
 !"#$%& '()*. *+,-$%"#%&-. 2011. . 2 

70

*/0 691.328.43 

Ê.À. Ñàðàéêèíà, Â.À. Øàìàíîâ 

'!+1"&%2 34"56-+"#7!$$82 #!9$%:!"&%2 5$%7!+"%#!# 

ÄÈÑÏÅÐÑÍÎÅ ÀÐÌÈÐÎÂÀÍÈÅ ÁÅÒÎÍÎÂ 

;-""14#+!$8 4,<-"#% =+%1!$!$%> 6%"=!+"$4--+1%+47-$$89 ,!#4$47 7 "#+4%-

#!<?"#7!. '+%7!6!$8 =!+"=!&#%78 %"=4<?@47-$%> ,-@-<?#4A%,+4,!#4$47 7 ;4""%%. 

B=%"-$8 $-=+-7<!$%> =478C!$%> D!<4:!"#42&4"#% ,-@<?#4789 74<4&4$. 

 

Êëþ÷åâûå ñëîâà: 6%"=!+"$4! -+1%+47-$%!, ,!#4$, "#!&<474<4&$4, D!<4:!-
"#42&4"#?, ,-@-<?#4A%,+4,!#4$. 

 

E47+!1!$$4! "#+4%#!<?"#74 $!+-@+87$4 "7>@-$4 " @-6-:-1%, 

%1!FD%1% 4#$4C!$%! & =478C!$%F GAA!&#%7$4"#% "#+4%#!<?-

$434 =+4%@746"#7-, "$%H!$%F "#4%14"#% % #+564!1&4"#% #!9$4-

<43%:!"&%9 =+4I!""47, G&4$41$415 %"=4<?@47-$%F 1-#!+%-<?-

$89 % G$!+3!#%:!"&%9 +!"5+"47, =+%1!$!$%F $4789 =+43+!""%7-

$89 1-#!+%-<47. 

/%"=!+"$4--+1%+47-$$8! ,!#4$8 7 $-"#4>D!! 7+!1> >7<>-

F#"> 46$%1 %@ =!+"=!&#%7$89 &4$"#+5&I%4$$89 1-#!+%-<47. 

)-&%! ,!#4$8 =+!6"#-7<>F# "4,42 46$5 %@ +-@$47%6$4"#!2 4,-

C%+$434 &<-""- &41=4@%I%4$$89 1-#!+%-<47, C%+4&4 =+%1!-

$>!189 7 +-@<%:$89 4#+-"<>9 =+418C<!$$4"#%. /%"=!+"$4! 

-+1%+47-$%! 4"5D!"#7<>!#"> 74<4&$-1%-A%,+-1%, +-7$41!+$4 

+-"=+!6!<!$$81% 7 4,J!1! ,!#4$$42 1-#+%I8. 

E 46$42 "#4+4$8, 6%"=!+"$4! -+1%+47-$%! =4@74<>!# "5D!-

"#7!$$4 =478"%#? =+4:$4"#? $- +-"#>H!$%!, #+!D%$4"#42&4"#? 

% 56-+$5F 7>@&4"#? ,!#4$$89 1-#!+%-<47, - " 6+5342 — +-"#!# 

@-%$#!+!"47-$$4"#? "#+4%#!<?$89 4+3-$%@-I%2 7 =4<5:!$%% GA-

A!&#%7$89 -+1%+47-$$89 ,!#4$$89 &4$"#+5&I%2, & &4#4+81 

"47+!1!$$4! "#+4%#!<?"#74 =+!6J>7<>!# 7"! ,4<!! 78"4&%! #+!-

,47-$%>. 

