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.... 11 I 
MeTOAhi KorepeHTnoil:: <Pypbe-orrTHKH .naxot:tSIT umpoKoe rrpHMei!CIIHe 

' ' /2/ 
B CHCTeMaX o5pa60TKH .ABYXM8fJI!Oll HH!jlOpMaUHH li. paCI103HaBOIIIISI o6paOOB , 

llnSI rrony'leHHSI <Pypbe...:o6pa3a' ABYXMepnoro CHf'!Iana, 3at:taHHoro n niit:te Tpall- . 

crrapai!Ta Tp (puc. 1 ) ' c66npaJ6wyiO JIIIH3Y n ycTananmmaiOT IICI10CpeA-:-: 

CTBeHHO 38 TpaHCI1apaHTOM 1 a IIafinmt:tei!HR BeAyT.B ljlOKOJibi!Oil: 11JIOCKOCTII 

P 
2

• Y To6hJ nony'lnTb ronorpaljlntieCKuii cornaconaHHLiii rpJ:lnbTp, ljJOT03Mynh

cmo, KOTOpaR· ·COBMeUlaeTCSI C ljlOKOJlbi!Oil: 11JIOCKOCTbJ0 1 OCBelllaJOT 118KJ10llllbiM 

/3/ 
0110pHbiM rry'IKOM 

EcnH BXOAHble CIII"H8J1bl AOCTaTO<Jllbl 11pOCTbl 1 11811pi!Mep 1 COCTORT 113 

oTpe3KOB npRMLIX nniiiit'!, TO Bu3ya1lbllbie Ha5moi:lellliR KapTHHLI pacrrpenenc

HilSI IIHTCHCIIBHOCTII CBeTa B rjJOK8Jlbi!OA 11JIOCKOCTH 1103BOJ1SIIOT 1101lY'liiTb CBC

A8HIISI 06 OCIIOBIIb!X XapaKTepHCTIIK8X BXOAHOI"O ·CUI" Ilana, 0JlHaK0 1 8CJ111 BXOJl

llble Cllf'IIOJlbl A II E He o6nat:tamT He06~0AHMblMII. CBOHCTBOMH CHMMeTplili 

(puc, 2) 
1 

TO OHII He pa31lll'li!Mbl 1 TaK KaK' IIX MaKpOCKOI1H<JeCKHe KapTHHbl 

JlllljlpaKUiill t:taneKOf'O 110JISI·~O~ACCTBCIII!hl, 
/4/ 

KpOI\18 · U3BeCTHhlX MCTOJlOB ycTpaHCHHSI yKa3aHHOll HCOAH031IO'IHOCTII 

1\!0)1010 llCI10J1b30BaTb rrpOCTOll MCTOJl BH3yaJibHOf'O Ha6JlJOACHIISI1 8CJ111 K8pTII

HY )lH!jlpaKUHH A8J1CKOT"O 110JlSI AOI101lH¥Tb' K'8p'T,IIHOll fHJib6epT-o6pa3a AH!jlpaK

UHH naneKoro nonSI H ananH3Hp.oBaTb HX coi:lM.ecTHO, OrruchmaeMaSI HHl:CC nu

ljlpaKuuonnaSI peweT~a 1103BOJISICT ~AHOBpeMeHHO OT06pa3HTb B ljlOK8JlbHOll 

11J10CKOCTH K8K AH!jlpaKUHm .QaneKOf'O 110JISI Ha TpancnapaHTe, TaK II ee funb-

6epT-o6pa3. 

3 
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Puc. 1. CxeMa onTuqecKoro KaCKana, ocyruecTBnmoruero !lBYXMepHoe npe
o6pa3oBaHHe ¢ypbe. KKn - KOrepeHTHhlii iwnnuMupoRaHHhlii ny'IOK CBeT~·. 
11-co6upmoruaSI nHH3a, Tp - TpaacnapaHT, P 2 7 4Joi>anbHaSI nnocKoCTb, 
cf> - 4JoT08MynbCIISI1 On - onopHbiM ny'IOK 1 KOTOpbiH IICijOnb3yeTCSI TOnbKO 
npu u3roToBneHHH ronorpa4JuqecKoro cornacoBaHHoro ¢unbTpa. 

fA 

Puc. 2. CurHanhi A u E, KOTOphie naJOT Tox<necTBeHHhie KapTHHhi nu¢paK
uuu naneKoro nong. 

