Me1 BCe BpeMa roBopmM o TEpMOJHHAMHYECKOH, -paBHOBeCHOR
TUOKOCTH MAaKpOMOJeKYd, onpejieanemoir peamunnon AE. Kuneruue-
CKaf 2UGKOCTL, XapaKTepHU3YIOLasd OOBEMlelile MAaKPOMOJEKYIE . BO
BpeMeHH, T. €. CKopPOCTb KOH(OPMAIMOHNOro NPEeBPALeHAsd, 3aBHCAT
rIasHbIM o6pasdoM ne ot AE, a oT BHICOTEI aHepreruuyeckoro dapnepa,
paspenslomero pasamyawinnecs xoudopmanuu. U repmogmmammue-
CKafA, W KUHETHueCKad THOKOCTM BapbhbUpPYIOT B NIMPOKHX Ipeaexax.
MagKpoModeKyJIbl, NOCTPOGHHBIE H3 CONPAKEHHBIX fM-CBA3ell HIR A3
CONPAKEHNBIX apPOMAaTHUECKUX KOJell, ABIAIOTCA JKeCTKHMH — OHN
anniensl KoH@OPManMOHHON IOJABUKHOCTH. B oTaHuEe 0T MaKpoMo-
JCKYJd ¢ O-CBA3AMU (MONMDTHIEH, KayUyK), CONPSKEHHBIC IEHH SB-
NAKTCA CBOEr0 PoOjla J-dJeKTPOHHBIME nodynposojaurkaMr. C sTuM
CBHA33HO NOIONIEHHe CBETAa B JUIMHHOBOJHOBOW 00JaCTA — COOTBET-
CTBYIOIIHE NOJNMEpH HpakTHIecKn depnol. ['HOKOCTH M MOAYyHpOBOA-
HEKOBLIE CBOHCTBa MaKPOMOJEKYJ HE COBMECTHMBL,

§ 3.4. MakpomoineKkyi1a Kak KOOIepaTHBHAS CHCTEMa

Hark yme ckasano u Kak 2To BHauo u3 puc. 3.9, cocroanue (xom-
dopManis) gaHHOrO 3BEHa MAKPOMOJEKRYIH 3aBHCHT OT COCTOSHHII
cocesinnx 3senbes. CHCTema, COCTOSAHMSA 3EMENTOB KOTOPOil 3aBHCAT
IpyT oT jpyra, HaspiBaeTcsa KoomepatusHoil, DBrnepsbie mnomsarme o
xoonepatrusrocTH 6bto sBejgeno Daymepom npw usyueHmu (hasoBHX
mepexonos. JTH BajKHElmHe ABICHHA Helb3d NOHATHE 0e3 ydera
B3aUMOJIefiCTBHA DIeMEHTOB cCUCTEeMBl. Tax, nepexopn ras — :KHUAKOCTH
€CThp KOONePATHBHBIH Iepexos. ¥ paBHeHIle, CBA3bIBaloIiee rasoofpas-
HOe U JKHUJKO0e COCToAHnuA,— ypasnenue Ban-jep-Baauanca

(p+Viz) (V — by = RT, | (3.24)

rie a, b, R — KoHCTaHTHL

ComimeM Ta3 npu TeMIiepaType HHMKE KPMTHUECKOW. YMeHbIieHHe
obbeMa V yseanyusaeT B3aHMHOE NPUTIKenue Mouexya a/V?, uro B
CBOI0 ouepesb BBHI3LIBAGT yMenbmenne ofhema, u T. g. Hoomepannsa
60JLDI0T0 TUCIA YACTHI[ HPUBOJUT K PE3KOMY ICpPeXOny, HAYIIEeMY Mo
OPHHIEIY «BCE HIH HEYETO».

