
 
!"#"$%&#' ()’*(+% ,'- #"./01#'&#%,%  
/"&.)%#1,% 

!"’#$%& '() *+,-"&./'& $0'-"1+.( 23.('& 3('(,.&'& "1/45&"-45#'& ( 
'-)1&"-45#'& "$/6'-7+*+5"-*+.8. 93 ./$&"/:58 0"#"$%&#%,% ()’*(-
+1,%. 
 
;('(,.( +1+'+.5& 7-<(1#:58 ./ '+5/1(,.( 5/ .+'+5/1(,.(. 

=(< '+5/1(,.&3 +1+'+.5(" 7-3-<#58 '+5/1&, -4.ó".( > /'?-5+*.( -%4&<&, 
#%&' "(<7-"(</:58 -4.-"& > /'?-5+*.( @(<*-%4&<&:  

 
A*&%1/<& -%4&<(" ( "(<7-"(<.&3 @(<*-%4&<(": Na2O — NaOH, CaO — 
Ca(OH)2; ZnO — Zn(OH)2,  Al2O3 — Al(OH)3.  
B 5/%&3 47-10%/3 '+5/1(,.( +1+'+.5& '(45#584# 0 ?-*'( %/5(-.(" ( "&#"-
1#:58 4507+.( -%&4.+..# "(< +1 <- +4.  

C%4&<&, " #%&3 4507+.( -%&4.+..# '+5/1(,.&3 +1+'+.5(" +6 ( +7, 6 %&4-
1-5.&'&. D+*+< E&3 47-10% — 3*-'(VI) -%4&< ( '/.@/.(VIF) -%4&<. 9' "(<-
7-"(</:58 %&41-5& H2CrO4 i HMnO4. 
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G+'+5/1(,.( +1+'+.5& 05"-*::58 .+'+5/1&, %&41-5.( -%4&<&, "(<7-"(<.( 
%&41-5&:  

A*&%1/<& -%4&<(" ( "(<7-"(<.&3 %&41-5: SO3 — H2SO4, N2O5 — HNO3. 
 
=&.#5%/'& 6 .+4-1+5"-*.( -%4&<& — %/*H-.(FF) -%4&<, .(5*-@+.(F) -%4&<, 
.(5*-@+.(FF) -%4&<. =-<0 5/%-) $/*/3-"0:58 <- .+4-1+5"-*.&3 -%4&<(". 

G+'+5/1(,.( +1+'+.5& " 4-1#3 "3-<#58 <- 4%1/<0 /.(-.(". =&.#5-% — 4-1( 
/'-.(:, #%( '(45#58 %/5(-.& NH4. 

21)31##* 1. 
G/7&4/5& *(".#..# *+/%E(>, #%( "(<7-"(</:58 43+'( 7+*+5"-*+.8: 
D/ I D/C I D/(CG)2 I CaCl2 I D/DC3 I D/(HCC3)2 I CaCO3. 

!"#$’%#&''%: 
1) 2D/ + C2 = 2D/C; 
2) D/C + G2C = D/(CG)2; 
3) D/(CG)2 + 2HCl = CaCl2 + 2H2O; 
4) CaCl2 + Na2CO3 = 2NaCl + CaCO3J; 
5) CaCO3 + DC2 + G2C = D/(GDC3)2; 
                         t 
6) D/(GDC3)2 = CaCO3J + DC2K + G2C. 
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21)31##* 2. 
G/7&4/5& *(".#..# *+/%E(>, #%( "(<7-"(</:58 43+'( 7+*+5"-*+.8: 
L I L2C5 I G3LC4 I Na3PO4 I NaH2PO4 I Na3PO4 I Ca3(PO4)2. 

!"#$’%#&''%: 
1) 4L + 5C2 = 2L2C5; 
2) L2C5 + 3G2C = 2G3LC4; 
3) G3LC4 + 3NaOH = Na3PO4 + 3H2O; 
4) Na3PO4 + 2G3LC4 = 3NaH2PO4; 
5) NaH2PO4 + 2NaOH = Na3PO4 + 2H2O; 
6) 2Na3PO4 + 3CaCl2 = Ca3(PO4)2J + 6NaCl. 

4/1+$%&#1 /.5.$1 
!"#$: M+.+5&,.( $"’#$%& '() %1/4/'& .+-*@/.(,.&3 47-10%. 
%"&$: !/%*(7&5& $./..# 7*- 3('(,.( "1/45&"-45( 7*-45&3 ( 4%1/<.&3 .+-
-*@/.(,.&3 *+,-"&.. 

