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OBILIME YKA3AHUNA K BBITIOJIHEHNIO JIABOPATOPHBIX PABOT
[ToaroroBka k pabotam u oopmiIeHUE OTUETa

s 3¢ deKTUBHOrO MCHONB30BaHUs J1a0OPAaTOPHOTO BPEMEHHU KaxI0l J1abopaTopHOU
paboTe MoJKHA MPEANIeCTBOBATh CAMOCTOSTENIbHAs MOATOTOBKA. Bo BpeMst 3TOM MOATrOTOBKHU
CTYJICHT 00sI3aH:

U3YYUTh COOTBETCTBYIOIIME pa3lieibl Kypca, METOJINYCCKUE YKA3aHUS K JIA0OpATOPHOM
paboTe u mpaBuiia 6€30MACHOCTH NP pabdOTe C IEKTPOIIPUOOPAMHU U JIa3epaMu;

VSICHUTH TIPUHIIAITBE PAOOTHI UCCIEAYEMBIX YCTPONUCTB, U3YYHTh UX CTPYKTYPHBIC CXEMBI
Y UCIIOJIb3YEMbI€ ONITUYECKUE U ONTOSJIEKTPOHHBIE 3JIEMEHTHI.

[IpenBaputensHas paboTa BKIOYACT Takke OGOPMIICHHE OTYeTa IO MPEABIAYIICH
nabopaTopHOit paboTe U MOATOTOBKY K €€ 3allUTe.

OtyeT, cocTaBigeMblid HHIUBUAYATHHO U TOJMUCHIBAEMBIN C YKa3aHUEM AaThl KaXKJIbIM
CTYJIEHTOM, JOJDKEH COJIEpXKaTh:

CTPYKTYPHYIO CXeMy JIaDOpaTOpHOW YCTAaHOBKM C YyKa3aHHEM HCIOJb3yeMOn
KOHTPOJIbHO-U3MEPUTEIBHON anmnaparypsbl;

ONTHUYECKUE CXEMBI UCCIEAYEMBIX YCTPOMCTB C YKa3aHUEM I'€OMETPUUECKUX MMapaAMETPOB
pacupoCTPaHAIOIIMNXCA B HUX J1a3€PHBIX JTy4eil;

pe3yJIbTaThl BBINOJHEHHBIX TEOPETHYECKUX W SKCIEPUMEHTAIBHBIX MCCIEI0BaHUM,
CBEJICHHbIE B TaOIHIIBI M O(hOpMIICHHBIE B BUJIE TPAPUKOB, IUAarpPaMM, PUCYHKOB;

pe3yJIbTaThl pACUETOB U COOTBETCTBHUE X IKCIIEPUMEHTY;

BBIBOJABl M  3aMEyaHusi 10  pe3yJbTaraM  HUCCIEAOBaHUNM C  IPUBEICHUEM
COOTBETCTBYIOLIMX JOKA3aTEIbCTB.

CxeMbl BBIYEPUMBAIOTCS aKKypaTHO OT PYKH C Y4e€TOM TpeOOBaHUU TOCYIapCTBEHHBIX
CTaHmapToB. ['padukd MOTy BBIUEPUYMBATHCA Ha MUJUIMMETPOBOH Oymare. MUHUMATbHBIN
pasmep rpaduka — He MmeHee 9x12 cm.

[TpaBuia 6e30MacHOCTH MPH BHITIOJHEHUH JTa00PaTOPHBIX PadOT
OO01Ime moJI0KEHUS

1. He npuctynatb k paboTe, HE O3HAKOMMBILIUCh C WHCTPYKLIMEH 10 TEXHUKE
0€30MaCHOCTH JJISi CTYJEHTOB, BBHIMOJHAIOMMX pabOThl Ha JIA3€PHBIX YCTAaHOBKaX, M C
HACTOSIIEH MHCTPYKLIMEH.

2. BHuMaTenpHO OCMOTpeTh NMpHOOPHI M O00OpYAOBaHHE Ha pabodyeM MecTe W TIpu
0OHapy>KeHUH KaKUX-JIMOO0 HEHCIPAaBHOCTEH COOOIIUThL 00 3TOM PYKOBOAUTEIIO.

3. He Brurouath ¥ He BBIKIIIOYATH PAAHOM3MEpPUTENFHBIE MPHOOPHI 0€3 pa3peuieHus
PYKOBOJIUTEIIS.

4. B cmyyae HEHCIPAaBHOCTH MPHOOPOB I MAKETOB, MPU OTCYTCTBUM HATPSIKCHUS B
CeTH HE0OX0AMMO COOOLIUTH 00 3TOM PYKOBOJUTEITIO.

[TpaBuia 351eKTpoOe30MacHOCTH

1. PagmomsmepurenbHbie MPUOOPHI U OJOKH MUTAHUS JIA3€POB MUTAIOTCS HAMPSHKEHUEM
220 B, gactoTtoii 50 I'mi, omacHBIM 151 )KU3HH.

2. llepen BKJIIOYEHHWEM YCTAaHOBKHA HEOOXOIUMO YOETUTHCS B HAIWYUH 3a3€MIICHUS Y
BCEX TTPUOOPOB.

3. He npukacaTbcs K KopIrycam JIByX MpHOOPOB OJTHOBPEMEHHO.

[TpaBuia 6e3omacHOCTH MpH padoTe C Ja3zepamu.



1. JlaGopaTopHble YCTaHOBKM YKOMIUIEKTOBaHBI Jazepamu Il kiacca, mpsimoe
3epKaIbHO OTPAKEHHOE U3JIYYEHHE, KOTOPBIX OMACHO IS I1as3.

2. 3ampemaeTcsl BKJIIOYATh U BBIKJIIOYATh OJIOKM MHUTaHUA J1a3epoB. VX BKIIOYeHHE U
BBIKJIFOUEHHE MMPOU3BOUTCS PYKOBOJIUTEIIEM.

3. 3ampemaercs CMOTPETh HABCTPEUY MPSIMOMY HIIM OTPAKEHHOMY JIa3€PHOMY JTy4y.

4. CooOmMTh PYKOBOIUTENI0 00 OKOHYAHUHM BHINOJHEHHS padoTel. [lpuBectn B
NOPSAI0OK paboyee MecTo.

yLIe6HO'I/ICCJ'IeI[0BaTeJ'IBCKaH pa60Ta CTYACHTOB

Llensto yduebHO-HCCaenoBaTenbckol padoTel cryaeHToB (YHUPC) saBisercs pa3Butue y
CTYZICHTOB HaBBIKOB CAaMOCTOSITEIILHON Hay4HO-HCCIIen0BaTeNIbecKoi paboTsl. YUPC npoBoasTces
Mo Teme Kaxjaoro jadopatopHoro 3aHsaTtus. Omnako 3amanus no YUPC umeroT B menom
HECTAH/IAPTHBIN XapaKTep U MOTYT BBIXOAHTH 32 MPEeibl HHCTPYKIINH K JIa00paTOpHOM padoTe.
YueOHo-uccnenoBaTenbckass paboTa MPOBOAUTCA BO BpeMs J1a00OpaTOPHOTO MPaKTUKyMa.
OpuentupoBounble TeMbl 3ananuii mo YMPC npuBoastcss B KOHIIE OMUCAHUS K Kaxaou
nabopaTopHO pabOTHI.

B mpenemax wHacrosimiero  siabopatopHoro mpakTukyma —opranusamus YUPC
OCYIIECTBIISICTCS CIIEAYIOIUM 00pa3oMm:

[IOJIyYEHUE 3aJaHMs;

u3ydeHue 00s3aTeTbHOM U TOUCK IOTIOTHUTENBHOU JTUTEPaTypPhl;

TEOPETHUYECKUI aHAIIN3;

COCTaBJICHHE IIJIaHA SKCIIEPUMEHTA U 00CYKJIeHUE;

00paboTKa pe3yIbTaTOB UCCIIETOBAHHUS;

(dbopMynupoOBKa BHIBOJIOB;

odopMIICHHE U 3allIUTa OTYETa 1Mo padoTe.

Jlabopatopuass pabora 1. MUCCIIEJOBAHUE HWHTEP®EPEHLMU JIASEPHOI'O
N3JIYYEHUA

Ilens pa®oThl — BBIICHEHHE YCIOBUN (OpMUPOBaHUS MHTEPHEPEHIIMOHHON KapTHHBI,
MCCJIEJOBAaHHE OCHOBHBIX HHTEP(PEPEHIIMOHHBIX CXEM U UX NMPAKTUYECKOE TPUMEHEHHUE.

1.1 KpaTtkue TeopeTrueckue CBEICHUs

SIBnenue I/IHTep(l)epeHIH/II/I CBC€TAa HAXOJUT IMHNPOKOC NPUMCHCHHUE B TCXHUKEC ONITHYECKOM
00pabOTKM CHUTHAJOB. YCTPOMCTBAa, B KOTOPBIX OJHMUM U3 00pabaThlBaeMbIX I[apaMeTpoB
aBisercs (asa cUrHana, CTpOSATCS, KaK MPaBUJIO, MO ABYXJIy4€BOM CXeMe HMHTep(EepeHLUU.
[Tpuniun 3anucu UHTEPPEPEeHIIMOHHON KapTUHBI, COAeprkalled HH(pOpMalMI0O O CUTHAJIEe U
anroputMe o0paboTKH, JIEKUT B OCHOBE TOJI0rpa)MuecKux METOA0B 00paboTKK HHPOPMAIUH.

N3BecTHO, YTO NpHU CIIOKEHUH FAPMOHUYECKUX KOIeOaHUH OJTHON 4acTOThI

a; = agy (t)cos[2zvt - g1 (D)];
a, = Aoz (t)cos[27mt - p(1)]; (1.1)

MoJIy4acTCs BHOBb TAapMOHHUYCCKOC KoJIeOaHHME TOM K€ YaCTOTHI (B JIMHEMHOM HpI/I6HI/I)KeHI/II/I)

a=a; +a; =a(t)cos[2zvt - p(1)]; (1.2)
rae

a(t) = {ao(t)2 + aga(t)2 + 2a01(t)ana(t)cos[ pi-go+ 2ts-t)] 2 (1.3)



a ¢aza onpeaenseTcs Kak

ap1(t)sin(gr+ 2741) + ag(t)sin( g +2 745)

o(t) = arctg-------------- - . (1.4)
ao1(t)cos(gr+27t1) + Aoa(t)coS(p2+27113)

Takum 00pa3oM, B 3aBUCHMOCTH OT Pa3HOCTH (a3 MCXOIHBIX KOJIICOAHWH aMILTUTYAA
PE3YJIBTHPYIOMIETO KOJIeOaH!sT MOXKET MPUHUMATh 3HaYE€HHE OT CYMMBI 0 Pa3sHOCTH aMIUIUTY/
MCXOJIHBIX KOJIEOaHHIA.

Ha ontnyeckoii yactore HM OAWH PETHCTPUPYIOUIMK MPUOOP HE MOXKET U3MEPHUTH WIN
3aperucTpUpOBaTh AMIUIMTYNY BOJHBI. Perucrpupyercs HHTEHCHBHOCTh CBETa — ILIOTHOCTD
IOTOKAa  JHEpPTUH, TIIEPEeHOCHUMOIl  BOJHOH. M3BECTHO, YTO  WMHTEHCHBHOCTH  CBETa
OPONOPLIMOHATIbHA KBaZpaTy MOIYJsS aMIUIMTyAbl BoiHb. Ho ammiuryna kosneOaHwii B
3aJJaHHOM TOYKE IMPOCTPAHCTBA, IJI€ PACIPOCTPAHAIOTCS JBE WM Oojee 3JIEKTPOMAarHUTHBIX
BOJIH, 3aBUCHUT HE TOJIbKO OT HMX aMIUTUTYJA, HO U OT pa3HOCTH (a3 OTHENbHBIX KOJICOaHMH,
CIIE/IOBATENILHO, © MHTEHCUBHOCTD 3aBUCHT OT Pa3sHOCTHU (a3.

Ecnu npu B3anMOAEHCTBUH BOJIH HE MPOUCXOAUT apU(PMETHIECKOTO CYMMHPOBAHUS MX
MHTEHCUBHOCTEW, TO TOBOPST 00 MHTEPPEPEHIIUH BOJIH.

YA
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Puc. 1.1. UaTepdepenius cBeTa OT ABYX TOUCUHBIX HCTOYHUKOB

Ha puc.1.1 skpan ocBemaercss AByMsi HICTOUYHUKaMU cBeTa. OHAKO €CJIM MBI BO3bMEM
JIB€ OOBIYHBIE JIAMITOUKH HaKAIMBAHUS WM JJaKe JIBa Ja3epa, TO HUKAKOH HHTepPEpEeHIINH BOJIH
obHapyxeHo He Oyzaer. W3mydeHue IOOBIX pealbHBIX HCTOYHHUKOB ONTHYECKUX BOJH
MpEJICTaBIsIeT COOOW MOCIEeNOBAaTENbHOCTh BOJHOBBIX MAKETOB KOHEYHON JUIMTEIBHOCTH C
HECKOPPEJIIMPOBAHHBIMU Ha4aJIbHBIMU (Dazamu. Takue BOJTHBI MOXKHO MPEICTABUTH ce0e B BUJIE

E(x,,2,t)= E, cos|at —kr + ¢(t)] (1.5)

rne K — BOJTHOBOW BEKTOp; I — paamyc-BekTop; ¢(t) — omuchiBaeT OBICTpBIC CiTydaliHBbIC
U3MEHEHUS HauyalbHOU (haszbl BOIHBI.

[Tonarast A7 MPOCTOTHI, YTO AMIUIUTY bl TUX BOJH OJMHAKOBBI, CYMMapHO€ KoJieOaHue
B HEKOTOPOW TOUYKE OT JIByX MCTOYHMUKOB MOKHO 3aIlMCaTh KaK

E(t) = E, cos[at —kr, + ¢, (t)]+ E, cos[at —kr, + ¢, (1)], (1.6)



re 1 ¥ ) — pacCTOSIHUSI OT UCTOYHUKOB CBETA J0 TOYKH HAOIIOACHUS HHTEPPEPECHITNH.
[Tocnennee BoIpaxkeHUE HETPYAHO MPUBECTH K BUILY

k(r,—1) , 2+, (1) (1.7)
: , .

