6 I/I,ueaﬂbeIe cucreMbl B 60JbIIMAaHOBCKOM HpI/IGJ'II/I}Ke-
HNN

HpI/IMeHI/IM TeIIePb O6IHYIO CXeMY CTAaTHUCTHUYECKOTO OIIMCaHMAg K OIIpene-
JICHHOMY KJIaCCy CHCTeM, KOTOPBIC€ Ha3bIBalOT NOCAaJIbHBIMII. 9To0 CHUCTEMEI, B KO-
TOPBIX BSaHMOHefICTBHGM MEKOY COCTaB/IAIOIMINMI CICTEMY MOZKHO HpeHe6pqu.
I'avuasTOHIAH I/I,D:eaJIBHOfI CHUCTEMBI MOZKHO IIDEOCTaBITh B BIOEC I:I = Z f{j, roe

J

J — HaOOp KBAHTOBBIX ULCeT KOHETHOTO UHCTIa CTeleHell ¢cBOOOMBI, OMUCHIBAIO-
IMIX CTPYKTYPHYIO eOUHUITY CUCTeMBI. TakKol equHUIEN MOXKeT OBITH aToM,
MOJIeKy/Ta WIN KBa3mdacThma. B moboMm cimydae HazoBeM HaboOp j TacTHUIEH.
OcHOBHOE CBOMCTBO UOEATBHON CUCTEMBI — aIAUTUBHOCTH TaMUJIbTOHUAHA —
OPUBOANT K TOMY, UTO 3BOTONNS [N-TJacTUIHON CICTEMBI MOKeT OBITH CBelleHa
K N He3aBUCIMBIM OTHOYACTUIHBIM BOITIOIISIM.

Ctporo ToBops, naecadbHas CHCTeMa HUKOTIA He CMOKeT MTOCTUYhb PaBHO-
BECHOTO COCTOSIHIS, TaK KaK OJId 3TOT0 HeOOXOOWMO B3aHMOIEMCTBUE MeEKIY
JacTumaMn. bymeM camTaTb, OMHAKO, UYTO B PABHOBECHOM COCTOSHIHI MAJIBIM
BKJIAJOM 3TOT0O B3alMOIENCTBUS B YHEPTUIO CUCTEMBI MOXKHO IIpeHeOpeUb.

6.1 Crarucrmueckas CyMMa CHCTeMBbI HeBSaHMOHeﬁCTBYIOEIHX qa-
CTNIO

[Mycts cuctemy obpaszyior N HeB3amMOmeNCTBYIONINX MIeHTUIHLIX Ta-
crutt. CIOeKTp PHEPTUH 3TOH CUCTEMBI €CTh CYMMa CIIEKTPOB YHEPTUU OTIETb-
HBIX TaCTHIL:

N
B = Enmgeomy = D Emys
j=1

roe m;j — Habop KBAHTOBBIX TIHCET, XapPAKTePU3YIOIINX COCTOSHIe (SHepreTH e-
CKUIT yPOBEHB) j— 1 TaCTUITHL.
Ecnm Temeps 3anmmcaTh cTaTCyMMy B BUIE

