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5-.14-.7 <"'"37+:%-2$$*7. >43%1('2'"7 & ,",2'9"-4 #+,).14$$* -.5+,$"?" ).?$21% -+6!"74'!2, 9"'!4 #!"#"!=+@$4 02-
)'"'+ '2 +$,49)% 7",%1*=+;.  "9232$", /" - $261.A4$+ 721.5 27#1+'%, -.5+,$.@ ).?$21 -+6!"74'!2 #!"#"!=+@$.@ 7.''&-"-
7% #4!47+/4$$8 9"1.-2$$*. B6C!%$'"-2$" #2!274'!. "#'.721($"?" !4A.7% -.7+!8-2$$* 9"1.-2$( 3 $2,721.7. 27#1+'%-
,27.. D 49)#4!.74$'+ #+,'-4!,A4$" 36+1(:4$$* 0%'1.-")'+, #!",47"$)'!"-2$" #+,-./4$$* -+,$":4$$* ).?$21/:%7.
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9"%, -#$ 2/0.$@+,,/ 3"'$ 2/0 8(94$ D (!" % & ) 0( 8(94$ : ( 2.95!" % ) "=-@/810" 2$./0,(;( %$;,"@1 28#"9"< @$B+ 1.4
2/0 ="4%$="@A,( =(*@$2(6 2+@$9$,$.
E"4$= 9$,(=, 74F(, 2 8(95/ : "=-@/810" %$;,"@1 (="4%$="@A,+ 2/0.$@+,,7 =$88<2(6 9"%8(8$) -#$)@$',( 23 C5 , 8(

2 8(95/ G, F( 2/0%8(68A 2/0 : -#$)@$',( ," 0.1 #"0, "=-@/810" %$;,"@1 2*+ )10+ %4@"0"8$ 27 C5. H#$#/%8 4 C5 – 5+
,+)";"8(, "@+ %@/0 '2+#,18$ 12";1, F( "=-@/810" 2$./0,(;( %$;,"@1 IJ: @/,/?,( '"@+*$8A 2/0 9"%8(8$ ' (3). K(9",
9"%8(8(L 0(%@/0*12",(;( =+.",/9,(;( 4(@$2"@A,(;( -#(5+%1 =$ 4+#12"8$ ,+ =(*+=(, "@+ =(*," 22+%8$ 0(0"84(21
2$%(4(9"%8(8,1 3"'(21 =(01@75/L, F( 0('2(@$8A (-(%+#+04(2",( 4+#12"8$ -/0%$@+,,7= %$;,"@1.
H(4"*+=(, 74 '" 0(-(=(;(L :M =(01@75/6 =(*," 2-@$2"8$ ," #/2+,A 2$./0,(;( %$;,"@1. J@7 5A(;( #('#".1<=(

2$./0,$? %$;,"@ 1 2$-"041, 4(@$ 2 (0,(=1 ' 4","@/2, F( /,8+#3+#1L8A (,+."? 5+ )10+ '(,012"@A,$? 4","@), /%,1<
0(0"84(2" :M =(01@75/7: # $ # $cosm mt m t" % ( ' , 0+ m – /,0+4%, m' – 9"%8(8" :M =(01@75/6. > 5A(=1 2$-"041 3"'"

'(,012"@A,(6 .2$@/ # $ # $1 1 12 cos mkX t t) % ' * " * " , " 2$./0,$? %$;,"@ 2/)#(=+8#" ,")12"< 2$;@701
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J@7 %$=1@75/6 2$./0,(;( %$;,"@1 2$)+#+=( 8/ * -"#"=+8#$ 0(%@/0*12",(;( -#(5+%1, 74 / 2 -(-+#+0,A(=1 2$-"041:
1.3- % , 1 3.15X nm% , 2 120Hz' % &( . N"0"=( 8"4(* -(9"84(21 3"'(21 #/',$5L 0.19!". & % (8(94" B ," 0/";#"=/

