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BonHoBas Teopusa cBeTa Ha OCHOBaHWUM YpaBHEHUI
MakcBenna npuxoguT K TakoOMy e BbIPaXeHWH.
[aeneHue ceema & 8051HO8OU meopuu obbsACHsAETCS

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

puUcyHke) npoTuBononoxHom FE. MarHutHoe none B
ANEKTPOMAarHMTHOW BOMHbI AEWCTBYET Ha ABWXKyLUMecs
9NeKTPOHbl C cunon JlopeHua B HarnpaeneHun (no
npasuny NeBoOn pyku) NnepneHamKynspHOM NoOBEPXHOCTM
meTanna. Takum oOpasoMm, 3neKmpoMagHUMHas 680/IHa  OKa3bleaem  Ha
rosepxHocmb Memarina 0asneHue.

48.3ddektT KomnToHa

KopnyckynsipHble CBOWCTBa CBeTa OTYETNMBO MPOSBNATCA B aghghekme
KomMnmoHa — yrnpyeom paccesiHuu KOPOMKOBOIHOB020 3/1EKMPOMazHUMHo20
u3/1yyeHusi (PEHTTEHOBCKOTO W Y -U3My4eHuin) Ha c80600HbIX (Mn cnabocBA3aHHbIX)
3/1EKMpPOHax eewecmsa, conpoeoxoaroujeecsi yeenuyeHUeM ONUHbI SOJIHbI.
310 yeenuueHne AA=A'—L He 3aBNCUT OT ANMWHLI BOMHbI A NajaloLLero
N3Ny4YeHns 1 NpUpoabl paccemBaloLLero BeLecTsa, a OnpeaenseTcs TONbKO Yriom
pacceaHusa 0

. B, AN , 50
by _ N AL=A"=A=2Acsin” —,
® » 2
. /" rtne A — AnvHa BONHBI PACCEAHHOTO W3NyYeHNs,
» /s
Ac - komnmoHoeckas OnuHa eonHbl. [py
h _
paccesiHAN Ha SMeKTPOoHe Ao =——=2,43-10 2y,
m,c
e

DOTOH (C 3Hepruen syzhv N MMNyNbCOM py:hv/c), CTONKHYBLUNCb C

2 .
3NEKTPOHOM (3Heprusi nokost W, =m,c”, m, — Macca Nokosi aNeKTpoHa), nepeaaét
€My YacTb CBOEW IJHEepPrMM U UMMyNbCa W WU3MEHSIET HanpaBrieHue [ABWKeHWe
(paccemBaeTcst). B npouecce 3TOro ynpy2020 CTONKHOBEHMUS BbIMOMHSIIOTCS 3aKOHbI
_ ' - _ = =1
coxpaHeHus sHeprum W, +e,= W+8y nw wvnyneca p,=p,+p,, TAe

Wzﬂpecz +m3c4 — PENnATUBUCTCKaAA 3HEepPrua SNeKTpoHa Mnocrie CTOJIKHOBEHUA,

2 _ [ 2. 24 '
Takum obpazom myc”+hv=4p,c +m;c’ +hv',

pi= py2 + p;z — p,pycos= (hv/c)2 + (hv'/c)2 - Z(hz/cz)cose. Cnepoeartens-

Ho, m,c2 (v — V') =hvv'cos0. C yustom v =c/\, nonyumm AL =2\ sin’ (6/2).
Oddpekt KomntoHa He moxem Habnodambcsi 8 sudumou obracmu criekmpa,
MOCKOMNbKYy 9Heprus pOTOHa BWMAMMOIO CBEeTa CpaBHMMa C JHEprve CBsA3n
3MNeKTpoHa C aTOMOM, NpU 3TOM Jaxe BHELUHWIA 3MEeKTPOH aToMa Henb3s cuuTaTtb
cBOGOAHbIM.
Appekm KomnmoHa, usnyyeHue 4épHo20 mersna u ¢homoaghghekm
criyxam  0okasamesib.CmeoM  KeaHmoebIX  (KOpnyCKYNsiPpHbIX)
npedcmasrieHuli 0 ceeme Kak 0 Momoke ¢hOMmMoOHO8.

A.H. Orypuos

OU3UKA ONA CTYOAEHTOB

YacTtb 6

OMTUKA |

A.H. OrypuoB. ®@u3suka 0551 cmydeHmMos

OUTLINE of PHYSICS for STUDENTS

X

https://sites.google.com/site/anogurtsov/lectures/phys/

2013

MonHoe nnm YacTniHoe KONMpPOBaHME 1 TUPAXMPOBAHME TEKCTa B HEKOMMEPHECKUX 06pa3oBaTenbHbIX LIENAX paspeLaeTcs u npuBeTcTByeTcs. ABTOP.
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FeomempuquKaﬂ ornmuka

Onmuka — pasgen U3MKW, KOTOPbIM W3y4aeT npupody CBeTa, CBETOBble
SIBNEHUS1 U B3aUMOJENCTBNE CBETA C BELLECTBOM.

OnTuuyeckoe usnyyvyeHve npepctaensieT cobon 3MneKTpoOMarHWUTHbIE BOJSHbI, W
noaToMy ONTHKa ABMSETCH Yacmbto 0bw,e2o y4eHuUs1 06 anekmpomazHUMmMHOM rose.

B 3aBucumocTM OT Kpyra paccmaTpuvBaemblX SBIEHUA ONTWKY AensAT Ha
2eomempuyecKyto (Ny4YeByl), eosiHo8yr ((buanyeckyro), keaHmosyro (Kopnyc-
KyNSPHY!I0).
1. OCHOBHbI€ 3aKOHbI FEOMETPUYECKON ONTUKU

Ewé oo ycraHoBneHusa npupoabl cBeTa Obiiv U3BECTHBI CrieayHoLne 3aKOoHbI:

3aKoH _NpSIMONWHENHOIO pacnpoCTpaHEeHUs cBeTa — CBET B  ONTUYECKM
O[IHOPOAHOW cpefie pacnpoCTpaHAeTCs NPAMOMMHENHO.

Ceemoeol Jiy4 — NUHWSA, BOOMNb KOTOPOW MEPEHOCUTCH CBETOBas 3JHEPrus.
B oaHopoaHon cpefe ny4dn ceeta nNpeacTaBnaioT coOon NpaAMble NUHUK.

3aKoH He3aBMCMMOCTM CBETOBbIX MYYKOB — 3(PEKT, NPOU3BOAUMbIN OTAEMb-
HbIM MYy4YKOM, HE 3aBUCWUT OT TOro, AEUCTBYIOT N OAHOBPEMEHHO OCTarlbHbIE MYyYKU
WITN OHW YCTPaHEHbI.

3aKOH OTPaXKEHWS — OTPaXEHHbIN  NyY ! n
NeXuT B OAHOW MNOCKOCTM C NagaoLwyM fyyoM M i |y
nepneHankynsapoM, MpoBeA&HHbIM K TpaHuLEe  Magawowmit OTpaxEHHbIA
pasgena [OByX cpen B TOYke MafdeHusl; yron 1 nyd nyy
OTPaXeHUsi i paBeH yriy nageHus i : 2 .

Y. [NpenomMnéHHbIn
ll = l] . nyd
3akoH npenomneHvs — nyy nagaroLwun, nyy iz

p = . o 11T
npenomMneHHbIn 1 nepneHgukynap, nposeeHHbIn

K rpaHuue pasfena ABYX Cpef B TOYKe MafeHus, nexaTt B OAHOW MrOCKOCTY;
OTHOLLEHME CUHYCa yria NageHus K CUHYCy yrra npesioMneHus
€CTb BenuuMHa MOCTOSIHHAsA ANA AaHHbLIX CPeA, paBHas 7y, —

omHocumesibHOMY [OKasamesto fpesioMsieHuUsi BTOPOun
cpeadbl OTHOCUTENbHO MEpPBOW, KOTOPbLIA paBeH OTHOLLEHWUO n
abConTHLIX NoKasaTenen NpenoMneHns AByx cpea. my=—

sinj

. . = n
sini,

n
CnepoBartenbHO, 3aKOH NpenomMmneHus 6yaet umeTb BUA, 1
n, sini; = n, sini,. nysini = n, sini,
A6conromHbIM NoKasamesieM MpesioMsIeHUsl cpeabl
Has3blBaeTCA BENUYMHA 71, paBHas OTHOLUEHWIO CKOPOCTM n _¢
3MNeKTPOMarHUTHbIX BOMH B BakyyMe ¢ K UX (ha3oBOM CKOPOCTH v

U B cpege. Mockonbky U = ¢ , TO n= \/a n= \/a
Jen

rpe e un L — COOTBETCTBEHHO 3NieKTpuyeckasa n MarHmTHasa npoHMUaemMocCTb cpeabl.

2. NonHoe oTpaxeHue

Ecnun cBeT pacnpocTtpaHsieTcst u3 cpefbl ¢ 60abWuM nokasaTenem npenomMneHns

n, (ontndeckn Gonee NNOTHOW) B Cpeay C MEHbWUM NoKasaTenem npenomMaeHns

n, (onTuyeckn mMeHee nnoTHylo) (1, >n,) (Hanpumep, W3 CTekna B BO3AYX UNu U3
BOAbI B BO3yX), TO
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Ha saBneHun oToacbdekta ocHoBaHO AenctBne HOTOINIEMEHTOB ¢
doToconpoTuBneHnii (oTope3ncTopoB) B (HOTOIKCTIOHOMETPAX, JIOKCMETpax W
YCTPOWCTBaX yMpaBleHUss M aBTOMaTM3auuM pasfnUYHbIX MNPOLECCOB, MyrnbTax
OVUCTaHUMOHHOIO YMpaBreHns, a Takke MomnyrnpoBOAHUKOBbLIX (POTO3MEKTPOHHbIX
YMHOXUTENEN N CONHEYHbIX baTapen. mé

CyuwiecTBoBaHne (OTOHOB ObII0 NPOAEMOHCTPU-
poBaHo B onbime bome. ToHkad MeTannuyeckas
donbra @, pacnonoxeHHasi Mexay ABYMS CYETYMKaAMWU
Cy, noa [encTBMem ECTKOro obnyyeHus ucnyckana
peHTreHoBckue nyun. Ecnn 6bl mM3anyyaemas 3Heprus
pacnpocTpaHsnacs paBHOMEPHO BO BCE CTOPOHbI, Kak
3TO crnegyeT W3 BOMHOBbIX NpeacTaBneHuin, To oba
CYETUMKA [OMKHbI Obinn 6Gbl cpabaTtbiBaTb OAHOBpE-
MEHHO, M Ha ABuxylwenca neHte JI noasnsanuce 6Gbl /4
CUHXPOHHbIE OTMEeTKU Mapkepamu M. B gencTButensHo- 4
CTU e pacnofioxeHue OTMeTOoK Obino 6GecnopsgoydHbiM. CregoBaTenbHo, B
OTAENbHbIX aKTax UCMyCKaHWa pOXAAlTCsA CBETOBble YacTuupbl (POTOHbLI), neTawmne
TO B OAHOM, TO B IPYrOM HanpaBreHuun.

46.Macca un_umnynbc doToHa. EOAVMHCTBO KOPMYCKYNSPHbIX U _BOJIHOBbIX
CBOMWCTB CBeTa

2.2

Wcnonbaysi cootHowenmns EZ = myc® + pyc, gyg=m ¢*, my =0, nonydaem

Y
BbIpaXXeHWUs1 ANs1 3Hep2uu, Macchbl U umnynbca PoToHa
= hv _E _hv _h
VT2 Py= 00T
3TN COOTHOLLEHMS CBA3LIBAIOT KBAHTOBbIE (KOPMYCKYJISIPHbIE) XapakTe-
pUCTUKN (POTOHA — Maccy, UMMyfbC U IHEPINI0 — C BOJTHOBOU XapPaKTEPUCTUKOMW
cBeTa — ero 4YacToTON.

CBeT 06nagaeT 00HO8PEeMeHHO BOMHOBbLIMY CBOWCTBaMU, KOTOpble MpOosiBRs-
I0TCA B 3aKOHOMEPHOCTSAX €ro pacnpocTpaHeHus, WHTepdepeHumn, andpakuumn,
nonspu3auumM, W  KOPNYCKYMSAPHbIMW, KOTOPble MPOSIBAAIOTCA B Mpoueccax
B3aMMOLEWNCTBUSI CBETA C BELLECTBOM (MCMYCKaHWUsI, NMOTOLLEHNUS, PacCesiHUS).

47.[0aBneHve ceeTta

Ecnun doToHbl 06nagatoT umnynbcom, TO CBET, NafalowWwmin Ha Temno, AOMKeH
OKa3blBaTb Ha HEro AaBneHue.

[MycTb NOTOK MOHOXPOMAaTUYECKOTO M3NyYeHUs YacToTbl V NafjaeT nepneHau-
KynsipHO noBepxHocTu. Ecnn 3a 1 c Ha 1 M? nosepxHocTu Tena nagaet N OTOHOB,
TO MPU KOIPULMEHTE OTPAKEHNST P CBETa OT MOBEPXHOCTW Tena oTpasutca pN

¢oTtoHoB, a (1-p)N poToHOB — nornotuTcs. Kaxabli MOrnowéHHbIA  OoTOH

gy =hv

nepefaéT NoBepXHOCTU UMNYTLC P, , @ KaKAbIA OTPXEHHBIN POTOH — 2 p, .

[aBneHne cBeTa Ha MOBEPXHOCTb PaBHO WMMYMbCy, KOTOPLIA nNepenaroT

nosepxHoctn 3a 1 ¢ N ¢poToHoB p :%pN +h_v(1 -p)N=(1+ p)h—vN.
c c c

OHepzemuyeckas oceewéHHocmb nosepxHocmu  Nhv =E, (aHeprusi Bcex
(hOTOHOB, NafawLWMX Ha eOuHULY MOBEPXHOCTU B eauHuLy BpemeHun). O6bémHas

E E
MI0MHOCMb 3Hepauu uanydeHus: w=—%. OTcioga p=—"<0+p)=wl+p).
c ¢

OnTuka
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ncyesaeT, NOCKONbKY POTOIMEKTPOHBI NPU BbiNeTe U3 Katoga obnagatoT HEKOTOPOM
HayarnbHOM CKOpOoCTblo. [N Toro 4Tobbl POTOTOK CTan paBHbIM HyMO, HEOOXOAMMO

npunoxuts 3adepxusarowee HanpsukeHue U,. NMpu U=U;, Hun ognH wu3

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

Koox = mvéwIX /2 =eU,, 7. e., nsmepvs 3agepxvsarwllee HanpsxeHne U, MOXHO

onpegennte MakcmMmanbHO€ 3Ha4deHue CKOpOoCTU U N KUHEeTU4YECKOn 3Heprumn

max
K .« ®OTO3MEKTPOHOB.

3akoHbl choToaddekTa

(1) 3akoH CronetoBa: npuv (OUKCMPOBAHHOM 4acToTe najaloLlero cBeTa 4Mcno
(POTOINEKTPOHOB,  MCNyCKaeMblx  (POTOKATOAOM B €OQuHULY  BPEMEHW,
NponopuUMOHanNbHO  WMHTEHCUMBHOCTM cBeTa (cuna (OTOTOKA  HacbIWeHUst
nponopuyoHansHa 3HepreTu4eckoii oceeléHHocTn £, katoaa).

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

(3) Onsa kaxgoro BellecTBa CyLLECTBYeT KpacHasi epaHuuya ¢pomoaghgpekma —
MWUHUMarbHas YactoTa Vv CBeTa (3aBucsLlas OT XMMUYECKON NPUpo/bl BellecTsa

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

[ns ob6bacHeHus mexaHuama doToaddekTa UHWMelH npPeodnosIoXKusl, YTo
CBET 4aCTOTOM V He TOMbKO Ucryckaemcsi OTAENbHbIMY KBaHTamu (cornacHo
runotese [naHka), HO U pacnpocmpaHsemcsi B NPOCTPaHCTBE U roaoujaemcst
BELLECTBOM OTAENbHbLIMMU NOPLUSIMU (KBAHTaMW), 3HEPIUSt KOTOPLIX €y = AV .

