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BBE.QEHHE 

B nOCneAHee BpeMR BCe 60nbwee BHHMaH~e npHBneKa~T CMeWaHH~e 

KpHCTann~ CeMe~CTBa AHrHAPO$OC$aTa KanHR (KDP) , HBn~~KH 2P0 4 
~HeCH AH3neKTpH4eCKHMH aHanOraMH CnHHOB~X CTeKOn B MarHHTH~X 

CHCTeMaX. H3 WHpOKOrO KnaCCa TaK Ha3~BaeM~X CTPYKTYPH~X CTe
KOn CMeCH H30MOp~H~X TeTparOHanbH~X KpHCTannOB CerHeT03neKTpH
xa RbH 

2 
POJRDP) H aHTHCerHeT03neKTpHKa NH 4H 2PO 4 (ADP) npeAOCTaB

nR~T, nO-BHAHMOMY, HaH60nbWHe Bo3MomHoCTH AnH 3KCnepHMeHTanbHO
ro H3Y4eHHR 06~HX CBO~CTB CTeKnanOAo6Horo nOBeAeHHi /a CM~cno 
$a3~ cnHHOBoro CTeKna/, O 4eM CBHAeTenbcTByeT 4en~~ PAA Hccno
AOBaHH~, B~nonHeHH~X K HaCTOR~eMY BpeMeHH ~-7~ 

3TH HccneAOBaHHR nOKa3~Ba~T, 4TO npH KOH4eHTpa4HH X C HH
r epaane OT 0,2 AO 0,8 CMewaHHble xpacrannu Rb l-x (NU 1)X IluPO" 
(R _ DP) HMe~T xapaxrepaoe c texnononoõxoe nOBCAOHHO, o6yc

1 xA x 
nOBneHHoe pa3ynopRAo4eHHeM npOTOHOB. B 4HCTMX KpHcTonnox RDP 
H ADP npH ynopRAo4eHHH npoTOHOB npH HH3KHX TOMnopoTypox 003HH
KaeT cnOHTaHHaR cerHeT03neKTpH4eCKaA nonRpH304Hn noponnonbHO 
C-OCH B RDP H aHTHcerHeT03neKTpH4eCK8R - B LI. -6 nnOCI<OCTH 
B ADP. B CMewaHHblX xpnc r annax (RA )DP 3TH ncpoxons nOAODllFlIOT-
CR B peayns r are cnY4a~Horo 3aMe~eHHR Rb rpynnoMH N1I4 . HOHbl 
NH: 06pa3Y~T AonOIlHHTenbHble BOAOPOAHblO COR3H C COCOAtlHMH TOr 
pa3ApaMH PO 4' npHBOAA 1< et'>pycrpa4H\it HH3KOTOMnopaTYPHoro I<Hcno
POAHO-BOAopOAHoro ynopRA04eHHR. B p03ynbTQTO HO OOAOPOAHblX CDR 
3RX /B KHcnopOAHO-BOAOPOAHO~ nOAPCWOTKC/ 003H\itKOCT et>a~o 

III1POTOHHoro' I c r exna /2/. 

TeopeTH4eCKoe OnHCaH\ite et>a30DO~ AHorpOMM~ (RA)DP -CHCT~M~ 

6blIlO npennoxeuo B paõcrax 18.91 HEl OCHODO p03ynoPRAOl.fOlH10~ MO
AenH H3HHra. B oTnH4He OT MarHHTH~x C\itCTCM, O OTHX pneUTnx 
npHHHManHCb BO BHHMaHHe KOHet>""r ypü4H"" CnOTopn Ann npo WHOlJ, 4 to 
cyuiecr eeuuo vcnono-ano 3aAa4Y. B pü60TO 1101 fillorOAopR npHMOIlf)
HH~ MeTOAa pennux onucauae et>a30BO~ A""arpOMMbl 6bl,no ynY4IUOHO, 
H nO.IlY4eHO cornacHe C 3KcnepHMeHTanbHblMH p03y.nbTOTOMH np"" DCtlx 
TeMnepaTypax H KOH4eHTpa4HAX. 

OAHaKO B pa60Tax~-W/He Y4HTWBanaCb B03MomHOCTb TYHHcn""po
BaHHR npOTOHOB Ha BOAOPOAH~X CBH3RX. 3et>et>eKT~ TyHHeIlHpoaaHHA 
oco6eHHO BamHbl npa npOMe}\CYT04HO~ KOH4eHTpa4HH (X "" 0,5), KorAo 
KOHCTaHTa 3et>$eKTHBHoro B3aHMOAe~CTBHR H, COOTBeTCTBeHHO, TOM· 
neparypa nepexona B $a3Y CTeKIla CTaHOBRTCH cpaBHHMbl C KOHCTlllI
TO~ TYHHenHpOBaHHR. 

MOAenb npOTOHHoro CTeKIl~ ~ TY~HenHpOBaHHeM 6wna npeAnomOHn 
He3aBHCHMO B pa60Tax / ll , l 21. 0 Ha 'nperic t aanner coôoü xopouio Honl'(:f 
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HY~ B $H3HKe cerHeT03neKTpHKOB nceBAocnHHOBY~ MOAenb H3HHra 
B nonepe4HOM norte (TIM), HO CO cnY4a~Hb1MH CBfl3RMH. B paõor e 1111, 

KaK H B MOAeIlH WepHHrTOHa-KHpKnaTpHKa, paCCMaTpHBanOCb nceBAO
cnHHOBoe B3aHMOAe~CTBHe 6eCKOHe4Horo paAHyca Ae~CTBHH H Hcnonb
30BanCR MeTOA penrnuc , B Hawe~ paõore 1121 HC[lonb30BaHO õonee 
npocroe npH6JlH>KeHHe r ana BHpTyaIlbHoro KpHCTanIla Anfl cnY4a~HblX 

KOHKYPHPY~~HX B3aHMOAe~CTBH~ npOH3BOIlbHoro paAHyca H nOIlY4eHo 
xopowee Ka4eCTBeHHoe cornaCHe C 3KcnepHMeHTanbH~MH AaHH~MH. 

Bce r eoperu-re cxae paCCMOTpeHHfl $a3bl crexna 18-121 OTHOCRTCR, 
no-cy~ecTBY, K' KBa3HpaBHOBeCH~M MeTaCTa6HnbH~M CQCTOflHHRM CHC
r eau , Ilocxone KY 3TH COCTOHHHR MorYT 6blTb paaneneuu 6eCKOH~4HO 

60nbWHMH /MaKpOCKonH4eCKHMI1/ 6apbepaMH B KOH$Hrypa4HoHHOM 
npOCTpaHCTBe, TO $a3a cTeKIla AonmHa xapaKTepH30BaTbCfl He3pro
AH4eCKHM noaeAeHHeM .. 

AIlR He3proAl14eCKHX CHCTeM 06~4H~e MeTOA~ BW4""CIleHHR TepMO
AHHaMH4eCKHX BenH4HH HenpHMeHHM~, nOCKOJlbKY 06~4H~e TepMOAH
HaMH4eCKHe cpeAH~e He cOBnàAa~T CO cpeAHHMH no Bpe~eHH. B 3TOM 
cnY4ae eAHHCTBeHHO B03MomH~M onHcaHHeM CHCTeM~ flBIlHeTCfl AHHaMH
4eCKoe onHcaHHe - $aKT, XopOWO H3BeCTH~~ s TeopH~ cnHHOB~X 

c rexon 113, 14! B 3TOM CMblCIle MOAeIlb c TYHHenHpOBaHHeM 111,121 oõna
AaeT AononHHTenbH~M npeHMy~ecTBoM, no cpaBHeHH~ C MOAenb~ H3HH
ra/8-10~ COCTOR~HM B TOM, 4TO OHa flBnfleTCfl AHHaMH4écKO~ MOAeIlb~. 

