B3aumoaeiicTBHe cBeTa ¢ BEIECTBOM.
Ix3amen. Moaeab aroma Tomcona. KomiuiekcHasi HoJpu3yeMoCTb aTOMOB.

Korna ToMcoH npuyMbIBaji CBOIO MOJIENb aTOMa, €1lle HE ObLIO U3BECTHO, UTO
B aTOME€ €CThb IIOJIOKUTEIbHOE spo. TOMCOH TmpencTaBisul cebe aToM, Kak
MOJIOKUTEIBHYIO KaIUllo OOBEMHOrO 3apsiia, B KOTOPOH IUIaBalOT TOYECYHBIE
AJIEKTPOHBI.

Cerognss joruuHee cuuTaTh HAoOOpOT. TodeuHoe MOJOKUTENBHOE SIPO
IJIaBaeT B LEHTpe OOBEMHOIo 3apsaa 3JeKTpoHOB. [lox aeiicTBMEM BHEIIHErO
ANEKTPUYECKOr0 MOJsl, HampUMep, MOJII CBETOBOM BOJHBI, 3JIEKTPOHHOE OO0IaKO
CJIETKa CMEIIAETCS] OTHOCUTENBHO AJIpa, a SIAPO MOYTH HEMOJABHXKHO, TaK KakK MOYTH
BCSl Macca aToMa COCPEJI0TOYEHa B €ro sJIpe.

B cooTBeTrcTBHM C 3TOW MOJENBI0 aToMa OyAE€M CUHUTATh, YTO 3JIEKTPOHHOE

o0Onako 0o0pa3zyeT map ¢ MOCTOSHHOW IUIOTHOCTBIO 3apsja (—p), rae p>0. Ilox

—

JIEUCTBHEM BHEUTHETO JIEKTPUUYECKOTO ToJisi £ CBETOBOU BOJHBI CMEMIACTCS TOJIBKO
AIIEKTPOHHAs 000JI0UKa. DJIEKTpOHHAsE 000JI0uKa cMemaercs 0e3 aedopmaiuu, a co
CTOPOHBI sI/Ipa Ha NEKTPOHHYIO0 000JI0UYKY IEHCTBYET BO3BpAIIAIOIIas CHJIa.

CoctaBuMm muddepeHnranbHOe ypaBHEHHWE ISl JBIDKCHUS IIEHTpa Macc
AIEKTPOHHON 00OJIOUKHU.

[TycTh 17“1 — CuJa, JCUCTBYIONIIAs Ha 3JEKTPOHHYIO O0OJOUYKY CO CTOPOHBI
CBETOBOTO 1o E .

F =(—q)-E, rae ¢ — 3apsi aToMHOTO s/Ipa, a (—¢) — 3aps 2J1eKTPOHHOM
000JI0YKH.

[TycTh 132 — cuJjia, JEUCTBYIOIIAs Ha AJIEKTPOHHYIO O0O0JIOYKY CO CTOPOHBI
aTOMHOTO sipa. ['opa3no mpoille HAWTH PaBHYIO €l CHILy, ¢ KOTOPOW 3JIEKTPOHHAA
o0onouka JEUCTBYeT Ha sapo. s 3TOro Hajmo HAWTH BJIEKTPUYECKOE I10JIe
OJIHOPOJHO 3apsKEHHOTO IIapa ¢ MIIOTHOCTHIO 3apsiia (—p) U YMHOXHThH IOJIE HA
3apsia sapa q .

DIIEKTPUYECKOE TTOJIE IIapa MOKHO HaWTH 110 Teopeme ['aycca

Qg =4rQ => ES=47Z'(—,0)V =>

E-4zr? :477-(—,0)-%7[1/3 = [ =—§7Z’pl7.

Cuiy, NEeHCTBYIOIIYIO Ha 3JEKTPOHHYIO OOOJOUKY CO CTOPOHBI Spa, MbI
00o03Haumwm, Kak [, . Toraa cuina, IeHCTBYIOMAs Ha PO CO CTOPOHBI AIEKTPOHHOU
000JI0YKH, OTJINYAETCS 3HAKOM:

~ - 4
. 4 -
FZ = gﬂpqr .
3necb ¥ — BEKTOp, INPOBEICHHBIM M3 IIEHTPA 3JIEKTPOHHOM OOOJIOUKH B

aTOMHOE S7p0. 3aMEHUM 7 —> (—17 ), TOrJa



= 3 7oqr — Cuia, NEUCTBYIOIIAs Ha SJIEKTPOHHYIO 000JIOYKY CO CTOPOHBI

a5pa, ¥ — BEKTOp, MPOBEACHHBIN U3 si/Ipa B IEHTP MaccC 3JIEKTPOHHOTO O0JIaKa.

Btopoit 3akon HploToHa 1J11 SJIEKTPOHHONW OOOJIOYKM aToMa IPUMET
(1 (14% 1011105073701

E +F,=mr,

e ¥ — BTOpas MPOU3BOJIHASL OT PAIMYC-BEKTOPa LIEHTPA MAacC IEKTPOHHOM
000JI0OUKH 10 BPEMEHH WJIM YCKOPEHHE JIEKTPOHHOU 000I0UKH.

[ToncTraBum 3HaUYEHUS 17“1, Fz Y MOJIyYUM

—qE - gﬂpqi; = mr

Uro0Obl ypaBHEHUE JIBUKEHUS 3JIEKTPOHHON O0OJOYKH MPAaBHIIBHO ONHUCHIBAJIO
DKCIIOHEHIMAJIBHO  3aTyXamoUMd  CBETOBOM LY, KOTOPOMY COOTBETCTBYET
DKCIIEPUMEHTAJIbHO HaOIoAaeMasl JIOPEHLEBCKass (opMa CIEKTPaIbHOW JIMHUM,

n00aBUM B  ypaBHEHUE JBUXKEHHUS BSI3KO€ TpPEHHUE B BHUJAEC  CHIIBI F}
MIPOIIOPLUUOHAIBHON CKOPOCTH i

133 :—27/m?.

Bsizkoe TpeHue BBEJAEHO BMECTO MOTEPh DHEPTUU AJICKTPOHHOU 00O0JIOYKHU Ha
M3JIy4YEHHUE CBETOBBIX BOJH. C y4yeToM CHIIBI BSI3KOTO TPEHUS F} YpPaBHEHHUE
JIBUKEHUS IPUMET CIEAYIOLINMN BUJL

= 4 - - =
—qFE — Eﬂpqr —2ymr =mr =>
= . 4npq .. ~
r+2yr+ r=——=F.
3m m

B sTOM ypaBHEHHMHM NBHXEHHUS LIEHTpA MacC 3JIEKTPOHHOU 0OOJIOYKH BBEIEM
0003HayeHme

4
wg _77Pq
3m
(cucreme CU cog = 4 ) ¥ IOJTyYUM
38077’1
F+2yF + i =—LE.

m
Paccmotpum 310 ypaBHEHHE B KOMILUIEKCHOM BHJIE

F+2yF + afF = —lﬁoépe_’wt,
m

~

rae E:Eoé’pe_’m — KOMILJIEKCHOE CBETOBOE IIOJIEC, ép — EeIUHUYHBIN

BEKTOP MOJIApU3AIMKA CBETOBOTO TOJIS.

[Tonyuennoe mauddepeHmanbHOe ypaBHEHUE JIMHEHHO OTHOCHUTEIBHO
MepeMeHHON 7, U Bce KOA((PUIIMEHTHI JIEBOM YAacCTH ypaBHEHHS BEIICCTBEHHbI. B
TaKOM CITydae BEIlIeCTBEHHAs YaCTh KOMIUIEKCHOTO PEIICHUs YpaBHEHUs Oy/IeT paBHa



BCHICCTBCHHOMY PCIICHUIO YPABHCHHA C BCIICCTBCHHBIM CBCTOBBLIM IIOJICM B npaBoﬁ
YaCTHU YPaBHCHUSA:

=

E= Re(E) - Re(Eoépe"“”) .
BYI[CM HCKaThb CTaI_II/IOHapHoe peH_IeHI/Ie KOMITJICKCHOI'O ypaBHeHI/IH C

IOCTOSIHHOW KOMIUIEKCHOM aMILIUTYAOU 7y B BUIE F(t) = Foépe_lm . IlogctaBum »TO

pemienne B auddepennmansHoe ypaBHeHue. Kaxnoe ciaraemoe ypaBHEHHUS OyneT
VIMETh COMHOYKHUTEIb épe_lm

YPaBHCHHUC IJIA KOMILJICKCHOU AMIIINTY AbI fol

COKpaTI/IM Ha 3TOT COMHOXHTCIIb W IIOJIYUYUM

—0)2170 — 210)7]70 + 0)3]70 = _%EO =>
q =
n=- 3 m — KOMIIIICKCHAaA aMIININTyJa KOHe6aHHﬁ SHGKTPOHHOﬁ

2 .

wy — o = 2wy

000JIOYKH aTOMA B CBETOBOM II0JIE C BELECTBEHHOM aMILIMTY0M E( ¥ 9aCTOTOH .
BemniecTBeHHBIN painyc-BEKTOP JICKTPOHHOU 000JIOUKH MPU 3TOM UMEET BU/T

1E~0
%\ ~ =~ —iot) _ _ m 5 ,—lot
Re(r) = Re(roepe )— Re a)g —a)2 i epe

Otu KoneOaHusi FNEKTPOHHOM OOOJIOYKM aTOMa OTHOCUTENIBHO SiApa aToMa
03HAYar0T KOoJeOaHus AUMOILHOIO MOMEHTA aToMa:

p(1)=(—q)-7(¢), tne (-g) — 3apsn ouexrpoHHOH oGonouku. Taxoe
BBIDQKEHHE JUIsl JIMIIOJIBHOTO MOMEHTa II0JIy4aeTcsl, €CJIM BOCIOJIb30BaThCS
OTIpE/ICNICHUEM p = qufi U MIOMECTUTh Hayajo KOOPJAUHAT B siIpo aroma. B Takom

i

Clly4yae paguyc-BEKTOp f/ipa paBEH HYJNIO, © B CYMME OCTAETCS OJHO CIaraemoe JJis
BCE 3JIEKTPOHHON 000JI0YKH, KaK LEI0rO0.

KommuiekcHast amrumtyaa KoyiebaHWM — AWMOIBHOTO MOMEHTa MPHMET
CIEQYIOIINI BU]T
.
m 0

Po = (_Q)' 0~="> 2 .
Wy —o° = 2wy
KoMruiekcHpI ~ JUIIOJIBHBIE ~ MOMEHT D CBSI3aH C  KOMILJIEKCHOM

HaIIPAKCHHOCTBIO CBETOBOT'O ITOJIA E 4epe3 KOMINICKCHYIO ITOJIIPU3YEMOCTb aTOMa



—iwt

S

= po . ep . e
Tormna us cootHomenuii {E=Ej-ée D g1t MOJIy4aeM CBS3b KOMIUICKCHOU
p=aFE

AMILTHTY/IBI IUMOJIBHOTO MOMEHTA ¥ KOMILIEKCHOM aMIUTUTY/IbI CBETOBOTO MOJISI
ﬁo = &EO =>
2
9
~_Po _ m
a="=r=——7 — KOMIUIEKCHASI TIOJSIPU3yeMOCTh atoMa ToMCOHa,
Ey wy - -2ioy

KaK (1)YHKI_[I/I5[ 9aCTOTBI CBCTOBOI'O IIOJIAA @, I'AC ¢ — 3apidd AApa aTomMa, m — Macca

AIIEKTPOHHON 000JI0YKHK aToMa.
[Tycts f — 9mCIIO BIEKTPOHOB aTOMa, TOTIa

q=fe

, Tle e — MOXyJb 3apsija JJIEKTPOHA, M, — Macca 3JIEKTPOHa,
m= fm,

TOrJa
2

7 e
- m, .
a=— Ile @) — PpEe30HaHCHas u4acToTa KoyeOaHuil

wy — o — 2iwy ’
AJIEKTPOHHOM 000s10ukH aroma. B cucreme CU opmyna BBITTISAIUT TakxKe.

[To KBaHTOBBIM IPUYMHAM 3JIEKTPOHHAs 000JI0YKAa aTOMa UMEET HE OJIHY, a
MHOI'0 PE30HAHCHBIX 4aCTOT (), .

C HEKOTOpOM HAaTHKKOM MOXHO CKa3aTh, 4YTO B Pa3HBIX PE30HAHCHBIX
KOJICOAHHUAX (), Y4YacCTBYET pa3HOE, HE 00s3aTEIbHO LENOE, YUCIO DIEKTPOHOB f .

Torma
2

e
Je—
m

G=y M

r O — o — 2iwyy

be3pa3MepHyI0 BEIMUKHY f;, Ha3bIBAIOT CUJION OCLHUIIIATOPA.

dopMagbHO CyMMa BCEX CHJI OCHUJUISITOPOB Z fr — D2TO cymma Bcex
k
AJIEKTPOHOB, YYACTBYIONIMX B KOJEOAHUSX AJIEKTPOHHON 0O0OJOYKH, TO €CTh
MOPSIIKOBBIM  HOMEp ndyieMeHTa B Tabnuue MenzaeneeBa. OjHako OOBIUHO
BO30YX/ICHHE 3JIEKTPOHOB BHYTPEHHUX 000JI0YEK HE paccMarpuBaeTcs. YacToThl UX
BO30YK/I€HHS OTHOCSITCSI K PEHTI€HOBCKOMY JIMAIa30Hy.
Ecnmu paccmarpuBath BO30YKJE€HHE TOJBKO BHEIIHErO 3JIEKTpPOHA aToMa U
KOMIUIEKCHYIO  TOJSIPU3yeMOCTh ¢, KakKk CyMMY BKJIAJOB  TOJIbKO  IIO



COOTBCTCTBYIOIIIUM YaCTOTaM BO36Y)KI[€HI/ISI BHCIIHCTO 3JICKTPOHA, TO IIPpaBUJIO CYMM

IIPUMET CIIETYIOIINNA BUL Z Jr =1.
k

Ix3ameH. KoMIieKCHBINM OKa3aTeb npejgomyeHus. Ero cBsi3b ¢
K03 (HUIHEHTOM NOIJIOIEHHS H BellleCTBEHHBIM MOKa3aTejieM NpeJoMJIeHHS.
3akon byrepa — Jlam0epTa — bepa.

