Jx3ameH. UnTepdepeHins JJa3epHbIX 1 HHTepdepeHIsa HeJIa3epHbIX
HCTOYHHKOB CBeTA.

Bce nuctounuku cBeTa AenATCS Ha JBA Kilacca: Ja3epHbIE U HeJla3epHBIE.

PaccmoTpum cHauana uHTEpEPEHIIMIO JTJa3ePHBIX HCTOYHUKOB CBETA.

Jlns  ;mazepHOTO MCTOYHHMKAa CBETa M3JIyYeHHE JIIOOBIX JIByX aTOMOB
YCUJIMBAIOIIEH CpeJIbl KOT€PEHTHO.

HcTouyHnMKM CBeTa HA3bIBAIOTCA KOTEPEHTHBIMHM, €CJIM HMX CBET CIIOCOOCH
uHTEp(PEepupoBaTS.

I+ Zlm — yclioBUe UHTEPPEPEHIIUH.
m
Jns na3epHBIX HMCTOYHUMKOB CBETA JA)XE H3JIYYEHHE ABYX PA3HbBIX Ja3epoB

CITOCOOHO I/IHTep(I)epI/IpOBaTL. MHTEHCMBHOCTHh CBETa IIpU 3TOM HC IIOCTOsHHA, a
HCIIBITHIBACT 6I/I€HI/I}I, OCHUIINIMPYECT, HA p%HOCTHOfI qacToTC W — Wy, TAC W U Wy

— YaCTOThI FEHEPALIUMU JIBYX paCCMaTPUBAEMBIX JIa3€POB.
PaccMoTpuM 11Ba Js1a3epa, KOTOpbIE H3Iy4yarOT IIMPOKHE IIyYKH CBETa,

HaIlpuMep, MOXHO IOCTAaBUTh HA BBIXOJE Ka)KIOr0 JIa3epa PacCEUBAIOIILYIO JUH3Y.

[TycTh ma3epsl U3My4aroT CBET C OAMHAKOBOM YacTOTOM @ M B OJMHAKOBOM (hasze.

o

JARANN

Ha skpane 6ynyT uatepdepeHIIMOHHBIE MOJIOCH C IMUPUHON d = —.
o

[Iycth HEKOTOpast TOUKA 3KpaHa OJMHAKOBO yJAajieHa OT JIa3epOB, U U3TyUCHHE
B ATOM TOUKe cuH(}a3HO — Pa3HOCTh (ha3 paBHA HYJI0. B 3TOM Touke OyneT cepeauHa
CBETJIOMN MOJIOCHI, TAK KaK pa3HOCTh X04a A 11 Hee paBHA HYJIIO A =0.

Uro u3MEHUTCs, €CIM BEpXHUH Jla3ep HauyaTh JIBUTaTh HABCTPEUY SKpPaHy CO
CKOpOCTbIO V' ?

== =

0y

Touka OIMHAKOBO yJaj€HHAas OT Ja3epOB HAYHET IEpEMEIIaTbCi BHU3 10
JKpaHy OT TOYKH A K Touke B. Eciu BepxHuUi Jia3ep OCTaHOBUTH, TO B 3TOU TOUKE B



OyZeT HaxOIUThCS CEpeuHa CBETIION MOJIOCHI, TaK KaK Pa3HOCTb X0/a JJIs Hee paBHA
Hymto A=0.

BMecte ¢ HyneBoil mnosiocoid, s kotopodn A =0, W oOcCTajgbHbIC
UHTEPPEPEHIIMOHHBIE TIOJIOCHI OYIyT IBUTAThCSI BHU3 110 IKPaHy.

bynem cuuTaTh, YTO YAacTOTa W3JIY4YEHUS [BWXKYIIErOCi Jla3epa B €ro
COOCTBEHHOW CHUCTEME OTCUETa HE U3MEHSETCS BO BPEMs JIBHIKEHUS U TO-TIPEKHEMY
paBHa .

B HenoaBm:KHOM cUCTEME OTCUETA, CBSI3aHHOW C KPAaHOM, YacTOTa U3JIy4eHUS
BEPXHETO Jia3epa u3MEeHuIach u3-3a 3pdexra Jlomnepa:

HoBas wacrtota BepxHero naszepa B JJaOOpaTOpHOW CHUCTEME OTCUeTa paBHA

W ~rwW+—w TpU YCIOBUU V<<e , Koraga JOCTATOYHO YYHUTHBIBATHL TOJIBKO
c

nuHeHbIN 3Qdext omnepa.
YacToTa HUIKHETO Ja3epa @, MO-IPEKHEMY COXPAHAETCS PAaBHOU @ .

B ¢QuxcupoBaHHOIl TOUKEe S5KpaHa HHTEHCUBHOCTh CBETa OCIMLIIUPYET C
4aCTOTOM @] — @W,. DTU OCUULISLHMUA MOXKHO OOBACHUTH, KAK MU3MEHEHUE PAa3HOCTH

Xoda A, WM Kak pe3yJIbTaT CJIOKEHUS BOJH C Pa3HbIMH YacTOTaAMH. DTO JIBa
OMHCaHMS OJTHOTO U TOTO ke AP dexTa.

CrnenoBareibHO, NMPH HWHTEP(EPCHIIMU JIBYX CBETOBBIX BOJH C Pa3HBIMH
4acTOTaMH @ U @, HMHTepPEPEeHIMOHHBIE TOJIOCH OeryT mo 3kpany. [lomockr

JABWKXYTCS BHU3 IPU YCIIOBUU W > @5 .

Pa3HocTh 4acTOT ABYX OJIMHAKOBBIX HEMOABUKHBIX JIA3€POB BCErJa UIYMHUT, TO
€CTh H3MEHSAETCS CiIy4allHbIM 00pa3oM B HEKOTOphIX mnpenenax. Ilpu sTom
UHTEP(PEPEHIIMOHHAS] KApTHHA HA 3KPAaHE JIPOXKUT, CMEIIAiACh ITyMOBBIM 00pa3oM TO
BBEPX, TO BHU3.

s nabmoneHuss MHTEpPEpeHIInU U3IyYeHUsl JIBYX JIa3epOB HA MPUEMHHKE
CBeTa HEOOXOAMMO 00ECTIEUUTD BBITTOJIHEHHUE JIBYX YCJIOBUH.

