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2. Technika wykonania
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2.1. Miedziane podłoża i korpusy
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2.2. Emalie 

– skład chemiczny i stratygrafia warstw emalierskich
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=D!a! >&)3.=D! $7I! )! 4#4&-*%m12C! #! 4&)3>3!.')D'A(%"! A$3=(%! -,-.%7C! (A<&D*:!
q&<>,3"!ID,#!"%=%#!$7I!2$3/A#8!c->#A(%!.#4%3=%#!'A#I%$%)-.#,D!')($%.-8!Z->!
.)2$+>3"!(-$-&D'AD*)=D"!4#$3A#!ID,#!)=#*)=%3!-2&#=%*)-=#!lA#I8!Pm8!WA-'--

.#=-!*%3"=3!A,#!.!I#&.%3!I7&')AD=-.3/C!2,+I-(%"!N-$3*%3C!I&?)%3! %!2&#=#-

 12 Y8!M&-=(C! W8![s:&'C!-48! *%A8! C! '8! SP8



288 A P, A T-S

*%38!Z&#.>)%.#!*)3&`!ID,#!7;D.#=#!>-4%3&-!->!5F5!.%3(7z13!B#!=%*:!"#-
$-.#=-!I%3$?8!Z3.=3!3$3"3=AD!.D&<;=%#=-!(-$-&3"O! &<;3"C!;<,*%3=%?C!I,+-
(%A3"C! A7&(7'3"C! )%3$3=%?8! c-! I#&.%3=%#! 3"#$%%! 'A-'-.#=-! ).%?)(%!"3A#$%C!
/#(! 2$3/A+C! '"#$A+8

W(,#>=%(%!.!4-'A#*%!4&-')(7!'A#4%#=-!.!A3"43&#A7&)3!->!URQ!>-!-(--

,-! fRQo9C! (A<&?! 7)#$3;=%#=-! ->! &->)#/7! 3"#$%%8!c$#! =%'(-A-4$%.D*:! ID,! A-!
)#(&3'! A3"43&#A7&! URQaUtQo9C! E&3>=%-A-4$%.D*:!UtQaf\Qo9C! #!>$#!.D'-(--

A-4$%.D*:!-(-,-!fRQo98! WA-4%-=?! 3"#$%+!.D$3.#=-!.!4-'A#*%! 4$#'A&<.8!Z-!
)#'AD2=%+*%7! 7*%3&#=-! =#! 4-&N&-.D*:! $7I! #2#A-.D*:! 4,DA#*:! $7I! .!"-q-
>)%3&)#*:148!VA&)D"D.#=-!4&-')3(!-!(%$(7!2&#=7$#*/#*:8

_#I3$#!P8!Z#$3A#! 3"#$%%! $%"7)D/'(%*:! 'A-'-.#=D*:!.!56F! %!.!P8!4-,8!56FF!.%3(7

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

 !"#$%&'(%)' Sn Pb *

+,-.!"/$%&'(%)' 012$34 *

 -5(!6$ 67'48&'7"4649 Co Cu *21!"#$ %&'(%)'2$ 87"17%

:!"#"/$ 67'48&'7"4649 ;"2$<= 1!"#$%&'(%)'2$ 87"17%

>=7(=8$ 67'48&'7"4649 <=2$;" 1!"#$ %&'(%)'2$ 87"17%

?,@$ 67'48&'7"4649 A= 1!"#$%&'(%)'

 7BC$ 67'48&'7"4649 D42$;" *2$1!"#$ %&'(%)'2$ 87"17%

 =78C694$ 67'48&'7"4649 ;"$ ED4F *2$1!"#$ %&'(%)'2$ 87"17%

;!%#"6$ 67'48&'7"4649 Mn *2$1!"#$ %&'(%)'2$ 87"17%

3C'7%GH$ 67'48&'7"464' D42$;"2$<%$<= 1!"#$%&'(%)'2$ 87"17%

B#! 4->'A#.%3O! Y8! M&-=(C! W8! [s:&'C!L+&. )"3&-+"%9;2"##&*2&39;*>. /&-. W%"2XY22&. +#. =+#6;2+*&-.

)"%&-&#"+%C! h.Oi!)"%&-&#"+%2. /&2. EFG. ;*/.EHG. I"!-!;*/&-32. ";2.=+#6>&2C! F&"2#&>!Hj'*:C!Y3&)-2!
e=A-=! k$&%*:G!H7'37"! M&#7='*:.3%2! b7='A"7'37"! >3'! 1#=>3'!B%3>3&'#*:'3=C! M&#7=-

'*:.3%2!\QQ\C! '8! SS!-&#)!.D(-=#=D*:! #=#$%)! A3*:=%(?!W Hw cW8

V)=#*)3=%3!'(,#>7!4-')*)32<$=D*:!.#&'A.!3"#$%3&'(%*:!4&)34&-.#>)--

=-! 4&)D! 7;D*%7! 3$3(A&-=-.32-!"%(&-'(-47! '(#=%=2-.32-! PSTQ! 6Z! 1 V!

 13 W433$! \QQ\C! '8! TT8
 14 FI%>3"C! '8! T\8
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 $3*A&-=!H%*&-'*-4D!1A>C!.D4-'#;-=32-!.!'43(A&-"3A&!&3=A23=-.'(%! cW!
{7#=A#|! \QQ! )! >3A3(A-&3"! 5X$#':! SQPQ! M&7(3&! e5W8! Z->'A#.-.D"! /3-
2-! )#>#=%3"! ID,-! 4&)3>'A#.%3=%3! &<;=%*! .! '(,#>)%3! *:3"%*)=D"! #=#$%)--

.#=3/!4&<I(%8!k;D*%3! '4&)+;-=32-!)3! '(#=%=2-.D"!"%(&-'(-43"!3$3(A&--

=-.D"! >3A3(A-&#!  cW! l =3&2D!c%'43&'%y3! W43*A&-'*-4Du! >3A3(A-&! )! >D'-
43&'/?! 3=3&2%%! 4&-"%3=%-.#=%#! &3=A23=-.'(%32-m! 4-).-$%,-! =#! 4-(#)#=%3!
"#4! &-)"%3')*)3=%#! 4-')*)32<$=D*:! 4%3&.%#'A(<.158! p3!.)2$+>7! =#! -2&#-
=%*)3=%#! >3A3(A-&#!  cWC! A)=8! =%3.D(&D.#$=-E0! $3((%*:! 4%3&.%#'A(<.! -&#)!
&-)>)%3$*)-E0! '#"32-! 7&)?>)3=%#C! .D(-=#=#! #=#$%)#! /3'A! I#&>)%3/! 4&)D-
>#A=#! >-! -)=#*)3`! /#(-E*%-.D*:! =%;! >-! %$-E*%-.D*:8! e=#$%)#! /#(-E*%-.# 
W Hw cW!>?;D!>-!7'A#$3=%#C!*)D!I#>#=D!-I')#&!4&<I(%!)#.%3&#!>#=3!4%3&-
.%#'A(%C!.!-4#&*%7!-!.D'A+4-.#=%3!$7I!I&#(!%*:!*:#&#(A3&D'AD*)=D*:!'D2=#-
,<.!.!.%>"%38!B#A-"%#'A! #=#$%)#! %$-E*%-.#! W Hw cWC! =#! 4->'A#.%3! 4--

