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MPEJAUCJIIOBUE K PYCCKOMY HM3JAHHUIO

[TomHOCTbIO KOTepEeHTHEIE U NMOJHOCTbIO HEKOrepeHTHEe MyYKH
BOJIH SIBAAIOTCH WAEaJU3NPOBAHHBIMM OODBEKTaMH TeOpeTHueCcKOMH
¢u3MKH, KOTOpHle, CTPOrO roBOPs, HAKOTAa He HaGJIOLAOTCA Ha
npaktike. [lose xorepeHTHO BO3GYKLaeMOH aHTeHHBI, C OILHOH
CTOPOHBI, M TEIJIOBOTO H3Jy4YeHHs Tena, — C JAPYro#, MOryT
CJAyXHTb MPUMEPaMH TPHOIMKEHUS K STHM TeOPeTHYeCKMM MO-
neaaMm. [IpakTuuecku Mbl Bceria uMeeM Ie/O JHIb C 4aCTHYHO
KOTePEeHTHBIMM MYYKaMH, M pe3yJabTaT CJOXEHMA IABYX TaKuUX
MyYKOB CYIUECTBEHHO B3aBUCHUT OT MX CTATUCTHYECKHUX CBOHCTS.

Wsyuenne unTepdepeliind 1 ANQPAKUMM YACTHYHO KOFEPEHT-
HeIX myukoB Obuio nayato 100 smer nasan K. Bepre (1865) u
nporo/keHo nanee A. Matikeasconom (1890), JI. M. Mannens-
mramom (1911), T1. Ban [lurreprom (1934), ®. Llepnuxe (1938),
IO. C. Poxanecrsenckum (1940) m Muorumm npyrumu. 3ajiava
COCTOsJIa B TOM, 4TOObl MOCTPOUTL OOlIyI0 TEOPHIO, M3 KOTODO#H
MOJIHAsi KOFePEHTHOCTb M MOJIHAS HEKOTePeHTHOCTD MOJyYaanch Obl
Kak IBa MpelelbHBIX CJydas.

B nocielnue rolbl 3Ta TeOpus U CBA3aHHble ¢ Hel NpobJeMbl
B3aMMOJEHCTBUS YAaCTHYHO KOTePeHTHBIX MYy4YKOB 3aHHTepeCOBa/H
Gosbliof Kpyr (PU3MKOB M HHXKEHepOB.

B ontuke 310 BHI3BaHO pa3pabOTKOH M TpHMEHeHHWeM HCTOY-
HHKOB BBIHY)KIEHHOTO H3nyyeHus cBera (nasepos). Hesasucumo
OT COCTOSIHUS BO36GYXIEHHOH aTOMHOH CUCTEMBI, €€ BBbIHYXIeHHOe
u3JyuyeHHe MOL INeficTBUEM MpUXOAsiled BOJHB MO (ase, yacToTe,
HAlpaBJ/IeHUIO DPACMPOCTPaHEHUs M MOJAPU3AUMH TOXKIECTBEHHO
nanawowel. CTeneHb KOTepeHTHOCTH H3JMyyeHHs OKasajacb INpU
9TOM 3HAUMTEJbHO BHILE, YeM y TEMNOBBIX HCTOYHHUKOB CBeTa.

B npoTHBONOJIOKHOCTL STOMY, B PalHO(U3NUKe KOrepeHTHOCTb
noJiefl CJOXHBIX MHOFO3/EeMeHTHBIX aHTEHH OKasajach BCJeICTBHe
HeCcTa6uIbHOCTH UCTOYHHKOB NUTAHUA M APYTUX CJyYaHHBIX NPHU-
YMH XYK€, uYeM y MoJieH, CO31aBaeMblX paHee NPUMeHABIUIMMUCS
yCTpOHCTBAMH.



IMonoGHoe Ke MOJOKEHUE BO3HUKIO M B aKycTuke NMpH paboTe
C MOMHBIMH TE€HEepaTopaMM 3BYKa.

Mutepdeperuus ¥ nudpakuus HaCTUYHO KOTEPEHTHHIX BOJH
ABASIOTCR BaXHBHIMUW npoGseMamu W nas ¢usuku aTMocpeps H
okeaHa. MaeanbHO MOHOXpOMaTuueckas BOJIHA, MpPOIUeAINas He-
KOTODHI#ft MyTh B 3TUX Cpelax CO CJy4alHBIM DacnpelesieHueM
«ONTHYECKUX» KOHCTAHT, CTAHOBUTCH WYacTHYHO KOTEePEeHTHOH.
CrarucTHYeCKUe XapaKTepUCTUKHM MPOIUENIero H3JAydYeHHs HecyT
B cebe leHHYI0 MHGOPMAUUIO O TYPOYAEHTHOCTH U IPYTHUX sBJE-
HUAX B aTMocdepe u B Mope. HccaenoBaHue cOOTBETCTBYIOMIMX
00paTHLIX 3ad4 NMPeiCTaBJseTCS BeCbMa BaXHBIM.

Ho6aBuM TaKxke, 4TO BOMPOCH, pACCMaTpUBaeMble B HACTOS-
mel KHAre, HMHTepeCHH M LA roJorpaduu — HOBOTO, BeCbMa
NepCHeKTUBHOrO MeTola MOJyYeHHs! H306PaeHHs MyTeM BOCCTAHO-
BJ/IEHUSI BOJIHOBOTO ()poHTa INU(ParupoBaHHOR BOJHBL.

He6onbwas kuura M. dpancona u C. Crnanckoro, nepesorn
KOTOpPO# mpeanaraeTcs BHHUMAHMIO uMTaTeseft, NpPeNCTaBJsET,
KaK HaM Kaxercs, ylauHOe BBeldeHWe B (usuky sBiaeHus. Hanu-
CaHHasg B N1OCTYNHOH (opMe, OHA COAEPHUT aHAJIN3 MOHATHUS O CTe-
MeHW KOTEPEHTHOCTH, a Take DAl IIPOCTHIX 8a1ay, CBA3aHHBIX
C uHTep¢epenuneit ¥ Audpaxuuei 4aCTHYHO KOTEPEHTHBIX BOJH.
Knura noarorosaser uyuTaTeneit K M3yueHHIO OOJee CJAONHDBIX
pa6otT no paccmarpusaemoMy ompocy. s urenus ee mocra-
TOYHO 3HaHMA OOLIEro Kypca ONTHKH.

Mbl Hazeemcst, 4TO colepwmaresbhas kuura M. ®Ppancona u
C. CnaHckoro 6yler WHTepecHa He TOJNBKO CTYIEHTaM U HHKe-
HepaM-ONTHUKAM, HO M yYalUlMMCsl M MHXKelepaM Apyrux npo¢u-
ned, BCceM, KTO MHTepeCyeTCs PacmpoCTpalleHHeM BOJH B JOOBIX
cpelax.

K. C. [lugpun



r1ABA I
NMOHATUE CTENEHU KOTEPEHTHOCTHU

§ 1.1. MpocTpancTBeHHAsA U BPEMEHHAS KOTEPEHTHOCTH

B nepBom npubanxeHuu ABJNeHUS (PU3UYECKOH ONTHKM MOKHO
paccMaTpuBaTh, HMCXOHS W3 MpeACTaBjieHUs 00 HIealbHOM HCTOY-
HHKE CBeTd — TOYEYHOM MCTOYHHMKE, M3/AYyyalolleM TMOJHOCTHIO
MOHOXpPOMAaTHYEeCKHH CBeT.

PaccmotpuM cxemy uHTepdepomerpa Maitkenbcona (puc. 1).
MneanbHbifl MCTOYHMK cBeTa (TOYEYHBIH HCTOYIMK, W3JyyaloLLuH
MOHOXPOMAaTHYeCKUH CBeT) Ha- Y
X0AHTcs B oKyce O0Obek-
tuBa O, U uHTepdPepoMeTp oC- ]
Belllell apaJjijlelbHbIM Ty YKOM. A
ITyuyok, oTpaxenunft mnoay- .
npospauHsiM  3epkaiom G, S' 1‘

HOpMaJieH K 3epkany M, a ny- ‘“_,—L,— y; E

3
Yok, mpoxoxsuui cksosp G,
HopMajed K 3epkany M,. Ha-

KJIOHUM cJerka 3sepkaio My

TAKUM 06pasoM, 4TOOBbI Mé—— Puc. 1.
u3oGpaxenue My B noaynpo-
spayHoM 3epkaite G — o6pasoBano 6b OyeHb Maiwlf yroa ¢ M.
Bce npoucxomut Tak, Kkak ecad Ob Mbl HaOMOAAMH MOJOCH
paBHOM TOJLUMHBL B CJOE BO3AyXa NepeMeHHOH TOMLUHHbI, 3aKJIO-
yeHHOM Mexay M; u Ms,

B o6nactu A, rle TOJIMHA CJOS paBHA e, PasHOCTb XO0.1a
nyuelt paHa 0 =2¢. Ecam A — AnuHa BOJIHB MOHOXpOMATHYE-
CKOrO CBeTa, W3JMYYeHHOrO TOYEYHHIM MCTOYHHKOM S, TO

2 M. ®pancen, C. Cnanckuit 9



¢ TOYHOCTbIO JO HOCTOSIHHOTO MHOXMTENS HMHTCHCHBIIOCIL CBeTa
B A paBHa
2™ o o 2me 1.1
[ =cos ) cos® ——. 1.1
31ech (¢ — pa3HOCTL (a3, COOTBETCTBYIOLLAs PAa3HOCTH xoaa O *).
Tak Kak TOJLIMHA CJIOS e NepeMeHHAa, TO Mbl GyneM Habmo-
IaTb Pl UHTep(epeHUHOHHBIX MOJM0C, NapaliebHbX pebpy ABY-
4
TPaHHOTO yria Mexay miaockoctamu My n M.
ITyctb /[, — MHTeHCHBHOCTb CBeTJABIX MOJOC, a [9— WHTEH-
CUBHOCTb TeMHBIX. OGO3HaYuM KOHTPACT MOJOC Yepe3 Y W 3ada-
MM ero cJenyiolHM 06pasoM:

_L—=1I
y="" (1.2)

ATOT napaMeTp onpelessieT BULIMMOCTb MHTEP(hEPEHLMOHHO! Kap-
THHBI.

CoorHowenne (1.1) mokaswiBaer, uTO /o PaBHA HYJIIO KaMIblH
pas, Koria TOJIUMHA ¢ PaBHA HeueTHOMY uMciay Af4. Torna Tem-
Hble [O0JIOCHl CTAHOBATCS 4YepHBIMM M Yy==1; B 3TOM clyuae
KOHTpAcT MakcuMaseH. B cxeme, usobpaxeHHO# Ha pHc. 1, KOH-

TpacT paBeH enMHUUE Npu JIOGOM paccTOsHUM Mexny M; u Mg,
OnHaKO ONBIT MOKa3blBAeT, 4TO 3TO HUKOrIa He Habmonaercs
MO CJEAYIOWMM [BYM TNPUYHHAM, HMEIOLIMM HPUHUUNUAIBHBIA
Xapakrep: HCTOYHMK S Bcerja HMeeT KaKyl0-TO MPOTHKEHHOCTb
M M3MyyaeMbli UM CBeT He BIOJIHE MOHOXpOMaTHueH. B camom
Ilele, HETPYLHO TIOKa3aTb, 4TO HPH YyBeJUYeHUH NPOTAKEHHOCTH
MCTOYHUKA KOHTPACT MEXIy MOJOCAMH yMeHbluaercs.

[Tycts S; — TOYKa NPOTSIKEHHOTO UCTOYHHKA C LEHTPOM B S.
Orpesok S,S Bumer u3 Touku O nox yriaom i. Ias Touku S,
MCTOYHMKA Pa3HOCTb X042 B A pasHa 0 = 2¢ cosi. CiliefoBaTe bHO,
KaK pa3HOCTb Xo4a O, TaK W Pa3HOCTb (a3 (p HEOLWHAKOBHI JJIf
Pa3/MMYHBIX TOYEK HPOTHKEHHOTO UCTOYHMKA. ITOCKOJBKY H3Me-
HseTCsl PasHOCTb (a3 (p, TO U MHTEHCHBHOCTb /, co3naBaeMas B A
TOUKOH §, NMPOTSHKEHHOTO HMCTOYHHMKA, TaKMe OyIeT U3MeHATbCS

*) Popmyna (1.1) BeITekaeT U3 BEKTOPHOrO MNpaBHJIA CAOMEHHA
rapMoHHueckux KoneOaHu#. Monyab aMmaMTyIBl CyMMapHOro kouae6a-
Hug A ompejensiercs ¥3 TEOPEMbl KOCHHYCOB. EC/IM NPHHATH aMILIATYIBI
oboux cnaraeMbix KosJebGaHMil paBHbIMM @, TO aas A? umeem A2=

= 2q2 4 242 cos ¢ = 4a? cos? % . Ha omucmBaemoM 3gech npuGope

A. Maiikeascon (1881) ocymectBua CBOH 3HAMEHHTHIH ONBIT MO OIpe-
JIe/IeHHIO BIMSIHHS JBHMKeHHs 3eMau Ha ckopoctb cBera. ([1pum. ped.)

10



B 3aBHCHMOCTH OT MOJIOXeHHs 3TOR Toukd. Ecim nias kxakol-to
omnpejie/leHHOH TOYKM MUCTOYHMKA S MOJy4aeTcsl HyJeBOH MHHM-
MyM B A, TO an9 IPYrux TOYeK WCTOYHMKA 3TO OyldeT He TakK.
Pazmuyus B pasHocTH a3 ¢ IJs Pa3HBIX TOYEK MCTOYHUKA NpHU-
BelyT K YMeHbLUEHHIO KOHTPACTa Mexay TNOJOCaMH.

Ecau u3MeHeHHst ¢ LOCTAaTOYHO MaJbl, TO OHH MOTyT HOBJeYb
3a coOo#t Jsuwb npeHeOpeXKUMO Majble U3MEHEHUS MHTEHCHBHO-
CTH, — B ITOM Cjy4yae MMeeT MeCTO MPOCTPAaHCTBEeHHas KOTepeHT-
HOCTb. Dousblive M3MeHeHHWS @ MOTYT MPUBECTH K CTOJb 0OJb-
IMM H3MeHeHMsIM /, YTO KOHTPACT ynaleT MPaKTHYeCKH LO HyJs.
Toraa nosocel CTAHOBATCS HEPa3TMYUMBIMM — UMeeT MeCTO INpo-
CTPAHCTBEHHast HeKOrePeHTHOCTb. PaccMOTPeHHe MPOMexyTOUHBIX
c/lyyaeB TO3BOJIIeT BBeCTH OMNpele/ieHHe DAa3JM4HBIX CTeneHe#
YaCTUYHON KOrepeHTHOCTH B cJiyyae NPOCTPAHCTBEHHOH KOrepeHT-
HOCTH.

Kpome TOro, sjexTpoMarHuTHble BOJHB He GeckOHeuHbl. OHH
M3Jy4aloTCcs B BUAe LYroB KOHeyHOH AauHbL. Ilockosbky uyr
MMeeT KOHeYHYI0 IJIMHY, aTOM W3JyyaeT He OLHY KaKyio-HHOYIb
4acTOTy, a LeJblfi CIeKTD YacToT, IUMPUHA KOTOPOro Tem GoJblle,
yeM MeHblle IJMHA lLyra. JTO TakxKe BJedeT 32 COOOH yMeHb-
[IeHHe KOHTPACTa MeXAy TNOJOocaMH, W B TaKOM cJyyae TrOBOPAT,
YTO HUMeeT MeCTO sBJjeliMe BPeMeHHOH, wJM XpomaTuyeckol, Ko-
repeHTHOCTH.

[Tono6Hble fBNeHUs MOXHO H3y4yaTh, BBOIA JUGO LJMHY LyTOB
BOJIH, JUOO IWINPUHY CIEKTPa 4acToT, T. € CTeleHb MOHOXpOMa-
THYHOCTH H3JIy4eHHs NCTOYHMKA.

PaccmoTpuM cHayajna mepsuift ciaydyalh M BO3BpaTuMCA K Ipe-
IbILYLIEMY OMNBITY, MNPHISB, YTO JHaMeTP HCTOYHMKA S OYeHb
Majn. Dynem mocremeHHO OTHaJATb OJLHO M3 3epKajs MHTepdepo-
MeTpa, uToGHl YBEJMYUTb DPa3HOCTb X01a. MOXHO 3aMeTHTB, UTO
KOHTPACT MexZy I0JI0CaMH YyMeHbluaeTCH Jaxe TOrAa, KOria
IWaMeTp UCTOYHWKA HACTOJNBLKO MaJl, YTO He B/MsieT Ha KOHTPAcT
nojoc. B naHHOM ciayuae yxyAlleHHe BHIMMOCTH CBS3aHO He
C yBeJMYeHHEM JuaMeTpa MCTOYHMKA, a C KOHeYyHOH IJMHOH
BOJIHOBHIX LYTOB, HCHYCKaeMbIX aTOMaMM MCTOYHMKA. IDTH LYTH
NPUXOAAT Yepe3 KaKue-TO WHTepBajlbl BpeMeHH, HO 3a BpeMs
Ha6J/0IeHUs] UX NPOXOJUT OdveHb MHOro. Ilpu momasaHuu B uH-
TepdepoMeTp KamIbit LyT, HanpuMep uyr A, pasnenasercs HOJYy-
npo3paunbiM 3epkasoM G Ha nBa (puc. 2). YCTaHOBMM Takylo pas-
HOCTb XOZa Mexny myTaMu / ¥ 2, yToObl OHa Gbia GOJbIIE JIHHEI
uyros BoJqH. Eciu nocrarouHo nanexo yaaauts 3epkano My, TO

4
B MOMeHT, Koria uyr A;, menwu# myrem /, npuzer B P, npyro#
4
uyr Gyler Haxoautbcsl Jub B Ap. Dn IBa Lyra He BCTPETATCH

2% 11



M He cMoryt uunrtepdepuposars. Llyru, Hanaraouumecs Apyr Ha
Lpyra B TOuKe P, NPOMCXOIAT OT IBYX Pa3HLIX MaJalOLUUX LYTOBs
UCMYLIEHHHIX B pa3Hble MOMEHTbl BDPeMeHH, HANPUMED B MOMEHTH
t wit+4+0.

PaccmoTpum cHavana ciyyalf, u3o6paxeHHbi#t Ha puc. 2, rae 0
ropasao 6oJblue IJAATENbHOCTH Lyra T.

3a Bpems, HeOOXOAMMOe AJsi HAGJIONEHHMsS, TPOXOIUT MHOXe-
CTBO LUYrOB, INPHYEM MOMEHTHl MX TPOXOXIEHWs PACTpeLeseHbl

WWM,
/
4
E
nnp Ann 2
AY vy
4 I 4 A
A/’CDl /4
q
2P
Puc. 2.

cayuaftno. Ecaum paccmaTpuBaTh BCe UYTM M YYHTHIBATh, 4TO pas-
HOCTh (a3 Mexnay JIOOBIMH IBYMS LYraMu NPUHUMAeT BCEBO3-
MOXHble 3HaueHHsl, TO ACHO, YTO fABJIEHHWEe MHTeP(pEepEeHLMn Ha6JII0-
natbcsl He Oyner.

KapTtuHa uaMeHHTCS, ec/M PasHOCTb XOlLa YMeHbIUMTCA, TaK
KaK TNpH 3TOM MPOMEXYTOK BpeMeHH 0 Takwe yMeHbIUHMTCS.
Ilpu O nopsnka t 06a uyra, NPOMCXOASIIME U3 OZHOTO HAYdJb-
HOrO, 4YaCTHYHO MepPEeKPHBAOTCA. Mex1y 9TUMH uyramu cylie-
CTBYeT «KOppeafluMusi», M OHa COXpaHfieTcs JJf BCEX LYTOB,
npuxonswux B P. [losBaswoTcs uHTepdepeHUMOHHBIE T0JOCH
C OONbIIMM WJIM MEHBIUMM KOHTPACTOM M BO3HMKAET 4acTUYHas
KOrepeHTHOCTh myukoB [ u 2. Ecau pasHOCTb X0Ia HACTOJBKO
Mana, 4ro 0O 3HAuMTEJNBPHO MeHblIE T, TO MOJOCH OKa3bIBAIOTCS
OuYeHb KOHTPAaCTHBIMH.

BunumMocTh mosOC 3aBUCHT OT CTeneHH 4acTHYHOH KOTEpeHT-
HOCTM — B [AHHOM CJyuae BpeMeHHOH KorepeHTHOCTH. M BBO-
MM, TakuM o6pa3oM, BpeMs KOrepeHTHOCTH, CBs3aHHOEe C T, H
IIAHY KOTePeHTHOCTH, CBA3aHHYIO C IJMHOH 11yros.

Ecin Mbl  oOpaTumcss Temepb KO BTODOMY CJydalo, TO
yBUINM, uTO coraacHo (1.1) HHTEHCHBHOCTb eCTb (yHKUuS
ILJMHBl BOJHBEL. Kax1o# 1JMHe BOJHBI COOTBETCTBYET ONpelesieH-
Hasg MHTEHCUBHOCTb cBeTa, Habmonpaemoro B A (cM. puc. 1).
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Ecau nng aauHbl BOJMIHBL A MBI HabJiolaeM HYJ€BOH MHHHMYM
B A, TO IJg IPyrux [LJUH BOJH KaPTHHA OKa3HIBAETCH yKe WHOH
M KOHTDACT MeXIy MOJOCaMH YyMeHbluuTcs. Buaumocts mnoJoc
CBA3aHa C XPOMAaTM3MOM MCTOYHHKA, T. €. C BPEMEHHOM KOrepeHT-
HOCTbIO, MpUYEM BpeMs KOTEDEHTHOCTH TeM 0O0Jblle, YeM Yme
CIeKTP 4YacToT.

TouHo Tak xe OOGCTOMT LeNO0 W TNpH ABJEHUAX AUPpakuuu
(puc. 3). Llyrn BosH, BHIXOLfllME B OLMH M TOT e MOMEHT
BDPEMEHH M3 1BYX TOYeK BOJI-
HoBo# moBepxHoctn M; u M,
npuxonaT B Touky P’ B pas-
Hoe BpeMs. Ecam pasnoctb
xo01a MyH 3HauuTe/bHO 6OMb-
ue IJIUHBI LYroB, TO KOJe-
Ganusi, npuuenwne B P’ u3
Tovek M; u M,, O6yiyTr He-
korepeHTHel. Eciau  uMeHHO
TaKk OOGCTOMT IeJOo AJs OOJbIUMHCTBA 9JECMEHTOB IOBEPXHO-
CTM BOJMHbB %, TO IM(QPAaKIUMOHHBIE MONOCH B Touke P’
He Habawnaiotcs. B rtouky S/, sBadolylocs reoMeTpuuecKuM
M306paxceHMeM TOYEYHOro HUcTounMKa S, BCe KoJeGaHUsi MPHUXO-
IST B OXMHaKoBOH c¢ase. Ecsiu ynanareca or S’, ocraBasch
B MJOCKOCTH T, TO MBbl YBHUIMM, 4TO KOJeOGaHUS, NMPUXOASLIUE OT
pa3/MuUHbIX TOYEK IMOBEPXHOCTH 2, OKAXYTCs yie He B (ase.
KorepenTHOCTb yMenbluaercs. Ecau nponomkars yianstbest or S,
TO HACTYMUT MOMEHT, KOrla KojeGaHWs CTaHYT HeKOTrepeHTHBIMU
¥ Au(ppaKkLUOHHblE MOJIOCH Das3jUuuTh yxke Oyler Helbas. Ml
NOJIyYUM DaBliOMepHOe raJlo.

