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NMPEOBPA30OBAHHUE ®YPbE C HCNTOJIb3OBAHHEM MYAPOBbLIX
CTPYKTYP

B. A. 3eepes, E. ®. Oparos

PaccMaTpHBalOTCi BO3MOXKHOCTH TOBBIIIEHHS paspellaiouiei CrnocoGHOCTH
aHAJH3aTOPOB CNEKTPa C HCIOJIb30BaHHEM MYapOBHIX CTPYKTYP

1. 3HaveHme, KOTOPOE HUMeeT BOBMOKHOCTh GBICTPOTO TOJYHEHHS mpe-
oGpa3oBaHus Pypbe CHIHAJNOB 110 BeIOOpPKaM OOMBLIOH JIHTUIBHOCTH, TPY.I-
HO mepeoneHuTd [!]. B psite paGoT HCMONBIYIOTCA ONTHYECKHE aHadioroBhIe
BBIYHC/IHTE/IbHbIE OHCTEMBl (C HEKOrePeHTHBIM HUCTOMHHKOM CBETa, KOTOphle
B [PHHIMNE I[103BOJISIOT BBHULONHSATE Tpeo6pas3oBanre Pypbe ONTHUSCKHX
n3oopaxenuirt [ 3]. OCoGeHHOCTHIO HEKOTEPEHTHBIX HJH «MOULYJISIIHOHHBIX»
CHCTeM OGPaGOMKY CHNHAJIOB SIBJASETCS TO, UTO ‘B HUX H3MEPHETCH HHTEHCHS-
HOCTb CBETA, MPOMOPIHOHAJBHAA BeJUIWHE KOPPEJAIHUH ONTHYLCKOND H30-
GpaxkeHus CHNHAMA ¢ HAGOPOM 3TAJIOHHBIX CTPYKTYP, BHI KOTOPHIX ONpefe-
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Puc. la) Ontnueckas cxema aHaaM3aTopa CHeKTpa,
1—HCTOYHHK cBeTa, 2—JHWH3a-KOMIMMATOP, S—OTONJEHEa C 3aNHChI0 CUrHAAa,
4, 5 — peweTkn, o6pasyiomue MyapoByi0 CTPYKTypy, 6 — JIHH3a-KOMIEHCOp,

7 —-HoTOSAEMEHT,
6) K ann6posounnii curran, B) CnekTp KaanGpoOBKH.
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asemcs  agaropunvom obpaGomku. Ilpu cnexkTpaapHOM aHasM3e TaKOBHIM
SIBASETCH ‘HAGOD CHHYCOHLAIbHBIX MPOCTpPAHCTBEHHBIX CHPYKTYP. ¥YXauHbLM
TEXHHYCCKWM pelleHHeM 3aTauy MOMyYeHHS CHHYCOHIAJbLHBIX IIPOCTDaHCT-
BEHHBIX 3TA/IOHOB SBJAAETCS HCHONB3CBaHWE Myapa IPH HAJ0KeHHH JBYX
ONTHYESCKHX PELIeTOK ouHakoBoro mepuolLa [{]. B arom caydae «yacmora»
Myapa ‘VOXKeT H3MEHSITHCS MyTeM H3MSHSHHSA yIa OTHOCHTEJBHONO IICBOPO-
Ta peulenoK, a (asa—iCMelleHHeM ©O1HOH H3 pelleToK 'B 'HAIMpaBISHHH
nomepex wnpuxoB. C GoJblIOH CTENeHbI0 TOYHOCTH MPOBPAYHOCTb MapEl
JIHHE IHBIX PELIETOK MOXK HO' [IpejIcTaBHTh B Bue (cM. [*])

B (x, y)=[30+(3,cos(i}sinnpx+21:§). ()]

3uech By, By — KoHOTaHTH, d—TEPHO ~— pellleTKH, ¢ — YroJa  [IOBOPOTA,
[ —BennunHa cMellleHWsT OITHOM U3 |PEelIeToK.

