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We study two-dimensional equilibrium configurations of nematic liquid crystal (NLC) director in a cell confined
between two parallel surfaces: a planar surface and a spatially modulated one. The relief of the modulated
surface is described by a smooth periodic sine-like function. The director easy axis orientation is homeotropic
at one of the bounding surfaces and is planar at the other one. Strong NLC anchoring with both surfaces is
assumed. We consider the case where disclination lines occur in the bulk of NLC strictly above local extrema of
the modulated surface. These disclination lines run along the crests and troughs of the relief waves. In the ap-
proximation of planar director deformations we obtain analytical expressions describing a director distribution
in the bulk of the cell. Equilibrium distances from disclination lines to the modulated surface are calculated and
their dependences on the cell thickness and the period and depth of the surface relief are studied. It is shown
that the distances from disclination lines to the modulated surface decrease as the depth of the relief increases.
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1. Introduction

Over the recent years the number of researches in liquid crystals (LCs) with the aim to design low
power LC displays with high resolution has been increasing very fast. In this field, bistable LC systems
have proved to be very promising. A planar nematic liquid crystal (NLC) cell with at least one spatially
modulated boundary surface that has the shape of a smooth or broken periodic line is one of the well-
known bistable LC systems [1-4]. Such systems are used in ZBD technology [5-8], which allows one to
create ergonomic display devices. While the cell of standard LC display requires a constant power supply,
bistable LC systems only need the power to switch between different optic states caused by the existence
of two or more stable director configurations. In the operation modes that do not require a frequent
change of images, the employment of bistable LC systems as basic components of display devices is espe-
cially profitable since this reduces the total power consumption by such devices.

The modelling of display devices based on bistable LC systems aiming at finding the optimal operating
mode requires the knowledge of the director distribution in each stable state. The director stable states
between which the switching is performed can have structure defects of disclination type caused by the
relief surface, flexopolarization, etc.

In most theoretical studies of NLC director configurations, only semi-infinite NLC cells bounded by
one spatially modulated surface were considered due to the complexity of calculations [9-15]. Many
works studied the LC director distribution only in a thin NLC layer adjacent to the boundary surface.
In particular, the peculiarities of NLC elastic interaction with spatially modulated surface of semi-infinite
NLC cell were studied in [9, 110, [14]. The interaction of NLC with the relief surface was studied theoreti-
cally in the case of two-dimensional spatial modulation of the surface [11] and in the case of twisted LC
director structure in the cell [12,[13]. The technique of the director structure calculation in semi-infinite
NLC above the surface with the profile of periodically broken line was proposed in [15]. In [3], possible
stable LC director configurations between a planar and a smooth spatially modulated substrates were
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experimentally studied. Stable director states and switching between them were studied in an NLC cell
with one grooved substrate [16]. The authors of [17, 18] carried out numerical calculations of stable di-
rector configurations between two sawtooth substrates. Two-dimensional director configurations in NLC
cell with one sawtooth substrate were obtained [19, [20], while taking into account the finiteness of the
cell thickness.

In general, there are many studies on the director configuration states. However, the finiteness of
the cell thickness was considered only in some particular cases of sawtooth substrate relief. Besides that,
there is no analytical description of LC director configuration which would take into account the finite-
ness of cell thickness and the presence of defects in a cell with smooth periodic surface relief. In the
present paper, we propose a technique which allows one to calculate two-dimensional equilibrium con-
figurations of the NLC director in a planar nematic cell of finite thickness. The cell is bounded by two
surfaces one of which is planar and the other one is smooth and spatially modulated. The anchoring of
NLC with bounding surfaces is assumed to be strong. If the orientation of director easy axis at one bound-
ing surface is homeotropic and at the other one it is planar, then disclination lines can occur in the bulk
of NLC [3]. In this paper we calculate equilibrium LC director configurations with the structure defects
in the bulk. The relief of the modulated surface is described by a smooth periodic sine-like function. This
function is not arbitrarily taken, but is chosen in a special way for the given values of the cell thickness,
the period and depth of the relief. We find equilibrium distances from disclination lines to the relief sur-
face and study their dependence on the cell thickness and on the period and depth of the surface relief.
It is worth noting that the knowledge of the defects location is necessary in nanoparticles trapping and
arrangement by topological defect systems in LC cells [21-25].

2. The problem geometry and basic equations

Let us consider a planar cell of NLC which is bounded in the direction of the coordinate axis OY by
two surfaces: a planar surface and spatially modulated one (see figure [I). We assume that the shape of
the modulated surface relief is described by a smooth sine-like function periodic in the coordinate X with
the period A. The NLC anchoring energy is supposed to be infinitely large. The director easy axis at the
planar surface is assumed to be directed along the axis OX, while at the spatially modulated surface it is
homeotropic, i.e., perpendicular to the surface.

