ITocTpoeHne H300pa’keHHd IO rojorpaMme

B ¢BEPXIIMPOKONOJIOCHOH HMITYJIbCHOM FeOpajnojIoKa-
MM OTpaxarwoliye OOBEKTHl Yallle BCEro HMEIT Oouiblime
pasMepbl 110 CPAaBHEHHHM CO CPEJHEH JUIMHHOW BOJIHBI B CpelE:
CIIOM TIECKa WIM [JIMHbI, TOPOJCKHE KOMMYHMKALUH, PyAHbIC
MECTOPOXK/IeHHS, OCTaTKM (PyHIAMEHTOB, KypraHbl, TYHHEJH,
CKPBITbIE NO3EMHbIE COOPYXKEHHs, Ta30MpPOBOALI, HedTenpo-
BOAbL, M T.Ja. OTpaxeHHbI paadocurHan (opMupyeTcs Ha
NPOCTPAHCTBEHHBIX Da3Mepax MOpsAAKAa [UIMHBI BOJIHBI, T.€
BOIM3M TpaHMIlbl pas3jiesia TAKUX NMPOTSHKEHHBIX Cpel, U TO-
3TOMY CHTHajdbl HecyT MH(OpMauuio, B OCHOBHOM , O I'paHU-
1ax, YTO WM ONpEAeNseT MaTeMaTH4ecKHe MeToAbl 00paboTKH
noJiyyaeMoil HH(pOPMaLIMH.

B BLICOKOYACTOTHOH MOHOXPOMATHYECKOH pajauoroJio-
rpaduM LEIU WIK HEKOTOpble MX rabapurhbl 4aille BCEro co-
M3MEPUMBI C JUIMHOW BOJIHBI: apMaTypa M CTpyKTypa OeToHa,
37eKTpUUECKas TIPOBOJIKA, KUPMHYHAs Knaaka u T.4. Ilo aToi
IPHYMHE OTPAKCHHBIH CUrHAN GOPMUDPYETCS BCEM OOBEKTOM,
a He TOJILKO I'paHuUeH, U 3/1eCh yJ0OHee pacCMaTpuBaTh €ro
KaK CyMMYy 3JIEMEHTapHbIX HCTOUHMKOB-TEPEN3IyYaTee,
HAXOAAIIMXCS B TUIABHOHEOHOPOIHOM Cpeie.

Kaxnplit mepemsnydaresib OyJeM CYMTAaTh TOYEYHBIM, a
UX pacrhpesielicHHe B IIPOCTPaHCTBE OyAeM paccMaTpuBaTh Kak
u3o0paxkeHue npeaMera. Takas MOCTaHOBKA 3ajadM  COOTBET-
crByer npuHUMNY [lolireHca u CBOAMT IIPOLIECC MOCTPOCHHUS
n300paKeHUil K MOMCKY IPOCTPAHCTBEHHOrO pacrpeaeaCHHs
CBETMMOCTH HCTOYHHMKOB, KOTOpblE H3Iy4alT CPEepHYECKHE
BOJIHBI:

E :%exp(iklé) (1)

/
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Kaxxaplii 37€MEHTapHbIi HCTOYHUK ONMCHIBAKOTCS MATHIO
napamMeTpaMH: KOMILUIEKCHO3HAYHOH aMIUIMTYAOH 4, U TpeMs

IpOCTPaHCTBEHHbBIMU KOOpAMHATaMM xy:z, KOTOPBIE CBs3aHblI C

paguyc-BEKTOPOM KaK R= J(x-xo)2 (- +(c-2), THE x,¥,%,

KOOpAMHAThl HUCTOYHHKA.

Ha puc. 3 noka3aHa pacHoJ0oXKeHHEe KOOPIAMHATHBIX OCEH, KOTO-
PBIM MBI T10J1b30BAThCS HA NPOTSHKEHHH BCErO M3JI0XKEHHU.

