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Feomempuyeckasi onmuka

Onmuka — pasgen ¢u3nkuM, KOTOpbIN U3yyaeT npupody CBeTa, CBETOBble
SIBNEHNSA 1 B3anMoJeNCcTBME CBETa C BELLECTBOM.

OnTtuyeckoe uM3nyyeHue npenctaBnsieT cobon 3NeKTPOMarHWTHbIE BOJHbI, U
No3TOMY ONTUKA SIBMSIETCA Yacmbio 0bwie2o y4eHus1 06 anekmpomazHUmMHOM rore.

B 3aBuMcuMOCTM OT Kpyra paccmaTpvBaeMbiX SIBEHUA OMNTUKY AenaT Ha
2eoMempuyeckyro  (Ny4yeByld), 8OJ/IHOBYH  (DU3NYECKYID),  K8aHMOos8YyH
(kopnycKynspHyto).

1. OCHOBHbLI€ 3aKOHbI FeOMEeTPUYECKON ONTUKMU.

Ewwe [0 ycTaHOBMNEHMS Npupoabl cBeTa Bbiiv U3BECTHBI CrieAyHLMe 3aKOHbI:

3aKoH NPSMONMHENHOro pacnpoCTpaHeHUss CBeTa — CBET B ONTUYECKM
O[HOPOAHON Cpefe pacnpocTpaHsieTcs NPSAMONIMHENHO.

Ceemoeoll sly4 — NUHWS, BOOJMb KOTOPOW MEPEHOCUTCS CBETOBasi SHEpPrus.
B ogHopoaHol cpefe nyyn cBeTa NpeacTaBnsioT cobon NpsiMble NUHUK.

3aKoH HEe3aBUCUMOCTM CBETOBbIX MNYy4KOB — 3dpeKT, npou3BoauUMbIn
OTAENbHBLIM MYYKOM, HE 3aBUCUT OT TOro, AEWCTBYIOT N OOHOBPEMEHHO OCTarbHble
MYYKN UM OHW YCTPaHEHbI.

< |
3aKOH OTpaXeHuUss — OTpaXeHHbIN Jy4 I
NEeXUT B OOQHOW NMOCKOCTU C NagaroLwmnm fy4om u i | in
nepneHanKynsapom, npoBeAeHHbIM K rpaHuue  Magawowmit OTpaxkeHHblii
pasgena [AOByX cped B TOYKe NadeHusa; yron 1 nyd nyy
oTpaxeHus il' paBeH yrny nageHus i: 2 .
g . MpenomneHHbIN
I =1. iy
3aKoH nNpenomneHvs — nyd nagarLumn, ny4y iz 11

NpenoMIeHHbIn U NepneHanKynsap, NpoBeAeHHbIN
K rpaHvue pasgena AByX cpef B TOYke NafeHus, nexar B OQHOW MOCKOCTW;

OTHOLLEHME CMHYCa yrna NafeHus K CUHYCYy yrna nperioMneHus sini
€CTb BENMMYMHa MOCTOSIHHAs ANs AaHHbIX CPeA, paBHas 7, — - .1 =n,,
omHocumesibHOMy [OKa3ameJsito MpesioMsieHuUsi BTOpOun Sini,
cpedbl OTHOCUTENbHO MEPBOW, KOTOPbIA paBeH OTHOLUEHUID n,
abcontoTHLIX NokasaTernen NpenomneHns AByx cpea. Ny = nf
CnepoBartenbHO, 3aKOH NpenomneHus 6yaet umeTs BUA !
n sin il =n, sin i2 . n, sin i] =n, sinj2
A6contomHbIM  NokazamesieM MpesioM/IeHUsi  cpeabl
Ha3blBaeTCa BenuYMHa 71, paBHas OTHOLUEHWIO CKOPOCTU n _c
3MNeKTPOMarHMTHbIX BOMH B BakyyMe ¢ K ux ha3oBOW CKOPOCTH v
c —
L B cpege. MockonbKy L = ,TO n=eu, n=yeu

Ton

roe € U L — COOTBETCTBEHHO aneKTpuveckas n MarHMTHasa NpoHNUaemMocCTb cpeabl.

2. NonHoe oTpaxeHue.
Ecnun cBeT pacnpocTtpaHsieTcsi u3 cpefbl ¢ 60abwWuM nokasaTenemMm npenomMneHus
n, (ontndyeckn Gonee NNOTHOW) B Cpeay C MEHbWUM NoKasaTenem npenomaeHus

n, (onTuyecku MeHee NnoTHylo) (1, >n,) (Hanpumep, U3 CTekna B BO3AyX WU W3
BOAbI B BO3AYX), TO
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sini, n

sini, - n,

CnepfoBaTernbHO, yron npenomrenust i, Gonblue yrna
nageHust i,. YBenuuvBasi yron nafeHusi, Npu HEKoTOpoM

npedenbHOM yane i, YrON MPEnoMIEHNs OKaxeTcs

pasHbIM T/2 . Mpw yrnax nagexus i > Iy, BECb NafaroLni

CBET MOJIHOCMbLIO OMmpa)aemecs.
Mpu yrnax nageHus inp>i1>1t/2 Nyd He Mpenomssertcs, a MoSIHOCTLIo

OoTpaxaeTcsa B MepBylo cpeay, NpUYemM MHTEHCUBHOCTWU OTPaXKEHHOro W najawooLero
nyyer oAMHAKOBbI.
370 ABNeHNe Ha3blBaeTCHA MOJIHbIM 8HYMPEHHUM Ompa)KeHuUeM ceema.
[MpepenbHbIv yron onpeaenseTcs COOTHOLLEHNEM
. n, . T N
SIni, =—=SIN—=—==1,,.
p
n 2 n
1 1
flBneHne NonHOro OTpaXKeHUss UCNoMb3yeTcs B NpM3Max MOfIHOrO OTPaXKeHUs u
CcBeTOBOAAX.

3. JluH3bl.

JluH30U Ha3blBaeTCA Npo3payHoe Teno, OrpaHNYeHHoe C ABYX CTOPOH KpPWUBO-
NHEenHon nosepxHocTbilo. (B yacTHoM cnydvae

! 2 3 4 s N N
ofHa M3 MOBEPXHOCTEN MOXET ObITb MIOCKOM).
Mo BHewHen dopmMe nNUH3bI [JenaTca  Ha
1) OBOSIKOBbINYKIbIE; 2) NNOCKOBbLINYKIIbIE;
- - - - 3) ABOSIKOBOTHYTbIE; 4) NNOCKOBOTHYTbIE;
5) BbINyKNO-BOrHYTbIE.
JInHza HasbiBaeTCa MOHKOU, ecnn ee

TOJLMHA 3HAYUTENBHO MEHbLUE, YeM pPaguychbl
KpuBM3HbI R, 1 R, obeux noBepxHocTel. Ha onTuyeckux cxemax NUH3bl 0BbI4HO
0603HavYaT ABYyHaNpaBneHHON CTPENKOW.
Paauyc kpueusHbl R >0 ana ebinykiol nosepxHoctn; R <0 ana eozHymod.
Mpsivas npoxogswas 4vepes LEHTPbI
gt v KPVBU3HBI MOBEPXHOCTEN NH3bI Ha3blBaeTCs
k\@‘:‘ec*"’ 2/1as8Hoii onmuyYeckoli oChHo.

LR T / OnmuyecKkuM  UeHMPOM  JIUH3bI
Cnasnas__, £ (0BbluHO 0Go3Hauaetcss () HasbiBaetcs
OﬂTH‘ICCKﬂﬂ:OCh 0 { o -

M ; Touka, nexalulas Ha [MaBHOW OMTUYecKoi
e /i ocuM 1 obnagawuwasi TeM CBOWCTBOM, 4TO
DOKANBHBIE TUIOCKOCTH Jy4N NPOXOAST CKBO3b HEE HE NPENOMIIASCh.

Mo60YHbIMU ONMMUYECKUMU OCSMU
Has3bIBalTCA NpsAMble, MNPOXOASALME Yepe3 ONTUYECKUN LEHTP IMH3bI U He
coBnagatoLLme C rnaBHOM ONTUYECKOW OCbIO.
®oKkycom nvH3bl [ HasblBaeTcs Touka, Nnexallas Ha raBHOM ONTUYECKON OCU,
B KOTOPOW NepecekarTcs NMyyu mapakcuasbHo20 (MPYOCEBOro) CBETOBOIO Myyka,
pacnpocTpaHsiioLWmMecs napannenbHo rMaBHON ONTUYECKON OCK.

®okasibHOU MSI0CKOCMbIO HAa3blBAETCH MIOCKOCTb, MpoxoasLlas Yepes gokyc
TNNH3bI NEPNeHaNKYNAPHO ee rMaBHOW ONTUYECKON OCK.
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®OKyCcHbIM paccmosiHueM [ Ha3blBaeTCsl PacCTosiHue Mexay ONTUYECKUM
ueHTpom nuH3bl O 1 ee hokycom F':

1
a) f=
T F ( 1
Ny —1) —+—
R R
f ®opmMyna TOHKOW NNH3bI:
I 1 1

—t—=— ,
ﬂ g———ﬁ a b f
__f roe a un b - paccToaHuA OT NUH3bI A0 npeamMmeTa n

ero msobpaxeHuna. Ecnm a =0, T.e. nyun nagaiot
f Ha NWH3Y napannenbHbiM nyykom (a), To b= f.

Ecrim b=o00, T.e. usobpaxeHne Haxogutcs B
GeckoHevHocTn (6), W, criegoBaTenibHO, NyYy BbIXOAST M3 NWH3bI NapanienbHbIM
My4ykom, To a = f .
DOKyCHble PaCCTOSHMS JIMH3bI, OKPYXXEHHOW C OBGenx CTOPOH OoAMHAaKOBOW
Cpeaow, paBHbI.
BenuunHa O = 1/ f HasbiBaeTcs onmu4eckol cunoli nuH3bIl. Ee eguHnua —
duonmpus (ANTP) — oNTMYecKas cuna fnH3bl ¢ POKYCHbIM PacCTosiHMEM M.
JINH3bl C  MmonoumenbHOU ONTUYECKOW  CUION
ABNSOTCA cobuparowjumu, C ompuuyamesnbHOU —

=~ pacceusarouumu.
F === F B oTnnumne ot cobupatowlert nuH3bl, pacceuBatolas
—E—— -—
— NMH3a uMMeeT MHuMble OKycbl. B MHUMOM bokyce

cxoasTcs (nocne npenomneHns) BooGpaxaemble
NPOOOIMKEHUS NyYen, NafatoLLmnX Ha PacCENBAOLLYHO NUH3Y
napannenbHO rmaBHOW ONTUYECKOW OCU.

4. AGeppauunu onTUYECKUX CUCTEM.

B peanbHbIX ONTUYECKMX CUMCTEMaxX WCMONb3YTCA MyyYkU oThuyarolmecs oT
napakcuanbHblX, MoKas3aTenb MNPENoOMMEHNUs JIMH3 3aBUCUT OT [AJIMHbI  BOJIHbI
nagarwollero cBeTa, a Cam CBET HEMOHOXpPOMaTM4eH. MckaxeHus onTuyeckoro
n306paxeHns KoTopble BO3HWKAKOT NpY 3TOM Ha3sbiBalOTCsl abeppayusmu.

Ccbepuyeckas abeppauus. dokyc S”

5 ansa nyden, 6onee yganeHHbIX OT ONTUYECKON
S o $”  OCW YeM napakcuarnbHble, Haxogutcs Gnvke,
s yem dokyc S’ napakcmanbHbiXx nydeil. B
pesynbTate M3obpaxeHue CBETALWENCH TOYKM

UMeeT BuA pacnnbiB4aToro nATHa.
Cdepuyeckass  abeppauust  siBnsieTcs

F
YaCTHLIM CllyYaem acTurmaTuama. 0, %
Koma. Ecnu uyepes onTuyeckyio cuctemy 1 310
0

NPOXOAMT  LUMPOKMA MNYyYOK OT TOYEYHOro
MCTOYHMKA CBETa, PAacrofIOKEHHOr0 He Ha
ONTUYECKOW OCU, TO nonyyaeMoe n3obpaxeHne
3TOM TOYKM OydeT B BMAE OCBELLEHHOrO NSATHa
HenpaBubHOM hOPMbI.

To4ye4yHbIM UCMOYHUKOM ceema Has3bl-

A.H.OrypuoB. ®usuka dns cmydeHmos

BaeTCHA UCTOYHUK, pasmepamiu KOTOPOro MOXHO npeHeGpeyb.
Acmuamamu3sm. orpelHocTb, 06yCrnoBneHHas HEOAMHAKOBOCTLIO KPUBU3HDI

ONTUYECKON TMOBEPXHOCTU B Pa3HbIX MIOCKOCTSAX
S ceyeHus NagaroLlero Ha Hee CBETOBOIO Myyka.
\ et
ONTUYECKON

D 6
OCW, HEeCKOSb-

KO pasnuuaetcs. B pesynbTaTte HapylaeTcs
reomeTpuyeckoe nogobve mexay npenme-
TOM (Hanpumep, NpPsSIMOyronbHasi ceTka) W ““5’
ero usobpaxenHnem  (pucyHok (b) -
nogyLkoobpasHas gucropceus, (c) — 6oukoobpasHas AucTopcus).

Xpomamuyeckasi abeppayus. MNpy nageHun Ha oNTUYeckyo cuctemy Genoro
cBeTa  OTAenbHble  COCTaBnsiowue  ero
MOHOXpOMAaTUYECKME Ny4n OKYCUPYHTCS B
pasHbIX Toykax (Hambornbllee poKycHoe
paccTosiHe UMEIT KpacHble fy4un, HauMeHb-
wee — dUONETOBbLIE), NOITOMY U30OpaxeHue
pPa3MbITO 1 MO KpasiM OKpaLLEHO.

HAucmopcus. MorpelwHocTb, Npy KOTOPO npu
GonblUMX yrnax nafeHus nyyei Ha NUH3Y NUHenHoe
yBEnuYeHne [Ons  Tovek npeamerta,  KoTopble
HaXOASATCA Ha pasHblX PacCTOSHUAX OT  [NaBHOW
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5. OHepreTuyeckue BenninHbl B hoTOMETPUM.

domomempusi — pasfen ONTUKW, B KOTOPOM  paccmaTpuBatoTcs
3HEepreTMYeckue XapakTepUCTUKU OMTUYECKOro W3nydYeHuss B MpoLeccax ero
MCNyCcKaHUsl, pacrnpoCcTpaHeHUss U B3aMMOAEeWCTBMS C BellecTBoM. [lpyu 3Tom
3HaYMTENbHOE BHUMaHWE yaensieTcsl BonpocaM M3MepPeHUst UHTEHCUBHOCTU CBETa U
€ro UCTOYHVKOB.

SHepzemuyeckue eeslu4UHbI 8 homMoMempuUU — XapaKTepU3YT IHEPreTH-
Yyeckne napaMeTpbl ONTUYECKOTO U3MnydyeHuss Ge3 yuyeTa oOcobeHHocTel ero
BO3OENCTBUS Ha TOT UIIN MHOW MPUEMHUK U3TTyYeHUS!. W

Momok usnyvenus ©, — BennuvHa, paBHasi OTHOLLEHWO aHep- | D, =—.

v W n3nydeHns Ko BPEMEHM [, 38 KOTOPOE M3ry4YeHWe MPOU3OLLIIO
(MoLWHOCTL n3nyyexus). EauHuua nomoka uanyyeHusi — BatT (BT) .
OHepezemuyeckasi ceemumocmsb (usslydamenbHocmb) R, —

BENMYMHA, paBHas OTHOLUEHMIO noToka uanyyenna @, , ucrnyckaemoro R =—¢.

NOBEPXHOCTbIO, K Nnowaan S ceyeHus, CKBO3b KOTOPOe 3TOT MOTOK

npoxoauT (MOBEpPXHOCTHasA MMOTHOCTb NOTOKa M3nyyeHus). EovHuua sHepeemuye-

cKoli ceemuMocmU — BaTT Ha MeTp B KBagpate (BT/m?).
OHepzemuyeckas cuna ceema (cuna usnyyvenus)) I, — senu-

YnHa, paBHaaA OTHOLUEHUIO NMOTOKA U3ny4eHna q)e TOYEYHOIro NCTOYHUKa Ie =—=.

O]
K TenecHomy yrny o, B npefenax KOTOpOro 3TO MU3Ny4YeHue
pacnpocTpaHsieTcs. EavHuua sHepeemuyeckol cunbl ceema — BaTT Ha cTepaauaH
(BT/cp).

