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

'!34( 5.5.**, 6*7+8"9: ;.2.*  

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

**233 4/5/$/  !"##$('( -%6/(-%17-('( )-/,"*#/+"+% /."-/ 3.3.8"9-/$(,% 

 

 

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

$4&"#5 / &-&!%*1#36 
 

:*"!1%'%"+#& ;"#$<,"+-=> ."+(! /##1"!(,%-/& !/#?"*#-(#+/ '/!*(5(1"> -% (#-(-

," %-%1/5% /-!/$%+*/#= *%##"&-/& 1%5"*-('( /51)9"-/&. 8%+".%+/9"#$%& (;*%;(+$%  

@$#?"*/."-+%17-=0 !%--=0 # /#?(175(,%-/". /5,"#+-=0 ?*('*%.. ?(5,(1&"+ @$#-

?*"##-( (?*"!"1&+7 #*"!-/" *%5."*= *%##"/,%<A/0 9%#+/6. 

 

#$%&'()*&( +(%,-. &))/(-,012&3 -&)$(4)2.5 )&)%(+, 2()+,%46 21 )0,7 

0()8+1 -/&2297 &)%,4&7, $(4(:&017% 0%,4,( 4,:-(2&( ;/1<,-146 &)$,/8=,01-

2&7 2,0.5 %(52,/,<&3, 0 $(4097 ,'(4(-8, /1=(42,3 %(52&*&, >,%,2&*& & *,+-

$87%(4,0. ?=0()%2,, '%, ,2& ,)2,012. 0 =21'&%(/82,3 )%($(2& 21 60/(2&& 41)-

)(62&6 )0(%1 '1)%&@1+&, %(,4&6 *,%,4,<, &=0()%21 *1* %(,4&6 A& [1]. B9C()%-

097% -01 +(%,-&'()*&5 $,-5,-1 $4& $4,0(-(2&& ),,%0(%)%097C&5 &=+(4(2&3 – 

4(<&)%41@&6 )0(%1, 41))(&01(+,<, ,%-(/82.+& '1)%&@1+&, & &=+(4(2&( &2%(2-

)&02,)%& )0(%1, 41))(&01(+,<, *,//(*%&0,+ '1)%&@. D *,2('2,+ )'(%(, ,)2,0-

2,3 0(/&'&2,3, *,%,497 2(,;5,-&+, ,$4(-(/&%8, 60/6(%)6 -&)$(4)2,)%8 )&)-

%(+., %, ()%8 >92*@&6 41)$4(-(/(2&6 '1)%&@ $, 41=+(41+.  

D $(40,+ )/9'1( ),,%0(%)%097C&( $4&;,4. 2,)6% 21=012&( )'(%'&*,0 '1)-

%&@, ,2& $4(-21=21'(2. -/6 &=+(4(2&6 41=+(4,0 & )'(%2,3 *,2@(2%41@&& '1)-

%&@ *1* 0 0,=-95(, %1* & 0 :&-*,)%65. #-21*,, ,2& &+(7% )9C()%0(22.( 2(-,)-

%1%*& – %49-2, ) &5 $,+,C87 &=+(46%8 41=+(4 ,'(28 +1/.5 '1)%&@, +(28E&5, 

'(+ $4&+(42, 0.1 +*+, 1 %1*:( &=9'1%8 ;(= 41=;10/(2&6 $/,%2.( -&)$(4)2.( 

)&)%(+.. F4&;,4. 0%,4,<, %&$1 &)$,/8=97% 41))(62&( )0(%1 *,//(*%&0,+ '1)-

%&@ /&;, -/6 ,$4(-(/(2&6 &5 41=+(4,0 $, &2%(2)&02,)%& 41))(622,<, )0(%1 

(+(%,- SLS – static light scattering - )%1%&'()*,( 41))(62&( )0(%1), /&;, 41))(6-

2&( )0(%1 /&E8 4(<&)%4&49(% &2%(2)&02,)%8 ;4,92,0)*,<, -0&:(2&6 '1)%&@ 

(*1* $410&/,, 0 :&-*,)%&) &, ),,%0(%)%0(22,, G%,% +(%,- &=+(4(2&6 2,)&% 21-

=012&( DLS – dynamic light scattering - -&21+&'()*,( 41))(62&( )0(%1. H1)%, 

G%,%  +(%,- &=0()%(2 *1* +(%,- >,%,22,3 *,44(/6@&,22,3 )$(*%4,)*,$&&.  