4 

H osaSI · nu¢paKuuoJ 

'leCKOH '.TeM, 'ITO JlBii C . >-2~ _j· 
~ue, paBHoe · 

2
. . · 

HO n ;,1 Hiiii 2. , 

npiiHUIIll. pa60Thl 

Ha npiiMepe TeH9BOI'O I 

TpaCT B KOHTpaCT IIHTeHI 

cnyqae ¢YHKUHeii 

f ( x ) 
. . i ¢ (x) 

e 

rne ¢ (x) ·- ¢a30Bhie 

Haxonmituiicg B. nnocKO< 

3bl 111 o:~6P?_~<aeTCSI cl 

KOCTb p 
2 

llOMeiUaJOT !ll 

nu H3Y 11
2

• n ocnenHHSI < 

onTuqecKa.II ocb cucl'er-

ManbHhiMII ru~puxaMu; p 

pOBaHa OTHOC.HTenb~O C 

nycKaHHe !lH4JpaKUIIOHHC 

rne 

'1. + COS G 

G(cu) 

'1 + cos 

unu 

G ( CJ.).) j + COS G 



mero _ABYXMepuoe np~
oRaHHhlA ny'JOK CBeTa, 
anbHBll nnOCKOCTb 1 

HCIJOJlbSyeTCll TOJlbKO 
·o ¢anbTpa. 

) 

!H!Ible KBpTH!Ibl AH<jlpaK-

§2. 

/5/ 
HoBan AH¢paxuaouHan pemeTKa (puc. 3) oTnaqaeTcn oT xnacca-

'lecxoA -TeM, 'ITO ABa cMe*HhiX- mTp~xa B ee rieuTpe pasueceHbi na paccTon-
. _ ·2 n - -j - - ~-- · 

Hlfe, paBHoe a , • I'Ae a - lliBI' pemeTKif, . n -·- uenoe 'IHCno, 06bi'l-
2> 

HO n =1 IfJllf 2, 

fipauuan pa6oTbi AH¢paxu·aomioii. pemeTKH co "c6oeM" anmocfpapyeTcn 

Ha npaMepe TeH9BOI'O rrpa6opa- (puc. 4), KOTOpb!A npeBpamaeT cpaGOBbiA KOH-
- /6/ ---

TpacT B KOHTpacT lfHT9HCifBHOCTif ol1CXOAHbiH CHI' Han f (x) On!ICb!BaeTCll B 3TQM 

cny'lae <jlyuxuaeA 

f ( x ) 
i ¢ (x) 

e P> 

I'Ae cp ( x) - <jla30Bbl9 lfCKB)K9HHll1 KOTOpb19 BHOCHT HCCJ19AY9MbiA o6paseu, 

HaxoAnrimAcn. B nnocxocTa P 
1

• B 'laCTOTHoA nnocxocTH P 
2 

c noMOillbiO na~I-

Sbi J1
1 

o~o6p~.>KaeTcn cPyphe-o6pas F ( w) CHI'Hana f ( x) • B nnoc-

KOCTb p 
2 

ITOMeillBlO.T AHcppaKUIIOHHy,lO peiueTKY -CO c6oeM H np ·II co6HpalOillYlO 

nHusy n
2

• fiocneAHHn' ocymecTBnneT o6paTuoe npeo6paa.c:mauae cPyphe.Ecnl_l 

OITTif'l9CKall OCh ClfCT9Mbl npOXOAHT: qepes ueHTp nong ·Me}KAY ABYMll BHO

MBJlh!IbiMII m~piiXBMIL peiueTKif 1 TO/AH<jlpaKUifOHHBll pemeTKB CO· c6oeM U9HTplf_;. 
'• ' 

poBaHa OTHOCHT9Jlh~O OITTif'l9CKOA OCH, B 3TOM cny'Jae BMITJIHTYAHOe npo

nyCKBHHe AH<jlpaxuaoHHoA peme.TKH co c6oeM onHcbiBaeTcn <jlyHKUHeii G ( w) , 

I'Ae 

G(w) 

