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JIEKIINS 14

PaBHoBecHoe n3inydyenmne. Popmysia Iliaanka

B magase sT0or0o Kypca JeKnuii pacCcMaTpUBAJINCh CBOWCTBA CBETA, TO €CTh CBOMCTBA
doronos. Takke n3ydaynch 3aKOHbI B3aUMOJICHCTBHUS CBETa ¢ BEHMECTBOM, (hpoTodhdDEKT
u 3¢ dexkt Kommrona.

3areM ObLIO PACCMOTPEHO UCITYCKAHUE CBETa MUKPOCKOIUICCKIMU CUCTEMaMU — aTO-
MOM, ATOMHBIM siipoM. TeKymas JieKinusi Tak»Ke OyIeT MOCBAIIEHA CBEeTYy, HO KOTOPBIi
M3JIy9Ial0T HEe aTOMBI WJIN HArPeThle Ta3bl, &, HAIIPUMEp, COJTHIE WJIA SJIEKTPUIECKAS JIaM-
IOYKA.

Bynem paccmarpuBaTh paBHOBECHOE M3JIyY€HHE, TO eCTh U3jydeHue abCOI0THO
TBEPJIOTO TeJjia. DTO U3IydeHne UMeeT HEIIPEPBIBHBIN CIIEKTP — JMCKPETHBIX JUHUI B HEM
HE CYIIECTBYeT.

PaccmorpuMm, nanmpumep, narpuit. [Ipu narpesanum natpus Ha ropesike bynzena ms-
JlydeHue OyJIeT UMeTb JIMCKPETHBIN CIEKT].

OpHako, Mpu HAPEBAHWK TBEPJIOrO Teja, Hanpumep, Kpucrtasia coaun NaCl, usmyde-
HUe OYIeT UMeTb HEIPEPBIBHBIN CIEKTP.

eso B ToM, 9TO B caydae HATpUsl U3JIYUEHHUE HMPOUCKOUT 38 CUET IME€PEX0jia JIeK-
TPOHOB M3 0OJIee BBICOKOIO COCTOsSIHUsI B OoJsiee Hum3koe. B ciyuae TBepmoro tena NaCl
NPUIUHON M3/TYICHUS TaKKe SIBJISIOTCS TIEPEXOIbI 3JIEKTPOHOB, OJIHAKO JIEKTPOHBI B 9TOM
caydae He IPUHAJJIEKAT KaKOMY-JIMOO aTOMY, TO €CTh SIBJISIOTCS OOIIIMU.

B meramiax ¢cBoOOIHBIE 9JIEKTPOHBI ABJISIOTCA TPUIHHON BO3HUKHOBEHUS JIEKTPUIE-
CKOT'O TOKa. Y CBOOOJIHBIX 3/IEKTPOHOB, HE CBSA3AHHBIX C ATOMAMU, JUCKPETHOTO CIEKTPa
HE MOYKET OBbITb, TO3TOMY OHU U3JIyIal0T HEIMPEPBIBHBIN CIIEKTD.

Paccmorpum 6os1iee 1opoObHO TTPUPOLY W 3aKOHBI U3JIyUYeHUs TBeporo teja. M3yde-
HUE TeIJIOBOr0O M3JIydeHus Hadajoch ¢ pabor Kupxroda B 1859 romy. Kupxrod odbparus
BHUMaHUE, 9TO U3JIyIeHHE CyTh TEILIO, ITIO3TOMY K HEMY MOI'YT ObITh ITPUMEHEHBI 3aKOHbI
TEPMOJIMHAMUKHY (TEIIOBBIC 3aKOHBI).

Paborsr Kupxroda mnomroskuyim apyrux yde-
HBIX K U3y9YeHUIO CIIEKTPOB U3/TyYeHUs. 3ABUCUMOCTh
IIOTHOCTH W3JIy9YeHUs TBEPJOro Teja p, OT JacTo-
THI W TIpeJICTaB/IeHa Ha pucynke 14.1.

N3 sToro rpaduka MOXKHO 3aKJIIOYUTH, UTO CY-
IIECTBYET MaKCUMYM CIEKTPAJIHLHOTO U3JIyIeHUsI, KO-
TOPBIA CBUTAETCS B CTOPOHY OOJIBIMUX YACTOT MPU e
yYBEJIMYEHUU TeMIIepaTypbl. BbLIO OTMEUeHO, ITO IIPU
OOJIBITUX FTacTOTaX W =0

Pop

Sle

Pu(w) ~e Puc. 14.1.

