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The laser Doppler vibrometer with additional probing beam is studied for vibration in the range of nanometer and less. We
show theoretically and experimentally that extraordinal gain the output LDV signal occurs at the proper condition between
powers and phases of interfering probing waves. The phenomenon was studied and confirmed experimentally.

1. 12-03
 !"#$%& '())*#$&+,-.& +&/$(0#1$2 ( 34) +20&$551- 6!,1(17 '())*#$&+,-.(8( ",7+7 "(%'7+!*-%(8( *!"#$%(8(

)$(0#%9, 9.! ,+&'621- )$( 0211:+7 ;+2'.&,1- (/':.17, <( .(*2+!:1-,9. =.<( +  34 + '('!1(. '( "(%'7+!*-%(8( 1!
()($%(8( *!"#$%2> )$(0#%&+ + ?(1('#1#.17+!%%& )$2@0!: 76!,1- 1$#19 .(8#$#%1%! >+2*9, 1( A# )$2"+('21- '( )(9+2
>+2*9,1(,1& !/( 8$#/&%.2 )&.&+ %! ,28%!*& 0211:+(B 6!,1(12 )$2 70(+&, <( !0)*&17'! .(*2+!%- '(,*&'C7+!%(8( (/':.17
)#$#+2<7: )(*(+2%7 '(+C2%2 >+2*& *!"#$! [7].

D(9+! '('!1.(+(B >+2*& +2.*2.!%! +&'/21190 "(%'7+!*-%(8( )$(0#%9 +&' )#$#;.(', 1!.2> 9. ,.*9%& +&.%!, #*#0#-
%12 .(%,1$7.A&B +&/$(0#1$! !/( '(,*&'C7+!%(8( (/':.17, )2* !/( .$!)*& +(*(82 + )(+&1$&. E,.&*-.2 9+2<# 1$2>+2*-(-
+(8( ?(1("0&;7+!%%9 + "!8!*-%(07 +2)!'.7 ,)(1+($5: ,28%!* +&/$(0#1$! [1] 1! )$2"+('21- '( "%!6%(B )(>2/.2, +2-
.($2,1(+751-,9 ,)#A&!*-%& "!,(/2 '*9 7%2.%#%%9 "!@+(B >+2*& !/( 0#1('2 .(0)#%,!A&B "!+!' [4, 5].

F +2)!'.7, .(*2 !0)*&17'! .(*2+!%%9 0#%;! "! '(+C2%7 >+2*&, ,)#A2?&6%! >+2*9,1&,1- "%2.!: 7 +2>&'%(07 ,28%!-
*&, !*# ?($0! 1!, 8(*(+%#, !0)*&17'! ,28%!*7 +&/$(0#1$! %!/7+!51- "%!6%(B "!*#C%(,1& +&' ,)&++&'%(;#%%9 0&C ?!-
"!02 1! !0)*&17'!02 ()126%2> >+2*-, <( &%1#$?#$751- %! ?(1('#1#.1($& +&/$(0#1$! [6].

G!02 $("$(/*#%2@ 0#1(' [3], 9.2@ '("+(*9: +2.($2,1!12, )$2 )#+%2> 70(+!>, %#8!12+%2@ +)*2+ 1$2>+2*-(+(8(
?(1("0&;7+!%%9 (HIJ) %! .($2,1- '*9 ,711:+(8( )&'+2<#%%9 !)!$!1%(B 671*2+(,1& '( ,*!/2> !.7,126%2> .(*2+!%-.
K# ,1(,7:1-,9 + 1(07 62,*& & '2?#$#%A&@%2> +20&$5+!%-, .(*2 %#(/>&'%( '(,*&'212 $&"%2A5 + )#$#0&<#%&, !/( ;+2'-
.(,1& + '+(> 1(6.!> (/':.17.

2. 4+*567 289+*56' 5*7.%+&9& '6:%&;.-%* 3%8 -%8/'85.'&;0 <&-&7;6=0'*++6
F +2)!'.7, .(*2 &,%7: 1$2>+2*-(+# ?(1("0&;7+!%%9, %! )(+#$>%& ?(1('#1#.1($7 &%1#$?#$751- 1$2 .(8#$#%1%&

>+2*&: ( )0 0 0exp ( )opte E i t= − ⋅ ω + Φ – ()($%! >+2*9, ( )1 1 1exp ( )opte E i t= − ⋅ ω + Φ – "(%'7+!*-%! >+2*9, ! 1!.(C, 1$#19

>+2*9 ( )2 2 2exp ( )opte E i t= − ⋅ ω + Φ , '# 0 1 2, ,Φ Φ Φ – )(6!1.(+& ?!"2, optω – .$78(+! ()126%! 6!,1(1!.  !"#$%& +&/$(-

