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BonHoBas Teopusi cBeTa Ha OCHOBaHUW YpaBHEHUIA
MakcBenna npuxoguT K TakOMy K€ BbIPaXeEHUIO.
[asneHue ceema 8 805Ho80U meopuu 0bbBACHSAETCA

TeM, 4YTO nog [OencTBmem ANeKTpuyeckoro nonsd E
SJ'IeKTpOMaFHI/ITHOVI BOJTHbI 3J1EKTPOHbLI B MeTanne 6y/:|,yT
OBuratbCA B HanpabBneHun (O603HaHeHHOM U Ha

pucyHke) npoTtuBononoxHoMm FE. MariutHoe none B
3MEKTPOMAarHUTHOW BOMHbI AEWCTBYET Ha ABWXKYyLLMECS
3MNeKTPOHbl C cunon JlopeHua B HampaBneHun (no
npasuny NeBow pyku) nepneHauKynspHOM NOBEPXHOCTU
meTanna. Takum 00Opasom, 3/leKmpoMasHUMmHasi 80/1Ha  OKasbleaem  Ha
rnogsepxHocme Memarina 0aeneHue.

48.3d ekt KomnToHa.

KopnyckynsipHble CBOWCTBa CBeTa OTYETNMBO MPOSIBNAOTCA B 3ghghekme
KomnmoHa — ynpyzom paccesiHuu KOpOMKOBO/IHO8020 3M1€KMPOMagHUMHO20
U3/Ty4yeHus1 (PEHTTEHOBCKOTO U Y -U3MNyYeHnn) Ha c80600HbIX (MK cnabocBa3aHHbIX)
371eKmpoHax eeujecmea, cornpoeoxdaroujeecst
yesenuyeHuem OJIUHbl 80JIHbI. OTO yBenuyeHne

B, AA=A1"—A He 3aBMCWT OT AnWHbI BOMHbI A
nagatoLlero nanyyeHns " npvpoab
pacceuBaioLIero BellecTea, a onpeaensertcs
TOMbLKO YrNom paccesHus 0 :

., 0

AL=A"—A=2A,sin" —

2

rae A’ — AnvHa BONHbI PacCesHHOrO M3NyYeHns, A. — KOMIMOHOEcKast
e h -12
AnuHa eosHbI. [pu paccesHAN Ha 3NEKTPOHE: Ae=—=243-10""M.
m,c
e

PoTOH (C 3Hepruen Sy:hv N MMNynbCOM py:hv/c), CTONKHYBLUUCL C

3MeKTPOHOM (3Heprus nokost W, = m,c>, m,— macca Nokos 3MeKTpoHa), nepeaaeT
€My 4acTb CBOeW 3HeprMn U UMMynbca W W3MEHsieT HanpaBreHue [BUXeHue
(paccenBaeTcst). B npouecce 3Toro ynpya2o020 CTONKHOBEHUS BbIMOSHAIOTCS 3aKOHbI
’ — - -/
coxpaHeHusi oHeprum W, +€, =W +€, v wumnyneca p,=p,+p,, TAe

2 2 .4
W= p.CT+tm,c’ — pendaTMBUCTCKasa dHEepPrnsi dNeKTpoHa nocne CTONKHOBEHUS,

Takum o6pasom  m,c> +hv =+ p,c> +mict +hv',

pi=p,+p) —p,p,cosd = (hv/c) +(hv'[c) —2(h2/cz)cos0 . Otclopa

m,c>(v—v’)=hvv’cos@ . C ysetom v = ¢/A, nonyuum AL =2 sin’(6/2).
Odpdbekt KomntoHa He moxem Habntodambcsi 8 eudumol obriacmu criekmpa,
MOCKOMbKY 3Heprus ¢poToOHa BWOMMOrO CBeTa CpaBHMMa C SHepruen CcBaA3un
3M1eKTPOHA C aTOMOM, MpWU 3TOM [axe BHELUHWUIA 3NEKTPOH aToMa Henb3s cuuTaTb
CcBODOOAHBLIM.
Appekm KomnmoHa, usnyvyeHue 4epHo20 mena u pomoaghghekm
criykam — QokasamenlbCmeoM  KeaHmoebIX  (KOpMyCKY/siPHbIX)
npedcmasrneHuli 0 ceeme Kak 0 romoke ¢homoHos.

A.H.Orypuos. flekyuu no gusuke.
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FeomempuquKaﬂ onmuka

Onmuka — pasfen U3nKK, KOTOpbIN M3y4aeT npupody CBeTa, CBETOBblE
ABMNEHUS U B3aMMOAENCTBME CBETA C BELLECTBOM.

OnTnyeckoe u3nyyeHve npeacTaBnsieT cobON 3NEeKTPOMarHUTHbIE BOMHbI, U
NO3TOMY OMTHKA SBMSAETCA Yacmbio 0buwje20 yyeHust 06 3neKmpomagHUmHOM rore.

B 3aBucCMMOCTM OT Kpyra pacCMaTpuBaeMbIX SIBMEHWN ONTUKY AENnsiT Ha
2eomempuyecKyrlo  (ny4YeByl0), 80/IHO8YH)  ((PU3UYECKYlD),  K8aHMOBYH
(kOpMyCKymnsAPHYHO).

1. OCHOBHbI€ 3aKOHbl FEOMETPUYECKON ONTUKU.

Ewe no ycraHoBneHus npupoabl cBeTa bbinv U3BECTHbI CNEAYHOLLNE 3aKOHBbI:

3aKoH _MPSAMONIMHENHOrO pacnpoCTPaHEHUsi cBeTa — CBET B  ONTUYECKM
OOHOPOLHON Cpefe pacnpoCTPaHsSeTCsi NPSIMONIMHENHO.

Ceemoeol /1y4 — NUHUS, BOOJIb KOTOPOW NEPEHOCUTCA CBETOBAsi dHeprusi. B
OOHOPOAHOV cpeae Nnyyu cBeTa NpeacTaBnsaloT coboi NpaMbIe NUHUK.

3aKoH HEe3aBUCUMOCTM CBETOBbIX My4YkoB — 3GdeKkT, npon3BoauMbIn
OTAENbHbIM MYYKOM, HE 3aBMUCUT OT TOrO, AENUCTBYIOT NI OAHOBPEMEHHO OCTarbHbIe
MYYKN UMW OHW YCTPaHEHBI.

I I

3aKOH OTpaXeHUs — OTPaKEHHbIN ny4
NeXuT B OJHOMN MMOCKOCTW C NajatoLwum fy4om 1 i | iy
nepneHanKynspom, MpPOBEAEHHbIM K FPaHUUE  Magatowwmit OTpaxeHHbil
pasgena [OBYX cpef B TO4YKe nNafeHuda; yron 1 nyd nyy
OTpaxeHusi il' paBeH yrny nageHus i;: 2 5
. MpenomneHHbIi
=1 nyu
3aKoH npenomneHns — nyd MagaroLmnii, iz T

fyd  NpenoMneHHsiii M MepreHanKynsap,

MPOBedEeHHbI K rpaHuue pasgena AByX CPed B TOYKe MafeHus, nexart B OOHOW

NOCKOCTU; OTHOLIGHME CUHYCA YINa NajeHus K OMHYOY Yrma | gin;

NpenoMIeHNst eCTb BENMUMHA NOCTOSHHAS ANs AaHHbIX CPeq, —L=n,
roe n,— omHocumensHblii nokazamens npenomnerus | SN%

BTOPOW Cpedbl OTHOCUTENbHO MEPBOW, KOTOPbIA  paBeH n,
OTHOLLEHMIO abCoOMITHLIX MOKa3aTenen npenomMneHus aByX n,
cpeg.

CnepnosarenkHoO, 3aKOH NpenomseHns byaet nmeTs Bua: n,sini; = n, sini,
A6conllomHbIM  oKazamesieM PeJIOMJIeHUs1  cpefbi
Ha3bLIBAETCA BENMUYMHA 7, paBHasA OTHOLUEHMIO CKOPOCTY
3MeKTPOMarHUTHbLIX BOMH B Bakyyme ¢ K WX (ha3oBoi CKOPOCTM v
V B cpefe.

Mockonbky UZC/@, TO n:@, roe € m U —

COOTBETCTBEHHO 3IeKTpunyeckada n MmarHuTHaa NpoHNLUaemMoCTb cpebl.

2. MonHoe oTpaxeHwue.
Ecnun cBeT pacnpocTtpaHsieTcs u3 cpefbl ¢ 60abWuM nokasaTeneMm NpenomMneHns
n; (onTuyeckn Gonee NMoTHOW) B _Cpefly C MEHbLWUM MokKasaTenem NpenoMneHms

n, (onTuyeckn MeHee MroTHyto) (1, >n,) (Hanpumep, U3 CTekna B BO3AyX WK W3
BOAbI B BO34YX), TO
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Ha saBneHun oToacbpekta ocHOBaHO Aenctene (POTOINEMEHTOB M
doToCONPOTUBIEHNI (POTOPE3NCTOPOB) B (POTOIKCMOHOMETPAX, FIHOKCMETpax W
YCTPOMCTBaxX yMpaBMneHWss WM aBTOMaTM3auMM pasfUyHbIX MPOLECCOB, MynbTax
OMCTaHUMOHHOIO yNpaBfieHns, a Takke MNOMynpoBOOHUKOBBLIX (POTOINEKTPOHHBIX
YMHOXMUTENEN 1 CoNnHeYHbIX 6aTapen. mém

CyuwectBoBaHne (HOTOHOB 6bINO NPOAEMOHCTPU-
poBaHo B onbime bBome. ToHkaa MeTannuyeckas
donbra @, pacrnofnioxXeHHasa Mexay OBYMS cHeTyMKamu I Ritdd § Rdtde
C4y, noa AencTBMEM >XecTkoro obmnyveHus umcnyckana
peHTreHoBckne nyun. Ecnm 6bl nsnydaemas aHeprus

pacnpocTpaHsnacb paBHOMEPHO BO BCE CTOPOHbI, Kak
3TO cregyeT W3 BOMHOBbLIX MNpeacTaBneHvn, To oba M —
cyeTyMKa [OMKHbl Bbinn Bbl cpabaTbiBaTb OQHOBpE-

MEHHO, M Ha ABwXyllencs neHte J1 noseBnsnucb Obl 4
CUMHXPOHHbIE OTMETKN Mapkepamn M. B pencteutensHo- ;

CTU XKe pacnosfioXeHne OTMeToK Obino 6GecrnopsigoyHbiM.  CrniegoBaTenbHo, B
OTAENbHbIX aKTax WUCMyCKaHWsl POXOalTCs CBETOBble YacTuubl ((DOTOHLI), neTawme
TO B OAHOM, TO B APYrOM HarpasreHUN.

46.Macca un wmmnynbc ¢doToHa. EAMHCTBO KOPNYCKYNSPHLIX U BOJIHOBbIX
CBOWCTB CBeTa.

2_ 2 4 2 2. _ 2, _
Wcnonek3ys cooTHoweHna E° =mgc +p,c; Eg=m,ctmy =0, nonyyaem

Y
BbIpaXXeHUs ANS dHepauu, Macchkl U UuMnysibca PoToHa

e = hv _hv _E _hv _h
0= =— py===—=7
Tl e ¢ A
] COOTHOLLIEHMS! CBSI3bIBAOT KBaHTOBbIE (KoprycKynsipHbl€)
XapaKTepUCTVKM (POTOHA — Maccy, WUMMYNbC W SHEPrMI0 — C  80JIHO8OL

XapaKTEPUCTUKOW CBETA — €ro 4YacTOTOM.

CeeT 0b6rnagaeT 0OHO8PEeMEeHHO BOMHOBbLIMY CBOMNCTBaMM, KOTOPbLIE MPOSBIIs-
I0TCH B 3aKOHOMEPHOCTSIX €ero pacnpocTpaHeHusi, uHTepdepeHuun, Avdpakumm,
nonsapusauum, W KOPMNYCKYNAPHbLIMW, KOTOpble MPOSABAATCA B  npoueccax
B3aMMOAENCTBUSI CBETA C BELLECTBOM (MCMYCKaHWUs!, NMOrMOLLEHNS, paccesHus).

47.[l1aBneHue cBeTa.

Ecnu ¢oToHbl 06nagaT nMnynbcom, TO CBET, nagalowwui Ha Teno, LOIMKEH
oKasblBaTb Ha HEro AaBreHuve.

MycTb NOTOK MOHOXPOMATMYECKOrO M3MNy4YeHUs 4acToTbl V najaeT nepneHau-
KynsipHO noeepxHocTu. Ecnu 3a 1c Ha 1m? noBepxHOCTK Tena nagaet N oToHOB,
TO Npu Ko3dhhuLMeHTe OTpaKeHUss O cBeTa OT MOBEPXHOCTU Tena oTpasutca PN
¢doToHoB, @ (1—p)N doToHOB — nornotutcs. Kaxabld MOrmoLeHHbIA OTOH
nepefaeT NOBEPXHOCTU UMMYNLC p,, @ KaXabll OTpaXKeHHbI (hOTOH — 2py.

[aBneHne cBeTa Ha MOBEPXHOCTb paBHO MMMYNbCy, KOTOPbIN MepedatoT
2hv hv hv
== pN+—(1-p)N =(1+p)—N
C C C
OHepzemuyeckasi ocseweHHocmb rogepxHocmu: Nhv = E, (3Heprvsi Bcex

(hOTOHOB, MafalLWMX HA €AMHULY MOBEPXHOCTUM B eauHuuy BpemeHun). ObbemHast

Ee E€
nIomHocmb 3Hepauu u3nyyeHusi: w=—=. OTctoga: p=—=0+p)=w(l+p)
c c

noeepxHoctu 3a 1¢ N ¢poToHOB: P
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ncyesaeT, NOCKOmbKY (DOTOINEKTPOHbI NMPU BbINETE U3 KaToga 06nagatoT HEKOTOPOM
HavyanbHOW cKkopocTbio. [nsa Toro 4tobbl POTOTOK CTan paBHbIM HyMNO, Heob6xoaMMOo
npunoxuTs 3adepxusaroujee HanpsokeHue U,. MNpun U=U;, Hn ognH u3

ANEeKTPOHOB, Jdaxe obnajalwmn npyv  BbileT€  MaKCUManbHOW  HayarbHOMn
CKOPOCTbIO, HE MOXET MpeofoneTb 3afepXuBatoLlero nons U AOCTUrHyTb aHoAa:

K, .. =mvoi. /2 =eU,, T.e., nsmepus 3agepxuatoliee Hanpsxeune U,, MOXHO

onpefenntb MakcMmanbHOe€ 3HayYeHue CKOpOoCTU VU N KMHEeTU4eCKon 3Heprnn

max

K __  ¢$OTO3NneKTpoHoB.

max

45.3akoHbl (hoToachdekTa.

(1) 3akoH CrtonetoBa: npu MKCUPOBAHHOW YacToTe Majalollero CBeTa YUCno
(POTO3MEKTPOHOB, ucnyckaembix  pOTOKaToAOM B eduHUUy  BpEeMEeHW,
NponopUMOHanbHO  WHTEHCMBHOCTM  cBeTa (cuna  OTOTOKa  HacbILLEeHWst
nponopLyoHarnsHa 3HepreTU4eckoii oceellleHHocTn E, katopaa).

(2) MakcumanbHasa HadanbHas CKOpPOCTb (MakcMmarnbHas HadanbHas KMHeTudeckas
3Heprus) (OOTOINEKTPOHOB HE 3aBUCUT OT MHTEHCMBHOCTM MNajalllero ceeTa, a
onpegenseTcst TONbKO ero 4YacTtoTon V.

(3) Ana kaxgoro BellecTBa CyLIeCTBYeT KpacHasi 2paHuya ¢omoaghgpekma —
MUHUMarbHas YacToTa vV, cBeTa (3aBucsllas OT XMMUYECKON NpUpo/bl BELLecTsa U
COCTOSIHUS ero MOBEPXHOCTW), HWDKE KOTOPOWN (POTOI(PdEKT HEBO3MOXKEH.

[na obbacHeHNs MexaHuama doToaddekTa idHWMeliH NPednonoXusl, YTo
CBET 4acToTOW V He TONbKO ucryckaemcsi OTOENbHbIMUM KBaHTamMu (COrnacHo
rmnoTese [naHka), HO U pacnpocmpaHsiemcsi B NPOCTPAHCTBE W rmoasoujaemcs
BeLLECTBOM OTAeSbHbIMU NOPLMAMM (KBAHTaMW), SHEprust KOTOPbIX £, = AV .

KBaHTbl 3MeKTPOMarHUTHOTO W3Ny4YeHWsl, [OBMXKYLUMECS] CO CKOPOCTbIO C
pacnpocTpaHeHusi cBeTa B BaKyyme, Ha3blBaloTCs ¢homoHamu.

