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K H8H60Ree 8KTY8RLHUM npo6R6M8M CT8THCTHqecKo.ti WH3HKH OT

HOCHTCR nocTp06HH6 CTporo.ti, 38KQHqeHHOli TeopHll KPHTHqeCKHX HB

Il6HH.ti. IlpH 3TOM oco6oe 3HaqeHHe HM66T paapaooTK8 M8T6M8THqecKHX 

MeTOAOB HCCR6AOB8HHR MOA6RLHUX CT8THCTHqeCKHX CllCTeM~ npeTepne

B8DlllllX waaoBue nepexoAu. 

38M6THM, qTo B H8CTOR1l!66 Bp6MR CY1l!6CTBY6T B6CLM8 orpaHH

qeHHOe qHCRO TO~O pemeHHUX MOA6RLHl,IX 38Aaq, OllllCl,IB8101l!HX YK838H

HU.ti Kpyr RBil6Hll.ti. K HllM B nepBylO oqepeAo OTHOCl-lTCR ABYXM6pH8R 

MOA6Ro ~3HHr0, pemeHHe KOTopo.ti 6uRo A8HO Bnep.Bue 011c0repoM/I/, 

B KaqecTBe npHMepa CHCT6MU, AOllYCK8101l!6.ti Toq11oe pemeHne B TpexMep

HOM CRyq0e, yKa~eu 110 cwepnqecKyro woAeRo EepnnH0-Kau012/, 

B M6TOAHQ6CKOM OTHOW6HHH CR6AY6T ocooeUHO BUA6RHTL AOCTHr

HYTUli 38 llOCR6AH66 A6CRTHR6TH6 3H8QHT6RLHUli ycnex B H3YQ6l!HH 

onpeAeneHHOrO KR8CC8 MOA6RE,Hl,IX CHCTeM, OllHCHB8101l!HX W830Bl,IH nepe

XOA B CBepxnpOBOAHHK8X,- MOA6RH EapAHH8-Kynep0-llipHiMep8 (EKlli) 

13- 51 Hee 00001l!6HH.ti/6 , 7/. IlpHM8HRBWH.tiCR 3A6Cl, M6TOA/5- 7/ OCHO

Bl,IBB6TCR H8 BB6A6HHH T8K !183blB86MOro "0nnpOKCHMHPYl01ll6rO rawHRL

TOHH8H811 1 Il03BORRlllll6rO nonyqHTL TO~oe pemeHHe ARR T6pMOAHH8MH

qecKO.ti 38AaqH. T8KO.ti llOAXOA BKnroqaeT B ce6R AOK838T6RLCTBO Tep

MOAHH8MHQ6CKO.ti 3KBHB8R6HTHOCTH MOA6RLHO.ti H annpoKCHMHPY101l!6.ti CHC

Tew. B p860TBX H.H.Eoron1060BB (un.)/6 , 7/ 6UR p83BHT aqiq,eKTHBHU.ti 

M6TOA ARR MBT6MBTHQ8CKH CTpororo HCCR8AOB8HHR CHCTew, 00001l!BD1l!HX 

MOA8IlL EKW, H, B QBCTHOCTH, A0K838H8 BBXH8R Teopewa O COBllBA6HHH 

B T8PMOAHH8MHQ8CKOM npeAene IlllOTHOCTe.ti YA6Ill,Hl,IX CB060AHUX aHep

rHtt annpoKCHIWPYlllll6.ti H MOA6RE,HO.ti CHCTeM, cnpaB6ARHB8R ARR npOH3-

BORl>Hl,IX TeunepaTyp/6/. 

0np6A6R6HH06 CXOACTBO, CY1ll6CTBYD1ll66 B MBT6M8THqeCKOli WOPMY

RHpOBKe 38A8Q CBepxn~OBOAHMOCTH H warl!HTHl,IX CHCTew, COA6P~BlllHX 

HHWHHHT63HM8RE,HO wanoe A8RE,HOA6.tiCTBY101ll66 B38HMOA6.tiCTBH6 M6XAY 
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cmmai.m. {CM., Hanp1r1Mep;KB831r!Clllr!HOBYIO ipopMy1mpOBKY MOA6Jil1 EKIII, 

A8HHYIO T1r1pp1r1Hroi8/), y1taa1rna_eT .Ha B03MOlltHOCTl> pacnpocTpaHeHHfl 

P83Blr!Th!X B nepBOM CJiyqae M6TOAOB H8 STOT KJI8CC Clllr!HOBHX raMlr!Jll,

TOHlrl8HOB •. XoTfl noJiyqaeMhl6 np1r1 STOM T6PMO~H8Mlr!qec1t1r1e CBOHCTB8 

Clr!CT6Mhl COBll8A8IOT C lrl3B6CTHhlMlrl B TeOplrllrl MOJieKyJI!lpHOfO noJia, 

U6HHOCTI, npeACT8BJifl6T,Yllt6 C8M !p8KT AOK838T6Jll,CTB8.TOro, qTo pe

ayJil>T8Thl UOCJI6AH6H flBJlfllOTCfl TOqfihJMlrl AJifl H6KOTopol1 MHKpocKon1r1qe-: 

CKOl1 MOA6Jllrl. KpoMe Toro, lr!CUOJI1,30B8HH6 ynoMHHYTHX M6TOAOB no-

3BOJifl6T npoBeCTH A6T8Jll>H06 lr!CCJI6AOB8Hlrl6 Bonpoca O CXOAlrlMOCTlrl 

WH31r!qecKHX B6JIHqlr!H M0,1!6Jll>HOl1 H annpOKCHMHpy10~en Clr!CT6M APYr K 

,11pyry nplrl nepexoAe K T6pMOAHH8!,ll:lqecKOMY npe,11eJiy, qTo CJIYDT pas

Blr!THIO npeACT8BJI6Hlrli1 0 M8T6M8THqeCKOM M6X8Hlr!3M6 gJ830B~X nepeXOAOB. 

