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!"#$%&'()*+(,(-'().$/0.1 /$'",0+0 KT+"U1,1-0$ " :$*%+3"; V1+%(001W+T$ 8; :$*%+3; F%T$0&'$

289:;<= >?9=;?@ 3+.0(.10; 3+.0(.10.1 0+X1Y; 1.#+'& &,(3(#.(* 3"3%+.W$; 
1.#+'& *"310'$ Z"1#$; '$X$[10+0 "X1W$.W$ T(#+; '(+\[1W+.0 X%(X"&.(&01; 
kemijski sastav

2=ABC>DE@ 3+.0(.10+; *+(&].0Y+01[ [,$] ,1.+%; /%++ &^+,, 1.#+_; Z"1# 
,(&&; ^$0+% $3&(%X01(. [$X$[10]; X+%`+$31,10]; [Y+`1[$, [(`X(&101(.

0FG=HFI
N+.0(.10 '$( `1.+%$,.$ '(`X(.+.0$ 3+.0(.10.1Y 0+X1Y$ 1`$ T$a.$ 

\21U'$ 1 '+`1W&'$ &T(W&0T$ '(W$ `" (&1*"%$T$W" T%,( `$," Y1#%$",1U'" 
X%(X"&.(&05 M,$T.1 &$&0(W$' 3+.0(.10$ W+ `1.+%$, *,1.$ .$21T$ `(.0`(-

%1,,(.10 '(W1 T%,( `$," X%(X"&.(&0 `(a+ 2$YT$,101 &X(&(3.(&01 3"3%+.W$5 
H+a1-0$ 3+.0(.10$ %$&X%(&01%" &+ X(&T"#$ X( &T1W+0"; `+b"01`; &$`( `$,1 
3%(W .W1Y 2$#(T(,W$T$ "TW+0+ 'T$,10+0+ 1 0%$W.(&01 X(0%+3.+ 2$ "X(0%+3" 
u brtvenim barijerama. Ovisno o mjestu ugradnje i namjeni, bentonit-

.1 0+X1&1 `(%$W" 2$#(T(,W101 (#%+b+.+ '%10+%1W+5 K"',$#.(&0 & X%(X1&$.1` 
'%10+%1W1`$ X(0T%b"W+ &+ %$2,1U101` ,$3(%$0(%1W&'1` X(&0"X[1`$5 > 0+ X(-

&0"X'+ "3%$W$W" &+ 1 X('"&1 2$ 1&X101T$.W+ 1.#+'&.1Y X('$2$0+,W$ c1.#+'& 
&,(3(#.(* 3"3%+.W$; 1.#+'& *"310'$ Z"1#$ 1 '$X$[10+0 "X1W$.W$ T(#+d5 
> (T(` %$#" X%1'$2$.$ &" 2$X$a$.W$ ( "0W+[$W" 0+`X+%$0"%+ 1 %+,$01T.+ 
T,$a.(&01 X%(&0(%$ " '(W+`" &+ X%(T(#1 1&X101T$.W+ .$ #(31T+.+ T%1W+#.(-

&01 '$X$[10+0$ "X1W$.W$; W+#.(* (# '%10+%1W$ '(W1 3+.0(.10 `(%$ 2$#(T(,W101 
X%1,1'(` '(.0%(,+ 'T$,10+0+ 1 0%$W.(&01 ̀ 1.+%$,.+ '(`X(.+.0+ 3+.0(.10.1Y 
0+X1Y$5

&JEH>FKH
N+.0(.10+; ^Y1[Y 1& $ `1.+%$, [(`X(.+.0 (/ *+(&].0Y+01[ [,$] ,1.-

+%&; Y$& 1`X(%0$.0 XY]&1[$, $.# [Y+`1[$, X%(X+%01+& 0Y$0 +.&"%+ T+%] 
&`$,, Y]#%$",1[ X+%`+$31,10]5 LY+ `$1. [(`X(.+.0 (/ 3+.0(.10+ 1& $ [,$] 
`1.+%$, [$,,+# &(#1"` `(.0`(%1,,(.10+ ^Y(&+ T+%] ,(^ X+%`+$31,10] 
1& #"+ 0( 10& $31,10] 0( &^+,,5 LY+ #+X(&10& (/ 3+.0(.10+ $%+ &X%+$# $,, 
(T+% 0Y+ ^(%,#; Y(^+T+%; (.,] $ T+%] &`$,, ."`3+% (/ 0Y(&+ #+X(&10& 
&$01&\+& $,, 0Y+ e"$,10] $.# #"%$31,10] #+`$.#& 0Y$0 `"&0 3+ `+0 1/ 0Y+ 
3+.0(.10+ 1& 0( 3+ "&+# 1. 0Y+ &+$,1.* 3$%%1+%&5 ?+X+.#1.* (. 0Y+ ,([$-

01(. (/ 1.&0$,,$01(. $.# 0Y+1% X"%X(&+; *+(&].0Y+01[ [,$] ,1.+%& `"&0 `++0 
[+%0$1. %+e"1%+`+.0&5 LY+1% [(`X$0131,10] ^10Y 0Y+ X%+&[%13+# [%10+%1(. 
1& [(.\%`+# 0Y%("*Y T$%1("& ,$3(%$0(%] X%([+#"%+&5 J`(.*&0 0Y+` $%+ 
0+&0& +_$`1.1.* 0Y+ 1.#+_ 1.#1[$0(%& c/%++ &^+,, 1.#+_; Z"1# ,(&& 1.#+_; 
$.# ^$0+% $3&(%X01(. [$X$[10]d5 LY1& X$X+% X%+&+.0& %+&",0& %+*$%#1.* 0Y+ 
1`X$[0 (/ ,$3(%$0(%] $1% 0+`X+%$0"%+ $.# %+,$01T+ Y"`1#10] (/ 0Y+ 0+&01.* 
$%+$ (. 0Y+ ^$0+% $3&(%X01(. [$X$[10]5 LY1& 1& (.+ (/ 0Y+ [%10+%1$ 0Y$0 
bentonite must satisfy during the quality and durability control of the 

`1.+%$, [(`X(.+.0 (/ *+(&].0Y+01[ [,$] ,1.+%5

!LCD

N+.0(.10.1 0+X1&1 cM+(&].0Y+01[ C,$] H1.+%; &'%$f+.( 
MCH 1,1 M+(&].0Y+01[ N$%%1+%)C,$]; &'%$f+.( MN!)Cd 
&" "`W+0.( X%(12T+#+.+ Y1#%$",1U'+ 3$%1W+%+ .1&'+ 
X%(X"&.(&01 1 W+#.(&0$T.+ "*%$#.W+ & `.(-0T(` %$2,1U101Y 
X%1`W+.$5 V%13,1a.( g `` 0$.'1 &,(W 3+.0(.10$ " (3,1'" 
*%$.",$ 1,1 X%$Y$ .$,$21 &+ 12`+b" #T$ &,(W$ *+(0+'&01,$ 
$ X(.+'$# "2 1,1 "`W+&0( &,(W+T$ *+(0+'&01,$ #(,$21 1 
*+(`+`3%$.$5 @(# "X(0%+3+ " 3%0T+.1` &"&0$T1`$ 
(#,$*$,1-0$ (0X$#$ "X(0%+3,W$T$W" &+ .$0%1W&'1 3+.0(.101 
(#.(&.( 3+.0(.101 '(# '(W1Y X%+T,$#$T$W" '$01(.1 .$0%1W$ 
kao zamjenjivi kationi.

I$0%1W '$( 2$`W+.W1T1 '$01(. `(a+ 3101 %+2",0$0 
X%1%(#.1Y *+(,(-'1Y X%([+&$ '$( X%1`W+%1[+ '(# h](`1.* 
3+.0(.10$5 L$'(b+% ̀ (a+ 3101 1 %+2",0$0 $'01T$[1W+ X%1%(#.1Y 
kalcijskih bentonita gdje se oni miješaju sa sodom kako 

bi došlo do zamjene iona kalcija s ionima natrija na 

X(21[1W$`$ 2$`W+.W1T1Y '$01(.$5 @$'( X(W$` i3+.0(.10j 
.1W+ `1.+%$,(-'1 X(W$` T+f 1.#"&0%1W&'1; .W+*(T$ &T(W&0T$ 
`(*" 2.$U$W.( T$%1%$015 N+.0(.10 W+ `W+-$T1.$ %$2,1U101Y 
`1.+%$,$ & 01` #$ X%+T,$#$T$W" `1.+%$,1 *,1.$ &`+'010.+ 
*%"X+5 ?(`1.$.0$. `1.+%$, *,1.$ 12 &`+'010.+ *%"X+ 
koji se javlja u bentonitima je montmorilonit. Bentoniti 

'(%1-0+.1 2$ 12%$#" 3+.0(.10.1Y 0+X1Y$ (31U.( &$#%a+ 
65 do 90 % montmorilonita (Shackelford et al. 2000). 
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K`+'0101 1`$W" &1f"-.+ U+&01[+ &,(W+T10+ c,1&01f$&0+d 
&0%"'0"%+5 @$%$'0+%121%$ 1Y `$,1 W+#1.1U.1 .$3(W -0( W+ 
.+#(&0$0.( 2$ UT%&0( T+2$.W+ `+b"&,(W.1Y '$01(.$ $ 01`+ 
1 &,(W+T$ `+b"&(3.(5 :3(* 0$'T+ &0%"'0"%+ '$X$[10+0 
1(.&'+ 2$`W+.+ &+ '%+f+ (# 8g #( =B< `+eE=<< * #(' 
&X+[1\U.$ X(T%-1.$ U+&01[$ #(&+a+ 1 #( k<< `2E*5 OT$'T1 
&`+'0101 `(*" 1`$01 T+,1'" 3"3%1T(&0 0+ .1&'" Y1#%$",1U'" 
X%(X"&.(&0 c' l =<-12 `E&d5 I$T+#+.$ &T(W&0T$ &`+'010$ 
"0W+U" .$ X(.$-$.W+ 3+.0(.10$ X$ .W1Y(T T+f1 X(&0(0$' 
2.$U1 1 T+f" 'T$,10+0" 3+.0(.10$5

