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�,$&5
�&- :$80@)2 2+.)/32$&'(0%0 50(,/0&3 ,$ 7)$%(08,;2$((- *02#/4(#2+4 *0A507=#(' @)0,5$(+(

2$=&+2+.+ F .0=&+2)8,' 0*#/$,+2(0%0 2+:($<#((- ,$ 705;.#(,$&'(01 D)58$9)1 8,;*#(- ;A507=#((-, $ ,$50=

$($&): 60%0 080@&+2+4 0:($5. �$ 08(02) /#:;&',$,)2 0*/$932$((- 0*,+<(+4 4$/$5,#/+8,+5  @)0,5$(+( ,$

%#0.#,/+<(+4 *$/$.#,/)2 ;A507=#(01 7)&-(5+ .0=&+20 2+:($<+,+ 8,;*)(' ;A507=#((- @)0,5$(+(+ ,$ )(A)

*$/$.#,/+, C0 (#0@4)7() 7&- 50(5/#,(01 */+5&$7(01 :$7$<).  
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�#,03 708&)7=#((- F $($&): 8;<$8(+4 :$80@)2 2+.)/32$&'(0%0 50(,/0&3 ,$ 7)$%(08,+5+

*02#/4(#2+4 ;A507=#(' @)0,5$(+(, C0 @;7# 2+50/+8,$(0 2 *07$&'A0.; 7&- /0:/0@&#((- $2,0.$,+:02$(0%0

:$80@; 2+.)/32$&'(0%0 50(,/0&3 ,$ 7)$%(08,+5+ @)0,5$(+( A5)/+ &37+(+ ($ 08(02) .#,07; 50&0/+.#,/)1 )

2+.)/32$((- 500/7+($, 50&'0/;. 

�)-.9< ,$%&#$&%)*( ,('4 #"."%*4'$%*+)*( <-,">91 1*49%/1-.@)"A" #")$%"./  

$- 09-A)",$&1-))6 >9"$#-)*)
�&- ,0%0, C0@ :$8,08;2$,+ 0*,+<() .#,07+ 2+.)/32$&'(0%0 50(,/0&3 ,$ 7)$%(08,;2$((- 8,$(;

@)0,5$(+( (#0@4)7(0 8,20/+,+ ,$5) :$80@+, -5) @ :$@#:*#<;2$&+ 2+.)/32$((- 0*,+<(+4 *$/$.#,/)2

*$,0&0%)<(0 :.)(#(+4 @)0,5$(+(  ; (#:.)((+4 ;.02$4 */02#7#((- #58*#/+.#(,;, C0 :$@#:*#<+,'

*02,0/32$()8,' /#:;&',$,)2 708&)7=#('. 

	*,+<($ 84#.$ ,/$7+9)6(0%0 ,/+50&)/(0%0 2):;$&'(0%0 50&0/+.#,/$ ��-18$ [1] *05$:$($ ($ /+8. 1. 

�$ 0*,+<(03 84#.03 */+&$7; 2+7(0, C0 82),&0 2)7 7=#/#&$ 2+*/0.)(32$((- 1, 28,$(02&#(0%0 ; 7+D;:(+6

082),&32$< 2, 2(;,/)A(- *02#/4(- -50%0 *05/+,$ 058+70. .$%()3, *0 2+407) : 0,20/; 082),&3F 50(7#(80/(;

&)(:; 8 ) */0#5,;F,'8- (#3 ($ @)&+6 #5/$( 18. �#/#7 &)(:03 /0:.)C#(0 7+85 6 : ,/'0.$ 82),&0D)&',/$.+

<#/20(0%0, :#&#(0%0 ) 8+('0%0 50&'0/)2 8#5,0/$&'(01 D0/.+, -5) .0=&+20 2)75/+2$,+ ) :$5/+2$,+ /;40.+.+

($250&0 9#(,/; 08) 7+85$ 8#5,0/$&'(01 D0/.+ :$8&)(5$.+. �$5+. <+(0., ($ #5/$() 18 2)7@;2$F,'8-

($5&$7$((- ,/'04 *0,05)2 2+*/0.)(32$((- ) /#:;&',;3<+6 50&)/ 8;.)A) 2+:($<$F,'8- 2)7*02)7(+.

2)75/+,,-. *&0C 82),&0D)&',/)2. 	@’F5,, 50&)/ -50%0 *)7&-%$F 2+.)/32$((3, 082),&3F,'8- *)7 5;,0. 45° 

&$.*03 17 <#/#: 82),&0D)&',/+ 15 ,$ 16, -5) D0/.;3,' 8*#5,/$&'(; 4$/$5,#/+8,+5; 2+*/0.)(32$((-

2)7*02)7(0 70 2+.0% ��	 70 7=#/#&$ *#2(0%0 ,+*;. �2),&0, 2)7@+,# :/$:50. *0 (0/.$&), ($*/$2&-F,'8- 2

50&0/+.#,/ ), */06A02A+ <#/#: */0:0/; %/$(' 5;@+5$ 
3.’F/$ 12, D05;8;F,'8- &)(:03 05;&-/$ 13 ; 2+4)7(;

C)&+(; 14. �2),&0, C0 2+407+,' 2)7 #5/$(; 18, 2)7@+2A+8' 2)7 7:#/5$&'(0 *0&)/02$(01 %/$() 5;@+5$ 
3.’F/$

12, :207+,'8- ,$50= ; 2+4)7(; C)&+(; 14. �&- /#%;&32$((- )(,#(8+2(08,) 50&'0/; 2 50&0/+.#,/) F 0*,+<($

8+8,#.$, C0 85&$7$F,'8- : ,/'04 *&0850*$/$&#&'(+4 85&-(+4 *&$8,+( 5, 3, 11.  