§ 1.2. CooTHomeHHe Meway AJHHOH Hyra W IHPHHOMH
CNeKTpa HM3JyuYeHUs, MeXAYy AJHHOI KOrepeHTHOCTH
U BpeMeHeM KOTepeHTHOCTH

OnbiT MOKa3bIBaeT, YTO KOTePeHTHOCTb IBYX CMOCOOHBIX HH-
TephepupoBaTh NYYKOB CBfA3alla ¢ UX LJUTENbHOCTbIO, a CJAelOBa-
TeMbHO, M C ILauHO# uyrows BoJH. Ho naumHa wyros omnpelneJser
LWIHPUHY CHeKTpa M3JydYeHUs aTOMOB: OYeHb MeIJIeHHO 3aTyXalo-
wuft uyr OMM30K K CHHYCOMIA/JbHOMY M, CJIEL0BAaTedbHO, K MOHO-
xpoMaTuueckoMy KoseGanuio. Kak Mbl Bulenau, B 3TOM Ciayuae
MHTe p(pepeHUMOHHbIE MOJOCH XOPOINO Pa3JUYUMBbl Naxe NPU 6OJIbL-
WOf pa3HOCTH XO4a (pa3Mepbl MCTOYHMKA MpeLNoJaralpTcs Inpe-
HeGpeXUMO  MajbiMM). DblcTpo  3aTyxamluu#f LYr COOTBET-
CTByeT HerapMOHMYeCKOMY KOJe0OaHUI0 M, CJeIOBaTe/JbHO, He
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MOHOXPOMATHYeCKOMY H3JIyueHHI0. Pas/nuMMOCTb MOJIOC yMEHb-
umiaeTcsl NpU yBeNMYeHHWH PA3HOCTH XOIa.

31ech ciaelyeT BBECTH MOHATHE BpeMeHH KOIepPeHTHOCTH, CBfi-
33HHOTO C IJIMTENbHOCTbIO LYrOB, M AJMUHBI KOT€DEHTHOCTH, CBSf-
3aHHOM ¢ AJMHOH uyroB. [las aToro Hallllem BHayaje COOTHO-
meHHe MexAy MIJMHOW LYyroB W ILIWPHHOK cheKTpa W3JyuyeHHus.
Iycts ¢ynkuua F (f) onucbiBaeT KonebGare/bHOe ABHXEHHE, BbI3-
BaHHOe MPOXOXJEHHeM OINHOTO-eIMHCTBEHHOrO Lyra BOJH B Onpe-
IleJleHHO# TOuYKe M B ONpejlesneHHbi MOMEHT BpeMeHH f.

Mpeanonoxum, urto F=0 ans |¢{|> T, rle T— LJIuTelb-
HOCTb LyTa (MOCTOAHHAs 3aTyXaHHUs).

CoraacHo Teopeme Pypbe M06YI0 KOHEUYHYIO W HMHTerpupye-
My10 (YHKLUHMIO MOXHO MDPENCTaBUTh B BHIe HENMPEPHIBHOM CyMMBbI
6eCKOHEYHOrO YHC/Ia CHHYCOMIAJbHBIX KOMIOHEHT *),

[MosToMy MOXHO paccMaTpuBaTh KoJeOaHue F (f£), BHI3BaHHOE
NPOXOXIEHUEM OIHOTO Lyra BOJH, KaK CYINepmnosuuHi0 MOHO-
XPpOMaTH4YeCKUX KOJ/eGaHu# ¢ Pas/NUUHBIMA 4YaCTOTAMH Vi

+oo
F(t)= j £ () eP™av, (1.3)

rie f(v) IHaeT pacnpelejeHHe MO aMNJMTyle MOHOXDOMaTHye-
ckux cocrasasiowux F (f). PacnpeneneHde 3THX COCTaBJSIOLIMX
no SHeprusM naercs BuipaxeHuem | f (v)[2. CorsacHo cBoficTBaM
npeo6pa3oBanus Pypbe Mbl MOXKeM HAamUCaTh

+-co

fw) = f F (£) e=27v gt (1.4)

-0

YTO MO3BOJAET BHIYMCINTL f (V) — crektp F(f). B nanbHefiuem
Mbl GyleM paccMaTpHBaTh JIMIIb Y3KHe CHEKTPH, AJS KOTO-
pex | f(v)| uMeeT 3aMeTHOe 3HauyeHHe TOJbKO B HHTepPBaje
4acTOT, MaJjJoM MO CPaBHEHHMIO CO cpelHeH 4acTOTOH (KBa3UMOHO-
XpoMmaTruueckuit ceer). TeM He MeHee 1Js1 OOLIHOCTH MBI COXPaHUM
npeleasl (— oo, -+ oo) B unrerpaie (1.3).

*) Crporo roBops, ¢gyHkuus ynoBiaerBopseT Teopeme Pypbe, ecau
OHa B MO60OM KOHEYHOM MPOMEXYTKE YNOBJETBOPAET TaK Ha3bIBAEMBIM
ycaoBuaMm [Jlupuxie u aGcoOMOTHO MHTErpupyeMa B MPOMEXyTke (— oo,
-+ 00). MNoppobuee cm. ' M. Puxtenroasbu, «Kype nudbdepenuu-
aJbHOTO M HHTErpasbHOro wucuuciaeHus», 1. III, Puamarrus, 1960 u
B. . CMmupHoB, «Kypc Bhicimeit Marematuku», T II, ®usmarrus, 1962.
(ITpum. peo.)
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B xauecTBe mHepBOro mpHMepa PACCMOTPUM Cayua#f, KOrja
IMTENLHOCTb BCeX LYrOB BOJMH ONMHAKOBA M paBHa T. B Teyc.
HUe 3TOTO NPOMexyTKa BpeMeHH F (f£)— npocToe rapmoHMueckoe
KosneGaHue 4acTOTH Vv, T. €.

F () = foet¥v, (1.5)
rie fo—nocrosuHad. F(f) onpenenserca Bbipaxenuem (1.5),
KOraa ! 3ak/IOYeHO MexAy —-% " —I——;- u F()=0, korna ¢
HaxOLWTCA BHe 3TOro uHTepBana. VIHLIMM cjoBamu,

F(t)=foe™™ ama |¢|< 5,
F(t)=0 ws | E >

HeficTBuTenbHas yacts pyukunn F (£), T. e. Re[F (¢)]. usobpaxena

Puc. 4. Puc. 5.

Ha puc. 4. Cornacnio (1.4) cnektp F (f) aercs BLipaxeHueM

W3
2

AQESI f exp [— i2n (v — Vo) t] dt =
T
7

= f, sin [; (v —v) 1] . (1.6)

T(v—vy)T
a pacnpelejieHHe 3Hepruu MO 4acTOTe — BHIPAKEHUEM

lf(v)12=f‘(2){sm_[n(lﬂ}212_ (1.7

T(V—vy) T

3asucumocts | f (v) [ or v mpeacraBieda Ha puc. 5. Unrtepsan
YacTOT MexIy TOukamMu A M B, Pacno/oNeHHBIMH CHMMCTPHUIIO
M0 OTHOUIEHHIO K V,, paBeH

v—wyy=* —,lr—
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OxapaktepudyeM wWwHpuHy Av cHeKkTpa/bHOH MOJOCH MOJO-
BuHO#t HHTepBana AB. ViMeem

Av=—. (1.8)

[IIupuna cnexkTpajbHOR NOJMOCH DaBHA OOpPAaTHOH BelMuHHe
IJIMTENLHOCTH Lyra. Bpemsa T HasblBaeTcsl 8pemeHem KoOz2epexm-
Hocmu. Tlonoxum

l=cr, (1.9)
rie ¢— CKOpPOCTb CBeTa. YuuThiBas, 4TO A =c/[v, uMeeM
¢ Av A2
| AL | = =Av—;
v2 ¢

ecll Ay — cpelHsif NJIMH3 BOJIHBI, COOTBETCTBYIOUIAA Vy, TO
¢ 7&3

Av T AL

Ilinna | HasbiBaercss 04uHOl KO2epeRMHOCMU.

K3BecTHO, YTO NPU TOYEYHOM UCTOYHHKE MOHOXPOMAaTHYECKOro
CBeTa MOJIOCH BHIHBI TOJbKO TOrAa, KOria PasHOCTb Xojla O He
MpeBEIllaeT HEKOTOPOTrO ONpeneNeHHOro 3HaveHus. JlomycTum,
YTO M3JAyYeHHe HCTOYHHKA JIEXKHT B HeGOJBLIIOM CIEKTPaJbHOM
unTepBate AN, Jlias mosydyeHHs KOHTPACTHHIX HHTepdEepPeHLHOH-
HBIX MOJIOC, HYXHO 4TOOB M3MeHeHHWe TMOPsAIKa HHTepdepeH-
uun *) p = 08/A, cea3aHHOe ¢ uaMernelideM AN ILJAMHBI BOJHBI, GBLIO
ropasgo Menbwie 1. Mbl 10/MKHB MMeTh, TakuM 006pasoM,

L\p:—;—Q-AX<<l.
0

|= (1.10)

CrenoBarenbHO, MPH MOJb30BAUM HCTOYHUKOM, M3/yYalOLUIUM
B Y3KOM CMEKTPaJbHOM HMHTEePBaje CO CpelHeH LJMMHOH BOJHBI Ay,
HYXHO, 4TOOBI Pa3HOCTb X01a MEXLy 0G0UMU MHTEPPEPUDPY IOLMMH
KOJleGaHUSIMH yJLOBJIETBOPSNA YCJAOBHIO
2

?\’O
0K - (1.11)

CpasuuBas (1.9), (1.10) u (1.11), nosayuaem
0 l=cT. (1.12)

,B,Jlﬂ moJaydeHus 3HAYUTeJbHOH KOHTPACTHOCTH [10JI0C Heo6x0~

*) TlopsagkoM HHTeppepeHUHH [ABYX NYUYKOB CBETAa C PA3HOCTHIO
xona 0 uasniBaercs Beanuuna p = O/A. [lonpo6uee cM. P. Ilutu6epH,
«®Pusnueckas ontuka», «Hayka», 1965. (I1pum. ped.)
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IHMMO, 4TOOH Pa3HOCTb X04a O OblIa Maja MO CPaBHEHHWIO C IJIH-
HOil KOrepeHTHOCTH.

B kayectse BTOpOro mpuMepa pacCMOTPUM 3aTyXaloliue rap-
MOHHUYecKHe KoseGaHuA. Llyrn BOJIH MMeOT OIMHAKOBYIO MOCTOSIH-
HYI0 3aTyxaHus T, U ¢yHkuus F (f) uMeeT BuI

F (8) = foet?™Wote=t" naa t > 0; F(¢)=0 naa ¢ < 0. (1.13)

3necb fy— HeKOTOpass MOCTOSIHHASA, T — MOCTOSHHAS 3aTyXaHHS.
HeicrBurenstas 4actb Re [F (f)] ¢yukuun F () mnpelcraBieHa

welF(1)]

Puc. 6.

Ha puc. 6. PaccmoTpuM cmekTp uactoT BO6JU3M Ccpenuef
yacToTel vy K3 coorHowenus (1.4) umeem

+00

F@=fo [ exp [—i?n(v— vo)t—%] dat,  (1.14)
0
OTKYyIa
foy=g—L—. (1.15)
= + 27 (v —v,)
[Tonoxum
pet® = 1 027 (v — vp). (1.16)
Annauryny folp dysxuun f (v) MOXHO ONpeneNUTb U3 BbIPAKEHHH
1 1

'.(—1{ -+ 4n2 (v — vy)?
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OTKYyZIa AJif pacrnpelesieHUust 3Hepruun mo 4acrore B6J/IH3U Vo UMeeM

2 2
| f @) l?=—£2—= T L : (1.18)
- - 432 (v — v;)?

OxapakTepu3yeM IUMPHHY CHeKTPalbHOM moAOCH Av uHTep-
BAJIOM 4YaCTOT, COOTBETCTBYIOLMM MOJOBMHE MaKCUMAnbHOH OpaM-
Hatol f21? (puc. 7). Vmeem

2
2 z}lf{v)I f% . f(Q)T2
A 1 -2
" 5 R
|
|
! OTKyla
LA o (Av)2 1
! = w2 =(7) = g
i wim
¥ z Ay =L
a =
3 v=—r. (1.19)
Puc. 7. Wrak, MB MNOIyYMIH pe3yib-

T4r, aHAJIOTMYHBIA NpexblLyLIEMY:
INMPUHA CHEKTPaJbHOH MOJIOCH OGPATHO MPONOPLHOHAIbHA MOCTO-
AHHOM 3aTyXaHMs (BpeMeHH KOTepeHTHOCTH), HHaye roBopsi, cpel-

Hefl ILJaMHe LYros (IJIMHE KOTrepeHTHOCTH).
OnpenenanM MOPANOK BeNMYMHBI JJNUHBI KOTePEeHTHOCTH [ = CT.

Ha (1.9), (1.10) u (1.19) umeem
c 7»%
I=a=gxm =7

Jast munun Ay = 0,546 mx co cnexrpaibHol wupuHo# AL = 300 A
(3es1eHast auHUA PTYTHOH JaMnbl -Mapku ®uannnc HP 80) noayuum

(0,546)2

W= 3.2 MK.

{—=—

B o6oux npuMepax, pacCMOTPEHHHIX BbIllle, Mbl CYHTAJH,
YTO BCE€ UYrW BOJIH, UCNYLIEHHblE UCTOYHUKOM, HAEHTUYHBI, UTO
He UMeerT MeCTa B LeACTBUTEJLHOCTH.

ATOMBl BO3MyLAOT APYr ApPYra M HU3JYy4aeMble HUMH LYTH
BOJIH U3MEHAIOTCSA Xa0THYECKUM 06p330M. KpOMe TOro, CHnekTpalb-
Hble JIMHUW YUIUPAIOTCA U3-3a INPYrux SABJIeHUH, HanmpuMmep BcCJen-
creue addexra Monnaepa. [losroMy MOMHO ONpese/uTb JMIIb

18



CpelHMe 3HAYeHWs N/ MPOLOKUTENLHOCTH LYTrOB M CNEKTPalb:
HOH wupuHsl Awv.

Tem He MeHee 3TH CpDelHHe 3HAueHUs YLOBJETBOPSIOT COOT-
HowenusaM tvna (1.8) umu (1.19).

§ 1.3. Bouanbl, ucnyckaembele OJHHM ATOMOM.
H3ameHeHHe KOMNJIEKCHOH aMMIUTYIbl KoJebaHus
3a BpeMs OJHOTO Lyra BOJH

MoHOXpOMaTHYeCKYIO0 BOJIHY, XaDaKTePHU3YIOLLYIOCS 4aCTOTOM’ vy,
MOXHO 3anucaTth B BHIE

F () = aet¥t, (1.20)

®yukuusa F (f) omuchiBaeT, HanmpuMep, 3JeKTpUYECKOE MOJe;
nycTb BOJHA pacnpocrpansercs B nanpasienmu OX, Torna us
BOJIHOBOI'O YPaBHEHHWs Mbl HAXOAMM [/ a cJelyloliee Bbpa-
KeHHe:
. 27V X
@ = foexp [1 (e——v"—)]. (1.21)
3nechb U — CKOPOCTb pacnpoctparenus souisl, f, u 0—xBe
NPOU3BOJbHLIE MOCTOSIIIbE, fo— aMmiuTyna, a 0 — ¢asa koue-
Ganusi. [das F (f) nmoayyaeM remepb ofliee Bhpaxeilde:

F(t)=f0exp{i [2mo(t—%)+o]}. (1.22)

Kose6anus, ucnyckaeMele aToMaMu, lie MOTYT Bceria (UM BeyHO)
OCTaBaTbCs CHIIyCOMAAMbIILIMU. TleficTBUTEIBIIO, KOJMC6GAlINS aTOMOB
NpephIBAIOTCA WJAM  BO3MYILAIOTCA HM3-3a CTOJKIIOBeln#d, JanGo
3aTyXaloT B De3yJ/bTare MOTePH 31EPrUM BCJAEACTBUE H3Jyuelius.

[Tpexkne Bcero MOXIIO MNPeANOJOXKUTb, 4YTO KkoJjebaliue,
WCIyCKaeMoe aTOMOM, ONUcLIBaeTcs coorHolerneM (1.22), 110 npe-
pBiBaeTCs NOC/e HeKoTOporo BpeMen t.Torna cienyer ROmycTUTh,
YTO aTOM M3JyyaeT PSAL UYroB, MHOLOGHLIX UYTY, U30GpaxellioMy
na puc. 4; npu mepexole OT OLHOrO Lyra K IPYroMy Ol H3Me-
HSIOTCS HEPeryJsipHbM 006pasoM.

Ecau npexmonoxuTs, 4to kosebanue, UCIyCKaeMOe aTOMOM,
3aryxaer, TO

F (t)= foexp {i [2nvo (t—%)—}—e]}exp (—-:—) (1.23)

[lpu mepexone OT ONHOrO uyra k Apyromy ¢asa 0 mensiercs
COBEpIIEHHO HEPeryJapHLIM 06pa3oM.
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B ofuem cayuae MOXHO, C/lef0BaTeAbHO, CUMTATh, 4TO JM0Gas
BOJHA 00pasoBaHa MOHOXPOMAaTHUeCKMMH KOJIeGaHUSAMH C pas-
JUYHBIMUH vacToTaMH. Kaxc1as MOHOXpoMaTHueckas cOCTaBJ/siolias
onuceiBaercs cooTHowenueM (1.22) uau, B ynNpoOLUEHHOM BHIe,
BoipaxeHueM fqel2™t CymmapHOoe KoJeGaHHe MONKHO 3alucaTh
cornacio (1.3) B Buie

F(t)= f f (v) ei2nvt gy, (1.24)

—00

BBons cpemHIOl0 4acTOTy vy, BOKPYT KOTOPO#H pacmpenelsioTcs
4acTOTHl Vv, NMOJyYaeM

40
F(t)=exp i2mot] | fexpli2m(v—vp) tldv. (1.25)

Mycrs -
+00
a(t)= j f () exp [i27 (v — ) £] dW, (1.26)

rie a () — B o0leM cjydyae KOMIUIEKCHOe uucio Buaa A (f) ei® (),
Torna noayuum

F () = a(t) el2mv, (1.27)

STo BBIpaXceHWe OMUCHIBAeT KoJeOaHHe, BHIBBAHHOE MPOXOISALINM
LLyrOM BOJIH.

Koune6anune, onucsiBaemoe (1.27), MOXHO CYMTaTb MOHOXPO-
MaTHYeCKHM KoJleOaHHeM C 4acTOTOH, paBHOM cpelHelt 4yacToTe v,
M C nepeMeHHO# aMnauTyno#t a (£). a (f) — 9TO MrHOBeHHOe 3Ha-
yeHWe KOMIJIEKCHOH aMIIMTYLBl KOJeOaHus.

INpenmnonowum, 4ro f (v), T. e. cnektp F (), oTnuueH OT HyJs
TOJILKO TMPH 3HauyeHusx Vv, 6iuskux K vo. Murerpan (1.26) npen-
CTaBJseT CyNeprno3uLMI0 FAPMOHUUYECKMX COCTAaBJSIOLIMX C 4acTo-
TaMu (V— Vp), T. €. HUBKOUYACTOTHBIX COCTaBaAOWMX. HupimMu
caoBaMu, ecau uHTepBan Av, BHYTpPH KOoTOporo f (V) OTIMuIO
OT HyJs, Mal 10O CpaBHEHWI0O CO CpelHeli 4acTOTOH Wy,
TO exp [i2; (Vv —vy){] OyleT H3MEHATbCS BO BPEMeHH MelJeH-
Hee, 4eM exp [i2mvyt]. M3nyueHHBIt CBeT OKaxercd KBa3UMOHO-
XpoMaTuyeckuM. B Beipaxenun (1.27) usmenenus a(f) BO Bpe-
MeHU MelfeliHee W3MeHeHUH KosneGaTeJbHOro 4YjeHa exp [[2mvyf].

MsBectHo, yro wmpuHa Av, npenctaBasiolias cofoft WHPHHY
CNeKTpa M3JyYeHUsi aToOMa, CBA3aHa C BpeMeHeM KOTepEeHTHOCTH,
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T. €. C NPOTMKEHHOCThIO UyroB BoaH. lllupuHa Av pasuano

NOpPsIKy BeJHuMHB! 1/T. PaccMOTpUM M3iIydeHHe CO ClleKTpajbHOH
-2

mupuuot AL =0,5.10"2 A, uro COOTBETCTBYET OYeHb TOHKOH

auHun. Mmeem

A2

cAL’

u s A=0,5 ux noayuum 1=1,66.10"" cex. Tax kak

nepuon T koseGaHu# paseH 7'=7»/c=1,66-10—15 cex, TO
©/T =~ 106.

ChenoBaresbHO, 3a BpeMsi NPOXOXIEHUS OLHOTO LYyra BOJH,
T. € 3a BpeMd T, B TeueHHe KOTOPOTrO KOMILJIEKCHAas aMIJIH-
Tyla a(f) MeHAeTCsd CPaBHUTEJbHO MelJIEHHO, OCYLIeCTBJ/IAeTCS
MHLIHOH KojebGanuit. Cienyer, OANAKO, 3aMeTHTb, YTO, eCJH
uaMeHeHHs a (f) MelJeHHB B MacwitaGe mepuona KoJaeGaHHH, TO
OHM NPOHCXOIAT HeOOBIKHOBEHHO GBICTPO B MacluTabe BpeMeHH,
TpebyeMOro s HabJ0LeHus.

IlpeacraBuM B KOMIIEKCHOH NMJOCKOCTH KOMILIEKCHYIO aMILIN-
TyLy a(f) u3JIyyeHHs, HUCNMYCKAeMOTO aTOMOM, [IJs pasJHYHBIX
THIOB KoJebGauu#t. B cayyae MoHOXpOMaTHYecKOro koJeba-
uua (1.22) xommiexkcHas amnuautyna a (f) mpeiacTaBieHa HeKof
toukott M (puc. 8, a). Ha puc. 8, 6 naio npocTpaHCTBeHHOe
WIH BpeMellHOe MpeiaCTaBjelne [efCTBUTeJbIIOR YacTH ¢YyHK-
unu F(¢), a Ha puc. (8, 8) —cnekrp o¢yuxuun F (). Ecmm
KosebaHKe HeOrPaHNUYEHO, TO AJIS ero CHeKTpa XapakTepHa OAna-
eNMIICTBEHIIas 4acToTa V.

Ta xe mocJjenoBarcablOCTb W306pamenuti mpuusra Ha puc. 9
nll. Puc. 9,a,9, 6 u9, 8 ortocarca k xosc6auuio tuna (1.22),
110 OrpaliMyeniioMy.

