
http://sntbul.bmstu.ru/doc/577319.html

!"#$%&%.4

'()*+,$-)./-010*0(+2$+(30(.+4(5.3+$.403)$4$+,56-)70(++8$

45..3)(54*0((59$.$:+;-545<$=5*5=-)99>$?@-A08$4$.+.3090$5/3+B5-

=5*5=-);+C0.B5<$/)923+

!"#"$%&$' ()()* !"#$%&"

'(!!)*+,-./../+,01,2(!345+,2678,)91,:1;1,<5#95&5+

35=%$>5,?'5$)(@A%3">(&)35,),A5B%>&5*,"%C&)35D

:5#E&F% >#3(4($)"%A)G,H%>%&)3)&5,:121+,$1"1&1+,$(I%&"

'(!!)*+,-./../+,01,2(!345+,2678,)91,:1;1,<5#95&5+

J$)&(3(4,K1<1+,$1"1&1+,$(I%&"

'(!!)*+,-./../+,01,2(!345+,2678,)91,:1;1,<5#95&5

!"#$%&'(%)(*(%+,-',.,

baryshnikov@bmstu.ru

+/01234% 2,56&1&4% 03624'4../7% 147.3839&:% &% ;3013<..3% 2,01-=&4% 3>?4'/%

&.@32',A&&%124>-B1%.36/7%;3C73C36%D%63;230-%72,.4.&<%&%3>2,>31D&%C,../7(%EC.&'%

&5%24F4.&:%G13:%5,C,H&%'3I41%01,1J%3;1&D3-938392,@&H40D,<%;,'<1J(

K,>31/%;3%035C,.&B%3;1&D3-938392,@&H40D3:%;,'<1&%.,H,8&0J%4=4%6%LM-7%93C,7%

;23F8393% 013841&<N% .3% &% .,% 0493C.<F.&:% C4.J% G13% .,;2,684.&4% .4% ;3142<83% 0634:%

,D1-,8J.301&(% +45-0836.3, 938392,@&H40D,<% ;,'<1J% ;3% 02,6.4.&B% 0% C2-9&'&% 6&C,'&%

;,'<1&%&'441%2<C%;24&'-=4016N%1,D&7%D,DO

! 3>'4.% C,../'&% ;23&073C&1% A48/'&% 012,.&A,'&N% ,% .4% ;3% 3C.3'-% >&1-N%

D,D%;2&%3>/H.3:%3;1&H40D3:%5,;&0&;

! '-8J1&;84D0.301JN%1(4(%5,;&0J%>38JF393%3>?4',%&.@32',A&&%.,%4C&.&A-%

249&012&2-B=4:%024C/ 0%;3'3=JB%&5'4.4.&<%C8&./%638./%8,542,N%-98,%

;,C4.&<%&8&%@,5/%3;32.393%;-HD,N%,%1,D%I4%;-14' 0C6&9,%.30&148<;

! 6/03D,<% .,C4I.301J, 1(D C4@4D1/% .,% ;36427.301& 938392,''/ .4%

;2&63C<1 D ;31424%C,../7;

! &0;38J536,.&4% 2,58&H./7% 249&012&2-B=&7% 024CN% ;35638<B=&7 72,.&1J%

&.@32',A&B% 6% 14H4.&4% C8&148J.393% 624'4.&(% P23D% 72,.4.&<% '3I41%

C301&9,1J QM%841(



!383C4I./:%.,-H.3-147.&H40D&:%6401.&D%RPSS-51038

E03>34 6.&',.&4% 6% 3;1&D3-938392,@&H40D&7% 0&014',7% ;,'<1&% -C48<410<%

;38-H4.&B%A&@236/7 &8&N% 1,D%.,5/6,4'/7N >&.,2./7 938392,'' R-2J4. T%>&.,2./7%

0&014',7% &.@32',A&< 5,D3C&236,.,% 6% 6&C4% .,>32, ;2352,H./7% &% .4;2352,H./7%

G84'4.136, 0331641016-B=&7 839&H40D3'-%M &8& 1.

