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1. $C%&'$D &%E'F%$D %&'$D 
C$5% D)"= ;$!*$(+'% – 6374>?+,%. :+2+) <$!6", <"("6+53 XIX %1"($1+.. E$("6$) 

05*+)("<$7+9$%)+: 8545+, + <!$6"%:"753, 454(+1+), ;$!*$(+'% !4="14( "9$5F <("7"16"!5" + 

<"91+ 5+)"@74 5$ "G+=4(%.. / $@" (4="!41"!++ =3(+ "<!$7$($53 41"253$ 6$%4 ="(FG+5%164 
+86$%153: 1"@74 0($2$51"6 (")"(" 50), 637$($53 6 %6"="75"2 %"%1".5++ *$!+, + )4(F*+,, 

%1!"5*+, + =4!+,, )!$25+, + *+!)"5+,, "1)!313 %$($5 + 1"!+,. H" <!+ "1)!31++ 1"!+. 
;$!*$(+'% %"6$!G+( "G+=)'. 

 

*46. 1. C.D. ;$!*$(+'% (1779-1848). 

 

/ 1815, 454(+8+!'. !$7)+, 2+5$!4(, 54,7$553, 6 ")!'@$ 
I4(>5 (J6$*+.), ;$!*$(+'% "=54!'A+( 6 5$2 ")%+7 5"6"@" )4) 
$2' )484("%F 0($2$514. K1"1 0($2$51 =3( 548645 1"!+$2, 6 9$%1F 
6%$2"@'?$@" 7!$65$%)457+546%)"@" ="A$%164 L"!4. ( " 

<!$745+> L"! =3( )"(($@", M4!%4 + N<+1$!4 - "75"6!$2$55" 

="@"2, 6",53, @!"24 + 2"(5++.)  !"G(" 7$%.1F ($1, <!$A7$ 9$2 

;$!*$(+'% "=54!'A+( %6"> "G+=)': 6$?$%16", )"1"!"$ "5 %9+14( 

")%+7"2 1"!+., 54 %42"2 7$($ ")484("%F #"%#41"2 'A$ 
+86$%15"@" +11!+.. “ ":"!"5+6” 1"!+,, ;$!*$(+'% A$ $@" 

“6"%)!$%+(”. / 1828 +86$%153, 2+5$!"("@, <!"#$%%"! Jens 

Esmark <!+%(4( $2' 9B!53, 2+5$!4(, 54,7$553, 54 "%1!"6$ 
Lovon 6 H"!6$@++. (L$<$!F 01"1 2+5$!4( 548364>1 1"!+1"2, ThSiO4, )(4%% %+$5+1"6). L"!+1 
%"7$!A+1 7" 77% ")%+74 1"!+. ThO2. O=54!'A+1F %1"(F .653, )"2<"5$51 ;$!*$(+'%' 5$ 
%"%146+(" "%"="@" 1!'74. P%%($7"646 637$($55'> 8$2(>, ;$!*$(+'% '=$7+(%., 91" 01" ")%+7 

5"6"@" 0($2$514, ) )"1"!"2' + <$!$G(" 548645+$ “1"!+,”. 

 "('9+1F 9+%13, 2$14((+9$%)+, 1"!+, ;$!*$(+'%' 5$ '74("%F.  !4674, "5 6"%%145"6+( 

)4(+$2 #1"!+%13$ %"$7+5$5+. 5"6"@" 0($2$514 + <"('9+( %$!3, 2$14((+9$%)+, <"!"G"), %+(F5" 

84@!.85$553, <!+2$%.2+. E+%13, <!$<4!41 1"!+. =3( <"('9$5 (+GF 6 1882 @"7' 7!'@+2 

G6$7%)+2 :+2+)"2 - <$!6""1)!3641$($2 %)457+. -4!%"2 I!$7$!+)"2 H+(F%"5"2. H+(F%"5 

<"('9+( 1"!+, <!")4(+645+$2 6 A$($85"2 *+(+57!$ (461")(46$) 
%2$%+ ThCl4 + 2KCl % 541!+$2. 

Q($7'>?$$ 64A5"$ %"=31+$ 6 +%1"!++ 0($2$514 R 90 

<!"+8"G(" 6 1898 @"7', )"@74 5$846+%+2" 7!'@ "1 7!'@4 + 

<!4)1+9$%)+ "75"6!$2$55" M4!+. Q)("7"6%)4.-&>!+ + 

5$2$*)+, '9$53, S$!=$!1 J2+71 5$846+%+2" 7!'@ "1 7!'@4 
"=54!'A+(+, 91" 1"!+, !47+"4)1+6$5. M.&>!+ "12$1+(4 1"@74 
A$, 91" 4)1+65"%1F 9+%1"@" 1"!+. 74A$ 63G$ 4)1+65"%1+ '!454. 

 

*46. 2. -4!% I!$7$!+) H+(F%"5 (1840-1899)  

 



/ 1900 - 1903 K. T$8$!#"!7 + I. Q"77+ <")484(+, )4) 1"!+, <"%1".55" !4%<474$1%. 54 !.7 

!47+"4)1+653: 0($2$51"6, 91" <"%('A+(" "%5"6", 7(. %"8745+. 1$"!++ !47+"4)1+65"@" !4%<474. 
O=54!'A$5+$ 6 *$<+ !4%<474 238

U +"5+. + 7")4841$(F%16" $@" :+2+9$%)", +7$51+95"%1+ % 
1"!+$2, <!+6$(" ) "1)!31+> .6($5+. +8"1"<++. 

 

2. D"!'#&-G$H$I!CE$! JK'KE%!'$C%$E$ %&'$D 

2.1  !"#"$% #"&'( 

 !+!"753$ !47+"4)1+653$ +8"1"<3: 
227

Th, 
228

Th (1,37-100 %), 
230

Th, 
231

Th, 
232

Th ( 100%), 
234

Th. 

P86$%15" 7$6.1F +%)'%%16$553: !47+"4)1+653: +8"1"<"6 1"!+.. 228
Th — !-, "-+8('941$(F. 

Q!$75.. 05$!@+. !-+8('9$5+. 226
Th, 

227
Th, 

228
Th, 

229
Th, 

230
Th, 

232
Th !4654 %""16$1%16$55" 6,42; 

5,95; 5,49; 4.95; 1,38-l0
-2

; 4,07 M0//(;)-%). 
L"!+, – <!+!"753, !47+"4)1+653, 0($2$51, !"7"5494(F5+) %$2$,%164 1"!+.. P86$%153 

12 +8"1"<"6, "754)" <!+!"753, 1"!+, <!4)1+9$%)+ %"%1"+1 +8 "75"@" +8"1"<4 232
Th (T1/2=1,4*10

10
 

($1, U-!4%<47) % 5$8549+1$(F5", <!+2$%F> !47+"1"!+., 228
Th. V@" '7$(F54. !47+"4)1+65"%1F 

0.109 2+)!")>!+/@. T4%<47 1"!+. <!+6"7+1 ) "=!48"645+> !47+"4)1+65"@" @484 – 1"!"54 (!47"5-

220), )"1"!3, % 0)"("@+9$%)", 1"9)+ 8!$5+. <!$7%146(.$1 "<!$7$(B55'> "<4%5"%1F. Q 
232

Th 6 
!465"6$%++ 54:"7+1%. 6 5$="(FG+: )"(+9$%164: (1,37#10

-

8
%) 

228
Th (RdTh,  =1,91 ($1). E$13!$ +8"1"<4 1"!+. 

"=!48'>1%. 6 <!"*$%%4: !4%<474 238
U (

230
Th (+"5+,, Io, 

T=75.380 ($1) + 
234

Th ('!45W1, UX1, T=24.1 75.)) + 
235

U 

(
227

Th (!47+"4)1+5+,, RdAc,  =18.72 75. + 
231

Th ('!45 Y, 

UY, T=1.063 75.).  
L"!+, + <!"7')13 $@" !4%<474 +%<'%)4>1 !- (90%) 

+ $
-
 (9%) 94%1+*3, 4 14)A$ "-('9+ (1%) 7"6"(F5" 63%")", 

05$!@++ (7" 2,6 M0/). X)1+65"%1F 4 @ 1"!+. 0)6+64($5154 
4)1+65"%1+ 1 2@ 226

Ra. 

T47+"4)1+653, !.7 5')(+7"6 % 24%%"632 9+%("2, 

<!$7%146+232 6 6+7$ 4n, 548364$1%. !.7"2 1"!+.. T.7 

549+54$1%. % 6%1!$94>?$@"%. 6 <!+!"7$ 232
Th + 

846$!G4$1%. "=!48"645+$2 %14=+(F5"@" 
208

Pb (*46. 3). 

 

*46. 3. O%5"653$ 9($53 %$2$,%164 <!+!"75"@" 1"!+.. 
 

Y(. <!4)1+9$%)+: <!+2$5$5+,, $7+5%16$5532+ 

+8"1"<42+, <!+%'1%16'>?+2+ 6 842$153: )"(+9$%164: 6 
"9+?$55"2 1"!++ - 

228
Th + 

230
Th, 1.). "%14(F53$ +2$>1 

"9$5F )"!"1)+, <$!+"7 <"('!4%<474, + 
228

Th !4%<474$1%. 
<"%($ 5$%)"(F)+: ($1 :!45$5+.. P%)'%%16$553$ +8"1"<3 1"!+. ="(FG$, 94%1F> 

)"!"1)"A+6'?+$; +8 5+: ="(FG", <$!+"7 <"('!4%<474 +2$$1 1"(F)" 
229

Th ( =7340 ($1), 
<!+547($A4?+, ) +%)'%%16$55"2' !47+"4)1+65"2' %$2$,%16' 5$<1'5+..  

(&78. 1. T47+"4)1+65"%1F <!+!"753: %$2$,%16 (Zt=10
9
 ($1) 

T.7 M41$!+5%)+, +8"1"<  $!+"7 '%145"6($5+. !465"6$%+. X, ;)/)@ (MP) 

4n 

4n+1 

4n+2 

4n+3 

232Th 
237Np 
238U 
235U 

5x103 ($1 
1x106 ($1 
1x107 ($1 
5x106 ($1 

4x107 

0 

1.6x108 

3.7x108 

 T47+"4)1+653$ +8"1"<3 1"!+. <"('94>1 +8 2"54*+1"63: !'7, +%<"(F8'. 94?$ 6%$@" 

%$!5")+%("153, 2$1"7 !48("A$5+.. M5"@"9+%($553$ 1$:5"@$553$ +8"1"<3 1"!+. 54!4=41364>1 
54 '%)"!+1$(.: ="2=4!7+!"6)", 2+G$5+ +8 %6+5*4 +(+ 6+%2'14 '%)"!$5532+ 25"@"84!.7532+ 

+"542+ +(+ <"('94>1 54 41"253: !$4)1"!4: +8 (B@)+: +8"1"<"6 '!454, "=!48"646G+:%. 6 
!$8'(F141$ !485""=!4853: .7$!53: !$4)*+,. 

 $!+"73 <"('!4%<474 "<!$7)"6" 2$5FG$ 10
5
 ($1, <"01"2' 6 <!+!"7$ "5+ 5$ %":!45+(+%F. 

O754)", 6 41"25"2 !$4)1"!$, <!+ "=('9$5++ '!454 1$<("632+ 5$,1!"542+, "5+ "=!48'>1%. 6 



="(FG+: )"(+9$%164:. / 54%1".?$$ 6!$2. !"7"5494(F5+)"2 !.74 1"!+. (4n %$2$,%164) %9+14$1%. 
256

Es, !4%<474>?+,%. <" %:$2$: 

99

256

100

256

98

252

96

248

94

244

92

239

93

240

94

240

92

236

90

232

Es Fm Cf Cm Pu

U Np Pu U Th

$ ! ! ! !

! $ $ ! !

%&% % &% % &% % &% % &%

% &% %&% %&% % &% % &% &.
   (1) 

/4A532 <!$7G$%16$55+)"2 <!+!"75"@" 1"!+$6"@" %$2$,%164 .6(.$1%. 248
Cm ( =3.39:10

5
 ($1). 

W4!4)1$!54. "%"=$55"%1F %:$23 !4%<474 1"!+. – 7"9$!5+$ <!"7')13 5$ %"7$!A41 
7"(@"A+6'?+: !47+"5')(+7"6. / !.7' 1"!+. %"%1".5+$ !465"6$%+. 2$A7' 241$!+5%)+2 

+8"1"<"2 + 7"9$!5+2+ <!"7')142+ !4%<474 (%)"(F)" !4%<4("%F 241$!+5%)"@" +8"1"<4 - %1"(F)" 

A$ !4%<4("%F 7"9$!5+: +8"1"<"6) 7"%1+@4$1%. 84 30 ($1, 4, 8549+1, %<'%1. 01" 6!$2. !4%9$1 
4)1+65"%1+ 2"A5" <!"6"7+1F <" 241$!+5%)"2' +8"1"<'.  

 
*46. 4.  !+!"75"$ %$2$,%16" 

232
Th, 4n 

 



 
*46. 5.  !$7G$%16$55+)+ 1"!+$6"@" %$2$,%164 
 

(&78. 2. T465"6$%5"$ %"7$!A45+$ !47+"1")%+953: +8"1"<"6 1"!+$6"@" %$2$,%164 (2@) 54 1 1"55' 

1"!+. 
 

 

 

 

 

T47+"4)1+65"$ %$2$,%16" P8"1"<  $!+"7 <"('!4%<474,   Q"7$!A45+$ 
4n 

1"!+$6"$ 

232Th 
226Ra 
228Th 
224Ra 

1.41x1010 ($1 
5.75 ($1 
1.91 @"74 
3.66 %'1 

109 

0.470 

0.134 

6.9x10-4 



Q)"!"%1F !4%<474 )4A7"@" 9($54 %$2$,%164 !4654 %)"!"%1+ !4%<474 +%:"75"@" 
232

Th 

(6$)"6"$ !465"6$%+$). H4 )4A73, !4%<47 
232

Th 6%$ 9($53 !.74 +%<'%)4>1 7 !-94%1+*, 5 $-94%1+*, 

7 "-94%1+*. 

H4 74553, 2"2$51 +86$%153 30 +8"1"<"6 1"!+. + $?$ 3 6"8='A7B553: +8"2$!53: 

%"%1".5+, 5$)"1"!3: $@" 5')(+7"6. P%)'%%16$553$ +8"1"<3 1"!+. ="(FG$, 94%1F> 

)"!"1)"A+6'?+$; +8 5+: ="(FG", <$!+"7 <"('!4%<474 +2$$1 1"(F)" 
229

Th ( =7340 ($1), 
<!+547($A4?+, ) +%)'%%16$55"2' %$2$,%16' 5$<1'5+.. [ "75"@" +8"1"<4, 229-"@", $%1F .7$!53, 

+8"2$! (2$14%14=+(F5"$ %"%1".5+$) % '7+6+1$(F5" 5+8)", 05$!@+$, 6"8='A7$5+. 7.6 0/ 

L"(F)" "7+5 +8 5')(+7"6 1"!+. (232
Th) "=(474$1 7"%141"95" ="(FG+2 <$!+"7"2 <"('!4%<474 <" 

"15"G$5+> ) 6"8!4%1' \$2(+, <"01"2' <!4)1+9$%)+ 6$%F <!+!"753, 1"!+, %"%1"+1 1"(F)" +8 
01"@" 5')(+74. H$)"1"!3$ +8 $@" +8"1"<"6 2"@'1 "<!$7$(.1F%. 6 <!+!"753: "=!48*4: 6 %($7"63: 

)"(+9$%164:, 14) )4) 6:"7.1 6 !47+"4)1+653$ !.73 !47+., 4)1+5+. + 1"!+.: !47+"4)1+5+, 
227

Th; 

!47+"1"!+, 
228

Th; +"5+, 
230

Th; '!45 Y 
231

Th, '!45 X1 
234

Th. 

(&78. 3. T47+"4)1+653, !.7 1"!+.  

 
(&78. 4.  !+!"753$ +8"1"<3 1"!+. 

 



H4+="($$ %14=+(F532+ +8"1"<42+ .6(.>1%. 232
Th (<$!+"7 <"('!4%<474 %"%146(.$1 14,05 

2+((+4!7"6 ($1), 230
Th (75 380 ($1), 229

Th (7 340 ($1), 228
Th (1,9116 @"74). O%146G+$%. +8"1"<3 

+2$>1 <$!+"73 <"('!4%<474 2$5$$ 30 75$, (="(FG+5%16" +8 5+: +2$>1 <$!+"73 <"('!4%<474 
2$5$$ 10 2+5'1). O7+5 +8 +8"1"<"6, 229

Th, +2$$1 .7$!53, +8"2$! % 9!$86394,5" 5+8)", 05$!@+$, 

6"8='A7$5+., %"%146(.>?$, 7,6 0/. 

O%5"653$ (+5++ 6 "-%<$)1!4: <!"7')1"6 !4%<474 1"!+.: ThC (
212

Bi) 0,73 (0,19), 0,83 (0,19), 1,03 

(0,06), 1,35 (0,05), 1,61 (0,07), 1,80 (0,07), 2,20 (0,03); ThC’’ (
208

Tl): 0,277 (0,10), 0,511 (0,25), 0,583 

(0,80), 0,860 (0,15), 2,615 (1,0); MsTh (
228

Ac): 0,057 (0,59), 0,097 (0,04), 0,127 (0,074), 0,184 (0,06); 

ThB (
212

Pb): 0,115(0,02), 0,175 (0,01), 0,239 (0,80), 0,299(0,05) 

 
 

(&78. 5. &"(+9$%16" !47+"4)1+653: 6$?$%16 !.74 1"!+., 54:"7.?+:%. 6 !47+"4)1+65"2 

!465"6$%++ (<" 6$%') 

 
 / 54%1".?$$ 6!$2. !4%%241!+64$1%. <$!%<$)1+63 +%<"(F8"645+. 1"!+. 6 .7$!5", 

05$!@$1+)$. Q:$23 64A5$,G+: !$4)*+,, "<!$7$(.>?+: 6"82"A5"%1F +%<"(F8"645+. 1"!+. 6 
)49$%16$ %3!F. 7(. <"('9$5+. 61"!+95"@" .7$!5"@" @"!>9$@" <!+6$7$53 54 *46. 6 ("=6$7$53 

<'5)1+!"2). \7$%F A$ <")48453 !$4)*++, %5+A4>?+$ 0##$)1+65"%1F *+)(4 6"%<!"+86"7%164 (54 
!+%'5)$ %<!464), 4 14)A$ 5$)"1"!3$ !$4)*++, "<!$7$(.>?+$ !47+"4)1+65"%1F "=('9B55"@" + 

!$@$5$!+!"6455"@" 1"!+. (54 !+%'5)$ %($64). T.7 !47+"4)1+65"@" !4%<474, "='%("6(+64>?'> 01' 

!47+"4)1+65"%1F, <!$7%146($5 54 *46. 7.  

 



(&78. 6. T47+"4)1+653$ %6",%164 +8"1"<"6 1"!+. 

 
(&78. 7. O%5"653$ 9($53 1"!+$6"@" %$2$,%164. 

 



(&78. 8. H$)"1"!3$ +8"1"<3 1"!+. 

 
(&78. 9. P8"1"<3 1"!+.. 

Z(p) N(n) 
M4%%4 +8"1"<4 

(4.$.2.) Q+26"( 

5')(+74 K5$!@+. 6"8='A7$5+. 
()0/) 

P8=31") 
24%%3 

()0/) 

 $!+"7 

<"('!4%<474 
(T1/2) 

Q<+5 + 

9B15"%1F 
.7!4 

T4%<!"%1!45B55"%1F
+8"1"<4 6 <!+!"7$ 

(%) 

209Th 90 119 209,017720(110) 16 500(100) 7(5) 2% 5/2]#  
210Th 90 120 210,015075(27) 14 043(25) 17(11) 2% 0+  
211Th 90 121 211,014930(80) 13 910(70) 48(20) 2% 5/2]#  
212Th 90 122 212,012980(20) 12 091(18) 36(15) 2% 0+  
213Th 90 123 213,013010(80) 12 120(70) 140(25) 2% 5/2]#  
214Th 90 124 214,011500(18) 10 712(17) 100(25) 2% 0+  
215Th 90 125 215,011730(29) 10 927(27) 1,2(2) % (1/2])  
216Th 90 126 216,011062(14) 10 304(13) 26,8(3) 2% 0+  
216Thm 2 042(13) 12 346(16) 137(4) 2)% (8+)  
216Thn 2 637(20) 12 941(24) 615(55) 5% (11])  
217Th 90 127 217,013114(22) 12 216(21) 240(5) 2)% (9/2+)  
218Th 90 128 218,013284(14) 12 374(13) 109(13) 5% 0+  
219Th 90 129 219,015540(50) 14 470(50) 1,05(3) 2)% 9/2+#  
220Th 90 130 220,015748(24) 14 669(22) 9,7(6) 2)% 0+  
221Th 90 131 221,018184(10) 16 938(9) 1,68(6) 2% (7/2+)  
222Th 90 132 222,018468(13) 17 203(12) 2,05(7) 2% 0+  
223Th 90 133 223,020811(10) 19 386(9) 600(20) 2% (5/2)+  
224Th 90 134 224,021467(12) 19 996(11) 1,05(2) % 0+  
225Th 90 135 225,023951(5) 22 310(5) 8,72(4) 2+5 (3/2)+  
226Th 90 136 226,024903(5) 23 197(5) 30,57(10) 2+5 0+  
227Th 90 137 227,0277041(27) 25 806,2(25) 18,68(9) %'1 1/2+  
228Th 90 138 228,0287411(24) 26 772,2(22) 1,9116(16) @"74 0+  
229Th 90 139 229,031762(3) 29 586,5(28) 7,34(16)×103 ($1 5/2+  
229Thm 0,0076(5)  29 586,5(28) 70(50) 9 3/2+  
230Th 90 140 230,0331338(19) 30 864,0(18) 7,538(30)×104 ($1 0+  
231Th 90 141 231,0363043(19) 33 817,3(18) 25,52(1) 9 5/2+  
232Th 90 142 232,0380553(21) 35 448,3(20) 1,405(6)×1010 ($1 0+ 100 
233Th 90 143 233,0415818(21) 38 733,2(20) 22,3(1) 2+5 1/2+  



234Th 90 144 234,043601(4) 40 614(3) 24,10(3) %'1 0+  
235Th 90 145 235,047510(50) 44 260(50) 7,2(1) 2+5 1/2+#  
236Th 90 146 236,049870(210)# 46 450(200)# 37,5(2) 2+5 0+  
237Th 90 147 237,053890(390)# 50 200(360)# 4,8(5) 2+5 5/2+#  
238Th 90 148 238,056500(300)# 52 630(280)# 9,4(20) 2+5 0+  

92:6'#'4: $ ;&784<#. T4%<!"%1!45B55"%1F +8"1"<"6 <!+6$7$54 7(. ="(FG+5%164 <!+!"753: "=!48*"6. 
Y(. 7!'@+: +%1"95+)"6 8549$5+. 2"@'1 %+(F5" "1(+941F%.. P57$)%42+ 'm', 'n', 'p' (!.7"2 % %+26"("2) 

"="8549$53 6"8='A7$553$ +8"2$!53$ %"%1".5+. 5')(+74. \549$5+., <"2$9$553$ !$GB1)", (#), <"('9$53 

5$ +8 "75+: (+GF 0)%<$!+2$514(F53: 74553:, 4 (:"1. =3 94%1+95") "*$5$53 +8 %+%1$241+9$%)+: 1!$57"6 
' %"%$75+: 5')(+7"6 (% 14)+2+ A$ %""15"G$5+.2+ Z + N). H$'6$!$55" "<!$7$(B553$ 8549$5+. %<+54 
+/+(+ $@" 9B15"%1+ 84)(>9$53 6 %)"=)+.  "@!$G5"%1F <!+6"7+1%. 6 6+7$ 9+%(4 6 %)"=)4:, 63!4A$55"@" 6 
$7+5+*4: <"%($75$, 85494?$, *+#!3, "85494$1 "75" %14574!15"$ "1)("5$5+$ (84 +%)(>9$5+$2 

!4%<!"%1!45B55"%1+ + %14574!15", 41"25", 24%%3 +8"1"<4 <" 745532 PN X&, 7(. )"1"!3: 

+%<"(F8'$1%. ="($$ %("A5"$ "<!$7$($5+$ <"@!$G5"%1+).  !+2$!3: 29770,6(5) "85494$1 29770,6 ± 0,5; 

21,48(15) "85494$1 21,48 ± 0,15; ]2200,2(18) "85494$1 ]2200,2 ± 1,8. 
 

(&78. 10.  =2;2>? ;234: 

 
 

 



(&78. 11. W4!4)1$!+%1+)4 "%5"653: "-+8('941$($, !.74 1"!+.. 

 
 

 

*46. 7. ^$<"9)+ !-!4%<474 "=('9B55"@" 1"!+. <"%($ 
'74($5+. <!"7')1"6 7$($5+.: Z – <"!.7)"63, 5"2$!, ! – 

24%%"6"$ 9+%(". 

 

2.2 )*+,%- '!"#"$% #"&'( 

O%145"6+2%. 5$%)"(F)" <"7!"=5$$ 54 .7$!53: 

%6",%164: 1!B: 54+="($$ 64A53: +8"1"<"6 1"!+.. 
(2@345-228 +%1"!+9$%)"$ 548645+$ 3&A42;2@345 

(Radiothorium, "="85494$1%. %+26"("2 RdTh +(+ Rt) - 

!47+"4)1+653, 5')(+7 :+2+9$%)"@" 0($2$514 1"!+. % 
41"2532 5"2$!"2 90 + 24%%"632 9+%("2 228. O1)!31 6 
1905 O11" S45"2.  !+547($A+1 ) !47+"4)1+65"2' 

%$2$,%16' 1"!+.-232 (14) 548364$23, "#$ %&"'#). 

L"!+,-228 5$<"%!$7%16$55" "=!48'$1%. 6 !$8'(F141$ _]-!4%<474 5')(+74 228
Ac (MsTh2 – 7"9$!5+, 

MsTh1, 1.$ 
228

Ra; T= 6,15 94%4): 

eeThAc '((& )228

90

228

89               (2) 

O17$($5+$ 228
Th "1 228

Ra <!"6"7.1 "%4A7$5+$2 6 6+7$ @+7!")%+74 % 5"%+1$($2 1"!+$2 +(+ 

*+!)"5+$2. O%6"="A7$5+$ "1 228X% <!"+%:"7+1 6 !$8'(F141$ $@" !4%<474 <!+ :!45$5++. O9+%1)' 

"1 <!+2$%+ "%'?$%16(.>1 7!"=5", !48@"5)", :("!+7"6 6 1")$ :("!4 <!+ 500
"
.  !+ 01"2 2$5$$ 

($1'9+, :("!+7 1"!+. "%14B1%. 6 "%141)$. 228
Ra 2"A5" "%47+1F 6 6+7$ RaBr2 c 5"%+1$($2 BaBr2 +8 

47%-@" !4%16"!4 HBr 6 2$1+("6"2 %<+!1$. 
L4)A$ 1"!+,-228 "=!48'$1%. <!+ _+

-!4%<47$ 5')(+74 <!"14)1+5+. 228
Pa + U-!4%<47$ 

5')(+74 '!454 232
U: 

,228

90

228

91 eePa '((& (                                      (3) 

HeThU 4

2

228

90

232

92 (&                                         (4) 

Q42 
228

Th U-!47+"4)1+6$5, 6 !$8'(F141$ !4%<474 "=!48'$1%. 5')(+7 
224

Ra (637$(.$24. 05$!@+. 
5520,08 )0/): 

HeRaTh 4

2

224

88

228

90 (&                  (5) 

05$!@+. +%<'%)4$23: U-94%1+* 5423,15 )0/ (6 72,2% %('94$6) + 5340,36 )0/ (6 27,2% %('94$6). 
Y(. 01"@" 5')(+74 %'?$%16'$1 14)A$ 9!$86394,5" 5+8)4. 6$!".15"%1F )(4%1$!5"@" !4%<474 (% 
+%<'%)45+$2 .7!4 20

O + "=!48"645+$2 .7!4 %6+5*4-208; 6$!".15"%1F %"=31+. 1,13(22)×10
]11

%): 

OPbTh 20

8

208

82

228

90 (&               (6) 

 

 

 



(&78. 12. Q6",%164 1"!+.-238 

 
(2@345-230, +%1"!+9$%)"$ 548645+$ 42@'45 (Ionium, "="85494$1%. %+26"("2 Jo) - !47+"4)1+653, 

5')(+7 :+2+9$%)"@" 0($2$514 1"!+. % 41"2532 5"2$!"2 90 + 24%%"632 9+%("2 230. O1)!31 6 
1907 42$!+)45%)+2 !47+":+2+)"2 ;$!1!42"2 ;"(16'7"2. 

 !+547($A+1 ) !47+"4)1+65"2' %$2$,%16' '!454-238 (14) 548364$23, "#$ "($'#). 

(&78. 13. Q6",%164 1"!+.-230 

 
L"!+,-230 5$<"%!$7%16$55" "=!48'$1%. 6 !$8'(F141$ %($7'>?+: !4%<47"6: 
_]-!4%<47 5')(+74 230

Ac (<$!+"7 <"('!4%<474 %"%146(.$1 122 %): 

eeThAc '((& )230

90

230

89             (7) 

_+-!4%<47 5')(+74 <!"14)1+5+. 230
Pa (<$!+"7 <"('!4%<474 %"%146(.$1 17,4 %'1")): 

eeThPa '((& (230

90

230

91                             (8) 

U-!4%<47 5')(+74 '!454 234
U (<$!+"7 <"('!4%<474 %"%146(.$1 2,455×10

5
 ($1): 

HeThU 4

2

230

90

234

92 (&                   (9) 

Q42 
230

Th 14)A$ U-!47+"4)1+6$5, 6 !$8'(F141$ !4%<474 "=!48'$1%. 5')(+7 
226

Ra (637$(.$24. 
05$!@+. 4770 )0/): 



HeRaTh 4

2

226

88

230

90 (&               (10) 

05$!@+. +%<'%)4$23: U-94%1+* 4687,0 )0/ (6 76,3% %('94$6) + 4620,5 )0/ (6 23,4% %('94$6). 
Y(. 01"@" 5')(+74 %'?$%16'$1 14)A$ 9!$86394,5" 5+8)4. 6$!".15"%1F )(4%1$!5"@" !4%<474 (% 
+%<'%)45+$2 .7!4 24

Ne + "=!48"645+$2 .7!4 !1'1+-206; 6$!".15"%1F %"=31+. 5,6×10
]11

(10)%). 

Q<"51455"$ 7$($5+$ 5')(+74 !48!$G$5" 84)"542+ %":!45$5+., 5" 0)%<$!+2$514(F5" 5$ 
"=54!'A$5" (6$!".15"%1F 2$5$$ 5×10

]11
%). 

230
Th – +8"1"< 1"!+. 6 !.7' !4%<474 '!454 2"A$1 =31F 637$($5 +8 '!45"63: !'7 % 

5"%+1$($2 *$!+$2 6 6+7$ ")%4(414. O)%4(41 *$!+. %2$G+64>1 % !4%16"!"2, %"7$!A4?+2 )4!="541 
+ @+7!")4!="541 541!+., <!+ 01"2 ="(FG4. 94%1F +"5+. <$!$:"7+1 6 !4%16"!, 4 *$!+, "%14B1%. 6 
"%47)$. P"5+, 62$%1$ % 231T4 +86($)4>1 +8 '!45"6", !'73 <"%($ "17$($5+. !47+$6", #!4)*++ + 

+86($9$5+. "%5"65", 24%%3 '!454 0)%1!4)*+$, 48"15")+%(3: !4%16"!"6 L;I, )"1"!3, 5$ 
+86($)4$1 <!"14)1+5+, 1"!+,.  !"14)1+5+, + 1"!+, 0)%1!4@+!'$1%. 4()+(#"%#"!532+ 

)+%("142+.  "%($ <!"23645+. 0)%1!4)14 $@" <$!$6"7.1 6 !4%16"! )4!="5414 422"5+., "9+?4>1 
!4%16"! "%4A7$5+$2 %'(F#+7"6, !48!'G4>1 )4!="541 <"7)+%($5+$2 + 637$(.>1 +8 !4%16"!4 
@+7!")%+74 +"5+. + <!"14)1+5+.. I1"!+%1"6"7"!"75", )+%("1", 7$(.1 <!"14)1+5+, + +"5+,. 

 "%($75+, <$!$:"7+1 6 "%47") 6 6+7$ #1"!+74, 4 <!"14)1+5+, "%14B1%. 6 !4%16"!$. 
(2345-232 - <!+!"753, !47+"4)1+653, 5')(+7 :+2+9$%)"@" 0($2$514 1"!+. % 41"2532 5"2$!"2 

90 + 24%%"632 9+%("2 232. P8"1"<54. !4%<!"%1!45B55"%1F 232
Th %"%146(.$1 <!4)1+9$%)+ 100%. 

D6(.$1%. 54+="($$ 7"(@"A+6'?+2 +8"1"<"2 1"!+. (
232

Th !-!47+"4)1+6$5 % <$!+"7"2 

<"('!4%<474 1,405×10
10

 ($1, 91" 6 1!+ !484 <!$63G4$1 6"8!4%1 \$2(+). T"7"5494(F5+) 
!47+"4)1+65"@" %$2$,%164 1"!+.. K1"1 !47+"4)1+653, !.7 84)459+64$1%. "=!48"645+$2 

%14=+(F5"@" 5')(+74 208
Pb. O%14(F54. 94%1F !.74 )"!"1)"A+6'?4.; 54+="(FG+, <$!+"7 

<"('!4%<474 6 5,75 ($1 ' 
228

Ra + 1,91 ($1 ' 
228

Th, 4 ' 6%$: "%14(F53: <$!+"73 <"('!4%<474 
%"%146(.>1 2$5$$ 5 75$,. X)1+65"%1F "75"@" @!4224 01"@" 5')(+74 %"%146(.$1 4070 ;). / 

<!"*$%%$ !4%<474 1000 1"55 1"!+. 637$(.>1 22000 )4( 6 94%, 1" $%1F 2"?5"%1F 1$<("637$($5+. 
%"%146(.$1 ")"(" 25 6411. /2$%1$ % 7!'@+2+ <!+!"7532+ +8"1"<42+ 1"!+., 232

Th <".6(.$1%. 6 
5+91"A53: )"(+9$%164: 6 !$8'(F141$ !4%<474 +8"1"<"6 '!454.  
(&78. 14. Q6",%164 1"!+.-232. 

 
L"!+,-232 "=!48'$1%. 6 !$8'(F141$ %($7'>?+: !4%<47"6: 
_]-!4%<47 5')(+74 232

Ac (<$!+"7 <"('!4%<474 %"%146(.$1 119 c): 

eeThAc '((& )232

90

232

89                        (11) 

K-84:641, "%'?$%16(.$23, 5')(+7"2 
232

Pa (<$!+"7 <"('!4%<474 %"%146(.$1 1,31 75.): 



;232

90

232

91 eThePa '(&( )              (12) 

U-!4%<47 5')(+74 236
U (<$!+"7 <"('!4%<474 %"%146(.$1 2,342×10

7
 ($1): 

HeThU 4

2

232

90

236

92 (&              (13) 

T4%<47 1"!+.-232 <!"+%:"7+1 <" %($7'>?+2 54<!46($5+.2: 

U-!4%<47 6 228
Ra (6$!".15"%1F 100%, 05$!@+. !4%<474 4081,6 )0/: 

;4

2

228

88

232

90 HeRaTh (&            (14) 

05$!@+. +%<'%)4$23: U-94%1+* 3947,2 )0/ (6 21,7% %('94$6) + 4012,3 )0/ (6 78,2% %('94$6). 
Q<"51455"$ 7$($5+$ (6$!".15"%1F 11×10

]10
%); 

&(4%1$!53, !4%<47 % "=!48"645+$2 5')(+7"6 24
Ne + 

26
Ne (6$!".15"%1F !4%<474 2$5$$ 

2,78×10
]10

%): 

;24

10

208

80

232

90 NeHgTh (&              (15) 

 

;26

10

206

80

232

90 NeHgTh (&               (16) 

Y6",5", _]-!4%<47 (% 9!$86394,5" 24(", 6$!".15"%1F>, 05$!@+. !4%<474 837,6(22) )0/) 

eeUTh '22232

92

232

90 ((&           (17) 
232

Th <"76$!@4$1%. .7$!5"2' 7$($5+> <"7 7$,%16+$2 =3%1!3: 5$,1!"5"6 + 2"A$1 
+%<"(F8"641F%. 6 )49$%16$ 6"%<!"+86"7.?$@" 241$!+4(4 7(. <"('9$5+. 233

U. Q$9$5+$ 84:6414 
1$<("63: 5$,1!"5"6 +8"1"<"2 

232
Th 7,31 =4!5/41"2.  

232
Th .6(.$1%. .7$!532 1"<(+6532 %3!FB2, )"1"!"$ <!+ <"@("?$5++ 5$,1!"5"6 <!$6!4?4$1%. 6 

233
U, )"1"!3, 6 %6"> "9$!$7F .6(.$1%. "%5"6", '!45-1"!+$6"@" 1"<(+65"@" *+)(4.  !$6!4?$5+$ 

<!"+%:"7+1 <" %($7'>?$, *$<"9)$: 

        (18) 
232

Th )4) %3!F$6", 241$!+4( 7(. <"('9$5+. 7$(.?+:%. .7$! 
233

U <")4 5$ 54GB( 

<!+2$5$5+. <" !.7' <!+9+5: 1) L"!+, 5$ "=!48'$1 ="@413: 2$%1"!"A7$5+,, + 1$:5"("@+. $@" 

+86($9$5+. +8 !'7 %("A5$$; 2) 54!.7' % 233
U "=!48'$1%. 232

U, )"1"!3,, !4%<474.%F, 74B1 "-
4)1+653$ .7!4 (212

Bi, 
208Ll), '%("A5.>?+$ <!"+86"7%16" L/K-"6: 

              (19) 

Q$9$5+$ 84:6414 1$<("63: 5$,1!"5"6 +8"1"<"2 
232

Th !465" 7,31 =4!5/41"2. 
234

Th (UX1). K1"1 +8"1"< 1"!+. 54)4<(+64$1%. 6" 6%$: %"$7+5$5+.: '!454 6 !$8'(F141$ !-!4%<474 
238U 6 %""16$1%16++ %" %6"+2 <$!+"7"2 <"('!4%<474, !46532 24,1 75.. P8 !4%16"!4 
48"15")+%("@" '!45+(4 UX1 "17$(.$1%. 0)%1!4)*+$, '!454 7+01+("632 0#+!"2 +(+ L;I. 

O17$($5+$ "1 '!454 <!"6"7.1 14)A$ "%4A7$5+$2 UX1 54 @+7!")%+7$ A$($84 +(+ "%4A7$5+$2 

7"=46($55"@" 6 )49$%16$ 5"%+1$(. *$!+. ?46$($6", )+%("1",. /2$%1$ % 234
Th 637$(.$1%. 231

Th 

(UY) – <!"7')1 !-!4%<474 235
U. 

 

3. G$H$I!CE$! $ J$L$I!CE$! C &(C% K %&'$D 
L"!+, – %$!$=!+%1"-=$(3, =($%1.?+, 2$14((, <(4%1+953,, ($@)" <"76$!@4>?+,%. 

2$:45+9$%)", "=!4="1)$ (($@)" 7$#"!2+!'$1%. 54 :"("7'), %1",)+, ) ")+%($5+> 6 9+%1"2 6+7$, 
5" "=395" 2$7($55" 1'%)5$>?+, 7" 1$25"@" *6$14 % 1$9$5+$2 6!$2$5+. O=!48*3 

2$14((+9$%)"@" 1"!+. % %"7$!A45+$2 ")%+74 1"!+. 1,5-2% "9$5F '%1",9+63 ) ")+%($5+> + 



7"(@"$ 6!$2. 5$ 1'%)5$>1. Y" 1400
"
 '%1",9+64 )'=+9$%)4. @!45$*$51!+!"64554. !$G$1)4, 

(=0,5086 52 (25
"
), 63G$ 01", 1$2<$!41'!3 )'=+9$%)4. "=`$25"- *$51!+!"64554., (=0,41 52 

(1450
"
). X1"253, 7+42$1! 1"!+. 6 !-#"!2$ 0,359 52, 6 $-#"!2$ 0,411 52. P"553$ !47+'%3 Th

3+
 

0,108 52, Th
4+

 0,099 52.  

O%5"653$ %6",%164 1"!+.: !$51@$5"@!4#+9$%)4. <("15"%1F: 11.724 @/%23
 (25

"
); 1$2<$!41'!4 

<(46($5+.: 1750
"
; 1$2<$!41'!4 )+<$5+.: 4200

"
. K514(F<+. <(46($5+. 19,2, 4 0514(F<+. +%<4!$5+. 

513,7 )YA/2"(F, 41"254. 1$<("B2)"%1F 6,53 )4(/@-41.@!47 (25
"
), 1$<("<!"6"75"%1F 0,090 (20

"
) 

)4(/%2.%$).@!47, '7$(F5"$ 0($)1!"%"<!"1+6($5+$ 15*10
-6

 "2.%2 (25
"
). T4="14 63:"74 0($)1!"5"6 

3,51 0/. K5$!@++ +"5+84*++ M & M
+
, M

+
 & M

2+
, M

2+
 & M

3+
, M

3+
 & M

4+
 %"%146(.>1 587, 1110, 

1978 + 2780 )YA/2"(F, %""16$1%16$55".  !+ 1$2<$!41'!$ 1,3-1,4& 1"!+, %145"6+1%. 
%6$!:<!"6"75+)"2. 

L"!+, 2$7($55" !48!'G4$1%. :"("75", 6"7",, 5" 6 @"!.9$, 6"7$ %)"!"%1F )"!!"8++ 1"!+. 
+ %<(46"6 54 $@" "%5"6$ 6 %"15+ !48 63G$, 9$2 ' 4(>2+5+.  "!"G") 2$14((+9$%)"@" 1"!+. 
<+!"#"!$5 ($@" :!45.1 <"7 %("$2 )$!"%+54).  !+ "=3)5"6$55", 1$2<$!41'!$, )4) + <!+ 100° - 

120°, 1"!+, <"%1".5$5 54 6"87':$, 5" <!+ ="($$ %+(F5"2 54@!$645++ 6"%<(42$5.$1%. + @"!+1 .!)" 

=$(32 %6$1"2, <!$6!4?4.%F 6 %5$A5"-=$(3, 7+")%+7. E+%13, 1"!+, - 2.@)+,, "9$5F @+=)+, + 

)"6)+,, % 5+2 2"A5" !4="141F 5$<"%!$7%16$55" (:"("753, <!")41, @"!.94. G142<"6)4 + 1.<.), 

"754)" $@" <!"1.A)4 841!'75+1$(F54 +8-84 5+8)"@" <!$7$(4 <!"95"%1+ 54 !48!36. Q"7$!A45+$ 
")%+74 +82$5.$1 2$:45+9$%)+$ %6",%164 1"!+.; 74A$ 9+%13$ "=!48*3 1"!+. "=395" %"7$!A41 
5$%)"(F)" 7$%.13: <!"*$514 ")%+74 1"!+..  !+ %+(F5"2 54@!$6$ "5 684+2"7$,%16'$1 % 
6"7"!"7"2, @4("@$542+, %$!",, 48"1"2, )!$25+$2, 4(>2+5+$2 + !.7"2 7!'@+: 0($2$51"6. 
T4%16"!+2"%1F 6 1"!++ 6"7"!"74 6"8!4%14$1 % <"5+A$5+$2 1$2<$!41'!3. L"!+, <(":" 

!4%16"!.$1%. 6 "%5"653: )+%("14:, 84 +%)(>9$5+$2 %"(.5",. O5 !4%16"!+2 6 )"5*$51!+!"64553: 

!4%16"!4: HQ1 (6-12 2"(F/() + HNO3 (8-16 2"(F/() 6 <!+%'1%16++ +"54 #1"!4. -$@)" !4%16"!+2 6 
6 *4!%)", 6"7)$. H$ !$4@+!'$1 % $7)+2+ ?$("942+. L"!+, %<"%"=$5 <!".6(.1F %1$<$5+ ")+%($5+. 
+4, +3 + +2, +8 )"1"!3: 54+="($$ '%1",9+6", .6(.$1%. +4. O54 A$ .6(.$1%. $7+5%16$55", 

%1$<$5F> ")+%($5+. 1"!+. 6 !4%16"!$. Q1$<$5+ ")+%($5+. +3 + +2 1"!+, +2$$1 6 @4("@$5+74: 
LhS3 + LhS2 (@7$ S = /r, I), <"('9$553: <!+ 7$,%16++ "9$5F %+(F53: 6"%%145"6+1$($, 1"(F)" 6 
16$!7", #48$.  

L"!+, <" 65$G5$2' 6+7' + 1$2<$!41'!$ <(46($5+. 54<"2+54$1 <(41+5', <" '7$(F5"2' 

6$%' + 16$!7"%1+ - %6+5$*. / :+2+9$%)"2 "15"G$5++ ' 1"!+. 24(" %:"7%164 % 4)1+5+$2 (:"1. $@" 
+ "15"%.1 ) 4)1+5+742), 5" 25"@" %:"7%164 % *$!+$2 + 7!'@+2+ 0($2$5142 61"!", <"7@!'<<3 IV 

@!'<<3. -+GF <" %1!')1'!$ 0($)1!"55", "="("9)+ 41"24 - "5 !465"<!4653, 9($5 %$2$,%164 
4)1+5+7"6. K($)1!"554. )"5#+@'!4*+. 41"24 1"!+. 6d2

7s
2
 +(+ 5f6d7s

2
. 05$!@+. +"5+84*++ (06): 

(((( &&&& 4320 ThThThThTh %""16$1%16$55" !4653 6,95; 11,5; 20,0 + 28,7. 

W"1. 1"!+, "15"%+1%. ) %$2$,%16' 4)1+5+7"6, <" 5$)"1"!32 %6",%1642 "5 =(+8") 14)A$ )" 

61"!", <"7@!'<<$ IV @!'<<3 <$!+"7+9$%)", %+%1$23 – Ti, Zr, Hf. Q:"7%16" 1"!+. % 
!$7)"8$2$(F532+ 0($2$5142+ %6.845" % =(+8"%1F> 6$(+9+5 +: +"553: !47+'%"6, )"1"!3$ 7(. 
6%$: 01+: 0($2$51"6 54:"7.1%. 6 <!$7$(4: 0.99 - 1.22 X. / %"$7+5$5+.: +"55"@" +(+ 

)"64($515"@" 1+<4 1"!+, <"91+ +%)(>9+1$(F5" 9$13!$:64($51$5.  !+ "=!48"645++ 

<"('2$14((+9$%)", %6.8+ (54<!+2$!, 6 %'(F#+74:, )4!=+74: + 7!.) 54=(>74>1%. +5"@74 
8549+1$(F53$ "1)("5$5+. "1 5"!24(F5", 64($515"%1+. L"!+, <!+2$!5" 14) A$ "1!+*41$($5, )4) 
Mg. W+2+9$%)+$ %6",%164 1"!+. "<!$7$(.>1%. ="(FG+2+ !482$!42+ $@" 41"24 + +"5"6, 63%")+2 

84!.7"2 4-64($515"@" +"54 + 5$="(FG", %'22", +"5+84*+"553: <"1$5*+4("6. P"5 Th
4+

 

"1(+94$1%. %+(F5", %)("55"%1F> ) @+7!"(+8' + "=!48"645+> )"2<($)%53: %"$7+5$5+,.  !+ 

54@!$645++ 1"!+. 6 412"%#$!$ 6"7"!"74 <!+ 400–600 °Q "=!48'$1%. @+7!+7 ThH2 L$25"-%$!3$ 
)!+%14((3, =3%1!" !48(4@4>?+$%. <!+ 7$,%16++ 6(4@+ 6"87':4 % "=!48"645+$2 7+")%+74. 

 

 

 

 

 

 



(&78.15. Q6",%164 1"!+. 

 
 LhO2 – "%5"65", ")%+7 1"!+. (%1!')1'!4 #(>"!+14) <"('94$1%. <!+ %A+@45++ 1"!+. 54 

6"87':$. Y+")%+7 LhO2 "=!48'$1%. <!+ %@"!45++ 2$14((4 54 6"87':$, <!+ <!")4(+645++ 

@+7!")%+74, 4 14)A$ 5$)"1"!3: %"($, – 5+1!414, )4!="5414. K1" +%)(>9+1$(F5" 63%")"<(46)"$ 
%"$7+5$5+$ – T<(.=3350°, T)+<.=4400°; !$4@+!'$1 % ")%+742+ 2$14(("6 <!+ 600–800°, "=!48'. 
76",53$ ")%+73 (1"!413), 54<!+2$!, &2LhO3, BaThO3, ThTi2O6. LhO2'%1",9+6 ) 7$,%16+> )+%("1 
+ 6"%%145"6+1$($,.  !")4($554. ThO2 <"91+ 5$ !4%16"!.$1%. 6 !4%16"!4: )+%("1 + ?$("9$,; 

<!"*$%% !4%16"!$5+. 6 48"15", )+%("1$ !$8)" '%)"!.$1%. <!+ 7"=46($5++ 5$8549+1$(F53: 

)"(+9$%16 +"5"6 #1"!4. O)%+7 1"!+. .6(.$1%. 1'@"<(46)", %'=%145*+$, –  <(= 3300° - %424. 
63%")4. +8 6%$: ")%+7"6 + 63G$ ="(FG+5%164 7!'@+: 241$!+4("6, 84 5$%)"(F)+2+ 

+%)(>9$5+.2+. K1" %6",%16" +%<"(F8'$1%. 6 <!"+86"7%16$ "@5$'<"!"6 - 6 )$!42+9$%)+: 7$14(.:, 

"@5$'<"!53: (+1F$63: #"!24: + 1+@(.:. H", 637$!A+64. 63%"94,G+$ 1$2<$!41'!3, ")%+7 1"!+. 
94%1+95" !4%16"!.$1%. 6" 25"@+: A+7)+: 2$14((4: + 84@!.85.$1 +:. Q42"$ G+!")"$ <!+2$5$5+$ 
")%+74 =3(" 6 <!"+86"7%16$ @48")4(+(F53: %$1") 7(. @48"63: #"54!$,. 

H$7465" '74($5+$2 1"!+. (48$!532 +8('9$5+$2 6 <!+%'1%16++ )+%("!"74 <"('9$5 2"5")%+7 

1"!+. ThO. 

 !+ 684+2"7$,%16++ !4%16"!"6 %"($, 1"!+. %" ?$("942+ +(+ 422+4)"2 637$(.$1%. "%47") 
@+7!"")%+74 Th(OH)4, <!+9$2 "%4A7$5+$ 549+54$1%. <!+ !H 3,5-3,6, 6 1" 6!$2. )4) @+7!"")%+73 

3-64($5153: !$7)"8$2$(F53: 0($2$51"6 "%4A74>1%. <!+ !H 7 - 8, 91" +%<"(F8'$1%. 6 1$:5+)$ 7(. 
@!'="@" !487$($5+. 1"!+. + !$7)+: 8$2$(F. Th(OH)4 5$ !4%16"!+2 6 6"7$, + 5$ .6(.$1%. 
42#"1$!532. S+7!"")%+7 1"!+. "1(+94$1%. "%5"6532 :4!4)1$!"2 – !4%16"!.$1%. 6 !48=46($553: 

)+%("14: + 5$ !4%16"!.$1%. 6 ?$("94:; ($@)" !4%16"!+2 6 !4%16"!4: 5$)"1"!3: %"($,, 54<!+2$!, 

)4!="541"6 ?$("953: 2$14(("6, ")%4(41"6 422"5+. + 7!. % "=!48"645+$2 )"2<($)%53: 



%"$7+5$5+,.  !"#$%"& '&(&)*'"; +)*",-.'" /#. 260–450°, '01& 470° *&#2&* '"3+ . 

/#&'#4(4&*)2 ' ThO2. 

5"%"64#7.3 ThC /"8+-49* ':4.!"3&,)*'.&! !&*488.-&)6";" *"#.2 )" )*&<."!&*#.-&)6.! 

6"8.-&)*'"! +;8&#"34, &;" *. /8. 2625°. =.64#7.3 ThC2 - ':4.!"3&,)*'.&! !&*488.-&)6";" *"#.2 

) .:70*6"! +;8&#"34 .8. '"))*4%"'8&%.&! >h?2 +;8&#"3"! /#. 1500°. @;"  /8= 2655°,  6./= 

5000°, %4 '":3+<& "6.)82&*)2 /#. 600–700 3" ThO2. ThC2 - 6#.)*488.-&)642 !4))4, 

/#.;"*"'8&%%42 .: ThO2, %& /"334&*)2 3&,)*'.9 6"%A&%*#.#"'4%%0< 6.)8"*, %" 8&;6" 

#4)*'"#2&*)2 ' #4:'&3&%%0< . #4:84;4&*)2 '"3"9, '03&822 )!&)B !&*4%4, C*.8&%4, 4A&*.8&%4 . 

'"3"#"34. 

>&*#4;48";&%.30 >hD4 (D = F, Cl, Br, I) /"8+-49* /#. %4;#&'4%.. !&*488.-&)6";" *"#.2 .8. 

ThO2 /#. 300–400° ) )""*'&*)*'+9(.! ;48";&%.34!. .8. ;48";&%'"3"#"34!.. >&*#4$*"#.3 ThF4 

.!&&*  /8=1100°,  6./=1650°, #4)*'"#.! ' '"3&, "7#4:+&* 6#.)*488";.3#4*0. >&*#4<8"#.3 ThCl4 

.!&&*  /8=770°,  6./=921°, #4)*'"#.! ' '"3&, %.:1.< )/.#*4<, C$.#4<, 4A&*"%&, 7&%:"8&. ?7#4:+&* 

;.3#4*0 ) 2, 4, 7 . 12 !"8&6+84!. '"30. >&*#47#"!.3 ThBr4 .!&&* >/8=679°, *. 6./. 857°, "7#4:+&* 

;.3#4*0 ) 7, 8, 10 . 12 !"8&6+84!. '"30, 4 *46E& )"8B'4*0 ) 4!!.46"! . 4!.%4!.. >&*#4."3.3 

ThI4 .!&&*  /8=566°,  6./=837°, <"#"1" #4)*'"#.! ' '"3& ) "7#4:"'4%.&! ;.3#4*"', /#. 

%4;#&'4%.. . 3&,)*'.. )'&*4 #4:84;4&*)2 ) '03&8&%.&! I2.  

F*"#.)*0, *"#.,, ThF4 /"8+-4&*)2 /#. 3&,)*'.. /84'.6"'", 6.)8"*0 %4 Th(OH)4 ' '.3& 

*2E&8";" 7&8";" /"#"164 - /" '0/4#.'4%.. #4)*'"#4; 646 %&#4)*'"#.!0, ' '"3&, "% !"E&* 70*B 

/"8+-&% . .: #4)*'"#"' )"8&, *"#.2 3&,)*'.&!, %4/#.!&#, $*"#.)*";" 4!!"%.2 - ")4E34&*)2 

)*+3&%.)*0, ;.3#4* ThF4
.
4G2O. F*"#"*"#4* 648.2, *2E&80, /"#"1"6 - K2ThF6.4G2O - "7#4:+&*)2 

/#. 6./2-&%.. 6#&/6";" #4)*'"#4 HKF2 ) Th(OH)4; .: #4)*'"#4 <8"#.)*";" *"#.2 KF ")4E34&* 

3#+;+9 3'",%+9 )"8B - K2Th2F10
.
G2O. H4)*'"#.!0, !"#$%&'() '#$%), ThCl4, !"E&* 70*B 

/"8+-&% /#. %4;#&'4%.. ' 4*!")$&#& <8"#4 )!&). ThO2 ) +;8&!; 3"'"8B%" *#+3%" '":;"%2&*)2 

'01&,-&! /#. 440° ' '.3& 7&80<, 78&)*2(.< /84)*.% . /#. 1057 - 1102°, %4 '":3+<& 

#4)/80'4&*)2. I#. #4)*'"#&%.. Th(OH)4 ' )"82%", 6.)8"*& /"8+-4&*)2 ThCl4 ' '.3& #4)*'"#4 . 

!"E&* 70*B '03&8&% '0/4#.'4%.&!; /"8+-4&*)2 '"8"6%.)*42 6#.)*488.-&)642 !4))4 ;.3#4*4, 

6"*"#0, /#. 348B%&,1&! %4;#&'4%.. /"3'&#;4&*)2, 3" %&6"*"#", )*&/&%., ;.3#"8.:+. 

J+8B$4* *"#.2, Th(SO4)2, /"8+-4&*)2 /#. #4)*'"#&%.. ThO2 ' ;"#2-&, 6"%A&%*#.#"'4%%", 

)&#%", 6.)8"*&; .:70*"6 && +34829*, .)/4#22 /#. 500°. J+8B$4* 8&;6" #4)*'"#.! ' '"3& /#. 0° (' 

5 '&)"'0< -4)*2<), %" +E& /#. 20° *46", #4)*'"# !+*.*)2, '03&82&* ;.3#4* 7"8&& 7&3%0, '"3",, 

Th(SO4)2
.
9H2O, -&! ;.3#4*0, )+(&)*'+9(.& ' #4)*'"#& /#. 0°; /#. 43° /"8+-4&*)2 &(& !&%&& 

7";4*0, '"3", ;.3#4* Th(SO4)2.4H2O. ='",%42 )"8B K4Th(SO4)4.2H2O 8&;6" #4)*'"#.!4 ' '"3& . 

%& #4)*'"#.!4 ' #4)*'"#& K2SO4. G.*#4* *"#.2 - 7"8B1.& /84)*.%6. - Th(NOL)4
.
12H2O, 8&;6" 

#4)*'"#.!, #4)/80'4&*)2 %4 '":3+<&. I#. 3&,)*'.. +;8&6.)8";" ;4:4 %4 #4:7"8*4%%0, ' '"3& 

Th(OH)4 /"8+-4&*)2 ")%"'%", 64#7"%4* *"#.2 (ThO2)2CO2; .: #4)*'"#"' )"8&, *"#.2 64#7"%4*0 

(&8"-%0< !&*488"' ")4E349* 64#7"%4* *"#.2, #4)*'"#.!0, ' .:70*6& #&46*.'4; .:'&)*%4 

3'",%42 )"8B Na6Th(COL)5
.
12H2O. 

>"#., 2'82&*)2 '"))*4%"'.*&8&!: ' #23+ %4/#2E&%., "% :4%.!4&* /"8"E&%.& !&E3+ 

489!.%.&! . !4;%.&!. 

M"% Th
4+

 "78434&* 7"8B1.! :4#23"!, "*%").*&8B%" !480! #43.+)"! . 7"8B1.! -.)8"! 

C8&6*#"%%0< +#"'%&,, )'"7"3%0< 382 "7#4:"'4%.2 3"%"#%"-46A&/*"#%0< )'2:&, ) 

C8&6*#"%"3"%"#%0!. 8.;4%34!.. N*" "7O2)%2&* )68"%%")*B *"#.2 6 "7#4:"'4%.9 

!%";"-.)8&%%0< .%*&#!&*488.-&)6.< () %4*#.&!, !&3B9, #*+*B9, A.%6"!, 489!.%.&! . 3#+;.!. 

!&*4884!.) . 6"!/8&6)%0< )"&3.%&%., ) %&"#;4%.-&)6.!. . "#;4%.-&)6.!. 8.;4%34!.. 

 M: #4)*'"#.!0< )"&3.%&%., *"#.2 /#&3)*4'829* .%*&#&) &;" 6"!/8&6)%0& )"&3.%&%.2 ) 

4%."%4!. #4:8.-%0< 6.)8"*, %4/#.!&# <8"#.34!., %.*#4*4!., 64#7"%4*4!., "6)484*4!., 

P.*#4*4!. . 3#. I#. C*"! ) 4%."%4!. J1
-
, JlO

-
3, . Qr?

-
3 *"#., "7#4:+&* *"8B6" 64*."%%0& 

6"!/8&6)0 )")*4'4 [ThA]
4-n

, ;3& n = 1, 2, 3. Q /#.)+*)*'.., ')&< 3#+;.< 8.;4%3"' *"#.,, ' 

:4'.).!")*. "* +)8"'.,, !"E&* %4<"3.*B)2 ' $"#!& 646 64*."%%0<, *46 . 4%."%%0< 6"!/8&6)"'. 

R4#46*&#%0! )'",)*'"! *"#.2 2'82&*)2 *46E& &;" )/")"7%")*B "7#4:"'0'4*B '%+*#.6"!/8&6)%0& 

)"&3.%&%.2 ) *46.!. #&4;&%*4!., 646 >> , 8-"6).<.%"8.%"!, 4A&*.84A&*"%"!, 6"!/8&6)"%4!. . 

3#. I#. +-4)*.. ."%"' (&8"-%0< !&*488"' )"&3.%&%.2 *"#.2 8&;6" "7#4:+9* 3'",%0& )"8. 



K2[Th(NO3)6], Na2[Th(SO4)3], 4 *46E& )!&14%%0& "6).30 K2>hO3. Q '"3%0< #4)*'"#4< ."%0 *"#.2 

"7#4:+9* ;.3#"6)"-."%0 [Th(OH)3]
+
, [Th2(OH)2]

6+
, [Th4(OH)12]

4+
. 

 =82 *"#.2 ' )*&/&%. "6.)8&%.2 +4 <4#46*&#%0 6""#3.%4A."%%0& -.)84 6, 8 . #&E& 10 . 12. 

K"!/8&6)%0& )"&3.%&%.2 *"#.2 ) 7"8&& %.:6.!. 6""#3.%4A."%%0!. -.)84!., %4/#.!&# >hJl4, 

646 /#4'.8", ' #4)*'"#4< )"8B'4*.#"'4%0 .8. ;.3#4*.#"'4%0. Q )847"6.)80< #4)*'"#4< Th(+4) 

:4!&*%" ;.3#"8.:+&*)2 ) "7#4:"'4%.&! 646 !"%"23&#%0< >h(?G)4-n (;3& n=1 - 3), *46 . 

/"8.23&#%0< /#"3+6*"' )")*4'4 Th2(OH)6
+2

, Th[(OH)3Th]n(n+4)
+

, . 3#.  

 5"%""6).3 *"#.2 ThO, '.3.!", )+(&)*'+&*. @;" 6#.)*488.-&)642 #&1&*64, 4%48";.-%4 

#&1&*6& <8"#.)*";" %4*#.2. I"3 3&,)*'.&! /&#&6.). '"3"#"34 "7#4:+&*)2 /&#&6.)B *"#.2, 

6"*"#", #4%B1& /#./.)0'48. $"#!+8+ Th2O7. G4-.%4&* '0/434*B ' ")43"6 +E& /#. pH=3,5, ' *" 

'#&!2 646 ;.3#""6.). *#&<'48&%*%0< #&36.< :&!&8B /"8+-49* 8.1B /#. pH=7...8. N*" )'",)*'" 

.)/"8B:+9* 382 ;#+7";" #4:3&8&%.2 #&36":&!&8B%0< C8&!&%*"' . *"#.2. 

 M:'&)*%" 3"'"8B%" !%";" ;48";&%.3"' *"#.2: *#. <8"#.34, *#. 7#"!.34, *#. ."3.34 . 

$*"#.3 ('48&%*%")*. *"#.2 ' C*.< )"&3.%&%.2<: 4+, 3+ . 2+). R8"#.30 . $*"#.3 7&)A'&*%0, 

7#"!.30 . ."3.30 E&8*";" A'&*4. S&:'"3%0, *&*#4<8"#.3 "-&%B ;.;#")6"/.-&%. =82 /#46*.6. 

%4.7"8&& '4E%0 $*"#.3 ThF4 . ."3.3 ThI4. I&#'0, .)/"8B:+9* 382 /"8+-&%.2 *"#.2 

C8&6*#"8.:"! . 382 #4)*'"#&%.2 &;" ' 4:"*%", 6.)8"*&: -.)*0, *"#., ' -.)*", HNO3 %& 

#4)*'"#2&*)2, %&"7<"3.!4 3"74'64 $*"#.34. >&*#4."3.3 .)/"8B:+9* 382 /"8+-&%.2 *"#.2 

'0)"6", -.)*"*0, /")6"8B6+ /#. *&!/&#4*+#& '01& 90° C*" )"&3.%&%.& )/")"7%" 6 *&#!.-&)6", 

3.))"A.4A..:  

ThI4TTh + 2I2.             (20) 

I#. %4;#&'4%.. *"#.2 ' 4*!")$&#& '"3"#"34 3" 400...600° "7#4:+&*)2 &;" ;.3#.3 ThH2. @)8., %& 

!&%22 +)8"'.,, %4-4*B )%.E4*B *&!/&#4*+#+, *" /#. 250...320° /#".)<"3.* 348B%&,1&& 

%4)0(&%.& *"#.2 '"3"#"3"! . "7#4:+&*)2 ;.3#.3 )")*4'4 Th4H15. M%";34 ;.3#.30 *"#.2 

/#.!&%29* 382 /"8+-&%.2 '0)"6"-.)*";" *"#.2. 

 G.*#4* *"#.2 .:'&)*&% ' '.3& 6#.)*488";.3#4*"' ) 1, 2, 3, 4, 5, 6 . 12 !"8&6+84!. '"30; 

&)*B +64:4%.2 %4 )+(&)*'"'4%.& 7&:'"3%", )"8.. >"'4#%0, %.*#4* /#&3)*4'82&* )"7", )"8B 

)")*4'4 Th(NO3)4
.
5,5H2O, <"#"1" #4)*'"#.! ' '"3& . ' 6.)8"#"3")"3&#E4(.< "#;4%.-&)6.< 

#4)*'"#.*&82< – )/.#*4<, 6&*"%4<, C$.#4<. N*" "7)*"2*&8B)*'" .)/"8B:+&*)2 ' *&<%.6& 382 

.:'8&-&%.2 %.*#4*4 *"#.2 .: '"3%0< #4)*'"#"' %&)!&1.'49(.!.)2 ) '"3", "#;4%.-&)6.!. 

#4)*'"#.*&82!., /#. )"3&#E4%.. ' '"3%", $4:& *46 %4:0'4&!0< '0)48.'4*&8&, – %.*#4*"' 

%&6"*"#0< !&*488"' /&#'0< *#U< ;#+// /&#."3.-&)6", ).)*&!0. Q )'2:. )" :%4-.*&8B%0! 

#4:8.-.&! 6"C$$.A.&%*4 #4)/#&3&8&%.2 %.*#4*"' *"#.2 . #&36":&!&8B%0< C8&!&%*"' !&E3+ 

'"3%", . "#;4%.-&)6", $4:4!. "7&)/&-.'4&*)2 C$$&6*.'%"& #4:3&8&%.& *"#.2 . #&36.< :&!&8B.  

 F")$4*0 *"#.2 .:'&)*%0 ' '.3& )#&3%&, Th3(PO4)4
.
4H2O . 6.)8", Th(HPO4)2

.
H2O )"8&,, 

'03&829(.<)2 .: '"3%0< )"8&, *"#.2 /#. 3"74'8&%.. )""*'&*)*'&%%" H3PO4 . Na2HPO4. 

F")$4*0 %&#4)*'"#.!0 ' '"3&, %" #4)*'"#29*)2 ' 6.)8"*4<. D./"$")$4* ThP2O5.nH2O, 

'03&82&*)2 ' '.3& 4!"#$%";" ")4364 /#. ':4.!"3&,)*'.. #4)*'"#4 %.*#4*4 *"#.2 ) 

;./"$")$4*"! %4*#.2. 

>"#.,, 646 . %&6"*"#0& 3#+;.& #&36":&!&8B%0& C8&!&%*0, '03&829* .: ;48";&%.3"' .8. 

"6).34 !&*"3"! !&*488"*&#!.. (648BA.,*&#!..): 

24 22 CaFThCaThF  !                  (21) 

 Q )'2:. ) /#&3/"84;4&!0! .)/"8B:"'4%.&! *"#.2 ' 64-&)*'& *"/8.'4 4*"!%0< 

C%&#;&*.-&)6.< #&46*"#"', .:+-48")B /")8&3)*'.2 '":3&,)*'.2 *"%.:.#+9(&, #43.4A.. %4 

!&*488.-&)6., *"#.,. Q #&46*"#%"! *"/8.'& $46*.-&)6. /#"A&)) 3&8&%.2 ')&;34 /#".)<"3.* ' 

)/84'& *"#.2 ) +#4%"!, &)8. 34E& .)<"3%0, !4*&#.48 /#&3)*4'828 )"7", -.)*0, *"#.,. 382 

+)6"#&%.2 /#"A&))4 )":34%.2 #43.4A."%%0< /"'#&E3&%., :4 )-U* ")6"86"' 3&8&%.2 #&46*"#%0& 

C6)/&#.!&%*0 "70-%" /#"'"32*)2 %4 )/84'4< *"#.2 ) +#4%"!, )"3&#E4(.< 3" 5% 
235

U. >46"& 

6"8.-&)*'" +#4%4 8.7" '<"3.* ' *'U#30, #4)*'"#, 8.7" )*"8B !&86" 3.)/&#;.#"'4%" ' !4*#.A& 

*"#.2, -*" ) *#+3"! /"334U*)2 "7%4#+E&%.9 ) /"!"(B9 !.6#")6"/4.  

 5&*488.-&)6., *"#., "78434&* 6+7.-&)6", ;#4%&A&%*#.#"'4%%", #&1U*6", . /"C*"!+ ' 

%U! %& !";+* '":%.64*B )*"8B E& 4%.:"*#"/%0& .:!&%&%.2 #4:!&#"', 646 ' "#*"#"!7.-&)6"! "-

+#4%&. M:!&%&%.2, '":%.649(.& ' *"#.. /"3 3&,)*'.&! %&,*#"%"', "*%").*&8B%" %&'&8.6. . 



)'"32*)2 ;84'%0! "7#4:"! 6 +'&8.-&%.9 "7OU!4 :4 )-U* %46"/8&%.2 /#"3+6*"' 3&8&%.2. 

?78+-&%.& )/84'"' *"#.2 ) +#4%"! ' *&-&%.& *#U< 8&* #&46*"#%0! .:8+-&%.&! /#. 100
"
 /#.'&8" 

6 .:!&%&%.9 #4:!&#"' . /8"*%")*. "7#4:A"' ( !". 8). Q)& 

.:!&%&%.2 %&:%4-.*&8B%0 . %& :4'.)2* "* .)<"3%", 

6"%A&%*#4A.. +#4%4, )/")"74 .:;"*"'8&%.2 . /#&31&)*'+9(&, 

"7#47"*6.. I" )#4'%&%.9 ) +#4%"! -.)*0, *"#., . +#4%-

*"#.&'0& )/84'0 ) 7"8B1.! )"3&#E4%.&! *"#.2 "784349* 

.)689-.*&8B%" '0)"6", )*47.8B%")*B9. >46, 382 "7#4:A"', 

"78+-U%%0< 3" '0)"6.< )*&/&%&, '0;"#4%.2 +#4%4, .:!&%&%.2 

/8"*%")*. %&'&8.6. . /#.!&#%" ' 4-5 #4: !&%B1& .:!&%&%., 

/8"*%")*. +#4%4 .8. 7";4*0< +#4%"! )/84'"'. V'&8.-&%.& 

*'U#3")*. *"#.2 *46E& %&:%4-.*&8B%" . /#. '0;"#4%.. 2-4% 

)")*4'82&* 15-25 &3.%.A /" H"6'&88+. I#"-%")*B /#. *"#.2 

/#. #4)*2E&%.. %&)6"8B6" +'&8.-.'4&*)2. V!&%B1&%.& 

*&/8"/#"'"3%")*. /#. "78+-&%.. %& /#&'")<"3.* 5-8%.  

 

 !". 8. M:!&%&%.& #4:!&#"' . /8"*%")*. /84)*.% .: *"#.2 . 

+#4%-*"#.&'";" )/84'4 ' #&:+8B*4*& '":3&,)*'.2 #&46*"#%";" 

.:8+-&%.2. 

 
 



 !"#$%%"! 

 .!."#$%&' 

 

()* + 

 

&'!% ($)*+, 

-$)*+. 2. !,)*-.! /,01.2 3 4 2 ()* 2 

 

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

&"/01)234, %5$6$0!+7"2"5($334, 2"!+, - /$21(( %$!$8!+%2"-8$("7" *5$21, "931)" 0!+ 

549$!6+513++ 31 5":9';$ %213"5+2%. 2$/3"-%$!4/. <23"=$3+$ 2"!+. ) 5":9';' "0!$9$(.$2%. %2$0$3>? $7" 

+:/$(>@$3+., 1 21)6$ %"9$!613+$/ 5 3$/ ")%+91. A1+8"($$ @+%24$ "8!1:*4 %"9$!612 3$%)"(>)" 9$%.24; 

0!"*$321 ")%+91 2"!+., )"2"!4, /"6$2 842> 5 /$21(($ )1) 21)"5", +(+ 5 5+9$ 3+:=$7" ")%+91. <8!1:*4 % 
/1(4/ %"9$!613+$/ ")%+91 84%2!" 2'%)3$?2, %213"5.2%. %$!4/+ + 5 )"3*$ )"3*"5, @B!34/+, 5 2" 5!$/. )1) 
"8!1:*4 % 54%")+/ %"9$!613+$/ ")%+91 (1,5-2%), '%2",@+54 31 5":9';$ + %";!13.?2 %5", %$!$8!+%24, 8($%) 
/$%.*1/+.  "!"=") 2"!+. 0+!"#"!$3 31 5":9';$, 0"C2"/' $7" ;!13.2 0"9 %("$/ )$!"%+31. D%2",@+5 0" 

"23"=$3+? ) 5"9$ 9" 100
"E.  

F$21((+@$%)+, 2"!+, %'G$%25'$2 5 95'; 1(("2!"034; /"9+#+)1*+.;; #1:"54, 0$!$;"9 318(?91$2%. 
0!+ 2$/0$!12'!$ 1345

"
, 0!+/$%> '7($!"91 0!+5"9+2 ) '5$(+@$3+? 2$/0$!12'!4 #1:"5"7" 0$!$;"91. 

<;(169$3+$ "2 2$/0$!12'!4 #1:"5"7" 0$!$;"91 9" "@$3> 3+:)+; 2$/0$!12'! (0,1&) 0!+5"9+2 ) 
7!13$*$32!+!"5133", )'8+@$%)", %2!')2'!$ /$21((1.  

&!+%21((+@$%)1. %2!')2'!1 9+/"!#31. A+:)"2$/0$!12'!31. /"9+#+)1*+. A1-2+01 ()'8+@$%)1. 
7!13$*$32!+!"51331. )!+%21((+@$%)1. !$=B2)1, 0!"%2!13%25$331. 7!'001 Fm-3m,  =5,084 A, b=5,084 H, 

!=5,084 H,  =!="=90
"
). I$"!$2+@$%)1. 0("23"%2> 2"!+. 11,72 7/%/3

 0!+ 01!1/$2!$ !$=B2)+ 0,5086 3/. 

J)%0$!+/$321(>34$ :31@$3+. 0("23"%2+ :15+%.2 "2 0!$94%2"!++ "8!1:*1 /$21((1.  !+ 

)"/3123", 2$/0$!12'!$ + 3"!/1(>3"/ 915($3++ 2"!+, +/$$2 7!13$*$32!+!"5133'? 

)'8+@$%)'? !$=B2)'. J21 !$=B2)1 "%21B2%. %218+(>3", 0!+ 2$/0$!12'!1; "2 18& 9" 1350
"
. 

K4=$ 1360° %'G$%25'$2 %2!')2'!1 "2-2+01 ()'8+@$%)1. "8L$/3"-*$32!+!"51331. 
/"9+#+)1*+.,  =4,11H), 131("7+@31. %2!')2'!$ 5"(>#!1/1.  

 

*56. 1. &'8+@$%)1. 7!13$*$32!+!"51331. !$=B2)1 /$21((+@$%)"7" 2"!+.. 
 

 
*56. 2. &!+%21(( 2"!+.. 
 

 F$21((+@$%)+, 2"!+, 0!".5(.$2 9+1/173+234$ %5",%251. <3 %213"5+2%. %5$!;0!"5"9.G+/ 0!+ 

2$/0$!12'!$ 3+6$ 1,4&. I"!+, .5(.$2%. %(18"%01!$334/ %5$!;0!"5"93+)"/ I !"91, )!+2+@$%)"$ /173+23"$ 
0"($ )"2"!"7" "831!'6+51$2 01!18"(+@$%)'? :15+%+/"%2> "2 2$/0$!12'!4. 

F$21((+@$%)+, 2"!+, 0" 21)+/ %5",%251/, )1) C($)2!"331. '9$(>31. 2$0("B/)"%2>, /173+231. 
5"%0!++/@+5"%2>, :15+%+/"%2> %"0!"2+5($3+. "2 915($3+. + 9!. 0";"6 31 0$!$;"934$ /$21((4, + 5 2" 6$ 
5!$/. 0" %5"$, %5$!;0!"5"9+/"%2+ + 71(>513"/173+234/ %5",%251/ – 31 %5+3$*, "("5", 1(?/+3+, (/$21((4 

% /1(" 0$!$!451?G+/+%. C($)2!"334/+ C3$!7$2+@$%)+/+ :"31/+ + /1(", 0("23"%2>? %"%2".3+,). 

 M(. 6+9)"7" %"%2".3+. + +32$!51(1 2$/0$!12'! 2020-2500& 915($3+$ 01!1 "0+%451$2%. '!153$3+$/ (# 

5 12/"%#$!1;, $ – 5 )$(>5+31;): 

lgp=-29770/T-6,024/ 

 

 



 

 

*56. 3. F$21((+@$%)+, 2"!+,. 

 

I"!+, "8(191$2 "@$3> 54%")", 2$/0$!12'!", 0(15($3+.. <3 – 0(1%2+@34, /$21(( + 

($7)" 9$#"!/+!'$2%. 31 ;"("9', 0"C2"/' /$21((+@$%)+, 2"!+, 9"5"(>3" ($7)" 

0"95$!71$2%. /$;13+@$%)", "8!18"2)$. E"9$!613+$ ")%+91 ")1:451$2 5(+.3+$ 31 
0("23"%2> /$21((1, 0!+@B/ 9(. !1:34; "8!1:*"5 :31@$3+$ 0("23"%2+ )"($8($2%. "2 11,4 9" 

11,7.  " %!153$3+? % /$21((1/+, +%0"(>:'$/4; 5 )1@$%25$ )"3%2!')*+"334; /12$!+1("5, 
2"!+, +/$$2 3$8"(>='? 25B!9"%2> (3+6$ 25B!9"%2+ %21(+) + 9"5"(>3" 54%")'? 

!$1)*+"33'? %0"%"83"%2>. I5B!9"%2> /$21((+@$%)"7" 2"!+. 21)6$ /$3.$2%. 5 
:15+%+/"%2+ "2 %"9$!613+. ")%+91: 31+8"($$ @+%24$ "8!1:*4 /.7@$, "3+ %;"6+ % /.7)", 6B(2", (12'3>?, 

"8!1:*4 % 8"(>=+/ %"9$!613+$/ ")%+91 8"($$ 25$!94 + 0!+8(+61?2%. 0" 25B!9"%2+ ) 3+)$(?.  " %5"+/ 

/$;13+@$%)+/ %5",%251/ 2"!+, 310"/+31$2 /.7)'? %21(>. I"!+, 0"991B2%. 54915(+513+?, 0!")12)$, )"5)$ + 

=21/0"5)$. F$21((+@$%)+, 2"!+, 916$ 0!+ :31@+2$(>3"/ %"9$!613++ )+%("!"91 %";!13.$2 0(1%2+@3"%2>, 
0"%)"(>)' ThO2 0!+%'2%25'$2 )1) %1/"%2".2$(>31. #1:1 31 7!13+*1; :B!$3.  !+ "8!18"2)$ 2"!+. +%0"(>:'?2 
"84@34$ 0!+B/4 % 0!+/$3$3+$/ /$! 0!$9"%2"!"63"%2+ "2 ")+%($3+. )+%("!"9"/ 5":9';1 (/$21((+@$%)+$ 
"8"("@)+, %0$*+1(>34$ %/1:)+ +(+ :1G+231. 12/"%#$!1, 310!+/$!, +3$!234; 71:"5). F$;13+@$%)+$ %5",%251 
2"!+. %+(>3" :15+%.2 "2 %2$0$3+ @+%2"24 /$21((1 +, %($9"512$(>3", "2 /$2"91 $7" 0"('@$3+.. I1), %0$@B334$ 
+ "2"66B334$ :17"2"5)+ 2"!+., 0"('@$33"7" )1(>*+$5"2$!/+@$%)+/ 5"%%213"5($3+$/ ThO2, +/$?2 0!$9$( 

0!"@3"%2+ 21,7 )N///2
, "23"%+2$(>3"$ '9(+3$3+$ 20%, 25B!9"%2> %& 70 )N///2

; C2+ 5$(+@+34 9(. 
9$#"!/+!"51334; + "2"66$334; :17"2"5") +: C($)2!"(+2+@$%)"7" 0"!"=)1 2"!+. !1534 16,6 )N///2

, 35%, 

%& 53 )N///2
, 1 9(. +"9+93"7" 2"!+. 14,9 )N///2

, 44%, %& 45 )N///2
. F"9'(> '0!'7"%2+ 2"!+. !15$3 7000 

)N///2
. 

A1 5":9';$ 0!+ )"/3123", 2$/0$!12'!$ 2"!+, ")+%(.$2%. 3$:31@+2$(>3", 3" 5 )+0.G$, 

9+%2+((+!"5133", 5"9$ "3 0")!451$2%. 0(B3)", ThO2 + 91(>3$,=1. )"!!":+. 0!$5!1G1$2%.; 0!+ 317!$513++ 

2"!+. % 01!1/+ 5"94 0!+ 200-600
"
 "8!1:'?2%. ThO2 + 5"9"!"9. F$21(( 3$ !1%25"!.$2%. % 9"%212"@3", 

%)"!"%2>? 5 "84@34; (:1 +%)(?@$3+$/ %"(.3",) )+%("21;. K *1!%)", 5"9)$ + )"3*$32!+!"5133", %"(.3", 

)+%("2$ !1%25"!.$2%., )"3*$32!+!"5133", HN<3 01%%+5+!'$2 2"!+,, 3" 0!+ 9"815($3++ 

+"31 #2"!1 !1%25"!.$2 $7". O1:815($334$ AE1, HF, HN<3, H2S<4, 1 21)6$ 
)"3*$32!+!"51334$ AE1<4 + A3O<4 /$9($33" !1:!'=1?2 /$21((. I"!+, /"63" 0(15+2> 5 
2+7(.; +: K$< +(+ ThO2, "931)" /12$!+1( 2+7(. !1:!'=1$2%..  

 

*56. 4. P+%24, 2"!+, – 8($%2.G+, %$!$8!+%24, /$21(.  !+ 549$!6)$ 5 2$@$3+$ 3$%)"(>)+; 

/$%.*$5 31 5":9';$ 2$/3$$2. Q"2" 2"!+$5", #"(>7+ (0,5 // 2"(G+3",), :101.33", 5 1/0'(' 5 
12/"%#$!$ 1!7"31. 

 

I"!+, "8!1:'$2 %"(+ %" /3"7+/+ )+%("!"9%"9$!61G+/+ )+%("21/+; 8"(>=1. 
@1%2> C2+; %"($, !1%25"!+/1 5 5"9$. &"/01)234, /$21(( /$9($33" 5:1+/"9$,%25'$2 % 
!1:815($33", 1:"23", + %$!3", + )"3*$32!+!"5133", #"%#"!3", )+%("21/+.  

H2"/34$ 9+1/$2!4 (+=> 3$/3"7+; C($/$32"5, 310!+/$!, Mo, Zr, Ce, La, Y, Pb, Bi, 

Sn, "2(+@1?2%. "2 12"/3"7" 9+1/$2!1 2"!+. /$3$$ @$/ 31 14-15%, 0"C2"/' 2"(>)" C2+ 

/$21((4 %0"%"834 "8!1:"54512> % 2"!+$/ "8=+!34$ 25B!94$ !1%25"!4 :1/$G$3+.. E 9!'7", %2"!"34, 

8"(>=", 12"/34, 9+1/$2! 2"!+. 8(17"0!+.2%25'$2 "8!1:"513+? 25B!94; !1%25"!"5 53$9!$3+., 310!+/$!, % 
E, K, N. I"!+, ($7)" "8!1:'$2 %0(154 % Fe, Co, Ni, Cu, Au, Ag, B, Pt, Mo, W, Ta, Zn, Bi, Pb, Hg, Na, Be, Mg, Si, 

Se, Al. I"!+, "8!1:'$2 0!"%24$ C52$)2+@$%)+$ %+%2$/4 % ;!"/"/ + '!13"/. F$21((+@$%)+, 2"!+, 

%/$=+51$2%. % *$!+$/ )1) 5 6+9)"/, 21) + 25B!9"/ %"%2".3+.;.  

I"!+,, +/$. 54%")'? 2$/0$!12'!' 0(15($3+. (1650-1800°) + 8"(>=", 12"/34, 5$%, 0!$9%215(.$2 
:31@+2$(>34, +32$!$% % 2"@)+ :!$3+. +%0"(>:"513+. $7" 5 )1@$%25$ "93"7" +: )"/0"3$32"5 61!"0!"@34; 

%0(15"5. <3 ($7)" "8!1:'$2 %0(154 % 1(?/+3+$/, 6$($:"/, /$9>?, )"81(>2"/, 3+)$($/, :"("2"/, %$!$8!"/, 

8"!"/, 0(12+3",, /"(+89$3"/, 5"(>#!1/"/, 21321("/, *+3)"/, 5+%/'2"/, %5+3*"/, !2'2>?, 312!+$/, 

8$!+((+$/, )!$/3+$/, %$($3"/. E" !2'2>? 2"!+, 3$ "8!1:'$2 1/1(>71/4, 21) )1) !1%25"!+/"%2> $7" 5 !2'2+ 

"@$3> /1(1, (+=> 0,0154%. 

I"!+, ($7)" "8!1:'$2 %0(154. M(. 3$7" ;1!1)2$!3" "8!1:"513+$ +32$!/$21((+@$%)+; %"$9+3$3+, %" 

/3"7+/+ 8"($$ 8(17"!"934/+ /$21((1/+; 31+8"($$ /3"7"@+%($334/+ .5(.?2%. %"$9+3$3+. 2"!+. % 21)+/+ 

0$!$;"934/+ /$21((1/+, )1) Cr, Mn, Fe, Co, Ni, Cu. R:5$%234 8+31!34$ %0(154 % Al, Be, B, V, Bi, W, Hf, Ge, 

Te, Au, In, Ir, Y, Co, Si, La, Mg, Mn, Cu, Mo, As, Na, Ni, Nb, Sn, Os, Hg, Pb, Se, Ag, Sb, Tl, Ta, Te, Ti, Ce, Zn Zr, 



5 21)6$ 2!",34$ %0(154 Th-Al-U, Th-Be-Si, Th-Be-Si, Th-Be-U, Th-Bi-Pb, Th-Mg-Zr, Th-U-C, Th-Zr-U. I"!+, 

"8!1:'$2 %($9'?G+$ +32$!/$21((+@$%)+$ %"$9+3$3+.: % 312!+$/ - Na4Th; /$9>? - Cu4Th, Th2Cu + ThCu2; 

!2'2>? – ThHg1,33-3,0; 8$!+((+$/ – ThBe13; *+3)"/ - Th2Zn; 1(?/+3+$/ - ThAl3, ThAl4 

+ ThAl7; /1!713*$/ - ThMn2, Th6Mn23, ThMn12; 6$($:"/ - Th7Fe3, ThFe3, ThFe5; 3+)$($/ 

- Th2Ni, Th2Ni5 + ThNi9. &!"/$ 2"7", 6$($:", )"81(>2 + 3+)$(> 91?2 "9+31)"54$ 
%"$9+3$3+. %"%2151 Th7M3, ThM, ThM2.3, ThM5 + ThM2.  !"%2'? C52$)2+)' 2"!+, 

"8!1:'$2 % ;!"/"/ + '!13"/, % *$!+$/ "3 "8!1:'$2 !1%25"!4, )1) 5 6+9)"/, 21) + 

25B!9"/ %"%2".3++. I"!+, (+=> %($7)1 !1%25"!+/ 5 !2'2+, 3" "8!1:'$2 % 3$, 0" 

/$3>=$, /$!$ "93" +32$!/$21((+@$%)"$ %"$9+3$3+$. 
 

*56. 5. I"!+,, ")+%($334, % 0"5$!;3"%2+. 

 

S"(>=+3%25" %0(15"5 2"!+. ($7)" )"!!"9+!'$2 5 5"9$ + 31 5":9';$, 0!+@B/ "3+ 

8"($$ !$1)*+"334, @$/ @+%24$ )"/0"3$324. J2" "7!13+@+51$2 "8(1%2> +%0"(>:"513+. %0(15"5 % 54%")+/ 

%"9$!613+$/ 2"!+., :1 +%)(?@$3+$/ 0!+/$3.$/4; 5 .9$!34; !$1)2"!1;; % 9!'7", %2"!"34, 3$8"(>=+$ 
0!+%19)+ 2"!+. %'G$%25$33" '('@=1?2 %5",%251 !.91 %0(15"5. 
 K (18"!12"!34; '%("5+.; 9(. 0"('@$3+. /$21((+@$%)"7" 2"!+. +%0"(>:'?2 %($9'?G+$ /$2"9+)+: 

1) K"%%213"5($3+$ IhEl4 1/1(>71/", 312!+. 
ThCl4+4Na(Hg)x#Th(Hg)x+4NaCl             (1) 

$ % xHgThHgTh !'#'((C

x

o

&'''''' #'
( .10,100 8

          (2) 

S$:5"934, ThEl4 + 4F 1/1(>71/' 312!+., 0!+7"2"5($33'? C($)2!"(+:"/ !1%25"!1 NaOH 31 !2'23"/ 

)12"9$, 2G12$(>3" 0$!$/$=+51?2 5 "2%'2%25+$ 5":9';1 5 317!$51$/", 9" 180-300
"E /$=1()$, %3186B33", 

0(1%2+3)1/+ 9(. +:/$(>@$3+. 5$G$%251. K 2$@$3+$ 30 /+3 +32$3%+53"7" 0$!$/$=+513+. 0!+ 2$/0$!12'!$ 
239

"E 95% 2"!+. 5"%%21315(+51$2%. + 0$!$;"9+2 5 1/1(>71/'. E/$%> NaCl + 0"('6+9)", 1/1(>71/4 

0!"/451?2 1-3F !1%25"!"/ HCl.  "2$!+ 2"!+. 0!+ C2"/ 3$:31@+2$(>34.  !"/42'? 1/1(>71/' #+(>2!'?2 
@$!$: %2$)(.334, #+(>2!, 1 31 #+(>2!$ "%21B2%. 1/1(>71/1 2"!+. 5 5+9$ 0(1%2+@3",, 0";"6$, 31 /$21(( 

/1%%4. TB "26+/1?2 31 (18"!12"!3"/ 0!$%%$, 0"%($ @$7" "%21B2%. 218($2)1 1/1(>71/4, %"9$!61G1. 15%Th. 

 "('@$33'? 21)+/ %0"%"8"/ 218($2)' 1/1(>71/4 0!")1(+51?2 5 2+7($ +: 54%")")1@$%25$33", %21(+ 0!+ 

1000-1100
"E 5 51)''/$ (10

-6
 // !2.%2.).  !+ C2"/ '91(.$2%. !2'2> + 0$!5"31@1(>34, "8LB/ 218($2)+ 

'/$3>=1$2%. 31 40%.  ("23"%2> 0"('@$33"7" )"/01)23"7" )'%)1 /$21((+@$%)"7" 2"!+. %"%215(.$2 80-90% 

2$"!$2+@$%)",; $7" !$1)*+"331. %0"%"83"%2> 0"9"831 318(?91$/", 9(. 2"!+., 0!+7"2"5($33"7" 9!'7+/+ 

/$2"91/+. E"9$!613+$ !2'2+ %3+61?2 9" 5-50 @1%2$, 31 /+((+"3 %0$)13+$/ 5 51)''/$. E0$@B334$ 218($2)+ 

/"63" "8!18"212> ;"("934/ 0!$%%"513+$/ +(+ 0(15)", 5 C($)2!"9'7"5", 0$@+. 

2) K"%%213"5($3+$ ThCl4 312!+$/. 

ThCl4+4Na#Th+4NaCl          (3) 

O$1)*+? /$69' 500 7 5":"731334/ ThCl4 + 0$!$731334/ 5 51)''/$ 312!+$/ (25%) +:842") 0!"5"9.2 
0!+ 500

"
 5 *+(+39!+@$%)"/ 6$($:3"/ %"%'9$, 7$!/$2+:+!"5133"/ % 0"/"G>? %51!)+. A1 93" %"%'91 )(19'2 

%(", 312!+., :12$/ %(", %/$%+ ThCl4+Na + %3"51 %(", 312!+..  " ")"3@13++ !$1)*++ ";(169B334, %"%'9 

"2)!451?2 + "8!1812451?2 !$1)*+"33'? %/$%> %31@1(1 %0+!2"/, @2"84 '91(+2> +:842") 312!+., 1 0"%($ 
0!$)!1G$3+. 549$($3+. 71:1 – 5"9",, 0!+@B/ !1%25"! 5%B 5!$/. 9"(6$3 +/$2> G$("@3'? !$1)*+?. 

 !+%'2%25'?G+, 5 %/$%+ Th(OH)4 54/451?2 % 0"/"G>? 23 HNO3. F$21((+@$%)+, "%212"), )"2"!4, %"%2"+2 
+: %$!4; (+%2"@)"5 + /1($3>)+; )"!"(>)"5, 0!"/451?2 5"9",, %0+!2"/ + C#+!"/ + 54%'=+51?2 5 51)''/$ 
0!+ 300

"E. 

3) K"%%213"5($3+$ ThO2 )1(>*+$/. 

ThO2+Ca#Th+2CaO            (4) 

J2"2 /$2"9 "%3"513 31 2"/, @2" "@$3> @+%24, ThO2 5"%%21315(+51?2 0$!$731334/ )1(>*+$/ 5 
0!+%'2%25++ 5"9""23+/1?G$7" %!$9%251 (0!$951!+2$(>3" 0!")1($33"7" 0!+ 450

"E C1Cl2). U("!+9 )1(>*+. 
0!+ 2$/0$!12'!$ !$1)*++ 0(15+2%., 0"C2"/' 0!"*$%% 0!"2$)1$2 5 6+9)", #1:$. <8!1:'?G+,%. 2.6B(4, 

/$21((+@$%)+, 2"!+, "%$91$2 31 93" %"%'91 + 31;"9+2%. 21/ 0"9 :1G+234/ %("$/ !1%0(151. M(. !18"24 

+%0"(>:'?2 %21(>3", !$1)2"! % :15+3@+51?G$,%. )!4=)",. V+;2', %"%2".G'? +: 4 @ (0" /1%%$) ThO2, 4 @. 

CaCl2 + 3 @. R:/$(>@B33"7" )1(>*+., 2G12$(>3" 0$!$/$=+51?2 5 :1)!42", )"(8$ + 84%2!" 0$!$3"%.2 5 
!$1)2"!, )"2"!4, 2"2@1% 6$ :1)!451?2. W12$/ %"%'9 317!$51?2 9" 950

"
 5 2$@$3+$ 1 @.  "%($ ";(169$3+. $7" 

"2)!451?2 + 0!"9')2 !$1)*++, +:/$(>@B334, 9" !1:/$!1 7"!"=+34, 0"%2$0$33" 53"%.2 5 5"9' (2 ( 9(. 
315$%)+ 40 7. ThO2) 0!+ %+(>3"/ 0$!$/$=+513++, @2"84 3$ 0!"+%;"9+(" /$%23"7" 0$!$7!$51. &"791 5$%> 
+:842"@34, )1(>*+, 0!"!$17+!'$2 % 5"9",, 91?2 !1%25"!' "2%2".2>%., 9$)132+!'?2 $7" + 0!"/451?2 "%212") 
@$24!$ !1:1 5"9",. <%21B2%. 2B/34, "%19"), ) )"2"!"/' 9"815(.?2 200 /( 5"94, 1 :12$/ 0!+ %+(>3"/ 



0$!$/$=+513++ 25 /( )"3*. HNO3. P$!$: 10 /+3 !1:815(.?2 !1%25"! 5 10 !1:, 91?2 "%19)' "%$%2> + 

0"52"!.?2 "8!18"2)' )+%("2", 1-2 !1:1. IG12$(>3" "2/424, 5"9", 0"!"=") 2"!+. "29$(.?2 % "2%1%4513+$/ 

31 #+(>2!$, "8!1812451?2 %0+!2"/ + C#+!"/ + %'=12 5 51)''/$ 0!+ 300
"E. 

)!'*#*+,*! <8$:716$334, 0!+ 400" 5 54%")"/ 51)''/$ 0"!"=") 2"!+. @!$:54@1,3" 0+!"#"!$3. <3 2"2@1% :17"!1$2%. 
0!+ )"321)2$ % 5":9';"/.  !+ !$1)*++ % 5"9"!"9"/ /$21(( !1%)1(.$2%. 9" )!1%31. 
4) K"%%213"5($3+$ ThF4 )1(>*+$/ 5 0!+%'2%25++ ZnCl2. K31@1($ 0"('@1?2 %0(15 Th % Zn, %"9$!61G+, ~6% 

Zn, )"2"!4, +/$$2 "23"%+2$(>3" 3+:)'? 2$/0$!12'!' 0(15($3+. + "8!1:'$2%. 5 5+9$ )"/01)23"7" )"!"(>)1. 
 '2$/ "27"3)+ *+3)1 /"63" 549$(+2> 2"!+, 5 5+9$ 7'8@12", /1%%4 + 0!$5!12+2> 5 )"/01)234, /$21(( 

C($)2!"9'7"5", 0(15)",.  

5) J($)2!"(+: !1%0(151, 2.$. C($)2!"(+: ;("!+91 +(+ #2"!+91 2"!+. 5 !1%0(15$ ;("!+9"5 312!+. +(+ )1(+.. 
 "95$!71?2 C($)2!"(+:' !1%0(15 C52$)2+@$%)", %/$%+ ThCl4 % NaCl 5 7!1#+2"5"/ 2+7($ % '7"(>34/ 

%2$!63$/ 5 )1@$%25$ )12"91.  !+ C($)2!"(+:$ KThF5 C($)2!"(+:B!"/ %('6+2 *+(+39!+@$%)+, 7!1#+2"54, 

2+7$(> (13"9) + 0"("%)1 /"(+89$3"5", 6$%2+ ()12"91). 
6) I$!/+@$%)1. 9+%%"*+1*+. 2$2!1+"9+91 2"!+.. <@$3> @+%24, 2"!+, /"63" 0"('@+2> 2$!/+@$%)", 

9+%%"*+1*+$, 31 !1%)1(B33", 0!"5"(")$ %"7(1%3" !$1)*++ ThI4#Th+2I2. I1) )1) 5 )1@$%25$ /12$!+1(1 9(. 
0!"5"(")+ +%0"(>:'?2 5"(>#!1/, 2" %31@1(1 0"('@1?2 0!'2)+ 2"!+., 53'2!+ )"2"!4; 31;"9+2%. 0!"5"(")1 
+: 5"(>#!1/1. O1:("6$3+$ +"9+91 0!"5"9.2 31 C2+; 0!'2)1;, 5%($9%25+$ @$7" :17!.:3$3+$ 5"(>#!1/"/ 

")1:451$2%. 3$:31@+2$(>34/. 

R: )"/01)23"7" /$21((1 0!+7"215(+51?2 !$1)*+"33"%0"%"834, 0"!"=") 2"!+., 0!$5!12+5 $7" 5 
7+9!+9. &'%") 2"!+. 317!$51?2 5 12/"%#$!$ 5"9"!"91 9" 650°, 0!+@$/ "8!1:'$2%. 7+9!+9 ThH2. W12$/ 

'%21315(+51?2 2$/0$!12'!' <320°, 0!+ )"2"!", ThH2 7+9!+!'$2%. 9" Th4H15.  "%($93+, +:/$(>@1?2 5 
!$1)*+"33", 2!'8)$ 5 12/"%#$!$ 5"9"!"91.  "!"=") 317!$51?2 0!+ "84@3"/ 915($3++ + 2$/0$!12'!$ <500°, 

1 :12$/ 5 51)''/$ 0!+ 700°. N+9!+9 0!$5!1G1$2%. 5 /$()"9+%0$!%34,, "@$3> 0+!"#"!34, 0"!"=") 
/$21((+@$%)"7" 2"!+..  
 

2. *!&,#-&-#.  !"#.: *#- &/ # *0!$* 0' 

(&78. 1. U1!1)2$!+%2+)1 %"$9+3$3+, 2"!+. 

 
 

2.1  !"#!"$ %&#!' ThH2, Th4H15  
F$21((+@$%)+, 2"!+, C3$!7+@3" 5:1+/"9$,%25'$2 % 5"9"!"9"/.  

 !+ 317!$513++ 2"!+. 5 12/"%#$!$ 5"9"!"91 9" 400...600° "8!1:'$2%. $7" 7+9!+9 ThH2. T%(+, 3$ /$3.. 
'%("5+,, 31@12> %3+612> 2$/0$!12'!', 2" 0!+ 250...320° 0!"+%;"9+2 91(>3$,=$$ 31%4G$3+$ 2"!+. 5"9"!"9"/ 

+ "8!1:'$2%. 7+9!+9 %"%2151 Th4H15. K %+%2$/$ Th-H +:5$%234 95$ #1:4: ThH2 + Th4H15.  !+ 5:1+/"9$,%25++ 

2"!+. % 5"9"!"9"/ %31@1(1 "8!1:'$2%. Th4H15. P2"84 0"('@+2> @+%24, 7+9!+9 ThH2 317!$51?2 0!"9')2 
!$1)*++ 5 51)''/$ 0!+ "0!$9$(B33", 2$/0$!12'!$ 9" 2$; 0"!, 0")1 3$ 549$(+2%. 3'63"$ )"(+@$%25" 

5"9"!"91, "0!$9$(.$/"$ 5"(?/"/$2!+@$%)+. N+9!+94 2"!+. – @B!34$, @!$:54@1,3" 0+!"/"!#34$ 0"!"=)+. 

ThH2 +/$$2 =+!")'? "8(1%2> 7"/"7$33"%2+ Th1,78-Th2,11: )!+%21((+@$%)1. %2!')2'!1 2$2!17"31(>31. 
( =5,735H, !=4,971H), % C($/$321!3", .@$,)",, %"9$!61G$, 951 12"/1 /$21((1. Th4H15 – +/$$2 +/$$2 
'3+)1(>3'? )'8+@$%)'? %2!')2'!' ( =9,11H), d=8,25, 3$ %5.:133'? % )'8+@$%)", %2!')2'!", /$21((1. J2" – 



0$!54, 7+9!+9, ' )"2"!"7" 84(1 "831!'6$31 %5$!;0!"5"9+/"%2>. D C2"7" 7+9!+91 318(?91$2%. 
/$21((+@$%)1. 0!"5"9+/"%2> 0!+ )"/3123", 2$/0$!12'!$.  
 

*56. 6. &!+%21((+@$%)1. %2!')2'!1 ThH2 

 

N+9!+9 2"!+. ($7)" 5:1+/"9$,%25'$2 % )+%("!"9"/, "8!1:'. ThO2. K 

+32$!51($ 2$/0$!12'! 250-350
"
 7+9!+9 %0")",3" 5:1+/"9$,%25'$2 % 71("7$31/+, 

310!+/$!, % ;("!"/ + 8!"/"/, % 5"9"!"934/+ %"$9+3$3+./+ 71("7$3"5, %$!4, 

#"%#"!1 +(+ 1:"21. EA4 + E<2 3$ 5%2'01?2 5 !$1)*+? % 7+9!+9"/ 2"!+.. 
R3"791 7+9!+94 2"!+. 0!+/$3.?2 9(. 0"('@$3+. 54%")"@+%2"7" 2"!+.. N+9!+9 2"!+. %('6+2 

+%;"934/ /12$!+1("/ 9(. %+32$:1 !.91 9!'7+; %"$9+3$3+,. N+9!+94 2"!+. 
!$17+!'?2 % ;("!+%24/ + 8!"/+%24/ 5"9"!"9"/, %$!"5"9"!"9"/ + 2.9., "8!1:'. 
;("!+94. S!"/+94. E'(>#+94 + 2.0. 

 

*56. 7. E2!')2'!1 #2"!+91 2"!+. ThF4 

 

2.2 (%&#!" %&#!' (IV) ThF4. 
N1("7$3+94 – ;("!, 8!"/ + +"9 – 0!+ 450

"
 C3$!7+@3" 5:1+/"9$,%25'?2 % 

2"!+$/. Q2"! +32$3%+53" 9$,%25'$2 31 2"!+, 916$ 0!+ )"/3123", 2$/0$!12'!$. 
 (15+)"51. )+%("21 3$ 9$,%25'$2 31 2"!+, 8(17"91!. "8!1:"513+? :1G+23", 0(B3)+ 3$!1%25"!+/"7" 5 5"9$ 
#2"!+91 2"!+.. 

ThF4 - 8$(4, 0"!"=") +(+ "93"0!$("/(.?G+$ 0$!$(+51?G+$%. )!+%21((4, $0(=1050
o
; T)+0=1700

"
, 

d=6,32. &!+%21((+@$%)1. %2!')2'!1 /"3")(+331., 79$ 5"%$/> 12"/"5 #2"!1 5")!'7 )169"7" 12"/1 2"!+. 
"8!1:'?2 +%)16B33'? 132+0!+:/'. E"$9+3$3+$ +:"%2!')2'!3" ZrF4 ( =13,13H, b=11, !=8,62H, !=126

"
). 

I$0("21 "8!1:"513+. )o
278=-482,4 ))1(//"(>. Q2"!+9 /1(" !1%25"!+/ 5 5"9$. ThF4 "8!1:'$2 95",34$ %"(+ 0!+ 

%""23"=$3+.; ThF4:MeF=1:6, 1:1, 1:1, 2:1, 4:1, 5:1. 

 

*56. 8. E2!')2'!1 #2"!+91 2"!+. 
 

Q2"!+9 2"!+. /"63" 0"('@12> 0!+ 5:1+/"9$,%25++ C($/$32"5, 
9$,%25+$/ #2"!1 +(+ #2"!5"9"!"91 31 9!'7+$ 71("7$3+94 +(+ 7+9!+94 

2"!+., 9$,%25+$/ #2"!1 31 )1!8+9 2"!+., 0'2B/ !1:("6$3+. 5 51)''/$ 
(NH4)4ThF6 +(+ 9$,%25+$/ #2"!5"9"!"91 31 9+")%+9, 7+9!")%+9, ")%+9-

)1!8"312 +(+ ")%1(12 2"!+..  
T%2> 3$%)"(>)" %0"%"8"5 (18"!12"!3"7" %+32$:1 ThF4: 

1) OHThFHFThO C

24

550

2 24
0

&'' #'&           (5) 

 !+7"2"5($334, 0" 9133"/' /$2"9' ThF4 3$ %"9$!6+2 ")+%(+2$($, + 0"C2"/' "%"8$33" 0!+7"9$3 9(. 
0"('@$3+. /$21((1. O$=1?G+/ #1)2"!"/ .5(.$2%. +%0"(>:"513+$ 9"%212"@3" !$1)*+"33"%0"%"83"7" ThO2. 

A1+('@=+, !$:'(>212 0"('@1?2, $%(+ +%;"934/ 5$G$%25"/ .5(.$2%. ThO2, 0!+7"2"5($334, 0!")1(+513+$/ 

")%1(121 2"!+. 0!+ 650
"E.  !+ 0!"5$9$3++ "0421 5 7!1//"54; )"(+@$%251; +%0"(>:'?2 2!'8)' +: /$9+ + 

0(12+3"5'? ("9"@)'. 

2) Th4H15+16HF#4ThF4+15,5H2                  (6) 

25 7 2"!+. 0$!$5"9.2 5 7+9!+9, )"2"!4, :12$/ 317!$51?2 9" 350
"
 5 0"2")$ HF 5 2$@$3+$ 2 @. F$2"9 "%"8$33" 

0!+7"9$3 9(. 0"('@$3+. 3$8"(>=+; )"(+@$%25 "@$3> @+%2"7" ThF4.  

3) ThO2+4NH4HF2#ThF4+4NH4F+2H2O      (7) 

10 7 ThO2 +:/$(>@1?2 5 %2'0)$ + 2G12$(>3" %/$=+51?2 5 3+)$($5"/ 2+7($ % NH4HF2, 5:.24/ %" 100% 

+:842)"/.  !+ C2"/ %/$%> :1/$23" 317!$51$2%.. I+7$(> :1)!451?2 )!4=)", + 317!$51?2 9" 500
"E 5 2$@$3+$ 

2 @. 

&!+%21(("7+9!12 ThF4*8H2O 549$(.$2%. 5 "%19") 0!+ 9"815($3++ 0(15+)"5", )+%("24 ) 5"934/ 

!1%25"!1/ %"($, 2"!+..  !+ $7" 54%'=+513++ 5 51)''/$ "8!1:'$2%. ThF4*4H2O, 0!+ 317!$513++ 0"%($93$7" 5 
2")$ 5"9"!"91 0!+ 100

"
 - ThF4*2H2O. T7" 9$7+9!121*+. 0!+ 250

"
 %"0!"5"691$2%. 7+9!"(+:"/ % "8!1:"513+$/ 

ThOHF3*H2O, 1 0!+ 600-700
"
 "8!1:'$2%. ThOF2.  

  "%($9"512$(>3"%2> !$1)*+,: 

23

250

24

100

24 24 ThOFThOHFOHThFOHThF
- ./,0/-# !,*/oo

'''' #'''#'*''#'*       (8) 



S$:5"931. 3$ 7+9!"(+:"51331. %"(> /"6$2 842> 0"('@$31 0!+ 317!$513++ )!+%21(("7+9!12"5 5 
12/"%#$!$ #2"!+%2"7" 5"9"!"91 +(+ 6$ 9$,%25+$/ #2"!1 +(+ HF 9+")%+9, 7+9!")%+9, )1!8+9 +(+ 7+9!+9 

2"!+.. Q2"!+9 2"!+. 0"(3"%2>? 7+9!"(+:'$2%. 01!"/. 

I$2!1#2"!+9 2"!+. /1("!1%25"!+/ 5 5"9$ ( O=5.10
-26

). <3 /$9($33" !1%25"!.$2%. 5 %$!3", )+%("2$ 
0!+ 317!$513++ % 549$($3+$/ 01!"5. N+9!")%+9 0$!$5"9+2 $7" 5 Th(OH)4. <8(191$2 2$39$3*+$, ) 
)"/0($)%""8!1:"513+? % #2"!+91/+ 31+8"($$ 1)2+534; /$21(("5. <3 ($7)" !$17+!'$2 % 
)"/0($)%""8!1:"512$(./+ 2"!+., 310!+/$!, % ")%1(121/+ G$("@34; /$21(("5 + % #2"! 

)"/0($)%""8!1:"512$(./+, 5 @1%23"%2+, % 8"!3", )+%("2",. M(. #2"!+91 2"!+. ;1!1)2$!3" "8!1:"513+$ 
95",34; %"($, 0!+ $7" "23"=$3++ ) #2"!+91/ G$("@34; /$21(("5 1:6; 1:2; 1:1; 2:1; 4:1; 5:1.  !+/$!1/+ 

/"7'2 %('6+2> KNaThF6, K3ThF7, KTh3F13, Na7Th6F31, CsThF5 ($0(=839
"
), Cs2ThF6 ($0(=869

"
), Cs3ThF7 

($0(=980
"
), CsTh6F25, Tl3ThF7, Tl2ThF7, Tl7Th6F31, TlThF5, TlTh3F13, TlTh6F25, Rb3ThF7, Rb2ThF6, RbThF5, 

Rb7Th6F31, RbTh3F13, RbTh6F25, (NH4)4ThF8, (NH4)3ThF7.  