OHepzemuyeckas sipkocmb (Tyyucmocms) B, — BennunHa, A

paBHad OTHOLUEHUIO 3HepFeTM‘-IeCKOl71 Cunbl ceBeTa AIE aNemMeHTa Bg: -

AS
manyvarwouwlen noeepxHocTM K nnowagn AS npoekuun 3Toro

OnTuka
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3MneMeHTa Ha NINOoCKOCTb, MePNeHANKYNAPHYIO HanpaBneHno Habnogexus. EauHuua
3HepaemuyecKoli ApKOCMU — BaTT Ha cTepaauaH-MeTp B kBagparte (Bt/(cp-m?)).
OHepzemuvyeckas oceeujeHHocmb (06ry4eHHocmb) E, — xapaktepusyet

BENIMYNHY MOTOKa U3Ny4YeHusd, nagarvLlero Ha eauHuly OCBeLLLaeMOI7I NOBEPXHOCTH.
EavHnua sHepaemu4eckoli oceeleHHOCMU — BaTT Ha MeTp B kBagpate (B1/m?).

6. CBeTOBble BENIMYUHBLI B hOTOMETPUN.

PasnuuHble NpuemMHWKW, UCnonb3yemble MpW  ONTUYECKUX U3MEpPEHUSIX,
obnapaloT cenekmueHocmblo (uzbupamesibHOCMbIO). [Ns Kaxaoro M3 HUX
XapakTepHa CBOSI KpuBasi HyBCTBUTENbHOCTU K SHEPTUM Pa3NNYHbIX ANUH BOJTH.

CBeToBble  M3MepeHUsi, SABMSASCb  CYObEeKTUBHbIMW,  OTNMYaKTCcs  OT
OOBEKTUBHBIX, JHEPreTUYecknx, W Ans HUX BBOAATCA CBETOBble eAVHULbI,
MCnonb3yemMble TOMbKO AN BUAMMOro cBeTa.

OcHoBHoOW cBeToBOW eauHuein B CU siBnsieTca eavHvua cunbl ceema [ —
KaHgena (ka) — cvna cBeTa B 3aaHHOM HanpaBIieHWM UCTOYHMKA, UCMYCKatoLLEero
MOHOXpOMaTUYeCcKoe U3NydYeHne 4acTtoToun 540-10"? repu, sHepreTuuyeckasi cuna
cBeTa KOTOpOro B 3TOM HarpasrieHuu coctasnsieT Y., BTicp.

EovHvua ceemoeozo nomoka @ (MOLHOCTM OMTMYECKOTrO W3NyyeHusl) —
NOMeH (nMm): 11mM — CBETOBOW NOTOK, MCMYCKaeMbl TOYEYHBIM UCTOYHUKOM CUIOW
cBeTa B 1k BHyTpu TenecHoro yrna B 1cp (1nm=1ka-cp).

Ceemumocmb R — cymMapHblit MOTOK, NOCLINIaeMblii CBETALLENCS R= )

nnowlaakon ¢ nrnowaneto S . EQuHuua ceemumocmu — noMeH Ha MeTp S
B kBagparte (nm/m?).

Slpkocmb cBeTsLLENCS MOBEPXHOCTU B HEKOTOPOM HampaBfieHun @ ecTb
BEMWYMHA, paBHasi OTHOLWEHWIO cunbl ceeta [ B 3TOM
HanpaBneHWy K nrowaan S Npoekuun CBETSsLLerCs NOBEPXHOCTU | B :;_
Ha MNOCKOCTb, NEPRNEHAVKYNAPHY [aHHOMY HarpaBreHuo. ? Scosg
Eauhuua sipkocmu — kaHaena Ha MeTp B kBaaparte (ka/m?).

OceewjeHHocmb E — BenuuuHa, paBHasi OTHOLLEHMIO cBeTOBOro notoka @,

nafamLlero Ha MOBEpPXHOCTb, K nnowaau S 3TOM MNOBEPXHOCTU. ®
EgvHnua oceewieHHocmu — FROKC (NK): 11K — OCBELLEHHOCTb E:E.

NOBEPXHOCTU, Ha OAUH KBaApaTHbIi METP KOTOpPOW MajaeT CBETOBOW
noTok B 1nM (1nKk=11m/M?).

NumepghepeHyusi ceema.

7. MpuHuun MNoureHca.

BonHoBasi Teopusi cBeTa OCHOBbIBaeTCs Ha mnpuHyune ltolzeHca: Kaxoas
mouka, 00 Komopol 0oxo0um 807IHa, CYXUm UEeHmMPOM 8MOPUYHbIX B80JIH, a
oeubarowass amux 6o5H Oaem rO/0XeHUe B80/1H08020 ¢hpoHmMa 8 crnedyrouul
MOMEHM 8peEMEHU.

3aKoHbl OTPaXeHWst U MNperoMrieHns cBeTa Nerko BbIBOAATCH, WCMNOMb3ysi
| npuHumn MNonreHca.

: MycTe Ha rpaHuuy pasgena AByx cpep nagaet
: nnockasi BofiHa (NnockocTb BonHbl — AB), pacnpo-
[
1

cTpaHsiowascs Baonb Hanpasnenuss /. Moka ¢poHT
npoxoauT pacctosiime BC (3a Bpems ), pOHT BTO-
PWYHBIX BOMH 13 ToYkM A npoxoaut pacctosiHue AD .

A.H.OrypuoB. ®usuka dns cmydeHmos

Mpu otpaxeHnn — AABC = AADC , criefoBatensHo, i =1 .

[Mpn npenomnexHun — 3a Bpemsa ¢ PPOHT nagaroLlen
BOSHbI MpoxoguT paccTosHme BC=vf, a QpoHT
npenomneHHoit —  AD=v,t. W3  cooTHoLeHus
AC = BC/sini, = AD/sini, cneayet

sinjg v, _¢/n; _m,

- ===
sini, v, c¢/n, n

8. KorepeHTHOCTb.

KocepenmHocmbro Ha3blBaeTCs COrnacoBaHHOE MpPOTEKaHWe BO BPEMEHMW W
NPOCTPaHCTBE HECKOMbKMX KonebaTenbHbIX U BOSTHOBLIX NPOLIECCOB.

MoHoxpomMamu4yecKkue 80JIHbI — HEOrpaHWYEeHHblE B MPOCTPAHCTBE BOJHbI
OfHOW onpefeneHHon 1 NOCTOSAHHOW YacTOThl — ABMASAKTCS KOrepeHTHbIMM.

Tak kaK peasibHbie UCTOYHUKN HE at0T CTPOro MOHOXpPOMaTU4YeCcKoro ceeTta, To
BOMHbI, U3ny4Yaemble nOObLIMM HE3aBUCUMbIMW WCTOYHWKaMWM CBeTa, Bcerga
HEKOTepeHTHbl. B WCTOYHMKE CBET u3ny4vyaeTcss aTtoMamW, KaxObli U3 KOTOpbIX

ncnyckaeT CBeT fvb B TeYeHWe BPEMEHU ~107%c. Tomnbko B TeueHue aToro
BPEMEHWU BOJHbl, UCMYCKAaeMble aTOMOM WMET MOCTOsIHHbIE aMnnuTygy v dasy
KonebaHui.

HemoHoxpomaTuyeckuii CBET MOXHO NpeAcTaBUTb B BWOE COBOKYMHOCTU
CMEHSIIOLLMX APYr Apyra KOPOTKMX rapMOHUYECKUX MMMNYSbCOB U3MyYaeMblX aToMmamm
— 80JIHOBLIX Uy208.

CpenHsas npoAoSKNTENbHOCTL OOHOMO Uyra T,,. HasblBaeTcs epeMeHeM

Ko2epeHmHocmu.

Ecnun BonHa pacnpocTtpaHsieTcs B OAHOPOAHOW cpefe, To dhasa konebaHuin B
onpeeneHHo To4YKke MPOCTPaHCTBA COXPAHSETCS TONMbKO B TEYEHUE BPEMEHM
KOrepeHTHOCTU. 3a 3TO BPeMsl BONHA pacnpoCTPaHSeTCs B BaKyyMe Ha pacCTosiHue

lor =CTyor » HA3bIBaEMoe ATUHOU KO2epeHmMHocmu (Vnu dnuHol yyea). Mostomy

HabnogeHne nHTepdepeHUMn ceeta BO3MOXHO NWLb MPU ONTUYECKUX PA3HOCTSAX
X0[4a, MEeHbLUNX ANNHbI KOrePEeHTHOCTU ANS UCNOMb3YeMOro UCTOMHUKA cBeTa.

BpemeHHasi KoeepeHmMHoOCcmb —  3TO, oOfnpegensemas  CTeneHbio
MOHOXPOMATUYHOCTU BOJSIH, KOF€PEHTHOCTb KonebaHuii, KOTopble COBEpLUalTCA B
O[IHOW M TOW e TOYKe NpPOCTpaHCTBa. BpemeHHast KorepeHTHOCTb CyllecTByeT A0
Tex nop, noka pa3bpoc ¢as B BONIHE B 4AHHOW TOYKE He JOCTUIHET TT.

AnuHa Kko2zepeHMHocmu — paccTosiHue, Ha KOTopoe nepemMeLLaeTcs BoSHa 3a
BpPEMSsI KOTEPEHTHOCTH.

B nnockoctun, nepneHanKynsipHON HanpaBneHWo pacnpocTpaHeHUs Lyra BOSH,
criyqanHble M3MEHEeHWs pas3HoCTU a3 Mexay ABYMS Todkamu yBenuynsaeTcs C
yBENUYEHMEM PACCTOAHMSA MexXay HUMK. MpocmpaHcmeeHHasi Ko2epeHMHOCMb —
KOrepeHTHOCTb konebaHuin B OOUH N TOT K& MOMEHT BPEMEHU, HO B pa3HbIX TOYKax
TaKoW MIOCKOCTM — TepsieTcs, ecnu pasdbpoc a3 B 3TMX TOYKaX [OCTUraeT T.
HAnuHa npocmpaHcmeeHHOU Ko2epeHmMHocmu (paduyc Ko2epeHmHocmu)

A

Txor ~ A(P '
MICTOYHMKM OOMmKHbI ObiTh NPOCTPaHCTBEHHO KOrepeHTHbIMU, 4TOObI BO3MOXHO
Obino HabnaaTtb MHTepcbepeHu,mo n3nyvyaembiX UMU CBETOBbLIX BOJIH.

roe A — anuHa BorHbl, AQ — pasHocTb gas.
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9. UHTepdepeHUmns cBeTa.

UHmepdhepeHyusi ceema — CrnoxeHve B NPOCTPAHCTBE OBYX UMW HECKOSNbKUX
KOrepeHTHbIX CBETOBbIX BOMH, MPUM KOTOPOM B pasHblX €ro Touykax nonyvaerca
ycurneHue nnu ocrabneHue amnNnUTyAbl pe3ynbTUPYOLLEN BOSHbI.

MycTtb B AaHHoO Touke M Aee MOHOXpOMamu4ecKue €0sHbI C LMKNNYECKON
yacToToM @ BO3GYXHalT OBa konebaHus, npudeM o Touku M opHa BornHa
npoLuna B cpefe C nokasaTtenem npenomneHns n; nyTb §; ¢ )a3oBON CKOPOCTbIO

v, a BTopasi — B cpefie 71, NyTb S, C (ha3oBON CKOPOCTLIO L,
s s
x =4 cosolt—-L |, x,=4,cos| 1%
Y L
AMNAnTYaa pesynsTupytoLLero koneGanns  A” = A12 + A22 +2A4,4,c0s5.
NHTEHCMBHOCTL pe3ynbTupytolen BonHbl (1 ~ Az)
I=1+1,+2,I, cosd.

Sy, 85 S, S ® 2nv

PasHocTb tha3 & koneGaHui, Bo3byxaaembix B Touke M , paBHa
27
5=0 2L |l o= O, ) =T (L, - ) =T
v, Uy ¢/n, ¢/n ) ¢ 0
(Mcnonbsosanu: V=c/n; ®=21V; ¢/V=N»A, — ANMHA BONHbI B Bakyyme).

MpounseeneHne 2zeomempuyeckoli G/1UHbLI Nymu S CBETOBON BOMHbI B JaHHON
cpefe Ha rokasamesnb MpesioMrieHUs 3ToW cpeabl n HasblBaeTCs ONTUYECKOMN
ONVHOMN NyTun

Cc

L=s-n.
PasHocte A=L, —L, = 5,1, —S;n; ONTU4ECKNX AJIMH NPOXOANMbBIX BOMHAMM
nyTen HasbIBAETCS ONMUYeCKOU pa3HOCMbHO X0d0a.
Ycnosue nHrepdepeHUMOHHOro Makcumyma:

Ecrm onTuyeckasi pasHoCcTb xoja A paBHa LEnoMy 4vchy AfWH BOSH B
BaKyyme (4eTHOMY YMCIy MOMyBOJSH)

A=xm), =i2m% (m=0,1,2,..)),

T0 0=12mn u konebaHusn, Bo3byxgaemble B Touke M , GyoyT MpoUCXoauUTb
e oduHakoeol ¢ha3se.

YcnoBue nHtepdepeHUNOHHOro MUHUMYMa.

Ecnun onTnyeckas pasHocTb xoaa A paBHa HEYETHOMY YMCHY MOSyBOIH

A:i(2m+1)% (m=0,1,2,...),

10 d=F+(2m + 1)1t 1 koneGaHusa, Bo3byxaaemble B Todke M , ByayT NPOUCXOAUTL
8 npomusoghase.

10.MeToabl HabnwgeHUst HTepdepeHLUN.

[o n306peTeHus nasepoB, BO BCex Npubopax KOrepeHTHble CBETOBbIE My4YKu
noflyyanu pasgerneHnem BOMHbI, U3Ily4aeMoi OOHUM WCTOYHWMKOM, Ha [ABE 4acTu,
KOTOpble MOCne MPOXOXAEHUS pasHblX OMTUYECKUX MNyTel HaknagbiBanu Apyr Ha
apyra v Habnoganu MHTEPMEPEHLIMOHHYIO KapTUHY.

A.H.OrypuoB. ®usuka dns cmydeHmos
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1. MeTop KOHra. CBeT OT SIpKO OCBELLEHHOW Lenu
B S nagaer Ha gBe wemm S; n S,, vrpaowme pornb
KOrepeHTHbIX MCTOYHUKOB. NHTepdepeHLoHHas KapTuHa
BC wnabniogaetca Ha akpaHe D).
2. 3epkana ®peHensi. CBeT OT UCTOYHMKa S
€ napaet pacxogaLmMmcs
My4ykOM Ha [Ba MIocKuUX
3epkana 4,0 n A,0, pacnonoxeHHblx nof Manbim
yrnoMm . Pomnb KOrepeHTHbIX WCTOYHWKOB MrparoT
MHuUMble S| n S, usobpaxeHus ucCTouHMKa S.
NHTepdepeHUmoHHas kapTuHa Habniogaetca  Ha
aKkpaHe 0O, 3alMLLEHHOM OT MPSAMOro nonagaHus
cBeTa 3acroHkoin 3.

3. Bunpuama ®peHens. CeeT OT UCTOYHUKA S
3 npenomnsieTcd B npuaMax, B pesynbTaTte 4ero 3a
Obl MCXOASILLME N3 MHUMbIX KOTEPEHTHBIX UCTOYHUKOB
Sins,.
4. 3epkano Jlnonga.
HaxoauTcs 6rv3ko K MOBEPXHOCTW nrockoro 3epkana M .
KorepeHTHbIMU UCTOYHMKAMM CyXKaT cam UCTOMHUK S U ero o
T

‘\\\“ 61npMamoN pacnpoCTPaHATCA CBETOBbIE MNyyu, Kak
Part!
V\“\“n-.» ,
L
y- «\\\\\\\\\\\\\\
TouyeuHblid  UCTOYHMK S §
MHUMOe n3obpaxeHne S1- .

11.PacuyeT uHTepchepeHUMOHHON KapTUHbI OT ABYX LUEJIeN.

Ose wenn S; n S, HaxopATCst Ha paccTosHUM d Apyr OT [Apyra W SBNSOTCS

KOrePEHTHLIMU UCTOYHMKaMKU. JKpaH O napanneneH
WensaM U HaxoAWTCs OT HWUX Ha paccTosHun [>d .
MHTEHCMBHOCTb B MpoW3BOMbHOM  Touke A 4

5
onpefensieTcss pasHocTbio Xofa A =S, s, TAe - Stewmmm—— . Nl
=P+ df2), § =1+ (x—d)2), omyma d PNomr Tt =g

2 = s 8= g YA 1 an{jo
53 —st=2xd wvim A=s, — 5, =2xd/(s, - s, ). 5,

W3 [>d cnepyet s, + 5, ~ 2/, noatomy A =xd/I.

d /
[onoxeHve MakcMMyMOB: XT =Emhy = Xy = imgko (m=0,1,2,...).

[onoxeHne MUHUMYMOB: % = i(m +%)7»0 = X = i(m +%jé7»0 (m=0,1,...)

PacctosHne Ax wmexay [OBYMS COCEOHVMMM MakCcUMymamu (MUHUMYyMamw)
Ha3blBaeTCA WUpPUHOU UHMepghepeHYUOHHOU Mos10Chk]

/
Ax=—M%,.
L

MHTepdepeHumoHHas kapTuHa npeacTaBnseT coboil YepedoBaHMe Ha 3KpaHe
CBETIbIX U TEMHbIX NOMNOC, NapannenbHbIX Apyr Apyry.
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12.Monocbl paBHOro HaknoHa.

