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Zakład Konserwacji Malarstwa i Rzeźby Polichromowanej UMK

Badania nad skutecznością  
metody elektrofizycznej  
w zwalczaniu wilgotności kapilarnej 
malowideł ściennych*

Wprowadzenie
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#%+0."10!9)$0,%&4! 3",".5+7! 03)89'8757! ,06./",5+)1/"! ("30#"$0#%81)!
/!$)#)10.)!0#"+!*#+),-$"./010!'+%-&"1)!.%1/&/!3","T!/!.1/0-&/?

Geneza podjętych badań

L2<10#0,1)!+1/-+5+)1/"!9"(0./,)>!65/)11%5;!.%1/&"87!+!A"&$'D!<)!A'1&=
5801'87!01)!.!65/->%9!+./7+&'!+!"#5;/$)&$'#7!/!6#0,0./-&/)9!1"$'#"(1%9D!
+!&$2#%9/!$.0#+7!8),106U!"#$%-$%5+17!/!9"$)#/"(17?!H01-)#."$0#+%!5+4-$0!
-*0$%&"87! -/4! +!*#03()9)9!1",9/)#1)8!./(:0$1065/!0$05+)1/"! +"3%$&2.D!
"!*#+),)!.-+%-$&/9!+!./(:05/7!*0,5/7:"17!&"*/("#1/)!*#+)+!9'#%!3',0.(/?
G#+%5+%1%!$):0!-$"1'!#+)5+%!1"()<%!-+'&"U!1/)!$%(&0!.!03)51%5;!5+"=

-"5;D! "()! $"&<)!.!*#+)-+>065/?! /4&-+06U! 3',0.(/!9'#0."1%5;D! *0.-$"=
>%5;!*#+),!&0T5)9!VPV!./)&'D!1/)!9"!/+0("58/!*0+/09%5;?!P+0("58)!$"&/)!
1"!$)#)1/)!G0(-&/!$.0#+010!1"8*/)#.!+!.%&0#+%-$"1/)9!3/$'92.!.!*0>0=
./)!VPV!./)&'W?!X"! -+)#-+7! -&"(4! +"5+4$0! 8)! -$0-0."U!,0*/)#0!.! ("$"5;!
WY?!VV!./)&'Z?! Q#"&! /+0("58/! *0+/09)8! ('3! 8)8! ,):#","58"D! *0>75+01"! +)!
+8"./-&/)9!*0,5/7:"1/"!&"*/("#1):0!.0,%!+!:#'1$'D!$0!03)51/)!8),)1!+!1"8=
*0."<1/)8-+%5;!5+%11/&2.!1/-+5+75%5;!9"(0./,>"!65/)11)?!G01/)."<!*0(/=
5;#09/)!65/)11)!-$"10./7!90#A0(0:/5+17!8),106U!+)!-.0/9!*0,>0<)9D!-7!
1"#"<01)!1"!$)!-"9)!5+%11/&/!1/-+5+75)!50!5">%!+)-*2>!+"3%$&0.%D!+!&$2=
#%9!-7!+/1$):#0."1)?!J>%!-$"1!+"5;0."1/"!*0(/5;#09//!8)-$!5+4-$0!./,05+=
1%9!#)+'($"$)9!*08"./)1/"!-/4!1",9/)#1)8!./(:05/!.!-$#'&$'#+)!"#5;/$)&=

)()&$#01/5+1"ID! B#9"!E[NEG@\! -$0-0."17! *05+7$&0.0! 1"+.4! F9)$0,"! :)09"=
:1)$0;%,#0,%1"9/5+1"I!+9/)1/>"!1"!1"+.4!F9)$0,"!:#".09":1)&/1)$%5+1"I?!R/#=
9"! P]@G@\!'<%."!1"+.%!F9)$0,"!)()&$#0B+%5+1"ID!"!.!(/$)#"$'#+)!+1"8,'8)9%!
8)-+5+)! 0&#)6()1/)! F9)$0,"! )()&$#09":1)$%5+1"I?  !1/1/)8-+%9! "#$%&'()! *0-$"10=
./010!*0->':/."U!-/4! $)#9/1)9!F9)$0,"!)()&$#0B+%5+1"ID +:0,1/)!+!0&#)6()1/)9D!
8"&/)!+0-$">0!'<%$)!*#+)+!,#!/1<?!K"#/4! )-0>0.-&7!.!*#"5%!,0&$0#-&/)8!*$?! *>%.!
+).14$#+1):0!*0("!)()&$#09":1)$%5+1):0!1"!&/1)$%&4!*#05)-'!1"./(:"5"1/"!/!.%-%=
5;"1/"!&09*0+%$'!5)#"9/5+1):0D!1"*/-"1)8!*0,!&/)#?!*#0A?!,#?!;"3?!G/0$#"!H()99"D!
Q%,:0-+5+^_2,M!C```?
 

W! a3"bD!!"#$% &'()*'+,-. %&/%0()1 *'203 &4.5.6*% 6 7.-%03+3, 6, 6"',8+3) 9:;: "<D!FG#+)=
.0,1/&!L0(1/5+%!/!G#+)9%->0.%ID!CcZcD!-?!CYZ?
 

Z! S?!E,"90.-&/D!S?!d0("D!J?!K"$&0.-&/D!!".$0,42 ",4.+(.6, '%630-.*.+2*= 4.+)-

4,+(%0+2*= .$3,>(#6 $%".>.62*=D!FL)10."58)!/!J"3%$&/ID!WYYeD!1#!CD!-?!CZY?
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$01/5+1)8?!H>0*0$(/."!./(:0U! 8)-$!03)51"!*#+),)!.-+%-$&/9!.!03-+"#"5;!
-7-/",'875%5;! +! :#'1$)9D! 1"! &$2#%9! 8)-$! *0-",0./01"! 3',0.("?! ]#'1$!
'$#+%9'8)!.0,4!.)!.-+%-$&/5;!*0-$"5/"5;D!"!'9/)-+5+01%!.!1/9!A'1,"=
9)1$! 3)+! /+0("58/D! ('3! +! '-+&0,+017! /+0("587D! 8)-$! )()9)1$)9! +"./(:"5"=
1/"!9'#2.?! 0,"!&"*/("#"9/!*#+)9/)-+5+"!-/4!1"8*/)#.!.!-"9%9!:#'15/)D!
"!*0$)9!.!9'#"5;!3',%1&'?!P1$)1-%.106U!*0,5/7:"1/"!&"*/("#1):0!+"()<%!
0,!./)('!'."#'1&0."TD!"!*#+),)!.-+%-$&/9!0,!-"9):0!:#'1$'D!."#'1&2.!
:#'1$0.0=.0,1%5;D!0*",2.!"$90-A)#%5+1%5;D!-*0-03'!'<%$&0."1/"D!#0=
,+"8'!/!-$"1'!$)5;1/5+1):0!9'#2.?! 0,"!.!*0-$"5/!*"#%D!5/)5+%!('3!(0,'!
8)-$!*0."<1%9!+":#0<)1/)9!&01-$#'&58/!/!-'3-$"158/!+"3%$&0.%5;?!G#+)1/=
&"875!,0!9"$)#/">2.!*0#0."$%5;D! '#'5;"9/"!1/-+5+75)!*#05)-%!B+%5+1)D!
5;)9/5+1)!/!3/0(0:/5+1)D!&$2#)!5+4-$0!.%-$4*'87!.)!.+"8)91%9!*0./7+"=
1/'!*#+%5+%10.0=-&'$&0.%9?
G#23"! (/&./,"58/! 5+%11/&2.! *0.0,'875%5;! +"./(:05)1/)! &"*/("#1)!

*#+%-*"#+"! ,'<0! $#',1065/D! :,%<! 1/)8),10&#0$1/)!.%9":"! +"-$0-0."1/"!
-&09*(/&0."1%5;!$)5;10(0://?!S),105+)61/)!9'-/!3%U!,0*"-0."1"!,0!*0=
$#+)3! /1,%./,'"(1%5;!,"1):0!03/)&$'!+"3%$&0.):0! /! 8):0!A'1&58/?!f'<"!
#2<10#0,106U!9)$0,!/!6#0,&2.!,0!+."(5+"1/"!./(:05/!&"*/("#1)8!-*#"./"D!
<)!&01-)#."$0#!+"3%$&2.!-$0/!*#+),!&01/)5+1065/7!.%30#'!/!3/)#+)!+"!1/)=
:0!0,*0./),+/"(106U?
J! *#03()9)9! #0+():>%5;! +1/-+5+)T!9"(0./,)>! 65/)11%5;D! .%.0>"=

1%5;! +"./(:05)1/)9!3',0.(/! ,#0:7! &"*/("#17D! "'$0#! -*0$%&">! -/4!./)(0=
&#0$1/)!.!-.08)8!*#"&$%5)!&01-)#."$0#-&/)8g!1"!$)#)1/)!G0(-&/!.!03/)&$"5;!
-"&#"(1%5;!.!O'9/)!*0,!_45+%57D!.!h&#+"$'-+'D!.!i)#1/&"5;!/!.!H5%1/?!
f%1"9/&"! +1/-+5+)T! +"./(:0501%5;!&"*/("#1/)!*0(/5;#09//! 3%>"!*0,03=
1"!9/90!#2<1):0!'-%$'0."1/"!03/)&$2.D!A'1&58010."1/"!.!0,9/)11%5;!
."#'1&"5;!6#0,0./-&0.%5;!/!#2<1/5!.!$)5;1/5)!.%&01"1/"?
 ! 0-$"$1/9! -$'()5/'! *#+)*#0.",+010! ./)()! 3","T! 1",! 9)$0,"9/!

3(0&0."1/"!./(:05/!&"*/("#1)8! /!0-'-+"1/"!9'#2.!+"3%$&0.%5;!3',0.(/?!
@,!*05+7$&'!VV!./)&'!0*#"50."10!/!.,#0<010!./)()!+!1/5;D!&$2#)!5+"-!
8'<! +.)#%B&0.">?!X/)&$2#%5;! $)5;1/&! 5">&0./5/)! +"1/)5;"10! +! *0.0,'!
/5;!-+&0,(/.065/D!+".0,1065/D!+3%$!,'<%5;!1"&>",2.!*#"5%!/!&0-+$2.!5+%!
$#',1065/!.!+"-$0-0."1/'?!P11)!'()*-+"10D!$.0#+010!/5;!0,9/"1%!.!+"=
()<1065/!0,!3/)<75%5;!0,&#%U!.!,+/),+/1/)!5;)9//!/!B+%&/?!X/)+.%&()!,%=
1"9/5+1%!#0+.28!.!,+/),+/1/)!$)5;10(0://!9"$)#/">2.!/!10.05+)-1)8!"*"=
#"$'#%! 1"-$7*/>! $"&<)!.! 0-$"$1/5;! ,+/)-/7$&"5;! ("$?!X/)9"(<)! #2.10():()!