OnrHuecKuil aHasH3aTop CleKTpa ¢ 3TaJOHHON CTpyKTypoii Buxa (1),
MOCMPOSHHBIH O cxeMe, H30OparkeHHOH Ha puc. | a, o6aanaer TOBOJbY )
BbICOKHMH napaverpavu [ O6bveMm o6paGarbipaemoir BbiGopku N = 103,
YHCJO TOYEK B CleKTPe Ha Bhixole aHaauszaropa~ 500. JunaMudeckni
muanasod ~ 50 d6 (oM. puc. 16,8). Bpems, HeoGxoymMoe /IS IOJdYYeHHs
500 Tomex B cneknpe,—0,5 cex.
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Puc. 2. a) Cxoas3siuii pypbe-cnekTp konebanus Momy-
JHPOBAHHOTO MO aMmauTyRe. 6) DHepreTHUECKHH cnekTp
TOro e koneGauus, ov = 6,4 24.
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Cxema jpuc. 1/a TIO3BOJISIET BHIMHCAATH HE TOVIBKO aAMIIHTYIbl  CIEKT-
DPasIbHBIX KOMIIOHEHT, HO H (pypbe-CIeKTP CHMNHATA, YTO OTKPLIBAEGT BO3MOXK-
HoCTb (ha30BbiX H3MepeHHil. ‘Ha pHc. 2 TpuBeleH NpHMep 3amHCH CKOJbL3S-
mwero ¢ypbe-clieKTpa CHHYCOHWJ1aJbHOrO CHTHaJa, MOAYJHPOBAHHOTO 110
aMIIATYIe M0 CHHYCOHTansHOMY 3akony. CoorTHoweHne (a3 «GOKOBBIX»
COCTaBJAIOLIMX CHIHaJsla H HeCyllell HamISIHO OTOOpakaeTcs B BHIE OTHO-
CHTEJIBHOTO H3MEHeHHs JouepHeHHsT puicyHka. IloBropHoe mpeoGpasoBatue
®ypbe mMo3BoJIET BOCCTAHOBUTb HCXOIHYIO (yHKIHIO. TOCTHrHYyTHe mNapa-
METPB! CIIEKTPaJBHONe aHaid3a T03BOJSIOT UIKPOKO HOMOVIB30BATH OTTHYE-
OKMe ‘OXeMbl 'YKa3aHHOTO THIMA B 3KCMNePUMeHTAJIBHBIX - HOCJAIOBAHUAX B pa3-
JUYHBIX ofsaacTax [3).

Opmaxo 061acTh MpHMEHEHH ONTHYEOKHX aHaausaTopoB Pypbe momy-
JSAUHOHHOrO THITA :MOPKET (OBITh CYIIECTBEHHO P aCIIHpEOHa IyTeM YIIYMILeHH
napaveTpoB aHajiH3a ¥ ‘B IePBYIO ouepeib yBeJIHYeHUeM OO0beMa BbIGODK
BXOHOI0 CHNHaJa, MOBLIILIEHHeM paspellaloliell CIOCOGHOCTH H IIHPHHBI
TIOVICCHI aH aJim3a.

2. Paspemaioias cnoco6HOCTb (pypbe-aHajan3a OJTHOMEPHBIX [POLECCOB
MOXKeT ObIThb CYILEeCTBEHHO TIOBBUIIEHA TYTeM TOBTOPHOrO (ypbe-aHanusa
pesyabrarta neppoil oopaboTkn currana. IIycTe HeoGXOMMO  BHITOJHHTE
npeolp a3oBanHte

F(0) = Re :y F(t) et dt. @)

3uech To —BpeMst HHTenpupoBanus, () — wocueyeMblii CHMHAJ, WMEIOM{HT
mosiocy Av. PaccMoTpeHHBIH paHee MeToa 06paGoOTKH MO3BOJSAM MPOBOIUTD
HHTENPUpOBaHHe 3a BpeMsl He Gosee ueM JJHTeNBHOOTL 10% Tomek omcuera
CHrHavia, T. €.

N = 2T, Av < 108,

Ecnu N > 103, To untenpas (2) mpeIcTaBiM B BHIE CYMMBI:
M (m+1)T
F(w) =Re 3 5 f(t)e—it dt, (3)

m=0 mT
3neck BpeMs T = To/M makoe, uro 2T Av < 103, TlepenmmeM (3) B Bume

F (o) = Re E{f t + mT)e—“""dt}e“"‘“'"T. (4)

Bripackenue B (QIypHBIX CKOOKaX [PeNCTABASET COG0H CKOJIBITHIMI CIIEKTP
CHDHAIA € ycpeXHenyueM 32 BpeMs I NpH OMeILeHUH CHTHaJIa OTHOCHTEJIBHO
«OKHa» WHTerpaTopa JHCKPeTHO Ha Beawduwy T 3a ogwe mrar. Takum 006-