K!4,946%14 5:!"#? % #4, :#4 +4"# =+4%@746"#7- =+418C-

<!$$42 =+465&I%% =+%746%# & $!=+!+87$415 57!<%:!$%F =4-

#+!,<!$%> =+%+46$89 +!"5+"47, =478C!$%F +-"946- G$!+3%%, 

57!<%:!$%F 4,+-@5FD%9"> 4#94647, @-3+>@$!$%F 4&+5H-FD!2 

"+!68. '4G#415 78,4+ 1-#!+%-<47 6<> "#+4%#!<?"#7- #+!,5!# 

"#+43434 5:!#- 7"!9 G#%9 A-&#4+47. 
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 -H$81% 7 $-"#4>D!! 7+!1> >7<>F#"> 74=+4"8 G&4$41%% 

G$!+3%%, $!4,946%142 6<> =+4%@746"#7- +-@<%:$89 "#+4%#!<?-

$89 1-#!+%-<47. L@7!"#$4, :#4 &4<%:!"#74 G$!+3%%, #+!,5FD!2-

"> 6<> =+4%@746"#7- ,!#4$47, 4&-@87-!#"> 1%$%1-<?$81 =4 

"+-7$!$%F " &4<%:!"#741 G$!+3%% (=+%7!6!$$42 & !6%$415 G&7%-

7-<!$#5), $!4,946%142 6<> %@34#47<!$%> "#-<%, -<F1%$%>, "#!&-

<-, &%+=%:-, =<-"#1-"". '+4%@746"#74 ,!#4$$89 1-#!+%-<47 =4-

1%14 G#434 #+!,5!# 1!$?C!34, =4 "+-7$!$%F " =+4%@746"#741 

"#-<% +-"946- 7468 % 7 1!$?C!2 "#!=!$% 7<%>!# $- @-3+>@$!$%! 

4&+5H-FD!2 "+!68. M+1%+47-$%! ,!#4$47 =+%746%# & "44#7!#"#-

75FD!15 =478C!$%F G$!+34!1&4"#% 1-#!+%-<-. )-& &-& =+%1!-

$!$%! -+1%+47-$$89 "#-<?F ,!#4$47 4"5D!"#7<>!#"> 7 C%+4&%9 

1-"C#-,-9, "#-$47%#"> "5D!"#7!$$42 =+4,<!1- 1-&"%1-<?$434 

"4&+-D!$%> +-"946- 1!#-<<- % $-%,4<!! +-I%4$-<?$434 !34 %"-

=4<?@47-$%> 7 ,!#4$!. M<?#!+$-#%742 "#-<?$42 -+1-#5+8 1435# 

78"#5=-#? +-@<%:$8! $!1!#-<<%:!"&%! 74<4&$-.  

K41!$&<-#5+- %"&5""#7!$$89 74<4&4$, %"=4<?@5!189 6<> 

-+1%+47-$%> 1-#!+%-<47, 7!"?1- 4,C%+$-: 4# :+!@78:-2$4 6!A%-

I%#$89, $-=+%1!+, %@ &-+,%6- %<% $%#+%6- &+!1$%>, ,4+-, 53<!-

+46-, "-=A%+-, 74<?A+-1-, 64 "+-7$%#!<?$4 64"#5=$89 6<> =+%-

1!$!$%> 7 1-""4741 "#+4%#!<?"#7! — "#-<?$89, "#!&<>$$89, ,--

@-<?#4789, =4<%1!+$89.   &-:!"#7! -+1%+5FD%9 G<!1!$#47 6<> 

,!#4$47 1435# %"=4<?@47-#?"> % =+%+46$8! 74<4&$-: 6+!7!"$8! 

(I!<<F<4@$8!), ,-1,5&478!, #+4"#$%&478!, 6H5#478! % 6+. 

B6$-&4 $! 7"! 74<4&$- 4#7!:-F# #+!,47-$%>1, &4#4+8! 

=+!6J>7<>F#"> & -+1-#5+! ,!#4$47. L@7!"#$4, :#4 %@6!<%>, -+-

1%+47-$$8! =4<%=+4=%<!$4781% 74<4&$-1%, 9-+-&#!+%@5F#"> 

@$-:%#!<?$81% 6!A4+1-I%>1% 6-H! =+% $!,4<?C%9 $-3+5@&-9 

+-"#>H!$%>. 0+41! #434, #-&%! %@6!<%> " #!:!$%!1 7+!1!$% #!-

+>F# "74% =+4:$4"#$8! "742"#7-, %1!F# 78"4&5F %"#%+-!14"#? 