N
ZNZZZ"'T;GXP —ﬂ;é?mj ,

mi my

TO MBI IIOJIYIUM HeraBHJIBHLIfI Pe3yIbTaT, IIOCKOJIBKY 3aldaHHO€ pacIIpedelie-
HIe II0 pa3/IMIHBIM OOHOYACTUYIHBIM COCTOAHIAM, XapaKTepH3yeMoe YICIaMI
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3AIOTHEHNS N (THCI0 TACTUIl B KM COCTOSHIN ), MOKHO momyanTs N/ 1 ny!
IepecTaHOBKAMU YacTHUI MeXKOy co0OIl, I BCe OHU B CIUJIY TOKIECTBEHHOCTH
(Hepas3IMINMOCTH) TACTHIL IPEICTABISIIOT ONHO cocTosHIe. [losToMy moxm 3Ha-
KOM CYMM B Zy HOJZKeH CTOSTh MHOKUTeTb [[; ni!/N!. Ecmm temmepatypa
TepMoOCTaTa TOCTATOYHO BBICOKA MJIS TOTO, YTOOBI YHUCJIO OOMYCTHUMBIX 3Hepre-
TUYUeCKIX YPOBHEN OBIIO OYeHBb OOJIBIINM, a MJIOTHOCTH UICIa YacTHI[ TOCTa-
TOYHO HU3Ka, YTOOBI CpeOHNE 3aCeIeHHOCTI YPOBHEN OBLIN MAJIBIMI, TO MOZKHO
OpUHATH, uTo ng! = 1. B sToM mpumbimkeHNN, KOTOpOe HA3bIBAIOT BBICOKO-
TeMIepaTyPHBIM IIN OOTBIIMAHOBCKIM, KaHOHIYeCKas cTaTCyMMa IPUHIMAeT
B

1 N 1 N
ZNZWZZ”'%:VQXP —ﬁgsmj ZMEI;QXP(_ﬂng’)' (1)

.« My Mo

(MBI BO3BpATIMCS e111e K CMBICTTY 5TOT0 IPUGIIKCHES IPH 607Iee CTPOTOM yIeTe
CBOICTB CIMMETPII BOTHOBBIX (GYHKIIII MHOTOTACTITHBIX CICTEM. )
Bce comuoxuTenn B (1) paBHBI, TaK Kak BEIPAKCHIE, CTOSIICE IO 3HAKOM
IpOU3BeNeHNs, He 3aBUCUT OT MHAeKCA ] IS OOUHAKOBBIX TaCTHIL, TIOATOMY
1
=i (

rie Z1 — OOHOYAaCTUYHAA CTaTUCTUYIECKad CyMMa:
7y =Y exp(—few) 2)
m

(MHIEKC j OMYINeH KaK WM3TIMIIHII).

ZN ZI)N7

Nunexe m ABASETCS CTOKHBIM, COCTABICHHBIM 13 KBAHTOBBIX THCET 1,
OTBETAIONINX HOCTYIATEIBHBIM CTEICHIM CBOOOIBI (IBIZKCHIE TAaCTHIBL KAk
e7I0T0), M KBAHTOBBIX UHCeT BHYTPEHHHX cTemeHell ¢Bobomsr {i} : {m} =
{n} @ {i}. Torma (2) MOXKHO 3ammcaTh B BHIE MPOM3BEACHNS TPAHCIAIIOHHON
CTATCYMMEL Z!| 1 cTaTCyMMBI BHYTPEHHIX cTelleHeit cBobomer Zi: 7 = ZLZi",
r e

7 = > exp(—pfey,), Zi” = Zexp(—ﬁg{i}).
n {i}
IIng raza 6eCCTPYKTYPHBIX JaCTHI CTATHCTOICCKAL CYMMa eCTh

1 (ZDN'

ZN:M
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6.2 KBsBasmkiaccmueckoe NpuOIMKeHNe OJIS MIOCTYyHaTeJIbHBIX CTele-
Hell CBOOOIBI

IIpu 0OTCYTCTBHE BHEIIHHX II0JIeIl B HePEeJIATUBICTCKOM CIIydae —
gy = p*/2m, Tie cOGCTBeHHBIC 3HAUCHNS KOMIIOHCHT MMITY/ThCa TacTUIIBI OMpe-
eTIeHBl COOTHOTIeHMAMT P, = (I/Ly(y )Ny (KBaHTOBaHWE B sIIHKe

V=L,L,L.). Torma

h? (n2  n2  n?
Z=Y Y S|y (T T 3
Ny Ny N, 2m L% L2 L2 ’ ( )
rhe Ny = 0,21, £2,...
B maxpockonmueckoit cucteme Ap = h/L aBiaseTcs odeHb MasoN BeTMIn-
Holl. Ecan BBecTH B KawecTBe MacIiTaba = TeIIOBOI UMIIYILC pr = V 2mmkT,
TO MaJoCTh Ap O3HATAET:

Ap/pr = h/(LV2rmkT) < 1. (4)

Beemer mapameTp, IMeoOHil pasMepHOCTh Temmepatypsl 1), = h%/(2rmkL?),
~ XapaKTepHCTIIeCKYIO TeMIepaTypy AL MOCTYIaTeIbHEIX CTeIeHell CBOOOIEL.
Torna ycnosue (4) mpmvet sun T > T),. Tak xax T, ~ 107K, To (4) npaxTu-
9eCKH BCeTMIa BBIIOIHACTCI, T. €. SHePreTITIeCKN CIeKTP JaCTUIbl ABIIeTCS
KBa3sHHEIIPePHIBHBIM, I IOCTYyIaTeIbHOe NBUZKEHNe JaCTUIBL MOXKHO CIITATh
KBa3MKJIACCITICCKIIM.

Takum obpazoM, cyMMuIpoBaHue B (3) MOKHO 3aMEHITE HHTET PIPOBAHICM
10 OMHOTIACTIIHOMY (ha30BOMY IPOCTPAHCTBY:

YN — /dxdydzdmdpydpz/@ﬂh)

Ng Ny N,

9
7t = & L.
= (27Th / Pexp ( kaT) (5)

Ymo6ro B (5) mepefiTH K MHTETPHPOBAHUIO O SHEPIUH. BBemeM s 5TOTO
SHEePreTUYIeCcKyIo IJIOTHOCTh COCTOSHUI

dy(p(e)) _dy(p)dp V 2 dp
= dp d_g_(27rh)347T de’ (6)

D(e) =
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roe y(p) = (2;%)3 p/ip d?p' — "mCno COCTOSHMNA YaCTHIEL ¢ MMITyIbcaMu p’ < p.

D10 00IIee BHIpaZKeHIe A SHEPreTIIeCKON MTOTHOCTH COCTOSHIT da-
CTHUIBI (KBA3HIACTUILI) TPOCTPAHCTBEHHO OTHOPONHON CHCTEMBI (OTCYTCTBIE
BHeITHUX Tornel). [ paccMaTpuBaeMoro ciaydas €, = p°/2m (6) MoxkHO 3a-
nmcaTh Kak

T m)3/?
Do) = e @

Temepsb BeIpakeHme (5) MOKHO HEPENNCATD B BIIIE

oo

7t = [ exp (=pz) D(c)de. (8)

Homcrasus (7) B (8) U mpomsBens MHTEIPIPOBAHIIC, IOy TIM:
Z =V (2rmkT [h*)*2.

Ecnu sBectu A = h/pr = h/V/27mkT — nauny " remmoBoit” Bomwsl me bpoits,
To Zt = V/A3,

6.3 YpaBHeHUS COCTOAHUSA 60JIBIIMAHOBCKOTO ra3a

Buramenuy Temeps BKIaI B CBOOOTHYIO SHEPTUIO MOCTYIATETBHBIX CTeIIe-
Hell ¢BOOOMBI

F=—kTInZy = —kT In[(1/N)(V/A})N],

u HafII[eM daBJICHIIE

P =—(0F/0V)r = NKT)V.

DTo He UTO MHOe, Kak ypaBHeHUe Knaneiipora — MeHmemeeBa ninm TepMITIecKoe
ypaBHEHIe COCTOSHIS NOeaTbHOTO ra3a.
Hafimem saTponmio ra3za:

E L N [ ] P

oT I? N 2
3 V 3 2rmkT 5
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[TonyuenHOEe BBIpaKeHUe HazbBatoT dhopmyioir Caxypa — Terpome.

