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lo BBe.rr.eH~e 

MHKpoCKonwqeCKaR TeopHR C~CTeM c reTepo~a3H~M~ ~nyKTyaUHRMwlI~4/ 
Ha~()OJIee noc JIe.rr.OBaTeJIbHO O()OCHOBblBaeTCR c nOMOmblO aHCaM()JIR KBa3~

paBHOBeCHblX aHCaM6JIe~ .rr.JIR reTepO~a3HblX CHCTeM /5/ np~ HCnOJIb30BaHHH 

MeTo.rr.a r~()()ca pa3.rr.eJIRDm~X nOBepxHocTe~ /6/. 3TOT aHCaM()JIb AnR KpaT

KOCT~ ()y.rr.eM B .rr.aJIbHenrneM Ha3b1BaTb reTep~a3H~M aHCaM()JIeM. MHorO~HC

JIeHHble npMMepbl peaJIbHblX c~cTeM, n~e.rr.CTaBJIRDm~X CO()On reTepo~a3H~e 

cMec~, ()b1JIH npHBe.rr.eHbI B padoTax / ,7/ . B co06meH~H /5/ Teop~R reTepo

~a3Hblx C~CTeM ~OPMYJIHpyeTcR AnR CHCTeM KOHTHHyaJIbHOrO T~na. B .rr.aHHOn 

CTaTbe Teop~R nepe~opMYJIHpyeTcR .rr.JIR perneTOYHblX C~CTeM (naparpa~ ~). 

rrp~ 3TOM .rr.aDTCR JI~rnb OCHOBHble ~e3YJIbTaTbI, TaK KaK TeXHHKa .rr.OKa3aTeJIbCTB 

()b1JIa no.rr.pO()HO H3JIOXeHa paH~e I ,5,7/ • ITocJIe ycpe.rr.HeH~R no reTepo~a3
HblM ~JIYKTyaUHRM ~ OTblCKaHHR peHopM~poBaHHoro raMHJIhTOHHaH~ B03HHKaeT 

Bonpoc, KaK MaTeMaT~YeCK~ BbI.rr.eJI~Tb COOTBeTCTBYDm~e TepMo.rr.~HaMH~ecKHe 

~a3b1o B n poc rux c ny 4aRx, aanpuxep , AnR .rr.BYXypOBH esax c ~CTeM, ynopnao

4eHHYD ~ pa3ynopR.rr.04eHHYD ~a3b1 MOEHO pa3.rr.eJI~TbJ RBHO KOHCTpYHPYR xapax

r epasynaae ~x. npOCTpaHCTBa. COCTORHloi" (rtapar paç J) o Xopouea ~JIJIIlCTpa
u~en 3TO~ c~TYau~~ CJIY~Ht Mo.rr.eJIb H3~HrOBCKoro T~na, OOOOmeHHaR .rr.JIR 

yyeTa reTep~a3HblX COCTORHHn (naparpaep 4). B .rr.BYMepHoM npocTpaHcTBe 

np~ HYJIeBOM BHernHeM noJIe TaKaR Mo.rr.eJIb pernaeTcR TO~HO, loi OKa3b1BaeTCR, 

4TO reTepo~a3Hble pOCTORH~R MorYT cYlIteCTBOBaTb TOJIbKO KaK MeTaCTaO~JIb

Hble B KOHe4HOn oKpecTHocTH Kp~T~eCKOn T04K~o B ()oJIee CJIOXHblX CJIY4aRx 

BbI.rr.eJIeHHe ~a3 MOEHO npoBecT~, .rr.06aBflRR K raM~JIbTOH~aHY HCT04H~KH, CO

.rr.epmlltHe napauer pu nOpR)J.Ka co cBoRcTBaM~ ~CKOMblX ~a3 (napar paó 5). KaK 

H3BecTHo, napaMeTpbl nopR.rr.Ka RBHO nORBJIRDTCR npH ~CnOJIb30BaHHH npHOJIH

][eH~R cpe.aaer o no'JIR, B KO TOpOM, 

pa3JIH4HblX ~a3 HaHOOJIee npocToo 

THna c npOH3BOJIbHblM cnHHOM )J.axe 

pyeT 4pe3Bbl4aRHo pa3HOOapa3Hoe 

CJIe.rr.OBaT eJIbHO, OCYlUeCT BHTb BbI.rr.eJIeHHe 

reTepo~a3HaR Mo.rr.eJIb reR3eHOeproBcKoro 

B np~()JI~eHHH cpeARero nOJIR .rr.eMoHcTp~


H HeTpHBHaJIbHOe nOBe.rr.eHHe (naparpa~ 6).
 
B 3aBl1CloiYOCTH OT COOTHOlUeHHR Mex.rr.y KOHCTaHTaM~ KpHCTaJIJIH4eCKOro nOJIR 

'H oOMeHHoro B3a~Mo.rr.eR CTB HR B 3TOR Mo.rr.eJI~ BO 3MOllHbI JI1l6b1e COC'fORHHR: 

cTa6HJIbHble, MeTaCTa()HJIbHble, 4HCTble H CMelUaHHble. HeK~Topble ~3 MeTa

CTaOHJIbHYX COCTORHHR xapaKTep~3YDTCR aHOMaJIbHblM~ MaKCHMYMaMH TenJIO

eMKOCTHHJIloi HaMarHloi4eHHOCT~ HHxe T04 K~ KDp~. B sexor opsx CTaO~JIbHblX 

CloiCTeMaX nORBJIReTCR T04Ka HYKJIeaUHH, RBJIRDlItaRCR T04KOn ~a30Boro nepe

xo.rr.a Mex.rr.y rOMo~a3HblM H reTepo~a3HblM COCTORHHRM~. B T04Ke HYKJIeaU~H 
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TepMO~~HaM~qeCK~e ~YHKU~~ MOrYT ~MeTb CKaqK~. Han~q~e reTepaPa3H~X 

~nYKTyau~n B qeT~pe pa3a nOH~~eT Kp~T~qeCKY~ TeMnepaTYPY ~ MO~eT 

~~e np~BeCT~ K CP~BY nepexo~a BTOpOtO po~a Ha nepexo~ n~pBOrO po~a. 

2. reTepcxPa3HhIe peuerovua e CHCT~M~ 

I1YCTb na peuerxe Z -= {'.XI.. J i =1. ~, .•. L 1 sa.aan ra:M~nbTOHHa.H 

H:: "\ ~ H i». J'" x . ) (n::: f, s , ... ) L L- 1 <..... -' 
h i, .. , ~I'\ 

oneparopnan CTpYKTypa xo ropor o nosa ne aaxna, B03MO~HO, ae nce Y3nbl 
pellleTKH 3aHRT~ qaCT~uaMH, KaK 3TO HMeeT MeCTo B Mo~enRX pellleTOqHOrO 
ra3a/8/ . Tor~a pacnpe~eneHHe qaCTHU no Y3naM xapaKTep~3yeTcfl onepa-
TOpOM N (x,) ,TaK 4TO CYMMa L N('XJ = IV 

J1 

.aaer ón epar cp 
Lo 1\ i.,

qHCna qaCTHU. OnepaTop~ H III fi nplllHa~ne~aT a nr ecpe naOmo.n;aeMblx 
iA, onpe~eneHHo~ na rlllnbCíeprOBoM npocr pancr ae 7l . nonycTVlM, B npccr
paHcTBe:lt Y,II,aeTCR B~~enHTb nO~I1pOCTpaHcTBa ~c J? , npa o<:""~,,,, s, 
TaKHe, q'TO Ka~.n;oe H3 ~ ocpaaosaa o BeKTopaMlIl c oCTonHlIl~ co CDo~cTBaMH, 

conOCTaBnReMhlMH nexoropoa TepMo~HHaMHqecl\.otit cpa3e. OCTaDlIlM nOI\.B n 
CT opoue s onpOC, KaK oc yueCTB VIU raxc e B~eneH ae no.anpocrPf;HCTD ~, 
nOTOMY xr o HMeHHO no H oyaer OCí'óRCHRTb~R B nocne.n;YlOlltlllX nYHltTaX zsn
HOtit paocr u, Ha Ka~~OM ~3 :1; MOJKHO 3a,I(an npe.acraaneuae aJlreOpbl 
HaCí)JKl,Il,aeMblX ~ =~ (u1) • Pa3~eneHvre ~a3 B peanbHOM npOCTpo.HC'IBe 
npoHCXO,I(HT npH nOMOIltH MeTo~a rHCíCíca /6/ pa3,I1,ennlOlltHX nonepxHocTen. nnn 
ar or o aanae rca nOKp~THe {à'o<' ~ pellleTKlIl ~ =U&:ol. ) L = ~ Lr:J. . 
KaJK~oe ncxpur ae OmtC~BaeTCR /4/ HaCíopoM xapaK~eplllcnNeCI\.t1X '1lYllltUH~ 
nO,IU4Ho)B;ecTB 

1. , ». G: /foi.. , 

~ ('X.) = 
~ L . .[ o, <: f$ "Z,,(. 