B crarmcTEuecKo# MeXaHmKe Pa3BMTHI METONBI Jifl pacyeTa CBOICTB KOO-
NepaTUBHLIX CHCTeM — BLIYACHEHAA CTATHCTHYECKOH CYMMBI, ¢ TOMOIIBI) KOTO-
Ppoit HAXORXATCA BCe TEPMOJMHAMAYECKHe XapaKTEPHCTHKH CHCTEMbBL Yd4eT B3am-
MocBA3M KoH(OpPMALA B OJHOMEPHOH KOOHEPATHRHON CHCTEME, B . MAKpOMOne-
KyJie, OIPDUBOJAT K TOMY, YTO BhipaKeHAE DOTEHIMANHLHOH DHEPIHU COmePIKHT
YJeHBI, 3aBECANIME OT KoHQopManmit mo KpaiiHeit Mepe HBYX COCEAUMX 3BEHBHEB:

N
U(Q, 9 ..., Q)= ZIU(QH, Q) (3.25)
Fn

rae 2; — xondopmanasa i-TO 3BeHa, OPeficTaBJICHEHAA COOTBETCTBYIOIIAMEA Yria-
MU noBOpoTa, N — UMCIO 3BeHbER. ’

Hp"lZIBOJIlZ[M pacdeT, OCHOBAHHLIA Ha odnomeproli modesu Hzirnza B BHIIOA-
HAEMBIN ¢ OMOINBI0O MATPAYHOrO MeTOAa, npeAiosxennoro Hpamepcom u Bapune.
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HordopManmonnaa cratacTAIecKas CyMMa I MAKDOMOJNEKYJXH! B OTCYT-
CTBAe BHEDIHWX CHJ MMeeT BAJ

Z=22 . EeXp(— U(Q,, Qi,T..., QN)). (3.26)
e, 0,

CyMMmpoBanme - Hpow3BOIATCA 1O r poTaMepaM RayKknoro ssexa. Ecam copasen-
aupo peipaykenue (3.25), To

2= 2 Z X H g (ys %), ) (3.27)

Qy i=1
e o
U gy 82,
(R ) = exp( __(Lﬁl___l_)) (3.28)

Cunras, 9T0 HEHb COCTOMT M3 HOBTOPAIIAXCA OIMHAKOBLIX EWHUN, MOKHO
paccMaTpmBaTh BeNWIWHEE g (€2;—;, Qi) KAK dIeMEeHTHI MaTPUIbI

2 (@D, QD) . g(e, om)
G= : : . (3.29)

(@7, aW) .. g (@7, o)

ObGoszraunm i
(m) —
g(m, oM =¢ L) o) (3.30)
1 I'Q
Crarmctaeeckad cyMMa (3.27) mepenmchiBaeTCA B BHIE
z=33... QZV(;9091(:9192... Can_ oy (3.31)
A To OPABAAY HEPEMHOECHNA MATDPHN HAXOTHM
Z=23Gig.- (3.32)
QN o

Brona ycaosme murarwyHOCTE Q) — Qn (npm N > 1 310 yclorme He urpaer
poiu), moxywaem Z B Bupe ciaega Sp GV, 1. e. CyMMpl JMATOUAJNBHBIX WIEHOB
MaTpuusl G, B3ATO# B cTemeHu N:

Z=spGN =2V 2N ... +aF, (3.33)

rne A, — cobcTBenmble umciaa Marpmusl G. Bee ajeMEHTH MATPHNBL TIOJOMH-
reapanl. OTCIOZA CAENyeT, UTO OHA MMeeT MARCAMajJbHoe co0CTBeHnoOEe Ymeno A,
BCHIECTBCHHOO, HOJMOMRUTENARHOE N HeBBIpOXKaeHnoe (reopema @polGenmyca).
IIpa N> 1

Z ~ Aiv . (3.3%)

Taxum 00pazoM, BHIYHCIEGHHE DPOTAMEPHOH CTATHCTHYECKON CYMMEBI CBOJMTCHA
K HAXOKJICHWI0 MAKCHMAJLHOTO KOPHS MATPHUEL A 3Haa Z, MBI MoMieM BEHI-
YUCIUTE PABHOBECHBIC XAPAKTePUCTHKE MaxpoMolexry’t. B wacTmocTH, aTum Me-
TOOM HAXONATCA CpPefnga KBajpaTWunag MimHa Kiay6ra h? (cM. dopmyay (3.20)
H (OPMYNEI, YIATHIBAIIHE KOPPEIANAI0 POTAMEDOB).

PachorpuM ¢ HOMOMmBI0 HTOTO METOXa PACTIKeHAe OJIHOMeDHOH Koomepa-
TupHOH Mopenm puc. 3.9 pmemmeilt cwioi f. IlycTs ameprua t-poramepa, T. e,
PHEPraA [BYX COCEJHAX NApaLIeNbHEIX 3BeHEEB, paBHA —FE, SHEPrHA s-poTame-~
Pa, T. €. ABYX COCeJHAX AHTHNADPAJIENBHEIX 3BeHBeB, papHa E. Crepomartennuo,
PA3HOCThL DHEPTH poTaMepoB paBHA

AE — 2E. (3.35)
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SanumenM 310 yciaosre B Popme
E. — {—— Eo,0;, ecmu i=j 41,
H 0, ecmu iz=j 1.