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

OHeprus nafgawoLlero oToHa pacxofyeTcs Ha COBepLUEHUE 3NEKTPOHOM
pabomsl ebixoda A w3 metanna (cM. ctp. 3-31) 1 Ha coobLieHne BbineTeBeMy
POTOINEKTPOHY KMHETUYECKOW SHepriv. YpaBHeHue JUHWITENHa ANSA BHeELHero

QOTOSQQGKTE

mvr2nax B%JH
hv = A4 +—5% AL &N
2 2 i

OTO ypaBHeHMEe O0ObsICHAET  3aBUCUMMOCTb /
KWHETUYECKOWN 3HEpPrnn (pOTOSMNEKTPOHOB OT YacTOThl ]
nagatoLlero ceeta (2-1 3akoH). NpeaenbHasa YactoTa

A he . 2 %
Vo =— (Mnn Ay =—"), Npu KOTOPOV KNHETUYECKas 0,;/ ] 14 16

h 4 L7 vii ¥ Iy
3Heprust PoTO3NEKTPOHOB CTAHOBUTCS PABHOMW HYIHO,
1 eCTb KpacHas rpaHuua gotoaddekra (3-1 3aKoH).

[Opyras dopma 3anucy ypaBHeHUst DMHLLITeRHa eUy=h(v—-vy).

Ha pucyHke nM3oBpaxeHa 3aBUCUMOCTb MAKCUMAarlbHOW KMHETUYECKON 3HEeprumn
POTO3MEKTPOHOB OT YaCTOThI 0GJTyHaIOLLEro CBETA ANA aNMOMUHMSA, LMHKA W HUKENS.
Bce npsiMble napanmenbHbl Apyr Apyry, npuuém npowssopHas d(eU;)/dv He
3aBMCUT OT MaTtepuarna Katoaa v YMCNEeHHO paBHa nocTosiHHoN MnanHka /. OTpeskuy,

OTCeKaeMble Ha OCu opauHaT, YNCITIEHHO paBHbI paﬁoTe A BblXO4a 3J1EKTPOHOB U3
COOTBETCTBYKOLLMX MeTansmnos.
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sini, n
Siny sy
sing; n,

CnepoBaTernbHo, yron npernomnenus i, Gonblue yrna
nageHust ij. YBennuuBasl yron nafeHusi, Npu HEKOTOpOM

npedenbHOM yane iy, Yron MpenoMieHns OKaxeTcs

paBHbIM T/2 . Mpw yrnax nagenus i > i, Becb nagaowmii

p
CBET MOJIHOCMbLIO ompaxxaemcs.

Mpu yrnax nageHus inp>i1>n/2 Nyd He Mpenomssertcs, a MoSIHOCTLIo

OoTpaxaeTcsa B MepBylo cpeay, NPUYEM MHTEHCUBHOCTWU OTPaXKEHHOro M nagawoLlero
nyyer oAMHAKOBbI.
370 ABNeHNe Ha3blBaeTCHA MOJIHbIM 8HYMPEHHUM Ompa)KeHuUeM ceema.
[MpepenbHbIv yron onpeaenseTcs COOTHOLLEHNEM
. n, . T n
sini, = Zsin—=-2= ny;.
p
n 2
$lBneHne NonHOro OTPaXKeHUst UCNOoMb3yeTCs B NPpM3Max MOSIHOro OTPaXKeHUs u
CcBeTOBOAAX.

3. JluH3bI
JluH30U Ha3blBaeTCa Npo3payHoe Teno, orpaHWYeHHoe C ABYX CTOPOH KpPWUBO-
nHenHon nosepxHocTbilo. (B yacTHoM cnydvae
ofHa M3 MOBEPXHOCTEN MOXET ObITb MIIOCKOM).

i 2 J 4 5
Mo BHewHen dopmMe nNUH3bI [JenaTca  Ha
1) OBOSIKOBbINYKIbIE; 2) NNOCKOBbINYKIIbIE;
- - - - 3) ABOSKOBOTHYThIE; 4) NNOCKOBOTHYTbIE;
5) BbINYKNO-BOTHYThIE.
JlnHza HasbiBaeTca MOHKOU, ecnn eé

TOMIMHA 3HAYUTENBHO MEHbLUE, YeM paamycChl
kpuBU3HbI R, 1 R, 0Benx nosepxHocTen. Ha OMTMYECKMX CXemax INUH3bl 0BbIYHO
0603HavYaT ABYyHaNpaBneHHON CTPENKOW.
Paawyc kpususHbl R >0 ans ebinyknol nosepxHoctn; R <0 ana gozHymod.
Mpamas npoxoasLias Yepes LeHTpbI
@ v KPUBM3HBI MOBEPXHOCTEN NUH3bI Ha3biBaeTCs
k\@‘:‘ec*"’ 2n1as8Hoii onmuy4eckoli oChHo.

R T / OnmuyeckumM  UEHMPOM  JIUH3bI
Cnasnas__, £ (0BbluHO 0Go3Hauaetcss () HasbiBaeTcs
OﬂTH‘IeCKﬂﬂ:OCb 0 l o o

M : TOYKa, NeXalas Ha MaBHOi OMTU4eckow
I~ = ocn 1 obnajalmlas Tem CBOWCTBOM, 4TO
DORATEHIE IOCKOCTH My4n NPOXOAAT CKBO3b HEé He NPEenoMMAsch.

Mo60YHbIMU ONMUYECKUMU OCAMU
Ha3bIBaAKOTCH MpsSIMble, MPOXOASALIME Yepe3 ONTUHECKUA LEHTP NWH3bI U He
coBnagaroLLme C rnaBHON ONTUYECKON OChIO.
®okycom nH3bl F Ha3bIBAETCS TOYKa, Nexallas Ha rmaBHOM ONTUYECKON ocK,
B KOTOPOW MepecekanTcst Nyyn napakcuasabHo20 (NpuoceBoro) CBETOBOMO Myuka,
pacnpocTpaHsIoLLMecs napannenbHo rMaBHON ONTUYECKON OCH.

®okasibHOU MSI0CKOCMbIO HAa3blBAETCH MIOCKOCTb, MpoxoasLlas Yepes gokyc
TNNH3bI NEPNeHaNKYNAPHO €€ rnaBHOM ONTUYECKOWN OCK.

OnTuka
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®OKyCcHbIM paccmosiHueM [ Ha3blBaeTCsl PacCTosiHue Mexay ONTUYECKUM
ueHTpom nuH3bl O 1 eé dokycom F':

1
a) f =
T F 11
(”21 - 1) —+—
R R,
f ®dopmyna TOHKOW NUH3bI:
1 1 1

+—-—=—,
d) g———ﬁ a b f
__f raoe a v b — paccTosiHAA OT NMUH3bI 4O npeameTa u

ero nsobpaxeHus. Ecnn a =00, T.e. nyun nagaroT
£ Ha NWH3Y napannenbHbiM nyykom (a), To b= f.
Ecnu b=o0, T.e. u3obpaxeHue HaxoOuTcA B
H6eckoHevHocTn (0), n, cnegoBaTenbHO, NMyyYW BbIXOOAT M3 NWUH3blI NapannenbHbiM
My4ykom, To a = f .
QDOKYCHblE PaCCTOSIHUS NNH3bl, OKPY>XEHHOW C 00eux CTOPOH OAMHAKOBOM
Cpeaow, paBHbI.
BenuunHa O = 1/ f HasblBaeTcs onmu4eckoll cunoli nuH3bl. Ee eguHnua —
duonmpusi (ANTP) — ONTUYECKas cuna fMH3bl ¢ POKYCHBIM PaccTosiHvem 1 m.
JINH3bl C MmonoxumenbHOU ONTUYECKOW CUION
ABNAOTCA cobuparwumMu, C ompuuyamesbHOU -—

= pacceusarowjumu.
F 2= F B oTnnune ot cobupatowent nuH3bl, paccevBatoLas
—E—— -~
— nMH3a uMeeT MHumble okycel. B MHumom dhokyce

~

cxoasTcs (nocne npenomreHns) BoOOpaxaemble
NPOAOIMKEHMSA NyYen, NagalLmX Ha pacCcenBaoLLyo NMH3Y
napansienibHO rmaBHOW OMTUYECKOW OCK.

4. AGeppauuu onTUYECKUX CUCTEM

B peanbHbIX ONTMYECKMX CUCTEMAaX WUCMOMb3YTCS MyYkU OTNMyarolmecs oT
napakcuanbHbIX, MokasaTenb MPenoMreHnss NUH3 3aBUCUT OT [ANWHbI  BOJMHbI
nagarwllero cBeTa, a CamM CBET HEMOHOXpPOMAaTM4YeH. VIckaxeHuss OonTU4eckoro
1306paxeHns KOTopble BO3HWKAKOT NpY STOM HasbiBalOTCst abeppayusmu.

Copepuyeckas _abeppauusi. dokyc S

5 ansa nyden, 6onee yganéHHbIX OT ONTUYECKON
S [} $”  OCW YeM napakcuarnbHble, Haxooutcs Grvke,
5 yem ¢okyc S’ napakcmanbHbIXx nydeil. B
pesynbTate M3006paxeHune CBETALENCA TOYKM

UMeeT BUA pacnnbiBYaToOro nsATHa.
Cdepnyeckass  abeppaumst  aBnsieTca

F
YacTHbIM CriyyaeM acTurMaTuama. 0, %
Koma. Ecrnn yepes onTUYeckyio cuctemy 4 310

0

NMPOXOAMT  LUMPOKMA MNYYOK OT TOYEYHOro
WUCTOYHMKA CBeTa, pPacrnofiOXEHHOro He Ha
OMNTMYECKOW OCK, TO nony4yaemoe nsobpaxeHve
3TON TOYKM OyaeT B BUAE OCBELLEHHOrO NSATHA
HenpasunbHOW HOPMbI.

To4yeYHbIM UCMOYHUKOM ceema Hasbl-

£
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4 "
3akoH Credana-bonbumana R, =7~ nonyvaetca us dopmynsl Mnaqka eé
MHTErpMpoBaHNEM Mo YacToTam.

2k
Mpu atom noctosiHHasa CtedpaHa-bonbumana pasHa o= W
c
3akoH cMmelleHua BuHa nonyyaetca npu aHanu3e dopmynbel naHka Ha
aKCTpeMyM Thay = hc/(4,965k)=b .

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

44. ®oToadbdhekt

domoanekmpuyeckum agpgpekmom (¢pomoagpghekmom) Ha3blBaeTCA
BbICBODOXAEHWE 3MEKTPOHOB NoA AeNCTBMEM IMIEKTPOMAarHUTHOrO N3NyYeHus.

Pasnuyatot potoadpdekt sHympeHHUl, 8eHMUIbHBIU U 8HEWHUU.

BHympeHHuUli ¢pomoaghghekm — 3TO BbI3BaHHbIE 3MEKTPOMAarHUTHbIM
n3nyyYeHneM fepexobl SMEeKTPOHOB BHYTPU MOMYNPOBOAHMKA UMM AMSMEKTpUKa 13
CBSI3aHHbIX COCTOSIHUA B cBoboaHble 6e3 8biiema Hapyxy. B pesynbtate
KOHLIEHTpauMsa HOCWUTENen ToKa BHYTpM Tena yBenuuMBaeTCsi, YTO NPUMBOAUT K
BO3HWKHOBEHWIO ghomonpoeodumMocmu — MOBbILEHNIO  3MEKTPONPOBOAHOCTM
nonynpoBOAHMKa UMW ON3MNEKTPMKA NPU Ero OCBELLEHNM.

BeHmunbHbIlU ¢homoaghghekm (pa3HOBUAHOCTb BHYTpeHHero oToadhdekTa)
— BO3HukHoBeHe O[C (¢gpomo-3[C) npu OCBELLEHUMU KOHTaKTa [OBYX PpasHbIX
nonynpoBOOHWKOB WU MONYNpOBOAHUKA M MeTanna (npu OTCYTCTBUWM BHELLHEro
anekTpuyeckoro nons). BeHTunbHbIN hOoTO3hdEKT MCNONb3yeTCcss B COSNHEYHbIX
BaTapesx A4ns NpsMoro npeobpa3oBaHNA COMHEYHOWN SHEPTUN B SMEKTPUYECKYHO.
Crer BHewHumMm ¢pomoagpgpekmom (¢homoanekmpoHHoU
amuccuel) Ha3blBaeTcs ncnyckaHme 3M1EKTPOHOB
BELLLECTBOM Mo AeWCTBMEM IMEKTPOMAarHUTHOrO U3Ny4YeHus.

Cxema Onsi uccnedoeaHusi eHewHe20 ¢homoagh-
¢gpekma. [Ba oanektpoga (katogq K u3 wuccnegyemoro
meTanna u aHon A) B BakyyMHOW Tpybke NOAKIOYEHbI K
@ baTapee Tak, YTO MOXHO M3MEHATb HE TOMbKO 3HAYEHWe, HO

R

M 3HaK NOAABaeMoro Ha HUX HanpsbkeHusi. TOoK, BO3HUKato-
LM NpM OCBELLEHWN KaToAa MOHOXPOMAaTUYECKUM CBETOM
(4epe3 KBapLeBOE OKOLLKO) WU3MEpSieTCs BKIMOYEHHLIM B
uenb MWNIMamnepMeTpom. 3aBuMCMMOCTb poToToka 1,
06pa3yemoro noTOKOM 3MEKTPOHOB, UCMYyCKaeMbIX KaTOAOM
noa oencTenemM ceeTa, oT HanpsixeHus U mexay kaTofom u
aHO4OM Ha3blBaeTCsl BONIbT-aMMNEepPHOW Xapak- )
Tepuctukon otoacpcpekra.

Mo mepe yBenuyeHuss U ¢oToTOK nocrte-
NeHHO BO3pacTaeT Moka He BbIXOAWUT Ha
HacblleHne. MakcumanbsHoe 3HaveHve Toka [,

3
— DOTOTOK HACbILLEeHUs — onpeaenseTcs Takum g

sHaueHmem U, npu KOTOPOM BCE 3MEKTPOHbI, &

ucrnyckaemble — KaToAoMm,  JOCTMraloT — aHopa: &

I,.c=€en, rae N — YACNO 3NEKTPOHOB, UCMYC-

kaembIx katogom B 1 c. Mpu U =0 doToTok He ;U
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OpHako nonbiTka nonyyntb 3akoH CtedaHa-bBonbumaHa n3 aton dopmynbl
npuBoanT Kk abcypdHoMmy pesynbTaTy — R, HeorpaHudieHHo pacTéT, mocturas
ypesBblYanHO BOMbLIMX 3HAYEeHWI B ynbTpaduosneTe, — KOTOPbLIA NOy4YnI Ha3BaHWe
"ynbmpadguosiemosass kKamacmpogha”

o0

2nk J'VdeZOO.
0

C2

R, :Trv,Tdv =
0

dopmyna Panes-[xuHca cornacyeTcsi C 3KCMepUMEHTOM TOJSIbkO B obnactu
ManbIX 4acTtoT M Gonbwwux TemnepaTyp. B obnactv Gonblimx YacToT XOpOLUO
onucbiBaeT aKCnepuMmeHT ¢ghopmyna BuHa (3aKoH nsnyyeHus BuHa)

Ryr= GV’ exp(-C, v/T), rae C; u C, — KOHCTaHTHI.

