Jlexuusa Neb5

Teopus c1a0o HeneaJbHbIX KBAHTOBBIX I'a30B.
Pacnpenesienus: boze-Jitnmreitna u ®epmu-/upaxa.

Kak Hamu OBLIO OTMEUEHO B TMpPEAbIAYIIEH JEKIMH, HEPAaBHOBECHBIC
COCTOSIHUS CICTEM MHOTHX YaCTHI] OMIMCBHIBAIOTCS ypaBHEHUEM JIMyBUILIIA.

ih%—'toz[ﬁ,p]. (1)

3Has TaMMJIBTOHMAH CHCTEMbI, U yMeEsl pellaTh 3TO YpPABHEHME, Mbl CMOXEM B
IPUHLMIINATIBHOM OTHOIIEHUH ONMCATh MOBEIEHNE CUCTEMBI BO BPEMEHHU.

Ho 310 ypaBHEeHHME HaJ0 CHAOIUTH «HAYAIBHBIM YCJIOBHEM». B KadecTBe
TAKOBOTO OOBIYHO HCIIOJIB3YIOT TaK Ha3bIBAEMOE 3ProJIMYECKOE COOTHOILIEHHE.
OHO oTpaxaeT MPOCTOM U SICHBIM (DAaKT, YTO BCsAKas M30JUPOBAHHAS CHCTEMA,
OyAy4uu mpenocTaBieHHass camoil cebe, B pe3yibTaTe 3BOJIOLNUU NPUIET B
COCTOSIHHE CTaTUCTUYECKOI'O PABHOBECHS

pH) W, @

CratucTryeckoe paBHOBECUE ONMKCHIBAETCS pactpeaenenueM ['mo6dca wW:

w=exp{§2—%(l:l—ul5—,ul\Al)}, (3)

rae Q - 6oybLION TEPMOAMHAMUYECKUN TOTEHLIMAN, ONPEEIAEMbIi U3 YCIOBUS

Sw=1, (4)
a BenuuumHbl T (TeMmepaTypa B DJHEpreTMYecKMX eauMHMIaAx), U (cpemuss
CKOPOCTh CHCTEMBI KaK LENOro) M [/ (XMMHYECKHIi HOTEHLMAaN) JOJKHBI

HaXOJUTHCS U3 YPABHEHNN:
SowH =W, WP =P, SwN =N, (5)

rae W - mostHast SHEprust CUCTeMBbI, P - CpeiHuil UMITYJIbC CHCTEMBI KaK II€JI0T0 U
N - momHoe umcao dactuil B cucTeme. Ormeparopbl COOTBETCTBYIOIIMX
(GHU3NUECKUX BEIMYHMH Tak)Ke BBEACHBI HAMH B MPEABIAYIIEH JIEKIUU. Y paBHCHHUS
(3)-(5) mosmHOCTHIO OMIPENEIIAIOT TEPMOJAUHAMUKY CHCTEMBI.

Ho pemenne »>TUX ypaBHEHHH [UIi KOHKPETHBIX CHCTEM 3a4acTyio
COMPSDKEHO C HEMPEOI0JUMBIMH MaTEMAaTHYCCKHUMH TPYIHOCTAMHU. M30ekaTh nx
yIAeTCsl TOJABKO B Ciy4ae MIcalbHbIX ra3oB. YpaBHenue (5) mosBosiseT HaWTH
TEPMOJMHAMHYCCKUN TOTeHIMan Q Id HAeadbHBIX Ta30B B SBHOM Buie. B
camoM jene, u3 hopmysl (4) umeeM:



Q=—InSpexp{,8(HA —yN)}, (6)
rne [ =1/T - oOparHas Temmeparypa. B ducie omepaTopoB, XapaKTepU3yIOIIUX

PAaBHOBCCHOC COCTOAHHUE, Mbl HC HallMUCAJIXW OIICPATOPOB HMIITYJIbCa P u moMenTa

M . DTO MOXHO JeNaTh B TOM CJy4ae, €Clid CUMTATh JJIsl MPOCTOTHI, YTO CUCTEMA
Kak 11emoe mokoutcs, U =0, u He Bpamaercs, w=0, rae w - yriaoBas CKOPOCTb.

Mbl  BHAMM, UYTO pPABHOBECHOE COCTOSIHHE [MOKOSIIEKUCS CHUCTEMBI
XapaKTepU3yeTcss TOJIbKO JBYMS HE3aBHCHMBIMU TepeMEHHbIMH [ U .
[ToBTOpUMCS, uTO pactpeaencHue ['mb6ca sABIsIETCS OCHOBOM TepMOAMHAMUKHU. B
JAHHOM JIEKIIMM OTPAHUYUMCS M3YYEHHEM paCIpEeNIeHUs] TOJIBKO CBOOOJHBIX
YacTHLl, U BBISICHUM B paMKaxX TEOPUH BO3MYLIEHHUSI, POJIU B3aUMOJICUCTBUS MEXKIY
YaCTULIAMH.