. B H8CTOfl;ll611 AlrlCCepT8UHlrl paCCM8TpHB86TCfl KJI8CC CllHHOBhlX MO

A6Jil>HhlX raMHJil>TOHlrl8HOB co B381r!MOA6HCTBlrl6M Blr!A8 'J/ N , rAe J -
llOCTOflHH8fl B38illJO,llei1cTBlrlfl, N - ~CJIO qacTHU B Clr!C~eue; npHBO

AflTCfl M6TO,llhl HCCJI6AOB8Hlr!H llOB6A6Hlr!H PH,118 !plrl31r!qecKHX xap8KTep1r1-

CTlr!K c1r1cTeMhl B_ npouecce nepexoAa K npeAeny N- oo 

~HCC6pT8UHH COCTOHT 113 BB6A6Hlr!H, qeTh!pex rnaB, 38KJIJOqeHlrlfl 

Ir! nplr!JIOllt6HlrlH. 

Bo BB6,1!6Hlr!H ,1!8H KP8TKlrli1 o6aop COBP6M6HHOro COCTOHHHH 1r1syqa-

6Mh!X BOnpoCOB, a T8Kllt6 npe,1!CT8BJI6H nnaH lr!3JIOllt6HHH M8Tep11ana. 

B rnaBe I, B COOTB6TCTBlrllrl C M6T0,1!8Mlr! pa6oT/6,7/, pacc~~TPH~ 

B86TCll KJI8CClr1qecK8ll M0,1!6Jll, wepp0!.48rH6Tlr!K8 THna lia,rnra, xapaKTe

p11ayeM8ll raMlr!Jll>TOHlrl8HOM 

'J H II 

'Jl,., =-,,., ~ Oi1 <T,' -;uh Lcr.1 
41 • l,J•t I l•I 

' j > 0 • 
{I) 

r,11e f"- - MarHHTHHi1 MOMeHT cn11Ha ( S = I/2), h - BHell!Hee 

MarHHTHOe llOJ'I6; cr.11 
- one pa Top l -KOllll0116HThl l -ro cn1r1-

4 
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f 
~ 

Ha; cyMM1r1poBaH11e npouaBOAHTCll no BCeM N yanaM peweTKlrl. 

B § I c±po1r1Tca rl)opMa annpo1tc1r1M11py10:.uero ( TepMo,111r1Ha1imqecm1 

3KBlr!B8J'I6HTHOro) raMHJil>TOHlrl8H8 ,l!Jlll paCCM8Tplr!B86MOli M0,1!6Jllrl (I): 

N 

'll"(cJ · = - L ( ~c + 1U.h)o;1 + J.. 'JNci 
'N l■ t ,- - 4 2 ' 

(2) 

r,11e aHaqeH1r1e napa1.1eTpa C onpeAenaeTcll 1r1s np11Hu1ma Mlr!Ha..13:n,

uocTH :/A6J'Il>HOl1 CB060,llHOi1 :mepr1r11r1x) annpOKClr!MHpyIOU(ei1 Clr!CT6Mhl (2): 

mMi f)x;ccu = f)x;ccn . 
(Cl 

§ 2 llOCBll~eH ,l!OK838T6Jll>CTBY 8Clr!MllTOTlrlqec1toi1 OJ'IH30CTlrl llJIOT-

HOCTeti CB060AHhlX 8Hepr11n f,,,.['.1fN] H t£1{:((:)] . TiplrlM6Hfl-

eMaH M8lltOP8Ulr!OHH8H T6XHHK8 ll03BOJIH6T nonyqlr!Tl, p8BHOM6PHYIO no 

uarn1r1TH0My nonro h 11 Te1.1nepaType .9 , Ha n1060M orpaH11qeH

Ho1.1 HHTepB8Jie TeMnepaTyp, oueHKy/91: 

lfHrxN1 -fJ1cccn I , 2wrN-fti . (3) 

3A6Cl> rl)yHKUHfl 

r r :t·ccn = 4- Jc2 
- een 2c-h 1r: +t«h JN N ._ f} 

COBll8,zt86T C llJIOTHOCTl,IO CB060,l!HOH aHeprm1 B Teopm-1 MOJieKyJIHpHoro 

llOJ'IH. 

x)_YA8J'Il>H8H CB06o,ztHaa aHepr1r1a ,11na N -qacT1r1qHoi1 CHCT6Mhl 

C raMlr!J'Il>TOHlrl8HOM f; onpe,11eJifl6TCfl COOTHOlll6HM6U 

f,Jr.,J ~ -t fu.Spe-r,,1e 

I']).6 9 - Te1.mepaTypa CllCT6Ml:l , 
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MeTO,ll, Il03B01!H!Oll\Hi-i HCC1!8,llOB8T1, Bonpoc O paBHOMepnon cxo

