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[Tepefinem Teneps K noctas/ieHHO B r/aBe I 3ajaue o HaxoXKIeHuu
byHKIMH pacnpene’eHus JJs JI0O0r0 MakKpOCKOMHWYECKOro Tesa, siB-
JISTIOIETOCsT MaJIoOf 4acTbl0 KaKOH-IMO0 GOJBIIOH 3aMKHYTOH CUCTEMBI
(moxpcucremoit). Haubonee ynoOuwifl u o6mui criocob noaxoja K perle-
HUIO 3TOH 3aJaud OCHOBAH Ha NPUMEHEHHU KO BCeH CHCTeMe MHKPO-
KaHOHHYECKOro pacnpejeienus.

BrizesuM M3 3aMKHYTOH CHCTEMBl HHTEPECYIOIIEE HAC TeJio | OyaeM
paccMaTpUBaTh CHCTEMY KaK COCTaBJISHHYIO M3 IBYX qacTeil: 3 JanHOTO
TeJa M Bcell ocTanbHO# ee 06/1aCcTH, KOTOPYIO Mbl OYIeM Ha3bIBaTh MO
OTHOLIEHHIO K TENY «CPEelofi».

MuxkpoxaHonnyeckoe pacnpegenenue (6,6) Hanumercs B BUuE

dw=const-§ (E + E'— E®dIdI", (28,1)

rae E, dT' u E’, dI oTHOCATCS COOTBETCTBEHHO K TNy U cpejie, a @ —
3aaHHOe 3HAuYeHHEe 3HEPTrH¥ 3aMKHYTOH CHCTEMH; 3TOMY 3HAUYEHUIO
JoJKHa OuTh paBHa cymMma E 4 L' aHeprufl Tesa u cpemsl.

Hamiefi nesnplo siBAAETCH HaxoXjelHue BEPOSTHOCTH W, TaKOTo CO-
CTOSIHHUSL BCeH CHCTEMBI, IPH KOTOPOM J@HHOE TeJNO HAXOIHTCS B HE-
KOTOpOM OIIpelesicHHOM KBAaHTOBOM COCTOSIHHHM (¢ 3ueprueit E,), T. e.
B COCTOSIHHH, ONHCAHHOM MHKPOCKONHYECKUM 00pa3oM. MUKPOCKOIM-
YeCKHM e COCTOSIHHEM CpeAbl MBI [IPH 3TOM He WHTepecyemcs, T. €.
OyZeM CYHTaTh, YTO OHA HaAXOIUTCA B HEKOTOPOM MaKpPOCKOIHYECKH
onucaHHOM coctogHuH. [Tycts AT ecTh CTaTHCTHHECKHH BEC MaKPOCKO-
[IMY9ECKOr0 COCTOSIHMA Cpelpl; 0003HauuM TakXKe mnocpenctsoM AE’
HHTEpBAJ 3HAYEHUH SHEPT UM CPe/ibl, COOTBETCTBYIOW M HHTEpBaty Al
KBaHTOBHIX COCTOSIHHH B yKasanHOM B § 7 CMuiCie.

HexoMyio BeposiTHOCTh w, Mbl HaiileM, samenus B (28,1) dI' enu-
Hunelt, nonoxus E=FE, W npoHHTerpupoBaB no dI:

w,, = const - S S(E,--E' —E")dI”.
ITyers IV (E')-—nonHoe 4uciO KBAHTOBBIX COCTOSIHHA Cpelnl ¢ 3Hep-

ruelt, Menbilell unu paBHoil . [TocKo/MbKY MOJBHTErpanbHOE BEIpa-
eHHe 3aBHCHUT TOMBKO OT E’, MOXHO mnepefiTd K MHTerpuUpOBAHUIO
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no dE’, uanucas: P
’ dr =2 g |
ITpoussoanyio %—, 3amensieM (cp. § 7) oTHoLeHNEM
arr _ &SED
dE'™ AE’
rae S’ (E")—>suTponus cpensl KaK GyHKIUHS ee SHEPTUH (QyHKuMeH £’
ABJAETCA, KOHEYHO, TAKXKe H AE’). Takum oGpasom,

w, = const - j §(E’ +E,—E®)dE".

AET
Baarojapss nanuuuio O-OYHKUUM HHTErpUpOBaHME CBOAHTCH K 3a-
Mmene E' wa EW—FE, ¥ nojayyaem

Sl
AE,) g, " (28,2)

YureM Tellephb, UTO BCJEACTBHE MaJIOCTH TeJja ero sueprus E, Maja
no cpasuenuio ¢ E. BeauuuHa AE’ OTHOCUTENLHO OYEHb MaJo
MeHsleTcsl NpH He3HauuTeNbHOM HW3MeHeHHd E'; Mo3TOMY B HEH MOXKHO
npocto nosoXkuTh E’=E®, nocje uero oHa NpeBpaTUTCH B HE3a-
pucsmyo or E, NocTosHHYIO. B skcnoneHuuanbHOM e MHOXKH-
Tene e’ Hauo _Pa3JIoKHTh S"(E®—E,) no crenensam E,, coxpanup
TaKXe M JUHEAHBH WIeH:

S (E®—E,)=S8' (E®)—E,

w,, = const . (

ds’ (E®)
dE®  *

Ho npoussopnas or sutponmuu S’ no sHEpPTHH €CThb HE YTO HMHOE, KaK
1)T, rae T —teMneparypa cuctemsl (TeMIeparypa Tesa H Cpeisl oJH-
HAaKoBa, TAaK KaK CHCTeMa I[peANojaraercsi Haxojsnefics B paBHO-
BECHH).