(&78. 2. N+9!+94, 8"!+94, )1!8+94 + %+(+*+94 2"!+. 

 
A1+8"($$ 5163"$ :31@$3+$ +/$$2 KThF5, 0"('@1?G+,%. 0" !$1)*++: 

Th(NO3)4 + 5KF = KThF5+ + 4KNO3.                          (9) 

Q2"!+9 2"!+. "8!1:'$2 95",34$ %"(+ % #2"!+91/+ G$("@34; /$21(("5. 
K %"%215 %"$9+3$3+, Na3BeTh10F45 5;"9.2 )1) "93"-, 21) + 95';:1!.934$ )12+"34. E )12+"3"/ 7+9!1:+3+. 
(+1) 549$($34 )"/0($)%4 %"%2151 (N2H5)3ThF7 + (N2H5)ThF5.  "('@$34 21)6$ %"$9+3$3+. %"(>5123"7" 2+01 
ThF4

.
N2H4 + 3ThF4

.
5N2H4. E"$9+3$3+. LiCl

.
ThF4, CsCl

.
2ThF4 + BaCl2

.
2ThF4 0(15.2%. )"37!'C323", 2"791 )1) 

%"$9+3$3+$ %"%2151 KCl
.
7ThF4 0(15+2%. +3)"37!'C323". 

 Q2"!+9 2"!+. +%0"(>:'$2%. 9(. 0"('@$3+. /$21((+@$%)"7" 2"!+. /$21(("2$!/+@$%)+/ %0"%"8"/, 1 
KThF5 9(. 0"('@$3+. /$21((+@$%)"7" 2"!+. C($)2!"(+:"/ !1%0(15($334; %"($,. ThF4 0!+/$3.$2%. 21)6$ 9(. 
!1%25"!$3+. 2"!+. 5 1:"23", )+%("2$: @+%24, 2"!+, 5 @+%2", HNO3 3$ !1%25"!.$2%., 3$"8;"9+/1 9"815)1 
#2"!+91. 
 

2.3 )!*%&#!"-&+,!" %&#!' (IV) ThOF2 

ThOF2 - 8$("$ )!+%21((+@$%)"$ 5$G$%25", 3$!1%25"!+/"$ 5 5"9$. &!+%21((+@$%)1. %2!')2'!1 !"/8+@$%)1., 
0%$59"7$)%17"31(>31. ( =14,09H, b=4,049H). 

E+32$: 5$9'2 0" !$1)*++: 

2

,1000

24 2ThOFThOThF ArCo

''' #'&           (10) 

I$%3'? %/$%> ThF4 + ThO2 (1:1) 317!$51?2 5 0(12+3"5", ("9"@)$ 5 %2!'$ 1!7"31 5 2$@$3+$ 6 @ 9" 1000
"
. 

 

2.4 -.&#!" %&#!' (IV) ThCl4 
ThCl4 - 8$("$ )!+%21((+@$%)"$ 5$G$%25"; %'8(+/1*+$, /"63" 0"('@+2> )!'034$ +7"(>@124$ )!+%21((4.  !+ 

84%2!", %'8(+/1*++ "8!1:'?2%. %3$63" 8$(4$ )!+%21((+@$%)+$ )"!)+, )"2"!4$ 0!+ 317!$513++ 5 )51!*$5", 

2!'8)$ 0(1/$3$/ 01.(>3", 7"!$()+ 0(15.2%. % "8!1:"513+$/ 3$ %/1@+51?G$, )51!* 6+9)"%2+. T0(=770
"
, 

$)+0=921
"
. I$0("21 %'8(+/1*++ 218 )M6//"(>, 2$0("21 +%01!$3+. 153 )M6//"(>. N+9!"%)"0+@3", ($7)" 

!1%25"!.$2%. 5 5"9$. &!+%21((+@$%)1. %2!')2'!1 2$2!17"31(>31.; %"$9+3$3+$ +:"%2!')2'!3" UCl4 ( =8,473H, 



!=7,468H), d=4,60. F"($)'(4 ThCl4 5 )!+%21(($ 0!$9%215(.?2 %"8", 3$%)"(>)" +%)16B334$ 2$2!1C9!4 % 
!1%%2".3+./+ d(ThCl) !1534/ 0,246 3/. 

 

*56. 9. E2!')2'!1 ;("!+91 2"!+. ThCl4 

 

IhCl4 /"63" 0!+7"2"5+2> 0'2B/ 5:1+/"9$,%25+. 7+9!+91 2"!+. % ;("!"/ +(+ 

;("!"5"9"!"9"/, /$21((+@$%)"7" 2"!+. +(+ )1!8+91 2"!+. % ;("!"/, 

/$21((+@$%)"7" 2"!+. % ;("!"5"9"!"9"/.  $!$5$%2+ ThO2 5 2$2!1;("!+9 /"63" 

21)6$, +%0"(>:'. ;("! +(+ /"3";("!+9 %$!4, 2$2!1;("!+9 '7($!"91, #"%7$3, 

0$321;("!+9 #"%#"!1 +(+ '7($!"9 % ;("!"/. I$21;("!+9 2"!+. /"63" 21)6$ 
0"('@+2> 0!+ 5:1+/"9$,%25++ %'(>#+91 % ;("!"/. 

U("!+94 2"!+. 0"('@1?2%. 5 5+9$ ($7)" !1%25"!+/4; 7+9!12"5. <%3"534$ !$1)*++ 0"('@$3+. ThCl4: 

1) ThCl4*8H2O+8SOCl2#ThCl4+8SO2+16HCl                              (11) 

2) U("!+!"513+$ ")%1(121 2"!+. (IV) %/$%>? E<2 + EEl4. 

3) ThO2+2CCl4#ThCl4+2COCl2                                                     (12) 

T%(+ 0!+ 0"('@$3++ 2$2!1;("!+91 2"!+. 3$ %"8(?912>  3$"8;"9+/4; 0!$9"%2"!"63"%2$,, @2"84 

+%)(?@+2> 0"01913+$ 5(17+ + )+%("!"91, 2" 8'9$2 "8!1:"54512>%. ThOCl2 5 5+9$ 0!+/$%+ +(+ 916$ 5 
)1@$%25$ $9+3%25$33"7" 0!"9')21 !$1)*++. 

S$:5"934, ThCl4 0!+ "2%'2%25++ 5(17+ 0"('@1$2%. 9$,%25+$/ Cl2, HCl 31 /$21((+@$%)+, 2"!+,, +(+ 

5:1+/"9$,%25+$/ 7+9!121, )1!8+91 +(+ %'(>#121 2"!+. % '7($!"9"/ +Cl2, COCl2, CCl4 + 9!. U("!+9 2"!+. 
;"!"=" !1%25"!+/ 5 5"9$, %(18" 5 C#+!$, 3$!1%25"!+/ 5 8$3:"($ + ;("!"#"!/$. R:5$%234 7+9!124 ;("!+91 
2"!+. % 2, 4, 7, 8, 9, 10, 11 + 12 /"($)'(1/+ 5"94.  !+ )!+%21((+:1*++ +: 5"934; !1%25"!"5 549$(.$2%. 
")217+9!12 ThCl4·8H2O, )"2"!4, 0!+ 317!$5$ 0!$5!1G1$2%. 0" %;$/$: 

2

450

2

25

23

160120

24

90

24 48 ThOThOClOHThOHClOHThClOHThCl
oooo

'' #''#'*''' #'*'#'* ,(  (13) 

C ;("!+91/+ G$("@34; /$21(("5 + 1//"3+. ThCl4 "8!1:'$2 95",34$ %"(+ Me2ThCl6 +, )!"/$ 2"7", 

+:5$%234: 9(. Li + NH4 – MeThCl5, 9(. Rb + Cs – Me4ThCl8. M5",34$ %"(+ 21)6$ "8!1:'?2%. % PtCl4. K 

71:"5", #1:$ 5":/"631 !$1)*+. 
PbCl2+ThCl4=PbThCl6            (14) 

 !+ 5:1+/"9$,%25++ % 8$3:1(>9$7+9"/, %"0!"5"691?G+/%. "2G$0($3+$/ ;("!"5"9"!"91, "8!1:'$2%. 
Th(C6H5CO)2Cl2, Th(OC6H4CHO)Cl2 + Th(OC6H4COOCH3)Cl3. E"5%$/ 9!'7"7" 2+01 0!"9')24 5:1+/"9$,%25+. 
% #"%#121/+ 0!+ 54%")", 2$/0$!12'!$, 310!+/$!, 3$!1%25"!+/4, 25B!94, 2P2O5

.
3ThO2.  

&!"/$ @$24!$;51($323"7" ;("!+91 +:5$%234 ThCl3 + ThCl2. 

ThCl4 – 0!+/$3.?2 5 2$;3"("7++ 2"!+.. 
 

2.5 /&"!" %&#!' (IV) ThI4 
ThI4 – (+/"33"- 6B(24$ )!+%21((4 5 #"!/$ 0(1%2+3"). $0(=556

"
, $)+0=837

"
. &!+%21((+@$%)1. %2!')2'!1 

/"3")(+331. ( =13,216H, b=8,068A, !=7,766, !=98,68
"
). U"!"=" !1%25"!.$2%. 5 5"9$. 

I$2!1+"9+9 ThI4 +/$$2 $0(.=566°, $)+0.= 837°, ;"!"=" !1%25"!+/ 5 5"9$ % "8!1:"513+$/ 7+9!12"5, 0!+ 

317!$513++ + 9$,%25++ %5$21 !1:(171$2%. % 549$($3+$/ I2. X"9+9 2"!+. %'G$%25'$2 5 5+9$ 8$:5"93", %"(+, 21) 
+ )!+%21(("7+9!12"5, +: )"2"!4; "0!$9$(B33" '%213"5($3 2"(>)" ThJ4*10H2O.  

 

*56. 10. E2!')2'!1 ThI4 

 

I$2!1+"9+9 2"!+. /"63" 0"('@+2> 9$,%25+$/ ,"91 31 /$21((+@$%)+, 

2"!+, +(+ +"9"5"9"!"91 7+9!+9 2"!+.. 
<%3"53", %0"%"8 0"('@$3+.: 

Th+2I2#ThI4             (15) 

1) K/$%2" 2"!+. 5 )1@$%25$ +%;"93"7" /12$!+1(1 +3"791 +%0"(>:'?2 
)1!8+9 2"!+. ThC. 

E0"%"83"%2> ThI4 ) 2$!/+@$%)", 9+%%"*+1*++ 

ThI4YTh+2I2.          (16) 

 0!+ 2$/0$!12'!$ 54=$ 900
"
 +%0"(>:'?2 9(. 0"('@$3+. /$21((+@$%)"7" 2"!+. 54%")", @+%2"24. 

ThJ4·10H2O – /"63" 0"('@+2> 0!+ "8!18"2)$ Th(OH)4 %0+!2"54/ !1%25"!"/ ,"9+%2"5"9"!"93", 

)+%("24. ThJ4 8$:5"934, "8!1:'$2%. 0!+ 5:1+/"9$,%25++ 01!"5 +"91 %" %2!'6)", +(+ 0"!"=)"/ 

/$21((+@$%)"7" 2"!+., "3 @!$:54@1,3" 7+7!"%)"0+@$3. 



 

*56. 11. E2!')2'!1 ThI3 

 

2.6 /&"!" %&#!' (III) ThI3 
ThI3 - @B!31. % #+"($2"54/ "22$3)"/, 0(";" :1)!+%21((+:"51331. /1%%1. 
&!+%21((4 0"9 /+)!"%)"0"/ 0")1:451?2 %+(>34, 9+;!"+:/ "2 "(+5)"5"7" 9" 

"(+5)"5"-:$(B3"7" *5$21 + .5(.?2%. 95'('@$0!$("/(.?G+/+. K4=$ 550
"
 

!1:(171$2%. 31 ThI4 + ThI2. 

 "('@1?2 0" !$1)*+./: 

1) Th+3ThI4#4ThI3                    (17) 

2) 2Th+3I2#2ThI3                       (18) 

 

2.7 /&"!" %&#!' (II) ThI2 
ThI2 %'G$%25'$2 5 95'; /"9+#+)1*+.;, )"2"!4$ 0"('@1?2%. 5 :15+%+/"%2+ "2 
'%("5+, C)%0$!+/$321. I$/0$!12'!1 0$!$;"91  #! ($6+2 5 "8(1%2+ 600-700

"
 

 

*56. 12. E2!')2'!1 ThI2 

 

E+32$: "%'G$%25(.$2%. 0" !$1)*++: 

Th+ThI4#2ThI2         (19) 

 - ThI2: @B!34$, 5 "%3"53"/ 0(";" :1)!+%21((+:"51334$ 17!$7124 %" %(184/ 

8!"3:"54/ "2(+5"/; /$()+$ @1%2+@)+ 0"@2+ 0!":!1@34 %" %(184/ 9+;!"+:/"/ "2 )"!+@3$512", 9" 

0'!0'!3", ")!1%)+. &!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31. ( =8.00H, !=7,87H). !-ThI2: 8($%2.G$$ 
:"("2+%2"$ 5$G$%25"; 5 ;"!"=" :1)!+%21((+:"5133"/ %"%2".3++ 0!$9%215(.$2 %"8", 8($%2.G+$ 

3$0!15+(>34$ =$%2+7!1334$ 0(1%2+3)+, "23"%+2$(>3" /.7)+$ + "%215(.?G+$ 
8($%2.G+$ =2!+;+. &!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31. ( =9,12H, !=3,74H). 

 "('@1?2 0" !$1)*+./: 

1) Th+I2#ThI2                 (20) 

2) 2ThI3#ThI4+ThI2        (21) 

X"9+9 2"!+. (IV) /"63" "29$(+2> 51)''/3", 5":7"3)",. K :15+%+/"%2+ "2 
2$/0$!12'!4 317!$513+. 0"('@1$2%.  - +(+ !- ThI2. 

 

*56. 13. E2!')2'!1 ThO2 

 

2.8 0+,!" %&#!' (IV) ThO2 

ThO2 - 8$(4,, 5 :15+%+/"%2+ "2 +%;"93"7" /12$!+1(1 + 2$/0$!12'!4 0"('@$3+. 0("234, +(+ !4;(4, 

0"!"="): +: 3+2!121 2"!+. 0"('@1$2%. (B7)+, "8LB/+%24, 0"!"="), +: %'(>#121 - 8"($$ 0("234, 0!"9')2. 
 ("23"%2> 9,7 7/%/3

. R%)(?@+2$(>3" 2'7"0(15)"$ 5$G$%25" $0(=3220
"
, $)+0=4400

"
. &!+%21((+@$%)1. %2!')2'!1 

2+01 #(?"!+21 ()'8+@$%)1. %+37"3+.),  =5,5859H, d=9,7. I$0("21 "8!1:"513+. 
)A"298=-293,2 ))1(//"(>.  
 

*56. 14. E2!')2'!1 Th<2 (#(?"!+2) 
 

M+")%+9 2"!+. 3$%)"(>)" 7+9!"%)"0+@$3 + 0!+ '01!+513++ % 1:"23", + 

%"(.34/+ )+%("21/+ +: 3$B 0"('@1?2%. 7+9!12+!"51334$ 0!"9')24.  

Th<2 0!+ 5:1+/"9$,%25++ % K1< "8!1:'$2 95",3", ")%+9 BaThO3, "931)" "3 3$ 
5:1+/"9$,%25'$2 % SrO + BeO.  "('@$34 95",34$ ")%+94 )'8+@$%)", 

%+//$2!++: K2ThO3, Rb2ThO3, Cs2ThO3, Na2ThO3, ThGeO4, ThTi2O6, Th3V4O16, 

ThNb4O12, Th2Nb2O9, ThTa4O12, Th2Ta2O9, ThMo2O8. 

M+")%+9 2"!+. 3$ 0"991B2%. %0(15($3+? % )1!8"3121/+ G$("@34; /$21(("5. 
IhO2'%2",@+5 ) 9$,%25+? )+%("2 + 5"%%213"5+2$($,.  

 !")1(B331. ThO2 5 )+%("21; + G$("@1; 0"@2+ 3$ !1%25"!.$2%.. O1:815($334$ )+%("24 31 ")%+9 0!1)2+@$%)+ 

3$ 9$,%25'?2, 3" 317!$513+$/ % )"3*$32!+!"5133", H2SO4 (+(+ %0(15($3+$/ % KHSO4) 2"!+, 9"(>3" ($7)" 

0$!$5"9+2%. 5 !1%25"!. ZB("@+ 3$ 5:1+/"9$,%25'?2 % ThO2 916$ 0!+ %0(15($3++. O1%25"!+/"%2> 
%5$6$"%169B33", Th(OH)4 !1531 5

.
10

-7
 /"(>/(. 



(&78. 3. <)%+94 + ;1(>)"7$3+94 2"!+.. 

 
 !"*$%% !1%25"!$3+. 5 1:"23", )+%("2$ !$:)" '%)"!.$2%. 0!+ 9"815($3++ 3$:31@+2$(>34; )"(+@$%25 

+"3"5 #2"!1; !1%25"!+/ 5 8+%'(>#123"/ !1%0(15$ +(+ 0!+ '01!+513++ % )"3*$32!+!"5133", H2SO4. M+")%+9 

2"!+. 3$ 5:1+/"9$,%25'$2 % )1!8"3121/+ G$("@34; /$21(("5 0!+ %0(15($3++. N"!.@1. 0(15+)"51. )+%("21 
+(+ 71:""8!1:34, #2"!+%24, 5"9"!"9 0!+ 2$/0$!12'!$ 250-700

"
 0!$5!1G1?2 9+")%+9 2"!+. 5" #2"!+9. 

O$1)*+"331. %0"%"83"%2> ThO2 )"($8($2%. 5 =+!")+; 0!$9$(1; 5 :15+%+/"%2+ "2 2$/0$!12'!4, 0!+ )"2"!", 

ThO2 84( 0!+7"2"5($3 +: 7+9!")%+91, ")%1(121, )1!8"3121 +(+ 3+2!121 Th(IV).  !+ !1:("6$3++ ")%1(121 
0"('@1$2%. 31+8"($$ 1)2+534, ")%+9. Th(SO4)2 /1(" 0"9;"9+2 )1) +%;"93"$ 5$G$%25", 2.). "3 % 8"(>=+/ 

2!'9"/ !1:(171$2%. 9" )"3*1. ThO2, 0"/+/" 5"94, 19%"!8+!'$2 8"(>="$ )"(+@$%25" 71:"5 + 01!"5 + %('6+2 
)121(+:12"!"/ 9(. !$1)*+,, 5 )"2"!4; '@1%25'?2 C2+ 5$G$%251. O$17+!'$2 % ")%+91/+ /$21(("5 0!+ 600–

800°, "8!1:'. 95",34$ ")%+94 (2"!124), 310!+/$!, &2IhO3, BaThO3, ThTi2O6. R: 5%$; 2'7"0(15)+; ")%+9"5 
ThO2 31+8"($$ '%2",@+5 0" "23"=$3+? ) !1%0(151/ /$21(("5. 

 !+ 317!$513++ 31 5":9';$ %2!'6)1 /$21((+@$%)"7" 2"!+. %7"!1$2 % "8!1:"513+$/ ThO2. <931)" 9(. 
71!132++ 0"(3"7" 0!$5!1G$3+. /$21((1 5 ")%+9 $7" 0!")1(+51?2 5 C($)2!+@$%)", 0$@+ 0!+ 1000

"
.  

Th + O2 # ThO2               (22) 

O$1)*+. %"0!"5"691$2%. 8"(>=+/ 549$($3+$/ 2$0(1 (293 ))1(//"(>). 
 K (18"!12"!34; '%("5+.; ")%+9 0"('@1?2 !1:("6$3+$/ )+%("!"9%"9$!61G+; %"$9+3$3+, 2"!+.: 

Th(NO3)4*4A2O; [Th(NO3)4*5H2O; Th(C2O4)2*6H2O]#ThO2           (23) 

A10!+/$!: 

Th(OH)4 # ThO2 + 2H2O,                            (24) 

Th(C2O4)2 # ThO2 +2CO2 + 2CO.               (25) 

Th(C2O4)2*6H2O /$9($33" 317!$51?2 5 0(12+3"5"/ 2+7($ 9" 300
"
.  !+ C2"/ 0!"+%;"9+2 549$($3+$ A2<, E< + 

E<2, %"0!"5"691?G$$%. !1%04($3+$/ 5$G$%251.  !$01!12 317!$51?2 9" 450
"
, @2"84 0"(3"%2>? 0!$5!12+2> 5 

")%+9. ThO2 %" %5",%251/+ )$!1/+)+ /"63" 0"('@+2> 0" «:"(>-7$(>» /$2"9', 0'2B/ 317!$51 Th(NO3)4 5 %2!'$ 
5"9.3"7" 01! 0!+ 475

"
. O1:("6$3+$ 3+2!121 +(+ ")%1(121 2"!+. 0!+ 750

"
 +(+ 6$ 0!")1(+513+$ 7+9!")%+91 

0!+ 1050
"
 91$2 )!+%21((+@$%)'? /"9+#+)1*+? ThO2; "8$:5"6+513+$ 7+9!")%+91 2"!+. 5 51)''/$ 0!+ 340

"
 – 

1/"!#3'?.  

 K:1+/"9$,%25+$ ")%+91 2"!+. % !1%25"!.?G+/+ !$17$321/+ :15+%+2 "2 $B 0!$951!+2$(>3", 

2$!/+@$%)", "8!18"2)+. E(18" 0!")1(B334, ")%+9, 317!$515=+,%. 3$ 54=$ 550-600
"
, "84@3" ($7)" 

!1%25"!.$2%. 5 )+%("21;; ")%+9, 317!$24, 9" 8"($$ 54%")+; 2$/0$!12'!, %213"5+2%. 2!'93" !1%25"!+/4/. 

N"!.@1. 1:"231. )+%("21 % )"3*$32!1*+$, #2"!+91 0,03F !1%25"!.$2 (?8", ")%+9 2"!+., "931)" "8!1:$*, 

0!")1(B334, 0!+ 54%")", 2$/0$!12'!$, 2!$8'$2 8"($$ 9(+2$(>3"7" !1%25"!$3+..  (15+)"51. )+%("21 
!1%25"!.$2 ")%+9. 

<)%+9 2"!+. /"63" 0$!$5$%2+ 5 !1%25"! %0(15($3+$/ % 0$!")%+91/+ 1)2+534; /$21(("5: 
ThO2+Na2O2=Na2ThO3+0,5O2             (26) 

E0(15($3+$ ")%+91 2"!+. % 8+%'(>#12"/ )1(+. 91B2 0!"9')24, !1%25"!+/4$ 5 5"9$ +(+ )+%("21;. 

ThO2 + 4KHSO4 # Th(SO4)2 + 2K2SO4 + 2H2O           (27) 

M5'")%+9 2"!+. 0!1)2+@$%)+ 3$ 5:1+/"9$,%25'$2 % !1%25"!1/+ $9)+; G$("@$, + )1!8"312"5 G$("@34; 

/$21(("5. 



 !+ 9$,%25++ 7"!.@$7" 5"93"7" !1%25"!1 0(15+)"5", )+%("24 +(+ 71:""8!1:3"7" #2"!"5"9"!"91 0!+ 

250-700" 9+")%+9 2"!+. 0!$5!1G1$2%. 5" #2"!+9 2"!+.. 
M+")%+9 2"!+. 0"7("G1$2 0"/+/" 5"94 !1:34$ 71:4 + 01!4 + +%0"(>:'$2%. 5 )1@$%25$ )121(+:12"!1 5 

!$1)*+.;, 5)(?@1?G+; 3$)"2"!4$ +: C2+; 5$G$%25. &121(+2+@$%)"$ 9$,%25+$ Th<2 +%0"(>:'$2%. 5 0!"*$%%1; 

9$7+9!+!"513+. + 9$7+9!121*++ %0+!2"5, 7+9!121*++ + 7+9!+!"513+. 1()$3"5.  !+ 0"54=$334; 

2$/0$!12'!1; 9+")%+9 2"!+. +/$$2 7"('8"512"$ %5$@$3+$; % 9"815)", *$!+. (1%) %5$@$3+$ %213"5+2%. 8"($$ 
+32$3%+534/ + 0!+8(+61$2%. ) 8$("/' %5$2'. R/$33" C2" %5",%25" Th<2 ($7(" 5 "%3"5' 0!"/4=($33"7" 

0!"+:5"9%251 71:")1(+(>34; %$2") 9(. 71:"54; (1/0. 

ThO2 .5(.$2%. 54%")")1@$%25$334/ )$!1/+@$%)+/ /12$!+1("/ 9(. +:7"2"5($3+. 2+7($,, 3$ 
!1:!'=1$/4; 17!$%%+534/+ !1%0(15($334/+ /$21((1/+ (310!+/$!, U, Pu). I+7(+ 2!$8'$/", #"!/4 /"63" 

+:7"2"5+2> 5 (18"!12"!34; '%("5+.;. ThO2 0!+ 317!$513++ +%0'%)1$2 7"('8"5124, %5$2; % 0!+/$%>? *$!+. 5 
)"(+@$%25$ 1% "3 91B2 %5$2 8"($$ 8$("7" "22$3)1 + :31@+2$(>3" 8"($$ .!)+,. 

J2" %5",%25" "8'%("5+(" 0!+/$3$3+$ 2"!+. 5 0!"+:5"9%25$ %$2") 9(. 
71:")1(+(>34; (1/0. M+")%+9 2"!+. +%0"(>:'$2%. 9(. +:7"2"5($3+. IKJ-"5. 

 "/+/" 9+")%+91, 2"!+, "8!1:'$2 3+:=+, ")+%$( ThO. 

 

*56. 15. E2!')2'!1 ThS. 

 

2.9 12.3*!"$ %&#!'. 
K %+%2$/$ Th-S c%'G$%25'?2 %"$9+3$3+. ThS, Th2S3, Th7S12, ThS2. &!"/$ 2"7", 

+:5$%234 0"(+%'(>#+9 Th3S7 + %'(>#+9-")%+9 ThOS. <8(1%2> %'G$%25"513+. 
Th7S12: ThS1,71- ThS1,76; "%21(>34$ %'(>#+94 3$ +/$?2 =+!")+; "8(1%2$, 7"/"7$33"%2+. 

ThS: PB!34,, 5 )"/01)23", #"!/$ % %$!$8!+%24/ 8($%)"/ («2"!+$5"$ %$!$8!"»). &!+%21((+@$%)1. %2!')2'!1 
2+01 NaCl ( =5,682H). $0(=2200

"E, d=9,56. &"/01)234, ThS /"63", )1) /$21((, 0+(+2>, %5$!(+2>, 
"8!18124512> 31 2")1!3"/ %213)$, =(+#"512> + 2.9.  !+ 2$/0$!12'!$ 0.5& %213"5+2%. %5$!;0!"5"93+)"/. K 

;"("93", 1-3 F HCl /$9($33" !1%25"!.$2%. % 549$($3+$/ H2S. )"298=502 )M6//"(>. 
 

*56. 16. E2!')2'!1 Th2S3 

 

Th2S3: &"!+@3$54, % /$21((+@$%)+/ 8($%)"/. &!+%21((+@$%)1. %2!')2'!1 
!"/8+@$%)1. ( =10,85H, !=3,96H), d=7,87, $0(=1950

"
. &"/01)234, Th2S3 /"63" 

/$;13+@$%)+ "8!18124512>. U"!"=" 0!"5"9+2 C($)2!+@$%)+, 2") ('9$(>3"$ 
%"0!"2+5($3+$ <10

-2
 </*%/). A1 5":9';$ 0" "23"=$3+? ) A2< 9"5"(>3" '%2",@+5. 

)"298=1082 )M6//"(>. 
Th7S12: PB!34,. &!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31.. ( =11,063H, !=3,991), d=7,88. $0(=1770

"
. 

&"/01)234, Th7S12 /"63" /$;13+@$%)+ "8!18124512>. F$9($33" !1%25"!.$2%. 5 1 3. /+3$!1(>34; )+%("21;, 

'%2",@+5 0" "23"=$3+? ) 5":9';' + 5(17$. )"298=2786 )M6//"(>. 
 

*56. 17. E2!')2'!1 %'(>#+91 2"!+. ThS2 

 

ThS2: [5$2 "2 (+("5"-)"!+@3$5"7" 9" 0'!0'!3"7". &!+%21((+@$%)1. %2!')2'!1 
2+01 PbCl2 (a=4,268A, b=7,264A), d=7,36. $0(=1905

"
 (% 549$($3+$/ %$!4). 

)"298=712 )M6//"(>. 
 "('@1?2 5:1+/"9$,%25+$/ C($/$32"5 0!+ 500

"
.  " "23"=$3+? ) 5"9$ '%2",@+5. 

 !+ 317!$513++ 31 5":9';$ ($7)" 0$!$;"9+2 5 ")%+9. 

Th3S7: IB/3")!1%34,. d=6,80. E(18" !1%25"!.$2%. 5 )"3*$32!+!"5133", HCl, 1 5 )"3*$32!+!"5133", HNO3 – 

84%2!". A$ !1%25"!.$2%. 5 H2SO4 

S+31!34$ %"$9+3$3+. 2"!+. % %$!", /"63" 0!+7"2"5+2> 9$,%25+$/ %$!"5"9"!"91 31 /$21((+@$%)+, 2"!+,, 

71("7$3+94 2"!+., 7+9!+9 2"!+., +(+ 31 %/$%> 9+")%+91 2"!+. % '7($!"9"/. E5"8"931. %$!1 5:1+/"9$,%25'$2 
% /$21((+@$%)+/ 2"!+$/ +(+ )1!8+9"/ 2"!+..  !+ 9"815($3++ %$!"'7($!"91 ) 9+")%+9' 2"!+. 21)6$ 
"8!1:'$2%. %'(>#+9 2"!+.. 
E+32$: 5$9'2 0" !$1)*+./: 

1) Th+nS#ThmSn                                                  (28) 

2) ThO2+H2S#ThOS+H2O                                   (29) 

3) ThO2+2H2S#ThS2+2H2O                                 (30) 

4) ThH2+H2S#ThS+2H2                                       (31) 



5) 2ThH2+3H2S#Th2S3+5H2                                 (32) 

 !+ 317!$513++ 9+%'(>#+91 5 51)''/$ 0!"+%;"9.2 0"2$!+ %$!4 % "8!1:"513+$/ «2"!+$5", @$!3+» 

Th7S12. 

M+%'(>#+9 2"!+. !$)"/$39"513 9(. 53'2!$33$, "8(+*"5)+ 2+7($,, 0!+/$3.$/4; 9(. 0(15)+ /$21(("5 
0!+ 2$/0$!12'!$ 3+6$ 1500

"
. I+7(+ +: %'(>#+9"5 2"!+. "@$3> ;"!"=" 0"9;"9.2 9(. 0(15($3+. /$21(("5 

7!'00 1)2+3"+9"5 + (13213"+9"5. 
 

2.10 14.45!"$ %&#!' 
E$($3 "8!1:'$2 !.9 %"$9+3$3+, % 2"!+$/, )"2"!4$ .5(.?2%. 7"/"("71/+ %'(>#+9"5 + "8(191?2 0"9"834/+ 

%2!')2'!1/+. K %+%2$/$ Th-Se %'G$%25'?2 %"$9+3$3+.: ThSe("-#1:1), Th2Se3 (--#1:1), Th7Se12 (.-#1:1), ThSe2 

(/-#1:1) +Th3Se7 (0-#1:1). &!"/$ 2"7", +:5$%2$3 %$($3+9-")%+9. 

ThSe – 5$G$%25" :"("2+%2"7" *5$21, 8($%2.G$$, )!+%21((+@$%)1. %2!')2'!1 
2+01 NdCl.  !+ 2$/0$!12'!$ 1,6& ThSe %213"5+2%. %5$!;0!"5"93+)"/.  

 

*56. 18. E2!')2'!1 %$($3+91 2"!+. ThSe2. 

 

2.11 64..2#!"$ %&#!' 
K %+%2$/$ Th-Te %'G$%25'?2 %"$9+3$3+. ThTe, Th2Te3, ThTe2 + ThTe3. &!"/$ 
2"7", +:5$%2$3 2$(('!+9-")%+9. 

ThTe: @B!34,, )!+%21((+@$%)1. %2!')2'!1 2+01 CsCl. K 51)''/$ 0!+ 500
"
 !1:(171$2%.. 

 

2.12 7!%#!"$ %&#!' 
K %+%2$/$ Th-N %'G$%25'?2 %"$9+3$3+. ThN + Th3N4. Q1:1 Th2N3, " )"2"!", %""8G1("%> !13$$, 5 

9$,%25+2$(>3"%2+ 0!$9%215(.$2 %"8", Th2N2O 

 

*56. 19. E2!')2'!1 3+2!+91 2"!+. ThN. 

 

A+2!+9 2"!+. ThN 0"('@1?2 %($9'?G+/+ %0"%"81/+: 

1) 2Th+N2#2ThN               (33) 

2) Th3N4 '''' #' 12 -33( *1500, 3ThN+0,5N2         (34) 

I$2!13+2!+9 2!+2"!+. Th3N4 0"('@1?2 0" !$1)*++: 

3ThN+0.5N2 '''' #' 4 #1* 13,0,1320 Th3N4                     (35) 

M5",34$ 3+2!+94 2"!+. /"63" %+32$:+!"512> 0'2B/ "@$3> /.7)", 

"8!18"2)+ 7+9!+91 2"!+. 1//+1)"/ +(+ 1:"2"/. 

(&78. 4. A+2!+94 + 03+)2+94 2"!+. 

 
ThN: [5$2 "2 :"("2+%2"-6B(2"7" 9" /$93"-6B(2"7".  "9 915($3+$/ 0,02 81! N2 0(15+2%. )"37!'C323" 0!+ 

2790
"
. &!+%21((+@$%)1. %2!')2'!1 N[& )'8+@$%)1., 2+01 NaCl ( =5,159), d=11,9. R/$$2 "@$3> ':)'? "8(1%2> 

7"/"7$33"%2+. \5(.$2%. %5$!;0!"5"93+)"/ % "8!123", :15+%+/"%2>? )!+2+@$%)", 2$/0$!12'!4 "2 915($3+.. 
E 5":9';"/ + 5(17", !$17+!'$2 0!+ )"/3123", 2$/0$!12'!$ % "8!1:"513+$/ ThO2. 

 - Th3N4: IB/3"-)"!+@3$54, 0"!"=") +(+ @B!34$ )!+%21((4. &!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31. 
( =3,866H, !=27,368H), d=10,57. 



!-Th3N4: &"!+@3$54, 0"!"="). &!+%21((+@$%)1. %2!')2'!1 /"3")(+331. ( =6,952H, b=3,839A, c=6,206, 

!=90,7
o
).  !$5!1G1$2%. 5 Th3N4 0!+ 317!$513++ 9" 1020

"
. !-/"9+#+)1*+. "8!1:'$2%. 2"(>)" 0!+ 2$!/+@$%)"/ 

!1:("6$3++ ThN(NH)0,5, )"2"!4, /"6$2 842> 0"('@$3 0'2B/ %+32$:1 0"9 54%")+/ 915($3+$/.  

  !+ 5:1+/"9$,%25++ Th3N4 % 3+2!+9"/ (+2+. "8!1:'$2%. 95",3", 3+2!+9 Li2ThN2; +:5$%2$3 21)6$ 
BeThN2. 

 

2.13 (&,*!"$ %&#!'  
ThP - 2B/3"-7"('8"$ +(+ %$!"7"('8"$ )!+%21((+@$%)"$ 5$G$%25" 3$%2$;+"/$2!+@$%)"7" %"%2151, )"2"!4, 

)"($8($2%. "2 ThP0,3 9" ThP1,2. <931)" 0!+ 0"99$!613++ %2!"7" "0!$9$(B334; '%("5+, /"63" 0"('@+2> 
0!"9')24 2!$8'$/"7" %"%2151. $0(>2400

"
. &!+%21((+@$%)1. %2!')2'!1 2+01 NaCl.  !+ 0,22& %213"5+2%. 

0"('0!"5"93+)"/. 

 "('@1$2%. 0" !$1)*++: 

1) Th+PH3#ThP+1,5H2                         (36) 

2) 4Th+P4#4ThP                                    (37) 

3) Th3P4#3Th+0,25P4                             (38) 

Th3P4 - 9$2!1#"%#+9 2"!+. - 0"('@1?2 0'2B/ 3$0"%!$9%25$33"7" 5:1+/"9$,%25+. C($/$32"5, 317!$513+$/ 

2$2!1;("!+91 2"!+. 5 01!1; #"%#"!1 + 5:1+/"9$,%25+$/ 7+9!+91 2"!+. % #"%#+3"/. 

3Th+P4#Th3P4                (39) 

[5$2 %$!"-%21(>3",. &!+%21((+@$%)1. %2!')2'!1 )'8+@$%)1. ( =8,6H). A$ 5:1+/"9$,%25'$2 % 5"9", + 

G$("@1/+, 3" 0!+ "8!18"2)$ !1:815($334/+ )+%("21/+ 549$(.$2 #"%#+3 + 0!+ 0!")1(+513++ 0!$5!1G1$2%. 
5 #"%#12 2"!+..  "('0!"5"93+) n-2+01 % ':)", =+!+3", :10!$GB33", :"34.  

 

2.14 8#,45!"$ %&#!' Th-As, Th3As4, ThAs2 
K %+%2$/$ Th-As %'G$%25'?2 %"$9+3$3+. ThAs, Th3As4,  -ThAs2 + !-ThAs2. R; 0"('@1?2 0!./4/ 

%+32$:"/ +: C($/$32"5. 
ThAs: @B!3"-%$!4, 0"!"="). &!+%21((+@$%)1. %2!')2'!1 2+01 NaCl ( =5,972H) 

Th3As4: @B!3"-%$!4, 0"!"="). &!+%21((+@$%)1. %2!')2'!1 )'8+@$%)1. 2+01 Th3P4 ( =8,843H), d=9,56.  

 -Th3As4: &!+%21((+@$%)1. %2!')2'!1 !"/8+@$%)"7" 2+01 PbCl2 ( =7,287H), b=9,784, c=4,002A). 

!-Th3As4: &!+%21((+@$%)1. %2!')2'!1 2$2!17"31(>31. ( =4,086H, !=8,575). 

 

2.15 9:#;!"$ %&#!' ThC, ThC2 
K %+%2$/$ Th-C, %'G$%25'?2 %"$9+3$3+. ThC + ThC2. <84@3" +; 0"('@1?2 +: C($/$32"5 
1) Th+C#ThC                          (40) 

2) Th+2C#ThC2                       (41) 

 !+ %+32$:$ +%0"(>:'?2%. %($9'?G+$ /$2"9+)+ 

1) E0$)13+$ 218($2") 0!+ 2400
"
. 

2)  (15)1 5 C($)2!"9'7"5", 0$@+ 

3) E0$)13+$ =1!+)"5, 0!+7"2"5($334; 0" «:"(>-7$(>» /$2"9', 5 %/$%+ % 7!1#+2"5", /')", 0!+ 2200
"
 + 

10
-2

 // !2.%2. 
F"3")1!8+9 ThC 0"('@1?2 5:1+/"9$,%25+$/ /$21((+@$%)"7" 2"!+. %" %2$;+"/$2!+@$%)+/ 

)"(+@$%25"/ '7($!"91, $7" $0(=2625°. M+)1!8+9 ThC2 0"('@1?2 5:1+/"9$,%25+$/ /$21((+@$%)"7" 2"!+. % 
+:842)"/ '7($!"91 +(+ 5"%%213"5($3+$/ Ih<2 '7($!"9"/ 0!+ 1500°E. T7" $0(=2655°, $)+0=5000°.  

PB!3"-%$!4$ % /$21((+@$%)+/ 8($%)"/, )!+%21((+@$%)+$ 5$G$%251. A1 5":9';$ ")+%(.$2%. 0!+ 600–

700° 9" ThO2. O$17+!'?2 % 5"9", + !1:815($334/+ )+%("21/+ % "8!1:"513+$/ 71:""8!1:34;, 25B!94; + 

6+9)+; '7($5"9"!"9"5. 
ThC: &!+%21((+@$%)1. %2!')2'!1 2+01 NaCl % "8(1%2>? 7"/"7$33"%2+ ( =5,29-5,36H), $0(=2625

"
. 

ThC2: &!+%21((+@$%)1. %2!')2'!1 /"3")(+331. ( =8,287H, b=4,231H, !=10,575, !=20
"
28’), $0(=2655

"
. 

]B(24, ThC2 0"%2$0$33" !1:(171$2%. 5"9", ($GB ($7@$ )+%("21/+ 0!+ "84@34; '%("5+.;). 

M+)1!8+9 2"!+. 5":7"!1$2%. 31 5":9';$, "8!1:'. 9+")%+9; "3 5:1+/"9$,%25'$2 % 01!1/+ %$!4 + %$($31 
+ % 1//+1)"/.  !+ 5:1+/"9$,%25++ )1!8+91 % 71("7$31/+ "8!1:'?2%. 8$:5"934$ 71("7$3+94 2"!+.. &1!8+9 

2"!+. ($7)" 7+9!"(+:'$2%. 0"9 9$,%25+$/ 5"94 +(+ 5(163"7" 5":9';1. 
 

2.16 1!.!<!"$ %&#!' ThSi, Th3Si2, ThSi2 
K %+%2$/$ Th-Si %'G$%25'?2 %($9'?G+$ #1:4: ThSi, Th3Si2,  -ThSi2 + !-ThSi2. 

ThSi: )!+%21((+@$%)1. %2!')2'!1 !"/8+@$%)1., %"$9+3$3+$ +:"%2!')2'!3" FeB ( =5,89H, b=7,88, !=4,15H). 



Th3Si2: )!+%21((+@$%)1. %2!')2'!1 2$2!17"31(>31., %"$9+3$3+$ +:"%2!')2'!3" U3Si2 ( =7,835H, !=4,154H). 

 -ThSi2: )!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31., %"$9+3$3+$ +:"%2!')2'!3" USi2 ( =4,126H, !=14,346H), 

d=7,63. 

!-ThSi2: )!+%21((+@$%)1. %2!')2'!1 7$)%17"31(>31., %"$9+3$3+$ +:"%2!')2'!3" !-USi2 ( =3,986H, !=4,227H). 

 

2.17 =&#!"$ %&#!' ThB4, ThB6 
K %+%2$/$ ThB %'G$%25'?2 %"$9+3$3+. ThB4, ThB6 

I$2!18"!+9 2"!+. ThB4 

Th+4B#ThB4                                        (42) 

N$)%18"!+9 2"!+. ThB6 

Th+6B#ThB6                                         (43) 

3ThO2+22B#3ThB6+2B2O3                   (44) 

ThB4: E5$2("-6B(2"$, 0";"6$$ 31 /$21(( 5$G$%25". &!+%21((+@$%)1. %2!')2'!1 2$2!17"31(>31., %"$9+3$3+$ 
+:"%2!')2'!3" E$K4 ( =7,256H, !=4,113H), d=8.45, $0(>2500

"
. 

ThB6: Q+"($2"5"-)!1%34$ )!+%21((4, "@$3> 25B!94$, *1!101?2 %2$)(". &!+%21((+@$%)1. %2!')2'!1 
)'8+@$%)1., %"$9+3$3+$ +:"%2!')2'!3" 7$)%18"!+91/ G$("@3":$/$(>34; /$21(("5 + (132"3+9"5 ( =4,01H), 

d=7.31, $0(=2195
"
. 

ThB6: +%0"(>:'?2 5 )1@$%25$ )12"91 5 2$!/"C/+%%+"334; 2!'8)1;. 

 

2.18>4#?.&#:% %&#!' (IV), %4%#:@!"#:% Th(ClO4)4*4H2O 
Th(OH)4+4HClO4#Th(ClO4)4*4H2O            (45) 

S$%*5$234$ 7+7!"%)"0+@$%)+$ )!+%21((4, ($7)" !1%25"!+/4$ 5 5"9$. &!+%21((+@$%)1. %2!')2'!1 
!"/8+@$%)1.. 
 

2.19 /&":% %&#!' (IV) 
Th(IO3)4 - 8$("$, 2.6B("$ )!+%21((+@$%)"$ 5$G$%25", 9" 300

"
 '%2",@+5", 54=$ 300

"
 !1:(171$2%. % 549$($3+$/ 

I2 + O2. R/$$2 :31@$3+$ )1) /1("!1%25"!+/1. #"!/1 0!+ "%169$3++ Th
4+

 +: )+%(4; !1%25"!"5. 
 

2.20 64%#:;&#&@!"#!" %&#!' (IV) Th(BH4)4 
ThF6+2Al(BH4)3#Th(BH4)4+2AlF2(BH4)                (46) 

S$("$ )!+%21((+@$%)"$ 5$G$%25", $0(=203
"
 (!1:(.). J3$!7+@3" !$17+!'$2 % A2< + )+%("!"9"/ 5":9';1. 

O1%25"!.$2%. 5 C#+!$ + 2$2!17+9!"#'!13$. 
 

2.21 12.3*:% %&#!' (IV) ! 4@& @!"#:%$ Th(SO4)2*nH2O 
E'(>#12 2"!+. – 8$(4, )!+%21((+@$%)+, 0"!"="), !1:(171?G+,%. 0!+ 2$/0$!12'!$ 54=$ 400

"
: 

Th(SO4)2 # ThO2 + 2SO2.            (47) 

E'(>#12 2"!+. "8!1:'$2%. 5 !$1)*+.; "8/$31 % 9!'7+/+ %"$9+3$3+./+ 2"!+..  !+ 9"815($3++ 

)"3*$32!+!"5133", %$!3", )+%("24 ) )"3*$32!+!"5133"/' !1%25"!' 3+2!121 2"!+. 5 "%19") 540191?2 
7+9!12+!"51334$ )!+%21((4 %'(>#124. <931)" 9(. %+%2$/ % %'(>#12"/ 2"!+. ;1!1)2$!3", @2" !153"5$%+$ 5 
C2"/ 0!"*$%%$ 9"%2+71$2%. "@$3> /$9($33" 916$ 0!+ 0"54=$33", 2$/0$!12'!$. I1), 3+:=+$ 7+9!124, 

540191. 5 "%19") + %'G$%25'. 5 C2"/ %"%2".3++ 5 2$@$3+$ :31@+2$(>3"7" 5!$/$3+, 3$ .5(.?2%. '%2",@+5", 

25B!9", #1:",, 2.). @1%2" +: 6+9)", #1:4 549$(.?2%. /$21%218+(>34$ 7+9!124. 

R: 5"93"7" !1%25"!1 %'(>#12 2"!+. )!+%21((+:'$2%. 5 5+9$ 7+9!12"5 % 2, 4, 6, 8, 9 /"($)'(1/+ 5"94, 

0!+@$/ %218+(>34/+ 5 "0!$9$($334; 2$/0$!12'!34; 0!$9$(1; .5(.?2%. 9, 4 + 2-; 5"931. %"(+. <84@3" 

%'(>#12 2"!+. 549$(.$2%. +: 5"934; !1%25"!"5 5 #"!/$ ")217+9!121 Th(SO4)2
.
8H2O. <3 ;"!"=" !1%25"!+/ 5 

;"("93", 5"9$, 3" % !"%2"/ 2$/0$!12'! !1%25"!+/"%2> 0"3+61$2%.. 
Th(SO4)·9H2O )!+%21((+:'$2%. +: !1%25"!1 %'(>#121 2"!+. 0!+ 2$/0$!12'!$ /$69' 0 43

" E, 0!+@$/ 

!1%25"!+/"%2> $$ 5 5"9$ '5$(+@+51$2%. % 0"54=$3+$/ 2$/0$!12'!4, 2"791 )1) !1%25"!+/"%2> %3+61$2%. % 
!"%2"/ 2$/0$!12'!4. I$2!17+9!12 %'(>#121 2"!+. 0"('@1$2%. 0!+ )!+%21((+:1*++ 0!+ 2$/0$!12'!$ 54=$ 48

" 

E. A1 !1%25"!+/"%2> %'(>#12"5 2"!+. 5(+.$2 +:842"@3"$ )"(+@$%25" %$!3", )+%("24, "%"8$33" !$:)" 

0"54=1$2%. !1%25"!+/"%2> 5 0!+%'2%25++ #"%#"!3", )+%("24, @2" "8L.%3.$2%. "8!1:"513+$/ ;"!"=" 

!1%25"!+/4; %'(>#"#"%#12"5 2"!+.: Th2(H2PO4)6·SO4·8H2O, Th(HPO4)SO4·4H2O + 9!. 

 !+ 317!$513++ 9" 300-400
"
 5%$ 7+9!124 2$!.?2 )!+%21((+:1*+"33'? 5"9' + 0$!$;"9.2 5 8$:5"93"$ 

%"%2".3+$ Th(SO4)2.  !+ 91(>3$,=$/ 0"54=$3++ 2$/0$!12'!4 %'(>#12 !1:(171$2%. % 549$($3+$/ SO2. 

S$:5"934, Th(SO4)2. – 8$%*5$234$ )!+%21((4, 0("23"%2> 4,77; %"(> %+(>3" 7+7!"%)"0+@31, /$9($33" 



!1%25"!.$2%. 5 ($9.3", 5"9$ (5 100 7 5"94 !1%25"!.$2%. 25 7 %"(+) % "8!1:"513+$/ !1%25"!"5, 3$'%2",@+54; 

/$69' 0
"
 + 100

"
.  

R:5$%234 21)6$ )+%(4$ %'(>#124 ThH2(SO4)3, Th2H2(SO4)5·2H2O. 

E'(>#12 2"!+. "8!1:'$2 % %'(>#121/+ G$("@34; /$21(("5 + 1//"3+. !.9 95",34; %"($, 

xMe2SO4·yTh(SO4)2·zH2O, "8(191?G+; :1/$23", !1%25"!+/"%2>?. 

O1:(+@+$ 5 !1%25"!+/"%2+ %'(>#12"5 2"!+. + OWJ 5 5"9$, 1 21)6$ 5 !1%25"!$ %'(>#121 312!+. 
+%0"(>:'$2%. 9(. !1:9$($3+. C2+; C($/$32"5. 

E'(>#12 2"!+. %0"%"8$3 "8!1:"54512> )"/0($)%4 2+0"5: M4[Th(SO4)4], M8[Th(SO4)6]. R: !1%25"!"5, 
%"9$!61G+; %'(>#12 K4[Th(SO4)4]

.
2H2O (*56. 20), 0"%2!"$334, +: 8$%)"3$@34; *$0$,, 5 )"2"!4; 12"/4 

2"!+. %5.:134 8+9$213234/+ /"%2+)"54/+ %'(>#1234/+ 7!'001/+. &1694, 12"/ 2"!+. ()""!9+31*+"33"$ 
@+%(" 9) )""!9+3+!"513 12"/1/+ )+%("!"91 =$%2+ %'(>#1234; 7!'00 + 95'; /"($)'( 5"94.  

 

*56. 20. E2!"$3+$ K4[Th(SO4)4]
.
2H2O 

 

E'(>#124 2"!+. 0!+/$3.?2%. 5 %$!3")+%("23"/ !1:("6$3++ 

2"!+$54; /+3$!1("5, 9(. 7!'8"7" !1:9$($3+. 2"!+. + !$9)":$/$(>34; 

C($/$32"5 *$!+$5", 7!'004 (+%)(?@1. (13213), !1%25"!+/"%2> 
%'(>#12"5 )"2"!4; 8"(>=$, @$/ !1%25"!+/"%2> %'(>#12"5 2"!+.; 
!1:9$($3+$ 2"!+. + !$9)":$/$(>34; C($/$32"5 +22!+$5", 7!'004 

/$2"9"/ 95",34; %'(>#12"5, 21) )1) !1%25"!+/"%2> 95",34; 

%'(>#12"5 !$9)":$/$(>34; C($/$32"5 :31@+2$(>3" 3+6$, @$/ 

!1%25"!+/"%2> 95",34; %'(>#12"5 2"!+.. 
 

2.22 7!%#:% %&#!' (IV) ! 4@& @!"#:%$ 
A1+8"($$ "84@3", %"(>? .5(.$2%. 3+2!12 2"!+.. <3 "8!1:'$2 3$%)"(>)" 7+9!12"5, %"9$!61G+; 9" 12 

/"($)'( 5"94. A+2!12 ($7)" 0"('@1$2%. 0!+ !1%25"!$3++ 7+9!")%+91 +(+ )1!8"3121 2"!+. 5 1:"23", )+%("2$.  
T%(+ 7+9!")%+9 2"!+. !1%25"!+2> 5 1:"23", )+%("2$ + !1%25"! %)"39$3%+!"512> 319 %$!3", )+%("2",, 

"8!1:'?2%. 8"(>=+$ 0!":!1@34$ )!+%21((4 0!15+(>3", #"!/4 7+9!12+!"5133"7" 3+2!121 2"!+.. A+2!12 
2"!+. 0!+ )"/3123", 2$/0$!12'!$ )!+%21((+:'$2%. +: !1%25"!1 5 5+9$ 0$3217+9!121 Th(NO3)4

.
5H2O. J2" 

%"$9+3$3+$ +/$$2 /"($)'(.!3"$ %2!"$3+$ (*56. 21). H2"/ 2"!+. ")!'6B3 8+9$3213234/+ 3+2!1234/+ 

7!'001/+, 1 21)6$ /"($)'(1/+ 5"94 21)+/ "8!1:"/, @2" 2"!+, +/$$2 
)""!9+31*+"33"$ @+%(" 11. 

 

*56. 21. E2!"$3+$ 0$3217+9!121 2"!+. (3$ 0")1:134 95$ 
/"($)'(4 5"94, 3$ )""!9+3+!"51334$ 12"/"/ 2"!+.). 

 

H:"23")+%(4, 2"!+, 0"('@1$2%. 0'2$/ !1%25"!$3+. ThO2 +(+ 

Th(OH)4 5 1:"23", )+%("2$ + )!+%21((+:'$2%. +: 5"934; !1%25"!"5 
5+9$ )!+%21(("7+9!12"5 9" 12 /"($)'( 5"94. &"(+@$%25" /"($)'( 

5"94 :15+%+2 "2 '%("5+, 549$($3+. Th(NO3)4 + %0"%"81 $7" 

54%'=+513+.. P1G$ %@+21?2, @2" "8!1:'$2%. 5- +(+ 6-5"934, 7+9!12. 
 !+ 317!$5$ )!+%21(("7+9!121 9" 125-150

" 
 "8!1:'$2%. "%3"531. %"(> 

Th(NO3)2·0,5H2O, 1 0!+ 360
" E + 54=$ – 0("231. + 2.6$(1. 95'")+%> 

2"!+.. <931)", $%(+ 0!")1()' 3+2!121 2"!+. 0!"5"9+2> 5 0!+%'2%25++ 

1-2 % H2SO4, 2" "8!1:'?G1.%. ThO2  +/$$2 "8L$/, 0!$54=1?G+, 5 6-8 !1: "8L$/ +%;"93", %"(+. 

A+2!12 2"!+. +:5$%2$3 5 5+9$ )!+%21(("7+9!12"5 % 1, 2, 3, 4, 5, 6 + 12 /"($)'(1/+ 5"94; $%2> ')1:13+. 
31 %'G$%25"513+$ 8$:5"93", %"(+. I"51!34, 3+2!12 2"!+., 0"('@$334, )!+%21((+:1*+$, +: 5"93"7" 

!1%25"!1, 0!$9%215(.$2 %"8", %"(> %"%2151 Th(NO3)4*5,5H2O; %2!')2'!1 !"/8+@$%)1.,  =11,2H, b=22,8H, 

!=10,6H. A+2!12 2"!+. .5(.$2%. 31+8"($$ !1%25"!+/", %"(>? 2"!+., $7" !1%25"!+/"%2> 0!+ 20
" E %"%215(.$2 

65,6% Th(NO3)4. <3 ;"!"=" !1%25"!+/ 5 %0+!21;, )$2"31;, %("634; + 0!"%24; C#+!1; + ($7)" 

C)%2!17+!'$2%. "!713+@$%)+/+ !1%25"!+2$(./+, 3$ %/$=+51?G+/+%. % 5"9",, 0!+ '%("5++ %"9$!613+. 5 
5"93", #1:$ 54%1(+512$($,: 3+2!12"5 )1(>*+., /173+., 1//"3+.. K C2+; '%("5+.; !$9)":$/$(>34$ C($/$324 

"%21?2%. 5 5"93", #1:$. K %5.:+ %" :31@+2$(>34/ !1:(+@+$/ )"C##+*+$32"5 !1%0!$9$($3+. 3+2!12"5 2"!+. + 

OWJ /$69' 5"93", + "!713+@$%)", #1:1/+ "8$%0$@+51$2%. C##$)2+53"$ !1:9$($3+$ 2"!+. + !$9)+; :$/$(>.  
A+2!12 2"!+. "8!1:'$2 95",34$ %"(+ % 3+2!121/+ 8"(>=+3%251 "93"51($3234; /$21(("5 2+01 

Me2Th(NO3)6 +(+ MeTh(NO3)5, 1 21)6$ % 3+2!121/+ Mg, Zn, Ni Co + Mn.  !+/$!1/+ 95",34; %"($, 2"!+. 



.5(.?2%. K3Th(NO3)7 + )!+%21(("7+9!12 [Mg(H2O)6][Th(NO3)6]
.
2H2O. R:5$%2$3 21)6$ )+%(4, 3+2!12 

K3H3Th(NO3)10
.
H2O. A+2!124 95';51($3234; /$21(("5 (/173+., *+3)1, 3+)$(., )"81(>21 +(+ 5+%/'21) 

"8!1:'?2 95",34$ %"(+ %"%2151 M(NO3)2[Th(NO3)6]
.
2H2O c /"3")(+33", %2!')2'!",. O.9 "!713+@$%)+; 

/"($)'(-9"3"!"5 "8!1:'?2 %"$9+3$3+. % 3+2!12"/ 2"!+., 0!+@B/ 5":/"63" 5)(?@$3+$ 5"94 

()!+%21(("7+9!124). I1), %"$9+3$3+. % 8'2+(1/+3"/, 9+/$2+(1/+3"/ + 2!+C2+(1/+3"/ "84@3" %"9$!612 
5"9'. 

A+2!12 2"!+. 5 5"934; !1%25"!1; 0"95$!71$2%. 7+9!"(+:', " @B/ %5+9$2$(>%25'$2 )+%(1. !$1)*+. C2+; 

!1%25"!"5 + 2", @2" +: 5"934; !1%25"!"5 /"7'2 842> 0"('@$34 %"$9+3$3+. % 95'/. +(+ /$3>=+/+ 

)"(+@$%25"/ 3+2!1234; 7!'00 31 12"/ 2"!+.. N+9!"(+:"/ 3+2!121 2"!+. 0"('@1?2 "%3"534$ %"(+, 310!+/$!, 

Th2(OH)2(NO3)6(H2O)8. 

A+2!12 2"!+. 3$ 2"(>)" "@$3> ;"!"=" !1%25"!+/ 5 5"9$, 3" 21)6$ ;"!"=" !1%25"!+/ 5 8"(>="/ @+%($ 
)+%("!"9%"9$!61G+; "!713+@$%)+; !1%25"!+2$($,, 21)+; )1) %0+!24, )$2"34, 0!"%24$ + %("634$ C#+!4. 

R:5$%234 25B!94, %"(>512 Th(NO3)4
.
3H2O

.
3C2H5OCH2CH2OC2H5, )!+%21((+:+!'?G+,%. +: !1%25"!1 2"!+. 5 

9+C2+(12C2+($37(+)"($, + %"$9+3$3+. % !1:(+@34/+ 1:"2+%24/+ "%3"513+./+ 5/$%2" )!+%21((+:1*+"33", 

5"94. 

A+2!12 2"!+. /"63" C)%2!17+!"512> +: 5"93"7" !1%25"!1 3$%/$=+51?G+/%. % 5"9", "!713+@$%)+/ 

!1%25"!+2$($/ 0!+ '%("5++, @2" $7" )"3*$32!1*+. 5 5"93", #1:$ @!$:54@1,3" 54%")1. +(+ 6$ 5"931. #1:1 
%"9$!6+2 3+2!12 1//"3+. 5 54%")", )"3*$32!1*++.  "%)"(>)' !$9)+$ :$/(+ 0"@2+ 3$ C)%2!17+!'?2%. 5 
0"9"834; '%("5+.; + "%21?2%. 0"(3"%2>? 5 5"93", #1:$, 91334, 0!"*$%% 0!+/$3.$2%. 5 0!"/4=($33"%2+ 

0!+ 0"('@$3++ @+%24; %"($, 2"!+. +: !'9, %"9$!61G+; !$9)+$ :$/(+. <%"8$33" @1%2" )1) C)%2!17$32 
+%0"(>:'$2%. 2!+8'2+(#"%#12, 1 21)6$ 9!'7+$ C#+!4 #"%#"!3", )+%("24. A+2!12 2"!+. "8!1:'$2 % 
)!1'3C#+!1/+ )""!9+31*+"334$ )"/0($)%4 5 %""23"=$3++ 1:1 5 :15+%+/"%2+ "2 !1:/$!1 0!+%"$9+3.$/", 

/"($)'(4. &!1'3-C#+!4 /"7'2 +%0"(>:"512>%. 5 )1@$%25$ C)%2!17$32"5 5 %+%2$/1; 6+9)"%2>-6+9)"%2>. 
H:"23")+%(4, 2"!+, 0!+/$3.$2%. 0!+ C)%2!1)*+"33"/ !1:9$($3++ 2"!+. + !$9)+; :$/$(>, 2"!+., 

'!131 + 0!"9')2"5 9$($3+., 5 9!'7+; 2$;3"("7+@$%)+; 0!"*$%%1; + 5 131(+2+@$%)", ;+/++. 

 

2.23 9:#;&5:% %&#!' 
N+9!")%+9 2"!+. +32$3%+53" 0"7("G1$2 '7($)+%(4, 71: + "8!1:'?=$$%. %"$9+3$3+$ 0!$9%215(.$2 

%"8", (7+9!1(+:"51334,) ")%+9-)1!8"312 ThOCO3. 

 !+ "8!18"2)$ %"($, 2"!+. )1!8"3121/+ G$("@34; /$21(("5 +(+ 1//"3+. 0!+ 317!$513++ "%1691$2%. 
ThOCO2·8H2O: 

ThCl4 + 2Na2CO3 = ThOCO3+ + 4NaCl + CO2 .         (48) 

  !"#$%&' ()*+!%',- &*.#(/*% %(.!- .*)%0(.-'%)- ) (#.*"(0*/!'1 &(12,'&)(0: Na6[Th(CO3)4(OH)2], 

Na4[Th(CO3)4]. 

3)/(0/(4 &*.#(/*% %(.!- 2.! /*5.'0' %'.-'% 0(+6 ! CO2; 2.! %'12'.*%6.' 120
(
 (#.*"6'%)- ThO2 

·ThOCO3 ·1,5H2O, * 2.! 450
(
 – ThO2. 

7'+&("'1',8/$' 9,'1'/%$ :!.!'0(4 5.622$ +*;% 2.*&%!<')&! /'.*)%0(.!1$' +0(4/$' &*.#(/*%$, 

2(9%(16 2(,6<'/!' &(12,'&)/$= &*.#(/*%(0 %(.!- 1(>'% #$%8 !)2(,8"(0*/( +,- (%+','/!- (% 

.'+&("'1',8/$= 9,'1'/%(0. 

?.! +'4)%0!! )(+$ /* .*)%0(.$ )(,'4 %(.!- ()*>+*'%)- &*.#(/*% ThOCO3.8H2O, &(%(.$4 ) !"#$%&(1 

Na2CO3 +*@% ,'5&(.*)%(.!1$4 Na6[Th(CO3)5].  ),'+)%0!' (#.*"(0*/!- 9%(5( &(12,'&)* /'.*)%0(.!1*- 0 0(+' 

Th(OH)4 .*)%0(.-'%)- +*>' 0 .*"#*0,'//$= .*)%0(.*= &*.#(/*%(0. 

A6B')%06'% .-+ /'4%.*,8/$= ! ()/(0/$= )(,'4, 6 &(%(.$= <!),( &*.#(/*%/$= 5.622 1'/'' 2-%!, 

/*2.!1'., Na5Th(CO3)4(OH)
.
9H2O, Na4Th(CO3)4

.
7H2O, K3Th(CO3)3(OH)

.
5H2O, (NH4)2Th(CO3)3

.
6H2O, 

Na2Th(CO3)3
.
6H2O, NaTh(CO3)2(OH)

.
6H2O. 

 

2.24  !"#$#% %&'() (IV) Th(C2O4)2 
3&)*,*% %(.!- ()*>+*'%)- !" &!),(5( .*)%0(.*; (/ .*)%0(.!1 0 &*.#(/*%' ! (&)*,*%' *11(/!-. ?.! 

+'4)%0!! /* .*)%0(. )(,! %(.!- B*0','0(4 &!),(%$ !,! (&)*,*%* *11(/!- 0$2*+*'% #',$4 ()*+(& (&)*,*%* 

Th(C2O4)2!6H2O, .*)%0(.!1$4 0 !"#$%&' .'*5'/%* ) (#.*"(0*/!'1 (&)*,*%/$= &(12,'&)(0, /*2.!1'., 

(NH4)4[Th(C2O4)4]. 

C*0','0*- &!),(%* &(,!<')%0'//( ()*>+*'% %(.!4 +*>' !" 2D .*)%0(.(0 2( *"(%/(4 &!),(%'. 3&)*,*% 

%(.!- 0$+',-'%)- !" .*)%0(.(0 )(,'4 %(.!- 2.! +(#*0,'/!! B*0','0(4 &!),(%$ !,! .*)%0(.!1(5( (&)*,*%* 0 

0!+' &.!)%*,,(5!+.*%* Th(C2O4)2!6E23.   "*0!)!1()%! (% 6),(0!4 ()*>+'/!- ()*+(& (&)*,*%* %(.!- 1(>'% #$%8 

,!#( &.!)%*,,!<')&!1, ,!#( >',*%!/((#.*"/$1. ?.! 0$)(&(4 &(/:'/%.*:!! !(/(0 NO3
-
 ! Cl

-
 !" .*)%0(.* 

0$+',-'%)- )((%0'%)%0'//( (&)*,(/!%.*% !,! (&)*,(=,(.!+. 3&)*,*% %(.!- /'"/*<!%',8/( .*)%0(.!1 0 0(+'; 



2.! 25
(
 .*)%0(.-'%)- 0)'5( 0,07 15/, E23 !" .*)<@%* /* ThO2.   2.!)6%)%0!! 1!/'.*,8/$= &!),(% '5( 

.*)%0(.!1()%8 60',!<!0*'%)-, +()%!5*-, /*2.!1'., 2.! 25
(
 0 1 /. HCl 14 15/, ThO2. 7*)%0(.!1()%8 (&)*,*%(0 

7FG 0 .*)%0(.*= 1!/'.*,8/$= &!),(% /')&(,8&( 0$H' .*)%0(.!1()%! (&)*,*%* %(.!-; %*& 0 1 /. HCl 

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

.*"+','/!- %(.!- ! 7FG. I.!)%*,,!"*:!(//*- 0(+* 2.! 0$)6H!0*/!! )(,! 0 0*&661' <*)%!</( %'.-'%)- 2.! 

100
(
, 2.! 160

(
 (#.*"6'%)- Th(C2O4)2·0,75H2O. 

3&)*,*% %(.!- (#.*"6'% ) (&)*,*%(1 *11(/!- ((NH4)2C2O4), +0(4/6; )(,8 (NH4)2[Th(C2O4)5]!nH2O, 5+' 

n=3,4 ! 7, &(%(.*- .*)%0(.-'%)- 0 !"#$%&' (&)*,*%* *11(/!-, (#.*"6- ,'5&( .*)%0(.!1(' &(12,'&)/(' 

)('+!/'/!' (NH4)4[Th(C2O4)4]. 3&)*,*%$ .'+&("'1',8/$= 1'%*,,(0 0 9%(1 ),6<*' 2.*&%!<')&! /'.*)%0(.!1$. 

G%(% 9JJ'&% 2.*&%!<')&! !)2(,8"6'%)- +,- (%+','/!- %(.!- (% ,*/%*/!+(0 (2.! 2'.'.*#(%&' 1(/*:!%(0(5( 

2')&*). 

3&)*,*%$ %(.!- !1';% #(,8H(' "/*<'/!' 0 %'=/(,(5!! %(.!-, %*& &*& 2("0(,-;% 6)2'H/( 2.(!"0')%! 

.*"+','/!' %(.!- ! .'+&("'1',8/$= 9,'1'/%(0. 

 

2.25 *&"+#%, %&'() 
  )!)%'1' ThO2-P2O5 0 +(2(,/'/!' & /(.1*,8/(16 J()J*%6 %(.!- Th3(PO4)4 (#/*.6>'/$ +0' 

&.!)%*,,!<')&!' J(.1$ 2!.(J()J*%* %(.!- ThP2O7 «%(.!,J()J*%» Th3P2O11 ! 1'%(J()J*% %(.!- Th(PO3)4. 

K()J*%$ %(.!- 1*,(.*)%0(.!1$, <%( !1''% "/*<'/!' 0 */*,!%!<')&(4 =!1!!. 3/! ) %.6+(1 

.*)%0(.-;%)- 0 )!,8/$= &!),(%*=, 2(9%(16 != 1(>/( ()*>+*%8 !" &!),(5( .*)%0(.*. 

L(,8H(' "/*<'/!' !1';% J()J*%$ %(.!-, 2.!1'/-'1$' +,- 0$+','/!- %(.!- !" 1(/*:!%(0(5( 2')&*. 

K()J*%$ %(.!- !"0')%/$ 0 0!+' ).'+/'4 Th3(PO4)4!4H2O ! &!),(4 Th(HPO4)2!H2O )(,'4, 0$+',-;B!=)- !" 

0(+/$= .*)%0(.(0 )(,'4 %(.!- 2.! +(#*0,'/!! )((%0'%)%0'//( H3PO4 ! Na2HPO4. 3.%(J()J*% 

Th3(PO4)4!4H2O - 2(,6<*'%)- %*&>' 2.! ()*>+'/!! %.@="*1'B@//$1 J()J*%(1 /*%.!-. 3/ 0$2*+*'% 0 0!+' 

)%6+'/!)%(5( ()*+&*, &(%(.$4 1(>'% #$%8 2.'0.*B'/ 0 &.!)%*,,!<')&!4 2.! +,!%',8/(1 /*5.'0*/!! 

3ThCl4 + 4Na3PO4 = Th3(PO4)4" + 12NaCl.                (49) 

K()J*%$ /' .*)%0(.!1$ 0 0(+', /( .*)%0(.-;%)- 0 &!),(%*=. 

?.! (#'"0(>!0*/!! ).'+/'4 )(,! 0 0*&661' 2.! 850
(
 (#.*"6;%)- #',$' &.!)%*,,$ #'"0(+/(5( 

(.%(J()J*%* Th3(PO4)4, 2.!/*+,'>*B!' & .(1#!<')&(4 )!)%'1',  =7,04M, b=15,16M, !=9,02M; 2,(%/()%8 3,75. 

3/ /' .*)%0(.!1 0 &!),(%*=. D'%(J()J*% Th(PO4)4 (#.*"6'%)- 0"*!1(+'4)%0!'1 ThCl4 ! HPO3 2.! 0$)(&(4 

%'12'.*%6.'. ?!.(J()J*% ThP2O7!2H2O 0$+',-'%)- !" 0(+/(5( .*)%0(.* )(,'4 %(.!- 2.! +(#*0,'/!! 

2!.(J()J(./(4 &!),(%$ (1(>'% #$%8 ()*>+@/ 2!.(J()J*%(1 /*%.!-); 2.! /*5.'0*/!! +( 540
(
 )(,8 %'.-'% 

&.!)%*,,!"*:!(//6; 0(+6. D'%*-, (.%(- ! 2!.(J()J*%$ 1*,(.*)%0(.!1$ 0 0(+' ! &!),(%*=. N!2(J()J*% 

ThP2O6!nH2O 0$+',-'%)- 0 0!+' *1(.J/(5( ()*+&* 2.! 0"*!1(+'4)%0!! .*)%0(.* /!%.*%* %(.!- ) 

5!2(J()J*%(1 /*%.!-.   0(+', &!),(%*= ! B',(<*= /'.*)%0(.!1; 2.! 2.(&*,!0*/!! 2'.'=(+!% 0 2!.(J()J*% 

%(.!-. I!),$4 5!2(J()J!% Th(H2PO2)4, ,'5&( .*)%0(.-;B!4)- 0 &(/:'/%.!.(0*//$= 1!/'.*,8/$= &!),(%*=, 

0$+',-'%)- !" .*)%0(.* /!%.*%* %(.!- 2.! +(#*0,'/!! J()J(./(0*%!)%(4 &!),(%$. 

?.! )2,*0,'/!! J()J*%* !,! +06(&!)! %(.!- ) J()J*%*1! B',(</$= ! B',(</("'1',8/$= 1'%*,,(0 

(#.*"6;%)- /'.*)%0(.!1$' +0(4/$' (.%(J()J*%$ %!2(0 Me2
I
Th(PO4)2 ! Me

II
Th(PO4)2. I!),$4 (.%(J()J*% 

%(.!- Th(HPO4)2·H2O 2(,6<*'%)- )1'H'/!'1 .*)%0(.(0 (.%(J()J(./(4 &!),(%$ ! =,(.!+* %(.!-. 3/ 

/'.*)%0(.!1 0 =(,(+/(4 0(+', /( =(.(H( .*)%0(.!1 0 &!),(%*=. 

O"0')%/$ %*&>' +.65!' J()J(./$' )('+!/'/!- %(.!-: 1'%*J()J*% Th(PO3)4; 2!.(J()J*% 

ThP2O7·2H2O; 5!2(J()J*% ThP2O6·11H2O. 

 

2.26 -.'&!"(/0,. "&./(0.0() %&'() 
?'.(&)!+/$' )('+!/'/!- %(.!- (#.*"6;%)- 2.! +(#*0,'/!! 2'.'&!)! 0(+(.(+* & .*)%0(.*1 )(,'4 

%(.!-.   ),*#(4 *11!*</(4 ).'+' (#.*"6'%)- #',$4 ()*+(& )( ),*#( 0$.*>'//(4 &.!)%*,,!<')&(4 

)%.6&%6.(4 2.!1'./(5( )()%*0* Th(OH)3OOH, .*/'' )<!%*0H!4)- /*+%(.!'0(4 &!),(%(4.   )'./(&!),(4 

).'+' ) &(/:'/%.*:!'4 1N ! 0$H' (#.*"6'%)- )6,8J*% 2'.'&!)! %(.!- ThOOSO4·3H2O 0 0!+' 2,(%/(5( 

&.!)%*,,!<')&(5( ()*+&*. 7*)%0(.!1()%8 '5( 10
-10

 1(,8/5. ?'.'&!)/$' ()*+&! /'.*)%0(.!1$ 0 .*"#*0,'//$= 

&!),(%*= ! *11!*&'. I(/:'/%.!.(0*//$' &!),(%$ .*",*5*;% != ) (#.*"(0*/!'1 )(,! ! ) 0$+','/!'1 

&!),(.(+*. ?.! 2.(&*,&' 2'.'&!)/$= )('+!/'/!4 (#.*"6'%)- ThO2. O/(5+* 2'.'&!)/$1 )('+!/'/!-1  %(.!- 

2.!2!)$0*;% J(.16,6 Th2O7. 
 



2.27 1(/'&!"(/ %&'() 
N!+.(&)!+ %(.!- ()*>+*'%)- B',(<*1! !,! *11!*&(1 !" .*)%0(.(0 )(,'4 %(.!- 0 !/%'.0*,' 

.E=3,5#3,6 0 0!+' *1(.J/(5( (>',*%!/((#.*"/(5() ()*+&*, )(+'.>*B'5( "/*<!%',8/6; +(,; */!(/(0, 

0),'+)%0!' 0$+','/!- ()/(0/$= )(,'4 %!2* Th(OH)n·Am 

Th(NO3)4 + 4NaOH = Th(OH)4 " + 4NaNO3.             (50) 

?.(!"0'+'/!' .*)%0(.!1()%! Th(OH)4 =10
-42

. D(>/( %*&>' 2(,6<!%8 Th(OH)4 +'4)%0!'1 /* 

.*)%0(.!16; )(,8 %(.!- %!()6,8J*%(1 /*%.!- 0 ),*#(&!),(1 !,! /'4%.*,8/(1 .*)%0(.' 

Th(NO3)4 + 2Na2S2O3 + 2H2O = Th(OH)4 "+ 2SO2  + 2S" + 4NaNO3.        (51) 

A0'>'()*>+'//$4 5!+.(&)!+ %(.!- ,'5&( .*)%0(.-'%)- 0 &!),(%*=, .*)%0(.*= &*.#(/*%(0 B',(</$= 

1'%*,,(0, (&)*,*%' *11(/!-, :!%.*%' /*%.!- !,! %*%.*%' &*,!--/*%.!-. 3/ 6)%(4<!0 +( %'12'.*%6.$ 450
(
, 

0$H' 9%(4 %'12'.*%6.$ 2'.'=(+!% 0 ThO2: 

Th(OH)4 $ ThO2 + 2H2O.            (52) 

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

/!%.*%* %(.!- !,! 2.! +(#*0,'/!! 0 .*)%0(. /'#(,8H(5( &(,!<')%0* 0(+/(5( .*)%0(.* =,(.!+* *11(/!-, 

=,(.!+* >','"* (III), 6.*/!,/!%.*%* !,! )(,-/(4 &!),(%$. ?.(!"0'+'/!' .*)%0(.!1()%! 5!+.(&)!+* %(.!- 

Th(OH)4(%0) = Th
4+

 + 4OH
-
            (53) 

(:'/!0*'%)- &*& 10
-42

.  

N!+.(&)!+ %(.!- – ()/(0*/!': 

Th(OH)4+4HNO3=Th(NO3)4+4H2O             (54) 

Th(OH)4+CO2=ThOCO3+2H2O                     (55) 

?.!1'/-'%)- 0 %'=/(,(5!! +,- (%+','/!- .'+&("'1',8/$= 9,'1'/%(0 (.E ()*>+'/!- 5!+.((&!)! 

&(%(.$= %7-8) ! */*,!%!<')&(4 =!1!!. 

 

2.28 2'34(. "&./(0.0() %&'() 
 "*!1(+'4)%0!'1 %(.!- ) NH3 2.! 340

(
 #$, 2(,6<'/ '5( !1!+ Th(NH)2 HNTh2N2, * 2.! 550

(
 – 

!1!+(/!%.!+ HNTh2N2. P,- %(.!- !"0')%/$ /!%.(5*,!+$ NThN (5+' N - F, Cl, Br, I). 

 "*!1(+'4)%0!'1 ThF4 ) Al(BH4)3 2(,6<'/ #'):0'%/$4 Th(BH4)4 (Q2,=294
(
 ) .*",.). 3/ 2.'+)%*0,-'% 

)(#(4 )(,'(#.*"/(' &.!)%*,,!<')&(' 0'H')%0(, .*)%0(.!1(' 0 9J!.', 0"*!1(+'4)%06;B'' ) 0(+(4 ! 

.*",*5*;B'')- 2.! /*5.'0*/!!. 

O" .(+*/!+(0 +,- %(.!- #$,! 2(,6<'/$ Th(NCS)4.4H2O ! /'&(%(.$' &(12,'&)/$' 2.(!"0(+/$', 

5,*0/$1 (#.*"(1 %!2* M4[Th(NCS)8] (5+' D - Cs, Rb, K, NH4). 

?.! +'4)%0!! E232 /* /'4%.*,8/$' !,! ),*#(&!),$' .*)%0(.$ )(,'4 %(.!- 2()%'2'//( 0$+',-;%)- 

#'):0'%/$' ()*+&! 2'.'&!)/$= 2.(!"0(+/$=, )()%*0 &(%(.$= 2( )(+'.>*/!; 2'.(&)!+/$= 5.622 2.!1'/@/ ! 

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

?.!1'.(1 1(>'% ),6>!%8 2'.(&)!/!%.*% Th6(O2)10(NO3)4
.
10H2O. R6<H' +.65!= (=*.*&%'.!"(0*/ (<'/8 

6)%(4<!0$4 2'.(&)()6,8J*% Th(O2)SO4
.
3H2O. I*& (&!),!%',! 2'.'&!)/$' 2.(!"0(+/$' %(.!- 0'+6% )'#- 

2(+(#/( 2'.'&!)! 0(+(.(+*. 

  */*,!%!<')&(4 =!1!! %(.!- 2.!1'/-;% %*&!' )('+!/'/!- %(.!-: 

-/'.*)%0(.!1$4 0 1!/'.*,8/$= &!),(%*= 1(,!#+*% %(.!- 

ThCl4 + 2(NH4)2MoO4 + xH2O = Th(MoO4)2·xH2O" + 4NH4Cl;           (56) 

-%.6+/(.*)%0(.!1$4 4(+*% %(.!- 

Th(NO3)4 + 4NaJO3 = Th(JO3)4" + 4NaNO3;                                        (57) 

1*,(.*)%0(.!1$4 #',$4 J'..(:!*/!+ %(.!- 

Th(NO3)4 + K4[Fe(CN)6] + 4H2O = Th[Fe(CN)6]·4H2O" + 4KNO3;               (58) 

 /'.*)%0(.!1$4 (.*/>'0$4 =.(1*% %(.!- 

Th(NO3)4 + 2K2CrO4 = Th(CrO4)2" + 4KNO3                            (59) 

! +.65!'. 

 L(,8H(' <!),( (.5*/!<')&!= &!),(% (#.*"6;% ()*+&! 2.! +(#*0,'/!! 0 0(+/$' .*)%0(.$ )(,'4 %(.!-. 

?.!1'.(1 -0,-'%)- J(.1!*% %(.!-, Th(HCOO)4. 3)*>+'/!' 1(>'% (#')2'<!%8 +()%*%(</( 2(,/(' 0$+','/!- 

%(.!- !" .*)%0(.*; +*,'' ()*+(& 2.(&*,!0*'%)- +( +!(&)!+* %(.!- (%*&>' 0')(0*- J(.1* +,- */*,!%!<')&!= 

:','4). 

  1998 2(-0!,()8 2'.0(' )((#B'/!' ( )6B')%0(0*/!! 0 0(+/$= .*)%0(.*= )('+!/'/!4 Th(III). 

?(&*"*/(, <%( 0 ),*#(&!),(4 ).'+' %'%.*=,(.!+ %(.!- 0 0(+/(1 .*)%0(.' 1(>'% #$%8 0())%*/(0,'/ ) 

2(1(B8; *"!+(0(+(.(+*: 

2Th
4+

+2HN3=2Th
3+

+3N2+2H
+
.                  (60) 



 

2.29 5&'(6&'4#0(7."!(. "&./(0.0() 
P,- %(.!- !"0')%/$ &.!)%*,,!<')&!' 2.(!"0(+/$' :!&,(2'/%*+!'/* 0 &*<')%0' &-,!5*/+*. ?.!1'.(1 

-0,-'%)- Th(C5H5)4 – 2.(+6&% 0"*!1(+'4)%0!- ThCl4 c KC5H5. A *:'%!,*:'%(/(1 ! +.65!1! 1,3-+!&'%(/*1! 

%(.!4 (#.*"6'% )('+!/'/!- %!2* Th(C5H7O2)4, 2.'%'.2'0*;B'' %'.1!<')&(' .*",(>'/!' (0 *%1()J'.' *"(%*) 

2.! 170
(
 ! 1*,(.*)%0(.!1(' 0 #'/"(,'. L'):0'%/$4 Th(C5H7O2)4, .*",*5*'%)- 0(+(4. A6B')%06'% ! 

:!&,(2'/%*=,(.!+ %(.!- (C5H5)3ThCl. 

S'%$.' 1(,'&6,$ +!&'%(/* 0 9/(,8/(4 J(.1' %'.-;% 0(+(.(+/$' !(/$ !, )(<'%*-)8 ) !(/(1 %(.!-, 

(#.*"6;% &,'H/'0!+/6; )%.6&%6.6. ?(9%(16 &(,!<')%0'//*- )%(.(/* (#.*"(0*/!4 9%!= )('+!/'/!4 "*0!)!% 

&*& (% &(/:'/%.*:!! 0(+(.(+/$= !(/(0, %*& ! (% &(/:'/%.*:!! .'*5'/%*. I,'H/'0!+/$' )('+!/'/!- 1(56% 

#$%8 9&)%.*5!.(0*/$ !" 0(+/$= .*)%0(.(0 %*&!1! .*)%0(.!%',-1!, &*& #'/"(,. ?()&(,8&6 )%.'1,'/!' & 

(#.*"(0*/!; &,'H/'0!+/$= )('+!/'/!4 2.! +*//(4 &!),(%/()%! #(,8H', <'1 6 <'%$.@="*.-+/(5( 

2(,(>!%',8/(5( !(/* %(.!-, <'1 6 !(/(0 ) 1'/8H!1 "*.-+(1, /* 9%(1 1(>'% #$%8 ()/(0*/ 1'%(+ (%+','/!- 

%(.!- (% 9,'1'/%(0 ) +.65!1 "*.-+(1 !(/(0. Q.!J%(.*:'%!,*:'%(/ ! %!(J'/&*.#(/!,%.!J%(.*:'%(/ 

-0,-;%)- #(,'' 9JJ'&%!0/$1! .'*5'/%*1!, <'1 )*1 *:'%!,*:'%(/. A('+!/'/!' %(.!- ) *:'%!,*:'%(/(1 

1(>'% #$%8 2(,6<'/( 26%@1 +(#*0,'/!- )2!.%(0(5( .*)%0(.* *:'%!,*:'%(/* & ),*#(4 )2!.%(0(4 )6)2'/"!! 

5!+.(&)!+* %(.!- !,! 26%@1 +(#*0,'/!- .*)%0(.* *:'%!,*:'%(/* 0 1!/!1*,8/(1 &(,!<')%0' *11!*&* & 

.*)%0(.6, )(+'.>*B'16 %(.!4. 3)*+(& 1(>'% #$%8 2'.'&.!)%*,,!"(0*/ !" )2!.%*; (/ %*&>' .*)%0(.!1 0 

=,(.(J(.1', 9J!.' ! +!#.(19%*/'. M:'%!,*:'%(/*% %(.!- 2,*0!%)- 2.! 171
(
. 

I(12,'&)/(' )('+!/'/!' %(.!- Th(TOT)2 (5+' T3Q – :!&,((&%*%'%.*'/) – )*/+0!<')&*- 1(,'&6,* 

!"0')%/* 2(+ /*"0*/!'1 «%(.*:'/». ?(,6<'/ .-+ «2(,6)*/+0!/!<'0$=» &(12,'&)(0 Th(IV) ) 

:!&,((&%*%'%.*'/(1. Q'%.*#'/"!,%(.!4, Th(CH2C6H5)4, - )0'%,(>@,%(', <60)%0!%',8/(' & +'4)%0!; 0("+6=* 

&.!)%*,,!<')&(' )('+!/'/!', 1'+,'//( .*",*5*'%)- 2.! &(1/*%/(4 %'12'.*%6.'. O"0')%/$ 

%'%.*5!+.(&*.#!,%(.!4 ThCl4(PDKG) (5+' PDKG – #!)+'1'%!,J()J!/(9%*/), Th(OC6H5)4(PDKG)2, 

Th(CH2C6H5)4(PDKG)2 ! %'%.*,,!,%(.!4, Th(C3H5)4. 

I62J'.(/ (*11(/!4J'/!,/!%.("(5!+.(&)!,*1!/) &(,!<')%0'//( ()*>+*'% %(.!4 !" .*"#*0,'//$= 

6&)6)/(&!),$= .*)%0(.(0 ) &*.#(/*%(1 *11(/!-.   &*<')%0' ()*+!%',- %(.!- !)2(,8"6'%)- %*&>' 8-

(&)!=!/(,!/, &(%(.$4 (#.*"6'% )('+!/'/!' Th(C9H6NO)4!C9H6NOH, (&.*H'//(' 0 (.*/>'0(-&.*)/$4 :0'%. 

A6B')%06;% ! (.5*/!<')&!' )('+!/'/!- %.@=0*,'/%/(5( %(.!-, /*2.!1'., (C5H5)3Th 26.26./(5( 

:0'%*. 

 

3.  !"#$ % "&' %!"&( 

U!1!- .*)%0(.(0 %(.!- (<'/8 )=(+/* ) =!1!'4 .*)%0(.(0 +.65!= <'%$.@=0*,'/%/$= &*%!(/(0, * 

!1'//( 6.*/* (IV) ! :'.!- (IV), /( (%,!<*'%)- (% /!= %'1, <%( %(.!4 !1''% %(,8&( (+/( 0*,'/%/(' )()%(-/!'. 

G%* =!1!- %!2!</* +,- %->@,$= 1'%*,,(0. Q(.!4 #(,'' 9,'&%.(2(,(>!%','/, <'1 #(,8H!/)%0( +.65!= 

1'%*,,(0, ! 0 9%(1 (%/(H'/!! '5( 1(>/( ).*0/!%8 ) 1*5/!'1. ?.! 9,'&%.(,!"' )(,'4 %(.!-, 2(),'+/!4 /' 

0())%*/*0,!0*'%)- +( 1'%*,,*. 

D'%*,,!<')&!4 %(.!4 .*)%0(.-'%)- 0 6-12 N )(,-/(4 &!),(%' ) (#.*"(0*/!'1 =,(.!+* %(.!-.  

Th+HCl(&(/:)=ThCl4+2H2           (61) 

3+/*&( 2.! 9%(1 12-25% 0'B')%0* ()%*'%)- /' .*)%0(.'//$1. ?(),' "*0'.H'/!- .'*&:!! <*)%8 

1'%*,,* 2'.'=(+!% 0 <@./$4 2(.(H(& (&)(5!+.!+*, /*2.!1'., ThH(O)Cl(H2O), PuH0,9(O)Cl0,1(H2O). 

3#.*#(%&* 1'%*,,!<')&(5( %(.!- )(,-/(4 &!),(%(4, )(+'.>*B'4 &*%*,!%!<')&!' ),'+$ J%(.!+* !,! 

J%(.()!,!&*%*, 2.!0(+!% & 2(,/(16 .*)%0(.'/!;. Q'2,(%* .*)%0(.'/!- 1'%*,,!<')&(5( %(.!- 0 6N EA1 

.*0/* 181,7 &&*,/1(,. M"(%/*- &!),(%* 2*))!0!.6'% 2(0'.=/()%8 &(12*&%/(5( %(.!- ! 2.'+(%0.*B*'% '5( 

.*)%0(.'/!'. 3+/*&( 0 2.!)6%)%0!! /'"/*<!%',8/$= &(/:'/%.*:!4 J%(.!+* !,! J%(.()!,!&*%* (0,01-0,03 D) 

2.(:')) .*)%0(.'/!- 0 8-16 N HN33 !+'% +( &(/:*. A,'+$ !(/(0 J%(.* &*%*,!%!<')&! 0,!-;% ! /* 

.*)%0(.'/!' )2,*0(0, * %*&>' (&)!+* ! +.65!= %.6+/(.*)%0(.!1$= )('+!/'/!4 %(.!-. O(/$ J%(.* 1(56% 

#$%8 2.!#*0,'/$ 0 0!+' 2,*0!&(0(4 &!),(%$ !,! J%(.!+* /*%.!-. A'./*- &!),(%* 0"*!1(+'4)%06'% ) %(.!'1 

1'+,'//(. A2,*0,'/!' /'#(,8H!= &(,!<')%0 (#.*":* ) KHS34 )2()(#)%06'% .*)%0(.'/!; 1'%*,,!<')&(5( 

%(.!-. ?.! /*5.'0*/!! ) J()J(./(4 &!),(%(4 ! 2(),'+6;B'1 62*.!0*/!! 1'%*,,!<')&!4 %(.!4 

.*)%0(.-'%)- 2(,/()%8;, (+/*&( 2.(:')) .*)%0(.'/!- 2.(!)=(+!% <.'"0$<*4/( 1'+,'//(. P'4)%0!' 

&(/:'/%.!.(0*//(4 2,*0!&(0(4 &!),(%$ /* 1'%*,, /'"/*<!%',8/(. I(/:'/%.!.(0*//*- 5(.-<*- =,(./*- 

&!),(%* 1'+,'//( 0"*!1(+'4)%06'% ) &(12*&%/$1 1'%*,,(1, .*"#*0,'//*- - 2(<%! /' .'*5!.6'% ) /!1. 

A '+&!1! B',(<*1! 1'%*,,!<')&!4 %(.!4 /' 0"*!1(+'4)%06'%. 



O(/ %(.!-, (#,*+*- 0$)(&!1 "*.-+(1 (+4) ! ) /'#(,8H!1 (2( 

).*0/'/!; ) )()'+/!1! *&%!/!+*1!) "/*<'/!'1 !(//(5( .*+!6)* (0,99 

M), (#.*"6'% .-+ 5!+.*%(0. Q0'.+$' )(,! ) /'(.5*/!<')&!1! */!(/*1! 

(#$</( )(+'.>*% 4-12 1(,'&6, 0(+$ /* 1 *%(1 %(.!-.  

 

 !". 22. A%*/+*.%/$' (&!),!%',8/(-0())%*/(0!%',8/$' 2(%'/:!*,$ 

%(.!- 0 0(+/$= .*)%0(.*= 

 

 A%*/+*.%/$' (&!),!%',8/(-0())%*/(0!%',8/$' 2(%'/:!*,$ 

%(.!- 0 0(+/$= .*)%0(.*= !1';% ),'+6;B!' 0',!<!/$: 

Th'Th
4+

 + 4e – 1,90B (&!),$' .*)%0(.$)         (62) 

Th+4(OH)
-'Th(OH)4 + 4e - 2,48B (B',(</$' .*)%0(.$).        (63) 

A,'+(0*%',8/(, %(.!4 2.!1'./( %*& >' 9,'&%.((%.!:*%','/, &*& 1*5/!4. U!1!<')&!' )0(4)%0* %(.!- 

(2.'+',-;%)- #(,8H!1! .*"1'.*1! '5( *%(1* ! !(/(0, 0$)(&!1 "*.-+(1 4-0*,'/%/(5( !(/* ! /'#(,8H(4 

)611(4 !(/!"*:!(//$= 2(%'/:!*,(0. O(/ Th
4+

 (%,!<*'%)- )!,8/(4 )&,(//()%8; & 5!+.(,!"6 ! (#.*"(0*/!; 

&(12,'&)/$= )('+!/'/!4. 

 ?.! 0"*!1(+'4)%0!! .*)%0(.(0 )(,'4 %(.!- )( B',(<*1! !,! *11!*&(1 0$+',-'%)- ()*+(& 

5!+.((&)!+* %(.!- Th(OH)4, 2.!<@1 ()*>+'/!' /*<!/*'%)- 2.! .E 3,5-3,6, 0 %( 0.'1-, &*& 5!+.(&)!+$ 3-

0*,'/%/$= 7FG ()*>+*;%)- 2.! .E 7-8, <%( !)2(,8"6'%)- 0 %'=/!&' +,- 5.6#(5( .*"+','/!- %(.!- ! .'+&!= 

"'1',8. Th(3E)4 - *1(.J/(' 0'B')%0(. A%6+'/!)%$4 ()*+(& .*)%0(.-'%)- 0 .*"#*0,'//$= &!),(%*=, * 

)0'>'()*>+@//$4 – ! 0 .*)%0(.*= (&)*,*%* *11(/!-, &*.#(/*%(0 B',(</$= 1'%*,,(0, :!%.*%' /*%.!-, !,! 

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

! /' .*)%0(.-'%)- 0 B',(<*=; ,'5&( .*)%0(.!1 0 .*)%0(.*= /'&(%(.$= )(,'4, /*2.!1'., &*.#(/*%(0 B@,(</$= 

1'%*,,(0, (&)*,*%* *11(/!- ! +.. ) (#.*"(0*/!'1 &(12,'&)/$= )('+!/'/!4. V)%(4<!0( 2.! 260–450°, 2.! 

/*5.'0*/!! +( 470
(
 ! 0$H' Th(OH)4 %'.-'% 0(+6 ! 2.'0.*B*'%)- 0 ThO2. N!+.(&)!+ %(.!- 2.! &!2-<'/!! ) 

/!%.*%(1 %(.!- !,! 2.! (#.*#(%&' /'#(,8H!1 &(,!<')%0(1 =,(.!+* *11(/!-, =,(.!+* %.@=0*,'/%/(5( 

>','"*, 6.*/!,/!%.*%* !,! )(,-/(4 &!),(%$ ,'5&( +*@% )6)2'/"!!, 0 &(%(.$= 5!+.(&)!+ %(.!- 0'+@% )'#- &*& 

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

 ?.! .*)%0(.'/!! 5!+.(&)!+* %(.!- 0 &!),(%*= !,! .*)%0(.!1$= )(,'4 %(.!- 0 0(+' (#.*"6'%)- !(/ 

Th
4+

. P,- <'%$.@=0*,'/%/(5( !(/* %(.!- =*.*&%'./( )%.'1,'/!' & 2.!)('+!/'/!; #(,8H(5( <!),* 1(,'&6, 

0(+$. W5( %0@.+$' )(,! ) /'(.5*/!<')&!1! */!(/*1! (#$</( )(+'.>*% (% 4 +( 12 1(,'&6, 0(+$. 

I((.+!/*:!(//(' <!),( %(.!- 0 0(+/$= .*)%0(.*= .*0/( 8. ?.(-0,-'% "*1'%/6; %'/+'/:!; & (#.*"(0*/!; 

5!+.*%(0. 

  .*)%0(.*= )(,'4 %(.!- 2.! .E<3 2.'(#,*+*;% &*%!(/$ [Th(H2O)8]
4+

. V)%(4<!0()%8 &*%!(/(0 & 

5!+.(,!"6 2.! (+!/*&(0(1 "*.-+' (2.'+',-'%)- != .*+!6)(1: <'1 #(,8H' .*"1'. &*%!(/*, %'1 /!>' 

2(0'.=/()%/*- 2,(%/()%8 "*.-+*. O(/ Th
4+

 !1''% +(0(,8/( 0$)(&!4 "*.-+ 2.! (%/()!%',8/( /'#(,8H(1 

.*+!6)': (% 0,095 +( 0,114 /1 0 "*0!)!1()%! (% &((.+!/*:!(//(5( <!),* (0,114 /1 +,- IS=8). O1'//( ) 9%!1 

)0-"*/* /!"&*- )2()(#/()%8 )(,'4 %(.!- & 5!+.(,!"6. ?.(:')) 5!+.(,!"* 2.(%'&*'% 1/(5()%62'/<*%(: 

2.'+2(,*5*'%)- 2.!)6%)%0!' 0 .*)%0(.*= 5!+.*%!.(0*//$= !(/(0 [Th(OH)]
3+

, [Th2(OH)2]
6+

, [Th4(OH)12]
4+

 ! 

[Th6(OH)15]
9+

, * %*&>' &(,,(!+/$= <*)%!: 5!+.(&)!+* ThOn(OH)4-2n
.
xH2O, 0(n(2. 

A(,! %(.!- )%(4&! 0 0(+/(1 .*)%0(.' ! ),*#( 5!+.(,!"6;%)-; .E 0,01D .*)%0(.* /!%.*%* %(.!- .*0'/ 

3,6, ! 2.! 9%(1 /*<!/*'% 0$+',-%8)- 5!+.(&)!+ %(.!- (2.! 2(+B',*<!0*/!! .*)%0(.*). N!+.(,!" !(/* %(.!- 

"/*<!%',8/( 1'/8H', <'1 +.65!= <'%$.@=0*,'/%/$= &*%!(/(0; 2'.0*- &(/)%*/%* &!),(%/(4 +!))(:!*:!! !(/* 

%(.!- !1''% 2(.-+(& 10
-3,6

.  ("1(>/$ .'*&:!! 5!+.(,!"* 0%(.!</(5( %!2*, &(%(.$' 2.!0(+-% & (#.*"(0*/!; 

()*+&*, /( .*)%0(.!1$' %(.!'0$' )(,! ()%*;%)- 0 .*)%0(.' +*>' 2.! &(/:'/%.*:!-= &!),(%$ /!>' 0,01 /. 

E'"*&(2,'&)(0*//$4 &*%!(/ 6)%(4<!0 0 .*)%0(.*= ) .E(3.   &!),$= .*)%0(.*= ) .E <3 Th
4+

 

5!+.(,!"(0*/ 1*,(, 2.! #(,8H!= "/*<'/!-= .E !1''% 1')%( )!,8/$4 5!+.(,!": 

Th
4+

+2E23'Th(OH)2
2+

+2H
+ 

               (64) 

2Th
4+

+2H2O'Th2(OH)2
6+

+2H
+
             (65) 

D(>/( 2(,*5*%8, <%( 2.! 5!+.(,!"' (#.*"6;%)- 1/(5(-+'./$' &(12,'&)$ ) :'2(<'</(4 )%.6&%6.(4 0!+*: 

) *+ ,) *--4

3

n

n
ThOHTh  !,! 

) *--

..
/

0
11
2

3
4n

n

Th
OH

O
Th           (66) 

?.! .E>3,5 %(.!4 0 1!&.(&(/:'/%.*:!-= (#.*"6'% &(,,(!+/$4 5!+.(&)!+. 

 7*)%0(.!1$1! )(,-1! %(.!- -0,-;%)- /!%.*%, )6,8J*%, =,(.!+ ! 2'.=,(.*%. E!%.*% &.!)%*,,!"6'%)- ) 

4, 5 ! 6 1(,'&6,*1! 0(+$. I.!)%*,,(5!+.*%$ )6,8J*%* %(.!- )(+'.>*% 4, 8 ! 9 1(,'&6, 0(+$. Q(.!4 (#.*"6'% 



1/(5( +0(4/$= )(,'4: /!%.*%$ %(.!- ! B',(</$= 1'%*,,(0 !,! *11(/!- NaNO3!Th(NO3)4!9H2O, 

LiNO3!Th(NO3)4!H2O, 2NH4NO3!Th(NO3)4; )6,8J*% %(.!- ! &*,!- 2K2SO4!Th(SO4)2!H2O; (&)*,*% %(.!- ! 

*11(/!- 2(NH4)2C2O4!Th(C2O4)2!4H2O; J%(.!+$ %(.!- ! &*,!- (1-5)KF!ThF4, KF!2ThF4, KF!3ThF4. 

 E'.*)%0(.!1$1! )(,-1! %(.!- -0,-;%)- J%(.!+ ThF4!4H2O, 5'&)*J%(.!*% &*,!- K2ThF4, !(+*% 

Th(IO3)4, (&)!&*.#(/*% ThOCO3!2H2O, (&)*,*% Th(C2O4)2!6H2O, J()J*%$ Th3(PO4)4, Th(HPO4)2!H2O, 

Th(HPO4)2!H3PO4!H2O, ThP2O6!2H2O, )6,8J!% Th(SO3)2!H2O, =.(1*%$ Th(CrO)2!3H2O ! Th(OH)2CrO4!H2O, 

1(,!#+*% Th(MoO4)2!H2O, J'..(:!(/*% Th[Fe(CN)6!4H2O, ! +.. K()J*%$ %(.!- %.6+/(.*)%0(.!1$ 0 

.*"#*0,'//$= &!),(%*=. O(+*% %(.!- /'.*)%0(.!1 0 )!,8/$= &!),(%*=. E* 9%(1 )0(4)%0' ()/(0*/( (%+','/!' 

%(.!- (% .'+&("'1',8/$= 9,'1'/%(0, !(+*%$ &(%(.$= .*)%0(.!1$ 0 &!),(%*=. ?.! +(#*0,'/!! & &!),$1 

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

)=(+/*- ) 2'.'&!)8; 2,6%(/!-, &(%(.(4 2.!2!)$0*;% J(.16,6 Th2O7. 3+/*&( (/* )(+'.>!% 0 )0(@1 )()%*0' 

*/!(/ 1!/'.*,8/(4 &!),(%$, ! )()%*0 ()*+&* "*0!)!% (% 6),(0!4 ()*>+'/!-. 

 A(<'%*/!' 0$)(&(5( "*.-+* ! 1*,(4 )2()(#/()%! & 5!+.(,!"6 (#6),(0,!0*'% %(, <%( !(/ %(.!- 

()(#'//( ,'5&( )(.#!.6'%)- &*%!(/!%*1!. G%!1 (#,'5<*'%)- (%+','/!' %(.!- (% +.65!= &*%!(/(0, 2.!<@1 

%*&!1 1'%(+(1 1(56% #$%8 )&(/:'/%.!.(0*/$ !/+!&*%(./$' '5( &(,!<')%0*. E*2.!1'., (&*"*,()8 

0("1(>/$1 (%+',!%8 0 2(,62.(1$H,'//$= 1*)H%*#*= 
234

Th (% '5( 1*%'.!/)&(5( 0'B')%0* – 6.*/*, 

2.(26)&*- .*)%0(. /!%.*%* 6.*/!,* <'.'" ),(4 &*%!(/((#1'//(4 )1(,$ %!2* *1#'.,!%*.   &!),$= ).'+*= 

%(.!4 (%+',-'%)- (% %.@=- ! +06="*.-+/$= &*%!(/(0 /* &*%!(/((#1'//!&*=. 

 3%,!<!%',8/(4 ()(#'//()%8; )(,'4 %(.!- -0,-'%)- != 0$)(&*- .*)%0(.!1()%8 /' %(,8&( 0 0(+', /( ! 0 

2(,-./$= (.5*/!<')&!= .*)%0(.!%',-=: )2!.%*=, 2.()%$= ! ),(>/$= 9J!.*=. G%( )0(4)%0( !)2(,8"6'%)- 2.! 

(%+','/!! %(.!- (% d-9,'1'/%(0. 

L,*5(+*.- 1*,(16 .*+!6)6 ! #(,8H(16 "*.-+6 %(.!4 )&,(/'/ & (#.*"(0*/!; &(12,'&)/$= 

)('+!/'/!4, 2.!<@1 '5( &((.+!/*:!(//(' <!),( (#$</( 6 !,! 8. Q(.!4 )&,(/'/ & (#.*"(0*/!; 

*:!+(&(12,'&)(0 ) /'(.5*/!<')&!1! ! (.5*/!<')&!1! ,!5*/+*1! 3/ (#.*"6'% :!&,!<')&!' (0/6%.'//!') 

&(12,'&)/$' )('+!/'/!- ) */!(/*1! .*",!</$= )(,'4: /!%.*%*1!, )6,8J*%*1! ! )6,8J!%*1!, &*.#(/*%*1!, 

J%(.!+*1!, 4(+*%*1!, #.(1*%*1!, =,(.!+*1! ! =,(.*%*1!, J(.1!*%*1!, (&)*,*%*1!, %*.%.*%*1!, :!%.*%*1!, 

)*,!:!,*%*1! ! %. +. I.(1' %(5(, (/ (#.*"6'% &(12,'&)$ ) +!&'%(/*1!, %!2* *:'%!,*:'%(/*. Q(.!4 ,'5&( +*@% 

&(12,'&)$ ) .'*5'/%*1!, )2()(#/$1! & (#.*"(0*/!; &,'H/'0!+/$= )('+!/'/!4. D/(5!' &(12,'&)/$' 

)('+!/'/!- %(.!- 9&)%.*5!.6;%)- .*",!</$1! .*)%0(.!%',-1!. E'&(%(.$' &(12,'&)$ 6)%(4<!0$ 0 

B',(</$= .*)%0(.*=, +.65!' – 0 )!,8/( &!),$=. 

#$%&. 5. E'.*)%0(.!1$' )(,! %(.!- 

 



 
A (+/(()/(0/$1! &!),(%*1! (#.*"6;%)- &(12,'&)/$' !(/$ )()%*0* ThA

3+
, ThA2

2+
, ThA3

+
, 5+' " – 

*/!(/ &!),(%$ (J%(.!)%(0(+(.(+/(4, )(,-/(4, *"(%/(4, =,(./(4, #.(1/(4, 4(+/(4, =,(.6&)6)/(4, +!-, %.!-

=,(.6&)6)/(4). M/*,(5!</$' &(12,'&)/$' !(/$ (#.*"6;%)- ) )'./(4 ! J()J(./(4 &!),(%*1!. E*!#(,'' 

6)%(4<!0$' &(12,'&)/$' !(/$ %(.!- 2(,6<*;%)- ) /*!#(,'' ),*#$1! &!),(%*1!.  

A *"(%/(4 &!),(%(4 %(.!4 (#.*"6'% &(12,'&) )()%*0* Me
I
[Th(NO3)5], c J%(.!)%(0(+(.(+/(4 &!),(%(4 

– Me
I
[ThF5] Me2

I
[ThF6]. 3)/(0/(4 &*.#(/*% %(.!- .*)%0(.-'%)- 0 !"#$%&' ()*+!%',- ) (#.*"(0*/!'1 

&*.#(/*%/(5( &(12,'&)* Me5
I
[Th(CO3)5]. 3&)*,*% %(.!- .*)%0(.!1 0 (&)*,*%' *11(/!- ! B',(</$= 1'%*,,(0 

) (#.*"(0*/!'1 &(12,'&)(0 0 <*)%/()%! )()%*0* Me4
I
Th(C2O4)4. L(,8H(' <!),( &(12,'&)/$= )('+!/'/!4 

%(.!4 (#.*"6'% ) 1*,(/*%*1!, %*%.*%*1!, :!%.*%*1! ! )(,-1! +.65!= (.5*/!<')&!= &!),(%. G%! &(12,'&)/$' 

)('+!/'/!- .*".6H*;%)- 0 )!,8/$= &!),(%*=, /( 6)%(4<!0$ 0 B',(</$= .*)%0(.*=. O1''% 1')%( ! 

(#.*"(0*/!' )1'H*//$= &.!)%*,,(0 %!2* K4Th(C2O4)2F4. E'&(%(.$' =',*%$ %(.!- 2.'+)%*0,-;% 

"/*<!%',8/$4 2.*&%!<')&!4 !/%'.'); 9%( =',*%$ ) .*",!</$1! J()J(.(.5*/!<')&!1! &!),(%*1! 

((+/(()/(0/$1!, +!(.5*/(J()J*%*1!, J()J(/*%*1! ! J()J!/(0$1! &!),(%*1!), &(%(.$' !)2(,8"6;%)- 0 

9&)%.*&:!!. Q(.!4 (#.*"6'% #(,8H(' <!),( &(12,'&)/$= )('+!/'/!4 ) *,8+'5!+*1!, &'%(/*1!, *1!/*1!, .-+ 

0/6%.!&(12,'&)/$= )('+!/'/!4 – ) &62J'.(/(1, 8-(&)!=!/(,!/(1, *:'%!,*:'%(/(1, 

%.!J%(.*:'%!,*:'%(/(1, %'/(!,%.!J%(.*:'%(/(1, #'/"(!,*:'%(/(1, +!#'/"(!,*:'%(/(1, 

+!#'/"(!,1'%*/(1, GPQM ! +.., +!&'%(/*1! ! .-+(1 +.65!= (.5*/!<')&!= )('+!/'/!4. 

I(/)%*/%$ .'*&:!4 &(12,'&)((#.*"(0*/!- !(/* %(.!- ) .*",!</$1! */!(/*1! 2.!0'+'/$ 0 #$%&. 6. 