	85)&'5+ ; 08(02) 2+.)/32$((- 50&'0/; */0:0/+4 ) 2)7@+2$3<+4 :/$:5)2 &#=+,' *0(-,,- */08,0/;

50&'0/)2, ,0 ($682),&)A+. :$2=7+ F :/$:05 @)&01 *02#/4(), $ 500/7+($,+ 50&'0/; 28)4 )(A+4 :/$:5)2 *02+(()

@;,+ 2)7(#8#() 70 500/7+($, @)&0%0 :/$:5$ */+ :$7$(0.; 7=#/#&) 082),&#((-. �#70&)50. */+&$7; F .$&$

,0<()8,' 2+.)/32$(' 500/7+($, 50&'0/; :$ /$4;(05 ($-2(08,) 8;@’F5,+2(01 85&$70201 *04+@5+. 	7($5, ;

*0/)2(-(() : 2+50/+8,$((-. ,/$7+9)6(01 &)()65+ 50&'0/)2 7$(+6 2):;$&'(+6 50&0/+.#,/ :$@#:*#<;F

/#50.#(702$() ��	 7=#/#&0 2+*/0.)(32$((- ,$ %#0.#,/)3 082),&32$<-8*08,#/)%$<.  

� /0:/$4;(5020.; .#,07) 2+:($<#((-

500/7+($, 50&'0/; *0,/)@(0 8*0<$,5; 2+:($<+,+

8*#5,/ */0*;85$((- ($@0 2)7@+2$((-) 708&)7=;2$(0%0

0@’F5,$. �&- 9)F1 .#,+ .0=($ 2+50/+8,$,+ @;7'--5+6

8*#5,/0D0,0.#,/ <+ .0(04/0.$,0/ 7&- 2+7+.01

0@&$8,) 8*#5,/$. � /0@0,) [2] *$/$.#,/+ 50&'0/;

@)0,5$(+(+ A5)/+ 2+.)/32$&+8' 2 ;.02$4 in vivo 

/0:/$4;(502+. .#,070. ($ 08(02) 8*#5,/$&'(+4

4$/$5,#/+8,+5,  C0 70:20&+&0 708&)7=;2$,+ 7+($.)5+

:.)(+ 4$/$5,#/+8,+5 A5)/+ 2 */09#8) :02()A()4

2*&+2)2 2 /#$&'(0.; .$8A,$@) <$8; (/+8. 2.). 

�0(8,/;5,+2(0 */+&$7 2+50($(+6 ; 2+%&-7)

8*#5,/$&'(0%0 @&05;, C0 25&3<$F 2 8#@# *0F7($(+6 :

24)7(03 C)&+(03 20&050((0-0*,+<(+6 82),&0207, 

;()2#/8$&'(+6 .07;&'(+6 .)()*0&)4/0.$,0/ ($ 08(02)

2)7@+2$3<01 7+D/$59)6(01 G/$,5+, .$&0%$@$/+,(+6

*/+6.$< 2+*/0.)(32$((-, @&05 ;*/$2&)((- ) 0@/0@5+

7$(+4. �/+ 2+.)/32$(() 8*#5,/)2 7+D;:(0%0 2)7@+2$((- A5)/+ ; -508,) 7=#/#&$ 2+*/0.)(32$((- @)&0%0

82),&$ 2+50/+8,02;3,'8- %$&0%#(02$ &$.*$ (	��-1, 200 �,) ) 58#(0(02$ 7;%02$ &$.*$ (��-225, 250 �,). 

�=#/#&0 :@;7=#((- D&;0/#89#(9)1 (&$:#/ 
��-505) 2+50/+8,02;2$28- */+ 708&)7=#((-4 D&;0/#89#(9)1

@)0,5$(+(. �#F8,/$9)- 8*#5,/)2 2)7@+2$((- ,$ 8*#5,/)2 $2,0D&30/#89#(9)1 A5)/+ 2 ;.02$4 in vivo 

:$@#:*#<;2$&08- :$ 70*0.0%03 /0:/0@&#(+4 20&050((0-0*,+<(+4 7$2$<)2, -5) :$@#:*#<;2$&+ *)72#7#((-

:@;7=;3<0%0 2+*/0.)(32$((- 70 708&)7=;2$(0%0 0@’F5,$ ) */+6.$((- 2)7@+,0%0 @)0,5$(+(03

2+*/0.)(32$((- [2, 3].  