A y
1). Illupuna mnomoc d=— nomKkHa OBITH OOJBIIE IIUPUHBI MPUEMHOU
a

TIomaaku D JaeTekTopa CBeTa:

i>D.

a

Nnaye Ha 1ulOmIagKke MpHEeMHHKA OyneT YKIAJbIBaTbC  HECKOJIBKO
UHTEP(EPEHIIMOHHBIX TMOJO0C, W MpH ABMKEHUHU IOJIOC CPEIHSAs MO IUIOIIAJKE
MHTEHCUBHOCTb MOUYTH HE Oy/1eT U3MEHSATHCS.

Ecnum nomanka npsAMOyrojbHas, W €€ IIMpPUHA TOYHO KpaTHa IIUPUHE
UHTEP(PEPEHIIMOHHBIX TOJI0C, TO CPEAHsS MHTEHCHBHOCTh HA MPUEMHOW IUIONIA/IKE
HE U3MEHSETCS MPHU NepeMelIeHHH HHTEPPEPEHIIUNOHHBIX MOJIOC.

2). Pa3HOCTh 4acTOT JBYX Jla3epoB JAODKHA OBbITh Majla IO CPaBHEHUIO C
BEJIMUMHON 0OpaTHOW K MOCTOSHHOW BPEMEHM 7 WJIM MHEPLUHUOHHOCTU MPUEMHHUKA
CBeTA!
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Eciu BTOpOE yCIOBUE HE BBINOJIHEHO, TO MPUEMHUK CTIaKUBAET BO BPEMEHU
OCUMJUIALIMM MHTEHCUBHOCTH, U CUTHAJI MHTEP(EPEHIMU B (POTOTOKE MPUEMHHMKA HA
4acToTe OMEHU @ — @, OyAEeT OTCYTCTBOBATH.

Brtopoe ycnoBue BBIIIOJHUTE TOPa3i0o TPyIHEE, YEM IIEPBOE.

PaccMoTpuM Teneps uHTEp(EPEHIIMIO HENTa3epHBIX UICTOYHUKOB CBETA.

Jl1 Hena3epHbIX HCTOUYHMKOB CBETA U3IYUYEHHE JIBYX JHOOBIX pa3HbIX aTOMOB
HEKOT€PEHTHO, NOTOMY YTO aTOMbl M3JIy4alOT HE3aBUCUMO JpYyr OT Jpyra M co
ciry4aitHoW paszHocThio (a3. CremoBaTenbHO, JJIS HEJa3epHBIX MCTOYHUKOB CBETa
U3ITyYeHUE KaXJIO0ro aromMa MOKET MHTep(hepHpoBaTh TOIBKO C M3IYYCHHEM 3TOTO
KE aToMma.

Jl71a Hena3epHbIX UCTOYHUKOB CBETa JIOObIE ABa (POTOHA, U3TYUYCHHBIX OJHUM
U TEM € aTOMOM, HEeKorepeHTHbl. CieqoBaTeNIbHO, JJIl HEJIA3€pHOI0 MCTOYHHKA
CBeTa KaX/bli POTOH UHTEPPEpUPYET TOIBKO caM € COOOI.

O6cynum moapoOHee, Kak 3TO MPOUCXOUT.

Kaxaplii arom mnociae CBOEro BO30YKIAEHHS H3Iy4yaeT BO BCE CTOPOHBI
3aTyXawllyl0 CBETOBYI0 BOJIHY — CBETOBOM uyr. B 53ToM cBeToBOM IIyre
COJIEPIKUTCS BCEro OJUH (POTOH — MOPLMS SHEPTUU AV, TI€ V — YacTOTa CBETA.

ATOM M311y4aeT 3JEKTPOMArHUTHOE MOJI€ CBETOBOM BOJIHBI BO BCE CTOPOHBI B
COOTBETCTBUM C AMArpaMMON HAIPABICHHOCTH W3JIy4YE€HMs JIWIIONSA, a IOIJIOTUTH
(OTOH MOKHO TOJIBKO B OJTHOM MECTE.

HempaBuibHO cunTath, 4TO aTOM M3NTy4daeT (POTOH CBeTa B OJHY CTOPOHY, a
MBI, HE 3Has B KaKyl0 HMEHHO CTOPOHY OH M3JIy4aeT, SKOObI BBIHY)K/IEHBI CUHTATh,
YTO aTOM U3Jy4aeT BO BCE CTOPOHBI.

J1eno B TOM, YTO U3JIyYEHHUE KAKJIOT0 aTOMa, BBITYLIEHHOE B Pa3HbIE CTOPOHBI,
MOKHO 3epKajaMu coOpaTh B OAHY TOUYKY 3KpaHa U 3aCTaBUTh HMHTEP(HEPHUPOBATH.
Hampumep, B onbiTe FOHra nzinydyeHue Kaxaoro aroMa NpoxXoJuT Yepe3 ABE IIEIU U
uHTepepupyeT camo ¢ codoii Ha sKpane. [Ipr 3TOM UHTEHCUBHOCTH CBETA HA DKpaHE
OyZeT 3aBUCETb OT Pa3HOCTH (pa3 MHTEpPEPUPYIOMIMUX BOJH. DTO U O3HAYAET, UTO
Ka)X/Ibli aTOM M3JIy4aeT CBET BO BCE CTOPOHBI, HAPUMEpP, B CTOPOHBI JBYX ILEJEH.
Ecnu Obl aTOM He M3Iyyaa OJHOBPEMEHHO B 00€ WLIENM, a M3Iy4daa Obl TO B OJHY
II€JIb, TO B IPYTYIO, TO HAa SKpaHE HE ObLI0 Obl HHTEP(PEPEHIIUH.

dakyabTaTHBHAs BCTABKA.