,llHMOCTl'l (npH N- oo ) npomiBO,llHl:lX OT Il1!0THOCTH CB060,llHOM 3Hep

l'HH no TepMO,llHH8MHll8CKHM napaMeTp8M 8 H h B p83Hl:lX o6naCTHX 

3H81!8HHll TeMnepaTypLI H M8l'Hl'lTHOl'O nonH, p83BHT B ~ 3. C IlOMOll\1,IO 

Cq>OpMynHpOB8HHOll 3,ll8C1, neMMl:l l (,llOK838T81!1,CTBO.llPHBe,lleHO B Ilpn-

1!0JK8Hl'IH) nonyqeHbl Ol.\8HKl'l ,ll1!H 8Cl1MilTOTHll8CKOll 61!H30CTH 3HTPOilHl1 

SN<e, h) n BHyTpeHHell attepr1111 €N(9,h) (B pac11ere Ha o.zi-

HY 'l8CTHI.\Y 

11 E:11.( e, h) 

.ll1IH Cl'ICT~Mbl (I))K _COOTB8TCTBY!Oll\HM 4JYHKI.\HHM S"(&,h) 

B Teopr,rn M01!8KY1IHPHOl'O Il01IH/9/: 

I SN(&,h)-S"(B,h.ll ~ L1N-f/1t , 

IEN(e,hJ-E"(e,hJI, L1.N- 11•(1+o(i.,.)) , 

r.zie L1 , L 2 - Koncraaru, cnpaBe,ll1!11Bhle np11 .ziocraTO'lHO 601I1>1IIHX 

N n i1>111tc11p0Baaaux aaaqel111HX e > o . 
IloBe,lleHl'!e Y.zl61!1,HOH H8M8l'HH'l8HHOCTH MO,ll61!1,HOll CHCTeMbl mN(9,h) 

np11 HeorpaHH'leHHOM yBenn11eHHH q.icna qacTHI.\ N Hccne.ziyeTCH B 

§ 4. 3,ll6C1, OTMe'leH TOT ql8KT, 'ITO CXO,lll1MOCT1, IlOC1!6,llOB8T61ILHOCTl'l 

ii>YHKI.\Hll {mNl9,h)} K y.zien1>Holl HaMarHH'leHHOCTH annpoKCHYHPYBl-

iuen CHCT6Mbl tnQ.(9,h) HM66T M6CTO BCIO.ItY, 38 .l'!CK1IIO'l6H.l'leM 06:Jiac-

TH f e, h: 0' 6 < 'J • h =OJ ' B KOTOpott COCTOHHHe CT8THCT.l'l'le-

CKOl'O paBHOBeC.l'!H npe.zien1,aon (np.l'l N-oo ) CHCT6Ml:l Bl:lpOll,IteHO. 

Iloitaaano, 'ITO BHe JI106ott q>HKCHpoBaHHOll S-oKpeCTHOCTH o6nacTH 

BhlpO~,IteHHH YK838HM8H CXO,l(l'IMOCT1, CT8HOBl'ITCH paBHOM6pHoll,H ,It1IH 

nee nonyqenu Mazopal.\HOHHue Ol.\6HKH Bl'l,l(a/IO/ · 

lm,..(&,h)-m"(&,h.)\, Gen.S-t. 
81f•N111t 

,lhl~8>o. (4) 

~anee H8 OCHOB6 3Tl'IX peayn1>T8TOB ,llOK838H8 paBHOYepH8H no ll01ID 

h. B o6JI8CT.l'l / h I ~ 8 > 0 CXO,ltl'IMOCT1, npu N - 00 y,ne1I1>Holl 

M8l'H.l'!THOll BOCllp.l'l.l'!M'lHBOCTH XN(&,h.) ,l(1IH C.1'!CT6Yl:l {I) K 

6 

~ 

Y.lt6lI1,HOll Y8l'Hl'lTHOll BOcnpmtM'll'lBOCT.l'l r X" ( 9, h) B TeopiiH 

U01IeKy1IHpHoro ll01IH .I'! YCT8HOB1!6HO M8EOP81.\HOHHOe HepaBeHCTBO Bl'l

,Ita/10/ 

IXN(B,h) -.X"(9,h)j, ~ 
. · .· SSh,}IJ/1 (5) 

cnpaBe,ItJIHBoe npH I h l ,:11 8 > 0 , qiHKCHpoBaHHhlX 3aaqemrnx 9 > 0 

.I'! ,l(OCT8TO'IHO 601!1,W.l'!X N. 
B § 5 H3y'leHo noBe,Iteane ii>YHKI.\HH X,.,(9,h) npn oTcyr-

CTBH.l'l M8l'HHTHOl'O.IlOlIH ( h_- = 0) .I'! ,It0K838HO, tiTO: 

a) B Kp.l'!THlieCKOll TO'IK6 np8,It61ILHOit CHCT8Mhl, 9 = J , h. = 0, 

OH8 H60l'p8HH'l8HHO B03p8CT86T: 

&,.»,_,X.v(&=J,h .. o) = oo 
N ... oo 

Ho He· 61mTpee, qe14 N 3/4 /II/: 

.XN(&•S:1, h•O)_, ~
1
,Nlt+ 

(6) 

(7) 

6) B o6JI8CTH Bl:lPOJ!tA6HHH COCTOHHHH CT8THCTH1l6CKOro p8BHOB6-

CHH 66CKOH61lHO 6onuon C.1'!CT8111:l, T.e. npH o,e<J ,h=O, 

Y.It61!1,H8fl U8l'HHTH8fl BOCllpHHM1lHBOCT1, B03p8CT86T nponopl.\HOH81!1,HO 

'IHCJIY 'l8CTHI.\: 

.xNco,e<3~h-o) ~.N (8) 

