14 CnaboHenneanbHbIn ra3. PaykTyanum TepMOIMHA-
MUYECKUX BeJIMINH

14.1 Kiaccuyeckuy ra3 nmonapHO B3aMMOAENCTBYIOIINX YACTHIII

Bo mmoTmX chydasx mpubImKeHNS WIeaTbHOTO Ta3a OKAa3kIBAETCS HETO-
CTATOYHO U BO3HHUKaeT HEOOXOMUMOCTH yUeTa B3aUMOMNEUCTBHUSA MeXKIY MOJIe-
KyJTaMHI. JTO OfHA U3 MeHTPATBHBIX TPOOIeM CTATHCTUUCCKON MeXaHUKU, 1
30€Ch, B BUIY UPe3BBIYAIIHOU CI0KHOCTU yUeTa B3amMOOEUCTBUI, MOXKHO T'OBO-
PUTH TOTBKO O MPUOIMKEHHBIX MEeTOIAX PEITeHnS TaknX 3amad. OcTaHOBUMCS
Ha KpallHe YIPOIIeHHOU MOMIeIN ra3a ¢ IapHBIM MOTeHIINATIOM B3alMOOeICTBHAL
TaCTHII.

[Mycts pyuxnms ['avMuabTora cucTeMbl N TacTHUIT TMeeT B

x 7
H=y iy,

i=12m
rae IMOTeHINaTIbHAA SHePrHUd B3aIMOMEHCTBHS JacTHI U ecTh CyMMa IIapHBIX
- = - = o
noTeHIIAIoB ¢(7;,7;) 1 U = X ¢(75, 7). CraTncTuaecknii nHTErpaI B 60IBI-
1<j

MaHOBCKOM HpI/I6JII/I}K€HI/II/I IIpTHIMAaCT B

11
TN

1 N2 U "
> Py = Z{" Q.

A
N k’T i=1 2m k’T
(1)

/d3r1d3p1 e d3rNd3pN exp |—

3mecs
() 1 VN 2rmkT)3N/?
N = N 13N

CTaTUCTIIIECKIIT mHTerpaJl I/I,D:eaJIBHOfI CHUCTEMEI, a

1 1
_ 3 3 - =
@N——N/dﬁ"'dﬁvexp ———= 2> o) — (2)
KOH(GUIYPAIIOHHEI NHTerpajl, B KOTOPOM I 3aK/I0UeHa BCI MHQOPMAIIL O
B3aHMOHefICTBHH B cucTeMe. Haﬂla 3ada9a CBOOMTCA K HpI/I6JII/I}KeHHOMy BbBIYII-

caeHmio ()y.
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Bsemem Tax maswiBaeMble dyHKIIT Matiiepa cooTHOMeHTEM

_ O (7, 75)
fij = exXp —T] — L (3)

Torma

exp —l = exp
ET

IIpomsBenenne B (4) MOXKHO IPEICTABUTH B BUIE PA3TOKEHIS IO CTEIEHIM fj) :

exp(—%)=1+Zfij+22fijfkl+... (5)

1<j 1<j k<l

Lo >] _ T+ ). (4)

z<j 1<j

OI‘paHI/ITII/IMC}I PacCMOTpeHIIEM H30JITPOBaHHBIX ITaPHBIX BSaHMOHefICTBHfI
C IIoTeHO!aJJIOM, 3aBHCAIINM TOJIBKO OT PaCCTOAHMA MEKIOY BSaHMOHefICTBYIO—
INTMMI 9aCTUOaMII 1" = |7?Z — Fj| . 910 O3Ha49a€eT, YTO MBI CHHTaeM I'a3 HaCTOJIBKO

Pa3peKeHHBIM, 9TO OOHOBPEMEHHO BSaHMOHeﬁCTByeT TOJIBKO OOHa ITapa YaCTHII.

2 3

Hpyruvu cmoBaMu, f;; — Masble BeINTIHHEL I MOKHO IpeHeOpeds B (5) i 1

mT.om eXp( /i/:[r) L3 gy (6)

Homcrasmss (6) B (2), momywmM:
1
QN%1+—N/d3T1"'d3TN Zflj . (7)
4 i<j
Nurerpan 8 (7) comepxur N (N — 1)/2 onnHAKOBBIX ClTaraeMbIX (THCIIO CIIOCO-
60B, KOTOPBIMI MOZKHO BLI6paTB mapy m3 N TacTHUIT), TOYTOMY