HJIH 

G ( w) 

'1 + cos w xo 

1 

1 

+cos (w X 
0 

.+ 1T )' 

+ cos w x 
0
• · s g . n w 

(2) 

w < 0 

(2a) 

5 



Puc, 3; 06muii nun nonoii All!jlpaKunoHHoil peweTKII, C6oil n ueHTpe_ peweT
KII OII(JC/lCII510T rpyiiKUIIOII['tnblli>IC .CBOiiCTBa TaKOii pei!lCTKII, 

w 
·· f(w) 
/' 

Hl>P.~ 

Pc 

X 

+:t.I.X.(") 

fc~> 

-X. I 'X_(x.) 

p~ 

Pnc, 4, CxeMa TeHenoro rrp116opa rtpenpaweuuH .¢aaonoro KOHTpacTa B KOH
TpacT lll!Tei!CIIBHOCTU, p l - BXOilH8H ITnOCKOCTb C IICCne)lyCl\lbll\1 o6pa30M 
0 1 fll - n11H38 1 ocyweCTBmnowa5l rrepBOe rrpeo6pa30BaHIIe ¢ypbe 1 p 2 - 'laC

TOTH85l rrnoCKOCTb, J:lilP -. llll¢paKUIWHH85l ·pe~eTKa c? c6oeM, n2 - nnH3a, 
BbiiTOnH5IIOlll85l BTOpOe ( o6paTHOe) rrpeo6pa30B8HIIC ¢ypbe, p 3 - BblXOJlHa5! 
rrnocKOCTb, B rrepBbiX rrop5!JlKax Jlii<]JpaKUIIII oTo6pa>I<{leTC5l fllnb6epT-o6paa 

' BXOilHOI"O CUI' !lana f ( x) • 

6 . 

Jl 

~ 

3JleCb ·s g n w - 3HaF 

.1 
.sg n w = 

:;:-1. 

Ooc'ne o6paTiHll"1 

nnuabi ·n
2

;· n rrno~Koc· 

.. r ';'"' J 
r(x) ~~f- [F( 

. 
~f :- 1

1 F ( Cll ) + 

1 . 
~f(x)+-· l.(x 

2 

3JlCCb ·: 

g(x) =~ 
.. 

~f 
·i X 

·nocKonbKy, cornaciio 

CllCpTKC IICXOilliOI"O Cl 

2 

ii X 

TO na (S) ~ (6) cnel 

r(x) =J(x)+ 

I"lle 

R ['!(xJ]= f(x 



1. C6ol1 B uenTpe peweT
pemeTKH. 

:X: 

!30BOI'O KOIITpaCTa B KOII-
. UCCne)lyeMhll\! o6pa30M 

30B8HHe ¢ypbe~ P 2 - 'lac
a co c6oeM,-n

2 
- nunaa, 

,. ¢_Ypbe, P
3 

- BhiXOJlllasr 

)K~eTCSI funb6epT-o6pa3 

3)leCb ·s g n w - aaaKonasr cpyHKUHsr, paBHasr rro orrpe)lenemno 

1 w iyO 
_sg nw (3 ) 

w < 0 

nocne o6paTnoro rrpeo6paa'onaHHSI ¢ypbe1 ocyllleCTnnSie·Moro c IioMOillbiO 

niiH3bl ·fl
2

,- B rrnOCKOCTH P
3 

D03HHKaeT C!II'Uan 

• . ; ~ 1 
r ( x) ~ ~f - [ F ( "' ) • G ( u> ) ) 

'.f -:: 
1
! F ( "' ) + F ( u> ) ] cos "' x 0 • s g n '" 