>'(,1'( &+ X%(`$0%$ `1.+%$, `(.0`(%1,(.10; 3"3%+.W+ 
se uslijed hidratacije odvija u dvije faze: intrakristalno 

bubrenje i osmotsko bubrenje. Intrakristalno bubrenje 

.$&0"X$ '$#$ #(,$21 #( Y1#%$0$[1W+ 12 X(0X".( &"Y(* &0$.W$5 
OT#W+ W$'+ Y1#%$0$[1W&'+ &1,+ X%1T,$U+ `(,+'",+ T(#+ '(W+ 
2$01` Y1#%$0121%$W" "."0$%.W+ 1 T$.W&'+ X(T%-1.+ U+&01[$ 
0+ '$01(.+ .$ 01` X(T%-1.$`$5 OT$ /$2$ W+ 1#+.01U.$ '(# 
`(.0`(%1,(.10$ & X%+0+a.( .$0%1W+` 1 & X%+0+a.( '$,[1W+` 
kao zamjenjivim kationima. Kada se kod montmorilonita 

na mjestima zamjenjivih kationa nalaze jednovalentni 

'$01(.1 c.X%5 I$+, K+, Li+), intrakristalno bubrenje u vodi 

1,1 " (0(X1.1 & .1&'(` '(.[+.0%$[1W(` +,+'0%(,10$ `(a+ 
X%1W+f1 " (&`(0&'( 3"3%+.W+5 L1W+'(` 0(* X%([+&$ 1(.1 
Na+ X%+,$2+ 12 `+b"&,(W.(* X%(&0(%$ .$ T$.W&'" X(T%-1." 
sloja. Pri tome nastaju tzv. difuzni dvostruki slojevi koji se 

`+b"&(3.( (#31W$W" -0( T(#1 #W+,(`1U.(W #+'(`X(21[1W1 
'%1&0$,$ 1 #W+,(`1U.(W &+X$%$[1W1 " 1.#1T1#"$,.+ &1,1'$0.+ 
&,(W+T+5 L( %+2",01%$ 310.( T+f1` X(T+f$.W+` T(,"`+.$ 
.+*( " &,"U$W" 1.0%$'%1&0$,.(* 3"3%+.W$; 0$'( #$ '$,[1W&'1 
`(.0`(%1,(.101 1`$W" &X(&(3.(&0 X(T+f$.W$ T(,"`+.$ 
(# #T$ #( U+01%1 X"0$ " (#.(&" .$ #+Y1#%$0121%$.1 "2(%$' 
dok kod natrijskih montmorilonita to iznosi od osam do 

X+0.$+&0 X"0$5 O#.(& 12`+b" Y1#%$",1U'+ X%(X"&.(&01 
3+.0(.10$ 1 3"3%+.W$ U+&01[$ `(.0`(%1,(.10$ (Xf+.10( &+ 
X%1X1&"W+ `(,+'",$`$ T(#+ '(W+ &" T+2$.+ 2$ &0%"'0"%" 
U+&01[$5 OT+ ̀ (,+'",+ &+ &`$0%$W" .+X('%+0.1`$ 0+ #W+,"W" 
'$( UT%&0$ /$2$ " "TW+01`$ 0('$5 V%+`$ 0(`+ X(T+f$.W+` 
broja molekula vode odnosno bubrenjem smanjuje se 

3%(W '$.$,$ #(&0"X.1Y 2$ 0(' X$ (.1 X(&0$W" .+X%$T1,.1W1 
" &`1&," T+f+ 2$T(W10(&01 1 '%1T"#$T(&01 0+ #(,$21 #( 
&`$.W+.W$ Y1#%$",1U'+ X%(X"&.(&05

OXf+.10(; &`+'0101 1`$W" T+f1 0+%`(#1.$`1U'1 $\.10+0 
X%+`$ '$01(.1`$ T+f+* .$3(W$ cC$2+, Mg2+ i sl.) u odnosu 

na jednovalentne (uglavnom Na+d; X$ "'(,1'( &+ 3+.0(.10 
.$,$21 " '(.0$'0" & (0(X1.$`$ " '(W1`$ X%+T,$#$T$W" 
#T(T$,+.0.1 1 0%(T$,+.0.1 '$01(.1 `(a+ #(f1 #( 1(.&'+ 
2$`W+.+ .$0%1W$ .$ X(21[1W$`$ 2$`W+.W1T1Y '$01(.$5 :$#.W1Y 
*(#1.$ X%(T+#+.$ &" 3%(W.$ 1&0%$a1T$.W$ `+Y$.12$`$ 
zamjene kationa te njihova utjecaja na bubrenje i 

Y1#%$",1U'" X%(X"&.(&0 3+.0(.10.1Y 0+X1Y$ cV+0%(T m !(^+ 
=nn9; !"Y, m ?$.1+, =nn9; KY$['+,/(%# +0 $,5 6<<<; D( +0 
$,5 6<<=; @(,&0$# +0 $,5 6<<B; D( +0 $,5 6<<g; N("$22$ +0 $,5 
6<<9d5  >'(,1'( &+ X%(`$0%$ T$,+.0.(&0 '$01(.$; `(a+ 
&+ 2$',W"U101 #$ X%1W+,$2 & W+#.(T$,+.0.1Y .$ #T(T$,+.0.+ 
'$01(.+ (Xf+.10( 1`$ 12%$a+.1W1 "0W+[$W .$ 3"3%+.W+ (# 
"0W+[$W$ #(31T+.(* X%1W+,$2(` & #T(T$,+.0.1Y .$ (0(X1.+ 

&(,1 & 0%(T$,+.0.1` '$01(.1`$ 10#5 > &,"U$W" '(`31.1%$.1Y 
(0(X1.$ &(,1 W+#.(T$,+.0.1Y 1 #T(T$,+.0.1Y '$01(.$; 
`+b"&(3.1 (`W+% W+#.(T$,+.0.1Y 1 #T(T$,+.0.1Y '$01(.$ 
1`$ 2.$U$W.1W1 "0W+[$W '(# (0(X1.$ .1&'1Y '(.[+.0%$[1W$; 
$ X(T+f$.W+` '(.[+.0%$[1W+ 0$W "0W+[$W &+ &`$.W"W+5 
>'(,1'( &+ X%(`$0%$W" '(.[+.0%$[1W+ (0(X1.+; &$`( T1&('( 
'(.[+.0%1%$.+ (0(X1.+ &(,1 W+#.(T$,+.0.1Y c@ A7B 93'1.) 

'$01(.$ 1`$W" 2.$0$. "0W+[$W .$ 3"3%+.W+5 @(# (0(X1.$ 
soli dvovalentnih i trovalentnih kationa znatan utjecaj se 

W$T,W$ T+f '(# &%+#.W1Y '(.[+.0%$[1W$ cA7ACDEA7B 93'1.). 

>0W+[$W XF (0(X1.+ X%1`1W+f+. W+ &$`( '(# +'&0%+`.1Y 
T%1W+#.(&01 cXFl6 1 XFo=7d5 :$ (&0$,+ T%1W+#.(&01 XF 
#(`1.$.0$. "0W+[$W 1`$ '(.[+.0%$[1W$ '$01(.$ " (0(X1.15

> (T(` %$#" %$2`$0%$ &+ (#%+b1T$.W+ "0W+[$W$ 0+`X+-

%$0"%+ 1 %+,$01T.+ T,$a.(&01 2%$'$ " ,$3(%$0(%1W" .$ #(31-
T+.+ T%1W+#.(&0 '$X$[10+0$ "X1W$.W$ T(#+ 0+ 2.$U$W #(31-
T+.1Y T%1W+#.(&01 .$ [W+,('"X." ([W+." '(.0%(,+ 'T$,10+0+ 
(#.(&.( X(*(#.(&0 3+.0(.10$ '$( `1.+%$,.+ '(`X(.+.-

0+ 3+.0(.10.(* 0+X1Y$ 2$ "X(0%+3" " 3%0T+.1` &,(W+T1`$ 
(#,$*$,1-0$ (0X$#$5 K [1,W+` X(0T%#+ (U+'1T$.+ 'T$,10+0+ 
X%(12T(#$ X%(T+#+.$ &" 1&X101T$.W$ 1.#+'&.1Y X('$2$0+,W$ 
c1.#+'& &,(3(#.(* 3"3%+.W$ 1 1.#+'& *"310'$ Z"1#$d 0+ (#-