COOTHOIII6HHll {5)-{8) Bl:lHB1IHIOT B8lltHOCT1, IlOHHTHH o_ HB83HCpe,n

HHX/IZ/ npli H3Y'l6H.l'l.l'l Y6X8HH3M8 llOHB1!6HHH OCOC58HH;CTell y q>.1'!3.1'!'!6-

CK.l'!X xapaKTepl'!CTHK CHCT6Ml:l B TepMO,ltHH8MH'l6CKOM npe,Itene. TaK, 

H8llpHMep, COl'JI8CHO H,nee O KB8j!HCpe,ItHHX, B 06:JiaCTH_ Bl:lp0~8Hl1fl 

COCTOHHHH CT8THCT.l'l'l8CK01'0 p8BHOB6CHH ll1IOTHOCT1, M8l'HHTHOll BOC-
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npnnuqHB0CTH ,l{JIH 6eCK0HeqH0 60JibW0ll CHCT6MU X.(9,h) 

,ll0JIZHa 6UTb onpe,lleJieHa KaK ,llBOttHott npe,llen: 

.X.l9,0) = &wt &m XN(9,h) , (9) 
h•O• J,I .... 

npnqeu nopH,ll0K npe,lleJibHUX nepeX0,ll0B HBJIHeTCH cym.eCTBeHHUM. 

Tor,lla, HCil0Jib3YH HepaBel!CTB0 (5), nonyqHM 

x.t9,o) =.XCl(9,o) < oo , o,e<J, 

T.e. K0HeqHyIO BennqnHy BM8CT0 6eCK0HeqH0CTH, nonyqa10m.ellcH B 

cnny (8) npn nepecTaHoBKe npe,llenoB h.- o n_ N - oo B 

onpe,lleneHHH (9). 

(IO) 

OueHKH, nonyqeHHhle ,llJIH y,lleJibHOtt M8rHHTHOtt B0CnpHHMqHB0CTH 

.XN(9, h.) ,, Il03B0JIHJIH HCCJI8,ll0B8Tb T8K:Ee noBe,lleHHe nap11on K0p-

peJIHUHOHH0tt qiyHKUHH ( rrt <r}") • B ll8CTH0CTH, Il0K838H0, 

llT0 B KPHTHlleCK0H ToqKe 9 = 'J , h • 0 cpe,llHee (CTL1 Oj 1 ) 

,llJIH. CJIYll8H H8C0Bil8,ll8IO~X Y3JI0B ( t P j ) 
He 1o1e,llne1111ee, qe11 N -I/4 /II/: 

y6UBaeT npn N- oo 

/ a;•~l 1 / i6N-ilit' 
' t 2. ., ' • 

h•O 
(II) 

C yqeT0M peayJibT8T0B npe,llhl.llYlllHX naparpaqioB B § 6 Il0K838HO, 

qTo B 06JIBCTH, r,lle nocne,ll0BBTeJibH0CTb {.XN(9,h)} orpaaHqe

HB, p83H0CTb IlJI0TH0CTett CB060,llHWC aaeprrut MO,ll8JibHOtt H annpoKCH-

' MHPYDm.ell cncTeM ye5UBaeT npn N ... 00 , • KBK N-1. 3To o6c-ronTem,- · 
. . 

CTB0 6UJI0 HCil0Jib30B8H0 ,ll8Jiee ,llJIH nonyqeHHH 6onee CHJibHUX 0U6H0K 

,llJIH 6JIH30CTH C00TBeTCTBYIOlllHX np0H3B0,llHUX no TeMnepaType H M8rHHT

H0MY Il0Jill B YK838HH0tt 06JI8CTH. 

B § 7 npzBe,lleH0 cp8BH6HH6 TeopeTzqecKHX pesyJibT8TOB, nony~ 

qeHHUX B §§2+6, C qncneHHWA p8Cll8T0M H8 8BM ,llJIH pH,ll8 3H8ll8HHit 

8 

... 
,1. 

,. 

qncna qacTnuN = 50+12800 npn HeCK0JibKHX qiHKcnpoBaHHhlX Bennqn

Hax. TeMnepaTypu H M8rHHTH0ro ll0JIH. IT0K838H0, qTo TeopeTnqeCKHe 

oµeHKH HBlIHIOTCH cnpaBe,llJIHBbIMH B? Bcex pacc~0Tpe1111ux cnyqanx. 

rnaBa IT Il0CBHlll6118 n3yqeHHIO I038HT0B0H M0,ll6JIH THil8 renae11-
. .. ·, . / .. ·. . ' ' ,;·' . . . ; ' ,; ., 

6epra C ,ll8JibH0,llettcTBHeM, r8MHJIU0HH8H K0Topoll ]{ml cnyqaa cmma 

S =l/2 HMeeT B~/131: ... . . -

-·•··:j 3 N .. -3 w. 
'X; = - 2N L. L o/cr;.ot -~ I: h.,. L &i"' , 

, ol:t l,J•f oC:t [st 
(12) 

r,lle a-', a-' ''0-3 -. MBJPHUhl IT~yn~, ·· h1 , h1 , h 3 - KoMno-

H6HThl B8K°Topa BHelllHero M8rHHTHoro nonH. 

B § l Il0CTp0eH .annpOKCHMHPYIO!llHH raMHJibT0HH8H 1-\JIH M0,llem,Hoii 

CHCT8Mhl (12) :: 

. 3- N, · .. . . · · 3 

:,e;cc.,c1.,c3)=- r:·I:(:1c.+~h"')crt~ f~NL c} <B> 
o(at L•t · · • ol•t 

8,lleCb 3H8tJ8HHH napaMeTp0B Co1. = ('"' , o{ = l ,2,3 onpe,ll8JIHIOTCH 

na ycnoBHH a6conIOTHoro MHHRMyMa nn~THOCTH CBo6o,llH01'1 sHeprnn, 

Il0CTpoeHH0la 118 0CH0Be raMHJIU0Hl18H8_ (13): 

m.L¾ fNr:1e;,c.,c2, c3n = f,J1t;tc .. ~,cl)1 . 
(G11C1,CJ) ·.. .. · · . 

