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*++,-*./0 
3 -#0%+, *#* +,%-,+.4,5*., +#* . 6*57,-.8,/+#$9/% .55$,"%&#/: -#;/:, 57%5%0: 

17-#&$,/.< *-.&.;/%= 7%&,->/%5+. ?."*%5+. (!@AB). C# %5/%&, 6+%2% .55$,"%&#/.< 
-#;-#0%+#/:, 5%;"#/: . .55$,"%&#/: ?."*., $./;: (BD) 5 7,-,8,//:8 E%*15/:8 
-#55+%</.,8 (AF().  

G*57,-.8,/+#$9/% %7-%0%&#/: 5$,"1HI., 57%5%0: !@AB: 
1. J."-#&$.4,5*.= 57%5%0. K,E%-8#L.< 17-12%= 7-%;-#4/%= 7$M/*. (8,80-#/:), 5 

7%8%I9H *%/+-%$.-1,8%2% .;8,/,/.< *%$.4,5+&# ?."*%5+. & +,$, $./;:; 
2. 3-#I,/., ?."*%5+.. N57%$9;1,+5< <&$,/., 7%&,->/%5+/%2% /#+<?,/.< [2],[4]. 

N;&,5+/%, 4+% 7-. 6+%8 7%&,->/%5+9 ?."*%5+. 7-./.8#,+ E%-81 7#-#0%$:. 
3. A-.$%?,/., &/,O/,2% 6$,*+-.4,5*%2% 7%$<. N57%$9;1,+5< 6EE,*+ 7%&,->/%5+/%2% 

/#+<?,/.< ?."*%5+., # +#*?, 6$,*+-.4,5*., 5&%=5+&# &%":.[3] 
C# %5/%&, 5-#&/,/.< 57%5%0%&, &:0%- 7#$ /# 7,-&:= (J."-#&$.4,5*.= 57%5%0), *#* 

/#.0%$,, %7+.8#$9/:=. P%;"#//:, & -#8*#> 6+%2% 57%5%0# BD .55$,"%&#/: 5 7%8%I9H 
15+#/%&*.: $./;# 5 AF(, 6*-#/, %5&,+.+,$9/:= 7-.0%-. 

N;8,-,/: 5$,"1HI., >#-#*+,-.5+.*. BD: E%*15/%, -#55+%</.,, 7%7,-,4/%, 
1&,$.4,/.,, 12$%&%, 1&,$.4,/.,. C#7-.8,-, 6*57,-.8,/+#$9/%, ;/#4,/., E%*15/%2% 
-#55+%</.< 1"%&$,+&%-.+,$9/% %7.5:&#,+5< .;&,5+/%= [1] E%-81$%= +%$5+%= $./;:. 
'/#$%2.4/% . "-12., 6*57,-.8,/+#$9/:, >#-#*+,-.5+.*. 1"%&$,+&%-.+,$9/% %7.5:&#H+5< 
.;&,5+/:8. ;#&.5.8%5+<8. [1]. 

G+% 157,O/%, %7.5#/., 6*57,-.8,/+#$9/% 7%$14,//:> %7+.4,5*.> >#-#*+,-.5+.* BD  
.;&,5+/:8. ;#*%/#8. 2,%8,+-.4,5*%= %7+.*. %;/#4#,+, 4+% .;&,5+/:, 5&%=5+&# %0:4/:> 
(+&M-":>) $./; . .;&,5+/:, "$< /.> >#-#*+,-.5+.*. 8%21+ 0:+9 %+/,5,/: . * BD.  

A-,"5+#&$,//#< -#0%+# 5%",-?.+ %-.2./#$9/:, -,;1$9+#+:, /, 7%&+%-<HI., 
51I,5+&1HI.> 57%5%0%& . 15+-%=5+& (7% -,;1$9+#+#8 7-%&,",//%2% 7#+,/+/%2% 7%.5*#):  
• J."-#&$.4,5*#< *%/5+-1*L.< BD, "$< *%+%-%= 0:$% .55$,"%&#/% 0%$9O./5+&% 7#-#8,+-%& 
. 7-%&,-,/# 7-.8,/.8%5+9 .;&,5+/:> ;#*%/%& 2,%8,+-.4,5*%= %7+.*.[1]; 

• A-.$%?,/., &/,O/,2% 6$,*+-.4,5*%2% 7%$< "$< 5%;"#/.< BD. 
B."*., $./;: & %+$.4., %+ %0:4/:> 7%;&%$<H+ 8,/<+9 *#* ;/#* E%*15/%2% -#55+%</.<, 

+#* . %0$#"#H+ ;/#4.+,$9/%= 2$10./%= 7,-,5+-%=*. .> E%*15/%2% -#55+%</.<, +.,. 5.5+,8: 
BD 57%5%0/: .;8,/<+9 %7+.4,5*., >#-#*+,-.5+.*. 0,; .;8,/,/.< -#55+%</., 8,?"1 $./;#8.. 
Q/#4.+, .57%$9;%&#/., BD & %7+.4,5*.> 5.5+,8#> 51I,5+&,//% -#5O.-<,+ E1/*L.%/#$9/:, 
&%;8%?/%5+. 6+.> 5.5+,8 & -,#$9/%8 &-,8,/., 4+% /,8#$%&#?/% "$< #"#7+.&/%= %7+.*.. 

R#*.8 %0-#;%8, BD %0$#"#H+ -<"%8 "%5+%./5+&: %/. $,2*%17-#&$<,8:, 8%0.$9/:, 
0:5+-%7,-,/#5+-#.&#,8:, 7-%5+: . "MO,&: &  .;2%+%&$,/... A%<&$<,+5< &%;8%?/%5+9 
.57%$9;%&#/.< %"/%= 17-#&$<,8%= $./;: &8,5+% /,5*%$9*.> %0:4/:>. BD /, 7-.4./<+ &-,"# 
%*-1?#HI,= 5-,", & 5$14#, 7%&-,?",/.< .$. .> 1+.$.;#L... )5+9 &%;8%?/%5+9 
#&+%8#+.;#L.. 7-%L,55# 17-#&$,/.< $./;#8.. B."*., $./;: 51I,5+&,//% -#5O.-<H+ 
&%;8%?/%5+. 7-.8,/,/.< $./; &%%0I,.  

3 5&<;. 5 157,>#8. & %0$#5+. /#/%+,>/%$%2.= . /#/%+,>/.*. 7-,"5+#&$<,+5< 
L,$,5%%0-#;/:8 8./.#+H-.;.-%&#+9 BD "$< 5%;"#/.< ./+,$$,*+1#$9/:> /#/%5.5+,8, +.,. 
./+,2-.-%&#+9 5,/5%-/1H, $%2.4,5*.-#/#$.+.4,5*1H, "&.2#+,$9/1H . .57%$/.+,$9/1H 
E1/*L.. & %"/%8 15+-%=5+&,[6]. 

K#//#< -#0%+# – %5/%&# "$< "#$9/,=O,2% -#;&.+.< BD, +%$9*% 1?, & ".#7#;%/, /#/%-
/8.*-%8,+-%&:> -#;8,-%&. 
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S.*-% BD 8%21+ /#=+. 5,0, 7-.8,/,/., & -#;$.4/:> %7+.4,5*.> 15+-%=5+&#>, *#* 
0%$,, *%87#*+/:, . 7-%5+:, %0T,*+.&:. A-,.81I,5+&# ?."*.> $./; & ;/#4.+,$9/%= 5+,7,/. 
57-#&,"$.&: . & 8.*-%8,+-%&%= %0$#5+. -#;8,-%&. 

C#7-.8,-, .57%$9;%&#/., BD & *#4,5+&, %0T,*+.&%&, &8,5+% 5.5+,8: +&M-"%+,$9/:> 
$./; &  8.*-%*#8,-#> 7%;&%$.+ 18,/9O.+9 -#;8,-: 7%5$,"/.>. U+% +#*?, "%$?/% 
57%5%05+&%&#+9 5/.?,/.H 7%+-,0$,/.< 6/,-2... S#$%, 7%+-,0$,/., 6/,-2.. 7%;&%$.+, 
/#7-.8,-, 6EE,*+.&/% .57%$9;%&#+9 7-,%0-#;%&#+,$. 5&%0%"/%= 6/,-2.. (#*15+.4,5*%=, 
6$,*+-%8#2/.+/%=) -#57-,",$M//%= & 7-%5+-#/5+&,. S#$:= -#;8,- 8.*-%*#8,- 7%;&%$.+ 
.57%$9;%&#+9 .> & *#4,5+&, E%+% . &.",% *#8,-, & 5&,->8./.#+H-/:> (<10 58) 0,57.$%+/:> 
$,+#+,$9/:> #77#-#+#>, . "-. 