PHKCHpoBaHH~tit HaCíop 3TlIlX .~HKUlIltit oCí03HaqlllM nocpe~CTBOM 

~ -= { ~Dl (ox) I fi.. -= 1,:2, ... -8 ; ~ ~ol {xJ ~ L",,} . 
MH o~eCT.BO TaKHX HaCí OpOB { ~ 1 , 3a.n;ail1ltHX BC~B 03MO:lKH~ e noxpsTlIlR perneT

KH, oCípa3YDT TononorH4eCKoe npOCTpaHCTBO Jt::: f~ IV Zo(. J L,,(~oI..:::l:J. ..j.
 
3TO TononOrHqeCKOe npOCTpaHCTBO MeTpH3yeMo /4,5/ c nOMOlltblO COOTBeT- \"
 
CTBYillltett Mep~ m ( ~ ) . 

I1pH BCRKOM B~Cíope pa3.n;enRlOlltHX nOBepxHocTetit, TO eCTb nplll KaX~OM
 

nOKp~T~H c cpHKCHpOBaHH~M ~ , paCCMaTpHBaeMaR reTepaPa3HaR CHCTeMa
 
() esycn OBHO, HeO~H oponna , TaK KaK Me~.n;y cpa3aJJ.H Bcer ~a HMeDT CR nepexoz

H~e cnOH. HYXH~tit THn HeO~Hopo,I(HOCTH MOJKeT ()~Tb 3a.n;aH /5/ ~YHKU~RMH
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oopar aoã re aneparyps Jo<- (':>'J ~) H XHM~qeCKOrO nor enuaana /"rI- (::x., g) . 
Hac ~HTepecyeT cHTyaUHR, Kor.n;a cpnYKTyaUHoHH~e 3apo~~lllH KOHKyplllPYlOllt~X 

cpa3 B03HlIIKa~T cnyqa1itH~M oCípa30M, TaK qTO 3a BpeMR HaCífllO~eHHR B ClIlCTe
Me ae npoacxo.aar npocrpancrseu aoã nOKanH3aUHH .n;OMeHOB. Cne~OBaTenbHO, 

B cpe~HeM C~CTeMa npe.n;CTaBnReTCR O.n;HOpO~HOn, a HaCín~~aeM~e oCípaTHaR 
TeMnepaTypa ~ ~ XHMHqeCKH~ nOTeHUHan ~ RBnRlOTCR peHopMHpOBa~
H~MH Be~qlllHaMH COOTBeTCTBYlOlltHX 3aTpaBOqH~X ~YHKU~tit: 

SjJ. (x.> ~) d rn ( ~) = f ' S)'0<: (~)~) cl m (~) -=/ . (1) 

PaBeHCTBa (I) 03HaqalOT, qTO C~CTeMa paBHoBecHa B cpe.n;HeM, HMeHHO B 
cpe~HeM, Tor~a KaK npH KaJK.n;OM CPllIKclIlpoBaHHoM B~Cíope pa3~enRlOlltHX no
BepxHocTetit OCí~qH~e ycnoB~R paBHoBeclIlR /9/ He B~nonHRlOTCR. C~CTeMa ~ 
KOTOpO~ ~MeeTCR npocTpaHcTBeHHoe pa3~eneHlIle ~a3, KBa3HpaBHoBeCHa/S/ . 
CTaTHCTHq eCK~tit onepa TOp npa 3a.~aHH OM ~ lIlMeeT Bl1,ll 

J(~)= e-r-(~)/Z ( 2) 

r~e KBa3~paBHoBecH~~ raMlIlnbTOHHaH 

r(~)=G) C(~), 
r:;,L

~ (~) := ~ lo( (xi., t)[~ .L. Hol. ('X;,.) x;>. ) .,0 xl. ) l(n 

L L~ ... L n 

)( ~ . (~. ) ••• l:: (X',) - J.J (:t:. ~) N (X,) ~ (X.) 
. ço( (..a. S",~", / cJ.. L''; oi.. ] çoJ.. to 

aana n aa npocrpaa CTBe Y = ~ ~ ; nplllq eM N.j. C;(:) - no npeacraaae
HHe on epar opa N(x..) na npOCTpaHCTBe ~. CTaTHCTHqeCKaR CYMMa 
pasna 'l. = j f e'X.p[- r(li>] c11't1 (~ ) . 

MHoxeCTBO CHCTeM co BceB03MOXH~MlIl KOH~Hrypa/~RMH pa~.n;enRDIltHX 

nOBepXHOCTeA H odpa3yeT reTepocpa3H~ a~caMCínb 15 • MHTerp~poBaHHe 
no Mepe dr« (~) COOTBeTC TByeT ycpe.aaeaao no r er epoqaaauu 'cpnYKTya
UlIlRM 12/ . 3TO ~HTerpHpoBaHHe B cnysae KOHT~HyanbH~x c HCTeM onpe.ae
nReT CPYHKu~oHanbH~e ~HTerpanH no xapaKTeplllCTHqeCKHM CPYHKU~RM MHO
xeCTB 14,5/ • KOHTHHyanb~e Mo.n;enH RBnRDTCR CaMHM~ OdIltHM~. B qaCT
H~X cnyqaRX OHH onHC~BaDT H perneTOqH~e CHCTeM~ nonHOCTbD nOKan~30BaH
H~X 4aCT~U, H npOMeXYTOqH~e cHTyaUH~, Kor~a coce.n;CTBYDT nOKan1ll30BaH
H~e H ~enOKanH30BaHH~e qaCTHU~, KaK,?HanpHMep, B coe~HHeHHRX co CMe
rnaHHoA BaneHTHOCTbD /10-13/ • I103TOMY MOXHO OrpaHHqHTbCR paccMoTpe
H~eM ycpe~HeHHR no reTep~a3HNM cpnYKTyaUHRM ~R Henpep~BHoro 

npocr paa CTBa, nepexoaa K ~HcK,peTH OMY cnyxan nHmb na 3aKnIN ~TenbH OM 
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Mcnonb3YR MeTO~bl HHTerpHpOBaHHR no xapaKTepHCTH4eCKHM ~YHKUHHM 
3Tane. O~HaKO aHanOrHqHOe YCp~~HeHHe HeTpY~HO npOBeCTH H HenOCpe~CT /4,5,7/, MOXHO nOKa3aTb, 4TO MaTeMaTHQeCKOe O~H~aHHe paccMaTpHBaeMo
BeHHO ~nR peilleT04HO~ MO~enH. nnH 3TOrO XapaKTepHCTHQeCKHe ~YHKUHH ro onepaTopa HMeeT BH~ . t.-. 
npe~CTaBnRKlTCR B~OpMe ~.L(X.:)=~ t.(')t:.:..-Ol') , 

1 'X - O' _4=( d (6)r~e A('X): ' - ) • , a ~YHKl.UiOHaJIbHOe HHTerpHpOBaHHe 3aMeHReTCR h J1(~) Â( ~) dm(~) ="ti j J 
[ o, x, -:t;O I ~ -:F ~ 

~YHKUHOHaJIbHblM CYMMHpoBaHHeM /7/, TaK qTO Idm (f.) =~ f J 

r~e
BTopoe CYMMHpOBaHHe npOHCXO~HT npH ~HKCHpOBaHHOM Hadope 

P=: { p = L / L \ J = f , :1 )... :&l ~ 
~ ~ , npH4eM L- f = e~E-fl(H:-)' N..)]t f= @ j::~ L L ."L a n epaaa CYMMa ocoanaueer L = oL ri-

L:. ~,E2 QJ.El? QLE lt p ,/. ; e><pt-f 6í.t. I' N.)] 
:> 

B pe3YJIbTaTe TaKoro ycpe~He
z: L 1: '" 1: A ( Z- PaI- 1) • J...p, P.. p~ ti.