HeD6X0,llHM0e ycn0BJ,!e SKCTpeMyMa npHB0,llHT K 06hJqH!,JM ypaBH8Hl1-

HLI C8M0C0rJI8C0B8Hl1H B Teopna LI0JI6KYJIHPH0ro Il0JIH!· 

C _ JCoe. +tuh" J., !_ 
. ol - E . vn- 9 . • 

r,lle 

. k -~ tt (3~ +J1<"-'l2 

< tlat ' ' 

ACHMilT0THqeCK8H.6JIH80CTb y,lleRbHhlX CB0d0,llHhlX s11eprnn ,llJIH 

LI0,ll6RbH0la H annp0KCHMHPY~l!lei CHCTeM ,ll0K838H8 B § 2, r,lle paCCM0T-
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peH T8Kl!e BOnpoc O nOB6,ll6HHH pa3HOCTH YA6JII>HblX 3HTponHit H 11a- ,. 

MBrHHqeHHOCTeli npH nepexo,lle K TepMO)tHH8MHqeCKOMY npe,lleJiy. IlOK8-

38HO,qTO HaJIHqHe H8'Kow.iyTHPYDUUIX ue:E)ly co6ott ·onepaTopoB B MO

.ll6JII>HOM raMHJII>TOHHaHe {12) npHBO,llHT K ycJIOllH6HHD M8XOP8UHOHHOfi 

npoueAyp1,1 H, B peayJII>TaTe, K aecKoJII>KO 6onee cna6ott no cpaBHe

HHD C paCCMOTpeHHblM B rnaBe I cnyqaeu .oueHKe )tJIH 8CHIIIITOTHqe

CKOll MBJIOCTH paaHOCTH Y.ll6JII,HllX CB060,llHblX 3H8prHfi CHCTeM (12) H 

{I3/I3/: 

I ([ J{;] - U sC(Cc.C1,Cs)1 I ' co;!· ( 1 + O( ;«1sl) . {14) 

B § 3. cornacno pa3BHTOMY B rJI. I. § 5 M8TO.llY' HepaBeHCTBO 

{14) HCllOJII>3Y8TCH ,llJIH nonyqeHHH oueHKH CBepxy H8 pocT ,llH8rOH8JII,

HUX KOMllOH8HT T8H30pa Y.l!8Jll>HOli uarm1THOli BOCnpHHMqHBOCTH 

v""ce ~) =- ctf.,[:Jt~J 
j\N ' ah~ , c:J.,. i,2,3, 

B KPHTHqecKoii TOIIKe pewenHH .1,1oneKynapttoro nona 9 • :J , h • 0 : 

"" .. ) ___ ,. ar+ts x,, ( 9=:J,h•0 '~.JJ , ol• 1.2,J. (IS) 

· B c11ny cooTaoweHHH (IS) napaaa KoppeJIHUHOHHaH ilJYHKUHH 

( <r."' a/ >i.1S B KPHTHqecKolt TQqKe y6blB88T C pOCTOM qucna qacTHit 

B cHcTeMe ae Me)lJieHHee, qeu N-115: 

I < a." <r."' >., I , c.cm.st • • , "' N' .. li•o .,. 
o{a 1,2,3. 

IlpH HCCJI8,llOB8HHH CT8THCTHqeCKOli CHCT8Mbl C TOqKH apeHHH ee 

,1{Hl18J.IHKH (aaepreTHqecKoro cneKTpa. H Bp8M8HH lltH3HH 3JI614811T8pHblX 

Boa6y-~AeHHli, o-rK.:rnKa cucTeMu Ha ·BHellU{ee soa;teiiCTBHe a T • .zt.) wu

poKo npmrnHH8TCH 11.6T0.'.l Bpel.leum,x i<llppemlJtUOHIU.IX -lJYHKJ:tltiit H no-

10 
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l 
l 
7 

l 
I 
I ,, 

I ,., 

CTP08HHblX C HX nOMO!lll>Xl WYHKUHit rpHHB. IloaToiJy 3HaqnTeJlI>HUli HH

Tepec Bb13blB88T Bonpoc 06 8CHMilTOTHq8CKOli 6JIH309TH .iipeMeHIIblX 

KOppeJIHUHOHIIblX WYHKitHli, onpe,llene.HHblX COOTB8TCTB8HHO .ztnH HCXO.ll

HOit (I2)H annpOXCHKHpYJ)~ett(IJ) CHCT~M/I3/_ 3TOMY Bonpocy IlOCBH

lll8H § 4, rn. Il H8CTOH!ll8li ,llHCC8pTBIUIH, r;n;e, .nna npOCTOTbl, pac

CMOTpeH cnyqait nap.lblX KOppeJIHUHOHHblX 4JYHKUHit 

H 

f.'(t-t') •<Oj'lt>o/Ct'J) 

1:' ct-t'> ~ <~'cuo?<t'>> ... , 

r,lle <. • • • ).._ o6oaaaqaeT cpe,llHee no annpoKcmmpyDi!leMy ra-

MHJII>-TOHHaHy (13). 3)l6CI, .llJlH onepaTOPOB ~ 1: = ½ ( o/ ± l<>j') 