43.KBaHTOBas runotesa naHka

Makc [MnaHk npednosioxuna, 4YTO TEeopUsl KNacCMYEeCKOro rapMOHUYECKOro
OCLMNNATOPA HEMPUMEHUMA K aTOMHbIM OCLWMNATOPaM; amoMHbIE OCUUSIISIMOPbI
13My4alT SHEPIUIO He HerpepbieHO, a OnpeaenéHHbIMU MoOPYUSMU — KeaHmamu.

c
OHeprus KBaHTa gy=hv= hz =ho,

roe h=2nh=6,626- 1073 [x-c — noctosiHHas MnaHka.

B mexaHuke ecTb umerowasi paamMepHOCTb "IHEeprusxBpems” BenuynHa, KoTo-
pas HasbiBaeTcsi delicmeuem. [o3aToMy mocTosiHHyto naHka uHorga HasbiBatoT
keaHmom delicmeusi. Pa3mepHOCTb /i COBMafjaeT C pasMepHOCTbIO MOMEHTa
uMnynbca.

MockonbKy aHEprus 3ny4aeTcst MOPLUMSAMM, TO IHEP2UST OCUUJIIISMOpPa MOXET
NPYHUMATL NWLWb onpefenéHHble QUCKPemMHbIe 3Ha4eHUs, KpaTHble Lienomy Ynucny
KBaHTOB e=nhv (n=1,2,..).

CpenHIo 3HEPTUIO OCLMUMIISTOPOB <s> Henb3a npuHuMaTe pasHon k7 . MnaHk

ncnonb3oBan pacnpepeneHue BonbumaHa yactuy, no SHEePrnam. Torpa BEPOATHOCTb
p; TOro, 41O 3Heprusa KonebaHus ocuunnaTopa 4actotbl V. MMEET 3HaveHue g;, on-

pefernsieTcs BolpaxeHueMm (1), rae N; — uucno N, exp(—gi/kT)
OCLMNNATOPOB C 3Hepruen €;; N — nonHoe pi:ﬁzz,exp(—sl/kT) (1)
YMCMO OCUMNMIATOPOB; k — NOCTOsiHHas Bonbl- '
maHa. OTClofa MOXHO MOMyYuThb BbipaXkeHue <8>: €9 2)
ONsi cpeHen 3Heprumn ocumnnnaTopos (2). €

Torga yHuBepcanbHasa yHkums Knpx- exp k7 -1
roda r, r GynAeT umeTb Bua (3) — ¢hopmyna ;
lMnaHka. o= 2mhv ! (3)

Wnm B Buge (4) 75 ; — yHKUMM ANUHbI vi— 2 exp(hvj—l
BOTHbI (YuNTbIBASA C=AV, 1 7 =1, 1 c/?»2 ). kT

B obnactu manbix 4actot Av << kT 2nc?h 1

Bar=""Ts 4)

exp h_v ~1+h—v n copmyna MnaHka nepe ’ A exp(hCJ—l

kT kT kT

xoauT B doopmyny Panes-IxuHca.
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BaeTCHA UCTOYHUK, pasmepamiu KOTOPOro MOXHO npeHeGpeyb.
Acmuamamu3sm. orpelHocTb, 06yCrnoBneHHas HEOAMHAKOBOCTLIO KPUBU3HDI

ONTUYECKON TMOBEPXHOCTU B Pa3HbIX MIOCKOCTSAX
S ceyeHus NagaroLlero Ha Heé CBeTOBOro Myyka.

\ et

ONTUYECKON

D 6
OCW, HEeCKOSb-

KO pasnuuaetcs. B pesynbTaTte HapylaeTcs
reomeTpuyeckoe nogobve mexay npenme-
TOM (Hanpumep, NpPsSIMOyronbHasi ceTka) W ““5’
ero nsobpaxeHnem (pUCyHoK (b) — nogyLuko-
obpasHas guctopeus, (¢) — 6oukoobpasHas auctopcus).

Xpomamuyeckasi abeppayus. MNpy nageHun Ha onTUYeckyo cuctemy Genoro
cBeTa OTAEMNbHble COCTaBMSOLWME €ro MOHO-
XpomaTtuyeckue nyym oKyCcMpyTCs B pasHbIX
Toykax (Hambonbliee (OKYyCHOE paccTosiHue
MUMeIOT KpacHble NyyW, HavMeHbluee — duro-
neToBble), NO3TOMY M306paxeHUe pasmbiTO U
Mo KpasiM oKpaLleHo.

- Hucmopcus. MorpelwHocTs, Npyu KOTOPOoK Mpu
i GonblMX yrnax nageHust nyyei Ha NMUH3Y NUHenHoe
i yBeNnuMuyeHve [AOna  Touek npeaMeTa,  KoTopble
} HaxoOATCs Ha pasHblX PacCTOsHWSIX OT  FhaBHOWM

T

P

! 1

H I
o
! I 1

H |
4d b + =

ATTTN

LA

b) c)

5. OHepreTu4yeckue BenniuHbl B hoTomeTpumn

domomempusi — pas3gen  onTUKM, B KOTOPOM  paccmaTtpuBaroTca
3HepreTMyeckne XapakTepuCTUKU OMTMYECKOro U3rydeHus B npoueccax ero
MUCNyCKaHUSl, pacnpoCTpaHeHWss W B3aMMOLEWNCTBUS C BewecTBom. [lpu 3TOM
3HaunTeNbHOE BHUMaHWE yaensieTcss BONpocaM M3MepeHUst MIHTEHCMBHOCTU CBeTa u
€ro NCTOYHUKOB.

OHepzemuyecKue 8eslUNUHbLI 8 (homomempuu — XapakTepuaytoT IHepreTu-
yeckMe napameTpbl OMTUYECKOro wusnydeHnss 6e3 ydéta ocobeHHoCcTen ero
BO3[ENCTBMSA Ha TOT UNN MHOW NPUEMHUK N3NYYEHUS. W

MNMomok ussy4yeHus (De — BennynHa, paBHaaA OTHOLUEHUID 3Hep- O, =—.

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

BENnuYMHa, paBHasi OTHOLLEHWIO NoToka uanyyeHns @, ucnyckaemoro | R =—<.

er
NOBEPXHOCTbIO, K Nnowaan S ceyeHus, CKBO3b KOTOPOe 3TOT MOTOK
npoxoauT (MOBEpPXHOCTHasA MMOTHOCTb NOTOKa M3nyyeHus). EovHuua sHepeemuye-
cKoli ceemuMOcmU — BaTT Ha MeTp B KBagpate (BT/m?).

OHepzemuvyeckasi cuna ceema (cuna usnyyeHus)) I, — senu-

YnHa, paBHaaA OTHOLUEHUIO NMOTOKA U3ny4eHna q)e TOYEYHOIro NCTOYHUKa [e =

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

OHepzemuyeckas sspkocmb (nyyucmocms) B, — Benniuua, A

< — e
paBHad OTHOLUEHUK 3HepreTuyeckon cunbl ceBeTa Ale aNemMeHTa Be__

AS’
manyvarwouwlen noeepxHocTM K nnowagn AS npoekuun 3Toro
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3MeMeHTa Ha NMOCKOCTb, NePNeHANKYNAPHYIO HanpasneHuo HabnogeHnsa. Eannunua
3HepaemuyecKoli SPKOCMU — BaTT Ha cTepagMaH-MeTp B kBagapare (BT/(cp-m?)).
OHepzemuyeckas oceeuwéHHocmb (065y4éHHOocmb) E, — xapaktepusyet

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

6. CBeTOBble BENIMYUHLI B hoTOMETpUMN

PasnuyHble NpMEMHMKK, ncnonb3yemble Mpu ONTUHECKMX W3MepeHusx, obna-
[aloT cesleKmueHoCcmbio (U3bupamenibHOCMbIO). NS KaXA0ro U3 HUX XapakTep-
Ha CBOS KpMBasi YyBCTBUTENBHOCTY K SHEPTUM PasnuyHbIX OSIUH BOSH.

CBeTOBble U3MepeHus, SBMAACh CYyObeKTUBHbLIMM, OTMMYAOTCA OT OOBLEKTMB-
HbIX, 3HepreTu4eckux, W Ans HUX BBOAATCA CBETOBble €AWHULbI, UCMOoMb3yemble
TONbLKO AN BUAMMOro cBeTa.

OcHoBHoOW cBeToBOW eauHulein B CU siBnsieTca eavHvua cunbl ceema [ —
KaHgena (ka) — cuna ceeTa B 3a4aHHOM HanpaBfeHUM UCTOYHWMKA, MCMyCKaloLero
MOHOXpOMaTUYeCcKoe MU3Ny4YeHne 4actoTomn 540-10"% repu, aHepreTMuyeckas cuna
cBeTa KOTOPOro B 3TOM HarpasreHuu coctasnsieT Y., BTicp.

EovHnua ceemoeo2o nomoka d (MOLWHOCTM OMNTMYECKOrO M3Ny4YeHUusl) —
nomMeH (nNM): 1 M — CBETOBOW MOTOK, NCMYCKaeMbl TOYEYHbIM UCTOYHWKOM CUIIOW
ceeTa B 1 kg BHyTpu TenecHoro yrna B 1 cp (1nmM=1ka-cp).

Ceemumocmb R — cymMapHblii MOTOK, NOCLINIaeMblii CBETALLENCS R= )

nnowlaakon ¢ nrnowaneto S . EQuHuua ceemumocmu — noMeH Ha MeTp S
B kBagparte (nm/m?).
Slpkocmb  CBETSLLENCS MOBEPXHOCTU B HEKOTOPOM HampaBreHun ¢ ecTb

BennynHa, paBHasA OTHOLUEHUIO Cunbl CBeTa I B aTom Hanpas-

neHuM K nnowaan S npoekuMn CBETSLLEACA MOBEPXHOCTU Ha | B :L_
MAOCKOCTb, NEPNEHANKYNSPHYIO AaHHOMY HanpasneHuio. EanHuua @ Scoso

ApKocMU — KaHAena Ha MeTp B kBaaparte (ka/Mm?).
OceewéHHocmb E — BenuuuHa, paBHasi OTHOLLEHWIO cBeToBoro notoka @,

nafamLlero Ha MOBEpPXHOCTb, K nnowaau S 3TOM MNOBEPXHOCTU. ®
EgvHnua ocsewéHHocmu — nmwKe (NK): 17K — OCBELEHHOCTb EZE'

NOBEPXHOCTU, Ha OAUH KBaApaTHbIi METp KOTOpPOW MajaeT CBETOBOW
notok B 1 nm (1 1k = 1 nm/m?).

NumepdghepeHyus ceema

7. MpuHuun MNonreHca

BonHoBasi Teopusi cBeTa OCHOBbIBaeTcs Ha mpuHyune ltolzeHca: Kaxoas
mouka, 00 Komopol 0oxo0um 807IHa, CYXUm UEeHmMPOM 8MOPUYHbIX B60JH, a
oeubarowass amux 6onH 0aém ronoxeHuUe B80/1H08020 ¢hpoHmMa 8 crnedyruul
MOMEHM 8peEMEHU.

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

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

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

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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39.3akoH Kupxroda

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

OmHoweHue ucnyckamensHol U roznowamensHol criocob- | R, r
Hocmel mena He 3asucum om npupodbl mesna u sensemcs AV_:rv,T'
yHusepcarnbHol Ons 8cex mesn @yHKyuel Yacmombsl U _memne- ’

pamypsbl 1, 7.

Ons 4épHoro Tena A;{TEI, nosTomy yHueepcasnbHass dyHkyus Kupx-
2ogha r, r €CTb ChekTparbHas NMOTHOCTb 3HEPreTMYecKo CBETUMOCTU (UcrycKa-

meribHasi crnocobHocmb) 4épHO20 mesa. HaxoxneHne SBHON 3aBUCUMOCTU 7, 7 OT

YacTOoTbl U TeMNepaTypbl ABNSAETCA BaXKHON 3a4aden Teopun TensioBoro Usny4veHus.

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

0 0 0
Rf = J‘AV’TrV’T dv= ATer,T dv=4;R,, roe R, = jrv’T dv -
0 0 0
aHepreTMdeckasi CBETUMOCTb YEPHOTO Tena, KoTopasi 3aBWUCUT TOMbKO  OT
Temnepartypbl. Ty 3aBUCUMOCTb OMUCHIBAET KCNEPUMEHTArbHbIN 3aKoH CTedhaHa-
BonbumaHa: OHepzemudeckasi C8emuMOCmb YEPHOZ0 mena MPOMOPUUOHaTbHE
Jemeépmoli cmerneHu mepmModuHaMUu4ecKol memmepamypsi

R, = or* (cneposatensHo, Ry = ATcsT4 ),
roe 6=5,67-107°B1/(M*K*) — nocTosiHHas CredaHa-BonbumaHa.

41.3akoH cmelleHusa BuHa

3akoH CredbaHa-bonblLMaHa HUYEro He rOBOPUT O CMEKTpParbHOM COCTaBe
M3nyyYeHnss 4YépHoro Temna. [lonoxeHuWe Makcumyma B CMEKTpPe €ro M3nyyeHusi
OMNUCbIBAETCA  9KCMEpPUMEHTaNbHbIM  3aKOHOM 1&7 - chopmyra
cmeleHms BuHa: |«

Penes-
LnuHa  eonHbl A \ [xuHca

npu  Komopou

max ’
usflyyameribHas Criloco6HOCMb 1y p 4EPHO20 mena

MakcumaribHa, 0b6pamHO MPOrNopPYUOHaIbHa €20
mepmoduHamuyeckol memnepamype

roe b=2,9- 107> MK — nocTosiHHas BuHa.

42. ®opmynbl Panes-hxnHca n BuHa

MpumMeHsis K TENNIOBOMY M3My4YEHUIO KIacCUYECKUIA 3aKOH pasHopacripedersne-
HUS 3HEprMn no cTeneHsiM ceoboabl, Panei n [KMHC NONy4vnu BblpaxeHue ANs

3aBNCUMOCTU VICI'IyCKaTeJ'IbHOVI cnocobHocTn ‘-lépHOFO Tena r, r OT 4acTOTbl CBETA

2 2
o = () = AT

roe <8> = kT — cpeaHsas aHeprus ocUMUNNATOpa ¢ COBCTBEHHON YacToToN V.
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JIroMuHecyeHuyuel Ha3bIBaETCA HEPaBHOBECHOE U3NydeHune, U3bbITOUHoe npu
[JaHHOW TemnepaType Haf TemnnoBbiM U3NyYeHUeM Tena 1 UMetoLlee ANUTENbHOCTb,
GonbLUYIo Nepuoaa CBETOBbLIX KornebaHui.

37.TennoBoe MU3Ny4YeHUE U ero XxapakTepucTukKu

Tennoeoe u3nlyyeHuUe COBEPLUAETCS 3a CYET IHEPrUM TEMNMOBOro ABMKEHUS
aTOMOB M MOIEKyN BellecTBa (8HympeHHel 3Hepeuu) N CBONCTBEHHO BCEM Tenam
npu Temnepatypax Boiwe 0K . Tensoeoe usnyyeHue paeéHOBEeCHO — Teno B
€QUHULY BPEMEHM MOTMOLLAET CTOMbKO XXe 3HEePrnn, CKONbKO U U3nyyaer.

