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Neomempuyeckana onmuka

Onmuka — pasjgen @W3NKK, KOTOPBIM W3y4yaeT npupody CBeTa, CBETOBbIE
ABNEHMA U B3AUMOLENCTEUE CBETA C BELECTEBOM.

OnTtuyeckoe wanyyeHwe npencTaBnseT cODOM 3NEeKTPOMarHWTHbIE BOMHBI, W
No3ToMy ONTWKa ABNAETCA Yacmbio obuwezo yyeHud ob 3nekmpoMazHumH-yom none.

B zaBucumocTW OT Kpyra paccMmaTpuBaeMblXx SBMEHWA ONTUKY AENAT Ha
2eoMempuYyeckyro  (Ny4eBylo), 8OMTHOBY IO ((DU3NYECKYHD), KeaHMoeyH
(KOPNYCKYNAPHYHD).

1. OcHoBHble 3aKOHbI rEOMETPUYECKOW ONTHKN.
Ewe oo ycTaHoBNEHWA NPUPOALI CBETa BbINW N3BECTHLI CNEAYIOWNE 38KOHbI:
3aKoH NpSMONWHEWHOro pacnpoCTpPaHeHWA CBeTa — CBEeT B ONTUYECKW

I 0JHOPOOHOW cpene pacnpoCTpaHsaeTCs NPAMONMHENHO.

Ceemoeoll ny4 — NWHWA, BAONb KOTOPOW NEPEHOCWUTCH CBETOBAas aHeprus. B
OAHOPOAHOW Cpele ny4yu ceeTa NpeicTaBnaT cobon NpaMble NUHWUK.

JaKkoH HEe3aBMCMMOCTW  CEBETOBbIX  Ny4KOBE — a3duheKkT, npon3BoanmMbli
OTASNbHBIM NYYKOM, HE 338WCWUT OT TOro, AeNCTBYKIT NW O4HOBPEMEHHO OCTalbHbIE
NYYKN UNWN OHW YCTPaHEHbI.

JaKOH OTpaMeHus — OTPaKeHHbIn ny4
NeXWT B OAHOW NNOCKOCTW C Nagatowmm ny4yom u
NnepneHauKynsapomM, npoBefeHHBIM K rpaHuue

MNanaroLwni OTpameHHbIA

pasjena AByX Cpel B TOYKE nNageHwa, yron 1 nyd y4
aF +
OTpaMeHWA §;, paBeH yrny nageHnsa i, 2
P 1P y { ﬂ ' lNpenomMneHHBIR
L =1 Iy
J2KOH NpenoMnsHWa — nyd nagalowuia, -
ny npenoMNEHHBLIR 1 NepneHanKynap,

NPOBEAEHHEIN K rpaHuue pasgena ABYyx Cpeld B TOYKE NaleHWA, NeXaT B oaHOW
NNOCKOCTW, OTHOWEHWE CWHYCa Yrha najeHWA K CHUHYCY Yyrna

sin i
NPenoMneHns ecTe BENMYNHA NOCTOAHHAA ANS AaHHBIX cped. - _' = Mo,
rae 1, — OMHOCUMenkLHbIU Nnokasamens npenomaesus Sk,
BTOPOW cCpefdbl OTHOCWUTENBEHC NEPEBOW, KOTOPLIR  paBeH " _
OTHOLUEHWKD aBCONKTHRIX MoKaszaTenen npenoMneHnsa  AByX -1

cpea.
CnepoceaTencHo, 3aKoH npenomnexus OyaeT MMeTs BUA:
AbCconmomHbIM NOKazamenem npenoMieHuUss Ccpejbl
Ha3bLIBAETCA BEnWYWMHa /1, PaBHasd OTHOLIEHWK CKOPOCTM
INEeKTPOMAarHUTHbIX BONH B BakyyMme ¢ K Wx ha3oBOW CKOPOCTW
U B Ccpeje.
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COOTBETCTBEHHO 3NEeKTpWUYeCckaa U MarHiTHaAa NpoHWUaemMocTe Cpelbl.

2. [NonHoe oTpaxeHue.

Ecnn cBeT pacnpocTpaHseTcs M3 cpeabl ¢ 60nbWUM NoKazaTenem npenomMneHns
1, (onTW4eckn Donee NNOTHOW) B cDely ¢ MEéHbLWUM NokasaTensm npenomisHUs
11, (ONTUYMECKW MeHee NNOTHY) (#;, =1, ) (Hanpumep, W3 cTekna B BO3AYX UMW W3
BOAbI B BO34YX), TO
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CnepgoeaTensHo, yron npenomneHns i, donblwe yrna
nageHusa . Yeenwumsas yron najeHus, npu HeKoTOpoMm

ﬂpeaEJTbHOM yane i yron npenoMmnedua OKaeTCH

np

PEBHLIM ?1'/2. MNpw yrnax nagexns i, > i

CEET JONHOCIMLIO OMPaMaeimncA.

Mpu yrnax nagenws i, >i >mf2 nyy He npenomnseTcs, a MOMHOCTbIO

oTpamasTca B Nepeyd cpeay, npyu4emMm MHTEHCWUEHOCTW OTpaMEeHHOro W najarowero
J'I':,n"'HIEI?I 0l WHaKOBEI.
3JT0 ABNEHWE Ha3blBAETCH NOMHLIM 8HYMPEHHUM OmpaxeHueM ceema.
[NpeaenkHbIR Yron anpefenaeTca COOTHOWEHWEM:

. n, . T N,
SIni,, =—=sin—=—==1,,
n, 2 n
ABneHWe NoONHOro OTPaXKEHWA MCNONbL3YETCA B NPU3Max NoMHOro OTPaMeHna u
CBETOBOAAX.

Becb nagakowunin

P

3. JIMH3LI.

JluH300 HazbiBaeTCA NPO3padYHoe Teno, orpaHWyYeHHoe C 4BYX CTOPOH KpWBO-
$ NWHEWHOW noBepxHocTbiD. (B yacTHom cnyvae

! Z J ‘ OAHa W3 NOBEPXHOCTEN MOMET ObITb MNOCKOW).
[Mlo BHeWHeRW opMe nNWH3BI AEnATCA  Ha
1) ABOAKOBLINYKNbIE! 2) NNOCKOBLINYKNbIE,
- - - - 3) ABOAKOBOMHYThIE! 4} NNOCKOBOrHYTLIE,
5) BbINYKNO-BOTHYTHIE.
INvH3a HasblBaeTCA MOHKOU, ecnu ee

TONWMWHA 3HAYMTENBHO MEHbLUE, YEM paguychl
KpuBU3HbI K, 1 R, oBewnx nosepxHocTeil. Ha onTudecknx cxemax nuHabl 06bIYHO
0B03HaYaT ABYHANPABNEHHOW CTRENKON.
Paauyc KpMEWaHLl K > 0 ana ssinyknol nosepxHocTh, K < 0 ana soznymoll.
Mpamaa npoxoaswan 4Yepes LEeHTPL
‘ w o> KPWBU3HBI MOBEPXHOCTEN NMH3bI HA3bIBAETCA
: LA m““tﬁdﬂ 21aeHoll ONMUYeCcKol OChbHo.
' F T / OnmuyeckuM  UeHMpPoOM  JTUH3bI
:Jr"‘;::::m%“ E (0BbiMHO  oDo3HavaeTca (J) HasblBaeTcs
! o TOYKA, Nemawas Ha rnaBHol OnTUYecKon
/?/l ocn v obnagawowan Tem CBOWCTBOM, YTO
meme I0CKOCTH Ny4K NPOXOAAT CKEO3b HEE HE NPenoMnsasch.
Mo6oYyHbIMU ONMMUYECKUMU OCAMU
Ha3LIBAKTCA NPAMbLIE, MPOXCAALUWME 4Yepes ONTUYSCKWA USHTP JNWH3BL W He
COENajatlUmne C rNaeHoi ONTUYECKON OChH0.
@oKycOoM NUH3Ll [ Ha3bIBASTCA TOYKA, NeXalan Ha rMaeHoi ONTUYECKON OCHK,
B KOTOPOW NEepecekarTcs Ny4n napakcuansHo20 (NPUOCEBOro) CBETOBOrO Nyuyka,
pacnpocTpaHaLWWecs napannensHo rnasHoN ONTUHECKON OCH.

®oKanbHOU NIOCKOCMbLK Ha3blBaeTCA NNOCKOCTL, NPOXoAsaLwWas yepes dokyc
NWH3EI NEPNeHAUKYNAPHO e& rMaBHON ONTUYECKON OCK.

.__.n.
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®OoKyCHbIM paccmosiHueM | Ha3blBaeTCs pPacCTOSHUE MEXAy ONTUHECKMM
LUeHTpOM NuH3bl () 1 ee dokycom [
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®opmyna TOHKOW NUH3LI
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F p—————————
e e——— rae a w b — paccToAHWA OT NWH3IBl 40
= npegMeTa W ero wicbpameHws. Ecnn g =, TeE.
-
£ Iny4Wn NagakT Ha NWH3Y NapanneneHeIM Ny4YKom (a),

To b=/ . Ecnm b=eco, Te. wn3obpaweHwe
HaxoauTca B DeckoHeuHocTn (B), W, cnepoBaTenbHO, Nyvyn BbIXOAAT W3 NWH3LI
napannenbHbIM Ny4komMm, To a = [ .
DOKyCHblE PacCTOAHWA NUH3bI, OKPYKEeHHOW ¢ obewx CTOpOH Q4AMHAKOBO
Cpeloi, DaBHbI.
Bennunna @ =1}/ HaswiBaeTcs onmuweckoii cunoi nuH3s!. Ee eguHnua —
duonmpus (ANTp) — ONTUYECKan CUNa NUH3bI C (DOKYCHbIM paccToaHnem 1m.

JNIMH3bl C mofaoxumensHod OnNTWYMEeCKOW CcWUnoi
ApnAawTcA  cobuparowlumMu, C ompuyamensHou —

pacceugarouumMy.
Jf — v
—F o= _F B oTnuyne oT cobupatwwen NWH3bl, paccenearllasn
é*—--- NUH3a WMeeT MHUMble @okyckl. B  mMHUMOM  dhokyce
,

CXOAATCS (nocne NpenoMneHus) BoobpaxaemMsie
NPOACMKEHNA Nyyeid, Nagarlnx Ha PAacCeNBaLWY0 NUH3Y
napannenbHo rmasHoi ONTUYECKON OCK.

4. Abeppaunvuy oNnTUYECKWX CUCTEM.

B peankbHbIX ONTUYECKMX CUCTEMAaX MCNONE3YKTCA NYYKW OTNWYawwreca oT
napakcuaneHblX, NOKaiaTene nMpenomMmnedHna nNWH3 3aBWCUT OT ONWHBlI BONMHEI
nagarwero ceeTta, a cam CBEeT HemMoHoxpomaTuyeH. WckameHws onTuyeckoro
N30DpaKEHWA KOTOPBIE BO3HWMKAKOT NPW 3TOM Ha3kbIBAKTCSA aﬁeppauunmu.

Cohepuyeckas abeppauus. dokyc S°

. AnAa ny4el, bDonee yaaneHHblx OT ONTUYECKON
s 0 S 5 ocn uem napakcuaneHele, HaxoguTcsa Bnuwe,
uem dokyc S napakcuanbHelx nyuen. B
pesynbTate w3obpameHue CBeTAWENCH TOYKW
UMEET BUS PacnnbIBY4aToro NATHA.

Cdpepuyeckan  abeppauma  SBnseTcA
YACTHBIM CryYyaem acturmaTnama.

Koma. Ecnn 4epes ONTWUYECKYK CUCTEMY
NPOXCAWT LUMPOKMA MNYyYOK OT  TOYEYHOro
WCTOYHWKA CBETa, PAacCnOMOoMEHHOIO HE Ha
ONTUYECKOW OCK, TO NoNy4Yaemoe n3obpameHue
3TON ToYkn ByaeT B BMAE OCBELUEHHOrO NATHA
HenpaeWnNeHOW hopMEI.

TovYeYyHbIM UCMOYHUKOM ceema Hasbl-




BAETCA UCTOYHUK, PA3MEpamMKn KOTOPOro MOXHO NpeHebpeds.
Acmuamamu3im. MNorpelHocTb, 0ByCNoBNeHHas HeoAWHAKOBOCTEKY KPWBU3HL
ONTWYECKOW TMOBEPXHOCTKM B PasHblX NNOCKOCTAX
- CeYeHWs NagarwLLEero Ha Hee CBETOBOMo Nyuka.
: =) Aucmopcus. lorpelHocTb, NpY KOTOPOA Npw
\ : Bk i ' GonelWKnx yrnax nageHusa ny4en Ha nuH3y NUHenHoe
P | P b yBENUUEHWE ANA  TOYeK npeameTta, KOoTopble
, ‘ A T T HaxoOAaTCA Ha pPa3sHbIX PACCTOAHWMAX OT [NaBHOW
@ @ 160 © -~ == ONTUYECKOW s
B
OCW. HEeCKOnb- Eh
KO pasnuyaeTca. B pesyneTtarte HapywaeTtca
reoMeTpuydeckoe nogobue mexay npegme-
TOM (Hanpumep, NPAMOYrontHas ceTka) W - a,ld b) o)
ero  u3obpaxeHuem  (pucyHok (b) —
noaylwkoobpasHaa guctopcua, (C) — DovkoobpasHaa AUCTopcKs).

Xpomamuyeckasa abeppauus. Npu NnageHum Ha ONTUYECKYD cucTemy Denoro
CBETA  OTAENbHBIE  COCTABNAKLWWE  ero
MOHOXpOMaruyeckne ny4yn QoKyCcupyoTcs B
pa3HbiX Todkax (Hawbonblwee  pOKyCcHOEe
PaccTOAHME MMEKT KpacHble NyuYw, HanMeHb-
lWee — (pUoneTosbIe), NO3TOMY M3obpaxeHne
Pa3MLITO W NO KpaaMm OKpalLUeHo.

3. _JHepreTnyeckne BenninHbl B hoTomMeTpum,

Pomomempus — pasgen ONTUENA, B KOTOpOM pacCMaTpUEaOTCA
JHEPrETUHMECKWE XapPakTepUCTUEW  ONTUYECKOro WanyyYedHwAa B nNpoueccax ero
WCNYCKaHWA, pPacnpocTpaHeHWAa W B3aumogenctena ¢ sewecteom. [lpn 3TOM
JHEYWMTENBHOE BHUMaHWE YOENASTCA BONPOCaAM M3AMEPEHWA WHTEHCUMEHOCT CBETa W
erc NCTOMHWKOE.

JHepzemuvyeckue genuvyuHsLl 8 chomomempuu — XAPAKTEPUIYHOT IHEDIETKH-
YeCkMe napameTpbl ONTUYECKOro WanyyYeHWA bes ydeTa ocobeHHoCTEN ero
BO3ASNCTBWSA Ha TOT UMW UHOW NPUEMHWNK M3NyYeHNA. 1

fMomok uszny4yeHus (I]'L, — BENMWYKWHa, paBHaA OTHOWEHWHD IHEDR- '[b =-—.
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run 17 nanyd4eHnsa Ko BpEMEHW [, 3a KOTOPOE W3Ny4YeHWe NPOU3OLINo
(MOLHOCTL WM3ny4eHna). EAnHWUE nomoka usnyyeHus — eartT (BT1) .

3Hepzemuyeckas ceemumocms (usnyyamensHocms) R, —
BENMYMHA, paBHAA OTHOLLEHWIO NoToka wanyyeHwa @, ncnyckaemoro R, =—.

NOEESPXHOCTEKD, K NNowagw N ceyeHws, CKBO3b KOTOpOS 3TOT NOTOK
NPOXOANT (NOBEPXHOCTHAA NNOTHOCTE NOTOKAa I.-"ISJ"I}"ME‘HI-"IFI‘J EawnHuua sHepzemuye-

ckol ceemumMocmu — BaTT HA MeTP B KBaaparte [BT!M2].
JHepzemuyeckasa cuna ceema (cuna usnyverus) [, — senu-

YWHa, paEHaA OTHOWEHWKD NOTOKa Wany4YeHWA (I}L, TOMEYHOro NCTOMHKUEA J'rt, =

K TenecHomy yrny (2, B nMpejenax KOTOpOre 3710 Wany4YeHWe
pacnpocTpaHaeTcH. EguHuua sHepeemuyeckod cunkl ceema — BaTT Ha cTepagnaH

(Bticp).
JHepzemuyeckKasa ApKocMe (Ay4ucmocms) 5, — BenuyiuHa, AJ

paBHas OTHOLLUEHWIO 3HepreTudyeckoi cunbl ceeta A/, snementa | 5. = _\%

HSJ'IYHEI-DLLIEﬁ NOESpXHOCTH K nnowagn AS npoekuynKy  3TOrO



3NemMeHTa Ha NNOCKOCTh, NEPNEHJUKYNAPHY HanpaeneHu Habnwaexwa. Equduua
3Hepzemuyeckol Apkocmu — BaTT Ha cTepaauaH-MmeTp B KBagparte (Bt/(cp-m©)).