WNHTepecHo, 4TO MpW NOMJIOLIEHUH (OTOHA CBETOBAs BOJHA IPOIAJAcT
OJIHOBPEMEHHO BO BCEX TOYKAaX IMPOCTPAHCTBA, & HE CO CKOPOCTBIO CBETA, YTO HE
COBCEM COTJacyeTcsi ¢ TEOpUEH OTHOCHUTEIbHOCTH. Pa3mblluieHuss U 00CyXIeHUs
MTHOBEHHOTO M3MEHEHHsI BOJHBI MPOJOIDKAIOTCA B Qu3uke A0 cux mnop. C »tum
CBSA3aH BOIIPOC O TaK HAa3bIBA€MbIX MEPEIYTAHHBIX KBAHTOBBIX COCTOSHUAX, KOI'Ja
IB€ YacTU OJHOW KBAHTOBOM CHUCTEMBl HAxOIATCS AAJEKO JpPYyr OT Apyra, HO
OTKCHIBAIOTCS OAHOW BOJHOBOM (pyHKumed. Ecim m3aMeputh (M3MEHUTH) COCTOSIHHE
OJTHOM YacTU CUCTEMBI, TO MTHOBEHHO Ha JIIOOOM pPAaCCTOSIHUUA COCTOSIHHUE JIPYrou
YAaCTU CUCTEMBI OKAXKETCS COOTBETCTBYIOIIIMM HOBOMY COCTOSIHUIO TIEPBOM 4acCTH.




I'eneparust mapel mepemyTaHHBIX  ()OTOHOB B pE3y/IbTaTe CHOHTAHHOTO
napaMeTPUUECKOrO pacCesHHsl Ha HEeJMHEWHOM Kpuctaie. JlJis OHUX KpUCTAJIOB
reHepupyeTrcsi mapa (OTOHOB OJMHAKOBOW TMOJAPU3ALMH — 3TO CHHXPOHU3M
NEPBOTO TUMA, AJIs APYTUX KPUCTAIIOB TeHepUpyeTcs napa GOTOHOB OPTOTOHATBHOM
MOJIAPU3ALMHI — 3TO CUHXPOHU3M BTOPOTO THIIA.

JlasepHblit NOTOK

/

HenuHenHbi kpucTtann

BepTukansHo
nonapu3oBaHHble
doToHbI (V)

['opusoHTansHo
nonspu3oBaHHble
oTOoHbI (H)

3anyTaHHble POTOHbI

[Iycts nBa mepemyTaHHBIX ()OTOHA OPTOTOHAJIBHOW MOJIIPU3ALUU HAXOASTCS
Ha OOJILIIOM pacCTOSIHUM APYT oT npyra. Eciou mist onHoro u3 potoHOB 0OHApyXeHa
JTUHENHas Tmosisipu3alMs Ha J1I000e HampaBjeHUEe, TO BTOpod (OTOH cpasy
OKa3bIBAETCS C MOJISIpU3aLMEN OPTOrOHAJILHOM 3TOMY HANPaBIICHUIO.

OcHOBHBIE UIeM KBAaHTOBOW MEXaHHWKH MOKHO IMOCMOTPETh B MIEPBOM U Havase

BTOPOM JIEKIIUM MOETO Kypca MO HEJIMHEWHOM JIA3€PHOU CIIEKTPOCKOIIUU
http://www.phys.spbu.ru/content/File/Library/studentlectures/Krylov/NLLasSpectr.htm

10 Bompoca 00 ypaBHeHuu llpeaunrepa BKIIOUUTEIHHO.

Eme Hebonpiioe 3aMeuaHue MO TMOBOAY HMHTEPGEPEHIMH H3IIy4YCHUS
HEJIa3epHBbIX UICTOYHUKOB CBETA.

Ilyctb 1Ba aTomMa HaXOAATCS HA PACCTOSHUHU, KOTOPOE ropa3/lo MEHbILE JUIUHBI
BOJIHBI CBETA, KOTOpBIM OHM M3iaydaroT. Korga oguH atoM HauyMHAeT CHOHTAaHHO
U31y4yaTb, BTOpPOM aTOM OKa3blBae€TCs B II0JI€ M3JIY4YEHHs] IEPBOrO aromMa H
BBIHYK/ICHHO M3JIy4yaeT B TOM ke asze, 4uro u nepsBbld arom. llo Hamewmy
IPEINOJIOKEHNIO 1BA aTOMa HAXOAATCs OJU3KO APYr K JIpYyry, MO3TOMY B JHOOOM
HAIMpPABJICHUU PA3HOCTh XOJa M3JIyYEHHUs JBYX aTOMOB Masia. ATOMBI M3Iy4yaioT B
OJIMHAKOBOM (haze B JIr0OOM HampaBieHHH. M3iydeHue IByX aTOMOB CKJIIbIBACTCA
no amruutyae. [Ipy 3TOM HHTEHCHBHOCTh M3JIy4€HHS, KaK KBaJpaT aMIUIUTY.BbI,
OKa3bIBACTCS B YETHIPE pa3a OoJIbIlle MHTEHCUBHOCTU M3Iy4YeHHs oJHOro aroma. Ho,
C JIpyrod CTOPOHBI, BA aTOMa MOTYT M3JyYUTh SHEPIUIO0 TOJbKO 2Av =2hw, a HE
4hv . B pe3ynprare Ba TaKMX aTOMa M3Iy4alrOT 3HEPTUI0 2AV, HO H3IIy4aroT €€
obicTpee, ueM oauH atoM. CBETOBOW IIyr M3My4YEHHUS CTAaHOBUTCA Kopoye. CHekTp
U3JIy4YEHUs] CTAHOBUTCS IIKPE. DTO SIBJICHUE HAa3bIBAIOT CBEPXU3IIYUECHUEM.