KonuyecmeeHHoOU xapakmepucmukol TEennoBOro W3fNyvYeHWs CryXWT crek-
mpanbHasi MJIOMHOCMb 3Hep2emu4yeckol ceemumocmu A
(ucnyckamensHasi cnoco6Hocms) mena R, ; — MOLLHOCTb R, ; — T vvHdv

dv

n3nyvyeHuna c¢ eaunHuubl nnowann noBepxHOCTU Tena B UHTep-

Bane 4actoT €AVHUYHOW LUNPVHBI. (dW\,“f:dv

UeHusi, UcnyckaeMoro 3a 1 ¢ (MOLLHOCTbL MaryyeHus) ¢ nnotaan 1 M? noBepxHOCTU
Tena B WHTepBarne 4actot oT v Ao v+dv). Eé eamHuua — Oxoynb Ha memp e
Kkeadpame. VlcnyckaTerlbHyl0 CMOCOGHOCTb MOXHO MPEACTaBUTb B BuAe (DYHKUMU

— 3HEepPrna 3NeKTPpoOMarHMTHoOro unany-

2
,D,J'IVIHbIBOJ'IHbIZT.K.)\,ZE,TO RVT:R;LTQ:RLTK—.
Y ’ T dv e
o0
WHTerpansHas no v aHepzemuyeckasi ceemumocma: Ry = J. R, rdv.
0
CnocoGHOCTb Ten nornollaTb NagatoLlee Ha HUX uany4e- dwmorn
HVe XxapakTepu3yeTcs criekmpasibHol rozaaoujamesibHouU A, = M_
Crnoco6HOCMbI0 A, 7, NOKa3bIBalOLLEN, Kakas [A0Ns SHeprum ’ d vovtdy
de,Verv, NPMHOCMMOM 33 eAMHULLY BPEMEHU Ha eduHULY niowaav Terna nagato-

WMMN Ha Heé ANeKTpoMarHnTHbiIMKM BOJIHAMW C 4YacToTaMuM OT V OO0 V+dV,
nornowaeTcda TefnioM.

38.A6conTHO YEPHOE Teno

Teno, cnocobHoe nornowats npu Noborn TemnepaTtype BCE nagatoLlee Ha Hero
n3nyyeHne nobon YacToTbl Ha3blBaeTCs abCcoSIIOMHO  YEPHBLIM  MeJsIoM.
CriekmparnbHasi noanowamesibHasi crocobHOCMb YEPHOTro

Tena Ans BcexX YacToT U TemnepaTyp TOXAECTBEHHO paBHa

) S X
eannuue: A, 7 =1. AGCONIOTHO 4€PHbIX TeN B NPUpoAe HeT,

OfHaKoO Takue Temna, Kak caxa W YEpHbIn OapxaT B
o onpefdenéHHoMm  WHTepsane 4acTtoT 6nu3kM K HUM.

UdeanbHoli modenbio YpPHO20 mena ABNAETCH 3aMKHyTas

nofiocTb C HebGonblwuM oTBepctueM (), BHYTPEHHSSA
NMOBEPXHOCTb KOTOPOW 3avepHeHa. Jlyy, nonasBwui BHYTPb TakouW MOSMOCTH,
MONHOCTbLHO MOrMNOLLAEeTCs.

Hapsay ¢ noHATMEM YEPHOro Tena MUCMonb3ytoT NOHATUE cepo20 mesia — Tena,
nornowlaTtenbHasi cCnocobHOCTb KOTOPOrO MeHbLUE eAUHULILI, HO 0OUHaKosa Orisl 8cex
Yacmom W 3aBUCUT TOMbKO OT TemnepaTypbl, Matepmarna u COCTOSIHUA NOBEPXHOCTN
Tena

Y p— pa—
.7 = Ay =const <.
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Mpu otpaxenun — AABC = AADC , cnepoBatensHo, il' =1.

[Mpn npenomnexHun — 3a Bpemsa ¢ PPOHT nagaroLlen
BOMHbI  NpoxoauT paccTosHne BC=uif, a dpoHT
npenomnénHon —  AD=uv,t. W3  coOTHOLEHMA
AC = BC/sini; = AD/sini, cnepyet

sing _ v _c/m _n

P =TT =Hyy-
sini, v, c¢/n, n

8. KorepeHTHOCTb

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

MoHoxpomMamu4yecKkue 80JIHbI — HEOrpaHWYEeHHblE B MPOCTPAHCTBE BOJHbI
OfHOW OnpefenéHHON 1 NOCTOSIHHON YacTOThbl — ABMSIKOTCA KOr€PEHTHLIMM.

Tak kaK peasibHbie UCTOYHUKN HE atoT CTPOro MOHOXpPOMaTU4YeCcKoro ceeTta, To
BOMHbI, M3My4Yaemble nOObLIMA HE3aBUCUMbIMW WCTOYHWKaMWM CBeTa, Bcerga
HEKOTepeHTHbl. B WCTOYHMKE CBET u3ny4vyaeTcss atoMamW, KaxObli U3 KOTOpbIX

ucnyckaeT CBeT MvWb B TeYeHWe BPEMEHU ~10%c. Tonbko B TeueHue aToro
BPEMEHWU BOJHbl, UCMYCKAaeMble aTOMOM WMET MOCTOsIHHbIE aMnnuTygy v dasy
KonebaHui.

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

CpepgHas npodonXWUTENbHOCTL OAHOTO LUyra T, Ha3blBaeTcs epemMeHeM

KO2epeHmHocmu.

Ecnun BonHa pacnpocTtpaHsieTcs B OAHOPOAHOW cpefe, To dhasa konebaHuin B
onpenenéHHo To4YKe MPOCTPaHCTBA COXPAHSETCS TONMbKO B TEYEHUE BPEMEHM
KOrepeHTHOCTU. 3a 3TO BPeMsl BONHA pacnpoCTPaHSeTCs B BaKyyMe Ha pacCTosiHue

Leor = CTyor» Ha3bIBAEMOE OMTUHOL KO2EpeHmHocmu (VN AnuHoi yyaa). MoaTomy

HabnogeHne nHTepdepeHUMn ceeta BO3MOXHO NWLIb MPU ONTUYECKUX PA3HOCTSAX
X0Aa, MEeHbLUNX ANNHBLI KOTePEeHTHOCTU ANS UCNOMb3YeMOro UCTOYHUKa cBeTa.

BpemeHHas1 koeepeHMHOCmMb — 3TO, onpefenseMas cTeneHbld MOHOXPOMa-
TUYHOCTW BOJIH, KOrepeHTHOCTb konebaHui, KoTopble CoBepLlalTCs B OOHON U TOW
e Toyke NpOoCTpaHcTBa. BpeMeHHas KOrepeHTHOCTb CyllecTByeT A0 TeX Mop, noka
pasbpoc a3 B BOMHe B AaHHOW TOYKE He AOCTUrHET T.

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

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

A
Txor ™~ Ao ,
NCTOYHMKM OOIMKHbI ObITb NPOCTPaHCTBEHHO KOrepeHTHbIMU, YTOObI BO3MOXHO
Obino HaGnl'Oﬂ,aTb VlHTepCbepeHLlVll‘O n3nyvyaembiX UMU CBETOBbLIX BOJIH.

roe A — AnuvHa BosHbl, AQ — pasHocTb gas.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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9. UnTepdhepeHumns ceeta

UnmepdhepeHyusi ceema — CrnoxeHve B NPOCTPAHCTBE OBYX UMW HECKONbKUX
KOr€PEHTHbIX CBETOBbLIX BOSH, NMPU KOTOPOM B PasHbIX €ro Toykax nonyyaeTcsi
ycurneHue nnu ocrabneHue amnNnUTyAbl pe3ynbTUPYOLLEN BOSHbI.

MycTtb B AaHHoO Touke M Aee MOHOXpOMamu4ecKue €0sHbI C LMKNNYECKON
yacToToM @ BO3GYXOalT OBa konebaHus, Npu4ém o Touku M opHa BonHa
npowuna B cpeae C nokasarternieM npenomneHus 7; nyTb s§; C a30BON CKOPOCTbIO

U;, a BTopasi — B Cpefie 7, NMyTb S, C (Pa3oBOii CKOPOCTHIO Uy

s s
x =4 coso| t—-L|, x,=4Acosm| t—-%
U V2

AMNNMTY/1a pesynbTUpyHoLLero konebanms  A” = A12 + Az2 +2A4,4,cosd.
NHTEHCMBHOCTL pesynbTupytolen sonHbl (1 ~ A2)
PasHocTb tha3 & koneGaHui, Bo3byxaaembix B Touke M , paBHa
Sy S8 s s ) 2nv
5= 25l 52 SO )= (L, — 1) =T A
2 =5 2
v, U ¢/ny, c¢/n) ¢ c

(Mcnonbsosanu: v =c/n; ®=27v; ¢/V=»%, — ANMHA BONHbI B Bakyyme).

MpousBeneHe eeoMempuyeckoli OnuHbI Mymu s CBETOBOW BOMHbI B AaHHOM
cpeae Ha rokasamesib MPEenoMIIeHUs 3TON Cpefbl # Ha3blBaeTCs ONTUYECKOW
OnuHOW NyTn

L=s-n.

PasHocte A =L, — L, =5,n, — 8, ONTUHECKMX ANWH MPOXOAMMBIX BOSTHAMM
nyTen HasbIBAETCS ONMU4YeCcKOl pa3HOCMbHO X0d0a.

Ycnosue nHrepdepeHUMOHHOro Makcumyma:

Ecrm onTuyeckasi pasHoCcTb xoja A paBHa LEnoMy 4vchy AfWH BOSH B
BakKyyme (YETHOMY YMCIy MOMYBOJIH)

A=xm :iZm% (m=0,12,...),

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

YcnoBue nHtepdepeHUNOHHOro MUHUMYMa:

Ecnun onTnyeckas pasHocTb xoaa A paBHa HEYETHOMY YMCHY MOSYBOIH

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

10 d=+(2m + 1)1t 1 koneGaHusa, Bo3byxaaemble B Todke M , GyayT NpOUCXOAUTb
8 npomueoghase.

10. MeToabl HabnwgeHUst UHTepdepeHLUn

[o n306peTeHus nasepoB, BO BCex Npubopax KOrepeHTHble CBETOBbLIE My4Ku
noflyyanu pasgeneHnem BOMHbI, U3Iy4aeMoi OOHUM WCTOYHWMKOM, Ha [ABE 4acT,
KOTOpble MOCne MPOXOXAEHUS pasHblX ONTUYECKUX MNyTel HaknagbiBanu Apyr Ha
apyra v Habnganu MHTEPMEPEHLIMOHHYIO KapTUHY.
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35.BpalieHre NNOCKOCTM nonsapusaumm

HekoTopble BellecTBa (Hanpumep, KBapl, caxap, Ckanuaap), HasblBaemble
onmuYyecku akmueHbIMuU, o6nagalT CcnocobHOCTbI0  BpawaTte  MNMOCKOCTb
nonsipusaumu. Yron noBopoTa nriockocTy nonspusaumm @ =o.-d , rae d — TonwmHa
crosi BellecTBa, O — yAenbHOe BpalleHne — Yron noBopoTa MMoCKOCTU
nonapusauun cnoem onTu4eckKn akTUBHOIoO BellecTBa e,D,VIHVNHOVI TONWMUHbI. I'Ile

3TOM Ol ~ 7»52 - 3akoH Buo (A, — AnvHa BorHbI CBeTa B Bakyyme). [Insi pacTBopoB
yron (p 3aBMUCUT eLL€ 1 OT KOHLEHTPaLuum ¢ pacteopa ¢=0a-c-d.

Ecnu mexay ckpeluéHHbIMU nonsipusaTopoM P v aHanusatopoM A nMoMecTuTb
ONTMYECKN aKTUBHOE BELLECTBO, TO Mone
3peHnss aHanusatopa npocBeTnseTcs.

> [loBopayusas aHanusaTop MOXHO
onpegenuTb yron ¢, Npyu KOTOPOM none
3pEHUsi BHOBb CTaHOBUTCA TEMHbIM —
yron nosopoTa MfOCKOCTU Monspu3aummM ONTUYECKM aKTMBHbIM BeluecTBoM. B
3aBUCUMOCTM OT HanpaBfieHUst BpalleHWs, ONTUYECKM aKTMBHbIE BeLlecTBa
pasgenslTca Ha npaeo- W Jsiegoepawaroujue. B nepsom cnyvae nnockocTb
nonspu3aunm, ecnn CMOTpeTb HaBCTpeYy Ny4y, CMeLLaeTcs N0 YacoBOW CTpenke, BO
BTOPOM — NPOTMB.
OnTuyeckas akTMBHOCTb 0bycnosnueaeTcs: 1) CTpoeHMeM Monekyn Bellectsa
(nx acummeTpuren); 2) 0COBEHHOCTAMU PACMNONOXEHUs YacTUL, B KPUCTamnnmM4eckomn
peLuéTke.

Sdvdbekr DPapages - BpalleHWe MNOCKOCTM NonApM3auum B ONTUYECKU

HeaKTUBHbIX Ternax MOMELLUEHHbIX BO BHELUHee MarHWTHoe nosne. Yron nosopoTta
nnockocTu nonsipusaumn @ =VHd , rae H — Hanpsik€HHOCTb BHELIHETO MarHUTHOTO

nonsa, d — TonwwHa obpasua, V' — nocmosiHHasi Bepde, 3aBucallas oT npupoasbi
BelllecTBa W ANWHbI BOMHbI CBETA.

A

Keanmoeast npupoda usny4yeHusi

Keanmoeasi onmuka — pasgen onTuku, 3aHUMaroLLmics n3yvyeHnem SABNEHUN,
B KOTOPbIX NPOABMNAKTCA KBAHTOBbIE CBOIWCTBa CBeTa.

36.Bugbl onTUYEeCKUX U3NyYeHUmn

KonebaHusi aneKkTpuyeckux 3apsigoB, BXOAAWMX B COCTaB  BELLECTBA,
06ycnoBnMBaloT 3NEKTPOMArHUTHOE U3NyyYeHne, KOTOPOE COMPOBOXAAETCS NoTepei
3HEeprMn BeLLEeCTBOM.

Mpu paccesiHnnM u OoTpaxkeHun cBeTa (POPMUPOBAHWE BTOPUYHBLIX CBETOBbIX
BOMH W MPOAOIMKXUTENbHOCTb W3MYyYeHUsi BELLECTBOM MPOUCXOAMT 3a Bpems,
CpaBHUMOE C NMEPUOAOM CBETOBbIX KonebaHuii.

Ecnn un3nyyeHue npoporkaetcs B TeYEHME BpPEMEHW, 3HAYUTENbHO
NpeBbILLAOLWEM Nepuoa CBETOBbIX konebaHuii, TO BO3MOXHbI iBa TUMa U3MyYeHus:
1) mennoseoe usny4eHue; 2) IIOMUHECUEHYUSI.

PaBHOBECHBIM COCTOSIHMEM CUCTEMbI TEno-U3nyyYeHne SBNSIeTCS COCTOSHUE,
npu KOTOPOM pacnpeferieHMe 3HepruM Mexay TernoM W U3nyvyeHnem OcTaétcs
HEU3MEHHBbIM [ONs1 KaXOoW [AMWHbI BOSHbI. EAMHCTBEHHLIM BUAOM  U3My4YeHus,
KOTOPOE MOXET HaxoAUTbCA B PaBHOBECUM C MW3My4YalolMM TerioM, SsIBMseTcs
mensoeoe u3sy4yeHue — CBeYeHue Tern, obyCroBneHHoe HarpeBaHneMm.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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33.MonapusaumnoHHble NPU3Mbl U Nonapouabl

fBneHne [OBOMHOrO nydyenpenomMmneHna uncnonb3yeTtca npu WU3rotoBneHnn
nosisipu3ayuUoHHbIX npucnocoGne-

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

MCMNaHACKOro LUNaTta, CKNeeHHOW BAOIb
AB «aHapckum Ganb3amom (n=1,55)

— 06blkHOBeHHbIN nyd (1, =1,66)
UCMbITLIBAET M10/IHOe ompaxeHue (Tak Kak KaHaackuii Ganb3am Ans Hero cpega
ONMTMYECKN MeHee MIoTHasl), a MOCKOMONSAPU30BaHHbIA HEOOLIKHOBEHHBIU Ny
(n,=1,51) BbixoauT n3 npuambl. (Ontuueckast ocb npuambl OO’ cocTaensieT ¢
BXOAHOW rpaHbio yron 48°).