SHepeemuyeckas oceelleHHoCcmb (obnyvyeHHocmsb) [, — xapakTepusyeT

BEMWYUHY NOTOKa W3NYYeHWR, najakwlero Ha eiuHUUy OCBeLlaemMoin I'IDBE'D)(HDCTH
EQWHWLE 3HepaemuYyeckol OcselWeHHOCIMU — BATT HA MeTp B KBagpare {ETJ’M ).

6. CBetoBble BeNWYKMHLI B (hOoTOMETPUA.

PaznuyHble nNpUEMHUKW, WCMOMNb3yeMmble MNpW  ONTUMECKUX  W3IMEPEHWAX,
obnagawT cenekmMusHOCMbIY (u3bupamenbHOCcMb). [ANA Kamaoro M3 HUX
XapakTepHa CBOA KpWBanA YyBCTBUTENbHOCTIW K IHEPIMW Pa3nNnYHbIX 4NWH BOMH.

CeeToBEIE  M3MEpeHWa, FABNAACh  CYOBEKTWBHBIMK,  OTNMYaKTCA  OT
OOBEKTUBHBIX, 3JHEPreTUYECKWX, W ANA HWX BBOAATCA CBETOBLIE e4WHWUBI,
WCNONb3yeMble TONBKO ANA BULUMOro cBeTa.

OcHosHOW _cBeTOBOW eaunHuLed B CKM aBnaeTca eauHuua cunsi ceema [
KaHgena (Kg) — cuna ceeTa B 3agaHHOMm HaﬂpaBﬂBHMIﬂ WCTOYHWUKE, WCMYCKaLWEero
MOHOXpOMaTU4eckoe wany4yeHne vactoton 540 10" repu, 3IHEpreTUdeckas cuna

CEBETa KOTOPOro B 3ToM HanpaeneHy COCTaenAseT AS:‘- Bricp.
EQMHHHE ceemoeozo nomoka O (MOLHOCT ONTWYECKOro I."‘I3J"I:.-’LIBHI-"‘IF|) —

NOMeH (nNmM): 1NM — CBETOBOW NOTOK, UCNYCKAeMBbIA TOYEYHBIM WCTOYHUKOM CUMON
ceeTa B 1KA BHYTPW TenecHoro yrna B 1cp (1nm=1ka-cp).

Ceemumocmb K — cymmapHbll NOTOK, nocbinaembiit cseTa- R _2
Lecs nnowaakon ¢ nnowaaso S . Eausuua ceemumocmuy — NOMeH S

Ha MeTp B KBaapaTe [nM!M2].
Apkocmb cBETALWIENCHA NOBEPXHOCTW B HEKOTOPOM HanpaenedHun ¢ ecTb

BENMWYWMHa, paBHas OTHOWEHWHY CWNbl CBETa ! B 3TOM

HanpaeneHnn K nnowaan S npoekuMn CBeTALIenCA NOBEPXHOCTH B, :;.
Ha NNOCKOCTb, MNEPNEHAWKYNAPHYIO [AaHHOMY HanpasneHwuio. © o Scosg
EavHuua spkocmu — Kadgena Ha MeTp B KBagpare I:I{.EI,J’M2].

OcseujeHHocmMeL |- — BenW4WHa, paBHan OTHOLWEHUK ceeTosoro notoka & |
Nagalwwero Ha nNOBEPXHOCTb. K NNowagu S 3TOR NOBEPXHOCTW. &b
EduMHWUE oceelweHHocmu — MNMWKC (NK): 1Nk — OCBELWEHHOCTL f=—.
NOBEPXHOCTW, Ha OAWH KBAAPATHEIA METP KOTOPOW najaeT CBEeTOBOW S

notok B 1nm (1nk=1nm/m?).

UHmepchepeHyua ceema.

BonHoeasa Teopwa cBeTa OCHOBLIBAETCA HA npuHUune lMwoizeHca: kawdas
moyka, 0o komopol Coxodum eonHa, CAYXUMm UEBHMPOM s8mMOopuYHLIX 80fH, a
pzubawwiaa 3mux eonH Jdaem MNonoXeHue ecnHosoz2o dhpoHma & cnedyrowud
MOMEHM epeMeHL.

3aKOHBl OTpaMeHWs W NPenomMNeHna CcBeTa nNerko BbIBOAATCA, WCNONb3ys
i npuHuMn MNonreHca.

MNycTe Ha rpaHwuy pazfjena AByx cpen najaet
nnockas BonHa (NNOCKOCTe BONMHBI — f3), pacnpo-
CTpaHswwWwanca Baone Hanpaenexwa [ . Moka poHT
npoxoauT pacctoadHue [HC (3a epemsa ), pPOHT BTO-
DWYHBIX BONH W3 ToukW 4 npoxoawT pacctoadue /).

i



Mpu otpaxkennn: AIBC = A1DC | cneposatensHo i) =1, .

Mpwn npenomneHnn: 3a spems | (PPOHT nagawLllen
BOMHbI NpOXoAuT paccTosHne BC =vf, a hpoHT
npenomnexHHon — D =v,/. W3  cooTHOWeHUs
AC = BC[sini, = ADfsini, cnegyet

sini, v, _¢fn _n,

=—="t"=—x=y,
., 21
sini, v, ¢fn, n

8. KorepeHTHOCTb.

KozepeHmHOCMELK HA3LIBASTCA COrMacOBAHHOE MPOTEKAHWE BO BPEMEHW W
NPOCTRaHCTBE HECKONbKNX KonebaTensHblX UM BONMHOBLIX NPOLUECCOB.

MonoxpoMamuyeckue 80JIHbl — HEeOorpaHu4yeHHele B NPOCTPAHCTBE BOSHLI
OA4HOW OnNpedeneHHoON U NOCTOAHHOW YacTOTel — ABNAKTCA KOrepPeHTHbIMK.

Tak Kak peafbHblie NCTOYHUKW HE 4akT CTPOro MOHOXpOMaTWUYEeCKoro ceeTa, To
BOMNMHE! W3NnyYaeMble nobeiMU HE3ABWCUMBIMIK - UCTOYHWKaMKW CBeTa Bceraa
HEeKorepeHTHel. B wWcTodHWKke ceeTt Many4aeTca aTomMmami, Kawabll 13 KOTOPbIX

WCMNyCKaeT CBET MWlb B TEYEHWE BPEMEHW =10"%c. Tonbko B TEYEHMEe 3TOro
BPEMEHW BOMHbI, WCMYCKAaeMble aToOMOM WMEKT MNOCTOAHHBIE amnnuTyay u dasy
KonebaHnA.

HemoHoxpomaTWyeckwin CBET MOMHO nNpeicTasuTe B BUAE COBOKYMHOCTW
CMEHAKIWWNX ARYr APYra KOPOTKWUX rapMOHUYECKUX UMMYNbCOB N3Ny4YaemMblx aToMamm
— B80OJTHOBLIX Uy208.

CpegHaa npofon#MTENbHOCTL OAHOrO uyra T
Koz2epeHmHydocmu.

Ecnw BonHa pacnpocTpaHaeTcsa B O4HOPCAHOW cpede, To dasa KonebadHuAa B
ONpedeneHHoOn TOYKE NPOCTPaHCTEA COXPAaHASTCHA TONBKO B TEYEHWE BPEMEHW
KOrepeHTHOCTW. 3a 3TO BPEeMA BOMHAa PacnpoCcTpaHAESTCA B BaKyyMe Ha paccTosHue
{ . =c¢T ., Ha3biBAaeMOe GIUHOU Ko2epeHmHocmu (wnwn dnuHou yyaa). MNostomy

KO KOl

HAa3LIEQETCA &peMeHeM

O

HabnwaeHwe WHTepdepeHUny CBETa BO3MOXHO NULL MPW ONTUYECKUX PAa3HOCTAX
X0[a, MEHBLUMX ANUHLI KOTEPEHTHOCTU ANA MCNONb3YEMOro UCTOYHUKE CBETA.

BpemeHHas KozepeHmMHOCMb —  3T0, ONpPejensemas  CTEneHbH
MOHOXPOMaTWYHOCTU BOJH, KOFE€PEeHTHOCTb konebaHwi, KOTOpble COBEpLuaKrTcs B
OAHOM W TOWM e ToYKe NPOCTpaHCTBa. BpemeHHas KOrepeHTHOCTb CYLUECTEYEeT A0
Tex nop, noka pasbpoc a3 B BONMHE B AAHHOW TOYKE HE JOCTUTHET 7T .

AnuHa Ko2epeHMHOCMU — PAacCTOAHWE, Ha KOTOPOE NepemMellaeTcs BonHa
3@ BPEMS KOrepPeHTHOCTH.

B nnockocTu, nepneHanKynapHOW HanpaeneHulo pacnpocTpaHeHua Lyra BOIH,
CnyyYaiHble W3MEeHeHWs Pa3HoCTK (ha3 Meway ABYMA TOYKaMW YBENUYMBAETCA C
YyBENWYEHWEM PACCTOAHMSA Mexay HuMW. [TpocmpaHcmeeHHas Ko2epeHMHOCMb
— KOrepeHTHOCTb konebaHwin B OAWH U TOT KE MOMEHT BPEMEHW, HO B Pa3HblX
TOuYKax TaKkoW nNMOCKOCTW — TepAeTcs, ecnu pasbpoc a3 B 3TUX  TOoYKax
aocturaeT T. [Qnuda npocmpaHcmeeHHOU — KozepeHmMHocmu  (paduyc
Ko2epeHmMHocmu):

A
Foor ™ =
KL j([{)

WCTOMHMKK f0M#HEl DbITh NPOCTPAHCTEEHHO KOMEPEHTHBIMW, YTODBI BO3IMOMHO
Oeino HabnwpaTe HHTEDEIIIEPEHLJ,MI-G M3nyyvaemblX UMW CBETOBDBIX BOIH.

roe A— AnuHa BonHbl, A — pasHoCTb has.



9. WurtepdiepeHuns cBeTa.

UHmepghepeHyusa ceema — CNoXeHWe B NPOCTpaHCTEE ABYX WM HECKONBEWX
KOMEpEHTHBIX CEETOBBIX BONH, MPW KOTOROM B padHblx €ro TOMKaX Nony4yaeTcH
yecuneHue wnw ocnabneHue dMNNUTY 4kl pE‘S‘_-,"J'II::THF]}’PGL.I_.I,Eﬁ BOJMHEL.

|_|}"CTI:| B AaHHoW Touke VM Ose MOHOXpPOMamu4yeckue 80/IHbI C UNKNNYECKOW
yacTtoTon @ BOEE}’H{HEPDT Aea konebaHws, npuyem 40 TOYKK M opHa BonHa

npoluna B CpeAe C nokasaTenem NpenomMneHus i, nyTb §; C (Das3oBOil CKOPOCTbIO
U,, @ BTOpas — B cpeae 1, NyTb 5, C (Da30BOI CKOPOCTLHO U, !

5 5a
x, =Acosolr——L ] x,=.4,cos0| 1 ——

U, U5
AMNNUTYAA pesynbTupylowero konebanua: A~ = A° + A5 + 24,4, cosd .
VIHTEHCMBHOCTb pesynbTupytoweil BonHbl ([ ~ 7).

I=1+1,+24{1,1,cos8

PasHocTb has O konebaHuil, Boabyxaaemblx B Touke \/ , pasHa

-

S=o| 2L |zp| S-S |22 (5, —s,n )= =l (L, -1, }zj—ﬂ-i\
Uy U, cfny, cfn, c -7 c T A
(Mcnonbsoeanu: U =cfn; @=21v; ¢fv = A,— pnuHa BonHsl B Bakyyme).
Mponssegeqne seomempuyeckol GNuUHLI Nymu § CBETOBOW BOSHbLI B AaHHON
Cpeae Ha rokasamenb npPenoMneHus 3TON Cpeibl 1 HasbiBaeTca QONTUYECKOW
ANWHON NyTK L. =5 1.

Pastocte A=1L, =L, = 5,1, — 851 ONTUYECKUX ANWH NPOXOAWMbLIX BONHaMMN
nyTen HasbiBaeTCA ONMUYecKol pasHoCcmeHo xoda.

YcnoBue uHtepgepeHUMOHHOIO MaKCUMYMa:
Ecnu ontuyeckas pa3aHocTb xofa A paBHa uenomy u4icny ANWH BOMH B
BaKyymMe (YETHOMY YWUCNy NOMYyBOIH)

A,
ﬂ‘:i’”’lr_: :iEj‘HTJ {Hi’:{]. I-. 2}

T0 0 =X2mm wn konebauusa, sosdykaaemele B Touke A, ByayT NPOMCXOAMTE
e oduHakoeol ¢hase.
Ycnoeue MHTepgepeHUMOHHOIO MUHUMYMA.

Ecnwn onTuyeckas pasHoCcTe Xoaa A paBHa HeMETHOMY YWMCNY NONYBONH

A
A=+(2m+ I}% (m=0,1,2....).

e

T0 0=*(2m+1)T n xonebaHua, Bosbyxaaembie B Touke N, ByayTt
NpoOMCXOAUTE 8 Npomueoghasze.

10. MeToasl HabnwaeHWA WHTepdepeHUMM.

0o n3obpeTeHna NasepoB, BO BCeX NPUBOpax KOrepeHTHblE CBETOBLIE MyYKW
nonyyanu pasgeneHuem BONHbl, WU3Ny4aemon O4HWM WCTOWMHMKOM, Ha ABE 4acTu,
KOTOPLIE MOCMNE NPOXCHASHUS PazHbiX ONTUYECKWX NyTel HaknagelBanu Apyr Ha
Apyra u Habnwaanm MHTepdepeHUNOHHYIO KApTUHY.




1. Metog HOHra. CeBeT OT ApKO OCBELUEHHOW WEenw

5 S napaeT Ha gee Wenu S5, u S,, wrpalwmne ponb

KOrepeHTHBIX MCTOYHWKOE. MHTepdiepeHUMOHHaA KapTuHa
B( wabnwpaeTtcs Ha akpaHe .

2. 3epkana ®peHenAa. CeeT OT WCTOYHWKA S

€ napaet pacxoaawmmeca

Ny4KOM Ha [JBa NMOCKUX

sepkana A0 wn 1,0, pacnonoXeHHblX Nog manbim

Yronom . Pone KOrepeHTHBIX WCTOYMHWKOB WrpawT

MHAMBIE S5, W S, KN300pameHua WCTOYHMKa S.

MHTepdepeHUMOHHAA KapTuWHa HabnwpaeTca Ha
akpaHe ), 3aWWWEHHOM OT NPAMOro nonajgaHus
CEETa 3aCNoHKon 7.

3. Bunpuama ®peHenn. CeeT 0T UCTOYHMEA S
i npenoMnAeTCA B NpUamax, B pesynbTaTe 4ero 3a
BUNPUaMon pacnpocTPaHAKTCA CBETOBLIE Ny4l, Kak
Dbl UCXOAAWMNE N3 MHUMEIX KOFEPEHTHBIX NCTOYHWKOE
5SS,

4. 3epkano Jlnownpa.
ToOYeYHbIM  WCTOYHUK N 8
HaxoauTca ©NW3Ko K NOBEPXHOCTW nnockoro 3epkana M .

KorepeHTHBIMKU UCTOYHUKAMU CITYXKAT Cam UCTOYHKMK S uero  72% ¥
. Lad
MHUMOE n3obpaxeHue S, . g

11.Pacyer nHTtepdepeHUWOHHON KapTUHEI OT ABYX Lenewu.

[ee wenwn fw'l i ‘“}_ HaxXxoAATCA Ha paccToaHuM  ApYyr OT Apyra 1 ABNAKTCA
KOrepeHTHLIMW WCTOMHUKamMK. 3KkpaH ) napannened
LWEenam U HAaXo4WTCA OT HWX Ha paccToaHum [ =>>d .
MHTEHCMBHOCTE B NPEOUZBONLHOW TOYKE A
OﬂpE,ﬂ.EJ‘IHETCH pasHocTed xopa A =5, — 8§, rae

[ \\{{'{{iﬁﬁ“

=17 +(x+df2)°, s;=0I"+(x—df2)" omkyaa 4

5:1 —.s'lz =2xd v A=s5, — 5 = H_rfr’/{.s'-_ —.s':}.
N3 [ >>d cnepyet s, + 5, =21 nostomy A= xdfi.
xdd [ )
[lonoxeHue MakCuMymoB: T— tmA, = x =tm—4, (m=0.12..)
L

xd
[Nonoxedne MWHWMYMOE . T = i

I 4/
m+— W, =x,, =t m+=—1—4, (m=0.1L...)
2 | e 7
2 2 )d

PaccTosHue Ax wexay ABYMS COCEAHWMM MaKCUMyMamu (MUHUMyMamu)
Ha3bIBaETCs WUPUHOU UHmeptiJepEHuuoHHoﬁ Moa0ChI.