�*,. 2. �('4- <-,">& 1*49%/1-))6 5-%-4'$%91 #".@"%& >9"$#-)*)* 3#9%* 1 &4"1-( in vivo %"<%-(&)#"1*4 4'$"0"4 )- ",)"19
,5'#$%-.@)*( (-%-#$'%*,$*# 0*7&<)"A" 190>*1-))6

�*,. 1.  �5$*+)- ,('4- $%*#".9%)"A" 19<&-.@)"A" #"."%*4'$%-
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�*#5,/0D0,0.#,/+<(+6 (/0:/$4;(502+6) .#,07 2+50/+8,02;F,'8-, 2 08(02(0.;, 7&- 8,20/#((-

*/#9+:)6(+4 */+&$7)2 2+.)/32$((- 500/7+($, 50&'0/;, C0 .$3,' 708+,' :($<(; 2$/,)8,' ) %$@$/+,+. �$5)

*/+&$7+ */$933,' ; ;.02$4 8,$9)0($/(+4 &$@0/$,0/)6 ,$ .0=;,' 2+50/+8,02;2$,+8' ; -508,) :/$:502+4

:$80@)2 2+.)/32$((- 500/7+($, 50&'0/; */+ *02)/9) /0@0<+4

*0/,$,+2(+4 :$80@)2. �/). ,0%0, (#70&)50. */+&$7; F ,# C0

2+.)/33,'8- ;8#/#7(#() 500/7+($,+ 50&'0/; 7&- *#2(01

7)&-(5+, $ ,0.; (# .$F .0=&+208,) 2+:($<+,+ /0:*07)& *)%.#(,)2

<+ D;(59)0($&'() :.)(+ *0 *02#/4() *0A507=#(01 @)0,5$(+(+. 

�&- :$7$< .#7+<(01 7)$%(08,+5+ ; 7#-5+4 2+*$75$4

@)&'A 2$=&+20 0,/+.$,+ 4$/$5,#/+8,+5+ 50&'0/; 2)7@+,0%0

A5)/03 82),&$ ; *#2(+4 8*#5,/$&'(+4 )(,#/2$&$4, C0

2)7*02)7$3,' 0@&$8,-. *0%&+($((- 708&)7=;2$(+4 4/0.0D0/)2

A5)/+. �$5) */+&$7+ 70:20&-3,' 0,/+.$,+ )(D0/.$9)3 */0 2.)8,

; @)0,5$(+() A5)/+ ,+4 <+ )(A+4 4/0.0D0/)2 ; 2+%&-7) )(7#58)2

*)%.#(,$9)1 (/+8. 3.). �0(8,/;5,+2(0 */+&$7 2+50($(+6 ; 2+%&-7)

,/'04 @&05)2: 0*,+<(01 %0&025+, @&05; 5#/;2$((- ) 0@/0@5+

7$(+4, @&05; =+2&#((-. � 0*,+<()6 %0&029) */+&$7; /0:.)C#()

82),&02+*/0.)(33<) 7)07+ ,/'04 8*#5,/$&'(+4 7)$*$:0()2 (560, 

650 ) 710 (.), C0 :$@#:*#<;3,' 082),&#((- A5)/(01 ,5$(+(+ ;

*0,/)@(+4 8*#5,/$&'(+4 7)$*$:0($4 ) D0,07)07 7&- /#F8,/$9)1

2)7@+,0%0 2+*/0.)(32$((-. 

�#/#2$%03 */+&$7; F .$&$ 2$/,)8,' ,$ */08,0,$

/#$&):$9)1. 	8(02(+. (#70&)50. F 2)74+&#((- 8*#5,/$&'(+4

4$/$5,#/+8,+5 5$($&)2 2)7 2+:($<#(+4 ��	 7&- *#2(+4 8+8,#.

50&'0/)2, $ ,$50= F 85&$7()8,' 0,/+.$((- *#2(0%0 D)5802$(0%0 /)2(- 8+%($&; 5 50=(0.; : 5$($&)2. 

�+/)A#((- 9)F1 */0@&#.+ ; /0@0,) 708-%$F,'8- A&-40. 2+50/+8,$((- 7+4/01<(+4 7:#/5$& 7&- *0F7($((-

*0,05)2 2+*/0.)(32$((- 2)7 82),&07)07)2 ($ 07()6 0*,+<()6 08) ), 2)7*02)7(01 *0@;702+ 0*,+<(01 8+8,#.+. �

(02+4 /0:/0@5$4 )(,#%/;2$&'(+4 0*,+<(+4 7$2$<)2 50&0/+.#,/)2 *0@;702$(+4 :$ 84#.03 : D0/.;2$((-.

50&'0/0*07)&'(+4 8+%($&)2 ; 7=#/#&) 2+*/0.)(32$((- 82),&07)07$.+ 2+50/+8,02;3,' 20&050((; 0*,+5; [5, 

6], C0 70:20&-F 0,/+.$,+ (#0@4)7(; %#0.#,/)3 2+.)/32$(' ,$ :$7$() /)2() 8+%($&)2 ; 50=(0.; : 5$($&)2.  

