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 !" 579.26 

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

 .-. "'/12.(#, 3.*. 4'5.&.(# 

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

*!6789 ! !*+ ):9 -;6!8 * <"=! 66>?  

3;78<!;) - 6;  *6 -8 -8<3!@A)!7;  

! 3!@<  <B;6!93 - C)D !9-)8E86!D *7< 6=!D 

 !"#$#%& '($)*(+& ,-'+..+/&%-0,.1, 23.2.4%&5 3./$.6&*) 

2*+.%7-8. 922$#".1&%& '-%#*-'& +.2*& 3.$(:#%%.8 '($)*(+!.  

;.".4+&%& .3*-,&$)%&5 "$5 +.2*& ,-'+..+/&%-0,.1 '.%7#%*+&7-5 

2*+.%7-5, +&1%&5 0,1 //$. ;.'&0&%., :*. '($)*(+& ,-'+..+/&%-0,.1 

.4$&"&#* 23.2.4%.2*)< 3./$.6&*) 2*+.%7-8 -0 1."%!= +&2*1.-

+.1. 922$#".1&%& 1.0,.>%.2*) 3+-,#%#%-5 1#+,-'($-*& - 4-.1#+-

,-'($-*& "$5 .:-2*'- 1."%!= +&2*1.+.1 .* -.%.1 Sr
2+

. 

#$%& '( %&')*+,, *-./01 23*+*4'5,-3'1 6/*)+,7 8 -./&%, – 6/*-

)+,7& /&$'*&3.'8%01 *.1*$*8. 91 '-.*5%'3*7 :8+:;.-: 6/,$6/':.': 

&.*7%*< 2%,/4,.'3'. =*+>3* %& 6/,$6/':.':1 ?'%&.*7& @*--'' (A# 

«?&:3», B')'/-3'< 1'7'5,-3'< 3*7)'%&., "/&-%*:/-3'< 4*/%*-

1'7'5,-3'< 3*7)'%&.) -*-/,$*.*5,%0 600 7+% 7
3
 /&$'*&3.'8%01 *.1*-

$*8 - -C77&/%*< &3.'8%*-.>; 1,5 7+/$ "'. D C-+*8':1 %*/7&+>%*< 23--

6+C&.&E'' FGB 80)/*-0 /&$'*%C3+'$*8 %,(%&5'.,+>%0. D *-%*8%*7 

*%' *)C-+*8+,%0 4&(**)/&(%07' /&$'*%C3+'$&7' (
14
B, ./'.',7 ' <*-

$*7). D C-+*8':1 &8&/'<, *-*),%%* 3/C6%01, 80)/*-0 /&$'*%C3+'$*8, 

8 .*7 5'-+, /&$'*'(*.*6*8 -./*%E':, 7*4C. )0.> (%&5'.,+>%07'. 

D06&8H'< %& 6*8,/1%*-.> (,7+' /&$'*&3.'8%0< -./*%E'< 83+;-

5&,.-: 6*$ 8+':%',7 6/'/*$%01 I&3.*/*8 8 6/*E,--0 7'4/&E''. J&-,-

+,%'; %C3+'$ 8 *-%*8%*7 6*-.C6&,. - (&4/:(%,%%07' 6/*$C3.&7', 5,-

/,( /&%,80, ' *K*4*80, 6*8,/1%*-.'. @&-.8*/'70, -*,$'%,%': -./*%-

E': 1*/*H* 8-&-08&;.-: 8 3'H,5%'3,. @&$'*-./*%E'< '()'/&.,+>%* 

*.3+&$08&,.-: 8 3*-.:1, *-*),%%* C $,.,<, 6*$8,/4&: 3*-.' ' (&3+;5,%-

%0< 8 %'1 3*-.%0< 7*(4 6*-.*:%%*7C *)+C5,%';. 