(&$)&''%: 
N-H+*(58 *+/%5&"& 5/ $<(>4.(58 3('(,.( 7+*+5"-*+..# 47-10% O&.%0 $@(<-
.- $( 43+'-:: 

Zn I ZnCl2 I Zn(OH)2 I Zn(NO3)2  
                    J 
                        Na2[Zn(OH)4] I Zn(OH)2 I ZnSO4 

  
*"+,-) 1. N-H0"/..# E&.% 31-*&<0 ($ E&.%0. 
N- E&.%0 <-</6'- 31-*&<.0 %&41-50. O&.% 7+*+H0"/6 " *#<0 /%5&".-45( 
'+5/1(" <- "-<.:, 5-'0 «"&5(4.#6» "-<+.8 ($ %&41-5&. 
D7-45+*(@/6'- "&<(1+..# @/$0. 

L(".#..# *+/%E(2: 
Zn + 2HCl = ZnCl2 + H2K. 

=&4.-"-%: 4(18 '-)./ <-H05& "$/6'-<(6: '+5/10 ( %&41-5&. 

*"+,-) 2. N-H0"/..# /'?-5+*.-@- @(<*-%4&<0 ($ 4-1(, " #%(> '(45#584# 
%/5(-.& O&.%0. 
N- *-$,&.0 E&.% 31-*&<0 <-</6'- *-$,&. 10@0 — ./5*(> @(<*-%4&<0, 
0.&%/:,& >-@- ./<1&P%0. 
D7-45+*(@/6'- 05"-*+..# H(1-@- <*/@1&45-@- -4/<0. 

L(".#..# *+/%E(2: 
ZnCl2 + 2NaOH = 2NaCl + Zn(OH)2J. 

=&4.-"-%: /'?-5+*.( @(<*-%4&<& ( .+*-$,&..( -4.-"& '-)./ <-H05& 
"$/6'-<(6: "(<7-"(<.&3 *-$,&..&3 4-1+> ($ 10@/'&. 

*"+,-) 3. A+*+5"-*+..# /'?-5+*.-@- @(<*-%4&<0 ./ 4(18, 0 #%(> '(45#584# 
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%/5(-.& O&.%0. 
N- -4/<0 E&.% @(<*-%4&<0 <-</6'- *-$,&. .(5*/5.-2 %&41-5&. C4/< *-$-
,&.#6584#. 

L(".#..# *+/%E(2: 
Zn(OH)2 + 2HNO3 = Zn(NO3)2 + 2H2C. 

=&4.-"-%: /'?-5+*.( @(<*-%4&<& "$/6'-<(:58 ($ %&41-5/'&. 

*"+,-) 4. A+*+5"-*+..# /'?-5+*.-@- @(<*-%4&<0 ./ 4(18, 0 #%(> O&.% '(-
45&584# " /.(-./3. 
N- -4/<0 E&.% @(<*-%4&<0 <-</6'- *-$,&. 10@0. C4/< *-$,&.#6584#. 

L(".#..# *+/%E(2: 
Zn(OH)2 + 2NaOH = Na2[Zn(OH)4]. 

=&4.-"-%: /'?-5+*.( @(<*-%4&<& "$/6'-<(:58 ($ 10@/'&. 

*"+,-) 5. N-H0"/..# /'?-5+*.-@- @(<*-%4&<0 ($ 4-1(, " #%(> O&.% '(-
45&584# " /.(-./3. 
N- *-$,&.0 ./5*(> 5+5*/@(<*-%4-E&.%/50 <-</6'- .+"+1&%0 %(18%(458 
*-$,&.0 4018?/5.-2 %&41-5& <- 7-#"& -4/<0 E&.% @(<*-%4&<0. 

L(".#..# *+/%E(2: 
Na2[Zn(OH)4] + H2SO4 = Na2SO4 + Zn(OH)2J+ 2H2O. 

=&4.-"-%: /'?-5+*.( @(<*-%4&<& '-)./ <-H05& "$/6'-<(6: "(<7-"(<.&3 
4-1+> ($ %&41-5/'&. 

*"+,-) 6. A+*+5"-*+..# /'?-5+*.-@- @(<*-%4&<0 ./ 4(18, 0 #%(> '(45#584# 
%/5(-.& O&.%0. 
N- -4/<0 E&.% @(<*-%4&<0 <-</6'- *-$,&. 4018?/5.-2 %&41-5&. 
C4/< *-$,&.#6584#. 

L(".#..# *+/%E(2: 
Zn(OH)2 + H2SO4 = ZnSO4 + 2H2O. 

=&4.-"-%: /'?-5+*.( @(<*-%4&<& *+/@0:58 ($ %&41-5/'&. 