%+b1T$.W$ '(+\[1W+.0$ X%(X"&.(&01 1 '+`1W&'+ $.$,12+5

(CEH:MK? NF CE?O:>F<9= IC<H>C8= ILF8?H=H= P?<=>F8<= 
ICPMC<=<H=

>X(0%+3$ 3+.0(.10.1Y 0+X1Y$ " 3%0T+.1` &"&0$T1`$ (#-

,$*$,1-0$ (0X$#$ `(a+ X%+#&0$T,W$01 2.$U$W." X%+#.(&0 " 
odnosu na brtvene sustave sa zbijenom glinom. Bouazza 

c6<<6d (3W$T,W"W+ $.$,12" X%+#.(&01 1 .+#(&0$0$'$ .W1Y(T+ 
"X(0%+3+ 0+ 12`+b" (&0$,(* '$( X%+#.(&0 1&01U+ W+#.(&0$T-

.(&0 "*%$#.W+ "2 '(`X+0101T." [1W+."5 P+b"01`; '$'( 31 
&+ (&1*"%$,$ #"*(0%$W.$ &0$31,.(&0 `1.+%$,.+ '(`X(.+.0+ 
3%0T+.+ 3$%1W+%+; X(0%+3$. W+ $,$0 '(W1 (`(*"f"W+ '(.0%(," 
'T$,10+0+ (# X%(12T(#.W+ #( "*%$#.W+ 3+.0(.10.1Y 0+X1Y$ 0+ 
$,$0 '(W1` &+ `(a+ #('$2$01 '+`1W&'$ '(`X$0131,.(&0 `1-
.+%$,.+ '(`X(.+.0+ " '(.0$'0" & %$2,1U101` T%&0$`$ (0(-

X1.$5 V%(T(b+.W+ ̀ 1.+%$,(-'1Y $.$,12$ 1 1&X101T$.W+ X%(X"-

&.(&0 &,$3( X%(X"&.1Y `$0+%1W$,$ &" T%+`+.&'1 1 \.$.[1W-
ski vrlo zahtjevne radnje. Primjerice, Andrejkovicova et 

al. (2008), Dananaj et al. (2005) navode da velikom broju 

X%(T+#+.1Y 1&0%$a1T$.W$ `1.+%$,.+ '(`X(.+.0+ .+#(&0$W" 
#+0$,W.1 X(#$[1 ( `1.+%$,(-'(` &$&0$T" 1 X%$0+f1` `1.+-

%$,1`$ &`+'010$; 1$'( &" 0( ',W"U.1 /$'0(%1 '(W1 "0W+U" .$ 
Y1#%$",1U'+ '$%$'0+%1&01'+ `1.+%$,.+ '(`X(.+.0+ 3+.0(-

.10.(* 0+X1Y$5 V(0%+3$. $,$0 '(W1 (`(*"f"W+ 3%2" 1 %+,$-

tivno jeftinu kontrolu kvalitete i osiguranje dugotrajnosti 

&" 1.#+'&.1 X('$2$0+,W1 c*%$.1[+ X,$&01U.(&01; '$X$[10+0 $#-

&(%X[1W+ T(#+; 1.#+'& &,(3(#.(* 3"W$.W$; 1.#+'& *"310'$ 
Z"1#$; '$X$[10+0 1(.&'+ 2$`W+.+ cCGCd; &X+[1\U.$ X(T%-
-1.$ U+&01[$ 3+.0(.10$ 1 #%5d5 @$'( 31 &+ (&1*"%$,$ X("2#$-

.(&0 (T$'T1Y 1&X101T$.W$ .$&0(W1 &+ #(3101 T+2$ %$2,1U101Y 
1.#+'&.1Y X('$2$0+,W$ & Y1#%$",1U'(` X%(X"&.(-f"; `1-
.+%$,(-'1` &$&0$T(` `1.+%$,.+ '(`X(.+.0+ 1 "0W+[$W+` 
%$2,1U101Y T$.W&'1Y X$%$`+0$%$5
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Norme ASTM D 5889, ASTM D 6495 i ASTM D 

8=B= X%(X1&"W" X(0%+3.$ 1&X101T$.W$ 1 .W1Y(T" "U+&0$,(&0 
'$'( 31 &+ (&1*"%$,$ '(.0%(,$ 'T$,10+0+ 3+.0(.10.1Y 0+X1Y$ 
(# X%(12T(#.W+ #( "*%$#.W+ 0+ .W1Y(T$ '+`1W&'$ '(`X$-

tibilnost odnosno trajnost nakon ugradnje. Navodi se da 

W+ 2$ `1.+%$,." '(`X(.+.0" X(0%+3.( X%(T+&01 1&X101T$.W$ 
1.#+'&$ &,(3(#.(* 3"3%+.W$ 1 1.#+'&$ *"310'$ Z"1#$5 G"-

%(X&'$ 0+ X(&+31[+ .W+`$U'$ ,+*1&,$01T$ 2$Y0W+T$; "2 .$-

T+#+.$ 1&X101T$.W$ X%(T(b+.W+ X('"&$ (#%+b1T$.W$ '$X$-

[10+0$ "X1W$.W$ T(#+5 L$'( T(. P$"3+"*+ c6<<6d .$T(#1 
X%+X(%"U+.+ T%1W+#.(&01 .$T+#+.1Y 1.#+'&.1Y X('$2$0+,W$ 
'(W+ 31 & #(T(,W.(` &1*"%.(-f" *$%$.01%$,+ #$ &+ %$#1 ( 
X%1%(#.(` .$0%1W&'(` 3+.0(.10"5 L$'(b+%; X%+`$ "X"0$`$ 
'(W+ W+ (3W$T1,( IW+`$U'( #%"-0T( 2$ *+(0+Y.1'" c?MML 
6<<6d X%(X1&$.1 &" (#*(T$%$W"f1 X(&0"X[1 1&X101T$.W$ 1 
X(0%+3.+ '$%$'0+%1&01'+ `$0+%1W$,$ '$'( W+ 0( X%1'$2$.( " 
tablici 1.

Obzirom na mineraloški sastav i strukturu te njihovu 

T+2" & Y1#%$",1U'(` X%(X"&.(-f" 3+.0(.10$; " ,10+%$0"%1 &+ 
.$T(#1 `(*"f.(&0 "X(0%+3+ 1 #%"*1Y &T(W&0$T$ '$( 1.#+'-

&.1Y X('$2$0+,W$5 M"](..+0 +0 $,5 c6<<nd .$T(#+ '$'( W+ 
'$X$[10+0 1(.&'+ 2$`W+.+ #(3$% 1.#1'$0(% &$#%a$W$ &`+'-

010$ " 3+.0(.10"5 V%+X(%"U"W" `1.1`$,." T%1W+#.(&0 (# 9< 
`+eE=<< * -0( X%+`$ $"0(%1`$ (#*(T$%$ `$&+.(` "#W+," 
&`+'010$ " 3+.0(.10" (# 8< p5 Q&01 $"0(%1 X%(`$0%$W" 1 1.-

#+'& &,(3(#.(* 3"3%+.W$; 0+ 2$',W"U"W" #$ 1.#+'& &,(3(#-

.(* 3"3%+.W$ T+f1 (# 6B [`3E6 * & #(T(,W.(` &1*"%.(-f" 
*$%$.01%$ "#1( .$0%1W$ '$( 2$`W+.W1T(* '$01(.$ T+f1 (# B< 
do 50 %. Von Maubeuge (2002) navodi i vrijednost meti-

lenskog modrila (MB
f
d '$( 1.#+'&.1 X('$2$0+,W X%1 U+`" 

X%+X(%"U$ T%1W+#.(&0 T+f" (# 7<< `*E*5

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

P+0(#" 2$ (#%+b1T$.W+ '$X$[10+0$ "X1W$.W$ T(#+ 
X%+#,(a1( W+ =n775 *(#1.+ G.&,1.5 O# 0(* T%+`+.$ `+0(#$ 
W+ #(a1TW+,$ .+'(,1'( X(3(,W-$.W$5 ?$.$-.W1 W+ .$21T (T+ 
`+0(#+ jG.&,1.)I+// `+0(#$q5 V%(T(#1 &+ " G.&,1.)I+// 
"%+b$W" " &',$#" & .W+`$U'(` .(%`(` ?QI =k=765 
Q&X101T$.W+ &+ X%(T(#1 .$ .$U1. #$ &+ "2(%$' " X%$Y" X(`(f" 
,1W+T'$ %$&X(%+#1 X( &0$',+.(` \,0+%" '(W1 W+ " '(.0$'0" & 
T(#(` 1 X(&"#(` & T(#(` .$ '(W" &+ Y(%12(.0$,.( &X$W$ 
31%+0$ c&,1'$ =d5 @(,1U1.$ T(#+ '(W" "2(%$' "X1W+ (U10$T$ 
&+ X(`(f" 31%+0+5 Q&X101T$.W$ '(# `$0+%1W$,$ & T+,1'1` 
'$X$[10+0(`  "X1W$.W$; '$( -0( &" 3+.0(.101 0%$W" 6B Y5 I$ 
X(&"#" &$ &0$',+.1` \,0%(` " [1,W" &`$.W+.W$ '(,1U1.+ 
1&X$%$T$.W$ X(&0$T,W$ &+ &0$',+.1 U+X & (0T(%(`5 !$#1 &+ 
( X(X",$%.(W `+0(#1; X(&+31[+ " 1.#"&0%1W1 T+2$.(W 2$ 
3+.0(.10+ 1 3+.0(.10.+ 0+X1Y+; 3+2 (321%$ -0( W+ X(.(T,W1T(&0 
`+0(#+ %+,$01T.( `$,$5 @$"/Y(,# m ?(Y%`$.. c6<<kd 
.$T(#+ #$ W+ X(.(T,W1T(&0 7 #( B p &0$.#$%#.+ #+T1W$[1W+ 
1 0( "*,$T.(` X%1X1&"W" X%(`1W+.W1T(&01 ,$3(%$0(%1W&'1Y 
"TW+0$ cX%(`W+.+ 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01d5 
> &,"U$W" 3+.0(.10$; `+0(#$ &+ '(%1&01 '$( 1.#+'&.1 
X('$2$0+,W $,1 1 2$ 1.#1%+'0." X%([W+." &$#%a$W$ .$0%1W$ 
'$( 2$`W+.W1T1Y '$01(.$ (321%(` #$ .W+*(T &$#%a$W "0W+U+ 
na bubrenje i reološka svojstva. Petkovšek et al. (2009) 

X%(`$0%$W" '$X$[10+0 "X1W$.W$ T(#+ " (#.(&" .$ *%$.1[+ 
X,$&01U.(&01 1 T%1W+#.(&0 `+01,+.&'(* `(#%1,$ cPN

f
). 