B HaCTOR~e~ pa60Te pa3BHTa TepMOAHHaMH4eCKafl H AHHaMH4eCKaR 
TeopHfl MOAenH npOTOHHoro CTeKna C TYHHenHpOBaHHeM. B n.1 AaHO 
TepMOAHHa~H4eCKoe onHcaHMe MOAenH, nonY4e~a $a30BaH AHarpaMMa 
H nOKa3aHa B03MO>KHOCTb cy~ecTBoBaHHfl ~a3~ CTeKna. B n.2 B npH
6IlHmeHHH B3aHMOAe~CTBYIOU4HX MoA Bbl4HcneHbl $YHKI.IHH penaxcauaa 
Anfl HAeaIlbHO~ MOAeIlH H3HHra B nonepe4HOM none H nOKa3aHO, 4TO 
B He~ B03MomHo He3proAH4eCKoe nOBeAeHHe. B n.3 Ha OCHOBe nOIlY
4eHH~X B n.2 ypaBHeHH~ HCCIleAoBaHO H~3prOAH4eCKoe nOBeAeHHe 
MOAenH H3HHra B nonepe4HOM nOIle CO CIlY4a~H~MH CBR3RMH, KOTopoe 
conOCTaBnfleTCfl C $a30~ CTeKIla, pacçMOTpeHHO~ B n.2. 

1. MO.QEJlb 

MOAeIlb CMewaHH~X cerHeTo-aHTHcerHeT03neKTpH4ecKHx KP""
crannoB c TYHHenHPoBaHHeM / 11, 121 npeACTaBJlfleT c06o~ nceBAocnH
HOBY~ MOAenb H3HHra B nonepe4HOM none: 

H" - n I S ~ - (1/2) L J .. sts f - I. E . S ~ , /1/I i-j lJ i 1 1 

rAC KOHcTaHTbl CBR3H J ij flBIlRIOTCfl cnY4al:1HblMH BeIlH4HHaMH C 3aAaH
HblM pacnoeneneuaea P (J i j ) , E i - BHeWHee none • TepMOAHHaMH4e
CK\itO cpeAHHe BenH4HH~ <S~> MorYT 6~Tb B~4HcneHW B npH6JlH>KeHHH 
cpcnaor-o nOIlR npH E.::: Ifll~' -----:-----= 

1 .r. 
__

.~'\tihrtelltlài.-il KHCmyt. 1 
U~ RtC.lelltlBltnil 
6M&n~~TEf{~ . ------, 
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<s~ >,== m. = (H~/2Hl' )th(Hl' /2kT) /2/ 
1 1 1 J ~B= o ~ npOCTYIO Ky6~4ecKYIO peure r xy c B3a~MoAe~cTB~eM 6I1~)/(a~

1J - A
W~X coceAei1., Torna nony-iaes J qo= JoAA i .x A-x BI , .T A= ~ J ~Ao,H; = ,O 2 + (lI ~ )2, H~=~J .. mj. /3/ 2 AA~ J1 j 1J ~ J (J ) (X~ + xJ)/6. 3aB~C~MOCTb r eanepa rypu nepexona B $a3Y2 = o 
c r exna OT KOHCTaHTbl TYHHeIl~pOBaH~R, nonY4eHH~ c nOMo~bJO /7/,np~ ~OCTaT04HO H~3KO~ TeMnepaType ~ ManO~ KOHCTaHTe TYHHe

nOKa3aHa Ha p~c. 1 •
 n~pOBa~~R O ypaBHeH~e /2/ ~MeeT peweH~e mi~ O, KOTopoe RBnReT~ 

CR B o6~eM cnyuae HeOAHopoAHblM ~3-3a cnY4a~HocT~ Ben~4~H' J ij . 
\ " 

PeweH~e mi • 3aB~CR~ee OT Ben~4~H Jij , onpeAenReT caMo cnY4a~Hoe ( 0.08 PRc.I. 3aBRCRMOCTb TeMrrepaTYPWnone , xoropoe MO)/(eT 6b1Tb onacaao ero M0MeHTaM~ m"i ~ m ;mj !.. rrepexona B !l>a3Y CTeKJIa T g OT 
~ T. A., r Ae -repr a 03Ha4aeT cpenuee c P (J ij ).
 

napane-rpa KBaHTOBOCTli O npa
AnR o~eHK~ TeMnepaTypbl $a30Boro nepexoAa paccMoTp~M YCTO~
x A = x B = 0,5.


4~BOCTb napaóaau (m r=O) no OTHoweH~JO K Cn\'1HOBOMY 3aMOpa)/(~Ba 0,06 
~oH~IO. CHa4aI1a paccMoTp~M B03MO)/(HOCTb nORBlleH~R $a3bl c m" ~ O. 
~

3aMeTHM, 4TO m i' B 06~eM cnyvae 3aB~C~T OT yana , HanpHMep, -.sn CTaT~4eCKYIO Bocnp~~M4~BOéTb,B aHT~cerHeT03lleKTp~4eCKO~ $a3e. nHHeapH3YR /2/ oTHoC~TellbHO rni .x 0.04 onpeAenReMYJO KaK 

m. =,A l J.o m·o, A =(1/2 O) th (0/2kT) /4/
1 e 1L c. X ik= (ami / aE k ) E k = O, 

0,02~ BblnOIlHRR ycp_~eH~e_no J ij B npJ;16n~)/(eHHl-1 B~pTyanbHoro I<PH
MO)/(HO nonY4HTb H3 /2/, ~cnonb3YRcTallEa _/nBK/: J i j m j "" ,Jijm'j' nocne npeo6P~30BaHHR <t>YPbe,
 
3aMeHY H,~ Ha "H~ + E k:
(l-AJq)m q = O /nonaraR, KaK 06b14HO, 4TO Jij TpaHcnR4HoHHO 

~HBap~aHTHO/, KOTopoe AacT TeMnepaTYPY nepexoAa Te B MOAynH
pOBaHHYIO $a3Y c BonHOBblM BeKTopOM q O ' m i: - cos qoR i , nOllY4SeM o 0,05 0,1 0,15 Xik= xO(H~)(Oik+ l' JiEXek ), /8/ 

n/7~A 
k Te = (0/2 )/arth (20/ J qo ), J

-
qo 

=maxJ
-, 

q • /5/ XO {H~) =UO )'2H i)th'(H/2kT)+ . 

/9/ 
4T06bl 04eH~Tb TeMnepaTYPY nepexoaa B $a3Y CTPYKTypHoro crexna , + [ (H~ )2/ 4kT ][ 1 -th ~ /2kT)]l/H ~ .
 
/CC/, rAe m i: = O, m?'j!f O, aocnons ayeaca MeTOAoM.l15!, KOTOPbl~
 ~ 1 

auanor.....4eH nOAXOAy/116! B Teop~~ cpenaero nona Cn~HOBbIX CTeKOIl.
 
nOcne ycpeAHeH~R 3Toro ypaBHeHHR ~ npeo6pa30BaH~R $yp~e nony
B0380AR /4/ B KBaApaT ~ aunonaaa ycpenueaae B nBK:
 
4aeM
 

Jik Jie rnkme = Jik J if rn km e"" Jik J if m~ 0kf' - - --,-1X = XO (Hf )(1- J XO (H f» . 
q 

q
- /10/ 

nOllY4aeM 

2 2 -: 2 2": AnR o6cY)/(AeH~R Bocnp~~M4~BOCTH orpaHH4~McR cnY4aeM $a3bl CTeK~(1 - A J 2 ) m~ = O, -J2 = l' J ie • /6/ 
na : mi- = O, ffi1 == q ~'O ~.I q =0. B np~6n~)/(eH~~
 

B /6/ MbI cAenan~ AononHHTenbHoe npeAnOnO)/(eHHe, 4TO mi He 3a

B~c~T OT HOMepa Y3na. CornaCHO /6/, napa$a3a cTaHoB~TcR HeYCTO~


4~BO~ OTHOC~TenbHO 3aMep3aH~R B $a3Y CC npH TeMnepaType
 f ((l Jiemet)::=: f ((~ J ie me)~ "" l' (J:q),e f 
kT g =,(0/2)/ arth (2O / J 2 ). /7/ 

rAe f - npoH3BonbHaR $YHK4Hflt nocne ycpeAHeH~R S03BeAeHHoro 
Teneps npHMeH~M nOnY4eHHble o~eHKH K C~CTeMe, B KOTOpO~ ysna B KBaApaT ypaBHeHHR /2/ nOIlY4~M ypa8HeHHe 

, B MÜAell~ /1 / CI1:i.'ia~HbIM o6pa30M 3aHRTbl aTOMaMH copra A l-1n~ B. 
J .. 2JAA 2 JAB 2 JBB •Torna nOI1Y4aeM 1J,=XA ij + xAxB ij + xB ij' rAe x A ~ x B 2 

q = (1/4)th [(02+ ~;ql/2/2kT]-02/J~, • /1 t/KOHI.4~HTpa~~~ KOMnoHeHT. AllR npOCTOTbl Bbl6epeM Jft = - .I~B> O. 