B nagane xypca Mbl pacCMaTpuBaJIM PaclpOCTpaHEHHUE CBETa B MPO3PAYHON
n3oTponHoi cpene. Cpena, morjaomnaromas CBET, OTINYACTCS OT MPO3PAYHON CPEbl
TEM, YTO TMOJIIPU3AIUs MOTJIONIAOMIEH Cpeibl OCHMIIIMPYET Ha ONTUYECKON 4acToTe
co caABUroM (ha3bl OTHOCHUTEIIBHO CBETOBOTO IOJISI MPOXOJsiel BoJHBL. Ilpu sTom
JIJIs1 CBETOBOTO TI0JIs1 B MOTJIOLIAIOIIEH CBET CPEJIE€ MOJIYyUaeTCsl TO K€ CaMO€ BOJIHOBOE
ypaBHEHHUE TOJBKO ¢ KOMILIEKCHBIM Kod(hduieHToM. OGCy UM 3T0 moipoOHee.

KomrmiekcHass mosisipu3yeMOCTh aToMa « O3HadaeT, 4TO OCHWUIMPYIOIIee

CBETOBOE M0Ji¢ £ HABOAWT B aTOME JAUMNOJIbHBI MOMEHT p, OCUWJUIMPYIOIIUI Ha
TOM 7K€ YacTOTe, YTO U CBETOBOE T10JIe, HO CO cIBUTOM (ha3bl. B Takom ciydae BBOJST

KOMIUIEKCHBIA  KO3(PUIIMEHT MPOMOPIUOHANIBHOCTH ¢, Takoh uto p=akF.
Ocuumumpyrone JAUMNOIbHBIE MOMEHTBl aTOMOB  CO3JAlOT  OCIHJLIUPYIOIIYIO

~ dp
HOJIIPU3ALUIO CPEJIBI Pzﬁ — O00BEMHYI0 TUJIOTHOCTH AMIOJIBHOTO MOMEHTA.

[Tonsipu3zanust OCIMILTUPYET C TEM KE CABUIOM (pa3bl OTHOCUTEIBHO CBETOBOTO IOJIS
E, 9T0 M Kaxaplii TUNOIBHBIM MOMEHT p . C moJigpu3aiueil cpenbl CBsI3aH BEKTOP

aneKTpudeckon wHAykuuu D=FE+47P. Ecaum mnomdpusauns OCUWIUIMPYET C

—

(a30BBIM CIIBUT'OM OTHOCUTEIBHO MOJIsL £, TO M BEKTOp D OCHMIUTUPYET CO CABUIOM
¢da3pl, x0T U ¢ ApyruM. I[losTtomy KO3(QOUIMEHT NPONOPLUUOHATBHOCTU MEKIY

—

KOMILICKCHBIMH BeKTOpaMu D i E — TO)e KOMIUIEKCHAs BemuunHa D = £E , 371ech
& — KOMIUIEKCHAsI IUAJIEKTpUYecKas MPOHHUIIAeMOCTh. Kak M JUIsi MOCTOSITHHOTO
AIIEKTPUYECKOTO TIOJIS, HEIMHEHHAs 3aBUCUMOCTh & —1 OT & ompenensieTcst TeM, 4To
1oJIe, JEUCTBYIOUIEE HA aTOM, OTJINYAETCS OT CPEHETO IT0JISI B CPELE.

C yuerom 3toro 3¢ dexra nonyuaercs popmyna Knaysmyca — MoccoTtu

JIist  DIEKTPUYECKOTO TOJIsl Ha YacTOTe @ AaHAJOTHYHBIC PacCyKIEHUs
NPUBOASAT K TOMY JK€ COOTHOIICHHIO MEXKIY KOMIUIEKCHON JHUAJIEKTPUYECKOM
MIPOHUIIAEMOCTBIO £ U KOMIUIEKCHOM MOJISIPU3yEeMOCThIO aTOMA X .

Takum oOpazom, dopmyna Krnaysuyca— MoccoTTu T1O3BOJSIET HaWTH
KOMILUIEKCHYIO JIM3JIEKTPUYECKYIO MPOHUIIAEMOCTb CpPEIbl & Yepe3 KOMIUIEKCHYIO
MOJISIPU3YEMOCTh atoMa ToMCOHa
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a= .
a)g — o? —2iwy

BeneM B paccMOTpeHHE €llle ABE€ KOMIUICKCHBIE BEJIIMYMHBI: KOMILJIEKCHOE
BOJIHOBOE YHCIIO A ¥ KOMIUICKCHBIH IOKA3aTelb IIPEJIOMIICHUS 71 .

PaccmarpuBas cBeroBoe mosie B IIPO3pAavyHOM Cpene, Mbl U3 YpaBHEHUU
MakcBe/la BBIBEIM BOJHOBOE YPaBHEHHE IS OIEKTPHYECKOro mmomst K.
CoBepIIEHHO aHAJOTHMYHO BBIBOAUTCS BOJIHOBOE ypaBHEHHE JUIsl  Cllydast
MOIJIOIIAOLIEN Cpeapl. bepem poTop OT OAHOTO U3 ypaBHEHUM cucTeMbl Makcseiuia

rot(E) __ 1o

c Ot
M C YYETOM JPYroro ypaBHEHUs CHUCTEMBl YypaBHeHHU Makcsesna

1 =\ 1 0D =
—- rot(B) =—- o MOJTy4aeTCsl BOJJHOBOE YpaBHEHHE il o E
7, c

- ge A2
AE — g_/; : 8_5 =0.
c” ot

Tonpko Temepr B HSTOM YpaBHEHUM MoJie E W OUIIEKTpUYECKas
MPOHUIIAEMOCTh & — KOMILUIEKCHBIE BETUYUHBI.

2

. e 1 n c
JIns1 mpo3pavyHoi cpeabl — =—5=—,Iae V =— — (a3oBasi CKOpOCTh CBETA
c V c n
B Cpele, N =./&U — TOKa3aTejlb NPEJIOMJIEHUS Cpelbl. AHAIOTUYHO ISl CPEIbI

HOI‘J'IOIHaIOHleﬁ CBCT BBCIACM KOMILICKCHBIM IOKa3aTelb IIPCIIOMJICHHU A n= §IL~I .

Tornma
~2 25
= n° O°FE
AE — — 5= 0
c” Ot
[IpsiMOii TTOACTAaHOBKOM B ATO ypaBHEHHE MOXKHO YOEIUTHCS, YTO OHO MMEET
pEIIEHNUE B BUJIE MOHOXPOMATAUYECKUX BOJIH
~ R ~ l((l; ,77 )—a)t )
E (f ,r ) = EO ‘e )
2 0)2

U YCIOBUHU kf + k)% +kZ2 =n"—.
c

~ a) - ~ ~ ~
Haszosem Bemmumny k=—n= \/ k)% + k)% + kZ2 KOMIIJIEKCHBIM ~ BOJIHOBBIM
c

YU CJIOM. .HIO6OHBITHO, 9YTO KOMIIIICKCHOC BOJIHOBOC YHCJIIO HE ABJIACTCA I[HHHOﬁ

KOMILUICKCHOI'O BOJIHOBOI'O BCKTOpPa k , TaK KaK JJIHhHa JF000T0 KOMIIJICKCHOTO

—

k

~ o~k o~ o~k ~ o~k
BEKTOpa — BEIIECTBEHHOE YHCIIO |k| =4k ky +k k), + Kk, .




B ontuke i =~1. Torma 7715\/5[1:\/? = =7’
JUTSI KOMIUIEKCHBIX & U 7.

BYI[CM BCIICCTBCHHBIC YaCTH KOMIIIICKCHBIX YHCCI 0003Ha4YaTh OJHHUM
IOTPHUXOM, & MHUMBIC — JIBYMA IITPUXAMMU:

E=¢g'+ig"
k=k'+ik"
n=n'+in"
a=a'+ia"

PaccMoTpuM CBETOBYIO BOJIHY, paCIIPOCTPAHSIIOIIYIOCS BAOJIb OCH z. Toraa ot

~ ~ i((E,F)—wt)
X U Y KOOPJMHAT BBIPAXXEHUE ISl BOJHBI E (t,r):EO-e HE 3aBHCHT.
CnenoBaTesbHO,

~

(lg 7 ) =Je x + l€y y+k,z=k z=kz, rne k — KommIeKcHOE BOIHOBOE UHCIIO,
ky=k,=0muk, =k.

[loacTaBuM 5TO0 B PAacCMaTpPUBAEMOE DEIIEHHE BOJIHOBOTO YpPAaBHEHHSA W
Oy 9HM

= = i((E,F)—cot) = (-t

E(t,F)=Ey-e :Eo-e( )

[loCTaBUM CIOJIa BBIP@KECHUE IS KOMILUIEKCHOTO BOJHOBOTO YHCJIA Yepe3
KOMIUIEKCHBIH MOKA3aTeNb MPENTOMIICHHUSE:

c c c
1 TIOJTy9HM
(0] (4] (4]
~ _ i[n'zﬂ'n"z—a)tj R _P i(n'z—a)tj
— C c C
E(t,r):EO-e =FEy-e ¢ e :
@ n
. ="z
3nech Ey-e ¢ =Ey(z) — aMmumaTyna, 3aBUCSIIAst OT Z KOOPIHHATHL.
2Punz
cn 2 cn 2
I(z) :—O‘Eo(z)‘ =0 .F2.¢c ¢  — HHTEHCHBHOCTb CBET4, 3aBHCSLIAs
8 S
OT z KOOpIWHATHL. 31ecCh 7y — IIOKa3aTelb HPEIOMICHUS BIAIM OT JIMHUH

MOTJIONIEHHUSI (CIIMIIKOM JIOJTO HYXXHO OOBSICHATH, MIOYEMY MMEHHO TaK; CMOTPHUTE
n — ny B Bompoce "CKopocTHbIE ypaBHEHHUA" B MOeM Kypce "Henunelinas y1azepHas

CHEKTpocKonus'").

CpaBHUM 3TO BbIpaXC€HHE C YCTAaHOBJICHHBIM Ha OMbITE 3aKOHOM byrepa (oH
*e 3akoH byrepa — JlamGepta — bepa):

I(z)=1(0)-¢7%,
KOTOPBI OJIHOBPEMEHHO SIBJISIETCS OINpEAEICHHEM KO3(P(UIMEHTa NOTJIOIEHUS K
(rpedeckas pykonucHas OyKBa Kara).



CpaBHI/IBa}I ABa BBIPpAKCHUA JIA I(Z) IIOJIyUYHM:

10}
w=2—n
c

KOMILICKCHOI'O ITOKAa3aTCJIA ITPCIIOMIICHUA n.

"

— K03 (PULMEHT MNOIJOLEHUsI CBSI3aH C MHUMOW 4acTtbhio n"

~ - —n"z i[n'Z_a)tj
BepHewmcs k aHanmu3y BeIpakeHus: E (t,? ) =FEy-e ¢ e € .

3II€CI> B IIOKa3aTCJIC OJKCIIOHCHTbBI C MHHMMBIM IIOKAa3aTCJICM BCINMYHMHA

@ . . .
—n'z — ot saBasercs (a3oi 3aTyxarolel CBETOBON BOJIHBI.
c

Haiinem ¢a3oByt0 CKOpOCTb 3TOW BOJHBI WM CKOPOCTh JBUIYKEHUS
MMOBEPXHOCTHU PABHBIX (ha3.

w
—n'z —w t =const — ypaBHEHUE TOBEPXHOCTHU PaBHBIX (a3.
c

Cuurast, 4To z — 3TO QYHKUIHMS OT ¢, BO3bMEM IPOU3BOJIHYIO IO BPEMEHH OT
ypaBHEHUS TOBEPXHOCTHU PaBHBIX (a3 U MOJTYUUM:

o .dz dz ¢

—n'——w=0 => qu:_:_ =>

c dt dt n'
C .

qu =— — (dha3oBas CKOPOCTh 3aTyXarolIel B Cpe/ie BOJHBI.
n

CrnenoBaTenbHO,  BEIIECTBEHHAs  4acTb  KOMIUIEKCHOIO  IOKa3aTels
IIPEJIOMIICHUS] TIOMJIOIIAIOIIEH CBET CpEeAbl MIpacT pojb OOBIYHOIO IIOKA3aTels
IIPEJOMIIEHUS ITPO3PAYHOUN CPEJIBI.

Ir3amMel. JlopeHneBckass gopMa JUHHAM NMOTJIOIICHUS B MOJAEJIN ATOMA
Tomcouna. HopmaanHasi 1 aHOMAJILHAS TUCIIEPCHS CBETAa.

YHpOCTI/IM BBIPpAKCHHUC JIJIA KOMILICKCHOM MNOJIPHU3YCMOCTH aTOMa TomcoHna
2

e
i

e

“ a)g —w? - 2iwy

Ha CIy4al, KOTJa 4acToTa CBeTa @ OJIM3Ka K PE30HAHCHOW 4acTOTEe aToMa @y .

Beenem oOosHaueHne Q=w-@, U1 pacCTPOMKH 4YacTOThl CBETa
OTHOCHTEJIBHO PE30HAHCHOM YaCTOThI aTOMA.

Torna ‘Q‘ << .

W3 paBencTBa Q = @ — @y MOIy4UM

@ = @ + €2 =>

o* =(wp + Q)2 ~ f + 20,0 =>

a)g —w* =~ —2wp<2.
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TOF,Z[a N3 PaBCHCTBA a= IIoJIiydacMm

a)g —w? - 2ioy

2

e
=
me

—2wyQ - 2iwy

a=

C y4eToMm TOro, 4To0 W= @), ¥y <<y, Q<< @y, a BENUYUHbl ¥ U ) OJHOIO

IIop:sAaKa, 3aMCHUM B 3HAMCHATCIIC @ Ha @y U HOJTYyYHM.

2 2

e e
J— J—
e me

R S N
2wy Q-2imyy 20y Q+iy  2muwy QO +y*

o~

Teneps Moy4rM BBIpaXKEHHE JJII KOMIUIEKCHOTO MOKa3aTessl MpeoMIICHUs 71
B OTHOCHUTEJILHO TIPOCTOM CiIy4ae HU3KOW KOHIICHTpPAllMU aTOMOB (B ras3e) v BOJIU3H
PE30HAHCHOM 4acTOThI aToMa ToMCOHa.
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KOTOpasl CBS3BIBACT KOMIUIEKCHBIM IOKAa3aTessl MPEIOMIICHUS 7 U KOMIUIEKCHYIO
MOJIAPU3YEMOCTh aTOMa ¢ JUIsl JIF0OOM KOHLIEHTpallMu aToMOB N, a HE TOJBKO ISl
HU3KOM KOHUEHTPALMH, KaK B ra3ax.