Ay =— f;|.
d "
WHTepcepedUMoHHan kapTHa npegcraenaeT cobol YepenoBaHne Ha 3KkpaHe
CBETNbIX W TEMHbIX NONOC, NapannenbHbIX APYr APYrY.



12.Monockl paBHOro HaKNoHa.
MycTb 13 BO3AyXa (1, = |} Ha nnockonapannensHyK NPpo3padvHy NNAacTUHKY C

nokasaTtenem nNpPenoMneHwsa » W TONWWHOA ¢« nog yrnom | nagaeT nnockas
MOHOXpPOMaTW4eckasa BonHa (puc. (a)). B Touke (J nyy yactudHo oTpasutcs (1), a
YACTUYHO NPENOMUTCH, W NOCNE OTPaMEHWA Ha HWMHEW NOBEPXHOCTW NNAacTUHbl B
Touke (' BBIAAET W3 nnacTvHsl B Touke 5 (2). Jlyum 1 w2 KOrepeHTHbl W
napannenstHel. C nomowso cobuparoLllein NMH3bI WX MOXHO CBECTW B TouKe [,
Heobxoaumo OTMETWUTE BaDKHYK OCODEHHOCTh OTPaMMEHWA 3MeKTPOMarHWTHbIX
BOMH (K, B YACTHOCTW, ONTUYECKUX NYYen) Npu NageHnn NxX Ha rpaduly pasgena aByx
cpeld W3 cpeibl C MEHBWEW AW3NEKTEWYECKON MNPOHWUAEMOCTEID (3, 3Ha4YWMT W
MEHLLUIMM MOoKazaTenem npencMneHus). npu ompaxeHuu ceema om 6onee
nnomyol cpedsbl (n, <n) ¢pasa usmeHsemcs Ha 7. NameHeHne dasbl Ha T
pasHOCUNBEHO fomepe noAyeosiHbl nNpu ompaxeHuu. Takoe noBeleHWe
INEKTPOMArHUTHOW BOMHBI HA rpaHvue ABYX cpej crnejyeT W3 rpaHuyHbIX YCroBui,
KOTOPbIM  JOMKHbI  YAOBNETBOPATE TaHreHUWanbHble KOMMOHEHTbl BEKTOPOB
HaNPAMEHHOCTW  3MEKTPUYECKOro W MAarHUTHOrC nons Ha rpaHuue pasjgena:

Eo=1L,, H =1_.Cy4yeTom 3T0ro, onTu4eckas pasHocTb xoia:
A=n(OC +CB)—(0OA="4).
Wcnoneays  sini=mnsinr  (3akoH npenomnenuns), OC =CFE= u’/c{}sr "
OA=0Bsini=2dtgrsini, sanuwem
Ay 2dn . | sin” r
Lo =7 2dntgrsiny =2dn — =2dncosr =2d

2 cosr CoOsr cosr

no—sin~i

B Touke [/’ ByaeTt uHmepgepeHyUOHHbLIU MakKcuMyM, ecnu

2d

. . . tl tll
ne—sinT i+ ——=2m—2 (m=0.1,2....)
2 2

B Touke I’ DyneT uHmepgepeHyUOHHbLIU MUHUMYM, ECNK

— A A,
ne—sin“i+—=2m+1)— (m=0,1,2,...)
¥ ¥

Takum obpazom, ans a)
AaHHBIX A, d 1 n kawaomy

HaknoHy i ny4eil COOTEET-
CTBYET CBOA WHTepdepeH-
UuoHHas nonoca.  WHTep-
hepeHUNOHHEIE Nonocel,
BO3HUKaKLWWe B pesynstare
HanoXeHWsa nyyein, najao-
KX Ha nnockonapannens-
HYK MNacTWHKY Noj odWHa-
KOBBIMI YrNamu, Ha3blBAKTCA fMofiocaMu PpagHo20 HaKMoHa.

WHTepdepupyowme nyyn (Hanpumep, 1" 1 1" Ha puc.(6)) napannentHel Apyr
APYry, NO3TOMY FOBOPAT, YTO MOMIOCKLI PAa8HO20 HakJIOHa Nokanu3oeaHs! e bec-
KoHeyHocmu. [na wx HadbnwogeHua WCNOoNb3yT cobDUpawwyk NUH3Y W 3KpaH.
PaguwansHas cuMMETpWUA NWH3B NPUBCAWT K TOMY, 4TO WHTepdepeHUnoHHan
KapTWHa Ha 3kpaHe ByaeT UMeTb BWJ KOHUEHTPWYECKNX Koney C UeHTpom B dhokyce
NWH3BI.




13.Monockl paBHOW TONWMWHLL.

[MycTe Ha NpO3payHyl0 NNAcTUHKY MepemeHHOl MOMWUHLl — KAUH C Manbim
yrnom ¢ mexgy DOKOBbIMW rpaHAMW — najaeT NMockas BOMHA B HanpasneHuu
napannenbHelx ny4en 1 U 2. VIHTEHCUMBHOCTL
MHTEpPDEPEHUMOHHON KapTUHbLL, dopMupye-
MOW nyyamu, OTPaKEHHBIMW OT BEpXHen Wu
HWHHEN NOBEPXHOCTEN KNWHA, 3aBWCWT OT
TONLLMHBI KNUHA B AaHHoil Touke (d u ¢’ ana
nyden 1 W 2 COOTBETCTEEHHO). KOrepeHTHble
napel nyden (1" n 1", 2" n 2") nepecekarTca
BBNW3N NOBEPXHOCTW KNWHa (Toukn B n B') un
cofwparTca NWH30M Ha 3KkpaHe (B Toukax . u
: A"). Takum oBpa3om, Ha 3KkpaHe BO3HWKAET
cUCTeMa WHTepdEepEHUNOHHEIX NONOC — AOMA0C pasHoU MONWUHL! — Kax4as 13
KOTOPbIX BO3HWKAET MPU OTPaMEHUW OT MECT NMacTUHKW, WMEKLWMX O4WHAKOBYH
TONwmHy. fMonock! pasHoOU MONWUHLI NoKanuioeaHsbl e6nu3u noeepxHocmu
KAuHa (B NNOCKOCTU, OTMEYEHHOWN NYHKTUpOM B—-B)

14. Konbua HeroToHAa.

Konbuya HelomoHa, SBNSAIOLIMECH KIACCUYECKUM
NPMMEPOM NMONOC PaBHOI TONWWMHLI, HaBnoAaTCes Npu Rl \R
ompaxeHuu ceema om  8030ywHO20  3a30pa,
0Bpa3oBaHHOro  nnockonapannensHoil  NNacTUHKOR U
CONpPUKACaloWeca C Hell MNOCKOBLINYKMNOW MNUH30M C l' l l l ‘ l l
BONbLNM PaAUMYCOM KPUBW3HBL [lapannenbHbiit nyy4ok
cBeTa NajaeT HOPMamnbHO Ha NNOCKYl MOBEPXHOCTb r

NNH3bL [Monockl paBHoOW TONWWHEI MMerT Bwua d

KOHLEHTpUYEeCckux okpyxHocTeil. C yuetom d~ — 0

RP=(R—d)+r*=R>-2Rd+d* -r* = d=r2R

]

. A" jj’[l _" r ’l(}
B oTpaxeHHOM CBETE ONTUYECKAs PA3HOCTL XoAa: A=2d+—=2—+—
= AN v
Paauycbl cBETNbIX KOMeL: o =aflm = Y)AR  (m=1.2.3...))
Panuycel TEMHBIX KONELU: re= .,fm)l.nf»? (m=0,1.2....)

WHTepdepeHuMio MOXHO HabnwaaTe U B MPOXOAALWLEM CBeTe, NpUYeM 8
npoxoodsuieM ceeme MakcUuMyMbl UHMephepeHuuly coomeememeayrom MUHUMYMam
UHMephepeHULl 8 OMPaXeHHOM ceeme U Hacbopom.

15.MpocBeTNeHNe ONTUKM. [pocsernaoLuuit
ObwekTMEEl  ONTUYECKMX  nNpuDOpoE  coaepar ot
fonbwoe kKonuyecTBo nNWH3. [ame He3HaduTenbHoe
OTpaMeHWe CBEeTa KaMioW W3 NOBEPXHOCTEW NWH3
NEPWBOAWT K TOMY, YTO UHMEHCUBHOCME Apowediiezo
ny4yka ceema 3HaqyumensHo yMmeHewaemcea. Kpome Toro, B
oBLeKTMBAX BO3IHWKAKWT BNUKU U ¢hOH pacceaHHoz20 caema,
YTO CHWaeT 3pdEKTUBHOCTE ONTUYECKWX cucTem. Ho,
eCcnu Ha rpaHuuax cpej cosjath YCMOBWA, NPW KOTOPbIX
UHmMepchepeHUUA ompaxeHHelx nydeld 1 1 2" daem MUHUMYM UHMEHCUsHOCMU
OMmpaxeHHo20 ceema, TO NpPW 3TOM WHTEHCWMBHOCTE CBETa, MpOWedlero 4epes

Boanyx
I rxr

L]




ONTUMECKYH) CWCTEMY GEQET MakcumMankHa. 3TOro MOMHO AoDWTBCSA, Hanpumep,
HaHeCeHWeM Ha NOBepRXHOCTE NWH3I MOHKUX NAeHOK C NokazaTtensm npenomMneHui

Ry <0< n_, Npu4em n =1fn¢,ﬂc . B aTom cnyyae amnnuTyAbl KOrEpeHTHbIX nyden 1
u 2" ByayT OAMHAKOBLI, @ YCNOBWME MWHUMYMa ANs oTpameHHbIX nyyen (i =0) Byget

Exrd:{ﬁm+l]”'%. Mpu m =10 onmu4yeckas MoOAWUHA MAHKU  hd
YAOBNETBOPAET YCNOBWHD

A
M’n’rZJ
4
u IT;JOUCXO@UITI sdllieqrue OmpaxeHHbLIX J'TJJ’LJE{T_ ,D,J'Iﬂ Ha}l{ﬂ,(}ﬁ ANKMHEBEl BOINHBI "]-r_:

A0MKHA BbITe CBOS TONWMHA NneHkn o . MMockonbky 3Toro AoBUTECS HEBO3MOMHO,
0BbIYHO ONTUKY NPOCBETNSKOT ANA ANWHLI BonHbl A, = 550 HM, k KoTOpoi Haubonee
YYBCTBUTENEH rMa3a YenoBeka.

16. MHTEepthepoMeTpLI.

Mpw NNaeHOM M3MEHEHWW PA3HOCTKU XOAa MHTER(EPHUPYIOWKUX NYYKOB Ha ;l[,/ﬂ

WHTEpdIEPEHUNOHHAA KapTWUHa CMECTWTCA HAcTOMBKO, YTO Ha MecTe MAaKCUMYyMOB
OKaMyTCA  MWUHWUMYMbI. nOGTOM}-’ ABNeHne KMHTepdepeHunn MCNONe3YHOT B
uHmepchepoMempax 4ns WIMEPEHWS AMNWHBI Ten, ANWHBl CBETOBOW BONHLI,

M3MEHEHWA ANKWHEI TENA NPKW M3MEHEHWUW TEMNERATYPBI, CPaBHMMbIX C /Il.,.‘-,
B m—:meptbepomempe MatkenscoHa MOHOXPOMATUYECKWIA ny4 0T UCTOYHUKa
dldgdaii M, S pas3fenseTca Ha noAynpo3pavyHol nnacmuHKe :” Ha gea

nyda 1" n 2", koTopele, oTpasuBwnck oT aepkan M, n M,

CHOBAa C NOMOLWbLID /| CBOAATCA B OJ4WH NY4YOK, B KOTOPOM
nyyn 1" 1 2" QopMUpYIOT WHTEPdEPEHUWOHHYID KapTUHY.
KomnencauuonHas nnacmuxka [, pasmellaeTca Ha nyTu

nyda 2, 4Tobbl OH Tak e, Kak u ny4 1, asaxabl npowen
JYepes nnacTuHky. BosHukawwas uHTepdepeHUnoHHan
KapTMHa  4Ype3BblMaiiHo  YyBCTBUTENBHA K mobomy
M3MEHEHWIO Pa3HOCTKU XOAa Ny4el, (HanPUMEpP, K CMELLEHWIO
OAHOro U3 3epkan).

Hduepakyus ceema

17. MNpuHuwn MNowvredca-@pedHens.

Aducbpakuued HasbIBAETCA oz2ubaHue gonHamu npenamcmeull,
BCTPEYAKLWMXCA Ha UX NyTW, unu B Gonee WWPOKOM CMmeicne — moboe
OMKMAOHeHUe pacnpocmpaHeHus 8onH sbnuzu napenamcmeaul om 3akoHoe
2eoMempuYecKol ommukKu.

Oucppakuno obbACHAST NpUHUMO [HWreHca — WMEHHO BTOPWYHBIE EBOMHGHI
ornbarT NPenaTcTENA Ha NYTU PACcNpPOCTPaHEHNA NePBUYHbLIX BOMH.

OpeHens dononHUA NpUHUWN MNoAreHca npegcTaeneHuem o Ko2epeHmHocmu
8MOPUYHLIX 80MH U UX UHMepghepeHyu.

CornacHo npunyuny Nwotzedca-PpeHena, ceemosas aonHa, so3byxdaemasn
Kakum-nubo ucmodHukoMm S, mMoxem O6wimb npedcmasnedHa kak pes3ynkmam
cyneprno3uyuu  (CNOXEHWS) KOZepeHMHbLIX  eMOpUYHbIX  80MH.  u3nyyaeMbix



8MOpUYHLIMU ((PUKTUBHBIMW) UCMOYHUKaMU — DECKOHEYHC ManbiMwi 3neMeHTamMm
noBoil 3aMKHYTOW NOBEPXHOCTU, OXBATLIBAKLLEN NCTOMHUK S .

18.3oHbl ®peHensi.

PaccmoTpm B npowssonbHoW Todke A amnnuTyay CBETOBOW BOMHbI,
pacnpoCcTpaHAKLWENCA B OQHOPOAHOW cpede u3 TOMeYHoro uctodHuka S . CornacHo
npuHumny [oireHca-dpeHens, 3ameHUM ASNCTBUME WCTOYHMKA S  AENCTEWEM
BoODpamaemMslx WCTOMHWUKOB, PacnONOMEHHBIX Ha BCNOMOraTtenbHOW MNOBERXHOCTM
& | aenAwWenca NOBEPXHOCTLH (POHTA BOMHLI, MAYWENR W2 S (NOBEPXHOCTL
cihepsl ¢ ueHTpom S). Pasobwem BonHoByH nosepxHocTe @ Ha KONbUEBLIE 30HLI
Takoro pazmepa. 4ToDbl PACCTOAHMA OT Kpaee 30Hbl 40 VM oTnuyannce Ha ;'1./2.

Torpa, obozHaume amnnuTyabl konedanuin ot 1-, 2-A, ... m-i 304 Yepes .4, A, ..

A, (npu ztom A > A, > A >000)) nonydum  aMmnnanTyay  pesynsTURYHLWero

koneBanua: A=A, — A, + A4, — A, + ...

A

Mpwu Takom paszbueHnn
BONMHOBOW NOBEPXHOCTWM Ha
30HbI  OKa3ablBaeTcAaA, 4To

\ 7 amnnutyga konebavwa A
Se b - M OT HEKOTOPOW m-N  30HbI
) él — GpeHena paBHa CcpegHemMy
/ apumeTUHecKomy oT
'\ aMNAWMTYL NPUMBIKAHOLWMNX K

y Hel 30H
@
[ = ‘r.rn—'. + . IHH_|
“tm -
Torpa pesynbTupyowas amnnutyaa B Touke 1\ Bynet
A, A, Ay Ay As A A v oA
A=—+|=-+—= | =- A, +—= |+...=—= m—(— )=t
2 2 -2 2 2 2 2 el 2

abAd
T.K npn m>>1 A == . [Inowaow scex 3oH ®peHens paeHbl 0 = %

' a+b
rae @ — AnvHa otpeska SF, — paguyc cpepel D, b — pnuHa oTpeska £, .

y N ab
Paguyc BHelWHeW rpaHuubl mi-W  30Hbl  ®peHena 7, = _;”M" Mpw
o+

a=b=10cm n A =500H4m paguyc nepsoit 3oHbl 1, =0.158 mm. CnepoBaTtentHo,

pacnpocTpaHeHue ceeta oT S k M npoucxoaut Tak, GyaTo CBETOBOW NOTOK

pPacnpocTpaHAETCH BHYTPW O4eHb Y3KOro kaHana egone SV . T.e. npaAMonuHenHo.
Takum obpazom, npuHyun [lMwoilzeHca-OpeHens noszsonsem o06bLACHUMb

npamMonuHelHoe pacnpocmpaHeHue ceema 8 o0HopodHol cpede.