HHR ~OKa3blBaeTCR cne~Kl~aR TeopeMa: 
_ r(~) -r (3) 

'" n ~5e dm (F;) c: e (L -" 00) ; 
l,..n

Ã=: (i) floL ) A.;.. = V/ri- L fi ri.. t«,t-, :> 
o"~') 

r:J... 

;', ••• L'" 
nepeHopMHpOBaHHbl~ KBa3HraMHnbTOHHaH HMeeT BH~ 

B ~anbHenilleM dy~eM TaKxe npHMeHHTb od03Ha4eHHer= f (H -( IV ) H=@H,t)íJ=(f)N.r. 
) ~ o/.. /'" ,v 

<Ã>=1\IÃ=I<Ã> , <,4,J.. '>~ = h- t Ar/
"F 01- o/.. oi..~ H (:J(. ) ... -. )t'lHçL =: L W L .;.. ~1 ,," ~ 

'" ri i 1 ... in ITpH HanHqHH pa~~enHD~HX nOBepXHOCTeR ~O~XHa cy~ecTBoBaTb H 
nOBepXHOCTHaH 3HeprHR /6/. Ee cpe~Hee 3HaQeHHe HaXO~HTCH /5/ no 

No/.. = Ws/... I Nol.{~i) .; ~opMyne 
i. 

~a30Bble. BepORTH oc TH VI,,- onpeae nanrc R MHHHMH3aUHetl Tepu O,nHHaMI1QeCKOrO E =[ - L VIr/.- E (1.) (7)
~Il\" oL ri- -' 

norenuae.za 
E=<H> E:(1)=[<,Hot."">ol..] 

, cI. \11,,- :: -{~ = - t e, t c: - t B. P; etxp t- f (H -t N)] (4) 

~a30Bble BepoHTHoCTH onpe~eJIHKlTCR H3 ycnoBHH 3KcTpeManbHocTH
 
npz YCJIOBHH HOpMHpOBKH 2= \V =: 1 , TO eCTb HaXO~RTCll H3 ypaBHeHH~
 TepMonoTeHUHffJIa (4). 3TO ~aeT ypaBHeHHe 

,J.. J. 
1'\-1 (hl /'I-i (h) ] . 

'd 61 (8)q O ~ [ -: Eoi. - 'W~ E -:=! (p. o/. - R&) ,Y\ a( f = i)~ =0 =---.L1-a. '> w~ . (5) 
'OWoL 

~WoL 
B KOTOpOM
 

BCRKHn on epa TOp A
/\ 

H3 aar ecpa Hadnl)~aeMblX clt npa ycpeÃHeHHH
 
E (1'\):::: s. ~ < H (~. :>". 'X,: ) > N =. < N> 

fi.. - L ri.. ~f "oL ~ :Jno reTepo~3H~M ~JIYKTyaUHRM npeodpa3yeTcR aHaJIOrHQHO raMHnbTOHHaHY H 
/'I

onepaTOpy 4Hcna qaCTHU. ITORCHHM CKa3aHHOe Ha npHMepe h -4aCTH4Horo (., ... ~n 

on epar opa Â-=·.L. A (':X,' ,,,. x-c:) • Ero npexc ra aneuae na npOCTpaHCT
~f ... t 1 n <N(x,)') 5 == -ia? oLse T:" ~ ~ lJIR reTepoepa3Hotl CH~TeMli c ~HK~HpOBaHHblMH. paane JIRD ri.. to rf...
 

IltHMH nOBepXHOCT RMH HMeeT CTPYKTYPY A ( ~) =G1 A, ( l; ) ,'li i

~.,( - ~ L 

A tL ~ )
 

B KOTOpO~ ,4o(.(~) =.L, Aço( (iK.,; , ... x,.)~ <.~.) •.. ~ c~·)
 XHMH4eC~HR nOTeHUHan KaK ~YHKUHD nnOTHOCTH 4HCJIa 4aCTHU IV/L H 
~f"'~" f n S..l.. Li S",- to.. 
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06paTHO~ r eaue parypa MOJKHO HaHr~ ~3 ypaBHeH~S1j 
(9)L WrJ.. R.,I. -:: i . 

.,L 

B çJIY4ae .llBYX <lla3 ( S =: ~ ) BMeç'10 (8) nOJIY1.laeM 

o- i o» n-i (n) ] 
~ [ y.,,1 E, -(1-w,) E", -=t(R1-R~) 

a suecrc (9) ~MeeM VI, RI + w, R.1 "= 1. • ECJI~ KallC,1J;b1t! Y3eJI peuerxn 
3aHSIT O,1J;HOn 4aCT~I.I.e~, TO ecr s N('X,,) = 1 , ror.aa R~ = { ~ 

N =L . ECJI~ raM~JIhTOH~aH coaapxar ae 60JIee lIeM .n.BYX4aCT~1.lHble 

B3a~Mo.n.enCTB~S1 ( n ~ ~ ), TO B ,1J;Byx<lla3HoM CJIYlIae 

t~) {i} ti) 
_ ~Eb. +E~ -E, +!(R,-R~) __ 

W, - ) w~ - 'I w1 • 
(10 )~ [E , (;l) + E~{~)] 

3. ílBHoe noc rpoea ae I1pOCTpaHcTB 

ITO,1J;XO,1J;, ~3JIOKeHHbI~ B npe,1J;b1.n.y~eM nYHKTe, npe,1J;nOnaraeT, 1.lTO B 

npocTpaHcTBe COCTOSlH~~ paccMaTp~BaeMo~ C~CTeMbI cymecTBY~T no.n.npocT

paacraa ~ , xapaxr epaaynaae KOHKpeTHble TepMo.lUmaM~l.{eCK~ecfla3b1. B 

nexorcpux l1CKJID1.l~ Te JIhHblX CJIY4aSlX 3T~ nompocr paneTBa y.naeTCSI nOCT pO~T h 

SIBHO. IlpeJE,1J;e scer o no OTHOC~TCSI K peweT04HblM CHCTeMaM c nepeMeHHlXM~, 

I1pl1H~MaJJlllHM~ KOHe 4Hoe 4~CJIO .n.~CKpeTHlXX 3Ha 4eH~n. ITOSlCH~M CIUl3aHH oe 

Ha np~Mepe C~CTeMlX c .n.ByxypOBHeBblM~ peIlleT04.HlXM~ nepeMeHHblM~. Tor.n.a 

6a3~C npocr panc raa , accouaapoaaaaor o c Y3JIOM i " COCTOrlT aa .IU3YX 

<llYHKI..\~n 'f, = (~). rl f· ~ (~). ITYCTh rlH.n;eKC i;:: 1,2, ••• N 
~... l. L - L • 

HYMepyeT JIHWh Y3JIlX, 3aHSlTlXe 4.aCT~I..\aM~. O,1J;H01.laCTrl4.HOe npOCTpaHCTBO 

npe,1J;CTaBJIlleT c060~ JIrlHe~HYD 060JIO 4.KY C/. =- ~ [~.+ ' Y'i- } . 
Ilo.naoe npocr paacr so c o cr OllHrl" N -4.aCTrl4.Ho" CrlcreMIX 06 pasye TCSI 

npllMblM npo~3Be.n;eH~eM 

:KN ::: ~ c: ~ o (11) 

A6cOJIDTHO ynopll.n.01.leHHblM COCTOllH~S1M cooTBeTcTBYIlT !'pYHKll~~ 

fi N Iv'

r'" = @ Ifi + !' 'f =@p. (12) 
- . L+ ti 

A6COJIIlTHO pa3ynopSl.n;04.eHHble COCTORHHSI OnrlClXEaIlTCSI !'pYHKI..\rlllM~ 

~ N \ = ~ 'l-anJ { If,' + ) \fi-1 .> ( D ) 
(. 
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B KOTOplXX Ha MeCTO t -ro npe,1J;CTaB~TeJISI cny4anHblM 06pa30M BlX6~paeTCSI 

JI~60 'f~+ , JI~60 'f... - 'ÍlYHKI..\~~ B~,1J;a (13) 06pa3YlOT KJIaCC 3KB~Ba-

JIeHTHOCT~ {lf H ! . o 

fia30BeM nCeB,1J;OBaKYYMOM TOT ~3 BeKTopOB npOCTpaHCTBa COCTOSlHrl~, 

rl3 KOToporo c nOMOlllhll 3JIeMeHTapHblX B036YJK.n;eH~~ MOJKHO nOCTpO~Th nOJIHlXt! 