#$%&. 6. I(/)%*/%$ .'*&:!4 &(12,'&)((#.*"(0*/!- !(/* %(.!- ) .*",!</$1! */!(/*1!. 

 
?(&*"*%','1 ,@5&()%! (#.*"(0*/!- %(.!'1 &(12,'&)/$= )('+!/'/!4 -0,-'%)- '5( )!,8/*- )&,(//()%8 

& (#.*"(0*/!; +0(4/$= )(,'4. P0(4/$' )(,! B',(</$= 1'%*,,(0 ! %(.!- 2(,6<*;%)- )( 0)'1! 2.()%$1! 

*/!(/*1!; !"0')%/$ %*&>' +0(4/$' )(,! ) +.65!1! &*%!(/*1!. P,- +*//(4 2*.$ &(12(/'/%(0 1(>'% 

)6B')%0(0*%8 /')&(,8&( +0(4/$= )(,'4. 



A&,(//()%8 &*%!(/(0 %(.!- & .'*&:!-1 5!+.(,!"* 0 0(+/$= .*)%0(.*= =*.*&%'.!"6'%)- #(,8H(4 

6)%(4<!0()%8; 1(/(-+'./$= 5!+.(&)(&(12,'&)(0 %(.!- Th(OH)
3+

 

0 .*)%0(.*= (K#• •10
10

). 3+/*&(, 

6)%(4<!0()%8 .-+* &(12,'&)(0 %(.!- ) /'&(%(.$1! (.5*/!<')&!1! ,!5*/+*1! #,!"&*, * +,- (2.'+','//$= 

,!5*/+(0, ! 0$H' 6)%(4<!0()%! &(12,'&)(0 %(.!- ) 3E-!(/*1!. Q*& &*%!(/$ %(.!- (#.*"6;% (<'/8 

6)%(4<!0$' &(12,'&)$ ) */!(/*1! /!%.!,%.!6&)6)/(4 &!),(%$ ($#• •10
11

), N-X-(&)!9%!,9%!,'/+!*1!/-N`N`-

%.!6&)6)/(4 &!),(%$ ($#• •10
18

), 9%!,'/+!*1!/%'%.*-6&)6)/(4 &!),(%$ (GPQM) ($#• •10
23

) ! +..  0'+'/!' 0 

.*)%0(. 0'B')%0, ) &(%(.$1! %(.!4 (#.*"6'% 6)%(4<!0$' &(12,'&)$ 0 .*)%0(.*=, 1(>'% !"1'/!%8 

)6B')%06;B!' 5!+.(,!%!<')&!' .*0/(0')!-, <%( 2("0(,-'% 0$+',!%8 !" .*)%0(.* 2()%(.(//!' 

.*+!(/6&,!+$, /*2.!1'., :'"!4, ! 2(,6<!%8 .*)%0(., )(+'.>*B!4 %(,8&( &(12,'&)$ Th(IV). 

I*& 6>' 62(1!/*,()8 5!+.(,!" &*%!(/(0 1'%*,,(0 0 0(+/$= .*)%0(.*= 2.(%'&*'% 0 +0' )%*+!!: /* 

2'.0(4 – (#.*"(0*/!' 1(/(-+'./$= 5!+.(&)(&(12,'&)(0, * /* 0%(.(4 - 0"*!1(+'4)%0!' 1(/(-+'./$= 

5!+.(&)(&(12,'&)(0 ) (#.*"(0*/!'1 1/(5(-+'./$= 5!+.(&)(&(12,'&)(0 0 .*)%0(.'. 3#.*"(0*/!' 

1(/(-+'./$= 5!+.(&)(&(12,'&)(0 1(>/( 2.'+)%*0!%8 6.*0/'/!'1  

Me(H
2
O)

n

z+ 

+ H
2
O Y Me(OH)(H

2
O)

n-1

(z-1)+ 

+ H
3
O

+

.            (67) 

7'*&:!; 5!+.(,!"* ) (#.*"(0*/!'1 2(,!-+'./$= 5!+.(&)(&(12,'&)(0 1'%*,,-!(/(0 0 (#B'1 0!+' 

1(>/( 2.'+)%*0!%8 6.*0/'/!'1  

.Me(H
2
O)

n

z+ 

+ qH
2
O Y Me

p
(OH)

q
(H

2
O)

pn-q

pz-q 

+ qH
3
O

+

.           (68) 

A+0!/6%8 .*0/(0')!' 0,'0( 1(>/( 26%'1 )0-"$0*/!- &*%!(/(0 Th
4+

 00'+'/!'1 &(12,'&)((#.*"6;B!= 

0'B')%0, (#.*"6;B!= 6)%(4<!0$' &(12,'&)$ ) %(.!'1 0 .*)%0(.*=. 3+/!1 !" %*&!= 0'B')%0 -0,-'%)- GPQM 

(/*%.!'0*- )(,8 9%!,'/+!*1!/%'%.*6&)6)/(4 &!),(%$). 3#,*+*- )2()(#/()%8; "*/!1*%8 /')&(,8&( 

&((.+!/*:!(//$= 1')% 6 :'/%.*,8/(5( *%(1* (0 /*H'1 ),6<*' – %(.!-), (+!/ &((.+!/!.(0*//$4 */!(/ 

GPQM )2()(#'/ 0$%')/!%8 +( 6 OH
-
-!(/(0 !" &((.+!/*:!(//(4 )J'.$ Th

4+
- &*%!(/(0.   .'"6,8%*%' %*&(5( 

0"*!1(+'4)%0!- */!(/$ GPQM 0$%')/-;% !" &((.+!/*:!(//(4 )J'.$ &*%!(/(0 %(.!- 5!+.(&)!,-!(/$, 

&(%(.$' -0,-;%)- 1()%!&*1! 0 2(,!-+'./$= 5!+.(&)(&(12,'&)*= %(.!- 0 .*)%0(.*=. G%( 2.!0(+!% & 

)/!>'/!; &(/:'/%.*:!! 2(,!-+'./$= J(.1 %(.!- 0 .*)%0(.'. A/!>'/!' >' &(/:'/%.*:!! 2(,!-+'./$= 

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

60',!<'/!; 2.(=(>+'/!- Th
4+

 <'.'" 2(,62.(/!:*'16; 1'1#.*/6. ?.! 9%(1 .*)H!.-'%)- (#,*)%8 

/*=(>+'/!- %(.!- 0 1(/(-+'./(1 )()%(-/!!, ! /*#,;+*'%)- 61'/8H'/!' &(/:'/%.*:!! 2(,!-+'./$= 

&(12,'&)(0 %(.!- 0 .*)%0(.'. Q*& 2.! &(/:'/%.*:!! %(.!- 0 .*)%0(.' 5
.
10

-4
 1(,8/, +(,- 2(,!-+'./$= J(.1 

%(.!- )/!>*'%)- ) 95% +( 0%. ?(9%(16 2.!)6%)%0!' 0 .*)%0(.*= */!(/(0 GPQM )6B')%0'//( !"1'/-'% 

)()%(-/!' %(.!- 0 .*)%0(.'.  

#$%&. 7. I(12,'&)$ %(.!- ) /'&(%(.$1! =',*%/$1! *5'/%*1! 

 
  (%)6%)%0!! GPQM +( .E 4,0 %(.!4 (IV) /' ()*>+*'%)- 2.! :'/%.!J65!.(0*/!!, ),'+(0*%',8/(, 

/*=(+!%)- 0 0!+' .*)%0(.!1$= !(//$= J(.1. E*<!/*- ) .E 4,0 ! +( .E 10,0 Th(IV) ()*>+*'%)- 2.! 

:'/%.!J65!.(0*/!!, %. '. 2.(-0,-'% &(,,(!+/$' )0(4)%0*. ?.! 9%(1 6>' <'.'" 1 <*) 0$+'.>&! .*)%0(.(0 

/*#,;+*'%)- 2.*&%!<')&! 2(,/(' ()*>+'/!' %(.!- 2.! :'/%.!J65!.(0*/!!. ?.! !)2(,8"(0*/!! :'/%.!J65! 

)( )&(.()%8; 0.*B'/!- 8000 1!/
-1

 1(56% ()*>+*%8)- ,!H8 &.62/(+!)2'.)/$' &(,,(!+$ ) .*"1'.(1 #(,'' 30-

40 /1. ?.! %*&(4 /!"&(4 &(/:'/%.*:!! Th(IV) (10
-5

 1(,8/,) ! "* %*&(4 &(.(%&!4 2.(1'>6%(& 0.'1'/! (1 <*)) 



1*,(0'.(-%/( (#.*"(0*/!' <*)%!: &(,,(!+/(5( .*"1'.* 5!+.(&)!+* %(.!-.   2.!)6%)%0!! GPQM 1(>/( 

0$+',!%8 /* J'..(:!*/!+' /!&',- .*+!(/6&,!+$ :'"!-, ()%*0!0 2.! 9%(1 0 .*)%0(.' %(.!4. P,- 9%(5( 0 

&!),$4 .*)%0(., )(+'.>*B!4 %(.!4, GPQM ! 
137

Cs, +(0(+-% +( .E 5-7. I %*&(16 .*)%0(.6 +(#*0,-;% 

J'..(:!*/!+ &*,!- ! =,(.!+ /!&',-. ?(),' (#.*"(0*/!- ()*+&* +,- (%+','/!- %0'.+(4 J*"$ )(.#'/%* (% 

.*)%0(.* !)2(,8"(0*,! 1'%(+ 6,8%.*J!,8%.*:!!.   2.!)6%)%0!! GPQM %(.!4 2.! 6,8%.*J!,8%.*:!! 

2.(=(+!% <'.'" 2(,62.(/!:*'16; 1'1#.*/6. ?.! 9%(1 .*+!(:'"!4 "*+'.>!0*'%)- 2(,62.(/!:*'1(4 

1'1#.*/(4.  

?.! .E 4,0-7,0 ! &(/:'/%.*:!-= %(.!- (IV) 10
-5

 - 10
-2

 1(,8/, 0 (%)6%)%0!! GPQM 0 .*)%0(.' Th(IV) /*=(+!%)- 

2.'!16B')%0'//( 0 /'!(//(1 )()%(-/!!. ?.! &(/:'/%.*:!-= Th(IV) 1'/8H!=, <'1 1
.
10

-5
 1(,8/,, +,- %(.!- 

=*.*&%'./( 2)'0+(&(,,(!+/(' )()%(-/!', &(%(.(' 1(>/( !"1'/!%8 +( !(//(5( 00'+'/!'1 GPQM 0 .*)%0(.. 

?.! "/*<'/!-= .EZ3,5 %(.!4 0 .*)%0(.' /*=(+!%)- 0 1(/(-+'./(1 )()%(-/!!, * 2.! .E[4,5 ! &(/:'/%.*:!-= 

#(,8H' 5
.
10

-5
 1(,8/, /*#,;+*'%)- 0$2*+'/!' ()*+&(0 5!+.(&)!+*. 3+/*&( 2.!)6%)%0!' GPQM 0 .*)%0(.' 

%(.!- 0 &(/:'/%.*:!! .*0/(4 !,! 0$H' &(/:'/%.*:!! %(.!- 2.!0(+!% & (#.*"(0*/!; 0 .*)%0(.' 

1(/(-+'./$=, * 0("1(>/(, ! )1'H*//$= */!(/5!+.(&)(&(12,'&)(0 %(.!-, &(%(.$' /' )2()(#/$ & *+)(.#:!! 

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

)2()(#)%06'% 2.(=(>+'/!; %(.!- <'.'" 2(,62.(/!:*'1$' 1'1#.*/$ 0 ),*#(&!),$= ! /'4%.*,8/$= ).'+*=. 

E* 9%(1 ()/(0*/* %'=/(,(5!- 0$+','/!- .*+!(/6&,!+(0 Th(IV) !" >!+&!= .*+!(*&%!0/$= (%=(+(0. 



 !"#$%%"! 

 .!."#$%&' 
 

()* + 

 
&'!% ($)*+, 

 

-$)*+. 3. ,!,- ( ./01,2 3 4 2 ()* 2 

 

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

 &/0$%12$33" + 4"(')"(+0$%12$33" 1"!+, 5"63" "4!$7$(.18 5$1"7/5+ "41+0$%)"9" + 

!$319$3"%4$)1!/(83"9" /3/(+:/. ;'2%12+1$(83"%18 !$319$3"%4$)1!/(83"9" "4!$7$($3+. 1"!+. 7"%1+9/$1 

0,1%. </7+"=+5+0$%)"$ "4!$7$($3+$ 1"!+. 2 %('0/$ $9" !/23"2$%+. % $9" 4!"7')1/5+ !/%4/7/ 2":5"63" 4" 

3/)"4($3+> 1"!"3/ (
220

Rn). ?%4"(8:'$1%. 1/)6$ !/7+"5$1!+0$%)+, 5$1"7 "4!$7$($3+. 1"!+. 4"  -+:('0$3+> 

4!"7')1"2 !/%4/7/. 

 

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

@ 2"73"5 !/%12"!$ +"3' 1"!+. 4!+%'A/ (+B8 "73/ %1$4$38 2/($313"%1+ (+4); 4"C1"5' $5' 3$ 

%2",%12$33D !$/)*++, %2.:/33D$ % $$ +:5$3$3+$5. @ %2.:+ % 1$5, 01" +"3 1"!+. E$%*2$1$3, +:2$%13" 

"13"%+1$(83" 3$E"(8B"$ 0+%(" =/!/)1$!3D= *2$13D= !$/)*+, 3/ 3$9". ?: !/%12"!"2 3+1!/1/, =("!+7/, 

%'(8#/1/, 4$!=("!/1/, /*$1/1/, E!"5+7/ +(+ +"7+7/ 1"!+, "%/67/$1%. 2 2+7$ 9+7!")%+7 )/) 4!+ 4!.5"5 

7$,%12++ 9+7!")%+(83D= +"3"2, 1/) + 4!+ "E!/:"2/3++ += 3$4"%!$7%12$33" 2 +%%($7'$5"5 !/%12"!$ - 4!+ 

9+7!"(+:$ 1+"%'(8#/1/, /:+7"2, 3+1!+1"2 + 1. 7. 

F/2$($2/. )+%("1/ "%/67/$1 )!+%1/((+0$%)+, 3"!5/(83D, ")%/(/1 1"!+. +: %(/E")+%(D= !/%12"!"2. 

 !+ 7$,%12++ ")%/(/1/ /55"3+. 1/)6$ "E!/:'$1%. ")%/(/1 1"!+., 3" "%/7") !/%12"!.$1%. 2 +:ED1)$ !$/9$31/. 

 !+ 7$,%12++ 4(/2+)"2", )+%("1D +(+ #1"!+7"2 A$("03D= 5$1/(("2 3/ 1"!+, "%/67/$1%. #1"!+7 1"!+.. 

G'(8#/1/5+ A$("03D= 5$1/(("2 1"!+, "%/67/$1%. 2 2+7$ 72",3D= %'(8#/1"2, 4$!$)+%8> 2"7"!"7/ - 2 2+7$ 

4$!")%+7/, !/%12"!+5D5+ +"7/1/5+ - 2 2+7$ +"7/1"2, #$!!"*+/3+7/5+ - 2 2+7$ #$!!"*+/3+7/. H"!+, 

"%/67/$1%. 2 2+7$ "!1"#"%#/1/, 4+!"#"%#/1/ +(+ 9+4"#"%#/1/ 4!+ 7$,%12++ %""12$1%12'>A+= %"($, 

A$("03D= 5$1/(("2. 

G )/!E"3/1/5+ A$("03D= 5$1/(("2 +(+ /55"3+. "E!/:'$1%. "%3"23", )/!E"3/1 1"!+., !/%12"!+5D, 2 

+:ED1)$ '9($)+%("9" /55"3+.. I"(8B+3%12" "!9/3+0$%)+= )+%("1 "%/67/$1 1"!+,. 

?:2$%1$3 !.7 )/0$%12$33D= *2$13D= !$/)*+, 3/ +"3 1"!+. ((&56. 1). J73/)" C1+ !$/)*++ 3$ 2%$97/ 

%4$*+#+03D, 1/) )/) <KL + *+!)"3+, !$/9+!'>1 /3/("9+03". 

(&56. 1. <$/9$31D 3/ +"3 1"!+.. 

 
*</%12"! %"(+ 1"!+. 3/3"%.1 3/ E'5/9', 4!"4+1/33'> /(+:/!+3"5; 7$,%12+$ 4/!"2 /55+/)/ 2D:D2/$1 "E!/:"2/3+$ #+"($1"2"9" 

")!/B+2/3+.. 

J)!/B$33D$ %"$7+3$3+. 1"!+, "E!/:'$1 % 1+"-7+#$3+()/!E/:+7"5, !-%$5+)/!E/:"3"5 +:/1+3/, 5'!$)%+7"5 

+ 3$)"1"!D5+ /()/("+7/5+. 



@ /3/(+1+0$%)", 4!/)1+)$ 7(. )/0$%12$33"9" "E3/!'6$3+. 1"!+. 4!$74"01$3+$ "17/$1%. 5$1"7/5 % 

"E!/:"2/3+$5 ")!/B$33D= %"$7+3$3+,. H/), +"3 1"!+. % "!9/3+0$%)+5 !$/9$31"5 – 3/1!+$2", %"(8>-

7+#$3+(/5+3-4-%'(8#")+%("1D – "E!/:'$1 )!/%3"-#+"($1"2D, "%/7"): 

" # $$ $%&$ 4NaNSOHCThNSNaOH4CTh
43101231012

4

            (1) 

 !+ "4!$7$($3++ 1"!+. % +%4"(8:"2/3+$5 7+#$3+(/5+3-4-%'(8#")+%("1D 3/1!+$2", %"(+ 

5$B/>A+5+ 4!+5$%.5+ .2(.>1%. %)/37+,, 1+1/3, *+!)"3+,, 5"(+E7$3 + 7!., / 1/)6$ %"(+ 6$($:/, 

"E!/:'>A+$ % !$/)1+2"5 )"!+03$2'> ")!/%)'. M(. "17$($3+. 1"!+. "1 ')/:/33D= C($5$31"2 4!+5$3.>1%. 2 

"%3"23"5 72$ !$/)*++ – "%/67$3+$ 2 )+%(D= %!$7/= #1"!+7/ +(+ ")%/(/1/ 1"!+.. J%/67$3+$ 1"!+. 2 2+7$ 

#1"!+7/ 7/$1 E"($$ 3/7$63D$ !$:'(81/1D 4!+ "17$($3++ $9" "1 E"(8B+= )"(+0$%12 6$($:/, /(>5+3+., 

*+!)"3+. + '!/3/. N/+E"($$ 4"(3" #1"!+7 1"!+. "%/67/$1%. 4!+ 22$7$3++ #1"!+%1"9" /55"3+., "%"E$33" 2 

4!+%'1%12++ 5+3$!/(83D= )+%("1. 

@ )/0$%12$ +((>%1!/*++ 4!+2$7O5 "73' +: 5$1"7+). 

N/2$%)' !'7D 2 )"(+0$%12$ (20–40) 59 4"5$A/>1 2 1+9$(8, 7"E/2(.>1 6 )/4$(8 )"3*$31!+!"2/33", 

%$!3", )+%("1D, 3/9!$2/>1 7" '7/($3+. 4"%($73$,, %3"2/ 7"E/2(.>1 + %3"2/ 3/9!$2/>1. N/9!$2/3+$ 2$7$1%. 

7" 1$= 4"!, 4")/ 4!"E/ !'7D 2 1+9($ 3$ "%1/3$1%. 2 2+7$ 9'%1", 5/%%D, %5"0$33", %$!3", )+%("1",. H+9$(8 

"=(/67/>1, 5/%%' 2DA$(/0+2/>1 2"7",, 2:.1", 2 )"(+0$%12$ (20–30) )/4$(8 (1–1,5 5() + 4$!$3"%.1 % "%/7)"5 

2 #/!#"!"2'> 0/B$0)'. H'7/ 6$ 7"E/2(.>1 "73' )/4(> )"3*$31!+!"2/33", %"(.3", )+%("1D, 3/9!$2/>1 7" 

)+4$3+. + "=(/67/>1. J=(/67$33D, !/%12"! % "%/7)"5 "1#+(81!"2D2/>1 2 *$31!+#'9$. J%/7") 4!"5D2/>1 

10 )/4(.5+ 2"7D + %3"2/ "1#+(81!"2D2/>1 3/ *$31!+#'9$. P+(81!/1D "EQ$7+3.>1, 7"E/2(.>1 3$%)"(8)" 

)!'4+3") #1"!+7/ /55"3+. + 1A/1$(83" 4$!$5$B+2/>1. JE!/:'>A+,%. "%/7") #1"!+7/ 1"!+. "17$(.>1 "1 

5/1"03+)/ 3/ *$31!+#'9$, 4!"5D2/>1 (10 – 20) )/4(.5+ 2"7D, 23"28 #+(81!'>1 3/ *$31!+#'9$. R/1"03+) 

%(+2/>1, "%/7") "E!/E/1D2/>1 40%-3", A$("08>, + 4!+ 4$!$5$B+2/3++ %1$)(.33", 4/("0)", 4$!$3"%.1 2 

#/!#"!"2'> 0/B$0)'. ;/B$0)' 4"5$A/>1 3/ C($)1!"4(+1)' + 3/9!$2/>1 (2 – 3) 5+3'1D. K/1$5 "%/7") 

#+(81!'>1 3/ *$31!+#'9$, #+(81!/1 %(+2/>1, "%/7") 4!"5D2/>1 (10 – 20) )/4(.5+ 2"7D + "1#+(81!"2D2/>1 

3/ *$31!+#'9$.  "%($ '7/($3+. #+(81!/1/ "%/7") 4$!$3"%.1 2 #/!#"!"2'> 0/B$0)' + "E!/E/1D2/>1 1!$5. 

)/4(.5+ %"(.3", )+%("1D + 2D4/!+2/>1 7"%'=/.  "%($ "=(/67$3+. "%/7") 2 0/B$0)$ %5/0+2/>1 1!$5. 

)/4(.5+ 2"7D, "73", )/4($, 3/%DA$33"9" !/%12"!/ ')%'%3", )+%("1D, ) !/%12"!' 7"E/2(.>1 72$ )/4(+ 

!/%12"!/ 3/1!+$2", %"(+ /(+:/!+3%'(8#")+%("1D.  ".2($3+$ "%/7)/ #+"($1"2"-)!/%3", ")!/%)+ ')/:D2/$1 

3/ 4!+%'1%12+$ 1"!+.. 

 

1.2 /#%-0( -1)#0#2#',. %-),. 

J4!$7$($3+$ 1"!+., %/5" 4" %$E$ 3$ 4!$7%1/2(.>A$$ :3/0+1$(83D= 1!'73"%1$,, %1/3"2+1%. 

7(+1$(83D5 + %("63D5 2 4!+%'1%12++ %"4'1%12'>A+= C($5$31"2. I"(8B+3%12" 4!$7("6$33D= 5$1"7"2 

%2.:/3" % 4!$72/!+1$(83D5 "17$($3+$5 4!+5$%$,, + (+B8 3$53"9+$ +: 3+= 5"9'1 4!+5$3.18%. 

3$4"%!$7%12$33". 

 !+ /3/(+:$ 1"!+$2D= !'7, 5"3/*+1 %4(/2(.>1 % 4$!$)+%8> 3/1!+. + 4(/2 !/%12"!.>1 2 2"7$. H"!+, + 

(/31/3 "%/67/>1 2 2+7$ ")%/(/1"2. K/1$5 ")%/(/1D 4$!$2"7.1 2 3+1!/1D 3/9!$2/3+$5 % /:"13", )+%("1",. 

@ :/2+%+5"%1+ "1 4"%1/2($33", :/7/0+ 4!+ "4!$7$($3++ 1"!+. +%4"(8:'>1 2$%"2D$, "EQ$53D$, 

)"("!+5$1!+0$%)+$ + 7!'9+$ 5$1"7D. ;/A$ 2%$9" !$)"5$37'>1 2$%"2D$ 5$1"7D, "%"E$33" $%(+ 3'63/ 

E"(8B/. 1"03"%18 + 0+%(" /3/(+:+!'$5D= "E!/:*"2 3$2$(+)". G1/37/!13D5 5$1"7"5 %('6+1, 4!+ '%("2++ 

4!$72/!+1$(83"9" "17$($3+. %""%/67/>A+=%. C($5$31"2, "%/67$3+$ 1"!+. /55+/)"5 +(+ A/2$($2", 

)+%("1", % 4"%($7'>A+5 4!")/(+2/3+$5 7" ")%+7/. J%/67$3+$ 1"!+. 2 2+7$ #1"!+7/ 3$ !/%%5/1!+2/>1 )/) 

5$1"7 $9" "4!$7$($3+., / +%4"(8:'>1 7(. "17$($3+. "1 Zr, Hi, Nb, H/ + W. 

J17$($3+$ 1"!+. "1 E"(8B+3%12/ C($5$31"2, )!"5$ Y, Sr + (/31/3+7"2, 4!"+:2"7+1%. 2 2+7$ ")%/(/1/. 

S+!")" !/%4!"%1!/3$3" "%/67$3+$ 1"!+. +"7/1"5 )/(+.; 4!+ C1"5, "73/)", %""%/67/>1%. Sc, Ti + Zr, / 1/)6$ 

4-2/($313D$ Ce + U.  !+ 4!$72/!+1$(83"5 22$7$3++ 4$!$)+%+ 2"7"!"7/ G$ 2"%%1/3/2(+2/$1%. 7" 

1!O=2/($313"9", / '!/3 ")+%(.$1%. 7" B$%1+2/($313"9", 01" 4!$7"12!/A/$1 += "%/67$3+$. M(. "17$($3+. 

1"!+. 1/)6$ 4!+5$3.$1%. !.7 "!9/3+0$%)+= !$/9$31"2 – %$E/*+3"2/., #$3+(/!%"3"2/., +   – 3+1!"E$3:",3D$ 

)+%("1D. M(. "17$($3+. 1"!+. "1 !$7)+= :$5$(8 +%4"(8:'>1%. 1/)6$ 5$1"7D C)%1!/)*++ 1!+E'1+(#"%#/1"5 

+: /:"13")+%(D= !/%12"!"2 + +"33"9" "E5$3/. 

@ 4!+%'1%12++ <KL 3/+('0B+5+, 2 %5D%($ 4"(3"1D !/:7$($3+., 1"03"%1+ + :/1!/1D 2!$5$3+, 

.2(.>1%. 5$1"7D, 4":2"(.>A+$ 4!"2"7+18 !$/)*+> 2 )+%(D= !/%12"!/=, 2 0/%13"%1+ 2D7$($3+$ +"7/1/ 1"!+. 



% 4"%($7'>A+5 "%/67$3+$5 1"!+. 2 2+7$ ")%/(/1/. ?%4"(8:"2/3+$ "!9/3+0$%)+= )+%("1 7(. %$($)1+23"9" 

"%/67$3+. 1"!+. 1/)6$ 3/="7+1 4!+5$3$3+$. 

 !+ 2$%"2"5 "4!$7$($3++ 1"!+. 0/A$ 2%$9" +%4"(8:'$1%. "%/67$3+$ A/2$($2", )+%("1", % 

4!")/(+2/3+$5 ")%/(/1/ 7" 7+")%+7/ 1"!+. +(+ 6$ "%/67$3+$ + 3$4"%!$7%12$33"$ 2:2$B+2/3+$ 72",3"9" 

+"7/1/ )/(+. + 1"!+.. @ "EQO53D= 5$1"7/= 4!+5$3.>1 )"54($)%"5$1!+0$%)"$ 1+1!"2/3+$ 2 4!+%'1%12++ 

!.7/ +37+)/1"!"2. JEQ$53D$ 5$1"7D, "E$%4$0+2/>A+$ ED%1!"1' + '7"E%12" !/E"1D, 4!+5$3.>1%. 7(. 

5/%%"2D= /3/(+:"2, )"97/ 3$ 1!$E'$1%. %(+B)"5 E"(8B/. 1"03"%18. L1+ 5$1"7D, 4!$+5'A$%12$33" 

)"%2$33D$, "%3"2/3D 3/ "%/67$3++ 1"!+. 2 2+7$ 1!'73"!/%12"!+5D= %"$7+3$3+, 4"%1".33"9" %"%1/2/ 

(")%/(/1/, +"7/1/, 5"(+E7/1/ + 1. 7.) + "4!$7$($3++ $9" 4" %2.:/33"5' % 3+5 /3+"3', (+E" 4" +:ED1)' 

"%/7+1$(.. ?: 3+= 3/+E"($$ 1"03D$ - +"7/13D, + 5"(+E7/13D, 5$1"7D.  !.5"$ + )"%2$33"$ 1+1!"2/3+$ 

1"!+. 1!+("3"5 I 4"%($ "17$($3+. "1 4!+5$%$, C)%1!/)*+$, ")%+7"5 5$:+1+(/ %1/(" 4!+:3/33D5 

/3/(+1+0$%)+5 5$1"7"5. M(. )"%2$33"9" "EQ$53"9" "4!$7$($3+. 1"!+. !$)"5$37'>1 1/)6$ /31!/3+("2'> + 

/5+3"%/(+*+("2'> )+%("1D, "E(/7/>A+$ %$($)1+23"%18> 4" "13"B$3+> ) 3$5'. 

H"!+, 5"6$1 ED18 "%/67O3 +"7/1"5 )/(+. 2 2+7$ 4Th(IO3)4'KIO3'18H2O 4"%($ 0$9" "%/7") !/%12"!.>1 

2 %$!3", )+%("1$ + 2D7$(.>A+,%. +"7 "11+1!"2D2/>1 !/%12"!"5 1+"%'(8#/1/ +(+ !/%12"!.>1 2 !/%12"!$ 

)"54($)%"3/ III, +:ED1") )"1"!"9" "11+1!"2D2/>1 %'(8#/1"5 5$7+ 2 4!+%'1%12++ 1-(2 4+!/7+(/:")-2-

3/#1"(/. G 4"5"A8> )"54($)%"3/ III 5"63" 2$%1+ + 4!.5"$ 1+1!"2/3+. 1"!+. 4!+ !N=1,8, )"97/ 7!'9+$ 

C($5$31D 3$ 1+1!'>1%.. &2$!1+*+3 (3,5,7,3,4 – 4$31/")%+#(/2"3) % +"3/5+ 1"!+. 2 %4+!1"2"-2"73", %!$7$ 

"E!/:'$1 %"$7+3$3+$ 6O(1"9" *2$1/, )"1"!"$ +%4"(8:'>1 7(. #"1"5$1!+0$%)"9" "4!$7$($3+.. 

P"1"5$1!+0$%)"$ "4!$7$($3+$ 1"!+. 5"63" 4!"2"7+18 % /!%$3/:" I, /!%$3/:" II + /!%$3/:" III, +(+ 1-(2-

4+!/7+(/:")-!$:"!*+3/ 4" +:5$3$3+> "41+0$%)", 4("13"%1+ !/%12"!/. 

M(. "4!$7$($3+. "0$38 5/(D= )"(+0$%12 1"!+. (7" 1  !) +%4"(8:'>1 )"("!+5$1!+0$%)+$ 

(%4$)1!"#"1"5$1!+0$%)+$) 5$1"7D. @ "%3"2' )"("!+5$1!+0$%)+= 5$1"7"2 4"("6$3D !$/)*++ "E!/:"2/3+. 

")!/B$33D= %"$7+3$3+, 1"!+. % "!9/3+0$%)+5+ !$/9$31/5+, 0/A$ 2%$9" % 1"!"3"5 ()!/%3"-#+"($1"2"9" 

*2$1/) + /!%$3/:" III (%+3$-:$(O3"9" *2$1/). H/)+= 5$1"7"2 +:2$%13" 3$53"9" 2%($7%12+$ 3$7"%1/1"03", += 

0'2%12+1$(83"%1+ + +:E+!/1$(83"%1+ !$/9$31"2. ;/A$ 2%$9" 7(. C1", *$(+ +%4"(8:'>1 1"!"3 +(+ /!%"3"2'> 

)+%("1'. @ 3$)"1"!D= %('0/.= 4!+5$3.>1 1/)6$ 3$#$("5$1!+0$%)"$ "4!$7$($3+$ 1"!+. 2 2+7$ +"7/1/.  

</7+"5$1!+0$%)+$ 5$1"7D 4!+9"73D 7(. /3/(+:/ "E!/:*"2, %"7$!6/A+= 1"!+,, (+B8 4!+ '%("2++ 

'%1/3"2($3+. !/7+"/)1+23"9" !/23"2$%+.. J4!$7$($3+$ 1"!+. :/1!'73.$1%. 2 4!+%'1%12++ '!/3/. 

T3/(+1+0$%)"$ "4!$7$($3+$ 1"!+. 5"6$1 4!"2"7+18%. 1/)6$ C5/3/*+"33D5 5$1"7"5 4" 1"!"3'.  !+ C1"5 

0$!$: !/%12"! +%%($7'$5"9" 4!$4/!/1/ 4!"7'2/>1 3$4!$!D23'> %1!'> 2":7'=/, '2($)/>A$9" C5/3/*+> 

1"!+. (
220

Rn) 2 C5/3/*+"33'> )/5$!', 2 )"1"!", +:5$!.$1%. !/7+"/)1+23"%18 9/:/ + %!/23+2/$1%. % 

!/7+"/)1+23"%18> 9/:/, 2D7$(.>A$9"%. 2 1$= 6$ '%("2+.= +: C1/("33"9" !/%12"!/ % +:2$%13D5 %"7$!6/3+$5 

1"!+., 3/="7.A$9"%. 2 !/23"2$%++ % 4!"7')1/5+ !/%4/7/. 

 

1.3 3#$-&(# 4#%-0( 

@$%"2/. #"!5/, 0/A$ 2%$9" 4!+5$3.>A/.%. 7(. 2$%"2"9" "4!$7$($3+. 1"!+., - $9" 72'")+%8, HhJ2, 3$ 

9+9!"%)"4+03/. 4"%($ 4!")/(+2/3+. 4!+ 1$54$!/1'!/= 2DB$ 950-1000°. I$3:"(%'(8#+3/1, Th(C6H5SO2)4, 

")%+=+3"(+3/1, Th(C9H6NO)4•C9H6NOH, 4+!"#"%#/1, ThP2O7, 1/)6$ .2(.>1%. 2$%"2D5+ #"!5/5+. J73/)" 

72$ 4"%($73+$ 3$ 2%$97/ 5"63" +%4"(8:"2/18 2%($7%12+$ 3$4"%1".3%12/ %"%1/2/ "%/7)"2. JED03" 7" ")%+7/ 

4!")/(+2/>1 9+7!"")%+7, 4$!")%+7, 3+1!/1, =("!+7, 4$!=("!/1 + ")%/(/1 1"!+.. M(. 4$!$2"7/ 2 ")%+7 

%'(8#/1/, 4$!")%+%'(8#/1/ + 3$)"1"!D= 7!'9+= %"$7+3$3+, 1"!+., %"7$!6/A+= %$!', 3$"E="7+5/ 2D%")/. 

1$54$!/1'!/ (1200°). m-N+1!"E$3:"/1, 4+)!"("3/1, %$E/*/1 + 53"9+$ 7!'9+$ %"(+ "!9/3+0$%)+= )+%("1, / 

1/)6$ ")%+=+3"(+3/1 + )'4#$!!"3/1 1"!+. 4!+ 4!")/(+2/3++ )"(+0$%12$33" 4$!$="7.1 2 ")c+7. J73/)" 2 

C1"5 %('0/$ 2 )/0$%12$ 5$!D 4!$7"%1"!"63"%1+ %($7'$1 4!"E' %2$!=' 4")!D2/18 %("$5 A/2$($2", )+%("1D 

7(. 4!$7"12!/A$3+. 2":5"63"9" !/:E!D:9+2/3+.. N/4!"1+2, 3$)"1"!D$ 7!'9+$ "!9/3+0$%)+$ 4!"+:2"73D$ 

1"!+., )/), 3/4!+5$!, /*$1+(/*$1"3/1, 4!")/(+2/18 3$ !$)"5$37'$1%. +:-:/ += 0/%1+03", ($1'0$%1+. 

G+(83" 4!")/(O33D, ")%+7 1"!+. 0!$:2D0/,3" 1!'73" !/%12"!+5 4!+ 3/9!$2/3++ % 

)"3*$31!+!"2/33", %$!3", )+%("1", + 3$ !/%12"!.$1%. 7/6$ 4"%($ %4(/2($3+. % E+%'(8#/1"5 )/(+.. M(. 

!/%12"!$3+. ")%+7/ 1"!+. +%4"(8:'>1 /:"13'> )+%("1', %"7$!6/A'> 3$E"(8B"$ )"(+0$%12" (0,01-0,05") 

4(/2+)"2", )+%("1D +(+ #1"!"%+(+)/1/ 3/1!+..  !+ %4(/2($3++ % )/!E"3/1/5+ A$("03D= 5$1/(("2 HhO2 3$ 

!/:(/9/$1%..  !+ 7$,%12++ 9"!.0$, 4(/2+)"2", )+%("1D +(+ 9/:""E!/:3"9" #1"!+%1"9" 2"7"!"7/ 4!+ 250-

700° ThJ2 4$!$="7+1 2" #1"!+7 - ThF4. </%12"!+5"%18 ")+%+ 1"!+. 2 2"7$ 4!+ 25° 5$3$$, 0$5 0,00002 ! HhO2 2 

1 ( 2"7D (7-10
-8

 "/(). 

J%/67$3+$ 1"!+. 2 2+7$ 9+7!"")+%+7/ Th(OH)4 4!"+%="7+1 )"(+0$%12$33" 4!+ 7"E/2($3++ $7)+= 

A$("0$, +(+ /55+/)/; ")%+7"2 3$)"1"!D= 5$1/(("2; /:+7/ )/(+.; 3+1!+1/ 3/1!+.; 1+"%'(8#/1/ 3/1!+.; 



%(/ED= "!9/3+0$%)+= "%3"2/3+,, 1/)+= )/) /3+(+3, 4+!+7+3, =+3"(+3, #$3+(9+7!/:+3, )%+(+7+3, 

9$)%/5$1+($31$1!/5+3.  !+ C($)1!"(+:$ 3+1!/1/ 1"!+. ' /3"7/ 2D7$(.$1%. "%/7") 9+7!")%+7/ 1"!+.. 

JE!/:'>A+,%. /5"!#3D, "%/7"), 3$ !/%12"!+5D, 2 +:ED1)$ !$/9$31/, %"7$!6+1 3$)"1"!"$ )"(+0$%12" 

"%3"23", %"(+ 1"!+. 2%($7%12+$ :/=2/1/ /3+"3"2. G"%1/2 3/+E"($$ =/!/)1$!3D= "%/7)"2 4!+E(+6/$1%. ) 

%($7'>A+5 #"!5'(/5: Hh(JN)3.24(NJ3)0,76, Th(OH)3,58Cl0,46 + Hh(OH)3,3l(SO4)0,35.  "C1"5' 7(. 4"('0$3+. 

1"03D= !$:'(81/1"2 4!+ "4!$7$($3++ 1"!+. 2 2+7$ 9+7!"")%+7/ ('0B$ 2%$9" +%="7+18 +: 3+1!/1/ +(+ 

=("!+7/, 4$!$="7 )"1"!D= 2 ")+%8 4!"+%="7+1 ($9)". &!"5$ 1"9", 7(. "%/67$3+. 9+7!"")%+7/ 1"!+. ('0B$ 

+%4"(8:"2/18 /55+/), 3$ %"7$!6/A+, GJ2, / 3$ 1!'73"'7/(.$5D$ $7)+$ A$("0+. !N 3/0/(/ "%/67$3+. 

9+7!")%+7/ 1"!+. 4"01+ 3$ :/2+%+1 "1 )"3*$31!/*++ !/%12"!/ %"(+ 1"!+. + =/!/)1$!/ /3+"3/.  "(3"1/ 

"%/67$3+. 9+7!")%+7/ 1"!+. :/2+%+1 "1 )"(+0$%12/ "%/7+1$(. + 7"%1+9/$1%. 4!+ 7"E/2($3++ 3,5 C)2+2/($31"2 

$9".  !+ "%/67$3++ Th(OH)4 /55+/)"5 +(+ A$("08> 2 !/%12"!$ 7"(63D "1%'1%12"2/18 !$/9$31D, 

"E!/:'>A+$ % 1"!+$5 )"54($)%3D$ %"$7+3$3+., )/), 3/4!+5$!, )/!E"3/1D, *+1!/1D + 7!. @(+.3+$ 

3$C($)1!"(+1"2 3/ 2D7$($3+$ 9+7!"")+%+ 1"!+. +: !/%12"!/ 3+1!/1/ $7)+5 3/1!"5 4"01+ 2%$97/ 2":!/%1/$1 % 

'2$(+0$3+$5 2 %"%1/2$ += 5"($)'(D 0+%(/ 9+7!")%+(83D= 9!'44 + 4"3+6/$1%. % '2$(+0$3+$5 )"(+0$%12/ 

NaOH 2 !.7': #!')1":/>1!"%13+)"2D, %/=/!>(/)1":/>5/(81":/> 9(>)":/> 5/33+1> 9(+*$!+3>9(+)"(8. 

 !+ "%/67$3++ 3+1!/1/ 1"!+. +:ED1)"5 A$("0+ 2 4!+%'1%12++ 3$C($)1!"(+1/ 4"('0/$1%. 4!":!/03D, 

)"(("+73D, !/%12"! "1!+*/1$(83" :/!.6$33", 9+7!"")+%+ 1"!+., %1/E+(83D, 2 1$0$3+$ 3$%)"(8)+= 73$,. 

MgCl2 + NaCl %4"%"E%12'>1 )"/9'(.*++ 9+7!"")+%+ 1"!+., 4!+0$5 E"($$ :/5$13"$ 7$,%12+$ ")/:D2/$1 

=("!+7 5/93+.. J%/7") 9+7!"")%+7/ 1"!+. ED%1!" !/%12"!.$1%. 2 )+%("1/=. J73/)" 4"%($ "13"%+1$(83" 

4!"7"(6+1$(83"9" 2D7$!6+2/3+. 3/ 2":7'=$ +(+ 2D%'B+2/3+. !/%12"!$3+$ 4!"+%="7+1 :3/0+1$(83" 

5$7($33$$, +:-:/ 4!$2!/A$3+. 9+7!"")%+7/ 2 9+7!/1+!"2/33D, ")%+7.  

H+"%'(8#/1 3/1!+. "%/67/$1 9+7!"")+%8 1"!+. +: 3$,1!/(83D= +(+ %(/E")+%(D= !/%12"!"2. R$1"7+)/ 

:/)(>0/$1%. 2 5$7($33"5 7"E/2($3++ !/%12"!/ 1+"%'(8#/1/ 3/1!+. ) )+4.A$5' +%%($7'$5"5' !/%12"!' % 

4"%($7'>A+5 !/%12"!$3+$5 "%/67$33"9" 9+7!"")%+7/ 1"!+. 2 %"(.3", )+%("1$ 7(. "17$($3+. $9" "1 %$!D. 

J)"30/1$(83" 1"!+, "%/67/>1 2 2+7$ ")%/(/1/.  "%($ 4$!2"9" "%/67$3+. "%/7") 0/%1+03" :/9!.:3$3 <KL, 

"%"E$33" $%(+ "13"B$3+$ += ) 1"!+> 2$(+)". @ 1/)+= %('0/.= 3$"E="7+5" 4!"+:2"7+18 1!+ +(+ 7/6$ 0$1D!$ 

4$!$"%/67$3+.. J4!$7$($3+> 1"!+. 1+"%'(8#/1"5 3/1!+. 5$B/>1 Al, Sc, Ti + Zr, 0/%1+03" - '!/3. 

M(. "%/67$3+. Th(OH)4 +%4"(8:'>1 /3+(+3, 4+!+7+3, =+3"(+3, "!9/3+0$%)+$ /5+3D, #$3+(9+7!/:+3, 

9$)%/5$1+($31$1!/5+3 + 7!. J73/)" 3/+E"($$ 3/7$63D$ !$:'(81/1D 4"('0$3D % 4+!+7+3"5 + 

9$)%/5$1+($31$1!/5+3"5. I'7'0+ %(/ED5 "!9/3+0$%)+5 "%3"2/3+$5, 4+!+7+3 %":7/$1 %!$7' %" :3/0$3+$5 

!N, E(+:)+5 ) 6,2-6,5. + "%/67/$1 )"(+0$%12$33" 9+7!")%+7 1"!+. +: !/%12"!/ $9" =("!+7/ 4" !$/)*++: 

ThCl4 + 4 C5H5N + 4 N2J( 4 C5H5N-NG1 + Th(JN)4.           (2) 

?:ED1") 4+!+7+3/ %3+6/$1 7+%%"*+/*+> "E!/:'>A$,%. 4!+ !$/)*++ %"(+ 4+!+7+3/ + %4"%"E%12'$1 

'%1",0+2"%1+ !N !/%12"!/. 

@D7$($3+$ Th(OH)4 4+!+7+3"5 3/ ="("7' 4!+2"7+1 ) "E!/:"2/3+> "EQ$5+%1"9" /5"!#3"9" "%/7)/; 

3/4!"1+2, 4!+ 3/9!$2/3++ "%/7)+ 4"('0/>1%. 4("13D$ + ($9)" #+(81!'$5D$. U("!+7 +(+ 3+1!/1 /55"3+. 

'%)"!.>1 )"/9'(.*+> + %4"%"E%12'>1 "E!/:"2/3+> E"($$ 4("13D= "%/7)"2 9+7!"")+%+ 1"!+.. @ 4!+%'1%12++ 

%'(8#/1/ /55"3+. "%/67$3+$ 9+7!"")+%+ 1"!+. (+E" 3$4"(3"$, (+E" 3$ 4!"+%="7+1 %"2%$5, 01" %2.:/3" % 

"E!/:"2/3+$5 7"2"(83" 4!"03D= )"54($)%3D= %"$7+3$3+, 1+4/ (NH4)4 [Th(SJ4)4] + (NH4)8 [Th(SJ4)6]. 

@(+.3+$ %'(8#/1-+"3"2 5"6$1 ED18 '5$38B$3" 22$7$3+$5 )/)",-(+E" ="!"B" 7+%%"*++!'>A$, 

/55"3+,3", %"(+, 3/4!+5$! NH4C1, 4"3+6/>A$, 7+%%"*+/*+> (NH4)2SO4. J4!$7$($3+$ 1"!+. 5"63" 

4!"+:2"7+18 2 4!+%'1%12++ 53"9+= C($5$31"2 Gu, Cd, Mn, Zn, G", Ni + 7!'9+=, "E!/:'>A+= 4!+ !N 6,2-6,5 

'%1",0+2D$ !/%12"!+5D$ )"54($)%D % 4+!+7+3"5. 

N/!.7' % 4+!+7+3"5 7(. "4!$7$($3+. 1"!+. 4!+5$3.>1 9$)%/5$1+($31$1!/5+3. T3+(+3 

)"(+0$%12$33" "%/67/$1 9+7!"")%+7 1"!+. +: 9"!.0+= %(/E")+%(D= !/:E/2($33D= !/%12"!"2 $9" =("!+7/ +(+ 

3+1!/1/.  !+ "%/67$3++ +: %$!3")+%(D= !/%12"!"2 4"2DB/$1%. !/%="7 /3+(+3/ + '2$(+0+2/$1%. 

4!"7"(6+1$(83"%18 /3/(+:/ 2 %2.:+ % 3$"E="7+5"%18> '7/($3+. +:ED1)/ %$!3", )+%("1D. T3+(+3 7"E/2(.>1 

7" 4".2($3+. "10$1(+2", 5'1+, 4"%($ 0$9" 4!"+%="7+1 2D7$($3+$ 9+7!"")+%+ 1"!+.. V+7)"%18 % "%/7)"5 

$A$ !/: !/:E/2(.>1 1$4(", 2"7", + "%1/2(.>1 2 4!"=(/73"5 5$%1$ 3/ 4!"7"(6+1$(83"$ 2!$5. 7(. "%/67$3+. 

"%/7)/.  "%($73+, 4!"5D2/>1 7$)/31/*+$, 1$4(", 2"7",. @ )"3*$ 4!"5D2/3+. +3"97/ 4!"+%="7+1 

4%$27"!/%12"!$3+$, 0$9" 5"63" +:E$6/18, 4!+E/2(.. 3$%)"(8)" )/4$(8 /3+(+3/ ) 2"7$.  !"5D1D, "%/7") 

4"7%'B+2/>1, 4!")/(+2/>1 + 2:2$B+2/>1 2 2+7$ ThJ2. J4!$7$($3+> 5$B/>1 Ti, Zr, Ce
IV

, Fe
I!I

, Al + Cr
III

, 

1/)6$ "%/67/>A+$%. /3+(+3"5. 

@ :/2+%+5"%1+ "1 '%("2+, 4"('0/$1%. 72/ !/:(+03D= 1+4/ 4$!$)+%+ 1"!+..  !+ "%/67$3++ +: 1 N (+ 

2DB$) %$!3")+%("9" !/%12"!/ "E!/:'$1%. 12$!7"$ 2$A$%12", %"7$!6/A$$ 72/ /1"5/ 4$!$)+%3"9" )+%("!"7/ 3/ 

"7+3 /1"5 1"!+. %"%1/2/ Th(OO)SJ4•3N2J (4$!")%+%'(8#/1 1"!+.). ?: !/:E/2($33D= !/%12"!"2 4"('0/$1%. 



4("=" )!+%1/((+:'>A$$%. 12$!7"$ 2$A$%12". &"3*$31!+!"2/33D$ 5+3$!/(83D$ )+%("1D !/:(/9/>1 4$!$)+%8 

1"!+. % 2D7$($3+$5 )+%("!"7/ + "E!/:"2/3+$5 %""12$1%12'>A$, %"(+ 1"!+..  !+ 7$,%12++ 

)"3*$31!+!"2/33", %$!3", )+%("1D 3/ 4$!$)+%8 1"!+. 2D7$(.$1%. ":"3. N/9!$2/3+$ 4$!$)+%+ 1"!+. 7" 100-

105° 2$7$1 ) 4"1$!$ 0/%1+ /)1+23"9" )+%("!"7/.  !+ 4!")/(+2/3++ 4$!$)+%8 1"!+. 4$!$="7+1 2 7+")%+7.  !+ 

)+4.0$3++ !/%12"!/ 3+1!/1/ 1"!+. % 4$!$)+%8> 2"7"!"7/ 2 4!+%'1%12++ 5"0$2+3D 2D7$(.$1%. 4$!$)+%8 

1"!+. %"%1/2/ Th(OH)3OOH. @ 2"7$ "3/ 3$ !/%12"!.$1%. + !/:(/9/$1%. 4!+ 120°. J%/67$3+$ 1"!+. 4$!$)+%8> 

2"7"!"7/ 4!"2"7.1 4!+ 60-80° 2 3$,1!/(83"5 +(+ %(/E")+%("5 !/%12"!$ HNJ3 2 4!+%'1%12++ =("!+7/ +(+ 

3+1!/1/ /55"3+.. JE!/:'>A+,%. !D=(D, "%/7") "%/67/$1%., #+(81!'$1%. + 4!"5D2/$1%. )+%("1",. J%/7)+ 

4$!$)+%+ 1"!+. %($7'$1 #+(81!"2/18 ED%1!", $A$ 9"!.0+5+; 2 4!"1+23"5 %('0/$ 4!+ 7(+1$(83"5 %1".3++ 

25$%1$ % 1"!+$5 %""%/67/$1%. *$!+,.  !+ "%/67$3++ 4$!$)+%+ 1"!+. %($7'$1 +:E$9/18 %$!3")+%(D= 

!/%12"!"2, 1/) )/) 3$:3/0+1$(83D$ )"(+0$%12/ Ce2(SJ4)3 ")+%(.>1%. 4$!$)+%8> 2"7"!"7/ 7" 

1!'73"!/%12"!+5D= %'(8#/1"2 0$1D!$=2/($313"9" *$!+., "%/67/>A$9"%. 25$%1$ % 1"!+$5.  $!")%+73D, 

5$1"7 7/$1 ="!"B+$ !$:'(81/1D 4!+ 3$:3/0+1$(83"5 %"7$!6/3++ *$!+.. @ 4!+%'1%12++ E"(8B"9" $9" +:ED1)/ 

4".2(.$1%. 3$"E="7+5"%18 3-4-)!/13"9" 4$!$"%/67$3+.. R$1"7 4!+9"7$3 7(. )"(+0$%12$33"9" "4!$7$($3+. 

1"!+. 2 4!+%'1%12++ 7!'9+= <KL, / 1/)6$ A$("03D= 5$1/(("2, E"!/, E$!+((+. + 5DB8.)/.  !+ "4!$7$($3++ 

5/(D= )"(+0$%12 1"!+. 2 4!+%'1%12++ E"(8B+= )"(+0$%12 '!/3/ 4"('0/>1%. :/3+6$33D$ !$:'(81/1D. 

W+!)"3+, 4!$72/!+1$(83" "17$(.>1, 2 4!"1+23"5 %('0/$ 4"(3"1/ "%/67$3+. 1"!+. 3$ 7"%1+9/$1%.; 1+1/3 3$ 

5$B/$1. 

J%/67$3+$ 1"!+. 2 2+7$ ")%/(/1/ .2(.$1%. B+!")" !/%4!"%1!/3$33D5 5$1"7"5; "3" 4!"+:2"7+1%. 2 

)+%("5 !/%12"!$, 01" 4":2"(.$1 "17$(+18 1"!+, "1 3$)"1"!D= 7!'9+= C($5$31"2. @ )/0$%12$ "%/7+1$(. 2 

7/33"5 %('0/$ 0/A$ 2%$9" 4"(8:'>1%. 3/%DA$33D5 !/%12"!"5 A/2$($2", )+%("1D. J)%/(/1 /55"3+. 7(. 

"%/67$3+. 1"!+. 3$ !$)"5$37'$1%., 1/) )/) 4"%($73+, "E!/:'$1 !/%12"!+5D, )"54($)% %"%1/2/ 

(NH4)4[Th(C2J4)4]. J)%/(/1 1"!+. "%/67/>1 +: 9"!.0$9" !/%12"!/ %"(+ 1"!+., %"7$!6/A$9" 3$ E"($$ 4-5% 4" 

"EQ$5' %"(.3", +(+ /:"13", )+%("1D. @%($7%12+$ :/5$13", !/%12"!+5"%1+ ")%/(/1/ 1"!+. 2 %+(83")+%(D= 

!/%12"!/=, 7(. )"(+0$%12$33"9" 2D7$($3+. 1"!+. 3$"E="7+5 6$%1)+, )"31!"(8 )+%("13"%1+. J73/)" 4!+ 

7"E/2($3++ +:ED1)/ N2G2J4 5"6$1 ED18 7"%1+93'1/ 4"(3"1/ 2D7$($3+. 2 2N )+%("1$. JED03" 4!+ C1"5 

"E!/:'$1%. 9$)%/9+7!/1 Th(C2J4)2•6N2J. N$"E="7+5" %0+1/18%. % 1$5, 01" ")%/(/1 1"!+. +5$$1 1$37$3*+> 

:/=2/1D2/18 3$E"(8B+$ )"(+0$%12/ %'(8#/1-+"3"2.  "%($73$$ "E%1".1$(8%12" 7$(/$1 "E.:/1$(83D5 

7(+1$(83"$ 4!")/(+2/3+$ "%/7)"2 4!+ 2D%")", 1$54$!/1'!$ (1200°) 7(. 4$!$2$7$3+. ")%/(/1/ 1"!+. 2 ")%+7. 

H/) )/) 3/ 4!+!"7' "%/7)"2 ")%/(/1/ 1"!+. ")/:D2/>1 2(+.3+$ 1$54$!/1'!/ + )+%("13"%18 !/%12"!/, 

"%/67$3+$ !$)"5$37'>1 2$%1+ 4!+ 4"2DB$33", )+%("13"%1+ +:ED1)"5 A/2$($2", )+%("1D + 4!+ 

3/9!$2/3++.  !+ C1"5 4"('0/>1%. 4("13D$, ($9)"#+(81!'>A+$%. "%/7)+. M(. !/%12"!$3+. ")%/(/1/ 1"!+. 

+%4"(8:'>1 3/9!$2/3+$ % H2SJ4, (+E" 7(+1$(83"$ )+4.0$3+$ % HNJ3. @%($7%12+$ )"54($)%""E!/:"2/3+. 

")%/(/1 1"!+. !/%12"!.$1%. 1/)6$ 2 !/%12"!/=, %"7$!6/A+= +:ED1") ")%/(/1/, )/!E"3/1/ +(+ /*$1/1/ 

/55"3+.. ?: 1/)+= !/%12"!"2 1"!+, 2D7$(.$1%. 4!+ 4"7)+%($3++ +(+ %+(83"5 4"7A$(/0+2/3++. 

</%12"!+5"%18 Th(C2J4)•6N2J 2 2"7$ "4!$7$(.$1%. 2$(+0+3", 2,3•10
-2 
9/10009 !/%12"!/. P+(81!"2/3+$ 

2D7$($33D= "%/7)"2 ")%/(/1/ 1"!+. 4!"+:2"7.1 3$ !/38B$ 0$5 0$!$: 6 0/% 4"%($ "%/67$3+.; 0/A$ 2%$9" += 

"%1/2(.>1 3/ 3"08.  !"5D23/. 6+7)"%18 - 1$4(D, !/:E/2($33D, !/%12"! A/2$($2", )+%("1D. J%/7)+ 

4!")/(+2/>1 7" ")+%+ 4!+ 950 - 1100°. J)%/(/13"$ "%/67$3+$ 2 )+%("5 !/%12"!$ 4":2"(.$1 "17$(+18 1"!+, "1 

G/, Sr, @/, Ag, G", Ni, Gu, Zn, Ag, Cd. Sn, Pb + Bi, "73/)", $%(+ "3+ 4!+%'1%12'>1 2 E"(8B+= )"(+0$%12/=, 1" 

:/9!.:3.>1 ")%/(/1 1"!+., + 1"97/ 1!$E'$1%. (+E" 4!$72/!+1$(83"$ "17$($3+$ += )/)+5-(+E" 7!'9+5 

5$1"7"5, (+E" 4$!$"%/67$3+$. X *+!)"3+. +5$$1%. 1$37$3*+. %""%/67/18%. % 1"!+$5, "73/)" "3 5"6$1 ED18 

'7$!6/3 2 !/%12"!$ +:ED1)"5 A/2$($2", )+%("1D. @ 4!+%'1%12++ +"3"2 '!/3+(/ +(+ 6$($:/ 2 !/%12"!$ 

7"(6$3 ED18 +:ED1") A/2$($2", )+%("1D, 1/) )/) :3/0+1$(83"$ $$ )"(+0$%12" !/%="7'$1%. 3/ 

)"54($)%""E!/:"2/3+$ % ')/:/33D5+ +"3/5+. ;$1D!$=2/($313D, '!/3 "%/67/$1%. 25$%1$ % 1"!+$5. 

J)%/(/13D5 "%/67$3+$5 5"6$1 ED18 7"%1+93'1" "17$($3+$ "1 9/((+.. 

J%/67$3+$ 1"!+. 2 2+7$ #1"!+7/ ThF4•4N2J 4!"+:2"7.1 (+E" 4(/2+)"2", )+%("1",, (+E" #1"!+7/5+ 

A$("03D= 5$1/(("2 2 )+%("5 !/%12"!$. M(. "17$($3+. "E!/:'>A+=%. "%/7)"2 !$)"5$37'>1 +%4"(8:"2/18 

*$31!+#'9+!"2/3+$, 3" 3$ #+(81!"2/3+$.  !/27/, 5/(D$ )"(+0$%12/ #1"!+7/ 1"!+. 5"9'1 ED18 ED%1!" 

"1#+(81!"2/3D 2 4!+%'1%12++ 3"%+1$(. - =("!+7/ !1'1+. P1"!+7 1"!+. 4!/)1+0$%)+ 3$ !/%12"!+5 2 /:"13", 

)+%("1$ + */!%)", 2"7)$; !/%12"!.$1%. 2 )"3*$31!+!"2/33"5 !/%12"!$ )/!E"3/1/ /55"3+. +(+ E+)/!E"3/1/ 

3/1!+., +: )"1"!D= 1"!+, 5"63" 2D7$(+18 $7)+5 3/1!"5 2 2+7$ 9+7!"")+%+. </%12"!+5"%18 #1"!+7/ 1"!+. 2 

2"7$ 3$:3/0+1$(83/ + %"%1/2(.$1 0,17 59/(. @ 4(/2+)"2", )+%("1$ #1"!+7 1"!+. 4!/)1+0$%)+ 3$ !/%12"!+5, 3" 

!/%12"!.$1%. 2 3/%DA$33"5 !/%12"!$ 3+1!/1/ /(>5+3+.. 

G2$6$"%/67$33D, #1"!+7 1"!+. 3$%)"(8)" !/%12"!+5 2 +:ED1)$ 3+1!/1/ 1"!+.. P1"!+7 1"!+. 

!/%12"!.$1%. 1/)6$ 2 !$/9$31/=, "E!/:'>A+= % #1"!"5 )"54($)%D, 3/4!+5$! 2 E"!3", )+%("1$.  !+ 



2:/+5"7$,%12++ % 9"!.0$, )"3*$31!+!"2/33", %$!3", )+%("1", #1"!+7 1"!+. 4$!$="7+1 2 %'(8#/1.  !+ 

'4/!+2/3++ % =("!3", )+%("1", #1"!+7 1"!+. 5$7($33" !/%12"!.$1%..  !+ 2D%'B+2/3++ + %(/E"5 

4!")/(+2/3++ #1"!+7 1"!+. 1$!.$1 )!+%1/((+:/*+"33'> 2"7', / 1/)6$ 3$)"1"!"$ )"(+0$%12" #1"!/.  !+ 

4!")/(+2/3++ 3$:3/0+1$(83D= )"(+0$%12 #1"!+7/ 1"!+. 4!+ 1000° - 4$!$="7+1 2 ")+%8. J4!$7$($3+> 1"!+. 2 

2+7$ #1"!+7/ 5$B/>1 C($5$31D, 7/>A+$ 3$!/%12"!+5D$ #1"!+7D, 3/4!+5$!, <KL, U
IV

, Ce
IV

 + 

A$("03":$5$(83D$ 5$1/((D.  !+ "4!$7$($3++ 5/(D= )"(+0$%12 1"!+. 2:2$B+2/3+$ "%/7)/ 4!"+:2"7.1 4"%($ 

3$4"%!$7%12$33"9" 4!")/(+2/3+. #1"!+7/ 7" ")+%+.  !+ E"(8B+= )"(+0$%12/= #1"!+7/ 1"!+. "%/7") 

4$!$2"7.1 2 9+7!"")+%8 +(+ %'(8#/1, :/1$5 1"!+, "%/67/>1 2 2+7$ ")%/(/1/ + 4!")/(+2/>1 7" ")+%+. M(. 

"4!$7$($3+. 5/(D= )"(+0$%12 1"!+., 4"!.7)/ 10-50 59, 5$1"7 "0$38 3/7$6$3.  !/)1+0$%)+ 5$1"7 "%/67$3+. 

#1"!+7/ 1"!+. 0!$:2D0/,3" 2/6$3 7(. "17$($3+. 1"!+. "1 !/:(+03D= C($5$31"2, "E!/:'>A+= !/%12"!+5D$ 

)"54($)%D % #1"!+7/5+ +(+ 6$ !/%12"!+5D$ #1"!+7D. H/), 3/4!+5$!, 7"%1+9/$1%. "17$($3+$ "1 Nb, H/, W, 

Fe + 7!. &"54($)%3D$ #1"!*+!)"3/1 + #1"!1+1/3/1 3$ "0$38 %+(83" !/%12"!+5D + 5"9'1 "%/67/18%. 25$%1$ % 

1"!+$5 2 %('0/$ 4!+%'1%12+. 2 !/%12"!$ +:ED1)/ A$("03D= 5$1/(("2. Y/#3+, 2$7$1 %$E. /3/("9+03". R$1"7 

0/%1" 4!+5$3.>1 4!+ /3/(+:$ 1"!+$2D= /5/(89/5, / 1/)6$ 4!+ "4!$7$($3++ %($7"2 1"!+. 2 !'7/=. 

?"7/13D, 5$1"7 .2(.$1%. 0!$:2D0/,3" !/%4!"%1!/3$33D5 + +%4"(8:'$1%. 7(. "4!$7$($3+. 1"!+. 2 

4!+%'1%12++ <KL. Z9" !/%%5/1!+2/>1 )/) %1/37/!13D, 5$1"7 4!+ 2D7$($3++ 1"!+. +: 5"3/*+1/. 

 !$+5'A$%12/ 5$1"7/ - %!/23+1$(83/. ED%1!"1/ 2D4"(3$3+. + 4!+9"73"%18 7(. "4!$7$($3+. 1"!+. 2 !'7/=. 

@ )/0$%12$ !$/9$31"2 +%4"(8:'>1 +"7/1 +(+ 4$!+"7/1 )/(+. + ,"73'> )+%("1'. JED03" !$/)*+> "%/67$3+. 

+"7/1/ 1"!+. Th(JJ3)4 +"7/1"5 )/(+. 4!"2"7.1 4!+5$!3" 2 6N /:"13")+%("5 !/%12"!$. M(. "4!$7$($3+. 

%($7"2 1"!+. !/%12"! 7"(6$3 ED18 0,5N 4" HNJ3, 1/) )/) 4!+ E"($$ 2D%")", )+%("13"%1+ 3$ 7"%1+9/$1%. 

)"(+0$%12$33"$ 2D7$($3+$ +"7/1/ 1"!+., 4!/27/, +:ED1") +"7/1/ 4"3+6/$1 !/%12"!+5"%18 +"7/1/ 1"!+.. 

J4!$7$($3+> 5$B/>1 Zr + Ti. U
IV

 + Ce
IV

 "%/67/>A+$%. +"7/1"5 25$%1$ % 1"!+$5.  "C1"5' 4$!2D, 

4!$72/!+1$(83" ")+%(.>1 4$!$)+%8> 2"7"!"7/; 7(. 2"%%1/3"2($3+. *$!+. +%4"(8:'>1 4$!$)+%8 2"7"!"7/ 

+(+ %$!3+%1'> )+%("1'. N$E"(8B+$ )"(+0$%12/ #"%#/1"2 3$ 5$B/>1. JED03" 5$1"7 %"%1"+1 2 "%/67$3++ 

+"7/1/ 1"!+. +"7/1"5 )/(+. +: ="("73"9" !/%12"!/, 4!"5D2/3++ 4"('0$33"9" "%/7)/ !/%12"!"5, %"7$!6/A+5 

+"7/1 )/(+. + /:"13'> )+%("1', !/%12"!$3++ 2 +:ED1)$ /:"13", )+%("1D, 4$!$"%/67$3++ 2 2+7$ +"7/1/. 

G($7'$1 "%"E$33" 4"70$!)3'18, 01" 2%($7%12+$ :/5$13", !/%12"!+5"%1+ +"7/1/ 1"!+. "%/67$3+$ + 

4!"5D2/3+$ "%/7)/ 7"(63D 4!"+:2"7+18%. 2 4!+%'1%12++ +"7/1-+"3/. J%/7") Th(JJ3)4 1!'73" "15D2/$1%. "1 

/7%"!E+!"2/33"9" +"7/1/ )/(+. + /:"13", )+%("1D. R$1"7 4":2"(.$1 "4!$7$(.18 4!+5$!3" 99% Th. 

 $!$"%/67$33D, +"7/1 1"!+. !/%12"!.>1 2 %"(.3", )+%("1$ 2 4!+%'1%12++ 7+")%+7/ %$!D. K/1$5 +: 

4"('0$33"9" !/%12"!/ /55+/)"5 "%/67/>1 9+7!")%+7 1"!+., !/%12"!.>1 $9" 23"28 2 %"(.3", )+%("1$ + 

")"30/1$(83" "%/67/>1 9+7!")%+7 /55+/)"5 % 4"%($7'>A+5 4!")/(+2/3+$5 $9" 7" ")%+7/.  !+ )+4.0$3++ 

6$ % 2"73D5 !/%12"!"5 A/2$($2", )+%("1D ,"7/1 1"!+. 4$!$="7+1 2 ")%/(/1 % 2D7$($3+$5 ,"7/. H/)", 

%4"%"E "%"E$33" !$)"5$37'$1%. 7(. 5/(D= )"(+0$%12 1"!+.. @ 1$= %('0/.=, )"97/ 3'63" '7/(+18 Ti +(+ Zr, 2 

)"3*$ /3/(+:/ 22"7.1 7"4"(3+1$(83" %1/7+> "%/67$3+. 1"!+. A/2$($2", )+%("1",.  !+ 1/)"5 %"0$1/3++ 

,"7/13"9" + ")%/(/13"9" 5$1"7"2 1"!+, 5"63" "17$(+18 "1 E"(8B+3%12/ )/1+"3"2. 

M(. "%/67$3+. +"7/1/ 1"!+. 2 2+7$ 4("13"9", ($9)" #+(81!'$5"9" "%/7)/ +%4"(8:'>1 "E!/:"2/3+$ 

+"7/1-+"3/ 3$4"%!$7%12$33" 2 +%%($7'$5"5 !/%12"!$. ?:2$%13" 1!+ %4"%"E/ 4"('0$3+. +"7/1-+"3/ 7(. 

"%/67$3+. 1"!+. +: 9"5"9$33"9" !/%12"!/. 

1. J)+%($3+$ +"7/ 7" +"7/1/ 30%-3D5 !/%12"!"5 N2J2 4" !$/)*++ 

J2 + 5 N2J= 2 JO3
-
+ 2 N

+
+ 5 N2J.         (3) 

@ 4!+%'1%12++ *$!+. + #"%#/1-+"3"2 "%/7") +"7/1/ 1"!+. 3$ "E!/:'$1%., 01" .2(.$1%. 3$7"%1/1)"5 5$1"7/. 

2. Y+7!"(+: +"7+(+"7/1/ J2O4 4" !$/)*++ 

5 J2J4 + 4 N2J = 8 HJO3+J2.            (4) 

3. @"%%1/3"2($3+$ 4$!+"7/1/ "!9/3+0$%)+5+ %"$7+3$3+.5+. M(. "%/67$3+. +"7/1/ 1"!+. +: 9"5"9$33"9" 

!/%12"!/ '7"E3$$ 2%$9" 4"('0/18 +"7/1-+"3 2"%%1/3"2($3+$5 4$!+"7/1/ C1+($39(+)"($5, "E!/:'>A+5%. 4!+ 

9+7!"(+:$ !-")%+C1+(/*$1/1/ (C1+($37+/*$1/1 5"6$1 ED18 +%4"(8:"2/3 /3/("9+03D5 "E!/:"5). 

@"%%1/3"2($3+$ 4$!+"7/1/ 9(+)"($5 4!"+%="7+1 4" !$/)*++ 

NJGN2GN2JN + JO4
-
= 2 NGNJ + N2O + JO3

-
.        (5) 

M/(83$,B$$ 2"%%1/3"2($3+$ +"7/1/ 7" +"7/ 4!"+%="7+1 5$7($33" 4!+ )"3*$31!/*++ HNO3 3+6$ 4,5N. L1" 

"E%1".1$(8%12" 4":2"(.$1 "%'A$%12(.18 "%/67$3+$ 1"!+. 2 %!/23+1$(83" %+(83" /:"13")+%(", %!$7$, 2 

)"1"!", +"7/1D 1!$=2/($313D= <KL. !/%12"!+5D.  !+ C1"5 (/31/3 %""%/67/$1%. (+B8 3/ 0,49, / +11!+, - 3/ 

0,075%.  !+ +%4"(8:"2/3++ 72'=)!/13"9" "%/67$3+. 5$1"7 "E$%4$0+2/$1 )"(+0$%12$33"$ "17$($3+$ 1"!+. "1 

E"(8B+= )"(+0$%12 <KL + #"%#/1"2. R$B/>1 Zr, Ti, Sn
IV

 + Fe
111

. X!/3 3$ 5$B/$1. R$1"7 C##$)1+2$3 7(. 

"4!$7$($3+. 1"!+. 2 5"3/*+1"2"5 4$%)$. 



H"!+, 2D7$(.>1 2 2+7$ 4+!"#"%#/1/ +(+ 9+4"#"%#/1/; "!1"#"%#/1 1"!+. %4$*+#+0$%)"9" 

/3/(+1+0$%)"9" :3/0$3+. 3$ +5$$1 2%($7%12+$ !/%12"!+5"%1+ 2 )+%("1/=.  !+ 7"E/2($3++ 4+!"#"%#"!3", 

)+%("1D +(+ 4+!"#"%#/1/ 3/1!+. ) !/%12"!/5 %"($, 1"!+. 4!+ 3/9!$2/3++ "%/67/$1%. 4+!"#"%#/1 1"!+. 

Hh<2J7•2N2O, ($9)" !/%12"!+5D, 2 +:ED1)$ 4+!"#"%#/1/ % "E!/:"2/3+$5 )"54($)%/ Na4[Th(P2O7)2]•2N2O. 

 +!"#"%#/1 1"!+. !/%12"!.$1%. 2 !/%12"!/= )/!E"3/1/ /55"3+., / 1/)6$ ")%/(/1/ /55"3+. +(+ )/(+.. ?: 

1/)+= !/%12"!"2 1"!+, 4"(3"%18> "%/67/$1%. 4!+ )+4.0$3++ % +:ED1)"5 NaOH, 3" 3$ NH4OH +(+ N2G2O4. 

I"(8B", +:ED1") 4"%($73$, "%/67/$1 %5$%8 ")%/(/1/ 1"!+. + 4+!"#"%#/1/. M(. )"(+0$%12$33"9" "%/67$3+. 

4+!"#"%#/1/ 1"!+. )+%("13"%18 7"(63/ ED18 0,3N 4" %"(.3", )+%("1$. Z%(+ )+%("13"%18 %(+B)"5 3+:)/, 

3$)"1"!"$ )"(+0$%12" 1"!+. 5"6$1 "%1/18%. 2 !/%12"!$ 2 2+7$ )"54($)%3"9" 4+!"#"%#/1/.  !+ 7"E/2($3++ 

%+(83", )+%("1D ) !/%12"!', %"7$!6/A$5' Na4[Th(P2O7)2]•2N2O, 4"%($73+, !/:!'B/$1%. % 2D7$($3+$5 

4+!"#"%#/1/ 1"!+..  !+ )+%("13"%1+ E"($$ 2D%")",, 0$5 0,3N, )+%("1/ ")/:D2/$1 !/%12"!.>A$$ 7$,%12+$ 3/ 

4+!"#"%#/1 1"!+.. M(. !/:("6$3+. 4+!"#"%#/1/ 1"!+. +%4"(8:'>1 )+4.0$3+$ % %$!3", )+%("1", + 

4$!=("!/1"5 /55"3+., 4"%($ 0$9" 1"!+, "%/67/>1 2 2+7$ 9+7!"")+%+ $7)+5 3/1!"5. J73/)" ('0B$ 2%$9" 7(. 

!/%12"!$3+. 2D7$($33"9" "%/7)/ ThP2O7•2N2O 4!"+:2"7+18 )+4.0$3+$ % 10-15%-3D5 !/%12"!"5 NaOH. 

 +!"#"%#/1D G$
111

 + 7!'9+= <KL 3$ "%/67/>1%. 4!+ ')/:/33", )+%("13"%1+. Zr + Ti "%/67/>1%. 4!+ 

1$= 6$ '%("2+.=, 01" + Th.  "C1"5' 22"7.1 7"4"(3+1$(83'> "E!/E"1)' A/2$($2", )+%("1",  !+ 3$E"(8B+= 

3/2$%)/= 4+!"#"%#/1 1"!+. 2:2$B+2/>1 3$4"%!$7%12$33". M(. C1"9" "%/7") 2D%'B+2/>1, "17$(.>1 "1 

#+(81!/, 4"%($73+, %6+9/>1 4!+ 2":5"63" 3+:)", 1$54$!/1'!$, / :"(' 7"E/2(.>1 ) "%3"23", 5/%%$ "%/7)/. 

 !")/(+2/>1 15 5+3.; 7(+1$(83"$ 4!")/(+2/3+$ 4!+2"7+1 ) 3$:3/0+1$(83D5 4"1$!.5 <2J5. JB+E)/ 

"4!$7$($3+, ±0,6-0,8%. R$1"7 4!+5$3.>1 7(. %$!+,3D= /3/(+:"2 5"3/*+1/. 

Y+4"#"%#/1 1"!+. ThP2J6•11N2J 4"('0/$1%. 4!+ 2:/+5"7$,%12++ !/%12"!/ 3+1!/1/ 1"!+. % 

9+4"#"%#/1"5 3/1!+. +(+ % #"%#"!3"2/1", )+%("1",. Y+4"#"%#/1 1"!+. - E$(D, /5"!#3D, 4"!"B"), 

3$!/%12"!+5D, 2 2"7$, !/:E/2($33D= +(+ )"3*$31!+!"2/33D= )+%("1/= + A$("0/=. </%12"!+5"%18 Hh<2J6 2 

4N NG1 4!+ 25° !/23/ 1,65-10
-4

 R/(, 2 6 N NG1 -2,1•10
-4

 R/(. G"$7+3$3+$ 4!")/(+2/$1%. 7" 4+!"#"%#/1/ 

1"!+.. J%/67$3+$ 9+4"#"%#/1/ 1"!+. %($7'$1 4!"+:2"7+18 2 !/%12"!/=, %"7$!6/A+= 2 %!$73$5 10% NG1 +(+ 

15-20% %2"E"73", H2SO4 7(. 0,2-0,25 9 HhO2.  !+ C1+= '%("2+.= % 1"!+$5 %""%/67/>1%. (+B8 Zr, Hf, Ti, Ce
IV

 

+ U
IV

. J73/)" 2(+.3+$ C1+= C($5$31"2 7"2"(83" ($9)" '%1!/3+5". G""%/67$3+$ 1+1/3/ %3+6/$1%. 

7"E/2($3+$5 N2O2; 4!+ C1"5 "73"2!$5$33" 7"%1+9/$1%. 2"%%1/3"2($3+$ Ce
lV

 7" 1!$=2/($313"9" %"%1".3+.. 

Y+4"#"%#/1 1"!+., "%/67$33D, 4!+ )+4.0$3++, 4("=" #+(81!'$1%..  "C1"5' !$)"5$37'>1 #+(81!"2/18 

0$!$: 72",3", #+(81! (%+3.. ($31/). Z%(+ 3$ 1!$E'$1%. "%"E$33" E"(8B/. 1"03"%18, "%/7") 9+4"#"%#/1/ 

4$!$2"7.1 4!")/(+2/3+$5 2 4(/1+3"2"5 1+9($ 7" 4"%1".33"9" 2$%/ 2 4+!"#"%#/1 ThP2J7. J)+%($3+$ 4!+ 

C1"5 3$ 4"(3"$, 4"C1"5' !$)"5$37'$1%. 4!$72/!+1$(83" 4$!$2"7+18 %"$7+3$3+$ 2 ")%/(/1. H"97/ 

"4!$7$($3+$ "%'A$%12(.$1%. 2 2+7$ HhO2. @D%'B$33D, "%/7") 9+4"#"%#/1/ 1"!+. 25$%1$ % #+(81!"5 

4"5$A/>1 2 4(/1+3"2'> 0/B)', "E!/E/1D2/>1 $9" )"3*$31!+!"2/33", H2SO4 + 5$7($33" 3/9!$2/>1 7" 

)+4$3+.. M(. '%)"!$3+. "E'9(+2/3+. #+(81!/ 7"E/2(.>1 2!$5. "1 2!$5$3+ 3$E"(8B"$ )"(+0$%12" NaNO3 7" 

4!"%2$1($3+. !/%12"!/.  !"*$%% 4!"7"(6/$1%. 2 0/%/. K/1$5 '7/(.>1 +:ED1") %$!3", )+%("1D. @(/63D, 

"%1/1") !/%12"!.>1 2 2"7$. J73/)" !/%12"!$3+$ )/) 2 2"7$, 1/) + 2 )+%("1/= 4!"+%="7+1 5$7($33" + 

3$4"(3"%18>.  "C1"5' 2"73'> %'%4$3:+> %(/E" 4"7A$(/0+2/>1 /55+/)"5 + )+4.1.1 3$%)"(8)" 5+3'1 2 

4(/1+3"2", 0/B)$ 7" 4$!$="7/ 4"!"B)""E!/:3", 5/%%D 2 =("48$2+73'>, :/1$5 %+(83" 4"7)+%(.>1, 3$7"(9" 

)+4.1.1. N$!/%12"!+2B'>%. 0/%18 #+(81!'>1, 4"%($ 0$9" +: )+%("9" #+(81!/1/ 4!+ )+4.0$3++ "ED03D5 

%4"%"E"5 "%/67/>1 ")%/(/1 1"!+..  !+ C1"5 1"!+, 4$!$2"7.1 2 2$%"2'> #"!5' + "17$(.>1 "1 Zr + Ti. 

<$)"5$37'$1%. 1/)6$ 3$%)"(8)" E"($$ 4!"%1", %4"%"E "E!/E"1)+ "%/7)/. @ C1"5 %('0/$ "%/7") 9+4"#"%#/1/ 

1"!+. 4!")/(+2/3+$5 4$!$2"7.1 2 4+!"#"%#/1.  "%($73+, %5$B+2/>1 % 10 )!/13D5 )"(+0$%12"5 %5$%+ 

Na2CO3+&2GJ3 + %4(/2(.>1 2 4(/1+3"2"5 1+9($ 7" 4"('0$3+. 4!":!/03"9" 4(/2/.  "%($ "=(/67$3+. $9" 

2DA$(/0+2/>1 2"7",, + 3$!/%12"!+5D, "%1/1") "1#+(81!"2D2/>1 + 4!"5D2/>1 !/%12"!"5 %"7D, / :/1$5 5%-

3D5 !/%12"!"5 NH4NO3.  !+ 4!"5D2/3++ "73", 2"7", "%/7") 4!"="7+1 0$!$: #+(81!.  !"5D1D, "%/7") 

2(/63D5 ":"(.>1 2 4(/1+3"2"5 1+9($ + 4!")/(+2/>1 2 5'#$($ 7" 4"%1".33"9" 2$%/.  !+ C1"5 4"('0/$1%. 3$ 

%"2%$5 0+%1/. ")+%8 1"!+..  "C1"5' ('0B$ 2%$9" 4"72$!93'18 ")%+7 4"21"!3"5' %4(/2($3+>, 4(/2 

!/%12"!+18 2 NG1, "%/7+18 ")%/(/1 1"!+. A/2$($2", )+%("1", + 4!")/(+18 7" ThO2. G$($)1+23"$ "%/67$3+$ 

1"!+. 2 2+7$ 9+4"#"%#/1/ ThP2O6-11 N2O +%4"(8:'>1 7(. )"(+0$%12$33"9" $9" "4!$7$($3+. 2 4!+%'1%12++ 

<KL + +11!+..  !$+5'A$%12/ 5$1"7/ - 2":5"63"%18 3$4"%!$7%12$33"9" "73")!/13"9" "%/67$3+. 1"!+. )/) +: 

%"(.!3"-, 1/) + +: %$!3")+%("9" !/%12"!/. N$7"%1/1)+ - 0!$:2D0/,3" 4!"7"(6+1$(83/. + 1!'7"$5)/. 

"4$!/*+. #+(81!"2/3+. + 4$!$2"7/ 9+4"#"%#/1/ 1"!+. 2 2$%"2'> #"!5'. H/) )/) 2D7$($3+$ +: %$!3")+%(", 

%!$7D "%("63.$1%. "%/67$3+$5 72",3D= %'(8#/1"2 A$("03D= 5$1/(("2 + <KL *$!+$2", 4"79!'44D, ('0B$ 

+%4"(8:"2/18 %"(.3"- +(+ /:"13")+%(D$ %!$7D. M(. 2D7$($3+. %($7"2 1"!+. +%4"(8:'>1 9+4"#"%#/1 



2+%5'1/. ;'2%12+1$(83"%18 5$1"7/ 4!+ "%/67$3++ 1"!+. 9+4"#"%#/1"5 3/1!+. 4!+ +%4"(8:"2/3++ 6%-3"9" 

%"(.3")+%("9" !/%12"!/ %"%1/2(.$1 0,0001 9 HhO2 2 1 5(. R$1"7 +%4"(8:'>1 4!+ /3/(+:$ 5"3/*+1/. 

N+1!"E$3:",3D$ )+%("1D (#-,  - + n-+:"5$!D) )"(+0$%12$33" "%/67/>1 1"!+, +: 3$,1!/(83D= 

!/%12"!"2 3+1!/1"2. J73/)" 7(. "4!$7$($3+. 1"!+. !$)"5$37'$1%.  -3+1!"E$3:",3/. )+%("1/, )/) 3/+E"($$ 

!/%12"!+5/..  !+ 2:/+5"7$,%12++ 1"!+. %  -3+1!"E$3:",3", )+%("1", "E!/:'$1%. "EQ$5+%1D, "%/7") 

%"%1/2/ Th(G6H4NJ2GJJ)4.  -N+1!"E$3:"/1 1"!+. 4!/)1+0$%)+ 3$ !/%12"!+5 2 2"7$, 3" ($9)" !/%12"!.$1%. 2 

5+3$!/(83D= + ')%'%3", )+%("1/=. J3 !/%12"!+5 2 !/:E/2($33", /:"13", )+%("1$, 2D7$(.>A$,%. 2 

%2"E"73"5 %"%1".3++ 4!+ "%/67$3++ 1"!+.  -3+1!"E$3:",3", )+%("1", 4" !$/)*++: 

Th (NO3)4 +4 C6H4NO2COOH = Th(C6H4NO2COO)4 + 4 HNO3.       (6) 

G'=", "%1/1") %+(83" C($)1!+:'$1%. 4!+ 4$!$5$B+2/3++, +, 01"ED +:E$6/18 4"1$!8, $9" 2%$97/ 4$!$3"%.1 2" 

2(/63"5 %"%1".3++.  $!$7 4!")/(+2/3+$5 7" HhO2 "%/7")  -3+1!"E$3:"/1/ 4!$72/!+1$(83" "%1"!"63" 

%6+9/>1. J4!$7$($3+> 1"!+.  -3+1!"E$3:",3", )+%("1", 5$B/>1 Ce
IV

, Zr, %1/33/1 3/1!+. + SnCl2, / 1/)6$ 

3+1!/1D Hg
I
 + Hg

II
. Fe

III
 + U

IV
 "E!/:'>1 ")!/B$33D$ %"$7+3$3+., 3" 3$ "%/67/>1%.. <KL 2 "4+%/33D= 

'%("2+.= 3$ "%/67/>1%.. H$5 3$ 5$3$$, 4!+ %"7$!6/3++ += 2 /3/(+:+!'$5"5 !/%12"!$ 2 :3/0+1$(83D= 

)"(+0$%12/= 4!"+%="7+1 0/%1+03"$ %""%/67$3+$ %  -3+1!"E$3:"/1"5 1"!+., 01" 4!+2"7+1 ) 3$"E="7+5"%1+ 

72'=- +(+ 7/6$ 1!$=)!/13"9" 4$!$"%/67$3+. 4"%($73$9".  -N+1!"E$3:",3'> )+%("1' +%4"(8:'>1 1/)6$ 7(. 

"4!$7$($3+. 5+((+9!/55"2D= )"(+0$%12 1"!+. 2 4!+%'1%12++ E"(8B+= )"(+0$%12 '!/3/.  !+ /3/(+:$ 

5"3/*+1/ 1"!+, + <KL "17$(.>1%. %3/0/(/ A/2$($2", )+%("1", + 1/)+5 "E!/:"5 "%2"E"67/>1%. "1 

#"%#"!3", )+%("1D + *+!)"3+..  !"5D1D$ ")%/(/1D 4$!$2"7.1 $7)+5 )/(+ 2 9+7!"")+%+, )"1"!D$ 4"%($ 

"15D2/3+. "1 A$("0+ !/%12"!.>1 2 !/:E/2($33", HNO3 (1:5), + 4"('0$33D, !/%12"! '4/!+2/>1 7"%'=/ 7(. 

4"(3"9" '7/($3+. HNJ3.  $!$7 "%/67$3+$5 1"!+.  -3+1!"E$3:",3", )+%("1", 2"%%1/3/2(+2/>1 *$!+, 

7+")%+7"5 %$!D 7(. 4!$7"12!/A$3+. %""%/67$3+. $9" % 1"!+$5. R$1"7 +%4"(8:'$1%. 7(. "4!$7$($3+. 1"!+. 

2 5+3$!/(/=. 

H"!+, "%/67/$1%. %4+!1"2D5 !/%12"!"5 #'5/!"2", )+%("1D, G4N4J4, +: 3$,1!/(83D= 3+1!/13D= 

!/%12"!"2, %"7$!6/A+= 40% %4+!1/ 4" "EQ$5', 4!+ 1$54$!/1'!$ )+4$3+.. @D%'B$33D, 4!+ 105° "%/7") 

9+9!"%)"4+0$3 4!+ =!/3$3++ 3/ 2":7'=$. @5$%1$ % 1"!+$5 #'5/!"2", )+%("1", "%/67/>1%. Ag, Hg
1 
+ Hg

11
. 

Zr. J4!$7$($3+> 3$ 5$B/>1 La, G$
III

, Nd, <r, Sm, Gd, / 1/)6$ Y. R$1"7 "4!$7$($3+. 1"!+. #'5/!"2", 

)+%("1", 2 4!+%'1%12++ <KL *$!+$2", 4"79!'44D 3$ '%1'4/$1 3" 1"03"%1+ 1+"%'(8#/13"5' +(+ ")%/(/13"5' 

5$1"7/5. </%="67$3+$ 5$67' 4/!/(($(83D5+ 4!"E/5+ %"%1/2(.$1 0,04-0,14%. U"1. 5$1"7 1!'7"$5"), 3" "3 

!$)"5$37'$1%. 7(. "4!$7$($3+. 1"!+. 2 5"3/*+1$.  

 +)!"("3"2/. )+%("1/ C10H8J5N4 )"(+0$%12$33" "%/67/$1 1"!+, +: !/%12"!/ $9" 3+1!/1/, 

%"7$!6/A$9" 3% %2"E"73", GN3GJJN, 4!+ !N 3 + 1$54$!/1'!$ )+4$3+.. &!+%1/((+0$%)+, 2":7'B3"-%'=", 

"%/7") Th(C10H7N4J5)4•N2J %"7$!6+1 17,82% Th.  "(3"$ "E$:2"6+2/3+$ %"$7+3$3+. 4!"+%="7+1 4!+ 125°. 

J)"30/1$(83"$ "4!$7$($3+$ 1"!+. 4!"+:2"7+1%. 2 2+7$ HhJ2. M(. 4$!$2"7/ 4+)!"("3/1/ 1"!+. 2 ")%+7 

%"$7+3$3+$ !/:(/9/>1 =("!3", )+%("1", % 4"%($7'>A+5 4$!$2$7$3+$5 2 9+7!"")%+7 + ")%/(/1 +(+ 

4!")/(+2/>1 3$4"%!$7%12$33" 2 4!+%'1%12++ 12$!7", A/2$($2", )+%("1D. J4!$7$($3+> 5$B/>1 <KL, G/, 

<b, Gu + A$("03D$ 5$1/((D, 1/)6$ "%/67/>A+$%. 4+)!"("3"2", )+%("1",.  !+%'1%12+$ /55"3+,3D= %"($, 

4!$4.1%12'$1 "%/67$3+> 4+)!"("3/1/ 1"!+..  

P$3+(/!%"3"2/. )+%("1/ (C6H5AsO3H2) 2 E'#$!3"5 ')%'%3")+%("5 !/%12"!$ (!N 1-3) "%/67/$1 

#$3+(/!%"3/1 1"!+. 2 2+7$ 1!'73"!/%12"!+5"9" "%/7)/, Th(C6H5AsO3)2. J%/7") !/%12"!+5 2 %"(.3", )+%("1$, 

3" 3$ !/%12"!.$1%. 2 +:ED1)$ ')%'%3", )+%("1D. @D%'B$33D, "%/7") #$3+(/!%"3/1/ 1"!+. 3$ .2(.$1%. 

2$%"2", #"!5",. @ %('0/$ 7(+1$(83"9" 4!")/(+2/3+. 4!+ 1000° 0+%1"9" #$3+(/!%"3/1/ 1"!+. 7" HhO2 

!$:'(81/1D +%)/6/>1%. 2%($7%12+$ :/=2/1/ %($7"2 5DB8.)/ "%/7)"5. J)%+7 1"!+., %2"E"73D, "1 5DB8.)/, 

5"63" 4"('0+18 4!+ %6+9/3++ "%/7)/ 2 1+9($ <":$ 2 1")$ 2"7"!"7/ % 4"%($7'>A+5 4!")/(+2/3+$5 4!+ 

1000°.  $!$2"7 #$3+(/!%"3/1/ 2 ")%/(/1 4":2"(.$1 3$ 1"(8)" '7/(+18 5DB8.), 3" + "17$(+18 Zr, Hf + Ti. 

@5$%1$ % 1"!+$5 #$3+(/!%"3"2", )+%("1", "%/67/>1 1/)6$ Fe, Tl + U
IV

. W$!+, 4!$72/!+1$(83" 

2"%%1/3"2(+2/>1 7" 1!$=2/($313"9" %"%1".3+. %$!3+%1", )+%("1",. M!'9+$ <KL "%/67/>1%. (+B8 0/%1+03"; 

4"C1"5' 2 %('0/$ += 4!+%'1%12+. 3$"E="7+5" 4$!$"%/67$3+$. 

H"!+, % #$!!"3"5 (7-+"7-8-")%+=+3"(+3-5-%'(8#")+%("1/, G9N6J4NSJ) "E!/:'$1 4!+ !N 2-3,5 

1!'73"!/%12"!+5D,, ($9)" #+(81!'>A+,%. "%/7") 6$(1"9" *2$1/. H"!+, "4!$7$(.>1 2 2+7$ ThO2 4"%($ 

4!")/(+2/3+. "%/7)/. I"(8B+3%12" C($5$31"2 3$ 5$B/$1 "4!$7$($3+> 1"!+. #$!!"3"5; %!$7+ 3+= - <KL, 

2/3/7+,, 3+"E+,, 1+1/3 + 7!. V$($:", %$!$E!", !1'18 + 5$78, 3/4!"1+2, %""%/67/>1%. 25$%1$ % 1"!+$5. 

G'(8#/1-+"3D 5$B/>1 "4!$7$($3+>, 1/) )/) 2 += 4!+%'1%12++ 3$ 7"%1+9/$1%. 4"(3"1/ "%/67$3+. 1"!+. 

#$!!"3"5.  

G$E/*+3"2/. )+%("1/, C10H18O4, "%/67/$1 1"!+, +: 3$,1!/(83D= !/%12"!"2 3+1!/1/. J%/7") 

4!")/(+2/>1 7" ")+%+ 1"!+.. Fe, Al, U, Zr + Ti 1/)6$ "%/67/>1%. %$E/*+3"2", )+%("1",.  "C1"5' 1"!+, 



4!$72/!+1$(83" "17$(.>1 2 2+7$ ")%/(/1/. <KL %$E/*+3"2", )+%("1", 3$ "%/67/>1%., 3" "%/67/>1%. 

%$E/*/1"5 /55"3+., 4"C1"5' 2 %('0/$ 3$"E="7+5"%1+ 4$!$"%/67$3+. %($7'$1 4"(3"%18> !/:!'B+18 

%$E/*+3"2'> )+%("1', 1/) )/) 4!+ 3$,1!/(+:/*++ )+%("9" !/%12"!/ %$E/*/1/ 1"!+. /55+/)"5 "E!/:'$1%. 

%$E/*/1 /55"3+.. 

J%/67$3+$ 1"!+. E$3:"(%'(8#+3"2", )+%("1", +(+ $$ E!"5- + +"7:/5$A$33D5+ 4!"+:2"7.1 +: 

9"!.0+= !/%12"!"2 +:ED1)"5 )+%("1 +(+ += 3/1!+$2D= %"($,. &!+%1/((+0$%)+$ "%/7)+ 2D%'B+2/>1 4!+ 

110—120° + 2:2$B+2/>1 2 2+7$ %"$7+3$3+, 4"%1".33"9" %"%1/2/ Th(C6H5SJ2)4, Th(C6H4BrSJ2)4 + Th 

(C6H4JSJ2)4. I$3:"(%'(8#+3/1 3/1!+. '%4$B3" +%4"(8:'$1%. 7(. "17$($3+. 1"!+. "1 <KL + "4!$7$($3+. $9" 2 

5"3/*+1$ + 7!'9+= 5+3$!/(/=. 

8-J)%+=+3"(+3, C9H7ON, "E!/:'$1 % 1"!+$5 72/ )($B3$2+73D= %"$7+3$3+., %"7$!6/A+= 4 +(+ 5 " 

C9H7ON 3/ /1"5 1"!+..  !+ 2:/+5"7$,%12++ 1"!+. % ")%+=+3"(+3"5 2 %(/E"')%'%3")+%("5 !/%12"!$ 2 

4!+%'1%12++ /*$1/1/ /55"3+. 2 :/2+%+5"%1+ "1 1$54$!/1'!D 4"('0/>1%. 72$ ")!/B$33D$ #"!5D: 4!+ 50° - 

6$(1/. #"!5/ Th(C9H6ON)4, / 4!+ 70° + 2DB$ - "!/36$2/. #"!5/ Th(C9H6ON)4•C9H7ON. &($B3$2+73D$ 

%"$7+3$3+. 1"!+. % ")%+=+3"(+3"5 !/%12"!+5D 2 "!9/3+0$%)+= !/%12"!+1$(.=, 3/4!+5$!, 2 =("!"#"!5$. 

J4!$7$($3+$ 1"!+. % 8-")%+=+3"(+3"5 5"6$1 2D4"(3.18%. 2:2$B+2/3+$5 2":7'B3"-%'="9" "%1/1)/ 

")%+=+3"(+3/1/ 1"!+., 4!")/(+2/3+$5 $9" 7" ")%+7/ 2 4!+%'1%12++ A/2$($2", )+%("1D 3/9!$2/3+$5 7" 

1000°, E!"5/1"5$1!+0$%)+5 1+1!"2/3+$5 "%1/1)/ ")%+=+3"(+3/ )/) 5/)!"-, 1/) + 5+)!"/3/(+1+0$%)+5 

4'1$5. &"(+0$%12$33"$ "%/67$3+$ ")%+=+3"(+3/1/ 1"!+. "%'A$%12(.$1%. +: E'#$!3"9" /*$1/13"9" !/%12"!/ 

4!+ :3/0$3+.= !N 4,4-8,8. Z%(+ 1"!+, "4!$7$(.>1 2 2+7$ HhO2, 1" "%/7") ")%+=+3"(+3/1/ 4!")/(+2/>1 4!+ 

1000° 2 4!+%'1%12++ A/2$($2", )+%("1D 7(. 4!$7"12!/A$3+. 2":5"63",, ="1. + 3$:3/0+1$(83",, ($1'0$%1+ 

%"$7+3$3+.. <$/)*+. 1"!+. % ")%+=+3"(+3"5 3$ +:E+!/1$(83/; 4"C1"5' "4!$7$($3+$ 2":5"63" (+B8 2 

4!+%'1%12++ 3$53"9+= 5$1/(("2.  

J4!$7$($3+$ 1"!+. % )'4#$!!"3"5 (/55"3+,3/. %"(8 3+1!":"#$3+(9+7!")%+(/5+3/, G6N9J2N3) 

4!"2"7+1%. 2 ="("73"5 !/%12"!$, %"7$!6/A$5 %2"E"73'> 5+3$!/(83'> +(+ "!9/3+0$%)'> )+%("1'. G($7'$1 

"15$1+18, 01" )"(+0$%12$33"$ "%/67$3+$ 1"!+. )'4#$!!"3"5 +: %$!3")+%("9" !/%12"!/ 3$ 7"%1+9/$1%. 4!+ 

!N<4. @ ')%'%3")+%("5 !/%12"!$ 1"!+, "%/67/$1%. )"(+0$%12$33" 4!+ '%("2++ "1%'1%12+. %2"E"73", %$!3", 

)+%("1D. M(. 4!"5D2/3+. "%/7)/ )'4#$!!"3/1/ 1"!+. +%4"(8:'>1 ="("73D$ !/%12"!D !$/9$31/. 

 !")/(+2/3+$ 2D7$($33D= "%/7)"2 7"(63" 4!"+:2"7+18%. "0$38 "%1"!"63" +:-:/ E'!3"9" 2D7$($3+. 

9/:""E!/:3D= 4!"7')1"2. J%/67$3+$ 1"!+. )'4#$!!"3"5 3$ %4$*+#+03", 1/) )/) 4!+ C1"5 %""%/67/$1%. !.7 

C($5$31"2.  "C1"5' 4$!$7 2D7$($3+$5 )'4#$!!"3/1/ 1"!+. 3$"E="7+5" 4!"+:2"7+18 4!$72/!+1$(83"$ 

"17$($3+$ A$("03D= + A$("03":$5$(83D= 5$1/(("2 /55+/)"5; C($5$31"2 %$!"2"7"!"73", 9!'44D - 

%$!"2"7"!"7"5; Fe, Ni, G" + Rn - %'(8#+7"5 /55"3+. 2 !/%12"!$ 1/!1!/1/ /55"3+.. H!$E'$1%. "17$($3+$ Zr, 

Ce
lv

, U
IV

, V + Si. U
VI

 )'4#$!!"3"5 3$ "%/67/$1%.. 

J4!$7$($3+$ 1"!+. % 1/33+3"5 4!"+:2"7+1%. +: %(/E")+%(D=, 3$,1!/(83D= +(+ /55+/03D= !/%12"!"2. 

JE!/:'$1%. 0!$:2D0/,3" "EQ$5+%1D,, 3" ="!"B" #+(81!'>A+,%. "%/7"). <$/)*+. % 1/33+3"5 3$ 

%4$*+#+03/, 1/) )/) 25$%1$ % 1"!+$5 %""%/67/>1%. + 53"9+$ 7!'9+$ 5$1/((D - H/, Nb, Ti, Zr, T1. <KL + 

E$!+((+, "%/67/>1%. 1"(8)" +: /55+/03"9" !/%12"!/.  "%($ 4!")/(+2/3+. "%/7)"2 1"!+, "4!$7$(.>1 

2:2$B+2/3+$5 2 2+7$ ThJ2. 

P$3+(#"%#+3"2/. )+%("1/, G6N5N2<J3, )"(+0$%12$33" "%/67/$1 1"!+, 2 2+7$ Th(C6H5PJ3)23N2J 4!+ 

!N 0,5. G"$7+3$3+$ 2D%'B+2/>1 4!+ 140-180° + 3$4"%!$7%12$33" 2:2$B+2/>1. R$1"7 4!+9"7$3 7(. 

"4!$7$($3+. 1"!+. )/) 2 4!+%'1%12++ 2+%5'1/, 1/) + <KL. 

n-T5+3"%/(+*+("2/. )+%("1/, C7H7O3N,  TG&, 4"(3"%18> "%/67/$1 1"!+, 2 +31$!2/($ !N 4-5,6 2 

4!+%'1%12++ 3$E"(8B"9" )"(+0$%12/ CH3COONH4. J%/7") ($9)" #+(81!'$1%. + 4!"5D2/$1%.. @$%"2D5 4'1$5 

1"!+, "4!$7$(.>1 4"%($ 4!")/(+2/3+. "%/7)/ 7" HhO2. 

 !+ 2:/+5"7$,%12++ 1"!+. %" %1$/!+3"2", )+%("1", G18N36J2 "E!/:'$1%. /5"!#3D,, "EQ$5+%1D, 

"%/7"). R$1"7 '7"2($12"!+1$($3 1"(8)" 7(. "4!$7$($3+. 1"!+. 2 0+%1D= !/%12"!/=, 1/) )/) G$ + 7!'9+$ 

4!+!"73D$ %4'13+)+ 1"!+. 1/)6$ "%/67/>1%.; !N "%/67$3+. 1"!+. %1$/!+3"2", )+%("1", 3$ 2(+.$1 3/ 

!$:'(81/1D /3/(+:/.  

 +!"9/(("(, G6N6J3, +%4"(8:'>1 7(. "4!$7$($3+. 1"!+. (+B8 2 !/%12"!/= $9" 0+%1D= %"($,. 

&"(+0$%12$33"$ "%/67$3+$ 1"!+. 4+!"9/(("("5 4!"+%="7+1 2 +31$!2/($ !N 5-6 2 4!+c'1%12++ CH3COONH4. 

 

1.4 56784'(# 4#%-0( 

 !+ /*+7+5$1!+0$%)"5 "4!$7$($3++, 1"!+, "%/67/>1 +:ED1)"5 1+1!"2/33"9" !/%12"!/ $7)"9" 3/1!/. 

 "%($ #+(81!"2/3+. + 4!"5D2/3+. "%/7)/ "4!$7$(.>1 +:ED1") !$/9$31/ 4'1$5 "E!/13"9" 1+1!"2/3+. 

!/%12"!"5 )+%("1D. R$1"7 4!+5$3.>1 "9!/3+0$33" 2%($7%12+$ :/1!'73$3+,, %2.:/33D= % 2D5D2/3+$5 

A$("0+ +: "%/7)/, / 1/)6$ +:-:/ 3$4!+9"73"%1+ $9" 2 4!+%'1%12++ C($5$31"2, "E!/:'>A+= 9+7!"")+%+. 



J4!$7$($3+$ 1"!+. 5"63" 4!"2"7+18 % #$!!"*+/3+7"5. &!+2/. 4"1$3*+"5$1!+0$%)"9" 1+1!"2/3+. 

0,005 " !/%12"!/ Th(NJ3)4 !/%12"!"5 K4[Fe(CN)6] 4!+ 70° +5$$1 1"0)' 4$!$9+E/, %""12$1%12'>A'> 

"E!/:"2/3+> %"$7+3$3+. Th[Fe(CN)6]. &"3$03/. 1"0)/ 1+1!"2/3+. %72+9/$1%. 2 4!+%'1%12++ %"($, A$("03D= 

5$1/(("2. @ %('0/$ "73"2!$5$33"9" 4!+%'1%12+. Th, La + G$ 3/ )!+2", 4"('0/$1%. 1"(8)" "73/ 1"0)/ 

4$!$9+E/, %""12$1%12'>A/. %'55/!3"5' %"7$!6/3+> 2%$= 1!$= C($5$31"2  

R$1"7 "EQ$53"9" "4!$7$($3+. 1"!+. 2 2+7$ ")%/(/1/ 4!$7'%5/1!+2/$1 1+1!"2/3+$ 4$!5/39/3/1"5 

A/2$($2", )+%("1D, %2.:/33", % 1"!+$5, (+E" 1+1!"2/3+$ 3$4!"!$/9+!"2/2B$9" $$ +:ED1)/. H"03D$ 

!$:'(81/1D 4"('0/>1%. (+B8 2 1"5 %('0/$, )"97/ 3/0/(83"$ "%/67$3+$ 4!"2"7+1%. 4'1$5 5$7($33"9" 

7"E/2($3+. !/%12"!/ %"(+ 1"!+. ) +:ED1)' !/%12"!/ A/2$($2", )+%("1D. R$1"7 4!+5$3.>1 7(. "4!$7$($3+. 

5/(D= )"(+0$%12 1"!+. (0,3-30 59), 2 0/%13"%1+ - 2 )!"2+ + 5'%)'(83D= 1)/3.=. R$1"7 3$ 4!+5$3+5 2 

4!+%'1%12++ C($5$31"2, "E!/:'>A+= % ")%/(/1/5+ 3$!/%12"!+5D$ +(+ )"54($)%3D$ %"$7+3$3+.. 

 !+ 1+1!"2/3++ !/%12"!/ 3+1!/1/ 1"!+. ")%/(/1/5+ )/(+. +(+ /55"3+. '%1/3"2($3+$ C)2+2/($313", 

1"0)+ 2":5"63" 4"1$3*+"5$1!+0$%)+5 5$1"7"5. ?37+)/1"!3D5 C($)1!"7"5 %('6+1 4(/1+3"2/. 4!"2"("0)/, 

/ C($)1!"7"5 %!/23$3+. - 0,1 N )/("5$(83D, C($)1!"7, M(. 1+1!"2/3+. +%4"(8:'>1 0,1 " !/%12"! ")%/(/1/ 

/55"3+. +(+ )/(+. 2 3$,1!/(83"5 +(+ %(/E")+%("5 !/%12"!$ (!N 6,8-6,9) 4!+ 25 +(+ 60-70°. H+1!"2/3+$ 

4!"2"7.1 2 2"73"5 !/%12"!$, 1/) )/) 2 !/%12"!/=, %"7$!6/A+= %4+!1 +(+ /*$1"3, C)2+2/($313/. 1"0)/ 

3$"10$1(+2/.  !+ 1+1!"2/3++ 0,1 " !/%12"!"5 ")%/(/1/ )/(+. +(+ /55"3+. %)/0") 4"1$3*+/(/ 2 

C)2+2/($313", 1"0)$ 4!+ 25° %"%1/2(.$1 25 5@, / 4!+ 60-70°- 70 5@. @ 4!+%'1%12++ <KL 5$1"7 3$ 4!+5$3+5. 

?31$!$%$3 5$1"7 )"%2$33"9" "4!$7$($3+. 1"!+., +%4"(8:'>A+, 2D%")"0/%1"13"$ 1+1!"2/3+$ !/%12"!/ 

3+1!/1/ 1"!+. A/2$($2", )+%("1",. @D%")"0/%1"13"$ 1+1!"2/3+$ 4!+2"7+1 ) 4"('0$3+> "10$1(+2D= 

2"%4!"+:2"7+5D= )"3$03D= 1"0$), %"24/7/>A+= % 2D0+%($33D5+ C)2+2/($313D5+ 1"0)/5+. M(. 

"4!$7$($3+. )"3$03D= 1"0$) 4!+ 1+1!"2/3+.=, "%3"2/33D= 3/ !$/)*+.= 3$,1!/(+:/*++, "%/67$3+., 

")+%($3+.-2"%%1/3"2($3+. +(+ "E!/:"2/3+. !/%12"!+5D= )"54($)%"2, 4!$7("6$3D %4$*+/(83D$ 4!+E"!D - 

"%*+(("5$1!D. [0$,)', %"7$!6/A'> +%%($7'$5D, !/%12"!, 4"5$A/>1 2 )"31'! 2D%")"0/%1"13"9" 

"%*+((.1"!/, + 2 4!"*$%%$ 1+1!"2/3+. !$9+%1!+!'>1 +:5$3$3+. $$ 4"(3", 4!"2"7+5"%1+. H"0)' 

C)2+2/($313"%1+ "4!$7$(.>1 4" 4$!$9+E' )!+2", 3/ 9!/#+)$, 4"%1!"$33"5 2 )""!7+3/1/=: +:5$3$3+$ 

0/%1"1D -)"(+0$%12" !$/9$31/. K7$%8 3$ 1!$E'$1%. =+5+0$%)+= +37+)/1"!"2, C($)1!"7"2 +(+ )/)"9"-(+E" 

7!'9"9" #+:+0$%)"9" )"31/)1/ % !/%12"!"5. &"%2$33D, 5$1"7 "4!$7$($3+. 1"!+. A/2$($2", )+%("1", 

:/)(>0/$1%. 2 7"E/2($3++ 3+1!/1/ 1"!+. ) +:ED1)' %1/37/!13"9" !/%12"!/ A/2$($2", )+%("1D. ?:ED1") 

A/2$($2", )+%("1D :/1$5 "4!$7$(.>1 2D%")"0/%1"13D5 1+1!"2/3+$5 '%1/3"2($33D5 !/%12"!"5 3+1!/1/ 

1"!+., E$: 4!$72/!+1$(83"9" '7/($3+. "%/7)/.  !+ )"%2$33"5 1+1!"2/3++ !$)"5$37'$1%. 4!+%'1%12+$ (+B8 

'5$!$33"9" +:ED1)/ A/2$($2", )+%("1D. H/)+$ C($5$31D, )/) Ti + Zr, )"1"!D$ ")/:D2/>1 3$)"1"!"$ 2(+.3+$ 

3/ )"(+0$%12$33"$ "4!$7$($3+$ 4!+ 2$%"2"5 5$1"7$, 5"9'1 4!+%'1%12"2/18 2 3$E"(8B+= )"(+0$%12/=, 3$ 

7/2/. :/5$13", "B+E)+. H+1!"2/3+> 5$B/>1 <KL, +11!+, + %)/37+,, / 1/)6$ Fe, Bi, Pb, Ag + Hg, )/1+"3D, 

"E!/:'>A+$ )"54($)%D % ")%/(/1-+"3"5, /3+"3D, !$/9+!'>A+$ % 1"!+$5: #1"!+7D, #"%#/1D, 1/!1!/1D + 

E"(8B+$ )"(+0$%12/ %'(8#/1/. U("!+7D, 3+1!/1D, 4$!=("!/1D 3$ 5$B/>1 "4!$7$($3+>. 