MycTb 13 Bo3ayxa (1, =1) Ha nmockonapannenbHyO NPO3PaYHYHO MIACTUHKY C

nokasaTerieM npenoMneHuss n U TonwuHoi d nop yrmoMm i nafjaeT nnockas
MOHOXpoMaTuyeckasi BonHa (puc. (a)). B Touke O nyd yactuyHo oTpasutes (1), a
YacCTUYHO NPErioMUTCS, U NOCIE OTPaKEHUSI HA HUXKHEN NMOBEPXHOCTW MNAacTWHbl B
Touke C BbIAZeT W3 nnacTvHbl B Touke B (2). Jlyun 1 U 2 KOTEpPEHTHbI K
napannesbHbl. C MOMOLLbIO COBUPaIOLLEN NMUH3bI UX MOXHO CBECTM B Touke P .
HeobxoanMo OTMETUTb BaXKHYI0 OCOGEHHOCTb OTPaXKEeHUSI ANEeKTPOMAarHUTHbIX
BOJTH (M, B YACTHOCTM, ONTUYECKUX Ny4elt) Npu NageHnn Ux Ha rpaHuuy pasgena aByx
cpea v3 cpefbl C MeHbLUen [OWINEKTPUYECKOW MPOHMLAEMOCTbIO (@, 3HaYUT U
MEHbLUMM MOKa3aTenem MpernomsieHns): npu ompaxeHuu ceema om 6osee
nnomHol cpedsl (n, <n) ¢pasa usmeHsemcsi Ha T.. NameHeHne asbl Ha T
pasHOCUNIbHO Momepe MoJly8osHbI MNpPU ompaxeHuu. Takoe noBedeHue
3MNEKTPOMAarHNTHOW BOJHbI Ha rpaHuue ABYX cpen crnedyeT M3 rpaHUYHbIX YCIOBUNM,
KOTOPbIM ~ [OJKHbl  YAOBMNETBOPSITb  TaHreHUMarnbHble  KOMMOHEHTbl  BEKTOPOB
HanpsPKEHHOCTU  ANIEKTPUYECKOTO WM MarHWTHOro Monsi Ha rpaHvue pasgena:
E,=FE,,H,=H_.Cy4eTom 3TOro, ontu4eckas pasHocTb Xoaa

A=n(OC +CB)—(0A-"%).
Wcnombays  sini =nsinr (sakon npenomnenns), OC=CB=d/cosr n
OA=OBsini = 2d tgrsini, sanuwem

.2
A_ﬁzﬂ—Zdntgrsinr=2dn ! ST
2 cosr CcoSr  COSr

2 - 2.
=2dncosr =2d\n" —sin“i

B Touke P 6ynet uHmepghepeHyUuoHHbLIU MaKcuMyM, ecin

2d nz—sin2i+%=2m% (m=0,1,2,...).

B Touke P 6yneT uHmepghepeHUyUOHHbLII MUHUMYM, ECIN

2d nz—sin2i+%=(2m+l)% (m=0,1,2,..)

Takum obGpasom, Ans
JaHHbIX Ay d W n kaxgomy

HaKMoHy 7 ny4yel COOTBET-
CTBYeT CBOSI WHTepdepeH-
UMOHHast nonoca. WHtep-
bepeHUNOoHHbIE nonocsil,
BO3HMKaloLMe B pesynbraTe
HanoXeHus nyyen, nagato-
WKMX Ha nnockonapannenb-
HYI0 NNacTWHKY noA oauHa-
KOBbIMW yrnamu, Ha3blBalOTCS MOJI0CaMu pagHO20 HaK/IOHa.

WHTepdepmpytowme nyyun (Hanpumep, 1° n 1" Ha pwuc.(6)) napannenbHbl apyr
Opyry, NO3TOMY FOBOPSAT, UYTO MOJIOCkI Pa8HO20 HaKJ/IOHa JIoKasu3oeaHbl 8 6ec-
KOHeyHocmu. [na ux HabniogeHus UCMonb3ylT COOMpaloLLylo MMH3Y U 3KpaH.
PagnanbHas cvMMeTpust MWH3bI MPUBOAMT K TOMY, YTO WHTepdepeHLMOHHas
KapTuHa Ha akpaHe ByAeT uMeTb BMA KOHLIEHTPUYECKUX KOmeL, C LLeHTPOM B cokyce
NWH3bI.

A.H.OrypuoB. ®usuka dns cmydeHmos
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13.onockl paBHOW TONLUHbI.

[MycTb Ha nNpo3pavHylo MNACTUHKY MepeMeHHOU MOAuwUHbl — KAUH C ManbiMm
yrnomMm « wmexay GOKOBbIMM rpaHSMUM — MagaeT Nnockas BOMHa B HanpasieHuu
napannenbHbix nydyen 1 n 2. IHTeHCMBHOCTb
WHTEP(EPEHUNOHHON KapTuHbl, dopmMupye-
MOV fy4aMu, OTPaXEHHbIMU OT BEpPXHEN W
HWXHEN MOBEPXHOCTEN KiWHa, 3aBUCUT OT
TONLWHBI KNUHA B AaHHom Touke (d u d' ans
nyyen 1 n 2 cooTBETCTBEHHO). KorepeHTHble
napbl nyden (1" n 1", 2° n 2") nepecekatTcs
B6NM3N NOBEPXHOCTU KNWHa (Toukm B n B') u
cobumpatoTca NMUH30M Ha akpaHe (B Toukax A u
A'). Takum 06pa3om, Ha 9KpaHe BO3HUKAET
cuctemMa MHTepdepeHUMOHHbLIX MONOC — MMO/10C pasHOU MOJIWUHbI — KaXxaas u3
KOTOPbIX BO3HUKAET MPW OTPAXEHWU OT MECT MMACTMHKU, UMEIOLMX OOUHAKOBYH
TonwwmHy. Monock! pasHol MonwuHbl JIOKanu3oeaHbl ebnu3u rnosepxHocmu
KJIuUHa (B NIOCKOCTU, OTMEYEHHOW MYHKTMpOM B-B).

14.Konbua HbloTOHA.

Konbua HbomoHa, SBRSIOLMECS KNACCUUECKUM
NPUMEPOM MOMOC PABHOI TONLUMHBI, HABGMIOAAKTCH NpU Rl \R
ompaxeHuu ceema om  e030ywHO20  3a3opa,
06pa3oBaHHOrO  nnockonapannenbHoW  MAacTUHKON U
COMPUKACAIOLLENCS C HEell MIOCKOBbIMYKNON JMH30M C ‘ ‘ L l ‘ l l
GONbIUMM  PaAMyCOM KpUBM3HBLI. apannenbHbIit Mmy4ok P

cBETa najaeT HOpManbHO Ha MMOCKyld MNOBEPXHOCTb \ r
nuH3bl.  [Morocbl  paBHOW  TOMWMWHLI  UMET  BUA l —— ]d

KOHLIEHTPUYECKUX okpyxHocTen. C ydetom d 250
R*=(R-d)*+r*=R*-2Rd+d*-r* = d=r*/2R.

A !
B OTpakeHHOM CBeTe ONTUYecKast pasHOCTb Xoaa A=2d + 70 = 2;—R + 70 .
Paauychl cBeTnbIx koned: ry =Af(m=Y)AR (m=1,2,3,.).
Paauycbl TeMHbIx Konetl: r,=migR (m=0,1,2,..).

NHTepdepeHumio MoxHO HabniogaTs M B npoxoasieMm ceeTe, npuyem e
npoxodsiuemM ceeme MakCUuMyMbl UHMepepeHUUU coomeememeaylom MUHUMyMam
uHmMepgepeHUUU 8 OMPaXKeHHOM ceeme U Hao6opom.

15.MpocBeTneHne ONTUKMY. Tpocpeasiomuit
CNoH

O6bekTnBbI  ONTUYECKUX  NpubopoB  cogepxaTt
Bonblloe KonM4ecTBO NWH3. [laxe HesHauuTenbHoe
OTpaxeHne cBeTa KaxaonW U3 MOBEPXHOCTEN  JIUH3
npuMBOANT K TOMY, YTO UHMEHCUBHOCMb rpowedwezo
ry4yka ceema 3Ha4umesibHo ymeHbwaemcsi. Kpome Toro, B
006bekTnBax BO3HMKAOT 6/IUKU U (hOH paccesiHHO20 ceema,
4YTO CHWxXaeT 3aPdPeKTUBHOCTb onTUyeckux cuctem. Ho,
€Cnn Ha rpaHuuax cpep co3faTtb YCIOBUS, MPU KOTOPbIX
UHmMepgepeHyusi ompaxeHHbix fydeld 1" n 2" daem MUHUMYM UHMEHCU8HOCMU
ompaxeHHo20 ceema, TO MNpU 3TOM WMHTEHCWMBHOCTb CBeTa, Npolueflero 4epes
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ONTMYECKylo cucTeMy OygeT MmakcumarnbHa. OTOro MOXHO [0OUTbCH, Hanpumep,
HaHeCeHVeM Ha MOBEPXHOCTb JIMH3 MOHKUX M/IEHOK C MokasaTenem npenomieHus

ny <n<n,, npu4em n=,/nyn, . B aTomMm cny4ae amnnnTyabl KOrepeHTHbIX nyyen 1’
1 2" ByayT OAMHAKOBLI, @ YCIOBME MUHUMYMa ANs OTpaxeHHbIX nyden (i =0) GygeT

2nd =(2m+1) 7‘% . NMpu m=0 onmuyeckas monwuHa nneHku nd
YLOBIIETBOPSET YCIIOBUIO

nd :l_

4
U rpoucxoodum 2aweHue ompaxeHHbIx syded. [Ona Kaxgon AnviHbl BOMHbI 7\0
JomkHa 6biTb CBOSI TOMWMHA NneHkn d . MoCcKoMbKy 3TOro Ao6UTLCA HEBO3MOXHO,
06bI4HO ONTUKY NPOCBETNSIOT AMs ANUHBI BOMHbI A, =550 HM, K KoTopoii Hanbonee

YyBCTBUTENIEH MMa3a 4yesrioBeka.

16.UHTepdhepomeTpbl.

Mpy NNaBHOM M3MEHEHUM PA3HOCTU XOA4a UHTEPAEPUPYIOLLMNX MYYKOB Ha k0/2
MHTepdEPEHLMOHHAsi KapTUHa CMECTUTCS HaCTOMbKO, YTO Ha MecTe MaKCMMyMmoB
OKaXyTCsl  MUHUMYMbI. [Mo3TOMy SBNeHWe UHTepdEpEeHLUMM UCMONb3yT B
uHmepghepomMempax AN WU3MEPEHUs ANWHbI Ten, [OfMHbI CBETOBOW BOJSHbI,
U3MEHEHWS! iNNHbI TENa NPU M3MEHEHUM TeMMNepaTypbl, CPaBHUMBIX C A

B unmepgepomempe MalikesibcoHa MOHOXPOMATUYECKUIA MyY OT UCTOYHMKA
S paspgensietcs Ha nonynpospaqHoli nnacmurke P, Ha ABa
nyya 1° n 2", koTopble, OTpa3uBLUMCL OT 3epkan M, n M,
CHOBa C MoMoLLblo F, CBOAATCA B OOMH My4OK, B KOTOPOM
nyun 1' n 2" dopMupyloT UHTEPMEPEHLNOHHYIO KapTUHY.
KomneHcauuoHHasi nnacmurka P, pasmeliaeTcs Ha nyTu
nyya 2, 4ytobbl OH Tak Xe, kak v ny4 1, aBaxagbl npowlen
Yyepe3 nNMacTUHKY. BosHukalowas uWHTepdepeHUoHHas
KapTMHa  4pe3BbldalHO  YyBCTBUTENbHA K  nobomy

M3MEHEHWIO Pa3HOCTK Xoda flydein, (Hanpumep, K CMEeLLEHo
O[HOrO 13 3epkan).

HAudppakuyus ceema

17.NpuHumn MNonreHca-PpeHens.

Audgpakyueli  HasbiBaeTcA ozcubaHue eonlHamu  npensmcmeud,
BCTPEYAIOLMXCSA Ha UX NyTun, unu B 6ornee WMPOKOM CMbICTe — JII060€e OMKIIOHeHUe
pacrnpocmpaHeHus1 80JIH 8651U3u rpensmcmeull om 3aKOHO8 2eo0Mempu4ecKol
onmuku.

Oundpakumio o6bsicHAeT npuHUMN [olireHca — MMEHHO BTOPWYHbIE BOSHbI
ornbatoT NpenaTCTBUS Ha NYTU PacNPOCTPaHEHUSI MEPBUYHBIX BOJH.

®PpeHenb dononHun npuHUMn MovireHca npeacTaBneHnemM O Ko2epeHmHocmu
8MOPUYHbIX 8OITH U UX UHMepgepeHyuu.

CornacHo npunyuny lMolzeHca-PpeHensi, ceemosasi 80/1Ha, 8030yxx0aemas
Kakum-1u6o ucmoyvHukoM S, Moxem 6bimb npedcmaeneHa Kak pesynbmam
cyrnepnosuyuu  (CNOXeHWs) KO2EepeHMHbIX 8MOPUYHbIX  8OfH,  U3/lyYaemMbiX

A.H.OrypuoB. ®usuka dns cmydeHmos
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8MOPUYHbIMU ((PUKTUBHBIMU) UCMOYHUKaMU — GECKOHEYHO MarnbiMy 3rieMeHTamu
060N 3aMKHYTOM NMOBEPXHOCTM, OXBaTbIBAIOLLEN UCTOYHMK S .

18.30Hbl PpeHensi.

PaccmoTpuMm B npousBonibHoW Touke M amMnnuTygy CBETOBOW  BOSHbI,
pacrnpocTpaHsIoLLENCS B OOAHOPOAHON cpeae U3 ToYe4YHoro uctodHuka S . CornacHo
npuHumny ToiireHca-dpeHensi, 3aMeHUM [OEWCTBUE MUCTOYHMKA S OencTeueM
BOOOpaaeMbIX WMCTOYHMKOB, PAacCMOSIOKEHHbIX Ha BCMOMOraTesfibHOM MOBEPXHOCTU
O, gABnsoweica NOBEPXHOCTbIO (PPOHTA BOMHbI, uaywen us S (MoBEPXHOCTb
cgoepbl ¢ LeHTpoM S ). Pazobbem BonHoBY0 noBepxHocTb @ Ha KonbLEeBble 30HbI
Takoro pasmepa, YTobbl PpaccTosHUSA OT KpaeB 30Hbl 4o M oTnuyanuch Ha ?»/2.

Torpa, o6o3HaumB amnnnTyael konebaHuit ot 1-i, 2-i, ... m-n 30H Yepes 4,, 4,, ...
A, (npu atom A, > A, > A;>...), nonyuum amnnuTyay pesynbTUpyoLLero

konebaHus A=A - A, + A3 — A, + ...

Mpn  Takom pa3bneHumn
BOMHOBOW MOBEPXHOCTU Ha
\ P, b+35 A 30Hbl  OKa3blBaeTcsd, 4TO

amnnutyaa koneGanus A4,
OT HEKOTOpOM M-  30HbI

N
=

W

9 ~\\7
o
¥
[ 5]
™
e
>

\ )
s B —= dpeHens paBHa cpegHemy
%/ apudmMeTnyeckomy oT
A ¢ aMmnnMTya NpYMbIKAOLWKMX K
'\ Hew 30H
® _ Am—l + Am+1
m = 2 .

Torpa pesynbTupylowas amnnutyaa B Todke M 6yaeT pasHa

A:i+(ﬂ—A2+éj+(é—A4+ﬁ)+...:ﬁiﬁ:(—>)=ﬁ,
2 2 2 m>>1 2

2 2 2 2
nab\
TK.Npu m>1 A4 > A, . Nnowanu scex 30H ®peHens pasHbI = P
a+
rae a — anvHa otpeska SP, — papguyc cdepbl @, b — anuHa otpeska F,M .
ab
Pagwnyc BHeluHel rpaHnupbl m - 30HbI PpeHens = b m\ .
a—+

Mu a=b=10cm wn A=500um paguyc nepeonn 3oHbl 7; =0,158mm.
CnepoBatenbHo, pacnpocTpaHeHue ceeta oT S k M npoucxogut Tak, Gyato
CBETOBOW MOTOK PacnpoCTPaHSAETCs BHYTPU OYeHb Y3KOro kaHana soonb SM , T.e.
NPSIMOSNTUHEINHO.

Takum obpasom, npuHyun ltolizeHca-PpeHesss no3eosissem 06bLSCHUMb
npsiMosiuHeliHoe pacnpocmpaHeHue ceema e 0OHOpPodHoU cpede.