Solida Lim42

*08"./>%!-/4!,./)!#2<1)!$)5;10(0:/)?!G/)#.-+"!+!1/5;!$0!/1."+%81)!9)$0,%!
/1/)&5%81)D!.%&0#+%-$'875)!10.)!6#0,&/!5;)9/5+1)!/!$)5;1/&/!/5;!"*(/&"58/!
j("$"!kY?!VV!./)&'l?!f0!,#':/)8!:#'*%!1"()<7!1/)/1."+%81)!9)$0,%!.%=
&0#+%-$'875)!+8"./-&"!+!,+/),+/1%!B+%&/!+/)9/D!,+/">"875)!1"!'&>",!:#'1$^ 
^9'#D!.!1/1/)8-+)8!*#"5%!0&#)6("1)!8"&0!9)$0,%!)()&$#0B+%5+1)!j("$"!cY?!
VV!./)&'l?
X"!$)#)1/)!G0(-&/!9)$0,4!)()&$#0B+%5+17!+"5+4$0!,%1"9/5+1/)!.,#"=

<"U!.!("$"5;!`Y?!VV!./)&'?! >"61/)!.!$%9!5+"-/)!.!"#5;/&0():/"5/)!.!O'=
9/)! *0,! _45+%57D! :,+/)!9"(0./,>"! 65/)11)! .%9":">%! /1$)#.)158/! &01=
-)#."$0#-&/)8D! "'$0#! *0! #"+! */)#.-+%! +)$&17>! -/4! +! "*"#"$'#7! -$0-0."17!
.!9)$0,+/)! )()&$#0B+%5+1)8?!E*"#"$!.! 03',0./)! +! &0-+"!./&(/10.):0D!
'-$"./01%!.!*03(/<'!*0(/5;#09//D!9/">!1"!5)('!1/)/1."+%81)!+"3(0&0."1/)!
*0,5/7:"1/"! &"*/("#1):0!.0,%! 1/-+5+75)8! -'3-$"1584! +"3%$&0.7?! ! $%9!
-"9%9!5+"-/)D!.!-"1&$'"#/'9!9"#%81%9!.!h&#+"$'-+'D!+0-$">!+"901$0=
."1%!*0,031%!"*"#"$?
J"#2.10!-"9"!"*"#"$'#"D!8"&!/!1/)+1"1"!3(/<)8!9)$0,"!.%,">"!-/4!/1=

$)#)-'875"!+!*'1&$'!./,+)1/"!&#%$)#/2.!&01-)#."$0#-&/5;D!*#+),)!.-+%-$=
&/9! 1/)/1."+%81065/?! X0."! $)5;10(0:/"! 0&"+">"! -/4! +":",&7! 1".)$! ,("!
$%5;D!&$2#+%!+"5+4(/!87!.,#"<"U!.!G0(-5)D!.%&0#+%-$'875!"*"#"$%!/9*0#$0=
."1)!+!m'#0*%!J"5;0,1/)8D!:,+/)!9)$0,4!$4!-$0-0."10!0,!$#+%,+/)-$'!("$?!
h*#+),".5%!10.)8!$)5;10(0://!1/)!*0$#"B(/!0,*0./),+/)U!1"!*0-$"./01)!
*#+)+)!91/)!*%$"1/"! 0! +"-",4!,+/">"1/"! "*"#"$2.D! /5;! -&'$)5+106UD! 5+"-!
$#."1/"!*#05)-'!0-'-+"1/"!/!.*>%.!1"!*0(/5;#09/4?! !A"5;0.)8!(/$)#"$'=
#+)! /!1"!&01A)#)158"5;!1"'&0.%5;! #0+:0#+">"!0-$#"!*0()9/&"!*09/4,+%!
+.0()11/&"9/!/!*#+)5/.1/&"9/!10.)8!9)$0,%?!X/)!-*0-23!3%>0!1/)!+"'."=
<%U!*0("#%+"58/!,%-&'$"1$2.!.!+"()<1065/!0,!-$0-0."1)8!/!*#0*010."1)8!
$)5;10(0://?! J.0()11/&09!9)$0,%! )()&$#0B+%5+1)8! +"#+'5"10! -+)#+)1/)!
*-)',01"'&/D!3"+'875)8!1"!1/)6./",09065/!/!90$%."58/!&09)#5%81)8?!G#0=
.",+01)!.!H#"&0./)D!.! "#-+"./)!/!.!Q%,:0-+5+%!3","1/"!1",!$)5;1/&7!
)()&$#0B+%5+17!3%>%!'&/)#'1&0."1)!*#+),)!.-+%-$&/9!1"!#0+*0+1"1/)!-"=
9):0!+8"./-&"!B+%5+1):0?!Q#"&!8),10+1"5+1%5;!.1/0-&2.!+!$%5;!"1"(/+!
-*#"./>D! <)!./)()!0-23! -5)*$%5+1/)!0,1/0->0! -/4!,0! $)8!9)$0,%D! "!1".)$!
-$">0! -/4! 8)8! +":0#+">%9/! *#+)5/.1/&"9/?!f0,"$&0.%9! "#:'9)1$)9! ,("!
1/5;!3%>"!1/)',"1"!*#23"! -&01-$#'0."1/"!*0(-&/):0!*#0,'&$'!0*"#$):0!
1"!.+0#"5;!+"5;0,1/5;?!L0+90.%!+!&01-)#."$0#"9/!/!/1.)-$0#"9/!'8".=
1/>%!$"&<)!,'<7!1/)'A106U!,0!1/)+1"1)8!9)$0,%?
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G/)#.-+)! B#9%! 0A)#'875)! 0-'-+"1/)!9'#2.!9)$0,7! )()&$#0B+%5+17!
.!G0(-5)!+!5+"-)9!+"*#+)-$".">%!,+/">"(1065/D!"!.!/5;!9/)8-5)!*08"./">%!
-/4!10.)D!*#0*01'875)!$%(&0!/9*0#$0."1)!"*"#"$%!+!*"$)1$)9?!
G01/<)8!*#+),-$"./010!:>2.1)!'#+7,+)1/"!,0-$4*1)!1"!*0(-&/9!#%1=

&'?!h'9'875D!1"()<%!-$./)#,+/UD!<)!9)$0,"!)()&$#0B+%5+1"!0,!*05+7$&'!3'=
,+/>"! &01$#0.)#-8)?!G0! 5+465/! +)!.+:(4,'!1"! -.28! $"8)91/5+%D! 5;#01/01%!
*"$)1$)9!5;"#"&$)#D!*0!5+465/! +)!.+:(4,'!1"!&01&'#0."1/)!B#9!+"89'=
875%5;!-/4!0-'-+"1/)9!3',%1&2.!/11%9/!9)$0,"9/?!Q","1/"!*#0.",+01)!
.5+)61/)8!9?/1?! *#+)+! ,#!K?! )-0>0.-&7! +! EOL!.!Q%,:0-+5+%! ,".">%!
.%1/&/!*0+%$%.1)D!"!.!/11%5;!*#+%*",&"5;!1):"$%.1)?! !$#"&5/)!#)"(/+"58/!
$)8!*#"5%!0&"+">0!-/4D!<)!1):"$%.1)!.%1/&/!,"87!+".-+)!3","1/"!*#0.",+0=
1)!1"!-+$'5+1%5;!9'#"5;!.!."#'1&"5;! ("30#"$0#%81%5;?!G0$./)#,+"87! $0!
$"&<)!3","1/"!,#!K?! )-0>0.-&/)8?!X/)!90<)!3%U!/1"5+)8D!:,%<!+!/-$0$%!$)8!
9)$0,%!.%1/&"D!<)!3","1/"!90<1"!*#0.",+/U!$%(&0!3+ &3()D!.!03/)&5/)!+./7=
+"1%9!+!+/)9/7?!f("$):0!.5+)61/)8-+)!3","1/"!-7!035/7<01)!3>4,)9!9)$0=
,0(0:/5+1%9!/!1/)!90<1"!/5;!'+1"U!+"!03/)&$%.1)!/!9/"#0,"81)?! !+./7+=
&'! +! $%9! 3","1/"D! &$2#)! *#+)*#0.",+/>)9! 1"! 03/)&$"5;! #+)5+%./-$%5;D!
+!8),1)8!-$#01%!*0+.0(/>%!.%*#"50."U!*#"./,>0.7!9)$0,%&4!&01$#0(/!-$"=
1'!3',%1&'!0-'-+"1):0!9)$0,7!)()&$#0B+%5+17D!+!,#':/)8!+"6!^!3","1/"!
*#0.",+01)! 1"! *#+)-$#+)1/! ./)('! ("$! *0+.0(/>%D! +.>"-+5+"! .! *#+%*",&'!
H5%1/D!,03#+)!05)1/U!03/)&$!/!*#05)-%D!&$2#)!.!1/9!+"5;0,+/>%?

Opis urządzeń osuszających  

tzw. metodą elektrofizyczną oferowanych  

na polskim rynku

 ! G0(-5)! -7! -$0-0."1)! '#+7,+)1/"! 0*"$)1$0."1)! .! E'-$#//D! h+."85"#//!
/! R#"158/?!  ! E'-$#//! 0*#"50."10! /! 0*"$)1$0."10! -%-$)9%! E[NEG@\!
/!E[NEhO@G?!X"!*/)#.-+%9!+!1/5;!.!G0(-5)!0*"#$0!9)$0,4! P]@=
POL

n?! K0,%B&"587! E[NEG@\N! -7! dofL@G@\EL! /! E[NEXOe?! 
G#0,'&$)9!-+."85"#-&/9! 8)-$!+!&0()/! -%-$)9!L@Xf@K! mD!*#0,'&0=

 
n! K)$0,"! P]@G@\!8)-$!-$0-0."1"!*#+)+!B#94!E1"&09!+!H#"&0."?

 
e! K?! )-0>0.-&"D!?0,>(".@'2*'+% 4,(.A% .&)&'%+3% 4)"#6D!FK"$)#/">%!Q',0.("=

1)ID!C``kD!1#!pD!-?!nC^nWq!)",)9D! *>%.!+).14$#+1):0!*0("!)()&$#09":1)$%5+1):0?
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."1%!/!-$0-0."1%!0,!*05+7$&'!("$!cY?D!"!.!G0(-5)!.%&0#+%-$%."1%!0,!*0=
5+7$&'!("$!`Y?! )!R#"158/!,+/">"!-%-$)9!KNL=OL@XPrD!&$2#%9!0-'-+010!
*01",!WeYY!3',%1&2.D!.!$%9!(/5+1)!03/)&$%!+"3%$&0.)?! !G0(-5)!-%-$)9!
$)1!8)-$!-$0-0."1%!0,!Ck!("$p?

Metoda AQUAPOL

J8"./-&"D!.!.%1/&'! &$2#%5;! ,05;0,+/! ,0! 3(0&0."1/"!./(:05/! &"*/("#1)8!
.!9'#"5;D!B#9"!E[NEG@\!0&#)6(/>"!8"&0!9":1)$00-90+4!/!9":1)$0A0=
#)+4D!"!1"-$4*1/)!8"&0!9":1)$0&/1)+4?!G0,-$".%!$)8!$)0#//!-7!+"."#$)!.!*#"=
5"5;!B+%&"!X/&0(/!O)-(/kD!&$2#)!*2M1/)8!#0+./17>!/!0*"$)1$0.">!.!C`ce!#0&'!

 
p! h%-$)9!L01,09!/!K'#=$#01/5!-7!-$0-0."1)!.!G0(-5)!*#+)+!B#94!QOK!,#?!

