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BBenenue

“UneanbHast JKHAKOCTL —
CUCTEMA C MOTEHIHNAJIOM
Jlennapaa-/Ikonca —
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BBenenue

N
MapHbIA noTeHuman U = E U (r” )
1< ]
o, r <d
IHoreHumnaua Teepabix chep: u HS (r) —
KPHUCTALJIH3AIMS . O; I > d
n, ~0.494
IlapaMeTpbl KpUCTAJUIM3AIUM: n,~ 0.545
T ~ (.64
rae T} = E pd ’ i
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BBenenue

[NMepexon B cucteme TBepAbix chep — IHTPONMUNHBLIN
nepexoan.

Juaﬁj 7

CBobogHas aHeprus pHudKoeTs

cucTtembl TBepabIX cpep

F=(3/2)Nk,T-TS o N




Ipurskenue

CymecrBoBanve Kuako ¢a3pl Ha (a3oBodl auarpaMmme
KapAMHAJIbHbIM o0pa3zom 3aBUCHUT oT BH/IA
NPUTATMBAKOIIECHA  YacTH  NOTEHHHMAJMA:  U3MEHCHHUe
rJIyOMHBI NPUTATUBAKOIEH YyacT He MEHSIeT

Ka4YeCTBEHHOr0 BuAAa (a30Boii auMarpaMMbl, OJHAKO
M3MeHeHHe INHPUHbI NPUTATHBAIOIICH YacTH MOKeT
NpUBEeCTH K KapAUHAJbLHOMY H3MeHeHHI0 (a30Boii
auarpaMmabi!

Ilpumepnbl: MexdyaiepeHHblii morennuaia, Soft-matter
(komoMAHBIE CHCTEMBI, TOJUMEPHI, OHOJOrHYECKHE
00beKTHI, etc).




Ipurskenue

Girifalco
Cgo- Cgp B3aUMOACHICTBHE — 4
notennuan Girifalco (L.A. 0
Girifalco, J. Phys. Chem. 96, :
858 (1992)) i

b= |t |+ B | —
- sx—1)0°  sr+1p 2 55— 1) @ s(s+ 117 510 2100

2,000

rae S=r/2a

(D.Frenkel et al, Nature 365,
425 (1993)) et

Ti*K)




Ipurskenue

m J[Boiinoi morennuan FOkasel (M. Baus et al, Phys.

Lett. 73, 752 (1994)):
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Oo6o6maromas (a3zosas guarpamma (Daan Frenkel,
Science 314, 768 (2006))
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Ipurskenue

m BriBoj: xxujkasa (aza ycroiumBa, eciu
IIMPUHA DPUTATUBAIOIICH YacTU NMOTEHIKAJIa
nopsaka 20-30% ot oOmero paauyca
[MOTEHIHAA.




OTTajakuBaHue

OTtrankuBaHue - «msirkme cdepbl» (R.Agrawal
and D.A.Kofke, Phys. Rev. Lett. 74, 122 (1995))

KpUucCTaJllIn3aius.

u(r)=e(o/r)"

n>6.25 — FCC Lattice
n<6.25 — BCC Lattice




OTTrajikuBanue

Yukawa potential (E.J.Meijer and D.Frenkel, J. Chem. Phys. 94,
2269 (1991); S.Hamaguchi et al, J. Chem. Phys. 105, 7641 (1996),
Phys. Rev. E 56, 4671 (1997)):
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AHOMAJIbHBIE JKUIAKOCTH
Booa — bonee 70 aHomanuu!

(http://www.Isbu.ac.uk/water/anmlies.html)
a). lsotepmunyeckas cxxmmaemMocCTb

D). TemIoeMKOCTh TIPH TTOCTOSTHHOM JIaBJICHUH

c). Koadpduument remnosoro pacmmmpenns (Ga, Bi, Te, S, Be, Mg, Ca, Sr,
Ba, SiO2, P, Se, Ce, Cs, Rb, Co, Ge, Ge15Te85, SiO2, S, BeF2)



http://www.lsbu.ac.uk/water/anmlies.html

AHOMAJILHBIE JKUIAKOCTH

d). Anomanusa nuddysun (JeffreyR.Errington&PabloG.Debenedetti,
Nature 409, 318 (2001).




