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1#�. 1
���� (
��.), �#w. !������ (����., �. �. �.)
�2(/.%&'-(%@*!3F+.&%@4!*%B&%@2&�.!3'%,!,

�+?!*3++&+,/4�¤, ,/A/13+?�B&/¤+&+,/4�¤,+/A!3+,%.&/¤D�3231�¤

�+ 23 A"/*+D "�*%&% 270,0–375,0 44 ,�4ª#&/N(2A3%(/./¤ */.F%&% (,3!,�@ ,3%4!',3
.&2,3�U&-/2,3/$&/1/ 3/).%,(2) )+ */A/4/1/� 4!,/*�. ).%B+@&/1/ � ,/&(/1/ A3!A+32.+&&# A�*
(/&,3/"!4 $�&/(2"#3&/¤ "2A%, 4+(3/4�(3/'(/A�¤ ,+ 4/3?/4!,3�¤ .%.B!&/ +&+,/4�B&� /'/$"%./',�
/31+&�. � ',32(,23A3%.2U&/NF2.+"-&/¤ *�"#&(%. 
%#."!&/ 2��"-&!&&#?+'5�+"-&/N("�,(/.%&&%D
2,./3!&-.4�'5#D,�'&%D,/A/13+?/+&+,/4�B&%D.)+¯4/.�*&/U!&-¤¤/31+&�.�',32(,23.

�0",!$1',+'	0!�!>&"2++	!)!1!4x,-^	�1w,,-^	�'1'q
4	�1!(!$	0&'0]'>!	0&+J'�0&"	$,40&+40&!;,!>!	&"q$+0+=

1#�. 1
���� (
��.), +#w. !����� (����., �. �. �.)

�2(/.%&'(%@1/'2*+3',.!&&G@4!*%5%&'(%@2&%.!3'%,!,
�+?!*3++&+,/4%%, ,/A/13+?%B!'(/@+&+,/4%%%/A!3+,%.&/@D%3231%%

"���
�z����z.�,+&/."!&%! /31+&/. — /B!&- '"/F&G@A3/5!'', (/,/3G@%&G&!/(/&B+-
,!"-&/ !�� &! %)2B!&. �/�,/42 ',3/!&%! /31+&/. % '%',!4 .+F&/ %)2B+,- . '.#)% ' /'&/.&G4%
A3/5!''+4% 4/3?/1!&!)+ (
/.( �L�., �/4%&%D	L�., 2003) [1], &+ /'&/.! *+&&GD�4$3%/1!&!)+
¥�./3&%(
L�., 	24+(/.+�L�., 2006) [2]; (�+)/&/. �L�., 2006) [3]). �&+&%#A3!*G*2�%D',+*%@
�4$3%/&+"-&/1/ 3+).%,%# % /A3!*!"!&%# &+A3+."!&%# A3/5!''/. /31+&/1!&!)+, A3% (/,/3GD A/-
'"!*',.%#/*&/@',+*%%A3!.3+�+�,'#.2'"/.%#A/'"!*2��!@, #."#!,'#$!)2'"/.&G4?+(,/3/4
¥�D,!4�@B2( �L	., 2008) [4], 'A/'/$',.2��%41"2$/(/42A/&%4+&%� +&+,/4%B!'(%DA3!/$3+)/-
.+&%@A3%&/34+"-&/4�4$3%/1!&!)!. �.!*!&%#/',+&/."!&%%,/A/13+?%%%/$/'&/.+&%!4/3?/-
"/1%B!'(%D A3!*A/'G"/( ./)&%(&/.!&%# .3/F*!&&GD A/3/(/. /(/"/2U&/@ '"�&&/@ F!"!)G
¥���) B!"/.!(+ ?3+14!&,+3&G! % &!'%',!4+,%)%3/.+&G (�+.3�. �L�.,  �"�@&%( �L�.,  2012)  [5],  +
/,*!"-&G! +'A!(,G %D 4/3?/1!&!)+ ('3/(% % 4!D+&%)4G 3+).%,%# A/3/(/.) ,3!$2�, *%'(2''%%.