U,D%;2,6&83N 3;1&D3-938392,@&H40D,<%0&014',%72,.4.&<%&.@32',A&&%03C42I&1%

084C-B=&4% D3';3.4.1/O% 8,542N% -0123:0163% C8<% 2,5C484.&< &% 036'4=4.&<% 8,542./7%

;-HD36N% ;23012,.0164..3-624'4..3:% '3C-8<132% 0641,% VWT!PXN% @313H-6016&148J.-B%

249&012&2-B=-B%024C-%&%@313;2&4'.34%',12&H.34%-0123:0163(

W-H3DN%&C-=&:%31%8,542,N%2,5C48<B1%.,%C6,O%3;32./:%&%;24C'41./:(%E;32./:%

8-H 0372,.<B1% .4&5'4../'N% ,% 0% ;3'3=JB% ;24C'41.393% ;-HD, 3>40;4H&6,B1% 5,;&0J%

C,../7(% WT!P% ;243>2,5-41% 673C.3: A&@2363:% 0&9.,8N% ;24C01,684../:

;3084C36,148J.301JB%.-84:%&% 4C&.&AN% 6%',12&A-%H42./7%&%>48/7%13H4D( W24C'41./:%

8-HN% ;2373C<% H4245% WT!PN% 035C,41% 13H.-B% D3;&B% 493% 14D-=493% 03013<.&<(% Y,14'%

3;32./:%&%;24C'41./:%;-HD&%;234A&2-B1%.,%249&012&2-B=-B%024C-N%&%30-=40168<B1

5,;&0J% &.142@424.A&3..3:% D,21&./N 6% D31323:% 5,83I4.,% .43>73C&',<% &.@32',A&<(

W2&%0H&1/6,.&& 938392,''-%3064=,B1%1,D&' 3;32./'%;-HD3'N%H13%&0;38J536,80<%;2&%

5,;&0& V;3C%14'%I4%-983'%&%0%13:%I4%C8&.3:%638./XN%&%6%245-8J1,14%C&@2,DA&&%0641,%

;38-H,B1 63001,.3684..34% &53>2,I4.&4N% D313234% 249&012&2-B1% 0% ;3'3=JB%

@313;2&4'.393%-0123:016,(

E03>4..301JB% ;38-H4.&<% A&@236/7 938392,''% <68<410<% &0;38J536,.&4% 074'/

>45%3;32.393%;-HD,(

W2&% ;234D1&236,.&& 0&014'/% 5,;&0&% &8&% 0H&1/6,.&<% 3;1&D3-938392,@&H40D3:%

;,'<1&N% .43>73C&'3% <0.3% ;24C01,68<1J .4% 138JD3 ,8932&1'% ;243>2,536,.&:N% .3% &%

;3.&',1J%@&5&H40D&4%;23A400/N%84I,=&4%6%&7%30.364(%Z,../:%,.,8&5%01,.41%.,H,8J.3:%

01-;4.JD3:%;2&%;234D1&236,.&& 0&014'/N%,%6%H,01.301& >-C41%;38454.%;2&%9,>,2&1.3'%

2,0H414(

[13>/% ;38-H&1J% 2,0;24C484.&4% &.14.0&6.301&% 0641,% 6% &53>2,I4.&&N%

63001,.3684..3'% 0% A&@2363:% 938392,''/% R-2J4N% .43>73C&'3% ;23,.,8&5&236,1J% C6,%

30.36./7%;23A400,O%5,;&0J%938392,''/%&%44%0H&1/6,.&4(

P.,H,8,%2,00'312&'%;23A400%5,;&0&%A&@2363:%938392,''/%R-2J4(

T73C.3: 12,.0;,2,.1%;24C01,684.%.,%2&0(\(



http://sntbul.bmstu.ru/doc/577319.html

K&0(\(%"43'412&H40D&4%7,2,D142&01&D&%673C.393%12,.0;,2,.1,

T64C4'% 084C-B=&4% 3>35.,H4.&<O% !" # $" – 943'412&H40D&4% 2,5'42/%

12,.0;,2,.1,N% %" &% &" - 2,5'42/% 3C.393% G84'4.1,N% '(" # ')" – ;42&3C% &8&% F,9%

C&0D241&5,A&&, M×N – D38&H40163% G84'4.136( R-.DA&<% ;23;-0D,.&<% &58-H4.&<%

673C.393%12,.0;,2,.1,%;3%,';8&1-C4%3;&0/6,410<%084C-B=&'%6/2,I4.&4'O

*">(C; #) = +,-./ 0 12" ;
3&"45 (6 6789 : ;(1 <= : '(";3 < > : ')")

?