�#,07 0@’F5,+2(0%0 2+.)/32$((- 500/7+($, 50&'0/; /#$&):02$(0 ; 9+D/020.; 50&0/+.#,/) [7], 

-5+6 */+:($<#(0 7&- 2+.)/32$((-, A2+7501 0@/0@5+

0,/+.$(+4 /#:;&',$,)2 ,$ /#F8,/$9)1 500/7+($, 50&'0/;. �

-508,) 7=#/#&$ 82),&$ 2+50/+8,02;F,'8- &$.*$ ��� 6,3-15, C0

*/$93F 2 /#=+.) 7=#/#&$ �. �=#/#&0 � /#$&):;F,'8- :$

70*0.0%03 85&-(+4 82),&0D)&',/)2. �/+6.$< 2+*/0.)(32$((-

– D0,0*0.(0=;2$< ���-4, 8*#5,/$&'($ <;,&+2)8,' -50%0

2+*/$2&#($ *)7 5/+2) 707$2$((- 50&'0/)2 XYZ :$ 70*0.0%03

85&-(+4 82),&0D)&',/)2. 	8(02($ $@80&3,($ *04+@5$ */+&$7;

*/+ 2+.)/32$(() 2)7(0A#((- 500/7+($, 50&'0/; (# @)&'A#

0,01; 2+*$7502$ *04+@5$ */+ 2+.)/32$(() 2)7(0A#((-

500/7+($, 50&'0/; ± 0,002; <$8 2+.)/32$((- – (# @)&'A# 2 42. 

� /0@0,) [8] :$*/0*0(02$(0 ,/+5$($&'(+6 2+.)/32$<

500/7+($, 50&'0/;, C0 .)8,+,' 7=#/#&0 2+*/0.)(32$((-

@)&0%0 82),&$ ($ 08(02) %$&0%#(0201 &$.*+, $ (#0@4)7()

8*#5,/$&'() 4$/$5,#/+8,+5+ 5/+2+4  85&$7$((- 2 500/7+($,()6

8+8,#.) 50&'0/)2 50&0/+.#,/$ 8D0/.02$() ; ,/'04 05/#.+4

5$($&$4 D0,0*/+6.$<)2 :$ 70*0.0%03 2)7*02)7(+4

82),&0D)&',/)2. �+*/0.)(32$((- 2)7 %$&0%#(0201 &$.*+

*/0407+,' <#/#: 0*,+<(; 8+8,#.; ) *0,/$*&-F ($ 0@’F5,

7)$%(08,;2$((- (@)0,5$(+(;). 	80@&+2)8,' 9'0%0 */+&$7; – 

8;.)C#((- :0(7;3<0%0 ) */+6(-,0%0 82),&02+4 *0,05)2 :$ 70*0.0%03 ($*)2*/0:0/0%0 7:#/5$&$. �)7@+,+6

*0,)5 */0407+,' 82),&$ <#/#: */+6.$&'(; 0*,+<(; 8+8,#.; ) *0,/$*&-F ($ D0,0*/+6.$< (D0,07)07), -5+6

*#/#,20/3F 82),&02+6 *0,)5 ; #&#5,/+<(+6 8+%($&. �)7@+,# 2+*/0.)(32$((- /0:7)&-F,'8- :$ 70*0.0%03

,/'04 82),&0D)&',/)2, 8*#5,/$&'() 4$/$5,#/+8,+5+ -5+4 ; *0F7($(() : 4$/$5,#/+8,+5$.+ 7=#/#&$

2+*/0.)(32$((- ) 82),&07)07)2 *02+(() @;,+ ($@&+=#(+.+ 70 8,$(7$/,(+4 5/+2+4 /#50.#(702$(+4 ��	. 

�$&) 8+%($& *)78+&3F,'8- *)78+&32$<#., ,$ *#/#,20/3F,'8- ; 9+D/02; D0/.; @$%$,05$($&'(+. $($&0%0-

9+D/02+. *#/#,20/32$<#.. �)8&- *0*#/#7('01 0@/0@5+ )(D0/.$9)1 ; .)5/050(,/0&#/) 2+.)/-() 500/7+($,+

50&'0/; *#/#7$3,'8- ; *#/80($&'(+6 50.*’3,#/ (��), -5+6 /0:/$402;F /):(+93 .)= 500/7+($,$.+ 50&'0/;

0@’F5,$ ,$ #,$&0(; 50&'0/; ), 2)7*02)7(0 70 28,$(02&#(0%0 70*;85;, */+6.$F /)A#((- */0 )7#(,+<()8,'

50&'0/; <+ 60%0 2)7.)(()8,'.  