G#'&!&%# %',/B&%(/. )+("+*(%, /'/$!&&/',!@ 3+).%,%# % ',+&/."!&%# ,/A/13+?%% $/"-U%D
'"�&&GDF!"!).3+&&!4A!3%/*!A3!&+,+"-&/1/3+).%,%#B!"/.!(+%4!!,.+F&/!)&+B!&%!*"#5!-
"/',&/1/A/&%4+&%#',32(,23&/N?2&(5%/&+"-&/@/31+&%)+5%%'+"%.+5%/&&/1/+AA+3+,+%3/,/./@
A/"/',%.5!"/4 (�D,!4�@B2(�L	., �"�@&%(�L�., 2009; �+.3�.�L�., �"�@&%(�L�., 2012) [6, 7].

*��z� &+U!1/ %''"!*/.+&%# ',+"/ %)2B!&%! ',+&/."!&%# ,/A/13+?%% ��� 2 A"/*/.
,3!,-!1/,3%4!',3+.&2,3%2,3/$&/1/3+).%,%#B!"/.!(+ (
��).

J
����
�	�	�����.�''"!*/.+&%!���.GA/"&!&/&+ 23 A"/*+DB!"/.!(+,3!,-!1/,3%4!-
',3+
�� (270,0–375,0 44,!4!&&/N(/AB%(/./@*"%&G /	��/) $!)A3%)&+(/.A+,/"/1%%���, A/-
"2B!&&GD.'"!*',.%!A3!F*!.3!4!&&GD3/*/./,A3+(,%B!'(%)*/3/.GDF!&�%&%"%.'"!*',.%!
+$/3,/.A/4!*%5%&'(%4A/(+)+&%#4'/',/3/&G4+,!3%%"%'/5%+"-&G4A/(+)+&%#4%. �''"!*/-
.+&%#A3/.!*!&G''/$"�*!&%!4/'&/.&GDA/"/F!&%@: �/&.!&5%%�/.!,+�.3/AG/A3+.+DB!"/-
.!(+ % $%/4!*%5%&! (/, 04.04.1997 1.); �!"-'%&'(/@ *!("+3+5%% 
'!4%3&/@ 4!*%5%&'(/@ +''/-
5%+5%%/$�,%B!'(%DA3%&5%A+DA3/.!*!&%#&+2B&GD4!*%5%&'(%D%''"!*/.+&%@'2B+',%!4B!-
"/.!(+ (1964–2008 11.); A3%(+)+���(3+%&G� 690 /, 23.09.2009 1. 
D/*!%''"!*/.+&%#%'A/"--
)/.+"%4!,/*G: ,/&(/1/A3!A+3%3/.+&%#���%/(/"/2U&/NF!.+,!"-&/@/$"+',%A/*(/&,3/"!4
$%&/(2"#3&/@ "2AG; 4+(3/- % 4%(3/'(/A%%; 4/3?/4!,3%%; 4+(3/?/,/13+?%% ?/,/+AA+3+,/4
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«OLIMPUS º 1000 All-weather 10,0 MPix»; 4%(3/?/,/13+?%%5.!,&/@ 5%?3/./@ CMOS (+4!3/@
*"#4%(3/'(/A/. «T100 SCIENCELAB 10,0 M�ix»'4%(3/4!,3/4.

&�_��z�
�	��������
���	�	��	����������.
,3!,-!4,3%4!',3!
�����A"/*/.B!"/-
.!(+ (270,0–375,0 44 	��) 3+'A/"+1+!,'# . 1"2$/(/@ .A+*%&! A/)+*% .!,.% &%F&!@ B!"�',%, .
)+*&!B!"�',&/@ #4(!. 
 �,/4 ./)3+',&/4 A!3%/*! ?/34+ F!"!)G .A/"&! '//,.!,',.2!, ',!&(+4
�,/1/"/F+%%4!!,&!A3+.%"-&G!, '"/F&/'B!4N"%$/'3+.&%4G!/B!3,+&%#. �+$"�*+"%'"!*2�-
�%! .+3%+&,G ?/34G ���: /.+"-&2�, ,3!21/"-&2�, &!A3+.%"-&GD B!,G3!D21/"-&%(+ % 4&/1/-
21/"-&%(+, A3%)4+,%B!'(2�, �""%A'/.%*&2�%A%3+4%*+"-&2�.

�(3+'(+F!"!)G — '!3/NF!",/.+,+#, $"%)(+#(5.!,2/(32F+��!@A/*(/F&/NF%3/./@("!,-
B+,(%, /, (/,/3/@ F!"!)+ /,"%B+!,'# $/"!! .G3+F!&&G4 '!3G4 /,,!&(/4, */"!.G4 ',3/!&%!4 %
$/"-U!@A"/,&/',-�. �$�!4F!"!)G.+3-%32!,.)&+B%,!"-&/@',!A!&%, '//,&/U!&%!&+%4!&-U!@
%)F!"!)%''"!*2!4/1/./)3+',&/1/A!3%/*+(&+%$/"-U!@, (+( 1:3. �3!*&##4+''+����,/1/./)-
3+',&/1/A!3%/*+ — 14–21 1.