[JBosikonpenomnsiowme KkpucTannsl obnagaloT CBOWCTBOM GuxpousmMa —
pasnuUYHO20 Mo2/IoWeHUsI ceema B 3aBUCMMOCTM OT OPUEHTaLUMW 3MEeKTPUYEcKoro
BEKTOpa CBETOBOW BOSIHbl.  JUXpOuyHble — Kpucmasfibl WCMOMb3ylTcs  npu
NPOV3BOACTBE MOIAPOUAOS — TOHKMX MIACTUKOBbIX NMEHOK, B KOTOPbIE BKpaNeHbi
KDUCTaNI KM BELLECTB C CUMbHO BbIPaXEHHLIM OUXPOU3MOM (Hanpumep, repanartuT)
— Takue NNEHKK yxe npu TonwuHe ~0,1MM MoIHOCMbIO Mo2/10Warm 0BbIKHOBEHHbIE
nyyn BUAMMOW OGNacTV ChekTpa, sIBNsACh B TakOM TOHKOM CIOE CO8EPLUEHHBIM
r1oM5pU3amopom.

34.UckyccTBeHHasa onTuyeckasi aHusotTponus

B  onTuyeckn  M3OTPOMHbIX  BelecTBax  BO3MOXHO  MHAyUMpPOBaTb
UCKYyCCMBEHHYH OnNMuYecKyro aHu3omponuro nog BO3[ENCTBUEM:
1) OOHOCTOPOHHErO CXaTWUsA UMW PacTsKEHWUs; 2) anekTpuyeckoro nons (aghgekm
Keppa); 3) wmarHutHOoro nonsa (agpgpekm Kommora-Mymmona). [lpu 3ToM
MHAOYLMPOBaHHAs OMTMYecKass OCb COBMajaeT C HanpasneHueMm aedopmauuu,
3NEeKTPUYECKOro UM MarHUTHOrO Nornei.

SQQBKT Kegpa — onTu4yeckasa aHu3oTponua BewlecTB noa OencTenem
ANEeKTpu4yeckoro nona -— 06bsCHsAeTCSA pasanHon nonapn3yemMoCcTblo  MOnekyn
+ BeuwlectBa nNo pasHbIM HanpaBleHUAM.

Ecnu npunoxuTb pasHOCTb MOTeHuMarnos
Sy K sidvelike Keppa — KkwoBeTe C wuccne-

X EAREE) —> [YEMOW KWAKOCTbIO, KOTOpas pasmelleHa
7 = l“ y Mexgy CKpelu&HHbIMKU nonspusatopom P
o U aHanusatopoMm A, U B KOTOpPYH

noMeLLeHbl NNacTUHbl KoHAeHcaTopa — TO
XMAKOCTb CTAaHOBUTCS ABOSKOMPENIOMISAIOLLEN U CBET NMPOXoAuT Yepe3 aHanvaaTop.
Pa3HocTb nokasaTenen npenomneHusi 0bbIkKHOBEHHOTO U HEOOLIKHOBEHHOIO Iyyein:

n,—ng = BXOEZ, rae Ay — ANVWHA BONHbI CBETa B Bakyyme, E — Hanpsik&HHOCTb

anekTpuyeckoro nonsi, B — noctosiHHas Keppa, koTopasi 3aBUCUT OT Temreparypbl,
ONVHbI BOSHbI CBETA M NPUpOoabl BELLECTBa.

Addekr KoTToHa-MyTTOHa — MarHuTHbIi aHanor addekra Keppa -—
BO3HVKHOBEHME OMTWMYECKON aHWU3O0TPOMWUM Y HEKOTOPbIX M3OTPOMHbLIX BELLECTB NpU

2
nomMelwleHnn ux B CUIIbHOEe BHeLWlHee MarHuTHoe none. I'IpM 9TOM n, —ny = C?\.OH ,

rae H — BenuumHa Hanpshk€HHOCTM BHelHero MarHuTHoro nonsi, C — noctosiHHas
KoTToHa-MyTToHa, KOTOpasi 3aBWCMT OT TemrepaTypbl, ANMHbI BOMHbI CBETa U
npupoabl BellecTsa.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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1. MeTop KOHra. CBeT OT SIpKO OCBELLUEHHOW Lenu

B S nagaer Ha gBe wemm S; n S,, vrpaowme pornb

KOrepeHTHbIX MCTOYHUKOB. NHTepdepeHLoHHas KapTuHa
BC wnabniogaetca Ha akpaHe D).

2. 3epkana ®peHensi. CBeT OT UCTOYHMKa S

€ napaet pacxogaLmMmcs

My4ykOM Ha [Ba MIocKuUX

3epkana 4,0 n A,0, pacnonoxeHHblx nog Manbim

yrnoMm . Pomnb KOrepeHTHbIX WCTOYHWKOB MrparoT

MHuMble S] u S, u3obpaxeHMs uUCTOYHMKa S.

WHTepdepeHUMOHHas kapTuHa Habniogaetca Ha
akpaHe 0O, 3aWMIEHHOM OT MPAMOro nonagaHWs
cBeTa 3acroHkoin 3.

3. Bunpuama ®peHens. CeeT OT UCTOYHUKA S
3 npenomnsieTcd B npuaMax, B pesynbTaTte 4ero 3a
OUNpU3MoM pacnpoCcTpaHATCA CBETOBbIE fyyu, Kak
Obl MCXOASILLME N3 MHUMbIX KOTEPEHTHBIX UCTOYHUKOB
NS

4. 3epkano Jlnownpa.
TouyeyHblt  UCTOUHMK S §
HaxoauTcs 6rv3ko K MOBEPXHOCTW nrockoro 3epkana M .
KorepeHTHbIMU UCTOYHMKAMM CyXKaT cam UCTOMHUK S U ero g o

MHUMOe u3obpaxeHue S . 5

-F‘\\\\\“
SR

11.Pacu4éT uHTepchepeHUMOHHON KapTUHbI OT ABYX LUesnewn
Ose wenn S; n S, HaxopATCst Ha paccTosHUM d Apyr OT Apyra W SBNSOTCS

KOTEPEHTHLIMM UCTOYHUKaMKU. JkpaH D napannenex

WensaM U HaxoAWTCs OT HWUX Ha paccTosHun [>d . H
MHTEHCMBHOCTb B MpoW3BOMbHOM  Touke A s 5 4
onpedensieTcs pasHocTblo xoga A=s,—s), rae =~ _ 1 Ix
2=+ (x+df2)?, sP=1"+(x—d/2)*, omypma d Px== L

1 dn{jo
s%—slzz2xd unm A=s2—s1:2xd/(sl—s2). s, -

Ws > d cnepyet s, +s, ~2[, nostomy A =xd/I.

d )
MonoxeHye MakcMMyMOB: XT =Emhy => Xy = imgko (m=0,1,2,...).

MonoXeHne MUHUMYMOB: # = i(m + %JKO = Xpin = i(m + %jé?xo (m=0,1...).

PacctosiHne Ax wmexay [ABYMSI COCEOHVMMM MakCUMymamu (MUHUMYyMamu)
Ha3blBaeTCs WupuHoli uHMepghepeHYUOHHOL Mo10Chkl

/
Ax=—N,.
PR

MHTepdepeHUMOHHaa KapTuHa npeacraBnseT cobon yepenoBaHue Ha dKpaHe
CBETbIX U TEMHbIX NOMOC, NapannenbHbIX ApYr APYrY.

OnTuka
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12.Monocbl paBHOro HaknoHa

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

nokasaTtenem MNpPenoMrneHuss n 1 TonwuHon d nop yrmoMm i nagaet nockas
MOHOXpoMaTuyeckasi BonHa (puc. (a)). B Touke O nyd 4yactuyHo oTpasutes (1), a
YaCTUYHO MPENOMUTCSH, U NOCHEe OTPAXKEHWUS HA HWDKHEN NMOBEPXHOCTWU MNacTWHbl B
Touke C BbIAOET U3 NNacTuHbl B Touke B (2). Jlyum 1 u 2 korepeHTHbI U naparn-
nenbHbl. C NnomoLLbio cobuparoLLel NH3b! MX MOXHO CBECTU B Touke P.

Heo6xoaMMO OTMETUTb BaXKHYH) OCODEHHOCTb OTPAXKEHUS INEKTPOMArHUTHbIX
BOJTH (4, B YACTHOCTM, ONTUYECKUX NyYelt) Npu NageHnn nx Ha rpaHuuy pasgena aByx
cpen v3 cpefbl C MeHblUeNn [OWINEKTPUYECKOW MPOHMLAEMOCTbIO (a, 3HauvT U
MEHbLUMM MOKa3aTenem MpernomsieHns): npu ompaxeHuu ceema om 6osee
nnomHol cpedbl (n, <n) ¢haza usmeHsiemcss Ha 7. VlameHeHne dasbl Ha T
pasHOCUNIbHO Momepe MoJly8oNHbI MNPU ompaxeHuu. Takoe noBedeHue
3NEKTPOMAarHMTHOW BOMHbI Ha rpaHuLe ABYX Cpef crefyeT U3 rpaHuyYHbIX YCNOBUNA,
KOTOpPbIM  JOMKHbl  yAOBMNETBOPATb  TaHreHuuarnbHble KOMMOHEHTbl  BEKTOPOB
HanpsPKEHHOCTU  3NIEKTPUYECKOTO M MarHWTHOro Mofs Ha rpaHvue pasgena:
E =E,, H =H_,.C y4éTom aT0r0, ONTMYECKas pasHoCTb xoaa

A=n(OC +CB) - (04-"%).
Wcnonbsys sini=nsinr (sakoH npenomnenus), OC=CB=d/cosr u
OA=0OBsini = 2d tgrsini, 3anuwem

.2
A—x—O:%—Zdntgrsinr:Zdn ! ST = 2dncosr = 2dn? —sin®
2  cosr CcoSr  COSr

i

B Touke P 6yneT uHmepgepeHyUOHHbLII MaKcuMyM, ecnn

2d nz—sinzi+%:2mM (m=0,1,2,...).

B Touke P 6yneT uHmepghepeHyUOHHbLII MUHUMYM, €CIN

2d nz—sin2i+k—;=(2m+l)x—; (m=0,1,2,...).

Takum obGpasom, Ans
AaHHbIX Ao d 1 1 Kaxpomy

HaKMoHy 7 ry4yel COOTBET-
CTBYeT CBOS WHTepdepeH-
UMoHHas nomnoca. WHTep-
bepeHUNOHHBbIE nosockl,
BO3HMKaloLWue B pesynbraTe
HanoxeHus nyyen, nagato-
WMX Ha nrockonapannenbs-
HYI0 NNacTWHKY noa oauHa-
KOBbIMW yrnamu, Ha3blBaloTCS MoJs10caMu pagHO20 HaK/I0Ha.

NHTepdepupyowme nyun (Hanpumep, 1° n 1" Ha pwuc.(6)) napannernbHbl Opyr
Apyry, NOSTOMY rOBOPSAT, YTO MOJIOCkLI Pa8HO20 HaKJIOHa JIoKasu3oeaHbl 8 6ec-
KOHeyHocmu. [na ux HabniogeHWs UCMonb3ylT COOMpalollylo MWMH3Y U 9KpaH.
PagnanbHas cvMMeTpust MWH3bI MPUBOAMT K TOMY, YTO WHTepdepeHLMOHHas
KapTuHa Ha aKkpaHe ByfeT MMeTb BUA KOHLIEHTPUYECKMX KOomeL, C LLleHTPOM B chokyce
NWH3bI.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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31.Nonsipnsaumnsa ceetTa NpyU OTPAXXEHMU U NPEerIOMNeHUun

Ecnun ectecTBeHHbIN CBET NagaeT Ha rpaHuly pasgena AByX AWSNEKTPUKOB, TO
OMpPax€éHHbIl U MPesIoMIEHHbIU Y4 SBNAITCA YacmuYHO NOIpU308aHHbLIMU.
B oTpaxéHHom nyye npeobnagatoT konebaHua nepnenankynspHble NIoCKOCTU
nageHus, a B NpenoMnéHHoM — konebaHus, nexaiume B N0CKOCTN NageHus.
Ecnun yron nageHvs paBseH yesly Bprocmepa, KOTOpPbIN ONpefenseTcs COOTHO-
WweHnem tgip =ny;, TO OTPAXEHHLIN Ny4 SBMAETCS MJIOCKOMOJISAPU308aHHbIM.
i 6) MpenomnéxHbI Nyy B 3TOM cry4vae

) | nonspu3yeTcs MakcMmarsbHO, HO He
) . nonHocTblo. Mpu aToM ompaxéHHbil
g 4 i

n U MPEnoMnéHHbill fyyu  B3aUMHO
' L nepneHAVKYNspHbI:
w2 n .. ..
. siniy siniy
Wgip=—"—"=ny, — =Ny =
| T cosig sini,
] ! cosiy =sini, um iz +i, =%,

HO iy =ip, noaTomy iy +iy =m/2.
CTeneHb nonsipusauum OTPaxE&HHOro M NPenoMMEHHOro CBeTa Npu pasnuyHbIX
yrnax nageHuss MOXHO paccuutaTb M3 ypaBHeHu MakcBenna, ecnm y4yecTb
rpaHUYHble YCMNOBWUS AN SMEKTPOMAarHUTHOrO MOMs Ha rpaHule pasgena AByX
OnanekTpukos (cM. cTp. 5-28).

32.0BoiHoe nyyenpenomneHme
HeoliHoe ny4enpenomneHue — 3T0 CNOCOBHOCTb NPO3payvHbIX KPUCTansoB
(kpoMe onTUYECKM W3OTPOMHbIX KPUCTanMoB KyOWYeCcKoW CUCTEMbl) pasaBauvBaTb
KaXabl najalolwmi Ha HUX CBETOBOM My4yok. OTO sABMNeHne obbscHseTcs
OCOBGEHHOCTAMW  pacrnpocTpaHeHust cBeTa B aHU30TPOMHbLIX  Ccpedax W
HenocpeacTBEHHO BbiTeKkaeT 13 ypaBHeHun Makceenna.
N\ Ecnu Ha kpuctann HanpaBuTb Y3KWUI My4YOK CBETA, TO U3
3 3 t KpucTanna BbIi4yT ABa NPOCTPAHCTBEHHO pa3fenéHHbIX

e

1
L » 0

fly4a napannenbHbIX APYr Apyra v nagariolemy mnyyy.
[Jaxe B TOM cnyyae, koraa nMy4yok nagaet Ha KpucTann
HOpMaIbHO, NPENOMIEHHBI Ny4YOK pasdenseTcs Ha ABa:
OOWMH M3 HUX $SIBNSIETCS MPOAOMMKEHWEM MNEPBUYHOIO
(Ha3biBaeTCs  OBbIKHOBEHHbIM (0)), a  BTOpoOK
OTKIOHSIETCS (Ha3blBaeTCs HEOObIKHOBEHHBIM (€)).

HanpaBneHve B onmuyecku aHU30mMponHOM Kpucmarnse, no KoTopomy nyy
CBeTa pacnpocTpaHsieTcsl, He UCMbITbIBasi ABOMHOMO NyyYenpenomneHunsi, Ha3biBaeTcs
onmuyeckol OCbi KpucmaJsina. nockocTb, NpoxoAslias 4vepes HanpasreHne
fly4ya cBeTa WM OMTUYECKY OCb KpucTanna, Ha3blBaeTcsl 2/1a8Hol M/10CKOCMbIO
Kpucmanna.