&<.=#=%#! %=A3='D.=-E*%! ->4-.%3>=%*:! 'D2=#,<.! 4%3&.%#'A(<.! 4-"%+>)D!
'-I?! .! 7)D'(#=D"! '43(A&7"C!"#! =#! *3$7! 7)D'(#=%3! %=J-&"#*/%! -! %$-E*%--

.D"!'(,#>)%3!4&<I(%16.

b-$3/=-E0! &-)"%3')*)3=%#! 4-')*)32<$=D*:! .#&'A.! 3"#$%3&'(%*:! I#>#-
=-! 4&)D! =%3.%3$(%"! 4-.%+(')3=%7! )! )#'A-'-.#=%3"! >3A3(A-&#! W ! l3$3(A&--

=<.! .A<&=D*:m8! VI'3&.-.#=3! =#! J-A-2&#N#*:! lJ-A8! Sagm! J#)D! '?! )&<;=%-
*-.#=3!=#!4->'A#.%3! E&3>=%3/! $%*)ID! #A-"-.3/!4%3&.%#'A(#!I?>q!4%3&.%#'A-
(<.! .*:->)?*D*:! .! %*:! '(,#>8! VI')#&D! *%3"=%3/')3! )#.%3&#/?! 4%3&.%#'A-
(%! $;3/')3C! -I')#&D! /#E=%3/')3!4%3&.%#'A(%! -!.%+(')3/! $%*)I%3! #A-"-.3/8!b#;-
>#!.%>-*)=#! =#! )>/+*%#*:! J#)#! l.#&'A.#! 3"#$%3&'(#m!"#! *:#&#(A3&D'AD*)=D!
>$#! '%3I%3! '(,#>! *:3"%*)=DC! #! %*:! 2&7I-E*%!"%3')*)?! '%+!.! )#(&3'%3! ->! (%$-
(7>)%3'%+*%7!>-!(%$(7'3A!"%(&-"3A&<.8!H3A->D(#!4&)D/+A#!4->*)#'!4&)D2--

A-.#=%#!3"#$%%!4-.->7/3! lJ-A8!SC!gmC!;3!=%3(A<&3!2&#=%*3!"%+>)DJ#)-.3!'A#-
/?! '%+! "=%3/! -'A&3C! *)+E*%-.-! n&-)"DA3oC! *-!"-;3! .'(#)D.#0! =#! ->>)%#-
,D.#=%#!"%+>)D!'(,#>=%(#"%!4-')*)32<$=D*:!.#&'A.!3"#$%3&'(%*:8!H-;$%.3!
/3'A!A-!.!.D=%(7!.D"%3')#=%#!'%+!'(,#>=%(<.!)!(-$3/=-!)#(,#>#=D*:!4-!'--

 15 W8!W.#44C!0!"3.+2.? "**+*>.@%& 3-6*.)+ -62 6$1.Z?@)[u!>-'A+4!.!F=A3&=3*%3O!:AA4Oww'3&*8
*#&$3A-=83>7w&3'3#&*:}3>7*#A%-=w23-*:3"':33A'wA3*:=%^73'wW H8:A"$! l\S8QT8\QPTm8
 16 M8! 6-7A-7C!  8G9:8! WA3J#=#(%C!@%& 3-6*. )+ -62 6$1A. C!&. \"2+ 2C! B!12+ 2. 6M . D/'"* &/. )"3&4

-+"%2. 0+*3&-. ? !66%! \QQfC! '8! PaPPu! >-'A+4! .! F=A3&=3*%3O! :AA4Oww...8"#='%*837w>-*7"3=A'w
ZeHPwd%#==#(-4-7$-'P84>J  (24.03.1013).
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I%3!.#&'A.!3"#$%3&'(%*:!4->*)#'!.D4#$#=%#!3"#$%%8!e=#$%)#!W Hw cW!.D-
"#2#! 4-I&#=%#! 4&<I(%C! )#A3"! A&7>=-! A+!"3A->+! )#$%*)D0! >-! 2&74D!"3A->!
I3)%=.#)D/=D*:8!@!"DE$!>3N=%*/%!)#!I#>#=%#!=%3=%')*)?*3!4&)D/"7/3!'%+! A#-
(?! 2&74+! A3*:=%(C! (A<&#! ',7;D!>-!-*3=D!.,#E*%.-E*%! -I%3(A7!I3)!4-.->--

.#=%#! /32-! A&.#,D*:! 7')(->)3`8! Z-).#$#/?! -=3! 7)D'(#0! ->4-.%3>q! *-! >-!
'(,#>7C! 'A&7(A7&D! %! &-)(,#>7! 4&)3'A&)3==32-!"#A3&%#,<.C! )! (A<&D*:! -I%3(A!
)-'A#,!.D(-=#=D8!M#>#=%3! A#(%3!.D(-=D.#=3! /3'A! %=! '%A7C! I3)! (-=%3*)=-E*%!
4-I%3&#=%#!4&<I3(8!p#43.=%#/?*!>-I<&!->4-.%3>=%*:!4#&#"3A&<.!4->*)#'!
#=#$%)DC!-'-I#!.D(-=7/?*#!#=#$%)+!/3'A!.!'A#=%3!-2&#=%*)D0!>-!"%=%"7"!->-

>)%#,D.#=%3!#4#&#A7&#!a!"#A3&%#!)#IDA(-.#8!@!A3=!'4-'<I!-I%3(A!4->>#=D!
I#>#=%7! =%3! 7$32#! )=%')*)3=%7C! A)=8! 4-! .D(-=#=%7! #=#$%)D! =%3! )"%3=%#! '%+!
/32-! 'A&7(A7&#! #=%! '(,#>! *:3"%*)=D8!9:-0!.#&A-! A7A#/!.'4-"=%30C! ;3! 4&--

"%3=%-.#=%3!3$3(A&-"#2=3AD*)=3!"-;3!>-4&-.#>)%0!>-!7')(->)3=%#!4&<I-

kiPU8!B#/*)+E*%3/!>-!I#>#`!I3)%=.#)D/=D*:!.D(-&)D'AD.#=3!'?!A3*:=%(%!#=#-
$%AD*)=3C!I#)7/?*3!"8%=8!=#!4&-"%3=%-.#=%7!&3=A23=-.'(%"C!.!)#(&3'%3!4->-

*)3&.%3=%C! J#$! &#>%-.D*:! %! 7$A&#>q.%+(-.D*:18.