#$%. 2D). J@7 2$%(4(9"%8(8,(6 =(01@75/6 2$)+#+=( 0.1m % 8" 2 4m kHz' % &( .
!" #$%. 3 '()#"*+,( +-L#$ 2$./0,$. %$;,"@/2 2/)#(=+8#" 0@7 8"4$. 2$-"04/2: 1 – %$;,"@ 2/)#"5/6 )+' EKO (4@"%$-

9,$? 02(4","@A,$? 2/)#(=+8#); 2 – %$;,"@ 2/)#"5/6 -#$ ,"72,(%8/ ",(="@A,(;( -/0%$@+,,7 2 #+*$=/ EKO; +-L#"
3 – 5+ 2$./0,$? %$;,"@ 2/)#(=+8#" ' EKO -#$ ,"72,(%8/ 0(0"84(2(6 2$%(4(9"%8(8,(6 =(01@75/6; 4 – ()2/0," %$;,"@1
2$%(4(9"%8(8,(6 =(01@75/6, F( / < B14",$? 2$./0,$? %$;,"@ 2 0(%@/0*12",(=1 2$-"041.
N 5$. #+'1@A8"8/2 )"9$=(, F( ="4%$="@A," 2+@$9$," -#(0+8+48(2",(;( %$;,"@1 IJ: ," 2$.(0/ 9"%8(8,(;( 0$%-

4#$=/,"8(#" (+-L#" 4) %4@"0"< 112 Hz, F( 2 9(8$#$ ' -(@(2$,(L #"'$ -+#+2$F1< ""=-@/8101" 2$./0,(;( %$;,"@1 )+'
=(01@75/6 (23 Hz) / ="?*+ 2 15 #"'/2 -+#+2$F1< 2$./0,$? %$;,"@ 2/)#(=+8#" )+' EKO. E"4$= 9$,(=, '"2074$ 0(0"8-
4(2/? =(01@75/6 0(%7;"<8A%7 -/0%$@+,,7 2 23.5 0&, F( ," 10 0& )/@AB+ ,/* 2 IJ: ' EKO )+' =(01@75/6, "@+ '" 1=(2$
!" % & . G@/0 '"12"*$8$, F( 8"4+ -/0%$@+,,7 0(%7;"<8A%7 @$B+ '" #".1,(4 (%()@$2(6 4(,3/;1#"5/6 %$%8+=$ 2/)#(=+-
8#", )+' '"%8(%12",,7 0(0"84(2$. @",5L;/2 +@+48#(,,(;( -/0%$@+,,7. P+ (',"9"<, F( / #/2+,A +@+48#(,,$. '"2"0 2
,(2/? %.+=/ )10+ '"@$B"8$%7 8"4$= *+, 74 / 2 4@"%$9,(=1 IJ:, /, 8"4$= 9$,(=, 918@$2/%8A 0( 4(@$2",A ' ="@(L "=--
@/810(L )10+ -(4#"F12"8$%7. N"',"9$=(, F( -#$ 5A(=1 "=-@/810" %4@"0(2(6 3(8(%8#1=1 ," 9"%8(8/ ;+8+#(0$," ,+
0(%7;"< 4#$8$9,( ="@(6 2+@$9$,$.
D,"@/8$9,+ 0(%@/0*+,,7 %$;,"@1 IJ: ' EKO / =(01@75/<L (%4(#(9+,( EKO ) 1 '";"@A,(=1 2$-"041 – 3(#=1@" (4) –

;#(=/'04" '"0"9". D@+, 74F( ",(="@A,+ -/0%$@+,,7 2/)#(=+8#" ',".(0$8A%7 2 =+*". @/,/?,(;( #+*$=1 -/0%$@+,,7
# $0.4 1m 3 -. , " 9"%8(8" :M =(01@75/6 ,")";"8( 2$F", ,/* =(*@$2" 9"%8(8" 4(@$2",,7 ()’<481, 8( '"=/%8A 3(#=1@$

(4) =(*," '"%8(%(212"8$ 3(#=1@1 (3). > 5A(=1 2$-"041 3"'(2" #/',$57 !" , 74" 2/0-(2/0"< #('8"B12",,L ," 4(,81#/

-/0%$@+,,7 -(9"84(2(6 3"'$ (0$2$%A #$%. 2&) < 3"'(L (-8$9,(;( %$;,"@1 '(,012"@A,(;( 4","@1 # $1 t) , 74" '=/,L-
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-#(5+%1 # $ # $1 cosx t X t% ' , " ,+ ?(;( =$88<2/? B2$04(%8/ # $ # $1 sinv t X t% . ' ' , 74 5+ -#$8"=",,( 4@"%$9,$= IJ:.

