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O yem rosopum (nnaH)? ]
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Kpumu4eckue uHOeKchbl.

YHueepcanbHOCMb.

Kakue 6biearom npumecu (6ecrnopsiook)?
TpyOHocmu uccrie0oeaHusi MPUMeCHbIX cucmem.
Modenb N3uHz2a ¢ eMOpPOXXEeHHbIM 6ecropsiOKom.

Modens Mommca ¢ (=3 u 6MOPOXeHHbLIM 6ecropsiOKoM.

Modenb lMommca ¢ =4 U 8MopoxeHHbIM 6ecropsiOKoM.
Hekomopsbie ebi800bI.
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[ UTO Takoe KpUTUYeCKnn MHOEeKC???
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KpVITVI‘-IeCKVIVI MHp,eKc' ”

Euwe nHaoekcbi!!!
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[[ UTO Takoe KpUTU4YeCKUn MHOEKC??? }

T-TC@ Ewe nHaekcoi!!!
TC

Yr V, 6/ I v ap.
[« )

PUTUYECKNE NHOEKCHI
CBSA3aHbl COOTHOLLEHUSIMMU
1. a+26+y>2;
2.dv=22-a,;

M [




YHuBepcarnbHOCTh! }]
4 )
Knacc yHmBepcanbHOCTU KPUTUHECKOTrO NOBELAEHNS 3aBUCUT:
1. OT pasmepHOCTU NpocTpaHcTea d;
2.  OT yucnm KOMMNOHEHT NapamMeTpa nopsiaka n;
3. Ot pagunyca xapakTepHOro B3aumMogencTBus;
4. OT CMMMETPUN CUCTEMBbI;
5. Ot yero-Hnbyab ewle...???
U / Y,
Kputnuy. Kiacc yauBepcanpHocTH, d=3. a
1apaMeTp Wsunr (n=1) XV (n=2) [eits. (n=3) 1 ,D,l/lﬂOﬂbellZ'
K 0.2216595 0.4542 0.6930 2' MNonume Hb;l7l
V 0.6305 0.671 0.706 ' P '
a 0.108 -0.012 -0.117 K
B 0.3265 0.3485 0.366
% 1.239 1.315 1.386
n 0.037 0.040 0.038
0 4.795 4.773 4.8187

~
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I'quemy Hado U3yydatb CUCTEMbI C

npumecamm (c becnopsakom!! )??

. OTO MNO3BOSIAET BKIOYaTb B paCCMOTPEHMNE
MaKpockonuyeckmne addektbl becnopsanka, sceraga
NPUCYTCTBYIOLLKME B pearibHbIX MaTepuanax.

. [lo3BonseT NoHATb MHOrMe 0COBEHHOCTU OPYrnX CUCTEM
(CMNHOBBIX CTEKOJ1, XUAKOCTEN, NONIMMEPOB 1 Ap.)

. UmeeT bonblion akagemmyecknm nHtepec!!!




UTo Nnpon3onaeT, ecnv B CUCTEMY BHEGEHbI

HeMarHuTHole npumecu (Becnopanok) ?7?

Kakue ObiBaloT npnumecun??

[prmMecn oToXOKEHbI — anneled model Timp ™ Tspin-

Mpumecn 3amopoxeHsl — quenched model Timp>>Tspin'

1

2

3. [Mpumecn koppennpoBaHsbl.

4 [Mpumecu nmeroT rpagueHT pacnpeneneHms.

[[ Kputepun Xappuca !!! ]

\u

HemarHnTtHble npumMecu BIIUAIOT TONbLKO Ha cuctembl ¢ >0 !!!

)

[[ Harris A.B. J. Phys. C: Solid State Phys. 7 1671 (1974) ]]




Ecnu B cucteme oToxekeHbIn (anneled)
6ecnopsnok Ty ~ Tgpin U 0 e =0,

!

[[ B CUCTEME NPOUCXOAUT NEPEHOPMUPOBKA d)mmepa:]

X = Xoure a = —pure
1_apure

Fisher M.E. Phys. Rev. 176, 257 (1968)



Mpumecw

o | Hekoppenu-
l [{ BmopokeHHbIM 6becnopsigok ! poBaHb I
r D
30echb
BO3MOXHbI TPU
cnyyas:
L J
! |
a8 Ecnun a<0, To N (O Ecnun =0, To N ( Ecrm >0, 10 N
Becnopaaok He BnuseT| |MapruHarnbHbIn criyyan MEHAETCA
Ha KpUTUYEeCcKoe (2d mogenb 3uHra) KPUTNYECKOE
nosegeHune (Mogernb N TEMOEMKOCTb nosegeHve

\_Tleinsenbepra) / \ npuobpetaersua: ) \ (3d MauHr, MoTTC?) /

1
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BMOpOXXeHHbIN Becrnopsgok NpuBoAUT K CMEHE XapaKTepa
Kputndeckoro noseneHuns (dakr!) !