Ecnu nBa aTroma HaxoAsATCS Ha pacCTOSTHUM OOJIbIIE IMOJIOBUHBI AJIMHBI BOJIHBI
U3JIyYEHUsI, TO OHU M3JIy4YarOT HE3aBUCHUMO JApPYr OT Jpyra. B kakoM-To ogHOM
HaMpaBJIeHUM OHU U3Ty4aloT B (a3e, B KaKOM-TO JIpyromM — B mnpoTuBodaze. B
LIEJIOM MOITHOCTb U3JIyYEHUS JBYX aTOMOB B JiBa pa3a OOJIbIIE MOIIHOCTH U3Ty4YEHUs
onHoro aroMa. OOBIMHO €ClM aTOMOB MHOIO, TO MOUIHOCTh HU3ITy4YEHHUS
OPONOPLUUOHAIBHA KOHUEHTPAUUM AaTOMOB. ECiIM € MOIIHOCTh HW3JIYYEHHUS
IPONOPLUHUOHAIIBHA KBA/IPATy KOHLEHTPALIMH, TO 3TO CBEPXU3IIYUEHUE.

Ecnu aBe aHTEeHHBI, U3ITydalonIyue paJuoBOIHbI B OJMHAKOBOH (haze, IOCTaBUTh
ONMM3KO JAPYr K JAPYry, TO KaXKJas aHTeHHa OyJIeT MPUHUMATh WU3JIy4YE€HUE JPYrou
aHTeHHbI, U OHM OYJyT MelaTh W3NydaTh Apyr Apyry. Ecim Okl He Memmianu, TO
U3ITyYeHHUE CKIAAbIBAJIOCh Obl MO aMIuiuTyae (Kak Uis IBYX aTOMOB), U MOIIHOCTb
U3ITyYeHUs] JByX aHTEHH Oblia Obl B 4eThIpe pa3a OOJbllle MOIIHOCTH H3ITyYCHHS
OJIHOM aHTEHHBI, YErO HA CAMOM JIEJIE HET.

Konen ¢akynbTaTHBHOW BCTABKHU.

Ecimu oaun GoToH mpoxoauT yepes JBe 1Iesid U uHTepdepupyer cam ¢ coOoH,

. . hv
TO HEJIB3S JIM 3a OJTHOU IIEJIBIO ITOHMAaTh IMOJIOBUHY (OTOHA > ? Her Henb3sa. MoxHO

noiimMath a100 1enslit poToH Av, MO0 HUYETO.

Kak xe Hepenumblid (POTOH MPOXOIUT uepe3 ABe wenu? YTo MMEHHO IPOXOAUT
yepes ABe e’

CBeT MMeeT CBOMCTBA M BOJIHBI M YacCTHLBl, HO TOJBKO IO OYEpPEAM, a HE
OJTHOBPEMEHHO.

ATOM M35IydaeT BO BCE CTOPOHBI BOJHY BEPOATHOCTH NoiiMaTh GoToH. MHave
HEJb3s1 OOBACHUTh MHTEPPEPEHILMIO HENA3epHBbIX MCTOUYHUKOB cBeTa. KommiekcHas
HaIPSKEHHOCTh  JIEKTPUYECKOTO II0JIS CBETOBOM BOJIHBI — O3TO M €CTh BOJHA
BEPOATHOCTH TMOWMaTh (OTOH MM TaK Has3blBaeMas BOJHOBas (YHKIUA. XOTs
COTJIACHO TEOPHUH BTOPUYHOIO KBAHTOBAHUS BCE HE COBCEM TaK. Y CamMOM BOJIHBI
MOSIBJISIETCS. HEOTIPEIEIEHHOCTh aMIUIUTYABI U (a3bl, HO HE 3a0uBaiiTe ce0e roJIoBY.

BepositTHocTh moiiMaTh (POTOH TPOMOPLMOHATFHA MHTEHCUBHOCTH CBETa, TO
€CTh IPONOPLMOHAIbHA KBaApaTy MOIYJIS KOMIUIEKCHOM AaMIUIMTYJBl CBETOBOIO
noyig. [Ins MOHOXpPOMAaTH4YECKOro CBETa MOXYJb KOMIUIEKCHOM —aMIUIMTY/IbI
CBETOBOTO I0JII PABEH MOAYJIIO0 CAMOI'0 KOMIUIEKCHOT'O CBETOBOIO ITOJIS.

AHanoruyHble CBOWCTBA BOJHBI M YACTUIBI UMEET JIEKTPOH U Jito0as Apyras
yactuua. g mo0oil yacTuipl, Kak U 1uig GOTOHA, BEPOSATHOCTh MONMAaTh YaCTHUILY
IPONOPLUUOHANIbHA KBaApaTy MOJIyJisi BOJHOBOM (yHKuMu. BoiaHOBOM (yHKuMen
Ha3bIBAIOT KOMIUIEKCHYIO BOJIHY, KOTOpasi COOTBETCTBYET YaCTHULIE.

daxyJbTaTHBHAs BCTABKA.

JIM4HO s MOHMMAIO Ayalr3M BOJIHA-4acTHla clefyromuM odpa3oM. [loka He
MBITAIOTCSA ONPENEIUTh Ha ONBITE KOOPAMHATHI YaCTULIbI (JIOKAJU30BATh YaCTULLY WM
ee MoKWMaTh) HUKAKOM 4acTullsl HeT. ECTh TONbKO BosHA. DTa BoJHA AU(parupyer Ha
NPEmITCTBUIX U UHTepdepupyeT cama ¢ co0oil. YacTHIIbl IPU 3TOM HET HU B KaKOM
cMmbicne. BoiiHa — 310 enuHCTBEHHaAs peanbHOCTh. Kornma vacTuiyy j0BSAT, BOJIHA
MTHOBEHHO IIpONIaJa€T BO BCEM NPOCTpaHCcTBe. BosHa mnponagaer, dvacTuua
poxaercsa. OT BOJIHBI OCTAaeTCA TOJIBKO BEPOSTHOCTh MOWMATh YacCTHUIy B Pa3sHBIX
TOYKaX IPOCTPAHCTBA, KOTOPasi NPONOPLMOHAIIbHA KBaIpaTy MOYJISL BOJIHBI.