=47!+9$4"#% % 34+F:!"#? =+% 74@6!2"#7%% $- 74<4&$4 4#&+8#434 

=<-1!$%. *3<!+46$8! 74<4&$-, 9-+-&#!+%@5FD%!"> 4#<%:$81% 

=+4:$4"#$81% =4&-@-#!<>1%, %1!F# 78"4&5F "#4%14"#?, =4G#4-

15 %"=4<?@47-$%! %9 7 &-:!"#7! -+1-#5+8 #+!,5!# "=!I%-<?$434 

4,4"$47-$%>. L@5:!$%! 74@14H$4"#% @-1!$8 "#!&<4- % ,-@-<?#4-

74<4&$41 6+53%9 74<4&4$ 7 ,!#4$! =4&-@-<4, :#4 =4<5:-!182 

=+4:$82 % 4#$4"%#!<?$4 <!3&%2 &41=4@%# " 78"4&42 7>@&4"#?F 

+-@+5C!$%> =+!6"#-7<>!#"> 7!"?1- =!+"=!&#%7$81 [1]. 

NAA!&#%7$4"#? "#!&<4A%,+4,!#4$- =46#7!+H6!$- @-+5,!H-

$81 % 4#!:!"#7!$$81 4=8#41 !34 =+%1!$!$%> 7 +-@<%:$89 4,-

<-"#>9 "#+4%#!<?"#7-. '!+78! 5=41%$-$%> 4, -+1%+47-$%% ,!-
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#4$$89 &4$"#+5&I%2 "#!&<474<4&$41 4#$4">#"> & 1941 3465. 

  $-:-<! 50-9 34647 OO 7!&- 7 EEE; ,8< +-@+-,4#-$ "#!&<4A%,-

+4I!1!$# $- 4"$47! A%,+8 %@ -<F14,4+4"%<%&-#$434 "#!&<-, &4-

#4+4!, 46$-&4, 4&-@-<4"? $!"#42&%1 7 D!<4:$42 "+!6! #7!+6!F-

D!34 ,!#4$-.   M$3<%% ,8<4 +-@+-,4#-$4 D!<4:!"#42&4! "#!&<4-

74<4&$4 1-+&% «P!1-Q%<», $-C!6C!! C%+4&4! =+%1!$!$%! 

7 1%+4742 "#+4%#!<?$42 =+-&#%&!. L@-@- 4"4,!$$4"#% "742"#7 

"#!&<4A%,+4,!#4$ ,8< %"=4<?@47-$ =+% 74@7!6!$%% +>6- 4#7!#"#-

7!$$89 "44+5H!$%2. /%"=!+"$4--+1%+47-$$82 ,!#4$ 7 14"#4-

"#+4!$%% =+%1!$><"> 7 R!+<%$"&41 =-+&! (1988) 6<> +!&4$"#-

+5&I%% =!C!946$434 6759=+4<!#$434 14"#-, 7 S4"-M$6H!<!"! 

% E-$#--T4$%&! (EUM), 7 +-1&-9 =+43+-118 =478C!$%> "!2"-

145"#42:%74"#% 14"#4789 &4$"#+5&I%2 (1993), $-C<% =+%1!$!-

$%! @-D%#$8! 4,<%I47&% &4<4$$ " %"=4<?@47-$%!1 1-#47 $- 4"-

$47! A%,+4,!#4$-. '+!6<-3-!18! &41=-$%!2 «0-,<-$» (0-@-9-

"#-$, 2010) A%,+4,!#4$$8! &4$"#+5&I%% =4@74<>F# $-946%#? 

$!"#-$6-+#$8! -+9%#!&#5+$8! +!C!$%> 6<> =4<5:!$%> 7-+%-$#47 

+-@+!@&% A-"-6-, =+%,<%H!$%> !34 =<-"#%&% & <5:C%1 4,+-@I-1 

&<-""%:!"&42 -+9%#!&#5+8. '-$!<% %@ A%,+4,!#4$- fibreC ("#!&-

<474<4&$4) =+4%@746%#!<> Rieder ,565# %"=4<?@47-$8 6<> 4,<%-

I47&% &+8C% % A-"-6- =+% "#+4%#!<?"#7! &+5=$!2C!34 7 1%+! 

