Ix3aMeH. CTossure CBeTOBbIE€ BOJHBI (TIPOIOKEHUE).
[Tpu OTPAKEHUN CBETA OT METAJUTMYECKOTo 3epKana Ha 3epKaie obpa3yeTcs

y3en mons E, Kak HAa PHCYHKE M ITy4HOCTH 1oisi B. UTOGHI TOHSATH, TIOYEMYy TaK
IIPOUCXOJMUT, PACCMOTPUM OTPAKEHUE OT UJICAIIBHOTO METAJUINYECKOIO 3epKaa.
CBEpXIIPOBOJHUK — 3TO HACAIBHOE 3€pKaJO0 U1 PaguOBOJH U
AJIEKTPOMArHUTHOTO U3JIy4eHHUs 00Jiee HU3KUX YacCTOT.
CBeT nasaet Ha 3epKajio HOPMAJIbHO, @ CBETOBBIE BOJIHBI ITONIEPEYHBI, TIO3TOMY
Ha 3epkajie OyayT MpPUCYTCTBOBAaTh TOJBKO TAHTCHIMAJIBHBIE COCTABIIAIOIINE
ANEKTPUYECKOr0 U MarHUTHOTO Tosield. HopmallbHbIE COCTABIISIFOIIUE PABHBI HYIIIO.
PaccmoTpuM rpaHuyHbIE YCIOBUS JUIsl TAHTEHLIUATBHBIX COCTABISIOIINX MOJIEH

EuB:

E2r _Elz' =0
4

By, — B, =—Zi
c

-

B CBCPXIIPOBOAHNKE HCT HU DJICKTPHUYCCKOIO ITOJIA E , HU MAarHuTHOI'O ITIOJIA

B. Torma mng mnoseld HaA IOBEPXHOCTBIO CBEPXIIPOBOJHUKA CIIPABEIJIMBBI
CJIEIyIOLME TPAHUYHBIE YCIOBHUS:

E, =0
B =27
C

CrnenoBaTenbHO, HAa TIOBEPXHOCTH MACATBHOTO 3epKana moje £ obpamaercs B

HOJIb, a IIOJIC B MokeT OBITH OTJIWYHO OT HYJsI, U 3TO IPHUBCIACT TOJBKO K
IMOABJICHUIO ITIOBCPXHOCTHBIX TOKOB i.0910 M 03HaA4YacT, 4YTO Ha 3CPKaAJIC HAXOAUTCA

y3eJ 1oJig £ v my4HOCTh 1oJid B .

—

3aM€TI/IM, yTO 1oje B Ha 3CPKAJIIC OCHUIIINPYCT C ONTUYECKONM YaCTOTOM U

A .
=—1. CrnenoBaTelbHO, MO IMOBEPXHOCTH METANIMYECKOrO 3E€pKajla TeueT

c
IIEPEMEHHBIN IOBEPXHOCTHBIN TOK I ONTHYECKON YACTOTHI.

[IycTh Ha 3epkajio cieBa HampaBO MajaeT cBeToBass BojHA (mons E). Ona
n300pa)keHa CIUIONTHOM JIMHUEH.

B

T

[To mOBEpXHOCTHU 3€pKajia TEYET MEPEMEHHBIN TOK I C ONTUYECKON YaCTOTOM.
OTOT TOK HM3Iy4aeT IUIOCKYIO 3JCKTPOMArHUTHYIO BOJIHY OJWHAKOBO HAMpPaBO H
HAJIEBO B 00€ CTOPOHBI OT MOBEPXHOCTH 3epkaya. BomHa, m3mydeHHass HampaBoO B
rIyOuHy 3epkaia (M300paxeHa MyHKTUPOM), UHTEephEpUpPYET ¢ MPOIIEIIIeH CKBO3b
3epKaJio Tajaronieil BOJHOW (CIUIONIHAS JIMHWUS) U TIOJIHOCTBIO €€ TacurT.



CrnenoBaTenbHO, MJIOCKOCTh TOKOB U3JIy4aeT HApPaBO BOJIHY CO CABUIOM (pa3bl 77 1O
OTHOILIEHUIO K IPOXOASIIEH CKBO3b 3€PKAJIO BOJIHE.

Bonna, uznyueHHast TOkaMu 3epKajia HajeBO, TaKKe CABUHYTa Mo (daze Ha 7
OTHOCUTEJIFHO Majaromiel (MmpoxXojsiieil) BOJHBI W MPEACTABISIET COOOM
OTPaXEHHYIO 3epKaJioM BOJHY. ['acsmiue apyr npyra BOJHBI, OEryiiue Hampaso,
00s13aHBl OBITH pPaBHBI 0 AMIUIUTYJAE, UHAYE€ OHW HE MOTYT IMOJHOCTHIO MOTACHUTH
apyr apyra. M3zmydeHHble B 00€ CTOPOHBI TJIOCKUM TOKOM BOJIHBI Tak)K€ PaBHBI IO
aMIUTATY/E, CJIeI0BAaTENIbHO, MaAatoas U OTpaKEHHas BOJIHBI PaBHBI 1O aMILIUTY/E.