19. Oudbpakuusa B cxogawmxca ny4vax (Audpakuma PpeHens).

Ondpakunsa B cxogswmxcsa nydax (audppakuma ®PpeHens) — ato andopakums
cdepuyeckux BOJSH, OCYLUECTBRsSieMass B TOM chyyae, korga audpakuuMoHHasi
KapTvHa HabngaeTcs Ha KOHEYHOM PAacCCTOsHMM OT MPEnsTCTBUS, Bbl3BaBLUErO
andpakumio.
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Oudpakuma Ha kpyrnom otBepcTtuu. Cdepuveckass BOMHa, pacnpocrtpa-
?S HAKOLLIASACS U3 TOYEYHOro UCTOYHMKA S, BCTpeyaeT Ha CBOEM
i
|
|
1
|
|

nyTW 3KpaH C KpyrnbiM oTBepctueM. Bua audpakumoHHon
KapTWHbI 3aBUCUT OT Yucna 3oH dpeHens, yknagblBaoLmnxcs
B OTBepCTMWU. AMNNUTyaa cBeTa B Touke B akpaHa O Gymet
A=A4/2%4,/2, roe 3Hak "mowc" Ans cnykas, Koraa
) OTBEPCTME OTKpbIBAET HEeYemHoe YMCINO M1 30H PpeHens, a
b+7 3HaK "MUHYC" — ANA YemHo20 m .

b OudpakunoHHass  kaptTuHa  6Gyger  wMeTb  BuUfg
YepeayoLLNXCH TEMHbBIX U CBETIIbIX KOMEL, C LLEHTPOM B TOYKe
B (ecm m - 4eTHoe, TO ueHTpanbHoe Konbuo 6Gynert
B 3 TEMHbIM, ECNN M HeYeTHoe, TO — CBETIbIM).
Oudpakuna Ha paucke. Cdpepuyeckas BosHa, S

pacnpocTpaHsLasacs OT TOYEYHOro UCTOYHMKa S, !
BCTpEYaeT Ha CBOeM MyTu Auck. Ecnu Auck sakpbiBaet
nepeble m 30H PpeHensd, To amnnuTyga koneGaHus B
Toyke B akpaHa I

A=4,. —A,.,+4 =

m+3
— Am+| Am+1 Am+3 _ Am+1
=4 g+ +.. =1
2 2 2 2 b b+ A
Takum oBpasom, B Touke B ecezda Habrodaemcs | 2%
UHMEPGHEPEHUUOHHBIL  MaKcuMyMm  (CBETNOE  MATHO), pagh I b+33
COOTBETCTBYIOLUMI MONOBUHE AEWCTBUS 11ep8oll OTKPbITON 2 I
30Hbl  ®peHensi. LleHTpanbHbIA  MaKCUMYM  OKpY>KEeH
KOHLEHTPUYECKUMW C  HWM TEeMHbIMA U  CBETMbIMU 5
KomnbLiaMW. B

20.Oudpakuma B napannenbHbix ny4vax (Audpakumsa
®payhrodepa).
Andpakuma @dpayHrodepa Habniogaetcs B TOM crydvae, Korga MCTOYHUK
cBeTa M To4ka HabntogeHust BeckoHeYHO yaaneHbl OT NPenaTCTBUS, Bbi3blBaOLLErO
oudppakumio.  MapannenbHbli  Ny4OK  nyyen
I I I 06bIMHO  cO3daloT,  Mnomelas  TOYEYHbIN
UCTOYHMK cBeTa B okyce cobupatoLen
NWH3bI. OndpakuMoHHY0 KapTUHY C NOMOLLIbIO
F BTOPOW cobupatollenn NnH3bI, YCTaHOBMEHHOW
3a NpensiTcTBUEM, (OOKYCUPYIOT Ha 3KPaH.

PaccmoTpum andpakuymio dpayHrodepa
c /D NIOCKON  MOHOXPOMAaTUYeCKOW  BOMHbI  Ha

> OOHON OGECKOHEYHO ANMHHOW LWenu LUINMPUHON
N/ a=MN . Ontuyeckass pasHOCTb Xoda MexXay

a)

kpariHumu nydamu MC v ND (cM. pucyHok)
A=NF =asing.

Pa3obbeM OTKPLITYIO 4YacTb BOJSIHOBOW
nosepxHocty MN Ha 30Hbl PpeHens,
napannesnbHole pebpy M wenu. LupuHa
0,017 KaXdoM 30Hbl  BblIOMpaeTcs Tak, 4TOObI

pasHOCTb XO4a OT KpaeB 3TWX 30H Gbina paBHa

6)

M
9
B
1
Ao
a

~sin @ -2% »,% (.2% sing
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A/2, nostomy Ha WwupuHe wenu ymectutes A: /2 30H.

Bce To4kn BOMHOBOro opoHTa B MIIOCKOCTM LLENW UMEIT OOMHAKOBYO hasy 1
amnnutygy Konebanwi. NoaToMy CyMMapHasi MHTEHCUMBHOCTb koniebaHuin oT AByX
nNobbIx coceaHux 30H PpeHensi paBHa Hynio. CnegoBaTeneHO:

. A
1) ecnu Yncno 3oH PpeHens YETHOE, TO asinp = iZmE (m=123,..)

— ycnosue dughpakyuoHHO20 MUHUMyMa (NonHas TeMHoTa)

. A
2) ecnu Yncno 30H PpeHens HevyeTHoe, TO  asin@ =+(2m + 1)5 (m=1,2,3,..))

— ycnoesue OughpakyUuoHHO20 MaKcuMyma,
COOTBETCTBYIOLLIErO AEWCTBUIO OAHOW HEKOMMNEHCUPOBaHHON 30HbI dpeHernsi.

B HanpaBneHun @ =0 LWenb AelcTByeT kak oaHa 30Ha PpeHens U B 3TOM
HanpaBneHWn CBET  pacrnpocTpaHseTcs C  Haubonblueid  UHTEHCUBHOCTBIO
— yeHmparsbHbil OUpPaKYUOHHbIU MaKCUMYM.

HanpaBsneHus, B KOTOPbIX aMNMTyAa MakcuMarsibHa Uy paBHa HyIo

. 2m+1)A . mh
SIM Py = i%’ S QP = i7

PacnpegeneHne WHTEHCMBHOCTM Ha 9KpaHe, MosflyyaemMoe BCreacTeve
andpakuum, HasbiBaeTcs QugbpakyUOHHBLIM crieKmpom (pUcyHok (6)).

MHTEHCUBHOCTU B LEHTPanNbHOM M NOCREAYOWMX MaKCUMyMax OTHOCATCS Kak
1:0,047:0,017:0,0083:..., T.e. OCHOBHas 4acTb  CBETOBOM  3Hepruu
COCpPefioTOYEHa B LIEHTPanbHOM MaKCUMyMe.

MNonoxeHne AUPPAKLUMOHHBIX MaKCUMYyMOB 3aBWUCWUT OT A. [Mpu ocBelieHun
wenn 6enbiM CBETOM, LEHTpanbHbIi MakcuMym Habniogaetca B Buae 6Genon
nonocku (npu @ =0 pasHoCTb XxoZa paBHa HyMo Ans Bcex A ) — oH oBLwmMiA Ans Bcex
ONWH BOMH. bokoebie MaKkcumMyMbl paldyXHO OKpaweHbl_huoiemosbiM Kpaem K
ueHmpy dupakyUuoHHOU KapmuHb! (NOCKOMbKY A duor < A

Kpacn )

21. OAudbpakuma ®payHrocgepa Ha AUPaAKLMOHHON peLueTKe.

OdHoMepHasi OughpaKyuoHHas1 pewemka — CUCTEMA NapannesnbHbIX LWenen
PaBHOM LUMPUHBI, NeXalimMx B OOHOW MNMIOCKOCTU W pas3ferieHHbIX paBHbIMU MO
LMPUHE HeNnpo3payvyHbIMU NPOMEXYTKaMMU.

PacnpegeneHve WHTEHCUMBHOCTW B AWMPAKLUMOHHOM CMEKTPe KaxAow Lwenu
onpepenseTcsa HarnpasneHueM [uparnpoBaHHbIX Nyden U audpakuMoHHbIe
KapTUHbI, CO34aBaeMble KaXaou Lenbio 0yayT oOuHaKkosbIMU.

CymMMapHas AvdpakuMoHHas KapTuHa ecTb
pesynbTaT B3anMHON MHTepdEepPeHLMM BOMH, NOYLUNX J l l l l l l l l l
OT BcCex uwenen — B _aANdPakLUMOHHOW _pelleTke
OCVLLECTBNSAETCS MHOrofnyyeBasi MHTepdepeHumnst
KOTEPEHTHbIX _AndparMpoBaHHbIX  MYy4YKOB  CBeTa,

M N C D

MayLmx oT Beex LWweneu. (4 £

Ecnu a — wupuHa Kaxpgoi wenu; b — wunpuHa ng:
Hempo3spayHbIX Yy4yacTKOB Mexay LWensMu, To _>
BennuuHa d =a-+b HasbiBaeTcs MOCMOSIHHOU
(nepuodom) AughpakyuoHHOU pewemku.

1 roe N, — uucno wenen, npuxoastiieecs
d= Vo Ha eauHULY ANUHbI. = =

A.H.OrypuoB. ®usuka dns cmydeHmos
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PasHocTn xoga A nyyei, upywmx OT ABYX COCEAHMX Lienei, 6yayt ans

[aHHOro HanpasneHus (¢ OAWHAKOBbLI B Npeaenax Bcen AndpakLMOHHOW peLleTkn
A=CF =(a+b)sinp=dsing.

OueBMAHO, YTO B TEX HaNpaBMNeHUsX, B KOTOPbIX HW OAHO U3 Lerel He pacnpo-
CTPaHsieT CBET, OH He ByaeT pacnpoCTpaHATbLCS U NpU OBYX LUENsX, T.e. MpexHue
(2n1aéHble) MUHUMYMbI WHTEHCUBHOCTW OyayT HabniogaTbCAa B HanpaBneHusIx
asinp=tmh (m=1,2,3,...). Kpome Toro, BCNeACTBUE B3aUMHOW UHTepdepeHLM,

B HanpaBneHusix, onpeaensieMblx ycrosuem dsing=+(2m+1)%4 csetosbie nyun,
nocbinaemMble ABYMSI COCEQHUMU LUenamMu, ByayT racutb Apyr Apyra — 803HUKHYmM
donosnHumernbHble MUHUMyMbI. HaobopoT, pencrtBne opgHow uwenu 6Gyget
ycunueatb AeiicTene Apyron, ecnm dsing=+2mb, (m=1,2,3,...) - ycnoeue
2J1a8HbIX MaKCUMYMOS.

B o6uiem cnyvae, ecnv AudpakumMoHHas peluetka coctont n3 N ieneiu, To:

. ycnoeue 2naeHbIX Makcumymoe: dsing =tmi (m=1,2,3,..)),
. ycnoeue 2naeHbIX MuHuMymos: asing=tml (m=1,2,3,..)),
3 mMexdy [BYMS [[IaBHbIMWM _ MakcuMmymamu  pacronaraetca N —1

OONOMHUTENBHBIX  MUHUMYMO8, pPa3feneHHbIX BTOPUYHBIMU  MakcuMymamu,
cosfarownmm cnabbii PoH.
Ycnoeue dononHumensHbIX MUuHumMymos: d sin(pzim’k/N , (rne m'
MOXeT MNpUHUMATb BCE LenouynucrneHHble 3Hadenus, kpome 0, N, 2N,... npwu
KOTOpPbIX AJAHHOE YCIOBUE NepexoanT B YCIOBUE MMaBHbIX MaKCMMYyMOB).
Amnnumyda 2;1a8HO20 MaKCuMyma eCTb CymMMma amnnutyn konebaHun ot
kaxxpoi wenn A, = NA,. MNoaToMy, UHMeHcUeHOCMb 2/1a8HO20 MaKCUMyMa B

max

2 . .
N~ pas Gonblle MHTEHCMBHOCTW [;, cO34aBaeMoii OfHOM LEeMblo B HaMpaBneHun

rMaBHOro Makcumyma I = Nzll.

Hanpumep, Ha pucyHke
npeactaeneHa Avdpak-
LMOHHas kapTuHa ans

N=4. MyHKTUpHas
KpvBas n3obpaxaet
N\, MHTEHCUBHOCTb OT OLHON

N,

< B . LUenu, YMHOXEHHYK Ha
TR A AW R L
lMonoxeHue 2naeHbIX MaKCUMYMOE 3aBUCWUT OT ANWHbI BOMHbI A, MO3TOMY
npyv nponyckaHuM depes pelleTky 6enoro ceeTa BCe MakCUMyMbl, Kpome
m= -2 -1 0 +1 +2 ueHtpansHoro (m=0), pasnoxarca B
2 [T i ] B | cnektp, dwvonetoBas obnacTb KOTOPOro
ueem Kk ¢k p 6 h Kk kK Oynet obpalleHa K LeHTPY AvdpakuMOHHOWM
KapTuHbI, KpacHas — Hapyxy. [losTomy
AnpaKkUMoHHan pelleTka MOXeT GbiTb UCMNoNb30oBaHa Kak criekmpasnbHbil npubop
Or1s1 pa3noxeHusi ceema 6 criekmp U uamMepeHusi O5IUH 80JTH.
Yucno rmaBHbIX MaKCUMYMOB, aBaeMoe ANGPAKLMOHHOW peLLeTKo

m< I (nockonbKy |sin (p| <1).

A.H.OrypuoB. ®usuka dns cmydeHmos
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22. Oubpakumsa Ha NPOCTPAHCTBEHHOMN pelueTke.

Ondpakuns ceeta HabnogaeTcs Ha OOHOMEPHbIX pewemkax (cuctema
napannenbHblX LUTPUXOB), Ha O8YMEpPHbIX pewemkax (WTPUXU HaHECEHbl BO
B3aMMHO MEPNEeHAUKYNSAPHbIX HaMPaBREHUsAX B OAHOW M TOW e MINOCKOCTU) U Ha
npocmpaHCMeEeHHbIX (MmpexMepHbIX) pewiemkax —  MPOCTPAHCTBEHHbIX
06pa3oBaHusix, B KOTOPbIX 3MEeMEHTbl CTPYKTYypbl MOAOOHbI No dopme, nmMelT
reomMeTpuyecku NpaBUMbHOE U MEPUOAMYECKM MOBTOPSIOLLEECH PacronoXeHue, a
Takke MNOCTOSIHHble (Mepuopbl) peLleToK, COM3MepuMMble C  ANMHOW  BOJHbI
3MNEeKTPOMAarHUTHOrO U3Ny4eHus.

Kpuctannbl, siBnsisicb TpEXMEPHbIMU MPOCTPaHCTBEHHbIMK 06pa3oBaHUAMU C
MOCTOSIHHOI petueTky nopsiaka 107'°M, MoryT BbITh MCMONL30BaHLI ANst HABMOAEHMS

ANdpaKLMM peHTreHoBCKoro nanydenus (A = 10712 +10_8M).

MpeactaBum kpuctann B BuAe nNapannenbHbIX — KpucTanmnorpaduyeckux
NMOCKOCTEN, OTCTOAWMX APYr OT Apyra Ha pacctosiHum d . Ty4ok napannesnbHbIX
MOHOXpOMaTUYECKMX ny4yeit (1, 2) NnagaeTt nog yasoM cKkonbxeHuss 3 (yron mMexay
HanpaBneHWeM  nagawwmx  nyyern u
Kpuctannorpaguyeckon  MMOCKOCTbO) U
BO3OYyxaaeT aToMbl KpuCTannmnyeckomn
peLUeTKMN, KOTOPblE CTAHOBSITCS UCTOYHUKAMM
KOrepeHTHbIX BTOPMYHBLIX BOMH (1 n 2°),
NHTEPdEPUPYHOLLNX mMexay cobo.

S —e- Makcumymbl  uHmeHcueHocmu  GyaoyT
dsin® dsind HabnogaTbC B TeX HanpaereHusix, B
> ®~ KOTOPbIX BCE OTPaXeHHble  aTOMHbIMM
NMAOCKOCTSIMW BOMHbI GydyT HaxoauTbCs B

oauHakoBom paze  2dsin3=mh (m=1,2,3,...) — doopmyna Bynbda—Bparros.

OT1a hopmyna mcnonb3yeTcs B:

1) peHmaeHoCMpyKmypHOM aHasu3e — ecnvi W3BeCTHa A PEeHTreHOBCKOro
N3nyyeHns, To, Habnwogas AndpakuMio Ha KPUCTannM4ecKon CTpPyKType
HEW3BECTHOTO CTPOEHUS U uaMepsss 3 W m, MOXHO Hautu d, T.e.
onpenenuTb CTPYKTYpY BELLECTBA;

2) peHmM2eHOECKOL CreKmMpOCKONuUU — ecnv U3BecTHa d, To namepas 3 u
7, MOXHO HaiTW ANMHY BOMHbI A NafaloLero PeHTreHOBCKOrO U3MyYeHus.

8

Kpucrannorpadguueckue
TIOCKOCTH

23.Paspelwiarolias cnoCoO6GHOCTbL CNeKTpanbLHOro npuéopa.