AHOMAJIbHBIE KUIKOCTH
e). CTpykTypHas aHoMamus.

HUepapxus anomanuu.
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AHOMAJILHBIE JKUIAKOCTH

f). [lonumopdusm, nonumamopdusM, Nepexoi KUIAKOCTh=KUIKOCTh:

High density liquid (HDL) and low density liquid (LDL) (P.H.Poole,

F. Sciortino, U. Essmann, and H. E. Stanley, Nature (London) 360, 324 (1992)).
High density amorphous (HDA) and a low density amorphous (LDA)
(O. Mishima, L. Calvert, and E. Whalley, Nature (London) 314, 76(1985)).

Very HDA (VHDA) (T. Loerting, C. Salzmann, 1. Kohl, E. Mayer,

and A. Hallbrucker, Phys. Chem. Chem. Phys. 3, 5355 (2001)).

LL phase transition: P (Y. Katayama et. al. , Nature (London) 403,170 (2000);
(Y. Katayama et. al. , Science 306, 848(2004) ), Se (V. V. Brazhkin,

E .L. Gromnistkaya, O. V. Stalgorova, and A. G. Lyapin, Rev. High Pressure
Sci. Technol. 7, 1129 (1998)).




IloTeHIMAJIBI C OTPUIATEILHON KPUBU3HOU B
00J1aCTH OTTAJKHBAHUS (IPHUMepPbI)

0l 3(1)(1)6KTHBHBIP’I noreHuaia mid BoAbl. (O.Mishima and H.E. Stanley,
Nature 396, 329 (1998))
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IloTeHIMAJIBI C OTPUIATEILHON KPUBU3HOU B
00J1aCTH OTTAJKHBAHUS (IPHUMepPbI)

u(r) (10™ a.u)
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Figure 1. The effective interionic potential V,.(r) for solid copper, silver, gold and
calcium. All quantities are in atomic units.




IloTeHIMAJIBI C OTPUIATEILHON KPUBU3HOU B
00J1aCTH OTTAJIKUBAHHUSI

s «Komnancupyrommue TBepasie chepsr» (D.A.Young and B.J.Alder, Phys.
Rev. Lett. 38, 1233 (1977), S. M. Stishov, Phil. Mag. B 82, 1287
(2002))
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IToTeHIUAJIBbI ¢ OTPULATEIHLHOM KPUBU3HOU B 00J1aCTH
OTTAJIKHBAHUSA

s  Cxemarnueckas (pazoBasi JuarpaMmMma KOJIJIANICUPYIOIIUX TBEPIbIX

chep (S. M. Stishov, Phil. Mag. B 82, 1287 (2002)).
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

s  KomnerorepHoe moaenuposanue (YU. D.
Fomin, Daan Frenkel, N.VV.Gribova,

V.N.Ryzhov, S.M. Stishov, Journal of 5
Chemical Physics 129, 064512 (2008)); N.V.
Gribova, Yu.D. Fomin, V.N. Ryzhov, Daan 41

Frenkel, Phys. Rev. E 79, 051202 (2009); =,
Yu.D. Fomin, N.V. Gribova, V.N. Ryzhov,
Phys. Rev. E 81, 061201 (2010)). 2-

or)

Crna)eHHbI noTeHuuan

&(r) = (é) Fge (L tanh (ko (r — 0,)))
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

Phase diagramsin 3D (oc=1.15):
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

Phase diagram for o =1.55 with diffusion and structural anomalies and glass
transition line.
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Repulsive step potential - computer simulations

Phase diagram for o =1.8, no anomalies
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

3aBUCUMOCTh AaHOMAJIUI OT TPACKTOpUHU B NMPOCTpancTse T/| nepeMeHHbIX
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HOTeHHI/IaJIbI C OTPHUHATC/IBHO
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH

OTTAJIKUBAHUA

3aBMCHMOCTb aHOMAJIM OT TPACKTOPUH B TPOCTPaHCTBE T/ nepeMeHHBIX:
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

3aBHCHUMOCTb aHOMAJIN OT TPAeKTOpHHK B NpocTpancTee T/] nepeMeHHbIX:
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