Ecnu cnBunyTh Ha 7 (¢aszy Oeryuieil BOJIHBI, TO BOJIHA MTOMEHsIET 3HaK. Jis
noist E Ha 3epKajie JBE BCTPEUHBIC BOJIHBI BBIYMTAIOTCS, 00pasys y3en mnojis E.

CrnenoBaTelnbHO, MOXHO CKa3aTh, YTO BOJHA MOJs FE OTpaxkaercs OT 3epKajia Cco
caBurom (hasel 77 WM, Kak TOBOPST, B IpOTHBO(Da3e.

da3a BOJIHBI UMEET Iepuoa 277, a MPOCTPAHCTBEHHBIM TMepHo] Oeryiei
BOJMHBI — A, Torma cABUr (a3l Ha 77 DKBUBAJICHTEH IPOCTPAHCTBEHHOMY

IICPCMCIICHUIO Ha E HpI/I OTPpaAKCHHUU OT 3CPKaJa IIPOUCXOIUT KaAK OBl M3MCHEHUE

A

MyTH, TPONUIEHHOTO BOJIHOM, Ha 7 WJIA, KaK TOBOPAT, IPU OTPAKEHUU OT 3€pKajia

IMPOUCXOJUT IMOTCP ITOJTYBOJIHBI.

HOTepH IMOJIYBOJIHBI ITPOUCXOANUT TOJIBKO IS BOJIHBI 9JICKTPHUYCCKOIO IT10JIA, HO
HC AJIs1 BOJIHBI MAarHuTHOTI'O ITOJIA. TeMm He MCHCC, TOBOPAT, YTO IIPpU OTPAKCHUU CBCTA
OT 3CpKaJla IIPOHUCXOAHUT IIOTCPsA IIOJYBOJIHEI. HGJ'IO B TOM, 4YTO C BCIICCTBOM B
OCHOBHOM BSaHMOIIGﬁCTByeT QJICKTPHUYCCKOC IIO0JIC CBE€TOBOM BOJIHBI. BOBHGﬁCTBHCM
MarHuTHOTO I10JIs1 CBETOBOM BOJIHEI Ha cpcay MOXKHO HpeHe6peqb.

Ecan meramnmmueckoe 3CPKaJI0O HC NACAIIBHO, TO ITOBCPXHOCTHBIC TOKU MMCIOT
3aMCTHYIO TOJIIMIUHY. I[JIH Juaria3oHa MJIMH BOJIH BHUIMMOI'O CBE€Ta TOJIIIHMHA CJI0A

A
TOKOB MMEECT IOPSAI0K 0

i}

N3nyyeHue >THUX TOKOB BIiIyOb 3epKayia (HampaBo) cUH(a3HO ApYr APYry u
MOJIHOCTBIO TACUT MPOUIEANIYIO MAJAIOIIyI0 BOJIHY. M3IydeHUs pa3iuyHbIX CJIOEB
TOKa B OOpaTHOM HampaBJ€HUH (HAJIEBO) UMEIOT HECKOJIBbKO pa3iinyHble (ha3bl, Tak
KaK CBET MPOXOAMUT A0 OYEPEJHOW IUIOCKOCTH C TOKOM U OOpAaTHO pa3ivyHbIe
paccTosiHus. BoyiHBI, W3IyyeHHBIE Ha3aJ, HE COBCEM CHH(]A3HBI, HE BIIOJHE
ycUIIUBaloT Apyr npyra. Ilostomy oTpakeHHas OT 3€pKaja BOJIHA 10 aMIUIUTYZAE



MEHbIIIE NaJaroneil, 1 KO3QOUIHEHT OTPaKEHU HEUJEANbHOTO 3epKaia ¢ TOJICTHIM
CJIOEM TOKOB MEHbIIIE €AUHUIBI. CBET YACTUYHO MOTJIOIIAETCS TAKUM 3E€PKaJIOM.

A 4ro Oyzer, eciii NOBEPXHOCTHBIE TOKH TEKYT B CJIO€ TOJIIUHOW HECKOJIBKO
JUIMH BOJIH WJIM HECKOJIBKO JIECATKOB JUIMH BOJIH?

B 53TOoM cayyae BONHBI, OTPaKEHHbBIE Ha3aJ pPA3HbIMU MapajUIeIbHBIMU
IJIOCKOCTSIMU TOKOB, OyAyT 3HAUUTENBHO CABUHYTHI O (hasze, TaKk KaK OHU MPOXOMST
pa3Hbl€ IyTH OT BX0J1a B 3€PKaJIO 0 MJIOCKOCTH C TOKOM U 00paTHO 10 MOBEPXHOCTH
3epkaina. [Ipu cinoxeHuu BOJH B pa3HbIX (ha3zax cymMMapHas OTpa)K€HHasi BOJIHA UMEET
OueHb Manyro amiummryay. CreqoBaTenbHO, CBET HE OTpaxaeTcs. Becb cBer
HOTJIOLIAETCS.