�+:($<#((- *$/$.#,/)2 50&'0/; @)0,5$(+(+ .0=($ :7)68(32$,+ :$ 70*0.0%03 9+D/0201 D0,05$.#/+

*/+ :$@#:*#<#(() :$7$(+4 ;.02 082),&#((- 7=#/#&0. 2)7*02)7(0%0 ,+*; ,$ %#0.#,/)1 082),&32$<-8*08,#/)%$<

�*,. 3. �"."%*4'$% < $%*#-)-.@)*4
",19$./1-+'4 0.6 1*49%/1-))6 <49) #".@"%&
>9"$#-)*)* 3#9%* in vivo $- 1*<)-+'))6 9)0'#,91

'%*$'4* 9 4'.-)9)"1"= 59A4')$-89=

�*,. 4. �"."%*4'$% < $%@"4- #-)-.-4*
7"$"5%*B4-+91 $- "0)*4 0?'%'."4

1*5%"49)/1-))6
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/#50.#(702$() ��	. � /0@0,) [9] 7&- /0:/$4;(5; 500/7+($, 50&'0/; ) *0@;702+ %/$7;32$&'(+5 %/$D)5)2

0,/+.;2$&+ 9+D/02) :0@/$=#((- 708&)7=;2$(+4 0@’F5,)2 D0,0$*$/$,0. Olympus SP-500 UZ ; 8*#9)$&'(0.;

@058), C0 70:20&-F 8,$(7$/,+:;2$,+ ;.02+ 082),&#((-. �+.)/32$((- 500/7+($, 50&'0/; 0@’F5,)2

:7)68(32$&08' ; ;.02$4 in vitro. �32#,; (�), ): 708&)7=;2$(+. :/$:50., 28,$(02&32$&+ 2 @058 (�) )

/#F8,/;2$&+ :0@/$=#((-. �&- :.#(A#((- *$/$:+,(+4 :$82)<;2$(' 2(;,/)A(- *02#/4(- @058; @;&$ *05/+,$

<0/(03 .$,0203 D$/@03. �$7(- 8,)(5$ @)&0%0 50&'0/; 8&;=+&$ 7+D;:(+. #5/$(0. (�). �&- 082),&#((- ;

-508,) 7=#/#& 2+*/0.)(32$((- (��) 2+50/+8,02;2$&+ 72) %$&0%#(02) &$.*+ :$%$&'(03 *0,;=()8,3 80 �,. 

�)-.9< 5-%-4'$%91 ,&+-,)*( #"."%*4'$%*+)*( <-,">91 1*49%/1-.@)"A" #")$%"./  

$- 09-A)",$&1-))6 >9"$#-)*)
�;<$8() */0.+8&02) 50&0/+.#,/+<() :$80@+ 2+.)/32$&'(0%0 50(,/0&3 ,$ 7)$%(08,;2$((- 8,$(;

@)0,5$(+(+ 2)7/):(-3,'8- 5)&'5)8,3 ) 85&$70. 2+.)/32$(+4 *$/$.#,/)2.  �0/)2(-&'(; ,$@&+93

50&0/+.#,/+<(+4 :$80@)2 (0/.$&'(+4 ,$ *$,0&0%)<(+4 @)0,5$(+( ($2#7#(0 ($ ,$@&. 1. 

�/+&$7 
���-01 (2+/0@(+9,2$ �)08*#5, �08)-) [10] */+:($<#(0 7&- 5)&'5)8(0%0 2+:($<#((-

50(9#(,/$9)1 D0,08#(8+@)&):$,0/$ 2 @)0&0%)<(+4 ,5$(+($4 ,$ 2+50/+8,02;F,'8- 7&- /0@0,+ ; /#=+.) in vivo.  

�)$%(08,;2$((- :7)68(3F,'8- ($ 08(02) $($&):; 8*#5,/; 2&$8(01 D&;0/#89#(9)1 @)0,5$(+(+. �/+8,/)6

85&$7$F,'8- : &$:#/(0%0 7=#/#&$ (702=+($ 42+&) 632,8 $@0 532 (., *0,;=()8,' 8 $@0 12 .�,) 7&- :@;7=#((-

D0,08#(8+@)&):$,0/$ ) .)()$,3/(0%0 ;()2#/8$&'(0%0 8*#5,/0.#,/$ 7&- /#F8,/$9)1 ) $($&):; D&;0/#89#(,(0%0

8+%($&; ; 7)$*$:0() 42+&' 300–800 (.. �/+&$7 2+50/+8,02;F Y-*07)@(+6 DC-R-1-6 20&050((0-0*,+<(+6

:0(7, -5+6 :$@#:*#<;F (#0@4)7(; %#0.#,/)3 2+.)/32$('. �#,07 /0@0,+ */+&$7; – /0:/$4;(502+6, 

8*#5,/0D0,0.#,/+<(+6. �#70&)5 */+&$7; – 2+.)/3F,'8- ;8#/#7(#(# :($<#((- 50(9#(,/$9)1 7&- *#2(01

7)&-(5+ @)0,5$(+(+ A5)/+, -5$ *0,/$*&-F ; 20&050((0-0*,+<(+6 :0(7.  