!8,/9O,/., "% 8.*-%//:> -#;8,-%& +#*%= 5.5+,8: *#* ?."*#< $./;# 7%;&%$.+ 
-#5O.-.+9 7-.8,/.8%5+9 7%5$,"/.> * &5,&%;8%?/:8 %0$#5+<8 ?.;/., /#1*. . +,>/.*..
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33)K)CN) 
 
P,2%"/< &5< ",<+,$9/%5+9 4,$%&,*# /,8:5$.8# 0,; $./;. D./;: .57-#&$<H+ ",E,*+: 

;-,/.<, 7-.8,/<H+5< & ;-.+,$9/:> 7-.0%-#> (0./%*$., 8.*-%5*%7:, E%+%-&.",%*#8,-:, 
+,$,5*%7:, $17#, %4*. . "-.), %5&,+.+,$9/:> 15+-%=5+&#>, %7+.4,5*%= #77#-#+1-, 571+/.*%& . 
+.". V0:4/% $./;: .;2%+#&$.&#H+5< .; 5+,*$# $.0% ./%2% +&M-"%2% %7+.4,5*. 7-%;-#4/%2% 
8#+,-.#$#, /% "#//:, *%/5+-1*L.. /, 7%;&%$<H+ 8,/<+9 -#".15 *-.&.;/: 7-,$%8$<HI,= 
7%&,->/%5+., +% ,5+9 E%*15/%, -#55+%</., $./;:. !5+-%=5+&#, 2", & *#4,5+&, %7+.4,5*%2% +,$# 
$./;: &:5+17#H+ %7+.4,5*. 7-%;-#4/:, ?."*%5+., 7%;&%$<H+ -,O.+9 6+1 7-%0$,81. A-. 6+%8 
E%-8# 7-,$%8$<HI,= 7%&,->/%5+. 8%?,+ 7$#&/% .;8,/<+95< %+ &%2/1+%= "% &:71*$%= . 
%0-#+/%. 

3 /#5+%<I,, &-,8< 7-#*+.4,5*. &5, +,>/.4,5*., %7+.4,5*., 15+-%=5+&# .57%$9;1H+ 
5.5+,8: +&M-":> $./; "$< "%5+.?,/.< +-,01,8:> 6EE,*+%&, /% 7-,"5+#&$<,+5< 0%$,, 
&:2%"/:8 .57%$9;%&#/., %"/%= ?."*%= $./;: (BD) 5 7,-,8,//:8 E%*15/:8 -#55+%</.,8 
(AF() &8,5+% /,5*%$9*.> %0:4/:> (+&M-":>), 4+% 7%&:5.+ 6EE,*+.&/%5+9 . 0:5+-%",=5+&., 
15+-%=5+&#, # +#*?, 5",$#,+ 7-%.;&%"5+&% 0%$,, 6*%/%8.4/:8. 

3 7%5$,"/., 2%": “?."*.8. $./;#8.” ;#./+,-,5%&#$.59 /,5*%$9*% *-17/:> *%87#/.=, 
;#/.8#HI.>5< ./E%-8#L.%//:8. +,>/%$%2.<8. . &.",%+,>/.*%=. 3 4#5+/%5+. *%87#/.< 
“Philips” #/%/5.-%&#$# %7+.4,5*1H 5.5+,81 Fluid Focus, -#0%+#HI1H ;# 54,+ .;8,/,/.< 
6$,*+-.4,5*%2% 7%+,/L.#$#, 7-.$%?,//%2% * 2."-%E%0/%81 7%*-:+.H [5]. (#;8,-: %7:+/%2% 
%0-#;L# Fluid Focus 5%5+#&.$. /,5*%$9*% 8.$$.8,+-%&, 7,-,5+-%=*# E%*15/%2% -#55+%</.< 
7-%.;&%".+95< & ".#7#;%/, %+ 5 5#/+.8,+-%& "% 0,5*%/,4/%5+., 7-.4,8 5*%-%5+9 7,-,5+-%=*. 
8,?"1 *-#=/.8. 7%$%?,/.<8. 8,/,, 10 8.$$.5,*1/". (#;-#0%+*%=, 7%"%0/:> Fluid Focus, 
5.5+,8 ;#/.8#H+5< +#*?, *%87#/.. “Bell Labs”, “Varioptic” . "-. 

B."*., $./;: .8,H+ &5,&%;8%?/:, %0$#5+. 7-.8,/,/.<: 
1. P%;"#/., %4*%& 5 7,-,8,//:8 E%*15/:8 -#55+%</.,8; 
2. F%*15.-%&*# 5&,+# & E%/#-<>, 7-%?,*+%-#>, #&+%8%0.$9/:> E#-#>; 
3. P%;"#/., +,$,5*%7%&, 0./%*$,=, $17, %7+.4,5*.> +-10, 8.*-%5*%7%&, E%+%-
&.",%*#8,-; 

4. S%",$.-%&#/., 4,$%&,4,5*%2% >-15+#$.*# . .57%$9;%&#/., "$< 5%;"#/.< 
-%0%+%&; 

5. P%;"#/., .5*155+&,//:> “2$#;”, 57%5%0/:> &.",+9 & -#;$.4/:> 57,*+-#>; 
6. P%;"#/., +-,/.-%&%4/:> %4*%& "$< +-,/.-%&*. . *%--,*+.-%&*. ;-,/.< 1 ",+,= 
. &;-%5$:>; 

7. N57%$9;%&#/., BD "$< 5.5+,8 /#&.2#L.. (-#*,+, 5#8%$,+%& . "-.) 
8. C# 571+/.*#> /# %*%$%;,8/%= .$. %*%$%7$#/,+/%= %-0.+,, +. ,. & 15$%&.<> 
7%/.?,//%= 2-#&.+#L... 

9. N57%$9;%&#/., &% &5,> %0$#5+<>, 2", -#0%+#H+ %0:4/:, $./;: . &:7%$/<H+5< 
;#*%/: 2,%8,+-.4,5*%= %7+.*.. 

3 5&<;. 5 157,>#8. & %0$#5+. /#/%+,>/%$%2.= . /#/%+,>/.*. 7-,"5+#&$<,+5< 
L,$,5%%0-#;/:8 8./.#+H-.;.-%&#+9 BD "$< 5%;"#/.< ./+,$$,*+1#$9/:> /#/%5.5+,8, +.,. 
./+,2-.-%&#+9 5,/5%-/1H, $%2.4,5*.-#/#$.+.4,5*1H, "&.2#+,$9/1H . .57%$/.+,$9/1H 
E1/*L.. & %"/%8 15+-%=5+&,[6]. 

S.*-% ?."*., $./;: & 5&%H %4,-,"9 ,IM 0%$9O, -#5O.-<+ 5E,-: &%;8%?/%2% 
7-.8,/,/.<:  

1. S./.#+H-/:, E%+%-/&.",%*#8,-: -#;$.4/:> L.E-%&:> 15+-%=5+& 
2. K#+4.*., «2$#;#» 5&,->$,2*.> 0,57.$%+/:> $,+#+,$9/:> #77#-#+%& (< 1058) 
3. S%0.$9/:, 8.*-%5*%7: 
4. «J$#;#» 8.*-%-//#/%-%0%+%& . "-. 
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.%&12" "#//%= -#0%+: <&$<H+5<: 
(#;-#0%+*#, 5%;"#/., . .55$,"%&#/., ?."*.> $./; 5 AF(. 
VL,/*# &%;8%?/%5+. 7-.8,/,/.< ?."*.> $./; & 5&,->8./.#+H-/:> 15+-%=5+&#>. 
 
K$< "%5+.?,/.< 7%5+#&$,//:> L,$,= 0:$. -,O,/: 5$,"1HI., (3#34": 

• N55$,"%&#/., 51I,5+&1HI.> 57%5%0%& 17-#&$,/.< *-.&.;/%= 7%&,->/%5+. 
?."*%5+. (!@AB); 

• (#;-#0%+*# %-.2./#$9/:> 57%5%0%& !@AB; 
• P%;"#/., . %7-%0.-%&#/., ?."*.> $./; 5 AF( /# %5/%&, 57%5%0%& !@AB; 
• 3:0%- %7+.8#$9/%2% 57%5%0# !@AB; 
• G*57,-.8,/+#$9/%, . +,%-,+.4,5*%, .55$,"%&#/., &:0-#//%2% 57%5%0#; 
• (#558%+-,/., 71+,= &%;8%?/%2% 7-.8,/,/.< BD. 

K$< 1"%05+&# 5-#&/,/., %-.2./#$9/:> -,;1$9+#+%& 5 .;&,5+/:8. & "#//%8 5%%0I,/.. 
7-%&%".+5< 5%&8,5+/%. 

5/67*89/:;<=/> <?,<,@ 
(#5+<?,/., 17-12%= 7-%;-#4/%= 7$,/*. /,5?.8#,8%= ?."*%5+9H, 71+M8 7%"#4. 

