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Abstract. The aim of the work was to develop a method of constructing the structure of the
near-surface layer of the investigated material by atomic force microscopy. The method is suitable
for the study of soft filled materials and consists in creating a three-dimensional image of the
structure of a stiQ filler hidden under the surface using data from the semi-contact mode of the
atomic force microscope (AFM): phase portrait and relief map of the sample surface. In the model,
the AFM probe is treated as a spring pendulum with specified (stiQness and resonant frequency)
and calculated (eQective mass and internal viscosity) parameters. The parameters of the numerical
model describe a real experimental setup. The behaviour of the material is described by an elastic
model, dissipation is represented by adhesion forces that pull the probe into the material after
contact with its surface. For a given material and experiment parameters, the resulting phase shift
map is interpreted as the result of rigid objects located at a certain depth. The values of these
depths are converted into the topography of hidden subsurface structures.
Keywords: Atomic Force Microscopy, Tapping Mod, Mathematical Model of Interaction, Phase
Shift, Subsurface Structure.
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.89:9;<9. !"#$%#-&’(#)#* $’+,#&+#- - ."# ’%&",/$0%" 1(2 ’3/40%’2 5’-
3’40&+’6 &)#*&") ’ &",/+"/,7 #890+"#) %:%#$0",#)#;# $:&<":8:. = ":+ %:37-
):0$#$ -#(/+#%":+"%#$ ,0>’$0 #&",7* 3#%1, ,:&-#(#>0%%7* %: &)#8#1%#$
+#%?0 8:(+’, +:&:0"&2 #8,:3?: [1, 2]. @:+,0-(0%%7* +#%0? :(+’ &#)0,<:0" -,’
."#$ ;:,$#%’40&+’0 +#(08:%’2. !AB ,0;’&",’,/0" ,:3%#&"C (&1)’;) 5:3 $0>1/
+#(08:%’2$’ +#%4’+: +:%"’(0)0,: ’ 0;# #&%#):%’2.

D0,)#* 3:1:40* 1:%%#* ,:8#"7 2)(2(#&C "0#,0"’40&+#0 #8#&%#):%’0 ;’-#-
"037 # "#$, 4"# 5:3#)7* -#,",0" $#>0" &#10,>:"C ’%5#,$:?’E # &",/+"/,0
-,’-#)0,6%#&"%#;# &(#2. F3)0&"%7 ’&&(01#):%’2 ) ."#$ %:-,:)(0%’’ [3–5]; -,0-
’$/G0&")#$ %:<0;# $0"#1: 2)(2E"&2 &+#,#&"C ’ $:(#0 )#310*&")’0 %: #8,:30?.
="#,:2 3:1:4: 3:+(E4:(:&C ) ,:3,:8#"+0 :(;#,’"$: -#(/40%’2 ’%5#,$:?’’
# &",/+"/,0 -#1-#)0,6%#&"’. D#(/40%%:2 $0"#1’+: 1#(>%: -#3)#(’"C ’3/4:"C
$2;+’0 %0#1%#,#1%70 $:"0,’:(7, ":+’0 +:+ %:-#(%0%%70 .(:&"#$0,7.

1. =>?@8AB C:8<D < EFF9GH<8;>I J9CHG@CHK. = 40$ $#>0" 87"C
-,’4’%: &1)’;: 5:3? A1)’; 5:3 #",:>:0" 1’&&’-:?’E .%0,;’’. D,’4’%:$’
."#;# $#>0" 87"C: )23+#0 ’(’ -(:&"’40&+#0 -#)010%’0 $:"0,’:(:, ,:3,/<0%’0
-#)0,6%#&"’, +:-’((2,%70 2)(0%’2 ’ ".1.

= %:<0$ &(/4:0 ’&&(01/0$7* $:"0,’:( 2)(20"&2 4’&"# /-,/;’$. D#."#$/
):>%7$ 5:+"#,#$ 1’&&’-:?’’ 2)(20"&2 ’3$0%0%’0 ;,:%’? $0>1/ &,01:$’, &#-
-,#)#>1:EG00&2 ’3$0%0%’0$ -#)0,6%#&"%#* .%0,;’’. D#)0,6%#&"%70 .550+"7
’;,:E" 3%:4’"0(C%/E ,#(C -,’ )3:’$#10*&")’’ %: %:%#$0",#)#$ /,#)%0. D,’-
)010$ %0&+#(C+# -,’$0,#) ,:8#", ) +#"#,76 ":+’0 .550+"7 ’3/4:(’&C .+&-0-
,’$0%":(C%# ’ "0#,0"’40&+’ [6–9].