[[ OTO NPUBOAUT K MHOXECTBY APYrnx Bonpocos ?7?7? J

\
.\'.@SJ".#.W!\’!)

3aBUCAT NN HOBbIE KPUTUYECKNE MHAEKCHI OT KOHLUEHTpaLUUmM CIINHOB P="?; )
Ecnun «ga», To kKakum obpasom?

[Moyemy MHorne TpaauumoHHble cxembl PIT gna atnx cucrtem He paboTaroT?

[MTouemy KpuTU4eckas MHaMUKa U CTaTMKa NPOABMAIOT COBEPLUEHHO Pa3HY 3aBUCUMOCTbL OT P?
UTto genatb, ecnun Bce TeopeTUYECKME NOAXOAbI NPUMEHUMbI TOSTIBKO Mpu p>>u?

BrninsaeT nu Ha KpuTMyeckoe NoBeAeHNE KOPPENMPOBaAHHOCTb NpumMecein?

3aBUCUT NN KPUTUYECKOE NOBEAEHNE OT XapakTepa Koppensuum npumecen?

. 777 Y




[[ Ha cerogHAwWHWA OeHb TEeOpPUA Nonaraet, 4YTo. }]

!

1. Kputnyeckoe noBeaeHne NPUMECHbIX CUCTEM AOSMKHO ObITb
YHMBEpPCarnbHbIM U HE 3aBUCUT OT KOHLIEHTpaLUN npumecei (c);

2. KoHueHTpauus (c) onpeagensiet nuilb TEMNepaTypHbIN MHTEpBan

1<1*(c)=CY % B6nmnsn T, Ha KOTOPOM NPOMCXOANT KPOCCOBEP
B HOBbIV KPUTUYECKUIN PEXUM,

3. v>2/d;

4. [lokasaHo, YTo ecnu, Ans NpPUMeCHbIX CUCTEM O
TO doUKCUpoBaHHas ToYKka He cTabunbHa!!

Q- forrad=0" C(7) ~In(}) s C(7)~!In(In(}) .

>0,

random

w



Kakue Bonpocbl BO3HMKAOT NPU TEOPETUYECKOM NIYYEHUN
NPUMECHbIX CUCTEM??

|

[MpumeHeHne annapata Pl 3aTpygHeHO HapylueHueM pensiInyHOn CcUMMeET
(HPC). 3T1o genaet Pl noTokun He ycTondmnsbiMu(?).

B Takux cuctemax BO3HMKAET MaKPOCKOMUYECKOE YUCHO NoKamnbHbIX MUHUMYMOB
SHeprun, pasgeneHHbIXx bapbepamu, Torga NpMMeEHeHne TpaauunoHHblix PIT cxem

Bbl3blBaeT 60MNbLUNE COMHEHUS.

Bo Bcex Pl cxemax c<<1, KaK ObITb Npn He ManbIX C, KakKoW KOHLEHTpauum cnu
cooTBeTCcTBYIOT Pl nHgekcol,?

MHorne TpaguumoHHble cxembl P Ons npuMMecHbIX cCUCTEM  BbIPOXAAtOTCS.
Hanpumep, e-pasnoxeHune B V € pasnoxeHue GecrnonesHoe npu KoNMMYecTBEHHbIX

pacyeTax.

MonydeHHble Pl psgbl He cymmupyembl no bopento. NepecymmupoBaHne Tuna

Mape-bopens paeT cxoAsulytocs MocrneaoBaTeNbHOCTb B HU3KUX MOpsiaKax
TEopun BO3MYLLEHUS, HO HE paboTaeT B BbICOKMX Nopsakax.

C npobnemon HPC, Bo3amMOXxHO, cBsizaHa npobnema dasbl ['puduua.
T.<T<T,, Ty- KpTU4ECKaa TemnepaTypa YACTON MoAENN.

< X(0)x(t) >~ exp{(-t/1)"}

HOB

no

/

Prudnikov V.V.,... J. Phys. A: Math. Gen. 34 L145 (2001)

)



[[ Yto naet SKCMNEPUMEHT 7?77 ]

7

\

FeF, — naeanbHbIN N3NHroBckun AP, mMoxxHo n Mnk,, !!
OOGbIYHO NCMNoOSb3YyT 0bpasybl:
Fe,Zn, JF,  nnm Mn,Zn, F,

[[OD,HO3Ha‘-IHbIX oTBeTOB HeT! lMpunumH MHoro:}

KPO.\‘.‘-”S"'.#.U’!\’!—‘\

KayectBo 06pas3uos;

Mpobnema MHOXecTBa O4HOTUMNHbLIX 0OPa3LOB;

[‘pagneHTbl KOHUEHTpaUWn,

Pas3Hble meToabl ansa kaxxgoro KU;

PasHble yCcTaHOBKM ANA pasHbIX NapaMeTpoB;

3HaYNTENbLHO TPYAHEE BbINTM HA aCUMNTOTUYECKNN KPUTUYECKUIN PEXNM;
[Mpobnema onpeaeneHna KpUTUYECKON TeMnepaTypbl;

NT.a.