Ecnun 66l gaxe cywecTBoBana vaeanbHas ontuyeckas cuctema 6e3 gedektos
n abeppauui, To BCe paBHO u3obpaxkeHne nobON CBETALLENCS TOYKW, BCrneacTeme
BOMHOBOM npupoabl cBeTa, O6ydeT B BuAe LEHTpanbHOro CBETNOro NSATHA,
OKPY>XEHHOTO YepeayLUMMUCS TEMHbIMU U CBETMLIMU KOMNbLAMW.

Kpumepul Panesi — n3obpaxeHns AByx Grnmanexalimx oanHaKkoBbIX TOYEYHbIX
MUCTOYHUKOB UNW  ABYyX 6nuanexawiux CrnekTpanbHbiX fMHWA  C  paBHbIMU
a) WHTEHCMBHOCTAMW U OOWHAKOBLIMU CUMMETPUYHBLIMMU
0.8 | KOHTYpamm paspeLunmbl (pas,qeineHbl ans

BOCMPUATUS), €CNN  YeHMmPpasibHbIli  MaKCUMyM
M A2 ONPaKLMOHHOW  KapTWHbI OT OOHOMO0 WCTOYHMKA
(nMHUKM) coemadaem ¢ nepebiM MUHUMYMOM

-
6) AndpakLMOHHOW KapTuHbl OT gpyroro (puc. (a)). MNpwu
3TOM MHTEHCUBHOCTb "nposana" mexay
Makcumymammn coctaensieT 80% WHTEHCMBHOCTU B
* A2 Makcumyme. JTOro [[OCTaTOMHO AN paspelleHust
OnTuka
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AMHWA A, u A,. Ecnv kpuTepuii Panesi HapylleH, To HabniogaeTcs ogHa NUHUS

(puc. (6)).
Paspewaroujeli crnoco6HOoCMbI0O criekmpasbHO20 npubopa HasbiBaloT

A
Ge3pasmepHyto BenuumHy R :a, roe OA — abCcomntoTHOe 3HaYeHWe MUHMMAnbHOM

pasHOCTW ANWUH BOJSIH ABYX COCEAHWX CreKTpasbHbIX NUHUA, NPU KOTOPOi 3TW NIMHUM
PEervcTpupyrTcs pasaenbHo.

24.Pa3speliaroliasa cnoco6HOCTb AN PaKLUMOHHON PELIeTKU.

MycTb MakcUMym m-To nopsaka AN ANWHbL BOMHLI A, Habniogaetcs nog
yrnom @ (dsing,,, =mh,). B Tom xe nopsiake Gnvxailunii M pakLoHHbIN
MUHUMYM 475 BOSHBI A, HaXoauTCst Mod yrioM @ (dsing,., =mk, +A,;/N). Mo

A A
KPUTEpUIO Panest @, = @uin» OTKYAA M, = mA; +—- unn A=A, —A; =—L

A
R()ud)p.pem. = 6_7\. =mN .

Takum 06pa3oM, paspewaroujasi cnocob6Hocmsb AughpakKyuoHHOU pewemku
npornopyuoHaibHa NopaaKy cnektpa m nuveny N wenen.

B3aumodelicmeue AJIEKMpPOMacHUMHbIX 80JIH C eewW,ecmeomMm

25.ducnepcus cBeTa.

Hucnepcueli ceema Ha3bigaemcs 3a8UCUMOCMb MOKa3amersisi pesoMeHuUst
n om Yyacmomsl V (ONMHBI BOMHBLI A ) céema (Mn1 3aBUCUMOCTb (Da30BOIN CKOPOCTU
L CBETOBbIX BOJIH OT €0 4acToThl V).

CrnefcTteuem gucnepcumn siBRsieTCs pasnoxeHve B CNeKTp nyyka 6enoro ceeta
npyu npoxoxaeHun ero uepes npuamy. Jucnepcusi nposiensiemcsi nuwb npu
pacrnpocmpaHeHUU HeMOHOXPOMamu4ecKUX 6OJIH.

PaccmoTpum gucnepcuio cBeta B MpusMe.
MycTb MOHOXpOMaTWMHeCKWA Nyd MNog YrnoMm o

nagaeT Ha MpU3Mmy C rokasaTeneM MPenoMIeHns
n v npernomnsiowmum  yrmom  A. TMocne
[BYKPaTHOTO MpesioMrieHUst Ha feBon U NpaBou
rpaHsX NPU3Mbl JyY OTKIIOHSETCS Ha yron @ .
o=(0; —y)+ (0, —y,) =0, +0a, —A4.

o, n 1
Ecrm yrmbl 4 W o (a 3HaUMT M O, Y, M Y,) Manbl, TO —=— n B_2

Y, 1 o n
Mockonbky v, +7V,=A4, 10 dy =y,n=n(A-v,)=n(4d-o,/n)=nd—a,, otkyaa
o, +0,=nA4. Moatomy ¢=A(n—1) — yron OTKNOHEHUS Jly4el NpU3MOW Tem
GonbLue, Yem GosbLUe MPENOMIISIOLMIA Yron NPU3MBbI.

BenununHa D =—— HasbiBaeTca ducnepcuell eewecmea. [Ona Bcex

npo3payvHbIiX BeLWeCTB MnokKadaTeslb npefioMneHna ymMmeHbllaeTca C yBennyeHunem

A.H.OrypuoB. ®usuka dns cmydeHmos
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dn
n OJVHbBI BOSTHbI: J< 0 (cm. pucyHok). Takas gucnepecus

HasblBaeTCA HOpMasnbHOU (UMW OTpULATENbHON).
B6nnM3M nuHWMIA M NONOC CWUMNBHOIO MOTMOLLEHUST XOf4

kpuson n(A) — kKpueol ducnepcuu — 0GPaTHbINL:
dn .
— > (. Takas aMcnepcusi Ha3bIBaeTCA aHOMasIbHOU.
0 L ! ) ! e di
200 600 x,'m Ha sBneHun HopmanbHOW AUCNEPCMUM  OCHOBAHO
nencreune l'lpu3MeHHle crnekmpozpaghoe.  Yron

OTKIOHEHWSA TyyYer Npu3Mon 3aBu-
CUT OT rnokasaTtens NpenomreHus,
KOTOprﬁ B CBOIW o4epenb, 3aBUCUT /{pgp/m/[f

Nyy .
OT [ANWHbI  BOMHbL.  [loaTomy /L lyy Kpacroeo chema ﬂﬂaﬁmeﬁwu
npuama pasnaraeT 6enbin CBeT B  menmsiti
o@
@

/va benozo cfema

CNEeKTP, OMKIIOHSISI KpacHble Iy4u Bﬁllﬁlgﬂlf
(anvHa BonHbl Gonblue) crabee, conyon

yem cpuonemosnbie (OfIMHA BOSHbI Curt
A quonemobii
MEHbLLUE).

26. OneKTpOHHAA TeopUA AUCNEePCUN.

AnekmpoHHass meopusi ducnepcuu JlopeHua paccMaTpuBaeT LUCTEPCUIO
cBeTa Kak pe3ynbTaT B3alMOAEWCTBUS 3MEeKTPOMAarHUTHBIX BOMH C 3apshKeHHbIMM
YyacTuuamu, BXOOSILUMMM B COCTaB BELLECTBA M COBEPLUAKLMMU BbIHYXAEHHbIE
kone6aHusa B NepeMeHHOM 3M1IEKTPOMArHUTHOM Mofe BOSHbI.

AbcontomHbili  nokazamerib rpesioMneHust cpeodbi n=,/eu, roe
€ — [ManeKkTpuyeckas NMPOHMLAEMOCTb CpeApbl, L — MarHWTHasi NPOHULLAEMOCTb.

B onTtnyeckon obnactu CnekTpa anga Bcex BewecTB U~ 1, Nno3TOMYy n = \/g

CornacHo Teopuu JlopeHua, ducrniepcusi ceema — criedcmeue 3asucumMocmu &
om yacmomel (O5UHbI 80/1HbI) c8emoabix 80sH. 1o onpeaeneHunto

8=1+X=1+i,
gl

rae ¥ — [AuanekTpuyeckas BOCMPUMMHYMBOCTL Cpedbl, £, — 3rieKTpuyeckasn

noctosiHHasi, P n E — MrHoBeHHble 3Ha4YeHue Nonsipu3oBaHHOCTY U HaNPsSXKEHHOCTH
BHELLHEro aM1eKkTpMUYeCcKoro norsi.
B ontnyeckon obnactu cnektpa yacTtota KonebaHwui 3neKkTpUYeckoro nosns

CBETOBOW BOJIHbI BbICOKA (vz1013ru), No3TOMy OpWEHTAUMOHHaA nonspusaums
ONANEKTPUKOB  HECyLLeCTBEeHHa, W  [MaBHYD pPoOfb  WUrpaeT  3/1eKMmpOHHasi
(GepopmayuoHHas)) nonapusayusi — BbIHYXOEHHblEe KonebaHus 3MeKTPOHOB Mo
[EeNCTBUEM INEKTPUYECKON COCTaBSIIOLLEN NOMS CBETOBOW BOJIHbI.

MycTb BbIHYXXOEHHbIE KOnebGaHUsi coBepLUaeT TONMbKO OAWMH BHELUHMIA, cnabo
CBSI3aHHbIA C S0pPOM aTtoMa, 3NEeKTPOH — OMNTMYECKWMM 3NeKTpoH. Ero HaBegeHHbIn
AVNONbHBLIN MOMEHT: p = ex, TAe e — 3apsf dNeKTPoHa, X — CMeLLeHNe 3MeKTpoHa

noa gencrevem ANEKTPU4eCcKoro nonsa CBETOBOW BOSHbI.
MrHoBeHHOe 3HadeHune nonapmn3oBaHHOCTU

P=nyp=nyex,
rAe 7, — KOHLEHTpaLusi aTOMOB B AN3MNEKTPUKE.

OnTuka
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nyex
&E

Myctb BHewHee none £E  un3MeHsieTCs MO  2apMOHUYECKOMY  3aKOHY
E = E,coswt . Torga ypaBHeHWe BbIHYXAEHHbIX KonebaHwii anekTpoHa (6e3 yyema

cunbl conpomusesneHusi, obycnasnuearowel noanoweHue 3Hepauu nadarowels
80J1HbI)

CnepoBarensHo, n-=1+

.. 1 e
X+ oagx =—F,coswt=—E,cosot,
m m

roe [, =eE, — amnnuTygHoe 3HauyeHue Curbl, OE/CTBYIOLIEN HA 3MEKTPOH CO
CTOPOHbI MOMS BOSHbI, @, — COGCTBEHHas 4acToTa KoneGaHuii aneKTpoHa, m—

macca 3MeKTpoHa.
ek,

3 . MoaTtomy
m(wy — o

PeleHune atoro ypaBHeHuss x = Acoswt, roe A= 5

2
nye 1

1’12 = 1 + O—ﬁ .

ggm (0 — ")

lNony4yeHHas 3asucumocmb @bipaxaem seneHue Aucnepcuu — n=n(o).

Mpaduk aToOM 3aBUCUMOCTU TMpuBedeH Ha pucyHke. Paspble n  BOGMMaM ®
obycrioBreH TeMm, UTO He Yy4TeHbl Cwrbl
COMpPOTMBIEHUS cpeapl (nornoweHve
3NEKTPOMAarHUTHbIX BOSH Cpeson).

Ecnu yyectb nornoweHve, To B obnactu
®, 3aBMCUMOCTb n(®) 3aAaeTcs MyHKTUPHOM

nuuuen AB - 3to obnacmb aHoMasbHOU
ducnepcuu (n ybblBAeT C pocTOM ).
OcrTarnbHble y4acTKN OMUCLIBAOT HOPMasIbHYHO
@ ®  Qucnepcuro (1 pacTeT C POCTOM ).

B obwem cny4ae, ecnu B BeELEeCTBE WMEITCA pasnundHbie 3apdafbl €; C

Maccamu m;

i

CcOGCTBEHHBIMM YacToTaMm ®g;, TO

coBeplwawwipe  BblHYXOEHHbIe konebaHus ¢ pas3nnyHbIMn

n e 1
n-=1+-20 _lﬁ
& T m; (0p; —®)

¥ kpuBas 1(®) UMeeT 0COGEHHOCTN BGNN3M Kaxoi COBCTBEHHON HacToTbl M, .

27.NornouweHune (abcopbums) ceeTa.

MozanoweHuem (abcopbuyueli ceema Ha3bIBAETCSH S6/EHUE YMEHbLLWEHUS
SHepeuu €e8emoeoll 80/HLI MPU €ee pacrnpoCTpPaHEHUW B BeLLECTBE BCMeACTBUE
npeobpa3oBaHWsl SHEPrUM BOJHbI B ApYre BUAbl SHEPruv (BHYTPEHHIOW SHEpruto
BELLEeCTBa, SHEPruo BTOPUYHOINO W3MyyYeHWUsi B APYrMX HanpaBMneHusiX U Apyroro
cnekTparnbHOro coctaea u ap.).

B pesynbtate normoweHns MHTEHCUBHOCTb CBETa MpU MPOXOXOEHWM Yepes
BELLECTBO YMEHbLLAeTCs:

I =1,exp(—ox) — 3akoH Byrepa.
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3pecb I, W I — WHTEHCMBHOCTM MMOCKOW MOHOXPOMAaTU4YeCKOW BOIHbI Ha
BXOOAE M Bbixoge  Crosi  norfowawwero  BewecTsa  TOMWMHON X,
o — KoaghhuyueHm noesioweHUss, 3aBUCAWMUA OT [ONUHbI BOfMHbI CBETA,
XUMUYECKON NpUpOoabl U COCTOSIHUA BeELLeCcTBa M He 3aBUCALLMIA OT MHTEHCUBHOCTU
cBeTa. YncneHHoe 3HayeHwe 3Toro koaduumneHTa O NokasbiBaeT TOMLWMHY Crosi
X, paBHyO % nocrne npoOXoXAeHWs1 KOTOPOro MHTEHCMBHOCTb MIIOCKOW BOJHbI

nagaeT B €=2,72 pasa.

28.Bugbl CNeKTPOB NMOrNoLeHus:

» JluHel4amsblil criekmp no2/0uWeHUs — XapakTepeH Ans 00HOamOMHbIX 2a308
(vnn napoB). OyeHb peskne U y3Kne NIMHUW B Takux ChnekTpax COOTBETCTBYHOT
YactoTam CobCTBEHHbIX KonebaHui anekTpoHoB B atomax. Ecnv nnoTHocTh rasa
yBenuM4MBaTb, TO B3aMMOAENCTBUE aTOMOB MeEXAY COOOA NPUBOAUT K YLUMPEHUIO
MIVHWI NOTMOLLEHMS.

» Cnekmp mnoenoujeHUsi 6 eude MOoJIoC MO2J/IOWeHUSI — XapakTepeH Aans
noanoweHuss mornekyn. KonebaHus aTtomoB (M BpalleHue rpynn aTtoMoB) B
MoreKynax npuBoAauT K TOMY, 4TO 06pasytoTCs LUMPOKME NOMOCHI MOMMOLEHNS.

» CnsowHOU criekmp rno2JIoweHUss — XxapakTepeH Ansi xudkocmel u meepobix
men, B KOTOpbIx 0OpasyloTCa Ko/leKmueHble 8036yx0eHuUs (Hanpumep,
3MEeKTPOHbI MPOBOAMMOCTM B MeTannax) Kotopble obycnaenvealoT MnorfoLleHne
CBeTa B LUMPOKOM 06nacTu 4acToT (ANWH BOMH).

Ha pucyHke nokasaHa TUNUYHAas 3aBUCUMMOCTb
Ko3uLMeHTa MOrnoOWeHNss O OT AfWHbl BOJIHbI
cBeTa A U 3aBMCMMOCTb MoKasaTens npenomMsieHns n
oT A B obnactv nonocbl NOrMoLeHns. BHyTpu
nornocel MorfoweHns HabngaeTcs  aHomanbHas
avcnepcus.

3aBMCMMOCTbIO KO3 ULMEHTA MOTOLLEHMST OT
ANVHbI BOJHbI o6bscHsAeTCA OKpaLLEHHOCTb
nornowiaroLmx Ten.

o, n o

lNonspu3sayusi ceema.

A.H.OrypuoB. ®usuka dns cmydeHmos

29.EcTecTBeHHbIN U NONSAPU3OBaHHbIN CBET.

Mpu geiicTBMM CBETA Ha BELLECTBO OCHOBHOE 3HAYeHWe UMEeeT aneKTpudeckas
COCTaBNSIOLWAs ANEKTPOMArHUTHOIO Mosisi CBETOBOM BOSHbI, MOCKOSNbKY MMEHHO OHa
OKa3blBaeT OCHOBHOE [EWCTBME Ha 9MeKTPOHbl B aToMax BellecTBa.

a) Moatomy, pAnsi onucaHusi 3aKOHOMEpPHOCTEW rnonsipusauum  Bygem

paccmaTpuBaTh TONbKO €8emoegoli 8eKMOP — BEKTOP HanpsiKeHHoCcTU FE
3M1EeKTPUYECKOrO Moss.