E(t)=E, cos k(rzT_rlhAgo(t) cos| at — >

" D+o,(t
[Tockonbky (ha3bl JBYX MCTOUHHKOB HECKOPPEITUPOBAHBI MEXKIY COOOM, —(pl( )+, (1) u

i 1) -, (1)

2
¢aza xoneOaHUIl B MPOU3BOJILHOW TOYKE HAONIONEHUS HM3MEHSIOTCS BO BpPEMEHHU OBICTPO U
Xa0THYEeCKU. HEPUHOHHOCTh JIOOOTO PEruCTPUPYIOIIEro ycTpoiictBa (ria3, (OTOMICHKA,
q)OTOHpI/IeMHI/IK) MNPUBCACT K YCPCAHCHUIO MI'HOBCHHBIX 3HAa4YCHUH UHTEHCUBHOCTHU CBCTa, U MbI
HE 3aperucTpupyeM HHTEPPEpPEeHIMOHHON KapTuHbl. CreqoBaTeIbHO, I €€ MOJYYCHHS
HEOOXOIMMBI UCTOYHUKH C MIOCTOSTHHON Pa3HOCTHIO (ha3, KOTePEHTHBIX UCTOYHUKOB.

[Tycte wuHTep(dpEHIMOHHAS KapThHA O0Opa3yeTcss OT JABYX BOJIH, IOJYYEHHBIX B
pe3ynbTaTe paszfeNeHusl M3IyYeHHs OT omHoro mcrounuka. Torma ¢ (t) =@, (t). AmmumTyna

Ap TaKXKe SBISIOTCA chaydaiHbiMu ¢GyHKuusMu ot t. [lostomy ammmutyna u

KoJicOaHMIi B TAHHOM CJTydae CTAIl[MOHAPHA BO BPEMEHHU U B 3aBUCHUMOCTH OT A=(I2-I1), HITH, KaK
€€ Ha3bIBAIOT, PA3HOCTH X0J1a BOJIH, MOXKET pUHUMAaTh 3HadeHust ot 0 g0 +Eq. CienoBarenbHo,
MHTEHCUBHOCTb CBETA, PETUCTPUPYEMast IPUEMHHUKAMH, U3MEHSAETCA OT Imin = 0 10 Imax = 4lo.

| = lmax ipu A = 2MA/2, TO €CTh P Pa3HOCTH X0/1a, PABHOM YETHOMY YHMCITY ITOJIYBOJIH;

| = Imin ipu A = (2M-1)A/2, TO ecTh HpU Pa3HOCTH XOJa, PAaBHON HEYECTHOMY YHUCIY
HOJIYBOJIH.

Umrcno m Ha3bIBAIOT MOPSIKOM HHTEP(PEPEHIIMOHHON KapTHHEI.

Ha3zoBeM koHTpacToM S nHTEp(EpEeHIMOHHON KapTUHBI OTHOILLICHHUE

S = -mx (1.8)

N3 onpenenenuss ciueayer, 4YTO MaKCUMaJIbHOE 3HAYEHHME KOHTpacTa paBHO
o6eckoneunoctu. [Ipu S=1 unTepdepeHmoHHas KapTHHA HE HabOmomaercs. B paccmorpeHHOM
ClIy4ae paBEHCTBA aMIUTUTYJ WHTEePPEPUPYIOMIUX BOJH KOHTPACT HWHTEP(EpEeHIIUNOHHOMN
KapTUHBI paBeH O€CKOHEUHOCTH.

Wutepdepeniiys HaOmM01aeTCs Ha TUIOCKOM SKpaHe WM JIpYroil MOBEpXHOCTU B BUJE
XapaKTCPHOIro qepeaoBaHUA CBECTJIBIX n TEMHBIX I10JI0C, KOTOPBIC Ha3bIBAKOTCA
UHTEPEPEHIIMOHHBIMH I10JIOCAMHU.

HnTepdepeHiinontHas monoca — 3TO IF€OMETPUYECKOE MECTO TOYEK Ha IOBEPXHOCTH
HaOro1eHus MHTEep(EepPEeHLIMOHHOM KapTUHBI ¢ OTMHAKOBOI pa3HOCTHIO X0/1a.

CymiecTByeT JBa crnocoda MOJYYeHHS KOTEPEHTHBIX WCTOYHHKOB JIJISi HAOIIOJEHUS
uHTepdepeHMoHH0 KapTuHbl. [lepBbIii crmoco0 3akitouaeTcss B BBIJACICHUU OTAETHHBIX
Y4acTKOB BOJIHOBOTO ()pOHTA UCTOYHHKA C IOMOIIbIO Auadparm, 3epkai.

B coBpemeHHBIX HMHTEp(EPEHIIMOHHBIX CXE€MaxX 4Yalle HCIOJb3yeTcs BTOPOH crocoo,
o0OecrieunBarOIMi MEHBIIME TOTEPH CBETOBOM sHepruu. OH 3aKioyaeTcss B pas3zelieHUU
BOJIHOBOTO (PpOHTA € TMOMOIIBIO TMOJIYNPO3PAUYHBIX 3epkail (MHTepdepoMeTpbl MaiikenbcoHa,
Maxa-Ilennepa, ®adpu-Ilepo u mp.).

1.2. ®opma uHTEp(PEPEHIIMOHHBIX MOJIOC
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Jns mydmiero mMoOHUMaHUs Tpouecca (OPMHUPOBAHUA HHTEPPEPEHIIMOHHON KapTHHBI
MOJIE3HO TPOAHATIM3UPOBaTh (GopMy HHTephepeHINOHHBIX mosoc. OHa ompenensercs Kak
¢dopmoii BOTHOBBIX (PPOHTOB HHTEP(PEPUPYIOUINX BOJIH, TaK U (POPMON MOBEPXHOCTH IKpaHa, Ha
KOTOpoi  Halmogaercs uHTepdepeHIInoHHAsT KapTHHA. OGnactp HEePEKPHITUH
UHTEPPEPUPYIOIINX BOJIH 3aHUMAET B MPOCTPAHCTBE, KaK MPABUIIO, HEKOTOPBII 00bEM, ITO3ITOMY
MaKCHUMYMBl M1 MUHHMYMBI aMIUTUTYJIbI CYMMapHOTO CBETOBOTO IIOJISI PACIIONIaraloTCcs B 3TOM
o0beMe B BHJIE CUCTEMBI HETIEPECEKAIOIINXCS TOBEPXHOCTEH. cKiloueHne cocTaBisieT KapTHHA
uHTep(EpeHINY BOJIH B TOHKHX (10 CPAaBHEHUIO C JJIMHOM BOJIHBI) TUIEHKaX. Bo BceX OCTaIbHBIX
ciydasix HaOmonaemas HHTEpPEpPEHIMOHHAs KapTHHA IPEICTAaBIsET COOOW CEYEeHHE ATHUX
HOBEPXHOCTEH MOBEPXHOCThIO HabOmoaeHus. Paccmorpum dopmy uHTEpDEPEHIIMOHHBIX MOJIOC
JUISL IPOCTEUIIINX CITyYaeB:

a) uHTEep(EPUPYIOT ABE IIOCKHE BOJIHBL.

Pacnonoxenue BOTHOBBIX ()POHTOB B IPOCTPAHCTBE U MX BOJIHOBBIE BEKTOPHI TTOKA3aHBI
Ha puc.l.2. HTepdepupyroT aBE BOJHBI, CXOIAIINECS MO YrJIOM 6, mpuyeM Ajsl MPOCTOTEHI
aHalM3a yCTAaHOBUM, YTO IJIOCKOCTH BOJIHOBBIX (DPOHTOB HapaljieNIbHbl OCH X, OCh Z SIBJISETCS
OMCCEKTPHUCON yria MeXIy BOJHOBBIMH BekTopamu ki u K. Torma BOJHOBBIE BEKTOPBI THX
BOJIH PaBHBI

Puc.1.2. nrepdepenuns AByX IIIOCKUX BOJIH

k, :(0, ksing, kcosgj, (1.9)
2 2

k, =(0, —ksing, kcosgj, (1.10)

YroObl HAWTH ypaBHEHHs JUIS IMapbl BOJHOBBIX (POHTOB HHTEPHEPUPYIOIIUX BOJIH,
MOJICTAaBUM B ypaBHEHHUE BOJIHBI

E=E,epi(at—k-r+g,)] (1.11)
Beipaxxenus (1.9) u (1.10) u mpupaBHseM MOKa3aTelb SKCIIOHEHTHI MOCTOSHHOW BEIHYHHE,

HanpuMep, HYJI0, IMpeanonaras, 4ro MeXAYy WHTepPEepUpPYIOIUMA BOJHAMH HMEETCs
MOCTOSIHHAS pa3HOCTh ¢a3 ¢. [lomyunm



ksin(gjy +k cos(gjz —kect =0, (1.12)

—ksin[gjy+kcos(gjz—kct—gozo. (1.13)

Pemas coBmectHo (1.12) u (1.13), HaiineMm BblpakeHHE AJI JIMHUU MEPECEUEHUS ABYX
BOJIHOBBIX (DPOHTOB, JArOLIEH MaKCUMYM B MHTEp(EPEHLIMOHHOM KapTHHE

7= (1.14)

cos('gJ 2k cos(ej
2 2

4
y=—-—"——. (1.15)
2ksin[zj

DTO MapaMeTpUYeCKOe ypaBHEHHUE MPSMOM, MapaUIeTbHOM OCH X U IepeMemiaromencs B
HAIMpPaBJICHUU OCH Z CO CKOPOCThIO C/COS(A2). Eciu mpuHATh @ = @n = 27N, MOJIYyYHM CHCTEMY
IPSAMBIX, PABHOOTCTOSIIUX APYT OT IPyra Ha pacCTOSIHUU Yn= NA/2SIN(6/2), «poyepunBarOIInX»»
B 00JIaCTH B3aMMOJACUCTBUS PsJ IJIOCKOCTEH, Ha KOTOPBIX CyMMapHOE CBETOBOE IOJIE MMEET
MaKCUMYMbl aMILTUTYAbl. EcCiM TOBEpXHOCTh HAONIONEHUS IMPEICTABISIET COOOH IUIOCKOCTD,
MapajuIeIbHYI0 KOOPJWHATHOW IUIOCKOCTH XYy, MHTEPPEPEHIIMOHHAS KAapTUHA IPEACTABIISCT
co00¥ HaOOp SKBUIUCTAHTHBIX MPSAMBIX, IIAI KOTOPBIX PaBEH

A
25in(9j
2

Ecnu onHa u3 uHTEphEpUpYIOMKX BOJIH MPHOOPETAET JTONOJHUTENIBHYIO Pa3HOCTh (a3,
cucTeMa MJIOCKOCTEH, a 3HaYMT, U HHTep(EepEeHIIMOHHBIE MTOJIOCH CMELIAI0TCs Ha paccTosiHuE Ay;

0) uHTEepPepuUpyIoT ABE chepruuecKre BOIHBI.

AHanu3 MPOCTPAHCTBEHHOM CTPYKTYpbl HHTEP(EPEHIIMOHHON KapTHHBI B 00J1aCTH
HAJIO)KEHUSI BOJIH BT JIAHHOM CiIydae 3aTpyIHMTENEH, I103TOMY paccMOTpuUM (Gopmy
UHTEPQEPEHIIMOHHBIX II0JIOC Ha IUIOCKOM JKpaHe, BOCIIOJIb30BAaBUIMCh  ONpPEAEICHUEM
uHTephepeHIIMOHHON nojockl. IlycTe cdepuyeckre BOIHBI 00pazyrOTCs JABYMsSI TOYEUHBIMHU
MCTOYHUKAMHU, HampuMmep, HeOOJIbIIMMU OTBEPCTUSMU B HEMpo3padyHoM 3kpaHe (ombliT HOHra,
1802 r.). paccTosiHUEe MEXIy UCTOUHHKAaMH Si M S, paBHO d, HX yjaleHHe OT dKpaHa PaBHO Zo.
B3aumHOe pacnonio)keHHe HWCTOYHUKOB U IUIOCKOCTH HaONIOAEHUS MHTEepHEpEeHINOHHON
KapTUHBI IOKa3aHO Ha puc.l.3. PaccTosHME OT MCTOYHMKA CBETa IPOU3BOJBHOM TOYKM Ha
HKpaHe 3aluIIyTCs Kak

Ay = (1.16)

2
S,P| =[x +(y+%} +22, (1.17)
_ d)’
S,P|=[x? +(y—§j +22. (1.18)




y A
P(x.y)
" X
S
: i, 3
/ 52,0 g
Puc. 1.3. MaTepdepenuns nByx chepuvaeckux BOIH
YcioBue nosy4yeHuss MAaKCUMYMOB B HHTep(EPEHIIMOHHON KapTHHE:
dY’ dY’
x2+(y+5j +22 - x2+(y—EJ +22 =mA. (1.19)

Henoe uncno m=1,2...n Ha3BIBAIOT MOPSAIKOM HHTEPHEPEHITHH.

VYpasuenue (1.19) onpenenser hopMmy unTephEpEHIUOHHBIX MOJOC. Y MHOXKAsI 00€ YacTH
(1.19) na

d)’ d)’
Xor|y+—| +22+ X+ y——| +22 (1.20)
2 2
1 3aMCHHUB IMOAKOPCHHBIC BEIPAKCHHUA CIIpaBa, UX HpI/I6J'H/I)KeHHI)IM 3HAYCHUECM

X2 +y?+22,

nocse HeoOXOoAUMBIX ynpoiueHui npusoauMm (1.19) k Bugy
yz(d —mz/lz)—mzﬂfx= m®2°z,. (1.21)

ITockonbKy BO BceX peanbHbIX ycnoBuax d? —m?A? > 0, (1.21) onuceiBaer ceMeiicTBO
rumnep00s1, CHMMETPUYHBIX OTHOCUTENBHO ocH X. [Ipr m=0 runepbomia BEIPOKIAETCS B MPSAMYIO
y=0, OTHOCUTENHHO KOTOPOH CHMMETPUYHO PACIIONOKEHBI MPOCSKIIUU UCTOUYHUKOB S; M Sp Ha
IockocTu XY (cM. puc. 1.3).