JIist cBOOOJHBIX oOmepaTop YHCIa YacTUIl BO BTOPUYHOM KBAHTOBAHHU
JTA€TCSI BBIPAXKEHUEM:

NzZﬁi, A =a'a, (7)

a TaMUWJIbTOHHAH 3aIlIMIICTCI B BUJC:

H=>&h, (8)

rac c‘;‘l - OHCPIrug 4aCcTUlbl B HUHAWBUAYAJIbHOM KBAHTOBOM COCTOSHHH C Ha60p0M

KBAaHTOBBIX 4ucel |. B cooTrBercTBUM ¢ 3TUMHU (OpPMYyJIaMH pacIlpeleicHHe
I'n60ca 1t cBOOOIHBIX YaCTUL] UMEET BUII.

W = €EXp QO_ﬁZ(‘E‘i _,U)ﬁi , (9)

3agaya 3aKiIOYaeTcsl B BBIYMCIEHMM TEPMOJMHAMHUYECKOro MOoTeHuuana ,.u
cpenHuX 3Ha4YeHui oreparopa f . BBegeM ¢ 3To# 1ebio 0003HaUYCHHE

Y =B(& - u). (10)

OTMCTI/IM, qTo HaHLHCﬁmHC BbIYMCJICHUS HC CBA3aHbl C KOHKPCTHBIM BHAOM

¢yHKIMH Y, ¥ 10 3TOW NPUYMHE TOJATCS AJIs IPOU3BOJIbHBIX TakKuX (PpyHKUMH. Tak

Kak Jpw, =1, umeem
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rac nil, niz,... - 4ucCiia 3ar0JJHCHUA KOHKPCTHBIX COCTOHHI/Iﬁ, U HUCIIOJIB3YA TO

00CTOSATEIBLCTBO, YTO

.. 'nil yes > = e_Yilnil

N > O,

HNMCECM

@ =gpe T =.3e"m Tt = [12e™.
m, n, i n

rie N 1 N mnpoOeraroT BCE LIETOUYUCICHHBIE HEOTPULIATENIbHBIE 3HAUYECHUS IUIs
cratuctuku boze-OinmTeitna u 3nadenus 0,1 ausa cratuctuku Gepmu-Jlupaka.
Hns @.-/1. momyuum
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den=1+e™,

n=0
g b.-0.
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[TockoJbky

Q,=-In[Xe™=-2In>e™,
uMeeM o | n
Q,=>.In (1—e‘Yi)

g b.-0. u

Q, = —Zln (1+ e ) .

[ToaToMy uwMcna 3amoiHEeHHs, TO €CTh, CPEAHHE 3HAYEHHUS YHCENl YacTUll B
Pa3IMYHBIX COCTOSIHHUSX | OMPEICIIAIOTCS (OopMyIaMu

= . (11)



a noreHuuan C, - BbIpa)KEHUEM

0 (12)

-In(1+f) (5-9)
{In(l—f) (@-1)

Bcnomunas BBeneHHbIE paHee 00o3HaueHus Y, = (é‘i - ,u) JUTISL YACEJT 3aI0JTHEHUS

f. =N mosyunm XOpoIIO N3BECTHBIEC BHIPAKEHHS
n = Spw,fi = , (13)

rae [ =1/T - oOparHas Temmeparypa.
Bxomsmuit B (13) XUMUYECKHI TOTEHIMAT L MOXKET OBITh BBIPAXKEH Yepes
IUTOTHOCTD YaCTHII V H 00paTHYyIO TeMieparypy [

> (et 1) " (5-9)

| . (14)

Z(eﬁ(ﬁ‘ﬂ) +1) (0~ 1)
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B umnynbcHOM mpeacTaBieHUM TocieqHue (HOPMYIIBI BBITISIAT CIACAYIOIIAM
obpazom

> S G
v =\72p:np =14 o)\ : (15)
2 () (o-a)

2
_P o I
rae &, —2— (npeanpHblii Ta3!). HamomuauM, 4to mpu 00JbIIux o0beMax, V — oo,
m

CYMMHUPOBAHHE MO P MOXKET OBITh 3aMEHEHO MHTETPUPOBAHUEM:

VO s e
= d°p..., g=(S+1.
2 (z;m)?’J P 924

st raza (epMUOHOB MOCHE MpeAenbHOro mnepexoga V — oo B KauecTBe
HE3aBUCUMBIX TEPMOJMHAMHYECKUX MEPEMEHHBIX MOKHO BbIOpaTh JO0YI0 mapy



BEJIMYMH. JTHOO0 ( U, ,8), oo (V, ,8) . Jlns ra3a e 6030HOB B 00JIaCTH JJOCTATOYHO

HHU3KHUX TEMIICPATYyp HC3aBUCHUMBbIMHU TCPMOANHAMHUYCCKUMHU IICPEMEHHBIMU MOI'YT
CIIY’KUTb TOJIBKO (V,ﬂ), TaK KaK TIPpUXOIUTCA B 3TOM 00JIaCTU CYHTATh