!+: .*4* 5.*)0 %, -*($&8&.> 6*$*)%*4* /'-3& $+: %&-,+,%':, %,-

*)1*$'7* 8*8/,7: +'38'$'/*8&.> 6*-+,$-.8': &8&/'< ' C.'+'('/*8&.> 

*.1*$0. 
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!,(&3.'8&E': /&$'*&3.'8%01 -.*5%01 8*$ 6/,$-.&8+:,. -*)*< 

8,->7& -+*K%C; 6/*)+,7C. #)L:-%:,.-: 2.* 6/,K$, 8-,4* .,7, 5.* /&-

$'*&3.'8%*-.> &.*7*8 %, 7*K,. )0.> C%'5.*K,%& '+' 1*.: )0 -%'K,%& 

3&3'7'-+')* '(8,-.%07' 8 %&-.*:M,, 8/,7: 1'7'5,-3'7', I'('3*-

1'7'5,-3'7', I'('5,-3'7' '+' )'*+*4'5,-3'7' 7,.*$&7'. B%'K,%', 

'+' 6*+%&: 6*.,/: /&$'*&3.'8%01 -8*<-.8 /&$'*'(*.*6*8 6/*'-1*$'. 

.*+>3* 8 /,(C+>.&., ,-.,-.8,%%*4* /&$'*1'7'5,-3*4* 6/*E,--&, 8-+,$-

-.8', 6,/,1*$& '1 8 -.&)'+>%0,, %,/&$'*&3.'8%0, '(*.*60. B3*/*-.> 

2.*4* 6/*E,--& %, 7*K,. )0.> '-3C--.8,%%* 6*80H,%&. A*-.*+>3C 

C /:$& /&$'*'(*.*6*8 2.*. 6/*E,-- 6/*.,3&,. 8,->7& 7,$+,%%* (%&6/'-

7,/, 6,/'*$ 6*+C/&-6&$& Sr
90

 -*-.&8+:,. 25 +,., Cs
137

 – 33 4*$&), 8*(%'-

3&,. %,*)1*$'7*-.> 80$,+:.> '1 '( 8*$0 .,7 '+' '%07 -6*-*)*7 

' C$&+:.> 6*+C5,%%0, /&$'*&3.'8%0, *.1*$0. 

9(8,-.%0 7,.*$0 '(8+,5,%': '*%*8 ' /&$'*%C3+'$*8 -./*%E': 

'( 6/*'(8*$-.8,%%01 /&-.8*/*8 ' 6/'/*$%01 8*$, .&3', 3&3 *-&K$,%',, 

-**-&K$,%',, 6*4+*M,%',, 23-./&3E':, '*%%0< *)7,%. A/'7,%,%', 

2.'1 7,.*$*8 (&./C$%,%* 6/'-C.-.8',7 8 8*$, '*%*8 Ca
2+

 ' Mg
2+

, 3*.*-

/0, :8+:;.-: 3*%3C/'/C;M'7' - '*%&7' Sr
2+

, 6*2.*7C 8*(%'3&,. %,-

*)1*$'7*-.> *-8*,%': %*801 7,.*$*8, 8 .*7 5'-+, ' )'*1'7'5,-3'1, 

-*($&%', 3C+>.C/ 7'3/**/4&%'(7*8, -6*-*)%01 '()'/&.,+>%* 6*4+*-

M&.> -./*%E'<. 

N,+>; %&-.*:M,< /&)*.0 :8+:,.-: -'%.,( )'*-*/),%.*8, 6*(8*-

+:;M'1 '(8+,3&.> '*%0 -./*%E': '( /&-.8*/*8, /&)*.&;M'1 8 7%*4*-

3/&.%* 6*8.*/:;M'1-: E'3+&1 -*/)E''–$,-*/)E''–/,4,%,/&E''. D 1*-

$, /&)*.0 )0+' 806*+%,%0 -+,$C;M', (&$&5': 80$,+,%0 7'3/**/4&-

%'(70, -6*-*)%0, 6*4+*M&.> -./*%E'<, '--+,$*8&%& $'%&7'3& /*-.& 

6*+C5,%%*< 3C+>.C/0 8 6/'-C.-.8'' /&(+'5%01 3*%E,%./&E'< -./*%-

E':, '(C5,%& 8*(7*K%*-.> -*($&%': ' '-6*+>(*8&%': )'*-*/),%.*8 %& 

*-%*8, 8,/7'3C+'.&. 