Takum o6pasoM, MNoJdydYaeM OKOHHATENLHO A W, CJAELYIOLIEE
BbIpakeHue:

= Aexp (—ET> , (28,3)

rae A—ne 3apucsmass or E, HOpMHPOBOYHASl NOCTOSIHHAsA., D10 —
0/IHa U3 BaxHeHUHX QOPMYJ CTATHCTHKY; OHA ONpee/IsieT CTaTHCTHYEC-
Koe paclpejeseHHde JI000r0 MAaKpPOCKONHYECKOTO TeJa, SBJASIOWErocs
CpaBHUTEIbHO MaJIof YacThi0 HEKOTOPOH GOMBUION 3aMKHYTOH CHCTEMH.
Pacnpenenenve (28,3) nassizaercst pacnpedesienuem I'ubbea wnv Karo-
Huteckum pacnpedeseruem; oHo O6bi1o oTkpuiTo I'u66com (/. W. Gibbs)
AJs KJjaccuyeckoll cratuctuku B 1901 r.

Hopmuposounas nocrosiiHas A onpejensieTcs yCIoBHeM X\ w, =1,
OTKYZA

=Y eEwT, (28,4)
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Cpennee 3HadenHe J0GoH ¢usnyecKoll BesMYuHBI f, XapakTepusyio-
meH JlaHHOe Teso, MOMKET OHIThb BBEIYMCJEHO ¢ MOMOLLBIO pacnpesesie-
aust I'n66ca no dopmyne
-E /T
mez e” En/

f_:zwnfnn=n_2_elg'17' . ] (28’5)

n

B kunaccuyeckoii cratucTiKe BRIpaXeHne, B TOYHOCTH COOTBETCTBYIO-
mee popmye (28,3), norydaercsl 15 QyHKIME pacipeneaenus B ¢paso-
BOM IIPOCTPAHCTBE:

p(p, q)=Ae-Ew.a/T (28,6)

rie E (p,q)—aueprus 1es1a KaK QyHKIKEA €TI0 KOOPIMHAT U UMITYJIBCOB 1).
HopmupoBoynas nocrossHHas A onpejessiercsl ycJaoBueM

SpdpdquSe‘E“’"’)/podqz 1. (28,7)

Ha npakrtuke yacto npuXxogurcsl UMeTh JEJO CO CAyYasiMH, KOTAA
KBa3HWKJaCCHYECKHM SBJIfIETCSl HE BCE MHKPOCKOIMYECKOE JBHIKEHUE
YacTHL, a JHLb JBUKEHHE, COOTBETCTBYIOMIEE YACTH CTereHed CBo-
601Bl, B TO BpeMsl KaK 110 OCTAJbHHIM CTENEHSM CBOGOAB JBHKeHUe
ABJASETCA KBAHTOBHIM (TaK, HANpHMep, MOXKET GBITh KBa3UKJIACCHYE-
CKHM MOCTYHATeNbHOE IBHMKeHHe MOJeKYJ IIpH KBAHTOBOM XapakKrepe
BHYTPUMOJIEKY/IAPHOrO NBUIKEHUS] ATOMOB). B TakoM caydae ypoBHH
3HEepPTHM TeJa MOXKHO Hanucath B BHje GOYHKIHH OT KBasHKJACCHYe-
CKHX KOOpmMHAT W umnyancoB: E,=E, (p,q), rae n oGo3Hayaer
COBOKYITHOCTh KBAHTOBHIX YHCes, ONpejefiomuX «KBAHTOBYIO YacThy
ABUXKEHHS, NJIs KOTOPOTO 3HAYEHHS] p ¥ ¢ UTPAIOT POJb [1apaMeTpoB.
®opmysa pacnpenesenus ['n66ca Hanumercss torga B Buue

dw, (p, q)= Ae~ En?- /T dp dg.,, (28,8)

rae dp,,dg.,—npousseneHue nuddepeHUNANOB «KBAZHKIACCHYCCKIXY
KOOpIWHAT W HMITY,/IhCOB.

Haxounen, Heo6xoxuMo cllesaTh cJjenyiomee 3aMeyaHue 10 HOBOLY
Kpyra BONpoCoB, 1Jis1 PEIIeHHs] KOTOPBIX MOXKHO NIPHUMEHSTh pacipege-
JdeHue 'n66ca. Mer Bce BpeMsi TOBOPHJIH O IOCJEJHEM KaK O CTATHC-
THYECKOM pacrpejefeHnu [isl MOICHCTEMBI, KAKOBbIM OHO B AeHACTBH-
TEIBHOCTH H siBjisieTcsl. BecmMa BaxHo, OIHAKO, YTO 3TO XKe pacnpe-
JI€JIEHHe MOXKHO C MOJIIBIM YCNEXOM HDHMEHATh W JUIS OonpejeseHus
OCHOBHBIX CTATHCTHYECKHX CBOACTB 3aMKHYTHIX Tes. [leficTBuTe bHO,
TaKHe CBOACTBA Teja, KAK 3HAYCHHS €r0 TePMONMHAMAYECKHX BeJH-
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OHH WIH pacnpejeseHusl BepOATHOCTEH AJsi KOOpAMHAT M CKOpOcTei
OTJENBHBIX €0 YaCTHIl, OYEBHIHO, He 3aBHUCAT OT. TOrO, paccMaTpH-
BaeM JIH MBI T€JO KaK 3aMKHYTOe WJH Kak NOMeleHHoe B BooOpaxae-
Muiit tepmocrar (§ 7). B nochieanem ciyuae, ogHaKoO, TeJO CTAHOBHTCS
«mogcucreMoiiy u pacrpefenenue ['mG6ca npumenuMo K HeMy OYK-
BaabHO. Oridype 3aMKHYTOrO Telda OT HE3aMKHYTOro IPOSIBJSIETCS
NpH TNpHMEeHeHHM pacnpejejeHus ['m66ca Mo cymecTBY JHIIb NpH
pPaccMOTPEHHH CPABHHUTEJbHO MaJjo MHTEPECcHOro Bompoca o Gaykrrya-
UuAX 1oJHOH 3Hepruu Teda. Pacnperenenne I'mb6ca paer ans cpel-
HeRt QAYKTYanMu 3TOH BeJHYUHBEI OTJIHYHOE OT HYJS 3HAYEHHE, KOTO-
poe A4S Tena, HaXoAmErocs B cpele, HMeeT peajibHbIA cMEICT, a
JJIS 3aMKHYTOrO Teja—coBepuleHHO GUKTHBHO, TaK KaK 3Heprus
TaKOro TeJa MO ONpeleNeHHIO TOCTOSIHHA W He (PAYKTYHpYerT.