H: ,’&. 1 +,:&%7$ ?)0"#$ #"$040%7 /4:&"+’ -#)0,6%#&"’ 3#%1: ’ #8,:3?:. I#
+#%":+": ."# 87(’ ;,:%’?7 J)#31/6-3#%1K ’ J)#31/6-#8,:30?K, +#"#,70 ’$0(’
.%0,;’’ ω31 ’ ω32 &##")0"&")0%%#. D#&(0 )1:)(’):%’2 ."’ ;,:%’?7 ’&403:E", :
)$0&"# %’6 -#2)(20"&2 ;,:%’?: J3#%1-#8,:30?K & .%0,;’0* ω12.

!"#. 1. $%&’(%)*’+),"& -%),". /+01 #%&/ (A1B1 " A2B2) + ’/,0 (AB) + %&*0234)4&
5’,4)54)

L&(’ )7-#(%20"&2 /&(#)’0 ω12 < ω31+ω32, "# .%0,;0"’40&+’ )7;#1%# /)0(’4’-
):"C ;,:%’?/ J3#%1-#8,:30?K, ’ ."# 8/10" -,#1#(>:"C&2 1# "06 -#,, -#+: &’(7
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)"2;’):%’2 %0 /,:)%#)0&2"&2 &’(:$’ /-,/;#* ,0:+?’’ #8,:3?: %: -,#%’+%#)0-
%’0. M"# #40%C 87&",7* -,#?0&&, +#"#,7* )7;(21’" +:+ %’&6#12G’* &+:4#+ %:
+,’)#* )1:)(’):%’2.

A/G0&")/0" ":+>0 )3:’$#10*&")’0 1# +#%":+":, %# #%# ’$00" ;#,:31# $0%C-
<’* .550+". = ,:8#"0 [10] 87(# -#+:3:%#, 4"# 1(2 3#%1: & ,:1’/&#$ +#%4’+:
6 %$ &+:4#+ ) -#(’$0,%7* $:"0,’:( &#&":)’" #+#(# 0.57 %$, 6#"2 ) .+&-0,’-
$0%":6 ,0;’&",’,#):(’&C &+:4+’ ) 10&2"+’ %$. D,’ #8,:"%#$ 1)’>0%’’ 3#%1:
) $#10(’ 803 -,’(’-:%’2 &+:4+: %0 8/10". D#."#$/ )#3%’+%/" 1’&&’-:"’)%70
-#"0,’ .%0,;’’. N%’ -,’)01/" + -#2)(0%’E 5:3#)#;# &1)’;:.

=:>%#* #&#80%%#&"CE -,’ -#1;#"#)+0 -#)0,6%#&"’ #8,:3?: 2)(20"&2 "#, 4"#
.+&-0,’$0%" -,#)#1’"&2 & %:%#+#$-#3’"#$ & :+"’)%7$ %:-#(%’"0(0$. O:&"’-
?7 %:-#(%’"0(2 ’$0E" )7&#+/E &"0-0%C )3:’$#10*&")’2 & .(:&"#$0,#$. D,’
-#1;#"#)+0 #8,:3?: &#31:0"&2 %#):2 4’&":2 -#)0,6%#&"C. M"# 1#&"’;:0"&2 -/-
"0$ ,:3,03:%’2 ’(’ ,:3,7):. D,#?0&& #8,:3#):%’2 %#)#* -#)0,6%#&"’ &)23:%
& ,#&"#$ ",0G’%7, +#"#,#* .%0,;0"’40&+’ )7;#1%# #8#*"’ :;,0;:"7 :+"’)%76
4:&"’? %:-#(%’"0(2 %: #-,010(0%%#$ ,:&&"#2%’’. D#."#$/ )%#)C &#31:%%:2 -#-
)0,6%#&"C 8/10" ’$0"C )0310 #1’%:+#)/E -#)0,6%#&"%/E .%0,;’E (,’&. 2).