We consider the case where under the stated conditions for the director at bounding surfaces, the
director field in the bulk of the cell is not continuous. Therefore, the disclination lines with the strength
“+1/2” occur strictly above the local maxima and minima of the spatially modulated surface. These discli-
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Figure 1. The problem geometry: L is the cell thickness, A, D are the spatial period and the depth of the
modulated surface relief, A, B are the distances from the disclination lines to the cell relief surface, G is
the region in which, for symmetry reasons, the angle (X, Y) between the director and OX-axis should
be found.
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nation lines are perpendicular to XOY plane and, correspondingly, parallel to the relief waves (see fig-
ure[I). In a general case, disclination lines can adopt a zigzag form. Nevertheless, as was shown in [26],
if elastic constants are equal K; = K, = K3 = K, then the disclination lines are straight. Here and further
on, we assume that the one elastic constant approximation holds.

The deformations of the director field in the cell are assumed to be planar, that is, lying in the
plane XOY. Since the system is homogeneous in the direction of OZ-axis, we write the NLC director
in the form

n=i-cosf(X,Y)+j-sinf(X,Y), 1)

where i, j are unit vectors of the axes of Cartesian coordinate system. The twisting deformations (n-rotn =
K
0) are not involved in this case and the free energy of the NLC cell is equal to F = ) f (V0)?dV. Then,
v

the director distribution in the bulk of NLC is described by Lapalce’s equation Ax,y8 = 0. For symmetry
reasons, we seek a solution (X, Y) of Laplace’s equation in the region G marked by a dashed line in
figure [Tl It is evident that at the boundary of region G, the unknown function 6(x, y) should satisfy the
following conditions (see figure 2):

-7/2, if x=-m/2, y1sy<a,
0, if x=-ml2, a<y<h,
] 0, if —ml2<x<ml2, y=h,
Os = 0, if x=m/2,b<ys<h, 2)
-m/2, if xX=7m/2, 2 <y<hb,

a—rm/2, if (x,y) €T,

where x = kX, y = kY are dimensionless coordinates, k =2n/A, a=y; + a, b= ¥2 + b are dimensionless
distances from the disclination lines to the coordinate plane xOz, « is the angle between a tangent line
to the curve I at a given point and the positive direction of Ox-axis, a = kA, b = kB.

The function

w=sn(%K(m)z; m) (3)

—7/2 0 /2 x

Figure 2. The geometry of region G in which the director angle 0(x, y) is sought as a solution of Laplace’s
equation: « — disclination lines, y1, y2 are distances from Ox-axis to a crest and a trough of the relief
surface, respectively, @, b, h are distances from the defects and from the upper cell surface to Ox-axis, I
is the curve which describes the form of the relief surface, a is the angle between the tangent to I' and the
direction of Ox-axis, [ = kL, d = kD are dimensionless thickness of the cell and the dimensionless depth
of the modulated surface relief, k =27 /A.
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Figure 3. The rectangle region of complex plane z, which is conformally mapped on the upper half
plane Im w = 0 by function @).

is a conformal mapping which maps the rectangle with the height i and the width # in the complex
plane z = x + iy (see figure B) onto the upper half plane of the complex plane w. Here, sn(z; m) is the
Jacobian elliptic function, K () is the complete elliptic integral of the first type. The rectangle vertexes
are mapped onto the points —1/m, —1, 1, 1/m of the real axis of complex plane w, where parameter m is
a root of the equation (see [27])

sz @
K[Viom) 2h

Let us cut out a semi-circle of radius R centred at point w = 1 of the real axis from the upper half
plane Im w = 0 (see figure ), where

1
2<Rs<s—-1. (5)
m
This obviously implies that
1
osms<-—. 6
3 (6)

The upper half plane with the cut out semi-circle can be conformally mapped onto the upper half
plane of complex plane 7 using the Zhukovsky transformation [27]

W) 1( R +w—1) (7)
w=—|——+—|.
n 2\w-1 R
S
R
¢
-1/m -1 0 1 1/m P

Figure 4. The hatched region of complex plane w is conformally mapped on the upper half plane Im#n =0
by function (7), while on the other hand it is mapped on the region G in figure[2lby the function which is
inverse to 3).
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On the other hand, the transformation z = 7F(w; m)/[2K(m)], which is inverse to (@), maps the half
plane Im w = 0 with the cut out semi-circle of radius R onto the rectangle of the complex plane Imz = 0
(region G in figure 2), which is clipped from below by a certain smooth curve T'. Here, F(w; m) is the
elliptic integral of the first type. The curve I'is the image of semi-circle w = 1+ Re'?, where ¢ € [r,0]. The
tangent lines to curve I' at points with x = +7/2 prove to be parallel to Ox-axis due to the principle of
angle-preservation in conformal mapping [27]. Combining functions (@) and (@ we obtain the following
transformation