Puc. 3. Ocu koopounamuou cemxu.
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Metoa Kupxroda

IMpencrasierue nosis UCTOUYHHKA B BHAE (1) sBnsercs oc-
HOBO# MeTona Kupxroda, KoTopblii IpeAcTaBiseT coboi OaHO
M3 aHAJTUTHYECKHX pElIEHUH BOJIHOBOIO YPaBHEHHS.

DyYHKIMIO pacrpeleNeHusl HanpsHXXEHHOCTH BOJIHOBOIO
nosiss (CBETUMOCTH) B TPEXMEPHOM INPOCTPAHCTBE  E(x,y.2)
MOKHO CBS3aTh C (pYHKUMEN BEJIMYUHBI TOJIA S(x,y) HA JABYMEp-
HOH MOBEPXHOCTH (x,y) C nomouibio popmynsl Kupxroga:

v e 0™ oS, e™
E() == J{S(r,,) aﬁ( = ] T }«D: (2)

31ech YKa3aHbl CJIEAYIOLIHE BEJIMYHHBIL:

E() - QYHKUUS CBETUMOCTH B TOYKE 7,,

S(7,) - T0Jl€ HA ITIOBEPXHOCTHU I, OXBATHIBAIOLIEH TOUKY 7,
7 - HOpMaJIb K %,

R=F ~F,.

dopmyna (2) cnpaBeAaMBa Uil 3aMKHYTOH IOBEPXHO-
CTH $, Ha KOTOPOH [IIOJDKEH BBIMOJIHATLCSA 3aKOH COXpaHEHMA
MOTOKA SHEPTHUH .

B Hawmem ciydae, koraa GyHKUHMS TIOJOrpaMMBI S(,) OI-
peleneHa TOJIbKO Ha IUJIOCKOCTH MPHEMHOM PeLIeTKH IUIoua-
Ib10 s, (opMmyna npuoOpeTeT CaeayOLHM BUL:

EF) = [S(r,)e™ ds 3)

31ech yyT€HQ, YTO 3HAUYEHHUE MONS HMCTOYHHMKA Ha NMPUEMHOM
pellETKE MPOMOPLMOHANLHO PACCTOSHMIO JI0 HEr0O KaKk 1/R, H
JUIS KOMIICHCALIMM 3TOM 3aBUCHUMOCTH B (2) 3Hau€HHUE IO
YMHOXEHO Ha R

ANroput™ BbIYKCIEHUS M300paxeHus MeToaoM Kupxroga
UMeeT BUII:
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E(5,7.2) = 33" S(m,m) - exp(-ikR2) (4)

m=1 a=l

30ech m U n - HOMEPA BJIEMEHTOB aHTECHHOM PEIIETKH.

Meron Kupxroga mis BOCCTAHOBJIEHHS rojorpaguyecko-
ro H300paXkeHus B CHIY CBOEH BOJIHOBOM NPHUPOABI MMEET pas-
peleHve mopsaka pasmepa (okyca (kayCTMKH), KOTOpas Of-
penenseTcs AIMHON BOAHBL. JIs JUIMHBL BOMHBI 3 €M 3Ta Be-
nuuuHa ropaaka 1 cm. O6eiuHO MBI B Metone Kupxroda npu
BBIYMCIEHUH (YHKLHMH CBETHMOCTH HCIONIB3YeM 1uar B 1 cM no
BCEM KOOpJMHATaM.

MeToa BbIYHTAHMSA

[preMHas aHTeHHas PEIIETKA CONAEPKHUT 256 3/1EMEHTOB,
UIS Ka)XJ0M aHTEHHBI M3MEPSIOTCS [BE KBaApaTypHBIX KOM-
MOHEHThbl, KOTOPbIE MOXXHO PACCMATpPHBAThb KaK MHHMYIO H
JCHCTBUTENBHYIO YacTh KOMIUIEKCHO3HA4YHOH HaNpsDKEHHO-
cru monsa. Kaxpasa paaguorosnorpaMma, TakuM o0pa3oMm, UMeeT
512 He3aBUCHUMBIX H3MEPEHHH.