!"#. 2. $’+&%1,’#43 6’5%74) #2’&8 6’2"8&%,’-’ 8)4&%")2) - 6’+&%1,’#4,)9 :,&%-"9
+&*/& ’/",)5’+). ;)54’%’8, ’(&#6&<"+)=>"8 "*8&,&,"& ?)*’+’-’ #/+"-), (0/&4 ,)-
2"<"& ,&’/,’%’/,’-’ %)#6%&/&2&,"9 @:??&54"+,’A B&#45’#4"C

D#."#$/ 1’&&’-:?’2 3:)’&’" "#(C+# #" ;(/8’%7 &+:4+:, &#)0,<:0$#;# -,’
))010%’’ 3#%1: ) $:"0,’:(. ! ;(/8’%: &+:4+: 3:)’&’" #" J.550+"’)%#* >0&"+#-
&"’ $:"0,’:(:K, "# 0&"C #" "#;#, %:&+#(C+# ;(/8#+# -#1 -#)0,6%#&"CE %:6#1’"&2
4:&"’?: %:-#(%’"0(2 (,’&. 2).

2. 4L>8;9;<9 :8<J9;<I. I’%:$’40&+’* #"+(’+ &’&"0$7 +:%"’(0)0,-
3#%1, /-,:)(20$#;# )%0<%’$ &’%/&#’1:(C%7$ &’;%:(#$, $#10(’,#):(&2 ,:3-
(’4%7$’ :)"#,:$’ [11–14]. I#$’%’,/EG’$’ )+(:1:$’ ) /,:)%0%’0 1)’>0%’2
+:%"’(0)0,: 2)(2E"&2 0;# /-,/;’* #"+(’+, ;’1,#1’%:$’40&+#0 10$-5’,#):%’0
&# &,01#*, )3:’$#10*&")’0 #&",’2 & #8,:3?#$ ’ &’(: )#38/>10%’2.

I(2 #-’&:%’2 1)’>0%’2 3#%1: ’&-#(C3/0"&2 $#10(C -,/>’%%#;# $:2"%’+:
& -#&"#2%%#* >0&"+#&"CE k, ,03#%:%&%#* /;(#)#* 4:&"#"#* ε0, .550+"’)%#*
$:&&#* m = k/ε0

2.
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I)’>0%’0 3#%1: z #-’&7):0"&2 %0(’%0*%7$ 1’550,0%?’:(C%7$ /,:)%0%’0$
)"#,#;# -#,21+::

m
dz2

d2t
= →kd→ µ

dz

dt
→ F, (1)

;10: b – -#(#>0%’0 #&%#):%’2 +:%"’(0)0,:, d – ’3;’8 +:%"’(0)0,:, µ – +#.55’-
?’0%" 1’&&’-:?’’, F – &’(: )3:’$#10*&")’2 $0>1/ 3#%1#$ ’ #8,:3?#$.

b = B0 +B cosε0t (2)

d = z → b (3)

P#(08:%’2 -0,01:E"&2 #&%#):%’E ) &##")0"&")’’ & /,:)%0%’0$ (2), +#"#,#0
)6#1’" ) /,:)%0%’0 (1) 40,03 &##"%#<0%’0 (3). M"# &)23C $0>1/ ’3;’8#$ +:%-
"’(0)0,: ’ -#(#>0%’0$ 0;# +#%4’+: ’ #&%#):%’2.

!"#. 3. D1&8) 8’/&2" – 6%0B",,7A 8)94,"5

= -0,)#$ -,’8(’>0%’’ %:<0* ,:8#"7 )3:’$#10*&")’0 & #8,:3?#$ 3:1:0"&2
$#10(CE I0,2;’%:-BE((0,:-Q#-#,#): (IBQ) [15]:

F = c(→z)1.5 → FA,0&(’ z ↑ 0 ’%:40: F = 0, (4)

;10: c = 4/3ER1/2/(1→ ϑ2
), FA = 2ϖRω12 = 2ϖR

↓
ω11ω22. D(#"%#&"C -#)0,6%#&"-

%#* .%0,;’’ ω12 %: ;,:%’?0 +#%":+": 3#%1-#8,:30? #-,010(20"&2 -# /-,#G0%%#*
5#,$/(0 ’3 ,:8#"7 [16].

2.1. !"#$%&’(#$) *"’*+,*’#,) "+- $.&’/0$* 1 &’/+,2#$3 4)1(%$1(56. H:
-,’$0,0 4’&(0%%#;# .+&-0,’$0%":, $#10(’,/EG0;# )1:)(’):%’0 & %08#(C<#*
&+#,#&"CE, $#>%# -#+:3:"C, +:+ >0&"+#&"C $:"0,’:(: )(’20" %: ,:&&0’):%’0
.%0,;’’ ) &’&"0$0. H: ,’&. 4 -,01&":)(0%7 +,’)70 )1:)(’):%’2, -#(/40%%70
-,’ -,2$#$ ’ #8,:"%#$ 1)’>0%’’ +:%"’(0)0,:. D:,:$0",7 +:%"’(0)0,: CSG30
)32"7 ’3 ’&"#4%’+: [17]: R = 10 %$, k = 0.6 H/$, f0 = 48 +R?.