19. Ouchpakunsa B cxoaawmxcs nyyvax (Audpakuma PpedHensd).

Audppakumna B cxogsawmxca nydax (audpakuna ®peHens) — 310 gudpakumns
chepuyecknx BOMH, OCYLIECTBMSEMas B TOM cCny4ae, Korja AudgpakunoHHas
KapTWHa HabnwaaeTcAa Ha KOHEYHOM pPacCTOfHWMWM OT NPEenATCTBWSA, BhI3BABLUErC
Andppakunio.




EHQEHI{HHH Ha KPpyrinom oTBepCTHUM. Cdpepuueckan eonHa, pacnpocTpa-

S

'
|
[
[
|
|
|

b+ 2

B

HAKLWAACA W3 TOYEYHOrO WCTOYHKUKA &, BCTPEYaEeT Ha CBOeM
NyTW 3KpPaH C KPyrneiwv oTBepcTMemM. Bua andpakumoHHOM
KapTWHbI 3@BUCWT OT YKcna 30H OPEeHens, ykNaablBaroLwnxcs

B OTBEPCTUW. AMNNUTYAa CcBeTa B Touke [i akpaHa ) Oyger
A=A f2+ 4,2, rae sHak "nmoc' Ans cnydas, Kkorha
OTBEPCTUE OTKPbIBAET HeyemHoe yncno m 3oH PpeHens, a
3HaK "MWUHYC" — ANA YemHoao hi .

OudpakunorHan KapTWHa DyaeTr  UMETb =10
YyepenyLWwnxcs TEMHEIX U CBETMLIX KOMEL C UEHTPOM B TOYKE

B (ecnm m — 4JeTHoe, TO UEHTpansHoe Konbuo OyaeT

D  TEMHBIM, ECNKW M HEYETHOE, TO — CBETNkIM).

Oudbpakuma Ha awncke. Cdepudeckas BOMHAa, 5
L ]

PacnpoCTPaHAKLAACA 0T TOYEYHOrO WCTOMHMKA S,
BCTPEYaeT Ha ceBoem nyTu auck. Ecnu gwck 3akpoisaet
nepevie m 30H ®peHena, To amnnuTyga konebahus B
Touke /3 3kpaHa 2

A=4 —A, +A, +—...=

“Tm+l ‘2 mi+3

= .-Imﬂl + ('-IM% T J1m+2 + .-Jm%)—i_ Sk

— il
e I.';'.I+I/"'
Takum obpasom, B Touke 3 ecezda Habnwdaemcs

UHmMepghepeHULUOHHLIO — MakcumMyM  (CBETNOE  MNATHO),
COOTEETCTBYKLWWA NONOBWHE OeNCTBUA Nepeol OTKPLITON
30Hbl  ®peHensa. LleHTpanbHbIA  MaKCUMYM  OKpYMKEH
KOHUEHTRWYECKUMIW C  HUM  TEMHBIMW W CBETNBIMK
KonbUaMW.

20.0u

a)

f)

—5in ¢

dKLUMA B NapannenbHbIX Ny4Yax M aKuma @payHrodepa).

Oudpakuna @payHrodpepa HadbnwgaeTca B TOM cnyd4ae, Korga WCTOYHWK
CBETa W To4Yka HabnwaeHWA DECcKOHEYHO yaaneHel OT NPENATCTBUS, BhIZLIBAKLEND

Andpakuuno.  lNapannenbHeld  Ny4oKk  ny4en

l l l l 1 l 1 00BbIMHO  CO303M0T. nomeLlas  TOYEeYHBINA
M 1 N

WCTOYHWK cBeTa B Qokyce cobupawowen

NMWH3bL. OudpakuMoHHYK KapTUHY C NOMOLLbHD
BTOPON cobupawowel NWH3bIL, YCTAHOBMNEHHOW
3a NpenATCTEMEM, (DOKYCUPYHOT Ha 3KpaH.
FaccmoTtpum gudpakumio ®payHrodepa
NNOCKOW  MOHOXPOMAaTWYECKOW BOMHBI  Ha

- OOHOWN DEeCKOHEYHO ANWHHOW Wenw WUpuHOW

a=MN . OnTuyeckas pasHOCTL X0Ja Mexay

kpalnHumn nydamin AC u N (cm. pucyHok):
A=NF =asing

-2

1

0,047

Pazobbem OTKpPbITYH) 4acTb BOMHOBOW
noeepxHocth  MN  Ha 30HL  ®peHens,
napanneneHele pebpy M wenn. WwpuHa
KankgoW  30Hel BeliDWpaeTcA  Tak, JTOORI
Pa3HOCTE X04a OT Kpaee 3TUX 30H Dbina paBHa

2k sing AJ2, noatomy Ha WMpUHE WEMM yMecTuTcs

0,017



A: A2 son.
Bce TOUKM BONHOBOTO (OPOHTE B NNOCKOCTN WENN UMET OAMHAKOBYIO thasy I

aMmnnuTygy konedaHui. [MoaTomy CymMMapHas WHTEHCUMBHOCTbE KonebaHwWi oT AByX
nobbix coceaHnx 304 PpeHens pasHa Hynw. CnejoBaTenbHo:

. A
1) ecnu yucno soH Ppedens YeTHoe, TO! asm@=22m— (m=1,23....)

— ycnosue dughpakyuoHHO20 MUHUMYMa (NonHas TeMHoTa)

. A
2) ecnn MMCNo 30H PpeHensa HeyeTHoe, TO  asIng ==x(2m +I}? (m=1,2.3....)

— ycnoeue QughpakyuoHHO20 MaKcUuMyma,
COOTBETCTBYIOLIErO AENCTEMIO OAHON HEKOMNEHCUPOBAHHOM 30HElI dpeHens.

B HanpaeneHun (P:ﬂ wene ,ﬂ.E‘.‘ﬁETB}-’ET kak ogHa 3oHa ®peHens n B 3TOM

HanpaeneHWK CBET pacnpocTpaHAeTcA C  HavwboneWeW WHTEHCWMBHOCTEH &—
UeHmMpanbHbIl dupakyUOHHLIU MaKCUMYM.
HanpasneHwua, B KOTOPbLIX aMNNnMTy4a MakcUmMansHa UNu pasHa Hynw:

(2m+ 1A . mA
EEEe— s, =+—

e o

PacnpeaeneHne WHTEHCMBHOCTM Ha 3KpaHe, nony4yaemoe BCNeacTBUeE
anpakumn, HaseiBaeTcs OUPaKyUOHHLIM CITeKMPOoM (PUCyHoK (6)).

WHTEHCWBHOCTW B UEHTPanbHOM W MOCNEAYKLWNX MaKCUMyMax OTHOCATCA Kak
[:0.047:0,017:0,0083:..., T.e.  OCHOBHaa 4acTb  CBETOEBOW JHEPrN
COCPefO0TOYEHa B UEHTPaNbHOM MakCUMyMeE.

[lonoxeHWe ANGPaAKUMOHHBIX MAaKCHMYMOB 3aBMCWT oT A. [Npu OCBelleHuw
Wwenn DenbiM CBETOM, LUESHTpanbHbIM Makckumym Habnwpaetca B Buie Denon
nonockn (npw ¢ =0 pasHoCTe x04a paeHa Hynw Ana Bcex A) — oH oBwwmiA ans

BCEX ONWH BONH. Bokoskle MakcuMyMbl padyHO oKpalleHsbl_huonemossiM Kpaem K
ueHmpy GughpakyUuoHHOU KapmuHbl (NOCKONbKY A <A

sin (l{)l'l'li'l.:". = i

e BPECH ).

21.0wudhpakuna PpayHrodepa Ha AupakuMoHHOW pelueTKe.

OdHvomepHan JughbpakyuoHHas peuiemyka — CUCTeEMa NapannenbHblX Wenei
PABHOW LUAPWHBI, nexawwx B O4HOW NNOCKOCTM W pasieneHHblX pPaBHsIMW No
LWMPWHE HEMPO3PaYHbIMK MPOMEKYTKaMW.

PacnpeiengeHne WHTEHCUMBHOCTW B AWDPaKUWMOHHOM CNEKTPE Kawigon Wwenw
onpejenaeTca  HanpasneHuem AudparvpoBaHHbIX nyved W AMPaKUWMOHHBIE
KapTWHbI, CO34aBaeMble Kawaon Wenb DyayT o0uHaKkosbiMu.

CymmapHas audpakunmoHHas KapTuHa ecTb
pes3ynbTaT B3aUMHOW UHTEPMEPEHUMN BOMH, MAYLWWX l l l l l l l l l l
OT BCEX Wenen — B JAWNPPakuWOHHOW PpeLUeTKe
OCyYUIECTENASTCA  MHOrony4YeBasa WHTepdepeHUns
KOrEpEeHTHbLIX  AndparMpoBaHHbIX  NYYKOB  CBETA.
W WX 0T BCEX LUENen. £

M N & D

Ecnn a— wWupwHa kamaon wenw, h— wupuHa iﬁ
HEMPO3PaYHbIX ~ YYacTKOB  MEXAY  LUENAMN, TO _o -
BenuuuHa o =a+ b HasclBaeTcA MNOCMOSAHHOU
(nepuodom) duhpakyuoHHOU pewemxu.

[ rae N, — uWcno wenen, npuxoas-

d :Tt LEecn Ha eANHILY ANNHBI. =



PasHocT xoga A nyuyen, uaywux OT ABYX COCEAHMX Wenei, Byayt ans
[laHHOrO HanpaeneH1sa () OAWHAKOBLI B NpeAenax sceil ANMpPakUuMOHHON PeLLeTKu:
A=CF =(a+b)sing =dsinp .
O4eBUAHO, YTO B TEX HANPABNEHWAX, B KOTOPLIX H OAHO W3 LUENEN HE pacnpo-

CTpaHAEeT CBET, OH HEe Eyﬂ,E‘T PacnpoCTpaHATECA U NPKW ABYX WENAX, T.€e. NpexHue
(enagHble) MUHUMYMbI WHTEHCUBHOCTM ﬁ'y’,[],‘_-,"T HabnwaaTeCcA B HanpaeBneHWax

asing =tmA (m=1.2.3....). Kpome Toro, BCNeACTBUE B3aWUMHON WHTEpdepeH-

LMK, B HanpaBneHusix, onpejensiemMbx ycrnoeuem dsin@ ==(2m+1)%; ceetoBbie

Ny4u, noceinasmele 4BYMA COCEAHWUMW WenaMmw, DyayT racuTe gpyr apyra — 603-
HUKHYm donofHumenbHble MUHUMyMsb!. HaoBopoT, aeicTene ogHol Wenw Byaet
yCUNUBaTh AeicTene Apyroi, ecnu dsing = ”m/ (m=1,2,3....) — ycnosue
2/1a8HLIX MakCUMyMOs8.

B obwem cnyyae, ecnu aundpakumoHHas peweTtka coctonT ua N wenei, To:

. ycnoeue a2nagHbIx Makcumymos: dsin@=xmA (m=1,2.3....)
. ycnoeue anagHbIx MuHuMymos: asing =tmA (m=12.3....)
. Mexdy ABYyMA  [NaBHbIMKM __ Makcumymamw  pacnonaraetca N —1

AONONHUTENBHBIX MUHUMYMOE, pa3fensHHblX BTOPUYHBIMW - MaKCUMyMaMM,
cozgawowmmn  cnabeim doH. Ycnosue dononHUMeENnbHbIX MUHUMYMOS:
dsing :i;:ﬂfl/.‘*.'. (rae m’ MOMET NPUHUMAaTb BCE LUENOYMCNEHHbIE 3HAYEHNS,
Kpome O, N, 2V, ... NpW KOTOPLIX A3HHOE YCNOBKWE NepexoiWT B YCNOBKWE rMaBHbIX
MaKkCUMYyMOEB).
Amnnumyda anagHO20 MakcuMyma ecTb Cymma amnnuTya konebBaHwi oT
kaxgon wenn.d = N . MNoatomy, uHmMeHcusHocms 211a8HO20 Makcumyma B

N* pas Gonblie WHTEHCMBHOCTW /|, CO34aBaeMOil OAHON LENbK B HanpasneHny

rnaesoro makcumyma: [, = N7/,

miax

fi Hanpumep, Ha puUCyHke
npeacTasneHa an-
dpakynoHHas  KapTWuHa
ana N =4 . MNyHKTMpHan
Kpueas naoBpaxaer
WHTEHCUBHOCTb oT
O4HOW LUEnWU, YMHOMEH-

fid _gd _gh A _ A 7 A E 4 o4 sin -
64 5% 4% 7 -2 -4 7 2% 33 4% 55 677 V2
HYH Ha .
MonoxeHue 2naeHbIX MaKCUMyMO8 33BUCUT OT ANWHEI BONHbLI A, NO3TOMY
npu nponyckaHuwm 4epes peweTky 0Oenoro ceeTa BCE MAaKCMMYyMbl, KpoMme
eHTpanbHoro =10} A3N0¥ATCA B

o (. |:| B conektp, dwonetoeas oBnacTs  KOTOpOro
ueem Kk G ¢p 6 b K kK OyaeT obpalweHa K UeHTpY AWdpakunoHHOW
KapTWHLI, KpacHas — Hapyxy. [loaTomy
AVDpakUMOHHaA pelieTka MoxeT ObiTh UCNONL30BaHa Kak criekmpansHbil npubop
dns pasnoxeHus ceema e Crekmp u u3MepeHus ONnuH 80IH.
HYucno rnaBHbLIX MAaKCUMYMOB, Jasaemoe JUMPaKUMOHHON PeLLeTKoW:

d . _
sz (NOCKONbKY |sm(p|*_~]j.



22 . Judpakunsa Ha NpoCcTPaHCTEEHHOW peLlueTKe.

Oubpakuna ceeta HabnwaaeTcad Ha OOHOMEpPHbLIX pewemkyax (cucTema
napannentHblX LWTPWXOB), Ha O8yMepHbLIX peluemxax (WTPWXW HaHeceHbl BO
B3aUMHO NEepneHauKyNAPHBLIX HanpasneHusx B OAHOW W TOW e NNOCKOCTW) W Ha
npocmpaHcmeeHHbIXx  (MpexmMepHLIX) pewemkax — NPOCTPaHCTBEHHbIX
oBpa3oBaHuAxX, B KOTOPLIX 3MeMEeHTbl CTPYKTYpbl NOLODHBI no opme, UMewT
reOMETPUYECKW NPaBWUNBEHOE W NEPUOIWMYECKA NOBTOPRSHOLWIEECA pacnonoXeHwe, a
TaKMe MOCTOAHHBIE (NEepuoAbl) PpPELWEeTOK, COW3IMEPWUMEIE C ANWHOA BOMHGI
INEKTPOMarHMTHOMO M3Ny4YeHns.

Kpuctanne!, ABnsscs Tpexmegmmmm NPOCTRPAHCTEEHHBIMKW 0Dpa30BaHNAMKN C
NOCTOAHHON PELWETKW NopAgka 107", MOryT BbITe MCNONL30BaHLI ANA HabNKAEHWA

ANPaKUMN PEHTTEHOBCKOTO M3nyyeHmns (A = 107" =10"wm).

MNpeagctaeum  KpUCTanNn B BWAE nNapannenkHelX KpucTannorpahuyeckux
NNOCKOCTEN, OTCTOALLMX ﬂ.pyr OT Apyra Ha paccToaHuu o . [My4yok napannensHbIX
MOHOXpOMaTUYecKux nyyeil (1, 2) nagaeT noj ya2noM ckonbxeHus 1} (yron mexay

HanpaeneHnem nagawwux  nydyen "
. Kpuctannorpadu4eckon  NMNOCKOCTBEKY) W
BO3DywOaeT aToMbl KpWCTanIM4eCcKkon
2* PELUeTKW, KOTOpble CTAHOBATCA MCTOYHUKAMN
KOrEpEeHTHBIX BTOpWYHBIX BonH (17 w 27),

Kpucrannorpaguyveckue
by

-Jd MHTepdepUpYOLWLNX MeXay cobon.
1 Makcumymbl  UHmMeHcueHocmu  DyayT
-&d dsin® dsind HabnwgaTeCA B TeX HanpaeBneHuAx. B

—t————¢—8—— | OTOpLIX BCE OTPaMEHHLIE aTOMHLIMW
NAOCKOCTAMIW BOMHbI OyayT HaxoAWTbCS B
oawHakoeoi aze: 2dsint*=mA (m=1.2.3....) — thopmyna Bynetha-Eparros.

JTa (popmyna MCNonbL3yeTca B!

1) peHmMeaeHOCMPYKMypPHOM aHanu3e — ecn U3BecTHa A pPEeHTreHOBCKOoro
nanyyeHus, To, Habnwgasa augpakunio Ha KpPUCTannW4Yeckon CTpyKType
HEW3BECTHOro CTPOEHMA W uamepas 1 W m, MOXHO Hawtm o . Te.
OnpefennTe CTPYKTYPY BELIEeCTBa;

2) peHmMaeHo8CKOU CNeKMpoCcKonuyU — ecnn W3BecTHa o . To namepasa 1} u
71, MOXHO HalTW ANWHY BOMNHLI A NafallWwero PEHTTEHOBCKOrO U3Ny4YeHns.

