 ,#2. D' '" :(2;"' 40$* )2%5#(, 4(2*5%, %2% &&(:%$*-

)3 $-#%, (41-6(,, .$(40 ($&"1)$%" & $194#" 42(#%1(&-2()*. @  $(, )29.-" 

(#(5#% ,(89$ +(#10&-$*)3 #(':"')-$(,. T1(," $(8(, 4(2*5(/ (4B", (41-6-

7- $1"49"$ '"+1%",2",( 4(2*5(8( &1","'% )95#%, - $-#;" +1%&(:%$ # <9:-

5"/ &()+1(%6&(:%,()$%. H1% %)+(2*6(&-'%% 81-!%$(&(/ +2-$!(1,0 4(2*-

5(/ (4B", :(6%19",(8( (41-67- ,(;"$ +1%&")$% # "8( +($"13, +1% )$"#-'%% 

) +2-$!(1,0. F-%4(2"" +(:<(:3?%, 3&23"$)3 (4B", (41-67- 10-20 ,#2. 

S1-!%$(&-3 +".* ) +%1(2%$%.")#(/ +2-$!(1,(/ $1"49"$ %)+(2*6(&-'%3 4(-

2"" &0)(#(/ $",+"1-$910 )95#%, .", +1% :(6%1(&-'%% (41-67- '- )$"'#9 

+".%, $.#. $",+"1-$91- +2-$!(1,0 '%;" $",+"1-$910 )$"'#% +".%. F- )$-:%% 

)95#% &)"8:- :(2;"' +1(+9)#-$*)3 6-?%$'0/ 8-6 ) ,-#)%,-2*'(/ )#(1()$*= 

:23 9:-2"'%3 +1(:9#$(& )95#% %2% +%1(2%6-. 

>$-:%3 +%1(2%6- (%2% (6(2"'%3, %2% 1-62(;"'%3) '"(4<(:%,- :23 

:-2*'"/5"8( 9:-2"'%3 #(,+('"'$(& ,-$1%70 (41-67- :( )$-:%% -$(,%6-7%%. 

T(,+('"'$0 ,-$1%70 ,(89$ %)+-13$*)3 %2% 1-62-8-$*)3 +1% '-81"&-'%%. A$( 

,(;"$ +1%&(:%$* # !('(&(,9 ('")"2"#$%&'(,9) +(82(?"'%= &)2":)$&%" ,(-

2"#9231'(8( +(82(?"'%3 (41-67- %2% 1-))"3'%3 )&"$- '- .-)$%.#-< &"?")$-

&-. H( $(,9 '"(4<(:%,( #-# ,(;'( +(2'"" 9:-2%$* ,-$1%79 +"1": )$-:%"/ 

-$(,%6-7%% ) ,%'%,-2*'0,% +($"13,% (+1":"23",(8(  2","'$-. > 9:-2"'%-

", ,-$1%70 '- )$-:%% +%1(2%6- <%,%.")#%" +(,"<% $-#;" 9,"'*5-=$)3. 

E23 '"#($(10< +1()$0< (41-67(& $1"49"$)3 ,%'%,-2*'-3 )$-:%3 +%1(2%6- 

%2% ('- &((4?" ,(;"$ ($)9$)$&(&-$*, & $( &1",3 #(8:- :198%" (41-670 )( 

)2(;'0,% ,-$1%7-,% $1"49=$ $?-$"2*'(8( &04(1- $",+"1-$91'(-

&1","''0< +-1-,"$1(&  $(/ )$-:%%. T-# % :23 )$-:%% )95#%, -$(,%6-$(1 

,(;"$ +1(81-,,%1(&-$*)3 '- '")#(2*#( 5-8(& ) 1-6'0,% $",+"1-$91-,% '- 

)$-:%% +%1(2%6- & 6-&%)%,()$% ($ )2(;'()$% (41-67-. J",+"1-$91- +%1(2%-

6- &04%1-"$)3 %6  #)+"1%,"'$-2*'(/ 6-&%)%,()$% -$(,'(8( +(82(?"'%3 %)-

)2":9",(8(  2","'$- ($ $",+"1-$910 '- )$-:%% +%1(2%6- +1% !%#)%1(&-'-

'0< $",+"1-$91-< :198%< )$-:%/. J-# #-# 7"2*= +%1(2%6- 3&23"$)3 ,%'%,%-

6-7%3 !('-, &04%1-=$ ,-#)%,-2*'( &(6,(;'9= $",+"1-$919 +%1(2%6-, +1% 
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#($(1(/ "?Z '" '-42=:-"$)3 +($"1* )(":%'"'%/ (+1":"23",0<  2","'$(&. 

R)2% :-;" +1% %)+(2*6(&-'%% ,-#)%,-2*'(/ $",+"1-$910 +%1(2%6- &"2%.%-

'- '")"2"#$%&'(8( +(82(?"'%3 ()$-"$)3 )2%5#(, 4(2*5(/ :23 +(2'(/ "" 

#(11"#7%%, $( )2":9"$ %)+(2*6(&-$* <%,%.")#9= ,(:%!%#-7%= (41-67-. 

X%,%.")#-3 ,(:%!%#-7%3 (41-67- &( ,'(8%< -'-2%$%.")#%< )%$9-7%3< +(-

6&(23"$  !!"#$%&'( 1-6:"2%$* +%#% -'-2%$- % !('-. @ '"#($(10< -'-2%6-< 

6'-.%$"2*'(" !('(&(" +(82(?"'%" +(3&23"$)3 9;" +()2" )%8'-2- -'-2%$-. @ 

 $(, )29.-" ,-$1%7- ,(;"$ 40$* <%,%.")#% ,(:%!%7%1(&-'- ) 7"2*= +(-

'%;"'%3 $",+"1-$910 -$(,%6-7%% -'-2%$- % +(29."'%3 29.5"8( 1-6:"2"'%3 

+%#(& -$(,'(8( % !('(&(8( +(82(?"'%3. H1% %)+(2*6(&-'%% +%1(2%$%."-

)#(/ +2-$!(1,0 $",+"1-$91- +%1(2%6- :(2;'- 40$* &05", .", +1% +%1(2%-

6" )( )$"'#% +".% ((40.'( '- 100-200 
(
>). 

@ %:"-2" )$-:%3 +%1(2%6- :(2;'- 9:-23$* &)" #(,+('"'$0 ,-$1%70 % 

()$-&23$* $(2*#( (+1":"23",0/  2","'$, #($(10/ '- )$-:%% -$(,%6-7%% 

:(2;"' :-$* ":%')$&"''0/ +%#. D:'-#( '"#($(10" (41-670 )(:"1;-$ #(,-

+('"'$0, #($(10" %,"=$ (:%'-#(&9= ) (+1":"23",0,  2","'$(, 2"$9.")$*. 

A$% #(,+('"'$0 ,(89$ &06&-$* 6'-.%$"2*'0" !%6%.")#%" % <%,%.")#%" +(-

,"<%, #($(10" & 4(2*5%')$&" )29.-"& ,(89$ 40$* 9,"'*5"'0 %2% 9)$1-'"'0 

%)+(2*6(&-'%",: 

  U"",-'(&)#(/ #(11"#7%% !('-; 

  <%,%.")#(/ ,(:%!%#-7%% (41-67-; 

  ,"$(:- )$-':-1$'0< :(4-&(#; 

  1-64-&2"'%3; 

  (+$%,-2*'0< $",+"1-$91 % &1","' 5-8(& '- )$-:%% +%1(2%6-. 

J",+"1-$91- )$-:%% -$(,%6-7%% % )#(1()$* '-81"&- -$(,%6-$(1- '- 

 $(/ )$-:%% &2%3=$ '- .9&)$&%$"2*'()$* (+1":"2"'%3. Q6,"'"'%" &"2%.%'0 

-4)(147%(''()$% & 6-&%)%,()$% ($ $",+"1-$910 -$(,%6-7%% :23 2"8#( –, 

)1":'" – % $19:'(2"$9.%< ,"$-22(& (#-:,%/, ,":* % &-'-:%/) +(#-6-'0 '- 

1%). 5.5.  

  
I%)9'(# 5.5 – @2%3'%" $",+"1-$910 -$(,%6-7%% '- &"2%.%'9 -'-2%-

$%.")#(8( )%8'-2- Cd(1), Cu(2), V(3) 

1 

500 1000 1500 2000 2500 3000

0,4 

0,8 

t, 
(
> 

2

3

H%# +(82(-

?"'%3 
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D40.'( (+$%,-2*'-3 $",+"1-$91- :23  2","'$(& & &(:'(/ ,-$1%7" 

%2% & ,-$1%7", )()$(3?"/ %6 ,%'"1-2*'0< #%)2($, :(2;'- 40$* ,%'%,-2*-

'(/ $",+"1-$91(/, :-=?"/ ,-#)%,-2*'0/ )%8'-2, $.#. &1",3 ;%6'% 81-!%$(-

&0< $194(# +1% %)+(2*6(&-'%% 4(2"" '%6#%< $",+"1-$91 +1(:2"&-"$)3. Q6 

1%). 5.5 &%:'(, .$(  $% (+$%,-2*'0" $",+"1-$910 1-&'0 +1%42%6%$"2*'( 

1300 
(
> :23 Cd, 2100 

(
> :23 Cu % 2700 

(
> :23 V. @"2%.%'- -'-2%$%.")#(8( 

)%8'-2- '" 9&"2%.%&-"$)3 ) +(&05"'%", $",+"1-$910, $.#. )#(1()$* +($"1* 

-$(,'0< +-1(& %6 -$(,%6-$(1- $-#;" 9&"2%.%&-"$)3 ) 1()$(, $",+"1-$910. 

H($"1% -$(,'0< +-1(& +1(%)<(:3$ %6-6- :%!!96%%, #('&"#7%% % 1-)5%1"'%3 

8-6- & -$(,%6-$(1". >#(1()$* 9:-2"'%3 -$(,'(8( +-1- %6 81-!%$(&(/ $194#% 

&)2":)$&%" :%!!96%% 9&"2%.%&-"$)3 ) +(&05"'%", $",+"1-$910 %6-6- 1()$- 

#( !!%7%"'$- :%!!96%% D: D N t
m

, 8:" +(#-6-$"2* )$"+"'% m %6,"'3"$)3 & 

+1":"2-< ($ 1,5 :( 2. >#(1()$* 1-)5%1"'%3 -$(,'(8( +-1- $-#;" 9&"2%.%&--

"$)3 ) $",+"1-$91(/. @05" (+1":"2"''(/ $",+"1-$910 9&"2%."'%" )#(1()$% 

-$(,%6-7%% -'-2%$- 9;" '" +1"(42-:-"$ '-: 9&"2%."'%", )#(1()$% 9<(:- 

-$(,(& %6 (+$%.")#(8( +9$%. D:'-#( & $"< )29.-3<, #(8:- ,-$1%7- ,-2(2"$9-

.-, 4(2"" &0)(#-3 $",+"1-$91- -$(,%6-7%% ,(;"$ 40$* '"(4<(:%,- :23 $(8(, 

.$( 40 +1(:9#$0 ,-$1%70 '" '-#-+2%&-2%)* & -$(,%6-$(1". F-+1%,"1, $",-

+"1-$91- -$(,%6-7%% #-:,%3 1300 
(
> ,(;"$ 40$* )2%5#(, '%6#(/ :23 9:--

2"'%3 %6 +".% ()$-$#(& ,-$1%70 ,(1)#(/ &(:0, :23 #($(1(/ '"(4<(:%,- 

$",+"1-$91- 2000 
(
> %2% &05". @1",3 -$(,%6-7%% (40.'( 9)$-'-&2%&-"$)3 

#-# ,%'%,-2*'(" &1",3, '"(4<(:%,(" :23 +(2'(8( %)+-1"'%3 % 9:-2"'%3 

-'-2%$- % ,-$1%70 %6 -$(,%6-$(1-. U-  $( &1",3 )%8'-2 :(2;"' &(6&1-$%$*)3 

'- '92"&9= (4-6(&9=) 2%'%=. A$($ &1","''(/ %'$"1&-2 ,(;"$ 40$* 9,"'*-

5"' 42-8(:-13 9&"2%."'%= )#(1()$% +1(+9)#-'%3 %'"1$'(8( 8-6- '-  $(/ 

)$-:%%. E23 '"#($(10< $19:'(2"$9.%< ,"$-22(&, $-#%<, #-# V, Ti, Mo, % $",-

+"1-$91- % &1",3 -$(,%6-7%% 3&23=$)3 &-;'0,% +-1-,"$1-,% :23 ,%'%,%-

6-7%%  !!"#$(& +-,3$%. R)2% (+1":"23",0/ ,"$-22 '" +(2'()$*= %)+-13"$-

)3 % 9:-23"$)3 & $"."'%" )$-:%% -$(,%6-7%%, )%8'-2 +1% +()2":9=?"/ -$(-

,%6-7%% 9&"2%.%&-"$)3. H1(42",0 +-,3$% +1"(:(2"&-=$)3 9&"2%."'%", 2%-

4( $",+"1-$910 -$(,%6-7%%, 2%4( &1","'%, %2% (4(%< 9#-6-''0< +-1-,"$-

1(&. H%# -'-2%$%.")#(8( )%8'-2- 6-&%)%$ $-#;" ($ )#(1()$% +(:B",- $",+"-

1-$910. @2%3'%" )#(1()$% '-1-)$-'%3 $",+"1-$910 '- +%# )%8'-2(& Cd, Cu % 

V +(#-6-'( '- 1%). 5.6. E23 #-:,%3 )%8'-2 :()$%8-"$ '-)0?"'%3 (+2-$() +1% 

)#(1()$% +1%42%6%$"2*'( 1000 T^)
-1, & $( &1",3 #-# ,":* % &-'-:%/ +(#-60-

&-=$ 4(2"" &0)(#9= .9&)$&%$"2*'()$* +1% ,-#)%,-2*'(/ )#(1()$% +(:B",- 

$",+"1-$910 (2000 T^)
-1). D40.'( :23 ,"'"" 2"$9.%< ,"$-22(& '-%4(2"" 6'--

.%$"2*'(" 929.5"'%" .9&)$&%$"2*'()$% '-42=:-"$)3 +1% ,-#)%,-2*'(/ 

)#(1()$% +(:B",- $",+"1-$910. F%6#-3 )#(1()$* 1-6(81"&- -$(,%6-$(1- 3&-

23"$)3 +1%.%'(/ ()'(&'(8( '":()$-$#- +(296-#10$0< -$(,%6-$(1(& – '"%6(-

$"1,%.'()$%. >%8'-2 (+1":"23",(8(  2","'$- +(3&23"$)3 & $($ ,(,"'$, #(-

8:- $",+"1-$91- 81-!%$(&(8( -$(,%6-$(1- %6,"'3"$)3. 
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H%# +(-

82(?"'%3 

 
 

I%)9'(# 5.6 – @2%3'%" )#(1()$% 1()$- $",+"1-$910 '- )$-:%% -$(,%-

6-7%% '- &"2%.%'9 -'-2%$%.")#(8( )%8'-2- Cd (1), Cu (2), V (3) 

E23 #-:,%3 )%8'-2 :()$%8-"$ '-)0?"'%3 (+2-$() +1% )#(1()$% +1%-

42%6%$"2*'( 1000 T^)
-1, & $( &1",3 #-# ,":* % &-'-:%/ +(#-60&-=$ 4(2"" &0-

)(#9= .9&)$&%$"2*'()$* +1% ,-#)%,-2*'(/ )#(1()$% +(:B",- $",+"1-$910 

(2000 T^)
-1). D40.'( :23 ,"'"" 2"$9.%< ,"$-22(& '-%4(2"" 6'-.%$"2*'(" 

929.5"'%" .9&)$&%$"2*'()$% '-42=:-"$)3 +1% ,-#)%,-2*'(/ )#(1()$% 

+(:B",- $",+"1-$910. F%6#-3 )#(1()$* 1-6(81"&- -$(,%6-$(1- 3&23"$)3 +1%-

.%'(/ ()'(&'(8( '":()$-$#- +(296-#10$0< -$(,%6-$(1(& – '"%6($"1,%.'(-

)$%. >%8'-2 (+1":"23",(8(  2","'$- +(3&23"$)3 & $($ ,(,"'$, #(8:- $",+"-

1-$91- 81-!%$(&(8( -$(,%6-$(1- %6,"'3"$)3. 

F-%4(2"" 9:-.'(/ +(+0$#(/ 9)$1-'%$* '"%6($"1,%.'()$* +".%, - 

$-#;" ,'(8(.%)2"''0" +(,"<% % &2%3'%3, 3&23"$)3 +1":2(;"''-3 Y. >2-&%-

'0, #('7"+7%3 $",+"1-$91'(–)$-4%2%6%1(&-''(/ +".% ) +2-$!(1,(/ (stable 

temperature platform furnace – STPF), #($(1-3 +1":+(2-8-"$:  

1. L-#)%,-2*'( 40)$10/ '-81"& +".% (_ 3000 T/)), #($(10/ :-"$ &(6-

,(;'()$* (41-679 %)+-1%$*)3 $-# 40)$1(, .$( &)" -$(,0 (+1":"23",(8(  2"-

,"'$- +1(40 9.-)$&9=$ & (41-6(&-'%% -'-2%$%.")#(8( )%8'-2- :( '-.-2- 

+1(7"))- 9:-2"'%3 -$(,(& %6 $194#% & 1"692*$-$" :%!!96%%. E23 '"#($(10< 

-'-2%6(& ,-#)%,-2*'-3 )#(1()$* +(:B",- $",+"1-$910 '" $1"49"$)3. F--

+1%,"1, #(8:- +%# -4)(147%(''()$% +"1"#10&-"$)3 ) +%#(, !('(&(8( +(-

82(?"'%3, 9&"2%."'%" )#(1()$% 9<9:5-"$ 1-6:"2"'%"  $%< +%#(&, .$( +(-

&2%3"$ '- $(.'()$* %6,"1"'%/ )#(11"#$%1(&-''(/ -4)(147%(''()$% %, )2"-

:(&-$"2*'(, '- +1-&%2*'()$*  1"692*$-$- -'-2%6-. 

2. A$(/ ;" 7"2% )29;%$ %)+-1"'%" &"?")$&- ) 81-!%$(&(/ +2-$!(1-

,0. J",+"1-$91- +2-$!(1,0, #($(1-3 '-81"&-"$)3 & ()'(&'(, 1-:%-7%(''(, 

($)$-"$ ($ 1-6(81"&- +".% '- 400-500 T. J.". %)+-1"'%" % -$(,%6-7%3 (+1":"-

23",(8(  2","'$- ()9?")$&23=$)3 & %6($"1,%.")#%< 9)2(&%3<, #(8:- +".* 

'-81"$- :( 6-:-''(/ $",+"1-$910. H1% %)+(2*6(&-'%% +2-$!(1,0 )2":9"$ 

+1%,"'3$* ,-#)%,-2*'9= )#(1()$* '-81"&-. W"2-$"2*'( $-#;" %)+(2*6(&-$* 

% #-# ,(;'( 4(2"" &0)(#9= $",+"1-$919 -$(,%6-7%%. @(-+"1&0<, +%#  )$--

1

3

0,5 

1000 2000

2

>#(1()$* 1()$- $",+"1-$910, T^)
-1
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'(&%$)3 4(2"" 96#%, ) 9&"2%."'%", $",+"1-$910, %, &(-&$(10<, +1% 4(2"" 

&0)(#%< $",+"1-$91-< <%,%.")#%" +(,"<% $-#;" 9,"'*5-=$)3. J",+"1-$9-

1- -$(,%6-7%% :(2;'- 40$* '-)$(2*#( &0)(#(/, .$(40 )%8'-2 +(3&232)3 & 

$-#(/ +"1%(: $",+"1-$91'(8( +1(!%23, #(8:- $",+"1-$91- +(::"1;%&-"$)3 

+()$(3''(/. 

Q6($"1,%.'()$% )+()(4)$&9"$ $-#;" &&":"'%" +"1": )$-:%"/ -$(,%-

6-7%% "?" (:'(8( :(+(2'%$"2*'(8( 5-8- – 9)#(1"''(8( 1-6(81"&- +".% +1% 

,-#)%,-2*'(/ )#(1()$% '-81"&-. J-#, '- )+"#$1(!($(,"$1-< $%+- >-$91' 

)$-:%3 9)#(1"''(8( 1-6(81"&- ,(;"$ %,"$* $",+"1-$919 :( 4000 
(
>, (:'-#( 

+1(:(2;%$"2*'()$*  $(/ )$-:%% :(2;'- 40$* ,-2- ) $",, .$(40 '" +1(%)<(-

:%2- .-)$%.'-3 -$(,%6-7%3  2","'$- % "8( +($"1% 6- )."$ 92"$9.%&-'%3. F--

+1%,"1, +1% (+1":"2"'%% !()!(1- 9)#(1"''0/ 1-6(81"& +1(&(:3$ +1%     

3900 
(
> & $"."'%% 0,65 ) ) (:'(&1","''0, +1"#1-?"'%", +(:-.% -18('-. 

3. Q'$"81%1(&-'%" -4)(147%(''(8( )%8'-2-.  Q,+92*)'0/ <-1-#$"1 

+()$9+2"'%3 -$(,'0< +-1(& & +(82(?-$"2*'9= 3."/#9 (+1":"23"$ !(1,9 

)%8'-2-, % +( $(,9 )%8'-2 +1% 6-+%)% '- +(:&%;'9= 2"'$9 %,""$ !(1,9 +%-

#- ) (:'%, %2% '")#(2*#%,% ,-#)%,9,-,%. H2(?-:* &'
2t

1t

dt)t(AQ , (81-'%."'-

'-3 #1%&(/, (+1":"23"$)3 -4)(2=$'(/ &"2%.%'(/ )(:"1;-'%3  2","'$- & 

-'-2%6%19",(, (4B"," 1-)$&(1-. R)2% 6-+%)* +%#- %,""$ ,-29= 5%1%'9 % 

(:'9 &"15%'9, $( -'-2%$%.")#%, )%8'-2(, ,(;"$ )29;%$* &0)($- +%#-. E23 

'"#($(10<  2","'$(& .9&)$&%$"2*'()$* %6,"1"'%/ +( &0)($" +%#- 29.5", 

.", +( +2(?-:%. D)(4"''(  $( <-1-#$"1'( :23 4(2"" 2"$9.%< ,"$-22(&,  $--

#%< #-# Cd % Pb, %,"=?%< 96#%" +%#%. Y  2","'$(&, $1"49=?%< 4(2"" &0)(-

#%< $",+"1-$91 -$(,%6-7%%, '-+1%,"1, IUA, +%#% 4(2"" 5%1(#%", % .9&)$&%-

$"2*'()$* (+1":"2"'%3 +( +2(?-:% +%#- ,(;"$ 40$* )1-&'%,- ) .9&)$&%-

$"2*'()$*= +( &0)($" +%#-. 

4. H1"#1-?"'%" +1(:9&#% 6-?%$'(8( 8-6- '- )$-:%% -$(,%6-7%% +1(-

40, $-# '-60&-",0/ 1";%, «8-6-)$(+». Q'"1$'0/ 8-6 (.-?" &)"8( -18(') (4-

:9&-"$ &'9$1"''== % &'"5'== +(&"1<'()$* +".%, )(6:-&-3 %'"1$'9= -$,(-

)!"19. A$( +1":(<1-'3"$ ,-$"1%-2 +".% (81-!%$) ($ (#%)2"'%3, +1":($&1--

?-"$ +1($"#-'%" +(4(.'0< 1"-#7%/ &( &1",3 '-81"&-, )+()(4)$&9"$ &0'()9 

%6 +(2()$% +".% +1(:9#$(& 1-62(;"'%3 '- )$-:%% %)+-1"'%3 % +%1(2%6-, - 

$-#;" -$(,%6%1(&-''(/ +1(40 '- )$-:%% -$(,%6-7%%. H1"#1-?"'%" +1(:9&-

#% -18('- ."1"6 &'9$1"''== +(2()$* 81-!%$(&(/ +".% &":"$ # 9&"2%."'%= 

&1","'% +1"40&-'%3 -$(,(& & 1"-#7%(''(/ 6('", # )(#1-?"'%= :%!!96%('-

'0< +($"1* % # 6'-.%$"2*'(,9 9&"2%."'%= .9&)$&%$"2*'()$% (+1":"2"'%3. 

@-1*%1(&-'%" 1-)<(:- %'"1$'(8( 8-6-, #-#  $( +1":9),($1"'( & )+"#$1(!(-

$(,"$1" >-$91', +(6&(23"$ %6,"'3$* .9&)$&%$"2*'()$* % (+1":"23$* 6'-.%-

$"2*'( 1-62%.-=?%")3 #(2%.")$&- %))2":9",(8(  2","'$-, '" +1%4"8-3 # 

1-64-&2"'%= 1-)$&(1(&. F-+1%,"1, 42(# 9+1-&2"'%3 '-81"&(,  2"#$1($"1-

,%.")#(8( -$(,%6-$(1- +(6&(23"$ 6-:-&-$* )2":9=?%" :%-+-6('0 1-)<(:- 
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-18('- &( &'9$1"''"/ +(2()$% +".%: 0 («8-6-)$(+»); 0-0,6 2/.-) («8-6-

,%'%,9,»); 3-4,5 2/.-); 5-7,5 2/.-); 8-10 2/.-). 

5. Q)+(2*6(&-'%" +"."/ % +2-$!(1, ) +%1(982"1(:'0, +(#10$%",. 

H%1(2%$%.")#%/ 81-!%$ '-'()%$)3 '- 81-!%$(&9= +".* %6 8-6(&(/ !-60 & 

1"692*$-$" $"1,%.")#(8( 1-62(;"'%3 +1()$(8( 982"&(:(1(:- ,"$-'- >F4 +1% 

'%6#(, :-&2"'%%. A$( &0+(2'3"$)3 '-81"&-'%", +".% & +1%)9$)$&%% -18('(-

,"$-'(&(/ ),")%. H1% $",+"1-$91" 2200 
(
> ,"$-' 1-62-8-"$)3 % '- ()'(&'(, 

81-!%$" +(3&23"$)3 +2($'0/ $&"1:0/ )2(/ +%1(2%$%.")#(8( 982"1(:- $(2-

?%'(/ +1%42%6%$"2*'( 30 ,#,. T1%)$-220 +%1(2%$%.")#(8( 81-!%$- 2";-$ 

+1-#$%.")#% +-1-22"2*'( +(&"1<'()$% % (."'* -'%6($1(+'0 #-#  2"#$1%."-

)#%, $-# % $"1,%.")#%. T-.")$&( $-#(8( +(#10$%3 7"2%#(, 6-&%)%$ ($ $-#%< 

+-1-,"$1(&, #-# +($(# 8-6-, $",+"1-$91-, :2%$"2*'()$* +1(7"))- % $.:. 

H1"%,9?")$&- +%1(2%$%.")#(8( +(#10$%3 81-!%$(&0< +"."/ )2"-

:9=?%": 

-) ('( ,"'"" +1('%7-",( :23 8(13.%< 8-6(& % -$(,(&; 

4) +1":($&1-?-"$ (#%)2"'%" % 1-6195"'%" 81-!%$-; 

&) <%,%.")#% %'"1$'(, )'%;-"$ &"1(3$'()$* (41-6(&-'%3 #-14%:(& $-#%,% 

 2","'$-,%, #-# V, Ti % :1.; 

8) 9&"2%.%&-"$ )1(# )29;40 +".%; 

:) 9&"2%.%&-"$ -'-2%$%.")#9= .9&)$&%$"2*'()$* :23 '"#($(10<  2","'$(&. 

6. Q)+(2*6(&-'%" <%,%.")#%< ,(:%!%#-$(1(&. 

  H1% )()$-&2"'%% +1(81-,, '-81"&-  2"#$1($"1,%.")#%< -$(,%6-$(-

1(& )2":9"$ 9.%$0&-$*  !!"#$ 6-)&".%&-'%3 ($ +".%. Q'$"')%&'()$* %629."-

'%3 ($ +".% ,(;"$ 40$* (+%)-'- 91-&'"'%", %629."'%3 -4)(2=$'( ."1'(8( 

$"2-, (4?-3 %'$"')%&'()$* #($(1(8( 9&"2%.%&-"$)3 ) $",+"1-$91(/ +( 6-#(-

'9 >$"!-'--K(2*7,-'-, & $( &1",3 #-# :2%'- &(2'0, '- #($(1(/ %'$"')%&-

'()$* ,-#)%,-2*'-, $(;" 6-&%)%$ ($ $",+"1-$910. J",+"1-$91- +".% 2700 
(
> 

)(($&"$)$&9"$ ,-#)%,9,9 %629."'%3 '- :2%'" &(2'0 1000 ',. D:'-#(, & )&3-

6% ) $",, .$( ($#2%# !($(9,'(;%$"23, $-#;" #-# % +1(+9)#-'%" ,('(<1(,--

$(1-, 6-&%)%$ ($ :2%'0 &(2'0 %629."'%3, $( )(."$-'%"  $%< :&9< !-#$(1(& & 

1"692*$-$" +1%&(:%$ # $(,9, .$( !($($(#, &(6'%#-=?%/ & !($(9,'(;%$"2", 

)(($&"$)$&9"$ +1%42%6%$"2*'( :2%'" &(2'0 500 ', +1% $",+"1-$91" +".% 

2700 
(
> (1%). 5.7). 

C$(,%6-$(1 &)"8:- :(2;"' 40$* 9)$-'(&2"' $-#%, (41-6(,, .$(40 

,%'%,-2*'(" #(2%.")$&( %629."'%3 ($ +".% :()$%8-2( !($(9,'(;%$"23. 

D40.'(  $( ,(;"$ 40$* :()$%8'9$( 1"892%1(&#(/ &0)($0 +".% $-#%, (41--

6(,, .$(40 ."1"6 '"" +1(<(:%2( ,-#)%,-2*'(" #(2%.")$&( )&"$- ($ 2-,+0 ) 

+(20, #-$(:(,. T1(," $(8(, ,(;"$ 40$* %)+(2*6(&-'- 9,"'*5"''-3 &0)($- 

?"2% & $"< )29.-3<, #(8:-  $( $1"49"$)3. H"1": '-.-2(, -'-2%6- '"(4<(:%,( 

+1(&")$% <(2()$(/ (4;%8 +".% (4"6 (41-67-) :23 $(8(, .$(40 40$* 9&"1"'-

'0,, .$( '"$ ),"?"'%3 '92"&(/ 2%'%% &)2":)$&%"  ,%))%%. 

@ (4?", )29.-" %629."'%" +".% 1":#( +1":)$-&23"$ +1(42",9, % ('( 

,(;"$ &(6'%#'9$* 2%5* :23  2","'$(&, $",+"1-$91- -$(,%6-7%% #($(10< 

&0)(#-, - %'$"')%&'()$* %629."'%3 2-,+0 )1-&'%$"2*'( '%6#-. 
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I%)9'(#  5.7 – U-&%)%,()$* %'$"')%&'()$% %629."'%3 +".% +1% 2700 

(
> 

($ :2%'0 &(2'0 

H1% $-#%< (4)$(3$"2*)$&-< %'$"')%&'()$* %)$(.'%#- )&"$- :(2;'- 

40$* 9&"2%."'- +( ($'(5"'%= # %'$"')%&'()$%  ,%))%% $194#%. A$( ,(;'( 

:()$%.* '")#(2*#%,% )+()(4-,%: 

  9&"2%."'%", 1-4(."8( $(#- 2-,+0 ) +(20, #-$(:(,; 

  %)+(2*6(&-'%", )+"7%-2*'(/ 9,"'*5"''(/ &0)($0 ?"2%; 

  9,"'*5"'%", )+"#$1-2*'(/ 5%1%'0 ?"2%; 

  9,"'*5"'%", $",+"1-$910 -$(,%6-7%%. 

 

5.7. A!5$9$2$"!%&'$(   !"#$%&'() *+,+- %. &*/"'0$1$ 0"!2$-

3"1$ 

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

14'+5)6 5'!7)%"+ 84$($,/"+ 9',)('$/ 1!"($:&/"2,"$ 1"4":$,)$ + ($/"%$ 

/$(1$!'/&!,"-3/'7)4)9)!"+',,"0 1$2) 3 14'/*"!("0. ;"-1$!+<6, 5'!7)%,"$ 

1"5!</)$ 2'3/)2," +<1"4,-$/ /$ :$ *&,5#)), 2/" ) 1)!"4)/)2$35"$. ;"-

+/"!<6, 1!")36"%)/ 6)()2$35"$ ("%)*)#)!"+',)$ ()9($,$,)$) 1"+$!6,"3/) 

1$2). ='5"$ 1"5!</)$ 2'3/" ,'9<+'>/ «1"3/"-,,<( 6)()2$35)( ("%)*)5'-

/"!"(». ?79"!,<$ 3/'/@) 1" %',,"0 1!"74$($ "1&74)5"+',< 

A.B.;"4<,35)(. 

C!$%) (,"."2)34$,,<6 *)9)2$35)6 3+"03/+ 5'!7)%"+, &2)/<+'$(<6 

1!) +<7"!$ 1"5!</)-, ,')7"4@D$$ 9,'2$,)$ )($>/ )6 /$(1$!'/&!< 14'+4$-

,)- ) 5)1$,)- (/'74. 5.9). 

='74)#' 5.9 – =$(1$!'/&!< 14'+4$,)- ) 5)1$,)- ,$5"/"!<6 5'!7)%"+ 

E'!7)% 
=$(1$!'/&!' 14'+4$,)-, 
"
C 

=$(1$!'/&!' 5)1$,)-, 
"
C 

B$C2 !'31'% >2100 – 

B4C 2350 >3500 

CaC2 – 2300 

Cr3C2 1890 3800 

HfC   3890 – 

900100 300 500 700

0,4 

0,9 

!  , ,( 

),/$,3)+-

,"3/@ )94&-

2$,)- 
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MoC 2692 – 

NbC 3500 – 

SiC   2700, 3&74., !'31'% – 

TaC 3880 5500 

ThC 2655 – 

TiC 3140 4820 

WC 2870 6000 

UC2 2350 – 2400 4370 

VC 2810 3900 

ZrC 3540 5100 

F')($,$$ /&."14'+5)0 5'!7)%, )31"4@9&$(<0 %4- #$4$0 *&/$!"+5), 

5'!7)% 7"!' B4C (2350 
"
C). F')7"4$$ /$!("3/"05)$ – TaC, HfC ) ZrC – )($-

>/ /$(1$!'/&!& 14'+4$,)- 3+<D$ 3500 
"
C. G354>2)/$4@,'- /$!()2$35'- 

3/'7)4@,"3/@ 5'!7)%"+ 1$!$6"%,<6 ($/'44"+ (":$/ 1!)+"%)/@ 5 ,$+$!,"(& 

+<+"%& "7 )6 6)()2$35"0 ),$!/,"3/) + 1$2). F$5"/"!<$ /&."14'+5)$ 5'!7)-

%< "74'%'>/ %"3/'/"2," 3)4@,<() +"33/',"+)/$4@,<() 3+"03/+'(). F'-

1!)($!, 1!) 14'+4$,)) 5'!7)% VC +"33/','+4)+'$/ Fe(III), 5'!7)% Mo2C 

+"33/','+4)+'$/ Ag(II). B&%&2) "2$,@ 3/"05)() 1!) ,'.!$+',)) + ),$!/,"0 

'/("3*$!$, /&."14'+5)$ 5'!7)%< %"3/'/"2," 6"!"D" "5)34->/3- 5)34"!"-

%"( )4) %!&.)() "5)34)/$4-(). A5/)+,<0 &.4$!"% ,'2),'$/ !$'.)!"+'/@ 3 

2)3/<( 5)34"!"%"( 1!) 420 – 490 
"
C, ' .!'*)/"+<0 1"!"D"5 – 1!) 780 

"
C. ; 

8/)6 :$ &34"+)-6 ZrC, VC, NbC, WC, TaC ) HfC !$'.)!&>/ 3 5)34"!"%"( 

1!) /$(1$!'/&!'6 510 – 530 
"
C, 550 – 570 

"
C, 590 – 610 

"
C, 650 – 680 

"
C, 720 – 

740 
"
C ) 750 – 770 

"
C, 3""/+$/3/+$,,". H3/"02)+"3/@ 1"!"D5' 5'!7)%"+ 5 

5)34"!"%& &+$4)2)+'$/3- + !-%& VC, TiC, NbC, B4C, WC, ZrC, TaC, CrxCy ) 

SiC. =.$. 5'!7)% 5!$(,)- – ,')7"4$$ 3/'7)4@,<0 5 "5)34$,)> 3!$%) 5'!7)-

%"+, )31"4@9&$(<6 %4- ("%)*)5'#)) .!'*)/"+<6 /!&7"5.  

C&I$3/+&>/ %+$ 54'33)*)5'#)) 5'!7)%-("%)*)#)!"+',,<6 .!'*)-

/"+<6 /!&7"5.  

 $!+<0 31"3"7 54'33)*)5'#)) "3,"+', ,' 3/!&5/&!$ "7!'9&>I$."3- 

5'!7)%,"." 34"-: 

1. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ 1&/$( *)9)2$35"." ,',$-

3$,)- 1'!"+. =+$!%<0 34"0 5'!7)%' ,' )6 1"+$!6,"3/) 1!$1-/3/+&$/ +9')("-

%$03/+)> ','4)/' ) ('/!)#< 3 .!'*)/"(. E'5 1!'+)4", /'5)$ /!&75) )($>/ 

7"4@D"$ +!$(- :)9,), )6 1"+$!6,"3/,'- '5/)+,"3/@ 9,'2)/$4@," ,):$, 2$( 

& "7<2,<6 .!'*)/"+<6 /!&7"5. 

2. =!&75), "7!'7"/',,<$ 1!) '/("3*$!,"( %'+4$,)) !'3/+"!'() ("-

%)*)#)!&>I)6 84$($,/"+, ,' .!'*)/"+"0 1"+$!6,"3/) 5"/"!<6 ("%)*)#)-

!&>I)$ 84$($,/< !'31!$%$4->/3- + +)%$ "3/!"+5"+ 3""/+$/3/+&>I)6 5'!-

7)%"+. ; 8/)6 /!&75'6 2'3/)2," 3"6!',-$/3- 5",/'5/ ($:%& ','4)9)!&$(<( 

"7!'9#"( ) .!'*)/"(. 

3. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ 1!) 1"+<D$,,"( %'+4$-

,)) !'3/+"!'() ()4) 2)3/<() :)%5)() 3"$%),$,)-()) ("%)*)#)!&>I)6 
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84$($,/"+. K/) /!&75) 9',)('>/ 1!"($:&/"2,"$ 1"4":$,)$ 1" "/,"D$,)> 

5 /!&75'( 1$!+<6 %+&6 /)1"+.  "34$ "1!$%$4$,,"0 "7!'7"/5) + "1/)('4@-

,<6 &34"+)-6 ,' 1"+$!6,"3/) /!&75) /'5:$ +"9(":," "7!'9"+',)$ /+$!%"." 

5'!7)%,"." 34"-. 

;/"!'- 54'33)*)5'#)- "3,"+',' ,' 6)()2$35)6 3+"03/+'6 ("%)*)#)-

!&>I)6 5'!7)%"+. ; 3""/+$/3/+)) 3 ,)(), 5'!7)%-("%)*)#)!"+',,<$ /!&7-

5) %$4-/ ,': 

A. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ ($/'44"1"%"7,<() 5'!-

7)%'() TiC, ZrC, HfC, VC, MoC ) WC. K/) 5'!7)%< 7"4$$ 6)()2$35) '5/)+-

,<, 2$( 1)!"4)/)2$35)0 .!'*)/. ; /" :$ +!$(- ",) (".&/ 3,):'/@ '5/)+-

,"3/@ 84$5/!".!'*)/' + ,$5"/"!<6 !$'5#)-6. 

B. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ ($/'44"1"%"7,<() 5'!-

7)%'() TaC ) NbC. K/) %+' 5'!7)%' 7"4$$ &3/"02)+< 5 "5)34$,)> 5)34"/'-

(), 2$( 1)!"4)/)2$35)0 .!'*)/, ) 1!"-+4->/ 1!)($!," /'5&> :$, 5'5 ) 1"-

34$%,)0, 31"3"7,"3/@ +9')("%$03/+"+'/@ 3 5)34"!"%"(. E'!7)%< /',/'4' ) 

,)"7)- 3,):'>/ '5/)+,"3/@ .!'*)/"+"0 1"+$!6,"3/) + 7"4@D$0 3/$1$,), 

2$( %!&.)$ ($/'44"1"%"7,<$ 5'!7)%<. 

;. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ 5"+'4$,/,<() 3"$%),$-

,)-() B4C ) SiC. K/) 5'!7)%< 6'!'5/$!)9&>/3- "2$,@ +<3"5"0 6)()2$35"0 

),$!/,"3/@> ) (".&/ 4)7" 1",):'/@ '5/)+,"3/@ .!'*)/"+"0 1$2), 4)7" ,$ 

"5'9<+'/@ ,' '5/)+,"3/@ 3&I$3/+$,,"." +4)-,)-. 

J. J!'*)/"+<$ /!&75), ("%)*)#)!"+',,<$ 84$($,/'() /!$/@$0 

.!&11< (La, Th, Y).  "+$!6,"3/,'- '5/)+,"3/@ 8/)6 /!&7"5 3)4@," 9'+)3)/ "/ 

($/"%' ("%)*)5'#)). J)%!"4)9 3""/+$/3/+&>I)6 5'!7)%"+ + ,'2'4$ 5':%"-

." ','4)/)2$35"." #)54' +<9<+'$/ 1"3/"-,,"$ !'9!&D$,)$ 1$!+",'2'4@,"0 

3/!&5/&!< .!'*)/"+"0 /!&75).  !"#$33< + /'5)6 /!&75'6 9,'2)/$4@," "/4)-

2'>/3- "/ /'5"+<6 +" +3$6 %!&.)6 /!&75'6, /.5. + 8/)6 /!&75'6 ','4)/<  ) 

('/!)#' (".&/ +9')("%$03/+"+'/@ 3 "53)%'() ) .)%!"53)%'() ("%)*)5'/"!' 

,' 3/'%)-6 3&D5) ) 1)!"4)9'. ?7!'9"+',)$ 3!'+,)/$4@," 7"4@D)6 5"4)2$3/+ 

5'!7)%' 4',/',' + 1!"#$33$ 85314&'/'#)) CO3LaC2C7OLa 232 "#"  9,'2)-

/$4@," &+$4)2)+'$/ 5",#$,/!'#)> C? + .'9"+"0 *'9$.  

C+$%$,)- " 6)()2$35"0 *"!($ 1"5!</)0 .!'*)/"+"0 1$2), 6'!'5/$-

!)3/)5$ "7!'9&>I$." 34"- ) ($/"%)5$ 1"5!</)- "7"7I$,< + /'74. 5.10. 

?7<2,'- 1!"#$%&!' 1"4&2$,)- 5'!7)%,"." 1"5!</)- 1!) ,"!('4@-

,"( %'+4$,)) 3+"%)/3- 5 )(1!$.,)!"+',)> (1!"1)/<+',)>) .!'*)/"+<6 

1$2$0 3 1)!"4)/)2$35)( 1"5!</)$( +"%,<() !'3/+"!'() 3"4$0 Ta, W, Hf, Ti 

+ /$2$,)$ 24 2'3"+.  

L'/$( .!'*)/"+<$ /!&75) 3&D'/ + 3&D)4@,"( D5'*& 1!) 120 
"
C + /$-

2$,)) 12 2'3"+ ) ,$35"4@5" !'9 "7:).'>/ &:$ + '/"()9'/"!$ 1" "7<2,"0 

/!$63/'%)0,"0 (3&D5', 1)!"4)9, '/"()9'#)-) 1!".!'(($. G9 /'74. 5.10 +)%-

,", 2/" )9($,$,)- 8/"0 ($/"%)5) 1"5!</)- 5'3'>/3- + "3,"+,"( 6)()2$35"-

." 3"3/'+' 1!"1)/<+'>I$." !'3/+"!' ) %4)/$4@,"3/) "7!'7"/5).
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='74)#' 5.10 – E'!7)%-("%)*)#)!"+',,"$ 1"5!</)$ .!'*)/"+<6 /!&7"5  

M"%)*)#)-

!&>I)$ 84$-

($,/< 

M$/"%)5' ("%)*)5'-

#)) 

N)()2$35'- 

*"!(' ("%)*)-

#)!&>I)6 84$-

($,/"+ 

O'31!$%$4$,)$ ("%)*)#)!&>I)6 84$($,-

/"+ 1" .!'*)/"+"0 1"+$!6,"3/) 
A+/"!<, ."% 

Ta, Nb 

?7!'7"/5' /+$!%<() 

84$($,/"!.',)2$35)() 

3"$%),$,)-() 

TaC, NbC 
=+$!%<0 34"0 5'!7)%"+ /"4I),"0 100 – 150 

(5( 

E&9"+4$+, 

E&9,$#"+, 

C+$!%4),', 

1973 

La, Zr, B, Si, 

V, Mo, Ba 

;+$%$,)$ %)35!$/,<6 

'4)5+"/ 
MoCx, La(OH)3 

J!'*)/"+<$ /!&75) %"3/'/"2," "%,"!"%," 

1"5!</< 5'!7)%""7!'9&>I)() 84$($,/'()

Runnels, 

Merryfield, 

Fisher, 1975 

Ti, Ta, Hf, W 

?7!'7"/5' 1!) ,"!-

('4@,"( %'+4$,)) + 

/$2$,)$ 24 2'3"+ 

– 

Ta ) W !'31!$%$4$,< 1" .!'*)/"+"0 1"-

+$!6,"3/) %"3/'/"2," ."(".$,,"; 3/!&5/&!' 

.!'*)/' ,$ ($,-$/3-; !'31!$%$4$,)$ Ti ) Hf 

,$"%,"!"%," 

Ortner, Kan-

tuscher, 1975 

Ta 

P+&65!'/,'- "7!'7"/5' 

1!) 1",):$,,"( %'+-

4$,)) 

TaC 

TaC ,$ 1"4,"3/@> 1"5!<+'$/ 1"+$!6,"3/@, 

", !'+,"($!," 1!",)5'$/ + /"4I& .!'*)/"-

+"0 3/$,5) 

Zatka,1978 

Zr 
?7!'7"/5' 1!) 1",)-

:$,,"( %'+4$,)) 
ZrC – 

Havezov, 

Russeva, Jor-

danov, 1979 

W, Zr 

?7!'7"/5' 1!) 

,"!('4@,"( %'+4$,)) 

24 2'3' 

– 
C/!&5/&!' .!'*)/"+"0 1"+$!6,"3/) "3/'$/-

3- ,$)9($,,"0 

Ortner, 

Schlemmer, 

Welz, 

Wegscheider, 

1985 

1
4

8
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Ta 
?7!'7"/5' 3&31$,9)$0 

Ta(OH)5 
– 

C"$%),$,)- Ta "7!'9&>/ 14"/,&> 3$/5& ,' 

.!'*)/"+"0 1"+$!6,"3/) 

Fritzsche, 

Wegscheidr, 

Knapp, Ortner, 

1979 

Si, Ti (+ +)%$ 

64"!)%') 

?%,"-, %+&5!'/,'- "7-

!'7"/5' 1!) 1",):$,-

,"( %'+4$,)) 

SiC 

;" +!$(- )31"4@9"+',)- Si )31'!-$/3- )9 

#$,/!' .!'*)/"+"0 1$2) ) "3$%'$/ ,' $$ 

5",#'6 

Driedger, 

Seitz, 1979 

V, Cr, Mo, 

Zr, Ta 

?7!'7"/5' 1!) ,"!-

('4@,"( %'+4$,)) 

; "3,"+,"( ZrO2, 

2'3/)2," – ZrC   

?7!'7"/5' ,$ )9($,-$/ /"1".!'*)) 1"+$!6,"-

3/). Zr !'31!$%$4-$/3- + "3,"+,"( 1" 1"+$!6-

,"3/) «,"+"0» 1$25). P4- «3/'!<6» /!&7"5 

5",#$,/!'#)- Zr ,' 1"+$!6,"3/) 3"3/'+4-$/ 

"5"4" 50% "7I$0 5",#$,/!'#)) ( 0,1 %) 

Vikrey, Buren, 

1980 

Ta, La, Zr 

?%,"-, %+&5!'/,'- "7-

!'7"/5' 1!) 1",):$,-

,"( %'+4$,)) + /$2$-

,)$ 24 2'3"+ 

– 

F$!'+,"($!,<0 3 /!$I),'() 34"0 TaC; 

7"4@D"$ 2)34" /!$I), "7!'9&$/3- 1"34$ 

+/"!"0 "7!'7"/5) 

Wahab, 

Chakrabarti, 

1981 

Ta 

P+&6-, 1-/)5!'/,'- "7-

!'7"/5' 1!) 1",):$,-

,"( %'+4$,)) 

TaC 

TaC !'31!$%$4$, + "3,"+,"( + ()5!"1"!'6 

.!'*)/'. H+$4)2$,)$ +!$($,) ) ()4)) 5"4)-

2$3/+' "7!'7"/"5 31"3"73/+&$/ *"!()!"+'-

,)> /+$!%"." 34"- TaC 

Takahashi, Ki-

tahara, Hira-

bayashi, ) %!., 

1981 

Zr, Ta, V, 

Mo, W 

?%,"5!'/,'- "7!'7"/-

5' 1!) ,"!('4@,"( 

%'+4$,)) 

– 

Ta !'31!$%$4-$/3- 1" 1"+$!6,"3/) ."("-

.$,,"; Zr, W ) Mo + "3,"+,"( .!&11)!&>/-

3- + "/%$4@,<$ 2'3/)#< 

Vickrey, Har-

rison, Ra-

melow, 1981 

Hf 1) ++$%$,)$ '4)5+"/  

2) %+&65!'/,'- "7!'7"/5' 

1!) 1",):$,,"( %'+4$,)) 

1"% +"9%$03/+)$( &4@/!'-

9+&5'    
 

HfC 

P4- 1$!+"." 31"3"7' Hf !'31"4'.'$/3- + 5"(-

1'5/,<6 9",'6. E",#$,/!'#)- Hf + /!&75'6 

)(1!$.,)!"+',,<6 1" +/"!"0 ($/"%)5$, 1!'5-

/)2$35) 1"3/"-,,'  

Benzo, Fraile, 

1984 

1
4

9
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Ti, Mo, W (+ 

+)%$ 64"!)-

%"+) ?%,"-, %+&5!'/,'- "7-

!'7"/5' 1!) 1",):$,-

,"( %'+4$,)) 

; "3,"+,"( – 

WC, W2C, W2OC, 

MoC, Mo2C, TiC; 

+ ($,@D$0 3/$1$-

,) – WO2, TiO2 

E'!7)%< 1!$)(&I$3/+$,," "7!'9&>/ %)35!$/-

,<$ *'9<, ' ,$ 34"0 ,' .!'*)/$. Q'3/)#< 5'!-

7)%"+ + "3,"+,"( 5",#$,/!)!&>/3- + 1"!'6 

.!'*)/'. TiCl4 1!",)5'$/ 2$!$9 +3> 3/$,5& 

/!&75), + /" +!$(- 5'5 1!",)5,"+$,)$ W6C ,$-

9,'2)/$4@,".  "/$!@ Ti, Mo ) W 1!) 85314&'-

/'#)) /!&75) ,$ ,'74>%'$/3- 

Almeida, 

Seitz, 1986 

W, Mo 
?7!'7"/5' 1!) 

,"!('4@,"( %'+4$,)) 
– C/!&5/&!' .!'*)/' ,$ ($,-$/3- 

Ortner, 

Schlemmer, 

Welz, 

Wegscheider, 

1985 

Ta 

P+&65!'/,'- "7!'7"/5' 

1!) 1",):$,,"( %'+-

4$,)) 

TaC – Taddia, 1986 

W 
G31'!$,)$ 1!) 

1",):$,,"( %'+4$,)) 

; "3,"+,"(, 

W2C; 2'3/)2," – 

W 

?%,"!"%,"$ 1"5!</)$ /"4I),"0 3 (5(. 

;"9(":," +"33/',"+4$,)$ «3/'!<6» .!'*)-

/"+<6 1$2$0 

Benzo, Castro, 

Cerrion, 

Flores, 1986 

Ta 

F',$3$,)$ *)9)2$35)( 

)31'!$,)$( (5'/"%,"$ 

!'31<4$,)$ 84$($,/'-

("%)*)5'/"!') 

TaC  4"/,<0 34"0 TaC /"4I),"0  $ 4 (5( 

Ortner, Birzer, 

Welz, 

Schltmmer ) 

%!., 1986 

Zr 

?7!'7"/5' 1!) ,"!-

('4@,"( %'+4$,)) + 

/$2$,)$ 24 2'3"+ 

 

ZrC, ZrO2, ZrO0,35 
C/!&5/&!' .!'*)/' 3&I$3/+$,," ,$ ($,-$/-

3- 

Tombers, 

Weidig, Wan-

nemacher, 

Zensch, 1987 

Nb (+ +)%$ 

NbCl5) 

?%,"5!'/,'- "7!'7"/-

5' 1!) ,"!('4@,"( 

%'+4$,)) 

NbC – 
Soman, 

Gilbert, 1989 

1
5

0
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Ta, W, V, 

Mo, La 

?%,"-, %+&65!'/,'- 

"7!'7"/5' 1!) 1",)-

:$,,"( %'+4$,)) + /$-

2$,)$ 90 (),&/ 

LaC 
?7!'7"/5' !'3/+"!"( 3"4) La ,$ )9($,-$/ 

3/!&5/&!& 1"+$!6,"3/) 

Wehgi, 

Shugin, Shuyu, 

Sakai, 1989 

Ta, W 

E'/"%,"$ !'31<4$,)$ 

84$($,/'-("%)*)-

5'/"!' 

– 

 "4,"$ 1"5!</)$ +,$D,$0 1"+$!6,"3/) 

/!&75) ) 14'/*"!(<. F' +,&/!$,,$0 1"-

+$!6,"3/) 1"5!</)$ 2'3/" ,$ 1"4,"$  

Welz, Schlem-

mer, Ortner, 

Wegscheider, 

1989 

Mo 

=!$65!'/,'- "7!'7"/5' 

1!) 1",):$,,"( %'+-

4$,)) + /$2$,)$ 30 2'-

3"+ 

–  4"/,"." 34"- ,$ "7!'9&$/3- 
Pantano, Sned-

don, 1989 

Ta, W 

?%,"5!'/,'- "7!'7"/-

5' 1!) 1",):$,,"( 

%'+4$,)) 

TaC, Ta2O5,WC, 

W 
– 

Chen, Zin, 

Zhou, Qi, 

Qian, 1990 

Mo 
P$3-/)5!'/,"$ ++$%$,)$

'4)5+"/ 
– 

Mo– 3"%$!:'I)$ 2'3/)#< ,' 1"+$!6,"3/) 

.!'*)/"+"0 /!&75) 

Shirasaki, Yo-

netani, Uchino, 

Sakai, 1991 

W 
E'/"%,"$ !'31<4$,)$

84$($,/'-("%)*)5'/"!' 
– 

 4"/,<0 "%,"!"%,<0 34"0 WC /"4I),"0 

"5"4" 5 (5( 

Benzo, Ce-

carelli, Car-

rion, Alvarez, 

Rojas, Rosso, 

1992 

W 

?7!'7"/5' 1!) 1",)-

:$,,"( %'+4$,)) + /$-

2$,)$ 30 (),&/ ) 1!) 

,"!('4@,"(  - 18 2'3"+ 

– F$"%,"!"%,"$ 1"5!</)$ 
Monteiro, Cur-

tius, 1995 

 

1
5

1
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='5, +,'2'4$ .!'*)/"+&> /!&75& (".&/ 1"($I'/@ + 34'7<0 +"%,<0 

!'3/+"! 1"+$!6,"3/,"-'5/)+,"." +$I$3/+' Triton N – 100, ' 9'/$( + ,'3<-

I$,,<0 !'3/+"! "53)64"!)%' #)!5",)-. RI$ "%), 31"3"7 &4&2D)/@ 3('2)-

+'$("3/@ .!'*)/"+"0 /!&75) – &4@/!'9+&5"+"$ +"9%$03/+)$.   

A,'4".)2,'- ($/"%)5' 1"5!</)- "3,"+',' ,' ++$%$,)) '4)5+"/ !'3-

/+"!"+ 5'!7)%""7!'9&>I$." 84$($,/' + .!'*)/"+&> /!&75& ,$1"3!$%3/+$,-

," 2$!$9 %"9)!"+"2,"$ "/+$!3/)$. B"4$$ 8**$5/)+," 1"34$%"+'/$4@,"$ ++$-

%$,)$ !'3/+"!"+ %+&6 ("%)*)#)!&>I)6 84$($,/"+ (,'1!)($!, La ) Zr). B"-

4$$ 3/'7)4@,"$ ) 5'2$3/+$,,"$ 1"5!</)$ 1"4&2'>/ 1!) 1"+<D$,,"( )4) 

1",):$,,"( %'+4$,)). ='5, 1!"3/"0 ) 8**$5/)+,<0 ($/"% "7!'7"/5) /!&7"5 

!'3/+"!"( /',/'4' + 3($3) 3 HF, H2 C2O4 ) H2O2 7<4 1!$%4":$, Zatka. J!'-

*)/"+<$ /!&75) + +$!/)5'4@,"( 1"4":$,)) 1".!&:'>/ + 6% -,<0 !'3/+"! 

3"4) /',/'4', ,'6"%-I)03- + 14'3/)5"+"( 3"3&%$, ) 1"($I'>/ ,' 20-30 3 + 

+'5&&(,<0 853)5'/"!, 3"$%),$,,<0 3 +"%"3/!&0,<( ,'3"3"( .  "34$ +<3&-

D)+',)- .!'*)/"+<$ /!&75) "7:).'>/ + ,'2'4$ 1!) 1000 
"
C, ' 9'/$( + /$2$-

,)$ ,$35"4@5)6 3$5&,% 1!) 2500 
"
C. ; 34&2'$ 5'/"%,"." !'31<4$,)- 1"5!<-

/)$ "7!'9&$/3- "2$,@ 14"/,<(, ) /'5"0 '/"()9'/"! &:$ ,$4@9- + 1"4,"0 ($!$ 

,'9+'/@ .!'*)/"+<(, 5'5 ,$4@9- )( ,'9+'/@ .!'*)/"+&> /!&75&, *&/$!"+',-

,&> /',/'4"+"0 *"4@."0. ;($3/$ 3 /$( %"5'9',", 2/" 1!) )31"4@9"+',)) 

,')7"4$$ !'31!"3/!',$,,"." ) ,')7"4$$ 1!"3/"." ($/"%' – "7!'7"/5) '/"-

()9'/"!' +"%,<() !'3/+"!'() 3"$%),$,)0 ("%)*)5'/"!"+ 1!) '/("3*$!,"( 

%'+4$,)) – 14"/,<0 34"0 5'!7)%"+ ,$ "7!'9&$/3-. ; %',,"( 34&2'$ (< 1!"-

3/" )($$( %$4" 3 ("%)*)5'/"!"( 1!"4",.)!"+',,"." %$03/+)-. R." "2$+)%-

,<$ %"3/"),3/+' – &1!"I$,)$ ) &35"!$,)$ ','4)9', ' /'5:$  +"9(":,"3/@ 

)31"4@9"+'/@ %4- ("%)*)#)!"+',)-  ,$%"3/'/"2," 2)3/<$ !$'.$,/<. 

?7<2," 1!) 5':%"( +54>2$,)) 5'!7)%-("%)*)#)!"+',,<6 1$2$5 

,'74>%'>/3- 1"/$!) ("%)*)#)!&>I$." 84$($,/'. P4- 1!$%"/+!'I$,)- 8/"-

." !$5"($,%&>/ %"1"4,)/$4@,<$ 1!"#$%&!< "7!'7"/5). C'('- 1!"3/'- )9 

,)6 – %"7'+5' !'3/+"!' ("%)*)#)!&>I$." 3"$%),$,)- + ','4)9)!&$(<0 

!'3/+"!. ; ,$5"/"!<6 34&2'-6 1"4$9,' %"1"4,)/$4@,'- "7!'7"/5' /!&75) &.-

4$!"%"3"%$!:'I)() 3"$%),$,)-(). K/" 3+-9'," 3 /$(, 2/" "7!'9"+',)$ 5'!-

7)%"+ ,' 1"+$!6,"3/) "7!'7'/<+'$("0 .!'*)/"+"0 /!&75) 1!")36"%)/ 74'-

."%'!- %+&( "3,"+,<( 1!"#$33'(: 
MeCCMe #"  

% & yCOxMeCCyxOMe yx "#"" . 

G9 8/"." 34$%&$/, 2/" "7!'9"+',)$ 5'!7)%"+ 3"1!"+":%'$/3- 2'3/)2-

,<( !'9!&D$,)$( +,&/!$,,$0 1"+$!6,"3/) "7!'7'/<+'$("0 /!&75). 

M"%)*)#)!"+',)$ /&."14'+5)() 5'!7)%'() (":$/ 3,):'/@ '5/)+-

,"3/@ .!'*)/"+"0 1"+$!6,"3/) + "%,"0 !$'5#)) ) ("%,"+!$($,,") &+$4)2)-

+'/@ $$ + %!&."0. G9($,$,)$ 2&+3/+)/$4@,"3/) "1!$%$4$,)- + /'5)6 /!&75'6 

,$ (":$/ 34&:)/@ %"5'9'/$4@3/+"( 7"4$$ +<3"5"0 )4) 7"4$$ ,)95"0 1"+$!6-

,"3/,"0 '5/)+,"3/). K/" 3+-9'," 3 /$(, 2/" &+$4)2$,)$ 2&+3/+)/$4@,"3/) 

(":$/ 1!")36"%)/@ 74'."%'!- 1!$%"/+!'I$,)> 1"/$!@ ','4)/' + +)%$ 4$/&-
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2)6 3"$%),$,)0 ,' 3/'%)) 1)!"4)9'. R34) 8/) 3"$%),$,)- "7!'9"+'4)3@ + !$-

9&4@/'/$ 1!"#$33"+ +"33/',"+4$,)-, ,)95'- 6)()2$35'- '5/)+,"3/@ 1"+$!6-

,"3/) '/"()9'/"!' 1!$1-/3/+&$/ )6 "7!'9"+',)>. ?%,'5", 3!'+,)/$4@," +<-

3"5'- '5/)+,"3/@ 1"+$!6,"3/) ("%)*)#)!"+',,"0 /!&75) /'5:$ (":$/ %'-

+'/@ &+$4)2$,)$ 2&+3/+)/$4@,"3/) + !$9&4@/'/$ 7"4$$ ),/$,3)+,"." +"33/'-

,"+4$,)- "1!$%$4-$("." 84$($,/' )9 $." 3"$%),$,)0, )4) + !$9&4@/'/$ )6 

7"4$$ 1"4,"0 %)33"#)'#)) ,' 3/'%)) '/"()9'#)). 

M"%)*)#)!"+',)$ .!'*)/"+<6 /!&7"5 /&."14'+5)() 5'!7)%'() &+$-

4)2)+'$/ )6 &3/"02)+"3/@ 5 "5)34$,)> 5)34"!"%"( ), +34$%3/+)$ 8/".", &+$-

4)2)+'$/3- +!$(- :)9,) /!&7"5. M'/$!)'4 /!&7"5, ("%)*)#)!"+',,<6 5'-

/"%,<( !'31<4$,)$(, 34'7$$ )31'!-$/3- 1!) 85314&'/'#)) /!&7"5, 1"/$!) 

('33< /!&75) 3"5!'I'>/3-. L,'2)/$4@," &+$4)2)+'$/3- &3/"02)+"3/@ .!'-

*)/"+<6 /!&7"5 5 5)34"/'(. ='5, 1!) ','4)9$ ,)5$4$+<6 314'+"+, 5"/"!<$ 

!'3/+"!->/ + 3($3) 5)34"/, .!'*)/"+<$ /!&75) 3 1)!"4)/)2$35)( 1"5!</)-

$( ,'2),'>/ !'9!&D'/@3- &:$ 1"34$ 5 #)54"+ ,'.!$+'. ?7!'7"/5' /!&7"5 

!'3/+"!"( 7"!,"0 5)34"/< &+$4)2)+'$/ +!$(- :)9,) /!&7"5 %" 200 #)54"+ 

74'."%'!- &3/"02)+"3/) 5 %$03/+)> 5)34"/ "7!'9&>I$."3- ,' 1"+$!6,"3/) 

5'!7)%' 7"!'. H+$4)2$,)$ &3/"02)+"3/) /!&7"5, ("%)*)#)!"+',,<6 ),$!/-

,<() 5'!7)%'() /',/'4' ) ,)"7)-, /'5:$ 3+-9'," 3 6)()2$35"0 &3/"02)+"-

3/@> 1"34$%,)6 1" "/,"D$,)> 5 5)34"/'(. H3/"02)+"3/@ ZrC ) WC 1" "/-

,"D$,)> 5 '9"/,"0 5)34"/$ ,$9,'2)/$4@," "/4)2'$/3- "/ &3/"02)+"3/) .!'-

*)/'. ?%,'5" +!$(- :)9,) ZrC- ) WC- ("%)*)#)!"+',,<6 /!&7"5 + 2-3 !'9' 

+<D$, 2$( & 3/',%'!/,<6 3 1)!"4)/)2$35)( 1"5!</)$(, 2/" "7&34"+4$," 

3,):$,)$( 1"!)3/"3/) 1"+$!6,"3/) /!&75).  !) '/"()9'#)) + ,$("%)*)#)-

!"+',,<6 /!&75'6 5)34"/' (,'1!)($! HClO4), '%3"!7)!"+',,'- + .!'*)/"-

+<6 1"!'6, 7<3/!" )31'!-$/3-, 1!")36"%)/ 3+"$"7!'9,<0 «()5!"+9!<+», 5"-

/"!<0 !'9!&D'$/ 3/!&5/&!& .!'*)/'. ;/"!"0 *'5/"!, "7S-3,->I)0 &+$4)2$-

,)$ +!$($,) :)9,) 5'!7)%-("%)*)#)!"+',,<6 /!&7"5, – 8/" 74"5)!"+',)$ 

5'!7)%'() '5/)+,<6 #$,/!"+ ,' 1"+$!6,"3/). E'!7)%""7!'9&>I)$ 84$($,-

/< (Zr, Za, Si, V, B  ) /.%.) 1!) )6 "1!$%$4$,)) + ("%)*)#)!"+',,<6 1$2'6 

5'/'4)9)!&>/ 1!"#$33 .!'*)/)9'#)) %$3"!7)!"+',,"." &.4$!"%' + .!'*)/"-

+"0 /!&75$. E",$2,", 5'!7)% ,' 1"+$!6,"3/) 1$2) (":$/ 1!),)('/@ &2'3/)$ 

+ 6)()2$35)6 !$'5#)-6 "7!'9"+',)- 3""/+$/3/+&>I$." ($/'44', "53)%', 

64"!)%' )4) %!&.)6 3"$%),$,)0. ?%,'5", 1!) 1"34$%&>I$( ,'.!$+$ + 

),$!/,"0 '/("3*$!$  + 1!)3&/3/+)) 7"4@D"." 5"4)2$3/+' &.4$!"%' +,"+@ 

"7!'9&$/3- 1$!+",'2'4@,<0 5'!7)%. F'1!)($!, 1!"#$33 '/"()9'#)) .$!('-

,)- + .!'*)/"+<6 /!&75'6, ("%)*)#)!"+',,<6 ZrC, (":," 1!$%3/'+)/@ 34$-

%&>I)() &!'+,$,)-(): 

).'9():,/+()/+()/+(2)/+( CO2GeZr2GeOZrC2 ""#"                                       (5.28) 

% & % & % & % & % &.'9:,/+/+.'9/+ COGeZrGeOZrC2 ""#"                                             (5.29) 

% & % &.'9:,/+ GeGe #                                                                                    (5.30) 

% & % & % &/+/+/+ ZrCCZr #"                                                                              (5.31) 

C&(()!&- 8/) &!'+,$,)-, 1"4&2'$(: 
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% & % & % & % &.'9.'9

ZrC

/+/+2 CO2GeC2GeO "''#'"                                                    (5.32) 

% & % & % & % &.'9.'9

ZrC

/+.'9 COGeCGeO "''#'"                                                         (5.33) 

G9 8/)6 &!'+,$,)0 34$%&$/, 2/" 5'!7)% #)!5",)- 5'/'4)9)!&$/ +"3-

3/',"+4$,)$ "53)%"+ ','4)/' (.$!(',)-) .!'*)/"( '/"()9'/"!'. E",#$,/!'-

#)- 3+"7"%,"." 5)34"!"%' ,' 3/'%)) '/"()9'#)) + /'5)6 /!&75'6 ,):$, 2$( 

+ 3/',%'!/,<6 '/"()9'/"!'6. 

; &34"+)-6, "/4)2,<6 "/ /$(1$!'/&!,"-3/'7)4)9)!"+',,"0 1$2) 3 

14'/*"!("0, + /!&75'6, ("%)*)#)!"+',,<6 /&."14'+5)() 5'!7)%'(), (":$/ 

+"9!'3/'/@ 2&+3/+)/$4@,"3/@ "1!$%$4$,)- 84$($,/"+, )($>I)6 1!"2,<$ ("-

,""53)%< 3 8,$!.)$0 %)33"#)'#)) "5"4" 650 5P:/("4@ )4) 7"4$$ – Ge, B, Si. 

K/" 3+-9'," 3 1",):$,)$( 5",#$,/!'#)) 5)34"!"%' + .'9"+"0 *'9$ 1$2) ) 

3%+).& +1!'+" !'+,"+$3)- )()()(  !" !" !" OMeMO "(

# .  !)2),"0 3,):$,)- 

5",#$,/!'#)) 3+"7"%,"." 5)34"!"%' -+4-$/3- 5'/'4)/)2$35"$ %$03/+)$ /&-

."14'+5)6 5'!7)%"+ ,' "5)34$,)$ .!'*)/' '/"()9'/"!' 5)34"!"%"(, 3"%$!-

:'I)(3- + 5'2$3/+$ 1!)($3) + ),$!/,"( .'9$. G9+$3/,", 2/" /&."14'+5)$ 

5'!7)%< W, Mo, Zr 1!) /$(1$!'/&!'6 +<D$ 1000 
"
C "2$,@ 4$.5" "5)34->/3-. 

?7!'9"+'+D)$3- + !$9&4@/'/$ "5)34$,)- 3+"7"%,<$ ($/'44, "53)% )4) "53)-

5'!7)% "1-/@ 1$!$6"%-/ + 5'!7)% + !$9&4@/'/$ +9')("%$03/+)- 3 .!'*)/"( 

'/"()9'/"!', 2/" &:$ 7<4" "/($2$," !',$$. M"%)*)#)!"+',)$ 5'!7)%'() 

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

3/@>.  "8/"(& 1$!+",'2'4@," 8/"/ 1!)$( 1!)($,-43- %4- '/"(,"-

'73"!7#)",,"." "1!$%$4$,)- 84$($,/"+, "7!'9&>I)6 /$!("3/"05)$ 5'!7)-

%<, /'5)6 5'5 B, Si, Cr, Be. ?%,'5", 34$%&$/ &2$3/@, 2/" + !$'4@,<6 &34"+)-6 

+ 1$2) 1!")36"%)/ 3+"$"7!'9,'- 7"!@7' ($:%& ("%)*)#)!&>I)() 84$($,-

/'() ) 5'!7)%""7!'9&>I)() "1!$%$4-$(<() 84$($,/'() 9' '5/)+,<$ ($3/' 

,' 1"+$!6,"3/) .!'*)/'.  "8/"(& ("%)*)#)!"+',)$ ,$ &4&2D'$/ 2&+3/+)-

/$4@,"3/) "1!$%$4$,)- OLK ) &!',' (9' )354>2$,)$( )//$!7)-). K/"/ 1!)$( 

/'5:$ ,$ 8**$5/)+$, %4- 1$!$6"%,<6 84$($,/"+  IV–VI .!&11 1"7"2,<6 

1"%.!&11. 

=$( ,$ ($,$$, 5'!7)%,"$ ("%)*)#)!"+',)$ .!'*)/"+<6 /!&7"5 9,'-

2)/$4@," !'3D)!-$/ 1"/$,#)'4@,<$ +"9(":,"3/) 84$5/!"/$!()2$35"0 

'/"(,"-'73"!7#)",,"0 31$5/!"35"1)). ; 9'+)3)("3/) "/ 3/!&5/&!< 5'!7)%-

,"." 34"- ) 3+"03/+ 5'!7)%' ("%)*)5'#)- (":$/ &+$4)2)/@ )4) &($,@D)/@ 

'5/)+,"3/@ .!'*)/' 1" "/,"D$,)> 5 ','4)/& )4) ('/!)#$. Q'3/" 5'!7)%< ,' 

1"+$!6,"3/) .!'*)/"+"0 /!&75) %$03/+&>/ 5'5 /)1)2,<0 1$!(',$,/,<0 

(1"3/"-,,<0) ("%)*)5'/"!. ; ,'3/"-I$$ +!$(- "5",2'/$4@," ,$ &3/',"+4$-

,' 5"!!$4-#)- ($:%& 3+"03/+'() 5'!7)%"+ ) 3""/+$/3/+&>I)6 5'!7)%-

("%)*)#)!"+',,<6 /!&7"5. E'!7)%-("%)*)#)!"+',,<$ /!&75) "3"7$,," 

8**$5/)+,< %4- ','4)9' "7!'9#"+ 3 7"4@D)( 3"%$!:',)$( 5)34"/, ' /'5:$ 

%4- ','4)9' "!.',)2$35)6 853/!'5/"+, 84$($,/""!.',)2$35)6 3"$%),$,)0, 

/+$!%<6 "7!'9#"+, 3&31$,9)0. P':$ + &34"+)-6 /$(1$!'/&!,"-

3/'7)4)9)!"+',,"0 1$2) 3 14'/*"!("0 (STPF – &34"+)-) 1!)($,$,)$ 5'!7)% 

– ("%)*)#)!"+',,<6 .!'*)/"+<6 /!&7"5 1!$%1"2/)/$4@," 1!) "1!$%$4$,)) 
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Ge, Si ) B.  $!31$5/)+,< )334$%"+',)- 1" 1!)($,$,)> 5'!7)%-

("%)*)#)!"+',,<6 /!&7"5 +($3/$ 3 6)()2$35)() ("%)*)5'/"!'(), "3"7$,-

," 14'/),"+<() ($/'44'(). 

5.8. 4$1$,+50$+ 1&3$#$0"%&!( 

E'5 7<4" &5'9'," !',$$, 6)()2$35)$ ("%)*)5'/"!< – ,$"/S$(4$('- 

2'3/@ ($/"%' /$(1$!'/&!,"-3/'7)4)9)!"+',,"0 1$2) 3 14'/*"!("0 STPF. 

#$%$&'()$* %+,$-$)!.+/ – 8/" !$'.$,/ ()4) 3($3@ !$'.$,/"+), %"-

7'+4$,)$ 5"/"!"." 5 "7!'9#& &($,@D'$/ 1"($6) ) 6)()2$35) !'9%$4-$/ + 

/+$!%"0 *'9$ ','4)/ ) ('/!)#&. G%$'4@,<0 6)()2$35)0 ("%)*)5'/"! – 8/" 

!$'.$,/, 5"/"!<0 ,$ /"4@5" &($,@D'$/ *", ) +9')("+4)-,)-, ," ) &+$4)2)-

+'$/ 2&+3/+)/$4@,"3/@ "1!$%$4$,)-. P$03/+)$ 6)()2$35)6 ("%)*)5'/"!"+ 

3+"%)/3-, .4'+,<( "7!'9"(, 5 )9($,$,)> 4$/&2$3/) !'94)2,<6 5"(1",$,/"+ 

1!"7<. 

?3,"+,<$ *'5/"!< %$03/+)- ("%)*)5'/"!"+ ,' ','4)9)!&$(&> 1!"-

7& "7"7I$,< ,):$. 

1. K**$5/)+,'- /$!("3/'7)4)9'#)- +<3"5" ) 3!$%,$4$/&2)6 ','4)/"+ –  

1!) "1!$%$4$,)) 7"4$$ 30 84$($,/"+, +54>2'- /'5)$ +':,<$, 5'5 As, 

Bi, Cd, P, Pb, Sb, Se, Tl, Sn ) /.%. 

2. ?7!'9"+',)$ ,"+<6, ($,$$ 4$/&2)6 6)()2$35)6 *"!( ','4)/', ,'1!)-

($!, /'5)6, 5'5 '!3$,)/, '!3$,'/, (","($/)4'!3$,'/, %)($/)4'!3$,'/, 

'!3$,"7$/),, '!3$,"6"4), ) %!. 1!) "1!$%$4$,)) "7I$." 3"%$!:',)- 

(<D@-5' + ("2$. 

3. H+$4)2$,)$ 4$/&2$3/) ,$:$4'/$4@,<6 3"1&/3/+&>I)6 5"(1",$,/"+ 

1!"7< ) )6 "/.",5' ,' 3/'%)) 1)!"4)9', ,'1!)($!, &3/!',$,)$ 64"-

!)%,"0 ('/!)#< ("!35"0 +"%< )4) ("2) %"7'+4$,)$( NH4NO3,  !'9-

7'+4$,)$( HNO3, !'3/+"!'() '((",)0,<6 3"4$0 "!.',)2$35)6 5)34"/, 

)4) )31"4@9"+',)$( ,' 3/'%)) 1)!"4)9' '4@/$!,'/)+,<6 ),$!/,<6 .'-

9"+ (H2-Ar). 

4.  !$)(&I$3/+$,,"$ "9"4$,)$, ' ,$ "7&.4)+',)$ "!.',)2$35)6 ('/!)# 

(&.4), 3'6'!, 5!"+@, /+$!%<$ )4) 3&31$,9)!"+',,<$ "!.',)2$35)$ ('/-

!)#< ) /.%.) 1&/$( )31"4@9"+',)- ,' ,)95"/$(1$!'/&!,"0 3/'%)) 1)-

!"4)9' '4@/$!,'/)+,"." .'9', 3"%$!:'I$." %"7'+5& +"9%&6' )4) O2. 

5.  !$+!'I$,)$ ,$5"/"!<6 ($D'>I)6 5"(1",$,/"+ + ($,$$ +!$%,<$ 

+$I$3/+', ,'1!)($!, 3+-9<+',)$ 3&4@*'/"+ 3 1"("I@> 3($D',,<6 

("%)*)5'/"!"+, 3"%$!:'I)6 3($3) ,)/!'/"+ I$4"2,"9$($4@,<6 ($-

/'44"+ ) ,)/!'/' 1'44'%)- (II).    

6. M"%)*)5'/"! %$03/+&$/ 5'5 «)31'!)/$4@», /.$. "74$.2'$/ ,)95"/$(1$-

!'/&!,&> '/"()9'#)> ','4)/' %" /".", 5'5 1!")36"%)/ '/"()9'#)- "3-

,"+,"0 ('33< ('/!)#<. F'1!)($!, Cd, Pb ) Zn + ("!35"0 +"%$ "1!$%$-

4->/ + 1!)3&/3/+)) I'+$4$+"0 5)34"/<, 1!) "1!$%$4$,)) Dy + 3<+"-

!"/5$ 5!"+) + ),$!/,<0 .'9 (Ar) ,' 3/'%)) "2)3/5) 1$2) 1!) 2700 
"
C 

++"%-/ %"7'+5& *!$",' 23 CHF3. 
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7. H4&2D$,)$ 5",/'5/' ($:%& "7!'9#"( ) 1"+$!6,"3/@> '/"()9'/"!' 1&-

/$( %"7'+5) 3('2)+'>I)6 '.$,/"+ ) ()4)) "!.',)2$35)6 !$'.$,/"+ %4- 

"7$31$2$,)- 14'+,"0, 31"5"0,"0 3&D5) ) 1)!"4)9'. 

8. O'94)2,<$ *"!(< "1!$%$4-$("." 84$($,/' 1!$+!'I'>/ + "%," 3"$%)-

,$,)$, 2/" 1"+<D'$/ /"2,"3/@ ','4)9' (,'1!)($!, 1!) "1!$%$4$,)) 

*"3*"!' + ('34'6, 3"%$!:'I)6 ,$35"4@5" *"!( *"3*"!,<6 3"$%),$-

,)0 3 !'94)2,"0 4$/&2$3/@>, %"7'+4$,)$ ,)/!'/' 1'44'%)- 1"9+"4-$/ 

1"4&2)/@ ,' 3/'%)) '/"()9'#)) "%), 1)5). 

9. H+$4)2$,)$ 2&+3/+)/$4@,"3/) "1!$%$4$,)-. ; !-%$ 34&2'$+ 8**$5/)+-

,'- '/"()9'#)- ,$ (":$/ 7</@ %"3/).,&/' + "/3&/3/+)$ ("%)*)5'/"!', 

,'1!)($!, 1!) "1!$%$4$,)) 4$.5"4$/&2)6 "4"+""!.',)2$35)6 3"$%)-

,$,)0 +34$%3/+)$ 1!$:%$+!$($,,<6 1"/$!@, 1"34$%,)$ (":," 3&I$3/-

+$,," &($,@D)/@ + 1!)3&/3/+)) 1'44'%)0"!.',)2$35"." ("%)*)5'/"-

!' PdCl2(CH3CN)2.  

10. C,):$,)$ )4) &3/!',$,)$ ,$3$4$5/)+,"." (*","+".") 1".4"I$,)-. 

11. T&2D'- &3/"02)+"3/@ ,$5"/"!<6 5'!7)%1"5!</<6 1"+$!6,"3/$0 (TaC, 

WC, NbC) 5 %$03/+)> 5)34"/, "!.',)2$35)6 !'3/+"!)/$4$0 ) 853/!'5-

/"+, ('/!)#, +<9<+'>I)6 5"!!"9)>, ) /.%. 

12.  "%6"%-I)0 ("%)*)5'/"! (":$/ 1"-!'9,"(& +4)-/@ ,' 4$/&2$3/@ !'9-

4)2,<6 +'4$,/,<6 *"!( "1!$%$4-$("." 84$($,/', 2/" 1"9+"4-$/ "1!$-

%$4-/@ 84$($,/ + "1!$%$4$,,"0 3/$1$,) "5)34$,)- (,'1!)($!, %"7'+5' 

'#$/)4'#$/",' %'$/ +"9(":,"3/@ "1!$%$4)/@ Cr(VI) + 1!)3&/3/+)) 

Cr(III) +34$%3/+)$ &%'4$,)- '#$/)4'#$/",'/' 6!"(' (III) ,' 3/'%)) 1)-

!"4)9'.) 

 !)($,$,)> 6)()2$35)6 ("%)*)5'/"!"+ + '/"(,"-'73"!7#)",,"0 

31$5/!"35"1)) 1"3+-I$,< (",".!'*)) '+/"!"+ %',,"." 1"3"7)-, .%$ )94"-

:$,< "3,"+,<$ 1!),#)1< )6 +<7"!', ($6',)9( %$03/+)- ) )31"4@9"+',)- + 

','4)/)2$35"0 1!'5/)5$. ; %',,"( )9%',)) (< 1!)+$%$( "7"7I'>I)$ %',-

,<$ 1" 6)()2$35)( ("%)*)5'/"!'(, 1"9+"4->I)$ "!)$,/)!"+'/@3- + )6 

(,".""7!'9)) 1!) 84$5/!"/$!()2$35"( '/"(,"-'73"!7#)",,"( ','4)9$ 

34":,<6, (,"."5"(1",$,/,<6 "7S$5/"+ (/'74. 5.11). ?/($/)( + 9'54>2$,)$, 

2/", ,$3("/!- ,' 3"+$!D$,3/+"+',)$ ','4)/)2$35"0 '11'!'/&!<, 1!"74$(' 

&4&2D$,)- ) 1!'+)4@,"3/), ) +"31!")9+"%)("3/) !$9&4@/'/"+ '/"(,"-

'73"!7#)",,"." ($/"%' ','4)9' /'5)6 "7S$5/"+ "3/'$/3- 1"-1!$:,$(& '5/&-

'4@,"0 ','4)/)2$35"0 9'%'2$0.  !$,$7!$:$,)$ ($!'() 1" 1"+<D$,)> /"2-

,"3/) !$9&4@/'/"+ (":$/ )35'9)/@ !$9&4@/'/ ,' 1"!-%"5 ) 7"4$$. 

 

5.9.6! "7$,+50$+ !+" +7%( $ 1+%"//&0&1*/+057(+ 5&+3$7+7$8 

0"0 1&3$#$0"%&!( ' 9/+0%!&%+!1$,+50&1 "%&17&-

"25&!2:$&77&1 "7"/$;+ 

F$3("/!- ,' 3"+$!D$,3/+"+',)$ '/"(,"-'73"!7#)",,<6  31$5/!"-

($/!"+, 1!"74$(' 3,):$,)- 1!$%$4' "7,'!&:$,)- ) 1"+<D$,)- /"2,"3/) 

"1!$%$4$,)- ()5!"1!)($3$0 ($/'44"+ + 34":,<6 ('/!)#'6 "3/'$/3- '5/&-

'4@,"0.
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='74)#' 5.11 – G31"4@9"+',)$ 6)()2$35)6 ("%)*)5'/"!"+ (=1)!"4 – /$(1$!'/&!' 1)!"4)9',  !? – 1!$%$4 "7-

,'!&:$,)-, Zeeman STPF – &34"+)- /$(1$!'/&!,"–3/'7)4)9)!"+',,"0 1$2) 3 14'/*"!("0 ) 

9$$(',"+35)( 5"!!$5/"!"( *",') 

 

A,'-

4)/ 

M'/!)#' M"%)*)5'/"! 
E"(($,/'!)) 

Ag E)34"/,<0 (),$!'4)-

9'/ 

4%(NH4)2HPO4 +2% /)"("2$+),' M),$!'4)9'/ HNO3+HF+HClO4 

Ag ;"%,<0 !'3/+"! A35"!7),"+'- 5)34"/', 3"4@ Ca(2+), 

=!)/", N – 100  

 

Ag E!"+@, 9&7<, ("2' 4% NH4NO3 – 0,05% =!)/", N – 100  =1)!"4 700 
"
C,  !? 0,4 (5./4 

Ag ;<3"5"(),$!'4)9"-

+',,<$ D'6/,<$ +"%< 

5104 )* M 3&4@*'/ 1,10-*$,',/!"4),' + 
6108 )* M 1)!".'44"4"+<0 5!'3,<0  

pH=7, %"1&3/)('- 5",#$,/!'#)- Cl
-
 – 0,01M  

Ag T$/&2'- &."4@,'- 9"4', 

."!,<$ 1"!"%< 

0,62 (5. Pd =1)!"4 700 
"
C,  !? 1,9 1. 

Ag  $2$,@, ("4"5", 4)3/@- 

!'3/$,)0 

5 (5. NH4SCN A/"()9'/"! – M" /!&75', =1)!"4 500 
"
C 

Ag M"!35'- +"%' Mg(NO3)2, NH4H2PO4, Pd(NO3)2  !$%+'!)/$4@,'- "7!'7"/5' Mg(NO3)2; =1)!"4 
800, 900 ) 1100 

"
C,  !? 0,5–1,1 (5./4; STPF 

Al ;"%,<0 !'3/+"! (5)-

34"/<, 64"!)%-)",<) 

Ca(NO3)2, Mg(NO3)2, Pd(NO3)2, 

NH4H2PO4 

C ("%)*)5'/"!"( Mg(NO3)2 (,":$3/+$,,<$ 

1)5), "3"7$,," + «3/'!<6» /!&75'6; =1)!"4  +1700 
"
C, Zeeman STPF 

Al U+$/,<$ ) 2$!,<$ 

314'+< 

0,1M 3&4@*"3'4)#)4"+'-, 6!"("/!"-

1"+'- 5)34"/<, 7$,9"43&4@*"5)34"/', 

3($3@ 3&4@*"3'4)#)4"+"0 5)34"/< 3 

'4)9'!),"+<( 5!'3,<( S 

 !? – %105 5)*  (($%,<$ 314'+<), %109 5)* (314'+< 

:$4$9'); "/1'%'$/ ,$"76"%)("3/@ "/.",5) HCl 

Al  )+"  K2Cr2O7, Mg(NO3)2, Mg(NO3)2 – =!)/", 

N-100  

 !? 6,4 (5./4 

1
5

7
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Al B)"4".)2$35)$ /5',), 

("2' 

Mg(NO3)2 – =!)/", N-100, HNO3  

Al B)"4".)2$35)$ 3/',-

%'!/,<$ "7!'9#<: #$4-

4>4"9', 5&5&!&9', -0#', 

(&5', (-3", ("4"5", 

5!'6('4 

Mg(NO3)2  =1)!"4 1400 
"
C; STPF 

Al E"3/), 9&7< Ca(NO3)2, NH4H2PO4 =1)!"4 1200 
"
C, Zeeman STPF, !'94":$,)$ HNO3; 

=1)!"4 1450 
"
C; Zeeman STPF 

Al E"3/) 0,1% Ca(NO3)2 – 1% HNO3 M"%)*)5'/"! %"7'+4->/ /"4@5" 5 3/',%'!/,<( 

!'3/+"!'(; =1)!"4 1400 
"
C; STPF 

Al E"3/), +"4"3<, 9&7< Mg(NO3)2 H3/!',-$/ +4)-,)$ C' 

Al L&7<, &3/!)#<, 4)3/@- 

!'3/$,)0 

1 ./4 K2Cr2O7 =1)!"4 1400 
"
C; &3/!',-$/ +4)-,)$ *"3*'/-)","+  

Al U$!$7!"31),'4@,'- 

:)%5"3/@, 3<+"!"/5', 

("2'  

Mg(NO3)2 =1)!"4 1400 
"
C 

Al V$+'/$4@,'- !$9),5' 0,2% Mg(NO3)2 – 4% H2O2 – 1% HNO3 – 

8% C2H5OH 

?9"4$,,<0 "7!'9$# %)31$!.)!"+', + !'3/+"!$ 

("%)*)5'/"!'; /$(1$!'/&!' 3&D5) 200 
"
C; 7<-

3/!<0 ,'.!$+ 

Al  )I$+<$ 1!"%&5/<: 

*'3"4@, 64$7, (-3", ("-

4"5", 2'0 ) /.%. 

Mg(NO3)2  STPF 

Al  )I$+<$ 1!"%&5/<: 

-0#', !<7', (-3", *!&5-

/<, "+"I), 2'0 ) /.%. 

50 (5.  Mg(NO3)2 – 0,3 % HNO3 O'94":$,)$ FNO3 – HClO4; =1)!"4 – 1000 
"
C;  !? 

0,24 ,.; STPF 

Al M"4"2,<$ %$3$!/< Pd – Mg (NO3)2 ;+$%$,)$ 3&31$,9)) (slurry); =1)!"4 – 800 ) 1700 
"
C 

1
5

8
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Al M"4"5", ("4"2,<$ 

5"5/$04) 

Mg(NO3)2, Pd, HF, F3PO4 =1)!"4  1500 
"
C, 1!$%1"2/)/$4$, Mg(NO3)2 

Al  4'9(', 3<+"!"/5' HNO3 – =!)/", N-100;  Mg(NO3)2 ?7' !'97'+)/$4- &%"+4$/+"!)/$4@,<; =1)!"4  

1400 )4) 1700 
"
C, 3""/+.; STPF 

Al M"44>35) 10 (M Mg(NO3)2 M)5!"+"4,"+"$ !'94":$,)$ 3M !'3/+"!"(  

HNO3; =1)!"4  800 )4) 1700 
"
C   

Al Si Mg(NO3)2 H3/!',$,)$ +4)-,)- HF 

Al L&7< 0,2% Mg(NO3)2 – 2% HNO3 – 0,2% 

=!)/", N – 100  

P"9)!"+',)$ /+$!%<6 "7!'9#"+: %)'1'9", !'7"-

2)6 5",#$,/!'#)0 0,2 – 100 (5./.  

Al ;"%'  Pd – Mg(NO3)2 =1)!"4 1100 
"
C; STPF 

As ;"%,<$ !'3/+"!< Pd(NO3)2   

15 (5. Pd – 10 (5. Mg(N?3)2 

G9&2$, ($6',)9( '/"()9'#)); STPF 

As ;"%,<$ !'3/+"!<, ("2' C!'+,$,)$ !'94)2,<6 6)()2$35)6 ("-

%)*)5'/"!"+: Co, Cu, Ni, Pd, Ni – H2O2, 

Ni – K2S2O8, Ni – KMnO4, Pd – H2O2, Pd 

– K2S2O8, Pd – KMnO4 

?#$,$,< «8**$5/)+,<$» /$(1$!'/&!< '/"(,"." 

1'!' 

As  )+" 100 (5. Ni – 400 (5. '35"!7),"+"0 5)-

34"/< 

;+$%$,)$ 3&31$,9)) "9"4$,,"0 1!"7<; =1)!"4  

800 ) 1400 
"
C; Zeeman STPF 

As CS$%"7,<$ "+"I), 

('34' 

PdCl2 ?7!'9$# 3"4>7)4)9)!"+', + 3M 8/',"4@,"( 

!'3/+"!$ KOH; =1)!"4  1400 
"
C 

As  ).($,/< ,' "3,"+$ 

"53)%' Fe(III) 

25 (5. Ni – 0,1 % Triton N – 100  P"9)!"+',)$ 3&31$,9)0 (slurry); =1)!"4 - 14000 
"
C;  !" 0,05 (5./.; STPF 

As O<7' 50 (5. Ni O'94":$,)$ HNO3 – H2O2  

As ;"4"3< Pd – Mg (NO3)2 P"9)!"+',)$ /+$!%"0 )9($4@2$,,"0 %" 5 (( 

1!"7< %4- +<-3,$,)- *","+"." ) 1"+<D$,,"." 

3"%$!:',)- As 

As H3PO4 Pd, Ni  !$%1"2/)/$4$, Pd; 5'4)7!"+5' 1" ($/"%& 

3/',%'!/,<6 %"7'+"5  

1
5

9
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As K4>$,/< +<3"5"8*-

*$5/)+,"0 :)%5"3/,"0 

6!"('/".!'*))   

Pd, W ) Pd – W  6(5. Pd – 20(5. W – "1/)('4@,< %4- (<D@-5-

"!.',)2$35)6 +$I$3/+; =)31'!$,)$  1400 – 1500  
"
C 

As  <:) %!"7"+<6 1'/!"-

,"+ 

100 (5./(4 Ni =1)!"4  1000 
"
C 

As =5',) ("!35)6 :)+"/-

,<6 

50 (5. Ni )4) 15 (5. Pd – 10 (5. 

Mg(NO3)2 

M$:4'7"!'/"!,<0 8531$!)($,/; "7' ("%)*)5'-

/"!' 1!)."%,<; =1)!"4  1100 – 1300  
"
C 

As =5',) Pd – Mg(NO3)2 P"9)!"+',)- 3&31$,9)) + 0,015% =!)/", N – 

100; =1)!"4  480 
"
C (+"9%&6) ) 1200 

"
C (Ar)    

As M"!35'- +"%' C!'+,$,)$ !'94)2,<6 6)()2$35)6 ("-

%)*)5'/"!"+: Pd(NO3)2, Mg(NO3)2, Pd – 

Mg(NO3)2, Pd +"33/',"+4$,,<0, LaCl3, 

ZrOCl2, AgNO3 

 !$%1"2/)/$4$, 0,8 (5. Pd – 4 (5. '35"!7),"-

+"0 5)34"/<; =1)!"4 – 1200 
"
C; STPF   

As M"2' 25 (5. Rh + +)%$ (NH4)3 RhCl6 
.
 1,5 H2O 

– 1,2 (. 4)(",,"0 5)34"/< 

O'97'+4$,)$ 1!"7< 1:4; =1)!"4 - 1600 
"
C; +4)-,)$ 

*"3*'/"+ 4&2D$ &3/!',-$/3- 3($3@> Rh – 4)-

(",,'- 5)34"/';  !? 25 1.;  !? 6,3 ,./(4; 

Zeeman 

As H2O Ni, Pd – Mg(NO3)2, H2 – Ar  Zeeman STPF 

Au Ag Ag ('/!)#'  

Au ;"%,<0 !'3/+"! A35"!7),"+'- 5)34"/' =1)!"4  700 
"
C; )9&2$, ($6',)9( 

Au ;"%,<$ !'3/+"!< F$35"4@5" 5"(1",$,/"+ ,' &!"+,$ (5.: 

Au, MgCl2, NaCl, (NH4)2HPO4, 

La(NO3)3, Pd – Mg(NO3)2 

G9&2$,' 5",%$,3'#)- 1'!"+ 

Au ;"%,<$ !'3/+"!< V =1)!"4   600 – 900  
"
C; Zeeman STPF 

Au ;"%,<$ !'3/+"!< ) "!.'-

,)2$35)$ !'3/+"!)/$4) 
A35"!7),"+'- 5)34"/', .4>5"9', 3'6'-

!"9' 

G9&2$, ($6',)9( 

Au ;"%,<$ !'3/+"!<, !&%< 0,1 % V =1)!"4  600 
"
C; )9&2$, ($6',)9( 3/'7)4)9'#)) 

Au J$"4".)2$35)$ 3/',- Cu(NO3)2 =1)!"4  700 
"
C 

1
6

0
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%'!/,<$ "7!'9#<: ()-

,$!'4<, ."!,<$ 1"!"-

%<, !&%< 

Au J$"4".)2$35)$ "7!'9#< 5 (5. Pd =1)!"4   900 
"
C; STPF 

Au M"4"5", 1$2$,@, 4)3/@- 

!'3/$,)0 

100 (./(4 /)"("2$+),< Mo /!&72'/<0 '/"()9'/"!; =1)!"4 - 720 
o
C;  !? 

130 1./4 

Au O&%<, 3)4)5'/< 0,1% V =1)!"4  450, 600 ) 900 
"
C; 6'!'5/$!)3/)2$35'- 

5",#$,/!'#)- 1 1.;  !? – 0,1 (5./. 

Au C<+"!"/5', ("2' Cu, Ni, Pd, Pt, Re, Rh, Ru, Re – Rh  + 

"/3&/3/+)) ) + 1!)3&/3/+)) 20 (5. '3-

5"!7),"+"0 5)34"/< )4) NF4SCN 

=1)!"4  700 – 1000  
"
C; 4&2D'- 2&+3/+)/$4@,"3/@ 

%4- Re – Rh, Pd – '35"!7),"+'- 5)34"/' ) Rh – 

'35"!7),"+'- 5)34"/'  

B C14'+< Ni, Cu – Ni; 

3/'4)  

10 (M Sr(NO3)2 – 10 (M Ni(NO3)2 – 

0,8% '35"!7),"+'- 5)34"/' 

=1)!"4  1400 
"
C; .!'*)/"+'- /!&75' "7!'7"/',' 

1!$%+'!)/$4@,"  

Ti – W  

B ;"%,<$ !'3/+"!< Ca – Mg, Ti – '35"!7),"+'- 5)34"/', 

"7!'7"/5' /!&7"5 La )4) W 

T&2D'- 2&+3/+)/$4@,"3/@ %4-  Ca – Mg; )9&2$, 

($6',)9( 

B C14'+< ,' "3,"+$ 5"-

7'4@/' 

60 (5. Ni – 20 (5. Zr ?5",2'/$4@,"$ !'94":$,)$ + 0,2% HNO3, ,$0-

/!'4)9'#)- !'3/+"!"( NH4OH; =1)!"4 1200 
"
C; 

"7!'7"/5' /!&75) Zr 

B C14'+< ,' "3,"+$ Fe, 

Ni, Fe – Ni  

Ni – Zr + .!'*)/"+"0 /!&75$, "7!'7"-

/',,"0 Zr 

 

B O'3/$,)- Ni, Mg(NO3)2 )4) La(NO3)3 ;+$%$,)$ 3&31$,9)); !$5"($,%"+', Ni 

B T)3/@- !'3/$,)0 Ca, La, Mg, Ni, Y; /!&75) "7!'7"/',< 

Ta )4) W; *&/$!"+5' Ta–*"4@."0  

10 (5. Ca (+ +)%$ CaCl2)  1!$%1"2/)/$4@,"; =1)-

!"4 1350 
"
C 

B ;"%'  0,5 (./4 Ca(II) =1)!"4  1000 
"
C 

B O$2,'-, 3/"2,'- +"%' Ni, Pd, '35"!7),"+'- 5)34"/', NaF, 

.!'*)/"+<$ /!&75), 1"5!</<$ Ta, V, 

Zr 

T&2D)$ !$9&4@/'/< %'>/ 20 (5. Ni ,' 1"5!</)) 

)9 Zr; =1)!"4 - 900 
"
C 

1
6

1
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Ba M"!35'- +"%', "/4":$-

,)- 

Si – V  =1)!"4  1150 – 1200  
"
C, 6'!'5/$!)3/)2$35'- ('33' 

5,6 1.; Zeeman 

Ba =+$!%<$ "7!'9#< M"4)7%'/, ("4)7%"+','%'/, +','%'/ H3/!',-$/3- +4)-,)$ )) 2

3

3

4 SiO)PO
 

Ba ;"%' KP=A ) H2 – Ar  A/"()9'/"! – W ,)/@; KP=A 1"%'+4-$/ +4)-,)$ 

Ca;  !? 2 1.; 6'!'5/$!)3/)2$35'- ('33'3,6 1. 

Be B)"4".)2$35)$ ('/$-

!)'4<, 1$2$,@, +"%' 

1 (M Mg(NO3)2 E)34"/,"$ !'94":$,)$ 1!"7; =1)!"4 - 1250 
"
C 

Be T$/&2'- &."4@,'- 9"4', 

"/4":$,)-, 3)4)5'/<, 

1"2+' 

Pd O'94":$,)- + 0,1 M HNO3; +"9(":$, 7$98/'4",-

,<0 ','4)9; =)31'!$,)-  - 1100 
"
C; 6'!'5/$!)3/)2$-

35'- ('33' 0,41 1.; STPF 

Be ?/4":$,)- Al(NO3)3 O'94":$,)$ HNO3 – HF; =1)!"4  1500  
"
C  

Be ;"%' (3/"2,'-, 1)/@$-

+'-) 

Al(NO3)3 ;"4@*!'("+<0 '/"()9'/"!; =1)!"4  1400 
"
C; 

 !?– 0,16 1. 

Bi ;"%,<$ !'3/+"!< C!'+,)+'4) 12 ("%)*)5'/"!"+: Ag, 

Au, Cd, Co, Fe, Mo, Pb, Pd, Pt, La, Zn 

Cd ) Pb &+$4)2)+'>/ 3).,'4; Pd – %$1!$33)!&$/; 

Co, Mo, Zn %'>/ %+"0,<$ 1)5) 

Bi E!"+@, 3<+"!"/5' PdCl2 – NH4NO3 P$1!"/$),)!"+',)$ 3<+"!"/5) 3 1"("I@>  

HNO3; /$(1$!'/&!' 3&D5) 95, 110 ) 200 
"
C; =1)-

!"4  -1030 
"
C; Zeeman STPF 

Cd 

 

Al2O3  +<3"5"0 2)3/"/< Al(NO3)3(('/!)#'); PdCl2, NH4NO3 ?7!'9$# 314'+4->/ 3 Na2B4O7 – Na2CO3; !$5"-

($,%&$/3- NH4NO3; =1)!"4 1100  
"
C; '/"()9'#)- 

3" 3/$,5) 

Cd  ;"%,<$ !'3/+"!< (NH4)2 HPO4, (NH4)2 SO4 1% S + CS2 ,Mo /!&72'/<0 '/"()9'/"! 

Cd B)"4".)2$35)$ 3/',-

%'!/,<$ "7!'9#<: &3/-

!)#<, 4)3/@- !'3/$,)0 

A4@/$!,'/)+,<0 .'9 (+"9%&6) ,' 3/'-

%)) 1)!"4)9' 

Pt /!&72'/<0 '/"()9'/"!; =1)!"4  1450  
o
C 

Cd E!"+@ HNO3, (NH4)2 HPO4, (NH4)2 SO4 P$1!"/$),)!"+',)$ 1M !'3/+"!"( HCl ) !'9-

7'+4$,)$ 1M  HNO3; =1)!"4  300  
"
C 

Cd E!"+@ Mg(NO3)2 - (NH4)2 HPO4  N)()2$35)0 ("%)*)5'/"! %"7'+4-$/3- /"4@5" 5 

1
6

2
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3/',%'!/,<(  !'3/+"!'(; =1)!"4 -450 
"
C; 14'/-

*"!('; )9($!$,)$ +<3"/< 1)5' 

Cd  "+$!6,"3/,<$ +"%<, + 

/"( 2)34$ D'6/,<$ 

0,005 M 3&4@*'/ 1,10-*$,',/!"4),'   G31'!$,)$ 3" 3/$,5); =1)!"4  400 
"
C; )9($!$,)$ 

14"I'%);  !? 0,005 (5./4 

Cd E!"+@, ("4"5", ("2' 6 (5./(4 Pd – 500 (5./(4 NH4NO3 =1)!"4 700  
"
C;  !? 0,5 (5./4; Zeeman STPF 

Cd E!"+@, 34>,' 2% HNO3 – 0,1% =!)/", N-100, 

0,2%((NH4)2HPO4) – 2%HNO3 

O'97'+4$,)$ 1!"7< !'3/+"!"( ("%)*)5'/"!' 

1:1; =1)!"4 350  
"
C; STPF 

Cd E!"+@, ("2' 20 (5. Pd, 30 (5. Pd – 20 (5. 

Mg(NO3)2, 50 (5. Pd – 500 (5. NH4NO3

 !$%1"2/)/$4$, 1'44'%)0 – ('.,)$+<0 ("%)-

*)5'/"!;          =1)!"4  700  
"
C; "2)3/5' ("%)*)5'-

/"!' "/ 9'.!-9,$,)0 ,$1"3!$%3/+$,," + /!&75$ 

1!"5'4)+',)$( 1!)  1200  
"
C 

Pd, NaH2PO4, '35"!7),"+'- 5)34"/'  4'/*"!(', 1"5!</'- ='-*"4@."0; =1)!"4  - 1200  
o
C  

Cd E'1&3/', (&5', 1$2$,@, 

1"!"%<, "/4":$,)-, 

1"2+', 2'0 Pd – I'+$4$+'- 5)34"/', Pd, '35"!7)-

,"+'- 5)34"/'  

 !$%1"2/)/$4@,< 3($D',,<$ ("%)*)5'/"!< ) 

14'/*"!(' 3 W-*"4@."0 

Cd P)$/)2$35)$ 1)I$+<$ 

1!"%&5/< 

?7!'7"/',,'- 3"$%),$,)-() M" 14'/-

*"!(' 

O'94":$,)$ HNO3 – V2O5; =1)!"4 450 
"
C; STPF 

Cd M&5' 5 (5. Pd ;,$3$,)$ 3&31$,9)) (slurry) + 0,1% =!)/",$; =1)-

!"4 500 
"
C (?2) ) 700 

"
C (Ar);  !? – 0,28 ,./. 