B nagasie XX Beka ObLJIO 9KCIEPUMEHTAJILHO MOJTyYeHO, YTO Ha pucyHke 14.1 ygacTox
dbyHKIMN p, (W) TPH MATBIX YACTOTAX HE COOTBETCTBYET (DOPMYJIe, MOJIyUeHHOH BurOM.

Brrio noydeno, uro
w—0 2

pu(w) — w?,
HpI/I MaJIbIX 9aCTOTaX W.
Makc [Tnask eMor mostyanTsb (hopMy/Ty PABHOBECHOTO M3JTy YCHUST, OIIICAB 3aKOH Oy, (w).
OH HpI/H_He.H K BI)IBO,ZLy7 qT0 I/IB.HyLIeHI/Ie )48 HOI‘JIOHIGHI/IG CBeTa HpOI/ICXO,ZLI/IT TOJIBKO KBaHTaM
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(doronamm), SHEPrHUsi KOTOPBIX OMPEIEIISETCS CJIETYIOMUM 00pa3oM:
E = hw, (14.1)

e h — npuBejieHHas 1ocrosinaa [Lanka:

h

h

Tonbko BBejs JTUCKPETHOCTH B IPOIECCHl M3JIYUYEHHS W TOTJIONIeHUs cBera, Maxkc
[Lrank cMOr MOIYYHUTh U 00BLACHUTHL (DOPMYJTY I PABHOBECHOT'O TEIJIOBOTO U3JIyIEHUS.

[Ipexie wem nosryunTts hopmysty [lnanka, mpoussejieM mpeaBapuTeIbHbIE MATEMATHU-
Jeckue BbIKJIaJIKu. KBanToBanne bopa mmeer ciejyionmii BUI;:

pr = nh, (14.2)

TO €CTh UMITYJIbC UMEET JIMCKPETHYIO TPUPOILY U KpaTeH noctosHuoi [Lranka.
DTO O03HAYAET, YTO B MIECTUMEPHOM (DA30BOM IIPOCTPAHCTBE

I'={p,z}

COCTOSIHUSI SIBJISTIOTCS JIUCKPETHBIMU: KaKJI0# JacTuile B (pa30BOM IIPOCTPAHCTBE COOTBET-
CTBYeT HEKOTOPBIN HEHYJIeBOI (ha30BbIil 00HEM.

B knaccumieckoil MexaHUKe 3TO He TaK: ITOJIOYKEHWE JaCTUIIBI B IMPOCTPAHCTBE W ee
UMITYJIBC TOYHO ompejiesienbl. Crie/0BaTe/IbHO, B KJIACCUIECKO MeXaHUKe B pa30BOM IIPO-
CTPaHCTBE YaCTHUIIE BCErJla COOTBETCTBYET HeKoTopas Toudka. lIpaBmio kBanToBanusa bo-
pa—3ommepdenbia (14.2) B pasBepHYTOM BUJIE 3AIIUCHIBACTCS CJIEYIONIM OOPA30M:

%pdr:nh:n-%rh.

Taxkum obpazom, MO KaxKJI0#l KOOpJWHATE JTUCKPETHOCTH COCTaBJSAET 2mh W, CJIej10-
BaTeJbHO, 00beM, KOTOPBIII 3aHUMAET JacTHIla B (DA30BOM HPOCTPAHCTBE, OIPEIeIIeTCs
CJIeTYIONUM 00pPa3oM:

Ap = (2rh)*. (14.3)

B omyimtaue oT cooTHOIIEHUST HEOTIPEIe/IEHHOCTEl, TPEICTaBIISONEro co0oi HepaBeH-
CTBO, 93TO PABEHCTBO ABJIACTCA TOYHBIM: OJHOMY COCTOAHHIO B TOYHOCTHU COOTBETCTBYET
daszosbiii 06bem (14.3). Hamomuum, 9to cocrosiHue JIEOOOH CHCTEMBI XapaKTePHU3YeTCst
3HAYEHUEM MMILYJIbCA U KOODIUHATHI.

