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We propose an algorithm for increase of the sensitivity of laser Doppler vibrometer in presence of unwanted light backscattered
from technological windows or casual obstacles. The algorithm uses for signal correction signal of the high-frequency heterodyne
component. An experiment shown 25-30 dB signal/noise improvement for corrected signal.
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4/+5+ ,&74+*#/-,(//:, E ,E ,E0 1 2 – (*7$#3)<& 3( 21 !,! –.('& >,&$%,;+ ,'(2*+<#-3%, ) 3( maxx – ,#<7+,#</+ 6(!3+3( 3(

(*7$#3)<( +E'2"3), ;+ "+$&,(23%!: '( 5(4*+/#6/&* '("+/+* + , + ,max cosx t x t' ) . K 49')$%3(3# (*7$#3)<( + ,tIh 3( 6(!3+3(

+ ,t ,&!+"+6(!3+3/+5+ "+*7+/9/3) + ,+ ,0( ) ( ) cos   ih t Ih t t t dt' - $ -. /( 6(!3+3# 59394+<&/( *(-3% ,&5$:< [3]:

+ , + ,+ , 2 2
0 2 2 1 max 1 2 1 22 2 cos 2 cos (! ! )sIh t I E E E E k x t E E' - - - ) " $ " " (1)

+ , + ,max ( ) sin 1 st t k x u t' $ ) -)- - - "/ 01 2 (2)

3)3 sI – !3($&? "+9.#0#2/3 .+3+6)3$&,+!3# <939"3+4(, 1 2" /E E' , ( 6949' + ,tus 7+'/(69/( ,9$&6&/(, :"( '(<(23%!:
!7#,,#</+I9//::

+ ,
+ ,
+ ,+ ,
2

2
max 1 2

" 1

2" cos 2 cos (! ! ) " 1su t
k x t

$
'

- - - ) " $ " "
(3)

=(5($%/+,#<+*+, ;+ <+77$94#,!%"&? '!), 74+7+40#?/&? *&332,#? I,&<"+!3# +E'2"3) v : + , + ,Dop 2 vt k t' - . S";+

7+4#,/:3& + ,Dop t 3( + , t ' (2), 3+ *+8/( E(6&3&, ;+ <$: #<9($%/+5+ ,&7(<") 3+E3+, "+$& 2 1E E33 , '*#//( + ,tus
/(E$&8)23%!: <+ +<&/&0#, ( 6(!3+3( Dop   .

K&>#</&? !&5/($ $('94/+5+ ,#E4+*934) + ,tV 74+7+40#?/&? *&332,#? 6(!3+3# + ,t & 74& ,&E+4# ,#<7+,#</+5+ "($#E-
4),(//: <+4#,/-2:

+ , + ,max
1( ) sin 1
2 sV t t x u t' $ ) -)- - "/ 01 2 (4)

S";+ 2 1E E33 + ,V t <+4#,/-2 *&332,#? I,&<"+!3# + ,maxv( ) sint x t' $)- - ) . A("&* 6&/+* !(*9 .)/"0#: + ,su t ,#<-

7+,#<(2 '( ,&/&"/9//: !7+3,+49/% ) ,&5$:<# +!0&$:0#? (E+ 7#"#, [3] '( /(:,/+!3# '/(6/+5+ !&5/($) + ,2e t .