L%-+"#,"!S'#&/)./5+"!+! "#-+".%?!G/)#.-+)!'#+7,+)1/)!L01,09!+0-$">0!+"-$0-0."1)!
)&-*)#%9)1$"(1/)!.!H#"&0./)!.!"*$)5)!*#+%!*(?! 0(1065/D!8)-/)1/7!C`c`!#?!G#0,'5)1=
$)9!'#+7,+)1/"!L@Xf@K! m! 8)-$! -+."85"#-&"!B#9"!r0'A"(=)()&$#01/5-D! A#"15'=
-&/):0!KNL=OL@XPr!^!B#9"!]mr@?
 

k! X/&0("!O)-("!jCcep^C`nZl!^!.%1"("+5"!.!,+/),+/1/)!)()&$#%5+1065/?!N#0,+0=
1%!.!S':0->".//D!.%&-+$">5)1/)!+,03%>!1"!G0(/$)5;1/5)!.!]#"+'!/!1"!N1/.)#-%$)5/)!
G#"-&/9?!G#"50.">!8"&0!/1<%1/)#!.!$)()A01//!.!G#",+)!/!G"#%<'?!@*#"50.">!/!.%&01">!
*#0$0$%*!10.):0!#0,+"8'!-/(1/&"!3)+!&09'$"$0#"D!,+/">"875):0!1"!+"-",+/)!./#'875)=
:0!*0("!9":1)$%5+1):0!.%$."#+"1):0!*#+)+!./)(0A"+0.)!*#7,%!+9/)11)?! !m'#0=
*/)! 8):0!.%1"("+)&!1/)!.+3',+/>!+"/1$)#)-0."1/"D!.!+./7+&'!+!5+%9!O)-("!.%)9/=
:#0.">!,0!h$"12.!J8),105+01%5;!.!Cccn!#?!/!$"9!*#+)+!*)./)1!5+"-!.-*2>*#"50.">!
+!O09"-+)9!m,/-01)9?!G2M1/)8!+">0<%>!.>"-1)!("30#"$0#/'9D!.!&$2#%9!0*#"50.">!
*"$)1$%!1"!-/(1/&!./)(0A"+0.%D!,%1"9"D!$#"1-A0#9"$0#%!,0!&09*()$1):0!-%-$)9'!*#7=
,'!+9/)11):0?! !&0T5'!-*#+),">!-.08)!F./)(0A"+0.)I!*"$)1$%!+"!C!9(1!s!])0#:0=
./! )-$/1:;0'-0./D! &$2#%! +030./7+%.">! -/4! ,0! *>"5)1/"!.%1"("+5%! $"1$/)9?!@3"8!
*"10./)!,0*#0.",+/(/!,0!'+1"1/"!3)+*/)5+)T-$."!*#7,'!+9/)11):0D!,+/4&/! 5+)9'!
+"5+7>! 01!3%U!.%&0#+%-$%."1%!1"! 5">%9! 6./)5/)?! "#$0! $'!.%9/)1/U! (/5+1)! 5/)&"=
.)!#)"(/+"58)!X/&0(/!O)-(/g!06./)$()1/)!$"#:2.!.!r;/5":0D!)()&$#0.1/"!.0,1"!1"!.0=
,0-*",+/)!X/":"#"D! +"/1-$"(0."1/)! -%-$)9'! *#7,'! +9/)11):0!.! &0*"(1/"5;! -#)3#"!
.!H0(0#",0?! #"+!+)!.+#0-$)9!+1"5+)1/"!*#+)9%->'!)()&$#0)1)#:)$%5+1):0!3%>!*#0=
90."1%!*#+)+!9),/"D!"<!1"!*#+)>09/)!VPV!/!VV!.?!-$">!-/4!$"&!->".1%!8"&!m,/-01?!
\/5+1)!-7!$"&<)!.%1"("+&/!#0+./1/4$)! /!0*"$)1$0."1)!.)!.>"-1%9!("30#"$0#/'9!1"!
K"1;"$$"1/)g! '#+7,+)1/"! )()&$#%5+1)! 0*"#$)! 1"! .%-0&01"*/45/0.%5;! *#7,"5;! .%=
-0&/)8!5+4-$0$(/.065/D!5+%(/!5).&"! /1,'&5%81"!+."1"!5).&7!O)-(/D! #",/0D!06./)$()1/)D!
*#09/)1/0."1/)!V!/!)()&$#0$)#"*/"?! %1"("+&/!+!,+/),+/1%!.%-0&/)8!5+4-$0$(/.065/!+0=
-$">%! +/:10#0."1)!*#+)+!.-*2>5+)-17! $)5;10(0:/4D!*0,031/)! 8"&! $'#3/1"! $"()#+0."!
/!0,3/0#1/&!,"#90.)8!)1)#://!j,+/6!1"+%."1)8!0,1"./"(17l!^!+03?!B,'3+6%'2C+2 &2&(,4 
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"'-$#/"5&/! /1<%1/)#!  /(;)(9! K0;0#1c?! N#+7,+)1/"! 9)$0,%! E[NEG@\!
-&>","87!-/4!+!./7+&/!,#'$2.!9/),+/"1%5;!'9/)-+5+01%5;!.!#2<1%5;!03'=
,0."5;!j/(?!Cl?!G#"5'87!01)!3)+!+"-/("1/"D!"!)1)#:/4!5+)#*/7!+!,0-$4*1):0!
.-+4,+/)!*0("!)()&$#09":1)$%5+1):0!J/)9/?! ! $)1!-*0-23!.%$."#+"! -/4!
*0()!)()&$#09":1)$%5+1)D!0,*0./),1/0!-*0("#%+0."1)D!0!9">%9!1"$4<)=
1/'D!&$2#)!'&/)#'1&0.'8)!5+7-$)5+&/!.0,%D!0,.#"5"!)()&$#%5+1%!*0$)158">!
9'#'!/!.%.0>'8)!#'5;!5+7-$)5+)&!.0,%!.!&/)#'1&'!J/)9/?
L%-'1)&! C! 038"61/"D! .! 8"&/! -*0-23! ,+/">"! *#+%&>",0.)! '#+7,+)1/)!

E[NEG@\!+"901$0."1)!.!-"1&$'"#/'9!9"#%81%9!.!h&#+"$'-+'`?
E3%!'#+7,+)1/)!*#"50.">0!*#"./,>0.0D!B#9"!.%9":"!*#+)-$#+):"1/"!

&/(&'!."<1%5;!+"-",D!9/"10./5/)g
^! '#+7,+)1/)!1"()<%!5;#01/U!*#+),!1",9/)#1%9!+"&'#+)1/)9D
^! '#+7,+)1/)!9'-/!3%U!'+/)9/01)D
^! !.!5)('!05;#01%!*#+),!+"&>25)1/"9/!1"()<%!+:>0-/U!$)5;1/&0./!M#2=
,>"!-90:'!)()&$#%5+1):0! j(0,2.&/D! $)()./+0#%D!1","81/&/!0!.%-0=
&/5;! 5+4-$0$(/.065/"5;l! 0#"+! 9/)8-5"! /1-$"("58/! )()&$#%5+1%5;! ('3!
.0,1%5;!.!-$#)B)!*030#'!)1)#://!/!8)8!*#+)$."#+"1/"CY?

Metoda AQUASTOP

 !C``W!#0&'!"'-$#/"5&"!B#9"!E[NEhO@G!H'3"()&=H';"()&!+! /),1/"!
',0-$4*1/>"!,0!3","T! %,+/">0./!Q',0.1/5$."!E&",)9//!O)5;1/5+10=

.&)&'%+3% 4)"#6 DEFD!GH I1 !.0&>% J!KD!0*#"50."1/)!#)&("90.0=/1A0#9"5%81)!
B#9%!E[NEG@\D!-?!Z?
 

c!  /(;)(9!K0;0#1!^!"'-$#/"5&/! /1<%1/)#! j.)!.5+)61/)8-+%5;!'(0$&"5;!B#90=
.%5;!+1"8,0.">"! -/4! /1A0#9"58"!0!+"/1$)#)-0."1/"5;! #",/)-$)+%81%5;!*?!K0;0#1"lD!
&$2#%!0,1/2->!-'&5)-!8"&0!.%1"("+5"!.!,+/),+/1/)!.%&0#+%-$"1/"!)1)#://?!@*#"50.">!
-%-$)9!0-'-+"1/"!9'#2.!3)+!.%&0#+%-$"1/"!*#7,'!)()&$#%5+1):0D!+"!&$2#%!0$#+%9">!
1":#0,4! *"T-$.0.7! ^!9),"(!H"*("1"?!J">0<%>! B#94!E[NEG@\!9"8757! 03)51/)!
*#+),-$"./5/)(-$."! .! &/(&'! *"T-$."5;! )'#0*)8-&/5;g! r+)5;"5;D! X/)95+)5;D!  >0=
-+)5;D! /)(&/)8!Q#%$"1//D!h+."85"#//D!L'9'1//D!S':0->".//D!1"!h>0."58/D! 4:#+)5;!/!1"!
\/$./)?! !G0(-5)!B#9"!A'1&5801'8)!0,!WYYZ!#?!^!+03?!/3/,)9?
 

`! J!*0.0,2.!)-$)$%5+1%5;!-$0-0."1)!$%*%!03',0.%!-7!$#',1)!,0!+""&5)*=
$0."1/"!*#+)+!&01-)#."$0#2.!+"3%$&2.D!:,%<!1/)!&."(/B&'87!-/4!01)!,0!+"./)-+)1/"!
.!./,05+1%5;!9/)8-5"5;D!1*?!.!03/)&$"5;!-"&#"(1%5;?
 

CY! P3/,)9D!-?!c?



Solida Lim46

=L0(1/5+)8!.!Q%,:0-+5+%!8),)1!"*"#"$!0-'-+"875%!$%*'!EeWYCC?! !$"&/!-*0=
-23!.!G0(-5)!*08"./>"!-/4!$)5;10(0:/"!)()&$#0B+%5+1"!0*#"50."1"!*#+)+!
,#':7!B#94!"'-$#/"5&7?!E*"#"$%!.%&0#+%-$%."1)!.!$)8!9)$0,+/)!-7!+"-/=
("1)!*#7,)9!+9/)11%9!WWY!tD!9"87!9">7!905!j9"u?!WY! l!/!1/)./)(&/)!
.%9/"#%!j/(?!Wl?
X"!#%-?!W!*#+),-$"./"10!-5;)9"$!3(0&0.%!'#+7,+)1/"?!m()9)1$!-$)#'=

875%!jWl!8)-$!+"-/("1%!+!+"-/("5+"!jCl!0!1"*/45/'!-$">%9!Zp!t?!J"-/("5+!-&>","!
-/4!+!$#"1-A0#9"$0#"!/!'&>",'!*#0-$0.1/&"!+!&01,)1-"$0#"9/!B($#'875%9/?!
X"*/45/)!-$">)!8)-$!,0*#0.",+01)!,0!'#+7,+)1/"!-$)#'875):0!+"!*09057!
&"3("!,.'3/):'10.):0!+)!+>75+)9!.$%&0.%9?!X"*/45/)!-$">)!+"-/("!'&>",!
0-5%("$0#"!jZl!.!5)('!.%$.0#+)1/"!/9*'(-'!*03',+"875):0!0!."#$065/!*0=
9/4,+%!C!d+^eY!&d+?! %$.0#+01)!.!0-5%("$0#+)!*'(-'875)!1"*/45/)!-$">)!
+0-$"8)!,0*#0.",+01)!+"!*09057!,.25;!)()&$#%5+1%5;!*#+).0,2.!,0!
03.0,'!#)+01"1-0.):0!jnlD!&$2#%!0-5%('8)!+!.>"-1%9!#)+01"1-)9!.!-*0=
-23!*'(-"5%81%!$>'9/01%?!@3.2,!#)+01"1-0.%!8)-$!*0>75+01%!.!-*0-23!
)()&$#%5+1/)!*#+).0,+75%!+!&"$0,7!+3/0#5+7! jkl!+"!*09057!)&#"10.):0!
*#+).0,1/&"!jpl!*#+)+!*#0-$0.1/&!:)#9"10.%CW?
E*"#"$%!901$'8)!-/4!$"&D!"3%!*#09/)T!,+/">"1/"!)9/$0."1%5;!A"(!)()&=