OHeprusi nagatowlero ¢oToHa Pacxof4yeTcs Ha COBepLUEHUE 3FEKTPOHOM
pabomsi ebixoda A w3 metanna (cMm. cTp.3-31) U Ha coobLueHVe BblNeTEBLIEMY
(POTO3MNEKTPOHY KMHETUYECKOW 3Heprun. YpaBHeHue DUHLITeNHA ANsi BHELHEro

QOTOI—)QQEG KTa:

mvliax EIJJ"?H
hv =4+ Al TN
2 2 i

OTO ypaBHeHME O0ObSACHAET  3aBUCUMMOCTb /
KMHETUYECKOW 3HEeprum OTOSMNEKTPOHOB OT 4acTOThl /
nagatowlero ceeta (2v 3akoH). NMpegenbHas yYactoTa

A he . ) > ud
Vo ="— (Ui A, =—), Npu KOTOPOW KNHETUYECKas Y] 14 18

h A vty
3Heprus PoTOSNEKTPOHOB CTAHOBUTCSA PaBHOM HYIIO,
N eCTb KpacHas rpaHuua gotoaddekra (31 3aKoH).

[Opyras dopma 3anvcy ypaBHeHust QiHLITeRHa: eUy=h(v -v,)

Ha PUCYHKe M306pa>KeHa 3aBMCMMOCTb MaKkCUMarnbHOW KMHETUYECKON Heprnmn
(POTOSMNEKTPOHOB OT 4acToThl 06nyqarou_\ero cBeTa And antoMuHUA, UMHKa N HUKen4.

Bce npsiMble napannenbHsl Apyr Apyry, npudem npoussopHas d(eU,)/dv e
3aBUCUT OT MaTepurarna kaToda M YACIEHHO paBHa NocTosiHHOM MnaHka /. OTpesku,

OTCEKaeMble Ha OCY OpAMHAT, YUCNEHHO paBHbl paboTe A Bbixoda 3MEKTPOHOB U3
COOTBETCTBYIOLLUX METASIOB.

A.H.Orypuos. flekyuu no gusuke.
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sini, n
——r=—t>

sini, n,
CnepoBaTenkHo, yron npenomnenus i, Gonblue yrna
nagenus i,. YBenuuusas yronl nageHusi, npu HEeKOTOPOM

npedensHoM yane i, yron MPENoOMIEHNs OKaKeTcs

paBHbIM 71'/2. Mpw yrnax nageHus i, > inp BECb NajawoLLmmn

CBET MOJIHOCMbIO ompaxaemcs.
Mpu yrnax nageHus inp>il>7r/2 Nyd He nNpenommnseTcs, a MoSHOCTbIO

OoTpaxaeTcs B MepBylo cpeay, NPUYeM MHTEHCUBHOCTU OTPaXEHHOro v nagarwoLero
nyyen oAMHaKOBbI.

370 ABNEeHNe Ha3blBaeTCH MOJIHbIM 8HYMPEHHUM OmpaKeHuem ceema.

MpepenbHbIV yron onpeaensieTcst COOTHOLLEHUEM:

. Ny T N,
Sini, =—=SIn—=—==17,,
P
n, 2

SBneHne NonHOro oTpaXKeHus MCNosb3yeTcsl B MPU3Max NofiHOro OTPaXKeHUs 1

CBEeTOBOAAX.

3. JluH3bL.

JluH30U Ha3blBaeTCA Npo3payHoe Teno, orpaHWYeHHoe C OBYX CTOPOH KPUBO-
NNHENHON noBepxHocTbio. (B yacTHoM cnydvae
OfHa M3 MOBEPXHOCTEN MOXET ObITb MIOCKOW).

! 2 3 4 5
Mo BHewHen dopmMe nNMH3bI Oendrca  Ha
1) OBOSIKOBBINYKIbIE; 2) NNOCKOBbINYKIbIE;
- - - - 3) ABOSIKOBOTHYTbIE; 4) NNOCKOBOTHYTbIE;
5) BbIMyKNO-BOTHyThIE.
JInH3a HasbiBaeTCs MOHKOU, ecnn ee

TOMNWMHA 3HAYMTENBHO MEHbLUE, YeM paguychl
kpuBM3HbI R, n R, obeux noBepxHocTeil. Ha onTudeckux cxemax nuH3bl 06bI4HO
0003Ha4alT ABYHANPAaBIEHHON CTPENKOW.
Paauyc kpueusHbl R >0 ans esinyknol nosepxHoct; R <0 ans eozHymod.
Mpamasa npoxogsawas yepes LEHTPbI
. 0@““@&0@, KPUBU3HbI I'IOBerHOCT?VI NWH3bl Ha3blBaeTcs
P ec 2J/1a8HoU onmu4ecKou OChHo.
: T / Onmu4yeckuM  YeHmMpoOM  JIUH3bl
Cnaswian | F° £ (0BbluHO  06o3Hauaetcss () HasbiBaeTcs
O"T"%O l TOYKa, nexallas Ha rnaBHOW ONTUYECKOMN
1] : ’
e /i ocn 1 obragatowas Tem CBOWCTBOM, YTO
DOKATBHBIE TIOCKOCTH ny4n NpoOXoasaT CKBO3b HEE HE MPENOMIISISACH.
Mo604YHBLIMU ONMUYECKUMU OCSMU
Ha3bIBalOTCA MpsIMble, MPOXOAsALWME Yepe3 ONTUYECKMA LEeHTP JIMH3bI K He
coBnajarLLme C rmaBHON ONTUYECKOW OCbH.
®dokycom nuH3bl F' HasbiBaeTCs Touka, fexallas Ha raBHON ONTUYECKON ocH,
B KOTOPOW NnepecekalTcsi Nyun napakcuasibHo20 (NpUOCEeBOro) CBETOBOMO Myuyka,
pacnpocTpaHsoLWwmnecs napannenbHo rMaBHON ONTUYECKON OCH.

®okasibHOU MI0CKOCMbIO Ha3bIBAETCH MIOCKOCTb, MpoxoasLuas Yepes gokyc
NWH3bI NEPNEHANKYNSAPHO ee rMaBHOW ONTUYECKOW OCK.

OnTuka



6-4

®oKycHbIM paccmosiHueM [ Ha3blBaeTCsl PacCTosiHue Mexay ONTUYECKUM
ueHTpoM nuH3bl O U ee dpokycom F':

. 1
Y F /= 11
- DA e (ny =1 —+—
R, R,
f PopmMyna TOHKOW JINH3bI:
1 + 1 1

) g-— a b f
p————————— ~
__,‘: rae a u b — paccTosHMs OT NUH3bLI [0

* npeameTa U ero usobpaxeHusi. Ecnn a =oo, T.€.
f Nyyy NagarT Ha NUH3Y napannenbHbiM Ny4koMm (a),
T0 b=f. Ecrm b=oco, Te. usobpaxeHue

HaxoauTca B OeckoHeyHocTu (0), M, cregoBaTenbHO, Nyyu BbIXOOAAT U3 JIMH3bI
napannernbHbIM Ny4koM, To a = f .

DOKYCHblE PaCCTOSIHUST NIMH3bI, OKPYXXEHHOW C 0BGenx CTOPOH OoAMHAKOBOM
CpPeaon, PaBHbI.

BenuunHa @ = 1/ f Ha3sbiBaeTcs onmudeckol cunol nuH3bl. Ee eguHnua —
duonmpusi (4NTp) — onNTUYecKas cura fNMH3bl C POKYCHLIM paccTosHUEM M.

JINH3bI ¢ mosioxumenbHOU ONTUYECKOW CUMOMN
ABNSTCA cobuparwuMu, C ompuyamesbHoOU —

=~ pacceusarouumu.
F 2o F B otnuumne ot cobupatowen nuH3bl, pacceunsaroLlas
"\E¢~~ nvH3a uMeeT MHuUMble OKycbl. B MHMMOM  dbokyce

cxoaaTes (nocne npenomMnexHuns) BoobOpaxaemble
NPOAOIMKEHNA NyYeil, NafaroLLMX Ha paccenBatoLLyo NUH3Y
napannesnbHO rMaBHOW ONTUYECKON OCH.

4. AGeppauun onTUYECKUX CUCTEM.

B peanbHbIX ONTUYECKUX CUCTEMAxX WCMOMb3YITCS My4YkM OTNMYaromecs oT
napakcuanbHblX, MoKa3aTenb MNPEenoMSIEHNs NWH3 3aBUCUT OT AONWHbI  BOJHbI
najalollero ceBeTa, a cam CBET HEMOHOXpOMaTW4YeH. MCKaxeHus OMnTUYecKoro
n306paxKeHnst KOTOPblEe BO3HWKAIOT NPU 3TOM Ha3blBalOTCA abeppayusamu.

Cobepuyeckas_abeppauus.. dokyc S~

5 ansa nyyven, 6onee yganeHHbIX OT ONTUYECKON
S 0 S OoCW YeM napakcuanbHble, HaxoauTcs 6nuxe,
s yemM dokyc S’ napakcuanbHbIX Nydyeit. B
pesynbTate M3006paxeHne CBETALLENCH TOYKM
nUMeeT BWA pacnfblBY4aToro NATHa.

Coepuyeckass  abeppauns  sBnsieTcs
YacCTHbIM Cry4yaem acturmaTmuama. 0,

Koma. Ecnn 4epes onTu4eckylo cuctemy
NPOXOAMT  LUMPOKMA MNYYOK OT TOYEYHOro
WCTOYHMKA CBeTa, pacrofioKEHHOro He Ha
OMTUYECKOW OCK, TO Monyvyaemoe nsobpaxeHve
3TON TOYKM ByaeT B BMAE OCBELLEHHOrO NSATHa
HenpasuIibHOM POPMbI.

To4yeyHbIM UCMOYHUKOM ceema Ha3bl-

£
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4 .
3akoH CredraHa-bonbumana R, =07 nonyyaetca u3 copmynel MnaHka eé
WHTerpupoBaHnem no YyactoTam.

2k*
15¢°0°

3akoH cMmelleHna BuHa nonyyaeTtca npu aHanu3de dopmynbl naHka Ha
akctpemym: TA, . = hc/(4,965k)=b

Takum obpasom c¢popmyna [lnaHka obobwiaem ece 3aKOHbI Men08020

U3ITy4eHUsT U SI8Nsiemcsi NnonHbIM peueHUeM 0CHO8HOU 3adaqu meopuu merioeo2o
U3ITyYeHUs.

Mpw aTom noctosiHHasa CtedpaHa-bonbumaHa pasHa: 0 =

44.PoT03 EKT.

Pomoanekmpudeckum 3gpgpekmom (¢pomoaghghekmom) HasbiBaeTcH
BbICBOBOXAEHNE 3MEKTPOHOB NOA AEVCTBMEM SMEKTPOMAarHUTHOIO U3NyYeHus.

PasnuyatoT poToachbdekT 8HympeHHUl, 8eHMUIIbHLIU U 8HEWHUU.

BHympeHHuUli ¢homoaghghekm — 3TO BbI3BaHHbIE 3MEKTPOMArHUTHLIM
n3nyyeHvem nepexofbl SMNEKTPOHOB BHYTPU NOMYNPOBOAHMKA WM AM3NEKTpuKa n3
CBSI3aHHbIX COCTOSIHUM B cBoboAHble 6e3 ebiiema Hapyxy. B pesynbrate
KOHUEHTpaumsa HocuTenem Toka BHYTPU Tena yBenuuMBaeTCs, YTO NpMBOAUT K
BO3HWKHOBEHMIO  ¢homonpoeoouMocmu — TMOBBILLEHNIO  3NEKTPONPOBOAHOCTU
nonynpoBOAHUKA UMK AUSNEKTPYKA NPU €ro OCBELLEHNN.

BernmunbHbIl ¢homoaghghekm (pa3HOBMOHOCTb BHYTPEHHEro oTtoaddpekTa)
— BO3HUKHOBeHe J[C (¢gpomo-3[C) npu OCBELLEHUN KOHTaKTa [OBYX pasHbIX
NnonynpoBOAHUKOB MM MONYNPOBOAHWKA W MeTanna (npyu OTCYTCTBUM BHELLHEro
anekTpuyeckoro nons). BeHTunbHbIN hOTOIDEKT MCNONb3YEeTCs B COMHEYHbIX
GaTapesax aAns NpsiMoro Npeobpa3oBaHUsi CONTHEYHON 3HEPTUN B INEKTPUYECKYIO.
Cget BHewHum ¢homoaghghekmom (¢homoasiekmpoHHOU
amuccuell) HasblBaeTcs ncnyckaHue 3MeKTPOHOB
BELLECTBOM Mo AEWCTBMEM IN1IEKTPOMArHUTHOrO U3NyYEHMS.

Cxema 0ns uccnedoeaHusi eHeuwHe20 ¢homoagh-
¢ekma. [lBa anekTpoja (katogq K U3 wccnegyemoro
MeTanna u aHon A) B BaKyyMHON TpyGke NOAOKIOYEHbI K
@ 6aTapee Tak, YTO MOXHO U3MEHATb HE TONbKO 3HAaYEHWE, HO

R

W 3HaK NogaBaeMoro Ha HUX HanpsbkeHus. TOK, BO3HWKato-
LMIA NpU OCBELLEHNN KaToAa MOHOXPOMAaTUYECKUM CBETOM
(4epe3 kBapLEBOE OKOLLKO) W3MEPSIETCA BKIYEHHbIM B
uenb MunnMamnepmeTpoM. 3aBucumocTb oToToka [/,
06pa3yeMoro nNoToKOM 3NIEKTPOHOB, MCMYCKaeMbIX KaTogoMm
noZ AeicTBUEM CBeTa, OT HanpsikeHus U mexay kaTtoaom u
aHOOOM Ha3blBaeTCsl BONbT-aMMEepPHOW Xapak-
TepucTtukon cdotoachcpekra.

Mo mepe yBenuuenuss U ¢oTOTOK MocTe-
MEeHHO BO3pacTaeT Mnoka He BbIXOAUT Ha
HacbllweHne. MakcumanbsHoe 3HaueHne Toka 1,

-
— (POTOTOK HaCbILLEHNSI — OnpeaenseTcs Takum g

3HayeHnem U, npu KOTOPOM BCE 3MEKTPOHbI, g

ucnyckaemble  kaToAoM, AOCTUraloT — aHopa: L)

I, =en, rie n — 4UCINO 3NEKTPOHOB, UCMyC-

kaembix katogom B 1c. Mpu U =0 doToTOK He ;U
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OpHako nonbiTka nonyuuTb 3akoH CtedbaHa-BonbumaHa u3 aTon opMynbl
npueoanT Kk abcypdHomy pesynbTaTy — R, HeorpaHWYeHHO pacTteT, gocturas

ypesBblYaiHO BonblUMX 3HAYeHW B ynbTpaduoneTe, — KOTOPbIA NOMy4nn
HasBaHve "ynibmpaghuonemosasi kamacmpodgha":

- kT
R, = IVv,rdV = ﬂli Ivzdv =oo
0 € %

dopmyna Panes-[xuHca cornacyeTcsi C 3KCMEepMMEHTOM TOnbko B obnactu
Manblx _4acToT u bonbwmx Temnepatyp. B obnactn GonbluMx 4acToT XOpOLUO
ONMCbIBAET IKCNEPUMEHT ghopmysia BuHa (3akoH nsnyyeHuns Buna):

R,; =CVv’exp(-C,v/T), rae C, n C, — KOHCTaHTbI.

43.KBaHTOBasa runotesa lnaHka.

Makc TnaHk mpednosoXusn, 4TO Teopusl KIacCU4ecKoro rapMOHUYECKOro
oCUMNNATOPa HEMpUMEHMMA K aTOMHbIM OCUUIIIATOPaM; amoMHbIe OCUUSISMOphbI
N3Ny4yatoT SHEPIU0 He HenpepbI8HO, a ONpeAerieHHbIMU MoPYUSIMU — K8aHMamu.

OHeprus KBaHTa: g =hv= h% =hw,

roe h=2mh=6,626-10"* Ox-c — noctosiHHas MnaHka.

B mMexaHuke ecTb nmetowasa pa3sMepHOCTb "sHeprusixBpeMs” BenMynHa, Kotopas
HasbiBaeTcs Odelicmeuem. [loaToMy MOCTOsIHHYO [InaHka uHorga HasbiBaloT
keaHmom Odeiicmeusi. PasvepHOCTb / coBnagaeT C pa3MEepHOCTbI0 MOMEHTA
umnynbsea.

MocKonbKy aHeprus U3ny4aeTcs NnopLUMaMM, TO IHePaUsi OCUUISIMOPa MOXET
NPUHUMaTL NULLb oNpeaeneHHble QUCKPemMHbIe 3HaYeHus, KpaTHble LernoMy Hucny
KBaHTOB: £=nhv (n=12,..)