[TostHOE YHCI0 COCTOSTHUI OIPEIEISIeTCsT CJIELYIOIUM 00pa30M:

r
N=Q2J+1) ——= 14.4
( + ) (27Th)3’ ( )
rje 2J + 1 — BBIpOXK/IEHUE TI0 UMILYJILCY (MYJIBTUILIETHOE COCTOSIHUE),
I' — dazosblit 0ObEM.
[1y10THOCTD COCTOSTHUIT ONPEIE/IAET YUC/IO COCTOSTHUI B MHTEPBAJIE SHEPIHUH:
dN  dN dp

EFy=—=—— 14.5

rJe j—g — 3aKOH JIUCIIEPCUN JJIA JTaHHON CHCTEMBI.
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st ¢cBOOOTHOM YaCTUIIBI 3aKOH JUCIEPCUN UMeeT KBaIPATUUIHbBINA XapaKTep:

p
E=_—.
2m
[oacrapisisa popmysty st moHOro dncia cocrostuuii (14.4) B 3akon pucnepcun (14.5),
HOJIyYUM, IIPU YCJIOBUU YTO MAKCUMAJIbHBIM UMIIYJIbCA PaBEH p:

3rp? _ dp
nt I (14.6)

d 47rp3 dp
EY=2J+1)—|—— -V ]|—==02J+1
o8) = 1405 (i V) gy = 2+
e V' — KoopAuHaIMOHHBIH 00beM.
Jlnst pOTOHOB 3aKOH JUCHEPCUN W MYJIbTHILIETHOCTD OIPEJIEISIIOTCS CIE YoM 00-

pazoM:
FE = pc, 2J+1=2,

IIOCKOJIBKY Y (POTOHA CYIIECTBYET TOJIHKO JIBE BO3MOYKHBIE TIOJISTPUBAIIIH.
N3 zakona jmcriepcun Jijig (DOTOHOB, BHIPA3UB UMITYJIHC, TTOJTYTHM:

_FE N dp 1
P= dE ¢’
[LnoraocTh coctosumii (14.6) B 9TOM Cilydae IpUMeT BUJI:
47rp? I p? vV B E?
8m3h? c  Tmhe m2h3c3

g(E) =2

B uwacrorHoM Buje, coriacHo (14.1), 970 BbIpayKeHue IPUMET CJIeLyONuil BII:

2

w
w)=V.—=dw. 14.7
o) =V (147)
Taxum 06pazoM, i 6e3MaCCOBLIX YaCTHIL ILIOT- PN m =0
HOCTh COCTOSIHHUiI MpONOpIMOHAIbHA w?. 3aBucu- ~ O
mocTh (14.7) mpecrasiena Ha pucynke 14.2. JE
Jlns gactuiy, 06/IaIaioNux Maccoil, B HEPEIATH-
BHUCTCKOM CJIydae m 7 0
p? p
E=— = JdE=—dp
2m m

S\4

U, CJIEIOBATEIHHO, TOJYINM 3aKOH JIUCIIEPCUU JJTsT
CcBODOJTHOM YACTHUIIBI, O0JIAAIOINICH HEHYJIEBOW Mac-
COIi: Puc. 14.2.

d_E_ﬁ N dp_m_ m m
dp — m dE  p  VomE \2E

B sTom ciryuae miiotHocTh cocrosinmii (14.6) okazkeTcs paBHOIL:

4mp?  dp 4 - 2mE m m3/2EY/?
g(E) = (2J + )(%h)gvdE (2] + 1) =5V ,/2E (24 1) NoTE V xVE
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[Tony4yennas 3aBUCAMOCTD JIJIst
m#0

npejcTaB/ieHa Ha pucynke 14.2.
Taxum 06pa30M, IJIOTHOCTH COCTOSHUMN 1711 Ge3Macco-
BBIX YaCTHUIL OIIPEJIETISIETCS CAETYIONUM 00pa30M:

w2

g(w)dw = %de.