XUMHYECKUHN INOTCHIOMWAJI PaBHBIM HYIIIO. B camom ACHIC, I MACAJIbHOI'O TIa3a
0030HOB XHMUYECKHUI INoTCHOMAJI L HE MOXCT OBITH IMOJIOXKUTCIIbHBIM, TaK KakK

1/2
WHa4Ye 4YUCI0 OO30HOB C MMITYJIBCOM p<(2m,u) ObLIO OBl OTPUIIATEIIHHBIM.
lpennonoxum mosromy, uyro MU<0. Oydkuus N, 0OpU 3TOM HE HMEET

ocobeHHocTei, u ycnoBue (15) MoxkeT ObITh 3aIIMCaHO B BUJIC!
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[Tpu 1 <0 mpaBas yacTh 3TOr0 PaBEHCTBA BCET/la MEHbIIIE, YEM

® X2 1 (3),(3
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0

rne [(X),{(X) - ramma-QyHknus u m3era-QyHKIHus PuMaHa COOTBETCTBEHHO,

M(3/2)= Jri2 u {(3/2)= 2,61z Ilo 3TOli mNpUYHMHE BBITOJHEHUE ATOTO
paBeHcTBa pu L/ <0 BO3MOXKHO TOJIBKO IPH YCIIOBUH, YTO
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_ -1 47°h3
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Ecrm T =T,, to #=0; ecmu xe T <T,, To u3 yciosusi (15) Henb3s HalTH

(17)

XUMUYECKUNA TOTeHIMaN. B 9Toil obmactu TemmepaTyp Mbl JIOJDKHBI CUHUTATH
XUMHYECKHUI MOTEHIIMAJ UJIeaIbHOT0 ra3a 0030HOB PaBHBIM HYIIIO.
PaccmotpuMm moapoOHee ycioBuEe Al HaXOXKIEHUS XMMIIOTEHIHAla Mpu
H=0uT<T,. dynkuus pacupenenenus u npu K =0 onpenensercs Gopmyioit
__ 1 _p
"= 1% T om’
y YIOMSIHYTO€ YCJIOBUE MOKET ObITh MEPENUCAHO B BUJE



—Zn —Zn =V, um —Zn an,

Vis & Vs Vs Vs

rre O HEKOTOPBIM Malblii UMIynbc, He 3aBucsmmi ot V. Ilepexoms B 3Toi
dbopmyre k peneny V , moaydum

1 .1
y[rlenp =v—IV|TO\72np .

B aT0ii popmyie MokHO Teneps nepeitu k npeneny 0 — 0, mocie gero noxyanm
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OTcroa BUHO, YTO B COCTOSIHHH ¢ UMITYyJIbcoM P =0 yuciao G030HOB B €UHUIIE
o0bemMa Makpockonu4ecku 0oJbiioe. BBos 0003HaueHue

V, =limlim = Zn

-0V ooV

W mnpowsBons uWHTErpupoBaHue B mpaBoi yactu (opmynsr (18) ¢ yderom
onpezeneHus 1, NOIy4um

T 3/2
Vo =V|1-| — : (19)

0

MBEI BUAUM, YTO Ipu T« TO B COCTOSIHMM C P = 0 HaxoanuTCAa MaKpOCKOIIMYCCKOC

quciio OO030HOB. DJTO SABJIIEHWE HOCHUT Ha3BaHUE 003e-3MHIITEHHOBCKOM
KOHJIEHCAIINH.
I[TimoTHOCTH YKciia 0030HOB V, C UMITyJIbCOM P,

V:Jd?’pl/p,

MOJKXHO, TAKHM o6pa30M, 3armcaTthb B BUJC

1 1
=v|1-| — o(p)+ :
oV T, (p) (2rm)’ & -1

B otmmuune ot 6030HOB, XUMHUYECKUH NOTCHOMAaI ra3a q)CpMI/IOHOB MOJKET OBIThH
KaK IMOJOXHUTCIbHBIM, TaK WU OTPULATCIIbHBIM, U MOXKCT OBITH BCEraa BLI6paH B



Ka4eCTBE HE3aBUCUMOUW TEPMOAMHAMUYECKON XapaKTEpUCTUKU. Eciu Temneparypa
(epMHOHHOTO raza 3HaYUTENIbHO MEHbILIE TEMIIEPATYPhI BHIPOKACHUS ),

T<T, T=mi(vi’lg) ",

TO XMMHYCCKHUU MMOTCHI A 6y,Z[CT CBsA3aH C IINIOTHOCTBIO 4YHCJIa 4YaCTHIl
COOTHOIIICHHUEM
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p=(2m) " (6rPvn® Ig)

3amernm, 4o npu T < T, dyHKUMS pacnpeneneHus GepMUOHOB N, OyIeT OUeHb

MaJjio OTJIMYAThCA OT CTYNEHYATON (QyHKINUH,

n,=d(u-¢,).