4 
5 



«oroooe -onperienae r r eaneparypuyjo 3aSI-1CI-1MOCTb q.(T). YCpeAHeHl-1e 
ypaBHeHI-1R /9/ AaeT 

o (Z) . 0(' 2 1/2X H i = X H z). H z == (J 2q) . /1 2/ 

PeWeHl-1e X 1-13 C~CTeMW ypaBHeH~~ /10/-/12/ nOKa3aHO Ha p~c.2. 
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PHc.2. 3aBHCHMOCTb BOCnpHHMQH PHc.3. BWQHCneHHaR ~a30BaH 

BOCTH OT TeMrrepaTYPW npH KOH ,lJ,HarpaMMa ,lJ,nH RADP. noI<a3~1
u,eHTpaU;HH x B= 0,5 AJlH pa3nHQ BammaH npe,lJ,enw YCToAqHBOCTH 
HbIX napaae rpon J 2 /U. napa~a3w Inl OTHOCHTenbHO nepe

xoga B cerHeTo3neRTpHQeCKYw, 
aHTHcerHeT03neKTpHQeCKYW H ~a
3Y CTpyRTypHoro CTeRna. 

PaCCMOTpl-1M npl-1MeHeHl-1e nonY4eHHWX MOAenbHWX paC4eTOB K 3Kcne
pl-1MeHTaM C RADP. Ilonaran AnA RDP: kTclU= 2 1-1 Te = 146 1<, nony
4aeM U/ k = 73 K 1-1 J~DP /k = 596 K. AnA ADP / TIS = 148 ~~ nperi
nonaraeM TaKYIO >Ke KOHCTaHTY TYHHenlflpOBaHI-1f1 1-1 J ~ P '"' -J ~ . Be
nl-141-1HY CBR3~ Me>KAY Y3naMI-1 RDP ~ ADP Mbl noneraes HyneBo~. TeM
nepaTYPW nepexoAa AnA 3Toro np~Mepa, cneAYIO~l-1e 1-13 /5/ 1-1 /7/, 
noxaaaua Ha puc , 3. AnA KOH~eHTpa~~~ x = 0,35 nonyvaex 3Ha4eHI-1e 
r eanepa typa nepexona B oaay crexna T g "" 30 K B cornacaa c axcna
p~MeHTOM, B TO BpeMR KaK 3Ha4eH~e Te HeMHoro Hl-1}1(e 3KCnep1-1MeH
TanbHoro. nonY4eHHaR etla30BaR Al-1arpaMMa nOKa3wBaeT B03MO>KHOCTb 
nepexoAa 8 etla3Y CTeKna B HHTepBane KOH~eHTpa~1-11-1 X = 0,35-0,65. 
3 KCnepl-1MeHT AaeT 3TOT I-1HTepSan x » 0,2 - O,8. / 

HeAaBHo 6wnl-1 ony6nl-1KOBaHW AaHHwe O Ae~Tepl-1pOBaHHoM RADP 5/,
napaMeTpbl Hawe~ MOAenl-1 3aBI-1CAT 8 06~eM OT COAep>KaHI-1A Ae~Tepl-1f1 D. 
~CnOJ1b 3Yfl J1I-1He~HYIO I-1HTepnOnfl~l-1lO, nonv-rae» U (D) = (l-D)U(O) + Dn(1) 
1-1 aHanorl-14HYlO etlopMyny AnR JO(D). KOHcTaHTbl CBfl31-1 Anfl D = 1 MO)f(HO 
n0J1y4~Tb, I-1CnOnb 3YR 3Ha4eHI-1R AnR r eaneparyp nepexona Te = 218 K 
Anfl DRDP 1-1 Te = 242 K AnA DADP. Aanee, npennonaraa , 4TO 

-. 

AB AA BB 
U(D=:l)=OI-1 J o (D)=[J o (D)+J o (D}l/2, nOJly~aeMAnA3Kcnepl-1

MeHTanbHblX 3Ha4eHI-1~ /51 D = 0,71 101 x = O,48; I J o l/k «U/k = 

= ~1 K 1-1 J 2 / k =240 K. 3TI-1, napaMeTpw AalOT TeMnepaTYPY nepexOAa 
B óaay crexna T g "" 60 K, 4TO xopouio. cornacye r ca c 3KCnep1-1MeH
TOM, XOTR nl-1K Ha6n~AaeMO~ B 3KCnep1-1MeHTe, BOCnpI-1I-1M~I-1BOCTI-1 RBnReT
Cf! AOBonbHO Wl-1pOKI-1M 1-1 n03TOMY TeMnepaTypa,nepexoAa MO>KeT~e 

6blTb onpeneneua T04HO. TaK xa« AnA uaúrer-o npl-1Mepa IJ 0\ «J 2'
 
Mbl O>KI-1AaeM nOflSneHI-1R YI-1ÇTO~ etla3b1 c r exna (m i ,=< O), 1-1 BOCnpI-1I-1M41-1

BOCTb MO>KeT 6WTb BbI~I-1CneHa 1-13 /10/-/12/,
 

4T06w CpaBHI-1Tb HaWI-1 pe3ynbTaTw C 3KCnepI-1MeHTOM, I-1cnonb3yeM 
<t>opMyny (r=(O+ COXo AnR OT~OCI-1TenbHO~ npOHI-14aeMOCTI-1, r ne 
(o - BOCnpI-1I-1M4~BOCTb 3a C4eT OCTanbHblX 1-10HOB 1-1 3~eKTpoHHO~ no
nflpl-13yeMOCTI-1, a C - nOCTORHHaR I<lOpl-1-Be~cca. npl-1 3Ha4eH~RX na
paMeTpOB nOArOHKI-1 (o = 5,5 1-1 C = 1900 <t>YHK4~R 1/( r noxaaaaa 
Ha pl-1c.4; rAe AnR cpaBHeHI-1R npl-1BeAeHbI TaK>Ke 3KCnepl-1MeHTanbHwe 
,LIdHHble / 5 . Hal-16'onbwee OTKnOHeHl-1e npl-1BeAeHHblX Kpl-1BblX npl-1 r earie
paType nepexOAa CBA3aHO C pa3nl-141-1eM B nOBeAeHl-11-1 BOCnpI-1I-1M4I-1BO
CTIo1: pe3KI-1~ 1-13rl-16 B Hawe~ MOAen~ 1-1 W~POKI-1~ nl-1K B 3KCnep1-1MeHTe. 

Y41-1TblBaR npnY4eHHble ~b1we pe3ynbtaTbI, ~O}l(HO CK~3aTb, 4TO 
MOAenb H31-1Hra B nonepe4HOM none co cnY4a~HblMIo1 CBR~RMI-1 /1/ 
n03BonReT AaTb Ka4eCTBeHHoe onlo1caHlo1e TepMOAIo1HaMI-14eCKI-1X CBO~CTB 

CMewaHHblX cerHeTo-aHTlo1cerHeT03neKTpl-14eCKIo1X Kp~CTannOB (RA)DP. 
Aanee M~ paCCMOTpl-1M AIo1HaMI-14eCKIo1e CBO~CTBa MOAenlo1 /1/. 
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PHc.4. 06paTHaH AH~l. 
3neKTpH4ecKaR npoHH
u;aeMocTb B 3aBHCHMOCTH 

2 OT TeMrrepaTYPbl 'AJIH , AeATepHpoBaHHore RADP 
O' " . I, ,,' I B cpaBHeH~H C 3KcrreI 

100 200 300 pHMeHTanbllblMH nannsr-
MH /5/T/K . 