O- U e-Nyynm NIOCKOMOMSAPU3OBaHbl BO B3AaUMHO  NEePrneHAVKYMAPHbIX
NNOCKOCTSIX: kornebaHWs CBETOBOro BEKTOpa B O-flyde NPOUCXoasiT NepneHanKynsapHo
rNaBHON NIIOCKOCTU, B €-1yyYe — B FMaBHOMW MIIOCKOCTU. O-MyY pacrpocTpaHseTcs no
BCEM HanpasneHusM KpucTanna C OIMHaKOBOW CKOPOCThIO Uy :c/no — nokasarenb

npenoMnenuns n, onsa Hero eCtb Benm4mHa NnocTtosiHHasA. e-nyy4n pacrnpoCTpaHATCA
no pasfiMyHbiM HanpasfieHUAM C pa3HbIMU CKOPOCTAMU Ue:C/ne — NoKasaTtenb

npenomnenus n, HeoB6bIKHOBEHHOTO nyvya gaBndeTcAa nepemeHHoﬁ BEMNYMHOW,
3aBuCsiLLeln OT HanpaeJieHna ny4ya.

OnTuka
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NpenMyLLeCTBEHHbIM HanpaBrneHnem konebaHuii Bektopa E .

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

OTa nnockocTb HasblBaeTcs r1oc-

P KOCmbI0 nosisipusayuu.
‘/;L Ecnn  koHubl BekTOpa E ¢
TeYeHMEeM BPEMEHW ONUCbLIBAIOT B
NMOCKOCTW, NEePNeHANKYNSPHOW Ny4y,
P ~ q 7 8 OKPYXHOCMb NN anurnc (puc.(s)), To

CBeT Ha3blBaeTCs YUPKYAAPHO WK
3/11UNMUYeCcKU NoJsIpuU308aHHbIM.
. I —1..

CreneHbto Nonsip1saummn HasblBaeTcst BENMUMHA P: |p = —max -~ min

rae I v I;, — COOTBETCTBEHHO, MaKCUMarnbHast 1 MUHUManb- Liax + Linin

Hasi MHTEHCMBHOCTU YaCTUYHO MOMSPU30BaHHOrO cBeTa. [ns ecTeCcTBEHHOro cBeTa
Lax = Imin v P =0, ana nnockononsipnsosarHoro [, ;. =0 n P=1.

EcTecTBEHHbI CBET MOXHO npeobpas3oBaTb B  MIOCKONONSPU3OBaHHbIN,

MCMonb3ysl Tak HasblBaeMble MoJIApU3amopsbl, nporyckawwme konebaHns TonbKo

onpeaenéHHoro HanpaeneHusi. B kayecTBe nonsipu3aTopoB MCMOMb3YOTCS cpedbl,

AHN30TPOMNHbIE B OTHOLLEHUN kone6aHun E .

30.3akoH Mantoca

MponycTUM €CTECTBEHHbI CBET C MHTEHCUBHOCTLIO /.,
T,. Konebanue amnnutyabl A, coBepluatolleecs B MIockocTu, obpasytolleir ¢
Slncwaerms  MINIOCKOCTBIO MONsipu3aTtopa Yron ¢, MOXHO pasnoXuTb Ha ABa
TOPBITE oneGanns ¢ amnnuTyaamu A,=Acos¢ un A =Asing.

MHTEHCMBHOCTb I'IpOLIJe,EI,LLIelh BOJTHbI nponopunoHarnbHa

Yyepes nonsipusaTop

A A/z/:Azcoszq). B ecrecTBeHHOM cBeTe BCe 3HayeHUs @

PaBHOBEPOATHbI, MO3TOMY 054 CBeTa, npoweawero 4epes no-

napusatop, OyneT paBHa cpegHemy 3HaueHuIo <COS2 q)>= 12, a

WHTEHCUBHOCTb  MIOCKOMONAPU30BaHHOIO CBeTa, MpoLueaLlwero
[ _[ecm
0 ="
2
MocTaBMM Ha nNyTW MNMAOCKOMNONAPU30BaHHOTO
cBeTa BTOpoW nonspusatop 7, (aHanusamop)
noa yrrom \ K nepeomy. MHTeHcuBHocTb [
cBeTa, Mpolleawero 4Yepes aHanusaTop,
MeHsieTCA B 3aBWCMMOCTW OT yrma \ no

3akoHy Mantoca

yepe3 nepsblii nonsipusatop 7; paBHa

2
I=1Iycos"y.
CnefoBaTenlbHO,  WHTEHCMBHOCTb  CBETa, MpoWeAlero 4Yepes [pa

1 1
nonspusatopa [ ZE]ecm cos’ y . Moatomy, I, =Elecm’ Koraa nonsipm3aTopei

napannenbHbl u I, =0, koraa nonsApusaTopbl CKpeLleHbI.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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13.onockl paBHOW TONLUHbI

[MycTb Ha nNpo3pavHylo MNaCTUHKY NepeMeHHOU MOAuwUHbl — KAUH C ManbiMm
yrnomMm « wmexay GOKOBbIMM paHSMUM — MagaeT Nnockas BOMHAa B HanpasieHuu
napannenbHbix nydyen 1 n 2. IHTeHCMBHOCTb
WHTEP(EPEHUNOHHON KapTuHbl, dopmMupye-
MOW Iny4yamu, OTPaXEHHbIMU OT BEPXHEN K
HWXHEeN MOBEPXHOCTEN KIWHa, 3aBUCUT OT
TONLLWHBI KNUHA B AaHHom Touke (d u d' ans
nyyen 1 n 2 cooTBETCTBEHHO). KorepeHTHble
napbl nyden (1" n 1", 2° n 2") nepecekatTcs
B6NM3N NOBEPXHOCTU KNWHa (Toukm B n B') u
coGupatoTcsa NIMH30M Ha aKkpaHe (B Toukax A u
A'). Takum 06pa3om, Ha 9KpaHe BO3HUKAET
cuctemMa MHTepdepeHUMOHHbLIX MONOC — MMO/10C pasHOU MOJIWUHbI — KaXxaas u3
KOTOPbIX BO3HUKAET MPW OTPAXEHWU OT MECT MMACTMHKU, UMEIOLMX OOUHAKOBYH
TonwwmHy. Monock! pasHol MonwuHbl JIOKanu3oeaHbl ebnu3u rnosepxHocmu
KJIuUHa (B NIOCKOCTU, OTMEYEHHOW MYHKTMpOM B-B).

14.Konbua HulotoHa

Konbya HbromoHa, aBnsowmMecss KracCU4ecknm
NpMMEpPOM MONIOC paBHOM TOMLWMHbI, HabnogawTca npu R R
ompaxeHuu  ceema om  8030ywHoO20  3asopa,
06pa3oBaHHOro  nrockonapannenbHoW  MAacTUHKON U

GOMbLUMM PagMYCOM KpWBU3HLI. [MapannenbHbii myyvok
cBeTa nagaeT HopMasrbHO Ha MIIOCKY MOBEPXHOCTb r

d

JTMNH3bI. Monocbl paBHOI7I TONWMUHbI NnMerT BUAO [ —_
KOHLIEHTPUYECKUX oKkpyxHocTen. C yuétom d 250
R?=(R-d)?+r*=R*-2Rd+d*-r* = d=r’/2R.

COMPUKACAIOLLENCS C HEell MIOCKOBbLIMYKMON JMH30M C l ‘ l l ‘ l l

A )
B oTpak€HHOM cBeTe onTnyeckas pa3HOCTb Xoaa A=2d+ 70 = 22r_R + 70.
Paauychl cBeTnbIx koned: =y (m=Y)hR (m=1,2,3,..).
Pagunycbl TEMHbIX KOMeLl: 1, =AmioR (m=0,1,2,..).

WHTepdepeHuuto MoxHO Habniogatb M B NMpoxXoasiem cBeTe, NMPUYéM 8
npoxodsuem ceeme MakCUMyMbl UHMEPHEpeHyuU coomeemcmeyom MUHUMyMam
UHMepghepeHyuUu 8 ompaxeHHOM ceeme u Haobopom.

15.MpoceeTneHne onTukm Tpocsernaioumit
CJioH

O6bekTnBbI  OonMTUYECKMX  NpubopoB  cogepxaTt
fonbloe KonMM4yecTBO NWH3. [axe HesHauuTenbHoe
OoTpaXeHWe CcBeTa KaxOoW W3 MNOBEPXHOCTEN NNH3
NpuMBOONUT K TOMY, YTO UHMEHCUBHOCMb rpowedwezo
ry4yka ceema 3Ha4umernbHo ymeHbwaemcsi. Kpome Toro, B
06beKTUBax BO3HWUKAIT 6/IUKU U QhOH paccesiHHo20 caema,
4YTO CHWxXaeT 3(PPEeKTUBHOCTL ONTUYecKkUx cuctem. Ho,
€eCnu Ha rpaHuuax cpep co3faTtb YCOBWS, MPU KOTOPbIX
UHmMepghepeHyus ompaxérHbix nydyed 1 n 2" daém MUHUMYM UHMEHCUBHOCMU
ompaxéHHo020 ceema, TO MpU 3TOM WHTEHCUBHOCTb CBeTa, MpOLUEALlero 4vepes

OnTuka
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ONTMYECKylo cucTeMy OygeT makcumarnbHa. OTOro MOXHO [0OUTbCH, Hanpumep,
HaHeCeHVeM Ha MOBEPXHOCTb FIMH3 MOHKUX MIEHOK C MokasaTenem npenomieHus

ny <N <Hng, NPU4EM 1 =./nyn, . B aTom cnyyae amnnnTyabl KOrepeHTHbIX Jyyeit 1°
1 2" ByayT OAMHAKOBLI, @ YCIOBME MUHUMYMa Ans OTpaxeéHHbIX nyden (i =0) GygeT

2nd =(2m+ l)x% . Npu m=0 onmuyeckass —monwuHa nnénku nd
YOOBNETBOPSIET YCMNOBUIO

nd :&,
4
u npoucxodum 2aweHue ompaxeéHHbix syded. [Ona Kaxgon AnviHbl BOMHbI 7\0
JomkHa 6biTb CBOSI TOMWMHA NNEHKM d . TOCKOMbKY 3TOro A06UTLCA HEBO3MOXHO,
06bI4HO ONTUKY NPOCBETNSIOT A ANUHBI BOMHbI Ay = 550 HM, Kk KoTopoii Hanbonee

YyBCTBUTENIEH MMa3 YyerioBeka.

16. UnTepdepomeTphbl

Mpy NNaBHOM U3MEHEHNM Pa3HOCTU Xo4a MHTepepmpyoLLMX Ny4KOB Ha xo/z
MHTepdEPEHLMOHHAsi KapTUHa CMECTUTCS HaCTOMbKO, YTO Ha MecTe MaKCMMyMmoB
OKaXyTCsl MUHUMYMbl. [lo3TOMy sBNeHWe UHTEpdEpPEeHUMM UCMONb3yT B
uHmepghepomMempax AN WU3MEPEHUs ANWHbl Ten, [OfIMHbI CBETOBOW BOJSIHbI,
M3MEHEHMs N1HbI Tena Nnpu N3MEHeHUN TemMnepaTypbl, CPAaBHUMbIX C A .

B unmepgepomempe MalikesibcoHa MOHOXPOMATUYECKUI MyY OT UCTOYHMKA
S paspensietca Ha roslynpospayHoll nnacmuHke B Ha nBa
nyya 1’ n 2", KoTopble, OTpPasuBLUMCL OT 3epkan M; u M,,
CHOBa C MoOMOLLbl0 F, CBOAATCS B OOMH My4OK, B KOTOPOM
nyun 1' n 2" dopMUpyloT UHTEPMEPEHLNOHHYIO KapTUHY.
KomneHcayuonHasi nnacmurka P, paswelaeTcs Ha nyTu
nyya 2, ytobbl OH Tak Xe, kak v ny4 1, ABaxagbl NpoLwén
yepe3 nnacTuHKy. BosHukawowas nHTepdepeHLMOoHHasn
KapTMHa  YpesBblMallHO  YyBCTBUTENbHA K  noGomy

N3MEHEHWIO PasHOCTU Xoda fyden, (Hanpumep, K CMeLLEeHMIo
0fHOro 13 3epkan).
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3peck [y U I — WHTEHCMBHOCTW MIIOCKOA MOHOXPOMAaTUYECKOW BOMHbI Ha
BXOOAE M Bbixoge  Crosi  norfowarwero  BewecTsa  TOMWMHON X,
o — KoaghhuyueHm noeasioweHUss, 3aBUCAWMUA OT [ONUHbI BOfMHbI CBETA,
XUMUYECKON NPUpOoabl U COCTOSIHUA BeELLecTBa M He 3aBUCALLMIA OT MHTEHCUBHOCTU
cBeTa. YncneHHoe 3HayeHwe 3Toro koaduumeHTa O NokasbiBaeT TOMLWMHY Crosi

X, paBHYI %, nocrne npoxoXxgeHna KOTOporo MHTEHCUBHOCTb MITIOCKON BOJTHbI

nagaetrB € = 2,72 pasa.

28.Bugbl CNEKTPOB NOrnouweHust

» JluHel4amsblil criekmp rno2/0ujeHuUsi — XxapakTepeH Ans 00HOamOMHbIX 2a308
(vnn napoB). OyeHb pes3kne U y3Kne NIUHUKM B Takux CNekTpax COOTBETCTBYHOT
YactoTam CoBCTBEHHbIX KonebaHui anekTpoHoB B atomax. Ecnv nnoTHocTh rasa
yBenuM4mBaTb, TO B3aMMOAENCTBME aTOMOB MeEXAYy COOOM NPUBOAUT K YLUMPEHUIO
FAVHWIA NOTMOLLEHMS.

» Cnekmp noenoujeHUss 8 8ude MOJIOC MO2JIOWEHUSI — XapakTepeH Ans
noanoweHuss mornekyn. KonebaHus aTtomoB (M BpalleHue rpynn aTtoMoB) B
MoneKynax npuBoauT K TOMY, 4TO 06pasytoTCs LUMPOKME NOMOCHI MOrOLEHNS.

» CnsowHOU criekmp no2JsIoweHUss — XxapakTepeH Ans xudkocmel u meépobix
men, B KOTOpbIXx 0OpasyloTca Kos/leKmueHble 8036yx0eHuUs (Hanpumep,
3MEeKTPOHbI MPOBOAMMOCTM B MeTannax) Kotopble obycnaenvealoT MnorfoLleHne
CBeTa B LUMPOKOM 06nacTn 4acToT (ANWH BOMH).

a, n o Ha pucyHke nokasaHa TUNUYHAs 3aBMCUMMOCTb
Ko3uLUMeHTa MOrMOWEHNs O OT AfWHbl BOJIHbI
cBeTa A U 3aBMCMMOCTb MokKasaTens NpenomMsieHns n
oT A B obnact¥ nomnockl nornoweHns. BHyTpu
nomnocel MorfoweHns HabngaeTcs  aHomanbHas
avcnepcus.

3aBMCUMOCTBIO KO3(PMLUMEHTa MOTMOLEHNS OT

ANVHbI BOJHbI o6bsAcHseTCA OKpaLLEeHHOCTb

nornowiaroLmx Ten.

Monsapu3sayusi ceema

HAudppakyus ceema

17.NpuHumn MNonreHca-OpeHens

Hugppakyueli HasbiBaeTca o2ubaHue eosiHaMu npensmcmeutl, BCTpe-
YawLwmxcs Ha WX NyTu, unu B Gonee LUIMPOKOM CMbIcrie — J1l060€e OmMK/IOHeHuUe
pacrnpocmpaHeHus1 80JIH 8651U3u rpensmcmeull om 3aKOHO8 2eo0Mempu4ecKol
onmuku.

Oundpakumio o6bsicHAeT npuHUMN [olireHca — MMEHHO BTOPWYHbIE BOSHbI
ornbatoT NpenaTCTBUA Ha NYTU PacNpPOCTPaHEeHUsI MEPBUYHBIX BOJTH.