B03MOXHOCTE IpUMeHEeHH (B YKa3aHHOM CMHIC/IE) paclpene/ieHus
I'u66ca K 3amMKHYTHIM TedaM BHIHA TaKXe M U3 TOTO, 9TO OHO IO
CYIlecTBY OYeHb caa6o OTAMYAeTcs] OT MHUKPOKAHOHHYECKOro (M B TO
)Xe BpeMsl HecpaBHeHHO ynoOuee IS 1POBENEeHHST KOHKPETHEIX pagcue-
ToB). [lefAcTBUTENBHO, MHKPOKAHOHHYECKOe paclpejeseHne 3>KBHBA-
JIEHTHO, TPYGO TOBOPSA, IPH3HAHWIO DABHOBEPOSTHRIMH BCEX MHKPO-
COCTOSIHUE Te/ja, OTBEHAIOmMUX 3aJaHHOMY 3HAYEHHIO €ro SHepruu.
Kanonnyeckoe xe pacrnpegesenne «pa3Mas’ano» 0 HEKOTOPOMY HH-
TepBaJy 3HayeHWH 3ueprud, WHPUHA KOTOPOro (MOpAIKa BeJHYHHEI
cpegHell (ayKTyauumu 3IHepruu), OmHaAKO, AJAS1 MAaKPOCKOIHYECKOro
TeJla HHUYTOXKHO MaJa.
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Sueprus E(p, g) B opmyne pacnpepenenns ['n66ca xaaccnyeckon
CTATHCTHKH BCEr1a MOXKeT OBITh ITpecTaBieHa Kak cyMMa JBYX yacrell —
KHHeTHYeCKodl M norteHunuanbuol 3Hepruii. M3 mux mnepsas ects
KBajpaTuyHasd (YHKUMSA OT UMIYJbCOB aTOMOB'), a Bropas —(QyHK-
IMsl OT UX KOOPAMHAT, NMpHYeM BuJ 370H QYHKUHH 3aBHCHT OT 3aKOHA
B3aUMOZEeACTBUA YacTUIL BHYTPH TeJa (M OT BHEUIHETO IoJs, ecH
TaKoBoe uMeeTcsl). Ec/H KHHETHYECKYIO U IIOTeHLMAJbHBIE 3HEPruu
0603nayuTh cooTBercTBenno Kak K(p) m U(g), 10 E(p,q)=
=K (p)+ U (9), u BepositHOCTb dw = p (p, q) dp dg HanuLIeTCs B Buje

dw — AeXp( U(q) K(p))

dpdg,

T. €. pa3GuBaeTcs Ha IpOM3BejeHHe ABYX MHOXHTeJNeH, M3 KOTOPHIX
OIMH 3aBHCHT TOJBLKO OT KOOPAMHAT, a APYroil — TOJAbKO OT UMIYJIb-
COB. 3T0 O3Hayaer, qTo BepoHTHOCTI/I pig 8¢ HMHYJH:COB H KOOpﬂI/IHaT
HE3aBHCHMEL APYr OT Ipyra B TOM CMEIC/IE, YTO ONpejesieHHbe 3Ha-
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YyeHHs] UMINYJbCOB HHKAK He BJIHSIIOT Ha BEPOATHOCTH TeX HJIHM HHBIX
3HayYeHHH KoopAuHaT, u o6patHO. TakuM 06pPasoM, BEPOSATHOCTL pas3-
JUYHBIX 3HAYeHUH UMOYJbCOB MOXKeT ObiTb HanucaHa B BHIE

dw,=ae-K ®/Tdp, 29,1)

a pacrnpejesieHue BepOSITHOCTH AJf KOOpAHHAT
dw, =be=V W/T dgq. (29,2)

Tak Kak cyMMa BepPOATHOCTEH BceX BO3MOXKHGBIX 3Ha4eHHI HMnyJnb-
cOB (4 TO Ke camoe AJs KOOPAMHAT) AOKHA OLITb paBHA eAMHHIE,
TO Kaxnasd H3 BeposaTHOCTed dw, W dw, N01KHa ObITh HOPMHPOBaHa,
T. €. HX MHTerpajbl N0 BCeM BO3MOMHBIM J151 JAaHHOTO Tena 3Haye-
HHSIM HMIYJIBCOB MJIM KOODAMHAT JOJXKHH ObITh paBHH enuHHue. M3
3THX YCJIOBHE MOXHO OIpefesHTh MNOCcTOsiHHBle @ M b B (29,1) u
(29,2).

3aiiMeMcsl M3YYEHHEM paclipejesieHHs BePOSTHOCTEH ANSA UMITYJb-
COB, elle pa3 I[OAYEPKHYB IIPH 3TOM BecbMa CYILECTBeHHBIH (akT,
YTO B KJACCHYECKOH CTaTHCTHKE TaKoe paclpefieieHHe HHCKOJNLKO He
3aBHCHT OT POja B3aHMOAEHCTBHS YAaCTHI, BHYTPH CHCTEMBI HJH OT
pojia BHELIHEro I0JIs ¥ IOTOMY paclipejie/ieHHe MOXKeT ObITb BbIPaXKeHO
B BUIe, NPUTOAHOM isl JIOOBIX Ten').

Kunernyeckas sHeprHs BCero Teja PaBHa CyMMe KHHETHYeCKHX
SHEpruil KaXkAOro U3 BXOASIIHX B HETO aTOMOB, H BePOATHOCTb ONSATDL
pasbuBaercsi Ha I[pPOU3BeJeHHe MHOXKHTeNeH, H3 KOTOPBIX KaXjbld
3aBHCHUT OT HMMIIYJIbCOB TOJBKO OJHOTO M3 aTOMOB. DTO BHOBb O3Ha-
YaeT, YTO BEPOATHOCTH HMNYJIbCOB DasJHYHBIX aTOMOB HE 3aBHCAT
JPYT OT Apyra, T. €. UMIYJbC OJZHOTO M3 HMX HHMKAK HE BJIHAET Ha
BEPOSITHOCTH HMIYJIbCOB BceX Apyrux. IlosToMy MoxHO nucatbh pac-
npeiesieHHe BePOSITHOCTEH AJS HMIIYJIbCOB KaXKJOTO aToMa B OTJeMNb-
HOCTH.