6a3~C .aaanoro np~CTpaHCTBa. B KOHe1.lHOMepH9M npo cr pau c r.ae (11) pOJIh. 

nceB.n.oBaKYYMa MoxeT ~rpaTh JID6all ~3 np~Ha.n.JIeJKalll~X eMY ~YHKI..\~~. fia 

113b1Ke cnHHOBlXX nepeMeHHblx 3JIeMeHTapHlXe B036YJK.n;eHHll .n;onycT~Mo Ha3BaTh 

<llJIHnnOHaM~. OHM reHepHpYJJTCSI JIeCTH~1.lHblMH onepar opaua S/ =(01) . 1 

~ - _ (O o ) 06JIa.n.all~MM~ c B OHCTBaM~ o o l
i. - -f o ~ , 

s.+ v S.+ 'O, := lP. oS ,- lf· -:: lf S. - f =o=: o 
t: Tlo+ '" 1(._ '1.+) lo 1..+ L- ) L i. - , 

[ S.- S.+] = 1 
1\ 

[ ~ . - S. -t] -= o ( i. =fi) . 
to) l- + L ) d _ 

O,1J;HO~JI~nnOHHble B036YJK,1J;eHMSI Ha,1J; ynopSl.n;04.eHHlXMH COCTOSlH~S1MM onpeaenaor ca 

BeKTopaMM 1f1V'(i>=: S.- 'f W ,r,N(i}= s: 'f N COOTBeTCTBYIl
+ Lo + - I. -.
 

~He MHOrO~JI~nnOHHlXe B036Y~,1J;eH~S1 OnMCblBaIlTCll ~YHKI..\HRM~
 

foi ( , • .. '"+ N 
(. t» ::5.... s . r.UI LI'" 

1± ' 1., 1..,. z (14) 

AHaJIOrrl4.HO 3a.n;avTCSI !'pJI~nnOHHlXe B036y~eHMll Ha.n; pa3ynopSl.n.01.lBHHblMH 

COCTOllHHRMH, xapaK~epH3yeMlXM~ <llYHKI..\rlSlM~ (13): B Ka1.leCTBe O~~OHHo-
ro aexr o pa HMeeM <f"'li) -= s:t e" a B Ka4.eCTBe MHoroll!JIHnnOH

o ~ o, 
Horo 

(/) "'. . S ± ± /1/ (15)TCJ ( L f ) .,. L n ) ::: i ....( f(
t "h o 

BCllK~e .n;Be <llYHKUMH npocTpaHcTBa (11) MorYT OlXTh npe06pa30BaHbI 

o.ma B .n;PyrYD s epea nOCJIe,n;OBaTeJIhHOCTh ~JIHnnOHHblx B036YJB:.n;eHrl". Hanpa
, ID "o ') N IV (., /tiue p; T.. (L 1) "01." = V_ " '1- /"/)'" iN) ::. ~ . 

Pa3.n.eJIeHHe COCTOSlHrl" aa ynopano-reunue H paayn opaxos esaue 140JB:eT 

6liTh npOBe.n;eHO 60JIee 4.eTKO, eCJIrl onpe.n;eJI~Th Ha6JI~~eMY~ BeJIH4HHY, Ha

3liBae14Y~ napauerpox n opazsa , 3TOH Ha6JIIJ.n;aeMoH B paCOMaTpaBa8MOM cJIY1.lae 
1\ li ~ 

c o or aercr sye r on eparcp 6' = i L õ:' ã. >! = (1 o ), ' no c06CTBeH
{oi /1/ i. ' " Q -t • 

: h HliM 3HaQeHHSlM KüToporo MOXHO nonblTaThCSI OTJIMQ~Th ynopSl.n;04.eHHble COCTOll-

HHR OT HeynopSl,1J;04.eHHblX. ITceB.n.oBaKYYMbI (12) rl (13) S1BJIllIlTCll c06cTBeHHbI

MH ll!YHKI..\HRMrl ar or o on.eparo pe : 
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r IV;, lf/'l '= SÀ -: ::- '(11 
') /li - -,ri + + l t: ~ 'f f'I (L, ... i,,) =± (1 - :l J') lf+ (i. f > ... j J7) 7- O 

N ± ' _ :J 

N-"tOO 

(18)N /'I" '= a", ( Ia", J .( 00 ,VN)
.) J\

S'", t. ~ f'I 1 eàY1 '" (L t , •• ,';,,) =0.)
~ "oN·..,oo 

orpaHH4eHHOCTb aI( 3~eCb B~TeKaeT H3 3aKOHa donbill~X ~can. nOnH~~ 
y()eX~aeMCR, liTO BeKTopH ~~ (,.,) Onl1C~BaIOT ynopRAo4eHH~e COCTOHHl1R,Hadop codCTBeHH~X ~YHKUH~ onepaTopa ~'" 3a~aeTCR BceMH ~nHnnOH
a Y'o (o.,) - pasyno pRAo4e"ilH~e. COC TaBnRR nl1HenHhIe odOn04Kl1 HaA da-H~MH BeKTopaMH, ~nR KOTOp~X 
3HcaMH (17), nOJlY4aeM npoc r pauc TBa 

A '" ( óln ) IV ,
(j"N 'f± (i 1, . o. i,,) = ± 1- IV Ifr (i- f , • " "n) .> 

(19)Jl ± ::: l {Y.:t U, )... ; J') SJ /(D = ~ {V)Oo «.: .. l.·n )J 
'" o • _ I

À 

( Q N ± ~ n) 'fol'l i c1 , i; )
~ o 

O"V (I. " L" ) - No.' npe~en npOCTpa.HCTBa (II) MOJKHO rerrep s :xl.AaTb KaK Jt=f,.';,JtN=T<.(f)~®~. 
HanHliHe MYX n pocr paacr a 7t+ H :It_, KaJKAOe H3 KOTOp~X COOTBeTcTByeT 

ynopR~o4eHHOMY COCTORHl1~ H ynop~Ao4eHHOn TepMOAHHaMn4eCKOn ~a3e, 

MaTaMaTH~eCKoe OXH~aHHe onepaTopa nopR~Ka 61", npHodpeTaeT CM~cn 
/I 

CBH~eTenbC TByeT o BO 3MO JlHOCTH aaxpoc xonuse cxor o B~pOJKAeHHR B Cl1C r eue.. 
napaxer pa no paaxa r cn sxo n pz N -'100 • JImlIb B TepMO~HH8.Mw\eCKOM npene ]nR CHRT~R B~pOJlt~eHl1R B~()l1paeTCR O~HO 113 3Tl1X npOCTpaHCTB, HanpHMep, 
ne, KaK H~BeCTHO, MOXHO CTporo onpe~enHTb nOHRTHe TepMOAHHaMH4eCKO~ jr+ • HeynopRAolieHHO~ ~a3e OTBeliaeT npOCTpaHCTBO ~ • KBa3HpaBHOBeCHaH 
~a3~ H COOTBeTCTBYlOlI{erO e~ napaxer pa nopaaxa, BBe~eM O()03HalieHl1R AnR r e r epoçeasaa CHC reaa xapaxr epaaye TCR npOCTpaHCTB OM 
npe~enbH~X nceBAoBaKYYMoB (12) H (13): 

n, N N (16) (20)T = 7; @ ~ , 7; == ~ + ' :t:; 'E. /1(0 ' 
If+ = Um "; lf = eúYl 'f 

- "'...,()IO - , C> #-+00 () 
3~eCb npHBe~eHa odll{aR cxeMa RBHoro nOCTpoeHHR npOCTpaHCTBa reTepo

00rro~ npeAenbH~M ne pexo.aou N~ ,KaK Od~4HO, nOHHMaeTCR nep ex o.a , 
~a3H~XCOCTO.snmH T AnR 1IIl1p oxor o xnac ca p8llIeT04H~X CI1CTeM. B CJle

npa KO;OPOM 11 ~ 00 , L ~ , N IL -+ CDnst-. npe~eJIbl ~nHnnoHH~x-9' 

~YDlI{eM nYHKTe HnnncTpHpyeTcR npHMeHeHHe 3TOn cxeM~ K KOHKpeTHO~ ~o~enH 
aexropos (14) H (15) onpeae neas HeO~H03Ha4H O- HeO()XO~HMO HanOXHTb no

113HHrOBcKDro THna. 
nOnH'HTenbH1>le ycnon aa na 4Hcno ~nHnnoHH~x B03()yx~eHHn~ B 4aCTHOCTl1, 

npz N~ 4l1CnO h MOJlteT ()~Tb HnH Orpa.HH4eHH1>lM, Hnl1 MOXeT pacrz()O 4. MO~H~HUl1pOBa.HHaR MOAenh V13HHra 
BMeCTe C N • OnpeAenRR npeAen1>l 

PaCCMOTpHM ABYMepHYD Mo~enb V13l1Hra c 4HcnOM Y3no~ paBH~M cpe~

I/ (L. .... J7) - p , 
li 

(&'rn !2. =J7 < L )1 ± J t.t..m 'f± (L:() ... L'" HeMY 4l1Cny liaCTI1U L.= N • I'er epoçeaaoe O()O()lI{eHl1e 3T0t1 MO~enl1, c or aac3
Ao > - ) 

/1/ a.> 
#-+00 lV~oo '(17) HO naparpa~y 2, npHBo~HT K nepeHopMHpoBaHHoMY raMHnbTOHl1aHY 

f'.J IV .-..Iro a.. o.' Ln ) =- l'~ lf 
o 

N 
( i.1 ) ... I..