Cd ;"4"3<, +"%"!"34) =!)8/)4*"3*)/, /!)8/)4*"3*'/, /!)-

($/)4*"3*)/, NH4H2PO4  

=$(1$!'/&!' )31'!$,)- 950 
"
C, =1)!"4 700 

"
C; 

+34$%3/+)$ 7"4$$ ,)95"." 6"4"3/"." 1!$%1"2/)-

/$4$, 1$!+<0 .'9""7!'9,<0 ("%)*)5'/"! 

Cd H3PO4 H3PO4 (('/!)#'); !'97'+4$,)$ 1:4 =1)!"4 350 
"
C;  !? 3 1. )4) 1 (5./4 

Cd  $2$,@, !'3/$,)-, &3/-

!)#< 

3$!' ;,$3$,)$ 3&31$,9)); M" /!&72'/<0 '/"()9'/"! 

Cd O'3/$,)- 50 (5. NH4H2PO4 – 1 (5. Mg(NO3)2 – 2 

(5. AlCl3 – 5% 7&/',"4' 

 

O'94":$,)$ + 0,2M HNO3; =1)!"4 950 
"
C; 7&/',"4 

&4&2D'$/ 3('2)+',)$ 14'/*"!(< 

1
6

3
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(NH4)2HPO4 Zeeman STPF; (,"."5!'/,"$ %"9)!"+',)$ 

800 (5. NaOH =1)!"4 1400 
"
C;  !? 15 ,./4  

Cd M"!35'- +"%' 

W'+$4$+'-, 4)(",,'-, ("4"2,'-, '3-

5"!7),"+'- 5)34"/<, KP=A, H3PO4, 

HNO3  

O$5"($,%&$/3- I'+$4$+'- 5)34"/'; 1",):'$/3- 

/$(1$!'/&!' '/"()9'#));  !? 3 ,./4 3 (,"."-

5!'/,<( %"9)!"+',)$(; Zeeman; '/"()9'#)- 3" 

3/$,5)  

C!'+,)+'>/3- !'94)2,<$ ("%)*)5'-

/"!<: 0,6% HNO3, 5 (5. NH4H2PO4, 30 

(5. Mg(NO3)2, 200 (5. NH4H2PO4 – 10 

(5. Mg(NO3)2 

 !$%1"2/)/$4$, 5 (5. NH4H2PO4; =1)!"4 – 750 
"
C; STPF 

Cd  "2+' 

(NH4)2SO4 O'94":$,)$ HNO3 – HCl – HClO4 

Co ;"%,<$ !'3/+"!< 10 (5. Mg(NO3)2, 5 (5. Pd – 15 (5. 

Mg(NO3)2, 200 (5. NH4H2PO4 – 10(5. 

Mg(NO3)2  

J!'*)/"+<0 '/"()9'/"! 3 1"1$!$2,<( ,'.!$+"( 

Co  E!"+@  50 (5. Mg(NO3)2  M)5!"+"4,"+"$ !'94":$,)$; =1)!"4 1400 
"
C 

Co  $2$,@ Mg(NO3)2, Pd(NO3)2 O'94":$,)$ HClO4; ("%)*)5'/"!< ,$ !$5"($,-

%&>/3- 74'."%'!- "D)75$ 2!$9($!,"0 ()94)D-

,$0) 5"!!$5#)) 3 D2 – 5"!!$5/"!"(; STPF 

Co  O'3/$,)-, !'3/)/$4@-

,<0 5"!( 

50 (5. NH4VO3 – 100 (5. NH4NO3 – 

50% C2H5OH 

=1)!"4 1300 
"
C; %"9)!"+',)$ /+$!%<6 "7!'9#"+  

Co C<+"!"/5'  10 (5. Pd(NO3)2 =1)!"4 1300 
"
C;  !? 0,7 (5./4; STPF 

Cr  ;"%,<$ !'3/+"!< ()-

,$!'4@,<6 5)34"/ 

J!'*)/"+<$ 1$2), "7!'7"/',,<$ W 

)4) Zr 

=1)!"4 900 
"
C;  !? 0,45 ) 0,48 (5./4, 3""/+$/3/-

+$,,"  

Cr B)"4".)2$35)$ ('/$-

!)'4<, 1!"%&5/< 

Mg(NO3)2 C&6"$ !'94":$,)$ "7!'9#"+; STPF 

Cr J$"4".)2$35)$ 3/',-

%'!/,<$ "7!'9#<, "/-

4":$,)- 

A((",)0,'- 3"4@ KP=A  

1
6

4
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Cr P$/35"$ ("4"2,"$ 1)-

/',)$ 

0,5 % Mg(NO3)2 – 0,2% =!)/", – 0,2% 

HNO3 

O'97'+4$,)$ 1!"7< !'3/+"!"( ("%)*)5'/"!' 

1:1; .!'*)/"+<$ /!&75), "7!'7"/',,<$ La 

Cr O'3/$,)-, "3'%5) NaVO3, Mg(NO3)2 ) Pd(NO3)2  !$%1"2/)/$4$, NaVO3 

Cr P":%$+'- +"%', 3<+"-

!"/5' 

20 (5. Mg(NO3)2, 1 (5. Rh, 1 (5. Pt =1)!"4 1100 – 1400 
"
C; /$3/)!"+'," (,":$3/+" 

("%)*)5'/"!"+; 6'!'5/$!)3/)2$35'- ('33' 2,8 – 

3,2 1. 

5 (./(4 Ca(NO3)2 – Mg(NO3)2  = )31'!$,)- 1550 
"
C Cr M"!35'- +"%', 3<+"-

!"/5', ("2' 20 (5. V; 20 (5. V – 20 (5. Mo H+$4)2$,)$ +!$($,) :)9,) '/"()9'/"!' 

Cr M"2' 2 % HNO3 – 0,001 % =!)/", N-100 =1)!"4 800 
"
C;  !? 0,5 (5./4 

Cr  !)7!$:,<$ ) ("!35)$ 

+"%< 

10 (5. Mg(NO3)2; 2,5 (5. Na2WO4 T&2D)0  !? 3 Mg(NO3)2 

Cu ;"%,<$ !'3/+"!< Mo, Pd, W; Mo ) W – "7!'7"/',,<$ 

14'/*"!(< 

G9&2$,' 5),$/)5' '/"()9'#)); =1)!"4 1300, 1400, 

1300, 1400 ) 1300 
"
C, 3""/+$/3/+$,,"; STPF 

Cu  !)!"%,<$ +"%<, + /"( 

2)34$ +<3"5"(),$!'-

4)9"+',,<$ D'6/,<$ 

0,005 M 1)!)%)4'9"!$9"!#),  G31'!$,)$ 3" 3/$,5); D2 – 5"!!$5/"!;  !? 0,1 

(5./4 

Cu C/$54"  0,5 (. NH4F ;+$%$,)$ 3&31$,9)) (slurry) (30 (./5(4 10%-

,"." .4)#$!),'); =1)!"4 -700 
"
C 

Cu B)"1/'/< 1$2$,)  Pd – Mg(NO3)2 – 0,2 % =!)/", N-100 ;+$%$,)$ /+$!%<6 "7!'9#"+; =1)!"4 1100 
"
C 

Cu  4'9(', 3<+"!"/5' 1% NH4H2PO4 – 0,6% Mg(NO3)2 – 0,4 % 

=!)/",; Pd – Mg(NO3)2 

50 – 5!'/,"$ !'97'+4$,)$ 1!"7< !'3/+"!"( ("-

%)*)5'/"!'; 1!$%1"2/)/$4@," ("%)*)#)!"+'-

,)$  

PO4
3 –

; =1)!"4 900 
"
C; Zeeman STPF 

Cu M"!35'- +"%' 700 (5. NH4NO3 =1)!"4 1500 
"
C;  !? 0,07 (5./4; 5,20(54 (,"."-

!'9"+"$ %"9)!"+',)$; Zeeman STPF 

Cu C4)+5) ("4"2,<$ 15 (5. Pd – 10 (5. Mg(+ +)%$ ,)/!'-

/"+) 

=1)!"4  1000 
"
C;  !? 0,47 (5./4; Zeeman STPF 

Fe O<7', 1$2$,@,SeS 20 (5. Ni, 50(5. Mg(NO3)2 O$5"($,%"+', Ni; =1)!"4 1450 
"
C 1

6
5
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Ga E"!&,% Al2O3 M'/!)#' Al2O3 P"9)!"+',)$ /+$!%<6 "7!'9#"+; '/"()9'#)- 3" 

3/$,5) ) 3 14'/*"!(<; =1)!"4 800 
"
C 

Ga ;"%,<$ !'3/+"!<  A35"!7),"+'- 5)34"/' =1)!"4 600 
"
C; STPF; ,$!$9",',3,'- 4),)-  

Ga ;"%,<$ !'3/+"!< G334$%"+',< 0,001M 53)4$,"4"+<0 

"!',:$+<0, '4)9'!),"+<0 5!'3,<0, 

1)!"5'/$6),"+<0 *)"4$/"+<0, 3$!,"-

5)34<$ 1,10-*$,',/!"4), ) 8-

"53)6),"4),,  AO, /!)4", B, '35"!-

7),"+'- 5)34"/' 

N'!'5/$!)3/)2$35)$ ('33< 3"3/'+)4) (1.) 37; 

66; 35; 30; 37; 40; 92; 92, 3""/+$/3/+$,,"; m6'! 

7$9 ("%)*)5'/"!' 92 1. 

Ga ;"%,<$ !'3/+"!< F)/!'/< Al, Ca, Co, Cu, K, Mg, Na, Ni; 

KP=A 

50 (M (NH4)4 KP=A – 20 (M Ni(NO3)2 – 1 (M 

Al(NO3)3 

Ga  ;"%,<$ ) 64"!"*"!(-

,<$ !'3/+"!< 

A35"!7),"+'-, 4)(",,'-, I'+$4$+'- 

5)34"/<, .4)#$!),, 1"4)8/)4$,.4)-

5"4@, (","3'6'!)%< 

F')7"4$$ 8**$5/)+,< '35"!7),"+'- 5)34"/' ) 

*!&5/"9' 

Ga  H."4@, 4$/&2'- &."4@-

,'- 9"4' 

F)/!'/<, Al, Co, Mg ) Ni, PdCl2, 

(NH4)4Mo7O24 

C&31$,9)- + 20 % C2H5OH; !$5"($,%"+', Ni; 

=1)!"4 1200 
"
C 

Ga C4":,<$ "7!'9#< Ni(NO3)2  STPF 3 14'/*"!("0 7$9 1"5!</)- 

Ga  ?7S$5/< "5!&:'>I$0 

3!$%< 

Cu – V J!'*)/"+'- /!&75', *&/$!"+',,'- ='-*"4@."0 

Ge  ;"%,<$ !'3/+"!< Pd, Mg(NO3)2 =1)!"4 1000 
"
C (Mg), 1400 

"
C (Pd) 

Ge ;"%,<$ !'3/+"!< O'3/+"!< HNO3, HClO4, KOH, NaOH; 

.!'*)/"+<$ 1$2), 1"5!</<$ W )4) Zr; 

20% CO – N2 

 !$%"/+!'I'$/3- 1!$:%$+!$($,,"$ &4$/&2)+'-

,)$ GeO; =1)!"4 900 
"
C 

Ge B)":)%5"3/) 0,5 % Ca – 0,25% =!)/", – 1% HNO3 O'97'+4$,)$ 1!"7< !'3/+"!"( ("%)*)5'/"!' 

1:3; =1)!"4 1000 
"
C;  !? 1,7 ,. 

Ge N4"!)%,<$ ) 3&4@*'/-

,<$ ('/!)#< 

F)/!'/< Al, Co, Cu, Mg, Na, Ni; KP=A, 

CH3COONH4; '35"!7),"+'- 5)34"/' 

O$5"($,%"+'," 10 (M  Co(NO3)2 – 20 (M 

Al(NO3)3 – 0,2 M HNO3; =1)!"4 870 
"
C; %4- Cl 

–
 

('/!)#< %"7'+4->/ 0,2 M CH3COONH4; %4- 

1
6

6
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SO4
2– 

 – ('/!)#< %"7'+4->/ 0,1 M '35"!7),"-

+&> 5)34"/& 

Ge T$/&2'- &."4@,'- 9"4', 

Ge-"!.',)2$35)$ 3"-

$%),$,)- 

Ca(NO3)2  

Ge Q$3,"5, :$,@D$,@ 30 (5. Pd(NO3)2 – 10 (5. Mg(NO3)2 =1)!"4 1200 
"
C 

Ge T$5'!3/+$,,<$ /!'+<, 

:$,@D$,@, 2'0 

Ni(NO3)2 O'94":$,)$ HNO3 – HF 

Ge NaCl, #),5"+<0 D4'5 C!'+,$,< !'94)2,<$ ("%)*)5'/"!<: 

NH4NO3, Ni(ClO4)2, Ni(NO3)2, 

Zn(ClO4)2, Zn(NO3)2 1!) 5",#$,/!'#)) 

0,25 (5("4@ 

=1)!"4 1000 
"
C; NaCl ,$ +4)-$/ %" 5",#$,/!'#)) 

300 (5.; ,$1"5!</<$ /!&75) 

Ge M"2' Ca, La, Mg,  Mg – Pd, Ni, Pd, Pt, "!.'-

,)2$35)$ 5)34"/<, KP=A, /)"("2$+)-

,', HNO3, H3PO4  

O$5"($,%"+'," !'97'+4$,)$ 0,1 M !'3/+"!"( 

La(III) 1:4; =1)!"4 1200 
"
C;  !? 133 1. 

Hg O<7', +"%,<$ !'3/$,)-, 

"/4":$,)- 

15 (5. Pd  =)31'!$,)- 400 
"
C; ='/"()9'#)) 1000 

"
C; 6'!'5/$!)-

3/)2$35'- ('33' 0,1 ,. 

Hg E'1&3/', !<7', D1),'/  =)"'#$/'()%, PdCl2, (NH4)2C$(NO3)6 O'94":$,)$ HNO3, %"9)!"+',)$ 3&31$,9)); =1)-

!"4 220 – 240 
"
C 

Hg  )/@$+'- +"%' TeO2 – HCl  

Hg  "2+'  Au, Ir, Pd, Rh, Au – Rh, 84$5/!""3':-

%$,,<$ Pd )4) Rh  

Pd )4) Au – Rh (".&/ 34&:)/@ 1$!(',$,/,<() 

("%)*)5'/"!'(); 6'!'5/$!)3/)2$35'- ('33' 80 

– 200 1.; Zeeman STPF  

Hg M"2' Pd 

 

Zeeman 

In ;"%,<$ !'3/+"!<, #),5 

) #),5"+<$ 314'+< 

G334$%"+',< 0,001M 53)4$,"4"+<0 

"!',:$+<0, '4)9'!),"+<0 5!'3,<0, 

1)!"5'/$6),"+<0 *)"4$/"+<0, 3$!-

O$5"($,%"+', 3$!,"5)34<0 1,10-*$,',/!"4),; 

)31'!$,)$ 3 14'/*"!(< 3 1"5!</)$(; D2-

5"!!$5/"!; =1)!"4 900 
"
C;  !? 0,1 1.  1

6
7
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3$!,"5)34<$ 1,10-*$,',/!"4), ) 8-

"53)6),"4),,  AO, /!)4", B, '35"!-

7),"+'- 5)34"/' 

In ;"%,<$ Cl
–
 – 3"%$!:'-

I)$ !'3/+"!<  

50 (M (NH4)2 KP=A – 4 (M Ni(NO3)2 – 

0,3 M NF3 – 1 (M Al(NO3)3 

H+$4)2$,)$ 2&+3/+)/$4@,"3/) + 20 !'9; &+$4)-

2$,)$ %"1&3/)(<6 5"4)2$3/+ Cl
– 

– )","+ + 400 – 

1000 !'9 

In  J$"4".)2$35)$ "7!'9-

#<, 1"!"%<, "3'%5) 

Pd – (NH4)2 KP=A A/"()9'#)- )9 V-"7!'9,"0 4"%"25) 1!$%1"2/)-

/$4@,' 

In M"2'  20 (5. PdCl2 =1)!"4 1200 
"
C; ,$1"5!</<$ .!'*)/"+<$ /!&75); 

Zeeman 

In ;"%,<$ !'3/+"!< Pd – (NH4)4 KP=A H4&2D$,' 8**$5/)+,"3/@ '/"()9'#)) 

In ;"%,<$ !'3/+"!< Zr– )4) W– "7!'7"/',,<$ .!'*)/"+<$ 

/!&75); %"7'+5' O2 )4) CO  

G9&2$, ($6',)9( '/"()9'#)); !'332)/'," 9,'-

2$,)$ R' 

E B)"4".)2$35)$ 3/',-

%'!/,<$ "7!'9#<: ("4-

4>35), !'3/$,)-. /5',) 

/)"("2$+),' O'94":$,)$ HNO3 – H2O2;Mo-/!&72'/<0 '/"()-

9'/"!;  !? 0,12 ,. + '4)5+"/$ 1 (54 

Li K!)/!"#)/<  0,2 M K2HPO4 – 1% =!)/",  !? 50 1.; '/"()9'#)- 3" 3/$,5) 

Li  "2$2,'- :)%5"3/@, 

14'9(' 

 4'/*"!(', *&/$!"+',,'- ='-*"4@."0 =1)!"4 400 ) 800 
"
C;  !? 45 ,("4@/4  

Mn ;"%,<$ !'3/+"!<  800 (5./(4 Ca
2+

– 0,5 M H3PO4 – 0,5 M 

HNO3 

=1)!"4 1100 
"
C; STPF, '/"()9'#)- 3" 3/$,5) 

Mn ;"%,<$ Cl
–
 – 3"%$!:'-

I)$ !'3/+"!< 

HNO3 H3/!',-$/3- +4)-,)- 64"!)%"+ Ba, Ca, Mg, Sr 

Mn O'3/+"! MgCl2 A35"!7),"+'- 5)34"/' A35"!7),"+'- 5)34"/' 1!$%"/+!'I'$/ 1"/$!) 

Mn 1!) =1)!"4 > 700 
"
C 

Mn  $2$,@, ("4"5", !'3/$-

,)- 

 

10 (5. /)"("2$+),<; H2 – Ar – .'9   Mo-/!&72'/<0 '/"()9'/"!; =1)!"4 1000 
"
C 

1
6

8
 

 



 169

Mn  "!"D5"+"$ ("4"5" Pd – Mg(NO3)2 O'94":$,)$ 0,8 M HNO3; =1)!"4 1200 
"
C; Zeeman 

STPF 

Mn M"!35'- +"%' NaOH =1)!"4 1400 
"
C 

Mn C<+"!"/5' 0,2% Mg(NO3)2 O'97'+4$,)$ 1!"7< !'3/+"!"( ("%)*)5'/"!' 1:1 

Mn C)4)5'/,<$ 1"!"%<  40 (5. Ni – 19 (5. Mg – 18 (5. Pd C14'+4$,)$ 3 Na2CO3 – H3BO3; !$5"($,%"+', 

Ni; =1)!"4 1000 
"
C; Zeeman STPF 

Mn  !"%&5/< 1)/',)-  5 % '35"!7),"+'- 5)34"/' O'94":$,)$ + '+/"54'+$; =1)!"4 1000 
"
C;  !? 

0,04 (5./4 

Mn M"2' 0,2 % Mg(NO3)2 O'97'+4$,)$ 1:1 

Mo ;"4"3<, 3<+"!"/5' CaF2  

Mo P$/35"$ 1)/',)$, ("-

4"5" 

0,005 % BaF2 - "5/',"4   !? 0,89 (5./4 

Mo  $2$,@  BaF2 ,' "7!'7"/',,"0 La 14'/*"!($ =1)!"4 1800 
"
C 

Mo M"4"5"  0,3 % HNO3; 0,005 % BaF2  =1)!"4 600 ) 1700 
"
C;  !? 0,89 (5./4 3 BaF2 

Mo O)3  CaCl2 + La-"7!'7"/',,"0 .!'*)/"+"0 

1$2) 

H3/!',-$/3- +4)-,)$ SO4
2–

  

Mo C<+"!"/5'  Mg(NO3)2, BaF2, HNO3, Pd – Mg(NO3)2 

Pd – NH2OH * HCl  

=1)!"4 600 ) 1700 
"
C; 6'!'5/$!)3/)2$35'- ('33' 

18, 22, 17, 12 ) 13 1., 3""/+$/3/+$,," 

Mo C<+"!"/5'  0,005 % Mg(NO3)2 – 0,05% =!)/", =1)!"4 600 ) 1900 
"
C 

Mo ;"%'  Pd – Mg(NO3)2, Pd – NH2OH * HCl =1)!"4 600 ) 1800 
"
C 

Ni HNO3 – (),$!'4)9'/< 

"7S$5/"+ "5!&:'>I$0 

3!$%< 

0,0002 – 0,0005M !'3/+"! 1)!)%)4'9"-

!$9"!#),'/' 1'44'%)- 

=1)!"4 1200 
"
C 

Ni C<+"!"/5' NH4VO3 ,' Mo-1"5!</"0 .!'*)/"+"0 

/!&75$, La 

?7!'9#< 1'#)$,/"+, 7"4@,<6 !'5"( 

P ;"%,<$ !'3/+"!< Zr G9&2$, ($6',)9( 

P  $2$,@, !'3/$,)- HF, NaF, NH4F, Pd, KF, CsF O$5"($,%"+', NaF; =1)!"4 1350 
"
C 

P =5',), 4)3/@- 2'- Pd – Ca =1)!"4 1600 
"
C  

1
6

9
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Pb ;"9%&D,<$ *)4@/!< 200 (5. NH4H2PO4 – 70 (5. Mg(NO3)2 * 

6H2O – 1 % HNO3 

O'94":$,)$ HNO3 – HClO4; "5",2'/$4@," !'3-

/+"! 1 % - ,/,<0 1" HNO3; =1)!"4 900 
"
C;  !? 

0,03 ,./4 

Pb ;"9%&D,'- +9+$3@ 1,5 (5. NH4H2PO4 O'94":$,)$ + 7"(7$ HNO3; =1)!"4 700 
"
C; STPF 

200 (5. '35"!7),"+"0 5)34"/< =1)!"4 700 
"
C; )9&2$, ($6',)9(  

A35"!7),"+'-, I'+$4$+'- 5)34"/<,   1 

% HNO3 

 !$%4":$, .'9"*'9,<0 ($6',)9( !$'5#)) 

H2 – Ar  H2 &3/!',-$/ +4)-,)$ Cl
– 
– )","+ 

K, Mg, Ni, Pd, Pt, Ti, Y ; 1!)3&/3/+)) ("%)*)5'/"!' &+$4)2)+'$/3- 

«8**$5/)+,'- /$(1$!'/&!' )31'!$,)-» 

Pb ;"%,<$ !'3/+"!< 

Mg(NO3)2, MgCl2, Cr(NO3)3, CrCl3, 

(NH4)2CrO4, K2Cr2O7 

G9&2$, ($6',)9( '/"()9'#)); /$(1$!'/&!' 1"-

-+4$,)- %" 1400 E 

Pb Cl
– 

 – 3"%$!:'I)$ +"%-

,<$ !'3/+"!< 

Pd G9&2$," +4)-,)$ 5'/)","+ ) 5)34"/ 

Pb ;"%,<$ !'3/+"!< 300 (5./4 Pd(NO3)2, 0,1% Mg(NO3)2, 

NH4H2PO4 ) HNO3 

G334$%"+',< 3 !'94)2,<6 '/"()9'/"!'; !$5"-

($,%"+', Pd ,' .!'*)/"+"0 1"+$!6,"3/) 3 ='-

14'/*"!("0 

Pb  "+$!6,"3/,<$ +"%<, + 

/"( 2)34$ +<3"5"(),$-

!'4)9"+',,<$ D'6/,<$ 

0,005M   AO; 0,004M )(),"%)($/)-

4$,*"3*","+'- 5)34"/'  

=1)!"4 580 
"
C;   !? 0,2 ) 0,1 (5./4, 3""/+. 

Pb  "+'!$,,'- 3"4@ 0,005M 8/',"4@,<0 !'3/+"! 1)!)%)4'-

9"!$9"!#),'/' Pd(II) 
=1)!"4 1200 

"
C;  !? 2 * 10

-6 
% 

Pb C"4) ($%), 314'+< ,' 

"3,"+$ ($%) 

0,01M  '(),"1"4)*"3*","+<$ 5)34"-

/<: )(),"%)($/)4$,*"3*","+'-, ,)/-

!)4/!)($/)4$,*"3*","+'-, 8/)4$,%)'-

(),/$/!'($/)4$,*"3*","+'- ) %!. 

 !? 9 * 10
-6

 ;1,8 * 10
-5

; 1,3 * 10
-5

 %, 3""/+. D2 - 

5"!!$5/"!  

Pb ;"%,<$ !'3/+"!< Pd – Mg(NO3)2 

 

=1)!"4 1100 
"
C 

1
7

0
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Pb ;"%,<$ !'3/+"!< W M'33' ("%)*)5'/"!' +'!@)!&$/3- + D)!"5"( 

%)'1'9",$ 

Pb  )+" NH4H2PO4 Zeeman STPF;  !? 0,87 (5./4 

10(M Mg(NO3)2 – 150(M 

NH4H2PO4 – 20(M HNO3 

=1)!"4 700 
"
C; !'3/+"! %4- !'97'+4$,)- 1!"7< 

3"%$!:)/ /'5:$ Mg(NO3)2, I'+$4$+&> 5)34"/&, 

=!)/", ) ',/)+31$,)+'/$4); STPF  

(NH4)2  HPO4 Zeeman STPF 

(NH4)2  HPO4 – PdCl2  

0,2% NH4H2PO4 – 0,1% =!)/", O'97'+4$,)$ 1!"7< 1:9; =1)!"4 700 
"
C;  STPF 

1% Ni(NO3)2 – 0,5M HNO3  "34$ "3':%$,)- 7$45"+ 

Pb E!"+@ 

20 ,. Pd – 200 (5. 4)(",,"0 5)34"/< 

– 10(M HNO3 

=1)!"4 800 
"
C (O2)  ) 1100 

"
C (Ar); 6'!'5/$!)3/)-

2$35'- ('33' 15 1. 

Pb E!"+@, 3<+"!"/5', +"-

%"!"34), 2'0,<$ 4)3/<, 

2'3/)25) +<64"1,<6 

.'9"+ 

0,5(5./(4 Pd – 2% 4)(",,'- 5)34"/'; 

0,3% NH4H2PO4  - 0,3% Mg(NO3)2 – 8% 

4)(",,'- 5)34"/' 

=1)!"4 600 
"
C ) 800 

"
C, 3""/+.;  !? 0,1 (5./4; 6'-

!'5/$!)3/)2$35'- ('33' 10 1.; STPF 

Pb C<!, ("4"5", -0#' NH4H2PO4 – Mg(NO3)2 C&6"$ "9"4$,)$ 1!) 460 
"
C, 9'/$( "7!'7"/5' 

HNO3;  

=1)!"4 900 
"
C, Zeeman STPF 

Pb O<7' Bi(NO3)3, Pd(NO3)2 ) Mg(NO3)2 - 

NH4H2PO4 

Bi 1!$%1"2/)/$4@,$$ 

Pb O)3, (&5' NH4H2PO4 ;+$%$,)$ 3&31$,9)) 

Pb ;"4"3< 0,4 (5. Pd – 0,5 (5. Mg(NO3)2 ;+$%$,)$ 3&31$,9)) + 0,4% .4)#$!),'; =)31'!$,)- 
1100 ) 1300 

"
C %4- 3&31$,9)) ) +"%,<6 3/',%'!-

/"+, 3""/+.; STPF 

 

Pb F$4$.'4@,<$ 4$5'!3/-

+$,,<$ 1!$1'!'/< 

Pd 1!$%1"2/)/$4$, + 3!'+,$,)) 3 Pd – 

Mg(NO3)2 

=1)!"4 1000 
"
C 

1
7

1
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Pb C$!' M'/!)2,'- 3$!'; +" +!$(- 1)!"4)9' 

%"1"4,)/$4@,<0 +"9%&6 

P"9)!"+',)$ /+$!%<6 "7!'9#"+; =1)!"4 850 
"
C 

(3/&1$,2'/"$ "9"4$,)$); Zeeman STPF 

Pb C"4$+<$ ('/!)#<: 

NaCl, MgCl2, CaCl2, 

Na2SO4, MgS?4, CaSO4 

5 (5. Pd – 0,5 (5. Mg  

Pb M"!35'- +"%' Pd – Sr(NO3)2; Pd - Mg(NO3)2; Pd; 

La(NO3)3 
;4)-,)$ )2

4SO  4&2D$ &3/!',-$/ Pd – Sr; =1)!"4 

1100 
"
C  

Pd - Mg(NO3)2 P"9)!"+',)$ /+$!%<6 "7!'9#"+; =1)!"4 900 
"
C Pb  "2+' 

Pd - Mg(NO3)2,   NH4H2PO4,  

(NH4)2 HPO4 

P"9)!"+',)$ /+$!%<6 "7!'9#"+; !$5"($,%"+'," 

"1!$%$4$,)$ 7$9 ("%)*)5'/"!'; 7<3/!'- 1!"-

.!'(('; STPF 

Pb C'6'! Mg(NO3)2 ?9"4$,)$ ,' +"9%&6$; STPF 

75(M HNO3 - 0,037 % =!)/", =1)!"4 650 
"
C; STPF 

O'97'+4$,)$ H3PO4 – NH4OH Zeeman STPF 

NH4H2PO4 STPF 

4 (5. Pd – 20 (5. W =1)!"4 800 
"
C;  !? 3 (5./4 

Pb ;)," 

50 (5. NH4H2PO4 – 3 (5. Mg(NO3)2 =1)!"4 500 
"
C (+"9%&6), 9'/$(  850 

"
C (Ar); STPF 

Pd Pd (NH2)2 Cl2 

Pd (NH2)2 (NO2)2 

Pd – '35"!7),"+'- 5)34"/' ;"%,<0 !'3/+"! NH3; =1)!"4 1300 
"
C 

 

Rb ;"%' A35"!7),"+'- 5)34"/'  !? 0,27 (5./4;  Zeeman 

Sb ;"9%&D,<$ +9+$3) Ni(NO3)2 Q'3/)#< .!'*)/' 1!"7< 34&:'/ 5"44$5/"!"( ) 

'/"()9'/"!"( 

Sb ;"%,<$ !'3/+"!< 

 

 

0,1M (NH4)4 KP=A – 10(M 

Ni(NO3)2 – 20(M Al(NO3)3; Mg(NO3)2 
;4)-,)$ )) Cl)SO 2

4  &3/!',-$/3- + 1!)3&/3/+)) 

80 (M Mg(NO3)2 

Sb E!"+@, ("2', N'Cl 0,025 % 5':%"." Pd – Pt – Rh – Ru  

(+ '35"!7),"+'- 5)34"/') 

=1)!"4 1200 
"
C 

Sb M"2' 20 (5. Ni =1)!"4 1200 
"
C; STPF 

1
7

2
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Sc G4@($,)/ La  

Se ;"9%&D,<$ +9+$3) 7,5 (5. Pd – 5 (5. Mg(NO3)2 )4) 1,25 

(5. '35"!7),"+"0 5)34"/< 

A/"()9'#)- 1!"7<; ,$/ 3/'%)) 1)!"4)9'; ("%)-

*)5'/"! &3/!',-$/ %+"0,"0 1)5 

Se ;"%,<$ !'3/+"!< F)/!'/< Al, Ca, Eu, La, Mg, Ni, Pd  $!$+$%$,)$ !'94)2,<6 *"!( 3$4$,' Se(IV), 

Se(VI), 3$4$,"($/)",),', (CH3)3Se
+
 + Se 

Cu, Ni; H2 G9&2$, ($6',)9( 

HgCl2 G9&2$, ($6',)9( 

Ir, Pd, Pt, Rh 1!) 1500-5!'/,"( ("4-!-

,"( )97</5$ 

G9&2$,< ) "73&:%$,< 1!$)(&I$3/+' ) ,$%"3-

/'/5) /&."14'+5)6 ("%)*)5'/"!"+ 

Ni =)31'!$,)- 1200 
"
C; 1!$%1"2/)/$4@," +,$3$,)$ 

1!"7< + +)%$ '8!"9"4- 

Pd =1)!"4 1000 
"
C 

Pd(NO3)2; 1!$%+'!)/$4@," +"33/',"+-

4$,,<0 Pd 1!) 1300 E 

G9&2$, ($6',)9( 

Pt – '35"!7),"+'- 5)34"/'; 

Pd – '35"!7),"+'- 5)34"/' 

=1)!"4 1100 
"
C; +4)-,)$ :$4$9' &3/!',-$/3- )3-

1"4@9"+',)$( 1!"1)/5"0 14'/*"!(< 

C!'+,$,< !'94)2,<$ ("%)*)5'/"!<: 

Ag, Cu, Hg, Mg, Ni, Pd, Hg – Pd  

T&2D'- 2&+3/+)/$4@,"3/@ Hg – Pd;  !'332)/'," 

9,'2$,)$ Ea 

Se ;"%,<$ !'3/+"!< 

(NH4)2[Pd(C2O4)2] * 2H2O, Pd(NO3)2, 

5"44")%,<0 1'44'%)0 

T&2D'- /$!("3/'7)4)9'#)- +"33/',"+4$,,<( 

1!) 1000 
"
C Pd 

Ir – Mg(NO3)2 =1)!"4 800 
"
C (O2) ) 1300 

"
C (Ar); 6'!'5/$!)3/)-

2$35'- ('33' 35 1.; Zeeman STPF 

Pd =1)!"4 600 ) 1200 
"
C;  !? 5 (5./4 

Pd – NH4OH Zeeman 

Se E!"+@ 

Pd – Mg(NO3)2 - =!)/", 10-5!'/,"$ !'97'+4$,)$ 

Se  )/@$+'- +"%' Ni, Pd – Ni   

Se X!&5/"+<$ 3"5) F)/!'/< Pd, Mg ) Ni P"9)!"+',)$ 3&31$,9)); =1)!"4 900 
"
C; !$5"($,-

%"+', Pd 1
7

3

 



 174

Se ;"4"3<, ,"./) 5 (5. Pd O'94":$,)$ HNO3 – H2O2; =1)!"4 1200 
"
C; STPF 

Se Ni 314'+< Pd  O'94":$,)$ + 7"(7$ #'!35"0 +"%5"0 

0,1 % Pd(NO3)2 – 0,2 % =!)/", Zeeman;  !? 8 (5./4 

5,64(M PdCl2 – 24(M HCL – 25 % 

NH4OH 

O'97'+4$,)$ 1:1 )4) 1:2 !'3/+"!"( ("%)*)5'/"-

!'; STPF 

10 (5. Rh – 5 (5. Mg + +)%$ ,)/!'/"+ =1)!"4 1100 
"
C; Zeeman STPF 

Se C<+"!"/5' 

7,5 (5. Pd – 5 (5. Mg(NO3)2; Ni, Cu, 

Pd, Mg(NO3)2, Cu – Mg(NO3)2  

G9&2$,< 3$4$,)/, 3$4$,'/, 3$4$,"($/)",), ) 

(CH3)3 Se
+
; !$5"($,%"+', Pd – Mg; =1)!"4 1100 

"
C  

Se O$2,'- +"%' 200 (5. Pt – 1(. '35"!7),"+"0 5)34"-

/<  

=1)!"4 1200 
"
C; STPF 

Se ;"%' 6 (5. Pd – 12 (5. Ni – 16,2 (5. 

Mg(NO3)2 

=1)!"4 1100 
"
C;  !? 5,4 1. 

Se  D$,)2,'- (&5' Pd - Mg(NO3)2 ;+$%$,)$ 3&31$,9)) (slurry) + 0,005 % =!)/",$ 

N – 100  

Si A47&(),, 14'9(' 7$4-

5"+"." !'3/+"!' 

490 (./4 Ca(NO3)2 =1)!"4 600 ) 1600 
"
C 

Si Au M'/!)#' Au ;+$%$,)$ /+$!%<6 "7!'9#"+; =1)!"4 1200 – 1400 
"
C;  !? 3 (5./. 

Si E"3/), 9&7< Ca – La – NH4H2PO4 (9&7<); "53'4'/ 

,'/!)- (5"3/)) 

O'94":$,)$ HNO3; 6'!'5/$!)3/)2$35'- ('33' 37 

1. 

Si X"/"!$9)3/"!< Ca
2+

 + 20(M HCl =1)!"4 850 ) 1200 
"
C 

Si E"(1",$,/< 1!")9+"%3/+' 

1"4&1!"+"%,)5"+: 

HCl, HNO3, HClO4, H2O2, 

HCOOH, H3PO4 

1–2,5 (5. Pd  -/)5!'/,"$ &+$4)2$,)$ 2&+3/+)/$4@,"3/); 1$-

!$% ','4)9"( "!.',)2$35)$ !'3/+"!)/$4) ) 

H2SO4 +<1'!)+'>/ 3 NaOH 

Si C/'4) 10 (5. Pd H4&2D$,)$ 2&+3/+)/$4@,"3/);=1)!"4400 ) 1300
"
C 

Si M"2' NiCl2 1!$%1"2/)/$4$,, 2$( Ca ) Pd =)31'!$,)- 2200, 2000 ) 1600 
"
C + 1!)3&/3/+)) Ni, 

Ca ) Pd, 3""/+. 

1
7

4
 

 



 175

Ag, Au, Mo, Pd, W, Zr =$(1$!'/&!' 1"-+4$,)- &+$4)2)+'$/3- 3 1600 %" 

2200 
"
C (Pd, Zr) 

Ag, Au, Mo, Pd, W, Zr B"4$$ 5"!"/5"$ +!$(- '/"()9'#)) + 1!)3&/3/-

+)) 5'!7)%""7!'9&>I)6 ("%)*)5'/"!"+ 

 $2@, "7!'7"/',,'- La; La(III) H3/!',-$/3- +4)-,)$ S–3"%$!:'I)6 '(),"5)3-

4"/ 

Sn ;"%,<$ !'3/+"!< 

Pd; Zr – "7!'7"/',,'- .!'*)/"+'- 

/!&75' 

H+$4)2$,)$ 2&+3/+)/$4@,"3/) ) *"!(< 3).,'4' 

KNO3 P"7'+4-$/3- "!.',)2$35'- 8(&4@3)- 

120 (5./(4 Ni – 0,1 % H3PO4 – 10 % 

'35"!7),"+'- 5)34"/' 

 !? 20 (5./4 

Sn E!"+@, 3<+"!"/5' 

C!'+,$,< Pd, Pd–'35"!7),"+'- 5)34"-

/', '35"!7),"+'- 5)34"/' 

Pd 1!$%1"2/)/$4$,; =1)!"4 1200 
"
C 

Sn E",3$!+)!"+',,<$ 

.!)7< 

200 (5./(4 Cu(II) O'94":$,)$ HNO3 – HCl; .!'*)/"+'- /!&75', 

*&/$!"+',,'- =a–*"4@."0; H2 – Ar; =1)!"4 1000 
"
C 

Sn Fe, 3/'4@ T)(",,'- 5)34"/'  

Sn O<7' 100 (5. Na2WO4; W-, Zr-, Ta ) Pd – "7-

!'7"/',,<$ /!&75) 

Q&+3/+)/$4@,"3/@ +"9!'3/'$/ %4- W–

"7!'7"/',,<6  /!&7"5 

Sn Ga M" O'94":$,)$ HNO3 1!) 60 – 70 
"
C   + /$2$,)$ 6-7 

2'3"+  

Sn V$4'/),, ("4"5", 1"-

4)($!< 

Pd – Mg(NO3)2 =1)!"4 1200 
"
C; Zeeman 

Sn H3BO3 A35"!7),"+'- 5)34"/'; PdCl2(1 (5. Pd) =1)!"4 1400 
"
C; STPF 

Sn Ni 314'+<, 3/'4) Pd – Mg(NO3)2 W – "7!'7"/',,<$ .!'*)/"+<$ /!&75); =1)!"4 

800 
"
C 

Sn O'3/+"! /!)7&/)4*"3-

*'/' 

10 (5./(4 Pd + +)%$ PdCl2(CH3CN)2 + 

/!)7&/)4*"3*'/$ 

G9&2$,' /$!()2$35'- &3/"02)+"3/@ 7&/)4"4"+' 

1
7

5
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Sn ;"%' Pd – Ni – MgCl2 =1)!"4 850 
"
C  

Sr ?/4":$,)- 10 (5. '((",)0,"0 3"4) KP=A =1)!"4 1400 
"
C 

Te N4"!)%< Ca, K, Mg, Na Ni – ) Pd – 1"5!</'- 14'/*"!('; ='-

14'/*"!(' 

M"%)*)5'/"! &7)!'$/ %+"0,"0 1)5; STPF 

Te Cu, Cu-314'+< 20(M Ni(NO3)2 – 10(M Al(NO3)3 – 

20(M (NH4)4 KP=A 
H3/!',-$/3- +4)-,)$ )) 2

4SO,Cl  

Te Ge, GeCl4, GeO2 Ni =1)!"4 900 
"
C; Zeeman STPF 

Te  !"(<D4$,,<$ 3/"2-

,<$ +"%< 

5 (5. Pd – 0,25 % =!)/", N-100  !$%+'!)/$4@,'- "7!'7"/5' "7!'9#' I$4"2,<( 

!'3/+"!"( KP=A; =1)!"4 1250 
"
C 

Te M"2' Pt, Mg(NO3)2 Zeeman STPF; Mg(NO3)2 1!$%1"2/)/$4$, Pt; =1)-

!"4 900 ) 1150 
"
C, 3""/+. 

Ti ?/4":$,)-, 4$/&2'- 

&."4@,'- 9"4' 

40 (5. Pd(CH3COO)2; PtCl4; IrCl4 Pd 1!$%1"2/)/$4$,; =1)!"4 1000 
"
C 

Tl O'3/+"!< (),$!'4@,<6 

5)34"/ 

Ni, Ta, Zr, W; Ta-, W- ) Zr – "7!'7"-

/',,<$ .!'*)/"+<$ /!&75) 

=1)!"4 1000 
"
C (W) 

Tl )Cl -3"%$!:'I)$ !'3-

/+"!< 

(NH4)4 KP=A – Ni(NO3)2 (NH4)4 KP=A &3/!',-$/ +4)-,)$ 64"!)%"+ 

Tl )Cl -3"%$!:'I)$ !'3-

/+"!< 

6 (5. Pd – 100(5. NH4NO3  !$%+'!)/$4@,<0 1)!"4)9 ("%)*)5'/"!' 1!) 

900 
"
C; %"1&3/)("$ 5"4)2$3/+" NaCl 200 (5. 

1!) =1)!"4 900 
"
C 

Tl Bi2Te3 Mg(NO3)2 – I'+$4$+'- 5)34"/' – '3-

5"!7),"+'- 5)34"/' 

 !? 12 1. )4) 0,6 (5./4 

Tl E!"+@, ("2' 6 (5. Pd – 100(5. NH4NO3 T&2D$$ &3/!',$,)$ +4)-,)- 64"!)%"+, 2$( ("-

%)*)5'/"! H2SO4 

Tl ?7S$5/< "5!&:'>I$0 

3!$%< 

Pd – '35"!7),"+'- 5)34"/'; H2SO4; 

=!)/", N-100 

Zeeman STPF 

Tl Ni 314'+< A35"!7),"+'- 5)34"/'  !$%+'!)/$4@,'- "7!'7"/5' H2SO4 – HNO3 – HF 

)4) H2SO4 – HF – H2O2; =1)!"4 500-550 
"
C;  !? 

1
7

6
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0,1 (5./4; STPF 

Tl M"!35'- +"%' 20 (5. Pd =1)!"4 900 
"
C;  !? 20 (5./4 

Tl ?/4":$,)- Pd – Mg(NO3)2 ) H2 – Ar  =1)!"4 250 ) 700 
"
C (F2 – Ar), 9'/$( 700 

"
C (Ar); 

Zeeman STPF 

V W$4"2,"0 )4 Cr(NO3)3  !? 0,56 ,. 

V E!"+@, 8!)/!"#)/<, 

14'9(', 3<+"!"/5' 

100 (5./4 Pd – 2 % 4)(",,'- 5)34"/' – 

0,1% =!)/", – 10(M HNO3 

O'97'+4$,)$ 1!"7< !'3/+"!"( ("%)*)5'/"!' 1:1 

V ="14)+,"$ ('34" La(III) C&6"$ "9"4$,)$ "7!'9#"+ 

V M'34", +"%' C!'+,$,< !'94)2,<$ ("%)*)5'/"!<: 

'35"!7),"+'- 5)34"/', NH4SCN, 

Mg(NO3)2, Pt, Rh 

O$5"($,%"+'," 1 (5. Pt; =1)!"4 1400 
"
C 

V ?/4":$,)-, 3/'4) 0,25 % (NH4)4 KP=A – 15 % NH4OH  !$%1"2/)/$4@,< /!&75) 3 1)!"1"5!</)$( 

V M),$!'4@,'- +"%' 2,5 (./(4 Mg(NO3)2 =1)!"4 1500 
"
C; ++$%$,)$ ."!-2)6 !'3/+"!"+; 

(,"."5!'/,"$ %"9)!"+',)$ 

Yb C($3@ "53)%"+ OLK Eu, Sm  !$%1"2/)/$4$, Eu;  !? 0,25 1. 

Y, 

OLK 

;"%,<$ !'3/+"!< 0,3 % *!$",(CHF3) + +"9%&6$ H3/!',$,)$ 8**$5/' 1'(-/) + 1!)3&/3/+)) *!$-

",'; )9&2$, ($6',)9( )31'!$,)- 

Zn ;"%,<$ !'3/+"!< CoCl2  

Zn M"4"5" 0,1 % =!)/", – 0,1 – 0,3M HNO3 C!'+,$," 1!-("$ !'97'+4$,)$ 1!"7< =!)/","( 

)4) 3&6"$ ) ("5!"$ !'94":$,)$; =1)!"4 650 
"
C 

Zn M"!35'- +"%' 0,7M I'+$4$+'- 5)34"/' C!'+,$,< !'94)2,<$ ,)/!'/< ) "!.',)2$35)$ 

5)34"/< 

Zn M"!35'- +"%' 5 (5. V (+ +)%$ NH4VO3); 70 (5. 4)-

(",,"0 5)34"/< 

=1)!"4 400 
"
C;  !? 0,11 ) 0,024 (5./4 3 V ) + $." 

"/3&/3/+)$, 3""/+.; Zeeman STPF 

1
7

7
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P4- !$D$,)- 8/"0 9'%'2) ,'!-%& 3 3"+$!D$,3/+"+',)$( '11'!'/&!< 

)31"4@9&>/ 6)()2$35)$ ("%)*)5'/"!<, 1"9+"4->I)$ )9($,-/@ +<3"5"/$(-

1$!'/&!,<$ 1!"#$33< "7!'9"+',)- 3+"7"%,<6 '/"("+ + .!'*)/"+<6 1$2'6 ) 

1!"+"%)/@ 5",/!"4)!&$(&> '/"()9'#)>. 

F')7"4$$ 1"34$%"+'/$4@,"0 1"1</5"0 3"9%',)- 5",/!"4)!&$("." 6)()-

2$35"." "5!&:$,)- '/"("+ "1!$%$4-$("." 84$($,/' ,' +3$6 8/'1'6 1!"#$33' 

'/"()9'#)) -+4-$/3- )31"4@9"+',)$ + 5'2$3/+$ 6)()2$35)6 ("%)*)5'/"!"+ 

"!.',)2$35)6 !$'.$,/"+, 31"3"7,<6 )97)!'/$4@," +9')("%$03/+"+'/@ 3 )"-

,'() "1!$%$4-$("." 84$($,/' 3 "7!'9"+',)$( &3/"02)+<6 5"(14$53,<6 3"-

$%),$,)0.  

 !"#$ %#&'(')*+#$#,. O'9!'7"/5' /$"!$/)2$35)6 "3,"+ ("%)*)-

5'#)) +54>2'$/ + 3$7- "1!$%$4$,)$ 1!),#)1"+ +<7"!' ("%)*)5'/"!"+, 5!)-

/)2$35"$ !'33("/!$,)$ "7!'9&>I$."3- 4).',%,"." "5!&:$,)- '/"(' 3 1"9)-

#)0 1!"2,"3/) 3+-9) ($/'44-("%)*)5'/"!, "1!$%$4-$("0, + 3+"> "2$!$%@, 

5'5 1!)!"%"0 ($/'44', /'5 ) 6'!'5/$!"( *&,5#)",'4@,<6 .!&11 ("%)*)5'-

/"!' ) )6 3!"%3/+"( 5 "1!$%$4-$("(& ($/'44&.  !) 8/"( ,$"76"%)(", 2/"7< 

+<1"4,-4)3@ 34$%&>I)$ &34"+)-: 

- )31"4@9"+',)$ ("%)*)5'/"!"+ 3 9'%',,<( !'31"4":$,)$( *&,5#)"-

,'4@,"-','4)/)2$35)6 .!&11, 5"/"!<$ 1"9+"4->/ "7!'9"+<+'/@ ,')-

7"4$$ 3/"05)$ +,&/!)5"(14$53,<$ 3"$%),$,)-, 3"%$!:'I)$ 1-/)- ) 

D$3/)24$,,<$ #)54<; 

- )31"4@9"+',)$ ("%)*)5'/"!"+, /$!()2$35'- 3/'7)4@,"3/@ 5"/"!<6 

1"9+"4-$/ 5"!!$5/)!"+'/@ /$(1$!'/&!& 1)!"4)9' "7!'9&>I)63- 5"(-

14$53"+  ) /$( 3'(<( "7$31$2)+'/@ 3"6!',$,)$ *)53)!"+',,"." 

"5!&:$,)- '/"("+ ($/'44'. 

 G334$%"+',)$ 7"4@D"." 5"4)2$3/+' !'94)2,<6 ("%)*)5'/"!"+ 1"9+"-

4)4" "/"7!'/@ ,')7"4$$ 8**$5/)+,<$ 5"(14$53""7!'9&>I)$ ) ($/'44"5"(-

14$53,<$ ("%)*)5'/"!<, 5"/"!<$ )31"4@9&>/ 1!) "1!$%$4$,)) !'94)2,<6 

84$($,/"+ – 1,10-*$,',/!"4), (Ni, Cd, Ag), 1)!)%)4'9"!$9"!#),  AO (Ni, 

Cd, Pb, Cu, Zn, Co), 1)!)%)4'9",'*/"4  AF (Ni, Cd), %)($/)4.4)"53)( (Ni), 

'4)9'!),"+<0 5!'3,<0 S, 6!"('9&!"4 S, 6!"("/!"1"+'- ) 3&4@*"3'4)#)4"-

+'- 5)34"/< (Al), 8-"53)6),"4), (Zn, Cd, Cu, Ni, In, Sn, Bi, Pb), '(),"1"4)-

*"3*","+<$ 5)34"/< ) 53)4$,"4"+<0 "!',:$+<0 (Pb), (2-7$,9/)'9"4)4)-

($!5'1/"($/)43&4@*)%, 1)!!"4)%),%)/)"5'!7'('/ '((",)- (Cu), %)8/)4%)-

/)"5'!7'('/ ,'/!)- (Cu, Pb, Cd, Ni, Mn), 1)!)%)4'9"!$9"!#),'/ 1'44'%)- 

(Pb, Ni), "53)6),"4),'/< ('.,)- ) ($%) (In, Mn, Ni, Sb, Cu).   ; +"%,<6 )4) 

+"%,"-"!.',)2$35)6 !'3/+"!'6 +<D$&1"(-,&/<$ ("%)*)5'/"!< "7!'9&>/ 

1!) &3/',"+4$,,"( 9,'2$,)) !F 3 )",'() "1!$%$4-$("." 84$($,/' &3/"02)-

+<$ (5",3/',/< &3/"02)+"3/) )9($,->/3- + %)'1'9",$ lg Y = 5-28) 6$4'/< ) 

5""!%),'#)",,<$ 3"$%),$,)-. F$5"/"!<$ )9 8/)6 !$'5/)+"+ /!'%)#)",," 

)31"4@9&>/3- + 5'2$3/+$ ','4)/)2$35)6 !$'.$,/"+ + ("4$5&4-!,"0 31$5/!"-

*"/"($/!)) %4- 1"4&2$,)- ','4)/)2$35)6 *"!( (,'1!)($!  AF,  AO, 6!"-

('9&!"4 S), %!&.)$ – 3),/$9)!"+',< ) )31"4@9"+',< ,'() +1$!+<$ (7$,9/)'-

9"4)4($!5'1/"($/)43&4@*)%). 
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H!"+$,@ 3,):$,)- 1!$%$4' "7,'!&:$,)- + 1!)3&/3/+)) 5"(14$53""7!'-

9&>I)6 ("%)*)5'/"!"+ "1!$%$4-$/3- /$!()2$35"0 3/'7)4@,"3/@> ("%)*)-

5'/"!', $." 31"3"7,"3/@> 5"!!$5/)!"+'/@ /$(1$!'/&!& 1)!"4)9' "7!'9&>-

I)63- 5"(14$53"+ ) 1!)!"%"0 "1!$%$4-$("." 84$($,/' ) 5"(14$53'. ='5, 

%',,<$ /'74.5.12 ,' 1!)($!$ "1!$%$4$,)- 5'%()- ) ,)5$4- %$(",3/!)!&>/ 

+4)-,)$ /$!()2$35"0 3/'7)4@,"3/) ("%)*)5'/"!' ,' +$4)2),& "/,"3)/$4@-

,"." )9($,$,)- ','4)/)2$35"." 3).,'4', 5"/"!"$ "#$,)+'4) 5'5  

-A=
00

00 1+2)
, .%$ A0–'73"!7#)",,"3/@ 7$9 ("%)*)5'/"!'; A6"4–

'73"!7#)",,"3/@ 6"4"3/"." "1</'. C4$%&$/ "/($/)/@, 2/" +$4)2),' -A 9'+)-

3)/ "/ (,".)6 *'5/"!"+ – +$4)2),< !F 3!$%<, !'3/+"!)/$4- (+"%' )4) 3($3@ 

+"%'-8/',"4), /$(1$!'/&!,"-+!$($,,"0 1!".!'((<, 31"3"7' )31'!$,)- ) /.%. 

 

='74)#' 5.12 – ;4)-,)$ /$!()2$35"0 &3/"02)+"3/) ("%)*)5'/"!"+ ,' 

','4)/)2$35)0 3).,'4 

ZA+0,1 

M"%)*)5'/"! 

=$(1$!'/&!' 

!'94":$,)- 

("%)*)5'/"-

!',ûC 

5'%()0 ,)5$4@ 

7'/"*$,',/!"4),   

1,10-*$,',/!"4), 

 AF 

 AO 

8-"53)6),"4), 

1)!)%), 

417 

408 

324 

315 

296 

194 

3,7 

3,6 

2,0 

1,9 

1,3 

1,0 

4,3 

2,8 

2,3 

2,2 

2,0 

1,1 

 "8/"(& %$4'/@ +<+"%< "7 8**$5/)+,"3/) /"0 )4) ),"0 %"7'+5) ,' "3,"+'-

,)) 3!'+,$,)- +$4)2), -A (":," /"4@5" 1!) "%),'5"+<6 &34"+)-6 )9($!$-

,)-. G9 %',,<6 /'74. 5.12 +)%,", 2/" 3 &($,@D$,)$( /$!()2$35"0 3/'7)4@,"-

3/) ("%)*)5'/"!' &($,@D'$/3- +$4)2),' -A.  !) 8/"( 34$%&$/ )($/@ + +)-

%&, 2/" 5"!!$4-#)- ($:%& 3/$1$,@> +"9%$03/+)- ("%)*)5'/"!' ,' 1!"#$33< 

'/"()9'#)) ($/'44"+ ) /$!()2$35"0 &3/"02)+"3/@> 3"6!',-$/3- /"4@5" %4- 

("%)*)5'/"!"+ 3 "%),'5"+<() %","!,<() '/"('(). 

G31"4@9"+',)$ ("%)*)5'/"!"+ 1!)+"%)/ ,' 1$!+"0 3/'%)) '/"()9'#)) 5 

"7!'9"+',)> 1!"($:&/"2,<6 5""!%),'#)",,<6 3"$%),$,)0 ) 5 1"+<D$,)> 

/$(1$!'/&!< 1)!"4)9' 7$9 1"/$!@ ','4)/'. P',,<$ /'74. 5.13 3+)%$/$4@3/+&-

>/, 2/" ('53)('4@," %"1&3/)('- /$(1$!'/&!' 1)!"4)9' 3"$%),$,)0 "1!$%$-

4-$(<6 84$($,/"+ + 1!)3&/3/+)) ("%)*)5'/"!"+ +"9!'3/'$/ ,' 250-800.C, 

1!) 8/"( /'5'- /$!("3/'7)4)9'#)- "7$31$2)+'$/ %"1"4,)/$4@,<$ +"9(":,"-

3/) "/.",5) ('/!)#< ) 3,):$,)- 1!$%$4' "7,'!&:$,)-. G9 %',,<6 /'74. 5.13 

34$%&$/, 2/" ($/'44"5"(14$53,<$ 3"$%),$,)- – 6$4'/< ('.,)- ) 1'44'%)- – 

"74'%'>/ 7"4@D$0 /$!("3/'7)4)9)!&>I$0 31"3"7,"3/@>, 2$( "!.',)2$35)$ 

("%)*)5'/"!<. 
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='74)#' 5.13 – ;4)-,)$ ("%)*)5'/"!"+ ,' /$(1$!'/&!& 1)!"4)9' 

=$(1$!'/&!' 1)!"4)9', 
"
C K4$($,/ M"%)*)5'/"! 

7$9 ("%)*)5'-

/"!' 

3 ("%)*)5'-

/"!"( 

Ag 1)!".'44"4"+<0 5!'3,<0 +  

1,10-*$,',/!"4),   

600 950 

Al 3&4@*"3'4)#)4"+'- 5)34"/'          1400 1650 

Cd 1,10-*$,',/!"4),                           300 700 

Cu 7$,9/)'9"4)4($!5'1/"($/)4-

3&4@*)%                                           

900 1100 

In 1,10-*$,',/!"4),                           750 950 

 "53)6),"4),'/ ('.,)-                    1000 

Mn "53)6),"4),'/ ('.,)- 1200 2000 

Ni "53)6),"4),'/ ('.,)- 1700 1900 

Pb 1)!)%)4'9"!$9"!#),'/ 1'44'-

%)-                  

500 1300 

Sb "53)6),"4),'/ ('.,)- 900 1200 

?2$+)%,", 2/" &!"+$,@ 3,):$,)- 1!$%$4' "7,'!&:$,)- )334$%&$(<6 

($/'44"+ "1!$%$4-$/3- 5'5 3+"03/+'() ("%)*)5'/"!"+ (2/" 7<4" 1"5'9'," 

+<D$), /'5 ) 1!)!"%"0 "1!$%$4-$("." 84$($,/'. K/" 1"%/+$!:%'>/ %',,<$ 

/'74. 5.14, 1"4&2$,,<$ %4- ("%$4@,"0 3)3/$(< 1)!)%)4'9"!$9"!#),'/"+ ($-

/'44"+.  

='74)#' 5.14 – ;4)-,)$ 1!)!"%< ($/'44' ,'  ','4)/)2$35)0 3).,'4 

N$4'/ Cd( AO) Pb( AO) C"( AO)2 Cu( AO)2 

=$(1$!'/&!' 

!'94":$,)-, 

.C 

275 295 410 435 

-A+0,1 1,4 1,0 0,5 0,1 

F')7"4$$ 9,'2)/$4@,"$ )9($,$,)$ ','4)/)2$35"." 3).,'4' "/($2$," %4- 

5"(14$53"+ 3 7"4$$ ,)95"0 ,'2'4@,"0 /$(1$!'/&!"0 !'94":$,)-. ='5, %4- 

Cd AO ",' 3"3/'+4-$/ 275°C, ' +$4)2),' -A = 1,4, + /" +!$(- 5'5 %4- 

Cu( AO)2, !'94'.'>I$."3- 1!) 435°C, )9($,$,)$ ','4)/)2$35"." 3).,'4' 

3/',"+)/3- ,$9,'2)(<(. P',,<$ /'74. 5.14 1"%/+$!:%'>/ 1"4":$,)$ " +4)--

,)) 1!"2,"3/) 3+-9) ($/'44' 3 ("%)*)5'/"!"( ,' 8**$5/)+,"3/@ 1"34$%,$-

.". P4- /$"!$/)2$35"." "7"3,"+',)- 8/"." 1"4":$,)- ) %4- 1!".,"9)!"+',)- 

8**$5/)+,"3/) +<7!',,<6 31"3"7,<6 5 5"(14$53""7!'9"+',)> ("%)*)5'-

/"!"+ )31"4@9"+', 1'!'($/! 3!$%,$0 84$5/!",,"0 14"/,"3/) ,' +,$D,$0 

"7"4"25$ '/"('/
34

. G9 (,".)6 !'33("/!$,,<6 *)9)5"-6)()2$35)6 3+"03/+ 

84$($,/"+ (/$!("%),'()2$35)$, /$14"+<$, ($6',)2$35)$, "1/)2$35)$ ) %!. 

6'!'5/$!)3/)5)) 1"2/) +3$ 1"5'9<+'4) /& )4) ),&> 9'+)3)("3/@ "/ /
34

. F'-

74>%'$/3- 2$/5'- 5"!!$4-#)- ($:%& 14"/,"3/@> +'4$,/,<6 '/"(,<6 84$5-
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/!","+ ) 5"4)2$3/+$,,<() 1'!'($/!'(), )31"4@9&$(<() %4- /$"!$/)2$35"." 

1!".,"9)!"+',)- ) "1)3',)- 1!"#$33' '/"()9'#)) + .!'*)/"+<6 1$2'6 – /$1-

4"/"0 "7!'9"+',)- "53)%"+ )9 1!"3/<6 +$I$3/+, /$(1$!'/&!"0 14'+4$,)- "5-

3)%"+, /$(1$!'/&!"0 1"-+4$,)- 3+"7"%,<6 '/"("+ ) %!. ;$4)2),& /
34

 "#$-

,)+'>/ )9 &!'+,$,)-: 
VV $+4!.

34

n

)
0/ , .%$ n – 2)34" 84$5/!","+, 1"/$!-,-

,<6 '/"("( 1!) "7!'9"+',)) )",' %',,"." 9'!-%' (+3$ )4) 2'3/@ +'4$,/,<6 

84$5/!","+), V'/ ) V)", – "7S$(< '/"(' ) )",' 3 %',,<( 9'!-%"(. 

F'() 7<4" &3/',"+4$,", 2/" /
34

 6"!"D" "1)3<+'$/ &!"+$,@ +"9%$03/-

+)- 31"3"7,<6 5 )97)!'/$4@,"0 5""!%),'#)) ("%)*)5'/"!"+ ,' 1!"#$33< 

'/"()9'#)) 5'5 1$!$6"%,<6, /'5 ) ,$1$!$6"%,<6 84$($,/"+ - 5"8**)#)$,/ 

5"!!$4-#)) %4-  AO 3"3/'+4-$/ 0,84, %4- 8-"53)6),"4),' – 0,85 (/'74. 5.15). 

L'5","($!,"$ &($,@D$,)$ ','4)/)2$35"." 3).,'4' 84$($,/"+ 3 &+$4)2$,)$( 

/
34

 3+)%$/$4@3/+&$/ "7 &+$4)2$,)) 1!"2,"3/) 3+-9) + 3"$%),$,)) )334$-

%&$("." 84$($,/' ) " 9'/!&%,$,)) 1!"#$33' "7!'9"+',)- 3+"7"%,<6 '/"("+.  

='74)#' 5.15 – ;4)-,)$ /
34

 ,' )9($,$,)$ ','4)/)2$35"." 3).,'4' ZA  

ZA K4$($,/ /
34
[10

3
, 84/,(

3
   

 AO 8-"53)6),"4),

Cd 0,169 2,7 3,2 

Pb 0,142 1,9 1,1 

Cu 0,207 1,8 0,98 

Al 0,263 1,1 0,93 

Mn 0,325 0,98 0,89 

Ni 0,318 0,67 0,87 

C #$4@> 1!".,"9)!"+',)- 8**$5/)+,"3/)  AO ) 8-"53)6),"4),' %4- 

%!&.)6 84$($,/"+ !'332)/',< 5"!!$4-#)",,<$ &!'+,$,)-
 
) 1"%/+$!:%$,' 

+"9(":,"3/@ )31"4@9"+',)- 1!$%4":$,,"." 1'!'($/!' /
34

 %4- 1!".,"9,<6 

"#$,"5 8**$5/)+,"3/) +<7!',,<6 ("%)*)5'/"!"+ %4- 84$($,/"+ 3" 36"%-

,<( ($6',)9("( '/"()9'#)). ='5, +  /'74. 5.16 ,' 1!)($!$ )31"4@9"+',)- + 

5'2$3/+$ ("%)*)5'/"!' 8-"53)6),"4),' 1"5'9',", 2/" 8531$!)($,/'4@,"$ 

9,'2$,)$ -A 6"!"D" 3".4'3&$/3- 3 !'32$/,<() 9,'2$,)-(). 

='74)#' 5.16 –  !".,"9)!"+',)$ 8**$5/)+,"3/) ("%)*)5'/"!' 8-

"53)6),"4),'  

-A±0,1 K4$($,/ /
34

 10
3
, 84/,(

3
   

!'32$/,"$ 8531$!)($,/'4@,"$ 

In 0,100 2,3 2,1 

Sn 0,166 1,9 1,9 

Bi 0,167 1,9 1,8 

Zn 0,226 1,5 1,4 
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Ga 0,293 0,99 1,0 

 ?%,'5" 34$%&$/ )($/@ + +)%&, 2/" + !-%$ 34&2'$+ (".&/ 1"-+4-/@3- *'5-

/"!<, %$4'>I)$ )31"4@9"+',)$ 1'!'($/!' /
34

 ,$8**$5/)+,<(, ,'1!)($!, + 

34&2'$ "1!$%$4$,)- M", 5".%' + .!'*)/"+"0 1$2) "7!'9&>/3- 5'!7)%<, )4) + 

34&2'$ ("%)*)5'/"!"+, "7!'9&>I)6 5"(14$53,<$ 3"$%),$,)- 3 "1!$%$4-$-

(<( 84$($,/"( /"4@5" 9' 32$/ 5""!%),'#)",,"0 3+-9) (,'1!)($!, 1,10-

*$,',/!"4),). ='5, !'32$/,"$ 9,'2$,)$ -A %4- ("4)7%$,' + 1!)3&/3/+)) 8-

"53)6),"4),' 3"3/'+4-$/ 0,15, ' 8531$!)($,/'4@," ,'0%$,,"$ 9,'2$,)$ !'+-

," 0,44. 

='5)( "7!'9"(, +<7"! "!.',)2$35"." ("%)*)5'/"!' %"4:$, "1!$%$4-/@-

3- 34$%&>I)() /!$7"+',)-(): ("%)*)5'/"! %"4:$, "7$31$2)+'/@ 5",/!"-

4)!&$("$ 6)()2$35"$ "5!&:$,)$ '/"("+ "1!$%$4-$("." 84$($,/' + !'3/+"!$ 

) +1"34$%3/+)) + /+$!%"0 *'9$, %4- 8/"." ("%)*)5'/"! %"4:$, 7</@ /$!()-

2$35) %"3/'/"2," 3/'7)4@,<( ) %"4:$, 1"+<D'/@ %"1&3/)(&> /$(1$!'/&!& 

/$!(""7!'7"/5) 3"$%),$,)0 "1!$%$4-$("." 84$($,/'. ;<1"4,$,)$ 8/)6 /!$-

7"+',)0 "7$31$2)+'$/ 3,):$,)$ 1!$%$4' "7,'!&:$,)- ($/'44"+ 84$5/!"/$!-

()2$35)( '/"(,"-'73"!7#)",,<( ($/"%"(. ; /'74. 5.17 1"5'9',' 8**$5/)+-

,"3/@ )31"4@9"+',)- +<7!',,<6 ("%)*)5'/"!"+ %4- 3,):$,)- 1!$%$4' "7-

,'!&:$,)- ($/'44"+ + !-%$ %$1!$33)!&>I)6 +<3"5"3"4$+<6 ('/!)#'6 1!) 

','4)9$ D'6/,<6 +"%, 5)34"/,<6 (),$!'4)9'/"+ 1"2+, '5/)+,"." )4', 7)"4"-

.)2$35"." ('/$!)'4', 2$!,<6 ) #+$/,<6 314'+"+. 

='74)#' 5.17 –  C,):$,)$ 1!$%$4' "7,'!&:$,)- ($/'44"+ + %$1!$33)!&>-

I)6 ('/!)#'6  

K4$-

($,/ 

M'/!)#' M"%)*)5'/"! E!'/,"3/@ 3,):$,)- 

1!$%$4' "7,'!&:$,)- 

1" 3!'+,$,)> 3 !'3/+"-

!"( 7$9 ("%)*)5'/"!' 

Ni 0,5M HNO3 1)!)%)4'9"!$9"!#),'/ Pd(II) 

1)!)%)4'9"!$9"!#), 

64"!)% 1'44'%)- 

10   

7,4 

2,9 

Cd 0,1M HNO3 

 

0,1M HCl 

3&4@*'/ 1,10-*$,',/!"4),' 

,)/!'/ 1'44'%)- 

3&4@*'/ 1,10-*$,',/!"4),' 

2,2 

1,3 

5,5 

Al 0,15M CuCl2 

 

 

 

0,12M FeCl3 

3&4@*"3'4)#)4"+'- 5)34"/' 

7$,9"43&4@*"5)34"/' 

3&4@*"3'4)#)4"+'- 5)34"/'+ 

'4)9'!),"+<0 5!'3,<0 S 

3&4@*"3'4)#)4"+'- 5)34"/' 

7$,9"43&4@*"5)34"/' 

3&4@*"3'4)#)4"+'- 5)34"/'+ 

'4)9'!),"+<0 5!'3,<0 S 

5"(14$53", \\\ 

50 

31 

125   

 

50 

59 

105 

 

20 
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Cu C'Cl2, MgCl2, NaCl, 

ECl, HNO3 (3"%$!-

:',)$ 3"4$0 30./4) 

B$,9/)'9"4)4($!5'1/"($/)4-

3&4@*)% 

60 

Pb 0,07M CuCl2 )(),"%)($/)4$,*"3*","+'- 5-/'  

,)/!)4/!)($/)4$,*"3*","+'- 5-/'  

8/)4$,%)'(),/$/!'($/)4$,*"3-

*","+'- 5)34"/' 

5"(14$53", \\\ 

%).)%!"*"3*'/ ,'/!)- 

,)/!'/ 4',/',' 

             156     

83 

47 

 

1,9 

2,3 

1,6 

Ag Ca(NO3)2, MgCl2, 

K2SO4, NaFCO3, 

KCl, Fe2(SO4)3 (3"-

%$!:',)$ 3"4$0 

22./4) 

1,10-*$,',/!"4), + 1)!".'44"-

4"+<0 5!'3,<0 

  32     

;)%,", 2/" 1!$%$4 "7,'!&:$,)-, ,'1!)($!, ,)5$4- + !'3/+"!'6 '9"/,"0 

5)34"/< + 1!)3&/3/+)) 1!$%4":$,,<6 ("%)*)5'/"!"+ 3,):'$/3- + 2-10 !'9 

1" 3!'+,$,)> 3 !'3/+"!"( 7$9 ("%)*)5'/"!'. O',$$ )31"4@9&$(<0 ("%)*)-

5'/"! PdCl2 3,):'$/ 1!$%$4 "7,'!&:$,)- +3$." + 1,5 !'9', /.5. 3"4) 1'44'%)- 

+ "5)34)/$4@,<6 ('/!)#'6 ,$8**$5/)+,<. F')7"4$$ +1$2'/4->I)$ !$9&4@-

/'/< 1"4&2$,< 1!) "1!$%$4$,)) '4>(),)- ) 3+),#', 5".%' )31"4@9"+',)$ 

1!$%4":$,,<6 ("%)*)5'/"!"+ 3,):'$/ 1!$%$4 "7,'!&:$,)- Al "/ 30 %" 125 

!'9, ' 3+),#' – + 80-156 !'9. C4$%&$/ "/($/)/@, 2/" )31"4@9"+',)$ 1!$%4'.'$-

(<6 ("%)*)5'/"!"+ /$( 7"4$$ 8**$5/)+,", 2$( 34":,$$ 3"3/'+ ('/!)#<. 

 !) 8/"( 3($3) ("%)*)5'/"!"+, 5'5, ,'1!)($!, + 34&2'$ "1!$%$4$,)- '4>-

(),)-, ,')7"4$$ 3&I$3/+$,," 3,):'>/ 1!$%$4 "7,'!&:$,)- – + 105-125 !'9. 

-#&'(')*.'/ ,!0#)#+1%21$*+3$4!5 2$#.100#, , 671)+$#-

+1$%'810)#9 *+#%4#-*"0#$".'#44#9 021)+$#0)#2''. G31"4@9"-

+',)$ ("%)*)5'/"!"+ +4$2$/ 9' 3"7"0 )9($,$,)$ 6'!'5/$!' 1!"#$33"+ '/"()-

9'#)), 1!"/$5'>I)6 3 &2'3/)$( 5'5 3'()6 ("%)*)5'/"!"+, /'5 ) 5"(14$53"+ 

3 "1!$%$4-$(<() 84$($,/'() ) 84$($,/'() ('/!)#<. G9($,$,)$ 6'!'5/$!' 

+<3"5"/$(1$!'/&!,<6 1!"#$33"+ "7&34"+4$," ,$35"4@5)() *'5/"!'() - + 

2'3/,"3/), 6)()2$35)( !'9%$4$,)$( "1!$%$4-$("." 84$($,/' ) ('/!)#<, 

/$!("3/"05"3/@> 3'("." ("%)*)5'/"!' ) "7!'9&>I$."3- 5"(14$53', !'9,<-

() /$(1$!'/&!,<() ),/$!+'4'() !'94":$,)- 3"$%),$,)0 "1!$%$4-$("." 

84$($,/' ) ('/!)#<. 

H3/',"+4$,", 2/" 31"3"7,<$ 5 5"(14$53""7!'9"+',)> ("%)*)5'/"!< 

1!)+"%-/ 5 &.4&74$,)> 1!"#$33"+ !'9%$4$,)- "1!$%$4-$("." 84$($,/' ) 

('/!)#<. M$,-- "%), ("%)*)5'/"! ,' %!&."0 ), 34$%"+'/$4@,", ($,-- 6'!'5-

/$!  +9')("%$03/+)- ("%)*)5'/"!' 3 "1!$%$4-$(<( 84$($,/"( ) ('/!)#$0, 

(":," %"7)/@3- 3,):$,)- 1!$%$4' "7,'!&:$,)-, ,'1!)($!, + 2 !'9'. 

H.4&74$,)$ 1!"#$33"+ 6)()2$35"." !'9%$4$,)- "1!$%$4-$("." 84$($,/' 

) ('/!)#< %"3/).'$/3- /"4@5" 1!) "1/)('4@,"0 5",#$,/!'#)) ("%)*)5'/"-
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 !, "#$# !% #& '(')%'$*% +,-,.'*",- *#*$!/#- , "#01'0$ !1,'2 -!$ ,13, ! 

$!"4' +! !"$' #- &, #),5! *!-#6# -#(,7,"!$# !. 8 $!9). 5.18 0! & ,-' ' 

!$#-0#-!9*# 91,#00#6# #& '(')'0,% */,01! , 0,"')% / ('& '**, :;<,+ 

-!$ ,1!+ &#"!5!0! 5!/,*,-#*$= & '(')! #90! :4'0,% -'$!))#/ #$ "#01'0-

$ !1,, -#(,7,"!$# #/. 

>!9),1! 5.18 – ?!/,*,-#*$= & '(')! #90! :4'0,% */,01! , 0,"')% #$ "#0-

1'0$ !1,, -#(,7,"!$# ! 

@)'-

-'0$, 

-!$ ,-

1! 

A#-

(,7,-

"!$#  

B#0-

1'0$–

 !1,% 

-#(,7,-

"!$# !, 

-#)=/) 

C '(') 

#90! :-

4'0,% 

Dmin·10
5
,

% 

@)'-

-'0$, 

-!$-

 ,1! 

A#-

(,7,-

"!$#  

B#01'0$–

 !1,% 

-#(,7,-

"!$# !, 

-#)=/) 

C '(') 

#90! :-

4'0,%, 

-"6/) 

Pb,  

0,08 A 

CuCl2 

EFG* 0,001 

0,002 

0,005 

0,008 

0,010 

0,020 

0,030 

0,050 

0,10 

3,0 

1,8 

1,3 

0,92 

0,92 

0,92 

0,92 

1,0 

/3&!(!'$ 

#*!(#" 

Ni,   

0,5 A 

HNO3 

PdCHI 0,0001 

0,0002 

0,0003 

0,0004 

0,0005 

0,0006 

 

2,7 

2,0 

2,0 

2,0 

2,0 
-#(,7,-

"!$#  &#) 

0#*$=; 0' 

 !*$/# %-

'$*% 

       *  ,-,0#(,-'$,)'07#*7#0#/!% ",*)#$! 

 C ,/'('003' (!003' */,('$')=*$/:;$, .$# * :/'),.'0,'- "#01'0$ !-

1,, -#(,7,"!$# ! & '(') #90! :4'0,% -'$!))#/ *0!.!)! :-'0=J!'$*%, ! 5!-

$'- /#5 !*$!'$, .$# */%5!0# * :/'),.'0,'- 0'*')'"$,/0#6# &#6)#<'0,% *!-#-

6# -#(,7,"!$# !. H0!)#6,.0!% 5!/,*,-#*$= 0!9);(!'$*% , ()% -'$!))#"#--

&)'"*03+ -#(,7,"!$# #/.  

D:--, :% /*' /3J'*"!5!00#', -#40# 6#/# ,$= # /),%0,, +! !"$' ! #9-

 !5:;<,+*% & #-'4:$#.03+ *#'(,0'0,2 0! & #1'**3 !$#-,5!1,, #& '('-

)%'-3+ K)'-'0$#/, .$# & #%/)%'$*% / ,5-'0'0,, &! !-'$ #/ ,-&:)=*#/ !0!-

),$,.'*"#6# *,60!)!. 8 $!9). 5.19 &#"!5!0# K$# /),%0,' 0! & ,-' ' #& '('-

)'0,% -'(, , */,01!. 

>!9),1! 5.19 - >'-&' !$: ! , / '-% -!"*,-:-! ,-&:)=*! *,60!)! (n=5; I=0,95) 

A!"*,-:- ,-&:)=*! 

*,60!)! 

@)'-

-'0$ 

 

I!*$/#  

/ '-%, * $'-&' !$:-

 !, °D 

/#(0#-K$!0#)=032 (3:2)  !*$/#  1,49±0,05 1950 

0,01 A /#(0#-K$!0#)=032  !*$/#  L>AAD
*
 1,75±0,05 2207 

Cu 

0,01 A /#(0#-K$!0#)=032  !*$/#  *!+! #53 1,52±0,07 1990 
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 0,01 A /#(0#-K$!0#)=032  !*$/#  !*"# 9,0#-

/#2 ",*)#$3 

1,61±0,05 2100 

1% HNO3 0,80±0,07 1050 

0,001 A  !*$/#  "*,)'0#)#/#6# # !04'/#6# / 

1% HNO3 

1,17±0,04 1580 

0,1% HNO3 0,52±0,05 998 

Pb 

0,005 A  !*$/#  *:)=7!$! 1,10-7'0!0$ #),0! 

/ 0,1% HNO3 

0,85±0,06 1050 

       *  9'05$,!5#),)-' "!&$#-'$,)*:)=7,( 

 8 !5#$0#",*)3+ , / /#(0#-# 6!0,.'*",+  !*$/# !+ (#9!/"! "#-&)'"*#-

#9 !5:;<'6# -#(,7,"!$# ! 9'05$,!5#),)-' "!&$#-'$,)*:)=7,(! , "*,)'-

0#)#/#6# # !04'/#6# /'('$ " *$!$,*$,.'*", 50!.,-#-: :/'),.'0,; / '-'0, 

, $'-&' !$: 3 -!"*,-:-! ,-&:)=*! !0!),$,.'*"#6# *,60!)! &# * !/0'0,; * 

*!+! #5#2 , !*"# 9,0#/#2 ",*)#$#2, "#$# 3' 0' #9 !5:;$ & #.03+ "#--

&)'"*03+ *#'(,0'0,2 * ,#0!-, -'(, , */,01!. 

M!9);(!'-3' K77'"$3 -#40# #9N%*0,$= (#&#)0,$')=03- 7!"$# #- 

$' -#*$!9,),5!1,, !0!),$! &# * !/0'0,; * #9<'& ,0%$3-, 7!"$# !-,, 

('2*$/:;<,-, / & ,*:$*$/,, -#(,7,"!$# #/ # 6!0,.'*"#2 & , #(3. B .,*-

): $!",+ 7!"$# #/ -#40# #$0'*$,, 0!& ,-' , #9 !5#/!0,' */#9#(03+  !(,-

"!)#/, /#50,"!;<,+ & , &, #),5' "#-&)'"*!, , /5!,-#('2*$/,' & #(:"$#/ 

&, #),5! * *#& %4'00#2 *,*$'-#2 6 !7,$#/#6# *)#%. @"*&' ,-'0$!)=0# 93-

)# &#"!5!0#, .$# &#(#90#' /5!,-#('2*$/,' ,-''$ -'*$# 0! *$!(,, &, #),5! / 

(,!&!5#0' $'-&' !$:  300-500°D, "#$# 32 +! !"$' ,5:'$*% -!"*,-!)=0#2 

"#01'0$ !1,'2 *&,0-1'0$ #/. C #(:"$3 $' -,.'*"#6#  !5)#4'0,% !"$,/,-

 :;$ &#/' +0#*$= !$#-,5!$# !, #9 !5:% 0! 0'2 !"$,/03' 1'0$ 3 / /,(' #9# -

/!003+ +,-,.'*",+ */%5'2. @$# & ,/#(,$ " (#&#)0,$')=0#2 $' -#*$!9,),-

5!1,, !0!),$! & , 0,5",+ $'-&' !$: !+, *#" !<'0,; '6# &#$' = 0! & '(/!-

 ,$')=03+ *$!(,%+, :-'0=J'0,; (,77:5,, *#'(,0'0,2 #& '(')%'-#6# K)'-

-'0$! / +#)#(03' &' ,7' ,203' 5#03 &'.,. D (!)=0'2J,- &#/3J'0,'- 

$'-&' !$: 3 +! !"$'  $' -#*$!9,),5!1,, ,5-'0%'$*% , */%5!0 & ',-:<'*$-

/'00# * & #/!),/!0,'- .!*$,1 #"*,(#/ !0!),$! /6):9=  !*&)!/! # 6!0,.'-

*"#6# /'<'*$/!, #"");5,'2 .!*$,1 !0!),$! *:+,- :6)' #(03- #*$!$"#- 

/*)'(*$/,' #9 !5#/!0,% /#" :6 0,+ &)#$03+ :6)' #(03+ #9#)#.'" /  '5:)=-

$!$' 6 !7,$,5!1,, :6)' #(!. 

C#($/' 4('0,'- K$#-: *):4,$ ,5-'0'0,' K0' 6,, !"$,/!1,, & #1'**! 

!$#-,5!1,,, #1'0'00#', 0!& ,-' , ()% & #1'**! !$#-,5!1,, *#'(,0'0,2 

*/,01! / & ,*:$*$/,, "*,)'0#)#/#6# # !04'/#6#. C %-#),0'20!% 5!/,*,-

-#*$= )#6! ,7-! "#0*$!0$3 *"# #*$, !$#-,5!1,, #$ $'-&' !$: 3 */,('$')=-

*$/:'$ # $#-, .$# / ,**)'(#/!00#- $'-&' !$: 0#- (,!&!5#0' */,0'1 0' /5!,-

-#('2*$/:'$ * :6)' #(#- / "#0('0*, #/!00#2 7!5'. E5-'0'0,' K0' 6,, !"$,-

/!1,, *#*$!/,)# 12 "F4/-#)=, .$# *##$/'$*$/:'$ ,5-'0'0,; K0$!)=&,, & , 

7,5,.'*"#2 !(*# 91,,, 0!& ,-' , 5! *.'$ /!0(' /!!)=*#/#6# /5!,-#('2*$/,% 
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-'4(: &#/' +0#*$=; , !(*# 9, #/!00#2 -#)'":)#2. E-'00# /),%0,'- 0'-

"#0$!"$0#2 7)#$!1,, ()% .!*$,1 #.'0= -!)'0="#6#  !5-' !, #9:*)#/)'00#2 

-#)'":)% 0#2 !(6'5,'2 5! *.'$ *,) O#0(#0! - 8!0-(' -8!!)=*!, #9N%*0%'$*% 

*-!.,/!'-#*$= #"*,(#/  !*&)!/!-, -#(,7,"!$# #/ , & #/!),/!0,' K$,+ .!*-

$,1 /0:$ =  !*&)!/!, .$# /'('$ " 5!(' 4"' ,*&! '0,%. 

E**)'(#/!0,' /),%0,% -#(,7,"!$# #/ 0! & #1'**3 !$#-,5!1,, /3%/,)# 

$!"#2 /!4032 7!"$# , "!" *##$0#J'0,' $' -,.'*"#2 *$!9,)=0#*$, -#(,7,-

"!$# ! , #9 !5:;<'6#*% "#-&)'"*!. F)% &#($/' 4('0,% K$#6# 93), *,0$'5,-

 #/!03 "#-&)'"*3 Cu(II), Co(II), Pb(II), Zn(II), Cd(II) * (,K$,)(,$,#"! 9!-!-

$#- (F@F>B), &,  #),(,0(,$,#"! 9!-!$#- (CF>B), CHI , 9'05$,!5#),)-

-' "!&$#-'$,)*:)=7,(#- (L>AAD). 8*' #0, 93), #+! !"$' ,5#/!03 !0!),-

$,.'*",,  '0$6'0#7!5#/3- , *&'"$ #*"#&,.'*",- -'$#(!-,. D !/0,$')=0#' 

,5:.'0,' -#(,7,"!$# #/ , "#-&)'"*#/ 93)# & #/'('0# -'$#(#- (,77' '0-

1,!)=0#6# $' -,.'*"#6# !0!),5! * 5!&,*=; $' -#6 !/,-'$ ,.'*",+ +! !"$'-

 ,*$,". 

C ,/'('003' / $!9). 5.20 (!003' &# $' -,.'*"#-:  !*&!(: "#-&)'"*#/ 

Cd, Pb, Co, Cu * CHI .'$"# ('-#0*$ , :;$ 0'#9+#(,-#*$= :.'$! *##$0#J'-

0,% $' -,.'*"#2 *$!9,)=0#*$, -#(,7,"!$# ! , #9 !5:;<,+*% "#-&)'"*#/ , 

0!),.,' "#  ')%1,, -'4(: K$,-, (!003-, , 50!.'0,%-, !0!),$,.'*"#6# 

*,60!)!. C , K$#- $' -,.'*",2  !*&!( /*'+ "#-&)'"*#/ & #,*+#(,$ / (/' 

*$!(,, ,  !50#*$= $'-&' !$:   !5)#4'0,% -#(,7,"!$# ! , "#-&)'"*! "#  '-

), :'$ * /'),.,0#2 ,5-'0'0,% !0!),$,.'*"#6# *,60!)! / & ,*:$*$/,, -#(,-

7,"!$# !  H. 

>!9),1! 5.20 – 8),%0,' $' -,.'*"#2 :*$#2.,/#*$, -#(,7,"!$# ! CHI , 

-'$!))#"#-&)'"*#/ K$#6#  '!6'0$! 0! ,5-'0'0,' !0!),$,.'*"#6# *,60!)! PH 

>'-&' !$: !  !5)#-

4'0,%**, °D 

A#(,7,-

"!$#  , 

"#-&)'"* 

Q*)#/0!% "#0-

*$!0$! :*$#2-

.,/#*$, "#--

&)'"*! lg R 
S K$!& &,-

 #),5! 

SS K$!& 

&, #),5! 

P>*,°D PH 

280 CHI 

Cd(CHI) 

Pb(CHI) 

Co(CHI)2 

Cu(CHI)2 

 

6,53 

6,48 

11,57 

11,82 

195 

295 

378 

395 

275 

445 

410 

435 

 

5 

15 

95 

155 

 

1,4 

1,0 

0,52 

0,07 

*   –  !50#*$= $'-&' !$:   !5)#4'0,% -#(,7,"!$# ! , "#-&)'"*! & , -!"-

*,-!)=0#2 0',5#$' -,.'*"#2 *"# #*$, &#$' , -!**3;  

**– $' -#6 !/,-'$ ,.'*",' (!003' &#):.'03 & , *"# #*$, 0!6 '/!               

5 BT-,0
-1

 / /#5(:+' 

D)'(:'$ #$-'$,$=, .$# &#):.'00!% "#  ')%1,% +# #J# *#6)!*:'$*% * /'-

),.,0#2 "#0*$!0$ :*$#2.,/#*$, K$,+ "#-&)'"*#/. F!003' $!9). 5.21 $!"4' 

('-#0*$ , :;$ K$: "#  ')%1,;. 
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>!9),1! 5.21 – 8),%0,' +! !"$' ! $' -,.'*"#6#  !*&!(! "#-&)'"*#/ 0! ,5-

-'0'0,' !0!),$,.'*"#6# *,60!)! PH 

>'-&' !$: !  !5)#4'0,%*, °DA#(,7,"!$#  , 

"#-&)'"* S K$!& &, #-

),5! 

SS K$!& &, #-

),5! 

P>,°D PH 

332 L>AAD 

[Cu(L>AAD)]n 335 390 

 

3 

 

3,0 

325 F@F>B 

Cd(F@F>B)2 317 331 

 

8 

 

1,3 

325 F@F>B 

Pb(F@F>B)2 250 345 

 

20 

 

1,2 

167 CF>B 

Cu(CF>B)2 293 335 

 

126 

 

1,1 

F@F>B 

Cu(F@F>B)2 

325 

278 

 

47 

 

0,9 

* $' -#6 !/,-'$ ,.'*",' (!003' &#):.'03 & , *"# #*$, 0!6 '/! 5 BT-,0
-1

 / 

!$-#*7' ' ! 6#0! 

 U(0!"# "#  ')%1,% /*'6(! 9:('$ ,-'$= -'*$# / $'+ *):.!%+, "#6(! &, #-

),5 #9 !5:;<,+*% "#-&)'"*#/ & #,*+#(,$ *$:&'0.!$#. C#($/' 4('0,'- 

K$#-: *):4!$ (!003' &# "#-&)'"*: -'(, * F@F>B, "#$# 32  !5)!6!'$*% / 

#(0: *$!(,;. 8 K$#- *):.!' "#  ')%1,% -'4(:  > ,  H 0! :J!'$*%. U9N%*-

0,$= #90! :4'00:; 0!-, 5!"#0#-' 0#*$= -#40#, /' #%$0#, *)'(:;<,- #9-

 !5#-. 

D #(0#2 *$# #03, & , ,593$"' -#(,7,"!$# ! /#5-#40! ,5#)%1,% .!*$,1 

!0!),$! #$ /#**$!0#/,$')=0#2 &#/' +0#*$, 6 !7,$#/#2 &'.,, 5! *.'$ .'6# 

*)'(:;<,' K$!&3  '!"1,2 * :.!*$,'- & #(:"$#/  !*&!(! "#-&)'"*#/ 9:(:$ 

,($, -'()'00'', 0!& ,-' ,  '!"1,% /#**$!0#/)'0,% #"*,(#/ :6)' #(#- , +'-

-#*# 91,%  !(,"!)#/, #9 !5:;<,+*% & , &, #),5' "#-&)'"*#/, 0! &#/' +-

0#*$, &'.,. L),5#*$= $'-&' !$:   !*&!(! -#(,7,"!$# ! , "#-&)'"*! -!"*,-

-!)=0# #9'*&'.,/!'$  !(,"!)=032 +! !"$'  &, #),5! "#-&)'"*!, .$# *&#*#9-

*$/:'$ +'-#*# 91,, !0!),$! 5! *.'$ -'$!*$!9,)=0#6# "## (,0, #/!0,% -'-

$!))*#(' 4!<,+  !(,"!)#/ , *!-#6# "#-&)'"*! /9),5, !(*# 91,#00#6# *)#% 

 !(,"!)#/ 0! &#/' +0#*$, 6 !7,$#/#2 &'.,. 

C#($/' 4('0,'-  !(,"!)=0#6# +! !"$' !  !*&!(! & #-'4:$#.03+ "#--

&)'"*#/ %/)%;$*% K"*&' ,-'0$!)=03' (!003' &# &, #),5:, 0!& ,-' , "#--

&)'"*! Cu(II) * L>AAD , Pb(II) * F@F>B. A'$#(#- @CI-*&'"$ #*"#&,, &#-

"!5!0#, .$# & #-'4:$#.03' & #(:"$3 $' -#),5! K$,+ "#-&)'"*#/, &#):.'0-

03' & , $'-&' !$: !+ &' /#6# K0(#K77'"$!, *#(' 4!$ *$!9,),5, #/!003' 

 !(,"!)3. E+ *!-#& #,5/#)=0!% *$!9,),5!1,% #*:<'*$/)%'$*% /*)'(*$/,, 

/5!,-#('2*$/,% #9 !5:;<,+*%  !(,"!)#/ * *,*$'-#2 V-*/%5'2 :6)' #(0#2 

&#/' +0#*$, 6 !7,$#/#2 &'., , :6)' #(!, #9 !5:;<'6#*% /  '5:)=$!$' &, #-

),5! -#(,7,"!$# #/. 
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E*&#)=5#/!0,' *&#*#903+ " "#-&)'"*##9 !5#/!0,; -#(,7,"!$# #/ &#-

5/#)%'$  '!)=0# "#0$ #), #/!$= ,  '6:), #/!$= -'+!0,5- #9 !5#/!0,% */#-

9#(03+ !$#-#/, /#-&' /3+, &:$'- 1')'0!& !/)'00#6# 7# -, #/!0,% *#*$!/! 

& '(!$#-,5!1,#00#6# *#'(,0'0,%, /#-/$# 3+, &:$'- :/'),.'0,% /#**$!0#/,-

$')=03+ */#2*$/ !0!),$,.'*"#2 5#03. A'$#(#-  '0$6'0#7!5#/#6# !0!),5! 

93)# &#"!5!0#, .$# #*0#/03-, & #(:"$!-,  !*&!(! / *):.!' ,*&#)=5#/!0,% 

# 6!0,.'*",+ -#(,7,"!$# #/, *#(' 4!<,+ !5#$ , ",*)# #( / "!.'*$/' (#-

0# 03+ !$#-#/, %/)%;$*% #"*,( -'$!))! , :6)' #(, ! / *):.!' S-(#0# 03+ 

-#(,7,"!$# #/ – *:)=7,( ,), *:)=7!$ , :6)' #(. C#*)'(0,2 *&#*#9*$/:'$ 

 !5/,$,; 9#)'' 93*$ #2  '!"1,, "! 9#$' -,.'*"#6# /#**$!0#/)'0,% #"*,-

(#/ -'$!))#/ , :-'0=J'0,; &! 1,!)=0#6# (!/)'0,% ",*)# #(!. @$# #*#9'0-

0# /!40# / *):.!' ,*&#)=5#/!0,% / "!.'*$/' +,-,.'*",+ -#(,7,"!$# #/ *#-

'(,0'0,2 &!))!(,%. E-'00# -#(,7,1, #/!0,' * &#-#<=; +')!$#/ &!))!(,% 

*&#*#9*$/:'$ '6# /#**$!0#/)'0,; (# -'$!))! , &#*)'(:;<'2 $' -#*$!9,),-

5!1,, !0!),$! 5! *.'$ #9 !5#/!0,% ,0$' -'$!)),(#/ , $/' (3+  !*$/# #/. 8 

$!9). 5.22 & '(*$!/)'03 (!003' #9 :-'0=J'0,, / & ,*:$*$/,, -#(,7,"!$#-

 #/ $!" 0!53/!'-#2 ,0' $0#2 -!**3 *: =-3 , "!(-,%, & #&# 1,#0!)=0#2 

"#01'0$ !1,, */#9#(0#6# ",*)# #(! / 6!5#/#2 7!5'. 8,(0#, .$# K77'"$ *0,-

4'0,% &! 1,!)=0#6# (!/)'0,% ",*)# #(! 0!,9#)'' 50!.,$')'0# / *):.!' +'-

)!$#/ &!))!(,%. 

>!9),1! 5.22 – B#K77,1,'0$ (B) *0,4'0,% ,0' $0#2 -!**3 K)'-'0$! 

B ! 0,1 A#(,7,"!$#  

Cd Sb 

H*"# 9,0#/!% ",*)#$! 1,5 1,2 

W)# ,( &!))!(,% 1,6 1,3 

D-'*= +)# ,(! &!))!(,% , 

!*"# 9,0#/#2  ",*)#$3 

1,6 1,3 

U"*,+,0#),0!$  &!))!(,% 

(SS) 

1,7 1,4 

D-'*= +)# ,(! &!))!(,% , 

CHI 

1,8 1,5 

C, ,(,)!5# '5# 1,0!$ 

&!))!(,% (SS) 

4,0 2,2 

C #1'**3 /#**$!0#/)'0,% * :.!*$,'- -#(,7,"!$# #/ / $/' (#2 7!5' 

-#40# #1'0,$=, ,*+#(% ,5 50!.'0,2 &#$'01,!)! ,#0,5!1,, -#)'":)3 -#(,-

7,"!$# !. M!  ,*. 5.8 & '(*$!/)'0! 5!/,*,-#*$= ,5-'0'0,% !0!),$,.'*"#6# 

*,60!)! 0,"')% #$ 50!.'0,2 &#$'01,!)! ,#0,5!1,, -#)'":) -#(,7,"!$# #/. 

C , K$#- +! !"$'  /3J':&#-%0:$3+ 5!/,*,-#*$'2 * #(0#2 *$# #03 #& '('-

)%'$*% $,&#- */%5, 0,"')% / "#-&)'"*' ("## (,0!1,#0032 $,& */%5, ,), 

,#00#-"## (,0!1,#00#' /5!,-#('2*$/,'). D ( :6#2 *$# #03, .'$"# & #*)'-

4,/!'$*% :/'),.'0,' 50!.'0,%  H * :-'0=J'0,'- &#$'01,!)! ,#0,5!1,, 

-#)'":)3 0'5!/,*,-# #$ $,&! */%5, / "#-&)'"*'. 
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I,*:0#" 5.8 - ?!/,*,-#*$= !0!),$,.'*"#6# *,60!)! 0,"')% #$ 50!.'0,% &#-

$'01,!)! ,#0,5!1,, -#)'":)3 -#(,7,"!$# !: 

S – /5!,-#('2*$/,' ,#0#/ 0,"')% * -#(,7,"!$# #- & #,*+#(,$ &# "## (,-

0!1,#00#-: $,&:; SS – ,#00#-"## (,0!1,#00#' /5!,-#('2*$/,' 

1 – 9!$#7'0!0$ #),0; 2 – 1,10-7'0!0$ #),0; 3 – CHM; 4 – CHI; 5 – +,0#),0; 

6 – #"*,+,0#),0; 7 – &,"#),0; 8 – &, ,(,0; 9 – (,-'$,)6),#"*,-; 10 – !--

-,!"; 11 – !*"# 9,0#/!% ",*)#$!;   12 – $'$ !K$,)9'05,)!--#0,2 +)# ,( 

 @$, (!003' -#6:$ *):4,$= "#*/'003- &#($/' 4('0,'- :.!*$,% *!-#6# 

-#(,7,"!$# ! / $/' (#7!503+ /3*#"#$'-&' !$: 03+  '!"1,%+ /#**$!0#/)'-

0,% *#'(,0'0,2 #& '(')%'-#6# K)'-'0$!, ! /'),.,0! &#$'01,!)! ,#0,5!1,,, 

/' #%$0#, -#4'$ ,*&#)=5#/!$=*% / "!.'*$/' '<' #(0#6# &! !-'$ ! & , /39#-

 ' -#(,7,"!$# !. 

 !"#$$%&%'($!&)*+! '%,-.-&#"%/+. E*&#)=5#/!0,' -'$!))#-

"#-&)'"*03+ -#(,7,"!$# #/ & ,/#(,$ " 9#)'' 50!.,$')=0#-: *0,4'0,; 

& '(')! #90! :4'0,% -'$!))#/. >!", & '(') #90! :4'0,% 0,"')% / 0,5A 

HNO3 :-'0=J!'$*% / & ,*:$*$/,, &, ,(,0! – / 1,9  !5!; (,-'$,)6),#"*,-! – 

/ 2,5  !5!; 8-#"*,+,0#),0! – / 3,3  !5!;  +,0#),0! – / 7,1  !5!;  CHI – / 7,4 

 !5!; *-'*, CHI , Pd(NO3)2 – / 7,4  !5!; "#-&)'"*! PdCHI – / 10  !5. >!",- 

#9 !5#-,  # 6!0,.'*",' -#(,7,"!$# 3, / $#- .,*)' , CHI, #9'*&'.,/!;$ 

*0,4'0,' & '(')! #90! :4'0,% 0,"')% 0' 9#)'', .'- / 7  !5. E*");.'0,'- 

%/)%'$*% ),J= "#-&)'"* Pd(II) * CHI, &#5/#)%;<,2 *0,5,$= & '(') #90! :-

4'0,% 0,"')% 0! &# %)#". D)'(:'$ #$-'$,$=, .$# #(0#/ '-'00#' //'('0,' 

CHI , 0,$ !$! &!))!(,% , (!4' /#5-#40#' #9 !5#/!0,' "#-&)'"*! Pd(II) * 

CHI 0' & ,/#(,$ " (#*$,4'0,; $'+ &#"!5!$')'2, "#$# 3' &#):.'03 & , 0'-

&#* '(*$/'00#- //'('0,, "#-&)'"*! Pd(II) * CHI. 

C ,  !**-#$ '0,, -'$!))#"#-&)'"*03+ -#(,7,"!$# #/ 0! & ,-' ' 

*#'(,0'0,2 &!))!(,% *)'(:'$ :.,$3/!$=, .$# ,+ K77'"$,/0#*$= #& '(')%'$-

*%  %(#- 7!"$# #/. C' /#' – K$# +! !"$'  "## (,0, #/!00#6# ),6!0(!, .$# 

#& '(')%'$  $' -,.'*":; *$!9,)=0#*$= -'$!))#"#-&)'"*0#6# -#(,7,"!$# ! 

, #*#9'00#*$, '6# &, #),5!. 8 $!9). 5.23 & '(*$!/)'03 (!003' &# /),%0,; 

0

1

2

3

4

5

7,5 8,0 8,5 9,0 9,5 10,0 10,5

1

2

3

4

12

5

6

11

9

10

8
7

I

II

 "

IP, K8
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$'-&' !$: 3  !5)#4'0,% -'$!))#"#-&)'"*03+ -#(,7,"!$# #/ &!))!(,% 0! 

/'),.,0: !0!),$,.'*"#6# *,60!)! */,01!, ,5 "#$# 3+ *)'(:'$, .$# 0!,9#)'' 

K77'"$,/03- %/)%'$*% 0!,9#)'' $' -,.'*", :*$#2.,/32 PdCHI. 

>!9),1! 5.23 – 8),%0,' $' -,.'*"#2 *$!9,)=0#*$, -'$!))#"#-&)'"*03+ 

-#(,7,"!$# #/ 0! ,5-'0'0,' !0!),$,.'*"#6# *,60!)! */,01! 

A#(,7,"!$#  >'-&' !$: ! &, #),5!, 

ºD 
 H 

C, ,(,)!5# '5# 1,0!$ &!))!(,% 

(II) 

H1'$,)!1'$#0!$ &!))!(,% (II) 

F,K$,)(,$,#"! 9!-!$ &!))!(,% 

(II) 

365 

 

350 

230 

2,1 

 

0,82 

0,73 

B!" *)'(:'$ ,5  '5:)=$!$#/ $' -#(,0!-,.'*"#6# -#('), #/!0,% * ,*-

&#)=5#/!0,'- & #6 !--0#6# "#-&)'"*! HD>IH-4 , 9!0"! $' -#(,0!-,.'-

*",+ (!003+ E8>HM>XIAU, & , #(! "## (,0, #/!00#6# ),6!0(! / -#(,-

7,"!$# ' #& '(')%'$ +! !"$'  & '(!$#-,5!1,#00#6# *#'(,0'0,% #& '(')%'-

-#6# K)'-'0$!. >!", / *):.!' &, ,(,)!5# '5# 1,0!$! &!))!(,% (II) $!",- *#-

'(,0'0,'- %/)%'$*% -'$!)),.'*",2 */,0'1, / *):.!' !1'$,)!1'$#0!$! Pd – 

#"*,( */,01!, / *):.!' (,K$,)(,$,#"! 9!-!$! Pd – *:)=7,( */,01!. W,-,-

.'*",2 *#*$!/ & '(!$#-,5!1,#00#6# *#'(,0'0,% #& '(')%'$ 0' $#)="# &#-

*)'(:;<,2 -'+!0,5- #9 !5#/!0,% */#9#(03+ !$#-#/, 0# , -'+!0,5- $' -#-

*$!9,),5!1,, *#'(,0'0,2 #& '(')%'-#6# K)'-'0$!. 8 .!*$0#*$,, */,0'1 #9-

 !5:'$ * &!))!(,'- ,0$' -'$!)),.'*",' *#'(,0'0,% PdPb2, PdPb3, Pd2Pb3 * 

$'-&' !$: #2 &)!/)'0,% 50!.,$')=0# 9#)'' /3*#"#2, .'- : */,01!, .$# &#-

5/#)%'$ :/'),.,$= (#&:*$,-:; $'-&' !$: : &, #),5! *#'(,0'0,2 */,01! (# 

1300°D, / $# / '-% / #$*:$*$/,' -#(,7,"!$# #/ *,60!) &!(!'$ :4' & , $'--

&' !$: ' &# %("! 400°D. 

W! !"$'  ),6!0(! / -'$!))#"#-&)'"*0#- -#(,7,"!$# ' /),%'$ $!"4' 

, 0! & #1'** /#**$!0#/)'0,% &!))!(,%. >!", (' ,/!$#6 !7,.'*",' ,**)'(#-

/!0,%  !5)#4'0,% &, ,(,)!5# '5# 1,0!$! Pd(II) , #"*,+,0#),0!$! Pd(II), ! 