Brecs i == 1, ecom 3BeHO (CTpPeTKa) CMOTDHAT BRpaBo, M 0; — —1, — ecm Bae-
BO; i m j— HOMepa 3BeHLeB. JHeprus E;j = 0, eCaW 3BeHBbA PacloJOKEHBI HE
PHI0M — KOpPelAnMA PACIPOCTPAHAETCA TOJIBKO HA CoCefHMe cTpeaxu. Ecar
JleiicTByeT BHeIIHAA CHJA f, OPHEHTAPYIIAA CTPeJIKN BIPaBo, TO MarKI0€ 3Be-~
o Aol [ NprobperaeT MONOTHATENbHYI YHEPran

E; = —If cos ¢ = —lfay, (3.37)
TIe @ — YTOM Mey HanpasjieHHeM 3Bena W Buempefl cmroii. Tak kar Rammas

CTPEJTKA MOMCT HAXOJAATHCA JMIIb B JBYX NOJOKeHHMAX, To Matpmia G mMeer
nopanor A= 2. Coraacuo (3.28) Haxomgmm

(3.36)

E 1
805 9 = o0 (L0, + Loy, 3.59

n Marpana G moixyvaercd Npu NOACTAHOBKe 3HAUeHHMH 0; M Oj41, PaBHBIX -1

1 —1; .
1 1, —1
Gz(gu ) g, —1) ) 3.39)
g(—1 1) g(—1, —1)
Obosnauus a — E/xT, b = If/xT, uMeeMm
G— (exp (a -+ b) exp(—a-+ b)). (3.40)
exp(—a—b) expa—1bd)
ColcTBenmble YNCHA HAXO[AM U3 ypPaBHCHUA
exp(a+b)— A exp(—a--b) l=0' (3.41)
exp(—a— b) exp(a — by— A
OHA paBHE
Ma2=e?chb 3 (e2sh?b | e~%)"%, (3.42)
Tax ®Kark A; > Ao, TO, cormacao (3.34),
Z 2 3l = [e®ch b -+ (e2? sh® b - ¢~29)1/2]V, (3.43)

Mst nonyuwmnm mpocToe aHAXMTHYECKOe BhIpazkenme JUIA CTaTHCTHuecKoH CyM-
Mul. Iloab3ysACE MM, BLIYACIAM CPEJHII0 [IAHY HeNH:

— dIlnz dmp, sh b
h =il == =Nl — =Nl(sh2b+e““)1/2'

Mepoit KoomepaTHBHOCTH 3Jlech ABAsETCA peimumusa a, T. e. AE/sT. B orcyr-
CTBHE KOOMePATHBAOCTH, T. €. PR & — 0,

(3.44)

LA

k =Nlthb=NlthnT.

(3.45)

Tlpu cBoboamOA OpMeHTAIEM CTPeJOK [IMHa Nendm TeM Goapmre, wesm Gonbmio
ci1a B 4eM nmiKe TeMmnepatypa. lIpm Manerx cmiax, T. e. opm fl € xT

% ~ Nef{sT (3.46)
Rnia
i~y (3.47)
T NET '

T e. ANIWHA e NPONOPHHOHAJBHA pacTArABaomei cmie (3axom I'yka), npm-
geM MOJyahL YUPYrocTm npomopumonaneH alcodwTHOi Temnepatype, Fcam,
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sappotEs, a 2> 1, 1. e. AE > kT, 10 Momkno bpcmeGpeuh B (3.44) Bemun/
Hoif e%@ 7 fi — NI He3aBACAMO OT CHIIHL Heun :kecTrasn, A NOTOMY OHa BHITH,
Byra. Tor #e peaynwnTaT DosyuaeTcAa mpm Goibuiux cunax, T. e. ape fl > kT,
Snecs tawke sh?b >> e~4® — Gosbmas cmsa TOJHOCTHIO pacTArABaeT ueub. |