Konenl hakyiapTaTUBHOW BCTABKH.

IK3amMeH. /IBa MeT01a 10JyYeHUs ABYXJIY4eBOil MHTep(epeHIIHOHHOI
KAPTHHBIL.

Ecte nBa W TonbkO JBa criocoba (MeToaa) mojiydeHus HHTephepeHLnH, B
KOTOPBIX U3JIy4EHHE OJIHOTO CBETOBOTO I[yra OJHOr0 aroMa MHTephEepUpyeT camo ¢
co0oi. DTH Xe JBa METOA UCIONb3YIOT JJIs MOIY4YeHUs1 HHTep(EepEeHLIUU JIa3epHOTO
U3ITy9ICHHUS.

1-pIii METO — METOJ NIEJICHUS aMIUIMTYIbl, B KOTOPOM JIB€ BOJHBI IS
HaOMroAeHUST WHTEPPEPESHITNN TIOJYJar0T TP PACHISIUICHHH CBETOBOW BOJIHBI Ha
ITOJIYTIPO3PAYHON IIJIACTUHKE.

OnTruyeckasi cxeMa OTbITa MPEACTABICHA HA PUCYHKE:

2-0i1 MeToq — MeToHA JeJeHHS BOJHOBOTO (pOHTa, B KOTOPOM JIBE
UHTEp(PEepUpyIOLIIe BOTHBI MOYy4al0TCA, KaK JIBa y4acTKa OJTHOTO ()pOHTA BOJIHHBI.

Jlanee paccCMOTpPUM HpPUMEPHI MOTYYSHHUsS] HHTEPHEPEHIIMU METOAOM JICJICHHUS
aAMILUTATYBI.

dx3aMeH. UnTepdepeHing BOJH OTPAXKEHHOW U IPoHIeaIIel MoJyIpo3pPavYHyIO
IIACTHHKY.

. 4

oL

JAAMAN

Mupuna uHTEpHEPEHIIMOHHBIX MOJIOC d Ha SKPaHE OMPEIENIeTCS BEIUIYUHON

yria o MexIy UHTepPepupyromrMy BoJIHAMU d = —.
o

Ix3amMeH. UnTepdepeHIus cBeTa NP OTPAKEHHUH OT IJIOCKONAPAJLISILHOM
IJIACTHHKH.




CBer oOTpaxaercss OT IUIOCKONApaUIeIbHOM MPO3PAYyHOM IUIACTHHBI  C
noKasareJsieM npenomienus z . IlonpasymeBaercs, 4To HCTOYHUK CBETa S HAXOIUTCS
Ha pacCTOSHUHU / OT IJIACTHHBI TOPa3/10 OOJbIIEM, UEM TOJIIMHA IUIACTUHEI /1.

upuHa uHTEPPEPEHIIMOHHBIX MOJIOC OISATh paBHA d = —.
a

dx3amen. Uarepdepomerp MalikeabCOHA.
LA

¥

VAN

Nutepdhepomerp mnpencrariser coO0H TMOMYyNpoO3padyHyr0 IUIACTUHY, JBa
3epkana u 3kpaH. [Ipu uaeanbHON FOCTUPOBKE (HACTPOMKE) ONTHUUYECKOM CXEMbl Ha
AKpaHe HaOMoAarTCs WHTephepeHIMOHHbIe Koibua. Ilpu ynaneHun or ueHTpa
UHTEPPEPEHIIMOHHON KapTUHBI IIUPUHA KOJEl] YMEHbIIAETCH.

UTtoObl OOBSICHUTH TakoOW BUJ HMHTEPPEPEHIIMOHHON KapTHUHBI HYKHO
PacCMOTPETh SKBUBAJIEHTHYIO ONITUYECKYIO CXEMY.

PaccmoTpuM cBET, KOTOpBIM BBIXOJUT W3 MCTOYHHMKA S W OTpakaercs OT
MOJIyIIPO3PAYHOIl TIACTUHBI BBEPX. DTOT CBET MOXKHO paccMaTpHuBaTh, KaK CBET,
UAyIIAA OT M300paKeHHs MCTOYHMKA S B TOJYNPO3padyHON  IJIACTHHE.
N3o0pakerne uctouHuka S OyIeT HAaXOAWUTHCS HA BEPTUKAIBHOM JIyde HIDKE
MOJTYIIPO3pavHOl MmiacTuHbl. CBET, UAYIIUNA OT 3TOT0 M300paKEHUS UCTOYHUKA S,
UJET BBEPX, OTPAXKAETCS OT BEPXHEr0o 3€pKajia U WIeT BHM3 K 3Kpany. [locne
OTpaXEHUsI OT BEPXHEro 3epKaja CBET AT TaK, KaK €Cld Obl €ro HCTOYHUK
HaXOJWICS Ha BEPTUKAIBHOM JIyde€ BbIllIe BepxHEro 3epkaia. CBET, OTpa)K€HHbIN
BHM3, UJIET TaK, KaK €Cii Obl €r0 UCTOYHUKOM OBIJIO0 M300pakKeHHuEe UCTOYHUKA S B
NOJIyIIPO3PAYHOI MIIaCTUHE, U300PAXKEHHOE €IIIe U B BEPXHEM 3epKajie.