B koMnjekciiol TJIOCKOCTH aMMIMTyINa MO-NpexHeMy OyreT
npelicTaBJ/elia 1eKo# TOYkOoH M B TeyenMe BCero BpeMelH H3JY-
YeHWs BOJIIbl, €CJAM TPOMEXYTKM BpeMeHH T Kpafille Majel MHO
CPAaBIIeHUIO C BpeMciieM, 11e06X0iuMbiM 1as HaGmonenus. Cieno-
Bare/bHO, 3a BpeMs Hab/olelus KOMIJeKclas amnauryida a (f)
NpUMET MHOXeCTBO 3Hauelu#t, moxasaHibix na puc. 10 Toukamu
M, My, M, ..., pacnpele/eHIbIMH CJayuyaliHeIM 006pasowm,
¥ mo3ToMy GynerT Hab/MoNaTbCs JHIIbL KaKOR-TO cpelHuft ek,
06YC/IOBNEHHbIt OTHEAbHBIMU 3HAYEHUAMH a (£).

PaccmorpuM  kosneGanua tuma (1.23). Cpasuusas (1.27)
u (1.23), nonyuaem, omyckas B SKCHOHEHTe 27Vyx/v, BblpaxeHHE

t

a(t)=7foe Teb. (1.28)
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B kommnuexkcHo#t naockoctu (puc. 11, @) a(f) npuGumnkacres
K Touke O, nBUrasch MO HeKOTOPOH 3aKpenJeHHOH TpsiMoit MO
(0 — mocrosiHHasg A4S LaHHOTO LYyra BOJH).

alt) R F(1)]

ar ol
a(t)

L i
Aeicmbymensnos %
a) ) 4)

Puc. 11.

3a BpeMs Hab/OLeHHst aTOM H3JyyaeT BecbMa GOJbLIOE YUCIO
uyros. KaxaoMmy uyry coorBercTByer mpsMas B KOMILIEKCHOR
MI0CKOCTH. Pasbl, COOTBeTCTBYIOLIME DA3IHYHKM LYraM, HUKaK

Muuman
o6k
M
—— & it ‘ Aedcmbumensran
. } ; o6t
Puc. 12.

MexIy coboft e cBa3aHbl. TO H300paxeHo Ha puc. 12. 3a Bpems
Ha6/I0NeHUs MOXHO 3aMeTHTh JHULIb YyCpelHelHbH 3(pdext, co3-
laBaeMbllf BceMH 3HaueHUAMU a (f).

Ecim yuureiBaTh 3¢dext [onmiepa, TO nosABiseTcs U3MeHe-
HHe 4acTOTHl Ov, 00s3aHHOE CBOUM NPOUCXOMIECHUEM NBUNKEHHIO

3



aToOMa CO CKOPOCTbIO ¥ MO OTHOWEHWI0 K Habmonaremo. Mmeem

1
v

2
-
HaGmonatemo mnpelncraBisercs, coraacHo (1.27), yro atoM usiay-
yaeT KoJseOaHue BUIA
F (t) =a (£) exp [i271 (vo+ Ov) ] = a, (£) exp [i27vpt].  (1.29)

B cayuae 3aryxawouux kouaebaxu#t (1.28) umeem

t
ag(f) = foe  * exp [i (0 + 2ndve)]. (1.30)

daza uaMeHseTCd BO BPeMEHH, M B KOMILIEKCHOF MJIOCKOCTH
MBI TOJyYaeM KpHUBYIO, NpuBeleHHyw Ha puc. 13. Haxonern,

Muuras
} ack Mrumas
r as
/cM ’M
(R Jevcmbumeneion (7) Ledembumensian
s P

Puc. 13. Puc. 14.

B oOlieM Cciyyae, KOTLa MBbl YUYTeM BO3MYIUeHHUEe OT COCELHUX
aTOMOB, KOMIIEKCHAs aMIUMTYyla @ (f) OYLeT U3MeHATbCH CJONK-
HEIM 00pa30oM M MBI TOJIyYUM KPHBYIO, OLOGHYIO KpUBOH Ha puc. 14.

Kak m B mpeldbiyliux ciay4asX, U3MeHeHHS! aMILIMTYIbI, H30-
OGpaxeHHble Ha pHUC. 14, NPOMCXONAT 3a BpeMs MPOXOXIAEHHUS
uyra. Yucsno uyros, H3JAydeHHBIX 3a BpeMs HaGJIOLEHUS, OYeHb
BEJMKO, U MBl HMeeM IMO3TOMY MHOXeCTBO KPHBbBIX, MOLOOHBIX
TeM, KOTOpbie HM300paxceHbl Ha pUC. 14, HO Bce OHM HHUKaK He
CBf3aHbl APYT C IPYroM.

3a Bpems HaOmoleHWs aMmiauTyla a (f) MeHsleTcss BeCbMa
GBICTPO, W MBl MOXeM 3aMeTHTb JIMIb YyCpelHeHHbH 3¢dekT,
CO31aBaeMblfl Pa3NMUHBIMH 3HaYEHUAMH & (£).
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§ 1.4. Nocaeposarenbune LYyTH BOJIH,
H3JyYyeHHbIE OJHHM aTOMOM

Omun uyr BOJH, W3MYyueHHBIA OLHMM ATOMOM, MOXHO OXapak-
TEPU30BaTb KOMIMJIEKCHON ¢yHkuuelt a (£), uaMeHeHUs KOTODPOH
32 BpeMs MPOXOXIeHUs OAHOTO Ilyra Mu3oOpaxeHbH Ha puc. 14.
[TpoMexyTKH BpeMeHU T Ype3BHIYAMHO MaJibl IO CPAaBHEHMIO C Bpe-
MeHeM, HeoOxonumbiM Aas Habmolenns. Cienosarenbiio, 3a BpeMs
HaO/MoleHMs aToOM Hu3JyyaeT GOJbLIOE YHCJIO LYrOB, HE CBA3AH-
HBIX 1O (page.

[IpeanonoxuM, 4yro aToM uaiydaer uyrd soau Fy (£), Fy(f), ...
B CJay4yalHO pacnpelleJleHHble MOMEHThl BpeMeHM £, &y, ...

A1) £y(t)
Puc. 15.

(puc. 15). Lyr F,(¢), uanyuenunt B MoMeHT BpeMeln £, Gynrer
npeacTaBieH BbipaweHueM F,({,—¢%;) B MOMeHT BpeMeHH £,.
To e OTHOCHTCA M K IPDYruM IyraM, M CyMMapHoe KoJjebaHue
B MOMEHT BpeMeHM £, MOXKHO 3anucaTb B BUIe

V(tg=Fibo—t)+Folto—t) + ... (1.31)
Ot™i uyrn Moryr uMerb Ji06yil0 GOpPMYy H NMPOLO/IKUTENb=
HOCTb T, Ty, ... Pa3bl KaXIOro Uyra HeoLHHaKOBH (cM. puc. 13

v 14), u Mexay ¢asaMM pa3auylibiX LYroB HET HHUKaKOH CBA3M.
3aMeHsas A48 kawaoro uyra f;, na £, Mbl B COOTBETCTBHH
¢ (1.3) u (1.31) moayuum
+00
Fi(t—t)= f f1 () exp [i2wv (F — £)]dv,  (1.32)
—oo
OTKyla
+o0

V(t) = ‘[ Lf, (v) e~ 12000 | £, (v) e= 20 4 ] l2E gy, (1.33)

3 M. dpancon, C. CaaHckHR 25



Ecan nmomoxurhb

v(V)=fi(We i | (1.39)
TO ¥)
+o0
V)= j v (v) €127 gy, (1.35)

rie v (v) — cnekrp V (£).
Brinenss cpenHIOI0 YAaCTOTY Vo, Mbl MOxeM mepenucarb (1.33)
B BHIE

+00
V (t) = etz j [f, (V) exp [— i2mvy] + .. .1 X
- X exp [i2: (v — ) t] dv. (1.36)
ITonoxum
+00
a ()= [ [f (%) exp [— i2mv] + ...] exp [i2 (v— vg) £] av,
- (1.37)
+00
a(t)—= j v (v) exp [i27 (v — o) £] dv. (1.38)
Torza -
V () = a (t) exp [i27tv,t]. (1.39)

dro BhHIpaxeHue UAEHTHYHO BhipawkeHHO (1.27), HO OHO OMUCHI-
BaeT fIBJeHUe IJF TMOCJeNOBaTeJbHOCTH OO0JIbIIOrG YHCJIa UYroOB
BOJIH.

Amnuryna a (f) npeicrasiser coOOR Temepb KOMIJIEKCHYIO
aMIVIMTYLY pe3yJ/bTUpYIolell 60/MbINOro YMC/Ia MOC/AeN0BaTe bHbIX
uyros. Ecau Bce useHw, BXoisiihe B @ (£), OTJIMYAIOTCA OT HYJIs
TOJLKO [IJs 3HaueHH# v, OJUBKHX K Vp TO a (f) usMeHsercs
MelJIEHHO TO CPaBHEHUIO C M3MeHeHHeM KoJebaTe/IbHOTO uJjeHa
et B pripawenun (1.39), Tak Ke Kak M B CJlyyae OIHOTO
uyra. Ho, pasymeercs, uameHenuns a (f) xpatiHe ObICTPBl MO CpaB-
HEHHI0 C HAaIMMK BO3MOXHOCTAMH Hab/oLeHHUs.

3a Bpems onHOro HaGmoneHus a(f) onuckiBaeT Oo0JblIOE
KOJMYEeCTBO KPHUBBIX THNA, W300paxeHHOro Ha puc. 14, wu
B KOHEYHOM cYeTe MOJy4YaeTCs BecbMa CJOMXKHAsg KpHUBad.

*) Kak u aas | f (V) |, Mbl JenaeM HONyLieHHe, 4TO | U (V) | MPaKTH-
yecKH NpeHeOpeXuMO Majao BHe 00JacTH 4YacToT (Mbl paccMaTpHBaeM
TOJBKO MOJOXHTEAbHbIE YacTOThl), MaJOH MO CPaBHEHHIO CO CpenHei
4acTOTOH.
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[IpueMHOe YCTDOHCTBO MOMET OTMETHTb JHIIb YCpelHeHHbIH
a¢dexT, cosnaBaeMbiit ObLICTPOH MOCJENOBAaTENbHOCTbIO 3HAue-
uuft a(f). Ecam 2T — Bpems, TpeGyemoe nis HaGuaoleHHs, TO
IJs cpelHero 3HayeHus a(f) wam V (£) noayuum

+T
— 1
a(t)= 11m7— a(®)dt =0,
() T-)oozr _J;, ()

TAK KaK B KOMIIJIEKCHOM MNJIOCKOCTH IJIA KaXIOW BeluuyuHbl a (f)
BCerfia MOXHO HaHTH BEJMYHHY C TPOTHBOMOJIONHBIM 3HAKOM.
OG6bIYHO NpHeMHHUK — Tl1a3 HaM  (POTOIJIeKTPUUECKH#t peru-
CTpaTop — (UKCUpYeT JMIb CPeNHMH KBaAPaT aMIJIMTYIbL.
ViMeHHO 3Ta BeqMYMHA M XapaKTepPU3yeT WHTEHCHBHOCTb fBJe-
Husg. MrHoBeHHOe 3HayeHMe KOMIUIEKCHOW ammautynasl  a (f)
COOTBETCTBYeT 3Hepruu |a(f)[?, T. e. KBalIpaTy MOLyJIs BejH-
uuHb! @ (f). Ilas npueMHOro ycTpOHCTBA MHTEIICHBHOCTL SIBJIEHHUS,
C/1ef0BaTeJIbHO, XapaKTepusyercs cpeiHelt BeqMYHMHOHR, T. e.

la@P=a@)a* )=

+co

+T
=%f|a(t)(2dta~,% f la(t)Pdt. (1.40)
2r

-—C0

§ 1.5. Boanbl, cospaBaembie JAByMsi pa3JHYHBLIMH ATOMaMH,
H3JYyYalom UM ¢ OJHOH ¥ TOHi e cpenHeli yacToToll v,

PaccMorpum nsa atoma M; u M, (puc. 16) u Gyzem wusy-
yaTh CO3LaBaeMble UMH KoJeOallus, MPUXOLSLME B OLHY U Ty XKe
Touky P.

B coorsercteuun ¢ ¢opmynoti (1.39) konebanus V, u V,,
cO31aBaeMble 3TUMH aTOMaMM, MOXIIO 3aMuUCaTh B BUIE

Vi (6) =a, (t) e,

(1.41)
Vo (t) = ay () e270ef,
Yacrora v, onuHakosa mas V; u V,, Tak kak o6a atroMma H3iy-
() 1 2
4alT ¢ ONHOW M TOH e cperHed yacToTo#t. Mpl HauMHaeM pac-
cMarpuBath BOJHB V' M V4 B TOT MOMEHT, KOTla OHM MOKHIAIOT
o6a aroma. Ecan 0; m 0, — npoMexyTKu BpeMeHH, 33 KOTOpbIE
BOJIHH coBepwnau nytd M;P u MyP coOTBeTcTBeHHO, TO
M,P M,P
=-_'(l," » 92=—2—, (1.42)

v

6
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rie v — ckopocTb cBera. Kose6aune, npuwenuwee or atoma M,

B TOYKY P B MOMEHT BpeMeHH f, cOBnanaer ¢ koneGaHuem B M,

B MOMEHT BpeMeHn f—0,. 3ITo ko/je6aHHE MOXHO 3amucarhb
BBuse Vy (! —0)) uam a, (£t — 0,).

P To wxe oTHocurcd u K KoJeGa-
HHUIO, MpHluepmeMy OT aroMa M,
B P. [lostoMy koJeGaHue B TO-
yke P B MOMeHT BpeMeHH ¢
MOXHO 3alUcaTh CJAELYIOLHUM 06-
pasom *):

Viy=V,t—06)+
V(¢ —0y). (1.43)
[IpueMHOE YCTPOHCTBO YyBCTBM-
—— TEJAbHO K CpelHeMy 3Ha4yeHHIO
- seauunibl |V, Vo2 wm
CpelHeMy 3HAYeHHI0 BeJWYHHB |a@,— a,[%, B3sTOMY 3a Bpewms
Habmonenus. CirenoBatenbHo, B coorBercTBuu ¢ (1.40) uuren-
CHUBHOCTb B P 3amuuiercs B Buie

]

M;

+ oo

1 N —
[ =5 f la)+ayPdt =|a;+a,,

—0o0

I=]a, (t—8)+q, t—f)?)] [a‘l“ (E—0)+a3(t—0y)]. (1.49)

PackpbiBasi CKOOKHM, HOJyYUM

I=a,(F—0)a(f—0)+a,(t—0)ay(t—0)+
+a,f—0) a5t —0,)+a,(t—0,) @ (—0)).

Ecau B 3THX BbIpaxeHUsX U3MEHHTb HAYaJO OTCYETa BPeMeHH *¥),
TO

a,(t—0)) af (t —0,) =a, (t) a] (©),
0, —8) ([ —0) =4, 5 ®.

(1.45)

*) Mbl npene6peraeM 3nech gUcnepcHedt Cpeibl U Pa3nHYNEM UHTEH-
CHBHOCTe# B TOuke P, BLI3BaHHEIM pasanuueM pacctosHuil MoP u M P.

**) HesaBucuMOcTb cpenHero 3Hauenus (1.45) u (1.46) or nauana
OTCYeTa BPEMEHH O3HayaeT, YTO paccMaTpuBaeMble 3jecCb CayuaiHble
¢ynkuun a, (f) ¥ a, (f) crauMOHapHH. JTO O3HAYAeT NMPOCTO, UTO H3AY-
uenue aToMoB M, u M, B cpenHeM HeusMeHHO. ([Tpunm. peo.)
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IMonoxum
9 = 02 e 01.
Torna umeem
a,(t—8,) ag(t—0)=a, (t+0) a5 (#).
aj(t—0)) a, (¢t — 8,)=a (t4-0) a, (¥).
Ho @, n a, cyts komniexkcHble BequuuHbl Buia (cM. § 1.3)
a, = Aleiq}', Qg = A28"¢2, (147)

(1.46)

M Mbl IIOJYYUM
a,(t+9)a; () +af (¢t +6)a,(t) =2A4,4,cos (D, — D)=
=2 Re[a, (t+0)a} (1)), (1.48)

rie Re[ ] osHayaeT, 4TO HYXHO B3ATb IeHCTBUTE/bHYIO 4acTb
BBIDAXEHUS, 3aKJMIOYEeHHOTO B KBajJpaTHble CKOOKH.
Orclona MHTEHCHBHOCTh paBHa

1="a,6]+ a,8,+2Re [a, {1+ 0) a, ()] (1.49)

— % %
UneHbl @,a] M Q,0; XapaKTEPU3YIOT SHEPrHH, M3NyUYeHHbe aTo-

mamu M; u M,. Tlocnennu#t uiaen B mpaso#t uvacru (1.49) npen-
CTaB/feT cOGOH KOPPEAAUHOHHYI0 (YHKUUIO BCIMUMH @ U Q.
ITOT ujleH XapaKTepudyeT B3aUMOCBA3b, T. €. KOTePEHTHOCTb
kosebanutt, cosnasaembix M; u M.

IIpeo6pasyem Boipaxenue (1.49), BBels B 11ero CHeKTPH
v, (V) U Uy (V) KoseGauutt V,(f) u Vy(f). B MoMeHT wusiyuenus
oGoux aromos umeeM u3 (1.35) m (1.34)

+oo +oo
Viih= f v, (v) el2Wt gy, Vo () = ‘- s (V) eV dy;  (1.50)

cnekTpbl B Toukax M; u M, sanuwmyrcs B Bule

vy (v) = f1(v) em BV - fo(v)em i ., (1.51)
v =f1ve T4 e P4 L (1.52)
B 3TMX BbIpaeHHAX MOMEHTH BpeMeHW f1, f], fo, £, ... mpous-

BOJIbHBL. PaccMOTpuM KO/MeGaHUs B MOMEHT, KOria OHM LOCTH-
raloT TOYKM Habmoneuus P.

Ilns onHO# ornpeleneHHOR 4YacTOTH Vv, T. €. IJ MOHOXpO-
MaTU4YeCKOH cOCTaBJsIOLIeH, MOXHO CKasaTtb. 4TO ecan B M,
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xone6aHue 3anUCHBAlOT B Buie €2, 1o B P coraacHo (1.22)
u (1.42) ono Gyner paBHO ei2™e—127V0, Kajnas MOHOXPOMATH-
yeckasl COCTaBJAIOLIAs YacTOTHl V XapaKTepu3yercs aMIIMTYLOH
v (v), 1 NOoSTOMy KojeGaHus B P B MOMeHT BpeMeHH { 3amu-
wyTtca coraacHo (1.35) caenyiomnm o6pasoM:

)
Vi) = f 0, (v) ei2vtg— 270, gy, (1.53)

-0

+00

Vy(t) = f Uy (v) ei2Vtg—i21V8; gy, (1.54)

—00

IMoaarast, xak n pauee, =0, — 0,, moayuaem

+o0o

Vit 0)= f v, (V) ei2Tvigi2n® gy, (1.55)
-
Vo) = f vy (v) €2 gy, (1.56)

Brinenss cperHIoio 4acTtoTy Vg, HAXOIuM

400

V(£ -+ 0) = ef2mvt f v, (v) exp [127 [v (£~ 0) — vof] ] dv, (1.57)
-
V,(t) = el2nvet f s (v) exp [1271 (v — vg) £] dv. (1.58)

Orciona A9 KOMIUIEKCHBIX aMIUMTYL &, (£ 0) u a, (f) nonyunm

400

0, (t40) = f v, (v) exp {12 [v (£ 4 0) — vt]) dv, (1.59)
. —°°+oo
0,y (f) = f Uy (¥) exp [127 (v — vp) £] . (1.60)

A3 coorHowenntt (1.57) — (1.60) caenyer, uro

V, ¢t +0) Vi) =a, ¢+ 0) a} @) (1.61)



Ilanee, MOXeM HamucaTb

+0oo

j a, (t+0)al(t) dt =

—00

+0o0 +00
= f a; () [ f vy (V) exp {25 [v (£ 4 0) — vt} dv] dt
M, MeHss MOPALOK MHTErPUPOBAHUS, HAXOLUM

+o0

f%a+®@mw=

-0

+00 +oo
= f N O [ f a, (£) exp [i27 (v — Vo) £] dt] dnv.

Ho us (1.60)

+0co

(V) = f a% (¢) exp [i2 (v— vo) 2] dF;
cJenoBaresibHoO,
+o0 +0o0
fVl(t+9)V;(t)dt= f a, (t+0)a; (f)dt =
- . ) o

= [ s, omermay, (1.62)

OTKyla -

a,(t+0)a; ()=
+00

+00
=.217f a, (t+0) a% (1) dt=%f 0, (¥) U5 (v) €27 gy (1.63)

)44
+co +0c0
j|a,(t)|2dt= f |9, ) Pav. %) (1.64)

*) dopmyna (1.64) ectb uacTHelf cayuait teopemb [lapcesaus.
IMoapobuee cM. A. AHro, «MaremaTHka 148 3JMEKTPO- H PaIHOHHXKE-
HepoB», «Haykas, 1965 uauT. M. duxtenroansn, «Kypc auddepen-
LMAILHOTO M HMHTErpalbHOro Hcuucaenus», T. I, Pusmarrus, 1960.
(ITpun. ped.)
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Coraacro (1.49), (1.63) u (1.64) Haxoaum, 4T0 MHTeHCHBHOCTD |
B Touke P paBHAa (C TOYHOCTBIO 1O KOHCTAHTHI)

+o0 +o00
I=[lo@Pav+ [ |omPav+

+00
49 Re[ f v, (v) 0 (v) 1270 dv]. (1.65)

-00

Briuncaum Tpetu#t unen B npaBo#t yactu (1.49) u (1.65), xapaxte-
pu3yoLuft KOppeaauuo Kojebanutt, naayueHHsIX 060MMH ATOMaMHu.
Ecau N — 4uciio uyros BOJH, TO

v, (V) U (V) = 2 Z fan () f,,, (v) exp [—— Lan(t ——t,,,)] (1.66)

n=1 m=1l

Mycts J, m J,,,-—Monme fan(¥) m f,,,(v) a a,, — apryMeHT
npousseleHus f, (v) f,,, (v); Torua

N
v, (V) U5 (V) =n§ m% Lo {cos [QJW =ity —-a,,,,,] —_

— isin [2mv (¢, —£n) — @m]}. (1.67)

Tak kak Mbl HMeeM Ielo ¢ AByMf pAasHbIMU aTOMAMH, TO YTJIBI

4
[.‘ZJW (t,— tm) —a,,m] MPUHUMAIOT BCEBO3MOXHble 3HayeHus, M
CYMMBbl CHHYCOB H KOCHHYCOB MO OTAeJNbHOCTH OYAYT paBHbl HYJIO.
CrenoBareqbHO, MBI MOXEM HamucaTh

o, +0)d; () =0. (1.68)

Mexny xosneGaHUsAMH, M3JIy4YeHHBIMH NBYMs Da3/UYHLIMH aTOMaMH,
HeT HHMKaKoR koppeasuuu, u Boeipaxkenue (1.49) cBomurcs K

I_aa -|—a oBg. (1.69)
Ananornyno u3 (1.65) umeem

+00

[= f | v, (v) P dv —+ j | 0o (v) |2 dv. (1.70)

—-00

Mox—xoxpomamqecxue CocCTaBJ/idl0lIMe, CO34aBaeMble LAByMs
pas3/MYHBIMH aroMaMH, HEKOTePEeHTHbl K CKJ/AALIBAIOTCA NO HMHTEH=-
CHUBHOCTH.
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Henbas sacrasuth uHTepdepupoBaTh KO/MeGaHUSA, HCIYyCKAeMble
IByMsl Pa3/IMYHbIMU aTOMAaMH, Jaxe €ecC/JM MNOC/elHHEe H3JIYyYalT
C onHOM u TOH ke uyacToToR. MoOHOXpOMATHUECKME (HILTD,
NPONYCKAOWUH TONbKO OAHY HacTOTY Vy, Man Obl B 3TOM Clydae

[ =| v, (vo) |2+|'02(Vo) |2' (1.71)

§ 1.6. KoseGanua ¢ pas/jH4yHbIMM YaCTOTAMH,
co3jaBsaemMble OJHMUM aTOMOM

Tenepb mNpenmoOONKUM, 4TO 06a koJeOaHus, HOCTHrawline
Toukn P, cosnaloTcs OLHMM M TeM ke artomom M (puc. 17).
Kosebanune, ucnyuienHoe M, sanuchiBaeTcsi B BHIE

V (¢) = a (t) ezt

€C/IM aTOM H3JyyaeT co cpellniet 4acTOTOH V.