9@"

A

8@"
)B :

: ,-./ 0 1C" ;
3D"4, 

9C4% D3G@@&A&4.1% 789 ;2&.&',41% 5.,H4.&4N% 2,6.34% M &8& 1, 6% 5,6&0&'301&% 31%

;301-;,B=493 0&9.,8,( #39C,%2,0;24C484.&4%,';8&1-C/%.,%12,.0;,2,.14O

E(1;3) = ,F : *">(1;3), 

9C4%,F – .,H,8J.,<%,';8&1-C,(

P% ;3'3=JB% 074'/N% ;3D,5,..3:% .,% 2&0(]N% 30-=40168<410<% ;23012,.0164..,<

'3C-8<A&<% &073C.393% 12,.0;,2,.1, &% 5,;&0J% 938392,''/( PH&1,4'N% H13% 3;1&H40D,<%

0&014',% &C4,8J.,<N% 1(4(% .4% 6.30&1% ,>422,A&:% &% &'441% >40D3.4H./:% 2,5'42% 673C.393%

52,HD,(



!383C4I./:%.,-H.3-147.&H40D&:%6401.&D%RPSS-51038

K&0(](%P74',%5,;&0&%938392,''/%R-2J4

P;4D12%,';8&1-CN%5,249&012&236,../:%.,%938392,''4O

ELGH(; H)I =
,FJK"LL" : MN*">(1,3)O,

9C4% H( = 1/K1LL1; H) = 1/K1LL1 – ;23012,.0164../4% H,0131/( T5<6% R-2J4-

;243>2,536,.&4%31%@-.DA&&%;23;-0D,.&<%&58-H4.&<%12,.0;,2,.1,N%;38-H&'O

EL(H(; H)) =
,FJK"LL" :

2"&"'"('") : PJ>.GQ2"H(;Q&"H)I : C"D" :
: +6 6789 :

?

9@"

A

8@"
PJ>.(QC" 0H( < ='("4 ;QD" RH) < >')"S)B

EC.3'42./:%6&C @-.DA&&%|ET(H()| ;3D,5,. .,%2&0(^(

K&0(^(%K,0;24C484.&4%,';8&1-C/%249&012&2-4'3:%638./%6%;830D301&%938392,''/



http://sntbul.bmstu.ru/doc/577319.html

),% ;2,D1&D4% ;23A400/% 5,;&0&% &% 63001,.3684.&< 938392,''% ;23&073C<1 .,%

2,5./7% -01,.36D,7( _% ;2&% 0H&1/6,.&&% 9,>,2&1/% 938392,''/% 1,DI4% >-C-1% 3D,5/6,1J%

68&<.&4% .,% 012-D1-2-% 63001,.3684..393% &53>2,I4.&<(% P84C36,148J.3N% @-.DA&<%

;23;-0D,.&<%&58-H4.&<%938392,''3:%;2&'41%084C-B=&:%6&CO

*0GH(; H)I = MN*">(C; #)O : ,-./ 0H(2U ;
H)&U4,

9C4%2U # &U – 2,5'42/%938392,''/(

P74',% C8<% 63001,.3684.&<% 938392,''/% ;3D,5,.,% .,% 2&0(`N% 9C4% .30&148J

;3'4=,410<%6;831.-B%D%3;1&H40D3:%0&014'4(%*13%C,41%C3;38.&148J./:%@,536/:%0C6&9%

6% ,';8&1-C4N% .3% .4% 3D,5/6,41% 68&<.&<% .,% &.14.0&6.301J% 0641,N% 5,13% ;35638<41%

03D2,1&1J%9,>,2&1/%0&014'/(

K&0(`(%P74',%63001,.3684.&<%938392,''/%R-2J4

K,0;24C484.&4% ,';8&1-C/ 63001,.3684..3:% 638./ 6% ;830D301&% -01,.36D&

WYP - ',12&A/O

ETT(1T;3T) =
,VF : exp WJQKULTU(H(U + H)U)XJKULVU :
: YM ZMN*[\(]; ^)O_ 5 PJ>.(Q2U1V;Q&U3V)` ;

1T = KULVUH( =
KULVUK"LV" 1;   3T = KULVUH) =

KULVUK"LV" 3;   ,VF =
,FJK"LV"

T64C4'%8&.4:.34%-648&H4.&4%3;1&D3-938392,@&H40D3:%0&014'/:

a =
K1LV1K2LV2

T30;38J5-4'0<%063:0163'%;243>2,536,.&<%R-2J4O



!383C4I./:%.,-H.3-147.&H40D&:%6401.&D%RPSS-51038

MNM{b(])}O = b(<1)