J"0(%1 .$T(#+ '(%+,$[1W" '$X$[10+0$ "X1W$.W$ T(#+ c^
A
) i 

*%$.1[+ 0+U+.W$ c^
L
): w

A
 = 1,45 w

L
5 L$'(b+%; .$T(#+ #$ 

1&X101T$.W$ X('$2"W" T1&(' &0"X$.W '(%+,$[1W+ '$X$[10+0$ 
"X1W$.W$ T(#+ 1 T%1W+#.(&01 `+01,+.&'(* `(#%1,$ '(W+ &,"a1 
2$ 12%$U". &X+[1\U.+ X(T%-1.+ U+&01[$ *,1.+ 1 '$X$[10+0$ 
'$01(.&'+ 2$`W+.+ (#.(&.( &$#%a$W$ &`+'010$ " 3+.0(.10"5

"FJ8?KF QR V%+X(%"U+.+ T%1W+#.(&01 1.#+'&.1Y X('$2$0+,W$
Table 1 F*)399*%G*G :&'/*( H3" +I* J2.( 9#%*"&' )39-3%*%+

Svojstvo bentonitne gline
K<*%+3%#+* -"3-*"+#*(L

Metoda
KM*(+#%$ 9*+I3GL

V%+X(%"U+.$ T%1W+#.(&0
KF*)399*%G*G :&'/*L

DGGT 2002 Von Maubeuge 2002

Indeks slobodnog bubrenja
KN"** (O*'' #%G*PL

ASTM D5890 r 6< `, > 24 ml

Q.#+'& *"310'$ Z"1#$
KN'/#G '3(( #%G*PL 

ASTM D5891 s =k `, l =k `,

@$X$[10+0 "X1W$.W$ T(#+
KQ&+*" &R(3"-+#3% )&-&)#+SL

DIN 18132 r Bg< p > 600 %
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08?IF QR >%+b$W 2$ (#%+b1T$.W+ '$X$[10+0$ "X1W$.W$ T(#+ 
Figure 1 Q&+*" &R(3"-+#3% G*:#)*

'=HCD= ? :NC>K?

V(2.$0( W+ #$ .$ 0(U.(&0 %+2",0$0$ ,$3(%$0(%1W&'1Y 1&X1-
01T$.W$ "0W+U+ T+,1' 3%(W U1`3+.1'$5 L1 U1`3+.1[1 X(T+2$.1 
&" & (X%+`(` '(W(` &+ (3$T,W$ 1&X101T$.W+; X%([+#"%(` 
X%(T+#3+ X('"&$ $ X(.+'$# 1 "TW+01`$ " ,$3(%$0(%1W"5 
K0(*$ &+ " (T(` %$#"  1&0%$a"W+ "0W+[$W "TW+0$ " ,$3(%$-

0(%1W"; 0W5 X%(`W+.+ 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01 2%$-

'$ " ,$3(%$0(%1W" .$ '$X$[10+0 "X1W$.W$ 3+.0(.10.+ *,1.+5 
V%1,1'(` X%(T(b+.W$ T+,1'(* 3%(W$ X%1W$-.W1Y 1&X101T$.W$ 
'$X$[10+0$ "X1W$.W$ 3+.0(.10.1Y *,1.$ #(,$21,( W+ #( T+-

,1'(* %$&$X$ %+2",0$0$ X%1,1'(` `W+%+.W$5 Q$'( &+ "T1W+' 
'(%1&01( W+#.$'( X%1X%+`,W+.1 "2(%$'; 1&X101T$.W$ &" &+ 
X%(T(#1,$ '(%1-0+.W+` 1&0+ $X$%$0"%+ 1 ,$3(%$0(%1W&'+ X%(-

[+#"%+; #(31T+.1 %+2",0$01 31,1 &" 2.$U$W.( %$2,1U1015 Q2 0(*$ 
&+ `(*" X(0T%#101 X%+0Y(#.( .$T+#+.1 ,10+%$0"%.1 X(#$[1 
'$'( W+ T%,( T+,1'$ TW+%(W$0.(&0 #$ 0+`X+%$0"%$ 1 %+,$01T.$ 
T,$a.(&0 " ,$3(%$0(%1W" " '(W+` &+ X%(T(#+ 1&X101T$.W$ 
"T+,1'+ "0W+U" .$ %+2",0$0+ 1&X101T$.W$ '$X$[10+0$ "X1W$.W$ 
T(#+ $ 01`+ 1 .$ '(.$U." ([W+." 'T$,10+0+ 1 0%$W.(&01 3+.-

0(.10$5 @$'( 31 &+ X(0T%#1,$ (T$ X%+0X(&0$T'$ 2$ T%1W+`+ 
&T$'+ &,1W+#+f+ &+%1W+ 1&X101T$.W$ " ,$3(%$0(%1W" &" .$-

`+0$.1 %$2,1U101 "TW+01 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&015 
L+`X+%$0"%$ W+ X%1,1'(` &T$'(* X(W+#1.$U.(* `W+%+.W$ 
(#%a$T$.$ '(.&0$.0.(`; $ " #T$.$+&0 `W+%+.W$ '(W$ &" 
X%(T+#+.$ .$ (3$ "2(%'$ %$&X(. 0+`X+%$0"%$ 12.(&1( W+ 
(# =n)6gtC5 !+,$01T.$ T,$a.(&0 W+ 0$'(b+% X%1,1'(` &T$'+ 
X(W+#1.$U.+ &+%1W+ `W+%+.W$ (#%a$T$.$ '(.&0$.0.(`; $ %$-

&X(. 2$ &T$ `W+%+.W$ 12.(&1( W+ (# =7;g)k< p5
Q&X101T$.W$ '$X$[10+0$ "X1W$.W$ X%(T+#+.$ &" .$ #T$ 

%$2,1U10$ "2(%'$; X%T1 "2(%$' W+ .$0%1W&'1 $'01T1%$.$ 3+.0(-

.10.$ *,1.$ #(' W+ #%"*1 X%1%(#.1 .$0%1W&'1 3+.0(.105 @$'( 
31 &+ -0( 3(,W+ (X1&$,1 1 ',$&1\[1%$,1 "2(%[1 " .$&0$T'" &" 
X%1'$2$.1 %+2",0$01 X%1W$-.W1Y 1&X101T$.W$ '(W$ &" X%(T+#+-

.$ " ,$3(%$0(%1W" .$ (3$ "2(%'$A (#%+b1T$.W+ '+`1W&'(* 
&$&0$T$; 1.#+'&.1Y X('$2$0+,W$ c1.#+'& 3"3%+.W$; *"310$' 
Z"1#$ 1 &X(&(3.(&0 "X1W$.W$ T(#+d 0+ Y1#%$",1U'+ X%(-

X"&.(&015
V%T1 "2(%$' c"2(%$' =d .$ '(W+` &" X%(T+#+.$ 1&X1-

01T$.W$ '$X$[10+0$ "X1W$.W$ T(#+ W+ $'01T1%$.1 .$0%1W&'1 
bentonit koji se koristi u tvornici umjetnih gnojiva. Ta je 

*,1.$ #( &$#$ '(%1-0+.$ 2$ X%(12T(#.W" #(#$0$'$ " ,W+T$%-
&0T"; &0+,W$ 2$ '"f.+ ,W"31`[+ 0+ '$( #(#$0$' &0(U.(W Y%$-

.15 !+2",0$01 &T1Y X%(T+#+.1Y 1&X101T$.W$ X('$2$,1 &" #$ 
W+ "2(%$' = X(0+.[1W$,.( #(3$% `$0+%1W$, 2$ X%(12T(#.W" 
*+(&1.0+01U'1Y 3%0T+.1Y 3$%1W+%$5

?%"*1 "2(%$' c"2(%$' 6d .$ '(W+` &" X%(T+#+.$ 1&X101-
T$.W$ '$X$[10+0$ "X1W$.W$ T(#+ W+ X%1%(#.1 .$0%1W&'1 3+.0(-

.10 '(W1 &+ '(%1&01 '$( `1.+%$,.$ '(`X(.+.0$ 3+.0(.10.1Y 
0+X1Y$ 0+ &$`(&0$,.( '$( Y1#%$",1U'$ 3$%1W+%$ " %$2,1U101` 
*+(0+Y.1U'1` 1 *%$b+T1.&'1` X%1`W+.$`$5

 &.$)/0$'/!/%!+

I$ "2(%[1`$ W+ X%(T+#+.$ $.$,12$ &$#%a$W$ *,$T.1Y 
kemijskih elemenata. Analiza je dobivena metodom 

1.#"'01T.( &X%+*."0+ X,$2`+ ) +`1&1W&'+ &X+'0%(`+0%1W+ 
(ICP-OES) nakon taljenja 0,2 g uzorka litijevim 

`+0$3(%$0(`E0+0%$3(%$0(` 1 (0$X$.W$ 0$,1.+ %$2%1W+b+.(` 
#"-1U.(` '1&+,1.(`5 !+2",0$01 $.$,12+ 12%$a+.1 &" " 
0+a1.&'1` X(&0([1`$ c0+a5 pd .W1Y(T1Y ('&1#$ cK1O

2
, 

Al
2
O

3
, Fe

2
O

3
, CaO, MgO, Na

2
O, K

2
O, MnO, TiO

2
, P

2
O

5
, 

Cr
2
O

3
5 !+2",0$01 '+`1W&'+ $.$,12+ X%1'$2$.1 &" " 0$3,1[1 65 

K$#%a$W &"`X(%$ 1 "*,W1'$ 1 *"310$' a$%+.W+` '(# "2(%'$ 
= 1 "2(%'$ 6 X%1'$2$. W+ " 0$3,1[1 75 >'"X.1 "#1( "*,W1'$ 1 
&"`X(%$ (#%+b+. W+ X(`(f" $.$,12$0(%$ HGCO; $ *"310$' 
a$%+.W+` cH(&& (. 1*.101(. u HOQd #(31T+. W+ 12 %$2,1'+ 
`$&+ X%1W+ 1 .$'(. a$%+.W$ .$ =<<<tC5



9=
Rud.-geol.-naft. zb., Vol. 23, 2011.