Kaxapiii 371eMeHTapHbIM MCTOYHHMK — CBETALIAACSA TOYKA —
XapaKTepu3yeTcsl MATHIO NIapaMeTpaMu: TPEMs NPOCTPAHCTBEH-
HbIMM KOOpJMHATAMH , aMIUIMTYI0i U ¢pa3oil. V3mepeHHas ro-
JIOTpaMMa MOeT ObITh NPEACTABICHA CyMMOH K WCTOYHHKOB

S(m,n) = Z—%—exp(ikR) &)

Vpasuenue (5) mos3Bonsger no 512 He3aBUCHMBIM H3Me-
peHHsM HaiiTu napameTpsl 102 HE3aBMCUMBIX HCTOYHHKOB.

Peluuth ypaBHEHHE MOXHO UTEPALIMOHHBIM MyTEM, NOCIe-
JOBAaTEIbHO, OJHO 3a APYTHUM, BBIUMTass I10JI€ HCTOYHUKOB U3
rojgorpaMmsl. Il OLEHKH NapaMETPOB TOYEYHBIX HCTOYHHUKOB
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Ha EpBOM luare Msl Mcronb3yeM meroa Kupxroda. 3tot Me-
TOZA JaeT TOYHOCTh OOHApY>XEHHUsI KOOpAUHAT MaKCMMyMa OKO-
710 OJHOr0 CAaHTHMETpa, YTO IUIsi METOJa BbIYMTAHHUS HEIOCTa-
touHo. [Ipu mnuHe BosHbl 3 cM  dasa ocLHIUTHPYIOIEH QyHK-
LIMM Ha TaKOM paccTOsiHMM MeHsercs Ha 120 rpaaycos, mosTo-
My TOYHOCTh OOHApY)XEHHs KOODAMHAT MCTOYHHMKA [IOJDKHA
ObITb 3HAYUTEILHO BhILIE. B HallleM aaropurMe TOYHOCTh 00-
Hapy>eHHUsi Makcumyma nons coctasmser 0.1 mm. s jmoc-
THIXKEHMS ITOT'O MbI HCIONb3YEM CIIECAYIOLIHH [IPHEM.

Bosne toukn, obHapyxeHHoH MetoaoM Kupxroda ¢ Tou-
HOCTBIO 0 CaHTHMETPa, HAYMHAETCA IMPOLIECC BHIYMTAHHMA M3
roJorpaMMbl MpoOHO#t (GYHKLHMH NPH NEPEMEILEHHH €€ BAOJIb
Kaxxaoi koopauHatsl yepe3 0.1 MM. Ha kaxaom mare MIneTcs
MOLHOCTb T'OJIOTPaMMBI.

[TockonbKy ronorpamMma siBjS€T CYMMOH BCEX CHUTHAJIOB,
TO COBIAJEHUE MOJIOKCHHS PEATbHOr0 MUCTOYHHMKA M BBIYTEH-
HOro NpOOHOro NPHUBEIET K YMEHBIIEHHIO €€ 00IIEH AUCTIEPCHH
(MowuHocTH). TToMOXKEHHE MAKCHMYyMa OINPENE/AETCA 110 MUHH-
MyMy MOLHOCTH B MpOLECCE MepeMelleH s IPOOHOro CUrHania
JUIS KKI0H KOOPAMHATHI OC/IE10BATEIBHO.

HaiineHHble KOOpAMHATHI UCIONB3YIOTCS [UIS BHIYHUCIICHHS
aMIIMTyAbl ¥ (asel uctouHuka MeronaoMm Kupxroda, a Taxke
JUISL ompeneneHns BoluuTaeMoil (a30Boi QyHKUMH.

[TapamMeTpbl BBIYTEHHOIO HCTOYHMKA 3allOMMHAIOTCH, Aa-
nee MetoaoM Kupxroga 1o u3MEHEHHO# rojorpaMme CTPOMT-
Csl HOBOE TpeXMepHoe H300pakeHHE, N0 KOTOpOMY Ompeaens-
I0TCS KOOPJHHATHI CIEAYIOLEro UCTOYHMKA ¢ TOYHOCTHIO 0.1
MM, MIPOXO/Is JBA ONMHUCAHHBIX BbILIE JTAIA.