3amMeTMM, YTO BAAJM OT PE30HAHCHOM YacTOThl aromMa IOoKa3aTelb
MIPEJIOMJIEHUS U MOJISIPU3YEMOCTh aTOMa CTAHOBSTCSI BEUIECTBEHHBIMU BEIMYMHAMU,
u ypaBHeHue JlopeHu — JlopeHTIa oka3blBaeTCs CHpPaBEAIMBBIM ISl BELIECTBEHHBIX
N W @ BYaCTOTHOW 00JIACTH MPO3PAUYHOCTH CPEJIBI.

PaccmoTpuMm Tenepp razoByro cpely € Malloil IJIOTHOCTBIO. B 3TOoM ciyuae
dhopmyiny Jlopenir — JlopeHTIia MOXKHO YIIPOCTHUTb.

[Ipn cTpemieHMM KOHLEHTpAMM MOJIEKYl K Hymo N — 0 mnoxa3arenb
IIPEJIOMJIEHUSI CTPEMUTCS K €IMHHLE 7 —>1, Tak Kak HyJeBas KOHLECHTPALMS
COOTBETCTBYET BaKyyMy, M B BAKyyMe I0Ka3aTellb IPEJIOMIICHUS PABEH €IMHHUIIC.
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[ToncTaBuM croia BeIpakeHrWe KOMILIEKCHOM MO pu3yeMocT atoma TomMcoHa
BOJIM3U PE30HAHCHOM YaCTOTHI aTOMAa!
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CpaBHUBasi 3TO BBIpAXEHUE C A =n'+in", TOIYYUM BBIPAKECHHUE IS
BEILIECTBEHHON 1 MHMMOM YaCTH KOMIUIEKCHOTO ITOKA3aTeNs MPEIOMIICHUS:
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C yyeToMm cBs3u Ko3(puIMEeHTa MOTJIONICHUS ¢ MHUMOW YacThiO IMOKa3aTess
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npegomsieHuss x =2—n" =2z N f — 27 > = 27N f 27 5 » TaK KaK
C m,Cc @y Q +y m,c Q +y
®w~a@y. Torma nams pa3pexeHHOH cpenbl B YaCTOTHOH OKPECTHOCTU JIMHUU

IIOTJIOIICHU C YacTOTOU @y II0JIydacM:
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Ecnu TCIICPb BCIIOMHHTBL, 4YTO B pCaJlbHOM aTOMC OKa3bIBACTCA MHOI'O
PC30HAHCHBIX Y4aCTOT, TO KOB(l)(l)I/II_II/IGHT IIOIJIOIICHUA M IIOKA34aTCJIb ITPCIIOMIICHHA
6YI[YT HUMCTb BBIpa)KeHI/Ie B BUJC CYMMBI 11O PE30HAHCHBIM YaCTOTAaM:

®= 27zN—Zf — >

k Qk+7k

2
Q
S YA o/ S
Me ) Pk Qp + 7%

3nece N — KOHIIEHTpalys aTOMOB, f; — ONTHUYECKas CHJIa OCHUILIATOpA Ha
PE30HAHCHOMU 4acTOTe @y, € — MOJYJb 3apsajaa NIEKTPOHa, m, — Macca IEKTPOHa,
7% — K03 UIHEHT MTPONOPIIMOHATIBHOCTH B BBIPAYKEHUH CUJIBI B3KOTO TPEHHS IS
OIMCAHUS MOTEPb HA H3JIydeHHe, (2, =@ — @, — pacCTpOHKa 4acTOTbl CBETOBOI'O
H0Jsl @ OTHOCUTEIBHO YaCTOTHI IOTJIOLIAIOLIETO CBET IIEPEX0JA @y, .

Otn  (opMmyabl  OKa3bIBAlOTCA CHOPABEAJIUBBI M IPU  PACCMOTPEHUU
B3aMMO/JICHCTBUS CBETA C BEIIECTBOM B PAMKAaX KBAHTOBOW MEXAHUKH.



[Ipoananu3upyemM BkjJIag B KOI(PPUIMEHT TMOTJIOMICHUS OT  OJIHOTO
norJomaroniero nepexonaa. KosdduimeHT nornomieHuss MO>XHO NiepenucaTh B BUJIE:
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KOHTyp ITOTJIOIIICHU A OOBIYHO HAa3BIBAIOT JIMHHUEH IIOIJIOMICHUA, TaK Kak
OTHOCHUTCJIbHAA CIICKTpaJIbHAsd IMHPHHA KOHTYpPA IIOIIOIICHHA OAMHOYHOI'O aToMa

(KaK ¥ KOHTypa U3Jy4eHus) Ha aiauHe Boiubl A =1MmKm ouens mana 27 ~1078 ,aB
@
uH(ppaKpacHOM Juarna3oHe — emie MeHbIe. [y MoJeKynbl Mpu BO30YKIEHUU €€
KojeOaHusi OTHOCHTENbHAsl CHEKTpaJibHAs IIMPWHA JIMHUW TIOTJIOMICHHS €Ie Ha
HECKOJIBKO MOPSAIKOB MeHbIle. Eciu jxe aToM (WM MOJIeKyJia) HE OJIMHOYHBIH, TO K
BEIIMYMHE ¥ NOOABIISIETCS YacTOTa CTOJIKHOBEHUI aroma (MJIM MOJIEKYJIbI), TTIO3TOMY
C U3MEHEHUEM JaBJICHUS ra3za CIEKTpalbHas IIUPHUHA JUHUM U3MEHSETCS Ha MHOTO
MOPSJKOB, a JUIsl TBEPABIX TEJ U KUAKOCTEH OTHOCUTENIbHAS CIIEKTpajbHas IIMPHUHA
CTAaHOBUTCS HACTOJNBKO OOJBIIONH, YTO BMECTO JIMHUU TIOTJIOIICHHUS TOBOPAT O
CHEKTPAILHOM MOJIOCE TOTJIOIIECHUSI.
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31ech y — TONYyIIMPUHA Ha IMOJYBBICOTE KOHTYpa JIMHUU TOTJIOLICHUS,

paHbllie Mbl 0003HaYaIU ATy BeIUUUHY [ .
B cnekTpockonuu TakoM KOHTYp pacCMAaTPUBAKOT OYE€HB 4acTO. Ero Ha3pIBaroT

NIOPEHIIEBCKIM KOHTYpOM #%(x)=—— . Ha creayiomem pHCYHKe NpeicTaBiien

I+x
paccunTanHbiii B Matlab rpaduxk stoit pyHkiuu.
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Torna ko3 HULMEHT MOTIONIEHUS, KaK (PYHKIUS YaCTOThI CBETa
Q
=%y £ — |, Tae Q=w—ay.

PaCCMOTpI/IM TCIICPb 3aBHMCUMOCTDb BCHICCTBCHHOI'O ITOKA3aTCJIA IMPCIIOMIICHHA
OT 4aCTOTHEI.

I[chepcml CBCTAa — 3daBHCHUMOCTDb BCHICCTBCHHOI'O ITOKA3aTCJIA IIPCIOMIICHUA
OT 4aCTOThI CB€TA MJIM OT AJINMHBI BOJIHBI CBCTA.
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AMININTyda 3aBUCUMOCTH KOB(b(bI/II_[I/IGHTa IIOTJIOIICHUA OT 4aCTOThI CBCTA.
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MpEACTaBIECH paccuuTaHHbld B Matlab rpaduk sToit pyHkuum.
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I[O63BK3 K TIIOKa3aTC/Il0O IIPCIOMIICHHA HMMCCT BHJ TaK HA3bIBACMOI'O
JUCIICPCHOHHOI'O KOHTYpPA.
Kaxk BHUJIHO H3 Fpa(l)I/IKa 3aBUCUMOCTH n'—1 oT @, IIPOU3BOAHAA IIOYTH BC3AC

'

dn dn
[MOJIOKUTEIIHHA d_ >0, TO03TOMYy YCIIOBHE d_ >(0 Ha3BIBAIOT HOPMAIBHOU
1) 10}

IIPICHGpCI/IGﬁ cBeTa. ToJIBKO BHYTPH JIMHHUH IIOTJIOINCHUA B MaJjioun OKPCCTHOCTH
Aw= 2}/ IOEHTpPa JIMHUH ITOTJIOICHUS @ Ha6JHOI[a€TC}I TaK Ha3bIBaCMas aHOMaJIbHas1

dn
nuctiepeust ceera — < 0.
do

BemectBo B 4YacTOTHOW 00JacTH MPO3PAavyHOCTH 00JadaeT HOPMAaIbHOMN
JACTIEPCUEH.

AHOManpHasi Jucrepcusi CcBeTa HaOMIOJAeTcs TOJbKO BHYTPU JIMHUU
IIOTJIOILICHHS.

DK3aMeH. OTHOPOAHBIN (JIOPEHIEBCKHI) 1 HEOTHOPOIAHBIN (IONJIePOBCKHII)
KOHTYP CHHeKTPAJIbLHON JUHUH.
CheKTpanbHbli KOHTYP JIMHHM IOIIOMICHHS (@) NpOIOpLHOHAICH

cn 2
CIICKTPAJILHOMY KOHTYpY JIUHUM u3nydyenus G, = 27[—‘E0(a))‘ . OTO cnenyer u3

8
TEPMOJIMHAMHYECKUX COOOpaXEHUH TMPHU PACCMOTPEHUU TEIUIOBOIO PABHOBECHS
M3JIy4YeHus W BellecTBa. Ha Kakmol 4acTtoTe, CKOJIBKO CBETA MOTJIOMIAETCS CTOIBKO
JOJDKHO W u3iydaThcsi. B TakoMm ciiydae OyaeM TOBOpPUTH MPOCTO O KOHTYpE
CIEKTPAIIbHOW JINHUM.
M3onupoBanHas MoJieKyia (WM aToM), Mepexos ¢ BO30YXIEHHOIO YPOBHS

SHEPIrUM HAa HUKEIICKAIINN YPOBEHb, U3JIy4aeT CBETOBOU IyT E= EO e ol gm0t
W — @
Cnextp otoro m3nyuenus G, =Gy -£| ——2 |, Tie #(x)= 5
70 1+ x

JIOPEHLEBCKUI KOHTYD, 2 — €CTECTBEHHAas IIUPHUHA CIIEKTPaJIbHOM JIMHUU.

Ecnu MolieKyn MHOTO, TO JBH)KEHHE MOJIEKYJ M3MEHSIET IIUPHUHY U (PopMy
CIEKTPAJIbHOW JMHUU. ECTh JBE OCHOBHBIX IIPUYMHBI HW3MEHEHHsS IIUPUHBI



CIEKTPaJIbHOW JIMHWH: CTOJIKHOBUTEIBHOE YITUPEHHE W JOTUIEPOBCKOE YITUPCHHE.
O6a ymupeHus npole NposBIAIOTCS B Ta3000pa3Hoil ¢dase BeliecTna.

MoHO J10Ka3aTh, YTO €CIIM CTOJKHOBEHHUS MOJIEKYJ CIIy4alHbIM 00pazoM
OOpBIBAIOT YT M3IYUYEHUS WIH CIy4alHbIM 00pa3oM cOMBAIOT ¢azy U3Iy4eHHSs, TO
YCPEIHEHHAsl 10 MOJIEKYJIaM CIIeKTpaJibHasl TUHUS COXPAHSET JOPEHIEBCKYIO GopMy,
HO TIPU 3TOM HU3MEHSETCS IMIMPUHA CIEKTPAJbHON JTUHUU. DTO TaK HAa3bIBAEMOE
OJIHOPOJTHOE YIITUPEHHUE CHEKTPATbHBIX JIMHHUM, KOTOPOE MPOMOPIHUOHAIBHO YaCTOTE
CTOJIKHOBEHHUI MOJEKYJbI, KOTOpasi B CBOIO OYEpEab MPOIMOPLIHUOHAIbHA JABICHUIO
ra3za. B pesynbpTaTe OKa3bIBaeTCs, YTO CIIEKTpajbHAs IMIUPWHA JUHUW paBHA 2y, THAC

BEIMYUHA ) =¥+ )., PaBHa CyMMe IByX ciaraeMbixX. llepsoe cimaraemoe y; —

yacTtoTa (eIMHULA, JAEJICHHAas Ha CpelHee BpeMs JKU3HU) CIIOHTAHHBIX NEPEXO0B C
BEPXHETO YPOBHS SHEPrUM MOJEKYJbl Ha HUWKHUN ypoBeHb (0€3 CTOJIKHOBEHHI
MoJIeKyl). Bropoe ciaraemoe y,.,, — 4acToTa CTOJKHOBEHHWH MOJEKYJbI C APYTUMH

MOJIEKYJIaMH.

Btopoil MexaHu3M ymupeHus CneKTpadbHbIX JUHUNA — 3T0 dddekt Jomnepa,
KOTOPBII MPUBOJUT K TaK HA3bIBAEMOMY HEOJHOPOJHOMY YIIMPEHUIO CIEKTPAIbHON
nuHUM (pa3HbId BKJIAJ MOJIEKYJ C Pa3HBIMU CKOPOCTAMH JBIKEHHs). PaccMoTpum
ATO YIIMPEHUE MOAPOOHEE.

Ecnmu wu3nywaromas MoJeKylia JIETUT HABCTpedy HaOMoAaTeNo, TO
MpuHUMaeMas HabJrogaTeaeM yactota @ caBuHyTa sddexktom Jlomnepa. C yueroMm
TOJIBKO MpoaoJibHOro 3¢ dexra Jlomiepa noayuum
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3]1ECh (® — YacCTOTa CBETa B CUCTEME OTCUETa HAOII0JaTeNsl WK, KaK TOBOPAT,
B JIa0OpaTOpHOW CHCTEME OTCUeTa; @' — 4YacToTa CBETa B CHUCTEME OTCYeTa

Ny 27
U3JTYYaroNIeH MOJICKYJIbI, k:7 — BOJIHOBOE YHCJIO, V, — TPOEKIHI CKOPOCTH

MOJICKYJIbI Ha HAIIPpABJICHHUC U3JIYYCHHA CBCTA.
PacnpeneneHI/Ie Makcsenia 1mo IMPOCKIHHU CKOPOCTHU UMCCT CJ'IGI[yIOIHI/Iﬁ BHUA:
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IPOEKIMS CKOPOCTH KOTOPBIX JISKUT B aAuanazone ot V, mo V, +dV,; U =

— HaunboJsiee BEpOATHASI CKOPOCTh MOJIEKYJI.
Kaxxnas Mosekyna M3i1y4yaeT CHEKTpajbHYIO JIMHHIO, (hopMa KOTOpOMl MMeeT
JIOPEHIIEBCKUI BUJ] B €€ COOCTBEHHOH cucTeMe OTCYeTa
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Torma B y1abopaTtopHO CHCTEME OTCYETa C YYE€TOM JIOTUIEPOBCKOTO CJBHTA
9acTOThl MOXHO 3amucaTh KOHTYP JIMHHM W3IYYCHHS MOJICKYJIBI C IPOCKIHEH
CKOPOCTH V, Ha HampaBiieHHE HaOJIIOJCHNUS:
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CKJI&IIBIBEUI 9T CIICKTPAJIbHBIC KOHTYPbI C BCCOBBIMH MHOXHUTCIIIMU,
IIPONOpPpHHUOHAIIBHBIMU KOHIOCHTPpAINHN MOJICKYJ B HHTCPBAJIC CKOpOCTGfI oT VZ a0

V. +dV,, nony4uM CyMMapHbI¥ KOHTYp JMHHU U3JIy4CHUS Tra3a:
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Oty (hopMy CIIEKTPaIbHOM IMHUHM Ha3bIBAIOT KOHTYpoM DoiixTa.