$#09":1)$%5+1%5;!0387>!5">%!3',%1)&?!K/)8-5"!901$"<'!$0!*#+),)!.-+%-$=
&/9!65/"1%!*/.1/5!('3!^!.!*#+%*",&'!3',0.(/!3)+!*/.1/5!^!65/"1%!*"#$)#'?!
 !*/)#.-+)8!A"+/)!)9/$0."1)!*#+)+!"*"#"$!*0()!)()&$#09":1)$%5+1)!+9/)=
1/"!&/)#'1)&!9/:#"58/!./(:05/! +!9'#'!&'!:#'1$0./D!1"$09/"-$!.!,#':/)8!
A"+/)!'#+7,+)1/)!*)>1/!8'<!A'1&584!3(0&",%!*#+)5/../(:05/0.)8!/!+"*03/)=
:"!*010.1)9'!*0,5/7:"1/'!&"*/("#1)9'?!J!3","T!.%&01"1%5;!1"!EOL!
.!Q%,:0-+5+%!.%1/&"D!<)!)9/$0."1)!A"()!)()&$#09":1)$%5+1)!0!,>':065/!
A"(! #",/0.%5;!:)1)#'87!*0()! )()&$#%5+1)?!K)$0,"! $"!.%&0#+%-$'8)! +8"./=
-&0!)()&$#00-90+%! /!.%&"+'8)!-&'$)5+106U!.!9/)8-5"5;!3)+*06#),1/):0!
'-$"./)1/"!"*"#"$2.?!G#05)-!0-'-+"1/"!$7!9)$0,7!.),>':!,"1%5;!#)&("90=
.%5;!$#."!0,!&/(&'!9/)-/45%!,0!$#+)5;!("$CZ?

 
CC! N(0$&"!/1A0#9"5%810=#)&("90."!B#9%!E[NEhO@GD!-?!C?

 
CW! a3"bD!L2&(,42 +%M"%6*',D!FL)10."58)ID!WYYYD!1#!nD!-?!CWn?

 
CZ!  ?! 0M1/5&/D!N,(.A2 .&)&'%+3% 3 3'.0%*C3D! FL)10."58)! /!J"3%$&/ID! WYYZD!1#! ZD!

-?!CCW?
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Metoda WIGOPOL®

@#%:/1"(1%! -%-$)9!0-'-+"1/"!9'#2.! P]@G@\! 8)-$! $"&<)! "'-$#/"5&/9!
.%1"("+&/)9!+!5+$)#)9"!"'-$#/"5&/9/!*"$)1$"9/?!K)$0,"!+0-$">"!.*#0."=
,+01"!1"!#%1)&!"'-$#/"5&/!1"8*/)#.!.!C`cY!#0&'D!"!.!("$"5;!C`ceD!C`cpD!
C`ck! /! WYYC! '+%-&">"! &0()81)! *"$)1$%! "'-$#/"5&/)?!@+1"5+)1/)! F P]@=
G@\v!^!K"')#)1$A)'5;$'1:-=h%-$)9I -$"10./! :."#"1584! 0#%:/1"(1):0!
*#0,'&$'D!&$2#%!.!+"-",+/)!8)-$!*05;0,17!-%-$)9'!E[NEhO@G?! !G0(=
-5)!9)$0,4!.*#0.",+/>"!B#9"!E1"&09!-?5?!+!H#"&0."!.!C``W!#0&'?
K)$0,"! P]@G@\!,+/">"D!.%&0#+%-$'875!*#"."!B+%&/!J/)9/?!K/"=

10./5/)! '#+7,+)1/)! .%$."#+"! 9/4,+%! -.087! "1$)17! j3/):'1! ,0,"$1/l!
"! :#'1$)9D! &$2#%! 8)-$! +".-+)! 3/):'1)9! '8)91%9D! ->"3)! +9/)11)! *0()!
)()&$#09":1)$%5+1)?!J"!*09057!$"&/):0!*0("!1"-$4*'8)!3)+*06#),1/)!0,=
,+/">%."1/)!1"!5+7-$)5+&/!.0,%D!&$2#)!+0-$"87!*#+%5/7:1/4$)!*#+)+!'8)9=
1/)!1">",0."1%!:#'1$?! 0,"!+0-$"8)!.%*#0.",+01"!+!9'#'!,.09"!,#0=
:"9/?!J!:>430&/5;!."#-$.!9'#'!9/:#'8)!&"*/("#"9/!.!&/)#'1&'!:#'1$'D!
"!+!."#-$.!*0./)#+5;1/0.%5;!.%*"#0.'8)?!
h%-$)9! P]@G@\v!.!$#"&5/)!.,#"<"1/"!/!03-)#."58/!'+%-&/."1%5;!

)A)&$2.!+0-$">!+90,%B&0."1%?! !*/)#.-+%9!)$"*/)!-$0-0."10!'#+7,+)=
1/"D! &$2#)! 1/)! 3%>%! +"-/("1)! *#7,)9?!@31/<">%! 01)! *0+/09! &"*/("#1):0!
+"./(:05)1/"!9'#2.D! "()! 1/)! :."#"1$0.">%! -$">)8! -&'$)5+1065/! ,+/">"1/"!
-%-$)9'?!f("$):0!.!,#':/9!)$"*/)!0*#"50."10!"*"#"$%!10.)8!:)1)#"58/!^!
)()&$#01/5+1)!j/(?!Zl?
E*"#"$%! )()&$#01/5+1)! *#"5'87! +"-/("1)! 9/1/9"(1%9/! ,".&"9/! +)=

.14$#+1)8!)1)#://D!,0-$"#5+"1)8!.!A0#9/)!*#7,'!)()&$#%5+1):0?!r;"#"&$)=
#%+'87!-/4!01)!5/7:>%9!/!#2.109/)#1%9!-*0-03)9!*#"5%D!.!.%1/&'!5+):0!
0,,+/">'87!5/7:()!1"!5+7-$)5+&/!.0,%?
K/)8-5)!901$0."1/"! "*"#"$2.! 8)-$! +1"1)! $%(&0! $)5;1/&09! ,/":10=

+'875%9!03/)&$D!5;05/"<!:)1)#"(1/)!.!$)8!9)$0,+/)!"*"#"$%!$)!-*0$%&"!-/4!
.!:2#1%5;!*"#$/"5;!3',0.(/D!1*?!1"!*0,,"-+'?

Metoda elektroniczna – MUR-TRONIC i RONDOM WE

K)$0,"!)()&$#01/5+1"!.%&0#+%-$'8)!+8"./-&0!*0.-$"."1/"!*0("!)()&$#%5+=
1):0!.!+"./(:0501%9!1"!-&'$)&!*0,5/7:"1/"!&"*/("#1):0!9'#+)?!m()&$#0=
9":1)$%5+1)!*0("!+/)9-&/)D!030&!-/>!&"*/("#1%5;!/!)()&$#00-90$%5+1%5;D!



Solida Lim48

.*>%."87!1"!.+10-+)1/)!-/4!&"*/("#1)!.0,%!.!-$#'&$'#+)!*0#0."$)8?!L2<=
1/5"!*0$)158">'D!8"&"!*0.-$"8)!9/4,+%!,0(17!j+"./(:05017l!"!:2#17!j-'5;7l!
*"#$/7!9'#'D!.!03)51065/!*0("!)()&$#09":1)$%5+1):0!90<)!-*0.0,0."U!
.%-$7*/)1/)!1"*/45/"!#+4,'!nYY^eYY!9t?!G#+%!$"&/5;!."#$065/"5;!1"*/45/"!
.0,"!90<)!+0-$"U!.+1/)-/01"!.!9"$)#/"()!3',0.("1%9!1"!.%-0&06U!0&0=
>0! W!9?!X)'$#"(/+"58"! *2(! )()&$#09":1)$%5+1%5;!*0.0,'8)! -*",)&! $):0!
1"*/45/"!,0!CYY!9t!8'<!*0!'*>%./)!&/(&'!:0,+/1!/!*0.-$#+%9'8)!*0,5/7=
:"1/)!&"*/("#1)!.0,%?!K)$0,"!)()&$#01/5+1):0!0-'-+"1/"!9'#2.!*0():"!
.>"61/)!1"!.%$.0#+)1/'!&01$#"*2(!)()&$#09":1)$%5+1%5;D!&$2#)!9"87!+"!
+","1/)!.%)(/9/10."1/)!#2<1/5%!*0$)158">'!.%-$4*'875):0!.!-%-$)9/)!&"=
*/("#1%9!9'#'Cn?!f+/4&/!#0+.080./!10.05+)-1)8!$)5;10(0://!+0-$">!-&01=
-$#'0."1%! )()&$#01/5+1%! "*"#"$! )9/$'875%! /9*'(-%! )()&$#09":1)$%5+1)?!
S):0!0,,+/">%."1/)!1"!*0.-$">)!.!+"./(:0501%9!9'#+)!*0()!)()&$#%5+1)!
9"! *#0.",+/U!.! )A)&5/)! ,0! 0-'-+)1/"!9'#2.! /! -$.0#+)1/"! 3(0&",%! ,("!
./(:05/!&"*/("#1)8?
N#+7,+)1/"! -$0-0."1)! .! 9)$0,+/)! )()&$#01/5+1)8! -7! *#0,'&0."1)!

.!#2<1%5;! $%*"5;D! #2<1/7! -/4!+"-/4:/)9!,+/">"1/"! /! 5+4-$065/7!:)1)#0."=
1%5;! /9*'(-2.?! X"! #%1&'! -7! 03)51)! ,."! $%*%! '#+7,+)Tg! KNL=OL@=
XPr! *#0,'&58/! A#"15'-&/)8! /! L@Xf@K!  m! *#0,'&58/! -+."85"#-&/)8?!
J"&#)-! 0,,+/">%."1/"! )()&$#01/5+1):0! -%-$)9'! 0-'-+"1/"! 1/)! 0:#"1/5+"!
-/4!,0!0&#)6(01)8!*>"-+5+%+1%!5+%!*0+/09'?!@3)89'8)!01!.-+%-$&/)!9'#%!
+1"8,'875)! -/4! .! *0('! ,+/">"1/"D! "<! ,0! *0+/09'! *0-",0./)1/"?! h%-$)9!
$)1! (/&./,'8)!*#+%5+%14!+8"./-&"D! 8"&/9!8)-$!&"*/("#1)!*0,5/7:"1/)D!"!1/)!
$%(&0!8):0!)A)&$D!8"&/9!8)-$!.0,"!.!&"*/("#"5;?! "#'1&/)9!$):0D!3%!0-'=
-+01)!9'#%!*0+0-$">%!$#."()!-'5;)D! 8)-$!*0+0-$"./)1/)!-%-$)9'!1"!-$">)!
.!03/)&5/)?!G#+),!901$"<)9!'#+7,+)T!1"()<%!,0&>",1/)!+3","U!-$0*/)T!
+"./(:05)1/"!9'#2.!/!'-$"(/UD!5+%!8)-$!010!.%1/&/)9!*0,5/7:"1/"!&"*/("#=
1):0?! "<17!5)5;4!.%9/)1/01%5;!-%-$)92.!-$"10./!90<(/.06U!901$"<'!
3)+!&01/)5+1065/!.%&01%."1/"! 8"&/5;&0(./)&!*#"5!3',0.("1%5;D!50!8)-$!
-+5+):2(1/)! /-$0$1)!.!*#+%*",&'!03/)&$2.!+"3%$&0.%5;!^! $'! /1:)#)158"!
.!-'3-$"1584!+"3%$&0.7!8)-$!+".-+)!,%-&'-%81"?! !#"+/)!#)+%:1"58/!+!9)=

 
Cn! L?! S'#&/)./5+D! f0&'9)1$"58"! $)5;1/5+1"D! B#9"! QOK! S'#&/)./5+! Q","1/"D!