(%+*#4*.) ?."*%5+. & (.;) +,$# $./;:.  ((.5.1) 
      

 
 

       (.5.1 
 
 
 
 

A-,.81I,5+&%8 "#//%= *%/5+-1*L.. <&$<,+5< +% 4+%, .;2%+%&.& %"/1 *%/5+-1*L.H 
$./;: /# ,M %5/%&, 8%?/% 7%$14.+9 &5, +.7: $./; ("&%<*%-&:71*$#<, "&%<*%-&%2/1+#<, 
&:71*$%-&%2/1+#<, 7$%5*%-&:71*$#<, 7$%5*%-&%2/1+#<).  

  
 

 (.5.2     
   

 
)5$. & 

*%/5+-1*L.H 
/# ((.5. 1) 

7%8,5+.+9 
5+,*$% (4) . 17-#&$<+9 "&18< 7%-O/<8., +% 8: 7%$14.8 BD, *%+%-#< 01",+ 57%5%0/# 
5%&8,I#+9 & 5,0, &5, +.7: $./;. ((.5.2) 

R#*?, &#?/:8 "%5+%./5+&%8 "#//%= *%/5+-1*L.. <&$<,+5< 57%5%0/%5+9, 6EE,*+.&/% 
E1/*L.%/.-%&#+9 (0,; 7%+,-. %7+.4,5*.> 5&%=5+&) & $H0:> 7%$%?,/.<> (%+/%5.+,$9/% 
7-,"8,+#). 

K#//:= 57%5%0, *#* 7%*#;#/% /.?,, 7-,"5+#&$<,+5<  %7+.8#$9/:8 .; 7-,"$#2#,8:>, . 
01",+ 7%"-%0/% -#558%+-,/. 

W:$ 7-%&,",/ 7#+,/+/:= 7%.5*, *%+%-:= 7%*#;#$ %+51+5+&., 7%"%0/:> *%/5+-1*L.= 
?."*.> $./;, ;/#4.+, 7-,"$%?,//:= 57%5%0 <&$<,+5< %-.2./#$9/:8 (A-.$%?,/.,). 

A-,"5+#&$<,+5< L,$,5%%0-#;/:8 8#*5.8#$9/% &%;8%?/% 18,/9O.+9 -#;8,-: BD /# 
%5/%&, "#//%2% 57%5%0#, 4+% %+/,5M+ BD * *$#551 8.*-%-/ /#/%6$,*+-%8,>#/.4,5*.> 5.5+,8 
(MEMS/NEMS). 

!8,/9O,/., ?."*%= $./;: %2-#/.4,/% "$./%= &%$/: E%*15.-1,8%2% 5&,+#, 4+% 
%7-,",$<,+ -#;8,-: $./;: (".#8,+- &>%"/%2% ;-#4*#). 

4 
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"/% 

!7-#&$,/., $./;%= - -,21$.-%&*# %0TM8# ?."*%5+. & +,$, $./;: 8%?,+ %51I,5+&$<+95< 
/,5*%$9*.8. 57%5%0#8., & 4#5+/%5+. ;# 54M+ .57%$9;%&#/.< %0-#+/%2% 79,;%6EE,*+#. 

 87*A;+/; !/6=,<-/  
N;&,5+/%, 4+% 7-. &-#I,/.. 5%51"# 5&%0%"/#< 7%&,->/%5+9 ?."*%5+. 7-./.8#,+ 

7#-#0%$.4,5*1H E%-81 ((.5.3).  3%57%$9;%&#&O.59 "#//:8  6EE,*+%8 8%?/% -,#$.;%&#+9 +-. 
+.7# $./; – "&%<*%&%2/1+1H, &:71*$%&%2/1+1H . 7$%5*%&%2/1+1H. A-. 6+%8 & *#4,5+&, %"/%= 
7-,$%8$<HI,= 7%&,->/%5+. .57%$9;1,+5< 5&%0%"/#< 7%&,->/%5+9 ?."*%5+. (7-. .;8,/,/.. 
4#5+%+: &-#I,/.< 5%51"# 8,/<,+5< -#".15 *-.&.;/: 6+%= 

                       
7%&,->/%5+.), &+%-%= 7%&,->/%5+9H 5$1?.+ %5/%&#/., 5%51"#, E%-8# 6+%= 7%&,->/%5+. ;#"#/# 
. 8,/<+95< /, 8%?,+. 

K%5+%./5+&%8 6+%2% 57%5%0# <&$<H+5< %7+.4,5*., 5&%=5+&# 7#-#0%$.4,5*%= 
7%&,->/%5+.. K#//:= 57%5%0 0:$ %7-%0%&#/ 6*57,-.8,/+#$9/%, 0:$% 7%$14,/%, 4+% & 7-%L,55, 
/#4#$# &-#I,/.< ,5+9 “8M-+&#< ;%/#”, +.,.  /, &5< ?."*%5+9 7-./.8#,+ E%-81 7#-#0%$:, # 
+%$9*% ,M 7,-.E,-.4,5*#< 4#5+9, # %5+#$9/#< /#>%".+5< & 2%-.;%/+#$9/%8 7%$%?,/.. (58. 
A-.$%?,/., ((.5.A. 1)). N +%$9*% 4,-,; /,*%+%-:= 7-%8,?1+%* &-,8,/.  (>#-#*+,-/:= "$< 
;#"#//%= 5*%-%5+. . *%/5+-1*L..) &5< ?."*%5+9 7-./.8#,+ E%-81 7#-#0%$: (58. A-.$%?,/., 
((.5.A. 2)). 

 @ /,"%5+#+*#8 "#//%= *%/5+-1*L.. %+/%5<+5<: 
• /,%0>%".8%5+9 7%"",-?#/.< 7%5+%<//%= 5*%-%5+. &-#I,/.<; 
• &%;8%?/%5+9 .57%$9;%&#/.< +%$9*% & 2%-.;%/+#$9/%8 7%$%?,/.. & ;,8/:> 
15$%&.<>; 

• /,&%;8%?/%5+9 %51I,5+&$,/.< &5,> +.7%& $./;; 
• 7-.51+5+&1H+ “8M-+&:, ;%/:”, 2", 0%$9O#< 4#5+9 %7+.4,5*.> 5&%=5+& 7%+,-</#. 

S./.#+H-.;#L.< BD "#//%2% 57%5%0# /, 7-,"5+#&$<,+5< L,$,5%%0-#;/%=. 
 

/BC;+;+/; 6/*C;-7* =*?9/ < ?,C,ADE 6/*F7*5CG 
 

)5$. /# ".#E-#281 7%$%?.+9 *#7$H *#*%=-+% 7-%;-#4/%= ?."*%5+., +% 7-. .;8,/,/.. 
".#8,+-# & +1 .$. ./1H 5+%-%/1 8%?/% /#0$H"#+9 .;8,/,/., *-.&.;/: . *#* 5$,"5+&., 
.;8,/,/., E%*15/%2% -#55+%</.<. ((.5.4). 

!7-#&$,/., -#".15%8 *-.&.;/: ?."*%5+. /# %5/%&, ".#E-#28 &%;8%?/%, %"/#*% ,5+9 
/,*%+%-:, %2-#/.4,/.<: 

• 7-.>%".+95< .57%$9;%&#+9 *#7$H +%$9*% & 2%-.;%/+#$9/%8 7%$%?,/..; 
• 7$#&/%, .;8,/,/., ".#8,+-# 8%?,+ 5+#+9 /,7-%5+%= +,>/.4,5*%= 7-%0$,8%=. 

(.5.3 

(.5.4 
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!8,/9O,/., 7%"%0/%= *%/5+-1*L.. &%;8%?/%, /% /#$.4., 5&%0%"/%= 7%&,->/%5+. 
?."*%5+. /#*$#":&#,+ ;/#4.+,$9/:, %2-#/.4,/.< /# .> 7-.8,/,/.,. 

/<?,9DB,8*+/; 8+;H+;5, I9;=-7/:;<=,5, ?,90 
)5$. * 7%&,->/%5+. &%": 7%"/,5+. ;#-<?,//%, +,$%, 5%;"#HI,, /,%"/%-%"/%, 

6$,*+-.4,5*%, 7%$,, +% 7%&,->/%5+9 01",+ .5*-.&$,/#. G+% 5&<;#/% 5 +,8, 4+% &%"# <&$<,+5< 
7%$<-/:8 ".6$,*+-.*%8, +% ,5+9 5%5+%.+ .; ".7%$,=, *%+%-:, &;#.8%",=5+&1,+ 5 &/,O/.8 
6$,*+-.4,5*.8 7%$,8 [3]. 

K$< .55$,"%&#/.< 6+%2% <&$,/.< 0:$# 5%0-#/# 6*57,-.8,/+#$9/#< 15+#/%&*# ((.5.5#) 
5%5+%<I#< .;: 15.$.+,$< &:5%*%2% /#7-<?,/.< (3), 6$,*+-%"# X1 - 5%;"#HI,2% 7%$, (1), 
6$,*+-%"# X2 - & ?."*%5+. (2) . &%": (4). 