$!"4' *$'+,#-'$ ,.'*"#2 *-'*, +)# ,(! &!))!(,% , *##$/'$*$/:;<,+ # 6!-

0,.'*",+  '!6'0$#/, */,('$')=*$/:;$, .$# ,5 +')!$03+ "#-&)'"*#/ &!))!(,2 

/#**$!0!/),/!'$*% & , 9#)'' 0,5"#2 $'-&' !$: ' (363#D ()% &, ,(,)!5# '-

5# 1,0!$! Pd(II) , 400#D ()% #"*,+,0#),0!$! Pd(II), / $# / '-% "!" ,5 *$'-

+,#-'$ ,.'*"#2 *-'*, +)# ,(! &!))!(,%(II) , #"*,+,0#),0! /#**$!0#/)'0,' 

&!))!(,% 0!9);(!'$*% & , 9#)'' /3*#"#2 $'-&' !$: ' 495 #D. I'0$6'0#*$-

 :"$: 032 !0!),5 & #(:"$#/ &, #),5! & , K$,+ $'-&' !$: !+ &#($/' 4(!'$ 

& !"$,.'*", &#)0#' /#**$!0#/)'0,' *#'(,0'0,2 &!))!(,% (# */#9#(0#6# -'-

$!))!. F)% & '(/! ,$')=0#6# & #60#5, #/!0,% /#**$!0#/,$')=0#2 *&#*#90#-

*$, ),6!0(! & , /39# ' -'$!))#"#-&)'"*0#6# -#(,7,"!$# ! -#40#, /' #-

%$0#, ,*&#)=5#/!$= /'),.,0: &#$'01,!)! ,#0,5!1,, -#)'":)3 # 6!0,.'*"#-

6#  '!6'0$!. U 6!0,.'*",2 ),6!0( /),%'$ $!"4' 0! 7,5,.'*":; 7# -: /#*-

*$!0#/)'00#6# &!))!(,% –  !5-'  .!*$,1, ,+ 7# -:, +! !"$'   !5-'<'0,% 0! 
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&#/' +0#*$, !$#-,5!$# !. E**)'(#/!0,' *#*$#%0,% 6 !7,$#/#2 &#/' +0#*$, 

&'., * &#-#<=; *"!0, :;<'6# -," #*"#&! * *,*$'-#2  '0$6'0#*&'"$ !)=-

0#6# !0!),5! */,('$')=*$/:'$, .$# 0! &#/' +0#*$,, #9 !9#$!00#2 PdCl2, 0!-

9);(!;$*% +!#$,.'*",  !*&#)#4'003' -')",' .!*$,13 /#**$!0#/)'00#6# 

&!))!(,%  !5-' #- #$ 0,1 (# 0,5 -"-. M! &#/' +0#*$,, #9 !9#$!00#2 #"*,-

+,0#),0!$#- , &, ,(,)!5# '5# 1,0!$#- &!))!(,%, #9 !5:;$*% *&)#J03' 

#9)!*$, $#0"#6# 6:9.!$#6# &#" 3$,%, *#*$#%<'6# ,5 !6)#-' !$#/ -')",+, 

 !/0#-' 0#  !*& '(')'003+ .!*$,1 -'$!)),.'*"#6# &!))!(,%  !5-' #- -'-

0'' 1 0-, #" :4'003+ & #(:"$!-, ('*$ :"1,, # 6!0,.'*",+ ),6!0(#/, .$# 

*&#*#9*$/:'$ & #$'"!0,; & #1'**#/ #9 !5#/!0,% $/' (3+  !*$/# #/, ,0$' -

-'$!)),(#/, "!$!),5! * :.!*$,'- -'$!)),.'*"#6# &!))!(,%. E*&#)=5#/!0,' 

*/%5!00#6# / "#-&)'"* * # 6!0,.'*",- ),6!0(#- &!))!(,% &#5/#)%'$ :*&'J-

0#  'J!$= & #9)'-: $!" 0!53/!'-3+ "#",*),$')=03+" -!$ ,1, 6(' 0'# 6!-

0,.'*",' *#'(,0'0,% &!))!(,% 0'K77'"$,/03. 

 

 !"#$#"%&'(!)* +$,-.*/0#* 1&"&!#2 

1. ?!&,J,$' #*0#/03' +,-,.'*",' & #1'**3, & #$'"!;<,' & , !$#-,5!-

1,, K)'-'0$#/ / 6 !7,$#/3+ $ :9"!+ K)'"$ #$' -,.'*",+ !$#-,5!$#-

 #/. 

2. B!",' #*0#/03' +,-,.'*",' & #1'**3 )'4!$ / #*0#/' ('2*$/,% +,-,-

.'*",+ -#(,7,"!$# #/  !5),.0#6# $,&!? 

3. D ,*&#)=5#/!0,'- -#0#6 !7,.'*"#2, 9,9),#6 !7,.'*"#2, &!$'0$0#2 

),$' !$: 3, E0$' 0'$ #9#9<,$', "!",' +,-,.'*",' -#(,7,"!$# 3 ,*-

&#)=5:;$: 

3.1 / !0!),5' #9N'"$#/ #" :4!;<'2 * '(3; 

3.2 / !0!),5' 9,#)#6,.'*",+ , "),0,.'*",+ #9N'"$#/; 

3.3 / !0!),5' -'$!))#/ , *&)!/#/. 

4. D ,*&#)=5#/!0,'- -#0#6 !7,.'*"#2, 9,9),#6 !7,.'*"#2, &!$'0$0#2 

),$' !$: 3, E0$' 0'$ #9#9<,$', "!",' +,-,.'*",' -#(,7,"!$# 3 

K77'"$,/03: 

4.1 ()% K)'-'0$#/, 0' #9 !5:;<,+ * :6)' #(#- $' -#*$#2",+ "! 9,-

(#/, #(0!"# ,-';<,+ )'$:.,' , * !/0,$')=0# & #.03' #"*,(3 

(In, Ga, Cd, Pb, Sn, Zn, Co, Cu, Ag, Be, Cr , ( .); 

4.2 ()% $ :(0#)'$:.,+ -'$!))#/, ,-';<,+ -#0##"*,(3 * K0' 6,'2 

(,**#1,!1,, -'0'' 650 "F4/-#)= (Mo, Be, V); 

4.3 ()% K)'-'0$#/, #9 !5:;<,+ / 6!5#/#2 7!5' &'., & #.03' *#'(,-

0'0,% (Se, Sb, As, Bi, Te); 

4.4 ()% "! 9,(##9 !5:;<,+ K)'-'0$#/ (Mo, V, I?@ , ( .). 

5. E*&#)=5:% -#0#6 !7,.'*":;, 9,9),#6 !7,.'*":;, &!$'0$0:; ),$' !-

$: :,  '*: *3 E0$' 0'$, & #(#)4,$' $!9),1: 5.11, #9#9<,/ (!003' &# 

& ,-'0'0,; +,-,.'*",+ -#(,7,"!$# #/ / *#.'$!0,, * -'$#(!-, 

& '(/! ,$')=0#6#  !5(')'0,% , "#01'0$ , #/!0,%. 
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3,4-,/) "'2 /&5,/+,2+*'(!,6 -&7,+) 

1. C' '.,*),$' 0'(#*$!$",, #6 !0,.,/!;<,' & ,-'0'0,' &)!-'00#6# 

-'$#(! !$#-,5!1,, & , #& '(')'0,, 7#0#/3+ "#01'0$ !1,2 K)'-'0-

$#/. 

2. B!"#/3 #*#9'00#*$, K)'"$ #$' -,.'*"#6# *&#*#9! !$#-,5!1,,, *&#-

*#9*$/:;<,' &#/3J'0,; .:/*$/,$')=0#*$, #& '(')'0,% &# * !/0'-

0,; * &)!-'003- *&#*#9#- !$#-,5!1,,? 

3. C#.'-: /#*& #,5/#(,-#*$= ,5-' '0,2 / K)'"$ #$' -,.'*"#2 !$#-0#- 

!9*# 91,#00#2 *&'"$ #*"#&,, +:4', .'- / &)!-'00#2? 

4. B!"#/3 #6 !0,.'0,% ,*&#)=5#/!0,% K)'"$ #$' -,.'*"#2 !$#-0#-

!9*# 91,#00#2 *&'"$ #*"#&,,? 

5. B!",' 7,5,.'*",' 7!"$# 3 /),%;$ 0! 7# -, #/!0,' !0!),$,.'*"#6# 

*,60!)! & , K)'"$ #$' -,.'*"#- , &)!-'00#- *&#*#9!+ !$#-,5!1,,? 

6. B!",' +,-,.'*",'  '!"1,, & #$'"!;$ / !$#-,5!$# !+? 

7. B!"#2 -'+!0,5- !$#-,5!1,, %/)%'$*% & '#9)!(!;<,- ()%:  

 !) Ag, Au, &)!$,0#,(#/;       

 9) D#, Du, Fe, Ni, Pb, Sn;       

 /) Mo, V, Ti;         

 6) Zr, Hf, Nb, Ta, Th;        

 () Ca, Cd, Mg;         

 ') Zn, Al, Cr, Be, Sr, Ba;        

 4) Y, Sc, )!0$!0#,(#/? 

8. C#)=5:%*= $!9),1'2 5.1, & '()#4,$' #&$,-!)=032  !*+#( !1'$,)'0! 

& , !$#-0#-!9*# 91,#00#- #& '(')'0,, -," #"#),.'*$/ "!(-,% / /#-

(!+. 

9. C#)=5:%*= $!9),1'2 5.3, :*$!0#/,$', 5!/,*,$ ), .:/*$/,$')=0#*$= &)!-

-'00#6# !$#-0#-!9*# 91,#00#6# #& '(')'0,% + #-! / /#(' #$ *$'&'0, 

'6# #",*)'0,%. 

10.  B!" 9:('$ ,5-'0%$=*% *$'&'0= !$#-,5!1,, + #-! (III) / &)!-'0, !1'-

$,)'0-/#5(:+ * :/'),.'0,'-  !*+#(! !1'$,)'0!, '*), ,5/'*$0#, .$# & , 

K$#-:            

 !) $'-&' !$: ! &)!-'0, :-'0=J!'$*%;     

 9) (#)% */#9#(0#6# :6)' #(! /#5 !*$!'$.      

11.  C#.'-: & , #*$!0#/"' & #(:/", ,0' $0#6# 6!5! 0! *$!(,, !$#-,5!1,, 

/ K)'"$ #$' -,.'*"#- !$#-,5!$# ' .:/*$/,$')=0#*$= #& '(')'0,% /#5-

 !*$!'$? 

12.  C#.'-: & , ,*&#)=5#/!0,, !/$#-!$,.'*"#6# (#5!$# ! (#*$,6!'$*% 

):.J!% /#*& #,5/#(,-#*$=? 

13. B!",' +,-,.'*",' /),%0,% #*0#/3 (-!$ ,13) / K)'"$ #$' -,.'*"#- 

!$#-,5!$# ' & ,/#(%$ " *0,4'0,; !0!),$,.'*"#6# *,60!)!? B!",' 

& ,'-3 &#5/#)%;$ :*$ !0,$= ,), :-'0=J,$= ('& '**, :;<'' /),%-

0,' -!$ ,13? 

14.  B!",' /'<'*$/! -#6:$ 93$= ,*&#)=5#/!03 / "!.'*$/' +,-,.'*",+ -#-

(,7,"!$# #/? 
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15. B!"#2 "#  '"$#  0'*')'"$,/0#6# &#6)#<'0,% – ('2$' ,'/32 ,), 5''-

-!0#/*",2 – & '(&#.$,$')=0'' & , #& '(')'0,, *)'(#/ As, Se, P / 

+)# ,(' 4')'5!? 

16.  C#.'-: !$#-,5!1,% & #93 * &)!$7# -3 *&#*#9*$/:'$ *0,4'0,; 0'-

*')'"$,/0#6# &#6)#<'0,%? 

17.  8 .'- 5!");.!'$*% "#01'&1,% $'-&' !$: 0#-*$!9,),5, #/!00#2 &'., 

* &)!$7# -#2? 

18.  C '()#4,$' & #6 !--: 0!6 '/! K)'"$ #$' -,.'*"#6# !$#-,5!$# ! 

& , #& '(')'0,, "!(-,%   !) / (#4('/#2 /#('; 9) / -# *"#2 /#('. 
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 !"#$% 6. &'()$*$*($ !+,)*,-!-.,'-/(,**,0 

.1$2+',)$+'(( 3 !*!%(+(4$.2,0 5()(( '!"%(4*65 

,-7$2+,3 

6.1. &(8$36$ 1',#92+6 

  !""#$%#!#$&& ! '%()*+,-")+.'& #-%/"$,+&0'&, 1-%)20$30%'.'& 

4/2%)&+%++"5 6"'&!!&%5 784/ 49 6")%:! 83&'%+#,-&*!, +,&/"3%% 

$,(+.'& $ ;&;&%+&<%!:"' :"+#-"3% 1&=%$.> 1-")*:#"$ 0$30?#!0 $"!%'@ 

'&:-"A3%'%+#"$ – -#*#@, :,)'&5, !$&+%B, '.C@0:, B&+:, '%)@, "3"$" & 

(%3%D". 4/"/=%+&% '+";"<&!3%++.> ),++.> 1" C&-":"'* :-*;* "#)%3@+.> 

$&)"$ 1-")*:B&& 1"D$"3&3" !"!#,$&#@ #,/3. 6.1. 

E,/3&B, 6.1 –  F-%)+%% !")%-(,+&% ($%->+00 0<%5:, !#-":&) & )&,1,D"+ 

!")%-(,+&5 (+&(+00 0<%5:, !#-":&) +,&/"3%% <,!#" "1-%)%30%'.> 

#":!&<+.> A3%'%+#"$ $ 1&=%$.> 1-")*:#,>, (';/:;) 
G&=%$.% 1-")*:#. 

& !.-@% 

H%)@ 

 

I&+: 

 

J%3%D"

 

43"$" 

 

F$&+%B 

 

6,)'&5 

 

H.C@0: 

 

K#*#@ 

 

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

*$'+),"-.*)" 
        

5,0 23 40 0,2 0,2 0,03 0,03 0,02 9%-+"$.% 

 3-20 11-40 20-110 0,02-0,40 0,1-0,6 0,01-0,04 0,004-0,08 0,008-0,07 

6,0 28 80 0,15 0,2 0,03 0,02 0,015 9%-+"/"/"$.% 

 4-9 20-40 25-250 0,03-0,22 - - - - 

4,9 22 31 0,1 0,17 0,018 0,03 0,015 6-*1. 

 2-12 10-35 15-70 0,01-0,13 0,1-0,3 0,002-0,04 0,006-0,19 0,004-0,06 

3,4 20 41 0,1 0,1 0,018 0,03 0,015 H*:,, ',:,-"++.% 

&D)%3&0 

 
0,3-7 5-30 20-80 0,03-0,22 0,02-0,3 0,003-0,05 0,06-0,4 - 

2,6 10 23  0,12 0,023 0,02 0,005 L3%/ 

 1-6 5-20 10-55  0,01-0,4 0,003-0,2 - - 

2,4 7 25  0,10 0,026 0,05 0,01 M,-,+"<+.%   &   

!*>,-+.% &D)%3&0 0,1-3 3-10 8-80  0,01-0,15 0,01-0,07 - - 

7,9 100 60  0,40 0,07 0,10 0,025 4#-*/& 1C%+&<+.% 

 2-27 60-150 10-150  0,02-1,5 0,02-0,23 - - 

2,7 6 38  1,0 0,05 0,05 0,005 F"3@ 1"$,-%++,0 

 - - 1-200  - - - - 

0,4 0,9 0,8  0,17 0,004 0,1 0,005 F,>,- (1%!":) 

 0,1-0,9 0,2-2,0 0,2-4,0  1,01-0,5 0,001-0,016 - 0,004-0,006

15 5,0 30  0,6 0,01 0,05 0,005 J%3,#&+ 

 0,4-30 0,8-26 5-50  0,05-7,1 0,001-0,06 - 0,003-0,01 

13,8 21 33  0,12 0,03 0,1 0,02 4-%>& (0)-") 

 5-18 6-45 19-57  0,01-0,34 0,005-0,18 - 0,007-0,05 
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/)0"1(" 

2-$+%*,( ) .(-3" 

        

1,6 2,5 2,7  0,18 0,03 0,2 0,005 6,-,'%3@ 

0,4-5 0,7-9 1-8  0,01-0,45 - - - 

5,6 7,8 39  0,10 0,045 0,2 0,005 6"+N%#. 

 2-12 2-30 -  0,01-0,6 0,008-0,11 - 0,005-0,01 

33 60 100  0,08 0,1 0,067 0,08 O":"3,) & :,:,"-

1"-"C": 2-94 3-85 20-600  0,01-0,65 0,02-0,45 0,03-0,16 0,016-0,35 

2,6 6,8 9,7  0,12 0,03 0,03 0,015 H*<+.% 

:"+)&#%-!:&% &D-

)%3&0 
1-3,5 2,6-8,0 4-26  0,01-0,3 0,01-0,08 0,01-0,04 0,004-0,03 

4$!$&'("          

0,1 4,5 0,7 0,03 0,05 0,02 0,03 0,003 H"3":", 

:&!3"'"3"<+.% 

&D)%3&0 
0,04-0,6 0,3-6,5 0,2-2 - 0,01-0,2 0,01-0,04 - 0,001-0,005

0,12 5 1 28 0,05 0,025 0,03 0,003 F*>"% & !;*=%++"% 

'"3":"  0,05-0,8 0,3-6,0 0,7-3,0 20-40 0,01-0,3 0,01-0,05 - 0,001-0,006

0,8 44 10  0,2 0,1 0,1 0,01 F.-., #$"-"; 

0,1-2,5 36-50 0,6-16  0,05-0,4 0,01-0,2 - 0,004-0,02 

0,04 0,3 2,0  0,03 0,01 0,02 0,02 H,!3" !3&$"<+"% 

 0,02-0,2 0,01-2,5 0,4-0,8  0,01-0,08 0,001-0,05 0,002-0,05 0,01-0,05 

56.,),"!3'("  

2-$+%*,( 

        

0,28 0,36 1,0  0,027 0,025 0,036 0,025 H,!3" 

-,!#&#%3@+"% 
0,01-2,0 0,06-2,0 0,09-3  0,002-0,4 0,001-0,1 0,005-0,1 0,005-0,06 

0,88 2,0 2,2  0,05 0,03 0,045 0,040 H,-;,-&+   &   

:*3&+,-+.% (&-. 0,05-5 0,05-10 0,05-10  - 0,01-0,1 0,01-0,1 - 

0,95 1,5 4,5 0,1 0,2 0,02 0,05 0,010 4$"=&, N-*:#., 0;"). 

!$%(&% & 

!$%(%D,'"-"(%++.% 
0,2-4 0,2-10 0,8-24 0,05-0,2 0,03-0,7 0,007-0,07 0,002-0,16 0,003-0,03 

2,9 2,9 31  0,3 0,05 0,3 0,03 P-&/. !$%(&%, 

:"+!%-$&-"$,++.% 

& !*>&% 
- 2,5-4,0 10-70  - - - - 

1,0 2,0 5,5 0,15 0,2 0,02 0,05 0,010 6"+!%-$. "$"=+.%, 

0;")+.%, N-*:#"$.% $ 

!#%:3"#,-% 0,1-10 0,2-12 - 0,05-0,3 0,03-0,7 0,009-0,06 0,008-0,3 0,002-0,06 

1,45 2,5 12 23 0,5 0,03 0,05 0,010 E" (% $ !/"-+"5 

(%!#0+"5 #,-% 0,1-15 0,4-15 - 2-290 0,04-3,0 0,01-0,2 0,007-0,4 0,004-0,03 

47.'(" 2-$+%*,(         

H0!" & 1#&B,  2,0 25 25 0,5 0,2 0,02 0,05 0,012 

!$%(&% & 

D,'"-"(%++.% 

0,2-4 4-80 4-60 0,1-0,8 0,003-0,4 0,001-0,1 0,001-0,01 0,001-0,08 

1,5 25 28 0,5 0,2 0,02 0,05 0,01 6"3/,!+.% & 

:"1<%+.% &D)%3&0 

&D '0!, & 1#&B. 0,5-5,0 - 16-50 - - - - - 
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1,5 28 33 26 0,3 0,04 0,05 0,010 6"+!%-$. &D '0!, & 

1#&B. $ !/"-+"5 

(%!#0+"5 #,-% 0,2-3,0 5-70 6-88 5-120 0,01-3,0 0,005-0,08 - 0,001-0,1 

40 50 94  0,2 0,1 0,2 0,018 F*/1-")*:#. (1%<%+@) 

'0!+.% & 1#&<@& 

!$%(&% 
5,0-60 10-80 20-400  0,09-0,6 0,01-0,3 0,01-0,8 0,0015-0,2 

0,8 11 25  0,08 0,005 0,05 0,009 Q5B, & 0&<+.5 

1"-"C":  0,3-2,5 5-50 10-100  0,02-0,25 0,001-0,007 - 0,005-0,02 

5(#'(" 2-$+%*,(         

1,5 10 12 2 0,50 0,1 0,8 0,25 K./, !$%(,0 & 

'"-"(%++,0 
0,3-4,0 4-100 3-30 0,3-10 0,03-3,5 0,01-0,8 0,05-8,0 0,017-1,5 

1,5 15 20 35 0,7 0,12 0,8 0,25 6"+!%-$. -./+.% $ 

'%#,33&<%!:"5 #,-% 0,1-200 - 9-100 2-200 0,04-5,0 0,01-0,9 0,01-8,0 0,02-1,5 

8,0 80 18 1,2 3,0 0,61 2,0 0,2 H"33?!:& & 

-,:""/-,D+.% 0,1-200 3-150 4-180 0,8-2 0,2-15 0,01-25 0,4-45 0,01-2,5 

862),*)         

0,05 2,0 3,5  0,05 0,005 0,01 0,001 H&+%-,3@+.% $"). 

- - 2-40  - - - - 

0,6 0,3 0,8 0,2 0,05 0,01 0,04 0,001 G&$", $&+" & )-*;&% 

!1&-#+.% +,1&#:& 
0,1-5,0 0,03-4 0,1-7 - 0,01-0,2 - 0-0,1 - 

 '%!#% ! #%', 1"!#%1%++" +,:,13&$,?#!0 -%D*3@#,#. &!!3%)"$,+&0 

!")%-(,+&0 & )-*;&> '&:-"A3%'%+#"$ $ 1&=%$.> 1-")*:#,>. 4)+,:" 1-& 

A#"' &!!3%)"$,3&!@ ),3%:" +% $!% 1-")*:#.. E%' +% '%+%%, "/"/=%++.% 

3&#%-,#*-+.% ),++.% 1" ;-*11,' 1-")*:#"$ (#,/3. 6.2) '";*# 1-%)!#,$30#@ 

&+#%-%! 1-& "1-%)%3%+&& $"D'"(+"!#%5 ,#"'+"-,/!"-/B&"++";" '%#"), )30 

:"+#-"30 :,<%!#$, A#"5 1-")*:B&&. 

E,/3&B, 6.2 – F-%)+%% !")%-(,+&% +%:"#"-.> A3%'%+#"$ $ "!+"$+.> 

;-*11,> 1-")*:#"$, $ ';/:; (* )30 '"-!:"5 -./.) 

R3%'%+# 

 
K./, 

H0!" 

 

H"3":" 9%-+"$.% 

1-")*:#. 

6,-#"N%3@ 

 
4$"=& 

 

7-*:#. 

& 0;").

Sb 0,04 0,01 0,001 0,006 0,006 0,006 0,003 

Ni 0,06 0,1 0,02 0,2 0,05 0,05 0,05
Se 0,06 0,05 0,04 0,2 0,1 0,1 0,05
Cr 0,15 0,09 0,02 0,05 0,05 0,04 0,03 

Al 2,5 1,0 0,3 12 8,6 5,0 4,0
F 7,0* 0,4 0,3 0,4 0,3 0,2 0,1
I 0,7* 0,1 0,14 0,15 0,05 0,03 0,05

Br 1,2 0,4 0,15 0,6 0,4 0,4 0,35
  0,4 0,35 0,18 1,5 1,15 2,0 1,5

Mn 0,9 0,35 0,6 40,0 1,7 2,0 0,8
Mo 0,35 0,1 0,05 0,2 0,08 0,1 0,05
Co 0,1 0,07 0,009 0,04 0,05 0,04 0,01
V 0,5 0,1 0,01 0,15 0,1 0,1 0,05
Si 2,8 5,0 2,0 15,0 80,0 80,0 50,0
Sr 0,5 0,2 0,05 0,5 0,4 0,4 0,3 
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!"# #$%&'()&*+,## +-&.,&-+/$&"/0#&,,&1& .2-&3+ * $+,#-+",&-

1#1#2,#42$5&. 5&,-"&'2 %#62*78 %"&395-&* 1'+*,7. 5"#-2"#2., ,+":39 $& 

$"23,#. $&32";+,#2. <'2.2,-&*, :*':2-$: *&).&;,&$-( ,+32;,& &%"232'#-( 

$&&-*2-$-*#2 <-#8 %"&395-&* 9$-+,&*'2,,&= ,&".2 – %"232'(,& 

3&%9$-#.&.9 $&32";+,#> %"#.2$2=.  &%"&$ & *&).&;,&$-# #$%&'()&*+,#: 

+-&.,&-+/$&"/0#&,,&1& .2-&3+ "2?+2-$: $"+*,2,#2. %"232'+ &/,+"9;2,#: 

.2-&3+, *7"+;2,,&1& * .1/51, # *2'#4#,7 !@A. !"#42. %"# "+$42-2 %"232'+ 

&/,+"9;2,#: 94#-7*+>-, 4-& &%"232'2,#2 -&5$#4,78 <'2.2,-&* * %#62*78 

%"&395-+8 ;2$-5& &1"+,#42,& *2'#4#,+.# ,+*2$5# %"&395-+. !& 9$'&*#:. 

&)&'2,#: &,+ ,2 .&;2- %"2*7?+-( 3': -*2"378 %"&395-&* 501, 3': ;#35#8 – 

100 1. B'2392- -+5;2 94#-7*+-(, 4-& ,+32;,&2 &%"232'2,#2 *&).&;,& '#?( 

* $'94+2, 5&13+ %"232' &/,+"9;2,#: ,#;2 &%"232':2.&1& $&32";+,#: %& 

5"+=,2= .2"2 ,+ %&":3&5.   -+/'. 6.3 %"#*232,7 *2'#4#,7 %"232'(,& 

3&%9$-#.78 5&,02,-"+0#= &$,&*,78 <'2.2,-&*. 

C+/'#0+ 6.3 – !"232'(,& 3&%9$-#.72 $&32";+,#: -:;2'78 .2-+''&* #  

.7?(:5+ * %"&3&*&'($-*2,,&. $7"(2 # %#62*78 %"&395-+8 (.1/51) 

!#62*72 %"&395-7 # Pb Cd As Hg Cu Zn Fe Sn

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

*$'+),"-.*)" )/+"!)0 

 

 

     

 

 

 

 

D2",&*72 0,5 (0,3) 0,1 (0,003) 0,2 0,03 10,0 50,0   
D2",&/&/&*72 0,5(0,3) 0,1 (0,003) 0,3 0,02 10,0 50,0  
A"9%7  0,5(0,3) 0,1 (0,003) 0,2 0,03 10,0 50,0  
E95+,  5&,3#-2"$5#2  

#)32'#: 
0,5(0,3) 

 

0,1(0,003) 

 

0,2 

 

0,02 

 

10,0 

 

50,0 

 

 

 

 

 
F'2/ 0,3 0,05 0,1 0,01 5,0 25,0  
G+"+,&4,72 #)32'#: 0,5 0,1 0,2 0,02 10,0 30,0  
H-"9/# %?2,#4,72 1,0 0,1 0,2 0,03 20,0 130,0  
B&'( %&*+"2,,+: 2,0 0,1 1,0 0,01 3,0 10,0  
A"+8.+' 0,5 0,1 0,1 0,02 10,0 30,0  
B+8+" (%2$&5) 1,0 0,05 0,5 0,01 1,0 3,0  
!25-#, 1,0 0,1 0,5 0,1 10,0 30,0  
I2'+-#, 2,0 0,03 1,0 0,05 15,0 100,0  
H"28# (:3"&) 0,5 0,1 0,3 0,03 20,0 50,0  
A&,J2-7 1,0 0,1 0,5 0,01 15,0 30,0  
A+5+&-%&"&?&5 # 

?&5&'+3 
1,0 0,5 1,0 0,1 50,0 70,0   

!242,(2 0,5 0,1 0,3 0,02 10,0 30,0  
B2.2,+ %&3$&',24,#5+, 

8+'*+ 
1,0 

 

     

 

 

 

 

1$!$&'(" )/+"!)0         

E&'&5&, 5#$'&.&'&4,72 

#)32'#: 

0,1 (0,05) 

 

0,03(0,02) 

 

0,05 

 

0,005

 

1,0 

 

5,0 

 

 

 

 

 

E&'&5& $1962,,&2 

5&,$2"*#"&*+,,&2 
0,3 

 

0,1 0,15 0,015 3,0 15,0 

 

 

 

200 

 
E&'&5& $98&2 0,1(0,05) 0,03 0,05 0,005 1,0 5,0   
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B7"7, -*&"&1 0,3 0,2 0,2 0,02 4,0 50,0   
E+$'& $'#*&4,&2 0,1 0,03 0,1 0,03 0,5 5,0 5,0  
A+)2#, 0,3 0,2 4,0 50,0  
23.,),"!4'(" 

5-$+%*,( 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
E+$'& "+$-#-2'(,&2 0,1 0,05 0,1 0,03 0,5 5,0 5,0
E+"1+"#,7 # ;#"7 0,1 0,05 0,1 0,05 1,0 10,0 5,0
H*&6# $*2;#2 # 

$*2;2.&"&;2,72 
0,5 0,03 0,2 0,02 5,0 10,0   

K"95-7, :1&37 $*2;#2 # 

$*2;2.&"&;2,72 
0,4 0,03 0,2 0,02 5,0 10,0   

L"#/7 $*2;#2, 5&,$2"*#-

"&*+,,72 # $98#2 
0,5 

 

0,1 

 

0,5 

 

0,05 10,0 20,0  

 

 

 

M+= 10,0 1,0 1,0 0,1 100,0   
A&,$2"*7 &*&6,72 * 

$-25':,,&=, Al # 

;2$-:,&= -+"2 

0,5 

 

0,03 0,2 

 

0,02 5,0 

 

10,0  

 

 

 

A&,$2"*7 &*&6,72 * 

$/&",&= ;2$-:,&= -+"2 
1,0 0,05 0,2 0,02 5,0 10,0  200

A&,$2"*7 J"95-&*72 # 
:1&3,72 # $&5# * 
$-25':,,&=, Al # 
02'(,&-:,9-&= ;2$-:,&= 
-+"2 

0,4 

 

0,03 0,2 

 

0,02 5,0 

 

10,0  

 

 

 

A&,$2"*7 J"95-&*72 # 

:1&3,72 # $&5# * 

$/&",&= ;2$-:,&= -+"2 

1,0 

 

0,05 

 

0,2 

 

0,02 5,0 

 

10,0  

 

200

H*&6# $9?2,72 # 

5&,$2"*#"&*+,,72 
0,5 0,03 0,2 0,02 5,0 10,0   

  $5&/5+8 95+)+,7 !@A * %"&3&*&'($-*2,,&. $7"(2, %"23,+),+42,,&. 3': 

%"&#)*&3$-*+ 32-$5#8 # 3#2-#42$5#8 %"&395-&* 

E2-&3#5# +-&.,&-+/$&"/0#&,,&1& +,+'#)+ %2"24#$'2,,78 *    

-+/'.6.1–6.3 <'2.2,-&*, 3': 5&-&"78 9$-+,&*'2,7 %"232'(,& 3&%9$-#.72 

$&32";+,#:, *8&3:- * $&$-+* "+)'#4,78 ,&".+-#*,78 3&59.2,-&* (-+/'. 6.4). 

N) 3+,,78 -+/'. 6.4 *#3,&, 4-& +-&.,&-+/$&"/0#&,,7= .2-&3 

#$%&'()92-$: %"# &%"232'2,## ?#"&5&1& 5"91+ .#5"&<'2.2,-&*.   ":32 

$'94+2* +-&.,&-+/$&"/0#&,,7= .2-&3 :*':2-$: +"/#-"+;,7. (,+%"#.2", 

%"# &%"232'2,## Mn, Mo, Fe, Zn, Cu, Sb, As, Cd, Pb, Hg) # #.22- 

%"2#.962$-*+ %2"23 3"91#.# .2-&3+.# +,+'#)+. 

C+/'#0+ 6.4 – !2"242,( +-&.,&-+/$&"/0#&,,78 .2-&3#5 &%"232'2,#: 

-:;2'78 .2-+''&* * %#62*78 %"&395-+8 

H/O25- +,+'#)+ 

H%"232':-

2.72 

<'2.2,-7 

P&".+-#*,7= 3&59.2,- 

Q-*2";32,,72 .2-&3#5# 

B7"(2 # %"&395-7 

%#62*72  

Pb, Cd, Cu, 

Zn, Fe 

E2;1&$93+"$-*2,,7= $-+,3+"- LHBC 30178-96. 

R-&.,&-+/$&"/0#&,,7= .2-&3 &%"232'2,#: 

-&5$#4,78 <'2.2,-&* 
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S7/+, .&"$5#2 

.'25&%#-+>6#2, 

.&"$5#2 

/2$%&)*&,&4,72 # 

%"&395-7 #8 

%2"2"+/&-5# 

Hg 
LHBC 26927-86. B7"(2 # %"&395-7 %#62*72. 

E2-&37 &%"232'2,#: "-9-# 

Cu 

LHBC 26931-86. B7"(2 # %"&395-7 %#62*72. 

E2-&3 &%"232'2,#: .23#. @&%&',2,#2 T 1 &- 

01.10.1990 

Pb 

LHBC 26932-86. B7"(2 # %"&395-7 %#62*72. 

E2-&3 &%"232'2,#: $*#,0+. @&%&',2,#2 T 1 

&- 01.10.1990 

Zn 

LHBC 26934-86. B7"(2 # %"&395-7 %#62*72. 

E2-&3 &%"232'2,#: 0#,5+. @&%&',2,#2 T 1 

&- 01.10.1990 

Cd 

LHBC 26933-86. B7"(2 # %"&395-7 %#62*72. 

E2-&3 &%"232'2,#: 5+3.#:. @&%&',2,#2 T 1 

&- 01.10.1990 

!&*+"2,,+: $&'( 

Hg 
LHBC 26927-86. E2-&37 &%"232'2,#: "-9-#. 

@&%&',2,#2 T 1   &- 01.10.1990 

!#62*72 %"&395-7 # 

%#62*&2 $7"(2 

Pb, Cd, Cu, 

Zn, Fe, Ni, Cr 

E2-&3#42$5#2 95+)+,#: CQ 01-19/47-11. R-&.,&-

+/$&"/0#&,,72 .2-&37 &%"232'2,#: -&5$#4,78 

<'2.2,-&* * %#62*78 %"&395-+8 # %#62*&. 

$7"(2. - L&$93+"$-*2,,7= 5&.#-2- $+,#-+",&-

<%#32.#&'&1#42$5&1& ,+3)&"+ S&$$#=$5&= 

K232"+0##. – E., 1992 

Zn, Cu, Cd, Pb 

E2-&3#5+ *7%&',2,#: #).2"2,#= .+$$&*&= 3&'# 

0#,5+, .23#, 5+3.#: # $*#,0+ * %#62*78 

%"&395-+8. – F+"(5&*$5#= 02,-" $-+,3+"-#)+0##, 

.2-"&'&1## # $2"-#J#5+0##. – F+"(5&*, 1994 !#62*72 %"&395-7 

 

Hg 

E2-&3#42$5#2 95+)+,#: %& &/,+"9;2,#> # 

&%"232'2,#> $&32";+,#: &/62= "-9-# * 

%#62*78 %"&395-+8 .2-&3&. /2$%'+.2,,&= 

+-&.,&= +/$&"/0##, T 5178-90 

H/O25-7 

&5"9;+>62= $"237 # 

/#&'&1#42$5#2 

.+-2"#+'7 

Hg 

EQA 4.1005 – 4.1.008-94. H%"232'2,#2 

$&32";+,#: "-9-# * &/O25-+8 &5"9;+>62= $"237 

# /#&'&1#42$5#8 .+-2"#+'+8. 

E2;39,+"&3,72 $-+,3+"-7 

Cd 

NBH 6561-83. !'&37, &*&6# # %"&395-7 #8 

%2"2"+/&-5#. H%"232'2,#2 $&32";+,#: 5+3.#:. 

E2-&3 ,2%'+.2,,&= +-&.,&-+/$&"/0#&,,&= 

$%25-"&.2-"##. 

 

Pb 

NBH 6633-84. K"95-7, &*&6#, %'&3&&*&6,72 

%"&395-7. H%"232'2,#2 $&32";+,#: $*#,0+. 

B%25-"&.2-"#42$5#= .2-&3 +-&.,&= +/$&"/0## 

/2) %'+.2,#. 

!#62*72 %"&395-7 

Zn 

NBH 6636/2-81. !'&37, &*&6# # %"&395-7 #8 

%2"2"+/&-5#. H%"232'2,#2 0#,5+. M+$-( 2. 

R-&.,&-+/$&"/0#&,,7= $%25-"&.2-"#42$5#= 
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.2-&3. 

Hg 

NBH 6637-84. !'&37, &*&6# # %"&395-7 #8 

%2"2"+/&-5#. H%"232'2,#2 $&32";+,#: "-9-#. 

E2-&3 ,2%'+.2,,&= +-&.,&= +/$&"/0##. 

Fe 

NBH 9526-90. K"95-7, &*&6# # %"&395-7 #8 

%2"2"+/&-5#. H%"232'2,#2 $&32";+,#: ;2'2)+ 

.2-&3&. %'+.2,,&= +-&.,&-+/$&"/0#&,,&= 

$%25-"&.2-"##. 

 

Zn 

NBH 6636/2-81. !'&37, &*&6# # %"&395-7 #8 

%2"2"+/&-5#. M+$-( 2. R-&.,&-+/$&"/0#&,,7= 

$%25-"&.2-"#42$5#= .2-&3. 

 R/$&'>-,7= %"232' &/,+"9;2,#: <'25-"&-2".#42$5&1& *+"#+,-+ 

.2-&3+ 10
-12

 – 10
-14

 1. Q$-+,&*'2,&, 4-& %'+.2,,7= +-&.,&-+/$&"/0#&,,7= 

.2-&3 %&)*&':2- &%"232':-( $'239>6#2 $&32";+,#: <'2.2,-&* (% .+$): 

;2'2)+ 0,0001, 0#,5+ 0,00001, 5&/+'(-+ 0,00005, .+"1+,0+ 0,00002; 

&-,&$#-2'(,&2 $-+,3+"-,&2 &-5'&,2,#2 $&$-+*':2- 2-4 %. 

H3,+5& +-&.,&-+/$&"/0#&,,7= .2-&3, 5+5 # +-&.,&-<.#$$#&,,7= $ 

#,395-#*,& $*:)+,,&= %'+).&=, -+5;2 ?#"&5& #$%&'()92.7= * 

+,+'#-#42$5&. 5&,-"&'2 5+42$-*+ %#62*78 %"&395-&*, -"2/92- 

%"23*+"#-2'(,&1& "+)'&;2,#: #$$'2392.&= %"&/7. B-+3#: %"&/&%&31&-&*5# 

:*':2-$: &42,( *+;,&= * %"&02$$2 +,+'#)+ # ,2"235& *,&$#- &$,&*,9> 

%&1"2?,&$-( * 21& "2)9'(-+-. H$-+,&*#.$: ,+ &$&/2,,&$-:8 # %"#2.+8 

"+)'&;2,#: %#62*78 %"&395-&* %"# &%"232'2,## $&32";+,#: * ,#8 

-&5$#4,78 <'2.2,-&*. 

 !"#$%&'(& ) $*+,-*-. /(/*&0!.. S+)'&;2,#2 %#62*78 

%"&395-&* # %#62*&1& $7"(: 3': &%"232'2,#: $&32";+,#: -&5$#4,78 

<'2.2,-&* %"#*&3:- '#/& «.&5"7.» $%&$&/&. 5#%:42,#2. $ 5#$'&-+.#, 

'#/& «$98#.» $%&$&/&. %"# ,+1"2*2 * .9J2'(,&= <'25-"&%24#. !"&0239"+ 

"+)'&;2,#: "21'+.2,-#"92-$: $-+,3+"-+.#: 

1) LHBC 26929-86. B7"(2 # %"&395-7 %#62*72. !&31&-&*5+ %"&/. 

E#,2"+'#)+0#: 3': &%"232'2,#: -&5$#4,78 <'2.2,-&*; 

2) E2;1&$93+"$-*2,,7= $-+,3+"- LHBC 26929-94. B7"(2 # %"&395-7 

%#62*72. !&31&-&*5+ %"&/. E#,2"+'#)+0#: 3': &%"232'2,#: 

$&32";+,#: -&5$#4,78 <'2.2,-&*. 

  $*:)# $ -2., 4-& .+-"#0+ %#62*78 %"&395-&* &/74,& $&32";#- 

/&'(?9> &"1+,#42$59> $&$-+*':>69>, %"&*&3:- .#,2"+'#)+0#> %"&/7, 

-.2. %&',&2 &5#$'2,#2 # 93+'2,#2 &"1+,#42$5&= 4+$-#. H/74,& #$%&'()9>- 

$989> #'# .&5"9> .#,2"+'#)+0#>. 

B989> .#,2"+'#)+0#> %"&*&3:- %"&5+'#*+,#2. %"&/7 ,+ *&)3982. 

!"# $&32";+,## * %"&395-2 3& 20 % *'+1# 4+?59 $ ,+*2$5&= %&.26+>- ,+ 

<'25-"&%'#-59 # %"&*&3:- &$-&"&;,&2 &/91'#*+,#2. !&$'2 &/91'#*+,#: 

4+?59 %&.26+>- * <'25-"&%24(, &-"219'#"&*+,,9> "+,22 ,+ -2.%2"+-9"9 

&5&'& 250 
&
B.  

!"# $&32";+,## *'+1# * %"&395-2 &- 20 3& 80 % 4+?59 $ ,+*2$5&= 

%&.26+>- ,+ 5#%:69> *&3:,9> /+,> #'# * $9?#'(,7= ?5+J (3&*&3: 21& 
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-2.%2"+-9"9 3& 150 
&
B), #'# ,+ <'25-"#42$59> %'#-59 # 93+':>- *'+19. 

D+-2. &$-&"&;,& &/91'#*+>- $&32";#.&2 4+?# ,+ 1+)&*&= 1&"2'52 #'# 

<'25-"#42$5&= %'#-52. M+?9 %&.26+>- * <'25-"&%24(, &-"219'#"&*+,,9>  

"+,22 ,+ -2.%2"+-9"9 &5&'& 250
&
B, + %"&3950#>, $&32";+69> /&'22 20 % 

$+8+"&*, %&.26+>- * <'25-"&%24(, &-"219'#"&*+,,9> "+,22 ,+ -2.%2"+-9"9 

&5&'& 150 
&
B. 

!"# $&32";+,## * %"&395-2 *'+1# /&'22 80 % ,+*2$59 * 4+?2 

&/"+/+-7*+>- $'239>6#. &/"+)&.: 

  *#,&32'(42$5#2 %"&395-7 9%+"#*+>- 3&$98+ ,+ *&3:,&= /+,2 # 

%&.26+>- * <'25-"&%24(; 

  %#*&, .#,2"+'(,9> *&39, /2)+'5&1&'(,72 ,+%#-5# # %'&3&&*&6,72 

$&5# # ,+%#-5# ,+ <'25-"&%'#-52 9%+"#*+>- 3&$98+ # %"&*&3:- &/91'#*+,#2, 

)+-2. %&.26+>- * <'25-"&%24(, &-"219'#"&*+,,9> ,+ -2.%2"+-9"9 &5&'& 

250 
&
B. 

@': #,-2,$#J#5+0## %"&02$$+ &/91'#*+,#: "25&.2,392-$:: 

+) &3,&*"2.2,,& &/&1"2*+-( 4+?59 $ ,+*2$5&= %"&395-+ #,J"+5"+$,&= 

'+.%&=; 

/) * 4+?59 $ ,+*2$5&= 3&/+*':-( <-#'&*7= $%#"- #) "+$42-+ 5 .' ,+ 1 1 

$98&1& *262$-*+, )+5"7-( 4+$&*7. $-25'&. # *732";+-( 24-48 4+$&*, )+-2. 

%"&*&3#-( &/91'#*+,#2; 

*) 3': %"&/ %"&395-&*, $&32";+6#8 /&'22 20% $+8+"&* (*+"2,(2, 3;2. 

# 3".), + -+5;2 -2.,&&5"+?2,,78 $&5&* # 5&.%&-&* 3&/+*#-( 5 ,+*2$52 

"+$-*&" $2",&= 5#$'&-7 (1:9) #) "+$42-+ 5 .' ,+ 1 1 $98&1& *262$-*+, )+5"7-( 

4+$&*7. $-25'&. # *732";+-( 48 4+$&*, )+-2. %"&*&3#-( &/91'#*+,#2; 

1) 3': %"&/ %"&395-&*, $&32";+6#8 20-60 % ;#"+ ($7", .+$'#4,72 

$2.2,+, /2'5&*72 %"&395-7), * ,+*2$59 3&/+*#-( "+$-*&" +)&-,&= 

5#$'&-7(1:1) #) "+$42-+ 1-15 .' ,+ 5+;372 10 1 ,+*2$5#, *732";+-( 15 .#,, 

)+-2. %"&*&3#-( &/91'#*+,#2. 

M-&/7 &5#$'2,#2 &"1+,#42$5&1& *262$-*+ %"&-25+'& $%&5&=,&, /2) 

"+)/"7)1#*+,#:, -#12'( #'# 4+?59 $ ,+*2$5&= %"&/7 %&.26+>- * 8&'&3,9> 

.9J2'(,9> %24( # .23'2,,& ,+1"2*+>- 3& ,9;,&= -2.%2"+-9"7 (&/74,& $& 

$5&"&$-(> ,2 /&'22 100 
&
B * 4+$). !"# &%"232'2,## $*#,0+, 5+3.#:, 0#,5+, 

.23# "+/&4+: -2.%2"+-9"+ &)&'2,#: ,2 3&';,+ %"2*7?+-( 450 
&
B *& 

#)/2;+,#2 %&-2"( &%"232':2.&1& <'2.2,-+. N,&13+ 3&/+*':>- *262$-*+, 

$%&$&/$-*9>6#2 /&'22 <JJ25-#*,&.9 # /7$-"&.9 &5#$'2,#> # 

%"23&-*"+6+>6#2 9'2-94#*+,#2 ,25&-&"78 5&.%&,2,-&* )&'7. C+5, 

.2-&3#5+ "+)'&;2,#: %#62*78 %"&395-&* 3': %&$'239>621& &%"232'2,#: 

.7?(:5+ %"239$.+-"#*+2- %"&*232,#2 $98&= .#,2"+'#)+0## ,+*2$5# * 

%"#$9-$-*## &5$#3+ #'# ,#-"+-+ .+1,#:. H3,+5& 3&/+*'2,#2 /&'(?&1& 

5&'#42$-*+ $&'2= %"# $98&= .#,2"+'#)+0## ,2;2'+-2'(,& *$'23$-*#2 

%&'942,#: * <-&. $'94+2 .#,2"+'#)+-+ $ /&'(?#. $&32";+,#2. $&'2=, 4-& 

.&;2- .2?+-( %&$'239>62.9 +-&.,&-+/$&"/0#&,,&.9 &%"232'2,#> 

%"#.2$2= -&5$#4,78 .2-+''&*. A"&.2 -&1&, *&)"+$-+2- "2)9'(-+- 8&'&$-&1& 

&%7-+ #)-)+ #$%&'()&*+,#: /&'(?&1& 5&'#42$-*+ "2+12,-&*. 
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P#;2 %"#*232,7 ,25&-&"72 $*232,#: & %&*232,## <'2.2,-&* %"# 

$98&. &)&'2,## &"1+,#42$5#8 .+-2"#+'&*. 

R'>.#,#= -2":2-$: %"# $98&. &)&'2,## )+ $42- *)+#.&32=$-*#: 

&5$#3+ +'>.#,#: $ 5*+"02. #'# 1'+)9"(> J+"J&"&*&= %&$937 %"# 

-2.%2"+-9"2 *7?2 500 
&
B. @': %"23&-*"+62,#: <-#8 %&-2"( "25&.2,39>- 

3&/+*':-( +)&-,9> 5#$'&-9 #'# ,#-"+-7. 

G+"#= &%"232':>- * &"1+,#42$5#8 .+-2"#+'+8 %&$'2 #8 &)&'2,#: %"# 

-2.%2"+-9"2 600-800 
&
B /2) 3&/+*&5. 

G2"#''#=. !"# &)&'2,## &"1+,#42$5#8 .+-2"#+'&*, $&32";+6#8 

J&$J+-7, %&$'23,#2 %2"28&3:- * Na2P2O7 # .&19- .2?+-( *732'2,#> # 

&%"232'2,#> /2"#''## * "+$-*&"2 )&'(,&1& &$+35+. 

 +,+3#=. G#&'&1#42$5#2 .+-2"#+'7, 5+.2,,7= 91&'(, 1"+J#-, ,2J-( # 

%"&395-7 %2"2"+/&-5# &)&':>- %"# .23'2,,&. ,+1"2*+,## /2) 3&/+*&5 #'# $ 

**232,#2. &5#$'#-2'2=. @+,,72 & %&-2":8 *+,+3#: # ,2&/8&3#.&$-# 

3&/+*&5 %"&-#*&"24#*7. 

 #$.9-. H)&'2,#2 %"&*&3:- %"# -2.%2"+-9"2 ,2 *7?2 550 
&
B # 

3&/+*'2,## +)&-,&= 5#$'&-7. P+/'>3+>-$: ,25&-&"72 21& %&-2"#. 

L2".+,#= -2":2-$: %"# $98&. &)&'2,## &"1+,#42$5#8 *262$-*, 2$'# 

-2.%2"+-9"+ *7?2 600 
&
B. B5&"&$-( ,+1"2*+,#: ,2 3&';,+ %"2*7?+-( 4 

&
B * 

.#,9-9. M-&/7 9.2,(?#-( %&-2"# 12".+,#: * *#32 -2-"+8'&"#3+, 

"25&.2,39>- 3&/+*':-( *262$-*+ &$,&*,&1& 8+"+5-2"+, ,+%"#.2", 1#3"&5$#3 

,+-"#:, 5+"/&,+- ,+-"#:, &5$#3 .+1,#:. 

I2'2)&. H)&'2,#2 &/"+)0&*, $&32";+6#8 ;2'2)&, %"&*&3:- %"# 

-2.%2"+-9"2 500-600 
&
B, #,&13+ %"# /&'22 *7$&5#8 – 3& 800 

&
B. H5#$'#-2'#, 

5+5 %"+*#'&, ,2 3&/+*':>-, 8&-: +)&-,+: 5#$'&-+ # ,#-"+-7 9$5&":>- 

&5#$'2,#2. !"# &)&'2,## &/"+)0&*, $&32";+6#8 8'&"#37, -2":2-$: 

,25&-&"&2 5&'#42$-*& ;2'2)+. @& $#8 %&" ,2- 23#,&1& .,2,#:: .&;,& '# 

&)&':-( "+$-#-2'(,72 .+-2"#+'7 * J+"J&"&*78 -#1':8. 

A+3.#=. H/,+"9;2,7 %&-2"# 5+3.#: %"# -2.%2"+-9"2 &)&'2,#: *7?2 

400 
&
B, -.5. 8'&"#3 5+3.#: '2-94. !&<-&.9 $98&2 &)&'2,#2 %"&/, $&32";+6#8 

5+3.#=, %"&*&3:- $ 3&/+*5+.# +)&-,&= 5#$'&-7, ,#-"+-+ .+1,#:, $2",&= 

5#$'&-7, 5+"/&,+-+ ,+-"#:. G'+1&3+": 3&/+*5+. %&-2"# 5+3.#: 

9.2,(?+>-$:. 

A+'#= -2":2-$:, 2$'# &)&'2,#2 %"&*&3:- %"# -2.%2"+-9"2 *7?2       

400 
&
B. !&-2"# 5+'#: * J+"J&"&*78 -#1':8 /&'(?2, 42. %"# &)&'2,## * 

5*+"02*78 #'# %'+-#,&*78 -#1':8. 

A+'(0#=. H)&'2,#2 &"1+,#42$5#8 .+-2"#+'&*, $&32";+6#8 5+'(0#=, 

%"&*&3:- * J+"J&"&*78 -#1':8 /2) **232,#: 3&/+*&5; -2.%2"+-9"9 .&;,& 

%&*7?+-( 3& 700 
&
B. 

A&/+'(-. D+.242,7 %&-2"# 5&/+'(-+ %"# &)&'2,## &"1+,#42$5#8 

*262$-* *$'23$-*#2 *)+#.&32=$-*#: 21& $ .+-2"#+'&. -#1':. N$%&'()9>- 

5*+"02*72, %'+-#,&*72 # J+"J&"&*72 -#1'#. M-&/7 %"23&-*"+-#-( %&-2"# 

5&/+'(-+, 9*2'#4#*+>- &/O2. )&'7 **232,#2. 3&/+*&5. 
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A"2.,#=. !&-2"# %"# &)&'2,## ,2 &/,+"9;2,7. G#&'&1#42$5#2 

.+-2"#+'7 .23'2,,& ,+1"2*+>- 3& 850 
&
B * %'+-#,&*&= 4+?52 /2) 3&/+*&5 

#'# * %"#$9-$-*## $9'(J+-+ .+1,#:. 

U#-#= -2":2-$: %"# ,+1"2*+,## *7?2 550 
&
B * *#32 8'&"#3+. 

E+1,#=. P2 &/,+"9;2,& %&-2"( .+1,#: * *#32 '2-94#8 $&23#,2,#=. 

C2.%2"+-9"+ &)&'2,#: .&;2- /7-( *7?2 650 
&
B. @&/+*5# ,2 %"#.2,:>-, 

8&-: * %"#$9-$-*## +)&-,&= 5#$'&-7 &5#$'2,#2 9$5&":2-$: . 

E+"1+,20. S25&.2,392.72 -2.%2"+-9"7 &)&'2,#: %"&/, $&32";+6#8 

.+"1+,20, &- 500 3& 850 
&
B.   ,25&-&"78 /#&'&1#42$5#8 .+-2"#+'+8 

.+"1+,20 %"#$9-$-*92- * *#32 '2-94#8 $&23#,2,#=,  %&<-&.9 .&19- /7-( 21& 

%&-2"# %"# ,+1"2*+,## 3& *7$&5#8 -2.%2"+-9". B5&"&$-( &)&'2,#: 

9*2'#4#*+2-$: $ 3&/+*'2,#2. +)&-,&= 5#$'&-7 #'# ,#-"+-+ .+1,#:. 

!"#.2,:>- 5*+"02*72, J+"J&"&*72, %'+-#,&*72 -#1'#. 

E23( -2":2-$: %"# &)&'2,## * %'+-#,&*78 -#1':8 *$'23$-*#2 

*)+#.&32=$-*#: $ %'+-#,&=. D&'(,7= &$-+-&5 .&;2- /7-( )+1":),2, .23(> 

#) 1'+)9"# J+"J&"&*78 -#1'2=, %&<-&.9 &)&'2,#2 '94?2 *$21& %"&*&3#-( * 

5*+"02*78 -#1':8. C2.%2"+-9"7 &)&'2,#: "25&.2,39>-$: 400-500 
&
B. M-&/7 

9.2,(?#-( %&-2"# .23# %"# $98&. &)&'2,## "25&.2,39>- 3&/+*':-( $2",9> 

5#$'&-9. 

E&'#/32, .&;2- -2":-($: %"# $98&. &)&'2,## )+ $42- $9/'#.+0## 

MoO3. !&<-&.9 &)&'2,#2 %"&/, $&32";+6#8 .&'#/32,, %"&*&3:- $ 3&/+*5+.# 

$9'(J+-+ .+1,#: #'# +)&-,&= 5#$'&-7. 

P+-"#=  9'2-94#*+2-$: * *#32 8'&"#3+ %"# ,+1"2*+,## 3& 550-650 
&
B. 

H)&'2,#2 %"&*&3:- * %'+-#,&*78 -#1':8 $ 3&/+*'2,#2. $2",&= 5#$'&-7. 

P#52'(. D+.242,7 ,2/&'(?#2 %&-2"# ,#52': %"# -2.%2"+-9"2 500 
&
B. 

H)&'2,#2 %"&*&3:- /2) **232,#: 3&/+*&5. 

H'&*&. !"# $98&. &)&'2,## &'&*& 9'2-94#*+2-$: * *#32 SnCl4. 

B*#,20 -2":2-$: %"# $98&. &)&'2,## * )+.2-,&. 5&'#42$-*2, 2$'# * 

%"&/+8 %"#$9-$-*9>- 8'&"#37. H)&'2,#2 *262$-*, $&32";+6#8 $*#,20, 

%"&*&3#-$: %"# -2.%2"+-9"+8 500-600 
&
B. !"#.2,:>- 3&/+*5#: +)&-,9> 

5#$'&-9, ,#-"+- .+1,#:, 5+"/&,+- ,+-"#:, $2",9> 5#$'&-9. 

B-"&,0#= %"# ,+1"2*+,## ,2 9'2-94#*+2-$:,  %&<-&.9 * ,25&-&"78 

$'94+:8 %"&/7 ,+1"2*+>- 3& 900-1000 
&
B. 

B9"(.+. M-&/7 #$5'>4#-( %&-2"# $9"(.7 %"# &)&'2,##, 

"25&.2,39>- 3&/+*':-( 5 %"&/+. &5$#3 .+1,#: # ,2/&'(?&2 5&'#42$-*& 

,#-"+-+ .+1,#:. 

C#-+, ,2 -2":2-$: %"# &)&'2,## 3+;2 %"# -2.%2"+-9"2 850 
&
B. 

F"&.. H)&'2,#2 %"&/, $&32";+6#8 8"&., %"&*&3:- %"# -2.%2"+-9"2 

600-700 
&
B. @&/+*5#, 5+5 %"+*#'&, ,2 #$%&'()9>-. 

V2)#= -2":2-$: %"# &)&'2,## * *#32 8'&"#3+ # ,#-"+-+, 2$'# %"&/+ 

,+1"2*+2-$: 3'#-2'(,&2 *"2.: %"# -2.%2"+-9"2 *7?2 500 
&
B. 

V#,5 -2":2-$: %"# $98&. &)&'2,## * *#32 '2-9421& 8'&"#3+ 0#,5+. 

!&-2"# 9.2,(?+>-$: $ 3&/+*'2,#2. 5 %"&/2 $2",&= 5#$'&-7 # ,#-"+-+ 

.+1,#:, 5+"/&,+-+ 5+'(0#: # 3". C2.%2"+-9"9 &)&'2,#: 9$-+,+*'#*+>- * 
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)+*#$#.&$-# &- *#3+ &)&':2.&1& *262$-*+ # %"#.2,:2.&= 3&/+*5#:      500-

550 
&
B * %"#$9-$-*## 5+"/&,+-+ 5+'(0#: # 850 

&
B – * %"#$9-$-*## $.2$# 

$2",&= 5#$'&-7 # ,#-"+-+ .+1,#:. P2&/8&3#.& 94#-7*+-(, 4-& * "2)9'(-+-2 

*)+#.&32=$-*#: 0#,5+ $ 1'+)9"(> J+"J&"&*78 -#1'2= *&).&;,7 %&-2"# 

0#,5+ #'# )+1":),2,#2 %"&/7 &$-+-5+.# &- %"237396#8 %"&/. 

A+5 *#3,& #) %"#*232,,78 *7?2 3+,,78, /&'(?&2 ),+42,#2 %"# 

%"&*232,## $98&= .#,2"+'#)+0## #.22- .+-2"#+' #$%&'()92.&= 

'+/&"+-&",&= %&$937: '94?2 *$21& #$%&'()&*+-( 3': <-#8 02'2= 5*+"02*72 

#'# $-25'&91'2"&3,72 4+?5# # -#1'#. A"&.2 -&1&, *+;,& %"#32";#*+-($: 

"25&.2,392.&= $5&"&$-# %&*7?2,#: -2.%2"+-9"7 * ,+4+'2 &)&'2,#: # 

$-"&1& 5&,-"&'#"&*+-( .+5$#.+'(,9> -2.%2"+-9"9 &/;#1+. !+"+''2'(,& 

%"&*&3:- .#,2"+'#)+0#> 3&/+*':2.78 5 ,+*2$52 "2+5-#*&* 3': 5&,-"&': #8 

4#$-&-7. 

N$%&'()&*+,#2 $%&$&/+ $98&= .#,2"+'#)+0## %"# "+)'&;2,## 

%#62*78 %"&395-&*, $7"(:, 5&".&* # 3"91#8 &/"+)0&* $ *7$&5#. 

$&32";+,#2. &"1+,#42$5#8 *262$-* #.22- $'239>6#2 ,23&$-+-5#: 

  /&'(?+: %"&3&';#-2'(,&$-( $-+3## "+)'&;2,#: (%"# ,+*2$5+8 10-   

20 1 %"&3&';#-2'(,&$-( $&$-+*':2- 6-14 4+$&*). E#,2"+'#)+0#> $4#-+>- 

)+5&,42,,&=, 5&13+ )&'+ $-+,2- /2'&= #'# $'215+ &5"+?2,,&=, /2) 

%"#$9-$-*#: &/91'2,,78 4+$-#0. !"# ,+'#4## %&$'23,#8 %&*-&":>- 

&/"+/&-59 )&'7 "+$-*&"&. +)&-,&= 5#$'&-7, *7%+"#*+,#2 # %&*-&",&2 

%"&5+'#*+,#2 %"# -2.%2"+-9"2 3& 300 
&
B. W-&- 0#5' %"#8&3#-$: %&*-&":-( 

,2$5&'(5& "+); 

  *&).&;,72 %&-2"# &%"232':2.78 <'2.2,-&* *$'23$-*#2 '2-942$-# 

,25&-&"78 $&23#,2,#=; 

  /&'(?#2 )+-"+-7 <'25-"&<,2"1## (.&6,&$-( .9J2'(,78 %242= 

&/74,& $&$-+*':2- 3-8 5 -). 

H$&/2,,& /&'(?&2 ),+42,#2 932':2-$: %"&02$$9 32$-"950## %#62*78 

%"&395-&* %"# &%"232'2,## * ,#8 $&23#,2,#= "-9-# * $*:)# $ #8 *7$&5&= 

'2-942$-(>.   <-&. $'94+2 $-+,3+"-7 "25&.2,39>- %"&*&3#-( 32$-"950#> 

«)+5"7-7.» # «&-5"7-7.» $%&$&/+.#. 

1&/*,2+3(4 «"!+,-*-0» /5$/$6$0 (3': +,+'#)+ -*&"&1+ # 

-*&"&;,78 #)32'#=, $'#*&4,&1& .+$'+, $749;,78 # %'+*'2,78 $7"&*, 

.+"1+"#,+, "+$-#-2'(,78 .+$2', ;#"&*78 %"&395-&*) %"&*&3#-$: * 

$%20#+'(,&. +%%+"+-2, 5&-&"7= $&$-&#- #) 3*91&"'&= 5"91'&3&,,&= 5&'/7, 

8&'&3#'(,#5+ # 5+%2'(,&= *&"&,5#, $&23#,2,,78 %&$"23$-*&. ?'#J&* ("#$. 

6.1). 

  "2+50#&,,9> 5&'/9 +%%+"+-+ 3': 32$-"950## %&.26+>- 

#$$'2392.9> %"&/9, 3&/+*':>- "+$-*&" %2"$9'(J+-+ 5+'#:, "+$-*&" +)&-,&= 

5#$'&-7, $&23#,:>- $ &/"+-,7. 8&'&3#'(,#5&. # %& 5+%':. 42"2) 

5+%2'(,9> *&"&,59 %"#/+*':>- 5&,02,-"#"&*+,,9> $2",9> 5#$'&-9. A&'/9 

*732";#*+>- %"# 5&.,+-,&= -2.%2"+-9"2, + )+-2. %&.26+>- ,+ *&3:,9> 

/+,>. 
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S#$9,&5 6.1 – R%%+"+- 3': 32$-"950##: 1 – 8&'&3#'(,#5; 2 – 

5+%2'(,+: *&"&,5+; 3 – "2+50#&,,+: 5&'/+ 

 "2.: ,+8&;32,#: 5&'/7 ,+ /+,2 )+*#$#- &- *#3+ %"&3950##. 

@2$-"950#> %"&*&3:- 3& %&',&1& %"&$*2-'2,#: %"#3&,,&1& $'&:. !& 

&5&,4+,## 32$-"950## +%%+"+- $,#.+>- $ /+,# # &8'+;3+>- * -242,#2 15 

.#,9-. A&'/9 &-$&23#,:>- &- 8&'&3#'(,#5+, $&32";#.&2 J#'(-"9>- * 

5&,#42$59> 5&'/9. S2+50#&,,9> 5&'/9 # J#'(-" ,2$5&'(5& "+) %"&.7*+>- 

5#%:62= *&3&=. 

1&/*,2+3(7 «$*+,-*-0» /5$/$6$0 (3': *$28 *#3&* 

%"&395-&*) %"&*&3:- * -2".&$-&=5&= 5&,#42$5&= 5&'/2 *.2$-#.&$-(> 750 

.'. !"&/9 "+*,&.2",& "+$%"232':>- %& 3,9 5&'/7, 3&/+*':>- 

&%"232'2,,72 5&'#42$-*+ %2"$9'(J+-+ 5+'#:, <-+,&', %&"0#:.# HNO3 

(,2/&'(?#.# %&"0#:.#), )+5"7*+>- 5&'/9 *&"&,5&= 3#+.2-"&. 25 .., 

$&32";#.&2 %2"2.2?#*+>- # *732";#*+>- %"# 5&.,+-,&= -2.%2"+-9"2 * 

)+*#$#.&$-# &- *#3+ %"&3950## &- 20 3& 30 .#, #'# &$-+*':>- ,+ ,&4( 

()2",&, 5&,3#-2"$5#2 #)32'#:). B2",9> 5#$'&-9 ,+'#*+>- * $-+5+, 

*.2$-#.&$-(> 50 .' # &$-&"&;,& %& 5+%':. **&3:- * 5&'/9 $ %"&/&= 42"2) 

*&"&,59. B5&"&$-( *,2$2,#: $2",&= 5#$'&-7 3&';,+ /7-( -+5&=, 4-&/7 

%&$-&:,,& %"&8&3#'+ "2+50#: "+)'&;2,#: +)&-,&= 5#$'&-7. !& &5&,4+,## 

*,2$2,#: $2",&= 5#$'&-7 5&'/9 &$-+*':>- * *7-:;,&. ?5+J9 %"# 

5&.,+-,&= -2.%2"+-9"2 3& %"25"+62,#: *732'2,#: /9"78 %+"&* &5$#3&* 

+)&-+. D+-2. 5&'/9 %&.26+>- ,+ *&3:,9> /+,>.   %2"*72 15 .#, 

,+8&;32,#: 5&'/7 ,+ *&3:,&= /+,2 *&).&;,& /9",&2 "+)'&;2,#2 +)&-,&= 

5#$'&-7 $ /&'(?#. *732'2,#2. &5$#3&* +)&-+. !"# /9",&. -242,## "2+50## 

* 5&'/9 3&/+*':>- %&"0#:.# 5#%:69> *&39 #'# $,#.+>- ,+ 3-5 .#, $ /+,#. 
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@2$-"950#> %"&*&3:- 3& %&',&1& %"&$*2-'2,#: %"#3&,,&1& $'&: 

;#35&$-# * 5&'/2, ,& * -242,#2 ,2 .2,22 45 .#,. A&'/9 $,#.+>- $ /+,#, # 

1&":4#= 32$-"95-+- J#'(-"9>- * .2",7= 0#'#,3", &/.7*+: 5&'/9 #)-%&3 

32$-"95-+-+ # J#'(-" 1&":42= *&3&= # $&/#"+: %"&.7*,72 *&37 * -&- ;2 

0#'#,3". I#35&$-( &8'+;3+>-, 3&*&3:- 3& &%"232'2,,&1& &/O2.+ # 

*7'#*+>- * $5':,59 3': &%"232'2,#: "-9-#. @&/+*':>- * $5':,59 %"# 

%&.2?#*+,## "+$-*&" %2".+,1+,+-+ 5+'#: * 5&'#42$-*2, &/2$%24#*+>62. 

%&',&2 &5#$'2,#2 "-9-# * #$$'2392.&. &/"+)02. N)/7-&5 KMnO4 

*&$$-+,+*'#*+>- 1#3"&8'&"#3&. 1#3"&5$#'+.#,+. D+-2. %"#'#*+>- * 

$5':,59 "+$-*&" 8'&"#3+ &'&*+(II), $"+)9 ;2 **&3:- /+"/+-2" (+<"+-&") # 

%"&*&3:- &%"232'2,#2 "-9-# .2-&3&. «8&'&3,&1& %+"+». 

85$/$6 0$+,$9 0('&,!#("!3((. W-&- $%&$&/ &$,&*+, ,+ %&',&. 

"+)"9?2,## &"1+,#42$5#8 *262$-* %"# ,+1"2*+,## ,+*2$5# %"&/7 $ 

&5#$'#-2'(,7.# $.2$:.# 5#$'&-. N$%&'()9>- 3': <-#8 02'2= 

5&,02,-"#"&*+,,72 $2",9> # +)&-,9> 5#$'&-7 $ 3&/+*'2,#2. $&':,&=, 

8'&",&= 5#$'&-7 #'# %2"&5$#3+ *&3&"&3+. N,&13+ ,+*2$59 ,+1"2*+>- -&'(5& 

$ %2"&5$#3&. *&3&"&3+. B%&$&/ .&5"&= .#,2"+'#)+0## .&;2- 

#$%&'()&*+-($: %"# "+)'&;2,## *$28 *#3&* %#62*78 %"&395-&* # $7"(:, 

5"&.2 .+$2' # ;#"&*.  

S+)'&;2,#2 %"&*&3:- * $-25':,,&= #'# 5*+"02*&= %&$932 (5&'/7 

A(2'(3+':), 3': ,+1"2*+,#: %"#.2,:>- <'25-"&%'#-5# #'# %2$4+,72 /+,#. 

P+*2$5# ;#35#8 #'# %"&395-&* * *#32 %>"2 %2"2,&$:- * 5&'/9  A(2'(3+': 

#'# * %'&$5&3&,,9> 5&'/9, &/.7*+: $-2,5# $-+5+,+ 3#$-#''#"&*+,,&= 

*&3&=. P+*2$5# -*2"378 # %+$-&&/"+),78 %"&395-&* %&.26+>- ,+ 

&/2))&'2,,7= J#'(-", )+*&"+4#*+>- * ,21& # $ %&.&6(> $-25':,,&= 

%+'&45# %2"2*&3:- * $&$93 3': .#,2"+'#)+0##. N) %"&/ %#*+, .#,2"+'(,&= 

*&37, /2)+'5&1&'(,&1& ,+%#-5+, %"23*+"#-2'(,& &$*&/&;32,,78 &- 

91'25#$'&1& 1+)+, %#%2-5&= &-/#"+>- ,2&/8&3#.9> +'#5*&-9, %2"2,&$:- * 

5&'/9 A(2'(3+': # 9%+"#*+>- ,+ <'25-"&%'#-52 3& 10-15 .'. P+*2$5# $98#8 

%"&395-&* (;2'+-#,, $98#2 :#4,72 %"&395-7) %&.26+>- * 5&'/9 A(2'(3+':, 

3&/+*':>- 15 .' *&37, %2"2.2?#*+>-. 

  5&'/9 $ %"&/&= %"&395-+ %&"0#:.# 3&/+*':>- $.2$# 5#$'&-, 

3&/+*':>- 2-3 $-25':,,78 ?+"#5+ 3': "+*,&.2",&$-# 5#%2,#: # 9%+"#*+>- 

$&32";#.&2 5&'/7 3& &/O2.+ 3-5 .'. W-9 %"&0239"9 %&*-&":>- 2-4 "+)+. 

N$%&'()9>- +)&-,9>, $2",9>, 8'&",9> 5#$'&-7. P2 3&%9$5+2-$: #).2,:-( 

%&$'23&*+-2'(,&$-( *,2$2,#: 5#$'&-: 8'&",+: 5#$'&-+ *$213+ 3&/+*':2-$: 

%&$'23,2=. !+"+''2'(,& %"&*&3:- .#,2"+'#)+0#> 3&/+*':2.78 "2+5-#*&* 

3': 5&,-"&': #8 4#$-&-7. !&'942,,7= .#,2"+'#)+- %&$'2 &8'+;32,#: 

5&'#42$-*2,,& %2"2,&$:- *&3&= * .2",9> 5&'/9, 3&*&3:- 3& .2-5# *&3&= # 

%2"2.2?#*+>-, %&$'2 421& *7%&',:>- +,+'#). 

S+$-#-2'(,&2 # $'#*&4,&2 .+$'&, .+"1+"#,, %#62*72 ;#"7 # $7"7 

%2"23 +-&.,&-+/$&"/0#&,,7. &%"232'2,#2. * ,#8 -&5$#4,78 <'2.2,-&* 

&/"+/+-7*+>- %& $%&$&/9 5#$'&-,&= <5$-"+50## (,2%&',+: .#,2"+'#)+0#:). 

  -2".&$-&=59> 5&'/9 $ ,+*2$5&= %"&395-+ 3&/+*':>- "+$-*&" $&':,&= 
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5#$'&-7 (1:1), *,&$:- 2-3 $-25':,,78 ?+"#5+ 3': "+*,&.2",&$-# 5#%2,#:, 

*$-+*':>- 8&'&3#'(,#5 # 5#%:-:- 1,5 4+$+. D+-2. $&32";#.&2 5&'/7 

.23'2,,& &8'+;3+>- 3& 5&.,+-,&= -2.%2"+-9"7, ,2 *7,#.+:  

8&'&3#'(,#5+. A&'/9 $ <5$-"+50#&,,&= $.2$(> %&.26+>- * 8&'&3,9> 

*&3:,9> /+,> 3': )+-*2"32*+,#: ;#"+. D+-*2"32*?#= ;#" %"&5+'7*+>- 

$-25':,,&= %+'&45&=, *&3,7= $'&= J#'(-"9>- 42"2) J#'(-", $.&42,,7= 

"+$-*&"&. 5#$'&-7, #$%&'()92.&= 3': <5$-"+50##, * .2",9> 5&'/9. 

H$-+*?#=$: * 5&'/2 ;#" "+$%'+*':>- ,+ *&3:,&= /+,2 # *,&*( %&*-&":>- 

5#$'&-,9> <5$-"+50#>. 

B%&$&/ .&5"&= .#,2"+'#)+0## #.22- $'239>6#2 ,23&$-+-5#: 

  /&'(?+: 3'#-2'(,&$-( &%2"+0#= (%"# ,+*2$5+8 10-20 1 – 6-20 4+$&*); 

  /&'(?&= "+$8&3 5#$'&-; 

  *7$&5&2 ),+42,#2 "2)9'(-+-+ 8&'&$-&1& &%7-+; 

  *&).&;,+: %&-2": &%"232':2.&1& <'2.2,-+ * *#32 '215&'2-94#8 

$&23#,2,#=. 

:'*&'/(;(+!3(4 5,$6$5$<=$*$)+(. S+3#5+'(,& 9.2,(?#-( 

3'#-2'(,&$-( +,+'#)+ %#62*78 %"&395-&* .&;,&, %"#.2,:: 

#,-2,$#J#5+0#> %"&/&%&31&-&*5#. H3,#. #) <JJ25-#*,78 %"#2.&* 

3&$-#;2,#: <-&1& :*':2-$: 9'(-"+)*95. Q'(-"+)*95 – <-& +59$-#42$5#2 

*&',7, 4+$-&-+ 5&-&"78 %"2*7?+2- (1-2)!10
4
 L0 (10-20 5L0). F&-: 9'(-"+)*95 

,2 &-'#4+2-$: %& $*&2= %"#"&32 &- 9%"91#8 *&', $'7?#.&1& 3#+%+)&,+ # 21& 

"+$%"&$-"+,2,#2 %&34#,:2-$: &/6#. )+5&,+. "+$%"&$-"+,2,#: )*95&*78 

*&',, &, &/'+3+2- $%20#J#42$5#.# &$&/2,,&$-:.#.   %'+,2 #,-2,$#J#5+0## 

%"&/&%&31&-&*5# $'2392- %"2;32 *$21& &-.2-#-( *7$&59> #,-2,$#*,&$-( 

9'(-"+)*95+, + -+5;2 *&),#5,&*2,#2 ,2'#,2=,78 <JJ25-&* – %"2;32 *$21& 

+59$-#42$5#8 -242,#= # 5+*#-+0##. R59$-#42$5#2 -242,#: – <-& "219':",&2 

$.262,#2 $"237 *#8"2*&1& 8+"+5-2"+, )+5'>4+>622$: * -&., 4-& 

%2"2,&$#.&2 )*95&*&= *&',&= 5&'#42$-*& 3*#;2,#:, $*:)+,,&2 $ 

5&'2/+,#:.# 4+$-#0 $"237, %"# %&1'&62,## *&',7 %2"23+2-$: $"232, 

*7)7*+: 22 "+*,&.2",&2 3*#;2,#2. R59$-#42$5#2 -242,#: $%&$&/$-*9>- 

#,-2,$#J#5+0## .+$$&&/.2,,78 %"&02$$&*, :*'::$( *+;,2=?#. J+5-&"&. 

#,-2,$#J#5+0## %"&02$$&* 5&,02,-"#"&*+,#: $&&$+;32,#2. # <5$-"+50#2= 

%"# *&)32=$-*## ,+ $#$-2.9 9'(-"+)*95&*78 5&'2/+,#=. A+*#-+0#: – <-& 

&/"+)&*+,#2 * ;#35&$-# %9'($#"9>6#8 %9)7"(5&*, )+%&',2,,78 %+"&., 

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

3+*'2,#2 3!10
7
 !+ # -2.%2"+-9"+ 2700ºB. !"# <-&. *262$-*+, $&32";+6#2$: 

* 5+*#-+0#&,,&. %9)7"(52 # %"#'21+>62= 5 ,2.9 &/'+$-#, "+$%+3+>-$: ,+ 

+-&.7, &/"+)92-$: .,&;2$-*& "+3#5+'&*, %&:*':2-$: $*242,#2 ;#35&$-# – 

$&,&'>.#,2$02,0#:. !"#$9-$-*9>6#2 * ;#35&$-# *262$-*+ "2+1#"9>- $ 

"+3#5+'+.#, $ *&)/9;32,,7.# .&'259'+.# 1+)+ # *&37, $& *,&*( 

&/"+)&*+,,7.# 8#.#42$5#.# $&23#,2,#:.#. !"# +,+'#)2 *&3&"+$-*&"#.78 

%"&395-&* (%&*+"2,,+: $&'(, ,25&-&"72 $98#2 ,+%#-5#, $+8+", '#.&,,+: 

5#$'&-+ # 3".) 9'(-"+)*95 %"#.2,:>- 3': #,-2,$#J#5+0## %"&02$$+ 
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"+$-*&"2,#: %"&/, 3': "+)"9?2,#: &"1+,#42$5#8 $&23#,2,#=, 321+)+0## 

+,+'#)#"92.78 "+$-*&"&*, 3': #,-2,$#J#5+0## %"&02$$&* 

5&,02,-"#"&*+,#:, + -+5;2 3': %2"2*&3+ &%"232':2.78 <'2.2,-&* * J&".9, 

93&/,9> 3': %&$'239>621& 5&,02,-"#"&*+,#: # &%"232'2,#:. 

!"# +,+'#)2 %#*+, *#,, ,25&-&"78 ,+%#-5&* # 5&,(:5+ *&).&;,& 

%":.&2 +-&.,&-+/$&"/0#&,,&2 &%"232'2,#2 Cu, Zn # Fe %&$'2 %"&*232,#: 

321+)+0## "+$-*&"+ #,-2,$#*,7. %2"2.2?#*+,#2. * -242,#2 20 .#,9- #'# 

*&)32=$-*#2. 9'(-"+)*95+ * -242,#2 20-30 $. !"# <-&. *"2.: 93+'2,#: 

<-+,&'+ #) +,+'#)#"92.78 %"&/ $&5"+6+2-$: * 20 "+). 

B+8+" – &3#, #) ,+#/&'22 $'&;,78 &/O25-&* 3': .#,2"+'#)+0##. 

B98+: .#,2"+'#)+0#: )+,#.+2- 40 4 # /&'22. N) "+$-*&"&* $+8+"+ 

<5$-"+1#"9>-$: Pb, Cu # Cd * *#32 3#<-#'3#-#&5+"/+.+-&* * 

.2-#'#)&/9-#'52-&,. H3,+5&, <5$-"+50#: *&).&;,+ '#?( %"# $&32";+,## 

$+8+"+ ,2 /&'22 151/', %"# <-&. $-2%2,( #)*'242,#: ,2 %"2*7?+2- 90 %. 

!"23*+"#-2'(,+: &/"+/&-5+ +,+'#)#"92.78 "+$-*&"&* 9'(-"+)*95&. 

&/2$%24#*+2- 9*2'#42,#2 $-2%2,# #)*'242,#: Pb, Cu # Cd 3& 98-99 % %"# 

<5$-"+50## #) "+$-*&"&* $ $&32";+,#2. $+8+"+ 3& 75 1/'. Q'(-"+)*95, ,+":39 

$ 9'(-"+J#&'2-&*7. &/'942,#2., &5#$'2,#2., &)&,#"&*+,#2., $%&$&/$-*92- 

"+)"9?2,#> &"1+,#42$5#8 $&23#,2,#= %"# &%"232'2,## Pb, Cu, Cd, Zn, B, 

Hg * "+$$&'+8 # "+$-*&"+8 %&*+"2,,&= $&'#.  &)32=$-*#2 9'(-"+)*95+ ,+ 

"+$-*&"7 %&*+"2,,&= $&'# %&)*&'#'& 9*2'#4#-( $-2%2,( $&&$+;32,#: Pb, 

Cu, Cd # Zn $ 90 3& 99 %, + 1&.&12,#)+0#: <5$-"+5-&* 9'(-"+)*95&. %"# 

+,+'#)2 %&*+"2,,&= $&'# ,+ $&32";+,#2 Pb, Cu, Cd # Hg 9'94?+2- 

.2-"&'&1#42$5#2 8+"+5-2"#$-#5# "2)9'(-+-&* +,+'#)+ # %&*7?+2- 21& 

<5$%"2$$,&$-(. 

!"# +,+'#)2 %"&395-&*, ,2"+$-*&"#.78 * *&32 (8'2/&/9'&4,72 

#)32'#:, .:$&, ,+-9"+'(,7= 5&J2 # 3".), 9'(-"+)*95 #$%&'()9>- 3': 

#,-2,$#J#5+0## %"&02$$&* .#,2"+'#)+0##. !"#.2,2,#2 9'(-"+)*95+ 

%&)*&':2- * 20-30 "+) %&*7$#-( $5&"&$-( .&5"&= .#,2"+'#)+0## .:$,78, 

8'2/,78 # .&'&4,78 %"&395-&*, 5&./#5&".&*, 5959"9)7, .:$&5&$-,&= .95#, 

%?2,#4,78 &-"9/2= - * 4-6 "+).  &)32=$-*#2 9'(-"+)*95+ 4+$-&-&= 18-44 5L0 

# #,-2,$#*,&$-(> /&'22 8  -/$.
2 
* -242,#2 ,2 .2,22 3 .#, %&*7?+2- 

<5$%"2$$,&$-( .#,2"+'#)+0## .&'&5&%"&395-&* * 20-30 "+). !"#.2,2,#2 

9'(-"+)*95+ %&)*&'#'& 9*2'#4#-( $-2%2,( # <5$%"2$$,&$-( #)*'242,#: 

.#5"&<'2.2,-&* #) &/"+)0+ * "+$-*&" %"# +,+'#)2 %&4* # "+$-2,#= %& 

$"+*,2,#> $ $98#. # .&5"7. &)&'2,#2. * 15-20 "+). Q'(-"+)*95&*+: 

#,-2,$#J#5+0#: 5#$'&-,&= .#,2"+'#)+0## ;#"&* # .+$2', 8'2/&%"&395-&* 

* 20-40 "+) $&5"+6+2- *"2.: .#,2"+'#)+0##, $-2%2,( #)*'242,#: Pb, Cu, Cd 

%&*7?+2-$: $ 90 3& 98-99 %. Q'(-"+)*95 #$%&'()&*+, -+5;2 # 3': 

#,-2,$#J#5+0## $-+3## .#,2"+'#)+0## %"# &%"232'2,## .7?(:5+ * 

"+)'#4,78 %#62*78 %"&395-+8. !"#.2,2,#2 9'(-"+)*95+ * $&-,# "+) 

9$5&":2- $-+3#> .#,2"+'#)+0##, $&5"+6+2- &/69> %"&3&';#-2'(,&$-( 

+,+'#)+ * 15 "+) # * 2 "+)+ – "+$8&3 **&3#.78 &5#$'#-2'2=. 
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 !"#$%&'(& ) "!+,-*-. /(/*&0!.. M-&/7 9$-"+,#-( 

95+)+,,72 *7?2 ,23&$-+-5#, $*:)+,,72 $ #$%&'()&*+,#2. 3': "+)'&;2,#: 

&-5"7-78 $#$-2., "+)"+/&-+,7 # %"23'&;2,7 +'(-2",+-#*,72 $%&$&/7 

%"&/&%&31&-&*5# $ #$%&'()&*+,#2. )+5"7-78 "2+50#&,,78 $&$93&* – 

+*-&5'+*&*, +.%9', /&./.   %&$'23,#2 1&37 %"23%&4-2,#2 *$2 4+62 &-3+2-$: 

.2-&3+. +*-&5'+*,&= %"&/&%&31&-&*5# * .#5"&*&',&*78 %24+8. 

@&$-&#,$-*+ .2-&3+ "+)'&;2,#: * +*-&5'+*2: 

  /7$-"&2 *$5"7-#2 (*"2.: "+)'&;2,#: ,+*2$5# %#62*78 %"&395-&* 

$&$-+*':2- 3-4 4+$+ %'>$ &8'+;32,#2 +*-&5'+*+ 1 4+$); 

  *7$&5+: <JJ25-#*,&$-( 32$-"950## %"# %&*7?2,,&. 3+*'2,##; 

  %"+5-#42$5# %&',&2 #$5'>42,#2 %&-2"( '2-94#8 <'2.2,-&*; 

  ,2/&'(?#2 5&'#42$-*+ .#,2"+'(,78 5#$'&-, ,2&/8&3#.78 3': 

"+)'&;2,#: #, $'23&*+-2'(,&, 9.2,(?2,#: "2)9'(-+-+ 8&'&$-&1& &%7-+; 

  <5&,&.#4,&$-( %& $"+*,2,#> $ $98&= .#,2"+'#)+0#2= $ 

#$%&'()&*+,#2. .9J2'(,78 %242=. 

H1"+,#42,#2 #$%&'()&*+,#: +*-&5'+*&* &/74,& $*:)+,& $ 

*&).&;,&$-(> "+)'&;2,#: $"+*,#-2'(,& ,2/&'(?#8 ,+*2$&5 (1-4 1), 4-& 

-"2/92- #$%&'()&*+,#: 49*$-*#-2'(,78 .2-&3&* %"# &%"232'2,## ,#)5#8 

5&,02,-"+0#= <'2.2,-&*. R*-&5'+* %"23$-+*':2- $&/&= 12".2-#)#"92.9> * 

.2-+''#42$5&. 5&;982 J-&"&%'+$-&*9> "2+50#&,,9> 5+.2"9, * 5&-&"&= 

#$$'2392.72 *262$-*+ %&3*2"1+>-$: &/"+/&-52 "2+5-#*+.# %&3 

*&)32=$-*#2. -2.%2"+-9"7 # 3+*'2,#: (-2.%2"+-9"+ – 3& 320 
&
B, "+/&422 

3+*'2,#2 – 3& 130 +-.). S2+50#&,,+: 5+.2"+ $&$-&#- #) "2+50#&,,&= 2.5&$-# 

# 5"7?5# "2+50#&,,&= 2.5&$-#. E+-2"#+' "2+50#&,,&= 5+.2"7 

(J-&"&%'+$-) &/2$%24#*+2- 8#.#42$59> #,2"-,&$-( *,9-"2,,21& &/O2.+ %"# 

"+/&-2 * +1"2$$#*,78 $"23+8. S2+50#&,,+: 5+.2"+ %&.262,+ * "+)O2.,7= 

.2-+''#42$5#= 5&;98, $&$-&:6#= #) 5&"%9$+ $ $23'&. (3&,7?5&.) # 

5"7?5#.   5"7?52 $.&,-#"&*+, %"23&8"+,#-2'(,7= 5'+%+,. @+*'2,#2 * 

"2+50#&,,&= 5+.2"2 $&)3+2-$: %"# ,+1"2*2 +*-&5'+*+ )+ $42- "&$-+ 3+*'2,#: 

%+"&* "+$-*&"&* # *732'2,#: 1+)&&/"+),78 %"&395-&* "2+50##. A&,$-"950#: 

9%'&-,:>621& 9$-"&=$-*+ "+$$4#-+,+ ,+ 12".2-#)+0#> "2+50#&,,&= 5+.2"7 

%"# "+/&42. 3+*'2,## * ,2= # #$5'>4+2- %&-2"> #$8&3,78 *262$-* # 

%"&395-&* "2+50## * -242,#2 *$21& "+/&421& 0#5'+. !"23&8"+,#-2'(,7= 

5'+%+, $"+/+-7*+2- %"# &%"232'2,,&. 3+*'2,##, %"2*7?+>62. "+/&422 

3+*'2,#2 * +*-&5'+*2. W-& $'94+2-$:, 2$'# 3&%962,7 &?#/5# * 3&)#"&*52 

"2+12,-&*, ,2 $&/'>3+>-$: "25&.2,3+0##, 95+)+,,72 * 5&,5"2-,&= .2-&3#52 

+,+'#)+. !"# $"+/+-7*+,## %"23&8"+,#-2'(,&1& 5'+%+,+ %"&#$8&3#- 

"+)12".2-#)+0#: "2+50#&,,&= 5+.2"7 # $/"&$ #)/7-&4,&1& 3+*'2,#:. 

A&,$-"950#: "2+50#&,,&= 2.5&$-# %&)*&':2- "+).26+-( * ,2= 

3&%&',#-2'(,72 %"#$%&$&/'2,#:: *5'+37?# #) 5*+"0+ #'# J-&"&%'+$-+ 3': 

&/"+/&-5# *262$-* &4#62,,7.# 3#$-#'':0#2= "2+5-#*+.# # #8 %+"+.#; 

1"+J#-&*72 <'25-"&37 $ ,+$+35+.# 3': 5&,02,-"#"&*+,#: %"#.2$2= #) 

,+*2$&5 *262$-*+ ,2%&$"23$-*2,,& * 5"+-2"2 1"+J#-&*&1& <'25-"&3+ $ 
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&-1&,5&= .+5"&5&.%&,2,-+ * *#32 '2-9421& .&'259':",&1& $&23#,2,#:. 

B962$-*9>- +*-&5'+*7, 132 &3,&*"2.2,,& * 5*+"02*78 $&$93+8 .&;,& 

"+)'+1+-( 21 &/"+)20. 

G&'(?9> %&%9':",&$-( )+ %&$'23,22 *"2.: )+*&2*+'+ .#5"&*&',&*+: 

(* "9$$5&= -2".#,&'&1## – B M) %"&/&%&31&-&*5+, &$&/2,,&, 5&13+ &,+ 

$&42-+2-$: $ %&*7?2,,&= -2.%2"+-9"&= # 3+*'2,#2.. E#5"&*&',&*&2 

#)'942,#2 – *#3 <'25-"&.+1,#-,&1& #)'942,#:. W-& ,2#&,#)#"9>622 

#)'942,#2, 4+$-&-7 5&-&"&1& '2;+- * 3#+%+)&,2 300-300000 EL0. P+#/&'22 

4+$-& #$%&'()92-$: 4+$-&-+ 2450 EL0. H$,&*,7. J+5-&"&. *&)32=$-*#: 

%&': %"# "+)'&;2,## %"&/ .#,2"+'(,7.# 5#$'&-+.# $4#-+>- /7$-"7= 

"+)&1"2* $.2$# )+ $42- +5-#*#)+0## *"+62,#: 3#%&'2= "+$-*&"#-2': %&3 

32=$-*#2.  *7$&5&4+$-&-,&1& <'25-"&.+1,#-,&1& %&':, + -+5;2 )+ $42- 

#&,,&= %"&*&3#.&$-#.  5'+3 5+;3&1& #) <-#8 .28+,#).&* )+*#$#- &- 

-2.%2"+-9"7 "+$-*&"+, 21& *:)5&$-#, $&32";+,#: $&'2= # ":3+ 3"91#8 

J+5-&"&*. B4#-+>-, 4-& .#5"&*&',&*&= %&3&1"2* $%&$&/$-*92- "+)"9?2,#> 

%"#%&*2"8,&$-,78 $'&2* -*2"3&1& *262$-*+, &/2$%24#*+: $962$-*2,,&2 

9*2'#42,#2 %&*2"8,&$-# *)+#.&32=$-*#: $ 5#$'&-+.#. A"&.2 -&1&, * 

"+$-*&"2 +5-#*#"9>-$: %"&02$$7 3#JJ9)## # .+$$&%2"2,&$+. B962$-*2,,&2 

*'#:,#2 ,+ $5&"&$-( %"&-25+,#: 8#.#42$5#8 "2+50#= .&19- &5+)7*+-( -+5;2 

,2-2%'&*72 <JJ25-7, 5 5&-&"7. &-,&$:- %&':"#)+0#> # #&,#)+0#> 

.&'259', ,+"9?2,#2 $-"95-9"7 ;#35&$-#, &$'+/'2,#2 $&'(*+-+0#&,,78 # 

1#3"+-+0#&,,78 <JJ25-&*. !&3 *'#:,#2. .#5"&*&',&*&1& %&': *&).&;,& 

&/"+)&*+,#2 * "+$-*&"+8 $*&/&3,78 "+3#5+'&* # +5*+-#"&*+,,78 

<'25-"&,&*, +5-#*#)+0#: %"&02$$&* )+.262,#: *& *,9-"2,,2= 

5&&"3#,+0#&,,&= $J2"2 5&.%'25$&*, 1#3"&'#)+ # 5&.%'25$&&/"+)&*+,#:. 

!&-*#3#.&.9, -2%'&*72 <JJ25-7 &5+)7*+>- ,+#/&'(?22 *'#:,#2 ,+ 

%"&02$$7 "+$-*&"2,#: -*2"378 *262$-*, + ,2-2%'&*72 $5+)7*+>-$: * 

&$,&*,&. ,+ 8#.#42$5#8 %"2*"+62,#:8 * "+$-*&"2. N$%&'()&*+,#2 B M-

#)'942,#: * +,+'#-#42$5&= %"+5-#52 %&-,+$-&:62.9 $-+'& *&).&;,7. * 

$2"23#,2 80-8 1&3&* $ %&:*'2,#2. $2"#=,&= .#5"&*&',&*&= 9$-+,&*5#, 

$,+/;2,,&= $%20#+'(,&= *2,-#':0#&,,&= $#$-2.&= 3': &-*&3+ +1"2$$#*,78 

%+"&*, 5&""&)#&,,&-$-&=5#. %&5"7-#2., &$&/7. .+1,2-"&,&., 

*"+6+>6#.$: $-&'#5&., +*-&5'+*+.# # 9$-"&=$-*&. 3': 5&,-"&': 3+*'2,#: 

* ,#8.  &).&;,&$-( *+"(#"&*+-( %"&1"+..9 ,+1"2*+, "219'#"9: *"2.: # 

-2.%2"+-9"9 "+)'&;2,#: %& .&6,&$-# #)'942,#:  %&)*&'#'+ 9,#J#0#"&*+-( 

%"&02$$, $32'+-( 21& $-"&1& 9%"+*':2.7. # ,+32;,7.. B2=4+$ 

.#5"&*&',&*72 %24# 3': "+)'&;2,#: *7%9$5+2- .,&;2$-*& J#".; $&)3+,7 

+*-&5'+*7-/&./7 3': $%20#+'(,78 02'2= (3+*'2,#2 3& 8,4 E!+ # 

-2.%2"+-9"+ 3& 250 
&
B). P+":39 $ <-#. %"&#)*&3:-$: 9$-"&=$-*+ ,2 -&'(5& 

3': "+)'&;2,#:, ,& # 3': $9?5#, 1#3"&'#)+, $-2"#'#)+0##, &/;#1+ # 

$%'+*'2,#: (.9J2'(,72 %24#). S+)"+/&-+,7 # ,&*72 (3*&=,72) +*-&5'+*7, 

&/2$%24#*+>6#2 /&'(?9> ,+32;,&$-( # *&).&;,&$-( #$%&'()&*+,#: )&,3&* 

3': 5&,-"&': 3+*'2,#: # -2.%2"+-9"7. 



 211

B'2392- &$&/& &-.2-#-( 1+".&,#4,9> $&42-+2.&$-( .#5"&*&',&*&= 

%"&/&%&31&-&*5# $ #,$-"9.2,-+'(,7. &%"232'2,#2.. C+5, %&31&-&*'2,,72 5 

+,+'#)9 "+$-*&"7 .&19- /7-( %"&+,+'#)#"&*+,7 +-&.,&-+/$&"/0#&,,7. 

#'# +-&.,&-<.#$$#&,,7. $ #,395-#*,& $*:)+,,&= %'+).&= .2-&3+.# * 

+*-&.+-#42$5&. "2;#.2 $ #$%&'()&*+,#2. %"&-&4,&-#,;250#&,,&= 

$#$-2.7.  &).&;,& # ,2%&$"23$-*2,,&2 $&42-+,#2 "+)'&;2,#: * %&-&52 $ 

,2%"2"7*,&= %&3+42= -"+,$J&".#"&*+,,&= %"&/7 * +,+'#)+-&": "+)'&;2,#2 

$9$%2,)#= -*2"378 %"&/, 5"&*# # $7*&"&-5# # -.3.  2$(.+ #,-2"2$,+ 

"&/&-#)#"&*+,,+: $#$-2.+ 3#$-+,0#&,,&1& 9%"+*'2,#: .#5"&*&',&*&= 

%24(>, 5&-&"+: %&)*&':2- &%"232':-( *'+19 # 1&-&*#-( 5 +,+'#)9 &/"+)07 

"+3#&+5-#*,78 &-8&3&*. H42*#3,&= %2"$%25-#*&= :*':2-$: # %&',+: 

+*-&.+-#)+0#: %"&/&%&31&-&*5#: &-/&" ,+*2$&5, *7$9?#*+,#2, "+$-*&"2,#2, 

"+)/+*'2,#2, %&3+4+ "+$-*&"&* * +,+'#)+-&". C+5#2 $#$-2.7 9;2 $&)3+,7 # 

#$%&'()9>-$:. 

@': .#5"&*&',&*&1& "+)'&;2,#: #$%&'()9>- -2 ;2 "2+5-#*7 (4+62 

*$21& 5#$'&-7 # #8 $.2$#), 4-& # %"# "+)'&;2,## &/74,7. ,+1"2*&., 

,+%"#.2", ,+ <'25-"&%'#-52. H/"+/&-59 .&;,& %"&*&3#-( 5+5 * &/74,78 

&-5"7-78 $&$93+8 #) $-25'+, 5*+"0+ #'# J-&"&%'+$-+, -+5 # * )+5"7-78 

$#$-2.+8 – %"# %&*7?2,,78 -2.%2"+-9"2 # 3+*'2,##. W-& 3+2- *&).&;,&$-( 

,+1"2*+ +,+'#)#"92.&= $.2$# *7?2 -2.%2"+-9"7 5#%2,#: #$%&'()92.78 

5#$'&- %"# ,&".+'(,&. 3+*'2,##, + %&<-&.9 $5&"&$-( # %&',&-+ 

%2"2*232,#: &/"+)0+ * "+$-*&" $962$-*2,,& 9*2'#4#*+2-$:. N.2,,& 

-2.%2"+-9"+ "+)'&;2,#: &%"232':2- *7/&" %"#.2,:2.78 5#$'&-, %&*7?2,#2 

22 )+4+$-9> 3+2- *&).&;,&$-( #$5'>4#-( #) %"&02$$+ *7$&5&5#%:6#2 

8'&",9> (5 -&.9 ;2 *)"7*&&%+$,9>), $2",9> # J&$J&",9> 5#$'&-7, 

)+.2,#* #8 /&'22 93&/,7.# 3': "+$-*&"2,#: 8'&"&*&3&"&3,&= #'# +)&-,&= 

5#$'&-+.#. G&'(?+: %&',&-+ "+$-*&"2,#: %"&/7 %"# %&*7?2,,&= 

-2.%2"+-9"2 #,&13+ %&)*&':2- #$5'>4#-( &%2"+0#> 3&%'+*'2,#:. H$&/2,,& 

<JJ25-#*,& "+)'&;2,#2 * .#5"&*&',&*78 $#$-2.+8 &"1+,#42$5#8 .+-"#0, 

5&-&"&2 %"&*&3:- # * )+5"7-78, # * &-5"7-78 $#$-2.+8. M+$-& 02'2$&&/"+),& 

#$%&'()&*+,#2 &-5"7-78 $#$-2. *$'23$-*#2 &/"+)&*+,#: * %"&02$$2 

&5#$'2,#: /&'(?&1& 5&'#42$-*+ 1+)&&/"+),78 *262$-* (91'25#$'&1& 1+)+ # 

*&37).   )+5"7-78 $&$93+8 #)-)+ <-&1& 3+*'2,#2 "2)5& *&)"+$-+2- 9;2 ,+ 

%2"*78 .#,9-+8, %&<-&.9 &%2"+0#> "+)'&;2,#: #,&13+ %"&*&3:- * 3*2 

$-+3##. 

!"#,0#%#+'(,7.# %"2#.962$-*+.# .#5"&*&',&*&1& $%&$&/+ 

%"&/&%&31&-&*5# :*':>-$:: 

  /7$-"&-+ %"&-25+,#: %"&02$$+, *5'>4+: *"2.: ,+1"2*+ # 

&8'+;32,#: $&$93&* (.#,9-7); 

  9,#*2"$+'(,&$-(, -.2. %"#.2,#.&$-( 3': "+)'#4,78 *#3&* 

&/O25-&*; 

  *&).&;,&$-( ,2%&$"23$-*2,,&1& 5&,-"&': %+"+.2-"&* 

%"&#$8&3:6#8 %"&02$$&* (-2.%2"+-9"+ # 3+*'2,#2); 
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  *7$&5+: %"&#)*&3#-2'(,&$-( # <5&,&.#4,&$-(; 

  &-$9-$-*#2 5&,-+5-+ +1"2$$#*,78 $"23 $ .2-+''#42$5#.# 

32-+':.# &/&"93&*+,#:; 

  #$%&'()&*+,#2 $&$93&* "+)'#4,&= 5&,$-"950## (&-5"7-78, 

)+5"7-78, %"&-&4,78 $#$-2.). 

H/74,&2 .#5"&*&',&*&2 9$-"&=$-*&, #$%&'()92.&2 3': ,+1"2*+ 

+,+'#-#42$5#8 &/"+)0&*, $&$-&#- #) $'239>6#8 &$,&*,78 5&.%&,2,-&*: 

.#5"&*&',&*&1& 12,2"+-&"+ (.+1,2-"&,+), *&',&*&3+, B M-"2)&,+-&"+, 

$.2$#-2':, 0#"59':-&"+ # *"+6+>621&$: $-&'#5+. E#5"&*&',&*&2 

#)'942,#2 12,2"#"92-$: .+1,2-"&,&., %2"23+2-$: $ %&.&6(> *&',&*&3+ * 

B M-"2)&,+-&", 132 $.2$#-2'( "+$%"232':2- %&$-9%+>622 #)'942,#2 .2;39 

"+)'#4,7.# ,+%"+*'2,#:.#. @': "+*,&.2",&1& ,+1"2*+ "2+50#&,,72 $&$937 

%&.26+>-$: ,+ *"+6+>6#=$: $-&'#5. H/74,& * .#5"&*&',&*&= %24# .&;,& 

%"&*&3#-( "+)'&;2,#2 &3,&*"2.2,,& * 6-12 $&$93+8. A&,-2=,2"7 

(+*-&5'+*7) 3&';,7 /7-( #)1&-&*'2,7 #) .+-2"#+'&*, &/2$%24#*+>6#8 

.+'72 %&-2"# <,2"1##, 4-&/7 .#5"&*&',&*&2 #)'942,#2 ,2 %&1'&6+'&$( 

$-2,5+.# $&$93+, + %&%+3+'& 42"2) ,#8 5 "+$-*&"9. B -&45# )"2,#: 

«%"&)"+4,&$-#» 3': .#5"&*&',&*&1& #)'942,#: %&38&3:6#.# .+-2"#+'+.# 

:*':>-$: J-&"&%'+$- # %&'#$-#"&'. !'+*'2,7= 5*+"0 # $-25'& -+5;2 

%&38&3:- 3': #)1&-&*'2,#: .#5"&*&',&*78 5&,-2=,2"&*. @"91#2 .+-2"#+'7, 

%&-2,0#+'(,& %"#1&3,72 3': #)1&-&*'2,#: $&$93&* – %&'#$9'(J&,&*72 # 

+".#"&*+,,72 $-25'&*&'&5,&. <%&5$#3,72 $.&'7. K-&"&%'+$-7 :*':>-$: 

#32+'(,7. .+-2"#+'&. 3': #)1&-&*'2,#: $&$93&*, #$%&'()92.78 %&4-# *& 

*$28 *+"#+,-+8 5#$'&-,&1& "+)'&;2,#:, /'+1&3+": 9$-&=4#*&$-# 5& *$2. 

5#$'&-+. # -2.%2"+-9"2 %'+*'2,#: &5&'& 306 
&
B. !&$5&'(59 J-&"&%'+$- 

%"&)"+42, 3': .#5"&*&',&*&1& #)'942,#:, ,+1"2*+2-$: ,2%&$"23$-*2,,& 

"+$-*&" *,9-"# $&$93+, + $-2,5# $'9;+- #)&':-&"&.. H3,+5& J-&"&%'+$- 

,2'(): #$%&'()&*+-( * $'94+2 "+)'&;2,#: &"-&J&$J&",&= #'# 

5&,02,-"#"&*+,,&= $2",&= 5#$'&-+.#, -.5. -2.%2"+-9"+ 5#%2,#: <-#8 5#$'&- 

%"2*7?+2- -2.%2"+-9"9 %'+*'2,#: J-&"&%'+$-+. A*+"0 :*':2-$: %"25"+$,7. 

.+-2"#+'&. 3': .#5"&*&',&*&1& "+)'&;2,#: * %"#$9-$-*## 5+5 

&"-&J&$J&",&=, -+5 # $2",&= 5#$'&-, ,& ,2 %"#1&32, %"# #$%&'()&*+,## 

J-&"&*&3&"&3,&= 5#$'&-7. 