�+A'2"+, /(2,G.+#F!"!)2, *+!,.1"2$-F!"!)GA!3!1/3/*(%%,!4'+4G43+)*!"#!,!!&+/,-
*!"-&G!*/"-(%. 
/(321(+A'2"G3+'A/"/F!&G?+'5%+"-&G!/$3+)/.+&%#A3%"!1+��%D',32(,23:
'&+32F% — A/.!3D&/',&+#A"+',%&(+?+'5%%U!%; ')+*% — A3!*A/)./&/B&+# (A3!.!3,!$3+"-&+#)
A"+',%&(+; .&2,3% — U%"/N1"/,/B&G@+A/&!.3/)%'/'2*%',/!."+1+"%�!. �$GB&/�,/,3#*?+'-
5%@/A%'G.+�,(+(/*%&5!"G@, '/!*%&%,!"-&/,(+&&G@B!D/"F!"!)G, 3+)"%B+#.&!4A/.!3D&/-
',&G@ (.&!U&%@) %1"2$/(%@ (.&2,3!&&%@) "%',(%. �!(/,/3G!B+',%(+A'2"G��� (&+32F&+#A/-
.!3D&/',-F!"!)G%!!&%F&%@A/"�') /'/$!&&/2A"/*/. 9–10-1/4!'#5+
��$/"!!.G3+F!&G,
(3!A(%!, *321%! (B+',-, A3%"!1+��+#(1"/,(!%&+32F&/42'"2D/./42A3/D/*2), &+/$/3/,, /B!&-
,/&(%!. 
G*!"!&%! F!"!)G ' (+A'2"G 2*+!,'# ' $/"-U%4 ,32*/4. �'/$!&&/ ,32*&/ .G*!"%,-
.&!U&��B+',-%A!3!*&%@(3+@F!"!)G. 
,/F!.3!4#���"!1(/.G*!"#!,'#'(+A'2"G./$"+'-
,%&+32F&/1/'"2D/./1/A3/D/*+, F!.+,!"-&/@4GU5G, 4GU5U%"/.%*&/1//,3/',(+%*.2$3�U-
&/@4GU5G (!�&%F&!1/A/"�'+), B,/&+&+U.)1"#*'.#)+&/'A3/*/"F!&%!4?/34//$3+)/.+,!"--
&GDA3/5!''/.���.�,/,A!3%/*3+).%,%#.


!3D&##B+',-���)+(3G.+!,)&+B%,!"-&2�B+',-(+A'2"G.%'/B&/N&%F&!B!"�',&/1/'2'-
,+.+ (
���) %'3+',+!,'#'&!@. �%F&%4A/"�'/4���13+&%B%,'"/F!4A/*&%F&!B!"�',&/@
'"�&&/@F!"!)G (3%'. 1).

�%'. 1. �3+.+#/(/"/2U&/NF!.+,!"-&+#/$"+',-A"/*+B!"/.!(+ 300,0 44	��'A3%"!1+��%4%/3-
1+&+4%%',32(,23+4%. �+(3/?/,/. �.. ×3,5. 1 — /(/"/2U&+#'"�&&+#F!"!)+; 2 — .G./*&/@A3/-
,/(/(/"/2U&/@'"�&&/@F!"!)G; 3 — F%3/./!,!"/�!(%; 4 — F!.+,!"-&+#4GU5+; 6 — ?3+14!&,
A/*(/F&/@ 4GU5G U!%; 7 — ?3+14!&, 132*%&/N("�B%B&/N'/'5!.%*&/@ 4GU5G; 8 — .%'/B&+#
4GU5+ (A/(3G,+?+'5%!@); 9 — A/.!3D&/',&G@.%'/B&G@'/'2*; 10 — (321/.+#4GU5+1"+)+