O)5;10(0:/)D!K"$)#/">%q!/,)9D!L2&(,4 7.+A.4 O? P ,0,>(".+3*'+, .&)&'%+3, 4)"#6D!FK"=
$)#/">%!Q',0.("1)ID!C``kD!1#!WYcD!-?!nYq!/,)9D!L2&(,4 7.+A.4 O? P ,0,>(".+3*'+, .&)&'%-

+3, 4)"#6D!FR0#9"$%ID!C``cD!1#!CD!-?!kn?
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$0,%!,)5%+8"!$"!1/)!*05/7:"!+"!-037!<",1%5;!&01-)&.)158/!$)5;1/5+1%5;!
^!9'#%!*0+0-$"87!1/)1"#'-+01)?
m()&$#01/5+1%! -%-$)9! 0-'-+"1/"! 90<)! 3%U! -$0-0."1%! .! 9'#"5;!

0!1/)8),10#0,1%9!-&>",+/)! j1*?!9'#%!./)(0."#-$.0.)lD!+"#2.10!5):("=
1%5;D! 8"&! /! &"9/)11%5;D! "! '#+7,+)1/"! 1/)! -$"10./7! +":#0<)1/"! ,("! (',+/!
/!6#0,0./-&"?!!J"-","!,+/">"1/"!$)8!9)$0,%!*0():"!1"!90,%B&"58/!>",'1=
&2.!)()&$#%5+1%5;!.!&"*/("#"5;!*#+)+!1)'$#"(/+"584!-/>%!.+10-+75)8!90=
()&'>%!.0,%!.! :2#1)! *"#$/)!9'#'?!X"*/45/)! *0./)#+5;1/0.)!.0,%D! 8"&!
#2.1/)<!&7$!9)1/-&'!.!&"*/("#"5;!+0-$"87!+90,%B&0."1)?!h%-$)9!#0+./8"!
&01$#*0()!)()&$#09":1)$%5+1)!/!0,.#"5"!1/9!-/>4!*#+%5/7:"1/"!0,,+/">'87=
57!1"!.0,4?! +10-+)1/)!.0,%!.!9'#+)!+0-$"8)!+(/&./,0."1)?!X"$09/"-$!
-"9!9'#!'():"!F,)*0("#%+"58/ID!.!.%1/&'!5+):0!1/)!90<1"!8'<!-$./)#,+/U!
<",1%5;!-/>!/!1"*/4U!)()&$#%5+1%5;!03)51%5;!.!9'#+)?
 >"65/.065/!,%1"9/5+1)!.0,%!.!&"*/("#"5;!$"&<)!+0-$"87!+90,%B&0=

."1)?!r)(!$)1!0-/7:"!-/4!.!*#"&$%5)!*#+)+!+"-$0-0."1/)!03.0,2.!)()&$#0=
1/5+1%5;!0!3"#,+0!,'<)8!5+'>065/?! !*#+%*",&'!"*"#"$'!KNL=OL@XPr!
j/(?!nl!)1)#:/"!1/)+34,1"!,0! 8):0!+"-/("1/"! 8)-$!5+)#*"1"!+!+/)9-&/5;!*2(!
)()&$#09":1)$%5+1%5;?! K"! ."#$06U! #+4,'! &/(&',+/)-/45/'! 9/&#0.0($2.!
/! 8)-$! .%-$"#5+"875"?! P-$0$1%! 8)-$! A"&$D! <)! .! *#+%*",&'! "*"#"$2.!KNL=
=OL@XPr!.%-$"#5+%! 3"#,+0! ->"3"! )1)#:/"D! "3%! +90,%B&0."U! >",'1)&!
)()&$#%5+1%! 90()&'>%! .0,%D! &$2#"! +"5;0.'8)! -/4! 8"&! ,/*0(! )()&$#%5+1%?!
G#05)-!$)1!1/)!9"!1/5!.-*2(1):0!+!*#05)-)9!)()&$#00-90+%D .%9":"87=
5%9!+"-$0-0."1/"!+1"5+1/)!./4&-+)8!/(065/!)1)#://D!"3%!.*#0.",+/U!.0,4!
.!#'5;!.!&/)#'1&'!,0(1)8!*"#$//!9'#'?
L%-'1)&!Z!*#+),-$"./"!:#"B5+1/)!A'1&58010."1/)!'#+7,+)1/"!KNL=

=OL@XPrD! &$2#)! -*)>1/"! ,./)! A'1&58)g! A'1&584! 0,3/0#5+7! /! A'1&584!
1",".5+7?!R'1&58"!0,3/0#5+"!-&>","!-/4!+!03.0,2.!)()&$#01/5+1%5;!.%=
#):'(0."1%5;! 1"! 5+4-$0$(/.06U! *2(! +/)9-&/5;?! m1)#:/"D! &$2#"! *05;0,+/!
+! #)+01"1-'D!*0+."("!+"-/(/U! A'1&584!1",".5+7?!h7! $0!5+4-$0$(/.065/!RCD!
RW!/!RZ!j1"!#%-'1&'!8)-$!*#+),-$"./01"!5+4-$0$(/.06U!RCl?!R'1&58"!1",".=
5+"!'#+7,+)1/"!)9/$'8)!&0$#*0()!0!5+4-$0$(/.065/!0,*0./","875)8!*0*#+),=
1/0!.%9/)1/01%9D!"()!+,)A"+0."1)!0!CcYw!RxCD!RxW!/!RxZ!j1"!#%-'1&'!8)-$!
*#+),-$"./01)!RxCl?!O0!0,.#25)1/)!A"+%!,"8)!.!)A)&5/)!*#+)5/.-$"./)1/)!
A"+D!"!$0!+!&0()/!*0.0,'8)!1)'$#"(/+"584!>",'1&2.!)()&$#%5+1%5;!.!9'#+)?!
K)$0,"!)()&$#01/5+1"!L@Xf@K! m!+0-$">"!0*#"50."1"!/!0*"$)1=

$0."1"!*#+)+!*0(-&7!B#94!FQOK!S'#&/)./5+I?!L2<1/5"!9/4,+%!0*/-"1%9!



Solida Lim50

.%<)8!"*"#"$)9!*0():"!1"!$%9D!<)!.!$%9!*#+%*",&'!8)-$!.%9":"1)!+"-/=
("1/)!*#7,)9!)()&$#%5+1%9?!f>':0$#.">)!,+/">"1/)!'#+7,+)1/"!.!03/)&5/)!
-$"10./!3(0&",4!*#+),!&"*/("#1%9!.+10-+)1/)9!./(:05/!.!-$#'&$'#+)!&"=
*/("#10=*0#0."$)8!9'#'!/!*)>1/!.!$)1!-*0-23!A'1&584!/+0("58/!*0+/09)8?

***

X"()<%!*0,&#)6(/UD!<)!3"#,+0!$#',10!8)-$!0-'-+%U!/,)"(1/)!3',%1)&!+"./(=
:0501%?!H"<,"!9)$0,"!9"!-.08)!+"()$%! /!.",%?!X/)91/)8! 8),1"&!.%32#!
9)$0,%!3(0&'875)8!+"./(:05)1/)!9'#2.!/!9"(0./,)>!65/)11%5;!9'-/!3%U!
3)+.+:(4,1/)! *0*#+),+01%! *#+)*#0.",+)1/)9! &09*()&-0.%5;! 3","T!
/!*09/"#2.D!9"875%5;!1"!5)('!'-$"()1/)!*#+%5+%1!/!#0+9/"#'!*0.-$">):0!
+"./(:05)1/"?!X/)+34,1"!8)-$!.-$4*1"!./),+"!1"!$)9"$!03/)&$'!8"&0!5">0=
65/D!"!./45! 8):0!."#'1&2.!:#'1$0.0=.0,1%5;D! A'1,"9)1$2.D!-$#'&$'#%!
9'#2.D!#0,+"8'!+"*#".D!"!$"&<)!$)5;10(0://!/!$)5;1/&!-"9%5;!9"(0./,)>?

Cele i założenia badań

Q","1/"! 1",! -&'$)5+1065/7! 9)$0,%! )()&$#0B+%5+1)8! *#+)*#0.",+010!
+!*0+%58/!&01-)#."$0#"!,+/)>!-+$'&/!-&015)1$#0."1):0!1"!05;#01/)!9"(0=
./,)>!65/)11%5;!.%&01"1%5;!1"!*0,>0<'!9'#0."1%9?!K/">%!01)!1"!5)('!
'-$"()1/)D!5+%!9)$0,"!)()&$#0B+%5+1"!8)-$!-&'$)5+1"!/!5+%!90<1"!87!+"-$0=
-0."U!.!#2<1%5;!$%*"5;!*0,>0<%!&01-$#'&5%81%5;!9"(0./,)>!65/)11%5;?!
G0-+'&/."10!0,*0./),+/!1"!1"-$4*'875)!*%$"1/"g

! C?! r+%!9)$0,"!8)-$!-&'$)5+1"y
! W?! !r+%! -*)>1/"! &#%$)#/"! &01-)#."$0#-&/)g! 1/)/1."+%8106UD! 0,.#"5"(=

106UD!,>':0$#.">06U!,+/">"1/"y
! Z?! ! ! 8"&/9! 5+"-/)! 90<1"! '+%-&"U! ."#$065/! *09/"#0.)! 5;"#"&$)#%=

-$%5+1)!,("!9'#'!-'5;):0y
! n?! !r+%!#0+./7+'8)!*#03()9!+"-0()1/"!9"(0./,)>!65/)11%5;y
! e?! !r+%! '90<(/./"! /1:)#)158)! &01-)#."$0#-&0=#)-$"'#"$0#-&/)! .! -'3=

-$"1584!9"("#-&7!*0,5+"-!*#"5%!'#+7,+)1/"y
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Charakterystyka metodyki badawczej  

i uzyskane wyniki

Q","1/"! *#+)*#0.",+010! ,.'$0#0.0g! ("30#"$0#%81/)! ^! 1"! *#+%:0=
$0."1%5;! 90,)("5;! 9'#2.! 5):("1%5;! *0&#%$%5;! *0(/5;#09/7D! 0#"+!
.!03/)&$"5;!+"3%$&0.%5;D!.!&$2#%5;!+1"8,0.">%!-/4!*0(/5;#09/)!65/)1=
1)!.%&01"1)!.! #2<1%5;! $)5;1/&"5;! /! *05;0,+75)! +! #2<1%5;!0&#)-2.!
;/-$0#%5+1%5;?
f0! 3","T! ("30#"$0#%81%5;! *#+%:0$0."10! 90,)()! 9'#2.! *0&#%=