Iycte Hexu#t npuGop, He nokasauiusit wa puc. 17, IeauT
Mafaouylo BOJHY HAa ABe WIAEHTHYHblEe BOJHBI, HAylLIMe MO LBYM
pasHeiM nyTtam I u 2.

Ecan 0, u 0, — nBa unrepBana i
BpeMeHH, TpeOyIOIHuXCcs  BOJ-
HaM I8 TPOXOMJeHUs 3Itux M I
InByx nyrte#t, To koaebanue B P
B MOMEHT BpEMeHM { MOXHO 3a-
nucatb B Bure (1.43), T. e.

ViE—0)+V ¢#—0,). Puc. 17.

$yuxuns V' omuHakosa Ias 0GOMX 4JelOB, TaK Kak KoJeGaHus,
uiywue no nytaM / u 2, CO31AlOTCA ONIIUM W TeM e aTOMOM.
Llyru Bosn, uaymue mo myTd 2, JUllb CMeLleHbl MO OTHOLUEHHUIO
K uyram, pAymu™ no nytu [.

PaccMorpum nBa MoHOXpoMarHueckux ¢uabTpa. OAUH M3 HUX,
NOMellleHHbIl Ha myTH [, MpOMyCKaeT yacTOTy V; Apyro#f, nome-
WeHHbI Ha mytH 2, — yactory Vv'. VMeem

v(v)=fi(v)e BWh{ .,
o(V)=fi(V)e WL |,

MowmenTsl BpemeHu £y, £5, ... B OOOMUX BHIpAXEHHMSX COBMNALAIOT,
TaK KaK 9TO —Te MOMEHTHl, B KOTOpble LYrH BOJH OblIH HCIY-
weHb atoMoM. Pyuxums f, mnpeldcTaBiaseT cOOOH KOMIOHEHTY
CIIEKTPA, COOTBETCTBYIOILYIO KOJEOAaHUIO, H3JIYYeHHOMY aTOMOM
B MOMeHT BpeMmeHH f;. Tax kak myTd / U 2 UMEIOT OLMH M TOT Xe
¢akrop mnpomyckaHus, TO (QyHkuMs f, oIMHaKoBa IJad OOOMX
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nyte#i. [lasg nytu / oHa MMeeT 3HaueHue [, (V), COOTBETCTBYyIOllee
yacToTe v, a Mg nyTd 2 — 3Hadenue f;(V'), cOOTBeTCTByIOIIEE
yacrore v'.
To xe cnpaBelauBO M IJas APYrux OyHKuuMB fo, fa, ...,
COOTBETCTBYIOIIMX PA3JMYHbIM LyraM BOJIH, H3Jy4YEHHBIX aTOMOM.
[Mosb3ysice mpelblLylUM¥ O0O3HAYEHUAMH, MOJYyYaeM

N N
v (V) v* (V') _—_El ,,;1 fo®) fry (W) exp [—i2m(vE,—V't )]. (1.73)

Vrae vf, w Vv't,, Tak ke Kak M paHbllle, MOTYT NPUHHMATH
nmobble 3HaYeHWs MU CYMMbl MX CHHYCOB DaBHBI HYJIO; CJelOBa-
TeJIbHO,

v(W)v*(v)=0.

Takum o6Gpasom, Bmecto (1.65) mosayuum
[=|v@) P+ [v@) P (1.74)

Orcrona ciaenyer, uto A OGBIYHBIX HabJolLeHUH, TpeGyOUIHX
OYeHb GOJbIIMX NPOMEXYTKOB BpeMeHH IO CPaBHEHUIO C IJIH-
TeJIbHOCTBIO UYTOB, W3JAYYEHHS C Pa3HbHIMH YacTOTAMH, MPUXOAs-
IHe OT OJHOrO M TOrO Ke aTOMa, HEKOrePeHTHBl M CKJalbl-
BaloTcsi no uHTeHcuBHOCTH. CllenoBaTesNbHO, TaKMe HBJIyYeHHUs
C pasHBIMM 4aCTOTaMH, MPHUXOAfAILHE OT OLHOTO U TOrO ke aToMa,
He CO34al0T aBJdeHus uHTepdpepeHund. OTMeTUM, 4TO ecau Obl
Hab/MmoJeHUs MOT/IM NPOU3BOLUTLCA B TeYeHHe OYeHb MaJbiX MPO-
MEeXYTKOB BpeMeHH (MeHbIUMX T), TO OHMeHUS MexIy PpasHbIMH
YaCTOTaMK MOrJU Obl CO31aTb (IYKTyaUHUH HHTEHCHUBHOCTH /.

§ 1.7. Kosne6anus ¢ oaHO# M TO# Ke 4YacTOTOIi,
NpuXoAsimue OT OAHOIO M TOTo Ke aToMa

B stom cayuae o6a BblpaxeHus (1.72) ommuakosel. meem
N N

(V) (V) = 21 Zlfn ™) f;, (v) exp [— 2mv (¢, — tm)]. (1.75)
n m=

MowmenTsl BpeMmeHn £, M £, NO-NpPEXHEMY MOIYT GbiTb JIOOLIMHU
U CYMMBl CHHYCOB M KOCHHYCOB PaBHHl HY/IO, HO 3IeCb OCTAalOTCA
YIeHbl C m ==n; UMeeM

n=1

N N
vW) V' (V) = g} fa =2 f,0mF  (1.76)
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flockonbky ©, =v,, Tperu#t unes npaso#t uactu (1.65) 3aun-
weTcs B BUIe

+o0
2 Re [ f v (v) v* (V) im0 va =

- " 4o N
=2Re [ | iz ( ARG |2) dv] -

—oo n=1

400 N
=2 f cos?nve(zlf,, ) 12) dv. (1.77)

n=1

Ecan & — pa3HocTb xona o6Goux kojeGaHu#t, mpuxozisauux B P
no nytaMm I u 2, to

ol = 20 = 22 —q, (1.78)

rie A— JJMHA BOJHB B BaKyyMe.
Ipasyio wactb (1.77) MoxHO 3amucaTb B BHIE

400 N
2 f cosq)(le,, ) |2) dv. (1.79)

n=1

[Tonoxum

N
[P P=vW v M =X|/,0P=l (180

Torma wuurencusuocts / B P, noayyexHas us (1.65), npunu-
MaeT BHI

400
[= f (I Ty~ 21, cos @) av. (1.81)

-00

KoneGanus ¢ oxmHakoBo# yacTOTOH, NpUXOXALIME OT OLHOIO
M TOro e aroMa, MOJHOCTbIO KOrepeHTHbl. B MoHOXpoMaTH-
YeCKOM CBeTe MOJYYHM

[ =4lycos %, (1.82)

T. €. 3JIEMEHTAPHYI0 KJAaCCHYecKylo (OpMy.y.



§ 1.8. MpencraBieHue u3JaydeHus
HEKOrePeHTHOTO MCTOYHHKA

HcToyHUK M3/IyueHus, Naxe KTOUYCUHBIH» B ONTHYECKOM CMBICJIe,
COLEePXHUT MHOXEeCTBO aTOMOB, M3JIyyalOlIMX LUYTH BOJH B CJy-
YyaHO pacmpelelieHHble MOMeHTHl BpeMeHH. BousHa, ucmylienHas
HUCTOYHUKOM B ONpeleseHHbi MOMEHT BpeMeHH, — 9TO CyMMa
OTIeJIbHBIX BOJIH, OOS3aHHBIX CBOMM IPOUCXOXIEHHWEM pa3HbIM
aToMaMm.

KoneGaune V (t), sanucannoe B Buae (1.36), mpexncrasaser
co6oit mocJen0BaTeJbHOCTb LYTOB, M3JYYEHHBIX OJHUM aTOMOM.
Tak Kkak Bce 3TH UYrM HeKOrepeHTHBI, TO HeCYUIeCTBEHHO, HC-
NyllleHbl OHM OJHUM aTOMOM MJM HEeCKOJbKHMH. JlocTaTouHO
3dMETUTb, YTO B COOTBeTCTBUM C BeipaxeHueM (1.31) mpu GoJib-
IIOM YHCJE H3Jayuyareset MX NeHCTBHMe Hak/alblBaeTcs APYr Ha
Ipyra B MOMeHT BpeMeHM fj, TaK KaK pasJuyHble aTOMbl MOTYT
U3Jy4yaTb B OIMH W TOT e MOMEHT WJU B MaJO OTJIHYAIoLIHecs
Ipyr OT Apyra MoMeHTbl. IT09TOMy MOKHO CUMTaThb, YTO Bblpa-
xenne V (f) onuchiBaeT BOJIHY, M3Jy4eHHYI0 B NAHHBIE MOMEHT
NPOTSKEHHBIM MCTOYHUKOM.

Kpome Toro, uyrm BOJH oOrpaHuueHs, u mnoatomy V (£),
ompenenseMoe BbipaxeHueM (1.35), mpencrasiaser coO60H HEMOHO-
xpoMarudeckoe KoseGaHue. Takum oOpasom, V (f) omnuceiBaer
KoneGaHue, U3JNydyeHHOEe HEMOHOXPOMAaTHYECKUM TPOTSIKEHHBIM
UCcTOYHMKOM. Tenepb onpelejuM aMIIUTyLy W a3y usayueHus
MCTOYHUKA B m060# MoMeHT BpeMeHH £. ITosb3ysch KoMmiexc-
HBIM TIpefCTaBJIeHHEM, MOXKHO CKas3aTb, UYTO KojeGaHUe HMeeT
Bun (1.39), T. e.

V (t) = a(t) et (1.83)

Mbl npeamonaraeM, 4YTO KOMIUIEKCHAas aMiiuTyia a(f) Me-
HAETCS MelJIeHHO 110 CPaBHEHUIG C M3MeHeHHeM KoJebare/bHOro
yneHa e!2™if, yHade roBops, YTO HHTepBal Av, B KOTOPOM
pacroJiaraloTcsl YaCTOThH CNeKTDPAa, MaJ MO CPaBHEHUIO CO CpelHeH
4acTOTO# Vv, (KBa3SUMOHOXPOMaTHUYeCKu# cBerT).

B o6buHbIX Haba0LeHUsAX, KOrla roBOPSAT 00 MHTEHCHMBHOCTH
M3JydeHHs HCTOYHMKA, He BBOUAT BEJMYMHY T, TaK KaK BpeMs
naGmonenns T BequKO MO cpaBHeHMIO ¢ T. 3a BpeMs T ammnuu-
Tyna a (f) u3MeHfAeTcs B KOMILJIEKCHOR MJIOCKOCTH BeCbMa CJIOXKHBIM
06pa3oM, M HHTEHCHBHOCTb MCTOYHMKA XapaKTepH3yeTCsl Bblpa-
wennem (1.40), 1. e.

|a(t)P=a()a" @)
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Wnave ob6cTouT Leso Npu HAGMIONEHHH MHTepbepeHInH, KOoria
paccMaTPHUBAIOTCS LYTH BOJH, NMPOXOISIUIME 4Yepe3 NAHHYIO TOUKY
yepe3 OYeHb Majible NPOMEXKYTKH BDPeMeHM mopsiika T. IlBa uHTrep-
¢GepupylOLIMX MyuyKa NMPOXOAAT MYTH, MajlO OTJIHYAOLIMECH ADYT
or Apyra. IJTO 3HauuT, 4yTO 00a Lyra BOJIH, IPOMCXOIsLIUE
OT OLHOTO M TOrO )€ HayaJbHOrO LYyra, NPOXOAST Yepe3 JaH-
HYI0 TOYKY Yepe3 Majble MPOMEXYTKN BpeMeHH 0. DTOT MHTepBal
OCTaeTcsl HeM3MeHHHIM B TeueHwe Habmonenusa. Ho, Tak xak
ONHOMY M TOMY e HMHTepBaly BpeMeHH O He Bcerxa cooTBeT-
CTByeT ONHO M TO e pasjuyde B aMILIUTYLaX, BUIMMOCTDb
MHTep(epPEeHIMOHHBIX MOJIOC 3aBHCHT OT (JYKTyauu#l aMOjuTyl
3a Bpemsi Habmonenud. [IpeanmonoxuM, 4YTO .1Ba HHTepdepH-
pYIOLIMX KOJe6aHUs MPOLIM MyTH, OTJIMYaloLuecs APyr OT Apyra
Ha 0. DTO 3HAYUT, YTO KOMILIEKCHble aMIIUTYABl 3TUX KoJeOaHuH
OyIyT BBIDAXaTbCAd NBYMS 3HAa4YeHUAMHU @ (f), COOTBETCTBYIOLUMMH
nBym MoMmentaM f u ft—-0, rme 8 =29/c (c — cxopocrts cBera).

Ecim 0 <€ 1, To pasinune Mexly aMIUIATYAaMH HeBelHKO
¥ Majo usMeHseTcs Bo BpeMeHH. IIpu sToM mHTepdepenuus O6yner
npekpacHo Habmounarsbca. Ecan 0> 1, To pasianuue Mex iy aMmian-
TyLaMu B MOMEHTbI BpeMeHU £ U f - 0 3HAYUTEJLHO W OHO Cylle-
CTBEHHO H3MeHsieTCs 3a BpeMsi HabumoleHus. Ilpu sTOM MHTep-
(epeHUNOHHBIE MOJOCH CTAHOBATCS HepasJUYMMBIMHU.

§ 1.9. Koppeasiuusa mexay KoJjeGaHHAMM
npn MHTepdepeHUHOHHbIX SBJEHHUAX.
CreneHb 4acTHYHON KOrepeHTHOCTH

Paccmorpum onwir 10nra (puc. 18): nporsikennibit ucTouHuk S
ocselaer 3kpaH E; ¢ IByMs OueHb MajleHbKMMH OTBepCTHsIMH T
u Ty Hsyuaercs pacnpelenende cBeta na BropoM sxpaie Es.
CseToBble BOJIHBI, W3JyYyeHHble MPOTSMEHHBIM UCTOUHHKOM (KBa-
3UMOHOXDOMAaTHYeCKHHl CBeT),

MOXHO TNPELCTaBATb BHIPA- P I U
XeHHeM ¢ 1 -7
; S =
V() =a (£) et = . .-
+00 7 lé_ £,
= J o (v) e2Wi dy.  (1.84) !
=oo Puc. 18.

[peanonoxuM, uro V' (f) —5T0 BOJHA, H3JAyueHHAas HCTOY-
HHUKOM B Heko# Touke miaockoctd E,. Ilycte 8, — Bpems, 3a ko-
TOpOe CBeT mpoitea or I} n0 ToYkM P B MIOCKOCTH HaGJwone-
uus E,. KouebGaume B P B MOMEHT BpeMeHM f COBMAnmaer
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¢ xonebanneM B T, B MomeHT BpeMenu £ — 0,. OHO omuchiBaercs
BeipaxcenneM V,(f—0;). To ixe OTHOCHTCA M K KOJeGaHHIO,
cosnasaeMomy Ty B P, xoropomy coorserctByer V,(f — 0,).
«MrHoBeHHOe» KojMe6aHHe B P ONMMCHIBAETCS BbIPAXeHHEM
VOy=V,¢t—0)+V,@¢t—0,. (1.85)
9to cosnasaer ¢ BopaxenueM (1.43), ecam T, u Ty urpaior
pom M; u My na puc. 16 #).
HurencuBHocte / B Touke P naercs Bolpawenuem (1.49),
T. e, *%)

[ = a,a}+a,05+ 2 Re [a, (14 6) a5 (8)). (1.86)
rle @, M Oo— KOMIUIEKCHble aMIMTYILbl koJeGaHu#t V| u Vi,
[Tonoxum

l,=ad], [,=a,a, (1.87)

3TO — UHTEHCHBHOCTH, CO31aBaeMble B P OCBELIEHHBIMH OTBep-

cruamu T u Ty, neficTByomuMu no oThedsHocT. Koppeasuuon-

Hasd QyHKUuA @, t+0) a; (t) xapakTepu3yeT KOrepeHTHOCTb KOJIe-
6anuft, npuwenmux ot T} u Ty B Touky Habmonenus P.

Syuxumo I', (0) = a, (¢ 4 0) aj (£) nassiBaior B3auMHOH Kore-

PeHTHOCTbI0 Kosebauu#t, wusnayueHHnx 1; u T, ¥ mpullennux
B Touky P. Hopmupys I'j5(8), moayuaem

a, (£ +0) a, (£) _a (t+0)ay(0)
V“lat V“Q”; \/E Vl—z
Bemunny 1y (0) HasbBalOT cTemeHbl0 KOMIUIEKCHOH KOTepeHT-

HOCTH KoJseOaHuft, uamyuenHmx 1, u Ty, u mnpuumenumux s P,
Cootnowenne (1.86) MOwHO Temepb 3amucaTb B BHIe

I=L+1L+2V LV I,Re[y;,0). (1.89)
3anuueM ero Takke B APYroM BHIe.
I Kaxno#i 4acTOTHl v KOMIJIEKCHble aMIIMTYAbl UMeloT B P
onpese/ieHHyl0 pasHocTh (a3 2mv0. Ee moxHO BBecTH 1as cpell-
Hell 4acToTel Vo; B CaMoM Jelle,

@ (t+40)=
= A, (t+0) exp {{ [D, (£ 4 6) — 27v0]} exp [i27tv,0]. (1.90)

Vi2 (8) = (1.88)

*) Mbn npenebperaeM paccessHHeM B CPefe M PasiuuHeM MexAy
UHTEHCHBHOCTAMU B P, NPOHCXOASIINM H3-3a Pas3Auyus B PaCCTOSAHHUSX
MyP u M P.

**) 3peck, kak u pauee, 0= 0, —0,. ([Tpum. ped.)
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BBens o6Go3HaueHue

@] (t + 0) = D, (£ -+ 6) — 25ve,

T0J1y YnM

@ (t 4 0) = A, (¢ +0) exp {1 [@1 (¢ <+ 0) + 27vo0]}

ay (t) = Ay (t) !®= 0.

—
Jlas cpenuneft Benmuusl a, (£—-0)a;(¢) yucto dpopmanbHO mouy-
YUM KOMIIJIEKCHOE 4HCJIO, MOAYJb W ¢paza KOTOPOro 3aBUCAT
Tombko or 0. B camom nesne,

a,(t+0)ay()=|a, (t+9) a; (t) | exp {i [cp (6)+2nv06]} (1.91)

HJIH

[ (0) =|T'5(0) | exp {i [ (8) 4 27tv,0]} (1.92)

Y12 (0) = v12(0) [ exp {i [@ (0) 4~ 27v0]].
O'rcxoua HaxoIuM s HUHTEHCHBHOCTH
=1+1L+2V1, VI |V28) | cos[9(0) 4 2uwe0].  (1.93)
[yctb

2 = 22D oy, (1.94)
0

rie Ag— cpelHsis IJHIa BOJHB, a \ — pasHocTb (a3 B P nis
9TOH cpentiet paumint BoJmbl. Torna

[ =041+ 2V VI [%2(0) | cos [@(0) 4 bl. (1.95)

3nech | vy3(0) | — cremens yacTHYHOR KOrepeHTHOCTH koJebaluil,
npuumenmux B TOuky P ot ocsewernibix orBepctuit Ty u Ty
Cornacuo nepasencrsy Byuskosckoro — lllsapua

[Viz(®) [ < 1 %) (1.96)

*) Hepasenctso ByHskosckoro — llIBapua umeer Bux
b 2 b b
[ff(x)g(x)dx] <[ rwd|ewax
a a a

O ero cBsI3u ¢ TeopHed KoppeasLUOHHBIX (yHkUHE cM. A. AHTO,
«MartemMatHKa A 3JMEKTPQ- M panHOMHNKEHepoB», «Hayka», 1965,
ctp. 641. ([Tpum. ped.)
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Eciu |y;3(0)|=1, To kapruna nurepdeperunn B P Gynrer
TaKo#f e, KaKk M B CJyude INOJHOCTbIO MOHOXPOMaTHYECKOrO
cBeTa C IJMHOH BOJHBI A, (COOTBETCTBYIOLIER V) U PA3HOCTHIO
a3 Mexay xoneGaHusMu, Bhixoaswumu u3 Ty u Ty, paBro#t ¢ (0).
B sroM caydae roBopaT, uTO BOJHE, u3aydeHHble T, u T,
xorepenTHbl. Ecin |y5(0) =0, To unTepdepenuns He uMeeT
mecta (/ =171, [, B Touke P) U BOJHBI, M3JIyueHHbie OCBELlLEH-
HbIMM OoTBepCcTHAMH T'; U Ty, HEKOTepEHTHHI.