I1))+,%4&+ ;,/(( $,-4,;2, 0%,4,3 &= 9*1=122.5 +(%,-&'()*&5 $,-5,-,0. 

"1* $410&/,, -/6 $4,0(-(2&6 &=+(4(2&3 )9)$(2=&6 &= &=9'1(+.5 '1)%&@ 0 $,--

5,-6C(3 :&-*,)%& $,+(C1(%)6 0 @&/&2-4&'()*97 /&;, $46+,9<,/8297 *70(%9 

& ,)0(C1(%)6 /1=(42.+ /9',+. F,- 2(*,%,4.+ 9</,+ * 21$410/(2&7 /1=(42,<, 

/9'1 9)%1210/&01(%)6 >,%,$4&(+2&*, *,%,4.3 &=+(46(% &2%(2)&02,)%8 41))(-

622,<, )41=9 +2,<&+& '1)%&@1+& )0(%1. H1)%, %1*&( &=+(4(2&6 $4,0,-6% $,- 

+2,<&+& 9</1+& & %,<-1 ,2& 0.$,/267%)6 ) $,+,C87 <,2&,+(%41. J&$&'2.( 
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$4&;,4. %1*,<, %&$1 &=<,%10/&017%)6 2(*,%,4.+& >&4+1+&, 21$4&+(4, >&4-

+,3 Drookhaven, BOL. 

D $4(-.-9C&( <,-. +2,<, 9)&/&3 ;./, $,%41'(2, 21 ),=-12&( %1*&5 *,2-

)%49*@&3 *70(% -/6 &=9'(2&6 41))(62&6 )0(%1 )9)$(2=&6+& $,- 41=2.+& 9</1-

+&, 0 *,%,4.5 0/&62&( &5 )%(2,* +,:2, ;,/(( %,'2, 9'()%8 $4& ,;41;,%*( 4(-

=9/8%1%,0 &=+(4(2&3. ?)*1:(2&6 0.=.017%)6 %(+, '%, $4,=41'2.( )%(2*& *7-

0(%. $4(/,+/67% /9'&, 41))(&01(+.( '1)%&@1+& 0 *70(%(, &, )/(-,01%(/82,, 

&=+(267% 5,- /9'(3. "4,+( %,<,, ,%2,)&%(/82, ;,/8E,3 ,;P(+ )9)$(2=&& 0 

*70(%( 2( -1(% 0,=+,:2,)%& &=9'1%8 41))(62&( )0(%1 *,2@(2%4&4,0122.+& 

)9)$(2=&6+&.  

#-2,3 &= 0,=+,:2,)%(3 9+(28E(2&6 0/&62&6 )%(2,* *70(%. 21 &=+(4(2&6 

60/6(%)6 9)%12,0*1 *70(%. 0 ),)9- ) :&-*,)%87 & 0.;,4 %1*,<, %&$1 )%(*/1 

)%(2,*, '%,;. 0)( %4& ,$%&'()*&5 *,+$,2(2%1 )&)%(+. – :&-*,)%8 0 *70(%(, 

+1%(4&1/ )%(2,* & :&-*,)%8 0 ),)9-( – &+(/& ;. ,-&2 & %,% :( &/& ;/&=*&( *,-

G>>&@&(2%. $4(/,+/(2&6. #-21*, %1*&( 9)/,0&6 -,)%1%,'2, %49-2, 0.$,/-

2&%8.  