&2,3!&&%4 3!$3/4 ��� A3%"!F%, ( 1"/,(!, &!3!*(/ */D/*# */ !! ',!&(%, /$3+)/.+&&/@
.!3D&!@4GU5!@N'FG4+,!"!41"/,(%. �*!'-3+'A/"/F!&G!1/.!,.%, .!,.%B!"�',&/@+3,!3%%%
./'D/*#�+#&!$&+#+3,!3%#; .1"2$%&!..!3D2A3/D/*%,(/&!B&+#B+',-'"2D/./@,32$G. �A/4/-
�-� &!)&+B%,!"-&/@ ?%$3/)&/@ A!3!1/3/*(% )+*&## A/.!3D&/',- ��� /,*!"!&+ /, '/'2*%',/-
&!3.&/1/A2B(+U!%.
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�"+.&G@.G./*&/@A3/,/( (�
�) ���2A"/*/.*+&&/1/./)3+',+$!3!,'./!&+B+"/&+A!-
3!*&!N.&2,3!&&!@ A/.!3D&/',% F!"!), .$"%)% A!3!*&!1/ %D (3+# (&+ 13+&%5! &%F&!@ % '3!*&!@
,3!,%). 
,+(/4'"2B+!�
����/$3+)2!,'#A2,!4'"%#&%#*.2DA/B,%3+.&/5!&&GDA/*%+4!,32
A3/'.!,+4!F*/"-(/.GDA3/,/(/., 'D/*#�%D'#A/*21"/4. 
*321%D'"2B+#D�
����?/34%32-
!,'#1"2$/(/..!�!',.!F!"!)G, %*!,(/'/N..!3DN.!&,3+"-&/, A3%&%4+!,&+'./!4A2,% ('.!3D2%
'&%)2) /, 5 */ 14 .G./*&GDA3/,/(/.*/"!@F!"!)G. �/'"!.GD/*+%)F!"!)G�
�'"!*2!,*+"!!
(/'/N..!3DN.A!3!*. �!*/D/*#&+ 5,0–15,0 44*/'(2"/./@*21%/&A/./3+B%.+!,.A!3!*%%*!,1/-
3%)/&,+"-&/A/&+32F&/@A/.!3D&/',%F!.+,!"-&/@4GU5G.'/A3/./F*!&%%A/A!3!B&/&+A3+.-
"!&&/@"%5!./@+3,!3%% (3+'A/"/F!&&/@B2,-.GU!�
�) %.!,.!@"%5!./1/&!3.+, (/,/3G!A3/-
D/*#,: /*&+ — &+*�
����, +*321+# — A/*&!@. 
*+"-&!@U!4�
����%*!,A/.!3DF!.+-
,!"-&/@4GU5G; A/!1/A!3!*&!42(3+�/$3+)2!,%)1%$, /$3+�!&&G@.GA2("/',-�(A!3!*%; A/-
./3+B%.+!, .!&,3/4!*%+"-&/; A3/&%)G.+!, F%3/./! ,!"/ �!(%; (/'/ A3/&%(+!, B!3!) �!B&2�
4GU52, %*!, 4,0–6,0 44 A/* '"%)%',/@ % /,(3G.+!,'# . A3!**.!3%% 3,+ &+ '"%)%',/@ /$/"/B(!
�!(%..%*!2)(/@�!"%. �&/1*+�,//,.!3',%!&+D/*%,'#&+./).GU!&%%..%*!'/'/B(+. �"%&+
1"+.&/1/.G./*&/1/A3/,/(+���.A3!*!"+D 19,0–37,0 44'*%+4!,3/4A3/'.!,+*/ 1,5–2,5 44.
�&/1*+&+A!3!*&!@A/.!3D&/',%F!.+,!"-&/@4GU5G4/F&/ /$&+32F%,-A3%"!1+��2�(�
�
���*/A/"&%,!"-&2�*/"�F!"!)G, .G./*&/@A3/,/((/,/3/@.A+*+!,.A3/,/(F!"!)G. �4!&&/
A/�,/42!!'"!*2!,'B%,+,-&!*/A/"&%,!"-&/@'+4/',/#,!"-&/@F!"!)/@, +*/A/"&%,!"-&/@*/"!@
���. �+"%B%! */A/"&%,!"-&/@*/"%���, (/,/3+# 3+)4!�!&+ &+F!.+,!"-&/@4GU5! %A3%"!-
F%,¥/(2,G.+#) (�
����, A/*,.!3F*!&/1%',/"/1%B!'(%4%''"!*/.+&%!4. 
G./*&G!A3/,/(%-
���.&2,3%*/"!(.G',"+&G*.2D3#*&G4(2$%B!'(%4%"%A3%)4+,%B!'(%4�A%,!"%!4. 
4!F*/"-(/-
./@'/!*%&%,!"-&/@,(+&%/*&/.3!4!&&/'2,/"�!&%!4.G./*&GDA3/,/(/.%D�A%,!"%@A/'"!*/-
.+,!"-&/%)4!&#!,'#. �&+B+"+/&A3%$"%F+!,'#(4&/1/3#*&/42, )+,!4 —(4&/1/'"/@&/42(2$%-
B!'(/42 %, &+(/&!5, .$"%F+@U%D('"%)%',/@/$/"/B(!3/,/./@A/"/',%2B+',(+D, �
� — 2A/-
*/$"#!,'#4&/1/'"/@&/42A"/'(/42�A%,!"%�.

