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Ââåäåíèå

Âëèÿíèå äåôåêòîâ ñòðóêòóðû íà ïîâåäåíèå ñèñòåì ïðè
ôàçîâûõ ïåðåõîäàõ âòîðîãî ðîäà;

Íåðàâíîâåñíàÿ êîðîòêî-âðåìåííàÿ êðèòè÷åñêàÿ äèíàìèêà;

Êðèòè÷åñêîå ïîâåäåíèå ñèëüíî íåóïîðÿäî÷åííûõ ñèñòåì.
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Âèäû äåôåêòîâ
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〈〈V (x)〉〉 = 0 〈〈V (x)V (y)〉〉 ∼ u(x− y)

îäíîðîäíûå ñèñòåìû òî÷å÷íûå äåôåêòû

u(x− y) = 0 u(x− y) = v δd(x− y),
v ∼ V 2 cimp

èçîòðîïíàÿ äàëüíîäåéñòâóþùàÿ êîððåëÿöèÿ

u(x− y) ∼ |x− y|−a
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Íåóïîðÿäî÷åííàÿ ìîäåëü Èçèíãà

Òðåõìåðíàÿ êóáè÷åñêàÿ ðåøåòêà

Óçåë çàíÿò ìàãíèòíûì èëè
íåìàãíèòíûì àòîìîì

Ñïèí ìîæåò ïðèíèìàòü òîëüêî äâà
ïîëîæåíèÿ

Â ãàìèëüòîíèàíå ó÷èòûâàþòñÿ òîëüêî
áëèæàéøèå ñîñåäè ñïèíà

Ãàìèëüòîíèàí íåóïîðÿäî÷åííîé ìîäåëè
Èçèíãà åñòü:

H = −J
∑
<i ,j>

aiajSiSj (1)

ai çàäàþòñÿ ôóíêöèåé ðàñïðåäåëåíèÿ:
P(ai ) = (1− p)δ(ai ) + pδ(1− ai )

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 4/ 25



Äåôåêòû ñòðóêòóðû

Ðàñïëàâëåííûå è âìîðîæåííûå ïðèìåñè

Ðàñïëàâëåííûå ïðèìåñè:1

x = x ∗ (1− αpure)−1,C (T ) ∼ (T − Tc)−α

Êðèòåðèé Õàðèñà: αpure > 0, íîâîå êðèòè÷åñêîå ïîâåäåíèå2

Òåîðåòèêî-ïîëåâîå îïèñàíèå: αpure = 0.109(4)3

Ïîðîã ñïèíîâîé ïåðêîëÿöèè äëÿ êóáè÷åñêîé ðåøåòêè
pc ≈ 0.69

pc < p < 1: ñëàáî íåóïîðÿäî÷åííûå ñèñòåìû
p < pc: ñèëüíî íåóïîðÿäî÷åííûå ñèñòåìû

1
Fisher, ME Phys. Rev. 176 257 (1968)

2
Harris A B J. Phys. C: Solid State Phys. 7 1671 (1974)

3
Ð.Ôîëüê, Þ.Ãîëîâà÷, Ò.ßâîðñêèé, ÓÔÍ, ò.173, ñ.175(2003)
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Ìåòîä êîðîòêîâðåìåííîé äèíàìèêè(ÌÊÄ)

Âðåìÿ ðåëàêñàöèè: τ ∼ |T − Tc |−zν

Îñíîâîé ÌÊÄ ÿâëÿåòñÿ ñóùåñòâîâàíèå óíèâåðñàëüíûõ
âðåìåííûõ çàâèñèìîñòåé òåðìîäèíàìè÷åñêèõ ôóíêöèé â
òîì âðåìåííîì ïðîìåæóòêå, êîãäà ñèñòåìà íå äîñòèãëà
ñîñòîÿíèÿ ðàâíîâåñèÿ

Íà îñíîâå ðåíîðì-ãðóïïîâîãî àíàëèçà áûëî ïîêàçàíî,4 ÷òî
äëÿ k-ãî ìîìåíòà íàìàãíè÷åííîñòè ðåàëèçóåòñÿ
ñëåäóþùàÿ ñêåéëèíãîâàÿ ôîðìà:

M(k)(t, τ, L,m0) = b−
kβ
ν M(k)(b−z t, b1/ντ, b−1L, bx0m0) (2)

ãäå b - ìàñøòàáíûé ôàêòîð, m0 - ïðèâåäåííàÿ
íàìàãíè÷åííîñòü, τ = T−Tc

Tc
- ïðèâåäåííàÿ òåìïåðàòóðà

4
Janssen H.K., Schaub B., Schmittmann, Z. Phys. B., vol. 73, p. 539, (1989)
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Ìåòîä êîðîòêîâðåìåííîé äèíàìèêè m0 = 1