BB8)t6HO npe,llCT8BJI8HHe renaeH6epra no MOA8JII>HOMY rau1,1nI,TOHH8HY: 

't ,Jt;t t -4.J;t °i {t) = e . Oj e , 

H no annpOKCHMHPYlllll8My: 

o?(t) - etX:t o/ e.;.1:ic:t 

Cy111eCTB8HHO onHp8HCI, H8 nonyqeHHble H8MH peaynI>T8Tbl )tJIH 

aCHMnTOTHqecKoit M8JIOCTH npOH3.BO,llHblX OT p831iOCTH CB060,llHblX anep

rd f"'[7t; J H f#[ x:<C1rt'aJ1ll no BHemHe11y M8rHHT~OMy. no

llD .H napaKeTpy B38HMO'A8liCTBHH 'J I Y'A8JIOCI, pacnpOCTp8HHTI, Me

TO'A pa6oT/6,?/ Ha cnyqaR CilHHOBOR CHCT8MU (12) H CTporo nOK838TI>, 

uo/I3/: 

11:'<t> - ~~<tJI - o 
. N•oo 

npH nr1 :Ii O H Jil06011 KOHeqHOM t . 3811CTHJ.1 1 . qTo napHble KOP.-

. P8JIHUHOHHbl6 ilJYHKJ:tHH annpoKCHMHPYD!lleit CHCTc11u F.'CtJ Buqxc-

JIHDTCH TOqHo,H AllH HHX nonyqeHbl BupaxeHHH: 
e't2i.£t 

~i(t) = t +t~~ZE/1 

u 



B IlOCJI~.ztHee BpeMfl ,B,O3Hl4K 3H8tmTeJII,Hlili 14HTepec K .1rnyqeHJ4IO 

Mo.zteJII,HbJX Cl4CTeM, BKJI10qaroll1!4X HapH.ztY c KopoTKo.ztellcTBYIOlllliM o6M~H-. ' . . . ' ' 

HblM B3814MO.l(eticTBlleM qieppOM8rHl4THOe .zt~JII,HO.ztetlcTBHe. IlpH. 3TOl4! .· 

HCXO;z{fl _H3 (JlJ,13Hqec1mx coo6pallt(lHHli, ,lt8JII,H0.7;l€ltiCTBYKllll8fI ~a~TI, B_88J4--, · 

MO.ztellCTB~fl paCCM8TpHB8JI8C_I, B paMK8X TeOpHH aqxlleKT_HBHOr,o IlOJifl, 

XOTfl CTporoe ,l{OK888TeJII,CTBO STOro IlOJIOllteHHfl .He IlPHB0,1tHJIOC/l
4/. •· . , ' ~. . . ' 

B CBfl8H C 3Tl4M B § I rn. Ill H8CTOfl1!leit ,ltHCCepT8~14H paCCM8TpHB8eT-

Cfl Knacc cnHHOBhlX Cl4CTeM,, raMHJibTOH_HaH ·KoTopb!X npe.ztcTaBHM B BH

.zte CYMMi/IS/: 

3 ' /,/ 
ruSL _ ri,S + ,uL _ '° I '° ot 
J\N - Jl,,N 31.N /U I... noc L. O'i , 

.... ""'1 I•! .. 
(16) 

r.zte Je; · ilnHCh!BaeT (aH!480TponHoe) qieppouarHHTHoe .ztan1,Ho.zten·cT..: · 

Bne: 

.3 . "' .. 
r-71L { ~ '·· ~ o(,• o( 
J'l.N = - 2N L a°' L.. ·ai · Oi1· o(•t ( IJ•t 

a '.Je! Y.ztOBJieTBOpfleT yCJIOBHflM 

I ! t,.,.5pe-X:l9 I , M 

II [ :1e:. ff cri"]J , K 
, . l_~t · , 

. 'j,'t. i· 0 (17) 

(IS) 

o(.=i,2,3, 

B KoTopux M ,,K, - HeKoTopue ··nocTOflHHUe, H HBJIHeTCH B qcTan~-

HOM npoH8BOJII,HUM.. 3.ztec1, B. ~.-ll. O6oa11aqaeT HOPMY onepaTopa. 

C llOMOllll,IO paHee pa8BJ4TOit TeXHHKOit ,l{OK838HO, llTO BKJia.zt'OT 

qieppowarHHTHoro ,lt8JII,HO.ztellcTBl4H•·Tl4Il8 (I7) B Y.zt6JlbHYID CBO6O.ztHYID 

a11eprl4JD CJ4CT6Mli (I6) MOlKHO 8Cl4MllTOTHll6CKH TOllHO ytJeCTI,, BBO,!IH 

a4)qleKTHBH6e ,M8I'H:"!THOe rio~e heH :· ,, ,.· 
.• ' . eH· . - .. °i! -. , . . 

h'.oe (e,1,J = h. + fl· c .. (&,X) • ol•t,2.,3, 

12 

H CTpOH TepMO,llHH8MHlleCKH SKBHBaJieHTHlili ral4HJII,TOIIH8H: 

_ ' 3 w 3 Jt: = 1t!-,,-uI:ht!l=a-t +½N.La.,.c:te,i;> 
A•t 1.•t t(at 7' 

r.zte napaMeTpli (°' onpe.zt6JIHIOTCH 148 yCJIOB14H 

~ fN[i;cc,,c,.c,ll = ([:re:cc,,c,,cJ)} . 
(c,,c1,c1) · 

TBKl4M 06paaow,1411ee11I
15

I: 

I tii:cc1.cltcJll - fN[x:11, l,, -o 
N•OO 

I fN= 0( ~Zfs) I 

npHqeu cxo.zt!4MOCTl> HBJIHeTcH paBHouepuon no TeMnepaType H nomo 

11a n1i6O11 orpaHHlleHHOM woJitecTBe { 8, h: O' 9' 80 , l~I , h. J , 
r.ite 60 H h. - npOH3BOJil,Hli6 KOHellHHe BeJIHllHH!l. 