/




[[ 3KCI19pVIMeHTaJ1beIe 3Ha4YeHunsaA KputTn4eCKknx MHOeKCcoB BelleCTB,

COOTBETCTBYHOLMNX NnpuMmecHoun 3d mogenu U3uHra:

|

O6paseL KoHueHT. p B Y Y a
Fe, Zn, F, p=0.6; 0.5 1.44 0.73 -0.09
Fe Zn, F, p=0.46 1.31 0.69
Fe Zn, F, p=0.99-0.95 0.36
Mn,Zn, F, p=0.75, 1.364+0.076 0.715+0.035
p=0.5, >0 1.57+0.16 0.75+0.05
p=0.5 1<0 1.56+0.16 0.76+0.08
Mn Zn, F, p=0.5 0.33
Fe Zn, F, p=0.5 0.35
Mn,Zn, JF, p=0.4; 0.55; -0.09
0.83
Fe Zn, F, 0.31<p<0.84 -0.09
Fe Zn, F, p=0.52 0.35
Fe Zn, F, p=0.5 0.36
Fe Zn, F, p=0.93 -0.10
Fe,Zn, F, p=0.93 1.35 0.71
Fe Zn, F, p=0.93 1.34 0.70

)




Metoa MouTe-Kapno n npobnemsl nccnegosaumna QlM!

a

1
2.
3.
4
5

on

[~

[na MK nccneposanus Hago L=20 !I;

T, onpegeneHHoe No MakcMmymam TennoemMKoCT! 1 BOCNPUM. HE FOAUTCS,;
PesynbTaTbl MOryT 3aBMCETb OT anropuTMa;

CepbesHas npobnema pocT ycp. <...>, C yMEHbLUEHNEM KOHLUEHTpauum p !!!

MNosiBnseTcs npobrnema «CaMOYyCPEAHEHUSA: oKasanocb, 4To
camoycpenHeHne peanunsyeTcs Tornbko ans cnadoro 6ecnopsakal!

Opyraa cepbesHas npobnema — ato Tun aHcambnsA: BKA unun KA!! OgHn n Te
xe aBTopbl (Aharony, Harris, Wiseman) B ogHon paboTe yTBepXgawT O
pasfn4HoM Kputnyeckom rnosegeHumn B BKA n KAl

B apyron pabote oHu xe nokaszanu, 4to BKA n KA obpasytoT oanH 1 TOT Xe

~

KnacC YHUBEPCAlibHOCTU, OTINYME 3aKr4yaeTCA JiMb B KOPPEKUUn K

ckennuHry!!!

/

N

N

7 s

Ans KpuTuyecknx TemnepaTtyp nokasaHo: \
T,(p=0.6)=2.422 — BKA;

T,(c=0.6)=2.422 — KA

[NokasaHo, yto ecnu ana QIM a,,,4om>0, TO UKCUpoBaHHas He cTabunbHa!!

[NokasaHo, 4yto ecnv ana QIM a,,,4om<0, TO dPUKCMpPOBaHHAA ToYka cTaburibHa
ana obenx TMNoB pacnpegeneHus npumecen!!

|_|O‘-IeMy RX(C) >>Rx(max) % @



[[ Yo paeT MK akcnepumeHT (Halum AaHHbie)??? ]

[[aMunbTOHMaH npumMmecHon moaenu NanHra nmeet BuAa;:

J
H = _Zzpislpjsj
]

roe 5= {ZL ecliu 8 y3je CNuH
g

0, eciu 6 y3ne nemacHumHas npuUMecs

KnacTtepHbin anroputm (anroputm Wolf);

YcpeaHeHue BbINOMHANOCHL Mo uenu anuHoun (T~300T,);

PaccmaTpuBanucb cucteMbl C KOHUeHTpauuen cnuHoB p=0.95, 0.9, 0.8,
0.7, 0.65, 0.6;

YcpeaHeHue BbINONHANOCbL No 60-500 pa3nnuyHbIM KOHdUrypaumsam
npUMecewu;

MU3yyanucb cuctemobl ¢ paamepamu L=20+60.
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Critical behavior of a three-dimensional random-bond Ising model using finite-time scaling
with extensive Monte Carlo renormalization-group method

1 Wanjie Xiong,]’2 Fan Zhong,i‘* Weilun Yuan,' and Shuanghi Fan'
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Guangzhou 510275, People’s Republic of China
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(Received 22 February 2010; published 25 May 2010)

We have investigated the critical behavior of a three-dimensional random-bond Ising model for a series of
the disorder strength by a finite-time scaling combining with Monte Carlo renormalization-group method in the
presence of a linearly varying temperature. The method enables us to estimate a lot of critical exponents of
both static and dynamic nature independently as well as the critical temperatures. The static exponents obtained
agree well with most existing results, verify both the hyperscaling and the Rushbrooke scaling laws and their
combined scaling law. which in turn validate their asymptotic nature, and corroborate the universality of the
relevant random fixed point with respect to the forms of disorder. The dynamic critical exponent z is estimated
to 2.114{51), which is compatible with those obtained from experiments and renormalization-group analyses.
The exponents at low and high disorder strengths do not satisfy all scaling laws and are argued to be crossover
exponents that reflect crossover from the random fixed point to the pure and the percolation fixed point. They
also indicate that the exponents that were previously suggested to be a distinct universality class for strong
disorder strength in the literature may be just crossover. Our results demonstrate the effectiveness of the
finite-time scaling method.