23.Paspelatomas cnocodHOCTb cnekTpanbHoro npudopa.

Ecnwn Bbl gaxe cywecTsoBana nieansHas onTuydeckan cuctema bes nedektos
KW abeppauni, To BCe paBHO waobpaxeHwe Nbon CBETALWENCA TOYKKW, BCNEACTEWE
BONHOEOW nNpupoAbl ceeTa, OyaeT B BWMAE UESHTPanNLHOrO CBeTNOroe nATHA,
OKPYMEHHOMO YepedyWUMINCA TEMHbLIMW W CBETNLIMW KONMbUAMK.

Kpumeput Paneda — wn3oDpameHna AByx Onuanemxawwx O4WHAKOBbIX
TOUEYHbIX WCTOMHWKOB WNKW ABYX Bnuanemawwx cnekTpanbHbiX NMWHWA C PaBHLIMK
a) - WHTEHCWBHOCTAMM 11 OAWHAKOBBIMU CUMMETDUYHBIMM
ETAg /A KOHTYpammu paspelnmel (pazaeneHsl ans

BOCNPWATWA), ecnu  ueHmpansHbIl MakCcUuMym

Y Moy ANDPaKUMOHHOW KapTWUHBI OT QOHOIO WCTOYHMKA

— (MMHMKM) cosnadaem ¢ nepebiM MUHUMYMOM

6) AUhpakyMoHHON KapTUHBl OT gpyroro (puc. (aj)). MNpw
3TOM MHTEHCWMBHOCTb ‘npoeana” Mexay

Makcumymamu coctaenaet 80% WHTEHCWMBHOCTW B

A A2 MakCUMyme. 3TOro AO0CTaTovHO ANf  pas’pelueHwus




nuHuiA A, u A, Ecnu kputepuit Panes HapylueH, To HabnoaaeTcs o4Ha NUHKA (puc.

(6)).

Paspewarouleili cnocobHocmbio crnekmpansHo2o npubopa HasbiBaT
A
BeapasmMepHyio BenuunHy R =— rae 64— abconioTHOE 3HaYeHe MUHUMANBHOW
oA
PA3HOCTU ANWH BONH [BYX COCEAHUX CNEKTPanbHbLIX NUHWA, NP KOTOPOW 3TU NIUHMN
PErMCTPUPYIOTCA PasaensHo.
24.Pazpewarouas cnocobHoCcTb AW PAKLUMOHHOW PELIETKW.

MycTb makcumym mi-ro nopsgka Ans ANWHbl BonHel A, HaBniogaetca noj
yrnom @, (dsing__ =mA,). B Tom xe nopsake Gnixaiunii AndpakunoHHbIR
(dsing,,, =mld +A [N) Mo
Ay
mN

MUHUMYM ANA BONHbI A, HaxoauTcs nog yrnom @ . i

kpuTepuo Panea ¢ =@ . .

oTkyaa mA, =mi, +J'T mn A=A, — 4, =

) A
irlLr-'r.'rl."J pens. bﬂl

Takum obpaaom, paspewarouwias cnocobHocme JuUPPaKUUOHHOU pewemxu
npornopuuoHansbHa NopAAKY cnekTpa m 1 yucny N wenei.

B3aumodetcmeue eKmpomMazHUMHALIX 80JIH C 8eujecmaom

25.0wcnepcua ceeTa.

[Jucnepcuell ceema Ha3sbleaemcs 3asUcCUMOCMEL NOKa3amena MpenoMieHUs
5 Om Yacmomsas! V (ANUHbI BONHblI A ) ceema (Mnu 3aBUCcMMOoCTb da30Boi CKOPOCTH
U CBETOBbIX BOMH OT €ro 4acToTsl V ).

CnencTtenem gucnepcun ABNSETCA Da3NokeHWe B CNekTp nyyka Genoro ceeta
NnpWu NPOXOXAEHWM ero depes npuamy. Jucnepcuss nposensemcs Nuuwb npu
pacrnpocmpadeduy HeMOHOXPOMAaMmUYecKUX 80IH.

PaccmoTpum gucnepcuio ceeTa B NpU3MeE.
MMycTe mMOHOXpOMAaTUYECKUA Ny4 nog yrnom o,
najgaeT Ha Npu3my C nokasaTenem npenoMIeHUs
i W npenomnslowum  yrmom . [ocne
ABYKPaTHOro NpenomMneHws Ha nescn W npason
rpaHsax NPU3mMel Ny4 OTKNOHASTCA Ha yron ¢ .

Q=0 —y ) tile, =y, )=, +o, — A

o, n 129

Ecnn yrabl o1 v o (a 3HauiT 1 O, ¥, U ¥,) Manel, TO —=— 1 —=—.
) - Y, | o, n

Mockonbky ¥, + ¥, =, 10 ¢ =y,n=n(A-y )=nl1-0o, /m—n | -y, oTkyaa

—=mN

o+, =nd. Moatomy (= A(rn—1) — yron OTKNOHEHMA ny4eil NPU3MOIA Tem
Bonble, yem Bonblue NPENOMAAKLWMIA YroN NPU3MBbI.

dn .
BenwyuHa ,U‘:H HasbiBaeTca Oducnepcuell eeuwecmea. [Ona Bcex
¢

npo3paddelx BelWecTs nNoKazaTenk npenomMmneHua ymeHblWwaeTcAa C© YBENWYeHWEM



dn
n A ANWHBI BONMHBLI f_{ 0 (cm. pucyHok). Takasa gucnepcus
{

Has3eIBAETCA HOpManeHoU (MNW  OTpWUATENBHOW).
Bonuan nuHWA W NONoc CWNBHOrC NOrMOLWEHWA XOo4
kpueoi n(A) — kpueod ducnepcuu — O0BPaATHLIN:

dn
—_— '[] . Takaqa AWCnepcka HaiblBaeTCA aHOMansHoOU.

0 , . . 7 e dA

200 600 L m Ha sBneHMn HopMansHOW  AWCNEPCUMM  OCHOBAaHO

OENCTBNE MPU3IMEHHLIX cnekmpozpadchoe. Yron

OTKMOHEHWA Ny4Yyel NPU3Moin 3asu- A My beaveo obema
CUT OT NoKazaTens NpenomMnieHna
KOTOPLIA B CEOK OYERElb, 38BUCHT HpacHi
OT  ANWHBI  BONHbL.  [lo3Tomy ) 'rﬁﬂ.rmﬁm cliema ﬂjﬂﬁ.ﬂﬁfmﬁ
npuama pasnaraeT Genwil cBeT B mmmm@
CNEKTP. OMKMOHASA KpacHble nyHu @Y@ AeAeHbIL
(anuHa BOnMHBI Bonblie) crabee, 4,‘? :gﬂﬂm
yem chuonemossie (4NWHA BOMHbI uasemibon

MEHbLUE).

26. NeKTpoHHaa Teopua ANCNepcuK.

3nekmpoHHas meopus ducnepcuu flopeHya paccMaTpusBaeT AWCNEPCUD
CBETa Kak peaynbTaT B3auMOASWCTBWS 3NEKTPOMArHUTHBIX BOMH C 3apSKEHHBIMM
YyacTiuamu, BXOASLUMMKW B COCTAB BELLECTBA W COBEPLIAWMMU BbIHYXIEHHLIE
konebaHua B NepemMeHHOM 3NEKTPOMarHUTHOM NOME BOMHBbI.

AbconwomHeil  nokazamens npenomMiedus cpedsl uz.,lf,u, roe £ —
AW3NEKTPUYECKaa NPOHWLAEMOCTL Cpedbl, [ — MarHuTHas npoHwuaemocTs. B

onTuyeckon obnacTtu cnekTpa 4ns BCexX BELWECTB = I, No3Tomy i = '\"’E'_

CornacHo Teopuu JlopeHua, ducnepcus ceema — crnedcmeaue sasucumocmu £

om yacmomei (OnNUHBI 80NHLI) ceemoebix eonH. o onpegeneHuio
»

!
e=l+y=l+——

e,
rae ¥ — AW3NeKkTpudeckan BOCNPUMMYMBOCTL Cpeabl, £, — 3neKTpuyeckas
nocrosxHaa, [ W £ — MrHOBEHHbLIE 3HAYEHMEe nNONAPW30BAHHOCTA W

HaNPSKEHHOCTW BHELUHEND 3NeKTPUYECKOro Nons.
B onTtudyeckon obnacTtu cnekTpa 4YacToTa KonebaHWwi 3NeKkTpUYecKoro nons

CEETOBOW BONHEI BhICOKA (V =10"Tu), NO3TOMY OpWEeHTauWOHHasA nonaApu3auns
AW3NEKTPUKOE  HECYLIEeCTBEeHHa, W [NasHyw pPonb  WrpaeT  3MeKmpoHHAas
(CechopmalUoHHasa) nonapu3ayud — BblHY¥AEHHbIE KOnebaHWa 3NeKTPOHOEB noj
AEACTEBMEM 3MEKTRPWYECKOW COCTABNAKILWEN NONA CEETOBOW BOMHLIL.

[MycTe BbIHY¥AEHHbIE KOonebaHwa coBepluaeT TOMNbKO QAWH BHELWHWA, cnado
CEBA3aHHLIA C A4pPOM aTtomMa. 3NeKTPOH — ONTUYECKWA 3MNEKTPOH. Ero HaeeaeHHBIN
AWNOMbHBIA MOMEHT: p = ¢x, rije ¢ — 3apsj 3NeKTpoHa, X — CMeLUeHWe 3MeKTpoHa

nog AeNCTBMEM 3NEKTPUYECKOro Nons CBETOBOW BONHLI.
MrHOBEHHOE 3Ha4YeHWe nNoNAPW30BaHHOCTK: P= Hopp?=hpex, 1Tage  Hy—
KOHUEHTpauuMsa aToMmoe B gnanektpuke. OTcoga:




5 1gex
ne =1+ ==
E‘.Jf:
|_|}"CTI:| EHEWHEE None E W3amenAeTca no 2dpMOHUYeCcKoOMY  34aKOoHY.
I-= L, coswr . Toraa ypaBHeHuWe BbiHYKAEHHbIX KoneBaHui anekTpoHa (6es3 yyema

cunk! conpomueneduns, obycnaenuearoweld noanoweHue asHepauu nadarwowed
8OJTHLI)!

. - ] . e ;
Ytwix=—1F",coson =— [, cosar,
n m

rae [, =el,— amMnauTygHoe 3HauyeHne Cunbl, AENCTBYIOWEN Ha 3NEKTPOH CO

CTOPOHBI Nonsa BONHLI, (D, — cobcTeeHHaa vacTtoTa KonebaHwi 3nekTpoHa, m—
Macca 3NeKTpoHa.
E’ffn
PelleHne 3TOro ypasHeHua: x = Acoswi, rpe A =——m——. MoaTomy:

m(w; — ")

H“L’_ l

n- =1+ ~ —
o (W5 — )

flonyyeHHaa 3asucumMocmb ebipaxaem sAeneHue ﬂucnepcuu: n=nlm).

pachuk 3TOM 3aBUCMMOCTW npuBeaeH Ha pucyHke. Paspeie »# BOnMan @,

DE}-’CJ’IDBJ"IE‘.‘H TEM, HYTC HE YYTEHbI CWIbE
CONpoTUENEHNA Ccpeltl (nornowexHwne
3NEKTPOMArHUTHBLIX BOMH CPEaon).

Ecnn YY4eCTe nNornoweHvwes, 10 B obnactu

(), 3aBUCUMOCTb n(()) 3ajaeTcs NyHKTUPHON

nuHwen A5 — 310 obnacmes aHoManbHOU
ducnepcuu (n ybblBAaeT € pocTom (@).

o OCTanbHble Yy4YacTKW ONUCBIBAIOT HOPMAaNbHYHO
Wy @ Jucnepcuro (# pPacTeT Cc PpOCTOM (0 ).

B obuwem cny4yae, ecnv B BeEWECTBE WMETCA pasnuyHble 3apAibl ¢, C

Maccamm M, CoBepwawwpe BbIHY#IEHHLIE konebaHns C  pasnuyHsIMK

CODCTBEHHBIMKW YacTOTaMK {'iJ,_:f ., TO
- o e I.
n- =1+ : - .
E‘[, ;. m, Q(.r)r; — ()

W KpuBeas () nMeeT ocoDeHHOCTH BONM3K Kaxaon cODCTBEHHON YacToThl (), .

27.MornouweHne (adbcopbuunna) ceera.

MoznouieHuem (abcopbyuell) ceema HasblBaeTCA AsNeHUE YMeHbLUeHUS
JHepauu ceemoeol eoMHLI NpW £e pPacnpoCTpaHEHWW B EBELWECTEE BCNEACTBUE
npeobpa3oBaHnA 3HEPril BONHbI B APYrie BUAbl 3HEPTMW (BHYTPEHHKOK 3HEPru0
BEWEeCTBA, 3IHEepPrud BTOPWYHOrO W3NYYEHWA B APYIUX HaNpasneHwax W Apyroro
CNeKTpankeHoro coctaea u ap.).

B pesynbTaTte nornoweHws WHTEHCUBHOCTE CBETa NPW NPOXOMAEHWW 4Yepes
BEWECTBO YMEHbLLASTCA:

[ =1, exp(—ox) — 3akoH Bbyrepa



3aech frn M [ — WHTEHCWMBHOCTW NNOCKON MOHOXPOMaTUYECKOW BOMHBI Ha

EXOAE W BhbIXO4e CNos NOrnowarwLwero BsewecTtsa TonwwuHon x, o —
Ko3ghhuLueHm ro2nouweHUs, 3aBUCALLNIA OT ANWHLI BOMNHbI CBETA, XMMWYECKOI
NPUPOAbLI W COCTOAHUS BeLEecTBa W He 3aBUCALMA OT WHTEHCWMBHOCTKM CBeTa.
YWCNeHHOE 3HAYEHWE 3TOro KO3(MWUUMEHTE ¢ NOKa3biBAeT TOMWMHY Cnos X,

PaBHyH X Nnocne NPoXoXaeHns KOTOPOro MHTEHCHMEHOCTE NNOCKOW BOMHEI NajaeT
B e=272 pasa.

28.Bunbl cNeKTPOB NOTNOWeHWs:

» JNunelyambil cnekmp noanoujeHUss — XapakTepeH ANs odHoamoMHbIX 2a308e
(Mnn napos). OQ4YeHb pesKne W Y3KWe NWHWUK B TaKUX CNEeKTpax COOTBETCTEYHT
yacTtoTam cobBCcTBEHHbIX KonebaHun anNekTpoHOoB B aTomax. Ecnu nnoTHoCTL rasa
yBENUYWBATL, TO B3aUMOASNCTEWE aTOMOB Mexdy cofol NPUBOAWNT K YILWPEHWUHD
MWHWUA NOrNOWEHWNA.

» Cnexkmp noznoweHus e sude noaoc noz2iolleHuss — XapakTepeH Aans
noznouieHus monexyn. KonebaHwa aTtoMmoB (U BpalleHWe rpynn aTtoMoEB) B
MONekynax NPUBOANT K TOMY, 4TO 0DpPa3syTCA LWMPOKNE NONOCH! NOrMOLEHUA.

» CnnowHoU cnekmp noanouieHus — XapakTeped Ana xudkocmed u msepdblx
men, B KOTOpbIX O0DpasywTcsa KoMAekmusHblie 8030yx0eHua (Hanpumep,
3MEKTPOHLI NPOBOAUMMOCTH B MeTannax) Kotopsle obycnaenveardT nornolleHue
CBETa B WWpokon obnacTu YacToT (ANWH BOMH).

a, nj a Ha pucyHke nokasaHa TUNW4HAA 33BWCUMOCTb

koaphUUMEHTA NOrNOWEHWA ¢ OT ANWHEl BOMHEI

cBeTa A W 3aBUCUMOCTb MoKa3aTens npenomMneHusa 1

oT A B of0nacTm nonockl nOrMoweHus. BHyTpu

Nonocel NorMoweHns HabnwgaeTca aHoMankHas

AWCnepcus.

JABMCUMOCTEH Ko3PdWUMEHTA NOrNoLeHUA oT

ONWHEI BOSHBI oBvAcHAETCA OKpalUeHHOCTE

nornoLwanwnx Ten.

lMonapusayus ceema.

29.EcTecTBeEHHLIM M NONAPWU30BaAHHLIW CBET.