Cpefuna Kpajparmimasn [LIATla DOTAMEDPHOH OHHOMEDHOH wmema, B OTCYT-
CTBAE BHelHe# CAIEL, BRIYAcIAeTCsA Remocpefcrsenuo no dopmyme (cp. (3.19)):

i1
+n n(n¥ —1)
W= NP2 42 11 —-Nl2 22———————, 3.48
+ ;g(u) TR re— (3.48)

Tlie 1) — CPEJHAHA KOCHMHYC YIIa MEKAY COCCJiHAMHE cTpelkaMu. B paccMaTpuBae-
MOM CJIyuae
__ o8 0°-exp (E/xT) 4-cos 180°-exp (— E/xT) E

exp (E/kT) 4 exp (— E/ kT) = th kT

(3.49)

mnpr N > 1 _

it = NI exp (2E[kT).
Hoppenanma, onpenenseMas BHIIONO# NapalielbHOT0 DPacOOJOMEHHA CTDPENIOK,
YmmHEAST Db,

Hondopmarnnonnsie mpeBpamnienns MaKPOMOJEKYJd KAK Hpu I[JIAB-
JEeHNA KPHCTAJIMYECKOro mOJMMepa, TaK U OpH pacTa:KeHun Ienu
HOo0mepaTHBHLIL.

§ 3.5. Kuybox u raobyxaa

MaxpoMosieKyIbI U CMCTEMBI, COCTOAINME U3 HHX, XapaKTepusy-
I0TCA B3aUMOJEHCTBUAMYE, pesKo pasHAIuMica no sueprun. Cuiabnnie,
KOBaJeHTHHE CBA3Y ¢ snepruamm mopaAaka 400 w[lx/Moap csaszeit
OLPEeNENAIOT MOCAEA0BATEIALHOCTE 3BEHLEB, KOTOpasg He MeHdeTCd
6uaarogapa temiaoBmM QuyrryamusaMm. Ocraipuble CuJIbl, OTBETCTBEH-
Hie 3a KoH(oOpMAIMOHHBIE CBOWCTBA IleNM W B3AUMOJEHCTBHA ee
8BEHLEB JPYr C APYIOM M CO 3BeHBHAMM COCEJHUX MOJEKYJN, HMEIOT
MHOr0 MEHBIINE BHEePruy M CYIIeCTBEHHBIM 00pa3soM 3aBHCAT OT TeM-’
neparypsl. Takam ofpaszoM, menns HAXOFUTCA B COCTOSHHM IAPIAAJIb-
HOIO paBHOBecHsA ¢ (HKCUpOBAHHON JuHelHo#l mamareio (Jludrmur).
OruM ompepensAnTCA BadKHbIE 0COGEHHOCTH MAKpPOMOJEKYI.

omumepnnii  xayGoK, BO3HMKAOIUH BCIEACTBUE TENJIOBBHIX
$uyuryanuit — H10BOPOTOB BOKPYr @IUHMYHLIX CBA3€M, ABIAETCH DIX-
apiM obpasopanueMm, Ha puc. 3.10 moxaszama moayueHHAd B MOAGIb-
.moM sxcmepuMente ma OBM runmunas womdopMmamus kiaybxa u3s
626 ssemnes (BamaGaes). Huayfox wxax ¢aykTyupywomas cucreMa
XapaKkTepusyeTcsa KOppeJAnuedl mIOTHOCTM, T. €. CBA3BI0 M3MEHEHHST
INIOTHOCTH B OAHOH 06JIaCTH mpOCTPAHCTBA, 3aHATON KIyOKOM, C H3-
MEHeHMeM IJIOTHOCTH B apyroii ero o6mactu. OxasmBsaercs, 4ro pa-
AMyc KOPPEJNANHH TOTO #<€ TopAgKa, 4T0 1 pasmep kayOxa. IIpumuunoii
3TOr0 ABAAETCA HMEHHO JHHeliHasa maMaTh Iemm. TeMm caMbIM maOT-
HOCThL Kiy0OKa HE ABIAETCA ero TepMOAWHAMHUYECKOIl XapaxTepucTu-
Koli, OHa He EMeeT [OCTOBEpPHOro moCTOAHHOTO 3HadeHns. HRiayGox
dmymynpye'r u ero QIyKTyanuu Maxpocxommnm. I/IMeeT CMBICH
JAMD CPEHAH MAOTHOCTL KIYOKa: ~
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