I!$#+- G$!+3!#%:!"&%9 %""<!647-$%2 7 E-5647"&42 M+-7%%.  

K- -7#41-3%"#+-<% 7 3. /!#+42#! (EUM) ,8<4 5<4H!$4 64-

+4H$4! =4&+8#%! #4<D%$42 80 11 %@ A%,+4,!#4$- " 0,8—1,5 % 

-+1%+47-$%> =4 4,J!15. 0+5=$!2C-> 7 C#-#! )!9-" "#4>$&- 

6<> #-$&47 =<4D-6?F 22 572 1 ,8<- "44+5H!$- %@ A%,+4,!#4$- 

" 1,5 % -+1%+47-$%> =4 4,J!15. S-,4+-#4+%> %$H!$!+$89 %"-

"<!647-$%2 -+1%% EUM =+47!<- %"=8#-$%> $- 74!$$41 -G+4-

6+41!, 36! 7@<!#$4-=4"-64:$8! =4<4"8 ,8<% "44+5H!$8 %@ 

4,8:$434 ,!#4$- % %@ A%,+4,!#4$-. )4<D%$- 7@<!#$4-

=4"-64:$89 =4<4" %@ 4,8:$434 ,!#4$- 25,4 "1, %@ A%,+4,!#4$- — 

15,2 "1 ($- 40 % 1!$?C!). '4"<! 700 I%&<47 @-3+5H!$%> (7@<!-

#47 % =4"-64&) =4&+8#%! %@ 4,8:$434 ,!#4$- =+-&#%:!"&% ,8<4 

787!6!$4 %@ "#+4>, 7 #4 7+!1> &-& A%,+4,!#4$$4! 786!+H-<4 

4500 I%&<47, #.!. 64<347!:$4"#? A%,+4,!#4$$434 =4&+8#%> 4&--

@-<-"? 7 6,4 +-@- 78C! ,!#4$$434 [3]. 

(<-7$82 &41=4$!$# "#!&<4A%,+4,!#4$-, 4=+!6!<>FD%2 !34 

5$%&-<?$8! "742"#7- % %"&<F:%#!<?$8! G&"=<5-#-I%4$$8! 9--

+-&#!+%"#%&%, — G#4 "#!&<474<4&$4, 78=4<$>FD!! A5$&I%% -+-

1-#5+8 7 ,!#4$$42 1-#+%I!. T!H65 #!1 ,!#4$$8! 1-#+%I8 $- 

4"$47! =4+#<-$6I!1!$#- 4,<-6-F# @$-:%#!<?$42 D!<4:$4"#?F. 
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'+%:!1 G#- D!<4:$-> "+!6- =+%"5#"#75!# 7 ,!#4$! $! #4<?&4 $- 

G#-=! !34 =+4%@746"#7-, $4 % "49+-$>!#"> 7 $!1 7=4"<!6"#7%%. 

0436- "#!&<>$$8! 74<4&$- =+%1!$>F# 7 &-:!"#7! -+1%+5FD!34 

1-#!+%-<- 7 "4:!#-$%% " =4+#<-$6I!1!$#41, 74<4&$4 64<H$4 

=+4#%74"#4>#? 74@6!2"#7%F "46!+H-D!2"> 7 I!1!$#! D!<4:% 

7 #!:!$%! 6<%#!<?$434 7+!1!$%.  4<4&$4 %@ 4,8:$434 -<F14,4-

+4"%<%&-#$434 "#!&<- $! "#42&4 7 D!<4:$42 "+!6! ,!#4$-, =4-

G#415 6<> -+1%+47-$%> %"=4<?@5F# "#!&<4 6+53434 9%1%:!"&434 

"4"#-7- — $- ,-@! I%+&4$%>. 