CpeaHiolo SHEPTUIo OCLIMNNATOPOB (£) Henb3st NpUHUMATL pasHoi KT . MnaHk
ucnonb3oBan pacnpeaeneHne bonbLMaHa YacTuL No 3HepruamM. Toraa BeposTHOCTb
p; TOro, YTO 3Heprus konebaHNsi OCLMNNSTOPa YacToTel V UMeeT 3HadeHue £; on-
pepensieTcs BolpaxeHuem (1), rae N; — uumcno N, exp(— 8i/kT)
pPi=——=

=i SARTE/R)
N Ziexp(—si/kT) @)

ocunnnAToOpOB C 3Heprmel7| &, N — nonHoe
4yuncrno OCLUMNNATOPOB. Ortclopa MOXHO

MOMyYnTb BbIPAXEHUE [N CPEAHEN BHepruu <£>:870 @)
ocumnnATopos (2). £

Torpa yHUBepcarbHas yHKUMA eXp T -1
Kupxropa 7, 6Gynetr wuwvmetb Bug (3) — R
¢opmyna MnaHka. = 27[h2‘/ 1 3)

Vinu B Buae (4) 7,7 — GYHKUMM ANUHBI | c expl hl 1
BOSHbI (y4UTbIBAA C=AV, 13 =1, 1 c/),2 ). ) kT

B o6nactm manbix 4actor AV << kT Fop = 27rcs h ! (4)
exp| hv ~1+h—v n  dopmyna [MnaHka * €Xp he -

kT kT kT.

nepexogut B hopmyny Panes-[bkuHca.
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BaeTCs NCTOYHMK, pasmepamy KOTOPOro MOXHO npeHebpeyb.
Acmuamamu3sm. lNMorpelHocTb, 06yCrnoBneHHas HeOANHAKOBOCTLIO KPUBU3HbI
ONTUYECKOW MOBEPXHOCTM B pPasHbIX MNIOCKOCTAX
§ S CeyeHus nagaroLlero Ha Hee CBETOBOIO Myyka.
\ 4 i ‘i OonblUMX yrnax nageHust nyyver Ha fUH3Y NMHENHoe
P yBenuyeHve And  Todek npegmeTta,  KoTopble
Lo HaxoOsaTCA Ha pasHblX PacCTOAHUSAX OT [f1aBHOW
DO 106t e
OCW, HeCKOrb-
KO pasnuyaetcsl. B pesynbTaTe HapyluaeTcs
reomeTpuyeckoe nogobve mexpy npeame-
TOM (Hanpumep, NpsSMOyronbHas ceTka) u ““i';)“ b) o)
ero u3obpaxenvem (pucyHok (b) —
noayLwkoobpasHas gucropceus, (c) — 6o4koobpasHas gucropeus).
Xpomamuyeckasi abeppayus. Mpy nageHUn Ha onTUYeckyto cuctemy Genoro
cBeTa  OTAenbHble  COCTaBnswowue  ero
MOHOXpOMaTMYeCcKMe nyun OKycupyTcs B
pasHbiXx Toykax (Hambonblee hokycHoe
pacCTosHNE MMEKT KpacHble Ny4Yun, HauMeHb-

Lee — dmoneToBbIe), NO3TOMY U30OpaxkeHne
pPa3mbITO M MO KpasiM OKPaLLEHO.

HOucmopcus. MorpelwHocTb, Npu KOTOpOi npwu

~TTTY

~LLA

L

5. OHepreTuyeckue BenuinHbl B (hoToMeTpum.

domomempusi — pasgen  ONTWKM, B  KOTOPOM  paccMaTpuBaloTCs
3HepreTUYeckMe XapakTEpPUCTUKM OMTUYECKOTO UW3MyYeHUs B Mpoueccax ero
UCMyCKaHWsl, PacnpoCTpaHeHUss W B3aMMOAEWCTBMA C BellecTBoM. [pu aToM
3HAYUTENbHOE BHYUMaHWE yaenseTcs BONpocam U3MepeHWUsl MHTEHCUBHOCTM CBeTa U
€r0 VICTOYHMKOB.

SHepzemuyeckue gesnluYUHbLI 8 homoMempuU — XapaKTepusyoT SHEPreTu-
yeckMe napameTpbl OMNTUYECKOTO U3NyyeHuss 6e3 yveTa 0COBGEHHOCTeN ero
BO3L4EMCTBUS Ha TOT MU UHOM NPUEMHUK U3MYHEHUS. W

Momok u3zny4eruss ®, — BennunHa, paBHasi OTHOLLEHMIO 3Hep- | D, =—.

rmn W n3nyyeHust KO BpEMEHM f, 3a KOTOPOE M3My4YeHne Npov3oLUno
(MOLLHOCTL n3nyyeHus). EanHuua nomoka usnyvyeHus — BatT (BT) .
OHepzemuyeckas ceemumocms (usny4amesnbHocms) R, —

Belin4nHa, paBHaaA OTHOLLUEHUIO NMOTOKa U3Ny4YeHusa D

¢» Vcnyckaemoro | R, =—%.

NOBEPXHOCTbIO, K Mrowaan S ceuyeHusl, CKBO3b KOTOPOE 3TOT MOTOK

NpoxoauT (MOBEPXHOCTHAs! MMOTHOCTb MOTOKa M3nyyeHusl). EonHuua sHepzemuye-

cKoli ceemuMOcmu — BaTT Ha MeTp B kBagpate (BT/m?).
OHepazemuvyeckas cuna ceema (cuna usny4eHusi) I, — senu-

4MHa, paBHas OTHOLLEHMIO NOTOKa Manyderuss @, TodeuHoro uctodkmka | 1, = <.
0]
K TernecHomy yrny @, B npegenax KOTOPOro 3TO MW3fyyeHue
pacnpocTpaHsieTcs. EQuHuua sHepaemuyeckoli curibl ceéema — BaTT Ha cTepaAnaH
(Bt/cp).
OHepazemuyeckas spkocms (ny4ucmocms) B, — Bsennunna, Al

< _ e
paBHaA OTHOLUEHUK 3HepreTuh4eckou cunbl cBeTa A[e AnemMeHTa Be_ AS

usnyvawolwlen nosepxHocTM k nnowaam AS  npoekuum aTOrO

OnTuka
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anemMeHTa Ha NMoCKOCTb, NePneHaNKYNSPHYO HanpaBneHuio HabnogeHus. EanHuua
3Hepaemuyeckoll APKOCMU — BaTT Ha cTepaanaH-MeTp B kBagpare (BT/(cp-m?)).

SHepzemuvyeckasi oceeujeHHocmb (065yyeHHocmb) E, — xapaktepuayeT

BENINYMHY MOTOKA WU3Ny4YeHus, nagatoero Ha eiMH1Ly OCBeLLaeMon MOBEepPXHOCTH.
EaQvHnua 3Hepaemu4eckoli 0C8eLeHHOCMU — BaTT Ha MeTp B kBagparte (BT/m?).

6. CBeTOBbIe BENIMYUHBLI B )OTOMETPUN.

Pa3nuuHble NpUeMHUKKW, UCMOMb3yeMble MPU  ONTUYECKUX U3MEPEHUSX,
obnapalT cenekmueHocmbio (UzbupamenbHOCMbHO). [NA KaXaoro M3 Hux
XapaKTepHa CBOSs1 KpuBasi YyBCTBUTENbHOCTU K 3HEPTMN Pa3NUYHbIX ANUH BOMH.

CBeTOBble  U3MeEpeHWsl, SBNSsCb  CyOBEKTMBHbIMW,  OTNMYAOTCA  OT
OOBEKTUBHBIX, 3JHEPreTMyecknx, W AN HUX BBOASATCA CBETOBble €AMHWULPbI,
“cnonb3yemble TOMbKO Ans BUAXMOrO CBETA.

OcHoBHOW cBeToBOW eauHuuen B CU aBnsieTcs eanuuua cusibl ceema | —
KaHgaena (kp) — cvna ceeTa B 3afaHHOM HanpaBIiEHNN UCTOYHMKA, MCTyCKatoLLEero
MOHOXpOMaTUYeckoe ManyyeHne yactoToit 540-10'2 repu, sHepreTuueckas cuna
cBETa KOTOPOTO B 3TOM HamnpaereHun coctasnsieT Y, BTicp.

EavHnua ceemoeozo nmomoka ® (MOLHOCTM OMTUYECKOTO M3My4YeHUs)) —
noMeH (nm): 11M — CBETOBOM MOTOK, UCMYCKaeMblii TO4EYHLIM UCTOYHUKOM CUITOMN
ceeTa B 1kg BHYTpM TenecHoro yrna B 1cp (1nm=1kg-cp).

Ceemumocmb R — cymmapHblii MOTOK, NOCbINaeMblii CBETS- R_g
Lelica nrowiaakoii ¢ nnowaasio S. EouMHnua ceemumocmu — noMeH S’

Ha MeTp B KBagpate (nm/m?).

Slpkocmb cBeTSsLLENCS MOBEPXHOCTU B HEKOTOPOM HampaBneHun (0 ecTb
BefMYMHA, paBHasi OTHOLWEHM cunbl ceeta [ B 3ToM
HanpasneHun Kk nnowaan S Npoekuun CBETALLECS NOBEPXHOCTU | B :;_
Ha NNOCKOCTb, MEpPneHAMKYNSAPHYI AaHHOMY  HampaseHuIo. ¢ Scoso
EOvHMLA SpKOCmU — KaHAena Ha MeTp B KBagparte (ka/m?).

OceewjeHHOocmb E — BenuuvHa, paBHasi OTHoLleHUo ceBeToBoro notoka @,

nagjalolero Ha MOBEepXHOCTb, K nnowaan S 3Tol NOBEPXHOCTM. d
Eovhvua oceeweHHocmu — nwKe (RK): 1Nk — ocBelweHHocTb | B =—.

MOBEPXHOCTU, Ha OAWH KBaApaTHbIN METP KOTOpPOW NajaeT CBETOBOW
noTok B 1nM (1nk=1nm/m?).

UumepdghepeHyus ceema.

7. MpwuHuun lMNonreHca.

BonHoBasi Teopusi cBeTa OCHOBLIBAETCS Ha npuHyune lolzeHca: Kaxodas
mouka, 00 komopoli doxoOum 80J7IHa, C/YXUMm UEHMPOM B8MOPUYHbLIX B60/H, a
oeubarowjass amux 607H 0aem [0O/I0XeHUe B80/IH08020 ¢hpoHmMa 8 crnedyrouul
MOMEHM 8PEMEHU.

3aKoHbl OTpaXKeHWst U MNPESioMMeHnss CBeTa NEerko BbIBOAATCS, MCMONb3ysi
npuHuun MNonreHca.

lMycTb Ha rpaHuuy pasgena AByX cped nagaeTt
nnockasi BorHa (MnockocTe BonHbl — AB), pacnpo-
cTpaHsiiowascs Baone HanpasneHus /. MNMoka poHT
npoxoauT pacctosiHue BC (3a Bpems t), (DpPOHT BTO-
PWYHBIX BOMH 13 TOUKM A npoxoauT paccTtosiHue AD .

A.H.Orypuos. flekyuu no gusuke.
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39.3akoH Kupxroda.
3akoH Kupxrodha onpepensieT COOTHOLUEHME MeXAy MWCnycKaTenbHOW W
nornowiaTenbHoOM cnocobHOCTAMM Ten.
OmHoweHue ucryckamesibHoU u rnoanowamesibHol
criocobHocmel mena He 3asucum om npupoObl mesia u s18nsemcs & _
yHueepcanbHol 0na ecex men yHkyuel Yacmombl U _memre- A, ;

pamypebi rv,T

rv,T .

Ons yepHoro Tena A, =1, noatomy yHueepcanbHasi ¢pyHkuus Kupx-
2ogha 1, ; €CTb cnekTpanbHas NMOTHOCTb SHEPreTU4eckol CBETUMOCTU (UCriycKa-

meJibHas CI'IOCO6HOCfTIb) 4YepHo20 mersa. HaxoxaeHvne siBHOW 3aBMCMMOCTHU r,r OT

YacToTbl M TeMnepaTypbl ABNAETCH BaXKHOW 3adayen Teopun TensioBoro nany4yeHusa.

40.3akoH Ctedrana-Bonbumana.
OHepreTnyeckas CBETUMOCTb Ceporo Tena (MHTerpanbHas no v ):

RS = [ A,y pdv =y [, pdv = 4,R,, rae R, = [, ;dv —
0 0 0

3HepreTMyeckas CBETMMOCTb YEpHOro Tena, KoTopas 3aBUCUT TOMbKO OT
TemnepaTypbl. 3Ty 3aBUCMMOCTb ONUCLIBAET 3KCNEepUMeHTanbHbI 3akoH CtedaHa-
BonbumaHa: 3Hepzemuyeckas C8emMUMOCMb YEepHO20 mesia MpPornopyUOHanbHa
yemeepmol cmerneHu mepmMoouHamMu4yeckol memrepamypbi:

R, =oT* (cnenoBatensHo R = A,0T"),
roe ¢ = 5,67 -107° B1/(v*-K*) — nocTosiHHas CTedana-Bonbumana.

41.3akoH cmelleHus BuHa.

3akoH CTeraHa-BOJ'IbLI,MaHa HM4Yero He roBopuT O CNeKTpallbHOM CcocCTaBe
n3ny4vyeHna 4epHoro Tena. [MNonoxeHne MakcuMmyma B CneKkTpe ero wuanydyeHuda

ONMCLIBAETCA  KCMIEPUMEHTAIIbHLIM  3aKOHOM  § » . bopmyra
cmelleHus BuHa: T | R iy
Hnuva  eonHbl  A,., n[pu  Komopol \ Doxurca

usrnydamersibHas crnocobHocmsb ¥y r 4epHO20 mena

MakcumarbHa, obpamHo MNpOoropyuoHaibHa €20
mepmoOUHaMu4ecKol memrepamype:

roe b=2,9-10" m-K — noctosiHHas BuHa.

42. Popmynbl Panes-[hkuHca n BuHa.

MpUMeHsis K TENnMoBOMY M3Iy4YeHWI0 KIacCUYeckuidi 3akoH pasHopacripedesie-
HUSI 3HeprM no cteneHsm ceobonbl Panent n [DKMHC MONy4nnu BblpaxeHue ans

3aBUCUMOCTHU VICI'IyCKaTeJ'IbHOVI cnocobHoCTU YEpPHOro Tena r, r OT 4acToThbl CBETA:

:2n'v2< >:27rv2

2 2
C c

For kT

roe <8> =kT — cpeaHas aHeprus ocUMNNsATOpa ¢ COBCTBEHHOM YacToToN V .
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JIroMuHecyeHyuel Ha3bIBaeTCs HepaBHOBECHOE U3MNydeHue, U3BbITOUYHOE Npu
[aHHoW TeMnepaType Haj TENSOBLIM U3MyYEHWEM Tena U UMEOLLee ANUTENbHOCTb,
GonbLUYI Neprofa CBETOBbIX KoneGaHui.

37.TennoBoe n3ny4YeHue 1 ero XxapakTepucTUKM.
Tennoeoe u3ssly4yeHue COBEpLUAETCH 3a CHET 3HEPrny TEeNnnoBOro ABWXKEHWUS
aTOMOB M MOMeKyn BelwecTBa (8HympeHHel 3Hepauu) n CBOWCTBEHHO BCEM Tenam
npu Temnepatypax Bbiwe 0K . Tennoeoe u3nyvyeHue pagHOBeCHO — Teno B
eaVHULY BPeMEHMU MOrMoLAeT CTONBKO e SHEePrnu, CKONbKO 1 n3nyyaer.
KonuvyecmeeHHoU xapakmepucmukol TennoBOrO W3MyYEHUs CRYXWUT Criek-
mparsnbHasi nMJOmMHOCMb 3Hepzaemu4eckol ceemumocmu

del'}ﬂ
(ucnyckamenbHas cnoco6Hocms) mena R, ; — MOWHOCTb R,, — vy
' ’ dv

n3any4vyeHna ¢ eguHuubl nnowagn noBepxHOCTU Terna B UHTepP-

U3
V,v+dv

YEHWS, UCMYCKAeMOro 3a 1¢ (MOLLHOCTb M3My4YeHWsl) ¢ nnowaanm 1m> noBepxHOCTH
Tena B WHTepBarne 4actoT oT V o V +dv ). Eé eauHnua — Oxoysib Ha Memp 6
Keadpame. VlcnyckaTeribHyl0 CMOCOGHOCTb MOXHO MPEACTaBUTb B BuUAE (DyHKUMU

Bane 4acTtoT eAUHWYHOMN LUVPUHBbI. (d — JHeprna 3NeKTpoMarHMTHoOro uany-

2
c dA A
AMWHBI BOMHBL T.K. A =—, TO R, =Ry ;—=Ry;—.
1% ’ “dv e
WHTerpanbHasi no V. aHepa2emuyeckasi ceemumocme: R, = J R, ;dv
0
CnocoBHoCTb Ten nornowaTb NafawLlee Ha HUX Unyde- AW e
HVWEe XapaKkTepusyeTcs criekmpasibHOl no2aou,amesibHol A, ;= vy+dv
€noco6HocMbI0 A, ;, NoKasbiBalOLWEN, Kakast [JONA 3Heprum AW
dW, .4y » MPUHOCMMOI 33 EAMHULY BPEMEHU Ha eauHWLY Mriowanv Tena najato-

WMNn Ha Hee 3NeKTPOMarHUTHbIMM BOMHaMuM C 4Yactotamnm OT V. OO V+dV,
nornowaeTca TefnioM.