@!#=#$%)-.#=D*:!4&<I(#*:! A3*:=%(?! W Hw cW! lA#I8! \aSm! 'A.%3&>)--

=-!-I3*=-E0!A#(%*:!4%3&.%#'A(<.C!/#(O!'<>C!"#2=3)C!2$%=C!4-A#'C!.#4`C!-,<.C!
*D=#C!"#=2#=C! ;3$#)-C!"%3>qC! ),-A-! *)D! '&3I&-!.! &<;=D*:!(-=N27&#*/#*:8

@D)=#*)#/?*! )#.#&A-E0! 4-')*)32<$=D*:! A$3=(<.! %w$7I! %*:! .)#/3"=D!
'A-'7=3(C! /3'A3E"D!.! 'A#=%3! -(&3E$%0! 4&)DI$%;-=D! *)#'! 4-.'A#=%#! -I%3(A<.8!
@! $%A3&#A7&)3! "-;=#! )=#$3q0! ')3&32! (-&3$#*/%! 4-"%+>)D! '(,#>3"! .#&'A.!
3"#$%3&'(%*:! #!-(&3'3"! %*:!4-.'A#=%#198! F! A#(! 3"#$%3! )!56F!.%3(7!*:#&#(-
A3&D)7/?!'%+!=#/.%+(')?!.#&A-E*%?!'A-'7=(7!ZIV!>-!W=V

2 
l"#('D"#$=%3!=%3-

*-!4-=#>!\m8!@&#)! )! 74,D.3"!*)#'7!.#&A-E*%! A3! 7$32#/?! *%?2,3"7! )"=%3/-
')#=%7! l3"#$%3! 56FFFG.%3*)=3! "#('D"#$=%3! 4-=%;3/! Pm8! k)D'(#=3! .! #=#-

 PU X8!1%7C! ]8!@7C!b8!9:3=!#=>!c8!57C!)6-$!6%6>1.?3;/1.]1.^2+*>.? "**+*>.@%& 3-6*.)+ -62 64

$1C! h.Oi!)+ -62 6$1A.? +&* &_.C& !*6%6>1C!e44$%*#A%-='! #=>! >7*#A%-=C! &3>8!e8!H~=>3)G6%$#'! %! ]8!
c�#)C!\QPQC!'8!PUfPaPUt\u!>%2%A#$8!ZcX!J-&"#A!\QPQu!>-'A+4!.!F=A3&=3*%3O!:AA4Oww...8J-&-
"#A3|8%=J-w"%*&-'*-4DSwPUfPGPUt\84>J  (24.03.2013).

 18 ]8!d3"I#$C!)&36/1.*+&*+29 9` &.5.]"/"*+" !.6]+&<3:5.9"]13<651 !C!nZ8Z8!Z&#*-.=%3!b-='3&-
.#*/%!p#IDA(<.!VE&->3(!F=J-&"#*/%oC!RwfPC!'8!PaTgu!H8!H#&#I3$%%C! ]8!H#)7&3(C!a6*4/&23-; 4

3+'&. 3&23+*>. 6M . !+236-+ "%. #6*;#&*32A. " 3;"%. $622+]+%+3+&2. "*/. /&'&%6$#&*32C! Trd!  7&-43#=!9-=J3&3=*3!
-=!B-=>3'A&7*A%y3!_3'A%=2C!X$-&3=*3!PRaPf!V*A-I3&!PtfS8
 19 Y8!M&-=(C! W8![s:&'C!-48! *%A8C! '8! SPaSf8
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$%)%3! %$-E*%-.3/! W Hw cW! .D=%(%! -&#)! )#'A-'-.#=3! 4-.D;3/! 4&)3$%*)3=%#!
.! .%+(')-E*%! 4&)D4#>(<.! =%3! 4-).-$%,D! /3>=#(! =#! /3>=-)=#*)=?! %! 4&3*D-
)D/=?!->4-.%3>q!->=-E=%3!>-!>#A-.#=%#!I#>#=D*:!-I%3(A<.8!M#>#=%#!7/+-
A3! .! 4&#*D! M&-=(#! %! [s:&'#! 4&)34&-.#>)-=-! =#! 4-.%3&)*:=%! -4&#*-.#`!
3"#$%3&'(%*:8!V4%'D.#=3!.!A3/!4&#*D!>-AD*)?!4&)3>3!.')D'A(%"!4&)3,#"<.C!
#! .! 4&)D4#>(7! 4$#(%3A(%! )3! '*3=?! .D&#I%#=%#! .%=#! .#&'A.#! I%3$%! /3'A! 4--

.,-(?!4->(,#>-.?!>$#! A&#='4#&3=A=32-!I,+(%A7C! #!.%+*! )3!.)2$+>7!=#!(--

$3/=-E0!.D4#$#=%#!"7'%! )#.%3&#0!"=%3/! A-4=%(#! %! >$#A32-!7)D'(#=#!.#&A-E0!
.D=-'%! )#$3>.%3!QCSQ8

_#I3$#!\8!W(,#>!4%3&.%#'A(-.D!3"#$%%! A-=>#!nY3*A-&!_&-%#=7'o!.!4&-*3=A#*:!"#'-.D*:!a!
#=#$%)#! A3*:=%(?!W Hw cW

Nr 

pomiaru
C O Na Mg Al Si 1 Ca Mn Cu Sn Pb

2'#345#'!3"6

3-789: 

&#'(#: 

;#(#'"-78 

.-.#"/< 

&#'()*+!=-99

IJIK LM2IL NO2PO J2QQ M2IL L2LP LN2RQ R2LM R2RK M2IO M2KM * L2JP
T
bezbarwna

IJIQ O2RK NJ2OM O2JL R2MJ L2JO RM2OM Q2JK K2OP N2LL M2RP * J2QL T
S!%#"62$D4T$
EK2OLUF

IJII O2PR NI2QI J2LQ M2KP L2LK LN2JM R2JJ L2QL M2KI M2RM Q2QM LJ2JK T
1!"#2$34T

R
 

EP2QIUF

IJIP LI2JQ OQ2PP L2KN M2JI L2RQ N2MI R2LL N2OL M2QR M2QJ * I2LP T
1-5(!62<=T$
EM2PLUF

* 
T
! a! 3"#$%#! A&#='4#&3=A=#! $7I! 4<,A&#='4#&3=A=#C!

O
! a! 3"#$%#! -4#(-.#C! LL! )#.#&A-E0! 4--

')*)32<$=D*:! A$3=(<.! lx!"#'-.3m!7)D'(#=-C! 'A-'7/?*!=#'A+47/?*3!4&)3$%*)3=%3O!

x!"#'-.D!�! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! �!x!"#'-.D!-)=#*)#=32-!4%3&.%#'A(#

2>)%3!b oraz 1! '?!.'4<,*)D==%(#"%! 'A3*:%-"3A&D*)=D"%! )! &3#(*/%! 'D=A3)D! A$3=(<.8

b)! A$3=(7
1)! -)=#*)#=32-!4%3&.%#'A(#!



_#I3$#! T8! W(,#>! 4%3&.%#'A(-.D! 3"#$%%! 4#A3&D! np#E$7I%=D! e"-&#! %! Z'D*:3o! .! 4&-*3=A#*:!
"#'-.D*:!a! #=#$%)#! A3*:=%(?!W Hw cW

N
r 

p
o
m

ia
ru

C O Na Mg Al Si 1 Ca Mn Fe Sn Ag Au Pb

2'#345#'!3"6

3-789: 

&#'(#:

;#(#'"-78

.-.#"/< 

&#'()*+!=-99

IJQR M2JO NQ2KL N2KR M2IQ L2PO LK2JL L2KI M2PM M2NI * LL2KK * * LJ2OK T
1!"#2$34TR$
ELN2IMUF

IJQJ K2IQ JQ2IL M2OI * M2PQ R2OO M2KR L2MI * * R2QK M2RP NK2NI * C-%."4!"

IJQN L2NJ JI2KK N2NK L2PI O2JL RL2PO I2NI K2LM N2MO M2IP * * J2JL J2JP T
17BC2$D4TV;"RTJ$
EK2NLUVL2MRUF

IJQO L2NN NM2OQ J2PP L2NI N2RJ LP2PJ O2IL J2PP R2LM M2KL * * N2RM LL2KO T
17BC2$D4TV;"RTJ$
EJ2JRUVM2QMUF

IJQK Q2LN NO2IO R2KI * J2NO I2ON L2NI M2PI M2NQ * N2JQ M2LQ LQ2MO Q2IR C-%."4!"