2~ A~HAM~4ECI<OE On~CAH~E MOnEn~ ~3~HrA 

B nOnEPE4HOM nonE 

AIo1HaMIo14eCKIo1e CBO~CTBa MOAenl-1 /1/ YA06HO Onl-1CaTb C nOMO~blO
 

~30TepMIo14ecKo~ etlYHK~1011o1 penaKCa41011-1' 117/~(0:
 

a~ ~ a ~ 
(P i k (t) "" ( d T r (i S i (t- i T) 8 S k » /13/

O 

7' 
6 



~ 

'a a a 
rAe aS i == S i - < Si> - cnauoaue <t>J1YKTya~l4l11, 11I <••• > 0603Ha4aeT <t>YHK~1II111 XIII/). npeACTaBnR~T C060H HyneBoH 11I BTOPOH MOMeHTbl 
ycpeAHeHllle no KaHOHIII4ecKOMY aHcaM611~. AllH B~4I11cneHIIIR 3TOH ~YHK pellaKCaLtIllOHHOIII <t>YHK~1II111 cP {(u ±iO) == cP" (cu) + i ep" (r») 

~1II1-l aoçnons ayexca CIIICTeMaTIII4eCKIIIM nOAXOAOM, pa3BIIITblM llepKOBHIII
/18/ "': dw " r d(u 2 A... N ( )KOB~M .3TOT nOAxoA OCHOBaH Ha pa3nomeHIIIIII Tlllna pa3110meHIIIR X =: I - ep (oi), ~= -6) 'f" (iJ. 

. 17 .	 /21/'-xl 17MOPIII/19/ All R pellaKca~1II0HHOH <t>YHK4111111. 3aMKHYTaR CIIICTeMa ypaBHe
HIIIH nonY4aeTCR nOClle cOOIBeTcTBy~~ero np1ll611HmeHIIIH AnR penaKca
41110HHoro ~Apa. ~allee Mbl Bocnonb3yeMcR nplll6n~meHllleM B3aIllMOAeHCT PenaKCaLtIllOHHaR $YHKLtHR CBR3aHa c A~lHaM~4eCKOH H301lHpOBaHHOH,,,,, 
~y~~IIIX MOA AllR KoppellR~1II0HH~X $YHK4I11H Clllna-C~lla nema~IIIM B OC BocnpHHM4HBOCTb~ X~~ COOTHoweHHeM 
HOBe caMo~ornaCOBaHHOH penaKca4~OHH6A TeOPIIIIII/oo/. AllR npocTOT~ 
orpaHIII4111McR paccaorpeaaea napaóaau , rAe< SiZ> w O. z.;P (z) "" X 

K 
(z) - X /22/ 

CneAYR onpeneneuao B/20~ BBeA~M npeoõpaaoaauae llannaca $YHK
Ltllllll /13/ B BIIIAe: r ne X - H30TepMV14eCKaR, a .lim X K(z) - H30IlHpOBaHHaR CTaH14eCKaR 

z-+ o
af3. a {3 BocnpHHM4HBOCTb. 3aMeTHM, 4TO OTHOCHTellbHO npOCTaR <t>opMa LtenHOHcp ik (z) = « oS i I 8S k» ::: 

AP26H i15/ q9yç~OBlleHa 06pa~eHHeM B HOllb He4eTHblX MOMeHTOB 
izt {3 a f3 >' /14/ (Si loS k) H (S~t S k) AllR a,{3'~ x j z , B npOTHBOnOllO>K':!OCTb 3TOMY x 

= ± i J dt e (± t) e r d T < GS i ( t - i T ) o. S k >, Im z .< O. sellH4HHa Im ep YZ(úJ) HecHMMeT'pH4Ha no uacr ore , 1... K. (S~ loS ~ )=oik<8 i >. 
O 

~13 ypaBHeHHR J:\BIII>KeHHR iS ~ = ( s~ .H] BBOAR Hf::: 1. J i~ se. nony-I 

af3. 4aeM ypaBHeH~R	 .Pa3110>KeHllle cp ik(z) AllR KOMnOHeHT x 11I Z (a, (3 ,.. x , Z ) B BIIIAe l..\emfoA 
APo6111 AO BToporo nopRAKa nocne npeo6pa30BaHIIIR $YPbe no KooPAIIIHa • x Y '" Z "X zn z x"z""z Y"Y 

Si "" Si H i • Si=: n Si H i - Si H i Hi - n S iHi 
TaM npJ,1BoAIIIT K B~pa>KeHIII~ 

af3 
• Y z X" z .. y 2 Y Y .... Z .... Z x "y
 
Si ""nsi-SiHi.' Si ==-0 Si -SiHiHi + n s.u, /23/


a{3 Xq
cP q = - ----~/ã]3"--' (a.f3 z: x, z) /15/
 

q Xq
 
. Y "z 2 z X"z
 

z - -;: M~{3 (z) / ~ ãf S f "" ~'O Si. Si =-12 Si + nSiH i • 

• á •• 
rAe X q- 11130TepMIII4eCKaR BocnpIllIllM4I11BOCTb: 

af3 
KOTop~e npeAcTaBnR~T C060H o606~eHH~e TOK~ Si ~ C~ll~ S~ B Ha

af3 • a f3 af3 weA_ aaaave ,
 
X i k == (oS i IoS k) "" cP ik (t =: O)• /16/
 Aanee Hac 6YAYT HHTepeCOBaTb npOAonbHaR epzz ~ nonepe4HaR 

epxx pellaKca~~OHH~e $YHKLt~~. ~cnollb3YR /17/ ~ /23/, nOIlY4aeM, 
11I BBeAeHbl 0603Ha4eHIIIR: 4TO aropue MOMeHTbl ~xx ~ ~zz onpenenmorcn 06b14Hb1M~ TepMOAIIIHa

M~4ecK~MIII KOppenRLtHOHHWM~ ~YHKLt~RMIII:a{3 'a'f3 
~ i k == (S i 1 S k ).1 •	 /17/ xx z'" Z _ Y Y

" . .I 
~ ik= <Si Hi > 0ik - J ki 

I 

< SkSi >' 
af3 "a" f3 

Mik (z) =«Si ISk »2'	 /18/ - 1 nX " Z ... Z y" y y y 
= (n < IS iHi li i > + < Si H i » °ik -Jki < SkSi > /24./ 

~HAeKCbl B. /15/, /16/ 0603Ha4a~T npOeKLt1ll1ll corllaCHO onpeAelle

[ 
zz x 

{).ik""nso ik•· S =<Si>' /251HIIIRM: 
.a.{3 ·a.{3 'a {3 a f3-1 a.f3 

(S i ISk )1 :': (Si IS k)- (S il oS~ )(oSr.1 as ~ (ôS ml Sk) /19/	 3T~ Bblpa>KeH~R nÚ'IlYl.leHbl c noaouis o paaeuc'r aa i (A I B) == « A, B 1?" a ripa 
nOllY4eH~1lI aroporo ypaBHeH~f1 B /24/ ~cnOllb30BaHO YCllOB~e <S f> == O 
B /23/.({S~ IS:~) 2 == «8 ~ Ifi'f» 1-«S~ISf» 1W~ lis!»)11 «8: I s'J) 1 • /20/ 

Tene~b o6paTIlIMcR K BW4I11ClleH~~ pellaKca~~OHHoro RApa. npOCTe~
W~H Bap~aHT np~6n~~eH~R B3aIllMOAeAcTBY~ll.\~X MOA COCTOHT B $aKTO

npo e K4111R «...i •.• » onpenermercs auanoravao /19/. p~~a~lII~ BWCWHX KoppenR~~OHHWX <t>YHKLt~0. Hanp~Mep: 
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/21/
<Ô(S:Ct-i'T)StCt-iT»Ô(S;S~»	 KaK 6b~110 nOKa3aHO J{y60 ,KoHcTaHTa L ceA33Ha C pasuocr e o H30

TepMIi14eCKO~ X AB, li1 1i13011l-1pOBaHHo~ Ky6oBCKO~ X ~B BOCnpf.1Ii1M4I-1BOCTRMIi1
/26/