[Tox vHTErpajioM CTOUT MPOU3BEIEHUE ABYX KOJIOKOJI00Opa3HbIX (PyHKIuMH. B
3aBUCUMOCTH OT COOTHOILUEHUS BEJIMYUMH ¥ W kU TOT WM JPYrol COMHOXKHUTENb

MOHO paccMaTpHUBaTh, Kak O -QpyHKIMIO Jlupaka, ¥ yopoCTUTh UHTETPAJL.
Ecmu y << kU, TO TOpEHLIEBCKUI KOHTYpP C IIMPUHOW 2y B LIKAJIE 4YaCTOT —
3TO OYEHb y3KUU KOHTYp, U B UHTETpaJle OH UrPaeT poib O -pyHkuu Jupaka.
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Bropoii comHOXUTENb e MO>XHO BBIHECTH W3-TI0J] MHTErpajga mpH
TaKOM 3HaY€HHUH kV,, IpU KOTOPOM apryMeHT O -()yHKIHHU paBeH HyI0. €10 B TOM,

YTO B OCTajJbHBIX TOYKAaX O -(QyHKIMS paBHa HYIIO, WM BEIUYMHA BTOPOTO
COMHOJKUTENS I10J] UHTErPAJIOM HECYIIECTBEHHA, ITOATOMY MOYKHO ITOJIOXKHUTH, YTO
BTOPO COMHOXHUTEIIb — IMIOCTOSIHHAas BEJIMYMHA paBHAsg 3HAYEHHUIO BTOPOIO
COMHOJKUTEIS NIPU TakoM kV_, IpU KOTOPOM apryMeHT O -()yHKIIHU PaBEH HYIIIO.
[lon wHTErpajzoM mHpH 3TOM OCTaHeTCs O -QyHKUUS, HMHTErpajl OT KOTOPOH IO
ONPEIECICHUIO PABEH EAUHUILIE.

[TpupaBHUBaeM apryMeHT O -PyHKIHMU HYJIIO:
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KOHTYp CIIEKTPAJIbHOW JINHUH.

[[upuHa >TOro KOHTYpa B IIKaJe YacTOT Ha YPOBHE — paBHA ow = 2kU .
e

Ecnu naBneHue rasa BETMKO, TO BEJIMKA YAaCTOTa CTOJIKHOBEHHM MOJIEKYN U
y>>kU. B atom ciywyae poiib O -pyHkuuu [lupaka moj HMHTErpajioM KOHTypa

V4

2
@oiixTa OyJIeT UrpaTh rayccoB KOHTYp e [kU) ~0 (%) ApryMeHTt o -QpyHKUUU

oOpataercst B HOJIb Ipu ycioBuu kV, =0. B pe3ynbrare (popma JIMHUM NOTIIOLICHUS
IIPU BBICOKOM JIaBJICHUU T'a3a OyAeT UMETh BUJI JIOPEHIIEBCKOTO KOHTYpa:

1 — Q
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DTO Tak Ha3bpIBaeMas OJHOPOJIHO YIIUPECHHAS CIIEKTpaJIbHAS JTUHUS.

. 1
Io mopsiiKy BETMYHHBI IPH KOMHATHON TEMIIEPAType A j,,e, = 10! = npu
c

1
aTMOC(EPHOM [aBICHUH Tra3a, U Adj,,.e, ~10°= B BummMom mmanasome.
c

JlopeHIeBCKOEe YUIMPEHHWE TMPOMOPIHMOHANIBHO JaBICHHUIO Tas3a, JOIUIEPOBCKOE
yIIMPEHUE MPOMOPIMOHATBHO YaCTOTE CBETA.

Jx3amMed. [IpyuvHa HepaBeHCTBA 7 >1 B 00J1ACTH MPO3PAYHOCTH CPeabl.

O6cynuM Temepb HEpaBEeHCTBO 7>1, KOTOpOe TMpPaKTUYECKU BCeraa
CIIPaBEIUBO B YACTOTHOU 00JIACTH MPO3PAYHOCTH BEIIECTRA.
PaccMoTpuM ypOBHM 3HEPTrUU MPOU3BOJILHOTO aTOMA.
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OOBIYHO aTOM HaXOAUTCS Ha HW)KHEM ypoBHE 3Hepruu Ej. Ilormotus kBaHT

CBETa, aTOM MOXKET MEPEUTH C ITOr0 ypOBHS Ha OJUH M3 0OJee BBICOKMX ypOBHEU
SHepruu. PasHOCTh dHEPruil ypoBHEH paBHA SHEPIMU KBAaHTA CBETA M CBA3aHA C €r0
YaCTOTOU @:

ha)kl =F k= El .

YacToTel MEPEXOOB @) — ITO U €CTh PE30HAHCHBIE YACTOTHI KOJEOAHUHI

BHGKTpOHHOﬁ 000JIOUYKH B MOJACIN aTOMa TOMCOHa, KOTOPBIC BXOIAT B BBIPAKCHHUC

JIIA KOMILICKCHOU IMOJEAPU3YCMOCTH aTOMaA!
2

e
Je—
m

a=y — £

o — o = 2ioy,

[TosHast SHEPTHS AICKTPOHA, IPHUBSI3AHHOTO K aTOMY, IPUHUMAET TUCKPETHHIE
oTpulaTebHbIe 3HaUeHUs. [Ipu mpuOIMKEHUN K HYJIEBOMY 3HAYEHUIO BO3MOXKHBIC
YpOBHU 3HEprum crymatorca. OKoJIO HYJIEBOM HEPrUU HAXOJIUTCS OECKOHEUHOE
YUCJIO OTPUIATENBHBIX JIUCKPETHBIX YpOBHEW sHepruu. llosmokutenbHbIe SHEPTUH
AJIEKTPOHA COOTBETCTBYIOT OTPBIBY AJIEKTPOHA OT aToMa — WOHHU3aluu aroma. Jlis
MOJIOKUTEJBHBIX SHEPTU BO3MOXHBI BCE 3HAYCHUSI B HEMPEPHIBHOM JIUANA30HE OT
HYJIA 10 0ECKOHEUYHOCTH.

B Takowm ciiydae criekTp moryonieHus: arToMa Wid 3aBUCUMOCTh KO3 UILIEeHTa
MTOTJIONICHHSI CPEJIBI OT YaCTOTHI UMEET CICAYIOIIHA BU:

2
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YacroTHas 006JacTh MPO3PAYHOCTH Cpelibl — JIF00as 00JaCTh YacTOT BJAJIH OT
JIMHUHA TOTJIOILIEHUS.



Kak BUIHO U3 pUCYHKA, AJiA JIIOOOM 4acTOThI CBETa B 00JIACTU MPO3PAYHOCTH
CIpaBa OT BBIOPAHHOM YacCTOThI BCErJja MHOTO JIMHUW MOTJIOUIEHHMS], a CIeBa — MaJlo.
PaccmoTpuMm BiMsAHME OJHOW JIMHMM IOTJIOLICHUS, PACIIOJIOKEHHOW cCIpasa
Wy > @, Ha TOKasaTelb npenomieHus. M3 HepaBeHCTBA @y > @ CIENYET, YTO

paccTpoiika 4acTOThl CBE€Ta OTHOCUTENIBHO YaCTOTHI MOTJIONIAIOIIETO CBET Mepexo/ia
OTpUIlaTEIbHAS:
Q k=0 — Wy <0.
Torma
e? . Q
MeWy QIZ( + 7]%

Ortcrona ciienyer noJIOKUTENbHBINA BKIIaA n'—1> 0 B moka3aresb IPEIOMIIEHUS
OT JIMHUM TOTJIOIICHUS, KOTOpas pacrloJiokKeHa CIpaBa OT paccMaTpuBaeMoi
YacTOTHI CBETA.

[TockonbKy crmpaBa JIMHMA MHOTO, TO MX CYMMapHbId BKJIaJ B IOKa3aTelb
npeaoMiieHUsT OOJIbIle, YeM BKJIAQJA JIMHUH, Paclo0oKEHHBIX CJIeBa, U CyMMapHBIN
BKJIaJl — TOJIOKUTENBHBINA. B pe3ynbpTare mokaszaTesiab MpeIOMIICHUS CABUTACTCA OT
€MHUYHOTO 3HaueHUsl Oe3 cpelbl B CTOPOHY YBEIWYCHHS IPH HAIUYHUHU CPEJBI.
[TosToMy B 00J1aCTH MPO3PAYHOCTH CPEIBI:

n=n'>1.

HcknroueHueM U3 mpaBuia SBISIOTCS O0JacTH 4YacTOT, TJI€ OJHA U3 JIEBBIX
JVHHN MOMIOIIEHUS ) < @ IOCTaTOYHO OJIM3Ka K PACCMaTpUBAEMON 4acTOTE CBETa

>1.

n'=1-zNf -

@, Tak YTOOKEI €e OTpI/IHaTGJIBHBIﬁ BKJIaZ B IIOKA3aTCJIb IIPCIIOMIICHHA n'-1<0
IICPCBCCHUII ITOJIOKUTCIIBHBIC BKIIAJIbI BCCX IIPABBIX JIMHUM ITOIJIOICHUA.

B wManoin 4acTtoTHOHU OKPCCTHOCTH JIMHHH  IIOIJIOIICHHA  ITOKAa3aTCJIb
IIPCIOMJICHUA MOXKCT OBITH MEHBIIIC CAHMHUIIBI.

P ACCMOTpUM IIOPAJOK BCIIMYHMHBI BKJIdJd B KO3(1)(1)I/IHI/I€HT IIOTJIOIICHUA H
BKJIaga B IIOKa3aTCJib MPCIOMIICHUS IIPH OTHOCHUTCIBHO OOJIBIINX 663paSMepHBIX
paCCTpOﬁKaX X YaCTOTBI CBC€TAa OTHOCUTCIBHO NLCHTPA JIMHHUW IIOIJIOIICHUSA

o-ou|_o]
x= L = |22k s> 1
Vi Vi
Branu ot nuHWAM OTTIOMICHHSI PY OOJIBITUX 3HAYCHHUSAX X IOTydacM
( 1 1
K~ ~—
1+x%  x°
X 1
(-1~ -5 |-
I+x X
1
no0aBka K KOI(DPUIIMEHTY MOTJIOMEHU X ~ — ObicTpee yObIBaeT mpu
X
BO3pACTaHUU X , YeM J1I00aBKa K MOKA3aTel0 MPeTOMICHHUS (n '— 1) ~——. [loaTomy, B

X



YaCTOTHOW 00JacTH MPO3PAYHOCTH CPEAbl IOKA3aTellb TPEIOMIICHUS 3aMETHO
OTIINYACTCS OT SAMHHMIIBI.

Ik3amMeH. ONTHKA MJIa3Mbl.

[ImasmMa — »3TO MOHM30BaHHBIA Ta3. Hampumep, B razopa3psiHbIX JIamIlax
JTHEBHOT'O CBE€Ta CBETUTCS IUIa3Ma. MoHM3amusi rasa MNPOUCXOIUT IOJ yAapaMH
AJIEKTPOHOB, KOTOPBIE PA3TOHAIOTCS JICKTPUUECKUM TosieM. [lnasma comaepkut ras
HEUTpAJILHBIX aTOMOB, 3JICKTPOHBI U MOJOKUTEIHHBIE HOHBI.

HoHbI B ThICSUM pa3 TSKEJIEE DJICKTPOHOB U MO JACHCTBHEM BJIEKTPUUECKOTO
II0JIs1 CBETOBOM BOJIHBI IIOYUTH HE CMeENIaroTca. B3anmoaencTBue cBeTa ¢ Iia3Mou —
ATO B OCHOBHOM B3aMMO/ICHCTBUE CO CBOOOIHBIMU JIEKTPOHAMM TIa3MBbl.

CBOOOIHBIN 3JEKTPOH MOXKHO pacCMaTpuBaTh, Kak NpPENETIbHBIN Ciydyai
AJIEKTPOHA B aTOME, €CJIM CUMTaTh, YTO BO3BpAIAIOIIasi CUJIa CO CTOPOHHI siIpa aToMa
paBHa HYJIIO.

4mpq
3m
BBEJICH, KaK BEJIWYMHA MPOIMOPIIMOHAIBHAS OTHOIIEHHWIO BO3BpAIAIOIICH CHJIBI K
CMEILICHHIO OT IOJIOKEHHUSI paBHOBeCHs. Eciin Bo3Bpalaromas cuiia paBHa HYJIIO, TO
U PE30HAHCHAs 4acToTa TOXKe paBHa HylI0 @, =0. Torma BMecTo KOMILIEKCHOH
i

m

e

B mopenn atoma TomcoHa KBajgpaT pe30HAHCHOW YaCTOTHI a)g = ObLI

IMOJIAPHU3YCMOCTH aTOMa a= IIOJIYYHUM

a)g —w? - 2iwy

e
w® + 2iwy
CBETOBOTO TOJISL @.
dakyapTaTUBHAs BCTaBKa.
B koHIIe nepBoii JIEKIUH MbI IOJTYYHUIIN, YTO JJI1 OJJMHOYHOTO aTOMa B CUCTEME

a= — TMOJAPU3YyEeMOCTh CBOOOJIHOTO JJIEKTPOHA Ha YacTOTe

CHu
1 e’
T 127xm,gyc
Q1= 2y -8
Ha mymune Bonusl A =1mxm nonyuaem ——~10"".
20
Komnelr hakyJIbTaTUBHON BCTaBKH.
B ciiyyae cBOOOAHOTO AJIEKTPOHA B BUJAMMOM JHANa30HE CIIEKTpa LN 108 un
10

y<<w. B PE3YIBTATC BTOPOC CJlIaracMoc B 3HAMCHATCIIC BBIPAXKCHUA JIA
MMOJIAPU3YyEMOCTH CB06OI[HOFO 9JICKTPOHA Ha YaCTOTC CBCTOBOIO IIOJA @ MOKHO
OT6p0CI/ITB U IOJYYHUTb, 4YTO KOMIUICKCHAA IOJAPU3YyCMOCTb BCIICCTBCHHAA, HO
OTpULATCIIbHAA:



e2

a=- .
2
m,@

[Tonapuzauuss cpeapl paBHA IMPOU3BEACHUIO KOHIIEHTpauuu N Ha CpeIHUU
JTATIOJIbHBIA MOMEHT:

P=N-(p)=Na-(E)=NakE.