J4!$7$($3+$ 1"!+. % #1"!+7"5 "%3"2/3" 3/ "E!/:"2/3++ 1"!+$5 % +37+)/1"!"5 SPADNS %+3$-

#+"($1"2"9" )"54($)%3"9" %"$7+3$3+..  !+ 1+1!"2/3++ !/%12"!/ 3+1!/1/ 1"!+. %1/37/!13D5 !/%12"!"5 

#1"!+7/ 3/1!+. 4"%($73$$ !/:!'B/$1%. + 2 )"3$03", 1"0)$ 4!"+%="7+1 !$:)"$ +:5$3$3+$ ")!/%)+ +37+)/1"!/ 

"1 %+3$-#+"($1"2", ) )!/%3",. H+1!"2/3+$ 4!"+:2"7.1 4!+ !N 3,09 2 4!+%'1%12++ E'#$!/ GN3GJJN/ - NGl. 

R$B/>1 Zr, Ti, )/1+"3D, "E!/:'>A+$ 3$!/%12"!+5D$ #1"!+7D, / 1/)6$ 1/)+$ /3+"3D, )/) #"%#/1D, 

5"(+E7/1D, ")%/(/1D + 7!.  

?:2$%1$3 1/)6$ 5$1"7 /54$!"5$1!+0$%)"9" 1+1!"2/3+. 1"!+. #1"!+7"5, "%3"2/33D, 3/ 1"5, 01" 4!+ 

7"E/2($3++ %1/37/!13"9" !/%12"!/ #1"!+7/ 3/1!+. ) !/%12"!', %"7$!6/A$5' 1"!+, + +"3D Fe
3+

, 1"!+, 

"%/67/$1%. )"(+0$%12$33" 7" 3/0/(/ !$/)*++ 5$67' +"3/5+ Fe
3+

 + +"3/5+ #1"!/ (Fe
3+

 %('6+1 +37+)/1"!3D5 

+"3"5). </%12"! 3+1!/1/ 1"!+. (!N 2-2,4), 50%-3D, 4" %4+!1', 1+1!'>1 !/%12"!"5 #1"!+7/ 3/1!+. +:2$%13", 

)"3*$31!/*++ 3/ #",$ 0,2 " N/GlO4 2 4!+%'1%12++ 0,001 " Fe(C1O4)3. @ 3/0/($ 1+1!"2/3+. 2$(+0+3/ 1")/ 3$ 

5$3.$1%., 3" ) )"3*' ED%1!" '5$38B/$1%. + 2 1"0)$ C)2+2/($313"%1+ %1/3"2+1%. !/23", 3'(>. L($)1!"(+: 

2$7'1 4!+ 0 B 4" "13"B$3+> ) 3/%DA$33"5' )/("5$(83"5' C($)1!"7'. M(. %3.1+. 4"(.!"9!/55 +%4"(8:'>1 

!'03", 4"(.!"9!/# % )/4$(83D5 !1'13D5 C($)1!"7"5 + "ED03", N-"E!/:3", .0$,)",, %"$7+3$33", /9/!-

/9/!"2D5 5"%1+)"5 % 3/%DA$33D5 )/("5$(83D5 C($)1!"7"5. I"(8B", %"($2", #"3 5$B/$1 "4!$7$($3+> 

1"!+.; 4"C1"5' 4!$72/!+1$(83" 3$"E="7+5" "17$(+18 1"!+, "1 +:ED1)/ 5+3$!/(83D= )+%("1 + += %"($,.  

M(. "4!$7$($3+. 1"!+. 2 2+7$ +"7/1/ 4!+5$3.>1 (+E" +"7"5$1!+0$%)"$ 1+1!"2/3+$ % )!/=5/("5 2 

)/0$%12$ +37+)/1"!/, (+E" 4"1$3*+"5$1!+0$%)"$ 1+1!"2/3+$ 3+1!/1/ 1"!+. 3$4"%!$7%12$33" +"7/1"5 )/(+.. 

 !+ +"7"5$1!+0$%)"5 1+1!"2/3++ "%/67/>1 1"!+, 2 2+7$ +"7/1/, + 4" )"(+0$%12' +"7/1/, %2.:/33"9" % 

1"!+$5, %'7.1 " %"7$!6/3++ 4"%($73$9" 2 +%%($7'$5"5 !/%12"!$. R$1"7 4!+5$3+5 7(. "4!$7$($3+. 1"!+. 2 



4!+%'1%12++ <KL + +11!+.. R$1"7 4!+5$3.$1%. 7(. "4!$7$($3+. 1"!+. + *$!+. 4!+ += %"25$%13"5 4!+ 

'%("2++ 4!$72/!+1$(83"9" 2"%%1/3"2($3+. Ce
IV

 7" G$
111

 3%-3", 4$!$)+%8> 2"7"!"7/.  

J4!$7$($3+$ 1"!+. % 5"(+E7/1"5 /55"3+. 4!"+:2"7+1%. )/) 4!.5D5 1+1!"2/3+$5 %"($, 1"!+. 

!$/9$31"5, 1/) + )"%2$33D5 5$1"7"5, "%3"2/33D5 3/ "%/67$3++ 1"!+. 2 2+7$ 3"!5/(83"9" 5"(+E7/1/ 

Th(MoJ4)2=N2J % 4"%($7'>A+5 2"%%1/3"2($3+$5 + 1+1!"2/3+$5 5"(+E7$3/, %2.:/33"9" % 1"!+$5. M(. 

'%1/3"2($3+. 1"0)+ C)2+2/($313"%1+ +%4"(8:'>1 +37+)/1"!D 

7+#$3+()/!-E/:+7 + #$!!"+3, / 1/)6$ 5$1"7D 4"1$3*+"5$1!+0$%)"9" 

+ /54$!"5$1!+0$%)"9" 1+1!"2/3+.. @":5"63" 4!.5"$ + )"%2$33"$ 

1+1!"2/3+$ 1"!+..  

T54$!"5$1!+0$%)"$ 1+1!"2/3+$ 1"!+. 5"(+E7/1"5 /55"3+. 

"%3"2/3" 3/ 2"%%1/3"2($3++ +:ED1)/ 5"(+E7/1-+"3/ 3/ !1'13"5 

)/4$(83"5 C($)1!"7$ 4!+ 4"1$3*+/($ -0,95 @ "13"%+1$(83" 

3/%DA$33"9" )/("5$(83"9" C($)1!"7/ 2 )+%("5 !/%12"!$, %"7$!6/A$5 

NaCl. &!+2/. /54$!"5$1!+0$%)"9" 1+1!"2/3+. 1"!+. 5"(+E7/1"5 

/55"3+. 4!$7%1/2($3/ 3/ *78. 1. 

 

*78. 1. H+4+03/. )!+2/. /54$!"5$1!+0$%)"9" 1+1!"2/3+. 3+1!/1/ 

1"!+. 5"(+E7/1"5 /55"3+.. 

 

@ 4!+%'1%12++ GlO4
-
-+"3/ 2D%"1/ 2"(3D 5"(+E7/1-+"3/ 2":!/%1/$1 2 7$%.18 !/: 4" %!/23$3+> % 

4!$7$(83D5 1")"5 2 %"(.3"- +(+ #"%#"!3")+%(", %!$7$. N+1!/1- + %'(8#/1-+"3D 5$B/>1 1+1!"2/3+> 1"!+. 

5"(+E7/1"5 /55"3+..  

J4!$7$($3+$ 1"!+. % ")%+=+3"(+3"5 5"63" 4!"+:2$%1+ "EQ$53D5 4'1$5 4!+ 1+1!"2/3++ ="!"B" 

4!"5D1"9" "%/7)/ Th(C9H6ON)4 !/%12"!"5 E!"5+7-E!"5/13", %5$%+ 4"%($ !/%12"!$3+. $9" 2 %"(.3", 

)+%("1$. H+1!"2/3+$ 1"!+. 2 2+7$ ")%+=+3"(+3/1/ "%3"2/3" 3/ E!"5+!"2/3++ "%1/1)"2 ")%+=+3"(+3/, 

%2.:/33"9" % 1"!+$5, 7" 5,7-7+E!"5")%+=+3"(+3/ 4" '!/23$3+> 

C9H7ON + 2 @r2 = C9H5ONBr2 + 2 N@r.          (7) 

 !+ 7"%1+6$3++ C)2+2/($313", 1"0)+ !/%12"! ")!/B+2/$1%. 2 %(/E"-6$(1D, *2$1 %2"E"73D5 E!"5"5: 

@rO3
-
+ 5 Br

-
 + 6 N

+
 ( 3 Br2 + N2O                   (8) 

@ )/0$%12$ +37+)/1"!/ 4!+5$3.$1%. 1%-3D, !/%12"! +37+9"-)/!5+3/ (4$!$="7 ")!/%)+ "1 %+3$, 0$!$: 

:$($3'> ) 6$(1",) +(+ 0,2%-3D, %4+!1"2D, !/%12"! 5$1+("2"9" )!/%3"9", )"1"!D, "E$%*2$0+2/$1%. 4!+ 

4$!2"5 4".2($3++ E!"5/. 

@/63D5 5$1"7"5 .2(.$1%. 1!+("3"5$1!+0$%)"$ 1+1!"2/3+$ 1"!+.. F$("03D$ %"(+ 

3+1!+("1!+')%'%3", + C1+($37+/5+31$1!/-')%'%3", )+%("1 %4"%"E3D "E!/:"2D2/18 %" 53"9+5+ )/1+"3/5+, 2 

1"5 0+%($ + % 1"!+$5, 0!$:2D0/,3" 4!"03D$ )($B3$2+73D$ )"54($)%3D$ %"$7+3$3+.. L1+ )+%("1D, )/) + 

3$)"1"!D$ 7!'9+$ /5+3"4"(+)/!E"3"2D$ )+%("1D, "E(/7/>A+$ 1$5 6$ %2",%12"5 3/:2/3D )"54($)%"3/5+, / 

+= 3/1!+$2D$ %"(+ - 1!+("3/5+: 

                            (9) 

                       (10) 

@%($7%12+$ 1"9", 01" 3+1!+("1!+')%'%3/. + C1+($37+/5+3-1$1!/')%'%3/. )+%("1D +5$>1 E$1/+3"2"$ 

%1!"$3+$: 

                 (11) 



4!"1"3D, %2.:/33D$ % /5+33D5 /:"1"5, 7+%%"*++!'>1 :3/0+1$(83" 1!'73$$, 0$5 4!"1"3D )/!E")%+(83D= 

9!'44, + "1A$4(.>1%. (+B8 2 !$:'(81/1$ !$/)*+, )"54($)%""E!/:"2/3+..  !+ C1"5 )""!7+3/*+"33/. %2.:8 % 

)/1+"3"5 "%'A$%12(.$1%. 0$!$: /1"5D )+%("!"7/ )/!E")%+(83D= 9!'44 + /1"5D /:"1/. G2"E"73D$ 

)""!7+3/*+"33D$ %2.:+ 5$1/((/ 3/%DA/>1%. (+E" 5"($)'(/5+ 2"7D, (+E" 7!'9+5+ :/5$%1+1$(.5+. T3+"3 

C1+($37+/5+31$1!/')%'%3", )+%("1D "E!/:'$1 % 1"!+$5 )"54($)%3D$ %"$7+3$3+. 4!+ 5"(.!3D= 

%""13"B$3+.= 1"!+. ) )"54($)%"3' 1:1 ? 1:2. 

H!+("3"5$1!+0$%)"$ 1+1!"2/3+$ 1"!+. 72'3/1!+$2", %"(8> C1+($37+/5+31$9!/')%'%3", )+%("1D 

(1!+("3 I) "%3"2/3" 3/ "E!/:"2/3++ $9" !/%12"!+5"9" )"54($)%/ + 2D7$($3++ 4!+ C1"5 %2"E"73D= +"3"2 

2"7"!"7/ 4" !$/)*++: 

Th
4+

+Na2H2HI)ThTI+2N
+
+2Na

+
.           (12) 

&"(+0$%12$33"$ "4!$7$($3+$ 1"!+. 5"6$1 "%'A$%12(.18%. )/) 4!.5D5 1+1!"2/3+$5 +"3/ 1"!+. 

72':/5$A$33D5 C1+($37+/5+31$1!//*$1/1"5 3/1!+., 1/) + "E!/13D5 1+1!"2/3+$5 3$4!"!$/9+!"2/2B$9" 

+:ED1)/ !$/9$31/ %1/37/!13D5 !/%12"!"5 3+1!/1/ 1"!+., (+E" /()/(+5$1!+0$%)+5 1+1!"2/3+$5 2D7$($33D= 

4!+ )"54($)%""E!/:"2/3++ +"3"2 2"7"!"7/, C)2+2/($313D= )"(+0$%12' 1"!+.. M(. "4!$7$($3+. )"3$03", 

1"0)+ 4!+ 1+1!"2/3++ 1"!+. 1!+("3"5 I 4!+5$3.>1 )/) #+:+)"-=+5+0$%)+$ 1/) + =+5+0$%)+$ 5$1"7D, 

+%4"(8:'>A+$ 3$)"1"!D$ "!9/3+0$%)+$ %"$7+3$3+., "E!/:'>A+$ % 1"!+$5 ")!/B$33D$ )"54($)%D, 5$3$$ 

4!"03D$, 0$5 )"54($)%D 1"!+. % 1!+("3"5 I.  !+ C1"5 2 )"3$03", 1"0)$ 1+1!"2/3+. 4!"+%="7+1 4"(3"$ 

"%2"E"67$3+$ +37+)/1"!/ + %""12$1%12'>A$$ +:5$3$3+$ ")!/%)+ !/%12"!/. H+1!"2/3+$ 1"!+. 1!+("3"5 I 

4!"+:2"7.1 2 )+%(", %!$7$ (!N 2,3—3,4), 01" 7/O1 2":5"63"%18 4"('0+18 "10$1(+2'> 1"0)' C)2+2/($313"%1+ 

&!"5$ 1"9", 4!+ C1+= '%("2+.= %!/23+1$(83" 3$53"9+$ )/1+"3D "E!/:'>1 )"54($)%D % 1!+("3"5 I + 4"C1"5' 

3$ 5$B/>1. @ )/0$%12$ +37+)/1"!"2 +%4"(8:'>1 /(+:/!+3"2D, )!/%3D, S + 4+!")/1$=+3"2D, #+"($1"2D,. 

T(+:/!+3"2D, )!/%3D, S .2(.$1%. )+%("13"-"%3"23D5 +37+)/1"!"5 ("E(/%18 !N 4$!$="7/ ")!/%)+ 3,8-5,0). 

 !+ +%4"(8:"2/3++ +37+)/1"!/ /(+:/!+3"2"9" )!/%3"9" S 3$ 5$B/>1 +"3D Li, Na, &, Mg, G/, Sr, @/, La, Cr, 

Mn, Co, Ag, Zn, Cd + UO2, 3" 5$B/>1 1+1/3+(, *+!)"3+(, G$
III

, 2/3/7+(, Fe
III

, Ni, Gu
II
, Sn

II
 + Sn

IV
, Pb + Bi. 

J4!$7$($3+$ 1"!+. 2 4!+%'1%12++ '!/3/ 2":5"63" 7" %""13"B$3+. Th:U=l : 500. 

T3+"3D, "E!/:'>A+$ "%/7)+ +(+ )"54($)%D % 1"!+$5 (#"%#/1D, #1"!+7D, ")%/(/1D, %'(8#/1D + 

/3+"3D 5+37/(83", )+%("1D), 7"(63D ED18 4!$72/!+1$(83" '7/($3D +: +%%($7'$5"9" !/%12"!/. 

@ %('0/$ 4!+%'1%12+. 2 +%%($7'$5"5 !/%12"!$ 5$B/>A+= 4!+5$%$,, 4!$72/!+1$(83" 4!"+:2"7.1 

C)%1!/)*+> 1"!+. ")+%8> 5$:+1+(/, "E$%4$0+2/>A'> "17$($3+$ $9" "1 !.7/ %"4'1%12'>A+= C($5$31"2, 2 

1"5 0+%($ "1 <KL + "1 E"(8B+= )"(+0$%12 #1"!+7"2 + #"%#/1"2. R$1"7 4!.5"9" 1+1!"2/3+$ 2 4!+%'1%12++ 

*2$13D= +37+)/1"!"2 :/)(>0/$1%. 2 4!.5"5 1+1!"2/3++ 1"!+. %1/37/!13D5 !/%12"!"5 1!+("3/ I 2 

4!+%'1%12++ 23'1!$33$9" +37+)/1"!/ (/(+:/!+3 )!/%3D, S +(+ =!"5/:'!"( S), 7/>A$9" !$:)+, 4$!$="7 

")!/%)+ 2 C)2+2/($313", 1"0)$. JE!/13"$ )"54($)%"5$1!+0$%)"$ "4!$7$($3+$ 1"!+. "%3"2/3" 3/ 

"11+1!"2D2/3++ 3$4!"!$/9+!"2/2B$9" +:ED1)/ 1!+("3/ I %1/37/!13D5 !/%12"!"5 3+1!/1/ 1"!+. 4!+ !N 3-5. 

 

1.5  -2-),4#%),"#$*,# , $1#*%)-9-%-4#%),"#$*,# 4#%-0(  

N$%5"1!. 3/ 1", 01" 2 3/%1".A$$ 2!$5. +:2$%13" 7"2"(83" 53"9" *2$13D= !$/)*+, 3/ 1"!+,, 7(. $9" 

)"("!+5$1!+0$%)"9" "4!$7$($3+. +%4"(8:'>1 (+B8 3$)"1"!D$ +: 3+= 2%($7%12+$ 3$7"%1/1"03", 

0'2%12+1$(83"%1+ + +:E+!/1$(83"%1+.  

W2$13D$ !$/)*++ % 1"!+$5 7/>1 ")!/B$33D$ !$/9$31D, "E!/:'>A+$ % 3+5 )"54($)%3D$ %"$7+3$3+. + 

%"7$!6/A+$ #'3)*+"3/(83D$ /1"53D$ 9!'44+!"2)+, 3/4!+5$! 

                 (13) 

J%"E$33" =/!/)1$!3" 7(. 1"!+., )"97/ !$/9$31 %"7$!6+1 "%1/1") - AsJ3H2 + 9+7!")%+(83'> 9!'44' 2 7!'9"5 

"!1"-4"("6$3++ ) /:"9!'44$, 1. $. )"97/ U=-AsO3H2.  

$#%#& (E$3:"(-2-/!%"3"2/. )+%("1/-<1-/:"-1>-2-")%+3/#1/(+3-3,6-7+%'(8#")+%("1/) 4":2"(.$1 % 

E"(8B", 0'2%12+1$(83"%18> "4!$7$(.18 1"!+, 2 4!+%'1%12++ 3$)"1"!D= %"4'1%12'>A+= C($5$31"2 + <KL. 

                              (14) 



</%12"!D '#%#&( 2 2"7$ +(+ !/:E/2($33D= )+%("1/= ")!/B$3D 2 "!/36$2D, *2$1; !/:E/2($33D$ $9" 

!/%12"!D - 6$(1D$. @ 4!+%'1%12++ 1"!+. "E!/:'$1%. )!/%3"-5/(+3"2D, "%/7"), 2 !/:E/2($33D= !/%12"!/= - 

)!/%3"$ ")!/B+2/3+$. @ %"(.3"- +(+ /:"13")+%(D= !/%12"!/= 1/)'> *2$13'> !$/)*+> 7/$1 1"(8)" 1"!+,.  

G 1"!+$5 2 %(/E")+%(", %!$7$ 7/O1 #+"($1"2'> ")!/%)', 3/#1/:/!+3 - 4'!4'!"2'> +(+ #+"($1"2'>, 

=+3/(+:/!+3 – #+"($1"2'>, %/(+:/!+3 S – )!/%3'> +(+ #+"($1"2'>, )2$!*$1+3 – 6O(1"-:$(O3'>, )/!5+3"2" 

)!/%3D, – #+"($1"2'>, 4/!/!%"3"2/. )+%("1/ – )"!+03$2'>, /  -3+1!"E$3:",3/. )+%("1/ – "!/36$2'> 

")!/%)'.  

 

1.6 /#%-0( 92:-)#$+#'+,,  

J)!/B$33D$ "%/7)+ %"$7+3$3+, 1"!+. % 5"!+3"5, )/!5+3"2", )+%("1", ()"B+3$(8>) + 1,4-

/5+3"")%+/31!/=+3"3"5 #(>"!$%*+!'>1 2 '(81!/#+"($1"2"5 %2$1$. @ %('0/$ 5"!+3/ + )/!5+3"2", )+%("1D 

!$/)*+. 3$ +:E+!/1$(83/ 7(. 1"!+., 1/) )/) 53"9+$ C($5$31D 1/)6$ "E!/:'>1 #(>"!$%*+!'>A+$ 4!"7')1D. 

<$/)*+. =("!+7/ +(+ 3+1!/1/ 1"!+. % 1,4-/5+3"")%+/31!/=+3"3"5 4!+ !N-2 4!+2"7+1 ) "E!/:"2/3+> 

4'!4'!3"9" "%/7)/, +31$3%+23/. #(>"!$%*$3*+. 2 #+"($1"2"5 %2$1$ 5"6$1 %('6+18 7(. +7$31+#+)/*++ 

C($5$31/. ?%1"03+)"5 '(81!/#+"($1"2D= ('0$, %('6+1 !1'13/. (/54/, 7/>A/. +:('0$3+$ 5$67' 310 + 400 

35 % 5/)%+5'5"5 4!+ 365 35.  
 

1.7 ;-2.)-<)!9,"#$*,# 4#%-0( 

?:'0$3+$ 4"2$7$3+. +"3/ 1"!+. 3/ !1'13"5 )/4$(83"5 C($)1!"7$ 4")/:/(", 01" $9" 2"%%1/3"2($3+$ 

4!"+%="7+1 (+B8 4!+ :3/0$3+.= !N 3,6, )"97/ 3/0+3/$1%. 9+7!"(+: 1"!+.. @%($7%12+$ 1"9", 01" :3/0$3+$ 

4"1$3*+/(/ 2"%%1/3"2($3+. +"3"2 1"!+. (-1,8 @) 3/="7+1%. :/ 4"1$3*+/("5 2"%%1/3"2($3+. +"3"2 2"7"!"7/ (-

1,6 @), 4"(.!"9!/#+0$%)+$ 5$1"7D 7(. "4!$7$($3+. 1"!+. 4"01+ 3$ 4!+5$3.>1. M(. "4!$7$($3+. 1"!+. 

/54$!"5$1!+0$%)+5 1+1!"2/3+$5 4!$7("6$3 5$1"7 )"54($)%"=+5+0$%)+= !$/)*+, 2D1$%3$3+.. & !/%12"!' 

%"(+ 1"!+. 7"E/2(.>1 )"54($)%"3/1 %2+3*/, 4"%($ 0$9" 4"(.!"9!/#+0$%)+ "4!$7$(.>1 )"(+0$%12" 

2D1$%3$33"9" %2+3*/, C)2+2/($313"$ %"7$!6/3+> 1"!+.. 

 

1.8 51)#0#2#',# %-),. 4#%-0-4 $1#*%)!2='-<- !'!2,>! 

N/+E"($$ +31$3%+23D$ + =/!/)1$!3D$ (+3++ 1"!+. 4!+2$7$3D 2 (&56. 13. 

M(. "4!$7$($3+. 1"!+. 0/A$ 2%$9" +%4"(8:'>1 (+3++ 2832,32 + 2837,30 T. J41+0$%)+, %4$)1!/(83D, /3/(+: 

('0B$ 2%$9" 4!+5$3.18 2 "1%'1%12+$ <KL. 

 

(&56. 2. G4$)1!/(83D$ (+3++ 1"!+. 

 
 

1.9  1)#0#2#',# %-),. 4#%-0-4 )#'%<#'-$1#*%)!2='-<- !'!2,>! 

<$319$3"2%)+$ %4$)1!D 53"9"2/($313D= C($5$31"2, 2 0/%13"%1+ 1"!+., 4"%1!"$3D :3/0+1$(83" 4!"A$ 

"41+0$%)+=. -+3++ += !/%4!$7$(.>1%. 2 4!$7$(/= 3$E"(8B"9" 0+%(/ )-, L-, "-%$!+, 2 %""12$1%12++ % 

)"3$03D5+ '!"23.5+ +:('0/>A+= C($)1!"3"2. M(. "4!$7$($3+. 1"!+. "ED03" +%4"(8:'>1 (+3++ L-ce!++. 

?: (+3+, "-%$!++ 4!+5$3.>1 3/+E"($$ %+(83'> 4/!' (+3+, -  1 (4130U) +  2 (4143U).  !+ )"(+0$%12$33"5 

C5+%%+"33"5 /3/(+:$ %!/23+2/>1 +31$3%+23"%18 (+3++ "4!$7$(.$5"9" C($5$31/ % +31$3%+23"%18> (+3++ 

C($5$31/ %!/23$3+.. @ )/0$%12$ C($5$31"2 %!/23$3+. 2 %('0/$ "4!$7$($3+. 1"!+. +%4"(8:'>1 %1!"3*+, +(+ 

'!/3. TE%"!E*+"33D, /3/(+: 4!+9"7$3 (+B8 7(. "E3/!'6$3+. 1"!+. 2 3$)"1"!D= 5/1$!+/(/=, "%3"2' 

)"1"!D= %"%1/2(.>1 C($5$31D % 3+:)+5+ /1"53D5+ 2$%/5+. 

 

1.10 ?!0,-4#%),"#$*,# 4#%-0( 

</7+"5$1!+0$%)+$ 5$1"7D /3/(+:/ "%3"2/3D 3/ "4!$7$($3++ !/7+"/)1+23D= C($5$31"2 4" 

+31$3%+23"%1+  -,!- + *-+:('0$3+, 5/1$!+3%)"9" 2$A$%12/ +(+ 4!"7')1"2 $9" !/%4/7/. J0$38 E"(8B", 

4$!+"7 4"('!/%4/7/ 1"!+. ($=1,389•10
10 
($1), /, %($7"2/1$(83", + 5/(/. !/7+"/)1+23"%18 :/1!'73.>1 

"4!$7$($3+$ C($5$31/ 4" 4$!2+03"5'  -+:('0$3+>, 4"C1"5' 7(. /3/(+1+0$%)+= *$($, +%4"(8:'>1 "ED03" 



/)1+23"%18 0($3"2 !.7/ 1"!+.. @ %2.:+ % C1+5 4!+ !/7+"5$1!+0$%)"5 "4!$7$($3++ 1"!+. 3$"E="7+5D5 

'%("2+$5 .2(.$1%. '%1/3"2($3+$ !/7+"/)1+23"9" !/23"2$%+. 5$67' 1"!+$5 + 4!"7')1/5+ $9" !/%4/7/. M(. 

4"('0$3+. 1"03D= !$:'(81/1"2 22"7.1 4"4!/2)+ 3/ /)1+23"%18 4!+%'1%12'>A+= !/7+"/)1+23D= C($5$31"2 

7!'9+= !.7"2 !/%4/7/. M(. "4!$7$($3+. 1"!+. +%4"(8:'>1 C5/3/*+"33D, 5$1"7, 4"7%0$1  -0/%1+*, 

+:5$!$3+$ *-+:('0$3+., #"1"9!/#+0$%)+, 5$1"7, / 1/)6$ !/7+"5$1!+0$%)"$ 1+1!"2/3+$. 

N/+E"($$ 0'2%12+1$(83D5 5$1"7"5 "4!$7$($3+. 1"!+., 7/6$ 2 4!+%'1%12++ '!/3/, .2(.$1%. 

C5/3/*+"33D, 5$1"7, "%3"2/33D, 3/ +:5$!$3++ !/7+"/)1+23"%1+ C5/3/*++ 1"!+. – 1"!"3/ (
220

Rn). M(. 

'%1/3"2($3+. %"7$!6/3+. 1"!"3/ 2 4!"E$ 4!+5$3.>1 5$1"7 3$4!$!D23"9" 4!"%/%D2/3+. 2":7'=/ 0$!$: 

+"3+:/*+"33'> )/5$!'.  !+ C1"5 +:5$!.>1 +"3+:/*+"33D, 1") 3/%DA$3+., %":7/2/$5D,  -('0/5+ 

C5/3/*++ + $$ 4!"7')1"2 !/%4/7/; 2 3$)"1"!D= %('0/.= +%4"(8:'>1 1/)6$ !$9+%1!/*+> +54'(8%"2 "17$(83D= 

 -0/%1+*. G"7$!6/3+$ 1"!"3/ 2 "E"+= %('0/.= "4!$7$(.>1 4'1$5 %!/23$3+. !$:'(81/1"2 +:5$!$3+. 

+%%($7'$5D= "E!/:*"2 % C1/("3/5+. R$1"7 %0$1/  -0/%1+* 1"!"3/ 4!+5$3.>1 (+B8 7(. "4!$7$($3+. "0$38 

5/(D= )"(+0$%12 1"!+. – 10
-5

 – 10
-6

 9, - %""12$1%12'>A+= %"7$!6/3+> $9" 2 4"!"7/=. M(. 4!/)1+0$%)+ 

4"(3"9" '7/($3+. 1"!"3/ 3$"E="7+5", 01"ED +%%($7'$5D, !/%12"! ED( 4" 2":5"63"%1+ 4!":!/03D5. J73/)" 

4"('0$3+$ 1/)"9" !/%12"!/ 2 %('0/$ /3/(+:/ 3$)"1"!D= 5+3$!/("2 4!$7%1/2(.$1 :3/0+1$(83D$ 1!'73"%1+, 1/) 

)/) 4!+ += !/:("6$3++ 3$ 7"(63" 3/!'B/18%. !/7+"/)1+23"$ !/23"2$%+$.  "C1"5' 3$(8:., 3/4!+5$!, 

!/:(/9/18 5"3/*+1 "EA$4!+3.1D5 %4"%"E"5 % H2SJ4 2%($7%12+$ "%/67$3+. 4!+ C1"5 ThX (+:"1"4 !/7+.) + 

3/!'B$3+. !/7+"/)1+23"9" !/23"2$%+.. G4(/2($3+$ % E+)/!E"3/1/5+ A$("03D= 5$1/(("2 2 %('0/$ 5"3/*+1/ 

3$'7"E3", 1/) )/) 4"(3"$ $9" !/:("6$3+$ 7"%1+9/$1%. (+B8 4"%($ 53"9")!/13"9" 4"21"!$3+. "4$!/*++. 

N/4!"1+2, 4!+ /3/(+:$ +:2$%13.)/ + 7"("5+1/ +%4"(8:'>1 +5$33" C1"1 5$1"7 !/:("6$3+.. M(. 2%)!D1+. 

5"3/*+1/ 4!+5$3.>1 E$:2"73'> 5$1/#"%#"!3'> )+%("1' + )+%(D, #1"!+7 )/(+..  "('0$33D, 4(/2 

!/%12"!.>1 2 "!1"#"%#"!3", )+%("1$ + 3$E"(8B"5 )"(+0$%12$ 2"7D, 2 !$:'(81/1$ 0$9" 4"('0/>1 4!":!/03D, 

!/%12"!, +: )"1"!"9" 2D1$%3.>1 C5/3/*+> 1")"5 2":7'=/ +(+ +3$!13"9" 9/:/. Z%(+ +:5$!$3+> 4"72$!9/>1 

4!"ED, 2 )"1"!D= %"7$!6/3+$ 1"!"3/ %""12$1%12'$1 0,2 9 Th + E"($$, 1" % "73", + 1", 6$ +"3+:/*+"33", 

)/5$!", 5"63" 4!"+:2"7+18 3$ E"($$ 1!$= +:5$!$3+, 2 7$38, 1/) )/) 2 4!"1+23"5 %('0/$ 3/E(>7/$1%. 

3/)"4($3+$ «!/7+"/)1+23D= "%/7)"2» (ThA, ThB + ThC). @%($7%12+$ 1"9", 01" C5/3/*+. !/7+. (!/7"3) 

"E(/7/$1 "13"%+1$(83" E"(8B+5 4$!+"7"5 4"('!/%4/7/ ($=3,825 73), 1"!+, 5"63" 1"03" "4!$7$(+18 4" 

1"!"3' 2 4!+%'1%12++ :3/0+1$(83D= )"(+0$%12 !/7+. 4"%($ 4!$72/!+1$(83"9" '7/($3+. !/7"3/. L5/3/*+. 

/)1+3+. (/)1+3"3, $=3,92 %) 5$B/$1 (+B8 2 !$7)+= %('0/.=, )"97/ 4!+%'1%12'>1 E"(8B+$ )"(+0$%12/ 

/)1+3+., 3/4!+5$! 4!+ /3/(+:$ 5+3$!/("2 % E"(8B+5 %"7$!6/3+$5 '!/3/. @ C1"5 %('0/$ 7(. !/:7$(83"9" 

"4!$7$($3+. 1"!"3/ + /)1+3"3/ +%4"(8:'>1 5$1"7 «7"4"(3+1$(83"9" "EQ$5/». 

N$%5"1!. 3/ 1", 01" <KL 2 "%3"23"5 "E(/7/>1 $%1$%12$33", !/7+"/)1+23"%18>, "3+ 3$ "E!/:'>1 

C5/3/*++ + 3$ 5$B/>1 "4!$7$($3+> 1"!+. C5/3/*+"33D5 5$1"7"5. JB+E)/ "4!$7$($3+, 5"6$1 %"%1/2(.18 

±1,5% 4!+ 1"03"%1+ +:5$!$3+, 1%. 

R$1"7D, +%4"(8:'>A+$ !$9+%1!/*+>  -0/%1+*, 4!$7'%5/1!+2/>1: 

1) 4"7%0$1 2%$=  -0/%1+*, +%4'%)/$5D= 9(/7)", 4"(+!"2/33", 4"2$!=3"%18> 4!"ED; 

2) 4"7%0$1 2%$=  -0/%1+*, +%4'%)/$5D= +:5$(80$33D5+ 2 4"!"B") "E!/:*/5+; 

3) 4"7%0$1  -0/%1+* 1"(8)" ThC 4"%($ +%)(>0$3+.  -0/%1+* % )"!"1)+5 4!"E$9"5 4"7="7.A+5 

4"9("1+1$($5. 

N/+E"($$ !/%4!"%1!/3$33D5 .2(.$1%. 5$1"7 +:5$!$3+. +"3+:/*+"33D= 1")"2 3/%DA$3+., 2D:2/33D= 

 -+:('0$3+$5 +:5$(80$33", 2 4"!"B") 4!"ED + C1/("3/.  !+ C1"5 %($7'$1 '0+1D2/18, 01" "E!/:*D, 

%"7$!6/A+$ Ra, T% + Th, 2D7$(.>1 C5/3/*++, )"1"!D$, 4!"3+)/. 2 +"3+:/*+"33'> )/5$!' 7$1$)1"!/  -

+:('0$3+., 2D:D2/>1 7"E/2"03'> +"3+:/*+>, +%)/6/>A'> !$:'(81/1 +:5$!$3+. !/7+"/)1+23"%1+ 4!"ED, 

$%(+ 3$ 22"7+1%. %""12$1%12'>A/. 4"4!/2)/. J73/)" 4!+ +:5$!$3++ 1"!+$2D= !'7 2" 53"9+= %('0/.= 

3/E(>7/$1%. %+(83"$ 2(+.3+$ 2D7$(.>A$,%. C5/3/*++, 01" 7$(/$1 +3"97/ 3$2":5"63D5 1"03"$ +:5$!$3+$ 

4!"E 4"  -('0/5. N/ 1"03"%18 "4!$7$($3+. 3$ 2(+.$1 )"%5+0$%)"$ +:('0$3+$, 3$1 3$"E="7+5"%1+ 

4$!$2$7$3+. 2 !/%12"! /3/(+:+!'$5"9" "E!/:*/ + 2":5"63" 3$4"%!$7%12$33"$ "4!$7$($3+$ /)1+23"%1+ 

4"!"B)"2 4!"E % 3$E"(8B+5 %"7$!6/3+$5 1"!+. + '!/3/. 

M(. "4!$7$($3+. !/7+"/)1+23D= C($5$31"2 4" %(/E"5' *-+:('0$3+> 4!+5$3.>1 4!$+5'A$%12$33" 

+54'(8%3D, *-5$1"7. ?:5$!$3+$ /)1+23"%1+ 4"!"B)"2", 4!"ED 4!"+:2"7.1 2 *+(+37!+0$%)+= %1/)/30+)/=, 

2 )"1"!D$ 4"5$A/>1 9+(8:' %0$13", 1!'E)+. R$1"7 4":2"(.$1 "4!$7$(.18 1"!+, 4!+ $9" %"7$!6/3++ 2 

+%%($7'$5"5 "E!/:*$ 7" 1•10
-4

%. M(. "4!$7$($3+. %"7$!6/3+. '!/3/, !/7+. + 1"!+. 4!+ += %"25$%13"5 

4!+%'1%12++ 2 +%%($7'$5"5 "E!/:*$ 4!$7("6$3 )"5E+3+!"2/33D, 5$1"7 +:5$!$3+. 4" !- + *-('0/5. 

P"1"9!/#+0$%)+, 5$1"7, !/:!/E"1/33D, ?. &>!+, +%4"(8:'>1 7(. "4!$7$($3+. %"7$!6/3+. 1"!+. + '!/3/ 2 

9"!3D= 4"!"7/=. 



2. "$*)+, )*+$/$0!1 *).!1 )* %)-2*%*3245!  6/$"$0*)3 

 "('0$3+$ 0+%1D= %"$7+3$3+, 1"!+. +: 5"3/*+1"2D= 4$%)"2 + /3/(+: 4!"5DB($33D= "EQ$)1"2 3/ 

%"7$!6/3+$ 2 3+= 1"!+. %2.:/3D "ED03" % "17$($3+$5 $9" "1 4!+!"73D= %4'13+)"2: <KL, +11!+., '!/3/, 

6$($:/, )!$53+. + #"%#"!/, / 1/)6$ 2 !.7$ %('0/$2 - "1 1+1/3/, *+!)"3+., 9/#3+., )/(8*+. + 7!. J17$($3+$ 

1"!+. "1 5$1/(("2 4"79!'44D 1+1/3/ + !.7/ 7!'9+= C($5$31"2 3$ 2D:D2/$1 "%"ED= :/1!'73$3+,. N/4!"1+2, 

%="7%12", %'A$%12'>A$$ 5$67' %"$7+3$3+.5+ 1"!+. + <KL, +11!+. + %)/37+., 7$(/$1 C1" !/:7$($3+$ 2$%85/ 

3$($9)+5. 

R$1"7D !/:7$($3+. 1"!+. + <KL "%3"2D2/>1%. 3/ 3$)"1"!"5 +5$>A$5%. !/:(+0++ += =+5+0$%)+= + 

#+:+0$%)+= %2",%12: "%3"23"%1+, !/%12"!+5"%1+ %"$7+3$3+,, "13"B$3++ ) "!9/3+0$%)+5 !/%12"!+1$(.5 +, 

3/)"3$*, ($1'0$%1+ %"$7+3$3+,. J15$1+5, 01" *$!+, 2 0$1D!$=2/($313"5 %"%1".3++ 2$7$1 %$E. /3/("9+03" 

1"!+>. 

J%3"23"%18 C($5$31"2 %2.:/3/ % 1$37$3*+$, ) 4"1$!$ +(+ 4!+"E!$1$3+> C($)1!"3"2, :/2+%.A$, "1 

!/:5$!/ )/1+"3/ + 2$(+0+3D $9" 4"("6+1$(83"9" :/!.7/. @ !.7' <KL % '2$(+0$3+$5 4"!.7)"2"9" 3"5$!/ 

4!"+%="7+1 4"%1$4$33"$ '5$38B$3+$ +"33"9" !/7+'%/, 2 %2.:+ % 0$5 2":!/%1/$1 4!+1.6$3+$ 9+7!")%+(83D= 

9!'44 +"3"5 5$1/((/ + 3/E(>7/$1%. 4/7$3+$ "%3"23"%1+ 4!+ 4$!$="7$ "1 (/31/3/ ) (>1$*+>. X 

0$1D!$=2/($313"9" *$!+. %+(83" %)/:D2/$1%. 2(+.3+$ :/!.7/ 3/ '5$38B$3+$ %4"%"E3"%1+ "1A$4($3+. 

9+7!")%+(83D= 9!'44.  " %!/23$3+> % G$
1X

 ' 1"!+. 4!+ !/23"5 :/!.7$ '2$(+0+2/$1%. +"33D, !/7+'%, 

4"C1"5' 2 !.7' La-Lu, Sc, Th, G$ 
1V

 1"!+, 4" "%3"23"%1+ :/3+5/$1 5$%1" 5$67' %)/37+$5 + 

0$1D!$=2/($313D5 *$!+$5. M$,%12+1$(83", 9+7!"")+%8 1"!+. "%/67/$1%. 4!+ E"($$ 3+:)+= :3/0$3+.= !N 

(3,6), 0$5 9+7!"")%+7D 1!$=2/($313D= <KL, !N "%/67$3+. )"1"!D= 3/="7+1%. 2 +31$!2/($ 6,2 - 8,4. 

?%)(>0$3+$ %"%1/2(.$1 Ce
IV

, 9+7!"")+%8 )"1"!"9" "%/67/$1%. 4!+ :3/0$3+.= !N, E(+:)+= ) 3. H/)"$ !/:(+0+$ 

2 "%3"23"%1+ 7/$1 2":5"63"%18 4!+ 1A/1$(83"5 )"31!"($ !N !/%12"!/ + 4!+5$3$3++ 4"7="7.A+= !$/9$31"2 

"%'A$%12+18 !/:7$($3+$ 1"!+. + <KL. 

</:7$($3+$ 1"!+. + %"4'1%12'>A+= $5' C($5$31"2 5"63" "%'A$%12+18 4!+ 4"5"A+ /55+/)/, $7)+= 

A$("0$,, ")+%("2 + )/!E"3/1"2 5$1/(("2, "!9/3+0$%)+= 4!"+:2"73D= /55+/)/ +(+ 4!+ 4"5"A+ 

9+7!"(+1+0$%)"9" "%/67$3+.. R$1"7D, +%4"(8:'>A+$ !/:(+0+$ 2 !/%12"!+5"%1+ %"$7+3$3+, 1"!+. + 

!$7)":$5$(83D= C($5$31"2 4"7!/:7$(.>1%. 3/ "%/67$3+$ +: %+(83")+%(D= !/%12"!"2 + "%/67$3+$ +: 

%(/E")+%(D= +(+ 3$,1!/(83D= !/%12"!"2. J17$($3+$ 4!"+:2"7.1 #$3+(')%'%3", )+%("1",, #-1"('+("2", 

G8N8J2, 7-")%+)'5/!+3-4-')%'%3", )+%("1", G11N8J5, /!+(')%'%3D5+ )+%("1/5+, 2,4-

7+:("!#$3")%+)')%'%3", )+%("1", C8H6O3Cl2,  -)!$:")%+ ')%'%3", )+%("1", G10H12O3, )"!+03", )+%("1", 

G9N8J2, E$3:",3", )+%("1", + E$3:"/1"5 /55"3+.,  -3+1!"E$3:",3", )+%("1", C7H5O4N, #-=("!E$3:",3", 

)+%("1", C7H5O2Cl, +"7E$3:",3", )+%("1", G7N5J2J, 1"!+. /3+%"2", )+%("1", G8N8J3, 2/3+(+3"2", 

)+%("1", G8N8J4, 5/($+3"2", )+%("1", G4N4J4, #'5/!"2", )+%("1", G4N4J4, %$E/*+3"2", )+%("1", 

C10H18O2, E$3:"(%'(8#+3/1"5 3/1!+. C6H5SJ2Na, 1$1!/=("!#1/($2", )+%("1", C8H2O4Cl4, )/5#/!3", 

)+%("1", G10N16O4, n-/5+3"%/(+*+("2", )+%("1", ( TG&) C7H7O3N,  -")%+E$3:"+3", )+%("1", G7N6O3, 

/*$1+(%/(+*+("2", )+%("1", C9H8O5, #- + n-/5+3"E$3:",3D5+ )+%("1/5+ - C7H7J2N, 5-+"7/31!/3+("2", 

)+%("1", G7N6JNJ, %'(8#/3+(/1"5 3/1!+. C6H6J3NSNa, 3/#1+"3/1"5 3/1!+. C10H8O3NSNa, #$3+(9(+*+3-#-

)/!E"3"2", )+%("1", C9H9O4N, 1!+5$1+(9/(("2", )+%("1", G10N12J5, 9/33+3"5, #$3+(/!%"3"2", )+%("1", 

G6N7J3As, 4+)!+3"2", )+%("1", C6H3J7N3, #'!+(/1"5 /55"3+. C10H11O5N + 53"9+5+ 7!'9+5+ !$/9$31/5+. 

R$1"7+)+ 4"7!"E3" "4+%/3D 2 %""12$1%12'>A+= 5$1"7+0$%)+= 4"%"E+.=. 

M(. !/:7$($3+. 1"!+. + <KL +%4"(8:'$1%. !/:(+0+$ 2 4!"03"%1+ += )"54($)%3D= %"$7+3$3+,. H"!+, + 

<KL .2(.>1%. %4$*+#+0$%)+5+ )"54($)%""E!/:"2/1$(.5+, "%'A$%12(.>A+5+ )""!7+3/*+"33'> %2.:8 % 

/77$37/5+ 4!$+5'A$%12$33" 0$!$: /)1+23D$ /1"5D )+%("!"7/. X%+($3+$ 4!"03"%1+ )"54($)%3D= 

%"$7+3$3+, 2 !.7' (/31/3+7"2 "1 La ) Lu 2 )"3$03"5 +1"9$ %2.:/3" % :/)"3"5$!3D5 '5$38B$3+$5 +"33D= 

!/7+'%"2 + 4"%1$4$33D5 '2$(+0$3+$5 +"33"9" 4"1$3*+/(/. JE(/7/. E"(8B+5+ :3/0$3+.5+ +"33D= 

4"1$3*+/("2, Th + Ce
IV

 %)("33D "E!/:"2D2/18 % 3$)"1"!D5+ /77$37/5+, 3/4!+5$! ")%/(/1/5+ + )/!E"3/1/5+ 

A$("03D= 5$1/(("2, E"($$ 4!"03D$ )"54($)%D 4" %!/23$3+> % <KL *$!+$2", 4"79!'44D.  "%($73+$ 0($3D 

+11!+$2", 4"79!'44D 5/(" "1(+0/>1%. 2 C1"5 "13"B$3++ "1 Th + Ce
IV

; 4"C1"5' 4!+5$3$3+$ "4+%D2/$5D= 

5$1"7"2 3$ "E$%4$0+2/$1 4"(3"1D !/:7$($3+.. -'0B+$ !$:'(81/1D 7/O1 "17$($3+$ 1"!+. ")%/(/1"5 +(+ 

)/!E"3/1"5 /55"3+.. 

M(. "17$($3+. 1"!+. "1 <KL 4!+5$3.>1%. 5$1"7D !/%4!$7$(+1$(83", =!"5/1"9!/#++, +%4"(8:'>A+$ 

2 )/0$%12$ %"!E$31"2 ")%+7 /(>5+3+. + *$((>(":'. R$1"7 !/:7$($3+. 1"!+. + <KL, "%3"2/3 3/ !/:(+03"5 

"13"B$3++ C1+= C($5$31"2 ) C)%1!/)*++ C#+!"5 3$4"%!$7%12$33" % *$((>(":3", )"("3)+. R$1"7 E'5/63", 

=!"5/1"9!/#++ 4!$7%1/2(.$1 +31$!$% +:-:/ 4!"%1"1D + ED%1!"1D 2D4"(3$3+.; "3 3$ 1!$E'$1 7"!"9", 

/44/!/1'!D, 4":2"(.$1 "E3/!'6+18 3$:3/0+1$(83D$ )"(+0$%12/ 5$1/(("2 + !/:7$(+18 C($5$31D, )"1"!D$ 

1!'73" !/:7$(.>1%. %'A$%12'>A+5+ 5$1"7/5+. 



@":5"63"%18 "17$($3+. 1"!+. "1 <KL + 7!'9+= C($5$31"2 4'1$5 %"!E*++ 3/ +"3""E5$33D= %5"(/= 

"E'%("2($3/ 5/(D5 !/7+'%"5 + E"(8B+5 :/!.7"5 +"3"2 1"!+.. L1+5 "EQ.%3.$1%. %+(83/. %"!E*+. $9" 

)/1+"3+1/5+ +: )+%(D= !/%12"!"2 + 1!'73"%18 7$%"!E*++ 4!+ 7$,%12++ )"3*$31!+!"2/33D= %"(.3", +(+ 

/:"13", )+%("1. H/) )/) 7(. 2D5D2/3+. <KL % 1/)+= )"("3") !/%="7'>1%. 7"2"(83" :3/0+1$(83D$ "EQ$5D 

')/:/33D= )+%("1, %"!E*+> 0/A$ 2%$9" "%'A$%12(.>1 +: !/:E/2($33D= !/%12"!"2, 4"(8:'.%8 7(. 

%$($)1+23"9" 2D5D2/3+. 1"!+. !/%12"!/5+ )"54($)%""E!/:'>A+= /9$31"2 % "4!$7$($33D5 :3/0$3+$5 !N, 

3/4!+5$! (+5"33", +(+ 5"("03", )+%("1. 

J%1/3"2+5%. 3$%)"(8)" 4"7!"E3$$ 3/ C)%1!/)*+"33D= 5$1"7/= !/:7$($3+. 1"!+. + !$7)":$5$(83D= 

C($5$31"2. ?:2$%13", 01" )+%("!"7%"7$!6/A+$ %"$7+3$3+. - %("63D$ C#+!D, %4+!1D + )$1"3D - 2 

4!+%'1%12++ 2D%/(+2/1$($, 4!".2(.>1 2 E"(8B+3%12$ %('0/$2 C)%1!/)*+"33D$ %2",%12/ 4" "13"B$3+> ) 

3+1!/1' 1"!+.. N/4!"1+2, '9($2"7"!"7D, =("!-4!"+:2"73D$, 3+1!"- + /5+3"%"$7+3$3+., / 1/)6$ 4!"%1D$ 

C#+!D + 3+:B+$ %4+!1D 4"01+ 3$ !/%12"!.>1 $9". 

@%$ %"(+ <KL "3+, :/ +%)(>0$3+$5 Ce
IV

, "E(/7/>1 "0$38 5/(D5+ )"C##+*+$31/5+ !/%4!$7$($3+. 

5$67' 2"73", + "!9/3+0$%)", #/:/5+, 01" 4":2"(+(" !/:!/E"1/18 5$1"7D !/:7$($3+. 1"!+. + <KL 3/ "%3"2$ 

C)%1!/)*++. M(. C)%1!/)*+"33"9" 2D7$($3+. 3+1!/1/ 1"!+. +: %5$%$,, %"7$!6/A+= 3+1!/1D <KL, 3/+E"($$ 

4!+9"73D ")+%8 5$:+1+(/, 1!+E'1+(#"%#/1, 7+C1+("2D, C#+!, +:"/5+("2D, + 9$)%+("2D, %4+!1D, 

7+C1+()$1"3, 5$1+(E'1+(-, +:"E'1+(-, 5$1+(-/5+(- + 5$1+(9$)%+()$1"3D. &!"5$ 1"9", !/%12"!+5"%18 

3$)"1"!D= )($B3$2+73D= )"54($)%3D= %"$7+3$3+, 1/)6$ 5"6$1 +%4"(8:"2/18%. 7(. += !/:7$($3+.. 

M(. C)%1!/)*++ 1"!+. B+!")" 4!+5$3.18%. C#+!D #"%#"!3", )+%("1D, "%"E$33" 1!+E'1+(#"%#/1. @ 

/:"13")+%(D= !/%12"!/= 3/E(>7/>1%. 2D%")+$ :3/0$3+. )"C##+*+$31"2 !/%4!$7$($3+., 7/6$ 4!+ 3+:)+= 

)"3*$31!/*+.= )+%("1D: 5-10 2 1 " HNJ3 + 100-400 2 6-15 " HNJ3.  !+ 3/%DA$3++ 2"73", #/:D, 0,1 " 4" 

HNJ3, 3+1!/1"5 )/(8*+. +37+)/1"!3D$ )"(+0$%12/ 1"!+. C)%1!/9+!'>1%. E"($$ 0$5 3/ 99,9%. 

 

*78. 2. @(+.3+$ 2$(+0+3D !N 3/ C)%1!/)*+> %($7"2D= )"(+0$%12 

/)1+3+. + 1"!+. +: !/:E/2($33"9" !/%12"!/ /:"13", )+%("1D !/23D5 

"EQO5"5 0,25 R !/%12"!"5  -1$3"+(1!+#1"!/*$1"3"5 (HHT) 2 E$3:"($. 

 

@ !/%12"!/= 10-12 " 4" NGl )"C##+*+$31 !/%4!$7$($3+. 1"!+. 2-

10. @%($7%12+$ 3$'7"E%12/ !/E"1D % 3$!/:E/2($33D5 2.:)+5 

1!+E'1+(#"%#/1"5 $9" !/:E/2(.>1 3/ 10-20% 4" "EQ$5' 7!'9+5+ 

!/%12"!+1$(.5+ (E'1+("2D5 C#+!"5, E$3:"("5, 0$1D!$==("!+%1D5 

'9($!"7"5 +(+, 0/A$ 2%$9", )$!"%+3"5). R/)%+5/(83D, )"C##+*+$31 C)%1!/)*++ 1"!+. !/:E/2($33D5 

1!+E'1+(#"%#/1"5 !/2$3 4 +: !/%12"!"2 4-8 " 4" NNO3; 0!$:2D0/,3" C##$)1+23/ 1/)6$ C)%1!/)*+. 1"!+. +: 

!/%12"!"2, 0,5 " 4" NNO3 + 4-6 " 4" NaNO3. N$%5"1!. 3/ 4"3+6$3+$ )"C##+*+$31"2 C)%1!/)*++ 1"!+. 4!+ 

!/E"1$ % !/:E/2($33D5 1!+E'1+(#"%#/1"5. 5$1"7 4!$7%1/2(.$1 :3/0+1$(83D, +31$!$%, 1/) )/) "73"2!$5$33" 

%+(83" '5$38B/$1%. 4$!$="7 4!+5$%$, 2 "!9/3+0$%)'> #/:'. M(. !$C)%1!/)*++ 1"!+. 2 2"73D, !/%12"! 

+%4"(8:'>1 !/%12"!D /:"13", )+%("1D 3+6$ 0,5 ". @5$%1$ % 1"!+$5 C)%1!/9+!'>1%. Ce
IV

, U
VI

, Pu
VI

 + Pu
IV

, 

Np
VI

 + Np
IV

. -/31/3 + 1!$=2/($313D$ <KL 3$ C)%1!/9+!'>1%. 2 "4+%/33D= '%("2+.=, 3" +: 

)"3*$31!+!"2/33D= %"(.3")+%(D= !/%12"!"2 3/E(>7/$1%. :3/0+1$(83/. C)%1!/)*+. 3$)"1"!D= +: 3+=. 

I"(8B+$ )"(+0$%12/ 1"!+. "0+A/>1 "1 <KL C)%1!/)*+$, 

5$1+(+:"E'1+()$1"3"5 +: !/%12"!"2, 3 " 4" HNJ3 + 3 " 4" Ca(NJ3)2 

()"C##+*+$31 !/%4!$7$($3+. 9-1). H"!+, :/1$5 "17$(.>1 "1 "%1/2B+=%. 

4"%($ 2DA$(/0+2/3+. 10-20% 3+1!/1"2 <KL 6+7)"%13", C)%1!/)*+$, 

C1+("2D5 C#+!"5, +:"/5+("2D5 + 9$)%+("2D5 %4+!1/5+, 5$1+(-+:"E'1+(-

, 5$1+(/5+(- + 5$1+(9$)%+()$1"3/5+ 4!+ '%("2++ 80%-3", +(+ E"(8B$, 

3/%DA$33"%1+ 2"73", #/:D 3+1!/1"5 1"!+.. H/)", )"5E+3+!"2/33D, 

5$1"7 7/$1 2":5"63"%18 4"('0+18 0+%1$,B+$ 4!$4/!/1D 1"!+.. 

 

*78. 3. @(+.3+$ !/23"2$%3", )"3*$31!/*++ HNO3 2 2"73", #/:$ 3/ 

2$(+0+3' )"C##+*+$31/ !/%4!$7$($3+. U, Pu, Th, Zr, La + Ca 4!+ 

C)%1!/)*++ 5$1+(+:"E'1+( )$1"3"5.  

 



&"3)!$13D$ 5$1"7+)+ "17$($3+. 1"!+. "1 %"4'1%12'>A+= C($5$31"2 )/%/>1%. "17$($3+. 1"!+. "1 

%)/37+. (/55+/)"5 2 4!+%'1%12++ 1/!1!/1/ /55"3+., )/!E"3/1"5 3/1!+., +"7/1"5 )/(+. #1"!+7"5 /55"3+., 

A/2$($2", )+%("1",, C)%1!/)*+$, C#+!"5, =!"5/1"9!/#+0$%)+5 5$1"7"5 3/ *$((>(":$, C)%1!/)*+$, %5$%.5+ 

"!9/3+0$%)+= !/%12"!+1$($, 3/ 4"("%)/= E'5/9+, %'E(+5/*+$, /*$1+(/*$1"3/1/), "1 1+1/3/ (A/2$($2", +(+ 

4(/2+)"2", )+%("1",, %/(+*+(/1"5 /55"3+., *-# )%+#$3+(/!%"3"2", )+%("1",, =!"5/1"9!/#+$, 3/ 

)/1+"3+1$ 7/'C)%-50), "1 *+!)"3+. (A/2$($2", +(+ 4(/2+)"2", )+%("1",, #"%#/1"5 /55"3+., 5DB8.)"2", 

)+%("1",, 2,4-7+ =("!#$3")%+')%'%3",,  -3+1!"E$3:",3", +(+ 5+37/(83", )+%("1",, 1/3+3"5, 

5$1+(/!%"3"2",, 4!"4+(/!%"3"2",, *-")%+#$3+(/!%"3"2", +(+ #$3+(/!%"3"2", )+%("1",, 

=!"5/1"9!/#+0$%)+5+ 5$1"7+)/5+), "1 '!/3/ (A/2$($2", )+%("1", +(+ ")%/(/1"5 /55"3+., 4(/2+)"2", 

)+%("1",, 9$)%/5$1+($31$1!/5+3"5, %"(.3")+%(D5 9+7!")%+(/5+3"5, 1+"%'(8#/1"5 3/1!+., ,"73", 

)+%("1",, 5"(+E7/1"5 /55"3+., 2,4-7+=("!#$3")%+')%'%3", )+%("1",,  -

+!$:")%+')%'%3", )"!+03", +(+ E$3:",3", )+%("1",,  -3+1!"E$3:",3", + 

"-=("!E$3:",3", )+%("1/5+, /3+%"2", +(+ %$E/*+3"2", )+%("1",, 

3/#1+"3/1"5 3/1!+., 5$1"7/5+ =!"5/1"9!/#++ + C)%1!/)*++) "1 6$($:/ 

(A/2$($2", + 4(/2+)"2", )+%("1",, %'(8#/1"5 )/(+., %$!"2"7"!"7"5 +(+ 

%'(8#+7"5 /55"3+., /*$1/1"5 3/1!+., 2,4-7+=("!#$3")%+ ')%'%3", 

)+%("1",, /-3+1!":o-!-3/#1"("5, C($)1!"(+:"5), "1 /(>5+3+.  

 

*78. 4. @(+.3+$ )"3*$31!/*++ HCl 2 2"73", #/:$ 3/ 2$(+0+3' 

)"C##+*+$31/ !/%4!$7$($3+. (HIP/2"7/) %)/37+., 1"!+. + *+!)"3+. 4!+ 

C)%1!/)*++ 2 0+%1"5, 3$!/:E/2($33"5 1!+E'1+(#"%#/1$. 

 

(A/2$($2", )+%("1",, $7)+5+ A$("0/5+, %$($3+%1", )+%("1",, 

)/!E"3/1"5 /55"3+.), "1 %2+3*/ (%$!"2"7"!"7"5, %$!3", )+%("1",, 

C($)1!"(+1+0$%)+), "1 =!"5/ (A/2$($2", )+%("1",, 2 2+7$ =!"5+(=("!+7/, C($)1!"(+:"5), "1 A$("03D= 

5$1/(("2 (A/2$($2", )+%("1",), "1 A$("03":$5$(83D= 5$1/(("2 (/55+/)"5, C($)1!"(+:"5, 

=!"5/1"9!/#+0$%)+5 5$1"7"5), "1 E$!+((+. (A/2$($2", +(+ 4(/2+)"2", )+%("1",, $7)+5+ A$("0/5+, 

%$($3+%1", )+%("1",, 1/3+3"5, 9'/3+7+3)/!E"3/1"5, ")%+=+3"(+3"5), "1 )"E/(81/, 3+)$(. + *+3)/ 

(4(/2+)"2", +(+ A/2$($2", )+%("1",, /55+/)"5, C($)1!"(+1+0$%)+), "1 9/((+. (A/2$($2", )+%("1",, $7)+5 

)/(+, )'4#$!!"3"5), "1 5$1/(("2 /3/(+1+0$%)", 9!'44D %$!"2"7"!"7/ ("%/67$3+$5 H2S 2 )+%("5 !/%12"!$, 

C($)1!"(+:"5), "1 5/!9/3*/ (A/2$($2", +(+ 4(/2+)"2", )+%("1",, 2 2+7$ 

#1"!+7/, 9$)%/5$1+($31$1!/5+3"5, 4+!+7+3"5, 4$!%'(8#/1"5 /55"3+., 

%$!"2"7"!"7"5 + %'(8#+7"5 /55"3+., /*$1/1"5 3/1!+.), "1 3+"E+. + 

1/31/(/ (A/2$($2", +(+ 4(/2+)"2", )+%("1",, 4$!$)+%8> 2"7"!"7/ + 

/55+/)"5), "1 )!$53+. (6$(/1+3",), "1 #"%#"!/ (A/2$($2", )+%("1",).  
 

*78. 5. @(+.3+$ )"3*$31!/*++ HNO3 2 2"73", #/:$ 3/ )"C##+*+$31D 

!/%4!$7$($3+. ("!9/2"7/) Th(IV) + 3$)"1"!D= 4!+5$%3D= +"3"2 4!+ 

C)%1!/)*++ 3$!/:E/2($33D5 HIP.  

 

@ 3/%1".A$$ 2!$5. 2$7O1%. 4!"!/E"1)/ %4"%"E"2 +%4"(8:"2/3+. 1"!+$2"9" 

1"4(+2/ 2 .7$!3", C3$!9$1+)$. @ "73"5 +: 2/!+/31"2 – :/)!D1"5 1"!+$2"5 

*+)($-  4!$74"(/9/$1%., 01" 
232

Th E'7$1 "E('0/18%. 2 !$/)1"!$-

!/:53"6+1$($ (E!+7$!$) % *$(8> 3/)"4($3+. 2 3O5 7$(.A$9"%. 

!/7+"3')(+7/ – 
233

U. JE('0$33D, 1"!+, +:2($)/$1%. +: !$/)1"!/ + 

4$!$!/E/1D2/$1%. % 2D7$($3+$5 +: 3$9" 
233

U, +: )"1"!"9" :/1$5 +:9"1/2(+2/$1%. 3"2"$ 1"4(+2" 7(. 7!'9"9" 

(C3$!9$1+0$%)"9") !$/)1"!/.  



 
*78. 6. H$=3"("9+0$%)/. %=$5/ !$9$3$!/*++ 1"!+. +: 4(/%1+30/1D= H@L-"2. 

 

  " 1!/7+*+"33", (5")!",) 5$1"7+)$ "E('0O33D, 3$,1!"3/5+ 1"!+, !/%12"!.>1 2 /:"13", )+%("1$ % 

4"%($7'>A$, 4$!$!/E"1)", 2"73D= !/%12"!"2 4"%!$7%12"5 1"!$)%-4!"*$%%/, 1$=3"("9+0$%)/. %=$5/ 

)"1"!"9" 4!$7%1/2($3/ 3/ *78. 6. 4"%($ !/%12"!$3+. + 4"('0$3+, 0+%1D= %"$7+3$3+, 1"!+. + '!/3/ += 

2"%%1/3/2(+2/>1 7" 5$1/((/, +: )"1"!"9" :/1$5 +:9"1/2(+2/>1 C($5$31D H@L-"2 (5$1/((+0$%)+, '!/3 

4!$72/!+1$(83" ($9+!'>1 *+!)"3+$5, / ) 1"!+> 7"E/2(.>1 %""12$1%12'>A$$ )"(+0$%12" 
235

U 7(. 

4"77$!6/3+. !$/)1+23"%1+ !$/)1"!/ 3/ 3$"E="7+5"5 '!"23$).  !"*$%% !$9$3$!/*++ "1!/E"1/33D= H@L-"2 

2":5"63" 5"63" '4!"%1+18 4'1O5 +%)(>0$3+. "4$!/*+, 2D7$($3+. '!/3/ + 1"!+., % 1$5 01"ED "17$(.18 

(+B8 4!"7')1D 7$($3+. + 4!"2"7+18 2":5"63" 4"(3'> 7$:/)1+2/*+>. 

 @ «%'="5» %4"%"E$ 4$!$!/E"1)+ "E('0O33"9" 1"!+., 5/1$!+/( 4$!$!/E/1D2/$1%. 2 5$1/((+0$%)", 

#"!5$. L1+ 5$1"7D 4":2"(.>1 +:E$6/18 %1/7++ 2"%%1/3"2($3+. %"$7+3$3+, '!/3/ 7" 5$1/((/, / 1/)6$ 

"%("63$3+,, %2.:/33D= % !/%12"!$3+$5 1$4("2D7$(.>A+= C($5$31"2 + % 4!+5$3$3+$5 "!9/3+0$%)+= 

C)%1!/9$31"2, !/:(/9/>A+=%. 4"7 7$,%12+$5 !/7+"/)1+23"9" +:('0$3+.. @":5"63/. %=$5/ 1/)"9" 4!"*$%%/ 

4!+2$7$3/ 3/ *78. 7.  !"7')1D 7$($3+. '7/(.>1%. 3/%1"(8)" '7"2($12"!+1$(83", 01" "E$%4$0+2/$1%. 

3$"E="7+5"$ '5$38B$3+$ :/=2/1/ 3$,1!"3"2. J73/)" !/7+"/)1+23"%18 C($5$31"2 "%1/O1%. 3/ "0$38 2D%")"5 

'!"23$, '5$38B/.%8 2" 2%$= "4$!/*+.= 4!"*$%%/ 2 10-20 !/:.  "%)"(8)' 4!+ "E!/E"1)$ !/%4(/2($33D5+ 

%"(.5+ 3$)"1"!D$ 1'9"4(/2)+$ 5$1/((D (5$3$$ !$/)*+"33D$, 0$5 '!/3) 3$ "17$(.>1%. ("%"E$33" 5"(+E7$3 + 

!$3+,), 3$E"(8B'> 0/%18 1"!+. 3$"E="7+5" 3/4!/2(.18 3/ C($)1!"(+1+0$%)'> !/#+3+!"2)', 01"ED %3+:+18 

)"3*$31!/*+> C1+= 4!+5$%$, 7" 3$%)"(8)+= 4!"*$31"2. Z%(+ 2 1"!++ %"7$!6+1%. 5$3$$ 5% C1+= C($5$31"2, 

1" += 4!+%'1%12+$ 3$ ")/:D2/$1 2!$73"9" 2(+.3+. 3/ 5$1/(( + 4"1$!. 3$,1!"3"2, 4"9("A/$5D= C1+5+ 

C($5$31/5+, "%1/O1%. 2 7"4'%1+5D= 4!$7$(/=. 



 
*78. 7. H$=3"("9+0$%)/. %=$5/ 4+!"5$1/(('!9+0$%)", 4$!$!/E"1)+ 1"!+$2D= 1$4("2D7$(.>A+= C($5$31"2. 



 

3. 707/!( -.!"$%$8 3 *).!! 

  !+%'1%12+$ 4!+5$%$, 2 1"!+$2D= 4!$4/!/1/= .2(.$1%. %($7%12+$5 += 3/(+0+. 2 5"3/*+1$ + 7!'9+= 

2+7/= %D!8., 0/%1+03" – !$:'(81/1"5 )"!!":++ 5/1$!+/("2 "E"!'7"2/3+. 2 4!"*$%%$ 4!"+:2"7%12/. N/(+0+$ 

+= 2 1"!++ 2(+.$1 )/) 3/ %1$4$38 +%4"(8:"2/3+. 3$,1!"3"2 2 !$/)1"!/=-!/:53"6+1$(.=, 1/) + 3/ =+5+0$%)+$ 

+ #+:+0$%)+$ %2",%12/ 1"!+$2"9" 5/1$!+/(/. 

 @ )/0$%12$ 4!+5$!/, "%1/3"2+5%. 3/ =+5+0$%)"5 /3/(+:$ 5$1/((+0$%)"9" 1"!+.. 

 

3.1  2!$$,9,*!+,. 1),4#$#@ & %-),, 

 R$=/3+0$%)+$ + #+:+0$%)+$ %2",%12/ 1"!+. %+(83" :/2+%.1 "1 3$)"1"!D= 4!+5$%$,, 1/)+= )/) 

'9($!"7, )+%("!"7, /:"1, 2"7"!"7, E$!+((+,, /(>5+3+,, 6$($:", )!$53+, + *+!)"3+,. N/4!+5$!, 7"E/2($3+$ 

0,25% '9($!"7/ 2 1!+ !/:/ 4"2DB/$1 4!$7$( 4!"03"%1+ 4!+ !/%1.6$3++ % %""12$1%12'>A+5 %3+6$3+$5 

4(/%1+03"%1+. @%$ C($5$31D, )"1"!D$ ")/:D2/>1 /3/("9+03"$ 2(+.3+$ 3/ %2",%12/ E"(8B+3%12/ 5$1/(("2, 

"13"%.1 ) 4$!2", 9!'44$. J73/)" 2 1"!++ "3+ 4!+%'1%12'>1 2 3/%1"(8)" 3$:3/0+1$(83D= )"(+0$%12/=, 01" += 

2(+.3+$ 3/ += %2",%12/ 5/(". 

 @1"!/. 9!'44/ 4!+5$%$, 2(+.$1 3/ 4!+9"73"%18 1"!+. 7(. +%4"(8:"2/3+. $9" 2 )/0$%12$ .7$!3"9" 

9"!>0$9". @%($7%12+$ 1"9", 01" C1+ C($5$31D "E(/7/>1 E"(8B+5 4"4$!$03D5 %$0$3+$5 :/=2/1/ 1$4("2D= 

3$,1!"3"2, "3+ 5"9'1 %+(83" %3+:+18 4"($:3"$ +%4"(8:"2/3+$ 3$,1!"3"2 2 4!"*$%%$ "E('0$3+.. 

 "9("A/>A+, 3$,1!"3D 
238

U, !/:E/2(.$1 
233

U, "E!/:'>A+,%. 2 !$:'(81/1$ 4!"*$%%/ 2"%4!"+:2"7%12/ 

.7$!3"9" 9"!>0$9". L($5$31D, 4!+%'1%12+$ )"1"!D= 3$6$(/1$(83": 9/7"(+3+,, 7+%4!":+,, C!E+,, $2!"4+,, 

%/5/!+,, (+1+,, +37+,, )"E/(81, )/75+,, E"!, %$!$E!", =("! + '!/3. 

 H!$18. 9!'44/ %"%1"+1 +: 2%$= 7!'9+= 4!+5$%$,, 2(+.3+$ )"1"!D= 4")/ 3$ .%3". N$)"1"!D$ +: 3+= 

5"9'1 2(+.18 3/ 1/)+$ =+5+0$%)+$ %2",%12/, )/) )"!!":+. 2 !/:(+03D= %!$7/=. 

 

(&56. 3. T3/(+:D "E!/:*"2 5$1/((/, 4"('0$33D= % 4!+5$3$3+$5 C,5%)"9" 4!"*$%%/ 2"%%1/3"2($3+. #1"!+7/ 

1"!+. )/(8*+$5. 
 $!2/. 9!'44/ @1"!/. 9!'44/ H!$18. 9!'44/ 

L($5$31 G"7$!6/3+$ 

=10-4% 

L($5$31 G"7$!6/3+$ 

=10-4% 

L($5$31 G"7$!6/3+$ 

=10-4% 

C 

N 

O 

Be 

Al 

Fe 

Si 

Zr 

230 

64 

1350 

150 

20 

140 

10 

400 

U 

Gd 

Dy 

Er 

Cd 

B 

Ag 

Co 

Li 

 

1,9 

1.8 

0,6 

0,2 

<0,2 

0,6 

0,3 

<1 

<1 

 

Na 

Cu 

Ca 

Mg 

Zn 

Ni 

Cr 

Pb 

Sn 

J 

Ce 

Ga 

Ti 

Mo 

10 

1 

<10 

10 

<10 

10 

6 

3 

2 

2-20 

20-100 

<2 

3 

3 

 

3.2 /#%-0( -1)#0#2#',. A2#4#'%-& & 4#%!22,"#$*-4 %-),, 

G"7$!6/3+$ E"(8B$, 0/%1+ 4!+5$%$, "4!$7$(.$1%. %4$)1!/(83", 4"%)"(8)' =+5+0$%)+$ 5$1"7D E"($$ 

%("63D. J73/)" + %4$)1!/(83D$ 5$1"7D 1!$E'>1 =+5+0$%)+= 5$1"7"2 "4!$7$($3+, 7(. 4!+9"1"2($3+. 

%1/37/!1"2. ;/%1" 4!+5$3.>1%. =+5+0$%)+$ 5$1"7D "E"9/A$3+., 4":2"(.>A+$ "17$(+18 4!+5$%+ + 4"2D%+18 

%"7$!6/3+$ "4!$7$(.$5D= 9!'44 C($5$31"2, 1/)+=, )/) !$7)+$ :$5(+, / 1/)6$ 1+1/3, *+!)"3+,, 9/#3+,, 

2/3/7+,, 3+"E+,, 1/31/(, 5"(+E7$3 + 2"(8#!/5. 

,69%7'7:. R$1/(( !/%12"!.$1%. 2 /:"13", )+%("1$, %"7$!6/A$, %($7D 4(/2+)"2", )+%("1D, + 1"!+, 

"%/67/$1%. A/2$($2", )+%("1",. T(+)2"13/. 0/%18 !/%12"!/ 4"%($ *$31!+#'9+!"2/3+. '4/!+2/$1%. 7"%'=/, 

A/2$($2/. )+%("1/ !/:!'B/$1%. 4'1O5 "E!/E"1)+ )"3*$31!+!"2/33", %$!3", )+%("1", + 4!")/(+2/3+., 4"%($ 

0$9" "%/7") %4(/2(.$1%. %" %5$%8> 1$1!/E"!/1/ + )/!E"3/1/ 3/1!+.. </%4(/2 !/%12"!.$1%. 2 2"7$ + 

#+(81!'$1%.. T(>5+3+, :/1$5 "4!$7$(.$1%. #('"!"5$1!+0$%)+ % 4"31/=!"5"5 %+3$-0O!3D5 5/!)+ <. M(. 

/3/(+:/ 4!+5$3.>1 1/)6$ 8-")%+=+3"(+3 2 =("!"#"!5$. ;1"ED 4!$7"12!/1+18 C)%1!/)*+> 1"!+., 

4!+5$3.$1%. (+E" 4-%'(8#"#$3+/(/!%"3"2/. )+%("1/, (+E" E'#$!3D, !/%12"! )"3*$31!+!"2/33", ')%'%3", 



)+%("1D )/) )"54($)%""E!/:"2/1$(8. @!$73"$ 2(+.3+$ 6$($:/ '%1!/3.$1%. 4'1O5 4!"2$7$3+. 7" "4$!/*++ 

C)%1!/)*++ )"54($)%"2/3+. % 1,10-#$3/31!"(+3"5. H/)6$ 4!+5$3.>1 %4$)1!"#"1"5$1!+0$%)+, %4"%"E, 

"%3"2/33D, 3/ +:5$!$3++ 4"9("A$3+. ")%+=+3"(+3"2"9" )"54($)%/ =("!"#"!5$33"9" C)%1!/)1/ +: 6R 

')%'%3"9" !/%12"!/ )/) 4!+ 385 55), 1/) + 4!+ 480 55). @ C1"5 %('0/$ 3$"E="7+5"%18 2"%%1/3"2($3+. +(+ 

)"54($)%""E!/:"2/3+. 6$($:/ +%)(>0$3/. 

;<6#=>?. JED03" +%4"(8:'>1 5$1"7 %6+9/3+. 4!+ 3+:)"5 7/2($3++. G4"%"ED %6+9/3+. !/:(+0/>1%. 4" 

1+4' 4!+5$3.$5D= 3/9!$2/1$($,, 4" %=$5$ "0+%1)+ )+%("!"7/, 4" %4"%"E' ")+%($3+. GJ + 4" %4"%"E' 

+:5$!$3+. )"(+0$%12/ 2D7$(.>A$9"%. GJ2. 

@>?>=>?. G4"%"E 2/)''53"9" 2D7$($3+. 2"7"!"7/, %"%1".A+, 2 3/9!$2/3++ 5$1/((/ 2 2/)''5$, 2 4!"*$%%$ 

)"1"!"9" 2D7$(.$1%. 2"7"!"7, 3$ 4!+5$3.$1%. B+!")" 7(. "4!$7$($3+. %"7$!6/3+. 2"7"!"7/ 2 1"!++. 

?3"97/ "E!/:$* !/%12"!.$1%. 2 4!$72/!+1$(83" 7$9/:+!"2/33"5 !/%4(/2($33"5 "("2$, 3$ %"7$!6/A$5 

'9($!"7/, 4!+ 1150
"
. @D7$(.>A+,%. 9/: %"E+!/$1%. + /3/(+:+!'$1%. 5$1"7"5 #!/)*+"33"9" 2D5"!/6+2/3+.. 

;/A$ +%4"(8:'$1%. 5$1"7 2/)''53", 4(/2)+. 

A#6#B>. H+"*+/3/1 – )(/%%+0$%)+, !$/9$31 7(. )"("!+5$1!+0$%)"9" "4!$7$($3+. 6$($:/ – +%4"(8:'$1%. + 

7(. "4!$7$($3+. 6$($:/ 2 1"!++. </%12"!, %"7$!6/A+, 1"!+,, 22"7+1%. E"!3/. )+%("1/, 01"ED %2.:/18 2 

)"54($)% #1"!, +%4"(8:'$5D, 3/ "4$!/*++ !/%12"!$3+., 4"%($ 0$9" 7"E/2(.$1%. 1+"*+3/1 /55"3+.. G!/:' 6$ 

4!"2"7.1%. %4$)1!"#"1"5$1!+0$%)+$ +:5$!$3+. 4!+ 7(+3$ 2"(3D 480 55). V$($:" 2 1"!++ 5"63" 1/)6$ 

"4!$7$(.18 4" 6O(1", ")!/%)$ +"3/ 1!O=2/($313"9" 6$($:/ 2 =("!+73D= !/%12"!/=. J!1"-#$3/31!"(+3 

.2(.$1%. 3/+E"($$ !/%4!"%1!/3O33D5 !$/9$31"5 7(. )"("!+5$1!+0$%)"9" "4!$7$($3+. 6$($:/ 2 1"!++, +:-:/ 

$9" 0'2%12+1$(83"%1+ + E"(8B$, %1/E+(83"%1+ ")!/%)+. 

,B>C. M(. "4!$7$($3+. /:"1/ 4!+5$3.>1%. !/:(+03D$ 2/!+/31D 5+)!"/3/(+1+0$%)", 5$1"7+)+ &Q$(7/(., / 

1/)6$ 5$1"7 2/)''53", 4(/2)+. 

1786>=>?. @ !$:'(81/1$ %$($)1+23"9" !/%12"!$3+. 5$1/((/ %"(.3", )+%("1", "%1/O1%. 3$!/%12"!+5D, 

"%/7") – ")%+7 1"!+.. J73/)" "ED03" )+%("!"7 "4!$7$(.>1 5$1"7"5 2/)''53", 4(/2)+, / 1/)6$ 5$1"7 

)/4+((.!3", ("2'B)+.  

1=#%'7:.  !+5$3.$1%. "ED03D, %4$)1!"#"1"5$1!+0$%)+, 5$1"7, 4!$7'%5/1!+2/>A+, !$/)*+> 7+")%+7/ 

)!$53+. % 5"(+E7/1-+"3"5 2 )+%(", %!$7$ % 4"%($7'>A+5 2"%%1/3"2($3+$5 !/:(+03D5+ 2"%%1/3"2+1$(.5+ 

"E!/:'>A$,%. )!$53$-5"(+E7$3"2", )+%("1D 7" 9$1$!"4"(.!3"9" )"54($)%/, +5$>A$9" %+3>> ")!/%)'. 

D7=$>'7:. W+!)"3+, C)%1!/9+!'$1%. +: 1"!+. 2 2R /:"13", )+%("1$ 0,5R !/%12"!"5 1$3"+(1!+#1"!/*$1"3/ 

2 0$1D!O==("!+%1"5 '9($!"7$. L)%1!/9+!"2/33D, *+!)"3+, "4!$7$(.$1%. %4$)1!"#"1"5$1!+0$%)+ 4!+ 

4"5"A+ )2$!*$1+3/ +(+ =("!/3+("2", )+%("1D. @":5"63" +"3""E5$33"$ !/:7$($3+$ *+!)"3+. + 1"!+. 

%+(83" "%3"23", %5"(", 7/'C)%-1 2 =("!+73", #"!5$, % 4"%($7'>A+5 "4!$7$($3+$5 *+!)"3+. % 4"5"A8> 

=("!/3+("2", )+%("1D. 

">=.  !+5$3.>1%. %4"%"ED, "%3"2/33D$ 3/ ")!/B+2/3++  E"!/1/ A$("03"9" 5$1/((/ % )'!)'5", 2 

"4!$7$(O33D= '%("2+.=. K7$%8 5$1+(E"!/1 "19"3.$1%. +: 4!"ED !/%12"!/, ) )"1"!"5' 7"E/2(.$1%. 5$1+("2D, 

%4+!1 + +"3D )/(8*+. + 4"9("A/$1%. !/%12"!"5 +:2$%1+ +(+ 9+7!")%+7/ 3/1!+.. G4+!1"2D, !/%12"! E"!/1/ 

'4/!+2/$1%. 7"%'=/, ")!/%)/ 2D7$(.$1%. % 4"5"A8> )'!)'5D + A/2$($2", )+%("1D.  "%($ '4/!+2/3+. C1"9" 

!/%12"!/ 7"%'=/, 4!"7')1 C)%1!/9+!'$1%. C1/3"("5 + ")!/%)/ !/%12"!/ +:5$!.$1%. %4$)1!"5$1!+0$%)+. 

1&?%7: "4!$7$(.$1%. %4$1!"#"1"5$1!+0$%)+ % 4"5"A8> 7+1+:(3/. 

36>= "4!$7$(.$1%. 3$#$("5$1!+0$%)+. 

*#?$7# B#%67 >E=#?#6F9C %4$)1!"#"1"5$1!+0$%)+, 3" += 3/7" 4!$72/!+1$(83" "17$(+18 "1 1"!+.. 

?%4"(8:'>1 1/)+$ %4"%"ED, )/) 2":9"3)', "%/67$3+$ (3/4!+5$!, 2 2+7$ ,"7/1"2, +(+ ")%/(/1"2), +(+ 

=!"5/1"9!/#+0$%)"$ !/:7$($3+$ <KL + 1"!+.. L)%1!/)*+"33D$ 5$1"7D 3$ 1!$E'>1 4!$72/!+1$(83"9" 

!/:7$($3+. (3/4!+5$!, C)%1!/)*+. %/(+*+(/1/ 1"!+. %5$%8> C1+(/*$1/1/ + 7+C1+("2"9" C#+!/). 

;=&'. M(. "4!$7$($3+. %"7$!6/3+. '!/3/ 2 1"!++ +%4"(8:'$1%. #('"!$%*$3*+. '!/3/ 4"7 7$,%12+$5 

'(81!/#+"($1"2"9" %2$1/ (3/4!+5$!, #('"!$%*$3*+. 2 %1$)(""E!/:3", #"%#"!3", )+%("1$). JED03" 

#('"!"5$1!+0$%)"$ "4!$7$($3+$ '!/3/ 4!"2"7.1 2 !/%4(/2$ #1"!+%1"9" 3/1!+., %5$%.= #1"!+7"2 A$("03D= 

5$1/(("2 +(+ %5$%.= )/!E"3/1"2 + #1"!+7"2 A$("03D= 5$1/(("2. -'0B+$ !$:'(81/1D 7/O1 4!$72/!+1$(83"$ 

"17$($3+$ '!/3/ "1 1"!+. (3/4!+5$!, C)%1!/)*+$, 1!+E'1+(#"%#/1"5 +(+ 9$)%"3"5, +(+ 5$1"7"5 

*$((>(":3", )"("3)+).  "%($ C)%1!/)*++ 1!+E'1+(#"%#/1"5 '!/3 "4!$7$(.>1 %4$)1!"#"1"5$1!+0$%)+ % 

4"5"A8> 8-")%+=+3"(+3/. 

1&6GH7: 7 %&<'7: "4!$7$(.>1 4'1O5 9"5"9$33"9" "%/67$3+. 1"!+. 5"0$2+3", 2 4!+%'1%12++ #"!5/1+"3/ % 

4"%($7'>A+5 1+1!"2/3+$5 )/(8*+. + 5/93+. 2 #+(81!/1$ 1!+("3"5. 

3=>%. <$/)*+. =!"5/1-+"3/ % 7+#+3+()/!E/:+7"5 % "E!/:"2/3+$5 +31$3%+23" ")!/B$33"9" 4'!4'!3"9" 

)"54($)%/ .2(.$1%. "%3"2", %4$)1!"#"1"5$1!+0$%)+= 5$1"7"2. JED03" "E!/:$* !/%12"!.>1 2 /:"13", 

)+%("1$, %"7$!6/A$, %($7D 4(/2+)"2", )+%("1D. & !/%12"!' 7"E/2(.$1%. #"%#"!3/. )+%("1/, 4"%($ 0$9" 



)+4.0$3+$5 '7/(.>1%. ")%+7D /:"1/. U!"5 ")+%(.$1%. 7"E/2($3+$5 4$!5/39/3/1/ )/(+. + 4"21"!3D5 

)+4.0$3+$5 !/%12"!/. ?:ED1") 4$!5/39/3/1/ !/:(/9/$1%. %"(.3", )+%("1",. J)!/%)' 4"('0/>1 7"E/2($3+$5 

7+#+3+()/!E/:+7/ 2 ($7.3", ')%'%3", )+%("1$, 4"9("A$3+$ "4!$7$(.>1 4!+ 7(+3$ 2"(3D 550 55). 

4#?G "4!$7$(.>1 %4$)1!"#"1"5$1!+0$%)+ % 7+C1+(7+1+")/!E/5/1"5. </%12"! 5$1/((/ "E!/E/1D2/$1%. 

(+5"33", )+%("1", 7(. %2.:+ 1"!+. 2 )"54($)%, / :/1$5 4+!"#"%#/1"5 7(. +%)(>0$3+. 4"5$= %" %1"!"3D 

6$($:/ + 5/!9/3*/, 7+5$1+(9(+")%+5"5 7(. %2.:D2/3+. 3+)$(. + )"E/(81/, / 1/)6$ !/%12"!"5 /55+/)/ 7(. 

4"77$!6/3+. !N 2DB$ 9. J)!/%)/ 4".2(.$1%. 4"%($ 7"E/2($3+. 7+C1+(7+1+")/!E"5/1/ 3/1!+..  "%($ C1"9" 

4!"2"7.1 C)%1!/)*+> +:"/5+("2D5 %4+!1"5. ?31$3%+23"%18 ")!/%)+ +:5$!.>1 %4$)1"!"#"1"5$1!+0$%)+ 4!+ 

440 55). 

IC>= "4!$7$(.>1 4!+!"9+7!"(+1+0$%)+5 %4"%"E"5, 2 )"1"!"5 1"!+, !$/9+!'$1 % 4$!$3!$1D5 4/!"5 2 

4(/1+3"2", 1!'E)$, "%2"E"67/. #1"!+%1D, 2"7"!"7, )"1"!D, :/1$5 1+1!'$1%. 3+1!/1"5 1"!+. % 

+%4"(8:"2/3+$5 2 )/0$%12$ +37+)/1"!/ /(+:/!+3%'(8#/3/1/ 3/1!+.. 

0J7'#H "4!$7$(.>1 4"(.!"9!/#+0$%)+5 5$1"7"5. 

4&=<&'#H "4!$7$(.>1 )"("!+5$1!+0$%)+ 4'1O5 ")+%($3+. $9" 7" 4$!5/39/3/1/ 2 )+%(D= !/%12"!/=. 

4>675?#' "4!$7$(.>1 1+"*+3/13D5 5$1"7"5. 

!7$#6G "4!$7$(.>1 7+5$1+(9(+)%+73D5 5$1"7"5.  !$72/!+1$(83/. C)%1!/)*+. 7+5$1+(9(")%+5/1/ 

72'=2/($313"9" 3+)$(. 4$!$7 "4!$7$($3+$5 +31$3%+23"%1+ ")!/%)+ 7+5$1+(9(")%+5/1/ 1!O=2/($313"9" 

3+)$(. +%)(>0/$1 2!$73"$ 2(+.3+$ 1/)+= C($5$31"2, )/) )"E/(81 + 5$78. 

(7C&' "4!$7$(.>1 C)%1!/)*+$, %5$%8> 8-")%+=+3"(.1/ % =("!"#"!5"5, 4"(.!"9!/#+0$%)+ +(+ 4$!")%+73D5 

5$1"7"5. H+1/3 "17$(.$1%. "1 1"!+. 4$!$7 $9" %4$)1!"9!/#+0$%)+5 "4!$7$($3+$5. 

D7'$ "4!$7$(.>1 4"(.!"9!/#+0$%)+. M!'9", %4"%"E "%3"2/3 3/ C)%1!/)*++ *+3)/ 7+1+:"3"5 2 4!+%'1%12++ 

1+"%'(8#/1/ % 4"%($7'>A+5 %4$)1!"#"1"5$1!+0$%)+5 "4!$7$($3+$5. 

 

3.3 B1#*%)!2='(@ !'!2,> %-),. 

 @DE"! 5$1/((+0$%)"9" 1"!+. 2D%")"9" )/0$%12/ 7(. +%4"(8:"2/3+. 2 !$/)1"!/= "4!$7$(.$1%. 3$ 

1"(8)" %"7$!6/3+$5 1$= 4!+5$%$,, )"1"!D$ 2(+.>1 3/ #+:+0$%)+$ + 5$=/3+0$%)+$ %2",%12/ 5$1/((/, 3" + 

%"7$!6/3+$5 4!+5$%$,, +5$>A+= E"(8B"$ C##$)1+23"$ %$0$3+$ :/=2/1/ 1$4("2D= 3$,1!"3"2. </:(+03D$ 

C($5$31D %+(83" !/:(+0/>1%. 4" %2"+5 C##$)1+23D5 %$0$3+.5 4"9("A$3+., 4"C1"5' %"7$!6/3+$ "73+= 

C($5$31"2 2 1"!++ 3$ 7"(63" 4!$2DB/18 7$%.1+1D%.03", 7"(+ 4!"*$31/, 1"97/ )/) %"7$!6/3+$ 7!'9+= 5"6$1 

%"%1/2(.18 3$%)"(8)" 4!"*$31"2. H/)+5 "E!/:"5, 2":3+)/$1 :/7/0/ "4!$7$($3+. %"7$!6/3+. 4!+5$%$, 53"9+= 

C($5$31"2, 4!+0O5 2 3$)"1"!D= %('0/.= % +%)(>0+1$(83" 2D%")", 1"03"%18>.  "%)"(8)' 5$1"7D 

C5+%%+"33"9" %4$)1!/(83"9" /3/(+:/ "%"E$33" '7"E3D 7(. "73"2!$5$33"9" "4!$7$($3+. E"(8B", 9!'44D 

C($5$31"2, "3+ B+!")" +%4"(8:'>1%. 7(. %4$)1!/(83"9" /3/(+:/ 1"!+.. 

 G4$)1! +:('0$3+. 1"!+. "0$38 %("6$3, 4"C1"5' +%4"(8:'>1%. 5$1"7D 4!$72/!+1$(83"9" "17$($3+. 

4!+5$%$, "1 "%3"23"9" 2$A$%12/. 

R$1"7 #!/)*+"33", 2":9"3)+ % 3"%+1$($5 "%3"2/3 3/ 4!+3*+4$ %$($)1+23"9" +%4/!$3+., 

4":2"(.>A$9" '5$38B+18 +31$3%+23"%18 +(+ 7/6$ '%1!/3+18 %("63D, %4$)1! 1"!+.. @":9"3)/ !/:E+2/$1%. 

3/ C1/4D: 1) 4$!$2"7 5$1/((+0$%)"9" "E!/:*/ 2 %"$7+3$3+$, ($1'0$%18 )"1"!"9" "0$38 5/(/; 2) 7"E/2($3+$ ) 

"E!/:*' 3$E"(8B"9" )"(+0$%12/ 2$A$%12/ 3"%+1$(.; 3) +%4/!$3+$ 3"%+1$(. + E"($$ ($1'0+= 4!+5$%$, +: 

4!"ED ")%+7/ 1"!+. 4"7 7$,%12+$5 1$4(/ 7'9"2"9" !/:!.7/ 4"%1".33"9" 1")/; 4) 2":E'67$3+$ %2$0$3+. 

2":"93/33D= 4!+5$%$, 2 4(/:5$ 7'9+. ?%4/!$3+$ 3"%+1$(. '2$(+0+2/$1 7+##':+> E"($$ ($1'0+= 4!+5$%$, 2 

4(/:5' !/:!.7/, 01" 4"2DB/$1 0'2%12+1$(83"%18 5$1"7/ + %4"%"E%12'$1 "17$($3+> E"($$ ($1'0+= 4!+5$%$, 

"1 1'9"4(/2)"9" ")%+7/ 1"!+.. N"%+1$(8 7"E/2(.$1%. ) "E!/:*/5 2 1/)"5 )"(+0$%12$, 01"ED 3$:/2+%+5" "1 

+:5$3$3+. %"7$!6/3+. 4!+5$%$, 4!"*$%% +%4/!$3+. "E!/:*/ "4!$7$(.(%. + !$9'(+!"2/(%. 3"%+1$($5. 

P'3)*+. 3"%+1$(. – %":7/3+$ 2 4!"*$%%$ +%4/!$3+. 7"%1/1"03"9" )"(+0$%12/ 4/!"2, 01"ED %1/E+(+:+!"2/18 

7'9"2", !/:!.7. @ )/0$%12$ 3"%+1$(. 4!+5$3.>1%. 7"E/2)+: 6% =("!+7/ %$!$E!/, 10% ")%+7/ 9/((+., 2% 

")%+7/ 9/((+. + %5$%8 2% ")%+7/ 9/((+. + 3% =("!+7/ %$!$E!/. H"!+, 4$!$2"7.1 2 ")%+7 4!")/(+2/3+$5 

5$()", %1!'6)+ 4!+ 750-800
"
 +(+ 4!")/(+2/3+$5 2D%/6$33"9" +: !/%12"!/ 9+7!")%+7/ 1"!+.. 

 J%"E$33" 2/63" 4!+ /3/(+:$ 1"!+. "4!$7$($3+$ E"!/, "E(/7/>A$9" E"(8B+5 %$0$3+$5 :/=2/1/ 

1$4("2D= 3$,1!"3"2. R$1"7 2":9"3)+ % +%4"(8:"2/3+$5 7(+3 2"(3 /3/(+1+0$%)+= (+3+, 2497,7 + 2496,8 4!+ 

+%4"(8:"2/3++ %1/37/!13D= %4$)1!"2 "1 1"!+. E$: E"!/, 4":2"(.$1 4"('0+18 ="!"B+$ !$:'(81/1D 4!+ 

"4!$7$($3++ 1"!+..  

  " 5$1"7' 4!"2"7.A$9" E!+)$1/, %5$%8 +:5$(80O33"9" ")%+7/ 1"!+. + 4"!"B)/ %("+%1"9" 9!/#+1/ 

+:9"1"2(.>1%. 4!"2"7.A+$ E!+)$1D, )"1"!D$ %('6/1 "E!/:*/5+. I!+)$1D #"!5+!'>1%. 4'1O5 B1/54"2)+ 

4!+ 2D%")"5 7/2($3++. ?%)!D 2D%")"9" 3/4!.6$3+. 4!"%)/)+2/>1 5$67' 4!"2"7.A+5 E!+)$1"5 + 



C($)1!"7"5. @ 1"0)$, 2 )"1"!'> '7/(.$1 +%)!/, %":7/>1%. "0$38 2D%")+$ 1$54$!/1'!D, 01" 4!+2"7+1 ) 

(")/(+:"2/33"5' 2:!D23"5' +%4/!$3+> )/) +: 4!+5$B$33"9" 4!"2"73+)/, 1/) + ")%+7/ 1"!+.. 

  "%)"(8)' :7$%8 %("63D, %4$)1! 1"!+. 3$ 4"7/2(.$1%., 1!$E'>1%. %4$)1!"9!/#D % 2D%")", 

7+%4$!%+$,. @ 1"6$ 2!$5., 4"%)"(8)' 4!+ +%4"(8:"2/3++ 5$1"7/ 4!"2"7.A$9" E!+)$1/ %$($)1+23"$ 

+%4/!$3+$ 4"01+ 3$ +5$$1 5$%1/, ($1'0+$ + 1'9"4(/2)+$ 4!+5$%+ "4!$7$(.>1%. % "7+3/)"2", (O9)"%18> + 

1"03"%18>. -+3++ 1"!+. 5"9'1 %('6+18 4!$2"%="73D5+ 23'1!$33+5+ %1/37/!1/5+ 7(. "4!$7$($3+. 2%$= 

4!+5$%$,. 

(&56. 4. T3/(+1+0$%)+$ 4/!D (+3+,, +%4"(8:'$5D$ 4!+ "4!$7$($3++ 0/%1" 2%1!$0/>A+=%. 4!+5$%$, (7(+3D 

2"(3 – 2 /39%1!$5/=). 
 

Fe 2599,39 

Th 2603,57 

Be 3130,42 

Th 3142,85 

Mg 2802,69 

Th 2816,08 

Al 3961,53 

Th 3923,81 

Ca 3933,66 

Th 3895,42 

Si 2516,123 

Th 2534,61 

Ni 3012,00 

Th 2993,07 

Zr 3496,21 

Th 3489,83 

Zr 3496,21 

Th 3491,579 

?31$!2/( )"3*$31!/*+,, =10-4% 

20-600 

 

10-500 

 

20-600 

 

10-600 

 

20-600 

 

30-600 

 

20-600 

 

100-1200 

 

250-4000 

 

 K/5$1+5, 01" "1 %("63"9" (+3$,0/1"9" %4$)1!/ 1"!+. 5"63" +:E/2+18%., $%(+ 4!$72/!+1$(83" 

"17$(+18 4!+5$%+ "1 1"!+$2", "%3"2D =+5+0$%)+5 %4"%"E"5 (C)%1!/)*+$,, /7%"!E*+$, 3/ /)1+2+!"2/33", 

*$((>(":$, +"3""E5$33", =!"5/1"9!/#+$, + 1.4.). 

N$)"1"!D$ %=$5D "E"9/A$3+. 1"!+. !$7)+5+ :$5(.5+ "%3"2/3D 3/ "17$($3++ 1"!+. "1 !$7)+= :$5$(8 % 

4"5"A8> /)1+2+!"2/33", ("E!/E"1/33", /:"13", )+%("1",) *$((>(":D. M(. 7$%"!E+!"2/3+. !$7)+= :$5$(8 

+: )"("3)+ +%4"(8:'$1%. 2N !/%12"! HNO3. 

 G1/E+(83"%18 C1+($37+3+1!+(1$1!/')%'%3D= )"54($)%"2 <KL '2$(+0+2/$1%. % /1"53D5 3"5$!"5. G/5 

1"!+, :3/0+1$(83" %+(83$$ %2.:D2/$1%. 2 )"54($)%$, 0$5 (>E", +: <KL. H/)+5 "E!/:"5, 4" 5$!$ 1"9", )/) !N 

!/%12"!/, %"7$!6/A$9" <KL, 1"!+, + )"54($)%""E!/:'>A+, /9$31 4"3+6/$1%., 4$!2D5+ 7+%%"*++!'>1 

)"54($)%D, 2 %"%1/2 )"1"!D= 2="7.1 (O9)+$ !$7)+$ :$5(+, :/ 3+5+ +7O1 7+%%"*+/*+. )"54($)%"2, 

%"7$!6/A+= <KL %" 2%O E"(8B+5+ /1"53D5+ 3"5$!/5+, +, 3/)"3$*, 7+%%"*++!'>1 )"54($)%D, 2 %"%1/2 

)"1"!D= 2="7+1 1"!+,. C1"1 4!+3*+4 +%4"(8:'$1%. 7(. "E"9/A$3+. 1"!+. +11!+$5 + (/31/3"5. 

 J7+3 +: 5$1"7"2 !/:7$($3+. "%3"2/3 3/ %4"%"E3"%1+ )/1+"3""E5$33D= %5"( ) 4!$+5'A$%12$33", 

/7%"!E*++ +"3"2 E"(8B"9" :/!.7/. ;$1D!O=:/!.73D$ +"3D 1"!+. :/7$!6+2/>1%. %5"(", 4!+ 4!"5D2/3++ 

)"("3)+ 4" %"(.3", )+%("1",, 1"97/ )/) 1!O=:/!.73D$ +"3D !$7)+= :$5$(8 ($9)" 2D5D2/>1%.. G 4"5"A8> 

C1"9" 5$1"7/ 7"%1+9/$1%. 4"(3"$ !/:7$($3+$ <KL + 4!"2"7+1%. )"(+0$%12$33"$ +:2($0$3+$ !$7)+= :$5$(8. 

J73"2!$5$33" "1 <KL "17$(.>1%. 4!"0+$ C($5$31D. 

 



 !"#$%%"! 
 .!."#$%&' 

 

()* + 

 
&'!% ($)*+, 

 
-$)*+. 4. ,)*!)*-.!/0 1*)23456!!)7(8 ()* 0 

 

1.  !"#$ % &"#"!'( 

/ 0$1"(23+4 )"(+5$%6784 6"!+, 9!+%'6%67'$6 7" 7%$4 :"!0;4 9"!"<84 (089!+=$!, :!80+6$), :!'0684 + 
9"5784. >898%; 6"!+. 7 ?$=0", )"!$ (3,3×106 6) %"+?=$!+=; % ?898%8=+ '!808 (3,5×106 6) - $:" )"(+5$%67" 
9!+=$!0" !870" )"(+5$%67' %7+0*8.  "57; "1;50" %"<$!@86 5-12 58%6$, 08 =+((+"0 (!!m) 6"!+.. A"!+, 
)"0*$06!+!'$6%. 7 0$%)"(2)+4 =+0$!8(84, 7 "%0"70"= – 7 ="08*+6$ – %=$3800"= #"%#86$ !$<)"?$=$(20;4 
B($=$06"7 (7 "%0"70"= – *$!+.) + 6"!+. (<" 12% ThO2). C=$00" =+0$!8(; D>E %('@86 +%6"50+)"= 
9"('5$0+. 6"!+.. D8<+"8)6+70"%62 6"!+$7;4 =+0$!8("7 %7.?808 0$ % :(870;= +?"6"9"=, 232Th (+?"6"9 
!8%98<8$6%. =$<($00", 6.). $:" 9$!+"< 9"('!8%98<8 7 3 !8?8 1"(23$ 7!$=$0+ @+?0+ >$=(+), 8 % <!':+=+ 
+?"6"98=+ 6"!+. – 5($08=+ 6"!+$7":" + '!80"7;4 !.<"7, 4"6. +4 %"<$!@80+$ 9" =8%%$ 9!$0$1!$@+=" =8(". 
A"!+,, )8) !8<+"8)6+70;, B($=$06, .7(.$6%. "<0+= +? +%6"50+)"7 !8<+"8)6+70":" #"08 >$=(+. A$9(", 
!8?":!$78FG$$ 083' 9(80$6', 7"?0+)8$6 ?8 %5H6 B0$!:++ !8%98<8 6"!+. + '!808. E0$!:+., )"6"!'F ="@0" 
+?7($52 +? ?$=0;4 =+0$!8("7 6"!+., 7;3$ +? '!808 + 9('6"0+. 7=$%6$ 7?.6;4. 

C? 8)6+0+<"7 7 ?085+6$(20;4 )"(+5$%6784 ?$=08. )"!8 %"<$!@+6 6"(2)" Ah(6.10-5%) + U(2.10-5%). 
I+56"@0;$ 9!+=$%+ "1"+4 B($=$06"7 74"<.6 7 %"%687 68)+4 :"!0;4 9"!"<, )8) :!80+6;.  

 " !8%9!"%6!80H00"%6+ 7 ?$=0", )"!$ (0,001-0,002%) 6"!+, 9!+1(+@8$6%. ) %7+0*', 4"6. 6"!+. 7%H @$ 
9"56+ 7 2 !8?8 =$023$ %7+0*8 (?80+=8$6 35-$ =$%6" %!$<+ <!':+4 B($=$06"7). J"<$!@80+$ 6"!+. 7 3 !8?8 
7;3$ %"<$!@80+. '!808. 

J"<$!@80+$ 6"!+. 7 ?$=0", )"!$ 8*10-4 7$%.% (8 – 13 :/6/). A"!+, - 48!8)6$!0;, B($=$06 7$!40$, 
58%6+ ?$=0", )"!; - :!80+60":" %(". + "%8<"50", "1"("5)+, :<$ $:" 7 %!$<0$= %"<$!@+6%. %""67$6%67$00" 1,8 
·10—3% + 1,3·10—3% 9" =8%%$. A"!+, %!870+6$(20" %(81"=+:!+!'FG+, B($=$06; 7 "%0"70"= "0 '58%67'$6 7 
=8:=86+5$%)+4 9!"*$%%84, 08)89(+78.%2 7 :!80+684, G$("50;4 9"!"<84 + 9$:=86+684. J9"%"10"%62 ) 
)"0*$06!8*++ %(818.. / =8:=86+5$%)+4 9"!"<84 %"<$!@80+$ 6"!+. '=$0238$6%. "6 )+%(;4 (18 :/6) ) 
"%0"70;= (3 :/6). J"<$!@80+$ 6"!+. 7 =+0$!8($ 6"!+80+6$ %"%687(.$6 45 - 88 %, 7 =+0$!8($ 6"!+6$ - <" 62%. 

/ 9!+!"<0;4 7"<84 %"<$!@+6%. =8(" 6"!+.: 7 9!$%0", 7"<$ 2••10-9% (8,1•10-4 K)/(), 7 ="!%)", 7"<$ 1••10-9% 

(0,05 =):/() !$50", 7"<$. E6" 08 9"!.<") 0+@$, 5$= '!808, + 08 <78 9"!.<)8 0+@$, 5$= 40
& (3,7-10-2 K)/(). L0 

"5$02 %(81" =+:!+!'$6 7 1+"%#$!$ + :+<!"6$!=8(20;4 !8%67"!84. 
/ (&9:.1 !8%9!"%6!80H00"%62 B($=$06"7 9!$<%687($08 7 $<+0+*84 ppb ("<08 58%62 08 =+((+8!<, 1 

=+((+8!< =10-9), )8) 9" 7$%', 68) + 9" 5+%(' 86"="7. /$(+5+0; !8%9!"%6!80H00"%6+ B($=$068 6"50" 
"9!$<$(+62 0$7"?="@0": ?085$0+. 78!2+!'F6%. 08 9"!.<)+ 7$(+5+0;. 

/ (&9:. 1. D8%9!"%6!80H00"%62 6"!+. 7 !8?(+50;4 9!+!"<0;4 %!$<84.  
J!$<8 ppb 9" 7$%' ppb 08 86"=

/%$($008. 0.4  0.002  

J"(0*$ 0.3  0.002  

M$6$"!+6; (':($!"<+%6;$) 40  3  

N"!0;$ 9"!"<;  6000  540  

M"!%)8. 7"<8  0.00004  0.0000011  

-878 0.1  0.0004  

O$("7$) 0$6 0$6 

L%0"70", 9!"=;3($00;, +%6"50+) 6"!+. - ="08*+6"7;$ !"%%;9+ (="!%)+$ + )"06+0$068(20;$). 
M"08*+6 0$ .7(.$6%. =+0$!8("= % 9!$+='G$%67$00;= %"<$!@80+$= 6"!+.. E6" %)"!$$ 1$?7"<0;, #"%#86 
!$<)+4 ?$=$(2. / 6!H4=$!0"= )8!)8%$ ="08*+68 6"!+, ?8=$G8$6 86"= D>E, )""!<+0+!"7800;, #"%#860;=+ 
:!'998=+.  

J8= 6"!+, "1;50" 0$ <"1;78$6%.. P:" 7 )85$%67$ 9"1"50":" 9!"<')68 +?7($)8F6 9!+ <"1;5$ 
!$<)"?$=$(20;4 B($=$06"7 +(+ '!808. Q!80"7;$ !'<;, %"<$!@8G+$ "60"%+6$(20" 0$1"(23"$ )"(+5$%67" 



6"!+., ="@0" +%9"(2?"7862 <(. 9"('5$0+. :!8=="7;4 )"(+5$%67 6"!+., 48!8)6$!+?'FG+4%. ?085+6$(20;= 
%"<$!@80+$ +"0+., 230Th. A8), %""1G8$6%., 56" +? "%686)"7 !'<; 9"%($ 7;<$($0+. '!808 1;( 9"('5$0 6"!+,, 7 
)"6"!"= %"<$!@8("%2 26,4% +"0+. + 73,6% 232Th. 
 

2. )#*("+,-  !"#. 