0#1$2 )(/7'(+!%& "! 8#1#$('2%%(5 ,>#0(5. K# ("%!6!:, <( ()($%! >+2*9 0!: ",7+ )( 6!,1(1& 8#1#$('2%! f0, ! ?!"!
0Φ – '('!1.(+2@ 6*#% 02 f tπ . G#>!@ '(,*&'C7:1-,9 (/':.1, <( .(*2+!:1-,9 "! 8!$0(%&6%20 "!.(%(0

( ) ( )1 1 cosx t X t= Ω , '# 1X – !0)*&17'!, Ω – 6!,1(1! !.7,126%2> .(*2+!%-. L7'#0( ++!C!12, <( .(*2+!%%9 %!)$!+-

*#%# +"'(+C *!"#$%(8( )$(0#%9  34, 1('& ?!"! "(%'7+!*-%(B ,1!%(+21- ( )1 12 coskX tΦ = Ω , ! ?!"! 1$#1-(B >+2*-

(%!"+#0( BB '$78(5 "(%'7+!*-%(5) %#>!@ ,1!%(+21- 2Φ = ∆φ , ∆φ – ,1!*! +#*262%!, <( "!*#C21- +&' $&"%2A& )(6!1-
.(+2> ()126%2> ;*9>&+.

=. )(.!"!%( + [2] ,28%!* %! +2>('& *!"#$%(8( '())*#$&+,-.(8( +&/$(0#1$! 0!: +28*9':
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'( ) 1 sin( )

2 cos 2 cos 1
t kX t

k X t

 !η −
" #ω = − Ω ⋅ + Ω
" #η⋅ ⋅ ⋅ Ω + ∆φ + η +
$ %

, (1)

'# 6#$#" 1 2/E Eη = )("%!6#%( +&'%(;#%%9 !0)*&17' "(%'7+!*-%(B 1! '$78(B ()($%(B >+2*-.
J($07*! (1) ,+&'621-, <( %! +&'0&%7 +&' .*!,26%(8(  34, ,28%!* 9.(8( )$()($A&@%2@ 0211:+&@ ;+2'.(,1& + 1(6A&

+20&$5+!%%9, 1(/1( ( ) ( )1 12 sint kX tω = − Ω Ω (k – >+2*#+2@ +#.1($ "(%'7+!*-%(8( *!"#$%(8( +2)$(0&%5+!%%9), ,28-

%!* +&/$(0#1$! " HIJ (1) 0!: '('!1.(+2@ 6*#%, <( %#*&%&@%( "!*#C21- +&' !0)*&17'2 .(*2+!%%9 1X , $&"%2A& ?!" ∆φ
& )!$!0#1$! η . F +2)!'.7 1 / 2X > λ 7 +2>&'%(07 ,28%!*& +&/$(0#1$! )$2,71%9 >+2*9,1&,1- [7], !0)*&17'! 9.(B )$2
%!/*2C#%%& η '( ('2%2A& "$(,1!: & + $#"7*-1!1& 71+($551-,9 8&8!%1,-.& ,)*#,.2 [1], <( ,711:+( ,)(1+($5: ,28%!*.

D$2 1 / 2X < λ ,)*#,.2 +&',71%&, !*# !0)*&17'! 1! ?($0! ,28%!*7 1!.(C "!*#C!1- +&' η 1! ∆φ . G! $2,. 1 %!+#'#-

%( $("$!>7%(. +2>&'%(8( ,28%!*7  34 " HIJ '*9 .(*2+!%- " !0)*&17'(5 1 6.2X nm= '*9 1.1η = 1! '+(> $&"%2> "%!-
6#%- ?!"2 ∆φ .

D$2 .(*2+!%%9> 0!*(B !0)*&17'2 2X << λ 1! ∆φ = π ?($07*! (1) ,)$(<7:1-,9:
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4 cos 1
t kX t

kX t

 !η −
" #ω = − Ω ⋅ + Ω
" #η⋅ Ω + η −$ %

(2)

M#"7*-1!12 0('#*5+!%%9 ,28%!*&+ +&/$(0#1$! " HIJ '*9 !0)*&17'2 1 0.62X nm= , 0.63mkmλ = , 2 2kHzΩ = × π
& ∆φ = π %!+#'#%( %! $2,. 2 '*9 '+(> "%!6#%- 1.1η = 1! 1.2η = . =. 0(C%! /!6212 )$2 0!*2> !0)*&17'!> .(*2+!%-
?($0! ,28%!*7  34 +1$!6!: !,20#1$&5 1! ,1!: )('&/%(5 '( ?($02 '(,*&'C7+!%(8( .(*2+!%%9, 9. @(8( +&'1+($5:
.*!,26%2@  34 )$2 2 0E = . D$2 A-(07 !0)*&17'! ,28%!*7  34 " HIJ "%!6%( /&*-;!, %&C !0)*&17'! ,28%!*7 .*!,26-
%(8( +&/$(0#1$! "! &%;2> $&+%2> 70(+!>. N ,!0#, )$2 1.1η = ,28%!* +&/$(0#1$! " HIJ /&*-; %&C + '#,91- $!"&+ )#$#-
+2<7: ,28%!* .*!,26%(8(  34. H!.20 62%(0, "'9+*9:1-,9 0(C*2+&,1- !)!$!1%(8( )&',2*#%%9 ,*!/.2> ,28%!*&+ )$2
%!*#C%(07 +2/($& )!$!0#1$&+ ()126%(B ,>#02.