[Mpn AeNCTEWMN CEETA Ha BEWEeCTBO OCHOBHOE 3HAaYeHWE UMEET 3NeKTPUYEeCcKas
COCTaBNAKWAasA 3NEKTPOMArHWTHOrNO NonA CBETOBOW BOMHLI, NOCKONbBKY WMEHHO OHa
OKa3lblBaeT OCHOBHOE [AeWCTBME HA 3NEeKTpOHBl B aToMax BellecTea.

aj HDBTDMY, Ans  ONWCaHWA  3aKOHOMEPHOCTEW nNonApuaaunm EI"",-’,D,EM
paccMmaTpyeEaTh TOMbKO €8EemMO80U 8EKMOop — BEKTOP HaNpPsMEeHHOCTH

It

I anexkTpuyeckoro nons.
CeeT npeacrtaenseT coboll  cymMmapHCe  3MeKTpoMarHuTHoe
; : Nany4yeHwe MHOXECTBA HE3aBMCUMO M3Ny4awwmx aTtomoB. MNMoatomy Bce

opweHTauumn eektopa £ OyayT paBHOBEPOATHbI. Takol CBET Ha3bIBaETCs
ecmecmeeHHbLIM (puc. (a)).

o 4 Monspu3ogaHHLIM C8eMOM Ha3LIBAaeTCA CBET. B KOTOPOM
) Hanpaenexns  konebauuA  BekTopa £ kakum-nuGo  obBpazom
yNopsa04eHbI.

HacmuvHo nonapu3oeaHHkIl ceem (pwuc. (b)) — cBeT ¢



NnpenmyLlecTEEHHBIM HanpaeneHuem Konebauunii sektopa .

lMnockononsipu3oeaHHLIll ceem — CBET B KOTOpOM BekTop [ konebnetcsa
TONbKO B OJHOW, NPOXO4fWeWn 4epes ny4 NMOCKOCTW (pWUC. (8) Ha npedbliayLllein
CTpaHuue W puc. (a) u (6) Ha aTon).
3Ta NNOCKOCTh Ha3blBAETCH
nnocKocmMe Nnonapu3layuu.

Ecnvn kKoHubl BekTOpa [ C
TEYEHWEM BREMEHW OMNUCLIBAKDT B
NAOCKOCTW, NEPNEHAMKYNAPHON ny4y,
OKpYyM#HOCME WNW 3anunc (puc.(e)), 1o
CEET Ha3blBAESTCH UUPKYAAPHO WM

A VAR

JnunmuYecku monAapusoealHbBIM.

CTeneHbo Nonapu3aUnmn HassieaeTca senuyinHa [: pzm
rae /.. W I, — COOTBETCTBEHHO, MaKCUMansHas v MUHUMANb- L max t L min
Has MHTEHCWBHOCTW Y4acTWYHO NONAPU3OBAHHOrO ceeTa. [InA ecTecTBEHHOro cseTa
I =1 W =0, ana nnockononapuaosanHoro [ . =0 u F=1.

EcTecTBeHHEIA CBET MOMHO npecbpasoeaTe B NNOCKONONAPW3OBAHHBLIN,
WCNONE3YA Tak Ha3blBaeMele MOMAPU3Iamopbl, Nponyckawwne KonebaHna TonbkKo
onpegeneHHoro Hanpaenedua. B kadecTee nonapusaTopos MCNONB3YHOTCA Cpedkbl,

2HW30TPONHLIE B OTHOLWEHWK KoneGanui £ .
30.3akoH Mantoca.

MponycTUM eCTeCTBEHHLIN CBET C WHTEHCUBHOCTBIO [,

Konebauve amnnutygbl .1, coBepwawuweeca B MNNOCKOCTWM, obpasywwen c
S NNOCKOCTBKD MonApwuaaTopa yron 0, MOXHO pasnoXuTb Ha Asa

yepes nonapuaartop /.

PEPIRITE oneBanna ¢ amnnutygamu A, = dcosg m A, = Asing.
MHTEHCMBHOCTb  MpOWeAWed  BOMHbI  NPOMOPUMOHansHa
A7 =A%cos” (. B ecTecTBeHHOM CBeTe BCe 3HaueHus (0
PABHOBEPOATHLI, MO3TOMY AONS CBETA, MNPOLEALero uepes

nonapuaaTop., Ey,ﬂ.ET PaBHa CpejHeMy 3HaYeHWo (CUS: (P) :%. =]

A
WHTEHCWBHOCTL NMNOCKONONAPW3OBAHHOrO CBETa, NPOLUeALIero
Jepes nepetlit nonapwuaatop 7 [, ===
N 7
Lecm MocTaeum Ha NyTW MNOCKONONSAPW30BAHHOIO

ceBeTa BTOpoW nonapusatop [, (aHanuszamop)

nog yrnom 1 k nepeomy. WMHTeHcuBHOCTb [/

fu{_:(_)f-;zgly CBeTa, npowealero Yepea aHannaTtop,
MEHASTCA B 3aBUCMMOCTW OT yrna i/ no 2aKOHY

Manwoca:

I27

=1, cos8
CnepoBatensHo,  WHTEHCMBHOCT:  CBETa, npolwejlero  4epe3z  Asa

l > |
nonspusaTopa: fz:!nm cos"y. Otkyga [, =—1 Korga nonspu3aTtopbl

5 2T
max ~ cr

napannencHsl U [ . =0, Koraa nonapu3aTopbl CKPeLIeHb!.

min



31.llonApn3auns cBeTa NPu OTPaKeHWN U NpenoMneHun.

Ecnu ecTecTBeHHLIM CBET NajaeT Ha rpaHvly pasiena AByX AW3NEKTPUKOB, TO
OMPaeHHbId U NPenoMaeHHBIT NYy4Yn ABNAKTCA YacmuyHO NOAAPU308aHHLIMU.

B oTpaxeHHOM ny4e npeobnagaT KonebaHwa nepneHgvKynsapHbIE NIOCKOCTH
NageHnA, a B NpenomMneHHoMm — konebaHna, Nexalwme B NNOCKOCTW NageHus.

Ecnu yron nageHns paeeH yany Bprocmepa, KOTOpLIil ONPeaensaeTca COOTHO-
eHnem tgi, =n, , TO OTDaMEHHbIA Ny4 ABMAETCH MIOCKOMNOMAAPU30EAHHBIM.

[MpenoMneHHbIN ny4 B 3TOM Cnyydag NoONApU3yeTCA MakCUManbHO HO HE NONHOCTLID.

a) i 6) MNpw aTOM ompameHHbI U
I NpenoMierHeIl  aydy  B3aWMHO
| nepneHanKynapHbI:

) sini Sin i
tgi, =" By By =

COSiy T osini,
COSiy =Sini, unu iy +1, :%
HO iy =iy, nosTomy iy +i, =mf2.
CreneHb nonNApUaayum
OTPaKEHHOTO W MPENOMMNEHHOTO CBETa MPWU PasnWuHBIX Yrhax NafeHWs MOMXHO

paccuyuTate W3 ypaBHeHuin Makcsenna, ecnu y4ecTk rPaHWYHbBIE YCNOBWA ANA
3INEKTPOMarHWTHOro NONA Ha rpaHuue pasaena asyx AnanekTpukos (fleky. 5, n.49).

32.lBolHOE nyyenpenomMneHue.

HeoiliHoe ny4yenpenomneHue — 3TO CNOCODHOCTb NPOo3padHbIX KPUCTanmnoe
(KpOME ONTUYECKW W3OTPOMHLIX KPWUCTANMOB KyDWYECKOW CUCTEMBI) pA3ABaWBATH
Kawabll najawwnini  Ha HWX CBETOBOW nNy4oK. 3TO ABNeHWe 0DbACHASTCA
OCOBEHHOCTAMKW  pacnpocTpaHeHnMsa  CBeTa B aHW3OTPONHLIX  cpejax W
HENOCPEACTBEHHO BbiTEKaeT u3 ypaeHeHwin Makceenna.
N\ Ecnu Ha kpuctann HanpaewuTb Y3KWA NyYOK CBETa, TO U3

KpWUCTanna E!bll:"l,[],}’T AdBa NpoCTRaHCTEBEHHO pas3fdenNeHHblX
-I-]"I-PE

nyya napannenbHblx APYr Apyra W nagawolemy aydy.
Haxe B TOM cnyyae, korga ny4yok nagaeTt Ha KpucTann
HOPManbHO, NPENOMIEHHLIA NYYOK paszjenaeTca Ha 4Ba:
OAWH W3 HWX FABNASTCA MNPOACIMKEHWEM MEPEWYHOrO
— (HaszbiBaeTcA  06bIKHOBEHHLIM (0)), a BTOpOR
OTKNOHABTCA (Ha3biBaeTcA HeObLIKHO8EHHLIM (€)).
HanpaeneHve B onmuYyeckuy aHU30MpPoOnHOM Kpucmanae, no KoTopomy nyd
CBEETa pacnpocTpaHASeTCsA, He UCMNbIThIBan ABOWHOMO NyyenpenoMneHns, HasslisaeTca
onmu4eckoll ocbK Kpucmanna. [NNocKoCTe, NPOXOAAWAas 4Yepes HanpaeneHue
ny4ya cBeTa W ONTWYECKYH OCb KPUCTanna Ha3blBaeTcs 2/aeHOU MAOCKOCMbIO
Kpucmanna.
0- U e-Ny4yn MNNOCKONONAPW3OBaHbLI BO B3aWMHO NepneHAWKYNAPHbIX
NNOCKOCTAX: KonebaHna CBETOBOro BEKTOPA B O-NyYe NPOUCXOLAT NepneHankynapHo
rMaBHOW NNOCKOCTW, B €-Ny4e — B rMasBHOW NNOCKOCTW. O-NyY pacnpocTpaHaeTcs no

BCEM HanpaeneHWamMm Kpuctanna ¢ o4WHaKOBOW CKOPOCThIO Uy :{-/”” . NoKa3aTenke

#
N\
|

NPENOMMASHWA Hy ANA HEro ecTe BENWYUHA NOCTOAHHAA. e-Ny4y pacnpocTRpaHAKTCH
no pasnU4HbiM HanpaeneHWAM C Pa3HbIMW CKOpOCTAMW U, ZL‘/HL.Z nokasarteik

npenomMneHna 1, HEe0DBIKHOBEHHOMO ny4a HABNAETCAH NepeMEHHON BEMWYUHOW,
3aBUCALLEN OT HanpaeneHus nyya.



33.Monapu3aunoHHbIe NPU3MbLL M NoNApoUabl.
fBneHwe pABOWHOrC nNyYenpenoMneHws WCNonb3yeTca npu  W3roTOBNEHWUM
noaApu3ayuoHHbIX npucrnocofneHull: NONAPU3ALMOHHBLIX NPU3M W _NONADOUAOE.

Hanpumep, B Npu3Mme HUKONA — ABOWHOW NPW3Me W3 WCNaHACKoro Lnara,
O y D CkneeHHoOW Baone  AF  kaHagckum
\ 44° Banszamom (1 =1,55) — 0BbLIKHOBEHHbII

nys (n, =1.66) wcnbiTeiBAET M0MHOE

€ ompaxeHue (Tak kak kaHaackuit Gansaam
C NO" B ANS  HEro cpeja OoOnTUYECKW MeHee
NAoTHaA), a nNIoCKONoNsApPU3OBaHHbIN

HeobbikHoeHHbI ny4 (1, =1.51) BbIXxOAUT M3 Npuambl. (ONTUYeckaa oCb MPU3MBbI

()()" cocTaBnseT ¢ BXO4HOI rPaHbio yron 48%).

[soakonpenoMmnALmWe KpucTannel obnagawT CBOWCTEOM OJuxpousma —
paznuyHo20 No2foWEeHUS ceema B 3aBWCUMOCTW OT OPWEHTAUWW 3NEKTPUYECKOro
BEKTOpPA CBETOBOW BOMHbL. [JuUxpouyHble Kpucmannbi  WCNONb3ywTcA  Npw
NPOW3BOACTBE NONAAPOUA08 — TOHKUX NNAacTUKOBLIX NNEHOK, B KOTOPbLIE BKpaNnaeHkI
KDWCTANAWKW BEWECTE C CUNBHO BbIDAXEHHBIM CUXPOU3MOM (HANPUMER, repanaTtiT)
— Takue nNeHKkM ke npu  TonwuHe ~0. 1MM  nonHOCMBLK  [O20Wanm
0BbIKHOBEHHBIE NyYW BUAUMMOW 0DNacTW cnexkTpa, ABNAACh B TAaKOM TOHKOM Choe
COBEPLUEHHBIM NONAPU3AMOPOM.

34.VickyccTBeHHaA onTuyeckan aHM3oTponus.

B  ontudeckw W3OTPOMHLIX  BelecTeax  BO3IMOMHO  WHAYUWPOBATHL
UCKYCCMBEHHYIO ONMUYECKYH aHuslompornur noa BO3AEACTENEM:
1) OOHOCTOPOHHErD CHATWUA WKW PACTSMEHWA, 2) 3NeKTpWYEeckoro nona (3ghdghexkm
Keppa), 3) wmarHuTHoro nona (achghexm Kommona-Mymmosa). [lpwn  3ToMm
WHOYLUMPOBAHHAA ONTWUYEeCKas OCk COBMajaeT C HanpasneHuem aedopmauiu,
INEKTPUYECKOrO MNW MarHUTHOMS Nonen.

ekt Keppa — ONTUYECKAS aHW30TPONWA BeWecTB nod AeWUCTBUEM
INEKTPUYESCKOro Nona — OBBACHAETCA PasnNUYHON NONAPU3YEMOCTEID MONEekyn
BEWECTEA N0 Pa3HeIM  HanpaeneHuam.
Ecnu npuno#unTe pa3HOCTe NOTEHUWMAaNOE

K A4Yeluxke Keppa — KWOBETE C
- [iCCregyemon MWAKOCTEHD, KoTopas

pasMeLeHa MeMaY CKPELLEHHLIMM
nonapwsaTtopom W aHanusatopom .,
B KOTOPY  MNOMELEHbl  MNAacTUHLI
KOHOEHCaTopa — TO MWAKOCTL CTAHOBUTCA ABOSKONPENOMNSIOWEN U CBET NPOXOANUT
yepes aHanusaTtop. PasHocTe nokazaTtened npenomneHus oDLIKHOBEHHOro W

HeoBbIKHOBEKHOrO nyyei: n, —n, = BA L, rae A, — AnNuHa BOnHblI cBETA B

Bakyyme, [ — HanpsKeHHOCTb 3nekTpuudeckoro nons, 7 — noctoaHHaa Keppa,
KOTOpas 3aBUCUT OT TeMNepaTypsl, ANWHbI BOMHLI CBETA W NPWPO4LI BELecTBa.

3 ekT KottoHa-MyTTOHa — MarHuTHeIl adanor 3sdgdekta Keppa —
BO3HUKHOBEHWE ONTUMECKOW aHW3O0TPOMNUKM Y HEKOTOPbIX W30TPOMHBLIX BELIECTE Npw

NOMELLEHNN WX B CMNbHOE BHeluHee marHuTHoe none. Mpu atom n, —ny, = CA M~

rae [l — BenuuuHa HanpA¥eEHHOCTIA BHEWHENO MAarHWTHOro nonAd,  —
NOCTOAHHAA KOTTDHH-M}-‘TI’DHE!, KOTOpaAa 3aBuCKUT OT TemMnepaTypbl, ANWHBl ECMNHBI
CBETa W Npupoikl BEWECTEA.



35. BpaweHwe NNocKoCTHU NOoNApu3aumu.

HekoTopble BeWEecTBa (Hanpumep, KBapu, caxap. CKunwaap), Ha3sblBaemble
ONMMuYecKky akmueHbIiMu, 00NagawT CcnocoDHOCTEID BpawaTe  NMOCKOCTE
nonspwsauuu. Yron noOBOpOTa MNOCKOCTW nonApv3aumn @ =a -d, roe d —

TONWWHa cnoA eelwlecTea, ¢ — YAenbHOE BpalWleHWe — yron NOeopoTa NNoCKOCTH
NoNAPM3auuKM Cnoem ConTUYECKW AKTUBHOMO BELECTBa eAWHWYHOW TOoNWWHEL. [pw

aTom o ~ A,” — 3akoH Buo (A, — AnuHa BonKel cBeTa B Bakyyme). [ins pacTeopos
Yron (¢ 3aBWCUT ELUE W OT KOHUEHTpauuwn ¢ pacteopa: @ =« ¢ -d

Ecnw MeEX Y CKpelWeHHBIMIW NONApN3aTopom P own aHanusatopom .4 NOMecTUTb
oNTU4eCcK aKTWEBHOe BellecTBO, TO none
SPeHWA aHanwaaTtopa NPpoCEeTNASTCH.

* [loeopadueasn aHanuaaTtop MOMHO
onpejennTe Yron . NpW KOTOpoMm none

3PEHNA BHOBbL CTAHOBUTCA TEMHBLIM —
yron mnoeopoTa NAOCKOCTM NONAPW3auun ONTMYECKW aKTWBHbIM Bewectsom. B
3aBMCMMOCTM OT HanpaeneHWAa BpalWeHWs, ONTUYECKW AaKTUEHbIE BellecTea
pasfensilTca Ha npaeo- W nesoepauwarowiue. B nepsom cnydyae nnocKocTb
NoNApKM3aumMK, ecnu CMOTPEeTk HABCTPEYY Nydy, CMellaeTca No YacoBOoW CTPENKe, BO
BTOPOM — MPOTME.