6 CseT npeactaBnsieT coboOM  CyMMapHOe  3reKTpOMarHUTHoe
M3ny4YeHne MHOXECTBa He3aBMCUMO W3fyyarowmx atomos. [oaTomy Bce

opvieHTauun Bektopa £ GynyT paBHOBEpOsiTHbI. Takoi CBET Ha3biBaeTcs
ecmecmeeHHbIM (puc. (a)).

o MonsipuzoeaHHbIM ceemoOM Ha3biBaeTCs CBET, B KOTOPOM
Hanpasnewuss  konebaHus  Bektopa E  kakum-nubo  oGpasom
yNnopsifoyeHbl.

Yacmu4yHo nosisipusoeaHHbIll ceem (puc.(6)) — cBeT C
OnTuka
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NpenMyLLEeCTBEHHbIM HanpaBreHnem konebaHuii Bektopa E .

IMnockononsipuzoeaHHbIli ceem — CBeT, B KOTOPOM Bektop FE konebnetca
TONMbKO B OAHOW, NPOXOAsLIEN Yepe3 nyd Nnockoctu (puc. (8) Ha npedbloylien
cTpaHuue un puc. (a) n (6) Ha aTon).

Ota NNockocTb Ha3blBaeTcs

P naocKkocmbio nonsipusayuu.
A' —
v Ecnn «koHubl Bektopa E ¢

TEYEeHWEM BpPEMEHW OMNUCbLIBAIOT B
NAOCKOCTU, MEPMNEHANKYNAPHOW ITy4y,
OKpY>XHOCMb Unu annunc (puc.(s)), To
CBeT Ha3blBaeTCs YUPKYAAPHO WK
31UNMUYecKuU Mosisipu308aHHbIM.
. I —1.
CreneHbio nonsipusaumu HasblBaeTcs BenuymMHa P |p — —max ~min
roe I . v I, — COOTBETCTBEHHO, MaKCUMarnbHas U MUHUMAarb- Tax + L inin
Hasi MHTEHCMBHOCTU YaCTUYHO MOMSPU30BaHHOrO cBeTa. [ns ecTecTBEHHOro cBeTa
. 1 P=0, ans nnockononsipusosantoro /. =0 un P=1.
EcTecTBEHHbI CBET MOXHO npeobpas3oBaTb B  MIOCKONONSPU3OBaHHbIN,
MCMonb3ysl Tak HasblBaeMble MoJIApU3amopsbl, nporyckawwme konebaHns TonbKo
onpeaeneHHoro HanpaeneHusi. B kayectBe nonsipu3aTopoB MCMOMb3YOTCS cpedbl,

AHN30TPOMNHbIE B OTHOLLEHUN kone6aHun E .

7 a 4 d 7 é

Imax zlmi

30.3akoH Mantoca.
MponycTM ecTeCTBEHHbIN CBET C MHTEHCUBHOCTbLIO 1,

ecm

KonebaHue amnnutygsl A, coBeplialolieecs B MOCKOCTW, obpasylowen ¢

yepes nonsipusatop 7.

Jlnockoems  TWIOCKOCTBIO MONSIpU3aTopa yron ¢, MOXHO pasfoXuTb Ha asa
OPPATPE  onebanns ¢ amnnutygamu A, = Acos@ u A, = Asing.
WHTEHCMBHOCTL  Mpoluelwend  BOMHbI  MponopumMoHanbHa
A A/z/ =A’cos’ (. B ecrecTBEHHOM cBeTe BCe 3HaueHUs @
PaBHOBEPOATHbLI, MO3TOMY AOMA CBeTa, MpOoLealwero 4epes
nonspusaTop, 6yaeT paBHa cpegHeMy 3HaUYEHMo <0052 (p> =Y, a
VHTEHCUBHOCTb  MIIOCKOMOSISAPU30BAHHOMO CBETA, MPOLLEALErO

y 1,

yepes nep.blii nonsipusatop 7; paBHa 1 :%.

[NoctaBuM Ha nyTn nnockononapmn3oBaHHOro
cBeTa BTOpoW nonspusatop 7, (aHanuszamop)
noa yrmom \ Kk nepeomy. VIHTeHcuBHOCTb [

cBeTa, MpoLWelero 4epes aHanusarop,
MEHSIeTCS B 3aBNCMMOCTM OT yrra \ No 3aKOHY
Mantoca:

2
I=1,cos"y.
CnepoBaTtenbHO, WMHTEHCMBHOCTb  CBETa,  Mpolledwero  4epe3  [Ba
1 2 1
nonspusatopa 1251 cos“y. Moatomy, [ . =—1 Korga nonspmsaTtopsbl

ecm max 2 ecm?

napannenbHbl N Imin =0, Korga nonapus3atopbl CKpeLleHbl.

A.H.OrypuoB. ®usuka dns cmydeHmos

a)
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31.MNonsipMsaumna ceBetTa NpyU OTPAXXEHMU U NPENIOMIIEHUN.

Ecnu ectecTBeHHbIV CBET NagaeT Ha rpaHuly pasgena AByX ANSNEKTPUKOB, TO
OMmpaxXeHHbIU U MPesIoMIeHHbIU N4 SBNSITCA YacmuYHO NOoASpU308aHHbLIMU.
B oTpaxeHHOM nyye npeobnagatot konebaHua nepneHamKynspHble MocKoCTU
nageHus, a B NpenomneHHoM — konebaHus, nexatiume B NNOCKOCTU NafeHus.
Ecnun yron nageHvs paBseH yesly Bprocmepa, KOTOpPbIN ONpefenseTcs COOTHO-
WweHnemM tgi, =n,;, TO OTPAKEHHLIA Ny4 ABMSETCA MJIOCKOMOJISAPU308aHHbIM.
i 6) [penomneHHbIM Ny4y B 3TOM criyvyae

) | nonspu3yeTcs MakcMmarsbHO, HO He
) . nonHocTblo. Mpu aTOM ompaxeHHsbIl
g 4 i

N U MPEIOMIEHHBIU  fly4U B3aUMHO
' — L MepneHAVKYNApHbI:
L n .. ..
: . _sinig  siniy
tgip=—"—"=my, —= =Ny =
N T Ccosiy sini,
! ! COSiy =sini, unu iy +i, =7,

HO iy =iy, noaToMy iy +i, =7/2.
CTteneHb nonspusaLmmn oTpaxeHHOro 1 NPerioMiIEHHOro CBeTa NMpu PasnmyHbIX
yrnax nageHusi MOXHO paccuuTaTb M3 ypaBHeHMn MakcBenna, ecnu yyecTb
rpaHWYyHbIE YCNOBWUSI AN 9MEeKTPOMAarHUTHOrO MOMsi Ha rpaHvue pasgena AByx
ananektpukos (Jleku.5, n.49).

32.0BonHoe ny4yenpenomneHue.

HeoliHoe ny4enpenomneHue — 3T0 CNOCOBHOCTbL NPO3payvHbIX KPUCTansos
(kpoMe ONTUYECKN W3OTPOMHBIX KPUCTanmoB KyOWYecKoW CUCTEMbI) pasaBavBaTb
KaXadbl najalowmii Ha HUX CBETOBOM MyyoK. OTO sABMeHMe obbsAcHseTcs
0COBEHHOCTAAIMM  pacnpocTpaHeHWs cBeTa B aHM3OTPOMHbIX  cpedax U

HenocpeaCcTBEHHO BbiTekaeT U3 ypaBHeHu Makceenna.

Ecnu Ha kpuctann HanpaBuTb y3KMWA Ny4YOK cBeTa, TO U3

z 3 t KpucTanna BbIi4yT ABa NPOCTPAHCTBEHHO pasfdeneHHbIX
e

fyya napannenbHblX ApYyr Apyra v nagalolemy nyuyy.
Jaxe B TOM cnyyae, korga nyvyok nagaet Ha Kpuctann
HOpMarbHO, NPENOMIIEHHbI Ny4YoK pasdensieTcs Ha ABa:
OOMH U3 HUX SIBMSETCA MPOAOIIKEHUEM MEPBUYHOIO
(HasbiBaeTcs  O6bIKHOBEHHbIM (0)), a BTOpoK
OTKMOHsIeTCH (Ha3blBaeTcsl HEO6bIKHOBEHHbIM (€)).

HanpasneHve B onmuyecku aHU30mMpoOMHOM Kpucmarsnse, No KoTopomy nyy
CBeTa pacnpocTpaHsieTcsl, He UCTbITbIBasi ABOWHOMO Ny4YenpenomneHusi, Ha3biBaeTcs
onmuyeckoli ocbio KpucmaJsna. nockoctb, Npoxofsiias yepes HanpasBreHue
fny4a cBeTa M OMTUYECKYI OCb KpucTanmna, HasblBaeTCs a/1a8HOoU M/10CKOCMbIO
Kpucmanna.

O- U e-Niyds NIIOCKOMOMsIpM30BaHbl BO  B3aWMHO  MEPNEHONKYNSPHBbIX
NNOCKOCTSIX: kornebaHWs CBETOBOro BEKTOpa B O-1y4Ye NPOUCXoasiT NepneHanKynsapHo
rnaBHON NIIOCKOCTU, B €-fydye — B FMaBHOMW NIIOCKOCTU. O-MyY pacrnpocTpaHseTcs no
BCEM HamnpasreHUsIM KpUCTanna ¢ OAMHAKOBOM CKOPOCTLIO L, = ¢/n, — nokasarerb

== >0~ 0

npenomneHnsa n, Ana Hero ectb BendnHa NoCToAHHaA. e-nyyn pacnpocTpaHATCA
no pasfinyHbiM HanpasleHnamM C pa3HbIMU CKOPOCTAMU UEZC/I’IE — NoKasaTtenb

npenomneHns n, HeOoObIKHOBEHHOTO fyva SBMSETCH MNEepemMeHHON BENMUYMHON,
3aBUCSLLIEN OT HanpaseHus ny4a.

OnTuka
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33.MonapnsaumoHHble NPU3Mbl U NoNApouabl.

fBneHne [OBOMHOrO nydyenpenomMmneHna uncnonb3yeTtca npu WU3rotoBneHnn
nosisipu3ayuUoHHbIX npucnocoGne-

‘i 04 D HUll — nNONsSpPU3aUMOHHbIX MPU3M 1
44 nonspovgos. Hanpumep, B npusme
Hukéna - pgBovHOM npuame U3

e WCMaHACKOro LUMaTa, CKMNEeeHHoW BAOMb
AB «aHapckum Ganb3amom (n=1,55)

— 06blkHOBEHHBIA  1yd (1, =1,66)
UCMbITLIBAET M10/IHOe ompaxeHue (Tak Kak KaHaackuii Ganb3am Ans Hero cpega
ONMTMYECKN MeHee MIoTHasl), a MOCKOMONSAPU30BaHHbIA HEOOLIKHOBEHHBIU Ny
(n,=1,51) BbixoguT U3 npuambl. (OnTudeckas ocb npuamsl OO’ coctaBnsieT ¢
BXOAHOW rpaHbio yron 48°).

[JBosikonpenomnsiowme KkpucTannsl obnagaloT CBOWCTBOM GuxpousmMa —
pasnuUYHO20 Mo2/IoWeHUsI ceema B 3aBUCMMOCTM OT OPUEHTaLUMW 3MEeKTPUYEcKoro
BEKTOpa CBETOBOW BOSIHbl.  JUXpOuyHble — Kpucmasfibl WCMOMb3ylTcs  npu
MPOV3BOACTBE MOIAPOUAOS — TOHKMX MIACTUKOBBIX NIEHOK, B KOTOPbIE BKpAaNeH.i
KDUCTaNIvKM BELLECTB C CUMbHO BbIPaXEHHLIM OUXPOU3MOM (Hanpyumep, repanartuT)
— Takue NNEeHKK yxxe npu TonwmuHe ~0,1MM MoIHOCMbIO Mo210Warm 0BbIKHOBEHHbIE
nyyn BUAMMOW OGNacTV ChekTpa, sIBNsACh B TakOM TOHKOM CIOE CO8EPLUEHHBIM
r1oM5pU3amopom.

34. UckyccTBeHHas onTuyeckas aHM30Tponus.

B  onTuyeckn  M3OTpPOMHbIX  BelEecTBax  BO3MOXHO  MHAyUMPOBaTb
UCKYyCCMBEHHYH onMuYyecKyro aHu3omponuro non BO3[ENCTBUEM:
1) OOHOCTOPOHHErO CXaTWUsA UMW PacTsKEHWUs; 2) anekTpuyeckoro nons (aghgekm
Keppa); 3) wmarHutHOoro nonsa (agpgpekm Kommora-Mymmona). [lpu 3ToMm
MHAOYLMPOBaHHAs OMTMYecKass OCb COBMajaeT C HanpasneHuem aedopmauuu,
3NEeKTPUYECKOro UM MarHUTHOrO Nornei.

AdbchekT Keppa — onTuyeckas aHM3OTPONUA BeLLECTB nog [AeicTBreM
3NEKTPUYECKOTO MOMS — OBBACHAETCS Pa3NUYHON MNONSPU3YEMOCTLI0  MONeKyn
+ BellecTBa MO PasHbIM  HarnpaBIeHUsIM.

Ecnv npunoxuTs pasHOCTb NOTEHLManos

P K s4elike Keppa — «iwoBeTe C

> X ES] —>  [ICCTIEAYEMON  XWOKOCTbIO,  KoTopas
> == l:: -~ pasmellieHa Mexay CKpeLLEeHHbIMM

s nonsipusatopom P u aHanusatopom A, n

B KOTOPYH  MOMELUEHbl  MNNacTUHbI
KOHEeHcaTopa — TO XMUAKOCTb CTaHOBUTCS OBOSIKONPENOMISIOLLEN U CBET NPOXOAUT
yepe3 aHanusaTop. PasHoCTb nokasaTtenen npenomsneHus OObIKHOBEHHOMO U

HEeOObIKHOBEHHOTO  fyyeii: ne—nothoE2, rae A, — ANWHA BOSHbI CcBeTa B

Bakyyme, E — HanpsbkeHHOCTb anekTpudeckoro nonsi, B — noctosiHHas Keppa,

KOTOpasi 3aBUCUT OT TeMnepaTypbl, AMMHbI BOMHbI CBETA U NPUPOALI BELLECTBA.
Sddbekr KortToHa-MyTTOHa — MarHuWTHbIA aHanor adpcpekta Keppa -

BO3HUKHOBEHWE ONTUYECKON aHW3OTPOMUM Y HEKOTOPbIX M3OTPOMHBLIX BELLECTB MNpu

2
nomMeLwleHnn nx B CUnNbHOEe BHELLHEee MarHUTHoe none. |_|pl/l 9TOM n, —ny = C)\.OH ,

roe H - BenuuunHa HaNpAXXeHHOCTU BHeLWHero MarHUMTHoro nons, C - nocTosiHHas
KOTTOHa-MyTTOHa, KOTOpaA 3aBUCUT OT TemnepaTtypbl, ANMWHbl BOJIHbl CBeTa WU
npupoabl BellecTsa.
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35. BpaleHue nNockocTu nonsapusaumm.

HekoTopble BellecTBa (Hanpumep, KBapu, caxap, cCKkunupap), HasblBaeMmble
onmuyecku akmueHbIMU, 06nagaloT CrnocobHOCTbIO  BpawWaTb  MIIOCKOCTb
nonsipusaumuy. Yron noBopoTa nnockocTu nonsipusaumm ¢ =a.-d , rae d — TonwmHa
cnos BelwecTsa, O — YyAenbHOe BpalleHne — Yron MoBopoTa MiOCKOCTK
nonapusauun cnoem onTu4eckKn akTUBHOIoO BellecTBa e,D,VIHVNHOVI TONLWWHBbI. I'Ile

3TOM QL ~ kaz - 3akoH Buo (A, — AnvHa BorHbI CBeTa B Bakyyme). [Insi pacTBopoB
Yron ¢ 3aBWCUT eLle 1 OT KOHLEHTpaLuum ¢ pacteopa ¢=a-c-d.

Ecnu mexay ckpelleHHbIMU nonsipu3aTopoM P v aHanusatopoM A NoMecTuTb
ONTMYECKN aKTUBHOE BELLECTBO, TO none
3peHUss aHanu3aTopa NpOCBETMSIETCS.

> [loBopayunBasi aHanusaTop MOXHO
onpeaenuTb yron @, Npu KOTOPOM rfone
3pEeHUss BHOBb CTaHOBUTCS TEMHbIM —

yron noBopoTa MMOCKOCTU MOMsipU3aLmMn ONTUYECKM akTUMBHbIM BellecTBoM. B

3aBUCMMOCTM OT HampaBfieHUst BpalleHWs, ONTUYECKM aKkTMBHbIE BeLlecTBa

pasgensiloTcs Ha npaeo- U Jsiesoepawjaroujue. B nepBom crnyvae nnockoctb
nonsipu3aumm, ecnm CMoTpeTb HaBCTpeYy Ny4vy, CMeLLaeTcsl N0 YacoBOW CTpenke, BO

BTOPOM — NPOTMB.

