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/0&12,334% 15'56127,% 189,3&2,% 82.81:21:% ; <0-==5% >583&287% – =0&089.4?% &%

1&.252&@51;&?% ;0&12,3387A% 120-;2-0,% ;82804? 8B0,C87,.,% 2520,D90,'&% EFGH4I%&% EJKH4},

8BL59&.M..4'&%8BN&'&%750O&.,'&%7%20M?'50.46%;,0;,1A%18950P,N&6%=83812&%&%;,.,34%

0,C'508'% 0,2-1,5 .'% QRS( T1359127&5% 818B5..81256% ;0&12,33&@51;8<8% 12085.&:% >583&24%

.,O3&%O&08;85% =0&'5.5.&5% 7% ;,@51275% ,9180B5.287A% '835;-3:0.4?% 1&2A% &8.88B'5..4?%

',250&,387A% ;,2,3&C,28087% &% .81&25356% ;,2,3&C,28087(% T% ;0&12,33&@51;86% 120-;2-05%

189,3&2, Na4Al3Si3O12Cl [2] (=08120,.1275..,:% <0-==,% 1&''520&&% nP 34
_

U% 2520,D904%

{AlV4} & (SiO4} 17:C,..4%8BN&'&%750O&.,'&%7%;,0;,1A%18950P,N&6%=-12824A%7%;82804?%

0,1=838P5.4%&8.4%.,20&:%&%?380,%8B0,C-WN&5%2520,D90&@51;&5%<0-==4%{ClNa4} X0&1(RU(%



!83895P.46%.,-@.8-25?.&@51;&6%7512.&;%YZ[[-51038

\&1( R(%/0&12,33&@51;,:%120-;2-0,%189,3&2,]%,U%D35'5.2,0.,:%:@56;,A%O,04%7%=80:9;5%

-753&@5.&:%9&,'520,%1882752127-W2%,28','%;&138089,A%?380,%&%.,20&:^%BU%;,0;,1%&C%

,28'87%;05'.&:%X25'.45%O,04U%&%,3W'&.&:%X1752345%O,04U, &%2520,D90%{ClNa4}

0,1=83,<,WN&61:%7%=-1282,?%;,0;,1, X@50.46%O,0%– ,28'%?380,A%B5346%– ,28',%.,20&:U

V9.,% &C% .874?% =501=5;2&7.4?% 8B3,1256% =0&'5.5.&:% >583&287% 17:C,.,% 1%

78C'8P.812_W%=83-@5.&:%.,%&?%81.875%;3,20,2.4?%1859&.5.&6A%=059'52, &C-@5.&:%.878<8%

0,C953, ?&'&&%– 1-=0,'835;-3:0.86%?&'&&A%8=&147,WN56%138P.45%8B0,C87,.&:A%;828045%

:73:W21:% 05C-3_2,28'% ,118>&,>&&% 97-?% &% B8355% ?&'&@51;&?% @,12&>A% 17:C,..4?% 7'5125%

'5P'835;-3:0.4'&% 1&3,'&( [3,4]. T% =05949-N56% 0,B825% [5] .,'&% B438% =087595.8%

'8953&087,.&5% ;,0;,187% &C7512.4?% ;3,20,287 <0-==4% >583&287A% 18950P,N&?%

;05'.5;&138089.45% 2520,D904% &% <&=8252&@51;&?A% 7% 120-;2-05% ;82804?% @,12_%

;05'.5;&138089.4?% 2520,D9087% C,'5N5.,% .,% 2520,D904% {GeO4}. Z% =8'8N_W% =898B.8<8%

C,'5N5.&:%'8P.8%05<-3&087,2_%0,C'504%=80%&%;,.,387%7%;,0;,15%;3,20,287(%T%.,128:N56

0,B825% 1% >53_W% 8>5.;&% =08<.812&@51;&?% 78C'8P.81256% '8953&087,.&:% 81-N512735.8%

'8953&087,.&5% ;0&12,33&@51;&?% 120-;2-0A% ?,0,;250&C-WN&?1:% .,3&@&5'% ;,0;,1,% &%

C,=83.5..4'&% =-1282,'&: 189,3&2,% Na4Al3Si3O12Cl [2] &% 5<8% <50',.&6-18950P,N5<8%

,.,38<,%Na4Al3Ge3O12Cl [6].