pasciM, BbipakeHHe (4) ecTb He uTO MHOe, Kak npeobpasoBaHue @Dypbe
OKOJIB3SILLEro ChekTpa Ha wacroTe w. Omnepauusa (4) wam cunHanoMm f(f)
MOXeT GBbITh BBbUIOJIHEHA B onmm™eckol cxeMe puc. 1. Brauwase noaywaem
TPaHGNapaHT C 3aNHChI0 CKO.IB3SIIErO CHNeKTpa, 3aTeM IoMellaeM ero Ha
VieaTo (OTCINIEHKH C 3aMHCbi0 CHMHAJMA, MPEIBAPHTEIBHO IIOCTABHB Ieped
HUM Hempo3payHbi KpPaH C lleneBol JHapparMol, «Bblpe3alouiei» QyHK-
LHI0 TIPH 3aaHHOM 3HaweHud o. Dypbe-aHaIH3 MOJYYSHHONO H306p aKeHUs
NO3BO.IAET NOTYYHTH crekTp F (o) c ycpennenwev 3a Bpevms Ty ~ 10T
nmo BblGOpKe obGbeMoM ~1085. Ha puic. 3 mpencrasiien ofpasen pe3yabrarta
TIOBTOPHOTO CIEKTPavsIBHONO aHamH3a CKOJb3silel (ypbe-CIIeKTponpaMMBl.
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Puc. 3. Pe3ayabTat NMOBTOPHOrO aHANM3a CKONb3SIUIErO CMEKTpa CHrHa-
Ja puc. 2a ¢ uenbio NMOAYUYEHHs NOBLILEHHOH paspemanwel cnoco6-
HOCTH.

3. CrexmpanbHBII aHaJMM3 ¢ BHICOKOM paspematomeffl CNOCOGHOCTHIO
(N ~ 10°) BosMorkeH B OIMH 3Tal B oNTHYeCKo# cxeme pwec. 1, ectn moxoi-
HbI} OJHOMEDHbIH BPeMeHHON CHNHAJ MPEICTaBHTL B BHIE NBYMEDPHOH pacT-
poBoil 3anucu. B pacnpoBofi 3amucH KOOPAHHATH X, Y CBI3aHBI C BPeMeHHOM
KOODUIMHaTOf HCCTeLyeMOro mporecca ClIeIyIouuM 0iop a3oM:

%= 2% (t— mT,) = v,(t — mT)),
P (6)
t,
—d
y=do

— ’r —
= v,t' = v,mT,.

3necs D,— pasmep TpaHcmapauTa mo X, Tp — BpeMsi 3amHMCH OJIHOM CTpoO-
KH pacrpa, m — liejoe uucao, d —miar pacrpa, T. €. PaCCTOSHHE 0 OCH §
MeXAY cnpoKaMH. MopkHO 3amucaTh:

1 1

t=—x+ —uy. (6)

X 'Uy
CuHycomIATBHBIA CHTHAM HA MJIOCKOCTH X, ¥ GyeT MpeACTABMIATHCS B BHIe
IVIOCKOH BOJIHBI (CYMMBI INIOCKHX BOJTH) . [leficmBuTenbHo,

elet = exp [i(k.x + k)l (7

3necy k, = ojv,, k, = o]v,.

OnTHueckas cxeMa TOJIYYeHUS! ABYMEDPHOTO CNeKTPa MHe OTAMYAETCS OT
mpuBenennod Ha prc. 1 a. Ilpu aHanuse TBYMepHBIX TpaHCMaPaHTOB, IIOMe-
1I[aeMbIX BMeCTO (OTOBAMHCH ' OHOMEPHOrO CHTHAAA, MEHSeTCS TOVILKO BHI
IBHXEHHs pellleTOK, obpasylomux vyap. B paGore {5] ucnosab3oBancs Mexa-

2 2
HH3M, TIPH KOTOPOM MOLysb | B | = V e+ ky “MeHsmcs €O BpaMEeHeM o

NAJI006pasHOMy 3aKOHY, a (has3oBbIfl yroy ¢ =arctg —% H3MEHSNCS JHHERHO
)’

co BpeMeHeM. KoHeunbli pesyjbrar TNpEICTaBAANCS Ha INIOCKOCTH | K|, @.