OnpenenyM MEPUOTUIHOCTh UHTEP(HEPEHIIMOHHOW KapTUHBI HAa ocu y. Jlims »Toro B
(1.21) mpumem x=0. [Tomyunm

y2(d —m?2%) = m2 22z, (1.22)

Cumras, yro d>>m, mocjae COOTBETCTBYIOUIMX YIPOUICHUH MONYYHM BBIPAKEHHE IS
MOJIO’KEHUSI MAaKCUMYMOB UHTEP(PEPEHIMOHHON KapTUHBI HA OCH Y:
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mAz,
ym - d '

(1.23)

Takum oOpa3oMm, WHTep(EepHIMOHHASA KapTHUHA IPH HAJOKEHUU CPEpUYECKUX BOJH

. o z
npeCTaBisieT co0ol cucTeMy runep0oi, a MPOCTPAHCTBEHHBIN EPUOJT HA OCH Y PaBEH — .

1.3. ®akTopsbl, BAUSAIOMNE HA KOHTPACT HHTEPPEPEHIIMOHHON KapTHHBI

B ycrpoiicTBax, HCIONB3YIOMUX UHTEPHEPEHLINIO CBETOBBIX BOJIH, CIEAYET 100MBATHCS
MaKCHUMaJbHOTO  KOHTpacTa  HWHTEPPEPEHIMOHHONW  KapTHHBI,  HOCKOJBKYOT  HEro
HEMOCPEICTBEHHO 3aBUCAT aMIUTUTY/a BBIXOJHOTO CUTHAJA, OTHOLEHUE CUTHAJI/IIYM U IpYyrHe
Ba)KHbIE XapaKTEPUCTHKH YCTpoWcTBa. PaccMOTpuM BIusSHIE pa3nyHbIX (PaKTOPOB HA KOHTPACT
UHTEP(PEPEHIIMOHHOMN KapTHUHBI.

1.3.1. CooTHoOIIEHUE HHTEHCUBHOCTEH UHTEPPEPUPYIONINX CBETOBBIX MTyYKOB.

U3 (1.3) crnegyer, 4YTO UWHTEHCHUBHOCTH CBeTa B HWHTEP(EPEHIIMOHHON KapTHHE
U3MEHAETCA OT Imin:(Al-A2)2 1o Imax:(A1+A2)2 , e A; u Ay — aMIuTHTYIBI HHTEPPEPUPYIOLTUX
BouH. [loncraBmsis BeipakeHus ISt Imin ¥ Imax B (1.8), momyuum

IL+1,+211,

S= (1.24)

I +1,-2J11,

HpI/I PaBCHCTBC aMILJIUTY/] I/IHTepq)epI/Ip}/'I-OH_[I/IX BOJIH KOHTpPACT UMCECT MAKCUMAJIBbHYIO
BCJIIMYHHY.

1.3.2. JInrHa KOT€pEHTHOCTH UCTOYHHKA CBETA

Kak yxxe oTmedanock, U3lydeHHE JIIOOBIX peaTbHbIX UCTOYHUKOB CBETA IMPEICTABISET
co00il TOCNeA0BaTEeIHbHOCT BOJHOBBIX MAKETOB KOHEYHOW MIUTENBbHOCTH, MPUYEM IJTUHA
BOJIHOBBIX MAKETOB M CIEKTPAJIbHBIA COCTAB M3JIydaeMOIr'o CBETa CBA3aHBI MEXIy coboi. Uem
KOpouY€ CpelHsisd JJIMHA M3JIy4yaeMbIX BOJIHOBBIX IAKETOB, Te€M LIupe cnektp. Eciam pa3HocTh
Xo/a Jy4el, oOpa3yronux UHTepHEePEeHIIMOHHYI0 KapTHHY, HAMHOTO MEHBIIE CPEIHEH JTHMHBI
BOJIHOBBIX MAaKETOB, TO UHTEP(PEPEHIIMOHHBIE TIOJIOCHI OYEHb YE€TKHE, U B TAKOM CIIy4ae rOBOPSIT,
YTO CYIIECTBYET BpPEMEHHAas KOT€PEHTHOCTh. ECiIM K€ TeM WM WHBIM NyTeM YBEIUYUTH
pPa3HOCTh XO/a, BOJTHOBBIE MAKETHI ¢ MOJOOHBIMU XapaKTEPUCTUKAMHU B IJIOCKOCTH HAOIIOICHUS
OyIlyT MEepPEeKpPHIBATHCSI BCE MEHBIIIE U MEHBIIIE, BCIECICTBHE Yero NHTEP(EPEHIIMOHHBIE TOIOCHI
OyIyT CTAaHOBUTHCA BCE MEHEE YeTKUMHU (KOHTpACT Oy/IeT majath).

MakcumanbHas pa3HOCTh XOJa, MPH KOTOPOH elle HabogaeTcsi MHTephepeHIIMOHHAs
KapTHHA, HAa3bIBAECTCS ITTMHON KOT€PEHTHOCTH UCTOYHUKA CBETA.

Kak oTrmeuanoce BblllIe, JJIMHA KOT€PEHTHOCTH L. MCTOYHMKA CBETA CBSI3aHA C IIMPHUHOMN
CHEKTpabHON NHHUM u3nydeHus. [leficTBuTensHO, nHTEpdepeHIus He OyIeT HaOloIaThes,
€CII MaKCUMYM M-TO TIOPSIKa IS [UIMHBI BOJHBI (A+AL) coBmagaer ¢ Mmakcumymom (M+1)-ro
nopsigka A A. B 9TUX yCIOBHSIX BeCh MPOBAl MEXKAY COCEAHHUMH MaKCHUMymMam# OyneT
3aMoJIHeH MaKCHUMyMaMH JUIsl JUTMH BOJIH U3 MHTepBana AA. Torma ycioBue Hepa3IMuYUMOCTH
uHTEepHEPEHITMOHHON KapTHHBI

(m+1)2 =m(2+ A1) (1.25)
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C yweroM TOro, YTO HOPSAOK HHTEp(EepeHunu M CBsI3aH C pa3HOCTBIO Xoxa A
UHTEPPEPUPYIOIINX CBETOBBIX ITyYKOB U JJITUHON BOJIHBI A COOTHOILIICHHEM

M % , (1.26)
Ja€T BBIPAKCHUEC
2
L % . (1.27)

1.3.3. [Monspu3zanus uHTEpGHEPUPYIOIINX CBETOBBIX ITyYKOB

Jlo cux mnop npu aHamu3e SBJICHUS HUHTEPPEPEeHIMH Mbl CUMTAIM AMIUIUTY[bI
UHTEPPEPUPYIOMINX BOJIH CKATSIPHBIMU BEIMYMHAMH, BBIUUCISS PE3YIbTUPYIOIIYIO aMILTUTYIY
Cc yderoM pasHocTH (a3 BonH. PaccMoTpeHMe BIMSHHUS NOJISPU3ALUM HUHTEP(HEpUPYIOIIUX
IIY4KOB CJIEYET POBOAUTH C yYETOM BEKTOPHOI'O XapaKTepa MIEKTPOMATHUTHBIX BOJIH.

B kauecTtBe mpuMepa pacCMOTPUM CIIOKE€HHE KojeOaHWi ¢ paBHBIMU aMILUIUTYAaMHU U
B3aUMHO IEPIECHINKYIIPHBIMU BEKTOPAMM IOJISPU3ALNN IIPU PA3JIMYHBIX BEIUYMHAX PA3HOCTH
¢a3 (puc. 1.4). Ilpu HyneBoil pazHocTu (a3 pe3yJbTUPYIOIIUN BEKTOP MOJIPU3ALMU JIEKUT Ha
OmccekTpuce yria MeXAy HUCXOAHBIMH BekTopamu. I[lpm yBenmmdyenunm pasHocTH a3
HOJISIpU3alUsl CYMMapHOTO KOJCOaHUsl CTAHOBHUTCS JJUTMITHYSCKOW M TPU 3HAYCHUH 70/2
npespauiaercd B Kpyroyro. [Ipu nanpHeilieM €€ yBeNMYEHUHM MNOJISApU3aLMs CyMMapHOIO
KOJIeOaHUs, TPOXOAS 4Yepe3 DIUIMNTHYECKYI0, CTAHOBHUTCS JIMHEWHOW M OPTOTOHAIBHOMN
NEepBOHAYAJILHOM MIPU PA3HOCTH (a3 .

Ap=n/2 T/2<AQ<T

Ap=nt n<AQ<3m/2 Ao=3m/2 3n/2<Ap<2n

Puc.1.4. Cnoxenue kojaeOaHUN C OPTOrOHAIBHBIMH MOJSPU3ALUSIMU
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Takum o0pa3oMm, B JaHHOM cJy4ae HH TpU Kakoil pasHocTH a3 amIuIUTyAa
PE3yJIBTHPYIOIIEH BOIHBI He 00paIiaeTcs B HOJb, CII€0BATEIbHO, MHTEP(EPEHIIMOHHAS KapTHHA
He oOpa3zyercsi. O4EeBHIHO, YTO COCTOSIHUE TOJISIPU3AIMH MCXOJHOW CBETOBOM BOJIHBI HE MMEET
3HAYCHMS, MOCKOJBKY IPH JEJICHUU €€ Ha J[BE BEKTOPHI IMOJSAPU3AIMU OO0Pa3yIOUIMXCS BOJH
COBIAJAIOT B JIIOOOKH MOMEHT BpeMeHH. Ho mpu pacmpocTpaHeHUHM KaXJOW W3 JIBYX BOJH B
OIITHYECKON CXeMe MX MOJISIpH3alis MOXET U3MEHUThCA. B pesynbrare B MecTe 00pa3oBaHUS
UHTEPPEPEHIIMOHHON KapTHHBI BO3MOXKHBI CIIEIYIOIINE CUTYaIUH:

a) BEKTOpHI MOJSIPU3AIMU B3aUMHO OPTOTOHAJIBHBI. VHTepdepeHnnoHHass KapTHHA He
oOpasyercs (KOHTPACT paBeH €AUHMUIIC);

0) BEKTOPHI MOJSAPU3AIMK OPTOTOHAIBHBI IUIOCKOCTH B3aWMOJCUCTBHSA (IUIOCKOCTH, B
KOTOPOH JIe)KaT BOJIHOBBIE BEKTOPHI MHTEPPEPUPYIOMIUX BOJH). BOIHOBBIE BEKTOPBI OCTAIOTCS
KOJUIMHEAPHBIMU TIpH JIO0OM yrie Mexny HHTepdepupyromumu nydkamu. CienoBaTenbHO,
KOHTpAcT MaKCUMAJICH U HE 3aBHCHUT OT JIaHHOT'O YTIJIa;

B) BEKTOPHI MOJSIPU3ALMU JIEKAT B IUIOCKOCTH B3aMMOJCHCTBUS. YTOJ MEXAY HUMHU
paBeH YIIIly MEXJAy BOJHOBBIMU BEKTOpamMH HUHTepdepupyromux BoiH. ClenoBaTenbHo,
KOHTPACT MAaKCUMAJICH MPHU MAJbIX yIriaX MEXIy MHTep(PEepHUPYIOIMMH ITydYKaMH H MagaeT J0
HYJISl IIPY yBEJIMYEHUH yriia 10 90°.

Wrak, 1 mMOdy4eHHss MaKCUMAaJbHOTO KOHTpacTta HWHTEP(EpEeHIIMOHHOW KapTHHBI
HEOO0X0IMMO JOOMBATHCS PAaBEHCTBA MHTEHCHUBHOCTEH WHTepdepupyrommx mydkoB. Cremyer
TaK)Ke CIIEANUTH, YTOOBI PA3HOCTh XO/1a Jy4el B ONTUYECKOW cXxeMe Oblla CYIIeCTBEHHO MEHbIIE
JUIMHBI ~ KOT€PEHTHOCTH HWCTOYHMKA H3IydeHUs. HyXHO KOHTPOIHMPOBAaTH COCTOSIHHE
NOJISIPU3aLUHN HHTEP(PEPHUPYIOIINX CBETOBBIX ITYYKOB, HE JIOMYCKATh UX JACTIOISPU3AIIHY.

1.4. Onucanue 1a00paTOPHOM YCTAHOBKH

O] Oci.

JKpaH

6)

Puc.1.5. Cxema nabopaTopHOil yCTaHOBKH
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JlaboparopHas ycraHoBKka (puc.1.5) mo3BosieT ucciaenoBaTh HHTEPHEPEHITHIO JTa3epPHOTO
U3ITy4EHHUS] B PACXOMASIIUXCS M MapaieNbHbIX MydykaX. OHa CONEp)KUT relInii-HEeOHOBBIHN J1a3ep
(A = 0,6328 wMkM), KkowmMmarop, QoTonprueMHHUK (AHAdpParMUPOBAHHBIA  (OTOAMUON),
ocuniuiorpad, AeIUTeNd CBETOBOro mydka. KoiimMatop cOCTOMT M3 JABYX KOH(OKaJIbHBIX
MOJIOKUTEIBHBIX JIMH3 W TPEICTaBIseT co0oil «obOpaTHbI» Teneckon (Tpyoy Kemiepa c
koddp¢unmentom ysenudenus 0,2). OH CIyXUT Ui pacIIUpEHUs Ja3epHOro mydka. M3menss
paccTosHuE MEXAY JIMH3aMH B KOJUIMMATOpe, MOXKHO JeaTh IYYOK CJ1ad0 CXOAALIMMCA,
pacXoAsIIMMCSl WM TMapajljiesIbHBIM (CKOJUIMMHUPOBAHHBIM). Jlazep M onTHYecKue 3J1eMEHTHI
3aKpeIUIeHbl B IOCTUPOBOYHBIX MEXaHU3Max M Pa3MEIICHbI Ha ONITUYECKOM CKaMbe.