DO1: 10.1103/PhysRevE.81.051132 PACS number(s}): 64.60.Ht, 75.10.Nr, 05.10.L.n, 75.40.~5
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sides, a recent investigation suggested that there are two uni-
versality classes corresponding to strong and weak dilutions
[18.21]. Thus, further investigations are still needed.
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CRI'l[‘ICAL BEHAVIOR OF A THREE-DIMENSIONAL ...

third law [11]. This may stem from the different proximity to
the fixed point [28]. As corrections to scaling are not impor-
tant especially for rp=2 as seen in Fig. 3, the exponents that
dissatisfied the scaling laws cannot be asymptotic except un-
likely the scaling laws are themselves violated. Accordingly,
the most likely scenario is that the exponents in ;=4 and
ro=5 are, similar to the Potts model [47], crossover ones
that reflect the crossover from the pure fixed point to_the
random fixed point and the latter to the percolation fixed
point in the system, respectively. In addition, although
whether or not crossover exponents should satisfy scaling
laws is still an open problem [66], our results seem to indi-
cate that at least not all of them are satisfied in these two
cases. In other words, validating of a single or even two
scaling laws may not be invoked as an indication of the
asymptotic nature.

Now we turn to the question of the possible existence of
two universality classes. It was found by a finite-size scaling
method without considering corrections to scaling that for
a spin concentration p=0.6, v=0.725(6), y=1.446(4), «
=-0.093(7), and B=0.349(4), which were different from the
lower disorder ones and thus were suggested to belong to a
new class [21]. Similar results were also obtained when con-
sidering corrections [18]. One finds from Table IIl that our
corresponding exponents for r,=10 are quite close to those
numbers. This seems to indicate that their results may just
also be crossover exponents that reflect the crossover to the
percolation fixed point. In fact, using their exponents listed,
one finds a+dr=2.082(19), a+2L+y=2.051(11), and
281 v+ y/ v=2.957(27). Accordingly, one sees that the first
two laws are broken by 4-5 times of their respective stan-
dard errors and the third one by about two times. In addition,
their exponents vary with p [21]. So do those in [18]. Con-
sequently, these exponents [18.21] may be more probably
crossover than a new class.

In order to distinguish possible different universality
classes among the site-diluted, the bond-diluted, the *=J, and
the RBIM, we list in Table VII the critical exponents of the
four, kinds of disordered Ising model, along with the six- Ioop
RG reqults: of random Ising model. One sees clearly he

all agree quite well, confirming the univ
the fixed point with respect to the forms of disorder. -

ahtf” of

V. CONCLUSION

We have investigated the critical behavior of 3D RBIM
for ry=2. 4. 5, and 10 by the finite-time scaling combining

PHYSICAL REVIEW E 81, 051132 (2010)

TABLE VII. The critical exponents for the site-diluted Ising
model (SDIM), the bond-diluted Ising model (BDIM), the *+.J Ising
model (£JIM), and the present random-bond Ising model (RBIM).
The six-loop RG results of the random Ising model (RIM) are also
listed for comparison.

Model v yél v a

RIM (RG)" 0.678(10) 0.349(5) 1.330(17) -0.034(30)
SDIM" 0.681(2) 0.354(1) 1.341(4) —0.049(6)
BDIM® 0.68(2) 0.35(1) 1.34(1) —-0.04(6)
+JIM ° 0.682(3) 0.354(8) 1.339(7) —0.046(9)
RBIM (here) 0.686(25) 0.346(8) 1.332(31) —0.049(24)
“Reference [7]. B R e LS D= A
PReference [16]. N s 5 g e gt ! /'
“Reference [11]. o = /0 = (5:”'5;; “e i f.'9—= e o

with MCRG method in the presence of the linearly varying
temperature. The method enables us to estimate a lot of criti-
cal exponents independently as well as the critical tempera-
tures. Our results listed in Eq. (25) show that the static ex-
ponents agree well with most existing results and the
dynamic critical exponent of z=2.114(51) support a lower
value found by RG analyses, experiments, and some MC
simulations. They also verify both the hyperscaling and the
Rushbrooke scaling laws and their combined scaling law,
which in turn validate their asymptotic nature. In addition,
they corroborate the universality of the site-diluted, the
bond-diluted, the *=J. and the RBIM. The exponents at r,
=2 and rp=10 are argued to be crossover exponents that