B § 2 rn:. III paCCM8TpHB86TCH MOA6JII,H8H CHCTeMa, npH1!8,l{JI6E8-

lll8H K KJI8Ccy raMHJII,TOHH8HOB BH]t8 

n 

'H = T + 2V L ~ 1" f,.+ 
"',is•t 

"/1.,1.~ = j\:o( {19) 

r.ite T HBJIH6TCH OAHOll8CTHllHIDI onepaTopoM, Y - 06'.beM CHCT61W. 

Kpowe Toro, onepaTopli T, /. ( { '«' n.) YAOBJI6TBOPHllT .ztonon

HHTen:1,11w ycnOBHHM: 

T-= T+ • I: f.n.Sp e-Tte I , K. 

ll f" I , K, , IT 9'o1 - f« Ti ' K 1 

(20) 

lf.t1'-~f"U' ~• , Uf/1'-~f"+I ,~1 
, Hot,,s,n, 

r.zte K., K,, K1 , K1 
- H6KOTOpli6 IlOCTOHHHH6. 

38M6THM 1 llTO r8MHJII,TOHH8Hli BH.1{8 (19) IlO3BOHHllT OllHC!lB8TI, 

MO.itenl>Hli6 CHCT61W co B38HMO.zteffCTBH6M qacTHU paaJIHqHl,IX copTOB, 

HBllPHMep, MHOrOKOMnOH6HTHliX CllJIBBOB HJIH »arHHTHl,IX CHCTeM, COCTO-
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flll!HX ll3 HeCKOJII>KllX B38llMO,ZJ;eHCTBYIOll!HX MelK.lly COCfott no.ZJ;pell!eTOlf. 

H8MH no.zipo6HO ~8CCMOTP6H npocTettwntt CJiyqall .ZJ;llyx H3HHrOB-

CKHX no,ZJ;peweTOK na N CnHHOB, IlOM6ll!8HHUX'BO BH61llH8M M8rHHT

• B npe.ZJ;nOJioJKetlnH, qTo B3aHMoiettcTBYIOT MelK,lly co-HOM noJie h 
6oiil TOJII,KO cnllHhl, OTHOC.flll!H6Cfi f p83HhIM no.zipeweTKB,M, npHqeM 

B38HMO.ZJ;ettCTBHe He 38BHCHT OT paCCTO.flHHfi H 8HTHg)eppoi.iarHHTHO no 

cBoeMy xapaKTepy, raMaJII>TOHll8!! cncTeMh! · aa.ziati'TcH B BH.llefI6/: 

AF ,-f 'Jet,, = -~hN( ft+ fi) + 'JN r(fa 'J > 0 . 

3.ziecI, BB8,ll8Hhl O!J03!!8q'el!Hfi! 

N 

1.. = i L o;ttl 
t JI L:t • 

N 

f. = .i. r er. m 
. i . N j•t i 

(21) . 

r.zic · O'i '"l Z - M8Tpll~hl IlayJilli BepX!!Hil lll!.ll8KC YK83hIB88T HO-

Mep llO.ZJ;perueTKH, a HlllKI!lltt - HOMep Y3JI8 B Hett. 

IlOK838HO, qTo B TepMO,llHH8!1HqecKOM npe)leJie ( N- 0Q' v- 00 ' 

N / V=const.) y.zieJioHBH CBo6o.ziHaH ::meprnn CHCTBMhl (2I) coBna.ziaeT 

C COOTB6TCTBYIOlllHM TepMO,llHH8MHqecKHM noTeH~8JIOM B TeopHH MOJI8KY-
l 

JIHpHoro nomt: 

fA'<9 h) =-1t &i2c1t :,c,.-11th - 1.Jcc 
4 ' 2 ll•i 9 2, 1 1 • 

r.zie c,, c,. HBJifliOTCH pelll6HHHMH CHCT8Mli YP8BH8Hlltt: 

C __ +L JCm -~h ,, ' 
I\ - "1\ Q , mitn , tn,n.=1,2. 

BeJIHl!llHhl cl H C2 HM8IOT CMhICJI cpe.iU{ett Hauarm1qeHHOCTH 

B COOTBSTCTBYIOll!IIX no.zipe111eTK8X. 