Íà÷àëüíîå ñîñòîÿíèå ñèñòåìû: m0 = 1 è m0 � 1
Ïîëàãàÿ b = t1/z è m0 = 1, ïîëó÷àåì íàìàãíè÷åííîñòü(k=1) â
âèäå:

M(t, τ) = t−β/νzM(1, t1/νzτ) ∼ t−β/νz(1 + At1/νzτ + O(τ2))

Â êðèòè÷åñêîé òî÷êå τ → 0:

M(t) ∼ t−β/νz (3)

Ëîãàðèôìè÷åñêàÿ ïðîèçâîäíàÿ íàìàãíè÷åííîñòè ∂τ lnM:

∂τ lnM(t) ∼ t1/νz (4)

Êóìóëÿíò Áèíäåðà âòîðîãî ïîðÿäêà U2 = M(2)/M2 − 1:

U2(t) ∼ td/z (5)
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Ìåòîä êîðîòêîâðåìåííîé äèíàìèêè m0 � 1

Ïðè τ → 0 äëÿ íàìàãíè÷åííîñòè èìååò ìåñòî âðåìåííàÿ
çàâèñèìîñòü:

M(t) ∼ tθ
′

(6)

Ýâîëþöèÿ íàìàãíè÷åííîñòè â ÌÊÄ íà ïðèìåðå ñèñòåìû ñ p=0.85, m0 = 0.03

5
P. Prudnikov, V. Prudnikov, E. Pospelov, et. al, Phys. Rev. E (2010)

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 8/ 25



Ìåòîä êîðîòêîâðåìåííîé äèíàìèêè m0 � 1

Âòîðîé ìîìåíò íàìàãíè÷åííîñòè è àâòîêîððåëÿöèîííàÿ
ôóíêöèÿ:

M(2)(t) ∼ tc2 , A(t) ∼ t−ca (7)

Ïîêàçàòåëè c2 è ca ñâÿçàíû ñ èçâåñòíûìè êðèòè÷åñêèìè
èíäåêñàìè:

c2 =

(
d − 2β

ν

)
1

z
, ca =

(
d

z
− θ′

)
(8)

Â ðàáîòå6 áûëî ïðåäëîæåíî ðàññìàòðèâàòü ïîâåäåíèå
êóìóëÿíòà:

F2(t, L) =
M(2)(t, L)|m0=0

M(t, L)|m0=1
∼ t(d−2β/ν)

1
z

t−2β/νz
∼ td/z (9)

6
R. da Silva, N. A. Alves, J. R. Drugowich de Felicio (2002)
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Äåòàëè ìîäåëèðîâàíèÿ

Ëèíåéíûé ðàçìåð ðåøåòêè: L = 128, êîíöåíòðàöèÿ ñïèíîâ
p = 0.5, 0.6;

Åäèíèöà âðåìåíè - øàã Ìîíòå-Êàðëî íà ñïèí(mcs/s) -
ïåðåâîðîò âñåõ ñïèíîâ ñèñòåìû;

k-é ìîìåíò íàìàãíè÷åííîñòè è àâòîêîððåëÿöèîííàÿ
ôóíêöèÿ:

M(k)(t) =

[〈(
1

pL3

pL3∑
i=1

Si

)(k)〉]
,

A(t) =

[〈(
1

pL3

pL3∑
i=1

Si (t)Si (0)

)〉]
. (10)
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Äåòàëè ìîäåëèðîâàíèÿ

Â êà÷åñòâå ðåàëèçàöèè ìåòîäà Ìîíòå-Êàðëî èñïîëüçóåòñÿ
àëãîðèòì Ìåòðîïîëèñà

Êðèòè÷åñêàÿ òåìïåðàòóðà7 (â åäèíèöàõ J/k):
Cëàáî íåóïîðÿäî÷åííûå ñèñòåìû:{

p=0.95 Tc = 4.26267(4)
p=0.80 Tc = 3.49948(18)

Ñèëüíî íåóïîðÿäî÷åííûå ñèñòåìû:{
p=0.60 Tc = 2.42413(9)
p=0.50 Tc = 1.84509(6)

7
Â.Â.Ïðóäíèêîâ, Ï.Â.Ïðóäíèêîâ, À.Í.Âàêèëîâ, À.Ñ.Êðèíèöèí, ÆÝÒÔ, ò.132, âûï.2 (2007)