Jdasi aroma © MaccOH m  KHHeTHYeckKasl 5HepTHsi paBHa
(p:i+p2 + p2)/2m, rtme py, py» P,—AEKapTOBHl COCTABJISIIOIME €ro
HMIIyJIbca, a paclpeliefleHHe BepOATHOCTelH HMeeT BHA

1

dw _ae-m (v +P; +p2)
=

dp.dp,dp,.

Mocrosinnas a onpejensiercst yCJa0BHeM HOPMHPOBKH. HuTerpuposa-
Hus no dp,, dp,, dp, pasnensiorcsi M MNPOU3BOIATCH C TNOMOUILIO

M3BecTHOH (PopMYJIBl
+ @ —
e~ dx = ]/1
=
-
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B pesyapTate Haxogum a=(2mmT)~3%2, u MH NOJYyYaeM OKOHYa-
TeJbHOE pacnpeseseHue BEPOSTHOCTER JAJIs1 UMIYJBCOB B BUAE

.1 P+ pytod
dwp—W exp ( T) dp.dp,dp,. (29,3)
Ilepexosss OT HMIYJBCOB K CKOPOCTAM (p=
aHaNOTHYHOE pAaclpefiesienne i CKOpOCTeii:

/ 4 vp+ o
dw, = (%)3 * exp [_’_"_(’f__'%;Ji)_] dv,dv,dv,.  (29,4)

310—TaK HasuiBaeMoe pacnpedesenue Makceeara (J: C. Maxwell,
1860 r.). 3ameTuM, 4TO OHO CHOBa pacnajaeTcs Ha MPOu3BejeHHe
TpPeX HE3aBUCUMEIX MHOXKHUTeJel:

[— - 02
dw, =V sose ™5 dv,, ..., O (29.5)

mv), MOXHO HanucaTthb

KaXABIH W3 KOTOPHIX ONpefienifieT paclipelieieHHe BepOsATHOCTel ajisi
OTNeNbHOH KOMIIOHEHTH CKOPOCTH.

Ecnu Teso cocToMT M3 MoseKys (HalpuMep, MHOrOaTOMHBIH ras),
TO Hapsiiy ¢ pacnpesieneHneM MakcBesia /1l OTJe/IbHBIX aTOMOB
Takoe e pacupejieleHHe MMeeT MeCTO H AN IOCTYNATeJbHOTO JBH-
JKeHHs MOJTeKyJad Kak uenvx. eficTBHTENbHO, U3 KHHETHYECKOH suep-
FUH MOJIEKYJIBI MOXHO BBIAEJHTb B BHJE C/araeMoro 3Hepruio nocry-
naTeNpHOrO JIBHXKEHHs, B pe3yJbTare Yero HCKOMOe pacrpejiesieHue
BHIZIEJIUTCS B BUAEe BbIpaxkeHus (29,4), B KoTopoM mnop m Hajao Gyper
NOHUMATh TOJHYI0 Maccy MOJIEKY.H, @ HOA Uy, Uy, U,— KOMIIOHEHTHI
CKOpPOCTH ee neHTpa uHepuuu. llomyepkueM, uto paunpe;:[eneﬂue Mak-
CBeJiia /A NOCTYNIATENBHOTO JIBUKEHHSI MOJEKYJ MOXKeT HMeThb MeCTO
BHe 3aBHCHMOCTH OT XapakTepa BHYTPHMOJEKYJSPHOrO ABMKEHHS
aToMOB (M BpalleHWs MOJIeKyJH), B TOM UHCJe M B ciydae, Korja
noclieHee JOMKHO ONUCHIBATLCS KBAaHTOBLIM 06pasoMm 1).

Bripaxenue (29,4) Hanucano B JEKapTOBLIX KOOPAMHATAX B «NIPO-
CTpaHcTBe CcKopocteHs. EcaH OT neKapTOBHIX KOODAMHAT HepedTd
K cepuueckuM, TO NOAYYHTCA

dwy = (ﬁ%) ¥2 p= mo2T 2 5in 040 d do, (29,6)

rae v—a6CconIoTHas BeJHYHHA CKOPOCTH, a 8 M ¢ —NOMAPHBIA yroa u
a3uMyT, ONpele/sioliHe HanpaBJeHue ckKopoctd. MHrerpupys no yr-
JlaM, HalfleM paclipefenenne BeposTHOCTeHl A abGCONIOTHON Bes-
YMHE CKOPOCTH

dw, = 4 ( o) em T ur o, (29,7)
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Huoraa 6uiBaeT yl06HO MOJB30BaTHCA HMJIHHIPHYECKUMY KOOPAH-
HaTaMH B NpocTpaHcTBe ckopocteil. Torna

/ m(v2 2
dw, — (_’.:‘l‘)s 2 exp [__ _;27‘___} v,dv,dv, do, (29,8)

Ille U,—KOMIOHEHTa CKOPOCTH IO OCH 2, U,—MepleHuKy/ApHas
K OCH Z KOMIIOHEHTa CKOPOCTH, a @—yTOJ, OnpejeNAlUHH Hanpas-.
JIEHHe Toc/ieiHel.

BulyuenuM cpefiHee 3HaueHHe KHHeTH4ecKOH sHepruu aToma. Co-
TJIaCHO ONpefieNieHUI0 CPeHNX 3HayeHHil H noaws3ysick (29,5), Haxo-
IUM a4 m000H nekapToBofl KOMMOHEHTBI CKOPOCTH !)

+ ®
- T
v = 1/'2%‘ S vie"””i’”dvx=7. 29,9

- ®

[TosToMy cpefiHee 3HaYeHHe KMHETHYECKOH 3Hepruu atoma pasHo 37/2.
MoxHo, cile;0BaTeNIbHO, CKa3aTh, YTO CPeJHAA KHHETHYECKAs SHep-
rHd BceX YacTHI[ TeJa B KJacCHYeCKOH CTaTHCTHKe BCErJa paBHa
3NT/2, rue N—rnosiHoe YHCJIO YaCTHH.