9%%*3C+:.*7 $+: 80$,+,%': 5'-.01 3C+>.C/ 7'3/**/4&%'(7*8 

:8+:+&-> 6/*)& 8*$0, 8(:.&: )+'( /,7*%.%*-23-6+C&.&E'*%%*< )&(0, 4$, 

6/,$6*+*K'.,+>%* 7*4+' -*$,/K&.>-: -*+' -./*%E':.  

J&3*6'.,+>%C; ' 5'-.C; 3C+>.C/0 6*+C5&+', /C3*8*$-.8C:-> 

-.&%$&/.%07' 7,.*$'3&7' [1]. D 3&5,-.8, .8,/$*< ' K'$3*< 6'.&.,+>-

%01 -/,$ '-6*+>(*8&+' 7:-*6,6.*%%0< &4&/ (?AF) ' 7:-*6,6.*%%0< 

)C+>*% (?AO) -**.8,.-.8,%%*. 

!+: *6/,$,+,%': *6.'7&+>%*< 3*%E,%./&E'' -./*%E': 4*.*8'+' 

K'$3', 6'.&.,+>%0, -/,$0 - 3*%E,%./&E':7' Sr
2+

 0,01; 0,1; 1 ' 10 4/+. 

J&/&M'8&%', )'*7&--0 6/*8*$'+' 6/' 28 ºB %& */)'.&+>%01 H,<3,/&1 
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-* -3*/*-.>; 128 *)/7'%. A/'/*-. )'*7&--0 I'3-'/*8&+' 6* C8,+'5,-

%'; *6.'5,-3*< 6+*.%*-.' (D) %& -6,3./*I*.*7,./, "P"-2 6/' 

Q = 690 %7. !+: -/&8%,%': '%.,%-'8%*-.' /*-.& 7'3/**/4&%'(7*8 

8 6/'-C.-.8'' /&(%01 3*%E,%./&E'< Sr
2+

 -./*'+' 3/'80, /*-.& 8 3**/-

$'%&.&1 LnD – t, 7'%. 9(7,/,%', *-.&.*5%*< 3*%E,%./&E'' '*%*8 

-./*%E': 8 3C+>.C/&+>%*< K'$3*-.' 6/*8*$'+' %& &.*7%*-

&$-*/)E'*%%*7 -6,3./*I*.*7,./, AAS-30. 

D 3&5,-.8, '-1*$%*4* -*/)E'*%%*4* 7&.,/'&+& '-6*+>(*8&+' 

8,/7'3C+'. – 6/'/*$%0<, %,.*3-'5%0< 7&.,/'&+. #% 6/*'(8*$'.-: 

8 -6,E'&+>%01 6,5&1 6C.,7 *)K'4& 6/'/*$%*4* 7'%,/&+&.  

B8*<-.8& 8,/7'3C+'.& 8-6C5,%%*4*: 

  1'7'5,-3'< -*-.&8: SiO2 (39–42 %), Al2O3 (11–13 %), MgO  

(12–16 %), CaO (1,5–2,5 %), K2O (3–6 %), Fe2O3 (6–8 %), @H (J2#) (10–12 %), 

$/. (0,5–2 %); 

  ,73*-.> 8*$*6*4+*M,%': $* 400 %; 

  '%,/.%0<, 1'7'5,-3' ' )'*+*4'5,-3' -.*<3'<; 

  %, -*$,/K'. .:K,+01 7,.&++*8; 

  .,76,/&.C/& 6+&8+,%': 1350 °B; 

  $'&6&(*% /&)*5'1 .,76,/&.C/ *. –260 $* +1200 °B; 

  3*2II'E',%. (8C3*6*4+*M,%': 0,7–0,8. 

N8,. 8,/7'3C+'.& /&(+'5,% – *. (*+*.'-.*-K,+.*4* $* K,+.*8&-

.*-)C/*4*. 