45 6+"$&"7 85 839#+"3:#;7 <5 =3:&>*:#; ?*'#;0  >0W+[$W 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01555

"FJ8?KF SR @+`1W&'1 &$&0$T $'01T1%$.(* 1 X%1%(#.(* .$0%1W&'(* 3+.0(.10$
Table 2 2I*9#)&' )39-3(#+#3% 3H +I* &)+#:&+*G &%G %&+/"&' (3G#/9 R*%+3%#+*

K$#%a$W *,$T.1Y +,+`+.$0$ c`$&5 p ('&1#$d
KT&U3" *'*9*%+( )3%+*%+7 O+VL

Glavni elementi

 KT&U3" *'*9*%+(L

Uzorak 1 - aktivirani

K6&9-'* B E &)+#:&+*G)

>2(%$' 6 ) X%1%(#.1
K6&9-'* C E %&+/"&')

SiO
2

g<;98 g9;6g

Al
2
O

3
=k;k9 =9;B=

Fe
2
O

3
4,58 7;79

MgO 1,99 2,20

CaO 3,95 1,50

Na
2
O 2,29 2,03

K
2
O 0,41 0,48

TiO
2

0,56 0,14

P
2
O

5
0,04 0,05

MnO 0,03 0,01

Cr
2
O

3
0,008 l<;<<6

"FJ8?KF TR K$#%a$W &"`X(%$ 1 "*,W1'$ 1 *"310$' a$%+.W+` 
Table 3 M3+&' (/'H/"7 )&"R3% &%G '3(( 3% #$%#+#3%

Uzorak 1 - aktivirani

 (mas.%)

K6&9-'* B W &)+#:&+*G7

 Q+VL

>2(%$' 6 ) X%1%(#.1
 (mas.%)

K6&9-'* C W %&+/"&'7

 O+V)

>'"X.1 &"`X(%
KM3+&' (/'H/"L

0,95 0,16

>'"X.1 "*,W1'
KM3+&' )&"R3%L

l <;<6 0,63

M"310$' a$%+.W+` HOQ
K.3(( 3% #$%#+#3%L

16,3 15,40

1*-&0/*$'",0!2!%&3)$'$'0,&4#$)&*%'"5,"(/*,/%$

:$ (#%+b1T$.W+ 1.#+'&$ &,(3(#.(* 3"3%+.W$ '(%1&01 &+ 
`+0(#$ #+\.1%$.$ .(%`(` JKLP ? gkn<5 V(`(f" (T+ 
`+0(#+ 1&X10"W" &+ &T(W&0T$ *,1.+.1Y `$0+%1W$,$ '(W$ &" 
X(T+2$.$ & 3%0T+.1` (&(31.$`$ *+(&1.0+01U'1Y *,1.+.1Y 
3$%1W+%$5 V('$2"W+ &+ #$ W+ X(0%+3.$ `1.1`$,.$ T%1W+#.(&0 
indeksa slobodnog bubrenja od 20 ml (DGGT 2002) kako 

31&`( &$ &1*"%.(-f" `(*,1 0T%#101 #$ f+ &+ *,1.$ X(.$-$01 
kao dobar brtveni materijal.

Q&X101T$.W+ *"310'$ Z"1#$ &+ X%(T(#1 X%+`$ .(%`1 
JKLP ? gkn= '(W(` &+ (`(*"f"W+ (#%+b1T$.W+ *"310'$ 
Z"1#$ '%(2 \,` `$0+%1W$,$ /(%`1%$. .$ \,0+% X$X1%" 12 
&"&X+.21W+ *,1.(T10(* 0,$ '$'( 31 &+ #('$2$,$ "X(%$31T(&0 
0(* 0,$ " &T%Y" &`$.W+.W$ X%(X"&.(&01 " *+(0+Y.1U'1` 
glinenim barijerama.

H$3(%$0(%1W&'( 1&X101T$.W+ '$X$[10+0$ "X1W$.W$ T(#+ 
12T(#1 &+ X%+`$ .(%`1 ?QI =k=76 '$'( W+ (X1&$.( " 
uvodnom dijelu.

Q&X101T$.W$ Y1#%$",1U'+ X%(X"&.(&01 X%(T+#+.$ &" " 
&',$#" & .(%`(` JKLP ? g<kB5 OT1&.( ( ̀ (*"f.(&01`$ 
"%+b$W$ 1 X%1`1W+.W+.1` 1&X10.1` `+0(#$`$; 1&X101T$.W$ 
'(+\[1W+.0$ X%(X"&.(&01 X%(T+#+.$ &" 2$ %$2,1U10+ 
T%1W+#.(&01 +/+'01T.1Y .$X%+2$.W$5 @(+\[1W+.0 X%(X"&.(&01 
"2(%'$ = (#%+b+. W+ ̀ +0(#(` 2$#$.(* X%(0('$ " 0%((&.(` 
"%+b$W"5 Q&X101T$.W$ "2(%'$ 6 0$'(b+% &" X%(T+#+.$ 
" 0%(&(.(` "%+b$W"; `+b"01` '(%1-0+.$ W+ `+0(#$ 
&0$,.+ %$2,1'+ 0,$'(T$5 K [1,W+` "&X(%+#3+ '(+\[1W+.$0$ 
X%(X"&.(&01 (T$ #T$ "2(%'$; " 0$3,1[1 B5 &" X%1'$2$.+ &$`( 
T%1W+#.(&01 2$ +/+'01T.$ .$X%+2$.W$ (# g< 'IE`2. 
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"FJ8?KF UR H$3(%$0(%1W&'+ T%1W+#.(&01 1.#+'&.1Y X('$2$0+,W$ 1 '(+\[1W+.0$ X%(X"&.(&01
Table 4 X%G*P +*(+( &%G ISG"&/'#) )3%G/)+#:#+S "*(/'+( 

Svojstvo bentonitne gline

K<*%+3%#+* -"3-*"+#*(L

Metoda

KM*(+#%$ 9*+I3GL

Uzorak 1 – aktivirani

K6&9-'* B E 

&)+#:&+*GL

>2(%$' 6 u X%1%(#.1
K6&9-'* C E %&+/"&'L

Q.#+'& &,(3(#.(* 3"3%+.W$ c`,E6 *d
KN"** (O*'' #%G*PL

ASTM D 5890 30 31

M"310$' Z"1#$ c`,d
KN'/#G '3(( #%G*PL

ASTM D5891 12 12

@$X$[10+0 "X1W$.W$ T(#+ cpd
KQ&+*" &R(3"-+#3% )&-&)#+SL

DIN 18132 450 g=9

@(+\[1W+.0 X%(X"&.(&01 c`E&d
K4#G"&/'#) )3%G/)+#:#+SL

ASTM D 5084 6,1.10-11 1,6.10-11

P$'&1`$,.$ #(2T(,W+.$ T%1W+#.(&0 '(+\[1W+.0$ X%(-

X"&.(&01 2$ `$0+%1W$,+ "."0$% 3%0T+.1Y &"&0$T$ (#,$*$,1-0$ 
(0X$#$ 12.(&1 =<-9 `E& '$'( W+ #+\.1%$.( X%(X1&1`$ " !F 
cV%$T1,.1' ( "TW+01`$ 2$ X(&0"X$.W+ & (0X$#(` =nn9d5

> 0$3,1[1 B X%1'$2$.1 &" %+2",0$01 ,$3(%$0(%1W&'1Y 1&X1-
01T$.W$ 1.#+'&.1Y X('$2$0+,W$ 1 '(+\[1W+.0$ X%(X"&.(&015 
!+2",0$01 1&X101T$.W$ 2$ "2(%$' = %+2",0$0 &" %$.1W+* 1&0%$-

a1T$.W$ c@(T$U+T1f :+,1f +0 $,5; 6<<nd #(' &" 2$ "2(%$' 6 
1&X101T$.W$ X%(T+#+.$ " &',(X" (T(* %$#$5

)=N:8HFH?

Q&X101T$.W$ '$X$[10+0$ "X1W$.W$ T(#+ (3$ "2(%'$ X%(-

T+#+.$ &" X%1 %$2,1U101` "TW+01`$ 0+`X+%$0"%+ 1 %+,$01T.+ 
T,$a.(&015 KT$'( 1&X101T$.W+ X%(T+#+.( W+ 1&0(T%+`+.( & 
0%1 `W+%+.W$ '$'( 31 &+ (0',(.1,+ X(0+.[1W$,.+ X(*%+-'+ 1 
#(31,1 -0( 0(U.1W1 %+2",0$015 > 0$3,1[1 g5 X%1'$2$.+ &" " &+-

%1W$`$ T%1W+#.(&01 '$X$[10+0$ "X1W$.W$ T(#+ 2$ (3$ "2(%'$5 
I$ "2(%'" = 1&X101T$.W+ W+ X(.(T,W+.( &+#$`; $ .$ "2(%'" 
6 X+0 X"0$5 !+2",0$01 X%(T+#+.1Y 1&X101T$.W$  X%1'$2$.1 &" 
u tablici 5.