* 
T
! a! 3"#$%#! A&#='4#&3=A=#! $7I! 4<,A&#='4#&3=A=#C!

O
! a! 3"#$%#! -4#(-.#C! LL! )#.#&A-E0! 4--

')*)32<$=D*:! A$3=(<.! lx!"#'-.3m!7)D'(#=-C! 'A-'7/?*!=#'A+47/?*3!4&)3$%*)3=%3O

x!"#'-.D!�! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! �!x!"#'-.D!-)=#*)#=32-!4%3&.%#'A(#

2>)%3!b oraz 1! '?!.'4<,*)D==%(#"%! 'A3*:%-"3A&D*)=D"%! )! &3#(*/%! 'D=A3)D! A$3=(<.8

_#I3$#!S8!W(,#>!4%3&.%#'A(-.D!3"#$%%!4$#(%3AD!)3! '*3=?!.D&#I%#=%#!.%=#!.!4&-*3=A#*:!"#-
'-.D*:!a! #=#$%)#! A3*:=%(?!W Hw cW

N
r 

p
o
m

ia
ru

C O Na Mg Al. Si 1 Ca Mn Fe Cu Sn Pb

2'#345#'!3"6

3-789:

&#'(#:

;#(#'"-78

.-.#"/<

&#'()*+!=-99

IJIR P2PR OR2LP L2RI M2PJ R2JJ RM2PN R2IO N2QO M2NL M2NJ L2PJ * R2MN T
1-5(!62<=T$
ER2NRUF

IJIJ K2LO OR2RP L2JJ M2NK L2PI LR2IM L2PK L2MM M2RO M2RJ M2OR LM2QI LM2RO T
1!"#2$34T

R
 

ELJ2KPUF

IJIN LJ2MI NI2IP R2KO L2LK J2IL LN2QI O2MR N2MJ J2JM M2PJ M2NN * L2PL T
17BC2$D4TV;"

R
T

3
 

EO2RRUVL2MKUF

b)! A$3=(7
1)! -)=#*)#=32-!4%3&.%#'A(#!
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N

r 
p
o
m

ia
ru

C O Na Mg Al. Si 1 Ca Mn Fe Cu Sn Pb

2'#345#'!3"6

3-789:

&#'(#:

;#(#'"-78

.-.#"/<

&#'()*+!=-99

IJIO LO2OM NO2RP L2PP L2MM J2RM LL2OK J2MI J2QM L2MN M2NM L2RQ * LL2PK T
17BC2$<=TVD4T$
EL2OPUVL2KOUF

* 
T
! a! 3"#$%#! A&#='4#&3=A=#! $7I! 4<,A&#='4#&3=A=#C!

O
! a! 3"#$%#! -4#(-.#C! LL! )#.#&A-E0! 4--

')*)32<$=D*:! A$3=(<.! lx!"#'-.3m!7)D'(#=-C! 'A-'7/?*!=#'A+47/?*3!4&)3$%*)3=%3O

x!"#'-.D!�! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! �!x!"#'-.D!-)=#*)#=32-!4%3&.%#'A(#

2>)%3!b oraz 1! '?!.'4<,*)D==%(#"%! 'A3*:%-"3A&D*)=D"%! )! &3#(*/%! 'D=A3)D! A$3=(<.8

_#I3$#!R8! WA-'7=3(!ZIVwW=V
2
!.!I%#,D*:C!-4#(-.D*:!.#&'A.#*:! 3"#$%3&'(%*:

Obiekt PbO % masowe SnO2 % masowe PbO/SnO2

0#'(!"6('$ WX".6%7$>7%!'4=8Y
E3&".67=Z$IJIIF

Q2RM P2QI M2QN

0'6"7'$ W:'G#=1!49$AZ%7'$ !$089.["Y
E3&".67=Z$IJRQF

Q2JM LN2IM M2OM

0'6"7'$ W:'G#=1!49$AZ%7'$ !$089.["Y
E3&".67=Z$IJRQF

N2RL O2OO M2QK

0#'(!"6('$ C"$ 8."4B$)97'1!'4!'$)!4'
E3&".67=Z$IJIJF

O2OR LJ2KP M2NM

B#! 4->'A#.%3! '(,#>7! I&?)-.3/! .#&'A.D! 3"#$%3&'(%3/! 4#A3&D! np#E$7I%-
=D!e"-&#! %!Z'D*:3o!"-;=#!.!4&)DI$%;3=%7!-(&3E$%0!*)#'! /3/!4-.'A#=%#8!_D-
4-.#!4-.,-(#!4-*:->)?*#!)!-(&3'7!PRRQaPgQQ!.!'.-%"!'(,#>)%3!)#.%3&#!
"#('D"#$=%3! >-! PQx!H=V

2
! %! \x! X3

2
O

3

208!@#&A-E*%! )! A#I3$%! P! .D;3/! .D-
"%3=%-=D*:! A$3=(<.!"%3')*)?! '%+!.! AD"!4&)3>)%#$3C! *-!"-;3! 4-A.%3&>)#0!
56FG.%3*)=3!4-*:->)3=%3!4#A3&D8!@!AD"!4&)D4#>(7!#=#$%)#!4&)34&-.#>)--

=#! )-'A#,#C! /#(! .! I#>#=%#*:! M&-=(#! %! [s:&'#C! =#! .#&'A.%3! 4-.%3&)*:=%--

.3/C! #!7)D'(#=3!.D=%(%! '?!4-.A#&)#$=38
@#&'A.D! 3"#$%%! .! 4&<I(#*:! 4->>#=D*:! #=#$%)%3! W Hw cW! *:#&#(A3-

&D)-.#,D!'%+!)"%3==?!)#.#&A-E*%?!.+2$#C!(A<&D!"-;3!'A#=-.%0!4-)-'A#,-E0!

 20 Y8!M&-=(C! W8![s:&'C!-48! *%A8C! '8! Sg8

b)! A$3=(7
1)! -)=#*)#=32-!4%3&.%#'A(#!
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a!4&->7(A!'4#$#=%#!a!.+2$#=<.!.#4=%#C! '->7!*)D!4-A#'7! $7I!-&2#=%*)=D*:!
'(,#>=%(<.! ')($%.#! 3"#$%3&'(%32-! %! '4-%.#! ),-A#!4&-')(-.32-8!Z&#.>-4--

>-I=%3!.!4-'A#*%!9V
2
! 7.%+)%-=D! /3'A!.! ')($%.%38

 "#$%#! /3'A! 'A-43"! ')(,#! )"->DN(-.#=32-! .! .D=%(7! >->#A(7! A-4-

=%(<.! %! I#&.%?*D*:! ).%?)(<.! "3A#$%8! c-I<&! 'A-'7=(7! %$-E*%-.32-! AD*:!
'(,#>=%(<.!=#>#/3!/3/!.,#E*%.-E*%!4-).#$#/?*3!=#!4-(&D.#=%3!4->,-;#!"3-
A#$-.32-8!V)=#*)-=3! 4%3&.%#'A(%! .! #=#$%)-.#=D*:! 4&<I(#*:! 'A#=-.%?! =%3!
AD$(-!I#)+!'4-%.#!"%=3&#$=32-!'A-'-.#=32-!>-!.D&-I7!3"#$%%!I?>q!'(,#>-