K# ")&',2*#%%9" +2%2.!: "!+'9.2 '$78(07 %#*&%&@%(07 6*#%7 + (2). 3*9 1(8(, <( ,)$(,1212 !%!*&" ")&',2*#%%9"
,)&++&'%(;#%%9 (1) $(".*!'#0( 7 $9' +&' I1

1
1 1 1

2 3
2 31 1 1

1 1 1 10 2 3
1 1 10 0 0

( ) ( ) ( )1 1( )
2 6X

X X X

d X d X d XX X X X
dX dX dX=

= = =

ω ω ω
ω = ω + + + + , (3)

'#: ( )( )1

1 1 0

( )
1 2 cos

X

d X D D
dX =

ω
= ⋅ ⋅ η − δφ ,

( ) ( ) ( )
1

2
2 21

2
1 0

( )
2 1 2 cos sin 1

X

d X D D t
dX =

ω
= − ⋅ ⋅ Ω δφ ⋅ − η , (4)

( ) ( ) ( ) ( )( )
1

3
23 2 21

3
1 0

( )
3 1 2 cos 1 4 cos 2 cos 1

X

d X D D t
dX =

ω  != − ⋅ Ω ⋅ − η ⋅ η − δφ ⋅ η + η δφ +$ % ,

( )
1

1 0
0

X
X

=
ω = , ( )1 sinD t= −Ω ⋅η⋅ Ω ,

( )2
22

2 cos 1
kD =

η − η δφ +
, δφ = π − ∆φ .

E'%&:5 " 70(+ )(9+2 '('!1.(+(8( ")&',2*#%%9" : %!/*2C#%&,1- ?!"(+(B $&"%2A& ∆φ ()126%2> "(%'7+!*-%2> .!%!-
*&+ '( π . D$2 A-(07 '$782@ 6*#% $(".*!'7 "%2.!:, &%;& ,)$(<751-,9, ! ?($07*! '*9 '#0('7*-(+!%(8( ,28%!*7 %!-
/7+!: +28*9'7:

( ) ( ) ( ) ( )

3
21 12 1 4 1cos 1

1 1
kX kXD D t

 !
ω = − + Ω η + " #η− η−$ %

. (5)

O!*#C%&,1- !0)*&17'2 ,28%!*7 +&/$(0#1$! " HIJ +&' ,)&++&'%(;#%%9 !0)*&17' )$(0#%&+ η + (2) 0(C# /712 "!)2-
,!%!, 9.:

( )
( )1

1
' 1

1amp kX
 !η +
" #ω = Ω ⋅ +
" #η −
$ %

. (6)

42"%!620( !)!$!1%7 671*2+&,1-  34 '( +20&$5+!%- !0)*&17'2 .(*2+!%%9, 9. )(>&'%7
( )( )1

1

ampd X

dX

ω
. H('& "! '(-

)(0(8(5 ,)&++&'%(;#%%9 ( ) ( ) ( )' /amp ampd dα η = ω ω 0(C%! )($&+%912 671*2+&,1- &%,1$70#%1&+ +&/$(0#1$! " HIJ 1!

.*!,26%(8( +&/$(0#1$!, '# ( ) 12amp t kXω = . 4 $#"7*-1!1& (1$20!:0(: ( ) ( )/ 1 .α η = η η −

M2,. 3 "(/$!C7: "!*#C%&,1- ?7%.A&B ( )α η +&' !$870#%17 [1.05...1.3]η = . G!)$2.*!', )$2 1.1η = +&'%(;#%%9 671-

*2+(,1#@ '($&+%5: 10α = , )$2 1.05η = ,98!: 20α = , ! )$2 %!/*2C#%& 1η → – <# /&*-;#!
4 1(@ C# 6!,, )$2 "$(,1!%%& 1!.(8( !)!$!1%(8( ")&',2*#%%9" +&'/7+!:1-,9 '#?($0!A&9 +2>&'%(8( ,28%!*7, 9. A#

)(.!"!%( %! $2,. 1. EA&%212 ,)(1+($#%%9 ,28%!*7 )(/*2"7 1(6.2 ∆φ = π 0(C%! $("$!>7+!+;2 +&'%(;#%%9 ( )ς η 1$#-