Hakonen, xorza

0< v (@] <1,

10/1e0aHUA 4aCTHYHO KOrepeHTHHI.



r'i1ABA Il

KOr EPEHTHOCTb
KBASUMOHOXPOMATHYECKOIO CBETA

§ 2.1. KoHTpacTHOCTh HHTEep(epeHIHOHHBIX NMO0JIOC
B KBa3UMOHOXPOMaTHYECKOM CBeTe

BepueMcs k ombiTy, omucaHHoMy B § 1.9.
Coraacno (1.63) creneHb B3aMMHOM KOrepeHTHOCTH Koje6a-
Hu#t B P paBHa

+o0

a, (t+0)a; (6)=2—1T f v, (v) U (v) e270 gv; @.1

-0
cpaBHuBas 3TO cooTHoweHue ¢ (1.92), natinem

|12 0) |exp [ip B)] =
+00

=2_1 f v, (V) 0 (v) exp [125 (v —v;) 8] dv.  (2.2)

-0

CnenosareibHO, ecld V==V, (KBa3MMOHOXPOMATHYECKHH CBeT),
TO WHTErpaj COLEPXHT JIMWIb YJleHbl C HHU3KUMH YacTOTaMH.
Bemuuunnnl [Ty (0)| nmm [y;2(0)| u @(B) xaxk ¢yukuunm 6 me-
HSIIOTCR MeNJICHHO [0 CPABHEHHIO C M3MeHeHHeM e, uHaue
roBops, Mo cpaBHeHHIO ¢ cO0S 2mvg0 u sin 2mvy0. CuenoBarenbHo,
koraa Toyka P mepeMelaercss B MJIOCKOCTH Ejy, MOXHO CUMTaTh,
uro | V;9(0) | ocraercs mnpakTHyecku mocrosHHbiM. Kpome Toro,
ecan orsepctust Ty u Ty MOCTaTOUHO Mainbl, TO /| u /5 ocTaoTCH
MOCTOSHHBIMH B MJIOCKOCTH E,, rie Ha6Gmolaercs MHTepgepeH-
uns. B ¢opmyie (1.95) 119 HHFEHCUBHOCTH BCE YAEHBI MOCTOANHH,

4 M. dpancon, C. Cnanckufl 41



kpoMe . CgeT/ible NMOMOCH € WHTEHCHBHOCTBIO lyae OYIyT
HabmonaTbCcs TaM, rie

PO +Vv=0® +

rre m=0, £1, 42,..., a TeMHble MNONOCH C HHTEHCHB-
HOCTbIO [, — TaM, Tle

9@+ b=0®+2E=0 —@ntnn (@4

M = 2mmn, (2.3)

Hmeem

Liake =T 142V L5 [v12(0) .

— (2.5)
Law=T1+1—2V L5 |v2(0) |
OTClOIla KOHTpAacT Mexnay IOJOCaMHU 3alulUIeTcsd B BUIe
Y= Tvake — Tvun — 4VI—1[—2|E(9) | , (2.6)
Dyake 11+12+2V1l12l\h2 0) |
u ecan [, =1, TO
2 lle (e) l (2'7)

VTR v O
Caynaii, xozda O owens maso. Yacto Bpemsa O HacTOMBLKO

MaJao, 4To
v —vp) B < 1. (2.8)

Tak kak v=c/A,, a A’V=CA7\,/7»3, TO HepaBeHCTBO (2.8) MOXHO
3amucaTh TaKke B BHUlle

ce——<<1 2.9)

Ecmn 8 = ¢0 — pasuocts xona, To
2

A’O
RS vl (2.10)

Bennuunna Kg/A?\, ecTb IJuHa KorepeHTHocTd (cM. § 1.2). Hyxwo,
CJIeN0BATENbHO, 4TOOBI PA3HOCTb XOXa OblMd Maja Mo CpasHe-
M0 ¢ LJuHOH KorepeHTHOCTH. Tak kak p =08/A, — mopsanok
UHTEDepeHLnH, TO

AL

0
1 HepaBeHCTBO (2.10) MOXHO 3anucath Taxkke B BUAe

Ap < 1, 2.12
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ITibIMM CIOBAMM, M3MeHeHWe mnopsinka uurepdepenuud Ap, Bbi-
JBAHHOE WSMEHEHWSMM [JWHBI BOJHB AL, NOMKHO OBITb 3HAYU-
relbHO MeHbllle eIUHULbI.

Ecau cnpasenauBo HepaBeHCTBO (2.8), TO uHTerpaia B mpa-
BOH yacTH ypaBHeHus (2.1) HMeeT NpaKTUYECKH TY Ke Besu-
yuHy, yto W npu 0=0.

Haxonum, cienosaTenbHo,

[T @) [=~[T20) ] [vi2®) [=[v2D)]. @O)=~¢(0), (2.13)
M MHTeHCHBHOCTH [ B TOuYKe P OKasbBaeTcs DaBHOH

[ =141+ 2 VT3] v (0) | cos [@(0) 4Pl (2.14)

OtuM BbipaxceHueM Mbl OyleM noJib3oBaThca Hanee. Ilpu sTom

T, (0) =12, (®) a @), (2.15)
|2, (1) a5 1) |
0) =122~ 2.16
'Y12( )I lelz ( )
u B coorserctBuu ¢ (1.92)
V12 (0) =] v12(0) | e1® O, 2.17)
Kourpact nonoc 6yner paseH Tenepb (npu [, =1/5)
__2v2001
V=T v O (2.18)

uim —

2|, (t)a; (8) |

* 0T o o]
0,0+ | a; (8) a3 (2) |

Sanevwanue o cmucae seauwunss ¢ (0). M3 dopmyn (2.3)
u (2.4) BMIHO, YTO TNOJOCH [AXOLATCH B TOM XK€ TOJOMEHUH,
YTO M B MOJHOCTBIO MOHOXPOMAaTH4YeCKOM cBetre, 110 (asa koJe-
Gauus, npuwenmero ua Ty, 3anasnwiBaer 1a ¢ (0) no cpasiienuio
¢ ¢aso#t kouaebGanns, npuwenwero u3 T,. <dasa ¢ (0) saBucur
or 0, Ho ecau O ouenb Mano, T0 @ (0) = ¢ (0).

¢ (0) npencraBaser coboft kak Obl 3(¢eKTUBIYI0 PasHOCTb
(a3 Mmexny KoneGanuamu, uanaydeHusiMu 1) u Ty,

(2.19)

§ 2.2. CreneHp KOTrepeHTHOCTH KoJebaHuii B ABYX TOUYKax,
OCBelleHHBIX MPOTAMEHHBIM HCTOYHHKOM
KBa3MMOHOXPOMAaTHYECKOTO CBETa

Hse toukn P; m P, (puc. 19), Haxoxsduuecs B OZHOH mIO-
ckoctn yOz, ocCBeuieHbl MCTOYHUKOM S. Mpl XOTHM BHIYMC/IHMTD
CTeNeHb KOTepEHTHOCTH KOJeGaHuH, NMPUXOIALMX B ITH TOUKH.
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[IpennoJsaraercsi, 4TO MCTOYHMK S SBJASETCS DJIEMEHTOM MJO-
CKOCTH, mnapamienbHo#t maockoctn yOz, M uTO ero pasMepel
Majbl o cpaBHeHHI0 ¢ paccrosuueM CO. Ilycte M — HekoTopas
Touka McTOuHMKAa S. Mbl mpenmnosaraeM, 4TO Yrisl, 06pa3oBaH-
uele HanpasienueM CO ¢ MPy, u MP,, Manm.

Jlnst mpOCTOTH pacyeTOB Mbl MOMECTHJIM TOUKY P, B Hauano
koopauHat O; monoxeHne Touku P, 6yleM CUHTATb NePeMeHHbIM.

/G,'

Puc. 19.

B MoMeHT wucmyckaHUs BOJHY, M3JYy4YeHHYI0 aTOMOM, Haxons-
wuMcs B Touke M, MoxHOo omucartb (1.41), oTMmeTHB NaHHBIf

aTOM HMHIEKCOM i:
a;(t) ei2mvot, (2.20)

Sra e BOJHA B MOMEHT, KOrla OHa MPUXOLMT B TOUKH P u Py,
3amueTcs B Bule

a: (t)=a1(t _%) exp [L'anor(lt—-r,/c)] , 2.21)
ar, () =a;(t — L2 ) SRLEM Al (g 99

Kone6Ganua B P; n P, cosnaBaeMble BCEMH aTOMaMH MCTOY-
HUKa, ONHUCHIBAIOTCA COOTHOWIEHUAMH
exp [2nvy (t —r,/c)]

a (0= Y a,(—r,fo) ! =Y.
a, (t) _ 2 a, (t - r2/c) exp [iQnVo (t —_ r2/c)] — Z al, (t)

re

(2.23)

Orciona a1 B3auMHOR KorepeHTHOCTH KosebaHuf#t B P, u P,
HatineM

L, 0)=a, @) a;&)=2a, &) X} O (2.24)

Ho npoussenenus, B KOTODHIX [ 5= j, COOTBETCTBYIOT Pa3/IAUHEIM
aToMaM H, CJelOBaTeJbHO, CO3LaBaeMbie UMM KoJebaHus OynyT
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nexorepentHsl (cM. § 1.5), ®m Torma y Hac OCTaHyTCH TOJBKO
YyjleHbl BUIA

L, =2Xa, @ a; ®. (2.25)
Hmeem (
to—r
exp [i?nvo #)]

r * r2 C .

= Ya,(t—=)a (-2 i ,
(2.26)
Tak Kak 0 = 2" yano, 0 NP yCPENHEHUH OHO HCYesaer *)

W Mbl MOJIYYUM

exp [z‘?nvo (I—CA)]

I,0)= 2 a,(t) al @) v . (2.27)

Ws (2.20) BuaHO, uTO ai(t)a‘;(t) NpeNCTaB/feT SHEPTHIO,
uaayuennylo aromoMm M. Tak Kak aTOMOB B MCTOYHHKE OYeHb
MHOTO, TO Mbl MOXeM 3aMeHHTb CyMMy uHTerpasoM. Ecmu
[ (S)dS — sueprusi, uaiayyeHHas sjeMeHToM dS uCTOUYNUKA, TO

[(S)dS=a, B a,® (2.28)
Hu
Lo = [ 1(5) SRlkele=rl g5, (2.99)
172
S
rae k0= 2“4\’0 —_——"i—:‘:—.
OTC]OI[a nonyqaeM Ias CTelleHU KOMIJIeKCIiof KOrepeHTHOCTH
V12 (0) = —— f [(S) ZXRlike (= 1)) 5s, (2,30
Vlllz $ rry
rvie
h=[19as 1=[ Das. (2.31)
r r
S 1 s 2

Besuuunsl /; u [y npenctaBasioT COGOH HMHTEHCHUBHOCTH
B rouykax P; u P, [IlomecTuM Temepb B MJIOCKOCTH HCTOYHUKA
9KpaH ¢ OTBepcTHeM TOH ke ¢GOpPMbl M BeJUUYUHB, YTO H
ucTouHuk. Ecau 3TO oTBepcTHe BHIpe3aeT y4acTOK HOBEPXHOCTH

*) IpenebpexeHuc 3anaspgbiBaHHeM 0. B-aprymMeHTe a@; COBMNajfaet
¢ Tpe6oBaHueM (ro — ry) <& | — naunbl korepeHrHocru. (/1pum, ped.)
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¢heptiueckoft BomHB ¢ ueHTpoM B Py, To B naockoct y0z
MOSIBUTCA HeKoe pacrnpelelieHue aMIUIUTYyAbl, O0GyCJOBJIEHHOE
nuppakunett, npuueM Py— ueHTp AMdPAKUMOHHOH KapTHHBI.
Torna ¢opmyna (2.30) nokaseiBaer, yTO CTeNeHb KOMIIJIEKCHOH
KOrepeHTHOCTH B 00enx Toukax P; m P, Bhlpaxaercs nono6GHO
aMIUIATYLe B TOouke P; B yka3aHHOH IM(PPAKUMOHHOM KapTHHE
1o u ects Teopema Bau [lurrepra — LlepHuxe.

Buuucinm rg— ry= MPy,— MP,. Touka M umeer xoop-
nuHaTH & U 1), Touka P; — koopauHatel Y u 2. ITonaras CO =R,

nMmeeM
ri=@y—E2+(z—n)?+ R (2.32)
i~ R QL= L E o0 (2.33)
u
ro~R—+ §2+"2, (2.34)
OTCl0la
ro—ri=~=— y24_32 4_ y§4-zn (2.35)
TTonoxus
% B A=V (2.36)
HOJIY4HM
2
rp—r=—2EZ L py 4y 2.37)
O603Hauas
2 2
o =— ko L5, 2.38)

MOXEM 3amHcaTh CTeNeHb KOMIJIeKCHOR korepentHocTH (2.30)
B BHUIe

oibiz .
mO=7r [ [ 10 vew bty aar. @29
Tak xak
h~t=] 16 vavay 2.40)
TO OKOHYATe/JbHO MOJYyYUM

b f j[(ﬁ, v) exp [iko (By +v2)] dB dv

Y12 (0) = - . (2.41)
f Jl(ﬁ, v) dp dvy
S
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CreneHb KOMIJIEKCHOH KOTEPEHTHOCTH BHIPAXAeTCA HeEpL:
npeo6pasosanne Pypbe ot pacnpenenenus dHepruu [ (B, ), u3-
Jy4eHHO# HCTOYHMKOM. IJTO npeobpas3oBaHue Pypbe HOPMUPO-
BaHO.

3amenanue. Ecim Touka M cosnanaer ¢ C, 10 p=vy=0,
1 u3 (2.37) nonyunm

2 2
r2—r1=———y—;—_ﬁz—. (2.42)
CuneLoBaresbHO, 5 MpelcTaBiaseT co6OH pasHOCTb (haskl,
2
by =5 (CP,—CPy). (2.43)

0
Beaunuuia ,, npeneGpexumo Mana, ecin CPy, — CP, <& .

§ 2.3. CreneHb KOTepeHTHOCTH B IABYX TOYKAaX, OCBellEHHbIX
KpyrOBbiIM HEKOTepeHTHbHIM OXHOPOAHBLIM HCTOYHHKOM

[lycts wucrounuk S mnpercraBiaser co6OH KPYr € LEHTPOM
B C u panuycom p. Hopmams CO K nIOCKOCTH MCTOYHHKA TpO-
xonur yepes P,. VMeem

()|
Yio (0)=[2L'Z@]ei%, (2.44) 1 &
rie
IR v s
"
2 2 2
¢12=—A—f(lez). (2.46)
TaKk Kak mnpeoOpasoBaiine ®Pypne g 343 z

L1 Kpyra InaeTcs KJaccuue- Puc. 90.
CKMM Bblpaxenuem 2J,(Z2)/ Z #).
(Ecam cuurarh, yto TOuka P, ne naxomurca 8 O, M mpemmoJo-
KHTb, uTO TOuKH P; u P, cumMerpuunn otHocuTespno O, TO
1P12=0.)

Ha puc. 20 uso6paxcerbl M3MeHelldsi CTeMeHM YacTHYHOM KO-
FepeHTHOCTH B 3aBUCMMOCTH OT Z, T. €. rpaduk ¢yHKUuH

[ Y12 (0) l=,2L‘Z(ﬁ : (2.47)

*) HcTounuk mpenmonaraetcs OZHOPOAHBIM, T. €. J (B, y) = const.
Pacnpenenenne aMmaumTynel npu nudpakuMH OT ONHOPORHOTO JAMCKa
onuchiBaeTcs BuipamenueM 2J, (Z)/Z. Cm., nanpumep, P. lutu6epn,
«Pusuueckas ontuka», «Hayka», 1965. ([Tpux. ped.)
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HOna Z=0 cTeneHb 4aCTMYHON KOTE€PEHTHOCTH MaKCHMaJbHa H
pasua 1. Eciu Z Bospacraer, TO |y;9(0) | yMeHblnaercs u mpu
Z =— 3,83 craHosurcsa pasHO# Hymo. CielnoBaresibHO, KOJeOaHus
B TOukax P, u P, MOJHOCTbIO HEKOTepPeHTHbI, ec/y

=20 p_
Z=5-D=3883

1,22
=, (2.48)

D
rie o==p/R — yros, noiL KOTOpHM M3 TOYKH P, BHIEH pamuyc
ucTouHuka, D — paccrosHne Mexny Ttoukamu P; u P,. Ecmu
CuMTaTh JOMYCTUMOW CTeNeHb YaCTHYHOH KOrepeHTHOCTH, paB-

Hyio 0,88, T0 Heobxomumo,

|;/,3(0)| 4T066 D yLOBJETBOPSIO Hepa-
BEHCTBY
0,322,
DL, (2.49)

|

|

i

|

i MOXHO NOHATL 3TOT pe3yJbTaT,
i eclM HauepTuTh rpapuk 3aBu-
i cumocTn yHKUMH | V35 (0) | oT Z
y:)

/

4 Z ¢ HayaaoM xoopauHatr B P,
Puc. 9L. (puc. 21). Dra xpuBas uzo6pa-

HaeT pacnpenelieHde aMILIUTYIL
npd 1ubpakuMM OT Majoro Kpyrosoro wucrounuka. eficTsu-
TeLHO, CTeNeHb YaCTHYHOR KOrepeHTHOCTH | ) (0) | onperneasercs
npeo6pa3oBannem Pypbe OT pacnpenefieHuss SHEPrud UCTOYHHKA.
Ho, Tak kak 3TO pacmpele/eHne MOCTOSHHO, TO GyHKLHS |y (0) |
naer pacnpeleleHue aMIUVIATYA NPU IWPpakuud Ha OLHODOIHO
OCBeLIEHHOM OTBepCTHHM, HMelouleM ¢GOpMy ucTOuHMka. B obeux
toukax P; u P, konebGaHua OyILyT KOreDEHTHBl, eCJIH PacCTOsHHE
or P, no P, (P, Geperca 3a Hayalo KOODIMHAT) LOCTATOYHO
Mano, 4TOGb OpAMHATa, OTHOCAUasgcs K P;, BO3MOKHO MeHblue
OT/IMYANaCh OT OPIAMHATHL, COOTBETCTByloLiel P,.

§ 2.4. Kontpact nosoc B onnite KOura

O6a orsepcrust T, u Ty ocselaorcs eabld S, uaaydaoueit
HekorepeHTHo (puc. 22). HopManp k cepenuHe wucrounuka C
NpOXONUT yYepe3 cepeluHy NpsMol, coenunsioweR Ty n Ty IDtn
OTBEpPCTHS UTPAIOT 31eChb POJb Touek Py n Py, onucanxbix B § 2.3.
Kak nokasaHo B § 2.1, KOHTPacT moJoc (PacrnojOxeHHBX, Ha-
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npumep, B muockoctd Y 2’) naerca suipaweddem (2.18), . e.

2O
V=T L 07 (2.50)

Eciu us Touexk T, u Ty Lleap BuAHA nox yriaom 20, TO
B coorBercTBUH C (2.41) uMeeM

in (2n0z/A
Yiz (0) =%’l, (2.51)

rie z2=T,T,. Ha puc. 23 usoGpaxeHo usMeHernue |Y3(0)|

S g
4
a - \y'
% 2
7
z
[ nd
2’ g
Puc. 22.

B 3aBuCHMOCTH OT 0. Ecam a=2»Ay/22, TO mosocs npomnanamor.
Oux nosBJASAIOTCS CHOBAa TNpH O >
> Ay/22, onath NPOManaoT TNpH |;’,3(0)l
a=2>Ayfz u T. L

Tak kak Toukn T, u T, cum-
MeTpHuHE MO oTHOweHnio k O,

2n

TO 'lpm-"—'—"'To' (CTZ-—CT‘)=O )74
V1o (0) — neficTBUTEIbHAS BEJHYAHA.

Ws (2.17) u (2.51) nomyunm

in (2 A
Y12 (0) = E%E‘PS/ZJT})) = 0 Ay/22 @
=|y;2(0) el @, (2.52) Puc. 23.
sin (2taz/A,)

CnenosarensHo, ¢ (0) =0, eciu ~onazfh >0, u g0)=m,
sin (2maz/A,)
2naz/Ay
HalineM

< 0. CosmectuB Touky T, ¢ Touko#t O,

g == i_’: (CO —CT)) (2.53) -
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Voo (0) = SR pivs — |y, (0) [0, 2.54)

in (2maz /A
CaenoBatensto, @ (0)==1p, ecan S—"Q(I-“f:/;}b/o")- >0, u ()=

. sin (2rtaz/Ay)
—T[—{—'q]n, eCJiu ——Qn_azw < 0.

Cusur no ¢ase ;5 NPUBOAMT K GOKOBOMY CMEIIEHHIO TOJIOC.
Ecnn uenrpasabHas mosoca mpoxonuT ueped Touky O, korna
T, u Ty cumMerpuunsl (puc. 24), TO OHa mepeMelaeTcss B CTO-
POHY mNoJONUTENbHBX 2° npu cMeuwenud Ty B Touky O (pac-
crosuue T,T, ocraercs paBHbIM 2). CremeHb KOrepeHTHOCTH
paBHa MoAymoO BhpaxeHHs (2.54), M KOHTPACT MOJOC He u3Me-
HeTcsl. BbluucauMm pacnpeleneHue MHTeHCUBHOCTeR Broas O’z

Puc. 24.

[Tpeanonoxum, yro T n Ty — ABe wenu, napaennHble Liene-
BOMY HcTOuHMKY. Ha puc. 24 menu nepneHaukyJaspHbl NJIOCKOC TH
pucynka. IlleneBoit ucrounnk S Haxoiurcst B GoKyce JHH3b L,.
O6e wemu T, u T, pacnoyoxeHs 3a L, U UHTepdepeHLUOHHbIE
KapTUHB Habmonalrca B (OKadbHOR muaockocTH st/ BTOPOH
auH3e L, Jlyyu, nu¢parupoBaBlIde B HEKOTOPOM Hampasie-
Hun 0 Ha wensx T, u Ty, cobupaorcs B Touke P’. Boiuncianm
WHTEHCHBHOCTb B TOukKe P’, pacmo/ioxeHHOH Ha paccTosiHHH 2’
or ueHrpaabHo#t Toukun O'. Ilpm Haamumm oxHoH wean T, oHa
cosnaBana Obl B MAOCKOCTH 7' pacnpelelieHHe MHTEHCHBHOCTH

__[sin (2ma’2’[Ay) 12,
Il——[m‘)—] ; (2.55)

snechb o' =a/f, rae 2a — wupuna wem T, a f— pokycHoe
paccrosHue JuH3bl L, D10 pacnpelelleHHe WHTEHCHBHOCTH
B IuppaKUMOHHOH KapTUHe ¢ wueHntpom B Touke O'. To xe
noayuum nas wean To, u ecan Ty unentuuna Ty, 10 [y =/,
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Briuncanm pasHocts ¢as3 P (cm. dopmyny (2.14)) mexay koue-
GauusgMd B Touke P’ mocne nuppakuud Ha weasx T, u T,
Ona paBna k,-T H. Taxum o6pasom,

Y= kg - TH = ky20; (2.56)
110
2/
4=
", oéoaﬂaqaa z|f=p’ (z=T,T,), naxonum
=20 (2.57)

0
Cornacuo (2.14) wuureHcMBHOCTH / B MPOM3BOJLHOK Touke P’
(O'P" = 2") naercsa BbpaxeHueM
[ — Q[Sln (Qna'z'/ho)]2{ 14+ sin (2maz/A,) cos[ (0)— 2n(3’ ]}
(2.58)

2ma’2’ [Ay PRTETIN
Eciu wemt T, u T, 10CTaTOYHO y3KH, TO IM(PParupoBaHHbif
Ha HMX CBeT pachpeleseTcs NPaKTHYeCKH DPaBHOMEPHO B ILIO-
ckoctd 7/, rne HaGaoxaloT KoneGaHus uHTeHCMBHOCTH /. Mbl
NoJiyunM (C TOYHOCTBIO 1O MHOXMUTeNs 2) BbIpaXEHHE

1_1+'%@&)- cos [ (0) — 2“50"’], 2.59)

eciu wean T, u Ty cumMerpuuus otnocureasHo ocu CO’, To

in (2noz/A
¢(0)=0, xorna %/O—Q->O.}

2.60)
sin (2moz/Ag) (
2naz A, =20, I

@ (0)=m, «xorza

Ecan wenn ne CHMMeTleIHbI ortnocureato ocu CO’, To

Prp=7— (CT2 CT) (2.61)
u
_ sin (2naz/A,)
? (0) =y, Koria ~Onazji, >0, B
. sin (2naz/A,) )
¢ (0)=mn-+1Py Korua Sy < 0.
Bo Bcex cayuwasix cBeTJble MOJOCH GynyT HabaOXATbCs TaM, Tle

® (0) — 2n(3 2’

=2mn (m=0, £1, £2,...),

51



a TeMHble NnOJOCH — TaM, rie
(O)-w—-(Qm—l— 1)

Wurencusnoctd [y, M [y CBETJIBIX M TEMHBIX NMOJOC 3amH-

CBHIBAIOTCA B BHIE
sin (2noz/Ag)

lae =1+ Inaz]ig ' (2.63)
sin (2naz /A
,Mm-l: l—,—Q(TGZTO) (264)
Orciona 1 KOHTPAcTa MexIy MOJOCaMH IOJIYUYUM
l sin (2naz/Ay)
_ 2n0.z/My
V= +| sin (2maz/A) | (2.65)
T 2maz/h,

STo BhHIpaXEHMe COBMAlaeT C TeM, KOTOpOe cJelyeT U3 (GOopMy.
(2.50) u (2.51), mosayyeHHBIX paHee.