�*#5,/050&0/+.#,/ «���-��» / 01 (2+/0@(+9,2$ ��� «TKA», �08)-) [11] */+:($<#(0 7&-

2+.)/32$((- 500/7+($, 50&'0/0208,). �/$(+9) 70*;8,+.0%0 :($<#((- 2)7(08(01 *04+@5+ 2+.)/32$((-

500/7+($, 50&'0/0208,) ; 8+8,#.) 500/7+($, XYZ  */+  2+50/+8,$(() 85&$7$3,' 0,5%. �/+&$7 ,$50=

2+50/+8,02;F 8*#5,/0D0,0.#,/+<(+6 (/0:/$4;(502+6) .#,07 /0@0,+. �*#5,/ 50#D)9)F(,; 7+D;:(0%0

2)7@+2$((-  2+.)/3F,'8- ; 7)$*$:0() 390-750 (., $2,0.$,+<(0 *#/#/$402;F,'8- ; 500/7+($,+ 50&'0/0208,), 

-5) *#/#7$F,'8- ($ )(7+5$,0/ */+&$7; ,$ ; *#/80($&'(+6 50.*’3,#/. �/+&$7 VITA Easyshade  (2+/0@(+9,2$

Vident, ���) [12] */+:($<#(0 7&- 2+.)/32$((- 50&'0/; @)0,5$(+(+ :;@)2 ,$ 14 5&$8+D)5$9)1 2)7*02)7(0 70

($@0/; : 16 50&'0/)2 )8(;3<01 &)()65+ 50&'0/)2 :;@)2 VITAPAN. �+4)7(+6 2+.)/32$(+6  *$/$.#,/ – 

500/7+($,+ 50&'0/; 2 8+8,#.) LAB ,$ 2)7*02)7(+6 60.; :/$:05 50&'0/; &)()65+ 50&'0/)2 VITAPAN. �/+&$7

2+50/+8,02;F 8*#5,/0D0,0.#,/+<(+6 (/0:/$4;(502+6) .#,07 /0@0,+ ,$ 20&050((0-0*,+<(+6 *#/2+((+6

2+.)/32$&'(+6 *#/#,20/32$<. �$%$&'(+. (#70&)50. */+&$7)2, -5) 2+50/+8,02;3,'8- 8*#5,/0D0,0.#,/+<(+6

(/0:/$4;(502+6) .#,07 2+.)/32$((- 500/7+($, 50&'0/; F 708+,' 2#&+5$ 2$/,)8,' :$ /$4;(05 2+50/+8,$((-

.0(04/0.$,0/$ <+ *0&)4/0.$,0/$. �/). ,0%0 ,$5) */+&$7+ :7)68(33,' 2+.)/32$((- ;8#/#7(#(+4 :($<#(' :

*#2(01 7)&-(5+, C0 (# 70:20&-F $($&):;2$,+ *$,0&0%)<() :.)(+ *0 *02#/4() *0A507=#(01 @)0,5$(+(+. 

�$@&+9- 1 

�"%91)6.@)9 (-%-#$'%*,$*#* <-,">91 1*49%/1-.@)"A" #")$%"./  

$- 09-A)",$*#* )"%4-.@)*( $- 5-$"."A9+)*( >9"$#-)*)  

�$/$.#,/+ 
���-01 «���-��» / 01 
VITA 

Easyshade 
���-01 SHADEPILOT 

�)$*$:0(, (. 300–800 390-750 390-750 565, 645, 700 410-680 

�+.)/32$&'(+6

:0(7

�0&050((0-

0*,+<(+6

�0&050((0-

0*,+<(+6

�0&050((0-

0*,+<(+6

�(,#%/;2$&'($

8D#/$
– 

�0,0*/+6.$< D0,07)07 D0,07)07 D0,07)07 D0,07)07 ���-5$.#/$

�=#/#&0

2+*/0.)(32$((-

%$&0%#(02$

&$.*$
82),&07)07+ 82),&07)07+ 82),&07)07+ 82),&07)07+

�#0.#,/)-  45°/0° 45°/0° 45°/0° �/0° 45°/0° 

�)7(08($ *04+@5$

2+.)/32$((-, % 
0,5 0,5 0,5 5 1 

�/+&$7 #/+,#.$-.#&$()(0.#,/ ���-01 (2+/0@(+9,2$ �08)-) [13] */+:($<#(0 7&- 2+:($<#((-

)(7#58)2 #/+,#.+ ) .#&$()(0201 *)%.#(,$9)1 @)0,5$(+( A5)/+ &37+(+ 7&- */+ /0@0,) ; /#=+.) in vivo. 