38.A6CONKTHO YepHoe Teno.

Teno, cnocobHoe nornowats nNpu Noborn TemnepaTtype BCE nagatoLlee Ha Hero
n3nyyeHve nwbOA 4acToTbl HasblBaeTCcs abCO/IIOMHO 4YepHbIM  MEJIOM.
CnekmparnbHasi noanowjamerbHasi CrocobHOCMb YepHOro

Tena Ans Bcex YacToT M TemnepaTyp TOXAECTBEHHO paBHa

eanHuue: A, » =1. ABCOMIOTHO YepHbIX TEN B MPUPOAE HET,

OOHaKo Takue Tena, Kak caxa W 4epHbln GapxaT B
0 OnpefdeneHHoM uHTepsane 4acTtoT 6nu3ku K  HUM.

UdeanbHolU mMoOesiblo YepHO20 mersia ABNSAETCA 3aMKHyTas

nonocte ¢ HeGonbwmm oTBepcTeM (O, BHYTPEHHSIS
NOBEPXHOCTb KOTOPOW 3avepHeHa. Jlyy, nonasBwwui BHYTPb TakoW MOMOCTU,
MONHOCTbLIO MornoLaeTcs.

Hapsgy ¢ noHATMeM 4YepHOro Tena MCnomnb3ylT MOHATME cepo20 mena —
Tena, norrowaTtenbHas cnocobHOCTb KOTOPOro MeHblUe eAMHULbI, HO OOUuHaKosa
Onsi ecex 4acmom W 3aBUCWUT TONbKO OT TemnepaTypbl, Matepuana u COCTOSHUSI

nosepxHocTv Tena: A, , = Ay =const<1.

A.H.Orypuos. flekyuu no gusuke.

6-7

Mpu otpaxennn: AABC = AADC , cnegosatensHo iy =i,.
[Mpn npenomneHun: 3a Bpems ¢ (POHT nagaroLen
BOMHbI NpoxoauT pacctosiime BC =vf, a ©poHT
npenomneHHot —  AD=v,t. W3  cooTHoLeHWs

AC = BC/sini, = AD/sini, crnenyet
sini, v, _¢/n, _n,

= = =n
.. 21
sini, v, ¢/n, n

8. KorepeHTHOCTb.

KoeepeHmHocmbfo Ha3blBaeTCA cornacoBaHHOe npoTekaHne BO BPEMEHU U
NPOCTPaHCTBE HECKOJIbKNX KonebaTenbHbIX UM BONHOBBIX npoueccos.

MoHoxpomamu4yecKkue 80JIHbl — HeOrpaHWYeHHble B NPOCTPAHCTBE BOJHbI
O/J,HOVI onpe,qeneHHoﬂ M NMOCTOAHHOM YacTOTbl — ABNAKTCHA KOrepeHTHbIMU.

Tak kak peasibHble UCTOYHUKMN He OakoT CTPOro MoHoxXpomaTtu4yeckoro ceeta, TO
BOJIHbI MsnyqaeMble J'Ir06bIMI/I He3aBUCUMMbIMU NCTOYHUKaMn cBeTa Bceraa
HEKOrepeHTHbI. B uctoyHuke cBeT n3ny4yaetca artomamu, Ka)K,EI,bII7I N3 KOTOPbIX

ucnyckaeT CBET fUWb B TEYEHWE BPEMEHU ~108%¢c. Tomnbko B TeueHue aToro
BPEMEHWN BOIHbI, WUCMyCKaeMble aTOMOM WMEIT MOCTOsIHHbIE aMnnuTygy v dasy
koneb6aHui.

HemoHoXpomaTuyeckuini  CBET MOXHO NpeacTaBUTb B BMOE COBOKYMHOCTU
CMEHSIIOLLNX APYr Apyra KOPOTKUX rapMOHUYECKUX UMMYNbCOB U3Iy4aeMblX aToMamu
— 80JIHO8bIX Uy208.

Cpe,ﬂHﬂﬂ NPOAOIMKMUTENbHOCTL OfHOro uyra 7., HasblBaeTCA epeMeHeM

Ko2epeHmMHocmu.

Ecnu BonHa pacnpocTtpaHsieTcsi B ogHOpOAHOW cpede, To dpasa konebaHuin B
onpeaeneHHo TOYKe MPOCTPAHCTBA COXPaHSETCS TONMbKO B TEYEHUE BPEMEHM
KOrepeHTHOCTW. 3a 3TO BpeMmsi BOSIHA pacrnpoCcTpaHsieTcsl B BakyyMe Ha pacCTosiHue

lor = CTyor» HA3bIBaEMOE OsIUHOU KO2EPeHMHOCMU (Mn AnuHol yyeaa). Moatomy

HabnioaeHe VHTEpPMEpPeHUM CBETa BO3MOXHO MULLb MPW ONMTUYECKUX Pa3HOCTAX
X0[1a, MEHbLLNX OMUHbI KOTEPEHTHOCTM ANA UCMOMb3YEeMOro UCTOYHMKA CBETA.

BpemeHHasi Koz2epeHmMHocmb —  9TO, ofpedensiemas  CTeneHbto
MOHOXPOMaTUYHOCTU BOJSH, KOTEPEHTHOCTb KoneGaHuii, KoTopble coBepLualTcs B
OZIHOM U TOM Xe TO4YKe MPOCTpaHCTBa. BpeMeHHas KOrepeHTHOCTb CyLLEeCTBYeT [0
Tex rnop, noka pasépoc as B BOMHe B AHHON TOYKE HEe OOCTUMHET TT .

HAnuHa KozepeHMHocmMu — paccTosiHMe, Ha KOTOpOe MepemellaeTcsl BoSHa
33 BPEMsl KOTePEHTHOCTMU.

B nnockoctu, nepneHauKynsapHON HanpasreHUio pacnpocTpaHeHUsl Lyra BOrH,
crnyvaiiHble M3MEeHeHMst pasHOCTWM ha3 Mexay ABYMsSl TOYKaMU yBenuuMBaeTcsl C
yBEIMYEHNEM PACCTOSHUSI Mexay HumuW. lpocmpaHcmeeHHasi Ko2epeHmHoCmb
— KOTepPeHTHOCTb KomneGaHuii B oauWH U TOT X€ MOMEHT BPEMEHU, HO B PasHbIX
TOYKax TakoW MMOCKOCTM — TepsieTcsl, ecnu pasbpoc ¢as B ITUX ToYKax
poctvraet . [nuHa  npocmpaHcmeeHHoU  Ko2epeHmHocmu  (paduyc
Ko2epeHmHocmu):

A
Tgor ™ A(P ’
NCTOYHMKM [JOMKHbI BbITh NPOCTPAHCTBEHHO KOrepeHTHbIMU, 4YTOOLI BO3MOXHO
Obino HabnaaTb UHTepdepeHuuno nany4yaembiX MMU CBETOBbIX BOJTH.

roe A— anuHa BonHbl, AQ — pasHocTb as.

OnTuka
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9. UHTepdepeHUMs cBeTa.

UHmepdhepeHyusi ceema — crioxxeHvue B NPOCTPAHCTBE ABYX MITN HECKOSbKUX
KOrepeHTHbIX CBETOBbIX BOJIH, MPU KOTOPOM B pa3HbIX ero To4YKaxX nonyqaemﬂ
ycurieHue unu ocrabneHue aMnnuTyabl pe3ynbTUPYIOLWEN BOSHBI.

MycTb B AaHHoOW Touke M Oee MOHOXpOMamu4YecKue 80JIHbLI C LIMKITNYECKOM
YyacToTo @ BO30OyxaawT ABa konebGaHus, npuyem OO Todku M ofdHa BonHa
npoLuna B cpefe C rnokasaTeneM MPenoMneHust n; nyTb §; G ha3oBON CKOPOCTbIO

V,, @ BTOpasi — B cpefe 7, NyTb §, C ha3oBoi CKOPOCTLIO V), :

S N
x, = A cosw| t—-L | x,=4,cosw|t -2
Uy v,

AMNNUTYaa pesynbTupytoLiero konebanus: A° = A2 + Ay + 24,4, cosd .
WNHTEHCMBHOCTb pe3yribTupytoLeit BonHbl (1 ~ A%):
I=1+1,+2{L,I, cosé

PasHocTb chas & konebaHuin, Bos3byxaaembix B Touke M , pasHa
2nv
7(L2 -1 ): —A

¢ Ao
(MUcnonb3oBanu: v = c/n ; =21V ; c/v = Ay — AnMHa BOMHbI B BaKyyme).

MpownsBeaeHne 2zeomempuyeckoli G1UHbI Mymu S CBETOBOW BOMHbI B JaHHON
cpefde Ha rokazamesnb MperioMneHus 3To cpeabl 1 HasblBaeTCcsl ONTUYecKou
gnuHou nytm L =s-n.

PasHocTb A= L2 _Ll = sznz —slnl OonTUYECKUX ONUH NpoxXoaAnMbiX BONMTHAMKM
nyTew HasbiBaeTCs onmu4eckoll pa3HOCMbIO X00a.

Ycnosue nHtepdepeHUMOHHOro Makcumyma:

Ecnu onTuyeckas pasHocTb xoga A paBHa UeNoMy 4uciy OfMH BOMH B
BaKyyMme (4ETHOMY YMCIy NOSyBOSIH)

A=1ml, ziZm% (m=0,12,...),

S=o| 2L =g 22 29(s2n2—s1n1)=
v, U, c/ny, «c¢/n | ¢

10 0 =+2mm n konebanws, Bo3byxaaemble B Todke M , ByayT NpoucxoauThb
e oduHakoeoli ghase.

Ycnoswue nHtepdepeHUMOHHOro MUHUMYMA.

Ecnu ontuyeckas pasHocTb xo4a A paBHa HEYETHOMY YMCIy NONYBOSH

A:i(zm+1)’l—2° (m=0,1,2,...),

T0 §=2(2m+1)m un konebaHus, BO3Byxaaemble B Touke M, 6yayT
NpoOVCXoauUTb 8 Mpomueoghase.

10.MeToab!l HabnwgeHusi UHTepdepeHLUN.

Jo n3o6peTeHus nasepos, BO BCeX NpUGOpPax KorepeHTHble CBETOBblE My4yku
nonyyanu pasgeneHneM BOSIHbI, WU3My4aeMoW OAHUM WCTOYHMKOM, Ha [BE 4acTu,
KOTOpblE MOCIE MPOXOXAEHUS Pa3HbIX OMTUYECKUX MyTeW HaknagbiBanu Apyr Ha
Apyra n Habnoganu nHTepgepPeHLMOHHYIO KapTUHY.
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35. BpauieHue nnockoCcTu nonsipusaumm.

HekoTopble BelwlecTBa (Hanpumep, KBapLl, caxap, ckunugap), HasbiBaemble
onmuYyecku akKkmueHbIMu, 00nagatoT CnocoOHOCTbIO  BpawaTb  MNOCKOCTb
nonspusaumn. Yron noBopoTa MOCKOCTM nonspusaumm @ = -d, roe d —
TONWMHA CNos BellecTBa, ¢ — yAenbHOe BpalleHne — yron noBopoTa MiocKOCTH
nonspusaLumn crnoem ONTUYECKN aKTMBHOIO BeLleCTBa €4MHWYHOM TOMWmHbI. [pun

)
aTom & ~ A, — 3akoH Buo (A, — anvHa BonHbl cBeTa B Bakyyme). [ins pacteopos
Yron (0 3aBUCMT ELLE W OT KOHLEHTpauuu ¢ pacteopa: @ =0 -c-d

Ecnu mexay ckpelleHHbIMU nonsipusatopom P 1 aHanusatopom 4 NoMecTuTb
ONTUYECKN aKTMBHOE BELLECTBO, TO More
3peHVsi aHanusaTtopa NpPOCBETNSETCS.

* [loBopauuBas aHanusaTop MOXHO
onpefenuTb yron ¢, nNpu KOTOPOM nose

3peHNst BHOBb CTaHOBUTCA TEeMHbIM —
yron mnosopoTa MMOCKOCTU MOMspM3aLmMn ONTUYECKM akTUBHbIM BellecTBoMm. B
3aBMCMMOCTW OT HanpaBfieHusi BpaLlleHWs, OMTUYECKN aKTMBHble BeLlecTsa
pasgensiloTcs Ha npaeo- W Jsiegogpaljaroujue. B nepBom crnyyae nnockocTb
nonspu3aummn, ecnm CMoTpeTb HaBCTPeYy fy4y, CMeLLaeTcs N0 YacoBoW CTpeske, BO
BTOPOM — MPOTUB.
OnTnyeckas akTMBHOCTbL 0bycrnosnuneaeTcs: 1) CTpoOeHeM MoMnekyn BellecTsa
(ux acummeTpuen); 2) ocOBEHHOCTAMM PacnoONOXEHUs YacTuL, B KpUCTanM4eckon
peLueTke.

P A

AdbekT Papages — BpalleHMe MMOCKOCTM MNOoMAsipusauum B OMNTUYECKU
HEeaKTUBHbIX Tenax MOMeLLeHHbIX BO BHellHee MarHuTHoe nore. Yron noBopoTta
nnockoctu nonsipusaumv @ =VHd, tne H — HanpskeHHOCTb BHELUHEro

marHuTHoro nons, d — ToniuHa obpasua, ¥ — nocmosiHHasi Bepde, 3asucallan
OT MPUPOALI BELLECTBA M ANMUHBI BOMHbI CBETA.

KeaHmoeast npupoda usnyveHus

A.H.Orypuos. flekyuu no gusuke.

KeaHmoeasi onmuka — pasgen ONTUKW1, 3aHUMAIOLLMACH U3YYeHNEM SBNEHUN,
B KOTOPbIX NPOSIBNSIOTCA KBAHTOBbIE CBOMCTBA CBETA.

36.Buagbl onTUYeCcKMX U3Ny4YeHUn.

KoneGaHus anekTpuyeckMx 3apsifoB, BXOASWMX B COCTaB  BeLLecTBa,
0byCrnoBnMBaloT 3MeKTPOMarHUTHOE M3rydYeHne, KOTOpoe COMpOoBOXAAeTCs notepen
3HEPIUU BELLECTBOM.

Mpn paccesHuM n oTpaxeHwn cBeTa (POPMUPOBAHWE BTOPUYHBLIX CBETOBbIX
BOMH W MPOAOIKUTENBHOCTL W3NYyYEHUS BELLECTBOM MPOUCXOOUT 3a BpeEMS,
CpaBHUMOE C NEPUOAOM CBETOBLIX KonebaHuii.

Ecnu u3nyyeHue npopomkaeTcs B TEYEHWE BpPEMEHM, 3HauUTEerNbHO
NpeBbILIALWEM MEPUOS CBETOBbIX KOnebaHui, TO BO3MOXHbI ABa TUMNa U3NyYeHus:
1) mennoeoe u3sny4yeHue v 2) IIOMUHECUEHYUSI.

PaBHOBECHbIM COCTOSIHUEM CUCTEMbl TENO-U3MNyyeHue SIBNSEeTCS COCTOsIHWE,
npu KOTOPOM pacnpefeneHve 3Heprum Mexay TernoM W M3fyYeHMeM OcCTaeTcs
HEU3MEeHHbIM [ANs KaXaoW AOfMHbI BOMHbl. EOWHCTBEHHBIM BUAOM  M3Ny4veHus,
KOTOpOE MOXeT HaxXxOAUTbCA B pPaBHOBECUMM C U3NyyawowyMm TenoM, SBrseTcs
menogoe u3Jsly4eHue — cBeyeHve Ter, 06ycrnoBneHHoe HarpeBaHneM.

OnTuka
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33.MonsipusaumoHHble NPU3MbI U Nonsipouabl.

SABneHne [OBOMHOTO NydenpenoMneHust WCNomnb3yeTcs Mpu  U3roTOBIEHUM
nonsipu3ayuoHHbLIX NPUCMoco6breHull: NONAPN3aLNOHHbIX NPU3M W NONSAPOUAOB.
Hanpumep, B npusme Hwkéna — [BOMHOM npu3mMe M3 WCNAHACKOro Lunara,
ckneeHHon Bmonb AB  kaHagckum
6anb3amom (1 =1,55) — 0BbIKHOBEHHbIN

ny4 (n,=1,66) wucnbiTbIBaET rOMIHOE

ompaxeHue (Tak Kak KaHaackuin 6anb3am
ANs Hero cpepa OMTUYECKU MeHee
nnoTHas), a MIOCKONONSPN30BAHHLIN

HeobbikHo8eHHBIU Ny (n, =1,51) BbIXoAUT U3 Npu3Mbl. (OnNTUYeckas ocb NPU3MbI

OO’ cocTaBnisieT ¢ BXOAHOIA rpaHbio yron 48°).