P .57%$9;%&#/.,8 "#//%= 15+#/%&*. 0:$# 7-%&,",/# 5,-.< %7:+%&, -,;1$9+#+: *%+%-:> 
7-.&%"<+5< /.?,. 

!"#$%&%

 
 
P%;"#M+5< 7%$, )=16,7*3/58 (7-. YU=5*3 . -#55+%</.,8 6$,*+-%"# X1 (5 7%+,/L.#$%8 

+) "% &%": d=388.) G$,*+-%" X2 %71I,/ & &%"1. V0-#;1,+5< <8*# 2$10./%= h=2,5 88 . 
".#8,+-%8 D=888. P8. A-.$%?,/., ((.5.A. 3). 

P4.+#<, 4+% <8*# <&$<,+5< O#-%&:8 5,28,/+%8 (-#54M+ "#M+ R=4,8688) . 7% E%-81$, 
+%/*%= $./;: "$< E%*15/%2% -#55+%</.< 7%$14.8, 4+% f= - 14,588 

P%;"#M+5< 7%$, )=14,7*3/58 (7-. YU=25*3 . -#55+%</.,8 6$,*+-%"# X1 (5 
7%+,/L.#$%8 +) "% &%": d=1788.) G$,*+-%" X2 %71I,/ & &%"1. V0-#;1,+5< <8*# 2$10./%= 
h=888 88 . ".#8,+-%8 D=1588. P8. A-.$%?,/., ((.5.A. 4). 

'/#$%2.4/% 54.+#<, 4+% <8*# <&$<,+5< O#-%&:8 5,28,/+%8, 7%$14.8, 4+% R=7,5288 f= - 
22,4588  

A-. .;8,/,/.. 7%$<-/%5+. 6$,*+-%"%& /# 7%&,->/%5+. &%": %0-#;1H+5< &%$/:, 
/#-1O#HI., 15+%=4.&%5+9. 

 

!"#$%'%
K$< "#//%2% %7:+# 10.-#,8 .; &%": 6$,*+-%" X2. ((.5.50) 
A-. YU=5*3 &.".8:> 6EE,*+%& /, /#0$H"#,+5<. 
A-. )=1666,7*3/58 (7-. YU=25*3 . -#55+%</.. 6$,*+-%"# X1 "% &%": d=1,588) 

/,;#&.5.8% %+ 7%$<-/%5+. %0-#;1,+5< >%$8.*  &:5%+%= h<188 . & ".#8,+-, D<388. (P8. 
A-.$%?,/., (.5.A. 5. 8%?/% &.",+9 7% .5*#?,/.H 7%&,->/%5+. &%":). 

(.5.5# 
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A-,.81I,5+&%8 "#//%2% 57%5%0# <&$<,+5< 57%5%0/%5+9  !@AB 5 7%8%I9H &/,O/,2% 

6$,*+-.4,5*%2% 7%$<, /% ,5+9 -<"  /,"%5+#+*%&: 
- /,%0>%".8% 7%"",-?.&#+9 0%$9O1H -#;/%5+9 7%+,/L.#$%& (25*3); 
- /,%0>%".8% 5%>-#/<+9 2%-.;%/+#$9/%, 7%$%?,/.,. 
C,"%5+#+*. %2-#/.4.&#H+ .57%$9;%&#/., 7%"%0/:> $./; & 8./.#+H-/:>, 8#$% 
7%+-,0$<HI.> %7+.4,5*.> 15+-%=5+&#>. 
K#//:= 57%5%0 5%;"#/.< BD <&$<,+5< %-.2./#$9/:8 7% -,;1$9+#+#8 7#+,/+/%2% 7%.5*#  

(A-.$%?,/.,). 

I9;=-7,<C*:/8*+/; 
@#* .;&,5+/%, 5&%0%"/#< 7%&,->/%5+9 ?."*%5+. /# 7%&,->/%5+. +&M-"%2% +,$# 8%?,+ 

.5*-.&$<+95<. G+% 5&<;#/% 5 6EE,*+%8 58#4.&#/.<. )5$. ?."*%5+9 58#4.&#,+ 7%&,->/%5+9 +% 
*#7$<, 7%8,I,//#< /# 7%&,->/%5+9 01",+ 7% /,= -#5+,*#+95< ((.5.A. 6 5$,&#). @-#,&%= 12%$  
& 6+%8 5$14#, 01",+ %5+-:8. )5$. ?, ?."*%5+9 /, 58#4.&#,+ 7%&,->/%5+9, +% ,M 7%&,",/., 
01",+ ./:8 ((.5.A. 6 57-#&#), *-#,&%= 12%$ & 6+%8 5$14#, 01",+ +17:8.  

3,$.4./1 *%6EE.L.,/+# 7%&,->/%5+/%2% /#+<?,/.< ?."*%5+., # 5$,"%&#+,$9/%, . 
5+,7,/9 .;2.0# (-#".15 *-.&.;/:) 5&%0%"/%= 7%&,->/%5+. ?."*%5+. 8%?/% .;8,/<+9, 
"%0#&$<< & /,M +#* /#;:&#,8:, 7%&,->/%5+/%-#*+.&/:, &,I,5+&# (A'3), @-%8, +%2%, ,I, & 
*%/L, XIX &,*# 0:$% %0/#-1?,/% [5], 4+% &,$.4./# -#;/%5+. 7%+,/L.#$%& 8,?"1 7-%&%"<I,= 
7%&,->/%5+9H . *#7$,= 7-%&%"<I,= ?."*%5+. &$.<,+ 
/# 58#4.&#/.,: *-#,&%= 12%$ 18,/9O#,+5< 
7-%7%-L.%/#$9/% *&#"-#+1 /#7-<?,/.<. G+% +#* 
/#;:&#,8:= 6EE,*+ 6$,*+-%58#4.&#/.<.   

A%8,5+.8 *#7$H &%": /# 517,-2."-%E%0/1H  
7%&,->/%5+9 (+.,. +1, *%+%-1H &%"# 5%&5,8 /, 
58#4.&#,+)— %/# %0-#;1,+ 7%4+. .",#$9/:= O#-.*. 
Q#+,8 7-.$%?.8 8,?"1 7%&,->/%5+9H . *#7$,= 
/#7-<?,/., — *#7$< *#* 0: 7-.?8,+5< * 
7%&,->/%5+., *-#,&%= 12%$ 18,/9O.+5<. A$#&/% 
1&,$.4.&#< . 18,/9O#< /#7-<?,/.,, 8%?/% ;#5+#&.+9 
*#7$H 8,/<+9 -#".15 *-.&.;/:. @-.&.;/# 
7%&,->/%5+. *#7$. 8,/<,+5<, 5$,"%&#+,$9/%, 
8,/<,+5< . 7-,$%8$<HI#< 57%5%0/%5+9 $./;:, ,, 
E%*15/%, -#55+%</.,. C,+ /.*#*.> 7%"&.?/:> 
8,>#/.4,5*.> ",+#$,=. (#0%+# ?."*%= $./;: %4,/9 
/#7%8./#,+ 4,$%&,4,5*.= 2$#;, *%+%-:= 
E%*15.-1,+5< 71+,8 .;8,/,/.< *-.&.;/: >-15+#$.*#.  

V7.O,8 ?."*1H $./;1 /# %5/%&, 
6$,*+-%58#4.&#/.< [5]. !5+-%=5+&% 5%5+%.+ .; 
/,0%$9O%= +-10*. 5 7-%;-#4/:8. +%-L#8. (-.5.6), 

(.5.50 

(.5.6 
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;#7%$/,//%= "&18< /,58,O.&#HI.8.5< 7-%&%"<I,= . /,7-%&%"<I,= ?."*%5+<8. 5 
-#;$.4/:8. *%6EE.L.,/+#8. 7-,$%8$,/.<. V"/# 7-,"5+#&$<,+ 5%0%= 7-%&%"<I.= 
6$,*+-.4,5+&% &%"/:= -#5+&%-, # "-12#< — 8#5$%, .;%$<+%-. 3/1+-,//<< 7%&,->/%5+9 +-10*. . 
%"./ .; +%-L%& 7%*-:+: 2."-%E%0/:8 7%*-:+.,8, & -,;1$9+#+, 4,2% &%"/:= -#5+&%-, 
5*#7$.&#HI.=5< 1 7-%+.&%7%$%?/%2% +%-L#, 7-./.8#,+ “7%$15E,-.4,5*1H” E%-81. 
A-%&%"<I#< ?."*%5+9 %++#$*.&#,+5< %+ 2."-%E%0/%2% 7%*-:+.<, 5%0.-#<59 & “7%$15E,-1”, +#* 
4+% /,7-%&%"<I#< %0-#;1,+ %+-.L#+,$9/1H (-#55,.&#HI1H) $./;1. C#7-<?,/.,, 7%"#//%, /# 
%*-1?#HI., <4,=*1 6$,*+-%":, .;8,/<,+ *-.&.;/1 ,, 7%&,->/%5+. ., 5$,"%&#+,$9/%, E%*15/%, 
-#55+%</., $./;: — %/# 8%?,+ 7-,&-#+.+95< .; -#55,.&#HI,= & 5%0.-#HI1H.  