D,/7'3C+'. :8+:,.-: %*807 8'$*7 7'%,/&+>%*4* -0/>:, '7,;-

M'7 8&K%*, 23*+*4'5,-3*, (%&5,%',. G.* 7'%,/&+ *)/&(C,.-: 8 /,(C+>-

.&., 6/'/*$%01 6/*E,--*8 4'$/&.'(&E'' ' $/C4'1 '(7,%,%'< 7&4%,('&+>-

%*-K,+,('-.01 -+;$ (I+*4*6'.& ' )'*.'.&). A/*E,-- 6/,*)/&(*8&%': 2.'1 

-+;$ 8 8,/7'3C+'. (&3+;5&,.-: 6*5.' 8 6*+%*7 80%*-, M,+*5,<, 6,/,-

1*$, (&3'-%01 -*,$'%,%'< K,+,(& 8 *3'-%0, ' /,(3*7 C8,+'5,%'' 3*-

+'5,-.8& 8*$0. 

#-%*8%07 ' %&')*+,, E,%%07 -8*<-.8*7 8,/7'3C+'.& :8+:,.-: 

-6*-*)%*-.> ,4* 6/' 6/*3&+'8&%'' /,(3* ' %,*)03%*8,%%* -'+>%* C8,-

+'5'8&.> -8*< *)L,7 8 10–20 /&(. G.* :8+,%', *)L:-%:,.-: .,7, 5.* 6/' 

6/*3&+'8&%'' 7*+,3C+:/%&: 8*$& 8 5,HC<3&1 ' 6&53&1 8,/7'3C+'.& 

6/,8/&M&,.-: 8 6&/, 6*$ %&6*/*7 3*.*/*4* /&($8'4&;.-: +'-.*53' 

-+;$0 8-,4$& 8 *$%*7 %&6/&8+,%'', 6,/6,%$'3C+:/%*7 -6&<%*-.' 

-+;$0. D-6C5,%%0< .&3'7 *)/&(*7 8,/7'3C+'. 6/' *1+&K$,%'' -*-

1/&%:,. 6/'*)/,.,%%0< '7 *)L,7 - .*%5&<H'7' 6/*3+&$3&7' 8*($C1& 

8(&7,% 8*$:%*4* 6&/& 7,K$C +'-.*53&7' -+;$0, 5.* ' 6/'$&,. 7'%,/&-

+C 7%*4', ,4* E,%%0, -8*<-.8&. 
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#)*KK,%%0, 7&--0 8,/7'3C+'.& 1&/&3.,/'(C;.-: 6*80H,%%*< 

*4%,-.*<3*-.>;, 80-*3*< (8C3*6*4+*M&;M,< -6*-*)%*-.>;, %'(3*< 

.,6+*6/*8*$%*-.>;. D,/7'3C+'. 1'7'5,-3' 6*5.' '%,/.%0< 7&.,/'&+. 

#% *)+&$&,. 80-*3*< 3/*;M,< -6*-*)%*-.>;, 1*/*H* -*6/*.'8+:,.-: 

808,./'8&%';, %, 3*%$,%-'/C,. 8+&4C, 1&/&3.,/'(C,.-: 7&+07 3*2I-

I'E',%.*7 .,76,/&.C/%*4* /&-H'/,%':.  

D %&-.*:M,, 8/,7: 8,/7'3C+'. 6/'7,%:,.-: $+: *5'-.3' -.*5-

%01 8*$ *. %,I.,6/*$C3.*8, 3&3 3&.&+'(&.*/ 6/' 6,/,/&)*.3, %,I.', 

8 3&5,-.8, 6/*70H+,%%*4* -*/),%.& 80-*3*/&$'*&3.'8%01 /&$':-137 

' -./*%E':-90 '( *.1*$*8 :$,/%01 6/,$6/':.'<, -7:45,%': 8*$0 ' $/. 

[4, 5]. 

A/,$8&/'.,+>%* 8,/7'3C+'. 6*$4*.*8'+' 3 /&)*.,: 6/*-.,/'+'-

(*8&+', 6/*70+' 8*$*< ' 80-CH'+' %& 8*($C1,. 