!/6 $4,0(-(2&6 &=+(4(2&3 &2%(2)&02,)%& 41))(622,<, )0(%1 $,- 41=2.+& 

9</1+& &)$,/8=97%)6 *70(%. )$(@&1/82,3 *,2)%49*@&&, 0 *,%,4.5 9-1(%)6 

4(=*, 41)E&4&%8 -&1$1=,2 9</,0 =1 )'(% 00(-(2&6 $,$410,* 21 $4(/,+/(2&( 

)0(%1. Q, & 0 %1*&5 )/9'165 2(*,%,4.( -&1$1=,2. 9</,0 (,;.'2, 0;/&=& 45! & 

135!) ,)%17%)6 2(-,)%9$2.+& -/6 &=+(4(2&3 (21$4&+(4, *70(%1, 41=41;,%12216 

>&4+,3 Fritsch GmbH, R(4+12&6, -/6 $4&;,41  Analysette-22). D )/9'1( 0.),*,-

*,2@(2%4&4,0122.5 )9)$(2=&3 ()%()%0(22, 9+(28E&%8 )('(2&( *70(%.. J1*, 0 

41;,%( [2] 0 *1'()%0( *70(%. &)$,/8=,01/)6 *1$&//64 ) 029%4(22&+ -&1+(%4,+ 

$,46-*1 1 ++, 2, )&/82,( $4(/,+/(2&( )0(%1 21 @&/&2-4&'()*,3 )%(2*( *1$&/-

/641 2( -1/, 0,=+,:2,)%& $4,0,-&%8 -,)%1%,'2, %,'2.( &=+(4(2&6. D 2(*,%,-

4,3 )%($(2& )&%91@&6 9/9'E1(%)6 $4& $4&+(2(2&& $/,)*,3 *70(%. ) ,'(28 9=-

*&+ =1=,4,+ [3], $,46-*1 -()6%*,0 +&*4,2, F4& G%,+ +,:2, 90(4(22, $4,0,-

-&%8 &=+(4(2&6 &2%(2)&02,)%& 41))(622,<, )0(%1 0 -&1$1=,2( 9</,0 /&E8 0;/&-

=& 0! & 180!.  

!/6 00(-(2&6 $4,;. &=9'1(+,3 )9)$(2=&& 0 '90)%0&%(/82.3 ,;P(+ /7;,<, 

,$%&'()*,<, $4&;,41 $,/(=2, 0,)$,/8=,01%8)6 %1* 21=.01(+.+ )%4932.+ +(-

%,-,+, *,%,4.3 E&4,*, &)$,/8=9(%)6 -/6 +,-(/&4,012&6 41=2,,;41=2.5 60/(-

2&3 0 1G4,=,/65 & )9)$(2=&65. B9%8 G%,<, +(%,-1 [4] ),)%,&% 0 &=,*&2(%&'()*,+ 

)+(E(2&& -095 $,%,*,0, ,-&2 &5 *,%,4.5 ),-(4:&% 2(*,%,497 2(3%41/8297 

)4(-9 (21$4&+(4, '&)%.3 0,=-95 &/& :&-*,)%8), 1 0%,4,3 ),-(4:&% 0 )0,(+ ),-

)%10( &))/(-9(+.( '1)%&@. & ,;.'2, $4(-)%10/6(% ),;,3 %,2*97 )%493*9 %,3 

:( )4(-. 029%4& $(40,<, $,%,*1. F4& 0.$,/2(2&& $4,)%.5 <&-4,- &/& 1G4,-&-

21+&'()*&5 9)/,0&3 ,;1 G%& $,%,*1 +,<9% 2(*,%,4,( 04(+6 )9C()%0,01%8 ;(= 

)+(E(2&6, 2, %0(4-16 )%(2*1 +(:-9 2&+& ,%)9%)%09(%. B/(-,01%(/82,, ,$%&'(-

)*,( &=/9'(2&( $,-5,-6C(<, -/6 &=+(4(2&3 %&$1 +,:(% ,-2&+ & %(+ :( ,;41-

=,+ $4,5,-&%8 *1* '(4(= $(40.3, %1* & '(4(= 0%,4,3 $,%,*&, ,-21*, 0, 0%,4,+ 

$,%,*( &=/9'(2&( ;9-(% 0=1&+,-(3)%0,01%8 ) '1)%&@1+&, 0.=.016 ),,%0(%)%-

097C&( >&=&'()*&( 60/(2&6. D 21)%,6C(3 )%1%8( $4&0,-&%)6 ,$&)12&( *70(%. 
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-/6 $4,0(-(2&6 &=+(4(2&3 &2%(2)&02,)%& 41))(622,<, )0(%1 '1)%&@1+& )9)$(2-

=&3 ,$&)122.+ +(%,-,+ 0 -&1$1=,2( 9</,0 $4&+(42, ,% 25! -, 155!
  