!"# "+)'&;2,## %#62*78 %"&395-&* * .#5"&*&',&*&= %24# $ 

#$%&'()&*+,#2. +*-&5'+*&* 4+62 *$21& %"#.2,:>- +)&-,9> 5#$'&-9 #'# 

$.2$( 22 $ %2"&5$#3&. *&3&"&3+. R)&-,+: 5#$'&-+ .&;2- #.2-( *7$&59> 

$-2%2,( 4#$-&-7, 4-& &$&/2,,& *+;,& 3': 8&'&$-&1& &%7-+. N)-)+ 

$"+*,#-2'(,& ,#)5&= -2.%2"+-9"7 5#%2,#: (120 
&
B) "+)'&;2,#2 +)&-,&= 

5#$'&-7 * &-5"7-78 $#$-2.+8 )+,#.+2- .,&1& *"2.2,#, # 3': %&',&1& 

"+)'&;2,#: $'&;,&= &"1+,#42$5&= .+-"#07 4+$-& -"2/9>-$: /&'22 *7$&5#2 

-2.%2"+-9"7 #'# 3&/+*'2,#2 3"91#8 $#'(,78 &5#$'#-2'2= (H2O2, HClO4 # 

3".). !&3 *&)32=$-*#2. .#5"&*&',&*&1& #)'942,#: * )+5"7-&. $&$932 %"# 

3+*'2,## &5&'& 0,5 E!+ +)&-,+: 5#$'&-+ .&;2- 3&$-#1+-( -2.%2"+-9"7    

176 
&
B, -.2. -2.%2"+-9"+ 5#%2,#: * <-#8 9$'&*#:8 %&*7?+2-$: /&'22 42. ,+ 
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50 
&
B, %"# <-&. *&)"+$-+2- &5#$'#-2'(,7= %&-2,0#+' # "2+50## %"&-25+>- 

/7$-"22. 

B"+*,#-2'(,&2 #)942,#2 3*98 .2-&3&* #,-2,$#J#5+0## %"&02$$&* 

.&5"&= .#,2"+'#)+0## %#62*78 %"&395-&* – .#5"&*&',&*&1& &/'942,#: # 

9'(-"+)*95+ – %&5+)+'&, 4-& 3': /&'(?#,$-*+ *#3&* %#62*78 %"&395-&* 

9'(-"+)*95 /&'22 <JJ25-#*2,. X$'# %"#.2,2,#2 9'(-"+)*95+ %&)*&':2- * 20-

30 "+) %&*7$#-( $5&"&$-( .&5"&= .#,2"+'#)+0## .:$,78, 8'2/,78 # 

.&'&4,78 %"&395-&*, -& .#5"&*&',&*&2 &/'942,#2 * &-5"7-&= $#$-2.2 

9$5&":2- <-&- %"&02$$ *$21& * 10 "+). W-& &/O:$,:2-$: /&'22 *7$&5#.# 

<,2"12-#42$5#.# *&).&;,&$-:.# 9'(-"+)*95+ %& $"+*,2,#> $ 

.#5"&*&',&*7. &/'942,#2.. H3,+5& .#5"&*&',&*&2 &/'942,#2 * +*-&5'+*+8 

* )+5"7-&= $#$-2.2 #.22- %"2#.962$-*& %2"23 #$%&'()&*+,#2. 9'(-"+)*95+, 

$&$-&:622 * &3,&*"2.2,,&. *&)32=$-*## ,+ 8&3 8#.#42$5#8 "2+50#= -"28 

J+5-&"&*: -2.%2"+-9"7, 3+*'2,#: # B M &/'942,#:. C+5, 3': "+)'&;2,#: 

91'2*&3&* * .#5"&*&',&*78 %24+8 $ +*-&5'+*+.# -"2/92-$: * 30 "+) .2,(?2 

*"2.2,#, 42. * $'94+2 &)&'2,#:, + 9'(-"+)*95 #,-2,$#J#0#"92- %"&02$$ 

-&'(5& * 20 "+). 

>*$0'$-!6/$,63($''$& $5,&<&#&'(& *$+/(?'-. 

@#&0&'*$). !&$5&'(59 +-&.,&-+/$&"/0#&,,7= .2-&3 – &-,&$#-2'(,7=, 

3': 5&'#42$-*2,,&1& &%"232'2,#: .#5"&<'2.2,-&* * %#62*78 %"&395-+8 

4+62 *$21& #$%&'()9>- .2-&3 1"+39#"&*&4,&1& 1"+J#5+. B-+,3+"-,72 

"+$-*&"7 #$$'2392.78 <'2.2,-&* 1&-&*:- %& $&&-*2-$-*9>6#. $-+,3+"-+.#. 

@&%9$5+2-$: #$%&'()&*+,#2 1&-&*78 5&..2"42$5#8 "+$-*&"&* $ 

1+"+,-#"&*+,,&= 5&,02,-"+0#2= <'2.2,-&* 1000 .51/.' ,+ +)&-,&5#$'&= 

#'# $&':,&5#$'&= &$,&*2 $ .+$$&*&= 3&'2= 5#$'&-7 ,2 .2,22 1%. 

!"&.2;9-&4,72 $-+,3+"-,72 "+$-*&"7 <'2.2,-&* 1&-&*:- 

%&$'23&*+-2'(,7. "+)/+*'2,#2. &$,&*,78 "+$-*&"&* * 10 # 100 "+) 

"+$-*&"&. +)&-,&= 5#$'&-7 $ .+$$&*&= 3&'2= 1%. B-+,3+"-,72 "+$-*&"7 

$"+*,2,#: (1"+39#"&*&4,72 "+$-*&"7) 1&-&*:- #) %"&.2;9-&4,78 "+$-*&"&* 

%9-2. #8 "+)/+*'2,#: -2. ;2 "+$-*&"&. 5#$'&-7, 4-& # "+$-*&"7 %"&/. 

@#+%+)&,7 5&,02,-"+0#= 1"+39#"&*&4,78 "+$-*&"&* &1&*+"#*+>- * 

$-+,3+"-#)&*+,,&= .2-&3#52 +,+'#)+.   "+/&4#8 3#+%+)&,+8 &%"232':2.78 

$&32";+,#= 3&$-+-&4,& #.2-( %& 3-4 "+$-*&"+ $"+*,2,#:. S+$-*&"7 $ 

5&,02,-"+0#:.# #&,&* .2-+''&* &- 1 3& 10 .51/.' 8"+,:- ,2 /&'22 .2$:0+, $ 

5&,02,-"+0#:.# .2,22 1 .51/.' 1&-&*:- 2;23,2*,&. 

!"# #$%&'()&*+,## $%&$&/+ $98&1& &)&'2,#: #'# 5#$'&-,&= 

<5$-"+50## $ &)&'2,#2. )&'9 "+$-*&":>- * -#1'2 %"# ,+1"2*+,## * +)&-,&= 

5#$'&-2 (1:1). S+$-*&" *7%+"#*+>- 3& *'+;,78 $&'2= # "+$-*&":>- * 15-20 

.' 8'&"&*&3&"&3,&= 5#$'&-7 $ .+$$&*&= 3&'2= 1%. S+$-*&" 5&'#42$-*2,,& 

%2"2,&$:- * .2",9> 5&'/9 *.2$-#.&$-(> 25 .' # 3&*&3:- 3& .2-5# -&= ;2 

5#$'&-&=. 

!"# ,2%&',&. "+$-*&"2,## )&'7 %&'942,,7= "+$-*&" $ &$+35&. 

3&*&3:- 3& &/O2.+ 30-40 .' 8'&"&*&3&"&3,&= 5#$'&-&= $ .+$$&*&= 3&'2=     

1 % # %&3&1"2*+>- ,+ *&3:,&= /+,2 #'# <'25-"&%'#-52 %"# $'+/&. 
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,+1"2*+,## * -242,#2 0,5 4. X$'# * <-&. $'94+2 %&',&1& "+$-*&"2,#: ,2 

,+/'>3+2-$:, "+$-*&" &-J#'(-"&*7*+>- 42"2) %"&.7-7= "+$-*&"#-2'2. 

J#'(-", &$+3&5 %"&.7*+>- # &-/"+$7*+>-, + J#'(-"+- %2"2,&$:- * .2",9> 

5&'/9 *.2$-#.&$-(> 50 .' # 3&*&3:- 3& .2-5# -&= ;2 5#$'&-&=. 

!"# #$%&'()&*+,## $%&$&/+ .&5"&= .#,2"+'#)+0## %&'942,,7= 

"+$-*&" .#,2"+'#)+-+ 9%+"#*+>- 3& *'+;,78 $&'2= # %"&3&';+>- 

"+$-*&"2,#2, 5+5 &%#$+,& *7?2. !+"+''2'(,& 42"2) *$2 $-+3## +,+'#)+ 

%"&*&3:- 8&'&$-&= &%7-. X$'# $&32";+,#2 <'2.2,-+ * #$%7-92.&. "+$-*&"2 

%"# #).2"2,#:8 &5+)7*+2-$: *7?2 *2"8,2= 1"+,#07 3#+%+)&,+ "+/&4#8 

$&32";+,#=, -& %"&*&3#-$: "+)/+*'2,#2 #$%7-92.&1& "+$-*&"+ ,9'2*7. 

$-+,3+"-&.. 

E,&1#2 $-+,3+"-,72 .2-&3#5# %"239$.+-"#*+>- %"23*+"#-2'(,&2 

<5$-"+50#&,,&2 5&,02,-"#"&*+,#2 $&23#,2,#= &%"232':2.&1& <'2.2,-+. 

A&,02,-"#"&*+,#2 .2-&3&. <5$-"+50## %"&*&3:-, 2$'#: 

  ,+ &$,&*+,## "2)9'(-+-&* %"23*+"#-2'(,78 #).2"2,#= 

&5+)7*+2-$:, 4-& 5&,02,-"+0#: +,+'#)#"92.78 <'2.2,-&* &5+)7*+2-$: 

.2,(?2, 42. ,#;,:: 1"+,#0+ "+/&421& 3#+%+)&,+ 5&,02,-"+0#=; 

  ,2&/8&3#.& %&*7$#- -&4,&$-( +,+'#)+; 

  %"# &-$9-$-*## 5&""250## J&,&*&1& %&1'&62,#:. 

 P+#/&'22 "+$%"&$-"+,2,,72 <5$-"+50#&,,72 $#$-2.7 %"# +-&.,&-

+/$&"/0#&,,&. +,+'#)2 %#62*78 %"&395-&*, "25&.2,392.72 .2-&3#5+.#, 

*5'>42,,7.# * ,&".+-#*,72 3&59.2,-7, %"#*232,7 * -+/'. 6.5. 

C+/'#0+ 6.5 – R-&.,&-+/$&"/0#&,,&2 &%"232'2,#2 .#5"&<'2.2,-&* * 

%#62*78 %"&395-+8 %&$'2 <5$-"+50#&,,&1& 5&,02,-"#"&*+,#: 
W'2.2,-7 W5$-"+50#&,,7= 

"2+12,- 

S+$-*&"#-2'( B%&$&/ +-&.#)+0## P&".+-#*,7= 

3&59.2,- 

Pb, Cd @#<-#'3#-#&5+"/+-

.+- ,+-"#: 

N C

C2H5

C2H5

S

SNa  

#)&%2,-#'+02-+- 

#'# /9-#'+02-+- 

*,2$2,#2 <5$-"+5-&* * 

%'+.: 
LHBC 

30178-96 

Cd, Pb, 

Cu, Zn, 

Ni, Fe 
–//– –//– –//– 

CQ 01-

19/471111

Hg 3#-#)&, 

C

HN

N

S

HNC6H5

NC6H5  

42-7"288'&"#$-7= 

91'2"&3 

"+)/+*'2,#2 <5$-"+5-+ 

<-+,&'&. # &%"232'2,#2 

Hg * 8&'&3,78 %+"+8 

LHBC 26927-

86 

Cd 3#<-#'3#-#&5+"/+-

.+- ,+-"#: 

42-7"288'&"#$-7= 

91'2"&3 #'# 

/9-#'+02-+- 

"2<5$-"+50#: $&23#-

,2,#= Cd(II) "+$-*&"&. 

HCl(I:I) # *,2$2,#2 * 

%'+.: #'# ,2%&-

$"23$-*2,,&2 *,2$2,#2 

LHBC 26933-

86 
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* %'+.: <5$-"+5-&* 

Cu 
–//– 

/9-#'+02-+- #'# 

.2-#'#)&/9-#'52-&,

,2%&$"23$-*2,,&2 

*,2$2,#2 <5$-"+5-&* * 

%'+.: 

LHBC 26934-

86 

Cu, Pb, 

Zn, Cd 

%#""&'#3#,3#-#&-

5+"/+.+- +..&,#: 

C

S

SNH4

N

CH2

CH2

H2C

H2C  
#'# 

3#<-#'3#-#&5+"/+-

.+- ,+-"#:  

.2-#'#)&/9-#'52-

-&, #'# 

/9-#'+02-+- 

,2%&$"23$-*2,,&2 

*,2$2,#2 <5$-"+5-&* * 

%'+.: 

BC BW  

5340-85 

Cd, Pb 3#-#)&, 8'&"&J&". "2<5$-"+50#: "+$-*&"&. 

0,2 E HCl, "2<5$-"+5- 

*,&$:- * %'+.: 

.2-&3#5+ 

F+"(5&*$5&1& 

02,-"+ $-+,-

3+"-#)+0##, 

.2-"&'&1## #

$2"-#J#5+0## 

($*#32-2'(-

$-*& T40/2 &-

29.11.1994) 

 N) 3+,,78 -+/'. 6.5 *#3,&, 4-& * $-+,3+"-,78 .2-&3#5+8 

"25&.2,392-$: 5+5 ,2%&$"23$-*2,,&2 *,2$2,#2 &"1+,#42$5#8 <5$-"+5-&* * 

%'+.:, -+5 # "2<5$-"+50#: – %2"2*232,#2 &%"232':2.78 <'2.2,-&* * *&3,7= 

"+$-*&" – # +-&.,&-+/$&"/0#&,,&2 &%"232'2,#2 <'2.2,-&* * "2<5$-"+5-2. 

W5$-"+50#&,,&2 5&,02,-"#"&*+,#2 %&)*&':2- $,#)#-( %"232' &/,+"9;2,#: 

%'+.2,,&1& $%&$&/+ +-&.#)+0##. !"# <-&. * $'94+2 "+$%7'2,#: * %'+.: 

&"1+,#42$5&1& <5$-"+5-+ "+$8&3 1&">421& 1+)+ (+02-#'2,+) 9.2,(?+>- 3& 

#$42),&*2,#: $*2-:621&$: 5&,9$+, + ,9'2*72 %&5+)+,#: %"#/&"+ 

9$-+,+*'#*+>- ,2 %& 3#$-#''#"&*+,,&= *&32, + %& "+$-*&"#-2'> – 

/9-#'+02-+-9, .2-#'#)&/9-#'52-&,9 # -.3. 

H$&/2,,&$-# #).2"2,#: ,#)5#8 5&,02,-"+0#= <'2.2,-&* -"2/9>- 

-6+-2'(,&1& $&/'>32,#: $'239>6#8 -"2/&*+,#=,  $%&$&/$-*9>6#8 

9.2,(?2,#> 3"2=J+ # «%+.:-#» # 9*2'#42,#> &-,&?2,#: $#1,+'+ 5 ?9.9: 

+) %"&1"2* #$-&4,#5+ "2)&,+,$,&1& #)'942,#: %2"23 ,+4+'&. 

#).2"2,#= 3& %&'942,#: $-+/#'(,&= #,-2,$#*,&$-# #)'942,#: (,2 .2,22    

0,5 4); 

/) >$-#"&*5+ #$-&4,#5&* "2)&,+,$,&1& # ,2"2)&,+,$,&1& #)'942,#:; 

*) %"&1"2* *5'>42,,&= 1&"2'5# %2"23 ,+4+'&. #).2"2,#= $ 

&3,&*"2.2,,&= 22 %"&.7*5&= 3#$-#''#"&*+,,&= *&3&= * -242,#2 5-10 .#,; 

1) -&4,+: ,+$-"&=5+ .&,&8"&.+-&"+ ,+ "2)&,+,$,9> '#,#> %& 

.+5$#.9.9 #)'942,#: %"# .#,#.+'(,&= 62'#, ,& %"&*232,#2 #).2"2,#= %"# 

.+5$#.+'(,&= 62'# .&,&8"&.+-&"+; 

3) >$-#"&*5+ *7$&-7 1&"2'5# # $&&-,&?2,#: *&)398 – +02-#'2, %2"23 

5+;3&= $2"#2= #).2"2,#= %& .+5$#.9.9 $#1,+'+ &3,&1& #) $-+,3+"-,78 

"+$-*&"&* $"+*,2,#:. 

N).2"2,#2 %"&*&3:-, "+$%7':: * %'+.: ,9'2*&= $-+,3+"- # 

9$-+,+*'#*+: %& ,2.9 ,9'2*72 %&5+)+,#: %"#/&"+. D+-2. * %&":352 
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*&)"+$-+,#: 5&,02,-"+0## #).2":>- $#1,+' * 1"+39#"&*&4,78 "+$-*&"+8 

(#'# <5$-"+5-+8). N).2":>- $#1,+' ,2/&'(?&1& 4#$'+ (5-10) #$%7-92.78, 

8&'&$-78 # 1"+39#"&*&4,78 "+$-*&"&*, %"&.7*+: %&$'2 5+;3&1& #).2"2,#: 

$#$-2.9 "+$%7'#-2': # 1&"2'5# 3#$-#''#"&*+,,&= *&3&= #'# ,9'2*7. 

$-+,3+"-&. (3': <5$-"+5-&* – "+$-*&"#-2'2.) 3& *&)*"+62,#: $#1,+'+ 5 

%&5+)+,#:., /'#)5#. 5 ,9'>. !"&*2":>- *&).&;,&2 $.262,#2 ,9'2*&= 

'#,## # %"&3&';+>- #).2"2,#2 $#1,+'+ #$%7-92.78 "+$-*&"&*, 

%2"#&3#42$5# %&*-&":: 5&,-"&'( 3"2=J+ ,9': # 49*$-*#-2'(,&$-# # 

)+5+,4#*+: #).2"2,#: %&',&= 1"+39#"&*5&=. N).2"2,#2 $#1,+'+ 5+;3&1& 

"+$-*&"+ %"&*&3#-$: ,2 .2,22 3*98 "+).  

X$'# .#,2"+'#)+-7 %#62*78 %"&395-&* +,+'#)#"9>-$: 

<'25-"&-2".#42$5#. +-&.,&-+/$&"/0#&,,7. .2-&3&., -& %"# *7/&"2 

%"&1"+..7 ,+1"2*+ <'25-"&-2".#42$5&1& +-&.#)+-&"+ 94#-7*+>- *$2 

"25&.2,3+0##, #)'&;2,,72 * "+)32'2 5.6. L'+*,+: )+3+4+ %"# <-&. – 

.+5$#.+'(,& &-&1,+-( .+-"#09 ,+ $-+3## %#"&'#)+, ,2 %&-2":* %"# <-&. 

$&23#,2,#: &%"232':2.&1& <'2.2,-+. !&<-&.9 +,+'#) %#62*78 %"&395-&* 

&/:)+-2'(,& -"2/92- %"#.2,2,#: 8#.#42$5#8 .&3#J#5+-&"&*, %&)*&':>6#8 

-2".&$-+/#'#)#"&*+-( $&23#,2,#: +,+'#-+. !"#.2"7 8#.#42$5#8 

.&3#J#5+-&"&*, %"#.2,:2.78 %"# +,+'#)2 %#62*78 %"&395-&*, %"#*232,7 * 

-+/'. 5.11.   &$-+'(,&. %"&0239"+ #).2"2,#: 1"+39#"&*&4,78, 8&'&$-78 

"+$-*&"&* # "+$-*&"&* .#,2"+'#)+-&* +,+'&1#4,+.   5+42$-*2 %"#.2"+ * 

-+/'. 6.6 %"#*&3:-$: 9$'&*#: <'25-"&-2".#42$5&1& +-&.,&-+/$&"/0#&,,&1& 

&%"232'2,#: -&5$#5+,-&* * %#62*78 %"&395-+8, "+)"+/&-+,,72 * 

'+/&"+-&"## +*-&"&* 3+,,&1& #)3+,#:. 

C+/'#0+ 6.6 – Q$'&*#: <'25-"&-2".#42$5&1& +-&.,&-+/$&"/0#&,,&1& 

&%"232'2,#: .#5"&<'2.2,-&* * %#62*78 %"&395-+8 
!"&1"+..+ <'25-"&-2".#42$5&1& +-&.#)+-&"+ 

$9?5+ %#"&'#) +-&.#)+0#: 

H%"2-

32':-

2.7= 

<'2-

.2,- 

H/O25- +,+'#)+ F#.#42$5#= 

.&3#J#5+-

-&" t, 
&
B *"2.:, $ t, 

&
B *"2.:, $ t, 

&
B *"2.:, $ 

Pb 

D2'2,7= 4+=, 

/2'7= 8'2/ 

Fe W@CR
–
 

110 30 1020 20 2100 5 

Cd 

D2'2,7= 4+=, 

/2'7= 8'2/ 

Fe W@CR
–
 

110 30 810 30 2100 5 

Be 
G2'7= 8'2/ Bi W@CR

–
 

120 30 1620 30 2300 5 

Mo 

EY3, 

5&,J#->" 

A&.%'25$ 

Pd(II) $ 

5$#'2,&'&-

*7. 

&"+,;2*7. 

110 20 1300 15 2400 5 

Mn –//– –//– 110 15 600 15 2100 5 
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Cr –//– –//– 100 20 700 20 2100 6 

Ni –//– –//– 110 15 1600 15 2200 5 

S+$8&3 +"1&,+ *& *,9-"2,,2= %&'&$-# 1"+J#-&*&= %24# *+"(#"&*+'# * 

5+;3&. 5&,5"2-,&. $'94+2 3': 3&$-#;2,#: '#,2=,&$-# 1"+39#"&*&4,&1& 

1"+J#5+. 

!"# ,+'#4## * %"#/&"2 5&.%(>-2",&= $#$-2.7 "+$42-+ 

5&,02,-"+0## %& ),+42,#> +/$&"/0#&,,&$-# #$%&'()9>- "25&.2,3&*+,,72 

* -28,#42$5&= #,$-"950## %"#/&"+ 5&.%(>-2",72 %"&1"+..7. !"# "94,&= 

&/"+/&-52 3+,,78 $-"&:- 1"+J#5 )+*#$#.&$-# "+),&$-,&1& $#1,+'+ 

+/$&"/0#&,,&$-# &- 5&,02,-"+0##. !& 1"+J#59 &%"232':>- 5&,02,-"+0#> 

<'2.2,-+ * #$%7-92.78 # 8&'&$-78 "+$-*&"+8. E+$$&*9> 3&'> <'2.2,-+ * 

%"&/2 "+$$4#-7*+>- * ppm (.51/1 %"&395-+).  

6.2.  !"#$% &!"!'$, "('$ ) *)#%"+,$ 

S+$%"&$-"+,2,,&$-( &$,&*,78 8#.#42$5#8 <'2.2,-&* * *2"8,2= 

'#-&$J2"2 ()2.,+: 5&"+) * 5'+"5+8 *71':3#- $'239>6#. &/"+)&.: O – 45,6;         

Si – 27,3; Al – 8,4; Fe – 6,2; Ca – 4,66; Mg – 2,76; Na – 2,3; K – 1,8; Ti – 0,63;   

H – 0,15; P – 0,11; Mn – 0,106; F – 0,054; C – 0,018; Cl – 0,0126 # -.3. 

H$,&*,&= 8#.#42$5#= $&$-+* &$+3&4,78 %&"&3 (1'#,7, 1'#,#$-72 $'+,07, 

%2$5# # %2$4+,#5#, 5+"/&,+-,72 %&"&37) # 1"+,#-,78 %&"&3 (1"+,#-7, 

3#&"#-7, <JJ9)#*7, $'+,07, 1,2=$7, /+)+'(-7, 1+//"&, +.J#/&'7) 

%"23$-+*'2, * -+/'. 6.7. 

C+/'#0+ 6.7 – H$,&*,&= 8#.#42$5#= $&$-+* 1&",78 %&"&3 (.+$.%) %&   .N. 

 2",+3$5&.9 

A&.%&,2,- !&"&3+ 

 &$+3&4,+: 1"+,#-,+: 

SiO2 49,9 63,94 

Al2O3 12,97 15,18 

Fe2O3 2,99 2,00 

FeO 2,8 2,86 

MgO 3,06 2,20 

CaO 11,7 3,98 

Na2O 1,7 3,06 

K2O 2,04 3,29 

P2O5 0,16 0,20 

CO2 8,20 0,84 

S 0,18 0,04 

TiO2 0,65 0,57 

H2O 2,9 1,53 

Cl 0,21 0,05 
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MnO 0,11 0,10 

&"1+,#42$5#= 91'2"&3 0,48 0,17 

C+5#. &/"+)&., 1&",72 %&"&37, "937 # .#,2"+'7 %& 8#.#42$5&= 

%"#"&32 – $'&;,72 $#'#5+-7. R,+'&1#4,7. 8#.#42$5#. $&$-+*&. &/'+3+>- 

# ,25&-&"72 %"&.7?'2,,72 &/O25-7. P+%"#.2", ?'+5&&/"+)9>6#2 $.2$#, 

#$%&'()92.72 * 42",&= .2-+''9"1##, #.2>- $'239>6#= $&$-+* (.+$.%): SiO2 

– 28 – 50; Al2O3 – 10; CaO – 28 –50; MgO – 10; CaF2 – 6 –20; Na2O+K2O – 3 – 

10;   C – 1 – 20; S – 1; P2O5 – 1,5; MnO – 2; FeO – 3. 

N$%&'()&*+,#> +-&.,&-+/$&"/0#&,,&= $%25-"&$5&%## * 

12&8#.#42$5&. +,+'#)2 %&$*:62,& ,2$5&'(5& .&,&1"+J#=, * 5&-&"78 

%"#*&3#-$: .,&;2$-*& .2-&3#5 "+)'&;2,#: "+)'#4,78 -#%&* 1&",78 %&"&3, 

"93 # .#,2"+'&* %"# #8 %&31&-&*52 5 +,+'#)9. @': ,+?#8 02'2= 93&/,& 

%&3"+)32':-( *$2 12&'&1#42$5#2 &/"+)07 ,+ 3*2 5+-21&"## – $#'#5+-7 # ,2 

$#'#5+-7, -.5. * %&$'23,2. $'94+2 4+62 *$-"24+>-$: )+-"93,2,#: ,+ $-+3## 

%"&/&%&31&-&*5# -+5#8 &/"+)0&*. 

!"# %"&*232,## +-&.,&-+/$&"/0#&,,&1& +,+'#)+ 12&'&1#42$5#8 

.+-2"#+'&* 4+$-& -"2/92-$: &%"232'2,#2 20-30 <'2.2,-&*. B'23&*+-2'(,&, 

%"# "+)'&;2,## %"&/ ,2&/8&3#.& 5+5 .&;,& /&'(?22 4#$'& &%"232':2.78 

<'2.2,-&* %2"2*2$-# * "+$-*&" #) &3,&= ,+*2$5#. X$'# ,2&/8&3#.& 

&%"232':-( &3#,-3*+ <'2.2,-+, -& %&',&2 "+$-*&"2,#2 ,+*2$5# ,2 *$213+ 

&/:)+-2'(,&. !"&02$$ *$5"7-#: .&;2- *7%&',:-$: 5+5 * &-5"7-78 $&$93+8 

%"# ,&".+'(,&. 3+*'2,##, -+5 # * +*-&5'+*+8 %"# ,+1"2*+,## # %&*7?2,,&. 

3+*'2,##. 

 !"#$%&'(& +(/#$*!0(. P2 $#'#5+-,72 .#,2"+'7 (5+"/&,+-,72, 

$9'(J#3,72) '215& "+)'+1+>-$: 8'&"&*&3&"&3,&= # +)&-,&= 5#$'&-+.#. !"# 

"+)'&;2,## $#'#5+-&*, 2$'# 5"2.,#= %"23%&'+1+2-$: &%"232':-( #) 3"91&= 

,+*2$5#, ;2'+-2'(,& 93+'2,#2 5"2.,25#$'&-7, -.5. &,+ &5+)7*+2- 

),+4#-2'(,72 %&.28# %"# "+$%7'2,## # +-&.#)+0## +,+'#)#"92.78 

"+$-*&"&*. !&<-&.9 %"&/7 $#'#5+-&* &/"+/+-7*+>- J-&"&*&3&"&3,&= 

5#$'&-&= %"# ,+1"2*+,##, 4-&/7 93+'#-( 5"2.,#= * *#32 '2-9421& 

$&23#,2,#: SiF4. 

SiO2 + 6HF         H2SiF6 + 2H2O 

H2SiF6          2HF + SiF4 

H3,+5& J-&"#3,72 5&.%'25$7 ,25&-&"78 5+-#&,&* 9$-&=4#*7, # 

%&<-&.9 3': 9$-"+,2,#: %&.28 ,2&/8&3#.& -6+-2'(,&2  93+'2,#2 J-&"+. 

H/74,& 5#$'&-,&2 *$5"7-#2 %"&/ %"&*&3:- $.2$(> J-&"&*&3&"&3,&= $ 

5+5&=-,#/93( 5#$'&"&3$&32";+62= 5#$'&-&= ($2",&=, 8'&",&=, +)&-,&=). 

M-&/7 &/2$%24#-( %&',&2 93+'2,#2 J-&"+, &-1&,59 %"&*&3:- * ,2$5&'(5& 

%"#2.&*, 5+;37= "+) 3&/+*':: * 4+?59 ,2/&'(?&2 5&'#42$-*& *&37. S+$-*&" 

%&$'2 &/"+/&-5# ,+*2$5# $.2$(> 5#$'&-, 5+5 %"+*#'&, $&32";#- 

,2"+$-*&"#.7= &$-+-&5, * 5&-&"&. .&19- %"#$9-$-*&*+-( ,2"+)'&;#*?#2$: 

4+$-#07 %"&/7, &"1+,#42$5#2 # 91'2"&3#$-72 .+-2"#+'7, &5$#37 &'&*+, 

$9"(.7, -#-+,+, 8"&.+ # 3". !"# #$%&'()&*+,## $2",&= 5#$'&-7 &$+3&5 
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.&;2- $&32";+-( $9'(J+-7 /+"#:, $-"&,0#:, 5+'(0#:, $*#,0+. P2 *$2 

$#'#5+-,72 %&"&37 # .#,2"+'7 "+)'+1+>-$: $.2$(> HF # H2SO4. P2 

"+)'+1+>-$: -&%+) Al2SiO4(F,OH)2, 0#"5&, ZrSiO4, $%&39.2, (Na, 

K)2Al2Si4O12, /2"#'' Be3Al2Si6O18, ,25&-&"72 "+),&*#3,&$-# -9".+'#,+ # 

-+5#2 .#,2"+'7, 5&-&"72 ,2 &-,&$:-$: 5 $#'#5+-+.: "9-#' TiO2, 5+$$#-2"#- 

SnO2, 5&"9,3 Al2O3, 8"#)&/2"#'' (+'25$+,3"#-) BeAl2O4, ?%#,2'( MgAl2O4, 

8"&.#- FeCr2O4, # 3". S+)'&;2,#2 %"&/ $.2$(> HF+H2SO4 %"#.2,:2-$:, 

5&13+ ,2&/8&3#.& &%"232'2,#2 #) &-32'(,&= ,+*2$5# 62'&4,78 .2-+''&*, 

)+5#$,&1& ;2'2)+, -#-+,+, .+"1+,0+ # 3". N * <-#8 $'94+:8 ,2&/8&3#. 

5&,-"&'( %&',&1& %2"2*&3+ * "+$-*&" &%"232':2.78 <'2.2,-&*.  $5"7-#2 

$2",&= 5#$'&-&= # 22 $.2$(> $ 3"91#.# 5#$'&-+.# %"&*&3:- * $&$93+8 #) 

%'+-#,7, $-25'&91'2"&3+, J-&"&%'+$-+.  

 $5"7-#2 5#$'&-+.# #$%&'()9>- -+5;2 # %"# +,+'#)2 

%"&.7?'2,,78 +'>.&$#'#5+-&*. C+5, %& LHBC 5382-91 &%"232'2,#2 Na2O # 

K2O * 02.2,-+8 # .+-2"#+'+8 02.2,-,&1& %"&#)*&3$-*+ %"&*&3:- %&$'2 

"+)'&;2,#: ,+*2$5# $.2$(> HF+H2SO4, &-1&,5# HF # SiF4, + )+-2. #)/7-5+ 

H2SO4 $ %&$'239>62= &/"+/&-5&= $98&1& &$-+-5+ HCl # 1&":42= *&3&=, # 

J#'(-"&*+,#2.. P#;2 %"#*232,+ .2-&3#5+ 5#$'&-,&1& "+)'&;2,#: %"&/ * 

&-5"7-78 $&$93+8, "25&.2,392.+: * .&,&1"+J##  .N. B#.&,&*&=.  

P+*2$59 0,1-0,5 1 #$$'2392.&1& .+-2"#+'+, *):-9> $ -&4,&$-(> 3& 

42-*2"-&1& ),+5+, %&.26+>- * 4+?59 #'# $-+5+, #) J-&"&%'+$-+ #'# 

$-25'&91'2"&3+. B.+4#*+>- *&3&=, 3&/+*':>- 10 .' 40%-,&= HF # 5 .' 

+)&-,&= 5#$'&-7 (" = 1,4 1/.'). !& &5&,4+,## %"&02$$+ "+)'&;2,#: 4+?5# 

,+1"2*+>-$: ,+ %'#-52 3& 93+'2,#: 5#$'&-.   &8'+;32,,72 4+?5# 

3&/+*':>- 10 .' HF, 2 .' HClO4 (60%-,&=) #'# H2SO4 (" = 1,84 1/.'). B.2$( 

,+1"2*+>- 3& *732'2,#: %+"&* 8'&",&= ($2",&=) 5#$'&-7.   &8'+;32,,72 

4+?5# 3&/+*':>- 2 .' HClO4 #'# 5 .' $*2;2%"#1&-&*'2,,&= $.2$# 

HCl+HNO3 (3:1), 2$'# "+)'&;2,#2 %"&*&3#-$: $2",&= 5#$'&-&=. P+1"2*+,#2 

%"&*&3:- 3& 93+'2,#: %+"&* 5#$'&-7. @': 1+"+,-## 93+'2,#: J-&"+ $-2,5# 

4+?5# &/.7*+>- $-"92= *&37, 5&-&"9> *7%+"#*+>- 3&$98+. H/"+/&-59 

*&3&= %&*-&":>- 2-3 "+)+. H$-+-&5 $&'2= "+$-*&":>- %"# ,+1"2*+,## * 

4+?52, 3&/+*':: 10-20 .' HCl (1:1). A#$'&-9 *7%+"#*+>- %"# -2.%2"+-9"2 

*&3:,&= /+,# 3& %&'942,#: *'+;,78 $&'2=. H$-+-&5 $&'2= "+$-*&":>- * 20 

.' HCl (1:1), "+$-*&" %2"2,&$:- * .2",9> 5&'/9. X$'# * "+$-*&"2 #.22-$: 

&$+3&5, -& ,2&/8&3#.& 21& &-32'#-(. K#'(-" $ &$+35&. %"&.7*+>- 

,2$5&'(5& "+) *&3&=, %&.26+>- * %'+-#,&*7= -#12'(, %&3$9?#*+>-, 

&)&':>-, 3&/+*':>- ,2/&'(?&2 5&'#42$-*& %'+*,:, $%'+*':>-. S+$-*&" 

%'+*+ %"#$&23#,:>- 5 &$,&*,&.9, &/O2. &/O23#,2,,&1& "+$-*&"+ %2"2*&3:- 

* .2",9> 5&'/9 # 3&*&3:- *&3&= 3& .2-5#. 

@': "+)'&;2,#: %"&/, $&32";+6#8 -"93,&"+$-*&"#.72 * 5#$'&-+8 

HF # H2SO4 .#,2"+'7, %"#.2,:>- /&'22 $#'(,72 "2+12,-7 – $.2$# 

J-&"&*&3&"&3,&=, +)&-,&= # 8'&"&*&3&"&3,&= 5#$'&-, + -+5;2 

J-&"&*&3&"&3,&= # 8'&"&*&3&"&3,&= 5#$'&-. X$'# * %"&/+8 ,2&/8&3#.& 

&%"232'#-( $*#,20, .&'#/32,, 62'&4,&)2.2'(,72 <'2.2,-7, -& %"#.2,:>- 
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8'&",9> 5#$'&-9. !2"8'&"+-7 .2-+''&* * &$-+-52 %&$'2 93+'2,#: 5#$'&-7 

*7%+"#*+,#2. %"# ,+1"2*+,## %2"28&3:- * 8'&"#37 (62'&4,72 # 

62'&4,&)2.2'(,72 .2-+''7) #'# &5$#37 (;2'2)&, +'>.#,#= # 3".), 5&-&"72 

'215& "+$-*&":>-$: * *&32 #'# "+)/+*'2,,&= 8'&"&*&3&"&3,&= 5#$'&-2. A+5 

%"+*#'&, %2"8'&"+-7 ,2 .2?+>- +-&.,&-+/$&"/0#&,,7. #).2"2,#:.. 

  -28 $'94+:8, 5&13+ *&).&;,+ %&-2": &%"232':2.78 <'2.2,-&* * 

*#32 '2-94#8 8'&"#3&* 3': *$5"7-#: %"&/ %"#.2,:>- $.2$( 

J-&"&*&3&"&3,&=, $2",&= # J&$J&",&= 5#$'&-, 5&-&"+: :*':2-$: +5-#*,7. 

"2+12,-&. # "+)'+1+2- .+-2"#+'7, 9$-&=4#*72 5 32=$-*#> 3"91#8 5#$'&-. 

H3,+5& * +-&.,&-+/$&"/0#&,,&. +,+'#)2 J&$J&",+: 5#$'&-+ %"#.2,:2-$: 

&42,( "235&, -.5. *:)5+: .2-+J&$J&",+: 5#$'&-+ # -2".&$-&=5#2 J&$J+-7 

.,&1#8 <'2.2,-&* %"2%:-$-*9>- "+$%7'2,#> # +-&.#)+0##. 

!&$'2 "+)'&;2,#: %"&/ 5#$'&-+.# * "+$-*&"+8 %&4-# *$213+ #.22-$: 

&$-+-&5 ,2"+)'&;2,,78 4+$-#0 #'# ,2"+$-*&"#*?#8$: $&'2=. !&',&2 

"+$-*&"2,#2 -"93,&"+)'+1+2.78 .+-2"#+'&* &/2$%24#*+2-$:, 2$'# %"&/+ 

&/"+/+-7*+2-$: 5#$'&-+.# %"# %&*7?2,,&. 3+*'2,##, 5&-&"&2 "+)*#*+2-$: 

* 12".2-#42$5# )+5"7-78 +*-&5'+*+8 %"# ,+1"2*+,## &- 120 3& 250 
&
B. 

S+$-*&"7, %&'942,,72 %&$'2 "+)'&;2,#: %"&/ 5#$'&-+.#, $&32";+- 

,2/&'(?&2 5&'#42$-*& $&'2= # *%&',2 %"#1&3,7 3': &%"232'2,#: 5+5 

&$,&*,78 <'2.2,-&*, -+5 # %"#.2$,78 <'2.2,-&* .2-&3&. +-&.,&-

+/$&"/0#&,,&= $%25-"&$5&%##. 

85#!)#&'(&. B%'+*'2,#2 $ %&$'239>6#. "+$-*&"2,#2. %'+*+ * 

5#$'&-+8 &/2$%24#*+2- %&',&2 "+$-*&"2,#2 .#,2"+'&*, ,2 "+)'+1+2.78 #'# 

-"93,& "+)'+1+2.78 5#$'&-+.#. !"#.2,:>- 62'&4,72 %'+*,# (1#3"&5$#37, 

5+"/&,+-7, %2"&5$#37, /&"+-7 62'&4,78 .2-+''&*), 5#$'&-,72 %'+*,# 

(/#$9'(J+-7, %#"&$9'(J+-7, J-&"#37 62'&4,78 # 3"91#8 .2-+''&*). !"# 

+,+'#)2 12&'&1#42$5#8 .+-2"#+'&* ,+#/&'22 ?#"&5& %"#.2,:2-$: /2)*&3,7= 

5+"/&,+- ,+-"#: #'# $.2$# 5+"/&,+-&* 5+'#: # ,+-"#:, 5+"/&,+-+ ,+-"#: # 

/9"7, 5+"/&,+-+ '#-#: # /&",&= 5#$'&-7. 

B%'+*'2,#2 %"239$.+-"#*+2- %&$-2%2,,&2 ,+1"2*+,#2 $.2$# %&"&?5+ 

%"&/7 $ J'>$&. 3& "+)"9?2,#: $-"95-9"7 # &/"+)&*+,#: ;#35&= J+)7. 

 )+#.&32=$-*#2 4+$-#0 %"&/7 $ "+$%'+*#*?#.$: J'>$&. %"#*&3#- 5 

&/"+)&*+,#> "+)'#4,78 $&23#,2,#=. B%'+*'2,#2 $ 5+"/&,+-+.# 62'&4,78 

.2-+''&* %"&*&3:- * %'+-#,&*78 -#1':8, * &-32'(,78 $'94+:8 * ;2'2),78 

#'# ,#52'2*78 -#1':8. A+"/&,+-7 62'&4,78 .2-+''&* %'+*:-$: /2) 

"+)'&;2,#:, * -& *"2.: 5+5 5+"/&,+-7 3"91#8 <'2.2,-&* "+)'+1+>-$: %"# 

,+1"2*+,## $ *732'2,#2. 3#&5$#3+ 91'2"&3+.   %"&02$$2 $%'+*'2,#: %"&/ 

$9'(J+-&*, $#'#5+-&*, J&$J+-&* # 3"91#8 $&23#,2,#= $ 5+"/&,+-+.# 

62'&4,78 .2-+''&* &/"+)9>-$: $&&-*2-$-*9>6#2 $&'# 62'&4,78 .2-+''&*. 

!"# "+$-*&"2,## %'+*+ * *&32 $&'# 62'&4,78 .2-+''&* %2"28&3:- * "+$-*&". 

P2"+$-*&"#*?#=$: &$-+-&5 $&32";#- 5+"/&,+-7, &5$#37 #'# 1#3"&5$#37 

.2-+''&*. A"2.,2*+: 5#$'&-+ *7%+3+2- * *#32 12':. X$'# %'+* "+$-*&":>- * 

8'&"&*&3&"&3,&= 5#$'&-2, -& /&'(?+: 4+$-( 5+-#&,&* %2"28&3:- * "+$-*&", 
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,& 5"2.,2*+: 5#$'&-+ &/"+)92- 12'2&/"+),7= &$+3&5, ,+ 5&-&"&. .&19- 

$&"/#"&*+-($: #&,7 %&'#*+'2,-,78 .2-+''&*.  

B%'+*'2,#2 $ 5+"/&,+-+.# 62'&4,78 .2-+''&* ,2 &/2$%24#*+2- 

"+)'&;2,#2 *262$-* $ *7$&5#. $&32";+,#2. +'>.#,#:, ,25&-&"78 

"+),&*#3,&$-2= /2"#''&*, 0#"5&,&*, 8"&.#-&*. G&'22 $#'(,72 "2+12,-7 – 

$.2$# 5+"/&,+-+ ,+-"#: # /9"7 #'# 5+"/&,+-+ '#-#: # /&",&= 5#$'&-7. 

B%'+*'2,#2 $ <-#.# %'+*,:.# &/2$%24#*+2- "+)'&;2,#2 9%&.:,9-78 

.#,2"+'&* # %&"&3, + -+5;2 -9".+'#,&*, 3#$-2,+, 8"&.#-&*, #'(.2,#-&*. 

R5-#*,&2 32=$-*#2 %'+*,2= &/9$'&*'2,& -2., 4-& %"# .23'2,,&. ,+1"2*+,## 

* ,+4+'2 $%'+*'2,#: *732':>-$: %9)7"(5# CO2 # 3"91#8 1+)&*. W-& 

$%&$&/$-*92- /7$-"&.9 # /&'22 %&',&.9 "+)'&;2,#> *262$-*+. !"&)"+4,7= 

%'+* %&'94+2-$: )+ 10-30 .#,9- %"# -2.%2"+-9"2 900-1000 
&
B. B%'+*'2,#2 

%"&*&3:- * %'+-#,&*78 -#1':8.  

!'+* "+$-*&":>- * *&32 #'# 5#$'&-2.   *&3,7= "+$-*&" %2"28&3:- 

+'>.#,#=, 62'&4,72 .2-+''7, 8"&., 4+$-#4,& 5"2.,#=, ;2'2)&, .&'#/32,. 

  &$+352 &$-+>-$: &5$#37, 1#3"&5$#37, 5+"/&,+-7 # &$,&*,72 5+"/&,+-7 

%&'#*+'2,-,78 .2-+''&*. !&$'2 3&/+*'2,#: 8'&"&*&3&"&3,&= 5#$'&-7 

&$+3&5 %&',&$-(> "+$-*&":2-$:.  $2 <'2.2,-7 %"&/7, #$5'>4+: 5"2.,#=, 

%2"28&3:- * "+$-*&". !"# #$%&'()&*+,## .2-&3+ $%'+*'2,#: ,+/'>3+>-$: 

%&-2"# ":3+ <'2.2,-&*. B&23#,2,#: *#$.9-+ # .23# *&$$-+,+*'#*+>-$: 3& 

.2-+''&* # %"# 5&,-+5-2 $ -#1'2. &/"+)9>- $%'+* $ %'+-#,&=.   *#32 

'2-94#8 $&23#,2,#= %&',&$-(> -2":>-$: -+''#=, "-9-(, 4+$-#4,& $2'2,, 

.7?(:5. 

E+$$+ 3&/+*':2.&1& %'+*,: &/74,& * 6-10 "+) %"2*7?+2- .+$$9 

+,+'#)#"92.&= ,+*2$5#, )+ #$5'>42,#2. -28 $'94+2*, 5&13+ ,2&/8&3#.& 

"+)'+1+-( 5+"/&,+-,72 %&"&37, * 5&-&"78 $&32";+,#2 5"2.,#: 

,2),+4#-2'(,&, -.5. %"# ,+1"2*+,## 5+"/&,+-,&= %"&/7 &/"+)9>-$: &5$#37 

5+'(0#: #'# .+1,#:, 5&-&"72 $+.# :*':>-$: %'+*,:.#.   "2)9'(-+-2 %&$'2 

"+$-*&"2,#: %'+*+, 5+5 %"+*#'&, %&'94+2-$: %"&)"+4,7= "+$-*&", * 5&-&"&. 

$&32";+,#2 $&'2= .&;2- $&$-+*':-( 20 .1/.' # /&'22 * )+*#$#.&$-# &- 

&/O2.+ "+$-*&"+ # 5&'#42$-*+ J'>$+. N) <-#8 "+$-*&"&* %"&*&3#-$: 

&%"232'2,#2 &$,&*,78 <'2.2,-&* # <'2.2,-&*-%"#.2$2=, 2$'# #8 

$&32";+,#2 * "+$-*&"2 %"2*7?+2- 1"+,#09 &/,+"9;2,#: +-&.,&-

+/$&"/0#&,,&1& .2-&3+. @': %"&*232,#: +-&.,&-+/$&"/0#&,,78 #).2"2,#= 

"+$-*&"7, 5+5 %"+*#'&, ,2&/8&3#.& "+)/+*#-( * 2-10 "+) * )+*#$#.&$-# &- 

&/62= 5&,02,-"+0## $&'2= * "+$-*&"2. 

H%"232'2,#2 &$,&*,78 <'2.2,-&* * .#,2"+'(,&. $7"(2 $'&;,&1& 

$&$-+*+ ("+)'#4,72 "937, 5&,02,-"+-7, .#,2"+'7) %"&*&3#-$: %& 

-"+3#0#&,,& $'&;#*?#.$: $82.+.. P#;2 %"#*232,7 "25&.2,392.72 $82.7 

"+)'&;2,#: %"&/ 12&'&1#42$5#8 .+-2"#+'&* %"# &%"232'2,## #8 &$,&*,&1& 

$&$-+*+ $ %"#.2,2,#2. +-&.,&-+/$&"/0#&,,&= $%25-"&.2-"##. 

85#!)#&'(& /$ /0&/A7 +!,6$'!*! '!*,(4 ( 62,-. P+*2$59 

0,1-0,2 1 %"23*+"#-2'(,& #).2'(42,,&1& #$$'2392.&1& .+-2"#+'+, *):-9> $ 

-&4,&$-(> 3& 42-*2"-&1& ),+5+, %&.26+>- * %'+-#,&*7= -#12'(, 3&/+*':>- 
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1-2 1 $.2$# 5+"/&,+-+ ,+-"#: # /9"7 (2:1) # -6+-2'(,& %2"2.2?#*+>- 

$-25':,,&= %+'&45&=. C#12'( %&.26+>- * 8&'&3,9> %24(, ,+1"2*+>- 3&    

900
&
B # $%'+*':>- 21& $&32";#.&2 * -242,#2 15-20 .#,9-. C2%'7= -#12'( 

&%9$5+>- * $-+5+, $ *&3&=. !"# <-&. %'+* "+$-"2$5#*+2-$: ,+ 59$5#, 5&-&"72 

'215& &-32':>-$: $& $-2,&5 -#1': # /7$-"& "+$-*&":>-$: * *&32. !'+* 

*762'+4#*+>-, %2"2.2?#*+: "+$-*&" %&'#<-#'2,&*&= %+'&45&= #'# 

.+1,#-,&= .2?+'5&=. E&;,& &$-+*#-( ,+ ,&4(. !&$'2 %&',&1& "+)"9?2,#: 

%'+*+ 3&/+*':>- 15 .' "+)/+*'2,,&= HCl (1:1). S+$-*&" %2"2.2?#*+>- # 

%&3&1"2*+>- 3& %&',&1& "+$-*&"2,#: 1#3"&5$#3&*. !"&)"+4,7= 

&8'+;32,,7= "+$-*&" %2"2*&3:- * .2",9> 5&'/9. H/.7*+>- $-+5+, # -#12'( 

*&3&=, %"&.7*,72 *&37 $'#*+>- * 5&'/9. H/O2. "+$-*&"+ * 5&'/2 3&*&3:- 

*&3&= 3& .2-5# # %2"2.2?#*+>-. !+"+''2'(,& 42"2) *$2 $-+3## +,+'#)+ 

%"&*&3:- 8&'&$-&= &%7-. 

  %&$'23,22 *"2.: 3': &%"232'2,#: &$,&*,78 5&.%&,2,-&*, ,+":39 $ 

8#.#42$5#.#, #$%&'()9>- # +-&.,&-+/$&"/0#&,,7= .2-&3, 4-& * ,2$5&'(5& 

"+) 9$5&":2- %"&*232,#2 %&',&1& +,+'#)+ /2) $,#;2,#: -"2/&*+,#= 5 

-&4,&$-# &%"232'2,#:. 

R'>.#,#=. !"# +,+'#)2 12&'&1#42$5#8 .+-2"#+'&* *&),#5+2- 

,2&/8&3#.&$-( &%"232'2,#: +'>.#,#:, 5+5 %"#.2$# # 5+5 &$,&*,&1& 

5&.%&,2,-+ * 3#+%+)&,2 $&32";+,#= &- 0,01 3& 60 .+$.% Al2O3 (* /&5$#-+8) # 

/&'22 (* 5&"9,3+8). R-&.,&-+/$&"/0#&,,7= .2-&3 &/2$%24#*+2- 3&$-+-&4,& 

,#)5#2 %"232'7 &/,+"9;2,#: +'>.#,#: # *7$&59> -&4,&$-( &%"232'2,#: #) 

"+$-*&"&* *$5"7-78 %"&/ /2) &-32'2,#: $&%9-$-*9>6#8 <'2.2,-&*. !"#42. 

/&'22 *7$&5+: -&4,&$-( &%"232'2,#: 3&$-#1+2-$: #) "+$-*&"&*, ,2 

$&32";+6#8 5"2.,#= # $ ,#)5#. $&'2*7. J&,&.. E2-&3 %&)*&':2- 

&%"232':-( &- 0,1 .+$.% Al # *7?2 %"# +-&.#)+0## * %'+.2,# )+5#$( +)&-+ – 

+02-#'2,.  H$,&*,72 %&.28#, 5&-&"72 *$-"24+>-$: %"# +-&.,&-

+/$&"/0#&,,&. &%"232'2,## +'>.#,#:, $*:)+,7 $ ,2%&',&= +-&.#)+0#2=, 

-.5. %"# #$%+"2,## +<"&)&': * %'+.2,# &/"+)9>-$: -2".&$-&=5#2 $&23#,2,#: 

$ 5#$'&"&3&., ,+%"#.2", &5$#3. B-2%2,( #&,#)+0## +'>.#,#: * %'+.2,# 

)+5#$( +)&-+ – +02-#'2, $&$-+*':2- 10 %. !&3+*'2,#2 #&,#)+0## +-&.&* 

+'>.#,#: * %"#$9-$-*## ,+-"#:, '#-#:, 5+'#:, /+"#:, 5+'(0#: %"#*&3#- 5  

9*2'#42,#> $#1,+'+ +'>.#,#:. !"&02$$ +-&.#)+0## $&23#,2,#= +'>.#,#: 

* %'+.2,# N2O – C2H2 )+*#$#- &- 5&,02,-"+0## 5"2.,#: * "+$-*&"2. !&<-&.9 

3': +-&.,&-+/$&"/0#&,,&1& +,+'#)+ ,2&/8&3#.& %"#.2,:-( "+$-*&"7 %"&/, 

#) 5&-&"78 5"2.,#= 93+'2,. @': 9$-"+,2,#: %&.28 * "+$-*&"7 %"&/,  

1"+39#"&*&4,72 # 8&'&$-72 "+$-*&"7 3&/+*':>- $&'# '+,-+,+ #'# $-"&,0#: 

#) "+$42-+ 0,1 .+$.% La #'# Sr * "+$-*&"2. 

I2'2)& ,+8&3#-$: %"+5-#42$5# *& *$28 1&",78 %&"&3+8 # :*':2-$: 

$&$-+*,&= 4+$-(> $&-2, "+)'#4,78 .+-2"#+'&*. !"# +,+'#)2 12&'&1#42$5#8 

.+-2"#+'&* # -28,&'&1#42$5#8 %"&395-&* *&),#5+2- ,2&/8&3#.&$-( 

&%"232'2,#: ;2'2)+ * ?#"&5&. 3#+%+)&,2 5&,02,-"+0#= – &- 10
–3

 3& 70 

.+$.%. !"# &%"232'2,## &/621& $&32";+,#: ;2'2)+ #$$'2392.7= .+-2"#+' 

,2&/8&3#.& %&',&$-(> %2"2*2$-# * "+$-*&".   &-32'(,78 $'94+:8, %"# 
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+,+'#)2 5+"/&,+-,78 %&"&3, ;2'2),78 "93 # .#,2"+'&* ,+*2$59 $,+4+'+ 

&/"+/+-7*+>- HCl, + )+-2. ,2"+)'&;#*?#=$: &$-+-&5 &/"+/+-7*+>- $.2$(> 

5#$'&- #'# $%'+*'2,#2. &3,#. #) &%#$+,,78 *7?2 $%&$&/&*. E2-&3 

+-&.,&-+/$&"/0#&,,&= $%25-"&$5&%## %&)*&':2- &%"232':-( &/622 

$&32";+,#2 ;2'2)+ * "+$-*&"+8 /2) &-32'2,#: $&%9-$-*9>6#8 <'2.2,-&*. P+ 

"2)9'(-+-7 &%"232'2,#: ,2 *'#:>- Al, K, Na, Ca, Mg, Zn, Cu, 2$'# #8 

$&32";+,#2 ,2 %"2*7?+2- 5 .1/.'. M-&/7 #$5'>4#-( *&).&;,72 *'#:,#: 

$&%9-$-*9>6#8 <'2.2,-&*, 1"+39#"&*&,72 "+$-*&"7 3&';,7 $&32";+-( 

-+5#2 ;2 5&'#42$-*+ &$,&*,78 <'2.2,-&*, 5+5 # "+$-*&"7 +,+'#)#"92.78 

%"&/. @': +-&.#)+0## ;2'2)+ %"#.2,:>- *&)39?,&-+02-#'2,&*&2 %'+.:. 

H-.24+>-$: %&.28# * 5&,32,$#"&*+,,&= J+)2 $& $-&"&,7 5"2.,#:, %&<-&.9 

"25&.2,392-$: 5"2.,#= 93+':-( #) "+$-*&"+ %"&/7 * %"&02$$2 "+)'&;2,#:. 

!&.28# 4+$-#4,& 9.2,(?+>-$: %"# 3&/+*'2,## * "+$-*&"7 $-"&,0#: #'# 

'+,-+,+. H"1+,#42$5#2 *262$-*+ (+02-&,, #)&+.#'&*7= $%#"-, 

.&,&5+"/&,&*72 5#$'&-7), **232,,72 * +,+'#)#"92.7= "+$-*&", %&*7?+>- 

$#1,+' ;2'2)+. 

E+"1+,20. !"# +,+'#)2 .+"1+,02*78 "93 # .#,2"+'&*, ,+%"#.2",  

%#"&'>)#-+ MnO2, %$#'&.2'+,+ MnO 
.
 MnO2 

.
 nH2O, .+,1+,+-+ Mn2O3 

.
 H2O, 

"&3&8"&)#-+ MnCO3, "&3&,#-+ MnSiO3, 1"+,+-+ Mn3Al2(SiO4)3, + -+5;2 

3"91#8 12&'&1#42$5#8 .+-2"#+'&* ,2&/8&3#.& &%"232':-( &- 10
–4

 .+$.% 3& 

32$:-5&* %"&02,-&* .+"1+,0+. R-&.,&-+/$&"/0#&,,+: $%25-"&$5&%#: * 

*&)39?,&-+02-#'2,&*&. %'+.2,# %&)*&':2- &%"232':-( 3& 10
–4

 .+$.% 

.+"1+,0+ * #$8&3,&. .+-2"#+'2. R02-&,, #)&+.#'&*7= $%#"-, 

.&,&5+"/&,&*72 5#$'&-7 $,#;+>- %"232' &/,+"9;2,#:. G&'22 

$962$-*2,,&2 $,#;2,#2 %"232'&* &/,+"9;2,#: 3&$-#1+2-$: $ 

#$%&'()&*+,#2. <'25-"&-2".#42$5&1& +-&.#)+-&"+. S+)'&;2,#2 %"&/ 

&$962$-*':2-$: 5#$'&-+.# #'# $%'+*'2,#2.. X$'# * #$$'2392.&. .+-2"#+'2 

%"#$9-$-*9>- &"1+,#42$5#2 *262$-*+ # $9'(J#37, -& ,2&/8&3#.& %"&5+'#-( 

,+*2$59, %&$'2 421& %"&:*':2-$:  32%"2$$#"9>622 *'#:,#2 $9'(J+--#&,&* ,+ 

+,+'#-#42$5#= $#1,+' .+"1+,0+. !"# +-&.#)+0## "+$-*&"&* * *&)39?,&-

+02-#'2,&*&. %'+.2,# ,+/'>3+>-$: %&.28# $& $-&"&,7 $&%9-$-*9>6#8 

<'2.2,-&*. P+#/&'22 )+.2-,&2 *'#:,#2 &5+)7*+>-  0,2-0,5 .1/.' +'>.#,#:, 

5"2.,#:, J&$J&"+, 1 .1/.' ;2'2)+ # .+1,#:, 2-3 .1/.' 5+'(0#: # ,+-"#:. 

!&.28# 94#-7*+>- .2-&3&. 3&/+*&5 # #$%&'()&*+,#2. 5&""25-&"+ J&,+. 

C#-+,. E2-&3 +-&.,&-+/$&"/0#&,,&= $%25-"&$5&%## &/2$%24#*+2- 

5&'#42$-*2,,&2 &%"232'2,#2 -#-+,+ * #,-2"*+'2 $&32";+,#= 0,01-5 .+$.% 

TiO2  * #$8&3,&. .+-2"#+'2 * %'+.2,# )+5#$( +)&--+02-#'2,. P+/'>3+>-$: 

%&.28# &- $&%9-$-*9>6#8 <'2.2,-&* (5"2.,#=, 5+'(0#=, ;2'2)&, +'>.#,#=, 

.+1,#=, J&$J&", ,+-"#=). F+"+5-2" # $-2%2,( %&.28 )+*#$:- &- 5#$'&-7, 

%"#$9-$-*9>62= * "+$-*&"2. C+5, * "+$-*&"+8 HCl – HF 3& 1 .+$.% ;2'2)+ ,2 

&5+)7*+>- *'#:,#: ,+ $#1,+' -#-+,+.   "+$-*&"+8 $ HF * %"#$9-$-*## ;2'2)+ 

9*2'#4#*+2-$:  $#1,+' -#-+,+ # 9$-"+,:>-$: %&.28# $& $-&"&,7 3"91#8 

$&%9-$-*9>6#8 <'2.2,-&*. X$'# * "+$-*&"7 3&/+*#-( HF, NH4F #'# $&'# 

8"&.&-"&%&*&= 5#$'&-7, -& +,+'#-#42$5#= $#1,+' -#-+,+ 9*2'#4#*+2-$: ,+ 
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50-60 %, *2"&:-,&, *$'23$-*#2 "+)"7*+ $*:)2= Ti – O. !"&4,72 5#$'&"&3,72 

$&23#,2,#:  Ti 3+;2 * *7$&5&-2.%2"+-9",&. %'+.2,# N2O – C2H2  

"+)"9?+>-$: ,2 %&',&$-(>. @': %&*7?2,#: -&4,&$-# "2)9'(-+-&* +,+'#)+ 

#) "+$-*&"&* %"&/ 93+':>- 5"2.,#=, + * 1"+39#"&*&4,72 "+$-*&"7 **&3:- 

-+5#2 ;2 $&32";+,#: Al, Fe, Na, 5&-&"72 %"#$9-$-*9>- * +,+'#)#"92.78 

"+$-*&"+8. 

A+'(0#=. !"# +,+'#)2 #)*2$-,:5&*, 3&'&.#-&*, J-&"#3&*, 

J&$J&"#-&* "+)'&;2,#2 %"&/ "+0#&,+'(,22 ,+4#,+-( $ &/"+/&-5# ,+*2$5# 

HCl. D+-2. ,2"+$-*&"2,,7= &$-+-&5 "+)'+1+>- $.2$(> 5#$'&- #'# 

$%'+*'2,#2.. A&13+ ,2&/8&3#.& &%"232':-( 5+'(0#= -&'(5& * 5+"/&,+-,&= 

4+$-# #$$'2392.&1& .+-2"#+'+, ,2"+$-*&"#.7= * HCl &$-+-&5 &-/"+$7*+>-. 

R-&.,&-+/$&"/0#&,,7= .2-&3 %&)*&':2- &%"232':-( $&32";+,#2 5+'(0#: * 

%"&/+8 &- 0,1 .+$.% CaO # *7?2 $ &-,&$#-2'(,7. $-+,3+"-,7. 

&-5'&,2,#2. 0,01-0,02.  '#:,#2 $&$-+*+ "+$-*&"+ ,+ *2'#4#,9 

+,+'#-#42$5&1& $#1,+'+ #$5'>4+2-$: **232,#2. * "+$-*&" 

$%25-"&$5&%#42$5#8 /9J2"&*, #$%&'()&*+,#2. /&'22 1&":421& %'+.2,# N2O 

– C2H2, **232,#2. #&,#)+0#&,,&1& /9J2"+ KCl (#) "+$42-+ 1 .1/.' 5+'#:). 

B5&"&$-( #$%+"2,#: $&'2= 5+'(0#: * %'+.2,# 9.2,(?+2-$: * ":39 8'&"#3-

,#-"+--$9'(J+- 5+'(0#:. B'23&*+-2'(,&, * %"&02$$2 "+)'&;2,#: %"&/ 

,2&/8&3#.& *$2 $&'# 5+'(0#: %2"2*2$-# * 8'&"#37, # * "+$-*&"2 3&';,& 

/7-( 3&$-+-&4,&2 5&'#42$-*& HCl. !"# +-&.#)+0## * %'+.2,# *&)398-

+02-#'2, $#1,+' Ca )+*#$#- &- 5&,02,-"+0## * "+$-*&"2 Si, Al, P, Ti, V, Zr # 

3"91#8 <'2.2,-&*, &/"+)9>6#8 -2".&$-&=5#2 &5$#37. H$*&/&;3+>6#.# 

3&/+*5+.# $'9;+- $&'# $-"&,0#: # '+,-+,+, W@CR, &5$#8#,&'#,.   1&":42. 

%'+.2,# N2O-C2H2 &/2$%24#*+2-$: /&'22 %&',&2 #$%+"2,#2 4+$-#425 

+<"&)&':, # %&<-&.9 #).2,2,#2 $&$-+*+ "+$-*&"+ * ,2),+4#-2'(,&= $-2%2,# 

*'#:2- ,+ $#1,+' 5+'(0#:. D+.2-,72 %&.28# &5+)7*+>- Si # Al. A"2.,#= 

.&;,& 93+'#-( #) "+$-*&"+ * %"&02$$2 "+)'&;2,#: %"&/7, + *'#:,#2 Al 

9$-"+,:2-$: .2-&3&. 3&/+*&5. 

E+1,#= &%"232':2-$: +-&.,&-+/$&"/0#&,,7. .2-&3&., ,+4#,+: $ 

0,0005 .+$.% Mg * #$8&3,&. .+-2"#+'2. C+5&= %"232' &/,+"9;2,#: 

&/2$%24#*+2-$: 5+5 * %'+.2,# *&)398-+02-#'2,, -+5 # * %'+.2,# )+5#$( 

+)&-+-+02-#'2,. H%"232'2,#2 .+1,#: %"&*&3:- #) "+$-*&"&*, %&'942,,78 

%&$'2 "+)'&;2,#: %"&/7 %& &3,&= #) $82., &%#$+,,78 *7?2. E2-&3 

&/2$%24#*+2- -&4,&$-( &%"232'2,#=, 8+"+5-2"#)92.9> &-,&$#-2'(,7. 

$-+,3+"-,7. &-5'&,2,#2. 0,02-0,06, * 3#+%+)&,2 $&32";+,#= 0,02-40 .+$.% 

MgO. R-&.#)+0#> '94?2 %"&*&3#-( * %'+.2,# N2O-C2H2 3': 9$-"+,2,#: 

%&.28 * 5&,32,$#"&*+,,&= J+)2 &- Si, Al, P, Ti # 3"91#8 <'2.2,-&*. @': 

9$-"+,2,#: %&.28 ,+":39 $ *7$&5&-2.%2"+-9",7. %'+.2,2. #$%&'()9>- 

*7$*&/&;3+>6#2 3&/+*5# (SrCl2, LaCl3, CaCl2, Na2 W@CR). 

G+"#=. !"# "+)'&;2,## %&"&3 # .#,2"+'&*, $&32";+6#8 /+"#= 

(/+"#- BaSO4, *#-2"#- BaCO3), $'2392- 94#-7*+-(, 4-& $9'(J+- /+"#: 

%"+5-#42$5# ,2"+$-*&"#. * .#,2"+'(,78 5#$'&-+8. H%"232'2,#> .2?+2- 

5"2.,#=, %&<-&.9 21& 93+':>- #) "+$-*&"+. P+*2$59 0,5-1 1 #$$'2392.&1& 
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.+-2"#+'+ &/"+/+-7*+>- 5#$'&-+.# HF+H2SO4 * &-5"7-78 $&$93+8 3': 

93+'2,#: 5"2.,#:. A+5 .&;,& %&',22 93+':>- J-&". B98&= &$-+-&5 

$%'+*':>- $ 5+"/&,+-&. ,+-"#: #'# $.2$(> 5+"/&,+-+ ,+-"#: $ /9"&=. !"# 

$%'+*'2,## BaSO4 %2"28&3#- * BaCO3. !'+* *762'+4#*+>- *&3&=. 

P2"+$-*&"#.7= &$-+-&5 $&32";#- 5+"/&,+-7 62'&4,&)2.2'(,78 .2-+''&* # 

.+1,#:, &5$#37 ;2'2)+, -#-+,+, 4+$-#4,& &5$#3 +'>.#,#:.   *&3,9> 

*7-:;59 %2"28&3:- $9'(J+-7 62'&4,78 .2-+''&*, /&'(?+: 4+$-( +'>.#,#:. 

P2"+$-*&"#.7= &$-+-&5 &-32':>-, %"&.7*+>- ,2$5&'(5& "+) 1-2 %-,7. 

"+$-*&"&. Na2CO3, 4-&/7 %&',&$-(> 93+'#-( #) &$-+-5+ $9'(J+-7. X$'# #8 

,2 93+'#-(, -& %&$'2 "+$-*&"2,#: &$-+-5+ * "+)/+*'2,,&= HCl $,&*+ 

&/"+)92-$: ,2"+$-*&"#.7= BaSO4. D+-2. &$-+-&5 %"&.7*+>- *&3&=. 

@+'(,2=?+: &/"+/&-5+ &$-+-5+ )+*#$#-  &- $82.7 +,+'#)+. A&13+ ,2 

-"2/92-$: &-32':-( $&%9-$-*9>6#2 <'2.2,-7, &$+3&5 $.7*+>- $ J#'(-"+ 

$-"92= *&37 * $-+5+, # "+$-*&":>- * 10 .' HCl (1:1). !"&.7*+>- J#'(-" 

,2/&'(?&= %&"0#2= HCl (1:1).  7%+"#*+>- 5#$'&-9 3& *'+;,78 $&'2=, 

5&-&"72 "+$-*&":>- * 25 .' 5 %-,&= HCl. S+$-*&" %2"2*&3:- * .2",9> 

5&'/9 # "+)/+*':>- *&3&= 3& .2-5#. 

X$'# ,2&/8&3#.& 93+'#-( $&%9-$-*9>6#2 <'2.2,-7 # &$-+*#-( * 

"+$-*&"2 *$> 1"9%%9 62'&4,&)2.2'(,78, -& &$+3&5 * $-+5+,2 "+$-*&":>- * 

25 .' 5E HNO3. S+$-*&" ,+1"2*+>- %&4-# 3& 5#%2,#:. !"#/+*':>- %& 

5+%':. "+$-*&" +..#+5+ (/2) CO2) 3': &$+;32,#: ;2'2)+, +'>.#,#:, 

.+"1+,0+ # 3"91#8 .2-+''&*. H$+3&5 &-J#'(-"&*7*+>-, %"&.7*+>- 2 %-,7. 

"+$-*&"&. NH4NO3 # &-/"+$7*+>-. S+$-*&" %2"2*&3:- * .2",9> 5&'/9 # 

"+)/+*':>- *&3&= 3& .2-5#. !"# &%"232'2,## /+"#: * %&"&3+8 # .#,2"+'+8, 

$&32";+6#8 /&'(?&2 5&'#42$-*& 5+'(0#:, $&&$+;3+>- /+"#= $ $9'(J+-&. 

$*#,0+. 

  %&'942,,78 "+$-*&"+8 /+"#= &%"232':2-$: .2-&3&. +-&.,&-

+/$&"/0#&,,&= $%25-"&$5&%## /2) &-32'2,#: $&%9-$-*9>6#8 <'2.2,-&* 

,+4#,+: $ 0,1 .+$.% Ba. !"# &%"232'2,## /&'22 ,#)5#8 $&32";+,#= /+"#: 

,2&/8&3#.& &-32'2,#2 62'&4,&)2.2'(,78 <'2.2,-&* &- $&%9-$-*9>6#8. 

!"# #$%+"2,## +<"&)&': * %'+.2,# &/"+)9>-$: -2".&$-&=5#2  $&23#,2,#: 

/+"#:, %&<-&.9 /+"#= +-&.#)#"9>- * 1&":42. %'+.2,# N2O-C2H2. 

P+/'>3+>-$: ),+4#-2'(,72 %&.28# $& $-&"&,7 Si, Al, Fe, Ca, Mg, Na, K, 

SO4
2–

, PO4
3–

, 5&-&"72 9$-"+,:>- .2-&3&. 3&/+*&5, **232,#2. 

#&,#)+0#&,,78 # $%25-"&$5&%#42$5#8 /9J2"&* – KCl, Na2W@CR, 

&5$#8#,&'#,, NH4Cl, $&'# '+,-+,+. H-.24+2-$: -+5;2 $%25-"+'(,+: %&.28+ 

$& $-&"&,7 5+'(0#: – .&'259':",+: %&'&$+ %&1'&62,#: 1#3"&5$#3+ 5+'(0#: 

$&*%+3+2- $ ,+#/&'22 $#'(,&= '#,#2= %&1'&62,#: /+"#: 553,6 ,.. W-& 

*'#:,#2 $#'(,22 * *&)39?,&-+02-#'2,&*&. %'+.2,#, -.5. %"# *7$&5&= 

-2.%2"+-9"2 9.2,(?+2-$: 5&'#42$-*& .&'259' * %'+.2,#. !&.28# &- 

.&'259':",&= %&'&$7 #$5'>4+>-$:, 2$'# #).2"2,#2 +,+'#-#42$5&1& $#1,+'+ 

%"&*&3#-( %& #&,,&= '#,## /+"#: 455,4 ,.. G&'22 "+3#5+'(,7= %9-( 

%&*7?2,#: -&4,&$-# &%"232'2,#: /+"#: – &-32'2,#2 21& &- 5+'(0#: * 

%"&02$$2 %&31&-&*5# "+/&421& "+$-*&"+ %"&/. 
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B-"&,0#=. P+#/&'22 ?#"&5&2 %"#.2,2,#2 * +,+'#-#42$5&= $'9;/2 

3': &%"232'2,#: $-"&,0#: ,+?'+ <.#$$#&,,+: %'+.2,,+: J&-&.2-"#:, 

&3,+5& +-&.,&-+/$&"/0#&,,7= .2-&3 /&'22 $%20#J#42, # &/2$%24#*+2- 

/&'22 ,#)5#2 %"232'7 &/,+"9;2,#:, &$&/2,,& * %'+.2,# N2O – C2H2 (0,006 

.51/.' Sr). !"# &%"232'2,## $-"&,0#: ,+/'>3+>-$: -+5#2 ;2 %&.28#, 5+5 

%"# &%"232'2,## /+"#: # 5+'(0#:. @': #8 9$-"+,2,#: * +,+'#)#"92.72 

"+$-*&"7 **&3:- #&,#)+0#&,,7= /9J2" (1-2 .1/.' A) # $%25-"&$5&%#42$5#2 

/9J2"7 (Na2 W@CR, $&'# '+,-+,+, 8-&5$#8#,&'#,, 1'#02"#, # 3".).   

1&":42. %'+.2,# N2O – C2H2 8#.#42$5#2 %&.28# %"&:*':>-$: * .2,(?2= 

$-2%2,# # -&'(5& %"# /&'(?#8 5&,02,-"+0#:8 (> 2 .1/.') *'#:>621& 

<'2.2,-+. 

Z2'&4,72 .2-+''7. P+-"#= # 5+'#= – &$,&*,72 %&"&3&&/"+)9>6#2 

<'2.2,-7, '#-#=, "9/#3#=, 02)#= – "235#2 <'2.2,-7. Li, Rb, Cs *$-"24+>-$: 

* ,2/&'(?#8 5&'#42$-*+8 *& .,&1#8 62'&4,78 .#,2"+'+8, ,+%"#.2", * 

%&'2*78 ?%+-+8, $'>3+8. U#-#= # 02)#= &/"+)9>- $&/$-*2,,72 .#,2"+'7, 

,+%"#.2", $%&39.2, – +'>.&$#'#5+- '#-#: LiAl(SiO3)2, '2%#3&'#- – 

'#-#2*+: $'>3+ ,2%&$-&:,,&1& $&$-+*+ $ $&32";+,#2. &- 1,5  3& 5 .+$.%  

Li2O.   '2%#3&'#-2  $&32";#-$: 3& 0,7 .+$.% Cs2O. !2-+'#- – +'>.&$#'#5+- 

'#-#: Li[AlSi4O10] $&32";#- 3& 4,5 .+$.% Li2O. E#,2"+'7 02)#: %&''90#- 

Cs2Al2Si4O12 (H2O ! SiO2) # +*&1+3"#- (K, Cs)BF4 :*':>-$: "235#.#. S9/#3#= 

– -#%#4,7= "+$$2:,,7= <'2.2,-, ,2 &/"+)92- $&/$-*2,,78 .#,2"+'&*, ,& 

/&'22 "+$%"&$-"+,2,, 42. '#-#= # 02)#=. H$,&*,+: .+$$+ "9/#3#: 

$&$"23&-&42,+ * 5+'#2*78 .#,2"+'+8, &-,&$#-2'(,& *7$&5#2 21& $&32";+,#: 

,+8&3:-$: * .#,2"+'+8 '#-#: # 02)#:. !"# +,+'#)2 1&",78 %&"&3, "93, 

.#,2"+'(,&1& $7"(: $&32";+,#2 62'&4,78 .2-+''&* ,2&/8&3#.& 

&%"232':-( * ?#"&5&. 3#+%+)&,2 5&,02,-"+0#= – &- 0,001 .+$.% 3& 32$:-5&* 

%"&02,-&*. W.#$$#&,,+: J&-&.2-"#: %'+.2,# &/2$%24#*+2- /&'22 ,#)5#2 

%"232'7 &/,+"9;2,#: 62'&4,78 .2-+''&*, &3,+5& *'#:,#2 $&$-+*+ .2,(?2 

* +-&.,&-+/$&"/0#&,,&. .2-&32. @': &%"232'2,#: 62'&4,78 .2-+''&* 

.2-&3+.# +-&.,&= $%25-"&.2-"## ,2&/8&3#.& *$2 62'&4,72 .2-+''7 

%2"2*2$-# * 8'&"#37, 5&-&"72 8&"&?& "+$-*&":>-$: * *&32. X$'# 

+,+'#)#"92.+: %"&/+ ,2"+$-*&"#.+ * HCl, -& 22 $,+4+'+ &/"+/+-7*+>- 

$.2$(> 5#$'&- HF, HClO4, HNO3 #'# HF, H2SO4, HNO3. H/"+/&-5+ ,+*2$5# 

%"&/7 <-#.# $.2$:.# $%&$&/$-*92- 93+'2,#> 5"2.,#:. D+-2. ,2&/8&3#.& 

93+'2,#2 J-&"+ # %"2*"+62,#2 $9'(J+-&* #'# %2"8'&"+-&* * 8'&"#37. A&13+ 

* %"&/+8 $&32";+-$: .#,2"+'7, -"93,& "+)'+1+2.72 * 5#$'&-+8, *$5"7-#2 

%"&#)*&3:- $%25+,#2. ,+*2$5# %"&/7 $& $.2$(> NH4Cl – CaCO3. B%25?9>$: 

.+$$9 *762'+4#*+>- *&3&=, 2> ;2 #)*'25+>- 62'&4,72 .2-+''7.   

%"&02$$2 "+)'&;2,#: %"&/7 # %&31&-&*5# "+$-*&"+ 5 +,+'#)9 %&-2"# 

62'&4,78 .2-+''&* .&19- 3&$-#1+-( 4-5 &-,.%. !&<-&.9 ,+#/&'22 

%"23%&4-#-2'(,7= .2-&3 "+)'&;2,#: – <-& *$5"7-#2 $.2$(> 5#$'&- * 

)+5"7-78 $&$93+8 #'# +*-&5'+*+8. 

Z2'&4,72 .2-+''7 +-&.#)#"9>-$: * ,#)5&-2.%2"+-9",78 %'+.2,+8 

– *&)39?,&-%"&%+,&*&. #'# *&)39?,&-+02-#'2,&*&.. H$,&*,+: %"#4#,+ 
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*)+#.,&1& *'#:,#: ,+ #,-2,$#*,&$-( '#,#= * $%25-"2 #)'942,#: # ,+ 

*2'#4#,9 +,+'#-#42$5&1& $#1,+'+ – <-& #&,#)+0#: +-&.&*. P+#/&'22 *7$&5+: 

$-2%2,( #&,#)+0## ,+/'>3+2-$: 3': +-&.&* Cs # K. @&/+*'2,#2 * %'+.: 

3"91&1& 62'&4,&1& .2-+''+ 9.2,(?+2- $-2%2,( #&,#)+0## %2"*&1&, 4-& 

%"#*&3#- 5 "&$-9 %+"0#+'(,&1& 3+*'2,#: %2"*&1& .2-+''+;  $&&-*2-$-*2,,& 

9*2'#4#*+2-$: #,-2,$#*,&$-( 21& #)'942,#: #'# *2'#4#,+ +-&.,&1& 

%&1'&62,#:. WJJ25- -2. ),+4#-2'(,22, 42. *7?2 -2.%2"+-9"+ %'+.2,#, 

.2,(?2 5&,02,-"+0#: %2"*&1& .2-+''+, /&'(?2 +-&.,7= ,&.2" %2"*&1& 

(&%"232':2.&1&) # *-&"&1& (3&/+*':2.&1&) <'2.2,-&*.   $*:)# $ <-#. 

,+#/&'22 %&38&3:6#2 /9J2",72 <'2.2,-7, $,#;+>6#2 #&,#)+0#> 

62'&4,78 .2-+''&*, – 5+'#= # 02)#=. 

B-2%2,( #&,#)+0## 62'&4,78 .2-+''&* "+$-2-, 2$'# * %'+.2,# 

%"#$9-$-*9>- +-&.7, $%&$&/,72 )+8*+-7*+-( <'25-"&,7 (,+%"#.2", %& 

9"+*,2,#> Cl +e # Cl
–
). W-& &3,+ #) %"#4#, +,#&,,&1& <JJ25-+. @"91&2 

%"&:*'2,#2 +,#&,,&1& <JJ25-+ – %&.28# * 5&,32,$#"&*+,,&= J+)2, 

$*:)+,,72 $ &/"+)&*+,#2. -2".&$-&=5#8 $&23#,2,#= Al, Si, Ti  # 3". 

B%&$&/,&$-( 5 #8 &/"+)&*+,#> *&)"+$-+2- * ":39 Na, K, Li, Rb, Cs. C+5#. 

&/"+)&., 5&,02,-"+0#: +-&.&* "9/#3#: # 02)#: * %'+.2,# ,+#/&'22 

%&3*2";2,+ #).2,2,#> #)-)+ %"#$9-$-*#: * "+$-*&"2 3"91#8 5+-#&,&* # 

+,#&,&*. F#.#42$5#2 %&.28# * 5&,32,$#"&*+,,&= J+)2 9$-"+,:>- %9-2. 

%&*7?2,#: <JJ25-#*,&$-# "+$%7'2,#:, 3&/+*':: * "+$-*&"7 3-5 &/.% 

/9-#'&*&1& $%#"-+ #'# 3"91&1& &"1+,#42$5&1& "+$-*&"#-2':. R,#&,,7= 

<JJ25- %"&:*':2-$:, 2$'# * "+$-*&"2 %"#$9-$-*9>- /&'(?#2 5&,02,-"+0## 

5#$'&-.   %"#$9-$-*## Ca, Sr #'# Fe ,+/'>3+>-$: $%25-"+'(,72 %&.28#, 

$*:)+,,72 $ #)'942,#2. .&'259':",78 %&'&$, 5&-&"72 ,+8&3:-$: /'#)5& 5 

"2)&,+,$,7. '#,#:. 62'&4,78 .2-+''&*. 

F"&., ,#52'(, 5&/+'(-. S+$%"&$-"+,2,,&$-( <-#8 <'2.2,-&* 1"9%%7 

;2'2)+ * )2.,&= 5&"2 ),+4#-2'(,& .2,(?2, 42. ;2'2)+ # .+"1+,0+. 

H$,&*,72 .#,2"+'7 8"&.+ – 8"&.#-7 – %"23$-+*':>- $&/&= 8"&.?%#,2'# 

$&$-+*+ (Mg, Fe)(Cr, Al, Fe)2O4. B&32";+,#2 8"&.+ * 8"&.?%#,2':8 .&;2- 

#).2,:-($: &- 18 3& 62 .+$.% Cr2O3, $&32";+,#2 ;2'2)+ - &- 2 3& 30 .+$.% 

Fe2O3 # FeO 3& 18 .+$.%, $&32";+,#2 .+1,#: - &- 6 3& 16 .+$.%  MgO, 

$&32";+,#2 +'>.#,#: - 3& 33 .+$.% Al2O3. N)*2$-,7 -+5;2 $#'#5+-,72 

.#,2"+'7 8"&.+ – 8"&.1"+,+- Ca3Cr2(SiO4)3, *&'5&,$5&#- (Cr, Fe, 

Al)4!(Si4O10)!(OH)8!2H2O # 3". 

 N)*2$-,7 ,#52'2*72 .#,2"+'7 -#%+ $9'(J#3&*, +"$2,#3&*, 

$9'(J&+"$2,#3&*, $#'#5+-&*. A&/+'(- – %&$-&:,,7= $%9-,#5 ,#52': # %&4-# 

*$213+ $&32";#-$: * ,#52'2*78 .#,2"+'+8. H, &/"+)92- ":3 $&/$-*2,,78 

.#,2"+'&*, * 5&-&"78 8+"+5-2",+ $*:)( 5&/+'(-+ $ .7?(:5&.. P+%"#.2", 

5&/+'(-#, #'# 5&/+'(-&*7= /'2$5 CoAsS, $59--2"93#- CoNiAs3, <"#-"#, 

Co3(AsO4)2!8H2O. A&/+'(- 4+$-& %"#$9-$-*92- * .+"1+,02*78 "93+8. 

!"# +-&.,&-+/$&"/0#&,,&. &%"232'2,## <-#8 <'2.2,-&* ,2&/8&3#.& 

%&',&2 "+$-*&"2,#2 ,+*2$5# %"&/7, -.5. 8"&.#-7 &/74,& "+)'+1+>-$: * 

%&$'23,>> &42"23(. M-&/7 %&',&$-(> "+)'&;#-( ,+*2$59, &/"+/&-59 
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5#$'&-+.# %"&*&3:- * +*-&5'+*+8 #'# %"#.2,:>- $%'+*'2,#2. Z2'&4,72 

%'+*,# ,2 *$213+ "+)'+1+>- 8"&.#-7. G&'22 %&',&2 "+)'&;2,#2 .#,2"+'&* 

8"&.+ ,+/'>3+2-$: %"# $%'+*'2,## $ %2"&5$#3&. ,+-"#: # 5+"/&,+-&. 

5+'#:-,+-"#:  #'# $ 5+"/&,+-&. ,+-"#: # /9"&=. !"# "+)'&;2,## %"&/ $ 

<-#.# %'+*,:.# 8"&. %&',&$-(> &5#$':2-$: 3& ?2$-#*+'2,-,&1&. X$'# %'+* 

*762'+4#*+>- *&3&=, -& 8"&. %2"28&3#- * "+$-*&" # -+5#. &/"+)&. 

&-32':2-$: &- &$,&*,&= .+$$7 ;2'2)+ # ":3+ 3"91#8 5&.%&,2,-&* %"&/7, 

$&23#,2,#: 5&-&"78 ,2 "+$-*&":>-$: * *&32. P#52'( # 5&/+'(- ,+8&3:-$: * 

&$-+-52, 5&-&"7= &/74,& "+$-*&":>- * HCl. X$'# * %"&/+8 $&32";+-$: 

$9'(J#37 #'# &"1+,#42$5&2 *262$-*&, -& #8 %"23*+"#-2'(,& %"&5+'#*+>- 

#'# &/"+/+-7*+>- HCl #'# HNO3 3': &)&'2,#: &"1+,#42$5&= $&$-+*':>62=, 

93+'2,#: &$,&*,&= .+$$7 $2"7 # .7?(:5+. D+-2. "+)'&;2,#2 %"&/7 

%"&*&3#-$: %& &/62= .2-&3#52 5#$'&-+.# #'# $%'+*'2,#2.. 

R-&.,&-+/$&"/0#&,,+: $%25-"&$5&%#: %'+.2,# %"# "+$%7'2,## 

"+$-*&"&* %"&/, %&'942,,78 %&$'2 "+)'&;2,#: ,+*2$5#, %&)*&':2- 

&%"232':-( $&32";+,#2 Cr, Ni  # Co &- 0,001.+$. % # *7?2 /2) &-32'2,#: 

$&%9-$-*9>6#8 <'2.2,-&*. !"# <-&. ,2&/8&3#.+ 5&""250#: J&,+ '#/& 

5&""25-&"&., '#/& 5+5#.-'#/& 3"91#. $%&$&/&., ,+%"#.2", %& 

,2"2)&,+,$,7. '#,#:.. R-&.#)+0#: Cr, Ni # Co %"&*&3#-$: &/74,& * 

*&)39?,&-+02-#'2,&*&. %'+.2,#. B-2%2,( &5#$'2,#: 8"&.+ &5+)7*+2- 

*'#:,#2 ,+ *2'#4#,9 +,+'#-#42$5&1& $#1,+'+.   *&)39?,&-+02-#'2,&*&. 

&/&1+62,,&. %'+.2,# $#1,+' -"28*+'2,-,&1& 8"&.+ /&'(?2, 42. 

?2$-#*+'2,-,&1&. !"# $-28#&.2-"#42$5&. $&&-,&?2,## 1+)&* * 1&">42= 

$.2$# "+),#0+ .2;39 %&1'&62,#2. Cr(III) # Cr(VI) %"+5-#42$5# ,2 

,+/'>3+2-$:.   $*:)# $ <-#. ,2&/8&3#.& %&',&2 &5#$'2,#2 8"&.+ * %"&02$$2 

%&31&-&*5# "+$-*&"&* %"&/, $-"&1#= 5&,-"&'( )+ $&&-,&?2,#2. 1+)&* * 

%'+.2,# # $&&-*2-$-*#2 *+'2,-,&$-# 8"&.+ * 1"+39#"&*&4,78 # 

+,+'#)#"92.78 "+$-*&"+8 %"&/. !"# ),+4#-2'(,&. $&32";+,## 

$&%9-$-*9>6#8 <'2.2,-&* (K, Ca, Mg, Fe, Na # 3".) ,+/'>3+2-$: 

,2$2'25-#*,&2 %&1'&62,#2, *2'#4#,+ 5&-&"&1& )+*#$#- &- -#%+ %'+.2,#, 

$&&-,&?2,#: 1+)&* * 1&">42= $.2$# # %"#"&37 +,#&,&*.   +)&-,& –  # 

$2",&5#$'78 "+$-*&"+8 ,2$2'25-#*,&2 %&1'&62,#2 /&'(?2, 42. * 

%"#$9-$-*## HCl.   %'+.2,+8, &/23,2,,78 1&">4#., ,2$2'25-#*,72 %&.28# 

.2,(?2, ,& &3,&*"2.2,,& 9.2,(?+2-$: # *2'#4#,+ +,+'#-#42$5&1& $#1,+'+ 

8"&.+. 

V*2-,72 .2-+''7 – .23(, 0#,5, $*#,20, *#$.9-, 5+3.#=, $9"(.+ – * 

/&'(?#,$-*2 %&"&3 %"#$9-$-*9>- * $'23&*78 5&'#42$-*+8. H,# &/"+)9>- 

.#,2"+'7 * *#32 $9'(J#3&* %"&$-&1& #'# $'&;,&1& $&$-+*+ #'# &5$#3&* 

"+),&= $-2%2,# &5#$'2,#:. !"#.2"+.# .&19- $'9;#-( $9'(J#3,72 

.#,2"+'7 .23# (8+'(5&%#"#- CuFeS2, 8+'(5&)#, CuS), 0#,5+ ($J+'2"#- ZnS), 

$*#,0+ (1+'2,#- PbS), *#$.9-+ (*#$.9-#, Bi2S), $9"(.7 ($9"(.:,7= /'2$5 

Sb2S). !"&395-&. &5#$'2,#: $9'(J#3,78 .#,2"+'&* :*':>-$: &5$#37, 

$#'#5+-7, 5+"/&,+-7 0*2-,78 .2-+''&*: .+'+8#- CuCO3!Cu(OH)2, +)9"#- 

2CuCO3!Cu(OH)2, 8"#)&5&' CuSiO3!2H2O, 0#,5#- ZnO, $.#-$&,#- ZnCO3, 
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*#''2.#- Zn2SiO4, +,1'2)#- PbSO4, %2"9$$#- PbCO3, *#$.9-#- (BiO2)CO3, 

/+)&*#$.9-#- 2Bi2O3CO3!H2O, *+'2,-#,#- Sb2O3, $2"*+,-#- Sb2O4, $9"(.:,+: 

&8"+ Sb2O3!H2O, $-#/#5&,#- Sb2O4!H2O # 3". E#,2"+'7 5+3.#: .+'& 

#)*2$-,7, *$-"24+>-$: "235&. A+3.#= – -#%#4,7= "+$$2:,,7= <'2.2,-. 

 $-"24+>-$: %&"&37, &/&1+62,,72 .#,2"+'+.# &3,&1& 0*2-,&1& .2-+''+. 

!&'#.2-+''#42$5#2 "937 – <-& %&"&37, &/&1+62,,72 .#,2"+'+.# 

,2$5&'(5#8 0*2-,78 .2-+''&*. V*2-,72 .2-+''7 *$-"24+>-$: * $*&/&3,&. 

$&$-&:,## * *#32 $+.&"&35&*. 

!"# "+)'&;2,## ,+*2$&5 "93 0*2-,78 .2-+''&* %"&/9 *,+4+'2 

&/"+/+-7*+>- HCl %"# 5#%:42,## 3': 93+'2,#: &$,&*,&1& 5&'#42$-*+ $2"7. 

S+$-*&" *7%+"#*+>- 3& *'+;,78 $&'2= # %"&3&';+>- &/"+/&-59 3"91#.# 

5#$'&-+.# (HNO3, HClO4, HF). B2",9> 5#$'&-9 %"#.2,:-( ,2 $'2392-, -.5. 

*&).&;,7 %&-2"# $*#,0+ #)-)+ &$+;32,#: PbSO4. H3,+5& $9'(J+- $*#,0+ 

.&;2- &/"+)&*+-($: * "2)9'(-+-2 &5#$'2,#: $9'(J#3&*, %"#$9-$-*9>6#8 * 

%"&/2. X$'# * &$+352 #.22-$: BaSO4, -& *2"&:-,&$-( %"#$9-$-*#: $*#,0+ * 

&$+352 *&)"+$-+2- *$'23$-*#2 #)&.&"J,&1& $&&$+;32,#:. !&<-&.9 3': 

&/2$%242,#: %&',&1& "+$-*&"2,#: ,+*2$5# &$-+-&5 &-32':>- J#'(-"&*+,#2. 

# $%'+*':>-. !'+* "+$-*&":>- * 5#$'&-2, "+$-*&" %'+*+ # J#'(-"+- 

&/O23#,:>-. 

S+)'&;2,#2 $%'+*'2,#2. $'2392- %"23%&42$-( 3': &5#$'2,,78 "93 # 

"93 $ /&'(?#. $&32";+,#2. Pb, Cu, Bi, Sb. !"# "+$-*&"2,## %'+*+ # 

"+)/+*'2,## "+$-*&"&* $&'# *#$.9-+ # $9"(.7 '215& 1#3"&'#)9>-. !&<-&.9 

&-32'2,#2 ,2"+$-*&"#.&1& &$-+-5+ # %"&.7*+,#2 21& 3&';,& %"&*&3#-($: * 

3&$-+-&4,& 5#$'78 "+$-*&"+8. A&13+ "+)'+1+2-$: /&'(?+: ,+*2$5+ .#,2"+'+ 

$ *7$&5#. $&32";+,#2. $*#,0+, ,2&/8&3#.& 94#-7*+-( ,2*7$&59> 

"+$-*&"#.&$-( 8'&"#3+ $*#,0+. 

  %&'942,,78 "+$-*&"+8 &%"232':>- 0*2-,72 .2-+''7 * %'+.2,# 

+02-#'2,-*&)398 .2-&3&. +-&.,&-+/$&"/0#&,,&= $%25-"&$5&%##, 5&-&"+: 

&/2$%24#*+2- 3&$-+-&4,& ,#)5#2 %"232'7 &/,+"9;2,#: <-#8 <'2.2,-&*:      

Cu – 10
–4 
.+$.

 
%, Zn # Cd – 10

–5 
.+$.%, Pb, Sb # Bi – 10

–3
.+$.%. X$'# 

,2&/8&3#.& &%"232'#-( /&'22 ,#)5#2 $&32";+,#:, #8 %"23*+"#-2'(,& 

5&,02,-"#"9>- $ %&.&6(> <5$-"+50##. H-32'(,72 0*2-,72 .2-+''7 #'# 

*$> 1"9%%9 <5$-"+1#"9>- 8'&"&J&".&., /9-#'+02-+-&., 42-7"288'&"#$-7. 

91'2"&3&., .2-#'#)&/9-#'52-&,&. #'# $.2$(> #)&-%2,-+,&'+ $ 

.2-#'#)&/9-#'52-&,&. * *#32 5&.%'25$&* $ N-0#,,+.&#'-

J2,#'1#3"&5$#'+.#,&., N-/2,)&#'J2,#'1#3"&5$#'+.#,&., 8-

&5$#8#,&'#,&., 3#<-#'3#-#&5+"/+.+-&. ,+-"#:, 

%#""&'#3#,3#-#&5+"/+.+-&. +..&,#: # 3". B,#;2,#> %"232'+ 

&/,+"9;2,#: $%&$&/$-*92- -+5;2 #$%&'()&*+,#2 <'25-"&-2".#42$5&1& 

$%&$&/+ +-&.#)+0##. 

R,+'#-#42$5#= $#1,+' 0*2-,78 .2-+''&* %&*7?+2-$: /'+1&3+": 

3&/+*'2,#> * "+$-*&" +02-&,+, #)&%"&%#'&*&1& $%#"-+, .&,&5+"/&,&*78 

5#$'&- # 3"91#8 &"1+,#42$5#8 "+$-*&"#-2'2=. W-&- %"&$-&= %"#2. $,#;2,#: 

%"232'+ &/,+"9;2,#: <JJ25-#*2, * -28 $'94+:8, 5&13+ 5&,02,-"+0#: $&'2= * 
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"+$-*&"2 ,2*2'#5+. R,+'#-#42$5#= $#1,+' Cu, Zn, Pb, Bi, Cd, Sb 

9.2,(?+2-$:, 2$'# * "+$-*&"2 %"#$9-$-*92- /&'22 1 .1/.' Si, Al, Ca, Ti, Zr 

#'# /&'22 2.1/.' Fe, Mg, Sr, Ba, Na # 3". !"#4#,&= $,#;2,#: $#1,+'&* 

&%"232':2.78 <'2.2,-&* :*':2-$: ,2%&',&-+ #$%+"2,#: 4+$-#425 +<"&)&': 

"+$-*&"&* $ /&'(?2= 5&,02,-"+0#2= "+$-*&"2,,&1& *262$-*+, ,2%&',+: 

3#$$&0#+0#: -2".&$-&=5#8 $&23#,2,#= $&%9-$-*9>6#8 <'2.2,-&*, * $&$-+* 

5&-&"78 *8&3:- 0*2-,72 .2-+''7 (J#)#42$5+: /'&5#"&*5+). A"&.2 -&1&, %"# 

/&'(?&= 5&,02,-"+0## Ca, Si, Fe, Mg, Na ,+/'>3+>-$: %&'&$7 %&1'&62,#: 

.&'259':",78 $&23#,2,#= */'#)# ,+#/&'22 $#'(,78 '#,#= * $%25-"+8 

%&1'&62,#: Cu, Zn, Bi, Sb, Pb. !&<-&.9 %"# "+/&-2 $ "+$-*&"+.# $ *7$&5&= 

5&,02,-"+0#2= "+$-*&"2,,&1& *262$-*+ ,2&/8&3#. 5&""25-&" 

,2$2'25-#*,&1& %&1'&62,#:. 

E&'#/32, &/"+)92- ":3 .#,2"+'&* $9'(J#3,&1& # &5#$'2,,&1& -#%&*. 

P+#/&'22 "+$%"&$-"+,2,,7= #) ,#8 – .&'#/32,&*7= /'2$5 MoS2. 

 $-"24+>-$: -+5;2 .&'#/3+- Fe2(MoO4)3!7H2O, %&*2''#- Ca(Mo,W)O4, 

*9'(J2,#- PbMoO4. E&'#/32,&*72 .#,2"+'7 #.2>- $"+*,#-2'(,& %"&$-&= 

$&$-+*, &,# 8&"&?& "+)'+1+>-$: 5#$'&-+.#. @': &02,5# .2$-&"&;32,#: 

4+$-& -"2/92-$: "+)32'(,&2 &%"232'2,#2 $9'(J#3,&1& # &5#$'2,,&1& 

.&'#/32,+. H%"232'2,#2 &$,&*+,& ,+ "+),&= "+$-*&"#.&$-# .&'#/32,#-+ # 

&5#$'2,,78 .#,2"+'&* .&'#/32,+ * 5#$'&-+8. H%"232'2,#2 .&'#/32,+ 5+5 

%"#.2$# * %&"&3+8, "93+8 # .#,2"+'+8 – /&'22 $'&;,+: )+3+4+. R-&.,&-

+/$&"/0#&,,+: $%25-"&$5&%#: %"# +-&.#)+0## "+$-*&"&* %"&/ 

12&'&1#42$5#8 .+-2"#+'&* * %'+.2,# N2O-C2H2 %&)*&':2- &%"232':-( &-    

10
–3
.+$. % Mo. S+)'&;2,#2 %"&/ %"&*&3:- 5#$'&-+.# #'# $%'+*'2,#2.. 

!"&/7, $&32";+6#2 &"1+,#42$5&2 *262$-*&, %"23*+"#-2'(,& %"&5+'#*+>- 

#'# "+)'+1+>- $%'+*'2,#2. $ 3&/+*5&= $98#8 &5#$'#-2'2=. B%'+*'2,#2 

%"&*&3:- * %'+-#,&*78, 1"+J#-&*78, ,#52'2*78 -#1':8. P#52'2*72 -#1'# 

.&19- $&32";+-( .&'#/32,. !"# $%'+*'2,## # %"&5+'#*+,## ,+1"2*+,#2 

3&';,& /7-( .23'2,,7., &$&/2,,& * ,+4+'2. H8'+;32,,7= %'+* 

*762'+4#*+>- *&3&=, 593+ %2"28&3:- $9'(J+-7 62'&4,78 .2-+''&*, 

1+'&12,#37, J&$J+-7, +'>.#,+-7, 12".+,+-7, .&'#/3+-7, *&'(J"+.+-7, 

$-+,,+-7, 8"&.+-7. M-&/7 &/2$%24#-( %&',&2 "+$-*&"2,#2 .&'#/32,+, 

3&/+*':>- %2"&5$#3 *&3&"&3+ * *&3,9> *7-:;59 # 5#%:-:- *.2$-2 $ 

&$-+-5&.. !"# <-&. &/2$%24#*+2-$: %&',&2 &5#$'2,#2 .&'#/32,+ 3& 

?2$-#*+'2,-,&1&, "+$-*&"#.&$-( $&23#,2,#= 5&-&"&1& *7?2, 42. 

$&23#,2,#= .&'#/32,+ ,#)?2= *+'2,-,&$-#. 

!"# &%"232'2,## .&'#/32,+ .2-&3&. +-&.,&-+/$&"/0#&,,&= 

$%25-"&$5&%## %"23%&4-#-2'(,& 5#$'&-,&2 "+)'&;2,#2, %&$'2 5&-&"&1& 

5&,02,-"+0#: $&'2= * "+$-*&"2 ,2*2'#5+. !"&/7, $&32";+6#2 $9'(J#37, 

%"23*+"#-2'(,& &/"+/+-7*+>- HCl # HNO3, 4-&/7 93+'#-( &$,&*,9> .+$$9 

$2"7. X$'# * %"&/2 $&32";#-$: .&'#/32,#-, -& 21& .2'5#2 4+$-#07 

*$%'7*+>-, &/"+)9: ,+ %&*2"8,&$-# ;#35&$-# $2"9> %'2,59, 5&-&"+: 

%&$-2%2,,& %&3,#.+2-$: %& $-2,5+. 4+?5#. !'2,59 "25&.2,39>- $.7-( $& 

$-2,&5 $%#"-&. (1-2 .'). A&'#42$-*2,,7= %2"2*&3 .&'#/32,+ * "+$-*&" 
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&/2$%24#*+2-$: $.2$(> HF+HClO4+HNO3 %"# "+)'&;2,## * &-5"7-78 

$&$93+8, &3,&*"2.2,,& 93+':2-$: 5"2.,#=. P2&/8&3#.& -6+-2'(,&2 

93+'2,#2 J-&"+ # &/"+/&-5+ &$-+-5+ $&'2= "+$-*&"&. HCl. W-& $%&$&/$-*92- 

%&*7?2,#> $-2%2,# +-&.#)+0## $&23#,2,#= .&'#/32,+ * %'+.2,#. 

E&'#/32, - -91&%'+*5#= .2-+'' (t%' = 2630 
&
B); 5"&.2 -&1&, &, 

&/"+)92- -91&%'+*5#2 5+"/#37. !&<-&.9 3': +-&.#)+0## %"#.2,:>- %'+.: 

N2O-C2H2. B-2%2,( +-&.#)+0## *7?2 * %'+.2,#, &/&1+62,,&. 91'2"&3&.. 

!&<-&.9 %"232' &/,+"9;2,#: Mo #) &"1+,#42$5#8 "+$-*&"&* ,#;2, 42. #) 

*&3,78.  2'#4#,+ +,+'#-#42$5&1& $#1,+'+ )+*#$#- &- %"#$9-$-*#: 

%&$-&"&,,#8 <'2.2,-&* – Al, Ca, Fe, Cr, Mn, SO4
2–

. @&/+*'2,#2 * "+$-*&" Na, 

K, HCl $,#;+2- %"232' &/,+"9;2,#: Mo * *&)39?,&-+02-#'2,&*&. %'+.2,#. 

W-&- <JJ25- 262 $#'(,22 * %'+.2,# N2O-C2H2, -.5. 3&/+*5+ $&23#,2,#= 

,+-"#: # 5+'#: 9.2,(?+2- #&,#)+0#> +-&.&* .&'#/32,+. A&13+ $&32";+,#2 

$&%9-$-*9>6#8 <'2.2,-&* * "+$-*&"2 *2'#5&, %"&*&3:- %"23*+"#-2'(,&2 

&-32'2,#2 # 5&,02,-"#"&*+,#2 .&'#/32,+, #$%&'()9: #&,,7= &/.2, # 

<5$-"+50#>. P+#/&'22 ,#)5#2 %"232'7 &/,+"9;2,#: .&'#/32,+ 3&$-#1+>-$: 

%"# #$%&'()&*+,## <'25-"&-2".#42$5#8 +-&.#)+-&"&*. R-&.#)+0#: * 

1"+J#-&*78 -"9/5+8 &$'&;,:2-$: &/"+)&*+,#2. -2".&$-&=5#8 5+"/#3&*. 

G2"#''#= &-,&$#-$: 5 "+$$2:,,7. <'2.2,-+.. !"#$9-$-*92- * 

&$,&*,&. * $#'#5+-,78 %&"&3+8 * .+'78 5&'#42$-*+8, %&":35+ 10
–4

 .+$. %. 