A/*E,-- &$-*/)E'*%%*< '77*)'+'(&E'' 6/*8*$'+' 7,.*$*7 6,-

/,7,H'8&%':, 3*.*/0< (&3+;5&,.-: 8 .*7, 5.* 3*%.&3. &$-*/),%.& 

- -C-6,%(',< 3+,.*3 8 3C+>.C/&+>%*< -/,$, 6/*'-1*$'. 6/' %,6/,/08-

%*7 6,/,7,H'8&%'' 8 .,5,%', %,-3*+>3'1 5&-*8. A,/,7,H'8&%', *-C-

M,-.8+:+' %& */)'.&+>%01 H,<3,/&1 -* -3*/*-.>; 128 *)/7'%. !&+,, 

)'*-*/),%. 6/*708&+' %,-3*+>3* /&( -/,$*<, 8 3*.*/*< )0+' -C-6,%-

$'/*8&%0 3+,.3', '+' 8*$%07' /&-.8*/&7' '%*4* -*-.&8&, 6*-+, 5,4* 

)'*-*/),%. 4*.*8 3 C6*./,)+,%'; [2]. 

"C+>.'8'/*8&%', 7'3/**/4&%'(7*8 %& -/,$&1 - /&(+'5%07 -*-

$,/K&%',7 Sr
2+

 6*3&(&+*, 5.* 6/'-C.-.8', 8 6'.&.,+>%*< -/,$, 80-*3'1 

3*%E,%./&E'< -./*%E': (10 4/+) :8+:,.-: 4C)'.,+>%07 $+: 7'3/**/4&-

%'(7*8. A/' (&-,8, 7'3/**/4&%'(7*8 8 .&3C; -/,$C %& -+,$C;M', -C-

.3' %&)+;$&,.-: 806&$,%', 3/C6'.5&.*4* *-&$3&. A*$.8,/K$,%',7 4'-

),+' 7'3/**/4&%'(7*8 :8+:,.-: .&3K, *6.'5,-3&: 6+*.%*-.> K'$3*-.', 

3*.*/&: 8 .,5,%', 8-,4* 23-6,/'7,%.& 6*$$,/K'8&+&-> %& %'(3*7 C/*8-

%, (/'-. 1, 3/'8&:). 

J&')*+,, &3.'8%* /*-+' 7'3/**/4&%'(70 6/' 3*%E,%./&E':1 

Sr
2+

 8 6'.&.,+>%*< -/,$, 0,01 ' 0,1 4/+. J& 3/'801 /*-.& 6/' 2.'1 3*%-

E,%./&E':1 %&)+;$&;.-: -&70, 80-*3', 6'3' (/'-. 1, 3/'8&: 1 ' 2). 

?*K%* *.7,.'.>, 5.* %&')*+,, &3.'8%* 7'3/**/4&%'(70 /*--

+' 8 .,5,%', 6,/801 6*+C.*/& -C.*3, $&+,, .&3*< &3.'8%*-.' %, %&)+;-

$&,.-:. 
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@'-. 1. B/&8%'.,+>%&: *E,%3& /*-.& 7'3/**/4&%'(7*8 8 6/'-C.-.8'' 

/&(+'5%01 3*%E,%./&E'< '*%*8 -./*%E': 

!&+>%,<H', '--+,$*8&%': 6/*8*$'+' - 3*%E,%./&E',< Sr
2+

, /&8-

%*< 0,1 4/+. R&8'-'7*-.>, 6/,$-.&8+,%%&: %& /'-. 2, *./&K&,. $'%&7'3C 

/*-.& 6*+C5,%%*< 3C+>.C/0. ?*K%* 8'$,.>, 5.* 6/*$*+K'.,+>%*-.> 

*-%*8%01 I&( )&3.,/'&+>%*4* /*-.& -*-.&8+:,.: +&4-I&(& – *. 0 $* 3 5; 

23-6*%,%E'&+>%&: I&(& – *. 3 $* 8 5; I&(& (&7,$+,%': /*-.& – *. 8 $* 

26 5; -.&E'*%&/%&: I&(& – *. 26 5 ' )*+,,. 
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D $'%&7'5,-3'1 C-+*8':1 '--+,$*8&%& -*/)E'*%%&: -6*-*)%*-.> 

8,/7'3C+'.& ' )'*8,/7'3C+'.&. A*+C5,%%0, $&%%0, 6*3&(08&;., 5.* 

'(C5,%%0, -*/),%.0 6*4+*M&;. '*%0 -./*%E':. A/' 2.*7 '77*)'+'-

(&E': 3+,.*3 7'3/**/4&%'(7*8 %& 6/'/*$%0< %*-'.,+> 6/'8*$'. 3 C8,-

+'5,%'; 8,+'5'%0 ,4* *)7,%%*< ,73*-.'. D $'%&7'5,-3'1 C-+*8':1 

6/*8,$,%& $,-*/)E': '*%*8 -./*%E': - 8,/7'3C+'.& ' )'*8,/7'3C+'.&. 