$%5;!*0(/5;#09/"9/!/9/$'875%9/!*0,>0<"!/!9"(0./,>"!65/)11)!.!#2<1%5;!
$)5;1/&"5;?!G0!+"/1-$"(0."1/'!"*"#"$'!E[NEG@\!.!*03(/<'!90,)(/!*0!
0&#)-/)! $#+)5;! /! -+)65/'!9/)-/45%!1/)!+"03-)#.0."10!)A)&$'!3(0&0."1/"!
*0,5/7:"1/"! &"*/("#1):0?!X"$09/"-$! 1"! *0./)#+5;1/! ."#-$.%!9"("#-&/)8!
*08"./>%!-/4!(/5+1)!&0(01/)!3"&$)#//! /!:#+%32.D!-$0-0.1/)!,0!*0,>0<"D!1"!
8"&/9!.%#0->%!j/(?!el?
Q","1/"!$)#)10.)!*#+)*#0.",+010!.!9'#0."1%5;!03/)&$"5;!"#5;/=

$)&$01/5+1%5;D!&$2#)!-*)>1/">%!&01/)5+1)!,0!"1"(/+!&#%$)#/"g
! ^! !3%>%!+"./(:0501)!&"*/("#1/)D
! ^! !1/)!0-'-+"10!/5;!/11%9/!9)$0,"9/D!50!3%>0!&01/)5+1)!,0!'+%-&"=

1/"!./"#%:0,1%5;!.%1/&2.!)&-*)#%9)1$'?
f0!3","T!+"-$0-0."10!,."!"*"#"$%!.%&0#+%-$'875)!+8"./-&"!)()&$#0=

B+%5+1)g
^! !"*"#"$!B#9%!E[NEG@\!j*#0,?!"'-$#/"5&/)8lD
^! !"*"#"$!L@Xf@K! m!nYY=h!j*#0,?!-+."85"#-&/)8lD!+"-/("1%!)1)#=
:/7!)()&$#%5+17?

G09/"#%! &01$#0(1)! +"."#$065/! ./(:05/! *05+7$&0.)8! /! &0T50.)8!
.!'&>",+/)!9'#^$%1&^9"(0./,>0!.%&01"10! +"!*09057!9)$0,%!,/)()&=
$#%5+1)8D! '<%."875! "*"#"$'!dP]L@OmhO! peYY! j*#0,?! 1/)9/)5&/)8l?! G0=
1",$0!*#0.",+010!03-)#."584!*0./)#+5;1/!9"(0./,>"!*0,5+"-!*#05)-'!
.%-%5;"1/"!*0,!&7$)9!+9/"1!0*$%5+1%5;! j).)1$'"(1"!&#%-$"(/+"58"! -0(/D!
+9/"1%!3"#.1)l?!
f0!3","T!.%$%*0."10!1"-$4*'875)!03/)&$%g!

! C?! E#5;/&0():/"$"!.!O'9/)!*0,!_45+%57!^!VPP!./)&D
! W?! !h"1&$'"#/'9!K"$&/! Q0<)8! Q0()-1)8! .! h&#+"$'-+'! ^! &01/)5! VtPP! 

./)&'D



Solida Lim52

! Z?! !H065/2>!*.?!X"#0,+)1/"!XKG!.!i)#1/&"5;!^!Vt!./)&D
! n?! H#'<:"1&/!0,*'-$0.)!.!H5%1/!^!VtPPP!./)&?

Tum pod Łęczycą

K'#%!&0():/"$%!.!O'9/)!*0,!_45+%57!+0-$">%!+"./(:0501)!&"*/("#1/)!,0!
0&0>0! CZz?!{#2,>)9!+"./(:05)1/"! 3%>"!.0,"! :#'1$0."! /! #0+*#0-+01"D!
*05;0,+75"! +! 1/)-+5+)(1):0! ,"5;'! /! -*4&"1%5;! 9'#2.?! f0! +"./(:0=
5)1/"! &065/0>"! *#+%5+%1/>! -/4! #2.1/)<! *0*#0.",+01%! .+,>'<! 65/"1! &"=
1">!0,.",1/"875%D!&$2#%!.*#0.",+">!.0,%!0*",0.)!.*#0-$!,0!9'#2.?!
 !3","1/"5;!.%&0#+%-$"10!"*"#"$!B#9%!E[NEG@\?! %&01"10!5+$)#%!
&01$#0(1)!*09/"#%!./(:0$1065/0.)!9'#2.D!.!$#+)5;!*'1&$"5;D!1"!*/45/'!
.%-0&065/"5;!0,!*0+/09'!*0-",+&/!j#%-?!nl?
Q","1/"!.%&"+">%D!<)!*0!Cp!9/)-/75"5;!0,!+"/1-$"(0."1/"!"*"#"$'!+"=

./(:05)1/)!9'#2.! +91/)8-+%>0! -/4?!X"8./4&-+7!./(:0$106U! -$./)#,+010!
1"!.%-0&065/!CWY!59!0,!*0-",+&/D!*01/)."<!.0,"!/1."+%81"!1"*>%.">"!
5/7:()!*#+)+!-*4&"1)!9'#%!&065/0>"! /!1/)-+5+)(1065/!1"!-$%&'!,"5;^9'#?!
X"!'+%-&"1)!.%1/&/!9/">%!1/).7$*(/./)!.*>%.!/11)!M#2,>"!+"./(:05)1/"?
 %1/&/!*09/"#2.!*0&"+'87!8),1"&D!<)!1".)$!.!$"&!$#',1%5;!."#'1=

&"5;!8"&!03)5106U!,0,"$&0.%5;!M#2,)>!+"./(:05)1/"!"*"#"$!*#+%5+%1/>!-/4!
,0!+91/)8-+)1/"!+"./(:05)1/"!9'#2.!,+/4&/!3(0&0."1/'!*0,5/7:"1/"!&"=
*/("#1):0?!G#05)-!3(0&0."1/"!&"*/("#1):0!+0-$">!*#+)#."1%!.-&'$)&!'-'=
1/45/"!"*"#"$'!*#+)+!'<%$&0.1/&"!03/)&$'?! !$)8!-%$'"58/!1/)!90<1"!3%>0!
*#0.",+/U!,"(-+%5;!3","T?

Sanktuarium w Skrzatuszu

J"./(:05)1/)!9'#2.!3%>0!-*0.0,0."1)!'&-+$">$0."1/)9!$)#)1'D!#0,+"=
8)9!:#'1$'!/!-$0*1/)9!8):0!+"./(:05)1/"!0#"+!1/)*#"./,>0.0!*#+)*#0."=
,+01%9/!#)901$"9/!j+">0<01)!5)9)1$0.)!$%1&/!1"!.%-0&065/!C!9!*01",!
*0-",+&7!.).17$#+!&065/0>"l?
G09/"#%! &01$#0(1)! ./(:0$1065/! 9'#2.! *#+)*#0.",+010! .! ("$"5;!

C``p^C``kD!.%&0#+%-$'875!"*"#"$!+"/1-$"(0."1%!*#+)+!B#94!E[NEG@\?!
Q","1/"!*#+)*#0.",+010!.!,.25;!*'1&$"5;!1"!.%-0&065/!nY!59!/!cY!59!
0,!*0-",+&/D!*01/<)8!3"#0&0.%5;!9"(0./,)>?
G/)#.-+)!*09/"#%!./(:0$1065/!9'#'!.%&"+">%!8):0!-/(1)!+"./(:05)1/)!

0!."#$065/! CZ^Cnz?!H0()81)! *09/"#%! &01$#0(1)! ,0./0,>%! -&'$)5+1065/!
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3(0&0."1/"!*0,5/7:"1/"!&"*/("#1):0!*#+)+!+"/1-$"(0."1%!"*"#"$?! !5/7:'!
Cn!9/)-/45%! *0+/09!./(:05/! +0-$">! 031/<01%! ,0!."#$065/! &("-%B&'875)8!
9'#%!8"&0!6#),1/0!+"./(:0501)D!5+%(/!,0!e^cz?! /4&-+06U!./(:05/!+0-$">"!
'&/)#'1&0."1"!,0!:#'1$'D!"!1/)./)(&"!8)8!5+46U!0,*"#0.%.">"!*0./)#+5;=
1/7!9'#'D!*01",!*0-",+&7!&065/0>"?!X/)!&01$%1'0."10!,"(-+%5;!3","TD!
:,%<!"*"#"$!+0-$">!'-'1/4$%!*#+)+!'<%$&0.1/&"?

Kościół w Żernikach

X"!.%-0&065/!CeY!59!0,!*0+/09'!*0-",+&/!.%-$4*0.">%!+1/-+5+)1/"!$%1=
&2.!-*0.0,0."1)!*0,5/7:"1/)9!&"*/("#1%9?!J"./(:0501%9!9'#09!.)=
.17$#+!&065/0>"!$0."#+%-+%>! /1$)1-%.1%!+"*"5;!-$45;(/+1%?!G09/"#%!./(=
:0$1065/!3)+.+:(4,1)8!9'#2.!.%&01"10!.!,.25;!*'1&$"5;D!1"!5+$)#)5;!
#2<1%5;!.%-0&065/"5;?
G0!-$./)#,+)1/'!+1"5+1):0!+"./(:05)1/"!9'#2.!*0,!5;2#)9!+"901=

$0."10!"*"#"$!E[NEG@\!1"!0&#)-!We!9/)-/45%?
Q","1/)!*05+7$&0.)!.%&"+">0!-/(1)!+"./(:05)1/)!9'#2.?!G0!,.25;!

9/)-/75"5;!0,!+"901$0."1/"!"*"#"$'!E[NEG@\!-$./)#,+010!031/<)1/)!
-/4!+"./(:05)1/"!9'#2.?!G0!We!9/)-/75"5;!*#"5%!"*"#"$'!+"."#$06U!./(:05/!
.!9'#"5;!031/<%>"!-/4!,0!Z^nz!./(:0$1065/!3)+.+:(4,1)8D!"!.!-$0-'1&'!
,0!."#$065/!*05+7$&0.)8!031/<%>"!-/4!0!0&0>0!kYz?! %1/&!$)1!'+1"10!+"!
3"#,+0!,03#%?
E*"#"$!E[NEG@\!*0!,.25;!("$"5;!*#"5%!.%$.0#+%>!3(0&",4!*#+)=

5/.&"*/("#17!.!9'#+)?! /(:0UD!&$2#"!1/)!+0-$">"!'&/)#'1&0."1"!*010.=
1/)!,0!:#'1$'D!1"$'#"(1/)!.%*"#0.">"!+!*0#2.!/!&"*/("#!9'#'!9"$)#/">'!
3',0.("1):0?!K0<1"!*#+%*'-+5+"UD!<)!.!$#"&5/)!0-'-+"1/"!9'#'!*).1"!
/(06U!#0+*'-+5+01%5;!.!.0,+/)!-0(/!+0-$">"!F+)*5;1/4$"I!,0!:#'1$'D!,+/4=
&/!5+)9'!&#%-$"(/+"58"!1"!*0./)#+5;1/!."#-$.%!9"("#-&/)8!3%>"!1/)./)(&"?