PaccmoTpuM HEKOTOPYIO TEILIOU30IMPOBAHHYIO cepy,
Harpetyio Jo temmeparypel 1’ (cm. puc. 14.3). Ecin cue-
JlaTh HEeOOJIbIIIOe OTBEPCTHE Ha IOBEPXHOCTH CQephl, TO
CIIEKTP HADJIIOIAEMOT0 U3JIydeHusi OyIeT UMEeTb BUJ KaK
Ha pucynke 14.4, 70 ecThb COOTBETCTBOBATH CIEKTPY abCO- Puc. 14.3.

JIIOTHO YEPHOrO TEJIA.

DTO O3HAYAET, UYTO U3 OTBEPCTHA B cepe OyieT «BbLIeTaTh» (HGOTOHBI. [IycTh B HEKO-
TOpOIi TouKe A Ha BHYyTpeHHEl IMOBEPXHOCTU chephbl UCIIyCKAeTCss (POTOH, KOTOPBIA 3aTeM
IIOTJIONIAETCS B TOUKe B Ha BHYTPEHHEH MOBEPXHOCTU C(HEPHI.

BareM u3 Touku B m3iaydaercs Apyroit (poToH, moriomanuiics 3areM B Touke C' Ha
MMOBEPXHOCTH C(hephl, U TaK jlajgee. ITOT MEXaHU3M ITO3BOJISET CYIECTBOBATH PABHOBECHUIO
MEZK/JIy UCIYCKAEeMbIM U IOTJIOMIAEMBIM U3JIy YCHUEM.

HenmuneitnbIx mrporieccoB He HAOIIOIACTCS B TOM CMBIC/IE, YTO U3MEHEHHS JaCTHUIIbI IIPU
U3JIyYEHUN He HaOJII0/IaeTCH.

N3 pucynka 14.4 BujHO, 9TO CHEKTP (POTOHOB
HenpepbIBHBbIIH. POTOHBI 9TO TACTHUIIBI, CJIETOBATE/b-
HO, Ha KaXKJIOW 9acTOTe UMEETCs HEKOTOPOE TUCIO 1,
¢dOTOHOB:

Pop

W —> Ny,

MozkHO cKa3aTh, 9T0 BHYTPH ChHEpHIecKOro 00b-
eMa 14.3 cymiecTBYIOT IapMOHHYECKUE OCIHJLIATO-
pot. [oTeHnuan rapMOHIYIECKOrO OCHUIIISITOPA HMe-
eT KBaIpaTnaubii Buj (cMm. puc. 14.5). w

CranuoHapHble COCTOSIHHSI I'apMOHHYECKOIO OC-

IUJLIATOPa PaBHOYIAJIEHBI JIPYT OT JAPyTa Ha PAcCTO- Puc. 14.4.
sIHIE
AE
_ nhw

AFE = hw, \ i |
1, COOTBETCTBEHHO, N-OMY COCTOSTHHIO COOTBETCTBYET \ /
SHEpIrus \ /

E ~ nhw.

Takum 06paszom, MOXKHO CKa3aTh, YTO FTAPMOHUYE- \ hw Hew
CKUil OCIUILIATODP, UMEIOIIHI N-bIii YPOBEHD BO30Y K- \I'/ 2
JICHHS, COOTBETCTBYET TOMY, YTO BHYTPH TEILTIOU30- &
JINPOBAHHOI cepbl CyIIecTBYeT POBHO N (POTOHOB C Prc. 14.5

uc. 14.5.

4acCTOTOI w.

CrenoBaTeIbHO, U3JIyUYE€HHE B 3TOM CJIydae MOYKHO 3aMEHHTb OECKOHEYHO OOJIbIIIM
YHUCJIOM OCIUJIJISITOPOB B BBIJIEJIEHHOM 00beMe, KasK IbIil 13 KOTOPBIX BO30YKIEH /10 HEKO-
TOPOT'O 71;-0T0 YPOBHSA SHEPTUH.
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DHeprusi TaApMOHUYIECKOTO OCIIMIIATOPa F ompeiessiercst cJieIy oM obpa3oM:

E,=h(n+ 1
2

Haxoxx ienne mioTHOCTU U3JIyYeHusT Ha YacTOTe W CBOJUTCS, TAKMM 00pPa30M, K OTbHIC-
KaHUIO Incjaa POTOHOB ¢ YaCTOTO w TP 3ajaHHoil Temmeparype 1.