[Tpouecc MOBTOPSIETCS MHOTOKPATHO, TEOPETHYECKH OH
3aKaHYMBAE€TCA TOrAA, KOrJa MOIIHOCTh TIOJIOTPaMMbl CTaHET
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PaBHOH HyJIIO, T.€. KOrJla BCE MCTOUHUKM OynyT OOHapys>KeHbl U
ypasHenue (5) pemeno. [lns 60JBIUMHCTBA NPAKTHYECKHX 3a-
ga4 0ObIYHO TpeOYIOTCS COTHH LIMKIIOB.

MeTo/ BeIYHUTaHHUS OTHOCHTCS K ()a30BBbIM, I03TOMY OTBe-
THTbh Ha HAa BOMPOC, KAKOE OH MMEET Pa3PEILEHHUE, HENb3S OJHO-
3Ha4yHO, Kak B MeTtoae Kupxroda. Onpenenurs NoaoxeHHe uc-
TOYHMKA 1O (haze MOXKHO A0 10J€il ANUHBI BOJHbI, 8 KOHKPET-
HOE 3HAu€HHE IOTPELIHOCTH TAaKOrO ONpPEIEIEHHS 3aBHUCHT, B
OCHOBHOM, OT COOTHOWeHHs curHan/myM. Ilpu orcyrcTBuH
IlyMa KOOPAMHATY MCTOYHHMKA MOXHO OMpPEENUTh C a0COMOT-
HOIt TOYHOCTBIO, YETO B PEATbHOCTH, KOHEYHO, HUKOr1a He Obl-
BaeT. HamoMHMM, 4TO IIAr KOOPJAMHATHON CETKM B HAlllEM aJi-
roputMe 0.1 MM, M 3TO BCE, YTO Mbl MOXEM CKa3aTb O TOYHO-
CTH OITMCHIBAEMOT0 aJrOpUTMa.

[TokaxxeM paboOTy IrOPUTMOB 10 HATypHOW MHILEHH -
JABYM METAUIM3MPOBAHHBIM IIApUKaM JauameTpoM 10 MM Ha
paccrosiunu 20 CM OT NIPHEMHOM pelIeTKH. PaccTosHue Mexay
urapukamu 10 cm.

Ha puc. 4 npuBefieHO H300paXkeHue, MOJIyYeHHOe METOIOM
Kupxroga B IUIOCKOCTH Ha paccTosHuu 20 ¢M OT NPUEMHOH
pELLETKH.

Ha puc. 5-7 moka3aHbl NPOEKIMHM H300paXKeHHs, IOIY-
YEeHHOTO METOJOM BBIYMTaHHMs 3a 4 LMKIa Ha QPOHTAJIBLHYIO,

* FOPU3OHTANIBHYIO H GOKOBYIO IIOCKOCTH.

C uenapl0 BU3yanM3alMM, KOOpAMHATBl HCTOYHUKOB OK-
pyrieHsl 10 1 ¢M M NMPOQHILTPOBAHbl TPEXMEPHBIM HEPEKYp-
CHBHBIM HHM3KOYaCTOTHBIM (QHIIBTPOM JUIMHOW 5 3JIEMEHTOB IO
Ka)X/10H KOOpAMHATE.
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DYyHKUUH OKOH

[Ipy yBenM4eHMH JATbHOCTH BIOJIbL OCH Z AITOPHTM
IOCTPOEHHUs u300paXkeHus 10 rojorpamme MeroaoM Kupxro-
da acUMNTOTHYECKM MEPEXOAHWT B aIroput™ (opMHUPOBaHHA
JMarpaMMbl HaNpaBJIeHHOCTH (ha3sMpOBaHHON aHTEHHOH pelieT-
ki (PAP). B panpHell 30He najalouMe OT UCTOYHHMKA JIyYH
MOKHO CUHTATh MapajuIeIbHBIMH, @ BOJIHY IJIOCKOH.