1) TlpuBesieM A/ CHPaBOK 3HAUEHMS YACTO BCTPEYAIILMXCS NPH NPUMEHEHHSX
pacnpegenenuss MakcBeJ/1a HHTEIPAJIOB BHAA

@
Iy =S e~ %% xn dy,
0

IlogcranoBka oax?=y paer

n+1°" n+1

-—— 1 -— 1
1,=— ? Se‘yy 2 =7a 2 I‘(E_g—),
rae I (x)—~ramma-byEkuus. B vacthoerd, ecntu a=2r, r > 0, 10

@r—1i w
lor= or+1 Qi

rae (2r—1)N1=1.8.5,..@2r—1), Ecan r=0, 10
! ‘/T
10—'2— E’-

r!
Iyrvry=g =7

Eciu we n=2r41, 10

Tor ke uuTerpan B npefenax OT — oo J0 - co paBeH B MocJefHeM CIyuae HYAW,
2 B mepBLIX ABYX — YJABOCHAOMY MHTerpady or 0 fo oo.
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[Tepefinem Teneps K noctas/ieHHO B r/aBe I 3ajaue o HaxoXKIeHuu
byHKIMH pacnpene’eHus JJs JI0O0r0 MakKpOCKOMHWYECKOro Tesa, siB-
JISTIOIETOCsT MaJIoOf 4acTbl0 KaKOH-IMO0 GOJBIIOH 3aMKHYTOH CUCTEMBI
(moxpcucremoit). Haubonee ynoOuwifl u o6mui criocob noaxoja K perle-
HUIO 3TOH 3aJaud OCHOBAH Ha NPUMEHEHHU KO BCeH CHCTeMe MHKPO-
KaHOHHYECKOro pacnpejeienus.

BrizesuM M3 3aMKHYTOH CHCTEMBl HHTEPECYIOIIEE HAC TeJio | OyaeM
paccMaTpUBaTh CHCTEMY KaK COCTaBJISHHYIO M3 IBYX qacTeil: 3 JanHOTO
TeJa M Bcell ocTanbHO# ee 06/1aCcTH, KOTOPYIO Mbl OYIeM Ha3bIBaTh MO
OTHOLIEHHIO K TENY «CPEelofi».

MuxkpoxaHonnyeckoe pacnpegenenue (6,6) Hanumercs B BUuE

dw=const-§ (E + E'— E®dIdI", (28,1)

rae E, dT' u E’, dI oTHOCATCS COOTBETCTBEHHO K TNy U cpejie, a @ —
3aaHHOe 3HAuYeHHEe 3HEPTrH¥ 3aMKHYTOH CHCTEMH; 3TOMY 3HAUYEHUIO
JoJKHa OuTh paBHa cymMma E 4 L' aHeprufl Tesa u cpemsl.

Hamiefi nesnplo siBAAETCH HaxoXjelHue BEPOSTHOCTH W, TaKOTo CO-
CTOSIHHUSL BCeH CHCTEMBI, IPH KOTOPOM J@HHOE TeJNO HAXOIHTCS B HE-
KOTOpOM OIIpelesicHHOM KBAaHTOBOM COCTOSIHHHM (¢ 3ueprueit E,), T. e.
B COCTOSIHHH, ONHCAHHOM MHKPOCKONHYECKUM 00pa3oM. MUKPOCKOIM-
YeCKHM e COCTOSIHHEM CpeAbl MBI [IPH 3TOM He WHTepecyemcs, T. €.
OyZeM CYHTaTh, YTO OHA HaAXOIUTCA B HEKOTOPOM MaKpPOCKOIHYECKH
onucaHHOM coctogHuH. [Tycts AT ecTh CTaTHCTHHECKHH BEC MaKPOCKO-
[IMY9ECKOr0 COCTOSIHMA Cpelpl; 0003HauuM TakXKe mnocpenctsoM AE’
HHTEpBAJ 3HAYEHUH SHEPT UM CPe/ibl, COOTBETCTBYIOW M HHTEpBaty Al
KBaHTOBHIX COCTOSIHHH B yKasanHOM B § 7 CMuiCie.

HexoMyio BeposiTHOCTh w, Mbl HaiileM, samenus B (28,1) dI' enu-
Hunelt, nonoxus E=FE, W npoHHTerpupoBaB no dI:

w,, = const - S S(E,--E' —E")dI”.
ITyers IV (E')-—nonHoe 4uciO KBAHTOBBIX COCTOSIHHA Cpelnl ¢ 3Hep-

ruelt, Menbilell unu paBHoil . [TocKo/MbKY MOJBHTErpanbHOE BEIpa-
eHHe 3aBHCHUT TOMBKO OT E’, MOXHO mnepefiTd K MHTerpuUpOBAHUIO




image2.png
no dE’, uanucas: i &)
ITpoussoanyio %—, 3amensieM (cp. § 7) oTHoLeHNEM
arr _ &SED
dE’™ AE"
rae S’ (E")—>suTponus cpensl KaK GyHKIUHS ee SHEPTUH (QyHKuMeH £’
ABJAETCA, KOHEYHO, TAKXKe H AE’). Takum oGpasom,

ar'=

w, = const - j §(E’ +E,—E®)dE".