1.5. Ilopsiiok BbINOIHEHUS paOOTHI
1.5.1. UccnenoBanue uaTepOEPEHIINH B PACXOISAIINUXCS MyIKaX

1. Bxirounth GJIOK TUTaHUS Ja3epa (BKIIOYAST PYKOBOJIUTENb) U ocuiuiorpad.

2. CHATb C OITHYECKOM CKaMbU pEUTEphl C 3aKPEIUIEHHbIMH HAa HUX JIMH3aMH,
COCTaBJISIIOIIMMHU  KOJUIMMATOpP. YCTAaHOBUTh Ha ONTHYECKOM CKaMbe€ Ha MHUHHUMAaJIbHOM
pPacCTOSIHUU OT JIa3epa perTep ¢ JepKaTesaeM, B KOTOPOM 3aUKCHpOBaHa TOHKas IPOBOJIOYKA.

3. Bpamas BuHT peliTepa, mepemMemaTh MPOBOJIOYKY MEPIEHAUKYISAPHO JIA3ePHOMY
Iy4YKy, IOKa IPOBOJIOUKA HE OKaXeTcs Ha ero mytu. IIpoBosiouka 31ech BBINOJIHSAET pOJIb
JenuTeNs mydka, npudeMm BenuuuH d B dopmyne (1.22) paBHa nuameTpy mnpoBosiouku. Ha
9KpaHe HaOdronaeM HHTepdepeHUnoHHYI0 KapTuHy. M3 (1.23) momydaem BbIpakeHHe Jis
HAXO0X/ICHUS JUaMeTpa MPOBOJIOYKH

at
d=—. 1.28
NAX ( )

4. Tlepememas ¢poToAMON MO BEPTHKAIU, YCTAHOBUTH €r0 HAa MYTH MHTEPPEPUPYIOIIUX
BonH. [lepememas ¢oToamon BUHTOM peiTepa BAONb MHTEPPEPEHIMOHHON KapTHUHBI, CHATh
3aBUCUMOCTh (POTOTOKA OT BEIMYMHBI MepemenieHus X ¢oroaunona. M3 rpaduka onpeaenuTsb
nepuoa AX UHTeppEepEeHIIMOHHON KapTHHBI.

5. M3meputp paccrosHue, a OT HpoBojouku a0 ¢oronuona. Ilo dopmyne (1.28)
BBIYUCIIUTH TUAMETP MTPOBOJIOYKH.

B mpoMbIIUIEHHBIX YCIOBHUAX, MCIONB3Ys BMECTO Nepememniaromierocs ¢otoauoaa
HETIOABIDKHYIO JTHHEHKY (POTOMO0B WK TeNleKaMepy, paCCMOTPEHHBIA METO/I UCTIONB3YIOT JUIs
0ECKOHTAKTHOTO aBTOMAaTUYECKOI'0 U3MEPEHHUs Pa3MepPOB MUKPOOOBEKTOB, HAIIpUMeEp, AUaMeTpa
BOJIOKOHHBIX CBETOBOJIOB B TIPOIIECCE UX M3TOTOBJICHUSI.

1.5.2. UccnenoBanue nHTepepeHIINm B MapayieIbHbIX MydKax

1. CwrocTupoBaTh ONTHYECKYIO cxemy. JlJis 3Toro:

a) CHATh BCE PEUTEPHI C ONTUIECKUMH DIIEMEHTAMH C ONITHYECKONW CKaMbH, KpOMe Jlazepa
U peiitepa ¢ ’KpaHOM. Bpaias rOCTHpOBOYHBIE BHHTHI PEUTEPOB M JepiKareieil, B KOTOPBIX
3aKperieH J1a3ep, JOOUThCS TMapalIeIbHOCTH JIa3epHOTO ITydKa HANpPAaBIISIOMIAM ONTHYECKON
CKaMbU. B 3TOM ciy4yae CBETOBOE MATHO OT MYyYKa HE JOJKHO MEPEMEINIaThCs MO dKpaHy Mpu
NepEeMEIEHIH MTOCTIETHETO 110 HAITPABIISIOIINM;

0) moclenoBaTeIbHO YCTAHABIMBATH PEUTEPHl C ONTHYECKUMHU OJIIEMEHTAMHU Ha
HANPaBIIAIONIMX ¥, Bpam@as FOCTUPOBOYHBIC BHHTHI, AaHAIOTHYHBIM 00pa3oM JOOUTHCS
NapajuieNbHOCTH OCH  TPOMIEIIET0 Yepe3 OJJIEMEHT Ja3epHOro IydKa HaIpaBIIsSIONIUM
ONTHUYECKON CKaMbH.

2. CoroctupoBath Terneckon (tpyOy Kemmnepa). Ins 3Toro HeoOXoauMo mepemerias
peiiTep ¢ TOJOXUTENbHON JMH30M, oOjanaromiedt OonbIIMM (POKYCHBIM PpPACCTOSIHHEM, IO
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HaNpaBJIAIONUM, JTOOUTHCS, YTOOBI AMAMETpP JIA3€PHOTO Iy4Ka Ha BBIXOAE 3TOW JMH3BI HE
M3MEHSJICS C PaCCTOSTHUEM OT JIMH3HI (T.€. 9TOOBI JJa3€PHBIN MyYOK OB CKOJUTMMHPOBAHHBIM ).

3. YcraHoBUTh pelTep € STaJOHHOW (IUIOCKOMApaUIeNbHOM) IUIACTUHOW Ha MYTH
Ja3epHoro nyudka. HampaBuTh oTpaskeHHBIN My4ok Ha dkpaH. Ha skpaHe Mbl BUAMM pe3ylbTaT
UHTEepEPEHINH TyYKOB, OTPAKEHHBIX OT JBYX IJIOCKOCTEH 3TalOHA.

[lepememiass JUH3BI 1O HANPaBISIONIMM, JOOUTHCS MaKCHUMAaJbHOTO  IEpHoja
UHTEPPEPEHIIMOHHON KapTUHBL. TeM camMbIM MBI MOJy4aeM MPAKTUYECKH IUIOCKUN BOJIHOBOM
¢bpoHT.

4. 3aMEeHUTH ATAJOHHYIO IJIACTUHKY Ha nM3MepsieMyro. C MOMOIIBIO JTMHEHKH U3MEPUThH
nepuoa AX unteppepeHIIMOHHON KapTHHBI.

N3 (1.16) cimegyer BblpakeHUE Ul yIVla MEXKIY BXOJHOW M BBIXOJHOM TIpaHsAMHU
IUTACTUHBI:

=2 (1.29)

[To popmyse (1.29) BEIMUCTUTE YTOI MEXKAY BXOTHOW U BEIXOJHOHN TPaHSIMHU ILIACTHHBI.
B mpoMBIIIIEHHBIX YCIOBHUSX PACCMOTPEHHBIH METOJ] HCHOJB3YIOT sl KOHTPOJIS
TOYHOCTU U3TOTOBJICHUS ONITHYECKUX JIeTaJICH.

Tewmbr nnst YUPC
1. HccnenoBaHue AIUHBI KOTEPEHTHOCTH U3YYCHHUS JIa3epa.
2. HccnenoBanue KOHTpacTa HHTEPHEPEHIIMOHHON KapTHHBI.
3. HccnenoBanue hopMbl HHTEPHEPCHIIMOHHBIX TIOJIOC.
4. WccrnenoBaHue OCHOBHBIX ONTHYECKUX CXEM HHTEP()EpOMETPOB.

KOHTpOJIBHBIC BOITPOCHI

KakoBsl ycinoBus HaOar01€HUs HHTEP()EPEeHIIMOHHOM KapTUHBI?
Uro Takoe onTHYecKasi pa3HOCTh X0/1a TyYKOB?
Ot yero 3aBUCUT popMa HHTEPHEPEHIIMOHHBIX MTOJI0C?
OT yero 3aBUCUT KOHTPACT UHTEP(HEPEHIIMOHHON KapTUHBI?
Kakyro BennuMHy Ha3bIBalOT AJIMHONW KOT€PEHTHOCTH?
KakoBa cBs3b MEXIy JJIMHOM KOTE€PEHTHOCTH W INUPUHOW CIEKTPAJIBHOW JIMHUU
U3ITy4eHus?
7. Kakoil BBIBOJ MOXHO cJenarh O JJIMHE KOTEPEHTHOCTH W3JIyYeHHsS Jas3epa,
UCIOJIb3yeMOro B IaHHOU paboTe?

ouhkwndE
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Jlaboparophas padora 2. UCCJIEJOBAHUE OIITUYECKOI'O ITPEOGPA3OBAHUA
®YPHE

Lenp pa®oThl — M3YyYUTh MNPUHIMIBI MOCTPOCHUS U (PYHKIMOHUPOBAHUS ONTHYECKHX
@ypbe-npoLECCOPOB

2.1. Kpatkue TeopeTuieckue CBeIeHus

OnTuyeckue YCTpPOMCTBAa CIIOCOOHBI  BBINOJNHATH IIMPOKUI HAboOp alropuTMoB
00pabOTKH CUTHAJIOB:

YMHOXEHMUE;

CIIO)KeHHUE (BBIYUTAHHE);

HUHTETPUPOBAHUE;

muddepeHnrpoBaHue;

CIEKTpaJIbHbIN aHAJIN3;

JTMHEHHas QUIbTpaLus;

BBIUUCIICHNE (DYHKIMIA CBEPTKH U B3aUMHOM KOPPEJISALUN CUTHAJIOB;

npeoOpaszosanue Jlannaca, ['mias0epra u ap.

B ocHOBe OONBIIMHCTBA U3 ATHX YCTPOWCTB JIGKUT TOT (PaKT, YTO MPOCTPAHCTBEHHBIE
pacripelielieHusl aMIUIMTY[bl CBeTa B MepeiHedl W 3agHedl  (OKaJbHBIX IIOCKOCTSIX
MOJIOKUTEIPHON c(epryecKor JMH3BI CBSI3aHBl MEXAy c000i ypaBHEHHEM JIBYMEPHOTO
npeoOpa3oBanus Pypbe. ITa 3aBUCUMOCTb 00BACHSACTCA SABJICHUEM JU(PPAKIIUN CBETOBOM BOHBI,
pacIpoCTpaHsIOLIEHCS B OITUYECKON crucTEME.

B obOmem ciyyae omnrtuyeckas cxema yCTpoicTBa OOpaOOTKM CUTHAJIOB COJAEPIKUT
UCTOYHUK CBETA, 3JIEMEHTHl, OCYLIECTBIISIOLINE IPOCTPAHCTBEHHO-BPEMEHHYIO MOAYJISIUIO
aMIUIMTYZIbl CBETOBOM BOJIHBI, ONTHYECKYIO CUCTEMY, BBIIOJHAIOLLYIO Ty WIH HHYIO ONEpalyio
peoOpa3oBaHus CBETOBOI'O MOTOKA, U YCTPOMCTBO PETUCTpALMU (CUMTHIBAHMS) PACIIPEEICHUS
CBETOBOTI'O I10JIs1 HA BBIXOJI€ ONITHYECKON CUCTEMBI.

Ontuyeckast 0O0paboTKa CHTHAJIOB — 3TO TakoW cmoco0 o00paboTKH, HpU KOTOPOM
00pabaTbIBa€MbIM CHTHAJIOM OCYIIECTBISETCS TNPOCTPAHCTBEHHAs MOAYJSALUS BOJHOBOTO
¢poHTa Hecyllel CBETOBOW BOJIHBI, UCIIBITHIBAIOLIECH MPU pacpOCTPAHEHWU B TOW WJIM HMHOU
ONTUYECKOH cucTeMe NUu(paKkIHMI0 U UHTep(EepeHLnto, a pe3ylbTaT 00pabOTKU CUUTHIBAETCS B
BUJE paclpelielieHHsl MHTEHCUBHOCTH CBETOBOTO IOJIE B IUIOCKOCTH  HM300pakeHHUs,
(bopmMHpyeMOro Mo 3aKOHaM BOJHOBOW ONTHUKH.

2.2. DneMeHThl Teopuu AU(paKIuu

B camom mmpokom cmbicie noa Audpakiueil TOHUMaloT J1t000e OTKIOHEHHE OT 3aKOHa
NPSIMOJIMHEMHOTO pacrnpocTpaHeHusi cBera. Ha 3ToM 3akoHe MOCTpoeHa TIeoMeTpuYecKas
OITHKA, KOTJa JIt000€ MOCTPOEHHE XO0Ja Jy4ya B ONTHYECKOM cHCTEME MOXHO BBINOJHUTH C
MOMOIIbIO NPAMBIX JUHUNA. He crnenyeT moHumaTh, 4YTo 3aKOHBI JU(PaKIUN U T€OMETPUUECKOI
ONTUKM TNPOTHBOpPEYAT JPYr JpPYry — OHM JONOJHAKT Apyr Apyra. MoHO cuuTaTh
FEOMETPUUYECKYI0  ONTHUKY IMEpBbIM  MPUONMKEHHEM B  3aKOHaX  pacHpoCTpaHEHUs
JIEKTPOMAarHUTHBIX BOJIH ONTHYECKOIro auana3zoHa. OJHAKO MOYKHO CO3/aTh YCJIOBHS (Y4TO U
JIeJIaeTcsl B yCTPOMCTBaxX ONTHYECKON 00paboTKu MHGOpMaIu), KOT/Aa sIBIeHUE AUPPAKIINH KaK
051 peo01aiaeT HaJl NPSIMOJIMHEHHBIM pacIpOCTPAaHEHHUEM CBETa, MPOSBISIETCs Hauboee SpKo.
OTO IPOUCXOAUT B MEPBYIO OUepeab MPU MPOXOKIECHUU CBETOBOW BOJHBI Yepe3 MPEnsTCTBUS,
KOTI'Zla pa3Mepbl HEOAHOPOJHOCTEN CPAaBHUMBI C JYITMHOM BOJIHBI.