�%&,/A%#���'"/F&+(+('/31+&+4%, "!F+�%4%.&!"/F+F!"!)G (.&!U&##'%&,/A%#), ,+-
(%',+(/.G4%.&2,3%"/F+ (.&2,3!&&##'%&,/A%#). �/F!���, /'./$/F*!&&/!/,'/*!3F%4/1/
¥3%'. 2), A3!*',+."#!,'/$/@.A+*%&2',3!4#',/3/&+4%, '&+%$/"-U%4.!3,%(+"-&G43+)4!3/4.

�%' 2. �+(3/A3!A+3+,"/F+"!./@/(/"/2U&/@'"�&&/@F!"!)GA"/*+B!"/.!(+ 275,0 44	�� (8-@
4!'#5
��). �(/"/2U&+#'"�&&+#F!"!)+2*+"!&+. �3%!&,%3+413+&%5"/F+���'//,.!,',.2!,
(3+'&G@,3!21/"-&%(. �+(3/?/,/. �.. ×4,0


$/"-U!@B+',%"/F!���A/(3G,/,/&(%4'"/!4("!,B+,(% (.&!(/,/3GD4!',+D$/"!!
,/"',G4, 1%',/"/1%B!'(%A/*/$&G4+A/&!.3/)2). �+32F&+#A/.!3D&/',-"/F+!',-,/"-(/A3%5!-
"/',% /(/"/2U&/@ ?+'5%%, '2*+"!&%!4 !! /$3+)2!,'# /,.!3',%!. .%*!.!3,%(+"-&/@ �!"%, A!-
3!*&%4(3+!4(/,/3/@#."#!,'#)+*&%@(3+@.!,.%&%F&!@B!"�',%. �+*&%@(3+@/,.!3',%#/$3+-
)/.+& '/'5!.%*&G4 /,3/',(/4 % 132*%&/N("�B%B&/N'/'5!.%*&/@ 4GU5!@. 
!3D&%@ (3+@ .D/*+
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¥3%'. 3).
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4!'#5
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,!4G.
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(/'/')+*%N&+A!3!*, %)&2,3%N&+32F2%&!4&/1/'.!3D2N.&%). �&+B+"+&!3."!F%,1"2$/(/%, A3/-
*.%1+#'- .A!3!*, A3%$"%F+!,'# ( .&!U&!@ A/.!3D&/',% F!"!)G, 3+'A/"+1+#'- .'!1*+ &+32F2 /,
&+32F&/@'/&&/@+3,!3%%%.&2,3!&&!@#3!4&/@.!&G. �)+*&!1/(3+#.!,.%&%F&!@B!"�',%, +
%&/1*+%3+&-U! (!�!.,/"�!F!"!)G), &!3.3+'A+*+!,'#&+'./%1"+.&G!.!,.%. �U&/N.%'/B&G@

8

4

1

9

7 6

5

3

2



127
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1/.2� +3,!3%�, A3/D/*%, 4!F*2 /$!%4% (3G"/.%*&G4% 4GU5+4% .GU! B!"�',&/@ +3,!3%% %
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�+',-.',2A+!,.(/F22U&/@3+(/.%&G%&+32F&/1/'"2D/./1/A3/D/*+, +&+',/4/)%32!,''%4A+-
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1"2$/(/@A/.!3D&/',%F!"!)G, /,(2*+%*2,(/&!B&G!.!,.%..!�!',./���.


G./*G. �/3?/1!&!)%',+&/."!&%!,/A/13+?%%/(/"/2U&/@'"�&&/@F!"!)G'A3%"!1+�-
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&/@F!"!)G). �"#/$/'&/.+&%#A3%B%&%4!D+&%)4/../)&%(&/.!&%#.3/F*!&&GDA/3/(/./(/"/-
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