HNHTEepecHO OTMETHUTbh, UTO €CIU cpeda MMEET OYeHb OONbIION KO3(PPUIUEHT
MOTJIOIIEHHSI, TO TIyOMHA MPOHUKHOBEHHSI CBETA OKAa3bIBAETCS TOpPaA3/l0 MEHbBIIE
JUIMHBl BOJIHBI. B TakoM ciyyae BECh CBET OTPaXXaeTcsli BMECTO TOTO, YTOOBI
IIOTJIOIIATHCS.

dakyabTaTuBHO. Koy dduuuenTsl DHIITEHHA.

B »stomM Bompoce omnmcanue OyneT TMPOBOAUTHBCS B CaMOM  MPOCTOM
dhopmanu3me, Korja moapa3yMeBaeTcs, YTO aTOM MOKET ObITh MJIM Ha OJHOM yYPOBHE
SHEPIruy WU Ha APYroM, HO HE MOXKET OBITh Cpa3y Ha JBYX YPOBHSX.

PaccmoTpuM JIBYXYpPOBHEBYIO CXEMY YpOBHEH sHepruu artoma. [lpu sTom
CIIPaBEJIMBO TMPEINOJIAraeTcsi, YTO HaJIU4YUEe APYTUX YPOBHEH SHEPrUU HUYETO HE
A3MEHSIET.

E

El 1

B3anMozeicTBrue co CBETOM 3THX ABYX YPOBHEH SHEPIMM OIMMUCBIBAETCS TPEMS
npoueccamu. JlJis KaXaoro M3 OSTUX IPOLECCOB dYacToTa (OTOHA CBsi3aHA C
Pa3HOCTBIO SHEPIHil YPOBHEN COOTHOILIEHHEM

E2 _El =hv=lho.

[lepBbIil mpoliecc — CNOHTAHHOE H3iIy4YeHue. B 3ToM mpouecce npoucxoauT
HUYEM HE CIPOBOLIMPOBAHHOE M3JIYYEHHE CBETOBOI'O KBAaHTA C MEPEXOJIOM aToMa C
YpOBHS 2 Ha YPOBEHb 1.

Bropoii mpouecc — mnoryiomeHue cBera. B 3Tom mporecce ITpPOUCXOIUT
IIOTJIOIIEHHE CBETOBOI'O KBAHTA C NIEPEXOAOM aTroMa C YpoBHs | Ha ypoBeHb 2.

Tpetnii poLiecc — BBIHYKJIEHHOE HU3JIy4€HHE. DTO MPOLECC BBIHYKIECHHOTO
CBETOM IIEPEX0/1a aTOMa C YPOBHS 2 Ha YPOBEHB | € M3JIydeHHMEM CBETOBOI'O KBAHTA.

OOcyanM, KakoBbl BEPOSATHOCTH 3TUX TPEX MPOLIECCOB.

Jns onmcaHus BEpOATHOCTEW OWHINTEMH BBEI B PAaCCMOTPEHHE TaK
Ha3bIBaeMbl€ Terepb KOAPOUIMEHTbl DUHIITEHHA:



Ay1,B15, By

Ay dt — BEpPOATHOCTH CIIOHTAHHOTO Iepexoja 2 —>1 a1 ogHoro atoma 3a
BpeMms dt .

By, w, dt — BepoATHOCTb nepexona 1—>2 ausd oIHOro aroMa 3a BpeMs dt

y dw y

HOJ JelcTBHEM CBeTa, IAe W, = CIIEKTpaJlbHasl IUIOTHOCTh OOBEMHOMU

/4
IJIOTHOCTU B3HEPTHMH W=—— CBETOBOI0 (3JEKTPOMArHUTHOIO) MOJS Ha YacToTe

E, - E;
paccMaTpuBaeMoro mepexoga @ = —=——-.

By w, dt — BeposTHOCTB mepexoga 2 —>1 U1 ogHOro aroma 3a BpeMs dt

MO J€HCTBHEM CBETA.

OWHIITENH HalleJl OTHOUIEHUS 3TUX KO3(P(PULIHUEHTOB U3 TEPMOJNHAMUYECKHUX
COOOpaXeHM, paccMaTpuBas TEIJIOBOE PABHOBECHE MEXIYy M3JIy4YEHHEM H
BEILIECTBOM. DWHILITENH MPU 3TOM onupaics Ha popmyiny Ilnanka nis cnekrpaabHOM
IJIOTHOCTH OOBEMHON IUIOTHOCTH 3HEPTUU U3IYUYEHHs, HAXOISAIIETOCs B TEIIOBOM
PaBHOBECHM C aOCOJIIOTHO YEPHBIM TEJIOM (CIEKTp H3JIyuyeHHUs: aOCOJIFOTHO YEPHOTO
Tena)

)= w° ha
(M)="33 %o
ksl 1

IIpyu odYeHb BBICOKOM TEMIEPATYpPE CIIOHTAHHBIM W3IYyYEHUEM MOXKHO
IIpeHeOpeyb 110 CPAaBHEHUIO C BBIHYKJICHHBIMHU CBETOBBIM II0JIEM IIEPEXOAAMU aTOMa
MeXy ypoBHsMHU 3Hepruu 1 u 2. Torna BepostHOCTh nepexona 1 — 2 3a Bpems dt
paBHa BEpOSITHOCTH Iepexosia 2 — 1 3a To ke Bpems dr :

B, w, dt =By w,, dt
OTKyJ1a [IOJIy4acM

By =8y=8.