B oOmem cnydae ans pemieHus 3aqad paclpoCTpaHEHHs] 3JEKTPOMArHUTHBIX BOJIH
CIIEyeT II0JIb30BaThCsl CKAISAPHBIM BOJHOBBIM YpPaBHEHUEM, IIOJy4aeMbIM W3 ypaBHEHUI
Makcsemia



2.1)

C HadYaJlbHBIMU W TpaHUYHBIMU YCJIIOBUSAMHU, OIHCBIBAIOIIUMHA I[CFICTBHC HNCTOYHHKA
HU3JIYYCHHUA. 3,I[eCB U(X, Y, Z,t) - 1100bIe KOMIIOHEHTHI BCKTOPOB HAIIPAKEHHOCTH SJICKTPHYCCKOI'O

Y MAarHUTHOTO T0JIs1, C — CKOPOCTh CBETA, V - oneparop Jlanmnaca.

B cwiy nuneiinoctn (2.1) mpousBonbHOe Bo3mymieHue U = f(f) moxker ObITh
IPE/ICTaBICHO B BUJIC JIMHCHHOW KOMOMHAIIMY TAPMOHUYECKUX COCTABIISIONINX, U pelieHue (2.1)
UILYT B BUJIE TAPMOHUYECKUX BOJIH, KOTOpPbIE yI00OHO 3alMCBIBAaTh B AKCIIOHEHIIMAILHOU (opMe.

Haubonee nmpocteiMu pemieHusMU ypaBHeHUA (2.1) SBISAIOTCS T€, KOTOPHIE OMHCHIBAIOT
OJITHOPOJHBIE IJIOCKKE U C(hEePUUECKHE BOJIHBI.

Bosiny Ha3bIBalOT MJIOCKOHM, €ClIM €€ aMIUIMTyJAa U ¢a3a B JII0O0H MOMEHT BpeMEHHU
IIOCTOSIHHBI Ha IJIOCKOCTH, NEPIICHANKYJIIPHON BOJTHOBOMY BeKTOpy. [1o onpeznenenuto miuockas
BOJIHA HE OIpaHMUYEHA B IIPOCTPAHCTBE, IIO3TOMY OHA SIBJISIETCS MJCAIM3ALUEN BCTPEUAIOIINXCS
Ha MPAKTUKE BOJIH.

YpaBHEHHE TapMOHHMYECKOW IUIOCKOM BOJIHBI, PaCHpOCTPAHSAIOLICHCS B HaIlPaBJICHUM,
OIpe/IeNIIeMOM BEKTOPOM K, MMeeT BU

u(x, y,z,t):uoem[i(R-F—ai—qyo)l (2.2)

rae Up — aMIUIMTyJa BOJHBI, @ - IHMKJIWYecKas 4acrtora, K=Kn - BomHoBOW Bektop, K —
BOJIHOBOE YHKCJIO, N — BEKTOP BOJHOBOM HOPMaJIH, I — paguyc BEKTOP TOUKU HAOIIOACHUS.

Ha mpakTuke mpuxoauTcs UMETh JEJI0 ¢ BOJIHAMU, UMEIOIIUMU O0Jiee CIOXKHYI0 (GopMy
HOBerHOCTI/I BOJIHOBBIX (1)pOHTOB, HpI/Iqu nux aMHJII/ITYIIa HC IIOCTOsIHHA B pastquIx TOYKaAX
BOJIHOBOTO (poHTa. Takue BOJHBI B MapaKCHAIBHOM MPUONMKCHHH (T.€. KOTJIa HaIlpaBiICHUS
BEKTOPOB BOJHOBOM HOpPMAajd COCTABJISIIOT MaJbIii yrojil ¢ KakUM-JIMOO BBIJICIICHHBIM
HaIpaBlieHUEM) YIOOHO OIMUCHIBATh KAaK PE3yNbTaT MOAYJSIMU aMIUTUTYIbl U (a3l HECylleH
IJIOCKOM BOJHBI

u(x,y,z,t)=u,(x,y,z)exp {IlR T —at—gp(x,y, z)ﬁ (2.3)
Hampumep, mpu pacrpocTpaHEHUH BIOJIb OCH Z YPABHEHHE BOJHBI MOYKHO 3aIMCaTh B BUJIE
u(x,y,z,t)=uy(x,y,2)exp[-ig(x, y, z)|exp|ikz - at))] (2.4)

Kommekcuyro  Bemmumuy  U(X,Y,z,t)=U,(x,y,2)exp[~ip(x,y,2)]  mHassmaror
KOMIUIEKCHOW aMIUIMTYA0M BonHEL. LlenecooOpa3Ho B majbpHEiIIeM aHAIU3UPOBATh U3MEHEHUE
KOMIUIEKCHOW aMIUTATY/IBI TIPH €€ PacIpOCTPAHEHUH B MPOCTPAHCTBE WM B ONTHYECKON CXeMe,
BO3Bpallasch MpU HEOOXOAMMOCTH K TIOTHOW 3amUCH ypaBHEHHUsS BOJHBI Ha JII0OOOM JTare
aHam3a.

O4eBHIHO, YTO KOMIUIEKCHAS aMIUIMTYAa Ha TUIOCKOCTH, COBMAJAIOIIEH C BOJIHOBBIM
(GpPOHTOM TIUIOCKOM BOJHBI, paBHAa IIOCTOSHHOM BEJIMYMHE B JIO0OOM MOMEHT BpEMEHH.
[TonoxxutenpHBIE 3HAYEHHUS ¢ O3HAUYAIOT 33JEPKKY COOTBETCTBYIOIIETO YYacTKa BOJHOBOTO
¢bpoHTa, OTpUIIATETHHBIE — OTIEPEKECHHUE.

Bynem Ha3pIBaTh BOJHY KBa3WIUIOCKOW, €CIHM CYIIECTBYET TOJBKO aMIUIATYHAS
MOJIYJISALINS TUIOCKOHM BOJHBI, a (pa30Basi MOAYJISIUS OTCYTCTBYET, TO €CTh MpU (UKCHUPOBAHHOM
Z ¢(x,y,2)=0. Takas BojHa Ha3BIBACTCS KBa3HILIOCKOW IMOTOMY, YTO MPH PACIPOCTPAHCHHU €€
BOJIHOBOU (PpOHT HEen30eKHO UCKPUBISETCS U3-3a NU(pakiuu.
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B yctpoiictBax onTHYecKoi 0OpaOOTKM CUTHAIOB TpeOyeMblii BHA MOAYJISLUU
MOJIy4aroT, OCBeImIas IUIOCKOW CBETOBOM  BOJHOM OOBEKT CO  CBETOINPONYCKaHUEM
t(x,y)~uo(x,y)exp[ig(x,y)], momereHHblii BO BXOmHOW IUIOCKOCTH (Xo, Yo) mpu Z = 0. Takoi
O0BEKT B 3aBHCHUMOCTM OT KOHKPETHOIO IPUMEHEHUS M KOHCTPYKLHMU Ha3blBaIOT
TPaHCHAPAaHTOM,  YOPAaBISEMBIM  TPAHCIAPAHTOM, WM  MPOCTPAHCTBEHHO-BPEMEHHBIM
moayistopom ceera (IIBMC).

B o6miem ciyuae mnpomyckanue TpaHcmapanta t(X,y) — KoOMIUIEKCHas (yHKIIHS.
TpaHcnapaHT Ha3bIBAIOT aMIUIUTYAHBIM, €CJIM OH MU3MEHSET paclpeesieHe aMIIUTYAbl BOJIHBI,
HO HE BIIUSET Ha pacrpeesneHue $pa3bl WK, IPYTUMHU CIOBAaMH, HE U3MEHSET (OPMY BOJHOBOTO
¢ponta. IIpomyckanue t(X,y) aMmIUIMTYIHOTO TpaHCHAapaHTa — JeHCTBHTENbHAsS (DYHKIMSL
TpancmapaHT Ha3bIBaIOT (a30BBIM, €CIIH OH U3MEHSET (OpMY BOJIHOBOTO (PpOHTA, HO HE BIHSIET
Ha aMIuTyny BosHbL IloTepu cBeTOBOM »HepruuM B TakoOM TpaHCHApaHTE OTCYTCTBYIOT.
Oynkuus nponyckanus ¢pasoBoro Tpancnapanta umeer Bun t(x,y) = explip(x,y)] u [t(xy)| = 1,
NpUYEM TOJOXKUTEIbHBIC mpupameHus (assl Ag B BbipaxkeHun st t(X,y) COOTBETCTBYIOT
3aJIep>KKe BOJIHBI B TPaHCIIapaHTe.

Kak ormeuanoch, pacrnpeneneHne amMIuiuTyAbl U (a3bl BOJHBI, 33JaHHOE Ha BXOJHOH
IUIOCKOCTH, W3MEHSETCS IpU PacHpOCTPAHEHUM BOJIHBI B pe3yibTare Audpakiuu. AHamu3
pacnpoCTpaHEeHUsT BOJH IIyT€M pElIeHUs BOJHOBOro ypaBHeHHUs (2.1) 3arpyqHuTeNneH u
BO3MOYEH TOJIbKO [P UCIOIb30BAHNUHU YUCIIEHHBIX METOJIOB.

B ocHoBe mocTpoeHuss TeopuHM IUQpPAKIUU JIeKHT TpuHIun [ roiirenca-dpenens,
COIVIACHO KOTOPOMY KaXKAYIO TOUYKY BOJIHOBOIO (PpOHTA MOYKHO CUMTATh LIEHTPOM BTOPHUYHOTO
U3JTY4YCHHUS, KOTOPOE BBI3BIBACT DJIEMEHTapHbIC c(epuuecKkue BOJHBI, HHTEpHEpUPYIOUIHE
MeXIy co00if, a BOJIHOBOM (pOHT B OoJsiee MO3JAHUH MOMEHT BPEMEHM IpEJCTaBIsAeT COOOM
OTHOAOIIYIO ATHX BOJIH.

I'maBHBIN BBIBOA, KOTOPBIN MCIOJIB3YETCSA MPU MOCTPOSHUH TEOPUH AU(DPAKIMU: YTOOBI
MOJICUMTATh TI0Jie B TOYKE P, Hamo mpocymMMHpOBaTh B TOUKEe P M3mydeHHE OT BCEX TOYEK
BOJIHOBOT'O ()pOHTA C yueToM (a3bl 3JIEMEHTAPHbBIX BOJIH.

Bocnonszyemcs npunnunom I'roiireHca-@peHens Ui pelIeHHs OJHOW W3 TIJIABHBIX
3a7ia4 TeopuM AUDpaKuu: 3Has paclpeesieHue aMILTUTYAbl U (a3bl KonebaHui Ha MI0CKOCTH,
OCBEIlaeMOM CBETOBOM BOJIHOM, HAlTH paclpeleieHre amIuIuTyasl U ¢a3bl KoieOaHuM Ha
napajiebHONW MIIOCKOCTH HaXoJAIIeNHCsl OT MepBOil HA HEKOTOPOM pacCTOsHUU Z (cM. puc.2.1).
KoMrutekcHast aMILITy/1a BOJIHBI Ha TUIOCKOCTH XgYo paBHa U(Xo,Yo).

Bo Y, ‘ 3’1‘

XO
Z
o 0 o
% fa¥ z=d
L\ 7
™ d
|l i

t(XovyO)

Puc.2.1.
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AMIUIATY]a BTOPUYHOI CBETOBOI BOJIHBI, BO30YK/Ia€MOM Y4acTKOM BOJIHOBOTO (hpOHTa
dS B Touke Py ¢ koopauHaTtamu (Xo o) ¥ H3MEPEHHOM B Touke P1 ¢ KoopauHartamu (X1 y1), paBHa

u(R) = cos(r )l 1) 2L 5 25)

3nechk i/A - KO PHUIUEHT, ompe/esieMblii B pe3yibraTe 0ojiee IeTaabHOro aHaiu3a, cos(y) —
KO3(pPHUIIMEHT HAKIIOHA, ¥ - YTOJ MEXY OChbI0 Z U BeKTOpoM PoP1, L — muimna BexTopa PoPs.
CymmapHoOe Bo3MyIIeHue B ToUke P onpenensercs nHTerpaiom

i ¢ 7 ikL
X1 Y1 _ZI 0_[“ Xos YO cos ) Xpl(_ )dXOdyO (2.6)

J1y1s mapakcUaibHOTO MPUOIMKESHUS MOXKHO CUuTaTh COS(Y) = 1.
[Moacrariss B (2.6) BeIpaKeHHE IS [UIMHBI BEKTOpa

HOJ'Iy‘lI/IM BBIPa)XCHHUC

N e N S R 2.7)

exp[ik\/z2 +(x =% F +(y, - yo)z}
\/22 + (Xl - X0)2 + (y1 - yo)2

i ©
U0, y2) =~ Julx,vo) gy, (2.8)

B ucnons3yemMoM TpHONMKEHUH MOXHO CUHUTATh, YTO |X1—XO| << Z, |yl—y0| << Z

OpnHaxo 3TOro Helb3sl IeaTh B OKCIOHEHIMAIbHOM WIEHE, TaK KaK Ha SKCIIOHEHTY BIIUSET AaXKe
Majloe M3MEHeHHe JUIMHbI oTpe3ka PoPi. VYmpoctum (2.7), monb3ysach NpuOIMKEHHBIM
3HauYEHUEM KBaJ[PaTHOTO KOPHS, OIYyIHUM

2 2
‘% ~7+ (X1 ;ZXO) + (y1 ;Zyo) _ (2.9)

C yuetom (2.9) unrerpain (2.8) 3anucbIBaeTCs B CIEAYIOIEM BUJE:

u(x,y,)= 2'; lkZH X Yo exp{ LM —Xo)2+(y1—yo)2]}dxodyo- (2.10)

Nurerpain (2.10) Ha3piBatoT uHTErpasiom OpeHens.

DKCNOHEHIMAIbHBII MHOXUTEINb nepea uHrerpaioM B (2.10) cooTBeTCTBYET MCXOAHOM
BOJIHE, IIOATOMY CaM HHTErpaj OTpakaeT HM3MEHEHHE C KOOpAWHATOW Z MOAYJIHPYIOIIEH
byukmn U(Xo,Yo)-

Wuterpansaoe npeoOpasoBanue Buaa (2.10) HazpiBaoT npeoOpazoBaHueM DpeHens.
XapakTepHass €ro OCOOCHHOCTb — 3aBHCHUMOCThH Pe3yJIbTHUpPYIOUIeH (YHKIUU OT mapameTpa,
IPONOPLUUOHAIBHOIO KoopauHarte z. C momompbto uHTerpana dpeHens MOKHO paccuuTarb
AIIEKTPOMAarHUTHOE IOJI€ MPAaKTHUYECKU B JIIOOON TOYKE MPOCTPAHCTBA, 3aHHUMAaEMOT0 CBETOBOM
BOJIHOM.