K#//:= 57%5%0, * 5%?#$,/.H, /, 1"#$%59 7%*# -,#$.;%&#+9 6*57,-.8,/+#$9/%, /%, 
/,5%8/,//%, %/ 7-,"5+#&$<,+5< 7,-57,*+.&/:8 *#* 5% 5+%-%/: #"#7+.&/%= %7+.*. +#* . 5% 
5+%-%/: &%;8%?/%5+. 18,/9O,/.< -#;8,-%&. 

/<<9;6,8*+/; !/6=,> 9/+BG,  7;*9/B,8*+,,> 
+* ,<+,8; 5/67*89/:;<=,5, <?,<,@*. 

K$< .55$,"%&#/.< 0:$# 5%;"#/# "&%<*%-&:71*$#< ("&%<*%-&%2/1+#<) BD (5%5+#&/:, 
4#5+.: 7$,/*#, &%"#, 7-%2-#"1.-%&#//:= 7%-O,/9, %0%$%4*# $./;:) 5% 5$,"1HI.8. 
>#-#*+,-.5+.*#8.: 

 
 
 
 
 
 
 
 
 
 
                                                          

+%$I./%= d=1,358, -#".15%8 %5/%&#/.< r=2,958, ".#7#;%/%8 .;8,/,/.< %0TM8# $./;: 
YV=12,5583, 7%*#;#+,$,8 7-,$%8$,/.< n=1,335 (-.5.7)                         !

K$< 6*57,-.8,/+#$9/%2% .;8,-,/.< E%*15/%2% -#55+%</.< 5%0.-#HI,= $./;: 0:$# 
5%0-#/# 15+#/%&*# (6*-#/, BD, ".#E-#28#, "$< 5%;"#/.< 7#-#*5.#$9/:> $14,=, .5+%4/.* 
5&,+#). P>,8# 6*57,-.8,/+# 7-,"5+#&$,/# /# -.5.8. 

A-. "&.?,/.. 6*-#/# &"%$9 2$#&/%= %7+.4,5*%= %5. "%0.&#$.59 5#8%2% 4M+*%2% 
.;%0-#?,/.< /# 6*-#/,, . +%2"# -#55+%</., %+ $./;: "% .;%0-#?,/.< 01",+ E%*15/:8 
-#55+%</.,8. 

G*57,-.8,/+#$9/%, .;8,-,/., E%*15/%2% -#55+%</.< -#55,.&#HI,= $./;: 
7-%&%".$.59 7% 5>,8, ((.5.9). N5>%"< .; 7%"%0.< +-,12%$9/.*%&  

(.5.7 

(.5.8 

%0%$%4*# 
7$M/*# 

 

BD 
K.#E-#28# 
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2", ',3,P- .;8,-<,8:, 6*57,-.8,/+#$9/% -#55+%</.<, 
f-E%*15/%, -#55+%</., (-,;1$9+#+: 5%",-?#+5< & 7-.$%?,/.. 58. R#0$.L#) 
K$< +,%-,+.4,5*%2% %7.5#/.< E%*15/%2% -#55+%</.< &%57%$9;1,85< E%-81$%= "$< 

E%*15/%2% -#55+%</.< +%$5+%= $./;: [1] (*%2"# /,$9;< 7-,/,0-,49 +%$I./%= $./;: & 
5-#&/,/.. 5 -#".15%8 %5/%&#/.< r): 

, 

2",  , . 

Q",59  
n-7%*#;#+,$9 7-,$%8$,/.< &%":; 
R--#".15 *-.&.;/: O#-%&%2% 5,28,/+# (-.5.10); 
d-+%$I./# 7$%5*%-7#-#$$,$9/%2% 14#5+*# $./;:; 
h-&:5%+# O#-%&%2% 5,28,/+# (-.5.10); 
r--#".15 %5/%&#/.< O#-%&%2% 5,28,/+# (-.5.10). 
 Q/#4,/.< f 7%$14#H+5< 7-. 7%"5+#/%&*, & &:O,1*#;#//1H E%-81$1 

6*57,-.8,/+#$9/% .;8,-,//:> ;/#4,/.=: r, d, h.  
 R,7,-9 8: 7%$14.$. ;/#4,/.< E%*15/%2% -#55+%</.< *#* +,%-,+.4,5*.,, +#* . 
6*57,-.8,/+#$9/:, (7%8,IM//:, & 6*57,-.8,/+#$9/1H +#0$.L1 (R#0$.L#)). A%5+-%,/ 2-#E.* 
;#&.5.8%5+. E%*15/%2% -#55+%</.< %+ .;8,/,/.< %0TM8# $./;: f(YV), 2",      YV=V-V0 (V – 
+,*1I.= %0T,8 &%": & $./;,; V0 – %0T,8 & 7$%5*%-7#-#$$,$9/%8 5%5+%</.. $./;:) . 7%*#;#/ 
".#7#;%/ 7,-,5+-%=*. E%*15/%2% -#55+%</.<, 58. (-.5.11). N;-;# 5$%?/:> 8#+,8#+.4,5*.> 
&:4.5$,/.= /, 1"#$%59 7%$14.+9 +,%-,+.4,5*1H #/#$.+.4,5*1H ;#&.5.8%5+9 f(YV). C%, 
5-#&/,/., +,%-,+.4,5*.> . 6*57,-.8,/+#$9/:> ;/#4,/.= "$< *%/*-,+/:> YVi – 7%*#;:&#,+, 
4+% >#-#*+,- ;#&.5.8%5+. 5%&7#"#,+ (2.7,-0%$.4,5*.=). A%$14,//:, ;/#4,/.< f 
(6*57,-.8,/+#$9/:, . +,%-,+.4,5*.,) 7%8,I,/: & 7-.$%?,/.. (R#0$.L#) 

C,"%5+#+*%8 "#//%2% 2-#E.*# <&$<,+5< +%, 4+% /, 1*#;#/: 7%2-,O/%5+., 6+% 5",$#/% .;-
;# /,"%5+#+%4/%2% 0%$9O%2% 4.5$# .;8,-,/.=. 

K$< *%/*-,+/%= $./;: -#0%4.= ".#7#;%/ .;8,/,/.< E%*15/%2% -#55+%</.< %+ !14 58 "% 
!60 58, "$< +%2% 4+%0: $./;# -#0%+#$# 7-. f (14 " - 14) 58 /1?/% .57%$9;%&#+9 0%$,, 7-%4/1H 

(.5.10 

(.5.9 

BD 
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. 6$#5+.4/1H 7$M/*1, ;/#4,/., E%*15/%2% -#55+%</.< > 60 58 . < - 60 58 8%?/% "%5+.2/1+9 

.57%$9;1< 0%$,, 6$#5+.4/1H 7$M/*1 (0,; %5+#+%4/:> 6EE,*+%& 7%5$, -#5+<?,/.<). 
C# J-#E.*, &%57-%.;&,"M//:, 6*57,-.8,/+#$9/:, +%4*. 0:$. .;8,-,/: 0,; 

"%5+#+%4/%= &:",-?*. (# &-,8< -,$#*5#L.. .57%$9;1,8%= 7$M/*. 0:$% "%5+#+%4/% 0%$9O.8). 
C,5%&7#",/., 6*57,-.8,/+#$9/:> ;/#4,/.= f(YV=5 583 . YV =7,5 583) 5 +,%-,+.4,5*.8. 
5&<;#/% 5 /,7%5$,"%&#+,$9/%5+9H .;8,-,/.= (+.,. +%4*. YV=5 583 . YV =7,5 583 0:$. 
&:71I,/: .; 5,-.. 7%5$,"%&#+,$9/:> .;8,-,/.=) . +#*?, 7%&$.<$ 6EE,*+ 5&<;#//:= 5 
-,$#*5#L.,= 7$M/*.. 

 

R#*?, 0:$% 7-%&,",/% .55$,"%&#/., &%;8%?/%5+. %7.5#/.< E%*15/%2% -#55+%</.< BD 
E%-81$%= +%/*%= $./;: [1]: 1/f=(n-1)(1/R1-1/R2), 2", f-E%*15/%, -#55+%</.,; n-7%*#;#+,$9 
7-,$%8$,/.<; R1,R2--#".15: *-.&.;/: %2-#/.4.&#HI.> 7%&,->/%5+,=. A%$14,//:, 
-,;1$9+#+: "#/: & A-.$%?,/.. (R#0$.L#). C.?, "#/: /,*%+%-:, .; /.>. 