&'()*+,'-./+)$0,+12.**+3)10+4$12,5025,$Na4Al3Si3O12Cl +$Na4Al3Ge3O12Cl

!8953&087,.&5% ;0&12,33&@51;&?% 120-;2-0% 81-N51273:381_% .,% 81.875% ;8.>5=>&&%

7,35.2.81256%17:C56%Q7-10](%Z8<3,1.8%D286%;8.>5=>&&%7%120-;2-0,?%;0&12,3387%1%&8..4'%
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&3&% =83:0.4'% ;87,35.2.4'% 2&=8'% 17:C56% ;,P9,:% 17:C_% ;,2&8., (i) &% ,.&8., (j)

8=&147,521:% 7,35.2.812_W% X7,35.2.4'% -1&3&5'U% c7:C&% sijA% =0&@5'% 1-'',% 7,35.2.81256%

17:C56%93:%;,P98<8%;,2&8.,%&3&%,.&8., 7%=05953,?%=50786%;8809&.,>&8..86%1`504 0,7.,%

,B183W2.8'-% C.,@5.&W% 1882752127-WN56% 125=5.&% 8;&135.&:% &3&% `80',3_.8<8% C,0:9,(%

T,35.2.812_%17:C&%:73:521:%`-.;>&56%'5P,28'.8<8%0,1128:.&:( aC%=05938P5..4?%0,.55%

.51;83_;&?% `80'% 9,..86% C,7&1&'812&% [10] 7 .,128:N55% 705':% .,&B83_O55% =0&'5.5.&5%

=83-@&3,% D;1=8.5.>&,3_.,:% C,7&1&'812_% 7,35.2.812&% 17:C&% 82% '5P,28'.8<8% 0,1128:.&:%
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b0&% '8953&087,.&&% 7% ;,@51275% '&.&'&C&0-5'86% `-.;>&& &1=83_C87,.,%

=05938P5..,:% 7% [11,12] `-.;>&:A% -@&247,WN,:% .5% 283_;8% 82;38.5.&:% 1-''4%
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<95%%zi - 0,C.&>,%'5P9-% 1-''86%7,35.2.81256% 17:C56A% 0,11@&2,..4?%=8% -0,7.5.&W% XRU &%

`80',3_.4' C,0:98'% &8.,A% dj(A-A) - 0,1128:.&5% ,.&8.-,.&8. 7% =50786% ;8809&.,>&8..86%

1`505, B - D'=&0&@51;,: ;8.12,.2,A% C,7&1:N,:%82%=0&0894%,.&8.,. c.,@5.&:%=,0,'52087%

Rij B43&% 7C:24% &C% [7-9]. d3:% =,0,'520,% B B438% &1=83_C87,.8% C.,@5.&5% 6,5;10
-9
.',

=83-@5..85% .,% 81.87,.&&% =05949-N&?% 0,1@5287(% b05938P5..46% 7% [11,12] =89?89% 93:%

'8953&087,.&:%;0&12,33&@51;&?%120-;2-0%.,%81.875%;8.>5=>&&%7,35.2.81256%17:C56%B43%

,=08B&087,.% .,% 0:95% B5C95`5;2.4?% [11-13] &% 95`5;2.4?% X@,12&@.8% 0,C-=80:98@5..4?U

[14,15] 120-;2-0,?A%,%2,;P5%=0&'5.5.%93:%'8953&087,.&:%`,C%7418;8<8%9,735.&:%8;1&987%

;05'.&:XeU% SiO2 [16]. T8% 715?% 13-@,:?% B438% =83-@5.8% -987352780&253_.85% 187=,95.&5%

D;1=50&'5.2,3_.4?% &% 0,11@&2,..4?% 120-;2-0.4?% =,0,'52087% 1% 82.81&253_.4'&%

82;38.5.&:'&A%.5%=0574O,WN&'&%fg(
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b83-@5..45% 7% 05C-3_2,25%'8953&087,.&:% 120-;2-0.45% =,0,'5204%.5% C.,@&253_.8%

823&@,W21:%82%-12,.8735..4?%D;1=50&'5.2,3_.8(%V2;38.5.&5%7%=,0,'520,?%D35'5.2,0.86%

:@56;&%1812,7&3& 0,5 % 93:%Na4Al3Si3O12Cl ((XD;1=(U%h%iAjjj[%.'A%(X2580(U%h%iAjjef%.'U &%

iAR% g% 93:% Na4Al3Ge3O12Cl ((XD;1=(U% h% iAkiee% .'A% (X2580(U% h% iAkil[% .'U. #58052&@51;&5%

C.,@5.&:%;8809&.,2%,28'87 823&@,W21:%82%D;1=50&'5.2,3_.4?%C.,@5.&6%.5%B8355%@5'%.,%

3,6% (1'(%2,B3&>-).
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O 24i 0,1397

0,1415
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0,4390

0,4345
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Z0,7.5.&5% 120-;2-0.4?% `0,<'5.287A% 18950P,N&?% ,28'4%O & Na 1% .,&B83_O&'&%