QNzl—l— /d3 Erydridry fro(|F — 7], T) =

N(N—l

=1+ /d37“1d37“2f12(|7?1—7?2|aT)-

(s ompemesleHHOCTH B3aIMOIENCTBYOIIA TTapa HyMepyeTcs mudpamu 1 u 2.)
CmenaeM 3aMeHy IIepeMeHHBIX | = FQ — Fl u &= (r +7)/2. Tak kax
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TO

N(N-1) ¥

N(N -1
Qy =~ 1+ 5172 /d3rd3xf12(r, T)~=1+ 7( )
0

% 4710/f12(r, T)r2dr. (8)

Ob6o3HaanM depes
B(T) = —27T/f12(r, T)r*dr
0

2-it BupumambHEbIt Koddbdunnent. Samerss N(N —1) ma N? (N >> 1), nomyuamu:

N2
QNwl—vB(T) (9)
CBobomHas »HepTrus ra3a paBHA:
N2
F=F" _tTInQy=F"™ —kT1In [1 - 7B(T)] : (10)
roe F" = —kT In Z](VM) — cBOoOOOmHAS PHEPruUs UIcaIbHOTO ra3a. B myxe Bcex

CeTTaHHBIX Tpefmoioxkenntt cantaTs semmunny N2B(T)/V mamoit mo cpabHe-

amio ¢ equunneit: In |l — N2B(T)/V]| ~ —N?B(T)/V n

N2
F=Fmy KT<=B(T). (11)
Ypasaenue coctosaus momyanm uz P = —0F/0V :
NET N? NET N
P = + kT —B(T 1+ —=B(T)|. 12
S+ T BT = =0 L+ B(T) (12)

Mgt Hamam ypaBHeHIE COCTOSHIS B BUIE PA3TOKEHNUS 0 CTETIeHIM TII0T-
moctn n = N/V ¢ TOUHOCTBIO IO WACHOB ~ N2, ITO OTBeUaeT CHCTAHHBIM
npenmonokeHmsaM. Ecnm 681 yaan B (6) cmaraemsie ~ f;;fr, To momydnnm 6vt

€Ille OOMH YJIeH BUPHAJIBHOI'O PAa3J/I0ZKCHIIA

P=nkT [1+nB(T)+n*C(T) +...].
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Bmecy C(T') — 31t BupmampHBI Ko3ddunumeHT. JacTo ypaBHEHIE COCTOSHIL
IIPENCTABIAIOT B BUIE Pa3IoKeHNs II0 CTeIleHAM akTmBHocTm: P = kT Y b2,
l

roe by — IpyHIOBBIe WHTErpasibl (MHTETpaIbl 0T KoMOMHAmmil ¢yHKIni Maii-
epa). B wactrOCTH, B = —by, C' = —2b3 + 4b3. Il71s BLIMMCTCHNS TPYTITOBLIX
maTerpaios Maitepom (1939) 6bima paspaboTana nmarpaMMHAs TeXHIKaA ((efi-
HMAHOBCKIIC TUATPAMMEl B KBAHTOBOI TEOPII IO ObLIN BBENCHBI HO3IHEE).
Berameamy temeps npubmmkerro B(T), cumTas, 9T0 Ha PacCTOSHUAX
r < 2ry TOTeHImAN B3amMmomeiicTBus Bemuk u exp(—¢(r)/kT) ~ 0, a mpn

r>2r |@| /KT < |oo| /KT <1 u exp(—o/kT) =1+ |o|/kT :

B(T) ~ 2#70[1—exp( QZ(T))] ridr + 27 /ll—exp( i(;))]ﬁdrz

0 27“0

2w 2
TO / lo(r)|r 2dr = ay — :—; (13)

27“0

rze @) — BKIAI CIJT OTTATKUBAHUS Ha MAIBIX PACCTOAHUX; ay/kT — BRIam cu
IPUTSAKCHIS Ha 6onbinx paccrosansx. [lomcrasmm (13) B (12):

NET N2 a9 NET N2a2 N2a1
P=— v Mmln =g =5 =~ T
T N .
ay
P = NET.
( + V2)1+Na1/V
Cunras Na,/V < 1, momyamm:
N2
(P—l— VZQ) (V= Nay) = NkT. (14)

PasercTso (14) mpemcTaBiaseT BaH Iep BaalbCOBO YPABHEHNE COCTOSHIS C TIa-
pameTpaMu @ = N2ay, b = Na,. B Hamem pacdeTe — 3T0 OTHO I3 BO3IMOZKHBIX
TepMOOMHAMUYIECKIX YPaABHEHUU COCTOSHUS T'a3a €O CJIaOBIM ITOMapHBIM B3all-
MOIeCTBUEM MeKITY JaCcTUIIaMI.
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14.2 ®@PaykTyanuum TepMOAMHAMMNYECKUX BeJIMIUH