~reflect crossover from the random fixed point to the pure and
the percolation fixed point and that do not satisfy all scaling ©

laws. So, validating of a single or even two scaling laws may
not be invoked as an indication of the asymptotic nature of
the obtained exponents. Il addition, the crossover exponents
at rp=10 appear to close to those that were proposed to con-
stitute a distinct universality class. This indicates that they
are probably also crossover only. Our results also demon-
strate that the finite-time scaling method can directly probe
both static and dynamic critical behavior without taking cor-
rections to scaling into account with reasonable precisions
due to the small correction exponent for the method.
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3d site-diluted Ising model gammu pe3yabTaTsi)

3d bond-diluted Ising model
9 A.K. Murtazaev, A.B.Babaev, IMMM 321, p.2630 (2009)

(P.E. Berche, cond-mat 0402596, 2006)
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Cmamud4ecKasi_meopusi KOHEYHO-Pa3MepHO20

cKeUsiuHaa
F(T,L)=LF () mT L~ L m e L),
_a_ {m)
C(T,L) ~ L"C, (t L"), U =1-—"-=
XTL~UVp(t?), STl Kl o

N3 aTuX BblpaxkeHUn crnegyer:
L>>1, r=t<<l. T=T - mLABV, x[Ar.

C_(L)=C._(L=c0)— AL

max



OT pa3mepoB cucTemsbl L npu p=1.0, T=T..

3aBUCMMOCTb TEMNIOEMKOCTH, BOCNPpMnMM4nBoCTn 1 HaMarHM4eHHOCTHA
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3aBMCUMOCTb TEMNMOEMKOCTU, BOCNPUMMYMBOCTM U HAMArHNYEHHOCTH
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[[ PesynbTtatbl MK nccnepoeanvnm !!! ]

P w V 1/v a y 74% B By | 2Bvipv
1.00 | - | 0.624(2) | 1.602 | 0.108(2) | 1.236(2) | 1.980 | 0.322(3) | 0.511 | 3.002
095 [0.25| 0.681(2) | 1.468 |-0.010(2) | 1.344(2) | 1.975 | 0.339(2) | 0.497 | 2.969
0.90 [0.25| 0.687(2) | 1.682 | -0.014(3) | 1.347(2) | 1.961 | 0.344(2) | 0.504 | 2.968
0.80 |0.25| 0.683(3) | 1.463 |-0.016(3) | 1.349(2) | 1.975 | 0.338(2) | 0.515 | 3.005
0.70 |0.37 | 0.713(3) | 1.403 |-0.087(4) | 1.425(3) | 1.998 | 0.356(3) | 0.499 | 2.996
0.65 |0.37 | 0.711(7) | 1.406 |-0.091(5) | 1.424(3) | 2.004 | 0.354(3) | 0.498 | 2.999
0.60 |0.37 | 0.712(8) | 1.404 |-0.093(9) | 1.426(5) | 2.004 | 0.353(8) | 0.497 | 2.998




OCHOBHBbIE BbIBOAbI

3D mModesnb U3uHza ¢ eMOPOXKEeHHbIM 6ecrnopsiOKoOM
(Hawu pe3ynbmambli)!

1. Knacc YHUBEPCAlNIbHOCTU KPUTUYECKOIro noBeneHnA 3D mopmenu W3suHra c

BMOPOXXEHHbIM 6ecrnopsaakom npu mMarsnbiX KOHUeHTpauuax npumecen (p = 0.8)
XapakTepnsyeTcsa HOBbIM HabOpPOM KPUTUMYECKUX WHOEKCOB W 3TOT Habop
OTNNYaKTCA OT COOTBETCTBYOLLEro onga Yncron mogenu Nanura (p=1.0);

2. CunbHo pasbasrieHHble cuctembl (p<0.65) xapakTtepusyeTtca gpyrum Habopowm
KPUTUYECKNX NHOEKCOB 1 obpa3syeT CBOM Knacc YHUBEpCanbHOCTH;

Toraa, o4eBUOHO, YTO CYLLIECTBYIOT U 4BE KPOCCOBEPHbIE

obnacTu:

1. Ob6nactb mexay vucton (p=1.0) n cnabopasdasneHHon (p = 0.8) cuctemamu,;

2. O6nactb mexay cnabopasbasneHHon (p=0.8) u cunbHopasbasneHHon (p <0.65)
cuctemamu;

N3 atoro cnepgyer !!!