"FJ8?KF VR @$X$[10+0 "X1W$.W$ T(#+ .$'(. 6B &$0$
Table 5 Q&+*" &R(3"-+#3% )&-&)#+S &H+*" CY I3/"(

Serija

K6*"#*(L

L+`X+%$0"%$ c C)

KM*9-*"&+/"*L

Relativna 

T,$a.(&0 cpd
KF*'&+#:* 

I/9#G#+SL

@$X$[10+0 "X1W$.W$ T(#+ cpd
KQ&+*" &R(3"-+#3% )&-&)#+SL

Pokus 1

KM*(+ BL

Pokus 2

KM*(+ CL

Pokus 3

KM*(+ ZL

Srednja vrijednost

(Mean)

1 2 3 4 5 6 cBvgv8dE7

Uzorak 1 – aktivirani K6&9-'* B W &)+#:&+*GL

1 21 9g 380,5 403 380 7k9;k
2 22 65 B99 458,5 412 449,2

3 25 31,5 BB9;g 380 B89;g 431,6

4 19 26,5 506 Bk9;g 465 486,2

5 20 30,5 510,5 492,5 453,5 485,5

6 25 13,5 591 524 500,5 538

9 23 80 333,5 339 291 321,3

>2(%$' 6 u X%1%(#.1 K6&9-'* C W %&+/"&'L

1 21 9g - 540 522 531

2 22 60 542 604 g79 561

3 23 30 9=B 9<8 967 9=B;7
4 21 35 96= 626 9<6 9==;g
5 23 80 504 424 435 454,3
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!+2",0$01 1&X101T$.W$ '$X$[10+0$ "X1W$.W$ T(#+ X%1'$2$.1 &" 2$ "2(%$' = .$ &,1[1 65; $ 2$ "2(%$' 6.$ &,1[1 75

08?IF SR @$X$[10+0 "X1W$.W$ T(#+ c"2(%$'= ) $'01T1%$.1 .$0%1W&'1 3+.0(.10d
Figure 2 Q&+*" &R(3"-+#3% )&-&)#+S K(&9-'* B E &)+#:&+*G (3G#/9  R*%+3%#+*L

08?IF TR @$X$[10+0 "X1W$.W$ T(#+ c"2(%$' 6 ) X%1%(#.1  .$0%1W&'1 3+.0(.10d
Figure 3 Q&+*" &R(3"-+#3% )&-&)#+S K(&9-'* C E (3G#/9 R*%+3%#+*L
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>2(%$' 6 cX%1%(#.1 .$0%1W&'1 3+.0(.10d X('$2"W+ 2.$0.( 
T+f+ T%1W+#.(&01 '$X$[10+0$ "X1W$.W$ (# "2(%'$ = c$'01T1%$.1 
.$0%1W&'1 3+.0(.10d5 !+2",0$01 1&X101T$.W$ &" X('$2$,1 #$ 
%$2,1U101 "TW+01 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01 " X%(&0(%" 
,$3(%$0(%1W$ 1`$W" 2$ X(&,W+#1[" X%1,1U.( T+,1' %$&X(. 
%+2",0$0$ 2$ (3$ "2(%'$5 L$'( 2$ "2(%$' = %$&X(. &%+#.W1Y 
vrijednosti rezultata iznosi od 321,5-486,2, a za uzorak 2 

(# BgB;7)9=B;75
I$ &,1[1 B5 W+ X%1'$2$. "0W+[$W X%(`W+.+ %+,$01T.+ 

T,$a.(&01 2%$'$ .$ '$X$[10+0 "X1W$.W$ T(#+ '(# (3$ "2(%'$5 
O321%(` #$ .1W+ 31,( `(*"f+ " X(0X".(&01 '(.0%(,1%$01 
"TW+0+ " ,$3(%$0(%1W&'(` X%(&0(%" .1 0+`X+%$0"%$ 01W+'(` 
(T(* 1&X101T$.W$ .1W+ 31,$ '(.&0$.0.$5 Q2 &,1'+ &+ W$&.( 
`(a+ T1#W+01 #$ X%1,1'(` X(T+f$.W$ %+,$01T.+ T,$a.(&01 
'$X$[10+0 "X1W$.W$ T(#+ '(# (3$ "2(%'$ 2.$0.( (X$#$5

K,1'$ g5 X%1'$2"W+ (#.(& 12`W+%+.+ 0+`X+%$0"%+ 2%$'$ " 
,$3(%$0(%1W" 1 '$X$[10+0$ "X1W$.W$ T(#+ 2$ "2(%' = 1 "2(%' 65 
Q2 X(#$0$'$ &+ .+ `(a+ W$&.( (#%+#101 "0W+[$W 0+`X+%$0"%+ 
.$ '$X$[10+0 "X1W$.W$ T(#+5 J"0(%1 &" ̀ 1-,W+.W$ #$ W+ %$2,(* 
" ,$3(%$0(%1W&'1` "TW+01`$ *#W+ .1W+ 31,( `(*"f+ X(&01f1 
"TW+0+ X%(`W+.+ 0+`X+%$0"%+ X%1 '(.&0$.0.(W T,$a.(&015 
K [1,W+` X%+[12.1W+* %$2,"U1T$.W$ "0W+[$W$ 0+`X+%$0"%+ 
1 %+,$01T.+ T,$a.(&01 .$ %+2",0$0+ 1&X101T$.W$ '$X$[10+0$ 
"X1W$.W$ .$`+U+ &+ 2$',W"U$' #$ 31 #$,W.W$ 1&X101T$.W$ 
0%+3$,( X%(T+&01 " ',1`$0&'1` '(`(%$`$5 IW1Y(T$ 
"X(0%+3$ 31 (&1*"%$,$ 2.$0.( 3(,W" '(.0%(," 0+`X+%$0"%+ 1 
%+,$01T.+ T,$*+ X%1,1'(` 1&X101T$.W$5

08?IF UR >0W+[$W %+,$01T.+ T,$a.(&01 2%$'$ .$ '$X$[10+0 "X1W$.W$ T(#+ 2$ "2(%$' = 1 "2(%$' 6
Figure 4 X%[/*%)* 3H "*'&+#:* I/9#G#+S 3% O&+*" &R(3"-+#3% )&-&)#+S 3H (&9-'* B&%G (&9-'* C

08?IF VR O#.(& 0+`X+%$0"%+ 2%$'$ 1 '$X$[10+0 "X1W$.W$ T(#+ 2$ "2(%$' = 1 "2(%$' 6
Figure 5 M*9-*"&+/"* &%G O&+*" &R(3"-+#3% )&-&)#+S "*'&+#3% H3" (&9-'* B&%G (&9-'* C
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>0W+[$W %+,$01T.+ T,$a.(&01 .$ %+2",0$0+ 1&X101T$.W$ " 
&',$#" W+ &$ 2$',W"U[1`$ '(W+ &" .$T+,1 @$"/Y(,# m ?(Y%-
`$.. c6<<kd5 O.1 .$T(#+ #$ %$2,1'$ " T%1W+#.(&01 '$X$[1-
0+0$ "X1W$.W$ .$&0$W+ "&,1W+# %$2,1'+ " 1&X$%$T$.W" 12`+b" 
X(W+#1.1Y "%+b$W$5 I$1`+; "&,1W+# %$2,1U101Y X(T%-1.$ '(W+ 
"2(%[1 X%+'%1T$W" .$ &0$',+.(` \,0%"; %$2,1U10+ &" 1 X(T%-
-1.+ '(.0$'0$ 2%$')T(#$ .$ &0$',+.(` \,0%" %+/+%+.0.(* 
"%+b$W$ 1 "%+b$W$ & "2(%'(`5 ?(#$T$.W+` "2(%'$ &`$.W"-

W+ &+ X(T%-1.$ & '(W+ #(,$21 #( 1&X$%$T$.W$ X$ W+ 1&X$%$-

T$.W+ `$.W+ '(# "%+b$W$ & "2(%'(`5 P+b"01`; '$'( &" 
X(T%-1.+ (3$ "2(%'$ .$ &0$',+.(` \,0%" 31,+ X(#W+#.$'+; 
$"0(%1 (T(* %$#$ &" `1-,W+.W$ #$ (&1` &$`+ X(T%-1.+ '(.-

takta zrak-voda, bitan utjecaj na rezultate mjerenja ima i 

1&X$%$T$.W+ &$ &$`+ X(T%-1.+ "2(%'$5 @$'( 31 &+ #('$2$,$ 
(T$ 0T%#.W$; X(0%+3.( W+ X%(T+&01 #(#$0.$ 1&0%$a1T$.W$ & 
[1,W+` 'T$.01\[1%$.W$ "0W+[$W$ 1&X$%$T$.W$ "X1W+.+ T,$*+ & 
"2(%'$ .$ T%1W+#.(&01 '$X$[10+0$ "X1W$.W$ T(#+5

WFI89:;FI

@$X$[10+0 "X1W$.W$ T(#+ W+ 1.#+'&.1 X('$2$0+,W 0+ %+-

2",0$01 01Y 1&X101T$.W$ "0W+U" .$ ([W+." 'T$,10+0+ 1 0%$W.(&01 
`1.+%$,.+ '(`X(.+.0+ " 3%0T+.1` 3$%1W+%$`$5 :$W+#.( & 
(&0$,1` 1.#+'&.1` X('$2$0+,W1`$ (`(*"f"W+ 3%2" 1 %+,$-

tivno jeftinu kontrolu kvalitete i osiguranje dugotrajnosti.