[Tony4yum Teneps cooTHoleHUEe KoahpuieHToB DiHITeiiHA A U B.

Jl1s 5TOr0 BBEAEM IOHATUE 3aCEIICHHOCTU YPOBH:A dHepruu. I1o onpenenenuro
N| = p;iN — 3aceleHHOCTb WM HACEJICHHOCTb YpOBHs | ¢ sHepruen Ej, 3necb N

— KOHIECHTpanu:sA aToOMOB HJIM MOJICKYJ, O;; — BCPOATHOCTH O6Hapy)KI/ITB aTOM Ha
YPOBHC El‘ Nl — 3TO KBAaHTOBOMEXAHMYECKHM aHajIor KOHIOCHTPpAIIMK aTOMOB Ha

ypoBHe 1.
BeposATHOCTE p; MMeeT JBa HMHICKCA, TaK KAK IPU KBAHTOBOM ONMCAHUU

aTOMOB HCIONB3YETCA MAaTPULA IUIOTHOCTH, JUArOHAJILHBIMHU 3JIEMEHTAMU KOTOPOM
SABJIAIOTCS BEPOATHOCTH OOHAPYKUTh aTOM Ha KaXKJIOM M3 yPOBHEH SHEPIHH.
Anajnornyio N, = p)p N — 3aCENEHHOCTb YPOBHS 2, pp5 — BEPOATHOCTH

OOHApyKUTh aTOM Ha YPOBHE 2.
CoruacHo pacnpeneneHuto boiabnMana mpu TEpMOAMHAMUYECKOM PABHOBECUU



E; _EZ —E

B N
pi ~e 57 a2 _P_, kT
N i
B Hamewm cirydae B3aMMOACHUCTBHS CO CBETOBBIM 1oJeM E, — Ey =Hiw. Torga
_ho
N2 = Nl e kET .

HpI/I TCPMOIUMHAMHNYCCKOM PAaBHOBCCHH CBCTA M BCIICCTBA B CAWHUIIC o0beEMa
3a BpeMs df 4HCIIoO epexoaoB 1 — 2 (JieBas 4acTh CIEAYIOIIETO PaBEHCTBA) PaBHO
yuciy nepexoaoB 2 — 1 (mpaBasi 4acTh paBEHCTBA):

N, Bw,,dt =N, (Bw,,dt+ Adt)

how

- 2
Moxcraeum cioma N, =Nje *7 w (T ):7;2)03- hiloa) ,  COKpaTum
eFsT 1
PaBEHCTBO HA N| W MOIy4YUM
A ho
B 223

HHTEpEeCHO, YTO BEPOATHOCTH CIIOHTAaHHBIX IIEPEXOJ0B PABHA BEPOSTHOCTH
BBIHYJICHHBIX IE€PEXOJI0OB O] JECWCTBUEM CBETa, B KOTOPOM B KaXJIOM 00beMe
KOT'€pEHTHOCTU coAepkHUTCcst nosoBuHa (oTtoHa. IloznHee Opuia paspaboTana
KBAaHTOBAasl TEOpUs CBETOBOTO IIOJs,, B KOTOPOM CYMTAETCA, 4YTO B IIyCTOM
IIPOCTPAHCTBE, M3 KOTOPOTO HENb3s MOTJOTUTh KBAaHTHI CBETAa, TEM HE MEHEE, B
KaKJI0M 00BbEME KOT€PEHTHOCTHU COJIEPKUTCS SHEPTUS IOJIOBUHBI (POTOHA.

Ecnu BMECTO HMKIMYECKON YaCTOTBI @ B ONpEAesieHHHd Ko3()pPuuueHToB

OHHIITEHA HUCIOJIB30BaTh OOBIYHYIO 4acTOTy V, TO KodpduuueHtsl B,; u B,
OyIlyT HECKONBKO OTJIMYAThCA OT By U Bj,. [leno B ToM, 4TO W, B 277 pa3 MEHbIIE,
yeM w,, . M 1elicTBUTENEHO
dw dw 1
W = =—Ww
do 2r-dv 2rn
BepositHocTh nepexona 2 — 1 17151 0lHOTO aToma 3a BpeMsi df Toj J1eHCTBUEM

CBETa MOKET OBITh BBIpa)KE€HA U Yepe3 B, u dyepe3 By :

le We dt = B'21 Wy, dt.
1 ' 1
Torpa ¢ yuetom w,, =—w,, noiay4aem B, =— B, U OKOHYATEIBHO:
2r 2
By =B, =B