 

B5(+1 41=41;,%122,3 &=+(4&%(/82,3 *70(%. $4&0(-(21 21 4&).1. H&)%16 

:&-*,)%8 215,-&%)6 0 @&/&2-4&'()*,+ ),)9-( 1 -&1+(%4,+ ,*,/, 10 )+ & 0.-

),%,3 4 )+. D ;,*,0,3 )%(2*( &+((%)6 $4,=41'2,( ,*2, -/6 ,)0(C(2&6 029%4(2-

2(<, $4,)%412)%01 /9',+ )0(%1 & $4,0(-(2&6 ,$%&'()*&5 &=+(4(2&3. B%496 &=9-

'1(+,3 )9)$(2=&& 00,-&%)6 '(4(= @&/&2-4&'()*,( ),$/, 2 -&1+(%4,+ 1 – 2 ++ 0 

@(2%4 ),)9-1 )0(459 &= 2(;,/8E,3 (+*,)%& 5, & ,-2,04(+(22, '&)%16 :&-*,)%8 

00,-&%)6 0 ),)9- &= (+*,)%& 7 '(4(= $1%49;,* 4, 9)%12,0/(22.3 0;/&=& 9$,+6-

29%,<, 0.E( ),$/1. B*,4,)%8 $,-1'& '&)%,3 :&-*,)%& $4&+(42, 0 1.5 – 2  41=1 

;,/8E(, '(+ )*,4,)%8 $,-1'& )9)$(2=&&, *,%,416 ),)%10/6(% ,*,/, 1 – 3 +/ 0 

+&29%9. D -2( ),)9-1 &+((%)6 $1%49;,* 3, '(4(= *,%,4.3 0.%(*1(% )+()8 &= 

)9)$(2=&& & '&)%,3 :&-*,)%&. B $,+,C87 2()*,/8*&5 *412,0 6, 8 & 12, 9)%1-

2,0/(22.5 21 +1<&)%41/65 -/6 $,-1'& )9)$(2=&& & '&)%,3 :&-*,)%&, +,:2, 

9)%12,0&%8 %1*,3 4(:&+, $4& *,%,4,+ %('(2&( )9)$(2=&& 60/6(%)6 )%1@&,214-

2.+ ;(= *1*&5-/&;, =1+(%2.5 %94;9/(2%2,)%(3.  

B%496 )9)$(2=&& ,)0(C1(%)6 '(4(= ,*2, 0 ;,*,0,3 )%(2*( /1=(42.+ +,-9-

/(+ 9, /9' *,%,4,<, 21 $4,%&0,$,/,:2,3 )%(2*( ),)9-1 9/10/&01(%)6 /,09E*,3 

10, 1 41))(622.3 '1)%&@1+& )0(% 4(<&)%4&49(%)6 >,%,$4&(+2&*,+ 13 ) >,*9)&-

497C(3 )&)%(+,3 14, *,%,4.3 +,:(% $(4(+(C1%8)6 0,*49< ,)& )&)%(+. ) $,-

+,C87 -0&<1%(/6 15. F,%,* )+(E122.5 :&-*,)%(3 &= ),)9-1 ) '&)%,3 0,-,3 

),;&41(%)6 0 2(;,/8E,3 );,42&* 11.  

Q(-,)%1%*,+ 41=41;,%122,<, )%4932,<, +(%,-1 & *70(%. 60/6(%)6 2(,;5,-

-&+,)%8 =1%41%. 2(*,%,4,<, *,/&'()%01 )9)$(2=&& -/6 $4,0(-(2&6 &=+(4(2&3. 

 
 
<=4.1. B0".% ?*(,"!"-/& /5."*"-/& !/#?"*#-(#+/ #)#?"-5/> 

(?+/9"#$/. .-('()'1(,=. #+*)>-=. ."+(!(. 
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#-21*,, 0,-$(40.5, G%, *,/&'()%0, 2(0(/&*, (0.1 – 1 +/), 1, 0,-0%,4.5, ,2, 

+,:(% ;.%8 ),;412, 0 0&-( +(2(( *,2@(2%4&4,0122,3 )9)$(2=&& 21 0.5,-( &= 

)&)%(+.. 