(&9:. 2. M+0$!8(; 6"!+. (71 =+0$!8() 

 



/ =+0$!8(84 6"!+, 084"<+6%. 7 7+<$ '%6",5+7":" 9"("@+6$(20":" =0":"?8!.<0":" +"08 Th(IV) + 
7%6!$58$6%. 7=$%6$ 808(":8=+ – 5$6;!H4?8!.<0;=+ +"08=+ Zr(IV) + Hf(IV). A"!+, 68)@$ "108!'@+78F6 
7=$%6$ % U(IV), )"6"!;, +=$$6 <"7"(20" 1(+?)+, +"00;, !8<+'%. L<08)", 9"%)"(2)' 9!+ ")+%($0++ '!80(IV) 
($:)" 9!$7!8G8$6%. 7 UO2

2+, +=$FG+, 1"(23", +"00;, !8<+'%, 6" '!80 7 B6"= %"%6".0++ + Th(IV) 0$ =":'6 
084"<+62%. 7=$%6$. C"00;, !8<+'% Th(IV) 7$%2=8 %4"<$0 % !8<+'%8=+ 6!H4?8!.<0;4 )86+"0"7 D>E + J$(IV). 
&!"=$ 6":", 6"!+, 9"<"10" D>E, "1!8?'$6 0$!8%67"!+=;$ #"%#86; + :+<!")%+<;.  "B6"=' 6"!+, 58%6" 
"108!'@+78F6 7 =+0$!8(84 %"7=$%60" % !$<)"?$=$(20;=+ B($=$068=+. 

M+0$!8(;, %"<$!@8G+$ 6"!+,, 08,<$0; 7" 7%$4 )"06+0$0684, 0" 7 %"7$!3$00" 0$?085+6$(20;4 
=$%6"!"@<$0+.4. N(870;, +%6"50+) 6"!+. – ="08*+6 7 <"7"(20" 1"(23+4 "6("@$0+.4 08,<$0 7 C0<++ + 
R@0", S=$!+)$. / 9!+!"<0;4 %"$<+0$0+.4 6"!+, %7.?80 % '!80"=, !$<)"?$=$(20;=+ B($=$068=+ + 
*+!)"0+$=, "60"%+6%. ) 6+9+50" (+6"%#$!0;= B($=$068= + )"0*$06!+!'$6%. 9!$+='G$%67$00" 7 7$!40+4 
%(".4 (+6"%#$!;. A"!+, "108!'@$0 1"($$ 5$= 7 100 =+0$!8(84, 9!$<%687(.FG+4 %"1", )+%("!"<0;$ 
%"$<+0$0+., 9!$+='G$%67$00" ")%+<; + ?085+6$(20" !$@$ – #"%#86; + )8!1"086;. K"($$ 40 =+0$!8("7 
.7(.F6%. %"$<+0$0+.=+ 6"!+. +(+ @$ 6"!+, 74"<+6 7 0+4 7 )85$%67$ "<0":" +? :(870;4 )"=9"0$06"7. 
L%0"70;=+ 9!"=;3($00;=+ =+0$!8(8=+ 6"!+. .7(.F6%. ="08*+6 (Ce, La, Th…)PO4, 6"!+6 – %+(+)86 6"!+., 
ThSiO4 + 6"!+80+6 – %"<$!@8G+, '!80 ")%+< 6"!+., (Th,U)O2. A"!+6 "5$02 1":86 6"!+$= (45 <" 93% ThO2), 0" 
!$<"), 68) @$ )8) + <!':", 1":86;, 6"!+$7;, =+0$!8( - 6"!+80+6 (Th, U)O2, %"<$!@8G+, "6 45 <" 93% ThO2. 
/8@0;, =+0$!8( 6"!+. - ="08*+6, 7%6!$58FG+,%. 7 %=$%+ % !8?(+50;=+ 6+98=+ 9$%)8. E6" 6H=0;, =+0$!8( 
% !8<'@0;= 6H=0")!8%0;= "61($%)"=. M"08*+6 - %("@0;, #"%#86 6"!+. + !$<)"?$=$(20;4 B($=$06"7 
(*$!+., (80680, 9!8?$"<+=, 0$"<+= + <!. D>E), 0" %"<$!@+6 68)@$ 9$!$=$00;$ )"(+5$%678 )!$=0$%"<$!@8G+4 
%"$<+0$0+,, '!808, @$($?8, 8(F=+0+., =8:0+. + <!. B($=$06"7. / "1G$= 7+<$ $:" #"!='(' ?89+%;78F6 7 7+<$ 
(Ce, Th)PO4. A"!+. 7 ="08*+6$ - "6 2.5 <" 12%, 6+9+50;$ "1!8?*; %"<$!@86 ")"(" 4% 6"!+.. 

A"!+, "1!8?'$6 12 %"1%67$00;4 =+0$!8("7. D8%%="6!+= 0$)"6"!;$ +? 0+4 9"<!"10$$. 

 
*;<. 1. M+0$!8( 6"!+80+6 +? !8?(+50;4 =$%6"!"@<$0+,. 

 
(=>;&';? (Th,U)O2 - =+0$!8( )(8%%8 ")%+<"7, ThO2 (%"<$!@80+$ Th 88%). M=264.04. 
L60"3$0+$ Th:U "6 20 <" 5. &!+%68((+?'$6%. 7 )'1+5$%)", %+0:"0++ ()'1+5$%)+-
:$)%8")68B<!+5$%)+, 7+< %+==$6!++). J6!')6'!8 6+98 #(F"!+68.  8!8=$6!; .5$,)+ a = 5.6Å, 
"1T$= B($=$068!0", .5$,)+ V 175.62 Å³. &!+%68((; #"!=; )'18 + ")68B<!8, !8?=$!"= "6 <"($, 

== <" 3-5 %= ()!'90$,3+$ 084"<)+ - )!+%68(( 6 %=, + %!"%6") 2,2 ): +? M8<8:8%)8!8). &!+%68((; )'1+5$%)+$ 
% =$()+=+ :!80.=+ ")68B<!8, 7 !"%%;9.4 - ")86800;$ ?H!08. U7$6 5H!0;,, 9!+ 
7;7$6!+780++ – 1'!;, +(+ @$(6"786"-1'!;,, 1($%) %="(+%6;,, 
9"('=$68((+5$%)+,, 7 6"0)+4 "%)"()84 9!"%7$5+78$6 )!8%0"-1'!;= *7$6"= 
O$!68 5H!08., %$!"786"-5H!08., <" ?$($0"786"-%$!",.  
 
*;<. 2. L%6"70"-B($)6!"008. ="<$(2 %6!')6'!; 6"!+80+68 ThO2 (6+9 
#(F"!+68) 7 9"(+B<!+5$%)"= +?"1!8@$0++. Th – )'1, O – 6$6!8B<!. 
 
J98,0"%62 0$%"7$!3$008., +?("= 0$!"70;, <" 9"('!8)"7+%6":". O8%6; 
<7",0+)+ 9!"!8%680+. 9" (111). V!'9)+,. A7H!<"%62 6,5-7, 9("60"%62 8070-
9600 ):/=3. L1!8?'$6 0$9!$!;70;, +?"="!#0;, !.< % '!80+0+6"=. 
 !$+='G$%67$00" =$68=+)60;,, %+(20" !8<+"8)6+7$0 (0$=0":" =$0$$ 



!8<+"8)6+70;,, 5$= '!80+0+6, 0" c 1"($$ 7;%")", B0$!:+$,  -('5$,). O8G$ 7%6!$58F6%. 6"!+80+6;, 
%"<$!@8G+$ UO2 "6 5 <" 32%. A+9+50;$ 9!+=$%+ U, Ce, La, Pb.  !+ %""60"3$0++ ThO2:UO2=1:1 =+0$!8( 
08?;78$6%. '!806"!+80+6"=. A"!+80+6; %"<$!@86 9!+=$%+ !$<)"?$=$(20;4 B($=$06"7 *$!+$7", :!'99; (D>E 
?8=$G8F6 Th 7 "1TH=$ <" 8 7$%"7;4 %), Fe, He, 8 68)@$ 0$%6!')6'!0;$ 9!+=$%+ !8<+":$00":" Pb, Zr, Se. He 
!8%67"!.$6%. 7 HCl, 4"!"3" !8%67"!.$6%. 7 HNO3 + H2SO4 % 7;<$($0+$= :$(+.. W"7"(20" 6!'<0" "6(+5+62 
6"!+80+6 "6 '!80+0+68. I8+1"($$ %'G$%67$00; <(. 68)":" !8?(+5$0+. 48!8)6$! 084"@<$0+. + ($:)8. 

!8%67"!+="%62 7 8?"60", )+%("6$.  
 
*;<. 3. A"!+80+6 +? &808<;. 
 
W(. 6"!+80+68 48!8)6$!0" ?8($:80+$ 7 8((F7+8(20;4 =$%6"!"@<$0+.4, 7 9$:=86+684, 
7 )8!1"086+684, 8 68)@$ 7 =$68="!#+?"7800;4 +?7$%60.)84, :<$ B6"6 =+0$!8( 
7%6!$58$6%. 7 8%%"*+8*++ %" 39+0$(2F, <+"9%+<"=, #(":"9+6"= + <!. C=$F6%. 
68)@$ + =$%6"!"@<$0+. 9$:=86+6"7":" 6+98. C=$F6%. 68)@$ + =$%6"!"@<$0+. 
9$:=86+6"7":" 6+98. W"1;78$6%. :(870;= "1!8?"= +? !"%%;9$, %"7=$%60" % 
*+!)"0+$=, +(2=$0+6"=, 6"!+6"= (=$%6"!"@<$0+. 7 D"%%++, C0<++, 8((F7+8(20;$ 

=$%6"!"@<$0+. 7 X!+--80)$ + 08 M8<8:8%)8!$, )"!$00;$ – 7 &808<$, 08 S(.%)$). &808<%)+, =86$!+8( 
%"<$!@+6 ?8=$60'F 9!+=$%2 '!808 ('!80"6"!+80+6) + +=$$6 9"%6$9$00;$ 9$!$4"<; ) '!80+0+6'. A"!+80+6 - 
78@0;, +%6"50+) 9"('5$0+. 6"!+. (9"9'60" <"1;78$6%. '!80, $%(+ "0 9!+%'6%67'$6). D8?0"7+<0"%6+: 
8(<80+6 - 6"!+80+6, %"<$!@8G+, "6 14,9% <" 29% UO2 + "6 11,2% <" 12,5% PbO; '!80"6"!+80+6 - (Th,U)O2; 
Ce-6"!+80+6.  
(=>;? Th[SiO4] - =+0$!8( +? )(8%%8 "%6!"70;4 %+(+)86"7. J"<$!@+6 9!+=$%+ Fe, U, Pb, J8, D>E, Mn, P, Al, 
Ti )!+%68((+?'$6%. 7 6$6!8:"08(20", %+0:"0++, )!+%68((; 9!+?=86+5$%)+$, %6"(1586;$, 8:!$:86; %9("30;$, 
58%6" 7 7+<$ ?$!0+%6;4 8:!$:86"7. U7$6 5$!0;,, )!8%0"-1'!;,, %'!:'50"-)!8%0;,, "!80@$7;, ("!80@+6 - 
9!"?!8508. !8?0"%62 "!80@$7":" *7$68), 1($%) %6$)(.00;, <" %="(+%6":". Q!80"-6"!+6 9!"?!85$0, "(+7)"7"-
?$($0;, <" ?$($0":"; #8!!+6"!+6; 1'!;$, 6$=0"-1'!;$, 5$!0;$, %'!:'50"-)!8%0;$ + )!8%0;$. I$!$<)" 
")!83$0 0$!870"=$!0".  ("60;$ + 9"!"3)"786;$ 7;<$($0+., 58%62F )!+%68((+5$%)+$ )"!"5)+ + 
9%$7<"="!#"?; 9" 6"!+6' + <!':+= 6"!+$7;= =+0$!8(8=, =$68)"(("+<0;$ 8:!$:86;, +0":<8 0$%"7$!3$00;$ 
)!+%68((;, 9"4"@+$ 08 )!+%68((;. *+!)"08. A7$!<"%62 4,5—5, 9("60"%62 4100-6700 ):/=3. J+(20" 
!8<+"8)6+7$0. O8%6" =$68=+)60;,. /%6!$58$6%. )8) 8)*$%%"!0;, =+0$!8( 7 9$:=86+684, 0$#$(+0"7;4 
%+$0+684, :!80+684, 7 0$)"6"!;4 G$("50;4 9"!"<84, 9$:=86+684 + :+<!"6$!=8(20;4 @+(84. 

 
*;<. 4. &!+%68((; 6"!+68 +? I"!7$:++. 
 
&!'90;4 %)"9($0+, 6"!+6 0$ "1!8?'$6; <"1;78$6%. +? !"%%;9$, 9"9'60" % *+!)"0"=, )8%%+6$!+6"= + <!. 
D8?0"7+<0"%6+ 6"!+68: "!80@+6; '!80"6"!+6 AhU[SiL4] % UL2 (<" 17% U3O8 , 7 08%6".G$$ 7!$=. 78@0;, 
+%6"50+) '!808, 9!"?!85$0, "(+7)"7"-?$(H0;,; 6"!":'==+6 (<" 15% H2O, (Th,U)[(SiO4),(OH)4 "60"3$0+$ 
Th:U = 2:1, )!+%68((+?'$6%. 7 6$6!8:"08(20", %+0:"0++; #$!!+6"!+6 (<" 13% Fe2O3); )8(2*+"6"!+6 + 
#"%#"!%"<$!@8G+, 6"!+6 – 8'B!(+6. 



*;<. 5. L1!8?*; 6"!+68 +? !8?(+50;4 =$%6"!"@<$0+,. 

2='&@;? ("6 monáz  - 1;78F "<+0, '$<+0.F%2, @+7' "<+0")", 6.). "1;50" 7%6!$58$6%. 7 7+<$ "6<$(20;4 
)!+%68(("7) - =+0$!8(, #"%#86 !$<)"?$=$(20;4 B($=$06"7 9!$+='G$%67$00" *$!+$7", :!'99;; 4+=+5$%)8. 
#"!='(8 (Th, Ce, La, Nd…)[DL4] – 1$?7"<08. %=$%2 "!6"#"%#86"7 D>E + Th. /9$!7;$ =+0$!8( "6)!;6 08 
R@0"= Q!8($ 7 C(2=$0%)+4 :"!84 (O$(.1+0%)8. "1(8%62). V+=+5$%)+, %"%687 ="08*+68 0$ 9"%6".00;,, 8 
"9!$<$(.$6%. $:" 9!"+%4"@<$0+$=. J'==8 !$<)"?$=$(20;4 ")%+<"7 7 ="08*+6$ %"%687(.$6 55-74%, 7 6"= 
5+%($ +66!+, + B($=$06; +66!+$7", :!'99; 1-3%, !$@$ 4-8%, %"<$!@80+$ ")%+<8 #"%#"!8 (P2O5) - 18,4 - 
31,5%. O8%6" %"<$!@+6 !8?(+50;$ 9!+=$%+, +? )"6"!;4 :(870$,3+$: ThO2 (<" 28% + 1"($$), UO2 (<" 6,6 %), 
ZrO2, CaO (2%), 8 68)@$ SiO2 (6%), SO3. &!+%68((+?'$6%. 7 ="0")(+00", %+0:"0++, "1!8?'. 9(8%6+0586;$, 
+0":<8 6"(%6"681(+6586;$ )!+%68((;, 0$9!87+(20;$ ?H!08, ?$!0+%6;$ =8%%;. Q=$!$00" 98!8=8:0+6$0. 
L6=$58$6%. 3+!")+, +?"="!#+?= c 4866"0+6"= Th(SiO4) + 5$!8(+6"= Th0,5Ca0,5(PO4). L%0"70", ="6+7 
)!+%68((+5$%)", %6!')6'!; - %'1*$9"5$50;, (%("@0;$ *$9"5)+  

 

 
*;<. 6. L1!8?*; ="08*+68 !8?(+50;4 =$%6"!"@<$0+,. 
 



+? 6$6!8B<!"7 (PO4) + 9"(+B<!"7 (CeO9)). &!+%68((; '9("GH00;$ <" 681(+6586;4 (58%6" %<7",0+)"7800;$), 
68)@$ )"!"6)"- 9!+?=86+5$%)+$, +?"=$6!+50;$. / )!+%68((+5$%)", %6!')6'!$ ="08*+6 +?"(+!"7800;$ 
:!'99; [DO4]

3- %7.?80; % +"08=+ D>E3+ 7 <$7.6+!0", )""!<+08*++ ("<0")(+0"=$!08. %+%6$=8). L1!8?'$6 
)"!"5)+, ?$=(+%6;$ %)"9($0+., ?$!0+%6;$ + %#$!+5$%)+$ 8:!$:86;. L)!8%)8 =+0$!8("7 1;78$6 =$<"7"-
@H(6",, @H(6"-?$(H0",, )"!+50$7",, )!8%0"-1'!",, !"?"7", + :+8*+06"7"-)!8%0;,. &!+%68((; — 
0$9!"?!850;$ +(+ 9"('9!"?!850;$. K($%) @+!0;, <" %="(+%6":", 08 9("%)"%6.4 %98,0"%6+ + "6<$(20"%6+ - 
%6$)(.00;,. J98,0"%62 %"7$!3$008. 7 "<0"= 089!87($0++ (9"9$!H) )!+%68(("7), 0$%"7$!3$008. - 7 <!':"=; 
"6<$(20"%62 "6=$58$6%. "1;50" 9" 9("%)"%6.= %!8%680+. <7",0+)"7. A7$!<"%62 - 5,0-6,0.  ("60"%62 
)"($1($6%. 7 ?87+%+="%6+ "6 %"%6878 "6 4900 <" 5500 !"/#3 (7"?!8%68$6 c '7$(+5$0+$= %"<$!@80+. ThSiO4). 
V!'9)+,. D8<+"8)6+70"%62 ?87+%+6 "6 %"<$!@80+. Th, )"6"poe "1;50" 9"7;3$0" 7 7;%")"6$=9$!86'!0"= 
="08*+6$ +? :!80+6"7 + 9$:=86+6"7 + ?085+6$(20" 0+@$ 7 ="08*+6$ +? G$("50;4 9"!"<, :+<!"6$!=8(20;4 
=$%6"!"@<$0+, + 7 8'6+:$00"= ="08*+6$ +? !"%%;9$,.  

 
*;<. 7. L1!8?*; ="08*+68 +? !8?(+50;4 =$%6"!"@<$0+,. 
 

 
*;<. 8. L1!8?*; ="08*+6"7 D>E, %"<$!@8G+$ 6"!+,. 8 - ="08*+6 (Sm), Sm0.2Gd0.2Th0.15Ce0.15Ca0.1Nd0.1(PO4)0.9; 
1 - ="08*+6 (La), (La,Ce,Nd)PO4; 7 - ="08*+6 (J$), (Ce,La,Nd,Th)PO4. 
 
M"08*+6 % 08+1"($$ 1":86;= %"<$!@80+$= 9" 6"!+F (28,2%) 1;( 08,<$0 08 U$,("0$. /%6!$58F6%. 68)@$ 
9!8)6+5$%)+ 1$%6"!+$7;$ ="08*+6;, 089!+=$!, 7 K"(+7++.  !"+%4"@<$0+$ =8:=86+5$%)"$ (8)*$%%"!0;, 
="08*+6 :!80+6"+<"7 + G$("50;4 +?7$!@$00;4 9"!"<), 9$:=86+6"7"$, 90$7=86"(+6"-:+<!"6$!=8(20"$ (7 
:!$,?$084, )78!*-7"(2#!8=+6"7;4 @+(84, 9!"@+()"7"- =$68%"=86+5$%)+4 !$<)"?$=$(20;4 =$%6"!"@<$0+.4, 
)8!1"086+684, #$0+684, 8(21+6+684 + <!.). /%6!$58$6%. 7 8(29+,%)+4 @+(84. M$%6"!"@<$0+. ="08*+68 
%7.?80; "1;50" % :!80+60;=+ 9$:=86+68=+, !$@$ - % :+<!"6$!=8(20;=+ )8!1"0860;=+ @+(8=+ 7 G$("50;4 



:!80+684, %+$0+684. B 9"7$!40"%60;4 '%("7+.4 ="08*+6 '%6",5+7, 08)89(+78$6%. 7 !"%%;9.4. B %"7!$=$00;4 
="!%)+4 "%8<)84 (A8,7802) + 8((F7+8(20;4 !"%%;9.4 (?"("6;4 + "("7.00;4) +=$$6 "658%6+ 8'6+:$00"$ 
9!"+%4"@<$0+$ (%$!;, + 5H!0;, :("1'(.!0;, ="08*+6 - )'(8!+6), 7"?0+)8. 9!+ 9$!$"6("@$0++ "1("="50":" 
="08*+68 + ?8 %5H6 !81<"#80+68 Ce(PO4)·H2O. W"1;78$6%. ="08*+6 +? !$50;4 + ="!%)+4 !"%%;9$, 
(089!+=$!, 7 C0<++, X!+--80)8, K!8?+(++, JXS, S7%6!8(++, Q)!8+0$), )'<8 "0 9"98<8$6 9!+ !8?=;7$ 
:!80+6"7 + :0$,%"7, %"<$!@8G+4 ="08*+6 7 )85$%67$ 48!8)6$!0":" 8)*$%%"!0":" =+0$!8(8. J;!2H <(. 
9"('5$0+. (H:)+4 (80680"+<"7, +66!+. *$!+. + 6"!+.. 

 
*;<. 9. L1!8?*; 1!800$!+68 +? !8?(+50;4 =$%6"!"@<$0+,. 
 
">&''#>;? (9" #8=+(++ 8=$!+)80%)":" :$"(":8 W@"08 K!800$!8)- =+0$!8(. J("@0;, 6+68086 '!808, 6"!+. + 
!$<)+4 ?$=$(2 9!+1(+?+6$(20":" %"%6878 UTi2O6, :<$ U ="@$6 ?8=$G862%. Th, !$<)"?$=$(20;=+ B($=$068=+, 
J8, Db, a Ti @$($?"=; 58%6" %"<$!@+6 8<%"!1+!"7800'F 7"<'. Y"!='(8 (U, Ca, Th, J$, Y) (Ti, Fe)2O6. 
J+0:"0+. ="0")(+008. (!"=1+5$%)8.): 9!+?=86+5$%)+$ )!+%68((;. M$68=+)60;,, %+(20" !8<+"8)6+7$0. 
&!+%68((; 9!+?=86+5$%)+$ %" 36!+4"7)",. U7$6 5H!0;,, 9!+ +?=$0$0+.4 - 1'!"786"-@$(6;,. K($%) @+!0;, 
%6$)("786;,. U7$6 5$!6; )"!+50$7"-?$($0"786;,.  !"?!850"%62 9" )!8.=, +0":<8 0$9!"?!85$0.  ("60"%62 
4020-5880 ):/=3, 67$!<"%62 9" =+0$!8(":+5$%)", 3)8($ 4,5-6,5. J98,0"%62 ($:)" 9!".7(.$6%.. C?("= 
!8)"7+%6;,, 5$3',586;,, +0":<8 0$!"70;,. L5$02 4!'9"). L1;50" "1!8?'$6%. 7 =8:=86+5$%)+$ + 
90$7=86"(+6":+<!"6$!=8(20;$ %68<++ +06!'?+70":" 9!"*$%%8 )8) 8)*$%%"!0;, =+0$!8( :!80+6"7, 7 %)8!084, 
9$:=86+684, :!$,?$084, !$@$ 7 )78!*$7;4 + )78!*$7"-)8!1"0860;4 "1!8?"780+.4. K!800$!+6 - !'<8 <(. 
+?7($5$0+. '!808 

,&A=:;';? ($%&.  !"#$%!) - =+0$!8( 5H!0":" (1'!"-5H!0":") *7$68 % @+!0;= 
%6$)("786;= 1($%)"=, 9!"%7$5+78FG+,%. 9" )!8.=, +0":<8 %"7%$= 0$9!"?!85$0. L5$02 
!$<)" 7%6!$58$6%. 7 #"!=$ )!+%68(("7, "1;50", - 7 7+<$ 9("60", =8%%;. N8<"(+0+6 
.7(.$6%. +0":<8 7 7+<$ 8="!#0":" "<0"9!$("=(.FG$:" 6$(8, 6" 7 7+<$ <7'9!$("=(.FG$:", 
6" 7 7+<$ 8:!$:868 "<0"- + <7'9!$("=(.FG+4 58%6+*. / ?87+%+="%6+ "6 9!$"1(8<80+. *$!+. 

+(+ +66!+. !8?(+58F6 :8<"(+0+6-Ce + :8<"(+0+6-Y, %""67$6%67$00". V+=+5$%)+, %"%687 :8<"(+0+68 
0$9"%6".00;, - %"<$!@80+$ "%0"70;4 )"=9"0$06"7, "%"1$00" FeO, %+(20" )"($1($6%.. / "%0"70"= 
:8<"(+0+6 %"%6"+6 +? %+(+)86"7, *$!+., (806808, 0$"<+=8, +66!+., 1$!+((+. + @$($?8. A8)@$, %"<$!@+6 6"!+,, 
!$@$ - '!80. Y"!='(; :8<"(+0+68: (Ce, La, Nd, Y)2FeBe2Si2O10, +(+ Be2Y2FeII(SiO4)2O2{Ca, La, Mg, Re, Sc, 
Th}. J"(.08. )+%("68 !8?(8:8$6 :8<"(+0+6 % "%8@<$0+$= %6'<$0+%6", )!$=0+$7", )+%("6;. J+0:"0+. 
="0")(+008.. A7$!<"%62- 6,5 - 7, '<$(20;, 7$% 4 - 4,3. / 9(8=$0+ 0$)"6"!;$ !8?0"7+<0"%6+ "5$02 1;%6!" 
08)8(+78F6%., 7%9'5+78$6%. + %680"7.6%. 1$(;=+, 0" 0$ !8%9(87(.F6%.. C?-?8 08(+5+. 6"!+. +/+(+ '!808 - 
!8<+"8)6+7$0.  "56+ 7%$:<8 :8<"(+0+6 7%6!$58$6%. 7 7+<$ 0$1"(23+4 %)"9($0+, 5H!0":" *7$68 (7 
+?=$0$00;4 "1!8?*84 6$=0"-?$(H0":"), 7)!89($0;4 7 :!80+6. J98,0"%62 ($:)" 9!".7(.$6%. K($%) 
%6$)(.00;,, @+!0;,. C?("= !8)"7+%6;, +(+ ?80"?+%6;,. L6=$58(+%2 #'6(.!""1!8?0;$ + %)$($60;$ 
=$68)!+%68((;.  



 
*;<. 10. L1!8?*; :8<"(+0+68 +? !8?(+50;4 =$%6"!"@<$0+,. 
 
L5$02 !$<)+$ )!+%68((;, +=$F6 9!+?=86+5$%)+, "1(+), +0":<8 <"%6+:8F6 :+:806%)+4 !8?=$!"7. /$% 
0$)"6"!;4 0$%"7$!3$00;4 )!+%68(("7 <"%6+:8$6 80 ): (K8!+0:$!-V+(, JXS). / 9!+!"<$ 58G$ 7%$:" 
9!$<%687($0 7 7+<$ 0$1"(23+4 %)"9($0+,.  "< <$,%67+$= %"(.0", )+%("6; @$(86+0+?+!'$6, 7 9(8=$0+ %7$5+ 
0$ 9(87+6%.. Z$(86+0+!'$6 % )+%("68=+ ("%"1$00" ($:)" =$68=+)60;,).  "%($ 9!")8(+780+. !8%67"!.$6%. 7 
IJl % 6!'<"=. &!+%68((+5$%)+, :8<"(+0+6 0$ 9(87+6%., 7%9'5+78$6%. + %680"7+6%. 1$(;=. M$68=+)60;, 
68)@$ 0$ 9(87+6%., 0" 7%9'5+78$6%. "5$02 %+(20", !8%6!$%)+78$6%., %680"7+6%. %(81"9!"?!850;=, %$!"786"-
?$($0;=.  !+ 08:!$780++ 081(F<8$6%. 7%9;3)8, )"6"!8. .!5$ ' =$68=+)60":" :8<"(+0+68.  !+ 08:!$780++ 7 
?8)!;6", 6!'1)$ )!+%68((+5$%)+, :8<"(+0+6 %+(20" !8%)8(.$6%., 0$ !8%6!$%)+78.%2; 58%6+50" 
+?"6!"9+?+!"7800;,, %(81" !8%)8(.$6%. + !8%6!$%)+78$6%. 9"%($ 9!"<"(@+6$(20":" 08:!$780+..  !+ 
08:!$780++ 7 )"(1"5)$ 7;<$(.$6 ?085+6$(20"$ )"(+5$%67" 7"<; + :8?"7. / 9"(+!"7800;4 3(+#84 7%$ "1;50" 
9!+=$0.$=;$ !$8)6+7; 0$ <$,%67'F6. /6"!+50;, =+0$!8(; 7%6!$58$6%. 7 :!80+60;4 + %+$0+6"7;4 
9$:=86+684 + )!+%68((+5$%)+4 %(80*84. D8%9!"%6!80H0 7 )78!*$7"= 9"!#+!$ 7 N'8%%"-8(2-M"06$ (9!"7+0*+. 
/8!$?$) 7 C68(++, 7 Y+01", R6$!1+, Y8('0+ 7 X7$*++, N+66$!"H 7 I"!7$:++, N8!*$ + 7 J+($?++, 7 JXS, 08 
&"(2%)"= 9"('"%6!"7$ 7 D"%%++. / C68(++ :8<"(+0+6 '%680"7($0 7 )78!*$7"= 9"!#+!$ 7 N'8%%"-8(2-M"06$ 
(9!"7+0*+. /8!$?$) + 7 @$"<84 :!80+6"7 K87$0" 7 M"!6"#80" 08 -8:"-M8@"!$. N8<"(+0+6 $%62 7 I"!7$:++, 
:<$ "108!'@$0" $:" %)"9($0+$ 7$%"= ")"(" 500 ):, 7 X7$*++, N$!=80++ + JXS.  / 1"(23+0%67$ 
=$%6"!"@<$0+, 7;<$($0+. :8<"(+0+68 9")!;6; %08!'@+ )"!+50$7", )"!)", 76"!+50;4 9!"<')6"7. 
W"1;78$6%. 7 9!"=;3($00;4 =8%368184 <(. 9!"+?7"<%678 6"!+., '!808 + !$<)"?$=$(20;4 B($=$06"7. 

 
*;<. 11. E)80+6, ThCa2Si8O20, &808<8. 
 
B$&';? - "5$02 !$<)+, =$68=+)60;, =+0$!8( )(8%%8 %+(+)86"7. Y"!='(8: ThCa2Si8O20, 
(Ja,Fe2+,Pb)2(Th,U)[Si8O20], (Th, U) (Ca, F, Pb)2Si8O20. J"%687 (%): 13,09- CaO; 30,81- ThO2; 56,10 — SiO2. 
J+0:"0+. 6$6!8:"08(208.. U7$6 >$(H0;,, @H(6;,, 6H=0"-)!8%0;, U7$6 5$!6; – 1$(;,, 1($%) %6$)(.00;,, 
9!"?!850;, +(+ 9!"%7$5+78FG+,. A7H!<"%62 4,5-6,5  ("60"%62 2,95-3,28 :/%=³  ")8?86$(2 9!$("=($0+. 
1,597. &8=$02 8="!#0;,, % 7)(F5$0+.=, "!+$06+!"7800;=+ 9" <7'= 7?8+=0" 9$!9$0<+)'(.!0;= 
089!87($0+.=.  !".7(.$6 %(81;, 8%6$!+?=. J"<$!@+6 ?085+6$(20"$ )"(+5$%67" !8<+"8)6+70":" B($=$068 
6"!+..  !+ 08:!$780++ <" 1000C 9!".7(.$6%. '9"!.<"5$008. )!+%68((+5$%)8. %6!')6'!8 % 6$6!8:"08(20", 
%+==$6!+$,. &!+%68((+5$%)8. %6!')6'!8 !8%98<8$6%. 7 !$?'(2686$ =$68=+)6+?8*++. M+0$!8( ="@0" %9'6862 
% 6'!=8(+0"=. /"?0+)8$6 7 =$%684 )"068)68 G$("50;4 =8:=86+5$%)+4 9"!"< % +?7$%60.)8=+.  !".7(.$6%. 7 



8((F7+.4 (!"%%;9.4). O8%6" 7%6!$58$6%. 7=$%6$ % 58!"+6"=, =+)!")(+0"=, )78!*$=, )8(2*+6"=. /%6!$58$6%. 
9"=+=" X!+--80)+ (D86089'!) 7 D"%%++ (% 58!"+6"=, 7  !+18,)8(2$), &808<$ (R)"0). 
 

3.  !"#(%-( "/'- 

A"!+$7;$ !'<; - '%("70"$ 08?780+$ 9!+!"<0;4 =+0$!8(20;4 "1!8?"780+,, %"<$!@8G+4 6"!+, 7 68)+4 
%"$<+0$0+.4 + )"0*$06!8*+.4, 9!+ )"6"!;4 9!"=;3($00"$ +%9"(2?"780+$ 6$40+5$%)+ 7"?="@0" + 
B)"0"=+5$%)+ *$($%""1!8?0". J"1%67$00" 6"!+$7;$ =$%6"!"@<$0+. 0$+?7$%60;; 6"!+, +?7($)8$6%. 9"9'60" 
+? )"=9($)%0;4 9"(+=$68(20;4 !'< "1;50" %"7=$%60" % Nb, Ta, Zr, U, D>E + <!. B($=$068=+. J"<$!@80+$ 
6"!+. 7 68)+4 !'<84 )"($1($6%. "6 %"6;4 <" <$%.6;4 <"($, %. N(870;$ =+0$!8(; 6"!+.: ="08*+6 (3,5-10% 
ThO2), 6"!+6 (<" 77% ThO2), 6"!+80+6 (Th, U)O2 (45-93%). M+0$!8(20;=+ 0"%+6$(.=+ 6"!+. 7 !'<84 
.7(.F6%. %+(+)86;, 9!"%6;$ + %("@0;$ ")%+<; (6+680"-68068("-0+"186;), #"%#86; + )8!1"086;, 7 )"6"!;4 
"0 9!+%'6%67'$6 7 )85$%67$ +?"="!#0", 9!+=$%+. 
(=>;#CD# >EAD - 9!+!"<0;$ =+0$!8(20;$ 8:!$:86;, +%9"(2?"780+$ )"6"!;4 7 )85$%67$ %;!2. <(. 9"('5$0+. 6"!+. 
6$40+5$%)+ 7"?="@0" + B)"0"=+5$%)+ *$($%""1!8?0". /8@0$,3+= 9!"=;3($00;= =+0$!8("= 6"!+. .7(.$6%. ="08*+6 
- #"%#86 6"!+. + !$<)+4 ?$=$(2, %"<$!@8G+, "6 4 <" 12% AhO2; )!"=$ 0$:", 0$)"6"!"$ ?085$0+$ +=$F6 6"!+6 - %+(+)86 
6"!+.  + 6"!+80+6 - <+")%+< '!808 + 6"!+..  

 
*;<. 12. L96+5$%)+, (8) + !$06:$0"7%)+, (1) %9$)6!; ="08*+6"7":" 9$%)8. Q?)+$ (+0++ %""67$6%67'F6 

!$<)"?$=$(20;= B($=$068=. 
 

 M"08*+6 – =+0$!8( 9!"50;,, '%6",5+7;, 9!"6+7 7;7$6!+780+..  !+ 7;7$6!+780++ :"!0;4 9"!"<, 
"%"1$00" +06$0%+70"= 7 6!"9+5$%)", + %'16!"9+5$%)", ?"084, )":<8 9"56+ 7%$ =+0$!8(; !8?!'38F6%. + 
!8%67"!.F6%., ="08*+6 0$ +?=$0.$6%.. D'52+ + !$)+ '0"%.6 $:" ) ="!F 7=$%6$ % <!':+=+ '%6",5+7;=+ 
=+0$!8(8=+ – *+!)"0"=, )78!*$=, =+0$!8(8=+ 6+6808. /"(0; ="!$, + ")$80"7 <"7$!38F6 !81"6' 9" 
!8?!'3$0+F + %"!6+!"7)$ =+0$!8("7, 08)"9+73+4%. 7 9!+1!$@0", ?"0$.  "< +4 7(+.0+$= 9!"+%4"<+6 
)"0*$06!+!"780+$ 6.@$(;4 =+0$!8("7, "65$:" 9$%)+ 9(.@$, 9!+"1!$68F6 6$=0'F ")!8%)'. A8) 08 9(.@84 
#"!=+!'F6%. ="08*+6"7;$ !"%%;9+ – «5H!0;$ 9$%)+».  

&8) '@$ '9"=+08("%2, :(870$,3+$ =+0$!8(;, 7 7+<$ )"6"!;4 7%6!$58$6%. *$!+, + 6"!+, 7 9!+!"<$, - 
"!6"%+(+)86;: "'()'*& + )'+!,*, ZrSiO4, + ,+(*-'& + &,+'&, ThSiO4 - =+0$!8(;, +?"="!#0;$ =$@<' 
%"1"F, 8 68)@$ % !'6+("= + "("7.00;= )8=0$=, TiO2 + SnO2. / ?085+6$(20;4 )"(+5$%6784 7%6!$58$6%. 6"!+, 
7 ="08*+684, )8)"7, 089!+=$!, ="08*+6 +? C(2=$0%)+4 :"! - #"%#86 6"!+., *$!+. + (806808 (% 0$1"(23+= 
%"<$!@80+$= "("78, =8!:80*8 + )8(2*+.): D2O5 28,5, ThO2 17,95%, SnO2 2,1%, J$2O3 26, La2O3 23,4, MnO 1,86, 
CaO 1,68%. 
 N(870", !'<", 6"!+. .7(.$6%. ="08*+6, #"!='(' )"6"!":" ="@0" 9!$<%687+62 7 7+<$: (Ce,La,Nd)PO4, 
:<$ 7%$ =$68((; 74"<.6 )8) 6!H4?8!.<0;$ )86+"0;. / "1!8?*$ +? K"(+7++ % %"%687"=, %""67$6%67'FG$= 
6$"!$6+5$%)"=', %"<$!@+6%. =$0$$ 0,001% 6"!+.. L<08)" + 68)"$, )8?8("%2 1; 0+?)"$ %"<$!@80+$ %5+68$6%. 
4"!"3+=, 9"%)"(2)' %"<$!@80+$ 6"!+. 7 !8%5H6$ 08 ThO2, )8) 9!87+(", %"%687(.$6 5-30: ")%+<"7 <!':+4 
=$68(("7 ((&9:. 3).  
 
 
 
 
 
 
 
 



(&9:. 3. V+=+5$%)+, %"%687 ="08*+6"7 (MIII,Th)PO4 !8?(+50":" 9!"+%4"@<$0+. 
J"<$!@80+$ ")%+<8 

                                   K!8?+(+.                                      C0<+.                                    JXS 
ThO2 
Ce2O3 
P2O5 
SiO2 
ZrO2 
TiO2 
Fe2O3 
Al2O3 
TR2O3 
U3O8 
MoO2 

6,8 
25,9 
25,5 
2,51 
3,5 
1,1 
0,5 
- 
60,5 
0,18 
0.01 

9,9 
27,5 
29.5 
1,5 
1-3 
0.4 
0,9 
- 
59,8 
0,27 
0,01 

3,4 
19,5 
20,5 
8,5 
0,1-1 
2,1 
4,5 
12,5 
40,1 
0,15 
- 

/0$<!$0+$ 6"!+. 7 !$3H6)' 58%6" 9!"+%4"<+6 9!+ 98!8(($(20"= ?8=$G$0++ #"%#868 ")%+<"=. >8=$G$0+$ 
DL4

3- 08 SiO4
4- 9!+7"<+6 ) %"4!80$0+F B<$)6!"0$,6!8(20"%6+ 9"%)"(2)' <+%18(80% (+)7+<+!'$6%. 9!+ 

?8=$G$0++ 6!H4?8!.<0;4 !$<)+4 ?$=$(2 08 5$6;!H4?8!.<0;$ +"0; 6"!+.. M"08*+6 ="@0" 68)@$ 9!$<%687+62 
7 7+<$ 67H!<":" !8%67"!8 %+(+)868 6"!+. 7 ="08*+6$. >8=$G$0+$ #"%#868 08 %+(+)86 ="@$6 %"9!"7"@<862%. 
?8=$G$0+$= <7'4?8!.<0;=+ +"08=+ 6.@H(;4 =$68(("7 (Ca(II),Mg(II)), 68) )8) 9!+ B6"= 68)@$ %"4!80.$6%. 
18(80% B($)6!+5$%)+4 ?8!.<"7. &8) 9!87+(", 7 ="08*+684 '!80 0$ 7%6!$58$6%. 7 ?085+6$(20;4 )"(+5$%6784 
("1;50" %"<$!@80+$ 0$ 9!$7;38$6 1%). 
 

4. )(0 !"!1'(*#.  !"#. 

A"!+, 08)89(+78$6%.: 1) 7 =8:=86+5$%)+4 =$%6"!"@<$0+.4, 2) 7 9$:=86+6"7;4, 3) 7 
7;%")"6$=9$!86'!0;4 7'()80":$00;4 :+<!"6$!=8(20;4 + 4) 7 !"%%;9.4. / =8:=86+5$%)+4 =$%6"!"@<$0+.4 
6"!+, )"0*$06!+!'$6%. 7 :!80+684 — 7 8)*$%%"!0"= ="08*+6$ + 58%6+50" 6"!+6$, 8 68)@$ 7 0$#$(+0"7;4 
%+$0+684 (7 ("98!+6$). C? ("98!+68 6"!+, +?7($)8$6%. 7 )85$%67$ 9"1"50":" 9!"<')68 9!+ <"1;5$ 0+"1+. + 
!$<)+4 ?$=$(2. A"!+, ="@$6 68)@$ 08)89(+7862%. 7 )8!1"086+684, :<$ "0 74"<+6 7 %"%687 =+)!"(+68. / 
9$:=86+6"7;4 =$%6"!"@<$0+.4 6"!+, 08)89(+78$6%. 7 :!80+60;4 9$:=86+684 7 7+<$ B3$0+68, 9!+"!+68 
<!':+4 =+0$!8("7.  !"=;3($00;4 )"0*$06!8*+, B6+ =+0$!8(; 0$ "1!8?'F6, 8 .7(.F6%. <"9"(0+6$(20;= 
+%6"50+)"= 6"!+.. / 7;%")"6$=9$!86'!0;4 7'()80":$00;4 :+<!"6$!=8(20;4 =$%6"!"@<$0+.4 6"!+, 
)"0*$06!+!'$6%. 7 6"!+6$, #$!!+-6"!+6$, 6"!+80+6$ + '!80"-6"!+80+6$. / !.<$ '!80"7;4 !'<0;4 9"($,, :<$ 
"%0"70;= =+0$!8("= .7(.$6%. 08%6'!80, =+0$!8(20;$ "1!8?"780+. 6"!+. =":'6 <"%6+:862 9!"=;3($00;4 
)"0*$06!8*+,. & !"%%;90;= =$%6"!"@<$0+.= "60"%.6%. 7 "%0"70"= ="08*+6%"<$!@8G+$ 9$%)+. L0+ 3+!")" 
!8%9!"%6!80$0; 7 S7%6!8(++, C0<++, I"7", >$(80<++ + <!':+4 %6!8084. / 08%6".G$$ 7!$=. +=$00" B6"6 6+9 
=$%6"!"@<$0+, +=$$6 :(870"$ 9!"=;3($00"$ ?085$0+$ 7 )85$%67$ =+0$!8(20":" %;!2. 08 6"!+,. 

L%0"70;$ =$%6"!"@<$0+. 6"!+. "1!8?"780; ="08*+6%"<$!@8G+=+ !"%%;9.=+ 68068("-0+"186"7, 
%7.?800;=+ % =8%%+78=+ :!80+6"+<"7. L0+, )8) 9!87+(", 0$ !8%9!"%6!80.F6%. ?8 +4 9!$<$(;. J"<$!@80+$ 
="08*+68 9$!7;$ %"60+ :!8=="7 08 =3 (KB!-/$((+, JXS). S((F7+8(20;$ !"%%;9+ ="08*+68 + *+!)"08 
#"!=+!'F6%. 08 '<8($0++ "6 )"!$00":" +%6"50+)8. L0+ 58%6" %"9!"7"@<8F6%. B"("7;=+ !"%%;9.=+. 
J"<$!@80+$ ="08*+68 "1;50" %"60+ :!8=="7 08 =3, +0":<8 <" 0$%)"(2)+4 )+(":!8=="7 08 )'1+5$%)+, =$6!; 
"60"3$0+$ ="08*+68 ) *+!)"0' ="@$6 1;62 9$!$=00;= (M8(8,?+.,  8)+%680, "%6!"7 A8,7802, K!8?+(+.. J 
6"5)+ ?!$0+. <"1;5+ 6"!+$7":" %;!2. 78@0; 68)@$ %"7!$=$00;$ 9!+1!$@0"-="!%)+$ !"%%;9+ 7 1$!$:"7", 
?"0$ )"0$50;4 18%%$,0"7 %$<+=$068*++ (<$(26"7;$, 9(.@0;$, <F00;$, 9"<7"<0":" %)("08 + ="!%)+4 
6$!!8%). C4 9!"6.@H00"%62 ="@$6 <"%6+:862 <$%.6)"7 )+("=$6!"7 9!+ ="G0"%6+ 9$%)"7 7 %"7!$=$00;4 
!"%%;9.4 0,5 – 1,5, 7 <!$70+4 6 – 10 =. / 1"(23+0%67$ 68)+4 !"%%;9$, ="08*+6 %"<$!@+6%. 7 !$?)" 
9"<5+0H00"= )"(+5$%67$ 9" "60"3$0+F ) +(2=$0+6' + *+!)"0' ( 3 – 3,5 ):/6). J'G$%67$00" ="08*+6"7;$ 
!"%%;9+ % %"<$!@80+$= ="08*+68 150 – 200 ):/6 +?7$%60; 08 ?898<0"= 9"1$!$@2$ "%6!"78 X!+--80)8. 

N(870;= +%6"50+)"= 6"!+. 08 ?$=0"= 38!$ .7(.F6%. 9!+1!$@0"-="!%)+$ !"%%;9+. I8+1"($$ 
)!'90;$ =$%6"!"@<$0+. B6":" 6+98 084"<.6%. 08 F@0"= + 7"%6. 9"1$!$@2.4 C0<++ (3686; &$!8(8, M8<!8%, 
S0<4!8- !8<$3, L!+%%8) + 08 7"%6"50"= 1$!$:' K!8?+(++ (3686; M+08%-Z$!8+%, K8+., E%9+!96'-
J806',D+"-<$-Z80$,!" + <!.). J"<$!@80+$ ="08*+68 7 +0<+,%)+4 !"%%;9.4 78!2+!'$6 "6 0,5 <" 2,0%, 7 
1!8?+(2%)+4 — "6 2,0 <" 5,0%. /6"!"%6$9$00'F !"(2 +:!8F6 )"06+0$068(20;$, 7 "%0"70"= <"(+00;$, 
!"%%;9+, +?7$%60;$, 7 58%60"%6+, 7 !.<$ !8,"0"7 JXS. P<+0%67$00;= )"!$00;= =$%6"!"@<$0+$= 6"!+$7;4 
!'<, +=$FG+= 9!"=;3($00"$ ?085$0+$, .7(.$6%. @+(20"$ =$%6"!"@<$0+$ J6+0)8%=)!88(2 7 RSD. / 



)85$%67$ 9"9'60":" )"=9"0$068 6"!+, 9"('58F6 +? '!80%"<$!@8G+4 )"0:("=$!86"7 =$%6"!"@<$0+. K(8,0<-
D+7$! 7 &808<$, 8 68)@$ + +? <!':+4 )"=9($)%0;4 =$%6"!"@<$0+,.  

I$)"6"!;$ =$%6"!"@<$0+. ="08*+68 "%8<"50":" 9!"+%4"@<$0+. 5!$?7;58,0" )!'90;$. 
A!8780)"!%)"$ =$%6"!"@<$0+$ 7 C0<++ – 78@0;, +%6"50+) 9!"=;3($00":" 6"!+.. /;%")8. 9("60"%62 + 
"60"%+6$(208. 4+=+5$%)8. +0$!60"%62 #"%#86"7 ="08*+68 %9"%"1%67"78(+ $:" "6("@$0+F 7 !$?'(2686$ 
!8?!'3$0+. !"%%;9$, 08 "6=$(.4, 8 68)@$ 7 !"61!$@0;4 !8%6"084 7 7+<$ )!'90":" 9$%)8, "6 @H(6":" <" 
)"!+50$7":" +(+ )!8%0":" *7$68.  "%)"(2)' ="08*+6 9!".7(.$6 ?8=$60;$ =8:0+60;$ %7",%678, $:" ="@0" 
)"0*$06!+!"7862 % 9"="G2F =8:0+60;4 9"($,. 

>085+6$(20"$ )"(+5$%67" 6"!+. 08)89(+78$6%. 7 %7.?+ % 9$:=86+6"7;=+ + 9"%6=8:=86+5$%)+=+ 
9!"*$%%8=+, 9!+ B6"= $:" %"<$!@80+$ '7$(+5+78$6%. % 9"7;3$0+$= )"(+5$%678 )8(+. 7 9"!"<84. L%0"708. 
#"!=8 084"@<$0+. 6"!+. 7 9"!"<84 7 7+<$ "%0"70", %"%6870", 58%6+ '!80-6"!+$7;4 (+1" +?"="!#0", 
9!+=$%+ 7 8)*$%%"!0;4 =+0$!8(84. / 9"%6=8:=86+5$%)+4 9!"*$%%84 7 "9!$<$(H00;4 1(8:"9!+.60;4 
'%("7+.4 ("1":8GH00"%62 !8%67"!"7 :8("+<8=+, G$("58=+ + ':($)+%("6",) 6"!+, %9"%"1$0 =+:!+!"7862 7 
:+<!"6$!=8(20;4 !8%67"!84 + #+)%+!"7862%. 7 %)8!0"7;4 '!80-6"!+$7;4 + :!8086-<+"9%+<"7;4 
"!6+6%"<$!@8G+4 =$%6"!"@<$0+.4. ><$%2 :(870;=+ =+0$!8(8=+ 6"!+. .7(.F6%. ="08*+6 + #$!!+6"!+6. 
I8)89(+78$6%. 6"!+, 68)@$ 7 0$)"6"!;4 :!$,?$0"7;4 =$%6"!"@<$0+.4, :<$ "0 )"0*$06!+!'$6%. 7 
#$!!+6"!+6$ (+1" "1!8?'$6 =+0$!8(;, %"<$!@8G+$ 6+680, '!80 + <!.  

J!$<+ :$0$6+5$%)+4 6+9"7 6"!+$0"%0;4 =$%6"!"@<$0+, 7;<$(.F6%. B0<":$00;$ + B)?":$00;$. / 
:!'99$ B0<":$00;4 =$%6"!"@<$0+, +?7$%60; =8:=86+5$%)+$, 9$:=86+6"7;$, )8!1"086+6"7;$, 8(21+6+6"7;$, 
%)8!0"7;$ + :+<!"6$!=8(20;$. /%$ "0+ "108!'@+78F6 %7.?2 %" G$("50;=+ =8:=86+5$%)+=+ 9"!"<8=+. & 
)!'90$,3+= 9$:=86+6"7;= "60"%.6%. =$%6"!"@<$0+. !8,"08 K80)!"#6 (&808<8). C? )8!1"086+6"7;4 
7;<$(.$6%. 6"!+,%"<$!@8G$$ !$<)"?$=$(20"$ =$%6"!"@<$0+$ M8'06+0- 8%% 7 &8(+#"!0++. M8)%+=8(20;$ 
%"<$!@80+. 6"!+. 7 !'<84 (3-6%) +?7$%60; 08 :+<!"6$!=8(20"= !$<)"?$=$(20"= =$%6"!"@<$0++ 
J6+0)8=9%)!88(2 7 RSD. E)?":$00;$ =$%6"!"@<$0+. 9!$<%687($0; !8?0""1!8?0;=+ (B(F7+8(20;=+, 
8((F7+8(20;=+ + 9!+1!$@0"-="!%)+=+ %"7!$=$00;=+ + 9":!$1H00;=+) ="08*+6"7;=+ !"%%;9.=+. L0+ 
.7(.F6%. :(870;= +%6"50+)"= 6"!+.. &!'90$,3+$ 9!+1!$@0"-="!%)+$ !"%%;9+ +?7$%60; 7 C0<++ (%!$<0$$ 
%"<$!@80+$ ="08*+68 7 9$%)84 0,75%) + K!8?+(++ ("6 2 <" 5%). 

 
*;<. 13. M"08*+6"7;, 9$%") % &"(2%)":" 9"('"%6!"78. 
 
A"!+, 9"56+ 7%$:<8 %"<$!@+6%. 7 =+0$!8(84 D>E, )"6"!;$ %('@+6 

"<0+= +? +%6"50+)"7 $:" 9"('5$0+.. / =8:=86+5$%)+4 9"!"<84 
%"<$!@80+$ 6"!+. '=$0238$6%. "6 )+%(;4 (18 :/6) ) "%0"70;= (3 :/6). 
>085+6$(20"$ )"(+5$%67" 6"!+. 08)89(+78$6%. 7 %7.?+ % 9$:=86+6"7;=+ + 
9"%6=8:=86+5$%)+=+ 9!"*$%%8=+, 9!+ B6"= $:" %"<$!@80+$ '7$(+5+78$6%. 
% '7$(+5$0+$= )8(+. 7 9"!"<84. L%0"708. #"!=8 084"@<$0+. 6"!+. 7 

9"!"<84 7 7+<$ %"%6870", 58%6+ '!80-6"!+$7;4 =+0$!8("7, (+1" +?"="!#0", 9!+=$%+ 7 8)*$%%"!0;4 
=+0$!8(84. / 9"%6 =8:=86+5$%)+4 9!"*$%%84 7 "9!$<$(H00;4 1(8:"9!+.60;4 '%("7+.4 ("1":8GH00"%62 
!8%67"!"7 :8("+<8=+, G$("58=+ + ':($)+%("6",) 6"!+, =+:!+!'$6 7 :+<!"6$!=8(20;4 !8%67"!84 + 
#+)%+!'$6%. 7 %)8!0"7;4 '!80-6"!+$7;4 + :!8086 <+"9%+<"7;4 "!6+6%"<$!@8G+4 =$%6"!"@<$0+.4, :<$ "0 
)"0*$06!+!'$6%. 7 #$!!+6"!+6$ (+1" "1!8?'$6 =+0$!8(;, %"<$!@8G+$ 6+680, '!80 + <!. 

 
*;<. 14. «OH!0;$» (="08*+6"7;$) 9$%)+ (9(.@ :.M8!+'9"(.). 
 
/ )"!$00"= 084"@<$0++ - 7 9$:=86+684 – 6"!+, "5$02 !$<"). 

/%6!$58$6%. :(870;= "1!8?"= 7 8((F7+8(20;4 "6("@$0+.4, 7 
080"%84 9$%580;4 9(.@$,, %!$<+ 6.@H(;4 =+0$!8("7 !"%%;9$,. / 
D"%%++ - 7 5H!0;4 !$50;4 9$%)84 !"%%;90":" ?"("68 7 >818,)8(2$; 
&"7<"!%)+, =8%%+7 (&"(2%)+, 9-"7); P0+%$,%)+, )!.@ 7 J+1+!+. >8 
!'1$@"=: 7 JXS - C%6"0 (36.  $0%+(2780+.), 5H!0;$ 9$%)+ 7 !$)$ 
M+%%'!+ (1(+? V$($08, 36. M"06808); 9$%)+ !$)+ J)"66 
(&8(+#"!0+.); 5H!0;$ 9$%)+ 7 0$%)"(2)+4 !8,"084 S(.%)+. J8=;$ 
)!'90;$ )!+%68((; ="08*+68 08,<$0; 7 K$680+=$08 + Tôlanaro 
(Y"!6-W"#+0) 08 ". M8<8:8%)8!. / 9$:=86+684 + =$68%"=86+5$%)+ 



+?=$0H00;4 ?"084 )!+%68((+5$%)+4 +?7$%60.)"7 7" =0":+4 =$%684 9!"7+0*++ &7$1$) (&808<8). / )85$%67$ 
8)*$%%"!0":" =+0$!8(8 7 )8!1"086+684 /"%6"50":" A!80%788(. 7 R@0", S#!+)$ %"7=$%60" % 18<<$($+6"=. / 
C0<++ - 7 9$%)84 9(.@8 Travancore (36. &$!8(8).  

 

5. "(0/"0-  !"#. 

A"!+, 7%6!$58$6%. 7" =0":+4 =+0$!8(84, 08+1"($$ !8%9!"%6!80$00;= +? )"6"!;4 .7(.$6%. 
!$<)"?$=$(20;, =+0$!8( - #"%#86 6"!+. - ="08*+6, 7 )"6"!"= %"<$!@+6%. <" 12% ")%+<8 6"!+.. >8($@+ 
B6":" =+0$!8(8 +=$F6%. 7 0$%)"(2)+4 %6!8084. D8<+ 6"!+. ="08*+6 0$ <"1;78$6%.. P:" <"1;5' 7$<'6 !8<+ 
+?7($5$0+. !$<)"?$=$(20;4 B($=$06"7, 6"!+, +?7($)8$6%. 9"9'60". 

(&9:. 4. 2;>=CD# F&G&<D ?=>;H (A=<?EG'D# A:H A=9DI;) 

J6!808 >898%; (7 6"0084) 

S7%6!8(+. 300000 

C0<+. 290000 

I"!7$:+. 170000 

JXS 160000 

&808<8 100000 

R@08. S#!+)8 35000 

K!8?+(+. 16000 

 !"5+$ %6!80; 95000 

/%$:" 1200000  
(C%6"50+) - J('@18 :$"(":+5$%)", !8?7$<)+ JXS, .078!2 1999)  
>8=$580+$. J('@18 :$"(":+5$%)", !8?7$<)+ JXS 7;<8(8 <"7"(20" %6!800'F 681(+*': 0$6 0+ &+68., 0+ D"%%++, 0+ 
N!$0(80<++. S 7 B6+4 %6!8084 6"!+. <"7"(20" =0":" 

 " <800;= 6", @$ N$"(":+5$%)", %('@1; JXS, 0" 08 )"0$* 2001, 7%$:" ?898%; 6"!+. (7 6;%. 6"00 7 
9$!$%5H6$ 08 ")%+< 6+6808) %"%687(.(+: 1200-1400, S7%6!8(+. 300-340, C0<+. 290-300, JXS 160-300, 
I"!7$:+. 170-180, &808<8 100, RSD 35-39, K!8?+(+. 16 -18, M8(8,?+. 4,5, 9!"5+$ %6!80; 90-100. 

/ 0858($ 2010 68 @$ N$"(":+5$%)8. %('@18 JXS 7;<8(8 %($<'FG'F 681(+*' 
(&9:. 5. M+!"7;$ ?898%; 6"!+. (2010) 

 
S=$!+)8 7;3(8 08 9$!7"$ =$%6". N!$0(80<++ (W80+.) "9.62 0$6. 

E6"6 @$ "65H6 %""1G8$6, 56" 7 2009 9" %!870$0+F % 2008 ?898%; 6"!+. 08 
=$%6"!"@<$0+.4 JXS '7$(+5+(+%2, 8 08 =$%6"!"@<$0+.4 I"!7$:++ 
'=$023+(+%2. 
M$@<'08!"<0"$ 8:$06%67" 9" 86"=0", B0$!:++ (MSNSAE, /$08) 7;<8(8 
%7"F 681(+*' ?898%"7 6"!+., :"<0;4 ) <"1;5$ (68)"7;=+ %5+68F6%. 
?898%;, <"1;58 )"6"!;4 <$3$7($ $80/):Th). 
 
(&9:. 6. M+!"7;$ ?898%; 6"!+. 9" <800;= MSNSAE (2007). 
 

><$%2 '@$ D"%%+. "1":08(8 &808<', RSD + N!$0(80<+F. 
>8=$580+$.  '680+*8 7 "*$0)84 ?898%"7 9!"+%4"<+6 +?-?8 0$"<0"?0850"%6+ 
6"()"780+. 9"0.6+. «+?7($)8$=;$ ?898%; 6"!+.». / 08%6".G$$ 7!$=. 
+0#"!=8*+F " =+!"7;4 !$%'!%84 6"!+. 9'1(+)'F6 <7$ "!:80+?8*++: 
N$"(":+5$%)8. !8?7$<)8 JXS (ND) + MSNSAE. ND %5+68$6, 56" "%0"70;=+ 
?898%8=+ 6"!+. 7(8<$F6 S7%6!8(+. + C0<+., 9!+=$!0" "<+08)"7;=+ – 300000 
=$6!+5$%)+4 6"00, 6.$. )8@<8. %6!808 "1(8<8$6 9" 25% =+!"7;4 !$%'!%"7 6"!+.. 
L<08)" MSNSAE "*$0+78$6 6"(2)" 6"50" "*$0H00;$ ?898%; (RAR). / 



!$?'(2686$ 9".7(.$6%. ":!"=0"$ !8?(+5+$ 7 "*$0)84 NS + MSNSAE ?898%"7 6"!+. 7 68)+4 %6!8084, )8) K!8?+(+., 
A'!*+. + S7%6!8(+.. L<08)" 7 "*$0)$ ?898%"7 7 C0<++ "0+ 1"($$-=$0$$ %4"<.6%.: 290000 6 (NS) + 319000 6 (MSNSAE). 
MSNSAE 68)@$ %""1G8$6, 56" C0<+. "1(8<8$6 <7'=. 6!$6.=+ (67%) "1G$=+!"7;4 ?898%"7 ="08*+68, 9$!7+50", !'<; 
6"!+.. MSNSAE ?8.7+(", 56" 0$<870+$ '6"50$0+. ?8%687+(+ 9$!$"*$0+62 ?898%; 6"!+. C0<++ % 300 000 6 <" 650000 6. 
 "4"@$, MSNSAE 9"(8:8$6, 56" K!8?+(+. + C0<+. 7(8<$F6 (27+0", <"($, ?898%"7 6"!+. 7 =+!$. S7%6!8(+. 7 2009 
%""1G+(8, 56" "1(8<8$6 489000 6 ?898%8=+, %$1$%6"+="%62 <"1;5+ )"6"!;4 =$0$$ US$80/): Th.  

>898%; 6"!+. %7;3$ 500000 6"00 %"<$!@86%. 7 !"%%;9.4, @+(84, + )8!1"086+60;4 "6("@$0+.4. 
[$("50;$ 7'()80+5$%)+$ 9"!"<; %"<$!@86 1"($$ <7'4 =+((+"0"7 6"0 6"!+.. K"(23+$ !$%'!%; 6"!+. 
08,<$0; 7 S7%6!8(++, K!8?+(++, &808<$, L. N!$0(80<+. (W80+.), C0<++, RSD + JXS. 

A"!+, +?7($)8F6 7 )85$%67$ 9"1"50":" 9!"<')68 9!+ <"1;5$ 6+6808, "("78 + *+!)"0+.. L%0"70;= 
6"!+,%"<$!@8G+= =+0$!8("= .7(.$6%. ="08*+6 (ThSiO4). W"%6"7$!0;$ ?898%; ="08*+68 !8%9"("@$0; 7 
C0<++, K!8?+(++ + JXS, 8 7$!".60;$ — 7 &808<$, SDP, S7%6!8(++ + JXS. J"<$!@80+$ 6"!+. 7 

="08*+6"7;4 9$%580+)84 7 C0<++, K!8?+(++, S7%6!8(++ + SDP 
%"%687(.$6 4,6 - 1%.  

 
*;<. 15. M"08*+6"7;, 9$%") % 9"1$!$@2. S?"7%)":" ="!.. 
 
/ JJJD 9"+%) 6"!+$7;4 !'< 0858(%. $GH <" 2-", M+!"7", 7",0;.  
/ 1937 1;(8 "!:80+?"7808 &!8%0".!%)8. 9"+%)"7"-6$)6"0"-

:$"4+=+5$%)8. 98!6+. N 3 >898<0"%+1+!%)":" "6<$($0+. J"F?!$<=$6!8?7$<)+ 
9"< !')"7"<%67"= 9!"#$%%"!8 A"=%)":" +0<'%6!+8(20":" +0%6+6'68 R. S. 
&'?0$*"78 % *$(2F 7;.%0$0+. 7"?="@0"%6$, !$<)"=$68((20":" "!'<0$0+. 

R@0"-P0+%$,%)":" )!.@8. / %"%687 B6", 98!6++ 74"<+( %9$*+8(20;, "6!.< /. S. A+="#$$7%)":". N(870", $:" ?8<85$, 
.7+(+%2 <$68(20;$ 9"+%)"7;$ !81"6; 08 9("G8<+ A8!8)%)":" =$%6"!"@<$0+..  8!6+$, 1;(+ 9"<%5+680; 9$!7;$ 
9!"=;3($00;$ ?898%;, )"6"!;$ %"%687+(+ 1"($$ 4 =(0 )'1"=$6!"7 "!'<0H00;4 9$%)"7 % 2762,96 6 ="08*+68. / 1938-
1939 :"<84 "!:80+?"78(+ %9$*+8(+?+!"7800'F :$"(":"!8?7$<"50'F 98!6+F " !"=!8?7$<)8" 7" :(87$ % :$"(":"= /. I. 
J68!)"7;= + +0@$0$!"= M. N. D'%80"7;=. PF 1;(+ +?'5$0; '%("7+. ?8($:80+. + 7"?="@0", !8?!81"6)+ 
=$%6"!"@<$0+, ="08*+68 08 !$5)84 A8!8)$, &8?85)$ + 08 L%+0"7"= !'52$, :<$ 9"< !')"7"<%67"= :"!0":" 6$40+)8 M. I. 
S#808%2$78 1;(" <"1;6" 9$!7;4 11 6"00 ="08*+68. D8?7$<800;$ 9!"=;3($00;$ ?898%; 9"($?0;4 +%)"98$=;4 %"?<8(+ 
"%0"7' <(. 0858(8 %6!"+6$(2%678 7 1939 :"<' 9!$<9!+.6+. "A8!8)%6!"," % 9!"+?7"<+6$(20"%62F 500- 600 6;%.5 
)'1"=$6!"7 9$%)8 7 :"< + 9"('5$0+$= =$68((8 *$!+. (6"!+.) 7 )"0*$06!8684 <" 14,5 6"00; 7 :"<. J )"0*8 30-4 :"<"7 7 
65 )+("=$6!84 "6 :"!"<8 &80%)8 70+? 9" 6$5$0+F !$)+ &80 7 :('4", 68,:$ 0858(" !81"6862 :"!0"9!"=;3($00"$ 
9!$<9!+.6+$ (9"%H(") A8H@0;,). O$!$? 0$)"6"!"$ 7!$=. "0" 1;(" ?8%$)!$5$0" + '58%67"78(" 7 9"<:"6"7)$ ) 
9!"+?7"<%67' !8%G$9(.FG+4%. =86$!+8("7 <(. 9$!7", 86"=0", 1"=1;.  "9'60" % ="08*+6"= <"1;78(+ ?"("6". 
W"1;5' ="08*+68 9!$)!86+(+ 7 1964, 08)"9+7 1"(23"$ )"(+5$%67". 

 "(0"=8%368108. :$"(":+5$%)8. !8?7$<)8 6"!+$7;4 !'< 1;(8 085868 7 JJJD 9"%($ ")"0580+. 2-", 
M+!"7", 7",0;, 7 !8=)84 9!"$)68 %"?<80+. .<$!0":" "!'@+.. 

/ 87:'%6$ 1946 -. . K$!+. 089!87+( C./. J68(+0' 9+%2=" % 9!$<%687($0+$= 08 '67$!@<$0+$ 9!"$)68 
9"%680"7($0+. JM JJJD "1 "!:80+?8*++ 7 M+0+%6$!%67$ *7$60", =$68(('!:++ /6"!":" :(870":" '9!87($0+.. >8<85$, 
B6":" '9!87($0+. 1;(" !')"7"<%67" 9!$<9!+.6+.=+ 9" <"1;5$ 6"!+$7;4 !'<, 9"('5$0+F ")+%+ 6"!+. + 
=$68((+5$%)":" 6"!+. <(. 08!81"6)+ 233U 7 %9$*+8(20;4 .<$!0;4 !$8)6"!84.  "%680"7($0+$ 1;(" '67$!@<$0" 
13.08.1946. 7.09.1947 K.-. /800+)"7 089!87+( C./. J68(+0' 9+%2=" % 9!$<%687($0+$= 9!"$)68 9"%680"7($0+. JM 
JJJD 9" <"1;5$ 6"!+$7;4 !'< + 9!"+?7"<%67' )"0*$06!86"7 6"!+. + =$68((+5$%)":" 6"!+..  !"$)6 9!$<'%=86!+78( 
7;9(87)' 70 6"00 =$68((+5$%)":" 6"!+. ) %$!$<+0$ 1949 :"<8 + 9!"+?7"<%67" %"($, 6"!+. 130 6"00 7 :"<. / 89!$($ 
1948 :"<8 -. . K$!+. 089!87+( C./. J68(+0' 9+%2=" % 9!$<%687($0+$= 9!"$)68 9"%680"7($0+. JM JJJD "L1 
"!:80+?8*++ <"1;5+ 6"!+. 7 S(<80%)"= !8,"0$ \)'6%)", SJJD". / 9+%2=$, 7 58%60"%6+, "6=$58("%2, 56" 7 1947 7 
S(<80%)"= !8,"0$ 1;(+ "6)!;6; !"%%;9+ ="08*+6"7;4 9$%)"7 % %"<$!@80+$= 6"!+. 1"($$ 1000 6"00 + 
9!$<9"(8:8("%2 %"?<862 9!$<9!+.6+$ + 085862 <"1;5' 6"!+. % 1949 :"<8. 4.03.1947 1;(" 9!+0.6"  "%680"7($0+$ JM 
JJJD "1 "!:80+?8*++ 9!"+?7"<%678 '!808 +? )!+7"!"@%)+4 @$($?0;4 !'<.  

/ 1949 08 =$%6"!"@<$0++ ="08*+6"7;4 9$%)"7 (?898%; 6"!+. 1"($$ 1000 6"00) 7 S(<80%)"= !8,"0$ 
\)'6%)", SJJD 1;(8 085868 <"1;58 6"!+.. / 1977 LSL «V+=+)"-=$68(('!:+5$%)+, ?87"<» &!8%0".!%)+, 
)!8, %"?<8( '58%6") 9" 9"('5$0+F ")%+<8 6"!+. + =$68((+5$%)":" 6"!+.. / 1985 1;(8 9!"7$<$08 
!$)"0%6!')*+. 6"!+$7":" 9!"+?7"<%678, 1;( "%7"$0 0"7;, 7+< 9!"<')*++ – 0+6!86 6"!+.. / 08%6".G$$ 7!$=. 
B6" 9!"+?7"<%67" ?8)!;6": 0+)8)", 6"!+$7", 9!"<')*++ ?87"< 0$ 7;9'%)8$6. 

>898%; 6"!+. 6$%0" %7.?80; % ?898%8=+ !$<)"?$=$(20;4 B($=$06"7.  " )"(+5$%67' ?898%"7 D>E D"%%+. 
?80+=8$6 76"!"$ =$%6" 7 =+!$ 9"%($ &+68.. K"($$ 68% +4 084"<+6%. 7 M'!=80%)", "1(8%6+, )!"=$ 6":" "0+ 
!8?7$<80; 7 D$%9'1(+)$ J848 (\)'6+.) + C!)'6%)", "1(8%6+. 



 
*;<. 16. L%0"70;$ =$%6"!"@<$0+. D>E D"%%++ + !8%9!$<$($0+$ 18(80%"7;4 ?898%"7 D>E 9" %'1T$)68= 

DY, =(0 6 (7 9$!$%5H6$ 08 %'==' 6!+")%+<"7 D>>). 
 
J"<$!@80+$ !$<)"?$=$(20;4 B($=$06"7 7 !'<84 1"(23+0%678 !"%%+,%)+4 =$%6"!"@<$0+, ?085+6$(20" 

0+@$, 5$= ?8!'1$@0;4: 08 !8?!8186;78$=;4 =$%6"!"@<$0+.4 &+68. %!$<0+$ %"<$!@80+. TR2O3 7 !'<84 
<"%6+:8F6 5%, 7 !"%%+,%)+4 "1T$)684 – !$<)" 9!$7;38F6 1%. L%0"708. 58%62 18(80%"7;4 ?898%"7 D>M 
D"%%++ (9"56+ 82%) %7.?808 % 8986+6"7;=+ !'<8=+, 9!+5H= 70% ?898%"7 ?8)(F5$0" 7 8986+6-0$#$(+0"7;4 
!'<84 V+1+0%)", :!'99; =$%6"!"@<$0+, 7 M'!=80%)", "1(8%6+. J!$<0$$ %"<$!@80+$ TR2O3 ?<$%2 0$ 
9!$7;38$6 0,4%. M0":+$ +? B6+4 =$%6"!"@<$0+, 8)6+70" !8?!8186;78F6%., "<08)" 9!+ 9!+=$0.$=", 
%$:"<0. 6$40"(":++ +? !'< +?7($)8$6%. 6"(2)" #"%#"! + 7 0$1"(23+4 )"(+5$%6784 - 6+680; !$<)"?$=$(20;$ 
B($=$06; "%68F6%. 7 =86$!+8($ %)(8<+!'$=;4 "678("7 "1":86+6$(20;4 #81!+). 

/ 08%6".G$$ 7!$=. 7 D"%%++ !$<)"=$68(20", 9!"=;3($00"%6+ )8) )"=9($)%0":" $<+0":" 
9!"+?7"<%678 0$6; 9$!$!8186;78FG+$ 9!"+?7"<%678 !8%9"("@$0; 7 %6!8084 1(+@0$:" ?8!'1$@2.. J$:"<0. 
"%0"70;= +%6"50+)"= 0+"1+$7":" + !$<)"?$=$(20":" %;!2. 7 D"%%++ .7(.$6%. -"7"?$!%)"$ =$%6"!"@<$0+$ 
M'!=80%)", "1(8%6+, 7 !'<84 )"6"!":" ")"(" 1 % D>L + 0,24 % Nb2L5. M+0$!8( ("98!+6 - !'<8 68068(8, 
0+"1+. + *$(":" !.<8 <!':+4 !$<)+4 =$68(("7 (*$!+,, 0$"<+=, $7!"9+,, (80680 + 9!.). / -"7"?$!%)+4 6'0<!84 
7 08%6".G$$ 7!$=. <"1;78$6%. 100% !"%%+,%)":" 68068(8 + "%0"708. 58%62 0+"1+.. D'<;, )8) 9!87+(", 
!8<+"8)6+70;. M$%6"!"@<$0+$ !8?!8186;78$6%. )"=1+086"= J$7!$<=$6 <7'=. !'<0+)8=+ %'==8!0", 
9!"$)60", ="G0"%62F 1.5 =(0.6 !'<; + #8)6+5$%)", 7 2000 :. -")"(" 500 6;%.6. L1$%9$5$00"%62 7%$=+ 
!8?7$<800;=+ ?898%8=+ )"=1+0868 1"($$ 100 ($6, 8 <$,%67'FG+4 !'<0+)"7 40 + 70 ($6.  "('58$=;$ +? !'<; 
("98!+6"7;$ )"0*$06!86; %"<$!@86 30-31 % D>E, 9!$+='G$%67$00" *$!+$7", :!'99; + 7-8 % Nb2L5. 
M8)%+=8(20;, "1T$= 9!"+?7"<+=":" )"0*$06!868 - 10-12 6;%. 6 7 :"<. -"98!+6"7;$ )"0*$06!86; 
9$!$!8186;78F6%. 08 J"(+)8=%)"= =8:0+$7"= ?87"<$ 7  $!=%)", "1(8%6+ % 9"('5$0+$= ")%+<"7 0+"1+., 
68068(8, !$<)"?$=$(20", 9!"<')*++ + 6+680"7", :'1)+ (6+680 %"<$!@+6%. 7 ("98!+6$). / 08%6".G$$ 7!$=. 
(2010) B6" $<+0%67$00"$ 9!$<9!+.6+$ D"%%++, 08 )"6"!"= 7$<H6%. 9"9'60"$ +?7($5$0+$ D>E + 9!"+?7"<%67" 
%"$<+0$0+, D>E (7 "%0"70"= – )8!1"086"7 (806808 + *$!+.). A"!+, 0$ +?7($)8$6%. + +<H6 7 "678(;. 

 
*;<. 17. N8==8-%9$)6! ="08*+6"7":" 9$%)8 % 9(.@8 S?"7%)":" ="!.. /;<$($0; (+0++ !.<8 6"!+.. 



 
 
*;<. 18. M+0$!8(; – )"=9"0$06; ="08*+6"7":" 9$%)8 % S?"7%)":" ="!.. 
 
/ M'!=80%)", "1(8%6+ 9"=+=" -"7"?H!%)":" =$%6"!"@<$0+. 

(0+#$(+0"7;$ %$($0+6; % ("98!+6"=), +=$F6%. R)%9"!%)"$ + &"837+0%)"$ 
=$%6"!"@<$0+. (8986+0-0$#$(+0"7;, 6+9). I8 B6+4 !'<0+)84 <"1;58 %;!2. 
7$<H6%., =+0$!8(;, %"<$!@8G+$ D>E +?7($)8F6%., 0" 0$ 9$!$!8186;78F6%. + 
"69!87(.F6%. 08 4!80$0+$.  

P%(+ :"7"!+62 " <"1;5$ D>E 7 D"%%++ (8 7 <8(20$, 9$!%9$)6+7$ + 6"!+.), 
6" %($<'$6 '9"=.0'62 A"=6"!%)"$ =$%6"!"@<$0+$ 08 %$7$!"-?898<$ D$%9'1(+)+ 
J848 (\)'6+.), )"!$00;$ !'<; )"6"!":" %"<$!@86 7 %!$<0$= 7,98% %'==; 
6!+")%+<"7 D>E (7 6"= 5+%($ 0,5% 6!+")%+<8 08+1"($$ *$00":" +? 
!$<)"?$=$(20;4 B($=$06"7 – +66!+.), 8 7 )"!84 7;7$6!+780+. %"<$!@80+$ TR2O3 
9"7;38$6%. <" 12,8%. &!"=$ 6":", !'<; %"<$!@86 0+"1+, (7%) + %)80<+,. 
N(870"$ "6(+5+$ 6"=6"!%)+4 #"%#860"-Sc-TR-Nb !'< "6 ("7"?$!%)+4 Ti-TR-Ta-

Nb ?8)(F58$6%. 7 7"?="@0"%6.4 "!:80+?8*++ B##$)6+70":" + =8%36810":" 9!"+?7"<%678 +? 0+4 
#$!!"0+"1+., 8 68)@$ )!8,0$ <$#+*+60;4 7" 7%$= =+!$ %)80<+., +66!+. + +0<+7+<'8(20;4 D>E 
%!$<0$6.@$(", :!'99; +, 08)"0$*, 7;9'%)8 #"%#860":" )"0*$06!868, 0$"14"<+=":" <(. 9!"+?7"<%678 
%"1%67$00;4 =+0$!8(20;4 '<"1!$0+, 7 F@0;4 !$:+"084 J+1+!+. &!"=$ 6":", 7 "6(+5+$ "6 ?86!860", <"1;5+ 
!$<)"=$68(20":" %;!2. 08 -"7"?$!$, "%'G$%67(.$=", 9"<?$=0;= %9"%"1"= +? )"!$00;4 9"!"< 7 '%("7+.4 
9"7;3$00", !8<+"8)6+70"%6+ + =8(", 7;$="50", ="G0"%6+ !'<0":" 9(8%68, 08 A"=6"!$ <"1;58 ="@$6 
"%'G$%67(.62%. "6)!;6;= %9"%"1"=, 6.$. )8!2$!8=+. L1":8G$0+$ !'<; 1'<$6 ?8)(F5862%. 7 9!.=", 
9+!"=$68(('!:+5$%)", 9$!$!81"6)$ %;!2. % !8?<$($0+$= + %$($)6+70;= )"0*$06!+!"780+$= $:" 
!$<)"=$68(20;4 + #"%#860;4 )"=9"0$06"7 + "<0"7!$=$00" – % '%6!80$0+$= !8<+"0')(+<"7 )8) :(870;4 
(+=+6+!'$=;4 B)"(":+5$%)+ "98%0;4 )"=9"0$06"7 (6.$. 9!"+?7"<+62 6"!+$7'F 9!"<')*+F 0+)6" 0$ 
%"1+!8$6%.). M$%6"!"@<$0+$ 084"<+6%. 7 0$"%7"$00"= !8,"0$ %" %("@0;=+ )(+=86+5$%)+=+ '%("7+.=+ + 0$ 
6"(2)" 0$ !8?!8186;78$6%., 0" + 0$ (+*$0?+!"780" (2010). 

&!"=$ A"=6"!%)":", 7 0$!8%9!$<$(H00"= #"0<$ D"%%++ 084"<+6%. $GH 5$6;!$ =$%6"!"@<$0+. D>M +? 
3$%608<*86+, '5+6;78$=;4 N"%'<8!%67$00;= 18(80%"=, 7 6"= 5+%($ )!'90;$ J$(+:<8!%)"$ + 
K$("?+=+0%)"$. 

D$<)"?$=$(20"-8986+6"7"$ J$(+:<8!%)"$ =$%6"!"@<$0+$ (R@08. \)'6+.) %"<$!@+6 23% "6 ?898%"7 
D>E D"%%++ (8986+6"7;, 6+9 7 )8!1"08684). M+0$!8(; #"%#860;4 !'< 7)(F58F6 B($=$06;: #6"!, *$!+, + 
6"!+,. &"0*$06!8*++ ThO2 7 8986+6$ %$(+:<8!%)":" 6+98 %"%687(.F6 0,02 – 0,07%. 

K$("?+=+0%)"$ (C!)'6%)8. "1(8%62, 9!$<:"!2$ J8.0) =$%6"!"@<$0+$ )"!; 7;7$6!+780+. )8!1"086"7 
0.5-1% Nb2O5 + 12-14% D2L5. D'<; !$<)"=$68((20"-8986+6"7;$, )"!$00;$ + !8%%;90;$. J!$<0$$ %"<$!@80+$ 
D2L5 7 )"!$00;4 !'<84 4,2%, 7 !8%%;90;4 11,45%. &!"=$ '!80-68068(-0+"1+$7;4 9+!"4("!-:865$66"(+6"7;4 
!'< 9!8)6+5$%)+, +06$!$% +=$F6 !$<)"?$=$(20;$ 98!+?+6-="08*+6"7;$ + %7+0*"7"-*+0)"7;$ %#8($!+6-

:8($0+6"7;$ !'<;. /%$ "0+ =":'6 !8?!8186;7862%. "6)!;6;= 
%9"%"1"=. L %"<$!@80++ 6"!+. 0+)8)", +0#"!=8*++ 0$6. 

 
*;<. 19. &!8%0"-'#+=%)+, %)(8< 6"!+$7", !'<;. 
 
/ 9"%($<0+$ :"<; 1;(+ 9!$<9!+0.6; 0$)"6"!;$ 38:+ 9" 

'7$(+5$0+F 9!"+?7"<%678 D>E 7 D"%%++. A8), )"=980+. LSL 
«N"!0;$ 6$40"(":++» 9"<:"687(+78$6 ) !8?!81"6)$ %!$<0$$ 9" 
=8%3681' &86':+0%)"$ =$%6" !"@<$0+$ !$<)"?$=$(20"-
!$<)"=$68(20;4 !'< 7 O+6+0%)", "1(8%6+. N"6"7.6%. ) "%7"$0+F 
<78 "1T$)68 V+1+0%)", :!'99; 7 M'!=80%)", "1(8%6+ – 

 8!6"=5"!!%)"$ + L($0+, D'5$,. C4 7(8<$($*, LSL «J$7$!"->898<08. #"%#"!08. )"=980+.», 08=$!$0 
9"('5862 +? 8986+6-0$#$(+0"7;4 !'< 0$ 6"(2)" #"%#"!0;, )"0*$06!86, 0" + !$<)"?$=$(20;$ B($=$06;. 
O8%62 ?898%"7 I+@0$, !"%%;9+ \!$:%)":" 0$#6$ 6+680"7":" =$%6"!"@<$0+. 7 D$%9'1(+)$ &"=+ :"6"7+6%. ) 
"6!81"6)$ )"=980+$, LSL «\!$:8 D'<8», "<08)" +?7($5$0+$ !$<)"?$=$(20;4 =$68(("7 9")8 0$ 
9!$<'%=86!+78$6%., 9!$<9!+.6+$ 1'<$6 <"1;7862 6.@H('F 0$#62, 6+680 + *+!)"0+,. K(8:"<8!. 9!+0.6+F 08 
'5H6 O')6')"0%)":" !$<)"?$=$(20"-0+"1+$7":" =$%6"!"@<$0+. 7 &!8%0".!%)"= )!8$ 08 486 6;%.6, +(+ 9"56+ 
08 5%, 7;!"%(+ 9!$<78!+6$(20" "*$0$00;$ ?898%; ")%+<"7 D>E. O')6')"0%)"$ =$%6"!"@<$0+$ .7(.$6%. 



"<0+= +? 08+1"($$ 9$!%9$)6+70;4 "1T$)6"7 <(. %"?<80+. %;!2$7", 18?; M$68(('!:+5$%)":" ?87"<8. / 
08%6".G$$ 7!$=. 08 =$%6"!"@<$0++ $G$ 0$ ?87$!3$08 "*$0"508. %68<+. !81"6, 0$ 7;.%0$0; %6!')6'!0"-
:$"(":+5$%)+$ '%("7+. (")8(+?8*++ !$<)"=$68(20":" "!'<$0$0+..  

 !8)6+5$%)+ 7%$ !$%'!%; D>E 9!":0"?+!'F6%. 7 &!8%0".!%)"= )!8$. / )"0*$ 2001 LSL «J68(2=8:» 
(A868!%)"$ =$%6"!"@<$0+$, &!8%0".!%)+, )!8,) 9!+%6'9+(" ) 7;9'%)' 9+!"4("!"7":" )"0*$06!868. I8 18?$ 
N"!0"-4+=+5$%)":" )"=1+0868 (NV&) 7 :. Z$($?0":"!%)$ ?8)805+78$6%. %"?<80+$ "9;60":" 9!"+?7"<%678 
M$68(('!:+5$%)":" ?87"<8 (M>) 9" 9$!$!81"6)$ !'<, %"<$!@8G+4 0+"1+, + !$<)"?$=$(20;$ B($=$06;. / 
<8(20$,3$= ?87"< ="@$6 %6862 "%0"70;= 9!"<'*$06"= !$<)"=$68((20", 9!"<')*++ 7 D"%%++. 

A"!+$= 1":86" A':80%)"$ + N$"!:+$7%)"$ (A"=%)8. "1(8%62), K":86;!%)"$ (&$=$!"7%)8. "1(8%62), 
L!<;0%)"$ (I"7"%+1+!%)8. "1(8%62), A8!%)"$ =$%6"!"@<$0+. (L=%)8. "1(8%62). 
/ A"=%)", "1(8%6+ ) 08%6".G$=' 7!$=$0+ %)"0*$06!+!"780" <" 30% ?898%"7 <+")%+<8 6+6808 + ?085+6$(208. 
58%62 ?898%"7 *+!)"0+. D"%%++. >898%; 6+6808 + *+!)"0+. %"%!$<"6"5$0; 7 <7'4 )!'90;4 !"%%;90;4 
+(2=$0+6-*+!)"0"7;4 =$%6"!"@<$0+.4 - <870" +?7$%60"= A':80%)"= + 0"7"= N$"!:+$7%)"=. A':80%)"$ 
=$%6"!"@<$0+$ *+!)"0-!'6+(-+(2=$0+6"7;4 !'< %"<$!@+6 TiO2 19.71 ):/)'1.= L%"1$00"%62F 9$%)"7 A':808 
.7(.$6%. 7;%")"$ %"<$!@80+$ %)80<+., 68068(8, :8#0+., !$<)+4 ?$=$(2 - (806808, *$!+., %8=8!+., 0$"<+=8, 
+66$!1+., + <!':+4. A':80%)+, :"!0"-"1":86+6$(20;, )"=1+086 «C(2=$0+6» 9!"+?7"<+6 *+!)"0"7;, + 
+(2=$0+6"7;, )"0*$06!86;. W"1;7862 6"!+, "0 0$ %"1+!8$6%.. 
 J($<'$6 "6=$6+62, 56" 9"=+=" !'<0;4 =$%6"!"@<$0+, 7 D"%%++ ="08*+6"7;$ 9$%)+ ?8($:8F6 08 
9(.@84 70'6!$00+4 ="!$,. J)"9($0+. 68)+4 9$%)"7 081(F<8F6%. 7 '%62$ !$) 08 &"(2%)"= 9"1$!$@2$ K$(":" 
="!., 8 68)@$ 08 9"1$!$@2$ S?"7%)":" ="!. (9" (+0++ A8:80!": (D"%%+.) - M8!+'9"(2-K$!<.0%) (Q)!8+08). 
D8<+"8)6+70"%62 «5H!0;4 9$%)"7» % 9(.@$, B6+4 :"!"<"7 9!+7$<$08 7 (&9:. 7. /"?="@0" )6"-0+1'<2, )":<8-
0+1'<2 + 1'<$6 <"1;7862 B6+ 9$%)+, 4"6. 1; <(. 6":", 56"1; 0$ "1('5862 "6<;48FG+4. C(+ +?-?8 
#$!!"6+6808. I" 56"1; )6"-6" 9$!$!8186;78( 8?"7%)+$ 9(.@+ % *$(2F +?7($5$0+. 6"!+. 9!$<%687+62 %$1$ 
6!'<0".  
(&9:. 7. L1G8. :8==8-8)6+70"%62 9!"1 5$!0;4 9$%)"7 % 9(.@$, S?"7%)":" ="!. (J!$<0.. !8<+"8)6+70"%62 
"1;50":" 9$%)8: 17 =D/58%). 
D$:+"0 A"!+,-232, =)D/5 Q!80-238, =)D/5 

A8:80!": 9240 698 

M8!+'9"(2 777 1459 
K$!<.0%) 1548 360 

I858(" !8?7+6+. <"1;5+ 6"!+$7;4 !'< + 9!"+?7"<%678 6"!+. 7 D"%%++ %<$!@+78$6%. 0$ 6"(2)" 
"6%'6%67+. %9!"%8 08 68)'F 9!"<')*+F, 0" + 6$= "1%6".6$(2%67"=, 56" 0838 %6!808 "1(8<8$6 ":!"=0;= 
?898%"= '@$ <"1;6":" + %)(8<+!"7800":" ="08*+6"7":" 9$%)8. I8 %)(8<84 9!$<9!+.6+. NQ «Q!8( ="08*+6» 
:. &!8%0"'#+=%) (J7$!<("7%)8. "1(8%62) 50 ($6 4!80+6%. 82653 6"00 ="08*+6"7":" )"0*$06!868. 
M"08*+6"7;, 9$%") %"1+!8(%. 08 =$%6"!"@<$0+.4 D"%%++, M"0:"(++, &+68. + /2$608=8.  
>8=$580+$. L:!"=0;$ ?898%; 6"!+. 7 )85$%67$ 7"$00":" 6!"#$. 1;(+ 7;7$?$0; +? :+6($!"7%)", N$!=80++. I$=*; 
B)%9$!+=$06+!"78(+ % 6"!+$=, !8%%=86!+78. $:" 7 )85$%67$ 9"6$0*+8(20":" )"=9"0$068 <(. %"?<80+. .<$!0":" "!'@+.. 
J"7$6%)8. 8!=+. )"0#+%)"78(8 6"!+$7;, ="08*+6 ' :+6($!"7%)", N$!=80++ + 7;7$?(8 7 JJJD.  "-7+<+="=', "0 + 
084"<+6%. 7 )!8%0"-'#+=%)+4 %)(8<84. 

/ %!$<0$=, ="08*+6, 4!80.G+,%. 08 %)(8<84, +=$$6 %($<'FG+, %"%687: %'==8 !$<)"?$=$(20;4 
")%+<"7 Ln2O3 -54 , ")%+< #"%#"!8 P2O5 - 22,2, ")%+< 6"!+. ThO2 - 7,8, ")%+< '!808 U3L8 - 0,6, ")%+< 
*+!)"0+. ZrL2 - 3,0, ")%+< 6+6808 TiL2 - 2,2%. J'==8!08. !8<+"8)6+70"%62 7%$, =8%%; %)(8<+!"7800":" 
="08*+68 "*$0+78$6%. 7 7800 &+. S)6+70"%62 ="08*+6"7;4 9$%)"7 "1'%("7($08 08(+5+$= 7 0+4 
!8<+"8)6+70;4 +?"6"9"7 %$=$,%678 6"!+. + '!808, +=$FG+4 9!+!"<0"$ 9!"+%4"@<$0+$.

/ 9!"*$%%$ !8%98<8 1000 6"00 6"!+. 7;<$(.F6 22000 )8( 7 58%, 
6" $%62 ="G0"%62 6$9("7;<$($0+. %"%687(.$6 ")"(" 25 7866.  !+ 68)+4 
=8%368184 6$9("7;<$($0+. (")8(20":" !8?":!$78 6"!+$7":" =86$!+8(8 
0$ 9!"+%4"<+6. / 5$!6$ 4!80+(+G !8<+"8)6+70;, #"0 %"%687(.$6 <" 
1000 =+)!"!$06:$0. 

 
*;<. 20. J8!)"#8:-')!;6+$ 08 )!8%0"-'#+=%)"= %)(8<$ ="08*+6"7":" 
)"0*$06!868. 
 

M"08*+6"7;, 9$%") 084"<+6%. 7 <$!$7.00;4 .G+)84 (1620000 
36')), %)(8<+!"7800;4 7 <$!$7.00;4 %)(8<84, 9"%6!"$00;4 7 9$!7;$ 

:"<; 2-", M+!"7", 7",0;. & 0858(' 21-:" 7$)8 + 68!8 + %)(8<; %+(20" !8?!'3+(+%2, 56" %"?<8(" 



!8<+8*+"00'F "98%0"%62 <(. 08%$($0+.. / 2002 9!+0.6" !$3$0+$ " %6!"+6$(2%67$ ?87"<8 9" 9$!$!81"6)$ 
="08*+68 % *$(2F '('53$0+. B)"(":+5$%)", "1%680"7)+ 7 B6"= !8,"0$. L<08)" +?-?8 9!"6$%6"7, B6" !$3$0+$ 
1;(" "6=$0$0". / 08%6".G$$ 7!$=. 08< %68!;=+ %)(8<8=+ %6!".6 =$68((+5$%)+$ 80:8!;, 56" !8%%=86!+78$6%. 
)8) 7!$=$008. =$!8.  !$<9"(8:8$6%. %6!"+6$(2%67" 08 6$!!+6"!++ %)(8<"7 0$1"(23", #81!+)+ 9" 9$!$0"%' 
="08*+6"7":" )"0*$06!868 7 0"7'F :$!=$6+50'F 68!'. A":<8 )"0*$06!86 ="@0" 1'<$6 4!80+62 $GH %6" ($6, 
79("62 <" 9".7($0+. 9"6!$10"%6+ 7 6"!++. 
 A8)+= "1!8?"=, 7 08%6".G$$ 7!$=. 7 D"%%++ <"1;58 6"!+$7", !'<; 0$ 9!"+?7"<+6%.. I$ 7;9'%)8$6%. 
6"!+, %"<$!@8G8. 9!"<')*+.. C, 08<" 9"(8:862, 7 1(+@8,3+$ 50 ($6 7;9'%)862%. 0$ 1'<$6. 
 

6. "-*!2  !"#. 

M+!"7"$ 9!"+?7"<%67" ="08*+6"7;4 )"0*$06!86"7 (1$? %"*+8(+%6+5$%)+4 %6!80) 7 1982 %"%687(.(" 
17609 6: 1"($$ 9"("7+0; - 7 S7%6!8(++; 4200 6 - 7 C0<++, 1800 6 - 7 K!8?+(++. M+!"7"$ 9!"+?7"<%67" 6"!+. 7 
9$!+"< 1978-1980 ::. %"%687+(" 9!+=$!0" 150 6 ThO2 7 :"<. / 2000 =+!"7"$ 9!"+?7"<%67" ="08*+6"7":" 
)"0*$06!868 %"%687(.(" 12000 6"00 7 :"<. 

M+!"78. 9"6!$10"%62 7 6"!++ 08 %"7!$=$00"= B689$ <"%686"50" 0+?)8., 7" 7%$= =+!$ 7 2000 :"<' $:" 
9"6!$1($0+$ %"%687+(" 200 6"00, 9!+ 9!"+?7"<%67$ %9$*+8(20;4 %9(87"7. & %$!$<+0$ 90-4 :"<"7 9!"<8@8 
="08*+6"7":" )"0*$06!868 9!8)6+5$%)+ 9!$)!86+(8%2 77+<' "6%'6%67+. %9!"%8. / 1997 :"<' 18?+%08. *$08 08 
")%+< 6"!+. %"%687(.(8 65.55$ ?8 )+(":!8==, 82.50$ ?8 99.9% 5+%6"6' + 107.25$ ?8 )+(":!8== =$68((+5$%)":" 
6"!+. 99.99% 5+%6"6;.  

D8%%="6!+= 6$0<$0*+F <"1;5+ + +%9"(2?"780+. 6"!+. 08 9!+=$!$ JXS. 
/ JXS 6"!+, - 9"1"50;, 9!"<')6 9$!$!81"6)+ ="08*+6"7":" 9$%)8, <"1;78$=":" !8<+ 6+6808 + 

*+!)"0+.. / <+08=+)$ 9"6!$1($0+. 6"!+$7;4 !'<, %"$<+0$0+, + =$68((+5$%)":" 6"!+. 7 JXS 08 
9!"6.@$0++ <(+6$(20":" 7!$=$0+ 081(F<8$6%. 9"0+@86$(208. 6$0<$0*+.. >085+6$(20" %")!86+("%2 
+%9"(2?"780+$ 6"!+. % 80-4 :"<"7, )":<8 $:" 9"6!$1($0+$ 7 %6!80$ %"%687(.(" 7 %!$<0$= 45 6 7 :"<. W"1;58 
="08*+68 1;(8 9!8)6+5$%)+ 9!$)!8G$08 7 )"0*$ 1994 77+<' %0+@$0+. %9!"%8 08 !'<;, %"<$!@8G+$ 
9!+!"<0;, !8<+"8)6+70;, 6"!+,.  

 " %6"+="%6+ 9"6!$1($0+$ =$68((+5$%)":" 6"!+., $:" %9(87"7 + %"$<+0$0+, 7 JXS "*$0+78$6%. 7 100 
6;%. <"((.  

/ 2001 7$%2 9"6!$1(.73+,%. 7 %6!80$ 6"!+, 9"%6'98( (+1" +?-?8 !'1$@8, (+1" +? +=$FG+4%. 
%)(8<%)+4 ?898%"7. / 1997 - 2000 ="08*+6 77"?+(%. 7 JXS +? Y!80*++, 8 "%0"70;=+ 9"%687G+)8=+ 
%"$<+0$0+, 6"!+. .7(.(+%2 (%): Y!80*+. - 72, &808<8 - 11, \9"0+. - 4, J+0:89'! - 2. / 2009 7 JXS 
6"!+,%"<$!@8G+$ !'<; 0$ <"1;78(+%2 7""1G$. /%$ %"$<+0$0+. + %9(87; 6"!+., +%9"(2?'$=;$ 
9!"=;3($00"%62F %6!80;, 1;(+ 9"('5$0; 9" +=9"!6': 100% ="08*+68 9"%687+(8 &808<8, 72% %"$<+0$0+, - 
/$(+)"1!+680+., 26% - Y!80*+. + 2% - &808<8. 

/ 2009 "@+<8(+, 56" +%9"(2?"780+$ 6"!+. '7$(+5+6%. 7 9!"+?7"<%67$ )868(+?86"!"7, =+)!"7"(0"7;4 
9$5$,, + "96+5$%)":" "1"!'<"780+.. L<08)", !"%6 ?86!86 ("%"1$00" +?-?8 '@$%6"5$0+. 6!$1"780+, ) 
!8<+"8)6+70;= =86$!+8(8=, ="0+6"!+0:' + =":+(20+)8= 6"!+,%"<$!@8G+4 "64"<"7) ?8%687+( 
9!"+?7"<+6$($, 1"($$ 8)6+70" 9$!$4"<+62 08 1$%6"!+$7;$ =86$!+8(;. / !$?'(2686$ '=$023+(%. )8) +=9"!6 
6"!+$7":" %;!2., 68) + B)%9"!6 :"6"7", 9!"<')*++.  !+=$0$0+$ 6"!+. 1'<$6 %0+@862%. + <8(23$, $%(+ 
6"(2)" 0$ 9".7.6%. <$3H7;$ %9"%"1; ?84"!"0$0+., )8)+$-6" 0"7;$ 6$40"(":++, %6+='(+!'FG+4 %9!"% 08 
B6"6 =$68((, +(+ 6"!+, 0$ 0850H6 9!+=$0.62%. 7 .<$!0", B0$!:$6+)$. 

/ 2009 7"%$=2 )"=980+, JXS !81"68(+ % 6"!+$= 7 0$B0$!:$6+5$%)", %#$!$, "%'G$%67(.. 
9!"+?7"<%67" )868(+?86"!"7, 7;%")"6$=9$!86'!0", )$!8=+)+, + %78!"50;4 B($)6!"<"7. L<08 +? 
8=$!+)80%)+4 )"=980+, %""1G+(8 " !8?!81"6)$ 6"!+$7":" ")%+<0":" 9"('9!"<')68 <(. .<$!0":" 6"9(+78.  

J6"+="%62 )"0)!$60;4 %"$<+0$0+, 6"!+., +%9"(2?'$=;4 9!"=;3($00"%62F JXS, '7$(+5+78(8%2 % 
121000 $ 7 2008 <" 350000 $ 7 2009.  !+ B6"= +?-?8 %0+@$0+. %9!"%8 )"(+5$%67" 6"!+., *+!)'(+!'FG$:" 7 
JXS, '=$023+("%2. / 2009 %!$<0.. %6"+="%62 +=9"!6+!"7800;4 %"$<+0$0+, 6"!+. '=$023+(8%2 <" 149.39 
$ ?8 )+(":!8== 9" %!870$0+F % 174.61 $/): (7$% 1!'66") 7 2008. J!$<0.. %6"+="%62 B)%9"!6+!'$=;4 +?<$(+, % 
6"!+$= '=$023+(8%2 <" 73.37 $/): (2009), 9" %!870$0+F % 96.55 $ (2008).  
 

7. '!3-4+ # !3!5+6(*#(  !"#(%!$ "/'- 

 A"!+, 9"('58F6 9$!$!81"6)", ="08*+6"7":" 9$%)8, )"6"!;, 9$!$=$380 % )78!*$7;=, *+!)"0"7;=, 
!'6+("7;=...  "B6"=' 9$!78. %68<+. 9!"+?7"<%678 6"!+. – 9"('5$0+$ 5+%6":" ="08*+6"7":" )"0*$06!868.  



M"08*+6"7;$ )"0*$06!86; +? !"%%;9$, 9"('58F6 :!87+68*+"00;=+ =$6"<8=+ (7)(F58. "6%8<)', 
"1":8G$0+$ 7 6.@H(;4 %'%9$0?+.4, 08 )"0*$06!8*+"00;4 %6"(84 + 7+06"7;4 %$98!86"!84); 9!+ <"7"<)$ + 
!8?<$($0++ )"(($)6+70;4 )"0*$06!86"7 +%9"(2?'F6 )"=1+0+!"7800;$ %4$=; (B($)6!"=8:0+608. + 
B($)6!+5$%)8. %$98!8*+., :!87+68*+. + #("68*+. c @+!0;=+ )+%("68=+). C?7($5$0+$ ="08*+68 +? )"!$00;4 
6"0)"7)!89($00;4 !'< 9!"+?7"<+6%. #("68*+$, c "($+0"7", + <!':+=+ @+!0;=+ )+%("68=+, a 68)@$ c 
!$8:$06"= CM-50 (J"%687 CM-50: 60…70 % 8()+:+<!8)%8="7;4 )+%("6, 15…20% @+!0;4 )+%("6 + 20…30% 
7(8:+. E6" @+<)"%62 )"!+50$786" - )!8%0":" *7$68, +=$FG8. %+(20" G$("50'F !$8)*+F % ?8984"= 8==+8)8).  

W(. "6<$($0+. ="08*+68 +%9"(2?'F6 !8?0;$ %9"%"1; + 9!+%9"%"1($0+..  $!7"0858(20" :!'1" 
"6<$(.F6 $:" 08 <$?+06$:!86"!84 + )"0*$06!8*+"00;4 %6"(84, +%9"(2?'. !8?0+*' 7 9("60"%6+ =+0$!8("7 + 
+4 %=85+78$="%6+ !8?(+50;=+ @+<)"%6.=+. A"0)":" !8?<$($0+. <"%6+:8F6 9'6$= B($)6!"=8:0+60", + 
B($)6!"%686+5$%)", %$98!8*++. M8:0+608. %$98!8*+. 9!+7"<+6 ) !8?<$($0+F ="08*+6"7":" 9$%)8 08 6!+ 
#!8)*++: %+(20"=8:0+60'F - './#0*'& (FeTiO3), %(81"=8:0+60'F - #,*()'& + 0$=8:0+60'F — )'+!,* 
(ZrSiO4), !1(+)0123 40%,! (SiO2), +$&'. (TiO2) + "+(*(& (R2+3 R3+2 [SiO4]3, :<$ R2+-Mg, Fe, Mn, Ca; R3+-Al, 
Fe, Cr).  "('5$00;, 68)+= "1!8?"= )"0*$06!86 %"<$!@+6 95...98% ="08*+68. / %"%687 ="08*+6"7":" 
)"0*$06!868 74"<.6 ThO2 (7,8 %) + !$<)"?$=$(20;$ =$68((;, 7 6"= 5+%($ La(13%), Ce(23%), Pr(3%), Nd(11%), 
Sm(1%), Eu(0,1%), Gd(0,6%), Tb(0,4%), Dy(0,2%), Ho(0,05%), Er(0,2%), Tu(0,05%), Yb(0,03%), Lu(0,05%), 
Y(0,8%).  

 
*;<. 21. L%0"70", 9!"*$%% 7 9$!$!81"6)$ ="08*+6"7":" 9$%)8. 

 
I8 %($<'FG$, %68*++ ="08*+6 7%)!;78F6, +?7($)8F6 6"!+, + "5+G8F6 $:" "6 9!+=$%$,, 7 9$!7'F "5$!$<2 

– "6 D>E. 

 



 !"#$%%"! 

 .!."#$%&' 
 

()* + 

 
&'!% ($)*+, 

 

-$)*+. 5. ,*) -.)/0(.) ()* 1   23) 0)2/ !2! + 
 

1.  !"!"#$%&'# &%"(!)*+ ",- ( )*-!.!/(! &%"(0 
1.1  !"#$%&' ()*+,&%+ 

&"/*$/0!10 0"!+., 2"('3$//4, 2"%($ 2$!$!15"0)+ !'64 789 +(+ '!1/":", !'64, 2"%0'21$0 /1 
;+<+3$%)'= (>$("3/'= +(+ )+%("0/'=) 2$!$!15"0)'. ?06$($/+$ 0"!+. 3!$@:431,/" @10!'6/$/", 2"%)"(A)' 

<"/1*+0 %"6$!B+0 C($<$/04, 2" %:",%0:1< 5(+@)+$ ) 0"!+=, – !$6)"@$<$(A/4$ <$01((4, '!1/.  

 !$B6$ :%$D", <"/1*+0":4, )"/*$/0!10 «:%)!4:1=0». E(. C0"D" $D" "5!15104:1=0 D"!.3+<+ 

)"/*$/0!+!":1//4<+ !1%0:"!1<+ %$!/", )+%("04 ()+%("0/4, %2"%"5) +(+ $6)"D" /10!1 (>F("3/", %2"%"5).  

 
*45. 1. G2!">$//1. 0$;/"("D+3$%)1. %;$<1 %$!/")+%("0/", "5!15"0)+ <"/1*+0":"D" 2$%)1 + 

+@:($3$/+. 0"!+., '!1/1 + 789. 

 

1.1.1 '12345678 29424: 
H )+%("0/"< %2"%"5$ 2!":"6+0%. "5!15"0)1 )"/*$/0!101 )"/*$/0!+!":1//", %$!/", )+%("0", 2!+ 

200
"
 (%'(A#10+@1*+.): 

Th3(PO4)4 + 6H2SO4   3Th(SO4)2 + 4H3PO4           (1) 

2RPO4 + 3H2SO4   R2(SO4)2 + 2H3PO4                   (2) 

D6$ R – %'<<1 !$6)"@$<$(A/4; C($<$/0":.  
 

*45. 2. H(+./+$ )+%("0/"%0+ /1 "%1B6$/+$ 0"!+., 789 + 

'!1/1 +@ %$!/")+%("0/"D" !1%0:"!1 <"/1*+01. H!$<. 
2$!$<$I+:1/+. 5 <+/; !1@51:($/+$ 45-50 31%0$, :"64 /1 1 31%0A 
<"/1*+0":"D" 2$%)1; %""0/"I$/+$ )"<2"/$/0": (2" "5JF<') – 93%-/1. 
%$!/1. )+%("01: "5!15104:1$<4, 2$%") = 1,77; 6(. /$,0!1(+@1*++ 

+%2"(A@'$0%. 3,1%-/4, D+6!")%+6 1<<"/+.. 



?5!1@'=>+$%. %'(A#104 0"!+., '!1/1 + !$6)+; @$<$(A !1%0:"!+<4 : :"6$.  
K"/1*+0 ;+<+3$%)+ :$%A<1 '%0",3+:.  !+ 6$,%0:++ /1 <+/$!1( %+(A/", )+%("04 2!"+%;"6+0 

2!$:!1>$/+$ #"%#10-+"/": + L27?4
-
 + L37?4, 5(1D"61!. 3$<' +"/4 <$01((1 2$!$:"6.0%. : %"(+, !1%0:"!+<4$ 

: :"6$.  
 !"*$%% )+%("0/"D" :%)!40+. <"/1*+01 %"%0"+0 +@ %($6'=>+; %016+,: 

K"/1*+0":4, 2$%") "5!15104:1$0%. 93%-/", %$!/", )+%("0", : 0$3$/+$ 4 3 2!+ 210
"
. 

&"(+3$%0:" )+%("04 : 1,56 !1@1 5"(AI$ :$%1 "5!15104:1$<"D" 2$%)1. 
?5!15"01//1. <1%%1 !1%0:"!.$0%. : ;"("6/", :"6$. &"(+3$%0:" :"64 5$!F0%. : 10 !1@ 5"(AI$ 

:$%1 %'(A#10+!":1//"D" 2$%)1.  "('31$<4, !1%0:"! "06$(.$0%. "0 /$2!"!$1D+!":1:I$D" <"/1*+0":"D" 2$%)1 
+ )!$</$@F<1 6$)1/01*+$,. 

M0"54 6":$%0+ )"/*$/0!1*+= #"%#10- + %'(A#10- +"/": 6" )"/*$/0!1*++, 5(1D"2!+.0/", 6(. 
"%1B6$/+. ")%1(101, %'(A#10/4, !1%0:"! !1@51:(.$0%. :"6", (4,5 "5JF<1). E(. 2"('3$/+. @/13$/+. !L, 

!1:/"D" 1, 6"51:(.$0%. !1%0:"! 1<<+1)1. 
N"!+, + !$6)+$ @$<(+ "%1B61=0%. +@ !1@51:($//4; %'(A#10/4; !1%0:"!": 2'0F< 6"51:($/+. 