A#;(:&%# ."’$ ,03/(C":":$, $#>%# #"$0"’"C &/G0&")0%%#0 )(’2%’0 >0&"+#-
&"’ #8,:3?: %: ;’&"0,03’&: -,’ ’%10%"’,#):%’’ $:"0,’:(: & $#1/(0$ /-,/;#&"’
E = 10 BD: ;’&"0,03’& %: 40% 8#(C<0, 40$ 1(2 $:"0,’:(: & E = 100 BD:.
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!"#. 4. E%"+7& ",/&,4"%’+),"9 ’(%)*.) # 8’/02&8 06%0-’#4" E = 10 F$) (#2&+)) "
100 F$) (#6%)+))

!"#. 5. !&)2"*)."9 8’/&2" + 6’205’,4)54,’8 %&B"8& GDF. H&%,)9 2","9 ’(’*,)<)&4
6&%&8&>&,"& ’#,’+),"9, 5%)#,)9 - 6’2’B&,"& *’,/), ) #",99 - -20(",0 +/)+2"+),"9

2.2. 7$+8%$#(’%(#93 &)4,:. I(2 $#10(’,#):%’2 -#(/+#%":+"%#;# ,0>’$:
’&-#(C3#):(’&C "0 >0 -:,:$0",7 +:%"’(0)0,: (CSG30) ’ #8,:3?: & $#1/(0$ E
= 10 BD:.

H: ,’&. 5 )’1%#, 4"# )(’2%’0 :1;03’’ %0 #40%C 3:$0"%#. M"# &)23:%# & "0$,
4"# -,’ /)0(’40%’’ 4:&"#"7 +#(08:%’* 3#%1: ) %:<0* $#10(’ %:4’%:0" -,0#8-
(:1:"C #40%C )7&#+’* 1’%:$’40&+’* .550+" 3:-:317):%’2. D,’ 4:&"#"0 100
R? %:8(E1:0"&2 +(:&&’40&+:2 +:,"’%: )1:)(’):%’2. H# 3#%1 1#(>0% ,:8#":"C
%: 4:&"#":6 ) 10&2"+’ +R?, ;10 $7 $#>0$ #"&(0>’):"C "#(C+# 5:3#)7* &1)’;
(,’&. 6).

H: ,’&. 6 -#+:3:%# )(’2%’0 >0&"+#&"’ #8,:3?: %: 5:3#)7* &1)’;. I#-#(%’-
"0(C%7$’ -:,:$0",:$’ $#10(’ 2)(2E"&2: B = 5 %$, A = 44 %$, B0 = A/2.

!%:(’3 $#10(’ -#3)#(20" &10(:"C )7)#1, 4"#, ’&-#(C3/2 .+&-0,’$0%":(C%70
1:%%70 -# 5:3#)#$/ &1)’;/, $#>%# -#(/4’"C #1%#3%:4%/E ’%5#,$:?’E # >0&"-
+#&"’ (’(’ .550+"’)%#* >0&"+#&"’, 0&(’ ,04C ’10" # %0#1%#,#1%#$ #8,:3?0)
-#)0,6%#&"%#;# &(#2 #8,:3?: ’3 -#(/40%%76 ,03/(C":"#) $#10(’,#):%’2 & 3:-
1:%%7$’ -:,:$0",:$’ +#(08:%’*.
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!"#. 6. I)+"#"8’#43 ?)*’+’-’ #/+"-) ’4 B&#45’#4" ’(%)*.)

3. "MD@L<HN OL9@PL>?@8>;<I :>;;AQ. Q:+’$ #8,:3#$, :(;#,’"$ -,0-
#8,:3#):%’2 1:%%76 $#>%# &5#,$/(’,#):"C ) )’10 &(01/EG’6 40"7,06 .":-#):
M":- 1. I(2 -0,)#;# .":-: %0#86#1’$# ’$0"C .+&-0,’$0%":(C%70 1:%%70 ’ -#-
(/4’"C "0#,0"’40&+’0 1:%%70 & -#$#GCE -,01(#>0%%#* $#10(’ (,’&. 7). I(2
%:;(21%#&"’ ,:&&$#",’$ -#-0,04%#0 &040%’0 +:,"7 5:3#)#;# &1)’;: ) #8(:&"’
200 %$. F&-#(C3/2 ,:3,:8#":%%/E $#10(C, 87(: ,:&&4’":%: 3:)’&’$#&"C 5:3#-
)#;# &1)’;: #" >0&"+#&"’ #8,:3?:. I:%%70 -#(/40%7 1(2 +:%"’(0)0,: & k = 35
H/$, R = 10 %$. D:,:$0",7 +#(08:%’*: B = 0.6 %$, A = 51.4 %$, B0 = A/2.

