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ABOUT THE EXISTENCE OF SURFACE WAVES 
ON INTERFACE ANTIFERROMAGNET CR2O3

Modern progress in science and technology is inextricably linked 
with the development of our knowledge in the field of composite 
materials. The range of applications of composite materials is extremely 
wide - from space vehicles to household appliances. An important place 
among the known composite materials is occupied by materials whose 
unique properties are due to the existence of a magnetoelectric effect. For 
composite materials, there are wide possibilities for varying their physical 
properties, and thus optimizing the characteristics of devices based on 
them. Surface waves of different nature are important for development 
of different facilities and devices. In present study conditions for the 
existence of surface waves propagating along the plane boundary of 
antiferromagnetic Cr2O3 are obtained using analytical matriciant method. 
It is found that antiferromagnetic magnetoelectric effect takes place, i.e. 
electric field creates the magnetization and magnetic field creates the 
electric polarization. Further investigation of the magnetoelectric effect 
is subject of interest because of its manifestation in graphene sheets. 

Keywords: composite materials, magnetoelectric effect, surface 
waves, antiferromagnetic, matriciant method, electric polarization.

INTRODUCTION
The effect of magnetoelectricity in solid matter was predicted by  

L. D. Landau and E. M. Lifshitz in 1957 [1]. For fenomenologic matter placed in 
the uniform magnetic and electric field, the change of free energy volume density 
can be expressed as following:

where iP  – components of an electric polarization vector, iM  – компоненты 
вектора намагниченности, jE  and jH  – components of the electric and magnetic 
field. It is possible to get expressions for polarization and magnetization of a matter:
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where T  – temperature.

Assuming that electric 
Eχ  and magnetic 

Mχ  susceptibility do not depend 
on E  and H , and taking into account magnetoelectric effect we can obtain

From this we can get relationships for matter

jijj
E
iji HEP αχ +=

jijj
M
iji EHM 0µαχ +=

Magnetoelectric susceptibility tensor is, in general, the second rank tensor. 
 I. Е. Dzyaloshinskyi theoretically showed that among matters with known 
magnetic structure there is at least one crystal, namely chrome oxide, where 
magnetoelectric effect should take place  [2]. In 1960, D. N Astrov experimaentally 
found out magnetoelectric effect in chrome oxide and measured longitudinal and 
trnasverse magnetoelectric susceptibility. Astrov’s measuring apparatus registered 
magnetic moment created in a sample under applied electric field. Measurements 
were conducted at 10 kHz frequency.

Study of magnetoelectric effect in band structures like ferrit-piezoelectric 
was done by M. I. Bitchurin and V. M. Petrov [4]. Detailed study of resonant 
magnetoelectric effects in paramagnetic and magnetic-ordered medium was done 
by M. I. Bitchurin [5], microscopical theory of magnetoelectric effect within 
magnetic resonance region in magnetic-ordered crystals with 3-d ions presented 
in [6, 7]. In 2005, Fiebig review was published, there was given analysis of main 
papers on composite magnetoelectric materials.

The team of Chinese scientists predicted magnetoelectric effect in double 
layer graphene [9]. Authors examined properties of the graphene ribbon that has 
zig-zag configuration for which there were predictions of two magnetic subarrays 
existence [10] that gave magnetic moments of opposite signs on two edges of 
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the ribbon. Also there were reports about hidden ferrielectric properties of such 
ribbon [11]. Therefore, it was reasonable to suggest that under applied electric 
field there was proportional to it magnetic moment in the ribbon that is there was 
linear magnetoelectric effect.

1. Under absence of volume charge density, current density vectors and 
harmonic dependence of the wave fields solutions on time Maxwell’s equations 
take following form:

;Bi
t
BErot





ω−=

∂
∂

−=  ;Di
t
DHrot





ω=

∂
∂

=  (1)

;0=Bdiv


;0=Ddiv


Dependence of D


 and B


 on E


 and H


 under presence of magnetoelectric 
effect has the following form:

 (2)

0ε , 0µ – absolute dielectric permeability of vacuum; εij, μij – components 
of relative dielectric and magnetic permeability of medium. αij – components of 
the tensor that describes influence of magnetoelectric effect.

Based on the solution written below 
)exp( inyimxtiFF −−= ω


 (3)

Set of equations (1), (2) can be brought to a set of ordinary differential 
equations of the first order:

 (4)

Symbol «t» means transpose of the row vector to column vector. 
In general, matrix of B coefficients has the following structure:

 (5)

For the antiferromagnetic Cr2O3 that is being considered in this article tensor 
α̂  has the following form:

 (6)

When analysing wave propagation along coordinate planes (xz, yz) matrix 
of B coefficients takes the following structure:

 (7)

а) if (n=0) xz plane, then bij elements take the form:

 (8)

в) (m=0) yz plane:

 (9)

here ( )2020
2 µµεεαωβ −= II .

2 Within the framework of matricant method in 90’s of the past century 
analytical solution of the set of equations (4) was built for wide range of anisotropic 
medium:

 (10)

Here

2
ˆˆ

22hBEP +=  (11)

1
~p , 2

~p  – roots of characteristic equation that follows from the condition:
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0)~cosˆdet( =− hkEP  (12)

χ,k  – z components of the wave vector:

( ) ( );1~
2

1;1~
2

1
22

2
12

2 −==−= p
h

p
h

k χ   (13)

Exact solution was achieved from averaging periodic nonhomogeneous 
medium. h – period of nonhomogeneity. In (10) this parameter gets canceled 
like in (13).

3. Based on (10) the problem of wave refraction and reflection for anisotropic 
medium was represented and solved analytically. 