§ 2.5. KorepeHTHOCTb B NJIOCKOCTH H306paxKeHus
NPOTSKEHHOT0 HCTOYHHKA .

PaccmoTtpum ciayuatt, korza o6bekTuB O; coslaer usobpa-
KeHHe uctouHuka S B maockoctu S’ (puc. 25). Tpennonaraercs,
YTO MCTOYHMK OJHOPOLeH M uMeeT Goabwo# pasmep. CoriacHo

Puc. 25.

§ 2.3 (cm. ¢dopmyny (2.49)) B IBYX TOYKax, HaXOISLIMXCHA
B 3pauke OGBEKTHBA, KOJeGaHMs KOTeDeHTHbl, eC/i PACCTOsIHHe
Mexly ToukaMu mnpuMepHo pasHO 0,32Xy/2a. Ho ecam ucrou-
HUK OPOTSKEH, TO 3Ty BeJUYMHY MONKHO CLeJaTh OueHb MaJof,
M TOria BO BCEX TOYKAX, HaXOIALIMXCS B 3pauke OObEKTUBA,
KOJe6aHUs HPOUCXOIAT INPAKTHYECKH HeKOrepeHTHO. Bce wuuer
TaK, Kak ecau Gbl B TOuke O; HAXOIUJICS HEKOTePEeHTHbI# UCTOY-
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Huk. KorepeHtHocTh B IBYX TOYKAX, PacHOJOXEHHHIX B ILIO-
ckocTH u3oGpaxeHus S’, ompeneasercs npeoGpasdoBaHueM Pypbe

Puc. 26.

OT pacrpefeneHuss 3Heprum 1o oGbvektuBy. Ilpu 3TOM KOTe-
peHTHOCTb KoJeGanuii B S’ 3aBUCHT TOJBKO OT yIJa PacKphi-
tust 20 o6bvextnBa O,. B GoabwuHcTBe ciaydaeB usdoGpawenue S’

T

|
A

RS

|
|
)]
)

-

Puc. 27.

nabaonaercs ¢ nomoublo Ipyroro o6bektuBa O, (puc. 26)
[TpenmonoxuM, 4To yroa packputus obbextnBa Oy 6oJblue.
yeM y obbexktuBa O;. Ecmm Ttouku A u B HaxomsTcs
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8 LEHTPaJbHOM IM(MPAKUMOHHOM MSTHE, CO3L1aBaeMOM OOBEKTH=-
BoM O,, TO BO3HMKAIOUHe B HUX KOJEeGaHNS KOTepPeHTHBI.
Tak kax yron packpbitus o6bektuBa O, Goublue, yem y O,
TO MOXHO paccmaTpuBaTh TOykH A u B no ornenbroctu. Ecau
CJHIUKOM CHJbHO cOausuth Toukn A u B, To o6bextB O, yxe
He CMOXEeT MX pa3liesuTh, HO KOJeGaHUs B HUX BCe e OCTaHyTCH
KOorepeHTHBIMH. PaccMOTpUM ciayualt, Koria yroJl pacKphiTHs
o6bextuBa O, ropasno MeHolle, yeM y oGbektuBa O, (puc. 27).
Kpusas / onuchiBaer nudpakumio Ha o6bektuse O, a kpuBasg 2 —
muppakumio Ha o6bekTuBe Oy Touku A u B Haxonstcs BHe
INpPaKUHOHHOrO mNATHA, co3LaBaeMoro (), WHBHIMH CJIOBaMH,
KoJeGaHus B HHUX HeKOrepeHTHH. Tak Kak OHM Jiewar BHYTDH
InPaKLUHOHHOrO MATHA, co3naBaeMoro Oy, YBUAETb UX MO OTHEJb-
HOCTH HeBO3MOxHO. Ec/u pasaBuraTb 9TH TOYKH, OHH CTAHOBATCH
BUIHBl MO OTAEJbHOCTH, HO KOJeGaHUs B HUX MPOLOJDKAIOT OCTa-
BaThCA HekorepeHTHbIMU. Korma Mbl paccMatpuBaem yepes 0Gbek-
THB U300paxceHHe, MOJyuYeHHOe C MOMOLLbI0 APYroro o6beKTHBa,
TO KOFEPEHTHOCTb' B TOYKAaX H300paKeHUss B3aBUCHT TOJLKO OT
OTHOILIEHUs YTJIOB PACKPHITHA 060MX OGBEKTHBOB.

§ 2.6. YacTHuHAA KOTEPEHTHOCTh B MOJSAPH3aIMOHHBIX
HHTepdepomMeTpax

IMonspusauuoHHble HMHTeP)EPOMETPEl MOKHO HCIOJb30BAThH
st HaGJI0NeHUs MPO3PaYHBIX H30TPONHBIX OGBEKTOB.

Bouana, nedopmupoBaHHas BCJeICTBUE HEOLHOPOLHOCTH MPO-
3payHoro o06GbeKTa, MNPOXOIUT Yepe3 IBOSKOMNPEJOMISAIOLLYIO

4 ;'
! = : |
7 ! !
| M ; i :
Ky L > \ /; 7 )
! 7, 2 il
I ’ E /4/ : Efi L, U
1 | 1
&' ;o lr 5 £ 4’
Puc. 28.

cucTeMy M pasnedsercs Ha 1Be. [To/b3ysch yCTaHOBKOH ¢ moJsApHu-
3aTOPOM M aHAJM3aTOPOM, MONKHO MOJYYHUTH ABE BOJHBI, CIOCOG-
Hble HHTePEepUPOBaTh; TAKUM METOLOM MOXHO HCCJelOBaTh
neranau npospausoro o6vexra AC (puc. 28), HampuMep CTeKJsH-
HYI0 NIACTHHY, uMeiollylo B6iu3n M HeGoabuiylo 06/1aCTb, ONTH-
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yeckas TOMIIMHA KOTOPOH OT/IMYAETCS OT ONTHYECKOH# TOJMILMHBI
Bce#t ocTanbHO# muactuHkd. O6bekt AC ocBellleH NapaiulelbHEIM
MyYyKOM OT UCTOYHHKA S, MOMelleHHOro B (okyce oGbektusa O;.
Bropo#t o6bextus O,, nomemenunift 3a AC, naer B A’C’ uso6pa-
®eHHe OOGDBeKTa, KOTOpoe HabiofaeTcs C MOMOLIbIO OKY-
aspa Oc. Mexny of6bvextoM AC u ob6bextnsom O, NOMeLIAOT
IBOSIKOMPEJIOMJIAIOIYI0 chcTeMy L C mapansenbHBIMH TpPaHsMU.
P, u Py— nBa moaspusatopa. Jlo momananus Ha L nanawowas
BOJHA Y MpeLCTaB/iseT COGOH TJIOCKYI BOJHY, UeHTPalbHas
yacTb KOTOPOR cJserka nedOpDMHDOBaHa K3-3a U3MEHEHHs OITH-
yeckO# ToawMHB oObekra BOAM3M o6aactu M. [locae mpo-
XOWIeHHst dYepe3 L BogHAa X pasjensercd Ha JBe BOJHBI X,
u 2,. HurepdepeHums 3TUX ABYX BOJH B IIOCKOCTH M306pa-
xeuns A’C’ M n03BOJSET PA3JAMUMTbL 11€PABIIOMEPIIOCTb TOJIIHHBI
B M.

Ha npaktuke wucrounuk S Bceria MMeeT KAKylO-TO TPOTH-
KEHHOCTb, M Hama Ledb COCTOMT B TOM, 4TOGLI PaCCMOTPCTh,
KakuM 006pasoM H3MeHsieTcs

KOHTPAaCTHOCTb HU306paxceHus g /f N -

KaK QYHKUMS Pa3MEPOB HCTOY- o  ~ f=——=——=- -:Z-\ £

HHMKA, M3JYYalolero KBa3uMo- p ) IRl

HOXPOMaTHUeCKHH CBeT. — 7% 0F
Mbl paccMaTpuBaeM B Ka- VERS

yecTBE  IBOSIKOMPEJIOMJSAIO- z

we# cucrembl L moaspuckon

(puc. 29). Ou cocrour u3 A2

IByX  TJIOCKOMapaJJiesbHbIX

MJIaCTAH  OAIOOCHOrO  KpH- Pc. 29.

craana (HampuMep, KBapua),
BHIPE3alIHBIX NOL yrJaoM 45° K ONnTuyeckoft OCH, NPHYEM OCH
_MIaCTMH TepNeHAMKYJAPHB IPYr ILPYry M HAaXOLATCS B OLHOM
miockocTd. OOe MJIaCTHHBI ONMHAKOBBI M pasjeselbl MOJY-
BO/ILIOBOM mJuacTulloff, HeHTpaJbHBIE JUHHM KOTODOW 06pasyior
yron 45° ¢ HeHTpajbHBIMH JIMHUSIMH KPUCTANJIMYECKUX IJIACTHH.
Bxons B mepByl0 MJIACTHHY NOJsApUCKoNa, manaowu# ayy S/
paszenseTcs Ha IBa Jyuya — OObIKHOBeHHbI# Jyd /K 1 HeOObIKIIO-
sennbift ayu /J. Ilpoitns yepes MOJYBOJHOBYIO TMJIACTUHY, Jayy [J
craHer OObIKHOBeHHBIM JM, a nys /K — HeoGbikiioBennbiM KN,
OGa BmIXOZfALIMX Jyya mapajiefbHbl; 0603nauuM ux uepes EO
(neoGbikHOBeHHE E n o6bikHOBeHHb O) u OE (06blKHOBeH-
#eift O u HeoObikHOBeHHbift E). M3-3a pasinBoeHust myuka, npo-
M3BENEHHOTO TMOJSPUCKONOM, MOBEPXHOCTb Majaiolied BOJHB X
paslequTCsl Ha IBe NMOBEPXHOCTH, COOTBETCTByOIMe JyuaM OF
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u EO. Onu coorserctsyior ABym mosepxHoctaM BouH I, n I,
noxasaHibiM Ha puc. 28. Paccmorpum nyts ayusa EO. Kone6a-
HUS, MCXONsWME W3 HEKO# Touku A BOJHBH X, HHTepdepupyoT
nocje NPOXOXKAEHUA yepe3 HOJSPUCKON C KOJIEGAHMAMH, MCXOIS-
WAMH U3 LIPYro# TOYKH, KOTOpas BHAauaje Haxoouaach B B Ha
MOBEPXHOCTH BOJHE X. MoxHO ckasaTb, 4To Jayu EQ, BbIXOIS-
wud us A, Oyner uHrepdepupoBaTh C JayyoM, aHadoruyusiM OF,
HO BbIXOLAWMM u3 B. Paccrosuue AB paBHO JMHeHHOMY pas-
BEIEHHUIO MYYKOB, MPOUBBOIUMOMY MOJIAPUCKOIIOM.

[Tycte Tenmepr momspuckon L (puc. 30) ocBeuiaeTcs npoTs-
KEHHEIM UCTOUYHMKOM, TOMelleHHHIM B S — ¢oxyce o6bektuna O.

R
\

\
1 \
NS

I
LY IR Y \
\ SN \
,—(&’5 \/ \
sk i
N
-

Puc. 30.

Ha puc. 30 nosaspusaropnl He udoOpaxeHsl. Bo3bMeM nBe TOuKH
A un B B naockoctu o6wvekta P, unsob6paxeHne KOTOPOro,
cosnaHHoe o6bexTHBoM O, Haxomurcs B P’. Tlycth §; — He-
KOTOpast TOukKa mnpoTskenHoro wucrouuuka. Corjacro onpenesne-
Huio Touex A u B ayy S;A cosepwiaer B MoJAApHUCKONE MYTb
tuna OE, a ayy §;B—nyrs tana E£O. Onm camsaoTcs Ha
BHIXOZE MoJspUcKkona, M u3obpaweHus touek A u B coBnalaior
B A’ u B’. Tlpu HaKJOHHOM NalleHWH CBETA BOJHOBblE MOBEPX-
HOCTH X, M X;, mpoxolsawue yeped Touku A u B, He coBnanaior,
KaK B npelpinyuieM cayuyae Ha puc. 28. Hcrtounuk S usayuaer
KBa3MMOHOXPOMATHYECKUH CBET, M Mbl XOTHM DacCMOTPETb, KaKUM
00pa3oM M3MeHSeTC KOTepeHTHOCTb KoJjeGaHu#t B Toukax A u B
B 3aBUCUMOCTH OT Pa3MepoB UcTouHuka. OTCi0la MOXHO GbIIO Gbl
ONpeneJuTh, KAKUM LOJ/KeH ObiTb DpasMep HCTOUYHMKAa S A
obecnevenust xopoiue#t Bugumoctd. OnTuUeckue MyTH OT TOUKH S,
IO TJIOCKOCTM BOJHH F1; BrOAb Hanpasienudt S;A u S;B onu-
HAKOBbl, OJMHAKOBH W TyTH OT Toukn A’ (mam B’) no mio-
CKOCTH BosiHbl 1, PasHOCTb XOIa cO31aeTCsl MOJIADHCKONOM Ha
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yuactke Mexny H, u H, (mosocw paBHOrO HAKJOHA MOJSIPH-
cKoma). -

Kose6Ganusi, ucnylleHHble aTOMOM S;, B MOMEHT W3JyyeHus
MOXHO TNpelICTaBUTb B BHUIeE

a; () exp [i2mvyt], (2.66)

TIe WHIEeKC [ yKasplBaeT HOMep 4ToMa, vV, — CPelHsis 4acTora
uyra. KoneGanus, nocturawimue A’ (uau B’) nmo nyram S;AA’
u S;BB’, «3anuiuyTcs ciaelylomuM 06pasoM:

a; () exp [{ (2nvgt — @)1, (2.67)
a; (£) exp [ (27wt — ¢p)], (2.68)

rie @, — M3MeHeHue (a3bl NPU NMPOXOXKIEHHH HBAYUellls yepes
noagpuckon Ha nytn S;AA’, a ¢g— uaMeilenne 3TO# (asbl Ha
nytu S,BB’. B o6oux Beipaxenusx a,(f) OLMHAKOBO, TAK Kak
B OTCYTCTBUE MOJADUCKONA NYTH PABHBI; KPOME TOrO, MOXIIO
NPelNOJIOKUTL, YTO HAmpaBJielidsi KoJeGalui B manaollel BoJie
o6pasyior yrasl 45° ¢ He#TpaJbHBIMM JIMHMSIMH IIACTHH KpH-
craana (aMIIMTYAB KoseGatiil, PacnpOCTPaHSIOWINXCA MO MyTAM
S,AA" w §,BB’, onunaxoser). PasuocTb ¢, — (g — 3TO CO3Ma-
BaeMasi MOJISPUCKONOM pasHocTh (a3 AByx Jaydett OE u EO npu
IaHHOM yriie HakJoHa. C TOUYNOCTBIO N0 MHOXHTeJs el MOII0
3anucaTh IBa KoJeGauus, nocruraowux A’ (wm B’) B Momeur £,
B Bile

a;(t) e 04, a,(t)e "8, (2.69)

KoneGanus B A’, npuluelmue OT BCCX 4ATOMOB MCTOUIMKA S,
MMEIOT BHI

a, ()= D a;(H)e” "4,
ay ()= D a;(t)e” s

Amnauryna B A’ paBHa a;(f)—+ ay (). Ho ecan B P nomecuen
06bekT, u3MeHswluit ¢asy, To amnauryla B A’ crailer pasio#

a, () +as(t)et®, rme P =2mv,H. 2.71)

(2.70)

3nech O — BHOCMMOe 006DBEKTOM 3amasibiBaHHE BO BpPeMeHH, BO3-
HUKaloLlee NPU DacnPOCTPAHEHMM MU3JYYEHUS MO IBYM NyTaM,
npoxolswumM uyepe3 Touku A u B. Beauunna P — BHOcHMast
00beKTOM Pa3HOCTb (a3 KoJebGaHu#t (Ias cpelHeft YacTOTHI V),
npuxoAfmux OT 3Tux Touek. [Ipeanosnaraercs, uyro O u P He
MEHSIOTCS € YIJOM NaleHus Jaydelt,
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Unrencusnocts B A’ pasna (cMm. § 1.5)

+oo .

= Jlm+wﬂwﬁ—wr+%ﬁ (2.72)

nHaye rosops (cM. (1.49)),
I_..aa +a +2Re[a (t+0)a; (t)] (2.73)

Mpoussenenus a,a; u a2a2 NpescTaBasioT Cco00# HHTeH-

cuBHOCTH B TOuke A’ B TOM cayyae, KOrAa NMPOXOAAT TOJBKO
ayud, ucxonswne u3 A umam B. IOTH WHTEHCHBHOCTH DAaBHHI,
TaK Kak MNpenmoJiaraeTcs, 4TO HanpasjeHue koJebaHu#t B manaio-
et BOJMHe cocTaBifeT yron B 45° ¢ HanpaBieHMAMU Heli-
TPa/lbHBLIX JUHMA B KPUCTaJUIMYECKMX MJACTHHAX. Mbl MOxeM Ha-
nucats (1.91), T. e.

a, (t+0)a; (£) =|a, (t +0)a;(t) | exp {{[¢ (0) + ¥},
WM, mpeanonaras, yto 6 mado,

a,Oa,O)=la O a®|explilpO+pl] (2.74)

V12 (0) =1 v12(0) |exp {i [¢ (0) ++ P1}. (2.75)

Yro6bl Hafitn 3Hauenue ¢ (0), ybGepeM 0ObekT, BbI3bIBAIOLIKH
uaMeHeHne (a3bl, U 06PAaTUMCA K PACCMOTPEHMIO MOJOC PaBHOTO
HAKJIOHA MOJIAPUCKOMa. DTH MOJOCH NPOEKTUPYIOTCS (BUPTYaJbHO)
Ha MJIOCKOCTL MCTO4HUKA S. OHH NPAMOJMHEHRHBI, MapaJijie/bHbI
W HaXOIATCS Ha PaBHbLIX PACCTOSHMAX APYr OT Apyra (3KBUIHM-
cranTHhl). [lpunaiuM HCTOYHMKY (OpPMY TNPSMOYTrOJNbHUKA, IBe
CTOPOHBI KOTOPOrO MapaJulefbHbl TMOJ0CaM H CUMMETPHUYHBI OTHO-
cutesbHo ocu SO,0,. KOTOPYIO Mbl CUMTAEM HOPMAJbHOH K MO-
Jaapuckony L.

Konebauns a;(f) u ay(f) (cm. (2.70)) MoxHO 3amucaTb
B BHIE

a, ()= A,e'®,

Qg (t) == A2ei®2. (2.76)

Ecan uenrpanbHyo mnoJsocy (TemMHas HOJOCa NPH CKPEIIEHHBIX
NOJIPU3aTOPax) CUMMeTPHUYHO CIPOEKTUPOBATh Ha lielb HCTOY-
tuka, To O =, u

=A A, (2.77)
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Us (2.74) caenyer, ytro @ (0)=0. Dra BeauuuHa npencra:
BaIfeT co6o#ff pa3HoCcTh xoma JyweH, Hcxoasumux u3 A u B
B OTcyTcTBUe 00bekTa. Ecayu ueHTpa/ibHas mojoca CMMMETPHUYHO
npoektupyercs Ha uctounuk, To ¢ (0)=0. Ecqu nepBas TeMHas
noJjoca MPOeKTHUpyeTCd Ha liedb HUCTO4YHMKA, TOo @(0)=2m.
®aza ¢ (0) 3apaercs HakjoHOM moJspuckona xk ocu SO;0,, Tak
KaK NpeiNoJiaraeTcsl, 4TO LieJb HMCTOYHHKA DPAaCMOJIOKeHa CHM-
MEeTPDHYHO IO OTHOWEHMUI0O K 3TOH OcCH.

Tenepsr ycraHosuM o6bekt B P. Uz (2.14) u (2.73)—(2.75)

uMeeM (C TOYHOCTBIO 10 MHOXHUTens 2a,a]=2/))

=14 ¥12(0) | cos [¢ (0) + V1. (2.78)

B6ausu o6bekrta, uckawawuero ¢asy (P = 0), uHTeHCHBHOCTb [’/
paBHa

S I"=1-4]v12(0) [cos ¢ (0). (2.79)

Orciona KOHTpacT B u3o6paxeHuu o6bekTa, UCKaxawuero ¢asy,
3amuuieTcs B BHIe

_ =1 _ 1% {c0s 9 (©) —cos [g(0) + ¥}
V=TT FhOTeose© 80

TpHYEM CTeleHb YaCTUYHOH KOTePeHTHOCTH | Vi (0) | Bepaxaercs
(2.16), T. e.

EXCETG)
Ll Dl AN

[ v12(0) |= @.81)
a,a,
Ecmu ¢ mano, to
| vi2(0) | $ sin g (0)
v= 14 vz (0)| cos ¢ (0) (2.82)
npu ¢ (0) =0 monyunm
| V12 (0) | 2 ©.89)

V= I4]v2(0)] 2°

[lpn 3azaHnoM 3HaueHMH 1P KOHTPACT MaKCHMaJjell U H3IIy-
yeHHss B Toukax A W B MOJHOCTBIO KOrepeHTHbl, ecJH
[V12(0) [=1.

Ecmn | v;2(0)|=0, koneGaums B Toukax A u B Hekore-
PEeHTHB M Npo3pauliblft 0ObeKT He BUIEH.

Bepuemcst k coorHouwennio (2.70). IMonoxum =@, — @gz;
TOria

a, ) ay ()= X a,() a; (t) e®. (2.84)
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3necb @ — pasHocts ¢as aByx ayuett OF u EO, BHeceHHas
OIS PUCKOTIOM.