®PpeHenb doronHun npuHuMn MovireHca npeacTaBneHnemM O Ko2epeHmHocmu
8MOPUYHbIX 80ITH U UX UHMepgepeHyuu.

CornacHo npunyuny lMolzeHca-PpeHensi, ceemosasi 80/1Ha, 8030yxx0aemas
Kakum-nu6o ucmoyvHukoM S, Moxem 6bimb rnpedcmaeneHa Kak pesynbmam
cyrnepnosuyuu  (CNOXeHWs) KO2EepeHMHbIX 6MOPUYHbIX  8OfH,  U3/lyYaeMbiX

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

29.EcTecTBeHHbIN U NONSAPU30BaHHbIN CBET

Mpu geiicTBMM CBETA Ha BELLECTBO OCHOBHOE 3HAYeHWe UMEeeT NeKTpudeckas
COCTaBnSIOLWAs ANEKTPOMArHUTHOIO Mosisi CBETOBOM BOJHbI, MOCKOSNbKY MMEHHO OHa
OKa3blBaeT OCHOBHOE [EeWCTBME Ha 9MeKTPOHbl B aToMax BellecTBa.

a) Moatomy, pAnsi onucaHusi 3aKOHOMEpPHOCTEW rnonsipusauum  Bygem

paccMaTpuBaTb TOMbKO ceemoeoli 8eKmMop — BEKTOP HanpskéHHocTn E
3NEeKTPUYECKOro Morsi.

6 CeeT npepactaBnser coboli  cymmapHOe  3neKTpomarHuMTHoe
M3nyyeHne MHOXeCTBa He3aBMCMMO M3fyyaroLmx atomoB. [1oaTomy Bce

opueHTaumn BekTopa E 6yayT paBHOBEpOsiTHbI. Takoi CBET HasblBaeTcs
ecmecmeeHHbIM (pvic. (a)).

o MonsipuzogaHHbIM ceemoM Ha3biBaeTCs CBET, B KOTOPOM
HanpaBneHuss  konebaHus  BekTtopa E  kakum-nn6o  obpasom
yNopsifoyeHbl.

Yacmu4yHo nosisipusoeaHHbIll ceem (puc.(6)) — cBeT C
OnTtuka
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2

Hgex
CregoBarernsHo, nt=1+-92

gk
MycTb BHelwHee none £E uU3MeHseTCs MO  2aPMOHUYECKOMY 3aKOHY
E = Ej,coswt. Torga ypaBHeHWe BbIHYXAEHHbIX KonebaHwii anekTpoHa (6e3 yyema
cunbl conpomusesnieHusi, obycnasnuearowel noanoweHue 3Hepauu nadaroweli
80J1HbI)
.2 1 e
X+ opx =—Fycosot =—E,cosot,
m m

roe Fy=eE, — amnnuTygHoe 3HauyeHue Curbl; OEeNCTBYIOLLEH Ha JMeKTPOH CO

CTOPOHbl MONsSi BOJSIHbI; (@, — COOCTBEHHas 4actoTa koreGaHWii SMeKTpoHa,
7 — Macca aneKTpoHa.
ek,
PelueHue atoro ypaBHeHnss x = Acoswt, roe A= 5~ - Moatomy
m(oy — o)

n062 1
2 2y
gom (wy — )
lNony4yeHHast 3asucumocmb 6bipaxaem sieneHue dAucnepcuu — n=n(®).

2o+

Mpacduk 3ToM 3aBUCUMOCTU MpuBeOEéH Ha pucyHke. Paspele n  BOGMM3M ®
obycrnoBrneH TeMm, 4YTO He Y4YTeHbl CuIbl
COMpPOTMBIEHUS cpenpl (nornoweHue
3MEeKTPOMarHUTHbIX BOJTH CPeaow).

Ecnu yyectb nornouieHve, 1o B obnactu
®, 3aBUCUMOCTb 7(®) 3a4aeTCs MyHKTUPHOW

nuHvenn AB — 3Tto obnacmb aHOManbHOU

ducnepcuu (n YyOGblBAaeT C poCTOM ).

OcTanbHble y4acTKu OMUCLIBAIOT HOPMalslbHYH
@ ®  Qucnepcuto (n pacTeT C pOCTOM O ).

B obuwem cnyyae, ecnu B BelleCTBE WMMEKOTCH pasnuuHble 3apabl e, C

Maccamu m;, coBepwawlme BblHY)XAEHHbIE konebaHuns ¢ pas3nnyHbIMn
COBCTBEHHBIMM YacToTaMm ®g;, TO

I’loz

m; (('00[ ) )
" KpuBas I’l((l)) nmMmeeT 0cobeHHOCTH 86HM3V| Ka)KﬂOVI cobCTBEHHON 4acCTOThI (,00[.

27.MNornoweHune (abcopbums) ceeTa

lMoanoweHuem (abcopbyuell) ceema Ha3blBAETCA S6/IEHUE YMEHbWEHUSs
3Hepauu ceemosoll 80/IHbI MPU €€ pacnpocTpaHeHWU B BeLLecTBe BcreacTBue
npeo6pa303aH|/|;| QHEeprnnm BONHbI B Apyrue BuAbl 3HEPrnmn (BHyTpeHHIOIO SHEepruo
BellleCcTBa, 3HEPrvio BTOPUYHOIO W3Ny4YeHUs B APYrux HanpasrieHUsX WU Opyroro
creKTparnbHOro coctaea u ap.).

B pesynbTate nornoweHna UHTEHCUMBHOCTb CBEeTa MNpU NPOXOXAEHUU 4vepes
BelleCTBO YMeHbLUIaeTCcA

I =1, exp(—ax) — 3aKoH Byrepa.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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8MOPUYHbIMU ((PUKTUBHBIMU) UCMOYHUKaMU — GECKOHEYHO MarnbiMy 3rieMeHTamu
060N 3aMKHYTOM NMOBEPXHOCTM, OXBaTbIBAIOLLEN UCTOYHMK S .

18.30Hbl PpeHens

PaccmoTpuMm B npousBonibHoW Touke M amMnnuTygy CBETOBOW BOSIHbI,
pacrnpocTpaHsIoLLENCS B OOHOPOAHON cpeae M3 ToYe4YHoro uctodHuka S . CornacHo
npuHumny ToiireHca-dPpeHensi, 3aMeHUM [OEWCTBUE MUCTOYHMKA S OencTeueM
BOOOpaaeMbIX WMCTOYHMKOB, PAacCMOSIOKEHHbIX Ha BCMOMOraTesfibHOM MOBEPXHOCTU
O, gAensoweica NOBEPXHOCTbIO (PPOHTA BOMHbI, uaywen us S (MoBEPXHOCTb
cgoepbl ¢ LeHTpoM S ). Pa3obbém BonHoBYo noBepxHocTb @ Ha KonbLEeBble 30HbI
Takoro pasmepa, YTobbl paccTosHUSA OT KpaéB 30Hbl 4o M oTnuyanuch Ha ?»/2.

Toraa, 0603HaumMB amnnuTyapl kKonebaHui ot 1-i, 2-1, ... M- 30H Yepes Al, Az,

A, (npn atom A4 > A4, > A;>...), nonyuum amnnutyay pesynbTUpYHoLLero

konebaHus A=A —Ay+ 43— A, +
Mpn  Takom pa3bneHumn

BOMTHOBOWN NOBEPXHOCTU Ha
A 30HbI OKa3blBaeTcH, 4yTO

amnnutyaa koneGanus A4,
OT HEKOTOpOM M-  30HbI

N
=

W

N \\\\-.
fy
/ "
o
+
[N]
™)
*
>

\ )
s B —= dpeHens paBHa cpegHemy
%/ apudmMeTnyeckomy oT
A Y amMnnUTya NPUMbIKAOLWMUX K
'\ Hew 30H
® A = Am—l + Am+1
" 2

Torpa pesynbTupylowlas amnnutyaa B Todke M 6yaeT pasHa

A A A A 4, A A
A:_l l AZ 3 3 A4 AS +...:_li_m:(_>1 )):_11
2 2 2 2 2 2 2 m>> 2
nabi
T.k.npu m>1 4 > 4,,. Inowaamn Bcex 30H PpeHensi paBHbl c= PR
a+
rae a — anuua otpeska SF) — paauyc ciepel @, b — anuHa otpeska FyM .
b
Pagwnyc BHeluHel rpaHunupbl m - 30HbI PpeHens By = a b m\ .
a+

Mpu a=b=10cm wn A=500um paguyc nepeonn 3oHbl 73 =0,158mm.
CnepoBatenbHo, pacnpocTpaHeHue ceeta oT S k M npoucxogut Tak, Gyato
CBETOBOW MOTOK PacrnpocTpaHAeTCs BHYTPU O4YeHb Y3KOro kaHana Baofib SM , T. e.
NPSIMOSTUHENHO.

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

19. Qudbpakuusa B cxoaawmxcsa ny4vax (amdpakumsa PpeHens)

Ondpakunsa B cxogswmxcsa nydax (gudppakuma ®PpeHens) — ato andopakums
cdepuyeckux BOJSH, OCYLUECTBRsieMass B TOM cChyyae, korga audpakuuMoHHasi
KapTvHa HabnogaeTcs Ha KOHEYHOM PAaCCTOSHMM OT MPEnsTCTBUS, Bbl3BaBLUErO
andpakumio.

OnTuka
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Oudpakuma Ha kpyrnom otBepcTtuu. Cdepuveckass BOnHa, pacnpocrtpa-
HAOLLAsACS U3 TOYEYHOro UCTOYHMKA S, BCTpeyaeT Ha CBOEM
nyTW 3KpaH C KpyrnbiM oTBepctveM. Bua audpakumoHHowm
KapTWHbI 3aBUCUT OT Yucna 3oH dpeHens, yknagblBaoLmnxcs
B OTBepCTMWU. AMNNUTyaa cBeTa B Touke B akpaHa O Gymet
A=A4/2%4,/2, roe 3Hak "mowc" Ans cnykasi, Koraa
OTBEPCTNE OTKPbIBAET HeYémHoe Yncno m 30H ®peHens, a

*
|
[
i
]
|
|

b"% 3HaK "MuHyC" — ans yémHo2o m .
b OudpakunoHHass  kaptTuHa  6Gyger  wMeTb  BuUfg
YepeayoLLNXCH TEMHbBIX U CBETIIbIX KOMEL, C LLEHTPOM B TOYKe
B (ecm m - uyéTtHoe, TO ueHTpanbHoe Konbuo Gyner
B 3 TEMHbIM, €CNN M HEYETHOE, TO — CBETIbIM).
Oudpakuna Ha paucke. Cdpepuyeckass BomHa, S

pacnpoCTpaHsLWAasaCcs OT TOYEYHOro UCTOYHMKa S, !
BCTpEYaeT Ha CBOEM nyTu Auck. Ecnu guck sakpbiBaet
nepeble m 30H PpeHensd, To amnnuTyga koneGaHus B
Toyke B akpaHa I

A:Am+1 _Am+2 +Am+3 T =
A

— Om+l + Am+1 _ Am+2 + Am+3 +...= Am+1 .
2 2 2 2 A

Takum oBpasom, B Touke B ecezda Habrodaemcs

|
UHMEPGHEPEHUUOHHBIL  MaKCuMyMm  (CBETNOE  MATHO), pagh I b+3%
COOTBETCTBYIOLUMI MONOBUHE AEWCTBUS 11ep8oll OTKPbITON 2 I
30Hbl  ®peHensi. LleHTpanbHbIA  MaKCUMYM  OKPYXXEH
KOHLEHTPUYECKUMW C  HWM TEeMHbIMA U  CBETMbIMU 5

KomnbLIaMW. B

20.Oundpakuma B _napannenbHbix ny4vax (avdpakums
®PpayHrocepa)
Andpakuma @dpayHrodepa Habnogaetcs B TOM crnydvae, Korga MCTOYHUK
CcBeTa M To4ka HabntogeHus 6eckoHeYHO yaaneHbl OT NPenaTCTBUS, Bbi3blBaOLLEro
oudppakumio.  MapannenbHbli  Ny4OK  nyyen

IH 0OblMHO  CO34aloT,  noMellasl  TOYeYHbIN
UCTOYHMK cBeTa B okyce cobupatoLen

L NMH3bI. OndpakUMOHHYI0 KapTUHY C MOMOLLbIO
F BTOPOW cobupatolenn NnH3bI, YCTaHOBIEHHOW
¢ 3a NpensiTcTB1EM, OOKYCUPYIOT Ha 3KPaH.
PaccmoTpum andpakuymio dpayHrodepa
c /D NMOCKOW  MOHOXPOMAaTWM4eCKOW  BOMHbI  Ha
B
I

a)

> OOHON OECKOHEYHO ANMHHOW LWenu LUINMPUHON
a=MN . Ontuyeckass pasHOCTb Xoda MexXay
kpariHumu nydamu MC v ND (cM. pucyHok)
A=NF =asing.
Pa30bbEM OTKPbLITYIO 4acTb BOJSIHOBOW

nosepxHocty MN Ha 30Hbl PpeHens,
napannensHole pebpy M wemu. LupuHa
0.047 4 617 K&KOO 30HbI  BbIOMpaeTca Tak, 4TOOLI
pa3HOCTb X0fa OT KpaéB 3TWX 30H Bbina paBHa

-singp -2 L »,% (.2% sing

sl
>
=
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dn
n OJVHbBI BOSTHbI: J< 0 (cm. pucyHok). Takas gucnepecus

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

kpuson n(A) — kKpueol ducnepcuu — 0GPaTHbINL:
dn .
— > (. Takas aMcnepcusi Ha3bIBaeTCA aHOMasIbHOU.
0 P e —y dA
200 600 x,'m Ha sBneHun HopmanbHOW AUCNEPCMUM  OCHOBAHO
nencreune l'lpu3MeHHle crnekmpozpaghoe.  Yron
OTKMOHEHNs Nyyeit Npu3Mon 3aBu- /,y,, Senven chema

CUT OT mnokasaTesnsi NPenomIeHus,
KOTOpbIV B CBOI ovyepenb, 3aBUCUT Hpachbii

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

CNEeKTP, OMKIIOHSISI KpacHble Iy4u ame/g:/g
(anvHa BonHbl Gonblue) crabee, conyon

yem cpuonemossie (4fIMHA BOSHbI Curt
A quonemobii
MEHbLUE).

26. OneKTpoOHHAA Teopua gucnepcumn

SnekmpoHHasi meopusi ducnepcuu JlopeHya paccMaTpvBaeT AUCMEPCULD
cBeTa Kak pesynbTaT B3aUMMOLEWCTBUSI INEKTPOMArHUTHBLIX BOSIH C 3apsiKEHHbIMMW
YacTuuamu, BXOASLWMMM B COCTaB BeELLECTBA M COBEPLUAIOLMMU BbIHYXAEHHbIE
konebaHuns B nepeMeHHOM 3/1eKTPOMarHUTHOM Nosie BOSHbI.

AbcontomHbili  nokazamerib rpesioMneHust cpeodbi nz\/; ; roe

€ — pAuaneKkTpuyeckaa npoHuLaemMocCTb cpenbl; L — MarHutHaa NpoHULAeMOoCTb.

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

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

8=1+X=1+i,
goE

rae ¥ — [AuanekTpuyeckas BOCMPUMMHYMBOCTL Cpedbl; £, — 3reKkTpuyeckasn

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

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

MycTb BbIHYXXAEHHbIE KOnebGaHWsi coBepLUaeT TONMbKO OAWMH BHELUHMIA, cnabo
CBSI3aHHbIA C S0pPOM aTtoMa, 3NEeKTPOH — OMNTMYECKUW 3MeKTpoH. Ero HaBegéHHbIN
AVNONbHBLIN MOMEHT: p =ex, TAe e — 3apsf dNeKTPoHa, X — CMeLLeHNe 3MeKTpoHa

noa gencrevem ANEKTPU4eCcKoro nonsa CBETOBOW BOSHbI.
MrHoBeHHOe 3HadeHune nonapmn3oBaHHOCTU P= nyp = nypex,

rae n, — KOHUEHTpaLnsa aToMOB B NSJTEKTPUKE.