'+4%@746"#7!$$-> =+-&#%&- 78>7%<-, :#4 -+1%+47-$%! ,!-

#4$- "#!&<474<4&$41, 4,<-6-FD%1 78"4&42 9%1%:!"&42 5"#42-

:%74"#?F & D!<4:$42 "+!6!, "#-<4 74@14H$81 ,<-346-+> $--

=+-7<!$$42 78+-,4#&! 74<4&4$ %@ "#!&4< "=!I%-<?$89 "4"#-747. 

'+4%@746"#741 "#!&<>$$42 A%,+8 7 $-"#4>D!! 7+!1> @-$%-

1-!#"> 1$4H!"#74 @-+5,!H$89 &41=-$%2.   V=4$%% 1-""474 =+4-

%@746%#"> D!<4:!"#42&4! "#!&<474<4&$4 «N+A-2,», - 6<> "=!I%-

-<?$434 =+%1!$!$%> "4@6-$4 ,4<!! "#42&4! & 74@6!2"#7%F D!<4:!2 

"#!&<474<4&$4 «N+A-2,-"5=!+». T%+4781 <%6!+41 >7<>!#"> >=4$-

"&%2 "#!&4<?$82 &4$I!+$ «K%==4$ N<!&#+%& (<-"» / (Nippon 

Electric Glass Co. Ltd, NEG). L@7!"#$8 % 6+53%! =+4%@746%#!<%, 

#-&%! &-&: Fibre Technologies International Ltd (R+%"#4<?, M$3-

<%>), L’Industrielle De Prefabrication ('+%"#, Q+-$I%>), Cem-Fil 

(W%&-34, EUM) % 6+.   $-"#4>D!! 7+!1> $-:-<4"? =+4%@746"#74 

"#!&<474<4&$- 7 0%#-!. 

  ;4""%% %""<!647-$%> % +-@+-,4#&% =4 "4@6-$%F "#!&<4-

A%,+4,!#4$47 % &4$"#+5&I%2 " %9 =+%1!$!$%!1 4"$4787-F#"> 

7 @$-:%#!<?$42 1!+! $- A5$6-1!$#-<?$89 %""<!647-$%>9, 4#$4-

">D%9"> & #!9$4<43%% %@34#47<!$%>, #!4+%%, +-":!#5 % =+4!&-

#%+47-$%F H!<!@4,!#4$$89 &4$"#+5&I%2. /4 2003 346- D!<4:!-

"#42&4! "#!&<474<4&$4 7 ;4""%% =+4%@746%< &4$I!+$ «)!9"#!&-

<4».   $-"#4>D!! 7+!1>, "471!"#$4 " 3!+1-$"&42 &41=-$%!2  

«P-D Glasseiden GmbH Oschatz», 7!6!#"> "#+4%#!<?"#74 @-746- 

"#!&<474<4&$- % =+465&I%% $- !34 4"$47! 7 3. X<-,53-.  

B#!:!"#7!$$82 4=8# 9-+-&#!+%@5!#"> GAA!&#%7$81 =+%1!-

$!$%!1 "#!&<4A%,+4,!#4$$89 I4&4<?$89 =<%# % =-$!<!2 " +-@-

<%:$81 +!<?!A41.   &4##!6H$41 "#+4%#!<?"#7! =+%1!$><%"? 

,4<?C!+-@1!+$8! =-$!<% "471!D!$$42 &+47<% " +!<?!A41 &<-"-

"%:!"&42 :!+!=%I8. NAA!&#%7$4 %"=4<?@5!#"> "#!&<4A%,+4,!-

#4$$-> 6!&4+-#%7$-> =<%#&- $- ,!<41 6-#"&41 I!1!$#! 6<> 5"#-

+42"#7- $-7!"$89 7!$#%<%+5!189 A-"-647 1$434G#-H$89 @6--

$%2. /<> 1-<4G#-H$434 "#+4%#!<?"#7- =!+"=!&#%7$4 =+%1!$!$%! 
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%@6!<%2 " <%"#4742 "#!&<4A%,+4,!#4$$42 4,C%7&42, 7 #41 :%"<! 