[BosikonpenomMnsowme Kpuctannsl obnagalT CBOWCTBOM duxpou3sma —
pasnuyYHo20 Mo2/I0WeHUs ceema B 3aBUCUMOCTU OT OpWEHTaUMU SMeKTPUYECKOro
BEKTOpa CBETOBOW BOMHbL. JUXPOUYHblE Kpucmassbl UCMONb3YTCA  MNpu
Npoun3BOACTBE M0/IsIPOUA08 — TOHKUX NINACTUKOBbLIX NINEHOK, B KOTOPbIE BKPaNeHbl
KDUCTannkn BeLEeCTB C CUMbHO BbIPaXXeHHbIM OUXPOU3MOM (Hanpumep, repanartuT)
— Takume nneHkn yxe npu TonwmHe ~0,1MM ofHOCMBIO  oenouwaom
OObIKHOBEHHbIE Ny4n BUAMMOW 06GnacTu CrnekTpa, sBMsSsiCb B TAKOM TOHKOM croe
Cco8EpWEHHbIM OIAPU3amMopPoM.

34.UckyccTBeHHasi onTuYecKas aHM30TPOoNus.

B  onTuyeckm  M30TpPOMHbIX  BewecTBax  BO3MOXHO  MHAyLMpOBaTb
UCKYCCMBEHHYI0 onmuyYeckKyr aHuzomponuro nog BO3AENCTBUEM:
1) OOHOCTOPOHHErO CXaTuUA UNU PaCTSXEHWUs; 2) 3neKkTpuyeckoro nonsi (aghgpekm
Keppa); 3) wmarHuTHOro nons (agpgpekm Kommona-Mymmona). [lpu 3Tom
WHOYUMpOBaHHasA OMTMYeckas OCb COBMajaeT C HampasneHnem Aedopmauuu,
3MEeKTPUYECKOTO UMM MarHTHOTO MOMeW.

AdbekT Keppa — onTuuyeckass aHM30TPONWUsi BeLLECTB Mo4 AeUCTBUEM
AneKTpuyeckoro nond — obbsacHAeTcA paanquon nonapn3yemMocCTbio MOnekyn
+ BellecTBa MO pPasHbIM HamnpasreHWsIM.

Ecnn NPUNOXUTb Pa3HOCTb NMOTeHUmanoB

K svelike Keppa — «ioBeTe C

—» JICCMIeQYeMON  KMAKOCTbIO,  KoTopas
pasmeLleHa mexay CKpeLLeHHbIMM
nonspusatopom P 1 aHanusatopom A4, un
B KOTOPYld  MOMELLEeHbl  NMacTUHbI

KOHAeHcaTopa — TO XWOKOCTb CTaHOBUTCS ABOSIKONPENOMIAIOLWEN 1 CBET NPOXOAUT

yepe3s aHanusaTop. PasHocTb nokasaTenen nperoMreHnss OBLIKHOBEHHOMO U

P A

HeOBbIKHOBEHHOIO Iy4ei: ne—n0=BloE2, rae A, — ANVHa BOMHbI CBETa B

Bakyyme, E — HanpsbkeHHOCTb 3MeKTpuyeckoro nonsi, B — noctosiHHas Keppa,

KOTOpasi 3aBMCUT OT TeMNepaTyphbl, ANHbI BOMHbLI CBETa U NPUPOAbLI BELLECTBA.
Adbekt KotTOoHa-MyTTOHa — MarHuTHbIM aHanor addekta Keppa —

BO3HUKHOBEHUWE OMTUYECKOW aHU3OTPOMUM Y HEKOTOPbIX M3OTPOMHBLIX BELLECTB MNpu

2
noMeLwleHnn nx B CUNbHoOe BHeELLHee MarHUTHoe none. I'IpM 9TOM n, —ny = CAOH ,

roe H — BenuuvHa Hanpsa>XeHHOCTU BHeLWHero MarHUMTHoro nons, C —
NOCTOAHHaA KOTTOHa-MyTTOHa, KOTOpaaA 3aBUCUT OT TemMmnepaTypbl, ANMUHbI BOJHbI
cBeTa U npupoabl BellecTsa.

A.H.Orypuos. flekyuu no gusuke.
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1. MeTtop KOHra. CBeT OT ApKO OCBELLEHHOW Lenn

sl 8 S nagaer Ha gBe wemm S; n S,, vrpaowme pornb
sl - KOrepeHTHbIX MCTOYHUKOB. MIHTepdepeHLMoHHas kapTuHa
T 5, BC nabniogaetcs Ha akpaHe O.
2. 3epkana ®peHensi. CeeT OT MUCTOYHMKA S
€ nagaet pacxoasimmcs 3 3
My4kOM Ha [Ba MoOCKuUX
sepkana 4,0 n A,0, pacnonoxeHHbIX Nnog Manbim /’f"

yrnom ¢@. Ponb KOrepeHTHbIX WUCTOYHUKOB WUrparT

\
il
1A, {{{&}}‘“\\\\
MHUMblE S| M S, u306paxeHMs WUCTOuHWMKa S. L/ b= \\_‘\\\\\\\\\
MHTepdepeHunoHHass kapTuHa Habniopaetcss  Ha Vo 2“}:0/ S
aKkpaHe O, 3alMLLEHHOM OT MPAMOro nonagaHus  \ ,’/’:' 9\\'41
cBeTa 3acloHKon 3. A4
3. Bunpuama ®peHens. CeeT OT UCTOYHUKA S
npernomnsieTcss B Mnpusmax, B pesynbTate 4ero 3a
61NpU3MoN pacnpoCTPaHsTCsl CBETOBbLIE NyuyM, Kak
Obl UCXOAALLME U3 MHUMbIX KOT€PEHTHBIX MCTOYHWNKOB
Sins,.
4. 3epkano Jlnonpga.
TouyeuHblt  UCTOUHMK S §
HaxoauTcs GrnM3Ko K MOBEPXHOCTU nnockoro 3epkana M .
KorepeHTHbIMU MCTOYHMKAMM CryXKaT caM UCTOMHUK S U ero ot f
MHUMOE n3oBpaxeHue S, . s

11.PacyeT nHTepthepeHUMOHHOM KapTUHbI OT ABYX LUeJiei.

Oee wenn S; n S, HaxopsATCs Ha paccTosiHUM d Apyr OT Apyra W SIBNSoTCs
KOrepeHTHbIMM UCTOYHMKaMK. JkpaH O napanneneH

<]
LIersM N HaxOAMTCS OT HUX Ha paccTosiHum [ >>d .
WHTencusroCTe B mpou3sofeon  Touke A 5 4
onpedensieTcs pasHocTbio xoda A=s, —s,, rae . i I
52
S =P a(rd)2), 5P =P+ (-d)2), onyma d Nomte -
53 —sp =2xd wm A=s, -5, =2xd/(s, — s, ). s -

W3 [ >>d crepyert s, +5, =2/, noatomy A=xd/l.

max

MonoxeHne MakCMMyMOB: % =tmly = X, = imélo (m=0,1,2,..)

[onoxeHye MUHUMYMOB: % =t m +;)lo = X, =X m +% éxlo (m=0,1,..))

PacctosHne Ax wmexay [OBYMSi COCEOHUMM MakCUMymamu (MUHUMYyMamu)
Ha3bIBAeTCH WUPUHOU UHMePepeHYUOHHOU MOJIOChI:

!
Av=",
d 0

WHTepdepeHLUMOHHasa kapTuHa npeacraBnseT cobon yepegoBaHue Ha aKpaHe
CBETNbIX U TEMHbIX NOMOC, NapannenbHbIX APYr APYrY.

OnTuka
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12.Monocbl paBHOro HaKMoHa.

MycTb 13 Bo3ayxa (1, =1) Ha nnockonapannenbHy0 NPO3PaYHY0 NIACTUHKY C

nokasaterieM MperioMneHnst 1 W TOMWMHOW d nog YrmoM [ najaeT nrnockas
MOHOXpoMaTuyeckasi BofHa (puc. (a)). B Touke O nydy yactuyHo otpasutcs (1), a
YaCTUYHO NPENIOMUTCS, U MOCIe OTPaXEHUs] HAa HWXKHEN MOBEPXHOCTW NNacTWHbI B
Touke C BbAOET M3 NnacTuHbl B Touke B (2). Jlyun 1 M 2 KOTEpeHTHbl U
napannesnbHbl. C MOMOLLbI coBupatoLLeit NIMH3bI UX MOXHO CBECTU B Touke P.
HeobxoOQMMoO OTMETUTE BaXKHYH0 OCOOGEHHOCTb OTPaXKEHUsI ANEeKTPOMarHUTHbIX
BOJH (U, B YACTHOCTM, ONTUYECKMX NMyYelt) Npu NageHnn nx Ha rpaHuuy pasgena asyx
cpeq w3 cpedbl C MeHblUel [MINEeKTPUYECKON MPOHWMLAEMOCTbIO (a, 3HauYvT u
MEHbLUMM MOKa3aTenem MpernomieHns): npu ompaxeHuu ceema om 6onee
niomHol cpedbl (n, <n) ¢gpasa usmeHsiemcsi Ha T . VI3meHeHne asbl Ha T
pasHOCUNILHO Momepe MoJ/yeosiHbl MpUu ompaxeHuu. Takoe nosedeHVe
3MEeKTPOMarHUTHOWM BOIMNHbI Ha rpaHuLe ABYX cpep crnedyeT M3 rpaHUyHbIX YCIOBUNM,
KOTOPbIM  [JOJDKHbl  YOOBMETBOPATbL  TaHreHUManbHble KOMMOHEHTbl  BEKTOPOB
HanpsPKEHHOCTU  3NIEKTPUYECKOrO M MarHWTHOrO Mofsi Ha rpaHvue pasgena:
E,=E,,H,=H_.C yd4eTom 3T0r0, ONTH4eCKas pasHoOCTb xoaa:

A=n(OC + CB) - (04-"%).
Wcronbsys sini=nsinr (sakoH npenomnenns), OC=CB=d/cosr n
OA=O0Bsini =2dtgrsini, 3anuwem

A . in’ :
A-0= 2dn —2dntgrsinr =2dn I _sinr =2dncosr =2d\n* —sin*i
2 cosr cosr  cosr

T2°

B Touke P 6ynet uHmepghepeHUUOHHbIU MaKcuMyM, eCiv
. A A
2d~n* —sin? i +7° =2m70 (m=0,1,2,..)
B Touke P GyaeT uHmepghepeHyUOHHbIU MUHUMYM, ECIN

2d\n* —sin? i +% =(2m+1)% (m=0,1,2,...)

Takum o6pasom, Ans
AaHHbIX Ay d W n kaxgomy

HaKMoHy I Iy4yen COOTBET-
CTBYET CBOSl WHTepdepeH-
uMoHHas nomoca. WHTep-
hepeHUMNOHHbIE nomnocsl,
BO3HMKaloLWMe B pesynbTaTe
HanoxeHus nyyen, nagato-
WMX Ha nnockonapannenb-
HYI0 NNacTUHKY NoA OAuHa-
KOBbIMW YrniaMu, Ha3blBalOTCH Mos10caMu pagHO20 HaK/IoOHa.

WHTepdepuvpytowme nyun (Hanpumep, 1° n 1" Ha pwuc.(6)) napannenbHbl gpyr
Opyry, NO3TOMY rOBOPAT, YTO /10JI0ChbI Pa8HO20 HaKJIOHa JloKanu3oeaHbl 8 6ec-
KOHeyHocmu. [Ana ux HabniogeHus UCMonb3ylT cobupalolylo MMH3Y U 3KpaH.
PagnanbHas cvMMeTpusi NUH3bl MPUBOAMT K TOMY, YTO WHTEpepeHLMOHHas
KapTuHa Ha akpaHe OyaeT UMeTb BUA KOHLEHTPUYECKUX KOMew, C LLeHTpoM B chokyce
TINH3bI.

A.H.Orypuos. flekyuu no gusuke.
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31.MNonsipusaums cBeTa NpyU OTPAXKEHUN U NPENTIOMITIEHUN.

Ecnu ectecTBeHHbIV CBET NagaeT Ha rpaHvLy pasgena OByX OUSNEKTPUKOB, TO
OmpaxeHHbIU U NpessoMAeHHbIU Ny4n ABRASIOTCA YaCmuYHO Mosigpu308aHHbLIMU.

B oTpaxeHHOM nyye npeobnagatot konebaHua nepneHamKynspHble NocKoCTU
nageHusi, a B MPENoMIIEHHOM — konebaHus, nexalime B NIOCKOCTU NafeHns.

Ecnu yron nageHus paseH yesny Bprocmepa, KOTOpbIN onpeaenseTca COOTHO-
weHnem tgip =n,;, TO OTPAKEHHbIN My4 ABNAETCA [MJIOCKOMOJIAPU306aHHbIM.

I'IpenomneHHbm nyq B 3TOM CIly4yae MnonsipusyeTcs MakcuMasibHO HO He MOSTHOCTbHO.
Mpun 3TOM ompaXXeHHbIU u

npesioMneHHbIl  /1yyu  B3auMHO
\\<>// nepneHAVKYNSApHbI:
s1ni sini
B —p B =n, =

X 200
© cosiy sini,
COSiy =Sini, UM iy +1i, =7,
HO iy =iy, NOSTOMY iy + iy =70/2.
CteneHb nonspusaumm
OTPaXEHHOro U MPErioMIIEHHOTO CBETA MPU PasfUuHbLIX Yrnax nafeHus MOXHO

paccumTatb U3 ypaBHeHUW MakcBenna, ecnum yyecTb rPaHU4YHble YCMoBUS Ans
ANEeKTPOMAarHMTHOTrO MO Ha rpaHuLe pasaena AByX AnanekTpukos (Jleky.5, n.49).

| 1é
| ]

32.[0BoMHOE nyyenpesrioMmyeHue.

[JeoliHoe nyyenpenomneHue — 3TO CMNOCOOHOCTbL MPO3PaYHbLIX KPUCTanNIoB
(kpomMe OonTUYECKM W3OTPOMHbIX KPUCTaNMoOB KyOM4eckow cucTembl) pasgBavBaTb
Kaxabll Majalolwmnii  Ha HUX CBETOBOM MNy4yoK. JTO sABMeHWe OObACHseTCA
OCOBGEHHOCTAMM  pacnpocTpaHeHMsi CcBeTa B aHM30TPOMHbIX Cpedax W
HenocpeacTBEHHO BblTekaeT U3 ypaBHeHun Makceenna.
N Ecnu Ha kpuctann HanpaBuTb Y3KUMIW My4YOK CBETa, TO U3

% 3 1 KpucTanna BbIQyT ABa MPOCTPAHCTBEHHO pasfeneHHbIX
e

- fyya napanfenbHbiX ApYr Apyra W nagatoliemy nyuyy.
Odaxe B TOM crnyyae, Korga nyyok nagaeTt Ha Kpuctann
HOpMaribHO, NPENOMMEHHbIV NMyYOK pa3gensieTcs Ha aBa:
OOVMH M3 HWX $SBMSETCA MPOAOIMKEHWEM NEPBUYHOIO
(HasbiBaeTCcA  OObIKHOBEHHbIM (0)), a BTOpOM
OTKMOHSIeTCS (Ha3blBaeTCs HEOO6bIKHOBEHHbIM (€)).

HanpaBneHve B onmu4ecku aHU30MpPOMHOM Kpucmarsse, No KOTOpoMy yd
CBeTa pacnpocTpaHsAeTCsl, He UCMbITbIBasi ABOMHOMO NyyenpenoMneHus], HasbiBaeTcst
onmu4eckoli ocbilo Kpucmanna. [NnockocTb, Npoxodsias 4Yepe3 HanpasneHue
nyya cBeTa M ONTUYECKYID OCb KpucTanna HasbiBaeTCs 2/1agHOU IM/TI0CKOCMbHO
Kpucmanna.

O- U e-Nyuynm NIOCKOMOMSApPU3oBaHbl BO  B3aWMHO  NEPNeHANKYNAPHbIX
MMOCKOCTSIX: kKorebaHusi CBETOBOro BEKTOpa B 0-Ny4e NPOUCXOAAT NeprneHaVKynapHO
rmaBHOW MNOCKOCTM, B €-Nyye — B [MaBHOW MNIIOCKOCTU. 0-NyY pacrnpocTpaHseTcs no

BCEM HanpaBlieHNsIM KPUCTasnna C OfNHAKOBOI CKOPOCTLIO VU, =c/n, : nokasaTens

L -0~ 0

npenoMrnennsa n, Ana Hero ectb Besim4mMHa noctoAHHasn. e-nyy4n pacrnpocTpaHATCA
Nno pasnn4HbIM HanpasfieHUssM C pasHbIMM CKOpOCTAMU D, =C/I’le . NoKasaTtenb

npenoMrnenna n, HeOObIKHOBEHHOIO nyda dBndeTcAd nepemeHHoﬁ BENUYMHON,
3aBUCALLEN OT HanpasreHua ny4a.

OnTuka



6-22

npevmyLLeCTBEHHbIM HanpaBneHuem konebaHuii Bektopa E .