OnTuyeckan akTueHoCTe 0BycnoenueasTcs: 1) CTRPOEHWEM MOMEKYN BellecTBa
(MX acuMmMeTpuner); 2) ocoBEHHOCTAMW PacnonoXeHWa YacTuy B KpucTannu4eckon
PELLETHE.

Jipchekt Papagens — BpalleHWe NMAOCKOCTW MNONApW3auun B ONTUYECKW
HEeaKTUBHLIX Tenax NOMELUEHHLIX BO BHELLHEee mMmarduTHoe none. Yron noeopoTa
NNOCKOCTH nonapuaauwm @ =117ld, rae [l — HanNpsKEHHOCTE BHELIHErD

MarHuTHoro nonsa, ¢ — TonwwHa obpasua, |I° — nocmosiHHaa Bepde, zaBucAllas
OT NPUPOALI BEWECTBA I ANWHLI BONHbLI CBETA.

Keanmoeas npupoda usny4yeHus

KeanHmosgaa onmuka — pa3sfen onTUKKW, 3aHumalowmincs M3YyHEHWNEM ABMNEHWA,
B KOTORBIX NROABNAKTCA KBEAHTOBLIE CBOWCTBA CEETA.

36.Buabl ONTUYECKNX N3NYYeHnid.

KonebaHwa 3neKkTpu4eckux 3apajoB, BXo4AWMX B COCTAE BellecTsa,
0BycnoBNUBaKOT 3NEKTPOMArHMTHOE U3NyYeHWe, KOTOPOe COMPOBOXAAETCA noTepei
SHEPTUW BELLECTBOM.

Mpw paccesHUn W _OTpaXeHWW ceeTa JOPMWPOBAHWE BTOPWYHBIX CBETOBLIX
BOMH W NPOOOIMKUTENBHOCTE W3MYYEHWA BELWECTEOM NPOWCXOAWT 3a Bpems,
CpaBHMMOE C NEPUOAOM CBETOBLIX KONnebaHui.

Ecnu  wanyyeHne npoAonkaeTcA B TEYEHWE BPEMEHW, 3HAYWTEMBHO
NPEeBbILAKLWEM NEPUOL CBETOBbLIX KONeDaHui, TO BO3IMOXHEI ABa TUNA NM3NYYeHWs:
1) mennoesoe usny4eHue n 2) NloMUHecUeHyus.

PaBHOBECHEIM COCTOAHWEM CUCTEMBI TENO-U3NyYEHWE ABMASTCS COCTOAHWE,
NPy KOTOPOM pacnpefeneHue 3Heprun mexgy TenoMm W Wu3nydeHwem ocTaeTcs
HEW3MEHHBIM ANA Kaxiol ANWHbl BONHbL. EAWHCTBEHHBIM BWUAOM W3NYyYeHWS,
KOTOpOE MOMEeT HaxOAWTbCA B PAaABHOBECWW C W3Ny4awollWMMm Tenom, #ABMAeTCH
mennogoe usny4yeHue — cBeveHue Ten, obycnoBneHHoe HarpeeaHuem.




JTromuHecyeryuel Ha3blBAeTCA HEPABHOBECHOE N3aNyyYeHne, nadbITOMHOE Npu
A3HHOW TemnepaTtype Haj TennoBbIM W3NyYeHneMm Tena v UMeKLlee ANUTENbHOCTh,
SonblWYK Nepuoia CEETOBLIX KonedbaHun.

37.Tennosoe manyyeHue 1 ero XxapakTepUcTUKu,

Tennoeoe u3ny4yeHue COBEPLUAETCA 3a CYET IHEDPTUU TENJOBOr0 JBUMEHUS
ATOMOB W MONEKYN BELWeCTBa (eHympeHHel 3Hepauu) W CBONCTBEHHO BCEM Tenam
npn Temnepatypax Bolwe OA . Tennmogoe usnydyeHue pPasHOBECHO — TENO B
E4VHULY BPEMEHW NOrMOoLWaeT CTOMNMLKO e 3HEePriKn, CKONLKO U ManyyaeT.

KonuvecmeeHHol xapakmepucmukod TENnoBOro Wany4deHus CymuT crek-
mpansHasa nAoMmHOCME 3Hep2emuYeckol ceemumocmu W

(ucnyckamensHas cnocobHocms) mena [, ; — MOLWHOCTb R, ; — vy
' dv

Wany4YyeHWA C edWHWUBEl NNowann NoOBepXHOCTW Tena B WHTEP-

= H3M
VoV

YEHMA, UCMYCKaeMoro 3a_1c (MOWHOCTL M3NyYeHns) ¢ nnowaan 1m? nosepxHocTy
Tena B WHTEpBane 4YacTtoT oT V o V + dv ). Eé eauHuua — dxoynb Ha Memp &
Keadpame. WcnyckaTenbHyl cnocoBHOCTE MOMHO NPEeACcTaBuTe B BMAE YHKLMMN

Bane 4actoT equHUYHOW LUWPWHBI. l[n’r” — JHEQRIMA 3NEKTROMarHWTHOroO WMany-

v+

¢ dA A7
ANWHBI BONHBL: T.K. A =—, TO R, =R, y—=R, ,—.
V ’ Todv ¢
WMHTerpanbHan no v 3Hepaemuyeckas ceemumocms: R, = JHH-_;”V
0
CnocoBHocTb Ten Nornowarb najatwlee Ha HUX nanyde- W 1o

HUEe XapaKkTepuayeTcsa crekmpansHolU noznouwiamensHol | =
crnocobHoCMbIO A, ;. NoKasbiBaOLEN, Kakaa [oNA 3Hepruun ' AW, ..o

dll NPUHOCMMON 33 efWHWULY BPeMEeHW Ha eAWHWUY NNowaan Tena najaw-

VY

WWMK Ha Hee 3NeKTpoMarHWTHeIMW BONHaAMW C 4acToTamun o7 V40 vV +dv,
nornowaeTcAa Tenom.

38. ABCONTHO YepHoe Teno.
Teno, cnocobHoe nornowaTte Npw NooW TeMNepaType BCE NajakLlee Ha Hero
uanyyeHne nwbOOW 4acToTbl HasbliBaeTca abCoMoMHO  YepHbIM  MesioMm.
CnekmpankHasa noznowamensHas crnocobHocmE YEepHOoro
Tena Ans BCeX 4YacToT W TeMmnepaTyp TOMASCTBEHHO pasBHa

eanbuue: A, =1. ABCONKOTHO YEPHLIX TeN B NPUPoae HeT,

OlHAaKO Takume Tena, Kak cawa W YepHeld Dapxat B
) onNpejaeneHHOM WHTEpBane dYactoT  BAW3Kkn K HAM.

HoeansHol mMoOenkio 4epHo20 mena ABNAeTCA 3aMKHyTasd

nonocte ¢ HeBonblwmm oTBEpcTMEM (), BHYTPEHHASA
NOBEPXHOCTE KOTOPOW 3adepHeHa. Jlyd, nonaswwi BHYTPbL TakoW nNONOCTM,
NOMNHOCTLID NOrNOLWAaeTCs.

Hapagy ¢ noHATMEM 4YepHOro Tena WCNonb3yiT NOHATWE cepo20 mena —
Tena, nornowareneHan cnocoBHOCTE KOTOPOre MEeHblle eauHWUbl, HO oduHakosa
4na ecex Yacmom W 3aBUCWUT TOMBKO OT TemMnepaTypbl, marepuana W COCTOAHWS

nosepxHocTu Tena: A, = A, =const <1.



39. 3akon Kupxroda.
3akoH Kupxrocha onpegenseT COOTHOLWEHWE MEeW@dy WCNyCcKaTensHoW W
nornowarensHon cnocobHoCcTAMK TEN.
OmHouweHue ucnyckamensHoUl U noznowamensHod
cnocobHocmell mena He 3asucum om npupoldsl mena u sendemes | S
VHUBepcansHol OnA ecex men dhyHKUueld Yacmomel U memne-

pamypbl i,

Ona 4YepHoro Tena _LJ‘_-J, =1, noatomy yHueepcansHas GyHkuus Kupx-
2ogha 1, ; ©CTb CNeKTpanbHasi NNOTHOCTbL 3SHEPreTWYECcKoW CBETUMOCTW (UCTyCKa-

menbHaa cnocobHoCME) YepHo2o mena. HaxowaeHne ABHOW 3aBUCUMOCTH P BT

YACTOThLlI U TEMNEPATYPEl ABNASTCH BAMHON 3aja4Yel TEOPWUW TENNOBOrO WanyvYeHWA.

40.3akoH Credada-BonsumasHa.
JHEpPreTUYecKan CEETUMOCTE CEPOro Tena (MHTerpaneHasa no v ):

o
-

Rf = | Ayt pdv = Ay [1, pdv = 4R, rae R, = |1, ;dv —
(} 0 ]
JHepreTydeckana CBeTUMOCTE YepHOoro Tena, KoTopad 3aBWCUT  TONeKS OT
TEMNEPATYPEIL. ST}-’ 3dBUCUMOCTE ONUCBIEAET SI{CHEDHMEHTaﬂbeIH 3aKOH CTECbaHa-
BonbumaHa: JHepeemuYecKkas CeemuUMocime YepHos0 mefla nponopuboHansHa
yemeepmod cmenexu mepModuHaMmuyeckol memnepamypsb:

R =0T (cneaosatenbHo Ri = A,07"),
rae ¢ =5.67- 107" BT/(m*K*) — nocTosiHHas CTtedana-Bonbumana.
41.3akoH cmeleHua BuHa.

3akoH CrtecpaHa-bonbumasa HW4Yero He roBOPWT O CNEKTpanbHOM COCTaBe
W3ny4eHua 4YepHoro Tena. [loNoXeHWe Makcumyma B CrekTpe ero WanyyeHus

ONUCLIBAETCSA  3KCMEPUMEHTaNbLHBEIM  3aKOHOM g r . hopuyna
cMmeleHns Buna: T b oo en
Anusa  eonHer A, nNpu  komopol 1 [xuHca

usnyyamensHasa cnocobHOCMb 1y ; YepHO20 mena
MakcumansHa, obpamHo fponopuuoHankHa eao
mepmModuHaMu4eckoll memnepamype:

’;I'-r-n - i 1
1

rne h=20-. 107 m-K — nocTtosHHas BuHa.

42. Gopmynbl Panea-xudca v BuHa.

[NpUumMeHAR K TENNOEOMY W3NYYEHWMID KnacclU4eckWin 3akoH paesHopacnpedene-
HUA 3Heprun no creneHam ceodogbl Panen n [xuHC nony€vuny BelpakeHWwe 4nNA

3aBNCUMOCTI MCH}'CH&TEﬂbHOﬁ CNOCODHOCTM YepHOora Tena i, ¢ OT 4aCTOThl CBETA.

oy = ey =gy

L

B
rae <£> = k1 — cpeaHas aHeprus ocuunnsTopa ¢ cobCTBEHHON YacToTol V .



OaHako nonbiTka nonyyduTb 3akoH Credada-bonbumada w3 aton dhopmynbl

npusoguT Kk abcypdHomy pesynbTaTy — K, HeorpaHWyeHHo pacTeT, AOoCTUras
ypeseblMaWHO OonbWWX 3Ha4YeHWW B ynbTpaduoneTe, — KOTOPbIA  NONy4un
HaszeaHwe "yaempadchuonemoesans kamacmpogha”:

R kT 7

-

R, = J K, pdv = Jv “dv =eo
L ¢ 0
G®opmyna Panes-[PxkuHca cornacyeTca € 3KCNepUMEHTOM TONMbko B obnactu
Manbix_4actorT W Donewwx Temnepatyp. B obnactu DonbluuMx 4acToT XOpPOLUO
ONWUCLIBAET 3KCNepuMeHT ¢ghopmyna BuHa (3akoH nanyyeHus BuHa):

R, =CyV Y exp(—C, viT), rae €} n (', — KOHCTaHTBI.

43.KpaHToBad runoresa [naHka.

Makc [Mnauk npeﬂnonomun: YTO TEOpWA KnacCcUYeckKoro rapmMoHWYeCcKoro
ocuunnAaTopa HenpuMeHwMa K aToOMHBEIM OoCUWNnATORaM, amoMHLIe OCcUUNnAmaops!
M3Ny4aT SHERIWMID He HeMmpepeiean0. a onpelenedHHeIMy mopuuamMu — KeaHmamu.

-
JHeprusa KBaHTa: g,=hv = f‘fI =hw ,

rae h=2mh=6.626-10"" Ixc — noctosiHuas MNnaHka.

B mexaHwke ecTb UMeKLWan pa3mMepHocThk "meprusxepemsa’ BENWYKHA, KOTOpas
HasbiBaeTca dedcmeuem. [losTomy nocTosHHyo [InaHka wHorga HasblBalT
kgaHmom OJelicmeusi. PaawvepHocTs /A COEBnNagaeT ¢ pasMepHOCTEK) MOMEHTa
UMNysca.

HDCHOJ’II::K}" JHEPIMA UWa3Ny4YaeTCAa NOPUNAMK, TO IHep2UA OCUUNNAMOopa MOXeT
APUHUMATE NUWE ONpejenedHHEle 6UCermeIE JHAYEHWA, KpATHBIE UENOMY YKWUCTY

KBaHTOB: £ =nhv (n=12....)

CpeaHl 3HEPTUID OCLUMNNATOPOB <£) HENbL3A NpUHUMaTL pasHoi A7 . MnaHk

ncnone3oean pacnpegenedne bonsyumada YacTuy No sHepruam. Torga BepoAaTHOCTE
g, TOro, 410 3HEprnA KonebaHuA ocumnnATopa YacToTel V. MMEET 3HAYEHKWE £, on-

pepenseTcs BoipaxeHuem (1), rae NV, — uncno N, expl—eg, /kT)
] .= = -
OCLUMNANATOPOB C 3Hepruel £, N — nonHoe Pi N E,Cxp{_fr/‘”}
yucno  ocumnnatopoe.  OTcloga  MOXHO e
NONy4YnTb BLIPXEHWE ANA CPEAHEeil 3Hepruw (£>: 0 (2)
OCUMNNATOPOE (2). | &
Torga VHUBEPCanbHas PyHKLNS CXp o -1
Kupxrocha 1, , Oyaetr wumete Bug (3) — _
' L P
¢hopmyna lNnaHka. o= “'Tm : (3)
Wnw B Buae (4) 1, ; — MOYHKUMA ANWHGI ' ¢ exp hv 1
BONHbI (yuuTblBas ¢ =AV , 1, , =1, c'/,l: ). . m
! Vs
B_obnactu_manbix__vactor Av << kT o = “'Tﬁj 5 ] (4)
exXp v ”l+mrr n copmyna [Mnawka & CXp i -1

nepexognT B chopmyny Panes-bxuHca.




i .
3akon Crecbana-bonbumana K, =c/ " nonyvaetca us dopmynsl [NMnaHka eé
WHTErPUpPOBaHNEM MO YacToTam.

ookt

15¢"h

JakoH cmelledna BudHa nonydaeTtca npu adanuse dopmynel [nadka Ha
akctpemym: A, = hcf(4.965k)=h

Takum obpaszom chopmyna [llnadka obobuiaem esce 3akoHbl MEennosozo

U3NyYeHUsa U Asnaemcs NoAHLIM pelueHueM OCHO8HoU 3adayl meopuu mennogozo
U3ny4yeHUuAs.

44. PoTtoadhdrekT.

Pomosanekmpudeckum  3ghgpekmom  (pomoaghchekmom)  HazbIBAETCH
BbICBODOMAEHWE 3NEKTPOHOB NO4 AEWCTBMEM 3NEKTPOMArHUTHOIO W3NYYEHUs.

PaznuyaTt doToadpdekT eHymMpeHrHUU, seHMUNLHLIL U eHelWHUL.

BHympenHnuua ¢omoaghgpekm — 3TO BbIZBAHHBIE 3NEKTPOMArHATHBIM
WanyyeHnem nepexofbl 3NeKTPOHOB BHYTPW MONYNPOBOAHWKA WNW OW3NEKTPUKa W3
CBA3aHHbIX COCTOAHMA B cBoDoaHble 6e3 sbinema Hapyxy. B pesynetarte
KOHUEHTpauua HOCWTENeW TOoKa BHYTPW Tena yBenWYWBAEeTCHA, YTO MPUBOAMT K
BO3HWKHOBEHWD ¢homonpoeoduMocmu — TMOBLILWEHWK 3NEKTPONpPOBOAHOCTH
NonynpoBogHWKa UNK AW3NEKTPUKE NPW ero OCBeLEeHNN.