 !"#$"$%$&!%'( )*+$, -$)"*%.!/01 ."$+&$#*%2 [4] "$345!6 & "$)%$7*%%0 .'5%!38 9&',-$.+0  !V t %! .'5%!3 -$#*-
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-3!,, "#' "*#*+'%0 +#!.' ?$%,8&!32%$5$ "#$)*%4 ;!.+'%-$@ "'38. E* $?%!;!6, <$ ?)0%@@+2.4 +!-$7 0 ?%!;*%%4
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B*?832+!+' )$,*3@&!%%4 "#$/*.8 -$)"*%.!/01 ."$+&$#*%2 .'5%!38 9&',-$.+0 "#' %*.+!/0$%!#%'F !)"30+8,!F
&?!6)$,0@;'F F&'32 "#*,.+!&3*%0 %! #0".2.  *"@# %! )!3@%-8 B'.. 2H +!-$7 )$7%! :!;'+' "#$5#!)! &0,.30,-$&86
"$+$;%0 ?)0%' !)"30+8,  !maxIh t ,  !minIh t (+*)%0 .8/032%0 30%01). L$,*32 #$?534,!6 +#' )$73'&0 &'"!,-', "#*,.+!&3*-
%'F #0?%')' ,034%-!)' %! *"@#!F. M0&! ,034%-! (?$%! I) &0,"$&0,!6 &'"!,-8, -$3' &*3';'%! .'5%!38 "*#*&'<86 "*#*-
9-$,8 & "'4+2 #!?0& 5 % . A ?$%!F (II) ' (III) ."0&&0,%$9*%%4 .'5%!38 %! ?!&!,0 .-3!,!6. 1.1 % K#$+* & (II) /* &0,:8-
&!6+2.4 ?! #!F8%$- ?)*%9*%%4 & 3,3 #!?8 #0&%4 -$#'.%$5$ .'5%!38, ! & (?$%0 III) ?! #!F8%$- #0?-$5$ "0,&'<*%%4 .'5%!38
"*#*9-$,' 2E & 4,5 #!?0&.

B*?832+!+ -$)"*%.!/01 ."$+&$#*%2 "#*,.+!&3*%'( %! #0..2I. N- &',%$ ? %!,!%'F *"@# "#'5%0;*%%4 ."$+&$#*%2
.'5%!38  !corrV t &'-$%86+2.4 ,$.'+2 ,$:#* ,34 &.0F #$?534%8+'F &'"!,-0&, F$;! 0 "#' %!:3'7*%%0 &0,%$9*%%4 .'5-
%!3/"*#*9-$,! ,$ $,'%'/0 "$;'%!@+2 &'4&34+'.4 ?!3'9-$&0 $./'34/01. E*, 4- &-!?8&!3$.4 &'<*, #*?832+!+ #0?%'F
*-./*.0& =8%-/0(  ! !1 su t" 0  !corru t . O +$( 7* ;!., &'%'-%*%%4 "*&%$1 !.')*+#01  !corrV t 6 "#4)'( %!.30,$- !35$#'-

+)8 $:;'.3*%%4  !maxIh t '  !minIh t , $,%!- +!-* ."$+&$#*%%4 %* "*#*&'<86 ,*-032-! "#$/*%+0&.
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12&. 1. 134-*5,%,2 '6.3*7(%889: 3)7:2 (A) %')*+,-.2,
(!) (2;+.86<6 &2<8%*- (+=:6'3,:- ( ):2&-,86&,+ 4%(%.2,

(") &2<8%*- >6:3>?+@ ,% (2;+.86<6 &2<8%*- (#)
)+&*9 >6:3>?+@

12&. 2. 134-*5,%,2 '6.3*7(%889: 3)7:2 ( ) %')*+,-.2,
(!) (2;+.86<6 &2<8%*- (+=:6'3,:-, - ):2&-,86&,+ 4%(%.2.

A68% (I) 1 25; 1E E% % . A68% (II) 1 21,5; 1E E% % .
A68% (III) 1 25; 4,5E E% %
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12&. 3. B),2/8% &;3'% 3>&)3:2'38,%*586@ -&,%86(>2
+ '6.2C+>6(%86<6 (+=:6'3,:% (1-2)