[TpoTUBOPEUMBLIN XapaKTEP U HECOrNAacOBaAHHOCTb Pe3ynbTaToB
nccnegoBaHnin 06 bACHAETCHA HaNMMYNEM N PACTAHYTOCTbLIO
KPOCCOBEPHbIX 0bf1IacTen, Ha KOTOpbIe NPUXOANUTCA OOSbLUNHCTBO

nccnegosaHun!!!
IA.K. Murtazaev, A.B.Babaev, JIMMM 321, p.2630 (2009) @



MOAEJIb

TpexmepHasa pa3baBrieHHas
Mmoaensb [loTTca ¢ Yyucnom
COCTOSIHUM CNUHA =3




[ MHTEPEC K MOLQEJIN IIOTTCA obycnoeneH }

TEM, YTO OHa CINYXXUT OCHOBOW TEOPETUYECKOrO ONUCaAHUSA LUMPOKOro psaa
pPa3HOO0Opa3HbIX 0OBHLEKTOB U ABNEHNIA B PU3NKE KOHAEHCUPOBAHHbLIX CPEA.

K nx uncny otHocATcA:

CnoXHble MarHeTUKU, HarNnpuMep aHU30TPONHbIe heppoOMarHeTUKu
KyOu4yeckou cTpykTtypbl DyAl, B CUIbHOM MarHUTHOM none

CerHeToaneKkTpuKu

CnuHoBble cTekna

MHOrokoMnoHeHTHbIe CNNnaBbl U XXUOKOCTU B NOPUCTOM cpese.
ApcopObuus dnaropoaHbIX ra3oB Ha agcopbeHTax Tuna rpadura
da3oBble Nnepexoabl Ha rpaHMUax pasgena

CtpykTypHble pa3oBble nepexoabl B MaTepuanax SrTiO,;, Pb,(PO,),
OTHOCSITCA K Krnaccy yHuBepcanbHocTtu mogenu NMotrca ¢ =3

I'IepKonﬂ LNOHHbIE ABJI€HUA

33



Cxematuyeckoe uzoopaxxenue mojaeau Ilorrca ¢ ynuciaom
COCTOSIHUHM CITUHA (

g=2 (moaenb
Naukra) 8=2rm/q; n=0, 1, 2 ,...g-1
g=3, n=0,1,29=0; 2r/3; 41v/3

3




OA30BAA ITNUATPAMMA

FIRST ORDER

CONTINUOUS

Ecau 0>q.(d) - B uncroii Moaen
IlorTca nadawgaerca ®II 1-ro pona,
d- pa3mepHocTh cHCTeMBI, (. —
KPUTHYECKOE YHCJI0 COCTOSTHHIA
CIHHA

Ecin 0<g.(d) -B uncroii mogenn
IlorTca Hadawogaerca ®II 2-ro poaa.

s uncroit 2d moaenu Ilorrca
0.(d=2)=4 u nadéaoaaerca ®II 2ro
poaa

s uncroit 3d mogenu Ilorrca
0.(d=3)=2.45 nab.aroaaercs cjaado
Bbipa:keHHblii @II 1-ro poaa

[1] Y. Imry and M. Wortis, Phys. Rev. B 19, 3580 (19
[2] K. Hui and A.N. Berker, Phys. Rev. Lett. 62, 250 (1989)
[3] N. Clark, Phys. Phys. Rev. Lett. 71, 3505, (199




[ Yto paet MK akcnepumeHT (Haluy AaHHble)??? ]

[[@aMnnbTOHMaH npumecHon mogenu lNotrca nveeT Bua;:

H :_;\]25(3181')’ SI =12,3-9
]

1, ecnu S =S,

A3:5)= O ecu §#S,.

riae J —mapaMeTp o0MeHHOro ¢geppoMarHUTHOIO
B3aumoaeiicTus (J>0)

1, ecnu 6 y3ne cnun
Ioi =

O, eCjiu 6 y3jie HeMAacHUMHWA NPpUMeChb

KnactepHblin anroputm (anroputm - Wolf);
Onsa cuctembl p=1.0 oTcekanca HepaBHOBECHbIA Y4aCTOK ANMMHON T, ~2x10°

MKwaros/cnuH;

YcpeaHeHue BbINOMHANOCH no uenu anuHon (T~300T);

PaccmaTtpuBanncb cuctemMbl € KOHUeHTpaunen cnmHoB p=0.95, 0.9, 0.8, 0.7, 0.65
YcpegHeHune BbinosiHAnock no 60-1000 pasnuyHbiM KOHUrypaumam npuMmeceu;
N3yyanucek cuctemol ¢ pasmepamn L=20+60.




PACCUUTBIBAEMBIE ITAPAMETPbBI

q -1
— N HAMAIrnncHHOCTDb

q-1
Ninax = MaxiN;, Ny, Ng,... N, f,

[KyMyJ'IFIHTbI EMHnepa]

4
e N=pl U =1- (m*)
L 2\ 2
N, —4HCJI0 CIUHOB B cOCTOsIHUM (=1, 3(m >
N, —4HCJI0 CIUHOB B COCTOSIHUM (=2, )
E
N, —4HCJI0 CIUHOB B COCTOSIHUM (=3, V(T.p)=1- ( >L