�+.)/32$((- )(7#58)2 #/+,#.+ ) .#&$()(0201 *)%.#(,$9)1 (#0@4)7(# 7&- 2+:($<#((- /#$59)1 A5)/+ ($ ��

2+*/0.)(32$((-; 7)$%(08,+5+ :$*$&'(+4 */09#8)2; 2+:($<#((- 8,$(; @)0,5$(+( A5)/+ *)7 7)F3 :02()A()4

2*&+2)2; .0(),0/+(%; 8,$(; &378'50%0 0/%$():.; */+ *0/;A#(() 5/0200@)%; ) ,.7. � 08(02) */+(9+*; 7)1

*/+&$7; &#=+,' 0@’F5,+2(+6 .#,07 7)$%(08,+5+ ($ @$:) *0/)2(-((- 50#D)9)F(,)2 7+D;:(0%0 2)7@+2$((-

2+.)/-(+4 ($ *#2(+4 702=+($4 42+&' (565 (., 645 (., 700 (.). �04+@5$ 2+.)/32$((- )(7#58)2 85&$7$F 70

5%. �#70&)50. */+&$7; F 8;,,F2+6 2*&+2 ($ ,0<()8,' 2+.)/32$(' 2)74+&#((- 8*#5,/$&'(+4 4$/$5,#/+8,+5

5$($&)2, -5) 2+:($<$3,'8- 82),&07)07$.+ 7=#/#&$ 2+*/0.)(32$((-.  

�/+&$7 SHADEPILOT (2+/0@(+9,2$ DeguDent, �).#<<+($) [14] */+:($<#(0 7&- 2+.)/32$((-

*$/$.#,/)2 50&'0/; @)0,5$(+(+ :;@)2. �/+&$7 2+50/+8,02;F 0@’F5,+2(+6 .#,07 2+.)/32$((- *$/$.#,/)2

50&'0/;. 	82),&#((- :7)68(3F,'8- :$ 70*0.0%03 82),&07)07)2 /):(+4 8*#5,/$&'(+4 7)$*$:0()2. � -508,)
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D0,0*/+6.$<$ 2+50/+8,02;F,'8- <0/(0-@)&$ ��� 5$.#/$ /0:.)/()8,3 640x480 *)58#&)2. �+4)7(+6

2+.)/32$(+6  *$/$.#,/ – 500/7+($,+ 50&'0/; 2 8+8,#.) LCH ,$ 14 5&$8+D)5$9)- 2)7*02)7(0 70 &)()65+

50&'0/)2. �/+8,/)6 70:20&-F /0:7)&+,+ :0@/$=#((- *$,0&0%)<(01 @)0,5$(+(+ ($ 7)&-(5+, 50&)/ -501 ($6@)&'A

@&+:'5+6 70 *#2(0%0 50&'0/; &)()65+.  �#/#2$%03 */+&$7; F .0=&+2)8,' 2+7)&#((- 7)&-(5+ @)0,5$(+(+, C0

.$F *$,0&0%)<() :.)(+ :$ 70*0.0%03 2)7.)((08,#6 *$/$.#,/)2 50&'0/;. �#70&)50. */+&$7; F ,#, C0 2)( .$F

0@.#=#() D;(59)0($&'() .0=&+208,) ,$ 8*#9+D)<(# :$8,08;2$((- 7&- :$7$< 8,0.$,0&0%)1 ) (# .0=# @;,+

2+50/+8,$(+6 ; )(A)6 8D#/), :05/#.$, ; 8;702)6 .#7+9+() 7&- 708&)7=#((- *$/$.#,/)2 8+(9)2 ,$ :$&#=(08,)

14 *$/$.#,/)2 50&'0/; 2)7 @)0D):+<(+4 4$/$5,#/+8,+5. 

�*,)"1#*
	,=#, 2 /#:;&',$,) :7)68(#((0%0 $($&):; 8;<$8(+4 :$80@)2 7)$%(08,;2$((- (0/.$&'(+4 ,$

*$,0&0%)<(+4 @)0,5$(+( 2+-2&-F,'8- (#0@4)7()8,' 2 *07$&'A0.; /0:2+,502) 0*,+<(+4 50&0/+.#,/+<(+4

.#,07)2 ,$ /0:/0@9) ($ 14 08(02) $2,0.$,+:02$(+4 :$80@)2 7)$%(08,+5+ @)0,5$(+( A5)/+ &37+(+ 7&- :$7$<

8;70201 .#7+9+(+, C0 70:20&+,' *)72+C+,+ A2+7507)3 ,$ ,0<()8,' 7)$%(08,+5+ *$/$.#,/)2 *02#/4(#2+4

*0A507=#(' @)0,5$(+( A5)/+ &37+(+, C0 F (#07.)((03 ;.0203 :$@#:*#<#((- :/08,$3<+4 2+.0% 70

0@’F5,+2(08,)  ) ,0<(08,) 7)$%(08,+5+. 

�9$'%-$&%-

1. �8,02$ .�. �2#,02B# +:.#/#(+- (�0&0/+.#,/+-) / .�. �8,02$. – ��@.: �:7$,#&'8,20 �.-

�#,#/@;/%850%0 ;(+2#/8+,#,$, 2000. – 397 8. 

2. �,9 �.�. �0/,$,+2(B6 >/+,#.0-.#&$(+(0.#,/ 7&- 7#/.$,0&0%++ + 508.#,0&0%++ / �.�. �,9, �.�. 

�+(+<5+( // �#8,(+5 7#/.$,0&0%++ + 2#(#/0&0%++. – 1997. – I5. – �.48-54. 