~ I ( x ) + -
1
- 1 ( x ) .0 g ( X ) t!) [ o ( x - x ) + r'i ( X I X ) !. 
2 0 0 

2-
g(x) =-

i X 

A 

~f - 1 [ s g n ".!. [ • 

. ( 4) 

(5) 

/3 7 i 
nocKonbKY, cornacno onpeAeneHHIO ;, ' , rrpeo6paaonan11e fHnb6epTa panno 

Cl.lepTKC IICXOAIIOr'O Cllr'Hana C HJlfJOM PHA8 

2 (6) 
i7 X 

TO 113 (S) II (6) cneJlyeT 

1 A 

+-H[l(x)] (7) r(x) =i(x)+ 
1 A 

}{[f(x)] 
2i x=x 

0 
2i x=-x 

0 

r'Jle 

+.oo 

H [f(xj] I (X)® 
1 1 f 

fa J d~ 
(8) 

TTX TT a x J 

7 



Y!s (7) aut:~uo; ~To nepaoe · cnaraeMoe onuchmaeT nepabiit nopsmoK , ·KoTopbiit 

c(mep)lmT ncxoAHbiit cnruan f (X.) 6es KaKux-nu6o usMeueuuit. Bropoe cna

raeMoe,oro6pmKaeMoe a nepaoM nopHAKe t:~ucppaKuuu, paauo fnnh5epT-o6pasy 

BXOAHOI"'O CUI"'Hana f (X) 1 KOTOpblll COCpeAOTOlJeH BOKpyl' TOlJKU X ~ X O 1 

HBnmo~eitcH ueuTpoM nepa.oro nopnt:~Ka Au¢paKuuu. TpeThe cnaraeMoe, KO':"' 

TOpOe COOTBeTCTByeT MUHYC nepBOMY nopHAKY _AIIcflpaKUIIU 1 pacnonaraeTCH 

BOKpyl"' TOlJKII X ~ -:" X O 1 ITO llPYI"'YIO CTOpOHY OT HyneBOI"'O nopHAKa. 

Ecmi ABe l\UcppaKUUOHHhie pemeTKII .CO c5oeM 1 ll!Tpi!XU KOTOpblX B38UM

IIO nepneHAUKynHpHbl 1 cnomUTh BMeCTe II llOMeCTI!Th B lJ8CTOTHYIO nnOCKOCTh 

P2, To a nnocKocru P3 B03HIIKHYT OAHoapeMeuuo rpu napbi funh5epr-o6pa

soa (puc. 5): 

} ) Ol\HOMepHblll 

A 

f( X [ I (X, y ) ]· 
x=x 

0 
y~o 

2) 0/lHOMepUbiil: 

A 

J{ I (x,y)] 
y y~yo 

x~o 

Bl\Onb OCII X funh5epT-o5pa3 

~_l_ 
+oo 

J 
f ((,y)d( 

.,. r e - X ) 
-oo 

anonh ocu Y fnnh5epT..,-o5pa3 

1 
.,. 

+oo 

J 
-oo 

I (x,TJ) dTJ 

(TJ-Y) 

3) ABYXMepHblit fnnhGepT-o6pa3 

+oo +oo f{(,TJ)d(dTJ 1 J J J{ . [ f (x,y)] ~--;z r.;-x) rrr-y) x, y x~x O. 
- 00 ~00 

y~yo 

a T8K)l{e COOTBeTCTBYIOlllUe UM CUMMeTpi!'IHbie KOlli!U. 

8 

(9) 

( 10) 

(11) 

·, 

~ 
I· 

... 
~ 

-:-...a\1 :· 

Puc. 5. CxeMa· onTnlJe 
merKu co c6oe.M HnP 1 
llPYI"'Y· n - nuusa, OC) 
i:loK cot:~epmur <t>yphe -• 
nepeKpeCTHblll nopHAOK 
llbiX funb5epr-o5pa3a 



epBblll UOpSI.llOK 1 ·KOTOpblll. 

asMeHennfi. BTopoe cna

panno fnnh6epT...;o6pasy 

,QKpyl' TO'lKH X = X Q I 

TpeThe cnaraeMoe, KO-:

aKUHII, pacnonaraeTCH 

rynenoro nopHnKa. 