CKaHMpOBaHHE AHTEHHOH pEelIeTKHM MO yriaam o03opa 3K-
BMBAJICHTHO OJJHOMEPHOMY WJIM IByMEPHOMY INpeoOpa30BaHHUIO
dypbe, Tae posib 4acTOThl (B JAHHOM Cily4yae IPOCTPaHCTBEH-
HOT'O BOJHOBOTI'O YHMCJIa) BBIMONHAET QYHKLUA

K =2—”sina
A

X

31ech a - yroj CKaHMpOBaHHA, 4 - JUVIMHA BOJIHbI.

Puc. 8. llapannensrnoe naoenue nyveu HA peulemxy.
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B ®AP Bceraa ucnosib3ylorcs (pyHKIHMH OKOH AJis 10JaB-
eHus GOKOBBIX JiermecTkoB. IlokaxkeM NEeHCTBHE OKHA Ha IpH-
Mepe MMHUTHPOBAHHOM IJIOCKOH BOJIHBL.

OrcyTcTBHE OKHa OOBIYHO HAa3bIBAIOT «HUCIOJIb30BaHHEM
NPAMOYTOJALHOrO OKHa», 3TO HESBHO CBMIETENILCTBYET O TOM,
YTO B CMEKTPAJILHOM aHajin3e 000iTHCh 0€3 OKOH NMPAaKTHUYECKH
HEBO3MOKHO.

[IpsAMOYronbHOE OKHO MMEET MMHHMAJbHYHO UIMPHHY OC-
HOBHOT'O JIenecTka ¥ 00JIbIIoil YPOBEHb OOKOBBIX JIENIECTKOB -
13 n1b

Ha puc. 9 MbI pasnuuaem Gonee 20 MakCUMyMOB (QYHK-
LUK U300paKEHHUS.

B paauosnokauuy KaxIsli MakCHMMyM HMHTEPIPETHPYETCH Kak
LEJIb UM OOBEKT, MOITOMY MOHATHO, YTO TAKOE KOJIHYECTBO
JIOKHBIX O0OBEKTOB B OOJBIIMHCTBE Cl1y4aeB HEJOMYCTHMO.

BBeneHne (QyHKUMH OKHAa YMEHBILAET YPOBEHb OOKOBBIX
JIENECTKOB, HO MMEET U OOpaTHYI0 CTOPOHY — pacCIUUpPSET OC-
HOBHOM MakcumyM. Jlns okHa X3MMHHra ypoBeHb OOKOBBIX
nerectkoB — 46 1b (puc. 10).

B o6uiem ciyyae, Korja JajJbHOCTb A0 00BEKTA COM3MEPH-
Ma ¢ pa3MepoM aHTEHHOH peleTKor ( A Hauero npudopa 3To
MeHee 2 METPOB), MaZieHUe Jy4yeil Ha Hee YK€ HeNb3s CYH-
TaTh NapajieibHbIM, a HEOOXOAUMO YUYMTHIBATL HX clepHye-
CKHH XapakTep naaeHus.

’ OCHOBHOE €ro OTJIMYHUE B TOM, YTO YIJIOBOE PACCTOSIHHE
MEXIYy NPUEMHBIMH AaHTEHHAaMHM MEHSETCA, YTO NPUBOIAMT K
SKBMBAJIEHTHOH HEIKBHIMCTAHTHOCTH OTCYETOB 110 OTHOLIEHHH
K MapajuieIbHOMY. OTO SBJIEHHE MOXXET BbI3BaTh YBEIHYEHHE
OOKOBBIX JIENIECTKOB W MX ACHMMETPHIO IIPH HCHOJb30BaHHH

~
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GyHKuMH OKOH, KOTOpEHIE XOPOLIO HCCIIEOBAaHbl B CHEKTPAb-
HOM aHanuse u OAP.

[Toxaxem 3TO0T 3¢dekT Ha nmpuMepe OKHa X3MMHMHra C
ONM3KMM IOJOXEHHEM HMHTHPOBAHHOIO CMELIEHHOTO HMCTOY-
HUKa ¢ koopauHatamMu x=0.1 y=0 z=0.2.

Ha puc. 11 nabmonaercs cUnbHBIi acHMMETpUYHBIH 60-
KOBOH JIENECTOK.