12&. 4. D>&)3:2'38,%*58% 4%*3E8+&,5 (+.86&86@ (3*2/282
%')*+,-.2 F-'6(6@ >6')6838,2 Vn ,% &2<8%*- VG (+. (+.&,%8+

'+E 6='G>,6' ,% (+>86', Vpeak = 11 mm/s, f = 210 Hz

P30, ?!?%!;'+', <$ &',')* ."$+&$#*%%4 .'5%!38 8 &'534,0 F&'34.+$.+0 !:$ "0-0& &'4&346+2.4 8 +$)8 &'"!,-8, -$3'
!)"30+8,! -$3'&!%2 ?!,$&$32%46 8)$&0 max # / 4x *  !"# $%& '() * " +)#, -.+ 1 2   . / ".+ 0, 1%'# max ! / 4x ! ,

2!%3&%"4))5 6%04 ).78&.3#  )9%: -%"6# +.'40)% & $ " +)#, 1 2   .
;12!4"#64)3.'(). !4"4& "1. 643%$8 &#1%).). +. $%!%6%<%= '.+4")%<% & 7"%643". CLV-S - "6# Polytec GmbH.

/ & 7"%643" &#1%"#23%&8>3(25 &#!"%6 )=&.))5 He-Ne '.+4". (L) "=0,63 616. ?2)%&%= %!3#@)%: 2#2346# & 7"%643".
CLV > $&%!"%64)4&#*  )34"-4"%643" (1), A% !"4$23.&'4)#* ). 6.'=)18 41& &.'4)3)%= 2B46%=  )34"-4"%643".
C.B.-D.)$4".. E  )34"-4"%643" -%"68=3(25 %!%")#*  +%)$8&.'()#* 1.).'. F.23%3. &#!"%6 )=&.))5 & %!%")%68
1.).' +6 A8>3(25 ). @.23%38 <434"%$#). 1%6 "1%= G"4<<. (2). H4"4$ %!3#@)%= <%' &1%= & 7"%643". "%+6 A4). 21'5-
). !'.23#). (3), "%+3.9%&.). + 6%0'#& 23= !%&+$%&0)(%<% !4"46 A4))5 3. ).B#'8 & $)%2)% +%)$8&.'()%<% !"%64-
)5. D4 $%+&%'5> +6 )=&.3# +).@4))5 " . H8@%1, & $7#3#* & $ , >: !'.23#)#,  > 2#<).' !4"491%$# 2e , & 3%* @.2 51
+%)$8&.'()#* !8@%1 %!"%6 )=> 6 94)( (4) – $#-8+%" <8@)%6%&,5, A% 0#&#3(25 <4)4".3%"%6 <."6%) *)#B 1%'#&.)(
(5). H%&4"B)5 $#-8+%". <8@)%6%&,5 !%1"#3. ""43"%-& $7#&.=@%=" -%'(<%=. I%)$8&.'()4 &#!"%6 )=&.))5, & $7#34
6 94))= (6), 3. B&#'5-+.&.$. 2e +)%& +.B%!'=>3(25 %!3#@)%= 2#2346%= & 7"%643".  !%3".!'5=3( ). -%3%$43413%"

(6), +6 98=@#2( + %!%")#6 2#<).'%6 0e . E#2%1%@.23%3)#* 2#<).' $43413%". deti !%238!.> & 1%)3"%'4" (7) 2#2346#
CLV, $4 +$ *2)=>3(25 *%<% $46%$8'5, 5  -%"68>3(25 2#<).', !"%!%", *)%<% 6#33>& * 9&#$1%23 6 94) .. J%)3"%'4"
6.> 3.1%0 $%$.31%&#* &#B $ 2#<).'8, !"%!%", *)#* '%<."#-68 .6!' 38$# 2#<).'8 <434"%$#). # $~ logRFU Ih . ?7#$-
&. 2#<).'# + &#B%$ & & 7"%643". !%3".!'5=3( 3.1%0 ). KDH 1%6!'=34". (8) $'5 -%"68&.))5 2#<).'8 1%6!4)2., :
 1%"41, : 2!%3&%"4)(.