CpaBHHM 3TO C ONPEIACICHUEM IUAJIEKTPUUYECKOM BOCIPUMMYUBOCTH Y B
COOTBETCTBHMM C PaBEHCTBOM P = y £ w nonyuum, yto y = No .

N3 pasenctB D=E+4nP, D=¢E wu P=yE noiy4aeM CBs3b
IUDJIEKTPUYECKOM  NMPOHHULIAEMOCTH M JMDJIEKTPUYECKOM  BOCIPHUAMYHMBOCTH
e=1+4ny, a ¢ yuerom y=Na mnoimydaeM &=1+47Na. DTO K€ pPaBEHCTBO
CIIPaBEJIMBO U JIJIs KOMIUIEKCHBIX BEJIUYUH & U O :

E=1+4rNa.

eE-1 4 ~

— =—nNa g

E+2
HETIOJISIPHBIX JTUAJICKTPUKOB, JIJIS TUIa3Mbl cripaBeyiuBa Gopmyna ¢ =1+4rNa , Tak
KaK JUIs IUIa3Mbl CYMTAIOT, YTO HET PA3HUIBI MEXAY IIOJEM, JCHUCTBYIOLIAM Ha
AJIEKTPOH M CPETHUM TI0JieM B cpejie. HenuHeitHas 3aBUCUMOCTh €& OT & B opmyiie
Knaysnyca — MoccOTTH 1TOJIy4aeTcss UMEHHO B PE3YJIbTaTe 3TOM Pa3HHULIBL.

Torma ¢ yuetom 71 =/l =/ TOIydaeM:

W2 ~1+47Na .
HOI[CTaBI/IM Croaa BBIpa)I(eHPle JUUIA HOJBIpI/ByeMOCTI/I CBO6OI[HI->IX 3JI€KTpOHOB

B ormmume ot ¢opmynsl Knaysmyca — Moccortu:

2
~ e
a=- 5 M TIOIyInuM
m,@
2
-2 47 Ne
n = 1 - —2 .
m
DTO paBEHCTBO MOKHO NEepenucaTh B BUIE:
2
@
A2 =1- —127,
@
1 7 e?
rae kKo3QpQGuUUUeHT Npu — 0003Ha4YCH, KaK @), =47N—, U Ha3bIBACTCS
4 m,
KBaJpaToM IUIA3MEHHOW YAacTOThl, TaK KaK OH HMEET pa3MEPHOCTh KBajpaTa
2 62
gacrotel. B cucreme CU: @), =N .
mq&

BBaHMOIIGﬁCTBHG I1a3Mbl CO CBCTOBBIM IIOJICM CYHICCTBCHHO pPa3jindacTCsa B
ABYX CIICKTPAJIbHBIX JHAIla30HAX: CCJIN 94aCTOTa CBCTA MCHBIIC IIa3MEHHOMN 4aCTOThI

< a)p Y €CJIM YacTOTa CBeTa OOJIbIIIE MIa3MEHHOM YacTOTHI @ > a)p .



B IICPBOM JHUAIIa30HC CBCTOBBIX YaCTOT @ < ®@ IMoJIy4nuM™M, 4YTO KBaJpar

P
MOKa3aTess MPEJIOMIICHUS ABJISETCS OTPULIATEIIbHON BEJIMYMHOM:
2
10
n2 =1- —12) <0
10

TOF,Z[a CaM I10Ka3aTCJib IIPCIOMIICHUS — YHMCTO MHUMas BCIIMYHMHA n=in".
KOB(I)(l)I/II_II/ICHT IIOTJIOCHUA CPCAbl CBA3dAH C MHHMMOM YaCThH0 MOKAa3aTes

@
MPEJIOMIICHUSI COOTHOLIEHUEM X =2—n".
c

Kazanoce Obl, m1a3mMa noriomaeT 3JIEKTPOMAarHUTHbIE BOJIHBI C YACTOTOM HUXKE
MJIa3MEHHON 4acToThl. OHAKO 371€Ch €CTh HEKOTOpasi TOHKOCTh. OcnabiieHne cBeTa
€CTh, a norjomeHus — HeT. [lmasma B 3TOM YacTOTHOM JAWamna3oHE OTPakaeT
AJIEKTPOMArHUTHBIC BOJIHBI TOPa3/10 OOJIbIIIE, YEM IOTJIOMIACT UX.

Jeno B ToM, 4TO ri1yOrHA TPOHUKHOBEHUS 3JIEKTPOMArHUTHBIX BOJIH B IIa3My

HUMCCT IIOPAAOK —, U 3Ta T JIY6I/IHa IIPOHHUKHOBCHHA OKa3bIBACTCA IOpasgo MCHBIIC
®

JUTMHBI 3JICKTPOMArHUTHOM BOJIHBI. [IpMunMHa Takoro HEpaBEeHCTBa COCTOUT B TOM,
YTO JJINHA BOJIHBI B IJIA3M€ OKa3bIBAETCS ropa3/io 0O0JbIle JJIMHBI BOJIHBI B BAKyyMeE.
JInuHa BOJIHBI B IUIA3ME MOJIy4YaeTcs, KaK pPe3yJbTaT JEJICHUs [UIMHBI BOJIHBI B
BAKYYME Ha BEIICCTBEHHYIO YacTh IOKa3aTelid MNpPEJIOMIICHUs] 7', KOTOpas OYEHb
0JM3Ka K HyI0 (Mbl B IPUBEACHHBIX BBIIIE BBIKJIAJKAX €€ MPOCTO OTOPOCHIIN, KaK
HyJIeBy10). PaHee mpu paccMOTpeHUHU CTOSYMX BOJH MBI 00CYXJalld, YTO B CiIydae,
KOr/ia riIyOrMHa MPOHUKHOBEHUS CBETA B CPEY TOPA3/I0 MEHBIIIE ITTUHBI BOJHBI CBETA,
OKAa3bIBAETCSA, UTO CBET OTPAXKAETCS OT CPELbI, a HE MOTJIOLIAETCS cpenon. BoTt cBer u

OTpaAXACTCA OT IIJIa3MBI ITPHU YCIIOBUH @ < a)p .

Uto0bl MOMYEPKHYTh OTCYTCTBUE MOIJIOLICHMSI CBETa B JAHHOM CIIydae X
Ha3bIBAIOT KOA((UIMEHTOM SKCTUHKUMMA (MM TOKa3aTeleM SKCTHHKIMWHU), a He
ko3 duimenTom mnornomeHuss. B Oonee o0miem ciydae HYXHO OTIMYaTh
KO3(PUIIMEHT NOTrJIOIIEHNs, KOTOPBIA OMUCHIBAET MOTJIOIIEHUE CBETAa U NEPEXOA
CBETOBOW JHEPTUU B TEIUIOBYIO SHEPTHUIO, U KOA(DOUIMEHT IKCTUHKIIUHU, KOTOPBIN
OMKCBHIBAET OOIIME MOTEPU CBETA 3a CUET MOIJIOUIEHUS, OTPAKEHUS U PACCESTHUS.

Bo BTOpOM [Mama3oHe CBETOBBIX YaCTOT @ > @), MOJIYYUM:

2
i =1 —w—lz) >0
@
U TI0Ka3aTellb MPEIOMIICHUSI — BELIECTBEHHAs BeUYnHa. OTCYTCTBUE MHUMOMU

. @
YacTH O3HA4aeT HyJeBOM Kor(dduuueHT nornomenuss x =2—n"=0, To ecTh BOJIHA
c

MIPOXOJUT cpeay 0e3 ocinadaeHusl.
CrnenoBaTeNbHO, MJ1a3Ma Mpo3payvHa JIJIsl CBETa C YaCTOTOM BBINIE TIa3MEHHOU
JaCTOTBHI.



Ik3amMeH. OnTuka MeTALI0B. IIpo3payHoCcTb cpe IJIsi PEHTITEHOBCKOI0
H3JIYICHUS.
B MCTAJLIC, KaK M B IINIa3MC, CCTb CBO6OI[HI>I€ QJICKTPOHEI. HOBTOMY
B3aHMMOJCHCTBUE CBETA C METAJIOM IMOX0KE Ha B3aMMOJCHCTBUE CBETA C INIa3MOM.
dakyIbTaTUBHASI BCTABKa.
B meramnax Y B BBIPpAXKCHHUHU OJIA KOMILICKCHOM IMOJIAPU3YEMOCTH 3JICKTPOHOB

e2
~ m,
B MeTalne o =-— COXPaHAIOT, a He OTOpachIBalOT, Kak B Ijia3Mme. B
w” + 2wy
(1012 L 1at4) ]
Metaimax y =(10"" +10"" |— — 4acroTa paccesHHs dIEKTPOHOB, KOTOPAsT 3aMETHO
c

. 1 .
MECHBIIIE TIIa3MEHHOH YaCTOTBI METAILIOB @), ~ 1016 — HO BC€ JK€ CpPaBHUMA C HEM.
C

KOHGI_[ d)aKVHBTaTHBHOﬁ BCTaBKH.

Merann — TBepaas ¢asza BelIeCTBa, MOATOMY KOHIEHTpAIMsi CBOOOIHBIX
AJIIEKTPOHOB B METAJIJIE TOPA3/I0 BHIIIE, YeM B OObIYHOM Tu1a3Me. [1na3Mennas yacrora
2
2

3aBUCUT OT KOHICHTpAIUH CB06OI[HBIX QJICKTPOHOB @

» =47N ‘ B pe3ynbTare
m

e

I1a3MC€HHas 4actora JJIA  MCETAJZIOB OKa3bIBACTCA B y.HBTpa(l)I/IOJ'ICTOBOM

p
JMarna3oHe 4aCTOT U COOTBETCTBYIOIIMX JUINH BOJH. /{151 Oosee KOPOTKMX JUIMH BOJIH
METajul OKa3blBA€TCA MPO3pAayHbIM. XapakTepHas [JIMHA BOJHBI TPAHULBI
MIPO3PAYHOCTH pa3HbIX MeTauioB (150 +350)nm.

[To aTOM MpUYMHE KECTKUN YIbTPA(PUOJIETOBBIN CBET U PEHTIC€HOBCKUM CBET C

JacTOTOU @ > @, TPOXOJUT Yepe3 METajll NOoYTH 0e3 ocnallieHHs1, a B BHIUMOM

AUaIIa3oHc IIpHu YCJIOBHHU 60<(0p METaJlJIbl UMEIOT OYCHb BBICOKHU KOB(b(bI/I]_II/IeHT

1
OKCTHUHKIIMH CBECTA. HpI/I 9TOM CBET OCJalJIsieTcs B OYEHb TOHKOM CJI0€ — Inopsaka
P

A
s Kak oOcyxmanock paHblle, OCIa0JICHHE CBETa B CIIO€ TOJIIUHOW Topaszio

A .
MCHBIIC E BCCTrAa O03HA4YacT BBICOKHNH KOB(b(bI/I]_II/IGHT OTPAKCHU. Cser OTpaxkacTcCA,

a He noromaercs. [1o 3Tol npudrHEe METauIBl XOPOLIO OTPAXKAIOT CBET, IPUYEM B
uH(ppaKpacHOM JHaIa3oHe, e JUIMHA BOJIHBI 00JbIlIe, OTPaKEHUE CBETA BBIIIIE.

OHeprus pEHTIeHOBCKOTO KBaHTAa W3lIydYeHus FE =hv=hw oka3bBaeTcs
ropa3zo Oojbllle, YeM HSHEPrusl CBSI3M BHELIHETO 3JEKTPOHAa C aToMOM. B Takom
Clly4ae BHEUIHUE AJIEKTPOHBI aTOMA MOYKHO CUUTATh MOYTH CBOOOAHBIMH HE TOIBKO Yy
METAJUIOB, HO W Yy JUAJEKTPUKOB. [loATOMY HHMAIIEKTPUKH B PEHTTEHOBCKOM
JVAIIa30HE U3JIyYEHUs NMPO3PAYHbl, KaK U METaJUIbL.



B pesynprate peHTreHOBCKHIl CBET @ > ), MPOXOIUT MOYTU O€3 0CIabIeHIs

HC TOJIBKO 4Y€pPe3 MCTAJlJIbl, HO MW YCPC3 JIFOOBIE BE€IICCTBA. JIro0oe BEIICCTBO B
3HAYUTEIbHOU MCPC IIPO3PavYHO B pPCHTITCHOBCKOM JUAIIa30HC U3JTYUCHUA].

Ha PCHTITCHOBCKHNX CHHMKAX PCTUCTPUPYIOT TCHM OT OpraHoB MHIIH
CHHTCTHYCCKHUX KOHCTpYK]_II/Iﬁ ¢ 00JBIIEH INIOTHOCTBIO BCIICCTBA.

TepmoauHaMuKa CBeTA.
IK3aMeH. AOCOJTKTHO YepHOeE TeJ0.

AOCOIIOTHO YEPHOE TEJIO0 — 3TO HACATU3ALIMS.

AOCOJIIOTHO 4YepHOE TEJIO MOTJIOIIAET BECh MAJAIOIIMN HAa €ro MOBEPXHOCTh
cBeT. [Ipy 3TOM HMKAaKOW CBET HE OTPAKAETCA U HE PACCEUBAETCHL.

[ToBEpXHOCTh pEaTBLHOTO TEJIa HE MOKET OBITh a0COJIIOTHO YEPHOU, HO MOKHO
CMOJIEJIUPOBaTh HEOONBIION Y4YaCTOK MOBEPXHOCTH, KOTOPBIA OyJaeT BecTu cels
MOJ00HO MOBEPXHOCTU a0COIFOTHO YEPHOTO TEJIa.

Paccmotpum 0oubliy 0 OJIOCTh BHYTPU Hempo3padyHoro Tena. Ilycts monocts
COCIMHSETCS ¢ BHEIIHUM IIPOCTPAHCTBOM 4epe3 manoe oreepcrue. IloBepxXHOCTS,
MBICJICHHO HaTSHYTas Ha IJIOCKOCTh OTBEPCTHUS, M OyJEeT MOJENbIO MOBEPXHOCTH
a0COJIFOTHO YEPHOTO Tea.