[Ipn marpeBaHum oCIULIATOPA JIO TeMIlepaTypbl 1 MOXKeT OBIT BO30OYKJIeH JI00O0I
yposenb sueprun. CrenoBaTe/ibHo, OyaeT HaOII0IaTbC OOTBLIIMAHOBCKOE PACIIPEIC/ICHIE
110 YPOBHSIM SHEPTHU.

Haiinem cpeinioro sHEPruio oCHuLIATOpa:

(E) = iwn - B,
n=0

rie F, — sHeprus n-oro ypoBHd,
W, — BEPOATHOCTH HAXOXKJIEHUs OCIUJIIATOPA B JAHHOM COCTOSTHUU.
BeposiTHocTh TOrO, WTO TIpM JanHoil Temieparype 1’ Bo3OyKIaeTcs n-blif ypOBEHbD,

UMEET CJIETYIONTNI BT
E,
Wy, X ex - .

Yr100bl HAWTHU TJIOTHOCTb COCTOSIHUN p,,, HEOOXOIUMO IPOU3BECTH CYMMHUPOBaHUE TI0
BceM ocrmyiisitopaM. CpesHsist SHEPTHs OJHOIO OCIUJLISTOPA ¢ 9acTOTON w NMeeT CJie/Ly-
IOIU BUJI;

o)
> E, e %
n=0
S 2
> et
n=0

I7le 3HAMeHATe b OTBeYaeT 3a HOPMUPOBKY — CyMMa BCEX BEPOATHOCTEN JOJIKHA OBITH
paBHa eJMHUIIE.

[Ipu BbITIOJIHEHUN JAJBHERIINX [IPeoOPa3oBanuii Oy/IeM CIUTATh, UTO SHEPIHUS N-0r0
BO3OY2KJIEHHOT'O YPOBHS OIIPEJIE/ISAETCs CAETYIONUM COOTHOIIEHUEM:

<E>ocu - , (148)

E, =nhw,

TO €CTh He YUINTHIBATH BeJIHInHY W / 9.
Tak MOKHO IOCTYIIUTB, HOCKOJbKY SHeprims W / 9 COOTBETCTBYET HYJIEBOI TeMIepa-
Type. Boipaxkenue (14.8) B 9TOM ciydae mpuMeT CJieLyOmuii By
e _ nhw
> nhw e *T
n=0
(E)oen = 0
_nhw
> et
n=0

(14.9)

Bsenem ciremyromiee obo3nadeHue:

2= Ze*% , (14.10)
n=0
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B sTom citygae mpousBojiHast

0z

a 1

kT

B TOYHOCTU paBHa yucsmresio (14.9), B3aToMy ¢ 0OPATHBIM 3HAKOM:
aZ > nhw > nhw
51 = g (—nhw)e_kT:—E nhw e kT .
ﬁ n=0 n=0

CrenoBaresibHO, Beipaxkenue (14.9) nmpumer ciemyromuii BuI:

0z

@
3

(14.11)

<E>ocu = >

Bennunna z, 3aaBaemast BeipazkerueM (14.10), npeacrasiser coboit cymmy 6ecKOHe-

HO yOBIBaIOIIEl TeOMETPUIECKON ITPOrPECCUN.
Hamomuum, gato cymma O6ecKOHEYIHO yOBbIBAIOIIEH reOMeTPUIEeCKOil IPOrpeccun orpe-

JIeJIeTCS CJIEIYIOMNIM 00Pa30M:

B namewm ciaydae

u, cjieaoBaTe/IbHO
o0
_nhw 1
Z= E :e M=
n=0 I —e7&r

Hucomrens B Beipakennu (14.11) B 9ToM cirydae TakzKe JIETKO BBITHC/INTE:

0z -1

" (=) (~hw)et) = Toon]

Taxkum 06pa30M, CpeHdd SHEPTIUA OCIHUJLJIATOPA C JaCTOTOI w OKaxKeTcsd paBHOﬁZ

fiw e~ 7 Chw Fiw e~ 15
<E>ocu = ( ) e

—s
(1 — e‘%)