=%(! A-4=%(#C! #$3! &<.=%3;! '?! >->#A(#"%! 4-.->7/?*D"%! 7)D'(#=%3! .! 2-A--

.D"!.D&-I%3! 3"#$%3&'(%"! (-=(&3A=D*:! .,#E*%.-E*%! "3*:#=%*)=D*:! %w$7I!
N)D(-*:3"%*)=D*:8

2.3. Technika emalierska

 "#$%3! )! (-$3(*/%! .%$#=-.'(%3/! 4&3)3=A7/?! &<;=3! .#&%#=AD! A3*:=%(%! .D(--

=#=%#! 3"#$%%! $%"7)D/'(%3/C! >$#A32-! )-'A#=%3! -=#! -"<.%-=#! )! 4->)%#,3"! =#!
2&74D!-I%3(A<.!4&3)3=A7/?*D*:! A3! '#"3!*3*:D8

2.3.1. Para talerzy „Narcyz” i „Echo”

b-&47'! 7(')A#,A-.#=-! )! I$#*:D! "%3>)%#=3/! -! 2&7I-E*%! QCPtaQCSg! ""8!
M&)32!.D.%=%+A-!.! 'A&-=+! &3.3&'7C! A.-&)?*!.! A3=! '4-'<I! 4&)32&<>(+! >$#!
)#(,#>#=3/! 3"#$%%8! c3(-&#*/#! "#$#&'(#! 4-.'A#.#,#! .%3$-3A#4-.-! %! /3>=--

*)3E=%3! -I7'A&-==%38! B#/4%3&.! =#! *#,-E0! )#(,#>#=-! .#&'A.+! 4->(,#>-.?!
.D'-(-A-4$%.?C! A&#='4#&3=A=?! %! 4&#.%3! I3)I#&.=?8! Z&-')(%! 3"#$%%! -! &<;-
=3/! 2&#=7$#*/%!"%3')#=-! %! )#&#I%#=-!.->?! >-! 7)D'(#=%#! 4#'ADC! (A<&?! )#(,#-
>#=-! ')4#A7,(?C! #! =#'A+4=%3!.D4#$#=-8!B#! &3.3&'! >->#.#=-! >-! =%3/! (%$(#!
(&-43$! 27"D! &-E$%==3/! >$#! ).%+(')3=%#! 4&)D*)34=-E*%8! Z-A3"!.D(-=D.#=-!
&D'7=3(!I#&.D!4&#.%3! *)#&=3/!.D(-&)D'A#=D!>-!I7>-.#=%#! *%3=%#8!b-$3/=?!
.#&'A.?!ID,#!4-.,-(#!3"#$%%! A&#='4#&3=A=3/!.!(-$-&)3!I7&')AD=-.D"8!WA#-
=-.%,#! -=#! A,-! -4&#*-.#=%#!"#$#&'(%32-!.! A3*:=%*3! &*. >-+2"+%%&C!.D(-=#=3-
2-! I%#,?! 3"#$%?! -! *:#&#(A3&D'AD*)=D"C!.%>-*)=D"! 2-,D"! -(%3"! 7)%#&=%3-
=%78!_3=! AD4! 3"#$%%C! >#.=%3/! -(&3E$#=D! A3&"%=3"! ]%"* . /&.=+#6>&2C! 4-).#$#,!
=#! 7)D'(#=%3!"%+((%32-!"->3$7=(7! E.%#A,-*%3=%-.32-8! Z&)3)! ).%+(')#=%3!
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2&7I-E*%!.#&'A.D!I%3$%!>-*:->)-=-!>-!=#/.D;')D*:!E.%#A3,8!_+!*)+E0!-4&#-
*-.#=%#! .D(-=D.#=-! 4+>)$3"8! B#A-"%#'A! -'A&-E0! &D'7=(7! .D>-ID.#=-!
4&)3)!.DI&#=%3!I%#,3/!3"#$%%! %2,?! lA3*:=%(#! &*%&'">&.c. %d"+>;+%%&). Dodatkowym 

.#$-&3"!-4&#*-.#=%#!ID,-!),-*3=%3C!(A<&3!.D(-=#=-!),-A3"!4&-')(-.D"!
)!>->#A(%3"!3"#$%%8!@#&'A.+!.D4#$#=-8!Z-),-*-=-!>3(-&#*D/=3!>3A#$3C!=48!
7I%-&7C! %='(&D4*/3!=#! #.3&'%3!-&#)!-&=#"3=AD!=#!(-,=%3&)78

2.3.2. Patery: „Zaślubiny Amora i Psyche” i „Sąd Parysa”

_D$(-! (%$(#! 3$3"3=A<.! A3*:=%(%! .D(-=#=%#! ->&<;=%#! A3! 4#A3&D! ->! -4%'D-
.#=D*:! A#$3&)D8! Z&)3,#"D! 3"#$%%! .! "%3/'*#*:! 7')(->)3`! "3*:#=%*)=D*:!
.'(#)7/?C!;3!4&#.>-4->-I=%3!AD$(-! /3>=?!.#&'A.+!)#,-;-=-C!#ID!.D(-=#0!
>-"%=7/?*?! I#&.+! A,#8! ]3'A! -=#! A&#='4#&3=A=#! -! I#&.%3! 2,+I-(%32-! I&?)7!
lH=VwX3

2
O

3
m8! _D$(-! .! 2,<.=3/! '*3=%3! 4#A3&D! np#E$7I%=D! e"-&#! %! Z'D-

*:3o! )#'A-'-.#=-! ),-A-!.! A$38!@3!.=+A&)7!4-(&D.D!.D(-=#=-!-&=#"3=-

AD! )! J-$%%! '&3I&=3/8! \%"* . /&. =+#6>&2! )#(,#>#=D! /3'A! .! =%3(A<&D*:! 4#&A%#*:!
A#(! %"4#'A-.-C! ;3! 4-.'A#/3! '.-%'AD! &->)#/! &3$%3J7! l=48! 4-&A&3AD! .3! .=+-
A&)7!4-(&D.Dm8

2.3.3. Patera ze sceną bitewną i plakieta „Caritas”

_3*:=%(#! .D(-=#=%#! AD*:! >.<*:! -I%3(A<.! 4-(&D.#! '%+! )! -4%'D.#=D"%!
.*)3E=%3/!4#A3&#"%8!c->#=D! /3'A! AD$(-! /3>3=!3$3"3=A8!@!(#&=#*/#*:!4-/#-
.%#! '%+! A-=-.#=%3! *)3&.%3=%?! ;3$#)-.?8!p#(,#>#=-! /?!4-! )#&-I%3=%7!.--

>?8!_#(%!)#I%32!'A-'-.#=-!>$#!.D&<;=%3=%#!(#&=#*/%!(-I%3AC!>)%3*%C!.!'*3-
=#*:!I%A3.=D*:!-&#)!=#!"#'(#*:! %!4-'A#*%#*:!#$32-&D*)=D*:8!B%3!ID,!,#-
A.D! >-!.D(-=#=%#! /#(-! -'A#A=%! 3A#4! -4&#*-.#=%#!"#$#&'(%32-! )3! .)2$+-
>7!=#!I#&>)-!.D'-(?! A3"43&#A7&+! A-4=%3=%#! A32-!4%2"3=A78!_3"43&#A7-