!/6 4(1/&=1@&& 2,0,<, +(%,-1 ),;4121 G*)$(4&+(2%1/8216 9)%12,0*1, ,)-

2,02,3 '1)%87 *,%,4,3 60/6(%)6 ,$&)12216 0.E( )&)%(+1 >,4+&4,012&6 )%49& 

0 ),)9-( ) '&)%,3 0,-,3. D *1'()%0( >,%,$4&(+2&*1 &)$,/8=,012 >,%,-&,- ) 

9)&/&%(/(+ $,)%,622,<, %,*1 & 2(;,/8E,3 >,*9)&497C(3 /&2=,3, *,%,4.3 

+,:(% $(4(+(C1%8)6 0,*49< ,)& )&)%(+. ) $,+,C87 +1/,,;,4,%2,<, -0&<1%(-

/6 9 ()*,4,)%8 041C(2&6 &=+(26(%)6 ,% 0.1 -, 0.5 ,;/)); 9<,/ +(:-9 21$410/(2&-

(+ 41)$4,)%412(2&6 )0(%,0,<, /9'1 & ,)87 >,%,$4&(+2&*1 $4& G%,+ &=+(26(%-

)6 ,% 25! -, 155!, $4&'(+ 0 *4132&5 $,/,:(2&65 >,%,$4&(+2&* ,)%1210/&01(%-

)6 $,- -(3)%0&(+ *,2@(0.5 0.*/7'1%(/(3.  

D1:2,3 '1)%87 9)%,3'&0,3 41;,%. 9)%12,0*& 60/6(%)6 $,-;,4 4(:&+1 %(-

'(2&6 )%49& )9)$(2=&& & ,*49:17C(3 (( '&)%,3 :&-*,)%&. !/6 4(E(2&6 G%,3 

=1-1'& 0+()%, )&)%(+. &= -095 ),)9-,0 & 4(<9/&497C&5 *412,0, 9$,+629%.5 

0.E(, ;./ &)$,/8=,012 E$4&@(0,3 21),), 0 *,%,4,+ $,4E2& 2-5 E$4&@,0 41=-

2,<, ,;P(+1 ,-2,04(+(22, $,-101/& )9)$(2=&7 & '&)%97 :&-*,)%8 ),,%0(%)%-

0(22, 0 ),$/, & 0 ),)9- ) '&)%,3 0,-,3. I10(2)%0, /&2(32,3 )*,4,)%& -0&:(-

2&6 $,4E2(3 $,=0,/6/& $4,)%, $4,0,-&%8 +,-(/&4,012&( 9)%,3'&0,3 41;,%. 

)&)%(+. ) $,+,C87 0)$,+,<1%(/82,3 )9)$(2=&& & =1%(+ $4,0,-&%8 &=+(4(2&6 

&2%(2)&02,)%& 41))(622,<, )0(%1. 

F4,;2.( &=+(4(2&6 21 41=41;,%122,3 G*)$(4&+(2%1/82,3 9)%12,0*( $4,-

0,-&/&)8 0 49'2,+ 4(:&+( )/(-97C&+ ,;41=,+. !/6 4(<&)%41@&& &2%(2)&02,-

)%& 41))(622,<, '1)%&@1+& )0(%1 * >,%,$4&(+2&*9 $,-*/7'1/)6 -,)%1%,'2, 

'90)%0&%(/82.3 @&>4,0,3 0,/8%+(%4, $,*1=12&6 *,%,4,<, +,< >&*)&4,01%8 

,$(41%,4. F,)/( =1$,/2(2&6 )&)%(+. $,-5,-6C&+& :&-*,)%6+& ('&)%,3 0,-,3 

& )9)$(2=&(3) 0*/7'1/&)8 /1=(4 & )&)%(+1 $,-1'& :&-*,)%(3. D&=91/82, -,)%1-

%,'2, $4,)%, 21;/7-1%8 $,0(-(2&( )%49& 0 @(2%4( )&)%(+. &, &=+(266 )*,4,)%8 

$,-1'& :&-*,)%(3, -,;&%8)6 (( 9)%,3'&0,)%&. M1%(+ 0*/7'1(%)6 -0&<1%(/8, *,-

%,4.3 &=+(26(% 9</,0,( $,/,:(2&( >,%,$4&(+2&*1. F4& +1/,3 )*,4,)%& -0&-

:(2&6 >,%,$4&(+2&*1 -,)%1%,'2, $4,)%, >&*)&4,01%8 $,*1=12&6 @&>4,0,<, 

0,/8%+(%41, 21$4&+(4, '(4(= *1:-.( 10!. 