P+ -(7%,L<8A%7 8$=, F( %"=+ =$88<2" 3"'" 4(@$2"@A,(;( -#(5+%1 # $ # $2t kx t" % %-#$9$,7< #1. #()(9(6 8(94$ -(

4(,81#1 -/0%$@+,,7 # $M !" (#$%.2D) / 2-@$2"< 8"4$= 9$,(= ," -/0%$@+,,7 "=-@/810$ :M =(01@LL9(;( %$;,"@1.
Q-L#$ ," #$%.3 -/082+#0*1L8A, F( ()2/0," 4 (-#(0+8+48(2",$? %$;,"@) :M =(01@75/6 / %$;,"@ =$88<2(6 B2$04(%8/ (74
2 '2$9"?,(=1 2/)#(=+8#/ 8"4 / 2 2/)#(=+8#/ ' EKO) '=/F+,/ (0$, 2/0,(%,( (0,(;( ," 92+#8A -+#/(01 (#$%. 3).
:"*@$2( '"12"*$8$, F( 2 )";"8A(. '"0"9". +4%-+#$=+,8"@A,(6 =+.",/4$, ,"-#$4@"0, -#$ 2$',"9+,,/ 0+3(#-

="5/? [5, 7], < ,+()./0,$= %"=+ -+#+=/F+,,7 ()’<481. E(=1 2$./0,$? %$;,"@ IJ:, F( < +42/2"@+,8,$=, 74 2/0(=(,



~ 58 ~ ) ( * ' $ % %+,-./0121 34561347/3121 836-9:.+;9;8 6<936 "4:4.4 =9->9304 ISSN 1684-1565

=$88<2/? B2$04(%8/, /,8+;#1L8A "-"#"8,$=$ ")( -#(;#"=,$=$ '"%()"=$, F( 2,(%$8A 0(0"84(21 -(.$)41. E"4$=
9$,(=, 2$%(4(8(9,$? @"'+#,$? 2/)#(=+8#, F( 2$=/#L< )+'-(%+#+0,A( =$88<2+ -+#+=/F+,,7, )10+ +3+48$2,$=
2$=/#L2"@A,$= '"%()(=.
N"',"9$=( 8"4(* ," %$=+8#$9,$? 2-@$2 0#1;(6 8" 8#+8A(6 .2$@A ," #()(81 IJ: ' EKO. N2/0%$ 2$-@$2"<, F( #+-

'1@A8"8 ","@(;/9,$? (8#$=",(=1 =(*," (8#$="8$ -#$ :M =(01@75/6 2 8#+8A(=1, " ,+ 2 0#1;(=1 4","@/.
HIJKH"LMHN5 2ONP 3QJ2P3RHNNS. J@7 -+#+2/#4$ (8#$=",$. #+'1@A8"8/2 )1@( '=(,8(2",( +4%-+#$=+,8"-