&+! A#(! >-I%3&#=-C! #ID! 4-).-$%0C! ID! )%#&=#! 4%2"3=A7! 4-,?*)D,D! '%+! )! 4--

.%3&)*:=%?!')($%.#218!Z->-I=%3! /#(!A.-&)-=-!E.%#A,-*%3=%-.D!"->3$7=3(C!
4-',727/?*!'%+!-4#(-.?!I%3$?C!.D(-=D.#=-!2-!4&-')(%3"!),-A#!)!>->#A-
(%3"! ')($%.#8

 21 W433$! \QQ\C! '8! TT8
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2.3.4. Plakiety z cyklu „Dziewięciu bohaterów”, 

ze sceną wyrabiania wina, solniczka

93*:?!.D&<;=%#/?*?!A3!.DA.-&D!/3'A!.)I-2#*3=%3!>3(-&#*/%!"#$#&'(%3/!-!I#&-
.D8! B#! .D"->3$-.#=3! E.%#A,-*%3=%-.-! I%3$?! -4#(-.?! -4&#*-.#=%3! =#-
=-')-=-! A&#='4#&3=A=3C! I#&.=3! 3"#$%38! B#! 7.#2+! )#',727/3! )#'A-'-.#=D!
.! 4&)D4#>(7! '-$=%*)(%! %==D! '4-'<I! .D(-=D.#=%#! (#&=#*/%C! (A<&D! 4-/#.%,!
'%+! /7;!.!56F!.%3(7! /#(-! #$A3&=#AD.#! 'A-'-.#=%#! *)3&.%3=%! ;3$#)-.3/8! _7!
A-=-.#=-! /?!I#&.=?! 3"#$%?8

2.3.5. Czarki „św. Anna” oraz „Caritas”

_3!>.#!)#IDA(%!)!.#&')A#A7!&->)%=D!1#7>%=!)!4-,8!56FF!.8!I#)7/?!=#!>--

E.%#>*)3=%#*:! 56FG.%3*)=D*:! %! .D(#)7/?! *#,?! 2#"+! &<;=D*:! )#I%32<.!
A3*:=%*)=D*:8!V4&<*)! 4#&A%%!.D(-=#=D*:!.! A3*:=%*3! &*. >-+2"+%%&! =#! 2&#=#-
A-.D"! A$3C! )#(,#>#=%#! A&#='4#&3=A=D*:! I#&.=D*:! 3"#$%%! =#! I%3$! -4#(-.?!
%! ),-*3`C! "#"D! I#&.=3! -4&#*-.#=%#! =#! I%#,D"! A$3! -&#)! $"+%%6*2 (termin 

J&#=*7'(%C! =%3! "#! ->4-.%3>=%(#! .! /+)D(7! #=2%3$'(%"! %! 4-$'(%"C! .! A,7-

"#*)3=%7! 4#$$%-=! A-! I$#')(#m8! _#! A3*:=%(#! 4-$32#! =#! )#(,#>#=%7! =#! 3"#-
$%+! 4->(,#>-.?! J-$%%! '&3I&=3/! $7I! ),-A3/! %! 4-(&D.#=%7! /3/! A&#='4#&3=A=?!
I#&.=?! .#&'A.?! "#$#&'(?! A#(C! /#(ID! *:*%#=-! 7)D'(#0! 3J3(A! (#"3&D)#*/%8!
@! .D(-=D.#=%7! $"+%%6*2! =#! *)#&*3! )! 4&)3>'A#.%3=%3"! E.8! e==D! 4-',7-

;-=-! '%+! 4,#A(%3"! '&3I&#! %! 3"#$%#"%! .! (-$-&)3! )%3$3=%C! &<;7! -&#)! I,+(%-
A78! [->)#/3! ')($%.! 7;D.#=D*:! >-! .D(-=D.#=%#! A32-! AD47! >3(-&#*/%! 4--

>#=-!.! A#I3$%! P8
V4&#*-.#=%3! "#$#&'(%3! .D(-=#=3! ]%"* . /&. =+#6>&2! "-2,-! .D"#2#0!

')*)32<$=D*:! )#I%32<.C! >$#A32-! A.<&*D! "-2$%! >->#.#0! >-! 3"#$%%! -$3/3(!
'4%(-.D! l,#*8!e%&;#. ?$+ "&C! J&8!@22&* &. /dD2$+ m! -A&)D"D.#=D! )! $#.3=>D! '4%-
ki (="'"*/;%". %"3+M6%+"m8! _#!"->DN(#*/#! 'A#I%$%)-.#,#!.#&'A.+!.! A&#(*%3!.D-
4#$#=%#22.

 22! W433$! \QQfC! '8! TT8
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B%3)#$3;=%3!->!A32-C!*)D!-I%3!'A&-=D!4$#(%3AD!"%#,D!"%30!*:#&#(A3&!>3-
(-&#*D/=DC!A-!"%3>)%#=3!4->,-;3!>.7'A&-==%3!4-(&D.#=-!3"#$%?8!B#A-"%#'A!
(-&47'D!=#*)D`! 3"#$%-.#=-!.!*#,-E*%8!_#(%3!4-'A+4-.#=%3!"#!7)#'#>=%3-
=%3! A3*:=%*)=3! %! ID,-! /3>=D"! )! -'%?2=%+0! 3"#$%3&'A.#! $%"7)D/'(%32-! 56F!
.%3(78!@! A3=! '4-'<I! 3$%"%=-.#=-! 4-.'A#.#=%3! >3J-&"#*/%! "%3>)%#=32-!
4->,-;#! %! '4+(#`! 4-$3.D! 3"#$%3&'(%3/! 4->*)#'! .D4#$#=%#! -&#)! 'AD2=%+*%#8!
b-=A&3"#$%+C! *)D$%!4-.,-(+!-!)=#*)3=%7! A3*:=%*)=D"C!)#(,#>#=-!.!4%3&.-

')D"!3A#4%3C!&<.=-*)3E=%3!)!.#&'A.?!4->(,#>-.?!#.3&'78!H-2,#!ID0!A&#='-
4#&3=A=#! %! I3)I#&.=#C! /#(!.!4&)D4#>(7!4$#(%3A! )! *D($7! nc)%3.%+*%7!I-:#-
A3&<.oC! $7I!"%30! I#&.+! A,#! >3(-&#*D/=32-! -4&#*-.#=%#! a! 4$#(%3A#! )3! '*3-
=?!.D&#I%#=%#!.%=#C!.=+A&)#! 'A<4!4#A3&D! %! '-$=%*)(%8

2.4. Metalowe aplikacje

B%3(%3>D! J7=(*/#! =#*)D=%#! .D"#2#,#! .D(-=#=%#! 7*:.DA<.! 7,#A.%#/?*D*:!
7;DA(-.#=%3! =#*)D=%#C! /#(!.! 4&)D4#>(7! 4-(&D.D! 4#A3&D! np#E$7I%=D!e"--

&#! %!Z'D*:3o8
e=#$%)+! '(,#>7! 4%3&.%#'A(-.32-! "#A3&%#,<.! .D*:->)?*D*:! .! '(,#>!