JV ,K23 7,5 10 12,5 

f(L$KM.),  K2 30 19 17 

f("KK&.),  K2 21 16 14 

3."/%, 4+% E%-81$# 1"%&$,+&%-.+,$9/% %7.5:&#,+ E%*15/%, -#55+%</., ?."*%= $./;:. 
A-. YV=7,5583 0%$9O%, -#5>%?",/., 5 6*57,-.8,/+%8 .;-;# %5+#+%4/%2% 6EE,*+# (*%2"# 7-. 
-#5+<?,/.. 7$M/*# /, &%;&-#I#,+5< & .5>%"/%, 7%$%?,/.,). 

G*57,-.8,/+:, .;$%?,//:, &:O,, 0:$. 7-%&,",/: 5 %"/.8 +.7%8 7$M/%*, 7-. 6+%8 
*#4,5+&% -#0%+: $./;:  /, ;#&.5.+ %+ %-.,/+#L.. %+/%5.+,$9/% Q,8$. (&,-+.*#$9/%2% $.0% 
2%-.;%/+#$9/%2%). 

! R,%-,+.4,5*., ;/#4,/.< 

• G*57,-.8,/+#$9/:, ;/#4,/.< 

J-#E.* 
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R#*?, 0:$. 7-%&,",/: %7:+: 5 "-12.8 +.7%8 7$,/%* (0%$,, 6$#5+.4/:8.), 7-. 6+%8 
%5+#+%4/%= -,$#*5#L.. /, /#0$H"#$%59, . 7%+%81 ;/#4.+,$9/% -#5O.-.$5< ".#7#;%/ 
7,-,5+-%=*. E%*15/%2% -#55+%</.<, /% 7%<&.$#59 41&5+&.+,$9/%5+9 * %-.,/+#L.. 
%+/%5.+,$9/% Q,8$. . &/,O/.8 &.0-#L.<8. A-,"5+#&$<,+5< &%;8%?/:8 .57%$9;%&#/., BD 5 
0%$9O.8 /#+<?,/.,8 7$M/*. . 8,/9O.8 -#".15%8 %5/%&#/.<, 4+% 7%;&%$.+ 8./.8.;.-%&#+9 
&/,O/., &$.</.<.  

*@;77*.// 
K#$,, /,*%+%-:, /#0$H"#,8:, #0,--#L.. [1]: 
- PE,-.4,5*#< #0,--#L.< 
- K.5+%-5.< 
- Z-%8#+.4,5*#< #0,--#L.< 
<N%O"4%K$31 3P%OO3Q"1 – 5&%=5+&% $./;:, ;#*$H4#HI,,5< & +%8, 4+% $14., 

7-%>%"<I., /# -#;/%8 -#55+%</.. %+ 2$#&/%= %7+.4,5*%= %5., 7%7#"#H+ & -#;/:, 

E%*15:,    
+% ,5+9 $14. 7-%>%"<I., 4,-,; L,/+-#$9/1H ;%/1 01"1+ 8,/9O, 7-,$%8$<+95<, 4,8 
7,-.E,-.4,5*., $14..  

(#;$.4#H+: 
• 7-%"%$9/1H 5E,-.4,5*1H #0,--#L.H, *%+%-#< 7-,"5+#&$<,+ 5%0%= %*-1?/%5+9 & 

E%*#$9/%= 7$%5*%5+. L,/+- *%+%-%= /#>%".+5< /# 2$#&/%= %7+.4,5*%= %5.. )M 
>#-#*+,-.5+.*%= 5$1?.+ -#".15 #0,--#L.%//%= %*-1?/%5+. l . 

   l=Kb3 , 2", l – -#".15 #0,--#L.%//%= %*-1?/%5+. K – 7%5+%<//:= *%6EE.L.,/+, 
;#&.5<I.= %+ 15+-%=5+&# %7+.4,5*%= 5.5+,8: . %+ 7%$%?,/.< 7-,"8,+/%= 7$%5*%5+.; b 
– -#".15 &>%"/%2% ;-#4*#. 

• 7%7,-,4/1H 5E,-.4,5*1H #0,--#L.H. Z#-#*+,-.5+.*%= ,M <&$<,+5< -#55+%</., 
8,?"1 7#-#*5.#$9/:8 E%*15%8 fM3O3$. . E%*15%8, 7%$14#HI.85< 7-. 7-%>%?",/.. 
$14%8 7,-.E,-.4,5*%= %0$#5+. $./;: fM%O"N. 

  R= fM3O3$.-fM%O"N. 
 N;8,-.8 5E,-.4,5*1H #0,--#L.H "$< %"/%= $./;:, "-12., .;8,-<H+5< #/#$%2.4/%, "$< 
6+%2% 5%0,-M8 15+#/%&*1: $#;,-, 6*-#/ (2%-.;%/+#$9/:=), $./,=*# (-.5.12), 2", 5$,&# $#;,-, 
7%5:$#HI.= $14. 7#-#$$,$9/% 2$#&/%= %7+.4,5*%= %5.,  *%+%-:= 7,-,8,I#,+5< 
7,-7,/".*1$<-/% 2$#&/%= %7+.4,5*%= %5.. 

 N; .;8,-,/.= 7%"%0/:> .;8,-,/.<8 E%*15/%2% -#55+%</.< -#55,.&#HI,= $./;: 
7%$14#,8, 4+% 7-. YV=10583  ;/#4,/.< f(h) 5$,"1HI.,, 2", h1=b=r ; f5[f7#-#*. ; f1= f7,-.E. : 
h1=2,7 K2    h2=2,2 58    h3=1,5 58    h4=0,7 58   h5=0,2 K2. 
f1=18,15 K2   f2=18,9 58   f3=24,6 58   f4=26 58     f5=27,1 K2 

(.5.12 
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N5>%"< .; 7%"%0.< +-,12%$9/.*%& l =(r(f5- f1))/f1, 7%"5+#&.& ;/#4,/.< 7%$14.8 4+% 
7%7,-,4/#< 5E,-.4,5*#< #0,--#L.< -#&/# l =0,47 58. 

G+% ;/#4.+, 4+% *#?"#< +%4*# 01",+ .;%0-#?#+95< /# E%*#$9/%= 7$%5*%5+. *#* *-1?%* 
-#".15%8 0,4758. 

A-%"%$9/#< 5E,-.4,5*#< #0,--#L.< 7% ,M %7-,",$,/.H \= f5-f1, 7%"5+#&.& ;/#4,/.< 
7%$14.8 \=8,9558. 

6"KSTOK"1 – 6EE,*+, 7-. *%+%-%8 7-. 7-%58%+-, 4,-,; $./;1 7#-#$$,$9/:, 7-<8:, 
5+#/%&<+5< /, 7#-#$$,$9/:8., %+*$%/,/., .;%0-#?,/.< +%4*. %+ 5%%+&,+5+&1HI,2% 
7#-#*5.#$9/%2% E%*15# [1] (-.5.13).  

k=Gh3 , 2", k – %+*$%/,/.,   
.;%0-#?,/.< %+ 7#-#*5.#$9/%2% E%*15# G - 7%5+%<//:= *%6EE.L.,/+, ;#&.5<I.= %+ 
15+-%=5+&# %7+.4,5*%= 5.5+,8: . %+ 7%$%?,/.< 7-,"8,+/%= 7$%5*%5+. h – -#55+%</., %+        
2$#&/%= %7+.4,5*%= %5..    

3 -#0%+, *%$.4,5+&,//#< %L,/*# ".5+%-5.. /, 7-%&%".$#59, /% ".5+%-5.< 1 
.55$,"1,8:> $./; /#0$H"#$#59 58. A-.$%?,/., ((.5.A. 7). 

UOT23S"4%K$31 3P%OO3Q"1- *%2"# .;%0-#?,/., & 5./.> $14#> (5./,8 57,*+-,) /, 
5%&7#"#,+ 5 .;%0-#?,/.,8 & *-#5/:> $14#> (*-#5/%8 57,*+-,), &5$,"5+&., 4,2% 5.5+,8# "#M+ 
8/%?,5+&% 8%/%>-%8#+.4,5*.> .;%0-#?,/.=.[1] 
  !5+-#/<,+5< 71+M8 *%80./#L.. $./; .; -#;$.4/%2% &,I,5+&# 5 -#;/:8. %7+.4,5*.8. 
5&%=5+&#8.. 

! .55$,"1,8:> $./; /#0$H"#$#59 >-%8#+.4,5*#< #0,--#L.<.  

?O%"2VW%KSX3 Y"#O3X&"4%K$TYT KMTKTP3 
3 -,;1$9+#+, 7-%&,",//%2% .55$,"%&#/.< BD 17-#&$<,8%= 2."-#&$.4,5*. 8%?/% 

%+8,+.+9 -<" ,M "%5+%./5+&, & 5-#&/,/.. 5 "-12.8. BD. U+%0: /, 7%&+%-<+95< – 7,-,4,/9 6+.> 
%+$.4.+,$9/:> %5%0,//%5+,= 7%8,IM/ & -#;",$, “3:&%":”. 