@A,1 %$%8+=1, %.+=" 74(6 '()#"*+," ," #$%. 4. R%,(2" %$%8+=$ – 4@"%$9,$? 02(-#(=+,+2$? @"'+#,$? 2/)#(=+8#
CLV-S. H+#B" – (-(#," .2$@7 5$#41@L< 2%+#+0$,/ @"'+#,(6 ;(@(24$ 2/)#(=+8#1 1, " 0#1;" ('(,012"@A,") 2$.(0$8A
,"'(2,/. E#+8/? -#(=/,A %3(#=(2",( '" #".1,(4 2/0.$@+,,7 9"%8$,$ '(,012"@A,(;( -#(=+,L 2 0(0"84(2(=1 /,8+#-
3+#(=+8#/ 2. N(,012"@A,$? -#(=/,A (0#1;" (-8$9," .2$@7) %-#7=(21<8A%7 ," 0(%@/0*12",$? ()’<48 3, 2/0)$2"L9$%A
," B@7.1 0( ,A(;( 2/0 0'+#4"@A,(6 -(2+#.,/ =(01@78(#" 4, 4(8#" 2/)#1< ' 2$%(4(L 9"%8(8(L, / '")+'-+91<, 8"4$= 9$-
,(=, 2$%(4(9"%8(8,1 =(01@75/L 3"'$ # $ # $cosm mt m t" % ( ' . H(2+#.,7 =(01@78(#" 4 #('8"B(2"," ="?*+ ,(#="@A,(
0( '(,012"@A,(;( -#(=+,L, F() '2+%8$ ,",/2+5A ?(;( =(*@$2$? #1. 2 -(-+#+9,(=1 ,"-#7=/. :'0(2* '(,012"@A,(;(
-#(=+,L #('=/F+,( 4+#(2",$? #/04(4#$%8"@/9,$? 3/@A8# ,+?8#"@A,(6 F/@A,(%8/ 5, '" 0(-(=(;(L 74(;( #+;1@LL8A
2+@$9$,1 - . G$%8+=1 3(8(0+8+48(#/2 8, 0$3+#+,5/?,(;( -/0%$@L2"9" 9 '/ '2(#(8,/= '2’7'4(= 8" 3/@A8#" 5 -#$',"-
9+,( 0@7 "28(="8$9,(;( -/08#$=",,7 '"0",(6 2+@$9$,$ -"#"=+8#" - . E#+8/? -#(=/,A %-#7=(2",( ," 2/0)$2"L91
-(2+#.,L 6. E(,41 %4@7,1 -@"%8$,1 7, 2%8",(2@+,( ' =(*@$2/%8L 66 ()+#8",,7 2 -#(=/,/ ," '"0",$? 418, F( 0('2(@7<
#+;1@L2"8$ -(9"84(21 3"'(21 #/',$5L !" . J@7 8(,4(6 '=/,$ 3"'$, -#$)@$',( 2 =+*". 0.3 #"0/",, '"%8(%(2",( '=/,-
,1 ,"-#1;1 2/0 )@(41 *$2@+,,7 12. C+,+#"8(#$ 10 8" 11 -(0"L8A %$;,"@$ ," ()'<48, F( 2/)#1<, 8" =(01@78(# 3"'$ 4.
G$;,"@$ 2/)#(=+8#" 0(%@/0*1L8A%7 ," 5$3#(2(=1 (%5$@(%4(-/ RIGOL 1102E 13. J+8+4812",,7 %$;,"@1 (0@7 2$',"-
9+,,7 ()2/0,(6) '0/?%,L2"@(%A -#(;#"=,$=$ '"%()"=$ ," 4(=-'L8+#/ 14.

3

1
13

2
5

10

8

11

8

9

6

4

7

14

12

"#$. 4. Q=9#?+( $)@8( @,$=@'#8@+9(1B+%; *$9(+%-,# 8%/#>.,%-(+%0% -.G'%8@9'( & 564

!" #$%. 5 '()#"*+,( %$;,"@$ (%5$@(%4(-1 13 ," 2$.(0/ 2/)#(=+8#" 1 0@7 2$-"041 4(@$2"@A,(;( -#(5+%1 ' 8"4$=$
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126(+,)5 107$(65 7!4!",+0$5, 4,-4, *$4!$10)$*148 107$(65, 2,4"09 &,145&(/ : ;,4,&"09<(3( +6% ,-",-20 !6!24",$-
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L. Yarovoi, Phd (eng)

THE MEASUREMENT OF THE NANOSCALE VIBRATION BY THE LASER DOPPLER VIBROMETER WITH THE
MODULATED PROBING CHANNEL

We studied work of the LDV with additional optical channel and HF phase modulation in the probing channel for the situation when phase difference be-
tween probing and third waves is close, but is not equal " . For such layout the detected output LDV signal is proportional to instantaneous displacement,
instead of instantaneous velocity as in classical two channels LDV.