Thereat, following representation was used:

 (14)

Combining ikztie −ω  and ikztie +ω  from (10) we get:

 (15)

Omitting imxtie ±ω , (15) can be written:

( );
2
1

0 RET =  
)(2

1 1

χ
χ
+

−
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−

k
BkB

i
R  (16)

B matrix has the structure as in (7) with elements bij (8),(9) . Inverse matrix B –1:

 (17)

4. Conditions for the existence of surface electromagnetic wave can be 
obtained based on matrix R.

Metallized surface of the half-space is considered. At the surface we should 
take 0=τE


, τE


– parallel component of E


 to the surface. 
General from of the condition: 

t
yx HHuuR )0,,,0(;0 ==


 (18)

Then
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From which:
 (20)

or
 (21)

From (7), (17) and (11) we get:

 (22)

As it follows from (22) both conditions in (21) are equivalent:

 (23)

Inserting values in (23) leads to the equation 
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CONCLUSION
In this work, some review of literature has been done about studying 

magnetoelectric effect.
Maxwell’s system of equations and constitutive equations describing 

propagation of electromagnetic waves in an anisotropic magnetoelectric medium 
are equated to equivalent system of differential equations of first order. . This 
gives us opportunity to analyze magnetoelectric effect on electromagnetic wave 
propagation along axes planes and in bulk case.

Within the framework of the matricant method the problem of electromagnetic 
waves reflection and refraction on the border of isotropic and anisotropic medium 
with magnetoelectric effect was formulated and solved.

Conditions for surface electromagnetic waves existence on the plane border 
of antiferromagnetic material Cr2O3. 
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Композициялық материалдар саласында біздің біліміміздің 
дамуына ғылым мен техникадағы қазіргі прогресс тығыз байланысты 
болды. Композициялық материалдардың пайдалану спектрі өте 
кең ғарыш аппараттарынан тұрмыстық аспаптарға дейін. Белгілі 
композициялық материалдар арасында магнитоэлектрлік әсері 
болғанымен бірегей қасиеттерін түсіндірілетін материалдар 
маңызды орын алады. Композициялық материалдар үшін олардың 
физикалық қасиеттерін реттеудің кең мүмкіндіктер ашылады, 
яғни олардың негізінде құрылғылардың сипаттамаларын 
оңтайландыру. Әр түрлі табиғатты жер үстінгі толқындар түрлі 
құралдар мен құрылғылар жасау үшін маңызды. Осы жұмыста 
жер үсті толқындар тарайтын бойымен жазық шекарасы 
антиферромагнетика Cr2O3 болу шарттары, талдау матрицант 
әдісін пайдалана отырып алынады. Антиферромагнитті 
магнитоэлектрлік әсері болатыны табылған, яғни электр өрісі 
магниттелуді жасайды, ал магнит өрісі электр поляризацияны 
жасайтыны табылған. Магнитоэлектрлік әсерін одан әрі зерттеу 
нәтижесінің графеналарда көрінісі қызығушылық туғызады.

Современный прогресс в науке и технике неразрывно связан с 
развитием наших знаний в области композиционных материалов. 
Спектр применений композиционных материалов чрезвычайно 
широк – от космических аппаратов до бытовых приборов. 
Важное место среди известных композиционных материалов 
занимают материалы, уникальные свойства которых обусловлены 
существованием магнитоэлектрического эффекта. Для 
композиционных материалов открываются широкие возможности 
варьирования их физических свойств, а значит и оптимизации 
характеристик устройств на их основе. Поверхностные волны 
различной природы важны для создания различных средств и 
устройств. В настоящей работе получены условия существования 
поверхностных волн, распространяющихся вдоль плоской границы 
антиферромагнетика Cr2O3, с использованием аналитического 
метода матрицанта. Обнаружено, что происходит 
антиферромагнитный магнитоэлектрический эффект, т.е. 
электрическое поле создает намагниченность, а магнитное поле 
создает электрическую поляризацию. Дальнейшее исследование 
магнитоэлектрического эффекта представляет интерес в 
результате его проявления в графенах.
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ЧИСЛЕННОЕ МОДЕЛИРОВАНИЕ ОДНОЙ 
КВАЗИЛИНЕЙНОЙ  СИСТЕМЫ  УРАВНЕНИЙ МАГНЕТИКОВ

При температурах отличных от нуля, атомы ферромагнетика 
не являются неподвижными, а совершают малые колебания около 
положений равновесия – узлов кристаллической решетки. Из-за 
этого меняется энергия обменного взаимодействия и возникают 
взаимодействия между спиновыми волнами и колебаниями решетки 
(фононами). Поэтому актуален вопрос о математическом 
исследовании моделей соответствующих ферромагнетикам с 
деформируемой решеткой. В статье проведена численная реализация 
задачи Коши для системы нелинейных эволюционных уравнений, 
описывающие магнон-фононные взаимодействия в 1Д магнетиках. 
С помощью Фурье-анализа проводится выбор алгоритма расчета, 
который является надежным по устойчивости и эффективным 
по соображениям численной реализации решений. Исследование 
устойчивости проведено в случае модельных уравнений. На основе 
разработанной методики проведены численные расчеты и анализ 
результатов.

Ключевые слова: разностная схема, задача Коши, устойчивость, 
коммутатор, антикоммутатор.

ВВЕДЕНИЕ
Исследование нелинейных динамических систем – одна из важнейших 

задач теоретической и математической физики. Прежде всего это вызвано 
тем, что нелинейные поведения свойственны большинству реальных 
процессов и уравнения описывающие их используются в самых различных 
областях естествознания.
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