LUTp!iXH KOTOpbiX BSaHM

, B 'laCTOTHYJO nnOCKOCTh 

pH napbi fnnh6epT-o6pa-

pas 

(9) 

pas 

(10) 

{~ d 1J 

( '1,. ~ y) 
(11) 

II. 

Pnc. 5. CxeMa onTn'leCKofi cacTeMbi, conep)l<amefi nne nncjlpaKUHOHI!biX pe
llleTKH co c6oeM HllP 1 a HllP 2 , lllTpaxw·KOTOpbiX n.epnennn.KynHpHbi npyr 
npyry. n - nnnsa, ocyllleCTBnHJOlllaH npeo6pasonanae <l>yphe. Hynenofi iwpH
i:toK conep)l(HT <!>yphe -o6pas BXOAHOI'O CHI'Hana. llna nepBbiX npOCTbiX H 0/1HH. 

nepeKpeCTHblll nopH/10K Jl!icppaKUHii COJlep)l<HT COOTBeTCTBeHHO JlBa 0/1HOMep-
HbiX fHnh6epT-o6pasa H 0/1HH llBYXMepHbifi fanh6epT-o6pas. · 

··~: 

9 



§3, 

CaBur UeHTpa rrepBoro IIOp5IAK8 OTHOCHTenhHO OIITH'leCKOH OCH· orrpeae

n5IeTC5I BenH'lHHOA 

>. 
F ( A << a ) , (12) X 

0 a 

rae A --nnuna Bonuw cBera, a F ~OKYCHO~ paCCT05IHHe nHH3bl n2• _ 

llo (12) BHAIIO, 'ITO npu rrepexoae·o:r OAHOfi AnH!Ihl BOnHhl K apyrofi H3Me-

1151CTC5I Honm:\eJme nepnoro nop5IAKa ··nli~paKuuu. B oTnuque oT apyrux Me-
/6/ . .. -

TOAOB npco6pa3013811115I f!1nb6epTa . AH~paKUHOHH85I perneTK8 CO c6oeM 

ue Tpe6ycT nnKaKUX JocTuponoK no ~a3e, Eonee Toro, ecnn n3y'lenne coc-

TOUT 113 ADYX Anllll DOnll, AOCT8TO'IJIO CIInbHO pa3HeCeHHbiX Apyr OTJIOCUTenh-

110 Apyra, TO,. 13h16pa13 napaMeTp ( F a) AOCT8TO'IHO 60nblllHM, MO/KIIO YBII

ACTb fiWb6epT-00fJLI3 . An5I ABYX pa3HbiX AnHH BOnl! OAHOBpeMei!HO, 

.CyrneCTBellllbiM _ AOCTOIIIICTBOM Al!lppaKUIIOIIIIOH perneTKII CO c6oeM 5IBn5I-

eTC5I ee Jle'lyBCTBUTenbliOCTb K B8p118Ult5IM Tel\terrepaTypbl II BnalKI!OCTI!, 

3aecb rrpaKTU'leCKII OTCyTCTBYIDT nor~aHH'IHhle 9~~eKThl, npucyrnne MeTOAY 
. /6/ /8 9 10/ . 

ljla30BOrO I!OlK8 , H ApyrnM MeTOABM 1 
' , DonHOCTbiD OTII8A8eT 38-

00Ta 0 Bbl6ope pa6o'!ero yrna MelKAY. OIITU'leCKOlJ OCbiD II ITnOCKOCTbiO· . Jlll

ljlp~*UIIOHJIOlJ rrna6TnHKII CO c6oeM, 

B 3aKnro'leJine .aBTOpbl Bblpal;\aroT rrpu3HaTenbHOCTb 'In, Kopp. AH CCCP 

l1,l1.fypeBu'ly 3a rrocT05IHHhifi J!HTepec K pa6oTe, rronneplKKY u rrone3Hble 

o6cylKAeHII5I, 
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R peweTKa co c6oeM 
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