Nq — YHCJI0 CIIMHOB B COCTOSIHHUH (

Chatelain C., Berche B., Janke W., Berche P.-E. // Nuclear Physics B 719,3,275, 2005. @
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BocnpunmuuBocTtb: mogenb [loTTca ¢ =3 npwu
P=1.0 n p=0.9
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3D modenb [Mommeca ¢ YucsoM cocmosiHuii crnuHa q=3 ‘



HamarHnyeHHocTb: moaenb [loTTCca ¢ =3

npu p=1.0 n p=0.95
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3D modenb lNTommca ¢ YyucsioM cocmosiHuUll crnuHa g=3
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TennoeMkocTb: moaenb [MoTTca ¢ =3 npwu
P=1.0 n p=0.9
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3D modenb lNTommca ¢ YucsioM cocmosiHuUll crnuHa g=3 ‘




P=1.0 n p=0.9

BocnpunmuuBocTtb: mogenb [loTTca ¢ =3 npwu
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3D modenb lNTommca ¢ YucsioM cocmosiHuUll crnuHa g=3
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TemnepaTypa cha3zoBoro nepexozga

2.5
K, T/1JI




“ KymynaHTel BuHaepa pnsa cuctem ¢ p=0.95

U (T.p)

0.8+ L=10

3D moldenb NMNommca ¢ YucsioMm cocmosiHUll

crnuHa q=3

1.86
k,T/JI
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KymynaHtbl BuHgepa anga cuctem ¢ p=0.65
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V(T,p) =V +bL*




3aBHCHUMOCTh HAMATHUYEHHOCTH U BOCTIPUMMYKMBOCTH OT
pasmepoB cuctembl L mpu p=0.9u T=T,

M 0.40

0.35
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¥ . .
pfv=0.5446 19} yfr=1.9014
it T=T
p=0.9 et 't
=09
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3D modenb lMTommca ¢ YucsioM cocmosiHuUll crnuHa =3



[ PesynbtaTtbl MK nccnegosaHum J

f

moaenu lMoTTca ¢ YUCNOM COCTOSAHUMN (=3
(AaHHble HAWUX YNCIIEHHbIX 3KCNEePUMEHTOB)

CTtatnyeckume Kputuyeckme MHOEKCbl TPeXMepHOM pa3baBneHHON

P T, V a y B a+25+ =2
0.95 1.724(2) | 0.683(3) | -0.001(3) | 1.273(3) | 0.364(3) 2.000
0.90 1.634(2) | 0.671(4) | -0.008(4) | 1.275(4) | 0.365(4) 1.997
0.80 1.449(2) | 0.679(4) | -0.018(4) | 1.279(4) | 0.372(4) 2.005
0.70 1.245(3) | 0.684(6) | -0.025(6) | 1.281(6) | 0.374(6) 2.004
0.65 1.127(4) | 0.688(8) | -0.027(8) | 1.284(8) | 0.376(8) 2.009

3D modesnb lMNommca ¢ YucsioMm cocmosiHul crniuHa q=3




OCHOBHbIE BbIBOAbI:

4

B 3D modesnu lNommca ¢ q=3 8 omcymcmeuu CcmpyKmypHo20
6ecrnopsioka Habnrodaemcsi noeedeHue xapakmepHoe 0sis1 ha308020
nepexooda rnepeoz2o pooa.

—

f . \\
BHeceHue 6 cucmemy 6ecnopﬂdka 6 sude HeMa2HUMHBbIX rnpumeceu c,

c=1-p, e0e p =0.95; 0.9; 0.8; 0.7; 0.65 6 mpexmepnoiui pazoasnennoi
mooenu [lommca c =3 uameHsiem ¢ha3oebil nepexod

c nepeo2o poda Ha e MopPoli.
\ )

\

N

3nauenua KU npu konuenmpayuu p =0.95; 0.9; 0.8; 0.7; 0.65 oocmamouno
XOpOouLo co2nacyromces opyz ¢ Opy2om U He NPOAGIAION 3A6UCUMOCHID
om 3Ha4dyeHuu p.

7

A K.MyptasaeB, A.b. ba6baes, I'.fl. A3HaypoBa . XKOT®P, 2009, 1.136, Ne3.
A.K. Murtazaev, A.B. Babaev, G.Ya. Aznaurova. Solid State Phenomena , 2009, V.152-153, P. 571.

|




MO[LEJIb

TpexmepHaa pa3dbaBneHHas
mogenb [loTTCca c Yncnom
COCTOSIHUN cnuHa =4




TpexmepHasa cnabo pazbaBneHHasa mogenb lMoTTca
C YUCIJIOM COCTOSAHMUA (=4.

e I'aMHUJILTOHNAH

1
H=-_3Yppd(S.S), §=1234
]

r'’ac J— napamMerp 0OMeHHOro (peppoOMArHUTHOT O
B3aMMOAECHCTBHA

D)

1, ecnu 6 y3ne cnun
IOi =
0, eciu 6 y3ne nemacHumHas NPUMecs

1 ecru S =S,

5(3’81):{0, eciu S;tSj. @

3D mogenb oTTca ¢ Yncrnom COCTOSAHUI cnnHa =4



YTo M Kak uccneposanocb ?!!