10% :"6/"D" !1%0:"!1 >1:$($:", )+%("04. ?%16") %"6$!B+0 ")%1(104 0"!+. + !$6)+; @$<$(A 5$@ 2!+<$%$, 

%'(A#10-, #"%#10- + '!1/+(-+"/":. 
?%16") ")%1(10": #+(A0!'$0%., 2!"<4:1$0%. + 2!")1(+:1$0%. 6" ")%+6":. ?)%+64 

!1%0:"!.=0%. : 8 / 1@"0/", )+%("0$. O@"0/")+%(4, !1%0:"! 2"6:$!D1$0%. C)%0!1)*++ NPQ. H$%A 
3$04!F;:1($/0/4, *$!+, + 0"!+, C)%0!1D+!'=0%., "%01(A/4$ !$6)+$ @$<(+ "%01=0%. : :"6/", #1@$. 

M$04!F;:1($/0/4, *$!+, "06$(.$0%. "0 NPQ 2'0F< !$C)%0!1)*++ 0,1 K !1%0:"!"< /+0!+01 
/10!+.. N"!+, 2!+ C0"< "%01F0%. : "!D1/+3$%)", #1@$ + :46$(.$0%. +@ /$F "5!15"0)", 2% %$!/", )+%("0",. 

 !$6("B$/ 6!'D", :1!+1/0 !1@6$($/+. 3$04!F;:1($/0/"D" *$!+. + 0"!+. % 2!+<$/$/+$< : )13$%0:$ 
C)%0!1D$/01 ")%+61 <$@+0+(1. 

G!1/%"6$!B1>+, #"%#10 2"%($ "2$!1*++ 4 "5!15104:1$0%. ")0+(2+!"#"%#"!/", )+%("0", 

(? Q&) % *$(A= C)%0!1)*++ :%$D" )"(+3$%0:1 '!1/1 +@ %'(A#10/"-#"%:10/"D" !1%0:"!1. H )13$%0:$ 
C)%0!1D$/01 +%2"(A@'$0%. 10% !1%0:"! ? Q& : )$!"%+/$. G!1/ : !1%0:"!$ :"%%01/1:(+:1$0%. 6" 

3$04!F;:1($/0/"D" %"%0"./+. 6"51:($/+$< !1%0:"!1 %'(A#101 6:';:1($/0/"D" B$($@1. 71%0:"! ? Q& 2"%($ 
C)%0!1)*++ "5!15104:1$0%. 2(1:+)":", )+%("0",, + '!1/ "%1B61$0%. : :+6$ 0$0!1#0"!+61. 

H !$@'(A010$ 2!+<$/$/+. "2+%1//", 0$;/"("D+3$%)", %;$<4 '61F0%. :46$(+0A 0"!+,, !$6)+$ @$<(+ + 

'!1/, 2!1)0+3$%)+$ /$ %"6$!B1>+$ 2!+<$%$,, % :4%")+<+ 2")1@10$(.<+ 2" +@:($3$/+=. 

  !+ :4>$(13+:1/++ !'64 0"!+,, 2!+%'0%0:'=>+, : <"/1*+0$, %($6'$0 @1 !$6)+<+ @$<(.<+. H 

!1%0:"!1; )"/*$/0!+!":1//", %$!/", )+%("04 0"!+, <"B/" "06$(+0A "0 !$6)+; @$<$(A 2'0F< !1@51:($/+. 
!1%0:"!1 +(+ 2'0F< %/+B$/+. $D" )+%("0/"%0+ 2!+ 6"51:($/++ 1<<+1)1 6" !L 1,0; 2!+ C0"< :42161$0 : 
"%16") D+6!10+!":1//4, #"%#10 0"!+., @1;:104:1=>+, /$5"(AI"$ )"(+3$%0:" 789. &+%("0/"%0A 
/$"5;"6+<" 2"/+@+0A 6" !L 2,3, 30"54 D1!1/0+!":10A "%1B6$/+$ "%/":/", 31%0+ !$6)+; @$<$(A. (L1 C0", 

%016++ (=54$ )"(+3$%0:1 '!1/1, 2!+%'0%0:'=>+$ : !1%0:"!$, "06$(.=0%. "0 789). L$"3+>$//4, "%16") 
#"%#101 0"!+. % *$(A= '61($/+. /$B$(10$(A/4; %'(A#10- +(+ #"%#10-+"/": "5!15104:1=0 >F("3A=; 

"5!1@'=>+,%. "%16") D+6!")%+61 0"!+. !1%0:"!.=0 : 1@"0/", )+%("0$ 6(. 2"%($6'=>$, "3+%0)+. 

9##$)0+:/1. "3+%0)1 6"%0+D1$0%. C)%0!1)*+$, 0"!+. 0!+5'0+(#"%#10"< : )$!"%+/$. H C0"< 2!"*$%%$ /+0!10 
0"!+. "06$(.$0%. "0 !$6)+; @$<$(A + 6!'D+; /$C)%0!1D+!'$<4; %"$6+/$/+,. 7$6)+$ @$<(+ :46$(.=0%. +@ 
!1%0:"!1 "%1B6$/+$< : :+6$ 6:",/4; %'(A#10": % /10!+$<. K"B/" 01)B$ :46$(.0A +@ !1%0:"!1 789 

"%1B6$/+$< : :+6$ ")%1(10":. L$6"%010") 2!"*$%%1 %"%0"+0 : /$"5;"6+<"%0+ +%2"(A@":1/+. "3$/A 5"(AI+; 

)"(+3$%0: :"64. 

K$0"6 /$,0!1(+@1*++ )+%("D" !1%0:"!1 2"%($ )+%("0/"D" :%)!40+. !'64 +(+ )+%("0/"D" !1%0:"!$/+. 
"%16)1 2"%($ >$("3/"D" :%)!40+. !'64 2"@:"(.$0 2"('3+0A: 

(1) )"/*$/0!10 0"!+., %"6$!B1>$, /$)"0"!"$ )"(+3$%0:" !$6)"@$<$(A/4; C($<$/0":,  
'!1/1, B$($@1, 0+01/1, )!$</+., #"%#"!1 + ;("!1,  
(2) )"/*$/0!10 !$6)"@$<$(A/4; C($<$/0":. 
R'(A#10/"$ )"/*$/0!+!":1/+$ 0"!+. "%'>$%0:(.=0 %($6'=>+< "5!1@"<. S+6!")%+6 0"!+. + 789 

"5!15104:1=0 50%-/", H2SO4 01), 30" : "%16") :46$(.$0%. %'(A#10 0"!+. % 2!+<$%.<+ !$6)"@$<$(A/4; 

C($<$/0":, '!1/1, B$($@1, #"%#"!1 + )!$</+.. E(. 61(A/$,I$, "3+%0)+ "0 2!+<$%$, %'(A#10 0"!+. 
"5!15104:1=0 $6)+< /10!"<, 2"('3$//4$ D+6!")%+64 !1%0:"!.=0 : %$!/", )+%("0$ + "%1B61=0 %'(A#10 
0"!+..  "%($6/+, 2$!$:"6.0 : /+0!10.  

 

 

 



(&67. 1. R:",%0:1 /$)"0"!4; 2!"%04; %"$6+/$/+, 0"!+.. 

 
 

H46$($/+$ 0"!+. +@ !1%0:"!": <"B/" 2!":"6+0A "%1B6$/+$<, C)%0!1)*+$, : %+%0$<$ B+6)"%0A-
B+6)"%0A + 2'0F< +"//"D" "5<$/1. 

H %2"%"5$ %'(A#"#"%#10/"D" )"/*$/0!+!":1/+. 0"!+., 2!+ "5!15"0)$ )+%("D" !1%0:"!1 %<$%A= 

)"/*$/0!+!":1//4; %$!/", + #"%#"!/", )+%("0 %/131(1 "%1B61$0%. "%/":/1. <1%%1 !$6)"@$<$(A/4; 

C($<$/0":, @10$< +@ '21!$//"D" !1%0:"!1 :46$(.$0%. %'(A#"#"%#10 0"!+..  
 !+ ")%1(10/"< )"/*$/0!+!":1/++ 0"!+. !1%0:"!$/+$ D+6!")%+6": 0"!+. + !$6)"@$<$(A/4; 

C($<$/0": 2!":"6.0 : %"(./", )+%("0$ % 2"%($6'=>+< "%1B6$/+$< <$/$$ !1%0:"!+<"D" ")%1(101 0"!+. 
>1:$($:", )+%("0",. ?%16") %/":1 2$!$:"6.0 : D+6!")%+6, 1 D+6!")%+6 !1%0:"!.=0 : 1@"0/", )+%("0$, 2"%($ 
3$D" 2"6:$!D1=0 6"2"(/+0$(A/", "3+%0)$ C)%0!1)*+$, NPQ. 

?06$($/+$ 0"!+. "0 5"(AI+/%0:1 C($<$/0":, )!"<$ Y, Sc + (1/01/"+6":, 2!"+@:"6+0%. : :+6$ 
")%1(101. T+!")" !1%2!"%0!1/$/" "%1B6$/+. 0"!+. +"610"< )1(+.: 2!+ C0"< %""%1B61=0%. Sc, Ti + Zr, 1 
01)B$ 4-:1($/0/4$ Ce + U.  !+ 2!$6:1!+0$(A/"< ::$6$/++ 2$!$)+%+ :"6"!"61 R$ :"%%01/1:(+:1$0%. 6" 3-

:1($/0/"D", 1 U ")+%(.$0%. 6" 6-:1($/0/"D", 30" 2!$6"0:!1>1$0 +; "%1B6$/+.. E(. "06$($/+. 0"!+. 
2!+<$/.$0%. 01)B$ !.6 "!D1/+3$%)+; !$1D$/0": – %$51*+/":1., #$/+(1!%"/":1., + <-/+0!"5$/@",/1. 
)+%("04. K$0"64 :46$($/+. 0"!+. +@ <+/$!1(": 0+21 <"/1*+01 + "!0+01 + "06$($/+. $D" "0 %"2'0%0:'=>+; 

!$6)"@$<$(A/4$ C($<$/0": "%/":1/4 /1 C)%0!1)*++ 0"!+. NPQ +@ 1@"0/")+%(4; !1%0:"!": 2"%($ $D" 

"06$($/+. "0 "%/":/", <1%%4 !$6)"@$<$(A/4; C($<$/0": 6!"5/4< "%1B6$/+$< <$/$$ !1%0:"!+<"D" %'(A#101 
0"!+.. E(. )"(+3$%0:$//"D" +@:($3$/+. 0"!+. /$"5;"6+<" 2!" :$6$/+$ </"D"%0'2$/310"D" 2!"*$%%1 
C)%0!1)*++ (5—6 %0'2$/$,). 

E(. +@:($3$/+. 0"!+. +@ !1%0:"!":, %"6$!B1>+; %)1/6+, +%2"(A@'=0 <$0"64, "%/":1//4$ /1 
%""%1B6$/++ 0"!+. % "%16)1<+ Ba(Ca)SO4, 1 01)B$ %2"%"54 +@5+!10$(A/", %"!5*++ D+6!"")%")"<2($)%": 
0"!+. 2"!+%04<+ %'(A#")10+"/+01<+ 2!+ !L 2,5-3,0 +   = 60-90°. 

 

1.1.2 ;<34=648 29424: 
N$;/"("D+. >$("3/"D" :%)!40+. <"/1*+01 %"%0"+0 +@ %($6'=>+; %016+,: 

1. U@<$(A3F//4, <"/1*+0":4, 2$%") "5!15104:1=0 2!+ 138
"
 45%-/4< !1%0:"!"< 

$6)"D" /10!1  0$3$/+$ 3 31%.  !"6')01<+ !$1)*++ .:(.=0%. D+6!")%+64 0"!+. + 789, /$!1%0:"!+<4, '!1/10 
0"!+. + 2"('2!"6')0 – 0!+/10!+,#"%#10. 

2. L$!1%0:"!+<'= 31%0A "0#+(A0!":4:1=0 2!+ 82
"
. Q+(A0!10, %"6$!B1>+, 

0!+/10!+,#"%#10 + +@540") $6)"D" /10!1, /12!1:(.=0 /1 2$!$!15"0)' % *$(A= 2"2'0/"D" +@:($3$/+. 
*$//"D" 2!"6')01 – 0!+/10!+,"%#101. 

3. ?%16") D+6!")%+6": 0"!+. + !$6)+; @$<$(A !1%0:"!.=0 : 38%-/", )+%("0$ ( =80
"
, 

t=1 3). 

4. L$!1%0:"!+:I'=%. 31%0A "0#+(A0!":4:1=0. & #+(A0!' 6"51:(.=0 
!$D$/+!+!":1//4, $6)+, /10! 6(. 2":4I$/+. !L 6" 5,8 : *$(.; "%1B6$/+. 0"!+. + '!1/1. H "%16") :<$%0$ % 
'!1/"< + 0"!+$< 2$!$;"6+0 8% 2!+%'0%0:'=>+; : !1%0:"!$ 789. 

5. ?0#+(A0!":1//4, "%16") !$2'(A2+!'=0 + "0#+(A0!":4:1=0 :0"!+3/" 6(. 
6"2"(/+0$(A/"D" "06$($/+. !$6)+; @$<$(A. H 0"!+,- '!1/":"< ?ROE&V "%01F0%. 6" 7% 789. 

6.  '0F< /$,0!1(+@1*++ #+(A0!101 2"%($ "2$!1*++ 4 :46$(.=0 )"/*$/0!10 789. 



7. ?%16"), %"6$!B1>+, 0"!+, + '!1/, !1%0:"!.=0 : )!$2)", 1@"0/", )+%("0$. N"!+, + 

'!1/ "06$(.=0%. "0 !$6)+; @$<$(A : C)%0!1)0"!$ % 2!+<$/$/+$< : )13$%0:$ C)%0!1D$/01 %<$%+ NPQ + 

/1#0$/":4; )+%("0. 
8. N"!+, "06$(.$0%. %$($)0+:/" "0 '!1/1 "5!15"0)", 1@"0/", )+%("0",. G!1/ 

!$C)%0!1D+!'$0%. :"6",. 

 !+ 6$,%0:++ %+(A/4; >$("3$, /$!1%0:"!+<4$ #"%#104 2!$:!1>1=0%. : /$!1%0:"!+<4$ D+6!")%+64 

<$01((":, )"0"!4$ ($D)" !1%0:"!.=0%. : )+%("0$ 2"%($ +; 2!$6:1!+0$(A/"D" "06$($/+. "0 <10"3/"D" 

!1%0:"!1, %"6$!B1>$D" #"%#104 >$("3/4; <$01((":. ?5!15"0)1 0"/")"+@<$(A3F//"D" )"/*$/0!101 
2!":"6+0%. 45%-/4< !1%0:"!"< NaOH 2!+ 140

"
: 

Th3(PO4)4 + 12NaOH   3Th(OH)4 + 4Na3PO4,                 (3) 

RPO4 + 3NaOH   R(OH)3 + 2Na3PO4                               (4) 

86$%A *$//$,I+$ )"<2"/$/04 <"/1*+01 "%01=0%. : "%16)$ : :+6$ 0:$!64; D+6!")%+6":, )"0"!4$ @10$< 

2!$:!1>1=0 : !1%0:"!+<4$ %"$6+/$/+..  
81<$31/+$. L$!1%0:"!+<4, : :"6$ D+6!")%+6 0"!+. %"%01:1 Th(OH)4 +<$$0 >$("3/", ;1!1)0$! + 2"0"<', 

!1%0:"!..%A : )+%("01;, /$ !1%0:"!.$0%. : >$("31;. L13+/1$0 :421610A : "%16") 'B$ 2!+ pH = 3,5, : 0" :!$<. )1) 
D+6!"")%+64 0!$;:1($/0/4; !$6)+; @$<$(A 2"('31=0 (+IA 2!+ pH = 7...8. U<$//" C0" %:",%0:" +%2"(A@'=0 6(. 
D!'5"D" !1@6$($/+. !$6)"@$<$(A/4; C($<$/0": + 0"!+.. 

N:F!64, "%16") ()$)), 2"('31$<4, 2!+ "5!15"0)$ <"/1*+01 >F("3A= 2"%($ "06$($/+. 2"%($ 
"06$($/+. <10"3/"D" !1%0:"!1 <"B/" !1%0:"!+0A : )+%("0$. ?6/1)" !1%0:"!+<"%0A 0"!+. @1:+%+0 "0 '%(":+,, 

2!+ )"0"!4; 2!":"6+(1%A "5!15"0)1 >F("3A=.  !"6"(B+0$(A/1. >$("3/1. "5!15"0)1 2!+ %(+I)"< :4%")", 

0$<2$!10'!$ 2!+:"6+0 ) 2!"6')0', : )"0"!"< 5"(AI1. 31%0A 0"!+. /1;"6+0%. : 0!'6/"!1%0:"!+<", #"!<$ + 

2(";" :@1+<"6$,%0:'$0 % )+%("0",, +%2"(A@'$<", 6(. !1%0:"!$/+. "%16)1.  "-:+6+<"<', C0" 2!"+%;"6+0 : 
!$@'(A010$ 2!$:!1>$/+. D+6!")%+61 : /$!1%0:!+<4, 6+")%+6 ThO2. H @1:+%+<"%0+ "0 )+%("04 (%"(./1., 
1@"0/1. +(+ %$!/1.), +%2"(A@'$<", 6(. !1%0:"!$/+. )$)1, 61($$ 2!+<$/.=0 !1@(+3/4$ <$0"6+)+. H %('31$ 
%"(./", )+%("04 (/1+<$/AI+$ @10!'6/$/+.) 2"('31=0 !1%0:"!, %"6$!B1>+, ;("!+64 0"!+. + 789. E(. 
+@5+!10$(A/"D" "%1B6$/+. 0"!+. +@ C0"D" !1%0:"!1 +<$$0%. /$%)"(A)" 2'0$,: (+5" 2!":"6+0A "%1B6$/+$ 
0"!+. : :+6$ D+6!")%+61 (2!$62"30+0$(A/4, 2'0A), 2$!")%+61 +(+ #"%#101, (+5" "%'>$%0:+0A "%1B6$/+$ 
!$6)+; @$<$(A )1!5"/10"< (2!+ C0"< 6"%0+D1$0%. "06$($/+$ 0"!+. (+ '!1/1), )"0"!4$ "5!1@'=0 !1%0:"!+<4$ 
1/+"//4$ )"<2($)%4). ?)"/310$(A/'= "3+%0)' 2!$62"30+0$(A/" 2!":"6+0A 2'0F< C)%0!1)*++. 

U%2"(A@":1/+$ !1%0:"!": /$ "5.@10$(A/", 31%0" 2!":"6.0 :%)!40+$ 0"!+$:4; !'6 <$0"6"< %2(1:($/+. 
%" >$("31<+. ?6/")!10/"$ %2(1:($/+$ %" >$("31<+ "5$%2$3+:1$0 2"30+ 2"(/"$ !1@("B$/+$ 01)+; 

<+/$!1(":, )1) !"#$%&', %&()"#, )$**&'+(&' (SnO2, 6" 9% Nb, Ta, Zr, Sc, W, Fe), &,-!+#&', *.+# (CaTiSiO5) 

+ /&("0,"( (Ca,Na,U,Ce,Y)2-m(Nb,Ta,Ti)2O6(OF)1-m×nL2? (1+'$.&'. !+#2+,++3&', !&)(",&'). 

R'>$%0:'=0 + 6!'D+$ :1!+1/04 <$0"61 %2(1:($/+.. R2(1:($/+$ <"/1*+01 <"B/" 2!":"6+0A % 
2$!$)+%A= /10!+. +(+ %" %<$%A= /$#0./"D" )")%1, +@:$%0+ + 2(1:+)":"D" I2101.  (1: ";(1B61$0%., 1 @10$< 

!1@(1D1$0%., 1 @10$< !1@(1D1$0%. :"6/", "5!15"0)",.  

U/"D61 6(. :%)!40+. <"/1*+01 2!+<$/.=0 :4%")"0$<2$!10'!/'= "5!15"0)' 2$%)": ;("!"< : 
2!+%'0%0:++ 'D(.. N1), 2!+ ;("!+!":1/++ +/6+,%)"D" <"/1*+01 2!+ 730

"
 61(" 98% :%)!40+.. W("!+64 

!$6)+; @$<$(A + 0"!+. !1%0:"!.=0 : 0,1 / %"(./", )+%("0$. 



 
*45. 3. G2!">$//1. 0$;/"("D+3$%)1. %;$<1 %"6":"D" :4>$(13+:1/+. <"/1*+0":"D" 2$%)1 + 

+@:($3$/+. 0"!+., '!1/1 + 789. 

 

1.2 -%.'/'*&' %)#&0 )% 123 & 4#+*+ 

T+!")"$ !1%2!"%0!1/$/+$ 2"('3+(+ C)%0!1)*+"//4$ <$0"64 "06$($/+$ 0"!+. "0 '!1/1 + 789. M1>$ 
:%$D" +@ :"6/4; !1%0:"!": 0"!+, + '!1/ C)%0!1D+!'=0 /$%<$I+:1=>+<%. % :"6", 0!+5'0+(#"%#10"<. 

71@6$($/+$ '!1/1 + 0"!+. 2!"+%;"6+0 /1 %016++ +@5+!10$(A/", !$C)%0!1)*++.  !+ "2!$6$($//4; '%(":+.; 

0"!+, +@ "!D1/+3$%)"D" !1%0:"!+0$(. 2$!$0.D+:1$0%. : :"6/4, !1%0:"! 1@"0/", )+%("04, 1 '!1/ "%01$0%. : 
"!D1/+3$%)", #1@$. U@-@1 %;"B$%0+ %:",%0: %$!AF@/'= 2!"5($<' 2!$6%01:(.$0 "06$($/+$ 0"!+. "0 (1/01/1. H 

)13$%0:$ C)%0!1D$/0": <"D'0 2!+<$/.0A%. 01)B$ <$0+(+@"5'0+()$0"/4, 2$/01C#+!, ")%+6 <$@+0+(1, <"/"- + 

6+C0+(#"%#104, -6+)$0"/4. U%)(=3+0$(A/" :4%")+$ )"C##+*+$/04 !1%2!$6$($/+. 0"!+. 61=0 <"/"- + 

6+1()+(#"%#104 : +/$!0/4; !1%0:"!+0$(.;. ?/+ +@:($)1=0 0"!+, (IV), *+!)"/+, (IV), /$20'/+, (IV), 

2('0"/+, (IV). &"C##+*+$/04 !1%2!$6$($/+. 6"%0+D1=0 /$%)"(A)+; 04%.3, 1 +@5+!10$(A/"%0A +@:($3$/+. 
6"%0+D1$0%. 2"65"!"< )+%("0/"%0+ !1%0:"!1 + )"/*$/0!1*++ C)%0!1D$/01.  

N"!+, "0 '!1/1 <"B/" "06$(+0A % 2"<">A= 6+C0+(":"D" C#+!1, )"0"!4, C)%0!1D+!'$0 0"(A)" '!1/. 

0,25 K !1%0:"! NNO (0$/"+(0!+#0"! 1*$0"/) : 5$/@"($ 2!+ !L=1 + :4I$ )"(+3$%0:$//" C)%0!1D+!'$0 0"!+,, 

2!+ C0"< 1)0+/+, + 789 2!1)0+3$%)+ /$ C)%0!1D+!'=0%.. U"/4 '!1/1 (IV), 2('0"/+. (IV), /$20'/+. (IV), 

*+!)"/+. (IV), D1#/+. (IV) + (III) C)%0!1D+!'=0%. % 0"!+$<, /" 2!+ !$C)%0!1)*++ :"6/4< 1 K !1%0:"!"< 

)+%("04 "%01=0%. : "!D1/+3$%)", #1@$.  
?06$($/+$ 0"!+. "0 6!'D+; C($<$/0": <"B$0 "%'>$%0:(.0A%. ;!"<10"D!1#+$, /1 )10+"/+0$ + 

1/+"/+0$. M$04!F;@1!.6/4, +"/ 0"!+. 2!"3/" 16%"!5+!'$0%. )10+"/+0"< + : "0(+3+$ "0 "6/"-, 6:';- + 

0!F;@1!.6/4; +"/":, : 31%0/"%0+ +"/": !$6)"@$<$(A/4; C($<$/0":, /$ <"B$0 540A :4<40 % )10+"/+01 
1@"0/", + %"(./", )+%("01<+ (=54; )"/*$/0!1*+,. E(. $D" C(=+!":1/+. /$"5;"6+<" 2!+<$/.0A 
)"<2($)%""5!1@":10$(+, /12!+<$! >1:$($:'=, (+<"//'=, <"("3/'= )+%("0'  + 0.2. R 1@"0/", )+%("0", 

0"!+, "5!1@'$0 1/+"//4$ )"<2($)%4, 2"C0"<' +@ 6"%010"3/" )"/*$/0!+!":1//4; !1%0:"!": 1@"0/", )+%("04 

"/ 16%"!5+!'$0%. /1 1/+"/+0$ + <"B$0 540A "06$(F/ "0 >F("3/4;, >$("3/"@$<$(A/4; + !$6)"@$<$(A/4; 

C($<$/0":, 1)0+/+., *+!)"/+. + '!1/1. ?06$($/+$ "0 2"%($6/$D" 2!"+%;"6+0 2!+ /1D!$:1/++ )"("/)+. 

9(=+!":1/+$ '!1/1 :$6F0%. 4 K HNO3 , 1 0"!+. – :"6",.  

N"!+, <"B/" 01)B$ :46$(.0A : :+6$ 2"5"3/"D" 2!"6')01 2!+ 2$!$!15"0)$ '!1/+/+01 +(+ 

'!1/0"!+1/+01 % *$(A= 2"('3$/+. '!1/1. N"!+,, "%01=>+,%. : %$!/")+%("< !1%0:"!$ 2"%($ '61($/+. '!1/1, 
C)%0!1D+!'=0 % 2"<">A= 6(+//"*$2"3$3/4; 1()+(1<+/": : )$!"%+/$. N"!+, "5!1@'$0 1/+"//4, )"<2($)% % 
%'(A#10 +"/1<+, )"0"!4, : :+6$ %"$6+/$/+. % 2!"0"/+@+!":1//4< 1<+/"< : )10+"//", #"!<$ 2$!$;"6+0 : 
"!D1/+3$%)'= #1@'.  !+ /$,0!1(+@1*++ 3$0:$!0+3/", 1<<"/+$:", %"(+ 0"!+, +@ "!D1/+3$%)", #1@4 

2$!$;"6+0 : "%16") +(+ !$C)%0!1D+!'$0%. : :"6/'= #1@'. 



 K/"D"3+%($//4$ %("B/"%0+ 0"!+$:"D" 2!"+@:"6%0:1 '%'D'5(.=0%. /$"5;"6+<"%0A= /16$B/", 

!16+1*+"//", @1>+04. 

 H 1/1(+0+3$%)", ;+<++ 6(. C)%0!1)*+"//"D" :46$($/+. 0"!+. I+!")"$ 2!+<$/$/+$ /1I(+ 

;$(10""5!1@'=>+$ !$1D$/04 (NNO, 8-")%+;+/"(+/ + 6!.) + :4%")"<"($)'(.!/4$ 1<+/4. &!"<$ 0"D", 6(. 
1/1(+0+3$%)"D" :46$($/+. 0"!+. <"D'0 540A +%2"(A@":1/4 <$0"64 "%1B6$/+. + %""%1B6$/+., 1 01)B$ <$0"6 

+"/""5<$//", ;!"<10"D!1#++.  "%($6/+, "%/":1/ /1 0"<, 30" Th
4+

 "3$/A %+(A/" 16%"!5+!'$0%. )10+"/+01<+ 

+ : "0(+3+$ "0 Me
3+

, K$2+
 + K$+

 /$ :4<4:1$0%. !1%0:"!1<+ %"(./", + 1@"0/", )+%("0 (=5", )"/*$/0!1*++. 

H )13$%0:$ C(=$/01 6(. 0"!+. +%2"(A@'=0%. !1%0:"!4 )"<2($)%'=>+; !$1D$/0": (31>$ :%$D" !1%0:"! 

>1:$($:", )+%("04 )"/*$/0!1*+$, 0,5 <"(A/(). K1(1. '%0",3+:"%0A 1/+"//4; )"<2($)%": 0"!+. % ;("!+6- + 

/+0!10-+"/1<+ 2"@:"(.$0 "06$(.0A $D" "0 '!1/1, /$20'/+. + 2('0"/+., 1 01)B$ 6!'D+; 2$!$;"6/4; C($<$/0":, 
"5!1@'=>+; )"<2($)%4, 16%"!5+!'$<4$ 1/+"/+01<+. K$0"64 %""%1B6$/+. %" %2$*+#+3$%)+<+ (La, R$) + 

/$%2$*+#+3$%)+<+ (Fe(OH)3, BiP?4 + 6!.) /"%+0$(.<+ +%2"(A@'=0%. : "%/":/"< 6(. 2"('3$/+. 2!$21!10": 
228, 230

 + 
234

Th, 2!+<$/.$<4; : )13$%0:$ !16+"1)0+:/4; +/6+)10"!":.  
 !+ :$%":"< "2!$6$($/++ 0"!+. 31>$ :%$D" +%2"(A@'$0%. "%1B6$/+$ >1:$($:", )+%("0", % 

2!")1(+:1/+$< ")%1(101 6" 6:'")+%+ +(+ B$ "%1B6$/+$ + /$2"%!$6%0:$//"$ :@:$I+:1/+$ 6:",/"D" +"6101 
0"!+. + )1(+.. U@ "5J$</4; <$0"6": 2!+<$/.=0 )"<2($)%"<$0!+3$%)"$ 0+0!":1/+$ : 2!+%'0%0:++ !.61 
+/6+)10"!":. H "%/":' )"("!+<$0!+3$%)+; <$0"6": 2"("B$/4 !$1)*++ "5!1@":1/+. ")!1I$//4; %"$6+/$/+, 

0"!+. % "!D1/+3$%)+<+ !$1D$/01<+, 31>$ :%$D" % N?7?L?K ()!1%/"-#+"($0":"D" *:$01) + 1!%$/1@" III (%+/$-
)!1%/"D" *:$01). 

 H @1:+%+<"%0+ "0 2"%01:($//", @1613+ 2!+ "2!$6$($/++ 0"!+. +%2"(A@'=0%. 
D!1:+<$0!+3$%)+$, "5J$</4$, )"("!+<$0!+3$%)+$ + !16+"<$0!+3$%)+$ <$0"64. R01/61!0/4< 

D!1:+<$0!+3$%)+< <$0"6"< .:(.$0%. "%1B6$/+$ 0"!+. !1%0:"!1<+ 1<<+1)1 +(+ >1:$($:", )+%("04 % 
2"%($6'=>+< 2!")1(+:1/+$< 6" ThO2. ?5J$</4$ <$0"64 "%/":1/4 /1 0+0!":1/++ 0!+("/"<-P +(+ 

"%1B6$/++ 0"!+. : :+6$ 0!'6/"!1%0:"!+<4; %"$6+/$/+, 2"%0".//"D" %"%01:1 + "2!$6$($/++ $D" 2" +@540)' 

"%16+0$(.. E(. "2!$6$($/+. <1(4; )"(+3$%0: 0"!+. 2!+<$/.=0%. )"("!+<$0!+3$%)+$ <$0"64 % 
+%2"(A@":1/+$< 0"!"/1 +(+ n-1!%"/":", )+%("04, 1 01)B$ !16+"<$0!+3$%)+$ <$0"64. L$2"%!$6%0:$//"$ 
!16+"<$0!+3$%)"$ "2!$6$($/+$ 0"!+. (

232
Th) @10!'6/$/" +@-@1 $D" "3$/A 5"(AI"D" 2$!+"61 2"('!1%2161. H 

%:.@+ % C0+< !16+"<$0!+3$%)"$ "2!$6$($/+$ 0"!+. 2!"+@:"6+0%. 2" 2!"6')01< $D" !1%2161 2!+ /1(+3++ 

!16+"1)0+:/"D" !1:/":$%+.. U@:$%0$/ 01)B$ <$0"6 !16+"<$0!+3$%)"D" 0+0!":1/+. 0"!+.. N+0!":1/+$ : C0"< 

%('31$ 2!"+@:"6+0%. #"%#10"< /10!+., <$3$//4< !16+"1)0+:/4< +@"0"2"< #"%#"!1 327.  

&13$%0:$//" + 2"(')"(+3$%0:$//" 0"!+, <"B/" "2!$6$(.0A <$0"61<+ "20+3$%)"D" %2$)0!1(A/"D" 

!$/D$/"%2$)0!1(A/"D" 1/1(+@1. M':%0:+0$(A/"%0A !$/D$/"%2$)0!1(A/"D" "2!$6$($/+. 0"!+. 6"%0+D1$0 0,1%. 

716+";+<+3$%)"$ "2!$6$($/+$ 0"!+. : %('31$ !1:/":$%+. % $D" 2!"6')01<+ !1%2161 :"@<"B/" 2" /1)"2($/+= 

0"!"/1. U%2"(A@'$0%. 01)B$ !16+"<$0!+3$%)+, <$0"6 "2!$6$($/+. 0"!+. 2" X-+@('3$/+= 2!"6')0": !1%2161. 
 

2. >!&#..,"?(0 &%"(0 
 

2.1 5#)&67).!%7) ('%+//&8'!")9) %)#&0 

 "%($ 0"D" )1) 0"!+, "06$($/, /'B/" 2!$:!10+0A $D" %"$6+/$/+. : <$01((. 71%2!"%0!1/$/4 6:1 
%2"%"51: :"%%01/":($/+$ 6:'")+%+ ThO2 +(+ 0$0!1#0"!+61 ThF4 <$01((+3$%)+< )1(A*+$< + C($)0!"(+@ 
!1%2(1:($//4; D1("D$/+6": 0"!+.. ?543/" 2!"6')0"< C0+; 2!$:!1>$/+, 54:1$0 0"!+$:4, 2"!"I"), 
)"0"!4, @10$< %2$)1=0 : :1)''<$ 2!+ 1100...1350°C.  

R"3$01/+$ "3$/A :4%")", 0$<2$!10'!4 2(1:($/+. + ;+<+3$%)", 1)0+:/"%0+ 6$(1=0 2!+D"0":($/+$ 
3+%0"D" )"<21)0/"D" <$01((+3$%)"D" 0"!+. 0!'6/", @1613$,. 

 "('3$/+$ <$01((+3$%)"D" 0"!+. "%'>$%0:(.=0 %($6'=>+<+ <$0"61<+:  

1) H"%%01/":($/+$< 6:",/4; D1("D$/+6": /10!+$<, )1(+$< +(+ )1(A*+$<.  

2) H"%%01/":($/+$< 5$@:"6/"D" ;("!+61 /10!+$<. 

3) H"%%01/":($/+$< 6+")%+61 0"!+. <1D/+$< +(+ %<$%A= /10!+. + )1(A*+..  !+ +%2"(A@":1/++ 

<$01((+3$%)"D" )1(A*+., "5!1@'=>+,%. ")%+6 )1(A*+. :4>$(13+:1=0, 1 "%01=>+,%. 2"!"I") 0"!+. %'I10 + 

%2$)1=0 : )"<21)0/4, <$01((.  "('3$//4$ 01)+< <$0"6"< "5!1@*4 %"6$!B10 0,5-2,0% ")%+61 0"!+.. 
4) H"%%01/":($/+$< )1(A*+$< %<$%+ 6+")%+61 0"!+. % ;("!+6"< )1(A*+.. 
5) 71@("B$/+$< +"6+61 +(+ #0"!+61 0"!+. /1 !1%)1(F//", :"(A#!1<":", /+0+.  

6) 9($)0!"(+@"< ;("!+61 +(+ #0"!+61 0"!+. : !1%2(1:$ ;("!+6": /10!+. +(+ )1(+.; 2!+ C0"< 

2"('31=0%. 3$I',)+ 6":"(A/" @1D!.@/F//"D" 2+!"#"!/"D" 2!"6')01. 



G)1@1//4$ <$0"64, @1 +%)(=3$/+$< C($)0!"(+@1, 61=0 2"!"I)""5!1@/4, <$01((. H"%%01/":($/+$ 
")%+61 >$("3/4<+ <$01((1<+ +(+ <1D/+$< 61F0 :$%A<1 /+@)+$ :4;"64, )"0"!4$ /$%)"(A)" '('3I1=0%. 2!+ 

:"%%01/":($/++ %<$%A= 70% )1(A*+. + 30% /10!+.. 
7$1(A/1. <$01(('!D+. 0"!+. /131(1 !1@:+:10A%. 2"%($ "0)!40+. %2(1:": 0"!+. % *+/)"<. R2(1: Zn-Th 

+<$$0 #+@+3$%)+$ %:",%0:1, 2"6;"6.>+$ 6(. +%2"(A@":1/+. $D" : )13$%0:$ 2!"<$B'0"3/"D" <10$!+1(1 : 
2!"+@:"6%0:$ <$01((1.  !+ %":<$%0/"< :"%%01/":($/++ %<$%+ D1("D$/+6 *+/)1 – #0"!+6 0"!+. 
<$01((+3$%)+< )1(A*+$< "5!1@'$0%. )"!"(F) %2(1:1 Zn-Th. Y+/) "06$(.=0 2'0F< 2$!$D"/)+, 2"(31. 
«D'53104,» 0"!+,. E(. 2!+D"0":($/+. :"%%01/1:(+:1$<", I+;04 +%2"(A@'=0 ;("!+6 +(+ #0"!+6 *+/)1. 
 "%($ '61($/+. *+/)1 +@ )"!"(A)1 0"!+,-*+/)":"D" %2(1:1 2"('31$0%. %":$!I$//" 3+%04, <$01((+3$%)+, 

0"!+, %  "3$/A ;"!"I+< :4;"6"<.  

H %:.@+ % 0$<, 30" <$01((+3$%)+, 0"!+, 2(1:+0%. 2!+ "0/"%+0$(A/" :4%")", 0$<2$!10'!$ (1750
"
) + 

:$%A<1 !$1)*+"/$/, 2!+ :"%%01/":($/++ + "0(+:)$ 3+%0"D" 2(1%0+3/"D" <$01((1 :"@/+)1$0 !.6 %$!AF@/4; 

2!"5($<.  "%)"(A)' "543/4$, I+!")"6"%0'2/4$ %"$6+/$/+. 0"!+. 0$!<"6+/1<+3$%)+ '%0",3+:4, 6(. 
2"('3$/+. +@ /+; <$01((+3$%)"D" 0"!+. 0!$5'$0%. +(+ C($)0!"(+@ !1%2(1:($//4; %"($,, (+5" 

:"%%01/":($/+$ C0+; %"$6+/$/+, "3$/A 1)0+:/4<+ <$01((1<+. H"%%01/":+0A D1("D$/+64 0"!+. <"B/" % 
2"<">A= /10!+., )1(+., <1D/+. + )1(A*+.; "6/1)" 2!"*$%%4 "%("B/.=0%. 0$;/"("D+3$%)+<+ 0!'6/"%0.<+, 

)"0"!4$ 6$(1=0 2!1)0+3$%)+ /$"%'>$%0:+<4<+ /$)"0"!4$ +@ :"@<"B/4; )"<5+/1*+,. H /$)"0"!4; %('31.; 

0!'6/" 2"('3+0A 3+%04$ 5$@:"6/4$ D1("D$/+64 0"!+. +@ 0"!+$:4; %"$6+/$/+,. 

 

2.1.1 )4225@64A3B61B 5B5C@D54C1E@ 54C1F (G8H2I18 9C4JB22) 
 N$0!1#0"!+6 0"!+. .:(.$0%. /1+5"($$ 2"6;"6.>+< 6(. 2$!$!15"0)+ D1("D$/+6"< 0"!+., 0.). "/ 

/$ D+6!"%)"2+3$/ + ($D)" <"B$0 540A 2"('3$/. 

 H 2!+/*+2$, 0$0!1#0"!+6 0"!+. <"B/" :"%%01/":+0A 2" 6:'< !$1)*+.<: 

ThF4+2Mg=Th (T2(=1750
"
) + 2MgF2 ( 2(=1300

"
), !298&=-51 ))1(. 

ThF4+2R1=Th (T2(=1750
"
) + 2R1F2 ( 2(=1350

"
), !298&=-103 ))1(. 

?6/1)", /+ "6/1 +@ C0+; !$1)*+, /$ 2"@:"(.$0 6"%0+D/'0A :4%")+; 0$<2$!10'! (:4I$ 0$<2$!10'!4 

2(1:($/+. 0"!+.), + %($6":10$(A/", /$ 2!+:"6+0 ) 2"('3$/+= )"<21)0/"D" %(+0)1 <$01((+3$%)"D" 0"!+.. 
U%2"(A@":1/+$ 6"2"(/+0$(A/4; 2"6"D!$:1=>+; :$>$%0: (KClO3, ,"6, + 6!.) + 2!$6:1!+0$(A/4, 2!"D!$: 
I+;04 6$(' /$ 2"<"D1$0. H:$6$/+$ : I+;0' 6!'D"D" <$01((1 2"@:"(.$0 %/+@+0A 0$<2$!10'!' 2(1:($/+. 
<$01((+3$%)", #1@4 @1 %3F0 "5!1@":1/+. %2(1:1 % 5"($$ /+@)", 0$<2$!10'!", 2(1:($/+.. ?5!1@":1/+$ 01)"D" 

0"!+$:"D" %2(1:1 : 5"<5$ %/+B1$0 <1)%+<1(A/'= 0$<2$!10'!', /$"5;"6+<'= 6(. "5!1@":1/+. B+6)", 

<$01((+3$%)", #1@4 + "06$($/+. <$01((1 "0 B+6)"D" I(1)1. 
 

*45. 4. R;$<1 5"<54 6(. :"%%01/":($/+. 0"!+. )1(A*+$< (C,<%)+, 

2!"*$%%). 
 

 " ;+<+3$%)+< C):+:1($/01< 6"51:)1 5$@:"6/"D" ;("!+%0"D" *+/)1 
: I+;0' ThF4 % 0"3)+ @!$/+. 0$2(":"D" 51(1/%1 <$/$$ C##$)0+:/1, 3$< 

6"51:)1 BiF2 + PbCl2. ?6/1)" 2!+<$/$/+$ ZnCl2 5"($$ :4D"6/", 0.). /+@)1. 
0$<2$!10'!1 )+2$/+. *+/)1 (906

"
) 2" %!1:/$/+= % 0$<2$!10'!1<+ )+2$/+. 

:+%<'01 (1450
"
) + %:+/*1 (1620

"
) %"@61F0 2!$+<'>$%0:" (FD)"D" '61($/+. 

*+/)1 +@ %2(1:1. M0"54 :"%%01/":($/+$ : 5"<51; 2!";"6+(" C##$)0+:/" + 

5$@"21%/", ;("!+%04, *+/) %($6'$0 2"('310A + ;!1/+0A : 5$@:"6/"< 

%"%0"./++. 

N$0!1#0"!+6 0"!+., ;("!+%04, *+/) + )1(A*+, 2"%($ /1D!$:1/+. 
I+;04 6" 0$<2$!10'!4 :"@D"!1/+. !$1D+!'$0 "6/":!$<$//".  !"6')01<+ 

2$!:+3/", !$1)*++ .:(.$0%. <$01((+3$%)+, 0"!+,, <$01((+3$%)+, *+/), 
#0"!+6 )1(A*+. + ;("!+6 )1(A*+.. E"51:)1 5$@:"6/"D" ;("!+61 *+/)1 '('3I1$0 2!"*$%% !1@6$($/+$ <$01((1 
+ I(1)1 2" 0!F< 2!+3+/1<: 1) <$01((+3$%)+, *+/) "5!1@'$0 % 0"!+$< %2(1: % 2"/+B$//", 0$<2$!10'!", 

2(1:($/+.; 2) ;("!+6 )1(A*+. !1@B+B1$0 I(1) – #0"!+%04, )1(A*+,; 3) 0$2("01 :%2"<"D10$(A/", !$1)*++ 

<$B6' ;("!+%04< *+/)"< + )1(A*+$< 6"2"(/+0$(A/" !1@"D!$:1$0 !$1)*+"//'= %<$%A + "5$%2$3+:1$0 
!1%2(1:($/+$ 2!"6')0": !$1)*++. H !$@'(A010$ 6$,%0:+. C0+; #1)0"!": 2!+ 6"51:)$ : I+;0' ;("!+%0"D" 

*+/)1 2!"6')04 !$1)*++ !1@"D!$:1=0%. 6" 2(1:($/+., + #1@4 ($D)" !1@6$(.=0%.. H%($6%0:+$ 0"D", 30" 2!+ 

0$<2$!10'!$ 2!"*$%%1 :"%%01/":($/+. <$01((+3$%)+, *+/) +<$$0 :4%")"$ 61:($/+$ 21!":, !$1)*+= 

/$"5;"6+<" 2!":"6+0A : @1)!404; %"%'61;. 



H4%")1. 0$<2$!10'!1 2(1:($/+. + ;+<+3$%)1. 1)0+:/"%0A 0"!+. @10!'6/.$0 /$ 0"(A)" :"%%01/":($/+$, 
/" 01)B$ 2(1:)' + (+0AF. ?6/+< +@ "%/":/4; 2!"<4I($//4; <$0"6": 2(1:)+ 0"!+. .:(.$0%. 
:4%")"31%0"0/1. +/6')*+"//1. 2(1:)1 2"6 :1)''<"<, )"0"!'= "%'>$%0:(.=0 : 0+D($ +@ ")%+61 5$!+((+..  

 !"*$%% 2!"+@:"6%0:1 0"!+$:4; %(+0)": :)(=31$0 /$%)"(A)" %016+,. H 2!"*$%%$ +%2"(A@'$0%. 
2!"<4I($//4, /+0!10 0"!+. 6"%010"3/", 3+%0"04 2!+5(+@+0$(A/" %""0:$0%0:'=>+, #"!<'($ 
Th(NO3)4

.
4H2O. +@ /+0!101 : /$%)"(A)" %016+, 2"('31=0 0$0!1#0"!+6 0"!+., )"0"!4, :<$%0$ % ;("!+%04< 

*+/)"< :"%%01/1:(+:1=0 )1(A*+$< : #'0$!":1//", ")%+6"< )1(A*+. 5"<5$; 2!+ C0"< 2"('31$0%. %2(1: 0"!+. 
% *+/)"<. 810$< +@ %2(1:1 '61(.=0 *+/); 2$!$2(1:(.=0 : +/6')*+"//", 2$3+ 2"6 :1)''<"< + "0(+:1=0 : 
%(+0)+ *+(+/6!+3$%)", #"!<4.  !+ :1)''</", 2(1:)$ 2"(/"%0A= '61(.$0%. *+/).  ":$!;/"%0A %(+0)": 
"5!15104:1=0 /1 0")1!/4; %01/)1;, %(+0)+ "5!$@1=0 + "02!1:(.=0%. /1 @1:"6 6(. "5!15"0)+ 61:($/+$<. 

 "('31$<4, <$01(( (C,<%)+, 0"!+,) 2(1%0+3$/ + <"B$0 :46$!B+:10A @/13+0$(A/4$ 6$#"!<1*++ 2!+ 

;"("6/", 2!")10)$ 5$@ 2!"<$B'0"3/4; "0B+D":. 
 

2.1.2  43K=B61B 84E1E64L4 54C1F 
 E(. !.61 2!+<$/$/+, 0!$5'$0%. 0"!+, :4%")", 3+%0"04 % /+@)+< %"6$!B1/+$< 

/$<$01((+3$%)+; 2!+<$%$, + 'D($!"61. L1+5"($$ 2"6;"6.>+< 6(. 2!"+@:"6%0:1 0"!+. :4%")", 3+%0"04 

.:(.$0%. ,"6/4, 2!"*$%%. H 2!"*$%%$ "%1B6$/+. 2!+<$/.$0%. /1)1(F//1. /+0A, 2":$!;/"%0A )"0"!", 

+@D"0":($/1 +@ "%1B61$<"D" <$01((1. 
Z"6+6/4, 2!"*$%% 2!":"6+0%. : 51(("/$ +@ 2+!$)%":"D" %0$)(1, ) )"0"!"<' 2!+)!$2($/4 6:1 

:"(A#!1<":4; C($)0!"61.  $!#0"!+!":1//4, <"(+56$/":4, *+(+/6! %('B+0 2$!$D"!"6)",, "06$(.=>+, 

"3+>1$<4, <$01(( "0 :/'0!$//$, "5(1%0+ %"%'61. U%;"6/4, <10$!+1( 2!$6%01:(.$0 %"5", )!'2/'= %0!'B)' 

<$01((+3$%)"D" 0"!+., /1!$@1//'= /1 %01/)$ +@ 0"(%04; 2(1%0+/. V – "5!1@/1. 0"!+$:1. /+0A % 2"<">A= 

<"(+56$/":", 2!":"(")+ 2!+)!$2(.$0%. ) :"(A#!1<":4< C($)0!"61<. 810$< *")"(A :21+:1=0 : 51(("/. 

71%2"("B$//1. !.6"< % 51(("/"< /$5"(AI1. 1<2'(1, %"6$!B1>1. ,"6, % 2"<">A= 6(+//", 2+!$)%":", 

0!'5)+ %"$6+/.$0%. % *")"($<. N$<2$!10'!1 "%1B6$/+. ($B+0 : 2!$6$(1; 1100 – 1400
"
. H 2!"*$%%$ "%1B6$/+. 

0$<2$!10'!' 51(("/1 2"66$!B+:1=0 2"%0".//",, 5(+@)", ) 0$<2$!10'!$ 6+%%"*+1*++. 

 

*45. 5.  "2$!$3/4, !1@!$@ +/6')*+"//", 2$3+ 6(. :1)''</", 

2(1:)+ + (+0A. 0"!+.. 1 – ):1!*$:4, )"(21), 2 – "0!1B10$(A/1. 2(+01, 3 

- %+((+<1/+0":4, C)!1/, 4 – +/6')0"!, 5 – +@"(.*+. +@ D!1#+0":", 

;!'2)+, 6 – *+(+/6! +@ 2(1:($/"D" ):1!*1, 7 – D!1#+0":4, C)!1/, 8 – 

D!1#+0":4, /1D!$:10$(A, 9 – 0+D$(A +@ ")%+61 5$!+((+., 10 – 0"!+$:1. 
D'5)1, 11 – 0"!+$:1. %0!'B)1, 12 – 2(1%0+/1 )(121/1 +@ ")%+61 5$!+((+., 
13 – "2"!1 )(121/1 +@ ")%+61 5$!+((+., 14 – /12!1:(.=>+$ +@ ")%+61 
5$!+((+., 15 – D!1#+0":4$ 2"6JF</4$ I0+#04 )(121/1, 16 – %(+:/"$ 
"0:$!%0+$, 17 – 2"62.0/+) )(121/1, 18 – "0:$!%0+. 6(. "0)13)+, 19 – 

0"()10$(A, 20 – %'22"!0 2"62.0/+)1 )(121/1, 21 – 2(1%0+/1 +; 

)1!5"*$((1-60, 22 - "D/$'2"!/1. )(16)1, 23 – 2"62.0/+) 2"6JF</+)1, 24 – 

3$;"( 6(. 0$!<"21!4, 25 – <$6/4$ 6+%)+, 26 – /$"2!$/":1. 2!")(16)1, 27 

– "2"!1 2(1:+(A/"D" 1D!$D101, 28 – 2$!$;"6/+), 29 – 6$#($)0"!, 30 – 

/$"2!$/":1. 2!")(16)1, 31 – +@("B/+*1, 32 – :1)''</4, :$/0+(A, 33 – 

)"B'; % :"6./4< ";(1B6$/+$<, 34 – )"B'; +@("B/+*4, 35 – !1<1 +@ 
'D"()":"D" <10$!+1(1, 36 – #'0$!":)1 )"B';1, 37 – 2!")(16)1, 38 – 

"2"!/1. 2(">16)1 +@("B/+*4, 39 – %0$!B$/A, 40 – '2("0/$/+$ +@ 
!$@+/":", 0!'5)+, 41 – ) :1)''</"<' /1%"%'. 

 

?20+<1(A/1. 0$<2$!10'!1 51(("/1, : )"0"!"< 2!":"6+0%. 
"%1B6$/+$ ,"6+%0"D" 0"!+., "2!$6$(.$0%. "0/"%+0$(A/4<+ 

%)"!"%0.<+ !$1)*++ "5!1@":1/+. 0$!0!1,"6+61 0"!+. + !$1)*++ 

0$0!1,"6+61 0"!+. % <$01((+3$%)+< 0"!+$<.  ":4I$/+$ 
0$<2$!10'!4 :4I$ 450

"
 ':$(+3+:1$0 %)"!"%0A "5$+; !$1)*+,.  !+ 

C0+; 0$<2$!10'!1; 2!$:!1>$/+$ 0$0!1,"6+61 0"!+. : 5"($$ /+@)+$ 
,"6+64 2!"+%;"6+0 6"%010"3/" 54%0!", 1 @1 "0/"%+0$(A/" 

)"!"0)+, 2!"<$B'0") :!$<$/+ 2!1)0+3$%)+ :$%A ,"6 2$!$;"6+0 : 
,"6+6 0"!+.. ?6/1)" 2"%($6/+, /$6"%010"3/" ($0'3, 30"54 

"5$%2$3+0A /$"5;"6+<'= %)"!"%0A "%1B6$/+. <$01((+3$%)"D" 

0"!+..  "C0"<' 0$<2$!10'!1 6"(B/1 540A 2"!.6)1 475
"
. 

W"0. ,"6+6/4$ 2!"*$%%4 2!$6/1@/131=0%. D(1:/4< "5!1@"< 



6(. 2"('3$/+. 0"!+. % /+@)+< %"6$!B1/+$< /$<$01((+3$%)+; 2!+<$%$,, 0$< /$ <$/$$, )!+%01((+3$%)+, 

%0$!B$/A ,"610/"D" 0"!+. %"6$!B+0 "3$/A <1(" 2!+<$%$, 6!'D+; <$01((":. N"!+$:4, )!+%01((+3$%)+, 

%0$!B$/A 2!$6%01:(.$0 %"5", %)"2($/+$ /$5"(AI+; 6":"(A/" 2!"3/" %:.@1//4; )!+%01((":, "6/1)" 

<$B)!+%01((+0/4$ %:.@+ /$6"%010"3/" 2!"3/4 + /$ <"D'0 "5$%2$3+0A %)"(A)"-/+5'6A @/13+0$(A/'= 

2!"3/"%0A %0$!B/.. &1) :+6/" +@ *45. 6, 0"!+$:4, %0$!B$/A %"%0"+0 +@ %0"(53104; @F!$/, !1%;"6.>+;%. 2" 

!16+'%' "0 %$!6*$:+/4 (2!":"(")+). 

 
*45. 6. R0!')0'!1 )!+%01((+3$%)"D" %0$!B/. +@ ,"6+%0"D" 0"!+.: 1 –:/$I/+, :+6 2!'0)1; 5 – 2"2$!$3/4, 

+@("<. NF</"$ 2.0/" : *$/0!$ – :/'0!$//.. /+0A. 
 

E(. 2"('3$/+. 0"!+. $>F 5"($$ :4%")", 3+%0"04, +%2"(A@'=0 5"($$ %("B/4, 2!"*$%%, : )"0"!"< 

%+/0$@ + !1@("B$/+$ ,"6+61 +6'0 : !1@6$(A/4; )"/0$,/$!1;; : C0"< %('31$ ,"6+6 0"!+. <"B/" "3+>10A 
2'0F< #!1)*+"//", 2$!$D"/)+ +(+ #!1)*+"//", %'5(+<1*++. 

 

2.1.3 -KL4A@F 93@AI@ 54C1F 2 C@2M4EKBH7H G3BI5C4E4H 
R 0$; 2"!, )1) : !$@'(A010$ "5('3$/+. 0"!+. : 10"</4; !$1)0"!1; %01(+ :46$(.0A 238

U, :"@/+)(1 
/$"5;"6+<"%0A 2$!$%<"0!1 )(1%%+3$%)+; <$0"6": 2(1:)+ <$01((+3$%)"D" 0"!+.. 
90" "5J.%/.$0%. 0$<, 30" 0!$5":1/+. ) #+@+3$%)+< %:",%0:1< + 3+%0"0$ 5"(AI+; 

)"(+3$%0: <$01((1 @/13+0$(A/" 2":4%+(+%A.  
H 2!1)0+)$ 2!"<4I($//", 2(1:)+ 0"!+. +%2"(A@'=0%. 6:1 <$0"61: 

+/6')*+"//1. 2(1:)1 : 0+D($ : @1>+0/", 10<"%#$!$ 1!D"/1 +(+ : :1)''<$ + 

6'D":1. 2(1:)1 % !1%;"6'$<4< C($)0!"6"< : 10<"%#$!$ 1!D"/1 + D$(+. 2!+ 

2"/+B$//"< 61:($/++.  $!:4, <$0"6 +<$$0 /$)"0"!4$ 2!$+<'>$%0:1: 
:"@<"B/"%0A @1D!'B10A 0+D(+ 5"(AI+<+ )'%)1<+ <$01((1 2!"+@:"(A/", #"!<4 +, 

2"%($ 0"D" )1) :$%A <$01(( !1%2(1:+0%., !1@(+0A $D" 2!.<" : #"!<4. L" ' /$D" 

$%0A + %'>$%0:$//4$ /$6"%010)+, %:.@1//4$ )1) % 0!'6/"%0A= !15"04 % :1)''</", 

2$3A=, 01) + % 2"65"!"< <10$!+1(1 6(. 0+D(.. E'D":1. 2$3A 5"($$ '6"5/1 6(. 
2(1:)+ 0"!+..  !+ $F +%2"(A@":1/++ /$ 2!"+%;"6+0 @1D!.@/$/+. %(+0)1 
<10$!+1("< 0+D(., </"D+$ 2!+<$%+ '($0'3+:1=0%. : 2(1<$/+ 6'D+, + 2"('31$0%. 
2("0/4, %(+0"), %:"5"6/4, "0 I(1)1 + /$<$01((+3$%)+; :)(=3$/+,. 

H <$0"6$ 6'D":", 2(1:)+ % !1%;"6'$<4< C($)0!"6"< : ";(1B61$<"< 0+D($ 
+%2"(A@'=0%. 6:1 0+21 +%;"6/"D" <$01((1: )"!"(A)+, 2"('31$<4$ 2!+ 

:"%%01/":($/++ )1(A*+$< #0"!+61 0"!+. («5+%):+04»), + 2"!"I"), 
2!"+@:$6F//4, !1%2(1:"< ;("!+%0", %"(+.  (1:)' :$6'0 /$ : 2"(/"< :1)''<$: 
61:($/+$ 2"66$!B+:1$0%. :4I$ 0", 0"3)+, 2!+ )"0"!", 2!"+%;"6+0 %:$0.>+,%. 
!1@!.6.  !+ C0"< '(1:(+:1=0 )"/6$/%+!'=>+$%. 21!4. E'D":1. 2$3A %"%0"+0 +@ 
<$6/"D" 0+D(., ")!'BF//"D" :"6./", !'51I)",, + :$!;/$, )1<$!4, :)(=31=>$, 

!1%;"6'$<4, C($)0!"6 +@ 0"!+$:", D'5)+ +(+ C($)0!"(+0+3$%)"D" 2"!"I)1 
2!+)!$2(F//4, ) ";(1B61$<"<' :"6", <$6/"<' 0")"2"6:"6.>$<' I0")'.  

 !"+@:"6%0:" 5"(AI+; %(+0)": :$6F0%. : 6:$ %016++.  $!:+3/4$ 
C($)0!"64 2$!$2(1:(.=0%. : %(+0)+ 6+1<$0!"< 10-12,5 %<. 2"%($6/+$ : %:"= 

"3$!$6A %01/":.0%. :0"!+3/4<+ C($)0!"61<+ + 2$!$2(1:(.=0%. : %(+0") 
5"(AI"D" 6+1<$0!1, 2!+3F< )"/$3/4, !1@<$! "2!$6$(.$0%. 0!$5":1/+.<+ 

61(A/$,I$, "5!15"0)+. L1 )1B6", +@ %016+, 2!"*$%% 2!";"6+0 2!+ 2"/+B$//"< 

61:($/++ D$(+. + 1!D"/1.  (1:)1 %"2!":"B61$0%. :46$($/+$< 5"(AI"D" 

)"(+3$%0:1 D1@":, )"0"!4$ %($6'$0 '61(.0A. 
R(+0)+, 2"('3$//4$ 2"%($ 6:",/", 2(1:)+, "543/" +<$=0 :$%A<1 



/$5"(AI'= 2"!+%0"%0A + '%16"3/4$ !1)":+/4, $%(+ 2(1:)1 @1)1/3+:1$0%. 2!+ 2"%0$2$//"< %/+B$/++ 

0$<2$!10'!4.  

 

2.1.4 N3BI5C43151=B2I4B C@D161C4A@61B 54C1F 
E(. +%%($6":1/+, : "5(1%0+ #+@+3$%)", <$01(('!D++ 0"!+. 31%0" 0!$5'$0%. <$01((+3$%)+, 0"!+, 

:4%")", 3+%0"04. 9($)0!"(+0+3$%)1. !1#+/+!":)1 0"!+., %"6$!B1>$D" 2!+<$%+, 2!$6%01:(.$0 +/0$!$%, )1) 
%!$6%0:" 2"('3$/+. )!+%01((": 0"!+. :4%")", 3+%0"04. 

9($)0!"(+0+3$%)"$ !1#+/+!":1/+$ 0"!+. 3$!$@ !1%2(1:($//4, C($)0!"(+0, +<$=>+, /+@)'= 

0$<2$!10'!' 2(1:($/+., +%2"(A@'$0 0"!+,, 2"('3$//4, <$0"6"< :"%%01/":($/+. : 5"<5$ (1/"6). 

71#+/+!":1//4, 0"!+, "0(1D1$0%. : :+6$ )!+%01((": /1 <"(+56$/":"< )10"6$.  "('3$//4$ )!+%01((4 2" 

%:"$, 3+%0"0$ /+%)"(A)" /$ '%0'21=0 <$01((', 2"('3$//"<' 6+%%"*+1*+$, ,"6+61 0"!+.. 9($)0!"(+0 
%"%0"+0 +@ 6:'; )"<2"/$/0": – %"(+, %"6$!B1>$, "%/":/", <$01(( (ThCl4 +(+ ThF4) + !1%0:"!+0$(. 6(. C0", 

%"(+ (%2(1: ;("!+6": (+0+. + )1(+. C:0$)0+3$%)"D" %"%01:1, N2(=352
"
). R;$<1 1221!10'!4 2!$6%01:($/1 /1 

*45. 7. L12!.B$/+$ 2+01/+. C($)0!"(+0+3$%)", :1//4 /$ 6"(B/" 2!$:4I10A 6H. 

 

*45. 8 . &!+%01((4 C($)0!"(+0+3$%)"D" 0"!+., :46$(+:I$D"%. /1 <"(+56$/":"< 

)10"6$. 
 

&10"6/4, 2!"6')0 2!$6%01:(.$0 %"5", 2("0/"$ %)"2($/+$ 0"!+$:4; )!+%01((": 
6$/6!+0/", #"!<4 !1@(+3/", :$(+3+/4 (*45. 8), !1@<$!4 )"0"!4; <$/.=0%. "5!10/" 

:$(+3+/1< 2("0/"%0+ 0")1 + /12!.B$/+.. E(. '61($/+. @/13+0$(A/"D" )"(+3$%0:1 
%"($, C($)0!"(+01, @12"(/.=>+; 2"!4 : )10"6/"< 2!"6')0$, 2"%($6/+, 2"6:$!D1$0%. 
:"6/", "0<4:)$. 810$< %($6'$0 "5!15"0)1 )!+%01((+3$%)"D" 2"!"I)1 0"!+. 10% 

!1%0:"!"< 1@"0/", )+%("04.  "%($ "0<4:)+ 6+%0+((+!":1//", :"6",, 2"!"I") 
/$%)"(A)" !1@ 2!"<4:1$0%. ;+<+3$%)+ 3+%04< 1*$0"/"< + @10$< ")"/310$(A/" – 

C0+(":4< %2+!0"<.  "%($ 2!"%'I)+ /1 :"@6';$ +(+ : :1)''<$ 2"!"I") 2"<$>1$0%. : 
%2$*+1(A/4$ :"@6';"/$2!"/+*1$<4$ %"%'64. 

 

2.2 :';+*&8'!"&' !7)<!%7+ %)#&0 

K$01((+3$%)+, 0"!+, )1) )"/%0!')*+"//4, <10$!+1( <1(" +/0$!$%$/. ?/ +<$$0 /+@)'= 2!"3/"%0A, 
2(";" 2!"0+:"%0"+0 )"!!"@++, "5(161$0 %!1:/+0$(A/" :4%")", 2("0/"%0A= + 6":"(A/" 6"!"D. 8/13$/+$ 0"!+. 
6(. )"/%0!')*+"//4; <10$!+1(": "D!1/+3+:1$0%. +%2"(A@":1/+$< $D" : )13$%0:$ (+D+!'=>$, 6"51:)+ : 
!1@(+3/4$ <$01((4, +<$=>+$ ;"!"I+$ )"/%0!')*+"//4$ %:",%0:1, % *$(A= 2":4I$/+. +; 2!"3/"%0+.  

L1 <$;1/+3$%)+$ %:",%0:1 0"!+. 5"(AI"$ :(+./+$ ")1@4:1$0 <$0"6 2"('3$/+. <$01((1, 0.). %:",%0:1 
0"!+. %+(A/" @1:+%.0 "0 /$@/13+0$(A/4; )"(+3$%0: 2!+<$%$,, "%"5$//" 0$;, )"0"!4$ "5!1@'=0 % /+< 0:F!64, 

!1%0:"! :/$6!$/+.. L1 !$@'(A0104 <$;1/+3$%)+; +%2401/+, @1<$0/"$ :(+./+$ ")1@4:1=0 <$0"64 

0$<"<$;1/+3$%)", "5!15"0)+ 0"!+., 1 01)B$ '%(":+. +%2401/+,. 

K$;1/+3$%)+$ +%2401/+. 0"!+. 2")1@1(+, 30" : 2$!:"< 2!+5(+B$/++ 2!$6$( 2!"3/"%0+ (+/$,/" 

':$(+3+:1$0%. % %"6$!B1/+$< 'D($!"61, <$01(( +<$$0 :$!;/+, + /+B/+, 2!$6$(4 0$)'3$%0+, <"6'(A 
'2!'D"%0+ <1(" +@<$/.$0%. 2!+ /$5"(AI+; +@<$/$/+.; %"6$!B1/+. 2!+<$%$, : 0"!++, /" %+(A/" @1:+%+0 "0 
0$)%0'!4, :"@/+)1=>$, 2!+ <$;1/+3$%)", "5!15"0)$ <$01((1, )"C##+*+$/0  '1%%"/1 <$01((+3$%)"D" 0"!+. 
2!+ )"</10/", 0$<2$!10'!$ "0,3. N:F!6"%0A 2$!$2(1:($//"D" : 6'D":", 2$3+ ,"6+%0"D" 0"!+. 2"%($ 
;"("6/", 6$#"!<1*++ + "0B+D1 %"%01:(.$0 32-42 $6+/+* 2" H+)$!%'. N:F!6"%0A :"%%01/":($//"D" : 5"<5$ 
0"!+. /1;"6+0%. : +/0$!:1($ 65 – 11 $6+/+*.  !+ %B10++ "5!1@$* :"%%01/":($//"D" 0"!+. 5$@ !1@!'I$/+. 
:46$!B+:1$0 %")!1>$/+$ 6(+/4 /1 80%. K"6'(A %6:+D1 "3;10

-3
 )D/<<2

.  

U@'3$/+$ :(+./+. 0$<2$!10'!4 D1 <$;1/+3$%)+$ %:",%0:1 0"!+. 2")1@1(", 30" % 2":4I$/+$< 

0$<2$!10'!4 2!"3/"%0/"D" +%2401/+. 2!"+%;"6+0 %/+B$/+$ 2!"*$/01 "0/"%+0$(A/"D" '6(+/$/+.. R/+B$/+$ 
2!$6$(1 0$)'3$%0+ 2!+ 2":4I$/++ 0$<2$!10'!4 %"%01:(.$0 47 + 35% 2!+ %)"!"%0.; 6$#"!<1*++ 0,025 + 

0,063 %</<+/. R !"%0"< 0$<2$!10'!4 0:F!6"%0A 0"!+. '54:1$0 2" C)%2"/$/*+1(A/", @1:+%+<"%0+; 2$!$;"6 "0 
;!'2)"D" %"%0"./+. : 2(1%0+3/"$ 2!"+%;"6+0 : +/0$!:1($ 0$<2$!10'! 200 – 400

"
; 2!+ 6$#"!<1*++ 2!"0$)1=0 

2!"*$%%4 %01!$/+.. 
9)%2$!+<$/04 2" !$)!+%01((+@1*++ 0"!+. 2")1@1(+, 30" 

N$<2$!10'!1 !$)!+%01((+@1*++ 3+%0"D" ,"6+%0"D" 0"!+., 2"6:$!D/'0"D" ;"("6/", 2!")10)$ 
% 20-80%-/4< "5B10+$<, /1;"6+0%. : 2!$6$(1; 500 – 700

"
. 

N$<2$!10'!1 !$)!+%01((+@1*++ 0"!+., 2"('3$//"D" 2'0F< :"%%01/":($/+. #0"!+61 
)1(A*+$< + 2"6:$!D/'0"D" ;"("6/", 2!")10)$ % 20-80%-/4< "5B10+$<, /1;"6+0%. : 2!$6$(1; 520 – 700

"
. 



GD($!"6, 2!$6%01:(.=>+, %"5", "%/":/'= 2!+<$%A, %"6$!B1>'=%. : :"%%01/":($//"< 

0"!++, /$ ")1@4:1$0 %'>$%0:$//"D" :(+./+. /1 0$<2$!10'!' !$)!+%01((+@1*++ 0"!+.. ?6/1)" %2(1:4, 

%"6$!B1>+$ 5"(AI$$ )"(+3$%0:" 'D($!"61, 3$< :"%%01/":($//4, 0"!+, 2"%($ !$)!+%01((+@1*++, +<$=0 
D"!1@6" 5"(AI'= 0:F!6"%0A, 3$< %01/61!0/4, <10$!+1(. 

L$%<"0!. /1 %!1:/+0$(A/" :4%")'= 0$<2$!10'!' 2(1:($/+. <$01((+3$%)+, 0"!+, "5(161$0 /+@)", 

2!"3/"%0A= + :4%")", 2(1%0+3/"%0A= 2!+ )"</10/", 0$<2$!10'!$.  $!$2(1:($//4, ,"6+6/4, 0"!+, ($D)" 

6$#"!<+!'$0%. 2"6 /1D!'@)",. H"%%01/":($//4, 0"!+, +@-@1 /1(+3+. 2!+<$%$, 2!+ ;"("6/", "5!15"0)$ 
2(";" 2"661F0%. 2!"*$%%1< 6$#"!<1*++, 0"D61 )1) 2!+ 2":4I$//4; 0$<2$!10'!1; 6$#"!<+!'$<"%0A $D" 

"%01F0%. 6":"(A/" :4%")",.  

?0/"%+0$(A/" 3+%04, 0"!+, "5(161$0 "3$/A ;"!"I$, 2!"3/"%0A= <$B)!+%01((+0/4; %:.@$, + <"B$0 
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3.  "%(O)%-P&)% P%!-(/!/(Q &%"(0 
 

3.1 @&)"!&. %)#&0 

M0"54 2"('3+0A 5$(4, 2"!"I") 6+")%+61 0"!+., ThO2, /1D!$:1=0 +@<$(A3$//4, 0"!+0 % /$5"(AI+< 

+@540)"< %($D)1 !1@51:($//", %$!/", )+%("04; 2!"6')0 +@<$(A31=0, /1D!$:1=0 2!+ 500° 6(. '61($/+. 
+@540)1 %$!/", )+%("04, "%010") "5!15104:1=0 ;"("6/", (0°) :"6", + "0#+(A0!":4:1=0 "0 )!$</$@$<1; 
#+(A0!10 "5!15104:1=0 1<<+1)"<, 2!+ /1D!$:1/++ "%1B61$0%. Th(OH)4, )"0"!4, !1%0:"!.=0 : %"(./", 

)+%("0$.  !+51:(.. >1:$($:", )+%("04, "%1B61=0 ")%1(10 0"!+.; 2!")1(+:1/+$ "%16)1 2!+:"6+0 /1)"/$* ) 
ThO2, )"0"!1. "54)/":$//" %"6$!B+0 $>$ ")+%(4 *$!+., +00!+., <1!D1/*1. E(. "3+>$/+. ThO2 2!$:!1>1=0 
: %'(A#10 + 2"(A@'=0%., </"D")!10/", $D" %2"%"5/"%0A= !1%0:"!.0A%. 2!+ 0° + "%1B610A%. 2!+ 20°. H 

)!+%01((+3$%)"< %"%0"./++ ThO2 2"('31$0%. %2(1:($/+$< % 5'!",; "/1 +@"<"!#/1 % !'0+("< + "(":.//4< 

)1</$<, '6$(A/4, :$% 12,2.  

E+")%+6 0"!+. <"B$0 540A 2!+D"0":($/ +@ ")%1(101 + </"D+; 6!'D+; %"($, 2!")1(+:1/+$< +; /1 
:"@6';$, /12!+<$!: 

Th(C2O4)2[2H2O +O2 \ ThO2 +4CO2 +2H2O               (6) 

  

 

 

 



3.2 A&%#+% %)#&0 

 "('3$/+$ /+0!101 0"!+. +6F0 2" %;$<$: 

 
*45. 22. R;$<1 2!"+@:"6%0:1 /+0!101 0"!+.. 
 

 "('3$/+$ 1@"0/")+%("D" 0"!+. :4%")", 3+%0"04 "%'>$%0:(.=0 2'0F< B+6)"%0/", C)%0!1)*++. H 

)13$%0:$ C)%0!1D$/01 +%2"(A@'=0 !1%0:"! NPQ : %"(:$@"100. +%;"6/4< <10$!+1("< %('B+0 0$;/+3$%)+, 

/+0!10 0"!+., %"6$!B1>+, 1% 2!+<$%$,; 2" 3+%0"0$ C0" %""0:$0%0:'$0 %"(+, +%2"(A@'$<", 6(. 2!"+@:"6%0:1 
D1@")1(+(A/4; %$0"). K$0"6 61F0 :4%")"$ +@:($3$/+$ (99,9%) + :4%")'= 3+%0"0' 2"('3$//"D" 2!"6')01. 

 

3.3 5)/48'*&' %'%#+?%)#&.+ %)#&0 

Q0"!+6 0"!+., ThF4, 2"('31=0 (+5" /1D!$:1/+$< ThO2 % D1@""5!1@/4< HF (%';", 2!"*$%%), (+5" 2'0F< 

!$1)*++ /+0!101 0"!+. : :"6/"< !1%0:"!$ % 2(1:+)":", )+%("0",.  !"0$)1=>+$ : C0+; 2!"*$%%1; !$1)*++: 

OHThFHFThO
o

24

560

2 24 #$$ $#                        (7) 

% & 324

,95

43 44 2 HNOOxHThFHFNOTh
OHo

#'$$$  $#             (8) 

ThO2 +2CCl2F2 \ ThF4 +2COCl2                                  (9) 

H 2!"<4I($//4; '%(":+.; 6(. 2"('3$/+. 0$0!1#0"!+61 )!+%01((4 /+0!101 0"!+. %/131(1 !1%0:"!.=0 
: :"6$, 2"0"< +@ !1%0:"!1 2!+ 6"51:($/++ >1:$($:", )+%("04 "%1B61$0%. ")%1(10 0"!+., )"0"!4, 

#+(A0!'$0%. + :4%'I+:1$0%., 1 @10$< 2!")1(+:1$0%. /1 :"@6';$ 6" ")%+61 0"!+. 2!+ 700
"
.  "('31$0%. 

!$1)*+"//4, ")%+6, 2!+D"6/4, 6(. D+6!"#0"!+!":1/+.. M$!$@ C0"0 ")%+6 2!+ 0$<2$!10'!$ 550
"
 

2!"2'%)1$0%. 5$@:"6/4, #0"!+%04, :"6"!"6; 2!+ C0"< "5!1@'$0%. 2!1)0+3$%)+ 100% 0$0!1#0"!+6 0"!+.. 
 $!$6 2!+D"0":($/+$< I+;04 "/ +@<$(A31$0%. 6" 100 <$I. Q0"!+6 0"!+. 6"(B$/ 540A :4%'I$/, 0.). 2!+ 

/1(+3++ :(1D+ : 2!"6')0$ : 2!"*$%%$ $D" 61(A/$,I$D" :"%%01/":($/+. :"@<"B/" "5!1@":1/+$ :"6"!"61.  
 

3.4 5)/48'*&' )"!+/+%+ %)#&0 

 "('3$/+$ ")%1(101 0"!+. "543/" :$6'0 !1%0:"!$/+$< /+0!101 0"!+. : 6+%0+((+!":1//", :"6$ % 
2"%($6'=>+< "%1B6$/+$< ")%1(101 2!+ 6"51:($/++ 0$;/+3$%)", >1:$($:", )+%("04.  "('3$//4, ")%1(10 
0"!+. "0#+(A0!":4:1$0%. + 2!"<4:1$0%..  

 !"0$)1=>1. !$1)*+.: 
Th(NO3)4

.
4H2O + 2H2C2O4

.
2H2O = Th(C2O4)2

.
2H2O + 4HNO3 + 4H2O           (10) 

V%(+ "%1B6$/+$ ")%1(101 0"!+. 2!":"6+0%. : 0>10$(A/" )"/0!"(+!'$<4; '%(":+.;, 0" 2"('31$0%. 
)!+%01((+3$%)+, "%16"), %"6$!B1>+, 30% :(1D+, '6"5/4, 6(. 61(A/$,I$, "5!15"0)+. H(1B/4, ")%1(10 
0"!+. %'I+0%. : 2$3+ ( =95

"
) 6" 2"('3$/+. ")%1(101 0"!+. %"%01:1 Th(C2O4)2

.
2H2O. H1B/", 30"54 %'I)1 

")%1(101 0"!+. % 5"(AI+< %"6$!B1/+$< :(1D+ 2!"+@:"6+(1%A %!1@' B$ 2"%($ $D" 2"('3$/+. : %:.@+ % 
:"@<"B/4< "5!1@":1/+$< 0+)%"0!"2/", %0!')0'!",.  "%($ %'I)+ ")%1(10 2"%0'21$0 : @1D!'@"3/4, 5'/)$! 

<$(A/+*4, +@<$(A31=>$, %2$)I+$%. )'%)+ 6" )!'2/"%0+, 2!+ )"0"!", "/+ 2!";"6.0 3$!$@ @1D!'@"3/4, I/$) 
2!")1("3/", 2$3+. H4%'I$//4, ")%1(10 0"!+. %!1@' 2"6:$!D1$0%. 2!")1(+:1/+= 2!+ 700

"
 :" :!1>1=>$,%. 

2$3+ % D1@":4< 2"6"D!$:"<.  !"*$%% +6F0 2" !$1)*++: 

Th(C2O4)2
.
2H2O + O2 = ThO2 + 4CO2 + 2H2O                (11) 

 

3.5 @#49&' !)'.&*'*&0 %)#&0 

R"(+ 3)04!F;:1($/0/"D" 0"!+. ($D)" 2"('3+0A 2'0F< "5!15"0)+ D+6!")%+61, ")%+61 +(+ )1!5"/101 
0"!+. %""0:$0%0:'=>+<+ <+/$!1(A/4<+ )+%("01<+. H1B/$,I+$ %"(+, )"0"!4$ : "543/4; '%(":+.; 



%'>$%0:'=0 : D+6!10+!":1//", #"!<$, %($6'=>+$: ThF4
.
8H2O, Th(PO4)

.
4H2O, Th(SO4)2

.
9H2O, Th(SO4)2

.
4H2O 

+ Th(C2O4)2
.
6H2O.  

N$0!1;("!+6 0"!+. "543/" 2"('31=0 2" !$1)*+.<: 

% & COCOThClThOClOCTh
o

412224 242

327

2242 ###$$ $#            (12) 

224

527

22 3322 COThOClThClCOClThO
o

##$$ $##                     (13) 

COThClCClThOCl
o

#$$ $## 4

677

22                                             (14) 

22442 44 FeClCOThClFeClCThO ## ##  

322 424 FeClClFeCl  #                                                                  (15) 

71%2!"%0!1/$/4 01)B$ ")%+%"$6+/$/+., 01)+$ )1) ThOCO3
.
8H2O, ThOS + ThOF2. -$D)" "5!1@'=0%. 

)"<2($)%/4$ %"(+ Na2Th(CO3)5
.
12H2O, (NH4)2[Th(CO3)3]

.
6H2O + (NH4)4[Th(C2O4)4]

.
4H2O. 

H )"/*$/0!+!":1//4; !1%0:"!1; 2!+ /+@)", )+%("0/"%0+ 0"!+, <"B$0 %'>$%0:":10A : :+6$ )10+"/": 
ThO

2+
 + Th(OH)

3+
. U@:$%0/4 01)B$ 1/+"/4, : )"0"!4$ :;"6+0 0"!+,; 31%0" :%0!$31=0%. 6:",/4$ %"(+ % 

>$("3/4<+ + !$6)"@$<$(A/4<+ <$01((1<+. N$0!1;("!+6 + 1@"0/")+%(4, 0"!+, "5(161=0 :4%")", 

!1%0:"!+<"%0A= : :"6$. H (+0!$ :"64 <"B/" !1%0:"!+0A %:4I$ 1000 D 1@"0/")+%("D" 0"!+.. S+6!")%+6 0"!+. 
2!1)0+3$%)+ /$!1%0:"!+< : :"6$. ?)%+%'6A#+6 0"!+., ThOS, + 6+%'(A#+6, Th2S, 2"('31=0 2'0F< /1D!$:1 
")%+61 0"!+. % %$!":"6"!"6"<. E+D+6!+6 0"!+., ThH2, "5!1@'$0%., $%(+ 0"!+, /1D!$:10A : :"6"!"6$. 

 



 

 !"#$%%"! 

 .!."#$%&' 

 

()* + 

 

&'!% ($)*+, 

 

-$)*+. 6. ,* -.!.! . ()* /   .0) 1).2 !.!  
 

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

/"!+, 0$ 0123( 2+!")"4" 5!+6$0$0+.. /$6 0$ 6$0$$, 5!+6$!7 $4" +%5"(89":10+. : 0$)";"!7< 

"=(1%;.< 01')+ + ;$<0+)+ 01,;+ 6">0". ?15!+6$!, : 01')$, "%0":1007, 01 %"";0"2$0++ ;"!+,/'!10 6$;"@ 

4$"<!"0"("4++, +%5"(89'$;%. @(. @1;+!":)+ !19(+A07< ")16$0$("%;$,. B 1913-1920 ;"!+, (;"A0$$ – 5!"@'); 

$4" !1%51@1 – 6$9";"!+,) 5!+6$0.(+ : 5!"+9:"@%;:$ %:$;.C+<%. )!1%"), )";"!76+ 010"%+(+ *+#!7 01 

*+#$!=(1;7 A1%":. D@01)", E;" 5!"+9:"@%;:" =7%;!" 91)!7(+ +9-91 %!1:0+;$(80" )"!";)"4" 5$!+"@1 

5"('!1%51@1 6$9";"!+. + +9-91 $4" :7%")", !1@+";")%+A0"%;+. 

 

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

F9-91 %:"+< 0$'@1A07< 6$<10+A$%)+< %:",%;: 6$;1((+A$%)+, ;"!+, 5!1);+A$%)+ 0+)"4@1 0$ 

+%5"(89'$;%. )1) )"0%;!')*+"007, 61;$!+1(. G"(82$$ !1%5!"%;!10$0+$ 5"('A+(+ $4" %5(1:7 % @!'4+6+ 

6$;1((16+.  

/"!+, – 5!$)!1%07, 61;$!+1( @(. +94";":($0+. 91C+;07< E)!10": "; +"0+9+!'HC$4" +9('A$0+. + 

+94";":($0+. )"0;$,0$!": @(. 5$!$:"9)+  -+9('A1HC+< !1@+"0')(+@":. /$6 0$ 6$0$$, 01 5!1);+)$ @(. E;", 

*$(+ 5!+6$0.H; '!10. 

/"!+, (1-2%) @"=1:(.H; : %:1!"A07$ :"(8#!16":7$ E($);!"@7, A;" 5":721$; %;1=+(80"%;8 @'4+. I4" 

;1)>$ @"=1:(.H; : %"%;1: @'4":7< '4($, @(. ':$(+A$0+. .!)"%;+ E($);!+A$%)", @'4+, +%5"(89'$6", : 

5!">$);"!1<. B:$@$0+$ ;"!+. : %"%;1: :"(8#!16":7< 0+;$, @(. E($);!"(165 01)1(+:10+. ':$(+A+:1$; %!") 

+< %('>=7.  ")!7;+$ :"(8#!16":7< 0+;$, ;"!+$6 ':$(+A+:1$; E($);!"00'H E6+%%+H % 014!$;7< )1;"@": (: 

:1)''6$ +%5'%)10+$ E($);!"0": 01A+01$;%. 5!+ ="($$ 0+9)", ;$65$!1;'!$). B E($);!":1)''607< 5!+="!1< 

;"!+, 5!+6$0.$;%. @(. !$4'(+!":10+. 5";$0*+1(1 91>+410+. : "%:$;+;$(807< (1651< % *$(8H %;1=+(+91*++ 

!1=";7 (1657 : 5!"*$%%$ E)%5('1;1*++. J!1:0+;$(80" 0+9)1. !1=";1 :7<"@1 + %5"%"=0"%;8 ;"!+. ) 

E($);!"@0", E6+%%++ +%5"(89'H;%. : !19(+A07< 419"!19!.@07< 5!+="!1<, ;1)+<, )1) !;';07$ (1657 

:7%")"4" @1:($0+., =1);$!+*+@07$ (1657 + !19(+A07$ (1657 0+9)"4" @1:($0+. % <"("@076 )1;"@"6. 

F%5"(89":10+. ;"!+. : )1A$%;:$ 61;$!+1(1 @(. E($);!"@": "=$%5$A+:1$; 0+9)+, 5";$0*+1( 91>+410+. + 

="($$ :7%")'H 5!"@"(>+;$(80"%;8 %('>=7, A$6 ' )1;"@":, 5")!7;7< ")%+@"6 ;"!+. +(+ ' )1;"@": +9 

;"!+!":100"4" :"(8#!161. 

/"!+, 5!+6$0.$;%. @(. 5":72$0+. ;$!6"+"00", E6+%%++, 9@$%8 $4" %:",%;:1 )1) 4$;;$!1 :$%861 

%'C$%;:$007. /"!+, 1@%"!=+!'$; )+%("!"@ 0$"=!1;+6". K9"; 91<:1;7:1(%. =7 5"(0"%;8H, 0" 0+;!+@7 : 

5!+%';%;:++ 51!": :"@7 0$'%;",A+:7 5!+ %!1:0+;$(80" 0+9)+< ;$65$!1;'!1<. F0"4@1 ;"!+, 5!+6$0.$;%. : 

)1A$%;:$ %$($);+:0"4" 4$;;$!1 @(. %"9@10+. 5"%;".00"4" 0+9)"4" @1:($0+. :"@"!"@1.  $!%5$);+:0" 

+%5"(89":10+$ %"%;1:07< 4$;;$!":, ;.). %5(1:7 ;+;10-;"!+, 1@%"!=+!'H; :"@"!"@ ('A2$, A$6 *+!)"0+,. 

L$;;$!7 %"%;1:1 1(H6+0+,-*$!+,-;"!+, ")191(+%8 :$%861 E##$);+:076+ @(. 5"4("C$0+. 419": 5!+ 0+9)", 

;$65$!1;'!$. 

/"!+, +%5"(89'$;%. : :"(8#!16":7< E($);!"@1< @(. 4$(+$:"-@'4":", %:1!)+, 4@$ "0 %5"%"=%;:'$; 

=7%;!"6' 91>+410+H @'4+ + $3 %;1=+(80"%;+. /"!+, 5!+6$0.$;%. @(. 5"('A$0+. 5(";07< 5(1%;+A07< 

%:1!07< 2:": 5!+ %:1!)$ 6"(+=@$01. D0 ;1)>$ +%5"(89'$;%. : #";"E($6$0;1< @(. +96$!$0+, : 2+!")", 

5"("%$ '(8;!1#+"($;":"4" 'A1%;)1 %5$);!1. 

M$;1((+A$%)+, ;"!+, 5!+6$0.$;%. )1) !1%)+%(+;$(8 (015!+6$!, @(. 6"(+=@$01 + >$($91). I4" 

@$,%;:+$ 91)(HA1$;%. : %:.97:10++ !19(+A07< 5!+6$%$,, : A1%;0"%;+, )+%("!"@1, A;" 5!+:"@+; ) %0+>$0+H 

;$65$!1;'!7 5$!$<"@1 6"(+=@$01 +9 <!'5)"4" %"%;".0+. : 5(1%;+A0"$. D@01)" 5!+6$0$0+$ ;"!+. : )1A$%;:$ 

!1%)+%(+;$(. 5!+:"@+; ) "=!19":10+H : 6$;1(($ ")%+@0", #197, )";"!1. :797:1$; 5"0+>$0+$ 5(1%;+A0"%;+ 

6$;1((1 5!+ :7%")", ;$65$!1;'!$. 



 

/"!+, : :+@$ 6$;1((1 5!+6$0.$;%. : 6$;1(('!4++ @(. ($4+!":10+. (34)+< %5(1:":, "%"=" 2+!")" 

+%5"(89'$67< : 1:+1*++ + !1)$;0", ;$<0+)$. D0 916$;0" 5":721$; 5!"A0"%;8 + >1!"%;",)"%;8 %5(1:": 01 

>$($90",, 0+)$($:",, )"=1(8;":",, 6$@0",, 6140+$:", +(+ 1(H6+0+$:", "%0":$. G"(82"$ 901A$0+$ +6$H; 

60"4")"65"0$0;07$ %5(1:7 01 6140+$:", "%0":$, %"@$!>1C+$ ;"!+,, 1 ;1)>$ Zn, Zr, + Mn; %5(1:7 

";(+A1H;%. 0$="(82+6 '@$(8076 :$%"6, <"!"2$, 5!"A0"%;8H, :7%")", %;",)"%;8H 5!+ 5":72$007< 

;$65$!1;'!1<. N;+ %5(1:7 5!+6$0.H; @(. @$;1($, !$1);+:07< @:+41;$($,, '5!1:(.$67< %01!.@":, 

E($);!"00", + !1@1!0", 1551!1;'!7.  

 

1.2 /0('12 &,!". 

 !+ 5":72$007< ;$65$!1;'!1< ;"!+, ($4)" :%;'51$; : !$1)*+H % :"9@'<"6 + :"@",. D0 "=(1@1$; 

+9";!"50", )!+%;1((+A$%)", !$23;)", + 5"E;"6' 5!$@%;1:(.$; %"=", "A$08 6.4)+,, 5(1%;+A07, 6$;1((. 

 "E;"6' 0$"=<"@+6" ($4+!":10+$ ;"!+. )1) %!$@%;:" '('A2$0+. $4" )"!!"9+"00", %;",)"%;+ + 5!"A0"%;07< 

<1!1);$!+%;+). & %">1($0+H, ;"!+, +6$$; 0$"=7A0" ="(82", 1;"607, @+16$;!, 0.359 06, A;" "4!10+A+:1$; 

A+%(" =+01!07< %5(1:": % "=2+!0", "=(1%;8H ;:3!@7< !1%;:"!":. D0 +6$$; @:$ 1((";!"5+A$%)+$ 

6"@+#+)1*++. K(8#1-;"!+, "=(1@1$; )'=+A$%)", 4!10$*$0;!+!":100", !$23;)", + '%;",A+: @" 1360
"
. B72$ 

E;", ;$65$!1;'!7 @" ;$65$!1;'!7 5(1:($0+., 1450
"
, '%;",A+: =$;1-;"!+,, "=(1@1HC+, 

"=O36"*$0;!+!":100", !$23;)",. 

F%<"@. +9 1;"60"4" @+16$;!1, )!+%;1((+A$%)", %;!');'!7 + :1($0;0"%;+ ;"!+., 6">0" 91)(HA+;8, A;" 

$@+0%;:$0076 E($6$0;"6, %5"%"=076 @1;8 0$5!$!7:07, !.@ +9"6"!#07< ;:3!@7< !1%;:"!": % !-;"!+$6 

.:(.$;%. $4" =(+>1,2+, 101("4 – *$!+,. K;"607, @+16$;! *$!+. (+28 01 1% ="(82$, A$6 ' ;"!+.. P$!+, 

;!3<:1($0;$0 + "=(1@1$; )'=+A$%)", 4!10$*$0;!+!":100", !$23;)",. B"96">01 5"(01. :91+601. 

!1%;:"!+6"%;8 *$!+.. Q!'4+$ RSN E($6$0;7, +6$HC+$ =(+9)+$ % ;"!+$6 !196$!7 + :1($0;0"%;+, 0" 

";(+A1HC+$%. "; 0$4" )!+%;1((+A$%)", %;!');'!",, ;1)>$ "=!19'H; % !-;"!+$6 2+!")+$ "=(1%;+ ;:3!@7< 

!1%;:"!":. & A+%(' ;1)+< E($6$0;": ";0"%.;%. +;;!+,, (10;10 + 5!19$"@+6. F6$$; 6$%;" 0$5!$!7:01. 

!1%;:"!+6"%;+ "-;"!+. : + "-*+!)"0++ (!19(+A+$ 1;"607< @+16$;!": Th + Zr 0$ 5!$:721$; 15%). K;"6 

41#0+. +6$$; 0$%)"(8)" 6$082+, !196$!, + !190+*1 1;"607< @+16$;!": E;+< 6$;1((": : "-#19$ 5!$:721$; 

15%. G"(821. !190+*1 1;"607< @+16$;!": ")197:1$;%. @"%;1;"A0",, A;"=7 :79:1;8 "4!10+A$00'H 

!1%;:"!+6"%;8 41#0+. : "-;"!+..G"(82", 1;"607, @+16$;! ;"!+. 91;!'@0.$; "=!19":10+$ ;:3!@7< !1%;:"!": 

916$C$0+. + =(14"5!+.;%;:'$; "=!19":10+H ;:3!@7< !1%;:"!": :0$@!$0+. % ;1)+6+ E($6$0;16+, )1) '4($!"@, 

="! + 19";. B A1%;0"%;+ %'C$%;:'$; 2+!")1. "=(1%;8 ;:3!@7< !1%;:"!": :0$@!$0+. '4($!"@-;"!+,. 

 

1.2.1 ,-./012 /34-5 - 1267-5 

J5(1:7 6140+. % ;"!+$6 +%5"(89'H; : %16"(3;07< + !1)$;07< @:+41;$(.<, 5"%)"(8)' "0+ "=(1@1H; 

5":72$00", 5!"A0"%;8H + :7%")+6 %"5!";+:($0+$6 5"(9'A$%;+ 5!+ 

:7%")+< ;$65$!1;'!1<.  " %!1:0$0+H % @!'4+6+ (+4+!'HC+6+ 

E($6$0;16+ ;"!+, : 01+('A2$, %;$5$0+ '('A21$; 5!"A0"%;07$ %:",%;:1 

6140+. + 5":721$; $4" %"5!";+:($0+$ 5"(9'A$%;+ 5!+ :7%")+< 

;$65$!1;'!1<.  

 

*34. 1. Q+14!1661 %"%;".0+. %+%;$67 6140+,-;"!+,. 

 

B >+@)"6 %"%;".0++ ;"!+, + 6140+, 5"(0"%;8H %6$2+:1H;%..  !+ 

8 1;% ;"!+. "=!19'$;%. E:;$);+)1, 5!+A36 61)%+61(801. !1%;:"!+6"%;8 

;"!+. + 6140+. 5!+ E:;$);+A$%)", ;$65$!1;'!$ %"%;1:(.$; 0,5 1;.%.  !+ 

300
"
 E;1 !1%;:"!+6"%;8 '6$0821$;%. @" 0,1%. G"41;1. 6140+$6 E:;$);+)1 

5(1:+;%. 5!+ ;$65$!1;'!$ 582
"
. D01 %"%;"+; +9 ;:3!@"4" !1%;:"!1 01 

"%0":$ 6140+. + %"$@+0$0+. Mg4Th. B ="($$ ="41;", ;"!+$6 "=(1%;+, : 

%+%;$6$ +6$$;%. "@0" %"$@+0$0+$ Mg2Th, 4$)%14"01(801. !$23;)1 

)";"!"4" 5!+ ;$65$!1;'!$ 700
"
 5!$:!1C1$;%. : )'=+A$%)'H. T191 % 

)'=+A$%)", !$23;)", 5!+ 700
"
 5!$:!1C1$;%. : )'=+A$%)'H. 

 (";0"%;8 ;"!+. 11,7 )4/%6
3
, 1 5(";0"%;8 6140+. 1,74 4/%6

3
. 

J($@":1;$(80", @"=1:)1 ;"!+. ) 6140+H :797:1$; =7%;!"$ ':$(+A$0+$ 

5(";0"%;+. G7%;!"$ ':$(+A$0+$ 5(";0"%;+ % !"%;"6 %"@$!>10+. ;"!+. 5!1);+A$%)+ 0$ +6$$; 901A$0+., ;.). : 



 

5!"672($007< ;"!+,-6140+$:7< %5(1:1< %"@$!>+;%. (+28 "; 1 @" 3 :$%.% ;"!+..  !+ 61(7< %"@$!>10+.< 

;"!+. 5(";0"%;8 %5(1:1 0$ 5!$:721$; 5(";0"%;+ ="(82+0%;:1 %5(1:": 6140+.. Q"=1:)1 ;"!+. 0$ :797:1$; 

916$;0"4" +96$(8A$0+. 9$!01 : 6140++. D%"=$00"%;8 %5(1:": 6140+. % ;"!+$6 - :7%")"$ %"5!";+:($0+$ 

5"(9'A$%;+ 5!+ 5":72$007< ;$65$!1;'!1<. Q"=1:)1 ;"!+. ) 6140+H 5"9:"(.$; 5"('A+;8 %5(1:, )";"!7, : 

@$#"!6+!":100"6 %"%;".0++ +6$$; "@+01)":7, 5!$@$( ;$)'A$%;+ 5!+ %>1;++ + 5!+ !1%;.>$0++. /!",07$ 

%5(1:7 ;"!+,-*+!)"0+,-6140+, 5!+ :%$< ;$65$!1;'!1< "=(1@1H; 0$%)"(8)" ('A2+6+ %:",%;:16+, A$6 

=+01!07$ %5(1:7 6140+. % ;"!+$6. Q$#"!6+!'$67$ %5(1:7 5!".:(.H; <"!"2'H %:1!+:1$6"%;8, 5!+A36 

5"%($ %:1!)+ 0$ ;!$='$;%. 5!":"@+;8 %0.;+$ 015!.>$0+,. Q"=1:)1 61!410*1 +(+ *+0)1 ) %5(1:16 ;"!+,-

6140+, 916$;0" 5":721H; +< >1!"5!"A0"%;8. B:$@$0+$ *$!+. 5":721$; %"5!";+:($0+$ 5"(9'A$%;+ %5(1:1 

;"!+,-6140+, + ;"!+,-*+!)"0+,-6140+,, "%"=$00" 5!+ ;$65$!1;'!1< 260
"
 + :72$. 

/1)+6 "=!19"6, +%5"(89":10+$ ;"!+. : )1A$%;:$ ($4+!'HC$4" E($6$0;1 901A+;$(80" !1%2+!.$; 

+0;$!:1( ;$65$!1;'!, 5!$@$(1< )";"!"4" )"0%;!')*+"007$ 6140+$:7$ %5(1:7 %"<!10.H; %:"+ 5!"A0"%;07$ 

<1!1);$!+%;+)+. 

 

1.2.2 ,-./012 /34-5-8427 

Q(. !$2$0+. 0$)";"!7< 91@1A .@$!0", E0$!4$;+)+ ;!$='H;%. %5(1:7 ;"!+,-'!10. /"!+,, )1) + '!10, 

:<"@+; : !.@ 1);+0+@":, 5"E;"6' @:1 6$;1((1 +6$H; 6$>@' %"=", 60"4" "=C$4" % ;"A)+ 9!$0+. +< 5":$@$0+. 

5!+ ($4+!":10++ - "0+ "=!19'H; :$%861 %<">+$ %5(1:7. 

Q+14!1661 ;"!+,-'!10 5!+:$@$01 01 *34. 2. R1%;:"!+6"%;8 ;"!+. : '!10$ "A$08 61(1. B(+.0+$ '!101 

01 1((";!"5+A$%)"$ 5!$:!1C$0+$ : ;"!++ 0$ "=01!'>$0". B %+%;$6$ ;"!+,-'!10 0$; +0;$!6$;1((+A$%)+< 

%"$@+0$0+,. 

 
*34. 2. T19":1. @+14!1661 %"%;".0+. %+%;$67 ;"!+,-'!10 (A1%;8, "<:1;7:1HC1. %5(1:7 % :7%")+6 

%"@$!>10+$6 ;"!+.). 

 

J5(1: ;"!+. + '!101 5!+6$0.$;%. : )1A$%;:$ ;"5(+:1 : ;"!+$:"6 !$1);"!$. D0 @:'<#1907,, 1 

;$65$!1;'!1 : %"($:"6 !$1);"!$ @"%;1;"A0" :7%")1 (1080
"
) @(. ;"4", A;"=7 "=!19":1:2+,%. '!10 :7@$(.(%. 

01 '>$ %'C$%;:'HC+< :)(HA$0+.<. U!10":1. #191 5!+"=!$;1$; :+@ 21!""=!1907< A1%;+* !-'!101, 

!1%5!$@$(3007< : ;"!+$:", "%0":$.  !+ :7%")+< :74"!10+.< :0';!+ ;"!+$:", "=!19'H;%. :)(HA$0+. 

>+@)", #197, %5"%"=%;:'HC+$ @+##'9++ 419""=!1907< 5!"@');": @$($0+., A;" 5!+:"@+; ) !1%5'<10+H 

/BN-": (%:$((+04). 

 

1.2.3 ,9:2; /34-5-;-.18/ 
B %"($:"6 ;"!+$:"6 !$1);"!$ +%5"(89'$;%. !1%5(1:($007, %5(1: ;"!+. % :+%6';"6. 



 

Q+14!1661 %"%;".0+. %+%;$67 ;"!+,-:+%6'; "=01!'>+:1$; 01(+A+$ @:'< +0;$!6$;1((+A$%)+< 

%"$@+0$0+,, "@0" +9 )";"!7< +6$$; %"%;1: Th3Bi5. R1%;:"!+6"%;8 ;"!+. : :+%6';$ %"%;1:(.$; 1,5 :$%.% 5!+ 

700
"
 + 2,2 :$%.% 5!+ 1100

"
. 

B9:$%+ ;"!+. : :+%6';$ 6">0" 5"('A+;8 5';36 5!.6"4" :91+6"@$,%;:+. 6$;1((+A$%)"4" ;"!+. % 

:+%6';"6, 5';36 +%5"(89":10+. 4+@!+@1 ;"!+., 1 ;1)>$ 5!.6"4" :"%%;10":($0+. %"$@+0$0+, ;"!+. : 

!1%5(1:($00"6 :+%6';$, 015!+6$!, 5';36 E($);!"(+91. I%(+ 5!+4";":($0+$ :9:$%+ "%'C$%;:(.$;%. 5';36 

%":6$%;0"4" 014!$:10+. "="+< 6$;1((": 5!+ ;$65$!1;'!$ 1200
"
, ;" 6">$; =7;8 +%5"(89":10 )"651);07, 

;"!+,; 5!+ +%5"(89":10++ +96$(8A300"4" 6$;1((1, 015!+6$!, ;"!+$:", %;!'>)+, !$1)*+. 5!";$)1$; 5!+ 500
"
 

% "=!19":10+$6 A1%;+* ;!$='$6"4" !196$!1. D=7A076 %5"%"="6 +96$(8A$0+. ;"!+. .:(.$;%. 5!"*$%% 

4+@!+!":10+..  "%($ '@1($0+. :"@"!"@1, 014!$:10+. + :1)''60", "=!1=";)+ 6$()"@+%5$!%07, 6$;1(( 

::"@.; : :+%6';.  "('A$0+$ :9:$%$, % 5"6"C8H E($);!"(+91 015"6+01$; 

5!"+9:"@%;:" 161(8416 0$)";"!7< 6$;1((":, 5!+ )";"!"6 : )1A$%;:$ )1;"@1 

+%5"(89'$;%. >+@)+, 6$;1((; : @100"6 %('A1$ )1;"@"6 %('>+; :+%6';, 

01<"@.C+,%. : )"0;1);$ % !1%5(1:($00", %"(8H ;"!+.. 

 

*34. 3. Q+14!1661 %"%;".0+. %+%;$67 ;"!+,-:+%6';. 

 

1.2  !"#$%$%"$ *,$3"%$%"4 &,!". 

R1082$ ;"!+, +%5"(89":1(%. : 5!"+9:"@%;:$ "5;+A$%)"4" %;$)(1: 

")%+@ ;"!+. 5!+@1:1( %;$)(' :7%")+, 5")191;$(8 5!$("6($0+. + 0+9)'H 

@+%5$!%+H, A;" 0$"=<"@+6" @(. 5"('A$0+. :7%")")1A$%;:$007< (+09, 0" +9-

91 $4" !1@+"1);+:0"%;+ =7( 916$0$0 01 ")%+@ (10;101.  

?$%6";!. 01 %:"H !1@+"1);+:0"%;8, #;"!+@ ;"!+. (ThF4) +%5"(89'$;%. )1) 

10;+";!1>1;$(807, 61;$!+1( : 60"4"%(",07< "5;+A$%)+< 5")!7;+.<, 

)";"!7$ +6$H; 5!$:"%<"@0'H "5;+A$%)'H 5!"9!1A0"%;8 : @+1519"0$ 0.35-12 

µm. R1@+1*+., %"%;".C1. : "%0":0"6 +9 !-A1%;+*, 6">$; =7;8 ($4)" 

5"4("C$01 ;"0)+6 %("$6 5")!7;+. @!'4+6 61;$!+1("6. &!"6$ ;"4", #;"!+@ 

;"!+. +%5"(89'$;%. : 6$;1(('!4++ @(. 5!"+9:"@%;:1 6$;1((+A$%)"4" ;"!+. 5';36 :"%%;10":($0+. $4" 

#;"!+@1 )1(8*+$6. 

?+;!1; ;"!+. 2+!")" 5!+6$0.$;%. @(. +94";":($0+. 419")1(+(807< %$;"). 

/"!+, + $4" %"$@+0$0+. 2+!")" 5!+6$0.H; : %"%;1:$ )1;1(+91;"!": : 0$"!410+A$%)"6 + "!410+A$%)"6 

%+0;$9$, )!$)+04$ 0$#;+, 4+@!"4$0+91*++, 5!+ %+0;$9$ >+@)"4" ;"5(+:1 +9 )16$00"4" '4(., 5!+ 4+@!+!":10++ 

'4($:"@"!"@":, 1 ;1) >$ : !$1)*+.< ")+%($0+. NH3 @" HNO3 + SO2 @" SO3. B )1A$%;:$ )1;1(+91;"!1 

+%5"(89'H; A+%;7, ")%+@ ;"!+., (+=" ")%+@ ;"!+. : %6$%+ % @!'4+6+ ")%+@16+, 015!+6$!, % ")%+@"6 

1(H6+0+.. 

/"!+, : :+@$ ")%+@1 5!+6$0.$;%. : 5!"+9:"@%;:$ :7%")"5!"A07< )"65"9+*+, )1) '5!"A0+;$(8 (@(. 

1:+15!"672($00"%;+). D)%+@ ;"!+. +9-91 $4" 01+:7%2$, ;$65$!1;'!7 5(1:($0+. +9 :%$< ")%+@": (3350K) + 

0$")+%(.$6"%;+ +@3; 01 5!"+9:"@%;:" 01+="($$ ";:$;%;:$007< )"0%;!')*+, + +9@$(+,, !1=";1HC+< : 

%:$!<6"C07< ;$5(":7< 5";")1<, + 6">$; =7;8 +@$1(8076 61;$!+1("6 @(. "=(+*":)+ )16$! %4"!10+. + 

419"@+016+A$%)+< )101(": @(. MLQ-E($);!"%;10*+,.  

ThO2 +%5"(89'$;%. @(. 5!"+9:"@%;:1 "40$'5"!0", )$!16+)+ - )$!16+A$%)+< @$;1($, + "40$'5"!07< 

(+;8$:7< #"!6. /+4(+, +94";":($007$ +9 ")%+@1 ;"!+., !1=";1H; 5!+ ;$65$!1;'!1< 2500-3100  @(. :75(1:)+ 

!$@)+< 6$;1((":. ?", :7@$!>+:1. :7%"A1,2+$ ;$65$!1;'!7, E;" :$C$%;:" A1%;+A0" !1%;:"!.("%8 :" 60"4+< 

>+@)+< 6$;1((1< + 914!.90.$; +<.  ";"6' ;+4(+ +9 ThO2 2+!")"4" !1%5!"%;!10$0+. 0$ 5"('A+(+. Q"=1:)1 

0,8-1% ThO2 ) :"(8#!16' %;1=+(+9+!'$; %;!');'!' 0+;$, (165 01)1(+:10+., ':$(+A+:1$; %!") +< %('>=7. 

/1)+$ '%;!",%;:1 4$0$!+!'H; +9('A$0+$ 6+)!":"(0":", A1%;";7, 5"E;"6' +< +%5"(89'H; : 6+)!":"(0":7< 

5$A1< + !1@1!1<. B E($);!"(165":", 5!"672($00"%;+ ")%+@ ;"!+. +%5"(89'$;%. @(. 5"('A$0+. 93!$0 

91@100"4" !196$!1 : ;"0)+< :"(8#!16":7< 0+;.< 01)1(1. Q"=1:)1 0,8-1% ")%+@1 ;"!+. "=$%5$A+:1$; 

5"('A$0+$ 6$()"9$!0+%;", %;1=+(80", %;!');'!7. /1)+$ 0+;+ : '%(":+.< :7%")+< ;$65$!1;'! +6$H; 

<"!"2'H 5!"A0"%;8 5!+ :+=!1*+.<. /"!+!":1007, :"(8#!16 5!+6$0.$;%. 5!+ +94";":($0++ !1@+"(165 + 

@(. 5!"+9:"@%;:1 )1;"@":. M">0" 5"('A+;8 5(";0"%;8 ;")1 + E6+%%++ 5!+ 1800
"
 5"!.@)1 14-15 1/%6

2
 5" 

%!1:0$0+H % 5(";0"%;8H ;")1 1-5 1/%6
2
, 5"('A$00"4" 5!+ ;", >$ ;$65$!1;'!$ % 5":$!<0"%;+ ;"!+!":100"4" 

:"(8#!161.  ";$!. E6+%%++ ' E;+< )1;"@": +@3; 6$@($00$$, A$6 ' )1;"@": % ")%+@16+ =1!+. + %;!"0*+.. 



 

D)%+@ ;"!+. @"=1:(.H; : %"%;1: @'4":7< '4($, @(. ':$(+A$0+. .!)"%;+ E($);!+A$%)", @'4+, +%5"(89'$6", 

: 5!">$);"!1<. &%$0"0":7$ @'4":7$ (1657 5"A;+ :%$4@1 +6$H; ;"!+!":1007$ )1;"@ + 10"@, 5"E;"6' 

0$901A+;$(80" !1@+"1);+:07. /"!+, +%5"(89'$;%. ;1) >$ )1) 4$;;$! : E($);!"00", 5!"672($00"%;+. D)%+@ 

;"!+. 5!+6$0.$;%. )1) E($6$0; %"5!";+:($0+. : :7%")";$65$!1;'!07< 5$A1<.  !+6$!"6 +%5"(89":10+. 