P% -H413' G1393% 063:016,% 6/2,I4.&4% C8<% 2,0;24C484.&<% ,';8&1-C/%

63001,.3684..3:%638./ ;2&'41%6&CO

ETT(1T;3T) = ,VVF : W*[\(<a]V;a^V) 5 PJ>.(Q2U1V;Q&U3V)X,
9C4% ,VVF = <,F/(K"LV"KULVU) – .,H,8J.,<% ,';8&1-C,% 6% ;830D301&% -01,.36D&% WYP-

',12&A/(

U,D% &56401.3% @-.DA&<% ;23;-0D,.&<% &58-H4.&<% ;3% &.14.0&6.301&% 06<5,.,% 0%

@-.DA&4:%;23;-0D,.&<%&58-H4.&<%;3%,';8&1-C4%084C-B=&'%6/2,I4.&4'O

c(1;3) = |*(1;3)|U
T% 1,D3'% 08-H,4% 2,0;24C484.&4% &.14.0&6.301&% 0641,% 6% &53>2,I4.&&N%

63001,.3684..3'%0%A&@2363:%938392,''/%R-2J4N%>-C41%3;&0/6,1J0<%6/2,I4.&4'O

d(1T;3T) =
,FUK"ULT"U : KUULTUU : W*[\

U (<a]T;a^T)5 PJ>.U(Q2U1T;Q&U3T)X
),% 2&0(Q% ;3D,5,.% 6&C% 63001,.3684..3:% .-8463:% 0123D&% (y=0) 673C.393%

12,.0;,2,.1,(

K&0( Q(%K,0;24C484.&4%&.14.0&6.301&%0641,%6%&53>2,I4.&&N%63001,.3684..3'%0%

A&@2363:%938392,''/%R-2J4

U,D% 6&C.3% &5% 2&0(QN% 63001,.3684..34% &53>2,I4.&4% D,IC393% G84'4.1,% 673C.393%

12,.0;,2,.1,% >-C41% &'41J% .4D313234% 2,5'/1&4N% 3>-083684..34% C&@2,DA&4:(% Z&,'412%

;<1.,% 2,5'/1&<% 3;24C48<410<% 2,5'42,'&% G84'4.1,% 12,.0;,2,.1,% V2",&"X% &%
943'412&H40D&'&%2,5'42,'&%5,249&012&236,..3:%938392,''/%V2U, &UX(%*1,%5,6&0&'301J%
3;&0/6,410<%084C-B=&'%6/2,I4.&4'O



http://sntbul.bmstu.ru/doc/577319.html

e =
2"a +

2KULVU2U
EH46&C.3N%H13%2,5'42%;<1.,%2,5'/1&<%;368&<41%.,%2,5'42%<H4:D&%WYP-',12&A/(%

U% 13 '-% I4% 0&9.,8% 0% 3C.393% G84'4.1,% WYP-',12&A/% 3;24C48<410<% .4% 138JD3%

;23;-0D,.&4'% 0331641016-B=4:% <H4:D&% 673C.393% 12,.0;,2,.1,N% .3% 5,6&0&1% &% 31%

;23;-0D,.&<% 3D2-I,B=&7% 493% <H44D(% P84C36,148J.3N% .,83I4.&4% ;3'47% 31% 0304C.&7%

<H44D% '3I41% ;2&6401&% D% 83I.3'-% 0&9.,8-N% ,% 1,DI4 .4;2,6&8J.3:% 2,>314% 60493%

-0123:016,(

P3316410164..3N ;3% 245-8J1,1,'% C,..393% ,.,8&5,N% 5.,<% .,H,8J./4% -0836&<N% 1(4(%

604%2,5'42/%673C.393%12,.0;,2,.1,%&%&'4<%5,;&0,..-B%938392,''-N%'3I.3%2,00H&1,1J%

0&014'-% C8<% 63001,.3684.&<% 938392,''N% 6% 13'% H&084% 3;24C48&1J% 2,5'42/% WYP-

',12&A/N%.43>73C&'/4%C8<%G@@4D1&6.393%0H&1/6,.&<(

D/+.5B *+30-)3@->

1.a2308,60D&:%b(W(N%!4258<D36%)(P(%c&@236,<%938392,@&<(%!(O%),-D,N%\de](%]\d 0(

](E;1&H40D,<%938392,@&<%/K(U38J42%[&%C2(]!.: !&2, 1973.

3. Leonid Yaroslavsky Introduction to Digital Holography // L. Yaroslavsky, J. Astola Digital 

Signal Processing in Experimental Research, 2012. 197 0(