Mnockononspu3oeaHHbIli ceem — CBeT B KOTOPOM BekTop E konebnetcs
TONMbKO B OOHOW, MpOXoAsiluen 4epe3 nydy nnockoctu (puc. (8) Ha npeplaylien
cTpaHuue n puc. (a) n (6) Ha aTown).
Ota NMoOCKOCTb HasblBaeTCcs

A nsocKocmbio rnosspusayuu.
‘/A Ecnn koHupl Bektopa E cC
TeYeHWeM BpeMeHW OnuCbiBalT B
MMOCKOCTW, NEePneHANKYNSPHOW ny4y,
OKpYy>XHOCMb Unw annurnc (puc.(s)), To
CBET Ha3sblBAeTCA YUPKYSIPHO NN

a Vel ¢ 7 &

nnunmu4eckKu rnoJisspu3oeaHHbIM.

CreneHbto nonsipusaummn HasbiBaeTcs BenninHa P: | P — Lax = Lonin
roe I, v I, — COOTBETCTBEHHO, MaKCVMaribHasi U MUHUMaTTb- Lo+ Lin
Hasi MHTEHCMBHOCTM YaCTUYHO MOJISIPU3OBAHHOMO CBeTa. [1f1si eCTECTBEHHOMo CBeTa
1. =1, v P=0,anannockononsipuzosanHoro [, =0un P=1.

EcTecTBeHHbI CBET MOXHO npeobpa3oBaTb B MIOCKOMNONAPU3OBaHHbIN,
MCrnonb3ys Tak HasbiBaemble Mosisipu3amopsbl, nponyckawwmne konebaHua Tornbko
onpefeneHHoro HanpasneHus. B kayecTBe nonspu3aTopoB WCMOMb3YHOTCA CPeabl,

aHU30TPOMNHbIE B OTHOLLEHUN konebanuin E .

30.3akoH Mantoca.

MponycTUM eCTECTBEHHbI CBET C UHTEHCWUBHOCTBIO [, Yepes nonsipusatop 7.

KoneGanve amnnutyobl A, coBeplualowleecs B MMOCKOCTM, obGpasyowen ¢
Jcwacms  TUIOCKOCTBIO MONApU3aTopa yron (), MOXHO pasnoXuTb Ha ABa

IBITE oneBanma ¢ amniutypamn A, = Acos¢p wu A, = Asing.

MHTEHCMBHOCTD npoLueaLen BOJTHbI nponopuuoHansHa

2_ 42 2
A Aj;=A"cos”@. B ecTeCcTBEHHOM CBeTe BCe 3HaYeHus @

paBHOBEPOSITHLI, MO3TOMY [OMs CBeTa, npolweawero 4epes

nonsipusaTop, 6yaeT paBHa cpeaHEMY 3HAYEHMIO <cos2 §0> =, a

WHTEHCMBHOCTb MJIOCKONONApPU3OBaHHOINO cBeTa, npowejwero

1
Yyepes nep.bIi nonspusatop 1;: I, = %
Leem MocTtaBMM Ha nNyTM NMOCKOMOMSPU30BaAHHOIO

cBeTa BTOpoWn nonapusatop 7, (aHanusamop)
nog yrnom Y K nepeomy. WHTeHcuBHOCTb [

Iocoszw cBeTa, MpolUealero 4Yepes aHanusaTop,
MeHAEeTCA B 3aBMCUMOCTHN OT yrna l[/ No 3aKOHY

Mantoca:

Ly I=1,cos’y
CnepoBaTenbHO,  WHTEHCMBHOCTL  CBeTa,  MpOLIEAWEero  4epes  Aga
1 1
nonspusatopa: [ = Elem cos’y. OTkyna I = Elecm , KOraa nonspusaTopel

napannesnbHbl N Imin =0, Korga nonapu3atopbl CKpeLleHbl.

A.H.Orypuos. flekyuu no gusuke.
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13.Monockbl paBHOM TOJLUMUHbI.

MycTb Ha NpPO3payHyo MNACTUHKY repemMeHHOU MOouUHbl — KJIUH C MasbiM
yrnoMm O wmexgy OOKoBbIMW rpaHsAMWM — najaeT Niockas BOMHa B HanpabieHWn
napannenbHbix nyden 1 n 2. MIHTeHCUBHOCTb
MHTEP(EPEHLIMOHHON  KapTUHbI, opMupye-
MOV Jly4aMu, OTPaXEHHbIMU OT BEPXHEN U
HWKHEN MOBEPXHOCTEN KMMHA, 3aBUCUT OT
TOMNLWMHBI KNMHa B AaHHo Touke (d 1 d’ ans
nyyen 1 n 2 cooTBeTCTBEHHO). KorepeHTHble
napsl nyven (1" n 1", 2’ n 2") nepecekatorcs
B6MM3N NOBEPXHOCTU KnnHa (Toukn B n B')un
cobuMpatoTcs NIMH30M Ha akpaHe (B Toukax A u
A’). Takum 06pa3om, Ha aKpaHe BO3HUKAET
cucTtema MHTepdepeHLNOHHBIX NOMOC — MOJI0C PasHOU MOJIUWUHBI — Kaxaas 13
KOTOpbIX BO3HUKAET MPU OTPAKEHUN OT MECT MIAaCTUHKU, UMEIOLLMX OOUHAKOBYHO
TonwwmHy. Monock! pasHolU MoONWUHbLI JIOKanu3oeaHb! ebnu3u rnosepxHocmu
KJ1uHa (B NNOCKOCTWN, OTMEYEHHOWN NyHKTMpOM B™—B).

14.Konbua HbloTOHa.

Konbya HbromoHa, sBnsiolmMecs Knaccuyeckum
NPUMEPOM MOMOC PaBHO TOMWMHLI, HABROAATCH NpU R| \R
ompaxeHuu ceema om  6030yWHO20  3a30pa,
06pa3oBaHHOrO MnrockonapannenbHOW MracTUHKOW U
COMPUKACAIOWENCA C Hell MMOCKOBBLIMYKMOA NUH30W C 'L l l l ‘ &
GONbLUMM  PaJMyCoOM KPUBM3HBI. [lapannenbHbli My4qoK
cBETa NafaeT HOPMarmbHO Ha MIOCKYI0 MOBEPXHOCTh r

l
v

JNINH3bI. [Monocsl paBHOl7I TONWUHbI nverT BUA [
KOHLEHTPUYECKNX OKpYyXHoCcTen. C yyeTom d*> >0
R*=(R-d)*+r*=R*-2Rd+d*-r* = d=r*/2R

— d
]

A 2 A
B oTpaxeHHOM CBeTe onTuUYeckasi pasHOCTb Xofa: A=2d + 70 = 2;—R + 70
Paauychbl cBETMbIX Konell: r,=ym—-¥AR (m=1,2,3,..)
Paauycbl TEMHbIX KoneL: r,=+ymAR (m=0,1,2,.)

NHTepdepeHunio MOxHO HabniogaTb M1 B MPOXOAsiEM CBeTe, NpuyeM 8
npoxodsiweM ceeme MakCcUMyMbl UHMeEPePeHyUU coomeememeaylom MUHUMyMam
UHMepghepeHyUU 8 ompaxeHHOM ceeme u Haobopom.

15.MpoceeTneHne onTukm. Mpocsernatowuit

O6bekTBbI  onTMyeckux  npubopoB  coaepxart
Gonblloe KONMMYEeCTBO nuH3. [axe HesHauuTenbHoe
OTpaXXeHWe CcBeTa KaXOouW U3 MOBEPXHOCTEN NUH3
NpuBOAUT K TOMY, YTO UHMEHCUBHOCMb rpowedweao
nyyka ceema 3Ha4yumersbHO ymeHbwaemcsi. Kpome Toro, B
06beKTBax BO3HWKAIOT 6/IUKU U ¢hOH paccessHHO20 ceema,
4YTO CHwxKaeT 3ddeKTMBHOCTL onTuyeckmx cuctem. Ho,
€CNnn Ha rpaHuuax cpef co3gaTtb YCMoBUS, NPU KOTOPbIX
UHmMepghepeHyuss ompaxeHHbIx nydeld 1° n 2" daem MUHUMYM UHMEHcU8HOCMU
ompaxxeHHO020 cgema, TO NMPU 3TOM WHTEHCUBHOCTb CBETa, MpOLUeALlero 4vepes

OnTuka
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ONTMYECKYID CUCTEMY OyaeT MakcumarnbHa. JTOr0 MOXHO A0OMTbCS, Hanpumep,
HaHeCceHNeM Ha NOBEPXHOCTb NWH3 MOHKUX MIEHOK C MoKasaTenem npernomseHus

ny <n<ng, npudem n=./nyn, . B aTom cnyyae amnauTyabl KOrepeHTHbIX ny4ei 1’
1 2" ByoyT OAMHAKOBLI, @ YCIOBME MUHMMYMa A oTpaxeHHbIX nyden (i =0) Gyaer

2nd =(2m+ l)}% . NMpu m=0 onmuyeckas monwuHa nneHku nd
YOOBIIETBOPSIET YCIIOBUIO

nd = ﬁ

4
u npoucxodum 2aweHue ompaxeHHbix fyded. Ona kaxaow ONUHbBL BOJSHbI 2,0
formkHa 6biTb cBOSI TONWMHA nneHkn d . MocKombKy 3TOro A06UTLCA HEBO3MOXHO,
06bIYHO ONTWKY NPOCBETNSIOT ANS ANUHBLI BOSHbI % =550 HmMm, k KOTOpOI Hanbonee

YyBCTBUTESEH INa3 yenoBeka.
16.UHTepdepomeTpbI.

Mpy NNABHOM M3MEHEHUM PA3HOCTU XOAA UHTEPQEPMPYIOLLMX My4KoB Ha A, /2

UHTepEPEHLIMOHHAs KapTHAa CMECTUTCS HACTOMbKO, YTO Ha MECTe MaKCUMyMOB
OKaXYTCSl MWHUMYMbl. [lo3TOMy siBMEHWE WHTepdepeHLuUrM WCMonb3ylT B
uHmepghepomMempax AN W3MEPeHUs ANWHbl Tern, AOfIMHbI CBETOBOW BOJSIHbI,

M3MEHEHWS! ATMHbI TENA NPY M3MEHEHNW TEMMEPATYPbI, CPABHUMBIX C A,

B unmepgepomempe MalikesibcOHa MOHOXPOMATUYECKUIA fyY4 OT UCTOYHMKA
S pasgensietcst Ha nonynpo3padHoll nnacmurke P, Ha pBa
nyya 1’ n 2", koTopble, oTpasusLUMCL OT 3epkan M, n M,,
CHOBa C MOMOLLb0 F cBOAATCA B OOWH My4OK, B KOTOPOM
nyun 1' n 2" opMUpyrOT UHTEPdEPEHLIMOHHYIO KapTUHY.
KomneHcayuonHasi nnacmurka P, pa3mellaetca Ha nyTu
nyya 2, ytobbl OH Tak Xe, kak n ny4 1, aBaxagpl npoLuen
yepe3 nnacTuHKy. BosHukawwass wnHTepdepeHUMoHHasn
KapTMHa  4pe3Bbl4alHO  YyBCTBUTENbHa K  nNobomy

M3MEHEHWI0 PasHOCTW XOAa nyyen, (HanpuMep, K CMeLLEeHMIo
OJHOro 13 3epkan).
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3pecb 10 n I — VHTEHCMBHOCTU MIOCKOM MOHOXpOMaTVI‘-IeCKOVI BOJIHbI Ha
BXOAE W BbIXOAe Crnos Mnorfowawllero BelwecTtsa TOMNWMHOAW X, O —
Koaqbdauuueﬁm no2sIowWeHuUs1, 3aBNCALLMIA OT OJIMHbI BOSHbI CBETA, XUMWYECKOMN
npupoabl U COCTOAHUA BeuwlectBa U He 3aBUCALUMA OT MHTEHCMBHOCTU CBeTa.
YuncneHHoe 3HaveHune IToro KOSde)VILl,MeHTa O/ NoOKasblBaeT TOJIWKWHY Ccrnos X,
paBHYyO %1, nocrne NPoOxXoXaeHUs KOTOPOro MHTEHCUMBHOCTb MITIOCKOW BOMHbI NagaeTt

B €=2,72 pa3sa.
28.Bugbl CNeKTPOB NOrnoLeHus:

» JluHeliyambili ciekKmp Mo2s0W,eHuUs1 — XapakTepeH Ans 00HOamMOMHbIX 2a308
(unn napoB). OyeHb peskne W y3Kue NMUHUKM B TakuUX CreKTpax COOTBETCTBYIOT
YyacToTam COBCTBEHHbIX konebaHuii anekTpoHoB B aTtomMax. Ecnu nnoTHocTb rasa
yBenuyMBaTb, TO B3aMMOLENCTBME aTOMOB Mexay coboi NpUBOANT K YLUMPEHWIO
TNVHWIA NMOrNOLLEHNS.

» Crnekmp noenoweHuss 8 eude [oJIoC Mo2JIoOUWeHUsI — XapakTepeH nAns
noenoweHuss morneKkyn. Konebanusi atomoB (M BpalleHue rpynn aTomoB) B
MoreKynax npuBoanT K TOMY, YTO 06pa3yoTCsi LULMPOKME MOSIOChI NMOTTOLLEHUS.

» CnnowHol cnekmp rnoa2saoweHuss — xapaktepeH ansa xuodkocmel u meepobix
mes, B KOTOPbIX 0OOpasylTca KosnekmueHble 8036yx0eHuss (Hanpumep,
ANEeKTPOHbI NMPOBOAMMOCTM B MeTarnnax) KoTopble 06ycnaBnuBaloT MormnoLeHne
cBeTa B LUMPOKOM 06nacTu YacToT (4IMH BOSH).

a nA o Ha pucyHke nokasaHa TUMUYHAs 3aBUCMMOCTb
KoappuLMEHTA MOMMOWEHNS ¢ OT ANWHbI BOJIHbI
ceeTa A W 3aBMCUMOCTb MoKasaTens nperioMneHus 7
oT A B o6nactv nonocel MornoweHns. BHyTpu
noniockl nornolleHus HabniogaeTcss  aHomarnbHast
ancnepcus.

3aBMCUMOCTbIO KOdhMLMEHTa MOrMNOLEHNS OT
ONWHBI BOJTHbI ob6bsicHsETCS OKpaLLEHHOCTb
NOrmoLaLWnx Ten.

ﬂonﬂpusauu;l ceema.

HAugppakyus ceema

17.MNpuHumn MNonreHca-PpeHens.

JAudeppakyueli  HasbiBaeTcH oz2ubaHue eosiHamMu  npensimcmeud,
BCTpEYaloWMXca Ha ux nytm, wnm B Oonee LIMPOKOM cMbicne — Jio6oe
OMKJ/IOHEHUEe pacrnpocmpaHeHuss 8oJsIH 66nu3u rnpensmcmeuli om 3aKOHO8
2eomMempuyecKol onmuku.

Oundpakumio obbsacHAeT npuHUMn lMoreHca — MMEHHO BTOPMWYHbIE BOJHbI
ornbaloT NpPenaTCTBUA Ha NYTN PAacNpPOCTPaHEHUSI MEPBUYHBIX BOJTH.

PpeHenb GonosHU NpUHUMN [oreHca NpefacTaBneHneM O KO2epeHmHocmu
8MOPUYHbIX BOJIH U UX UHMepghepeHyuu.

CornacHo npuHyuny lotzeHca-PpeHess, ceemosasi 80siHa, 8030yxdaemasi
Kakum-u6o ucmoyHukoM S, Moxem 6bimb npedcmasrnieHa Kak pesynbmam
cyrneprno3uyuu  (CNOXeHWs1) KO2ePeHMHbIX 8MOPUYHBLIX  B0JH,  U3/lydaeMbixX

A.H.Orypuos. flekyuu no gusuke.

29.EcTeCcTBeHHbIN U NONSAPN30BaHHbIN CBeT.

Mpu gencTemy cBETa Ha BELLECTBO OCHOBHOE 3HauyeHUe UMeeT aMeKTpuyeckas
COCTaBMAOLLAA 3MEKTPOMArHUTHOrO MoJsi CBETOBOW BOSHbI, MOCKOMbKY MMEHHO OHa
OKasblBaeT OCHOBHOE [ENCTBME Ha I3MEKTPOHLI B atomax BelyecTsa.

a MoaToMy, [Ans oOnucaHus 3aKkoHOMepHOCTel nonspusauum Gyaem
paccMaTtpuBaTb TOSIbKO Ceemoeoli 6eKmMop — BEKTOP HamnpshKeHHOCTM

E anekTtpuyeckoro nonsi.
6 CseT npeactaBnsieT coboii  CyMMapHOe — 3neKTpOMarHUTHOeE
U3ry4YyeHne MHOXEeCTBa He3aBMCUMO W3ryyaloLlyx atomoB. [oaTomy Bce

opvieHTaumu BekTopa E 6yayT paBHOBEpOSiTHbI. Takoi CBET HasblBaeTcs
ecmecmeeHHbIM (puc. (a)).

o lMonsipuzogaHHbLIM Cce8emoOM Ha3blBaeTCs CBET, B KOTOPOM
HanpaBneHuss  konebaHus Bektopa E  kakum-nubo  oGpasom
ynopsiAoYeHbI.