1-(B 1! )#$;(B 8!$0(%&. ,28%!*7, (,.&*-.2 + A-(07 +2)!'.7 ?7%.A&9 ( )' tω )!$%! & '$78! 8!$0(%&.! '($&+%5: %7*5.
M#"7*-1!1 $("$!>7%.7, 9.2@ )$#',1!+*#%2@ %! $2,. 3 )#$#$2+6!,1202 *&%&902, )(.!"7:, <( %#*&%&@%& ,)(1+($#%%9
"$(,1!51- " $(,1(0 )&',2*#%%9. N*# + 1(@ C# 6!, +#*262%! %#*&%&@%2> ,)(1+($#%- "0#%;7:1-,9 )$2 "0#%;#%%& !0)-
*&17'2 .(*2+!%-. H!.20 62%(0, ")&',2*#%%9" ,*!/.2> .(*2+!%- +&'/7+!:1-,9 0!@C# /#" ,)(1+($#%- + )($&+%9%%& "
1!.20 C# ")&',2*#%%90" ,28%!*&+ " /&*-;(5 !0)*&17'(5. G!+#'#%2@ $("$!>7%(. ,+&'621-, <(, %!)$2.*!', )$2

1.02η ≈ )&',2*#%%9 ,98!: 50α ≈ , ! +#*262%! %#*&%&@%2> ,)(1+($#%- ,1!%(+21- 1.0ς = '*9 !0)*&17'2 1 4.0X nm= &

1&*-.2 0.1ς = '*9 1 0.4X nm= .
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?82. 1. 18/6,+6 289+*58 #!1 7 @AB:
A1<λλ/2

?82. 2. 18/6,+6 289+*58 #!1 7 @AB:
A1<<λλ/2

?82. 3. 4+&;*5C+. "36,285.++D" αα(ηη) – 20-
E65C+* 56+6D, +.56+6(+. 23&-'&%.++D ζζ(ηη) –

3.%.%8'F*2-6 56+6G

F +2)!'.7 ∆φ = π %#*&%&@%& ,)(1+($#%%9 ?($02 ,28%!*7 0(C71- /712 )$2@%91%202, 9.<(
3

21 1
1 13

1 1

( ) ( )d X d XX X
dX dX
ω ω

> . M("$!>7%(. )$2+('21- '( 70(+2 1 nlX X< , <( %!.*!'!:1-,9 %! .$2126%7 !0)*&17'7:

10.2nlX k
η −= ⋅ . (7)

G!)$2.*!' )$2 λ =0.63µ 1! η=1.1 '*9 +&'1+($#%%9 ?($02 ,28%!*7 /#" ,)(1+($#%%9 !0)*&17'! 1X %# )(+2%%! )#-

$#+2<7+!12 2 nm.  !"#$%&&' ( %)*"+,-.!/ 1 6.2X nm= (0*/1% 1 &% 1#2. 1) &0 $+.*!$+.%3 4+5 $#)!(+, ,% 6!"#

%)*"+,-.% ()0&7-3,82' .! 1 0.62X nm= (0*/1% 1 &% 1#2. 2) 6!"#$%&&' !,1#)-3 2#)0,1#9&- :"#(86- .! 6!2#&-2%
;!1)-.

<!109&! .!.%,#, =! $#6"%.0&+ 10(-"8,%,# ,%6!> 2,!2-/,82' .#;010&4+%"8&#? $#)+1/$%&8, 6!"# ,10,+5 *1!)+&8
&%*1%$"'/,8 &% +&7- ,!96- .!2"+.>-$%&!@! !:'36,-, =! 6!"#$%3,82' ( %)*"+,-.!/ 2X . A 48!)- $#*%.6- %)*"+,-.%

$#?+.&!@! 2#@&%"- B<C *1!*!14+5&% 1+(&#4+ 1 2X X Xδ = − , ."' '6!D ,%6!> (%"#7%/,82' $+1&#)# !2&!$&+ *1#&4#*#,
=! $#6"%.0&+ $#=0.

3.  !"#$%&'$()*+,(- ./"+-.0$((1
E62*01#)0&,%"8&% *010$+16% 10(-"8,%,+$ )%,0)%,#9&!@! )!.0"/$%&&' ,1#?$#"0$!@! )0,!.- $#6!&%&% &% -2,%-

&!$4+, :"!6-2?0)% '6!D (!:1%>0&% &% 1#2. 4. C 062*01#)0&,%? $#6!1#2,!$-$%$2' 201+5&#5 "%(01&#5 $+:1!)0,1 CLV-S
1 ;+1)# POLYTEC GmbH, 6!,1#5 :-$ !2&%=0&#5 .!.%,6!$#) +&,01;01!)0,1!) 2 (%."' (.+52&0&&' ,1#?$#"0$!@!
;!,!()+7-$%&&'. B%(01 $+:1!)0,1% @0&01-3 901$!&0 $#*1!)+&/$%&&' He-Ne "%(01% ( λ=0,63 )6).