Q&X101T$.W$ X%1'$2$.$ " (T(` %$#" X('$2"W" #$ 
"&,1W+# X%(`W+.+ "TW+0$ " ,$3(%$0(%1W" #(31T$`( %$&X(. 
12`W+%+.1Y T%1W+#.(&01 '$X$[10+0$ "X1W$.W$ T(#+ 2$ 
"2(%$' = (# 76=;g)Bk8;6; $ 2$ "2(%$' 6 (# BgB;7)9=B;75 
I$ 0+`+,W" 01Y %+2",0$0$ 1&X101T$.W$ '$X$[10+0$ "X1W$.W$ 
`(a+`( 2$',W"U101 #$ T%1W+#.(&0 '$X$[10+0$ " (#%+b+.1` 
1&X101T$.W1`$ .+ #(&+a+ X(0%+3." X%+X(%"U+." T%1W+#.(&0 
(#.(&.( .+ 2$#(T(,W$T$ '%10+%1W+ 2$ X%1`W+." " 3%0T+.1` 
3$%1W+%$`$ #(' W+ 2$ 1&0+ "2(%'+ X%1 #%"*1` "TW+01`$ 
0$ T%1W+#.(&0 " X(0X".(&01 2$#(T(,W+.$ X%+`$ &T1` 
kriterijima.

>'(,1'( &+ X%(`$0%$ '+`1W&'1 &$&0$T (3$ "2(%'$; #%"*1 
"2(%$' 1`$ T+f1 "#1( .$0%1W$ '$( 2$`W+.W1T(* '$01(.$5 4+f1 
"#1( .$0%1W$ '$( 2$`W+.W1T(* '$01(.$ 1`$ 2$ X(&,W+#1[" 
T+f+ T%1W+#.(&01 '$X$[10+0$ "X1W$.W$ T(#+ #%"*(* "2(%'$ 
$,1 0$'(b+% 1 #T(&0%"'( T+f1 %$&X(. #(31T+.1Y T%1W+#.(&01 
%+,$01T.+ T,$a.(&01 .$ #%"*1 "2(%$' 2$ X%(`$0%$.+ "TW+0+5

> (T(` %$#" X%1'$2$.$ 1&X101T$.W$ '$X$[10+0$ "X1W$.W$ 
X%+`$ .(%`1 ?QI =k=76; X%(T+#+.$ X%1 %$2,1U101` 
"TW+01`$ 0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01 " ,$3(%$0(%1W"; 
X('$2$,$ &" "0W+[$W %+,$01T.+ T,$a.(&01 2%$'$ .$ %+2",0$0+ 
1&X101T$.W$5 >0W+[$W 0+`X+%$0"%+ 2$ &$#$ .1W+ #('$2$.; 
`+b"01` 23(* ̀ $,(* %$&X(.$ 0+`X+%$0"%$ 1 .+`(*"f.(&01 
X(&012$.W$ '(.&0$.0.+ T,$a.(&01 2%$'$ X%1,1'(` 1&X101T$.W$ 
.+ `(a+ &+ &$ &1*"%.(-f" 0T%#101 #$ ,1 (. 2$1&0$ X(&0(W15 
I$T+#+.( X('$2"W+ #$ X%(T(b+.W+ X('"&$ 3+2 X%+[12.(* 
X%$f+.W$ ,$3(%$0(%1W&'1Y "TW+0$ `(a+ #(T+&01 #( '%1T1Y 
2$',W"U$'$5 K [1,W+` #(31T$.W$ 0(U.1W1Y %+2",0$0$ T+2$.1Y 
2$ "0W+[$W 0+`X+%$0"%+ 0+ X%+[12.1W+* %$2,"U1T$.W$ "0W+[$W$ 
0+`X+%$0"%+ 1 %+,$01T.+ T,$a.(&01 .$ %+2",0$0+ 1&X101T$.W$ 
'$X$[10+0$ "X1W$.W$ X,$.1%$ &+ X%(T+&01 #(#$0.$ 1&X101T$.W$ 

"2 X%+[12.1W" '(.0%(," 1 0(U.1W+ `W+%+.W+ 0+`X+%$0"%+ 1 
%+,$01T.+ T,$a.(&015

)FD 9= ?N>FX=< : CIL?>: M>C9=IHF QYVZ[\TQVSYZQ\U] 
^*EM?H?LF<9= H>F9<CEH? P?<=>F8<?_ J>HL=<?_ JF>?9=>F` 
a<F<K?>F<CO CD '?<?EHF>EHLF N<F<CEH?b CJ>FNCLF<9F ? 
cMC>HF )=M:J8?I= 4>LFHEI=R

\))*-+*G0 B]5BA5CABB5

F*)*#:*G0 BC5A]5CABB5

+?H=>FH:>F

J.#%+W'(T1[(T$; K5; !([Y$; w5; D$.(0'$; Q5 $.# @(`$#+,; V5 c6<<kdA J. 
investigation into the use of blends of two bentonites for geosynthetic 

[,$] ,1.+%&5 M+(0+_01,+& $.# M+(`+`3%$.+&; 68; B78uBBg5

N("$22$; J5; D+//+%1&; K5 $.# 4$.*X$1&$,; L5 c6<<9dA Q.T+&01*$01(. (/ 
0Y+ +//+[0& $.# #+*%++ (/ [$,[1"` +_[Y$.*+ (. 0Y+ J00+%3+%* ,1`10& 
and swelling of geosynthetic clay liners when subjected to wet-dry 

[][,+&5 M+(0+_01,+& $.# M+(`+`3%$.+&; 6g; =9<u=kg5

N("$22$; J5 c6<<6dA M+(&].0Y+01[ [,$] ,1.+%&5 M+(0+_01,+& $.# 
M+(`+`3%$.+&; 6<; 7u=95

?$.$.$W; Q5; w%$.'(T&'$; D5 $.# D$.(0'$; Q5 c6<<gdA LY+ 1.Z"+.[+ (/ 
&`+[010+ [(.0+.0 (. `1[%(&0%"[0"%+ $.# *+(0+[Y.1[$, X%(X+%01+& (/ 
[$,[1"` $.# &(#1"` 3+.0(.10+&5 JXX,1+# C,$] K[1+.[+; 6k; 667u6765

?MML c6<<6dA G`X/+,".*+. 2"% J.^+.#".* *+(&].0Y+01&[Y+% 
L(.#1[Y0".*&3$Y.+.; GJM)ML?; G%.&0 m K(Y.; N+%,1.; =66 &0%5

Guyonnet, D., Touze-Foltz, N., Norotte, V., Pothier, C., Didier, G., 

Gailhanou, H., Blanc, P. and Warmont, F. (2009): Performance-

3$&+# 1.#1[$0(%& /(% [(.0%(,,1.* *+(&].0Y+01[ [,$] ,1.+%& 1. ,$.#\,, 
$XX,1[$01(.&; M+(0+_01,+& $.# M+(`+`3%$.+&; 69; 76=u77=5

D(; F5x5; N+.&(.; C5; KY$['+,/(%#; C5; H++; D5)P5 $.# G#1,; L5 c6<<gdA 
Long-term hydraulic conductivity of a geosynthetic clay liner 

X+%`+$0+# ^10Y 1.(%*$.1[ &$,0 &(,"01(.&5 D("%.$, (/ M+(0+[Y.1[$, 
$.# M+(+.T1%(.`+.0$, G.*1.++%1.*; =7= cBd; B<guB=95

D(; x5 F5y @$0&"`1; L5y N+.&(.; F5 C5 $.# G#1, N5 L5 c6<<=dA F]#%$",1[ 
C(.#"[01T10] $.# K^+,,1.* (/ I(.X%+Y]#%$0+# MCH& V+%`+$0+# 
^10Y K1.*,+)KX+[1+& K$,0 K(,"01(.&5 JKCG D("%.$, (/ M+(0+[Y.1[$, 
$.# M+(+.T1%(.`+.0$, G.*1.++%1.*; =69 c9dA gg9)g895

@$"/Y(,#; K5 $.# ?(Y%`$.. !5 c6<<kdA C(`X$%1&(. (/ 0Y+ 0%$#101(.$, 
G.&,1.)I+// `+0Y(# $.# 0Y+ `(#1\+# #1+.* `+0Y(# /(% `+$&"%1.* 
^$0+%)"X0$'+ [$X$[10]5 C,$]& $.# C,$] P1.+%$,&y g8E8y 8k8)8n65

Kolstad, D.C., Benson, C.H. and Edil, T.B. (2004): Hydraulic 

[(.#"[01T10] $.# &^+,, (/ .(.X%+Y]#%$0+# *+(&].0Y+01[ [,$] 
,1.+%& X+%`+$0+# ^10Y `",01&X+[1+& 1.(%*$.1[ &(,"01(.&5 D("%.$, (/ 
M+(0+[Y.1[$, $.# M+(+.T1%(.`+.0$, G.*1.++%1.*; =7<E=6; =678u
1249.