. 
n ) ( [I'm ~ = O) H := H( @ H,. ) 

(21)N~CJ'O #"'00 
, ~ cV ~ )" - " <J:' b.H paCCMaTpHBaR ~e~CTBHe onepaTopa nopR~Ka Ha COOTBeTCTByDlI{He ~YHKUHl1 Hoi. = IV ( "i -: -! v: 1,l - ~ t.'L'flrJ,.J. (. d 

npl1 ~~ ()Cl .> 4i> 
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B KOTOpOM CYMMHpOBaHHe BeAeTCR no dnHxa~lliHM coceARM, a eAHHH4H~~ 
~	 ~ < 

onepar op feL HanOMHHaeT, 4TO orieparop Hr/.. 3aAaH na npOCTpaHCTBe ~
 

ilonH~A raMHnbTOHHaH (21) onpeAeneH Ha npocTpaHcTBe (20). llpHMeHRR K
 
AaHHoR 3aAa4e MeTOA TpaHCq)6pMaTpilll;H" MOlltHO ydeAHTbcR, .xr o M8.KCHManb
s oe COdCTBeHHoe 3HEl. 4eHVfe nocneAHeR COOTB ercrsyer ynoPRAo4eHHoR epa3e


i 1,TorAa KaK MHHHManbHoe codcTBeHHoe 3Ha4eHHe - pa3ynopRAo4eHHo~ epa3e1 4/.
 
TaKHM odpa30M, AnR TepMoAHHaMH4ecKoro nOTeH~Hana (4) aMeeM
 ti~ -= ~f +.!f:l , 

~; =- f (U; Wd-:J. - t 'fieL) - k_in (~S~hh BJ.) -	 AI- -' (22) 1 

C,j. :: f I '-'}- , A vi. = (J7- 1
11 

o: l v) d,) -' 

npH4 eM epYHK~HH (,t.. (-V) onpe Ae nRDTC R ypasn eHHeM 

CClh r (v) = u!.h 8<:J. . c,H BoJ. - CC! V , 
J.	 • 

, B KOTOpOM no noxare nsuue peuenas od03Ha4eH~ sep ea r, l Y) , a OTpH
uare nsuse - 4epe3 42 (y) • Ilocnemee y paaneuae MOXHO npeoopaaoear s 
K BHAY 

0",- ( v) = (-1 t +f [ lI:' '- - ~ (~'hh B,J. ) + 

t i I t, [e..}," t, - (cod ""oi I )I':'~ ~ ] dv'1 
o 

il03TOMY AnR TepMonoTeH~Hana (22) nonY4aeM 

~ -:= f Sf (d'fi a+ 1 - ~ w') - Q1 + Q ~ - e~ (~~'t\h g~) - ! f :J 

rAe VI ~ "'#11 H 

Q =- .L f
F 

&í~fÁ~! -(U5V i-~v')IJ}tA ~] Jve/v',
ti.. J.7T2 LI J..
 

o
 

B COOTBeTCTBHH c B~paKeHHeM (10), AnR BepoRTHoCTH ynopRAo4eHHoR ~a3~
 

HMeeM
 

~~ - B~ ==	 .'w= u rr 
.:J (13 ) 

41l - B, - BJ. to I '} 
I 
I, 

r.ae tto - 4Hcno dnHxaRmHx coceaeã ,	 
.' 

., 
10	 'I 

l, 

1: ~ > _
9. ~ < 6", b. <1.B=- L ~ d 

... to " <ip li.}, C" _ (
 
rI-+1 ( ) ] Cot:h t,j., »
=[ i -f (-1) K ~J. KI.'nh Bri- +1 

íí c/v	 tf bh A ~ . (.st~ ~~ 
r :=

ai..K(~) == i J(t _ ~ -It-":J..,, ) 1/ J ~ 

(f + J,.~h ( ) " o 

~nR cnoHTaHHoA HaMarHH4eHHOCTH HaxoAHM 
4 1/9

M = ~ ~ < s: ')( .= VI (), \) = ( 1 - (/ fbh h ~() (24)
N. L 

L 

ilpH AanbHe~llieM HccneAoBaHHH HaM npHfOARTCR TaKxe BHpaxeHHR AnR YAenb-
HoR 3HTponHH 

(25)..s = Q1 - Q2 + en (.9. -.knh BJ ) - f T [\ti B1- :z u (1-w) (~W -d] 
H YAenbHOn TeMnnoeMKOCTH 

,..I ~ a tlt-f(Xa.-X,) + X 1Y;l -X~ 1, 
C v T'	 ~ =-f).t 

~a - 'Y, - YJ. 

Bo( l-o.flh B" - f /J.. (26)Ull'h Q e,J. 1(-1)cl+fXo(: "'} [(_1).L ~ + 
biv~ J.. 8,1. ~"'h ~d. L' -MA 2.tcJ. - t 

_ Lr (iVhÁ $J. - t) 't . d J< (?-,L) ] } 

(-hh~ C
oL 

-t 1) 6' d ~ol. 

ri- +1

'( Boi. + (-1). f X,( / "'oi. 

reTep~a3HaR CHCTeMa-adconDTHo YCTO~qVfBa, ecnH nonOXHTenbHa 
BTopaR npOH3BOAHaR

R := 9 13 I (4 t< - Y, - y ~ ) 
~w f 

H OTpH~aTenbHa pa3HOCTb Â~, 

fl8 := ~- K(1}) !lU) =- - ~ en;. [exr (-f H, )JW=1 :> , 
&~ =f IJw; ~-1 ) - Q, +- Q:a. + fi} - eh (J ft.h~ Ba.) , 

Q == ~ Jln[C9/r~ o (f3T) - (u-~v + c.., v') fUI), (fI)] cJ,} 0/,; /
a.ü o • 
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B HH3K0TeMnepaTypHOn OdRaCTH BepOHTHOCTh ynopR~OqeHHO~ ~a3~ 

Be~eT CedH nO-pa3HOMY, B 3aBHCHMOCTH OT BeRHqHH~ KOHaTaHT~ KpHCTaRRH

lI.eCKOrO nORR U , TaK, npa "' ..:. fIo.. 

T w z: 1- ) T =-
( 

(ti ..:. f) 
f}.(1-12a) ?-oIf 

H npa /1('7/ flJ.. 
,; 

a o Wa) f-w o [(1-\0"0),). ] 1 
.(.1<-f (- -..E.. --- e.1<.p - ~-~ •W:::::'Wo[1- : T IA éJ.T" ,I 

au. 
W == ( U '?- f ) . o 

4"-1 

O~HaKQ B odRaCTH H113Kl1X r eanepa ry p npz U L f CTaHOBHTCH paCXO~H

me~CR 3HTponHR -1 ~ - co , a npa L< ~ f orpauare xsna TenROeMKOCTh. 