3aBHCUMOCTb AaHOMAJIHI OT TPAGKTOPHK B POCTpaHCTBE T/] nepeMeHHBbIX:
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

3aBUCHMMOCTb aHOMAJIHI OT TpaekTopun B mpoctpancTse T nepemenHbix: aanadarhbl

0.2- —A—s=2
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

3aBUCHMOCTh AaHOMAJIMK OT TPACKTOPUH B IMPOCTPAHCTBE
T/] nepemennbix: anoManus audPy3un CymecTByeT BAOJIb
U30TepM U aauadar, HO OTCYTCTBYET BIOJIb H30X0P U
n300ap!




IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

Brnsgnne nputskenus — dBoimonus Gpa3oBoii JuarpaMMbl ¢ yBEITHIEHUEM
NTyOMHBI NPUTATHBAIOMICH AMBI
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IHoTeHIUAIBbI C OTPULIATEJILHOM KPUBU3HOHU B 00J1aCTH
OTTAJIKHBAHUSA

BrvsHue PUTSKEHUS — SBOIOLHA aHOMAINU JUPPY3HH C yBEIUYCHHEM
NTyOuHBI IPUTATHBAIOLICH AMbI
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IMepexoa B cTekJio — npudanmxkenne ceszannbix moa (Mode-

Coupling Approximation (U. Bengtzelius, W. Gotze, and A.
Sjolander, J. Phys. C 17, 5917 (1984); W. Gotze and L. Sjorgen, Rep.

Prog. Phys. 55, 241 (1992)).
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Ilepexoa B CTEKJI0 — NPUOJIMKEHHE CBA3AHHBIX MO

(Mode-Coupling Approximation)
= Normalized correlator ~ @(q,t) = Si{g.t)/S(q)

1 w —illt

| 1 |
S(g.t)= ~ (g t)plq)) = Ak lgle” "~ plq))

The exact Zwanzig-Mori equation
t

z 2 f 3 Iy 3 A
(g 1)~ 22 d(q.1) —fdr M(g.t—t)b(q.#) =0
[}

s \ kT 2 \'/*
Mlg,1) = g () Qe Qita)) 0, = (2L L)




Glass transition - Mode Coupling Theory (MCT))

U. Bengtzelius, W. Gotze, and A. Sjolander, J. Phys. C 17,5917 (1984); W.
Gotze and L. Sjorgen, Rep. Prog. Phys. 55, 241 (1992).

(pz(t)pg)

Equation for density-density correlation function — ¢,(t) = a2
eg))

.. . ¢ .
Do) + Q) + vgdglt) + 22 ﬁ mg(t — )b (t)dt' = 0

&'k
Mode coupling memory functional mq(f) = B) f —(2?1_)3 Vailediz-r -

Voz

— P —_ — E /
T ket d (- F)epg] - ¢keT

"-_:'bbl Elt qu

£
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mS(q)
Structure factor §_ =1/(1- pc,)
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‘ Glass transition - Mode Coupling Theory
(MCT))

In the long-time limit the non-ergodicity factor (glass order
parameter) has the form:

4

‘:P;(D)Pq(ﬁﬂ}
f‘? — / []' h
‘n|ﬁ'q[: 1)

The MCT equation in the static limit gives rise to the
bifurcation relation:

__fq . l L-I.FEIII. -
L —f, 2 f{ﬁfrjﬂ V(4. K) feflaw




Ilepexoa B CTEKJI0 — NPUOJIMKEHHE CBA3AHHBIX MO

(Mode-Coupling Approximation)

gir) 5(k)
=In/a
Ypasnenue Opnwumeintna-Ilepuuxe hir)=c(r)+p f "-”“r - ra|}h£r}} dr’

h(r) = g(r) — |

S(K) = 1+ poh(k) =

| — poé(k)




Ilepexoa B CTEKJI0 — NPUOJIMKEHHE CBA3AHHBIX MO

(Mode-Coupling Approximation)

m  Cxemamuueckas mooeb S((]) =1+ A5(q — qO)
I _ QA
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Glass transition — Mode Coupling
Approximation (MCT)