Bce npousBenenus, I KOTOPBIX I 5= j, PpaBHB HYJMO H
OCTAIOTCS TOJLKO UJIeHBl BHIA '

a, O ay(t) = D a,(t) a; (£) ei®. (2.85)

Kak u panee (cM. § 2.3), MOXHO 3aMeHUTb CYMMY HHTErpajioM;
nMeeM

f fl(ﬁ, y) ¢'® dp ay

Yyp (0) = —> . (2.86)
[[r1@.vapay
S

MMosicuum 3navene @ WIS paccCMOTPEHHOro HaMM Ciayuas.
INosocyl paBHOrO HaKJIOHA MPAMOJHMHEHHDB, MapallieJbHbl U 9KBHU-
INUCTAHTHB; Mbl MOXEM MO3TOMY

'%z(ﬂ)l Ha6/ONaTh fBJEHHEe C OJHHM mapa-
MeTpoMm (T. e. OLHOMEDHYIO MHTep-

(epeHUNOHHYI0 KapTHHY) B HaNpaBs-

JIeHUH, TepPNeHIUKYNIPHOM  3THM

nojocaM. MOXHO TmOKasaTh, 4TO

C TOYHOCTHIO IO BeJHYHH TPEThEro

nopsaxa
2npl
¢ i, 7 O==-, (2.87)
% rie | — nuHefiHOe pasBeleliMe Myuy-
Puc. 31. KOB, IMpOMU3BeleHHOe MOJIAPHUCKO-

nom (AB ua puc. 29). Paccmorpum
OMHOPONHbIH McTOUHUK. Ec/M LeHTpaibHas MoJI0Ca NPOeKTUPY erTcs
CUMMETPHYHO Ha MCTOYHHK, TO CTeNeHb KOMILIEKCHOH KOrepeHT-
HOCTH MOXHO 3amucatb B BHIE

+f

Jloeikolﬁ ap
«Bs sin kylf
ia (0) = o — = S 2.88)
dap
—Bo

Besnunna 2B, paBHa yrJoBoMy pa3Mepy HCTOuYHMKa S, paccMa-
tpusaemoro u3 O; (cm. puc. 28). Ha puc. 31 nokasaHa 3asu-
CHMOCTb CTeleHH KorepeHTHOCTH |Yyp(0)| ot I. Ecim uenrpann-
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f1ag moJo¢a PacmoJIOKeEHa B HanpasieHuu B; (OHA NMPOEKTHPYeTCs
¥ 06J1aCTb BHE WMCTOYHHMKA), TO

O — w (2.89)
0

+Bo
j exp [ikol (B— B1)] dB

Y12 (0) = —B—— - : (2.90)
o
~Bs
HJIU
+Bo
o~ ikalBi I et ikelB 4p
— sin &yl
Vigl0) = e = ~%1f, o g-teami. (2.91)
[
—Bo

CpasuuBas ¢ (2.75) (4 cudras, 4TO HCKaxawoWu# ¢asy OGBEKT
ybpaH), noJayuum

in kol
QO)=—kolp, ccu 0ol l‘éff’ >0,
@(0) =m — kylp,, ecau Si; ?Elf" <0.
Bennuuny konTpacta o6bexTa HaxOLUM TOTrAa U3 (HOPMYJIHI

(2.80).

Moo 3aMeTuTb, UTO npousBelenve [P npencrasiaser cobof
TaK:Ke pa3HoCTh X04a KoJcOanuil, HBMYYeHIBIX NPOU3BOJLHON
TOYKOH ucTounuxa (ysuieunod uz O, mox yraom f). Dtu KoJe-
6anusi NpUXOLAT B ABE TOUKH, PpAaclOJONKellibie B MJIOCKOCTH,
npoxoasiiedt yepes O;, M naxonsuwmecs APYr OT Apyra na pac-
crosinun [. CnenoBaresbHO, Kak M B oOLieM CJyuae, Mbl CHOBa
noJyuaeM, 4TO CTeneHb KOMIJIEKCIIOR KOTepeHTHOCTH KoJebalinil,
MCTyLIEeHHbIX IBYMs ToukaMu A M B, nocne NpPOXOXIEHHS MMM
MOMSIPUCKONA BbipaxaeTcst yeped npeo6pasoBanus Pypbe oT pac-
npeneneHus SHePruM, U3J1yyeHHOH HMCTOYNUKOM. [last TOro 4yToObI
BOJIHBI U3 IBYX TO4eK A M B 0Ka3aaucb KOrepeHTIIBIMM, [ NOJKIO
OBITb MajJO MO CPaBHEHUIO C LIHPHUHOW UEHTPAJIbHOTO MaKCH-
myma. Ilonspuckon TomuuHO# 2e=6 mm Aaer JuHefHoe pa3-
nenede myukoB [ ==0,028 wmm. [as noayyenus BHICOKOH CTe-
MeHH KOTePeHTHOCTH HYKHO, uTOOb Ay/2By ObIIO 3HAYHTENLHO

61



1 A,
5 2,
Ao/2Bp=0.14 mm. Torna nna A=0,5 mx yrioso# pasmep
ucrouHuka Oyner pasen 2B, =0,004. CienoparenbHo, ueib
MCTOYHMKA JNOMKHAa OBITh OYeHb y3ka. Ho yskas wWenb CHILHO
yMeHbIIAeT CBETOCHJY CHCTeMbl M YXY/llaeT KayeCTBO HM3006pa-
wenust. OnHako 93TOro Jerko wuabexarb, W MBI YBUIMM HHXE,
YTO, MOJb3YSACh KOMIEHCUDYIOLIUM YCTPOHCTBOM, MOXHO INpUMe-
HATb BeCbMa MNPOTSKEHHbIE HCTOYHUKH.

Yro6b 00BACHUTH, Kak u3OexaTh AnadparmMupoBaHus, obOpa-
"TUMCs K npeo6paszosannio Pypre B popmye (2.86). M3 Hee Buano,
Y10 npu moBoM HakaoHe Jjydeit D Bcerna JIOMKHO OCTaBaTbCs
MaabiM. B uurerpane, croswem B yucaurene (2.86), ToT e
S(dEKT MOXKHO MONYYHTh, yMHOXKHUB e'® nHa ¢~ i® Ha npaxruke
9TO O3HayaeT, yTo nepel L HYXKHO NOCTaBUTb BTOPOH, HIeHTHY-
Hbll NepBOMY NOJIAPU3aTODP, KOMIEHCUDYIOLUH AelicTBHE MepBOTO.
STO M eCTb NPHUHLUMI KOMIIEHCALUM, KOTOPbI npuMeliseTcss BO
BCeX NOJAPU3ALUUOHHBIX HHTephepOoMeTpax ML MOJyYyeHHs OYeHb
CBETOCUJIBHHIX CHCTeM. MOXHO MOJb30BATLCH TaKike YCTaHOBKOM,
B KOTODO# Mexay HOJSIpUCKONAMU pasMelleHbl W ILpyrde ONTH-
yeckHe 3JeMeHThl. B sTOoM cuayuae He oG6s3aTe/bHO, uTOGH 00a
nosspuckona GbLIM OLHHAKOBLI, M CJeLlyeT YYMTHIBATH XapakTe-
PUCTHKH BMOHTMUPOBAHHBIX ONTHYECKHX 3JIEMEHTOB M MX pacno-
JIOXKeHHe OTHOCHTEbHO noaspuckonos. Kpome rtoro, aas moay-
YeHUs Pa3lBOEHHOTO H306paxceHUs OODbeKTa CJelyeT MOMelaTh
ero Mex1y MOJAPUCKONAMH,

6ombme 0,028, wanpumep, yrobu 0,028 = T. €.

‘ “,\ @ p!
s |
S 4, 9 * .

i ¢ I
i |
A Ao

w
Puc. 32

Touno Takas xe 3anaua BO3HHKAET NPH 3aMeHe MOJSPHUCKOINA
cucreMoit Tuma npuambl Boanacrona. Ilpuama Bosnacrona W
noMeweHa B Qokyce o6GbektuBa O, (puc. 32), Tak Kak oOHa
CUMMETPUYHO Pa3BOLMT IBa Jydya NOL YIJOM, a He CMellaeT HX
napanneasHo apyr apyry. O6a ayua S;A u S;B, coorsercTByio-
mpe yrJAOBOMY pasnenexnio npusmel Bosnacrona, cauBaioTcs
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nocje NpoxoxieHus uepe3d Hee. Ecim 0 — mpenomasiomwult yroa
npuamMbl BoJsinacToHa, TO Mbl uMeeM

D =2ky(n,—n,) x tgo.

Ho 2 (n,—n,)tg0 paBHO yray pacxoxjieHus aydell mocie mnpo-
xoxaeHus umu npusmbl Bosnacrona. Ecam f — ¢okycHoe pac-
crosiune 06bektHBa Oy TO @==I/f. Ho oTHOmeHne x/f cos-
magder C yme pACCMOTPEHHBIM paHee YIrJIOM B, W Mbl HMeeM
D = kypl.

[Tpensiayme BBIBOLB BeDHBI M IJs HACTOSILIEro cJydas.
UTo6bl MOJMYYUTh BHICOKYIO CTeNeHb KOrepeHTHOCTH NpPU NpOTH-
KEHHOM MCTOYHUKE, HYXHO NPUMEHUTh BTOPYI mnpusamy Boana-
CTOHA, TIOMewleHHYI0 B S M uleHTHuHyio W, ecim OGBEKTHBH
O, u Oy UIeRTHYHBI.

Sanmewanue. B ciayuae unrepdepomerpa MalkenbcoHa HO-
Jydaercs BbipaxeHue, aHajoruynoe (2.86). 3mechr I mpencra-
BJaser coOOH pasHOCTb XO0.1a, CO3LAHHYIO UHTEP(HepOMETPOM.

§ 2.7. HekorepeHTHbie NMPOTSAXKEHHbIE UCTOYHHKH
KOTepeHTHOr 0 H3Jy4YeHHUs

BriBoab § 2.2 nosBossloT npeiacTaBUTb cebe, KakuM obpa-
30M MPOTSKEHHBI HEeKOTepeHTHEIl HCTOYHHK MOXEeT HCIHYCKaThb
KOTepeHTHOe H3JyueHHe.

PaccmorpuM  npoTskeHnbit  llekorepelTHb#E  OLHOPOILIIbIR
ucrounuk S (puc. 33), M3AyYAIOIWMA KBA3MUMOIIOXPOMAaTHUCCKHM
ceer. IloMecTuM nepen nuM pewerky R, HanpuMmep, C BepTH-
Ka/blibiMM wTpuxamu. OcBeTHM I1allUM MCTOYIIMKOM IBe BepTH-
kambHble wean 1} u Ty, xax B ombite FOwura. Ilas toro yrofbl
wean T, u Ty nanm KouTpacTiible MOJNOCH Ha 3KpaHe E,, u3ny-
yeHue, MPUXOIfllee 11a STH lIeJH, HOMKHO OBITb MaKCHMaJblio
KOTrepeHTHBIM. PacmpeneJierine cTcneHH KOrePEHTHOCTH H3Jy4elus.
B Mockocth E, onpeneaserca npeo6pasosanueM Pypre oT pac-
npeneneHuss sneprudm ucrounuka S. Ho mnockoabky Mbl mome-
uwaemM mnepex S peweTky, TO pacnpeieleHHe SIePIHH HCTOU-
HUKAa 3ajaeTcs CTPYKTYypoi camoit pewerku. IlpeoGpasosanue
®ypbe onuCHBAeT AMILIMTYLY H3JaydyeHus, INGParupoBaBlIero
Ha pemeTke. Mbl mosyyuM, cJeloBaTesbliO, Pl MHKOB — Liell-
TpaibHOEe U300paxeHHe M NUPPAKLMOHHBIE MAaKCHMYMBI, CO3la-
BaeMble DeLIETKOH, paccTOfHUs MexAy KOTODBIMH 3aBHUCAT OT
nepuola pemerkd M oT paccrosuus Mexay R u E,. CaMmo co6ot
pasymeercss, 4TO pealbHO B MJIOCkocTH E;, 0ZHOPOILHO OcCBe-
LUeHHOH HCTOuYHMKOM S, mepel KOTOPHIM MOMelleHa pelleTka R
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(S — mpoTsKeHHBI# HeKorepeHTHbIA UCTOYHMK), CMEKTPHl He Cy-
uecTByIOT. Ho aTH (uKTUBHBIE CHEKTPHI NPENCTAaBJAAIOT pachpe-
IieJieHde CTeleHd KOrePeHTHOCTM B TJOckocTH Ej.

Cosmectum ¢ Ty «uenTpaibhoe n300paeHHe KOTePEHTHOCTHY
(0OHO COOTBETCTBYEeT TOMY, YTO GbIO Gbl TMPSAMBIM M306paXkKeHUEM
UCTOYHMKA, eciu Obl pewletka R GblIa  OCBellleHd KOTepeHT-
#eiM ceroM). Ecan B T (cmpaBa mim ciiesa or Ty) nomanaer
MEPBBIA  «MHMK KOTEPEHTHOCTH» (3TO O6bLJIO OBl  MOJMOXKEHHEM

ﬂllll

4
s
{
.

8

Puc. 33.

MepBOro CeKTpa, ecau 6bl pellleTka Gblaa OCBellleHa KOTepeHTHBIM
csetoM), TO KoaeGanus B T m T, KOrepenTHb, TaK Kak pas-
HULA B BHICOTE COOTBETCTBYIOLIMX MHKOB HeBeJuKa. [lpu 3Tux
ycaoBusx nojock fOHra 6ynyT oueHb KOHTPACTHBIMU Ha 9KpaHe Ey
U, KpOMe TOrOo, OueHb SADKHUMH, TaK KaK HCHOJb3yeTCs NpOTH-
XeHHBIt HCTOUHHK.

Ecau npubmsuts T x Ty, TO COOTBETCTBYIOLlEe STHM lle-
JSM M300paxkeHHe yxe He OyIeT KOTepeHTHBbIM, Tak Kak 71,
BEIALET 3a mpeleibl <«MUKa korepeHtHoctu». Ho ecam oronsu-
Hyts T; oT Ty TO MBI CHOBA MOJYYUM KOTFEPEHTHOE WBJyyeHHe,
koraa T, momazer BO BTOPOH «NUK KOrepeHTHOCTH» (T. e. BO
BTOPOH «CNeKTP KOTe€PEHTHOCTHU®») NMPH YCJAOBHH, YTO €ro BhICOTA
He OyleT CUJbHO OTJRYATHCA OT BHICOTH «IIMKa®, COOTBETCTBYIO-
wero To.
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EcTecTBEHHO, UTO PacCTOAHHEe MeXAY <IMKaMH KOTepeHT«
HOCTH» 3aBHCHUT OT JJMHBI BOJHBL, KaK M DacCTOSHHE MexLy
IMbPaKUMOHHBIMU MakcuMyMamu pewetkd. [lostomy, ecau npu
naHHOM pacctosHun 71T, Mbl OJyYUM KOTEPEHTHOCTb NpU Omnpe-
IeJeHHOH IJIHHE BOJIHBI, TO NMPU APYrOH NJIMHE BOJHBI KOrepeHT-
HOCTH Yxe lie OyzerT, Tak KaKk WU3MEeHHTCS DPacCTOSHHE OT «IIHKOBY»
IO «LeHTpajbHOro uaobpaxenus». JloaTomy mnpu 6oJblIOM
ucrounuke S nosocsl KOura Ha sxkpaHe E, MOXHO HaGmonaTh

Puc. 34.

QMWL TOTHA, KOrla WCTOYIMK H3JyyaeT KBa3HMOIIOXPOMATHYE-
Ckuft cBer.

PaccmoTpum, Bcaern 3a Mapemanem, sxcnepuMelit Banccana—
Llepunke ¢ Tpemst wensamu. Ha puc. 34 usoGpaxcua nnockocts E,,
B KoTopo#i mnpomenaust tpu 1wem T,, T, u T3 Tloas B atux
WEeJISX, OCBELIEHIIBIX TeM (e MCTOYIIMKOM, UTO M B MpPelbiAylieM
cayuac (pelieTka noMeleHa nepej MPOTsRKEINILIM UCTOUIUKOM S),
OylyT KOTepelTHBl, eCAM PACCTOSINS MCXKAY LIESIMH TaKOBHI,
yto 11a T'; NPUXOLMTCS <«UEHTPaILIloe H306paxeHHEe KOrepent-
noctw», a B T u Ty, nomasaioT ABa NMCPBBIX «MHKAa KOrepeHT-
HOCTH» (C ORHOW W TOH e CTOPONBI OT UEHTPAABIIOTO TMHKA).
Kpome Toro, Hyxiio, uToGB BBEICOTa BCeX TpPeX HHKOB Obija
nmoutu onunakosa. Kak u B onwite HOura, 3Td menu ocsellenul
MPOTSKEHIILIM  HCTOYIIMKOM KBa3HMOIIOXPOMATHYECKOrO CBeTa M
nab/olaeMble KapTuilbl OKa3blBAIOTCA 4pe3BLIYafiio SIpKUMU.



ri1ABA Il

BJUSHUE BPEMEHHON KOTEPEHTHOCTH
HA ABJIEHUSI JU®PAKIIUU

§ 3.1. ToueuHblii HCTOYHHUK.
SlBlieHus C OfHMUM TNapaMeTpoM

PaccMoTpuM  TOYeuyHBIHf HMCTOYHMK HEMOHOXPOMAaTHYeCKOTro
cBeTa, M3Jayvalolwuit co cpeldHeft wactoToft v, HamayueHHblft wyr
KaK (PYHKUMIO BpeMeHM MOXHO MpPEACTaBUTb B BHIE

V () = a (t) e, 3.1)

rie a(f) — xoMIeKCHas BeanuuHa. MBI XOTHM HaliTH CTPYKTYpY
1306paXeHUus] TOYEYHOTO MCTOYHMUKA, TMOJAYYEHHOTrO NMPU TOMOUIHU
UAeanbHOr0 aXpOMaTHYECKOTO
obbekTHBa (Hampumep, 3ep-
KanpbHoro). Ecam  Bblpaxe-
Hue (3.1) omuchiBaeT BOJIHY
B MOMeHT f, KOrjia OHa U3
Kako#-To Toukn M BoaHOBOH
nosepxHocT X (puc. 35)
npuxoaut B P’, 10 BOAHY, npH-
wenmyo u3 Toukd C B Ty xe
Puc. 35. touxy P’ maockoctu v,
B KOTOPOH JIeKHT FeoMeTpH-

yeckoe M3oOpaxenue S’ MCTOYHMKA, MOXHO HANHCaTb B BHILE

A |
b

=

'1\____._.__

.

V(t4-0)= J O (v) ei2Wigi2nvd gy 3.2)

rie v (v) —cnektp KoueGauus B P’, a O — pasHocTb BpeMeH,
HeOGXOIMMBIX HM3AyueHuo, uro6sl u3 Touek M u C (ueHtp
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BOJIHBI) mpuiiTi B P’. PaccMaTpuBast KapTMHY B TOuKaX, pacmo-
JOXEHHBIX BIOJb ocd S’2’ (puc. 36), noayuaem
== EP — 3.3)

rie ¢-— CKOPOCTb CBeTa *).
[Moscuum sHauenne cpenHelt yacToTHl v,. [losaras

a(t+e)_—_fv(v)exp{i2n [(v—vo) t 0]} dv,  (3.4)
nMeeM

V (t 4 0) = a (t - 0) e2Wot = g (£ 4 0) eicnt, (3.5)

Ecau v ocraerca 6ausko#t K vy, TO a(f -4 0) MeHsercs Mel-
JEHHO II0 CDAaBHEHWI0 C HU3MeHeHHeM ei2Wo! (@ nocTosHHA Aas

Puc. 36.

3aflaHHOH TOYKH P’) M WMCTOYHMK M3JAYyYaeT KBA3UMOHOXPOMATH-
yecku#f CBeT. B ciyuae CTPOro MOHOXPOMATHHECKOrO CBeTa
amnautyna B P’ Bhipaxaerca ¢opmyiob

F@)= [ FOexpli(@t —MPOaY.  (3.6)

*) ®opmyaa (3.3) BmiBOAMTCH aHajoruuHo ¢opmyae (2.37). Yuu-
2
toiBag, ut0 E=0, umeeM CP' — MP' = %-— —;7 Mockoabky
1 << 2/, uleHOM C M2 MOMXHO HpeHeGpeub. 3aMeHsas %=y’, Haxo-
M (3.3) (ITpum. peo.).
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F (y") npenctasisier coGo#t pacnpele/ieHde aMIUIMTYIbl 1O BOJI-
HOBOH IOBEPXHOCTH (fiBJeHHe C OJHHMM MapaMeTpOM).

Ecau ucTOYHMK MBIydaeT KBa3HMOHOXpOMaTuuecku#t cBeT, TO
clelyeT BOCIOMb30BAaThCH BblpaxeHHeM (3.5) M  aMmiauTyza
B Touke P’ B MOMEHT BpeMeHH ! TIpUMET BHIL

F@ )= [ a+0)F¥)expli(opf — MPOIdy'. (3.7)

[TpumeneHue npunuuna liofireHca Aas ciayuyas HeMOHOXpOMa-
TUYECKOTO CBeTa NMPUBOIMT K MOSAB/IEHHIO YleHa, 3aBMCALLEro OT
NpPOU3BOJHO! TNO BpPeMeHM KOMIJEKCHOR ammautylwl a (¢). Has
TOro 4ro6b u36exaTb 3aTPyLHeHH# NPU pacCMOTPEHHUH KOHLOB
IlyroB, MOXHO 33aMEHMTb pa3pbiBbl Ha KOHUAX MOCTENeHHbIM
yMeHblIeHHeM BeJHYHHBl @ (f) B TeueHHe NPOMe}YTKa BpeMeHu Af,
MaJIoro HO CPaBHEHMIO C IJUTeJbHOCTBIO LyroB. Ilpu atom ¢op-
Myna (3.7) ynosaersopser npuHuuny [lofirenca ¢ mpueMiemoft
TOYHOCTBIO, €CJM IJINTeNbHOCTh LYrOB BOJH [OCTaTOYHO BeJMKa
no cpaesHeHulo ¢ nepuonoM. Haumnas orcuer a3 c a3 koile-
6auus, npuwenwero B Touky P’ us touku C, nmoayuum

f&, = f a(t+XZ) Fyyem=ay,  (3.8)
TaK Kak
2n ’ ’ 7
W(CP — MPY=Fkgy'2’. 3.9)
UnrencusHoCTs B TOuke P’ uMeer BHI
I1(Z)=f(, Hf @, 0. (3.10)
Torna B coorBercTBUM ¢ (3.8) Haftzem

F@ . H1@E =
= f a (t + Yl: ) F (vy)exp [ikoyl’z’] dvy; X

% f a*(t+$) F* (v))exp [— ikoy2'| dvy.  (3.11)

[onaras vy, ==Yy, —Yy,;, MOXeM Hamucarh

T D) -0 Z)a(E) om

[4

H
FQn) £ (va) = £ () 7 (1 — ¥)-
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Tak xak ycpeiHeHHWe OTHOCHUTCA TOJIbKO K NepEMEHHBbIM 4YJjEHaM,
3aBUCALIUM OT BpDEMEHH, TO

’ 7
Ya? "
l(z')_—_ffA("T)F(y;)F W — V)X
' X exp [ikgvs2’] dviav).  (3.13)
3ameHuM 06O3HaueHHe Y, HA Y’ U TOJONKHMM
D (vj)= f F (') F*(y —v})ay'. (3.14)
31echb D(’V"i)—aBTOKOppeJlﬂuHOHHaH ¢yukuusa BeauyuHsl F (Y').
Torna MHTEHCHBHOCTb B TOuke P’ pasHa

1(2")y= J D (y"i) A (de )exp [ikoy;z’] dy,.  (3.19)

c

Ecau cBer CTPpOro MOHOXpPOMATH4YeH, TO LYrH BOJIH 6eCKOHEYHO

r 7
a®

ILJIMHHB H A( )= 1; rorna

12"y = [ D(vj)exp [ik,}2"] ¥}, (3.16)

MurencusHocT, B Touke P’ paBHa mpeo6pasosanuio Pypbe OT
aBTOKOppeasunoHHON ¢yukuuu aas F(y’), 4 Mbl CHOBAa NpUXO-
IMM K KJ4CCHMYECKOMY Ppe3yJabTaTy.