YacmuyHo nonsipu3oeaHHbIl ceem (puc. (6)) — cBeT C
OnTtuka
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nyex
n?=1+-02
& E

MycTb BHelwHee none £ un3MeHseTCA MO  2aPMOHUYECKOMY 3aKOHY:

E =E,coswt. Torga ypaBHeHVe BbIHYXAEHHbIX konebaHuin anekTpoHa (6e3 yyema

cunbl conpomusneHusi, obycnasnuearowel noznoweHue 3SHepeuu nadarowel
80JIHbI):

. 1 e
¥ +wgx=—F,cosot=—E, cosot,
m m

roe F, = eE,— amnnuTyaHoe 3HaYeHWe Cunbl, AEUCTBYIOLLEN Ha SMEKTPOH CO

CTOPOHbI MONsi BOMHbI, ()— COGCTBEHHas 4YacToTa konebaHWid anekTpoHa, m—
Macca areKTpoHa.
ek,

PelueHne aToro ypaBHeHus: x = Acos@t, roe A= 3
m(w; — o

5 - [oaTomy:

2
noe 1
n® =1+ PPN
Egm (05 — )
MMonyyeHHasi 3asucumocmb ebipaxaem sieneHue dAucnepcuu:. n=n(w).

lpacuk 3TON 3aBMCMMOCTM NpuBedeH Ha pucyHke. Paspeie n BO6MMan @,
obycrnoBfieH TeMm, YTO He Y4YTeHbl Cumbl
COMNpPOTUBIEHNA cpebl (nornowexve
3MEKTPOMAarHUTHbIX BOMH Cpeaow).

Ecnun yyecTb normoweHve, To B obnactu
@, 3aBMCUMOCTb 1(() 3aJaeTcs MyHKTUPHOW

nuHvein AB — 3To o6nacmb aHoOManbHOU
ducnepcuu (n ybblIBaeT C poOCTOM ).
OcTanbHble y4yacTKM ONMUCLIBAOT HOPMasbHYH
© @  Jucnepcuro (n pacteT C pocToM @ ).

B 06Ll.l,eM cny4ae, ecnm B BELECTBE WMEITCA pasnundHbie 3apdafbl €; C

mMmaccamu  m., coBepLwlawlmne BblHY>XOEHHbIe konebaHua ¢ pa3nn4HbIMn

1
COGCTBEHHBLIMY YacToTamn @, , To
2 n e 1
& T'm; (wy; — %)

v kpuBas n((®) uMeeT 0COBEHHOCTH BONN3N Kaxaoi COGCTBEHHON YacTOTbl (), .

27.NornoueHune (abcopbums) cBeTa.

MoanoweHuem (abcopbuyuell) ceema Ha3bIBAETCA SBMIEHUE YMEHbWEHUS
SHepauu ceemoegoll 80MHbI NMPU €e pacnpocTpaHeHWW B BELLECTBE BCIeACTBME
npeobpa3oBaHUs 3HEPrUM BOSMHbLI B ApYyrne BuAbl 3HEPTUM (BHYTPEHHIOK 3HEPTUO
BELLEeCTBa, 3HEPruio BTOPUYHOMO W3MyYeHUs B APYrMX HanpaBReHUsX U Apyroro
cnekTpanbHOro cocraea u ap.).

B pesynbTtate nNOrmnoLieHns MHTEHCMBHOCTb CBEeTa NpWU MpPOXOXAEeHUU Yepes
BELLEeCTBO YMeHbLUAeTCs:

I=1,exp(—ox) — 3akoH Byrepa
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8MOPUYHBIMU (PUKTUBHBIMU) UCMOYHUKaMU — GECKOHEYHO MasbiMWU 3fIEMEHTaMK
oGO 3aMKHYTOM NOBEPXHOCTU, OXBATbIBAIOLLEH UCTOUHUK S .

18.30HbI PpeHens.

PaccmoTpum B npousBonbHoi Touke M amMnnuTygy CBETOBOW  BOfHbI,
pacnpocTpaHsioLencs B OQHOPOAHO Cpefe U3 ToYeYHOro ucTodHuka S . CornacHo
npuHumny TiolireHca-dpeHensa, 3aMeHUM [OeUCTBUME WCTOYHMKa S aeicTBuem
BOOOpaXkaeMbIX WMCTOYHMKOB, PACMOSMOXEHHbLIX HA BCMOMOraTternlbHOM MOBEPXHOCTU
@, sBnsiowencs NoOBEPXHOCTbIO (PpPOHTa BOSHbI, Maywen u3 S (NoBepxHOCTb
cthepbl ¢ ueHTpoM S'). PazobbeM BonHoBYyo noBepxHocTe ® Ha KorbLeBble 30HbI
TaKoro pasmepa, 4tobbl pPacCTosHUS OT kpaes 30Hbl 40 M oTnudanvcs Ha  A/2.

Torga, 0603HauMB amMnnnTyabl konebaHuii ot 1-in, 2-, ... M- 30H Yepes 4,, 4,, ...
A, (npn atom A > A, > A;>...), nony4um amnnuTyay pesynbTUpyloLLero

konebamus: A=A —A, + A, — A, +...
Mpn  Takom pa3buneHun

P b3k BOITHOBOW MOBEPXHOCTM Ha
X 2 b+2% N 30HbI  OKasblBaeTcs, 4To
Z
] \ b+d
?; 2 2 amnnuTyga Kczneﬁatlmn A,
s agl' b == M OT HEKOTOpOM m-N  30HbI
1 % R dpeHens paBHa cpeaHemy
v 2/ apndMeTNIECKOMY ot
?4 amMnuTya npuUMbIKaoLWMX K
y Hew 30H
®
A = Am—l + Am+l
()
Toraa pesynbTvpyloLlas amnnutyaa B Todke M 6yaeT
A A A A A A A A
A= D+ B [ B+ S e =Dt - )=2L
2 2 2 2 2 2 2 m>> 2
mabA

TK npu m>>1 A4, >> A4, . Mnowaan Bcex 30H OpeHens paBHbl O = b’
a+

rae a — AanvHa otpeska SP, — papuyc cdepbl @, b — anvHa otpeska FPyM .

ab
Pagnyc BHelwHel rpaHuubl  m-i 30HbI _®PpeHena r, = bm/l. Mpn
a+

a=b=10cm n A =5001m paguyc nepson 3ombl 1 = 0,158 Mm. CneposatenbHo,

pacnpocTpaHeHue ceBeta oT S Kk M npoucxoauT Tak, OyaTo CBETOBOW MOTOK

pacnpocTpaHsaeTcs BHYTPU 0YeHb Y3KOro kaHana Baonb SM , T.e. NpsAMONMHEIHO.
Takum obpasom, npuHuyun lolizeHca-PpeHensi no3eosisiem 06bsICHUMb

npsimonuHeliHoe pacrnpocmpaHeHue ceema 8 00HOPOOHOLI cpede.

19. Audbpakumsa B cxogsawmxcs nyyax (Audpakumsa OpeHens).

Oudpakuust B cxopawmxest nyyvax (audpakuusi dpexHenst) — a10 audpakums
cdepuyeckmx BOJH, OCyllecTBfsiemMas B TOM cryyae, korga AudpakumoHHas
KapTuHa HabniogaeTcsa Ha KOHEYHOM pacCTOsiHUKM OT MpPEensiTCTBUS, Bbl3BaBLUErO
andppakumio.

A.H.Orypuos. flekyuu no gusuke.
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Oudpakuma Ha kpyrnom otBepctun. Cdpepudeckass BOMHa, pacnpocrtpa-

v S HAOLLASACA U3 TOYEYHOro UCTOYHMKA S, BCTpeYaeT Ha CBOeM
nyTM 9KpaH C KpyrnbiM oTBepcTvem. Bug audpakumoHHom
KapTWHbI 3aBUCUT OT Yucra 30H PpeHens, yKnaablBaroLmMxca

A=A,/2+ A4,/2, roe sHak "nmoc” Ans cnyyas, Koraa
53  OTBEPCTME OTKPLIBAET HEYEMHOe YMCIO M 30H PpeHens, a
b+ 3nak "MUHYC" — Ana yemHo20 M.

b 2 OundppakumoHHas KapTvHa  Oyger  umMeTb BUA
b+3 YepeayLMXCA TEMHBIX 1 CBETbIX Korew, C LeHTPOM B TOYKe
B (ecnmm m — uJeTHoe, TO LUeHTpanbHoe KomnbLo Oynet

B 3 TEeMHbIM, ECNN M He4yeTHoe, TO — CBEeTIIbIM).

Ondpakuma Ha agucke. Cdpepuueckas BoOnHa, S
pacnpoCTpaHsLLasacs OT TOYEYHOro WCToYHMKa S, *
BCTpPEYaeT Ha cBoeMm nyTu auck. Ecnu auck 3akpbiBaeT
nepeble m 30H ®PpeHensa, To amnnuTyga konebaHus B
Toyke B akpaHa J:

A:Am+l _Am+2 +Am+3 T =
=t g (ootf — A+ )=
= Am+1/2 b b+L
Takum obpasom, B Touke B gcezada Habrirodaemcs | 2
, scecoa | A
UHMepPEEepPEeHYUOHHbIU  Makcumym  (CBETNOe  MATHO), b2k | b+3§
COOTBETCTBYIOLLMIA MONOBUHE OEVWCTBUS 11ep8oll OTKPbITON 2 [
30Hbl ®peHens. LleHTpanbHbIA  MakCUMyM  OKpPYXKEH
KOHUEHTPUYECKUMA C  HMM TEMHbBIMU W CBETMbIMU 3
KornbLamu. B

20.Andbpakumsa B napannenbHbIX nyyax (Audpakuma OpayHrodepa).

Ondpakuma ®dpayHrocepa HabnogaeTca B TOM cryyae, Korga MCTOYHUK

cBeTa U To4ka HabnogeHus 6eckoHeYHO yaaneHbl OT NPensTCTBUS, Bbi3blBAOLLErO
andpakumio.  MapannenbHbln  Ny4YoK  nyyewn

a) I | l 0o6bl4HO  co3halT,  MoMelas  TOYeYHbIN
UCTOYHMK cBeTa B dokyce cobupatoLlen
M NVH3bl. JndpakumoHHy0 KapTUHY C NOMOLLbIO
F BTOpOW cobupatoliein NnH3bl, YyCTaHOBMEHHOM
) 3a NpensATCcTBUEM, (POKYCUPYIOT Ha 3KpaH.

PaccmoTtpum andpakumuto dpayHrodepa
/ MMAOCKOW  MOHOXPOMAaTMYECKOW  BOMHbI  Ha
< D > OAHON 6eCcKoHeYHO ANMHHOW Lenu LIMPUHON
a=MN . OnTuyeckass pasHOCTb Xoda Mexay

kparHumu nyyamu MC n ND (cM. pUcyHoK):

X d A= NF =asing@

6) I} Pa3obbeM OTKPbLITYO 4YacTb BOJTHOBOW
1.0 nosepxHoctu MN Ha 30Hbl PpeHens,
napannensHole pebpy M wenu. WwupuHa
0,047 0017 KaXgon 30Hbl  BblbMpaeTcss  TaK, u4TOObI
pa3HOCTb XoAa OT KpaeB 3TuX 30H Obina paBHa
-sin @ —2%‘ -% 0 *—} +2% sing ),/2, No3TOMy Ha LUMPUHE LENN yMecTUTCs

| B oTBEpCTMW. AMNIUTYAa cBeTa B Touke B akpaHa O Gypet

A.H.Orypuos. flekyuu no gusuke.
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dn
n A ANVHbI BOSHbI: E <0 (cm. pucyHok). Takasi aucnepcus

HasblBaeTcs HopmMmasibHol (Unu  oTpuuaTesnbHORN).
BOnM3M nuWHWIA M NONOC CUNBHOIO MOIMOLWEHUST XO4

kpusoit n(A) — kpueoli ducnepcuu — oBpPaTHBLIN:
dn y
——> 0. Takas gucnepcus Ha3biBaeTc aHOMasIbHOU.
0 L . ) ’ Tn dA
200 600 Anm Ha sBneHum HOpMaIbHOW  OUCNEPCUM  OCHOBAHO
OENCTBNE MPU3MEHHbIX cnekmpozpaghos. Yron
OTKMOHEHUs Nyyen NpU3Mon 3asu- A My Benvzo oBema
CUT OT MoKasaTens NPenoMneHus,
KOTOpbIN B CBOIO 0Yepedb, 3aBUCUT HpacHsiE
OT ANWHbl  BOMHblL.  [loaTomy Ay tpacnoeo eboma H;Hﬁ/”b’ﬁbli
npuama pasnaraet 6enbii CBeT B § - . - m/lmmg
CMNEKTP, OMKJIOHSISI KpacHble J1ydu ”!%% a 55/’6’/’;5’/”
(onuHa BOnHLI Gonblue) crabee, gy Z%IZM
4yem cpuosiemosbie (LNIMHA BOJHbI & p—
MEHbLLE).

26. OneKTpOHHasA Teopu1s OUCNEePCUn.

OnekmpoHHasi meopusi ducnepcuu JlopeHya paccmaTpuBaeT AWUCTEPCUIO
cBeTa Kak pesynbTaT B3avMOAENCTBUS 3NEKTPOMAarHUTHbIX BOSH C 3apsiKeHHbIMU
YyacTuuamu, BXOASALWMMK B COCTaB BeLleCTBA M COBEPLUAILWMMU BbIHYXAEHHbIe
kone6aHvsa B NnepeMeHHOM 3MEKTPOMAarHUTHOM Mose BOSTHbI.

AbconomHbili  nokazamersb  NpesioMneHuss cpedbl n=.EU, roe &E—

ONaneKkTpuyeckasi NpoHMUaemMocTb cpefbl, [ — MarHuMTHas NpPOHULAEMOCTb. B

onTuyeckon obnacTtu CrekTpa ans Bcex Bewects U = 1, no3ToMy n=+/¢€ .

CornacHo Teopwuu JlopeHua, ducrnepcusi ceema — criedcmeue 3agucumMocmu €
om Yacmoma! (OnUHbI 80J1HbI) c8emoebix 80s1H. o onpegeneHuio

e=1+;(=1+i

&E
rae Y — [OuanekTpuyeckast BOCMPUMMHYMBOCTb Cpenbl, 80 — Q3neKTpuyeckada
NOCTOAHHaA, P n E — MrHoBeHHble 3HauyeHue nonAapmn3oBaHHOCTN U

HanpsKEHHOCTW BHELLHEro 3MeKTpUYecKoro nossi.
B ontunyeckon obnactu cnektpa 4yacTtoTa KonebGaHwui 3neKkTpUyeckoro norns

CBETOBOW BOMHbI BbICOKA (Vz10]3ru), NosTOMY OpUEHTaUMOHHasi Nonsipusaums
OVSNEKTPUKOB  HECYLUEeCTBEHHa, W [NaBHYl pofb  WUrpaeT  3/IeKMPOHHas!
(GegpopmayuoHHasi) nonsipudayusi — BbIHYXKOEHHbIE KonebaHusi 3MeKTPOHOB nog
OEenCTBUEM ANEKTPUYECKON COCTaBNSAOLLEN NOMNs CBETOBOW BOJIHbI.

MycTb BbIHYXAEHHbIE KonebaHusi coBepluaeT TOMbKO OAMH BHELWHMIA, cnabo
CBA3aHHbI C SAPOM aTOMa, SMEKTPOH — ONTUYECKUA aNekTpoH. Ero HaBeaeHHbIV
AVMONbHBLIN MOMEHT: p = ex, rAe e— 3apsf 3N1eKTPoHa, X — CMeLleHne 3neKTpoHa

nog OeNCTBMEM SMEKTPUYECKOTO NOSsi CBETOBOMW BOJIHbI.
MrHoBeHHOe 3HayeHue nonapn3oBaHHOCTU: P= ngp =ngex, rne ny—
KOHUEHTpauna atoMoB B ON3NEKTPUKe. Otciopa:

OnTuka
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e A, m A, . Ecrv kputepuin Paniest HapyLueH, To HaBioaaeTcst oaHa nuHus (pyc.
(6)).

Paspewaroujeli crnoco6HOCMbIO crniekmpansHo20 npubopa HasbiBaloT

A y
6e3pasMepHyto BennunHy R =-— rae OA— abCconoTHOe 3HaYeHne MUHUMAMbLHON

oA
pa3HOCTM ANUH BOMH ABYX COCEAHMX CMEKTPasibHbIX JIMHUIA, MPU KOTOPOW 3TW NUHWUK
PEerycTpMpyIoTCa pasaerbHo.

24.Pa3pewiarowas cnoco6HocTb AndpakLUMOHHOW PELUETKN.