OnTuka
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AMHWA A, u A,. Ecnv kpuTepuii Panesi HapylleH, To HabniogaeTcs ogHa NUHUA

(puc. (6)).
Paspewaroujeli crnoco6HOCMbLIO CrieKmMpanbHo20 npubopa HasbiBaloT

A
Gespa3mMepHyto BenuunHy R =a, roe O — aBCconoTHoe 3HaYeHne MUHUMArbHOM

pPa3HOCTM ANUH BOJTH ABYX COCEOHUX CNeKTpanbHbIX NUHWIA, NPU KOTOPOW 3TU NIUHUK
PEerucTpupyoTCs pasaernbsHo.

24.Pa3pelatouias cnoco6HOCTb AndpakLMOHHOW PeLUETKMU

MycTb MakcUMyMm m-To nopsfka AN ANWHbL BOMHbI A, Habniogaetcs nog
yrnom Q.. (dsin@,,, =mh,). B Tom xe nopsinke 6nvxaiLunii AndpakLoHHbIN
MUHWUMYM ANst BONHBI A, HaxoguTes nog yrmom ¢, (dsin@,;,, =mk, +A,/N). Mo

A A
kpuTepuio Panest @ .. =@ ., 0TKyAa mh, = mh, +Wl unm SA =Ay — A, :—]lv.
m

A

Rﬂnq)p.pem. = a =mN .

Takum 06pa3oM, paspewarousasi cnocobHocmb AughpakyUuoHHOU pewémku
rponopyuoHanbHa Nopaaky cnektpa m nuvcny N wenen.

Bsaumodelicmeue JJ/IeKmpomMacHUMHbIX 80JIH C selWjecmaeomM

25.ucnepcus ceeTta

Hucnepcueli ceema Ha3bigaemcsi 3a8UCUMOCMb roKa3amersisi npesioMAIeHus
n om Yyacmomsl V (ONMHBI BOMHBLI A ) céema (Mn1 3aBUCUMOCTb (ha30BOIN CKOPOCTU
U CBETOBbIX BOSH OT €ro 4acToThl V).

Cnepncterem gucnepcun sIBNSIETCS pasnoxeHue B CNeKTp nyyka 6enoro ceeta
npu npoxoxaeHun ero yepes npuamy. fucnepcusi nposiensemcsi auwWb npu
pacrnpocmpaHeHUU HeMOHOXPOMamu4€eCcKUX 80JIH.

PaccmoTpum gucnepcuio cBeta B Mpusme.
MycTb MOHOXpOMAaTWUYEeCKMii nyd nop yrnom o,

nagaeT Ha NpuUamy C rnokasaTeriem npenomneHus
n n npenomnsiouum yrnom  A. Tlocne
ABYKPATHOrO MPENOMIIEHNA Ha NeBON W NpaBow
rpaHsX NPU3MbI Ny4 OTKIIOHAETCA Ha yron @ .

@ = (0 —y)+ (o —1p) =0y + 0y — 4.

o n 1

Ecrm yrbl A M oy (@ 3HAYMT M Oy, Y, U Y,) Mambl, TO —-=— u 2
o1 o n

Mockorbky Yy +7V, =A, 10 oy =y,n=n(A—7y,)=n(4A-o,/n)=nd—a,, otkyna
o, +o,=nd. Moatomy ¢=A(n—1) — yron OTKNOHEHUS IJly4el NpU3MON Tem
bonblue, Yem OonbLUe NPENOMASIOLMIA Yron NPU3Mbl.

dn
BenuunHa D:a HasbiBaeTcs ducrnepcuell eewecmea. [na Bcex

npo3payvHbIiX BELWEeCTB MnoKadaTeslb npesioMneHna ymMmeHbllaeTca C yBelnyeHunem

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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A/2, nostomy Ha WwupuHe wenu ymectutes A: /2 30H.

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

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

— ycnosue dughpakyUoHHO20 MUHUMYMa (NONHas TEMHOTA)

. A
2) ecnu Yncno 3oH PpeHens He4yéTHoe, TO  asin@ =+(2m + 1)5 (m=1,2,3,..))

— ycnoesue OughpakyuoHHO20 MaKcuMyma,
COOTBETCTBYIOLLIErO AEWCTBUIO OAHOW HEKOMMNEHCUPOBaHHOM 30HbI PpeHens.

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

HanpaBsneHus, B KOTOPbIX aMNMTyAa MakcuMarsibHa Uy paBHa HyIo

SINQ . = iw, singQ,;, = inﬂ_
2a a

PacnpegeneHne WHTEHCMBHOCTM Ha 9KpaHe, MosflyyaemMoe BCreacTeve
andpakuum, HasbiBaeTcs QughpakyUOHHBLIM crieKmpom (pucyHok (6)).

MHTEHCUBHOCTU B LEHTPanNbHOM M NOCREAYOWMX MaKCUMyMax OTHOCATCS Kak
1:0,047:0,017:0,0083:..., T.e. OCHOBHasi 4YacTb CBETOBOW 3HEPrUM COCpeso-
TOYEHa B LiEHTparibHOM MakcuMyMe.

MNonoxeHne AUPPAKLUMOHHBIX MaKCUMYyMOB 3aBWUCWUT OT A. [Mpu ocBelieHun
wenun 6enbiM CBETOM, LEHTpanbHbIi MakcuMym Habniopgaetca B Buae OGenon
nonocku (npu @ =0 pasHoCTb XxoZa paBHa HyMo Ans Bcex A ) — oH oBLwmMiA Ans Bcex
ONWH BOMH. bokoebie MaKkcumMyMbl paldyXHO OKpaweHbl_huoiemosbiM Kpaem K
ueHmpy OughpakyuOHHOU KapmuHb! (MOCKOMBKY A gy < Aygpacy )-

21. Oudpakumnsa PpayHrodepa Ha AndpakLIMOHHOM peLUETKe

OdHoMepHasi OughpaKyuoHHas1 pewémka — CUCTEMa NapannesnbHbIX LWenen
paBHOW LUMPWHBI, NexalMx B OOHOW MNMOCKOCTU W pas3fenéHHbiX paBHbIMU MO
LUIMPUHE HEeNpPO3payHbIMW NPOMEXYTKaMM.

PacnpegeneHve WHTEHCUMBHOCTW B AWMPAKLUMOHHOM CNEKTpe KaxAow Lwenu
onpepenseTcsa HarnpasneHueM [uparnpoBaHHbIX Nyden U audpakumMoHHbIe
KapTWHbI, co3faBaemble KaXaown wenbto 6yayT oduHaKosbiMU.

CymmapHasi OupakuMoHHas KapTWHa ecTb
A

pesynbTaT B3anMHON MHTepdEepPeHLUMn BOMH, NOyLNX
M N __C D

OT Bcex Lulenen — B _AUdPaKLMOHHOW peLuéTke
OCYLLECTBNSAETCA MHOronyyeBast UHTepdepeHLmns
KOrepeHTHbIX _AndparMpoBaHHbIX  MyYKOB  CBETa,

MayLmx oT Beex LWweneu. (4 £ Nea
Ecnu a — wupuHa Kaxgoi wenu; b — wunpuHa /vc:b
Hempo3spayHbIX Yy4yacTKOB Mexay LWensMu, To >
BennuuHa d =a-+b HasbiBaeTcs MOCMOSIHHOU
(nepuodom) AughpakyuoHHOU pewémku.
d= 1 rae N, — uucno wenen, npuxopsiieecs
N, Ha eauHULY ANUHbI. 8 3
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PasHocTn xoga A nyyei, upywwmx OT ABYX COCEAHMX Lienei, 6yayt ans

[aHHOro HanpasneHus (¢ OAMHAaKOBbLI B NpeAenax Bcen AMdpakLMOHHOW PELLETKN
A=CF =(a+b)sinp=dsing.

OueBMAHO, YTO B TEX HaNpaBMNeHUsiX, B KOTOPbIX HW OAHO U3 Lerel He pacnpo-
CTpaHsieT CBET, OH He ByaeT pacnpoCTpaHATLCA U NpU OBYX LWENsiX, T. €. ApexHue
(21aeHbI€) MUHUMYMbI WHTEHCUBHOCTM OyayT HabnogaTbCa B HanpaBrneHusIx
asinp=tmh (m=1,2,3,...). Kpome Toro, BCNeACTBUE B3aWMHOW UHTepdepeHLIM,

B HamnpaeneHusix, onpeaensiemMbix ycriosmem d sin@ ==*(2m + 1)% CBETOBbIE Nyuu,

nocbinaemMble ABYMSI COCEOHUMMW Lenamn, ByayT racuTb Opyr Apyra — é03HUKHYmM
dononHumenbHble MUHUMyMbI. HaoGopoT, pencrtBne opgHow uwenu 6Gyget
ycunueaTb OeicTBue APYroil, ecrnu dsin(p:iZm% (m=1,2,3,...) — ycnosue
2/1a8HbIX MaKCUMYMO8.

B o6uiem cnyyae, ecnv audpakumoHHas peluétka coctont n3 N Lienein, To:

. ycrosue a2naeHbix Makcumymoe: dsing=xtml\ (m=1,2,3,...),
. ycnoeue 2naeHbIX MUuHUMyMoe: asing=tml (m=1,2,3,..)),
. Mexdy NBYMsi [NaBHbIMM Makcumymamu pacnonaraetca N —1 pgonon-

HUTENbHLIX MUHUMYMO8, PasfenéHHbIX BTOPUYHLIMM MaKCUMyMamu, co3aato-
LWMMKM crabblii GoH.
Ycnoeue dononHumensHbix muHumymoe: dsing=1m'A/N, (roe m'

MOXET MPUHMMaTbL BCe LEMOYUCrieHHble 3HauveHus, kpome 0, N, 2N,... npu

KOTOpbIX A@HHOE YCIoBUE NEPexoauT B YCINOBUE TTaBHbIX MAKCUMYMOB).

AMnnumyda 2n1agHO20 MaKCuUMyMa eCTb CyMMa amnnutyn koneGaHui oT
kaxpon wenn A, = NA,. NoaToMy, uHmMeHcUeHOCMbL 2/1a8HO20 MaKcumyMa B

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

rNaBHOro MakcuMmyma I = N211.
Hanpumep, Ha pucyHke
npeacraeneHa audpak-
UMOHHas kapTuHa Ans
N =4. TyHKTMpHan Kpu-
Bas  u3obOpaxaeT  WH-
N TEHCUMBHOCTb OT OfHOW
A . LUenu, YMHOXEHHYK Ha
6% 5% 43 h-2h -5 0 5 2% 33 4% 53 657 2

N\ -

lMonoxxeHue anaeHbIX MaKcuMymoe 3aBUCUT OT ANMWHbI BOJIHbI 7\,, no3Tomy

npu nponyckaHum yepe3 pelléTky 6enoro ceeTa BCE MaKCUMyMbl, KPOME LiEH-
TparbHOr = J10)KaTCA B CNEKT]

m= -2 -1 0 +1 +2 panbHoro (m =0), pasnoxarc CMeKTp,

BEEEE (| IEs duonetosass obnactb  KkoToporo  6yget
ueem k ¢k ¢p 6 P K K obpalleHa K UeHTpy AUMPaKLMOHHOW Kap-
TUHbI, KpacHaa — Hapyxy. [Noatomy andpak-
LUMOHHas peluétka MoxeT ObiTb Mcnonb3oBaHa Kak crekmpasnbHbili npubop Ons
pasrfoxeHusi ceema 8 Criekmp u usmepeHusi O71UH 80JH.
Yucno rnaBHbIX MAKCUMYMOB, flaBaeMoe ANPAKLNOHHOM PELLETKON

m< I (nockonbKy |sin (p| <1).
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22. Ondpakumsa Ha NPOCTPAHCTBEHHOMN peLuéTke

Ondpakuns ceeta HabnogaeTcs Ha OOHOMEPHbIX pewémkax (cuctema
napannenbHblX LUTPUXOB), Ha O8YMEpPHbIX pewémkax (WTPUXU HaHECEHbl BO
B3aVMHO MepneHANKYNAPHbIX HanpaBreHUsSX B OJHOW M TOW Xe MINOCKOCTU) U Ha
npocmpaHCcmMeeHHbIX (MpéxMepHbIXx) pewémkax —  NPOCTPAHCTBEHHbIX
06pa3oBaHusix, B KOTOPbIX 3MEeMEHTbl CTPYKTypbl MOAOOHbI No dopme, nmMelT
reoMeTpuyeckun npasuibHOE M MEepuoaMYEecKn MOBTOPSIOLLEECH PacrnonoXeHue, a
TaKKe MNOCTOSIHHbIE (nNepuoabl) pPelwéToK, COM3MEPWMble C  AMNWHON  BOMHbI
3MNEeKTPOMAarHUTHOrO U3Ny4eHus.

Kpuctannel, aBnsscb TPEXMEPHbIMU MPOCTPAHCTBEHHbIMW 0Bpa3oBaHWAMU C
MOCTOSIHHOI petuéTky nopsiaka 107'°M, MoryT BbITh MCMONL30BaHLI ANst HABMoAeHMS

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

MpeactaBum kpuctann B BuAe napannenbHbIX — KpucTanmnorpaduyeckux
NMOCKOCTEMN, OTCTOALWMX APYr OT Apyra Ha pacctosiHum d . Ty4ok napannesnbHbIX
MOHOXpOMaTUYECKMX Ny4deit (1, 2) NnagaeTt nog yasoM cKonbxeHuss 3 (yron mMexay
HanpaBneHWeM  nagawwmx  nyyerdn U
Kpuctannorpaguyeckon  MMOCKOCTbO) U
BO3OYyxaaeT aToMbl KpuCTannmnyeckomn
PEeLLETKMN, KOTOPblE CTAHOBSITCS UCTOYHUKAMM
KOrepeHTHbIX BTOPMYHBLIX BOMH (1 n 2°),
NHTEPdEPUPYHOLLNX mMexay cobo.

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

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

OT1a hopmyna mcnonb3yeTcs B:

1) peHmaeHoCMpyKmypHOM aHasiu3e — ecnvi W3BeCTHa A PEeHTreHOBCKOro
n3nyyeHns, To, Habnwogas AndpPakuMio Ha KPUCTanmM4ecKon CTpyKType
HEW3BECTHOTO CTPOEHUSt U u3mepss 3 U m, MOXHO Hanutu d, T.e.
onpenenuTb CTPYKTYpY BELLECTBA;

2) peHmM2eHOECKOLU CreKmMpOCKONuUU — ecrnv U3BecTHa d, To namepas 3 u
7, MOXHO HaiTW ANIMHY BOMHbI A NafaloLlero PeHTreHOBCKOrO U3MyYeHus.

8

Kpucrannorpadguueckue
TIOCKOCTH

23.Pa3speliarwolias cnoCoO6GHOCTbL CNeKTpanbLHOro npuéopa

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

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

BOCMPUATUS), €CNN  YeHmPpasibHbIli  MaKCUMyM
M A2 ONPaKLMOHHOW  KapTWHbI OT OOHOMO0 WCTOYHMKA
— (nMHUKM) coemadaem ¢ nepebiIM MUHUMYMOM
6) ANPaKLMOHHON KapTUHbLI OT Apyroro (puc. (a)). Mpu
3TOM WHTEHCUBHOCTb "nposana" mexay
Makcumymamm coctaensieT 80% WHTEHCMBHOCTM B
A A2 Makcumyme. JTOro [OCTaTOMHO ANs  paspelleHust

OnTuka
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