19

Jly1s 06J1acTé MIPOCTPAHCTBA, TOCTATOYHO yIATCHHON OT BXOJHOU IIIOCKOCTH (Xo,Y0), THIE

BBITIOJIHACTCSA YCIIOBUC
2 2
Xy +
ﬁOTyO) <<Z, (211)

uHTterpai (2.10) MoxxHO yrnpocTuTh. YuuThiBas (2.11), MOKHO IPUHSATH, YTO
exp[ (x0 +Y, )} 1. (2.12)

[Toxncrasmnss (2.12) B (2.10), nomyuum

U(Xl,yl)—iexp(IKZ)em[ X+ Y }I TU(Xo,yo)exp[—%(xlxo+y1yo)}dxodyo- (2.13)

3amMeTHM, 4TO OTHOIICHHE X1/Z =& W Yi1/Zz = m 3TO YIIOBbIE KOOPAMHATHI TOYKU
HaOmronenus P1. [lpoussens 3ameny nepemMeHHbIX B (2.13), momyuyum qudpakiiMOHHBIN HHTETPa

o0

U(Xl,yl)—iexp(IKZ)em{ " + 7 }I Julxs, yo)ep[-ik(&G +my, ldxdy,,  (214)

o0

KOTOpPbII HaspiBatoT uHTerpaioM dpaynrodepa. [lepBblil skcroHeHIMATbHBIA KO3(D(UIHEHT
nepeJl MHTErpajioM COOTBETCTBYET MCXOJHON IUIOCKOM BOJIHE, BTOPOW TPH HEOOIBIINX
OTKJIOHEHUSX OT ocH Z (X, Y << 1) MOXHO CUMTaTh PaBHBIM EUHHULIE.

Wuterpan ®@paynrodepa ¢ TOYHOCTBIO 70 IKCIIOHEHIUAIBHBIX KOA(M(QHUIMEHTOB TMepes
3HAKOM HHTerpaja copmajgaer ¢ uHrerpaioM dypwe i AByMepHBIX (pyHKIuMil. XapakTepHas
0COOEHHOCTh TU(paKuy, oNUCchIBaeMOl HHTerpasoM @payHrodepa, - yrioBoe pacrnpezesieHue
TU(pparupoBaHHON BOJHBI HE 3aBUCHT OT KOOPAMHATHI Z (IEPEMEHHOH Z 0] 3HaKOM MHTerpaia
HET).

Wtak, B 3aBUCHMOCTH OT PACCTOSIHUSI Z OT BXOJHOW IUIOCKOCTH (Xo, Yo) [0 TOYKH
HaOmozieHus: P; cBeToBoe moje MOXHO pa3OuTh Ha TpU 00JIacTU (30HBI) C CYIIECTBEHHO
pasnu4yHbIM XapakTepoMm audpakiuu. (Crnenyer TOJBKO MOMHUThH, YTO TPAaHUIBI 3TUX 30H
JIOCTaTOYHO YCJIOBHBI).

30Ha TeOMETPUYECKON TEHHU.

Hecmotps Ha TO, 4TO AMQPPaKIMOHHBIE SIBICHHUS MOTYT HaOJIl0/1aThCS HAa OYEHb MallbIX
paccTOSTHUAX OT BXOAHOM IUNIOCKOCTH, IIPH

2

z glé“—;, (2.15)

Trac |min — MHUHHMMAaJIbHBIN pa3sMep HCOAHOPOAHOCTHU CBCTOBOT'O IIOJIA BO BXOJHOM IIJIOCKOCTH,

TUGPaKIUOHHBIMU SIBJICHUSIMU B OOJIBIIMHCTBE MPAKTUUECKUX MPUMEHEHUH MOXKHO IIpeHeOpeyb
51

U(XO' Yoo Z) ~ u(xl’ yl)eXp(ikZ) (2.16)

To ects Momymupyromias GyHKIUS coxpaHsercs. [103ToMy 3Ty 00JacTh Ha3bIBAIOT 00JIACTHIO
(30HOI) reOMETPUYECKON TCHH.
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3ona nudpakuun Openens

DTa 30Ha XapaKTepU3YyeTCs TeM, YTO aMIUTUTYyAa KojieObaHui u (popma BOITHOBOTO (pOHTA
U3MEHSIOTCSL TpPH  PACHpOCTpaHEHHWH BOJH. 30Ha audpakuuu DpeHens orpaHuveHa
pacCTOSTHUSMU

|2_ 2_
% <z< % (2.17)

3ona nudpakuun OpayHrodepa

Hudpaxmus @paynrodepa — Hanbosee BaKHBIA A MPAKTUYECKUX MPUMEHEHHH BUT
mupakuy, Tak Kak ¢ ee MOMOIIBI0 peaau3yercs AByMepHoe npeodpa3zoBanue dybe — 0azoBas
oriepaIusi yCTPOHUCTB ONITUYECKON 00paOOTKH CUTHAJIOB.

3ametuM, uTo TmpeoOpasoBanue @Dypbe MoNIydeHO Oe3 KaKUX-TUOO0 ONTHYECKHX
3JIEMEHTOB; OHO 3aJI0KEHO B CaMOM BOJIHOBOM ITPUPOJIE CBETA.

Nmeetcs psa mpeuMyIIeCTB BBIMOJIHEHHS] ONTUYECKOTo MpeobpasoBanus Pypbe nepen
JIEKTPOHHBIMU METOAMH.

JIBymepHocTh. PacrnpeneneHne aMIUIMTyIbl CBETOBOW  BOJIHBI, HMCHBITHIBAIOIIEH
TUQPaKIUIO TPH PacTIPOCTPAHEHHUH, OMKCHIBaeTCsA IByMepHOW (yHkuuei. Ilo cpaBHeHHIO C
OJIHOMEPHBIMH Takue GyHKIUU 001a/1al0T 3HAYUTENIBHO O0Jblel HH(HOPMAMOHHONW EMKOCTBIO.
Kpome Toro, pacmmpsiercs kiacc o0OpaOaTbiBaeMbIX (DYHKIUI: JBYMEpHbBIE CHUTHAJbBI
(u300pakeHus), OAHO- 1 MHOTOKaHaJIbHbIE OJIHOMEPHBIC CUTHAIIBI.

[lapamnenbHocTh. B oTinmumMe OT 3JIEKTPOHHBIX METOAOB CKOPOCTb BBIIOJIHEHUS
ONTHYECKOTO TpeoOpazoBanuss Dypbe HE 3aBUCUT OT MHPOPMATHUBHOCTU 00pabaTHIBAEMOTO
curHana. [IpeobpazoBanue dypbe BCEro BXOIHOTO CHUTHAja BBITIOJHSICTCS MPH OJHOKPATHOM
MPOXOXKJIEHUH CBETOBOM BOJIHBI OT BXOJHOM IIJIOCKOCTH JO IUIOCKOCTH pPErucTpanuu
Tu(parupoBaHHON BOJHBI.

boictponeiictBue. Bpemsi  BbIMOTHEHHS  onTHYECKOro mpeoOpa3oBanHusi Dypwe
OINpeENseTCs BPEMEHEM paclIpOCTPAHEHUs CBeTa OT BXOJHOH IJIOCKOCTH N0 IJIOCKOCTH
peructpauuu. IIpu cpeaneit BenuunHe z=30 cCM 3TO BpeMsl COCTaBJISET OKOJIO 10° ¢, uro Ha
MHOT0 TOPSIIKOB OBICTpee, YeM JUIsl caMbIX ObicTpoaeiicTByromux 9BM.

N3BecTHO, yTO J1t00OH (POTOUYBCTBUTENBHBIA 3JEMEHT pearupyeT Ha MHTEHCHUBHOCTh
CBETa, IPONOPLUOHAIBHYIO KBaJApaTy MOAYJS aMIUIUTYAbl CBETOBOM BOJHBL [loaTomMy s
coxpaHeHust MH(popmaruu o (a3oBoii cocrapmstomel Pypre-odpaza NPUXOIUTCS UCHOIB30BATh
Oosee cioXHbIE HHTEPPEPEHIIMOHHBIE CXeMbl. YacTo mpH pelieHnH 3a1a4d 00paboTKU CUTHATIOB
JIOCTAaTOYHO TII0JIb30BaThCsl CHEKTpoM BuHepa curHana — ¢yHKOMeH, NpONOPLUOHATIBHOM
KBazpary monyis @ypre-o0pasa U PErucTpUpPyeMON HEMOCPEICTBEHHO (POTONPUEMHUKOM B
30He nudpakunu OpayHrodepa.

2.3. PoJib NONOXUTEIBHOM JTMH3bI B BRIIOJIHESHHH OIITHYCCKOTO npeo6pa30BaHI/I;1 q)pre

PaccMoTpuMm mpocTeinylo onTHYecKyro cuctemy (puc.2.2), COCTOSIIYI0 U3 OJHOM
TOHKOM ceprudeckoil JMH3bI ¢ POKYCHBIM paccTtosiHueM f, momemnieHHo# B tutockoctd Z= 0, u
pacloJIOKEHHOTO BIUIOTHYKHO K HEH TpaHCNapaHTa C KOMIUIEKCHBIM — aMIUTUTYIHBIM
npornyckanueMm t(Xo,Yo). JIMH3y Ha3pIBalOT TOHKOW, €CIM JIyd, BXOISIIAA B TOYKY C
KoopauHaTaMu (Xo,Yo), BBIXOIUT U3 HEE HA MPOTUBOIIOJIOKHOHN MTOBEPXHOCTH B TOUKE MPHMEPHO
C TEMHU K€ KOOpJAMHAaTaMHU. OTO O3HAYaeT,YyTO CMEIEHHWEM Jiydya BHYTPH JHH3bI MOKHO
npeHeOpeus. JIMH3a 3aiepKuBaeT (PPOHT Majarouieil BOJHBI HAa 3HaYCHUE, MPONOPLUOHATIBHOE
TOJILIMHE JIMH3bI B Kaxa0i Touke. ClieJoBaTeNbHO, TaKyIO JIMH3Y MOKHO paccMaTpuBaTh Kak
TpaHCHAPAHT, OCYILECTBIAIONMHI (Pa30ByI0 MOAYISALMIO U MMEIOUIMH (DYHKIIMIO MPOITyCKaHUS
Buma t,(x,y)=exp[idp(x,y)], rae dyrkus A@(X,y) mponopiroHaibHa TOIIUHE JTUH3bI B TOYKE C
KoopAnHaTaMu (X,y). HeTpyaHo nokasats, 4to
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Aplxy)=—: 2 +y?) (2.18)

Takum 00pa3oM, KOMIUIEKCHOE IPOIYCKAaHWE COOTBETCTBYIOLIEE TOHKOW cephuecKoit
JIMH3€ MOXKHO OIPEIETIUTh U3 BEIPAKCHHS BUJIA!

L(cy)=00] (¢ +y7) =00 2 i1 y7) 219

Ecnu na paccMaTpuBaACMyIO OITUYCCKYIO CHUCTCMY MaJAaCT IIJIOCKAas CBCTOBAA BOJIHA C
aMHJII/ITy,HOﬁ EO, pacrpocCTpaHsaromascsad B IMOJTOXHUTCIBHOM  HaIlpaBJIICHUU OCHU Z, TO

KOMIUIEKCHasl ~aMIUINTyJa CBeTa HENOCPEJICTBEHHO BOJM3M JIMH3bI, CIpaBa, paBHa
NPOU3BEACHUIO QYHKINN MPOIYCKaHUS TPAHCIIApaHTA U JIMH3BI:

Eo(X0,Y0)=Eo t(X0,Yo0) t;(X0,Yo)=Eo t(Xo,Y0) exp[ kf (X +Yo )} (2.20)

A

to(Xo,Yo) >
Puc.2.2

Jlanee BomHA pacHpOCTpaHSETCs B CBOOOJHOM MPOCTPAHCTBE, MOATOMY KOMIUIEKCHAs
aMIUTUTyJla CBETa Ha JIFOOOM pACCTOSHUU OT JIMH3BI MOXET OBITh PAacCUMTaHa C IMOMOIIBIO
unterpana Openens-Kupxroda. [[ns pacuera pacnpenenenns KOMIUIEKCHBIX aMIUTUTY/ CBETa B
30oH¢ mudpakunu DpeHens Ha paccTOSHUM Z=d OT JIMH3BI BOCIOIB3YEMCS MPHOIHMKEHTEM
O®penens (2.20). Torma

E(xy.2) = ; [ Eoxoyo) exp{—[(x Xo)’+ (y-Yo)°1} dXo dyo (2.21)

HHTerpupoBaHue MpoOU3BOIAT MO BCeil MOBEPXHOCTH JMH3BL. Eciu moacraButh B (2.21)
BeIpakeHue (2.20), OmMyCTHB HECYNMIECTBEHHBIM IS JAlbHEHIIEro aHaln3a TOCTOSHHBIN
¢a3zoBbIit MHOXKUTENB exp(-ikd), TO MOTy4YrM BeIpaskeHHE CIIEIYIOLIETro BUA!
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E(xy.2) = 7'kdf J- t(Xo,Yo) exp{ u (Xo +Yo )} exp{%[(x-xo)2+
+ (y-yo) ?1} dxo dyo. (2.22)

B pesyibTare yIpoOLICHHs JaHHOTO MHTErpaia IyTeM pasloKeHHs KBampaToB (X-Xo)?
(Y-Yo)? momyumm

p-ikd k(1 12 2 ik «
E(xy.2) = 7Z'd EXP[ od (X Ty :l_[ j t(Xo,Yo) exl{ (T q j(xo Yo )} exp{ q
x[XXo+YYo] } dXo dyo. (2.23)

Ecnu d = f, To Beipakenue (2.23) mpuMeT CIICAYIOUIHIA BUI:

(577)‘ iz(&®+ 02 )] [ ty) expf-izz [Ex+ny1} dxdy, (2.24)

rne E=x/(Af); n=y/(Af). UuTerpan B JaHHOM BBIPOKCHHH NPEACTABISET COOOW IBYMEpHOE
npeobpazoBanue Oypbe pynkuuu t(X,y) npu ycnosuu, uto GyHkuus t(X,y) TOXKIECTBEHHO paBHA
HYJIIO 32 TpeJelaMH IOBEPXHOCTH JIMH3BI. JTO YCIIOBHE TIO3BOJSET PACIIMPHUTH IPEACIbI
WHTETPUPOBAHUS 10 OECKOHEYHOCTH, UTO U TpeOyeTcs i peodpa3oBanus Dypre.

vt oyt RL ty,
E i o
4 | 1
V4 N R
2=0 =f Bk z
oy o L TEm) Ee¥) £ | f

a) 0)
Puc.2.3 OnTrdeckne CUCTEMBI, BBITOJHSIONIAE TOYHOE TTpeoOpa3oBanmne Dypne

Takum o00pa3om, ecau Ha TOHKYIO c(epHuyecKylo JIMH3Y C NPHUMBIKAIOIMIUM K Hel
TpPaHCHAPAaHTOM MaJaeT IJIOCKas CBETOBAas BOJIHA, TO B 3aJHEH (POKaIbHOM IIOCKOCTH JIUH3BI
o0Opa3yeTcs CBETOBOE IOJIE C PACHpPEeAEICHUEM KOMIUIEKCHBIX aMIUIMTY[, MPONOPLHOHAIBHBIM
IPOM3BEACHUIO KBAJPAaTHUYHOrO (pa30BOro MHOXKHUTENS U Pypbe-o0pa3a (GyHKIMH MPOMyCKaHUS
TPaHCIApaHTA.