Q&:( $4&0(-(21 %1;/&@1 4(=9/8%1%,0 &=+(4(2&3, $4& *,%,4.5 >&*)&4,01-

/&)8 =21'(2&6 &2%(2)&02,)%& 41))(622,<, '1)%&@1+& )0(%1 -/6 41=2.5 9</,0 S
0
 

-/6 41=/&'2.5 )9)$(2=&3. 

?))/(-9(+.( )9)$(2=&& $,/9'1/&)8 $, )/(-97C(3 +(%,-&*(: 1 – ,;P(+ ~ 

0.5 +/ */(6 FDL %C1%(/82, -&)$(4<&4,01/& 0 100 +/ -&)%&//&4,0122,3 0,-.. 

B9)$(2=&&, ,;,=21'(22.( $,- 2,+(41+& 2 & 3, $4(-)%10/67% ),;,3 )&/82, 41=-

;10/(22.( 0 0,-( (1:50) >,%,<41>&'()*&( G+9/8)&&, ),-(4:1C&( +&*4,*4&-

)%1//., ),,%0(%)%0(22,, >/7,4&%1 & AgBr, $,/9'(22.( +(%,-,+ -095)%4932,3 

G+9/8)&>&*1@&& $4& $,--(4:12&& $,)%,622.+ &=;.%*,0 &,2,0 >%,41 (pF 1.0) 

&/& ;4,+1 (pBr 3.0) [5]. F,)/(-2&3 ,;41=(@ )9)$(2=&& ($, D(3+149) $,/9'1(%)6 

$4& &2%(2)&02,+ $(4(+(E&012&& 1 +/ 0.1% )$&4%,0,<, 41)%0,41 *12&>,/& 0 

20 +/ -&)%&//&4,0122,3 0,-.. 
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T%& =21'(2&6 <41>&'()*& $4(-)%10/(2. 21 4&).2, &= *,%,4,<, 5,4,E, 0&-

-(2 2(+,2,%,22.3 5,- $,/9'(22.5 *4&0.5. B&/82,( 41=/&'&( 0 &2%(2)&02,-

)%65 41))(622.5 )0(%,0.5 $,%,*,0 ,;P6)267%)6 )9C()%0(22,3 41=2&@(3 0 *,2-

@(2%41@&& '1)%&@, 41))(&017C&5 )0(%. 

F,/9'(22.( $4& &=+(4(2&65 >92*@&,21/82.( =10&)&+,)%& 60/67%)6 &)-

5,-2.+& -122.+& -/6 ,$4(-(/(2&6 41=+(4,0 '1)%&@ 0 &=9'1(+.5 )9)$(2=&65. 

#-2&+ &= +(%,-,0 4(E(2&6 G%,3 =1-1'& 60/6(%)6 %1*,( +1%(+1%&'()*,( $4(,;-

41=,012&( -122.5, *,%,4,( ;. ($4& 2(*,%,4.5 -,$9C(2&65) -1/, $46+,3 ,%0(% 

21 $,)%10/(22.3 0,$4,). J1*,3 $,-5,-  21=.01(%)6 ,;41%2,3 =1-1'(3 0 %(,4&& 

41))(62&6 )0(%1 '1)%&@1+&, & ,2 $4&+(26(%)6 ) @(/87 ),=-12&6 41@&,21/82.5 

41)'(%2.5 )5(+ ()+., 21$4. [6]). #-21*, -, 21)%,6C(<, 04(+(2& %1*&( )5(+. 

41=41;,%12. 2(-,)%1%,'2, -/6 %,<,, '%,;. ) &5 $,+,C87 ,$(41%&02, 215,-&%8 

$141+(%4.  &=9'1(+.5 -&)$(4)2.5 )&)%(+. B9C()%097% %1*:( $4&;/&:(22.( 

41)'(%2,-<41>&'()*&( +(%,-., *,%,4.( &)$,/8=97% 1)&+$%,%&'()*&3 $,-5,- 

21 ,)2,0( &=+(4(2&3 &2%(2)&02,)%& 41))(62&6 )0(%1 ,-2,3 & %,3 :( )9)$(2=&-

(3, 2,, 21$4&+(4, $4& 41=2.5 *,2@(2%41@&65. J1*,3 $,-5,- ;./ 41=41;,%12 

M&++,+ 0 1948 <,-9 & ,2 -,0,/82, '1)%, &)$,/8=9(%)6 -/6 &=9'(2&6 41)%0,4,0 

$,/&+(4,0 [7]. 