AHamoOrMyHO  paccCMOTPUM  CBET,  KOTOpBIM  CHayajga  IPOXOJIMT
HOJIyNIpO3payHyto IuacTuny. [locie oTpakeHus: OT IpaBoOro 3epkajia OH UAET HaJEBO
TaK, KaKk €ciii Obl €ro MCTOYHUKOM ObLIO M300pakeHHE MCTOYHHKA S B MPaBOM
3epkaine. CBeT, uAYIIMIA HaJIEeBO, OTPAKAETCS OT MOIYIPO3pAaYHON IJIACTUHBI BHU3 K
skpaHy. CBeT, WHIyIIMH BHU3, pACIpPOCTpaHseTcss Kak Obl OT MCTOYHHMKA,
ABJIIOIIErOCs M300paKEHHEM B  MOJIYNPO3pauyHOM IJIaCTMHE  HU300pa)KeHMsI
UCTOYHMKA S B IPAaBOM 3epKajie. ITO M300pakeHHE H300pa)KeHUs HAXOAUTCS Ha
BEPTUKAJILHOM JIyY€E BBIIIE MTOIYIPO3PAYHOM TIACTHHBI.

WNnTtepdepennimonnas kapTMHa Ha 5JKpaHe Kak Obl MpeaCcTaBsieT Cco0oit
UHTEP(PEPEHIINIO U3TYyUYEHUS JBYX KOT€PEHTHBIX MCTOYHHKOB, PACIOJIOKEHHBIN Ha
BEPTUKAJIILHOM JIy4e APYT HAJ IpYyrom. JTa SIKBUBAJICHTHAs ONTHYECKAs CXeMa UMEET
BEPTUKAIbHYI0O OCb cuMMeTpuu. CrenoBaTelbHO, HWHTEpP(PEpPEHIIMOHHAS KapTHHA
JO0JDKHA UMETh Ty XK€ OCh cuMMmeTpud. [losromy mHTEpdepeHnoHHas KapTUHA Ha
HKpaHe — KOHLEHTPUUYECKUE KOJIbLIA.

F S
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Ik3aMeH. Iloaayuenne uHTepdepeHIN METOA0M JieJIeHUsI BOJJHOBOIo (hpoHTA.
(2-0ii MeTo1 OSTyueHUsI UHTEP()EPUPYIOLTNX BOJIH)
B wMerome nenenuss BoiHOBOrOo (poHTA ABE HHTEP(EPUPYIONIHE BOIHBI
MOJTYYarOTCs, KaK JIBa y4acTKa OAHOTO ()POHTA BOJTHBHI.

Ix3amen. OneiT FOQHra.
B omnbite FOHTa cBET OT MCTOYHMKA MOMAAAaEeT Ha DKPaH yepes JIBE MICIIU:




b=

Q=

=%

MMM

3necy [ — anepTypa UHTepPepeHITUN.
Amneprypa uaTephepeHIIuu — yroJl, 0l KOTOPBIM U3 OJJHON TOYKH HCTOYHUKA
BBIXO/IAT JBA JIy4a, KOTOPBIE IIOTOM TMOIAAI0T B OJHY TOYKY dKpaHa.

dx3ameH. bunpusma OpeHed.

bunpusma ®penens — npusMa, B OCHOBAaHMM KOTOPOM HAXOIUTCS
TYNOYTOJIbHBII paBHOOEIPEHHBIN TPEYTOJIbHUK.

=% |

Yron 6 mnpu OCHOBaHWUHU TPEYrOJIbBHUKA U yTOJN ¥, Ha KOTOPBIM KaKIbI U3

JIByX TOHKHX ONTHYECKHX KJIMHBEB O TIOBOPAYMBACT JIyd, CBS3aHBI COOTHOIICHHEM:
y=(n-1)6.

Ha pucynke [f — aneprypa wunrepdepeniuu, d =£ — IIUpUHa
a

UHTEP(PEPEHIIMOHHBIX TOJIOC.

JK3aMeH. 3epkaJio Jlioiaa.

WnTtepdepupyror nsa ayya. OauH Iyd UAET ONPSIMO OT UCTOUYHHKA CBETa S K
AKpaHy, BTOpOM OTpakaeTcs OT 3epkaia. 3nech [ — amepTypa UMHTephepeHIuu.

[Iupuna nosioc d = i
a



3aMeTuM, 4TO B HMDKHEN TOUYKE HKpaHa, TJIe SKPaH COMPUKACAETCS C 3€PKAJIOM,
HAXOJUTCS CepeluHa TeMHOW NoJochkl. B 3Ty TOouky MHTEpPEepHUpyIOLIUE BOJHBI
OPUXOAAT B NpOoTUBO(A3e, TaK KaKk MPU OTPAKEHUHU OT 3epKajia OJHA U3 BOJIH TepSET
10JI BOJTHBI.

Ix3ameHn. bunnnia buiie.
W3 0OBpIuHON JHMH3BI BBIPE3AIOT U YIAIAIOT MOJIOCKY. [[Be ocTaBlIMecs yacTu
CKJIeHBaloT. B pe3ynbrare nomyuyaercs oununsa buiie.

—=

Touky nepecedenus (HoKaIbHON TNIOCKOCTH U OCH CUMMETPHUU 33Ja4d MOYKHO
Ha3BaTh (poxycom OmnnH3bI buiie.

PaccMoTpuM TOYEUHBI HMCTOYHHK CBeTa S, pPACIONOXKEHHBI B (OKyce
OounuH3bl buite 1 paccMOTpUM JTy4H CBeTa, MPOXOASAIIUE Yepe3 BEPXHIOI MOJIOBUHY
OWITUH3BI.

Ecnmu BepxHIOIO TOJIOBUHY OWJIMH3BI JOCTPOUTH BHU3 JIO TOJHOW JHMH3BI, TO
LIEHTP NOJHOW JIMH3bl OyAeT HaXOQUThCA B HEKOTOPOH Touke (), pacloyIOKEHHOU

HIKE OCH CHMMETPUU 3a/1a4H.
Jlyun, mporuieamme 4epe3 BEPXHIOK MOJOBUHY OWIMH3BI, MOCIE OWIUH3BI
NOWIYT mapamienabHo npsamMoi SO;, Tak Kak JIyd, IPOXOJAIMNA Yepe3 LUEHTP JUH3bI

O,, AOJKEH NpoiTH IUH3Y 0€3 U3MEeHEeHus HanpasjieHus. OCTalbHbIE JTy4H 00s3aHbI
OBbITh MapauleNbHbIMU Ty4y SO, TaKk KaK UCTOYHHUK CBETa HAXOAUTCS B (DOKAIILHOM

1ockocT. Kak BUIHO M3 pUCYHKA 3TOT MIy4OK JIy4ed HAKJIOHEH BHU3 OTHOCUTEIBHO
OCH CUMMETPHH 3aJa4H.