OnTuyeckasi akTMBHOCTb OGycroBnuBaeTcs: 1) CTPOEHWEM MOMeEKyn BellecTsa

(nx acummeTpuren); 2) 0COBEHHOCTAMU PACMNONOXEHUs YacTuL, B KPUCTamnnmM4eckomn

peLueTke.

SddbekTr Dapages — BpalleHUe NIOCKOCTM MONSIPU3aUMM B ONTUYECKM

HeaKTMBHbIX Tenax MOMELLEHHbIX BO BHELLHee MarHuTHoe norne. Yron noBopoTa

nnockocTu nonsipusaumn @ =VHd , rae H — HanpshkeHHOCTb BHELIHETO MarHUTHOO

nonsa, d — TonwwHa obpasua, V' — nocmosiHHasi Bepde, 3aBucaLlas oT npupoasbl
BeLLecTBa U ASIMHbI BOMHbI CBEeTa.

Keanmoeasi npupoda usnyqeHust

A.H.OrypuoB. ®usuka dns cmydeHmos

Keanmoeasi onmuka — pasgen onTuku, 3aHUMaloLLmics n3yvyeHnem SABNEHUN,
B KOTOPbIX NPOABMAKTCA KBAHTOBbIE CBOJWCTBa CBeTa.

36.Bugbl onTUYEeCKUX U3NYyYEeHUN.

KonebaHusi aneKkTpuyeckux 3apsigoB, BXOAAWMX B COCTaB  BELLECTBA,
06ycnoBnMBaloOT 3NEKTPOMArHUTHOE M3NyyYeHne, KOTOPOE COMPOBOXAAETCS NoTepei
3HEeprMun BeLLEeCTBOM.

Mpu paccesiHnM u oTpaxkeHun cBeTa (POPMUPOBaAHWE BTOPUYHBLIX CBETOBbIX
BOMH W MPOAOIMKXUTENBHOCTL W3MYyYeHUsi BELLECTBOM MPOUCXOAMT 3a Bpems,
CpaBHUMOE C NMEePUOAOM CBETOBbIX KonebaHuii.

Ecnn un3nyyeHue npoporkaetcs B TeYEHWE BpPEMEHW, 3HAYUTENbHO
npeBbILIAOLWEM Nepuoa CBETOBbIX konebaHuii, ToO BO3MOXHbI [iBa TUMa U3MyYeHus:
1) mennoeoe usny4yeHue v 2) IIOMUHECUEHYUSI.

PaBHOBECHBIM COCTOSIHMEM CUCTEMbI TENOo-U3NyyYeHne SBNSIeTCS COCTOSHUE,
npu KOTOPOM pacnpeferieH/e 3HepruM Mmexay TernoM W U3nyvyeHuem ocTaeTcs
HEU3MEHHBbIM [ONs1 KaXOoW [AMWHbI BOJSHbI. EAMHCTBEHHLIM BUAOM  U3MNy4YeHus,
KOTOPOE MOXET HaxoAUTbCA B PaBHOBECUU C M3My4YalolMM TerioM, SIBMseTcs
mensoeoe u3sy4yeHue — CBeYeHue Tern, obyCroBneHHoe HarpeBaHneMm.
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JIroMuHecyeHuyuel Ha3bIBaETCA HEPaBHOBECHOE U3NydeHune, U3bbITOUHoe npu
[JaHHOW TemnepaType Haf TemnnoBbiM U3NyYeHUeM Tena 1 UMetoLlee ANUTENbHOCTb,
GonbLUYIo Nepuoaa CBETOBbLIX KornebaHui.

37.TennoBoe U3Ny4YeHUE U ero XxapakTe pUcTUKN.

Tennoeoe u3ny4YyeHue COBEPLUAETCA 3a CHET SHEPruy TEnJoBOro ABWXEHUS
aTOMOB M MOIEKyN BellecTBa (8HympeHHel 3Hepeauu) N CBONCTBEHHO BCEM Tenam
npu Temnepatypax Boiwe 0K . Tensoeoe usnyyeHue pagéHOBECHO — Teno B
€QUHULY BPEMEHM MOTMOLLAET CTOMbKO XXe 3HEePrnn, CKONbKO U U3nyyaer.

KonuyecmeeHHoOU xapakmepucmukol TEennoBOro W3fNyvYeHWs CryXWT crek-
mpanbHasi MJIOMHOCMb 3Hep2emu4yeckol ceemumocmu dwm
(ucnyckamenbHass cnocob6Hocmb) mena RV’T = MOLWHOCTb | R . — —Tvvidv

dv

n3nyvyeHuna c¢ eaunHuubl nnowann noBepxHOCTU Tena B UHTep-

Basne 4acToT eAMHUYHON WwnpuHbl. (AW %) .

— 3HEprusi aNeKTPOMarHUTHOrO M3ny-
UeHUsI, UCTyckaeMoro 3a 1¢ (MOLLHOCTbL M3MyyYeHns) ¢ nnowaaun 1m? noBepxXHOCTM
Tena B MHTepBasne 4actoT oT v Ao v+dv). Eé eanHuua — dxoysnb Ha Memp e

Keadpame. VicnyckaTenbHylo CMocoGHOCTb MOXHO MPEACTaBUTb B BUAE (YHKLMUM

2
c da A
OTVHBI BOSHBI: T.K. A =—, TO R.r=R ;—=R ;—.
v ’ T dv T
o0
WMHTerpanbHas no v aHepaemuyeckas ceemumMocme: Ry = J‘Rv rdv.
0
CnocobHocTb Ten nornowaTs nagartoliee Ha HUX uayye- dwrmor
H/e XapaKTepusyeTCsi CrieKmpanbHol mnoznowamenbHol | 4 = vivHdv
crnoco6Hocmblo A, ;, NokasbIBaOLEN, Kakast [AOMA 3HePrum AW
dW, .4y, NPMHOCUMON 38 EAMHULY BpEeMEeHW Ha eAMHULY Nnolaau Tena nagato-

WLMMN Ha Hee OJNeKTpoMarHUTHbIMW BONMHaMM C 4YactoTamMm OT V [0 V+dV,
nornowiaeTcd TefnioM.

38. AGCOMIIOTHO YepHoe Teno.

Teno, cnocobHoe nornoLate npu nobon TeMmnepaTtype Bcé nagatlliee Ha Hero
n3nyyeHne oGO YacToTbl HasbiBaeTcs ab6CoMIOMHO YEePHbLIM  MesioM.
CrniekmparbHas noanouamersisHasi croco6HOCMb YepHOro

Tena Onsa BCeX 4acToT M TemnepaTyp TOXOEeCTBEHHO paBHa

eantuue: A, ; =1. ABCOMIOTHO YepHbIX TEN B MPUPOAE HET,

OfHaKO TakMe Tena, Kak caxa M 4epHbii OapxaT B
0 OnpedeneHHoM UWHTepBane 4actoT O6nu3ku K  HUM.

UdearnbHol mModernbio 4epHo20 mersia ABNAETCA 3aMKHyTas

nonocte c HeGonbwmm oTBepcTMeM (O, BHYTPEHHSS
NMOBEPXHOCTb KOTOPOW 3adepHeHa. Jlyy, nonaBwwui BHYTPb TakoW MOMOCTH,
MONHOCTbLIO NOrnoLaeTcs.

Hapsgy ¢ noHATMEM YepHOro Tena UCrnonb3yloT NOHATUE cepo20 mesia — Tena,
nornoLiaTtensHasi CnocCOGHOCTb KOTOPOro MeHbLUE eANHULbI, HO 0OUHaKosa 0r1s 8cex
Yacmom v 3aBUCUT TONbKO OT TemnepaTtypbl, MaTepuana u COCTOSHUSI NOBEPXHOCTU
Tena

A = Ap =const <1.
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39.3akoH Kupxroda.

3akoH Kupxroda onpegenseT COOTHOLIEHME MeXay MWCcnyckaTenbHon un
nornoLaTenbHon cnocobHoCTAMM Ten.

OmHouweHue ucrnyckamerbHoU u noasowamersibHou Rv,r _
crnocobHocmell mena He 3asucum om npupoObl mesa u sensemcs 4, T
yHusepcarnbHol Ons 8cex mesn @yHKyuel Yacmombsl U _memne- ’

pamypeil 7, 1 .

Ons yepHoro Tena A:,',TE , MO3TOMYy yHueepcasbHasi ¢hyHkyusi Kupx-
2o¢hba 7, ; €CTb cnekTparnbHas MNOTHOCTb 3HEPreTMYECKO CBETUMOCTU (ucrycka-

merbHasi CriocoBHOCMb) YepHO20 mena. HaxoxaeHue SBHOW 3aBUCUMOCTU 7, p OT

YacTOoTbl U TeMNepaTypbl ABNSAETCA BaXKHON 3a4aden Teopwun TensioBoro Usny4veHus.

40.3akoH CtedaHa-BonbumaHa.
OHepreTnyeckasi CBETUMOCTb CEPOro Tena (MHTerpanbHas no v)

= J‘AV,TrV,Tdv = ATIFV,TdV =A4;R,, rae R, = jrv’Tdv -
0 0 0

3HepreTUyeckasi CBETMMOCTb YEpHOro Tena, KoTopasi 3aBWCUT TOMbKO  OT
TemnepaTypbl. ATy 3aBUCUMOCTb OMUCLIBAET IKCMEPUMEHTANbHBIN 3aKoH CTedaHa-
BonbumaHa: SHepeemudeckasi C8EMUMOCMb YEPHO20 mesia MPOonopyUoHasbHa
yemeepmoli cmerneHu mepmModuHamMuyeckol memnepamypbi

R, = oT* (cneposatenbHo Ry = ATGT4 ),
roe 6 =5,67-107° B/(M*K*) — nocTosinHan CTedaHa-BonbLmaHa.

41.3akoH cmelleHusa BuHa.

3akoH CTeraHa-EOﬂbLlMaHa HU4yero He roBopuUT O CNeKkTpanbHOM COCTaBe
NU3ny4yeHna 4YepHoro Tena. [MonoxeHne makcumyma B CnekTpe ero usnydyeHua

OMUCHIBAETCS  OKCMEPUMEHTANbHBIM  3AKOHOM .
. Er dopmy na

cmelueHus BuHa: 14 " pren
Hnuva  eomHbl A, ., 1pu  Komopol \ Doxurca

u3ny4amensHas CrioCOBHOCMb ¥, ; 4EPHO20 mesia

MaxcumaribHa, 06pamHo MPOMOPYUOHaIbHA €20
mepModuUHaMu4ecKol memnepamype

roe b=2,9- 107 MK — nocTosiHHast Buna.

42. ®opmynbl Panes-bkuHca n BuHa.

MpuMeHsa K TennoBOMY W3My4YEeHUIO KIacCUYeckuii 3akoH paeHopacnpedesie-
HUS 3HeprMn no cTeneHsim ceoboabl, Panei 1 [KMHC NONy4Yvnu BblpaxeHue ANns

3aBNCUMOCTU VICI'IyCKaTeJ'IbHOVI cnocobHocTn YepHoro Tena r,, r OT 4acTOTbl CBETa

_ 21v? <s> _ 2nv?

nr 2 2
c c

roe <8> = kT — cpeaHsas aHeprus ocUUNNATOpa ¢ COBCTBEHHON YacToToON V.

kT,
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OpHako nonbiTka nonyyntb 3akoH CtedaHa-bBonbumaHa n3 aton dopmynbl
npuBoaMT K abcypOHoMy pesynbTaTy — R, HeorpaHM4eHHO pacTeT, AocTuras

ypesBblYanHO BOMbLIMX 3HAYEeHWI B ynbTpaduosneTe, — KOTOPbLIA NOy4YnI Ha3BaHWe
"ynbmpaguonemoeasi kamacmpogha”
o0
jvz dv=o00.
0

dopmyna Panes-[xuHca cornacyeTcsi C 3KCMepUMEHTOM TOSIbko B obnactu
ManbIx 4acTtoT M 6Gonbwux TemnepaTyp. B obnactv Gonblimx 4acToT XOpOLUO
onucbiBaeT aKCNepuMeHT ¢ghopmyna BuHa (3aKoH nsnyyeHus BuHa)

R, =GV exp(-C,v/T), rae C; n C, — KOHCTaHTbI.

2nkT

2
c

R, :Trv’Tdv =
0

43.KBaHTOBas runorte3a lNnaHka.

Makc [MnaHk npednosIoxus, 4YTO TEOPWUsl KNaCcCUYEeCKOrO FapMOHUYECKOro
ocuunNnATOpa HEeNpUMEHMMa K aTOMHbIM OCLMINSATOPaM; amoMHbIe OCUUMISMOopbl
M3NYy4aloT 3HEPIUNIO He HernpepbI8HO, a ONnpeaernieHHbIMU MopUyUSIMU — KBaHMamMu.

OHeprus KBaHTa gy=hv= h% =ho,

roe h=2nh=6,626- 10_34ﬂ>|<-c — nocTtosiHHasA Mnaxka.

B mexaHuke ecTb MMeloLas pasMepHOCTb "sHeprusixBpemsi BENMYMHa, KoTopas
Ha3biBaeTcs Oelicmeuem. [losToMy nocTosiHHyo [InaHka wHorga HasbiBaloT
xkeaHmom Odelicmeusi. PasvepHoCTb /1 coBrnagaeT C pa3MepHOCTbIO MOMEHTa
mMnynbca.

MockonbKy aHeprns nany4aeTcs NopLUUsiMu, TO IHepaust OCUUIIIIMOpPa MOXET
NpUHUMAaTL NWLWb onpefeneHHble OUCKPemMHble 3Ha4YeHUs!, KpaTHble LienomMy Ynucny
KBaHTOB €=nhv (n=1,2,..).

CpenHIo 3HEPTVIO OCLMMINSTOPOB <8> HEenb3sA npuHUMaTh pasHon kT . MnaHk

ncnonb3oBars pacnpeneneHue BonbumaHa yacTtuy no SHEepPrnam. Torpa BEPOATHOCTb
p; TOro, 4TO 3HEeprusa Kone6aHus ocuunnaTopa 4actotel V MMeeT 3HadeHue g;, on-

penensietcs BblpaxeHuem (1), rae N; — uucno N, exp(—gl./kT)

oCLMNNATOpPOB C 3Heprveit €;, N — nonHoe TN _z.exp(_gl_/k]’) (1)

uacno  ocumnnstopoB.  OTcioga  MOXHO !

MONyYnTb BbIPAXEHUE AN CPEQHEN 3Heprum <S>= €9 2

OCLMNATOPOB (2). € @)
Torga yHuBepcarnbHas yHKUMS exp T -1

Knpxroda r,r OGynetr umets Bua (3) —

3
cbopmyna lMnarka. . 2mhv 1 @)
Vnu B Buae (4) 7, ; — dYHKUMM OnWHBI v 2 exp(hvj—l

BOMHbI (YUUTbIBAS C=AV, 73 7 =7, 1 c/?u2 )-

2
B obrnactu manbix 4actor hv<<kT |, _ 2mch 1 (@)
AT 5
ex AN 1+ v u dopmyna [MnaHka » exp(hcj -1
PUer )™ T Py KT

nepexoaut B hopmyny Panes-[bkuHca.
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4 .
3akoH Credana-bonbumana R, =7 nonyyaetcsi us cpopmynsl Mnamka eé
MHTErpMpoBaHNeM Mo YacToTam.

2rk*
Mpwn aTom noctosiHHast CtedpaHa-bonbumMaHa paBHa c :W.
c
3akoH cMmellenusa BuHa nonyyaetca npu aHanu3e dopmynbel lnaHka Ha
aKCTpeMyM Thay = hc/(4,965k)=b .

Takum obpasom, ¢popmyna [lnaHka obobwaem 6ce 3aKOHbl MErnI08020
U3MydeHUsi U S8/1iemcs rnosiHbIM pelieHUeM OCHOBHOU 3adayu meopuu mernioeozo
U3JTyHeHUs.

44, ®oTo3adbdhekT.

domoanekmpuyeckum aggpekmom (¢pomoaghghekmom) Ha3blBaeTCA
BbICBODOXAEHWE 3MEKTPOHOB NoA AeNCTBMEM IMIEKTPOMArHUTHOrO U3NyYeHus.

Pasnuyatot potoadpdekt sHympeHHUl, 8eHMUbHBIU U 8HEWHUU.

BHympeHHuUli ¢pomoaghghekm — 3TO BbI3BaHHbIE 3MEKTPOMAarHUTHbIM
n3nyyYeHneM fepexoabl MeKTPOHOB BHYTPU MOMYNPOBOAHWKA UMM AMSMEKTpuKa 13
CBSI3aHHbIX COCTOSIHUA B cBoboaHble 6e3 8biiema Hapyxy. B pesynbtate
KOHLIEHTpauMsa HOCWUTENen Toka BHYTpM Tena yBenuuMBaeTcsi, YTO NPMBOAUT K
BO3HWKHOBEHWIO ¢homonpoeodumMocmu — MOBbLILEHNIO  3MEKTPONPOBOAHOCTM
nonynpoBOAHMKa UMW ON3MNEKTPKKA NPU Ero OCBELLEHUM.