A _8zhv’
B



dx3amen. UnBepcus 3acejeHHOCTEH J1a3epHON cpelbl. Y CHJIeHHE CBeTAa.
I'enepanug cBera Ja3epom.
Hanomuum, uyro mno ompenenenuto N;=p; N — 3aceneHHOCTh (Win

HACEJICHHOCTh) ypoBHs 1 ¢ sHepruen £, 3mecb N — KOHILIEHTpaLusl aTOMOB (WM
MOJIEKYJ), Py; — BEPOSATHOCTb OOHAPYKUTh aTOM Ha ypOBHE L.
Anajnornyio N, = p)p N — 3aCENeHHOCTb YPOBHS 2, pp5 — BEPOATHOCTH

OOHapyKUTh aTOM Ha YPOBHE 2.
CoruacHo pacnipenenenuto bonbimana

_Ei
ksT
pi; ~e€ , rne kp — mnocrosHHas bomsnmana, 7 — aOcomroTHas
TEMIIEpATYpA.
Torna B coorBeTcTBUM € pacnpeneneHnem bonblimMana
_E-E
Ny P _, kT
Ny P
B ciydyae TepMOaMHAMUYECKOIO paBHOBECHs NpH JII0O0M Temmepatype 1,
eciu E, > E;, T0 N, <N; — 3aCeJI€HHOCTb BEPXHEIO YPOBHS 3HEPIUU MEHBIIIE

3aCEJIEHHOCTU HHYKHETO YPOBHSL.
BeposTHOCT epexona 1 — 2 11 o1HOTO aToMa 3a BpeMs dt paBHa By, w,, dt .

Torga KomMYeCTBO MEPEXOJOB CHU3Y BBEPX B EAMHHUIIE 00beMa 3a BpeMs df paBHO
N, By, w,, dt . BeIHYKI€HHBIE IIEPEXObI CHU3Y BBEPX M CBEPXY BHH3 PABHOBEPOSTHBI

B, =B,;. Torma KoIMYeCTBO IIEPEXOJOB CHU3Y BBEPX M CBEPXY BHU3

IPONOPLUUOHAIILHO  3aCEJICHHOCTAM  YpOBHEH  Nj~e ksT gy N, ~e ksT

3aceNeHHOCTh HI)KHErO0 YpPOBHS OOJIBIIE, YE€M 3aCEIEHHOCTh BEPXHErO YPOBHS
N; > N, . CienoBarenbHO, BEIHYKACHHBIX IIEPEXOA0B CHU3Y BBEPX C IOIJIOLIEHUEM

cBeTa OOJIbllIe, YeM CBEPXY BHHM3 C HM3IydeHHEM. 1O ecThb JiBa paccMaTpHUBAEMbIX
IpoLecca Mepexo 0B CHU3Y BBEPX U CBEPXY BHM3 IO JCHUCTBUEM CBETa B CyMME
IIPUBOJAT K IOTJIOIICHUIO CBETA B CpELIE.

[Ip1 TepMOAMHAMHMYECKOM PABHOBECUM Cpela IOTJIOIIACT CBET HA IEPEXOe
MEXIy JH0001 mapoit ypoBHEH SHEPTHUH.

Jlazepnas, ycunuBammas CBET Cpena, BCErJa HAXOAUTCA B COCTOSIHUU
OTJINYHOM OT TEPMOJANHAMHUYECKOTO PAaBHOBECHSI.

VYcunenue cBera — 3TO oTpuuarenbHoe norjiomeHue. Ilormomenne Oyaer
OTPULIATEIBHBIM, €CJIH 3aCEJIEHHOCTh BEPXHEro YPOBHS OOJbIle 3aCEIEHHOCTH
HWKHETO YpPOBHA N, > Nj.

Oro ycnosue N, >N; INPOTHUBOIOIOKHO PABHOBECHOMY COOTHOILEHUIO
3aCEJICHHOCTEN, II09TOMY YCI0BHE N, > N; Ha3bIBA€TCS MHBEPCUEH 3aCEICHHOCTEM,

a cpely Ha3bIBalOT UHBEPTUPOBAHHOM.
[Tpu uHBepcun Mo ACUCTBUEM CBETA MEPeXxooB 2 — 1 oka3bpIBaeTCs OOJIbIIIE,
YeM MepexooB 1 — 2, u cpena yCUIMBaEeT CBET.



PaccmoTpum npuMep CO3/IaHUs WHBEPCUU 3aCeJeHHOCTEN B
YETBIPEXYPOBHEBOW CXEME YPOBHEW SHEPTUU B Fa30BOM pa3psiie.

4 N |

B mma3me razoBoro paspsga CBOOOAHBIE  BJEKTPOHBI  YCKOPSIOTCS
ANEKTPUYECKUM TIOJIEM, YIAPSIOTCS O HEUTpaJIbHBIE aTOMBI ra3a W, IepeaaBasl 4acThb
DHEPIrUU aTOMy, IEPEBOJAT €ro U3 COCTOSHHS C YPOBHEM SHEPIUU 1 B COCTOSIHHUE C
YPOBHEM 3Hepruu 4. IT0 Tak Ha3blBaeMasi HAKayKa ypoBHs 4 pa3psaoM B rase.