"" <S:Ct-i T)-S t >:< S éCt-i T)S-~ > + .<S :Ct-i T)S~> <Sr(t-i T')S:> , K ,a (3 
LAB=T(XAB-XAB); A,BO'!OôSi ,8S k • /33/ 

X,z.. x z x z '	 a(3
rrie ô(SiSf)""SíSr- <SiSt>· BpeMeHHble xoppensuaoaaue <tJYHKU.1-11if	 ~ypbe-06pa3 KoHCTaHT~ MO)f{HO B~4lifC11Ii1Tb C nOMO~bD penaKca-L ik 
ABYX Cm1HOBblX oneparopoe MO)f{HO Bbl41-1C11l-1Tb 4epe,3 penaxceuaoaaue U.1-10HHO~ ltlYHIÇQHI-1 ep (z) cornaCHO COOTHOWeHli11O 

<tJYHKU.1-11i1 c nOMOl4blO <tJ11YKTyau.1i10HHO-AIi1CCli1nau.1-10HHO~TeOpeMbI: 

a(3 a{J)] T a(3 1 ---t).-7J ,z Z d to -iw t 1 zz	 {. L q = T li~ [-z ep q (z :z X q -1-(~2/(xaJJrtP) /34/ 
< S~Ct)Sm>':= 

00 r - e ---(3- w Imep~m(w). ,./27/ z .... 10 + q q q
 
--00 TT l-e- w
 

rAe 

B paMKax TaKO~ annpOKCI-1Mau.HOHHOa~cxeMbl MO)f{HO Bbl41i1C11l-1Tb ece aS ' a(3

m a Iim [- z M' q (z) 1•
 KOMnOHeHTbl pe113Kcau.1i10HHOrO AApa M (z), Hanpaxep , Ii1cn011b,3YR	 /35/

q z.... O
/18/, n011Y4aeM 

~3 COOTHOWeHIi1R /27/ c11eAyeT, 4TO Ha11li141i1e KOHCTaHT~ L~ O npli1
ZZ 2 x z x z 

M ik {z)== n Jip'Jkm«bSjSrI8SkSm» /28i	 BOAIi1T f( cli1HrynRpHocTIi1 npli1 w = O e cnexr pans aoa Ii1HTeHCI-1BHOCTH
 
if> ..... r ;e .
 

1-1111i1, noc.ne nOACTaHOBK~ /26/, /27/ B /2BI, 
a{3 a{3 

z z 2 00 . 1 1	 Im ep ik (w) '= TT (3 L ik ô(w) + peryn , 411eH" /36/w 1n(w 1)w 2n(w2} 
M'k (z) ee n J ,yJ rr d(ú deu --;;z ----- --------- 

1 1 k m ~ 1 2 TT (J) 1+(Ú - Z (Ú)t+cL) 2 ) n( w 1+ ú) 2 ) 
2 ~YHK~1i11O M(~n011Y4Ii1M, nOAcTaB11RR./36/ B Bblpa)f{eHli1e AnR M(~ 

129/ B npl-1611li1meHI-1~ B3aI-1MOAe~CTBY~~Ii1X MOA. HanpliIMep, e C11Y4ae RApa 

M z z nonyuaea 1i13 /29f 1-1 /35/:,.f..XX.()f x x xz zx 1(Im 'fJik Ú)l rn epYrn (w 2 ) + Irnrl>im«(Ú l) Irn rl> Yk «(,)2)' 
z z 2 xx z z x z zx 

m ik ' = (3 0 JipJ km (L ik Lpm+LjrnLrk)' /37/fJü) , - 1	 z z 
r Ae n Cü) ) c (e ,-1). TaKIi1M o6pa30M, AAPO M Bblpa)f{aeTCA 4epe3 

penaxcauao-mae $YHKU.1-11i1 ep xx, ri> 7,Z, cp x z li1 ep z~ 4TOABI1AeTCR o roaxe- YpaBHeHI-1A Tlilna /37/ AnA maS onpeAe11AIOT BMeCTe c 134/ aaMKHY

Hli1eM CBR~1-1 Cnli1HOBblX KOMnOHeHT S Z liI S X • aR TYIO CHCTeMY y~aBHeHI-1~ A11A KOHCTaHT He3prO~1i14HOCT~ La • B 3TI-1X 

AHa110rli14Hble Bblpa>t<eHlitA n011Y4alOTCA 1-1 A11A APyrl-1x l<OMnOHeHT M • ypaBHeHIi1AX OCTa11li1Cb HeorrpeAe11eHH~MIi1 paBHoBecHble TepMOAI-1HaMI-14e

B pe3ynbTaTe 4ero n011Y4aebcR saMKHyTaA CHCTeMa ypaBHeHI-1~ A11R CKlile 4>YHKu.1i11i1 X li1 !'J.. ll11R n011y4eH .....R Ka4eCTBeHHblX oeayns TaTOB eoc

pe11aKcau.1i10HH~X <t>YHKU.H~ r/>a. 31a CIi1CTeMa ynpOl4aeTCA npli1 y~eTe nonbsyeMcA A11A 3TIi1X ltlYHK~H~ npli1611l-1)f{eHl-1eM XaOTIi14eCKIi1X $a3/ 22f. 
122/

TO~H~X COOTHOWeHIi1~	 C11eAYA • BblrJliIweM Ii1HTepeCYlOl4li1e Hac Bblpa)f{eHI-1A: 

:+.ya C' /0.)( za ,;;za) ,.t.ay ( '/0.)( a z ,az)
'fi == 1/ u X + Z 'fi • 'fi = -1 U X + Z cp • (1' =a X. Z "/JO/	 S ;: (l/2)th (O /2T) /}8/ 

X YY XXX = ElIT)(1I4 -S 2}, ee si n ep yy ee- Cz / n2"")( X zz + Z ri) 7;Z ) .. ,	 /-31/ q q 

z z / 2 2 2	 /' 3a/
• z y X q ='= SO (,)q' W q"'O -OSJ q J
 

xoropue C.neAYIOT P13ypaBHeHIi1A Si =-n Si • BBIi1AY rpOM03AKOCTL-t BbI-


pa)f{eHH~ A11A M x~ Mbl lIfX 3AeCb Re npIi1BOAHM.	 Xa(3~ O; u./ (3, 

í:
q 

PaCCMOTpli1t-t B03MO}i(HOCTb He3prOAI-14eCI<OrO AI-1HaMli1lfec.KorO nose

AeHHA MOAe11~. Ae3proAI-14eCKOe nOBeAeHli1e xapaKTepl-13yeTcR Ha11~41i1
a r axxe Bblpa>l<eHIi1R AnR C!>YPbe-06pa30B xoppenauaounux <tJYH-Kllli1C1.

eM HeHyneBOro 3Ha4eHI-1A BpeMeHHO~ KOppeJ1Au.P1ÓHHO~ <tJYHKU.I-1P1 <t>nYK J~ 
( 

Tyau.li1~ B npeaene t ... 00 : 

,I ca (3 1 i <ki~k) a (3'a (3 a{3
lim .< qSi (t) ôSk >' == L ik ~ O.	 /}2/ q = -- I e < ss i ôSk > /4a/

N í~k 
t ... O '. 

10	 n 



xx , 2 
C q =1/4-S , C~Y :: (SI 2 U) W q cth«(,)q /2T) 

/41/ 

c ~ z = ( n S 12W q) cth ( W q / 2T). 