CRyqa~ deCKOHeqHOn 3HTponHH Ha~o OTdpoCHTh KaK H~H3HqH~~. Kor~a 

Cv <: o , 3TO CBH~eTeRhcTByeT o HeYCTO~qHBOCTH CHCTeM~. TeMnepaTypa 

nOTepH YCTO~qHBOCTH Td ~RH COOTBeTCTBYDmHX 3HaqeHHn napaMeTpa u 
onpe.aexaerc a KaK reuneparypa npa KOTOpO~ C =0 • IIpH r ezn epa.rypev 
~ reTepO~3HaH C"CTeMa ÃORXHa pacnaCThCR. qHcReHH~~ aHaRH3 

BeRHqHH ô"J.g/ o wJ. H 1>8 nOKa3b1BaeT, lI.TO TepMOnOTeHl.\I1@.R r er epcpaaaon 

CHCTeM~ sc er.aa s uae , qeM TepMOnOTeHl.\HaR qHCTO~ Mo~eRH M3HHra c W=f • 

CRe~oBaTeRhHo, B TOqKe Td r erepoóaana a CHCTeMéi pacnaaaer c a , nep exo.aa 
B qHCTYD ynopH~04eHHYID ~a3Y. 

nRR Toro, qTodbl npOBepl1Th, HMeeTCR RH TeMnepaTypHaa odRaCTh 

Mex~y TeMnepaTypon pacna~a ld H KpHTHqeCKOn TeMnepaTypon 7~ 

TaKa~ qTO B 3TO~ 06naCTH reTepO~3HaH CHCTeMa MoxeT cymecTBoBaTh KaK 

uerac raba xsuaa , nano HCCRe~OBaTh KpHTl1qeCKOe nos e.aeaae Mo~eRH. I{pI1TH
li. eCKaH rexn eparypa , onpe.ae naeaaa YCR OBHeM (};::. o , paana 

-ç :=1/16 (t't-!I.;l\h J.. :1./lóf!v.(1+fi') =0.01-1, (27) 

3TO B serupe pasa MeH hme, qeM KpHIHqeCKaH r esnepary pa B COOTBeTCTBYil
me~ qHCTOn Mo~eRH. Pa3ROlKeHHe no cren es HM l -= (T- Te) / Te - -o MeT 
aCHMnTOTHqeCKHe B~palKeHHR ~RH BepOHTHOCTH ynopH~OqeHHO~ ~a3b1 

a't8t-'''.I'1 1
w':::!- t -+ C-T) t. (-L)

.) (28)
4H (u. +0.08'1-) 

napaMeTpa nOpH~Ka 

Il :; [ ~[.1 ","oh ~1 ] 1/9 J 
I

Io~ A (-i) 1/8 &, "/i (-T) (29)~ ~ õ J/ (u -I- D. O 1I!l.. ) ( 

H TenRoeMKocTl aU'1I1. 3 t fh« (-r-) . 
(30) 

I. 

,~V ~ ;;Q.(U~O.o8!1) 
I 

12 i 
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AC~MnTOTHK~ (29) ~ (30) OTRHqailTCR OT COOTBeTCTBYilmHX BblpaJl{eHH~ ~RR 

qHCTO~ Mo~eRH H3HHra, MR KOTOpO~ Õ fV (_t")1/B , CI/ '" t...(-í:) . 

popMYRa (30) ydex~aeT, qTO TenRoeMKOCTb B Kp~TH4eCKO~ odnaCTl1 MoxeT 

d~Th nORoxHTeRhHO~. 3HaqHT, MoxeT cymecTBoBaTh ~HTepBaR TeMnepaTYP 

T~ <T ~ Te , BHYTPH KOToporo reTepO~3HaH C~CTeMa MeTaCTad~RhHa. 
nRH dORbme~ yde~HTeRhHOCTH BblCKa3aHHblX YTBepJl{~eHH~ CHCTeMa ypaB

HeHH~ (23)-(26) dblRa pemeHa q~CReHHO. nRH TeMnepaTypbl pacna~a nORY4e

HbI CRe~yJ)mHe 3HalleHHH: Td = 0,278 Te ripa ~:::: 0,5; Td = 0,472 Te. t 

npa u:: 1,5; Td -= 0,556 Te ripa U -= 3 '. K coxaneaan , 3HTponHR 

(25) npH 3TOM OKa3aRaCh oTpHuaTeRhHO~. IIocRe~Hee 03HaqaeT, qTO 

Ha Mo~eRb HaRoxeHbI KaKHe-TO ~3RHmHe xeCTKHe orpaH~4eHHH - BcnOMHHM 

aHaROrHqHYID cHTy.al.\HD, Kor~a 3HTponHH TaKJKe OTpHl.\aTeRhHa, HMeDlltYJ) MeC

TO ~RH C~epHlleCKO~ MO~eRH ~ penRHKa-C~MMeTpH4HO~ MO~eRH CnHHOBOrO 
CTeKlIa/1S/ • 

5. MeTO~ ynopH~Oq~BaJ)mHX HCTOll.H~KOB 

IIpOCTpaHCTBa COCTOHHH~, HBHO nocr poeaas e B naparpaé e 3, rO~HTCH 

~RR Mo~eRH H3HHra np OH3 BO RhH on pá 3MepH OCT H. O,JmaKO paCC'q}l'l'a'l':b liTO-JlliOO 
~RH TpeXMepHOA MO~eRH H3~Hra, KaK H3BeCTHO, ne npOCT O. CBe~eHHR O 

CTpYKType npOCTpaHCTB COCTOHH~~ H~ MDT 3~eKTHBHOrO BblqHCRHTeRhHOrO 

peuenra , K cxec ThID, ~eTaRhHOe 3HaH~e 3TO~ CTPYKTypbl OTHIl~h .He. OdR3a

TeRhHO. Pa3~eReHHe TepMO~HHaMHlleCKHX ~a3 y~odHee OCymecTBRHTh He no 
MHKpOCKon~4eCKHM, a no MaKpOCKOnHqeCKHM xapaKTepHCTHKaM. rrO-BH~~MOMY, 

npo~e Bcero 3TO ~eRaTb no BeRHll~He napaMeTpa nOpH~Ka • B HeKOTopblX 

np~d.IIHXeHHgX napaue r p nopaasá nORB.1IH eTCH Heno cp eacr s eHH o npa Bbl4HCRe

HHHX. ECRH xe 3Toro Ee npOHcxO~HT, TO MOXHO c caMoro HaqaRa ~odaBHTh 

K raMHRhTOHHaHY HH~HH~Te3RMàp.hHble CRaraeMble, HBHO co~epxamHe napaMeT

pH nopH~Ka co CBO~CTBaM~ HCCRe~eMblX ~a3. TaKYD npOl.\e~ypy MOXHO Ha3 
BaTh MeTO~OM ynopH~oll~BaillUHX HCTOqH~KOB /5/. B ~aHHOM naparpa~e 3TOT 

MeTO~ KOHKpeTH3HpyeTcH ~RH reTep~a3Horo ododmeHHH Mo~eRH reR3eHdepra 
c npoH3BoRhHHM cn~HOM. 

Jlycrs CHOBa qHCRO Y3ROB peue nor cosnanaer c 'lHCROM qaCTHl.\, N=L 

B KaJl,I(OM Y3Re onpe.ae nea oneparop J (i = i~ z, ... /11 ) cnaaa oS • nRH 

y~odcTBa B ~aRhHe~I.UeM dY~YT a cn ORbiOBaThCH od03Ha4BHHH: < S:'>1IL =: 
_ _ -t A 

: <S,"> S, ===S.·t· raMHRhTOH~aH Mo~eR~ HMeeT B~~ 
t<:J. ') ,,~ .. oi 

ÃN IV IV rv _ V 2. a S .... (31)
H =H'j@ H;l ~ H~ - IV ã v, 1,l. - 'W_ ~ lli l,j.~:.t 

~ ~ 

OnepaTop H sanas na npOCTpaHCTBe :F= ~ @7;" B KOTOpOM 7; 
npOCT paHCTBO COCT OHHH~ c HapymeHIlokl S 0-(3)- CHMMeTpHeR, a ~ - 3TO 

SlT(~)~C~MMeTpHqHOe npocTpaHcTBo /3/. IIapaMeTpoM nopH~Ka CRYXHT 
BeRHqHHa 
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Tenepb, He3aBHCHMO OT Hcnonb3yeMoro rrpHdnHxeHllR, 3a~aqa c raMHnbTOHHa
1,1 

li! 
B ynopR~OqeHHO~, ~eppOMarHHTHOn ~3e ~ 

- 1.... ~ -
Q ~-<S » S =1. "" SrJ S fI., ot N': (;..t' 

(. 

OT~HqHO OT HY~R, a B pa3yno

(32) 

HOM (36) ac eraa RBHO c oaepzar napaae r p nopaaxa (37), n03BonRDmH~ pas
nHqaTb ~a3H nocpe~cTBoM KpHTepHR (38). B KOHue BH4HcneHH~ ynopR~o4HBaD

mll~ HCT04HHK yClHpaeTcR. JJ.pyrHMll cnOBaMH, MaTeMaTllqeCKHe OJ[H~aHHR onepa
TOpOB Ã onpe~enRDTcR KaK cBoeoClpa3H~e KBa3Hcpe~HHe /5/ 

pR~04eHHO~, napaMarHHTHO~, napaMeTp nopR~Ka paBeH HynD: 
&; =1= o, ~a. = o . . 