N)*2$-,7 .#,2"+'7 $ *7$&5#. $&32";+,#2. /2"#''#:. W-& $#'#5+-7, 

+'>.#,+-7, +'>.&$#'#5+-7. P+#/&'22 "+$%"&$-"+,2,,7= .#,2"+' – /2"#'' 

Be3Al2(SiO3)6.  $-"24+>-$: /2"#''7 $ %"#.2$:.# 02)#:, "9/#3#:, '#-#:, 

8"&.+, ;2'2)+, ,+-"#:. !"# +,+'#)2 %&"&3, "93 # .#,2"+'&* ,2&/8&3#.& 

&%"232':-( &42,( ,#)5#2 $&32";+,#: /2"#''#:, 2$'# ;2 #$$'239>- 

/2"#''#2*72 .#,2"+'7 # $&'# – &%"232':>- Be ,+ 9"&*,2 02'78 %"&02,-+.   

8&32 +,+'#)+ /2"#''#> $&%9-$-*92- +'>.#,#=,  %&<-&.9 "+)'&;2,#2 

+,+'#)#"92.78 .#,2"+'&* %"&*&3:- -+5 ;2, 5+5 # %"# &%"232'2,## 

+'>.#,#:. !"#.2,:>- $%'+*'2,#2 # 5#$'&-,&2 "+)'&;2,#2 * +*-&5'+*+8 #'# 

&-5"7-78 $&$93+8 $ 3&%&',#-2'(,&= &/"+/&-5&= ,2"+$-*&"#.&1& &$-+-5+. 

G2"#''#= %"# *762'+4#*+,## %'+*+ %"&/7 $ 5+"/&,+-&. ,+-"#: *7%+3+2- * 

&$+3&5.  

@': +-&.#)+0## /2"#''#: %"#.2,:>- %'+.2,+ C2H2-*&)398 # C2H2-

N2O # <'25-"&-2".#42$5#= +-&.#)+-&". !"232'7 &/,+"9;2,#: $&$-+*':>- 

n!10
–4

, n!10
–5

 # n!10
–6

 % /2"#''#:, $&&-*2-$-*2,,&.   %'+.2,# *&)398-

+02-#'2, &-.24+2-$: .,&1& %&.28, * %'+.2,# N2O-C2H2 *'#:,#2 $&$-+*+ 

"+$-*&"&* .2,(?2. !"# +-&.#)+0## * <'25-"&-2".#42$5&. +-&.#)+-&"2 

,+/'>3+2-$: ,2$2'25-#*,&2 %&1'&62,#2 * %"#$9-$-*## /&'22 42. 0,2 .1/.' 

$&23#,2,#= Si, Al, Ca, Mg, Ti. !"# "+)'&;2,## 8'&",&= 5#$'&-&= 

%&'94+>-$: %2"8'&"+-7, 5&-&"72 $&)3+>- ,+#/&'22 $#'(,72 ,2$2'25-#*,72 

%&.28# * <'25-"&-2".#42$5&. +-&.#)+-&"2. 

M-&/7 #$5'>4#-( *'#:,#2 $&$-+*+ %"&/ ,+ "2)9'(-+-7 +-&.,&-

+/$&"/0#&,,&1& &%"232'2,#: /2"#''#:, * %"&02$$2 "+)'&;2,#: %"&/ 

93+':>- 5"2.,#=.   %&'942,,72 "+$-*&"7 3&/+*':>- $%25-"&8#.#42$5#2 
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/9J2"7, 5&-&"72 %"23&-*"+6+>- &/"+)&*+,#2 -"93,&'2-94#8 # 

-2".&$-&=5#8 $&23#,2,#= +'>.#,#:, 5+'(0#: # 3"91#8 $&%9-$-*9>6#8 

<'2.2,-&*. !"# +,+'#)2 "+$-*&"&* * <'25-"&-2".#42$5#8 +-&.#)+-&"+8 3': 

"+)'&;2,#: %"&/ ,2 %"#.2,:>- 8'&",9> 5#$'&-9. Q$-"+,2,#2 %&.28 

3&$-#1+2-$:  #$%&'()&*+,#2. .2-&3&* %"23*+"#-2'(,&1& "+)32'2,#: # 

5&,02,-"#"&*+,#:, 4+62 *$21& – <5$-"+50#&,,&1& 5&,02,-"#"&*+,#:. 

H'&*& * "+$$2:,,&. $&$-&:,## J#5$#"92-$: * 1"+,#-&#3+8, 

%21.+-#-+8, $'>3+8, %&'2*78 ?%+-+8 # "+)'#4,78 &$+3&4,78 %&"&3+8. 

G'+1&3+": /&'(?&=  %'&-,&$-# .#,2"+'7 &'&*+ 5&,02,-"#"9>-$: * 

"&$$7%:8. H'&*& &/"+)92- &5&'& 3*+30+-# .#,2"+'&*, 5&-&"72 %& 

8#.#42$5&.9 $&$-+*9 &-,&$:-$: 5 $9'(J#3+., &5$#3+., $9'(J&$-+,,+-+.. 

P+#/&'22 "+$%"&$-"+,2,,7= .#,2"+' &'&*+ – 5+$$#-2"#-- ,2 "+)'+1+2-$: 

5#$'&-+.#. C&'(5& 5&''&#3,72 J&".7 3#&5$#3+ &'&*+, 5&-&"72 *$-"24+>-$: 

* &5#$'2,,78 $9'(J#3,78 "93+8, "+$-*&":>-$: * "+)/+*'2,,78 5#$'&-+8. 

B-+,,#, # $9'(J#3,72 .#,2"+'7 &'&*+ "+)'+1+>-$: * 5&,02,-"#"&*+,,78 

5#$'&-+8 %"# ,+1"2*+,##. 

X$'# %"&/7, $&32";+6#2 &'&*&, &/"+/+-7*+-( HCl, -& %"# ,+1"2*+,## 

* &-5"7-78 $&$93+8 .&19- /7-( ),+4#-2'(,72 %&-2"# &%"232':2.&1& 

<'2.2,-+ #)-)+ /&'(?&= '2-942$-# 8'&"#3+ &'&*+ (II). H'&*& -2":2-$: 3+;2 

%"# *7%+"#*+,## "+$-*&"+ /2) 5#%2,#:, 5&13+ ,+ $-2,5+8 4+?5# &/"+)92-$: 

5&'(0& $98#8 $&'2=. Q'2-94#*+,#2 ,2 %"&#$8&3#-, 2$'# "+)'&;2,#2 

%"&*&3#-( * "+$-*&"2 HCl %&3 4+$&*7. $-25'&. #'# * )+5"7-&. $&$932. 

F'&"#3 &'&*+ (II) ,2 9'2-94#*+2-$:, 2$'# * "+$-*&" 3&/+*#-( $2",9> 

5#$'&-9. !"# "+)'&;2,## %&"&3, "93 # .#,2"+'&* +)&-,&= 5#$'&-&= &'&*& 

&$+;3+2-$: * *#32 .2-+&'&*:,,&= 5#$'&-7. A&'#42$-*2,,&2 %2"2*232,#2 

&'&*+ * &$+3&5 &/2$%24#*+2-$: %"# %&*-&",&. *7%+"#*+,## $ +)&-,&= 

5#$'&-&= # %&3$9?#*+,## &$+35+. 

!2"2*232,#2 $&23#,2,#= &'&*+ * "+$-*&"#.&2 $&$-&:,#2 

&$962$-*':2-$: $%'+*'2,#2. #8 $& 62'&4+.# %"# 3&/+*'2,## 

.2-+''#42$5&1& 0#,5+, ,+-"#:, 5+'#:. A+$$#-2"#- .&;2- /7-( "+)'&;2, 

$%'+*'2,#2. $& $.2$:.# %2"&5$#3+ ,+-"#: # /9"7 #'# 5+"/&,+-+ ,+-"#: # 

/9"7. !'+* "+$-*&":>- * *&32, + )+-2. 3&/+*':>- 3&$-+-&4,&2 5&'#42$-*& 

HCl, 4-&/7 %"23&-*"+-#-( 1#3"&'#) $&23#,2,#= &'&*+. !"# 3&/+*'2,## 

1.+$. % *#,,&= 5#$'&-7 &'&*& ,2 1#3"&'#)92-$: 3+;2 * "+)/+*'2,,&. 

"+$-*&"2 HCl. R-&.,&-+/$&"/0#&,,7= .2-&3 $ +-&.#)+0#2= * %'+.2,# N2O-

C2H2 %&)*&':2- &%"232':-( &- 0,001 .+$.% Sn  # *7?2; * *&)39?,&-

+02-#'2,&*&. %'+.2,# ,#;,#= %"232' &%"232':2.78 $&32";+,#=      

0,01.+$. % Sn. !"232' &/,+"9;2,#: $,#;+2-$:, 2$'# &'&*& ,+8&3#-$: * *#32 

J-&"#3,78 5&.%'25$&* #'# $&23#,2,#= # +-&.#)#"92-$: * %'+.2,#, 

&/&1+62,,&. 1&">4#. 1+)&., #'# * $"232 $ *&$$-+,&*#-2'(,7.# 

$*&=$-*+.#. 

R-&.,&-+/$&"/0#&,,7= $#1,+' &'&*+ * ),+4#-2'(,&= $-2%2,# )+*#$#- 

&- $&$-+*+ "+$-*&"+ %"# +-&.#)+0## * *&)39?,&-+02-#'2,&*&. %'+.2,#.   

/&'22 1&":42. %'+.2,# N2O-C2H2 %&.28# %"&:*':>-$: %"# /&'22 *7$&5#8 
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5&,02,-"+0#:8 $&%9-$-*9>6#8 <'2.2,-&*. R'>.#,#=, 8"&., .+1,#=, -#-+,, 

*+,+3#= 9.2,(?+>- +,+'#-#42$5#= $#1,+' &'&*+. B#1,+' -+5;2 $,#;+2-$: * 

%"#$9-$-*## HNO3, H3PO4, H2SO4. P+/'>3+2-$: 9*2'#42,#2 $#1,+'+ &'&*+ 

%"# **232,## * %'+.: 5+'#:, 62'&4,&)2.2'(,78 <'2.2,-&*, '+,-+,+ # 3". 

6.3. B$?)- 

!&4*+ – <-& 2$-2$-*2,,&-#$-&"#42$5&2 &/"+)&*+,#2, *&),#5?22 * 

"2)9'(-+-2 #).2,2,#: %&*2"8,&$-,&1& $'&: '#-&$J2"7 $&*.2$-,7. 

*&)32=$-*#2. *&37, *&)398+ # ;#*78 &"1+,#).&*. !&4*+ – <-& 12&'&1#42$5&2 

-2'&, &-'#4+>622$: &- *$28 %&8&;#8 ,+ ,22 1'#,#$-78 # %2$4+,78 

&/"+)&*+,#= %"2;32 *$21& ,+5&%'2,#2. "+)'&;#*?#8$: &"1+,#42$5#8 

*262$-* # %'&3&"&3#2.. 

!&4*+ $&$-&#- #): 

1. -*2"378 5&.%&,2,-&*; 

2. ;#35#8 5&.%&,2,-&*; 

3. 1+)&&/"+),78 5&.%&,2,-&*; 

4. .+5"&- # .#5"&&"1+,#).&* ("+$-#-2'(,78 # ;#*&-,78). 

C*2"37= 5&.%&,2,- $&$-&#- #) .#,2"+'(,&=  # &"1+,#42$5&= 4+$-2= 

(19.9$+). E#,2"+'(,9> 4+$-( $&$-+*':>- %2"*#4,72 .+-2"#+'7, &$-+*?#2$: 

&- .+-2"#,$5&= %&"&37, + -+5;2 *-&"#4,72 .#,2"+'7, &/"+)&*+*?#2$: * 

"2)9'(-+-2 "+)'&;2,#: %2"*#4,78 – <-& 1'#,#$-72 .#,2"+'7, + -+5;2 

.#,2"+'7-$&'# – 5+"/&,+-7, $9'(J+-7, 1+'&12,#37 # 3"., *7%+*?#2 * &$+3&5 

#) %&4*2,,78 *&3. H"1+,#42$5+: 4+$-( %&4*7 - 19.9$ –  $'&;,&2 

&"1+,#42$5&2 *262$-*&, &/"+)&*+*?22$: * "2)9'(-+-2 J#)#5&-8#.#42$5&1& 

"+)'&;2,#: &-.2"?#8 &"1+,#42$5#8 *262$-*. L9.9$ $&32";#- &5&'&           

50 .+$. % 91'2"&3+ * *#32 /2'5&*, +.#,&5#$'&-, 91'2*&3&*, '#1,#,+, 

%"#"&3,78 $.&'. S+)"9?2,#2 '#1,#,+ *232- 5 %&:*'2,#> %#"&5+-28#,+, 

%#"&1+''&'+, &5$#1#3"&8#,&,+. S+)"7* +"&.+-#42$5&1& 5&'(0+ 3+2- 

.95&,&*9> #'# 6+*2'2*9> 5#$'&-7.  $2 <-# $&23#,2,#: 94+$-*9>- * 

"2+50#:8 *-&"#4,&1& $#,-2)+, %"#*&3:6#8 5 &/"+)&*+,#> 19.#,&*78 

5#$'&-. L9.#,&*72 5#$'&-7 – ,+#/&'22 "+$%"&$-"+,2,,72 %"#"&3,72 

&"1+,#42$5#2 $&23#,2,#:, &/"+)9>6#2$: * "2)9'(-+-2 "+)'&;2,#: 

"+$-#-2'(,&1& *262$-*+ # %&$'239>621& *)+#.&32=$-*#: %"&395-&* "+$%+3+ 

%"# 94+$-## .#5"&&"1+,#).&*. E&':",+: .+$$+ 19.#,&*78 5#$'&- 

5&'2/'2-$: &- 2000 3& 300000. L9.#,&*72 5#$'&-7 <5$-"+1#"9>-$: #) %&4* 

$'+/7.# 62'&4+.# # *7%+3+>- * &$+3&5 %"# %&35#$'2,##. B&23#,2,#:, 

&$-+>6#2$: * "+$-*&"2 %&$'2 &$+;32,#: 19.#,&*78 5#$'&-, ,+)7*+>-$: 

J9'(*&5#$'&-7.  

I#35#= 5&.%&,2,- %&4* %"23$-+*'2, $*&/&3,&=, $*:)+,,&= # 

5+%#'':",&= *&3&=.  2$( ;#35#= 5&.%&,2,- %&4* ,+)7*+>- %&4*2,,7. 

"+$-*&"&., 5&-&"7= $&32";#- NO3
–
, HCO3

–
, HPO4

2–
, SO4

2– 
– +,#&,7 # 3"91#2 

$&'#, *&3&"+$-*&"#.72 &"1+,#42$5#2 5#$'&-7 # #8 $&'#, $+8+"+ # 3". 

$&23#,2,#:, * -&. 4#$'2 # -"93,&"+$-*&"#.72. 
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!&4*2,,+: /#&-+ %"23$-+*'2,+ J'&"&= # J+9,&= (3&;32*72 42"*#, 

.&5"#07, )2.':,72 5'26#, 1"#/7, /+5-2"##, *&3&"&$'#). H$&/9> "&'( 

#1"+>- 1+)7 %&4*7 – +)&-, *&3&"&3, 5#$'&"&3, 91'25#$'7= 1+), .2-+,, +"1&, # 

3". E+5"&$&$-+* %&4*7 :*':2-$: &3,#. #) "2?+>6#8 J+5-&"&* %"# *):-##, 

%&31&-&*52 # *$5"7-## &/"+)0&* %&4* %2"23 #8 +-&.,&-+/$&"/0#&,,7. 

&%"232'2,#2.. C+5, /&'(?#,$-*& <'2.2,-&* *)+#.&32=$-*9>- $ 19.#,&*7.# 

*262$-*+.# %&4*7, # #8 $*:)# .&19- /7-( &%#$+,7 $ %&.&6(> :*'2,#= 

#&,,&1& &/.2,+, $&"/0## ,+ %&*2"8,&$-#, 82'+-&&/"+)&*+,#:, 5&+19':0## # 

%2%-#)+0##. B*:)7*+,#2 .2-+''+ .&;2- %"&8&3#-( %& ,2$5&'(5#. 

"2+50#&,,7. 02,-"+. 19.#,&*&= 5#$'&-7.  $2 "2+50## .2;39 

&"1+,#42$5#.# *262$-*+.# # 5+-#&,+.# *239- 5 &/"+)&*+,#> 

*&3&"+$-*&"#.78 #/#'# ,2"+$-*&"#.78 * *&32 5&.%'25$&*.  732'2,7 -"# 

1"9%%7 <'2.2,-&* %& #8 $"&3$-*9 5 19.#,&*7. *262$-*+.: 

+) ,+#/&'(?22 $"&3$-*& 5 &"1+,#42$5&.9 *262$-*9 #.2>- Ga, Be, B, 

Br # Sb; 

/) $"23,22 – Co, Ni, Cu, Cr, Se; 

*) .#,#.+'(,&2 $"&3$-*& #.2>- Cd, Mn, Mo, Fe, Zn # As, ,& &,# 

%"#$9-$-*9>- *& *$28 &"1+,#42$5#8 J"+50#:8. 

H$&/2,,&$-( +-&.,&-+/$&"/0#&,,&1& # #,&1& +,+'#)+ %&4* 

)+5'>4+2-$: * -&., 4-& &02,59 %&4* %"&*&3:- ,2 -&'(5& %& *+'&*&.9 

$&32";+,#> <'2.2,-&*, ,& # %& $&32";+,#> #8 %&3*#;,78 J&".. !&3 

%&3*#;,7.# J&".+.# <'2.2,-&* &/74,& %&,#.+>- -9 #8 4+$-(, 5&-&"+: 

#)*'25+2-$: -2.# #'# #,7.# "+$-*&"#-2':.# – "+$-*&"+.# $&'2=, 

.#,2"+'(,78 5#$'&- (1E HCl, 1M HNO3, 1M CH3COOH), /9J2",7.# 

"+$-*&"+.# (+..#+4,&-+02-+-,7= /9J2" pH 4,5-4,8). !"# <-&. .&32'#"92-$: 

*)+#.&32=$-*#2 %&4*7 $ 5&",2*&= $#$-2.&= "+$-2,#=.  

B"+*,2,#2 $"23,21& $&32";+,#: <'2.2,-&* * %&4*+8 # %"232'&* #8 

&/,+"9;2,#: +-&.,&-+/$&"/0#&,,7. .2-&3&. %&5+)7*+2-, 4-& %":.7. 

.2-&3&. * .#,2"+'#)+-2 %&4* .&;,& &%"232'#-( *+'&*&2 $&32";+,#2 Al, Fe, 

Ca, Mg, K, Na, Mn, Ba, Sr, Cr, Rb, Zn, Ni, Li, Ga, Cu, Pb, Co, Be. W'2.2,-7, 

&/"+)9>6#2 * %'+.2,# -2".&$-&=5#2 $&23#,2,#: #'# $&23#,2,#: $ *7$&5&= 

<,2"1#2= 3#$$&0#+0## (B, Zr, ,25&-&"72 SDW), ,2 .&19- /7-( &%"232'2,7 $ 

3&$-+-&4,&= 3': %"+5-#42$5#8 02'2= 49*$-*#-2'(,&$-(>. P2'(): &%"232'#-( 

<'2.2,-7, $%25-"7 5&-&"78 ,2 #.2>- '#,#= %&1'&62,#:, '2;+6#8 * 

3&$-9%,&= 3': ,+/'>32,#: &/'+$-# $%25-"+ (,#;2 200 ,.): <-&  F, Cl, C, N, 

S, P, O.  

  #,-2"2$+8 %&4*&*232,#:, +1"&8#.## # )+6#-7 &5"9;+>62= $"237 

+-&.,&-+/$&"/0#&,,7= .2-&3 %&)*&':2- "2?+-( $'239>6#2 +,+'#-#42$5#2 

)+3+4#: 1) %"&*232,#2  *+'&*&1& +,+'#)+ %&4* # )&'(,&1& +,+'#)+ "+$-2,#=; 

2) &%"232'2,#2 5+-#&,,&1& $&$-+*+ *&3,78 *7-:;25 #) %&4*7; 3) 

&%"232'2,#2 2.5&$-# %&1'&62,#: # $&$-+*+ &/.2,,78 5+-#&,&* %&4*7; 4) 

&%"232'2,#2 *+'&*&1& $&32";+,#: # J&".7 $&23#,2,#= ,+#/&'22 

/#&'&1#42$5# *+;,78 .#5"&<'2.2,-&*; 5)  5&,-"&'( )+1":),2,#: %&4*, 

"+$-2,#=, *&3  -:;2'7.# .2-+''+.# # ,25&-&"7.# ,2.2-+''+.#.  
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@+,,72 & ,&".+-#*,78 3&59.2,-+8, "21'+.2,-#"9>6#8 +-&.,&-

+/$&"/0#&,,72 .2-&3#5# &%"232'2,#: $&$-+*+ # )+1":),:>6#8 *262$-* * 

%&4*+8 # &-*+'+8, &/&/62,7 * -+/'. 6.8. 

E2-&3 &-/&"+ %"&/ %&4* )+*#$#- &-  02'2= #$$'23&*+,#:.   02':8 

5&,-"&': )+1":),2,#: %&4* .2-+''+.# &-/&" %"&/ $'2392- %"&#)*&3#-( * 

$&&-*2-$-*## $& $'239>6#.# 3&59.2,-+.#: 

1. LHBC 17.4.4.02.-84. !&4*7. E2-&37 &-/&"+ # %&31&-&*5# %"&/ 3':   

8#.#42$5&1&, /+5-2"#&'&1#42$5&1&, 12'(.#,-&'&1#42$5&1& +,+'#)+. – 

E.: N)3+-2'($-*& $-+,3+"-&*, 1985. 

1. LHBC 17.4.3.01. E2-&3#42$5#2 "25&.2,3+0## %& %"&*232,#> %&'2*78 

# '+/&"+-&",78 #$$'23&*+,#= %&4* # "+$-2,#= %"# 5&,-"&'2 

)+1":),2,#: &5"9;+>62= $"237 .2-+''+.#. – E.: L#3"&.2-2&#)3+-, 

1981. 

2.  "2.2,,72 .2-&3#42$5#2 "25&.2,3+0## %& 5&,-"&'> )+1":),2,#: 

%&4*. – E.: L#3"&.2-2&#)3+-, 1983. 

!"# &-/&"2 %"&/ %&4* 3&';,+ /7-( &%"232'2,+ %"&-:;2,,&$-( # 

-&%&1"+J#: )&, )+1":),2,#:, 5&-&"+: )+*#$#- &- "&)7 *2-"&*, %2"#&3+ 

*7%+32,#: &$+35&*. @': 5&,-"&': )+1":),2,#: -:;2'7.# .2-+''+.# &-/&" 

%"&/ %"&*&3:- ,2 .2,22 &3,&1& "+)+ * 3 1&3+. !"# #)942,## 3#,+.#5# 

$+.&&4#62,#: &-/&" %"&/ %"&*&3:- * -242,#2 %2"*&1& .2$:0+ 2;2,232'(,&, 

+ )+-2. 2;2.2$:4,& * -242,#2 *212-+0#&,,&1& %2"#&3+ 3& )+*2"?2,#: 

+5-#*,&= J+)7 $+.&&4#62,#:. !"# 5&,-"&'2 )+1":),2,#: %&4* 

%"23%"#:-#:.# %"&.7?'2,,&$-# %"&/,72 %'&6+35# ,+.24+>- *3&'( 

*25-&"&* «"&)7 *2-"&*». !"# ,2&3,&"&3,&. "2'(2J2 .2$-,&$-# %"&/,72 

%'&6+35# "+$%&'+1+>-$: %& <'2.2,-+. "2'(2J+. Q4+$-5# 3': &-/&"+ %"&/ 

%&4* 3&';,7 8&"&?& &-"+;+-( $-"95-9"9 "+=&,+ #$$'23&*+,#:: %&4*2,,&1& 

%&5"&*+, .+-2"#,$5&= %&"&37, "2'(2J+, 12&'&1## # 1#3"&'&1##. @': 

5&,-"&': )+1":),2,#: %&4* $2'($5&8&):=$-*2,,78 91&3#= * )+*#$#.&$-# &- 

8+"+5-2"+ #$-&4,#5+ )+1":),2,#=, *&)32'7*+2.&= 59'(-9"7 # "2'(2J+ 

.2$-,&$-# ,+ 5+;372 0,5-20 1+ -2""#-&"## )+5'+37*+>- ,2 .2,22 1 %"&/,&= 

%'&6+35# "+).2"&. ,2 .2,22 10$10 .. C&424,72 %"&/7 &-/#"+>- ,+ 

%"&/,&= %'&6+352 #) &3,&1& #'# ,2$5&'(5#8 $'&2* #'# 1&"#)&,-&* .2-&3&. 

5&,*2"-+ (42-7"2 -&45# * 91'+8 # &3,+ * 02,-"2). A+;3+: %"&/+ 3&';,+ 

%"23$-+*':-( $&/&= 4+$-( %&4*7, -#%#4,&= 3': 12,2-#42$5#8 1&"#)&,-&* #'# 

$'&2* 3+,,&1& -#%+ %&4*7. !"&/7 %&4*7 ,+ 02'#,2 ,2&/8&3#.& &-/#"+-( ,+ 

1'9/#,2 0-5 $., ,+ %+?,2 – 0-20 $. (#'# ,+ 1'9/#,2 %+8&-,&1& 1&"#)&,-+). 

H/O23#,2,,9> %"&/9 $&$-+*':>- %9-2. $.2?#*+,#: -&424,78 %"&/, 

&-&/"+,,78 ,+ &3,&= %"&/,&= %'&6+352. @': 8#.#42$5&1& +,+'#)+ 

&/O23#,2,,9> %"&/9 $&$-+*':>- ,2 .2,22 42. #) %:-# -&424,78 %"&/, 

*):-78 $ &3,&= %"&/,&= %'&6+35#. E+$$+ &/O23#,2,,&= %"&/7 3&';,+ /7-( 

,2 .2,22 1 51. @': 5&,-"&': )+1":),2,#: %&4*7 *262$-*+.#, 

"+$%"232':>6#.#$: %& %&*2"8,&$-#, * -&. 4#$'2 -:;2'7.# .2-+''+.#, 

-&424,72 %"&/7 &-/#"+>- %&$'&=,& $ 1'9/#,7 0-5 # 5-20 $. .+$$&= ,2 /&'22 

200 1 5+;3+:. 
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C+/'#0+ 6.8 – !2"242,( +-&.,&-+/$&"/0#&,,78 .2-&3#5 &%"232'2,#: $&$-+*+ %&4* # &-*+'&*, + -+5;2 *262$-*, 

)+1":),:>6#8 95+)+,,72 &/O25-7 

 

!&5+)+-2'( P+#.2,&*+,#2 .2-&3#5# H/O25- 

@#+%+)&, 

&%"232':2-

.78 

$&32";+-

,#=, .1/51 

U#-2"+-9"+ 

H5$#3 ;2'2)+ (III) E+-2"#+'7 # #)32'#: 

&1,29%&",72. E2-&37 

&%"232'2,#: &5$#3+ ;2'2)+. 

A"2.,2)2.7, 

+'>.&$#'#5+-7, 

1'#,&)2.,&-#)*2$-5&*72, 

.+1,2)#+'(,72 

.+-2"#+'7. 

0,01-6 % 

Fe2O3 

LHBC 2642.5-86 

A+'(0#= * *&3,&= 

*7-:;52 %&4* 

!&4*7. E2-&37 &%"232'2,#: 

5+'(0#: # .+1,#: * *&3,&= 

*7-:;52. 

!&4*7 )+$&'2,,72 % 1,25 

..&'(/1001 

Ca 

LHBC 26428-85 

A+'(0#= 

*&3&"+$-*&"#.7= 

!&4*7 -2%'#4,72. E2-&3 

&%"232'2,#: 

*&3&"+$-*&"#.&1& 5+'(0#: # 

.+1,#:. 

!&4*7 -2%'#4,72 % 125 Ca  

% 25 Mg 

LHBC 27753.9-88 

A+'(0#= 

&/.2,,7= 

!&4*7. H%"232'2,#2 

&/.2,,&1& 5+'(0#: # 

&/.2,,&1& (%&3*#;,&1&) 

.+1,#: .2-&3+.# VNPRH. 

 $2 -#%7 %&4*, 5"&.2 

5+"/&,+-,78, 

)+1#%$&*+,,78 # 

)+$&'2,,78 1&"#)&,-&*. 

% 0,3 

..&'(/1001 

Ca 

1-

10..&'(/100

1 Mg 

 

LHBC 26487-85 

A+3.#= H%"232'2,#2 5+3.#: * %&4*2 !&4*7 $2'(8&)91&3#=.  0,2-20 E2-&3#42$5#2 95+)+,#: 

2
3

6
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+-&.,&-+/$&"/0#&,,7. 

.2-&3&.. 

%& &%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # 

%"&3950## 

"+$-2,#2*&3$-*+ (#)3+,#2 

2-2 %2"2"+/&-+,,&2 # 

3&%&',2,,&2) – E., 1992. 

H%"232'2,#2 5+3.#: * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&. 

!&4*7 $2'(8&)91&3#= 0,4-40 !&3*#;,72 

J&".7 5+3.#: 

H%"232'2,#2 %&3*#;,78 J&". 

$&23#,2,#= 5+3.#: * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&. 

!&4*7 "+),&1& -#%+ 0,5-10 

E2-&3#42$5#2 95+)+,#: 

%& &%"232'2,#> 

-:;2'78 .2-+''&* * 

%&4*+8 $2'(8&)91&3#= # 

%"&3950## 

"+$-2,#2*&3$-*+. – E., 

1989. 

E+"1+,20 

&/.2,,7= 

!&4*7. H%"232'2,#2 

&/.2,,&1& .+"1+,0+ .2-&3+.# 

VNPRH. 

!&4*7 "+),&1& -#%+ 11-138 LHBC 26486-85 

R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#: %&3*#;,&= 

J&".7 .23#. 

!&4*7 "+),&1& -#%+ 2-25 EQ 3210-85 !&3*#;,72 

J&".7 .23# 

 

H%"232'2,#2 .23# * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&. 

!&4*7 $2'(8&)91&3#= 1-300 E2-&3#42$5#2 95+)+,#: 

%& &%"232'2,#> 

-:;2'78 .2-+''&* * 

%&4*+8 $2'(8&)91&3#= # 

%"&3950## "+$-2-

,#2*&3$-*+ (#)3+,#2 2-

2 %2"2"+/&-+,,&2 # 

3&%&',2,,&2) – E., 

1992. 

E23( &/6+: H%"232'2,#2 .23# * %&4*2 !&4*7 $2'(8&)91&3#= 5-150 E2-&3#42$5#2 95+)+,#: 2
3

7
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+-&.,&-+/$&"/0#&,,7. 

.2-&3&. 

%& &%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # 

%"&3950## "+$-2-

,#2*&3$-*+. – E., 1989. 

!&3*#;,72 

J&".7 ,#52': 

R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#: %&3*#;,&= 

J&".7 ,#52': * %&4*+8. 

!&4*7 "+),78 -#%&* 3-42 EQ 3210-85 

P#52'( H%"232'2,#2 ,#52': * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&.  

!&4*7 "+),78 -#%&* 3-42 E2-&3#42$5#2 95+)+,#: 

%& &%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # 

%"&3950## 

"+$-2,#2*&3$-*+. – E., 

1989. 

S-9-( R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#: "-9-# * %&4*2 

!&4*7 "+),78 -#%&* 2,5-250 B+,!#P 42-128-4433-

87 

B*#,20  R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#2 $*#,0+ * %&4*2  

!&4*7 "+),78 -#%&* 12-120 B+,!#P 42-128-4433-

87 

B*#,20 *+'&*7= R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#2 $*#,0+ * %&4*2 

!&4*7 $2'(8&)91&3#= 5-200 E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+ (#)3+,#2 2-2 

%2"2"+/&-+,,&2 # 

3&%&',2,,&2) – E., 1992. 

E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+. – E., 1989. 

B*#,20 

%&3*#;,7= 

R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#: $*#,0+ * %&4*2 

!&4*7 $2'(8&)91&3#= 1-400 E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

2
3

8
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$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+ (#)3+,#2 2-2 

%2"2"+/&-+,,&2 # 

3&%&',2,,&2) – E., 1992. 

E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+. – E., 1989. 

!&3*#;,72 *#37 

8"&.+ 

R-&.,&-+/$&"/0#&,,7= .2-&3 

&%"232'2,#: %&3*#;,&= 

J&".7 8"&.+ * %&4*2. 

!&4*7 "+),78 -#%&* 2-200 B+,!#P 42-128-4433-87 

V#,5 *+'&*7= H%"232'2,#2 0#,5+ * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&.  

!&4*7 $2'(8&)91&3#= 2-150 

V#,5 %&3*#;,7= H%"232'2,#2 0#,5+ * %&4*2 

+-&.,&-+/$&"/0#&,,7. 

.2-&3&. 

!&4*7 $2'(8&)91&3#= 2-300 

E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+ (#)3+,#2 2-

2 %2"2"+/&-+,,&2 # 

3&%&',2,,&2) – E., 1992. 

E2-&3#42$5#2 95+)+,#: %& 

&%"232'2,#> -:;2'78 

.2-+''&* * %&4*+8 

$2'(8&)91&3#= # %"&3950## 

"+$-2,#2*&3$-*+. – E., 

1989. 

A#$'&-&"+$-*&"#-

.72 J&".7 

.2-+''&* 

E2-&3#5+ *7%&',2,#: 

#).2"2,#= .+$$&*&= 3&'# 

5#$'&-&"+$-*&"#.78 J&". 

.2-+''&* (.23#, $*#,0+, 

0#,5+, ,#52':, 5+3.#:) * 

%"&/+8 %&4*7 +-&.,&-

+/$&"/0#&,,7. +,+'#)&.  

!&4*7  &- 20 ppm Ni, 

Cu, Pb, Zn; 

&- 1 ppm Cd; 

*2"8,#= 

%"232' ,2 

&1"+,#42, 

S@ 52.18.191-89. 

E2-&3#42$5#2 

95+)+,#: 

2
3

9
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!"# &-/&"2 -&424,78 %"&/ # $&$-+*'2,#: &/O23#,2,,&= %"&/7 

3&';,+ /7-( #$5'>42,+ *&).&;,&$-( #8 *-&"#4,&1& )+1":),2,#:. 

N,$-"9.2,-7 3': &-/&"+ %"&/ %&4* 3&';,7 /7-( #) %"&4,&= %'+$-.+$$7. 

E&;,& %"#.2,:-( #,*2,-+"( #) '>/&= $-+'#, %"23*+"#-2'(,& &4#$-#* 21& &- 

";+*4#,7. H3,+5& %2"23 *):-#2. %"&/7 $'&=, 5&-&"7= $&%"#5+$+'$: $ 

.2-+''&., ,2&/8&3#.& 93+'#-( &$-"7. ,&;&. #) %'+$-.+$$7. !"# &-/&"2 

%"&/ ,2 $'2392- 9%&-"2/':-( &0#,5&*+,,72 *23"+, .23,72 #)32'#:, 

<.+'#"&*+,,72 -+)7, &5"+?2,,72 #,$-"9.2,-7 # 32-+'#, $&32";+6#2 

0*2-,72 .2-+''7 #'# 3"91#2 &%"232':2.72 <'2.2,-7. 

!"&/7 %&4*7 3': 8#.#42$5&1& +,+'#)+ *7$9?#*+>- 3& *&)39?,&-

$98&1& $&$-&:,#: %& LHBC 5180-75.  &)39?,&-$98#2 %"&/7 8"+,:- * 

.+-2"4+-78 .2?&45+8, * 5+"-&,,78 5&"&/5+8 #'# * $-25':,,&= -+"2. 

H-&/"+,,72 %"&/7 ,2&/8&3#.& )+"21#$-"#"&*+-( * ;9",+'2 # 

%"&,9.2"&*+-(, )+%&',#* $&%"&*&3#-2'(,7= -+'&,. @': &%"232'2,#: 

8#.#42$5#8 *262$-* %"&/9 %&4*7 * '+/&"+-&"## "+$$7%+>- ,+ /9.+12 #'# 

5+'(52 # "+).#,+>- %2$-#5&. 5"9%,72 5&.5#. D+-2. *7/#"+>- *5'>42,#: – 

5&",# "+$-2,#=, ,+$25&.78, 5+.,#, $-25'&, 91&'(, 5&$-# ;#*&-,78, + -+5;2 

,&*&&/"+)&*+,#: – 3"9)7 1#%$+, #)*2$-5&*72 &/"+)&*+,#: # 3". !&4*9 

"+$-#"+>- * $-9%52 %2$-#5&. # %"&$2#*+>- 42"2) $#-& $ 3#+.2-"&. 

&-*2"$-#= 1 ... H-&/"+,,72 ,&*&&/"+)&*+,#: +,+'#)#"9>- &-32'(,&, 

%&31&-+*'#*+: #8 5 +,+'#)9 -+5 ;2, 5+5 %"&/9 %&4*7. @': &%"232'2,#: 

*+'&*&1& $&32";+,#: .#,2"+'(,78 5&.%&,2,-&* #) %"&$2:,,&= %"&/7 

&-/#"+>- %"23$-+*#-2'(,9> %"&/9 .+$$&= ,2 /&'22 20 1 # "+$-#"+>- 22 * 

$-9%52 #) +1+-+, :?.7 #'# %'+*'2,&1& 5&"9,3+ 3& %93"&&/"+),&1& 

$&$-&:,#:. 

 !"#$%&'(& 5$?) ( 5$?)$$6,!"27C(. 5$,$< /5#!)#&'(&0. 

Q3&/,7. $%&$&/&. "+)'&;2,#: %&4* # %&4*&&/"+)9>6#8 %&"&3 %2"23 #8 

+-&.,&-+/$&"/0#&,,7. &%"232'2,#2. :*':2-$: $%'+*'2,#2 $ -2-"+/&"+-&. 

$-"&,0#:. !"#$9-$-*#2 * "+$-*&"2 $-"&,0#: * $&42-+,## $ 

*7$&5&-2.%2"+-9",7. %'+.2,2. N2O-C2H2 %"#*&3#- 5 %&3+*'2,#> 

*)+#.,78 *'#:,#= <'2.2,-&*. !'+*2,( Sr(BO2)2 %&'94+>- %9-2. $.2?#*+,#: 

-&,5&#).2'(42,,78  SrCO3 # H3BO3 # ,+1"2*+,#: * .9J2'2 3& 300 
&
B $ 

%&$'239>6#. *732";#*+,#2. * -242,#2 1 4+$+ %"# -2.%2"+-9"2 700 
&
B. 

C&,5&#).2'(42,,9> %"&/9 .+$$&= 0,1 1 # 0,5 1 %'+*,: $.2?#*+>- # 

%&.26+>- * 1"+J#-&*9> 5+%$9'9 (-#12'(). C#12'( %&.26+>- * 

*7$&5&4+$-&-,9> #,3950#&,,9> %24( # $%'+*':>- $&32";#.&2 %"# 

-2.%2"+-9"2 1100 
&
B * -242,#2 15 .#,9- 3& %&',&= %"&)"+4,&$-# %'+*+. 

L&":4#= %'+* *.2$-2 $ -#1'2. %&.26+>- * $-+5+, $ "+)/+*'2,,&= +)&-,&= 

5#$'&-&= # %2"2.2?#*+>- $ %&.&6(> .+1,#-,&= .2?+'5#. S+$-*&" 

"+)/+*':>- *&3&= 3& 200 .' # #$%&'()9>- 3': +-&.,&-+/$&"/0#&,,&1& 

+,+'#)+. H%"232'2,#2 Si, Al, Ti, Fe, Ca, Mg %"&*&3:- * %'+.2,# N2O-C2H2,  

3': &%"232'2,#: Na, K, Mn, Cu, Ni # 3"91#8 <'2.2,-&* #$%&'()9>- %'+.: 

+02-#'2,-*&)398. L"+39#"&*&4,72 "+$-*&"7 1&-&*:- "+)/+*'2,#2. #$8&3,78 
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"+$-*&"&* <'2.2,-&* "+$-*&"&., $&32";+6#. 50 1 Sr(BO2)2 # 50 .' 65 %-,&= 

HNO3 * 1 '. 

@': &%"232'2,#: %&"&3&&/"+)9>6#8 # ,25&-&"78 3"91#8 

.#5"&<'2.2,-&* +-&.,&-+/$&"/0#&,,7. .2-&3&. %"23'&;2,& -+5;2 

$%'+*'2,#2 $& $.2$(> $&37 # /9"7, $%'+*'2,#2 $ .2-+/&"+-&. '#-#:, 

5#$'&-,&2 "+)'&;2,#2 $.2$(> HF+HNO3+HClO4 (* $'94+2 ,2%&',&1& 

"+)'&;2,#: &$-+-&5 3&%&',#-2'(,& $%'+*':>-  $& $.2$(> $&37 # /9"7 #'# 

.2-+/&"+-&. '#-#:; 5"2.,#= &%"232':>- #) &-32'(,&= ,+*2$5#). !'+*7, 

$&32";+6#2 .2-+/&"+- # -2-"+/&"+- '#-#:, ,2 "+$-*&":>-$: * *&32 # 

5#$'&-+8 %"# 5&.,+-,&= -2.%2"+-9"2, %&<-&.9 3': *762'+4#*+,#: -+5#8 

%'+*&* #8 &/"+/+-7*+>- 1&":42= 1E HCl, "+$-*&"2,#2 %"&*&3:- $ 

#$%&'()&*+,#2. .+1,#-,&= .2?+'5#.  

D(/#$*'$& ,!"#$%&'(& 5$?). !"# &/"+/&-52 %&4*, %&"&3 # 

3"91#8 12&'&1#42$5#8 &/O25-&* 5#$'&-+.# * '>/&. $&42-+,## /2) 

%"#.2,2,#: HF *$213+ #.22-$: "#$5 %&-2"# ":3+ <'2.2,-&* #)-)+ ,2%&',&-7 

"+)'&;2,#: %"&/, -.5. %"# &/"+/&-52 <-#.# 5#$'&-+.# .#,2"+'(,+: 4+$-( 

%&4* %&',&$-(> ,2 "+)'+1+2-$:.   %"#$9-$-*## HF &$,&*,+: 4+$-( 

%&4*2,,78 .#,2"+'&* ()+ #$5'>42,#2. &42,( "235#8 # 9$-&=4#*78) 

"+)'+1+2-$: %&',&$-(>. !"# %&*7?2,,78 -2.%2"+-9"+8 &/"+)92-$: '2-94#= 

SiF4, 5&-&"7= 9,&$#-$: #) "2+50#&,,&= $"237. A&,02,-"+0#: $&'2= * 

5&,24,&. "+$-*&"2 )+ $42- <-&1& ),+4#-2'(,&1& $,#;+2-$:, + $+.&2 1'+*,&2 – 

93+':2-$: 5"2.,#=, 5&-&"7= 4+$-& .2?+2- +-&.,&-+/$&"/0#&,,&.9 

&%"232'2,#> 3"91#8 <'2.2,-&*. 

M-&/7 &%"232'#-( *+'&*&2 $&32";+,#2 <'2.2,-&* * %&4*+8 &/74,& 

#$%&'()9>- HF * %"#$9-$-*## H2SO4. C+5&= %"#2. $'9;#- 3': )+.23'2,#: 

,+4+'(,&= "2+50## .2;39 HF # -&,5&#).2'(42,,&= %&4*&= # 3': 

%2"2*232,#: '215&'2-94#8 J-&"#3&* ,25&-&"78 <'2.2,-&* * -"93,&'2-94#2 

$9'(J+-7. !2"23 "+)'&;2,#2. "25&.2,392-$: *$> .+$$9 -&,5&#).2'(42,,&= 

%&4*7 $.+4#*+-( *&3&=. P2$&/'>32,#2 <-&= "25&.2,3+0## *232- 5 %2"21"2*9 

%&4* # 5 *&).&;,&= %&-2"2 &/"+)0+ )+ $42- "+)/"7)1#*+,#:. H3,+5& %"# 

+-&.,&-+/$&"/0#&,,&. &%"232'2,## <'2.2,-&* $9'(J+--#&, :*':2-$: *2$(.+ 

,2;2'+-2'(,7. 5&.%&,2,-&. "+$-*&"+, %&3+*':>6#. $#1,+' .,&1#8 

<'2.2,-&*, + -+5;2 &/"+)9>6#. $ ,25&-&"7.# 5+-#&,+.# -"93,& 

"+$-*&"#.72 &$+35#. 

Q3&/,7. 5&.%&,2,-&. %"# "+)'&;2,## %&4*7 $ %&.&6(> HF 

:*':2-$: HCl, -.5. /&'(?#,$-*& 22 $&'2= '215& "+$-*&"#.&, $+.+ 5#$'&-+ 

'215& 93+':2-$: %"# *7%+"#*+,##, &3,+5& %"# +-&.,&-+/$&"/0#&,,&. 

&%"232'2,## ,25&-&"78 .2-+''&* *&).&;,+ ,2%&',+: +-&.#)+0#: 

%&'94+2.78 8'&"#3&*. P2&/8&3#.& -+5;2 94#-7*+-(, 4-& %"# "+)'&;2,## $ 

HCl # *7%+"#*+,## "+$-*&"&* *&).&;,7 %&-2"# -+5#8 <'2.2,-&*, 5+5 As 

(III), Se (IV), Sb (III), Hg (II) # 3"91#8, &/"+)9>6#8 '2-94#2 8'&"#37. 

WJJ25-#*,7= $%&$&/ "+)'&;2,#: %&4* # 3"91#8 $#'#5+-,78 

.+-2"#+'&* $.2$(> HCl+HNO3+HF $ 5&,24,7. "+$-*&"2,#2. &$-+-5+ * 

"+)/+*'2,,&= HNO3 3': &%"232'2,#: .,&1#8 .+5"&- # .#5"&<'2.2,-&* 
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&%#$+, * E2-&3#42$5#8 "25&.2,3+0#:8 %& %"&*232,#> %&'2*78 # 

'+/&"+-&",78 #$$'23&*+,#= %&4* # "+$-2,#= %"# 5&,-"&'2 )+1":),2,#: 

&5"9;+>62= $"237 .2-+''+.# (%&3 "23. D7"#,+ P.L., E+'+8&*+ B.L. – E.: 

L#3"&.2-2&#)3+-, 1981). S+)'&;2,#2 %"&*&3:- *& J-&"&%'+$-&*78 #'# 

$-25'&91'2"&3,78 $-+5+,+8 #'# 4+?5+8. A 0,5-1 1 $.&42,,&= /#3#$-#'':-&. 

%&4*7 %"#'#*+>- 3-5 .' 0+"$5&= *&35# # 10 .' HF, $-+5+,4#5 .23'2,,& 

,+1"2*+>- ,+ %'#-52, *7%+"#*+: $&32";#.&2 3& *'+;,78 $&'2=. H/"+/&-59 

%&4* HF (2$'# *7%+"#*+,#2 %"&#)*232,& 3&$98+, -& # 0+"$5&= *&35&=) 

%&*-&":>- 2-3 "+)+, %&$'239>6#2 +'#5*&-7 HF $&5"+6+>- 3& 5 .'. @': 

93+'2,#: J-&"+ $98&= &$-+-&5 &/"+/+-7*+>- 5&,02,-"#"&*+,,&= HNO3 # 

*7%+"#*+>- 3&$98+ (&%2"+0#> %&*-&":>- 2 "+)+). A &$-+-59 * $-+5+,4#52 

%"#'#*+>- 10 .' "+)/+*'2,,&= HNO3, ,+1"2*+>- 3& 5#%2,#: # J#'(-"9>- 

42"2) J#'(-" $"23,2= %'&-,&$-# * 5&'/9 *.2$-#.&$-(> 25-50 .'. B-+5+,4#5 

# J#'(-" ,2$5&'(5& "+) %"&.7*+>- 0,5E "+$-*&"&. HNO3. !&'942,,7= 

"+$-*&" #$%&'()9>- 3': &%"232'2,#: <'2.2,-&* +-&.,&-+/$&"/0#&,,7. 

.2-&3&.. @': &%"232'2,#: ,25&-&"78 .#5"&<'2.2,-&* ,+ J&,&*&. 9"&*,2 

,2&/8&3#.& %&'94#-( .+5$#.+'(,& *&).&;,9> 5&,02,-"+0#> <'2.2,-+ * 

"+$-*&"2. !"+5-#42$5# <-& .&;,& 3&$-#4(, "+$-*&":: 1 1 %&4*7 * 5&,24,&. 

&/O2.2 "+$-*&"#-2': 25 .'. @+'(,2=?22 9*2'#42,#2 ,+*2$5# 

,202'2$&&/"+),&. 

D(/#$*$,!/*)$,(0-& ;$,0- /$&<('&'(9 @#&0&'*$) ) 

5$?)!.. @': 8+"+5-2"#$-#5# $&32";+,#: * %&4*+8 %&3*#;,78 J&". 

$&23#,2,#= <'2.2,-&* * 5+42$-*2 <5$-"+12,-&* 4+$-& #$%&'()9>- 5#$'&-7. 

C+5, %&3*#;,7= 5&/+'(- * ,25+"/&,+-,78 # .+'&5+"/&,+-,78 %&4*+8 

%"23'&;2,& #)*'25+-( 1E HNO3, .23( – 1E HCl, Mn – 0,05M H2SO4.   <-#8 

*7-:;5+8 &%"232':>- # 3"91#2 <'2.2,-7 – Fe, Zn, Ni, Pb, Cd # 3".  7-:;59 

1E HNO3 9$%2?,& #$%&'()9>- 3': #)*'242,#: <'2.2,-&* #) %&4*, 

%&3*2";2,,78 -28,&12,,7. *&)32=$-*#:.. N) $#'(,& )+1":),2,,78 %&4* <-+ 

*7-:;5+ #)*'25+2- 60-95 % -:;2'78 .2-+''&*, %&<-&.9 %&'942,,72 

"2)9'(-+-7 .&19- /7-( #$%&'()&*+,7 3': 8+"+5-2"#$-#5# $-2%2,# 

)+1":),2,#: %&4*. E+$$&*&2 &-,&?2,#2 ,+*2$5# %&4*7 5 "+$-*&"9 

<5$-"+12,-+ - 1:10, *"2.: *)+#.&32=$-*#: - 1 4+$ %"# *)/+'-7*+,## ,+ 

"&-+-&"2 #'# ,+$-+#*+,## * -242,#2 $9-&5 %&$'2 5"+-5&*"2.2,,&1& 

*$-":8#*+,#:. !"&/9 %&4*7 .+$$&= 2-5 1 %&.26+>- * 5&'/9 *.2$-#.&$-(> 

100 .', 3&/+*':>- 20-50 .' $&&-*2-$-*9>621& <5$-"+12,-+ # *)/+'-7*+>- 

$9$%2,)#> ,+ "&-+-&"2 * -242,#2 1 4+$+. @': %"239%"2;32,#: 5&,-+5-+ 

"+$-*&"+ $ "2)#,&*&= %"&/5&= %&$'23,>> )+*&"+4#*+>- * %&'#<-#'2,&*9> 

%'2,59.  7-:;59 J#'(-"9>- 42"2) $98&= $5'+34+-7= J#'(-", %2"*72 %&"0## 

J#'(-"+-+ &-/"+$7*+>-, * %&$'239>6#8 &%"232':>- .#5"&<'2.2,-7 $ 

#$%&'()&*+,#2. "+)'#4,78 %'+.2,. A#$'&-7, %"#$9-$-*9>6#2 * 

+,+'#)#"92.78 "+$-*&"+8 3& 5&,02,-"+0## 1 .&'(/', %"+5-#42$5# ,2 

&5+)7*+>- *'#:,#: ,+ &%"232'2,#2 Zn, Mn, Cu, Ni, Co, Pb, Cd * %'+.2,# 

+02-#'2,-*&)398. !"# <'25-"&-2".#42$5&. &%"232'2,## <'2.2,-&* * 
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*7-:;5+8 ,+#/&'22 5&""25-,7. /932- #$%&'()&*+,#2 %"&0239"7 

1"+39#"&*5# %& .2-&39 $-+,3+"-,78 3&/+*&5. 

B$<)(%'-& ;$,0- /$&<('&'(9 @#&0&'*$) ) 5$?)!., 

(")#&+!&0-& !3&*!*'$-!00$'(9'-0 62;&,'-0 ,!/*)$,$0. 
!&3*#;,72 J&".7 $&23#,2,#= Mn, Zn, Ca, Co # 3". <'2.2,-&* #)*'25+>- 

+02-+-,&-+..&,#=,7. /9J2",7. "+$-*&"&. $ pH 4,8. E2-&3 %"#1&32, 5+5 

3': ,25+"/&,+-,78, -+5 # 3': 5+"/&,+-,78 %&4*, &, %"#,:- +1"&8#.#42$5&= 

$'9;/&= 3': &02,5# &/2$%242,,&$-# %&4* .#5"&<'2.2,-+.#. 

!"&/9 %&4*7 .+$$&= 2-5 1, "+$-2"-&= # %"&$2:,,&= 42"2) $#-& $ 

&-*2"$-#:.# 1 .., %&.26+>- * 5&'/9 2.5&$-(> 100 .' # %"#'#*+>- 20-50 

.' /9J2",&1& "+$-*&"+. B9$%2,)#> *)/+'-7*+>- * -242,#2 1 4+$+ #'# 

,+$-+#*+>- * -242,#2 $9-&5 %&$'2 5"+-5&*"2.2,,&1& *$-":8#*+,#:.  7-:;59 

J#'(-"9>- 42"2) $98&= $5'+34+-7= J#'(-" * %"&/#"59, %2"*7.# %&"0#:.# 

&%&'+$5#*+>- %"&/#"59 # #8 *7'#*+>-.   %&'942,,&. J#'(-"+-2 

&%"232':>- .#5"&<'2.2,-7 +-&.,&-+/$&"/0#&,,7. .2-&3&.. 

L"+39#"&*&4,72 "+$-*&"7 1&-&*:- %& $-+,3+"-,7. "+$-*&"+. 

$&&-*2-$-*9>6#8 .#5"&<'2.2,-&*, %"#1&-&*'2,,78 ,+ +02-+-,&-

+..&,#=,&. /9J2"2. S2+5-#*7 3': %"#1&-&*'2,#: /9J2"+ 3&';,7 /7-( 

5*+'#J#5+0## ,2 ,#;2 «8.4.», *&3+ – /#3#$-#''#"&*+,,+:. H3,&*"2.2,,& 

$-+*:- 8&'&$-&= &%7-, %"&*&3: 21& 42"2) *$2 $-+3## +,+'#)+. @': 

%"#1&-&*'2,#: 1 ' /9J2",&1& "+$-*&"+ $ pH 4,8 /2"9- 108 .' 98 %-,&= 

CH3COOH # 75 .' 25 %-,&1& "+$-*&"+ NH3, 3&/+*':>- 800-900 .' 

/#3#$-#''#"&*+,,&= *&37, %2"2.2?#*+>-, &%"232':>- pH #, 2$'# 

,2&/8&3#.&, 3&*&3:- 21& *2'#4#,9 3& 4,8, %&$'2 421& "+)/+*':>- 3&  1 '. 

H%"232'2,#2  Co, Cu, Ni * ,25&-&"78 %&4*+8 * +02-+-,&-+..&,#=,&. 

/9J2",&. "+$-*&"2 * %'+.2,# ,2*&).&;,& #)-)+ &42,( ,#)5#8 5&,02,-"+0#= 

<-#8 <'2.2,-&*. C+5;2 ,2*&).&;,& &%"232':-( Cd # Pb * *7-:;52 #) 

,2)+1":),2,,78 #'# .+'&)+1":),2,,78 %&4*. @': &%"232'2,#: .23# 

3&$-+-&4,& /7*+2- %"&*2$-# %"&$-&2 *7%+"#*+,#2 *7-:;5# $ "+$-*&"2,#2. 

%&'942,,&1& &$+35+ * .2,(?2. &/O2.2 (10-5"+-,&2 5&,02,-"#"&*+,#2). 

B,#)#-( %"232' &/,+"9;2,#: +-&.,&-+/$&"/0#&,,&1& &%"232'2,#: .&;,& $ 

#$%&'()&*+,#2. <'25-"&-2".#42$5#8 +-&.#)+-&"&* '#/& %"23*+"#-2'(,&= 

<5$-"+50#2= 3#-#)&,+-&* &%"232':2.78 <'2.2,-&* #) *7-:;5#. 

B&%&$-+*'2,#2 3+,,78, %&'942,,78 %"# #)*'242,## %&3*#;,78 

J&". .#5"&<'2.2,-&* "+)'#4,7.# <5$-"+12,-+.#, %&5+)+'&, 4-& *7-:;5+ 

1E HCl :*':2-$: '94?2= 3': #)*'242,#: .23#, 1E HNO3 – 5&/+'(-+, 1E KCl 

– 0#,5+, 0,05E H2SO4 – .+"1+,0+, &5$+'+-,7= /9J2",7= "+$-*&" $ pH 3,3 – 

.&'#/32,+. «B'+/72» <5$-"+12,-7 – 1E "+$-*&" 95$9$,&= 5#$'&-7 # 

+02-+-,&-+..&,#=,7= /9J2" $ pH 4,5 #'# 4,8 #)*'25+>- '#?( ,2/&'(?#2 

5&'#42$-*+ .#5"&<'2.2,-&* * "+$-*&". !& $-2%2,# #)*'242,#: <'2.2,-&* 

<5$-"+12,-7 .&19- /7-( "+$%&'&;2,7 * -+5&= %&$'23&*+-2'(,&$-#:  

Cu  1M HCl % 1M HNO3 & 2,5 % CH3COOH & /9J2" pH 4,8; 

Co 1M HNO3 % 0,02M -"#'&, G ' 1E HCl ' 2,5 % CH3COOH & & 

/9J2" pH 4,8; 
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Zn  1E HNO3 ' 0,02E -"#'&, G ' 1E HCl; 

Mn  1M HNO3 ' 0,05E H2SO4 ' 0,02E -"#'&, G. 

@': 8+"+5-2"#$-#5# 5&.%'25$,&1& <'2.2,-,&1& $&$-&:,#: %&4* 

%"23'&;2,& &3,&*"2.2,,& 32'+-( 3 *7-:;5#: 

1. 1E HCl (1M HNO3) 3': #)*'242,#: <'2.2,-&*, *8&3:6#8 * $&$-+* 

+.&"J,78 $&23#,2,#=, 4-& 8+"+5-2"#)92- *2$( %&-2,0#+'(,7= )+%+$ 

<'2.2,-+ * %&4*2; 

2. +..&,#=,&-+02-+-,7= /9J2" pH 4,5 3': #)*'242,#: &/.2,,78 # 

"+$-*&"#.78 * $'+/78 5#$'&-+8 J&"., 4-& 8+"+5-2"#)92- +5-9+'(,7= 

)+%+$ <'2.2,-+ * %&4*2; 

3. 1 % "+$-*&" -"#'&,+ G * +02-+-,&-+..&,#=,&. /9J2"2 (pH 4,5). H, 

%&)*&':2- * 3&%&',2,#2 5 &/.2,,7. # "+$-*&"#.7. * $'+/78 

5#$'&-+8 J&".+. #)*'25+-( <'2.2,-7 #) %&4*2,,78, * &$,&*,&. 

&"1+,#42$5#8, 5&.%'25$&*  3': &02,5# “+5-9+'(,78”, 3&$-9%,78 

"+$-2,#:. )+%+$&* -:;2'78 .2-+''&*. 

@': &02,5# %&-2,0#+'(,78 )+%+$&* %&3*#;,78 J&". -:;2'78 

.2-+''&* * %&4*2 * $*:)# $ 9893?2,#2. <5&'&1#42$5&= &/$-+,&*5#, 

,2&/8&3#.&$-(> 5&,-"&': #8 $&32";+,#: * %"&395-+8 "+$-#-2'(,&1& 

%"&#$8&;32,#: #$%&'()9>- "+$-*&"7 .#,2"+'(,78 5#$'&-. V2'2$&&/"+),& 

+,+'#)#"&*+-( *7-:;5# ,+ &$,&*2 1E HCl (1M HNO3) # +02-+-,&-

+..&,#=,&1& /9J2"+ (pH 4,5) $ -"#'&,&. G, 4-& %&)*&':2- 5&,-"&'#"&*+-( 

$&32";+,#2 <'2.2,-&* – )+1":),#-2'2= %+"+''2'(,& $ &%"232'2,#2. 

/#&<'2.2,-&* * &3,#8 # -28 ;2 *7-:;5+8, + -+5;2 %"&*&3#-( &02,59 *$21& 

%&-2,0#+'(,& 3&$-9%,&1& )+%+$+ %& $&32";+,#> * 1E %& HCl (1M HNO3) 

*7-:;52. !"# <-&. &3,&*"2.2,,& %& $&32";+,#> <'2.2,-&* * *7-:;52 

NH3+ CH3COOH + -"#'&, G .&;,& &%"232':-( 5"#-#42$5#2 9"&*,#, %"# 

5&-&"78 *&).&;,& )+1":),2,#2 *&)32'7*+2.78 59'(-9". 

@': #)*'242,#: $&23#,2,#= 5+3.#: # $*#,0+ #) 42",&)2.&* # 

$2"&)2.&* #$%&'()9>- 1E "+$-*&"7 CH3COOH, NH4NO3 # HCl. !"# 

#)942,## %&*232,#: 8"&.+ * %&4*+8, %"&4,&$-# 21& $*:)# $ 5&.%&,2,-+.# 

%&4*7, + -+5;2 3&$-9%,&$-# # *&).&;,&$-# %&$-9%'2,#: <'2.2,-+ * 

"+$-2,#2 # 21& ,+5&%'2,#:  -+. #$%&'()9>- * 5+42$-*2 "2+12,-&* 0,1 # 1E 

HCl, 0,5M HNO3, 1M CH3COONH4, 1M KCl, 0,1M NaF, 0,1M KH2PO4, 0,1E 

NaOH, 1M NH4Cl. 

E60&''-& ;$,0- /$&<('&'(9 0!+,$- ( 0(+,$@#&0&'*$) ) 

5$?)!.. H/.2,,72 J&".7 $&23#,2,#= <'2.2,-&* * %&4*+8 &%"232':>- 

%&$'2 #8 #)*'242,#: 1E "+$-*&"&. CH3COONH4.   J#'(-"+-2 .&;,& 

&%"232'#-( Ca, Mg, K, Na, Mn, Zn; %&$'2 5&,02,-"#"&*+,#: – Cu, Co, Ni, Pb, 

Cd. A'+$$#42$5+: -28,#5+ *7-2$,2,#: &/.2,,78 J&". $&23#,2,#= 

<'2.2,-&* $*&3#-$: 5 $'239>62.9: 5-10 1 %&4*7, %"&$2:,,&= 42"2) $#-& $ 

3#+.2-"&. 1 .., %"&.7*+>- 325+,-+0#2= 1E "+$-*&"&. CH3COONH4 $ pH 

6,5-7,0 3& %"25"+62,#: "2+50## ,+ Ca
2+

– #&,. K#'(-"+- $&/#"+>- * .2",9> 

5&'/9, 3&*&3:- 3& .2-5# 1E "+$-*&"&. CH3COONH4, %2"2.2?#*+>-, + )+-2. 

&%"232':>- 5&,02,-"+0#> <'2.2,-&* +-&.,&-+/$&"/0#&,,7. .2-&3&.. @': 
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%&3+*'2,#: 32%"2$$#"9>621& *'#:,#: +'>.#,#:, J&$J&"+ # 3"91#8 

<'2.2,-&* ,+ +,+'#-#42$5#= $#1,+' Ca # Mg * %&'942,,7= "+$-*&" 

3&/+*':>- $%25-"&8#.#42$5#= /9J2" (3& 5&,02,-"+0## 1,5-2 1/' La #'# Sr). 

L"+39#"&*&4,72 "+$-*&"7 1&-&*:- ,+ 1E "+$-*&"2 CH3COONH4 $ 

3&/+*'2,#2. $&&-*2-$-*9>6#8 5&'#42$-* /9J2",&1& "+$-*&"+. !"# 

&%"232'2,## &/.2,,78 J&". $&23#,2,#= .#5"&<'2.2,-&* (Zn, Mn, Cu, Co, 

Ni, Pb, Cd) %& 9%"&62,,&= .2-&3#52 /2"9- 10-20 1 %&4*7, 3&/+*':>- 100-200 

.' 1E CH3COONH4, *)/+'-7*+>- ,+ "&-+-&"2 * -242,#2 1 4+$+ (#'# 

,+$-+#*+>- * -242,#2 $9-&5) # J#'(-"9>-. Co, Ni, Pb, Zn # 3"91#2 -:;2'72 

.2-+''7 .&;,& &%"232'#-( %":.7. %'+.2,,7. .2-&3&. * J#'(-"+-2 -&'(5& 

* %&4*+8, )+1":),2,,78 <-#.# <'2.2,-+.#. 

B'2392- &$&/& &$-+,&*#-($: ,+ *&).&;,78 .+-"#4,78 %&.28+8 %"# 

+-&.,&-+/$&"/0#&,,&. +,+'#)2 %&4*, 5+5 * %'+.2,#, -+5 # * 

<'25-"&-2".#42$5#8 +-&.#)+-&"+8.   %'+.2,# &-.24+>-$: ),+4#-2'(,72 

8#.#42$5#2 # #&,#)+0#&,,72 %&.28#, %"&#$8&;32,#2 5&-&"78 %&3"&/,& 

&/$9;32,& * "+)32'2 4. C#%#4,7. %"#.2"&. -+5&1& "&3+ %&.28 :*':2-$: 

%&,#;2,#2 $#1,+'+ 62'&4,&)2.2'(,78 <'2.2,-&* %"# &%"232'2,## * 

"+$-*&"+8 *$5"7-78 # %&31&-&*'2,,78 %&4* * %"#$9-$-*## +'>.#,#:, 

5"2.,#:, J&$J&"+, + -+5;2 <'2.2,-&*, &/"+)9>6#8 9$-&=4#*72 &5$#37 

(+'>.#,#=, *+,+3#=, /&", .&'#/32, # 3".). Q$-"+,#-( %&.28# * 

5&,32,$#"&*+,,&= J+)2 .&;,& 3*9.: %9-:.#: #$%&'()&*+-( 

*7$&5&-2.%2"+-9",72 %'+.2,+, <,2"1#: 5&-&"78 3&$-+-&4,& *7$&5+, 4-&/7 

"+)"9?#-( .&'259'7, # 3&/+*':-( 5 +,+'#)#"92.7., 8&'&$-7. # 

1"+39#"&*&4,7. "+$-*&"+. $%25-"&8#.#42$5#2 3&/+*5#.   5+42$-*2 %"#.2"+ 

.&;,& %"#*2$-# 3&/+*'2,#2 5 %&4*2,,&= *7-:;52 $&'# '+,-+,+.   %&4*2,,&-

+1"&8#.#42$5&= %"+5-#52 '+,-+,, 5+5 %"+*#'&, ,2 :*':2-$: &%"232':2.7. 

<'2.2,-&., # 21& 4+$-& #$%&'()9>- * 5+42$-*2 )+6#-,&1& "2+12,-+. 

N&,#)+0#&,,72 %&.28# 9$-"+,:>-$: %9-2. 3&/+*'2,#: * +,+'#)#"92.72 # 

1"+39#"&*&4,72 "+$-*&"7 #)/7-5+ '215&#&,#)#"92.78 <'2.2,-&* – Cs, Rb, 

K, Li. 

!&.28# %"# %&'942,## # %2"2,&$2 +<"&)&': *&),#5+>- #)-)+ 

"+)'#4#= * $&$-+*2 %"&/ # <-+'&,&*, * *:)5&$-#, %&*2"8,&$-,&. ,+-:;2,## # 

-.3. W'#.#,#"9>-$: <-# %&.28# /'+1&3+": #$%&'()&*+,#> .2-&3+ 3&/+*&5. 

B+.7.# ,2;2'+-2'(,7.# 5#$'&-+.# %"# %"&/&%&31&-&*52 %&4* :*':>-$: 

$2",+: # J&$J&",+: 5#$'&-7 – *7)7*+>- 32%"2$$#"9>6#= <JJ25-. @&/+*5+ 

CH3COOH *7)7*+2- "&$- $#1,+'+. P+ %"#.2"2 &%"232'2,#: *+'&*&1& 

$&32";+,#: Mn * %&4*+8 /7'& %&5+)+,&, 4-& %"# "+)'&;2,## %&4*7 

$%'+*'2,#2. $& $.2$(> $&37 # /9"7 ,+/'>3+>-$: ),+4#-2'(,72 %&.28# $& 

$-&"&,7 .,&1#8 <'2.2,-&*. @': 9$-"+,2,#: *'#:,#: Si, Al, Fe, Ca, Mg, Ti, P 

# S ,+ $#1,+' .+"1+,0+ %"23'&;2,& J&-&.2-"#"&*+-( 94+$-&5 *&)39?,&-

+02-#'2,&*&1& %'+.2,#, ,+8&3:6#=$: ),+4#-2'(,& *7?2 &/'+$-# 

.+5$#.+'(,&= 49*$-*#-2'(,&$-# &%"232'2,#:. !"# 5#$'&-,&. "+)'&;2,## 

%&4* $.2$(> HCl, HNO3, HF $ %&$'239>6#. "+$-*&"2,#2. &$-+-5+ * HCl 

#'# HNO3 %&.28 *$-"24+2-$: 1&"+)3& .2,(?2. P+%"#.2", %"# 5#$'&-,&. 
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"+)'&;2,## %"&/7 %&4*7 &%"232'2,#2 ;2'2)+ *&).&;,& %& «4#$-7.» 

1"+39#"&*&4,7. "+$-*&"+., $&32";+6#. -&'(5& ;2'2)&. H%"232'2,#2 

;2'2)+ * %&4*+8 %"# "+)'&;2,## $%'+*'2,#2. $& $.2$(> /9"7 # $&37 

%"&*&3:- %&$'2 /9J2"#"&*+,#: "+$-*&"&. $&'# '+,-+,+, 2$'# #$%&'()9>- 

%'+.: +02-#'2,-*&)398, #'# %& 1"+39#"&*&4,7. "+$-*&"+., $&32";+6#. 

-&'(5& ;2'2)&, %"# %"#.2,2,## %'+.2,# N2O–C2H2. !"# &%"232'2,## 

+'>.#,#: * %&4*+8 %&$'2 5#$'&-,&1& "+)'&;2,#: ,2&/8&3#.& 

/9J2"#"&*+,#2 "+$-*&"&., $&32";+6#. 0,1 .+$.% 5+'#: (I),  %"# "+)'&;2,## 

%"&/7 $%'+*'2,#2. $& $.2$(> /9"7 # $&37 &%"232'2,#2 %"&*&3:- %&$'2 

/9J2"#"&*+,#: "+$-*&"&., $&32";+6#. 4 .1/.' '+,-+,+(III), J&-&.2-"#"9: 

94+$-&5 %'+.2,# ,+ *7$&-2 4 .. &- 9"&*,: 1&"2'5#. 

!"# +,+'#)2 %&4*2,,&-/#&'&1#42$5#8 &/O25-&* $962$-*2,,& 

9*2'#4#*+2-$: ,2$2'25-#*,&2 %&1'&62,#2, 4-& &$&/2,,& $5+)7*+2-$: ,+ 

%"+*#'(,&$-# # *&$%"&#)*&3#.&$-# "2)9'(-+-&* +,+'#)+ .2-&3&. 

<'25-"&-2".#42$5&= +-&.,&-+/$&"/0#&,,&= $%25-"&$5&%##. P2$2'25-#*,&2 

%&1'&62,#2 &$&/2,,& *2'#5& %"# &%"232'2,## .+'78 5&,02,-"+0#= 

<'2.2,-&*, +,+'#-#42$5#2 '#,## 5&-&"78 "+$%&'&;2,7 * 9'(-"+J#&'2-&*&= 

4+$-# $%25-"+ (200-300 ,.). !&<-&.9 %"# <'25-"&-2".#42$5&. +-&.,&-

+/$&"/0#&,,&. &%"232'2,## .#5"&5&'#42$-* .2-+''&* * %&4*+8 

&%"232'2,#2 &/:)+-2'(,&  %"&*&3:- %& .2-&39 -2.%2"+-9",&-

$-+/#'#)#"&*+,,&= %24# $ %'+-J&".&=, &%#$+,,&.9 * "+)32'+8 5.4, 5.6. 

  $'94+2 &%"232'2,#: J&,&*78 $&32";+,#= <'2.2,-&* * %&4*+8 #'# 

%"# ,23&$-+-&4,&= 49*$-*#-2'(,&$-# %"#/&"+ %"#/21+>- 5 .2-&3+. 

%"23*+"#-2'(,&1& 5&,02,-"#"&*+,#:.   %&4*2,,&-+1"&8#.#42$5&= %"+5-#52 

4+$-& 3': 5&,02,-"#"&*+,#: %"#.2,:>- %"&$-&2 9%+"#*+,#2 %"&/ 3& 

&%"232'2,,&1& &/O2.+ $ %&$'239>6#. "+$-*&"2,#2 $98&1& &$-+-5+ * .+'&. 

&/O2.2 %&38&3:621& 3': +-&.,&-+/$&"/0#&,,&= $%25-"&$5&%## 

"+$-*&"#-2':.  

[#"&5& "+$%"&$-"+,2,,7. # 9,#*2"$+'(,7. .2-&3&. 

5&,02,-"#"&*+,#: :*':>-$: <5$-"+50#: # $&&$+;32,#2. !"# <5$-"+50## 

<'2.2,-&* 4+62 *$21& #$%&'()9>- * 5+42$-*2 "2+12,-+ 

%#""&'#3#,3#-#&5+"/+.+- +..&,#:, 5&-&"7= &/"+)92- 5&.%'25$7 /&'22 42. 

$ 30 <'2.2,-+.# * ?#"&5&. 3#+%+)&,2 pH. R-&.,&-+/$&"/0#&,,&2 

&%"232'2,#2 <'2.2,-&* ,2%&$"23$-*2,,& * &"1+,#42$5#8 <5$-"+5-+8 

.2-#'#)&/9-#'52-&,+ %&)*&':2- $,#)#-( %"232' &/,+"9;2,#: ,+ 3*+ 

%&":35+. 

@&/+*'2,#2 * +,+'#)#"92.7= "+$-*&" $.2?#*+>6#8$: $ *&3&= 

&"1+,#42$5#8 "+$-*&"#-2'2= (,+%"#.2", <-+,&'+) -+5;2 .&;2- 9*2'#4#-( 

49*$-*#-2'(,&$-( %'+.2,,&1& +-&.,&-+/$&"/0#&,,&1& .2-&3+ * 5-10 "+), 4-& 

4+$-& /7*+2- 3&$-+-&4,& 3': "2?2,#: 5&,5"2-,78 %&4*2,,&-+1"&8#.#42$5#8 

)+3+4. P+%"#.2", **232,#2 <-+,&'+ * &/(2.,&. $&&-,&?2,## 1:1 * +02-+-,&-

+..&,#=,7= /9J2",7= "+$-*&" $ pH 4,8 %&)*&':2- ,+32;,& &%"232':-( * 

%&4*2 3&$-9%,9> 3': "+$-2,#= .23(. A&,24,& &"1+,#42$5#2 "+$-*&"#-2'# 

,2&/8&3#.& 3&/+*':-(  * 1"+39#"&*&4,72 # 8&'&$-72 "+$-*&"7. 
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6.4. -%.+,,$   !"#$%& 

6.4.1 '%()*&( +()$##&   !"#$%& 

 !"#$"-%&'"(&)*"$$%+ ',-.!("'.",*+ +/0+-!'+ ,(-*#12-'!/-$$" 

#-!"3"# ",(-3-0-$*+ #-!%00"/. 4"5!"#1 $-13*/*!-06$", 7!" '%#"- 8*("."- 

,(*#-$-$*- 3%$$9: #-!"3 ,"017*0 / (%;0*7$9< "!(%'0+< 

#-!%001(=*7-'."=" ,("*;/"3'!/%. >"$-7$", 5!"! #-!"3 $- #"?-! 

."$.1(*("/%!6 ," 5.',(-''$"'!* ' ",!*7-'.*# *0* (-$!=-$"/'.*# 

',-.!("#-!("#. @3$%." /9'".%+ !"7$"'!6 #-!"3% * $-;%/*'*#"'!6 

,"017%-#9< (-;106!%!"/ "! #$"=*< A%.!"("/ ,";/"0+B! "!$-'!* %!"#$"-

%&'"(&)*"$$9: #-!"3 . 7*'01 $%*&"0-- ,(*="3$9< 30+ ,"/-("7$"=" %$%0*;% 

* 30+ )-0-: %!!-'!%)** '"'!%/% '!%$3%(!$9< "&(%;)"/, $-"&<"3*#9< 30+ 

.%0*&("/.* ",!*7-'.*< * (-$!=-$"/'.*< ',-.!("#-!("/. >("#- !"=", 

%!"#$"-%&'"(&)*"$$%+ ',-.!("#-!(*+ ".%;9/%-!'+ ,(-3,"7!*!-06$": / 

0%&"(%!"(*+<, /9,"0$+B2*< '(%/$*!-06$" $-&"068": "&C-# %$%0*;"/, % 

!%.?- %$%0*; #-!%00"/, ',0%/"/ * ,("31.!"/ #-!%001(=*7-'."=" 

,("*;/"3'!/% '0"?$"=", ,-(-#-$$"=", % ,"(": * $-1'!%$"/0-$$"=" '"'!%/%, 

30+ ."!"(9< "!'1!'!/1B! '!%$3%(!$9- "&(%;)9. 

4(* *',"06;"/%$** %!"#$"-%&'"(&)*"$$": ',-.!("'.",** / )/-!$": 

#-!%001(=** 7%2- 3(1=*< ,(*<"3*!'+ %$%0*;*("/%!6 '0-31B2*- !*,9 

#-!%00"/ * ',0%/"/: 

  %0B#*$*: * -=" ',0%/9; 

  #-36 * -- ',0%/9 (&("$;9, 0%!1$*, #-06<*"(, $-:;*06&-( * 3(.); 

  '/*$-) * -=" ',0%/9 (&%&&*!9, ,(*,"*, !*,"=(%A'.*: ',0%/ * 3(.). 

D,0%/9 #-3* ' )*$."# (0%!1$*) '"3-(?%! "! 80 3" 20#%'.% #-3*, 

"'!%06$"- – )*$.. E%!1$* &9/%B! .(%'$9- (#-$-- 20#%'. % )*$.%, "&0%3%B! 

<"("8-: !+=17-'!6B), ?-0!9- (20-50#%'.% )*$.%) * &-09- (50-80#%'.% 

)*$.%, <(1,.*-). 4"#*#" 5!"=" /93-0+B! ',-)*%06$9- 0%!1$*, '"3-(?%2*- 

.("#- Cu * Zn !%.?- Pb, Ni, Mn, Fe, Sn, Al. 

D,0%/9 #-3* ' "0"/"# *0* %0B#*$*-# (&("$;9) '"3-(?%! 90#%'.% 

#-3* * 10#%'.% "0"/%. F("$;9 .0%''*A*)*(1B! / ;%/*'*#"'!* "! *< 

<*#*7-'."=" '"'!%/% $% "0"/+$$9-, %0B#*$*-/9-, A"'A"(*'!9-, 

',-)*%06$9-. 4"'0-3$*- $%(+31 ' Cu * Sn '"3-(?%! !%.?- Al, Pb, Ni, Mn, Fe, 

Si, Be. > $%*&"0-- 8*("." ,(*#-$+-#9# ',0%/%# #-3* "!$"'+!'+ !%.?- 

G H (',0%/9 )*$.%-%0B#*$*+-#%=$*+) *  #-06<*"(9 (80#%'.% Cu, 20#%'.% 

Ni). 

I%*&"0-- (%',("'!(%$-$$9- %0B#*$*-/9- ',0%/9 - '*01#*$  > 

(Al+Si, ,(*#-'* Fe, Mn, Ca, Ti, Cu, Zn),  J (Al+Si+Mg, ,(*#-'* Ca, Zn, Pb, 

Sn * 3(.),  H=H) (Al+Mg+Mn). 

F%&&*!9, ,(*,"* * !*,"=(%A'.*- ',0%/9 '"3-(?%! / .%7-'!/- 

"'$"/$9< ."#,"$-$!"/ Pb, Sn, Sb. H%(.* &%&&*!"/ (%;0*7%B!'+ / 

;%/*'*#"'!* "! #%''"/": 3"0* "0"/% ("0"/+$$9- * '/*$)"/9- &%&&*!9). K%., 

&%&&*! F83 '"3-(?*! "."0" 8#%'.% '1(6#9, 2,5-3,5#%'.% #-3*, 0,8-1,2#%'.% 

.%3#*+, 3" 0,3#%'.% $*.-0+, 0,1#%'.% '/*$)%, "'!%06$"- - "0"/". F%&&*! F16 
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'"3-(?*! 0*86 17#%'.% "0"/% * 64#%'.% '/*$)%. F%&&*! F> '"3-(?*! 

.%06)*:, % F>  – -2- * %0B#*$*:.  $%0"=*7$9: '"'!%/ *#-B! "0"/+$$"-

'/*$)"/9- ,(*,"* (4@D). D,-)*%06$9- ,(*,"* #"=1! '"3-(?%!6 3" 5#%'.% 

'-(-&(%. 

D,0%/9 $*.-0+ – 5!" &("$;9, 0%!1$*, #"$-!$9- ',0%/9, ',0%/9 30+ 

50-.!(*7-'.*< '",("!*/0-$*:. I%,(*#-(, ."$'!%$!%$ (40#%'.% Ni, 60#%'.% 

Cu), $*.-0*$ (31#%'.% Ni, 56#%'.% Cu, 13#%'.% Zn), #%$=%$*$ (4#%'.% Ni, 

12#%'.% Mn, 84#%'.% Cu), ',0%/ 30+ ;1&$9< ,("!-;"/ – !*."$*1# (68,2#%'.% 

Co + Ni, 30#%'.% Cr, 1,8#%'.% Be).  !"#$"-%&'"(&)*"$$9# #-!"3"# 7%'!" 

%$%0*;*(1B! &-(*00*: * -=" ',0%/9; ;"0"!" * -=" ',0%/9; #%=$*:; $*.-06, 

-=" ',0%/9 * ,(*,"*; "0"/", -=" ',0%/9 * ,(*,"*. L*#*7-'.*: '"'!%/ 

#-!%00"/ (,(*#-'*) * ',0%/"/ ($"(#*(1-#9- ."#,"$-$!9 * ,(*#-'*) 

",(-3-0+-!'+ '""!/-!'!/1B2*# '!%$3%(!"# *0* !-<$*7-'.*#* 1'0"/*+#*. 

@'"&-$$" '0-31-! "'!%$"/*!6'+ $% %$%0*;- 7*'!9< )/-!$9< #-!%00"/ 

– #-3*, )*$.%, %0B#*$*+, '/*$)% * !.3. M*'!9- (%A*$*("/%$$9- #-!%009 

*#-B! '""!/-!'!/1B21B #%(.*("/.1, ,";/"0+B21B 1'!%$"/*!6 *< 7*'!"!1, 

$%,(*#-(: 

#%(.% D0 D1 D2D D2 D3 D3D 

D/*$-)  #%''"/%+ 

3"0+ Pb, % 
99,992 99,985 99,99 99,95 99,9 99,5 

 

#%(.%  999  995  99  95  8  7  6  0 

 0B#*$*: #%''"/%+ 

3"0+ Al, % 
99,999 99,995 99,99 99,95 99,8 99,7 99,6 99,0

 

#%(.% H0> H0 H1 H2 H3 

H-36 #%''"/%+ 

3"0+ Cu, % 
99,97 99,93 99,90 99,70 99,50 

 

>%. ,(%/*0", ,(* %$%0*;- 7*'!9< #-!%00"/ '"3-(?%$*- '%#"=" 

#-!%00% $- ",(-3-0+B!, % ",(-3-0+B! ,(*#-'*. H%''"/1B 3"0B #-!%00% 

$%<"3+! .%. (%;$"'!6 100 % * '1##9 #%''"/9< 3"0-: /'-< $"(#*(1-#9< 

,(*#-'-:. N'.0B7-$*- '"'!%/0+-! #-36 – ,(* #%''"/": 3"0- #-3* "! 99,0 3" 

99,9 % #-36 / '1##- ' '-(-&("# ",(-3-0+B! 50-.!("=(%/*#-!(*7-'.* ' 

,"'0-31B2*# %!"#$"-%&'"(&)*"$$9# ",(-3-0-$*-# "'!%/8-:'+ / 

50-.!("0*!- #-3*. O'0* #%''"/%+ 3"0+ #-3* ,(-/98%-! 99,9 %, -- $%<"3+! ," 

(%;$"'!*, /97*!%+ '1##1 ",(-3-0+-#9< ,(*#-'-: *; 100 %. 

I"(#*(1-#9- ."#,"$-$!9 $-."!"(9< $%*&"0-- (%',("'!(%$-$$9< 

)/-!$9< #-!%00"/ * ',0%/"/ ,(-3'!%/0-$9 / !%&0. 6.9 

N; ,(*/-3-$$9< 3%$$9< '0-31-!, 7!" ,(* %$%0*;- )/-!$9< #-!%00"/ * 

',0%/"/ $-"&<"3*#" ",(-3-0+!6 3"/"06$" ;$%7*!-06$"- 7*'0" 50-#-$!"/ / 

3*%,%;"$- '"3-(?%$*: "! 10
–5

 3" 15-20#%'.%. 
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K%&0*)% 6.9 – L*#*7-'.*: '"'!%/ )/-!$9< #-!%00"/ * ',0%/"/ 

'"=0%'$" $"(#%!*/$9# 3".1#-$!%# 

@&C-.! 

%$%0*;% 

P".1#-$!, (-=0%#-$!*(1B2*: 

<*#*7-'.*: '"'!%/ 

>"#,"$-$!9 P*%,%;"$ 

'"3-(?%$*+,#%'. 

% 

 

G*$.  

Q@DK 3640-94 G*$.. K-<$*7-'.*- 

1'0"/*+. 

?-0-;" 

#-36 

#986+. 

"0"/" 

'1(6#% 

%0B#*$*: 

'/*$-) 

.%3#*: 

0,001 – 0,2 

0,0005 – 0,08 

0,00025 – 0,03 

0,0005 – 0,06 

0,0005 – 0,05 

0,002 – 0,03 

0,002 – 3,0 

0,001 – 0,3 

 
D,0%/9 

)*$."/9- 

Q@DK 19424-97 (PDKR 3586-97) 

D,0%/9 )*$."/9- 0*!-:$9- / 

718.%<. K-<$*7-'.*- 1'0"/*+. 

Q@DK 25140-93 D,0%/9 )*$."/9- 

0*!-:$9-. H%(.*. 

Q@DK 21437-95 (PDKR 2774-94) 

D,0%/9 )*$."/9- 

%$!*A(*.)*"$$9-. H%(.*, 

!-<$*7-'.*- !(-&"/%$*+ * #-!"39 

*',9!%$*:. 

Q@DK 21438-95 (PDKR 2775-94) 

D,0%/9 )*$."/9- 

%$!*A(*.)*"$$9- / 718.%<. 

K-<$*7-'.*- 1'0"/*+. 

%0B#*$*: 

#-36 

#%=$*: 

'/*$-)  

.%3#*: 

?-0-;"  

"0"/"  

.(-#$*:  

3 –13 

0,005 – 8 

0,005 – 0,1 

0,002 – 0,05 

0,001 – 0,03 

0,01 – 0,4 

0,0005 – 0,05 

0,005 – 0,1 

 

 

 

D/*$-) 

Q@DK 3778-98 D/*$-). 

K-<$*7-'.*- 1'0"/*+. 

'-(-&(" 

#-36 

)*$. 

/*'#1! 

#986+. 

"0"/" 

'1(6#% 

?-0-;" 

#%=$*: 

.%06)*: 

$%!(*: 

0,0001 – 0,02 

0,0002– 0,2 

0,0005 – 0,2 

0,001 – 0,2 

0,0002 – 0,1 

0,0002 – 0,2 

0,0002 – 0,4 

0,0005 – 0,02 

0,0005 – 0,05 

0,0005 – 0,05 

0,0005 – 0,05 

D,0%/9 

'/*$)"/"-

'1(6#+$*'-

!9- 

Q@DK 1292-81 D,0%/9 '/*$)"/"-

'1(6#+$*'!9-. K-<$*7-'.*- 

1'0"/*+. 

'1(6#% 

#-36 

"0"/" 

#986+. 

/*'#1! 

)*$. 

?-0-;" 

'-(-&(" 

$*.-06 

0,05 – 20 

0,001 – 0,3 

0,001 – 0,6 

0,001 – 1,0 

0,01 – 0,15 

0,0005 – 0,05 

0,0005 – 0,04 

0,001 – 0,1 

0,0005 – 0,005 
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4(*,"* 

"0"/+$$"-

'/*$)"/9- 

Q@DK 21930-76 4(*,"* "0"/+$$"-

'/*$)"/9- / 718.%<. K-<$*7-'.*- 

1'0"/*+. 

"0"/" 

'1(6#% 

#-36 

.%3#*: 

#986+. 

?-0-;" 

$*.-06 

)*$. 

%0B#*$*: 

'-(% 

/*'#1! 

1,8 – 96 

0,002 – 6 

0,002 – 2 

17 – 19 

0,002 –0,05 

0,001 – 0,02 

0,0005 – 0,08 

0,0005 – 0,002 

0,0005 – 0,002 

0,001 – 0,02 

0,002 – 0,20 

F%&&*!9 

"0"/+$$9- * 

'/*$)"/9- 

Q@DK 1320-74 F%&&*!9 "0"/+$$9- 

* '/*$)"/9-. K-<$*7-'.*- 

1'0"/*+. 

"0"/" 

'1(6#% 

#-36 

.%3#*: 

$*.-06 

#986+. 

'/*$-) 

?-0-;" 

)*$. 

/*'#1! 

%0B#*$*: 

5 – 20 

5 – 20 

0,1 –7 

0,01 – 1,2 

0,1 – 0,5 

0,01 – 1 

0,1 – 3 

0,002 – 0,10 

0,001 – 0,15 

0,002 – 0,10 

0,002 – 0,05 

 

@0"/" 

Q@DK 860-75 @0"/". K-<$*7-'.*- 

1'0"/*+. 

#986+. 

?-0-;" 

#-36 

'/*$-) 

/*'#1! 

'1(6#% 

'-(% 

)*$. 

%0B#*$*: 

0,00001 – 0,25 

0,00002 – 0,05 

0,002 –0,12 

0,005 –3,1 

0,002 – 0,10 

0,00001 – 0,35 

0,001 – 0,06 

0,0003 – 0,002 

0,0005 – 0,05 
D1(6#% Q@DK 1089-82 D1(6#%. 

K-<$*7-'.*- 1'0"/*+. 

'/*$-) 

#986+. 

?-0-;" 

'-(% 

$*.-06 

;"0"!" 

$%!(*: 

0,02 – 5,0 

0,00002 – 4,0 

0,008 – 0,15 

0,005 – 0,2 

0,005 – 0,05 

0,000001 – 0,002 

0,00005 – 0,0002 

 

F("$;9 

"0"/+$$9- 

 

Q@DK 613-79 F("$;9 "0"/+$$9- 

0*!-:$9-. H%(.*. 

Q@DK 5017-74 F("$;9 "0"/+$$9-, 

"&(%&%!9/%-#9- 3%/0-$*-#. 

H%(.*. 

Q@DK 614-97 F("$;9 0*!-:$9- / 

718.%<. K-<$*7-'.*- 1'0"/*+. 

 

#-36 

"0"/" 

)*$. 

'/*$-) 

A"'A"( 

$*.-06 

%0B#*$*: 

?-0-;" 

.(-#$*: 

50 * &"0-- 

0,25  – 12,0 

0,1 – 30,0 

0,002  –  30,0 

0,005 – 1,2 

0,05 – 2,5 

0,001 – 0,25 

0,0025 – 0,6 

0,001 – 0,30 
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'1(6#% 

/*'#1! 

#986+. 

#%=$*: 

'-(% 

!*!%$ 

#%(=%$-) 

0,001– 0,6 

0,001 – 0,02 

0,01 – 0,15 

0,001 – 0,05 

0,001 – 0,10 

0,02 – 0,2 

0,05 – 0,3 

 

F("$;9 

&-;"0"/+$-

$9-  

 

Q@DK 614-97 F("$;9 0*!-:$9- / 

718.%<. K-<$*7-'.*- 1'0"/*+. 

Q@DK  493-79 F("$;9 

&-;"0"/+$$9- 0*!-:$9-. H%(.*. 

Q@DK 18175-78 F("$;9 

&-;"0"/+$$9-, "&(%&%!9/%-#9- 

3%/0-$*-#. H%(.*. 

#-36 

"0"/" 

)*$. 

'/*$-) 

A"'A"( 

$*.-06 

%0B#*$*: 

?-0-;" 

.(-#$*: 

'1(6#% 

#%(=%$-) 

#986+. 

#%=$*: 

.%3#*: 

'-(-&(" 

<("# 

50 * &"0-- 

0,01 – 0,5 

0,01 – 10 

0,002 – 65 

0,005 – 1,2 

0,05 – 7 

0,005 – 13 

0,001 – 7 

0,01 – 4 

0,001 – 0,65 

0,01 – 6 

0,001 – 0,4 

0,001 – 0,05 

0,1 – 1,5 

0,02 – 2,5 

0,2 – 1,5 

H-36 Q@DK 859-78 H-36. H%(.*. /*'#1! 

'1(6#% 

#986+. 

?-0-;" 

$*.-06 

'/*$-) 

"0"/" 

'-(% 

)*$. 

A"'A"( 

'-(-&(" 

0,00005 – 0,02 

0,0005 – 0,10 

0,0005 – 0,10 

0,0005 – 0,10 

0,0005 – 0,6 

0,0005 – 0,06 

0,0005 – 0,06 

0,001 – 0,02 

0,0005 – 0,006 

0,0003 – 0,06 

0,001 – 0,005 

D,0%/9 

#-3$"-

A"'A"(*'-

!9- 

Q@DK 4515-93 (PDKR 2530-94) 

D,0%/9 #-3$"-A"'A"(*'!9-. 

K-<$*7-'.*- 1'0"/*+. 

#-36 

A"'A"( 

/*'#1! 

'1(6#% 

?-0-;" 

80 * &"0-- 

5 – 14 

0,0008 –0,02 

0,001 – 0,20 

0,01 – 0,5 

D,0%/9 

#-3$"-

)*$."/9- 

(0%!1$*) 

Q@DK 17711-93 D,0%/9 #-3$"-

)*$."/9- (0%!1$*) 0*!-:$9-. 

H%(.*. 

Q@DK 1020-97 (PDKR 3473-96) 

E%!1$* 0*!-:$9- / 718.%<. 

K-<$*7-'.*- 1'0"/*+. 

Q@DK 15527-70. D,0%/9 #-3$"-

)*$."/9- (0%!1$*), 

#-36 

%0B#*$*: 

?-0-;" 

#%(=%$-) 

.(-#$*: 

"0"/" 

'/*$-) 

'1(6#% 

45  *  &"0-- 

0,005 – 8 

0,01 – 5 

0,01 – 7 

0,05 – 5 

0,001 – 5 

0,005 – 5 

0,001– 0,3 
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"&(%&%!9/%-#9- 3%/0-$*-#. 

H%(.*. 

 

A"'A"( 

$*.-06 

)*$. 

/*'#1! 

#986+. 

'-(% 

0,002 – 0,1 

0,01 – 7 

3,0 – 45,0 

0,0005 – 0,05 

0,001 – 0,2 

0,001 – 0,05 

 
 0B#*$*: *  

',0%/9 

%0B#*$**-

-/9- 

Q@DK 4784-97  0B#*$*: * 

',0%/9 %0B#*$*-/9- 

3-A"(#*(1-#9-. H%(.*. 

Q@DK 295-98  0B#*$*: 30+ 

(%'.*'0-$*+,  ,("*;/"3'!/% 

A-(("',0%/"/ * %0B#*$"!-(#**. 

K-<$*7-'.*- 1'0"/*+. 

Q@DK  1131-76 D,0%/9 

%0B#*$*-/9- 3-A"(#*(1-#9- / 

718.%<. K-<$*7-'.*- 1'0"/*+. 

PDKR 2839-94 (Q@DK 1583-93) 

D,0%/9 %0B#*$*-/9- 0*!-:$9-. 

K-<$*7-'.*- 1'0"/*+. 
 

)*$. 

#%(=%$-) 

?-0-;" 

#-36 

#%=$*: 

.(-#$*: 

)*(."$*: 

$%!(*: 

#986+. 

&-(*00*: 

!*!%$ 

&"( 

/*'#1! 

/%$%3*: 

.%0*: 

.%3#*: 

0*!*: 

$*.-06 

"0"/" 

'/*$-) 

'1(6#% 

<("# 

'1##% STU 

*!!(*: 

'.%$3*: 

=%00*: 

.%06)*: 

0,004 – 12,0 

0,005 – 2,0 

0,005 – 2,0 

0,001 – 12,0 

0,01 – 13,0 

0,02 – 25,0 

0,002 – 0,5 

0,0002 – 0,05 

0,002 – 0,04 

0,001 – 1,0 

0,005 – 0,7 

0,0001 – 0,5 

0,005 –  1,0 

0,005 – 0,5 

0,001 – 0,05 

0,005 – 1,0 

0,05 – 3,0 

0,005 – 8,0 

0,005 – 1,0 

0,01 – 1,5 

0,0002 – 0,3 

0,001 – 1,0 

0,2 – 2,0 

0,1 – 2,0 

0,02 – 5,0 

0,001 – 1,0 

0,03 – 0,30 

 

D,0%/9 

#%=$*-/9- 

Q@DK 14957-76 D,0%/9 

#%=$*-/9- 3-A"(#*(1-#9-. 

H%(.*. 

Q@DK 2856-79 D,0%/9 #%=$*-/9- 

0*!-:$9-. H%(.*. 

%0B#*$*: 

#%(=%$-) 

)*$. 

)*(."$*: 

$*.-06 

#-36 

.(-#$*: 

&-(*00*: 

?-0-;" 

.%3#*: 

0%$!%$ 

0*!*: 

.%0*: 

.%06)*: 

0,003 – 12,0 

0,01 – 3,0 

0,02 – 8,0 

0,00005 – 1,5 

0,0005 – 0,4 

0,001 – 0,8 

0,003 – 0,6 

0,0001 – 0,015 

0,001 – 0,2 

0,02 – 2,0 

0,2 – 2,0 

10,0 – 25,0 

0,002 – 0,02 

0,01 – 0,2 
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$%!(*: 

$-"3*# 

'1##% STU 

)-(*: 

'-(-&(" 

!*!%$ 

<0"( 

0,001 – 0,05 

1,0 – 5,0 

0,3 – 5,0 

0,1 – 1,5 

0,5 – 2,0 

0,001 – 0,02 

0,002 – 0,01 

I*.-06 * 

',0%/9 

$*.-0-/9- 

Q@DK 492-73. I*.-06, ',0%/9 

$*.-0-/9- * #-3$"-$*.-0-/9-, 

"&(%&%!9/%-#9- 3%/0-$*-#. 

H%(.*. 

#-36 

$*.-06 

."&%06! 

)*$. 

?-0-;" 

#%(=%$-) 

.(-#$*: 

%0B#*$*: 

/"06A(%# 

#%=$*: 

#986+. 

<("# 

'1(6#% 

/*'#1! 

'-(% 

A"'A"( 

'/*$-) 

!*!%$ 

"0"/" 

0,005 * /98- 

0,5 * /98- 

0,02 – 1,5 

0,001 – 30 

0,001 – 6,5 

0,001 – 15,0 

0,001 – 1,6 

0,005 – 3,5 

2 – 4 

0,002 – 0,20 

0,0005 – 0,05 

8 – 11 

0,0005 – 0,05 

0,0005 – 0,02 

0,001 – 0,05 

0,0005 – 0,05 

0,002 – 2,5 

0,05 – 0,4 

0,0005 – 0,25 

S"06 %!"#$"-%&'"(&)*"$$"=" #-!"3% / (-8-$** 5!": '0"?$": ;%3%7* 

*00B'!(*(1B! 3%$$9- !%&0. 6.10, / ."!"(": ,(*/-3-$9 '/-3-$*+ "& %!"#$"-

%&'"(&)*"$$9< #-!"3*.%<, /.0B7-$$9< / '!%$3%(!9 $% #-!"39 <*#*7-'."=" 

%$%0*;% )/-!$9< #-!%00"/ * ',0%/"/. 

N; ,(-3'!%/0-$$9< / !%&0. 6.10 3%$$9< /*3$", 7!" %!"#$"-

%&'"(&)*"$$9: #-!"3, $%(+31 ' 3(1=*#*, /.0B7-$ /" #$"=*- 

="'13%('!/-$$9- '!%$3%(!9 * "&-',-7*/%-! ",(-3-0-$*- &"0-- 15 50-#-$!"/ 

/ 8*("."# 3*%,%;"$- '"3-(?%$*:. 

K%&0*)% 6.10 – D!%$3%(!$9- %!"#$"-%&'"(&)*"$$9- #-!"3*.* ,(* 

%$%0*;- )/-!$9< #-!%00"/ * ',0%/"/ 

I%*#-$"/%$*- $"(#%!*/$"=" 3".1#-$!% 

@,(-3-0+--

#9- 

50-#-$!9 

P*%,%;"$ 

",(-3-0+-#9< 

."$)-$!(%)*:, 

#%'. % 

Q@DK 19251.1-79, Q@DK 19251.3-79, Q@DK 19251.4-79, 

Q@DK 19251.6-79. G*$.. H-!"39 %$%0*;%. Q@DK 19251.7-93 

G*$.. H-!"39 ",(-3-0-$*+ %0B#*$*+. Q@DK 23957.1-80, 

Q@DK 23957.2-80. G*$.. H-!"39 %!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+ Pb, Cd, Sb * Sn. 

'/*$-) 

.%3#*: 

?-0-;" 

#-36 

"0"/" 

%0B#*$*: 

'1(6#% 

0,002 – 3,0 

0,001 – 0,3 

0,001 – 0,2 

0,0005 – 0,08 

0,01 – 0,06 

0,002 – 0,03 

0,0005 – 0,05 
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Q@DK 25284.1-95- Q@DK 25284.8-95. 

D,0%/9 )*$."/9-. H-!"39 %$%0*;%. 

%0B#*$*: 

#-36 

#%=$*: 

'/*$-) 

?-0-;" 

.%3#*: 

3 – 13 

0,005 – 8 

0,005 – 0,1 

0,0025 – 0,05 

0,01 – 0,4 

0,001 –0,03 

Q@DK 11739.4-78, Q@DK 11739.9-78, Q@DK 11739.13-78, 

Q@DK 11739.16-78-Q@DK 11739.18-78, Q@DK 11739.20-78, 

Q@DK 11739.21-78, Q@DK 11739.3-82, 

Q@DK 11739.6-82, Q@DK 11739.7-82, Q@DK 11739.11-82- 

Q@DK 11739.20-82, Q@DK 11739.23-82, Q@DK 11739.24-82, 

Q@DK 11739.1-90, Q@DK 11739.2-90, Q@DK 11739.4-90, 

Q@DK 11739.5-90, Q@DK 11739.8-90, Q@DK 11739.9-90, 

Q@DK 11739.10-90, Q@DK 11739.16-90, Q@DK 11739.17-90, 

Q@DK 11739.18-90, Q@DK 11739.19-90, Q@DK 11739.21-90,  

Q@DK 11739.22-90, Q@DK 11739.25-90, Q@DK 11739.26-90, 

Q@DK 11739.11-98, Q@DK 11739.12-98, Q@DK 11739.13-98, 

Q@DK 11739.24-98, Q@DK 11739.6-99, Q@DK 11739.7-99, 

Q@DK 11739.14-99, Q@DK 11739.15-99, Q@DK 11739.23-99. 

D,0%/9 %0B#*$*-/9- 0*!-:$9- * 3-A"(#*(1-#9-. H-!"39 

%$%0*;%. Q@DK 12697.2-77, Q@DK 12697.3-77, Q@DK 

12697.5-77- Q@DK 12697.11-77.  0B#*$*:. H-!"39 

<*#*7-'."=" %$%0*;%. Q@DK 1762.1-71 – Q@DK 1762.7-71. 

D*01#*$ / 718.%<. H-!"39 %$%0*;%. 

)*$. 

#%(=%$-) 

?-0-;" 

#-36 

#%=$*: 

$%!(*: 

&-(*00*: 

/*'#1! 

/%$%3*: 

.%0*: 

.%3#*: 

0*!*: 

$*.-06 

"0"/" 

'/*$-) 

'1(6#% 

<("# 

*!!(*: 

'.%$3*: 

=%00*: 

0,01 – 12,0 

0,01 – 3,0 

0,01 – 2,0 

0,01 – 7,0 

0,01 – 12,0 

0,0002 – 0,05 

0,001 – 1,0 

0,05 –  1,0 

0,05 – 0,5 

0,001 – 0,05 

0,01 – 1,0 

0,05 – 3,0 

0,005 – 8,0 

0,01 – 1,0 

0,01 – 1,5 

0,01 – 0,3 

0,01 – 1,0 

0,1 – 2,0 

0,1 – 5,0 

0,05 – 1,0 

Q@DK 1953.1-79-Q@DK 1953.12-79, Q@DK 1953.13-79, Q@DK 

1953.14-79, Q@DK 1953.15-79, Q@DK 1953.16-79-Q@DK 

1953.17-79 

F("$;9 "0"/+$$9-. H-!"39 %$%0*;%. 

)*$. 

$*.-06 

'/*$-) 

?-0-;" 

/*'#1! 

%0B#*$*: 

#%(=%$-) 

#%=$*: 

0,1 – 30,0 

0,05 – 2,5 

0,002 – 30,0 

0,0025 – 0,6 

0,001 – 0,02 

0,001 – 0,25 

0,05 – 0,3 

0,001 – 0,05 

Q@DK 15027.1-77- Q@DK 15027.12-77, Q@DK 15027.14-77, 

Q@DK 15027.16-86-Q@DK 15027.18-86. 

F("$;9 &-;"0"/+$$9-. H-!"39 %$%0*;%. 

 

%0B#*$*: 

?-0-;" 

#%(=%$-) 

"0"/" 

'/*$-) 

'1(6#% 

$*.-06 

)*$. 

/*'#1! 

0,01 – 13,0 

0,01 – 7 

0,01 – 6 

0,05 – 7 

0,002 – 12 

0,01 – 10 

0,02 – 2,5 

0,2 – 1,5 

0,1 – 1,5 

Q@DK 1652.1-77- Q@DK 1652.8-77, Q@DK 1652.9-77, 

Q@DK 1652.10-77- Q@DK 1652.13-77. 

D,0%/9 #-3$"-)*$."/9-. 

H-!"39 %$%0*;%. 

Q@DK 24978-91. D,0%/9 #-3$"-)*$."/9-. H-!"39 

",(-3-0-$*+ )*$.%. 

%0B#*$*: 

?-0-;" 

#%(=%$-) 

"0"/" 

'/*$-) 

'1(6#% 

$*.-06 

)*$. 