% 7 1$434"<42$89 =-$!<>9 " <!3&42 #!=<4%@4<>I%!2.   14$4<%#-

$41 6414"#+4!$%% % =+% +!&4$"#+5&I%% "5D!"#75FD%9 @6-$%2 

4=#%1-<?$81 +!C!$%!1 >7<>!#"> =+%1!$!$%! "#!&<4A%,+4,!-

#4$$89 $-7!"$89 =-$!<!2, 7 +!@5<?#-#! :!34 "#-$47%#"> 74@14H-

$81 4,$47<>#? A-"-68 % &-+6%$-<?$81 4,+-@41 %@1!$%#? -+9%-

#!&#5+$82 4,<%& +!&4$"#+5%+5!189 @6-$%2. *"=!C$4 %"=4<?@5-

!#"> "#!&<4A%,+4,!#4$ 7 "=!I%-<?$89 4,<-"#>9 "#+4%#!<?"#7- 

% =+% ,<-345"#+42"#7!. /4<347!:$4"#? % "#42&4"#? "#!&<4A%,+4-

,!#4$- 7 5"<47%>9 74@6!2"#7%> 7$!C$!2 "+!68 =4@74<%<% =+%1!-

$%#? "#!&<4A%,+4,!#4$$8! %@6!<%> 7 %$H!$!+$89 "44+5H!$%>9 

$- T0M/, $- #+!#?!1 #+-$"=4+#$41 &4<?I! 3. T4"&78 7 &-:!"#7! 

$!"J!1$42 4=-<5,&%-4,<%I47&% =5#!=+474647 7 =+4<!#$89 "#+4!-

$%>9, "%"#!1-9 7464"#4&47 $- "&4+4"#$89 -7#41-3%"#+-<>9, 6<> 

4,<%I47&% #4$$!<!2 [2]. 

B6$-&4 4,J!1 =+%1!$!$%> "#!&<4A%,+4,!#4$- 7 ;4""%% 

@$-:%#!<?$4 $%H! =4 "+-7$!$%F " @-+5,!H$81% "#+-$-1%. N#4 

4,J>"$>!#"> 78"4&42 "#4%14"#?F % "<4H$4"#?F #!9$4<43%% =4-

<5:!$%> D!<4:!"#42&434 I%+&4$%2"46!+H-D!34 "#!&<474<4&$-.  

M<?#!+$-#%742 64+434"#4>D!15 "#!&<474<4&$5 7 ;4""%% 

14H!# 78"#5=-#? ,-@-<?#474! 74<4&$4, "8+?!7-> ,-@- 6<> =+4-

%@746"#7- &4#4+434 64"#5=$- % =+-&#%:!"&% $! 43+-$%:!$-. )-&, 

$-=+%1!+, 7 '!+1"&41 &+-! (3. B"-) 5"=!C$4 A5$&I%4$%+5!# 

% 6%$-1%:$4 +-@7%7-!#"> &41=-$%> =4 =+4%@746"#75 78"4&4&--

:!"#7!$$434 $!=+!+87$434 ,-@-<?#47434 74<4&$- % %@6!<%2 %@ 

$!34. 0 #415 H! ,-@-<?#474! 74<4&$4 >7<>!#"> $-%,4<!! 4=#%-

1-<?$81 =4 =4&-@-#!<F "44#$4C!$%> I!$8 % &-:!"#7-. '!+-

"=!&#%78 %"=4<?@47-$%> ,-@-<?#4789 74<4&4$ 7 &-:!"#7! -+1%-

+5FD%9 &41=4$!$#47 ,!#4$$89 1-#+%I "5D!"#7!$$4 @-7%"># 4# 

5"#42:%74"#% 74<4&4$ & 74@6!2"#7%F D!<4:$42 "+!68 3%6+-#%-

+5FD%9"> I!1!$#47. 

'+% #7!+6!$%% I!1!$#$434 &-1$> 4,+-@5!#"> -3+!""%7$-> 
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