YcnOBHe (33) H RBnReTCR KpHTepHeM, n03BonRDmHM OTnH4HTb ~a3H 

(33) 

~pyr OT I! < Ã) :: &rn 
v~o 

h 
'g: 

j (11) Ã j(Y) = e-x:p[-p.HeYJ] 
; €)LP [- (3 Fi (YJ] 

(39) 

~pyra. ilpH HanH4HH TpaHcnRUHOHHO~- ~ nepenacars r < si.! '> 1=0 , « S~a '> = O 

CHMMeTpHH no peweTKe (33) MOXHO 
• JJ.~R BepoRTH OCTH ~eppoMar HHT 'I 

B 4aCTHOCTH, ~nR napaae rpa nopanxa (2) 
HO~ ~a3H, 

w, 

c oraacno (10), 

lT- 2 1il 
'd- ( TI-1, -1J. ) 

HMeeM 

) !.t.= ~ 41(1' < ~it ~'.L'>
l.d v 

(34) 

-G.: 

6. MO~H~HUHpoBaHHaR 

J) -= lúTl tç C;) 
';""0 

Mo~enb re~3eHClepra 

( 40) 

Í'13 noaosar ensaoc ra H orpaHH4eHHOCTH BepORTHOCTH (o L lt/,I.. L f ) 

cne.ayer, 4TO ~onXHO ClHTb nHCl o 11 c ';nt {21 f) :l'1a. J, nHClo 
.U » i""'p {~1, ) '33. 1. YcnOBHe re r epoçaaaoã YCTO~4HBOCTH, TO 

C~opMynHpOB8.HHaR B n~~hI.H.Yme),4 nYHKTe 
HnnDcTpHpyeTcR na T04HO peuaeaoz YJ~enH c 
cHcTeMY c raMHnbTOHHaHOM OI), B KOTOpOM 

MeTO~llKa sa aooaee HarnR~HO 

,MnbHO~eaCTBHe),(. Paccuor pau 
l ..  ~anbHo~e~c'BYDll\H~ no

ecr s 
,MeT 

HepaBeHCTBO (J~~/'O'WrJ.~ 70 npa Vlf+wil-=1 TeHUHaJI, 
npz N -

y~oBneTBopRllll\Ha ycnosHRM '3.. .. ~ o ~ 'fi 
d'J 

()o. ACm..mTOTHlIeCKMI T04H ce peaeaae 
.L L 
N {i 
TaKO~ 

~. _ C&ll\~t
<ftJ 
3a~a4H 3KBHBaneHT

aF (lf - J. -1,) > w: i»,-1:) - w,' ('D, - lo') , (35) HO TeopHH c~e~ero nonR, n03TOMY napaMeTp nop~Ka 

TOTH4eCKOM raMHnbTOHHaHe eCTeCTBeHHhlM OClpa30M. 
nORBnReTCR B aC~Mn

~ == ",La L i,. 1. <: ( 5;", ~.,{ ) (s~ oi Stal ) :> . 
ia'~P td Id. 

COCTaBHM raMHnbTOHHaH 

H(,,) == H, (.v) @ H:l (-I)) , Hoi: (,) -= H.,( + tY Ho( [6;. (v) ] ( 36) 

(41) 

- ~YHKUHR EpHnnD3Ha, BepoRTHoCTb ~epPOl4arHHTHo~ ~a3~ 

(34), 

BHpaxeHHe (32) ~nR napaMeTpoB nopR~Ka ~eT 116/ c Y4eToM (33) 
H (38) 

_ :I. :;l )

IG", I =: (J ::: Bs (~W s-S / T ~ (J~ == O ) 

r.ae s, (.) 
HaXO~HTCR H3 

C HCT04HHKOM 
r;::: ]

HtlL~ (y) 
Q.r -=-Nltw,;. LflG; (y)~ ~ 

-:1 ]G; (11) 
Wf=w=./)../a(u-fiJ-S'J) ) W~:=1-\II) 

(42) 

a TaKxe BBe~eHO oClo3Ha4eHHe 
COOTBeTCTBYDmKM TeopHH cpe~ero nOnR H co~epxamHM napaMeTp nop~Ka 

~ (;) =1 h. ~ [It (-I>J :{ ~. 
~ 

~eppOMarHHTHaR H napaMarHHTHaR ~3H 

neHTHoMY (33), 

.1 
r7': :l G'XP[-fi H,I.. (")]L1-1. (,,)J":: ---'_.L _ 

Oi d.. h ~p[_ AH (li)] (37) 
~ r J.. 

pa3Jllil:J8DTWl lia RpRTepHIO, 3KmrBa

) 1 == ; ~ , leI'
{ 

T = (31ue 1J-} 
Heocxo.aauce yc noaae reTepo~a3HOCTH CHCTeMH, OLW' 1. rpeoy er , 4TOClli 
BhlnonHRnOCb O~HO H3 HepaBeHCTB: HnH IA <. o ,HnH u» ~15"~ S a • Yc
nOBHe re.Tepcxfla3HO~ YCTO~4HBOCTH (35) noxaassaer , 4TO npa U < o 
r er epoçaanaa CHCTeMa ueracraoionna, a npa U > G"'.2 SJ cracansae , 

~ 
f 

(v)'t- 0 ) cr-"".;>(V)=O. (38) 
KpHTH4eCKaR, r eaneparypa 
KpHTH4 eCKaR reun eparypa 

Te 
To 

B xerape paaa MeHbwe, 
B 4HCT o~ Cncr eue 

4eM OClJ,l4HaR 

I Te..== S(s+1)/6 - r, /4 . .1 0 ~ ;;"S(S+1) /3 . (43) 
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MeTaCTadl1JIhHaR r er epoóaauaa CHCTeMa· MOJKeT HMeTb pR,n TepMO,nl1HaMl14eCKI1X 

OCOdeHHOcTett, sanpaxep , MaKCl1MYM HaMarHl14eHHOCTI1 M=w<>S ,JllBHhltl 

MJr\:: p /4 ( u <o) 
( 44) 

t'l pacnoxoxeaasã B TOqKe T"., , onp enenaeaoã ypasaen aea 

R -s B cs {=t7/8T,..) ( 45) s :f 

,npl14eM T,.... < T(' • TenJIOeMKOCTb C roxe xo xe r l1MeTb MaKCt1MYM Hl1lKeH 

T04Kl1 KDpl1. 
llHTepeCHa CJIe~lO~aR Cl1TyaUl1R. I1pl1 TeMnepaTypax OT O ,no Th 

adCOJIIOTHO YCTotl4l1Ba 4l1CTaR l!leppOMarHl1THaR l!la3a. Bblllle lr CHCTeMe n 

Bblro,nHee Haxo,nl1TbCR B reTepOlPa3HO~ COCTORHl1l1. T04Ka HYKJIeaUl1l1 ~
 

B KOTOpba nORBJIRIOTCR 3apo,nhlllll1 KOHKypl1pYIJ~etl l!la3b1, 3a,naeTCR ypaBHeHl1eM
 

{i/i' =: S B (fi; S/ r, ") (OLU~:lS:J) • s (46) 
I1ponecc HYKJIeaut'lt'l RBJIReTCR cBoeodpa.3HhIM lPa30BblM nepexo,nOM t'l3 qt'lC

Toro B reTepopa3Hoe COCTORHt'le. COOTBeTCTBYD~t'lM eMY napaMeTpOM'nopR,n

sa CJIYXt'lT BepORTHOCT b W • B ,naHHOM CJIY4ae - 3TO n epexon nenpeps a

aoro rana , TaK KaK npz r exnepa rype HYKJIeaut'lt'l w (Til) = 1. nJIR cna

~a 1/2 ypaBHeHt'le (46) ,naeT 

T 
h 

:: fã; / ~ a'z.t~f\h ~ ( s= f) . (47) 

TeMnepaTypa nyxneauaa MoJ:eT npt'lHt'lMaTb 3Ha4eHt'lR OT 1";, = o npa u=t1 g.2 

,no In:: To npz u= o • BCJIe,nCTBt'le Toro, 4TO l!la30BaR BepORTHOCTb W 

t'lMeeT .t'l3JIOM ripa T= Til , TenJIOeMKOCTh C~ B T04Ke HYKJIeaut'lt'l t'lMeeT 
CKaqOK. B pea,JIhHIU aene craax , KaK CBl1,neTeJIbCTBYDT 3KCnepw.1eHThI., 