7*:.DA7! 4-(&D.D! 4#A3&D! .D(-=#=-!"3A->?! '43(A&-'(-4%%! &3=A23=-.'(%3/!
#=#$%)#A-&3"! 5[X! '3&%%! c3$A#! cWG\QQQ! F==-yG5! WD'A3"8! ]3'A! A-! "3A->#!
)! 2&74D! A3*:=%(! I3)%=.#)D/=D*:8! @D(-=#=%3! #=#$%)D! %$-E*%-.3/! 4-.D;')?!
"3A->?! -&#)! %=A3&4&3A#*/#! 7)D'(#=D*:! .D=%(<.! =%3! 'A#=-.%! >7;3/! .#&A--

E*%!"3&DA-&D*)=3/!)3!.)2$+>7!=#!4&-*3'D!(-&-)D/=3! l=48!.! AD"!4&)D4#>(7!
->*D=(-.#=%3! 4-.%3&)*:=%m! $7Iw%! )#'A-'-.#=?! -I&<I(+!"3A#$%8!B#A-"%#'A!
7'A#$3=%3!'(,#>7!4%3&.%#'A(-.32-!a!#=#$%)#! /#(-E*%-.#!a!4-).-$%,-!=#!4&#-
.%>,-.?!($#'DN(#*/+!'A-478!c-!.D(-=#=%#!7*:.DA7!7;DA-!'A-47!"-'%+;=3-
2-!.D'-(-"%3>)%-.32-! l7(,#>! /3>=-J#)-.D!�mC!=#!*-!.'(#)7/?!>-"%=7/?-
*3!)#.#&A-E*%!"%3>)%! %!*D=(78!Z-)-'A#,3!.D(&DA3!4%3&.%#'A(%!.!4-'A#*%!-,--

.%7! %! *D=D! '?!>->#A(#"%! 'A-4-.D"%C!(A<&3!"#/?!)#!)#>#=%3!=#>#=%3!->4--

.%3>=%*:!.,#E*%.-E*%8!Z#$$#>C! '&3I&-C! =%(%3$C! ;3$#)-!-&#)! #=AD"-=!.! E$#>--

.D*:! %$-E*%#*:!4-*:->)?!=#/4&#.>-4->-I=%3/!)!&7>!"3A#$%!7;DAD*:!.!4&--

*3'#*:!.DA#4%#=%#C! #!(A<&3!=%3! )-'A#,D!7'7=%+A3!.! A&#(*%3! &#N=#*/%8!k)D'(#-
=3!.D=%(%! )3I&#=-!.! A#I3$%! R8
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_#I3$#!R8!e=#$%)#! 'A-4-.#!7*:.DA7!4-(&D.D!4#A3&D

 >?@AB?

CD1EFGF>G%

GFGH>ID

IJEB?F>G A1JGKEC?%A2E,L% ?2GHL

FGCGMA2C>?F>G
Au Hg Cu Zn Pb Sn ,-;-4"#0!

TC\%14'$&%\(-'\('$)")4567C4'

A)"78 JJ2NM J2JM RO2NI O2PL M2KM M2KQ ;"2$0\ A#2$02$32$3!

Rewers * * QK2NJ LQ2OO R2RJ L2LM ;"2$]! 02$3!

TC\%14'$&%\(-'\('$ C")4567C4'

A)"78 LO2RI L2KO NJ2OO P2OM M2QM M2KK Fe A#2$02$3!

Rewers * * IM2JI J2RR L2PK M2JP 312$A^2$]!2$ ;" 02$3!

e=#$%)#!7>-.->=%,#C!;3!'A-4!"-'%+;=D!4-(&DA-!=#!#.3&'#*:!),-*3=%#"%!
#"#$2#"#A-.D"%C! =#! *-!.'(#)7/3! -I3*=-E0! &A+*%! lA#I8! Rm8![<;=%*3!.!4&--

*3=A-.3/! %$-E*%! ),-A#! %! #>3(.#A=%3! &A+*%! .'(#)7/?C! ;3! .#&'A.#! ),-*3`! /3'A!
.! &<;=D"!'A-4=%7! )#*:-.#=#! l4&)3A#&A#m8

k)D'(#=3! .D=%(%! )! #=#$%)! I3)%=.#)D/=D*:! %! =%')*)?*D*:! >-'A#&*)D,D!
4&)D>#A=D*:!%=J-&"#*/%!-!A3*:=%*3!.D(-=#=%#!3"#$%%! $%"7)D/'(%*:8!k'A#$-=-!
'A&#AD2&#N+! %! '(,#>! 4%3&.%#'A(-.D! 4-')*)32<$=D*:! I#&.=D*:! .#&'A.! 3"#-
$%3&'(%*:C!'A-'7/?*!A3*:=%(+!W Hw cW!-&#)!'(,#>!'A-47!"3A#$-.D*:!#4$%(#-
*/%!4#A3&D!%!.#&'A.D!),-*3`!a!5[X8!F*:!4&)34&-.#>)3=%3!ID,-!7,#A.%-=3!)3!
.)2$+>7!=#!4&-.#>)-=3!&<.=-*)3E=%3!4&#*3!(-='3&.#A-&'(%38!@D'-(#!.#&-
A-E0!#&AD'AD*)=#!3"#$%3&'A.#!$%"7)D/'(%32-!)-'A#,#!-'%?2=%+A#!4&)D!.D'-(%"!
)##.#='-.#=%7!A3*:=%*)=D"8!c-I<&!4->,-;#C!'(,#>7!3"#$%%C! &<;=D*:!A3*:-

=%(%! %! .&3')*%3! A3"43&#A7&D! .D4#$#=%#! >$#! (-$3/=D*:! .#&'A.! -I&#)7/3C! /#(!
4&-*3'! A.-&)3=%#!ID,! ),-;-=DC!4&)3"DE$#=D! %! I7>-.#=D!=#!>-E.%#>*)3=%78

Summary

Limoge enamels in the collection of Place Wilanów Museum 

– use of analytical methods in the examination of the technique

 !"#$%& '(& "& )%"((& "%%*+& #*,'-$,& .+& /0$& ",,'/'*!& *1 & 234& "!,& 5*%*6'!)& #$/"%&

5*#7*3!,(8&90$&6"/'*&*1 &/0$($&5*#7*!$!/(&'(&(3'/".%$&1*6&'/(&76*7$6/'$(&/*&5*"/'!)&

/0$&#$/"%&."($8&:".$%$,&$%$#$!/(&'!&/0$&"!"%+;$,&("#7%$(&"6$&!*/&*!%+&/0$&."('(&*1 &

#'!$6"%&-%%$6&3($,&'!&/0$&#"!31"5/36$&*1 &$!"#$%&*6&234&5*#7*!$!/<&.3/&/0$+&"%(*&

0$%7(& /*&*./"'!& (7$5'-5&#$50"!'5"%& "!,=*6&70+('5*50$#'5"%&76*7$6/'$(8&90$6$&"6$&

($>$6"%&#$/0*,(&,$5*6"/'!)&'/$#(&'!&/0'(&/$50!'?3$8&@#*!)&/0$#&(7$5'"%&"//$!/'*!&
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,3$&/*&"6/'(/'5&"!,&/$50!'5"%&"(7$5/&"6$&$!"#$%(&16*#&:'#*)$(<&A0'50&A$6$&'!'/'"/$,&

.+&$!"#$%%$6(&16*#&:'#*)$(8&90$&!$A&/$50!'?3$&A"(&"!&*77*6/3!'/+&/*&!"/36"%'(/'5&

6$!,$6'!)& *1 & /0$& A*6%,8&B'(0$(& A$6$& .$'!)& 5*"/$,& A'/0& '#")$(& ".*3/& 13!5/'*!"%&

1$"/36$(8&C*77$6&."($& '!& /0'(& /$50!'?3$& '(& 5*>$6$,&A'/0& /0$&#*!*506*#"/'5<&,"6D&

$!"#$%8& E/& 5*!(/'/3/$,& /0$& ."5D)6*3!,& *1 & /0$& 7'5/36$(?3$& '!& /0$& /$50!'?3$&  !"