D )06=& ) 41=0&%&(+ *,+$87%(42,3 %(52&*& 0 $,)/(-2&( <,-. 0)( '1C( &)-

$,/8=9(%)6 +(%,- «$,-<,2*& -122.5». #2 =1*/7'1(%)6 0 $,&)*( %1*&5 $4(-)*1-

=.01(+,3 %(,4&(3 >92*@&,21/82.5 =10&)&+,)%(3, *,%,4.( ) %,3 &/& &2,3 $,-

 

>(?+=@(  

Q1&+(2,012&( )9)$(2=&& 

"/(3 FDL pF 1.0 AgBr "12&>,/8 S, !
 

1 2 3 4 

25 – 20 100 785 

30 – 19 69 641 

35 4430 15.8 53 634 

40 2369 13 38 536 

50 986 10.7 32 388 

60 502 6.4 26.5 309 

70 305 4.8 20.5 259 

80 206.5 4.1 19.5 199 

90 152 3.5 15.5 159 

100 122.5 3.3 15.8 124 

110 97.5 3 15.7 99 

120 77.2 2.9 15.5 79 

130 61 3 24 67 

140 51.8 3.3 23 61 

145 41 3.5 10 61 

150 25.8 3.3 – 37 

155 – 1.8 – – 
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<4(E2,)%87 ),0$1/& ;. ) $,/9'(22.+& G*)$(4&+(2%1/82.+& -122.+&. D 

«49'2,+» 4(:&+( %1*97 $,-<,2*9 +,:2, ,)9C()%0/6%8 ) $,+,C87 ,-2,3 &= 

,$9;/&*,0122.5 0 ?2%(42(%( $4,<41++, +,-(/&497C&5 *14%&29 41))(62&6 

)0(%1 '1)%&@1+& 21 ,)2,0( %(,4&& A&. D G%,+ )/9'1( $,-5,-6C97 %(,4(%&'(-

)*97 <41>&'()*97 =10&)&+,)%8 215,-6%, )1+,)%,6%(/82, &=+(266 $141+(%4. 

41))(&017C&5 '1)%&@ (&5 41=+(4 & *,G>>&@&(2% $4(/,+/(2&6 0(C()%01 '1)-

%&@). 

#'(0&-2,, '%, 121/,<&'297 $,-<,2*9 =21'&%(/82, G>>(*%&02(( +,<9% 

$4,0,-&%8 *,+$87%(42.( $4,<41++., *,%,4.( 10%,+1%&'()*& $,-;&417% ,)-

2,02.( $141+(%4. $,-5,-6C&5 %(,4(%&'()*&5 =10&)&+,)%(3 () 2(*,%,4,3 =1-

-122,3 %,'2,)%& $,-<,2*&), %1* '%,, 0 *,2('2,+ )'(%(, G%& $141+(%4. & 60/6-

7%)6 &)*,+.+& 0 4(=9/8%1%( $4,0(-(2&6 &=+(4(2&3. ?+(22, %1*,3 60/6(%)6  

*,+$87%(4216 $4,<41++1, *,%,497 41=41;,%1/ A.O9;+(/8 [8]. B,;)%0(22, 

$4,<41++1 ),)%,&% &= %4(5 41=-(/,0. D $(40,+ 215,-6%)6 %1;/&'2.( =21'(2&6 

&2%(2)&02,)%(3 41))(62&6 )0(%1 )>(4&'()*&+& '1)%&@1+& (0 ,%2,)&%(/82.5 

(-&2&@15) -/6 ;,/8E,<, -&1$1=,21 $141+(%4,0. D, 0%,4,+ 41=-(/( &+((%)6 

$4,<41++1, *,%,416 9'&%.01(% 0/&62&( )%(2,* *70(%. *01-41%2,<, )('(2&6 

('(4(= 9</. $4(/,+/(2&6 41))(622,<, '1)%&@1+& )0(%1) 21 $4,0,-&+.( 41)'(-

%.. J4(%&3 41=-(/ +,:(% ;.%8 21=012 ,)2,02.+, %1* *1* &+(22, 0 2(+ &+((%)6 

$4,<41++1 -/6 4(1/&=1@&& $4,@())1 $,-<,2*& -122.5. 
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(3)          (4) 