L%7 !"%$46%)23"8&.3# &!'#& B&#' -+.&.$# & "4.'()%68 412!4"#64)3 , 6# & !"#283)%23 21'5)%<% & 1). (3) 412!4-
"#64)3.'()% &#6 "5'# & $)%94))5 24"4$)(%: .6!' 38$# 986%&%: 21'.$%&%: 2#<).'8 9&#$1%23 $% .6!' 38$# " 23#)-
)%<%" 2#<).'8 9&#$1%23 74+ &!'#&8 +.&.$ & $ & $23.) 6 0 !'.23#)%= (3) 3. %7'>13%6 (4). E $23.)( & $ <%' &1# (1) & 7-
"%643". $% %7'>138 620 mm, !'.23#). (3) "%+3.9%&8&.'.2( )%"6.'()% $% +%)$8&.'()%<% !"%64)5.

M1 6%0). 7.@#3# ). 6.'=18 "#2.4, !"# ).7'#04)) 21'5)%: !'.23#)# $% %7'>138 .6!' 38$. 2!%3&%"4)( +"%23.>.
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 !". 5. #$"%&' ('$)*$+! "!),$-. /&!(0%"1' 2$ ,$3&,%"1' 45*5/0%(! ("&'1-!6 0%-'*) '
&'(0%*501%&$,!6 "!),$- (15+,!6 0%-'*)

H%" &)==@# 412!4"#64)3.'()8 1"#&8 + "%+".B8)1.6# %3"#68>6%, A% !"# & $23.) x = 30 mm & $)%94))5 " 1.5%
. !"# & $23.) x = 20 mm .6!' 38$. B&#' -+.&.$#, A% & $7#&.>3(25 21'5)#6 & 1)%6 !4"4&#A8> .6!' 38$8 1%"#2)%<%
2#<).'8, & $7#3%<% %7'>13%6 ( " 0.5% ), A% !"#+&%$#3( $% 2833>&%<% 2!%3&%"4))5 2#<).'8.

N. "#2. 5 !"4$23.&'4) "4+8'(3.3# 412!4"#64)3.'()%<% +.23%28&.))5 1%"4<8=@%<% .'<%"#368. O ". 23"%1.3. ' ) 5
– 2#<).' ). &#B%$ & 7"%643". 74+ +.23%28&.))5 .'<%"#368, . @%"). + *%<% +.23%28&.))56. C%0). 7.@#3#, A% .'<%-
"#36 6.*04 , '1%6 828&.> 2!%3&%"4))5 &#B $)%<% 2#<).'8. I. %2)%&8 & +(646% $.) ).&4$4) & [10]: @.23%3. 300 P,,
"=0,65, 2&k&xmax =18, '=1,1.

F#24'()4 85&'4))5 !"% "4+8'(3.3 1%6!4)2., : 2!%3&%"4)( $.> !%" &)5))5 2!413" & &#B $)%<% 2#<).'8 & 7"%643".
$% (SV – 2 "#* 1%' ")  ! 2'5 1%"41, : (Scorr – @%")#* 1%' "). ("#2. 6). M1 6%0). 7.@#3#, " &4)( +.&.$# +)#08>3(25 & 24-
"4$)(%68 ). 36-40 $G.
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#$"1%1$ (78)

9,15,"!&,'"1: (;<)

 !". 6. =4501*! "!),$-'& /&!(0%"1' 2$ ,$3&,%"1' 45*5/0%(! ("&'1-!6 0%-'*) ' 4*! &!0%*!"1$,,' 0%*508'> (15+,!6 0%-'*)