Jeno B TOM, 4TO MpU MaJOW IUIOIIAAXA OTBEPCTUS OTHOCHUTEIBHO IUIOLIAIN
BHYTPEHHEN MOBEPXHOCTH IMOJOCTH CBET, Nomajgas B OTBEPCTUE, MHOTOKPATHO
OTpPaXKaeTCsi M PACCEUBACTCS BHYTPH IOJOCTHU, MPEXKIE YeM Tomaaaer oOpaTHO B
BBIXOJIHOE OTBepcTHe. [Ipy KaxkJIoM aKTe pacCerBaHUS U OTPAKEHUS CBET YACTHYHO
MOTJIOIIAETCS CTEHKaMU MOJOCTH. B TakoM cilydae nake mpu BBICOKOM OTPaKeHHH
CTEHOK MOJIOCTH OOPaTHO M3 OTBEPCTHUS CBET MTOYTH HE BBIXOJIUT.

Panpiie B gpyrux Bompocax Mbl HE pa3 YIIOMUHAIN O CBETOBOM IOJIE, KOTOPOE
HaXOJUTCS B TEIJIOBOM PaBHOBECUHU C BEIICCTBOM.

Ecnu cHapyxu B paccMaTpuBaeMylO0 MOJIOCTh CIHEUUAIBHO HE CBETUTH, TO
BHYTPU TIOJIOCTH H3JIy4YeHHE OyJeT HaXOJUThCS B TEIJIOBOM PABHOBECHH CO
CTE€HKaMU TMOJIOCTH.

Harperoe Tteno wm3nmydaer cBer. Tena mpu KOMHATHOM TEMIIEpAaType TOXKE
U3JIy4alOT CBET TOJBKO B HHPPAKPACHOM JUAIA30HE.

Ecnu creHku paccMmarpuBaeMoill MOJIOCTH HArpeTh, TO W3 OTBEPCTUS OyIeT
BBIXOJIUThH CBET, KOTOPHIN HA3bIBAIOT U3TYYECHUEM a0COIIOTHO YEPHOTO Tea.

Jrx3aMeH. 3akoH Kupxroda.




Cwmbica 3akoHa Kupxroda B TOM, 4TO HarpeToe Tejao XOPOIIO CBETUTCS, TOIBKO
€CJIM TO YEPHOE TEJO.

Eciu Teno mioxo MOrIomaeT CBET, TO HArpeToe TEJNO0 M M3JydaeT Mallo.
Hanpumep, npo3payHblii KpUCTAJUT IPU HAaIrpEBaHUU CBETHUTCA C€i1a00, a YUEPHOE TEJIO
IIPY HarpeBaHUU JI0 TOW K€ TEMIIEPATyphbl CBETUTCS SIPKO. 3€pKaJIO P HArpEBAHHUU
TOE TUI0XO0 CBETUTCs. Harperslil 6ernblil Men Xy)Ke CBETUTCS, YEM HArpeThIil YepHBIN
YT OJIb.

3akoH Kupxroga — 310 OonbITHBIN (HaKT, HO €r0 MOXHO 0OOCHOBATh UCXO/S U3
TEPMOJIMHAMMKHU, €CJIH PAaCCMOTPETh TEPMOAMHAMUYECKOE PABHOBECHE CBETa M
BEILIECTBA NIPU HEKOTOPOU Temneparype. CMbICI pacCCMOTPEHUS B TOM, YTO, CKOJIBKO
CBETa MOIJIOMIAETCs, CTOJIBKO JAOJKHO M U3IydaTbCs, YTOOBI TeMIlepaTrypa Teia He
M3MEHSJIACh B YCJOBHUAX pPaBHOBECHS. UepHOE Telo XOpOWIO NOTJIOMIAET CBET,
3HAYUT, OHO U U3JTy4aTh OyIeT XOpOLIO.

Jlig  xoyim4yecTBEHHOro onucaHus 3akoHa Kupxrodpa HaMm mnoHagoOHUTCS
MNOHATHE KOA(PPUIMEHTA MOTJIOMICHUS] MOBEPXHOCTH, KOTOPBIM MOKAa3bIBAET, KaKas
4acTh CBETa IOIVIOM[ACTCS IOBEpXHOCTBIO. Ilycts a(v) — koadduuuent

MOTJIOIIEHHSI TIOBEPXHOCTH, OH 3aBUCHUT OT 4YacToTbl cBera V. Koadduiuent
MOTJIOIIEHHS] TTOBEPXHOCTH PABEH OTHOLIEHUIO MOIVIONIEHHOW 3HEPruu K SHEPIruH,
MajJaroleil CBETOBOM BOJHBI, — 3TO Oe3pa3MepHas BeIUMYMHA. B oTiamume oT
Ko3(uimenTa NOrJolIEeHus Cpeasl X, KOTOpPbIA BXOAUT B 3akoH byrepa

I(z)=1pe ™ u KOTOpBIl MMeeT pa3sMepHOCTh 0OpaTHON umHbL [l Genoro Tena
a(v)=0, ws npospauroro tena a(v)=0, wis 3epkana a(v)=0, a s aGCOMOTHO
gepHoro tena a(v)=1.

I[J'I?I KOJIMYCCTBCHHOI'O OIMMCAaHWA M3ITY4YCHHUS IMMOBCPXHOCTH TCJIa BBOIAT

aw
MOHSATHE CBETUMOCTU R = m . CBeTUMOCTH — ATO IUIOTHOCTH ITOTOKA OHCPIruu Ujin
1

OHCprusA, KOTOpad B CAHMHHLOY BpPCMCHH H3JIYHaCTCA G,Z[HHHI_[eﬁ IJiomaaun
ITOBCPXHOCTH. DTO MOHATHE OYEHb OJIM3KO ITOHSITHIO OCBCIICHHOCTH ITOBCPXHOCTH

aw
=——. OCBEImEHHOCTh — 3TO TOXKE DHEPrUs B €IUHUILY BPEMECHHM HA €IWUHHUILY

dtdS
Iomaayr, TOJBKO JId IIaJdaromero Ha IIOBCPXHOCTb CBCTA, a HC I CBCTA,
HN3JIy4acMOI'0 ITIOBCPXHOCTBIO. O06a moHaTHg OJM3KK K IIOHATHIO MHTCHCHUBHOCTH

ceera [ = d—W, KOTOpasi TOKE MPEACTABISIET COOOW PHEPTUIO B €IMHUILY BPEMEHH
1

4yepe3 €AUHULY IUIOIAAM NEPHEHAUKYJISIPHOM CBETY, TOJIbKO HWHTEHCHUBHOCTH
paccMaTpuBaeTcs Il CBETA, KOTOPBIM HJAET IOYTH B OJHOM HAIlPaBICHUH, a
CBETUMOCTb M OCBEILIEHHOCTh NPUMEHUMBI I JIFOOOr0 pacHpelesieHus CBeTa IO
HalpasJIeHUAM. Eciau cBeT majaer nepneHAuKyIsspHO Ha JKpaH, TO OCBEIICHHOCTHb
JKpaHa paBHAa MHTCHCUBHOCTH MAJAIOLIEro cBera. Eciii cBeT majgaer mox yriioM, TO
OCBEILEHHOCTh MEHBIIIE MHTEHCUBHOCTU MAJArOlIEro CBETa, UX OTHOLIECHUE PABHO
KOCHHYCY yIJIa I1aJICHUS.



B oTiamume OT MHTEHCUBHOCTH CBETa OCBEIICHHOCTh XapaKTEPHU3yeT MaJcHue
CBETA HA IOBEPXHOCTh M3 TEJECHOTO yria 27, a CBETUMOCTb XapaKTEpHU3yeT
M3JIyYEHUE CBETA TOBEPXHOCTHIO B TEJIECHBIN Yros 27 .

Hns 3axkonHa Kwupxroda mnpeacTaBisieT WHTEpPEC BEIMYMHA CIEKTPAIbHOU

dR
IDIOTHOCTH CBCTUMOCTH 75, Ed—, KOTOPYIO HAa3bIBAIOT TAKKC HCITYCKATCIIbHOU
v

CIIOCOOHOCTBIO  TMOBEPXHOCTH  (pekKe —  H3IydYaTeNhbHOH  CIIOCOOHOCTHIO
MMOBEPXHOCTH). B ciyyac TepMOIUHAMUYCCKOTO PABHOBECHUS H3IIYYCHHUS C
BCIIICCTBOM CIICKTPaJIbHasl IUIOTHOCTh CBETHMOCTH CBsI3aHa CO CIEKTPaJbHOM

INDIOTHOCTBIO OCBCHICHHOCTH ¢, = CdZ—E COOTHOIIICHHUCM CZ(V) 1€, (T) =n (T) . OT10
14

PaBEHCTBO O3HAYAET, YTO MPHU TEPMOJMHAMUYECKOM PABHOBECHUU HA KaXKIOW 4acTOTE

CBETa, CKOJIbKO HEPTUHU NOTJIOUIAETCS TIOBEPXHOCTHIO CTOJIBKO U U3Ty4aeTCsl.
CootBeTcTBEHHO, 3akoH Kwupxroda  yTBepkIaer, 4YTO  OTHOUIEHUE

UCITyCKAaTEJIbHON CIIOCOOHOCTH MOBEPXHOCTH K €€ KO3(DPUIMEHTY MNOTJIOIIECHHUS

h V(T )
a(v)
¥ OT TEeMIEpaTypbl IOBEPXHOCTH 7. DTO OTHOIIEHHE PAaBHO CIEKTPAIBLHOM
IUIOTHOCTU OCBENIEHHOCTH ¢, MPH TEPMOJMHAMUYECKOM DABHOBECHM CBETA U

HE 3aBHUCHUT OT CBOMCTB IMOBCPXHOCTHU, a4 3aBUCHUT TOJIbKO OT 4aCTOTbI CBCTA V

BCIICCTBA. CHGKTpaJ'II)Ha}I INDIOTHOCTb OCBCHICHHOCTH ¢,, IIpU TCPMOAMHAMHUYICCKOM

PaBHOBECHMHM CBETA M BEIIECTBAa HE 3aBUCHUT OT CBOWCTB BemlecTBa. [Ipm kaxmon
TEMIIEPATYpPE €CTh HEKOTOPOE PABHOBECHOE COCTOSTHUE CBETA, U CKOJIBKO 3TOr0 CBETA
MajgacT B €AUHUIY BPEMEHU HA €IUHUIY IUIOIAIA MOBEPXHOCTU — ITO HUKAK HE
3aBUCHUT OT CBOMCTB ITOBEPXHOCTH.

Nuorna nox 3akoHoM Kupxroda moHuMaroT COOTHOIIICHUE

rV (T) _ T
_ev( )’
a(v)
HO JI€Basjd 4YaCTb paBCHCTBa UMEECT OAJHO U TO XKE€ 3HAUCHHEC HCE3aBUCHUMO OT
TepMOI[I/IHaMI/IquKOFO paBHOBeCI/IH CBC€Ta U BCIICCTBA, a HpaBaﬂ qacCTb paBHa HGBOﬁ
TOJIBKO B CJ'IyLIaC TepMOI[I/IHaMI/I‘-IeCKOI‘O paBHOBeCI/IH. PaBeHCTBO IIOKa3bIBA€T, 4YTO

yeM Oosbine KOAI(DPUIUEHT MOTJOIMICHUSI CBETa a(v) (uem dyepHee Teno), TeM

OoJbIIIe HCITYCKATCJIbHAA CITOCOOHOCTH IIOBCPXHOCTHU 1, (T) (TGM Apdyc CBCTUT
HarpcToc TGJ'IO), TaK KaKk MX OTHOIICHHE HE 3aBHMCUT OT CBOMCTB IIOBCPXHOCTH.

(7)

a(v)

TEPMOJMHAMHUYECKOTO  PABHOBECHS  WIM  €r0  OTCYTCTBMA. B ciydae
hy (T )

a(v)

HUMECT OAHMHAKOBOC 3HAYCHUC,

OTtHo1ieHne JJIA JIFOOBIX HOBCpXHOCTCﬁ OAMHAKOBO HC3aBMCHMO OT HaJIU4YHA

TCPMOAMHAMHUYICCKOTO PaBHOBECHUA CBCTa M BCHICCTBA OTHOIICHHC paBHO

e

V(T ) Oka3pIBaeTCs, 4YTO OTHOIICHHE



HampuMmep, [ Oeloro Mejna, YEepHOro Vyris, MPO3padyHOro KpucTauia M
METAJTMYECKOTr0 3epKaa.
daxyibTaTUBHAS BCTABKA.

doTomeTpus.
[ToHATHSA OCBEIMIEHHOCTH E U CBETUMOCTH R OTHOCSTCA K pa3/eily ONTUKU —
dbotometpusa. B dotomerpun Taxke BBOASTCS | — cuila cBeTa U B — SPKOCTH

HCTOYHHKA CBCTA.
aw
I[JBI HCTOYHHKA CBC€Ta BBOAHNTCA BCINYMHA CHUJIBI CBCTA 1= w — OHCpIu:,
/f

M3JIy4aeMasi B €IMHUILy BpPEMEHU B €AMHUYHBIN TelecHbIl yroi. Cuma cBeta yjo0oHa
JUISL OMKCAHUS TOYEYHOTO MCTOYHMKA CBETa, Hampumep 3Be3abl. Jlisa usmydeHus
3BE3/Ibl CHJIA CBETA HE 3aBUCHUT OT PACCTOSIHUA A0 3Be3/bl. JJig JIF0OOTO MCTOYHUKA
CBETa B NPHUOIMKEHUUM TEOMETPUUECKON ONTUKM CHUJa CBETa HE 3aBUCHUT OT
pacCTOSIHUS 10 UCTOYHUKA CBETA.

OCBEIIEHHOCTh TTOBEPXHOCTH, CO37aBacMasi TOYEHYHBIM HCTOUYHHKOM CBETA,

Icosa .