AET
Baarojapss nanuuuio O-OYHKUUM HHTErpUpOBaHME CBOAHTCH K 3a-
Mmene E' wa EW—FE, ¥ nojayyaem

Sl
w,,=const-(AE,) _EO_p, * (28,2)

YureM Tellephb, UTO BCJEACTBHE MaJIOCTH TeJja ero sueprus E, Maja
no cpasuenuio ¢ E. BeauuuHa AE’ OTHOCUTENLHO OYEHb MaJo
MeHsleTcsl NpH He3HauuTeNbHOM HW3MeHeHHd E'; Mo3TOMY B HEH MOXKHO
npocto nosoXkuTh E’=E®, nocje uero oHa NpeBpaTUTCH B HE3a-
pucsmyo or E, NocTosHHYIO. B skcnoneHuuanbHOM e MHOXKH-
Teqe e¥ Hamo pasjomute S’ (E®—E,) no crenensM E,, COXpaHUB
TakXe W JUHEeHHBH ueH:

5 4 0
S (EW—E,)=§' (E0)—E, &

Ho npoussopnas or sutponmuu S’ no sHEpPTHH €CThb HE YTO HMHOE, KaK
1)T, rae T —teMneparypa cuctemsl (TeMIeparypa Tesa H Cpeisl oJH-
HAaKoBa, TAaK KaK CHCTeMa I[peANojaraercsi Haxojsnefics B paBHO-
BECHH).

Takum o6pasoM, MNoJdydYaeM OKOHHATENLHO A W, CJAELYIOLIEE
BbIpakeHue:

= Aexp (—ET> , (28,3)

rae A—ne 3apucsmass or E, HOpMHPOBOYHASl NOCTOSIHHAsA., D10 —
0/IHa U3 BaxHeHUHX QOPMYJ CTATHCTHKY; OHA ONpee/IsieT CTaTHCTHYEC-
Koe paclpejeseHHde JI000r0 MAaKpPOCKONHYECKOTO TeJa, SBJASIOWErocs
CpaBHUTEIbHO MaJIof YacThi0 HEKOTOPOH GOMBUION 3aMKHYTOH CHCTEMH.
Pacnpenenenve (28,3) nassizaercst pacnpedesienuem I'ubbea wnv Karo-
Huteckum pacnpedeseruem; oHo O6bi1o oTkpuiTo I'u66com (/. W. Gibbs)
AJs KJjaccuyeckoll cratuctuku B 1901 r.

Hopmuposounas nocrosiiHas A onpejensieTcs yCIoBHeM X\ w, =1,
OTKYZA

=Y eEwT, (28,4)
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Cpennee 3Hadenue J0God ¢usnyeckoll BesMYuHBI f, XapaKTepH3yio-
meH laHHOe Teso, MOMKET OHTh BBIUMCJEHO ¢ MOMOLIBIO pacnpenese-
aust I'n66ca no dopmyne
-E /T
mez e” En/

f_:zwnfnn=n_2_elg'17' . ] (28’5)

n

B kunaccuyeckoii cratucTiKe BRIpaXeHne, B TOYHOCTH COOTBETCTBYIO-
mee popmye (28,3), nosydaercs a5 QyHKUME pacnpenenenus B gaso-
BOM IIPOCTPAHCTBE:

p(p, q)=Ae~E. /T, (28,6)

rie E (p,q)—aueprus 1es1a KaK QyHKIKEA €TI0 KOOPIMHAT U UMITYJIBCOB 1).
HopmupoBoynas nocrossHHas A onpejessiercsl ycJaoBueM

SpdpdquSe‘E“’"’)/podqz 1. (28,7)

Ha npakrtuke yacto npuXxogurcsl UMeTh JEJO CO CAyYasiMH, KOTAA
KBa3HWKJaCCHYECKHM SBJIfIETCSl HE BCE MHKPOCKOIMYECKOE JBHIKEHUE
YacTHL, a JHLb JBUKEHHE, COOTBETCTBYIOMIEE YACTH CTereHed CBo-
601Bl, B TO BpeMsl KaK 110 OCTAJbHHIM CTENEHSM CBOGOAB JBHKeHUe
ABJASETCA KBAHTOBHIM (TaK, HANpHMep, MOXKET GBITh KBa3UKJIACCHYE-
CKHM MOCTYHATeNbHOE IBHMKeHHe MOJeKYJ IIpH KBAHTOBOM XapakKrepe
BHYTPUMOJIEKY/IAPHOrO NBUIKEHUS] ATOMOB). B TakoM caydae ypoBHH
3HEepPTHM TeJa MOXKHO Hanucath B BHje GOYHKIHH OT KBasHKJACCHYe-
CKHX KOOpmMHAT W umnyancoB: E,=E, (p,q), rae n oGo3Hayaer
COBOKYITHOCTh KBAHTOBHIX YHCes, ONpejefiomuX «KBAHTOBYIO YacThy
ABUXKEHHS, NJIs KOTOPOTO 3HAYEHHS] p ¥ ¢ UTPAIOT POJb [1apaMeTpoB.
®opmysa pacnpenesenus ['n66ca Hanumercss torga B Buue

dw, (p, q)= Ae~ En?- /T dp dg.,, (28,8)

rae dp,,dg.,—npousseneHue nuddepeHUNANOB «KBAZHKIACCHYCCKIXY
KOOpIWHAT W HMITY,/IhCOB.