<!.%,6!$#5 +&,01;01!)0,1 2 26"%.%3,82' ( 2$+,"!*!.+"8&!@! 0"0)0&,- 3, '6#5 1!(.+"'3 (!&.-$%"8&#5 *1!)+&8 &%
.$% - $+.&!70&&+ *1#:"#(&! &%1+$&! (% +&,0&2#$&+2,/, ,% 2#2,0)# .!*!)+>&#? .(016%" + 2$+,"!*!.+"/$%9+$. F017#5
(!&.-$%"8&#5 *1!)+&8 2*1')!$-3,82' &% .!2"+.>-$%&#5 0"0)0&, 4, =! 6!"#$%3,82' ( 9%2,!,!/ Ω . C(.!$> *1!)0&'
,%6!> 1!()+=0&! 601!$%&#5 ;+"8,1 &05,1%"8&!D =+"8&!2,+ 5. <1-@#5 (!&.-$%"8&#5 *1!)+&8 2*1')!$-3,82' &% ;%(!-
)!.-"//9#5 0"0)0&, 6, 6!,1#5 $61#,#5 2*04+%"8&!/ $+.:#$%/9!/ ;!"8@!/.

F+2"' $+.:#,,' )+70&')# &%(%. $#*1!)+&/$%&&' (&!$ *1#5)%3,82' !*,#9&!/ 2#2,0)!/ $+:1!)0,1% 1, ()+7-3,82'
5!@! !*,#9&!/ 2?0)!/ ( !*!1&#) *1!)0&0) (&% 1#2. 4 &0 *!6%(%&!) ,% *!,1%*"'3 &% ;!,!.0,06,!1 $+:1!)0,1%. C#-
2!6!9%2,!,&#5 2#@&%" .0,06,!1% idet *!,1%*"'3 .! 6!&,1!"01% 2#2,0)# CLV, .0 $#6!&-3,82' !:1!:6% .!**"01+$286!D
2#@&%"-. G#@&%" (&%*1-@%) &% $#?!.+ 6!&,1!"01% *1!*!14+5&#5 $0"#9#&+ )#,,3$!D 7$#.6!2,+ !:'36,-, '6% *!$''(%&%

2*+$$+.&!70&&')
2
Dopv
k

ω
= ( .!**"01+$286#) (2-$!). H 6!&,1!"01% ,%6!> !,1#)-3,82' 2#@&%", =! *1!*!14+5&#5 "!-

@%1#;)- %)*"+,-.# $#2!6!9%2,!,&!D 26"%.!$!D ;!,!2,1-)-. I:#.$% 4+ 2#@&%"# .!2"+.>-/,82' 4#;1!$#) !24#"!26!-
*!) 7 %:! (% .!*!)!@!/ 6!)*'/,01%.

<"' ,!@!, =!:# 6!&,1!"/$%,# *%1%)0,1 η , 9%2,#&% $#*1!)+&/$%&&', =! *!$01,%3,82' $ !:!? (!&.-$%"8&#? 6%-
&%"%? .! $+:1!)0,1%, $+.@%"->-3,82' &% ;!,!*1#5)%9+ 8. I2,%&&+, $ 2$!/ 901@-, *!$''(%&+ (+ 2?0)!/ 601-$%&&' 9
=+"8&+2,/ ;+"8,1% 5. J0&01%,!1 10 (:-.>-3 .#;-(!1, % @0&01%,!1 11 ()+&/3 ;%(- !.&!@! ( (!&.-$%"8&#? *1!)0&+$.

I24#"!@1%)# &% 1#2.5 .0)!&2,1-/,8 ;!1)# 2#@&%"+$ &% $#?!.+ $+:1!)0,1% *1# &%'$&!2,+ KLM ( ;%(!$#)# 1+(&#-
4')# ∆φ = π (1#2.5 N) ,% 0.9∆φ ≈ π (1#2.5 C). I:'36, 6!"#$%3,82' (% @%1)!&+9&#) (%6!&!) ( %)*"+,-.!/ L1= 60 nm

,% 9%2,!,!/ / 2 120HzΩ π = . O6 )!>&% $#1%?-$%,# ( 1#2.5N (&#>&+5 ,106), (:+"870&&' %)*"+,-.# 26"%.%3 8.3α = .