")%+@1 ;"!+. : )1A$%;:$ 5"('5!":"@0+)1 .:(.$;%. 5!+6$0$0+$ $3 : 5$A+ %"5!";+:($0+.. Q+")%+@ ;"!+. 

<"!"2" ";!1>1$; %:$;. I4" @1>$ 5!$@(141(+ !1%57(.;8 : :$!<0+< %(".< 1;6"%#$!7 S$6(+ + % *$(8H 

";!1>$0+. %"(0$A0"4" %:$;1 + 5"0+>$0+. ;$65$!1;'!7 (: 5(10$ ="!8=7 % 4("=1(8076 5";$5($0+$6 )(+61;1). 

ThO2 5!$@(141H; ;1)>$ +%5"(89":1;8 )1) 4$;;$! :"@"!"@1. 

B :+@$ 5!$51!1;1 ;"!";!1%;1 %'%5$09+. @+")%+@1 ;"!+. +%5"(89":1(1%8 : )1A$%;:$ )"0;!1%;0"4" 

:$C$%;:1 5!+ !100$, !$0;4$0"@+140"%;+)$. B 01%;".C$$ :!$6. 5!$51!1;7 
232

Th )(1%%+#+*+!'H;%. )1) 

)10*$!"4$007$. 

 

1.3 5,!"4 " -'6,124 *1$& 

 B XIX :$)$ ThO2 5!+6$0.(+ : 5!"+9:"@%;:$ 419")1(+(807< %$;") - 419":"$ "%:$C$0+$ =7(" 

!1%5!"%;!10$0" ="(82$, A$6 E($);!+A$%)"$. F9"=!$;$007$ 1:%;!+,%)+6 <+6+)"6 &1!("6 K'E!"6 #"0 

B$(8%=1<"6 )"(51A)+ +9 ")%+@": *$!+. + ;"!+. ':$(+A+:1(+ .!)"%;8 + 5!$"=!19":7:1(+ %5$);! 5(16$0+ 

419":7< !">)": – %:$; +< %;10":+(%. .!A$, !":0$$.  

R19!1=";1001. ;$<0"("4+. 5"9:"(+(1 5"6$C1;8 %"$@+0$0+. ;"!+. : 4"!$()': +9 ($4)", ;)10+ 

+94";1:(+:1(+ ;"0)+$ )"(51A)+, )";"!7$ 5!"5+;7:1(+ %"(.6+ ;"!+. + *$!+., 

91;$6 :"(")01 ;)10+ "%;"!">0" :7>+41(+ + 5"('A1(+ ($4)'H %)"!('5)', 

)";"!'H 5"6$C1(+ : 5(16. 419":", 4"!$()+. /1)+$ 419":7$ %$;)+ 5" +6$0+ +< 

%"9@1;$(. %;1(+ 0197:1;8 1'E!":%)+6+.  

 

*34. 4. /"!+$:1. 610;+. 419":"4" #"01!., 4"!.C$4" : 5"(0'H %+('. 

 

Q$(" : ;"6, A;" ")%+@ ;"!+. +%5'%)1$; +9('A$0+$ 0$ %;"(8)" : 

+0#!1)!1%0", A1%;+, 1 : :+@+6", "=(1%;+. J$;)1 (610;+.), +94";":($001. +9 

")%+@1 ;"!+. % 5!+6$%8H 1% *$!+. (*$!+, %@:+41$; +9('A1$67, %5$);! : 

>3(;'H %;"!"0'), 5!+ 014!$:$ : )$!"%+0":", +(+ 419":", (165$ +%5'%)1$; 

.!)+,, 0" 5!+.;07, 4(19' A$(":$)1 %:$;. Q"(. +0#!1)!1%0"4" 

+9('A$0+. : %5$);!$ 0$ :$(+)1, + +%;"A0+) %:$;1 0$ +%5'%)1$; >1!.  

 

*34. 5. /"!+$:7$ 610;++ : 5("%)" '51)":100", #"!6$. 

 

 !+ 5!"+9:"@%;:$ 610;++, +9 <("5)1 ;)'; 6$2"), 5!"5+;7:1H; 

$4" !1%;:"!+676+ 0+;!1;16+ 6$;1((": + 91;$6 014!$:1H;; <("5") 

%4"!1$;, + 0+;!1;7 5!$:!1C1H;%. : 0+;!+;7, )";"!7$ %5$)1H;%., 

#"!6+!'. ;:$!@'H %6$%8.  " 6$!$ 014!$:1 0+;!+;7 5$!$<"@.; : "A$08 

<!'5)+$, 0" "A$08 ;'4"5(1:)+$ ")%+@7. ?1 !100$, %;1@++ :0$@!$0+. 

;1)+< (165, 01 91:"@$ 5!")1(+:10+$ @" ")%+@": 0$ :$(+, A;"=7 

5!$@";:!1;+;8 !19!'2$0+$ 610;++ 5!+ ;!10%5"!;+!":)$.  ";!$=+;$(8 %16 5!")1(+:1( %$;)' '>$ 01 %:"$, 

(165$. V("5") =7%;!" %40+:1( +9-91 )"!!"9+,0", 1);+:0"%;+ )+%(7< 0+;!1;": 6$;1((": (E;"; E##$); :%)"!$ 

'6$082$0 0$,;!1(+91*+$, +9=7;"A0", )+%(";0"%;+ 166+1)"6). B 5"%($@%;:+$ <("5") =7( 916$030 01 

0+;!"*$((H("9' + )"(("@+,.  $!:7$ 610;++ +6$(+ 1%=$%;":'H 0+;8 @(. '5!"A0$0+. %$;+, 0" : %":!$6$007< 

610;+.< 1%=$%;":7$ 0+;+ 916$0$07 01 )$!16+A$%)+$.  

/'%)("$ 419":"$ "%:$C$0+$ 4"!"@": I:!"57 :" :;"!", 5"(":+0$ 19-4" :$)1 +96$0+("%8 )"!$0076 

"=!19"6, :6$%;" >$(;":1;"4" 0$!":0"4" 5(16$0+ 419":"4" !">)1 5".:+(%. +%;"A0+) .!)"4" =$("4" %:$;1, 

5!+.;0"4" @(. 4(191. K'E!":%)+$ )"(51A)+ 5"A;+ : 20 !19 ':$(+A+(+ .!)"%;8 419":"4" "%:$C$0+. + :;!"$ 

%0+9+(+ $4" %;"+6"%;8.  !"+9:"@%;:" 419")1(+(807< (165 : ";@$(807$ 4"@7 @"%;+41(" 300 6+((+"0": 2;'). 

B 1910-7$ 419":"$ "%:$C$0+$ =7(" :7;$%0$0" E($);!+A$%)+6.  !"+9:"@%;:" %$;") 5"2(" 01 %51@. 

D@01)" : JWK ) )"0*' 30-< 4"@": 5";!$=0"%;8 : ;"!++ @(. 5!"+9:"@%;:1 419")1(+(807< %$;") @1>$ 

':$(+A+("%8 5" %!1:0$0+H % ;$6, A;" 01=(H@1("%8 : 01A1($ :$)1, =(14"@1!. 5"5'(.!0"%;+ @$)"!1;+:0"4" 

419":"4" "%:$C$0+. + 2+!")"6' +%5"(89":10+H 419":"4" "%:$C$0+H + 2+!")"6' +%5"(89":10+H 

419"(+0":7< #"01!$, @(. "%:$C$0+. )$65+04":.  



 

 

*34. 6. L19":7, %:$;+(80+) : 51($%;+0%)"6 @"6$ (2010). 

 

D@01)", : 5"%($@0+$ 4"@7 1'E!":%)+$ )"(51A)+ :0":8 

«:$!0'(+%8 ) >+90+». Q(. ;$<, );" @(+;$(80" !1=";1$; : 

5"($:7< '%(":+.<, : E)%5$@+*+.<, 1 ;1)>$ @(. ;'!+%;": 

:75'%)1H; 419":7$ =1(("0A+)+ % 5!+)!$5($00", 4"!$()",, 

5":$!< )";"!", !1%5"(141H; 1'E!":%)+, )"(51A"), 5!+)!7;7, 

%;$)(.0076 5(1#"0"6.  "@"=07$ +%;"A0+)+ %:$;1 0160"4" 

E)"0"6+A0$$ E($);!+A$%)+< %:$;+(80+)": ;1)", >$ .!)"%;+, 

+%5"(89'HC+< =1;1!$+ +(+ 1))'6'(.;"!7. L19":7$ 

%:$;+(80+)+ 1);+:0" +%5"(89":1(+%8 51($%;+0*16+ @(. 

"%:$C$0+. %:"+< @"6": :" :!$6. 5"%($@0$4" )"0#(+);1 % F9!1+($6.  

 "%)"(8)' ;"!+, !1@+"1);+:$0 + :7@$(.$; !1@+"1);+:07, 419, !1@"0-220, 5$!+"@+A$%)+ :"90+)1$; 

:"5!"% " =$9"51%0"%;+ ;"!+$:", 610;++. F%%($@":10+$, :75"(0$00"$ : 1981, 5")191(", A;" @"91 "; ;"!+$:", 

%$;)+ 5!+ +%5"(89":10++ (1657 )1>@7$ :7<"@07$ : ;$A$0+$ 4"@1 !1:01 0.3-0.6 6+((+!E6, A;" 0160"4" 

6$082$ 0"!61(80", $>$4"@0", @"97 : 0$%)"(8)+< %";$0 6+((+!E6, <";. A$(":$), 5!"4(";+:2+, :%H 

610;+H, 5"('A+; %"5"%;1:+6'H @"9' 200 6!E6 (2 6J:). D@01)", !1@+"1);+:0"%;8 6">$; 5!$@%;1:(.;8 

"51%0"%;8 @(. +94";":+;$($, ;1)+< 610;+,.  "E;"6' +0"4@1 ;"!+, 916$0.H; 01 +;;!+, +(+ *+!)"0+,, 0" "0+ 

@"!">$ + 6$0$$ E##$);+:07. 

 
*34. 7. J":!$6$007$ 419":7$ %:$;+(80+)+. 

 

2. « !"#*%'<» ' !=&'< >!=>' 

«/"!+$:1.» ="6=1 – 0$5!1:+(80"$, 0" @":"(80" !1%5!"%;!10300"$ 019:10+$ 1;"60", ="6=7 01 "%0":$ 

'!101-233.  
233

U ";)!7; J+="!4"6, L"#610"6 + J;"';"0"6. U!10-233 - !-+9('A1;$(8,  =1,585#10
5
 ($;, 61;$!+0%)+$ 

0')(+@7 
237

Pu(!), 
233

Np("
+
) +(+ 

233
Pa("

-
), @"A$!0+, 0')(+@ 

229
Th. 

U!10-233 5"('A1$;%. : 1;"607< !$1);"!1< +9 ;"!+.: 
232

Th 91<:1;7:1$; 0$,;!"0 + 5!$:!1C1$;%. : 
233

Th, 

)";"!7, !1%51@1$;%. 01 
233
R1, 1 91;$6 : 

233
U. X@!1 

233
U (0$A3;07, +9";"5) %5"%"=07 )1) ) %5"0;100"6' 

@$($0+H, ;1) + ) @$($0+H 5"@ @$,%;:+$6 0$,;!"0": (H=7< E0$!4+,, A;" @$(1$; $4" 5!+4"@076 ) 

5!"+9:"@%;:' )1) 1;"60"4" "!'>+., ;1) + !$1);"!0"4" ;"5(+:1 (:"96">0" !1%2+!$00"$ :"%5!"+9:"@%;:" 

.@$!0"4" 4"!HA$4"). U!10-233 ;1)>$ .:(.$;%. 01+="($$ 5$!%5$);+:076 ;"5(+:"6 @(. 419"#1907< .@$!07< 

!1)$;07< @:+41;$($,. N##$);+:0"$ %$A$0+$ @$($0+. =7%;!76+ 0$,;!"016+ 533 !"#$, 5$!+"@ 5"('!1%51@1 

1585000 ($;, : 5!+!"@$ 0$ :%;!$A1$;%.. &!+;+A$%)1. 61%%1 
233

U : ;!+ !191 6$082$ )!+;+A$%)", 61%%7 
235

U 

(")"(" 16 )4). 
233

U +6$$; +0;$0%+:0"%;8 %5"0;100"4" @$($0+. !1:0'H 720 @$($0+,/%#)4. 

 "%($@":1;$(80"%;8 !$1)*+, %+0;$91 
233

U : .@$!0"6 !$1);"!$:  
232

Th + n Y 
233

Th Y (22.2 6+0, Z
-
) Y 

233
Pa Y (27.0 @0, Z

-
) Y 

233
U (1,585#10

5
 ($;) Y 

233
Th $  (1) 

 !+ 5"4("C$0++ 0$,;!"01, .@!" 
233

U "=7A0" @$(+;%., 0" +9!$@)1 91<:1;7:1$; 0$,;!"0, 5$!$<"@. : 
234

U; <";. @"(. 5!"*$%%": 0$@$($0+. 6$082$, A$6 : @!'4+< @$(.C+<%. ;"5(+: (
235

U, 
239

Pu, 
241

Pu). D01 "%;13;%. 

61(", 5!+ :%$< E0$!4+.< 0$,;!"0":.  !+ @$($0++ "@+0 1;"6 
233

U :7@$(.$; 197.9 MEB = 3.171 × 10
[11

 Q>, ;.e. 

19.09 TQ>/6"(8 = 81.95 TQ>/)4. 



 

(&56.1. N0$!4":7@$($0+$ : ;"!+$:"6 !$1);"!$. 

B+@ E0$!4++ 
J!$@0$$ E0$!4":7@$($0+$, 

MEB 

M40":$00" :7@$(.$61. E0$!4+.  

&+0$;+A$%)1. E0$!4+. 5!"@');": @$($0+. 168.2 

&+0$;+A$%)1. E0$!4+. :7@$(.$67< 0$,;!"0": 4.9 

N0$!4+., ':($)1$61. +%5'C$0076+ \-):10;16+ 7.7 

N0$!4+., :7@$(.$61. 5!"@');16+ @$($0+.  

N0$!4+. Z[- A1%;+* 5.2 

N0$!4+. 10;+-0$,;!+0" 6.9 

N0$!4+. \- ):10;": 5.0 

J'661 197.9 

N0$!4+., :7@$(.HC1.%. 5!+ 91<:1;$ 0$,;!"0": 

0$ :79:1:2+< @$($0+$ 
9.1 

N0$!4+., )"0:$!;+!":1001. : ;$5(" : ;$5(":"6 

1;"60"6 !$1);"!$ 
200.1 

(&56. 2. J!$@0+$ :$(+A+07 E0$!4+,, :7@$(.$67$ 6$@($0076+ 0$,;!"016+, :797:1HC+< @$($0+$ @$(.C+<%. 

+9";"5": 
233

U, 
235

U + 
239

Pu. 

 233U 235U 239Pu 

-7'89#''8 9:;#6<#%&< ='#>73<    

&+0$;+A$%)1. E0$!4+. 5!"@');": @$($0+. 168.2 MEB 169.1 MEB 175.8 MEB 

&+0$;+A$%)1. E0$!4+. 5$!:+A07< 0$,;!"0": 4.9 4.8 5.9 

N0$!4+. 5$!:+A07< %-):10;":. 7.7 7.0 7.8 

?'#>73< >&4@&;89 @>8;A$B89 ;#6#'3<    

N0$!4+. &[- A1%;+* 5.2 6.5 5.3 

N0$!4+. 10;+-0$,;!+0" 6.9 8.8 7.1 

N0$!4+. 91519@7:1HC+< %-):10;": 5.0 6.3 5.2 

C4#78: 197.9 202.5 207.1 

  "6+6" ;"5(+:1 : 1;"607< !$1);"!1<, 6">0" +%5"(89":1;8 
233

U : "!'>$,0"6 91!.@$.  !+ "*$0)$ 

"!'>$,0"4" 5";$0*+1(1 
233

U $4" "=7A0" %!1:0+:1H; % 
239

Pu. R1@+"1);+:0"%;8 '!101-233 %"%;1:(.$; 1/7 "; 

1);+:0"%;+ 5(';"0+.-239, )!+;+A$%)1. 61%%1 01 60% :72$ (16 )4 

5!";+: 10 )4), %)"!"%;8 %5"0;100"4" @$($0+. : 20 !19 :72$ (6×10
-9

 

5" %!1:0$0+H % 3×10
-10

), 0" ;.). 1);+:0"%;8 0+>$, ;" 5(";0"%;8 

0$,;!"0": :72$ ;"(8)" : 3 !191. J"9@10+$ .@$!0"4" 91!.@1 01 

"%0":$ 
233

U ;!$='$; ="(82+< '%+(+,, A$6 01 5(';"0++, 0" 

;$<0"("4+. 5!+6$!0" ;1 >$. D%0":0"$ !19(+A+$ – 01(+A+$ : 
233

U 

5!+6$%+ 
232

U, )";"!1. @$(1$; !1=";7 % 
233

U "51%076+ + 5"9:"(.$; 

($4)" "=01!'>+;8 4";":"$ "!'>+$. 

 

*34. 8. S1:+%+6"%;8 )!+;+A$%)", 61%%7 %6$%$, 233U +(+ 235U % 238U "; 

5!"*$0;0"4" %"@$!>10+. @$(.C$4"%. +9";"51 

 

&1) +9:$%;0", MKLK/N ):1(+#+*+!'$; '!10, )1) 4"@07, ) 

"!'>$,0"6' +%5"(89":10+H, $%(+ "0 %"@$!>+; 20 + ="($$ 5!"*$0;": 
235U. J *$(8H 5!$@";:!1C$0+. "!'>$,0"4" +%5"(89":10+. + 235U + 

233U !19=1:(.H; 238U, "=$@030076 5" 235U. ?1 *34. 8. 5")19101 91:+%+6"%;8 )!+;+A$%)", 61%%7 %6$%$, 233U +(+ 
235U % 238U "; 5!"*$0;0"4" %"@$!>10+. @$(.C$4"%. +9";"51. B+@0", A;" )!+;+A$%)1. 61%%1 %#$!7 '!101 % 20% 

"="41C$0+$6 5" 235U, ")!'>$00", %("$6 =$!+((+. 4-cm ;"(C+0", !1:01 400 )4, ;"4@1 )1) @(. %6$%+ 233U/238U 

;1)1. >$ )!+;+A$%)1. 61%%1, @"%;+41$;%. 5!+ %"@$!>10++ 233U :%$4" 12%. N;" %:+@$;$(8%;:'$; " ="(82$, 

5$!%5$);+:0"%;+ ="6= 01 "%0":$ 233U, A$6 «)(1%%+A$%)+< ="6=» 01 "%0":$ 235U. 



 

 !"=($61 : ;"6, A;" 5!"+9:"@%;:" 
233

U 5';36 

0$,;!"00"4" "=('A$0+. 
232

Th :%$4@1 5!+:"@+; ) 

"=!19":10+H 0$="(82"4" )"(+A$%;:1 
232

U +9-91 

5"="A07< (n,2n)-!$1)*+, 01 %16"6 
233

U +(+ 01 
233
R1: 

232
Th(n,\)$ 

233
Th(Z

-
)$ 

233
Pa (Z

-
)$ 

233
U (n,2n)$ 

232
U       

(2) 
232

Th(n,\)$ 
233

Th (Z
-
)$ 

233
Pa (n,2n)$ 

232
Pa (Z

-
)$ 

232
U      

(3) 

P$5"A)1 !1%51@1 
232

U =7%;!" @13; %+(807$  -

+9('A1;$(+: 
232

U (], 72 ($;), 
228

Th (], 1.9 ($;), 
224

Ra 

(], 3.6 @0$,, 0.24 MEB), 
220

Rn (], 55 %, 0.54 MEB), 
216

Po (], 0.15 %), 
212

Pb (Z
[
, 10.64 A1%), 

212
Bi (], 61 %, 

0.78 MEB), 
208

Tl (Z
[
, 3 6+0, 2.6 MEB), 

208
Pb 

(%;1=+(807,). N;" +%)(HA1$; :"96">0"%;8 !1=";7 : 

%;10@1!;0"6 5$!A1;"A0"6 =")%$ ()1) E;" +6$$; 6$%;" 

% 5(';"0+$6) + ;!$='$; E##$);+:0", 91C+;7 + 

+%5"(89":10+. 610+5'(.;"!":. 

 

*34. 9.  !"@');7 5"%($@":1;$(807< 5!"*$%%": 

91<:1;1 0$,;!"0": 
230

Th, 
232

Th, 
235

U + 
238

U 

 
232U "=!19'$;%. +9 232Th 5" @:'6 !$1)*+"0076 *$5"A)16, 5!$@%;1:($0076 01 *34. 9. &1>@1. +9 E;+< 

*$5$, :)(HA1$; 5"4("C$0+$ 0$,;!"01 5" (n,  )- !$1)*++, + !$1)*+H, : )";"!'H 01($;1HC+, 0$,;!"0 

:7=+:1$; +9 .@!1 6+2$0+ @:1 0$,;!"01 [(n, 2n) !$1)*+.]. 232U ;1)>$ 4$0$!+!'$;%. @:'6. 5"%($@":1;$(8076+ 

";@$(8076+ 91<:1;16+ 0$,;!"01, 01A+01HC+6+%. % 5!+!"@0"4" 230Th. 230Th - 5!"@'); !1%51@1 234U, )";"!7, : 

%:"H "A$!$@8 - 5!"@'); !1%51@1 238U, %"@$!>1C$4"%. : 5!+!"@076 '!10"6 % )"0*$0;!1*+$, 17 ppm.  "E;"6', 

91@1A1 '6$082$0+. 01)"5($0+. 232U ;!$='$; 5!+!"@0"4" ;"!+., 6+0+61(80" 914!.90$00"4" 230Th. 

 "!"4":1. E0$!4+. 0$,;!"0":, ;!$='$61. @(. (n,2n) !$1)*+,, :":($A$007< : 5!"+9:"@%;:" 
232

U - ")"(" 

6 MEB. /1)+$ E0$!4++ 5!+%';%;:'H; (+28 : :7%")"E0$!4$;+A0"6 

<:"%;$ %5$);!1 0$,;!"0": @$($0+.. *34. 10 5")197:1$; %$A$0+$ + 

0$,;!"00"4" 91<:1;1 [n,  ] + [n, 2n] !$1)*++ 01 
232

Th. J!$@0+$ 

%$A$0+. @(. %5$);!1 @$($0+. - 14.46 6=1!0 @(. !$1)*++ n + 
232

Th 

$ 
231

Th + 2n + 4.08 6=1!0 @(. !$1)*++ n + 
233

U $ 
232

U + 2n. 

 "E;"6' !19:+;+$ ";0"2$0+. )"0*$0;!1*+, 
232

U/
233

U : ;"!++ 

91:+%+; "; @"(+ 0$,;!"0": : %5$);!$, "=(1@1HC+< E0$!4+$, 

%:72$ 6 MEB. 

 

*34. 10.  "5$!$A07$ %$A$0+. 5"4("C$0+. 0$,;!"0":: 1) - (n, ) + 

= - (n,2n) – !$1)*++ 01 
232

Th. 

 

J"@$!>10+$ 
232

U : "!'>$,0"6 
233

U 0$ @"(>0" 5!$:721;8 

5 A1%;$, 01 6+((+"0 (0.0005%). B )"66$!A$%)"6 .@$!0"6 

;"5(+:0"6 *+)($ 01(+A+$ 
232

U 0$ 5!$@%;1:(.$; %"=", ="(82"4" 

0$@"%;1;)1, @1>$ >$(1;$(80", 5"%)"(8)' E;" %0+>1$; 

:"96">0"%;8 !1%5!"%;!10$0+. '!101 @(. "!'>$,07< *$($,. Q(. 

E)"0"6++ ;"5(+:1, 5"%($ $4" 5$!$!1=";)+ + 5":;"!0"4" 

+%5"(89":10+. '!":$08 
232

U @"%;+41$; 0.1-0.2%. B %5$*+1(80" 

%5!"$);+!":1007< %+%;$61< E;"; +9";"5 01)15(+:1$;%. : 

)"0*$0;!1*+.< 0.5-1%. 

B ;$A$0+$ 5$!:7< @:'< ($; 5"%($ 5!"+9:"@%;:1 
233

U, 

%"@$!>1C$4" 
232

U, 
228

Th %"<!10.$;%. 01 5"%;".00"6 '!":0$, 01<"@.%8 : !1:0":$%++ % %"=%;:$0076 !1%51@"6. 

B E;"6 5$!+"@$ #"0":"$ 901A$0+$ \-+9('A$0+. '%;101:(+:1$;%. + %;1=+(+9+!'$;%..  "E;"6' 5$!:7$ 

0$%)"(8)" ($; 5!"+9:$@$001. 61%%1 
233

U +%5'%)1$; 901A+;$(80"$ \-+9('A$0+$. Q$%.;+)+("4!166":1. %#$!1 
233

U "!'>$,0", A+%;";7 (5 6+((+"007< @"($, 
232

U) %"9@1$; #"0 11 6+((+=E!/A1% 01 !1%%;".0++ 1 6 %5'%;. 1 



 

6$%.* 5"%($ 5!"+9:"@%;:1, 110 6+((+=E!/A A$!$9 4"@, 200 6+((+=E!/A A$!$9 2 4"@1. I>$4"@01. 5!$@$(801. 

@"91 : 5 =E! 5!$:721$;%. '>$ A$!$9 25 A1%": !1=";7 % ;1)+6 61;$!+1("6. Q1>$ %:$>+, 
233

U (1 6$%.* %" @0. 

+94";":($0+.) "4!10+A+:1$; :!$6. %="!)+ @$%.;8H A1%16+ : 0$@$(H. B 5"(0"%;8H %"=!100"6 "!'>++ 

'!":$08 !1@+1*++ %0+>1H; 5"4("C$0+$6 )"!5'%"6 91!.@1. B %":!$6$007< "=($4A$007< '%;!",%;:1< 

%0+>$0+$ 0$ 5!$:721$; 10 !19, %"9@1:1. 5!"=($67 % =$9"51%0"%;8H. B ="($$ ;.>$(":$%07< 91!.@1< 

5"4("C$0+$ ="($$ %+(80"$ - : 100 - 1000 !19. R$#($);"! +9 =$!+((+. ':$(+A+:1$; '!":$08 0$,;!"00"4" #"01: 
9
Be + \-):10; Y 

8
Be + n. \-('A+ 

232
U "=!19'H; <1!1);$!0'H %+401;'!', +< 6">0" "=01!'>+;8 + ";%($@+;8 

5$!$@:+>$0+. + 01(+A+$ 1;"60"4" 91!.@1. ?1!1=1;7:1$67, 5" ;"!+$:"6' *+)(' %5$*+1(80" 

@$01;'!+!":1007, 
233

U (0.5 - 1.0% 
232

U), %"9@1$; $C3 ="(82'H "51%0"%;8. 10-)+("4!16":1. %#$!1, 

+94";":($001. +9 ;1)"4" 61;$!+1(1, 01 !1%%;".0++ 1 6 A$!$9 1 6$%.* %"9@1$; #"0 11 =E!/A1%, 110 =E!/A A$!$9 

4"@ + 200 =E!/A A$!$9 2 4"@1. &"0;1); % ;1)", 1;"60", ="6=",, @1>$ 5!+ %")!1C$0++ +9('A$0+. : 1000 !19, 

"4!10+A+:1$;%. 25 A1%16+ : 4"@. ^3%;)1. 41661-!1@+1*+. 5":!$>@1$; E($);!"0+)' ="6=7 + $3 %5'%)":", 

6$<10+96. 

 "E;"6' 5!+%';%;:+$ 916$;0", @"(+ 
232

U : @$(.C$6%. :$C$%;:$ @$(1$; $4" )!1,0$ 0$'@"=076 @(. 

:"$00"4" 5!+6$0$0+..  

& ;"6' >$, )"!";)+, 5$!+"@ 5"('!1%51@1 ' 
232

U @$(1$; $4" "A$08 1);+:076 +%;"A0+)"6 ]-A1%;+*. 
233

U 

% 1% 
232

U +6$$; : ;!+ !191 ="($$ %+(80'H ]-1);+:0"%;8, A$6 "!'>$,07, 5(';"0+, +, %"";:$;%;:$00", 

="(82'H !1@+";")%+A0"%;8. N;1 ]-1);+:0"%;8 :797:1$; !">@$0+$ 0$,;!"0": : ($4)+< E($6$0;1< 91!.@1, 

5!$@%;1:(.. @1>$ ="($$ %$!8$90'H 5!"=($6', A$6 !$1)*+. =$!+((+. % \-):10;16+. Q(. 6+0+6+91*++ E;", 

5!"=($67 5!+%';%;:+$ ;1)+< E($6$0;": )1) =$!+((+,, ="!, #;"!, (+;+, @"(>0" =7;8 )1) 6">0" 6$082+6. 

?1(+A+$ 0$,;!"00"4" #"01 %":$!2$00" 0$ :(+.$; 01 +65("9+"007$ %+%;$67. Q(. 5'2$A07< 5!"$);": 

;!$='$67, '!":$08 A+%;";7 5" ($4)+6 61;$!+1(16 - "@01 A1%;8 ) 6+((+"0'. V";. ;1)1. "A+%;)1 '!101 

0$;!+:+1(801. 91@1A1, "01 0$ :7<"@+; 91 !16)+ %;10@1!;07< <+6+A$%)+< 6$;"@": "A+%;)+. U@$(801. 

!1@+"1);+:0"%;8 
233

U 9.636 6+((+)H!+/4, @1:1. ]-1);+:0"%;8 (+ !1@+";")%+A0"%;8) 5!+6$!0" 15% "; 

5(';"0+.. B%$4" 1% 
232

U ':$(+A+:1$; !1@+"1);+:0"%;8 @" 212 6+((+)H!+/4.  

 B 15!$($ 1955 JWK 5!":$!+(+ "!'>$,07$ )1A$%;:1 
233

U, :9"!:1: ="6=' 01 $4" "%0":$ : "5$!1*++ 

«Teapot» (91:1!0", A1,0+)) !$1(80", 6"C0"%;8H 22 ); (;$"!$;+A$%)+ ">+@1$61. 6"C0"%;8 33 );). 

F%5"(89":1(%. )"65"9+;07, 
233

U/
239

Pu 91!.@ @+16$;!"6 30 @H,6": + :$%"6 800 #'0;": (1 6$>@'01!"@07, 

#'0; = 453.59237 4!166":), + +65("9+:01. %<$61 5"@!7:1. B9!7: "%'C$%;:(30 01 5"(+4"0$ ?$:1@1 01 =120$ 

:7%";", 400 #';":. J+(80"$ ";)("0$0+$ !$1(80", %+(7 :9!7:1 "; !$1(80", %:+@$;$(8%;:'$; " 5!";$)10++ 

60"4"A+%($007< 51!19+;07< !$1)*+,, '6$0821HC+< E0$!4$;+A$%)+, :7<"@.  !+6$0$0+$ 
233

U @(. 

5!"+9:"@%;:1 1;"607< ="6= : JWK + JJJR =7(" 5!+9010" =$%5$!%5$);+:076. 
S16$A10+$. ?$+9:$%;0", 5!"+9:"@+(1 (+ + +%57;7:1(1 (+ )1)1.-(+=" %;!101 )!"6$ JWK "!'>+$ 01 "%0":$ '!101-233. 

I%;8 %+(80"$ 5"@"9!$0+$, A;" 91!.@7 1;"607< ="6=, +%57;1007< F0@+$,, "%0":7:1(+%8 01 E;"6 +9";"5$. D@01)" 

"#+*+1(807< 5"@;:$!>@$0+, E;"6' 0$;. 

/1)+6 "=!19"6,  -+9('A$0+$ "; 
232

U 5!+ :7%")+< %;$5$0.< :74"!10+. ;"!+. @$(1$; "=!1C$0+$ % 

01!1=";10076 
233

U ="($$ "51%076, A$6 % 5(';"0+$6. N;" 0$%)"(8)" ";5'4+:1$; ;$!!"!+%;": "; %"9@10+. 

1;"60", ="6=7 01 
233

U. ?" % @!'4", %;"!"07, +9-91 %:"$, 0+9)", E6+%%++ 0$,;!"0": 5!+ %5"0;100"6 

@$($0++, 
233

U, : ";(+A+$ "; 5(';"0+., 6">$; +%5"(89":1;8%. : 5!"%;7< "!'>$,07< %<$61<, =$9 "51%$0+., A;" 

E0$!4$;+A$%)+, :7<"@ 5!+ :9!7:$ ='@$; '6$082$0 +0+*+1*+$, 5!$>@$:!$6$00"4" 01A1(1 *$50", !$1)*++. 

?$5!+.;0"%;+ % +9('A$0+$6 % ;!'@"6, 0" 6">0" 5!$"@"($;8, 91;" '@1%;%. +9=$>1;8 5"@!7:1 91!.@1 5" 

A!$9:7A1,0" %(">0", %<$6$ +65("9++, )1) E;" 5!+2("%8 =7 @$(1;8 5!+ %"9@10++ ="6=7 01 =19$ 5(';"0+.. 

B"96">0"%;8 +%5"(89":10+. 5!+6+;+:0", 5'2$A0", %<$67, '%5$20" +%5"(89":100", : ="6=$ «M1(72», 

%=!"2$00", 01 V+!"%+6', - %"=(190 @(. ;$!!"!+%;1. 

 "E;"6' ';:$!>@$0+., A;" ;"!+$:7, *+)( %51%3; 6+! "; "!'>+. 61%%":"4" 5"!1>$0+. – (">0", +=" : 

:1!+10;$ 916)0';"4" *+)(1, 5!$@'%61;!+:1HC$4" 01!1=";)' 
233

U : "@0"6 !$1);"!$, 1 %>+410+$ $4" 01 

@!'4"6, %'C$%;:'$; :"96">0"%;8 01!1=";)+ .@$!0", :9!7:A1;)+, )";"!1. <'>$ 
235

U, 0" 91;" ('A2$ 
239

Pu. 

D;)!7;7, ;"!+$:7, ;"5(+:07, *+)(, 5!$@'%61;!+:1HC+, 01!1=";)' + %>+410+$ 
233

U : "@0"6 !$1);"!$, : 

901A+;$(80", 6$!$ %0+>1$; "%;!";' 5!"=($67 0$!1%5!"%;!10$0+., 0" 0$ %0+61$; $3 %":%$6. 
 

3.  !"#$ % ?&*"@* #)* 

B!$6. "; :!$6$0+ : 0$@!1< 1;"60", E0$!4$;+)+ :%57<+:1$; +0;$!$% ) ;"!+H: $4" !1%%61;!+:1H; )1) 

5$!%5$);+:0"$ .@$!0"$ ;"5(+:". N;" %:.910" % ;$6, A;" 5!+ "=('A$0++ ;$5(":76+ 0$,;!"016+ 
232
/h 

5!$:!1C1$;%. : @$(.C+,%. +9";"5 '!101 
233

U, 5!+4"@07, @(. +%5"(89":10+. : .@$!07< !$1);"!1<. B5!"A$6, 



 

+0;$!$% ) E;"6' 015!1:($0+H 41%0$; ;1) >$ =7%;!", )1) + :%57<+:1$;: 5"%($ 60-;+ ($; @":"(80"4" 

+0;$0%+:0"4" !19:+;+. E;"4" 015!1:($0+., ;"!+, : E0$!4$;+)$ ;1) + 0$ 5".:+(%.. B 01%;".C$$ :!$6. (2011) : 

6+!$ 0$; 0+ "@0"4" @$,%;:'HC$4" ;"!+$:"4" !$1);"!1.  

D%;10":+6%. 01 :"90+)1HC+< 9@$%8 5!"=($61< 0$%)"(8)" 5"@!"=0$$. 

?15"60+6, A;" : %":!$6$00", .@$!0", E0$!4$;+)$ +9:$%;07 @:1 "%0":07< ;"5(+:07< *+)(1 – '!10-

5(';"0+$:7, + '!10-;"!+$:7,.  $!:7, "%0":7:1$;%. 01 !$1)*+.< @$($0+. 
235

U + %+0;$91 @$(.C$4"%. 
239

Pu +9 
238

U, 1 :;"!", – 01 @$($0++ 
233

U (01 %;1!;$ +%5"(89'$;%. 
235

U) + %+0;$9$ @$(.C$4"%. +9";"51 
233

U +9 
232

Th : 

!$1)*+.< % 0$,;!"016+:  

1. 
238

U(n, )
239

U$
239

Np$
239

Pu               (4) 

2. 
232

Th(n, )
233

Th$
233

Pa$
233

U              (5) 

B 5!+!"@0"6 '!10$ :%$4" 0,7% @$(.C$4"%. 
235

U, @1HC$4" +9=7;") 0$,;!"0": @(. *$50", !$1)*++. 

I%(+ =7 0$ :"96">0"%;+ 5".:($0+. 0":7< @$(.C+<%. +9";"5": : 5!+:$@$007< :72$ !$1)*+.<, ;" ="(82'H 

.@$!0'H E0$!4$;+)' +9-91 0,7 % 5!+!"@0"4" 
235

U, )";"!7, +9:($)1$;%. : 5!"*$%%$ "="41C$0+. ;"5(+:1, 0$ 

%;"+(" =7 + 01A+01;8. D4!10+A+(+%8 =7 ;"4@1 +%5"(89":10+$6 *$50", !$1)*++ % 
235

U : 1;"60", ="6=$. 

?" ";)!7;7$ *+)(7 +96$0+(+ %+;'1*+H, : ;"6 A+%($ + 5!+ %"9@10++ 1;"60", ="6=7. D)191("%8, A;" 

01!1=1;7:1$67, 5" 5$!:"6' *+)(' 
239

Pu .:(.$;%. 5!$)!1%076 @$(.C+6%. 61;$!+1("6.  "E;"6' : %$!$@+0$ 

VV :$)1 :%$ %6";!$(+ : ='@'C$$ .@$!0", E0$!4$;+)+, "%0":100", 01 '!10-5(';"0+$:"6 *+)($, % ="(82+6 

"5;+6+96"6. U!101 01 S$6($ 0$61(" (: 9$60", )"!$ $4" ~4•10
-4

%). F <";. 5!"672($007< 6$%;"!">@$0+, 

%!1:0+;$(80" 0$60"4", E;" 0$ ;1) '> + :1>0", 5"%)"(8)' 6">0" %;!"+;8 !$1);"!7-!1960">+;$(+, )";"!7$ 

E##$);+:0" 5$!$:"@.; 0$@$(.C+,%. 
238

U : @$(.C+,%. 
239

Pu, + ;"4@1 6">$; =7;8 +%5"(89":10 :$%8 '!10 (1 0$ 

;"(8)" @$(.C+,%. 
235

U), )";"!"4" <:1;+; 01@"(4". K ;16, 01 5"@<"@$ ='@$; ;$!6".@$!01. E0$!4$;+)1 % 

5!1);+A$%)+ 0$"4!10+A$0076 !$%'!%"6.  

 " E;", 5!+A+0$ !19:+;+$ .@$!0", E0$!4$;+)+ 5"2(" 5" (+0++ '>$ "%:"$00"4" "="!"00", 

5!"672($00"%;8H '!10-5(';"0+$:"4" *+)(1 % +%5"(89":10+$6 5!"%;7< + '@"=07< : E)%5('1;1*++ 

;:$!@";"5(+:07< !$1);"!": % :"@.076 "<(1>@$0+$6.  

D@01)" 01)"5($007, "57; % +%5"(89":10+$6 : E0$!4$;+)$ '!10-5(';"0+$:"4" *+)(1 :7.:+( !.@ 

0$41;+:07< 6"6$0;":, 91%;1:(.HC+< :!$6. "; :!$6$0+ :%5"6+01;8 "= 1(8;$!01;+:1<, : ;"6 A+%($ – "= '!10-

;"!+$:"6 *+)($.  !$>@$ :%$4" ")191("%8, A;" %":!$6$001. .@$!01. E0$!4$;+)1 0$ ;1) =$9"51%01, )1) <";$("%8 

=7. &!"6$ ;"4", %'C$%;:'H; 5!"=($67 % 5$!$!1=";)", ";!1=";100"4" .@$!0"4" ;"5(+:1 ($%;$%;:$00", : ;$< 

%;!101<, 4@$ "0" 5$!$!1=1;7:1$;%.) + % 91<"!"0$0+$6 ";<"@":. J167, ;!'@07, :"5!"%, A;" @$(1;8 % 

1);+0+@16+ (0$@$(.C+6+%. +9";"516+ 5(';"0+., 0$5;'0+$6, 16$!+*+$6 + )H!+$6), )";"!7$ : ="(82+< 

)"(+A$%;:1< 01!1=1;7:1H;%. : %":!$6$007< E0$!4$;+A$%)+< !$1);"!1< '!10-5(';"0+$:"4" *+)(1. D0+ 

5!$@%;1:(.H; %16'H ="(82'H "51%0"%;8, 5"%)"(8)' A!$9:7A1,0" .@":+;7, :7@$(.H; 60"4" E0$!4++ + @"(4" 

>+:';. S1<"!10+:1;8 +< % 41!10;+$, 01@$>0"%;+ 01 4$"("4+A$%)+$ :!$6$01 (6+((+"07 ($;) 5!1);+A$%)+ 

0$:"96">0", 1 ;!10%6';+!":1;8 "A$08 @"!"4" (0'>0" %;!"+;8 %5$*+1(807$ !$1);"!7 +(+ '%)"!+;$(+ + 

5$!+"@+A$%)+ 5!":"@+;8 @"!"4+$ <+6+A$%)+$ 5$!$@$(7 :7%")"1);+:07< 5!"@');":). G"(82+$ 01@$>@7 

:"9(141(+%8 : '!10-5(';"0+$:"6 *+)($ 01 !$1);"!7 01 =7%;!7< 0$,;!"01<, )";"!7$, )191("%8 =7, 5"9:"(.H; 

:)(HA+;8 : E0$!4$;+)' 5"A;+ :$%8 '!10, 5$!$:"@. $4" : 
239

Pu. B E;+< >$ !$1);"!1< :"96">0" @">+410+$ 

1);+0+@":. J;"+6"%;+ %""!'>$0+. ;1)"4" ;+51 !$1);"!": 5!"40"9+!":1(+%8 0$ :72$ %;"+6"%;+ !$1);"!": 01 

;$5(":7< 0$,;!"01<. B !$1(80"%;+, % =7%;!76+ !$1);"!16+ 0+A$4" 0$ :72(": +9 )!'507< E0$!4$;+A$%)+< 

!$1);"!": 01 =7%;!7< 0$,;!"01< !1=";1$; %$,A1% ;"(8)" "@+0 - G?-600 : R"%%++. 
S16$A10+$. J5!1:$@(+:"%;+ !1@+ 01@" ";6$;+;8, A;" % ;"!+$:76+ !$1);"!16+ %+;'1*+. $C3 <'>$ – 0$; 0+ "@0"4"! 

B%$ ')191007$ 5!"=($67 : 5!+0*+5$ !$21H;%. 5!+ 5$!$<"@$ 01 '!10-;"!+$:7, ;"5(+:07, *+)( : 

=$9;:E(807< !$1);"!1<. I%(+ )"!";)", ;" ;1)", !$1);"! +6$$; 0+9)+, 9151% !$1);+:0"%;+ ("='%(":($007, 

:"96">0"%;8H 0$5!$!7:0", @"9+!":100", @"=1:)+ ;"5(+:1, 1 ;1)>$ $4" "A+%;)", "; "%)"("A07< E($6$0;":-

5"4(";+;$($, 0$,;!"0": : <"@$ E)%5('1;1*++ )"0;'!1) + ";!+*1;$(807, ;$65$!1;'!07, )"E##+*+$0; 

!$1);+:0"%;+, A;" 5"(0"%;8H "=$%5$A+:1$; .@$!0'H =$9"51%0"%;8. Q1($$ : <"@$ #'0)*+"0+!":10+. '!10-

;"!+$:"4" !$1);"!1, 01!.@' % %+0;$9"6 
233

U, %!19' 5" 0$%)"(8)+6 )101(16 +@$; %+0;$9 0$="(82+< )"(+A$%;: 
232

U. N;"; +9";"5 <1!1);$!+9'$;%. +0;$0%+:076 >$%;)+6 41661-+9('A$0+$6, A;" 5"(0"%;8H +%)(HA1$; 

:"96">0"%;8 5!":"@+;8 )1)+$-(+=" "5$!1*++ % 
233

U : ($4)+< (1="!1;"!07< =")%1< (5"@"=0" ;"6', )1) 

"5$!+!'H; % 
235

U + 
239

Pu). N;" 41!10;+!'$; 0$:"96">0"%;8 +%5"(89":10+. 
233

U, 01!1=1;7:1$6"4" : !$1);"!$, 

@(. 5!+4";":($0+. .@$!07< 91!.@": (@1>$ 5!+ 'A1%;++ : !1=";1< "5$!1;"!":-%16"'=+,*) =$9 

5!$@:1!+;$(80"4" ";@$($0+. +9";"51 
232

U, A;" 5!1);+A$%)+ 0$:"96">0" "%'C$%;:+;8. /1)+6 "=!19"6, )1) 



 

+%<"@07, 61;$!+1( – 
232

Th, ;1) + %+0;$9+!":1007, 61;$!+1( – %6$%8 
233

U + 
232

U, 0$ %6"4'; %;1;8 !$1(8076+ 

)"65"0$0;16+ .@$!0"4" "!'>+. ;$!!"!+%;":.  
S16$A10+$. B %:"3 :!$6. JWK %"9@1(+ + '%5$20" :9"!:1(+ ="6=' 01 =19$ 233U =$9 )1)", (+=" "A+%;)+ "; 232U. G"6=1 

")191(1%8 0$'@"=0", : E)%5('1;1*++ + 0$ %(+2)"6 6"C0",, 0", ;$6 0$ 6$0$$, E;" =7(1 +6$00" 1;"601. ="6=1 – 

4!"90"$ "!'>+$. /1) A;" ;$!!"!+%;7 :5"(0$ 6"4'; :"%5"(89":1;8%. 16$!+)10%)+6 "57;"6 + 5!+ 2+!")"6 

!1%5!"%;!10$0++ ;"!+$:", E0$!4$;+)+ 01@$(1;8 60">$%;:" ;1)+< «0$'@"=07<» ="6=. M1(" 0$ 5")1>$;%.! 

S1 :!$6. E)%5('1;1*++ '!10-;"!+$:"4" !$1);"!1 : 0$6 01!1=1;7:1$;%. : 105 !19 6$082$ +9";"5": 

;!10%'!10":7< E($6$0;":, A$6 : 101("4+A0"6 5" 6"C0"%;+ '!10-5(';"0+$:"6 !$1);"!$. N;" "=%;".;$(8%;:" 

5$!$:"@+; 5!"=($6' "=!1C$0+. % !1@+"1);+:076+ ";<"@16+ '>$ : 5!1);+A$%)'H 5("%)"%;8, 5"%)"(8)' @(. 

61(7< )"(+A$%;: ;!10%'!10":7< E($6$0;": "!410+91*+. +< ;!10%6';1*++ 0$ ='@$; !19"!+;$(80",. 
S16$A10+$. S@$%8 $%;8 "@+0 61($08)+, 0H10%: ;$<0"("4+. 5$!$!1=";)+ ";!1=";100"4" '!10-5(';"0+$:"4" *+)(1 $%;8, + 

<"!"2" ";!1=";101, 1 @(. '!10-;"!+$:"4" *+)(1 ;1)", ;$<0"("4++ 0$ %'C$%;:'$; :":%$. & ;"6' >$, ="(82+0%;:" %;!10 

";!1=";100"$ ;"5(+:" 0$ 5$!$!1=1;7:1$; + 0$ 91<"!10+:1$;, 1 <!10+; @" ('A2+< :!$630. 

B 9$60", )"!$ )"(+A$%;:1 ;"!+. : 3-4 !191 :72$, A$6 '!101. S151%": ;"!+. : 5!+!"@$, 5!+4"@07< @(. 

5!"672($00", @"=7A+, 4"!19@" ="(82$, A$6 9151%": '!101 (015!+6$!, 6"01*+;":7$ 5$%)+ % %"@$!>10+$6 

;"!+. "; 3 @" 10%, "=!19'HC+$ ="(82+$ 91($>+). 
S16$A10+$. /"!+. @$,%;:+;$(80" ="(82$, A$6 '!101, 0" '!10 "=!19'$; %"=%;:$007$ 6+0$!1(7, %"=%;:$007$ !'@7 + 

%"=%;:$007$ 6$%;"!">@$0+.. U ;"!+. 0+A$4" 5"@"=0"4" 0$; – "0 !1%%$.0 5" 6$%;"!">@$0+.6 @!'4+< 6+0$!1(":, 

"=7A0", 6+0$!1(": !$@)"9$6$(807< E($6$0;":.  "E;"6' : 6+!$ $%;8 '!10":7$ !'@0+)+, 0" 0$; ;"!+$:7<. /"!+, 

@"=7:1$;%. 5"5';0" % '!10"6 + RSN.  !+ E;"6 @"=7;A+)+ !$@)+< 9$6$(8 4('<" 0$01:+@.; ;"!+,. N;" – !1@+"1);+:07, 

61;$!+1(, ) ;"6' >$ E610+!'HC+,. R1=";1;8 % 0+6 "51%0", 1 +9"(+!":1;8 : ";:1(1< @"!"4" D0 0+)"6' 0$ 0'>$0, $4" 

0$:"96">0" 0+)"6' 5!"@1;8: !70)1 ;"!+. #1);+A$%)+ 0$ %'C$%;:'$;. Q$,%;:+;$(80", : R"%%++ $%;8 6$%;"!">@$0+. 

6"01*+;1, 0" !19!1=1;7:1H;%. ;"(8)" ;$ +9 0+<, : )";"!7< 0$; ;"!+.. I%;8 "A$08 6"C07$ !'@0+)+ % 91($>16+ !'@ RSN, 

0" "0+ 0$ #'0)*+"0+!'H; +6$00" 5";"6', A;" : 0+< $%;8 ;"!+,! B 01%;".C$$ :!$6. : R"%%++ %$!8390", @"=7A+ ;"!+. 

0$ :$@3;%. + 6">0" 41!10;+!":1;8, A;" : =(+>1,2+$ 20 ($; :$%;+%8 0$ ='@$;. 

J'C$%;:'$; 60$0+$, A;" 5" %":")'50"%;+ )(HA$:7< 51!16$;!": '!10-;"!+$:7, ;"5(+:07, *+)(, : 

";(+A+$ "; '!10-5(';"0+$:"4" *+)(1, : 5!+0*+5$ 6">$; '@":($;:"!+;8 5";!$=0"%;+ A$(":$A$%;:1 : «A+%;",» 

E0$!4++ 01 %":!$6$00"6 E;15$ $4" !19:+;+..  "E;"6' 91@1A1 5!1);+A$%)"4" :"5("C$0+. E;"4" *+)(1 : >+908 

@"%;",01 %;1;8 01'A0", + +0>$0$!0", *$(8H ";!1%(+ 01 =(+>1,2'H 5$!%5$);+:'. 

 "A$6' >$ 5!+ ;1)+< 916$A1;$(807< 5$!%5$);+:1< ;"!+. E0$!4$;+)1 =($%;.C$ ";%';%;:'$; : 6+!$. 

J:.910" E;" % )"%0"%;8H + =$9@1!0"%;8H %":!$6$007< 'A307<-+0>$0$!":-5"(+;+)":? M">$; @" %+< 5"! : 

E;"6 015!1:($0++ 0$ 5!":"@+("%8 0+)1)+< +%%($@":10+,? ?$;!  !":"@+(+%8, + @1>$ @":"(80" +0;$0%+:0". 

G7(+ 5"%;!"$07 @1>$ ;"!+$:7$ !$1);"!7. ?" =7(+ =7%;!"-=7%;!" "%;10":($07. ?$(89. @1>$ %)191;8, A;" 

4"!1 !"@+(1 6728. L"!1 0$ !"@+(1 0+A$4"… 

R1%%6";!+6 ;$5$!8 65-;+ ($;0+H +%;"!+H !19:+;+. ;"!+$:", E0$!4$;+)+. 

B"96">0"%;8 '!10-;"!+$:7< ;"5(+:07< *+)(": @")1910" $C3 : 01A1($ 40-7< 4"@": 5!"2("4" :$)1. 

J!19' >$ +%%($@":1;$(8%)+$ + )"0%;!');"!%)+$ !1=";7 5!":"@+(+%8 : L$!610++, F0@++, X5"0++, R"%%++, 

B$(+)"=!+;10++ + JWK. G7(" 5!":$@$0" ;1)>$ + 5!"=0"$ "=('A$0+$ ;"!+$:"4" ;"5(+:1 : !$1);"!1< @" 

5"('A$0+. :7%")"4" '!":0. :74"!10+..  "(0"%;8H +(+ A1%;+A0" 914!'>1(+%8 ;"!+$:76 ;"5(+:"6 0$%)"(8)" 

"57;07< !$1);"!":.  

& 91%('>+:1HC+6 :0+610+. E)%5$!+6$0;16 5" ;"!+$:"6' *+)(' ";0"%.;%. %($@'HC+$. 

 "-:+@+6"6', 5$!:7$ +%57;10+. ;"!+$:"4" ;"5(+:0"4" *+)(1, 5"-:+@+6"6', =7(+ 5!":$@$07 : 

?1*+"01(80", -1="!1;"!++ (D)-R+@>, JWK) : 1960-7<. B !$1);"!$ +%5"(89":1(%. :7%")";$65$!1;'!07, 

%"($:", !1%5(1: ;$;!1#;"!+@1 ;"!+.. T+010%+!":10+$ 5!$)!1C$0" : 1976 + =$%5$!%5$);+:07, 5!"$); ;"4@1 

>$ 91)!7;. 

B 5$!+"@ % 1967 5" 1988 4"@7 : L$!610++ 750 0$@$(8 E)%5('1;+!":1(%. E)%5$!+6$0;1(807, !$1);"! 

AVR % 01%75076 =(10)$;"6 5!+ 6"C0"%;+ 15 MB;. 95% :%$4" 5$!+"@1 !1=";7 !$1);"!1 %"%;1:(.(1 !1=";1 

01 ;"!+$:"6 ;"5(+:$. /"5(+:" 5!$@%;1:(.(" %"=", 100000 ;"5(+:07< E($6$0;": : :+@$ 21!+)":. D=C+, :$% 

;"!+$:"4" ;"5(+:1 %"%;1:(.( 1360 )4; ;"!+, +%5"(89":1(%. : %6$%+ % :7%")""="41C$0076 '!10"6. 

M1)%+61(801. 4('=+01 :74"!10+. %"%;1:+(1 150000 MB;·%';)+/;. 

/"!+$:7$ /BN-7, %"%;".C+$ +9 ;"!+. + '!101 : %"";0"2$0++ 10:1, : ;$A$0+$ 741 %';") "=('A1(+%8 : 

!$1);"!$ Dragon 6"C0"%;8H 20 MB; : 104(+,%)"6 4"!"@$ U+0#+;. R$1);"! Dragon E)%5('1;+!":1(%. : 

!16)1< %":6$%;0"4" 5!"$);1, : )";"!"6, 01!.@' % B$(+)"=!+;10+$,, % 1964 5" 1973 4"@7 'A1%;:":1(+ 

K:%;!+., Q10+., W:$*+., ?"!:$4+. + W:$,*1!+.. /"!+$:"-'!10":"$ ;"5(+:" +%5"(89":1("%8 @(. 



 

5!"+9:"@%;:1 
233

U, )";"!7, 916$0.( 5";!$=(.$67, 
235

U 5!+6$!0" : ;"6 >$ %"";0"2$0++. /"5(+:" 6"4(" 

!1=";1;8 : !$1);"!$ : ;$A$0+$ 2$%;+ ($;. 

B 1967-1974 4"@1< : JWK !1=";1( :7%")";$65$!1;'!07, !$1);"! Peach Bottom 01 '!10-;"!+$:"6 

;"5(+:$ 6"C0"%;8H 110 MB; 5!"+9:"@%;:1 )"6510++ General Atomic.  

B F0@++ : 1996 &1(51))16$ : )1A$%;:$ +%;"A0+)1 0$,;!"0": 915'C$0 E)%5$!+6$0;1(807, 

+%%($@":1;$(8%)+, !$1);"! Kamini 6"C0"%;8H 30 )B;, !1=";1:2+, 01 
233

U, 5"('A$00"6 5';$6 "=('A$0+. 

ThO2 01 @!'4"6 !$1);"!$. R$1);"! =7( 5"%;!"$0 0$5"@1($)' "; =!+@$!0"4" !$1);"!1 01 =7%;!7< 0$,;!"01< 

6"C0"%;8H 40 MB;, : )";"!"6 + "=('A1(%. ThO2. 

B ?+@$!(10@1< : ;$A$0+$ ;!$< ($; E)%5('1;+!":1(%. 4"6"4$007, !$1);"! % :"@.0", %6$%8H 

6"C0"%;8H 1 MB;. B !$1);"!$ +%5"(89":1("%8 ;"5(+:" : :+@$ !1%;:"!1 :7%")""="41C$00"4" '!101 + ;"!+.; 

% *$(8H '@1($0+. 5!"@');": @$($0+. 0$5!$!7:0" :$(1%8 5$!$!1=";)1, : !$9'(8;1;$ )";"!", % :7%")+6 & Q 

5!"+9:"@+(%. 
233

U. 

 !":"@+(%. !.@ E)%5$!+6$0;": % !$1);"!16+ 01 =7%;!7< 0$,;!"01<. 

?1 =19$ !$1);"!1 AVR : L$!610++ =7( !19!1=";10 300 MB;-!$1);"! THTR, 5!"!1=";1:2+, % 1983 5" 

1989; !$1);"! !1=";1( 01 01%750"6 =(10)$;$ +9 674000 E($6$0;":, +9 )";"!7< ="(82$ 5"(":+07 

5!$@%;1:(.(" %"=", '!10-;"!+$:"$ ;"5(+:", 1 "%;1(807$ - 4!1#+;":7, 916$@(+;$(8 + 0$,;!"007$ 

5"4(";+;$(+. /BN-7 0$5!$!7:0" "=0":(.(+%8 5!+ 914!'9)$, + : %!$@0$6 5!"2(+ A$!$9 !$1);"! 2$%;8 !19. 

 !"+9:"@%;:" ;"5(+:1 =7(" 5"%;1:($0" 01 5!"672($00'H "%0":'. 

R$1);"! Fort St Vrain =7( $@+0%;:$0076 : JWK )"66$!A$%)+6 !$1);"!"6, !1=";1:2$6 01 ;"!+$:"6 

;"5(+:$; E;"; !$1);"! ;1)>$ =7( %)"0%;!'+!":10 01 =19$ 0$6$*)"4" AVR + 5!"!1=";1( % 1976 5" 1989 4"@7. 

N;" =7( :7%")";$65$!1;'!07, !$1);"! (1300°) % 4!1#+;":76 916$@(+;$($6 + 4$(+$:76 "<(1>@$0+$6 % 

5!"$);0", 6"C0"%;8H 842 MB; (330 MB; E($);!+A$%)+<). /"5(+:07$ E($6$0;7 =7(+ +94";":($07 +9 

)1!=+@1 ;"!+. + )1!=+@1 Th/
235

U : :+@$ 6+)!"%#$!, @(. '@$!>10+. 5!"@');": @$($0+., 5")!7;7< @+")%+@"6 

)!$60+. + 5+!"'4($!"@"6. /BN-7 +6$(+ #"!6' 2$%;+4!1007< )"("00 ("5!+96"). B !$1);"!$ +%5"(89":1("%8 

5"A;+ 25 ;"00 ;"!+.; 4('=+01 :74"!10+. %"%;1:+(1 170000 MB;·%';)+/;. 

F%%($@":10+. ;"!+$:"4" ;"5(+:1 @(. !$1);"!": ;+51 PWR 5!":"@+(+%8 01 16$!+)10%)"6 !$1);"!$ 

Shippingport; : )1A$%;:$ +%<"@0"4" @$(.C$4"%. 61;$!+1(1 ;"5(+:1 +%5"(89":1(+%8 
235

U + 5(';"0+,. G7( 

%@$(10 :7:"@, A;" ;"!+, %$!8$90" 0$ 5":(+.$; 01 !$>+67 !1=";7 + %!")+ E)%5('1;1*++ 1);+:0", 9"07. S@$%8 

>$ % 1977 5" 1982 4"@7 '%5$20" 5!"2(+ +%57;10+. ($4)":"@0"4" =!+@$!0"4" !$1);"!1 91;!1:"A0"-

=(10)$;0"4" ;+51 01 ;"!+$:"-'!10":"6 ;"5(+:$, 5")!7;76 %5(1:"6 *+!)"0+.. 

B 60-6$41:1;;0"6 !$1);"!$ Lingen ;+51 BWR : L$!610++ +%5"(89":1(+%8 Th/Pu-/BN-7. 

B F0@++ % *$(8H 5":72$0+. E##$);+:0"%;+ 5"%($ 915'%)1 : =(")+ 1 + 2 KNJ : &1)!151!$ =7(" 

914!'>$0" 500 )4 ;"!+$:"4" ;"5(+:1.  $!:7, =(") KNJ =7( 5$!:76 : 6+!$ !$1);"!"6, : )";"!"6 @(. 

:7!1:0+:10+. 6"C0"%;+ : 1);+:0", 9"0$ +%5"(89":1(%. 0$ "=$@0$007, '!10, 1 ;"!+,. R1=";1. 01 ;"!+$:"6 

;"5(+:$, 1-, =(") :72$( 01 5"(0'H 6"C0"%;8 91 300 %';"), 1 2-, =(") - 91 100 %';"). /"!+$:"$ ;"5(+:" 

5(10+!'$;%. +%5"(89":1;8 : =(")1< 1 + 2 KNJ : &1,41 + : =(")1< 3 + 4 KNJ : R1@>1%;10$, )";"!7$ 01<"@.;%. 

: %;1@++ %;!"+;$(8%;:1. D=(1@1. 9151%16+ ;"!+., : 2$%;8 !19 5!$:721HC+6+ 9151%7 '!101, F0@+. : 

)1A$%;:$ "%0":0", 91@1A+ 5!"672($00"4" 5!"+9:"@%;:1 E0$!4++ 5"%;1:+(1 91@1A' :0$@!$0+. ;"!+$:"4" 

*+)(1, )";"!1. ='@$; !$21;8%. : ;!+ E;151:  

- ;.>$(":"@07$ !$1);"!7 CANDU, !1=";1HC+$ 01 ;"5(+:$ +9 5!+!"@0"4" '!101, ='@'; +%5"(89":1;8%. @(. 

01!1=";)+ 5(';"0+.; 

- !$1);"!7-=!+@$!7 01 =7%;!7< 0$,;!"01< (FBR) 01 "%0":$ 5"('A$00"4" 5(';"0+. ='@'; 5!"+9:"@+;8 
233

U +9 

;"!+.; 

 - 5$!%5$);+:07$ ;.>$(":"@07$ !$1);"!7 ='@'; !1=";1;8 01 
233

U + ;"!++, 5"('A1. 75% E0$!4++ +9 ;"!+.. 

D;!1=";100"$ ;"5(+:" 91;$6 ='@$; 5$!$!1=1;7:1;8%. @(. :"%%;10":($0+. @$(.C+<%. 61;$!+1(": + +< 

5"%($@'HC$, 5$!$!1=";)+; B )1A$%;:$ $C$ "@0", :"96">0"%;+ @(. ;!$;8$4" E;151 !1%%61;!+:1H;%. 

5"@)!+;+A$%)+$ )"65($)%7 01 '%)"!+;$(.< (ADS).  

& 01%;".C$6' :!$6$0+ ;"!+$:"$ ;"5(+:" +%57;10" : !$1);"!1< !19(+A0"4" ;+51: ($4)":"@07< + 

;.>3(":"@07< !$1);"!1<, :7%")";$65$!1;'!07< !$1);"!1<, 01;!+$6 "<(1>@1$67< =7%;!7< !$1);"!1< + 

!$1);"!1< 01 !1%5(1:1< %"($, (: F0@++ +%57;10+. $C3 5!"@"(>1H;%.). ?" ) :0$@!$0+H ;"!+$:"4" ;"5(+:1 : 

1;"60'H E0$!4$;+)' E;" 0$ 5!+:$(".  

 

 

 



 

(&56. 3. R$1);"!7, : )";"!7< +%57;7:1("%8 + +%57;7:1$;%. ;"!+$:"$ ;"5(+:". 

?19:10+$ + %;!101 /+5 M"C0"%;8 /"5(+:"  $!+"@ !1=";7 

AVR, L$!610+. HTGR, (Pebble bed reactor) 15 MW(e) 
Th+235U Driver Fuel, Coated fuel 

particles, Oxide & dicarbides 
1967–1988 

THTR-300, L$!610+. HTGR, Power (Pebble Type) 300 MW(e) 
Th+235U, Driver Fuel, Coated fuel 

particles, Oxide & dicarbides 
1985–1989 

Lingen, L$!610+. BWR Irradiation-testing 60 MW(e) Test Fuel (Th,Pu)O2 pellets Terminated in 1973 

Dragon, UK OECD-

I:!"1;"6 

HTGR, Experimental (Pin-in-

Block Design) 
20 MWt 

Th+235U Driver Fuel, Coated fuel 

particles, Oxide & Dicarbides 
1966–1973 

Peach Bottom, JWK 
HTGR, Experimental 

(Prismatic Block) 
40 MW(e) 

Th+235U Driver Fuel, Coated fuel 

particles, Oxide & dicarbides 
1966–1972 

Fort St Vrain, JWK 
HTGR, Power (Prismatic 

Block) 
330 MW(e) 

Th+235U Driver Fuel, Coated fuel 

particles, Dicarbide 
1976–1989 

MSRE ORNL, JWK MSBR 7.5 MWt 233U Molten Fluorides 1964–1969 

Shippingport & F0@+., JWK 
LWBR PWR, (Pin 

Assemblies) 

100 MW(e), 285 

MW(e) 
Th+233U Driver Fuel, Oxide Pellets 

1977–1982, 1962–

1980 

SUSPOP/KSTR KEMA, 

?+@$!(10@7 

Aqueous Homogenous 

Suspension (Pin Assemblies) 
1 MWt Th+HEU, Oxide Pellets 1974–1977 

NRU & NRX, &101@1 MTR (Pin Assemblies)  Th+235U, Test Fuel 
Irradiation–testing of 

few fuel elements 

KAMINI; CIRUS; & 

DHRUVA, F0@+. 
MTR Thermal 

30 kWt; 40 MWt; 

100 MWt 

Al+233U Driver Fuel, ‘J’ rod of Th 

& ThO2, ‘J’ rod of ThO2 

All three research 

reactors in operation 

KAPS 1 &2; KGS 1 & 2; 

RAPS 2, 3 & 4, F0@+. 
PHWR, (Pin Assemblies) 220 MW(e) 

ThO2 Pellets (For neutron flux 

flattening of initial core after start-

up) 

Continuing in all new 

PHWRs 

FBTR, F0@+. LMFBR, (Pin Assemblies) 40 MWt ThO2 blanket In operation 

 "%($ 60"4+< ($; +0;$0%+:07< +%%($@":10+, " :"96">0"%;+ +%5"(89":10+. ;"!+. : 1;"60", 

E0$!4$;+)$ :%$ !1=";7 =7(+ 5!$)!1C$07, + =7(" 5!+9010", A;" 6$A;1 " «=$9"51%0",» ;"!+$:", E0$!4$;+)$ – 

0$!$1(801. 
S16$A10+$. F%)(HA$0+$ %"%;1:(.$; F0@+., )";"!1., +6$. ="(82+$ 9151%7 ;"!+. + 0$ !1%5"(141. 916$;076+ 9151%16+ 

'!101, :%3 $C3 :$!+; : ;"!+$:'H E0$!4$;+)'. 

B 5!$@7@'C$, A1%;+ ($)*++ 67 !1%%6";!$(+ 0$)";"!7$ .@$!0"-#+9+A$%)+$ %:",%;:1 
232

Th + 
233

U 

5!+6$0+;$(80" ) %"9@10+H .@$!0"4" "!'>+., ;$5$!8 !1%%6";!+6 "%"=$00"%;+ +%5"(89":10+. E;+< 

!1@+"0')(+@": : )1A$%;:$ '!10-5(';"0+$:"4" ;"5(+:1 E0$!4$;+A$%)+< !$1);"!":.  

&1) '>$ '5"6+01(1%8, 
232

Th %5"%"=$0 )1) ) %16"5!"+9:"(80"6', ;1) + ) :70'>@$00"6' @$($0+H 

=7%;!76+ 0$,;!"016+ (% E0$!4+$, ="($$ 1 MEB), <";. %$A$0+$ E;", !$1)*++ 0$ :$(+)". D@01)" ;$5(":76+ 

0$,;!"016+ "0 0$ @$(+;%. ()1) :%.)+, A3;0"-A3;07, +9";"5), A;" 0$ 5"9:"(.$; "!410+9":1;8 01 ;"!++ *$50", 

5!"*$%% @$($0+..  
S16$A10+$. B 5!+!"@0"6 ;"!++ %"@$!>1;%. @$(.C+$%. !1@+"0')(+@7, 015!+6$!, 231Th, 0" (+28 : %($@":7< 

)"(+A$%;:1<. 

Q(. *$($, 1;"60", E0$!4$;+)+, "@01)", 6">0" :"%5"(89":1;8%. ;$6 #1);"6, A;" 5!+ 91<:1;$ ;$5(":"4" 

0$,;!"01 
232

Th 5!$:!1C1$;%. : 
233

U 5" %<$6$: 
232

Th + n Y 
233

Th(Z
-
) Y 

233
Pa(Z

-
) Y 

233
U.                 (6 

F9";"5 
233

U @$(+;%. ;$5(":76+ 0$,;!"016+ + %5"%"=$0 5"@@$!>+:1;8 *$50"$ @$($0+$.  " "@0"6' +9 

%'C$%;:$007< 5")191;$($, 
233

U 5!$:"%<"@+; 
235

U + 
239

Pu, +6$. ="($$ :7%")+, :7<"@ 0$,;!"0": 01 "@+0 

5"4("C$007, 0$,;!"0. I%(+ 01A1;8 !$1)*+H % 5"6"C8H @!'4"4" @$(.C$4"%. 61;$!+1(1 (
235

U +(+ 
239

Pu), 

6">0" !$1(+9":1;8 *+)( 01!1=";)+ @$(.C$4"%. 61;$!+1(1, 015"6+01HC+,, 0" ="($$ E##$);+:07,, A$6 *+)( 

01 
238

U + 5(';"0+, : !$1);"!1< 01 6$@($007< 0$,;!"01<. 

&1>@1. !$1)*+. @$($0+. 5!+:"@+; ) '=7(+ "@0"4" .@!1 
233

U, 1 )1>@1. 5!$@7@'C1. !$1)*+. - ) 

5".:($0+H ;1)"4" .@!1. I%(+ %!1:0+:1H;%. :$!".;0"%;+ 5!"*$%%1 @$($0+. + 5!$@7@'C$4" 5!"*$%%1, ;" 

)"(+A$%;:" 
233

U 5!+ !1=";$ !$1);"!1 "%;13;%. 5"%;".00",, ;" $%;8 ;"5(+:" :"%5!"+9:"@+;%. 1:;"61;+A$%)+. 

B$!".;0"%;+ 5!"*$%%1 "5!$@$(.H;%. +< E##$);+:076+ %$A$0+.6+. U%(":+. %;1=+(80", !1=";7 !$1);"!1 % 

5"%;".0076 %"@$!>10+$6 
233

U: n(
232

Th)% (
232

Th)=n(
233

U)% (
233

U), 4@$ n(
.
) - 5(";0"%;8 .@$! %"";:$;%;:'HC$4" 

+9";"51. J$A$0+$ @$($0+. (
233

U) = 2,784 =1!0, 1 %$A$0+$ 91<:1;1 0$,;!"01 ;"!+$6 5!+ ;$< >$ E0$!4+.< (
232

Th) 

= 0,387 =1!0. D;%H@1 5"('A1$6 ";0"2$0+$ )"0*$0;!1*+, 
233

U + 
232

Th 



 

& '
& '

& '
& '

14,0
784,2

387,0
233

232

232

233

(((
U

Th

Thn

Un

%

%
      (7) 

/1)+6 "=!19"6, $%(+ 67 : )1A$%;:$ !1="A$4" :$C$%;:1 

:7=$!$6 %6$%8 +9 88% 5!+!"@0"4" ;"!+. + 12% +9";"51 
233

U, ;" ;1)", %"%;1:, ='@$; @(+;$(80"$ :!$6. %"<!10.;8%. 

5!+ !1=";$ !$1);"!1.  "(">$0+$ +96$0+;%. 5"%($ ;"4", )1) 

='@$; :7!1=";10" @"%;1;"A0" ="(82"$ )"(+A$%;:" ;"!+.. 

 "%($ E;"4" 0'>0" 5!"+9:"@+;8 %6$0' !1="A$4" :$C$%;:1, 

0" 
233

U %($@'$; :7@$(+;8 +9 ";!1=";100"4" :$C$%;:1 + 

+%5"(89":1;8 : %($@'HC$, 914!'9)$. 

 

*34. 11. N0$!4$;+A$%)1. 91:+%+6"%;8 %$A$0+. 91<:1;1 

0$,;!"0": 
232

Th + 
238

U. 

 

D%0":07$ 0')(+@7, 'A1%;:'HC+$ : ;"!+$:"6 *+)($, +6$H; %+(807$ ";(+A+. "; +9";"5": '!10":"4" 

*+)(1. 

J!1:0+:1. %$A$0+. 91<:1;1 
232

Th + 
238

U : ;$5(":", "=(1%;+ (7,4 !"#$" '#()*+ 2,7 !"#$), 6">0" 

':+@$;8, A;" ;"!+, @13; ="(82+, :)(1@ : 91<:1; 0$,;!"0":, A$6 $4" '!10":7, %7!8$:", )"(($41. N;" 

"901A1$;, A;" : !$1);"!$ % ;"!+$:76 ;"5(+:"6 6">0" "=$%5$A+;8 6$082'H : 5!"*$0;0"6 ";0"2$0++ 5";$!H 

0$,;!"0": 91 %A3; 51!19+;07< 91<:1;": 01 )"0%;!')*+"007< 61;$!+1(1< +, %"";:$;%;:$00", ="($$ :7%")+$ 

51!16$;!7 :"%5!"+9:"@%;:1. 

U +9";"51 
233

U :$(+A+01 _ (,*-.( $/0)#($(+ $" '(1.(23$$40 $/0)#($) 5!$:721$; 2,0 + "%;13;%. 

5!1);+A$%)+ 0$+96$00", : ;$5(":", + E5+;$5(":", "=(1%;.< E0$!4+, - : 5!";+:"5"(">0"%;8 
235

U + 
239

Pu. 

/1)1. "%"=$00"%;8 @$(1$; ;"!+$:7, X/P %(1=" A':%;:+;$(8076 % ;"A)+ 9!$0+. 0$,;!"0+)+ ) )"0)!$;076 

;+516 ;$5(":7< !$1);"!":. 

 
*34. 12. `+%(" 0$,;!"0":, :"90+)2+< 5!+ 5"4("C$0++ "@0"4" 0$,;!"01, _, @(. 

233
U + @!'4+< +9";"5": : 

91:+%+6"%;+ "; E0$!4++ 0$,;!"0":. 

 

(&56. 4. J!1:0$0+$ ;$"!$;+A$%)+ :"96">07< )"E##+*+$0;": :"%5!"+9:"@%;:1 @(. !19(+A07< :+@": 

.@$!0"4" 4"!HA$4". 

 

&"E##+*+$0; :"%5!"+9:"@%;:1 &.B.=)-1-( ";$!+)= l**
*

1
1 !

!
, 4@$ ) - %!$@0$$ A+%(" =7%;!7< 0$,;!"0":, 

+%5'%)1$67< 01 "@+0 1); 91<:1;1 ;$5(":"4" 0$,;!"01 @$(.C+6%. +9";"5"6, ! - ";0"2$0+$ 5"5$!$A0"4" %$A$0+. 91<:1;1 

) 5"5$!$A0"6' %$A$0+H @$($0+.. 

 



 

B (&56. 4. 5!+:$@$07 .@$!07$ 51!16$;!7, 01 "%0":10++ )";"!7< 6">0" "5!$@$(+;8 ";0"2$0+$ 

)"(+A$%;:1 "=!19'HC$4"%. : !$1);"!$ @$(.C$4"%. 61;$!+1(1 ) )"(+A$%;:' «:74"!$:2$4"» - ;1) 0197:1$67, 

)"E##+*+$0; :"%5!"+9:"@%;:1. Q1007$ (&56. 4 5")197:1H; :"96">0"%;8 !1%2+!$00"4" :"%5!"+9:"@%;:1 @(. 

;!3< !19(+A07< @$(.C+<%. 61;$!+1(": (
233

U, 
235

U, 
239

Pu) =$9 'A3;1 :(+.0+. )"0%;!')*++ !$1);"!1. P+)(, 

"%0":1007, 01 ;"!++, .:(.$;%. 01+('A2+6 % ;"A)+ 9!$0+. 5"('A$0+. )"E##+*+$0;1 :"%5!"+9:"@%;:1 ="(82$ 

$@+0+*7, A;" "5!$@$(.$; *$($%""=!190"%;8 5!+6$0$0+. ;"!+. : )1A$%;:$ @$(.C$4"%. 61;$!+1(1 : .@$!07< 

!$1);"!1< 01 ;$5(":7< 0$,;!"01<. F%5"(89":10+$ ;"!+. : !$1);"!1< 01 =7%;!7< 0$,;!"01< 0$ @13; ;1)"4" 

E##$);1, )1) 5!+ *+)($ Pu-
238

U.  ";$!+ 0$,;!"0": l 91:+%.; "; "%"=$00"%;$, )"0%;!')*++ !$1);"!1. N##$); 

@$($0+. 
232

Th =7%;!76+ 0$,;!"016+ @"%;1;"A0" 61( + @(. !$1);"!":, !1=";1HC+< 01 ;"!++, 0$ 5!$:721$; 

2%. 

J$!839076 0$@"%;1;)"6 ;"!+$:"4" ;"5(+:1 .:(.$;%. %!1:0+;$(80" ="(82", 5$!+"@ 5"('!1%51@1 $4" 

5!"6$>';"A0"4" 5!"@');1 
233

Pa (27 -5)(6), A;" 01 5"!.@") ="(82$, A$6 @(. 
239

Np (2,36 -5)(6). B !$9'(8;1;$, 

: ;"!+$:7< !$1);"!1< "=!19'$;%. 901A+;$(801. !1:0":$%01. )"0*$0;!1*+. 
233

Pa, + 91 %A3; 91<:1;": 01 036 

:"90+)0'; 5";$!+ : :"%5!"+9:"@%;:$. B ;"!+$:7< !$1);"!1< ='@$; "=.91;$(80" 01=(H@1;8%. 5!";1);+0+$:7, 

E##$);, 101("4+A07, 5" 6$<10+96' "=!19":10+. 0$5;'0+$:"6' E##$);' : =7%;!7< !$1);"!1< % '!10":76 

+(+ '!10-5(';"0+$:76 ;"5(+:"6, 0" ="($$ 0$5!+.;07, % ;"A)+ 9!$0+. '5!1:($0+.. B 5!"$);1< ;"!+$:7< 

!$1);"!": @"(>$0 'A+;7:1;8%. 5"@O36 !$1);+:0"%;+ 5!+ @(+;$(807< "%;10":1< :%($@%;:+$ !1%51@1 
233

Pa : 

@$(.C+,%. +9";"5 
233

U. 

J$A$0+$ 91<:1;1 @(. +9";"51 
233

U @(. ;$5(":7< 0$,;!"0": 0160"4" 6$082$, A$6 @(. +9";"5": 
235

U + 
239

Pu - %"";:$;%;:$00", 46, 101 + 271 =1!0. B ;" >$ :!$6., ;$5(":7$ %$A$0+. @$($0+. :%$< ;!3< +9";"5": 

01<"@.;%. 5!+=(+9+;$(80" : "@0"6 + ;"6 >$ @+1519"0$ - 525, 577 + 742 =1!01, %"";:$;%;:$00".  "E;"6' : 

;"!+$:"6 *+)($ %0+>$0" "=!19":10+$ %;1!2+< ;"5(+:07< +9";"5": - ;1)+<, )1) 
236

U +(+ 
240

Pu : 

;!1@+*+"007< X/P - A;" '5!"%;+; !$*+)(+!":10+$ '!101 +9 DX/ ;"!+$:7< !$1);"!": % ;"A)+ 9!$0+. 5";$!8 

: !$1);+:0"%;+. 

 
*34. 13. P$5"A)+ 5!$:!1C$0+. %7!8$:7< +9";"5": : @$(.C+$%. @(. ;"!+$:"4" + '!10":"4" *+)(":. 

 

/$657 "=!19":10+. @"(4">+:'C+< 6(1@2+< 1);+0+@": : ;"!+$:7< !$1);"!1< 901A+;$(80" %0+>$07 

5" %!1:0$0+H % '!10":76+ + '!10-5(';"0+$:76+ '%;10":)16+. I%(+ ;"!+$:7, !$1);"! !1=";1$; 

+%)(HA+;$(80" : 
232

U-Th *+)($, ;" 1);+0+@7 % 61%%16+ %:72$ 237 ='@'; 01)15(+:1;8%. : 036 : 

5!$0$=!$>+6" 61(7< )"(+A$%;:1<. 

 !+6$0$0+$ ;"!+. : )1A$%;:$ .@$!0"4" 4"!HA$4" 91;!'@0$0" ;$6, A;" : 5"="A07< !$1)*+.< 

"=!19'H;%. +9";"57 % :7%")", 1);+:0"%;8H. L(1:07, +9 ;1)+< 914!.90+;$($, - 
232

U - !- +  -+9('A1;$(8 % 

5$!+"@"6 5"('!1%51@1 73.6 4"@1. J!$@+ $4" @"A$!0+< 5!"@');": $%;8, 015!+6$!, 
208

Tl - +9";"5 % "A$08 

)"!";)+6 :!$6$0$6 >+90+, +%5'%)1HC+, >3%;)+$  -):10;7 (2,6 789). F9-91 01)"5($0+. 
232

U !1@+1*+"001. 

"51%0"%;8 ;"!+$:"4" ;"5(+:1 !1%;3;. N;" %"9@13; @"5"(0+;$(807$ 5!"=($67 5!+ "=!1C$0++ % DX/ ;"!+$:7< 

!$1);"!":, : A1%;0"%;+, 5!+ !$*+)(+!":10++ '!101. ?" "@0":!$6$00" 01(+A+$ 
232

U : :74"!$:2$6 ;"5(+:$ 

':$(+A+:1$; 91C+C300"%;8 !$1);"!1 + X/P "; !1%5!"%;!10$0+.. 

M"C0"%;+ @"9 '!101, :7@$(.$6"4" +9 DX/ :%$< ;.>3(":"@07< !$1);"!": % ;"!+$:76 ;"5(+:"6, 

")197:1H;%. 01%;"(8)" ="(82+6+, A;" #1);+A$%)+ +%)(HA1H; :"96">0"%;8 $4" 5"<+C$0+. ;$!!"!+%;16+. 

/1), 5"%($ 4"@1 :7@$!>)+ :7@$($007, ('(-./ '/#+(0 6":'"$**) "=!19$* 
233

U 61%%", 5 )4 ='@$; %"9@1:1;8 01 

!1%%;".0++ 1 #';1 6"C0"%;8 @"97 : 5!$@$(1< 120-370 R/A : 91:+%+6"%;+ "; )"0#+4'!1*++ !$1);"!1, 1 A$!$9 

10 ($; :7@$!>)+ - 380-1120 R/A. 



 

 

*34. 14. S1:+%+6"%;8 :7<"@1 5!"@');1 @$($0+. "; $4" 

61%%7 5!+ @$($0++ ;$5(":76+ 0$,;!"016+ 
235

U + 
239

Pu, : 

'!10":"6 + 5(';"0+$:"6 ;"5(+:0"6 *+)($ + 
233

U, : 

;"!+$:"6 *+)($. 

 

B '!10-;"!+$:"6 *+)($ 01="! 5!"@');": @$($0+. 

0$%)"(8)" ";(+A1$;%. "; ;1)":"4" @(. '!10-5(';"0+$:"4" 

*+)(1, A;" ;!$='$; 0$)";"!", 6"@+#+)1*++ ;!1@+*+"00", 

%<$67 5$!$!1=";)+ 4"!HA$4". J"4(1%0" %":!$6$0076 

5!$@%;1:($0+.6, : ;"!+$:"6 !$1);"!$ : 6$082+< 

)"(+A$%;:1<, A$6 : '!10":"6 01)15(+:1$;%. 5(';"0+, + 

6+0"!07$ 1);+0+@7, @"(4">+:'C+< 5!"@');": @$($0+. ;1)>$ 6$082$.  "E;"6' ">+@1$;%., A;" 5"%($ 

0$%)"(8)+< %";$0 ($; <!10$0+. ;"!+$:7$ ";<"@7 ='@'; 0$ "51%0$$ '!10":", !'@7. 
S16$A10+$. K5"("4$;7 ;"!+$:", E0$!4$;+)+ +0"4@1 ';:$!>@1H;, A;" : ";!1=";100"6 ;"!+$:"6 ;"5(+:$ 0$ 

01)15(+:1H;%. 5(';"0+, + 1);+0+@7, %($@":1;$(80", ;1)", 61;$!+1( 0$ +0;$!$%$0 @(. ;$!!"!+%;":, 6$A;1HC+< "= 

1;"60", ="6=$. N;", )"0$A0", %)19)+: :%$ "!'>$,07$ 0')(+@7 5!$)!1%0" 01)15(+:1H;%. : ;"!+$:"6 ;"5(+:$. F< 

01)"5($0+$ @$,%;:+;$(80" 6$082$, A$6 : '!10":"6 *+)($, 0" "0" +@3;, ;1) A;" 5!+ >$(10++ +< :%$4@1 6">0" :7@$(+;8 

+ 5'%;+;8 : @$(". 

D;6$;+6, A;" !$1);"!7 % 914!'9)", ;"!+$6 01A+01H; :7+4!7:1;8 ' '!10":7< 1551!1;": % ;"A)+ 

9!$0+. '@$(80"4" !1%<"@1 @$(.C+<%. 61;$!+1(": (+28 5!+ "A$08 :7%")+< %;$5$0.< :74"!10+. ;"5(+:1 

5"!.@)1 45-50 LB;×%';/;. ?$)"4@1 ;1)+$ 4('=+07 :74"!10+, %A+;1(+%8 0$@"%;+>+676+ +9-91 5!"=($6 % 

)"0%;!')*+"0076+ 61;$!+1(16+ + ;.@., 0" : 012+ @0+ 1;"601. ";!1%(8 '%5$20" +< "%:"+(1. 

U ;"!+$:7< !$1);"!": $%;8 "5!$@$(3007$ 5!$+6'C$%;:1. /1), +96$0$0+$ 9151%1 !$1);+:0"%;+ : <"@$ 

)16510++ : E;+< '%;10":)1< ='@$; 6$082+6, A$6 @(. !$1);"!": % '!10":76 +(+ '!10-5(';"0+$:76 ;"5(+:"6. 

&!"6$ ;"4", ;"!+$:7$ %+%;$67 5"9:"(.H; ="($$ E##$);+:0" +%5"(89":1;8 
235

U +/+(+ 5(';"0+,, @"=1:(.$67$ 

: %:$>$$ ;"5(+:" - E;" 5"9:"(.$; 91@'61;8%. " ;"!+$:"6 X/P )1) "5;+61(80"6 %!$@%;:$ ';+(+91*++ 

01)"5($00"4" : 6+!$ 5(';"0+.. B 070$20+< ;$5(":7< !$1);"!1<, +%5"(89'HC+< MOX-;"5(+:", 

60"4")!1;0"$ !$*+)(+!":10+$ 5(';"0+. %+(80" 91;!'@0$0" $4" @$4!1@1*+$, - 01)"5($0+$6 %;1!2+< 

+9";"5":. N;" 5!+:"@+; ) 0$@"5'%;+676 +96$0$0+.6 : E##$);1< !$1);+:0"%;+ - : A1%;0"%;+, 6">$; %;1;8 

5"(">+;$(8076 5'%;";07, E##$); !$1);+:0"%;+ 5" ;$5("0"%+;$(H.  "57;)+ +%5"(89":1;8 ;"5(+:07$ 

E($6$0;7 01 +0$!;0", "%0":$ :797:1H; !$9)"$ '<'@2$0+$ 51!16$;!": 0$,;!"00", )+0$;+)+ !$1);"!1. N;+ 

%;1:.; "4!10+A$0+$ 01 ;$657 :"96">0", ';+(+91*++ 5(';"0+. : ;$5(":7< !$1);"!1< % '!10-5(';"0+$:76 

;"5(+:"6. G"(82+0%;:" +9 %":!$6$007< ($4)":"@07< '%;10":") 5"9:"(.$; 914!'>1;8 MOX-;"5(+:"6 

1);+:0'H 9"0' ;"(8)" 01 ;!$;8 +(+ @1>$ 01 A$;:$!;8. B 5!";+:"5"(">0"%;8 E;"6', ;"!+, 6">$; ")191;8%. 

";(+A0", "61;!+*$," @(. 5(';"0+.. K01(+9 :"96">0"4" 5!+6$0$0+. ;"!+,-5(';"0+$:"4" ")%+@0"4" ;"5(+:1 

: PWR 5")197:1$;, A;" :7>+410+$ 5(';"0+. : ;1)+< '%;10":)1< '('A21$;%., 0" )"E##+*+$0;7 !$1);+:0"%;+ 

%;10":.;%. A!$96$!0" ";!+*1;$(8076+, 1 E;" :797:1$; 0$>$(1;$(807$ E##$);7 91 %A3; "=!1;07< %:.9$,. N;1 

5!"=($61 !$21$;%. : ;.>3(":"@07< PHWR, 4@$ :%. 9"01 6">$; =7;8 914!'>$01 ;"!+,-5(';"0+$:", 

)"65"9+*+$, =$9 )1)+<-(+=" %$!83907< 5"%($@%;:+, @(. 0$,;!"0+)+. K @"%;+41$67, '!":$08 ';+(+91*++ 

5(';"0+. : ;.>3(":"@07< 1551!1;1< ='@$; %!1:0+6 % '!":0$6 @(. ($4)":"@07< '%;10":") % +0$!;076 

;"5(+:"6. 

B !$1);"!$, )"4@1 0$,;!"0 :91+6"@$,%;:'$; % .@!"6 %5"%"=0"4" ) @$($0+H +9";"51, "0 +(+ 

!1%)1(7:1$; .@!" +(+ 91<:1;7:1$;%. + 5!$"=!19'$; : @!'4"$ .@!". B %('A1$ 
233

U !$1)*++ 4"!$0+. .@$!0"4" 

;"5(+:1 5!$:1(+!'H; 01@ !$1)*+.6+ "=!19":10+. ;!10%'!10":7< E($6$0;":. 
233

U, 5"4("C1. 0$,;!"0, +(+ 

@$(+;%. +(+ 5!$:!1C1$;%. : 
234

U. B$!".;0"%;8 @$($0+. 5!+ 5"4("C$0++ ;$5(":"4" 0$,;!"01 92%; ";0"2$0+$ 

91<:1;-@$($0+$ 
233

U, !1:0" 1:10, A;" ('A2$ A$6 ' 
235

U (1:6), 
239

Pu (1:2), +(+ 
241

Pu (1:4). B !$9'(8;1;$ : ";<"@1< 

5".:(.$;%. 6$082$ @"(4">+:'C+< "51%07< ;!10%'!10":7< E($6$0;":, A$6 : %('A1$ '!10-5(';"0+$:"4" 

*+)(1. /$6 0$ 6$0$$, + ;!10%'!10":7$ + ;!10%5(';"0+$:7$ E($6$0;7 1 ";<"@1< ";!1=";100"4" ;"5(+:1, 

$%;$%;:$00", 5!+%';%;:'H;. Q$(" : ;"6, A;" '5"6.0';7, :72$ 
234

U 0$ @$(+;%. ;$5(":76+ 0$,;!"016+, 0", 

91<:1;+: 0$,;!"0 5!$:!1C1$;%. : @$(.C+,%. 
235

U. I%(+ .@!" E;"4" +9";"51 0$ '%5$$; !19@$(+;8%., ;" 

5!"@"(>1. 91<:1;7:1;8 0$,;!"07 "0" 5!$:!1;+;%. 5"%($@":1;$(80" : 
236

U, 
237

Np, 
238

Pu, +, : )"0$A0"6 %A$;$, : 

@$(.C+,%. 
239

Pu + ="($$ ;.>$(7$ +9";"57 5(';"0+.. 



 

Q!'4", 0$5!+.;0", "%"=$00"%;8H ;"!+$:"4" *+)(1 .:(.$;%. "=!19":10+$ 
231
R1 : !$9'(8;1;$ (n, 2n) 

 !"#$%% & 
232

Th (A$4" 0$ 5!"+%<"@+; : '!10":"6 *+)($), ;1) A;" ;"!+$:7$ ";<"@7 01@"(4" 914!.90.H;%. E;+6 

@":"(80" @"(4">+:'C+6 ( =32700 ($;) !1@+"0')(+@"6. 

?1)"0$*, ;!$;8$, 0$5!+.;0", "%"=$00"%;8H ;"!+$:"4" *+)(1 .:(.$;%. "=!19":10+$ 
232

U, 

5!"+%<"@.C$$ 5" (n,2n)- !$1)*+.6 =7%;!7< 0$,;!"0": % 
233

U, 
233

Pa + 
232

Th: 

nnUPaThThn 2232

92

233

92

233

91

233

90

232

90 +$+,$,,$,$+
  !!                          (8) 

UnPanPaThThn 232

92

232

91

233

91

233

90

232

90 2 "#"$#$"#"#$
  !!                     (9) 

UPanPanThThn 232

92

232

91

232

91

231

90

232

90 2 "#"#$"#"$#$
 % !!                     (10) 

232
U  !"#!$!%&"' (! 

228
Th " #)"*%$+,-./. # %0 !-%(.'/., 1! !2&% (3/. $*'  '$! 

232
Th: 

& ' !"ThU 9,68228

90

232

92 "#"(                                           (11) 

& ' !"RaTh 9,1224

88

228

90 "#"(                                           (12) 

& '#$%cRnRa 24,0,6,3220

86

224

88 "#"(                              (13) 

#$%cPoRn 54,0,55(216

84

220

86 "#"(                                   (14) 

& '&'(PbPo 63,10212

82

216

84 "#"(                                           (15) 

64,10(212

83

212

82 BiPb "#"
 ! &'()                                           (16) 

& '#$%)*+TlBi 78,0,61208

81

212

83 "#"(                                (17) 

)6,2,3(208

82

208

81 #$%)*+PbTl "#"
 !                                 (18) 

232
U 1./.4%"2. (% /)5%& 63&7 )&$%*%( )& 

233
U )& ."#)*78+%/)9) '$% ()9) &)#*.0!; )$(!2), 

1./.4%"2)% )&$%*%(.% &) .' )& + !(! +$!*.& # )$+2&3  !"#!$!, 
228

Th .  !$.!:., )& )"&!*7(31 # )$+2&)0 

:%#.  !"#!$!, 2)&) !' #)"&%#%(() 6+$%&  !"&. "()0!, #)"2)*72+ 
228

Th #)0&) () (!2!#*.0!%&"'. ;<"&2)% )-

.8*+4%(.% &!25% ")8$!%&  !$.)*)9.4%"2+, )#!"()"&7, & %6+' ."#)*78)0!(.' /)-(31 6)2")0 . 

/!(.#+*'&) )0. =)(%4(), # . 1) )>%/ ?.(!(". )0!(.. @&. # %#'&"&0.' /)5() # %)$)*%&7. A) 8!4%/?! B"&7 

5% + !( #*+&)(.%03C :.2*, 0 2)&) )/ (.2!2.1 &!2.1 & +$()"&%C (%&. 

D (!"&)'-%% 0 %/'  !""/!& .0!,&"' $0% "1%/3 ."#)*78)0!(.' &) .%0)9) &)#*.0!. E)9*!"() #% 0)C 

(8!/2(+&3C :.2*) &) .C )6*+4!%&"' 0  %!2&) % 6 .$% %, 0 2)&) )/ :%#(+,  %!2:., $%*%(.' )6%"#%4.0!%& 
235

U. F*!(2%& .80*%2!%&"' .8  %!2&) !- !8/()5.&%*', )6 !8)0!0>.C"' 
233

U )&$%*'%&"' )& &) .', (! %9) )"()0% 

.89)&!0*.0!%&"' &)#*.0), 2)&) )% #)"&!0*'%&"' (! $ +9)C (@(% 9%&.4%"2.C)  %!2&) . A%$)"&!&)2 8!/2(+&)9) 

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

$."&!(:.)(()9) +# !0*%(.', ! #% %0)82! – "#%:.!*7(31 2)(&%C(% )0. E)9*!"() 2)(:%#:.. )&2 3&)9) :.2*! 
233

U $)*5%( "5.9!%&"' (%#)" %$"&0%(() 0  %!2&) % 0 2)&) )/ )( 9%(% . +%&"', 6%8 03$%*%(.', #% % !6)&2. . 

# ).80)$"&0! ()0)9) &)#*.0!.  

G!""/)& ./ &%#% 7 # %./+-%"&0! . (%$)"&!&2. &) .%0)9) &)#*.0()9) :.2*! 

 !"#$%&"'()*. 

1. H) .C 0 3-4  !8! 6)*%  !"# )"& !(<((3C 0 8%/()C 2) % @*%/%(&, 4%/ + !(. 

2. I . )$(3C &) .C ")"&).& .8 )$()9) .8)&)#! . %9) 0)0*%4%(.% 0 &)#*.0(3C :.2* 0 )&*.4.% )& + !(! 

(% & %6+%& & +$)</2)9)  !8$%*%(.' .8)&)#)0. 

3. H) .C ./%%& (%2)&) 3% 6)*%% # .0*%2!&%*7(3% '$% (3% "0)C"&0! #) " !0(%(., " + !()/. I)#% %4()% 

"%4%(.% #)9*)-%(.' &%#*)031 (%C& )()0 (Ja) + 
232

Th 0 & .  !8! 6)*7>% 4%/ + 
238

U, !  %8)(!("(3C .(&%9 !* 

(" %$(%% "%4%(.% #) # )/%5+&)4(3/ @(% 9.'/ (%C& )()0) ")"&!0*'%& 1/3 )& &!2)0)9) $*' 
238

U. 

E*%$)0!&%*7(), #)*()% # %)6 !8)0!(.% &) .' 0 &%#*)0)/  %!2&) % 6)*%% @??%2&.0(), 4%/ 0 "*+4!% + !(!. 

K)&' #)#% %4()% "%4%(.% $%*%(.' 
233

U (! &%#*)031 (%C& )(!1 (Jf) ")#)"&!0./) " 
235

U . 
239

Pu, "%4%(.% 8!10!&! 

(JL) (!/()9) /%(7>%, 4%/ + #)"*%$(.1 $0+1 $%*'-.1"' .8)&)#)0, )6%"#%4.0!' /%(7>%% 2)*.4%"&0) 

(%C& )((31 #)9*)-%(.C, (% # .0)$'-.1 2 $%*%(.,. M&) +*+4>!%& (%C& )((+, @2)()/.2+. A!2)(%:, 

)&()>%(.% 03#+-%((31 (%C& )()0 2 #)9*)-<((3/ (N) + 
233

U, 6)*7>% 4%/ $0!  !8!, 4%/ + + !(!, #) 

>. )2)/+ $.!#!8)(+ @(% 9.C, 02*,4!' &%#*)0)C "#%2& . I)@&)/+ &) .%0)% &)#*.0) /)5() ."#)*78)0!&7 0 

&%#*)0)/ 6 .$% ()/  %!2&) %.  

4. H) .%03% &)#*.0! )6*!$!,& . (%2)&) 3/. 6*!9)# .'&(3/. ?.8.4%"2./. . 1./.4%"2./. "0)C"&0!/., 

2)&) 3% +*+4>!,-.% @2"#*+!&!:.,  %!2&) !. I) " !0(%(., " (!.6)*%%  !"# )"& !(<((3/  %!2&) (3/ 

&)#*.0)/ (! )"()0% $.)2".$! + !(! (UO2), $.)2".$ &) .' (ThO2) ./%%& 6)*%% 03")2+, &%/#% !&+ + 



 

#*!0*%(.', + (%9) 03>% &%#*)# )0)$()"&7, . 6)*%% (.82.C 2)@??.:.%(& &%#*)0)9)  !">. %(.'. O.)2".$ 

&) .' 1./.4%"2. "&!6.*7(%% ., 0 )&*.4.% )& $.)2".$! + !(!, (% "2*)(%( 2 $!*7(%C>%/+ )2."*%(.,. 

5. I)"2)*72+ 
233

U # ).80%$%((3C 0 &) .%031 &)#*.0!1 (%.86%5() 8!9 '8(%( " 
232

U, &) @&) '$% ()% 

&)#*.0) "!/) 8!-.-!%& "%6' )& 1.-%(.C. 
232

U 1./.4%"2. (% /)5%& 63&7 )&$%*%( )& 
233

U, # .4</ )( ./%%& 

(%"2)*72) # )$+2&)0  !"#!$!, ."#+"2!,-.1 )-.8*+4%(.' 03")2.1 @(% 9.C. G!$.)*)9.4%"2!' )#!"()"&7 )& 

&!2.1 /!&% .!*)0 & %6+%& ."#)*78)0!(.' $."&!(:.)(()C )6 !6)&2. 03$%*%(()9) + !(! . )6*%94!%& .1 

)6(! +5%(.%. 

6. O*.&%*7(!' (#) '$2! 10
3
 - 10

6
 *%&)  !$.)*)9.4%"2!' )#!"()"&7 )634()9) ."#)*78+%/)9) '$% ()9) 

&)#*.0! (! )"()0% + !(! )# %$%*'%&"' #*+&)(.%/ . /.() (3/. !2&.(.$!/., #)"*%  !"#!$! 2)&) 31 

$)*9)5.0+-.% # )$+2&3 $%*%(.' "()0! 0()"'& "+-%"&0%((3C 02*!$ 0  !$.)@2)*)9.4%"2+, )#!"()"&7. 

P$()9) 8!10!&! (%C& )(! $)"&!&)4() $*' #% %0)$! 0 
238

U 0 & !("+ !()03C @*%/%(&, &)9$! 2!2 (%)61)$./) 

)"+-%"&0.&7 >%"&7 8!10!&)0 (%C& )()0, 4&)63 #)*+4.&7 
232

Th. 98-99% '$%  &) .%0)9) &)#*.0! $%*'&"' (.*. 
233

U, .*. 
235

U), #)@&)/+ 9%(% . +%&"' /%(7>%% 2)*.4%"&0) $)*9)5.0+-.1 & !("+ !()0. Q8-8! @&)9), &) .C - 

#)&%(:.!*7() # .0*%2!&%*7(!' !*7&% (!&.0! 2 + !(+ 0 "/%>!(()/ )2".$()/ (MOX) &)#*.0%, " &)42. 8 %(.' 

+/%(7>%(.' (!2)#*%(.' & !("+ !()0 . +0%*.4%(.' $%"& +2:.. #*+&)(.'. 

7. D )&*.4.% )& #*+&)(.', 
233

U /)5%& 63&7 *%92) $%(!&+ . )0!( #+&</ "/%>%(.' %9) " # . )$(3/ .*. 

)6%$(<((3/ + !()/.  

8. R$% (3%  %!2&) 3 (! &) .%0)/ &)#*.0% 6)*%% 6%8)#!"(3, 4%/ (! + !()0)/, #)"2)*72+ &) .%03% 

 %!2&) 3 (% )6*!$!,& 8!#!")/  %!2&.0()"&.. I)@&)/+ (.2!2.%  !8 +>%(.' !##! !&+ 3  %!2&) ! (% 

"#)")6(3 0380!&7 (%2)(& )*. +%/+, :%#(+,  %!2:.,.  

+",-'(*(.#: 

1. H) .C –  !""%'((3C @*%/%(&, (% )6 !8+,-.C ")6"&0%((31  +$ . /%"&) )5$%(.C. B"*. (%2)&) 3% 

/.(% !*3 + !(! – # )"&3% )2".$3 + !(!, &) + &) .' &!2.1 /.(% !*)0 (%&. I)#+&()% 03$%*%(.% &) .' .8 

 %$2)8%/%*7(31 /.(% !*)0 )"*)5(%() "1)$"&0)/ &) .' " @*%/%(&!/. "%/%C"&0! *!(&!(!. O)634! &) .' 

(!/()9) $) )5% $)634. + !(!.  

2. D"2 3&.% /)(!:.&! – # ):%"" (!/()9) 6)*%% "*)5(3C, 4%/ 0"2 3&.% 6)*7>.("&0! + !()031  +$. 

P&$%*%(.% &) .' )& GSM – # ):%"" (!/()9) 6)*%% "*)5(3C, 4%/ 03$%*%(.% . )4."&2! + !(!. I ).80)$"&0) 

/%&!**.4%"2)9) &) .' 8!& +$(%(). I)@&)/+ &) .C . %9) ")%$.(%(.' (!/()9) $) )5% !(!*)9.4(31 # )$+2&)0 

(! )"()0% + !(!. 

3. Q8-8! #*)1.1 /%1!(.4%"2.1 "0)C"&0 &) .', .8 (%9) (%0)8/)5() .89)&)0.&7 2!2.%-*.6) .8$%*.' 

&)4()C ?) /3, 2 &)/+ 5% &) .%03% .8$%*.' *%92) .8/%(',& "0), ?) /+ 0  %!2&) (31 +"*)0.'1. H) .C – 

".*7() 2)  )$. +,-.C @*%/%(&. F) )&7"' & !$.:.)((3/. /%&)$!/. " %9) 2)  )8.%C (%0)8/)5(), ! 

.89)&)0*%(.% #*!2. )0!((31 .8$%*.C 8!& +$(%(). D3")2!' &%/#% !&+ ! "#%2!(.', (%)61)$./!' $*' 

# ).80)$"&0! &) .%0)9) $.)2".$()9) &)#*.0!, +"*)5('%& # ):%"" .89)&)0*%(.' &)#*.0!.  

4. D )&*.4.% )& + !(!, %"&%"&0%((3C &) .C (% ")$% 5.& (.2!2.1 $%*'-.1"' .8)&)#)0; 4&)63 

$)"&.9(+&7 2 .&.4()"&. (%)61)$./) $)6!0*'&7 $%*'-.C"' /!&% .!* 
233

U, 
235

U, .*. #*+&)(.C.  

5. B"*. &) .C ."#)*78+%&"' 0 )&2 3&)/ &)#*.0()/ :.2*% (+&.*.8. +,-.C 
233

U in situ), &) 4&)63 

$)"&.9(+&7 6*!9)# .'&()C (%C& )(()C @2)()/.2. (%)61)$./3 03")2.% "&%#%(. 039) !(.'. K)&' 039) !(.% 

$.)2".$! 170000 MD&
.
"+&/&)((! . 150000 MD&

.
"+&/&)((! 0 Fort St. Vrain Generating Station . AVR 

"))&0%&"&0%((), 63*) 1) )>./ & +$() $)"&.9(+&7 03")2.1 "&%#%(%C 039) !(.' 0 *%92)0)$(31  %!2&) !1, 

&.%. 0 )"()0(31  %!2&) !1 ")0 %/%(()C !&)/()C @(% 9%&.2.. 

6. E !0(.&%*7() $*.((3C 0 %/%(()C .(&% 0!* 0 &%4%(.% 2)&) )9) 
232

Th #) )5$!%& 
233

U. I% .)$ 

#)*+ !"#!$! 
233

P! - # ./% () 27 $(%C, 4&) 6)*7>% #% .)$! #)*+ !"#!$! 
239

Np. D  %8+*7&!&%, "+-%"&0%(()% 

2)*.4%"&0) 
233

Pa )2!830!%&"' 0 &) .%0)/ &)#*.0%. I )&!2&.(.C-233 - !2&.0(3C #)9*)&.&%*7 (%C& )()0. 

I !0$! )(, 0 2)(%4()/ "4%&%, # %0 !-!%&"' 0 $%*'-.C"' 
235

U, () $*' @&)9) & %6+%&"' %-% $0! 

#)"*%$)0!&%*7(31 #)9*)-%(.' (%C& )()0, 4&) 0 %$.& (%C& )(()C @2)()/.2% . +0%*.4.0!%& 0% )'&()"&7 

# ).80)$"&0! & !("+ !()0.  

7. B"*. &0< $3C &) .C ."#)*78+%&"' 0 8!2 3&)/ &)#*.0()/ :.2*%, 0 2)&) )/ 
233

U #)$0% 9!%&"' 

#% % !6)&2%, &) .(&%(".0(!'  !$.!:.' (5<"&2)% L-.8*+4%(.% " @(% 9.%C $) 2,6 T@D ."&)4(.2)/ 2)&) )9) 

'0*'%&"' 
208

Tl) )6+"*)0*.0!%& (%)61)$./)"&7 $."&!(:.)(()9) +# !0*%(.' 0"%/. )#% !:.'/. &)#*.0()9) 

:.2*! .8 )#% !&) "2)9) #)/%-%(.', )6%"#%4%(()9) 8!-.&(3/ @2 !()/, 4&) +0%*.4.0!%& 8!& !&3 &) .%0)9) 

:.2*! #) " !0(%(., " + !()03/ &)#*.0(3/ :.2*)/. 

8. K)&' "+-%"&0+,& # %2 !"() )&*!5%((3% /%&)$3 #% % !6)&2. + !()0)9) &)#*.0! ((!# ./% , 

PUREX), #)$)6(!' &%1()*)9.' $*' &) .' ((!# ./% . THOREX) - 0"% %-%  !8 !6!&30!%&"'. 



 

9. A%"/)& ' (! # ."+&"&0.% 0 %$()9) 
232

U, EUV 0 1955 (!9*'$() # )$%/)("& . )0!*., 4&) 6)/6+ (! 

)"()0% 
233

U 0#)*(% /)5() .89)&)0.&7 . # ./%(.&7 0 2!4%"&0% ) +5.'. I)@&)/+ #% %1)$ (! &) .%0+, 

@(% 9%&.2+ (% "(./!%& # )6*%/3  !"# )"& !(%(.' !&)/()9) ) +5.'.  

10. K)&' &) .%0)% &)#*.0) # ).80)$.& (!/()9) /%(7>% $)*9)5.0+-.1 & !("+ !()0, 4%/ &)#*.0) (! 

)"()0% + !(!, (%2)&) 3% $)*9)5.0+-.% !2&.(.$3 )2!830!,& $*.&%*7()%  !$.)*)9.4%"2)% 0)8$%C"&0.%, 

)")6%(() 
231

Pa.  

H!2./ )6 !8)/, )"()0()C (%$)"&!&)2 &) .%0)9) :.2*! #)('&%( – )( # )"&) (!/()9) $) )5% + !()0)9). 

= &)/+ 5% 0%"7 &) .%03C :.2* "*!6) # ) !6)&!(. I)@&)/+  !""4.&30!&7 (! #)*()/!">&!6(+, &) .%0+, 

@(% 9%&.2+ 0 #% 0)C #)*)0.(% (!>%9) 0%2! (% "*%$+%&. B< (% 6+$%&… 

 G!""/)& ./ &%#% 7 "+-%"&0+,-.% 0 (!>% 0 %/' # )%2&3 '$% (31  %!2&) )0 (! 6!8% &) .%0)9) 

&)#*.0!. 