Haxounen, Heo6xoxuMo cllesaTh cJjenyiomee 3aMeyaHue 10 HOBOLY
Kpyra BONpoCoB, 1Jis1 PEIIeHHs] KOTOPBIX MOXKHO NIPHUMEHSTh pacipege-
JdeHue 'n66ca. Mer Bce BpeMsi TOBOPHJIH O IOCJEJHEM KaK O CTATHC-
THYECKOM pacrpejefeHnu [isl MOICHCTEMBI, KAKOBbIM OHO B AeHACTBH-
TEIBHOCTH H siBjisieTcsl. BecmMa BaxHo, OIHAKO, YTO 3TO XKe pacnpe-
JI€JIEHHe MOXKHO C MOJIIBIM YCNEXOM HDHMEHATh W JUIS OonpejeseHus
OCHOBHBIX CTATHCTHYECKHX CBOACTB 3aMKHYTHIX Tes. [leficTBuTe bHO,
TaKHe CBOACTBA Teja, KAK 3HAYCHHS €r0 TePMONMHAMAYECKHX BeJH-
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YMH WIH pachpelesieHUsl BEePOATHOCTEH A/ KOOPAMHAT M CKOpOCTEH
OTJENBHBIX €0 YaCTHIl, OYEBHIHO, He 3aBHUCAT OT. TOrO, paccMaTpH-
BaeM JIH MBI T€JO KaK 3aMKHYTOe WJH Kak NOMeleHHoe B BooOpaxae-
Muiit tepmocrar (§ 7). B nochieanem ciyuae, ogHaKoO, TeJO CTAHOBHTCS
«mogcucreMoiiy u pacrpefenenue ['mG6ca npumenuMo K HeMy OYK-
BaabHO. Oridype 3aMKHYTOrO Telda OT HE3aMKHYTOro IPOSIBJSIETCS
NpH TNpHMEeHeHHM pacnpejejeHus ['m66ca Mo cymecTBY JHIIb NpH
pPaccMOTPEHHH CPABHHUTEJbHO MaJjo MHTEPECcHOro Bompoca o Gaykrrya-
UuAX 1oJHOH 3Hepruu Teda. Pacnperenenne I'mb6ca paer ans cpel-
HeRt QAYKTYanMu 3TOH BeJHYUHBEI OTJIHYHOE OT HYJS 3HAYEHHE, KOTO-
poe A4S Tena, HaXoAmErocs B cpele, HMeeT peajibHbIA cMEICT, a
JJIS 3aMKHYTOrO Teja—coBepuleHHO GUKTHBHO, TaK KaK 3Heprus
TaKOro TeJa MO ONpeleNeHHIO TOCTOSIHHA W He (PAYKTYHpYerT.

B03MOXHOCTE IpUMeHEeHH (B YKa3aHHOM CMHIC/IE) paclpene/ieHus
I'u66ca K 3amMKHYTHIM TedaM BHIHA TaKXe M U3 TOTO, 9TO OHO IO
CYIlecTBY OYeHb caa6o OTAMYAeTcs] OT MHUKPOKAHOHHYECKOro (M B TO
)Xe BpeMsl HecpaBHeHHO ynoOuee IS 1POBENEeHHST KOHKPETHEIX pagcue-
ToB). [lefAcTBUTENBHO, MHKPOKAHOHHYECKOe paclpejeseHne 3>KBHBA-
JIEHTHO, TPYGO TOBOPSA, IPH3HAHWIO DABHOBEPOSTHRIMH BCEX MHKPO-
COCTOSIHUH Tesa, OTBEeHAOU[HX 3aJaHHOMY 3HAYeHHI0 €ro 3Hepruu.
Kanonnyeckoe xe pacrnpegesenne «pa3Mas’ano» 0 HEKOTOPOMY HH-
TepBaJy 3HayeHWH 3ueprud, WHPUHA KOTOPOro (MOpAIKa BeJHYHHEI
cpegHell (ayKTyauumu 3IHepruu), OmHaAKO, AJAS1 MAaKPOCKOIHYECKOro
TeJa HUYTOXKHO MaJa.

§ 29. Pacnpenenenne Makcseana

dueprus E (p, q) B bopmyae pacnpenenenus ['n66ca kaaccuyeckon
CTATHCTHKH BCEr1a MOXKeT OBITh ITpecTaBieHa Kak cyMMa JBYX yacrell —
KHHeTHYeCKodl M norteHunuanbuol 3Hepruii. M3 mux mnepsas ects
KBajpaTuyHasd (YHKUMSA OT UMIYJbCOB aTOMOB'), a Bropas —(QyHK-
IMsl OT UX KOOPAMHAT, NMpHYeM BuJ 370H QYHKUHH 3aBHCHT OT 3aKOHA
B3aUMOZEeACTBUA YacTUIL BHYTPH TeJa (M OT BHEUIHETO IoJs, ecH
TaKoBoe uMeeTcsl). Ec/H KHHETHYECKYIO U IIOTeHLMAJbHBIE 3HEPruu
0603nayuTh cooTBercTBenno Kak K(p) m U(g), 10 E(p,q)=
=K (p)+ U (9), u BepositHOCTb dw = p (p, q) dp dg HanuLIeTCs B Buje

dw= Aexp (-—-U—T‘—q’—%‘p—’) dpdg,

T. €. pa3GuBaeTcs Ha IpOM3BejeHHe ABYX MHOXHTeJNeH, M3 KOTOPHIX
OJMH 3aBUCHT TOJNBKO OT KOOPAMHAT, & APYroit—TOJbKO OT UMIYJb-
coB. DT0 03HAyaeT, yTo BEPOSITHOCTH /151 HMIIYJbCOB M KOODIMHAT
HE3aBHCHMBL JPYr OT Jpyra B TOM CMBIC/JE, YTO OMNpejesieHHble 3Ha-
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yeHHs] UMIYJIbCOB HUKAK He BJIMSAIOT Ha BEPOSITHOCTH T€X HWJIH HHBIX
3HayYeHHH KoopAuHaT, u o6patHO. TakuM 06pPasoM, BEPOSATHOCTL pas3-
JUYHBIX 3HAYeHUH UMOYJbCOB MOXKeT ObiTb HanucaHa B BHIE

dw,=ae-K ®/Tdp, 29,1)

a pacnpejesieHue BEPOSITHOCTH AJS KOODAMHAT
dw, =be=V W/T dgq. (29,2)

Tak Kak cyMMa BepPOATHOCTEH BceX BO3MOXKHGBIX 3Ha4eHHI HMnyJnb-
cOB (4 TO Ke camoe AJs KOOPAMHAT) AOKHA OLITb paBHA eAMHHIE,
TO Kaxnasd H3 BeposaTHOCTed dw, W dw, N01KHa ObITh HOPMHPOBaHa,
T. €. HX MHTerpajbl N0 BCeM BO3MOMHBIM J151 JAaHHOTO Tena 3Haye-
HHSIM HMIYJIBCOB MJIM KOODAMHAT JOJXKHH ObITh paBHH enuHHue. M3
3THX YCJIOBHE MOXHO OIpefesHTh MNOCcTOsiHHBle @ M b B (29,1) u
(29,2).