ZX xz	 xz zx 
TaK ·KaK X :: X ,,: O, KOHCTaHTbl L ,L r aiose paBHbl HYJlIO. A11R 
ynpouieuaa Bbl4\11C11eHIIIlII noxans aoã KOHCTaHTbl He3prOAlt14HOCTlt1 LZ Z L zâ2 

a a npeueõpexea AHcnepcHei1 y m~z, r ;e , 3aMeHlt1M B /34/ rn ~z Ha m = 
=(1/N)2. q L

a
:, (a=x,Z). B pe3Y11bTaTe n011Y4aeM 

2 , 2 mZ Z== f3 o,2 J : LXX L Zz, J 2= rJ i~ •	 /42/ 

nOACTaHOBKa /42/, /39/ lt1 /25/ B /34/ AaeT 
l 

zz 1 TS ------'E~-----_.-~-l. /43/
L

Z Z 

=(11N)~ L q ""N'~ lo'_s~-:-.o'+LxxLzzJ~/ST_SJq 

AfiR B~4lt1C11eHlt1R CYMMW no q 8 /43/ Bocno11b3yeMcR npocToi1 Ky6lt1
4eCKOH peweTKoi1 /c nOCToRHHoi1 peWeTKlt1 a/ c B3alt1MOAelllcTBlt1eM 61111I
>t<ai1wlt1X coceAelll: Jq~(Jo/3)2..cos(~a). HcnoIlb3YR annpOKClt1Ma~H~ 

a 

•	 2 l!~
1 L 1. ~__ ". 2 { ~ + 1 _[ (~ +1) -1 1 I, /44/
N q ~+ (l...J q/Jo) =:; F(~), 

n011Y4aeM 

L ZZ,." (T/J o)[F (~o ) - F (L\ 1)1.	 /45/ 

rAe 

~-o=n/s.Jo -1 
/46/ 

~ 1 = (U + LX\,ZZ J~ /ST)/SJ O -1. 

)\ 

YpaBHeHllle /45/ npeACTaB11ReT c0601ll HeRBHoe ypaBHeHHe A11R KOH
CTaHTW He3prOAlt14HOCTlt1 LZ~ eC11lt1 H3BeCTHa KOHcTaHTa Lxx.BwBOA 
ypaBHeHHR A11R LXX npOBOAHTCR aHa110rlt14HW~ o6pa30M. Pe3Y11bTaT 
HMeeT BIIIA 

L xx"" 1'xxX/(l+ (~xx )21 X xX m xx:>,	 /47/ 

rAe 

xx "'" (1/4-S 2 )/T ~ xx '" SJ ~ 14U
X Q	 • 

12 

.. 
"I) 
, ~ 

X X m "" J:L
ZZ 

[TX~~o, 2/J : + 2L ZZcS2+ Lxx)]/T 
/48/ .r 

x ~.z:z F (~O )1 J O • 
'11 

B~pa>t<eHHR /48/ n011Y4eHW B npH6nH>t<eHHH npeHe6pe>t<eHlt1R q-3aBH
CHMOCTbJO y pe11aKCal.\HOHHbIX $YHKl.\Hi1: BOCriPHHM4HBOCTb X xx B3RTa ;1p B npIll611lt1meHHlt1 XaOTlt14eCKlt1X $a3 /39/, a ~xx /24/ nonY4eHa c HC

I) n011b30BaHHeM npH611H>t<eHHR"

x .... z ,., Z Z Z 2
 
<Si HiHi > ... SJifJik < StSk > ... SJitJikOfk/4=SJ2/4,
'~It 

I a TaKme paBeHCTBa .<SiYS~> .... Ô ik j 4. BblpameHHe A11R mxx nOIlY4eHO 

1-1"3 npH6J1H>t<eHlt1R Tm XX ... 0,2 J ~ LzZCL zz _ r:YLY z/LYY) + 2J ~(S2 + LXX )(L ZZ) 2 •
 

npH 3TOM HeKOTopwe npOeK~lt1lt1 Hcn011HeHW c nOMo~b~ nplt16nlll>t<eHHR:
 
J iOik + Ji~ "" J:Ôik' H KoppenRu.HOHHble $YHKlV1lt1 /41/ 6blnlt1 Y4TeHbl
 
T011bKO B KnaCCH4eCKOM npeAe11e. KOHCTaHTW He3prOAH4HOCTlt1 LYz,
 
L zy 1!1 LYY oõpautaorca B Hynb B npenene z ~ O, nocxonsxy penaxca

U.HoHHble $YHKU.HH ep zY(z),.. const H tP YY(z) - z B 3TOM npenene ,
 
TaKHM 06pa30M, MbJ nonyuaea cnenyouiee OTHOWeHl-fe: LZY LYZILYY ...
 
... L z z -T ·zz , X ti • 

PaCCMOTplt1M Tenepb peweHHe ypaBHeHlt1i1 /45/, /47/. 3aMeTHM, 
npexne acero , 4TO acer'na HMeeTCR Tplt1BHanbHoe peureuae L ZZ". L XX""O. 
nOMHMO 3THX TpHBHallbHblX peweHHH, e crs HeHyneable peWeHHR, KOTO
pue B BblCOKOTeMnepaTYPHOM npenene onpeAenRIOTCR Bblpa>t<eHlt1RMlt1 

ZZ 2 xX 
L = (1_0 / J : L )/4 

T =00, 
/49/

L xx ':' (1/4)/(1 +1116Lzz (O2> J: + 8L"'1,"z)) } 

4HcneHHoe peweHHe C~CTeM~ /49/ nOKa3WBaeT, 4To nplt1 Man~x 3Ha4e
HHRX O<O~ BcerAa cy~ecTByeT ABa n0110mHTenbHwx peWeHlt1R. 3TO 
03Ha4aeT, 4TO B 3TOH 06naCTlt1 CHCTeMa BeAeT ce68 KaK MOAe11b 
l-13HHra. K CO>KaneHHIO, nplt1 0 .... 0 ripa npOH3BOJlbHblX r eaneparypax 
T> Te BenH4HHa L zz HMeeT He$H3l-t4eCKOe nOBeAeHHe: 

:j
 L zz:; (T!N) ~ X 
ZZ 

= (T IJ O ) F(4T IJO -1) .>... 1/4,

q q	 /50/ 

·1	 L zz ,	 B TO apeMR KaK A011>t<HO B~nOnHRTbCR TO>t<AeCTBO 

Z Z 
lim t ....00.< Si (t) Si> .$. 114 • t, 

..I nO-SHAHMOMY, aTO noxaaaaaer OrpaHJ.14eHHOCTb npH6nlt1>t<eH-lt1R XaOTlt1
,I 

4eCKHX $aa AnR BocnpHHM4HBOCTH. TeM He MeHee, Mbl HaAeeMcR, 4TO'I 
!	 nony-iaexoe nOBeAeHHe L xx \11 L zz Ka4eCTBeHHO orpaxae r Heapro


AH4eCKoe nOBeAeHHe MOAe11H.
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0,1.. 0,6 

0.,3 

......, 

0,2 

.lL, 

Of1 

0,1. 

... 

.QR.T 

'lO5 

0,8 

kT/1o 

PHc.5. TeMnepaTYP~3H 330HCH


MOCTb KOHCT3H'F He3pro,n,H4110CTH
 
xx zzL H' L ripa pa3JJH4HblX 

3Ha4eHHHX nonepe4Horo nO~R 

fl/J o ,D;JTR TIM. . 

.1~[ rI'
·1 
I'04 ., 

I ,I I

I 
\ 

0,3 
. \ 

! '<Tf 
~ ,! " <, 
I- " ..... 
.:X: "" 

0,2 
I I • " 
I ~ 

0,1 

Te 

\
 

O 0,2 0,4 0,6 

PHc.6. 3aBHcHMoCTb TeMnepa1'Y

pw ~a30Boro nepexo,n,a B Mo,n,enH 

TIM T r H TCMnepaTYPbl' 1I0HB

JTCHHH He3pl'O,n,H4eCKorO nOHe,ne

HHH T ( 01' no rte p e.v a o r o no.na n. 

Ha p~~.5 nOKa3aHO TeMneparYPHOe nOBeAeH~e KOHCTaHT LXX 

~ L zz 8 3a8~C~MOCT~ OT nauaxe r pa UI JO • nOJlY4eHHOe peWeHVleM 
ypaBHeH~~ /45/, /47/ AnR npocTO~ Ky6~4ecKO~ peweTK~ C B3aHMO

~ ~ ~ J 2 J 2 /6,qeIr1CTBHeM 6JlH)f(aHWHX coceneu , xor na . 2 = O I. KaK BH,qHO, np~ 

MaJlblX 3Ha4eHHRX n/Jo peweH~e CYil\eCTByeT npH ruoõux r eanepar y-
pax , a npH n ~ n ~ '" 0,05 Jo ~MeeTCR HeKoTopaR r et-mepa r ypa Tr-~ Te I 

KorAa OHO npona,qaeT. Ha pHc.6 nOKa3aHa 3aBHC~MOCTb 3T~X ABYX 
r eanepa r yp OT nepaaer pa n/ J o . . 