VYMHOXKad 9UCAATE]b U 3HAMEHATEb 3TOr0 BbIpazK€HHA Ha

hi
1 —e &1

IIOJIY9YHMM OKOH4YaTEJ/IbHOE€ BbIpazK€HUE [Jid S9HEPIUU OCHUJLJIATOPA:

hw 1
(Edoen = g = hw - 50—
exT —1 err —1

B sToM BbIpakeHHN MEpPBBIII COMHOKUTENb lw — KBAHT OCIHUJLISATOPA, TO €CTh SHEP-
rust hoToOHA ¢ FacTOTOI wW. BTOpOil COMHOXKUTE/Ib MIPEJICTABIIET cOO0# Ynuc0 (POTOHOB €

JacTOTOU w.
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Bennuuna

1

hi
ert —1

HocuT Ha3BaHue «IITaHKOBCKHUiT MHOXKUTEIIDS.
DHeprus U3JIydeHns B HHTepBaJe dw OIpeIe/seTcs Kak IPOUu3BeIeHne CpeaHeil SHep-
[UU OCIUJLISITOPA ¥ IJIOTHOCTH COCTOSTHUI (9UC/Ia OCIUIIISITOPOB B eIUHAIE 00beMa):

1 w?
R

d€, = (F) - g(w) dw = hw -

[LnorHocTh sHepruu p(w) (CpeIHsis SHEPIHsi PABHOBECHOTO U3JIyYeHUs] B €JUHUIE 00b-
emMa) UMeeT CJIeIYIOMmuil BujI:
1 d&, w? hw hw? 1

= = = . . 14.12
Vdov m2Berd 1 w23 ert 1 ( )

Do

BBenem 6e3pasmepHbIil 1apamerp

hw
ST
B sTom ciryuaae
ho? R (ERT)?
23 R2m2c3 m2h2c3
Dopmysa [lnanka (Beipakenne (14.12)) B 9TOM ciiyuae IPUMET CJIEAYIONIMAN BUJI:
kSTS 53
=S 14.1
Po = Jamacs et —1 (14.13)

3aBUCHMOCTD p,(w) HpeacTaBicHa Ha pucyHke 14.6.

O603HAYNM C MOMOIIBIO Wiax TACTOTY, KOTOpasd
COOTBETCTBYET MaKCUMyMy B CIIEKTpe p,,(w). Haitzem
3HAYEHNE STOIO0 MaKCHMyMa U3 YCJIOBUS DaBEHCTBA
HYJIIO TIPOU3BOIHOM py,(§) 1o &:

Pop

Pmax

dp

d¢

Hudbdepentupyst dopmyny (14.13) mo &, mouy-
YUM: Wrpax .

dp  K*T%  3&%(ef —1) — &3t
dé  h2m2c? (e —1)2 Puc. 14.6.

HpHpaBHI/IBaH YUCJ/IUTEJ/Ib 9TOT'O BbIpazKE€HUA K HYJIIO, IIOJIyIYUM:

0.

3¢%(eb —1) — 3ef =235 =3 —¢ef) =0 = 3(e*—1) =¢e".

[lonydenHoe TpaHCIEH/IEHTHOE ypaBHEHHUE DPeIIaeTcs TOJIBKO YHCJIEHHO. UHMCJIeHHOe
peleHne oKa3bIBAET, UYTO

¢ =2,82.
HonyquHaﬂ 3aKOHOMEPHOCTb HOCHUT Ha3BaHUE 3aKOH CMeEIleHMnA BI/IHaZ
kT

Wmax =~ 2,8— ox T

h
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IIpn remmeparypax 11 u T > 11 OTHOIIEHHE KO- O,
OP/IMHAT MaKCUMYMOB IIJIOTHOCTEH BEPOATHOCTHU PaB-
HO OTHOIIEHHUIO Temieparyp (cm. puc. 14.7):

Wr(r}gx o Tl
Wr(ri)xx B T2

C sKcnepruMeHTaIbHON TOYKI 3PEHI 3TO OUEBU/I-
HO: IIpU HarpeBaHMM IIpe/iMeTa B IJIAaMEHU TOpeJ-
KN W3JIyYeHNe CMEIAeTcs B CTOPOHY MaJIbIX JIJIMH
BOJIH A (TO €CTb BBICOKHX YaCTOT).