Krużganki odpustowe w Kcyni

G09/"#%! &01$#0(1)! +"./(:05)1/"!9'#2.!.%&01"10!.! ,.25;! 0,():>%5;!
0,!-/)3/)!*'1&$"5;D!1"!$#+)5;!:>430&065/"5;!j/(?!pl?
Q","1/"! *05+7$&0.)D! .%&01"1)! *#+),! +"901$0."1/)9! "*"#"$'!

L@Xf@K! m!nYY=hD!.%&"+">%!-/(1)!+"./(:05)1/)!9'#2.!,05;0,+7=
5)!,0!Cnz?!G01",$0!.!*0./)$#+'!'$#+%9%.">"! -/4!.%-0&"!./(:0$106U!



Solida Lim54

-*#+%8"875"!&01,)1-"58/!1"!+/91%5;!*0./)#+5;1/"5;!9"(0./,)>D!*0-",+=
&/! /!0&/)1?! S'<!*0!069/'!9/)-/75"5;!*0,5/7:"1/)!&"*/("#1)! +0-$">0! +"=
3(0&0."1)D!"!-$0*/)T!+"./(:05)1/"!9'#2.!031/<%>!-/4?!H0()81)!*09/"#%!
&01$#0(1)!.%&"+">%!$)1,)1584!-*",&0.7?!G0!W`!9/)-/75"5;!*#"5%!"*"#"$'!
+"."#$06U!./(:05/!.!9'#"5;!031/<%>"!-/4!,0!."#$065/!0&0>0!ZzD!50!1"()=
<%!'+1"U!+"!.%1/&!3"#,+0!,03#%?!O"&/!-$"1!./(:0$1065/!.!9'#"5;!0&#)6("!
-/4!8"&0!,0*'-+5+"(1%!/!&("-%B&'8)!9'#!8"&0!F-'5;%I?!J)-$"./)1/)!*09/"=
#'!*05+7$&0.):0!/!0-$"$1/):0!*0&"+">0D!<)!+"."#$06U!*#05)1$0."!.0,%!
.!9'#+)!+0-$">"!031/<01"!0!0&0>0!cez?
E*"#"$!L@Xf@K! m!nYY=h!*0!,.25;! ("$"5;! /!*/45/'!9/)-/75"5;!

*#"5%!.%$.0#+%>!3(0&",4!*#+)5/.&"*/("#17!.!9'#+)D!&$2#7! $#."()!'$#+%=
9'8)?!G0+0-$">"!1/)./)(&"!+"."#$06U!./(:05/!.!9'#"5;D!&$2#"!1/)!+0-$"=
>"!'&/)#'1&0."1"!*010.1/)!,0!:#'1$'D!1"$'#"(1/)!.%*"#0.">"!+!&"*/("#!
9'#'! /! ."#-$.%! 9"("#-&/)8?! G#05)-! 0-'-+"1/"! *#+)3/):">! 1/)*#+)#."1/)!
/!>":0,1/)D!1/)!*0.0,'875!":#)-%.1)8!&#%-$"(/+"58/!-0(/!1"!*0./)#+5;1/!9"=
(0./,)>!65/)11%5;?

J"03-)#.0."10! $"&<)!*#"./)!5">&0./$%!+"1/&!&01,)1-"58/!*"#%!.0,=
1)8!1"!+/91/)8-+%5;!*0./)#+5;1/"5;!3',0.(/?! !&#'<:"1&"5;!0,*'-$0.%5;!
.!H5%1/!+"/1-$"(0."1%!"*"#"$!*#"5'8)!8'<!0,!CY!("$?! !$%9!5+"-/)!+#)"(/+0=
."10!*#"5)!&01-)#."$0#-&0=#)-$"'#"$0#-&/)!*#+%!,+/)-/45/'!h$"58"5;!f#0:/!
H#+%<0.)8?!G#+)+!5">%!$)1!0&#)-!1/)!+"03-)#.0."10!1/)*0&0875%5;!+9/"1!
1"!*0./)#+5;1/!&01-)#.0."1%5;!*0(/5;#09//?
E*"#"$'#"!9)$0,%!)()&$#0B+%5+1)8!.%$.0#+%>"!*#+)*014!*#+)5/../(=

:05/0.7!0!5)5;"5;!,>':0$#.">):0!A'1&58010."1/"?

Wnioski

Q","1/)!-&'$)5+1065/!9)$0,%!)()&$#0B+%5+1)8!1"!*#+%:0$0."1%5;!90,)=
("5;!0&"+">0! -/4!1/)-&'$)5+1)?!K">)!90,)()!9'#2.!1/)!0,+./)#5/),("87!
#)"(1%5;! +8"./-&! /! 5+%11/&2.!.%-$4*'875%5;!.! 03/)&$"5;! +"3%$&0.%5;?!
X"$09/"-$!.!*#+%*",&'!.-+%-$&/5;! 03/)&$2.! #+)5+%./-$%5;D!.! &$2#%5;!
+"/1-$"(0."10!"*"#"$%D!+"03-)#.0."10!.*>%.!,+/">"1/"!$%5;!'#+7,+)T!1"!
*#05)-!3(0&0."1/"!*0,5/7:"1/"!&"*/("#1):0!.0,%!.!9'#"5;?!G#+)*#0."=
,+01)!3","1/"!*0+.0(/>%!-A0#9'>0."U!1"-$4*'875)!.1/0-&/g
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! C?! !K)$0,"!)()&$#0B+%5+1"!90<)!3%U!.%&0#+%-$%."1"!,0!3(0&0."1/"!
*0,5/7:"1/"!&"*/("#1):0!./(:05/!.!9'#"5;!*0&#%$%5;!9"(0./,>"9/!
65/)11%9/?

! W?! !K)$0,"!)()&$#0B+%5+1"!90<)!3%U!+"-$0-0."1"!.!*#+%*",&'D!&/)=
,%!/11)!9)$0,%!3(0&'875)!*0,5/7:"1/)!&"*/("#1)!-7!1/)90<(/.)!('3!
1/).-&"+"1)! ,0! '<%5/"?! ! *#05)-/)! 0-'-+"1/"! 9'#2.! *0&#%$%5;!
9"(0./,>"9/!65/)11%9/!9)$0,"! $"!90<)!3%U!'."<"1"!+"!'+'*)>=
1/)1/)!,0$%5;5+"-0.)8!0A)#$%?

! Z?! !K)$0,"! )()&$#0B+%5+1"!90<)! -&'$)5+1/)!3(0&0."U! 8),%1/)! +"./(=
:05)1/)!-*0.0,0."1)!*0,5/7:"1/)9!&"*/("#1%9!.0,%?! !5)('!5">=
&0./$):0!0-'-+)1/"!9'#2.!1/)+34,1)! 8)-$!'-'1/45/)! /11%5;!*#+%=
5+%1!+"./(:05)1/"!j*#+)5/)&"875%!,"5;D!1/),#0<1)!#%11%!/$*?l?

! n?! !K)$0,"!)()&$#0B+%5+1"D! -&'$)5+1/)!3(0&'875!+"./(:05)1/)!&"*/("#=
1)D!*0+."("!*#+%.#25/U!0*$%9"(1)!,("!9"(0./,)>!65/)11%5;!."#'1=
&/!./(:0$1065/0.)!.!0$05+)1/'D!#),'&'8)!+8"./-&0!&01,)1-"58/!*"#%!
.0,1)8!.).17$#+!03/)&$'!0#"+! (/&./,'8)!5">&0./5/)!1/)*#+%8)91%!
+"*"5;!-$45;(/+1%!.!*0./)$#+'!j)A)&$!03)51065/!,#0310'-$#082.l?

! e?! !K)$0,"!)()&$#0B+%5+1"!90<)!3%U!-$0-0."1"!.!03/)&$"5;!.%&"+'=
875%5;! +#2<1/50."1)! A0#9%! "#5;/$)&$01/5+1)! j9'#%! *)>1)D! &#'<=
:"1&/!/$*?lD!'$.0#+01)!+!#2<1%5;!9"$)#/">2.!3',0.("1%5;!j&"9/)TD!
5):>"D!+"*#".%l?

! p?! !r+"-! $#."1/"! *#05)-'! 0-'-+"1/"! 9'#2.! *0&#%$%5;! 9"(0./,>"9/!
65/)11%9/!*0! +"3(0&0."1/'!.+10-+)1/"! &"*/("#1):0!.0,%! +"()<%!
9/4,+%!/11%9/!0,!-$0*1/"!+"./(:05)1/"!9'#'!/!."#'1&2.!./(:0$=
1065/0.%5;!0$05+)1/"?

! k?! !K)$0,"!)()&$#0B+%5+1"!1/)! (/&./,'8)!5">&0./5/)!*#03()9'!&#%-$"=
(/+"58/! -0(/!1"!*0./)#+5;1/!."#-$.%!9"("#-&/)8!.!$#"&5/)!0-'-+"1/"!
9'#2.?! !*#+%-+>065/!1"()<">03%!+3","U!5+%11/&/!.*>%."875)!1"!
+"&#)-!/!-$0*/)T!":#)-8/!&#%-$"(/+'875%5;!-0(/!*0,5+"-!*#"5%!'#+7,+)T!
9)$0,%!)()&$#0B+%5+1)8?! !3","1/"5;!$%5;!$#+)3"!3%!'-$"(/UD!5+%!1"!
$0!+8"./-&0!.*>%."!#0,+"8!"*"#"$'D!5+%!'."#'1&0."1/"!B+%&05;)=
9/5+1)!.!-$#'&$'#+)!9"$)#/">2.!&"*/("#10=*0#0."$%5;?

! c?! !K)$0,"!)()&$#0B+%5+1"!*0+."("!1"!*#0.",+)1/)!*#"5!&01-)#."$0#=
-&0=#)-$"'#"$0#-&/5;!.!$#"&5/)!0-'-+"1/"!9'#2.?

! `?! !K)$0,"!)()&$#0B+%5+1"!-*)>1/"!.%90:/!&01-)#."$0#-&/)D!$"&/)!8"&g!
1/)/1."+%8106UD!0,.#"5"(106UD!,>':0$#.">%!)A)&$?



[56]

O"3?!C?!E#5;/&0():/"$"!.!O'9/)!*0,!_45+%57!^!.%1/&/!*09/"#2.!.!,1/'!Wk?Yn?C``n!#?

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

0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B C

:;'7) 11,91 12,78 <'

=;'7) 13,03 12,98 14,68

>;'7) 13,56 13,60 14,71

?;;'7) 14,30 13,88 X

?@;'7) 15,02 14,60 <'

A8)(B'CD 484B'@?E'/84B'?;

 *56B'9 484B'F:E'/84B'>=

0#6#.+' (#7G)-,1+

H1*+ @IB;:B?JJ:',B

V!^!*'1&$D!.!&$2#%9!1/)!.%&01"10!1"./)#$'!+)!.+:(4,'!1"!&"9/)T?

O"3?!W?!E#5;/&0():/"$"!.!O'9/)!*0,!_45+%57!^!.%1/&/!*09/"#2.!.!,1/'!Cc?Yc?C``e!#?

 !"#$#%&'(#)*+,-''
#.'6,-12-

0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B C

:;'7) 8,12 8,76 X

=;'7) 8,48 8,54 8,91

>;'7) 8,64 9,66 8,76

?;;'7) 13,76 13,72 X

?@;'7) 14,56 14,56 X

A8)(B'CD 484B'@KE'/84B'@?