BeHmunbHbIlU ¢homoaghghekm (pasHOBUAHOCTb BHYTpeHHero coToadhdekTa)
— BO3HukHoBeHne O[C (¢gpomo-3[C) npu OCBELLEHMM KOHTaKTa [OBYX pasHbIX
nonynpoBOOHWKOB WU MONYNpOBOAHUKA M MeTanna (npu OTCYTCTBUWM BHELLHEro
aNeKkTpnyeckoro norns). BeHTunbHbIN hOoTO3hdEKT MCNONb3yeTCcss B COSNHEYHbIX
BaTapesx A4ns NpsMoro npeobpa3oBaHNA COMHEYHOWN SHEPTUN B SMEKTPUYECKYHO.
Crer BHewHum ¢pomoagppekmom (¢homoanekmpoHHoU
amuccuel) Ha3blBaeTcs ncnyckaHme 3N1EKTPOHOB
BELLLECTBOM MO AeNCTBMEM IMEKTPOMAarHUTHOrO U3Ny4eHus.

Cxema Onsi uccnedoeaHusi eHewHe20 ¢homoagh-
¢hekma. [sa oanektpoga (katom K w3 wuccrneayemoro
meTanna u aHon A) B BakyyMHOW TpyGke NOAKMOYEHbI K
@ baTapee Tak, YTO MOXHO U3MEHSATb HE TOMbKO 3HAYEHWE, HO

R

M 3HaK NOAABaeMOoro Ha HUX HanpsbkeHusi. TOoK, BO3HUKalo-
LMIA NpM OCBELLEHUN KaToAa MOHOXPOMAaTUYECKUM CBETOM
(4epe3 KBapLeBOE OKOLLKO) W3MEpSieTCs BKIMOYEHHLIM B
uenb MunnvamMnepmeTpomM. 3aBucuMMocTb oToToka 1,
0o6pa3yemMoro NOTOKOM 3MEKTPOHOB, UCMYCKAeMbIX KaToAoM
noa AeicTBUEM cBeTa, OT HanpskeHuss U Mexay katoaom v
aHoOOOM Ha3blBaeTcsi BOJIbT-aMNEepHOW Xapak- '
TepucTukon otoacpcpekra.

Mo mepe yeenuyeHnss U ¢oTOTOK nocrte-
NMeHHO BO3pacTaeT fMoKa He BbIXOAWUT Ha
HacbllleHne. MakcumanesHoe 3HaveHne Toka 1,

-
— (POTOTOK HacbILLEHNs — onpeaensieTcs Takum g

3HayeHnem U, npu KOTOPOM BCe 3MEKTPOHBI, g

ucnyckaemble  KaTofoMm, [OCTUralT — aHoAa: )

l..=en, rae n — YACNO 3MNEKTPOHOB, UCMyC-

kaembix katogom B 1c. Mpn U =0 doToTok He :U
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ncyesaeT, NOCKONbKY POTOIMEKTPOHBI NPU BbiNeTe U3 Katoga obnagatoT HEKOTOPOM
HayarnbHOM CKOpOoCTblo. [N Toro 4Tobbl POTOTOK CTan paBHbIM HyMO, HEOOXOAMMO
npunoxuts 3adepxusarowee HanpsukeHue U,. NMpu U=U;, Hun ognH wu3

3NEeKTPOHOB, QAaxe obGnajawwuii npu  BbiNeTe  MakcUMarnbHOW  HayanbHO
CKOPOCTbIO, HE MOXET MpeooneTb 3aAepXKUBalOLLEro Mons U AOCTUIHYTb aHoaa:

2
K :mumax/2:eU0, T.e., M3MepuB 3agepxusatoliee HanpspkeHne U, MOXHO

onpeaenntb MakcumaribHoe 3Ha4YeHue CKopoCctM L. U KMHETMYECKOW 3Heprumn

X
K .« OTO3MEKTPOHOB.

3akoHbI hoT03 eKTa.

(1) 3akoH CronetoBa: npyv (OUKCMPOBAHHOM 4acToTe najaloLlero cBeTa 4Mcno
(POTOINEKTPOHOB,  MCNyCKaeMblx  (POTOKATOAOM B €OQuHULY  BPEMEHW,
NpornopuMoHanbHO  UHTEHCMBHOCTM cBeTa (cuna  (pOTOTOKA  HaCbILEHUs
nponopuyoHansHa 3HepreTu4eckoii oceelleHHocTn £, katoaa).

(2) MakcumanbHas HavanbHasi CKOPOCTb (MakcMmarnbHas HavanbHasi KMHeTudeckas
aHeprusi) OTOINEKTPOHOB HEe 3aBUCUMT OT MHTEHCUBHOCTW Majalollero ceeTa, a
onpeaensieTcsi TOfbKO ero 4YacToTon V.

(3) Onsa kaxgoro BellecTBa CyLLECTBYeT KpacHasi epaHuuya ¢pomoaghgpekma —
MWUHUMarbHas YactoTa Vv, CBeTa (3aBucsllas OT XMMUYECKON NPUpobl BellecTsa

1N COCTOSIHUSI €70 NOBEPXHOCTK), HMXKE KOTOPOM hOTOI((EKT HEBO3MOXKEH.

[ns ob6bacHeHus mexaHuama doToaddekTa UHWMelH npPeodnosIoXKusl, YTo
CBET 4aCTOTOM V He TOMbKO UcryckKaemcsi OTAENbHbIMM KBaHTamu (cornacHo
runotese [naHka), HO U pacnpocmpaHsemcsi B NPOCTPaHCTBE U roaoujaemcst
BELLECTBOM OTAENbHbLIMMU NOPLUSIMU (KBAHTaMW), BHEPIUSt KOTOPLIX €) = AV .

KBaHTbl 3MEeKTPOMAarHUTHOTO W3Ny4YeHWs, ABMXKYLLMECS CO CKOPOCTbO C
pacnpocTpaHeHusi cBeTa B BaKyyme, Ha3biBaloTCH ¢homoHamu.

OHeprus nafgawoLlero oToHa pacxofyeTcs Ha COBepLUEHUE 3NEKTPOHOM
pabomsl ebixoda A n3 metanna (cM. cTp.3-31) 1 Ha cooblueHne BbineTeBeMY
POTOINEKTPOHY KMHETUYECKOW SHepriv. YpaBHeHue JUHWITENHa ANSA BHeELHero

QOTOSQQGKTE

mo2 ell, 58
hv:A+%. Al 7~Zn
i
OT0 ypaBHeHME OBOBLSCHSET  3aBMCMMOCTb Z /

KWHETUYECKOWN 3HEepPrnn (pOTOSMNEKTPOHOB OT YacTOThl ]
nagatoLlero ceeta (2-1 3akoH). NpeaenbHasa YactoTa

A h AL
Vo =— (W A, :—C), npy KOTOPOW KMHEeTMYeckas ”,;/ ] 14 18
h 4 L7 vii ¥ Iy

3HEprvsi (POTOSSIEKTPOHOB CTAHOBUTCS PABHOM HYIMIO,
1 eCTb KpacHas rpaHuua gotoaddekra (3-1 3aKoH).

[Opyras dopma 3anucy ypaBHeHUst dMHLITeRHa eUy=h(v—-v,).

Ha pucyHke nm3oBpaxeHa 3aBUCUMOCTb MAKCUMAarbHOW KMHETUYECKON 3Heprumn
POTO3MEKTPOHOB OT YaCTOThI 0GJTyHaIOLLEro CBETA ANA aNMOMUHMSA, LMHKA W HUKENS.
Bce npsiMble napanmenbHbl Apyr Apyry, npudem npowssopHas d(eU,)/dv He
3aBMCUT OT MaTtepuarna Katoaa v YMCNEeHHO paBHa nocTosiHHON MnaHka /. OTpeskuy,
oTcekaeMble Ha OCU OpAMHAT, YMCHEHHO paBHbl pabote 4 Bbixoda 3MeKTPOHOB U3
COOTBETCTBYIOLMX METASIOB.
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Ha saBneHun oToacbdekta ocHoBaHO AenctBne HOTOINIEMEHTOB ¢
doToconpoTuBneHnii (oTope3ncTopoB) B (HOTOIKCTIOHOMETPAX, JIOKCMETpax W
YCTPOWCTBaxX yMpaBleHnss M aBTOMaTM3auuW pasfnUYHbIX MPOLECCOB, MNyrnbTax
OVUCTaHUMOHHOIO YMpaBreHns, a Takke MomnyrnpoBOAHUKOBbLIX (POTO3MEKTPOHHbIX
YMHOXUTENEN N CONHEYHbIX baTapen. mé

CyuwiecTBoBaHne (OTOHOB ObII0 NPOAEMOHCTPU-
poBaHo B onbime bome. ToHkad MeTannuyeckas @
donbra @, pacnonoxeHHas Mexay ABYMS cHeTYMKamu l Raiddl ¥ i
Cy, noa [eNcTBMEM >ECTKOro obnyyeHus ucnyckana
peHTreHoBckue nyun. Ecnn 6bl mM3anyyaemas 3Heprus

pacnpocTpaHsnace paBHOMEPHO BO BCE CTOPOHbI, Kak

3TO crnegyeT W3 BOMHOBbIX NpeacTaBneHuin, To oba M -
cyeTuMKka [OfmkHbl Obinn 6bl cpabaTtbiBaTb OAHOBpE-

MEHHO, U Ha ABwxyllenca neHte JI nossnanucb Obl 74
CUHXPOHHbIE OTMEeTKU Mapkepamu M. B gencTButensHo- l

CTU Xe pacnosfioXkeHne OTMETOK Obino 6eCHOpF|,D,OHHbIM. CnepoBatenbHo, B
OTAENbHbIX akTax ncnyCckaHusa poXaarTCA CBETOBble YacTUubl ((bOTOHbI), netaume
TO B O4HOM, TO B ApPYroM HanpaslieHUW.

46.Macca un_umnynbc doToHa. EOAVMHCTBO KOPMYCKYNSPHbIX U _BOJIHOBbIX
CBOWCTB cBeTa.

2_ .24, 22 — o A2 _
Wcnonbayst cootHowenus E° =myc™ + p,c”, gy =m,c”, m; =0, nony4aem
BblpaXXeHUs ANsl aHepauu, Macchkl U uMnysbca POTOHa

e = hv hv E hv h
= m., =—— p,=—=—=—.
0
Tl e ¢ A
ot COOTHOLLEHUA CBA3bIBAIOT KBaHTOBblE (kopnyckynsipHbI€e)
XapaKTepucTMkn oToHa — Maccy, WMMYnNbC W JHEPIM0 — C  B80JIHO8OU

XapakTepUCTUKOW CBETA — €ro 4YacToTOMN.

CeeT obnagaetr o0HO8pPeMeHHO BOJTHOBbIMW CBOMCTBaMMU, KOTOpbIE MPOSIBIS-
I0TCS B 3aKOHOMEPHOCTSIX €ro pacnpocTpaHeHusi, MHTepdepeHunmn, audpakumu,
nonspusauumM, W  KOPNYCKYMSAPHbIMKW, KOTOpPbIE MPOSIBAAIOTCA B Mpoueccax
B3aVMMOAENCTBUS CBETa C BELLECTBOM (MCMYyCKaHWsl, NOMMOLLEHWS], paccesiHus).

47.0aBneHue cBeTa.

Ecnun doToHbl 06nagatoT umnynbcom, TO CBET, NafaloWwmMin Ha Teno, OOMKeH
OKa3sbliBaTb Ha HEro AaBreHue.

[MycTb NOTOK MOHOXPOMAaTUYECKOTrO M3NYyYeHUs YacToTbl V nafjaeT nepneHau-
KynsipHO noBepxHocTu. Ecnu 3a 1c Ha 1m? noBepxHocTK Tena nagaet N OTOHOB,
TO MPU KOIDPULMEHTE OTPAKEHNUST P CBETa OT MOBEPXHOCTW Tena oTpasutca pN
¢doToHoB, a (1—p)N dcoToHOB — nornotutcs. Kaxabld NOrMoLeHHbI (hOTOH
nepefaeT NOBEPXHOCTU UMNYILC P, , @ KaXkablil OTPaXKEHHbIN (POTOH — Zpy.

[aBneHne cBeTa Ha MOBEPXHOCTb PaBHO WMMYrbCy, KOTOPLIA nNepenaroT

nosepxHocTh 3a 1c¢ N ¢oToHoB p= %pN + h—v(l -p)N=(1+ p)h—vN .
c c c

OHepeemuyeckasi oceeujeHHocmb rogepxHocmu — Nhv =E, (sHeprus Bcex
(hOTOHOB, NagawLWMX Ha eOuHULY MOBEPXHOCTU B eauHuLy BpemeHun). O6bemHas

E E
MI0MHOCMb 3Hepauu uanydeHus: w=—%. OTcloga p=—"<0+p)=w(l+p).
c c
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BonHoBas Teopust cBeTa Ha OCHOBaHUWN ypaBHEHWU
MakcBenna npuxoguT K TakoOMy e BbIPaXeHWH.
[aeneHue ceema & 80/1HO80LU Mmeopuu OObACHSAETCS

TEM, 4YTO NoA [OEUCTBMEM 3nekTpuyeckoro nons £
SMEKTPOMArHUTHOW BOIHbI 3MEKTPOHbI B MeTanne 6yayTt
ABUraTbCs B HanpaeneHum (oBGo3HadeHHOM U Ha

pucyHke) npoTuBononoxHom E. MarHutHoe none B
ANEKTPOMAarHMTHOW BOMHbI AEWCTBYET Ha ABWXKyLUMecs
ANEeKTpPoHbl C cunoi JlopeHua B HanpaeneHun (no
npasuny NeBoOn pyku) NnepneHamKynspHOM NoOBEPXHOCTM
meTanna. Takum oOpasoMm, 3neKmpoMagHUMHas 680/IHa  OKa3bleaem  Ha
rnosepxHocms Memarina 0asseHue.

48. 3dvchekT KomnToHa.

KopnyckynsipHble CBOWCTBA CBeTa OTYETNUBO MPOSIBNsOTCA B 3ghghekme
KomnmoHa — ynpy2om paccesHUU KOPOMKOBOIHOBO20 3IEKMPOMagHUMHO20
u3/1yyeHusi (PEHTTEHOBCKOTO W Y -U3My4eHUn) Ha c80600HbIX (NN cnabocBA3aHHbIX)
arieKmpoHax eeuwjecmea, conpoeoxodaroujeecsi yeesiudeHuem OSIUHbI 6OJIHbI.
370 yBenuueHne AA=L'—L He 3aBACMT OT ANWHbI BOMHbI A MadarwoLLero
M3MyYeHUs N NPUPOAbl paccenBaloLLero BeLLecTBa, a Onpeaensercs ToMbko yriom
paccesiHus 0

. . 1,0
B, Ah=L =k =2Lesin’ =,
2
roe A — AnvHa BOMHBLI PACCESIHHOO M3MyYeHus!,
Ac — KOMNmMoHosckasi OnuHa eonHbl. [pw
h _
paccesHUn Ha 3MNeKTpoHe Ao =——=2,43-10 2y,
m,c
e

POTOH (C oHepruen &, =hv W WMMyNbLCOM py=hv/c), CTOSKHYBLUWCb C

2
3NEKTPOHOM (3Heprusi mokost W, =m,c”, m, — Macca Nokosi aNeKTpoHa), nepeaaeT
eMy YacTb CBOeil 9HeprmM M MMMynbCa U U3MEeHsieT HarpaefeHue [BUXeHue
(pacceviBaeTcst). B npouecce aToro ynpy2020 CTONKHOBEHWS BbIMOSTHAOTCS 3aKOHbI
_ ' - _ = =1
coxpaHeHusi sHeprum W, +e, =W+, wn uvmnyneca  p, =p,+p,, T1Ae

/ 2 2 4
W= P.C +mec — PEeNnATUBUCTCKAA 3HEeprna 3NeKTpoHa nocre CTOJIKHOBEHUA,

Takum o6pasom mc +hv = p,c* +mict +hv,

pf = py2 + p;z ~ p,pycosO= (hv/c)2 + (hv'/c)2 —2<h2/02)cose. CnepoBaTenb-

Ho, m,c” (v —V')=hvv'cos0. C yuetom v =c/A, nonyunm AL =21, sin’(6/2).
O ekt KomntoHa He moxem Habnodambcsi 8 sudumol obracmu criekmpa,
MOCKOMNbKY 9Heprusi POTOHa BWMAMMOIO CBETa CpaBHMMa C JHEpPrMen CBsA3u
3MeKTpoHa C aTOMOM, MpW 3TOM [a)ke BHELLUHWA 3NEKTPOH aTtoma Hemnb3sd cyuTaTb
cB06OHbIM.
Sppekm KomnmoHa, usnyyeHue 4yepHo20 mesna u ¢pomoaghchekm
cryxam  OokazamesnbCmeoM  KeaHMo8bIX  (KOPMyCKYJsPHbIX)
npedcmasrieHull 0 ceeme Kak O nomoke ¢hOmoHO8.

A.H.OrypuoB. ®usuka dns cmydeHmos