~ 42 ~  ! " # $ % %&'()*+,-, ./01,./2*.,-, 3.1(45)&6463 174.1 8/5/)/ 94(:4.+/

I.&%6 ;!1)% 2#@&%"- )%3 2*!,$!10&- ;!1)- .%"06- $+. @%1)!&+9&!D ;-&64+D ,!)-, =! -)!$% 1 nlX X< &0 $#6!&-3,8-

2'. <+52&!, $ 48!)- 062*01#)0&,+ 1.1η ≈ + 61#,#9&% %)*"+,-.% (7) 12nlX nm X≈ << . E62*01#)0&,%"8&% ,!96%
( 8.3α = , 1.1η = ), 6!,1% &%&020&% &% 1!(1%?-&6!$- 61#$- 1#2.3 *+. &!)01!) P1, $ )0>%? *!?#:6# 2*+$*%.%3 ( 1!(1%-
?-&6%). O6 + *010.:%9%3,82' 1!(1%?-&6%)#, ()+=0&&' ;%(# $+. ,!96# π (1#2.5 C) *1#($!.#,8 .! *!'$# .1-@!D @%1)!-
&+6# - 2*06,1+ 2#@&%"- ,% &02#)0,1#9&+5 .0;!1)%4+D 5!@! ;!1)# ( (%@%"8&#) ()0&70&&') %)*"+,-.# (1#2.1).
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4&". 4. 5#)&6(* "7$'* $!"#$%&'$()*+,(/8
9")*(/:!& '/.&;-!/:*(/</ :-=%/'$)%* > ?@3

4&". 5.  #A%& :&7-.(&7 "&<(*+-: :-=%/'$)%* > ?@B:
:$%7(- $#A%& – *'#+-)9.* ;/)/")%9'9, (&0(1 $#A%* –

:&7-.(&C "&<(*+ DE3 (6*")/)* ;/)/")%9'9)

C01?&+ ,106# !24#"!@1%) &% 6!>&!)- ( )%"/&6+$ $+.*!$+.%/,8 "!@%1#;)- %)*"+,-.# $#2!6!9%2,!,&!@! 2#@&%"-.
K10:% $+.(&%9#,# ,!5 ;%6,, =! $ ,!94+ ∆φ = π 2*!2,01+@%3,82' *!.$!3&&' 9%2,!,# 48!@! 2#@&%"-. H&#6&0&&' !2&!$-
&!D @%1)!&+6# $ 2*06,1+ 2#@&%"- %)*"+,-.# )!>0 :-,# $#6!1#2,%&!, '6 2$+.90&&' -)!$# ∆φ = π .

H)0&70&&' %)*"+,-.# $+:1%4+D *!61%=-3 $+.*!$+.&+2,8 ;!1)# $#?+.&!@! 2#@&%"- 10%"8&!)- *1!402- 6!"#$%&&'.
Q0(-"8,%,# +&7!@! ,02,- *1#$0.0&+ &% 1#2. 6: $01?&' (N) !24#"!@1%)% 6"%2#9&#5 2#@&%" B<C :0( KLM (L1= 6.5 nm (
9%2,!,!/ / 2 1200HzΩ π = ), &#>&' (C) 40 – $#?+.&#5 2#@&%" $+:1!)0,1% ,!@! > $+:1-/9!@! !:'36,- *1# &%'$&!2,+ KLM.

A 48!)- 062*01#)0&,+ (&!$ 1.1η ≈ , + ?!9% 61#,#9&% %)*"+,-.% (7) 2nlX nm= (%"#7%,82' ,%6!/ > 2%)!/, ()0&70&-

&' %)*"+,-.# $+:1%4+D $ .02',8 1%(+$ *1#($!.#,8 .! :+"87 *1#5&',&#? &0"+&+5&#? 2*!,$!10&8 (% 2%)0, 17dBς = − ). C
48!)- 062*01#)0&,+ :-"! .!2'@&-,! )%62#)%"8&0 *+.2#"0&&' 2#@&%"- 20 .R ( 10α ≈ ) *1# *1#5&',&!)- 1+$&+ &0"+&+5-
&#? 2*!,$!10&8. E62*01#)0&,%"8&% ,!96% P 2 ( 6!!1.#&%,%)# ( 10α = , 1.1η = ) ,%6!> .!:10 &%6"%.%3,82' &% 1!(1%-

?-&6!$- (%"0>&+2,8 ( )α η &% 1#2. 3.