?!",%&0!
E#!.$1%& !4"491%$# ). 3".2 "%+!%&2=$04))5 +%)$8&.'()%<% !"%64)5 '.+4")%<% & 7"%643"., . 3.1%0 +.B#2) !"%-
+%" & 1). 3.  '=6 ).3%"# 6%083( 2!%3&%"=&.3# 2#<).' & 7"%643".  +)#08&.3# 2! && $)%94))5 2#<).'/+.&.$.. I.-
!"%!%)%&.)#* .'<%"#36 1%"41, : &#1%"#23%&8> 2#<).' &#2%1%@.23%3)%: %6#).=@%: & 7"%643". ). @.23%3 <434"%$#)8.
M1 ! $3&4"$04)% 412!4"#64)3.6#, +.23%28&.))5 3.1%<% .'<%"#368 $%+&%'5> !"#7'#+)% ). 25-30 $G !%1".A#3# 2! &-
& $)%94))5 2#<).'/+.&.$.  & $!%& $)% ! $&#A#3# @83'#& 23( &#6 "=&.))5 & 7"., :.

1.  !"#$ %. &.,  '()*$+,- &. .., /01213 4. 5. E#6 "=&.))5 & 7"., : %7'.$).))5 JO +.2%7.6# '.+4")%: $%!!'4" &2(1%: & 7"%643" : // Q)-%"6., *-
)#* %<'5$ RJ "/1"3".)2<.+". – 2003. – S6. 2. H.34)3 OTK S5341106 CJU6 H03D 1/18, 1991 3. /01213 4. 5. C43%$ $#21"43)%<% &#6 "=&.))5 6.'#B
!4"46 A4)( +. $%!%6%<%= '.+4")%<% & 7"%643"..// E 2)#1 J#:&2(1%<% 8) &4"2#3438. O4" 5: 64B.) 1. 3. 6.346.3#1.. 2006. – E#!821. 15-16. 4. /01213 4. 5. H.3.
84937 /1".:). CHJ G 01 E 9/02. “O!%2 7 &#6 "=&.))5 & 7"., :" S . 200614074 +.5&. 29.12.2006. $"81. 10.12.2008. G='.S 23 -42.:  ' 5. Dussarrat O J,
Clark D F and Moir T J New demodulation process to reduce cochannel interference for a laser vibrometer sensing system // Vibration Measurements by Laser
Techniques, Proc. SPIE 3411. – 1998 6. LM Info Special, Polytec GmbH Waldbronn Germany 1. 2005. 7. Rochefoucauld O., Khana S., Olson E. Recording
depth and signal competition in heterodyne interferometry // J. Accoust. Soc. Am. – 2005, – Vol.117 S 3. 8. Pai, P.F., Lee, S.Y., and Schulz, M.J. Structural
Damage Detection and Estimation Using a Scanning Laser Vibrometer // SPIE's 6th Annual International Symposium on NDE for Health Monitoring and
Diagnostics, Newport Beach, California, March 4-8, 2001. 9. Tarun Kumar Gangopadhyay etc. Wavelet analysis of optical signal extracted from a non-contact
fibre-optic vibration sensor using extrinsic Fabry-Perot interferometer // Meas. Sci. Technol. – 2005, – Vol.16. 10. Yarovoi L., Siegmund G. The effect of three-
wave interference in laser Doppler vibrometry // Meas. Sci. Technol. – 2004. – Vol. 15.
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 !"#$%&' ()&)!&#* (!'+!' , -'$.%-!&#$ &',)/$) &0,-)&10&&' 2#(0"0&3)*'4&#* "'54675'- (8&-3)'&%9:&'-2#(0"0&-
3)%9:&';' ")4&7&&7, <' +828/!:,7 5% 2'.'$';'= '.0"%!'"% >09:$;'9:37. ?0* "'54675'- / %!'$%"&'= (8&-3)/= !":'@ &0-
5%90A&#@ 5$)&&#@ ) $'A0 4#-'"#,!'484%!#,: 4 +05,)!-'4#@ ,@0$%@ "'54675%&&7 -"%*'4#@ 5%2%1 $%!0$%!#1&'B ()5#-# 7- "%-
2)%9:&) +%5#,&) (8&-3)B