A* /,(C+>.&.&7 $,-*/)E'', 3*.*/C; 6/*8*$'+' 0,2 ? HNO3, 8'$%*, 

5.* '*%0 -./*%E': 6/&3.'5,-3' 6*+%*-.>; $,-*/)'/C;.-: 3&3 - 8,/-

7'3C+'.&, .&3 ' - )'*8,/7'3C+'.&, 5.* 6/,$*-.&8+:,. 8*(7*K%*-.> 

6/*8*$'.> /,4,%,/&E'; 6*-+, $,-*/)E'' ' '-6*+>(*8&.> -*/),%. 8 -+,-

$C;M,7 E'3+,. 

@'-. 2. "'%,.'5,-3&: 3/'8&: /*-.& 7'3/**/4&%'(7*8  

6/' 3*%E,%./&E'' '*%*8 -./*%E': 0,1 4/+ 
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9--+,$*8&%0 -*/)E'*%%0, -8*<-.8& 8,/7'3C+'.& ' )'*8,/7'3C-

+'.& 6/' /&)*., 8 E'3+&1 -*/)E''–$,-*/)E''–/,4,%,/&E''.  

J& /'-. 3 6/'8,$,%0 801*$%0, 3/'80, -*/)E'', 6/' &%&+'(, 3*-

.*/01 8'$%*, 5.* 6/' 6,/,1*$, 3 3&K$*7C 6*-+,$C;M,7C E'3+C ,7-

3*-.> )'*-*/),%.& 8*(/&-.&,.. J&6/'7,/, ,73*-.> )'*8,/7'3C+'.&  

8 3-7 E'3+, /&)*.0 8*(/*-+& 8 6 /&( 6* -/&8%,%'; - 1-7 E'3+*7 (/'-. 4). 

0
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@'-. 3. D01*$%0, 3/'80, -*/)E'' '*%*8 Sr2+: & – 8,/7'3C+'.;  
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@'-. 4. S73*-.%0, 1&/&3.,/'-.'3' 8,/7'3C+'.& ' )'*8,/7'3C+'.& 

G.*4* %, 6/*'-1*$'. 8 -+C5&, 6/'7,%,%': 8,/7'3C+'.& ),(  

C5&-.': 7'3/**/4&%'(7*8. #5,8'$%*, 7'3/**/4&%'(70 '-6*+>(C;. 

8 3&5,-.8, 2+,7,%.*8 6'.&%': *)7,%%0, '*%0, -*$,/K&M',-: 8 7,K-

6+*-3*-.%01 6/*-./&%-.8&1 8,/7'3C+'.& 8 1-7 E'3+,. D* 8.*/*7 ' 6*-
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-+,$C;M'1 E'3+&1, 6/' *.-C.-.8'' 2.'1 '*%*8, 7'3/**/4&%'(70  

6*4+*M&;. '*%0 -./*%E':. =&3', -8*<-.8& 8,/7'3C+'.& 6*(8*+:;. '--

6*+>(*8&.> ,4* 3&3 %*-'.,+> $+: -*($&%': )'*-*/),%.*8 ' '1 6/'7,%,-

%': 8 %,6/,/08%01 E'3+&1 *5'-.3' -.*3*8 *. '*%*8 -./*%E':. 

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

1. S4*/*8 J.B. A/&3.'3C7 6* 7'3/*)'*+*4''. – ?.: 9($-8* ?*-3. 

C%-.&, 1976. 

2. 977*)'+'(*8&%%0, 3+,.3' 7'3/**/4&%'(7*8 / F.A. B'%'E0%, 
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