82;38.5.&:'&% '5P9-% 258052&@51;&'&% &% D;1=50&'5.2,3_.4'&% C.,@5.&:'&% ;8809&.,2%

,28'87% -;,C47,52% .,% &?% &95.2&@.812_% X0&1( 2.). *;1=50&'5.2,3_.45% &% 258052&@51;&5%

'5P,28'.45% 0,1128:.&:% ?,0,;250&C-W21:% ',;1&',3_.4'% 82;38.5.&5'% 0,7.4'% RAjg%

X0&1( lU(% c,7&1&'812_% 258052&@51;&?% 0,1128:.&6% 82% D;1=50&'5.2,3_.4?% :73:521:%

3&.56.86A% ,% 8>5.;,% 753&@&.4% 98128750.812&% ,==08;1&',>&&% B3&C;,% ;% R% 93:% ;,P986% &C%

'8953&0-5'4?%120-;2-0(%),&B83_O&5%82;38.5.&:%=83-@5.4%93:%0,1128:.&6%Na-Cl &%O-O

(28@;&A% 1882752127-WN&5% 0,1128:.&:', B83_O&'% @5'% iAnf% .'% .,% 0&1( 3). b0&@5'%

258052&@51;&5% 0,1128:.&:% Na-Cl '5._O5% D;1=50&'5.2,3_.4?% 93:% 97-?% 120-;2-0(% T%

'8953_.4?% 120-;2-0,?% ,28'% Na =8% 10,7.5.&W% 18% 120-;2-0,'&, -12,.8735..4'&%

D;1=50&'5.2,3_.8, 1'5N5.%=8%.,=0,735.&W%;%,28'-%ClA%71359127&5%D28<8%,28'4%O 2,;P5%

1'5N5.4%&%&C-C,%D28<8%&C'5.:W21:%&%0,1128:.&:%'5P9-%.&'& X0&1(%eU. T8C'8P.8, 3-@O55%

1882752127&5%'5P9-%258052&@51;&'&%&%D;1=50&'5.2,3_.4'&%120-;2-0,'&%7%9,..8'%13-@,5%

B-952% =83-@5.8% =0&% &1=83_C87,.&&% B8355% 28@.8<8% =,0,'520,% RijA% &1=83_C-5'8<8% =0&%

0,1@525%7,35.2.812&%17:C&%Na-Cl =8%-0,7.5.&W%XRU(%
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\&1. n(%),38P5.&5%`0,<'5.287%120-;2-0A%-12,.8735..4?%D;1=50&'5.2,3_.8%&%=83-@5..4?%

7%05C-3_2,25%'8953&087,.&:]%,U Na4Al3Si3O12ClA%BU%Na4Al3Ge3O12Cl(%o50.45%O,04%– ,28'4%

;&138089,A%B5345%O,04%– ,28'4%.,20&:

,U BU

\&1(%3. Z0,7.5.&5%D;1=50&'5.2,3_.4? (d*U%&%258052&@51;&? (d#U%'5P,28'.4? 0,1128:.&6

(.'U%7 &1135987,..4? 120-;2-0,?: ,U%Na4Al3Si3O12Cl, BU Na4Al3Ge3O12Cl

:?-'(?

T% 05C-3_2,25% '8953&087,.&: 1% &1=83_C87,.&5'% ;8.>5=>&&% 7,35.2.81256%

?&'&@51;&?% 17:C56 ;0&12,33&@51;&?% 120-;2-0% 189,3&2,% Na4Al3Si3O12Cl &% 5<8% ,.,38<,

Na4Al3Ge3O12ClA%7%;82808'%,28'4%Si C,'5N5.4%,28','& Ge =83-@5.8%-987352780&253_.85%

187=,95.&5%258052&@51;&?%&%D;1=50&'5.2,3_.4?%120-;2-0.4?%=,0,'52087(%!,;1&',3_.45%

82.81&253_.45% 82;38.5.&:% '5P9-% =,0,'520,'&% D35'5.2,0.4?% :@55;% 1812,7&3&% iAfgA%

'5P9-%'5P,28'.4'&%0,1128:.&:'&%– 1,8%.
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\&1(%e(%Z0,7.5.&5%`0,<'5.287%D;1=50&'5.2,3_.4?%XO,04U%&%258052&@51;&?%X8;0-P.812&U%

120-;2-0%189,3&287]%,U%Na4Al3Si3O12ClA%BU%Na4Al3Ge3O12Cl(%+5345%O,04%– ,28'4%Na,

@50.45%O,04%– ,28'4%VA%15045%O,04%– ,28'4%Cl
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