<=4.2. C%,/#/.(#+/  /-+"-#/,-(#+/ *%##"&--('( 9%#+/6%./ #,"+% (+ )'1% -%-

;1<!"-/&. 2(."* ?(! */#)-$(. #((+,"+#+,)"+ -(."*) #)#?"-5// , +%;1/6". 
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#;.'2, ,<412&'(2&6 0 &)$,/8=,012&& G%,3 $4,<41++. )06=12. ) %(+, '%, 

2(0,=+,:2, 9'()%8 0/&62&( )%(2,* *70(%. 21 $4,0(-(2&( 41)'(%,0 -/6 /7;.5 

9</,0. !(3)%0&%(/82,, $4& ;,/8E&5 9</15 41))(62&6 '1)%&@1+& ($,46-*1 30° & 

;,/8E() )%(2*& *70(%. 2( %,/8*, $4(/,+/67%, 2, & =21'&%(/82, ,%41:17% 41)-

)(622.3 )0(%, '%, =21'&%(/82, &)*1:1(% -122.( &=+(4(2&3. D ,%/&'&( ,% %1*,-

<, $,-5,-1 $4& $4,0(-(2&& &=+(4(2&3 )%4932.+ +(%,-,+ 9*1=122.( ,<412&'(-

2&6 &)'(=17%, %1* *1* )%(2*& *70(%. >&=&'()*& ,%)9%)%097%. F,G%,+9 0%,4,3 

41=-(/ 9$,+629%,3 $4,<41++. 0,,;C( 2( -,/:(2 9'&%.01%8)6 $4& 41)'(%15. 

!/6 41;,%. ) G%,3 $4,<41++,3 0 ),,%0(%)%097C(( ,*2, 00,-6%)6 ,%2,)&-

%(/82.( =21'(2&6 &2%(2)&02,)%& 41))(622,<, )0(%1 & '(4(= *,4,%*,( 04(+6 

($,46-*1 2()*,/8*&5 )(*92-) $4,<41++1 0 *,+12-2,+ ,*2( $4(-/1<1(% -01 $1-

41+(%41 $,-,;4122,3 >92*@&,21/82,3 =10&)&+,)%& – )4(-2&3 41=+(4 '1)%&@ & 

)4(-2(( ,%*/,2(2&( $,/9'(22,<, =21'(2&6 ,% G*)$(4&+(2%1/82.5 -122.5. 

D 4(=9/8%1%( 41)'(%,0 $, 9$,+629%,3 0.E( $4,<41++( ;./& $,/9'(2. 

)/(-97C&( =21'(2&6 )4(-2&5 41=+(4,0 +&*4,'1)%&@ )9)$(2=&3: 1 – 0.33 +*+, 2 

– 0.13 +*+, 3 – 0.12 +*+, 4 – 0.16 +*+. 
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:*(?(-)Q+7#& ;"5$<,"+-/> ."+(! !(#1R!I"--& !/#?"*#-(#+R 'R!*(5(1"> -% (#-(,R 

%-%1R5) R-!/$%+*/#/ *(5#R<,%--& 1%5"*-('( ,/?*(.R-<,%--&. 8%+".%+/9-% (;*(;$% 

"$#?"*/."-+%17-/0 !%-/0 5 ,/$(*/#+%--&. ,R!(./0 ?*('*%. !(5,(1&Q "$#?*"#-( ,/5-%-

9%+/ #"*"!-R *(5.R*/ 9%#+/-($, &$R *(5#R<<+7 #,R+1(. 
 

 

Kontush S.M., Mandel V.E., Churashov V.P., 

Moysa A.A., Zemlianykh Yu.P. 

Optical multi-angle granulometry in suspensions 
 

SUMMARY 
The cuvetteless method hydrosols granulometry study based on laser radiation scattering 

indicatrix analysis was proposed. A mathematical processing of experimental data by known 

software use allowed to determine quickly the mean size of suspended particles. 
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