 

8TMOTK) 2"'"3SZO"(3Q"" 
S./.#+H-.;#L.< BD 01",+ %51I,5+&$<+95< 50%-*%= 5 7%8%I9H -#;$.4/:> 8,+%"%& 

+.7# $.+%2-#E.. 
3 &%7-%5, 7-.8,/,/.< /#/%+,>/%$%2.= * ?."*.8 $./;#8 8%?/% &:",$.+9 "&# 

/#7-#&$,/.<: 
• S#*5.8#$9/% &%;8%?/%,, &8,5+, 5 +,8 %7+.8#$9/%, 18,/9O,/., -#;8,-%& BD. 
)5$. $./;# .57%$9;1,+5< & *#4,5+&, %0T,*+.&# * L.E-%&%= 8#+-.L,, +% &5, 
6$,8,/+: *#8,-: (?."*#< $./;#, 17-#&$<HI., 6$,8,/+:, 6$,*+-.4,5*., 
*%/+#*+:, AQP 8#+-.L#, E.$9+-:) "%$?/: -#57%$#2#+95< /# %"/%8 4.7,, "$< 
7%&:O,/.< /#"M?/%5+., 0:5+-%",=5+&.<, 18,/9O,/.< L,/: . -#;8,-#. 

• A-.8,/,/., /#/%8#+,-.#$%& "$< 7%&:O,/.< >#-#*+,-.5+.* BD. C#7-.8,-, "$< 
BD 2."-#&$.4,5*%2% 57%5%0# /,%0>%".8# 7-%;-#4/#<, 17-12#<, 6$#5+.4/#< 
7$M/*# (8,80-#/#), *%+%-#< & 8.*-% BD "%$?/# 01",+ .8,+9 %7-,",$M//1H 
+%$I./1 . 5+-1*+1-1. 

 

(.5.13 
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!8,/9O,/., ?."*%= $./;: %2-#/.4,/% "$./%= &%$/: E%*15.-1,8%2% 5&,+#, 4+% 
%7-,",$<,+ -#;8,-: $./;: (".#8,+- &>%"/%2% ;-#4*#). 

B."*., $./;: 7% 57%5%01 17-#&$,/.< 8%?/% -#;",$.+9 /# "&, 2-177:: 
- P 8,>#/.4,5*. 7%"&.?/:8. 4#5+<8.; /#7-.8,-, 17-#&$,/., BD JP - 8%?,+ 
%51I,5+&$<+95< 5 7%8%I9H %0-#+/%2% 79,;%6EE,*+#. !8,/9O,/., -#;8,-%& 
7%"%0/:> $./; %+/,5M+ .> * *$#551 MEMS. 

- W,; 8,>#/.4,5*. 7%"&.?/:> 4#5+,=; /#7-.8,-, $./;# /# %5/%&, 
6$,*+-%58#4.&#/.<. 

N57%$9;%&#/., BD & *#4,5+&, %0T,*+.&%&, &8,5+% 5.5+,8: +&M-"%+,$9/:> $./; &  
8.*-%*#8,-#> 7%;&%$.+ 18,/9O.+9 -#;8,-: 7%5$,"/.>. U+% +#*?, "%$?/% 57%5%05+&%&#+9 
5/.?,/.H 7%+-,0$,/.< 6/,-2... S#$%, 7%+-,0$,/., 6/,-2.., /#7-.8,-, 7%;&%$.+ 6EE,*+.&/% 
.57%$9;%&#+9 7-,%0-#;%&#+,$. 5&%0%"/%= 6/,-2.. (#*15+.4,5*%=, 6$,*+-%8#2/.+/%=) 
-#57-,",$M//%= & 7-%5+-#/5+&,.  

(#558%+-.8 /# 7-.8,-, 8.*-% BD JP 5%5+#&$<HI., ,M 6$,8,/+: . &%;8%?/:, 
+,>/%$%2.. 5%;"#/.<. 

B."*%5+9 – & 5#8%8 7-%5+,=O,8 5$14#, 8%?/% .57%$9;%&#+9 &%"1 
@%-715 $./;: - 8%?/% 5%;"#+9 5 7%8%I9H 

+-#".L.%//:> +,>/%$%2.= 8.*-%6$,*+-%/.*., # .8,//%: 
$.+%2-#E.<, %5#?",/., 7$M/%*, 51>%, . 8%*-%, +-#&$,/.,, 
".EE1;.%//#< 5&#-*# 7-. 7%&:O,//:> +,87,-#+1-#>, 
*%80./#L.< .;%+-%7/%2%/#/.;%+-%7/%2% 51>%2% +-#&$,/.< . 
8,+#$$.;#L...[6] 

G$#5+.4/#< 8,80-#/# – "%$?/# 7-,"5+#&$<+9 5%0%= 
/,*1H +%/*1H 7%$.8,-/1H 7$M/*1. 

!7-#&$<HI.= 6$,8,/+ – 79,;%6$,*+-.4,5*.= *-.5+#$$ 
.$. 0%$,, 6EE,*+.&/#< 79,;% 5+-1*+1-# 

G$,*+-.4,5*., *%/+#*+: – 5%;"#H+5< $.+%2-#E.,= 
 

8)XT#) 
3 -,;1$9+#+, 7-%",$#//%= -#0%+: 0:$. -#;-#0%+#/: "&# %-.2./#$9/:> 57%5%0# !@AB 

(58. A-.$%?,/.,). (J."-#&$.4,5*.= 57%5%0, 7-.$%?,/., &/,O/,2% 6$,*+-.4,5*%2% 7%$<). 
J."-#&$.4,5*.= 57%5%0 0:$ %7-,",$M/ *#* 0%$,, %7+.8#$9/:= . 0:$ .55$,"%&#/ 0%$,, 
7%"-%0/%. 

(,;1$9+#+: +,%-,+.4,5*%2% . 6*57,-.8,/+#$9/%2% .55$,"%&#/.< BD 5 AF( 
17-#&$<,8:> 2."-#&$.4,5*. 7%;&%$.$. 5",$#+9 5$,"1HI., &:&%":: 

"   !"%&$,+&%-.+,$9/%, %7.5#/., 6*57,-.8,/+#$9/% 7%$14,//:> %7+.4,5*.> 
>#-#*+,-.5+.* BD  .;&,5+/:8. E%-81$#8. 2,%8,+-.4,5*%= %7+.*. 7%;&%$<,+ 7-,"7%$%?.+9, 
4+% .;&,5+/:, %7+.4,5*., 5&%=5+&# %0:4/:> (+&M-":>) $./; . .57%$9;1,8:, "$< .> %7.5#/.< 
>#-#*+,-.5+.*. [1] 8%21+ 0:+9 %+/,5,/: . * BD.  

"   V5/%&/:8. "%5+%./5+&#8. BD <&$<H+5<: 
! W%$9O%= ".#7#;%/ 7,-,5+-%=*. E%*15/%2% -#55+%</.<; 
! D,2*%17-#&$<,8%5+9 +.*. /,%0>%".8% +%$9*% "&.?,/., 7%-O/<; 
! S%0.$9/%5+9 +.,. &%;8%?/% .57%$9;%&#/., 7%" $H0:8 12$%8; 
! A-%5+%+# – 5%5+%<+ .; %7-#&:, &%":, 7%-O/<, 7$M/*.; 
! KMO,&.;/# & .;2%+%&$,/..; 
! 3%;8%?/%5+9 .57%$9;%&#/.< %"/%= $./;: &8,5+% /,5*%$9*.> %0:4/:> (+.,. "$< .;8,/,/.< 
E%*15/%2% -#55+%</.< 5.5+,8: +,7,-9 /, %0<;#+,$9/% "&.2#+9 $./;: "-12 %+/%5.+,$9/% 
"-12#, /1?/% $.O9 .;8,/<+9 7#-#8,+-: BD); 

! S%",$.-%&#/., 4,$%&,4,5*%2% >-15+#$.*#; 
! C, 7-.4./<+ &-,"# %*-1?#HI,= 5-,", & 5$14#, 7%&-,?",/.< .$. 1+.$.;#L..; 
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! 3%;8%?/%5+9 #&+%8#+.;#L.. 7-%L,55# 17-#&$,/.< $./;#8., +.,. 17-#&$,/., $./;#8. 5 
7%8%I9H *%879H+,-# 7%5-,"5+&%8 5,-&%7-.&%"%&, *%/+-%$$,-%& ..+.7.; 

! @%/5+-1*L.< BD 7%;&%$<,+ 5%>-#/<+9 ;#"#//1H *-.&.;/1 7%&,->/%5+., +.,. 7%-O,/9 7%5$, 
.;8,/,/.< %0TM8# $./;: “5#8%7-%.;&%$9/%” /, 58,I#,+5<; 

! 3%;8%?/%5+9 5%;"#/.< &5,> +.7%& $./;; 
! (#0%+#,+ 5 %+/%5.+,$9/% 0%$9O.8. ".#8,+-#8. &>%"/:> ;-#4*%&; 
! BD +#*?, -#5O.-<H+ &%;8%?/%5+. #"#7+.&/%= %7+.*., +,7,-9 "$< .;8,/,/.< 7#-#8,+-%& 
%7+.4,5*%= 5.5+,8: /, %0<;#+,$9/% 58,I#+9 $./;: "-12 %+/%5.+,$9/% "-12#, # 7%<&$<,+5< 
&%;8%?/%5+9 8,/<+9 >#-#*+,-.5+.*. $./;: & -,#$9/%8 &-,8,/.. 
V"/#*% .57%$9;%&#/., &:O,%+8,4,//:> "%5+%./5+&, 5&<;#//:> 5 7-.8,/,/.,8 +-,01,+ 

15+-#/,/.< (18,/9O,/.<) /,"%5+#+*%&. 
P%;"#/# %5/%&# "$< "#$9/,=O,2% .55$,"%&#/.< BD. A-%&,"M//:, .55$,"%&#/.< . 