** UccnepoBanucb cUCTeMbIl C IMHEMHbIMM
pasmepamu Lx_x_=N, L=20-32 Ha oCcHOBe
oAHoOKnacTtepHoro anroputma Bonbda metopa
MoHTe-Kapno

*** PaccmaTpmBanucb cucTeMbl C NepuoanvYeckumMm
rPaHNYHbIMU YCITOBUSMU U C KOHLEHTpauueun
cnuHoB p=1.0, 0.9, 0.7, 0.65

***HemarHuTHbIe NpumMmecu pacnpeaensinuchk no
cCUcTteMe KaHOHN4YeCKUM crnocobom (cpukcaumen
OO0 MarHUTHbIX Y3J10B)

3D mopens [MoTTca ¢ Yncnom cocToAHUN cnuHa gq=4
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TemnepaTypHasi 3aBUCMMOCTb BOCIPUUMYMBOCTH U
TEMJIOEMKOCTH 1Jisi pasjau4HbIx L mpu p=0.65
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3D mopenb lNoTTCca ¢ YNCNIOM COCTOSAHUM CnUHA (=4




TemnepaTypa pasoBoro nepexoaa gns
CUCTEM C KOHUeHTpauueun cnmHoB p=1.00
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Temnepartypa ha3oBoro nepexona aona cnabo pazdaBneHHOU moaenu
NMoTtTCca ¢ =4 npu KoHUueHTpauum cnnHoB pP=0.90
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YT e neem
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TemneparypHasi 3aBUCUMOCTb KyMYJISHTOB bunaepa /s cujibHO pa30aBjieHHOI Moe/H

IHoTTca ¢ uncaom cocrosinuii cnuHa =4 npu pP=0.70
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Temnepartypa cpa3oBoro nepexoaa ansa CuribHO pa3baBneHHOU Moaenu
MoTtTca ¢ =4 npu KoHUueHTpauum cnmHoB pP=0.65
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0.254

p=0.691(31)
p=0.65
T=Tc

>

20.08554
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WY=1.521(30)

p=0.65

T=T
c

=

-

' 1
20.08554
L




OCHOBHBIE BbIBO/IbI.

O B mopeaun IHorrca ¢ Ync/10M cocTossHHUI cIMHA 0=4 B OTCYTCTBHH CTPYKTYPHOI0
oecnopsinka (p=1.0)u B odJ1acTu caadoro pasoasiaenusi (p=0.90)nadaroxaercst
noBeJeHHe XapaKTepHoe 15 (pa30BbIX MEPEX0I0B MEPBOIro poaa.

0 B cuabno pazdasaennoii o6.1actn (p=0.65)BHecenne B cucTeMy BMOPOKEHHOI0
Oecnopsiika B BHje HEMArHUTHBIX mpuMeceii ¢, c=1-p n3mensiet ga3zoBbIid
nepexoj nepsoro poaa Ha ¢a3zoBblil mepexoa BTOPOro pojaa.

U Yncaennnie 3mauennust KA, paccunTannbie B CHIBHO pPa30aB/IeHHOI 001acTH
p=0.65umeroT 3Hauenns o =-0.139(11),4=0.514(24),~1.133(30)v=0.745(13m
AOCTATOYHO XOPOUIO Y/IOBJIETBOPSIOT CKEHJIMHI0BOMY COOTHOIICHHUIO:

GEOFYEE mmp (a+2fry =202

1. A.K Myprtasaes, A.b. babaes, I.A. AsHayposa. ®HT, 2011, T. 37,Ne2, ¢.167-171
2. A.K. Murtazaev, A.B. Babaev, G.Y. Aznaurova. Solid State Phenomena, 2011, Vols. 168-169, p. 357-360




[ nobanbHbIN BbiBOA !!!

!

-

BMopoXXeHHbIN becnopsaok Ha pasHble
CMUHOBbIE MoAENN BIUAET No pasHomy !

s

o

becnopaakomMm 3aBUCUT U OT 0COBEHHOCTEN camoro becnopsaka!!

KpI/ITI/I‘-IeCKOG noBeJeHUE CMNHOBLIX MOAENEN C BMOPO>XEHHbLIM

J

NS

Kputuyeckoe nosegeHue CrmHOBbLIX MOAENIEN C BMOPOXEHHbIM
becnopaakoM MOXKeT 3aBUCETb U OT Yero-Hnoyab ee!!
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U4TO MblI HE pacCcMOTPENN COBCEM ?7?

— I

CucteMbl C YaCTUYHO OTONOKEHbIM
Gecnopaakom!!

CucteMsbl, B KOTOPbIX NPUMECU NPUCYTCTBYIOT
B BUAE ClnyYanHbiX MarHUTHbIX nonen!!

OuHaMunky npuMecHbIxX cuctem!!
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