!"#. 7. J5#6&%"8&,4)23,7& /),,7&: ?)*’+7A 6’%4%&4 (#2&+)) " 4&’%&4"<&#5)9 *)+"-
#"8’#43 !ω(E) (#6%)+))

M":- 2. D,0#8,:3#):%’0 #&/G0&")(20"&2 -/"0$ 3:$0%7 3%:40%’* 5:3#)#;#
&1)’;: %: 3%:40%’2 >0&"+#&"’ K(x) ) &##")0"&")’’ & "0#,0"’40&+#* 3:)’&’$#-
&"CE !ϱ(E). P,#$0 "#;#, -,#’3)#1’"&2 %#,$:(’3:?’2 1:%%76. I(2 ."#;# ’&-
-#(C3/0"&2 3%:40%’0 >0&"+#&"’ E0 %0%:-#(%0%%#;# #8,:3?:: K(x) = E(x)/E0.
S03/(C":" )"#,#;# .":-: -,01&":)(0% %: ,’&. 8.

M":- 3. I(2 -#(/40%’2 #+#%4:"0(C%#;# ,03/(C":": %0#86#1’$# -,#)0&"’ ’&-
&(01#):%’0 & ’&-#(C3#):%’0$ +#%04%#-.(0$0%"%#;# (PM) $#10(’,#):%’2, +#"#-
,#0 -#3)#(’" /&":%#)’"C &##")0"&")’0 $0>1/ &",/+"/,#* -,’-#)0,6%#&"%#;#
&(#2 ’ 0;# .550+"’)%#* >0&"+#&"CE.

I(2 ’&&(01#):%’2 ) PM $#10(’ %0#86#1’$# #-’&:"C )3:’$#10*&")’0 3#%1: &
%:-#(%0%%7$ /-,/;’$ $:"0,’:(#$ (,’&. 9). H0#86#1’$# /4’"7):"C ,:3(’4%70
,:3$0,7 )+(E40%’* Ri ’ ’6 ;(/8’%/ H. @#%1 )1:)(’):0"&2 %: 5’+&’,#):%%/E
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!"#. 8. $%&’(%)*’+),,7& " ,’%8)2"*’+),,7& /),,7&

;(/8’%/ H ) ,:3(’4%76 "#4+:6 -#)0,6%#&"’ x, ’ #-,010(20"&2 %0#86#1’$#0 1(2
."#;# /&’(’0 Fh. S03/(C":"#$ $#10(’,#):%’2 2)(20"&2 ,:&-,010(0%’0 &’(7 -#
-#)0,6%#&"’ #8,:3?: Fh(x). P#%04%7* ,03/(C":" ":+>0 %#,$’,/0"&2 -# #"%#-
<0%’E + 3%:40%’E &’(7 F0 1(2 &(/4:2 & %0%:-#(%0%%7$ #8,:3?#$.

!"#. 9. D1&8)4"<&#5’& "*’(%)B&,"& -&’8&4%"" "* EJ-8’/&2" (#2&+)) " %&*0234)4 8’-
/&2"%’+),"9

D,01):,’"0(C%70 ’&&(01#):%’2 [18] -#+:37):E", 4"# +:>1#* -:,0 -:,:$0"-
,#) (Ri, H) &##")0"&")/0" 01’%&")0%%:2 3:)’&’$#&"C Fh(x)/F0 & /%’+:(C%#*
5#,$#* +,’)#* (,’&. 9). T’3’40&+’* &$7&( -#(/40%%#;# ,03/(C":": - .550+-
"’)%:2 >0&"+#&"C -#)0,6%#&"’ K(x) = Fh(x)/F0.