#$%&'%(( <& #",$& A'/0& 50"6"5/$6'(/'5& A0'/$& )%*((& 7"'!/& F)('!*" + " ,%-.# &G& "77%'$,& A'/0&

"& .63(0& "!,& /0$& 6$#*>$,& .+& "& !$$,%$8& E!& /0$& HEHI/0& 5$!/36+<& /0$& 1"(0'*!& 1*6&

6$!"'(("!5$&$!"#$%(& 16*#&:'#*)$(&6$/36!$,8&J"!+&5*%%$5/'*!(&A"(&56$"/$,& '!& /0'(&

/'#$&1*6&$4"#7%$&@3)3(/K(&L*!'"/*A(D'<& %"/$6& '/&A"(&5"%%$,&"(&M'%"!NA&5*%%$5/'*!(8

HOE& "!,& HOEE& $/$6!"%& $!"#$%(& 16*#& :'#*)$(& 0">$& .$$!& (3.P$5/$,& /*&

'!(/63#$!/"%& "!"%+('(& A'/0& /0$& "77%'5"/'*!& *1 & (5"!'!)& $%$5/6*!& #'56*(5*7+& "!,&

/0$& HI6"+& 23*6$(5$!5$8& 90'(& ($/& .$%*!)(& /*& /0$& 5*%%$5/'*!& *1 & /0$& J3($3#I

L"%"5$& '!& M'%"!NA8& 90$& 6$(3%/(& *1 & (/6"/')6"70+& "!,& 5*#7*('/'*!& *1 & '!,'>',3"%&

5*%*3613%& $!"#$%& %"+$6(& 76*>',$,& >"%3".%$& '!1*6#"/'*!& ".*3/& /0$& /$50!'?3$& *1 &

'#7%$#$!/"/'*!& *1 & 0'(/*6'5"%& *.P$5/(<& $(($!/'"%& A0'%$& 7$61*6#'!)& 5*!($6>"/'*!&

works.



[300]

Q*/8& RST8& U7*(*.+&76;+)*-

/*A+A"!'"&D*673(NA&S&7*-

VW5;$!'$& 5;"6+& ;& /6;*!$#&

;"DV",D"#'& '& D%"#6"#'&

F7"/$6"& XY"Z%3.'!+& @#*6"&

'& L(+50$[G<& A+A'!'\5'$& F/"-

%$6;& X 50*[G& '& ;W.D*A"!'$&

.6;$)NA& F7"/$6"& ;$& (5$!W&

.'/$A!WG& F1*/8&@%'!"&9*#"-

szewska-Szewczyk)



[301]

E%8& ]8& U/6"/+)6"1'"& $#"-

%''& F/*!,*& X^$5/*6& 96*-

'"!3([G<& *.6";*A"!'$& U &

F1*/8&_6;$)*6;&96+D*A(D'G

E%8& `8& L*A'$6;50!'"& $#"%''&

F7"/$6"& XY"Z%3.'!+& @#*6"&

'&L(+50$[G<&*.6";*A"!'$&U &

F1*/8&_6;$)*6;& &96+D*A(D'G

E%8& a8& U/6"/+)6"-"& $#"%''&

F7%"D'$/"& ;$& (5$!W&A+6".'"-

!'"&A'!"G<&*.6";*A"!'$&U &

F1*/8&_6;$)*6;&96+D*A(D'G



[302]

E%8& bSc8& 9"%$6;& X 50*[<&

50"6"D/$6+(/+5;!$& 5$50+&

/$50!'D'& A+D*!"!'"d& A'$-

%*A"6(/A*A$& *76"5*A"-

!'$& #*!*506*#"/+5;!$&

F$!& )6'("'%%$G<& .%"!5& ,$& :'-

#*)$(<& ;V*5$!'"&A+D*!"!$&

;V*/$#& 76*(;D*A+#& F1*/8&

@%'!"& 9*#"(;$A(D"IU;$A-

czyk)



[303]

E%8& eSRf8& 9"%$6;& X 50*[<&

50"6"D/$6+(/+5;!$& 5$50+&

/$50!'D'& A+D*!"!'"d& A'$-

%*A"6(/A*A$& *76"5*A"-

!'$& #*!*506*#"/+5;!$&

F$!& )6'("'%%$G<& .%"!5& ,$& :'-

#*)$(<& ;V*5$!'"&A+D*!"!$&

;V*/$#& 76*(;D*A+#& F1*/8&

@%'!"& 9*#"(;$A(D"IU;$A-

czyk)

E%8& RR8& L"/$6"& XY"Z%3.'!+&

@#*6"& '& L(+50$[<& 50"6"D-

/$6+(/+5;!$& $%$#$!/+& /$50-

!'D'& A+D*!"!'"& S& (6$.6;$-

!'"<& .'$%& *7"D*A"& ;"DV"-

,"!"& '#7"(/*A*& 7\,;%$#&

'& A+.'$6"!"& ')VW& F$!%$>")$&

g& %K"')3'%%$G& F1*/8& @%'!"& 9*-

maszewska-Szewczyk)



[304]

E%8& Rh8& L"/$6"& XY"Z%3.'!+&

@#*6"& '& L(+50$[<& 50"6"D-

/$6+(/+5;!$& $%$#$!/+& /$50-

!'D'& A+D*!"!'"& S& (6$.6;$-

!'"<& .'$%& *7"D*A"& ;"DV"-

,"!"& '#7"(/*A*& 7\,;%$#&

'& A+.'$6"!"& ')VW& F$!%$>")$&

g& %K"')3'%%$G& F1*/8& @%'!"& 9*-

maszewska-Szewczyk)

E%8& RTSR]& L%"D'$/"& XC"6'-

/"([<&50"6"D/$6+(/+5;!$&$%$-

#$!/+& /$50!'D'& A+D*!"!'"&

S& /*!*A"!'$& 5;$6A'$!'W&

i$%";*AW<& ZA'"/V*5'$!'*A$&

;V*5$!'"& F1*/8&@%'!"&9*#"-

szewska-Szewczyk)



[305]

E%8& R`SRa& C0"6"D/$6+(/+5;-

!$& $%$#$!/+& /$50!'D'& A+-

D*!"!'"d& 7%"D'$/"& ;$& (5$!W&

A+6".'"!'"& A'!"& S& ;"DV","-

!'$& ."6A!+50& $#"%''& /6"!(-

7"6$!/!+50& !"& .'$%& *7"D*-

AW<& (*%!'5;D"& S& A+6Ni!'"-

!'$& D"6!"5P'& ."6A!W& $#"%'W&

F1*/8& @%'!"& 9*#"(;$A(D"I

Szewczyk)

E%8& Rb8& C;"6D"& XZA8& @!!"[<&

7"'%%*!(& F1*/8& @%'!"& 9*#"-

szewska-Szewczyk)



[306]

E%8& RcSRe8& j*!/6$#"%'$&

/*!,"& X^$5/*6& 96*'"!3([&

'& 7%"D'$/+& ;$& (5$!W& A+6"-

.'"!'"&A'!"& F1*/8&@%'!"&9*-

maszewska-Szewczyk)