4&".6. 5"F&+/<%*'& "&<(*+-: DE3. 2'#+-)9.* !/+&:*((1 /='G!)* 6.5 nm, 6*")/)* 1.2 !HF:
2 – !+*"&6(&C DE3, 3 – DE3 > ./.*)!/:&' #%/'$($' (?@B)

<"' *!.%"87!@! ()0&70&&' 2*!,$!10&8 $#?+.&!@! 2#@&%"- $+.&!70&&' !*,#9&#? %)*"+,-. :-"! *+.$#=0&! .!
1.25η = , =!, $ 2$!/ 901@-, *+.$#=-3 *%1%)0,1 nlX .! 5nlX nm= . S% )%"/&6- 1#2.7 (!:1%>0&% !24#"!@1%)% $#?+-

.&!@! 2#@&%"- B<C *1# 6!"#$%&&+ !:'36,% ( %)*"+,-.!/ 1 6X nm= ,% 9%2,!,!/ / 2 120HzΩ π = . I26+"86# %)*"+,-.%

$+:1%4+D :"#(86% 61#,#9&+5 %)*"+,-.+ 1 nlX X≈ , ,! ;!1)% 2#@&%"-, '6 40 + $#.&! ( 1#2. 7, $+.,$!1/3,82' )%5>0 :0(
2*!,$!10&8.
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A *!*010.&8!)- 062*01#)0&,+ (1#2. 7) ;%(!$% 1+(&#4' )+> "%(01&#)# ?$#"')# $+:1!)0,1% :-"% :"#(86!/ .! π .

T0 *+.,$01.>-3 $01?&+5 ,106 &% 1#2. 7, '6#5 $+.!:1%>%3 %)*"+,-.- 2#@&%"- &% 9%2,!,+ @0,01!.#&-. F!.$!3&&' 9%2,!,#
48!@! 2#@&%"- + 3 2$+.90&&')# *1!,#;%(# ?$#"8, =! +&,01;01-/,8 (*!1+$&'5)! ( 1#2. 5N).

Q!(1%?-&!6 %)*"+,-.# 6!"#$%&8 *! .%&#) 1#2. 7 .%3 10(-"8,%, 30 nm, ?!9% $ .+52&!2,+ 1 6X nm= . K!:,! %&!)%-
"8&0 *+.2#"0&&' 26"%.%3 5α = . K!96% P3 ( 5α = , 1.25η = ), '6% &%&020&% 1#2. 3, .!:10 2*+$*%.%3 ( 10(-"8,%,%)#
1!(1%?-&6-.

4&". 7. 5"F&+/<%*'& "&<(*+-: DE3. 2'#+-)9.* !/+&:*((1 /='G!)* 6 nm, 6*")/)* 120 HF:
:$%7(1 $#A%* – *'#+-)9.* ;/)/")%9'9, (&0(1 $#A%* – 6*")/)* ;/)/")%9'9 (:&7-.(&C "&<(*+ DE3)

4. 3&"(/:!&
C2,%&!$"0&!, =! $ 2?0)+ B<C ( .$!)% (!&.-$%"8&#)# *1!)0&')# + !.&#) !*!1&#) *1# -)!$+, 6!"# %)*"+,-.# (!-

&.-$%"8&#? *1!)0&+$ )%5>0 1+$&+, % *!9%,6!$+ ;%(# *1!,#"0>&+, ."' 2#@&%"+$ ( %)*"+,-.!/ )0&70 &+> *!"!$#&% .!-
$>#&# (!&.-$%"8&!D ?$#"+ 2*!2,01+@%3,82' 1+(60 (1!2,%&&' %)*"+,-.# $#?+.&!@! 2#@&%"- $+:1!)0,1%. K%6#) 9#&!),
,+"86# !*,#9&#)# %*%1%,&#)# (%2!:%)# )!>&% .!2'@,# (&%9&!@! "*+.2#"0&&'" %)*"+,-.# 2#@&%"- B<C +, ,#) 2%)#),
*+.$#=#,# 9-,"#$+2,8 .! 2"%:6#? %6-2,#9&#? 2#@&%"+$.

F1# (&%9&!)- *+.$#=0&&+ 9-,"#$!2,+ 2*!2,01+@%3,82' 1+2, &0"+&+5&#? 2*!,$!10&8 2#@&%"-. C%>"#$#) 10(-"8,%,!)
3 ,0, =! $1%("#$+2,8 .! &0"+&+5&#? 2*!,$!10&8 ()0&7-3,82' (+ ()0&70&&') %)*"+,-.# $+:1%4+D, ,!)- (%*1!*!&!$%&#5
)0,!. &%5:+"87 0;06,#$&#5 2%)0 ."' .+%@&!2,#6# 2"%:6#? %6-2,#9&#? 2#@&%"+$.

A .0)!&2,1%4+5&!)- 062*01#)0&,+ ( 2*04+%"8&! .!!*1%48!$%&#) B<C !,1#)%&! .02',#61%,&0 *+.$#=0&&'
9-,"#$!2,+ $+:1!)0,1% .! %)*"+,-.# )#,,3$!D 7$#.6!2,+ ( 1+$&0) &0"+&+5&#? 2*!,$!10&8 $#?+.&!@! 2#@&%"- 17 dB ,%
*'',#61%,&0 *+.$#=0&&' %)*"+,-.# ( 1+$&0) &0"+&+5&#? 2*!,$!10&8 < 40 dB.