MycTb MakcuMym mi-ro nopsigka Ansi AnvHbel BonHbl A, Habriopaetcs nog
yrom Q.. (dsin@,,. =ml,). B Tom xe nopsake Grvmxanumii ANGPaKLMOHHBIN
MUHAMYM Anst BOMHbI A, Haxogutes nog yrom @, (dsing,,, =mA, + A, /N). Mo

ys A
kputepuio Panest @, = @,..., otkyaa mA, =mA, + - um A=A, — A =1,
N mN
A
R()u(j).pem. = a =mN

Takum 06pa3om, paspewarousasi cnocobHocmb AughpakyUoOHHOU pewemku

rporopyuoHanbHa Nopsaaky cnektpa m v uucny N wenen.

B3aumodelicmeue AJIeKmpomMacHUMHbIX 80JIH C selW,ecmaeomM

25.Ancnepcusa cBeTa.

Hucnepcueli ceema Ha3sbisaemcs 3a8UCUMOCMb OKa3amesisi peoMieHust
n om yacmomsbl V (ONWHbI BOMHLI A ) ceéema (Mnn 3aBUCMMOCTb (ha30BOW CKOPOCTU
U CBETOBbIX BOJSIH OT €ro YacToThbl V).

CnepcTBueM gucnepcun sIBMsSieTCA pasnoxeHue B CNEKTp nyyka 6enoro ceeta
npu npoxoxaeHun ero 4yepes npusmy. Jucnepcusi nposiensiemcsi nuwb npu
pacnpocmpaHeHUU HEMOHOXPOMamu4ecKUX 80JIH.

PaccmoTtpum gucnepcuio cBeta B npusme.
MycTb MOHOXpOMAaTWYECKUA fyd Mof YrioMm
nagaeT Ha Npu3My C nokasaTenem NpenomneHus
n u npenomnsiowmm yrmom  A. [locne
[ABYKPaTHOTrO MpenoMneHus Ha NeBoW U npaBon
rpaHsix NpU3ambl fy4 OTKMOHSIETCS Ha yron (.

o=, -y)+(,-7,)=0,+0,—A4
Ecrm yrmbl A v o (a 3HauT u ,, ¥, U ¥,) Manel, TO a_n " hzl

Y, 1 o n
Mockonbky ¥, +7, =4, 10 0, =Y,n=n(A—y,)=n(4d -, /n)=nd—qa,, otkyaa
o, +0o,=nA. Mostomy @=A(n—1) — yron OTKIOHEHWUS fNydyei NMPU3MON TeM
fonblue, Yem BornbLle NPENOMASIOLMIA Yron NPU3MbI.

dn .
BenununHa D:ﬁ HasbiBaeTcs ducnepcuell eeujecmea. [ns Bcex

npo3payHbIX BeLeCTB MnoKadaTeslb npesioMneHna ymMmeHbllaeTca C yBellM4YeHUeMm

A.H.Orypuos. flekyuu no gusuke.
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A:A/2 30H.

Bce Touku BONMHOBOrO opoHTa B NIIOCKOCTU LLENM MUMET OMHAKOBYO a3y U
amnnutyay konebaHuii. oaToMy cymmapHash MHTEHCUBHOCTb KonebaHuii oT AByX
nobbix coceHnx 3oH PpeHens pasHa Hyno. CnegoBaTenbHoO:

1) ecnu Yncno 30H PpeHens YeTHoe, TO:

asin(p:iZm% (m=123,..))

— ycnoeue AughpaKyuoHHO20 MUHUMYMa (NofHasi TEeMHOTa)

. A
2) ecnv Yncno 30H PpeHens HeYeTHoe, TO  asing ==+(2m + 1)5 (m=123,..)

— ycnoeue AughpakKyuoHHO20 MaKCuUMyMa,
COOTBETCTBYIOLLErO AENCTBUIO OAHOW HEKOMMEHCUPOBAHHOM 30HbI DpeHens.

B HanpaBnenun ¢ =0 wenb AeiicTBYeT kak ogHa 3oHa ®peHens U B 3TOM
HanpaBneHnM CBEeT pacnpocTpaHseTcss C Haubonblled WHTEHCUBHOCTbIO —
yeHmpanbHbIl QugpaKyUuOHHbIU MaKCUMYM.

HanpaBneHnusi, B KOTOPbIX aMnnnTyaga MakcMMaribHa Unv paBHa Hyro:
Cm+1HA . _4 mA
20 TR

PacnpeneneHne WHTEHCMBHOCTM Ha 9KpaHe, Mofy4yaemoe BCreacTBue
andpakumm, HasbiBaeTcs ugbpakKyUOHHbLIM crieKmpoM (pucyHok (6)).

WHTEHCMBHOCTM B LIEHTparibHOM W MOCNeAyoWmMX MakCMMyMax OTHOCATCA Kak
1:0,047:0,017:0,0083:..., T.e. oOCHOBHas 4acTb CBETOBOM  3HEPruu
COCPeAoTOYEHa B LEHTPaNbHOM MaKCMMyMe.

MonoxeHne AMPPAaKLUMOHHBIX MakcuMymos 3aeucut oT A. Mpu ocseleHun
wenn 6GenbiM CBETOM, LEHTpanbHbIi Makcumym Habniogaetca B Buge Oenon
nonocku (npu @ =0 pasHOCTb Xofa paBHa Hymio Ans Bcex A) — OH 0B Ans

BCEX ANWH BOSH. b0Ko8bie MakcuMyMbl padyXHO OKpawieHbl_huonemosbiM Kpaem K
ueHmpy oughpakyuoHHOU KapmuHbl (MOCKOMNbKY /l( <A ).

uon KpacH

s (pmax = i

21. Ondpakumsa PpayHrodepa Ha AndpPaKLMOHHOMN peLueTke.

OOdHoMepHas dughpaKyuoHHas pewemka — cucTema napannesnbHbiX Wwenem
paBHOW LUMPUWHbI, NeXawmx B OAHOW MNMOCKOCTU W pa3geneHHbIX paBHbIMU MO
LUMPUHE HEMPO3paYHbIMU NPOMEXYTKaMMU.

PacnpegeneHme WHTEHCMBHOCTM B AMAPaKUMOHHOM CreKTpe Kaxaon Lenwu
onpepensieTca HarpasneHueMm gudparMpoBaHHbIX fydyen U ANdPaKUUOHHbIE
KapTWHbI, CO34aBaemMble Kaxaow Luenbto OyayT oOuHakoebiMu.

CymmapHasi audpakumoHHasi KapTuHa ecTb
L

pesynbTaTt B3aWMHOWM MHTEP(EPEHLI BOMH, UAYLLMX
M N _C D

OT Bcex Lenen — B _ANGPaKLUMOHHON peLleTke
OCYLLECTBNSETCA MHOrony4yeBas MHTepdepeHums
KOrepeHTHbIX _ AndparnpoBaHHbIX _MY4YKOB CBETA,
MAYLINX OT BCEX LUENEN. (4 £

o =q
Ecnm a— wupunHa Kaxgon wenu; b— wupuHa 'W_b
Henpo3payHbIX Y4acTKOB Mexay Luensmu, TO -
BennunHa d=a+b HasbiBaeTcA MOCMOSIHHOU
(nepuodom) AughpakyuoHHOU pewemku.
1 rae N, — wuvcno uweneit, npuxops-
d=—
Leecs Ha eAnMHULY OTWHbI.
N, 8 3
OnTtuka
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PasHoctu xoma A nyuyei, Moywmx OT [ABYX COCeAHUX Luenew, 6yayt ans

[i@aHHOro HanpasfeHnsa () OAUHAaKOBbI B Npeaenax Bcen AMdpakLuMoHHON peLleTKu:
A=CF =(a+b)sinp=dsing.

OueBnAHO, YTO B TEX HaNPaBreHNsIX, B KOTOPbIX HU OAHO W3 LLenel He pacnpo-
CTpaHseT CBET, OH He OyaeT pacnpoCTPaHATLCH M NPU OBYX LUENsX, T.e. MpexHue
(2nasHble) MUHUMYMbI WHTEHCMBHOCTM OyayT HabniogatbCa B HanpaBneHusax
asinp=xmA (m=1,2,3,...). Kpome Toro, BCreacTBME B3aUMHON MHTEpdEpeH-
LMK, B HanpaeneHusix, onpepensiemMbix ycriosem dsin@ =+(2m+1)%; cesetosble
ny4m, nocbinaemMble ABYMsi COCeOHUMM Liensamu, 6yayT racutb Opyr Apyra — e03-
HUKHym donoJsiHumesnibHble MUHUMyMbi. Hao60poT, gevicTBue ogHon wenm bynet
ycunusatb feiicTeue apyron, ecru dsing =2m%, (m=1,2,3,...) — ycnoeue
211asHbIX MaKCUMYyMO8.

B o6uiem cnyyae, ecnu andpakuMoHHas pelleTka coctout n3 N Lenen, To:

. ycnogue a2naeHbix Mmakcumymos: dsing =tmA (m=1,2,3,...)
. ycriogue a2naeHbix MuHumymoe: asing =tmA (m=1,2,3,...)
o Mexdy [BYMS [NaBHbIMM _Makcumymamu — pacrnonaraetcss N —1

OONOMHUTENbHBIX  MUHUMYMO8, pa3feneHHbIX BTOPUMYHBIMU  MakCUMymamu,
cosgarowmmm  cnaboii  oH. Ycsoeue OonosiHUMesIbHbIX MUHUMYMOS:

dsing =im'l/N, (rne m’ MOXeT NPUHUMATBL BCE LIENIOYUCTIEHHBIE 3HAYEHNS,
kpome 0, N, 2N, ... Npn KOTOPbIX AaHHOE YyCNoBue NepexoauT B YCrioBME MaBHbIX

MaKkcMMyMOB).
Amnnumyda anagHo20 MakKcuMyma eCTb CyMMa aMmnnuTyd konebaHuii ot

kaxgon wenm A, .. = NA,. MNoaToMy, UHMeHcUBHOCMbL 2/1a8H020 MaKCuMyMa B
N? pa3 GOmnblue MHTEHCMBHOCTW [, CO3aBAEMOil OfHOI LENbio B HanpaBreHun

rnasHoro Makcumyma: 1. = N’1,.

max

Hanpumep, Ha pucyHke
npegctaeneHa an-
hbpakumMoHHas  KapTuHa
ana N =4 . MNyHkTupHas

KpuBas nsobpaxaet
/| WHTEHCUBHOCTb oT
l Lol Ammaal. "z- - OLHOW LUenn, YMHOXEH-
pA _sA _gA A oA _A 0 A o4 24 44 sin
6‘4, i‘ﬁ' 4&2’ Jd Zd a d Ztl Ja, 47 j; 6‘? v HYI0 Ha NZ.

MonoxeHue anaeHbIX MaKCUMyMO8 3aBMCWT OT ANWHbLI BOMHLI A, No3Tomy

npu nponyckaHnn uYepes pelleTky 6Oenoro ceBeTta BCe MakCMMyMbl, Kpome

m= -2 -1 0 +1 42 ueHTpanbHoro (m=0), pasnoxarcs B

ICWlw 0 IIw 1 CnekTp, wuonetosass o06nacTtb KOTOPOro

ueem Kk ¢k ¢ 6 h K Kk 6yaeT obpalleHa K LEeHTpY AndpakumoHHON

KapTuHbl, KpacHas — Hapyxy. [loatomy

OndpakUMoHHas peLleTka MOXeT GbiTb 1CNonb3oBaHa Kak crnekmpanbHbil npubop

Or1s1 pasrioXeHusi ceema 8 criekmp U usamepeHust OriUH 80JH.

Yucno rnaBHbIX MaKCUMYMOB, laBaeMoe ANPaKLNOHHOW peLLEeTKON:

m<— (nockonbky ‘sin(p‘ <1).

A.H.Orypuos. flekyuu no gusuke.
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22. ndpakumsa Ha NPOCTPAHCTBEHHOMN pelueTkKe.

Oundpakums ceeta Habnopaetcas Ha OOHOMEPHbLIX peuwlemkax (cuctema
napannenbHbIX LWTPUXOB), Ha OBYMEPHbIX pewemkax (WTPUXM HaHEeCeHbl BO
B3aMMHO NeprneHAVKYNSIPHbIX HanpaBrieHWUsIX B OOHOW W TOW >Xe MNIOCKOCTU) U Ha
npocmpaHcmeeHHbIX (MmpexmMepHbIXx) pewemkax — MPOCTPAHCTBEHHbIX
06pas3oBaHusIX, B KOTOPbIX 3NEMEHTbI CTPYKTYpbl MoAoGHbI Mo copme, MMELT
reoMeTpuyecku npaBWnbHOE U MEPUOAMYECKM MOBTOPSIIOLLEECS pacnornoxeHue, a
Takke TMOCTOSHHblE (Nepuodbl) pPeELUeTOK, COU3MEpPUMMbIE C ANWMHOW  BOMHbI
3MNEeKTPOMarHUTHOrO U3NyyYeHus.

Kpucrannsl, sBnssicb TPEXMEPHBIMI MPOCTPAHCTBEHHLIMM obpasoBaHusIMK C
MOCTOSIHHON pelueTkn nopsiaka 107'°M, MoryT 6biTb UCMONBb30BaHLI AN HAGMIOAEHMS!

AnbpaKUMN PEHTIEHOBCKOTO MUanydeHus (A = 10712 = ]0_8M) .

MpenctaBum kpuctann B Buae napannesnbHbiX  KpucTannorpaduyeckmnx
MNOCKOCTEN, OTCTOSILUMX APYr OT Apyra Ha pacctosiHin d . Myyok napannenbHbiX
MOHOXpoMmaTuyeckux nyden (1, 2) nagaet nopg yasnom ckosbxeHus 13 (yron mexay
HamnpaBrieHMeM  nagawowmx  nyven  u
Kpuctannorpauyeckon  MMOCKOCTbIO) 1
B0o36yxJaeT  aToMbl KpucTannuyeckom
peLLeTKM, KOTOpble CTAHOBSITCS! MCTOYHUKaMM
KOTEPEHTHbIX BTOPUYHbIX BOnH (17 n 27),

Kpucrannorpapuueckue
MIOCKOCTH

MHTEPdEPUPYOLLINX mexay cobon.

° 7 S e —e- Makcumymbl  uHmeHcueHocmu  GyoyT

d dsind dsind HabnogatbCss B Tex HanpaBneHusix, B
>~ *— KOTOPbIX BCE OTPaXXEHHble  aTOMHbIMMK

MOCKOCTAMM BOSHbI BYAyT HaxoauTbCcs B
opuHakosom drase: 2dsinty=mA (m=1,2,3,...) — dhopmyna Bynnda-Bparros.

OTa chopmMyna ncnonb3yeTcs B:

1) peHma2eHoCMpPyKmMypHOM aHa/u3e — ecn U3BecTHa A PEHTreHOBCKOro
uanyyeHus, To, Habnogas ANPaKUMIO Ha KPUCTamnfMYecKol CTPYKType
HEM3BECTHOrO CTPOEHUSt M u3mMepsis ¥ U m, MOXHO Hautm d, T.e.
onpeaennTb CTPYKTYPY BELLECTBa;

2) peHm2eHOoecKol CcreKmpocKonuu — ecrnv n3secTHa d , To uamepsis ¥ u
7, MOXHO HalTW AfMHY BOMHbI A NafaroLero peHTreHOBCKOro U3FyHYeHus.

23.Pa3spelialouias cnoCoOGHOCTbL CNeKTpanbLHOro npuéopa.

Ecnu 6bI gaxe cylecTBoBana naeanbHas ontuyeckas cuctema 6e3 gedekros
n abeppauuii, TO BCe paBHO M3obpaxeHne nobon ceeTALencss TOYKU, BCNeacTeme
BOMHOBOW npupoabl cBeTa, OyoeT B BuAE LUEHTpanbHOrO CBETMIONO MSTHA,
OKPY>KEHHOTO YepEeAYOLLMMINCA TEMHBIMW U CBETNbIMU KOMNbLAMMU.

Kpumeputi Panes — wu3o0paxeHuss [Byx Onuanexawmx OfMHAKOBbIX
TOYEYHBbIX WCTOYHWMKOB MMM OBYX Gnuanexalumx crnektpanbHbIX MUHWA C paBHbIMU
a) WHTEHCUBHOCTAMW U OAUHAKOBLIMW CUMMETPUYHLIMU

0.8 | KOHTypamu paspeLumbl (pas,q?neHbl ans
BOCMPUATUSA), €Cnu  UeHmpanbHbili  MakKcumym

A " OUPAKLUMOHHOW KapTUHbl OT OAHOIO MCTOYHWKA
- (nMHUKM) coemadaem ¢ nepebIM MUHUMYMOM
6) andpakLMOHHON KapTuHbl OT gpyroro (puc. (a)). Mpu
3TOM MHTEHCUBHOCTb "nposana" Mexay
makcumymammn coctasnset 80% WHTEHCMBHOCTM B
N A Makcumyme. JTOro [OCTATOMHO [AnNst  paspeLleHust
OnTtuka