0,03 – 8 

0,01 – 2 

0,01 – 4 

0,005 – 2 

0,005 – 4,5 

0,001– 0,2 

0,01 – 1 

0,001 – 6,0 
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/*'#1! 0,0005 – 0,05 

Q@DK 13938.2-78 – Q@DK 13938.12-78. H-36. H-!"39 

%$%0*;%. 

?-0-;" 

$*.-06 

'/*$-) 

)*$. 

'-(-&(" 

0,002 – 0,10 

0,02 – 0,4 

0,001 – 0,1 

0,0005 – 0,006 

0,001 – 0,004 

Q@DK 26880.1-86 – Q@DK 26880.2-86 

D/*$-).  !"#$"-%&'"(&)*"$$9- #-!"39 %$%0*;%. 

Q@DK 20580.1-80 – Q@DK 20580.8-80. D/*$-). H-!"39 

<*#*7-'."=" %$%0*;%. 

'-(-&(" 

#-36 

)*$. 

/*'#1! 

#986+. 

"0"/" 

'1(6#% 

?-0-;" 

#%=$*: 

.%06)*: 

$%!(*: 

0,0002 – 0,015 

0,0003– 0,15 

0,0005 – 0,2 

0,002 – 0,2 

0,01 – 0,1 

0,01 – 0,2 

0,0002 – 0,25 

0,0005 – 0,015 

0,0005 – 0,02 

0,0005 – 0,02 

0,0005 – 0,05 

Q@DK  1293.1-83 – Q@DK 1293.5-83, Q@DK 1293.7-83, Q@DK 

1293.10-83 – Q@DK 1293.13-83. D,0%/9 '/*$)"/"-

'1(6#+$*'!9-. H-!"39 <*#*7-'."=" %$%0*;%. 

#-36 

#986+. 

/*'#1! 

)*$. 

?-0-;" 

'-(-&(" 

$*.-06 

0,001 – 0,3 

0,001 – 1,0 

0,01 – 0,15 

0,0005 – 0,05 

0,0005 – 0,04 

0,001 – 0,1 

0,0005 – 0,005 

Q@DK 21877.1-76- Q@DK 21877.11-76. 

F%&&*!9 "0"/+$$9- * '/*$)"/9-. H-!"39 %$%0*;% 

#-36 

.%3#*: 

$*.-06 

'/*$-) 

?-0-;" 

)*$. 

/*'#1! 

%0B#*$*: 

0,1 –7 

0,01 – 1,2 

0,1 – 0,5 

0,1 – 3 

0,002 – 0,1 

0,001 – 0,15 

0,002 – 0,10 

0,002 – 0,05 

Q@DK 1367.2-83 – Q@DK 1367.7-83, Q@DK 1367.10-83. 

D1(6#%. H-!"39 %$%0*;%. 

?-0-;" 

$*.-06 

;"0"!" 

 

$%!(*: 

 

0,008 – 0,15 

0,005 – 0,05 

0,000001 – 

0,002 

0,00005 – 

0,0002 

Q@DK 15483.1-78 – Q@DK 15483.10-78. @0"/". H-!"39 

%$%0*;%. 

?-0-;" 

#-36 

'/*$-) 

/*'#1! 

)*$. 

0,002 – 0,05 

0,005 –0,10 

0,005 –3,1 

0,01 – 0,10 

0,0003 – 0,002 

Q@DK 6689.1-92 – Q@DK 6689.2-92, Q@DK 6689.4-92 – 

Q@DK 6689.9-92, Q@DK  6689.11-92 – Q@DK 6689.15-92, 

Q@DK 6689.17-92 – Q@DK 6689.22-92. I*.-06, ',0%/9 

$*.-0-/9- * #-3$"-$*.-0-/9-. H-!"39 %$%0*;% 

)*$. 

?-0-;" 

#%(=%$-) 

#%=$*: 

'1(6#% 

/*'#1! 

'/*$-) 

"0"/" 

0,1 – 0,6 

0,01 – 6,5 

0,01 – 1,5 

0,002 – 0,05 

0,001 – 0,05 

0,001 – 0,02 

0,002 – 0,1 

0,01 – 0,25 
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Q@DK 6674.1-96-Q@DK 6674.3-96. 

D,0%/9 #-3$"-A"'A"(*'!9-. H-!"39 %$%0*;% 

/*'#1! 

'1(6#% 

?-0-;" 

0,0008 –0,02 

0,001 – 0,20 

0,01 – 0,5 

Q@DK 3240.1-76 – Q@DK 3240.21-76. D,0%/9 #%=$*-/9-. 

H-!"39 %$%0*;%. 

%0B#*$*: 

#%(=%$-) 

)*$. 

$*.-06 

#-36 

&-(*00*: 

?-0-;" 

.%3#*: 

.%0*: 

.%06)*: 

$%!(*: 

'-(-&(" 

0,003 – 12,0 

0,01 – 3,0 

0,02 – 8,0 

0,0005 – 0,4 

0,001 – 0,8 

0,0001 – 0,015 

0,001 – 0,2 

0,02 – 2,0 

0,002 – 0,02 

0,01 – 0,2 

0,001 – 0,05 

0,5 – 2,0 

Q@DK 27225-87. F%&&*!9 .%06)*-/9-. H-!"3 %!"#$"-

%&'"(&)*"$$"=" ",(-3-0-$*+ #%=$*+, #-3* * %0B#*$*+.  

#-36 

#%=$*: 

%0B#*$*: 

0,01 - 0,20 

0,01 – 0,20 

0,02 – 0,20 

Q@DK 9519.3-77. F%&&*!9 .%06)*-/9-. H-!"3 %!"#$"-

%&'"(&)*"$$"=" ',-.!(%06$"=" %$%0*;%.  

.%06)*:  

$%!(*: 

)*$. 

0,1 – 1,2 

0,1 – 1,2 

0,001 – 0,06 

K"7$"'!6 (-;106!%!"/ %!"#$"-%&'"(&)*"$$"=" #-!"3% ,(* %$%0*;- 

)/-!$9< * 7-($9< #-!%00"/ * ',0%/"/ "&-',-7*/%-! "!&"( ,(-3'!%/*!-06$": 

,("&9. D"'!%/ #%!-(*%0% )/-!$9< * 7-($9< #-!%00"/ * ',0%/"/ $- #"?-! 

&9!6 '"/-(8-$$" "3$"("3$9# ," /'-: #%''-.  I-"3$"("3$"'!6 <*#*7-'."=" 

'"'!%/% ',0%/"/ "&1'0"/0-$% 0*./%)*-:. 

>(*'!%00*;%)*+ ',0%/% ,("<"3*! $- ,(* ",(-3-0-$$": !-#,-(%!1(- / 

"!0*7*- "! 7*'!9< #-!%00"/, % / $-."!"("# *$!-(/%0- !-#,-(%!1(. 

L*#*7-'.*: '"'!%/ ;%.(*'!%00*;"/%/8*<'+ ,(* (%;$": !-#,-(%!1(- 7%'!-: 

',0%/% ".%;9/%-!'+ $-"3*$%."/9#. @!3-06$9- '"'!%/0+B2*- ',0%/% ,(* 

"<0%?3-$** ,-(-#-2%B!'+ / =01&*$$9- ;"$9 '0*!.% * ;%'!9/%B! / 

,"'0-3$BB "7-(-36. J (-;106!%!- ,"/-(<$"'!6 #-!%00% 7*2- -=" "&C-#%. 

U!" +/0-$*- *$"=3% "&$%(1?*/%-!'+ /*;1%06$". I%,(*#-(, / ?-0!9< ' 

.(%'$"/%!9# "!!-$."# ',0%/%< #-3* ' "0"/"# #"?$" $%&0B3%!6 &-09- 

,+!$% "0"/%. 4(*7-# !%.*< ,+!-$ / "&C-#- ',0%/% &"068-, 7-# $% -=" 

,"/-(<$"'!*. T$%7*!-06$%+ 0*./%)*+ $%&0B3%-!'+ 30+ ',0%/"/ '/*$)% * 

)*$.%, #-3* * '/*$)%, )*$.% * "0"/%, #-3* * '-(-&(%. 

J '/+;* ' 5!*# =0%/$%+ ;%3%7% ,(* "!&"(- ,("& #-!%00"/ * ',0%/"/ –

"&-',-7-$*- ,(-3'!%/*!-06$"'!* ,("&9. @!&"( ,("& )/-!$9< #-!%00"/ * 

',0%/"/ (-=0%#-$!*("/%$ 0*&" !-<$*7-'.*#* 1'0"/*+#* $% 3%$$9: ',0%/, 

$%,(*#-(, Q@DK 3640-94 «G*$.. K-<$*7-'.*- 1'0"/*+», *0* DK DUJ 456-77, 

Q@DK 3778-98 «D/*$-). K-<$*7-'.*- 1'0"/*+», *0* Q@DK 21930-76 

«4(*,"* "0"/+$$"-'/*$)"/9- / 718.%<. K-<$*7-'.*- 1'0"/*+», 0*&" "&2*# 

'!%$3%(!"# ," "!&"(1 * ,"3="!"/.- ,("& 30+ <*#*7-'."=" %$%0*;%. P0+ 

)/-!$9< #-!%00"/ * ',0%/"/ – 5!" Q@DK 24231-80 «G/-!$9- #-!%009 * 

',0%/9. @&2*- !(-&"/%$*+ . "!&"(1 * ,"3="!"/.- ,("& 30+ <*#*7-'."=" 
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%$%0*;%» * Q@DK 28053-89 «D!(1?.% )/-!$9< #-!%00"/ * ',0%/"/. H-!"39 

"!&"(%, ,"3="!"/.* ,("& * #-!"39 *',9!%$*+» (30+ ',0%/"/ Al, W, Cu, Mo, 

Ni, Sn, Pb, Ti, Zn). R.%;%$$9- '!%$3%(!9 $"(#*(1B! "!&"( ,("& ;%="!"/". * 

,"01A%&(*.%!"/, % !%.?- '!(1?.*. K"7-7$9- ,("&9 "! 718-., "!0*/"., 

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

A(-;-("/%$*-#, (%',*0"/.":, (-;.":, "&!"7.":. P0+ "!&"(% !"7-7$9< ,("& 

3"0?$9 ,(*#-$+!'+ #%8*$9 * *$'!(1#-$!9, *'.0B7%B2*- ;%=(+;$-$*- 

,("&9. 4"/-(<$"'!6 ;%="!"/". *0* ,"01A%&(*.%!"/ ,-(-3 "!&"("# ,("& 

3"0?$% &9!6 "7*2-$% "! ,"/-(<$"'!$9< ;%=(+;$-$*: * ".'*3"/ 

(#-!%00*7-'.": 2-!.":, "&!"7.":, A(-;-("/%$*-# *0* 3(1=*#* ',"'"&%#*). 

K"7-7$1B ,("&1 "! .%!"3"/ "!&*(%B! '/-(0-$*-# $%'./";6 / ,+!* !"7.%< – / 

'-(-3*$- * / 7-!9(-< ," 1=0%# $% (%''!"+$** "! 50 3" 100 ## "! .(%+. J 

!-<$*7-'.*< 1'0"/*+< "="/"(-$", '."06." 718-. *; ,%(!** #-!%00% '0-31-! 

/;+!6 30+ <*#*7-'."=" %$%0*;%. >%?31B 718.1, "!"&(%$$1B / /9&"(.1, *0* 

'0*!". !"02*$": 3" 100 ## '/-(0+! $%'./";6 / ,+!* !"7.%<: / '-(-3*$- * / 

7-!9(-< !"7.%< ," 3*%="$%0* – $% (%''!"+$** "! 1/5 3" 1/6 3*%="$%0* "! 

1=0%. 4(* !"02*$- 718.* *0* '0*!.% &"0-- 100 ## ;%="!"/.* '/-(0+! / 

8-'!* !"7.%<: ," !(* $%  /-(<$-: * $*?$-: ,"/-(<$"'!+<, ,(* 5!"# "3$" 

'/-(0-$*- ,("/"3+! / '-(-3*$- * 3/% $% (%''!"+$** "! 1/5 3" 1/6 3*%="$%0* 

"! 1=0"/, $% =01&*$1, (%/$1B ,"0"/*$- /9'"!9 ;%="!"/.*. 4(* ,"3="!"/.- 

"&C-3*$-$$": ,("&9 ,"017-$$9- !"7-7$9- ,("&9 !2%!-06$" ,-(-#-8*/%B! 

$% 7*'!": ,"/-(<$"'!* *, ,(* $-"&<"3*#"'!*, *;#-067%B! 3" ,"017-$*+ 

7%'!*) $-"&<"3*#9< (%;#-("/. J ;%/*'*#"'!* "! #%''9 "&C-3*$-$$": 

,("&9 ,(* ,"3="!"/.- ,("&9 30+ <*#*7-'."=" %$%0*;% "!&*(%B! 

./%(!"/%$*-# 7%'!6 "&C-3*$-$$": ,("&9 *0* *',"06;1B! /'B 

"&C-3*$-$$1B ,("&1. 4(* ./%(!"/%$** "&C-3*$-$$1B ,("&1 (%/$"#-($" 

(%',(-3-0+B! $% ,"/-(<$"'!* * (%;&*/%B! $% 7-!9(- (%/$9< '-.!"(% 3/1#+ 

,-(-'-.%B2*#*'+ / )-$!(- ,-(,-$3*.10+($9#* 3(1= . 3(1=1 ,(+#9#* 

0*$*+#*. P0+ ./%(!"/%$*+ (-."#-$31-!'+ ,(*#-$+!6 .(-'!"/*$1. H-!%00 

3/1< 3*%#-!(%06$" ,("!*/","0"?$9< '-.!"("/ "!&(%'9/%B!, % 3/1< 3(1=*< 

– '"-3*$+B! /#-'!-. 4(* $-"&<"3*#"'!* 5!1 ",-(%)*B ,"/!"(+B!, .%?39: 

(%; "!&(%'9/%+ #-!%00 ,("!*/","0"?$9< '-.!"("/. H*$*#%06$1B #%''1 

0%&"(%!"($": ,("&9 1'!%$%/0*/%B! / ;%/*'*#"'!* "! 7*'0% ",(-3-0+-#9< 

50-#-$!"/ * / '""!/-!'!/** ' !(-&"/%$*+#* '!%$3%(!"/ $% #-!"39 

<*#*7-'."=" %$%0*;%, % !%.?- ' 17-!"# #%''9 ;%,%'$": ,("&9. E%&"(%!"($%+ 

,("&% $-#%=$*!$9< #-!%00"/ * ',0%/"/ 3"0?$% &9!6 "7*2-$% "! /";#"?$9< 

,(*#-'-: ?-0-;% #%=$*!"# 3"'!%!"7$": #"2$"'!*. E%&"(%!"($1B ,("&1 

3-0+! $% 3/- (%/$9- 7%'!* * ,"#-2%B! / 3/- '""!/-!'!/1B2*- 1,%."/.*, 

"&-',-7*/%B2*- '"<(%$$"'!6 ,("&; "3$% ,(-3$%;$%7-$% 30+ <*#*7-'."=" 

%$%0*;% 1 *;="!"/*!-0+, 3(1=%+ '"<(%$+-!'+ $% '017%: ,"+/0-$*+ 

(%;$"=0%'*: / ")-$.- .%7-'!/% ,%(!**. 4" !(-&"/%$*B ,"!(-&*!-0+ 

0%&"(%!"($1B ,("&1 3-0+! $% !(* (%/$9- 7%'!*, ,(* 5!"# !(-!6+ 7%'!6 

,(-3$%;$%7-$% 30+ ,("/-3-$*+ <*#*7-'."=" %$%0*;% 1 ,"!(-&*!-0+. 4(* 

(%;$"=0%'*+< / ")-$.- .%7-'!/% 3",1'.%-!'+ "!&"( ,("& 30+ <*#*7-'."=" 
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%$%0*;% ,"/!"(*!6. >%?3%+ 1,%."/.% 3"0?$% &9!6 '$%&?-$% 5!*.-!.": ' 

1.%;%$*-# /*3% ;%="!"/.* *0* ,"01A%&(*.%!%, #%(.* #-!%00% *0* ',0%/%, 

$"#-(% ,%(!** *0* ,0%/.*, 3%!9 "!&"(% ,("&9, !"/%($"=" ;$%.% *0* 

$%*#-$"/%$*+ ,(-3,(*+!*+ – *;="!"/*!-0+. J .%?31B 1,%."/.1 3"0?$% &9!6 

/0"?-$% !%.%+ ?- 5!*.-!.%. R,%."/.* 3"0?$9 &9!6 ;%,0"#&*("/%$9. D(". 

<(%$-$*+ ;%,%'$9< ,("& – $- #-$-- 6 #-'+)-/. 

4(* "!&"(- ,("& '!(1?.* )/-!$9< #-!%00"/ * ',0%/"/ #%''% 

!"7-7$": ,("&9 3"0?$% &9!6 $- #-$-- 1 .=. H*$*#%06$" $-"&<"3*#"- 7*'0" 

!"7-7$9< ,("& ;%/*'*! "! "3$"("3$"'!* ,%(!** '!(1?.* * ,(* #%''- ,%(!** 

'/98-    20 ! '"'!%/0+-! 32 #*$*#%06$" $-"&<"3*#9< !"7-7$9< ,("&. @!&"( 

!"7-7$9< ,("& ,(* (%;=(1;.- '!(1?.* ,("/"3+! / $%7%0-, '-(-3*$- * ."$)- 

(%;=(1;.* ' .%?3": /$"/6 "&(%;1B2-:'+ ,"/-(<$"'!*. K"7.* "!&"(% 

!"7-7$9< ,("& (%',"0%=%B! / 8%<#%!$"# ,"(+3.- ," /'-: ,"/-(<$"'!* 

",("&1-#"=" #%!-(*%0%. @!&"( !"7-7$9< ,("& '9,17-: '!(1?.* ,("/"3+! 

#-!"3"# /97-(,9/%$*+: /9.%,9/%B! 01$.* =01&*$": 200-400 ##, * /3"06 

'!-$". 01$". / "3*$-3/% ,(*-#% '"/."# '$*;1 //-(< "!&*(%B! !"7-7$1B 

,("&1. D"3-(?*#"- '"/.% ''9,%B! / ;%.(9/%B21B'+ !%(1. @!"&(%$$9- 

!%.*# "&(%;"# !"7-7$9- ,("&9 '"'!%/0+B! "&C-3*$-$$1B ,("&1. @!&"( 

!"7-7$9< ,("& '#-'* '9,17-: * /*!": '!(1?.* ,("/"3+! "! '9,17-: 7%'!* 

'"/."#, "! /*!": – ' ,"#"26B $"?$*). 

@&C-3*$-$$1B ,("&1 '!(1?.* ,"3/-(=%B! (%''-/1 $% '*!- ' 

3","0$*!-06$9# *;#-067-$*-# #%!-(*%0%, "'!%/8-="'+ $% (-8-!$"# 

,"0"!$-. @&C-3*$-$$1B ,("&1 ,-(-#-8*/%B! * '".(%2%B! ./%(!"/%$*-#. 

4"0"/*$1 "&C-3*$-$$": ,("&9 ("."0" 10 .=) #%''": $- #-$-- 2 .= 

*',"06;1B! 30+ ",(-3-0-$*+ ,".%;%!-0-: .%7-'!/%. P(1=1B 7%'!6 ,("&9 

/;/-8*/%B! * <(%$+! $% '017%: (%'<"?3-$*+ #-?31 (-;106!%!%#* %$%0*;% * 

3%$$9#*, 1.%;%$$9#* / "!=(1;"7$9#* 3".1#-$!%< (3" #"#-$!% *'.0B7-$*+ 

(%;$"=0%'*:). L(%$+! ,("&9 / ;%.(9!": ",0"#&*("/%$$": !%(-, ;%,"0$-$$": 

$% 3/4 "&C-#%. J !%(1 ' ,("&": /.0%39/%B! 5!*.-!.1, '"3-(?%21B $"#-( 

,("&9, $%*#-$"/%$*- #%!-(*%0%, $"#-( ,%(!**, #%''1 ,("&9, 3%!1 "!&"(%. 

P%0-- ,("/"3+! *',9!%$*- 0%&"(%!"($": ,("&9. @3$"("3$"'!6 

,%(!** ," A*;*7-'."#1 '"'!"+$*B 1'!%$%/0*/%B! (%''-*/%$*-# $% '*!- * 

",(-3-0-$*-# "!$"8-$*+ (/ %) #%''9 '!(1?.*, "'!%/8-:'+ $% (-8-!$"# 

,"0"!$-, . #%''- "&C-3*$-$$": ,("&9. O'0* 5!" "!$"8-$*- $- ,(-/98%-! 5 

%, ,%(!*B '7*!%B! "3$"("3$":, / ,("!*/$"# '017%- – $-"3$"("3$":. P%0-- 

",(-3-0+B! ;%'"(-$$"'!6 ,("&9 – $%0*7*- #-<%$*7-'.*< ,(*#-'-: 

$-#-!%00*7-'."=" <%(%.!-(% (#1'"(, 3-(-/", 1,%."/"7$9- * '!("*!-06$9- 

#%!-(*%09). @'!%/81B'+ ,"'0- 13%0-$*+ #1'"(% '!(1?.1 '18%! ,(* 

!-#,-(%!1(- (400 ! 10) 
"
D 3" ,"'!"+$$": #%''9 * (%''7*!9/%B! /0%?$"'!6 * 

'"3-(?%$*- #%'-0. 4"'0- 13%0-$*+ /0%=* * #%'-0 #%=$*!"# *;/0-.%B! 

A(%.)*B 7-($9< #-!%00"/. S17$": '"(!*("/.": *; #%=$*!$": A(%.)** 

/9&*(%B! )/-!$9- #-!%009, % *; $-#%=$*!$": – $-#%=$*!$9- 7-($9- 

#-!%009. P%0-- ,("/"3+! ",(-3-0-$*- #-!%001(=*7-'."=" /9<"3% '!(1?.* 

%0B#*$*+, #-3* * *< ',0%/"/. >%?31B ,("&1 '!(1?.*, ,"017-$$1B ,"'0- 
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13%0-$*+ #1'"(%, ,"#-2%B! / !*=-06 ,"3 '0": ,(-3/%(*!-06$" 

(%',0%/0-$$"=" A0B'% #%''": 300-500 =. P0+ '!(1?.* %0B#*$*+ * -=" 

',0%/"/ A0B' 3"0?-$ '"'!"+!6 *; NaCl * KCl / '""!$"8-$** 1:1. 

K-#,-(%!1(% ,0%/.* 750-800 
"
D.  P0+ '!(1?.* #-3*, 0%!1$*, "0"/+$$": 

&("$;9 A0B' 3"0?-$ '"'!"+!6 *; &1(9; 30+ '!(1?.* %0B#*$*-/": &("$;9 – 

*; .(*"0*!%. K-#,-(%!1(% ,0%/.* '!(1?.* $- 3"0?$% ,(-/98%!6: 30+ #-3* * 

%0B#*$*-/": &("$;9 – 1150 
"
D, "0"/+$$": &("$;9 – 1100 

"
D, 0%!1$* –    

1000 
"
D. 4"'0- ,"0$"=" (%',0%/0-$*+ ,("&9 #-!%00 ,-(-#-8*/%B!, 3%B! 

"!'!"+!6'+ / !-7-$*- 2 #*$, '$*#%B! 80%., #-!%00 /90*/%B! / .".*06 * 

*',"06;1B! 30+ ',-.!(%06$"=" %$%0*;%, % "'!%!". ,"#-2%B! / ,"3"=(-!1B 

*;0"?$*)1 * *',"06;1B! 30+ <*#*7-'."=" %$%0*;%. 4("&1 30+ <*#*7-'."=" 

%$%0*;% "!&*(%B! '/-(0-$*-# 718.*. 

@!&"( ,("& 80%."/ )/-!$": #-!%001(=** ,("/"3+! ," Q@DK 28192-89 

«@!<"39 )/-!$9< #-!%00"/ * ',0%/"/. H-!"39 "!&"(%, ,"3="!"/.* ,("& * 

#-!"39 *',9!%$*:». @! 80%.% .(1,$"'!6B #-$-- 10 ## "!&*(%B! 

,(-3/%(*!-06$1B ,("&1, '"'!%/0+B21B 2,5 % #%''9 ,%(!**, / !"# 7*'0- 

.(1,$"'!6B 1-50 ## – 5 %, .(1,$"'!6B 50 ## * &"0-- – 10 %. H*$*#%06$%+ 

#%''% !"7-7$": ,("&9 ;%/*'*! "! #%''9 * "3$"("3$"'!* ,%(!**. I%,(*#-(, 

,(* (%;#-(- #%.'*#%06$"=" .1'.% ,("&9 10 ## #*$*#%06$%+ #%''% !"7-7$": 

,("&9 '"'!%/0+-! $- #-$-- 1 .=. 

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

%0B#*$*+ . %$%0*;1 %!"#$"-%&'"(&)*"$$9# #-!"3"# "'$"/%$% $% 

%#A"!-($9< '/":'!/%< #%!(*)9, 30+ /'.(9!*+ ."!"(": #"?$" *',"06;"/%!6 

.%. .*'0"!9, !%. * 2-0"7*. I%0*7*- .(-#$*+ / ',0%/%< * 0*=%!1(%< 

%0B#*$*+ ;%'!%/0+-!, .%. ,(%/*0", "!3%/%!6 ,(-3,"7!-$*- 2-0"7$"#1 

(%'!/"(-$*B *0* //"3*!6 ;$%7*!-06$"- ."0*7-'!/" A!"(*3"/ / .%7-'!/- 

."#,0-.'%$!"/. 4(* ,"/98-$$9< !(-&"/%$*+< . !"7$"'!* ",(-3-0-$*+ 

.%06)*+, #%=$*+, #-3* * 3(1=*< 50-#-$!"/ (-."#-$31-!'+ ."0*7-'!/-$$" 

/93-0+!6 .(-#$*+ *; (%'!/"("/, '"3-(?%2*< H2SO4 *0* HClO4, ,"'(-3'!/"# 

"!="$.* !-!(%A!"(*3% .(-#$*+ *0* (%;0"?-$*+ "&(%;)"/ / %/!".0%/%<. 

D"=0%'$" Q@DK 11739-82 * 11739-90 %0B#*$*-/9- ',0%/9 (%'!/"(+B! / HCl 

(1:1) ' 3"&%/0-$*-# ,-(".'*3% /"3"("3%. 4(* $-"&<"3*#"'!* (%'!/"( '0-=.% 

,"3"=(-/%B!. N;&9!". ,-(".'*3% /"3"("3% ,"'0- (%'!/"(-$*+ ,("&9 

13%0+B! .*,+7-$*-#. O'0* #%''"/%+ 3"0+ .(-#$*+ $- ,(-/98%-!  1 %, % 

(%'!/"( $-,(";(%7-$, -="  A*06!(1B! 7-(-; '1<": A*06!( '(-3$-: ,0"!$"'!* 

(«&-0%+ 0-$!%») / #-($1B ."0&1, ,("#9/%+ "'%3". $% A*06!(- 3-4 (%;% 

="(+7*# (%'!/"("# <0"("/"3"("3$": .*'0"!9 (1:99). 

4(* '"3-(?%$** .(-#$*+ &"0-- 1#%'.% A*06!( /#-'!- ' '"3-(?*#9# 

";"0+B! / ,0%!*$"/"# !*=0-, $- 3",1'.%+ /"',0%#-$-$*+, * ,(".%0*/%B! 

,(* !-#,-(%!1(- "."0" 550 
"
D. 4"'0- "<0%?3-$*+ 3"&%/0+B! 2 #0 (%'!/"(% 

'-($": .*'0"!9 (1:1), 5 #0 40 %-$"=" (%'!/"(% A!"("/"3"("3$": .*'0"!9 * 

," .%,0+# %;"!$1B .*'0"!1 3" ,"017-$*+ ,(";(%7$"=" (%'!/"(%. T%!-# 

(%'!/"( /9,%(*/%B! 3"'1<% * ,(".%0*/%B! / !-7-$*- $-'."06.*< #*$1! ,(* 

!-#,-(%!1(- 700 
"
D. 4"'0- "<0%?3-$*+ "'!%!". (%'!/"(+B! / %;"!$": 
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.*'0"!- (1:4) *, ,(* $-"&<"3*#"'!*, A*06!(1B! *  ,(*'"-3*$+B! . 

,"017-$$"#1 A*06!(%!1. 4%(%00-06$" 7-(-; /'- '!%3** %$%0*;% ,("/"3+! 

<"0"'!": ",9!. S%'!/"(9 ,-(-$"'+! / #-($9- ."0&9, (%;&%/0+B! /"3": 3" 

#-!.*, !2%!-06$" ,-(-#-8*/%B! *, -'0* $-"&<"3*#",  (%;&%/0+B! (%'!/"(9 

,("& / '""!/-!'!/** ' #-!"3*.": %$%0*;%. 

S%'!/"(9 %0B#*$*-/9< ',0%/"/ / '#-'* HNO3 * HBF4 *',"06;1B! 

30+ ",(-3-0-$*+ / $*< Sb, Cr, Cu, Fe, Pb, Mg, Mn, Ni, Si, Sn, Ti * Zn / 

,0%#-$%< C2H2-/";31< * C2H2-N2O. I%/-'.1 ',0%/% 0,5 = (%'!/"(+B! / 

,0%'!*."/"# '!%.%$- / 25 #0 40 %-$"=" (%'!/"(% HNO3 ,(* $%=(-/%$**. 

4"'0- ,(-.(%2-$*+ (-%.)** . "<0%?3-$$"#1 3" 50 
"
D (%'!/"(1 3"&%/0+B! 6 

#0 HF, 7-(-; 10 #*$ - 20 #0 20 %-$"=" (%'!/"(% Na2B4O7 " 10H2O * 

(%;&%/0+B! (%'!/"( 3" "&C-#% 100 #0. N; *'<"3$"=" (%'!/"(%, % !%.?- *; 

(%'!/"("/, ,"017-$$9< -=" (%;&%/0-$*-#, ",(-3-0+B! 50-#-$!9, 

'"3-(?%2*-'+ / ',0%/%<. 

J0*+$*- "'$"/9 ',0%/% $% (-;106!%!9 %$%0*;% /9(%?%-!'+ / 

'$*?-$** *$!-$'*/$"'!* %&'"(&)*"$$9< 0*$*: /'0-3'!/*- A*;*7-'.": 

&0".*("/.* * ,"#-< / ."$3-$'*("/%$$": A%;-. 4"#-<* 17*!9/%B!'+ 

//-3-$*-# A"$"/"=" (%'!/"(% %0B#*$*+, ,(*="!"/0-$$"=" *; Al "'7, / 

=(%31*("/"7$9- (%'!/"(9, *',"06;"/%$*-# ,0%#-$* N2O-C2H2, % !%.?- 

//-3-$*-# / =(%31*("/"7$9-  * %$%0*;*(1-#9- (%'!/"(9 '"0-: '!("$)*+ 

*0* 0%$!%$% / .%7-'!/- "'/"&"?3%B2*< (-%=-$!"/. 4(*'1!'!/*- .(-#$*+ 

'$*?%-! %$%0*!*7-'.*: '*=$%0 #%=$*+ * #-3* / ,0%#-$* C2H2-/";31<; #-36 * 

0*!*: #-8%B! ,(* ",(-3-0-$** #%=$*+, #-36 – ,(* ",(-3-0-$** )*$.%. 

T$%7*!-06$"- '$*?-$*- ,(-3-0"/ "&$%(1?-$*+ 50-#-$!"/ ,(* 

"3$"/(-#-$$"# 10178-$** '-0-.!*/$"'!* ",(-3-0-$*: 3"'!*=%-!'+ ,(* 

*',"06;"/%$** #-!"3"/ 5.'!(%.)*"$$"=" ."$)-$!(*("/%$*+ (!%&0. 6.11). 

K%&0*)% 6.11 – U.'!(%.)*"$$"-%!"#$"-%&'"(&)*"$$9- #-!"39 

%$%0*;% )/-!$9< #%!-(*%0"/ 
 $%0*;*(1-#

9- ',0%/9 $% 

"'$"/- 

@,(-3-0+--

#9: 50-#-$! 

S-%=-$! S%'!/"(*!-06 L%(%.!--

(*'!*.% 

/"3$": 

A%;9 

M1/'!/*-

!-06$"'!6, 

% 

Cu 
&%!"A-$%$!("-

0*$, 3*5!*03*!*"-

.%(&%#%! Na 

#-!*0*;"-

&1!*0.-!"$ 
– 3"10

–3
 

Fe – !" ?- 7H HCl 5"10
–4

 

Zn 
8-".'*<*$"0*$ 

*0* 3*!*;"$ 
!" ?- pH 9,0-9,6 1"10

–4
 

Bi 

3*&-$;*03*!*"-

.%(&%#%! 

 

!" ?- 
0,2H HNO3 

0,5-1H HCl 
0,5 #.=/#0 

Zn, Fe, Ni, 

Cu, Pb, Ga, 

V, Sb, Cd, Bi 

,*(("0*3*$3*-

!*".%(&%#%! 
!" ?- HCl (1:1) (1-20)"10

–5
 

Al 

Zn, Pb, Mg, 

Cu, Fe, Cr, 3*5!*03*!*"- 

 

!" ?- pH 3 1"10
–5
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Mn, Cd .%(&%#%! 

Sb, Bi, Pb, Sn 
!(*".!*0A"'A*$

".'*3 
!" ?- 10H HCl (2-10)"10

–4
 

Be – %)-!*0%)-!"$ pH 5-7 1"10
–3

 

     

Cd !(*-$-".!*0%#*$
#-!*0*;"-

&1!*0.-!"$ 
HCl 1:4 1"10

–5
 

 

Sb – !" ?- 6H HCl 1"10
–3

 

Bi Zn 
8-".'*<*$"0*$ 

*0* 3*!*;"$ 

#-!*0*;"-

&1!*0.-!"$ 
pH 9,0-9,6 1"10

–4
 

Fe – 
#-!*0*;"-

&1!*0.-!"$ 
HCl (2:3) 10

–3
 

Cu, Pb, Zn, Cd, 

Co 

Ag 
3*5!*03*!*".%(

&%#%! 

#-!*0*;"-

&1!*0.-!"$ 
HCl+HClO4 10

–4
 

     

Au – *;"%#*0"/9: 

',*(! 
HCl 0,2 #.=/#0 

Pb – 
#-!*0*;"-

&1!*0.-!"$ 
HCl 1"10

–3
 

Zn 
8-".'*<*$"0*$ 

*0* 3*!*;"$ 
!" ?- pH 9,0-9,6 1"10

–4
 

Ag 

3*!*;"$, 

3*%#*$")*.0"-

=-.'%!-!(%1.'1'-

$%+ .*'0"!% 

CCl4 pH 3,0 1"10
–4

 

Se 

%)-!"A-$"$, 3,3-

3*%#*$"&-$;*-

3*$  

CHCl3, 

!"01"0 

pH 6,5  

pH 2-2,5 

1#.=/#0 

2,3"10
–11

 

Te – 
#-!*0*;"-

&1!*0.-!"$ 
4H HCl 1"10

–4
 

Cu 

Sb – !" ?- HCl 0,1 #.=/#0 

Bi 10 % KI !" ?- HCl 2"10
–5

 Ni 

Bi 
,*(("0*3*$3*-

!*".%(&%#%! 
!" ?-  HCl+HNO3 1"10

–4
 

Mo 8-".'*<*$"0*$ &1!%$"0 pH 4,5  6"10
–3

 Nb 

Mo 8-".'*<*$"0*$ 5!*0%)-!%! pH 4,5  1"10
–4

 

Sn Cd 

!-$"*0!(*A!"(-

%)-!"$,           

"-A-$%$!("0*$ 

.'*0"0 pH 5,0  2"10
–4

 

Re 

Cd, Mg, Zn, 

Mn, Ag, Cu, 

Fe, Cr 

!(*-$-".!*0%#*$ !"01"0 H2O2 5"10
–8

 

Tl Br
–
 

#-!*0*;"-

&1!*0.-!"$ 
1M HNO3 0,2 #.=/#0 

Pb 

Zn 
8-".'*<*$"0*$, 

3*!*;"$ 
!" ?- pH 9-9,6 10

–4
 

Zn In 
3*5!*03*!*"-

.%(&%#%! 

#-!*0*;"-

&1!*0.-!"$ 
(I 4,5-5 10

-4
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Q(1,,"/"- ",(-3-0-$*- 18 ,(*#-'-: / /9'"."7*'!"# %0B#*$** 

,("/"3+! ," '0-31B2-: '<-#-. 4"'0- (%'!/"(-$*+ ,("&9 / HCl (1:1) 

3"&%/0+B! (%'!/"( ,*(("0*3*$3*!*".%(&%#%!% $%!(*+ * 5.'!(%=*(1B! 

"&(%;"/%/8*-'+ ' 5!*# 5.'!(%=-$!"# ."#,0-.'9  Zn, Fe, Ni, Cu, Pb, Ga, V, 

Sb, Cd * Bi #-!*0*;"&1!*0.-!"$"#, ;%!-# 5.'!(%=*(1B! .(-#$*: 

#-!*0*;"&1!*0.-!"$"# / /*3- .(-#$-#"0*&3-$"/": .*'0"!9 * "0"/" / /*3- 

."#,0-.'% ' ./-()-!*$"#. 4"'0- (%'!/"(-$*+ %0B#*$*+ / NaOH "!3-0+B! 

=*3(".'*39 Cu, Mn, Fe, Mg, Ti, Bi, Ni, Co * Ag. 4"'0-3$*- (%'!/"(+B! / HCl 

* *;#-(+B! %&'"(&)*"$$"'!6 5.'!(%.!"/ * '"0+$".*'0"=" (%'!/"(% / 

,0%#-$* C2H2-N2O 30+ V, Si, Sn, Mn * Ti *0* / ,0%#-$* C2H2-/";31< 30+ 

"'!%06$9< ,(*#-'-:. 4(* $%/-'.- 10 = * ."$-7$"# "&C-#- 100 #0 ,(-3-0 

"&$%(1?-$*+ '"'!%/0+-! (1-5)"10
–4

 #%'.% 30+ &"068*$'!/% ,(*#-'-: * 

3"'!*=%-! 5"10
–5

 #%'.% 30+ Mg, Ag * 2"10
–5

 #%'.% 30+ )*$.%. 

4(+#9# %!"#$"-%&'"(&)*"$$9# #-!"3"# / ,0%#-$%< (%;0*7$"=" 

!*,% ,"'0- (%'!/"(-$*+ ,("&9 ,("/"3+! ",(-3-0-$*- %0B#*$*+ (/ 

0*=%!1(%<), % !%.?- &-(*00*+, /*'#1!%, =%00*+, ?-0-;%, .%3#*+, .%06)*+, 

.(-#$*+, 0*!*+, #%=$*+, #%(=%$)%, #-3*, $*.-0+, "0"/%, '/*$)%, '1(6#9, 

<("#%, )*$.%. P*%,%;"$ ",(-3-0+-#9< '"3-(?%$*:, ,(-3-0 "&$%(1?-$*+ * 

#-!("0"=*7-'.*- <%(%.!-(*'!*.* #-!"3*., % !%.?- 1'0"/*+ ",(-3-0-$*+ 

3"'!%!"7$" ,"3("&$" *;0"?-$9 / #"$"=(%A*+< * #-!"3*7-'.*< 

(1."/"3'!/%<. 

4(* ."$!("0- <*#*7-'."=" '"'!%/% 80%."/, "&(%;1B2*<'+ ,(* 

,("*;/"3'!/- %0B#*$*-/9< ',0%/"/, $%/-'.1 1 = ,"3="!"/0-$$": ,("&9 

,"#-2%B! / '!%.%$, ,(*0*/%B! ="(+71B ,(".*,+7-$$1B 3*'!*00*("/%$$1B 

/"31 * $%=(-/%B! 3" ,(-.(%2-$*+ (%'!/"(-$*+. @'!%!". 80%.%, $- 

(%'!/"(*/8-="'+ / /"3-, "!A*06!("/9/%B! 7-(-; A*06!( «&-0%+ 0-$!%», 

,("#9/%B! /"3": * '"&*(%B! A*06!(%! /#-'!- ' ,("#9/$9#* /"3%#* / 

#-($1B ."0&1. 4"017-$$9: (%'!/"( *',"06;1B! 30+ %!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+  #%=$*+ * 5#*''*"$$"=" ,0%#-$$"-A"!"#-!(*7-'."=" 

",(-3-0-$*+ $%!(*+ * .%0*+. V*06!( /#-'!- ' "'!%!."# 80%.% ,-(-$"'+! / 

'!%.%$, / ."!"("# /-0* (%'!/"(-$*-, ,(*0*/%B! 100 #0 HCl (1:5) * 

(%'!/"(+B! ,(* '0%&"# $%=(-/%$**. 4"'0- ,(-.(%2-$*+ (%'!/"(-$*+ 

"!A*06!("/9/%B! $- (%'!/"(*/81B'+ 7%'!6 80%.% 7-(-; A*06!( «'*$++ 

0-$!%» ' $-&"068*# ."0*7-'!/"# &-;;"06$": &1#%?$": #%''9, ,("#9/%B! 

="(+7-: /"3":, '"&*(%B! A*06!(%! * ,("#9/$9- /"39 / #-($1B ."0&1, 

"<0%?3%B!, (%;&%/0+B! /"3": 3" #-!.*. 4"017-$$9: (%'!/"( *',"06;1B! 

30+ ",(-3-0-$*+ #-!%00*7-'.*< '"'!%/0+B2*< 80%.%: %0B#*$*+, #%=$*+, 

?-0-;%, #%(=%$)%, $*.-0+, <("#%, )*$.%. I-(%'!/"(*/81B'+ 7%'!6 80%.% 

/#-'!- ' A*06!(%!"# ,"#-2%B! / ,0%!*$"/9: !*=-06, ,"3'18*/%B!, 

";"0+B! * ,(".%0*/%B! / #1A-06$": ,-7* ,(* 700-800 
"
D / !-7-$*- 40-50 

#*$. > "'%3.1 ,(*&%/0+B! 5-6 .%,-06 H2SO4, 2-3 #0 HF * $%=(-/%B! 3" 

,(-.(%2-$*+ /93-0-$*+ ,%("/ '-($"=" %$=*3(*3%. T%!-# "'%3". ',0%/0+B! ' 

12-15 = ,*("'106A%!% .%0*+ ,(* 700-800 
"
D. O'0* "'%3". $- ',0%/*0'+, / 

!*=-06 3"&%/0+B! -2- 1 = ,*("'106A%!% .%0*+, 4-5 .%,-06 '-($": .*'0"!9 * 
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/$"/6 ',0%/0+B!. 4"'0- 5!"=" '"3-(?*#"- !*=0+ "<0%?3%B! * 

/92-0%7*/%B! ,0%/ / 50-B #0 <0"("/"3"("3$": .*'0"!9 (1:1). 4"017-$$9: 

(%'!/"( ."0*7-'!/-$$" ,-(-/"3+! / #-($1B ."0&1 * ",(-3-0+B! / $-# 

'"3-(?%$*- %0B#*$*+ * #%=$*+ ' ,"'0-31B2*# ,-(-'7-!"# ,"017-$$9< 

(-;106!%!"/ $% ".'*39 %0B#*$*+ * #%=$*+. 

/'01, '' *+!,-. $ +2$+)$. 4(*'1!'!/*- '.0"$$9< . =*3("0*;1 

Sn, Sb * Si / (+3- ',0%/"/ #-3* '";3%-! !(13$"'!* ,(* (%;0"?-$** ,("& * 

,"'0-31B2-: ."$'-(/%)** (%'!/"("/ 3" #"#-$!% *;#-(-$*+ %$%0*!*7-'."=" 

'*=$%0%. O3*$"=" ',"'"&% (%;0"?-$*+ ,("& #%!-(*%0"/ $% "'$"/- #-3* 

,(%.!*7-'.* $- '12-'!/1-!. F-;"0"/+$$9- &("$;9  !*,% F( W, F( WI, 

F( WH), &-;"0"/+$$9- 0%!1$*  !*,% E63, ED59-1 * 3(. )-0-'""&(%;$" 

(%'!/"(+!6 / %;"!$": .*'0"!- (1:1). >(-#$*'!9- &("$;9 !*,% JF(T, F(>I, 

F(>H) (%'!/"(+B! / )%('.": /"3.-. 4"'0- (%'!/"(-$*+ $%/-'.* / (%'!/"( 

3"&%/0+B! 10-20 #0 H2SO4 (1:1) * /9,%(*/%B! 3" =1'!9< &-09< ,%("/. 

J93-0*/81B'+ .(-#$-/1B .*'0"!1 ,-(-3 /;+!*-# %0*./"!$": 7%'!* 

(%'!/"(% "!A*06!("/9/%B!. 

D1(6#+$*'!9- &("$;9  !*,% JF24I, JF23I4, "0"/+$$9- &("$;9 /'-< 

#%("., "0"/+$$9- 0%!1$*  (%'!/"(+B! / '#-'* .*'0"!, '"'!"+2-: *; 2 7%'!-: 

HNO3 (1:1) * 1 7%'!* 50 %-$"=" (%'!/"(% /*$$": .*'0"!9 ,(* '0%&"# 

$%=(-/%$**, $- 3%/%+ 1,%(*/%!6'+ (%'!/"(1. J ;%/*'*#"'!* "! '"'!%/% ,("& 

/";#"?$9 '0-31B2*- /%(*%$!9 /'.(9!*+ ,("&. 

I%/-'.1 &("$;9 #%''": 1 =, '"3-(?%21B .(-#$*:, ,"#-2%B! / 

,0%!*$"/1B 7%8.1, ,(*0*/%B! 10 #0 HNO3 (1:1), ,"'0- (%'!/"(-$*+ 

3"&%/0+B! 2-3 #0 HF * 1,%(*/%B! 3" /0%?$9< '"0-:. T%!-# ,(*0*/%B! 10 

#0 H2SO4 (1:1) * /9,%(*/%B! (%'!/"( 3" /93-0-$*+ &-0"=" 39#%. M%8.1 

"<0%?3%B! * (%'!/"(+B! '"0* / 50-60 #0 ="(+7-: /"39. 

I%/-'.1 &("$;9 #%''": 1 =, '"3-(?%21B "0"/", ,"#-2%B! /" 

A!"(",0%'!"/9: '!%.%$ /#-'!*#"'!6B 250 #0, 3"&%/0+B! 0,4-0,5 #0 HF * 15 

#0 HNO3 (1:1), $%.(9/%B! '!%.%$ .(98.": *; A!"(",0%'!% * (%'!/"(+B! 

'$%7%0% $% <"0"31, % ;%!-# ,(* $%=(-/%$**.  

4(* %$%0*;- ',0%/"/, '"3-(?%2*< &"068- 0,2#%'.% Sn, #"?$" 

13%0+!6 "0"/" *0* '/+;9/%!6 -=" / ,("7$9: ."#,0-.'. J ,-(/"# '017%- 

$%/-'.1 ,("&9 0,5 = (%'!/"(+B! / '#-'* HCl+HNO3 (1:1). S%'!/"( 

/9,%(*/%B! ,"7!* 3"'1<%, ,(*0*/%B! 10 #0 /"39, 1-2 #0 H2O2 * /$"/6 

/9,%(*/%B! 3"'1<%, ,"/!"(++ 5!1 ",-(%)*B -2- 2-3 (%;%, 3" ,"0$"=" 

13%0-$*+ "0"/%. > (%'!/"(1 ,(*&%/0+B!  5 #0 HNO3 * /$"/6 /9,%(*/%B! -=" 

3"'1<%. T%!-# ,(*0*/%B! 15 #0 HNO3 (1:1) * (%;&%/0+B! (%'!/"( 3" 

",(-3-0-$$"=" "&C-#%. 

J" /!"("# '017%- $%/-'.1 (%'!/"(+B! / ,0%!*$"/": 7%8.- / 15 #0 

HNO3 (1:1) ' 3"&%/0-$*-# 0,5-1,0 = NH4F, *0* NaF, *0* 0,5-1,0 #0 HF. 4"'0- 

13%0-$*+ ".'*3"/ %;"!% .*,+7-$*-# ,(*0*/%B! 15 #0 ,(".*,+7-$$": HNO3 

* 20 #0 (%'!/"(% H3BO3 (30 =/0). 

D0-31-! !%.?- "!#-!*!6, 7!" &"068*$'!/" #-3$9< ',0%/"/  

'(%/$*!-06$" 0-=." (%'!/"(+-!'+ / '#-'+< 25 %-$9< (%'!/"("/ HNO3 * HCl 
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*0* H3PO4. 4(* 5!"# "'%3.* ,(* (%'!/"(-$** ',0%/"/ ' '"3-(?%$*-# "0"/% 

3" 5#%'. % /9,%3%B! !"06." 7-(-; 8 7%'"/ ,"'0- (%;&%/0-$*+ (%'!/"("/ 3" 

(%&"7*< ."$)-$!(%)*:. 4(* 3","0$*!-06$"# //-3-$** HCl "'%3.* /""&2- 

$- "&(%;1B!'+. J '#-'* HNO3 * H3PO4 (%'!/"(+-!'+ &"068*$'!/" ',0%/"/ * 

,(*,"-/ $% "'$"/- #-3*, '"3-(?%2*< 3" 5#%'.% Sn. 4(* 5!"# $-"&<"3*#" 

17*!9/%!6 (%'!/"(*#"'!6 '/*$)% / ."$)-$!(*("/%$$9< (%'!/"(%< HCl. 

H-36 $- ".%;9/%-! '12-'!/-$$"=" /0*+$*+ $% '*=$%0 ",(-3-0+-#9< 

50-#-$!"/, "3$%." '0-31-! *#-!6 / /*31, 7!" / /9'"."!-#,-(%!1($9< 

,0%#-$%< $%&0B3%-!'+ ,("+/0-$*- #%!(*)-: '/":'!/ *"$*;%)*"$$"=" 

&1A-(%, ,(*/"3+2-- . /";(%'!%$*B '*=$%0% *''0-31-#9< 50-#-$!"/. 

N;17-$9 1'0"/*+ %!"#$"-%&'"(&)*"$$"=" #-!"3% ",(-3-0-$*+ Co, 

Zn, Te, Sb, Bi, Sn, Cd * Pb / 0%!1$+<. I%/-'.1 0%!1$* (%'!/"(+B! / '#-'*      

10 #0 HCl (1:1), 5 #0 HNO3 (1:1) * 85 #0 H2O. Q(%31*("/"7$9- (%'!/"(9 

3"0?$9 '"3-(?%!6 !%.*- ?- ."0*7-'!/% #-3*. P0+ ",(-3-0-$*+ "0"/% 

*',"06;1-!'+ ,0%#+ C2H2-N2O, 30+ "'!%06$9< 50-#-$!"/ – ,0%#+ '#-'* C2H2-

/";31<. 

4(* %$%0*;- 50-.!("0*!*7-'.": #-3* ,"'0- (%'!/"(-$*+ $%/-'.* / 

'#-'* HNO3 * HCl, #-36 13%0+B! 50-.!("0*;"#. R'!(%$-$*- /";#"?$9< 

,"#-< ,("/"3+!, *',"06;1+ #-!"3 3"&%/".. 4(* $-3"'!%!"7$": 

71/'!/*!-06$"'!* ,(*&"(% *',"06;1B! ,(-3/%(*!-06$"- ."$)-$!(*("/%$*- 

",(-3-0+-#9< 50-#-$!"/ *0* 50-.!("!-(#*7-'.*- %!"#*;%!"(9. 

@&+;%!-06$": ,(* %$%0*;- +/0+-!'+ ,("/-(.% ,(%/*06$"'!* (-;106!%!"/ 

%$%0*;% ' *',"06;"/%$*-# ="'13%('!/-$$9< '!%$3%(!$9< "&(%;)"/ *0* 

'!%$3%(!$9< "&(%;)"/ ,(-3,(*+!*+. 

3$4'!1, '() *+!,-. $ +2$+)$. J'.(9!*- ,("& $*.-0+ ,("/"3+! 

"&97$" "&(%&"!.": %$%0*;*(1-#9< "&(%;)"/ HNO3 *0* '#-'+#* HNO3 * 

HCl. S%;&%/0-$$9- HCl *0* H2SO4 (%'!/"(+B! $*.-06 #-30-$$". D"'!%/ 

'#-'-: 30+ /'.(9!*+ ,("& ',0%/"/ $*.-0+ ",(-3-0+-!'+ <*#*7-'.*# 

'"'!%/"# ,"'0-3$*<. 

I%/-'.1 ',0%/"/, '"3-(?%2*< # 10 #%'.% W, # 15 #%'.% Cr, # 1 #%'.% 

Nb, (%'!/"(+B! / )%('.": /"3.-. @&(%;)9, '"3-(?%2*- 15-25 #%'.% W, 3" 30 

#%'.% Cr, 3" 2 #%'.% Nb (%'!/"(+B! / 80 #0 '#-'* HNO3+HCl, /;+!9< / 

"&6-#$"# "!$"8-$**  1:10. D,0%/9, '"3-(?%2*- # 20 #%'.% Cr, # 10 #%'.% 

Nb, # 5 #%'.% W, (%'!/"(+B! / 50-60 #0 HCl ' ,"'0-31B2*# ".*'0-$*-# 15-

20 #0 HNO3. P0+ 13-(?%$*+ / (%'!/"(- /"06A(%#% . '#-'+# .*'0"! 

,(*0*/%B! H3PO4.  

P0+ (%'!/"(-$*+ %&'"0B!$"=" &"068*$'!/% /9'"."0-=*("/%$$9< 

$*.-0-/9< ',0%/"/ ,(*="3-$ '0-31B2*: #-!"3 /'.(9!*+. I%/-'.1 ',0%/% 

#%''": 1 = ,"#-2%B! /" A!"(",0%'!"/9: '!%.%$7*., ,(*&%/0+B! 25-30 #0 

HF, '!%/+! $% !-,01B ,0*!.1, ;%!-# ," .%,0+# 3"&%/0+B! 2-3 #0 HNO3. 4(* 

3"&%/0-$** HNO3 (%'!/"(-$*- ,("<"3*! &1($" * ;%.%$7*/%-!'+ 7-(-; 3-5 

#*$. 4" "."$7%$** (%'!/"(-$*+ / '!%.%$7*. //"3+! 10 #0 H3PO4 * (%'!/"( 
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/9,%(*/%B! 3" '*(",""&(%;$"=" '"'!"+$*+ *0* 3" /0%?$9< '"0-:. 4" 

"<0%?3-$** '"0* (%'!/"(+B! / /"3- * (%;&%/0+B! 3" 100 #0. 

H-!"39 %!"#$"-%&'"(&)*"$$": ',-.!("'.",** 8*("." ,(*#-$+B!'+ 

30+ ",(-3-0-$*+ .%. ,(*#-'-:, !%. * "'$"/$9< ."#,"$-$!"/ $*.-0-/9< 

',0%/"/. I*.-06, ' "3$": '!"("$9, ".%;9/%-! '0%&"- 3-,(-''*(1B2-- 

/0*+$*- ,(* ",(-3-0-$** ?-0-;% / ,0%#-$* '#-'* %)-!*0-$% ' /";31<"#, 

1'!(%$+-#"- 3"&%/0-$*-# NH4Cl, $" ' 3(1=": '!"("$9, ,("+/0+-! 

'/"-"&(%;$9: «5AA-.! #%!(*)9», ,"3%/0++ /0*+$*- %0B#*$*+ * .(-#$*+ 

,(* ",(-3-0-$** #%=$*+. 

@&2%+ '<-#% %$%0*;% #-!"3"# %!"#$"-%&'"(&)*"$$": ',-.!("'.",** 

$*.-0-/9< ',0%/"/, '"3-(?%2*< / .%7-'!/- 0-=*(1B2*< 50-#-$!"/ Al, Co, 

Cr, Fe, Mo, Nb, Ta, Ti, V, W, /9=0+3*! '0-31B2*# "&(%;"#. I%/-'.1 ,("&9 

#%''": 0,5 = (%'!/"(+B! / '#-'* 5 #0 HNO3 * 8 #0 HCl (,(* '"3-(?%$** / 

,("&%< Nb, Ta * W) *0* 16 #0 )%('.": /"3.* (,(* "!'1!'!/** W * STU), 

3/%?39 1,%(*/%B! (%'!/"( 3"'1<%, "'!%!". (%'!/"(+B! / 5 #0 HCl * 2 #0 

HF, ,-(-$"'+! / #-($1B ."0&1 * (%;&%/0+B! /"3": 3" #-!.*.  $%0*; 

,("/"3+! / ,0%#-$* C2H2-/";31< (,(* ",(-3-0-$** Co * Fe) *0* C2H2-N2O 

(,(* ",(-3-0-$** "'!%06$9< 50-#-$!"/). 4(* ",(-3-0-$** Al, Cr * Fe 

*',"06;1B! "&"=%2-$$"- ,0%#+. 

H-!"3*.% ",(-3-0-$*+ Cr, Co, Al, Ti, Mo, W, V, Fe, Nb, Ta, Mn / 

?%(",("7$9< ',0%/%< $% "'$"/- $*.-0+ "'$"/%$% $% (%'!/"(-$** $%/-'.* 

',0%/% #%''": 1 = / '#-'* 10 #0 H2O + 5 #0 HNO3 + 1 #0 HF ' 3"&%/0-$*-# 

0,7 = NH4F ,(* $%=(-/%$** * 1,%(*/%$** 3" /0%?$9< '"0-:. >  "'!%!.1 

3"&%/0+B! 6 #0 HCl * 2 #0 HF * '$"/% 1,%(*/%B!. T%!-# (%'!/"( ,-(-$"'+! / 

#-($1B ."0&1 * ",(-3-0+B! *; $-=" /'- 50-#-$!9, .("#- $*"&*+ * !%$!%0%. 

P0+ *< ",(-3-0-$*+ 2,5 = ',0%/% (%'!/"(+B! / '#-'* 15 #0 HCl * 6 #0 HF ' 

3"&%/0-$*-# 0,7 = NH4F, 1,%(*/%B!, "'!%!". (%'!/"(+B! / /"3- * (%;&%/0+B! 

3" 100 #0. J'- 50-#-$!9, ;% *'.0B7-$*-# ?-0-;% * #-3*, ",(-3-0+B! / 

,0%#-$* N2O – C2H2. Q(%31*("/"7$9- (%'!/"(9 '"3-(?%! /'- ",(-3-0+-#9- 

50-#-$!9, % !%.?- $*.-06. 

 !"#$"-%&'"(&)*"$$9: ',-.!("#-!( D%!1($ *',"06;"/%$ 30+ 

%$%0*;% / ',0%/%< $% "'$"/- $*.-0+ 0,2-7#%'.% Al;  0,005-5 #%'.% Cu; 0,005-

7,5 #%'.% Zn; 1-54 #%'.% Sn; 0,01-0,5 #%'.% Cd; 0,2-2 #%'.% Mn; 1-2,5 #%'.% 

Cr; 3,5-6 #%'.% V; 2-3,8 #%'.% Mo * 0,7-3,2 #%'.% Ti. 

P0+ ",(-3-0-$*+ .%7-'!/% "&(%;)"/ ?%(",("7$9< ',0%/"/ $*.-0+ 

"'"&"- ;$%7-$*- *#--! ,("&0-#% ",(-3-0-$*+ / $*< !%.*< 

#*.("."#,"$-$!"/, .%. Bi, Pb, Se, Cd, Al, Te, Pb, Ag, As * 3(1=*<, % !%.?- 

#"3*A*)*(1B2*< 3"&%/"., (%'.*'0*!-0-: * 3-'106A1(%!"("/ (Ca, Mg, STU). 

M%2- /'-=" 30+ 5!*< )-0-: *',"06;1-!'+ 50-.!("!-(#*7-'.*: %!"#*;%!"( * 

#-!"3 !-#,-(%!1($"-'!%&*0*;*("/%$$": ,-7* ' ,0%!A"(#":. 

5!)-), '() *+!,-. $ +2$+)$. K(13$"'!* /'.(9!*+ "&(%;)"/ 

',0%/"/ "0"/% / "'$"/$"# '/+;%$9 ' /9,%3-$*-# / "'%3.* #-!%"0"/+$$": 

.*'0"!9. J'0-3'!/*- 5!"=" 30+ (%'!/"(-$*+ ,("& "&97$" *',"06;1B! '#-'* 

HCl * HNO3 (9:1), '#-'* HNO3 * H2C4H4O6, //-3-$*- / (%'!/"(9 HF. 
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J9&"( ',"'"&% (%'!/"(-$*+ ",(-3-0+-!'+ '"'!%/"# "&(%;)%. P0+ 

",(-3-0-$*+ '0-3"/ Al, Ag, As, Au, Cd, Cu, Fe, Ni, Sb * Zn / 

"0"/+$$"'/*$)"/9< ,(*,"+< $%/-'.1 ,("&9 #%''": 1 = (%'!/"(+B! / 50 #0 

'#-'* HF+HNO3+H2O, /;+!9< / "&C-#$"# "!$"8-$** 2:3:5, (%;&%/0+B! 

/"3": 3" #-!.* / #-($": ."0&- * %$%0*;*(1B! / ,0%#-$* C2H2-N2O ,(* 

",(-3-0-$** Al * As *0* C2H2-/";31< ,(* ",(-3-0-$** "'!%06$9< 

50-#-$!"/. J;%*#$9- <*#*7-'.*- ,"#-<* 50-#-$!"/ $-;$%7*!-06$9. 

Q(%31*("/"7$9- (%'!/"(9 ="!"/+! $% A"$"/"# (%'!/"(- "0"/%, 

,(*="!"/0-$$"# *; "0"/% "'"&": 7*'!"!9. 

D$*?-$*- ,(-3-0% "&$%(1?-$*+ #*.(",(*#-'-: 3"'!*=%-!'+ 

,(-3/%(*!-06$9# 5.'!(%.)*"$$9# ."$)-$!(*("/%$*-# *0* *',"06;"/%$*-# 

50-.!("!-(#*7-'."=" %!"#*;%!"(% 

6-$%'7, '() *+!,-. $ +2$+)$. J'.(9!*- ,("& '/*$)% * -=" 

#%0"0-=*("/%$$9< ',0%/"/ ,("/"3+! "&(%&"!.": "&(%;)"/ HNO3. P0+ 

(%'!/"(-$*+ ',0%/"/, '"3-(?%2*< ;$%7*!-06$"- ."0*7-'!/% "0"/% *0* 

'1(6#9, *',"06;1B! '#-'* HNO3, H2C4H4O6, HF * H2O2. 4(* %$%0*;- 

'/*$)"/""0"/+$*'!9< ,(*,"-/, $- '"3-(?%2*< ;$%7*!-06$9< ."0*7-'!/ 

'-(-&(%, #"?-! &9!6 *',"06;"/%$ ',"'"& (%'!/"(-$*+ ,("& / '#-'+< Br2 * 

HBr (1:3). S%'!/"( $%=(-/%B! 30+ 13%0-$*+ *;&9!.% &("#% * (%;&%/0+B! 3" 

;%3%$$"=" "&C-#% 10 %-$9# (%'!/"("# HBr.  R',-8$" ,(*#-$+B! !%.?- 30+ 

(%'!/"(-$*+ ,("& '/*$)"/9< #%!-(*%0"/ '#-'6 70 %-$": HNO3, HBF4 * H2O, 

/;+!9< / "&C-#$"# "!$"8-$** 3:2:5. U!1 '#-'6 ="!"/+! $-,"'(-3'!/-$$" 

,-(-3 /9,"0$-$*-# %$%0*;"/. P0+ ,(*="!"/0-$*+ HBF4 . 200 #0 40 %-$": 

HF ,(*     10 
"
D 3"&%/0+B! $-&"068*#* ,"()*+#* 75 = H3BO3. 

P0+ 1'."(-$$"=" (%'!/"(-$*+ ',0%/"/ Pb-Sn ,("&1 "&(%&%!9/%B! 

'#-'6B, '"3-(?%2-: (%/$9- "&C-#9 48 %-$": HF, 30 %-$": H2O2 * 0,02 H 

UPK .  

P0+ ,"/98-$*+ '-0-.!*/$"'!* * 71/'!/*!-06$"'!* ",(-3-0-$*+ 

,(*#-'* Fe, Cu, Zn, Mn, Ni, Co, Mg, Al, Ti, Cd, Bi 5.'!(%=*(1B! 

<0"("A"(#"# / /*3- .1,A-("$%!"/; Sn, Sb * As '""'%?3%B! ' MnO2; Ag, Cu, 

Bi * Sb 5.'!(%=*(1B! CCl4 / /*3- 3*5!*03*!*".%(&%#%!"/ / ,(*'1!'!/** 

UPK . 

4(* ",(-3-0-$** Ag, Cu, Zn, Bi, As, Sn, Sb, Fe, Mg, Ca / '/*$)- 

"'"&": 7*'!"!9 (%'!/"(-$*- ,("&9 ,("/"3+! / '#-'* /*$$": * %;"!$": 

.*'0"!. J =(%31*("/"7$9- (%'!/"(9 3"&%/0+B! (%'!/"( '"0* '/*$)%(II) / 

."0*7-'!/-, '""!/-!'!/1B2-# '"3-(?%$*B '/*$)% / (%'!/"(- ,("&9 

'"=0%'$" *',"06;1-#": $%/-'.-. Q@DK '"3-(?*! !%.?- #-!"3, 

,(-31'#%!(*/%B2*: "&"=%2-$*- ,("&9 * '$*?-$*- ,(-3-0% "&$%(1?-$*+ 

As, Sn, Sb, ."!"(9: /.0B7%-!  (%;0"?-$*- ,("&9 %;"!$": .*'0"!":, 

"'%?3-$*- "'$"/$": #%''9 '/*$)% / /*3- $*!(%!%, 1,%(*/%$*- ,"017-$$"=" 

(%'!/"(% 3" $-&"068"=" "&C-#% * *;#-(-$** / $-# %$%0*!*7-'."=" '*=$%0% 

," 0*$*+# ",(-3-0+-#9< 50-#-$!"/ ,(* //-3-$** %$%0*;*(1-#"=", 

<"0"'!"=" * =(%31*("/"7$9< (%'!/"("/ / ,0%#+ C2H2-/";31< * C2H2-N2O. 
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>%06)*-/9- &%&&*!9 F> * F>  (' %0B#*$*-#) (%'!/"(+B! / HNO3 

(1:3). P0+ 1'!(%$-$*+ /";#"?$9< ,"#-< / =(%31*("/"7$9- (%'!/"(9 //"3+! 

(%'!/"( '/*$)%(II) / '""!/-!'!/1B2*< ."0*7-'!/%<.  

6821#, $ '' *+!,-.. D1(6#1 /9'".*< #%(". 7*'!"!9 D100, D10, 

D11, D12 (%'!/"(+B! / '"0+$": .*'0"!- ' 3"&%/.": ,-(".'*3% /"3"("3% *0* 

/ )%('.": /"3.-. K%., ,(* %!"#$"-%&'"(&)*"$$"# ",(-3-0-$** 2"10
–3

-10
–6

 

#%'.% ;"0"!% ,("&1 '1(6#9 (%'!/"(+B! / '#-'* HCl-HNO3, /;+!9< / 

"&C-#$"#  "!$"8-$** 3:1, '"3-(?*#"- '!%.%$% /9,%(*/%B! 3" /0%?$9< 

'"0-:, ,(*&%/0+B! 3 H (%'!/"( HCl * /*$$1B .*'0"!1 * $%=(-/%B! 3" 

(%'!/"(-$*+ '"0-:. 

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

',0%/"/ / ,(")-''- *< %$%0*;% #-!"3"# %!"#$"-%&'"(&)*"$$": 

',-.!("'.",** 0-=." "'12-'!/0+-!'+ "&(%&"!.": ,("& (%;&%/0-$$9#* 

#*$-(%06$9#* .*'0"!%#*. 4(*'1!'!/*- / ',0%/%< #-3* !(-&1-! //-3-$*+ 

".*'0*!-0-: (H2O2, HNO3 * 3(.), ,(*'1!'!/*- '-(-&(% *'.0B7%-! 

*',"06;"/%$*- =%0"=-$"/"3"("3$9< .*'0"!, $%0*7*- )*(."$*+ 7%'!" !(-&1-! 

3","0$*!-06$"=" ,("/-3-$*+ ',0%/0-$*+. 

I*?- ,(*/"3*!'+ '!%$3%(!$%+ ,(")-31(% /'.(9!*+ "&(%;)"/ #%=$*+ * 

,"3%/0+B2-=" &"068*$'!/% ,("#980-$$9< ',0%/"/ $% -=" "'$"/-. I%/-'.1 

,("&9 #%''": 2 = ,"#-2%B! / !-(#"'!":.*: '!%.%$ *0* ."$*7-'.1B ."0&1 

/#-'!*#"'!6B 300-400 #0 * (%'!/"(+B! / 30 #0 HCl (1:1). I%/-'.1 ',0%/% 

#%''": 1 = (%'!/"(+B! / 20 #0 HCl. P0+ (%'!/"(-$*+ 0,5 = ,("&9 3"'!%!"7$" 

15 #0 .*'0"!9. 

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

$-'."06.*< .%,-06 %;"!$": .*'0"!9. 4"017-$$9: (%'!/"( ."0*7-'!/-$$" 

,-(-$"'+! / #-($1B ."0&1, (%;&%/0+B! 3*'!*00*("/%$$": /"3": 3" #-!.*, 

!2%!-06$" ,-(-#-8*/%B! * *',"06;1B! 30+ %!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+. H%=$*: $- ".%;9/%-! ;%#-!$"=" /0*+$*+ $% /-0*7*$1 

%$%0*!*7-'."=" '*=$%0% Zn, Cd, Mn, Al, Cu, <"!+ '0-31-! *#-!6 / /*31 

"&97$"- ,("+/0-$*- «5AA-.!% #%!(*)9» ,(* ,-(-$"'- * ,"017-$** %5(";"0+ 

/ ."$)-$!(*("/%$$9< (%'!/"(%< ,("&. N',"06;1B! ,0%#-$% C2H2-/";31< * 

C2H2-N2O. J !" ?- /(-#+ '0-31-! "!#-!*!6 '12-'!/-$$"- 3-,(-''*(1B2-- 

/0*+$*- #%=$*+ $% (-3.";-#-06$9- #-!%009 / ,0%#-$* C2H2-/";31<. 

4"/98-$*B 71/'!/*!-06$"'!* ",(-3-0-$*+ ',"'"&'!/1-! 5.'!(%.)*"$$"- 

(%;3-0-$*- * ."$)-$!(*("/%$*- '"-3*$-$*: ",(-3-0+-#9< 50-#-$!"/ * 

*',"06;"/%$*- 50-.!("!-(#*7-'."=" ',"'"&% %!"#*;%)**. 

 J ;%.0B7-$*- 5!"=" (%;3-0% ,(*/"3*# 1'0"/*+ ",(-3-0-$*+ 

"!3-06$9< 50-#-$!"/, / 7%'!$"'!*, /9&"( %$%0*!*7-'.*< 0*$*:, ,(* %!"#$"-

%&'"(&)*"$$"# %$%0*;- )/-!$9< #-!%00"/ * ',0%/"/ (!%&0. 6.12). 
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K%&0*)% 6.12 – P0*$9 /"0$ (-;"$%$'$9< 0*$*: ( , $#), ,(*#-$+-#9< 

/ %!"#$"-%&'"(&)*"$$"# #-!"3- (0*$** ' 31&0-!$": '!(1.!1(": 

*#-B! *$3-.' P) 

@,(-3-0+

-#9: 

50-#-$! 
 , $# K*, ,0%#-$* 

L%(%.!-(*-

'!*7-'.%+ 

."$)-$!(%-

)*+, #.=/#0 

328,1 /";318$"-,(",%$"/"-, "&-3$-$$"- 0,05 

328,1 /";318$"-%)-!*0-$"/"-, "&-3$-$$"-  0,1 

Ag 

328,3 !" ?- 0,2 

309,3(P) ;%.*'6 %;"!% – %)-!*0-$ 0,8 

308,2(P) !" ?- 3 

Al 

394,4 !" ?- 5 

242,8 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,18 

267,6 !" ?- 0,6 

Au 

274,8 !" ?- 250 

Be 234,9 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 0,05 

223,1 /";318$"-,(",%$"/"-, "&-3$-$$"- 0,5 

223,1 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,8 

222,8 !" ?- 1,5 

306,8 !" ?- 2,2 

Bi 

227,7 !" ?- 10 

422,7 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,06 

422,7 ;%.*'6 %;"!% – %)-!*0-$, "&-3$-$$"- 0,03 

Ca 

239,9 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
20 

228,8 /";318$"-,(",%$"/"-, "&-3$-$$"- 0,01 

228,8 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,015 

Cd 

326,1 !" ?- 20 

240,7 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,08 

242,5 !" ?- 0,2 

252,1 !" ?- 0,5 

Co 

341,3 !" ?- 4,0 

357,9 /";318$"-%)-!*0-$"/"-, "&"=%2-$$"- 0,05 

357,9 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 0,10 

359,3 /";318$"-%)-!*0-$"/"-, "&"=%2-$$"- 0,15 

360,5 !" ?- 0,2 

Cr 

425,4 !" ?- 0,5 

324,8 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,04 

327,4 !" ?- 0,1 

217,9 !" ?- 0,6 

Cu 

222,6 !" ?- 2,0 
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249,2 !" ?- 10  

244,2 !" ?- 40 

248,3 
/";318$"-%)-!*0-$"/"-, "&-3$-$$"-, 

'!-<*"#-!(*7-'."- 
0,08 

252,3 !" ?- 0,3 

271,9 !" ?- 0,5 

302,1 !" ?- 0,7 

296,7 !" ?- 1,0 

372,0 !" ?- 1,0 

386,0 !" ?- 2,0 

344,1 !" ?- 5,0 

Fe 

382,4 !" ?- 30,0 

287,4 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 2,3 

294,4 !" ?- 2,4 

417,2 !" ?- 3,7 

Ga 

403,3 !" ?- 6,2 

265,2(P) ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 1,5 

265,2(P) /";318$"-%)-!*0-$"/"-, '/-!+2--'+ 5 

259,3 !" ?- 12 

271,0 !" ?- 12 

Ge 

275,4 !" ?- 10 

253,7 /";318$"-,(",%$"/"-, "&-3$-$$"- 5 Hg 

253,7 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 8 

303,9 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,9 

325,6 !" ?- 0,9 

In 

410,5 !" ?- 2,6 

766,5 /";318$"-,(",%$"/"-, "&-3$-$$"- 0,03 

766,5 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,1 

769,9 !" ?- 0,2 

K 

404,4 !" ?- 10,0 

670,7 
/";318$"-,(",%$"/"-, "&-3$-$$"-, 

'!-<*"#-!(*7-'."- 
0,01 

670,7 
/";318$"-%)-!*0-$"/"-, "&-3$-$$"-, 

'!-<*"#-!(*7-'."- 
0,03 

Li 

323,3 !" ?- 20 

285,2 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,005 

285,2 ;%.*'6 %;"!% – %)-!*0-$ 0,005 

279,6 !" ?- 0,2 

Mg 

202,5 !" ?- 25 

Mn 
279,5 

/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,025 
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403,1 !" ?- 0,5 

222,2 !" ?- 1,0 

 

321,7 !" ?- 100 

313,3 /";318$"-%)-!*0-$"/"-, "&"=%2-$$"- 0,5 

313,3 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 0,2 

317,0 /";318$"-%)-!*0-$"/"-, "&"=%2-$$"- 1,5 

379,8 !" ?- 2,0 

Mo 

320,8 !" ?- 10 

589,0(P) /";318$"-,(",%$"/"-, "&-3$-$$"- 0,01 

589,0(P) /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,02 

Na 

330,2(P) !" ?- 5,0 

405,9 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 35 

358,0 !" ?- 35 

Nb 

334,9 !" ?- 40 

232,0 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,1 

234,6 !" ?- 0,5 

341,5 !" ?- 0,2 

346,2 !" ?- 1,0 

352,5 !" ?- 2,5 

339,1 !" ?- 5,0 

Ni 

247,7 !" ?- 50 

217,0 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,12 

283,3 !" ?- 0,2 

Pb 

261,4 !" ?- 6,0 

247,6 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,5 

244,8 !" ?- 1,0 

Pd 

276,3 !" ?- 3 

265,9 /";318$"-%)-!*0-$"/"- 2,5 

306,5 !" ?- 5,0 

217,5 !" ?- 10 

Pt 

299,8 !" ?- 15 

780,0 /";318$"-%)-!*0-$"/"-, "&-3$-$$"- 0,5 

794,8 !" ?- 1,0 

Rb 

420,2 !" ?- 10 

206,8 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,5 

217,6 !" ?- 1,1 

Sb 

231,2 !" ?- 1,9 

224,6 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 0,8 

286,3 !" ?- 2,5 

286,3 /";318$"-%)-!*0-$"/"-, "&"=%2-$$"- 10 

Sn 

270,6 !" ?- 25 
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 303,4 !" ?- 50 

460,7 
;%.*'6 %;"!% – %)-!*0-$, 

'!-<*"#-!(*7-'."- 
0,04 

460,7 /";318$"-%)-!*0-$"/"-,  0,2 

Sr 

407,8 !" ?- 3,0 

271,5 ;%.*'6 %;"!% – %)-!*0-$ 30 Ta 

277,6 !" ?- 58 

Ti 364,3 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 1,5 

276,8 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,2 

377,6 !" ?- – 

Tl 

238,0 !" ?- – 

V 318,39(P) 

318,39(P) 

;%.*'6 %;"!% – %)-!*0-$, 

'!-<*"#-!(*7-'."- 
1,0 

255,1 ;%.*'6 %;"!% – %)-!*0-$, "&"=%2-$$"- 5 

294,7 !" ?- 18 

W 

400,9 !" ?- 25 

213,9 
/";318$"-%)-!*0-$"/"-, 

'!-<*"#-!(*7-'."- 
0,012 

Zn 

307,6 !" ?- 150 

6.4.2. ,(-*&( +()$##&   !"#$%& 

M-($9- #-!%009  * ',0%/9 - 5!" ',0%/9 $% "'$"/- ?-0-;%. DB3% 

"!$"'+!'+ 71=1$9, '!%0*, A-(("',0%/9, $-."!"(9- '/-(<!/-(39- ',0%/9. 

M1=1$ – 5!" ',0%/ ?-0-;% ' 1=0-("3"# (D &"0-- 1,7 #%'.%) * 

'",1!'!/1B2*#* 50-#-$!%#* S, P, As, Si, Mn * 3(. M1=1$ "!0*7%-!'+ 

<(1,."'!6B, -=" $-06;+ ,(".%!9/%!6 * ."/%!6. S%;0*7%B! '-(9-, &-09- * 

',-)*%06$9- 71=1$9. D-(9- 71=1$9 "&(%;1B!'+ ,(* &"068"# (%'<"3- 

!",0*/% / 3"#$- * '"3-(?%! 1,7 – 4,3 #%'.%, C   /  /*3-  =(%A*!%, 1,3 – 4 

#%'.% Si, 0,5 – 1,3 #%'.% Mn, #-$--   0,6 #%'.% S, 0,2 – 0,6 #%'.% P. D-(9- 

71=1$9 ,(*#-$+B! ,(* "!0*/.- (%;0*7$9< 3-!%0-:. F-09- 71=1$9 

"&(%;1B!'+ ,(* #%0"# (%'<"3- ="(B7-=" * '"3-(?%! 1,7 – 4,3 #%'.% C / /*3- 

)-#-$!*!% Fe3C, &"0-- 4 #%'.% Mn, 0,9 – 1,6 #%'.%  Si, 0,08 #%'.% S. 

D,-)*%06$9- 0-=*("/%$$9- 71=1$9 – A-(("',0%/9 ' &"068*# '"3-(?%$*-# 

Si, Mn, Cr * 3(. @$* ,(*#-$+B!'+ .%. (%'.*'0*!-0* ,(* ,"017-$** '!%0-:. 

L*#*7-'.*: '"'!%/ $-."!"(9< A-(("',0%/"/ ,(*/-3-$ / !%&0. 6.13. 

K%&0*)% 6.13 – L*#*7-'.*: '"'!%/ A-(("',0%/"/ 
H%''"/%+ 3"0+, % 

D,0%/ 
Cr C Si Ti P S Mn Cr Al Fe Cu 

A-(("<("# 3" 64 1 1,6 – 0,04 0,004 – – – "'!%06$"- – 

A-(("#%(=%$-) – 6,4 0,9 – 0,4 0,01 60-80 – – "'!%06$"- – 

A-(("'*0*)*: – 0,1 12-75 – 0,03 0,004 0,1 0,1 1 23 – 

A-(("!*!%$ – 0,07 3,6 26 0,05 – – – 8 "'!%06$"- 1,6 
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D!%0* – 5!" ',0%/ ?-0-;% ' 1=0-("3"#, '"3-(?%2*: .(-#$*:, 

#%(=%$-), A"'A"(, '-(1 / '0-31B2*< #%.'*#%06$" /";#"?$9< ."0*7-'!/%<: 

0,1 – 1,7 #%'.% D , 0,3 #%'.% Si, 0,6 #%'.% Mn,  0,05 #%'.%  S,  0,05  #%'.% P. 

D!%06 ,"017%B! %AA*$%?-# (7%'!*7$"- ".*'0-$*- * 7%'!*7$"- 13%0-$*-) C, 

Si, Mn, S * *$"=3% P. D!%0* 3-0+! $% ,("'!9- * 0-=*("/%$$9-, '"3-(?%2*- 

',-)*%06$9- 3"&%/.* Cr, Ni, Mn, V, Nb, Zr, Mo, W, Ti, Al, Cu, B, Si. 

4-(-3 /;+!*-# ,("&9 ,"/-(<$"'!6 '!%0-: *0* 71=1$"/ "7*2%B! "! 

".%0*$9 ' 3/1< ,("!*/","0"?$9< ."$)"/ $% $%?3%7$"# .(1=- *0* 

#-!%00*7-'.*#* 2-!.%#*. 4(* /;+!** '!(1?.* $% '/-(0*06$"# '!%$.- 

,(*#-$+B! '/-(0% 3*%#-!("# 18 ## *; &9'!("(-?12-: '!%0*. D."("'!6 

/(%2-$*+ '/-(0% $- 3"0?$% ,(-/98%!6 150 "&/#*$. O'0* ,("&1 &-(1! $% 

'!("=%06$"# '!%$.-, !" '!(1?.1 '$*#%B! ," /'-#1 ,("3"06$"#1 * 

,",-(-7$"#1 '-7-$*B '0*!.%. O'0* *''0-31-#9: #%!-(*%0 $-"3$"("3-$, !" 

,("*;/"3+! "!3-06$9- %$%0*;9 '-(-3*$9 * .(%-/ '0*!.%. J" /(-#+ '!("=%$*+ 

('/-(0-$*+) $- 3",1'.%B! ".*'0-$*+ '!(1?.* /'0-3'!/*- (%;"=(-/%$*+ * 

(%',90-$*+ --. D0-31-! !%.?- *;&-=%!6 ,"017-$*+ 30*$$9< /*!9< '!(1?-.. 

D!(1?.1 *;#-067%B!, '"(!*(1B! $% .(1,$9- * #-0.*- .1'"7.* * "!&*(%B! 

30+ %$%0*;% ,"()** "! 3/1< A(%.)*: ,(","()*"$%06$" *< /-'%#. P0+ 

13%0-$*+ '#%;"7$9< /-2-'!/ '!(1?.1 ,("#9/%B! 5A*("# * '18%!. 

@'"&-$$" !2%!-06$" 5!" '0-31-! 3-0%!6 ,-(-3 ",(-3-0-$*-# 1=0-("3%. 

D!(1?.1 "! ,("/"0".* * ,(1!.% &-(1! ," /'-#1 '-7-$*B !2%!-06$" 

"7*2-$$"=" "&(%;)%. 

4(* /;+!** '!(1?.* "! !(1& ,"'0-3$*- "7*2%B! "! '#%;"7$9< 

#%!-(*%0"/ $%?3%7$": &1#%=": * '!-$.* '/-(0+! $%'./";6. P0+ %$%0*;% 

#-!%00% '/%($9< !(1& /'- '-7-$*- !(1&9 ,"3/-(=%B! A(-;-("/%$*B. P0+ 

/;+!*+ ,("&9 "! 0*'!"/"=" #%!-(*%0% "!(-;%B! ,"0"'.1 8*(*$": "."0" 5 '# 

/" /'B 30*$1 0*'!%. 4"0"'.1 '.0%39/%B! / $-'."06." (%; ," 30*$-, * 

'!(1?.1 "!&*(%B! '!("=%$*-# .(%-/ ,"0"'.*. P0+ %$%0*;% 0-$!"7$": '!%0* / 

#"!.%< &-(1! 2 ,"0"'.* *; (%;0*7$9< ."$)"/. @! 0*'!%, ,"017-$$"=" *; 

'0*!.% ,("3"06$"-,",-(-7$": ,(".%!.":, ,("&": #"?-! '01?*!6 ,"0"'.%, 

"!(-;%$$%+ ," /'-: 30*$- 0*'!% (," .(%B) ,%(%00-06$" $%,(%/0-$*B 

,(".%!.*. O'0* 0*'! ,"017-$ ,(".%!.": / "3$"# $%,(%/0-$**, !" 30+ ,("&9 

&-(1! ,"0"'.*, "!(-;%$$9- "! "&"*< ."$)"/ (,",-(-7$9< . "'*) 0*'!% * ," 

/'-: -=" 8*(*$-. N / !"#, * / 3(1="# '017%- ,"017-$$9- ,"0"'.* "7*2%B! 

!(%/0-$*-# *0* *$9# ',"'"&"# * '.0%39/%B! / 3/% *0* &"0-- (%;. D!(1?.1 

,"017%B! ,1!-# A(-;-("/%$*+ ," /'-#1 '-7-$*B '" '!"("$9 "!(-;%$$"=" 

.(%+. 

4-(-3 "!&"("# ,("&9 71=1$ "7*2%B! ?-0-;$9#* *0* '!%06$9#* 

2-!.%#* * ;%!-# "&!%7*/%B! /-(< 718.* $%?3%7$9# .(1="#, ,".% $- 

"&$%?*!'+ 7*'!9: #-!%00. J;+!1B *; )-$!(% "7*2-$$": ,0"2%3.* '!(1?.1 

/;/-8*/%B! * ,("'-*/%B!. 4("&1 "! &-09< 71=1$"/ &-(1! ' ,"#"26B 

#"0"!%, "!&*/%+ .1'.* "! &"0/%$.*. @!&*!9- .1'.* "7*2%B! * *;#-067%B! / 

,$-/#%!*7-'.": '!1,.- *; "'"&" !/-(3": '!%0* 3" ,"017-$*+ ;-($%, 

,("<"3+2-=" 7-(-; '*!" ' 50 "!/-('!*+#* $% 1 '#. N$"=3%, 7!"&9 ,"017*!6 
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'(-3$BB ,("&1, &-(1! $%/-'.1 71=1$% / 5 =, (%'!/"(+B! / %;"!$": .*'0"!- 

(1:1) *0* / '#-'* <0"("/"3"("3$": * %;"!$": .*'0"!; (%'!/"( '"&*(%B! / 

#-($1B ."0&1 /#-'!*#"'!6B 250 #0 * (%;&%/0+B! /"3": 3" #-!.*. P0+ 

%$%0*;% "!&*(%B! "!3-06$9- %0*./"!9 (%'!/"(%. 

V-(("',0%/9 ,(*$%30-?%! . 7*'01 "7-$6 $-"3$"("3$9< #%!-(*%0"/. 

I-"3$"("3$"'!6 "'"&-$$" ,("+/0+-!'+ / '0*!.%< A-(("/"06A(%#%, 

A-(("#"0*&3-$%, #%0"1=0-("3*'!"=" A-(("<("#% * A-(("'*0*)*+. P0+ 

,"017-$*+ ,(%/*06$9< (-;106!%!"/ %$%0*;% ,("&1 $-"&<"3*#" &(%!6 !%., 

7!"&9 "!$"8-$*- .(1,$"=" #%!-(*%0% . #-0."#1 / ,("&- &90" 

,(*&0*;*!-06$" !%.*# ?-, .%. * /" /'-: ,%(!** ',0%/%. >(1,$9- .1'.* 

,("'/-(0*/%B! '/-(0"# 3*%#-!("# 10-18 ## $% =01&*$1 3-4 '#. P0+ "7-$6 

!/-(3"=" #%!-(*%0% ($%,(*#-(, 1=0-("3*'!9: A-(("<("#) ,(*#-$+B! '/-(0% 

*; !/-(39< ',0%/"/. J ,(%.!*.- "&97$" &-(1! ," 2-3 .1'.% "! .%?3": 

,%(!**. V-(("<("#, /9'"."1=0-("3*'!9: A-(("#%(=%$-) *;#-067%B! / 

',-)*%06$9< '!%06$9< '!1,.%<. N;#-067-$*- ,"3"&$9< #%!-(*%0"/ / 

'!1,.%< ;$%7*!-06$" "&0-=7%-!'+ * 1'."(+-!'+ ,(*#-$-$*-# 

,$-/#%!*7-'."=" #"0"!.%. 4("&9, ,"017-$$9- ,1!-# '/-(0-$*+ .1'."/, 

'!("=%$*+ *0* (%',*0*/%$*+, $- 3"0?$9 '"3-(?%!6 ".%0*$9, #%'0%, =(+;* 

*0* 3(1=*< ,"'!"("$$*< /-2-'!/. P0+ "7*'!.* "! #%'0% '!(1?.1 *0* 

,"("8". A-(("',0%/% ,("#9/%B! 5A*("#, % 30+ "7*'!.* "! ".%0*$9 

,(",1'.%B! 7-(-; 3/% 0%!1$$9< '*!% ' (%;#-("# "!/-('!*: 2 ## 30+ 

&"068"=" '*!% * 0,2 ## 30+ #%0"=". P0+ %$%0*;% &-(1! '!(1?.1 "&-*< 

A(%.)*: / ."0*7-'!/-, ,(","()*"$%06$" *< /-'%#. @! .%?3": ,%(!** &-(1! 

*; (%;0*7$9< #-'! ," !(* 0",%!9. J;+!9- ,"()** '"-3*$+B! /#-'!-. 

>"0*7-'!/" $%&(%$$": ,("&9 '".(%2%B! ./%(!"/%$*-# 3" ,"017-$*+ ,("&9 

#%''": 50-100 =. 4"017-$$1B ,("&1 *'!*(%B! / !"$.*: ,"("8". / %=%!"/": 

'!1,.-, 3-0+! $% 4 (%/$9- 7%'!*, .%?31B *; ."!"(9< '"<(%$+B! "!3-06$" / 

'!-.0+$$": &%$.- ' <"("8" ,(*!-(!": ,("&.":. 

J '*'!-#- ."$!("0+ <*#*7-'."=" '"'!%/% 7-($9< #-!%00"/ %!"#$"-

%&'"(&)*"$$9: #-!"3 ;%$*#%-! /!"("- #-'!" ,"'0- 5#*''*"$$"=" 

',-.!(%06$"=" * (-$!=-$"A01"(-')-$!$"=" #-!"3"/. I% .(1,$9< 

#-!%001(=*7-'.*< ,(-3,(*+!*+< -=" /9="3$" *',"06;"/%!6 30+ 

%!!-'!%)*"$$"=" %$%0*;% '!%$3%(!$9< "&(%;)"/ /9,0%/0+-#9< $"/9< #%(". 

'!%0*, 30+ ",(-3-0-$*+ #%09< '"3-(?%$*: /(-3$9< ,(*#-'-: / '!%0+< * 

',0%/%<, 30+ %$%0*;% &"068"=" %''"(!*#-$!% /',"#"=%!-06$9< #%!-(*%0"/, 

."$!("0*("/%!6 <*#*7-'.*: '"'!%/ ."!"(9< $-/";#"?$" *0* $-/9="3$" $% 

./%$!"#-!(%<. U!* ?- '""&(%?-$*+ "!$"'+!'+ * . ,(%.!*.- %$%0*;% $% 

.(1,$9< #%8*$"'!("*!-06$9< ;%/"3%< ' '"&'!/-$$": 0*!-:$": &%;": *0* ' 

&"068*# "&C-#"# /<"3$"=" ."$!("0+. P0+ $-."!"(9< ,(-3,(*+!*: 

#%8*$"'!("-$*+ * ,(*&"("'!("-$*+, %!"#$"-%&'"(&)*"$$9: #-!"3 #"?-! 

&9!6 "'$"/$9# #-!"3"# ."$!("0+ <*#*7-'."=" '"'!%/% /9,1'.%-#": 

,("31.)**. I-."!"(9- '!%$3%(!$9- %!"#$"-%&'"(&)*"$$9- #-!"3*.* ,(* 

."$!("0- <*#*7-'."=" '"'!%/% 7-($9< #-!%00"/ * ',0%/"/ ,(-3'!%/0-$9 / 

!%&0. 6.14. 
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K%&0*)% 6.14 –  !"#$"-%&'"(&)*"$$9: %$%0*; / 7-($": #-!%001(=** 

I"(#%!*/$9: 3".1#-$! 
@,(-3-0+-#9- 

50-#-$!9 

P*%,%;"$ ",(-3-0+-#9< 

."$)-$!(%)*:, #%'.% 
1. Q@DK 12348-78. D!%0* 

0-=*("/%$$9- * /9'"."0-=*("/%$$9- 
Mn 0,1–5,0 (,0%#+) 

2. Q@DK 12353-78. D!%0* 

0-=*("/%$$9- * /9'"."0-=*("/%$$9-  
Co 0,25–5,0 (,0%#+) 

3. Q@DK 12355-78. D!%0* 

0-=*("/%$$9- * /9'"."0-=*("/%$$9-  
Cu 0,10–4,0 (,0%#+) 

4. Q@DK 12352-81. D!%0* 

0-=*("/%$$9- * /9'"."0-=*("/%$$9-  
Ni 0,1-15,0 (,0%#+) 

5. Q@DK 12357-84. D!%0* 

0-=*("/%$$9- * /9'"."0-=*("/%$$9-  
Al 

0,20-7,0 (,0%#+) 

0,01-0,20  

(50-.!("!-(#*7-'.*:         

%!"#*;%!"() 

6. Q@DK 14250.5-90. V-(("!*!%$ Cu 0,03-3,5 (,0%#+) 

7. Q@DK 14250.12-85. V-(("!*!%$ Cr 0,05-2,0 (,0%#+) 

8. Q@DK 14250.13-85. V-(("!*!%$ Mn 0,1-2,0 (,0%#+) 

S%''#"!(*# ,(*#-$-$*- %!"#$"-%&'"(&)*"$$": ',-.!("'.",** / 

."$!("0- <*#*7-'."=" '"'!%/% #%!-(*%0"/ 7-($": #-!%001(=**. 

 0B#*$*: ",(-3-0+!'+ %!"#$"-%&'"(&)*"$$9# #-!"3"# ,(* 

'"3-(?%$** -=" "! 10
–4 
#%'.% 3" $-'."06.*< 3-'+!."/ ,(")-$!"/ / ,0%#-$* 

;%.*'6 %;"!%–%)-!*0-$ *0* / 50-.!("!-(#*7-'.*< %!"#*;%!"(%<. >%. * / 

3(1=*< <*#*7-'.*< #-!"3%< %$%0*;%, '/+;%$$9< ' ,-(-/"3"# %$%0*;*(1-#": 

'!%0* / (%'!/"(, %!"#$"-%&'"(&)*"$$9# #-!"3"# #"?$" ",(-3-0+!6 .%. 

"&2-- '"3-(?%$*- %0B#*$*+, !%. * '"3-(?%$*- .*'0"!"(%'!/"(*#"=" 

%0B#*$*+. J ,-(/"# '017%- /-'6 %$%0*;*(1-#9: #%!-(*%0 ,-(-/"3+! / 

(%'!/"(, /" /!"("# '017%- "'%3"., $- (%'!/"(*/8*:'+ / (%;&%/0-$$9< 

.*'0"!%<, "!A*06!("/9/%B! * "!&(%'9/%B!. 4(* ",(-3-0-$** Al / ,0%#-$* 

N2O-C2H2 30+ ,"3%/0-$*+ *"$*;%)** / %$%0*;*(1-#9- (%'!/"(9 * 5!%0"$9 

//"3+! '"0* 0-=."*"$*;*(1B2*<'+ #-!%00"/ – .%0*+ *0* $%!(*+.  

@,(-3-0-$*B %0B#*$*+ $- #-8%B! Na, Mg, K, Zn, Cu, Pb. D-($%+ 

.*'0"!%, HBr, H3PO4, CH3COOH ,(*/"3+! . *;#-$-$*B '*=$%0% %0B#*$*+. 

4(*'1!'!/*- ;$%7*!-06$9< ."0*7-'!/ 5!*< .*'0"!, % !%.?- /9'".*< 

'"3-(?%$*: (%;0*7$9< .%!*"$"/ #"?-! $-'."06." 1/-0*7*/%!6 '*=$%0 

%0B#*$*+ *;-;% ,"3%/0-$*+ *#* ,(")-''"/ *"$*;%)**. L%(%.!-( * '!-,-$6 

#-8%B2-=" /0*+$*+ #"=1! #-$+!6'+ /'0-3'!/*- *;#-$-$*+ /+;."'!* 

(%'!/"(%, ,"/-(<$"'!$"=" $%!+?-$*+, '."("'!* *',%(-$*+ * !.3. P0+ 

",(-3-0-$*+ #-$-- 0,01 #%'.% Al / '!%0+< (-."#-$3"/%$9 #-!"39 ' 

,(-3/%(*!-06$9# "!3-0-$*-# ?-0-;% *;"&1!*0%)-!%!"# *0* 5.'!(%.)*-: 

#-!*0*;"&1!*0.-!"$"#. 

4(* 50-.!("!-(#*7-'."# ",(-3-0-$** #%09< ."0*7-'!/ %0B#*$*+ / 

'"0+$".*'09< (%'!/"(%< %$%0*!*7-'.*: '*=$%0 '$*?%-!'+ / ,(*'1!'!/** 

'"0-: ?-0-;%, 7!", /-("+!$", '/+;%$" ' ,"!-(+#* %0B#*$*+ / /*3- <0"(*3%, 

1/0-.%-#"=" /#-'!- ' <0"(*3"# ?-0-;% $% '!%3** ,*("0*;%. 4(* (%&"!- ' 

'-($".*'09#* (%'!/"(%#* 71/'!/*!-06$"'!6 ",(-3-0-$*+ ,"/98%-!'+, % 
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/0*+$*- ?-0-;% ;$%7*!-06$" '$*?%-!'+. J#-'!- ' !-#, ,(* 5!"# $%&0B3%-!'+ 

&"068"- A"$"/"- ,"=0"2-$*- / ,(*'1!'!/** '"0-: ?-0-;%, <("#% * $*.-0+. 

H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% ,*("0*;% %0B#*$*+ – 1400 
"
D. 

P"&%/.% <*#*7-'.*< #"3*A*.%!"("/ ,";/"0+-! 1/-0*7*!6 !-#,-(%!1(1 

,*("0*;% 3" 1700 
"
D. 

J%$%3*: #"?$" ",(-3-0+!6 %!"#$"-%&'"(&)*"$$9# #-!"3"# ,(* 

'"3-(?%$** -=" "! 10
–4

 3" $-'."06.*< #%'. ,(")-$!"/. J ,0%#-$* N2O-C2H2 

"'$"/$9- ."#,"$-$!9 71=1$% * '!%0*, / !"# 7*'0- 0-=*(1B2*- 3"&%/.* 

#"0*&3-$%, !*!%$% * 3(1=*< 50-#-$!"/, /0*+B! $% ",(-3-0-$*- /%$%3*+. P0+ 

,"3%/0-$*+ ,"#-< ,(* ",(-3-0-$** /%$%3*+ "! 0,01 #%'.% * /98- //"3+! 

'"0* %0B#*$*+ * 0%$!%$%. J ,(*'1!'!/** "(=%$*7-'.*< (%'!/"(*!-0-: 

%)-!"$%, #-!*0*;"&1!*0.-!"$%, $-."!"(9< ',*(!"/ 71/'!/*!-06$"'!6 

",(-3-0-$*+ /%$%3*+ 1/-0*7*/%-!'+ / 2-8 (%;. @!#-7-$" /0*+$*- ?-0-;% * 

'106A%!-*"$"/ $% (-;106!%!9 %$%0*;%, 1'!(%$*!6 ."!"("- #"?$" 3"&%/.":     

1 #=/#0 '"0* %0B#*$*+. U0-.!("!-(#*7-'."- ",(-3-0-$*- ,("/"3+! ,(*    

2660
"
D, 7!" "&1'0"/0-$" ,("7$"'!6B '/+;* V–O * "&(%;"/%$*-# 

!(13$"3*''")**(1B2*< .%(&*3"/ /%$%3*+. 

J*'#1! / #%!-(*%0%< 7-($": #-!%001(=** ",(-3-0+-!'+ / ,0%#-$* 

/";31<-%)-!*0-$. 4(* ",(-3-0-$** #-$-- 0,01 #%'.% Bi / #-!%001(=*7-'.*< 

#%!-(*%0%< / ,0%#-$* $-"&<"3*#" "!3-0-$*- * ."$)-$!(*("/%$*- -=" 

5.'!(%.)*"$$9#* *0* <("#%!"=(%A*7-'.*#* #-!"3%#*. J ,0%#-$* $- 

"!#-7%-!'+ /0*+$*+ .*'0"! HF, HNO3, H2SO4, HClO4. V"'A"($%+ .*'0"!% 

;$%7*!-06$" ,"3%/0+-! /-0*7*$1 %$%0*!*7-'."=" '*=$%0% /*'#1!%. I- 

"&$%(1?-$" ,"#-< '" '!"("$9 Be, Ca, Co, Cr, Ni. @&$%(1?-$9 ,"#-<* '" 

'!"("$9 Al, B, Ce, Si, Zr. J0*+$*- 3(1=*< 50-#-$!"/ ,"0$"'!6B 1'!(%$+-!'+ 

,1!-# 3"&%/0-$*+ 0,2 % MgCl2 . ,("&-. 

U0-.!("!-(#*7-'.*: /%(*%$! %!"#$"-%&'"(&)*"$$"=" #-!"3% 

,";/"0+-! ",(-3-0+!6 3" 10
–5

 #%'.% Bi. J 2H HNO3 '*=$%0 /*'#1!% 

1#-$68%-!'+ $% 40 %. J 1,5H H2SO4 //*31 '*06$"=" A"$"/"=" ,"=0"2-$*+ 

"&+;%!-06$" ,(*#-$-$*- ."((-.!"(% A"$%. @,(-3-0-$*-, .%. ,(%/*0", 

/9,"0$+B! #-!"3"# 3"&%/".. H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% 

,*("0*;% – 600 
"
D, / ,(*'1!'!/** #"3*A*.%!"("/ – 1200 

"
D. 

4(-3-0 "&$%(1?-$*+ .%3#*+ / #%!-(*%0%< 7-($": #-!%001(=** 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 3"'!*=%-! n"10
–6

 #%'.%. 4(+#": 

%!"#*;%)*-: / ,0%#-$* %)-!*0-$-/";31< / '!%0+< .%3#*: ",(-3-0+B! "!  

2"10
–3

 #%'.% * &"0--. W-0-;", $*.-06 * <("# ,(%.!*7-'.* $- ".%;9/%B! 

/0*+$*+, -'0* *< '"3-(?%$*- ."0-&0-!'+ / ,(-3-0%< 10-15 % "! '"3-(?%$*+ 

*< / =(%31*("/"7$9< (%'!/"(%<. Q(%31*("/"7$9: =(%A*. '!("*!'+ $% A"$- 

<("#"$*.-0-/": '!%0*, ,(-3/%(*!-06$" ,("/-(-$$": $% "!'1!'!/*- / $-: 

;%#-!$9< ."0*7-'!/ .%3#*+. @&(%;)9 "&97$" (%'!/"(+B! / '#-'* 

<0"("/"3"("3$": * %;"!$": .*'0"!. 4(* $%0*7** /"06A(%#% 3"&%/0+B! 

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

(%;0%=%B! / HNO3 ' 3"&%/0-$*-# HF, ,(*0*/%B! H2SO4 * /9,%(*/%B! 

3"'1<%. U.'!(%.)*B .%3#*+ (%'!/"("# !(*-$-".!*0%#*$% / 
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#-!*0*;"&1!*0.-!"$- *',"06;1B! 30+ ",(-3-0-$*+ 5"10
–5

 #%'.% * &"0-- 

.%3#*+ / $*.-0-, #-3*, )*$.- * %0B#*$**. U.'!(%.)*"$$"- "!3-0-$*- 

,(*#-'* .%3#*+ / /*3- *"3*3$"=" ."#,0-.'% ' *',"06;"/%$*-# (%'!/"(% 

!(*".!*0%#*$% / #-!*0*;"&1!*0.-!"$- *',"06;1B! ,(* ",(-3-0-$** -=" / 

0-=*("/%$$9< '!%0+<. 

4(* 50-.!("!-(#*7-'."# ",(-3-0-$** .%3#*+ /";#"?$" -=" 

10-!17*/%$*- * ,"!-(* / /*3- <0"(*3"/, ."!"(9- ."#,-$'*(1B!'+ ,(* 

//-3-$** PO4
3–

. R/-0*7-$*- '*=$%0% Dd / ,(*'1!'!/** SO4
2–

-*"$"/ #"?$" 

'."#,-$'*("/%!6 //-3-$*-# NO3
–
 *0* / &"068-: '!-,-$* PO4

3–
. >%!*"$9 

/0*+B! ;$%7*!-06$" '0%&--. K%., ,(* 1000-.(%!$9< ."0*7-'!/%< )*$.% 

'*=$%0 1/-0*7*/%-!'+ $% 6-9 %, #-36 '$*?%-! '*=$%0 $% 8 %. T$%7*!-06$"- 

3-,(-''*(1B2-- /0*+$*- ".%;9/%B! <0"(*39 ?-0-;%, <("#% * $*.-0+. 

I%*0178%+ '(-3% ",(-3-0-$*+ – %;"!$".*'09- (%'!/"(9. J 5!"# '017%- 

,(*'1!'!/*- 3%?- &"068*< ."0*7-'!/ ?-0-;% $- /0*+-! $% /-0*7*$1 

,"0-;$"=" '*=$%0% .%3#*+. S-;." '$*?%-!'+ !%.?- /0*+$*- &"068*< 

."0*7-'!/ <("#% * $*.-0+. H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% ,*("0*;% 

.%3#*+ – 300 
"
D, / ,(*'1!'!/** <*#*7-'.*< #"3*A*.%!"("/ – 900 

"
D. 

>%06)*:. @&C-.!9 %$%0*;% – '!%0*, #-!%001(=*7-'.*- 80%.*, 

A-(("',0%/9, /',"#"=%!-06$9- '*0*.%!$9- #%!-(*%09, #-!%001(=*7-'.*-, 

'/%("7$9- A0B'9. J &"068*$'!/- '017%-/ ,(* ",(-3-0-$** .%06)*+ 

*',"06;1B! #-!"3 %!"#*;%)** / ,0%#-$* /";31<-%)-!*0-$ *0* N2O-

%)-!*0-$. @,(-3-0-$*- .%06)*+ %!"#$"-%&'"(&)*"$$9# #-!"3"# / /"3$9< 

'"0+$".*'09< (%'!/"(%< $- /'!(-7%-! "'"&9< ;%!(13$-$*: * 3"'!%!"7$" 

/9'"."71/'!/*!-06$". @3$%." '0-31-! 17-'!6 ,"#-<* / ."$3-$'*("/%$$": 

A%;- * *"$*;%)*"$$9- ,"#-<*, "'"&-$$" / ,0%#-$* N2O – C2H2. >*'0"!9 

HF, HClO4, H2SO4, CCl3COOH, A"'A"($%+, UPK  '$*?%B! '*=$%0 .%06)*+. 