The finitly (with compact support) infinitely differentiated solution is got for functional differential equation which is built by the
operator of Helmholtz. This solution is the atomic function of three independent variables and can be in the meshfree schemes of solu-
tion of boundary value problem of mathematical physics as radial functions

1. ?"1.4. J'.2# .3%6.")#B -8)1, * 7.<.3(%B +6 ))#B, +. $%!%6%<%= 51#B "4.' +8=3(25 !"%,4$8"# 74+2 31%&#B
643%$ & "%+&V5+.))5 1".*%&#B +.$.@ 6.346.3#@)%: - +#1#, $%2' $08&.'#2( & "5$ "%7 3 [5-7, 9]. E1.+.) .3%6.") -8-
)1, : !%"%$08=3(25 %!4".3%"%6 $#-4"4), .'()%<% " &)5))5 1".*%&%: +.$.@ , A% $%+&%'5> +).@)% 2!"%23#3# .'<%"#-
36# !%78$%&# ).7'#04)#B "%+&'5+1 & 1".*%&#B +.$.@. H"# "%+&V5+.)) 1".*%&%: +.$.@ , 51. %!#28> !"%,42 )423., %-
).")%: 34!'%!"%& $)%23 $'5 21'.$)#B 3"#&#6 ")#B %7'.234*, !"4$23.&'5>  )34"42 !"%,4$8"., A% !4"4$7.@.> $#2-
1"43#+., = &#B $)%<% )423., %).")%<% " &)5))5 +. @.2%6 3. !%$.'(9#* !4"4B $ $% @#24'()%<% "%+&V5+.))5 $#-4"4-
), .'()%<% " &)5))5 P4'(6<%'(,5. D5 2B46. &1.+.)%: 1".*%&%: +.$.@ $%2' $08&.'.2(, +%1"46., & "%7%3 C.S.ChenV.
[15]. H"4$23.&'4)#* & , * "%7%3 ! $B $ 85&'5>3(25 +"8@)#6 !"# "4.' +., : 74+2 31%&#B 643%$ & "%+&V5+.))5 +.$.@ &
3"#&#6 ")#B %7'.235B + &#1%"#23.))56 ".$ .'()#B 7.+#2)#B -8)1, * [12-14, 16], .'4 &#6.<.> 8&.<# $% %2%7'#&%2-
34*, !%&V5+.)#B + &'.23#&%2356# ,#B -8)1, *. / $.) * 23.33 +$ *2)=>3(25 !%78$%&. .3%6.")%: -8)1, : ()421 )@4))%
$#-4"4), *%&)%:, - ) 3)%:, 3%73% + 1%6!.13)#6 )%2 >6 .3%6.")%: -8)1, :), 51. !%"%$08>3(25 $#-4"4), .'()#6 %!4-
".3%"%6 P4'(6<%'(,5. W.1#6 @#)%6, , -8)1, : 78$83( !"#"%$)#6# !"# "4.' +., : 74+2 31%&#B 2B46 !%78$%&#
"%+&V5+1 & $#-4"4), .'()#B " &)5)(, & 51#B !"#283) * %!4".3%" P4'(6<%'(,..

E $6 3#6%, A% .'<%"#36 1%)23"8=&.))5 .3%6.")%: -8)1, : 8 &#!.$18 $&%B )4+.'40)#B +6 ))#B, 51. !%"%$08>3(25
+. $%!%6%<%= $#-4"4), .'()%<% %!4".3%". P4'(6<%'(,., 78& $%2' $04)#* & "%7%3 [8].

2. C",%&,$ E$"1!,$. E "%7%3 !"#$ '5>3(25 8&.<. %2%7'#&%2356 !%78$%&# .3%6.")#B -8)1, * & $ 3"(%B )4+.'4-
0)#B +6 ))#B, 51 > "%+&V5+1.6# -8)1, %).'()%-$#-4"4), .'()%<% " &)5))5

© C. D'"',$, 2009