B rJiaBe IY noJiyqeHhI HeKOTOphle O61qHe peayJII>T3Tli, OTHOC.Hll!He

CH K CT8TllCTlll!eCKllM CHCTeMaM, OIlHChIB86MIDI raMHJII,TOHH8HOM BH,lla 

" 'Je. = T - 2V L a" f.,. f/ , aoe ~ o 
t(at d rf 

{22) 

npH HaJIHl!HH ~OIlOJIHHT8JII,HUX ycJIOBHff (20). 
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KaK 6uJio noKaaaHo H.H.EoroJI1060BliM (Mn.)/6 , 7/, B aTOM cJiy

qae ,llJI.fl p83HOCTH IlJIOTHOCTeil CBO6O.ZJ;HhIX aHeprntt 

fvf7l] = -i fhi Sp e-'1U& 

H 

fv['.1t«(Cl] = - : fuSf)e-'J4.(Cl 

nocTpO8HHHX COOTBeTCTB8HHO .ZJ;Jlfl HCXO,llHOro (22) H annpoKCllMllPYIO

ll!8ro: 

I\ n 

Jl~(C) = T- 2v[ a~(c-1.,_++c: a:) +2vI0Jc°'c: (23) · 
o<at d I• ot=t ~ ,, 

raMllJII,TOHH8HOB, cnpaB8,llJIHB8 O~8HK8 Bll.118 

0' truh\ fvf~.,.(C)] - f vf 'J!] ~ lv 
(C) 

npHqeM lv ... 0 npn V - oo 

0 ~ 8, Go , 60 = con.s-t .• 

p8BHOM8PHO no 8 B HHT8pB8Jie 

B § I, r.n. IY, paCCM8TpHB8IOTCH H8KOTOplie oco6eHHOCTH nepexo-

.zia K T8pMO,llHH8MHqecKOMY npe.zieJiy ,llJIH MO,ll8JII,HhIX CHCT8M THil8 (22). 

no.nyqeHHhl8 peayJII,T8Tli cwopuyJIHpOB8Hli B BH.118 qeTupex JI8WI. B 

qaCTHOCTH, a.ziecn .ziaHo .ziocTaTOl!Hoe ycJIOBHe (Jieuua 4) .llJIH cyll!8CT

BOB8HHH TepMD,llHH814Hll8CKOrO npe.zieJia ,llJIH nJIOTHOCTH CB060,llHOll auep

rHH. 

B § 2 .llOKaaaua cne.ziy10ll!BH TeopewalI7/. 

Te~opeMB. Ilycu, rawmHOHl,18H CHCT8Mli 'Jf 1Ul88T BH;Lt (22), 

r:ite oneparopi.. T , f-. ( 1, Cl(,, n) y;1toBneTBOpHIOT ycnoBHHLI 

(20). EcJIH npH JI1)6liX KOH61!HliX C. { c, •...• cl\ 1 llJIOTHOCTI, 

CBO6O;LtHOll aHeprHH ~iIH raMH1II,TOHHBH8 . 3ea(C) 1 onpe.ZJ;8JIH8MO~O 
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paB8HCTBOl4 (23), CXO;ztllTCH npll V- oo ll 'PYHKUllH t,['J!.._(C)] 
;ziocTnraeT aocomoTHoro MHHm,yMa B e;ztHHCTBeHHOi1 TOtlKe C = C , 
TOr.zta: 

< ( 1°'-c.J( 1 .. ~ - E! ))3e ~ ... o 1'c<Ot. 

8.zteCL B811llllllHU C !!E { c4' ... ' cl\ l onpe;zt811HIOTCH ll3 yc110-

BllH 

m.ttt f..,['Je..:(CJ] = f..,[Jf ... (C)] 
lC) 

ll noaTOMY Y.ztOBJl8TBOPHIOT ypaBH8HllHM ca1,1ocor11acoBaHllH: 

Coi. = ( f.,. )'Jf..(~l \v .. 
00 

~,cx,n. 
TaKHM o6paaoM, aTa Teope1,1a ycTaHaBJlllBaeT aCHMilTOTllll8CKYIO 

611naocTL cpe.ztHllX OT onepaTopoB /oi. no ncxo.ztHD14Y 'Jl Han-

npoKCll14llPYI01!!8MY ~ ... (~) raJlH1II,TOHHaH8.M: .ztJlH CllCT814 BH.zta (22) 

B cnyqae OTCyTCTBllH BllpO~.zteHllH COCTOHHHH CTaTHCTllll8CKOrO paBHO

B8CllH, T.e. B CMUCJle KBaancpe.ztHllX. 

0TM8TllLI, llTO npllM8H8HHUtt M8TO.zt .ztOKaaaTeHLCTBa He ncno111,ay-

8T HBHOe BKJI!Oll6Hlle B ral4ll11l'>TOHll8II CllC!1'8Mll llJl8HOB C llC!l'OtlHHKaMH, 

CHHMaIOl!{llMll Bllp0l!t,Zl8Hll8. 8!1'0 06CTOH!1'8JII,C!l'BO 3Hatlll!l'811l'>HO 0611ert186!1' 

!1'8XHHKY uaTeM8!l'llll6CKOro llCC118,ltOB8HllH, na6aBJlHH Hae 0!1' H806XO;ztll-

140CTll paCCM8!l'pllB8!l'l', npOll3BO.ztHue 0!1' T6pMO;ztllH814lltl8CKOro nDT8HUH8-

na. 

B. 38JtJllltI6H:lt:H nepet1HCJl8Hll OCHOBHUe peay111,Tar1,1, nonyt18HHU6 

B pa6ore, c;zienaHU H8KOTOplle aaMetiaHllH ll BUBO;ztll. 

,lIOK838T811l',C!l'Ba BCil0140rareJll',HlJX 1181414 BUH8C8Hhl B rrp1{JIOJ:6Hll8 • 

OCHOBHUe peaym,TBTbl ,llllCCepTaUllll ony6JIHKOBaHU B' paooTax 

/9-II, I3, IS-I? I 11 .llOKJia,11UBa1111c1, Ha ceuirnapax no cTaT11CTHt1ecKoi1 

(pll8HK8 JlaoopaTOPHH TeopeTlltl8CKDi1 (pll3llKH Ollirn H q,1rnllll8CKOrO qia

KY11LT8!1'8 MrY. 
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