T04Ka HYKJIeaI~t'lt'l TOlKe uoxer Ct'lJIhHO aapsapoaara B 3aBt'lCt'lMOCTH OT Bt'l,na 

Be~eCT sa; T MOítCeT dhlTb pacn OJIOXeHa KaK BdJIt'l3t'l Teanepary pu nepe
h , 

x oaa, TaK t'l ,nOCTaTOQHO ,naJIeKO OT aero cHanpaa ep , B lllnHHeJIH 

M'o 'til Fe, 0/, C nOMO~bD ~l!leKTa MeccdaY3pa dblJIO BI:iRBJIeHO/17/ ,4S o.es ~ y 

cocy~ecTBOBaHt'le l!leppoMarHt'lTHótt t'l napaMarHt'lTHO~ l!la3, Ha4t'lHaR 

c Th =375 K, r or.aa KaK T, :::: 516 K, TO ecr s l: = 0,727 Te • 
B reTepexpa3Hotl CV!CTeMe n pOt'lCXO,nl1T n epexo.a nepaor o pona , ecna 

O L lA. LU) U ~ ta o ) $ 
~ 

( oS +1 ) 
~ 

( 48) 
-t t 3 .. ~ ( ) a 

-> + St1 

TeMneIB'lYpa n epexoaa nepaoro pona TI JIeXt'lT B HHTepB8.JIe (Te) To). 
I1IBBee T, cyue craye r uerac racun.uo e coc TORHt'le nepenperoro l!leppo

MarHe'\t'lKa BnJIOTh ,no reanepe ryps cnan o.aansn or o pacnaaa T~, onpe.ae-

JIReMOR YCJIOBt'leM õw/13T-"oO ( T- T~). B CJIY4ae nOJIOBHHHOro 

cnana 

l ~ a
1;.= ~~ Cltu+ 3~ ) (i- ()~ ) ( $= i) , (49) 

rze G'""!, - penea ae YlllBHeHl1R (41) npa T=~ • I1pNi IA. >u-l- !Pa30Bbla nepe
xoa CTaHOBl1TCR riepexoxou ar opor o pona , T04Ka CM8HIi po.aa n epexo.aa - no, 

Tpl1Kpl1Tl1QeCKaR T04Ka, OHa 3a,lJ,8. eTC R pa. BeH CTBaMI1 ~:= T~ ) ts> u-t 
ECJIH u-=: ut paccuarpaaar s KaK l!lYHKlUU) OT BeJlli411HbI cnana S ,TO 

U,*, =Ué (.5') onp enenaer Tpl1Kpl1Tt'l4eCKYIJ JIl1Ht'lIO. I1pl1 dOJIbllll1X S - 3TO 
napacoaa Ui: ~ lO s~/ 3 (s'>'> i) . 

B Tpl1Kpl1Tl14eCKOa TOqKe CKa4KOM l13MeHRIJTCR Kpt'lTH4eCKt'le t'lH,neKcbI~ 

TaK, TenJIOeMKOCTb C IV [(-'L/)U"lU#;, HaMarHl14eHHOCTh M'V [c-r) 1/l
J 

/Ai: Ut J ' H 
-'I;' )"1'1

(-L) u=u (-r ) U =/.1.1;'
) 1-,; 

MoxHO BBeCTl1 HOBhltt ij,ll1TmecKHt-1 l1H)(eKC, xapaKTepH3YKJJl~Ht-1 KpHTl14écKOe ncae

,neHl1e <lJa,30BOtt BepORTHOCTH, w Q!. f + A C-L) E.. 3TOT t'lH,neKCw 
E=- t'M &w /8... (-L") B TpKKpRTRllecRofi To4Ke TOlKe MeHReTCR CKa4KOM 

"l..... -o 
1 IA. u-,- Cy~e CTBOBaHt'le Tpl1Kpt'lTH4eCKOa TO 4Kl-i onasa-IE. = ,) r "') 

[- 1/3J li ==- t( t: 

HO HaJIH4HIJ B raMHJIbTOHHaHe (31) CJIaraeMblX pa3Horo 3HaKa, nOJIOJKHTeJIb
HOMY KpHCTaJIJIl14eCKOMY nOJIKJ (nep s oe cnaraeuoe) H OTpm~aTeJIbHOMY OdMeH
HOMY B3aHMO,net-1cTBHIJ (BTOpOe CJIaraeMOe). MOJll:HO npHBeCTH PR)( ,npyrHx 

npHMepOB, KOr,na HaJIH4He ~ PaMRHDTOHHaH9 pa3HhlX no 3HaKY CJIaraeMhlX 

TaKxe npl1BO)1HT K rrORBJIeHHIJ TpRRpRTR1l9CROfi T04KH. TaKaR cHTyaUHR HMeeT 
MeCTO B Mo,neJIt'l EJIDMa - KaneJIR /18-20/ , r,ne HapR,IJ;y C oTpHuaTeJIbHblM 

odMeHHhlM B3at'lMo,nettcTBt'leM co,nepJll:t'lTCR noJIO!MTeJIhHOe CJIaraeMOe, COOT

BeTcTBYD~ee O,nHOOCHOtt aaaao rponaa, 
B 3aKJIDqeHHe Hatt,neM cpennoo nOBepxHocTHYIJ 3HeprHD. I1o,ncTaB;JIRR B 

l!lOPMYJIY (7) BhlpaxeHt'lR / 

~.2 : .2 c2.E = Ni LU (w - + f ) - IV S Õ 
J 
' 1\ti 

~ :l) IA.
E, lO = tlJ ( t - s;; S ~ E~ (1) := NJ ~ 

r ae ~o = 8.s (~ s .1 6 -0 / T ) - napaser p nopanxa 4HCTO~ <l>eppo

MarHt'lTHO~ l!la3h1, nOJIY4aeM 

r t«Ú-J<'od.s:l.) (50)
r:. - N:t

31lr - - <f ,,( u - õ ~ S .:l. ) 

KaK BM,nHO, cyuecra oaauxe nOBepXHocTHO~ 3HeprHH TOlKe CBR3a.HO c OTJIH

IIt'leM OT HY JIR KOHCTaHTbI Kpt'lCTaJIJIt'l4eCKOr o nOJIR IA- • 
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IOKanoa B.'li. Pl7-86-722 
PemeTo'lHt.Ie CMeCH tlmYKTYHPYJOIIIHX ~~las 

~OpMynHpYeTCfl MeTOA llOCTpoeHHfl peHOPMHpOBaHHoro raMHnbTOHH
aHa An» reTepoll!a3HO~ CMecH, §aAaHHo~ Ha pemeTKe. 05c~aroTcn 
ABa cnoco5a BbmeneHHfl TepMOAHHaMH'leCKHX 4la3: C llOMO~biD npHMoro 
llOCTpoeHHfl llp0CTP8HCTB COCTOHHHA, o6rraA8ID~X HY~Hb~H CBOACTBa
MH, H nocpeACTBOM BBeAeHHfl B raMHnbTOHHaH CnaraeMWX, flBHO Co
Aep~aiiiHX napaMeTpw nopnAKa, KOTopwe xapaKTePH3YIDT Hy~Hwe 4la3hl. 
MeTOAhl HnlliDCTpHpYJOTCfl Ha reTepoll!a3HWX MOAennx THrra MOAeneA 
'li3HHra H feA3eH5epra. 

Pa5oTa BbmonHeHa B na5opaTOPHH TeopeTH'leCKO~ ll!H3HKH O'HH'Ii. 

npenpHHT 06l.eAHHeHHoro HHCTHT)'Ta JlllepHbiX HCCDe/lOBaHHii.Jly6Ha 1986 

nepeBoA T.~.~YM5paAc 

Yukalov V.I. Pl7-86-722 
Lattice Mixtures of Fluctuating Phases 

A method of constructing a renormalized Hamiltonian for 
. a heterophase mixture on a lattice is formulated. Two ways 

of separating thermodynamic phases are discussed: a direct 
construction of spaces of states having desirable properties, 
and by introducing into the Hamiltonian the terms explicitly 
containing order parameters characterizing the needful phases. 
The methods are illustrated by heterophase models of the Ising 
and Heisenberg types. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 
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