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 11 / 25



Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 = 1

M(t) ∼ t−β/νz
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0.2

0.4

0.6

0.8

1

Ðèñ. 1: Âðåìåííàÿ çàâèñèìîñòü íàìàãíè÷åííîñòè â äâîéíîì
ëîãàðèôìè÷åñêîì ìàñøòàáå
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Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 = 1

U2(t) ∼ td/z
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Ðèñ. 2: Âðåìåííàÿ çàâèñèìîñòü êóìóëÿíòà Áèíäåðà âòðîãî ïîðÿäêà â
äâîéíîì ëîãàðèôìè÷åñêîì ìàñøòàáå
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Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 = 1

Òàáëèöà 1: Çíà÷åíèÿ êðèòè÷åñêèõ ïîêàçàòåëåé, ïîëó÷åííûõ
àïïðîêñèìàöèåé âðåìåííûõ çàâèñèìîñòåé.

ïîêàçàòåëü p=0.5 p=0.6

β 0.355(5) 0.354(3)
ν 0.757(8) 0.729(4)
z 3.27(3) 2.82(1)
β/ν 0.469(4) 0.486(2)
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Ïîïðàâêè ê ñêåéëèíãó

X (t) = tδ
(
A(p)tδ + B(p)t−ω/z

)
(11)

èññëåäóåìûé âðåìåííîé èíòåðâàë [t0, t1] ðàçáèâàëñÿ íà âñå
âîçìîæíûå èíòåðâàëû ñ ∆t = 50, . . . , (t1 − t0), ∆t - äëèíà
èíòåðâàëà

íà êàæäîì èíòåðâàëå çíà÷åíèå ω/z âàðüèðîâàëîñü â
ïðåäåëàõ [0.04, 0.3] ñ øàãîì 0.5

äëÿ âñåõ ω/z íà êàæäîì èíòåðâàëå ïðîâîäèëàñü
àïïðîêñèìàöèÿ ïîëó÷åííûõ äàííûõ âûðàæåíèåì (11)

âûáèðàëèñü òàêèå èíòåðâàëû, íà êîòîðûõ äîñòèãàëñÿ
ìèíèìóì ïî δ äëÿ êîíêðåòíîãî ω/z

ïðîèçâîäèëîñü óñðåäíåíèå âûáðàííûõ ïîêàçàòåëåé è
ðàñ÷åò ïîãðåøíîñòåé àïïðîêñèìàöèè äëÿ êàæäîãî ω/z
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Ïîïðàâêè ê ñêåéëèíãó

(a)
(b)

Ðèñ. 3: Çàâèñèìîñòü ïîãðåøíîñòè àïïðîêñèìàöèè äëÿ èíäåêñà θ′. (à)
- ω/z = 0.1, èíòåðâàë - [800;2100]; (b) - ïîãðåøíîñòü ïî ω/z
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Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 = 1

Òàáëèöà 2: Çíà÷åíèÿ êðèòè÷åñêèõ ïîêàçàòåëåé, ïîëó÷åííûõ ïðè
ïðîâåäåíèè ïðîöåäóðû ïîïðàâîê ê ñêåéëèíãó

ïîêàçàòåëü p=0.5 p=0.6

β 0.314(41) 0.349(40)
ν 0.711(40) 0.711(31)
z 2.655(34) 2.520(95)
β/ν 0.442(25) 0.490(24)
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Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 � 1

M(t) ∼ tθ
′

Ðèñ. 4: Âðåìåííàÿ çàâèñèìîñòü íàìàãíè÷åííîñòè äëÿ íà÷àëüíûõ
ñîñòîÿíèé ñ m0 = 0.0005, 0.001, 0.005 â äâîéíîì ëîãàðèôìè÷åñêîì
ìàñøòàáå. p = 0.6

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 18 / 25



Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 � 1

M(2)(t) ∼ tc2

Ðèñ. 5: Âðåìåííàÿ çàâèñèìîñòü âòîðîãî ìîìåíòà íàìàãíè÷åííîñòè â
äâîéíîì ëîãàðèôìè÷åñêîì ìàñøòàáå. p = 0.6

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 19 / 25



Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 � 1

A(t) ∼ t−ca

Ðèñ. 6: Âðåìåííàÿ çàâèñèìîñòü àâòîêððåëÿöèîííîé ôóíêöèè â
äâîéíîì ëîãàðèôìè÷åñêîì ìàñøòàáå. p = 0.6

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 20 / 25



Ðåçóëüòàòû ìîäåëèðîâàíèÿ. m0 � 1

Ðèñ. 7: Çàâèñèìîñòü ïîêàçàòåëÿ θ′ îò íà÷àëüíîé íàìàãíè÷åííîñòè
m0. θ

′(m0 → 0) = 0.194, p=0.6

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 21 / 25



Ðåçóëüòàòû ìîäåëèðîâàíèÿ.