IIycte B pe3ynbraTe HEYNPYTHX CTOJKHOBEHUH C JPYIMMH aTOMamMu
paccMaTpuBaeMblil aToM OBICTPO O€3M3ITydaTeNbHO MEPEXOAUT C YPOBHA 3HEpruu 4
Ha ypoBeHb 3. Takue mepexoipl BecbMa BEPOSTHBI, €CIM KUHETUYECKAs SHEPTHUs
aTOMOB OyiM3Ka WM OoJbllle pa3HOCTU 3HEpruil ypoBHe# 3 u 4. Jlpyrumu cioBamu
CTOJIKHOBEHHMSI MOJIEKYJl  yCTAHABJIMBAIOT TEPMOJUHAMHYECKOE pPAaBHOBECHE
(pacnpenenenrie bompliMana) Mexy ypoBHsMH 3 U 4 (TepManu3aius YpoBHEH 3 u
4). TIpu 5TOM 3aCeIEHHOCTb YPOBHS 3 OKa3bIBaETCs OOJIbIIE 3aCEIEHHOCTH YPOBHS 4.

Jlanee aroM mepexoAUT C YpOBHS 3 Ha YpOBEHb 2 C H3IydeHHUEM (OTOHA
hv =E, - E.

[Tycth ¢ ypoBHA 2 aTOMbI OBICTPO MEPEXOIAT Ha YpPOBEHb | B pe3yibTare
HEYNPYIUX CTOJKHOBEHUI aTOMOB. AHAJIOTMYHO IIEPEX0/1aM C YPOBHS 4 Ha ypOBEHb
3. Ecnu pa3HocTh 3Hepruil ypoBHei 3 u 2 ropaszo 0oJiblile KHHETUUECKON 3HEPTUu
aTOMOB, TO O€3M3iIyyaTelbHbIE MEPEXObl MEXIY YPOBHSAMU 3 U 2, KOrJa pa3HOCTb
SHEPruii MepexoquT B KHHETUYECKYIO SHEPTHI0 aTOMOB, MAJIOBEPOSATHBI.

Ecnmu nepexoasl 4 — 3 mpoucxXoasT OBICTPO, TO aTOMbl HAKAIUIMBAKOTCS Ha
ypoBHe 3. Ecinu nepexonabl 2 — 1 mpoucxoasaT ObICTPO, TO aTOMBI YXOJST C YPOBHS 2.
B pesynbprare Mex1y YpOBHAMU DHEPTUU 2 U 3 BO3HUKAET UHBEPCHUS 3aCEIEHHOCTEN
N3 > N,. nBepcus 03Ha4YaeT yCUIIEHNE CBETa Ha repexoae 3 — 2.

Ik3aMeH. IIpoaoJibHbIE U NIONIEPEYHbI€ MOJIbI Jia3epa. YpaBJieHHE YACTOTOM
reHepanmm Jjasepa.

Jlazep — 3TO yCTpOMCTBO, U3JIyHYaIOMIEE CBET C MMOMOIIBI YCUINBAIOIIECH CBET
CpEbI U 3€pPKaJL, KOTOPBIEC 3aCTABIISAIOT CBET MHOTOKPATHO MPOXOJAUThH YCUIIUBAIOILYIO
cpeny. 3epkaia jgazepa 00pa3yroT Tak Ha3bIBa€MbIH JJa3epHBIN PE30HATOP.

OOBIYHO OJIHO 3€pKaJIo Jiazepa IUIOCKOE M MOJYNpOo3padyHoe, a Apyroe —
chepuueckoe U riayxoe. Mexay 3epkajgamMu jla3epa HaAXOAUTCS YCUJIMBAIOIAsl CBET
cpena.




Mb1 a1 OpPOCTOTHI PAacCMOTPHM PE30HATOP Jiazepa € JBYMS IUJIOCKUMU
3epKajlaMHu.

B pesonarope paboTtaroiero Jasepa MNPUCYTCTBYET cTosiuasi BojHa. Ha
3epKajax Jia3epa HaxoAATCsA Y3/bl CTOsUed BOJIHBL. (CleqoBaTeNbHO, HA JJIMHE

A
pe3oHaTtopa L yKJIaApIBacTCs LEI0E YUCIIO MOTYBOJH L = mE, roe m=1,2,3,... —
1esoe ynucio. Jlazep MoKeT u3aydaTh TOJIBKO TaKOW CBET, IJIMHA BOJHBI A KOTOPOTO
A
YIOBIIETBOPSIET PABEHCTBY L = mE :

Yuciio mydyHOCTEHN m CTOSYE BOJHBI BHYTPH PE30HATOPA HA3bIBAIOT MHJIEKCOM
MPOJI0JILHOM MO/JIBI pE€30HaTOpA.