B Tex cmydasx, Korja BakHa TOJIBKO MHTEHCHBHOCTH CBETa, KBAaJIPAaTUUHBIM (a30BbIif
MHOXHTEJh B BEIpaXeHNU (2.24) He yuuThIBarOT. D deKT, 00yCIOBICHHBIH 3TUM MHOKHUTEIIEM,
HKBUBAJIICHTEH JCUCTBUIO TOHKON pacceuBaroleil (BOTHYTOM) JTMH3BI ¢ (POKYCHBIM PAcCTOSHUEM
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f, momemenHoii B miockoctu Z=f. DTO ecTeCTBEHHO, Tak Kak 3a a3aHell (HOKaIbHOMU
IUTOCKOCTBIOJYYH HAYMHAKOT pPacXoauThes. Ecau B miockocTh z=f MOMECTHTh TOHKYIO
cobuparonyro JuH3y ¢ (GokycHbM pacctosaueM f (puc. 2.3.a), To 3TOT (a30BbIi MHOXKUTEIIb
OyIeT KOMIIEHCHPOBaH. MOXKHO TaKkXkKe IMO0Ka3aTh, YTO (ha30Bblil MHOXHUTENb MPEBpalIacTCs B
eMHHMILY, €CJIM TPaHCIAPAaHT MIOMECTUTh HE BIUIOTHYIO K JIMH3E, a B e¢ MepenHell GpokambHOM
miockoctu  (puc.2.3.0). B o00oux »9TUX Ciy4asx TMOJy4arOTCs ONTHYECKHUE CHUCTEMBI,
BBITIOJTHSIONINE TOYHOE MpeodpazoBanne Dypre:

iKE,
2r f

EEm =25 [ [ txy) epleize[Ex+n 1} dxay, (2.25)

Baxkaast poJib MOJIOKUTEIILHOM JIMH3BI 3aKJII0YACTCS B TOM, YTO OHA MEPECHOCHT MECTO
peructpaiu npeodpasoBanust Pypbe U3 00JaCTH, yIAIECHHON OT BXOIHOM IIOCKOCTH, B OJIM3KO
PaCTOJIOKEHHYI0O M CTPOTO (DUKCHPOBAHHYIO 3aHIO (OKAIBHYIO IJIOCKOCTh JTUH3BL. Kpome
TOro B oTiauuue oT nudpakiuu Ppaynrodepa, orcuer BxoaHon pyHkuuu u ee Oypbe-odpasza
BCACTCA B OAHHMX M TCX XKC IMPOCTPAHCTBCHHBLIX KOOpAMWMHATAX, YTO ITO3BOJIACT IMPOHU3BOAUTH
MIOCJIEIOBATEIbHO HECKOJIBKO Omeparuii 00pabOTKH CHrHajda B OJHON M TOW K€ ONTHYECKOM
cHCTEME.

2.4.CBOMICTBA OIITUYECKOI'O ITIPEOBPA3OBAHUS ®YPHE

[Tpu paccMOTpeHUN CBOMCTB ONTHYECKOTO MpeodpazoBanus Oypbe OyaeM NoIb30BaThCS
crenyrmuMu 0003HadeHUsIME. 3anuiieM rmpeodpazoBanue Oypbe B CISAYIONIEM BUJE:

T(x1,y1) = F[t(x0.Y0)], (2.26)

rae omepatop F obGosnawaer mnpeoOpazoBanme @Dypwe, T(x1,Y1) - Oyppe-oOpa3 QyHKIuH
t(X0,y0). Uncnennsie K03pPUIMEHTEHI, ONpeaensieMble KOHKPETHBIMU TapaMeTpaMi ONTHYECKOMH
CHCTEMBI, OTYIIeHBI. AHAJOTUYHO 0003Ha4YaeTcsi oOpaTHOe npeodpazoBanue Dypre:

t(x0,y0) = F1[T(x1,y1)]. (2.27)

Pazymeercs, cBoiicTBa onTH4yecKoro npeodpazoBanusi Oypre BHITEKAIOT U COTJIACYIOTCS
CO CBOMCTBAaMM MAaTE€MaTUYECKOW oOmepaluu, 3agaBaeMod uHTerpaioMm @Dypwse. 31ech Mbl
W3JI0KUM TOJIBKO HauOoJiee BaKHBbIE CBOWMCTBA [IJII ONTHYECKOM OOpaOOTKM CHUTHAJIOB B
MOHATUSAX M TEPMHUHOJIOTUHU, MPUCYIIUX ONTUYECKOM CXEMOTEXHUKE. Tak Kak JT0Ka3aTesbCTBa
AQHAJIOTUYHBI TEM, KOTOPHIE TPUMEHSIOTCS 1JIs1 OTHOMEPHBIX (DYHKITHI, MBI UX HE TTPUBOJIUM.

JJUHEMHOCTbD

JIr000#1 ONTHYECKUH CUTHAT MOXKHO TNPEACTaBUTh KaK CyMMY TOYEYHBIX HCTOUHUKOB
CBeTa, a ero (yphe-o0pas - Kak pe3yabTaT HHTEPHEPEHITUN TUIOCKUX BOJTH.

OTO CBOMCTBO IMO3BOJISIET NIPOU3BOAUTH AHAIU3 MPOXOXKACHUS ONTUYECKOTO CHUTHAlA B
ONTHUYECKOI cucTeMe,UCOb3Ysl pocTeline "MoienbHble" QyHKINH.

N3MEHEHUWE MACIITABA

Pactspkenne wim cxkatue B KaKoM-JIMOO HAIpaBICHUU W300pakeHHs, 3a(pUKCHPOBAHHOTO
Ha TPAHCIApaHTE U MOMEMIEHHOTO BO BXOJHOM IJIOCKOCTH, MPUBOIUT K MPOMOPIHUOHAIBHOMY
CKATHUIO WU PACTSDKEHHIO B TOM )K€ HampaBiieHuH Ppypre-oOpasa.
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Flt(axg.byg)] = % T(x1/a,y1/b), (2.28)

rje @ u b - mpou3BoJIbHBIC TTOCTOSHHBIC.
TEOPEMA CJBUT'A (CMEILEHUSI)

Cwmenienrie (yHKIIMM BO BXOJIHOW IUIOCKOCTH BBI3BIBACT JUHEHHBIA (Da30BBIA CIOBUT
bypbe-o6pasa.

F[t(x0 - ¢.yo - d)] = T(x1,y1)exp[-i(cx1,dy1)] (2.29)

ScHo, uTo cnexTp BuHepa MHBapHMaHTEH K CIBUTY CHUTHaJa BO BXOJHOM IUIOCKOCTH. JTO
ABJISICTCA Ba)XHBIM JOCTOMHCTBOM OITHYECKOM CHCTEMBI, BBINOJHSAIONIEH MpeoOpa3oBaHuUe
®dypbe, Tak Kak PEerucTpUpYIOLIasl CUCTEMA, PACIIOIOKECHHAsI B BBIXOJHOW IUIOCKOCTH, MOKET
HaXOJUThCSI B (PMKCUPOBAHHOM IOJIOKEHUH HE3aBHCHUMO OT IOJIOKEHUS CHUTHAja BO BXOJHOM
IUIOCKOCTH. M3MeHeHue (a30BOro MHOXKHTENS CKa3bIBAETCA TOJBKO B HHTEPEPEHIIMOHHON
cxeMme, Korjga K ¢ypbre-o0pa3dy B BBIXOAHOH IIOCKOCTH J100aBisercss BTOpoil mydok. B takom
ClIy4ae CMEIICHHE CUTHAjJa BO BXOJHOW IUIOCKOCTH BBI3BIBAET IPONOPLHMOHAIBHOE CMELICHHUE
UHTEPEPEHIIMOHHBIX [T0JIOC B BBIXOJHOM IJIOCKOCTH.

3amernm, uTo HH (Gyphe-o0pa3, HU cHekTp BunHepa He 001agaroT MHBApMAHTHOCTHIO K
U3MEHEHMIO MaciiTada 1 MOBOPOTY U300pa’KeHHs BO BXOIHOM IIIOCKOCTH.

TEOPEMbI O CBEPTKE

CaepTkoil 1ByMepHbIX (PyHKINN Ha30BeM (YHKIIHIO BUAA
S(@p)= | [ ta(xy)to(o-x,B-y)dxdy. (2.30)

BBenem o6o3HaueHue onepanuu cBeptku: S(a,P) = t(x,y) * t(X,y).

A.ITPAMAS TEOPEMA. Teopema 0 cBEpTKE 3aIIUCHIBAETCS B CIEAYIOLIEM BUE:
F[t1(x0.y0) * t2(x0.y0)] = T1(x1.y1) T2(X1,y1)- (2.31a)

To ectp mpeoOpazoBanne Dypne CBepTKH (DYHKIUH paBHO MPOU3BEICHUIO (ypbe-
00pa3oB ATUX (PYHKIHIHA.

B.OGPATHAS TEOPEMA.
F[t1(x0.yo)t2(X0.yo)] = T1(X1,y1) * T2(X1,y1). (2.316)

[Tpeo6pazoBanue Pypbe npousBenecHUs GyHKUUN paBHO cBepTKe (ypbe-00pKa30B 3TUX
GyHKIHIA.

TEOPEMA O B3AMMHOM KOPPEJISIIIUN

@yYHKIINY B3aUMHOMN KOPPEISIUN UMEIOT CIEAYFOIINI BU:
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Ri2(B) = | [ tiOcray+B)t2" (xy)dxdy, (2.322)

Ro1(a) = |

t1™ (x+oLy+PB)to(x,y)dxdy. (2.326)

8 &—==—38 8 38

TeopeMma 0 B3aMMHOM KOPPENALMH 3alUCHIBAETCA B CIICIYIOIEM BUJIE:
FIt1(x0.Y0) * t2"(x0.y0)] = T1(Xx1.y1) T2 (X1,y1)- (2.33a)

FIt1™(x0,Y0) * t2(x0.y0)] = T1 ™ (X1,y1) T2(X1,¥1)- (2.336)

Teopembl 0 CBEpTKE M KOPPPEISAINN HMEIOT UCKITFOUUTEIIBHO OOJBIIIOE 3HAUCHUE, TAK KaK

ITIOKAa3bIBAKOT HYTI/I BBIIIOJIHCHUA JAaHHBIX onepaunﬁ O6pa6OTKI/I CUTHAJIOB OIITHUYCCKUMU
METOAaMHU.

JIBOMHOE ITPEOBPA3OBAHUE ®YPLE

ITocnenoBarenbHOE IBYKPATHOE BBIIOJIHEHHE ONTUYECKOro peodpa3oBanus ypre naer
HEPEeBEPHYTOE BXOJIHOE U300paKeHHE.

F{F[t(x0.y0)I} = t(-x2,-y2)- (2.34)
DTOT (haKT XOPOIIO U3BECTEH M3 TEOMETPUICCKOM OTITHKH.
PA3JIEJIEHUE NIEPEMEHHBIX
OYHKIMA IBYX HE3aBHCHUMBIX MEPEMEHHBIX Ha3bIBACTCs (YHKIHMEH C pa3aessitonuMUcs

NepEeMEHHBIMH, €CII €€ MOXXHO 3alHcaTh B BHJE NMPOU3BEACHHS IBYX (QYHKIMH, KakAas U3
KOTOPBIX sBisieTcst (yHKImed or oxHoil mepemennoi: f(x,y)=f1(X)fa(y). IlpeoOpazoBanue

®ypbe AByMepHOUH (DYHKIMU C pa3fesiolMMUCS NEPEMEHHBIMU MOXET ObITh IPEICTaBJICHO
pou3BeieHueM rpeodpa3zoBaHuil Dypbe KaXI01W U3 OTHOMEPHBIX (QYHKILUI:

Flt1(xp)t2(yo)] = T1(x1) T2(y1). (2.35)
CBOMCTBA CUMMETPUU

A. Ecimm t(x(,Yy() - AeficTBUTENBHAS QYHKIUS, TO €CTh

t*(x0.Y0) = t(X0.Y0). (2.36)

TO
T*(-x1,-y1) = T(X1,y1), (2.37)
T*(x1,y1) = T(-X1,-y1), (2.38)

to ecth Re[T(x1,y1)] - uetnas, a Im[T(x1,y1)] - HedeTHAs PyHKIHH.

b. Ecnm t(x(,YQ) - AeHcTBUTENbHAS U YeTHAsl QYHKIUS, TO €CTh
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t(x0.¥0) = t"(x0.y0) = t"(-x0,-Y0), (2.39)

to 1 T(x1,y1) - neiicTBUTENbHAS U YeTHAS QYHKIIHS.