Crout 3aMeTUTH, YTO B IKCIEPUMEHTAX BCETJIA
U3MepseTcs JINHA BOJIHEL, a He dactora. Popmyina [lnanka (14.13) s qymH BotH MMeeT
CJCYIONINIT BUJ;

1
Wik ol

2)

Puc. 14.7.

2me hc d\
w=-— = = 167% 0 - —. 14.14
X 7 1 W (14.14)

DTO 03HAYAET, YTO 3aBUCUMOCTH OT A MMeeT HEMHOTO JPYTOil BHJI, 9YeM OT YaCTOTHI.
[Tpu mpoBejieHNE SKCIEPUMEHTOB BCerjla CTOUT T0JIb30BaThes (opmysnoii (14.14), omu-
CBIBAIOIIEH 3aBUCHUMOCTH ILJIOTHOCTH PABHOBECHOI'O U3JIYYEHUs] UEPHOTO Tejia OT JIJIMHBI
BOJIHEI.

MakcuMyM 110 9aCTOTEe Wiyax U JIJIUHE BOJHBI Apay OVIYT pa3indaTbCs:

2me

>\max %

max

JlmmHa BOJIHBI, COOTBETCTBYIONIAS MAKCUMAJIHLHOMY W3JIYYCHUIO, JJIs PACIPE/ICICHIS
10 4aCTOTE OKa3bIBAETCA PABHOIL:

max

AW — —- len]. (14.15)
Hanpuwmep, mpu jjmmHe BOJTHBI
A =5000A =5-107° cum

TeMIIEPATYPA OKAKETCsI PABHOI:
0,52 N 0,5
A T 5-10°°

Taxum obpazom, mpu Temmeparype 10000 K makcumym mziydenus 1mo gacrore w J10-
CTUTAETCS TIPU JIJTHHE BOJIHBI

T = 10* K.

A=5-107° cm.

HpI/I U3MEPEHUAX 110 JJIMHE BOJIHBI OKa2KETCs, YTO MaKCUMaJIbHad JJIMHA BOJIHBI OIIpe-

JICJIAETCA CJIEIYIONUM 00Pa30M:

Ao 029

max T )
TO €CTh HOYTH BBOE MeHbIle, deM (14.15).
TeMmepaTypa B 3TOM CIydae OKasKeTCsl TaKrKe IIOYTH BIBOE MEHbIIIE:
0,29

TW\) === 5-10° K.
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Ot1yimane MaKCUMYMOB CBSI3aHO C TeM, YTO U3MEPEHUs IPOBOIATCS B APYTUX IT€PEMEH-
HBIX.

PaccmoTpuM acuMnToTuKy (yHKIUN IJIOTHOCTH PABHOBECHOTO M3JTyYeHUS TPU BHICO-
KUX U HU3KUX TeMIleparypax. B KBAHTOBOM cJiy4dae

hw > kT,

e hw — KBaHT SHEPIruu.
B sTom cirygae
hw
Puw X € FT |

Takum oOpaszom, 1pu OOJBIIUX W 3aBUCH-
MOCTb p(w) MPOMOPIMOHATIBHA 3aTYXAIOIIEeNH K HYJIIO
sKcroHeHTe (cM. puc. 14.8).

CrnenoBaTebHO, B CHJIy JUCKPETHOCTH fw HAa
GOJIBIIIUX YACTOTAX UEPHOE TEJO HEe U3JIydaeT, II0-
CKOJIBKY €My OHO He 00J1a/1aeT JIOCTATOYHOl SHeprueit
JUIE BO3OYZKJIEHUsI TIEPBOIO IHEPIeTHIECKOTO YPOB- ~
ust hw.

B knaccuueckom ciryvae, Hao00pOT, >0

Pop

hw < KT, Puc. 14.8.

TO €CTb 9aCTOTBI MaJIbl.
B sTom CJIydae IIpu O4Y€Hb OOJIBIIINX JJINHaX BOJIH 9KCIIOHEHTY MOXKHO DPa3JIO2KHUTL B

pax:

o1y W
CkT =~ —.
kT
[TnoTHOCTL COCTOANUIA p, B 9TOM CJlydae IPUMET CJICAYIOMINN BHI;
hw? w?
P~ s =~ KT. (14.16)

ﬁﬂ c T4C

pw/\ T2 > ]'Wl

I
NN e >0
Puc. 14.9. Puc. 14.10.