I !2&.4%"2. 2!5$3C &.#  %!2&) ! 0 &) .*. .()% 0 %/' .8+4!*"' " &)42. 8 %(.' # ./%(%(.' 0 (%/ 

&) .%0)9) &)#*.0!. D 6)*7>%C "&%#%(. # )6*%/3 ."#)*78)0!(.' &) .%0)9) &)#*.0! .8+4%(3 # ./%(.&%*7() 

2 03")2)&%/#% !&+ (3/ (HTR), &'5%*)0)$(3/ (PHWR) . *%92)0)$(3/ (LWR)  %!2&) !/ (! &%#*)031 

(%C& )(!1. H) .%03C &)#*.0(3C :.2* # %$"&!0*'%& .(&% %" $*'  %!2&) )0 (! &%#*)031 (%C& )(!1, 

#)"2)*72+ )"()0()C $%*'-.C"' .8)&)# @&)9) &)#*.0()9) :.2*! 
233

U $!%& 0 &%#*)0)/ "#%2& % (%C& )()0 0,2 

«$)#)*(.&%*7(31» (%C& )(! (#) " !0(%(., " 
235

U . 
239

Pu), 2)&) 3% /)5() ."#)*78)0!&7 $*' #)03>%(.' 

@??%2&.0()"&. &)#*.0()9) :.2*!. D"*%$"&0.% @&)9) "+-%"&0+,& +6%5$%(.', 4&) /)5() ")8$!&7 &!2.% 

 %!2&) 3 (! &%#*)031 (%C& )(!1 . "))&0%&"&0+,-.% + !(-&) .%03% &)#*.0(3% :.2*3, 2)&) 3% #)80)*'& 

#)*+4.&7 2)@??.:.%(& 0)"# ).80)$"&0! '$% ()9) &)#*.0!. A) &!2.% +6%5$%(.' (%"2)*72) )#&./."&.4(3 . 

# %+0%*.4.0!,& #% "#%2&.0()"&7 &) .%0)9) &)#*.0()9) :.2*!. E0'8!() @&) " &%/, 4&) 
233

U #)*+4!%&"' 0 

 %8+*7&!&%  !"#!$! 
233

Pa, 2)&) 3C )6 !8+%&"' # . 8!10!&% (%C& )()0 
232

Th. Q8)&)# 
233

Pa ./%%& $)"&!&)4() 

$*.&%*7(3C #% .)$ #)*+ !"#!$! (27 $(%C), . 8! @&) 0 %/', # ."+&"&0+' 0 !2&.0()C 8)(%, )( /)5%& 8!10!&.&7 

(%C& )(, #% %C$%& 0 
234

Pa . 63"& )  !"#!$%&"' 0 
234

U. M&)& @??%2& 8!/%&() +1+$>!%& @??%2&.0()"&7 

."#)*78)0!(.' &)#*.0! 0 &) .%0)/ &)#*.0()/ :.2*%, )")6%(() # . +0%*.4%(.. #*)&()"&. #)&)2! (%C& )()0 

0 !2&.0()C 8)(%.  

E &)42. 8 %(.' #% % !6)&2. &)#*.0! &) .%03C :.2* &!25% )6*!$!%& (%2)&) 3/. (%$)"&!&2!/.. D 

# ):%""% 039) !(.' 0 &)#*.0% (!2!#*.0!%&"' .8)&)# 
232

U, 0 :%#)42%  !"#!$! 2)&) )9) 0 "0.(%: # ."+&"&0+,& 

.8)&)#3 
210

Bi () " @(% 9.%C 1,6T@D), 
212

Po () " @(% 9.%C 2,6T@D) . )")6%(() (%# .'&(3C .8)&)# 
208

Tl (@(% 9.' 

)-4!"&.: 2,6 T@D). G!6)&! " &!2./ )6*+4%((3/ &)#*.0)/ & %6+%&  !80.&.' &%1()*)9.C $."&!(:.)(()C 

#% % !6)&2. . .89)&)0*%(.' &)#*.0!. = )/% @&)9), # )."1)$.& +0%*.4%(.%  !$.)&)2".4()"&. &) .' 8! "4%& 

#)'0*%(.' " !0(.&%*7() 2) )&2)5.0+-.1 .8)&)#)0 &) .', 4&) +"*)5('%&  %:.2*. )0!(.% &) .'.  

O*' )&2 3&)9) &) .%0)9) &)#*.0()9) :.2*! (6%8 #% % !6)&2. &)#*.0!) $)#)*(.&%*7(3% (%C& )(3 )& 
233

U /)5() #)"&! !&7"' @??%2&.0() ."#)*78)0!&7, +0%*.4.0!' 9*+6.(+ 039) !(.' &)#*.0!. P$(!2) .8)&)#! 
233

U 0 # . )$% (%&, . $!5% 0 @&)/ "*+4!% #)& %6+%&"' ?) /. )0!&7 "&! &)03% &)#*.0(3% 8!9 +82.  %!2&) )0 

*.6) (! )"()0% 03")2))6)9!-%(()9) + !(!, *.6) (! )"()0% #*+&)(.'. O*' #% 0)9) 0! .!(&! (."#)*78)0!(.% 

03")2))6)9!-%(()9) + !(!) (%)61)$./) ./%&7  !80.&+, "& +2&+ + # %$# .'&.C #) )6)9!-%(., # . )$()9) 

+ !(!, . #)*+4.&7 8!/%&(3% @2)()/.4%"2.% # %./+-%"&0! )& 8!/%(3 "3 7%0)9) .8)&)#! 
238

U (! 
232

Th. H!2!' 

#% "#%2&.0! # %$"&!0*'%&"' "%C4!" (% )4%(7 8!/!(4.0)C. D)-#% 031, 03")2))6)9!-%((3C + !( @&) 

$)#)*(.&%*7(!' 9)*)0(!' 6)*7 0 # )6*%/% (% !"# )"& !(%(.', 0)-0&) 31, 8!/%&() #)$('&7 039) !(.% 

&) .%0)9) &)#*.0! (% +$!"&"', &.2. #)-# %5(%/+ )"()0(3/ $%*'-./"' .8)&)#)/ 6+$%& 
235

U. 

O +9)C 0! .!(& – ) .%(&!:.' (! ."#)*78)0!(.% "&! &)031 #*+&)(.%031 8!9 +8)2. E2) %% 0"%9), )( 

6)*%% #% "#%2&.0%(. O*'  %!*.8!:.. @&)C "& !&%9.. (! #% 0)/ @&!#% /)5() ."#)*78)0!&7 ) +5%C(3C 

#*+&)(.C .*. #*+&)(.C .8 )6*+4%(()9) &)#*.0! &%#*)031  %!2&) )0. D #% "#%2&.0% /)5()  !""4.&30!&7 (! 

#*+&)(.C .8 @2 !()0 63"& 31  %!2&) )0. Q"#)*78)0!&7 #*+&)(.C :%*%"))6 !8() *.>7 (! (!4!*7()/ @&!#% 

(! !-.0!(.' /)-()"&%C. O!*%%, # . #)*()/ 8!/32!(.. &)#*.0()9) :.2*!, 0 &)/ 4."*% . #) 
233

U, "*%$+%& 

#% %1)$.&7 (! &)#*.0(3% 8!9 +82. " 
233

U, 2)&) 3C 6+$%& (! !6!&30!&7"' 2!2 0 &%#*)031  %!2&) !1, &!2 . 0 

6*!(2%&!1 63"& 31  %!2&) )0.  

HTR - %$.("&0%((3C  %!2&) , 2)&) 3C .8(!4!*7() # )%2&. )0!*"' #)$ ."#)*78)0!(.% &) .%0)9) 

&)#*.0!. 
233

U 0 )&*.4.% )& 
239

Pu )6*!$!%& )4%(7 1) )>./. '$% ()-?.8.4%"2./. "0)C"&0!/. 0 "#%2& % HTR: 

  233U 235U 239Pu 241Pu 

n@??  2,29 2,05 1,80 2,18 

D3")2)% 8(!4%(.% n@?? $*' 
233

U #)80)*'%& 0 HTR $)"&.9(+&7 03")2)9) + )0(' 2)(0% ".. . *+4>% 

."#)*78)0!&7 # . )$(3% &)#*.0(3%  %"+ "3 0 " !0(%(.. " + !()03/ .*. + !(-#*+&)(.%03/ &)#*.0(3/. 



 

:.2*!/.. A) &!2 2!2 &) .C 0 " !0(%(.. " # . )$(3/ + !()/ (% ")$% 5.& $%*'-.1"' 2)/#)(%(&, . %9) 

"%4%(.% #)9*)-%(.' (%C& )()0 0 2  !8! # %03>!%& !(!*)9.4()% 8(!4%(.% $*' 
238

U, &) 0 "0%5+, 8!9 +82+ 

&) .%0)9) &)#*.0! HTR $)*5%( 00)$.&7"' $%*'-.C"' /!&% .!* (
235

U .*. Pu). D (!4!*% 0 HTR ."#)*78)0!*"' 

)&2 3&3C &)#*.0(3C :.2* " 03")2./ )6)9!-%(.%/ (HEU) #) 
235

U (93%), )#&./.8. )0!((3C (! 6)*7>+, 

9*+6.(+ 039) !(.' &)#*.0! ($) 100 W0&•"+&/&). G!0()0%"(!' 2)(:%(& !:.' 
233

U, 2)9$! )( (!4.(!%& 0()".&7 

$)"&!&)4(3C 02*!$ 0 4."*) $%*%(.C 0  %!2&) %, $)"&.9!%&"' # . 9*+6.(% 039) !(.' 25 WD&•"+&/&. I . 

9*+6.(% 039) !(.' &)#*.0!,  !0()C 100 WD&•"+&/&, )&2 3&3C HEU – &)#*.0(3C :.2* )6%"#%4.0!%& &+ 5% 

#)& %6()"&7 0 # . )$()/ + !(%, 4&) . 8!/2(+&3C + !(-#*+&)(.%03C :.2* LWR " 0)80 !&)/ 0 :.2* 

(%039) %0>%9) + !(! . #*+&)(.'. P6)9!-%(.% #) + !(+-235 0 039) %0>%/ &)#*.0% ")"&!0*'%& 52%, 4&) 

8(!4.&%*7() # %03>!%&  %2)/%($!:.. INFCE (International Fuel Cycle Evaluation groop) 0 "0'8. " # )6*%/)C 

(%"!(2:.)(. )0!(()9)  !"# )"& !(%(.' '$% (31 /!&% .!*)0: 
233

U < 12%; 
235

U < 20%; 
239+241

Pu < 50%. 

Q8+4%(3 . $ +9.% )&2 3&3% &)#*.0(3% :.2*3: (U+Th)O2 &)#*.0(3C :.2* " %$(%9) )6)9!-%(.' (20%) 

#) 
235

U (MEU-:.2*); + !()03C &)#*.0(3C :.2* /!*)9) )6)9!-%(.' (8%) #) + !(+ (LEU-:.2*). M&. 

&)#*.0(3% :.2*3 @20.0!*%(&(3 #)  !"1)$!/ &)#*.0! . (% ./%,& 2!2.1-*.6) 8!/%&(31  !8*.4.C #) 

# ):%$+ !/ ?!6 .2!:.. . 8!1) )(%(.' )& !6)&!0>.1 &)#*.0(31 @*%/%(&)0. P$(!2) 0 )&2 3&)/ &)#*.0()/ 

:.2*% 0)8/)5(3% # %./+-%"&0! 
233

U (% /)9+& # )'0.&7"' 0 #)*()C /% %. X+4>!' @2)()/.4()"&7 &) .%0)9) 

&)#*.0()9) :.2*! $)"&.9!%&"' 0 8!2 3&)/ U-Th :.2*% # . " %$(%/ )6)9!-%(.. #) 
235

U (MEU-:.2*). 

I% % !6)&2! 039) %0>%9) &)#*.0! " /!*3/ )6)9!-%(.%/ #) 
235

U (LEU-:.2*) (% 03830!%& # !2&.4%"2)9) 

.(&% %"!, &!2 2!2 0 @&)/ :.2*% (! !6!&30!,-%%"' &)#*.0) !2&.0() 039) !%&. Q80%"&(), 4&) &%1()*)9.' 

#% % !6)&2. & %6+%& 1./.4%"2)9)  !8$%*%(.' + !(! (.*. #*+&)(.') )& # )$+2&)0 $%*%(.' . $ +9.1 

/!&% .!*)0. A) "%C4!" (% "+-%"&0+%& # )/3>*%(()C &%1()*)9..  !8$%*%(.' $%*'-.1"' (
233

U, 
235

U), 

 !$.)&)2".4(31 (
232

U) . (%C& )(()$%?.:.&(31 (
236

U) .8)&)#)0 )$()9) . &)9) 5% @*%/%(&!. I)@&)/+ " 

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

"(.5!,-.% %9) @??%2&.0()"&7. P&/%&./, 4&) # %./+-%"&0! ."#)*78)0!(.' &) .' 0 HTR $)"&.9!,&"' (% 

&)*72) 6*!9)$! ' 6)*%% @??%2&.0()/+ ."#)*78)0!(., + !(-&) .%0)9) &)#*.0! 8! "4%& 1) )>%C (%C& )(()C 

?.8.2., () . 8! "4%& #)03>%(()9) (#) " !0(%(., " LWR) 2)@??.:.%(&! # %)6 !8)0!(.' &%#*! 0 

@*%2& .4%"&0) (# ./% () 0 1,5  !8!), 4&) # . 03")2.1 &%/#!1  !80.&.' '$% ()C @(% 9%&.2. #)80)*'%& "(.8.&7 

 !"1)$3 # . )$()9) + !(! (! #% 0)(!4!*7(3% 8!9 +82.  %!2&) )0.  

H'5%*!' 0)$! '0*'%&"' # %2 !"(3/ 8!/%$*',-./ /!&% .!*)/ 6*!9)$! ' (%6)*7>)/+ "%4%(., 

#)9*)-%(.' (%C& )()0, 4&), "#)")6"&0+' +*+4>%(., 6!*!("! (%C& )()0 0  %!2&) !1 (! &%#*)031 (%C& )(!1. 

I)@&)/+ 2!(!$"2.% @(% 9%&.4%"2.% &'5%*)0)$(3%  %!2&) 3 CANDU "#)")6(3  !6)&!&7 # . )$()/ + !(%. 

Q(&% %" 2 # ./%(%(., 
233

U-
232

Th &)#*.0! 0 CANDU )6+"*)0*%( 0)8/)5()"&7, $)"&.9(+&7 0 &'5%*)0)$(31 

 %!2&) !1 (! &%#*)031 (%C& )(!1 6 .$% (31  %5./)0 (0#*)&7 $) :.2*)0 " "!/))6%"#%4%(.%/ &)#*.0)/). A) 

. 6%8 6 .$.(9! ( !8/()5%(.') CANDU '0*'%&"' .$%!*7(3/ '$% (3/  %!2&) )/ $*' ."#)*78)0!(.' &) .%0)9) 

&)#*.0!. O*' ."#)*78)0!(.' 0 CANDU 63*. .8+4%(3 $0! &)#*.0(31 :.2*!, # %$#)*!9!0>.1 #% % !6)&2+ 

039) %0>%9) &)#*.0!: &)#*.0(3C :.2* " "!/))6%"#%4%(.%/ &)#*.0)/ (SSET) . :.2* " 03")2./ 039) !(.%/ 

&)#*.0!. D SSET-:.2*% ")$% 5!(.% 
233

U 0 039) %0>%/ &)#*.0% #% 0)C 8!9 +82. &!2)0), 4&) %9) $)"&!&)4() 

$*' )6)9!-%(.' "*%$+,-%C &)#*.0()C 8!9 +82.. O!*7(%C>!'  !6)&!  %!2&) ! (% & %6+%& $)#)*(.&%*7()9) 

)6)9!-%(.' &)#*.0! ((!# ./% , #) 235U). D!5() )&/%&.&7, 4&) 0 "&!($! &()C 2)("& +2:.. CANDU  %5./! 

"!/))6%"#%4%(.' $)"&.9(+&7 (%0)8/)5() .8-8! 6)*7>)9) #! !8.&()9) #)9*)-%(.' (%C& )()0 0 (%&)#*.0(31 

/!&% .!*!1.  

O*' +*+4>%(.' 6!*!("! (%C& )()0 /)9+& 63&7 ."#)*78)0!(3 "*%$+,-.% "#)")63:  

- +/%(7>%(.% @(% 9)(!# '5%(()"&. &)#*.0! (! 20%, 4&) "(.5!%& #)&% . (%C& )()0 0 
233

U; 

- #)03>%(.% "&%#%(. )4."&2. &'5%*)C 0)$3 " 99,75 $) 99,95% #) D2O;  

- +$!*%(.% .8 !2&.0()C 8)(3 "&% 5(%C, # %$(!8(!4%((31 $*' 2)/#%("!:.. )& !0*%(.' Xe; 

- "(.5%(.% #)&% 7 '$% ()9) &)#*.0! 0 # ):%""% %9) #% % !6)&2. $) 0,5%;  

- 8!/%(! :. 2)(.%031 "#*!0)0 (+"& !(%(.% .8)&)#! 
91

Zr " 03")2./ "%4%(.%/ #)9*)-%(.' (%C& )()0).  

I .  %!*.8!:.. #% 031 4%&3 %1 "#)")6)0 #% %1)$ 2  %5./+ "!/))6%"#%4%(.' $)"&.9!%&"' # . 

039) !(.. &)#*.0! 5 WD&•"+&/&. D "*+4!% +"& !(%(.' .8 :. 2)(.%031 "#*!0)0 .8)&)#! 
91

Zr 9*+6.(! 

039) !(.' 0  %5./!1 "!/))6%"#%4%(.' &)#*.0)/ /)5%& $)"&.9!&7 10-15 WD&•"+&/&. E& !&%9.' :.2*)0 " 

03")2./ 039) !(.%/ &)#*.0! "1)5! " ."#)*78)0!(.%/ U-Pu &)#*.0()9) :.2*! 0 LWR. Q8-8! 03")2)9) 0 

" !0(%(.. " + !()/ #)9*)-%(.' (%C& )()0 0 &) .. & %6+%&"' 6)*%% 03")2)% )6)9!-%(.% (!4!*7()C &) .%0)C 

&)#*.0()C 8!9 +82.. H!2 2!2 0 @&)/ &)#*.0% 2)@??.:.%(& 2)(0% ".. 03>%, &) .8/%(%(.%  %!2&.0()"&. 0) 

0 %/%(. /%(7>%. Q, "*%$)0!&%*7(), "&! &+' " 6)*%% 03")2./ )6)9!-%(.%/ (!4!*7()C &)#*.0()C 8!9 +82., 



 

$)"&.9!,&  %5./! 039) !(.', 2)9$! (!2)#*%((3C 
233

U #)80)*'%&  %!2&) +  !6)&!&7 $)*7>%. E)9*!"() 

 !"4%&(3/ ):%(2!/, & %6+%/)% ")$% 5!(.% (!2)#*%(()9) 
233

U  !0() 2%, &)9$! 2!2 )6)9!-%(.% (!4!*7()C 

8!9 +82.  !0() 2,4%. D @&)/ "*+4!% $)"&.9!%&"' 9*+6.(! 039) !(.' &)#*.0! 50 WD&•"+&/& 0 " !0(%(.. " 40 

WD&•"+&/& $*' @20.0!*%(&()9) + !()0)9) :.2*!. D "*+4!% 6)*7>%9) (!4!*7()9) )6)9!-%(.' (" :%*7, 

$!*7(%C>%9) #)03>%(.' 9*+6.(3 039) !(.') +0%*.4%(.% ")$% 5!(.' (!2)#*%(()9) 
233

U (% $!%& 03.9 3>!, 

&!2 2!2  %82) 0)8 !"&!%& #! !8.&()% #)9*)-%(.% (%C& )()0 0 # )$+2&!1 $%*%(.'.  

I ./%(.&%*7() 2 ."#)*78)0!(., 0 CANDU &!25% .""*%$)0!*"' )&2 3&3C &)#*.0(3C &) .%03C :.2*. 

D @&)/ :.2*% "*!6))6)9!-%(()% + !()0)% &)#*.0) . &) .C  !8/%-!,&"'  !8$%*7() 0  !8*.4(3% 2!(!*3, 

4&)63 /)5() 63*) )6%"#%4.&7  !8*.4(+, @(% 9)(!# '5%(()"&7 &)#*.0. Y !()0)% &)#*.0) 0 @&)/ :.2*% 

039) !%& . #% %9 +5!%&"' 63"& %%. S$%"7 #)&% . 0 039) !(.. + !()0)9) &)#*.0! +"#%>() 2)/#%(". +,&"' 

6)*7>./ 039) !(.%/ &) .%0)9) &)#*.0!. M2)()/.4%"2.% #)2!8!&%*. @&)9) :.2*! # %0)"1)$'& !(!*)9.4(3% 

#)2!8!&%*. $*' 4."&)9) + !()0)9) &)#*.0()9) :.2*!. M&)& :.2*  %2)/%($)0!( $*' ."#)*78)0!(.' 0 

&'5%*)0)$(31  %!2&) !1. 

P#3& ?!6 .2!:.. &)#*.0! (! )"()0% &) .' (!2)#*%( 0 =!(!$% . Q($... D)8/)5()"&. #% % !6)&2. 

)6*+4%(()9) &) .%0)9) &)#*.0! 63*. # )$%/)("& . )0!(3 0 *!6) !&) (31 /!">&!6!1 0 =!(!$% (! +"&!()02% 

TFRE.  

D (!"&)'-%% 0 %/' *%92)0)$(3%  %!2&) 3 (! &%#*)031 (%C& )(!1 (PWR, BWR) $)/.(. +,& 0 

'$% ()C @(% 9%&.2% /. !, .8-8! .1 03")2)C @2)()/.4()"&. . )& !6)&!(()"&. &%1()*)9... Q""*%$)0!(.% 

0)8/)5()"&%C ."#)*78)0!(.' &) .%0)9) &)#*.0! 0 LWR # )0)$.*)"7 0 "*%$+,-.1 (!# !0*%(.'1:  

•  !8 !6)&2! *%92)0)$()9) &%#*)0)9)  %!2&) !-6 .$% ! (LWBR);  

• # ./%(%(.% &) .%0)9) &)#*.0! 0 "&!($! &(31 2)("& +2:.'1 *%92)0)$(31 &%#*)031  %!2&) )0 PWR;  

• # ./%(%(.% &) .%0)9) &)#*.0! 0 "&!($! &(31 2)("& +2:.'1 2.#'-.1 *%92)0)$(31  %!2&) )0 (! &%#*)031 

(%C& )(!1 (BWR).  

G!8 !6)&2! 2)(:%#:.. &%#*)0)9)  %!2&) !-6 .$% ! 63*! )6+"*)0*%(!, 0 #% 0+, )4% %$7, "& %/*%(.%/ 

0 #)*()/ )6Z%/%  %!*.8)0!&7 # !2&.4%"2. # %./+-%"&0) 
233

U #) (%C& )(()/+ 6!*!("+ 0 &%#*)0)C )6*!"&. 

@(% 9.C #) " !0(%(., " U . Pu. D 1972 0 EUV 0 U.##.(9#) &% 63* 8!#+-%( 0 @2"#*+!&!:., 
233

U-
232

Th 

*%92)0)$(3C  %!2&)  /)-()"&7, 60 TD& (@*.), 2)&) 3C @2"#*+!&. )0!*"' $) 1988. D  %8+*7&!&% 

@2"#*+!&!:..  %!2&) ! 63*! #)$&0% 5$%(! # !2&.4%"2. # %$#)*!9!%/!' 0)8/)5()"&7 $)"&.5%(.' 6 .$.(9! 0 

*%92)0)$(31  %!2&) (31 "."&%/!1 " 
233

U-
232

Th &)#*.0)/. P$(!2), .8-8! )")6%(()"&%C LWBR,  %!*.8!:.' 

@&)C 2)(:%#:.. 0  !/2!1 @(% 9%&.4%"2)9)  %!2&) ! 6)*7>)C /)-()"&. 8!& +$(.&%*7(! (#) 2 !C(%C /% %, 0 

)&()>%(.. $)"&.5%(.' #)$)6()9) + )0(' 0)"# ).80)$"&0! &)#*.0!). D )&*.4.% )& 2)(:%#:.C LWBR, 

& %6+,-.1 "+-%"&0%(()C /)$.?.2!:.. 2)("& +2:.C !2&.0()C 8)(3 .  %!2&) !, # ./%(%(.% )&2 3&)9) 

&) .%0)9) &)#*.0()9) :.2*! 0 LWR . $*' PWR  !""/!& .0!*)"7 " #)8.:.C 0)8/)5()"&. $)"&.5%(.' 0 (.1 

)# %$%*%((31 # %./+-%"&0 6%8 .8/%(%(.' "+-%"&0+,-.1 2)("& +2:.C  %!2&) !. I)2!8!(), 4&) 
233

UO2-
232

Th 

&)#*.0(3C :.2* $!%& 8(!4.&%*7(3C @2)()/.4%"2.C 03.9 3>.  

P"()0(3/ 0! .!(&)/ 0 *%92)0)$(31  %!2&) !1-6 .$% !1 &.#! PWR /)9+& 63&7 &)#*.0(3% "6) 2., 

"/)(&. )0!((3% &!2, 4&) 6*!(2%&, ")"&)'-.C 9*!0(3/ )6 !8)/ .8 &) .', #)2 30!%& 8!& !0)4(3C @*%/%(& " 

6)*7>%C "&%#%(7, )6)9!-%(.', ")$% 5!-.C 
235

U, 2)&) 3C # ).80)$.& (%C& )(3 $*' #)$2 .&.4%"2)9) 

6*!(2%&!. I)"2)*72+ 
233

U # ).80)$.&"' 0 6*!(2%&%, )( &!/ 5% . "9) !%&.  

;.$2)")*%03%  %!2&) 3 (MSR), ."#)*78+,-.% &)#*.0) 0 0.$%  !"#*!0)0 (%) 9!(.4%"2.1 ")%$.(%(.C 

+ !(!, &) .' . #*+&)(.',  !""/!& .0!,&"' 0 2!4%"&0% !*7&% (!&.03 &0% $)&)#*.0(3/  %!2&) (3/ "."&%/!/, 

#)"2)*72+ $)#+"2!,&  %9+*. )0!(.% &)#*.0()9) ")"&!0! # .  !6)&%  %!2&) !. [.8.4%"2.% )")6%(()"&. MSR 

0 "*+4!%  !6)&3  %!2&) ! 0 + !(-&) .%0)/ &)#*.0()/ :.2*% #)80)*',& $)"&.9(+&7 0 (%/ 6 .$% ()9)  %5./!. 

O%/)("& !:.' 0)8/)5()"&. # !2&.4%"2)C  %!*.8!:.. 2)(:%#:.. MSR 63*! #)$&0% 5$%(! 0 EUV )#3&)/ 

@2"#*+!&!:..  %!2&) ! MSRE " &%#*)0)C /)-()"&7, 7,3 TD&, 2)&) 3C  !6)&!* 0 &%4%(.% 1965–1969 99. 

I ) !6)&!(3  !8*.4(3% "1%/3 MSR " ."#)*78)0!(.%/  !"#*!0)0 ?&) .$)0 *%92.1 . &'5%*31 /%&!**)0. D 

2!4%"&0% 6!8)0)9) 0! .!(&! # .('& !/% .2!("2.C # )%2&  %!2&) ! MSBR @*%2& .4%"2)C /)-()"&. 1000 TD& 

" ."#)*78)0!(.%/ + !(-&) .%0)9) &)#*.0()9) :.2*! . 0)"# ).80)$"&0)/ 
233

U. F%8&0@*7(3C  %!2&)  ./%%& 

(.82.C 8!#!"  %!2&.0()"&. ()6+"*)0*%((3C 0)8/)5()"&7, (%# % 30()C $)8. )0!(()C $)6!02. &)#*.0!, ! 

&!25% %9) )4."&2)C )& )"2)*)4(31 @*%/%(&)0-#)9*)&.&%*%C (%C& )()0 0 1)$% @2"#*+!&!:.. 2)(&+ !) . 

)& .:!&%*7(3C &%/#% !&+ (3C 2)@??.:.%(&  %!2&.0()"&., 4&) )6%"#%4.0!%& '$% (+, 6%8)#!"()"&7. 

I %$*)5%(! 2)(:%#:.' «Thorium Molten Salt Nuclear Energy Synergetic», )6%"#%4.0!,-!', #) /(%(., 

!0&) )0,  %>%(.% 0"%1 # )6*%/  !80.&.' '$% ()C @(% 9%&.2.. A) 8$%"7 # %$*!9!%&"' ."#)*78)0!&7 

+"2) .&%*. # )&)()0 0 2!4%"&0% $)#)*(.&%*7()9) 0(%>(%9) ."&)4(.2! (%C& )()0. M&) )6+"*)0*%() &%/, 4&) 



 

+ !(-&) .%03C &)#*.0(3C :.2* (%C& )(() $%?.:.&%(, . # .  %!*7() $)"&.5./31 + )0('1 )4."&2. 

&)#*.0()C ")*. )& # )$+2&)0 $%*%(.' . "2) )"&. 030%$%(.' 
233

G! .8 (%C& )(()9) #)*' $*' $)"&.5%(.' 

@2)()/.4%"2. # .%/*%/)C #*)&()"&. (%C& )()0, (+5(! 0(%>('' #)$#.&2! .*. 8! "4%& 
235

U, .*. #*+&)(.', 

.*. @*%2& )'$% (3/., .*. &% /)'$% (3/. (%C& )(!/.. I %$*)5%((!' ()6%*%0"2./ *!+ %!&)/ =.G+66.! 

(Carlo Rubbia) .8 \BGA! (European Organization for Nuclear Research) 2)(:%#:.' ADS "accelerator driven 

system" #)80)*'%& #% % !6!&30!&7 03")2)!2&.0(3% )&1)$3 . # ).80)$.&7 @(% 9., .8 # . )$()9) &) .' .*. 

)6%$(<(()9) + !(!. 

D 2)/#*%2"!1 " +"2) .&%*'/. 03")2)@(% 9%&.4%"2.% (%C& )(3 # ).80)$'&"' 8! "4%&  %!2:.. 

 !"-%#*%(.' '$%  03")2)@(% 9%&.4%"2./. # )&)(!/. +"2) .&%*', ")+$! ',-./."' " &'5%*3/. '$ !/. 

/.>%(. ("0.(%:, "0.(%:-0."/+& .*. $ +9.% @*%/%(&3). M&. (%C& )(3 /)5() (!# !0.&7 0 "+62 .&.4%"2.C 

 %!2&) , ")$% 5!-.C &) .C, 9$% (%C& )(3 # ).80)$'& 
233

U . )6%"#%4.0!,& %9) $%*%(.%. E+-%"&0+%& 

0)8/)5()"&7 )6%"#%4%(.' "!/)#)$$% 5.0!,-%C"'  %!2:.. $%*%(.', 2)&) +, /)5() (!# !0.&7 *.6) (! 

# ).80)$"&0) @(% 9.., *.6) (! & !("/+&!:., !2&.().$)0, )6 !8+,-.1"' 0  %8+*7&!&% U/Pu &)#*.0()9) 

:.2*!. Q"#)*78)0!(.% &) .' 0/%"&) + !(! )8(!4!%&, 4&) 0 "!/)/  %!2&) % ADS 6+$%& # ).80)$.&7"' /%(7>%% 

4."*) !2&.().$)0.  

G%!2&) 3 (! 63"& 31 (%C& )(!1 &!25% /)9+&  !6)&!&7 0 + !(-&) .%0)/ &)#*.0()/ :.2*%, )$(!2) 

)")6%(()"&. 
233

U-
232

Th &)#*.0! 0 "#%2& % 63"& 31 (%C& )()0 #) 1! !2&% ."&.2!/ 0)"# ).80)$"&0! +"&+#!,& 

+ !(-#*+&)(.%0)/+ &)#*.0()/+ :.2*+. Q"#)*78)0!(.% + !(-&) .%0)9) &)#*.0! 0 63"& )/  %!2&) % /)5%& 

)6%"#%4.&7  %>%(.% (%2)&) 31 *)2!*7(31 8!$!4, 2!"!,-.1"', (!# ./% , "(.5%(.' #+"&)&()9) @??%2&! 

 %!2&.0()"&. (0#*)&7 $) )& .:!&%*7()C 0%*.4.(3), +/%(7>%(.' # ).80)$"&0! & !("+ !()031 (+2*.$)0 0 

&)#*.0()/ :.2*%, (! !6)&2. 
233

U $*'  %!2&) )0 (! &%#*)031 (%C& )(!1 . $ .  

=)("& +2&) "2.%  %>%(.' #) #% "#%2&.0(3/  %!2&) !/ (! &) .%0)/ &)#*.0% 02*,4!,&:  

* X%92)0)$(3%  %!2&) 3, ."#)*78+,-.% 0 2!4%"&0% &)#*.0! )2".$ #*+&)(.' (PuO2), )2".$ &) .' (ThO2) 

.(.*.) )2".$ + !(! (UO2), .8 2)&) 31 .89)&)0*',&"' "&% 5(%03% HDE. 

* D3")2)&%/#% !&+ (3%  %!2&) 3 " 9!8)03/ )1*!5$%(.%/ (HTGR) $0+1 &.#)0 - " (!"3#(3/ 6*!(2%&)/ 

. # .8/!&.4%"2./. &)#*.0(3/. "6) 2!/.. 

* W!8)&+ 6.((3% /)$+*7(3%  %!2&) 3 &.#! HTGR " 9%*.%03/ )1*!5$%(.%/ (GT-MHR) . 

# .8/!&.4%"2./. HDE. Q"#)*78)0!(.% 9%*.' $*' )1*!5$%(.' # . 03")2.1 &%/#% !&+ !1 . " !0(.&%*7() 

(%6)*7>!' 031)$(!' @(% 9.' (! /)$+*7 (600 TD&) #)80)*'%& "2)/6.(. )0!&7 /)$+*7(+, 2)("& +2:., " 

9!8)0)C &+ 6.()C (:.2* F !C&)(!), 4&) #)03>!%& # ).80)$"&0) &%#*)0)C @(% 9.. #)4&. (! 50%. V2&.0(!' 

8)(! &!2.1  %!2&) )0 $)#+"2!%& # ./%(%(.% DPY/Th . Pu/Th.  

* T)$+*7(3C  %!2&)  " (!"3#(3/ 6*!(2%&)/ (PBMR). E2)("& +. )0!( 0 ]5()C V? .2% (! )"()0% 

(%/%:2.1  !8 !6)&)2. I)80)*'%& ."#)*78)0!&7 &) .%03% (!"3#(3% 6*!(2%&3. 

* G%!2&) 3 (! ")*%0)/  !"#*!0%. I% "#%2&.0(3C  %!2&) -6 .$% , 0 2)&) )/ &) .%0)% &)#*.0) 

."#)*78+%&"' 0 0.$% ")*%0)9)  !"#*!0!, (% & %6+' $)#)*(.&%*7()9) 0(%>(%9) )1*!5$%(.'. K*!$!9%(& 

#% 0.4()9) 2)(&+ ! # )1)$.& 4% %8 &%#*))6/%((.2, 9$% &%#*)0!' @(% 9.'  %!2:.. $%*%(.' #% %$!%&"' 0 

 !6)4.C /!&% .!* 0&) .4()9) 2)(&+ ! " :%*7, 9%(% !:.. #! !.  

* I% "#%2&.0(3% &'5%*)0)$(3%  %!2&) 3 (AHWR). D Q($.. 0 (!"&)'-%% 0 %/' 0%$+&"'  !6)&3 #) 

@&)/+ (!# !0*%(.,. =!2 . 2!(!$"2.C  %!2&)  CANDU-NG, .($.C"2.C  %!2&)  /)-()"&7, 250 TD& 

)1*!5$!%&"' )634()C 0)$)C. P"()0(!' 4!"&7 !2&.0()C 8)(3 ")"&).& .8 "/%". )2".$)0 &) .' . 
233

U 0 

#)$2 .&.4%"2)/ ")"&)'(..; # )#) :.. "/%". &!2)03, 4&) 
233

U "!/)0)"# ).80)$.&"'. G%!2:.' +# !0*'%&"' 

(%"2)*72./. 8!& !0)4(3/. 8)(!/. (! )"()0% )634()9) TPK-&)#*.0!. 

* Y&.*.8!:.' #*+&)(.'. E%9)$(' 0 (%2)&) 31  %!2&) !1 ."#)*78+%&"' TPK-&)#*.0) (U, Pu). 

V*7&% (!&.0! ")"&).& 0 ."#)*78)0!(.. &) .C-#*+&)(.%0)9) &)#*.0!; 0 @&)/ "*+4!%  %!2&)   !6)&!%& (! 

#*+&)(.., # ).80)$' $%*'-.C"' 
233

U, 2)&) 3C #)"*%  !8$%*%(.' /)5() ."#)*78)0!&7 0 ")"&!0% + !(-

&) .%0)9) &)#*.0()9) :.2*!. 

D (!"&)'-%% 0 %/' !2&.0(3/ #)."2)/ #+&%C 0(%$ %(.' &) .%0)9) &)#*.0()9) :.2*! 0 '$% (+, 

@(% 9%&.2+ 0 )"()0()/ 8!(./!%&"' Q($.'. O*' Q($.. 0)0*%4%(.% &) .' 0 RH\ - 5.8(%(() 0!5(!' 8!$!4!. M&! 

"& !(! # !2&.4%"2. (% ./%%& ")6"&0%((31 8!#!")0 + !(!, () 01)$.& 0 4."*) /. )031 *.$% )0 #) 8!#!"!/ 

&) .'. E$%*!&7 #% 03C >!9 (! #+&. 2 &) .%0)C @(% 9%&.2% .($.C"2.% !&)/-.2. (!/% %(3 " #)/)-7, 

 %!2&) ! AHWR, "& ).&%*7"&0) 2)&) )9) /)5%& (!4!&7"' 0 6*.5!C>.% /%"':3. 



 

 

/#'. 15. E1%/! .($.C"2)9)  %!2&) ! AHWR. 

 

AHWR (Advanced Heavy Water Reactor – , ,&-!++./ 
"012 3435+./ 6!'7"36) # %$(!8(!4%( $*' ."#)*78)0!(.' &) .' 

0 2!4%"&0% '$% ()9) &)#*.0! 0 # )/3>*%((31 /!">&!6!1. 

G%!2&)  )6*!$!%& 03")2./ 2)@??.:.%(&)/ 039) !(.', 4&) 

#)80)*.& %/+ (! !6!&30!&7 (%)61)$./3% $*' %9) @2"#*+!&!:.. 

2)*.4%"&0! 
233

U 6%8 0(%>(%C #)$#.&2. $%*'-./."' 

/!&% .!*!/.. 

G%!2&)  AHWR - 0% &.2!*7(3C  %!2&)  " & +6!/. #)$ 

$!0*%(.%/. B9) /)-()"&7 300 TD& (@*.). H%#*)()".&%*%/ 

'0*'%&"' 2.#'-!' *<92!' 0)$!, 8!/%$*.&%*%/ - &'5<*!' 0)$!. 

Q/%%&"'  '$ #!"".0(31 8!-.&(31 "."&%/, ! %9) &)#*.0) 

)2!830!%& /%(7>%% 0*.'(.% (! )2 +5!,-+, " %$+, 4%/ + !( .*. + !(-#*+&)(.C. 

P"()0(3% # .(:.#.!*7(3% "0)C"&0! 6%8)#!"()"&. AHWR: 

* "*%92! )& .:!&%*7(3% 2)@??.:.%(&3  %!2&.0()"&.; 

* #!"".0(3% "."&%/3 6%8)#!"()"&.,  !6)&!,-.% #)$ $%C"&0.%/ # . )$(31 ".*; 

* 0)$(3C 6!""%C( )6Z</)/ 6000 /
3
 (!$ !2&.0()C 8)()C, # %$(!8(!4%((3C $*' !0! .C()9) )1*!5$%(.' 

 %!2&) !; 

* &%#*)"Z</ " !2&.0()C 8)(3 %"&%"&0%(()C :. 2+*':.%C; 

* $0% (%8!0."./31 "."&%/3 !0! .C()C 8!-.&3; 

* #!"".0(!' "."&%/! 00)$! #)9*)&.&%*' 0 8!/%$*.&%*7 (! "*+4!C )&2!8! )6%.1 "."&%/ !0&)/!&.4%"2)C 

8!-.&3 # . !0! .. .*. 0"*%$"&0.% "!6)&!5!. 

H%#*)"Z</ 0 AHWR # ).80)$.&"' 8! "4<& %"&%"&0%(()C :. 2+*':.. 2!2 0 () /!*7(31  %5./!1 

@2"#*+!&!:.., &!2 . # . )"&!()0%  %!2&) !. M&) #)80)*'%& ."2*,4.&7 .8  !""/)& %(.' 0"% 0)8/)5(3% 

!0! .., (!4!*7(3/ +"*)0.%/ 2)&) 31 '0*'%&"' )&2!8 (!")")0. I% 03C 2)(&+  - Main Heat Transport (MHT) 
System - )6%"#%4.0!%& #% %()" &%#*! )& HDMX)0 $) #! )031 2)**%2&) )0, # .4</  !6)4./ &%*)/ 03"&+#!%& 

2.#'-!' *<92!' 0)$!. D ")"&!0 MHT 01)$.& )6-.C 01)$()C  !8$!&)4(3C 2)**%2&) , )& 2)&) )9) 

&%#*)()".&%*7 )&0)$.&"' #) &)#*.0(3/ 2!(!*!/. A! 031)$% (!9 %&!' #! )0)$'(!' "/%"7 ")6. !%&"' 0 4%&3 % 

#! )031 2)**%2&) !. S$%"7 # ).80)$.&"' "%#! !:.' #! ! $*' %9) )&0)$! (! &+ 6.(+, ! 2)($%("!& #)"*% 

(!9 %0! 0 &%#*))6/%((.2!1 2)(&+ ! 8!/%$*.&%*' 0()07 0)80 !-!%&"' 0 #% 03C 2)(&+ . 

I . 0)8(.2()0%(.. !0! .C 0 !2&.0(+, 8)(+ 0# 3"2.0!%&"' 6)*7>)C )6Z</ 0)$3 " 6) ()C 2."*)&)C .8 

"#%:.!*7(31 !22+/+*'&) )0. A! "*%$+,-%/ @&!#%, )1*!5$%(.% 8)(3 # ).80)$.&"' 8! "4<& "*.0! 0)$3 #)$ 

$%C"&0.%/ ".*3 &'5%"&. .8 6!""%C(!,  !"#)*)5%(()9) (!$  %!2&) )/.  

 I %$+"/)& %( $0)C()C 2)(&%C(/%(& (8!-.&(!' )6)*)42!  %!2&) !). 

D AHWR ./%%&"' $)#)*(.&%*7(!' #!"".0(!' "."&%/! "(.5%(.' 

 %!2&.0()"&. - (! "*+4!C 031)$! .8 "& )' 0"%1 "."&%/ 

!0&)/!&.4%"2)C 8!-.&3. G)"& $!0*%(.' #! ! 0 &!2)/ ":%(! .. 

# .0%$<& 2 )&2 3&., #!"".0(31 2*!#!()0, . 0 8!/%$*.&%*7 (!4(<& 

#)"&+#!&7 #)9*)&.&%*7. 

 

/#'. 16. M(% 9%&.4%"2.C  %!2&)  AHWR 

 

H)#*.0(3C @*%/%(& AHWR ")"&).& .8 54 HDMX)0,  !"#)*)5%((31 

#) & </ )2 +5()"&'/. D :%(& % @*%/%(&! +"&!()0*%( "&% 5%(7-

03&%"(.&%*7. D HDMX!1 (! $0+1 0(+& %((.1 )2 +5()"&'1 

."#)*78+%&"' &)#*.0) (Th-
233

U)O2. A! 0(%>(%C )2 +5()"&. "&)'& HVMX*3 " (Th-Pu)O2. D @*%/%(&% 

# %$+"/)& %(! 0)$(!' & +62! $*' (%#)" %$"&0%(()9) 8!*.0! 0)$)C 0 "*+4!% !0! .C " #)&% %C &%#*)()".&%*'. 

E %$('' # )%2&(!' 9*+6.(! 039) !(.' &)#*.0! 0 AHWR ")"&!0*'%& 38 WD&×"+&/&. G%!2&)  "!/)$)"&!&)4%( #) 
233

U # . +"*)0..  !6)&3 0 8!/2(+&)/ RH\. =)("& +2:.' &)#*.0()9) @*%/%(&! AHWR $)"&!&)4() 9.62! $*' 

#)$6) !  !8*.4(31 0! .!(&)0 8!9 +82.. 

Y$!*%(.% .8  %!2&) ! &'5<*)0)$()9) &%#*)()".&%*', (!1)$'-%9)"' 0 PHWR #)$ 03")2./ $!0*%(.%/, 

)6%"#%4.& "(.5%(.% #)&% 7 D2O . #)80)*.& +6 !&7 "."&%/+ 0)""&!()0*%(.' 2!4%"&0! &'5<*)C 0)$3. 



 

E )2 "*+563  %!2&) ! - 100 *%&. 

 
/#'. 17. H)#*.0(3C @*%/%(&  %!2&) ! AHWR. 

 

0*12. 5. P"()0(3% # )%2&(3% 1! !2&% ."&.2. AHWR 

T)-()"&7  %!2&) ! 920 TD& (&%#*)031), 300 TD& (@*.) 

=)(?.9+ !:.' !2&.0()C 8)(3 D% &.2!*7(!', & +63 #)$ $!0*%(.%/ 

H%#*)()".&%*7 =.#'-!' *<92!' 0)$! 

^."*) &)#*.0(31 2!(!*)0 452 

D(+& %((.C $.!/%&  & +63 #)$ $!0*%(.%/ 120 // 

U!9  %><&2. 225 //, 20!$ !&(!' 

^."*) &0@*)0 0 &)#*.0()/ @*%/%(&% 54, 0 &)/ 4."*% 24 " (Th-Pu)O2. 30 " (Th-233U)O2

V2&.0(!' $*.(! &)#*.0! 3,5 / 

P6-.C  !"1)$ 4% %8 !2&.0(+, 8)(+ 2141 29/" 

D1)$(!' &%/#% !&+ ! &%#*)()".&%*' 259° 

H%/#% !&+ ! #)$#.&)4()C 0)$3 130° 

E %$(%% #! )")$% 5!(.% 19,1% 

O!0*%(.% 0 #! )0)/ 2)**%2&) % 70 6!  

O*.(! #% 0)9) 2)(&+ ! 39 / 

I% 0.4(!' "."&%/! VS 37 "&% 5(%C VS 

D&) .4(!' "."&%/! VS D# 3"2 5.$2)9) #)9*)&.&%*' 0 8!/%$*.&%*7 

^."*) "&% 5(%C +# !0*%(.' 24 

V(!*.8. +' 65-&. *%&(., ."&) .,  !80.&.' &) .%0)C @(% 9%&.2. /)5() 2)("&!&. )0!&7, 4&) &!2)C 

@(% 9%&.2. 0 (!"&)'-%% 0 %/' (% "+-%"&0+%& – 0 /. % (%& (. )$() (% &)*72) @(% 9%&.4%"2)9), () $!5% 

(!+4()-.""*%$)0!&%*7"2)9)  %!2&) !. B"&7 )# %$%*<((3% $)"&.5%(.' 0 # ) !6)&2% "1%/ + !(-&) .%0)9) . 

+ !(-&) .C-#*+&)(.%0)9) :.2*)0, "1%/  %!2&) )0 (HDMX-(31 . 6%8HDMX(31), ")"&!0! &)#*.0! . &.$. D 

(%2)&) 31 "& !(!1 (@&), # %5$% 0"%9), Q($.', ., 0)8/)5(), =.&!C) 03"2!830!,&"' (!/% %(.' "& ).&%*7"&0! 

&) .%031 @(% 9%&.4%"2.1  %!2&) )0. A) 6+$+& *. )(. )"+-%"&0*%(3 . (!"2)*72) )(. 6+$+& +"#%>(3/.  - 

#)2!5%& 0 %/'. D) 0"'2)/ "*+4!%, /)5() +&0% 5$!&7, 4&) 0 #% 0)C #)*)0.(% @&)9) 0%2! &) .%0)C @(% 9%&.2. 

0 /. % (% 6+$%&. B"*. 2 2050 9)$+ 0 /. % 6+$%&  !6)&!&7 2-3 &) .%031  %!2&) !, . )(. 6%8!0! .C() 

# ) !6)&!,& 1)&' 63 5 *%&, @&) /)5() 6+$%& "4.&!&7 03$!,-./"' $)"&.5%(.%/. O!*7(%C>%%  !80.&.% 

&) .%0)C @(% 9%&.2. 6+$%& 8!0."%&7 )& +"#%>()"&. 0"%9) &) .%0)9) :.2*!, 0"%1 %9) 2)/#)(%(&)0. H)9$! . 

/)5() 6+$%& $+/!&7 ) %9) #% "#%2&.0!1… 
 



 !"#$%%"! 

 .!."#$%&' 
 

()* + 
 

&'!% ($)*+, 

-$)*+. 7. ),-.!).(/ ()* 0 
/"01"23'4 "56%3"%78 9(. 5$!%"36(6, !6:"764;$<" % 1$76((+=$%)+1 7"!+$1 + %"$9+3$3+.1+ 7"!+., 

5!$9%76>(.47 ?+1+=$%)6. + !69+"("<+=$%)6. 7")%+=3"%78 + >"01"23"%78 >"%5(61$3$3+. + >0!@>6 7"!+. + 

$<" %"$9+3$3+,.  "%)"(8)' %7$5$38 "56%3"%7+ 06>+%+7 "7 >+96 ?+1+=$%)"<" %"$9+3$3+. + #+0+=$%)"<" 

%"%7".3+. 7"!+., 13"<"":!60+$ 7"!+$>@? %"$9+3$3+, '%("23.$7 5!":($1' :$0"56%3"%7+ > 1$76(('!<++ 

7"!+..  

/ 9633", ($)*++ 1@ "%763">+1%. 36 :+"("<+=$%)", !"(+ 7"!+., ":%'9+1 "%":$33"%7+ !6:"7@ % 7"!+$1 + 

5!+>$9A1 3"!1@, )"7"!@1+ '5!6>(.$7%. !6:"76 % 7"!+$1. 

 

1.  !"#$%&!# '  !($) 

B"!+, 3$ +<!6$7 3+)6)", :+"("<+=$%)", !"(+, ?"7. 5"%7".33" 5!+%'7%7>'$7 > 7)63.? !6%7$3+, + 

2+>"73@?. &"C##+*+$37 36)"5($3+. 7"!+. (7. $. "73"D$3+$ $<" )"3*$37!6*++ > "!<63+01$ ) )"3*$37!6*++ > 

")!'264;$, %!$9$) > 1"!%)"1 5(63)7"3$ - 1250, > 9"33@? >"9"!"%(.? - 10, > 1.<)+? 7)63.? :$%5"0>"3"=3@? 

– 50-300, !@: - 100. / 5!$%3">"93@? 1"((4%)6? (Unio mancus) $<" )"3*$37!6*+. )"($:($7%. "7 3×10
—7

 9" 

1×10
—5

%, > 1"!%)+? 2+>"73@? "7 3×10
—7

 9" 3×10
—6

%. 

B"!+, – 16(" 7")%+=$3, "936)" )6) 5!+!"93@, !69+"6)7+>3@, C($1$37 >3"%+7 %>", >)(69 > 

$%7$%7>$33@, #"3 ":('=$3+. "!<63+01">. E=+76$7%., =7" 5!+%'7%7>+$ 6C!"0"($, 7"!+. '>$(+=+>6$7 !+%) !6)6 

(A<)+?, 5"92$('9"=3", 2$($0@ + )!">+. 
 

1.1  !"!#$%&'( )*&%!#+*%), 

B"!+, %5"%":$3 5!"3+)678 > 7$(" =$(">$)6 5!+ +3<6(.*++, 5!+ 5!+A1$ 5+;+, 5!+ )"376)7$ % )"2$,, 

"936)" 5" >%$1 C7+1 5'7.1 7"(8)" 3$036=+7$(83" )"(+=$%7>" 7"!+. 5!"3+)6$7 > )!">8. F%3">3"$ )"(+=$%7>" 

>9"?3'7"<" +(+ 5!"<("=$33"<" 7"!+. +0>$!<6$7%. $%7$%7>$33@1 5'7A1. B"!+,, 5"%7'5+>D+, > )!">8, ":@=3" 

"7(6<6$7%. 36 5">$!?3"%7+ )"%7+. 

B"!+, 5"<(";6$7%. <(6>3@1 ":!60"1 5$=$384 + %$($0A3)",, 6 76)2$ )"%73@1 1"0<"1, (+1#67+=$%)+1+ 

2$($061+ + 3695"=$=3+)61+; 5("?" >%6%@>6$7%. +0 2$('9"=3"-)+D$=3"<" 7!6)76.  "%7'5($3+$ 7"!+. > 

"!<63+01 =$(">$)6 > 7$=$3+$ %'7") %"%76>(.$7 "7 0,05 9" 4 1<, 6 >@9$($3+$ $<" % 1"=", + )6("1 - 0,1 + 2,9 1)< 

%""7>$7%7>$33". /$(+=+36 >%6%@>63+. 7"!+. +0 G&B %"%76>(.$7 1.10
-4

. H(. !6%7>"!+1@? )"15($)%3@? 

%"$9+3$3+, 7"!+. > )"3*$37!6*++ 1-200 1</1( "36 )"($:($7%. "7 7-10
-3

 9" 1-10
-4

. I$!6%7>"!+1@$ %"$9+3$3+. 

7"!+. 1"<'7 9(+7$(83"$ >!$1. 069$!2+>678%. > ($<)+?. J36=+7$(83@$ )"(+=$%7>6 7"!+. "5!$9$(.47%. > 

5'(81"36(83@? (+1#67+=$%)+? '0(6?. B6), 5"%($ +3<6(.*++ 7"!+. > ($<)+? %":6)+ ":36!'2$3" 760 1)</<, > 

(+1#67+=$%)+? '0(6? - 3700 1)</<.  

K"23" :@(" :@ "2+9678, =7" 5"56963+$ :"(8D+? 9"0 %"$9+3$3+, 7"!+. (7.2$(@, 1$76((, ) 7"1' 2$ 

!69+"6)7+>3@,!) >3'7!8 2+>"<" "!<63+016 >@0">$7 "%7!"$ "7!6>($3+$; "936)" 5!">$9$33@$ 36 2+>"73@? 

C)%5$!+1$37@ 5")606(+, =7" %"(+ 7"!+. 3$ "=$38 7")%+=3@.  +;$>6!+7$(83@, 7!6)7 '%>6+>6$7 "=$38 16('4 

9"(4 !6%7>"!+1@? %"($, 7"!+. - 0,01% +(+ 1$38D$.  !+=+36 76)"<" 3+0)"<" 5"<(";$3+. %"%7"+7 > 7"1, =7" 

5!+ !I 5+;$>6!+7$(83"<" 7!6)76 ()+%(6. %!$96) %"$9+3$3+. 7"!+. <+9!"(+0'47%. + 7"!+, >@5696$7 > "%69") 

> >+9$ <+9!")%+96, )"7"!@, >@>"9+7%. +0 "!<63+016 $%7$%7>$33@1 5'7$1. / "5@76? 36 )!@%6? 5!+ >>$9$3++ 

3+7!676 7"!+. > "!<63@ 5+;$>6!$3+. 3$ 36:(496("%8 %('=6$> "%7!"<" "7!6>($3+., $%(+ 9"0@ %"%76>(.(+ 

1$3$$ 1-2   36 )+("<!611 >$%6 2+>"73"<". L7" 036=+7, =7" 9(. "7!6>($3+. =$(">$)6 5"7!$:">6(+%8 :@ 9"0@ > 

100 <; 5"56963+$ 2$ 76)"<" )"(+=$%7>6 7"!+. > "!<63+01 =$(">$)6 $%7$%7>$33@1 5'7$1 16(">$!".73". B"!+, 

1"2$7 %';$%7>">678 > +"33", #"!1$ > +%)(4=+7$(83" 3+0)+? )"3*$37!6*+.?, > :"(8D+3%7>$ %('=6$> "3 

36?"9+7%. > >+9$ 6<!$<67"> 1"($)'( ()"(("+9). B"!+, ":!60'$7 5!"=3@$ )"15($)%@ % :$()61+, 

61+3")+%("761+ + "!<63+=$%)+1+ )+%("761+. F=$38 1$()+$ =6%7+*@ 7"!+. 1"<'7 69%"!:+!">678%. 36 

5">$!?3"%7+ )($7") 1.<)+? 7)63$,. 

 "56963+$ !6%7>"!+1@? %"($, 7"!+. > )!">$3"%3'4 %+%7$1' +(+ 5"9 )"2' (=$!$0 5"!$0@ + %%69+3@) 

1"2$7 5!+>$%7+ ) :"($$ %$!8$03"1' 5"!62$3+4. />$9$3+$ !6%7>"!+1@? %"($, 7"!+. > )!">$3"%3'4 %+%7$1' 

1"2$7 >@0>678 <$1"(+0 (!60!'D$3+$ )!6%3@? )!">.3@? 7$($*).  !+ !I )!">+ 7"!+, +(+ ")+%8 7"!+. 

"%629647 %"9$!26;+,%. > 3$, 5!"7$+3, =7" 5!+>"9+7 ) 06)'5"!)$ )65+((.!"> )!">$3"%3", %+%7$1@. 



M3N$)*+. !6%7>"!6 3+7!676 7"!+. 5"9 )"2' >@0@>6$7 3$)!"0 + D$('D$3+$, %"5!">"2964;$$%. "=$38 

%+(83@1 !609!62$3+$1. />$9$3+$ )!+%76(("> !6%7>"!+1@? %"($, =$!$0 5"!$0@ 5$!$3"%+7%. 9">"(83" ($<)". 

/>$9$3+$ > "!<63+01 3$!6%7>"!+1@? %"($, =$!$0 !"7 +(+ 5"!$0@, 5"->+9+1"1', 3$ 5!+>"9+7 ) 

%$!8$03"1' 5"!62$3+4, 76) )6) "3+ 3$ 5$!$?"9.7 > %"%76> 2+9)"%7$, "!<63+016. I6+:"($$ >$!".73@1 5'7$1 

5"56963+. ='2$!"93"<" 167$!+6(6 >3'7!8 "!<63+016 5!+ 1$76(('!<+=$%)+? "5$!6*+.? .>(.$7%. >9@?63+$. 

/ "5@76? 5" +0'=$3+4 "%7!"<" "7!6>($3+. 5!+ >9@?63++ %"$9+3$3+, 7"!+. 5!+ 036=+7$(83@? 

)"3*$37!6*+.? 5@($>+93@? 5!"9')7">, %"9$!26;+? !6%7>"!+1@$ + 3$!6%7>"!+1@$ %"$9+3$3+. 7"!+., 

36:(496(+%8 7"(8)" ($<)+$ %('=6+ "7!6>($3+.. I$ 36:(496("%8 3+ %('=6$> %1$!7$(83"<" +%?"96, 3+ 

36!'D$3+. :"(8D+3%7>6 +0'=$33@? :+"("<+=$%)+? !$6)*+,. I6:(496("%8 '1$38D$3+$ %)"!"%7+ !"%76 )!@%, 

>9@?6>D+? 9>'")+%8 7"!+., :@(+ %('=6+ !>"7@ ' %":6), >9@?6>D+? 3+7!67 7"!+., 3" $9+3%7>$33@1 36+:"($$ 

036=+7$(83@1 C##$)7"1 :@(" +01$3$3+$ :$(@? )!">.3@? 7$($* + )"%73"<" 1"0<6. 

 $!"!6(83"$ 5"%7'5($3+$ %"($, 7"!+. 962$ 5!+ :"(8D+? 9"06? 3$ %"5!">"296$7%. ?+1+=$%)+1 

"7!6>($3+$1. F936)" ')60633@$ 3+2$ )"3*$37!6*++ %"$9+3$3+, 7"!+. > >"09'?$ 5!+>"9.7 ) "7!6>($3+.1 

(5!+036)61+ )"7"!@? .>(.47%. '9'D8$, !>"76): 80 1</1
3
 Th(NF3)4, 50 1</1

3
 ThF2, 11 1</1

3
 ThF4 + 26 1</1

3
 

Th(C2F4)2-6H2F.  

 O !6:"=+?, +1$4;+? 9$(" % 7"!+$1, ":36!'2$3" :"(8D$$ =+%(" ?!"1"%"13@? 6:$!!6*+,. F3+ !638D$ 

'1+!647, :"(8D$ :"($47 563)!$67+7"1 + !6)"1 (A<)+?, ($<=$ 5"9>$!<647%. !$%5+!67"!3@1 06:"($>63+.1. 

/"01"23@ (+ !$5!"9')7+>3@$ C##$)7@ "7 
232

Th > 36%7".;$$ >!$1. 3$+0>$%73". 

/$!".73", !69+"("<+=$%)6. 7")%+=3"%78 7"!+. 5!+>"9+7 ) :"($$ %$!8$03@1 5"%($9%7>+.1, =$1 $<" 

5!"9"(2+7$(83"$ ?+1+=$%)"$ 9$,%7>+$, 3" !609$(+78 C7+ 9>6 C##$)76 7!'93". 
 

1.2 -'.!*/*0!#$%&'( )*&%!#+*%), 

*&123&$425'67 891 43829. P69+"("<+=$%)6. 7")%+=3"%78 "5!$9$(.$7%. <(6>3@1 ":!60"1 3$ %61+1 

7"!+$1, 6 C($1$3761+ $<" !69+"6)7+>3"<" !.96. E($9">67$(83", =7":@ "*$3+78 !69+"6)7+>3"%78 7"!+. + 

>@!6:"7678 ":"%3">633@$ 3"!1@ 7$?3+)+ :$0"56%3"%7+ > 1$76(('!<++ 7"!+., 3$":?"9+1" 03678 %"%76> C7"<" 

!.96 + !69+"6)7+>3"%78 )629"<" C($1$376. 

Q($3@ !69+"6)7+>3"<" !.96 7"!+. +1$47 %61@$ !60(+=3@$ 5$!+"9@ 5"('!6%5696, =7" 5!+>"9+7 ) 

%("23", )6!7+3$ 36)"5($3+. + !6%5696 5"%($ >@9$($3+. 7"!+..  

H(. )629"<" +0 11 =($3"> !69+"6)7+>3"<" !.96 7"!+. (E1. ($). 1) 1"23" 5!">$%7+ !6%=$7 + "5!$9$(+78 

)"(+=$%7>" $<" 67"1"> > (4:", 1"1$37 >!$1$3+ 5"%($ 

>@9$($3+. 7"!+.. 

 

*2: 1. I6)"5($3+$ + !6%569 
228

Th + 
228

Ra > 7"!+$>", 

#!6)*++ 5"%($ !609$($3+. 7"!+. + !69+.. 

 

B"!+, ":@=3" %"9$!2+7 9>6 +0"7"56, 
232

Th + 
228

Th, 

5!+=$1 )"(+=$%7>" 5"%($93$<" (!69+"7"!+,) %"%76>(.$7 

3$036=+7$(83'4 9"(4 (10
-10

 )"(+=$%7>6 5$!>"<"). B6)6. 

"73"%+7$(836. !6%5!"%7!63$33"%78 "5!$9$(.$7%. 7$1, =7" 

5!+ !6>3">$%++ %)"!"%78 !6%5696 ! 9(. ":"+? +0"7"5"> 

"9+36)">6, 6 5$!+"9@ 5"('!6%5696 + 5"%7".33@$ !6%5696 

!60(+=647%. 13"2+7$($1 5"!.9)6 10
-10

. A1=A2;  1N1 =  2N2; 

%($9">67$(83", N1/N2= 2/ 1. 

I$5"%!$9%7>$33" 06 
232

Th + 
228

Th > !69+"6)7+>3"1 !.9' 7"!+. %($9'47 
228

Ra (1$0"7"!+, 1) + 
224

Ra (7"!+, 

X) %""7>$7%7>$33". L7+ .9!6 !6%569647%. !60(+=3@1+ 5'7.1+; 
228

Ra - !-6)7+>3"$ .9!" % 5$!+"9"1 

5"('!6%5696 6,7 <"96, 964;$$ 
228
R% (1$0"7"!+,-2), )"7"!@, > %>"4 "=$!$98 5'7$1 !-!6%5696 5$!$?"9+7 > 

228
Th. P69+,-224 .>(.$7%. "-6)7+>3@1 .9!"1 % 5$!+"9"1 5"('!6%5696 3,64 93., 964;+1 +0"7"5 

220
Rn (7"!"3), 

+%5@7@>64;+, "-!6%569 % 5$!+"9"1 5"('!6%5696 ")"(" 1 "#$, 6 06 3+1 %($9'47 +0"7"5@ 5"("3+., %>+3*6, 

>+%1'76 + 76((+. % "73"%+7$(83" )"!"7)+1+ 5$!+"961+ 5"('!6%5696. 

 " +%7$=$3++ 3$%)"(8)+? 3$9$(8 >" >%$? 5!"*$%%6? ":!60">63+. + !6%5696, )!"1$ !6%5696 
228

Ra + 
228

Th, 

'%763">+7%. !6>3">$%+$. Q($3@ !.96, %($9'4;$<" 06 
228

Th, ")62'7%. > >$)">"1 !6>3">$%++ % 3+1, + +? 

>)(69@ > 5"(3'4 !69+"6)7+>3"%78 :'9'7 !6>3@. B6) )6) <(6>3"$ 5!"3+)64;$$ #-+0('=$3+$ C7"<" !.96 

5!"+%?"9+7 "7 "93"<" +0 C7+? +0"7"5"> (
208
B1), 7" #-6)7+>3"%78 ":!60*6 7"!+. =$!$0 3$9$(4 5"%($ 

5!+<"7">($3+. :'9$7 "5!$9$(.78%. +1$4;+1%. > 3$1 )"(+=$%7>"1 
228

Th.  "%($ !609$($3+. !69+. + 7"!+. 

%"9$!263+$ 
228

Th > 7"!++ 1$3.$7%. >" >!$1$3+.  !+ 76)"1 !609$($3++ "79$(.$7%. 
228

Ra + 7$1 %61@1 

5!$!@>6$7%. ":!60">63+$ 
228

Th +0 
232

Th. E($9">67$(83", %"9$!263+$ 
228

Th =$!$0 5 ($7 '569$7 9" 40% (*2:. 1) 



"7 !6>3">$%3"<" 036=$3+. + 067$1 36=3$7 >3">8 5"%7$5$33" '>$(+=+>678%. 9" !6>3">$%3"<" 036=$3+., ) 

)"7"!"1' 5!+:(+0+7%. =$!$0 20 ($7.  ">7"!3"$ "79$($3+$ !69+. "7 7"!+. =$!$0 +37$!>6(@ > 3$%)"(8)" ($7 

1"<(" :@ 036=+7$(83" '1$38D+78 %"9$!263+$ 
228

Th + %($9'4;+? 06 3+1 =($3"> !.96 - !69"36, %>+3*6, 

>+%1'76 + 76((+.. F936)" > 36%7".;$$ >!$1. +1$$7%. 16(" 167$!+6(6, ":!6:"7633"<" 76)+1 ":!60"1. 

M01$3$3+$ 6)7+>3"%7+ 7"!+. > 5$!>@$ 9>$ 3$9$(+ 5"%($ $<" >@9$($3+. 5!$9%76>(.$7 1$38D+, +37$!$% 

9(. 1$76(('!<6, =$1 +01$3$3+$ 06 :"(8D", 5!"1$2'7") >!$1$3+, 3" $<" >%$-76)+ %($9'$7 !6%%1"7!$78. / 

7$=$3+$ 3$%)"(8)+? 93$, 5"(36. 6)7+>3"%78 7"(8)" =7" "=+;$33"<" ":!60*6 7"!+. :'9$7 !6%7+ "7 16(", 

>$(+=+3@ 9" 3$)"7"!"<" '%7",=+>"<" 036=$3+., "5!$9$(.$1"<" %"9$!263+$1 
228

Th. B6) )6) #-6)7+>3@, 
208
B1 

.>(.$7%. "93+1 +0 +0"7"5">, 964;+? >)(69 > C7' 6)7+>3"%78, 7" +01$!.$16. #-6)7+>3"%78 ":!60*6 7"!+. 

+01$3.$7%. 76)+1 2$ ":!60"1. 

 !$9%76>(.$7 +37$!$% 76)2$ 5">$9$3+$ !69+$>", #!6)*++ 5"%($ "79$($3+. !69+. "7 7"!+. (*2:. 2). S%(+ 

3$ !6%%167!+>678 +01$3$3+, 6)7+>3"%7+ % 16(@1 5$!+"9"1, 5!"+%?"9.;+? > 5$!>@, 9$38, 1"23" %=+7678, 

=7" > C7", #!6)*++ +9$7 !6%569 5"%($93+? D$%7+ =($3"> !.96 % 5$!+"9"1 5"('!6%5696 3,6 93. + $<" 

+37$3%+>3"%78 5"%7$5$33" 36!6%76$7 > 7$=$3+$ 3$%)"(8)+? ($7. / )"3$=3"1 +7"<$ !6%569 >%$<" !.96 

"5!$9$(.$7%. !6%569"1 1$0"7"!+. % 5$!+"9"1 5"('!6%5696 6,7 ($7.  

);&:'3:4< 5'#='#>3 2?@AB#'29. F56%3"%78 7"!+. + "7?"9">, %"9$!26;+? 7"!+,, )6) >3$D3+? 

+%7"=3+)"> +0('=$3+. "5!$9$(.$7%. <(6>3@1 ":!60"1 #-+0('=$3+$1 >@%")", C3$!<++ 
208
B1.  "%)"(8)' 

%"9$!263+$ 
208
B1 06>+%+7 "7 5!"+%?"29$3+. ":!60*6, '!">$38 >3$D3$<" +0('=$3+. 9(. !60(+=3@? ":!60*"> 

7"!+. :'9$7 !60(+=3@1.  !+ '%763">($3++ ":;+? 5!6>+( !6:"7@ % 7"!+$1 1"23" +%?"9+78 +0 7"<", =7" 

%"9$!263+$ #-6)7+>3"<" +0"7"56 !6>3" $<" 16)%+16(83"1' +(+ !6>3">$%3"1' 036=$3+4. L7" #-+0('=$3+$ 

+1$$7 :"(8D'4 C3$!<+4, 5"C7"1' %61"5"<(";$3+. 3$9"%767"=3" 9(. '1$38D$3+. +37$3%+>3"%7+ +0('=$3+. 

7"(%7"<" +%7"=3+)6 3+2$ 16)%+16(83" 9"5'%7+1"<" '!">3.. E($9">67$(83", !6:"76 % :"(8D+1+ 

)"(+=$%7>61+ 7"!+. %>.0636 % ":('=$3+$1 #-('=61+ + 1"2$7 5!+>$%7+ ) %$!8$03@1 5"%($9%7>+.1. O!">$38 

!69+6*++ 36 !6:"=$1 1$%7$ 3$ 9"(2$3 5!$>@D678 9"5'%7+1@$ 5!$9$(@. 

E($9">67$(83", 3$":?"9+1", =7":@ 1$%7" ?!63$3+. 167$!+6(6, 962$ >!$1$33"$, 36?"9+("%8 36 

"5!$9$($33"1 !6%%7".3++ "7 !6:"=+? 1$%7 +(+ :@(" 06;+;$3". O!">$38 !69+6*++ 36 !6:"=+? 1$%76? > 

5!"*$%%$ !6:"7@ 3$":?"9+1" %+%7$167+=$%)+ +01$!.78, 9(. =$<" 5$!%"36( 9"(2$3 +1$78 )6!1633@$ 

9"0+1$7!@ +(+ )6%%$7@ % #"7"5($3)",. 

F7?"9@ 5!"+0>"9%7>6 + ":!6:"7)+ 7"!+. 76)2$ 1"<'7 %"9$!2678 #-6)7+>3@, +0"7"5 
208
B1, 5"C7"1' +? 

?!63$3+$ 9"(23" 5!"+0>"9+78%. 76) 2$, )6) ?!63$3+$ 1$76((6 + $<" %"$9+3$3+,. T"($$ 7"<", 5!"+%?"9.;+$ 

?+1+=$%)+$ 5!"*$%%@ 1"<'7 )"3*$37!+!">678 C7"7 #-6)7+>3@, +0"7"5 > 3$)"7"!@? "7?"96?, 9$(6. +? :"($$ 

+37$3%+>3@1+ +%7"=3+)61+ #-+0('=$3+., =$1 %61 7"!+,.  $!$9 "75!6>)", 36 ?!63$3+$ +(+ '3+=7"2$3+$ 

%($9'$7 +01$!+78 '!">$38 !69+6*++ 7$? "7?"9">, > )"7"!@? 36+:"($$ >$!".736 )"3*$37!6*+. #-6)7+>3@? 

C($1$37">, +, %"<(6%3" C7+1 +01$!$3+.1, >@:!678 1$%7" ?!63$3+. +(+ %5"%": '3+=7"2$3+.. M37$3%+>3"%78 #-

+0('=$3+. 76)+? "7?"9"> 1"2$7 '>$(+=+>678%. %" >!$1$3$1, 5"C7"1' 3$":?"9+1" 5">7"!3" 5!">"9+78 

>@:"!"=3@$ +01$!$3+. 6)7+>3"%7+ %"?!63.$1@? "7?"9">. 

 

*2:. 2. I6)"5($3+$ + !6%569 
228

Th + 
228

Ra > !69+$>", 

#!6)*++ 5"%($ !609$($3+. !69+. + 7"!+.. 

 

);&:'3:4< 5'A48#''#>3 2?@AB#'29. E7$5$38 "56%3"%7+ 

!69+"6)7+>3@? >$;$%7> 5!+ 5"56963++ +? >3'7!8 "!<63+016 

06>+%+7 "7 13"<+? >$(+=+3. L3$!<+. +0('=$3+., 

5"<(";6$16. 7)6384, "5!$9$(.$7 =+%(" +"3+0+!">633@?, 

!60!'D$33@? + >"0:'29$33@? 1"($)'( 7)63+, =7" 

":'%(">(+>6$7 :+"("<+=$%)"$ 5"!62$3+$. T"(8D"$ 036=$3+$ 

+1$$7 76)2$ 5("73"%78 C7"<" 1"($)'(.!3"<" 5"!62$3+. 

(=+%(" 76)+? %('=6$> > $9+3+*$ ":N$16). 

R(8#6-=6%7+*@ 7$!.47 %>"4 C3$!<+4 36 "=$38 )"!"7)"1 !6%%7".3++, !-=6%7+*@ - 36 036=+7$(83" 

:"(8D$1. E($9">67$(83", > !$0'(8767$ (")6(+06*++ 1"($)'(.!3"<" 5"!62$3+. "-+0('=$3+$ 5!+>"9+7 ) :"($$ 

%$!8$03"1' 5"!62$3+4, =$1 C)>+>6($373"$ 5" )"(+=$%7>' C3$!<++ !-+0('=$3+$. B6)+1 ":!60"1, 5!+ "*$3)$ 

!69+"("<+=$%)", 7")%+=3"%7+ !60(+=3@? =($3"> !.96 7"!+. 3'23" +%?"9+78 +0 C3$!<++ "-=6%7+*. 

 !+ "5!$9$($3++ 7")%+=3"%7+ !69+"6)7+>3@? >$;$%7>, <(6>3"$ 036=$3+$ +1$$7 +? 5">$9$3+$ >3'7!+ 

"!<63+016, 6 +1$33" ":(6%78, > )"7"!", "7)(69@>647%. 9"(. >>$9$33", 9"0@, )"7"!6. 9"%7+<6$7 C7", 

":(6%7+, + %)"!"%78 >@>$9$3+. +0 "!<63+016 C7+? >$;$%7> 5"%($ 7"<", )6) "3+ "7("2+(+%8. / 36+:"($$ 



1.<)+? 7)63.? %)"!"%78 ":1$36 >$;$%7> "73"%+7$(83" >$(+)6, "936)" > )"%7.? %)"!"%78 >@>$9$3+. 1"2$7 

:@78 "=$38 16(",. B6)+1 ":!60"1, C($1$37@, "7)(69@>64;+$%. > )"%7.?, :"($$ "56%3@, =$1 7$, )"7"!@$ 

"7)(69@>647%. > 1.<)+? 7)63.?. 

E7$5$38 "56%3"%7+ 5!+ 5"56963++ >3'7!8 "!<63+016 7"!+., $<" %"$9+3$3+, + =($3"> $<" !69+"6)7+>3"<" 

!.96 "5!$9$(.$7%. > 036=+7$(83", 1$!$ +? 5">$9$3+$1 >3'7!+ "!<63+016. I6+:"($$ %$!8$036. "56%3"%78 

%"%7"+7 > 06<!.03$3++ >"09'?6, 76) )6) +1$33" 5!+ >9@?63++ 5!"+%?"9+7 > "%3">3"1 5"56963+$ 

!69+"6)7+>3@? >$;$%7> >3'7!8 "!<63+016.  !"3+)D+$ > ($<)+$ !6%7>"!+1@$ %"$9+3$3+. 7"!+. :'9'7 

5"9?>67@>678%. 5"7")"1 )!">+ + =6%7+=3" >@>"9+78%. +0 7$(6, 6 =6%7+=3" "7(6<678%. > 3$1, <(6>3@1 ":!60"1 

> )"%7.?, >@>$9$3+$ +0 )"7"!@? 5!"+%?"9+7 "=$38 1$9($33". I$!6%7>"!+1@$ %"$9+3$3+. 1"<'7 "%7678%. > 

($<)+?, ":!60'. 1$%73@, +%7"=3+) +0('=$3+.. E)"!"%78 >@>$9$3+. 3$!6%7>"!+1@? %"$9+3$3+, +0 ($<)+? 

76)2$ "=$38 16(6. P60(+=+$ 5">$9$3+. !6%7>"!+1@? + 3$!6%7>"!+1@? %"$9+3$3+, 7"!+. >3'7!+ "!<63+016 + 

"5!$9$(.$7 !60(+=+$ 3"!1 +? )"3*$37!6*++ > >"09'?$. 

M0('=$3+$ > "%3">3"1 5!"+%?"9+7 > !$0'(8767$ !6%5696 =($3"> !69+"6)7+>3"<" !.96 7"!+., 6 3$ %61"<" 

7"!+., 5"C7"1' 3$":?"9+1" !6%%1"7!$78 5">$9$3+$ +1$33" C7+? =($3"> !.96. O%763">($3", 365!+1$!, =7" 

$%(+ +0"7"5 7"!+. 5"5696$7 >3'7!8 "!<63+016 + 5!"3+)6$7 > )!">$3"%3'4 %+%7$1', 7" "3 "7)(69@>6$7%. > 

)"%7.? >:(+0+ )!">$7>"!3@? 7)63$, +(+ > 9!'<+? ='>%7>+7$(83@? ) +0('=$3+4 1$%76?, =7" 1"2$7 >@0>678 

:"(8D"$ #+0+"("<+=$%)"$ 5"!62$3+$. / C7"1 "73"D$3++ 7"!+, 5"?"2 36 5('7"3+,. P69+,, 36":"!"7, 

"7(6<6$7%. > )!+%76((+=$%)", =6%7+ )"%7+, > )"7"!", 3$ 5!"+%?"9+7 :@%7!"<" !"%76 )($7") + )"7"!6., 

%($9">67$(83", 1$3$$ ='>%7>+7$(836 ) +0('=$3+4. E=+76$7%., =7" +0('=$3+$ 7"!+. +(+ 5('7"3+., 

"7("2+>D+?%. > )"%7.?, :"($$ >!$93", =$1 C)>+>6($373"$ 5" C3$!<++ +0('=$3+$ !69+.. F=$38 %';$%7>$33" 

76)2$ 5">$9$3+$ +0"7"56 !69+.-1$0"7"!+.-1 + "%76(83@? =($3"> !69+"6)7+>3"<" !.96 7"!+. 5"%($ "7("2$3+. 

7"!+. > )"%73@? 7)63.?: "%763'7%. (+ "3+ > C7+? ='>%7>+7$(83@? ) +0('=$3+4 1$%76? +(+ 5$!$,9'7 > !6,"3 

"7("2$3+. !69+.. 

M%%($9">63+. 5")606(+, =7" :"(8D6. =6%78 9"=$!3$<" 
224

Ra, 5!"+%?"9.;$<" "7 
228

Th, 5"56>D$<" > )!">8 + 

"7("2+>D$<"%. > )"%73", 7)63+, '3"%+7%. 5"7")"1 )!">+. Q6%78 C7"<" !69+. >@>"9+7%. +0 "!<63+016, 6 =6%78 

"7)(69@>6$7%. > 1$3$$ ='>%7>+7$(83@? )!+%76((+=$%)+? ":(6%7.? )"%7+. B6)+1 ":!60"1, 7")%+=3"%78 

!69+"6)7+>3"<" !.96 7"!+. 3$ 76) >$(+)6, )6) %($9'$7 +0 !6%=$7">, 5!">$9$33@? :$0 '=$76 5$!$1$;$3+. 

9"=$!3$<" !69+.. 

 

(&C@. 1. K6)%+16(83" 9"5'%7+1@$ )"3*$37!6*++ 7"!+.. 

 
/ 7" 2$ >!$1., $%(+ > %"%76> >$;$%7>6, 5"56>D$<" > "!<63+01, >?"9+7 "9+3 +0 +0"7"5"> !69+. +0 !.96 

7"!+., 
228

Ra +(+ 
224

Ra, "3 %!60' :'9$7 "7)(69@>678%. > )!+%76((+=$%)+? ":(6%7.? )"%7+. T@(" 36,9$3", =7" 

5$!$1$;$3+$ 9"=$!3+? +0"7"5"> +0 C7+? ":(6%7$, 5!"+%?"9+7 > 036=+7$(83" 1$38D$, %7$5$3+. 

P6%5!$9$($3+$ > "!<63+01$ 7"!+. 06>+%+7 "7 5'7+ >>$9$3+..  !+ >3'7!+>$33"1 >>$9$3++ %"9$!263+$ 

!69+"3')(+96 > 5"=)6?, 5$=$3+, %$($0$3)$ + )!">+ "73"%+7$(83" :"(8D$, =$1 5!+ 5"9)"23"1 +(+ 

>3'7!+6!7$!+6(83"1 >>$9$3++.  !+ >>$9$3++ 3$:"(8D+? )"(+=$%7> 7"!+. "3 > "%3">3"1 "7)(69@>6$7%. > 

)"%7.?.  !+ >@%")+? 9"06? '>$(+=+>6$7%. 9$5"3+!">63+$ 7"!+. > )"%73"1 1"0<$, 5!+ :"($$ 3+0)+? - > 

)"156)73", =6%7+ )"%7+. M0'=$3+$ 1+)!"!6%5!$9$($3+. 5")606(", =7" 
228

Th 9$5"3+!'$7%. +%)(4=+7$(83" 36 

5">$!?3"%7+ )"%7$,, > 7" >!$1. )6) 5!"9')7@ !6%5696 36)65(+>647%. >" >%$1 ":N$1$ 1+3$!6(83", =6%7+ 

)"%7+.  !+ 363$%$3++ 36 3$5">!$29$33'4 )"2' 3$!6%7>"!+1@? %"$9+3$3+, 7"!+. 3$036=+7$(83@$ 

)"(+=$%7>6 +? ":36!'2+>647%. > )!">+; > %('=6$ !6%7>"!+1@? %"$9+3$3+, - > )!">+ + >3'7!$33+? "!<636?. 

 /@>$9$3+$ )"3<("1$!67"> 7"!+. "%';$%7>(.$7%. % )6("1 + =$!$0 2$(=3@$ 5'7+ 5$=$3+. K"3"1$!36. 

#"!16 7"!+. >@>"9+7%. +0 "!<63+016 5!$+1';$%7>$33" % 1"=",. I6+:"(8D$$ )"(+=$%7>" 7"!+. >@9$(.$7%. > 



5$!>@$ 93+ 5"%($ 5"%7'5($3+. > "!<63+01. / 5$!>@$ %'7)+ +0 "!<63+016 )!@% >@9$(.$7%. 9" 35% >>$9$33"<" 

7"!+.; > 5"%($9'4;+$ 30 %'7 !69+"3')(+9 5!6)7+=$%)+ 3$ >@>"9+7%.. 

S%(+ > "!<63+01 5"5696$7 1$0"7"!+, + "7)(69@>6$7%. > )"%73", 7)63+, 7" ":!60'4;+,%. 
228

Th "%76$7%. > 

7", ":(6%7+ "!<63+016, > )"7"!", "3 !"296$7%., 6 +1$33" > )!+%76((+=$%)", =6%7+ )"%7+. / C7+? ":(6%7.? "-

+0('=$3+$ 
228

Th 5!"+0>"9+7 1$38D$$ 5"!62$3+$, =$1 > 7$? ":(6%7.?, <9$ "3 ":@=3" "7)(69@>6$7%., 5"5696. 

>3'7!8 "!<63+016. E($9'4;+, =($3 !.96, 
224

Ra, 5"->+9+1"1', 76)2$ 3$ "%>":"296$7%. + 3$ >@>"9+7%., 6 

"%76$7%. > 7", ":(6%7+, > )"7"!", ":!60">6(%..
 228

Th > )"(+=$%7>$ 3,7-10
6
 - 3,7.10

3
 T)/)< >@0@>6$7 <+:$(8 ' 

%":6) > %!")+ "7 5 %'7 9" 3 ($7. / "796($33@$ %!")+ 5"%($ 5"!62$3+. !69+"3')(+9"1 5!"+%?"9+7 !60>+7+$ 

0(")6=$%7>$33@? 3">"":!60">63+, > )"%7.?.  

F%76(83@$ =($3@ !.96 .>(.47%. %(+D)"1 )"!"7)"2+>';+1+ + 3$ '%5$>647 9+##'39+!">678 +0 )"%7+. / 

)"%7+ '9$!2+>6$7%. :"(8D6. =6%78 +0"7"56 +3$!73"<" <606 – 7"!"36 (
220

Rn). E C7", 7"=)+ 0!$3+. "3 

"7(+=6$7%. "7 
222

Rn - +0"7"56 !$9)"<" <606 +0 !.96 !69+., 50 - 70% )"7"!"<" >@>"9+7%. +0 "!<63+016. L7" 

!60(+=+$ ":'%(">($3" !603@1+ 5$!+"961+ 5"('!6%5696 C7+? +0"7"5"> - 55 %&' 9(. 7"!"36 + 3,8 93. 9(. 

!69"36. B6)+1 ":!60"1, 5"%($93+, +1$$7 036=+7$(83" :"(8D$ >!$1$3+ 9(. 9+##'0++ +0 )"%7+. 

/ C)%5$!+1$376? :@(" '%763">($3", =7" =$!$0 <"9 5"%($ >>$9$3+. %":6)61 3$:"(8D+? 9"0 
228

Th ")"(" 

15% 7"!"36, ":!60">6>D$<"%. > )"%7.?, 5"%7'5+(" > )!">8. F)"(" 5"(">+3@ C7"<" )"(+=$%7>6 >@9@?6("%8, 

7"<96 )6) 9!'<6. 5"(">+36 !6%5696(6%8, 5$!$?"9. > 
212
Pb, %"9$!26;+,%. <(6>3@1 ":!60"1 > )!6%3@? 

)!">.3@? 7$(8*6?. / =$(">$=$%)"1 "!<63+01$ 36 5$!$?"9 7"!"36 "7 )"%7$, 9" "!<63"> 9@?63+. 7!$:'$7%. 

:"(8D$$ >!$1. + 5"C7"1' )"(+=$%7>" >@9@?6$1"<" 7"!"36 :@(" :@ 1$38D$. 

  !+ 5"%7'5($3++ 7"!+. =$!$0 "!<63@ 9@?63+. > >@9@?6$1"1 >"09'?$ "5!$9$(.$7%. 7"!"3.  ">$9$3+$ 

$<" > "!<63+01$ %';$%7>$33" "7(+=6$7%. "7 9!'<+? 5!"9')7"> !6%5696.  !+ >9@?63++ "3 %1$D+>6$7%. % 

($<"=3@1 >"09'?"1, 9+##'39+!'$7 +0 ($<)+? > 7") )!">+ %" %)"!"%784 ")"(" 20 % > 1+3 + !603"%+7%. 5" 

"!<63+01'. (: 7"!"36 +0 )!">+ %"%76>(.$7 4,5 1+3. / "5@76? 36 %":6)6? 5")6063", =7" +0 )!">+ 0,7 >>$9$33"<" 

7"!+. 5$!$1$;6$7%. > )"%78 (B: = 22 <"961), 0,04 9$5"3+!'$7%. > 5$=$3+ ((: = 700 %'7), 0,16 !6>3"1$!3" 

!6%5!$9$(.$7%. 5" >%$1 9!'<+1 "!<6361 + 7)63.1 "!<63+016 ((: = 700 %'7).  

/ (&C@. 1 5!+>$9$3@ '%763">($33@$ 3"!1@ (EUR) 36 16)%+16(83" 9"5'%7+1@$ )"3*$37!6*++ 7"!+. > 

>"09'?$.  

E($9'$7 9678 3$)"7"!@$ !60N.%3$3+. "73"%+7$(83" 036=$3+,, >0.7@? +0 +3%7!')*++. / C7"1 9")'1$37$ 

3"!1@ )"3*$37!6*++ 5!$9%76>($3@ > $9+3+*6? 5"(3", "-6)7+>3"%7+ 7"!+. + $<" 9"=$!3+? 5!"9')7"> > 

1+)!")4!+.  "%)"(8)' > !.9' 7"!+. +1$$7%. D$%78 "-6)7+>3@? .9$!, 7" > 7"1 %('=6$, $%(+ > 3$1 

'%7636>(+>6$7%. 5"(3"$ !6>3">$%+$, 3"!1@, >@!62$33@$ 76)+1 ":!60"1, "7(+=647%. 13"2+7$($1 6 "7 3"!1, 

>@!62$33@? ":@=3@1 ":!60"1 - > $9+3+*6? 6)7+>3"%7+ 
232

Th. / ":;$1 %('=6$ 5"(3"$ !6>3">$%+$ 3$ 

36%7'56$7, 5"C7"1' 036=$3+., :@(+ !609$($3@ 36 5, =7":@ "3+ >@!626(+%8 > 7$? 2$ $9+3+*6?, =7" + 9!'<+$ 

036=$3+., %7".;+$ > =$7>$!7"1 %7"(:*$. / 5.7"1 %7"(:*$, "936)", C7+ 036=$3+. 963@ 76) 2$, )6) + > 

+3%7!')*++, + 7"(8)" '13"2$3@ 36 036=$3+$ 1+)!")4!+ > !6%5696? > 1+3'7'. B6)+1 ":!60"1, > C7"1 %7"(:*$ 

5!+>$9$36 16)%+16(83" 9"5'%7+16. )"3*$37!6*+. 7"!+. + $<" 9"=$!3+? 5!"9')7">, 36?"9.;+?%. > 

!6>3">$%++ % 3+1, >@!62$336. =$!$0 5"(3"$ =+%(" "-!6%569"> > 1+3'7' > 1 "
3
 >"09'?6.  

 !+ 636(+0$ >"09$,%7>+. ":('=$3+, 5"9!609$(.47 %('=6+, )"<96 "3" 3$ %>.063" % !6:"7",, + %('=6+, 

)"<96 "3" 3$ %>.063" % !6:"7",, 6 .>(.$7%. 5"%7".33@1. I"!1@ 9"5'%7+1@? )"3*$37!6*+, 5!+ 5"%7".33"1 

":('=$3++ '%7636>(+>647%. !6>3@1+ 1/10 3"!1 5!+ 5!"#$%%+"36(83"1 ":('=$3++. 

 !+ >%$? !6:"76? % 7"!+$1 <(6>36. !69+"("<+=$%)6. "56%3"%78 ":'%(">($36 >"01"23"%784 >9@?63+. +(+ 

06<(67@>63+. $<" 9"=$!3+? 5!"9')7">, 36?"9.;+?%. > :"(8D+? )"(+=$%7>6? > "7?"96? ":!6:"7)+ + 5(6>)+ 

7"!+.. H"5'%7+1@$ 3"!1@ )"3*$37!6*++ "79$(.4;+?%. "7 7"!+. C($1$37"> 7"!+$>"<" !.96 5!+>$9$3@ > 

(&C@. 2 (EUR). 

 

 

 

 

 

 

 

 

 

 

 

 



(&C@. 2. K6)%+16(83" 9"5'%7+1@$ )"3*$37!6*++ 9"=$!3+? 5!"9')7"> 7"!+.. 

 
K$0"7"!+,-1 036=+7$(83" :"($$ 7")%+=$3, =$1 "%76(83@$ 9"=$!3+$ 5!"9')7@ 7"!+.. P69+"("<+=$%)'4 

7")%+=3"%78 1$0"7"!+.-1 1"23" "*$3+78 5'7$1 %!6>3$3+. % $<" +0"7"5"1 
226

Ra, " )"7"!"1 +1$$7%. 13"<" 

9633@?. F:;$5!+3.7"$ 036=$3+$ 16)%+16(83" 9"5'%7+1"<" %"9$!263+. 
226

Ra
 
>" >%$1 "!<63+01$ !6>3" 0,1 

"'')*#. T+"("<+=$%)"$ 9$,%7>+$ 
228

Ra + 
226

Ra
 
"9+36)">", 3" "3+ 9647 !603@$ 9"=$!3+$ 5!"9')7@, )"7"!@$ 

5"-!603"1' >$9'7 %$:. >3'7!+ "!<63+016.  "(">+36 !.96 !69+. >@>"9+7%. +0 "!<63+016 > >+9$ !69"36, 

5"C7"1' 5"(36. C3$!<+. "-+0('=$3+., >@9$(.4;6.%. > )"%7.? >%($9%7>+$ !6%5696 "7("2+>D$<"%. !69+. + $<" 

9"=$!3+? 5!"9')7">, "*$3+>6$7%. > 14,5 +,-. / %('=6$ 1$0"7"!+. 9"=$!3+$ 5!"9')7@ 5"=7+ *$(+)"1 "%7647%. 

> "!<63+01$ + C3$!<+., >@9$(.4;6.%. > )"%7.?, "5!$9$(.$7%. )6) %'116 >%$? C3$!<+, -"-=6%7+*, +%5'%)6$1@? 

5!+ !6%5696? =($3"> C7"<" !.96, 7. $. "36 !6>36 32,7 +,-, =7" > 2,25 !606 :"(8D$, =$1 > %('=6$ !69+.. 

/!$1. 2+03+ 1$0"7"!+. 1$38D$, =$1 >!$1. 2+03+ !69+. (6,17 + 1600 ($7 %""7>$7%7>$33"), 6 C7" "036=6$7, 

=7" 5!+ 5"56963++ 1$0"7"!+. >3'7!8 "!<63+016 5"%($93+, :'9$7 ":('=678%. > 7$=$3+$ 1$38D$<" >!$1$3+, 

=$1 5!+ 5"56963++ !69+.. &!"1$ 7"<", > 7$=$3+$ 5$!>@? 3$%)"(8)+? ($7 )"%736. 7)638 3$ 5"9>$!<6$7%. 

9$,%7>+4 "-+0('=$3+., 76) )6) 9(. C7"<" > "7("2+>D$1%. > 3$, 1$0"7"!++ 9"(23@ 5".>+78%. 
228

Th + 

%($9'4;+$ 06 3+1 =($3@ !69+"6)7+>3"<" !.96, 5!+=$1 5$!+"9 5"('!6%5696 
228

Th
 
!6>$3 1,9 <"96.  "C7"1' 

1$0"7"!++ %=+76$7%. > 1,5-2 !606 7")%+=3$$ 
228

Ra; 16)%+16(83" 9"5'%7+1"$ %"9$!263+$ $<" > "!<63+01$ 

%"%76>(.$7 "7 0,05 9" 0,07 "'')*#, 6 16)%+16(83" 9"5'%7+16. )"3*$37!6*+. > >"09'?$ !6>36 4-10
-22

 

"'')*#/".. H!'<+$ "*$3)+ C7", 5"%($93$, >$(+=+3@ 1$3.47%. "7 2-10
-12

 9" 6
.
10

-12
 "'')*#/". >"09'?6. S%(+ 

>@!60+78 C7+ 3"!1@ > >$%">@?  $9+3+*6?, %763">+7%. "=$>+93", "=$38 >@%")6. 7")%+=3"%78 1$0"7"!+.. 1 

"'')*# Ra
226

 %""7>$7%7>'$7 >$%' > 1 " , 7"<96 )6) > %('=6$ 1$0"7"!+., +1$4;$<" 036=+7$(83" 1$38D$$ >!$1. 

2+03+, 1 "'')*# %""7>$7%7>'$7 >$%' >%$<" (+D8 > 0,0042 "' . E($9">67$(83", 16)%+16(83" 9"5'%7+1"$ 

%"9$!263+$ 7"!+. > "!<63+01$ !6>3" 0,05x0,0042, +(+ 2-l0
-4

 "' . & %=6%784, !6%5!"%7!63$33"%78 1$0"7"!+. 

5"=7+ 36%7"(8)" 2$ 16(6, 36%)"(8)" >$(+)6 $<" 7")%+=3"%78. S<" )"3*$37!6*+. > Th
232

, 36?"9.;$1%. > 

!6>3">$%++ % 9"=$!3+1+ 5!"9')761+, %"%76>(.$7 4,7 10
-10

   36 1 < 7"!+.. K6)%+16(83" 9"5'%7+1"$ 

)"(+=$%7>" 1$0"7"!+., )"7"!"$ 1"2$7 5!+%'7%7>">678 > "!<63+01$, %"9$!2+7%. 5!+1$!3" > 0,5   7"!+., 

36?"9.;$<"%. > !6>3">$%++ % 9"=$!3+1+ 5!"9')761+. 

S%(+ +0>$%73" 5!"+%?"29$3+$ 9633", 56!7++ 167$!+6(6, 1"23" "*$3+78, %)"(8)" > 3$1 %"9$!2+7%. 

1$0"7"!+..  !+ 5$!+"9$ 5"('!6%5696 1$0"7"!+. > 6,7 ($7 %"9$!263+$ 5"%($93$<" :'9$7 '>$(+=+>678%. 

5!+1$!3" 36 10% > <"9, +(+ 0,85% > 1$%.*. S%(+ 2$ 76)'4 "*$3)' 5!"+0>$%7+ 3$(80., )"(+=$%7>" 1$0"7"!+. 

1"23" "5!$9$(+78 5!"%7@1 ?+1+=$%)+1 636(+0"1. 

Q7":@ +0:$2678 "56%3"%7+, %>.0633", % 1$0"7"!+$1, ('=D$ >%$<" +%5"(80">678 %"$9+3$3+. 7"!+., +0 

)"7"!@? 3$069"(<" 9" C7"<" :@( >@9$($3 !69+,. M%5"(80">63+$ %>$2$<" 167$!+6(6 +1$$7 5!$+1';$%7>6 %" 

>%$? 7"=$) 0!$3+.; 5!+ !609$($3++ !69+. + 7"!+. 3$ %($9'$7 36)65(+>678 5!"1$2'7"=3@, 167$!+6(, 3'23" 

9">"9+78 C7" !609$($3+$ 9" )"3*6. 

F56%3"%78, %>.06336. % 1$0"7"!+$1, )"3$=3", 06>+%+7 "7 ?6!6)7$!6 >@5"(3.$1", !6:"7@. I6 5!+1$!$ 

5!"*$%%6 5!"+0>"9%7>6 7"!+. > (6:"!67"!++ > L,1%$ 1"23" +((4%7!+!">678 7$ "56%3"%7+, % )"7"!@1+ 

>%7!$=647%. 5!+ !6:"7$ % 7"!+$1. P609$($3+$ 1$0"7"!+. + 7"!+. ":($<=6$7 96(83$,D'4 !6:"7' % 7"!+$1, 3" 

5!+ C7"1 %"096$7%. 3">6. 5!":($16 - =7" 9$(678 % #!6)*+$, 1$0"7"!+., )"7"!6. ":@=3" %"9$!2+7%. > 

"7?"96?.  !+ "%629$3++ ")%6(676 +(+ #7"!+96 7"!+. +0 !6%7>"!6 3+7!676 7"!+. 1$0"7"!++ 5"=7+ 5"(3"%784 

"%76$7%. > #+(87!67$. J6?"!"3$3+$ C7"<" #+(87!676 %>.063" % %$!8$03@1+ 067!'93$3+.1+, +:" 16)%+16(83" 



9"5'%7+16. )"3*$37!6*+. 1$0"7"!+. > 5+78$>", >"9$ )"($:($7%. > 5!$9$(6? 2-10
-8 

- 8-1 0
- 8

 "'')*#/"..  !+ 

!6>3">$%++ > 0,45 "  7"!+. %"9$!2+7%. 5-10
8
 "'')*# 1$0"7"!+., 6 C7" 036=+7, =7" 9(. 7"<", =7":@ %9$(678 

>"9' <"93", 9(. 5+78., 1$0"7"!+,, %"9$!26>D+,%. > 1 < 7"!+., 9"(2$3 :@78 !60>$9$3 > 2000 . >"9@. L7" 

%"%76>+(" :@ 2 1(!9. . >"9@ 36 1 / 7"!+.. &!"1$ 7"<", 962$ 5!+ 76)"1 !60:6>($3++ >"9' 3$(80. %=+7678 

:$0>!$93",, +:" >%$ !6%7$3+., !@:6, 1+)!""!<63+01@ + 9!'<+$ :+"("<+=$%)+$ "!<63+01@ 36%7"(8)" 

C3$!<+=3" )"3*$37!+!'47 C7"7 +0"7"5 !69+., =7" $<" %"9$!263+$ > 5+;$ 1"2$7 ")60678%. >@D$ 9"5'%7+1@? 

3"!1. J36=+7$(83" ('=D+1 %5"%":"1 (5" %!6>3$3+4 % !60:6>($3+$1 + %:!6%@>63+$1 >"9 > %+%7$1' 

)636(+06*++) .>(.$7%. +0>($=$3+$ 1$0"7"!+. +0 "7?"9">, 365!+1$!, %">1$%73@1 "%629$3+$1 % %'(8#67"1 

:6!+. % 5"%($9'4;+1 #+(87!">63+$1. 

 "%)"(8)' %>$2$5!+<"7">($33@, 3+7!67 7"!+., 5"->+9+1"1', %">$!D$33" 3$ %"9$!2+7 1$0"7"!+., 

"5+%633@$ >@D$ 5!$9"%7"!"23"%7+ 3$ ":.067$(83@. F936)" > 5!"+0>"9%7>$ 7"!+. >%$<96 %($9'$7 +1$78 > 

>+9' 5"7$3*+6(83'4 "56%3"%78 +0"7"5"> !69+.. 

I$ %($9'$7 "2+9678, =7" 5!+ 5$!$>"9$ ")%6(676 > :$0>"93@, #7"!+9 1$0"7"!+, :'9$7 "%>":"29678%.. 

/ 5!"*$%%$ >"%%763">($3+. 9" 1$76((6, "%":$33" $%(+ C7" 5!"+0>"9+7%. 1$76(("7$!1+=$%)+, +0"7"5@ 

!69+. "%7647%. > D(6)$ > >+9$ %"(+, %1$D633", % 5"9":3@1+ 2$ %"(.1+ )6(8*+., 16<3+. +(+ *+3)6. 

/9@?63+4 9"%767"=3"<" )"(+=$%7>6 C7+? %"($,, %"9$!26;+? "56%3"$ )"(+=$%7>" 1$0"7"!+., 1"2$7 

5"1$D678 +? !609!6264;$$ 9$,%7>+$, 3" C7" 3$ +%)(4=6$7 >$!".73"%7+ 5"56963+. C7+? %"($, > "!<63@ 

9@?63+.. E($9">67$(83", 3'23" 5"06:"7+78%. " 7"1, =7":@ D(6) 3$ 96>6( 5@(.;+? 5!"9')7">, ($<)" 

5!"3+)64;+? > 9@?67$(83@$ 5'7+. 

I6<!$>63+$ <':)+ 9(. '96($3+. *+3)6 5!+ 5!"+0>"9%7>$ C,1%%)"<" 7"!+. ":'%(">(+>6$7 3$":?"9+1"%78 

'96($3+. 1$0"7"!+. +0 )"39$3%676. &"39$3%67 1"2$7 %"9$!2678 "56%3@$ )"(+=$%7>6 1$0"7"!+. + 3'23" 

(4:@1 %5"%":"1 3$ 9"5'%7+78 $<" !6%5@($3+.. B" 2$, + 962$ > :"(8D$, %7$5$3+, "73"%+7%. ) )"39$3%67', 

5"('=6$1"1' 5!+ 5"%($9'4;$, 5(6>)$, 76) )6) > C7"1 %('=6$ *+3) 5!6)7+=$%)+ "7%'7%7>'$7. H62$ $%(+ 

3$(80. >+0'6(83" "5!$9$(+78 )"(+=$%7>" )"39$3%676 ("%69)6 36 )"(56)$ 5(6>+(83", 5$=+), >06+1"9$,%7>+$ 

$<" % >"09'?"1 5!+ >%)!@7++ 5$=+ 5!+>$9$7 ) ":!60">63+4 ")+%(">.  "!"D)"":!603"$ %"%7".3+$ ")+%+ 

":($<=+7 5"56963+$ $$ > >"09'?. E($9">67$(83", >3'7!$3344 5">$!?3"%78 )"(56)6 5$=+ 5"%($ >6)''13", 

5(6>)+ + "7(+>)+ 3$":?"9+1" 5!"1@>678 )+%("7",, =7":@ 5"1$D678 ":!60">63+4 >!$93", 5@(+ +0 "%$>D+? 

6)7+>3@? 1$76((">. O3+=7"2$3+$ 5"('=6$1@? !6%7>"!"> 76)2$ %>.063" % !.9"1 %$!8$03@? 067!'93$3+,, 3" 

>%$-76)+ C7" 5!";$ !6:"7@ % 5"!"D)"":!603@1 167$!+6("1. 

S%(+ 06<!.03$3+$ 671"%#$!@ '%763">($3", 7" 3$":?"9+1@$ 1$!@ 06;+7@ "!<63"> 9@?63+. 1"23" 

":$%5$=+78 7"(8)" 5"%($ 061$!6 )"3*$37!6*++ 7")%+=3@? >$;$%7> > >"09'?$.  !":@ >"09'?6 3$":?"9+1" 

:!678 36 (4:", "5$!6*++, %>.0633", % ":!60">63+$1 5@(+, %"9$!26;$, 1$0"7"!+, +(+ 9!'<+$ 9"=$!3+$ 

5!"9')7@. F:$%5$=$3+$ %""7>$7%7>'4;$, >$37+(.*++ + 5"99$!263+$ =+%7"7@ %';$%7>$33" %3+2647 

)"(+=$%7>" 5@(+ > >"09'?$; 5!+ >@%")+? )"3*$37!6*+.? %($9'$7 +%5"(80">678 !$%5+!67"!@. 

S%(+ 5"1$;$3+. 3$ %"9$!267%. > +%)(4=+7$(83", =+%7"7$, 7" "%$>D6. 7")%+=36. 5@(8 1"2$7 >3">8 

!6%%$+>678%. > >"09'?$, 5"%7".33" %"096>6. "56%3'4 )"3*$37!6*+4. 

&!"1$ 1$0"7"!+. 
228

Ra, "%>":"2964;$<"%. 36 1$76(('!<+=$%)+? "5$!6*+.?, 9!'<", +0"7"5 !69+., 
224

Ra, 

+ +0"7"5 !69"36, 
220

Rn (7"!"3), 76)2$ :'9'7 "79$(.78%. "7 7"!+. +, >"01"23", 5"%7'5678 > 671"%#$!'. 

 "%)"(8)' 
224

Ra +1$$7 16(@, 5$!+"9 5"('!6%5696, 3,64 93., 5!+ "93")!673"1 ":('=$3++ "3 1$3$$ "56%$3, 

=$1 
228

Ra. F936)" 5">7"!3"$ 5"56963+$ 
224

Ra > "!<63@ 9@?63+. +(+ 5+;$>6!$3+. 5!+>$(" :@ ) 5">7"!3@1 

":('=$3+.1 7$? 7)63$,, > )"7"!@? %"9$!26(%. C7"7 +0"7"5 > 7$=$3+$ $<" )"!"7)", 2+03+. P6%%167!+>678 

16)%+16(83" 9"5'%7+1"$ %"9$!263+$ $<" > "!<63+01$ 3$("<+=3", "936)" 16)%+16(83" 9"5'%7+1@$ 

)"3*$37!6*++ > >"09'?$ + >"9$ 1"23" !6%%=+7678 5" 1$7"9', +0("2$33"1' > !6:"7$. P6%%=+76336. 36 C7", 

"%3">$ 16)%+16(83" 9"5'%7+16. )"3*$37!6*+. > >"09'?$ %"%76>(.$7 3-10
-9

 "'')*#/". + > >"9$ - 1,5-10
-5

 

"'')*#/".. 

M0"7"5 !69"36 +0 !69+"6)7+>3"<" !.96 7"!+. (
220

Rn, +(+ 7"!"3) +1$$7 "=$38 16(@, 5$!+"9 5"('!6%5696, 

3" >%$ 2$ $<" >!$1. 2+03+ 9"%767"=3" >$(+)" 9(. 7"<", =7":@ <60 +0 6556!67'!@ 9(. 5(6>)+ 7"!+. 5"56( > 

>"09'? 5"1$;$3+..  "%($9'4;+, !6%569 7"!"36 5!"+%?"9+7 > >"09'?$, + 5"%($ C7"<" 5"%($93+$ =($3@ 

!69+"6)7+>3"<" !.96 7"!+. 1"<'7 "%$9678 36 =6%7+*6? 5@(+ + % 3+1+ 5"569678 > "!<63@ 9@?63+..  !":@ 

>"09'?6, >0.7@$ 36 7"!+$>"1 (+7$,3"1 06>"9$, 1"<'7 ":36!'2+78 "=$38 >@%")'4 36=6(83'4 6)7+>3"%78, 

%56964;'4 % 5$!+"9"1 5"('!6%5696 10,6 0, %""7>$7%7>'4;+1 
212
Pb, 36+:"($$ 9"(<"2+>';$1' +0 5"%($93+? 

=($3"> !.96. V"7. 76)"$ )"!"7)"$ >!$1. 2+03+ "036=6$7, =7" "!<63+01 3$ :'9$7 %"?!63.78 C7"7 C($1$37 + 

36)65(+>678 +9';$$ "7 3$<" +0('=$3+$, C3$!<+., >@9$(.$16. 5!+ !6%569$ 
212
Pb + $<" 9"=$!3+? 5!"9')7">, >%$ 

2$ 9"%767"=3" >$(+)6 + 13"<")!673"$ >9@?63+$ $<" "56%3". P6%=$73"$ 036=$3+$ 16)%+16(83" 9"5'%7+1", 

)"3*$37!6*++ 
212
Pb %"%76>(.$7 2-10

-8
 "'')*#/". 5!+ 5"%7".33"1 >9@?63++. 



/@9$($3+$ 7"!"36 +0 !60(+=3@? 167$!+6("> 06>+%+7 "7 5!+!"9@ 167$!+6(6 + %7$5$3+ $<" +01$(8=$3+.. 

B6), :@(" '%763">($3", =7" 7"!"3 9+##'39+!'$7 5!+ )"13673", 7$15$!67'!$ +0 5$!>@? 250 67"13@? %("$> 

1$76((+=$%)"<" 7"!+.. L7" 16(6. 9"(. 5"(3"<" )"(+=$%7>6, +, %($9">67$(83", 16%%+>3@, )'%") 
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