T(x1.y1) = T (X1,y1) = T (-X1,-y1)- (2.40)

B. Ecim t(x(),YQ) - AeHcTBUTENbHAS U HeYeTHast (GYHKIUS, TO €CTh

t(x0.y0) =t (X0.Y0) = -t (-X0.,Y0), (2.41)
TO

T(x1,y1) = T(-X1,-y1) = T* (-X1,-¥1), (2.42)

10O ecTh T(X1,y1) - YMCTO MHUMAsI HEUETHAS (DYHKIIHSL.

OueBunHO, 4TO crnexTp BuHepa BO BCEX pacCMOTPEHHBIX 37€Ch CllydasX - YETHas
GyHKLHS.

I'. IIpeobpazoBanue Oypbe OCECUMMETPUIHON (YHKITUH.

OcecummeTpuyHOi OyZieM Ha3bIBaTh (DYHKIUIO BUJA

t(x0.yo) = t(ro), rae r02 = x02+y02. (2.43)

Ee dbypbe-06pa3

0

T(r)) =27 | t(r)o(rory)rodro, (2.44)

0

rae r12 = x12+y12, Jo - dynkuus beccenst nepBoro poaa Hynesoro nopsaka. [IpeoOpasoBanne
®dypbe Il 0CECUMMETPUUHBIX (YHKIMI MHOTJa Ha3bIBalOT mpeodpasoBanueM Dypre-beccens
i npeodpazoBanueM ['ankens. CienyeT MOTYEPKHYTh, YTO JJAHHOE MPeoOpa3oBaHKe - ITO HE
Oosee yeM 4YacTHBIN cityyail 1BymepHoro npeoOpasoBanusi ®ypwe.llosTomy moboe cBoiicTBO
npeodpaszoBannsg Pypbe MOKHO MPUMEHUTD K rpeodpazoBannio dyprebeccens (I'ankens).
CBoiicTBa CcUMMETpUM TIO3BOJIAIOT BBIOMpaTh Haubosnee yAOoOHBIE U MPOCTHIE
"MozienbHbIe" PYHKIMHM JUIS aHaIM3a padoThl YCTPOICTB ONTHYECKOW 00pabOTKH CUTHAJIOB.

6.1.INIPEOBPA3OBAHUE ®YPHE U CHEKTPHI BAHEPA HEKOTOPBIX ®YHKIIUIA

Huxe npusenensl pypre-o0pas3sl U crieKTpel BuHepa Hanbosee 4acTo BCTpeyaroUuxcs
JBYMEPHBIX (PYHKIMH, 00J1a1al0LIMX CUMMETPUEH U UCTIOIb3yEMBIX B KauecTBe "MOJEIbHBIX .

OYHKINA OYPBLE-OBPA3 CIIEKTP
BUHEPA

1. Jensra-dyHKIINA

d3(x,y) 1 1
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HCHOJ’IBByeTCH B KQ4E€CTBE MOACIHN TOUYCYHOI'O KICTOYHHUKA CBETA.

2 IIpamoyroapHas ¢ VHKIHS

rect(x,/D)rect(yo/C)= Dsinc(Dx, )Csinc(Cy, ) = D?sinc?(Dx, )C?sinc?(Cy,)
L %o yel <1 sin(zDx,) . sin(zCy, )
= =D -C

0, [X, Yol)L (iDx) — (2Cx,)

@OyHKIMSA sinc UMEET II1aBHbIIA MakcuMyM Ipu X1 = 0 ¥ M0O60YHbIE MAKCUMYMBbI MEHbILIEH

aMIUIMTY/bI, pa3/ielieHHble HYJISIMH. BBIpaKeHue Ui yIIIOBOTO PACCTOSHUS MEXIY IEPBBIMH
HyIsIMH (QyHKIHH sinc ripu qudpakiun Opaynrodepa

op= AID (2.45)
4acTO WCIOJIB3YeTCS IS OICHKU JU(PAKIIMOHHON PACXOAMMOCTH KBa3HILIOCKOW BOJIHBI C
MOTIEPEYHBIM pa3MepoM BoJIHOBOTO (hpoHTa 2D.
Ecmu npeobpazoBanre Dypbe OCYIMIECTBISICTCS JTMH30H, TO aHAJTOTHYHOES COOTHOIICHHE
Oy/eT UMETh CIIEAYIONINN BUI:
oX = AfID. (2.46)

Hcnonb3yeTcs 1 oLeHKH pa3Mepa (POKaIbHOro MATHA.

3.Kpyrosas dbyukus

Cil’C[r—O] - {1’ fo=p P ‘]1(27Tpr1) Ps 'J12 (277,0 l;1)
p) 10 r)p 27pt, (27o1,)

Crnextp Bunepa kpyroBoil (pyHKIMM peaqu3yeTcs B ONTHUKE KaK pe3ynbTar Iudpakiuu
IUIOCKOW CBETOBOW BOJIHBIHA KPYIJIOM OTBEPCTUU B HEMPO3PAYHOM SKpPaHE M H3BECTEH MOJ
Ha3BaHUEM JUCKa DUpH.

CootHouleHust uis KpyroBod (yHkiuu, aHanoruysusie (6.20) u (6.21), oriauuaroTcs
YHUCIJIOBBIM KO3 (PpHUIIMEHTOM:

Sp = 2,44 AID, (2.47)
or =2,44 2ID. (2.48)
3necs D = 2p.
4.I'pebenuaras QyHKIMs
comb(& xo, 17 Yo) = ﬁ comb(x1/& Y1/ n) # comb(x1/&y1/n)

=3 5(80 1) 3ol —m).

5.'ayccoBa dhyHKIMSA
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oot Lonf-224) Lo 222

2a a 4o’ a

3aMeTuMm, 4TO JBE MocieAHne QYHKINU - €AUMHCTBEHHbIC, YbU (ypheoOpasbl U CIIEKTPHI
Bunepa ¢ TOYHOCTBIO /10 MacmITaOHBIX KOI((GHUINEHTOB COBHAJAIOT C CaMHUMHU (DYHKIHAMH.
Oynkims COMb ucnonp3yercst Mpu MareMaTH4eCKOM ONMUCAHUU TU(PPAKIIMOHHBIX PEIICTOK H
JIpYrux NepHoAnYecKux CcTpykryp. OcobGenHo Oonpmioe 3HaueHHe umeeT ¢yHKius [aycca.
Pacnipenenenre HHTEHCUBHOCTH 110 CEYCHUIO JTyda HanOojee COBEPIIEHHOIO HCTOUYHHUKA CBETA -
OJTHOMOJIOBOT'O JIa3epa - OJIM3KO K ABYMEPHOH rayccoBoil pyHkunu. Takue nasepsl - Hauboiee
pacrpocTpaHeHHbIE HCTOYHUKH CBETa B YCTPOHCTBAX 00pabOTKU MHPOPMALIUH.

2.6. Onucanue 1a60paTOpHON YCTAaHOBKU

JlaboparopHasi ycraHoBKa (puc.2.4.) mpemHa3HaueHa JUIsl UCCICIOBAHUS ONTHYECKOTO
npeobpazoBanust @ypbe. OHA COAEPIKHUT reuii-HEOHOBBIH asep (A = 0,6328 MKM), KOJUTUMATOP
(pacmupuTenp) 1a3epHoro mydyka, cocrosmuii u3 auna3 JI; u JIp, TpancnapanT, MOAETUPYIOIIHIA
BXoaHy (yHkuuio t(Xg,Yo), kopotkodokycHyto nuu3y Jlp, doronpuemunk DI (porommon),
ocrutorpad.

JI, I,
Tasep T, @1 Oc.
A g
\ I
t(X,¥,)

Puc.2.4

Ontuyeckast cxema JJabOpaTOpHONW YCTAaHOBKM OTIMYAETCSA OT KJIACCHYECKHX CXeM (pHc.
2.3). Komnumarop dhopMupyeT ci1abo CXOISMITUNCS Ty40K, UTpasi pojib JUIMHHO(DOKycHON Dyphe-
auH3bl. CopmupoBanHbiii Dypbe-00pa3 BXOAHOTO CHUTHala HaxOAMWTCs BOMM3M (cieBa) OT
nepeaHel (QokaNbHONW TUIOCKOCTH KOpPOTKOQOKycHOM muH3bL. KopoTkodokycHas nuH3a
npoenupyeT yBeludeHHoe u3o00paxeHune @Pypbe-oOpasza Ha IUIOCKOCTh, IJIe€ HAXOIUTCA
(G OTONPHUEMHUK.

OnexkTpudeckuif  curHan ¢ (GOTONPHEMHHUKA, H3MEpseMblii  ociuuiorpagom,
NPOTIOPIIMOHAJICH WHTEHCUBHOCTH cBeTa B u3o0paxkeHun @Dyppe-obpaza. CraHupys
n3o0pakeHue (POTONPUEMHHUKOM, MTOJIy4aeM JaHHbIe O clieKTpe Bunepa uccnenyemoro curaana.

2.7. IlopsA0OK BBINOJHEHHS pabOThI

1. BxuounTs 650K MUTaHMA Ja3epa (BKIOYAaeT pyKOBOJUTENb) U OCIHLIOrpad.

2. C moOMOIIBI0 OCTHPOBOYHBIX BUHTOB JOOWTHCS MAPAIUICTBHOCTH JIA3€PHOTO ITydKa
HaIpPaBJIAIONMM Ha BCEX YYaCTKaX ONTHYECKON CXEMBI.

3. YCTaHOBUTH TpaHCIApaHT Ha IIyTH JIAQ3€PHOTO TIIy4YKa HEMOCPEICTBEHHO 32
KOJIJTUMATOPOM, T0OUTHCS YETKOW AM(PPaKIIMOHHON KapTUHBI Ha SKpaHe.

4. OmnpenenuTh XOJ IydKa B ONTHYECKOM cxeme. [Insi 3TOro ¢ momouiplo JUCTa
MIIIMMETPOBOM OyMaru wiM JUHEHKH U3MEPUTh CEYeHHE My4Ka B 2-X — 3-4 TOUKAX KaKJIO0ro
y4acTKa ONTHYECKOU CXEMBI.
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5. Usmeputp (OKyCHBIE pACCTOSIHMS HSKBHUBAJICHTHOW JIMHHO(POKYCHOM JIMH3BI,
00pa3oBaHHOM KOJJTUMATOPOM, M KOPOTKO(OKYCHOM JTMH3HI.

6. M3meputh pacCTOSHUS MEXKY FIEMEHTAMU ONTHYECKON CXEMBbI.

7. Tlomp3ysich pe3yslbTaTaMH M3MEPEHUH IO MyHKTaM 3 — 5, HaYEPTUTh ONTHYECKYIO
cxeMy J1a0opaTOpHOI YCTaHOBKH C M300paykeHHEM XOa JTy4el 1 yKa3aHHEeM pa3MepoB.

8. VYOparp skpaH u ycraHoBUTH (oTomauon. [lepememias ¢poroanoa, COBMECTUTh €TI0 C
HEeHTpOM AudpakoHHON KapTuHBL. [lepemeniast pOTOaMO] BHHTOM peiTepa nepreHAuKyISIpHO
ONTHUYECKOI OCH, CHATh 3aBUCUMOCTh cUTHaNa ¢ (oToauoaa ot ero nepemenieHus. [loctpoutsb
rpadux.

9. Ilomp3ysce dopmynamu (2.46) wmm (2.48) B 3aBHCUMOCTH OT BHJAa BXOJHOMN
(byHKINH, OIIEHUTH pa3Mep TJIAaBHOTO MakCUMyMa criekTpa BuHepa uccienyemMoro curaania.

10. [Tonb3ysch pe3ynbTaTaMy OLEHKH 110 M. 9 U U3MEPEHHBIMU 3HAYCHUSIMH apaMeTPOB
ONTUYECKON CXEMBbI, OLEHUTh PasMEp IJIABHOI'O MaKCUMyMa cliekTpa BuHepa B IIOCKOCTH
dboTonuona.

11. Ilonp3ysack pe3ynbTaTaMu HU3MEpeHUil 1o 1.8, BBHIOpaTh Hambosee OIM3KYI0 K
U3MEpEeHHOU «MoneabHyI0» ¢yHkiuio. [IpousBectu pacuer crekrpa Bunepa «MomenbHOM»
¢yuknuu. I[Ipou3BeCTH COOTBETCTBYIOLIYI0 HOPMHUPOBKY U COIOCTaBUTb pACUYETHbIE MU
U3MEepEeHHbIE 3HaYCHHs Ha 0JTHOM rpaduke. JJaTh 00bsICHEHHE UMEIOIIUMCS PACXOKICHHSIM.

2.8. Temsl g YUPC

1. HUccnenoBanue mudpakmuu Openerns.
2. WccnenoBanue npeodpazoBanus Oyphe KOMIUIEKCHBIX CUTHAJIOB.
3. HccnenoBaHue ONTUYECKON CBEPTKU U KOPPEIISAIIHU.

2.9. KoHTpoJibHbIE BOITPOCHI

1. Kakue 30HbI TUPAKINN CYIIECTBYIOT?

2. Kaxosl ycroBus nonyuenust audpakmun Opaynrodepa?

3. KakoBa poib MOJOKUTENBHOMN JIMH3BI B BBIMOJIHEHUH OMTHUYECKOTO MpeoOpa3zoBaHUs
®Oypne?

4. Yewm ompenensieTcsi BpeMs BBITIOTHEHUS ONTHYECKOro rpeodpasoBanust Oypre?

5. KakoBa npeznenpHast MpOU3BOAUTEILHOCTE ONTHUECKOT0 Dyphe-mporeccopa’?

6. KakOBBI CBOMCTBA ONTHYECKOTO Mpeodpa3oBanus Oypre?
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