=

Puc. 12. Chepuueckoe nadenue nyueii Ha peuwemxy.

Csectn chepuyeckoe naaeHue aydeit (puc. 12) k mapan-
JIeNbHOMY ’(pné. 8) MOXHO clIeyIOILHM 00pa3oM.

U3 Toukm pokyca npoBeneM Iyry S W IO JIyuaM CIpPOELH-
pyeM Ha HE€ BUPTyallbHble HCTOYHUKH H3 PEalibHbIX HCTOYHHU-
KOB Ha pemietke. Jlyun U3 peanbHbIX HCTOYHHKOB Ha PELLETKE H
BUPTYaJIbHLIX Ha Jyre JaloT OJHO M TO K€ 3HAYeHHE aMILIUTY-
Jlbl B TOUKe doKyca.
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Ho BupTyaipHBIE UCTOYHMKH Ha Ayre PacloOOXEHbl HE
3KBMIMCTAHTHO, YTO OIpEAEsSeT OCHOBHOE OTIMYHUE MEXIY
chepuyecKuM U NapajlIebHbIM HaJeHHUeM JTyyeH.

CKOMIIEHCUPYEM HEPaBHOMEPHOCTb  HX MOJOXEHHs Ha
Ayre BBeJeHHEM B 00paGOTKy AOIOJHUTEILHOrO AaMIUIUTYA-
HOro KO3((QHUIMEHT L, MPONOPLHUOHAIBHOIO YIIy 5.

L~cosf

3mech MbI IPEATIONaraeM, YTo Kaxbli 371€MEHTapHbIH 13-
JTyyaTeNb aHTEHHOW PEIIETKH HMMEET B 30He 0030pa paBHOMED-
HYIO JHarpaMMmy HalpaBjIeHHOCTH.

B pesynbrare 3TOH OnepanuM NOJYYUM aJaNTHPOBAHHYIO
K ronorpa¢uy QyHKILHIO OKHA Ha Cly4Yail IOCTPOEHMs rojorpa-
¢uueckoro n3o0paxxenus B OMIDKHEH 30HE METOIOM Kupxroda.

Ha puc. 13 GOKOBOI1 JIEMECTOK 3HAYMTEIBHO ITOJABJIEH.

[Toka)xeM pe3yJbTaThl JEHCTBHA OKOH Ha 3KCINCPHMEH-

TaJbHOM MaTepHale.
Ha puc. 14 — 16 npuBeaeHbl (HPOHTaIbHBIC MPOCKLHMU HM30-
GpaxeHuii apMaTypsl  kene3006eTroHa. OTMETHM, 4TO OETOH,
coiepXKallliii B CBOEM COCTaBE COM3MEPUMBIH C AJTMHON BOJIHBL
rpaBuii ¥ weGeHp, BKIIOYAET B C€0A MHOXECTBEHHBIC SPKHE
oTpa)kaTenu. DTO MMEET H MOJTOKHTENbHYI0 CTOPOHY — OOBEKT
JIOTIOJIHUTENIBHO OCBELIAETCS U3-3a NIEPEOTPAXKEHHUA OT HHUX.

[IpueMHas aHTeHHas pelIeTKa pacrojaragack B 15 cM oOT
CTEHBI.

U3 pucyHKOB cneayet, 4to 6e3 QyHKuuu okHa (puc. 14)
apMaTypa MpakTHYeckH He BuaHa. Mcrnomb3oBanue okHa XoM-
muHra (puc. 15) ymydwmiaer CHUTyauulo, a HCHOJb30BAHHE
aJanTHPOBAHHOTO OKHa X9MMHMHra (puc. 16) mepeBoaUT H30-
OpaxeHue B eie Oonee yuraemoe.
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ITpakThka nokasslBa€T, YTO BBEJAECHHUE YIJIOBOI MOIMpaBKa B
(QyHKIHIO OKHA CYIUECTBEHHO Ha MajbiX paccTosHusiX. Ha pac-
cTosHMsAX 6osee 40 cM ee BIMSHUE IPAKTHYECKH HE3AMETHO.
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