BryTperHIO 2Hepruto HaiimeMm mubdo u3 ypaBaenus F' = U — TS, aubo u3
OTIpeeTeHIT ST
olnZzZy  3NET
U=(FE)=—- = :
op 2

TaxuM obpa3oM, MBI MOTYUWIN YPABHEHUS COCTOSHUS, OMUCHIBAIOIINE TEPMO-
OUHAMUKY HIeaIbHOTO T'a3a OTHOATOMHBIX MOJIeKYI. [/ MOXKHO HAWTHU TakiKe

ncxonst 3 paBeacTBa U = (E) = N{c), a cpeqHiO©n KNHETUICCKYIO YHEPIIIO
MOJICKYJIBI MOKHO BEIYICINTE II0 (OPMYIIe

oo

(e} = /&?fM(&?)d&?,

0

rme fy(e) = D(e) exp(—f¢)/Z} — mmoTHOCTH BEPOATHOCTH TaCTHUIE IMETH SHEP-
TI0 BOIIM3M € (MAKCBEITIOBCKOE PACIPENeNieHe IO YHEPTHN ).

6.4 Pacnpenenenue MakcBesuia — BoabmMmana

KaHOHI/ITIGCKOG pacIiipenejienme FI/I66Ca OJId I/I,D:eaJIBHOfI CIACTeMBbI MOXKET
6LITB IIpeacTaBJ/IEHO B BUIOE HpOI/ISBeII:GHI/I}I
N _
exp(—5m,)

P, = ,
jl;Il Z 1

Ka)KI[LIfI COMHOZKUTEJIb KOTOPOT'O €CTh BEPOATHOCTD HAXOZKITCHU A OTHGJIBHOfI qa-
CTHOBI B COCTOAHIN C BHepFHGﬁ &fmj:

MB eXP(_ﬁgmj)
A

910 m ecTh pacmpenencHme MakcBenna — Bompmvana (warme ero HasBIBAIOT

pacmpenenerneM bombnvana 0y DucKpeTHOTO cekTpa). VMes B Bumy xBasm-

HEIIPEPLIBHOCTD CIIEKTpa dHEPTUN HOCTYIAaTeIbHBIX CTeleHell CBOOOMEI I Ipe-

moaras OTCYTCTBIE BHEIIHIX HOMell (&, = P?/ 2m ), BBIOJTHIM TI€PEXOT

PlMB — dw{WB = —eXp(Z_ﬁgp)d3rd3p/(27Th)3, (10)
1
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rme Zi = V(2rmkT/h?)3? — onmowacTmamas craTcyMMa.
Ecan remeps npomaTerpupoBats (10) mo KoopamaaTaM, TO TOIYIIM BBI-

pazkeHIe IS BepOATHOCTHI TOTO, UTO YacTHIa HMeeT HMIIYILC B HHTepBaJje
(7,0 + dp) : dw' () = fu(P)dp, e
L exp(—p?/2mkT)
fu(p) = (27mkT)3/2

pacmpenenerne MakcBerma Mo KOMIOHEHTAM UMOYIbCA | = (pg, Py, P.). Bcan

B (10) mepeiiTn & cdepuueckoil cucteme koopaurat d°p = pidpsinddidy n
MPOMHTET PUPOBATH IO YTJIOBEIM IIepEMEeHHBIM, TO B Pe3y/IbTaTe MOIYINM Pac-
npenenenne MakcBesma Mo abCcoMIOTHON BeTNTHHE TMIIYIbCA

[ — a— v
= exp | ———— .
P (27kaT)3/2p P 2mkT

W3 mocnenmero merko moayaInTh QYHKIIIO pacnpenenernns MaxkcBenaa mo abco-

JTIOTHOHI BeJIITIITHE CKOpPOCTIU’

m \3/2 5 mu?
fv) =4n (QWkT) v exp (_ﬁ) .

[Kak Gymer BoitasmeTh pacrnpenenerne Maxcpenna mo sueprun fus(¢)? Haitmure ¢ mo-

Motrbio pactpenenenns Makcesenna (v), (¢) u HanGoee BEPOATHBIE CKOPOCTH Uy, U SHEPTHIO £,y
YacTUIBI rasa.]