 *56B'9 484B'=;E'/84B'=?

0#6#.+' L8/7G)-,1+

H1*+ ?>B;>B?JJF',B

V!^!*'1&$D!.!&$2#%9!1/)!.%&01"10!1"./)#$'!+)!.+:(4,'!1"!&"9/)T?

O"3?!Z?!h"1&$'"#/'9!K"$&/!Q0<)8!Q0()-1)8!.!h&#+"$'-+'!^!.%1/&/!*09/"#2.!*05+7$=
&0.%5;!.!,1/'!ZY?Ye?C``p!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

=;'7) 13,32 14,44

>;'7) 12,76 14,34

A8)(B'CD 484B'?IEIE'/84B'@;EI

 *56B'9 484B'FJE'/84B'=;



[57]

0#6#.+ "M#187/1+

H1*+ K;B;FB?JJ=',B

O"3?!n?!h"1&$'"#/'9!K"$&/!Q0<)8!Q0()-1)8!.!h&#+"$'-+'!^!.%1/&/!*09/"#2.!.!,1/'!
CW?Yc?C``k!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

=;'7) 7,01 8,01

>;'7) 5,16 6,23

A8)(B'CD 484B'?>EIE'/84B'@;

 *56B'9 484B'FIE'/84B'FJ

0#6#.+ "M#187/1+

H1*+ ?@B;>B?JJI',B

O"3?!e?!H065/2>!*.?!X"#0,+)1/"!XKG!.!i)#1/&"5;!^!.%1/&/!*09/"#2.!*#+),!+"=
901$0."1/)9!"*"#"$'!E[NEG@\!.!,1/'!Cn?Ye?C``k!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

:;'7) 13,54 12,98

=;'7) 12,56 12,78

>;'7) 11,34 11,33

?F;'7) 8,98 7,92

A8)(B'CD 484B'?JEIE'/84B'@?EI

 *56B'9 484B'FJE'/84B'=?

0#6#.+ "M#187/1+

H1*+ ?:B;FB?JJI',B

O"3?! p?!H065/2>!*.?!X"#0,+)1/"!XKG!.!i)#1/&"5;!^!.%1/&/!*09/"#2.!.! $#"&5/)!
*#"5%!"*"#"$'!E[NEG@\!.!,1/'!Wc?Yp?C```!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

:;'7) 4,27 3,02

=;'7) 3,34 2,55

>;'7) 2,56 2,01

?F;'7) 2,12 1,44

r/7:!,"(-+%!$"3?!Z



[58]

A8)(B'CD 484B'@;E'/84B'@K

 *56B'9 484B'I@E'/84B'I@

0#6#.+ (#'.8"/7/-

H1*+ @>B;=B?JJJ',B

O"3?!k?!H#'<:"1&/!0,*'-$0.)!*#+%!&065/)()!*.?! 1/)30.+/45/"!XKG!.!H5%1/!^!.%=
1/&/! *05+7$&0.%5;! *09/"#2.!./(:0$1065/0.%5;!9'#'! 0,! -$#01%!.-5;0,1/)8! jh$"=
58"!tPl!*#+),!+"901$0."1/)9!"*"#"$'!L@Xf@K! m!nYY=hD!.!,1/'!e?Yp?WYYY!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*'@F'7)

NMOL#$#%&'(#)*+,-'4')-,/8
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

?;'7) 13,5 14,2

?F'7) 12,8 13,7

@;'7) 13,6 14,2

A8)(B'CD 484B'?>E'/84B'?IEI

 *56B'9 484B':JE'/84B'F;

0#6#.+ "M#187/1+

H1*+ FB;=B@;;;',B

O"3?!c?!H#'<:"1&/!0,*'-$0.)!*#+%!&065/)()!*.?! 1/)30.+/45/"!XKG!.!H5%1/!^!.%1/=
&/!*09/"#2.!./(:0$1065/0.%5;!9'#'!*0!+"901$0."1/'!"*"#"$'!L@Xf@K! m!nYY=hD!
.!,1/'!WY?Yc?WYYW!#?

 !"#$#%&'(#)*+,-'#.'(#"+./$*'@F'7)

NMOL#$#%&'(#)*+,-'4')-,/8
0-1$2!'(#)*+,34'/+4*56#781*+'4'9

A B

?;'7) 3,4 3,2

?F'7) 2,9 2,8

@;'7) 2,9 2,7

A8)(B'CD 484B'@:E@E'/84B'@FEI

 *56B'9 484B'=?E'/84B'FF

0#6#.+ "M#187/1+

H1*+ @;B;>B@;;@',B

r/7:!,"(-+%!$"3?!p



[59]

L%-?! W?! h5;)9"$! 3(0&0.%!
9)$0,%!E[NEhO@G!90,)(!
CYYCD! +"g! &"#$"! $)5;1/5+1"!
0*#"50."1"!*#+)+!B#94! )=
&"9/g

C ^! +"-/("5+D! W! ^! '#+7,+)1/)!
-$)#'875)D! Z! ^! 0-5%("$0#D! n! ^!
03.2,!#)+01"1-0.%D!e!^!#)=
+01"$0#D!p!^!)&#"10.%!*#+)=
.0,1/&D!k!^!&"$0,"!+3/0#5+"

L%-?! C?! h5;)9"$! "&$%.1):0! '#+7,+)1/"!
E[NEG@\D! +"g! f0&'9)1$"58"! $)5;1/5+=
1"?! h"1&$'"#/'9! K"$&/! Q0<)8! Q0()-1)8D!
h&#+"$'-+D!-?!`!a9*-bg

d!^!.%-0&06U!0,!*0,>0:/!jC`Y!59lD
L!^!.%(/5+01%!*#09/)T!-$#)A%!*030#'!)1)#://!
jZnW!59lD!
R
C
!^!.%(/5+01%!*#09/)T!-$#)A%!*030#'!.#"<=

(/.)8!1"!)()9)1$%!+"&>25"875)!jCCn!59lD!
EC!^!0,():>06U!0,!-$#0*'!jCY!59lD!
EW! ^! *#09/)T! -$#)A%! *#+)$."#+"1/"! )1)#://!
9/)#+01%!0,!0-/!03',0.%!jnZ!59lD!
EZ!^!./)(&06U!-$#)A%!.+3#01/01)8!,("!9/)8-5!
,>'<-+):0!*#+)3%."1/"!jWWc!59l



[60]

L%-?!Z? G#+),-$"./)1/)!:#"B5+1)! A'1&58010."1/"! -%-$)9'!)()&=
$#01/5+1):0! KNL=OL@XPrD! +"g! L?! S'#&/)./5+D! m()&$#01/5+1%!
-%-$)9!0-'-+"1/"!9'#2.!9'#=$#01/5D!]mr@!E--)5;)9)1$D!-?!Zp!
a9*-b

L%-?!n?!L+'$!*0+/09%!9'#2.!"#5;/&0():/"$%!.!O'9/)!*0,!_45+%57!+!+"+1"5+)1/)9!
$#+)5;!*'1&$2.!*09/"#0.%5;D!+"g!h?!h$"./5&/D!Q)4&>3, ",R,>&C,D!F@5;#01"!J"3%$&2.ID!
C```D!1#!WD!-?!CcW
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L%-?!p? E#5;/&0():/"$"!.!O'9/)!*0,!_45+%57!^!.%&#)-!,0!$"3?!W! /('-$#'87=
5%! -*0-23! #0+9/)-+5+)1/"!./(:05/! 3)+.+:(4,1)8!.!9'#+)! &"9/)11%9!*0!
Cp!9/)-/75"5;!*#"5%!"*"#"$'!E[NEG@\



[62]

L%-?!k?!L+'$!*0+/09%!h"1&$'"#/'9!K"$&/!Q0<)8!Q0()-1)8!.!h&#+"$'-+'!
+!+"+1"5+)1/)9!*'1&$2.!*09/"#0.%5;!j0*#"5?!h?!\/9l

L%-?!c? h"1&$'"#/'9!K"$&/!Q0<)8!Q0()-1)8!.!h&#+"$'-+' ^!.%&#)-!,0!$"3?!Z!/('-$#'=
875%!-*0-23!#0+9/)-+5+)1/"!./(:05/!3)+.+:(4,1)8!.!9'#+)!5):("1%9!*0,5+"-!*#"5%!
"*"#"$'!E[NEG@\
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L%-?!`? h"1&$'"#/'9!K"$&/!Q0<)8!Q0()-1)8!.!h&#+"$'-+' ^!.%&#)-!,0!$"3?!n!/('-$#'=
875%!-*0-23!#0+9/)-+5+)1/"!./(:05/!3)+.+:(4,1)8!.!9'#+)!5):("1%9!*0!Cn!9/)-/7=
5"5;!*#"5%!"*"#"$'!E[NEG@\
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+1"5+)1/)9!*'1&$2.!*09/"#0.%5;!j0*#"5?!h?!\/9l
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Summary

Studies on e�ciency of electrophisical method applied  

to blocking capillar dampness in wall paintings

O;)!9"/1! "/9!0A ! $;/-!*"*)#! /-! $0! )-$/9"$)! $;)!'-)A'(1)--!0A ! $;)!101=/1|"-/|)!
9)$;0,!0A !3(05&/1:!5"*/(("#%!*#05)--!/1!$;)!."((-!"550#,/1:!$0!$;)!*0--/3/(/$/)-!0A !
"**(%/1:!$;/-!9)$;0,!/1!;/-$0#/5"(!3'/(,/1:-!./$;!."((!*"/1$/1:-?!O;)!#)-)"#5;)-!
.)#)! 5"##/),! 0'$! /1=-/$'! '-/1:! $.0! &/1,-! 0A ! ,)|/5)-! ^! E[NEG@\! j9",)! /1!
E'-$#/"l!"1,!LEXf@K! m!j9",)!/1!h./$+)#("1,l?

O;)!03$"/1),!#)-'($-!-;0.!$;"$!$;)!)()5$#0*;/-/5"(!9)$;0,!5"1!3)!'-),!A0#!
501-)#|"$/01!$#)"$9)1$-!0A !3(05&/1:!5"*/(("#%!*#05)--!/1!,"9*!."((-!50|)#),!./$;!
*"/1$/1:-?! P$!5"1! #)-$0#)! $;)!0*$/9'9!;'9/,/$%!501,/$/01-! /1! $;)!)1|/#019)1$!
"1,! #),'5)! $;)!501,)1-"$/01!0A !."$)#!|"*0'#! /1-/,)! $;)!3'/(,/1:-?! P$!5"1!"(-0!
509*()$)(%! #)90|)! $;)! -9)((! 0A ! 9'-$/1)--?! O;)! )()5$#0*;/-/5"(! 9)$;0,! 5"1!
3)! "**(/),! /1! $;)! 3'/(,/1:-! 0A ! |"#/),! "#5;/$)5$'#"(! A0#9-! "1,! 9"$)#/"(-?! O;)!
9)$;0,!,0)-!10$!-0(|)!509*()$)(%!$;)!*#03()9-!0A !-"($-!5#%-$"((/+"$/01!01!$;)!
."((!*"/1$/1:!-'#A"5)-!,'#/1:!$;)!,#%/1:!*#05)--!3'$! /$! A'(B((-! $;)!501-)#|"$/01!
501,/$/01-!^!/-!101=/1|"-/|)D!#)|)#-/3()!"1,!:/|)-!(01:=("-$/1:!)AA)5$-?
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