7%$14,//:, & /.> -,;1$9+#+: 5$1?#+ 7-,"7%5:$*%= "$< 7-%&,",/.< 0%$,, +%4/:> 
*%$.4,5+&,//:> %L,/%* 7#-#8,+-%& BD: #0,--#L.=, E%-8 7%&,->/%5+,= . .> 5+#0.$9/%5+9, 
&:0%- +.7%& .57%$9;1,8:> 7$M/%*, ?."*%5+,= . "-.   

B."*., $./;: .8,H+ 1/.*#$9/:, &%;8%?/%5+. .> 7-.8,/,/.< (58. “3&,",/.,”) . 5&%. 
7-,.81I,5+&# (58. &:O,). 

B."*., $./;: -#5O.-<H+ &%;8%?/%5+. 7-.8,/,/.< $./; &%%0I,. 
K#//#< -#0%+# – %5/%&# "$< "#$9/,=O,2% -#;&.+.< BD, +%$9*% 1?, & ".#7#;%/, /#/%-

/8.*-%8,+-%&:> -#;8,-%&. 
S.*-% BD 8%21+ /#=+. 5,0, 7-.8,/,/., & -#;$.4/:> %7+.4,5*.> 15+-%=5+&#>, *#* 

0%$,, *%87#*+/:, . 7-%5+:, %0T,*+.&:. A-,.81I,5+&# ?."*.> $./; & ;/#4.+,$9/%= 5+,7,/. 
57-#&,"$.&: . & 8.*-%8,+-%&%= %0$#5+. -#;8,-%&. 

!8,/9O,/., "% 8.*-%//:> -#;8,-%& +#*%= 5.5+,8: *#* ?."*#< $./;# 7%;&%$.+ 
-#5O.-.+9 7-.8,/.8%5+9 7%5$,"/.> * &5,&%;8%?/:8 %0$#5+<8 ?.;/., /#1*. . +,>/.*.. 
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?*-;+-+G> ?,/<= 
A% S,?"1/#-%"/%81 @$#55.E.*#+%-1 N;%0-,+,/.= (S@N) 0:$. %+%0-#/: -#;",$: 5 

5%",-?#/.,8 7%>%?.8 /# +,81 7-,"5+#&$,//%= -#0%+:. 
W:$ 7-%&,"M/% %;/#*%8$,/., 5 %7.5#/.,8 7#+,/+%& 7% "#//:8 “(%57#+,/+” "% 2007 2 7% 

-#;",$#8 . /#=",/: 5$,"1HI., 710$.*#L..: 
" G-E.;.*#: 

! G02B1/12.    X 710$.*#L..: 
o 1659946 – V7+.4,5*#< $./;# 5 AF( 
o 489058 – V7+.4,5*#< $./;# 5 AF( 
o 13769 – V0T,*+.& 5 ?."*%= 7-,$%8$<HI,= 5-,"%= 
o 1296977 – F%*15.-1HI.= %7+.4,5*.= 6$,8,/+ 5 -,21$.-1,8:8 
E%*15/:8 -#55+%</.,8 

o 2234722 – D./;: 5 .;8,/<,8:8 E%*15/:8 -#55+%</.,8, 
.57%$9;1,8:, "$< %4*%& 

o 2282221 – V7+.4,5*.= 6$,8,/+ 
! G02B1/06.    X 710$.*#L..: 

o 440630 – G$,*+-%17-#&$<,8#< #5E,-.4,5*#< $./;# 
o 2115144 – P7%5%0: 7%$14,/.< ?."*.> %7+.4,5*.> 7%&,->/%5+,= 

! G02B3/14.    X 710$.*#L..: 
o 505980 – PE,-.4,5*#< $./;# 5 AF( 
o 1453358 – D./;# 5 AF( 
o 2093867 – V0T,*+.& 5 AF( 

" H-6$,*+-.4,5+&%: 
! H01J3/14.    X 710$.*#L..: 

o 3459929 – G$,*+-%5+#+.4,5*#< .88,-5.%//#< $./;# 
o 286094 – G$,*+-%5+#+.4,5*#< $./;# 

! H01J293/62.    X 710$.*#L.. 
o 408393 – G$,*+-%5+#+.4,5*#< E%*15.-1HI#< 5.5+,8# 

C, /#=",/% %7.5#/.< 7#+,/+# .57%$9;1HI,2% JP "$< 5%;"#/.< BD. 
C, %0/#-1?,/% %7.5#/., 7#+,/+%&, .57%$9;1HI.> 57%5%0 7-.$%?,/.< &/,O/,2% 

6$,*+-.4,5*%2% 7%$< "$< 5%;"#/.< BD, 7-,"$%?,//%2% & -#0%+,. 
A-./L.7 &-#I,/.< ?."*%5+. "$< 7%$14,/.< 7#-#0%$.4,5*%= E%-8: /#=",/ & 

710$.*#L.. X1296977 (%+ 1984 2%"#). 

<M"KT$ "KMT&\(TX3''T] &"S%O3SVO): 
1. K. 3. P.&1>./, V0I.= *1-5 E.;.*.. R%8 4 V7+.*#. S%5*&# F.;8#+$.+ . 2005 2. 
2. K. 3. P.&1>./, V0I.= *1-5 E.;.*.. R%8 2 R,-8%"./#8.*# . 8%$,*1$<-/#< E.;.*#. 
S%5*&# “C#1*#”. 1979 2. 
3. K. 3. P.&1>./, V0I.= *1-5 E.;.*.. R%8 3 G$,*+-.4,5+&%. S%5*&# F.;8#+$.+ . 2005 2. 
4. Z. @1>$./2, P7-#&%4/.* 7% E.;.*,. S%5*&# “S.-”. 1982 2. 
5. N/+,-/,+. http://nauka.relis.ru/05/0502/05502032.htm. 
6. ]. N. J%$%&./, 3&,",/., & /#/%+,>/.*1, .;". «S#O./%5+-%,/.,», 2007. 

 



19 
 

 

,Y&3X&%'"% 
#$$%&#'() ************************************************************************************************************+ 
,,-.-$(-****************************************************************************************************************/ 

0(.1#,2(3-45(6748%4%9***************************************************************************************************************** : 

,1#;-$(-7<(.5%4&(************************************************************************************************************************** = 

(>?-$-$(-7.(#?-&1#75#82(7478%?%;@A7.(#B1#0?C******************************************* = 

(48%2@>%,#$(-7,$-D$-0%7E2-5&1(3-45%0%78%2) ******************************************************* F 
%GHI7+ ************************************************************************************************************************************************************ F 
%GHI7J ************************************************************************************************************************************************************ F 

E2-5&1%4?#3(,#$(- ************************************************************************************************************************** K 

(442-.%,#$(-7<(.5%672($>CL71-#2(>%,#$%%67 $#7 %4$%,-7

0(.1#,2(3-45%0%748%4%9#*******************************************************************************M 
#9-11#'(( ************************************************************************************************************************************************ ++ 
8NOPQRSOTIUV7WPXNVUYPZOT[\W\7TG\T\]V ***************************************************************************************************** +J 

,\GN\TH7QP^PVI_NP`VaPP **********************************************************************************+J 

,HU\XH******************************************************************************************************************+/ 

81(2%<-$(- *******************************************************************************************************+= 
B\I\WNVbPP7P7TcOQH*************************************************************************************************************************************** += 
&V]YPaV ************************************************************************************************************************************************************ +K 
8#&-$&$C678%(45 **************************************************************************************************************************************** +M 
4GPT\[7PTG\Yd`\UV^^\e7YPIONVIRNHf************************************************************************************************************ +M 

 

 
 

 
 
 

 