TaKHM 06pa30M, AHHaMH4ec~oe noaeAeHHe Mo,qenH ~3HHra 8 no
nepe4HOM naJle onpeAen~eTC~ Ben~4HHO~ KOHCTaHTbI TYHHenHpOBaHH~ 

n. He3pro,q~14eCKoe nOBeAeHHe', 
nOflBJlReTCR npH n =! o, HO n <n~. 

KpHTH4eCKoe 3Ha4eHHe n~. TaK 
rOBCKYIO ,qvtHaMHKY. npH n>n~ 

14 

xapaxr epaoe ,qJ1R Mo,qenVl ~3HH:a, 
T. e. 8 MOAeJlH VlMeeTCfl HH>KHee 

4TO npH n <Doe OHa ~MeeT H3HH
B 06naCTH r e-mepa r yp Tc<T <T r 

l. 

L
 
,: I 

...
 

nORBJlReTCR He3pro,qH4eCKoe nOBe,qeHHe, 06YCJlOBJleHHOe, nO-B~,qH
MOMY, nO~BJleH~eM KnaCTepOB 6nHmHero nopR,qKa B 06JlaCTH $a30Boro 
nepexona , Bbl3BaHHblX CYlI.leCTBeHHO HellHHe~HbIMH 3<!J<!JeKTaM&.1 /nonpoõ
Hee CM,/23//. 

í 3. HE3proA~4ECKOE nOBEAEH~E nonEPE4HO~ MOAEn~ ~3~HrA
/ ~ co CnY4A~HWMK CB~3~M~ 

PaCCMOTp~M Tenepb ,qHHaM&.14eCKOe nOBe,qeHHe Hawe~ Mo,qenH /1/
,.i	 

B cnY4ae TBep,qoro paCTBopa C KOHKYP~PYlOlI.lHMH B3aHMo,qe~CTBHRMH . 
OTllH4&.1e OT paCCMOTpeHHR B npe,qbl,qYlI.leM pa3,qene COCTOHT B TOM, 
4TO Ha,qO npOH3BeCTH KOH<!JHrypa4HoHHOe ycpe,qHeHHe B COOTBeTCT
BY~lI.lHX Be~H4HHax.-H~npHMep, KOHCTaHTa He3prO,qH4HOCTH onpe,qe
n~eTCR Ben~4HHQ~ LZ~ r,qe 4epTa 03Ha4aeT ;~cpe,qHeH~e no cnY4a~
HblM CBR3RM J ij , xor opae on~CbIBa~TCR <!JYHK4~e~ pacnpeneneuaa P(Ji j ) . 

CornaCHO pa60Te/ 24{ pa3BHTbI~ B npe,qblAYlI.leM pa3,qene <!JopMaJlH3M ,qnR 
Bbl4HcneHHR penaKca4HOHH0J.1 <!JYHK-4&.1H cjJ(z) MO)f(eT 6blTb pacnpocr pa
HeH Ha Bbl4HcneH~e cpenaux ($(i:), eCJlH cxanapaoe npoaaaeneuae 
(A/B) ~'..MéB)) BO Bce~ 4>0pMynax 3aMeH~Tb cpe,qHHMH C P{J ij ) 

(AI B) .. (A! B), «AI B)) ... «A \ B)). 
OCHoBH~e TPy,qHOCT&.1 np~ ~TOM B03HHKalOT B ypaBHeHHRX /26/, 

/29/. Bocnonb3yeMcR 3,qeCb, KaK H B pa3,qeJle 2, 
BHpTyanbHoro KpHcTanna, cornaCHO KOTOPOMY 
-------_._-

xx z z xx zz
J ir J km IrncPik Im1>p~l ... JipJkmImc/>ik Im cjJYin 

3,qeCb r ajose noeueõoer-ae r ca KoppenR~HRMH Me)f(,qy 

np~6n~)f(eHHeM 

/51/ 

cnHHOBbIM~ KOI:I$~

rypaL.t~RM~ ~_ cnY4"aJ.1H~M-H napaMeTpaM&.1 Jij· B pe ayns r are BMeCTO /42/ 
nonyuaes- ,qfifl cnY4a~Ho~ CHcTeMbl 

rn zz= {1n2J~Lzz(Lxx+(1_Ji/J:)S2). /52/ 

2 -2 2 ~. 
r,qe J 1 ::IrJip H J 2 "" I pJ ir ·AonOJlH&.1TenbHafl JlHHeJ.1HaR CBR3b Me>K
,qy m ZZ &.1 L zz no cpaBHeHHIO C /42/ RBnReTCR xapaxrepaoã AnR 
C~CTeM co CJlY4aJ.1HblMH CBR3RM~ /cp./24~. OHa o6pall.laeTCR B Hynb 
,qJlR perYJlRpHOJ.1 C~CTeMbl, rne J 1 :s J 2' AnR CTaT~4ecKoi:1 BOCnp&.1~M

4HBOCT~ X zz M~ ~cnonb3yeM npH6n~)f(eHHe /1 0/ ~ ~zz cornecao /25/. 

I~
 
PaccMoTpHM cneuuans Hbl~ cnY4aJ.1 x = 0,5, KOTOP~J.1 Ha <!Ja30B0J.1
 

,q~arpaMMe PI1.C. 3 COOTBeTcTByeT nORBneH~1O <!Ja3bl c r exna , B 3TOM 
, cny-rae npa J ir =0 ypasae-ure , COOTBeTCTBYlOlI.lee /45/, MO>KeT 6blTb 

peweHO, ~ nOMHMO TpHBHanbHoro peweHHR HMeeT peweHHeI! 

L zz	 (kTS/O) [1- 0 2 / J~(L~x + S2)1. /53/:ro 
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AHanor~4H~e ypaBHeHHR AnR LXX B cnY4ae CMewaHH~X Kp~cTanrloB 
Aa~TcR s~pameH~RM~ /47/, /48/ c ~aMeHO~ rn XX Ha 

zz 2 zz 
rnxx ::: f3 J4 [x~.z L n2 /8J + 2v (8 2 + Lxx )(L )2 + (v-l)L x7 16 1 2211' 

/54/ 

v ::: ~ J~ J. 2 1 J4 x~.Z =F(Lio )/JO' l'\o=O / 8 Jo- 1. 
k,f ik lr 2 ' 11 

06CYA~M r eneps TBepAbl~ paCTBOp XA'" XB=0,5. CornaCHO pasne
ny 2, paCCMOTp~M npOCTY~ KI6~4ecKY~ peweTKY c B3aHMoAe~cTBHeM 

6nlo1ma~wlo1x cocenea , rne Jt =-JfB,J*B::: O lo1 v= 7/f.>. KaK Blo1A
HO lo13 puc , 7, r eaneparypuoe nOBeAeH101e KOHCTaHT LXX lo1 L zz no
Ao6HO lo1X noaene-onc B lo1Aeanb HO~ Clo1CTeMe. nplo1 n/J tA $, 0,04 pe
WeHlo1f1 CYUleCTBY~T npl.1 Bcex TeMnepaTypax, a nplo1 6onbwlo1x'3Ha4eH~

RX n/JtA OHlo1 nORBnR~TCR CKa4KOM np~ HeKoTopo~ TeMnepaType Tf • 

3Aecb lo1Me~TCR ABa peweHlo1R, HO Ha plo1c.7 nOKa3aHO TonbKO OAHO, 
COOTBeTCTBY~Ulee 60nbIDlo1M 3Ha4eH101RM LXX lo1 L 