6%7#.)+%: 

M+.+5&,.&'& $"’#$%/'& '() *+,-"&./'& ./$&"/:58 $"’#$%&, #%( Q*0.50-
:584# ./ 7-3-<)+..( *+,-"&. ( 23.(3 3('(,.&3 "1/45&"-45#3. 
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=(< '+5/1(,.&3 +1+'+.5(" 7-3-<#58 '+5/1&, -4.ó".( 5/ /'?-5+*.( -%4&<&, 
-4.-"& 5/ /'?-5+*.( @(<*-%4&<&, / "(< .+'+5/1(,.&3 — .+'+5/1&, %&4-
1-5.( -%4&<& > %&41-5&.  
D-1( 6 7-3(<.&'& 3('(,.&3 +1+'+.5(" -H-3 5&7(" — '+5/1(,.&3 ( .+'+-
5/1(,.&3. 

R+5/1& '-)058 "$/6'-<(#5& $ .+'+5/1/'&.  
R/>)+ "4( '+5/1& ( .+'+5/1& *+/@0:58 ($ %&4.+'. A*& E8-'0 05"-*::58-
4# -%4&<&. R+5/1& "$/6'-<(:58 ($ %&41-5/'&, 4-1#'&, / 10).( 5/ 10).--
$+'+18.( — S+ > ($ "-<-:. T%5&".( .+'+5/1& *+/@0:58 ($ "-<-:, 10@/'&, 
<+#%&'& 4-1#'&. 
C%4&<& 10).&3 ( 10).-$+'+18.&3 +1+'+.5(" "$/6'-<(:58 ($ "-<-: $ 
05"-*+..#' -4.-" (10@("), / '/>)+ "4( %&41-5.( -%4&<&, *+/@0:,& $ "--
<-:, 7+*+5"-*::584# ./ %&41-5&. 
C4.ó".( -%4&<& "$/6'-<(:58 ($ %&41-5.&'& -%4&</'&, -4.-"& — $ %&4-
1-5/'&. T'?-5+*.( -%4&<& ( @(<*-%4&<& *+/@0:58 #% ($ 10@/'&, 5/% ( $ 
%&41-5/'&. A*-<0%5/'& E&3 *+/%E(> 6 4-1(. 
D-1( '-)058 "$/6'-<(#5& $ 10@/'&, %&41-5/'&, (.P&'& 4-1#'&. 

'$()$**+ ), -.,/-: 
  
1. B45/.-"(58 "(<7-"(<.(458 '() 5&7-' (1–3) ( ?-*'01-: (T–N) -%4&<0. 

1   -4.ó".&> -%4&< 
2   %&41-5.&> -%4&< 
3   /'?-5+*.&> -%4&< 

8   CO 
9   SO3 
6   BaO 
!   NO 
:  Al2O3 
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2. =-<.&> *-$,&. 4-1( ; *-$<(1&1& ./ <"( 7*-H(*%&. B 7+*P0 7*-H(*%0 
<-</1& "-<.&> *-$,&. /*@+.50' .(5*/50. D7-45+*(@/1& 05"-*+..# H(1-@- 
4&*.&45-@- -4/<0. N- "'(450 <*0@-2 7*-H(*%& <-</1& "-<.&> *-$,&. ./5-
*(> @(<*-%4&<0. B5"-*&"4# H(1&> <*/@1&45&> -4/<, #%&> $/ ./<1&P%0 
10@0 *-$,&.&"4#. B%/)(58 ?-*'010 4-1( ;. 

8   Zn(DG3DCO)2 

9   ZnCl2 
6   Mg(DG3DCO)2 
!   MgCl2 

3. B%/)(58 ?-*'01& *+,-"&. X i Y, #%( .+-H3(<.( <1# $<(>4.+..# *+/%E(> 
$/ 43+'-:: 
                                                          + X          + Y 

UCl  I  UNO3  I  U2SO4  

4. G/7&P(58 *(".#..# *+/%E(>, #%( "(<7-"(</:58 43+'/' 7+*+5"-*+.8: 
/) Cu I CuO I CuSO4 I Cu(OH)2 I CuO I Cu I CuCl2; 
H) Na I NaOH I NaCl I NaNO3 I Na2SO4 I NaHSO4 I Na2SO4; 
") C I CO I CO2 I KHCO3 I K2CO3 I CaCO3 I CO2 I CO; 
@) S ⇄ H2S I SO2 I SO3 I H2SO4 I FeSO4 I Fe(OH)2 I Fe(OH)3 I Fe2O3 I 

I FeCl3 ⇄ FeCl2. 

5. M/$, <-H05&> "$/6'-<(6: %/18E(> %/*H-./50 '/4-: 15 @ $ 31-*&<.-: 
%&41-5-:, 0$#5-: " ./<1&P%0, 7*-7045&1& 0 *-$,&. '/4-: 200 @ ($ '/4--
"-: ,/45%-: %/18E(> @(<*-%4&<0 3,7 %. CH,&41(58 '/40 (@) -4/<0, #%&> 
05"-*&"4#. 

X Y

8 HNO3 Na2SO4

9 HNO3 H2SO4 (%-.E.)

6 AgNO3 H2SO4 (%-.E.) 

! AgNO3 Na2SO4
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