@(T$U+T1f :+,1f; N5; K0%*$%; F5; @(&1f; ?5; ?(`10%(T1f; ?5 c6<<ndA  
Q&X101T$.W$ 3+.0(.10.1Y *,1.$ 2$ X(0%+3+ X%(12T(#.W+ *+(&1.0+01U'1Y 
glinenih barijera5 F%T$0&'( *+(0+Y.1U'( #%"-0T(; g5 &$TW+0(T$.W+; 
Q2T(%1 %121'$ " *+(0+Y.1U'1` 2$YT$01`$; O&1W+'; 6<5 ) 6=5 &T13.W$ 
2009. 
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V+0'(T-+'; J5; P$U+'; P5 $.# P$W+&; N5 c6<<ndA J ,$3(%$0(%] 
characterization of soils and clay-bearing rocks using the Enslin-

I+// ^$0+%)$#&(%X01(. 0+&05 J[0$ *+(0+[Y.1[$ &,(T+.1[$; 6<<nE6; 
5-13.

V+0%(T; D5 !5 $.# !(^+; @5 !5 c=nn9dA M+(&].0Y+01[ [,$] ,1.+% cMCHd 
u [Y+`1[$, [(`X$0131,10] 3] Y]#%$",1[ [(.#"[01T10] 0+&01.* $.# 
/$[0(%& 1`X$[01.* 10& X+%/(%`$.[+5 C$.5 M+(0+[Y5 D5; 7BA k87)kkg5

!"Y,; D5 $.# ?$.1+,; ?5 c=nn9dA M+(&].0Y+01[ [,$] ,1.+%& X+%`+$0+# 
^10Y [Y+`1[$, &(,"01(.& $.# ,+$[Y$0+&5 D("%.$, (/ M+(0+[Y.1[$, $.# 
M+(+.T1%(.`+.0$, G.*1.++%1.*; =67EB; 78nu7k<5

KY$['+,/(%# ?5 C5y N+.&(. F5 C5y @$0&"`1 L5y G#1,; N5 L5 $.# H1.; H5 
c6<<<dA GT$,"$01.* 0Y+ Y]#%$",1[ [(.#"[01T10] (/ MCH& X+%`+$0+# 
^10Y .(. &0$.#$%# ,1e"1#&5 M+(0+_01,+& $.# M+(`+`3%$.+&; =kA =77)
161.

von Maubeuge, K. P. (2002): Investigation of bentonite required for 

geosynthetic clay barriers. Clay Geosynthetic Barriers, Proceed. 

Q.05 K]`X5; I"%+`3+%*; M+%`$.]; =8)=9 JX%1, 6<<6; :$.21.*+%; 
@(+%.+%m M$%0".* c+#&d; K^+0& m :+10,1.*+%; H1&&+; =gg)=875

ASTM D5084 Standard Test Methods for Measurement of Hydraulic 

C(.#"[01T10] (/ K$0"%$0+# V(%("& P$0+%1$,& >&1.* $ w,+_13,+ h$,, 
Permeameter.

JKLP ?gkn< K0$.#$%# L+&0 P+0Y(# /(% K^+,, Q.#+_ (/ C,$] P1.+%$, 
C(`X(.+.0 (/ M+(&].0Y+01[ C,$] H1.+%&5

JKLP ?gkkn K0$.#$%# V%$[01[+ /(% z"$,10] C(.0%(, (/ M+(&].0Y+01[ 
Clay Liners.

JKLP ?gkn= K0$.#$%# L+&0 P+0Y(# /(% w,"1# H(&& (/ C,$] C(`X(.+.0 
of Geosynthetic Clay Liners.

ASTM D6141 Standard Guide for Screening Clay Portion of 

M+(&].0Y+01[ C,$] H1.+% cMCHd /(% CY+`1[$, C(`X$0131,10] 0( 
Liquids.

JKLP ?8Bng K0$.#$%# M"1#+ /(% J[[+X0$.[+ L+&01.* !+e"1%+`+.0& /(% 
Geosynthetic Clay Liners.

DIN 18132 - 95 Bestimmung des Wasseraufnahmevermögens.

II =67En9 V%$T1,.1' ( "TW+01`$ 2$ X(&0"X$.W+ & (0X$#(`5

"_= ?PMFKH Cd 8FJC>FHC>A F?> H=PM=>FH:>= F<D >=8FH?L= 
_:P?D?HA C< J=<HC<?H= BFH=> FJEC>MH?C< KFMFK?HA

Geosynthetic Clay Liners (GCL) or Geosynthetic 

N$%%1+%)C,$] cMN!)Cd $%+ $%01\[1$,,] X%(#"[+# Y]#%$-

",1[ 3$%%1+%& (/ ,(^ X+%`+$31,10] ^Y1[Y [$. 3+ 1.&0$,,+# 
T+%] &1`X,] $.# Y$T+ T$%1("& $XX,1[$01(.& c*+(0+[Y.1[$, 
and hydrotechnical engineering, environmental geotech-

.(,(*] +0[5d5 LY+] [(.&1&0 (/ $. $XX%(_1`$0+,] g `` 
,$]+% (/ 3+.0(.10+ $& $ `1.+%$, [(`X(.+.0 ,([$0+# 3+0^+-

en two layers of geosynthetics. Bentonite is used for its 

XY]&1[$, $.# [Y+`1[$, X%(X+%01+&; &1.[+ 10 +.&"%+& $ T+%] 
&`$,, Y]#%$",1[ X+%`+$31,10] (/ 0Y+ MCH5 w(% 1.&0$,,$01(.; 
MCH& `"&0 `++0 [+%0$1. [%10+%1$; 15+5 X%(T+ 0Y+1% e"$,10]; 
^Y1[Y 1& [(.\%`+# 3] T$%1("& ,$3(%$0(%] 0+&01.* `+0Y(#& 
(Table 1). One of the methods is the determination of the 

^$0+% $3&(%X01(. [$X$[10] (/ 0Y+ `1.+%$, [(`X(.+.0 cw1-
*"%+ =d5 LY1& 1& $ X(X",$% `+0Y(#; +&X+[1$,,] 1. 0Y+ 1.#"-

stry connected with bentonite and GCLs. However, the 

X%(3,+` ^10Y 0Y1& +_X+%1`+.0 1& 0Y$0 10 X((% %+X+$0$31,10]; 
which is usually attributed to the variability of the labo-

%$0(%] [(.#101(.& c0Y+ [Y$.*+& 1. 0+`X+%$0"%+ $.# 0Y+ %+-

lative humidity).

LY1& X$X+% #+&[%13+& 0Y+ %+&",0& (/ 0Y+ +_X,(%$01(. 
%+*$%#1.* 0Y+ 1.Z"+.[+ (/ 0Y+ ,$3(%$0(%] [(.#101(.&; 15+5 
0Y+ [Y$.*+ 1. 0+`X+%$0"%+ $.# 0Y+ %+,$01T+ $1% Y"`1#10] 

(. 0Y+ 3+.0(.10+ [,$] $3&(%X01(. [$X$[10]5 O"% X%1`$%] 
goal was to show that laboratory conditions can lead to 

the wrong conclusion, in regards to the quality of the 

X%(#"[05 L+&0& ^+%+ [(.#"[0+# (. 0^( #1//+%+.0 &$`X,+&; 
0Y+ \%&0 (.+ 3+1.* 0Y+ &(#1"` $[01T$0+# 3+.0(.10+ [,$] $.# 
the other one being the natural sodium bentonite. In order 

0( 3+00+% +_X,$1. $.# [,$&&1/] 0Y+ &$`X,+&; ^+ X%+&+.0+# 
0Y+ [Y+`1[$, [(`X(&101(. cL$3,+ 6 $.# 7d; 0Y+ /%++ &^+,, 
1.#+_; 0Y+ Z"1# ,(&& $.# 0Y+ Y]#%$",1[ [(.#"[01T10] (/ 
0Y+ &$1# &$`X,+& cL$3,+ Bd5 LY+ %+&",0& (/ 0Y+ +_X,(%$01(. 
(Table 5, Figure 2 and 3) show that the value of the 

$3&(%X01(. [$X$[10] #"%1.* [+%0$1. 0+&0& #(+& .(0 %+$[Y 0Y+ 
necessary recommended value, i.e. does not meet one of 

0Y+ %+e"1%+`+.0& /(% $XX,1[$01(. 1. &+$,1.* 3$%%1+%&; ^Y1,+ 
".#+% #1//+%+.0 [(.#101(.& c$1% Y"`1#10] $.# 0+`X+%$0"%+ 
1. 0Y+ ,$3(%$0(%]d 0Y+ &$`+ &$`X,+ %+$[Y+& T$,"+& ^Y1[Y 
/",,] `++0 0Y+ [%10+%1(.5 J,&(; 0Y+ &$`X,+ ^10Y 0Y+ Y1*Y+% 
[(.0+.0 (/ &(#1"` $& $. +_[Y$.*+$3,+ [$01(. &Y(^& Y1*Y+% 
T$,"+& (/ ^$0+% $3&(%X01(. [$X$[10]; $& ^+,, $& $ #("3,+ 
%$.*+ (/ $3&(%X01(. [$X$[10] T$,"+&; #"+ 0( 0Y+ [Y$.*+ 
in laboratory conditions. All of this demonstrates the 

1.Z"+.[+ 0Y+ %+,$01T+ $1% Y"`1#10] Y$& (. 0Y+ +_X+%1`+.0 
%+&",0& cw1*"%+ Bd5 K( /$%; 0Y+ 1.Z"+.[+ (/ 0+`X+%$0"%+ 
Y$& .(0 3++. X%(T+.5 F(^+T+%; #"+ 0( $ &`$,, %$.*+ 
and the inability to reach constant air humidity in the 

[("%&+ (/ +_X+%1`+.0$01(.; 10 1& 1`X(&&13,+ 0( #+0+%`1.+ 
^10Y $3&(,"0+ [+%0$1.0] 1/ &"[Y $. 1.Z"+.[+ %+$,,] +_1&0& 
(Figure 5).