3aiiMeMcsl M3YYEHHEM paclipejesieHHs BePOSTHOCTEH ANSA UMITYJb-
COB, elle pa3 I[OAYEPKHYB IIPH 3TOM BecbMa CYILECTBeHHBIH (akT,
YTO B KJACCHYECKOH CTaTHCTHKE TaKoe paclpefieieHHe HHCKOJNLKO He
3aBHCHT OT POja B3aHMOAEHCTBHS YAaCTHI, BHYTPH CHCTEMBI HJH OT
pojia BHELIHEro I0JIs ¥ IOTOMY paclipejie/ieHHe MOXKeT ObITb BbIPaXKeHO
B BUIe, NPUTOAHOM isl JIOOBIX Ten').

Kunernyeckas sHeprHs BCero Teja PaBHa CyMMe KHHETHYeCKHX
SHEpruil KaXkAOro U3 BXOASIIHX B HETO aTOMOB, H BePOATHOCTb ONSATDL
pasbuBaercsi Ha I[pPOU3BeJeHHe MHOXKHTeNeH, H3 KOTOPBIX KaXjbld
3aBHCHUT OT HMMIIYJIbCOB TOJBKO OJHOTO M3 aTOMOB. DTO BHOBb O3Ha-
YaeT, YTO BEPOATHOCTH HMNYJIbCOB DasJHYHBIX aTOMOB HE 3aBHCAT
JPYT OT Apyra, T. €. UMIYJbC OJZHOTO M3 HMX HHMKAK HE BJIHAET Ha
BEPOSITHOCTH HMIYJIbCOB BceX Apyrux. IlosToMy MoxHO nucatbh pac-
npeiesieHHe BePOSITHOCTEH AJS HMIIYJIbCOB KaXKJOTO aToMa B OTJeMNb-
HOCTH.

Jdasi aroma © MaccOH m  KHHeTHYeckKasl 5HepTHsi paBHa
(p:i+p2 + p2)/2m, rtme py, py» P,—AEKapTOBHl COCTABJISIIOIME €ro
HMIIyJIbca, a paclpeliefleHHe BepOATHOCTelH HMeeT BHA

—5orz (0% +6% +5D)
dw,=ae mT dp.dp,dp,.

Mocrosinnas a onpejensiercst yCJa0BHeM HOPMHPOBKH. HuTerpuposa-
Hus no dp,, dp,, dp, pasnensiorcsi M MNPOU3BOIATCH C TNOMOUILIO

M3BecTHOH (PopMYJIBl
+ > —
e~ dx = ]/1
=
-




image6.png
B pesyapTate Haxogum a=(2mmT)~3%2, u MH NOJYyYaeM OKOHYa-
TeJbHOE pacnpeseseHue BEPOSTHOCTER JAJIs1 UMIYJBCOB B BUAE

) 1 , px + py+r3
&= Gy &P (— Por T dpsdp,dp, (29,3)

Ilepexomss OT UMIYyJAbCOB K CKOPOCTAM (P=mv), MOXHO Halucarth
aHaJIOTHYHOE paclpejiesieHHe JifA CKOpPOCTeM:

m \3/2 m(v?;—{— v§+v§)
dw, = (m—T) exp [————-Q—T—- du,do,du,.  (29,4)

310—TaK HasuiBaeMoe pacnpedesenue Makceeara (J: C. Maxwell,
1860 r.). 3ameTuM, 4TO OHO CHOBa pacnajaeTcs Ha MPOu3BejeHHe
TpPeX HE3aBUCUMEIX MHOXKHUTeJel:

f—_— —mo?
dw, =V sose ™5 dv,, ..., (29,5

KaXABIH W3 KOTOPHIX ONpefienifieT paclipelieieHHe BepOsATHOCTel ajisi
OTNeNbHOH KOMIIOHEHTH CKOPOCTH.

Ecnu Teso cocToMT M3 MoseKys (HalpuMep, MHOrOaTOMHBIH ras),
TO Hapsay C pacnpegesenHueM MakcBessa A/ OTNeNbHBIX aTOMOB
TaKoe XXe paclpejie/leHHe HMeeT MeCTO W /S IMOCTYNaTeNbHOTO JBH-
JKeHHs MOJTeKyJad Kak uenvx. eficTBHTENbHO, U3 KHHETHYECKOH suep-
FUH MOJIEKYJIBI MOXHO BBIAEJHTb B BHJE C/araeMoro 3Hepruio nocry-
naTeNpHOrO JIBHXKEHHs, B pe3yJbTare Yero HCKOMOe pacrpejiesieHue
BHIZIEJIUTCS B BUAEe BbIpaxkeHus (29,4), B KoTopoM mnop m Hajao Gyper
NOHUMATh TOJHYI0 Maccy MOJIEKY.H, @ HOA Uy, Uy, U,— KOMIIOHEHTHI
CKOpPOCTH ee neHTpa uHepuuu. llomuepkueM, uto pacnpenenenue Mak-
CBeJsIa A/ NOCTYNIATENBbHOrO  IBHKEHHS MOJIEKYJ MOXKET HMeTb MeCTO
BHe 3aBHCHMOCTH OT XapakTepa BHYTPHMOJEKYJASPHOrO [BWKeHHS
aToMOB (M BpalleHWs MOJIeKyJH), B TOM UHCJe M B ciydae, Korja
noclieHee JOMKHO ONUCHIBATLCS KBAaHTOBLIM 06pasoMm 1).

Bripaxenue (29,4) Hanucano B JEKapTOBLIX KOOPAMHATAX B «NIPO-
CTpaHcTBe CcKopocteHs. EcaH OT neKapTOBHIX KOODAMHAT HepedTd
K chepHYeCKHM, TO MOAYYHTCA

m \3/2 s
dwy, = <m> e~mv*/2Ty2sin 0.d8 de dv, (29,6)
rae v—a6CconIoTHas BeJHYHHA CKOPOCTH, a 8 M ¢ —NOMAPHBIA yroa u
a3uMyT, ONpele/sioliHe HanpaBJeHue ckKopoctd. MHrerpupys no yr-
JlaM, HalfleM paclipefenenne BeposTHOCTeHl A abGCONIOTHON Bes-
YMHE CKOPOCTH

dis, = 4 ()" e=mereT v2 o, (29,7)