BenmuneHbitl chomoaghghekm (pa3zHOBUWAHOCTE BHYTpeHHero dpoTtoadperTa)
— BO3HWKHOBeHWe 30C (¢pomo-34C) npyv OCBELUEHWW KOHTakKkTa ABYX PasHbIX
NoMynpoBOAHWKOE WKW MONYNPOBCAHWKA W MeTanna (npu OTCYTCTBUM BHELLHEro
anekTpwyeckoro nona). BeHTunbHbIR doTo3hHEKT WCNONL3IYETCA B CONMHEYHbIX
DaTtapenax ana npamoro npecbpasoBaHNA CONHEYHOW IHEPTUKN B 3NEKTPUYECKYIO.

MNpw 3Tom nocToadHan CTtedrada-boneymaHa paeHa: g =

Cgert BrewHumMm chomosghpekmom (¢homosnekmpoHHol
aMmuccuet) Ha3bIBASTCH MCnyckaHue 3NEKTPOHOB

O—e BEWECTEOM NOoJ AeCTBUEM 3NEKTPOMArHUTHOMO U3NyUYeHKs.

K A Cxema 0na uccnedosaHus eHewHez20 omoagh-

¢pexma. [pa 3nektpoga (katod K W3 WUCCNeayemoro
MeTanna u aHog 1) B BakyymHol Tpybke NOAKMKOYEHb! K

4 @ DaTtapee Tak, YTO MOMHO W3MEHATL HE TOMBKO 3HAYEHWE, HO
N 3HaK NOAABAEMOro Ha HWX HanpsweHws. Tok, BOIHWKAa-
_"""'"-'_R WK Npu OCBELWEHMW KaToda MOHOXPOMAaTUYECKMM CBETOM

(yepe3 KBapLUEBOE OKOLWKO) WM3MEepseTca BKMYEHHLIM B

_-FF"-II'_ uenb MuUnnuamnepmeTpoMm. 3aBWcUMOCTbL oToToka [,

oBpazyemorc NOTOKOM 3MEKTPOHOB, WCMyCKaemblXx KaTogom
noa AeRCTBUEM CBETa, OT HanpsixkeHus [ mexay KaToaom u
aHO4O0M Ha3blBAETCA BONLT-aMMEPHOW Xapak-
TepucTUKon hotoadpdexTa. IA

Mo mepe yeenudeHnwna [ doToTok nocte-
NEHHO BO3pacTaseT nMNoKa He BbIXOAWT Ha
HacblweHne. MakcumansHoe sHaveHune Toka /.
— (DOTOTOK HACHIWEHWA — ONPEAENASTCA TAKUM
3HaveHmem [, MpuW KOTOPOM BCE 3NEKTPOHbI,
Wcnyckaemble  Katoaom, AOCTUrawT  adoga:
[ ..=e€n, rhe n — YMCNO 3MEeKTPOHOB, MChyc-

kaemblx katogom B 1c. MNpw [/ =0 doToToK HE




WCcYe3aeT, NOCKONbKy MOTOINEKTPOHBLI NPKU BhINETE W3 KaToaa obnagawT HeKOTOPOoK
Ha4yanbHOW ckopocTeiy. [Ana Toro 4todbl POTOTOK CTan paBHbIM HYNK, Heobxoaumo

NpunoXuTe 3adepxkuegarouwiee Hanpsxenue [y, Mpu =0/, HW o0aMH W3

ANEeKTPOHOB, Jdame obnagawwwin npw  BeiNeTe MakcuMansHOW  HadansHOW
CKOPOCTBH), HE MOMET npecdoneTb 3ajepWBarolero nona W AOCTUrHYTbe aHoga:

- _ 2 b . -
K s —;:uumm/u—c{ 0. T.€., M3MEepuB 3apepkuBalowee HanpsxeHve [/, MOXHO

onpejennTe MakCumanbHOE 3HaJveHWe CHKOpPOoCTW U N KWHETWYECKOW 3HEpruu

IMax

K i POTO3NEKTPOHOB.

45. 3aKoHb! o102 eKTa.

(1) 3akodH CTonertoea: npw PWKCWPOBAHHOW 4acTOoTe nNajakwlWers cBeTa YWcno
hOTO3NEKTPOHOB, NCNYyCKaeMbIX choToKaToaom B eanHULY BpEMEHN,
NponopUMOHanNEHO  WMHTEHCWMBHOCTW  cBeTa  (cuna  DOTOTOKA  HACHIWEHWS

nponopLUroHansHa 3HepreTMHEecKon 0CcBeLLEHHOCTH [<, kaToga).

(2) MakcyumaneHas HadYankHas CKOpPOCTe (MakCcMManbeHas HadanbHaA KUHETWYEeCKas
JHeprua) HOTO3NEKTPOHOB HE 3aBUCUAT OT WHTEHCMEHOCTU Najawlwero ceeTa, a
onpeaensaeTca TONLKO erg 4acToTon Vv .

(3) Onsa kawaoro BelwecTea CYWeCTBYeT kpacHasa epaHuuya ¢phomoapghekma —

MWHWManbHaA YacToTa V,, CBeTa (3aBuUCcAWAn OT XMMWYECKOW NPUPOALI BELECTEA W

COCTOAHMA Ero NOBERXHOCTH), HUMe KoTopoh doToadeKT HEBOIMOMEH.

Onsa ofbAcHeHna mexaHnama hoTosddhekTa SuUHWMelH npednonoXun, 4YTo
CBET 4acTOoTOM V HEe TOMbKO wWcAycKaemcs OTAENbHBIMA KBaHTaMKW (COrnacHo
runoTese MNnavka). HO W pacnpocmpaHsaemcs B NPOCTPaHCTBE W nmoanowaemcs

BEWECTEOM OTAENBHLIMW NOPUWAMK (KBAHTAMI). 3HEPIUS KOTOPbIX £y = hv .

KBaHTbl 3NEKTPOMarHWTHOro W3NyYeHwa, OBWMKYLUMECA CO CKOPOCTbH ¢
pPacnpocTpaHeHWA CBETa B BaKyyMe, HasblBawTcA ¢homoHamu.

JHeprua nagawllero ¢oToHa pacxogyeTcsi Ha COBEpLUEHME 3NEKTPOHOM
pabomsb! ebixoda | w3 metanna (cm. cTp.3-31) n Ha coobLleHne BbINeTeBLEMY
QOTOINEKTPOHY KWHETWYECKOW 3Heprun. YpaBHeHue IJWHLITEWHa A BHELUHETO
thotoadphekra:

mu1 g'{%"ﬁ
hv = 4 +—= Al & n
2 2 i
JT0 ypaeHeHwWe OOLACHAET  3aBUCUMOCTb /
KMHETUYECKON 3Heprik OTO3NEKTPOHOB OT YacTOTh
nagawwero ceeta (21 3akoH). lNpegeneHan yYactoTa
A he ...,#
Vo =— (unm )L.d =—, NpW KOTOPOW KWHETWYECKas g.;: ,.#'f 10 14 18
h A ’ %
e vl ™y

3Heprva QOTO3NEKTROHOB CTAHOBWTCH PaBHOW HYMIO,
W ecTk KpacHas rpadvua dotoadpderta (3R 3aKoH).

Hpyras cpopma 3anucK ypaBHEHWA JWHLLTENHA! el =hv—v,)

Ha pucyHke wn3obpaeHa 3aBUCMMOCTE MAKCUMANBHOW KWHETWYECKON 3HEPIUU
hOTO3NEKTPOHOB OT YacTOThl 0BNyYawLWEro cBeTa 4Na antoMUHWA, ULMHKE 1 HUKENS.
Bce npamule napannensHel Apyr Apyry, npuuem nponseogHas diel’ }/c.fv He
3aBWCUT OT Marepuana katoga W YMCcneHHo paeHa noctoanHon Mnavka A . OTpeskn,

OTCEKAEMBIE Ha OCH OPAWHAT, YWCNEHHO paBHel paboTe A BeIXOga INEKTPOHOE W3
COOTBETCTEYHLWNX METANNOE.



Ha saeneHvmn dcoToaddpekta OCHOBaHC AeWCTEWME (POTO3NEMEHTOE W
thoToCcoONpOTUENEHWA (POTOpEe3nCTOpOB) B (DOTO3KCNOHOMETRAX, NKKCMETpax W
YCTPOWCTBaX YNpaeneHuWa W aBToOMaTtvu3auun pasnuuHblX MNPOLEccOoB, MynbTax
AWCTAHUWOHHOIO YNpaBneHWs, a Tawke MNonynpoBOAHWKOBbLIX (OTO3NEKTPOHHbLIX
YMHOMWTENEN W CONHEYHbLIX DaTapen. mé

CywecTteosaHne OTOHOE ObINO NPOASMOHCTPW-
poeaHo B onkime bBome. ToHkaa wmeTannuyeckan
cthonera @, pacnonoMeHHaa Mexay ABYMA CHeTYMKamMu ] hans
Cu. nog AencTBMEM HecTKoro oDny4Y4eHWMA Wcnyckana
PEHTreHoBCckMe nyyn. Ecnn Bel nanyyaemas 3Heprus
pacnpocTpaHAnack PaBHOMEPHO BO BCE CTOROHBI, Kak
3TO CcnejgyeT W3 BOMHOBLIX NpeacTaeneHwd, To oba M - a
cyeTYMKa AOMKHbel BeINW ©bl cpabaTeiBaTe OQHOBpE-
MEHHO, W Ha ABWxyweWwca nedHte JT nosenAnuck Obl /7
CWHXPOHHBIE OTMETKW Mmapkepamn M. B genctentensHo- 'l
CTWU e pacnono¥eHne oTMeTok Owino BecnopagodHelnm. CnegoeaTensHo. B
OTAENbHBIX aKTax WCMYCKaHWsa POMXAAKTCA CBETOBbIE YacTUUbl ((POTOHLI), neTsawme
TO B O4HOM, TO B APYrom HarnpaeneHum.

|t

46.Macca_u_uMnynsc OTOHa. EAWMHCTBO KOPNOVCKYNAPHLIX W BOMNHOBLIX
CBOWMCTB cBeTa.

.2 2 4 z 2 2
Wcnonbaya cooTHowewns L~ =mge + poc™) €, =m,c™; m, =0, nonyyaem

BLIPAMEHWUS ANA 3Hepauu, Macchl U uMnyasca QoToHa
hiv E o hv ok

g, =hv m, =— p, =—=—=—

Lot ¢ c A

3ITn COOTHOLLEHWA CBA3LIBAKOT KBaHTOBLIE (KOpNyCcKyNsapHLIe)

XapakTepucTukn ¢oToHa — Maccy, MWMNYNbC W 3HEPrMKK — C  8O0JIHo8OoU
XapakTepUCTUKON CBETa — ero 4acToTol.

CeeT o6napaeT odHoepemMeHHO BOMHOBLIMK CBOWCTEAMM, KOTOPLIE MPOSABNS-
IOTCA B 3aKOHOMEPHOCTAX €ro pacnpocTpaHeHus, WHTepdepeHuwun, Judpakuum,
nonaApu3aunMn, W KOPNYCKYNAPHLIMW, KOTOpPbLIE MPOABMAKTCA B Npoueccax
B3aMMOLENCTBIA CBETA C BELLECTBOM (MCNYCKaHWUA, NOTMOLWEHNUA, pACCeAHMNS)

47.0aBneHwe cBeTa.

Ecnu oToHbl 0bnagaloT MMNYNLCOM, TO CBET, Najakwllni Ha Teno, LOoMHKeH
OKaablBaTL HA HEro JasneHune.

[MycTe MOTOK MOHOXPOMaTWUYECKOrO W3NMy4YeHWa 4YacToTkl V' najaeT nepneHau-
KynsapHo nosepxHocTh. Ecnu 3a 1c Ha 1m? noeepxHocTk Tena nagaet N OTOHOE,
TO NpK KO3MPUUKMEHTE OTPaMEHWs O CBETa OT NOBEPXHOCTW Tena oTpaautca pN

gotoHoe, a (l—p)N ddoToHor — nornoTutcAa. Kamablil NOrMOLWEHHEIR (POTOH

nepegaeT NOBEPXHOCTM UMNYNBC p.,, @ KaAbld OTPaMEHHBIA (POTOH — 2p.,.

NaeneHne cBeTa Ha MNOBEPXHOCTE PaBHO WMMNYNbCY, KOTOPbLIA nNepejatoT
: 2hv _ hv s v
noeepxHocth 3a 1c N ¢poToHOB: p= PN +—(1=pIN =(1+ p)—A
C & .
OHepaemuyeckas oceellgHHocmb noeepxHocmu: Nhv = [, (3Heprua scex
POTOHOB, NafakwLLUX Ha eiuHWLY NOBEPXHOCTH B eauHWUy BpemeHn). ObbemHas

» E,
NAOMHOCME 3HEpaUl U3MyYyeHua: w=—_ OTcroaa: p=—=(1+p)=w{l+p)
[ .



BonHoeas TeopwA CBETa HA OCHOBAHWUMK y’DaBHEHMIﬁ
Makceenna npuxoguT K TaKOMY e BblpameHWH.
laeneHue ceema & e0NHOBOU Meopul ODBACHAETCSH

TEM, 4TO noa AeWCTBMEM 3NEKTPUYECKOro nons E
ol ANEKTPOMArHUTHON BOMHbLI 3NEKTPOHLI B MeTanne EI'}’,EI,}"T
- .
F.I'I ABWrateCs B HanpaeneHuu (obo3HavyeHHoM U Ha

pucyHke) npoTusononoxHom £ . MardutHoe none BB
3NeKTPOMAarHUTHOW BOMHbI AEWCTBYET Ha ABWMYyLWecs
3NEKTPOHBlI C cwnon JlopeHua B HanpaenesHdn (no
npasuny Neson pyku) NepneHiuKynapHOM NOBEPXHOCTM
meTanna. Takum obpasom, 3snekmpomasHumHad  eofiHa  okasbieaem  Ha

nogepxHoCcmMe Memarnna dasneHue.

48.3 eKT KoMnToHa.

KopnyckynapHele CBOWCTBA CBETa OTYETNMEO NPOABNAwTCA B aghghekme
Komnmona — ynpya2oM paccesHuu KopomKO8ONHO8020 3NeKmpoMazHUImHO20
U3MyYyeHUsa (PEHTTEHOBCKOrNO U Y -Many4YeHnin) Ha ceobo0HbIX (MNKM cnabocBa3aHHbIX)

Jnekmporax sellecmasaa, CGHPGBOM&&MMEECH
yaeenuvyenuem ONuHLI 80MHBLI. 3TO YBENMUYEHWNE

B, AAL=A"—1 He 3asucuT OT ANWHbI BOMHbI A
nagawLwero N3Ny4eHns 1 npupoakl
pacceMealwllero BeWecTea, a onpejenseTca
TONBKO YrNOM pacceaHna 6 .

. 26
M =A"=A=2Asin" =
rae A" — AnWHa BOMHbI PACCEsHHOTO W3nyyeHus, A, — KOMMMOHOBCKas
e J'r.lr - - —12
dnuHa sonHbI. [py paccesaHuy Ha 3NEeKTPOHE: Ap = =243 107""m.

m,c

doToH (C aHeprven £, =AV 1 UMNYNbCOM ;:\,sz/c-): CTOMKHYBLUWCL C

3NEKTPOHOM (3Heprus nokos I, = m,c~, m,— macca nokosa aneKkTpoHa), nepeaaet

eMy 4acTe CBOEWN 3HEPrMM W MMnNyneCa W W3IMEHAET HaNpaeneHwe LJBEUMEHWE
(pacceneaeTca). B npouecce aToro ynpyao2o CTONKHOBEHWA BLINOMHAKTCH 3aKOHBI

coxpaHeHua aweprum N, +&, =l"+¢e, wn wmnynsca p,=p,+p,. T4

W I-JI.I’}L,{_'_ + H?L—.{'_ — PENATWUBWUCTCKaA IHEPIMA 3NeKTpOHa nocne CTONKHOBEHWA,

Takum obpazom  m ¢~ +hv = ‘J,r}t,r_" +mic” +hv’,

p:=p;+p)—p,p,cosd =(hvfe) +(hvfe) —E{F:':/c: }cosﬂ . Otcropa

m,e” (v —v')=hvv’cosB . Cyuetom v = ¢fA, nonyaum AL =24 sin"(6/2).
Jipchert KomnToHa He moxem HabnwdambscA & sudumoll obnacmu cnexkmpa,
NOCKONMbKY 3Heprus oToHa BWAWMOro CBeTa CpPaBHUMa C  3HEepruen Cceasn
3NEKTPOHA C aTOMOM, NPW 3TOM Jae BHELWHWA 3NEKTPOH aTOMa HEeNb3A Cc4MTaTh
CcBODOAHBIM.
Jepchexm Komnmoka, uanyvyedue YyepHozo mena u chomoschghekm
cnyxam  dokazamenbCcmeoM  KeaHMoebIX  (KopnycKynspHbIX)
npedcmasneHull 0 ceeme Kak o nomoke homoHos.