Tpnm pa3smIIHBIX CTATUCTHYIECKTX aHCAMOIS, MITKPOKAHOHTIEeCKII, KaHO-
HUYIeCcKN 1 OOJBINON KaHOHUUECKUil, COOTBETCTBYIOT ONpelleleHHBIM MaKpo-
CKOTITIECKIM YCTOBILIM — 3aTaHHBIM HabopaM mapavetpos (E, V. N), (T,V,N)
6o (T,V, p). llokaxem Temeps, ITO B HEHCTBUTEIBHOCTH MOKHO 3a0BITH 06
TUX OTPAHUTIEHUIX, TTOCKOIBKY Pe3yIbTaThl pacdeTa TePMOIMHAMUIIECKIX Be-
JUYINH TPU UCTOTB30BAHNN KaXKIOTO U3 TPeX MeTOMIOB OKa3hIBAIOTC OIM3KIMI,
1 BRIOUpaTh TOT UM MHOU aHCAMOIb HAIO, PYKOBOICTBYICH TOITBKO VIOOCTBOM
OPaKTUIeCKIX BRIUUCIeHN.

[TpumumHa >KBUBaIeHTHOCTH aHcaMbllelm — B MaJOCTH OTKIOHEHWH BeJIl-
UUH OT UX CPeIHUX 3HaUueHUH, T. €. MaJocTn QIYKTYyalllil B PaBHOBECHOM
coctogunn. Tak, B MUKPOKAHOHMIECKOM aHCaMOiTe YHEPTUS CICTeMBI PUKCTPO-
BaHa, B KAHOHIUIECKOM OHa MOKeT OBITH TI000M, a MaKPOCKOMUUEeCKN CICTeMa
XapakTepusyeTcs cpenHnM 3HateHneM (E). OmHako mis qocTaToTHO GOBIION
CHCTEeMBI BEPOSITHOCTEB TOTO, UTO K3eMIIISIP aHCAMOIS HaXOOUTCSI B COCTOSHUIN
¢ sHeprueit Boamn oT (E), - mpere6peknmo Mata. VHBIMEI croBaMm, TOmaBIIs-
forriee GOTBIMIMHCTBO HK3CMIISPOB KAHOHITICCKOTO (0OIBIITOT0 KAHOHITIECKOTO)
aHCaMOIIS TPYINIPYETCS IO SHEPTUH B OKPECTHOCTH cpeqHero 3HadeHns (F).

dayKTyanum HOJIHOTO 4dmcia dacTtun. Iloxaxkem, uTo MeTom 60/Ib-
IITOTO aHCAaMOJId MOXKHO MPUMEHUTH K CHCTEMaM C ONPEIeTeHHBIM THCIOM -
crum. B stom caygae (V) mOMKHO cOBIANATEH € 3aJaHHBIM IIOTHBIM TIICIIOM
vactun N B cucteme. Hafimem gaykryarun N, ncmonb3ys 60/IbIIOe KaHOHTIE-
CKOe pacIpeneieHIe

1
Py = EQXP(—ﬁEmN +N).

Oaykryammeint N 6ymeM Ha3bBIBATh MUCIEPCUIO — CPEMHEKBAIPATITIHOE OTKIIO-
HeHme N OT ee cpemHeTo 3HAUYEHUS WIIN

Dy(N) = (N = (N))?) = (N?) — (N)". (15)

.lerko yBUOEeTDH, 9TO

_811’12_1811’12
Oy B op
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Pz 10°InZ 19(N) on
R N AV Ay M Vi 1
oy B oot 3 Ou ‘fﬁu a7

BBemem Takike 0oTHOCHTETBHYIO QIYKTYAIIIIO

Dy(N)

Ay(N) = 712\%\;),

KOTOPYIO MOZKHO 3alllICaThb B BIOE

Pz (om\]"
n n
Ay(N) =
() Op? /( Ip )
Tak xax

o0 _onop _

oy dpou

roe by = (1/n) (On/0p); — Ko2bGUINEHT M30TEPMUTECKON CKIMAEMOCTH, TO
Dy(N) = KTV n?br.