Zz 
• B npeAene T~ O , 

L xx lo1C4e3aeT axcnoaeauaane HO, a L zz - nlo1He~Ho, cornaCHO aa
L Z Z KOHY = (1-4n 2/11J/2 f3 n. KaK cnenyer lo13 nocnenaeü lPopMynbl, 

npa 2n> J 2 "" J*A / J:12 HeHyneBble peuieuaa OTCYTCTBYJOT. 3TO yc
noaue YAlo1Blo1TenbHblM 06pa30M cornacyeTcR c ycnoeuex noaaneuaa 
<l>a3bl crexna , nonY4eHHblM B pasnene 1. 60nee Toro, B cnyvae 
LXX .«8 2 ypaaueuae /53/, onpenenaouiee Tr, L zz (Tr) ." O, 14 ypaaueuue 
/7/ AnR Tg cOBnaAa~T. KaK nOKa3~Ba~T 4lo1cneHH~e paC4eTbl, Anfl 

LXx n~:O,07 Jo Ae~cTBlo1TenbHo « 8 2 lo1 T, lo1 T g 6nlo13Klo1 npyr K APY
ry, nplo1 YMeHbweHlo1lo1 3Ha4eHlo1~ n paauaua T g 101 . T r YBenlo14lo1BaeTCR 
aa C4eT YBem14eHlo1R T r • 

06CYAlo1M honY4eHH~e pe3ynbTaT~. KaK 6~no nOKa3aHO CY3YKlo1 
B o6U1eM Blo1Ae/ 25/ , nonaneaue He~yneBo~ KOHCTaHTbl He3p'-OAlo14HOCTlo1 
L AB B /33/ CBR3aHO c CYUleCTSOBaH~eM B Clo1CTeMe ~HTerpanOB ABlo1
meHlo1R lia : rHa,Hl=O, TaKlo1X, 4TO.<AHa>·~0 lo1 <BHa>f:.O. B pa6o- f3 
T/ 261 õuno OTMe4eHO, 4TO AnR noxans aax oneparoooa IA,B \""lô8~ô8j \ 
COOTseTCTBYIOUllo1e lo1HTerpanbl ABlo1meHlo1R Ha r axxe RBnRIOTCR noxans> 
HbIM~ Benlo14lo1HaMlo1, lo1 Kplo1Teplo1~ He3prOA~4HOCTlo1 B <l>opMe /331 COBna
AaeT c Kplo1Teplo1eM nOKan~3al.tlo1H AnR lo1ccneAyeMoro Ha60pa lA,B\ no
KanbH~X onepaTOpos. 

B MOAenlo1 H3lo1Hra, r ne oneparopa 8 iZ 
caM~ f1BnRIOTCR lo1HTerpanaMV1 

AB~meHlo1R, [S~Hl=O clo1cTeM~ He3proAlo14Ha nplo1 Bcex TeMnepaT~pax. 
B lo1ccneAoBaHHo~ HaMlo1 MOAenlo1 H3lo1Hra c nonepe4H~M noneM He3prOA~
4eCKoe nOBeAeHlo1e Ha6nlOAaeTCfI nplo1 Q~~ nplo1 Bcex TeMnepaTypax, 
KaK lo1 B npOCTO~ MoAenlo1 H3lo1Hra, a nplo1 n>n~ AOCTaT04HO Clo1nb
Hoe TYHHenlo1pOBaHlo1e CHlo1MaeT 3TY He3proAlo14HOCTb B 06naCTlo1 BWCO
Klo1X TeMnepaTYP, T > T r • Ha6nlOAaeMbl~ npu T "'" T r Alo1HaMlo14eCKi;1~ <l>a
30Bbl~' nepexon /CM. /201 / B <l>a3Y c He3proAlo14eCKlo1M noseneaaex 
MomeT 6blTb CBR3aH, TaKlo1M 06pa30M, c CYUleCTBOBaHlo1eM nOKanbHblX 
lo1HTerpanos ABlo1meHlo1R. B 3TOM cnY4ae KOHCTaHTY He3proAlo14HoCTlo1 
L AB /33/ MomHO caccaar oaaars KaK "Al'lHaMlo14ecKlo1~ napaaer p nopan
ka".., KOTOPbl~, KaK lo1 B cnY4~e cnauoaux c r exon /CM / 14/f, MomeT 
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P~c.7. TeMrrepaTYPHafl saBHCHMOCTb KOHCTaHT He3prog~q
HOCT~ L xx H L zz npn pa srra-msrx SHaqeH~flX rrorrepeq

nor-o norra B TIM co cnyqaHHhIM~ CBHSHM~. 

6blTb lo13MepeH 3Kcneplo1MeHTanbHo. CooTBeTcTBlo1e TeMnepaTYP Te 
lo1 Tg , nonY4e HHoe B o6nacTH 6onbwlo1x 3Ha4eHlo1~ n, AononH~TenbHo 

nOATBepmAaeT C8R3b TepMoAHHaMlo14ecKoro Kplo1Teplo1R nepexoAa 8 <l>a
3Y CTeKna lo1 Alo1HaMlo14eCKoro He3proAlo14ec~oro nOBeAeHlo1R B Clo1CTeMe 
c KOHKyplo1PYJOUllo1Mlo1 B3alo1MOAe~CTBlo1RMlo1. 
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AKceHOB B.n., 606eT M., nnaKHAa H.M. P17-86-24
 
3$$eKT~ TYHHenHpoBaHH~ H $aaa CTeKna
 
B cMewaHH~X KPHCTannax THna KDP
 

Pa3BHTa, TeopHA TepMoAHHaMH4eCKHX H AHHaMH4eCKHX caoHcTa CMewaHH~X 

cerHeTo-aHTHcerHeT03neKTpHyecKHx CHCTeM c BOAOPOAH~MH CBA3AMH THna KPH
CTannOB KDP. B Ka4eCTBe MOAenH paccMoTpeHa MOAenb H3HHra B nonepe4HOM 
none co cnY4aHH~MH CBA3AMH npoH380nbHoro paAHyca AeHcTBHA. nonepe4Hoe none 
onHC~BaeT 3$$eKT~ TYHHenHpoBaHHA npoToHoB Ha CBR3RX. nonY4eHa $a30BaA 
AHarpaMMa H nOKaaaHa B03MO*HOCTb cy~ecTeoBaHHA B MOAenH $aa~ npOTOHHoro 
CTeKna. YCTaHOBneHO, 4TO 3$$eKT~ TYHHenHpOBaHHA Hrpa~T Ba*HY~ ponb B'xa
paKTepe AHHaMHKH MOAenH. ~MeeTCA HH~Hee KpHTH4eCKoe aHa4eHHe KOHCTaHT~ 

TYHHenHpOBaHHA O=O~ r axoe , 4TO npa O <Ooe CHCTeMa ABnAeTcA' He3prOAH
4eCKOH npH n~60H r eaneparype , npH U>0"c He3prOAH4eCKoe nOBeAeHHe MOAenifl 
B03HHKaeT .npH TeMnepaType Tc. KOTopaR npH onpeAeneHH~X, 3Ha4eHHAX COBna
AaeT c TepMoAHHaMH4ecKoH TeMnepaTypoH nepexoAa B $a3Y CTeKna T •g 

Pa60Ta B~nonHeHa B na60paTOPHH TeopeTH4ecKoH $H3HKH O~H~. 

IIpenpHHT Oõsernmemtoro I{UC11fTYTa snepnsrx RCCne,llODllHHH. Jly6Ha 1986 

nepeBOA T.~.AYM6paHC 

Aksenov V.l., Bobeth M., Plakida N.M.	 P17-86-24 
Effect of Tunnel1 ing and Glass Phase 
in Mixed Crystals of KDP Type 

Some therm~dynamical and dynamical properties' of mixed ferro- and 
antiferroelectric crystals with hydrogen bonds of the KDP type are inves
tigated theoretically in the framework of the transversal Ising medel with 
random competing interactions where the transverse field describes the 
tunnelling of the protons. The phase diagram derived for this medel 
suggests the existence of a proton glass phase. The strength of the tunnel
iting	 O is found to be important for the character of the dynamics of the 
modelo There exists a lawer criticai tunnelling constant O~ such that 
for O,<O~ the system behaves nonergodic at arbitrary temperatures. For 
,o>n~ a nonergodic behaviour is possible only for T<Tc• For certain va
lues	 of the tunnell ing constant O the temperature Tc agrees with the 
transition temperature to the praton glass phase. 

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