§ 3.2. IudpaxuuonHoe u3obpakeHHe mLeJH

M3 cxembl Ha puc. 37 BUIHO, 4TO
F)=1 mmm —y,<vy <,
F(W)=0 nna |Y|> v

Tax kak F (y") — LeHicTBUTe/bHAsd BeJMYMHA, TO cOraacuo ¢op-
myzae (3.14) D(y;) Oyzer mpelcTaBleHa ydyacTkoM AB, o6uum

I o0eux 1ejelt LWHPUHOH 2'\7") (puc. 38), cMelleHHBIX APYT
OTHOCHTEJILHO 1PYTa Ha BEJMUHHY Y.

Bynem cuurtath, YTO CBeT, H3JAYUYEHHbIH MCTOYHUKOM, Mpen-
craBiser coGofi OrpaHHYeHHble LYTW CHHYCOMIAJIbHBIX BOJH Ya-
CTOTOH V M TNpPOLO/KUTENbHOCTBIO T. Jsg Kawaoro uyra B
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TeyeHUe BPEMEHH T KOMIJIEKCHasi aMIUIMTyLa TNOCTOSIHHA, T. e.
T T
a(@)y=1 nmm —axg<lt<—=,
2 2
T
a(t)=0 nna | >3

ChekTp, M3jy4yaeMblf MCTOYHHKOM, BHIpaxcaeTcsl npeoGpasoBaHUueM
dypbe v(v) or a(f), T. e.

sin;w(v—vg) T

s = E—
Tak xak a (f) mOCTOAHHO, TO
77
Ya® ) IV |
A (T) =1— = 3.17)

[ va?'|
c

npencraBaseT coboit spema 0, KoTOpoe LOMKHO OHITH

7 7
Ya?

MeHbLIE T, YTOGHI A( )=A(6d) He OBUIO pAaBHO HYJIO

F(y)

T B!

’ 0 ’ 4 :
Yo *Vo 7 :

Puc. 37. Puc. 38.

(puc. 39). ®Pynkuma A (0,) HasbBaeTCa KO3(PPUUUEHTOM BPeEMeii-
HO# korepentHoctd. Ou paseH Hymo, ecan |0,|> T, Tak Kak
B 3TOM CJjyuyae Uyrd He NepeKpPHIBAIOTCS.

Tonoxum

Vo =%V

Kosd¢uuueHt BpeMeHHOH KOrePeHTHOCTH MOXHO 3amHcaTh B BHIE
lel
d
A( \ =1—|x
c /

rie [ =¢T— njauHa uyroB BoJH. TouHO Tak e, D(v;)=D(x)

r’_ 7

Yo?
]

, —2< x <2,
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MOXHO 3amucath B Bule (puc. 40)

Dy=1—|3| —2<x<2

dopmyna (3.15) maer
0

1) = f (1 + %) (1 4x #)exp [ikgxviz'] dx +
-2

+f(1 _ %)(1 — 5 )exp [ikyevl2] dx. (3.18)

OGosnauas Z = kyy;2’, noayuum

n__ (sinZ)\2 1 cos2 Z sin2Z

1= (57 + 2 (2 )

Ecau AA — wMprHa CHeKTpa, M3/IyyaeMoro MCTOYHMKOM (CM.
(1.10)), to A2

AN

=

u (3.19) samuumercs B BHIe
n__(SinZ\2 Ak [cos?Z sin 2Z
’(z)—( Z )+n7\,0( Ay )

Kpusas I wHa puc. 41 mnpencTaBiser MITEICHBIOCTb AUPPaAK-
IMOHHOTrO M300pa)Kenusl 1iejH (0 — mepBbfi 4yjaeH B MpaBoft yactu

(3.20y

Ate)

Puc. 39.

ypasrenus (3.20)). Kpupas 2 onucwiBaer uaMmelnenus ujaeHa
= cos2Z sin 2Z
4 222
Ipu Z > m/2 oH Bcerza moJoxwutedeH. Bripaxenus (3.19)
u (3.20) moka3wIBAalOT, KaKOe BAMSHME OKA3bIBAET JJMHA LyTa
Ha CTPYKTYPY CBETOBOro moJs Npu AHdpakuuu.
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Ecmn I —>co (MoHOXpoMatuyecku#f cBeT), TO B MPaBoft 4acTH

i 2
(3.20) ocraercs TOJIBKO YieH (3%?_) . Korna uyru umeor ko-
HeYHyl0 IJIMHY, TO K OpAMHataM kpuBo# I cienyer npubGaBuThb
2pg)
/
-2 a 2
Puc. 40.

OpIMHATBl KPHMBOMX 2, yMHOXEHHble Ha COOTBETCTBYIOLLYIO BelH-
ypHy. [IpakTWYeckM MaKCHMYMBl BeJMYMHBI [ COOTBETCTBYIOT

sin Z \2
HyJIeBbIM MHUHUMYMaM 7 1 HaobopoT. Ynen ¢ B crpeMHTCs

HHUBEJHUPOBATb WHTEHCUBHOCTU IMMOJOC, OKPYMKAOUWIHUX LEHTPAJbHOE
MATHO.

§ 3.3. SiBnenus ¢ aByvs napameTpamu

B srom ciayyae amnautyna B touke P’ (puc. 35) sanucwi-
BaeTcs B BUAe, aHajoruyHoM (3.8), T. e.

o, 2. =

= J J @ (‘ =+ —ﬁl—fﬁ) F (B'v")expliko ('Y =+ V'2")] dB’ dy'.
(3.21)
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[Tycts A - dakrop BpeMeHHON KOTrepeHTHOCTH, T. e.

A®)=a@®)a (t—0,), (3.22)
rue

(B1—Bs)y + (v —vs) 2’ .
C

0,— (3.23)

Torna nnasi MHTEHCHBHOCTH B TOYKe P’ umeem

1o = [ [ [ [a[B=R 0= ]
X F (By, Vi) F (B3, v5)exp {iky [(B;— B7) ¥" +(¥; — v3) 2]} X
X dp; dp, dy;dvy,. (3.24)

4 ’ ’ 4 4 4 4 /
O6osnaunm B; — Py =0; vV, —YVy=1Y, ¥ 3aMmenum B, y; Ha B

u y’; Toria

1o o= [ [ [ (B p i, vy

XF*(B' =By ¥/ —Vg)exp {iky [ByY —+v,2'|} 4B’ dy dp; dvy.
(3.25)

Ecau D(ﬁ(’j, y"j)—aBToxoppenauHOHHan (yHkuus 4as Beau-
et F (', ¥'), TO

DBy )= [ F®. VIF (@ —B) v —vj)dp'ay  (3.26)
U OKOHYaTeJIbHO HanieMm
1o/, = [ D vy X

X exp [tko(ﬁdy —i—-ydz’)] ap,dy,. (3.27)

( By’ +Yd2 )

§ 3.4. Iudpakuusa oT Kpyrioro oTBepCTHS

B cayuae uzeanbHoro mnpuopa ¢ OTBepCTHeM paiuyca o

HMeeM
’2

FE.yY)=1 mm p°+v°<a

FE,v)=0 nm p°+vy">a’
Ipoussenenue
F@.Y)F' (B —Bgp v —vy) (3.28)
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PABHO eJHMHHLE, eCJH BHIIOJHAITCA CAeNYIOIUe YCJIOBUS:
,2 ,2 2 ’ i 2
FYi<a’ w F =B (Y — Vi<

MHaue rosops, ecau Touka (B, y') Haxomutcs B o6jacTH, oblueH
ans IBYX OKpYyxHocTe# ¢ pammycamu @’ u uentpamu B (0, 0)
u B (ﬁ;. v",). Bue srtoft o6Gaactu mnpousBeneHHe (3.28) paBHO
HYJIIO.

Orciona crenyer, 4ro D(ﬁ o Y d) npencrasnae'r coboft o61acTh,
obuylo AJs 06eMX OKPYXKHOCTe#l panmyca @, LEHTPbl KOTOPHIX
HaxoAATCst APYr OT APyra Ha PacCTOSHUM, DaBHOM

du=J (3’2—{-— yf: . (3.29)

W3 npocThiX reoMeTpHUeCKUX COOOpaxeHuti cresyer, 4To D(ﬁ"i. y;)

npencrasiaseT co60# QYHKUHMIO TOJbKO NMePEeMEHHOH 4 U ee MOXHO
sanucaTb B BHle

D (1) = 20" (arccos %— % ]/1 — _“41) (3.30)

A A ;
npu 0 << u<<2. Monoxum y’=§j—t9(l—,Zcoso), z'=2?—:;,Zsmm.

I[To coobpaxenusaM cummerpuu / (Y, z’) He 3aBUCHT OT yria ®
1 Moxer ObIThb mpeicTaBaeHa B Bule / (Z). JlocTaToyHo MO3ITOMY
paccMOTpeTb TOYKH H306paxeHus, cooTBeTCTByloune ® == 0.

[Myctb

B, =a’ucosq,
. 3.31
v, =qa’usin¢. keel)
Toraa moayunm
4 ’ 7
BLy +viz Zu cos ¢
A(d_Jr_d_ —a (2t

C koc

(3.32)

PacnpelieieHie WHTEHCMBHOCTH B M300paxeHWU cBeTsllefcs
TOYKM Tenepb 3alullercs C/elyloluM 0GpasoM:

2 2n

1(Z)= f udu J D(u) A (M) expliZucosgldp. (3.33)
0

Mpbl BHIeaH, YTO B Ciayyae UYros IJMHOW [ M NMPOLOJKH-
TeNbHOCTbI0 T =1/c K03(pPuuueHT BpeMEeHHOR KOrepeHTHOCTH
MOXHO 3amucaTb B BHIe

ch

A(ed)=1—[-9§l=1—‘—7—]; (3.34)
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cjaenoBarelsibHO,

Zucos @ Zu cos ¢
A(T)_ L — |25 (3.35)

Orciona
[(2)= f J. D (u)exp [iZu cos @] u du dp —

——LI f J D (u) Zu| cos |exp [{Zucos@] ududyp, (3.36)

rie D (4) onpenenserca (3.30). [Ipoussons saMeny nepeMeHHOH
u=2cos0 u OIS B [ (Z) Takol 4HCJIeHHBIt MHOXHTEJb, YTOOBI
I (0)=1, nosnyuaem, B KoHeuHOM cueTe, / (Z) B BHIe

1@ =1@+578. (3:37)
3nechb
2 T2
f@)=— I f (20 — sin 20) cos (2Z cos 0 cos @) sin 20 46 dg,
v (3.38)
ap w2
g2)=— % f f 2Z cos 0 cos @ (20 — sin 20) X
00

X cos(2Z cosBcosq)sin20d0dep.  (3.39)
IMepBrifi MHTErpaJ MPHBOIMT K XOPOWO M3BECTHOMY BBIDAXKENHIO

f@=[247. (3.40)

3navenns ¢yuxuun £ (Z) MOWHO Ha#iTm uucienno. Onu Gbuiu
nosyueHsl MeToIOM [aycca npu moMOWHM 3JeKTPOHHOH BBIYMCIIM-
teapHoft Mawuas CAB 500.

Bblan HailneHsl Clenylouiye 3HayeHHs:

z g (2) z g(2) z g(2)

0 0 4,0 0,4687 7.5 0,1761
05 —0,2563 45 0,2815 8,0 0,1247
1.0 —0,3443 5.0 0,1640 8,5 0,1012
15 —0,1956 5.5 0,1467 9,0 0,1105
20 10,1216 6,0 0,1903 95 0,1319
25 0,4490 6,5 0,2295 10,0 0,1398
3.0 0,6366 7.0 0,2230 10,5 0,1250
35 0,6256
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Kpusas / Ha puc. 42 onMCHBaeT HHTeHCHBHOCTb IH(PAKLUOH-
HOro u300paxeHHs KPyriaoro OTBePCTHS IJs Caydas CTPOro Mo-
HOXpOMaTHyeckoro cBera (mepBuil unexn f(Z), onpenensieMblf
(3.40)). Ona HasuiBaercs pacnpenenenueMm O#tpu. Kpusas 2

]

Puc. 42.

noka3eiBaeT uaMeHeHus ¢yHkuuu & (Z). B MakcuMyMax ¥ HyJeBBIX
MUHMMYMax ¢yHkuMu DHpu Aas g (Z) NoJyueHBl Claelylollue
3HayeHus:

z &(2) Z g (2)
3,832 (Mun.) 40,5309 8,417 (Makc.) 40,1026
5,135 (maxc.) 0,1501 10,174 (Mun.) 0,1370
7,016 (Mun.) 0,2220 11,620 (makc.) 0,0781

BosbMem nas npumepa [=10A,. Ilpn g (Z)=10,5309 mno-
nydaeMm

1

CrenoBare/bHO, TNepBHH HyJeBof MUHUMYyM ¢yHxuuu DHpu 3a-
MEHUTC MMHMMYMOM, MHTEHCHBHOCTb KOTOPOrO COCTABJSIET MpHU-
MepHO 19 OT MHTEHCHBHOCTH LEHTPAJbHOrO MAaKCHMyMa, a STOT
3(pdeKT yKe Heab3sl CYUHTATb NPEHEOPEKMMO MajbiM.



BUBJIMOTPA®USA )

1. KHHIrH no ONTHKE, B KOTOPHIX PaccMaTPHBAKOTCH BONpPOCH
KOrepeHTHOCTH

*I. C. Topennk, Kone6auus u soannl, [ocrexmsgar, M., 1950,
ra. X.

A Mapemaansb, M ®Ppancon, CTpykTypa ONTHYECKOTO H30-
6paxenus, «Mup», M, 1964.

P. Dutu6epH, dusnueckas ontuka, «Hayka», M., 1965.

*O'He#tn, BBejenue B CTaTHCTHYeCcKylo ONTHKY, «Mup», 1966.

*[Ix. CTpoykK, BBenenue B KOrepeHTHylo ONTHKY 4 roJorpaduo,
«Mnp», 1967.

M Born, E. Wolf, Principles of optics, Pergamon Press, Lnd,
1959.

E. H. Linfoot, Recent advances in optics, Oxford Univ. Press,
Lnd, 1955.

M. J. Beran, G. B. Parrent, Theory of partial coherence,
Prentice Hall, Intern. Ser. in Physics, 1964.

2. Crarbu no o6mefi TeopuH KOTepeHTHOCTH B ONTHKe

F. Zernike, The concept of degree of coherence and its appli-
cation to optical problems, Physica 5, 785 (1938). Diffraction and opti-
cal image formation, Proc. Phys. Soc. 61, 158 (1948). Degré de cohé-
rence et méthode du fond cohérent, Rev. d’Optique 27, 713 (1948).

H. H. Hopkins, The concept of partial coherence in optics,
Proc. Roy. Soc. A208, 263 (1951). On the diffraction theory of optical
images, Proc. Roy. Soc. A217, 408 (1953). Applications of coherence
theory in microscopy and interferometry, J. Opt. Soc. Amer. 47, 508
(1957).

P. M. Duffieux, La cohérence partielle et les fonctions de
transmission, Rev. d’Optique 32, 129 (1953).

A.Blanc-Lapierre, P. Dumontet, Sur la notion de cohé-
rence en optique, C. R. Acad. Sci. 238, 1005 (1954). La notion de
cohérence en optique, Rev d’Optique 34, 1 (1955).

P. Dumontet, Sur la correspondance objet image en optique,
Optica Acta 1, 53 (1955). La correspondance objet image en optique,
Publ. Sci. Univ. Alger B1, 33 (1955); 2, 203 (1956).

1) Kuurd, oTMeueHHble 3BE3J0YKOH, n00aB/NeHbl PeAaKTOPoOM IMepe-
BOJA.

77



E Wolf, A macroscopic theory of interference and diffraction
of light from finite sources, Proc. Roy. Soc. A225, 96 (1954); A230,
246 (1955) Optics in terms of observable quantities, Nuovo Cimento
12, 884 (1954).

W. H. Steel, Scalar diffraction in terms of coherence, Proc.
Roy. Soc. A249, 574 (1959).

G. L. Rogers, The process of image formation as the retrans-
formation of the partial coherence pattern of the object, Proc. Phys.
Soc 81, 323 (1963).

G. B. Parrent Jr, Studies in the theory of partial coherence,
Optica Acta 6, 285 (1959). On the propagation of mutual coherence,
J Opt. Soc. Amer 49, 787 (1959).

L. Mandel, E Wolf, Some properties of coherent light, J.
Opt. Soc. Amer. 51, 815 (1961)

H. Gamo, Intensity matrix and degree of coherence, J. Opt.
Soc. Amer. 47, 976 (1957).

J. Perina, Une théorie covariante générale des images optiques
avec emploi des groupes de Lie, Opfica Acta 10, 333 (1963).

3. "pOCTpaHCTBeHHaﬂ KOrepeHTHOCTh B u306pa)|{enuu CBETOBOro
HCTOYHHKA

L R. Baker, The effect of source size in the coherence of an
illuminating wave, Proc. Phys. Soc. B66, 975 (1953).

J. Tsujiuchi, Influence de l'aberration du condenseur sur
I'image formée par un microscope, Rev. d'Optique 38, 57 (1959).

S. C. Som, On partial coherence and the concept of effective
source as used in instrument optics, Optica Acta 10, 179 (1963).

4. SlBnenus HHTepdhepeHunu # AHGPAKUMH H HX CBA3L
€O CTENneHbI0 KOrepeHTHOCTH

B.J Thompson, E. Wolf, Two-beam interference with par-
tially coherent light, J. Opt. Soc. Amer. 47, 895 (1957).

B. J. Thompson, Illustration of the phase change in two-beam
interference with partially coherent light, J. Opt. Soc Amer 48, 95
(1958).

A. Lohmann, Grating diffraction spectra as coherent light
?cl)ugcis for two- or three-beam interferometry, Optica Acta 9, 1

962).

A Marechal, O Dupuy, M. Renault, Méthode de mesure
de trés faibles chemins optiques, Optica Acta 9, 47 (1962).

G. B. Parrent Jr, T. J. Skinner Diffraction of partially
coherent light by a plane aperture, Optica Acta 8, 93 (1961).

5. Pacuer addekToB KOrepeHTHOCTH B ONTHYECKMX npuGopax

A.CneunajbHbie METOAH PAacyYeToB

G Menzel, Die Darstellung verschiedener Phasenkontrast-Ver-
fahren in der optischen Uberiragungstheorie, Optik 15, 460 (1958). -

H. Hauser, Optische Ubertragung bei partiell-kohdrenter Be-
leuchtung, Optica Acta 9, 121 (1962).

78



S.Slansky, A Marechal, Images en éclairage partiellement
cohérent dans le cas de faibles contrastes, C. R. Acad Sci 250, 4132
(1960).

B. lBnedus a6eppaudu 0pu YacTHUYHO KOTEPEHTHOM
OCBelleHUHU

W. H. Steel, Effect of small aberrations on the images of par-
tially coherent objects,'J. Opt. Soc. Amer. 47, 405 (1957).

. Slansky, Images partiellement cohérentes de faible con-
traste, Optica Acta 9, 277 (1962).

B.Bnusfauue cTeneH KOTepPEHTHOCTH HAa n306paxeHue
HEKOTOPHX 06BbeKTOB

H. H Hopkins, P M. Barham, The influence of the con-
denser on microscopic resolution, Proc. Phys Soc. B63, 737
(1950)

A M Goodbody, The influence of condenser aperture on the
resolution of a pair of parallel lines, Proc. Phys Soc. B70, 36l
(1957)

M. Frangon, A Saez, Etude du pouvoir séparateur du micro-
scope a contraste de phase Le contraste de phase et le contraste par
interférences, p. 98, Ed. Revue d’Optique, P. 1952.

G. Nomarski, Mme Rousseau-Gaudeix, Influence de
I'éclairage semi-cohérent sur la limite de séparation dans le cas d'une
source annulaire, J. de Phys 16, 13S (1955).

W H. Steel, The defocused image of sinusoidal gratings, Op-
tica Acta 3, 65 (1956).

S. Slansky, Influence de la cohérence de I'éclairage sur I'image
d’'un point noir en présence d'un petit défaut de mise au point, Optica
Acta 2, 119 (1955). Images d’'un disque clair ou sombre en éclairage
partiellement cohérent, Rev d’Optique 39, 555 (1959).

D. Canals-Frau, Mme M. Rousseau, Influence de la
cohérence de I'éclairage sur les images de quelques objets étendus
opaques, Optica Acta 5, 15 (1958)

H. Osterberg, L. W. Smith, Diffraction images of disk-sha-
ped particles with Kohler illumination, / Opt Soc Amer. 50, 362
(1960)

M. De, S. C. Som, Diffraction images of circular openings with
partially coherent illumination, Optica Acta 9, 17 (1962).

6. Pa3iuuHblie BOIPOCHl, OTHOCSLMECS K KOrepeHTHOCTH
CBETOBBIX BOJIH

L. Mandel, Concept of cross-spectral purity in coherence
theory, J. Opt. Soc Amer 51, 1342 (1961).

T J Skinner, Incoherent source with an arbitrarily narrow
power spectrum, J. Opt Soc. Amer 51, 909 (1961).

M. Beran,J. Parrent jr, The mutual coherence of incoherent
radiation, Nuovo Cimento 27, 1049 (1963).

L. Mandel, Photon degeneracy in light from optical maser and
other sources, J. Opt. Soc Amer 51, 787 (1961)

E. Wolf, Correlation between photons in partially polarized light
beams, Proc, Phys. Soc. 76, 424 (1960),

79



7. KorepentHocTs B papnodu3uke U aKkycruke!)

* I. Patkauod ¢, HekoTopble Bompocel Teopun Audpakuuy H HX
npuMeHeHHe K HoHochepe, B c6. «IIpobremMbl coBpemenHol ¢usuxu» 10,
1957 (Pusuxa uonocdeps).

*JI. A. UepHoB, PacnpocTpaneHse BOJH B cpelie co ciayyafiHbIMH
HeO AHOPOAKOCTAMH, Usx-0 AH CCCP, Mocksa, 1958.

*B. U. Tarapckui, P,acnpoupaneane BOJH B TYpOYJieHTHOH
atMocpepe, «Hayka», 1967.

* C. M, PuroB, BBezeHne B CTaTHCTHUECKYIO paJHO(pH3HKY,
«Hayka», 1966.

*4. C. lludpun, Bonpoch CTaTHCTHYECKOH TEOPHH aHTEHH,
«CoB. paguo», 1967.

) MoHorpaduu u 0630pbl; CM. TakXKe /HTepaTypy, YKa3aHHy0 B
3TUX HcTOuHMKaX. (f1pum. ped.)