E =——— onpenensiercss cuwiol cBeTa UCTOYHMKA [, yriioM TMaJeHHUs CBETa Ha

r2

IMIOBCPXHOCTh & M PACCTOAHHUCM OT HCTOYHHKA OO IIOBCPXHOCTHU 7 . 3Ty (IJOpMYJIy

MOHO OOBSCHHUTbH, €CJIM B HEH cuily cBeTa [ = 3aMEHUTH €€ ONPENCIICHUEM

dW cosa . s
=———-———, U TeJICCHBIIi yroin dQ) 3aMeHUTH e€ro ompeaeneHueM d)= é_r ‘
dtdQ) ;
Torna

B r? dW cosa _dW cosa
dS,; dt > dt dS,;’

ds |z . /4
3nech dS =—-L — nouaae ocBemaeMoii mosepxHoctu. Torna E=—— B
cosa dtdS

COOTBCTCTBHH C OIIPCACIICHUCM OCBCIICHHOCTHU E.

dw
SpxocTh (M3IIy4eHUs) TOBEPXHOCTH WJIU SIPKOCTh CBeTa B = —

dtdQdS cosa

SHEPrus, W3IydaeMas B €IUHUILy BPEMEHM B €IUHUYHBIA TEJIECHBIM Yroia M C
€UHULIBl TUIOIIATM TOBEPXHOCTH. 3J€Ch & — YroJl MEXKIYy HOPMalblo K
MMOBEPXHOCTH U HampaBjieHueM u3iaydeHus. KocuHyc B 3HameHaTesne ya00€eH, IOTOMY
4yTO IUIONIaAh dS BHUJHA W3 HampaBieHUs «, Kak dScosa . OOBIYHO BBEICHHAs
TakuM 00pa3oM SIPKOCTh U3JTYyUEHHS C IOBEPXHOCTHU UCTOUYHHKA CBETA HE 3aBUCHUT OT
HampaBJeHuss « — 3TO 3akoH JlamOepra. Hampumep, CONHEUHBIA IHUCK HMEET
OJIMHAKOBYIO SIPKOCTh M B LIEHTPE JIUCKAa W Ha Kparo aucka. [[ns jamOGepTOBCKOTro
HMCTOYHHMKA CBETAa €ro CBETUMOCTHh (B TEJIECHBIA yron 27 ) U SPKOCTb CBSI3aHBI
IIPOCTBIM COOTHOLIEHUEM R = 7B

B dortomeTrpun mnpuHATO paccMaTpUBaTh ONTHYECKHUE BEJIMYMHBI C YYETOM
YyBCTBUTEIBHOCTH TJla3a. Tak, Hampumep, JUisl SHEPrud, KOTOpas MajaeT Ha
MOBEPXHOCTh B EIWHUILYy BpEMEHHM (CBETOBOM TNOTOK), BMecTO Barra mnpunsTa
eauHuIa JroMeH. J[Jis IMHBI BOJIHBI CBETA, KOTOPasi COOTBETCTBYET MaKCHUMAaIbHON




YyBCTBUTEIBHOCTH TJ1a3a (A =555um ), mo onpenenenuto 1 Bart = 683 momena. s
JIpYruX JJIUH BOJH B OJHOM Barre momeHoB Oyner MeHbine. OCBEHIEHHOCTD,
CBETUMOCTbD U SIPKOCTh U3MepsAeTcs B Jitokcax. OUH JIFOKC paBeH OJIHOMY JIFOMEHY Ha

o Lim
KBaJipaTHbIN MeTp ik = — . Cuia cBeTa u3MepsieTcs B KaHJenax (CcBevax).

1

Takue equHUIBI UMEIOT CMBICH JUIsl TOTO, YTOOBI OLIEHUTh, HACKOJIBKO YJ0OHO
OCBEIIEHWE ISl yenoBedeckoro ria3za. Ha camMoMm nene ocBelleHHE B CTOJBKO-TO
JIIOKCOB HUKaK HE FapaHTHPYET yA00CTBa JJIsl YEJIOBEKA, €CIIM, HapUMep, 3TO OyeT
OCBEIICHUE CUHUM CBETOM WJIHM KpacHBIM. by lyun mocienoBaTeabHbIMU HYKHO OBLIO
Obl BBECTU B PACCMOTPEHHME PA3JEIbHO CUHHUE JIIOKCHI, 3€JIE€HBIC JIIOKCHl U KPacCHBIE
mokchl. KpoMe Toro, MokHO ObUTO ObI BBECTH €ILE U CEPBIE JTIOKCHI JJIsl CyMEPEUHON
OCBEIICHHOCTH, KOI/Ia HET IBETOBOI'O BOCHPUATHA. BMECTO 3TOr0 BBEEHO MOHATHE
LIBETOBOI TeMIIEpaTypbl MCTOYHUKA CBETA, HO MOIIHOCTh MCTOYHHMKA W I[BETOBAs
TeMmreparypa — 3TO JBa MapaMeTpa, a Uil KOPPEKTHOrO OIMKUCAHUS HYKHBI TpU
rapameTpa: MOIIHOCTh CHHETO CBETA, MOIIHOCTD 3€JIEHOT0 U MOIIHOCTh KPACHOTO.

Ecnu cBet peructpupyercss 00ObeKTUBHBIMU MTPUEMHUKAMH CBETA, & HE TJIa30M,
TO yA0OHO OTKa3aThCs OT JIIOMEHOB BOOOIIE U TOBOPUTH TOJILKO 00 AHEPTreTUYECKUX
eauHuLax — Barrax.

3ameuaHue K Bompocy o 3akoHe Kupxroda.

CrnekTpanbHyI0 INIOTHOCTH OCBEIIEHHOCTH ¢, B 3akoHe Kupxroda oObIYHO

BBIPAKAIOT 4Yepe3 CHEKTPaIbHYH IUIOTHOCTh OOBEMHOW IUIOTHOCTA OSHEPIHH
cBeTOBOTO 0JIs1. OOGCYIUM TO BhIpAYKEHUE.
B KkuHeTnMyeckou TeOpHHM Ta30B JOKA3bIBAETCA, YTO IUIOTHOCTH IOTOKA

N-(V kT
MOJIEKYT J :%, rae N — KOHLIEHTpaLus MOJIEKYII, <V> = b~ cpenHss
Tm
N-{V)
CKOPOCTb MOJIEKYJI. Beipaxenue J :T CIIPAaBEUIMBO HE3aBUCHUMO OT

pacinpcaciCHua Makcseia 1o MOAYJIIO CKOPOCTH MOIJICKYIIL. Ono sBiseTCs
CICACTBHUCM TOJIBKO U30TPOITHOCTHU PACIIPCACICHUA MOJICKYJI II0 CKOPOCTAM.

3amenumMm N > w u <V>—>c. 31ech wzcjl—p; — o0BeMHAsA IUJIOTHOCTH

OHCPIrun. Torz[a BMCCTO KOJHMYCCTBA YaCTHUII ITIOJIYYHUM SHCPIHIO. BwmecTto niotHOCTH
N ()
IIOTOKa MOJICKYJI J= T IIOJIYYHMM  IINIOTHOCTb IIOTOKA OHCPIUM  HIIH

wc o
OCBEIEHHOCTh  E = COOTBETCTBEHHO  JJIsl  CIIEKTPAJIbHOW  IIOTHOCTH
wyc
4
U30TPOIIHOM  paclpelel]eHud  CBeTa [0 HampaslieHusM. B ciaygae

wy, (T)c
TEPMOJMHAMHUYECKOTO paBHOBecus cBera u Bemecrsa e, (T)=——"— —
Y 4

OCBCHICHHOCTH IIOJIy4YHMM COOTHOHICHHUE ¢, = , KOTOpPOC CIIpaBCIJIMBO IIPpH



IINIOTHOCTBh ITIOTOKA CHCKTpaJ'IBHOﬁ INIOTHOCTHU OSHCPrur HJIIM OSHCPIHA, KOTOpas B
CINHHULIY BPCMCHH B CAHMHHYHOM HMHTCPBAJIC YAaCTOT IIPOXOAUT YCPC3 CAMHUYIHYIO

IJIOIIA/AKY (B OJIHY CTOPOHY).
(7)

7,
Torpa 3axon Kupxrodpa “——~=e¢

a(v) "

(T) MOJKHO 3aIluCaTb B BUJC

rV(T) _ WV(T)-C

a(v) 4
Oto OoJiee TpaJUIIMOHHOE MaTEMaTUYECKOE BhIpakeHue 3akoHa Kupxroda.
Konen ¢akynbTaTUBHOM BCTABKHU.

Ix3ameH. 3akon Crepana — bouabnmana.
CBeTUMOCTh a0COJIFOTHO YEPHOTO TeJa MPONOPLUUOHAIbHA YETBEPTOU CTENEHU
TEMIIEpaTypbl — 3TO ONBITHBIN (PAKT, 3TO U €cTh 3aKoH Crepana — bosblimana.

+00
R(T)= [ #,(T)-dv=0T" = R=oT".

0
3necb o — mnocrosinHag Crtedana — bonbumana. CredaH OTKpbUT 3aKOH

BKCHepI/IMeHTaHBHO, BOHBHMaH IIO3IHEC 06OCHOBaH cro TeOpeTquCKH.
q)aKVHBTaTI/IBHaH BCTAaBKaA.
Omnupasich Ha popmyity [lnaHka, MOXKHO JT0OKa3aTh, YTO
_2mk
15832
KOHGI_[ d)aKVHBTaTHBHOﬁ BCTAaBKH.

riae ky — nocrosgunas bonenmana.

JK3aMeH. 3aK0oH cMenmenuss BuHa.
PaccmoTpum pacnpenenenyue u3ydeHus aOCOJIOTHO YEPHOTO TeJa M0 JIMHAM
BOJIH.

W,

;l" max 2;

Ha3zoBeM A, TaKylO JUIMHY BOJIHBL, IIPU KOTOPOil W, =max (mpu A = Ayax)-



1 b
Torna 3akoH cMemeHus BuHa yTBEpKIAET, YTO A,y ~ p WA Apax = 7 rae

b — xoHcTaHTa. 3aKOH cMelleHrns BuHa — ONbITHBIN (QakT.
daxyibTaTHUBHAS BCTABKA.

ch
[locTrosiHHass B 3akoHe cmelleHus Buna b:T, rae kr — TOCTOsSHHAs
akp
bonbumana, a~4.965114... — KOpeHb YypaBHEHUS & = 5(1 - e_“) :

OpaHy ¥ Ty e SHEPIHI0 MOXHO MPEJACTABUThH Y€Pe3 CIEKTPAIbHYIO TUIOTHOCTh
[0 YacTOTaM M 4epe3 CIEKTPAIbHYIO IUIOTHOCTH MO JJIMHAM BOJH. COOTBETCTBEHHO
w,dv=wydA.
N3 paBenctBa Av =c, ecnu ero mnpoauddepeHuupoBaTh U pa3faeiauTh Ha
di‘ _|dv
Al v

Torma
dv

npousBereHue Av, cieayer =—, W U3 pPaBEHCTBA

|4

w,dv =w,dA cnenyer paBeHCTBO Vw,, = Aw;, .

Ecimu yacTtoTy cBeTa mpu yCIOBUM W, =max OO0O3Ha4uTh KaK V. TO €

max °

IIOMOIIBIO (bOpMYHBI IInanka MOXXHO JOKa3aTb, 4TO V.

— '
max ~ 1 WM V.. =b'T, The

b':ﬂ%;, rae f~2.821439... — KopeHb ypaBHEHUS ﬂ:3(1—e_ﬁ).

Konen dhakyipTaTHBHOM BCTABKHU.

Ix3amen. Dopmyiia [laanka.
CriexTp u3iydeHus adbCoIOTHO YEPHOTO Teja onuchiBaeTcs Gpopmyoit [Tnanka

2
v hv
wV(T): c3 gy (1).
ekET -1
W

1%




aw

3nece W — bBHeprus 3J€KTPOMarHUTHOIO TIOJIA, WEW — oObeMHas

dw

dVdv
SHEPTUH MPU TEPMOJIUHAMUYCCKOM PAaBHOBECHH CBETA C BEIIIECTBOM.

IUIOTHOCTb SHEPIuH, w,, = — CIICKTpaJIbHaA IINIOTHOCTDb 00BEMHOM TNIOTHOCTH

B dbopmyne Ilnanka — cpeaHee Yuciao OTOHOB B OJTHOM COCTOSIHUH,

hv
ekt _1
hv
TO €CThb B OJHOM OOBEME€ KOT€pEHTHOCTH; hv — 3Heprusi (oToHa; —
ekt —1

cpeansasa SHEPIruA CBETa B OJHOM COCTOSHHUH. Yuciio BO3MOXKHBIX COCTOSHUM B

CINHUYHOM HHTCPBAJIC YaCTOT IIPOIIOPHIHUOHAIBHO V2 AHAJIOT'MYHO TOMY, KaK B
pacinpcaciCHun Makcaeiia no MOAYJIIO CKOPOCTH YHCIIO COCTOSIHUU B CANHUYHOM

MHTEPBAJIE CKOPOCTEW MPOITOPILIUOHATBHO V2.
daxyybTaTUBHAs BCTABKA.
BMecTo 00BEMHOM IUIOTHOCTH CIEKTPAIbHOW IUIOTHOCTH JHEPIHMH W, B

(I)OpMy.He IInanka HHOrJa pacCMaTpuBacCTCA CIICKTPaJIbHAA IINIOTHOCTH CBCTHMOCTH

dR dw
]/'V = =

dv  dtdSdv
CIIOCOOHOCTHIO | paBHa JBHEPruM, KOTOpasd B CIUHHIY BPCMCHH H3ITy4acTCA
CI[HHHHCﬁ I1omaiau HOBCpXHOCTI/I B CAMHUYHOM I/IHTCpBaHC yacCcToOT. I/ICHYCKaTCHBHaﬂ

CIIOCOOHOCTh ~ a0COJIIOTHO YEPHOIO Tella paBHA CIEKTPAIbHONW IUIOTHOCTH
dE. dW

dv  dtdSdv
¥ BemecTBa. MBI y)ke OOCYXIanu, 4TO JUIsl U3MydeHHsT abCONMIOTHO YEPHOTO Teia

w,c

e, = 4 AHAaJIOTMYHO TOMY, KaK B KUHETUYECKOMN TCOPHUHU I'a30B INNIOTHOCTH IIOTOKA

aOCOJIIOTHO YEPHOTO Teja, KOTOpask Ha3bIBAETCS UCITyCKATEIbHOM

OCBCIICHHOCTH ¢,, = IIpUu TCPMOAMHAMUYICCKOM PAaBHOBCCHH U3 TYUCHUA

14

N.<V>, rae N — KOHLeHTpauus Mouekyi, (V)= 8kpT

Tm
cpenHssi ckopocTh MoJiekyl. CooTBeTcTBeHHO (hopmyra [lnanka moxer ObITh elie B

MOJIEKYJ paBHa J =

~ ~ ~ C
ABYX (bopMax C IIpaBOU 44CTbIO, B KOTOPOH €CTh NOIIOJITHUTCIbHBIN COMHOKHUTCIIb Z .