[ycts ras momerrier Bo BHemree moste u(r). [lomeTaBmm
- = 2 —
e(p,7) = p°/2m + u(7)
B (10) u mpouHTErpUpyeM 1Mo UMIIYIBCHOI JacTh Ga3oBoro obbeMa:

TP — / TMB exp (—u(7)/kT) &r/(271)3 [ exp(—p?/2mET)dp _
A (2emkT /h2)*? f exp (—u(F)/kT) d*r

roe fB (7?) — IINIOTHOCTH BEPOATHOCTHU OJIA 9aCTUOBI MMETh KOOPIMHATHI 7 I —

fa(P)dr,

coOCTBEHHO pacIiipenejienme BOJIBIIM&H&:

(@A)
f5(F) = Jexp (—u(F)/kT) d*r (1)
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6.5 TeopeMma o pacupenieJiIeHUU 3HEPTHUHU IIO CTENEHSAM CBOGOOBLI

B xmaccumueckoll cTaTICTIYIECKON MeXaHIKe pacIiipenejienme ['ubbca nmeetT
BU O

ox(X) = 5 —exp (=BH (X)),

roe ZN — CTaTUCTUYeCKN mHTEerpaJI:

Iy = /exp(—ﬁH (X))dX = /exp(—ﬁH (1, x95)) day -+ - dags =

- /eXp(—ﬁH (915 qs, P15+ ps)) dqr -+ - dgsdpy - - - dps.

HokazkeM yTBepKAeHHe, ITO ecinm mpm x; — oo, H — +oo (z; =

(Qiapi)a
i=1,s, s TmCTO CTEmeHelt ¢BOGOOEI), TO

<xigi > — KT, (12)

Bosenmenm mHTEerpaJI 1o OI[HOI71 I3 ImepeMeHHBIX ¥; II0 YaCTAM B YCJIOBHIM HOPMII-

POBKI
1

E/exp(—ﬁH) dvy - -dros =1

1
Z— / [; exp (—ﬁH)]J_rz day -+ -da;_1daq - - drgg +

N 5/ OH exp (=fH)

axl ZN dl‘l s dl‘l te dl‘gs =1. (13)

[TepBoe cmaraemoe B (13) obparmaercs B HYIh Ha BePXHEM U HIZKHEM IIpeIerax
HTETPIPOBAHIS, TIOYTOMY IMeeT MecTo (12):

0H
Ecmn xr; = {¢;, TO IMeeM TeopeMy O CpedHeM BHpPHIaJIe
0H
<q 0qi > (15)
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Ilng xv; = p; — TeopeMy 0O cpefHeil KNHeTHIECKONl SHePIUI

<pja_3> T (16)

Paccmorpum B kadecTBe QyHKIINN 1 aMIIbTOHA CYMMY OTHOPOOHBIX GOPM
CTeIleHel 1| I Ty

H=HY+ HY; HO =3 als HO =3 bigp
=1 j=1

Buramenmmy cpemsee ot H:

ITo Teopeme Ditmepa 06 OMHOPOTHBIX (PopMax

OHM OH2)
ZpiTzrlH(l)a ZQjT:TQH(Q).
1 Di j J

C mpyroil CTOPOHBI, TIO TeopeMe O PACIpPEIeIeHNN YHEePTUN

Sp (1) Sq (2)
> <plai> = s,kT, > < OH > = s5,kT,

gi——
i=1 Ip; j=1 ! an
ITORTOMY
kT kT
(H) = s)— + s,—. (17)
T 79

Taxmm obpaszom, Kaxkmad popMa CTeIleHn N, BXOOAIad B pyHKIIo [ aMimisToHa,
maeT BKJIA BO BHYTDEHHIOK SHepruto, pasHbril kT /n.

[Ouenure: 1) TenmoeMkocTh cucteMbl N yabTPapesiTUBHCTCKIX JacTHIl; 2) TeTIoeM-
KOCTB crucTeMbl N HEPess THBUCTCKAX YacTUIl, HAXOMAIINXCS B TI0JIE TATOTEHHs BOIM3M TOBEPX-
HOCTH 3eMiTi. |
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