M":- 4. I(2 3:)0,<0%’2 %0#86#1’$# #8901’%’"C 1:%%70, -#(/40%%70 %: .":-
-:6 2 ’ 3: ’3 !ϱ(E) !ϱ(x) -#(/4:0$ K(x) = E(x)/E0 & 1,/;#* &"#,#%7, 3%:2
(Ri, H), -#(/4:0$ Fh(x)/F0 = K(x). Q:+’$ #8,:3#$, -#(/4:0$ &##")0"&")’0
$0>1/ -:,#* -:,:$0",#), #-,010(2EG’6 5#,$/ ’ ;(/8’%/ -#1-#)0,6%#&"%#;#
,0(C05:, ’ 5:3#)7$ -#,",0"#$ -#)0,6%#&"’. I(2 -#&",#0%’2 #+#%4:"0(C%#;#
,0(C05: %0#86#1’$# &#)$0&"’"C -#(/40%%/E -#)0,6%#&"C & .+&-0,’$0%":(C%7-
$’ !AB-1:%%7$’ # ,0(C050 #8,:3?:.

D,’$0, ,:8#"7 -,01(#>0%%#;# :(;#,’"$: -#+:3:% %: ,’&. 10. I(2 %:;(21%#-
&"’ ) +:40&")0 $:"0$:"’40&+#;# -,0#8,:3#):%’2 5:3#)#;# &1)’;: ’&-#(C3/0"&2
-,#&"#0 (’%0*%#0 -,0#8,:3#):%’0.
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!"#. 10. !&23&? 6’+&%1,’#4" z(x, y) (%)*8&% 111 858), ?)*’+7A 6’%4%&4 ω(x, y) " ,’+)9
6’+&%1,’#43 znew(x, y), 5’4’%)9 9+29&4#9 2",&A,’A 5’8(",)."&A %&23&?) " ?)*’+’-’
6’%4%&4). K 6&%+’8 6%"(2"B&,"" ?)*’+7A 6’%4%&4, 08,’B&,,7A ,) 5’,#4),40, 6%’#4’
/’()+292#9 5 %&23&?0

H: ,’&. 10 -#+:3:%#, +:+ %: #"%#&’"0(C%# ;(:1+’6 /4:&"+:6 -#2)(2E"&2 %#)70
10":(’ ,0(C05:. M"# $#>%# &,:)%’"C & "0$, +:+ -,#,’&#)7):0"&2 -#1)#1%7*
,0(C05 & -#$#GCE .6#(#":.

4. R>GMST9;<9. = ,03/(C":"0 ’&&(01#):%’2 87(# 1:%# "0#,0"’40&+#0
#8#&%#):%’0 )#3$#>%#&"’ ’&-#(C3#):%’2 5:3#)#;# -#,",0": 1(2 ’3/40%’2 -#1-
-#)0,6%#&"%#* &",/+"/,7 $2;+’6 %:-#(%0%%76 $:"0,’:(#). I(2 ."#;# 87(:
,:3,:8#":%: $:"0$:"’40&+:2 $#10(C 1)’>0%’2 ’ )3:’$#10*&")’2 !AB-3#%1:
& -#)0,6%#&"CE #8,:3?:. M": $#10(C ’&-#(C3/0"&2 ) -,01(#>0%%#$ :(;#,’"$0
-,0#8,:3#):%’2 +:,"7 5:3#)#;# &1)’;: ’ -#(/40%’2 ’%5#,$:?’’ # &",/+"/,0
-,’-#)0,6%#&"%#;# &(#2. D#+:3:%: &60$: ,:8#"7 ."#;# :(;#,’"$:.

!"#"$%&’($)%"
*+,-. -/0121/. !.L. L*=8’+: ,)6"#),"& 4&5#4) %05’6"#", ’(*’% 2"4&%)40%7, #’-2)-
#’+),"& ?",)23,’A +&%#"" %05’6"#", 6%’+&/&,"& :5#6&%"8&,4’+, 6%’-%)88"%’+),"&,
G.M. D+"#45’+: 5’,.&640)23,)9 6’#4),’+5), 6%’-%)88"%’+),"&, %&/)54"%’+),"& 4&5-
#4) %05’6"#".
3145,6+0 64072781/. G+4’%7 /&52)%"%0=4 ’4#04#4+"& 9+,71 " 6’4&,.")23,71
5’,?2"54’+ ",4&%&#’+, #+9*),,71 # 60(2"5)."&A ,)#4’9>&A #4)43".
&801946+ 564-48621/-46:. !)(’4) +76’2,&,) 6%" ?",),#’+’A 6’//&%B5& !;;L
" $&%8#5’-’ 5%)9, 6%’&54 N 20-48-596013 " F","#4&%#4+) ,)05" " +7#O&-’ ’(%)*’-
+),"9 !’##"A#5’A ;&/&%)."" + %)85)1 -’#(=/B&4,’A 4&87 (%&-. ,’8&% GGGG-G20-
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