Òàáëèöà 3: Èòîãîâûå çíà÷åíèÿ êðèòè÷åñêèõ ïîêàçàòåëåé

ïîêàçàòåëü p=0.5 p=0.6

θ′ 0.192(26) 0.194(41)
z 2.740(90) 2.760(110)

z(F2) 2.647(48) 2.627(41)
z(m0 = 1) 2.655(34) 2.520(95)

β/ν 0.430(38) 0.479(76)
β/ν(m0 = 1) 0.442(25) 0.490(24)
β(m0 = 1) 0.314(41) 0.349(38)
ν(m0 = 1) 0.711(40) 0.712(31)

Ïðóäíèêîâ Â.Â., Ïðóäíèêîâ Ï.Â., Ïîñïåëîâ Å.À., ×àáðîâ À.Â, Ïèòåðèìîâ À.Þ 22 / 25



Ðåçóëüòàòû

Òàáëèöà 4: Ñðàâíåíèå ñ äðóãèìè ðàáîòàìè

Èñòî÷íèê p θ′ β/ν β ν z
Äàííàÿ ðàáîòà 0.5-0.6 0.193(41) 0.459(40) 0.331(41) 0.711(40) 2.657(34)

ñèëüíî íåóïîðÿäî÷åííûå ñèñòåìû
G. Parisi et. al, 1999 0.4-0.6 2.62(7)

À.Ê. Ìóðòàçàåâ, ÓÔÍ, 2006 0.6 0.481 0.349(9) 0.725(9)
Heuer. J. Phys. A., 1993 0.6 0.451(18)

Shehr G., J. of Phys., 2006 0.49-0.8 0.10(2)
ñëàáî íåóïîðÿäî÷åííûå ñèñòåìû

Prudnikov V. V. et. al, Phys. Rev. E, 2010 0.8 0.127(16) 0.519(14) 2.188(23)
Pelissetto, Vicari, 2000 (FTM) 0.515(15) 0.349(5) 0.685(10)
Prudnikov et. al, 2006 (FTM) 2.1792(13)

Rosov, et.al., FepZn1-pF2, 1988 (EXP) 0.9 2.18(10)
Rosov, et.al., FepZn1-pF2, 1992 (EXP) 0.9 0.70(2)

îäíîðîäíûå ñèñòåìû
Zheng B., J. Phys. A, 1999 1 0.108(2) 0.517(2) 2.042(6)
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Çàêëþ÷åíèå

Ïðîâåäåíî èññëåäîâàíèå íåðàâíîâåñíîãî êðèòè÷åñêîãî
ïîâåäåíèÿ ñèëüíî íåóïîðÿäî÷åííîé ìîäåëè Èçèíãà ñ
êîíöåíòðàöèÿìè p = 0.5 è 0.6

Ïîêàçàíî ñóùåñòâîâàíèå äâóõ íåçàâèñèìûõ êëàññîâ
óíèâåðñàëüíîñòè, ñîîòâåòñòâóþùèõ ñëàáî è ñèëüíî
íåóïðÿäî÷åííûì ñèñòåìàì
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Ïðèëîæåíèå. Àëãîðèòì Ìåòðîïîëèñà

1 Ôîðìèðóåì íà÷àëüíóþ êîíôèãóðàöèþ

2 Ñëó÷àéíûì îáðàçîì âûáèðàåì ñïèí è ïðîáóåì åãî
ïåðåâåðíóòü

3 Âû÷èñëÿåì èçìåíåíèå ýíåðãèè ∆E

4 Åñëè ∆E < 0, òî ïðèíèìàåòñÿ íîâàÿ êîíôèãóðàöèÿ
5 Åñëè ∆E > 0, âû÷èñëÿåì âåðîÿòíîñòü ïåðåõîäà

W = exp(−∆E/kT )

Ãåíåðèðóåì ñëó÷àéíîå ÷èñëî r èç èíòåðâàëà (0;1)
Åñëè r <W , ïðèíèìàåì íîâóþ êîíôèãóðàöèþ, â
ïðîòèâíîì ñëó÷àè îñòâëÿåì ñòàðóþ

6 Îïðåäåëÿåì çíà÷åíèÿ òðåáóåìûõ ôèçè÷åñêèõ âåëè÷èí

7 Ïîâòîðÿåì 2-6 äëÿ ïîëó÷åíèÿ äîñòàòî÷íîãî êîëè÷åñòâà
êîíôèãóðàöèé

8 Ïðîèçâîäèì ñòàòèñòè÷åñêîå óñðåäíåíèå
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