1.  !"#"$ %. C"#'&#0 6!@010&,&U? *!)0? &% 2#@&%" .!*"01!$26#? $#:1!)0,1!$ // M+(#9&+ )0,!.# ,% (%2!:# 6!&,1!"/ 2010.!$#=, )%,01+%"+$ ,% $#-
1!:+$ "B0!,02,-2004". –  .; B8$+$. – 2004. – C. 35–39. 2.  !"#"$ %. &. V0,!. .#2610,&!@! $#)+1/$%&&' )%"#? *010)+=0&8 (% .!*!)!@!/ "%(01&!@!
$+:1!)0,1% // C+2&#6  #D$286!@! -&+$012#,0,-. V0?%&+6% ,% V%,0)%,#6%. – 2006. – C#*. 15–16. – G. 53–57. 3.  !"#"$ %. &. H%2,!2-$%&&' ,1#?$#"8!-
$!@! ;!,!()+70&&' ."' *+.$#=0&&' 9-,"#$!2,+ "%(01&!@! .!**"01+$286!@! $+:1!)0,1% $ 2-:&%&!)0,1!$!)- .+%*%(!&+ // N6-2,#9&#5 2#)*!(+-)
" ISGISNSG-2009",  #D$, 29 $0102&' – 1 >!$,&' 2009 1!6-. –  ., 2009. – G. 330–336. 4. F%,. 84937 A61%D&% VF G 01 C 9/02 G*!2+: $#)+1/$%&&'
$+:1%4+D /  !"#"$ %. &. ; (%'$&#6 $"%2&#6 *%,0&,-  #D$ S%4. A&+$. +). K%1%2% W0$90&6%. – P 200614074; (%'$. 29.12.06; .1-6. 10.12.08, R/". P 23.
5. Dussarrat Olivier J., Clark D. F., Moir T. J. New demodulation process to reduce cochannel interference for a laser vibrometer sensing system // Proc. SPIE.
Vibration Measurements by Laser Techniques, – 1998. – Vol. 3411. – P. 2–13. 6. Ombeline de La Rochefoucauld, Shyam M. Khana S., Olson E. Recording
depth and signal competition in heterodyne interferometry // J. Accoust. Soc. Am. – 2005. – Vol. 117, P 3. – P. 1267–1284. 7. Yarovoi L., Siegmund G. The
effect of three-wave interference in laser Doppler vibrometry // Meas. Sci. Technol. – 2004. – Vol. 15. – P. 2150–2156.

I*.-CJ+* ./ %$.!/+$< - 8 29 .0 1 . 20 11 % .

KEL 519.254.2 + 519.254
2. M$%=-(*, *"#.

?@A! #B##B @C!#@% "=A=D#!> E#<F=#G
DHB "I;!9=J E! E;!##$;$ %@#C=#8A<C!B;$ #< ;@D=HG@ <#$> D<#$>

 !"#$%&'(!  !"!#$ %&'()*!((+ ,-.-"(/%0%  (!#-((+ $ 1%"-2' "*%3%14%(-(5(%6 ,$1'7' '  !2-8(919 ,4%,5-.-8-(-
(+19. :49,!(% 2'(';(' 5! !"!459*(' (-4!.!1-5.9#(' %&'(39 ' %&'(39 (!;<'2/7%6 *'.%0'"(%,5' "2+ 4!.!1-5.9#(%6 1%"-2'.
=3',5/ &9> %&'(%3 4%.'*()?5/,+ (! 1%"-2/%*!(9> *9<'.3!>.

Estimation of the mean value in the model of two-component mixture with dependent observations is considered. Linear and
adaptive nonparametric estimators and maximum likelihood estimator for parametric model are described. Quality of such
estimators is compared on simulated data.

1.  !"#$
 !"!#$ "%&'$"()**+ &,-$.)/ 0$ 0-$**1-1 2%*3)*45!3$+-1 61*12!748 6 9!:!48%; :!',0+; <515%"%0*!6&46!.  %25)-

-!, -%")'8 &,-$.$ <515%"*% 61*12!=, 2%'1 %9'=241 <%<,'+3$>, ?% "%&'$"(,=48&+, *!')(!48 "% ")2$'82%; 5$0*1; 2'!&$6.
@);!/ -1 "%&'$"(,=-% <%<,'+3$7 %9'=24$6, 61-$577#1 , *1; <)6*, #1&'%6, ;!5!24)51&412, X . @);!/ $&*,= M 2'!&$6
%9'=24$6, ! 5%0<%"$' ;!5!24)51&4121 X 0!')(148 '1.) 6$" 2'!&,, "% +2%:% *!')(148 %9'=24.

A2?% <51 %9&4)()**$ 2'!&, +2%-, *!')(148 %9'=24 4%#*% *) 6$"%-1/, 4% "'+ %<1&, 5%0<%"$', ;!5!24)51&4121 X
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