3. �+(+<5+( �.�. �*#5,/0850*+- 50=+ <#&02#5$ in vivo: 1. �*#5,/B 0,/$=#(+- / �.�.�+(+<5+(, 

�.P. �,9, E.A. �+&+*#(50 // 	*,+5$ + 8*#5,/0850*+-. – 1996. – �. 80. – �. 260–267. 

4. �,9 �.�., �+(+<5+( �.�., �0&0,02 
.. �:.#/+,#&' D+:+50-@+0&0%+<#85+4 4$/$5,#/+8,+5 50=+. 

�2+7#,#&'8,20 ($ �0&#:(;3 .07#&' I 4900 0, 16.09.97. RU 4900, U1, A 61 � 1/00, 1997.09.16. 

5. Lawrence J.Ruczek, Michael G.Taranowski, Eugene F.Duncan. Photoelectric color sensor. US Patent. 

Patent number; 5150174. Sep. 22,1992. 

6. Colour Sensor LC CLARYS. Operating Instructions. – Dinel. – 2012. – 5 /. 

7. �;/+9B( �. �. �(+2#/8$&'(B6 *#/#(08(06 50&0/+.#,/ ��1��� ,+*$ ��� / �.�. �;/+9B(, 

. �. �&-4,#/ – �.: �+*0%/$D+- ��1���, 1981. –  144 8. 

8. Color Recognition Fiberoptic Sensor Pl-C Series. Operating Instructions. – KEYENCE. – 2004. – 10 /. 

9. �$67+<#2$ 	.�. �0&+<#8,2#((0# 0*/#7#&#(+# 92#,(08,+ *+,'#206 207B 8 */+.#(#(+#. 9+D/02B4

,#4(0&0%+6 / 	. �. �$67+<#2$, �.�. �/+*;A+(, 	.�. �;7$502 // �$,. II �#=7;($/. �0/;.$ «�($&+,+5$ +

�($&+,+5+»: /#D#/$,B 705&. – �0/0(#=, 2008. –  �.1. – �. 350. 

10. 
���-01-��	���. �8,$(025$ &$:#/($- >&#5,/0((0-8*#5,/$&'($- 7&- D&;0/#89#(,(06

7+$%(08,+5+ 0*;40&#6 + 50(,/0&- D0,07+($.+<#8506 ,#/$*++ /$5$. �(8,/;59+-. – ��@.: ��	 “��	���”. 

– 2012. – 15 8. 

11. �*#5,/050&0/+.#,/ "���-��" �;502078,20 *0 >58*&;$,$9++. – ��@.: �����	-

�������	 ��������� «TKA». – 2010. – 26 8. 

12. VITA Easyshade. Operating Instructions. – Vident. – 2010. – 36 /. 

13. �/+@0/ 7&- 0*/#7#&#(+- + +(7+5$9++ 8,#*#(+ 2B/$=#((08,+ >/+,#.B + .#&$(+(0206

*+%.#(,$9++ 50=+ <#&02#5$ >/+,#.$-.#&$(+(0.#,/ «���» // �/#,+6 �$/$,0285+6 8$&0( +:0@/#,#(+6, 

+((02$9+6 + +(2#8,+9+6. – �$/$,02: �:7$,#&'8,20 �$/$,. ;(+2#/8+,#,$, 2007. – �.1. –  �.36-37. 

14. SHADEPILOT. Operating Instructions. – DeguDent. – 2012. – 56 /. 
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METHOD AND MEANS OF DIGITAL COLORIMETRY OF SURFACE DAMAGE  

BIOLOGICAL TISSUES FOR APPLIED PROBLEMS OF FORENSIC DIAGNOSTICS 

:OFNLBIN��?@A�VBVAL�>MVLGUAP�MAN@GP�GH�P>J>NBD�IGDGL>MANLE�BCP�PAUADGVAP�B�MABCF�GH�P>BJCGF>CJ�FQVALH>I>BD�PBMBJA�O>GDGJ>IBD�

N>FFQAF� GH� @QMBC� FT>C�� ?@A�MAN@GP� >F� NG� MABFQLA� N@A� IGDGL� IGGLP>CBNAF� GH� N@A� PBMBJAP� VBLN� GH� O>GDGJ>IBD� N>FFQA� >C� FT>C� IGDGL� IGGLP>CBNA�

FEFNAM�����>C�P>HHQFA�D>J@N�FNBCPBLP�D>J@N�FGQLIA��;ABCF�BDDGSF�NG�PAH>CA�N@A�N>MA�BHNAL�>CYQL>AF�BCP�MABFQLA�N@A�F>ZA�GH�N@A�PBMBJAP�BLAB�NG�

BVVD>AP�VLGODAMF�GH�HGLACF>I�P>BJCGFN>IF��

\AE�SGLPF �P>J>NBD�IGDGL>MANLE��O>GDGJ>IBD�N>FFQA��HGLACF>I�A[BM>CBN>GC�

�,$&5
�($&): :.)(+ 500/7+($, 50&'0/; @)0,5$(+( A5)/+ ; 8+8,#.) 500/7+($, 50&'0/; XYZ 70:20&-3,'
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