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Термодинамика
Дифференциальный термический анализ 

(ДТА)

кристаллизация витрификация

Thus, the liquid-glass transition is not a transition between states of thermodynamic equilibrium. It is widely believed that the 
true equilibrium state is always crystalline. Glass is believed to exist in a kinetically locked state, and its entropy, density, and so 
on, depend on the thermal history. Therefore, the glass transition is primarily a dynamic phenomenon. Time and temperature 
are interchangeable quantities (to some extent) when dealing with glasses, a fact often expressed in the time–temperature 
superposition principle. On cooling a liquid, internal degrees of freedom successively fall out of equilibrium. However, there is a 
longstanding debate whether there is an underlying second-order phase transition in the hypothetical limit of infinitely long 
relaxation times. 

http://en.wikipedia.org/wiki/Thermodynamic_equilibrium
http://en.wikipedia.org/wiki/Time%E2%80%93temperature_superposition
http://en.wikipedia.org/wiki/Time%E2%80%93temperature_superposition
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Характерные времена и температуры перехода из 
жидкости в твердую фазу
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Thermophysical Properties of Bulk Metallic Glass-Forming Liquids

A time-temperature-transformation diagram for the primary crystallization of V1. 
Data obtained by electrostatic levitation (s)10 and processing in high-purity carbon 
crucibles (l)11 are included. Calculated times for a crystalline volume fraction of x = 
10-4 , using Deff m h-1(solid line) and Deff m exp(�Q eff/kT) (dashed line).

http://www.tms.org/pubs/journals/JOM/0007/Busch-0007.html
http://www.tms.org/pubs/journals/JOM/0007/Busch-0007.html


Neutron diffraction analysis on FINEMET alloys
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J. Appl. Phys. 84, 6565 (1998). 



GeSbTe

Tm ≈ 500 oC
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Амплитуда рассеянной волны рентгеновского 
излучения

Структурный фактор базиса

Функция радиального распределения



Атомный порядок в стеклах
(сахароза)



Атомный порядок в стеклах
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Дж. Займан. Модели беспорядка. М.: Мир. (1982) 592с.



Атомный порядок в стеклах

Дж. Займан. Модели беспорядка. М.: Мир. (1982) 592с.



Extended X-ray absorption fine structure (EXAFS)
Анализ тонкой структуры рентгеновского поглощения 



Атомный порядок в стеклах
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Атомный порядок в стеклах
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Атомный порядок в стеклах
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Mössbauer spectroscopy



FIM and Three Dimensional Atom 
Probe (3DAP) 

Atom probe tomography of Nd and Cu atoms in a amorphous Nd-Be-B-Cu 
alloy. The green and red spheres correspond to Nd and Cu atoms, respectively. 

http://www.nims.go.jp/apfim/3DAP.html



Свойства
металлических стекол

Свойство = f(состав, структура)





Механические свойства
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Магнитные свойства
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G. Herzer.  IEEE Trans. 
On Magn. 26, №5, 1397 
(1990). 



Коррозионные свойства



Идеальная аморфная среда однородна
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Модель структурного дефекта в аморфной среде



( ) ( )( ) ( ) ( )K r A x A A x r A= − ⋅ + −

x

A(x)
A

Корреляционная функция

K(r)

r

K(0)

Rc

Дисперсия

Корреляционный 
радиус

Модель структурного дефекта в аморфной среде



(1 ( ))z s mM M d H≈ −)()0( HdK mm =

Experiment:
dm(H)=∆M/Ms

cR K→

m m
R K→

K(r)

r

K(0)

Rc

Km(r)

r

Km(0)

Rm

V. A. Ignatchenko and R. S. Iskhakov Sov. Phys. JETP 45, 526 (1977)
V. A. Ignatchenko, R. S. Iskhakov, and G. V. Popov, Zh. Eksp. Teor. Fiz. 82, 1518–1531 (1982).
E.M. Chudnovsky, W.M. Saslow, R.A. Serota,   Phys. Rev. B 33 251 (1986)

Magnetic microstructure and Law of approach of the 
magnetization to saturation



Magnetic correlation length from MFM and AMS

MFM image contrast
correlations along ox axis. Solid line is
fitting by C(r)=exp(-r/RL)

MFM image of Fe78Zr10N12 film

Komogortsev, S. V. et al. Solid State Phenomena
190, 486–489 (2012). 
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http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/140207395X
http://books.google.com/books?id=JJXrpazX9FkC&pg=PA390&dq=Wiener-Khinchin-Einstein&ei=1SxlSPGhB4jgsQPr5b3lDw&sig=ACfU3U2Phnk-zwJi57XrvNmdfosyg55FVA
http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/0849379962
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VitropermAMS SANS

Magnetic correlation length from SANS and AMS

A. Michels, R. N. Viswanath and J. Weissmuller 
Europhys. Lett., 64 (1), pp. 43–49 (2003)
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