AHaNOrM4YHO, JIy4d, IPOUIEIIINE HIKHIOIO TIOJOBUHY OMWJIMH3bBI, HOWIYT MOCIE
OMJIMH3BI TApaJIEIbHBIM IIYYKOM JIy4€l CJIeTKa HaKJIOHEHHBIM BBEPX.

Ha okpan npuxonmdar nBa mnapajulesbHBIX ITydKa JIy4deH, IPeICTaBIIOLIMX
co0oil nBe TIUIOCKMX BOJHBL. VHTEeppepeHIMOHHbIE TOJOCH OyayT HMETh
OJIMHAKOBYIO IIUPHUHY 1O BCEMY 3KpaHy, TaK KaK yroa Mexay MHTephepUpyromuMu
Jy4aMH B KaXK10M TOYKE 3KpaHa OAMH U TOT XKe€.

Ix3aMmeH. [Hopssnok narepdepeHIny Wi HoMep HHTepdepeHIIMOHHON MOJ0CHI.




Homep uHTEphEepeHIIMOHHONW MOJOCH], OH K€ MOPAAOK HWHTep(epeHIuH, Mo
OIIPENIEIICHUIO PABEH

A
m=—,

A
rae A — onrTuyeckas pasHoOCTh X0Jia ABYX JIy4ei.
Hynesas nmosioca cooTBETCTBYET HYJIEBOM pa3HOCTH XO/1a.
OOGbI4HO HYJIEBas MOJIOCA CBETJIAs, HO B OMBITE ¢ 3epKayioM JImoiaa — TeMHas
13-3a TIOTEPH MOJIYBOJIHBI MPU OTPAXKEHUU OT 3epKaja.

Ix3ameH. KorepeHTHOCTL. UacTHUYHO KOTe€pPEHTHBI CBET.

KoreperTHOCTh — CMTOCOOHOCTH HHTEPHEPUPOBATH.

OOBIYHO O KOTEPEHTHOCTH WM HEKOTEPEHTHOCTH TOBOPAT  TOJBKO
MMPUMEHUTENBHO K BOJIHAM C OJJTUHAKOBOM MOJISIPU3ALIACH.

[Touemy?

PaccmoTprm 1B€ TMHEWHO MOJIPU30BAHHBIE CBETOBBIE BOJHBI OJTHOW YaCTOTHI
U C OPTOTOHAJIBHBIMM TMOJSIpU3aLMSAMHU. [[7 OpPTOrOHANBHBIX MOJSPU3ALIUNA
I=1;+1,, n unreppepenuun Her. Kazamocb ObI HYXHO CUUTATb OTU BOJIHBI

HEKOTE€PEHTHBIMU.

Ho ecnu npornyctuts cyMMapHyI0 BOJHY Y€pe3 MOISPU3ATOP, OCh KOTOPOTO HE
COBMNAJACT HU C OJHOW W3 ABYX JIMHEWHBIX MOJSPU3ALMI, TO MOCJIE MOJISIPU3ATOPA
BOJIHBI UHTEpGhepupyor [ # 1, + 1, . B mpomeamemM cBeTe oT Kaxka0i U3 ABYX BOJH

—

OCTaeTCsl COCTABIAOIIAs BEKTOpa £ BIOJbL ocH nossipusaTopa. lIpomenmme BOIHBI
CKJIQ[BIBAIOTCS 110 HANPSDKEHHOCTU. IIpy 3TOM MHTEHCHBHOCTH CyMMAapHOW BOJIHBI
MOJKET OKa3aThCsl KaKk 0OJIbIIE, TAK U MEHBILIE CYMMbl HHTEHCUBHOCTEA.

HenoHsATHO, HYXHO 1M Ha3blBaTh CBETOBBIE BOJHBI [0 MOJSPU3ATOPA
KOT€pPEHTHBIMU UJIU HEKOT€PEHTHBIMMU.

Jlanee Oymem oOCYXJaTh KOT€PEHTHOCTHh BOJIH, MOApPAa3yMeBasi, YTO BOJHBI
MMEIOT OJJMHAKOBYIO MOJISPU3ALHUIO.

JIBa MCTOYHHMKA CBETa KOTEPEHTHBI, €CIM HMX Pa3HOCTh (Pa3 MOCTOSTHHA BO
BpeMeHH. J[Ba MCTOYHHMKA CBETa HEKOTEPEHTHBI, €CIM WX Pa3HOCTh (a3 IIyMHT
Oonbie, ueM Ha 27 . Eciu pasHocTh (a3 nryMuT MeHbIle, 4YeM Ha 277, TO TOBOPST,
YTO UCTOYHMKHU CBETA YACTUYHO KOI'€PEHTHBI.

JIJ1s1 4aCTUYHO KOTEPEHTHOI'O CBETa BUIHOCTh MEHBIIIE, YEM JUIsI KOTEPEHTHOTO
CBETa.

OxkaspIBaeTcsl, 4TO [BE BOJHBI, IIOJY4YCHHBIE OT OJHOIO HCTOYHHMKA CBETa
METOJIOM JI€JICHUS aMIUIUTYAbl MJIM METO/IOM JI€JIEHUS] BOJTHOBOTO (DpOHTA, HE COBCEM
KOT'€PEHTHBI APYT APYTY.

EcTh 1BE NpUYMHBI HEKOT€PEHTHOCTH TAKUX BOJIH:

1). HeMOHOXpOMaTUYHOCTh UCTOYHHKA CBETA.