K%.": ?- 5AA-.! ".%;9/%-! * ,(*'1!'!/*- / (%'!/"(- *;&9!"7$9<  ," 

"!$"8-$*B . .%06)*B ."0*7-'!/ Al, Be, Si, Ti, V, Zr, ."!"(9- / ,0%#-$* 

"&(%;1B! ' .%06)*-# 1'!":7*/9- ".'*'"0*. L*#*7-'.*- ,"#-<* 

,("+/0+B!'+ / &"068-: '!-,-$* / $*?$*< ;"$%< ,0%#-$*. J ,(*'1!'!/** 

"(=%$*7-'.*< (%'!/"(*!-0-: '*=$%0 .%06)*+ $-'."06." 1/-0*7*/%-!'+. 

R'!(%$-$*B ,"#-< / ."$3-$'*("/%$$": A%;- ',"'"&'!/1-! //-3-$*- 

"'/"&"?3%B2*< 3"&%/". – '"0-: 0%$!%$%(III) *0* '!("$)*+(II), % !%.?- 

*',"06;"/%$*- /9'"."!-#,-(%!1($"=" ,0%#-$* N2O-C2H2 * #-!"3% 3"&%/".. 

4"3%/0+B2-- /0*+$*- $-."!"(9< $-"(=%$*7-'.*< *"$"/ $% '*=$%0 .%06)*+ 

$%*&"0-- 5AA-.!*/$" 1'!(%$+-!'+ 3"&%/0-$*-# '!("$)*+(II). @(=%$*7-'.*- 

(%'!/"(*!-0* (5!%$"0, ,(",%$"0) $-'."06." ,"/98%B! 71/'!/*!-06$"'!6 

",(-3-0-$*+, $" $- '$*#%B! /0*+$*- $-"(=%$*7-'.*< *"$"/. J0*+$*- 

$-."!"(9< $-"(=%$*7-'.*< *"$"/ 1'!(%$+-!'+ 3"&%/0-$*-# 8-".'*<*$"0*$%, 

<0"(*3% 0%$!%$%(III) *0* '106A"'%0*)*0"/": .*'0"!9. I%*&"0-- ,"0$"- 

*'.0B7-$*- #-8%B2-=" /0*+$*+ $-"(=%$*7-'.*< *"$"/ / ,0%#-$* N2O-C2H2  

3"'!*=$1!" ,(* //-3-$** / (%'!/"( '106A"'%0*)*0"/": .*'0"!9 * HCl. 
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@3$%." ,(* 5!"# ,"0$"'!6B $- 1'!(%$+-!'+ #-8%B2-- 3-:'!/*- %0B#*$*+ / 

,(*'1!'!/** .F,NO,PO,SO 3

3

4

2

4

    
 

>"&%06! #"?$" ",(-3-0+!6 / #%!-(*%0%< 7-($": #-!%001(=** ,(* 

'"3-(?%$** -=" "! n " 10
-4

 #%'.%  3" $-'."06.*< 3-'+!."/ ,(")-$!"/. 4"#-<* 

<*#*7-'."=" <%(%.!-(% / ,0%#-$* %)-!*0-$-/";31< $%&0B3%B!'+ 

'(%/$*!-06$" (-3.". 4(* '"3-(?%$** / <0"($".*'09< (%'!/"(%< 1 % Fe 

'*=$%0 ."&%06!% 1/-0*7*/%-!'+ $% 25 %. J /"''!%$"/*!-06$"# ,0%#-$* "3$* 

* !- ?- 0-=*(1B2*- 50-#-$!9 / ;%/*'*#"'!* "! ,(*("39 .*'0"!9, 

,(*'1!'!/1B2-: / (%'!/"(-, #"=1! ;%/98%!6 *0* ;%$*?%!6 '*=$%0 ."&%06!%. 

J (%'!/"(-, '"3-(?%2-# 10 % HCl, <("# * $*.-06 ;%/98%B! (-;106!%!9, % / 

(%'!/"(%<, '"3-(?%2*< 10 % HClO4 *0* 3 % H2SO4 * 3 % H3PO4, 5!* ?- 

50-#-$!9 ;%$*?%B! (-;106!%!9. J ".*'0*!-06$"# ,0%#-$* /0*+$*- <("#% * 

$*.-0+ "!'1!'!/1-!, $" /";$*.%-! #"0-.10+($"- ,"=0"2-$*- / "&0%'!* 0*$** 

."&%06!% 240,7 $#, 7!" '/+;9/%B! ' "&(%;"/%$*-# / ,0%#-$* 7%'!*) FeO. J 

,0%#-$* N2O-C2H2 71/'!/*!-06$"'!6 1#-$68%-!'+  / 2,5 (%;%,  $" ,"#-<* 

"!'1!'!/1B!. J0*+$*- ?-0-;%, <("#%, #%(=%$)% * $*.-0+ $% '*=$%0 Co ,(* 

-=" ",(-3-0-$** / <("#"$*.-0-/": '!%0* / ,0%#-$* %)-!*0-$-/";31< 

1'!(%$+-!'+ 3"&%/0-$*-# 5 "&. % &1!%$"0%. 

H%(=%$-) +/0+-!'+ "3$*# *; 50-#-$!"/, $%*&"0-- 7%'!" 

",(-3-0+-#9< / #%!-(*%0%< 7-($": #-!%001(=** %!"#$"-%&'"(&)*"$$9# 

#-!"3"#. J ,0%#-$$"# /%(*%$!- *',"06;1B! =0%/$9# "&(%;"# ,0%#+ /";31<-

%)-!*0-$. L%(%.!-( ,"#-< ",(-3-0+-!'+  <%(%.!-("# ,0%#-$* * /9'"!": 

%$%0*!*7-'.": ;"$9 $%3 1("/$-# ="(-0.*. W-0-;" / ."$)-$!(%)** 100 

#.=/#0, 0%$!%$ * "'"&-$$" )*(."$*: / ."$)-$!(%)** #-$-- 5 #=/#0 / 

'-($".*'09< (%'!/"(%< ;$%7*!-06$" '$*?%B! '*=$%0 #%(=%$)%. D-($%+ * 

A"'A"($%+ .*'0"!9 ".%;9/%B! 3-,(-''*(1B2-- 3-:'!/*- $% '*=$%0 

#%(=%$)%. 4(* %$%0*;- ',0%/"/ $% $*.-0-/": "'$"/- ,(*'1!'!/*- / ,("&- 

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

."0-&%$*+# '*=$%0% #%(=%$)% * (+3% 3(1=*< 50-#-$!"/. U!" '/+;9/%B! ' 

"&(%;"/%$*-# / ,0%#-$* ,("7$9< '"-3*$-$*:, ."!"(9- ;%</%!9/%B! 

",(-3-0+-#9: 50-#-$! * "&1'0"/0*/%B! $-,"0$1B 3*''")*%)*B 

'""!/-!'!/1B2*< #"0-.10. U!" /0*+$*- 1'!(%$+-!'+ ,(* *',"06;"/%$** 

,0%#-$* N2O-C2H2. 

4(* ",(-3-0-$** 0,01 #%'.% Mn * &"0-- / '!%0+< (%;0*7$"=" '"'!%/% 

$%/-'.* ,("& (%'!/"(+B! / (%;0*7$9< #*$-(%06$9< .*'0"!%< *0* *< '#-'+<, 

$%,(*#-(, '#-'6 H2SO4, H3PO4 * HClO4 *0* '#-'6 HNO3 * HF. I*;."- * 

/9'"."0-=*("/%$$9- '!%0* #"?$" (%'!/"(+!6 / '#-'* <0"("/"3"("3$": * 

%;"!$": .*'0"! *0* / "3$": *; 5!*< .*'0"!. N$"=3% (-."#-$31B! /9,"0$+!6 

",(-3-0-$*- #%(=%$)% *; '-($".*'09< (%'!/"("/. Q(%31*("/"7$9- =(%A*.* 

'!("+! *0* ," (%'!/"(%# '!%$3%(!$9< "&(%;)"/ &0*;."=" '"'!%/%, *0* ," 

'!%$3%(!$9# (%'!/"(%# #%(=%$)%. I" ,(* 5!"# /'-=3% (-."#-$31-!'+ 

//"3*!6 ?-0-;" / 5!* (%'!/"(9. 
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X*("." ,(*#-$+-!'+ %!"#$"-%&'"(&)*"$$9: #-!"3 ,(* ",(-3-0-$** 

#%(=%$)% / '*0*.%!$9< #*$-(%0%<: / )-#-$!%<, =0*$%<, 3"#-$$9< 80%.%< * 

;"0- !-,0"/9< 50-.!("'!%$)*:. 4(* /'.(9!** ,(-3,"7!-$6- "!3%-!'+ 

.*'0"!$"#1 (%;0"?-$*B $%/-'". * 13%0-$*B .(-#$*+ ' ,0%/*."/": 

.*'0"!":. 4(* %$%0*;- (13 $%/-'.1 *$"=3% ,(*<"3*!'+ ',0%/0+!6. 

U0-.!("!-(#*7-'."- ",(-3-0-$*- ,";/"0+-! ",(-3-0+!6 3" 10
–12

 = Mn. 

L0"(*39 .%06)*+, '!("$)*+, $*.-0+, ."&%06!% * %0B#*$*+ ,"3%/0+B! '*=$%0 

#%(=%$)%. H%.'*#%06$%+ !-#,-(%!1(% ,*("0*;% 1100 
"
D, / ,(*'1!'!/** 

<*#*7-'.*< #"3*A*.%!"("/ – 1400 
"
D. 

H-36 #"?$" ",(-3-0+!6 "! n"10
–5

 #%'.% 3" $-'."06.*< ,(")-$!"/. J 

'!%0+< * 71=1$%< ,(+#9# #-!"3"# / ,0%#-$* ",(-3-0+-!'+ "! 0,001#%'.% Cu 

* &"0--. 4(* #-$68*< '"3-(?%$*+< #-36 $-"&<"3*#" "!3-0+!6 * 

."$)-$!(*("/%!6 *0* *',"06;"/%!6 50-.!("!-(#*7-'.*: %!"#*;%!"(. 4"#-<* 

/ ,0%#-$* %)-!*0-$-/";31< $-;$%7*!-06$9. @3$%." "7-$6 &"068": *;&9!". 

$-."!"(9< #-!%00"/, $%,(*#-( ?-0-;%, /9;9/%-! '$*?-$*- '*=$%0% #-3*. 

D*=$%0 #-3* 1/-0*7*/%-!'+ / ,(*'1!'!/** 0,01H <0"(*3% $%!(*+ / 

"&"=%2-$$"# ,0%#-$*. J0*+$*- 2-0"7$9< #-!%00"/ 1#-$68%-!'+ / (+31 

LiCl > NaCl > KCl > RbCl > CsCl. I-'."06." '$*?%B! %$%0*!*7-'.*: '*=$%0 

.*'0"!9 H2SO4 * H3PO4. H*$*#%06$"- /0*+$*- ".%;9/%B! HCl * HNO3. 

P"&%/0-$*- ',*(!"/ (5!%$"0%, ,(",%$"0%, *;",(",%$"0%, $-&1!%$"0% * 

*;",-$!%$"0%) 1/-0*7*/%-! '*=$%0 #-3*. UAA-.! !-# '*06$--, 7-# /98- 

#"0-.10+($%+ #%''% ',*(!%. H-36 ",(-3-0+-!'+ *; (%'!/"("/, / ."!"(9< 

",(-3-0+B!'+ * 3(1=*- ."#,"$-$!9 ',0%/"/. K%., ,(* %$%0*;- $*;."- * 

/9'"."0-=*("/%$$9< '!%0-: $% '"3-(?%$*- Cu, Al, Co, Cr, Mn, Ni, V ,("&1 

#%''": 1 = (%'!/"(+B! / '#-'* 30 #0 HCl (1:1) * 5 #0 HNO3 (1:1). S%'!/"( 

1,%(*/%B!, "'!%!". '18%!, (%'!/"(+B! / 10 #0 ."$)-$!(*("/%$$": HCl * 

(%;&%/0+B! / #-($": ."0&- 3*'!*00*("/%$$": /"3":, ,"017-$$9- (%'!/"(9 

(%',90+B! / ,0%#+. J =(%31*("/"7$9- (%'!/"(9 //"3+! 5./*/%0-$!$"- 

."0*7-'!/" ?-0-;%. 4(* %$%0*;- A-(("'*0*)*+ ,("&1 #%''": 1 = (%'!/"(+B! 

/ 20 #0 HNO3 ' 3"&%/0-$*-# A!"("/"3"("3$": .*'0"!9. T%!-# ,(*&%/0+B! 

10 #0 H2SO4 (1:1) * /9,%(*/%B! (%'!/"( 3"'1<%. @'!%!". (%'!/"(+B! / 10 #0 

5H HCl, ,-(-$"'+! / #-($1B ."0&1, (%;&%/0+B! 3" #-!.* 5 %-$9# 

(%'!/"("# &1!*0"/"=" ',*(!%, A*06!(1B! * *',"06;1B! 30+ ",(-3-0-$*+ 

#-3*, % !%.?- Zn, Cd, Ni, Mg, Co. 

4(* ",(-3-0-$** #%09< ."0*7-'!/ #-3* / !%.*< '0"?$9< ," '"'!%/1 

#%!-(*%0%<, .%. 0-=*("/%$$9- '!%0*, )-0-'""&(%;$" ,(*&-=%!6 . "!3-0-$*B 

-- "! "'$"/$9< ."#,"$-$!"/. K%., ,(*#-'* #-3* * 3(1=*< )/-!$9< #-!%00"/ 

5.'!(%=*(1B! / /*3- *"3*3$9< ."#,0-.'"/ 0,2 H (%'!/"("# !(*-$-

".!*0%#*$% / #-!*0*;"&1!*0.-!"$- * 5.'!(%.! //"3+! / ,0%#+ /";31<-

%)-!*0-$. P0+ ",(-3-0-$*+ ,(*#-'* #-3* / $*.-0-/9< ',0%/%< *',"06;"/%0* 

5.'!(%.)*B -- / /*3- ."#,0-.'% ' $%A!*0/*'#1!"0"#, % 30+ ",(-3-0-$*+ 

#-3* .%. ."#,"$-$!% '!%0* * %0B#*$*-/9< ',0%/"/ – 5.'!(%.)*B 

!*")*%$%!$"=" ."#,0-.'%. 
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 $%0*!*7-'.*: '*=$%0 / 50-.!("!-(#*7-'.*< %!"#*;%!"(%< ;%/*'*! 

"! '"3-(?%$*+ .*'0"! / (%'!/"(%<, /$"'*#9< / =(%A*!"/1B !(1&.1. 

H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% ,*("0*;% &-; ,"!-(6 '"-3*$-$*: 

#-3*    1100 
"
D, / ,(*'1!'!/** <*#*7-'.*< #"3*A*.%!"("/ – 1300 

"
D. 

H"0*&3-$ ",(-3-0+B! / "&"=%2-$$"# ,0%#-$* N2O-C2H2, <"!+ 

*',"06;1B! !%.?- ,0%#+ C2H2-/";31<, 71/'!/*!-06$"'!6 ",(-3-0-$*+ Mo / 

."!"("# / 4-5 (%; <1?-. M1/'!/*!-06$"'!6 ",(-3-0-$*+ '$*?%-!'+ / 

,(*'1!'!/** H3PO4, H2SO4. I%*&"0-- ,"3<"3+2%+ '(-3% 30+ ",(-3-0-$*+ 

#"0*&3-$% – (%;&%/0-$$9- HCl * HNO3. D!%0* * ',0%/9 "&97$" (%'!/"(+B! 

/ '#-'* <0"("/"3"("3$": * %;"!$": .*'0"!. N',"06;1B! !%.?- 

<0"($".*'09- * '-($".*'09- (%'!/"(9. P0+ 1'!(%$-$*+ #-8%B2-=" 

/0*+$*+ 3(1=*< 50-#-$!"/ ,(*#-$+B! 3"&%/.* '106A%!% $%!(*+, 

=*3(".'*0%#*$%, <0"(*3% %##"$*+. D!%$3%(!$9- (%'!/"(9 ="!"/+! $% "'$"/- 

'"0-: ?-0-;%. 

P0+ ",(-3-0-$*+ #%09< * &"068*< ."0*7-'!/ Mo / 1=0-("3*'!":, 

$*;."0-=*("/%$$":, $-(?%/-B2-:, &9'!("(-?12-: '!%0* * A-(("#"0*&3-$- 

$%/-'.1 ,("&9 #%''": 0,1-0,5 = (%'!/"(+B! / 10 #0 )%('.": /"3.* ,(* 

$%=(-/%$**, 3"&%/0+B! . (%'!/"(1 0,5 #0 ."$)-$!(*("/%$$": H3PO4  * 

(%;&%/0+B! /"3": 3" ."$)-$!(%)** #"0*&3-$% / (%'!/"(- 5-25 #.=/#0. 

S%',90+B! (%'!/"( / ,0%#+ %)-!*0-$-/";31<. Q(%31*("/"7$9- (%'!/"(9 

="!"/+! $% A"$- (%'!/"(% H3PO4 !%.": ?- ."$)-$!(%)**, 7!" * / ,("&-. 

4".%;%$", 7!" HF, HNO3 * H2SO4 ,(* ."$)-$!(%)** #-$-- 2 #"06/0 * HClO4 

,(* ."$)-$!(%)** #-$-- 6 #"06/0 $- /0*+B! $% %$%0*!*7-'.*: '*=$%0 

#"0*&3-$% ,(* '"3-(?%$** -=" 10
–3

 #%'.%. I- #-8%B! <("#, $*.-06, 

."&%06!, #-36, /"06A(%#. H-8%B2-- /0*+$*- %0B#*$*+, .%06)*+, ?-0-;%, 

#%=$*+, #%(=%$)%, '/*$)% * '1(6#9 0178- /'-=" 1'!(%$+-!'+ A"'A"($": 

.*'0"!":, ."!"(%+ '/+;9/%-! 5!* 50-#-$!9 / !(13$"3*''")**(1B2*- 

A"'A%!9. 

4" 3(1=*# 3%$$9# 30+ ",(-3-0-$*+ Mo /" /'-< '!%0+< ,("&1 #%''": 

1 = (%'!/"(+B! / 10 #0 HClO4, (%'!/"( /9,%(*/%B! 3"'1<%, "'!%!". 

(%'!/"(+B! / 100 #0 /"39 * (%',90+B! / ,0%#+ N2@-C2H2. P0+ 

,(*="!"/0-$*+ =(%31*("/"7$9< (%'!/"("/ 1 = 7*'!"=" ?-0-;% * 

",(-3-0-$$9- %0*./"!9 '!%$3%(!$"=" (%'!/"(% #"0*&3-$% ,("/"3+! 7-(-; 

/'- '!%3** %$%0*;%. J ,(*'1!'!/*- &"0-- 0,05 #%'.% W ,"017%B!'+ 

;%$*?-$$9- (-;106!%!9 30+ #"0*&3-$% /'0-3'!/*- '""'%?3-$*+ -=" ' 

"'%3."# /"06A(%#"/": .*'0"!9. P0+ 13-(?%$*+ /"06A(%#% / (%'!/"(- ,("&1 

#%''": 1 = (%'!/"(+B! / 50 #0 '#-'* /"39, <0"($":, A"'A"($": * '-($": 

.*'0"!, /;+!9< / "&C-#$"# "!$"8-$** (3:1:1:1). 4"'0- (%'!/"(-$*+ 

3"&%/0+B! $-'."06." .%,-06 %;"!$": .*'0"!9, 1,%(*/%B! 3" ,%("/ HClO4.  

J #%!-(*%0%< 7-($": #-!%001(=** $*.-06 ",(-3-0+B! =0%/$9# 

"&(%;"# .%. "'!%!"7$9: 50-#-$! *0* 0-=*(1B21B 3"&%/.1.  !"#$"-

%&'"(&)*"$$9# #-!"3"# #"?$" ",(-3-0*!6 $*.-06 "! n"10
–5

 #%'.% 3" 

$-'."06.*< 3-'+!."/ ,(")-$!"/. I%*&"0-- 7%'!" / ,(%.!*.- *',"06;1B! 

#-!"3 %!"#*;%)** / ,0%#-$* /";31<-%)-!*0-$. H-!"39 "!3-0-$*+ * 
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."$)-$!(*("/%$*+ ,(*#-$+B! / !"# '017%-, -'0* $-"&<"3*#" ",(-3-0+!6 

n"10
–3

 #%'.% $*.-0+ * #-$--. N;#-(-$*- '*=$%0% $*.-0+ ," 0*$** 232,0 $# 

$-"&<"3*#" ,("/"3*!6 ,(* 8*(*$- 2-0* #"$"<("#%!"(% $- &"0-- 0,2 $#, / 

,("!*/$"# '017%- =(%31*("/"7$$9- =(%A*.* ,"017%B!'+ *'.(*/0-$$9#*. 

4"#-<* <*#*7-'."=" <%(%.!-(% /'!(-7%B!'+ 3"/"06$" (-3.", "'"&-$$" / 

,0%#-$*, "&"=%2-$$"# /";31<"#. I" / .%?3"# ."$.(-!$"# '017%- 

$-"&<"3*#" *''0-3"/%!6 /";#"?$"'!6 /0*+$*+ /9'".*< ."$)-$!(%)*: 

3(1=*< ."#,"$-$!"/ '#-'*. I%,(*#-(, ,(* //-3-$** / ,("&1 1 % Fe '*=$%0 

Ni ,(* ."$)-$!(%)** -=" 10 #.=/#0 ;%/98%-!'+ $% 10 %. @3$%." 5!"! 5AA-.! 

#-$68- / '017%- ,0%#-$* N2O-C2H2. 4(* ",(-3-0-$** 1-1,5 #.=/#0 Ni 

,(*'1!'!/*- 10-.(%!$9< ."0*7-'!/ ?-0-;% * $%!(*+ $-'."06." 1#-$68%-! 

'*=$%0 $*.-0+, $" 3%06$-:8-- 1/-0*7-$*- ."$)-$!(%)** 5!*< 50-#-$!"/ $- 

/0*+-! $% /-0*7*$1 '*=$%0%. N;17-$*- ,"#-< ,(* ",(-3-0-$** $*.-0+ / 

/"''!%$"/*!-06$"# ,0%#-$* ,".%;%0", 7!" /-0*7*$% /0*+$*+ '",1!'!/1B2*< 

50-#-$!"/ Fe(III), Zn(II), Cr(III), Mn(II), Co(II), Cu(II) ,(* ."$)-$!(%)** 2 

#=/#0 $% '*=$%0 20 #.=/#0 $*.-0+ / ;$%7*!-06$": '!-,-$* ;%/*'*! "! /9'"!9 

,("'/-7*/%-#": ;"$9. 4(* #%0": /9'"!- /'- '",1!'!/1B2*- 50-#-$!9, 

.("#- )*$.%, 1/-0*7*/%B! '*=$%0 $*.-0+, % $% &"068": /9'"!- '*=$%0 

$*.-0+ ,"3%/0+-!'+. 4(* /9'"!- 15 ## #%(=%$-), #-36 * <("# $- /0*+B! $% 

'*=$%0 $*.-0+. J $*?$-: 7%'!* ,0%#-$* #%09- ."$)-$!(%)** #-3* 

,"3%/0+B!, % &"068*- (&"0-- 0,5 #=/#0) 1/-0*7*/%B! ,"=0"2-$*-. J 

".*'0*!-06$"# ,0%#-$* #-8%B2-- /0*+$*- '",1!'!/1B2*< 50-#-$!"/ 

;$%7*!-06$" #-$68-. @&$%(1?-$" 3-,(-''*(1B2-- /0*+$*- W * Mo $% 

%$%0*!*7-'.*: '*=$%0 $*.-0+ / ,0%#-$* /";31<-C2H2. J ,0%#-$* N2O-C2H2 

5!" /0*+$*- $-;$%7*!-06$". 

D"0* 2-0"7$9< #-!%00"/ ,(* *< ."$)-$!(%)** / (%'!/"(- 3" 3 % 

'$*?%B! '*=$%0 $*.-0+ $% 30-40 %, 7!" '/+;%$", /";#"?$", ' *;#-$-$*-# 

/+;."'!* (%'!/"("/ * (%;#-("/ .%,-06 %5(";"0+, % !%.?- ' /";#"?$9# 

"&(%;"/%$*-# &"0-- .(1,$9< .(*'!%00"/ '"0-: * *< #-$68-: 0-!17-'!6B. 

N; .*'0"! #*$*#%06$"- /0*+$*- $% '*=$%0 $*.-0+ ".%;9/%B! HCl * 

HNO3. J ,0%#-$* /";31<-C2H2 ' "3$"2-0-/": ="(-0.": /0*+$*- HClO4, 

H2SO4 * H3PO4 $-;$%7*!-06$", $" ,(* *',"06;"/%$** !(-<2-0-/": ="(-0.* 

5!* .*'0"!9 ;%#-!$" '$*?%B! '*=$%0 $%7*$%+ ' #%09< ."$)-$!(%)*:. 

 $%0*!*7-'.*: '*=$%0 $*.-0+ ,"/98%-!'+ ,(* *',"06;"/%$** $-."!"(9< 

"(=%$*7-'.*< (%'!/"(*!-0-:. H%.'*#%06$9: 5AA-.! "!#-7-$ 30+ 

%)-!*0%)-!"$%, #-!*05!*0.-!"$%, #-!*0*;"&1!*0.-!"$%. J-0*7*$% '*=$%0% 

$*.-0+ /";(%'!%-! ' 1#-$68-$*-# /+;."'!* * !-#,-(%!1(9 .*,-$*+ 

"(=%$*7-'."=" (%'!/"(*!-0+.  $%0*!*7-'.*: '*=$%0 30+ ."#,0-.'"/ Ni ' 

%#*$%#* 1/-0*7*/%-!'+ / "&"=%2-$$"# /";318$"-%)-!*0-$"/"# ,0%#-$*. 

D*=$%0 30+ ."#,0-.'"/ '" 2%/-0-/": .*'0"!":, UPK  * )*%$*3-*"$%#* 

'*06$" 1#-$68%-!'+ / $*;."!-#,-(%!1($": "&0%'!* "&"=%2-$$"=" 

%)-!*0-$"# ,0%#-$*. H-8%B2-=" /0*+$*+ 5!*< 0*=%$3"/ $- $%&0B3%-!'+ / 

/-(<$-: 7%'!* "&-3$-$$"=" ="(B7*# ,0%#-$*, =3- !-#,-(%!1(% /98-       

2250 
"
D. 
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 $%0*;*(1-#9- "&(%;)9 (%'!/"(+B! / (%;0*7$9< #*$-(%06$9< 

.*'0"!%< *0* *< '#-'+<, ,"017-$$9- (%'!/"(9 (%;&%/0+B! /"3": 3" 

",(-3-0-$$"=" "&C-#% * *',"06;1B! 30+ %$%0*;%. P0+ ,"'!("-$*+ 

=(%31*("/"7$9< =(%A*."/ (-."#-$31-!'+ *',"06;"/%!6 *'.1''!/-$$9- 

'#-'*, ."!"(9- ," .*'0"!$"'!* * '"'!%/1 3"0?$9 #%.'*#%06$" 

,(*&0*?%!6'+ . %$%0*;*(1-#9#. 

4(* %!"#*;%)** $*.-0+ / 50-.!("!-(#*7-'.*< %!"#*;%!"(%< 

/";#"?$9 -=" ,"!-(* $% '!%3** ,*("0*;%. H%.'*#%06$" 3",1'!*#%+ 

!-#,-(%!1(% ,*("0*;% 1200 
"
D. J 2 H (%'!/"(- HCl '*=$%0 '$*?%-!'+ $% 65 

%, % /  3 H (%'!/"(- HNO3 – $% 15 %. 4"!-(* $*.-0+ / (%'!/"(%< H2SO4 * 

H3PO4 /3/"- #-$68-. U!" '/+;%$" ' !-#, 7!" "&(%;1B2*-'+ ,(* /9'9<%$** 

(%'!/"("/ '106A%!9 * A"'A%!9 $*.-0+ /"''!%$%/0*/%B!'+ !(13$--, 7-# 

".'*39. D0-31-! !%.?- ."$!("0*("/%!6 !"?3-'!/-$$"'!6 ,(")-''"/ 30+ 

=(%31*("/"7$9< (%'!/"("/ * (%'!/"("/ "&(%;)"/. 4(* ",(-3-0-$** $%$"- * 

,*."=(%##"/9<  ."0*7-'!/ $*.-0+ #-!"3"# 50-.!("!-(#*7-'.": %!"#*;%)** 

'0-31-! 17*!9/%!6 /";#"?$"'!6 '$*?-$*+ '*=$%0% ,(* *',"06;"/%$** 

."$)-$!(*("/%$$9< (%'!/"("/ .*'0"!, 7!" '/+;9/%B! ' (%;(18-$*-# 

,*(",".(9!*+ ,-7*. 

H-!"3"# %!"#*;%)** / ,0%#-$* "&97$" ",(-3-0+B! '"!9- 3"0* 

,(")-$!% "0"/% / #%!-(*%0%< 7-($": #-!%001(=**. M!"&9 ",(-3-0*!6 

#-$68*- ."0*7-'!/%, $-"&<"3*#" ,(*&-=$1!6 . ",-(%)*+# "!3-0-$*+ * 

."$)-$!(*("/%$*+. 4(* ,0%#-$$": %!"#*;%)** *',"06;1B! "&"=%2-$$"- 

,0%#+ /";31<-%)-!*0-$.  ;"!$%+ * '-($%+ .*'0"!9 $- ".%;9/%B! ;%#-!$"=" 

/0*+$*+ $% '*=$%0 "0"/%. J0*+$*- A"'A"($": .*'0"!9 '*06$" ;%/*'*! "! 

'""!$"8-$*+ /";31</%)-!*0-$ * #"?-! &9!6 .%. "!(*)%!-06$9#, !%. * 

,"0"?*!-06$9#. D"3-(?%$*- .*'0"! / =(%31*("/"7$9< * *''0-31-#9< 

(%'!/"(%< 3"0?$" &9!6 ,(*#-($" "3*$%."/9#. Y-0"7$9- #-!%009, 

%0B#*$*: * !*!%$ / ,0%#-$* /";31<-%)-!*0-$ 1/-0*7*/%B! '*=$%0 "0"/%. 

40%#+ ;%.*'6 %;"!%-%)-!*0-$ 3%-! &"0681B 71/'!/*!-06$"'!6 * ;$%7*!-06$" 

#-$68-- 7*'0" ,"#-<. 4(* %$%0*;- '!%0-: $% '"3-(?%$*- ,(*#-'* "0"/% 

$%/-'.1 '!%0* #%''": 1 = (%'!/"(+B! / 20 #0 HCl (1:1) * (%;&%/0+B! /"3": 

3" 100 #0. Q(%31*("/"7$9- (%'!/"(9 '"3-(?%! !%.*- ?- ."0*7-'!/% ?-0-;%, 

.%. * %$%0*;*(1-#9- (%'!/"(9. 4(* *',"06;"/%$** ,0%#-$* N2O-C2H2 

,(-3-0 "&$%(1?-$*+ "0"/% '"'!%/*0 0,0018 #%'.%. N; $%/-'.* 5 = / "&C-#- 

50 #0 ,(-3-0 "&$%(1?-$*+ '"'!%/0+-! 8"10
–4

 #%'.%. I%*&"068-: 

71/'!/*!-06$"'!* ",(-3-0-$*+ 3"'!*=%B! ,(* "!3-0-$** "0"/% 

'""'%?3-$*-# ' =*3(".'*3"# &-(*00*+ *0* ,"'0- ,(-3/%(*!-06$": 

5.'!(%.)** / /*3- ("3%$*3$"=" ."#,0-.'% #-!*0*;"&1!*0.-!"$"#. 

@,*'%$" %!"#$"-%&'"(&)*"$$"- ",(-3-0-$*- ,(*#-'-: "0"/% / '!%0* 

' *',"06;"/%$*-# 0-!17*< =*3(*3"/. P0+ ,"017-$*+ =*3(*3% "0"/% 

*',"06;"/%0* !%&0-!.* &"(=*3(*3% $%!(*+. P"'!*=$1! ,(-3-0 "&$%(1?-$*+ 

2"10
–4 
#%'.% Sn.  

U0-.!("!-(#*7-'.*: /%(*%$! %!"#$"-%&'"(&)*"$$"=" #-!"3% 

,";/"0+-! ",(-3-0+!6 3" 10
–5

 #%'.% Sn / #%!-(*%0%< 7-($": #-!%001(=**. 
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@,(-3-0-$*+ ,("/"3+! ' ."((-.!"("# A"$%.  ;"!$".*'09- (%'!/"(9 

,";/"0+B! ",(-3-0+!6 "0"/" / '!%0+< "! 2"10
–3

 #%'.%, % ,(* ,("=(%##- «=%;-

'!",» – "! 4"10
–4

 #%'.% * &"0--, ,(*7-# 3"'!*=%-!'+ 5!" ,(+#9# #-!"3"# &-; 

.%.*<-0*&" 3","0$*!-06$9< ",-(%)*: ," <*#*7-'.": ,"3="!"/.- (%'!/"("/. 

4(*#-'6 "0"/% (0,002-0,04 #%'.%) / ,("'!9< 1=0-("3*'!9<, 

$-(?%/-B2*< * *$'!(1#-$!%06$9< (&9'!("(-?12*<) '!%0+< #"?$" 

",(-3-0+!6 ," -3*$"#1 =(%31*("/"7$"#1 =(%A*.1. 4("&1 1=0-("3*'!": *0* 

$*;."0-=*("/%$$": '!%0* (0,5 =) (%'!/"(+B! / 40 #0 HNO3 (1:1) ,(* 

$%=(-/%$**, "<0%?3%B! * (%;&%/0+B! 3" 100 #0. 4("&1 $-(?%/-B2-: '!%0* 

#%''": 0,5 = (%'!/"(+B! / '#-'* 10 #0 ."$)-$!(*("/%$$": HCl * 15 #0 

."$)-$!(*("/%$$": HNO3 * (%;&%/0+B! /"3": 3" 100 #0. 4("&1 

&9'!("(-?12-: '!%0* 0,5 = (%'!/"(+B! / '#-'* 5 #0 H3PO4 ($ = 1,7 =/#0), 5 

#0 ."$)-$!(*("/%$$": HCl * 15 #0 ."$)-$!(*("/%$$": HNO3 ,(* 

$%=(-/%$**, "<0%?3%B! * (%;&%/0+B! /"3": 3" 100 #0.  0*./"!$9- 7%'!* 

(10 #.0) //"3+! / =(%A*!"/1B ,-76 50-.!("!-(#*7-'."=" %!"#*;%!"(%. 

K-#,-(%!1(% %!"#*;%)** – 2600 
"
D ,(* #*$*#%06$"# (%'<"3- *$-(!$"=" 

=%;%. H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% ,*("0*;% &-; #"3*A*.%!"(% – 

800 
"
D; / ,(*'1!'!/** #"3*A*.%!"("/ "$% #"?-! 3"'!*=%!6 1500 

"
D. 

Q(%31*("/"7$9- (%'!/"(9 ="!"/+! *; 7*'!"=" #-!%00*7-'."=" ?-0-;%, 

(%'!/"(-$$"=" / HNO3 (1:1). 

D/*$-) ",(-3-0+B! / #%!-(*%0%< 7-($": #-!%001(=** %!"#$"-

%&'"(&)*"$$9# #-!"3"# .%. ,(*#-'6 ,(* '"3-(?%$** -=" "! 10
–5

 #%'.% * 

&"0-- *0* .%. ',-)*%06$1B 3"&%/.1 . $-."!"(9# #%(.%# '!%0-: / 

."0*7-'!/- '"!9<-3-'+!9< 3"0-: ,(")-$!%. @&97$" '/*$-) <"("8" 

",(-3-0+-!'+ / ,0%#-$* /";31<-%)-!*0-$ ".*'0*!-06$"#, "&"=%2-$$"# ," 

/";31<1. U0-.!("!-(#*7-'.*: %!"#*;%!"( ,";/"0+-! ",(-3-0+!6 3"10
–4

 

#%'.%, % ' ,("=(%##": «=%;-'!",» – "! 6"10
–5

 #%'.% * &"0--. 4(* ,(%/*06$" 

,"3"&(%$$"# !-#,-(%!1($"-/(-#-$$"# (-?*#- ,*("0*;% * %!"#*;%)** 

'/*$-) * 3(1=*- /(-3$9- ,(*#-'* )/-!$9< #-!%00"/ / '!%0+< #"?$" 

",(-3-0+!6 *; '#-'* <0"("/"3"("3$": * %;"!$": .*'0"!. 4(* 5!"# /0*+$*- 

#%!(*)9 '/"3*!'+ . #*$*#1#1. I-"&<"3*#" ,"3"&(%!6 !%.": (-?*# 

,*("0*;%, ,(* ."!"("# ,"!-(* '/*$)% #*$*#%06$9-, ?-0-;" / "'$"/$"# 

1',-/%-! 13%0*!6'+, % "'!%/8*-'+ ."0*7-'!/% -=" ,(%.!*7-'.* $- /0*+B! $% 

,"0-;$9: '*=$%0 ",(-3-0+-#"=" 50-#-$!%. H%.'*#%06$" 3",1'!*#%+ 

!-#,-(%!1(% ,*("0*;% – 600 
"
D &-; #"3*A*.%!"("/. @3$%." "$% #"?-! &9!6 

1/-0*7-$% 3" 1400 
"
D / ,(*'1!'!/** <*#*7-'.*< #"3*A*.%!"("/. 

I-#%0"/%?$"- ;$%7-$*- *#--! * '."("'!6 $%=(-/% $% '!%3** ,*("0*;%, 

."!"(%+ ;%/*'*! "! "&C-#% %0*./"!9 (%'!/"(%, //"3*#"=" / ,-76, !"7$-- "! 

."0*7-'!/% ?-0-;%, //"3*#"=" / ,-76. J 5!"# '017%- #-$+-!'+ '."("'!6 

/9$"'% ?-0-;% *; =(%A*!"/": ,-7* / /*3- <0"(*3% $% '!%3** ,*("0*;%, 7!" 

#"?-! ,"/0-76 ;% '"&": ,"!-(* '/*$)%. 

L("# ",(-3-0+B! / ,0%#-$%< %)-!*0-$-/";31< * ;%.*'6 %;"!%-

%)-!*0-$. F"068"- /0*+$*- $% '*=$%0 <("#% / ,0%#-$* /";31<-%)-!*0-$ 
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".%;9/%-! ?-0-;" * 3(1=*- '",1!'!/1B2*- 50-#-$!9. R'!(%$-$*- ,"#-< * 

#-8%B2*< /0*+$*: 3"'!*=%-!'+ *',"06;"/%$*-# #%'.*(1B2*< (-%=-$!"/, 

,0%#-$* N2O-C2H2, /9(%/$*/%$*-# '!-,-$* ".*'0-$*+ <("#%. K9'+7$9- 

3"0* ,(")-$!% <("#% ",(-3-0+B! / #%!-(*%0%< 7-($": #-!%001(=** 

$%*&"0-- ,("'!9# ',"'"&"# – ,(+#9# ",(-3-0-$*-# *; (%'!/"(% $%/-'.* 

%$%0*;*(1-#"=" #%!-(*%0% ' %!"#*;%)*-: / ,0%#-$*.  $%0*!*7-'.*: '*=$%0 

<("#% ;$%7*!-06$" ;%/*'*! "! *"$$"=" '"'!"+$*+ 5!"=" 50-#-$!% / (%'!/"(-. 

J ,0%#-$* /";31<-%)-!*0-$, "&"=%2-$$"# ="(B7*# =%;"#, 71/'!/*!-06$"'!6 

",(-3-0-$*+ <("#% / (%'!/"(%<, '"3-(?%2*< Cr(III), /98-, 7-# / (%'!/"(%<, 

'"3-(?%2*< Cr(VI). J '!-<*"#-!(*7-'.*< ,0%#-$%< !%."=" (%;0*7*+ $- 

$%&0B3%-!'+. J ,0%#-$* /";31<-%)-!*0-$ ,(* (%'<"3- %)-!*0-$% &"0--      

1,7 0/#*$ '*=$%0 <("#% (%'!-! / (+31 '"-3*$-$*: (NH4)2CrO4 < K2Cr2O7 < 

CrCl3 < K2CrO4. 4(* (%'<"3- %)-!*0-$% #-$-- 1,7 0/#*$ '*=$%0 <("#% 30+ 

/'-< 5!*< '"-3*$-$*: "3*$%."/. S%;0*7*+ / 71/'!/*!-06$"'!* 1'!(%$+B!'+ 

//-3-$*-# 0,02 H (%'!/"(% <0"(*3% %##"$*+. N$!-(-'$", 7!" !%."=" 

(%;0*7*+ / ,"/-3-$** $- $%&0B3%-!'+ / '017%- ?-0-;% (II) * (III), % 30+ 

#%(=%$)% "$" /9(%?-$" ="(%;3" '0%&--. 

L%(%.!-( #-8%B2-=" /0*+$*+ ?-0-;%, #%(=%$)% * $*.-0+ ;%/*'*! 

!%.?- "! '!-,-$* ".*'0-$*+ <("#%. W-0-;" 1#-$68%-! '*=$%0 Cr(III), $" 

1/-0*7*/%-! '*=$%0 Cr(VI). H%(=%$-) * $*.-06 !%.?- 1#-$68%B! '*=$%0 

<("#% (III), $" $-;$%7*!-06$" 1/-0*7*/%B! '*=$%0 <("#% (VI). @3$%." 5!* 

/0*+$*+ ,(%.!*7-'.* '"/'-# 1'!(%$+B!'+ ,(* *',"06;"/%$** ,0%#-$* N2O-

C2H2. J0*+$*- 1.%;%$$9< .%!*"$"/ #-!%00"/, % !%.?- (+3% 3(1=*< #-!%00"/ 

#"?$" "&C+'$*!6 ."$.1(-$)*-: *< ' <("#"# / "&(%;"/%$** '!%&*06$9< 

".'*3"/ / ,0%#-$*. 

P0+ 1#-$68-$*+ /0*+$*+ ?-0-;% $% '*=$%0 <("#% (-."#-$31-!'+ 

*',"06;"/%!6 '"0* .%06)*+ / ."$)-$!(%)** 1-5 #=/#0 / ,(*'1!'!/** 500 

#=/#0 CH3COOH. >"$)-$!(%)*+ .%06)*+(II) 3"0?$% / 5 (%; ,(-/98%!6 

."$)-$!(%)*B ?-0-;%. E%$!%$ * *!!(*: !%.?- '$*?%B! /0*+$*- ?-0-;%, $" 

;$%7*!-06$" '0%&--. J/-3-$*- .%06)*+ 1'!(%$+-! !%.?- 3-,(-''*(1B2-- 

/0*+$*- A"'A"($": .*'0"!9 $% '*=$%0 <("#%. J0*+$*- ?-0-;% 1'!(%$+-!'+ 

!%.?- //-3-$*-# 2 % NH4Cl.  

4(* ",(-3-0-$** <("#% / '!%0+< (-."#-$3"/%$" 30+ 1'!(%$-$*+ 

/0*+$*+ ?-0-;% *',"06;"/%!6 =*3(".'*0%#*$ * 1,10-A-$%$!("0*$. P0+ 

1'!(%$-$*+ /0*+$*+ ?-0-;% * 3(1=*< 50-#-$!"/ (-."#-$3"/%$" //-3-$*- / 

(%'!/"( 0,1 H ,-(<0"(%!% %##"$*+ * &*A!"(*3% %##"$*+. P0+ 1'!(%$-$*+ 

#-8%B2-=" /0*+$*+ .%!*"$"/ * %$*"$"/ ,(* ",(-3-0-$** #%09< ."0*7-'!/ 

<("#% / ,0%#-$* /";31<-%)-!*0-$ ,(-30%=%-!'+ !%.?- //"3*!6 / (%'!/"( 1 % 

Na2SO4, '"&0B3%+ '""!$"8-$*- %)-!*0-$ : /";31< = 10 : 7,5. 

N; #$"=*< "(=%$*7-'.*< (%'!/"(*!-0-: * *< '#-'-:, (%'!/"(*#9< / 

/"3-, !"06." #-!*0"/9: ',*(! 1/-0*7*/%-! '*=$%0 <("#% ," '(%/$-$*B '    

0,5 H (%'!/"("# HCl. N; $-"(=%$*7-'.*< (%'!/"(*!-0-: #%.'*#%06$9: 

'*=$%0 $%&0B3%-!'+ / (%'!/"(%< <("#% (III) / HClO4, % #*$*#%06$9: – / 

H2SO4. J ,0%#-$* N2O-C2H2 #-8%B2-- /0*+$*- '",1!'!/1B2*< 50-#-$!"/ 
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$% '*=$%0 <("#% '.%;9/%-!'+ ="(%;3" #-$68-, 7-# / ,0%#-$* /";31<-

%)-!*0-$. K%., ,(* ",(-3-0-$** <("#% / 1=0-("3*'!9< * $*;."0-=*("/%$$9< 

'!%0+< $%/-'.1 '!%0* #%''": 2 = (%'!/"(+B! / 40 #0 HCl (1:1), ".*'0+B! 

%;"!$": .*'0"!":, /9,%(*/%B! 30+ 13%0-$*+ ".'*3"/ %;"!%, "<0%?3%B! * 

(%;&%/0+B! /"3": 3" 100 #0. N; 5!"=" (%'!/"(% ",(-3-0+B! <("# / ,0%#-$* 

N2O-C2H2 ,(* '"3-(?%$** -=" #-$-- 0,12 #%'.%. 4(* ",(-3-0-$** 0,12-1,2 

#%'.% Cr / '!%0+< %0*./"!$1B 7%'!6 (%'!/"(% 5 #0 (%;&%/0+B! / 10 (%;. 

Q(%31*("/"7$9: =(%A*. '!("+! ," '!%$3%(!$9# (%'!/"(%#, *#*!*(1B2*# 

<*#*7-'.*: '"'!%/ %$%0*;*(1-#9< "&(%;)"/, *0* #-!"3"# 3"&%/".. 

G*$. ",(-3-0+B! %!"#$"-%&'"(&)*"$$9# #-!"3"# "! 10
–5

 #%'.% * 

/98-. J (+3- '017%-/ $*?$*: ,(-3-0 "&$%(1?-$*+ )*$.%, "'"&-$$" 30+ 

#-!"3% 50-.!("!-(#*7-'.": %!"#*;%)**, "=(%$*7*/%-!'+ /-0*7*$": 

<"0"'!"=" ",9!%. I%*&"0-- 7%'!" 30+ ",(-3-0-$*+ )*$.% *',"06;1B! 

".*'0*!-06$"- ,0%#+ C2H2-/";31<. 4(*$+!" '7*!%!6, 7!" $*.%.*< ;%#-!$9< 

,"#-< ,(* ",(-3-0-$** )*$.% $- "!#-7%-!'+. I%&0B3%-!'+ $-."!"("- 

3-,(-''*(1B2-- /0*+$*- .(-#$*+, $" -=" /0*+$*- 1'!(%$+-!'+ 3"&%/0-$*-# 

'"0-: .%06)*+ *0* 0%$!%$%. P"&%/0-$*- #*$-(%06$9< .*'0"! . (%'!/"(1 

)*$.% 1#-$68%-!, % 3"&%/0-$*- "(=%$*7-'.*< #"$".%(&"$"/9< 

%0*A%!*7-'.*< .*'0"! 1/-0*7*/%-! '*=$%0 )*$.%. J ,(*'1!'!/** HCl, HNO3, 

HClO4 * H2SO4 '*=$%0 )*$.% 1#-$68%-!'+ $% 10-30 %. 4(*#-($" !%."- ?- 

/0*+$*- ".%;9/%-! ,(*'1!'!/*- / (%'!/"(- 3" 50 #.=/#0 Al, Mo, Mn, Cu * P 

(.%?3"="). I%0*7*- / (%'!/"(- 5 #=/#0 La ;$%7*!-06$" 1#-$68%-!, % 2,5 

#=/#0 Ca ,"7!* ,"0$"'!6B 1'!(%$+-! /0*+$*+ 5!*< 50-#-$!"/, ;% 

*'.0B7-$*-# #-3*. 4(* ",(-3-0-$** 1,5 #.=/#0 Zn -=" '*=$%0 '$*?%-!'+ / 

,(*'1!'!/** 10-.(%!$9< ."0*7-'!/ Na * Fe, $" 3%06$-:8-- 1/-0*7-$*- 

."$)-$!(%)** 5!*< 50-#-$!"/ ,"7!* $- /0*+-! $% (-;106!%!9 *;#-(-$*:. 

J#-'!- ' !-# '0-31-! '7*!%!6'+ ' #-8%B2*# /0*+$*-# ?-0-;% ,(* 

",(-3-0-$** )*$.% / ?-0-;"'"3-(?%2*< #%!-(*%0%<. U!" /0*+$*- 

"&C+'$+B! ,"=0"2-$*-# 0*$** ?-0-;% ,(* 30*$- /"0$9 213,86 $#, 7!" 

,(*/"3*! . ;%/98-$*B (-;106!%!"/ ," )*$.1. 

4(* ",(-3-0-$** )*$.% / ,(*'1!'!/** &"068*< ."0*7-'!/ ?-0-;%, 

<("#% * $*.-0+ *; '"0+$".*'09< (%'!/"("/ / ,0%#-$* /";31<-%)-!*0-$ 

,(-3-0 "&$%(1?-$*+ '"'!%/0+-! 10
–4

 #%'.%. I%/-'.1 '!%0* #%''": 1 = 

(%'!/"(+B! / 20 #0 HCl (1:1) * (%'!/"( (%;&%/0+B! /"3": 3" 100 #0. 

Q(%31*("/"7$9- (%'!/"(9 ="!"/+! ," 7*'!": '"0* )*$.% ' 3"&%/0-$*-# 

!%."=" ?- ."0*7-'!/% ?-0-;%, ."!"("- '"3-(?*!'+ / ,("&-. 

D$*?-$*- ,(-3-0% "&$%(1?-$*+ 3"'!*=%-!'+ ' ,(-3/%(*!-06$9# 

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

"!3-0-$*-#, *',"06;"/%$*-# 50-.!("!-(#*7-'.*< %!"#*;%!"("/. 

H%.'*#%06$" 3",1'!*#%+ !-#,-(%!1(% ,*("0*;% 30+ )*$.% – 600 
"
D, / 

,(*'1!'!/** #"3*A*.%!"("/ "$% #"?-! &9!6 1/-0*7-$% 3" 1000 
"
C.  
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6.4.3. .#$/0-01*&( +()$##& 

P0+ ",(-3-0-$*+ &0%="("3$9< #-!%00"/ 8*("." *',"06;1B! 

(%;0*7$9- <*#*7-'.*- * *$'!(1#-$!%06$9- #-!"39 %$%0*;%. 4(* 

'"3-(?%$** &0%="("3$9< #-!%00"/ "! 3-'+!9< 3"0-: 3" 3-'+!."/ ,(")-$!"/ 

"&97$" *',"06;1B! =(%/*#-!(*7-'.*- * !*!(*#-!(*7-'.*- #-!"39. P0+ 

",(-3-0-$*+ $*;.*< ."$)-$!(%)*: &0%="("3$9< #-!%00"/ *',"06;1B! 

A"!"#-!(*7-'.*-, 50-.!("<*#*7-'.*-, (%3*"%.!*/%)*"$$9- * ',-.!(%06$9- 

#-!"39.  !"#$"-%&'"(&)*"$$%+ ',-.!("'.",*+ ,";/"0+-! ",(-3-0+!6 

&0%="("3$9- #-!%009 / "7-$6 8*("."# 3*%,%;"$- ."$)-$!(%)*: "! 10
–6

 

#%'.% 3" 3-'+!."/ ,(")-$!"/. 4" /-0*7*$- ,"=(-8$"'!* ",(-3-0-$*+ 

&"068*< ."$)-$!(%)*: &0%="("3$9< #-!%00"/ %!"#$"-%&'"(&)*"$$9- 

#-!"39 1'!1,%B! =(%/*#-!(*7-'.*# * !*!(*#-!(*7-'.*#. @3$%." 

=(%/*#-!(*7-'.*- #-!"39 #%0"',-)*A*7$9 30+ ,0%!*$"/9< #-!%00"/, * *< 

,(*#-$-$*- !(-&1-! ,(-3/%(*!-06$"=" <*#*7-'."=" (%;3-0-$*+ 

",(-3-0+-#9< ."#,"$-$!"/. F"068*$'!/" !*!(*#-!(*7-'.*< #-!"3"/ <"!+ * 

+/0+-!'+ 3"/"06$" ',-)*A*7$9# 30+ &0%="("3$9< #-!%00"/, $" "$*, .%. 

,(%/*0", .(*!*7$9 . 1'0"/*+# ,("/-3-$*+ %$%0*;%. 4(*#-$-$*- 

',-.!("A"!"#-!(*7-'.*< #-!"3"/ '/+;%$" '" '0"?$9#* '<-#%#* /93-0-$*+ 

",(-3-0+-#9< 50-#-$!"/, 7!" 3-0%-! *< !(13"-#.*#* * 

#%0",("*;/"3*!-06$9#*. U0-.!("<*#*7-'.*- #-!"39 #"=1! ."$.1(*("/%!6 

' %!"#$"-%&'"(&)*"$$9#* !"06." / !-< '017%+<, ."=3% $- !(-&1-!'+ 

,(-3/%(*!-06$"=" (%;3-0-$*+ * ."$)-$!(*("/%$*+ ",(-3-0+-#9< 50-#-$!"/. 

J (%3*"<*#*7-'.*< #-!"3%< $-*;&-?$" *',"06;"/%$*- '0"?$"=" 

3"("="'!"+2-=" "&"(13"/%$*+, *, .("#- !"=", ",(-3-0-$*- !%.*< 50-#-$!"/, 

.%. ("3*:, (1!-$*:, "'#*:, ,%00%3*:, ,0%!*$%, !(-&1-! *< ,(-3/%(*!-06$"=" 

/93-0-$*+ * (%3*"<*#*7-'.": "7*'!.*. U#*''*"$$9- ',-.!(%06$9- #-!"39 

;$%7*!-06$" 1'!1,%B! %!"#$"-%&'"(&)*"$$9# ," ,(-3-0%# "&$%(1?-$*+ 

&0%="("3$9< #-!%00"/ * /"',("*;/"3*#"'!* (-;106!%!"/ %$%0*;%.  !"#$"-

%&'"(&)*"$$"- ",(-3-0-$*- &0%="("3$9< #-!%00"/ ",*'%$" / #"$"=(%A*+<, 

'!%$3%(!%< * 3(. I%*&"0-- ,"3("&$" *$A"(#%)*+ ,(-3'!%/0-$% / 

#"$"=(%A** N.Q Z3-0-/*7% , O. . D!%()-/":. 

 !"#$"-%&'"(&)*"$$9: %$%0*; ' 1',-<"# ,(*#-$+-!'+ 30+ 

",(-3-0-$*+ 25 ,(*#-'$9< 50-#-$!"/ / &0%="("3$9< #-!%00%<, *< ',0%/%< * 

'"-3*$-$*+<, '"3-(?%$*- ."!"(9< / ;%/*'*#"'!* "! "&C-.!% %$%0*;% 

/%(6*(1-!'+ / 8*("."# 3*%,%;"$- ."$)-$!(%)*: – "! n"10
–6

 #%'.% 3" 

$-'."06.*< ,(")-$!"/. D%#9- $*;.*- ,(-3-09 "&$%(1?-$*+ ,(* ,0%#-$$"# 

#-!"3- %!"#*;%)** ,"017-$9 30+ Mn, Cd, Cu – $% 1("/$- 10
–7

 #%'.%; 30+ Pt, 

Al, Se – "$* $% ,"0!"(% ,"(+3.% /98-. 4"=(-8$"'!6 ",(-3-0-$*+, .%. 

,(%/*0", $- ,(-/98%-! 0,1. J ;%/*'*#"'!* "! $%&"(% ",(-3-0+-#9< 

50-#-$!"/ * *< '"3-(?%$*: %$%0*; ,("/"3*!'+ 0*&" ,(+#9# #-!"3"#, 0*&" 

,"'0- ,(-3/%(*!-06$"=" ."$)-$!(*("/%$*+ ,(*#-'$9< 50-#-$!"/. 

4"'0-3$-- '$*?%-! ,(-3-09 "&$%(1?-$*+, 1'!(%$+-! ,"#-<* '" 

'!"("$9 #%.("."#,"$-$!"/, "&-',-7*/%+ 1/-0*7-$*- /"',("*;/"3*#"'!* * 
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,(%/*06$"'!* ",(-3-0-$*+. >"$)-$!(*("/%!6 #*.("50-#-$!9 #"?$" 3/1#+ 

',"'"&%#* - $-,"'(-3'!/-$$9# *0* ."'/-$$9#. 4-(/9: ',"'"& 

,(-31'#%!(*/%-! *;&*(%!-06$"- *;/0-7-$*- "!3-06$9< 50-#-$!"/ *0* 

=(1,,"/"- *;/0-7-$*- &0*;.*< ," '/":'!/%# 50-#-$!"/. 4" /!"("#1 ',"'"&1 

."$)-$!(*("/%$*- ,("/"3*!'+ ;% '7-! "!3-0-$*+ #%.(""'$"/9. J "!3-06$9< 

'017%+< 30+ ,"/98-$*+ ."5AA*)*-$!% ."$)-$!(*("/%$*+ )-0-'""&(%;$" 

'"7-!%!6 "&% ',"'"&%. 4"3%/0+B2-- 7*'0" %!"#$"-%&'"(&)*"$$9< #-!"3"/ 

(%;(%&"!%$" 30+ %$%0*;% ;"0"!% * '-(-&(%. 

J ;"0"!- ,(+#9# #-!"3"# ",(-3-0+B! Cu, Fe, Ag, In, Pb, Ni, Co, Pt, 

Pd, Rh, Se, Te, Zn, Mn, Sb, Mg, Ca, Ga / 3*%,%;"$- ."$)-$!(%)*: n"10
–4

 –       

2 #%'.%. P0+ 1'!(%$-$*+ /;%*#$9< /0*+$*:, '$*?-$*+ #%!(*7$"=" 5AA-.!% 

8*("." *',"06;1-!'+ ,(*-# &1A-(*("/%$*+. N',"06;1B!'+ &1A-(9 CuSO4 

(0,5 %), CuSO4 + CdSO4 (," 0,5 %), LaCl3 (0,2 %), LiClO4 (0,06 %), Li2SO4 (0,5 

%), La(NO3)3 (1 %), Nd(NO3)3 (1 %), Na2SO4 + CuSO4 (," 1 %) * 3(1=*-. P0+ 

1#-$68-$*+ <%(%.!-(*'!*7-'.*< ."$)-$!(%)*: ",(-3-0+-#9< 50-#-$!"/ / 

%$%0*;*(1-#9- (%'!/"(9 //"3+! "(=%$*7-'.*- (%'!/"(*!-0* 5!%$"0 (30 

"&.%), *;"&1!*0"/9: ',*(! (50 "&.%), #-!%$"0 (40 "&.%) * 3(1=*-. 

 !"#$"-%&'"(&)*"$$"- ",(-3-0-$*- #*.(",(*#-'-:, '"3-(?%2*<'+ 

/ %$%0*;*(1-#9< ,("&%< $% 1("/$- 10
–5

 – 10
–6

 #%'.%, ,("/"3+! ,"'0- 

,(-3/%(*!-06$"=" ."$)-$!(*("/%$*+. J %$%0*;- ;"0"!% * -=" ',0%/"/ 

(%',("'!(%$-$" ."'/-$$"- ."$)-$!(*("/%$*-. @!3-0-$*- ;"0"!% $%*&"0-- 

5AA-.!*/$" ,("/"3*!6 ' ,"#"26B 5.'!(%.)** *0* "'%?3-$*+ -=" *; 

(%'!/"("/ ;% '7-! /"''!%$"/0-$*+ 3" #-!%00%. P0+ 5.'!(%.)*"$$"=" 

"!3-0-$*+ #*.("."0*7-'!/ ;"0"!% / %!"#$"-%&'"(&)*"$$"# %$%0*;- 

,(*#-$+B!'+ #-!"39 ."$)-$!(*("/%$*+: 5.'!(%.)*+ -=" *; '"0+$".*'09< 

(%'!/"("/ 3*5!*0"/9# 5A*("#, <0"(-.'"#, '#-'6B #-!*0*;"&1!*0.-!"$% * 

*;"%#*0%)-!%!%, "(=%$*7-'.*#* '106A*3%#*. 4(-3,"7!-$*- '0-31-! 

"!3%/%!6 "(=%$*7-'.*# '106A*3%# .%. /9'"."'-0-.!*/$9# 5.'!(%=-$!%# ' 

&"068": -#."'!6B ," ;"0"!1, ,";/"0+B2*# $-&"068*# "&C-#"# 

5.'!(%=-$!% * #*$*#%06$9# 7*'0"# ",-(%)*: 5.'!(%.)** 3"'!*=%!6 /9'".*< 

."5AA*)*-$!"/ ."$)-$!(*("/%$*+. @3$%." "(=%$*7-'.*- '106A*39 

$-,(*="3$9 ,(* %$%0*;- ;"0"!% $% '"3-(?%$*- ,%00%3*+, ,0%!*$9, '-(-&(%. 

S%;(%&"!%$9 ."#&*$*("/%$$9- #-!"39 ."$)-$!(*("/%$*+, 

'"7-!%B2*- "!3-0-$*- #%.(""'$"/9 ' /93-0-$*-# ",(-3-0+-#9< 50-#-$!"/ 

(%;0*7$9#* #-!"3%#* - *"$""&#-$$": <("#%!"=(%A*-:, 5.'!(%.)*-:. K%.*- 

#-!"39 ,(*#-$+B!'+ ,(* %$%0*;- 50-.!("0*!*7-'."=" ;"0"!% * ;"0"!9< 

',0%/"/. 

D-(-&(" ,(+#9# #-!"3"# ' ,0%#-$$": %!"#*;%)*-: ,("& 

%$%0*;*(1B! $% '"3-(?%$*- Cd, Cu, Zn, Ni, Fe, Pb, Se, Te ' 3*%,%;"$"# 

",(-3-0+-#9< ."$)-$!(%)*: 10
–2

 – 10
–4

 #%'.%.  4(* ."'/-$$"# 

."$)-$!(*("/%$** #%.(""'$"/1 '-(-&(% "!3-0+B! "'%?3-$*-# / /*3- AgCl 

*0* 5.'!(%.)*-: !(-!*7$9# 3"3-)*0#-(.%,!%$"# *0* "(=%$*7-'.*#* 

'106A*3%#*, % !%.?- !-(#*7-'.": 3*''")*%)*-: %;"!$".*'0"=" '-(-&(%, 
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/"''!%$"/0-$*-# '-(-&(% 3" #-!%00%. 4(-3-09 "&$%(1?-$*+ ,(*#-'-: ,(* 

5!"# '"'!%/0+B! 10
–5

 – 10
–7

 #%'.%. 

         P0+ $-,"'(-3'!/-$$"=" ."$)-$!(*("/%$*+ #*.("50-#-$!"/ ,(* %$%0*;- 

'-(-&(% $%80* ,(*#-$-$*- (%;0*7$9- #-!"39 – 5.'!(%.)*+, "'%?3-$*-, 

3*'!*00+)*+. U.'!(%.)*-: 3*".!*0'106A".'*3"#  /93-0+B! *; 

%;"!$".*'09< (%'!/"("/ Pd, #-!*0*;"&1!*0.-!"$"# 5.'!(%=*(1B! ,%00%3*: 

/ /*3- 3*5!*03*!*".%(&%#*$%!%. P*'!*00+)*+ *; <0"($".*'09< (%'!/"("/ 

,("/"3*!'+ 30+ '-0-.!*/$"=" /93-0-$*+ "'#*+ * (1!-$*+. D"(&)*-: $% 

%.!*/*("/%$$"# 1=0- / /*3- <-0%!"/ ' .'*0-$"0"/9# "(%$?-/9# 

."$)-$!(*(1B! Co, Cu, Fe, In, Pb, Bi. D""'%?3-$*-# ' =*3(".'*3%#* 

#%(=%$)%, )*$.%, ?-0-;% *0* 0%$!%$% /93-0+B! Cu, Pb, Fe, Zn, Au, Mg, Bi, Cr, 

Te, Mn, Ni, Sb. 4(* %$%0*;- 7*'!"=" '-(-&(% ,(-30"?-$" ,("/"3*!6 

."#&*$*("/%$$"- ."$)-$!(*("/%$*- – '&("' #%.(""'$"/9 5.'!(%.)*-: 

!(-!*7$9# 3"3-)*0#-(.%,!%$"# * 5.'!(%.)*"$$"- /93-0-$*- Zn, Bi, Te, Sb 

3*&1!*0!*"A"'A"($": .*'0"!":. 

4(*("3$1B ,0%!*$1 %$%0*;*(1B! %!"#$"-%&'"(&)*"$$9# #-!"3"# 

$% '"3-(?%$*- Ru, Rh, Pd, Ag, Os, Ir, Au. S1!-$*: * "'#*: ",(-3-0+B! ,"'0- 

3*'!*00+)**, "'!%06$9- ,(*#-'* – ,(+#9# #-!"3"# $% A"$- &1A-(% CuSO4 

+ CdSO4. 

Q"'13%('!/-$$9: '!%$3%(! R.(%*$9 PDKR 2897-94 «E"# * "!<"39 

3(%=")-$$9< #-!%00"/ * ',0%/"/» 1'!%$%/0*/%-! (+3 #-!"3*. ,0%#-$$"=" 

%!"#$"-%&'"(&)*"$$"=" ",(-3-0-$*+ &0%="("3$9< #-!%00"/. @!<"39 

',0%/"/ $% "'$"/- ?-0-;% (,90*, 80%.*, 80%#9) (%'!/"(+B! / '#-'* 

."$)-$!(*("/%$$9< <0"("/"3"("3$": * %;"!$": .*'0"! * ",(-3-0+B! 

'-(-&(" (0,005 - 0,10 #%'.%), ;"0"!" (0,01 – 0,2 #%'.%), ,%00%3*: (0,01 –       

0,2 #%'.%), ,0%!*$1 (0,1 – 0,8 #%'.%). 

 J "!<"3%< (1!-$*:-%0B#*$*-/9< * (1!-$*:-?-0-;$9< .%!%0*;%!"("/ 

",(-3-0+B! "! 4 3" 40 #%'.% (1!-$*+ ,"'0- ',0%/0-$*+ ,("&9 '" '#-'6B 

,-(".'*3% $%!(*+ * =*3(".'*3% $%!(*+ * /92-0%7*/%$*+ <0"("/"3"("3$": 

.*'0"!":. J0*+$*- %0B#*$*+ * ?-0-;% 1'!(%$+B! 3"&%/0-$*-# (%'!/"(% 

$*!(%!% 0%$!%$%. J #-3$"-$*.-0-/9< 80%#%< ",(-3-0+B! "! 0,01 3" 0,1 

#%'.% ("3*+. 4("&9 (%'!/"(+B! / '#-'* %;"!$": * A!"("/"3"("3$": .*'0"!, 

(%'!/"( 1,%(*/%B!, '1<": "'!%!". ',0%/0+B! ' ,-(".'*3"# $%!(*+, ,0%/ 

/92-0%7*/%B! /"3":, ,"3.*'0+B! <0"("/"3"("3$": .*'0"!":. 

 J "!(%&"!%$$9< %0B#",%00%3*-/9< .%!%0*;%!"(%< ",(-3-0+B! "! 0,1 

3" 0,5 % ,%00%3*+ ,"'0- (%'!/"(-$*+ ,("& / '#-'* <0"("/"3"("3$": * 

%;"!$": .*'0"! (3:1). J !%&0. 6.15 ,(-3'!%/0-$9 1'0"/*+ %!"#$"-

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

<%(%.!-(*'!*.* "!3-06$9< #-!"3*. ",(-3-0-$*+ &0%="("3$9< #-!%00"/ / *< 

',0%/%<, ."$)-$!(%!%<, 0"#- * "!<"3%<. 
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K%&0*)% 6.15 - @,(-3-0-$*- &0%="("3$9< #-!%00"/ / *< ',0%/%<, 

."$)-$!(%!%<, 0"#-, "!<"3%< 

@,(-3--

0+-#9: 

50-#-$! 

@&C-.! 

%$%0*;% 

R'0"/*- ",(-3-0-$*+, 

 ,("&","3="!"/.% 

4(-3-0 

"&$%(1?-$*+, 

*$!-(/%0 

",(-3-0+-#9< 

."$)-$!(%)*: 

@!$"'*-

!-06$"- 

'!%$3%-

(!$"- 

"!.0"$--

$*- 

B/-0*($9- 

',0%/9 

S%'!/"(-$*- / HCl +HNO3 (3:1) 

4(+#"- ",(-3-0-$*- *; (%'!/"(% 

(,0%#+ %)-!*0-$-/";31<) 

0,1 #%'.% 0,002 

%#%06=%#% @!3-0-$*- Hg (%'!/"(-$*-# / 

HNO3. S%'!/"(-$*- Au / HNO3 + 

HClO4 *0* HCl + HNO3. 4(+#"- 

",(-3-0-$*- *; (%'!/"(% (,0%#+ 

,(",%$-/";31<) 

1"10
–6

 = # 0,25 

@!3-0-$*- Ag (%'!/"(-$*-# / 

HNO3. S%'!/"(-$*- Au / HCl + 

HNO3 (3:1). @,(-3-0-$*- *; 

(%'!/"(% HCl (,0%#+ ,(",%$-

/";31<) 

5"10
–4 

– 1"10
–6

 

#%'.% 

0,055 – 

0,15 

@,(-3-0-$*- $% A"$- &1A-(% 

LaCl3 (1 %) (,0%#+ %)-!*0-$-

/";31<) 

1,0 #.=/#0
 

# 0,10 

'-(-&(+$9- 

."("06.* 

@,(-3-0-$*- *; (%'!/"(% KCN 

(2 %) (,0%#+ %)-!*0-$-/";31<) 
5"10

–6
 #%'.% 0,02 

'-(-&(" @!3-0-$*- Ag / /*3- AgCl. 

@,(-3-0-$*- Au $% A"$- &1A-(% 

CuSO4 + CdSO4 (," 0,5 %) 

(,0%#+ %)-!*0-$-/";31<) 

1"10
–4 
#%'.% # 0,10 

,0%!*$"/9-, 

*(*3*-/9- 

."$)-$!(%!9 

J/-3-$*- / %$%0*;*(1-#9: 

(%'!/"( #-!%$"0% (40 % "&.) 30+ 

'$*?-$*+ ,(-3-0% "&$%(1?-$*+ 

(,0%#+ ,(",%$-&1!%$-/";31<) 

0,1 #.=/#0 0,006 – 

0,06 

Au  

242,8 $# 

"!<"39 7-($": 

#-!%001(=** 

(,90*, 80%.*, 

80%#9 ) 

S%'!/"(-$*- / HCl + HNO3 (3:1). 

4(+#"- ",(-3-0-$*-. 

0,01 - 0,2 

#%'.% 

0,15 - 0,4 

."$)-$!(%!9 

;"0"!% *     

#-3* 

S%'!/"(-$*- / KNO3 + HClO4. 

4(+#"- ",(-3-0-$*- *; (%'!/"(%
1"10

–2 
#%'.% # 0,1 

,0%!*$"/9-, 

*(*3*-/9- 

."$)-$!(%!9 

J/-3-$*- / %$%0*;*(1-#9: 

(%'!/"( #-!%$"0% (40 % "&.) 30+ 

'$*?-$*+ ,(-3-0% "&$%(1?-$*+ 

0,02 #.=/#0 0,06 

Ag  

328,1 $# 

*0* 

338,3 $# 

"'#*'!9: 

*(*3*:, 

',-((*0*!, 

,0%!*$% 

,(*("3$%+  

L0"(*("/%$*- ,("&9 / 

,(*'1!'!/** NaCl, (%'!/"(-$*- 

"'!%!.% / HCl + HNO3 (3:1). 

@,(-3-0-$*- $% A"$- &1A-(% 

CuSO4 + CdSO4 .  

0,003 #.=/#0 

0,1 
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(-$*:     

7*'!9: 

S%'!/"(-$*- / H2O2 *0* HNO3. 

@,(-3-0-$*- / 

50-.!("!-(#*7-'."# 

%!"#*;%!"(-. 

9"10
–7 
#%'.% 0,16 

'-(-&(" 

7*'!"- 

@'%?3-$*- AgCl ' ,"#"26B 

NaCl, /;+!"=" / ."0*7-'!/-, 

$-3"'!%!"7$"# 30+ ,"0$"=" 

"'%?3-$*+ AgCl. 4(+#"- 

",(-3-0-$*- "'!%/8-="'+ / 

(%'!/"(- '-(-&(%. 

0,50 #.=/#0 0,02 

 

"!<"39 7-($": 

#-!%001(=** 

(,90*, 80%.*, 

80%#9) 

S%'!/"(-$*- / '#-'* .*'0"! HCl 

+ HNO3 (3:1) 

0,005 – 0,2 

#%'.% 

0,1 – 0,3 

;"0"!9-    

."("06.* 

S%'!/"(-$*- / HCl + HNO3 (3:1). 

@,(-3-0-$*- $% A"$- &1A-(% 

CuSO4 + CdSO4.  

0,8 #.=/#0 0,05 

'-(-&(+$9- 

."("06.* 
S%'!/"(-$*- / HNO3. 

>"'/-$$"- ."$)-$!(*("/%$*- 

"!3-0-$*-# #%.(""'$"/9 / 

/*3- AgCl, ",(-3-0-$*- *; 2 

H HCl. 

5"10
–4 
#%'.% 0,02 

(%'!/"(9, 

'"3-(?%2*- 

."00"*3$9- 

7%'!*)9 Pd 

4(+#"- ",(-3-0-$*- *; 

(%'!/"("/ ," '!%$3%(!$9# 

(%'!/"(%# Pd(II). 

0,5 #.=/#0 0,03 

"!(%&"!%$$9: 

%0B#",%00%3*

-/9: 

.%!%0*;%!"( 

S%'!/"(-$*- / HCl + HNO3 (3:1). 

@,(-3-0-$*- *; 1H (%'!/"("/ 

HCl. 

0,1 – 0,5 #%'.% 0,07 

Pd 

247,6 $# 

244,8 $# 

340,5 $# 

"!<"39 7-($": 

#-!%001(=** 

(,90*, 80%.*, 

80%#9) 

S%'!/"(-$*- / '#-'* .*'0"! HCl 

+ HNO3 (3:1) 

0,01 – 0,2 

#%'.% 

0,15 – 0,4 

',0%/9 

'-(-&(%, 

'-(-&(" 

,(*("3$"-, 

'-(-&(+$9- 

."("06.* 

S%'!/"(-$*- / HNO3. 

@!3-0-$*- #%.(""'$"/9 / 

/*3- AgCl. @,(-3-0-$*- $% 

A"$- &1A-(% CuSO4 + CdSO4 

(," 0,5 %) *0* LaCl3 (1 %) 

1,5"10
–2 
#%'.% 0,04 Pt 

265,9 $# 

306,5 $# 

;"0"!" 

,(*("3$"-, 

;"0"!" 7*'!"- 

S%'!/"(-$*- / HCl + HNO3 

(3:1). @,(-3-0-$*- *; 

(%'!/"("/ $% A"$- &1A-(% 

CuSO4 + CdSO4 (," 0,5 %) *0* 

LaCl3 

1"10
–4 

 – 1"10
–5 

#%'.% 

# 0,10 
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(%'!/"(9 ' 

/9'".*# 

'"3-(?%$*-# 

'"0-: 

@,(-3-0-$*- *; (%'!/"(% 4 % 

'#-'* HCl + HNO3 (3:1) $% 

A"$- &1A-(% UO2(NO3)2 (1 %)  

*0* 

*; (%'!/"(% 20 % HClO4 $% 

A"$- &1A-(% VOCl2 (1 %) 

1"10
–5 
#%'.% 

 

 

 

1"10
–5 
#%'.% 

0,006 

 

 

 

0,014 

 

"!<"39 

7-($": 

#-!%001(=** 

(,90*, 80%.*, 

80%#9) 

S%'!/"(-$*- / HCl + HNO3 

(3:1). @,(-3-0-$*- $% A"$- 

&1A-(% La(NO3)3. 

0.1 - 0.8 #%'.% 0.05 – 

0.04 

,0%!*$"/9- 

."$)-$!(%!9 

1. D,-.%$*- ,("&9 ' BaO2, 

(%'!/"(-$*- / HCl. 

>"$)-$!(*("/%$*- "'%?3-$*-# 

!*"#"7-/*$":. 

2. S%'!/"(-$*- / HCl + HNO3 

(3:1) / ,(*'1!'!/** NaHSO4. 

@,(-3-0-$*- $% A"$- &1A-(% 

ZnSO4 (2,6 %). 

3. J/-3-$*- / %$%0*;*(1-#9: 

(%'!/"( #-!%$"0% (40 "&.%) * 

MgSO4 (0,1 %) 30+ '$*?-$*+ 

,(-3-0% "&$%(1?-$*+. 

4.  @,(-3-0-$*- $% A"$- &1A-(% 

Na2SO4 + CuSO4 (," 1 %). 

0,10 #.=/#0 

 

 

0,01 #%'.% 

 

 

 

0,10 #.=/#0 

 

 

0,12 #.=/#0 

0,07 

 

 

0,1 

 

 

 

0,07 

 

 

0,07 

 

'-(-&(", 

;"0"!", 

;"0"!"'-(-&(+-

$9- ',0%/9 

1. S%'!/"(-$*- / HNO3. 4(+#"- 

",(-3-0-$*- *; (%'!/"("/ $% 

A"$- &1A-("/:  

1) CdSO4 (0,5 %) 

2) CuSO4 (0,5 %) 

3) CuSO4 + CdSO4 (," 0,5 %) 

4) LaCl3 

2. >"'/-$$"- ."$)-$!(*("/%$*- 

"!3-0-$*-# #%.(""'$"/9 

5.'!(%.)*-: 3*&1!*0'106A*3"#, 

3*".!*0'106A*3"#. 

1"10
–5 

– 5"10
–6 

#%'.% 

 

 

 

 

 

1"10
–5 

–  1"10
–6 

#%'.% 

<0,10 

 

 

 

 

 

< 0,10 

Rh 

343,5 $# 

#-3$"-

$*.-0-/9- 

80%#9 

S%'!/"(-$*- ,("&9 / '#-'* 

%;"!$": * A!"("/"3"("3$": 

.*'0"!, ' ,-(".'*3"# $%!(*+, 

/92-0%7*/%$*- '"0+$": 

.*'0"!":. @,(-3-0-$*- $% A"$- 

&1A-(% La(NO3)3. 

0,01 – 0,1 

#%'.% 

0.12 – 0.6 

Ir 

208,9 $# 

*0* 

264 $# 

."$)-$!(%!9 

&0%="("3$9< 

#-!%00"/ 

1. D,-.%$*- ,("&9 ' BaO2, 

(%'!/"(-$*- ',-.% / HCl. 

@!3-0-$*- Pt * Pd 

/"''!%$"/0-$*-# ".'*3"# 

1=0-("3%. @,(-3-0-$*- *; 

(%'!/"("/ HCl #-!"3"# 3"&%/".. 

2. S%'!/"(-$*- / HF, ',0%/0-$*- 

"'!%!.% ' Na2O2. S%'!/"(-$*- 

10
–8 

– 

10
–3

 #%'.
 
% 

< 0,1 
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',-.% / HCl * HNO3. 

@,(-3-0-$*- *; (%'!/"("/ HCl 

$% A"$- CuCl2 (0,5 %) + NaCl 

(0,1%). 

3. J/-3-$*- / %$%0*;*(1-#9: 

(%'!/"( #-!%$"0% (40 "&.%) * 

LiNO3 (0,1 %) 

Ru 

349.9 $# 

S1!-$*:- 

%0B#*$*-/9-, 

(1!-$*:-

?-0-;$9- 

.%!%0*;%!"(9 

D,0%/0-$*- ,("&9 '" '#-'6B 

,-(".'*3% $%!(*+ * =*3(".'*3% 

$%!(*+, /92-0%7*/%$*- '"0+$": 

.*'0"!":. @,(-3-0-$*- $% A"$- 

&1A-(% La(NO3)3 

4 – 40 #%'.% 0,08 – 0,2 

6.5. 2- -01*&(   !)03*&( %01& 

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

#-!"3"# ",(-3-0-$*+ #-!%00"/ / /"3%< – ,*!6-/":, !-<$*7-'."=" 

$%;$%7-$*+, '!".%< * !.3. H-!"3*.* %!"#$"-%&'"(&)*"$$"=" ",(-3-0-$*+ 

50-#-$!"/ / /"3%< (%;0*7$"=" !*,% ,(*/-3-$9 / #"$"=(%A*+<, 

Q"'13%('!/-$$9< * #-?31$%("3$9< '!%$3%(!%<: 

1. DUJ. R$*A*)*("/%$$9- #-!"39 *''0-3"/%$*+ .%7-'!/% /"3, 7.1, H., 

1983. 

2. DUJ. R$*A*)*("/%$$9- #-!"39 *''0-3"/%$*+ .%7-'!/% /"3, 7.1, H., 

1987. 

3. H-!"3*7-'.*- 1.%;%$*+ ," <*#*7-'."#1 %$%0*;1 (%',(-'$-$$9< /"3 

#"('.*< 1'!6-/ "&0%'!-: (-. * 5,*."$!*$-$!%06$9< #"(-:.- H.: H@ 

Q*3("#-!-"*;3%!%, 1984. 

4. S1."/"3'!/" ," <*#*7-'."#1 %$%0*;1 ,"/-(<$"'!$9< /"3 '18* / 4"3 (-3. 

 .P.D-#-$"/%.- E.: Q*3("#-!-"*;3%!, 1977. 

H-!"3*.* ," %!"#$"-%&'"(&)*"$$"#1 ",(-3-0-$*B #-!%00"/ / /"3%< 

(%;0*7$"=" !*,% "&"&2-$9 * ,(-3'!%/0-$9 / !%&0. 6.16. 

K%&0*)% 6.16 -  !"#$"-%&'"(&)*"$$"- ",(-3-0-$*- #-!%00"/ / ,(*("3$9< * 

'!"7$9< /"3%< 

H-!%00 I%*#-$"/%$*- #-!"3*.* 

P*%,%;"$ 

",(-3-0+--

#9< 

."$)-$!(%-

)*:, #=/0 

K*, /"3 

X*A( 

#-!"3*.* 

*0* 0*!--

(%!1($9: 

*'!"7$*. 

@,(-3-0-$*- .%0*+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 

,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

0,1-2 

(%;$9- 

!*,9 

[1],  

ND@ 9964-

2 

H-!"3 ,0%#-$$"-A"!"#-!(*7-'."=" 

",(-3-0-$*+ .%0*+ 
> 0,1 

/'- !*,9 [2],  
ND@ 9961-3 

SP 

52.24.56-98 

>%0*: 

40%#-$$"-A"!"#-!(*7-'.*: #-!"3 1,0-20,0 #"('.*- [3] 

>%06)*: @,(-3-0-$*- .%06)*+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 
0,2-7 

(%;$9- 

!*,9 

[1],  

ND@ 7980 
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,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

H%=$*: @,(-3-0-$*- #%=$*+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 

,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

0,02-0,5 

(%;$9- 

!*,9 

[1],  

ND@ 7980 

@,(-3-0-$*- $%!(*+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 

,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 0,003-1 

(%;$9- 

!*,9 

[1], 

ND@ 9964-

1 

    

I%!(*: 

    

@,(-3-0-$*- %0B#*$*+ #-!"3"# %!"#$"-

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

",(-3-0-$*- (%',90-$*-# / ,0%#+ 

5-50 

(%;$9- 

!*,9 

[1],  

ND@ 12020 

 0B#*-

$*: 

 @,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3%#* %!"#$": ',-.!("#-!(** 0,01-0,1 

,*!6-/%+ 

/"3% 

Q@DK 

 S 51309–

99 

@,(-3-0-$*- &%(*+ #-!"3"# %!"#$"-

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

",(-3-0-$*- (%',90-$*-# / ,0%#+ 

1-20 

(%;$9- 

!*,9 

[1] F%(*: 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,01-0,2 

,*!6-/%+ 

/"3% 

Q@DK  

S 51309–99 

@,(-3-0-$*- &-(*00*+ #-!"3"# %!"#$"-

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

",(-3-0-$*- (%',90-$*-# / ,0%#+ 

0,05-2,0 

(%;$9- 

!*,9 

[1] F-(*0-

0*: 

@,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3"# %!"#$": ',-.!("#-!(** 

0,0001-

0,002 

,*!6-/%+ 

/"3% 

Q@DK 

S 51309–99 

 

J%$%3*: 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3%#* %!"#$": 

',-.!("#-!(** 

0,0001-

0,002 

,*!6-/%+ 

/"3% 

[1], Q@DK 

S 51309–99 

H-!"3*7-'.*- 1.%;%$*+ ," %!"#$"-

%&'"(&)*"$$"#1 50-.!("!-(#*7-'."#1 

",(-3-0-$*B !+?-09< #-!%00"/ – 

 

.%3#*+ 

0,00012-

0,002 

'/*$)% 0,002-0,032 

)*$.% 0,0025-0,02 

'-(-&(% 0,0005-

0,004 

#-3* 0,001-0,03 

#%(=%$)% 0,0005-

0,0125 

<("#% 0,001-0,03 

."&%06!% 0,0025-0,04 

$*.-0+ 0,005-0,065 

K+?-09- 

#-!%009 

&-(*00*+ 0,0002-

0,004 

,(*("3-

$9- * 

"7*2-$-

$9- 

'!"7$9- 

/"39 

SP 

52.24.28.–

86 
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I-,0%#-$$9: %!"#$"-%&'"(&)*"$$9: 

#-!"3 ",(-3-0-$*+ 0%&*06$9< * 

(%'!/"(-$$9< A"(#  

.%3#*+ 

 

 

 

>0,0001 

#-3* >0,0001 

'/*$)% >0,0004 

."&%06!% >0,0001 

 

$*.-0+ >0,0001 

#"('.*- SP 

52.10.243. 

92 

I-,0%#-$$9: %!"#$"-%&'"(&)*"$$9: 

#-!"3 ",(-3-0-$*+ "&2-=" '"3-(?%$*+ 

(%'!/"(-$$9< A"(# 

?-0-;% 

 

 

 

0,004-0,020 

#%(=%$)% 0,0004-

0,0095 

<("#% 0,0016-

0,0080 

#"('.*- SP 

52.10.243. 

92 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

.%3#*+ 

 

 

0,0001-

0,001 

'/*$)% 0,001-0,05 

)*$.% 0,001-0,05 

'-(-&(% 0,0005-0,01 

#-3* 0,001-0,05 

#%(=%$)% 0,001-0,05 

<("#% 0,001-0,05 

."&%06!% 0,001-0,05 

$*.-0+ 0,001-0,05 

&-(*00*+ 0,0001-

0,002 

 

?-0-;% 0,04-0,25 

,*!6-/%+ 

/"3% 

Q@DK 

S 51309-99 

@,(-3-0-$*- ?-0-;% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,3-5 

 

0,005-0,1 

(%;$9- 

!*,9 

[1], 

SP 

52.24.36-87 

W-0-;" 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,04-0,25 ,*!6-/%+ 

/"3% 

Q@DK 

15309-99 

@,(-3-0-$*- .%3#*+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,05-2 

 

0,0005-0,01 

(%;$9- 

!*,9 

[1],  

ND@ 5961 

>%3#*: 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,0001-0,01 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 
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@,(-3-0-$*- ."&%06!% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,5-5 

 

0,05-0,1 

(%;$9- 

!*,9 

[1],  

ND@ 8288 

>"&%06! 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

E*!*: H-!"3 ,0%#-$$"-A"!"#-!(*7-'."=" 

",(-3-0-$*+ 0*!*+ 

>0,1 /'- !*,9 [2] 

H-!"3*7-'.*- 1.%;%$*+ ," ",(-3-0-$*B 

'"3-(?%$*+ )*$.%, #-3*, #%(=%$)%, 

?-0-;% / ,(*("3$9< /"3%< %!"#$"-

%&'"(&)*"$$9# #-!"3"# ' %!"#*;%)*-: 

,("&9 / ,0%#-$* 

0,0025-0,05 ,(*("3-

$9- 

SP52.24.81

-89 

@,(-3-0-$*- #%(=%$)% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,1-3 

 

0,01-0,03 

(%;$9- 

!*,9 

[1] 

 

H%(=%-

$-) 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

H-!"3*.% ",(-3-0-$*+ #-3* %!"#$"-

%&'"(&)*"$$9# #-!"3"# 

0,1-0,7 ,(*("3$. 

* '!"7$. 

/"39 

SP 

118.02.4-89 

H-!"3*.% ",(-3-0-$*+ #-3* %!"#$"-

%&'"(&)*"$$9# #-!"3"# / 

,"/-(<$"'!$9< * '!"7$9< /"3%< 

0,1-5,0 ,"/-(<$. 

* '!"7$. 

/"39 

>IP  

211.1.4.032

-95 

H-!"3*7-'.*- 1.%;%$*+ ," ",(-3-0-$*B 

'"3-(?%$*+ )*$.%, #-3*, #%(=%$)%, 

?-0-;% / ,(*("3$9< /"3%< %!"#$"-

%&'"(&)*"$$9# #-!"3"# ' %!"#*;%)*-: 

,("&9 / ,0%#-$* 

0,001-0,05 ,(*("3-

$9- 

SP 

52.24.81-89 

H-36 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

@,(-3-0-$*- #986+.% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,002-0,02 

 

0,005-0,01 

(%;$9- 

!*,9 

[1] H986+. 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,005-0,3 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

H"0*&-

3-$ 

@,(-3-0-$*- #"0*&3-$% #-!"3"# 

%!"#$"-%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

1-40 

 

0,003-0,06 

(%;$9- 

!*,9 

[1] 



 295

 J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,2 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

@,(-3-0-$*- $*.-0+ #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,3-5 

 

0,005-0,1 

/'- !*,9 [1], 

ND@ 8288 

I*.-06 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,05 /"3% 

,*!6-/%+ 

Q@DK 

S 15309-99 

@,(-3-0-$*- "0"/% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

10-300 

 

0,02-0,3 

/'- !*,9 [1] 

H-!"3 $-,0%#-$$": %!"#$": %&'"(&)** 0,000016-

0,00012 

#"('.*- SP 

52.10.243-

92 

@0"/" 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,005-0,02 ,*!6-/%+ 

/"3% 

Q@DK 

S 15309-99 

@,(-3-0-$*- '/*$)% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

1-20 

 

0,005-0,1 

/'- !*,9 [1],  

ND@ 8288 

D/*$-) 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK  

S 15309-99 

@,(-3-0-$*- '-0-$% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ",(-3-0-$*- ," =*3(*3$"#1 #-!"31 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ / 

=(%A*!"/"# %!"#*;%!"(- 

 

 

0,002-0,02 

 

0,005-0,1 

/'- !*,9 [1],  

ND@ 9965  

D-0-$ 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,002-0,05 ,*!6-/%+ 

/"3% 

Q@DK  

S 15309-99 

@,(-3-0-$*- '-(-&(% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,1-4 

 

0,001-0,025 

/'- !*,9 [1] D-(-&(" 

J"3% ,*!6-/%+. @,(-3-0-$*- '"3-(?%$*+ 

50-#-$!"/ #-!"3"# %!"#$": 

',-.!("#-!(** 

0,0005-0,01 ,*!6-/%+ 

/"3% 

Q@DK  

S 15309-99 
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 !"#$"-%&'"(&)*"$$"- ",(-3-0-$*- 

."&%06!%, '/*$)%, .%3#*+, '1(6#9, 

'-(-&(%. 

>0,0001 ".(%8-$. 

* $-".-

(%8-$$9- 

,(*("3-

$9- /"39 

[4] D1(6#% 

@,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3"# %!"#$"-%&'"(&)*"$$": 

',-.!("#-!(** ' 50-.!("!-(#*7-'.": 

%!"#*;%)*-: 

0,005-0,02 /"3% 

,*!6-/%+ 

Q@DK 

S 15309-99 

K*!%$ @,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3"# %!"#$"-%&'"(&)*"$$": 

',-.!("#-!(** ' 50-.!("!-(#*7-'.": 

%!"#*;%)*-: 

0,1-0,5 /"3% 

,*!6-/%+ 

Q@DK  

S 15309-99 

@,(-3-0-$*- <("#% #-!"3"# %!"#$"-

%&'"(&)*"$$": ',-.!("A"!"#-!(**: 

% ,(+#"- ",(-3-0-$*- (%',90-$*-# / 

,0%#+ 

% 50-.!("!-(#*7-'.%+ %!"#*;%)*+ 

 

 

0,5-10 

0,005-0,1 

/'- !*,9 [1],  

ND@ 9174 

L("# 

@,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3"# %!"#$"-%&'"(&)*"$$": 

',-.!("#-!(** ' 50-.!("!-(#*7-'.": 

%!"#*;%)*-: 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK  

S 15309-99 

H-!"3*7-'.*- 1.%;%$*+ ," ",(-3-0-$*B 

'"3-(?%$*+ )*$.%, #-3*, #%(=%$)%, 

?-0-;% / ,(*("3$9< /"3%< %!"#$"-

%&'"(&)*"$$9# #-!"3"# ' %!"#*;%)*-: 

,("&9 / ,0%#-$* 

0,0025-0,05 ,(*("3-

$9- 

SP 

52.24.81-89 

G*$. 

@,(-3-0-$*- '"3-(?%$*+ 50-#-$!"/ 

#-!"3"# %!"#$"-%&'"(&)*"$$": 

',-.!("#-!(** ' 50-.!("!-(#*7-'.": 

%!"#*;%)*-: 

0,001-0,05 ,*!6-/%+ 

/"3% 

Q@DK  

S 15309-99 

S!1!6 F-',0%#-$$"- %!"#$"-%&'"(&)*"$$"- 

",(-3-0-$*- 

0,0001-0,01 (%;$9- 

!*,9 

[1], ND@ 

5666, 

SP 

52.24.30-

86; 

 

D,"'"& ,"3="!"/.* ,("& /"39 / %!"#$"-%&'"(&)*"$$"# #-!"3- 

%$%0*;% ;%/*'*! "! )-0-: ",(-3-0-$*+ * "'"&-$$" "! !*,% /"3. I%*&"0-- 

'0"?$%+ ,("&","3="!"/.% ,("/"3*!'+ 30+ '!"7$9< /"3. D!"7$9- /"39 – 5!" 

/"39, &9/8*- / ,("*;/"3'!/-$$"-&9!"/"# *0* '-06'."<";+:'!/-$$"# 

1,"!(-&0-$**, % !%.?- ,("8-38*- 7-(-; .%.1B-0*&" ;%=(+;$-$$1B 

!-((*!"(*B (,("#980-$$9-, '-06'."<";+:'!/-$$9-, ."##1$%06$"-&9!"/9-, 

0*/$-/9- * !.,. '!".*). J ;%/*'*#"'!* "! ,("*'<"?3-$*+, /*3% * '"'!%/% 

'!"7$9- /"39 ,"3(%;3-0+B!'+ $% !(* .%!-="(**: 

1. F9!"/9- '!"7$9- /"39 – /"39 "! .1<"$6, !1%0-!$9< ."#$%!, 

318-/9<, &%$6, ,(%7-7$9<, '!"0"/9<, &"06$*) * !.,. J &9!"/9< '!"7$9< 

/"3%< "(=%$*7-'.*- /-2-'!/% '"'!%/0+B! $- #-$-- 60 #%'.% '1<"=" "'!%!.%, 

#*$-(%06$9- – 3" 40 #%'.%. 
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2. 4("*;/"3'!/-$$9- '!"7$9- /"39 – /"39, *',"06;"/%$$9- / 

(%;$""&(%;$9< !-<$"0"=*7-'.*< ,(")-''%<, % !%.?- "!.%7*/%-#9- $% 

,"/-(<$"'!6 ;-#0* ,(* 3"&97- ,"0-;$9< *'.",%-#9<. @'$"/$9#* 

*'!"7$*.%#* ,("*;/"3'!/-$$9< '!"7$9< /"3 +/0+B!'+ ,(-3,(*+!*+ 0-=.": 

,("#980-$$"'!* – !-.'!*06$9-, #-<"/9-, ."?-/-$$9-, 

#*.("&*"0"=*7-'.*-, $-A!-,-(-(%&%!9/%B2*-, 8%<!9 * 3(. 

4("*;/"3'!/-$$9- '!"7$9- /"39 '"3-(?%! .*'0"!9, 2-0"7*, '"0* * 3(. 

/-2-'!/%. 

3.  !#"'A-($9- '!"7$9- /"39 – 3"?3-/9- * !%09- /"39, ."!"(9- 

"!/"3+!'+ /#-'!- ' /"3%#*, "&(%;"/%/8*#*'+ ,(* ,"0*/- 10*), /"3": *; 

A"$!%$"/ * 3(-$%?-:. 

 D!"7$9- /"39 ,(-3'!%/0+B! '"&": '0"?$9- =-!-("=-$$9- '#-'*, 

."!"(9- '"3-(?%! /-2-'!/% "(=%$*7-'."=" * #*$-(%06$"=" ,("*'<"?3-$*+, 

$%<"3+2*-'+ / $-(%'!/"(-$$"#, ."00"*3$"# * (%'!/"(-$$"# '"'!"+$*+<. 

I-"7*2-$$9- '!"7$9- /"39 ,(-3'!%/0+B! ;$%7*!-06$1B 1=(";1 ;3"("/6B 

7-0"/-.% * "&*!%!-0-: /"3$": '(-39. D!"7$9- /"39 13%0+B! ' !-((*!"(** 

$%'-0-$$9< #-'! * ,("#980-$$9< ,(-3,(*+!*: '*'!-#%#* .%$%0*;%)*:. 

P0+ *< "&-;;%(%?*/%$*+ * "7*'!.* ,(*#-$+B! (%;0*7$9- #-!"39: 

#-<%$*7-'.*- ("!'!":, 10%/0*/%$*- ,(*#-'-: * 3(.), <*#*7-'.*- 

($-:!(%0*;%)*B, ."%=10+)*B, 5.'!(%=*("/%$*-, 3-;*$A-.)*B * 3(.), 

&*"0"=*7-'.*- (&*"A*06!(9, %5("!-$.* * 3(.). 

K"7$9: '"'!%/ '!"7$9< /"3 3%?- / .%7-'!/-$$"# "!$"8-$** $- 

/'-=3% #"?$" ;%(%$-- ,(-3/*3-!6. 4"'0-3$-- "'"&-$$" ',(%/-30*/" / 

"!$"8-$** '!"7$9< /"3, ,("8-38*< 7-(-; <*#*7-'.1B *0* &*"0"=*7-'.1B 

"7*'!.1. P%?- ,(* ,("'!"# '#-8-$** '!"."/ "! (%;$9< )-<"/ ,(-3,(*+!*+ 

,("*'<"3+! <*#*7-'.*- (-%.)** #-?31 ."#,"$-$!%#* 5!*< '!"."/, 

,(*/"3+2*- . "&(%;"/%$*B $"/9< /-2-'!/. 4(* <0"(*("/%$** '!"."/ 

,"+/0+B!'+ ,("31.!9 ".*'0-$*+ $-"(=%$*7-'.*< * "(=%$*7-'.*< /-2-'!/ * 

*< <0"(,("*;/"3$9-. F*"0"=*7-'.": "7*'!.- ,"3/-(=%B! ,("#980-$$9- 

'!"7$9- /"39, '#-8%$$9- ' <";+:'!/-$$"-&9!"/9#* /"3%#*, * !"=3% / 

"7*2-$$9< /"3%< #"?$" $-(-3." "&$%(1?*!6 '%#9- $-"?*3%$$9- 

"(=%$*7-'.*- '"-3*$-$*+. 4"5!"#1 ,(* ,"+/0-$** $"/"=" /*3% '!"7$9< /"3, 

/";$*.%B2*< $- !"06." ,(* '";3%$** $"/9< ,("*;/"3'!/, $" * ,(* 

/$-3(-$** $"/"=" !-<$"0"=*7-'."=" ,(")-''% * 3%?- ,(* 0B&"# 

'12-'!/-$$"# *;#-$-$** / !-<$"0"=*7-'."# ,(")-''-, !(-&1-!'+ 

,(-3/%(*!-06$"- *''0-3"/%$*-. J #-!"3*.1 ",(-3-0-$*+ !"=" *0* *$"=" 

."#,"$-$!%, .%;%0"'6 &9, <"("8" (%;(%&"!%$$1B * ,"'!"+$$" 

,(*#-$+B21B'+, *$"=3% ,(*<"3*!'+ /$"'*!6 '12-'!/-$$9- *;#-$-$*+, % 

*$"=3% ,"0$"'!6B #-$+!6 #-!"3 <*#*7-'."=" %$%0*;%. 4"3="!"/.1 * %!"#$"-

%&'"(&)*"$$9: %$%0*; '!"7$9< * ,(*("3$9< /"3 ,("/"3+! ," '!%$3%(!$9# 

* 1$*A*)*("/%$$9# #-!"3*.%#. 

@!&"( ,("& ,("/"3+! ," '!%$3%(!%#: 
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1. >IP 211.1.0.009–94 Q[3("'A-(%. J[3&[( ,("& 30+ /*;$%7-$$+ '.0%31 [ 

/0%'!*/"'!-: '![7$*< !% !-<$"0"=[7$*< /"3. @'$"/$[ ,"0"?-$$+.- >., 

1995. 

2. Q@DK 17.1.5.05–85 @<(%$% ,(*("39. Q*3("'A-(%. @&2*- !(-&"/%$*+ . 

"!&"(1 ,("& ,"/-(<$"'!$9< * #"('.*< /"3, 063% * %!#"'A-($9< 

"'%3."/.- H., 1986. 

>%?39:  "&2-,(*$+!9: '!%$3%(!$9: #-!"3 ",(-3-0-$*+ !"=" *0* 

*$"=" 50-#-$!% "&+;%!-06$" 3"0?-$ &9!6 ,("/-(-$ $% !": '!"7$": /"3-, 

."!"(1B ,(*<"3*!'+ %$%0*;*("/%!6 $% 3%$$"# ,(-3,(*+!**. P0+ 5!"=" 

,(*&-=%B! . #-!"31 '!%$3%(!$9< 3"&%/"., #"?$" !%.?- *',"06;"/%!6 

*'.1''!/-$$9- '#-'*, *#*!*(1B2*- '"'!%/ %$%0*;*(1-#": /"39. J'- *"$9 

#-!%00"/, ,(*'1!'!/1B2*- / /"3-, ;% (-3.*# *'.0B7-$*-#, "&(%;1B! 

."#,0-.'9 ' "(=%$*7-'.*#* '"-3*$-$*+#* * %$*"$%#*. 4(*'1!'!/*- 

&"068*< ."0*7-'!/ "(=%$*7-'.*< /-2-'!/, % !%.?- !%.*< %$*"$"/, .%. 

)*%$*3-, A"'A%!-, '*0*.%!-*"$, #"?-! /9;/%!6 ;%!(13$-$*+ ,(* ",(-3-0-$** 

$- !"06." !+?-09< #-!%00"/, $" * 2-0"7$9< * 2-0"7$";-#-06$9< #-!%00"/. 

4"5!"#1 ,(* ",(-3-0-$** #-!%00"/ ,("&1 ,(-3/%(*!-06$" "&(%&%!9/%B!. 

@(=%$*7-'.*- /-2-'!/% 13%0+B! '1<*# *0* #".(9# '?*=%$*-#; 30+ 

13%0-$*+ )*%$*3 – *"$"/ (-."#-$31-!'+ "&(%&%!9/%!6 ,("&1 =*,"<0"(*!"# 

/ 2-0"7$": '(-3-. J $-."!"(9< '017%+< #-8%B2*- /0*+$*+ #"?$" 

1'!(%$*!6 //-3-$*-# ,"3<"3+2*< ',-.!("'.",*7-'.*< &1A-("/. L*#*7-'.*- 

,"#-<* '"'!"+! / !"#, 7!" / ,0%#-$* "&(%;1B!'+ !-(#"'!":.*- '"-3*$-$*+, 

#"0-.109 ."!"(9< $- ,"=0"2%B! *;017-$*-. 4("*'<"3*! !%. $%;9/%-#"- 

«=%8-$*-», * (-;106!%!9 ,"017%B!'+ ;%$*?-$$9#*. U!" $%&0B3%-!'+, 

$%,(*#-(, ,(* ",(-3-0-$** #%=$*+, -'0* ,(*'1!'!/1B! A"'A%!9, % !%.?- 

,(* ",(-3-0-$** #%(=%$)% / ,(*'1!'!/** .(-#$-.*'0"!9. J ,-(/"# '017%- 

;%!(13$-$*- ,(-"3"0-/%-!'+ //-3-$*-# '"0* 0%$!%$%, /" /!"("# '017%- – 

3"&%/0-$*-# '"0* .%06)*+. 

J ,(*("3$9< * '!"7$9< /"3%< 50-#-$!9 $%<"3+!'+ / (%'!/"(-$$"# 

'"'!"+$** * / '"'!%/- /;/-'*. P0+ 5."0"=*7-'.*< * =-"<*#*7-'.*< 

*''0-3"/%$*: /%?$" ;$%!6 $- !"06." "&2-- '"3-(?%$*- 50-#-$!"/, $" * 

."$)-$!(%)** (%'!/"(-$$9< * /;/-8-$$9< A"(#. P0+ "!3-0-$*+ /;/-'* 

"&97$" ,(*#-$+B! #-#&(%$$1B 106!(%A*06!(%)*B /"3, *',"06;1+ A*06!(9 

' 3*%#-!("# ,"( 0,45–1,5 #.#. T%!-# "!3-06$" %$%0*;*(1B! A*06!(%! * 

/;/-'6 $% A*06!(-. I-'#"!(+ $% $-."!"(1B 1'0"/$"'!6 !%."=" (%;3-0-$*+, 

5!"! #-!"3 ,(*#-$+-!'+ /" /'-# #*(-. 