DTo mpemCTaB/IeHNe CIIGKTPa OIHOMEDHOrO0 INpOlecCa HMeeT HeJOCTAaTOK,
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CBSI3aHHBIA C TeM, YTO TOMKA Ha MJIOCKOCTH |k |,¢, orobpaxatomas cHHyCOH-
IaibHbIA CHOHAV, MPH TTABHOM H3MEHEHHWH YaCTOThl CHNHAJA OMHUCHIBAET Ha
TUIOCKOCTH CA0XKHYIO TDpaekTopuio. 3anuch ¢ypbe-CliekTpa B YKa3aHHBIX

KOOPIAHHATaX He MOXEeT GbIThb HCNOJMb-
30BaHa NPH H3MEPEHHH KOPPeNsLHl
¢pypre-06pa3oB CHrHAJOB, B YacTHO-
CTH, IJISi CHCHAJIOB, HMEIOLIUX OTHOCH-
TEJIbHBII AONMJIEPOBCKHI CABUT YaCTOT.
JKenaTenbHo  HMeTb  BO3MOXKHOCTD
NPeACTaBHTb CNEKTP Ha BHIXOAE Kak
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B Aol a2 aHa‘,,,f;a wa Gy
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o 27 (v — m) = e — m), g ;;ta AN

rje m— Iejoe YHCJIO, HOMep CTPOKH.
HesaBucumoe usmenenne R, u k, no
JIMHEHHOMY H MHJIO06DPa3HOMY 3aKOHY
MOXXHO OCYHIECTBHTb, €CJIH HCIOJIb30-
BaTh AJsl MOJNy4YeHHS] Myapa KOJblleBble pelleTKH,

Puc. 4a PactpoBasi 3anuch CyMMbl ABYX
CHHYCOHJAAbHBIX CHTHAJIOB HAa 4YacTOTax
250 u 250,05 24.

IpPO3PayHOCTL KOTOPBIX

HMeeT BHJ
Bl'—'pol'l"ﬁncosarf, )
B2 = Bo2 + Bpacosarl.

3imech  @;; — KOHCTAHTDI, 7y, 2— PANHYC-BEKTOD TOMKHM Ha MJIOCKOCTH pellle-

ToK. MyajpoBasi CTPYKTYpa I'DH HaJOKEHHH JBYX KOJBLEBLIX pelleTok
6yxner:

Ez + .qz
Bi Ba = Bo1Bo2 + Bya Byacosa | Exy + myy — ) . (10)
3necb £ =X, — X3y, M =Y — Y.
Hus myapooi crpykTypsl (10) moayuwaem
kho=at,  k, =an. (11)
HameHsist paccTosiiie MeXLY UEHDPPaMHU KOJbIEBbIX PelleTOK TaK, YTO
= at, n = c(bt — m) (m — ueunoe), (12)

MOUIYYHM paBHOMEPHYIO BO BpeMeHH IepeCTPOHKY onTHYecKoro (huibTpa aHa-
JM3aTopa B qHanasoHe 4acTor oT ¥y = 1/Ty KO Vpae ~ 10%v

Ha puc. 4 npuBegieH  pesyvibrar smcnmepmmemnammon mp-o'Bep-Kn BO3-
MOXHOCTH [10;1yYeHHsl BBICOKO#i paspellraiolllell CrOCOGHOCTH NPH CIEKTpaab-
HOM aHaJ¥3e BPEMEHHBIX CHTHAJIOB, MPEICTAaBICHHBIX B BHIE [PacTPOBOH
3alMCH Ha IJIOCKOM TpaHcmapaHTe. Puc. 4 a—pactpoBass 3amucb CYMMBI
ABYX CHHYCOMTaNbHBIX OMIHagoB ¢ wactroramu 250 u 250,05 ey. Pwuc. 4 6—
CnexTp curmana puc. 4 a. OTeTaUBO BUIHO pacllen et e TOMKH, COOTBETCT-

ByIOlllee aHA1H3Y C paspellaiouleil CmCOGHOCTBIO 1072 2y. TToioca wacror
aHaciu3a B JaHHOM Ciayyae paBHa 103 2y.
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IToBsbnuenye paspematomeil cnocoGHOCTH CHEKTPANTLHONO aHaIH3a 10
10™° oT o6uielt MMPHHBI TONOCH MOIBOJFET HCNONBIOBATH OITHUECKHE CXe-
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Puc. 46. CnekTp pacTpoBOif 3amMcH, MpeacTaBjeH-
Hbli HA TJAOCKOCTH |k, ¢, paspemaiouias cHOCOG6-
Hocth 107 24 B nosoce 103 24

MBI MOJYISIIMOHHOTO THIIA MPH aHasH3e TOHKOH CTPYKTYPH CMeKTpa B aKy-
CTHKe, B 3a1aYaX TeXHHIECKOH .IMarHOCTHKH, B PHOTeXHUKE, B paHOaCT-

POHOMHYSCKHX 3a1auax H T. J.
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FOURIER TRANSFORMATION USING MOIRE STRUCTURES
V. A. Zverev, E. F. Orlov

The possibilities of increasing the spectrum analyzer resolution using moire
structures are considered.