Dopwmyia (14.16) nocur HasBanue popmysia Pastess — Takunca. Takum o6pazom, ipu
MaJIbIX W 3aBUCUMOCTD KBaJIpaTudHas (cM. puc. 14.8); a OTHOIIEHHE [IJIOTHOCTH COCTOSHUN
[pU Pa3HBIX TEeMIepaTypax JMHEHHO 3aBUCHT OT TeMieparypbl (M. puc. 14.9):

P1 P2 P1 T,
== o - 14.17
T T p2  T» ( )
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Taxum o6paszom, rpaduk 14.9 (1, coorBercrBerHo 14.7), 09€BUIHO, TOCTPOEH HEBEPHO.
Cresrano 3To OBLIO YMBIIIIEHHO.

Cornacuo dopmyste (14.17), uzinyuenune npu remueparype Tp J0JIKHO ObITH GOJIBIIE,
geM rpu Temreparype 17 (npuHuMast BO BHUMaHue, 4ro Ty cumraercst 6osibiie, dem T7).

[Tepecedenne KpuBbBIX pﬁ,Tl) u pSJTQ) Ha pucynke 14.9 cOOTBETCTBYET cCJIydaro, KOria
n3Jjiydenue OJIMHaKOBO IIPU Pa3J/IMYHbBIX TeMIlepaTypaXx, 9TO HEBO3MOXKHO.

Ha camom giene, kpubie Ha pucynke 14.9 ne mo/mkHbI iepecekaThed. Ha camom Jierte,

BUJ] KPUBBIX IIPU TeMIlepaTypax
11, 1, =21

npescTaBieH Ha pucynke 14.10.

Qopwmysta Pajstess— JxkuHca B KJIACCUYECKOM CJIydae HE OIPAHUYIMBAET POCT (PYHK-
UK p,, TIPU OOJIBIIKMX YACTOTAX W (IPU MAJIBIX JIJTAHAX BOJIH).

Takum 0Opa3oM, B KJIACCHIECKOM CJIydae IJIOTHOCTh W3JIYIEHHUS YBEIUIUBAECTCS IO
6eCK0HeLIHOCTI/I II0 Mepe poCTa YaCTOTBhbI U3JIYICHMA. STO ABJICHUS II0JIYINJIO Ha3BaHUE
«yJabTpaduosjieToBasg KatacTpodas, 1 pa3peluTh ee He yaaBaaoch 10 Makca [Lianka.

Pemuth 3T0T m1apajIoKC MOXKHO Iepeiijiss K KBAHTOBOMY PAaCCMOTPEHHUIO Ha OOJIbIIIX
JacTOTaX: SHEPIUs IePBOro BO3OYKJIEHHOIO COCTOAHUS OCIULIATOpa PaBHA Aw.

Ecnan

kT < hw,

TO BEPOATHOCTH TOT'O, YTO MPOU30MIET BO3OYXKICHUE TIEPBOI'O YPOBHS SHEPIUU OCITUJLISA-
TOpa OYeHb MaJia U IMPOIOPIIMOHAIbHA

hw

e kT .

HOKa}KeM, KaK B KJIaACCUYIECKOM CJIy4dae IIOJIYy9IUTDh 3aKOH HU3JIyYE€HHA YE€PHOI'O TeJIa (He
1IOJIb3YysCb KBAHTOBbIM paCCMOTpeHI/IeM). C‘{I/ITELJIOCI)7 9TO

CpeaHdsl SHEPTUs  YUCJIO0 OCIULIITOPOB w?

p((.d) = X = kT x 3
OCIIJLIIATOPA B eJIMHUIIC 00beMa m2c

TO €CTh B TOUYHOCTD hopmyna Paes— lxunca (14.16).

[Ipu mpoBepke 3aKOHA TEILJIOBOTO U3JIydeHus, orydenHoro Makcom [Liankom, Hab.io-
JIaJI0Ch TOTPSICAIONIEe COBIIaJeHe TeOPUN U SKCIIepUMeHTa. TakuM 0b6pa3oM, OObsICHUTD
CIEKTP M3JIYUIeHHsI 9€PHOIO Tejia MOXKHO TOJIBKO C IIOMOIIBIO TUIIOTE€3bI KBAHTOB.
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