27v? hv
e, (T)=1,(T)= ’; e )
k5T 1

[Ipu coOmoaeHun 3akoHa JlamOepTa cBETUMOCTh R CBsi3aHa C SIPKOCTHhIO B
cooTHomeHneM R =7B. 3akon JlamOepra BBIMIONHIETCS B YAaCTHOCTU W JUIS
a0COJIIOTHO YEPHOTO TeJa. DTO KE COOTHOIICHHUE CIPABEJIMBO MEXY CIIEKTPATIbHON
IUIOTHOCTBIO CBETUMOCTH M CHEKTPAJIbHOW IUIOTHOCTBIO SAPKOCTH 7, = 7h,, .

CootBercTBeHHO (opmyra [lmanka MOXKET OBbITH €11le B OAHOM BHJIE:



21/2 hv
by(T) === —" 3)

ekBT —1

B ¢opmyne Ilnanka BMecTo pacnpenefeHds MO YacToTaM VvV  HHOI/A
paccMaTpuBalOT paclpeiesieHue M0 LHUKIWYECKUM 4YacToTaM @ =27zv. O0beMHas
IUIOTHOCTh PHEPTUM B MHTEPBAJIC UUKIMYECKUX 4acTOT d@ =27 dv W B UHTEpBaie

OOBIYHBIX YaCTOT dV — 3TO OJHA U Ta K€ OOBEMHas IJIOTHOCTh SHEPrUHU
dv 1
dw=w,dw=w,dv. Torma w, :%wv :Zwv. CootBetrcTBeHHO B hopmyie (1)

I W, TpaBas 4acTb OyZAeT B 277 pa3 MeHblIe, ueM B (opmyne (1) misa w, . U ato
Toxe Gopmyina [Inanka:

2
@ ho
w(T) = : . 4)
a)() 7[203 ho
k5T 1
Ananoruyno st hopmyn 2 u 3:
2
0] ho
e (T)=r (T)= . (%)
kT 1
2
@ ho
b, (T)= : . (6)
a)( ) 47[302 ho
kT 1

Kaxyto u3 atux tpex ¢popmyn (4-6) Toxxe Ha3biBatoT hopmysoii [Tnanka.
Kpome mpuBeneHHbIx Boilie 6 hopm Gpopmyiny [Inanka MoxkHO 3anmucaTh elie B
3-X dopmax, eciii ¢ y4eTOM V - W, = A - W, HEPEHTH OT 4acTOT K JAJIMHAM BOJIH:

8rhc 1
wy (T)= 5 e (7
AT _q
27Z'hC2 1
ey (T)=ry(T)= P (®)
2he? 1
by(T)= PR T ©)

3adactyto B IuTepaType MpUBOJUTCS OJHA U3 MEepBbIX 6-u ¢popmyi [lnanka 6e3
KaKUX-JIM0O MOSCHEHU, KaKkass UMEHHO (hOpMyJsia UMEETCS B BUILY.
Kownen ¢akynbTaTHBHON BCTABKHU.

Jx3ameH. CBeTOBOE NaBjeHUE. KOpNyCcKYJIsIDHAS M BOJIHOBAsi TPDAKTOBKA.
1). KopriyckyiispHasi TpakTOBKa JAaBJISHHUS CBETA.




PaccmoTpuM cBeT, KOTOPBIM HOPMaJbHO MAJaeT Ha IUIOMIAJKY U TMOJHOCTHIO
MOTJIONIAETCA.

F
JlaBmeHne — 3TO cwmia, ACICHHAsS Ha miomans P = E Cwiia — 3TO UMIYJIbC,

. ~ dp .
ACJICHHBIM Ha BpPEM F ij, HJIN UMITYJIBC CBCTA, KOTOPbBIM B CAWMHUIY BPCMCHH
t
magacT Ha IUIOIIAAKY. Torz[a AaBJICHUC — 3TO HMIIYJIBC, KOTOpBIﬁ B CAHHHIY
BpPpCMCHHU IMaJaCT Ha CANHHUIY INIOIIAAW WJIHW IINIOTHOCTD IIOTOKA MMITYJIbCA.
I[JBI (IJOTOHa HMITYJIBC 1 OHCPI'UA CBA3AHbI CIACAYIOIINM COOTHOIICHUCM

2
p=mV:mc=—mc I ==
c c

w hv
pP=— (p=—).

c c

dp

CpaBHUM gaBleHWEe P WIM IUIOTHOCT IOTOKAa HMMITYJIbCa T

w
WHTCHCUBHOCTHIO [ WJIM MJIOTHOCTBIO IOTOKA OHCPIUHU < . MG}KIIY HHUMH 6y,Z[GT

1 . w
TOT K€ KO3(PPUIUEHT —, YTO U MEKAY UMITYJILCOM U SHEpPIruen poroHa p =—:
c c

p=L.
c

SIIGCB P — JaBJICHUC CBCTA, I — UHTEHCHUBHOCTH CBETA.
PaCCMOTpI/IM OUJIKMHAP CO CBCTOBBIM IIOJICM, 00BbeMHas TNUIOTHOCTH KOTOpPOro
w,a (1)330133;1 CKOpPOCTb — ¢ IIYCTb 6YIICT HallpaBJICHA BAO0JIb OCH IMUJIKHApPA.

[IycTp muomans ceyeHUs NWIMHApPA paBHA €OUHMIE, a JUIMHA — c. loraa
00bEeM IWIMHIpPA PABEH HUX IMPOU3BEACHUIO C, a YHEPTHUs CBETOBOrO TOJISI B ATOM
obbeMe paBHa wc . Best aTa 3HEprUsl B €IMHUIYY BpEMEHHU MPORIET Yepe3 eAUHHUUHYIO
mwromanaky. CienoBaTenbHoO,

I =wc.

1
C yuetrom TOTO, 4TO0 P =—, IOJIy4yaem
c

P=w.

Ecnu cBeT He mormonaercs HOBEPXHOCTHIO, @ OJHOCTBIO OTPAKAETCA OT HEe,
TO W3MEHEHHE WMIYJbca CBETOBBIX (DOTOHOB YABAUBAETCA, COOTBETCTBEHHO
YABAUBAETCA U TABJICHUE CBETA!
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rae / — WHTEHCUBHOCTb OJHOM OeryIieil BOJIHBI.

2). BoyiHOBas TpaKTOBKA JABJICHHS CBETA.

[IycTp TUHEWHO NOJSPU30BAHHBIA CBET HOPMAIbHO NAJACT HA HUIACAIBHOE
METAJUTMYECKOE 3€PKAJIO U TTOJIHOCTHIO OTPAXKAETCH.

[loe E CBETOBOM BOJHBI BBI3BIBACT DJICKTPUYECKUA TOK B TOHKOM
MMOBEPXHOCTHOM CJIO€ METaJljIa.

Co CTOPOHBI MAarHUTHOIO MOJIA B CBEeTOBOW BOJIHBI HA 3apsiapl 3TOr0 TOKa
nencTByer cwia Jlopenua:

Fr=17.5].

DJTa cuna W CO37aeT JAaBlieHWe cBeta. M JIEeWCTBUTENBHO, ONpPEACIUM
HaIpaBJICHUE CUJIBI:

FylV w TVIE = FyLlE.
Kpowme Toro, F;; L B, 4to crnemyer u3 ﬁﬂ = g[ﬁ,é] . Torma
c

Fy LE . . Cr= =

~ _ a"asorn4Ho Bektopy [loviHTHHTa S = —[E ,H } =>

FgplB 4

SLE

S1B

CHGI[OB&TGHBHO, CHJIa HopeHua HallpaBJICHA TaK K€, KaK 1 BCKTOP IlolinTHHTA
— BJOJb Jy4a U INCPICHAUKYJLIPHO paCCManHBaeMOﬁ OTpamammeﬁ IIOBCPXHOCTHU
MceTaJlia.

Ecnu cBer magacT HC Ha IIOBCPXHOCTh MCTAJId, d Ha ITIOBCPXHOCTDL, HAIIPUMCP
IMOJIOMAIICIO CBCT AUIJICKTPHKA, TO B AUIJICKTPHUKE CBCT HABOIHUT CBA3AHHBIC
toku. Ha HmX TOXE HGﬁCTByeT CHJIa HopeHua CO CTOPOHBI MArHHUTHOI'O IIOJIA
CBETOBOM BOJIHBI. JTa CHJIa HopeHua M OKa3bIBACT JAaBJICHUC CBCTA HA JUIJICKTPHUK.

Ix3ameH. PoTorddexT. OnbiThl CToJ1eToBa. KpacHasi rpanuna porosrddekra.
dopmyJia JiiHIITENHA (CAMOCTOSITEILHOE H3YUCHHE).
®o1o3(d(HeKT — BIOMBAaHUE CBETOM JIEKTPOHOB U3 BEILIECTBA.
CroneToB u3Mepsi1 3aBUCUMOCTh ()OTOTOKA TOKa / OT HampsikeHus U, TITUHBI
BOJIHBI CBE€TA A M UHTEHCUBHOCTH CBETA /() B CIEIYIOLIEH CXEME IKCIIEPUMEHTA.

IO,?IJ




DKCHEpUMEHTAIBHO Ha0JII01aNach Cleayroas 3aBUCUMOCTh (OTOTOKA OT
HaIPSKEHUS:
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PaccmoTpum rpaduk nogpodHee.

[Tpun myneBoM HampspkeHun U =0 B cXeMme TeUeT TOK, TaK KakK 3JIEKTPOHBI,
BBEIOMTBIC CBETOM W3 TMPABOTO OAJIEKTPOJA, YACTUYHO TMPWIHAIMAIT K JIEBOMY
AIIEKTPOIY, 00pasys AEKTPUIECKHUI TOK.

YToOBl TOK OAJIEKTPOHOB OCTAHOBHTH, HYKHO TMPHJIOKHUTH 3alHPAIOIICe
Hanpsokenue U(), KOTOpoe OTTaIKMBAET MOJIETAIOIIUE SIEKTPOHBL. DTO HAIPSIKEHUE

U 0 HO3BOJIICT BBIYUCIIMTh MAKCUMAJIbHYIO CKOPOCTh BBIOMBAEMBIX 9JICKTPOHOB!:
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mVinax
‘eUO‘:T — TOK DJIGKTPOHOB MPEKPAIIAETCS, KOrJa MCTOYHUK
3aMUparollero HampsKEeHUsT 3a0UpaeT BCIO KHUHETUYECKYI0 SHEPrUi0 BBIOMTHIX

AJIEKTPOHOB.

[Ipy HEKOTOPOM TOJOXKUTEIHHOM HAMPSKEHHH HAOOOPOT BCE BBHIOMTHIC
CBETOM M3 IEpPBOr0 3JIEKTPOJa IEKTPOHBI COOMpaIOTCsl Ha BTOpoM aiektpoze. [1pu
TakoM MU 0o0jiee BBICOKOM IOJIOKUTEIHLHOM HAMPSHKEHUH TOK JOCTUTACT 3HAYCHHUS
cBoero Haceimenus [,. M3 skcnepumenTtoB CrosieTOBa CIIEAOBAIO, YTO TOK

HaCbhIIICHUA ]H IIpOoNopHHUOHAJICH HHTCHCHUBHOCTH IIaAAIOIICTO CBCTA ]0 .
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Ha npyrom skcnepuMeHTaJIbHOM rpaduKe MpeACTaBlIeHAa 3aBUCUMOCTb TOKa
HACBIIEHNA [, OT JJIHMHBI BOJHBI CBE€Ta A IIPHU Pa3HBIX 3HAUYEHHSIX MHTCHCHUBHOCTSAX

ceera [():




Ecnu JJIMHA BOJIHBI CBECTa OoJIbIIIe HCKOTOPOro MaKCHMMAaJIbHOI'O0 3HAYCHMUIA
ﬂ,>21nax, TO (bOTOTOKa HCT HC3aBUCHMMO OT HHTCHCHBHOCTH IIaJarOIIcro Ha

3JIEKTPOJ] CBETA.
Hamnuune A, Ha3bIBAIOT KPaCHOM rpaHunen GoTospQekra.

OWHIITEWH OOBSCHUI HalW4yue KpacHOW TpaHulbl (orodddexkra u man
MHTEPIPETAINIO PE3YJIbTATOB OIBITOB, MIPEINOI0KUB, UTO CBET MOXKET MOTIIOMIATHCS
TOJIBKO MOPIUSMU SHEPTUU AV = fic) WK KBAaHTaMHU.

Torna o 3aKkoHy COXpaHEHHUs SHEPTHH MOTyYaeM
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h = Ay, + P max

bl 5 dbopmyny DitHiTeitna s hotodddexra.

31ech hv — sHeprusi KBaHTa CBETa, KOTOpas pacxXxoayeTcss Ha paboTy BhIXOJa
DJIEKTPOHA U3 BELIECTBA Ay, ¥ OCTAETC B BUAEC KHHETUYCCKON DHEPIUH DIICKTPOHA
2
mV

T. I[O BbIXOJAa M3 BCHICCTBA J3JICKTPOH MOKCT PACTCPATH YaCTbhb OHCPIrUU IIPH

HCYIIPYI'UX CTOJIKHOBCHHAX C APYIHMH OSJICKTPOHAMH H HOHaMH MCTAJlId. Ecnu
QJICKTPOH HC IIOTCPAII HUKAaKOW 4YacTu OHCPIrUur, TO CKOPOCTHb BBIICTCBHICTO
QJICKTpPOHA 6y,[[€T MaKCHMaJIbHA, IIO3TOMY B YPABHCHHUC OuHIITelHA BXOIHUT MMCHHO

mVrglax 2
— e, aHe . PaGora BbIXOzia 9NEKTPOHA A, — 9TO paboTa HeoOXouMasl
JJIs1 HWU3BJICUCHUSA BJIGKTpOHa N3 BCIICCTBA. 3Ta BHGpFI/IH CBiA3U — Ta6HI/II‘IHaﬂ

BCJIMYKMHA, CBOJA IJIS1 KaXXI0I'0 BCIICCTBA. Pa6ora BbIXOJa CBA3aHa TCM, YTO JJICKTPOH,

BbBLICTAA U3 MCTAJLJId, ITPUTATUBACTCA K CBOCMY I/1306pa)KCHI/IIO.
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N3 opmynsl DiHmTENRHA AV = Ay CIIENyeT, 4T0 hv > A, ., |

MHWHHMAJIbHAA 4aCTOTa CBCTA, KOTOprfI BBIOMBACT QJICKTPOHBI:
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o - . _ “ebix
hvmll’l - A6blx > lel'l - h
c ch
Av=c =>  AmaxVmin =€ =>  Amax = - 4 =
len 6blX
ch
Amax = y — KpacHas rpanuna ¢potodddexra.

6blX
®otorddext  sBusiercs  Haumbosiee  yOENUTENbHBIM  TIOJTBEPKIACHUEM

KBaHTOBOM IMpUpoabI CBCTA.