OO6pruHO Ju1s Jazepa L >> A, Torma m>>1 — WHAEKC MPOJOJBHOM MOJIbI
Jazepa O4eHb BEITHK.

A
I[I/ICerTHBIM 3HAa4YCHUAM TJIMHBI BOJIHBI CBCTa L :mE COOTBCTCTBYIOT

AUCKPCTHBIC 3HAYCHNA YaCTOTHI, HaﬁIIGM HX.
I[JISI BOJIHBI JTI000M INpUupoAbl IIPOU3BCACHUC TJIMHBI BOJIHBI Ha €€ YaCTOTY

" c
paBHO (a30BOM CKOPOCTH BOJIHBI AV =—. Toraa yactora cBeta v =

n n
A 2L
[loncraBum crofa AIUHY BOJHBI A W3 BbIpaxkeHus L=m— => A=— u
m
MOJTy4YUM
c mc
V=—=——,TJ¢ m — LEJIOE YUCJIO.
nA 2nL
c
Ilenoe uwmcino usmensercs ¢ maroM Am=1. Torga szﬁ — mIar
n

M3MEHEHHUS YacCTOThl WJIM YaCTOTHBIM WHTEPBAl MEXIY COCEIHHMHU IMPOJIOJIbHBIMH
MOJaMHU Jiazepa (MEXMOJI0BBI HHTEPBA).



MBI nony4yuiu, 4To B pE30HATOPE Jla3epa pa3pelieHbl YaCTOThl C TOCTOSHHBIM

C
maroMm Av =—— — pacdecka pa3penieHHbIX 9acToT.
2nlL
YcunuBaromas jazepHas  cpeia  — 3TO  cpeda ¢ OTpHUIATeIbHBIM

koddduimentom noriomeHua. KodpdhuiueHT mnorioneHuss cpeabl ONnpeaenseTcs
PaBEHCTBOM:

1 (z) :Ioe_xz, riae x — kod(dunueHt noriomeHus, [/ (z) — 3aBUCHUMOCTb
MHTEHCUBHOCTH CBETA OT KOOPJAUHATHI Z BJOJIb JIyYa.

Jnst nmazepHoit cpeapl KodhdUIMEHT TOTJomeHus oTpunareneH % <0.
Benuuuny (—x) Ha3bIBAIOT KOA(GOUIIMEHTOM YCUJICHUS CPEIBI.

Jlazep reHepupyeT U3JIy4EHHE HA 4aCTOTaX, PA3pPEIICHHBIX PE30HATOPOM, IS
KOTOPBIX YCHIJICHUE CPEIbI (—x) OosblIe, YeM MOTEPU Ja3epa X, IPUBEICHHBIC K
eIMHULC JUIMHBI pe3oHaropa. [losicauM BenuuuHy %. Eciu ceer 0Oe3 ycuneHus
MIPOXOJIUT PE30HATOp Jiazepa TyAa U OOpaTHO M MOMAJaeT B HMCXOJHYIO TOYKY B

MCXOJHOM HallpaBJICHUU, TO MHTEHCUBHOCTb CBETA YMEHBIIIAETCS XOTsI ObI 3a CUET HE
uaearbHOCTH 3epKail. llpupaBHsieM 3TO oTHOIIEHHE (MEHbIIEH WHTEHCUBHOCTU K
00JIbIIEI UHTEHCUBHOCTH) K BEJIMYUHE e %02l yak OyaTo cBeT mpoulen nyTe 2L B
cpene ¢ K03 (PUIUEHTOM MOIIIOMEHNS X, 34eCh L — JIMHA Pe30HATOpa Jiasepa.
D10 U OyIET ONpeNeNeHueM X — IIOTEPb PE30HATOpPA IMPUBEICHHBIX K €INHHIIE €TI0
JUTHHBI.

CriekTp U3IydeHHs Ja3epa BhINIAIUT CIEAYIOIUM 00pa3oM,

—2€

(:)0 o

€CJIM IIMpPUHA CHEKTPaIbHOM JIMHUW ycuiieHus orpexaensercs ddpdexrom Jlomepa.
31ech JIMHBI BEPTUKAIBHBIX OTPE3KOB MPOMOPLUOHAIBHBI BEJIUYUHE MOIIHOCTH
M3JIy4YEHUs JIa3epa Ha COOTBETCTBYIOIIMX YACTOTaX.

PaccmoTpum Teneps BO3MOXKHOCTh YIIPABJICHUSI YACTOTOM reHepallny Jiazepa.

c mc
VY =——=-—— — 4acToTa IeHepaluy Jla3epa 3aBUCUT OT IJIMHBI PE30HATOpA
nA 2nL
L. Ecmn, Hanpumep, yBEJIHYHMBATh [JIMHY pe3oHatopa L, TO pa3pelicHHBIE

A
PE30HATOPOM [JIMHBI BOJH OyAyT MpPOMOPIUOHAIBHO yBEIMYHMBAThCA L :mE.