1 L =, e (0] e (61,
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lNMepexon CTEKNO-CTEKNO B NMPUOSIMXKEeHUN CBA3aHHbIX
mop (F. SCIORTINO, Nature Materials, 1, 145 (2002))
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Ilepexoa CTEKJI0-CTEKJI0 B MPUOJIHKEHHUU CBA3AHHBIX MO/
(K. Dawson et al., Phys. Rev. E 63, 011401 (2001); E.
Zaccarelli, G. Foffi, K. A. Dawson, F. Sciortino, P. Tartaglia,
Phys. Rev. E 63, 031501 (2001); L. Fabbian, W. Go tze, F.
Sciortino, P. Tartaglia, F.Thiery, Phys. Rev. E 59, R1347 (1999).)
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Glass transition — computer simulations
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‘ Glass transition — computer simulations

I
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1/m

Repulsive step potential — strong-fragile

transition

Fragility index m
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‘ Glass transition in the repulsive step system
(MCT)

Approximation for the direct 4.0-

correlation function 35 ——
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Glass transition in the repulsive step system (MCT)

Two-peak approximation - generalization of the minimal model
(U. Bengtzelius, W. Gotze, and A. Sjolander, J. Phys. C 17, 5917
(1984) ).

Sreald) =1+ Ao(q—k;) +Bo(g-k;)

fk) _ Stk (Af (k) + < Bf (kz)]
1-f(k) 8z’p i

flk) _ Sk, (Af (k) + <2 Bf (kz))
1-f(k) 8z K,




Glass transition in the repulsive step system (MCT)

MCT glass tr%[nsition temperature as a function of packing
fraction n="pd°
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‘ Glass transition in the repulsive step system
(MCT)

MCT glass transition orgrer parameters f(k,) and f(k,) as functions

of packing fraction 7= 6pd
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‘ Higher-Order Singularities

Control parameters
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IHoTeHMAaJIBI ¢ OTPULIATEIHLHON KPUBHU3HON B ABYX
U3MEepPEeHUAX

s Cucrema koyuancupymomux chep B 2D — oOpa3oBaHue cTpaiir-Qassl
(6=1.5,p=0.28; (a) T=0.18; (b) T=0.17) (G.Malescio and
G.Pellicane, Nature Mater. 2 97 (2003); M. A. Glaser et al, EPL, 78
(2007) 46004).




IoTeHUAJBI C OTPULATEIHLHON KPUBU3HOM
P.J. Camp, PHYSICAL REVIEW E 68, 061506 (2003)
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IHoTeHMAJIBI ¢ OTPULIATEIbHON KPUBU3HOM B IBYX
U3MEepPEeHNAX
2D (P.J. Camp, PHYSICAL REVIEW E 68, 061506 (2003))
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BuIBOIBI

[ToTeHuanbl ¢ OTPUIATEILHONM KPUBU3HOM B 001aCTH OTTAJIKMBAHUS IIPUBOJIST
K (a30BbIM JUarpaMmamM, KOTOPBIE PAJAUKAIBHO OTIMYAIOTCA OT (Pa30BBIX
AUarpaMM TUIIUYHBIX KAJIKOCTEW TUIIA aproHa.

[loTeHuMaIbl C OTPULIATENLHOW KPUBU3HOW MOTYT CIYKWUTh 0a30BOM MOJEIBIO
IJI1  KAQYECTBEHHOTO  OIMCaHUs  TOBEIECHUS  TEPMOJAUHAMUYECKUX U
KUHETUYECKUX aHOMAaJINii, HA0II0JaEMbIX B PEATIbHBIX CUCTEMAX.

[loTeHIMansl ¢ OTpUIIATEILHOM KPUBHU3HOM B CHJIY KBa3MOMHAPHOCTH
MPEJCTABISIIOT COOOW OJHOKOMIIOHEHTHYK) CHCTEMY, B KOTOPOM MOXHO
CPaBHUTEIILHO JIEFKO HAOJIIOJAaTh CTEKJIOBAHUE, IPHU OSTOM HAOIIOAACTCS
BO3BPATHBIK  IIEPEXOJ  KUAKOCTH-CTEKJIO, a TaKXke CMEHAa  Tula
CTEKJI000pa3yoIeH >KUIKOCTH.
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