2). IIpoTs>KEHHOCTh MCTOYHHMKA CBETA.

[TonpoOHee 3Ty MpUUMHBI OyTyT PACCMOTPEHBI B CIEAYIOIINX BOMPOCAX.

Jx3aMeH. KBazumonoxpoMarnueckuii cBeT. OTHOCHTEILHAA CIIEKTPAJILHAA
IAPUHA HCTOYHUKA CBETA.




Aw
B onTuke yacto oTHOCHTENIbHAs IIMpPHHA CIEKTpa Mala — <<1. B Takom
1)

CJIy4ae TOBOPST O CIEKTPaJIbHON JINHUU.
[Tonq mMpuHON CHEKTpaJIbHOM JHUHUM A@ HE3aBUCUMO OT (HOpMBI

CIICKTPAJIbHOI'O KOHTYpPa Ga) (a)) IIOHUMAKOT HIMPUHY CIICKTPA HA ITOJIOBUHEC BbICOTHI:

L)

ATom mociie B036y}K,II€HI/I}I HU3J1y4acT OKCIIOHCHIHWAJIBHO SaTyxaIOH_II/II\/’I
CBETOBOU ayr, ajsd KOTOpOro 3aBUCUMOCTb CBE€TOBOT'O ITOJIA OT BpEMCHHU UMECT BUI

E(t)=E, e 1t cos(wpt). DTOMYy IOMO COOTBETCTBYET JIOPCHLEBCKHH KOHTYD
N
~ ‘Eo(a’)

oOpa3 ¢dyHkuuu E (t) 3aMeTHM, YTO CIEKTpajbHas IUJIOTHOCTh MOBEPXHOCTHOM

(()—CUO

CIIEKTPAIbHOU JIMHUU Ga,=Ga,0 P , TIe Eo(a)) — ¢ypre-

IUIOTHOCTH 3Hepruu G, paBHA IOJOBUHE MAKCUMAJILHOTO 3HAYEHUS IIPU YCIOBUH
@w—wy=1I". Torna mupuna (Ha MOJIOBUHE BBICOTHI) CHEKTPAIbHON JIMHUM PABHA

Aow 2I'
Aw =2T". OTHOCUTENbHAS CIIEKTpaJIbHAS IIMPUHA JIMHUM —— = —
()] 0)0
(DaKVHBTaTI/IBHaH BCTABKaA.
Ao 2I
Ecnu monekyn MHOTO, TO ' B BRIpaXKeHMH —— = —— MPHUOIU3UTEIBHO pPaBHA
(0] (1)

4acTOTE CTOJIKHOBEHUU MOJICKYJI, KOTOpas MIPpOIOpPHMOHAIbBHA KOHIOCHTpAIUU
MOJICKYJ HWJIM JaBJICHHUIO Ia3a. I[J'IH TBEPABIX M KUAKUX TCJI 4aCTOTa CTOJIKHOBEHUU
r~102ry.

KOHel_I d)aKVHbTaTHBHOﬁ BCTABKMU.

KBaSI/IMOHOXpOMaTI/I‘ICCKI/Iﬁ CBCT — OTO CBCT, OTHOCHUTCJIbHAA CIICKTpallbHasa

Aw
LIMPUHA KOTOPOro mMajna — < 1.
@

JInst Hela3epHbIX HMCTOYHMKOB CBETA BCE YaCTOTBI CIEKTPAIbHOW JIMHUU
U3JIy4ar0TCsl OTHOBPEMEHHO BHYTPHU OJHOIO CBETOBOIO LIyTa.

Jljig 1a3epHOTO MCTOYHUKA CBETa OOBIYHO OoJiee y3Kasi CIIEKTpajibHAsl JTMHMS
APOXHUT (UIYMUT, O€raeT) BHYTPH KOHTYypa C WIUPHUHON A@, KOTOPYIO CUHMTAIOT
CIIEKTPAJIbHOW IIMPUHOW U3ITy4YEHHUS JIasepa.

BapuanT naszepHOro moBeneHMS 4YacTOTHI CBETA BO MHOTHMX CilIy4dasX JaeT
BO3MOXXHOCTh OoJjiee HarjsigHOW WHTeprpeTtauuu siBieHuil. [1oaToMy MBI O0OBIYHO
OyzneM noapasymeBaTh 3TOT BapUaHT.



[Ipn W3MeHEHMHM YacTOTHI CBETa JIJIMHA BOJHBI CHHXPOHHO HM3MEHSCTCS B
APYTyIO CTOPOHY. B BakyyMe 3TO BUHO M3 paBEHCTBA

Av=c.

Bosbmem nuddepeniman 3Toro paBeHCTBA, CUMTAas, YTO JUIMHA BOJHBI A H
4acToTa CBETa V MOIYT U3MEHAThCs. Torma

A-dv+v-di=0.
Pazgennm 310 paBEeHCTBO HA MPOU3BEICHUE AV U TOJTyYUM
dv dA
—4+—=0.
1% A

CrekTpajibHas IHPUHA — BEJIMYHMHA MOJIOKUTENbHAsA. Torna OTHOCUTENbHAsS
CIIEKTpaJIbHAasl IIMPUHA, BBIPAXEHHAs B 4YacTOTaX, paBHA OTHOCUTEIbHOMN
CIIEKTPAJIbHOW IIMPHUHE, BBIPAKEHHOW B JUIMHAX BOJIH:

51/_@

1% A

ov
[IpU YCIOBUU KBa3MMOHOXPOMATHYHOCTH CBETa — << 1.
v

AHanmornyHo U3 paBeHCTBA mA =A mytem ero nuddepeHnmupoBaHus, cunuTas
Pa3HOCTb X042 A MOCTOSIHHOM BEJIUYUHOM, MOJIYIUM
oL om
A m
rae m — MOPSAOK UHTEPPEPEHIIMU UK HOMEp UHTeP(HEPEHIIMOHHOM MOJIOCHI.
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