OTHOCuTeTbHAS GIAYKTYAIINS CTPEMUTCS K HYIIO Ipu V. — o0 -

Ay(N) = %ﬁi) — M‘;bT ~ \/17 — 0. (18)

Gaykryanmuum N He Bcerma ObIBAIOT MaidbiMu. Tax, BOIM3W KPUTHIECKON

TOYKN (Pa3zoBOTO Iepexola KIIKOCTh — a3 CKIMaeMOCTh HeOIDAHIYeHHO BO3-
pacTaeT, clIefoBaTeIbHO, HEOTPAHNYEeHHO PACTYT U GIyKTYyallll IMcIa YacTHII.

Mamocts Ay(N) maeT ocHOBaHWE IPEANOTOKNUTE, ITO PSI, OMPEIEIISIO-
I OOIBIIYI0 CTATHCTUYECKYIO CYMMY Z = ]Zvj NZy, COmepKNT MaKCHMATh-

HBIII UJI€H, KOTOPBIII COOTBETCTBYET Hambosee BePOATHOMY YHCIY YaCTUIl, 1
IaeT B CTATCYMMY BKJa]l, CYIIeCTBEHHO IIPEBBIMIAIOIINI BKIa OCTAJIbHBIX UJIe-
HOB.

Beranmcany KOHTYPHBINT WHTeTPad, OMpenedsionnil KaHOHTIeCKYI CTaT-
CYMMY

1 Z
ZN:—.j{m 2
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ICTIOTB3Y S MeTox mepeBata. Hockomsky Z = exp(—[3J), » = exp(Sp), To

£y = L feEloiU+ Ny

21 z

dz. (19)

CemyoBasg TOYKa OIpemesseTCs U3 yCIOBHS OOpallleHns B HyJIb IEePBOIl IPOM3-
BOOHOII OT (PYHKIINI, CTOAIIEIl B IOKa3aTelle SKCIOHCHTHI IIOILIHTErPAIbHOIO
BerpaxkeHns B (19) — 0(J+ Nu)/0z =0, orxyma N = —30.J/0p. CpaBruBas mo-
crenuee ¢ onpenenenneM (N) = —0.J/0pu, BummM, ITO B IEePBOM IPHOIMKCHIIT

(N 2N u Zy =exp[-3(J +{(N)u)] = exp(=FF), tme F =.J+ (N)u.

dnykryanum sHepruum. Mcmonb3ys KaHOHUTeCKoe pacmpeneseHue,
MOYKHO HANTI:

. 1811’1ZN _th’IZN_ 8<E>
<E> _E aﬁ ) DQ(E) 862 - aﬁ
Tax xax 0/08 = —kT?0/dT, To
Dy(E) = kKT*Cy. (20)

dopmyma (20) cBa3bIBacT GIyKTYAIIE YHEPT N € JIETKO M3MEPSIEMOI BETITIMHON
— TemmoeMKocTbio. OTHocUTebHAS GIYKTyaIus Maia mias cucteM ¢ N > 1 :

nockorbky (E) ~ N, Cy ~ N, 1o Ay(E) ~ 1/v/N = 0, npun N — oc.

dykTyanum 4dmces 3anojiHeHus B pepMmu— u 603e—cucreMmax. Be-
POATHOCTH TOTO, ITO Ha YPOBHe [ HAXOMUTCH Ny GacTHUIl, €CTh

1
P, = Z—fexp [—5(sf — p)ny] .

POIyKTyannio ny MOXKHO BEIPa3sUTh Uepes IPOU3BOIHYIO OT In 7y :

82 In Zf
a(Bp)?’

Dy(ng) = (ns*) = (ny)* =
Tax xax 0ln Z;/0(Pp) = (ny) , To

Dafing) = 5580 = (us) (1 g (0= £1)
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U otHOCTTeNmbHBIE PAYKTYAIINT DABHBI:

Ab(ng) =1+ (np)™" AP(ng) = \/(np)™ - L.

[Ipu T — 0 moBemeHme GuIyKTyamuil B GepMu— u 003e—CHCTeMaX IPIHII-
IUATBHO PA3NIuTIHO. B depmm cumctemax (nyg) — 1, mosToMy GryKTyarmn
orcyterByioT: AT (ny) — 0. B 6oze—cucremax (IyKTyarmun HeorpaHTIeHHO
BospacTaloT: DY (ny) ~ <N>2 u  Ab(n;) — 1, wro sasercs mpmsmakom
da3oBoro mepexoma — 603e KOHICHCAINI, IPI KOTOPOIT 3aCeIeHHOCTh OCHOBHOTO
COCTOSHISA CTaHOBITCHI MaKPOCKOIIITICCKOIL.

115