YacToThl BceX pa3pelIEeHHbIX MOJ OyIyT yMEHbIIAThCs, TaK KaK JJUHA L CTOUT B
3HAMEHATEJNIE BBIPAXKEHMs U1 4acToThl V. [Ipu 3TOM paspemeHHble 4acTOTHl Ha
pUCYHKE OyIyT ABUTaThCs BJIEBO. B KaKOW-TO MOMEHT B YaCTOTHOE IOJIO)KEHHE



HEKOTOPOM MCXOJHOW MOJBI MPUAET COCENHSA cIpaBa MoAa. B 3TOT MOMEHT JiiMHA
pe3oHaTopa Jazepa YBEIUYUTCS Ha IIOJOBUHY JTOW JJIMHBI BOJHBL. MeExay
3epKajjaMyd CHOBA OYJIET II€JI0€ YKCIIO MOJIYBOJIH, TOJBKO MHACKC MPOIOILHON MOJIBI
JUJT paCCMaTPUBAEMOM YAaCTOTHI YBEJIMUUTCS HA CIMHUILY.

[Ipu 5TOM B TIpoLIECCE U3MEHEHUS NIMHBI PE30HATOPA PacUueCKa pa3peIICHHBIX
4acTOT CJBUTaeTCs HA OJWH MEKMOJIOBBIM UHTEPBAJI.

Takum oOpazoM, U3MEHSS JUIMHY PE30HATOpa, MBI MOYKEM HM3MEHSTh YacTOTY
resepanuu jasepa. [Ipuuem u3MEHsTh JUIMHY pe30HATOpa AOCTATOYHO HA MOJOBHHY
JUIMHBl CBETOBOM BOJIHBI, TO €CTh Ha JOJI0 MHUKpOHA. [ W3MEHEHUs JIMHBI
pEe30HATOpa OJTHO U3 €r0 3€pKall YKPEIUSIOT Ha MbE30KEPAMUKE, KOTOpasi, HapuMep,
MOXET OBITh B (POPME TOHKOCTEHHOTO IWIMHApa. Ha BHENIHIOIO M BHYTPEHHIOIO
MMOBEPXHOCTU LMWJIMHJpa HaHOCAT (onbry. [lonaBas snekTpuueckoe HaNpsbKeHHE Ha
HWIMHIP, MOXHO B HEOOJBIIMX NpeAesiaX H3MEHSITh €ro JJMHY Ha BEIUYUHY
MOopsiAKa OJHOTO MUKPOHA.

Crtporo roBopsi, IIpyu HW3MEHECHHH JJIMHBI PE30HATOpA M3MEHSETCS MacIiTad
pacyecku pa3perieHHbIX 4acToT. Ho 00BIYHO YacTOTHAS MIMPUHA KOHTYpa yCUIICHUS
JIA3€pHOM Cpelibl TOpa3f0 MEHBIIIE CPEHEH 4YacTOThl TeHepaluu. B Takom ciyyae,
NpU U3MEHECHUH JUJIMHBI PE30HATOPA, PA3PECIIECHHBIE YACTOTHI B MpEeiiax KOHTypa

C
YCHUIICHUS CABHUIAOTCA ITOYTH 0e3 u3MeHEeHHUS MCKMOJ0OBOTO MHTCpPBAJIA Av :ﬁ )
n

TaK KaK BeJIMYMHA L TNpeHeOpeKHMMO M3MEHSETCS B MPOLIEHTHOM HCYHUCIeHUU. To
€CTh pacyecKka Pa3pelICHHBIX YacTOT ABUIACTCS OTHOCUTEIBHO KOHTYpa YCHJICHHUS
Ja3epHOM Cpelbl TOYTH O€3 U3MEHEHUS 11ara pac4ecKH.

OO6cyauMm Teneps NonepeyHbIe MOJIBI Ja3epa.

Ecnu nazepHslid Jlyd HampaBUTh Ha 3KpaH, TO (opMa Ja3epHOro MATHA B
MPOCTEUILINX CIIy4yasiX MOXKET HMMETh BHJl HECKOJIbKMX CBETJIBIX ISTEH B y3jax
NPSAMOYTOJIBHOM MaTpulpl. Pa3znmuyHOE pacnosiokKeHUEe HTUX IMSTEH OMNHUCHIBAIOT
IIONIEPEYHBIMU UHACKCAMH, ITONIEPEYHBIMU MOJIAMH.

WHupaexc nonepedyHoil MO/l paBEeH YUCIy HyJIeil HHTEHCUBHOCTH, KaK (PyHKINUU

COOTBGTCTBYIOHIGﬁ KOOpAUHATBI.

000

Tak ecnu popMa nazepHOro msTHA MPEACTABISECT COOOM JBE CTPOKH IO TPHU
CBETJIBIX IIATHA, TO HMHAEKCHI COOTBETCTBYIOLIECH MONMEpeYHOM moawl 2,1 — naBe
TEMHBIE TOJIOCHI TIPU MEPEMEIICHUM 110 X KOOPJIMHATE W OJHA TEMHAas I10JI0CA IPHU
MEPEMEIICHHUH 110 Y KOOPIAUHATE.