 4"3="!"/.% ,("& /"39 30+ %!"#$"-%&'"(&)*"$$"=" %$%0*;% 3"/"06$" 

,("'!% * ;%/*'*! "! A"(#9 $%<"?3-$*+ ",(-3-0+-#9< #-!%00"/, 

'"3-(?%2*<'+ / /"3-: 

1. 4(* ",(-3-0-$** (%'!/"(-$$9< #-!%00"/, !.-. #-!%00"/ ,("<"3+2*< 

7-(-; #-#&(%$$9: A*06!( 0,45 #.#, ,(")-31(% ,("&","3="!"/.* 

'/"3*!'+ . A*06!("/%$*B /"39 (,(* 5!"# ,-(/1B ,"()*B A*06!(%!% 

,(*#-($" 50 #0 "!&(%'9/%B!) * . ,"3.*'0-$*B A*06!(%!% 3/%?39 

,-(-=$%$$": ."$)-$!(*("/%$$": .*'0"!": (3–5 #0 HNO3 $% 1 0 ,("&9) 
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3" pH 2–3; / 2-0"7$9< *0* '"3-(?%2*< &1A-( ,("&%< #"?-! 

,"!(-&"/%!6'+ 3","0$*!-06$"- ."0*7-'!/" .*'0"!9. 

2. P0+ ",(-3-0-$*+ /;/-8-$$9< A"(# #-!%00"/, !.-. #-!%00"/, 

;%3-(?*/%-#9< A*06!("# 0,45 #.#, ,(")-31(% ,("&","3="!"/.* 

'/"3*!'+ . A*06!("/%$*B ,-(-#-8%$$": ,("&9 ",(-3-0-$$"=" "&C-#% 

* -- /'.(9!*B. P0+ 5!"=" A*06!( ' "'%3."# ,-(-$"'+! / <*#*7-'.*: 

'!%.%$ /#-'!*#"'!6B 250 #0, /$"'+! 3 #0 3/%?39 ,-(-=$%$$": 

."$)-$!(*("/%$$": %;"!$": .*'0"!9, $%.(9/%B! 7%'"/9# '!-.0"# * 

'0-=.% $%=(-/%B!. 4"'0- (%'!/"(-$*+ "'%3.% $% A*06!(- 1/-0*7*/%B! 

!-#,-(%!1(1 * /9,%(*/%B! .*'0"!1 ,"7!* ,"0$"'!6B. 4"'0- 

"<0%?3-$*+ '!%.%$% ",-(%)*B ,"/!"(+B! "3*$ *0* $-'."06." (%; 3" 

,"0$"=" 3*=-(*("/%$*+ "'!%!.% ("$ '!%$"/*!'+ '/-!09#). > '1<"#1 

"'!%!.1 3"&%/0+B! 2 #0 3/%?39 ,-(-=$%$$": <0"("/"3"("3$": 

.*'0"!9 (1:1) * "'!"("?$" $%=(-/%B! 3" (%'!/"(-$*+. 4("&1 

A*06!(1B! 7-(-; A*06!( ' 3*%#-!("# ,"(  0,45 #.#, ","0%'.*/%B! 

<*#*7-'.*: '!%.%$ * 7%'"/"- '!-.0" $-&"068*# ."0*7-'!/"# 

3*'!*00*("/%$$": /"39, ,(",1'.%B! ,("#9/$9- /"39 7-(-; A*06!( * 

"&C-3*$+B! *< ' ,("&":. 4"017-$$1B !%.*# "&(%;"# ,("&1 

(%;&%/0+B! 3*'!*00*("/%$$": /"3": 3" ",(-3-0-$$"=" "&C-#%. 

3. @&2-- '"3-(?%$*- #-!%00"/, '"3-(?%2*<'+ / (%'!/"(-$$"# * 

/;/-8-$$"# /*3-, ",(-3-0+B! .%. '1##1 !-< * 3(1=*< *0* ",(-3-0+B! 

/ $-"!A*06!("/%$$": ,("&- ,"'0- '*06$"=" 3*=-(*("/%$*+, .%. 

",*'%$" / '017%- 2. 

4. P0+ ",(-3-0-$*+ 5.'!(%=*(1-#9< .*'0"!": ,(*#-'-: #-!%00"/ 

%0*./"!$1B 7%'!6 ,-(-#-8%$$": ,("&9 ,"3.*'0+B! 5 #0 3/%?39 

,-(-=$%$$": HCl $% .%?39- 100 #0 ,("&9, $%=(-/%B! (%'!/"( / 

!-7-$*- 15 #*$1! $% /"3+$": &%$- *0* ,0*!.-, "<0%?3%B! * 

A*06!(1B! (0,45 #.#). @&C-# ,"017-$$"=" A*06!(%!% 3"/"3+! 3" 

,-(/"$%7%06$"=" "&C-#% 3*'!*00*("/%$$": /"3":. 

D<-#% ,"3="!"/.* ,("& /"39 ,(* ",(-3-0-$** (%;0*7$9< A"(# 

#-!%00"/ ,(-3'!%/0-$% $% (*'. 6.2. 

P0+ "!3-06$9< 50-#-$!"/ '<-#% ,("&","3="!"/.* #"?-! "!0*7%!6'+ 

"! "&2-,(*$+!":. U!" '/+;%$" ' "'"&-$$"'!+#* <*#*7-'.*< '/":'!/ 5!*< 

50-#-$!"/ – 0-!17-'!6B, 0-=."'!6B /"''!%$"/0-$*+ * !.3. D<-#% 

,("&","3="!"/.* /"39 ,(* ",(-3-0-$** (!1!*, $%,(*#-(, ,(-3'!%/0-$% / 

(%;3-0- 1. 

O'0* $-! /";#"?$"'!* %$%0*;*("/%!6 ,("&9 /"39 '(%;1 ?- ,"'0- "!&"(%, *< 

."$'-(/*(1B!. J !%&0. 6.17 ,(-3'!%/0-$9 ',"'"&9 ."$'-(/*("/%$*+ ,("& 

/"39 ,(* %!"#$"-%&'"(&)*"$$"# ",(-3-0-$** 50-#-$!"/. 
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S*'1$". 6.2 - D<-#% ,"3="!"/.* ,("& /"39 ,(* ",(-3-0-$** 

(%;0*7$9< A"(# #-!%00"/ 

 

 

 

 

 

 

N'<"3$%+ ,("&% /"39 

V*06!("/%$*- 

(0,45 #.#) 

@&(%&"!.% ."$). 

HCl ,(* 

$%=(-/%$** 

@&(%&"!.% ."$). 

HNO3 ,(* 

$%=(-/%$** 

@'%3". V*06!(%! V*06!("/%$*- @'%3".

@'%3". V*06!("/%$*- 

@&(%&"!.% 

."$). 

HNO3 ,(* 

$%=(-/%-

$** 

@&(%&"!.% 

."$). HNO3 

V*06!(%! 

V*06!("/%$*-

V*06!(%! 

@'%3".V*06!(%! 

@,(-3-0-$*- 

(%'!/"(-$$9< 

A"(# 

#-!%00"/ 

D( 

@,(-3-0-$*- 

/;/-8-$$9< 

A"(# 

#-!%00"/ 

D/ 

@,(-3-0-$*- 

5.'!(%=*(1-#9< 

.*'0"!": A"(#  

D5 

@,(-3-0-$*- 

"&2-=" 

'"3-(?%$*+ 

#-!%00"/  

D" 

@&2-- '"3-(?%$*- #-!%00"/ 

D" = D/ + D( 
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K%&0*)% 6.17 - D,"'"&9 ."$'-(/*("/%$*+ * '(".* <(%$-$*+ ,("& /"39 

>"#,"$-$! 
R'0"/*+                

."$'-(/*("/%$*+ 

D(".*    

<(%$-$*+ 

@'"&-$$"'!* "!&"(% * 

<(%$-$*+ 

D"'13 30+ 

<(%$-$*+ 

$- ."$'-(/*("/%!6 
$- &"0-- 2 

7%'"/ 

@!&"( / '"'139, ,("#9!9- 

.*'0"!": 
D, 4 

5 #0 HCl $% 1 0 ,("&9 

(,(* $-"&<"3*#"'!*) 

1 #-'+) K" ?- 
D, 4 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
K" ?- – 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH < 2) 

1 #-'+) 
K" ?- – 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1-2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

5#%0*("/%$$9# /-3("# 

4 

 0B#*$*: 

5 #0 HNO3 $% 10 ,("&9 

3" pH = 3 / "!'1!'!/*- 

*"$"/ CN- 1-2 #-'+)% 

L(%$-$*- $% <"0"3- (3" 4 "D) 

*0* ."$'-(/*("/%$*- / 

,1$.!- "!&"(% ,("&. 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,1 #.# 

D 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– - 

F%(*: 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

K" ?- 
– – 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (pH = 2) 

1#-'+) 
– – 

F-(*00*: 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

 

K" ?-  

– – 

F"( I- ."$'-(/*("/%!6 
– 

@!&"( / '"'139, *; ."!"(9< 

&"( $- /92-0%7*/%-!'+ 
4, D 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

J%$%3*: 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1-2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

5#%0*("/%$$9# /-3("# 

4 

J*'#1! K" ?- K" ?- K" ?- 4 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

J"06A(%# 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2)  

K" ?- 
– – 

25 #0 HNO3 $% 1 0 

,("&9 

1-2 '1!". J";#"?$% %3'"(&)*+ ?-0-;% 

'!-$.%#* '"'13%. 4 *0* FD 

2–4 #0 <0"("A"(#% $% 1 

0 ,("&9 

1 '1!.* 
– – 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1–2 '1!.* 
– – 

W-0-;"  

"&2-- 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1–2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 
4 

 I- ."$'-(/*("/%!6 
I- &"0-- 4 

7%'"/ 

4("&9 $- A*06!("/%!6. 4-(-3 

%$%0*;"# ,("&1 5$-(=*7$" 

/;&"0!%!6 * 3"&%/*!6 2 #0 ."$). 

HCl $% 100 #0 /"39. 

– 
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5 #0 HCl (1:1) $% 1 0 

,("&9 
– 

 J";#"?$% %3'"(&)*+ .%3#*+ 

'!-$.%#* '"'13%  
– 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

3 '1!". K" ?- 
 

>%3#*: 

20 #0 "7*2-$$": 6 H 

HCl $% 1 0 ,("&9 – 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

4 

>%0*: I- ."$'-(/*("/%!6 
4 '1!". 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  
4 

>%06)*: I- ."$'-(/*("/%!6 

2 '1!". 

O'0* / ,("A*06!("/%$$": 

7-(-; A*06!( 0,45 #.# /"3- / 

,-(*"3 <(%$-$*+ /9,%0 

"'%3"., '"3-(?%2*: CaCO3, 

,"'0-3$*: (%'!/"(*!6 / HCl 

– 

20 #0 "7*2-$$": 6H 

HCl $% 1 0 ,("&9 1 #-'+) 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

4 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

>"&%06! 

5 #0 HCl (1:1) $% 1 0 

,("&9 3" pH = 2 

K" ?- 
– – 

>(-#$*: 

('*0*.%!9) 

1 #0 H2SO4 (1:3) $% 1 0 

,("&9 ,(* /9'".": 

."$)-$!(%)** SiO2 

1-3 '1!". – 4 

I- ."$'-(/*("/%!6 I- <(%$*!6 H1!$9- ,("&9 A*06!("/%!6 

7-(-; #-#&(%$$9: A*06!( 

0,45 #.# 

– 

1 #0 H2SO4 (1:3) $% 1 0 

,("&9 *0* "<0%3*!6 3" 

0–3 "D 

1–3 '1!". V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

4 

>(-#$*: 

(%'!/"(-$-

$9: 

1 #0 H2SO4 $% 1 0 

#"('.": /"39 

1–2 '1!". 
– – 

I- ."$'-(/*("/%!6 2 '1!".  FD,4,D H%=$*: 

I- ."$'-(/*("/%!6 P0*!-06$"- 

<(%$-$*- 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

– 

I- ."$'-(/*("/%!6 I- <(%$*!6 @!&"( / '!-.0+$$1B *0* 

,"0*5!*0-$"/1B ,"'131 
– 

5 #0 HNO3 $% 1 0 ,("&9 

1 #-'+) 

J";#"?$" "'%?3-$*- 

=*3(".'*3% #%(=%$)%, -=" 

,"'0-31B2-- ".*'0-$*- * 

%3'"(&)*+ '!-$.%#* '"'13% 

D, 4, FD 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

K" ?- 
– 4 

H%(=%$-) 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1–2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

4 

E*!*: 4"3.*'0+B! 3" pH < 2 1 #-'+) 4"3.*'0-$*- ,";/"0+-! 

",(-3-0*!6 0*!*: *; !": ?- 

,("&9, 7!" * 3(1=*- #-!%009 

4 

H986+. 4"3.*'0+B! 3" pH < 2 1 #-'+) D"0+$1B .*'0"!1 3"&%/0+B!, 

-'0* ,(* %$%0*;- *',"06;1B! 

=*3(*3$1B !-<$"0"=*B 

4 *0* D 

I%!(*: I- ."$'-(/*("/%!6 1 #-'+)  4 

@0"/" @<0%?3-$*- ,("&9  I- ,(*#-$+B! HNO3. O'0* 4 *0* FD 
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*#-B!'+ "0"/""(=%$*7-'.*- 

'"-3*$-$*+, ,("&1 

."$'-(/*(1B! 1.'1'$": 

.*'0"!": 30+ %$%0*;% "&2-=" 

"0"/%.  

S!1!6     

"&2%+ 

4"3.*'0+B! 3" pH < 2 

%;"!$": .*'0"!": * 

3"&%/0+B! 3*<("#%! 

.%0*+ 3" ."$)-$!(%)** 

/ ,("&- 0,05 % 

1 #-'+) D"'13 3"0?-$ &9!6 ,("/-(-$ 

$% "!'1!'!/*- ;%=(+;$-$*: 

FD 

D/*$-) 4"3.*'0+B! HNO3 3" 

pH < 2 

1 #-'+) I- ,(*#-$+B! '-($1B 

.*'0"!1 
4 *0* FD 

5 #0 HNO3 $% 1 0 ,("&9 
1 #-'+) 

J";#"?$% %3'"(&)*+ #-3* 

'!-$.%#* '"'13% 
D, 4 

5–10 #0 HCl (1:1) $% 1 0 

,("&9 

1 #-'+) J";#"?$% %3'"(&)*+ #-3* 

'!-$.%#* '"'13% 
D, 4 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1–2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

4 

20 #0 "7*2-$$": HCl 

(1:1) $% 1 0 ,("&9 
– 

4("&9 "!&*(%!6 / "!3-06$1B 

,"'131, A*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  

0,45 #.#. 

– 

H-36 

2 #0 0-3+$": CH3COOH 

$% 1 0 ,("&9 
– – – 

D-0-$ 5 #0 ."$). HNO3 * 0,5 = 

,-('106A%!% %##"$*+ 

$% 1 0 ,("&9. 

1 #-'+) 

– – 

5 #0 HNO3 $% 1 0 ,("&9 

– 

I- ,(*#-$+B! <0"("/"3"("3-

$1B .*'0"!1. J";#"?$% 

%3'"(&)*+ '!-$%#* &1!90*   

D, 4 

D-(-&(" 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

– 

@!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

4 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 
1 #-'+) –  

D!("$)*: 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

5 #0 HCl (1:1) $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

K*!%$ 

12 #0 <0"("A"(#% * 5 

#0 HNO3 $% 1 0 #"('.": 

/"39 

1–2 #-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

4 

5 #0 HNO3 $% 1 0 

#"('.": /"39 

1–2#-'+)% @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

4 

I- ."$'-(/*("/%!6 I- <(%$*!6 @!&"( ,0%'!#%''"/9# 

&%!"#-!("# *0* 

,"0*5!*0-$"/9# /-3("# 

– 

K+?-09- 

#-!%009 

5 #0 HNO3 $% 1 0 ,("&9 

(3" pH = 3) / "!'1!'!/*- 

*"$"/ CN– 1-2 #-'+)% 

L(%$-$*- $% <"0"3- (3" 4 "D). 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

D 
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5 #0 ."$). HNO3 $% 1 0 

,("&9 
1-2 '1!". – D, 4 

1 #0 ."$). H2SO4 $% 1 0 

,("&9 1-2 '1!". 

V*06!("/%!6 7-(-; 

#-#&(%$$9: A*06!(  0,45 

#.#. 

4 

L("# 

3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1–2 '1!". 
– – 

G*$. 1 #0 ."$). H2SO4 $% 1 0 

,("&9 / "!'1!'!/*- CN– 
1 #-'+) – D, 4 

 3 #0 ."$). HNO3 $% 1 0 

,("&9 (3" pH = 2) 

1 #-'+) 
– – 

D – '"'139 *; '!-.0%; 4 – '"'139 *; ,0%'!*.% (,"0*5!*0-$, !-A0"$, 

,"0*/*$*0<0"(*3); FD – '"'139 *; &"("'*0*.%!$"=" '!-.0%; –  / 0B&9- <*#*7-'.*- 

'"'139. 

 

D"3-(?%$*- #-!%00"/ / /"3%< (-=0%#-$!*(1-!'+ ,(-3-06$" 

3",1'!*#9#* ."$)-$!(%)*+#*. J !%&0. 6.18 ,(*/-3-$9 ,(-3-06$" 

3",1'!*#9- ."$)-$!(%)** #-!%00"/ * *< '"-3*$-$*: 30+ (%;0*7$9< !*,"/ 

/"3. 

 

 

 

K%&0*)% 6.18 - 4(-3-06$" 3",1'!*#9- ."$)-$!(%)** $-."!"(9< /(-3$9< 

/-2-'!/ / /"3%< 
4(-3-06$" 3",1'!*#%+ ."$)-$!(%)*+ 

(#=/0) / /"3- /"3$9< "&C-.!"/ 

<";+:'!/-$$"-,*!6-/"=" * 

.106!1($"-&9!"/"=" 

$%;$%7-$*+ 

I%*#-$"/%$*-    

."#,"$-$!% 

E*#*!*(1B2*:      

,".%;%!-06 

$"(#%!*/ 

J@T 
D%$4*$ 

(9&"<";+:-

'!/-$$"=" 

$%;$%7-$*+ 

D%$4*$ 

%0B#*$*: "(=%$"0-,!*7-'.*: 0,2  0,08 

%0B#*$*+             

".'*<0"(*3 

"(=%$"0-,!*7-'.*: 
 1,5 

 

&%(*: '%$*!%($"-

!".'*."0"=*7-'.*: 
0,7 0,1 

 

&-(*00*: '%$*!%($"-

!".'*."0"=*7-'.*: 

$-! $%3-?$9< 

3%$$9< 30+ 

1'!%$"/0-$*+ 

$"(#%!*/% 

0,0002 

 

&"( '%$*!%($"-

!".'*."0"=*7-'.*: 
0,3 0,5 

 

/%$%3*: (V) '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,1 

 

/*'#1! '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,5 

 

/"06A(%# '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,05 

 

?-0-;" "(=%$"0-,!*7-'.*: 0,3 0,5 0,1 

.%3#*: '%$*!%($"- 0,003 0,001 0,05 
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!".'*."0"=*7-'.*: 

."&%06! '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,1 0,01 

.(-#$*: '%$*!%($"-

!".'*."0"=*7-'.*: 
– 10,0 

 

'*0*.%!  $%!(*+     

," SiO3
2–

 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– 50,0 

 

0*!*: '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,003 

 

'%$*!%($"-

!".'*."0"=*7-'.*: 
0,5 – 0,01 

#%(=%$-) 

"(=%$"0-,!*7-'.*: 0,1 –  

'%$*!%($"-

!".'*."0"=*7-'.*: 
2,0  0,001 

#-36 

"(=%$"0-,!*7-'.*: 1,0 1,0  

$%!(*: "(=%$"0-,!*7-'.*: 200   

#"0*&3-$ '%$*!%($"-

!".'*."0"=*7-'.*: 
0,07 0,25 

 

#986+. (*'.0B7%+ 

"(=%$*7-'.*- '"-3*$-$*+)

'%$*!%($"-

!".'*."0"=*7-'.*: 
0,01 0,05 

 

$*.-06 '%$*!%($"-

!".'*."0"=*7-'.*: 
0,02 0,1 0,1 

$*"&*:  '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,01 

 

"0"/":     

3*&1!*03*%1(%!-

"0"/" 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,01 

 

3*&1!*0"0"/"".'*3 '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,004 

 

3**;"&1!*0#%0-%! 

3*".!*0"0"/% 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,02 

 

!(*&1!*0"0"/%     

<0"(*3 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,02 

 

3**;"".!*0!*"=0*-

."0+! 3*&1!*0"0"/% 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,01 

 

!-!(%&1!*0"0"/" '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,002 

 

!-!(%5!*0"0"/" '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,0002 

 

(!1!6 "&2%+ '%$*!%($"-

!".'*."0"=*7-'.*: 
0,001 0,0005 

 

3*5!*0(!1!6 '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,0001 

 

5!*0#-(.1(<0"(*3 '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,0001 

 

'/*$-) '%$*!%($"-

!".'*."0"=*7-'.*: 
0,1 0,03 0,1 

'-0-$ '%$*!%($"-

!".'*."0"=*7-'.*: 
0,01 – 

 

'-0-$ (SeO3
2–

) '%$*!%($"- – 0,001  
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!".'*."0"=*7-'.*: 

'1(6#% '%$*!%($"-

!".'*."0"=*7-'.*: 
0,005 – 

 

'1(6#% (III) '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,1 

 

!%00*: '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,0001 

 

!-001( (II) '%$*!%($"-

!".'*."0"=*7-'.*: 
– 0,01 

 

'%$*!%($"-

!".'*."0"=*7-'.*: 
– – 

 !*!%$ 

"&2-'%$*!%($9: – 0,1  

1(%$ '%$*!%($"-

!".'*."0"=*7-'.*: 
$-! $%3-?$9< 3%$$9< 30+ 1'!%$"/0-$*+ $"(#%!*/% 

A-((")*%$*39 '%$*!%($"-

!".'*."0"=*7-'.*: 
– 1,25 

 

<("# '%$*!%($"-

!".'*."0"=*7-'.*: 
0,05 – 

 

<("# (VI) "(=%$"0-,!*7-'.*: 0,1 – 0.001 

<("#(III) "(=%$"0-,!*7-'.*: 0,5 –  

"&2-'%$*!%($9: – 1,0 0,01 )*$. 

"(=%$"0-,!*7-'.*: 3 –  

4(* $*;.*< ."$)-$!(%)*+< 50-#-$!"/ / /"3%< * $-/";#"?$"'!* *< 

,(+#"=" ",(-3-0-$*+ ,(*#-$+B! '0-31B2*- #-!"39 ."$)-$!(*("/%$*+: 

/9,%(*/%$*-, 5.'!(%.)*B, '"(&)*B, *"$$9: "&#-$, '""'%?3-$*-, 

/9#"(%?*/%$*- * 3(1=*- #-!"39. 

J9,%(*/%$*- /"39 *; ,("&9 – 8*("." (%',("'!(%$-$$9: #-!"3 

,"3="!"/.* . %$%0*;1 ,("& /"39 ' $*;.*# '"3-(?%$*-# /;/-8-$$9< 7%'!*). 

K%. 0-=." #"?$" 1/-0*7*!6 ."$)-$!(%)** (%'!/"(-$$9< /-2-'!/ / 10–1000 

(%;. H-!"3, "3$%.", $- 0*8-$ /-'6#% '12-'!/-$$9< $-3"'!%!."/: 1) 5!" 

'(%/$*!-06$" #-30-$$9: #-!"3 ."$)-$!(*("/%$*+; 2) /9,%(*/%$*-# 

."$)-$!(*(1B!'+ $- !"06." ",(-3-0+-#9- #*.("."#,"$-$!9, $" * 

#%.("."#,"$-$!9, ."!"(9- ,(* /9'".*< ."$)-$!(%)*+< "&97$" #-8%B! 

",(-3-0-$*B. 4(* ;$%7*!-06$"# ."$)-$!(*("/%$** /9,%(*/%$*-# /+;."'!6 

(%'!/"(% 1/-0*7*/%-!'+, $-(-3." ,("*'<"3*! /9,%3-$*- "'%3."/, 

3%06$-:8-- "!3-0-$*- ."!"(9< A*06!("/%$*-# #"?-! ,(*/-'!* . ,"!-(* 

",(-3-0+-#9< ."#,"$-$!"/ ,("&9. 4"5!"#1, -'0* ,"'0- /9,%(*/%$*+ 

'"3-(?%$*- #*$-(%06$9< /-2-'!/ ,(-/98%-! 5000 #=/0, $-"&<"3*#" 

/9&(%!6 3(1=": #-!"3 ."$)-$!(*("/%$*+, 7!"&9 '/-'!* 3" #*$*#1#% 

$-%!"#$1B %&'"(&)*B; 3) /";#"?$9 ,"!-(* *0* $-,"0$"- 13%0-$*- 

",(-3-0+-#"=" /-2-'!/% /'0-3'!/*- 10-!17*/%$*+ (-'0* 5!" /-2-'!/" 0-!17- 

,(* !-#,-(%!1(- .*,-$*+, $%,(*#-(, AsCl3) *0* %3'"(&)** '!-$.%#* '"'13%; 

4) /";#"?$" ;%=(+;$-$*- ,("&9 /-2-'!/%#*, *;/0-.%-#9#* *; #%!-(*%0% 

,"'139 * ,",%3%-#9#* ' ,906B. D )-06B *;&-?%$*+ ,-(-7*'0-$$9< 

$-3"'!%!."/ $-"&<"3*#" *',"06;"/%!6 '0-31B2*- ,(*-#9. 
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M!"&9 ,(* /9,%(*/%$** / '"'139 $- ,",%0% ,906, ,(*#-$+B! 

,".("/$9- '!-.0%. S-."#-$31-!'+ *',"06;"/%!6 ,"'131 *; !-A0"$%. P0+ 

13%0-$*+ ,%(%, $%3 '"'13"# 30+ *',%(-$*+ ,(",1'.%B! ,"!". '1<"=" 7*'!"=" 

/";31<%. >(98.1 $%3 '"'13"# #"?$" *;="!"/*!6 *; &"068"=" 

,0%'!#%''"/"=" '!%.%$% ' "!/-('!*-# / '!-$.- 30+ ,"3/"3% /";31<%. 

P0+ ,(-3"!/(%2-$*+ ,"!-(6 0-=."0-!17*< 50-#-$!"/ /9,%(*/%$*- 

,("& /"39 ,("/"3+! ,(* $%*#-$68-: !-#,-(%!1(-, ."!"(%+ ,";/"0+-! 

,("/"3*!6 ."$)-$!(*("/%$*- / !-7-$*- $- '0*8."#  30*!-06$"=" /(-#-$*. 

J" *;&-?%$*- ,"!-(6 *;-;% (%;&(9;=*/%$*+ $-06;+ 3",1'.%!6 .*,-$*+ 

(%'!/"(%. P0+ ,(-3"!/(%2-$*+ =*3("0*;% ,("&1 ,-(-3 /9,%(*/%$*-# 

,"3.*'0+B! ."$)-$!(*("/%$$9#* HCl *0* HNO3 (1–2 % "! "&C-#% 

(%'!/"(%). 

I-'#"!(+ $% "!#-7-$$9- $-3"'!%!.* #-!"3 /9,%(*/%$*+ 1',-8$" 

,(*#-$+-!'+ 30+ ."$)-$!(*("/%$*+ Cr, Li, Co, Cu, Mn, Pb, Fe, Ba * 3(1=*< 

50-#-$!"/ / ,*!6-/":, (-7$": * 3(1=*< /"3%<. 

H-!"3 /9,%(*/%$*+ 13%7$" '"7-!%-!'+ ' '"(&)*"$$9# * 

5.'!(%.)*"$$9# ."$)-$!(*("/%$*-#. P0+ ."$)-$!(*("/%$*+ 50-#-$!"/ – 

,(*#-'-: / /"3%< 7%'!" *',"06;1B! 5.'!(%.)*"$$9- #-!"39. U.'!(%.)*B 

,(*#-$+B! !%.?-, ."=3% ,("&9 *#-B! $-*;/-'!$1B ,(*("31 *0* '"3-(?%! 

/9'".*- ."$)-$!(%)** (%'!/"(-$$9< *0* #*$-(%06$9< /-2-'!/. 

> ,(*#-$+-#9# 5.'!(%=-$!%# / %!"#$"-%&'"(&)*"$$"# %$%0*;- 

,(-3C+/0+B! (+3 !(-&"/%$*:. 4(-?3- /'-=", 5!" !(-&"/%$*+, ."!"(9- 

,(-3C+/0+B! . 5.'!(%=-$!%# / 0B&"# #-!"3- %$%0*;%: 

1. U.'!(%=-$!9 3"0?$9 "&0%3%!6 <"("8-: ',"'"&$"'!6B *;/0-.%!6 

",(-3-0+-#"- /-2-'!/" *0* =(1,,1 /-2-'!/. 4" #-?31$%("3$9# 

'!%$3%(!%# '!-,-$6 *;/0-7-$*+ 50-#-$!"/ 3"0?$% &9!6 $- $*?- 95 %. 

2. U.'!(%=-$! 3"0?-$ "!0*7%!6'+ #%0": (%'!/"(*#"'!6B / /"3-, * /"3%, 

' 3(1=": '!"("$9, 3"0?$% #%0" (%'!/"(+!6'+ / 5.'!(%=-$!-. O'0* 5!" 

!(-&"/%$*- '"&0B'!* $-/";#"?$", (-."#-$31-!'+ ,"06;"/%!6'+ /"3": 

* (%'!/"(*!-0-#, ,(-3/%(*!-06$" $%'92-$$9#* 3(1= 3(1="#. @3$%." 

/9,"0$-$*- 3%$$"=" !(-&"/%$*+ $- /'-=3% +/0+-!'+ "&+;%!-06$9#. 

S%;(%&"!%$9 #-!"3*.* 5.'!(%.)*"$$"-%!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+ (+3% 50-#-$!"/ / /"3%< ' ,(*#-$-$*-# /"3"(%'!/"(*#9< 

',*(!"/ (5!*0"/"=", *;",(",*0"/"="), .-!"$"/ (%)-!"$%). P0+ 

(%;3-0-$*+ A%; ,(*#-$+B! /9'%0*/%!-0* – '106A%!9 %##"$*+, 

$%!(*+, <0"(*3 $%!(*+ * 3(1=*- 50-.!("0*!9. 

3. W-0%!-06$", 7!"&9 ,(*#-$+-#9: 5.'!(%=-$! *#-0 3"'!%!"7$" 

/9'".1B !-#,-(%!1(1 .*,-$*+, $- $*?- 50 
"
D. 

4. 40"!$"'!6 5.'!(%=-$!% 3"0?$% .%. #"?$" &"068- "!0*7%!'+ "! 

,0"!$"'!* %$%0*;*(1-#"=" (%'!/"(%. 

5. U.'!(%=-$! $- 3"0?-$ /;%*#"3-:'!/"/%!6 ' 3(1=*#* ."#,"$-$!%#* 

%$%0*;*(1-#"=" (%'!/"(%. 

6. U.'!(%=-$! 3"0?-$ &9!6 7*'!9#, 0-=." (-=-$-(*("/%!6'+ / 

0%&"(%!"($9< 1'0"/*+<, &9!6 ," /";#"?$"'!* #%0"",%'$9#. 
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H-!"3 ,0%#-$$": %!"#$"-%&'"(&)*"$$": ',-.!("'.",** $%0%=%-! 

3","0$*!-06$9- "=(%$*7-$*+ $% "(=%$*7-'.*- (%'!/"(*!-0*: 

1. D*06$"0-!17*- (%'!/"(*!-0* ".%;9/%B!'+ $-,"3<"3+2*#* ," !": 

,(*7*$-, 7!" *< 10-!17*/%$*- ' "&(%;"/%$*-# &"068"=" ."0*7-'!/% 

,%(% ,("*'<"3*! (%$68-, 7-# (%',90+-#%+ ?*3."'!6 3"'!*=%-! 

,0%#-$*. S%'8*(-$*- ,%(% / (%',90*!-06$": .%#-(- ,(*/"3*! . 

1/-0*7-$*B '."("'!* ,("<"?3-$*+ =%;% 7-(-; 2-06 ="(-0.*, * ,0%#+ 

7%'!" =%'$-!, "!"(/%/8*'6 "! ="(-0.*. 

2. I-,"3<"3+2*#* ".%;9/%B!'+ * <0"(*("/%$$9- 1=0-/"3"("39, 

"'"&-$$" CCl4 * CHCl3. I-."!"(9- *; $*< '="(%B! /" /$-8$*< ;"$%< 

,0%#-$* $- ,"0$"'!6B, / (-;106!%!- 7-=" "&(%;1B!'+ +3"/*!9- =%;9, 

!%.*- .%. A"'=-$. 

3. I-$%'92-$$9- 1=0-/"3"("39 * %("#%!*7-'.*- '"-3*$-$*+ !%.?- 

".%;9/%B!'+ $-,"3<"3+2*#*. @$* '="(%B! / ,0%#-$* 0*86 7%'!*7$" 

* ="(+! ' "&(%;"/%$*-# .",!+2-=" ,0%#-$*, ."!"("- +/0+-!'+ '*06$" 

/"''!%$"/*!-06$9#. R'0"/*+ /"''!%$"/0-$*+ $- &0%=",(*+!$9 30+ 

",(-3-0-$*+ #$"=*< 50-#-$!"/ * . !"#1 ?- '"3-(?%2-- '%?1 ,0%#+ 

/9;9/%-! &"068*- ,"!-(*. 

4(-3,"7!*!-06$9#* (%'!/"(*!-0+#* +/0+B!'+ %0*A%!*7-'.*- 

'"-3*$-$*+, ',*(!9 *0* .-!"$9 '" '(-3$-: #"0-.10+($": #%''":. R',-8$" 

*',"06;1B! #-!*0*;"&1!*0.-!"$, 5!*0%)-!%!, 5!*0,(",*"$%!, $-&1!*0%)-!%!. 

U!* (%'!/"(*!-0* <%(%.!-(*;1B!'+ !%.*#* ;$%7-$*+#* /+;."'!* * 

,"/-(<$"'!$"=" $%!+?-$*+, ."!"(9- 1/-0*7*/%B! 5AA-.!*/$"'!6 

(%',90-$*+. 4(* '?*=%$** "(=%$*7-'.*< (%'!/"(*!-0-: '0-31-! *#-!6 / 

/*31, 7!" /'- "$* "&"=%2%B! ,0%#+ !",0*/"#, / '/+;* ' 7-# !(-&1-!'+ 

$-."!"(%+ (-=10*("/.% '""!$"8-$*+ ".*'0*!-0+ * !",0*/%. U!" #"?-! &9!6 

3"'!*=$1!" 0*&" 1#-$68-$*-# '."("'!* ,"3%7* !",0*/%, 0*&" 1/-0*7-$*-# 

'."("'!* ,"3%7* ".*'0*!-0+, 0*&" "=(%$*7-$*-# '."("'!* ,"3%7* ?*3."'!*, 

0*&" ."#&*$%)*-: /'-< !(-< (-=10*("/".. 4(* 5!"# '0-31-! 17*!9/%!6 

$-?-0%!-06$9: 5AA-.! "=(%$*7-$*+ '."("'!* (%',90-$*+, /9(%?%B2*:'+ / 

'$*?-$** 71/'!/*!-06$"'!*. D."("'!6 ,"'!1,0-$*+ !",0*/% $- 3"0?$% 

'$*?%!6'+ $%'!"06.", 7!"&9 ,0%#+ =%'0", ."=3% /'%'9/%$*- (%'!/"(*!-0+ 

,(-.(%2%-!'+. 

@'$"/$9# ,(-*#12-'!/"# #-!"3% 5.'!(%.)** +/0+-!'+ /9'".%+ 

'!-,-$6 ."$)-$!(*("/%$*+ (10–100 (%;) ,(* #%0": ;%!(%!- /(-#-$*. P(1=*# 

,(-*#12-'!/"# 5!"=" #-!"3% +/0+-!'+ /";#"?$"'!6 "3$"/(-#-$$"=" 

."$)-$!(*("/%$*+ &"068"=" 7*'0% ,(*#-'-: #-!%00"/, $%,(*#-(, ,(* 

*',"06;"/%$** ,*(("0*3*$3*!*".%(&%#%!% %##"$*+. U.'!(%.)*+ ,";/"0+-! 

"!3-0*!6 ",(-3-0+-#9- ,(*#-'* "!  $-?-0%!-06$9< ."#,"$-$!"/ #%!(*)9. 

N',"06;"/%$*- "(=%$*7-'.*< 5.'!(%=-$!"/ ,";/"0+-! $- !"06." 

'."$)-$!(*("/%!6 ",(-3-0+-#9- 50-#-$!9, $" * '$*;*!6 %&'"0B!$9: ,(-3-0 

"&$%(1?-$*+ *;-;% *;#-$-$*: 1'0"/*: ="(-$*+. 4(* *',"06;"/%$** 

,0%#-$$"=" /%(*%$!% %!"#$"-%&'"(&)*"$$"=" #-!"3% "(=%$*7-'.%+ A%;% 
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3"0?$% ,"3<"3*!6 30+ '?*=%$*+ / ="(-0.-, ,(* *',"06;"/%$** 

50-.!("!-(#*7-'."=" %!"#*;%!"(% 5!*# !(-&"/%$*-# #"?$" ,(-$-&(-76. 

X*("." ,(*#-$+B! 5.'!(%.)*B 3*!*".%(&%#%!$9< ."#,0-.'"/ 

$-."!"(9< 50-#-$!"/ (Cu, Ag, Cd, Hg, Pb, Te, As, Cr, Mo, Mn, Ni, Co * 3(.) 

"(=%$*7-'.*#* (%'!/"(*!-0+#*. P*!*".%(&%#%!9 (-%=*(1B! ' #-!%00%#*, 

30+ ."!"(9< <%(%.!-($9 $-(%'!/"(*#9- '106A*39, ' "&(%;"/%$*-# 

."#,0-.'"/, ."!"(9- (%'!/"(+B!'+ /" #$"=*< "(=%$*7-'.*< (%'!/"(*!-0+< * 

5.'!(%=*(1B!'+ *#*. I%*&"0-- 7%'!" *',"06;1B! 3*5!*03*!*".%(&%#%! 

$%!(*+, 3*5!*03*!*".%(&%#%! 3*5!*0%##"$*+, !-!(%#-!*0-$3*!*".%(&%#%! 

%##"$*+ ('*$"$*# – ,*(("0*3*$3*!*".%(&%#%! %##"$*+), 

=-.'%#-!*0-$3*!*".%(&%#%! %##"$*+, =-.'%#-!*0-$3*!*".%(&%#%! 

=-.'%#-!*0-$%##"$*+. 

@'"&-$$" 8*("."- (%',("'!(%$-$*- / 5.'!(%.)*"$$"-%!"#$"-

%&'"(&)*"$$"# %$%0*; /"3 ,"017*0* '*'!-#9 ' *',"06;"/%$*-# 

!-!(%#-!*0-$3*!*".%(&%#*$%!% %##"$*+ *0* 3*5!*03*!*".%(&%#*$%!% 

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

5!*0%)-!%!, ."!"(9- ,";/"0+B! ."$)-$!(*("/%!6 ",(-3-0+-#9- 50-#-$!9 / 

10-40 (%;. @3$%." 5!* 5.'!(%=-$!9 *#-B! (+3 $-3"'!%!."/: $-"&<"3*#"'!6 

)-$!(*A1=*("/%$*+ *0* 30*!-06$"=" "!'!%*/%$*+ (3" 0,5 7%'%) 30+ ,"0$"=" 

(%;3-0-$*+ A%;, 7!" 1/-0*7*/%-! /(-#+ %$%0*;%; $-3"'!%!"7$%+ 1'!":7*/"'!6 

5.'!(%=-$!"/ /" /(-#-$* !(-&1-! &9'!("=" *',"06;"/%$*+ ($%,(*#-(, 

(%'!/"( !-!(%#-!*0-$3*!*".%(&%#*$%!% %##"$*+ / 5!%$"0- #"?-! <(%$*!6'+ 

2,5 7%'% ,(* ."#$%!$": !-#,-(%!1(- * 8 7%'"/ / <"0"3*06$*.-); 

$-3"'!%!"7$%+ 1'!":7*/"'!6 5.'!(%.!"/ /" /(-#-$* !(-&1-! ,("/-3-$*+ *< 

%$%0*;% / !-7-$*- $-'."06.*< 7%'"/ ,"'0- ,"017-$*+. >("#- !"=", 

#-!*0*;"&1!*0.-!"$, &1!*0%)-!%! * 5!*0%)-!%! ;%#-!$" (%'!/"(*#9 / /"3-. 

T%7%'!1B 5!* 5.'!(%.)*"$$9- '*'!-#9 $- "&-',-7*/%B! ,"0$"!9 

*;/0-7-$*+ ,(* "3$".(%!$": 5.'!(%.)** * !(-&1B! 3/1< – *0* !(-<.(%!$9< 

,(")-31(, 7!" ;$%7*!-06$" "'0"?$+-! %$%0*;.  

4(* $-"&<"3*#"'!* ,"/9'*!6 71/'!/*!-06$"'!6 %$%0*;% 7%'!" 

*',"06;1B! 7-!9(-<<0"(*'!9: 1=0-("3 * <0"("A"(#, #%0"(%'!/"(*#9- / 

/"3- * ,";/"0+B2*- ,"/9'*!6 '!-,-$6 ."$)-$!(*("/%$*+ 3" 100 (%;. I" *;-

;% ,0"<": ="(B7-'!* ,(+#"- //-3-$*- / ,0%#+ 5.'!(%.!"/ 

7-!9(-<<0"(*'!"=" 1=0-("3% * <0"("A"(#% $- ,(-3'!%/0+-!'+ /";#"?$9#, / 

'/+;* ' 7-# ,("/"3+! #*$-(%0*;%)*B 5.'!(%.!"/ - '1<"- ";"0-$*- *0* 

(-5.'!(%.)*B, % / ="(-0.1 ',-.!("#-!(% (%',90+B! (%'!/"( '1<"=" "'!%!.% 

5.'!(%.!% / .*'0"!- *0* (-5.'!(%.!.  

UAA-.!*/$": 30+ =(1,,"/"=" ."$)-$!(*("/%$*+ 50-#-$!"/ +/0+-!'+ 

5.'!(%.)*"$$%+ '*'!-#% =-.'%#-!*0-$3*!*".%(&%#*$%! 

=-.'%#-!*0-$%##"$*+-&1!*0%)-!%!. U!"! 5.'!(%.)*"$$": (-%=-$! 3"'!1,-$ * 

3-8-/, -=" '*$!-;*(1B! *; =-.'%#-!*0-$*#*$%, +/0+B2-="'+ ,"&"7$9# 

,("31.!"# '*$!-;% $-:0"$%. P"'!"*$'!/"# 3%$$"=" 5.'!(%.)*"$$"=" 

(-%=-$!% +/0+-!'+ !", 7!" "$ "&(%;1-! &"0-- 1'!":7*/9- ."#,0-.'9 ' Cu, Ag, 

Ni, Co, Cd, Mn * Pb, 7-# 3*5!*03*!*".%(&%#*$%!  
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!-!(%#-!*0-$3*!*".%(&%#*$%! %##"$*+, ,(*7-# 5!* ."#,0-.'9 

5.'!(%=*(1B!'+ *; &"0-- .*'0": '(-39, 7!" / $-."!"(9< '017%+< 

1/-0*7*/%-! %$%0*!*7-'.1B *;&*(%!-06$"'!6. U.'!(%.!9, '"3-(?%2*- 

."#,0-.'9 #-!%00"/ ' =-.'%#-!*0-$3*!*".%(&%#*$%!"#, &"0-- 1'!":7*/9 /" 

/(-#-$*, 7-#  5.'!(%.!9, '"3-(?%2*- <-0%!9 ' 

!-!(%#-!*0-$3*!*".%(&%#*$%!"#  * 3*5!*03*!*".%(&%#*$%!"# .  

U.'!(%.!9 / #-!*0*;"&1!*0.-!"$- (%',90+B! $-,"'(-3'!/-$$" / 

,0%#+. 4(* 5!"# $%&0B3%-!'+ #$"=".(%!$"- ,"/98-$*- 71/'!/*!-06$"'!*. 

P0+ 1#-$68-$*+ (%'!/"(*#"'!* "(=%$*7-'.": A%;9 / /"3- (-."#-$31-!'+ 

(%;&%/0+!6 #-!*0*;"&1!*0.-!"$ )*.0"=-.'%$"# / "&6-#$"# "!$"8-$**  1:4. 

H-?31$%("3$9: '!%$3%(! (-."#-$31-! *',"06;"/%!6 / .%7-'!/- (%;&%/*!-0+ 

'#-'6 3**;",(",*0.-!"$% * .'*0"0%.  

P0+ ."$)-$!(*("/%$*+ 50-#-$!"/ *',"06;1B! !%.?- 5.'!(%.)*B 

."#,0-.'"/ ' 3*!*;"$"#"#, 8-".'*<*$"0*$"#, %)-!*0%)-!"$"#. P0+ 

=(1,,"/"=" ."$)-$!(*("/%$*+ #$"=*< 50-#-$!"/ ,(-30"?-$% 5.'!(%.)*+ 

'#-'6B 3*!*;"$%, 8-=*3(".'*<*$"0*$%, %)-!*0%)-!"$%, (%'!/"(-$$9< / 

&1!*0%)-!%!-. U!*# ',"'"&"# / /"3%< #"?$" ",(-3-0*!6 0,0002 – 0,005 

#.=/#0 #-3*, )*$.%, .%3#*+, '/*$)%. U.'!(%.)*+ ."#,0-.'% /"06A(%#% ' 

&-$;"*$!*"".'*$"#  #-!*0*;"&1!*0.-!"$"# ,";/"0+-! ",(-3-0+!6 /"06A(%# 

/ /"3%< #-!"3"# %!"#$"-%&'"(&)*"$$": A"!"#-!(** ,0%#-$*. 

U.'!(%.)*"$$"- *;/0-7-$*- "'"&-$$" 5AA-.!*/$" ,(* ."$)-$!(*("/%$** *; 

/9'"."#*$-(%0*;"/%$$9< (%'!/"("/.  

P0+ =(1,,"/"=" ."$)-$!(*("/%$*+ 50-#-$!"/ / 5.'!(%.)*"$$"# 

%!"#$"-%&'"(&)*"$$"# %$%0*;- $%80* !%.?- 8*("."- ,(*#-$-$*- !%.*- 

/9'"."5AA-.!*/$9- 5.'!(%.)*"$$9- (-%=-$!9, .%. %)*0,*(%;"0"$, 

/9'"."#"0-.10+($9- %#*$9, $%A!*0/*'#1!"0, .%(&"$"/9- .*'0"!9, 

.1,A-("$ * 3(.  

U.'!(%.)*"$$"-%!"#$"-%&'"(&)*"$$9: #-!"3 ,(*#-$+B! 30+ 

%$%0*;% /"3, / ."!"(9<  4P> #$"=*< 50-#-$!"/ '"'!%/0+B! 0,001 – 0,5 #=/0. 

4(* $%0*7** / !-<$*7-'.*< * ,(*("3$9< /"3%< ."#,0-.'"$"/ (4P>UPK  – 4 

#=/0), ".'*.*'0"! * ,"0*A"'A%!"/ ."$)-$!(*("/%$*- #$"=*< #-!%00"/ 

"&97$9#* 5.'!(%.)*"$$9#* (-%=-$!%#* ;%!(13$-$", % ,(-3/%(*!-06$"- 

(%;(18-$*- ."#,0-.'""&(%;"/%!-0-: 130*$+-! %$%0*;. @&$%(1?-$% 

/";#"?$"'!6 =(1,,"/": 5.'!(%.)** #*.(",(*#-'-: #-!%00"/ / 5!*< 

'*'!-#%< ,(* ,"#"2* '"0-: ,-(/*7$9< %#*$"/ ' *',"06;"/%$*-# 

)*.0"=-.'%A"'A%!% $%!(*+ ' "&(%;"/%$*-# 1'!":7*/9< %$*"$$9< 

."#,0-.'"/ '/*$)%, .%3#*+, $*.-0+, <("#%, #-3*, )*$.%, '%#%(*+, '!("$)*+. 

P"'!*=$1!9 $*;.*- ,(-3-09 "&$%(1?-$*+ 5!*< 50-#-$!"/ ,(* //-3-$** 

%;"!$".*'09< (-5.'!(%.!"/ / 50-.!("!-(#*7-'.*: %!"#*;%!"(. 

J !%&0. 6.19 ,(*/-3-$9 5.'!(%.)*"$$9- '*'!-#9, "&97$" 

*',"06;1-#9- 30+ ."$)-$!(*("/%$*+ / %!"#$"-%&'"(&)*"$$"# %$%0*;-.  

P0+ ."$)-$!(*("/%$*+ 50-#-$!"/-,(*#-'-: / %!"#$"-%&'"(&)*"$$"# 

%$%0*;- #%0"#*$-(%0*;"/%$$9< /"3 ,(*#-$+B! !%.?- #-!"3 

/9#"(%?*/%$*+ /"39. >"$)-$!(*("/%$*- ,(*#-'-: /9#"(%?*/%$*-# 



 311

"'$"/%$" $% !"#, 7!" ,(* ;%#-(;%$** 7%'!* /"3$"=" (%'!/"(% (%'!/"(-$$9- 

."#,"$-$!9 "'!%B!'+ / ?*3.": A%;-. 

K%&0*)% 6.19 – U.'!(%.)*"$$9- '*'!-#9, *',"06;1-#9- 30+ 

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

/"3 
U.'!(%.)*"$$9: (-%=-$! S%'!/"(*!-06 @,(-3-0+-#9- 50-#-$!9 

!-!(%#-!*0-$3*!*".%(&%#*$%! 

%##"$*+ 

#-!*0*;"&1!*0.-!"$, 

%#*0%)-!%!, <0"("A"(#, 

3**;"&1!*0.-!"$, !"01"0 

Cu, Pb, Cd, Co, Mn, Fe, Ni, 

Bi, Zn, As, Ir, Pd, Pt, Se, 

Te, Tl, Mo, V, Cr, Ag, Au, 

Be, Ga, In, Nb, Sb, K, Mo  

3*5!*03*!*".%(&%#*$%! $%!(*+ #-!*0*;"&1!*0.-!"$, 

%#*0%)-!%!, <0"("A"(#, 

*;",-$!%$"0, 

)*.0"=-.'%$"0, 

3**;"&1!*0.-!"$, !"01"0 

Cu, Pb, Fe, Mn, Te, Ag, 

Au, Be, Ba, Zn, Cd, Tl, Sn, 

Bi, Cr, Mo, Se, Co, Ni 

3*5!*03*!*".%(&%#*$%! 

%##"$*+   

#-!*0*;"&1!*0.-!"$ Co, Ni, Cu, Zn, Cd, Pb, Mn, 

Fe, Bi, As, Ir, Pd, Pt, Se, 

Te, Mo, V, Cr 

3*5!*0%#*$"3*!*".%(&%#*$%! 

%##"$*+  

3**;"&1!*0.-!"$ Cu, Pb, Fe, Mn, Te, Ag, 

Au, Be, Ba, Zn, Cd, Tl, Sn, 

Bi, Cr, Mo, Se, Co, Ni 

=-.'%#-!*0-$3*!*".%(&%#*$%! 

%##"$*+ 

#-!*0*;"&1!*0.-!"$, 

&1!*0%)-!%! 

Cu, Ag, Zn, Cd, In, Pb, Mn, 

Fe, Co, Ni 

=-.'%#-!*0-$3*!*".%(&%#*$%! 

=-.'%#-!*0-$%##"$*+ 

&1!*0%)-!%!, #-!*0*;"-

&1!*0.-!"$ + )*.0"=-.'%$ 

(1:4), 3**;",(",*0.-!"$ – 

.'*0"0 

Co, Ni, Cu, Zn, Cd, Pb 

3*!*;"$ #-!*0*;"&1!*0.-!"$, 

!"01"0, )*.0"=-.'%$"0, 

&1!*0%)-!%!, <0"("A"(#, 

7-!9(-<<0"(*'!9: 

1=0-("3, 5!*0,(",*"$%!  

Cu, Ag, Zn, Mg, Pb, Ni, Pd, 

Cr, Cd 

8-=*3(".'*<*$"0*$ <0"("A"(#, !"01"0, 

&1!*0%)-!%!, 

#-!*0*;"&1!*0.-!"$, 

&1!%$"0, %#*0#-!*0.-!"$ 

Be, Mg, Ca, Sc, Al, In, Pb, 

V, Mo, Mn, Co, Ni, Cu, Ga, 

Fe, Zn, In, Sn 

8-".'*<*$"0*$ + N-)*$$%-

#"*0A-$*0=*3(".'*0%#*$ 

#-!*0*;"&1!*0.-!"$, 

<0"("A"(# 

Cu, Zn, Cd, Pb, Co 

 

.1,A-("$ (%##"$*:$%+ '"06 

$*!("A-$*0=*3(".'*0%##"$*+) 

#-!*0*;"&1!*0.-!"$, 

&1!*0%)-!%!, *;",-$!%$"0, 

&-$;"0 + *;",-$!%$"0, 

<0"("A"(# 

Al, Ge, Zr, Sn, V, Ti, Cu, 

Mn, Fe, Ni 

%)-!*0%)-!"$ K"01"0, <0"("A"(#, 

7-!9(-<<0"(*'!9: 

1=0-("3, &1!*0%)-!%! 

Be, Zn, In 

=-.'%A!"(%)-!*0%)-!"$ &-3*.-!"$9, 

#-!*0*;"&1!*0.-!"$ 

Cu, Zn, Cd, Pb 

!-$"*0!(*A!"(%)-!"$ &-3*.-!"$9, 

#-!*0*;"&1!*0.-!"$, 

<0"("A"(# 

Cu, Zn, Cd, La, Nd, Yb, Al, 

Pb, Fe, Sn, Mn 
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N-)*$$%#"*0A-$*0=*3(".'*0%-

#*$ 

#-!*0*;"&1!*0.-!"$, 

<0"("A"(#,         !"01"0, 

&1!*0%)-!%! 

Be, Mg, In, Tl, Ni, Au, Ga 

N-&-$;"*0A-$*0=*3(".'*0%#*$ *;",-$!%$"0, <0"("A"(#, 

#-!*0*;"&1!*0.-!"$ 

Cu, Sn, Sb, Mo, Fe 

!(*".!*0%#*$ *;",(",*0%)-!%!, 

#-!*0*;"&1!*0.-!"$, 

)*.0"=-.'%$"0, !"01"0, 

<0"("A"(#, &1!*0%)-!%! 

Cu, Be, Cd, Ga, W, Mo, In, 

Sn, Mn, 

U!"! #-!"3 ,(*="3-$ 30+ ."$)-$!(*("/%$*+ /-2-'!/, "&0%3%B2*< 

3"'!%!"7$": (%'!/"(*#"'!6B / /"3- ,(* $*;.*< !-#,-(%!1(%<. > 

,(-*#12-'!/%# 5!"=" #-!"3% "!$"'+!'+ $-;$%7*!-06$9- ,"!-(* 0-!17*< 

'"-3*$-$*:, "!'1!'!/*- ;%=(+;$-$*+ ,(*#-$+-#9#* (-%.!*/%#*, 

;$%7*!-06$" #-$68%+ ",%'$"'!6 *;#-$-$*+ ."#,"$-$!$"=" '"'!%/% 

*''0-31-#": '#-'* /'0-3'!/*- ,("!-.%$*+ .%.*<-0*&" ,(-/(%2-$*: 

",(-3-0+-#9< /-2-'!/. 

J";#"?$9 (%;0*7$9- /%(*%$!9 ,("/-3-$*+ ,(")-''%. J ,("'!-:8-# 

'017%- '"'13 ' %$%0*;*(1-#": /"3": ,"#-2%B! / <"0"3*06$*.-#"(";*06$*. 

' !-#,-(%!1(": .%#-(9 -12 
"
D *0* / &%$B ' "<0%?3%B2-: '#-'6B * 

/9#"(%?*/%B! "'$"/$1B #%''1 /"39. S-."#-$31-!'+ *',"06;"/%!6 

."$1'""&(%;$9- '"'139, (%'8*(+B2*-'+ ./-(<1. 

F"0-- 5AA-.!*/$9: ',"'"& ;%.0B7%-!'+ / '0-31B2-#. N''0-31-#1B 

/"31 ,"#-2%B! / .(1=0"3"$$1B ."0&1 '""!/-!'!/1B2-=" (%;#-(% 

(/#-'!*#"'!6 -- 3"0?$% / 4-5 (%; ,(-/98%!6 "&C-# ,("&9), ."!"(1B ,"3 

1=0"# / 60
"
 ,"=(1?%B! / "<0%?3%B21B '#-'6 ' !-#,-(%!1(": -12 

"
D * 

/(%2%B! ' 7%'!"!": 80 "&"("!"/ / #*$1!1. 4(* $-"&<"3*#"'!* #"?$" 

/%(6*("/%!6 !-#,-(%!1(1 /9#"(%?*/%$*+ * 7%'!"!1 /(%2-$*+, /0*++ !%.*# 

"&(%;"# $% '."("'!6 $%#-(;%$*+ 063% * &9'!("!1 "!/-3-$*+ "! ,"/-(<$"'!* 

063% '0"+ /"39, &"0-- ."$)-$!(*("/%$$"=", $-?-0* "'!%06$": (%'!/"(. 

J9#"(%?*/%$*- ,("/"3+! "&97$" 3" ;%#-(;%$*+ 9/10 /'-=" (%'!/"(%. 

I% ,"0$"!1 ."$)-$!(*("/%$*+ #-!%00"/ ".%;9/%-! /0*+$*- 

#*$-(%0*;%)*+ /"3. H-!"3 ".%;9/%-!'+ 5AA-.!*/$9# 30+ 

#%0"#*$-(%0*;"/%$$9< /"3. S%;(%&"!%$% #-!"3*.% %!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+ <("#%, ?-0-;%, #-3*, .%3#*+, '!("$)*+, $*.-0+, '/*$)% / 

,*!6-/": /"3- ' ,(-3/%(*!-06$9# ."$)-$!(*("/%$*-# #-!"3"# 

/9#"(%?*/%$*+. 

@3$%." ,(* *',"06;"/%$** /9#"(%?*/%$*+ '."("'!6 ,(")-''% 

,-(-#-$$%+ * $-(-=10*(1-#%+, ,-(-#-8*/%$*- $-;%.(*'!%00*;"/%/8-:'+ 

?*3."'!* "!'1!'!/1-!, % "!3-0-$*- ."$)-$!(%!% ,(-3'!%/0+-! ;$%7*!-06$1B 

!(13$"'!6. U!*< $-3"'!%!."/ 0*8-$ #-!"3 $*;."!-#,-(%!1($": 

$%,(%/0-$$": .(*'!%00*;%)**, ,(* "'12-'!/0-$** ."!"("=" '!-.0+$$9- 

."$!-:$-(9 ' *''0-31-#": /"3": ' ;%3%$$": '."("'!6B ,"=(1?%B! / 

"<0%?3%B21B ?*3."'!6 ,(* ,"'!"+$$"# * 3"'!%!"7$" *$!-$'*/$"# 

,-(-#-8*/%$** (%'!/"(% $%3 0-3+$9# '0*!."#, (%'!12*# / $%,(%/0-$** 
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'$*;1 //-(<.  H-!"3 ,";/"0+-! #%.'*#%06$" /%(6*("/%!6 1'0"/*+ 

5.',-(*#-$!% * /0*+!6 !%.*# "&(%;"# $% 5AA-.!*/$"'!6 /93-0-$*+. 

R3"&$9# #-!"3"# ."$)-$!(*("/%$*+ /"3 +/0+-!'+ ,(",1'.%$*- *< 

7-(-; *"$""&#-$$9- ."0"$.* ' ,"'0-31B2*# =(1,,"/9# *0* '-0-.!*/$9# 

50B*("/%$*-# (7%2- /'-=" '"0+$": .*'0"!":). @&97$" *',"06;1B! 

'*06$".*'0"!$9- .%!*"$*!9, $" 30+ 50-#-$!"/, $%<"3+2*<'+ / A"(#- 

%$*"$$9< ."#,0-.'"/ (Si, V, As, Mo), ,(*#-$+B!'+ '*06$""'$"/$9- 

%$*"$*!9. J-'6#% /9'".*- ."5AA*)*-$!9 "&"=%2-$*+ ,"017%B!'+ ,(* 

'-0-.!*/$"# *;/0-7-$** *"$"/ Ag(I), Ti(IV), As(III), Bi(III), Ta(V), Se(IV) * 

3(., ,"=0"2-$$9< <-0%!$9#* *"$*!%#*. 

P0+ ,(+#"=" ",(-3-0-$*+ 50-#-$!"/ / /"3- $% 1("/$- n"10
–4

 – 0,1 

#.=/0 #"?$" *',"06;"/%!6 50-.!("!-(#*7-'.*- #-!"39 %!"#*;%)** / 

=(%A*!"/": ,-7*. P0+ ",(-3-0-$*+ #*.("."0*7-'!/ (+3% 50-#-$!"/ / 

,*!6-/": /"3- Q@DK S51309-99 (-."#-$31-! 50-.!("!-(#*7-'.*: /%(*%$! 

%!"#*;%)** %!"#$"-%&'"(&)*"$$"=" #-!"3%. J #-!"3- %!"#$"-

%&'"(&)*"$$": ',-.!("'.",** ',-.!(%06$9- $%0"?-$*+ ,(%.!*7-'.* 

"!'1!'!/1B!, "3$%." /";#"?$" #-8%B2-- /0*+$*- #%!(*)9. P0+ -=" 

1'!(%$-$*+ ,("&9 ,"3.*'0+B! %;"!$": .*'0"!": 3" ."$)-$!(%)** 0,3 

#"06/0. P0+ "&$%(1?-$*+ #-8%B2-=" /0*+$*+ #%!(*)9 %0*./"!$1B 7%'!6 

,("&9 (%;&%/0+B! / 5-10 (%; (%'!/"("# %;"!$": .*'0"!9 !%.": ?- 

."$)-$!(%)**. T%!-# ",(-3-0+B! ."$)-$!(%)*B 50-#-$!% / *'<"3$": * 

(%;&%/0-$$": ,("&%<. H-8%B2*- /0*+$*+ '7*!%B!'+ $-;$%7*!-06$9#*, 

-'0* /9,"0$+-!'+ 1'0"/*- 

' ( ' (22

SSSS D01,0D>01,0DD> )*)# , 

    =3-      D – #%''"/%+ ."$)-$!(%)*+ 50-#-$!% / *'<"3$": ,("&-, #=/0;  

    D( – #%''"/%+ ."$)-$!(%)*+ 50-#-$!% / (%;&%/0-$$": ,("&-, #=/0; 

    >( – .(%!$"'!6 (%;&%/0-$*+ *'<"3$": ,("&9; 

    ) – "!$"'*!-06$%+ ,"=(-8$"'!6 30+ '""!/-!'!/1B2-=" ;$%7-$*+ D( 

* D, %. 

4(* ",(-3-0-$** #$"=*< 0-!17*< 50-#-$!"/ 30+ 1/-0*7-$*+ 

!-#,-(%!1(9 ,*("0*;% ,("&9 * (%;3-0-$*+ ,*."/ %!"#$"=" * A"$"/"=" 

'*=$%0"/ *',"06;1B! <*#*7-'.*- #"3*A*.%!"(9. R$*/-('%06$9#* 

#"3*A*.%!"(%#* +/0+B!'+ (%'!/"(9 $*!(%!% ,%00%3*+ * $*!(%!% #%=$*+. J 

%$%0*;- /"3 *',"06;1B! !%.?- * 3(1=*- #"3*A*.%!"(9 * *< '#-'* (,"3("&$" 

5!"! /",("' (%''#"!(-$ / (%;3-0- 5.8). @,(-3-0-$*- '0-3"/ 50-#-$!"/ / 

/9'"."#*$-(%0*;"/%$$9< /"3%< '/+;%$" '" ;$%7*!-06$9#* !(13$"'!+#*, 

/";$*.%B2*#* *;-;% &"068"=" $-'-0-.!*/$"=" ,"=0"2-$*+ ,(* %!"#*;%)** 

/ =(%A*!"/": ,-7*. J ,(*'1!'!/** =%0"=-$*3"/ 2-0"7$9< #-!%00"/ 

($%,(*#-(, / #"('.":, 8%<!$": /"3-) $%&0B3%B!'+ 3","0$*!-06$9- 

"'0"?$-$*+ *;-;% /";#"?$9< ,"!-(6 (+3% 50-#-$!"/ $% '!%3** ,*("0*;% 

,("&9. J !%.*< '017%+< !(-&1-!'+ "!3-0-$*- "'$"/9 *0* ",(-3-0+-#"=" 

50-#-$!% (' ,(*#-$-$*-# 5.'!(%.)**, <("#%!"=(%A**) 0*&" #"3*A*.%)*+ 

#%!(*)9. K%., ",(-3-0-$*B STU / 8%<!$9< /"3%< #-8%B! &"068*- 
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."$)-$!(%)** KCl * NaCl, ."!"(9- ',"'"&'!/1B! "&(%;"/%$*B / =(%A*!"/": 

,-7* 0-=."0-!17*< !(13$"3*''")**(1B2*< <0"(*3"/ STU, ."!"(9- 

10-!17*/%B!'+ $% '!%3** ,*("0*;%. R'!(%$-$*- 3-,(-''*(1B2-=" /0*+$*+ 

<0"(*3"/ .%0*+ * $%!(*+ &90" 3"'!*=$1!" ,(*#-$-$*-# $*!(%!% 0*!*+ 30+ 

#"3*A*.%)** #%!(*)9. 4(* 5!"# $%&0B3%0"'6 13%0-$*- <0"(*3 – *"$"/ *; 

=(%A*!"/": ,-7* / /*3- LiCl $% '!%3** ,*("0*;%. 

P0+ ",(-3-0-$*+ #*.("."0*7-'!/ STU / 8%<!$9< /"3%< * (%''"0%<, 

'"3-(?%2*< &"068*- ."$)-$!(%)** <0"(*3"/, ,(*#-$-$% 5.'!(%.)*+ 

,*("A"'A%!$9< ."#,0-.'"/ STU $*!(%!"# ".!%3-)*0%##"$*+ / 

<0"("A"(#-: 

5C18H37NH3NO3(o) + Ln(P2O7)2
5–

(/)         (C18H37NH3)5[Ln(P2O7)2](") + 5NO3
–
(/)   

=3-  Ln – Y, Sm, Gd, Tb, Ho, Er, Tm, Yb. 

D"3-(?%$*- STU ",(-3-0+B! 50-.!("!-(#*7-'.*# %!"#$"-

%&'"(&)*"$$9# #-!"3"# / %;"!$".*'0"# (-5.'!(%.!-. 4(* 5!"# 1'!(%$+-!'+ 

/0*+$*- <0"(*3"/ * "'12-'!/0+-!'+ ."$)-$!(*("/%$*- STU ;% '7-! !"=", 7!"  

'""!$"8-$*- "&C-#"/ /"3$": * "(=%$*7-'.": A%; (%/$" 10:1. 

6.6. 4)+0!5(-*&6 %07189 

P0+ ",(-3-0-$*+ /-2-'!/ / /";31<- *',"06;1B! (%;0*7$9- 

<*#*7-'.*- * A*;*."-<*#*7-'.*- #-!"39. J .%7-'!/- "'$"/$"=" #-!"3% 

",(-3-0-$*+ ."$)-$!(%)** #-!%00"/ / %5(";"0+< * "'%3.%< (-."#-$31-!'+ 

%!"#$"-%&'"(&)*"$$%+ ',-.!("A"!"#-!(*+ ' ,0%#-$$": * 

50-.!("!-(#*7-'.": %!"#*;%)*-: ,("&9. S%;(%&"!%$9 ="'13%('!/-$$9- * 

#-?31$%("3$9- '!%$3%(!9 ," %!"#$"-%&'"(&)*"$$"#1 ",(-3-0-$*B 

50-#-$!"/ / /";31<-. J !%&0. 6.20 ,(-3'!%/0-$ ,-(-7-$6 #-!"3*. 

",(-3-0-$*+ #-!%00"/ * *< '"-3*$-$*: / /";31<-, (-."#-$3"/%$$9< . 

,(*#-$-$*B / R.(%*$- * S"''** * (-."#-$3"/%$$9< H-?31$%("3$9# 

."#*!-!"# ," '!%$3%(!*;%)** (ISO). 

4(-3-06$" 3",1'!*#9- ."$)-$!(%)** #-!%00"/ * *< '"-3*$-$*: / 

/";31<- ,(-3'!%/0-$9 / !%&0. 6.21. 

4(* "!&"(- ,("& /";31<% $-"&<"3*#" 17*!9/%!6, / .%.": A*;*7-'.": 

A"(#- $%<"3*!'+ ",(-3-0+-#9: 50-#-$!. J /";31<- ;%=(+;$+B2*- 

."#,"$-$!9 #"=1! $%<"3*!6'+ / /*3- =%;"/, ,%("/ * %5(";"0-: (!1#%$, 39#, 

,906). N$"=3% "3$" * !" ?- /-2-'!/" #"?-! $%<"3*!6'+ "3$"/(-#-$$" / 

/*3- ,%("/ * %5(";"0-:. 

K%&0*)% 6.20 -  !"#$"-%&'"(&)*"$$"- ",(-3-0-$*- #-!%00"/ * *< 

'"-3*$-$*: / ,("#980-$$9< /9&("'%< / %!#"'A-($9: /";31< 

4".%;%!-06 

P*%,%;"$ 

*;#-(+-#9< 

'"3-(?%$*:, 

#.=/0 

I%*#-$"/%$*- #-!"3*.* E*!-(%!1(% 

%0B#*$*: 
1–100 

N;#-(-$*- ."$)-$!(%)** ".'*3% 

%0B#*$*+ 

."&%06! 0,01–2 

$*.-06 0,005-0,5 

N;#-(-$*- ."$)-$!(%)** ."&%06!%, 

$*.-0+, #-3*, )*$.%, .%3#*+, 

H-!"3*7-'.*- 

1.%;%$*+ ," 

",(-3-0-$*B 

/(-3$9< /-2-'!/ 
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#-36 0,02-5 

)*$. 0,01-5 

.%3#*: 0,02-2 

'/*$-) 

?-0-;" 
0,01–10 

#%(=%$-) 0,02–3 

#"0*&3-$ 0,5–20 

"0"/" 0,5–500 

/"06A(%# 3,3–50 

".'*3 

/%$%3*+ 
0,05–5 

".'*3 <("#% 0,005–5 

'/*$)%, ?-0-;%, #%(=%$)%, 

#"0*&3-$%, "0"/%, /"06A(%#%, 

".'*3% /%$%3*+, ".'*3% <("#% (/ 

'/%("7$"# %5(";"0-) 

.%06)*: 2–14 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** .%06)*+ %!"#$"-

%&'"(&)*"$$9# #-!"3"# ,(* -=" 

#%''"/": 3"0- / ,90* "! 2 3" 14 % 

/ '/%("7$"# 

%5(";"0- (!/-(3%+ 

A%;% * =%;9). H., 

1992 

 %0B#*$*: 

0,4–3,3 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** %0B#*$*+ %!"#$"-

%&'"(&)*"$$9# #-!"3"# 

?-0-;" 

0,3–55 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** ?-0-;% %!"#$"-

%&'"(&)*"$$9# #-!"3"# ,(* -=" 

#%''"/": 3"0- / ,90* "! 0,3 3" 55 

% 

D&"($*. #-!"3*. 

," ",(-3-0-$*B 

 

 ."$)-$!(%)*: 

;%=(+;$+B2*< 

/-2-'!/ / 

,("#980-$$9< 

/9&("'%<. E., 

1987 

".'*3 

.%06)*+ 
0,25–12,5 

N;#-(-$*- ."$)-$!(%)** ".'*3% 

.%06)*+ (/ '/%("7$"# %5(";"0-) 

#%=$*: 

0,1–20 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%=$*+ %!"#$"-

%&'"(&)*"$$9# #-!"3"# ,(* -=" 

#%''"/": 3"0- / ,90* "! 0,1 3" 20%  

#%(=%$-) 

0,1–55 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 

#-36  

0,1–4 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 

<("# 

0,04–20 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 

$*.-06 

0,05–0,4 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 
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)*$.  

0,1–2 % 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 

1. H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** #%(=%$)%, #-3*, 

<("#%, $*.-0+, '/*$)%, )*$.% 

%!"#$"-%&'"(&)*"$$9# #-!"3"# 

 

2.  !"#$"-%&'"(&)*"$$9: #-!"3 

",(-3-0-$*+ '/*$)% / /";31<- 
ND@ 9855, [41] 

'/*$-) 

0,02–0,5 % 

3.  !"#$"-%&'"(&)*"$$9: #-!"3 

",(-3-0-$*- '/*$)% / /";31<- 

(%&"7*< #-'! 

ND@ 8515, [41] 

(!1!6 
0,0001–0,004 

H-!"3*.% ",(-3-0-$*+ 

."$)-$!(%)** (!1!* 

SP 52.04.186-89,  

[33]  

       / !%&0*)- ''90.* $% 0*!-(%!1(1 ,(*/-3-$9 *; "&2-=" ',*'.% (-."#-$31-#": 

0*!-(%!1(9 / ."$)- 17-&$"=" ,"'"&*+ 

 

K%&0*)% 5.22 - 4(-3-06$" 3",1'!*#9- ."$)-$!(%)** ;%=(+;$+B2*< /-2-'!/ 

/ /";31<- $%'-0-$$9< #-'! 
4(-3-06$" 3",1'!*#%+ 

."$)-$!(%)*+, #.=/0 
J-2-'!/" 

#%.'*#%06$%+ 

(%;"/%+ 
'(-3$-'1!"7$%+ 

>0%'' 

",%'$"'!*

 $=*3(*3 /"06A(%#"/9: (/"06A(%#% (IV) 

".'*3) 
– 0,15 3 

F%(*: 1=0-.*'09: (/ ,-(-'7-!- $% &%(*:) – 0,004 1 

J%$%3*: (V) ".'*3 – 0,002 1 

J*'#1!% ".'*3 – 0,05 3 

J"06A(%#%! $%!(*+ (/ ,-(-'7-!- $% 

/"06A(%#) 
– 0,1 3 

Q-(#%$*+ 3*".'*3 (/ ,-(-'7-!- $% 

=-(#%$*:) 
– 0,04 3 

P*5!*0(!1!6 (/ ,-(-'7-!- $% (!1!6) – 0,0003 1 

W-0-;% ".'*3 (/ ,-(-'7-!- $% ?-0-;") – 0,04 3 

W-0-;% '106A%! (/  ,-(-'7-!- $% ?-0-;") – 0,007 3 

W-0-;% <0"(*3 (/ ,-(-'7-!- $% ?-0-;") – 0,004 2 

N$3*+ $*!(%! (/ ,-(-'7-!- $% *$3*:) – 0,005 2 

>%3#*+ *"3*3 (/ ,-(-'7-!- $% .%3#*:) – 0,0003 1 

>%3#*+ $*!(%! (/ ,-(-'7-!- $% .%3#*:) – 0,0003 1 

>%3#*+ ".'*3 (/ ,-(-'7-!- $% .%3#*:)  – 0,0003 1 

>%3#*+ '106A%! (/ ,-(-'7-!- $% .%3#*:) – 0,0003 1 

>%3#*+ <0"(*3 (/ ,-(-'7-!- $% .%3#*:) – 0,0003 1 

>"&%06! #-!%00*7-'.*: – 0,001 1 

>"&%06!% '106A%!  0,001 0,0004 2 

H%=$*+ ".'*3 0,4 0,05 3 

H%=$*+ <0"(%! – 0,3 4 

H%(=%$-) – 0,06 3 

H%(=%$-) * -=" '"-3*$-$*+ (/ ,-(-'7-!- $% 

3*".'*3 #%(=%$)%) 
0,01 0,001 2 
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H-3* ".'*3 (/ ,-(-'7-!- $% #-36) – 0,002 2 

H-36 '-($*'!%+ (/ ,-(-'7-!- $% #-36) 0,003 0,001 2 

H-36 '-($".*'0%+ (/ ,-(-'7-!- $% #-36) 0,003 0,001 2 

H-3* !(*<0"(A-$"0+!  0,006 0,003 2 

H-36 <0"(*'!%+ (/ ,-(-'7-!- $% #-36) – 0,002 2 

H-36 <0"($%+ (/ ,-(-'7-!- $% #-36) 0,003 0,001 2 

H986+., $-"(=%$*7-'.*- '"-3*$-$*+ (/ 

,-(-'7-!- $% #986+.) 
– 0,003 2 

I*.-06 #-!%00*7-'.*: – 0,001 2 

I*.-0+ ".'*3 (/ ,-(-'7-!- $% $*.-06) – 0,001 2 

I*.-0+ (%'!/"(*#9- '"0* (/ ,-(-'7-!- $% 

$*.-06) 
– 0,001 1 

I*.-0+ '106A%! (/ ,-(-'7-!- $% $*.-06) 0,002 0,001 1 

@0"/% ".'*3 (/ ,-(-'7-!- $% "0"/") – 0,02 3 

@0"/% 3*".'*3 (/ ,-(-'7-!- $% "0"/") – 0,02 3 

@0"/% '106A%! (/ ,-(-'7-!- $% "0"/") – 0,02 3 

@0"/% <0"(*3 (/ ,-(-'7-!- $% "0"/") 0,5 0,05 3 

@0"/+$$".*'09: $%!(*: =*3(%! (/ 

,-(-'7-!- $% "0"/") 
– 0,02 3 

4%(%#"0*&3%! (/ ,-(-'7-!- $% #"0*&3-$) – 0,1 3 

S!1!6 %;"!$".*'0%+ ;%.*'$%+ /"3$%+ (/ 

,-(-'7-!- $% (!1!6) 
– 0,0003 1 

S!1!6 %;"!$".*'0%+ ".*'$%+ /"3$%+ (/ 

,-(-'7-!- $% (!1!6) 
– 0,0003 1 

S!1!6 %#*3"<0"($%+ (/ ,-(-'7-!- $% (!1!6) – 0,0003 1 

S!1!6 3/1*"3*'!%+ (/ ,-(-'7-!- $% (!1!6) – 0,0003 1 

S!1!6 #-!%00*7-'.%+ – 0,0003 1 

S!1!* ".'*3 (/ ,-(-'7-!- $% (!1!6) – 0,0003 1 

S!1!6 1.'1'$".*'0%+ (/ ,-(-'7-!- $% (!1!6) – 0,0003 1 

S!1!6 <0"(*'!%+ (.%0"#-06) (/ ,-(-'7-!- $% 

(!1!6) 
– 0,0003 1 

S!1!6 <0"($%+ ('10-#%) (/ ,-(-'7-!- $% 

(!1!6) 
– 0,0003 1 

D/*$-) * -=" '"-3*$-$*+ (.("#- 

!-!(%5!*0'/*$)%) (/ ,-(-'7-!- $% '/*$-)) 
– 0,0003 1 

D/*$-) '-($*'!9: (/ ,-(-'7-!- $% '/*$-)) – 0,0017 1 

D-0-$% 3*".'*3 (/ ,-(-'7-!- $% '-0-$) 0,0001 0,00005 1 

D1(6#% ,+!*'-($*'!%+ (/ ,-(-'7-!- $% 

'1(6#1) 
– 0,02 3 

D1(6#9 (III) ".'*3 (/ ,-(-'7-!- $% '1(6#1) – 0,02 3 

K%00*+ .%(&"$%! (/ ,-(-'7-!- $% !%00*:) – 0,0004 1 

K-001(% 3*".'*3 (/ ,-(-'7-!- $% !-001() – 0,0005 1 

V-((*! &%(*-/9: (/ ,-(-'7-!- $% &%(*:) – 0,004 3 

V-((*! #%=$*: – #%(=%$)-/9: (/ ,-(-'7-!- 

$% #%(=%$-)) 
– 0,002 2 

V-((*! #%(=%$-) – )*$."/9: (/ ,-(-'7-!- 

$% #%(=%$-)) 
– 0,002 2 

V-((*! $*.-06 – #-3$9: (/ ,-(-'7-!- $% 

$*.-06) 
– 0,004 2 

V-((*! $*.-06 – )*$."/9: (/ ,-(-'7-!- $% – 0,003 2 
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)*$.) 

L("# 8-'!*/%0-$!$9: (/ ,-(-'7-!- $% 

!(*".'*3 <("#%) 
0,0015 0,0015 1 

G*$.% ".'*3 (/ ,-(-'7-!- $% )*$.) – 0,05 3 

G*$.% '106A%! (/ ,-(-'7-!- $% )*$.) – 0,008 2 

 5(";"0* #"=1! '"3-(?%!6 !/-(31B *0* ?*3.1B 3*',-('$1B A%;1, 

(%;#-(9 7%'!*) / /";318$": '(-3- ,"'!"+$$" *;#-$+B!'+, / ,(")-''- 

3*AA1;** "$* #"=1! ,-(-#-2%!6'+ / /";31<- * "'-3%!6 $% .%.":-0*&" 

,"/-(<$"'!*. 4(* 5!"# /-!-( #"?-! '$"/% ,"3$*#%!6 *< / /";31<, / 

(-;106!%!- 7-=" "&(%;1-!'+ /!"(*7$9: *'!"7$*. ;%=(+;$-$*+. I% %5(";"0+< 

#"=1! %3'"(&*("/%!6'+ (%;0*7$9- =%;"- *0* ,%(""&(%;$9- <*#*7-'.*- 

/-2-'!/%, !/-(39- 7%'!*)9 #"=1! (%'!/"(+!6'+ / .%,0+< %5(";"0+. 

Q%;""&(%;$9- *0* ,%(""&(%;$9- ,(*#-'* '"&*(%B! / ?*3.*- 

,"=0"!*!-06$9- (%'!/"(9 * $% ;-($*'!9-  '"(&-$!9: .(-#$-;-#, 

%.!*/*("/%$$9: 1="06, ,"0*#-($9- * 3(1=*- '"(&-$!9, % !%.?- $% 

,0-$"7$9- '"(&-$!9, *$-(!$9- $"'*!-0* *0* ?*3.*- $-,"3/*?$9- A%;9, 

$%$-'-$$9- $% !/-(39- $"'*!-0* ' /9'"."(%;/*!": ,"/-(<$"'!6B. 

4(* "!&"(- ,("& / ?*3.*- ,"=0"!*!-06$9- '(-39 ",(-3-0+-#9- 

/-2-'!/% (%'!/"(+B!'+ *0* /'!1,%B! / <*#*7-'."- /;%*#"3-:'!/*- ' 

."#,"$-$!%#* ,"=0"!*!-06$"=" (%'!/"(%. J .%7-'!/- ,"=0"!*!-06$9< 

(%'!/"("/ ,(*#-$+B! 3*'!*00*("/%$$1B /"31, .*'0"!9, "(=%$*7-'.*- 

(%'!/"(*!-0*, ',*(!9, '#-8%$$9- (%'!/"(9. P0+ "!&"(% ,("&9 /";31<% 

*',"06;1B! %&'"(&-(9 (,"=0"!*!-06$9- ,(*&"(9) (%;$": ."$'!(1.)**. 

F"0-- ,"3("&$" "!&"( ,("& / ,"=0"!*!-06$9- (%'!/"(9 ",*'%$ / (%;3-0- 1 

$% ,(*#-(- (!1!*.  

4(* $*;.*< ."$)-$!(%)*+< ",(-3-0+-#9< /-2-'!/ / /";31<- * 

$-3"'!%!"7$": 71/'!/*!-06$"'!* #-!"3% ",(-3-0-$*+ $-"&<"3*#" ,("/"3*!6 

."$)-$!(*("/%$*- /-2-'!/ *; &"068*< "&C-#"/ /";31<%, ."!"(9: 

;%!(13$*!-06$" "!"&(%!6 / ?*3.*- '(-39 /'0-3'!/*- 10-!17*/%$*+ 

,"'0-3$*< * ,"!-(6 ",(-3-0+-#"=" /-2-'!/%. P0+ 5!"=" *',"06;1B! !/-(39- 

'"(&-$!9, ."!"(9- ,"#-2%B! / ',-)*%06$9- !(1&.* (%;0*7$": 

."$'!(1.)**. U!"! #-!"3 "!&"(% ,("& !%.?- ,"3("&$" ",*'%$ / (%;3-0- 1 $% 

,(*#-(- (!1!*. 

P0+ *;/0-7-$*+ *; /";31<% /-2-'!/ / /*3- %5(";"0+ *',"06;1B! 

A*06!(9 *; !"$."/"0".$*'!"=" #%!-(*%0% – &1#%?$9- A*06!(9 «J%!#%$», 

«H*00*,"(», «K%:"», '!-.0"/"0".$*'!9-, '!-.0+$$9-, =(%A*!"/9- 

#%!-(*%09, A*06!(1B21B !.%$6 (%;0*7$"=" (%;#-(%.  5(";"06$9- A*06!(9 

13"/0-!/"(+B! /'-# !(-&"/%$*+#, $-"&<"3*#9# ,(* %$%0*;- 

%5("3*',-('$9< '*'!-#. D./";6 A*06!(9 #"?$" ,(".%7*/%!6 &"068*- 

"&C-#9 /";31<%, 7!" ,";/"0+-! $%.",*!6 3"'!%!"7$9- 30+ %$%0*;% 

."0*7-'!/% /-2-'!/. 

P0+ ."$)-$!(*("/%$*+ !-!(%%0.*06$9< '"-3*$-$*: '/*$)% *; 

/";31<% A*06!(%)*B '"7-!%B! ' /9#"(%?*/%$*-# / 0"/18.-, ;%,"0$-$$": 

'!-.0+$$9#* 8%(*.%#*.  !#"'A-($1B ,906 /93-0+B! *; /";31<% #-!"3%#* 
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50-.!("'!%!*7-'."=" * 13%($"=" "'%?3-$*+. P0+ 3%06$-:8-=" %!"#$"-

%&'"(&)*"$$"=" ",(-3-0-$*+ 50-#-$!"/ / &"068*$'!/- '017%-/ *< 

*;/0-.%B! *; !/-(39< '"(&-$!"/, A*06!("/, ,90* 5.'!(%.)*-: 

(%'!/"(*!-0+#*, ,1!-# '1<"=" *0* #".("=" ";"0-$*+, !-(#"3-'"(&)**. 

S%''#"!(*# &"0-- ,"3("&$" #-!"3*.1 ",(-3-0-$*+ #-!%00"/ / 

'/%("7$"# %5(";"0-. J";31< %',*(*(1B! 7-(-; A*06!(  V –L –20. P0+ 

*;#-(-$*+ ."$)-$!(%)** #-!%00"/ / /";31<- $% 1("/$- ½ 4P> '0-31-! 

"!&*(%!6 100–300 0 /";31<%. @!"&(%$$9- ,("&9 '"<(%$+B!'+ / !-7-$*- 2-< 

$-3-06. 4("&9, '"3-(?%2*- ".'*3 <("#% (VI), $- <(%$+!'+. 4(* $%0*7** 

<("#% (VI) A*06!( ' "!"&(%$$": ,("&": ,"#-2%B! $% '!-.0+$$1B /"("$.1, 

'#%7*/%B! 2–3 .%,0+#* 5!*0"/"=" ',*(!% * "&(%&%!9/%B! 10 #0 !-,0": 

/"39. V*06!(%! %$%0*;*(1B! $% '"3-(?%$*- <("#% (VI). P0+ ",(-3-0-$*+ 

"'!%06$9< 50-#-$!"/ (."&%06!%, $*.-0+, #-3*, /%$%3*+, #%(=%$)%, <("#% (III), 

)*$.%, .%3#*+, '/*$)%, "0"/%, ?-0-;%, /"06A(%#%, #"0*&3-$%) ,"3'18-$$9: 

A*06!( ,-(-$"'+! / !*=-06 * "&(%&%!9/%B! 1 #0 ."$)-$!(*("/%$$":  

'"0+$": .*'0"!9 * 0,5 #0 ."$)-$!(*("/%$$": %;"!$": .*'0"!9. T%!-# . 

(%'!/"(1 3"&%/0+B! 1 #0 <0"($": .*'0"!9. K*=-06 '!%/+! $% ,-'7%$1B &%$B 

* #-30-$$" 1,%(*/%B! 3" /0%?$9< '"0-:. @<0%?3-$$9: "'!%!". (%'!/"(+B! 

/ 10 #0 /"39. S%'!/"( ,(* $-"&<"3*#"'!* A*06!(1B!. J A*06!(%!- 

",(-3-0+B! ."$)-$!(%)*B #-!%00"/ ," =(%31*("/"7$9# (%'!/"(%#. 

@3$"/(-#-$$" ' ,("&%#* %$%0"=*7$9# "&(%;"# "&(%&%!9/%B! 3–5 7*'!9< 

A*06!("/ !": ?- ,%(!** (."$!("06$9- *0* $10-/9- ,("&9). 

4(* ",(-3-0-$** #-!%00"/ (?-0-;", .%3#*:, ."&%06!, #%=$*:, 

#%(=%$-), #-36, $*.-06, '/*$-), <("#, )*$.) / %5(";"0- /";31<% $%'-0-$$9< 

,1$.!"/ "!&*(%B! ,("&9 "&C-#"# 20000 0 $% A*06!(9 *; %)-!*0-

)-00B0";$"=" *0* ,-(<0"(/*$*0"/"=" #%!-(*%0%. 4" "."$7%$** "!&"(% 

A*06!( '/"(%7*/%B! (%&"7-: ,"/-(<$"'!6B /$1!(6, ,"#-2%B! / &1#%?$9: 

,%.-!, =-(#-!*7$" 1,%."/9/%B! * <(%$+! 3" '0-31B2-: "&(%&"!.* / 

<"0"3*06$*.-. 

4(* *',"06;"/%$** A*06!("/  V –L  ,("/"3+! *< «#".("-» 

";"0-$*-. V*06!(9 ,"#-2%B! / ./%()-/9: '!%.%$, 3"&%/0+B! 5,0 #0 

."$)-$!(*("/%$$": %;"!$": .*'0"!9 * /93-(?*/%B! 30 #*$ ,(* ."#$%!$": 

!-#,-(%!1(-. T%!-# '!%.%$ ,"#-2%B! $% ,0*!.1 ' %'&-'!"/": ,(".0%3.": * 

$%=(-/%B! 3" ,(-.(%2-$*+ /93-0-$*+ &1(9< ,%("/. 4"'0- "<0%?3-$*+ 

3"&%/0+B! 0,3 #0 ,-(".'*3% /"3"("3% * /93-(?*/%B! 30 #*$ ,(* ."#$%!$": 

!-#,-(%!1(-. T%!-# $%=(-/%B! * /9,%(*/%B! 3" /0%?$9< '"0-:. @'!%!". 

(%'!/"(+B! / 0,2 #0 HNO3 * 3*'!*00*("/%$$": /"3-, ,-(-$"'+! / ,("&*(.1 *  

3"/"3+! "&C-# 3" 5 #0 /"3":. 

4(* *',"06;"/%$** A*06!("/  V –L4 ,("/"3+! *< «'1<"-» 

";"0-$*-. V*06!( ,"#-2%B! / ./%()-/9: '!%.%$, 3"&%/0+B! "."0" 10 #= 

'106A%!% %##"$*+. @;"0-$*- ,("/"3+! / #1A-06$": ,-7* ,(* !-#,-(%!1(- 

"."0" 500 
"
D / !-7-$*- 1–1,5 7. > ;"06$"#1 "'!%!.1 3"&%/0+B! 0,3 #0 

."$)-$!(*("/%$$": %;"!$": .*'0"!9 * /9,%(*/%B! 3" /0%?$9< '"0-: $% 

/"3+$": *0* ,-'7%$": &%$-. @'!%!". ,"'0- "<0%?3-$*+ (%'!/"(+B! / 
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%;"!$": .*'0"!- (1:90) * ,-(-/"3+! / ,("&*(.1, 3"/"3+ "&C-# 5!": ?- 

.*'0"!": 3"  5,0 #0. 

4(* %!"#$"-%&'"(&)*"$$"# %$%0*;- %!#"'A-($": ,90* ,("&1 

(%'!/"(+B! * / (%'!/"(- ",(-3-0+B! ."$)-$!(%)*B *''0-31-#9< 50-#-$!"/ 

?-0-;%, '/*$)%,  #-3*, #%=$*+, .%06)*+ * 3(. 50-#-$!"/. D,"'"& (%'!/"(-$*+ 

;%/*'*! "! '"3-(?%$*+ ".'*3% .(-#$*+ / ,90* * "! ",(-3-0+-#"=" 50-#-$!%. 

4("&1 ,90* #%''": 0,2–1 = (%'!/"(+B! / '#-'* ."$)-$!(*("/%$$9< 

HCl * HNO3 (3:1). R,%(*/%B! 3" /0%?$9< '"0-:, (%'!/"(+B! / (%;&%/0-$$": 

HNO3, 3"/"3+! 3" $1?$"=" "&C-#% (100-250 #0) 3*'!*00*("/%$$": /"3": * 

,("/"3+! %!"#$"-%&'"(&)*"$$"- ",(-3-0-$*-. O'0* ,(-3/%(*!-06$9#* 

*',9!%$*+#* 1'!%$"/0-$", 7!" ,906 $- (%'!/"(+-!'+ ,"0$"'!6B / '#-'* 

.*'0"!, ,("&1 ',0%/0+B! ' K2S2O7 (,(* '"3-(?%$** ".'*3% .(-#$*+ #-$-- 3 

#%'.%) *0* "!="$+B! .(-#$*: (,(* -=" '"3-(?%$** &"0-- 3 #%'.%) ' 

,"#"26B HF * H2SO4. 4(* ",(-3-0-$** '/*$)% $-"&<"3*#" *;&-=%!6 

3"&%/0-$*+ '106A%!-*"$"/ . ,("&-. 4"5!"#1 ',0%/0-$*- ,("/"3+! ' 

,"#"26B '#-'* &-;/"3$9< '"0-: .%(&"$%!"/ $%!(*+ * .%0*+ * !-!(%&"(%!% 

$%!(*+. P0+ "!="$.* .(-#$*+ / 3%$$"# '017%- *',"06;1B! '#-'6 HF * HNO3.  

H-?31$%("3$9: '!%$3%(! ND@ 9855 (-."#-$31-! "&(%&"!.1 

A*06!("/ *; $-(?%/-B2-: '!%0* ' !-A0"$"/9# ,".(9!*-# ,(* !-#,-(%!1(- 

3" 190 
"
D * 3%/0-$** 20"10

3
 .4% / !-7-$*- 12 7%'"/ ' 3"&%/0-$*- 1 #0 

."$)-$!(*("/%$$": %;"!$": .*'0"!9. 4"'0- "<0%?3-$*+ ,"017-$$9: 

(%'!/"( ."0*7-'!/-$$" ,-(-$"'+! / #-($1B ."0&1 $% 10 #0 * 3"/"3+! 3" 

#-!.* (%;&%/0-$$": %;"!$": .*'0"!":. P0+ %!"#*;%)** ,("& *',"06;1B! .%. 

,0%#-$$9:, !%. * 50-.!("!-(#*7-'.*: /%(*%$!9 / '""!/-!'!/** ' 

#-!"3*.%#* %$%0*;%. 

H%''"/1B 3"0B *''0-31-#"=" #-!%00% (%''7*!9/%B! ," A"(#10- 

\ ' ( 100
001,0

1

2 "
"

"""
+

Vm

VVC
M , 

=3- D – ."$)-$!(%)*+ #-!%00%, $%:3-$$%+ ," =(%31*("/"7$"#1 

=(%A*.1, #=/0; m – $%/-'.% ,90* , =; V – "&C-# *'<"3$"=" (%'!/"(%, 0; V1 – 

%0*./"!% *'<"3$"=" (%'!/"(%, /;+!%+ 30+ ,(*="!"/0-$*+ %$%0*;*(1-#"=" 

(%'!/"(%, 0; V2 – "&C-# %$%0*;*(1-#"=" (%'!/"(%, 0. 
 

:0"-0!& 1#; !$+0!)0;)(#<*06 -$=0)&   7$1$3  

1. @<%(%.!-(*;1:!- #%.("- * #*.("50-#-$!$9: '"'!%/  '0-31B2*< "&C-.!"/:  

 %) ,*2-/9- ,("31.!9; 

 &) ="($9- ,"("39, #*$-(%09; 

 /) ,"7/9; 

 =) )/-!$9- ',0%/9; 

 3) 7-($9- ',0%/9; 

 -) %!#"'A-($9: /";31<; 

 ?) ,(*("3$9- * '!"7$9- /"39. 
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2. 4-(-7*'0*!-, .%.*- "'$"/$9- 50-#-$!9 ",(-3-0+B! %!"#$"-%&'"(&-

)*"$$9# #-!"3"# / /"3%<, /";31<-, / #-!%00%< * ',0%/%<, / (13%< * 

#*$-(%0%<, / ,"7/%<. 

3. 4"06;1+'6 3%$$9#* !%&0. 6.2 * !%&0. 1.2, (%''7*!%:!-, .%.*- !".'*7$9- 

50-#-$!9 / ,*2-/9< ,("31.!%< #"=1! &9!6 ",(-3-0-$9 ,0%#-$$":, % .%.*- 

– 50-.!("!-(#*7-'.": %!"#$"-%&'"(&)*"$$": ',-.!("'.",*-:, -'0* '(-3$++ 

#%''% ,("&9 ,*2-/9< ,("31.!"/ ,(* *''0-3"/%$** '"'!%/0+-! 20 =, % 

."$-7$9: "&C-# (%'!/"(% – 50 #0. 

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

%!"#$"-%&'"(&)*"$$"# %$%0*;-: 

 %) #"0".% * #"0"7$9< *;3-0*:; 

 &) (9&9 * ,("31.!"/ -- ,-(-(%&"!.*; 

 /) ,"/%(-$$": '"0*; 

 =) .%(&"$%!$9< * '106A*3$9< #*$-(%0"/; 

 3) ,"7/; 

 -) ',0%/"/ $% "'$"/- %0B#*$*+, )*$.%, '/*$)%, "0"/%; 

 ?) (-7$9< * ";-($9< /"3; 

 ;) '!%0-: * 71=1$"/; 

 *) 0"#% * "!<"3"/ 3(%=#-!%00"/. 

R.%?*!- *< ,(-*#12-'!/% * $-3"'!%!.*. 

5. T%,*8*!- "'$"/$9- <*#*7-'.*- (-%.)**, ,("!-.%B2*- ,(* (%;0"?-$**:  

 %) ',0%/"/ %0B#*$*+ / '"0+$": .*'0"!- * / (%'!/"(- =*3(".'*3% 

$%!(*+; 

 &) '!%0-: / '"0+$": .*'0"!- ' ,"'0-31B2*# (%'.*'0-$*-# %;"!$": 

.*'0"!":; 

 /) ',0%/"/ "0"/% / ."$)-$!(*("/%$$": '"0+$":, %;"!$":, '-($": 

.*'0"!%<, / (%'!/"(- =*3(".'*3% $%!(*+; 

 =) =(%$*!$9< ="($9< ,"("3 (SiO2, Al2O3, Fe2O3) ',0%/0-$*-# ' 

.%(&"$%!"# $%!(*+; 

 3) ',0%/"/ )*$.% / '"0+$": .*'0"!- ' 3"&%/.": ,-(".'*3% /"3"("3%. 

6. S%''7*!%:!- $-"&<"3*#1B #%''1 $%/-'.* ,0%#-$$"=" %!"#$"-

%&'"(&)*"$$"=" ",(-3-0-$*+, *',"06;1+ '0-31B2*- 3%$$9-: 

@&C-.! %$%0*;% U0-#-$! D"3-(?%$*-

>"$)-$!(%)*+ 

50-#-$!%, 

",(-3-0+-#%+ ' 

#*$*#%06$": 

,"=(-8$"'!6B 

>"$-7$9: 

"&C-# 

(%'!/"(%, #0 

X0%.""&(%;1B2%+ '#-'6 D% 10 % 20 #.=/#0 250 

D/*$-) Du 0,01 % 5 #.=/#0 25 

E"# * "!<"39 3(%=#-!%00"/ Pd 0,3 % 30 #.=/#0 100 

V0B' 50-.!("80%."/9: Al 1 % 0,1 #=/#0 100 

 0B#*$*-/9: ',0%/ Bi 0,07 % 0,0035 #=/#0 100 

D!%06 0-=*("/%$$%+ Ni 0,5 % 5 #.=/#0 100 

M-($";-# Cd 0,3 #=/.= 2 #.=/#0 50 
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F1(9- ,"7/9 Pb 23 #=/.= 10 #.=/#0 50 

>"(# 30+ ?*/"!$9< Ca 0,85 % 5 #=./#0 250 

Q(*&9 Hg 0,03 #=/.= 0,01 #.=/#0 100 

4"/%(-$$%+ '"06 K 0,01 % 0,13 ##"06/0 100 

S9&% Hg 0,25 #=/.= 0,01 #.=/#0 100 

@!(1&* ,8-$*7$9- Zn 100 #=/.= 1 #=/0 50 

7. >%."/9 "'"&-$$"'!* ,"3="!"/.* ,("&9 ,(* %!"#$"-%&'"(&)*"$$"# 

",(-3-0-$** (!1!* / ,*2-/9< ,("31.!%<, "&C-.!%< ".(1?%B2-: '(-39? 

8. >%."/9 "'"&-$$"'!* ,("&","3="!"/.* ,(* %!"#$"-%&'"(&)*"$$"# 

",(-3-0-$** Pb, Cu, Cd, Co, Ni, Cr / ,"7/%<? 

9. @,*8*!- "!&"( =-$-(%06$": ,("&9 ,(* %!"#$"-%&'"(&)*"$$"# 

",(-3-0-$**:  

 %) #*.(",(*#-'-: ?-0-;% / 718.%< 7*'!"=" "0"/%; 

 &) ,"3/*?$9< A"(# Cu, Pb, Cd / ,"7/-; 

 /) #*.(",(*#-'-: Pb, As, Cd, Hg / #"0".-; 

 =) '"3-(?%$*+ Ag, Pd, Au / 0"#- * "!<"3%< 3(%=")-$$9< #-!%00"/; 

 3) '"3-(?%$*+ ?-0-;%, %0B#*$*+, #%(=%$)% / "!<"3%< '!(1?.* #-3$9< 

,("*;/"3'!/. 

10. S%''7*!%:!- "&C-# /";31<%, ."!"(9: '0-31-! "!"&(%!6 30+ ,0%#-$$"=" 

%!"#$"-%&'"(&)*"$$"=" ",(-3-0-$*+ 50-#-$!"/, *',"06;1+ '0-31B2*- 

3%$$9-: 

U0-#-$! 

@,!*#%06$9: (%&"7*: 

3*%,%;"$ ."$)-$!(%)*: / 

A"!"#-!(*(1-#"# "&C-#- 

(%'!/"(% 

@&C-# 

A"!"#-!(*(1-#"=" 

(%'!/"(%, #0 

>"$)-$!(%)*+ 

#-!%00% / /";31<-, 

#.=/0 

>"&%06! 0,002-0,2 ##"06/0 10 0,05 

I*.-06 0,05-50 #.=/#0 10 0,1  

H-36 0,005-0,5 ##"06/0 25 2,5  

G*$. 0,1-50 #=/0 50 0,005 

H%(=%$-) 0,2-30 #.=/#0 10 1,0  

>%3#*: 0,2-20 #=/0 25 0,03  

D/*$-) 0,2-20 #=/0 10 0,1 

L("# 0,01-2,0 ##"06/0 10 0,01  

11. R.%?*!- ,(%/*06$1B ,"'0-3"/%!-06$"'!6 ,"3="!"/.* ,("&9 /"39, -'0* 

$-"&<"3*#" ",(-3-0*!6 !"06." (%'!/"(-$$9- #-!%009: 

%) '(%;1 ,"'0- "!&"(% ,("&9 "&(%&%!9/%B! ."$)-$!(*("/%$$": %;"!$": 

.*'0"!": 30+ ,"017-$*+ (I 1-2. T%!-# A*06!(1B! 7-(-; #-#&(%$$9: A*06!( 

' ,"(%#* 0,45 #.#; 

&) '(%;1 ,"'0- "!&"(% ,("&1 A*06!(1B! 7-(-; #-#&(%$$9: A*06!( ' ,"(%#* 

0,45 #.#. > A*06!(%!1 3"&%/0+B! ."$)-$!(*("/%$$1B %;"!$1B .*'0"!1 3" 

(I 1-2; 

/) '(%;1 ,"'0- "!&"(% ,("&1 A*06!(1B! 7-(-; #-#&(%$$9: A*06!( ' ,"(%#* 

0,45 #.#, A*06!(%! <(%$+! / <"0"3*06$*.-. 

12. >%.*- (%'!/"(*!-0* *',"06;1B! 30+ %!"#$"-%&'"(&)*"$$"=" 

",(-3-0-$*+ ,"3/*?$9< A"(# #-!%00"/ / ,"7/%<? 
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%) 3*'!*00*("/%$$%+ /"3%; 

&) 1 H %;"!$%+ .*'0"!%; 

/) 1 H '"0+$%+ .*'0"!%; 

=) %)-!%!$"-%##"$*:$9: &1A-($9: (%'!/"( ' (I=4,8; 

3) 1 H =*3(".'*3 $%!(*+. 

13. @&C+'$*!-, ,"7-#1 ,(* ",(-3-0-$** (!1!* / ,"7/- (-."#-$31-!'+ 

,("*;/"3*!6 /9'18*/%$*- ,"7/9 $% /";31<- (/ !-$*), % $- / '18*06$"# 

8.%A1? 

14. R.%?*!-, ,(* .%."# ',"'"&- #*$-(%0*;%)** (%'!*!-06$9< ,("& 

/";#"?$9 ,"!-(* (!1!*: 

%) '1<"- ";"0-$*- / #1A-06$": ,-7*; 

&) #*$-(%0*;%)*+ / %/!".0%/-; 

/) (%;0"?-$*- '#-'6B ."$)-$!(*("/%$$9< H2SO4 * HNO3 ,(* !-#,-(%!1(-  

200°D; 

=) (%;0"?-$*- '#-'6B ."$)-$!(*("/%$$9< H2SO4 * HNO3 ,(* !-#,-(%!1(- 

100-120°D / !-7-$** 3/1< 7%'"/, ,(*&%/0-$*- ,-(#%$=%$%!% .%0*+ * 

,-('106A%!% .%0*+ * /93-(?*/%$*- ,("& 18-20 7%'"/;  

3) #*.("/"0$"/"- (%;0"?-$*- '1<*< ,("&. 

15. 4("&1 /"39 "&(%&"!%0* &("#*3-&("#%!$": '#-'6B * ,("/-0* 

",(-3-0-$*- (!1!* #-!"3"# <"0"3$"=" ,%(%, *',"06;1+ / .%7-'!/- 

/"''!%$"/*!-0+ <0"(*3 "0"/% (II). R.%?*!-, .%.*- A"(#9 (!1!* &90* 

",(-3-0-$9: 

%) $-"(=%$*7-'.*- ."#,0-.'9 (!1!*; 

&) ."#,0-.'9 (!1!* ' A106/"- * =1#*$"/9#* .*'0"!%#*; 

/) %0.*06$9-; 

=) %(*06$9-; 

3) '1##% $-"(=%$*7-'.*< * %(*06$9< '"-3*$-$*: (!1!*; 

-) "&2-- '"3-(?%$*- (!1!*. 
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