R sn(2K(m)z/m;m) -1

n(z) =

) 8
2 [sn(2K(m)z/m;m) -1 ’ R ®

which maps the region G belonging to the complex plane z onto the upper half plane of the complex
plane 7. Here, the lower boundary of G which is the smooth curve I'is given in the form

z= Ko F(1+ Rel?; m), where @€ [n,0]. 9)

3. The function of the surface relief

Let us find a real function describing the relief of the cell modulated surface (curve T in figure [2).
Since function (7) maps the semi-circle w =1+ Re'¥, where ¢ € [, 0], onto the real axis interval [—1,1] of
the complex plane 1 = p +is, formula (@ can be rewritten as follows:

. _ _ T . ).
x(p)+iy(p) = f(p) = 2K(m)F(1+R(p+1\/1 p ), m), (10)

where -1<sp<1.
Differentiating with respect to the variable p and substituting p = cos¢ (since —1 < p <1 for the
points of curve I'), we obtain

x' () = P9 cosa(y) sing, 11
V' (@) = PP sina(p) sing,

where a = ImIn f’(p), = Reln f'(p). A prime is used to mark the derivatives with respect to the argu-
ment.

Substituting p = cos¢ into f’(p) and expanding the functions of In(1+ x) type at | x| < 1 into Maclaurin
series, we find:

T 1 1
0= s i s T 2
1 & (_l)k+l 2 k mR k mR k )
Ap) =5 2 —¢ (&) (s - () [k 3)
where
B 1 & (_1)k+1 2 k mR k mR k
Y(tp)——ikgl (E) +(m) 1o cos k.

From equations (T1D, taking into account the explicit form of B(¢) (12), we obtain the expression for
the curve I' in parametric form

T
x(p)=—— cosa(p)de,

T
+ L ;fey((p)
2 2K(m) Vi—m2
¢ (14)

n

T 1
— _r - Y (@) i d
YOI 2R ) m! ot
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where ¢ € [,0]. Formulae (T4) take into account that ¢ = 7 corresponds to the beginning of curve I' at
the point (—-7/2,y1) (see figure 2). y-coordinates of the ends of curve I' can be obtained by taking the
imaginary part of formula (@ at ¢ = 7, 0:

T
N =5k m) (\/— T R- 1)2’” - )
(15)
T /
Y2 =5k m) (,/— (R+1)2’ - )

Therefore, the relief of the modulated surface is described by the curve I' and, as follows from ([I4)
and (5D, is determined by the values of two dimensionless parameters m and R. For the given values
of geometric parameters of the NLC cell, namely, the cell thickness L, the depth D and period A of the
modulated surface relief, the values of parameters m and R are found from the following system of

equations
2n

h—yl = —L,

A

o (16)
Yo—y1= TD’

where @) and must be taken into account. It is necessary that the obtained parameters m and R
should meet physically justifiable conditions (5) and (). Thus, R = 1/m—1 [see condition (5)] corresponds
to the case L = D where the upper planar surface lies on the lower relief surface of the cell. If R < 2, then
the curve I', which describes the surface relief (see figure2), becomes a broken line rather than a smooth
curve. It is worth noting that for m > 1/3, inequality (5) cannot be satisfied at all. Conditions (G, (&) define
the region of admissible values of L, D, A. This region which is found using is presented in figure[5l
It is obvious that physically admissible values of the cell thickness L and relief depth D should meet the
condition 0 < D < L. Our conformal mapping technique is capable of describing the director field not
for all L, D, A, but only for those values of the parameters that correspond to the points of the region S.
Further on we consider only such values of parameters L, D, A from region S in figure [5]for which there
exists a unique solution of system (186).

Let us consider a particular case m = 0 which corresponds to a semi-infinite cell (L — o0). Then,
from we have y; = arcosh(R-1), y, = arcosh(R+1). Dimensionless relief depth d = y,—y; reaches the
maximum possible value dpy,x = arcosh3 at R = 2 (see figure[5). At a fixed but still large parameter R > 1
(h — oo, and the value of y; is finite), taking into account and (@3), from ([@4) we have x(p) ~7/2— ¢
and y(¢) ~ y1+1/R+cos¢/R, where y; ~In(2R) —1/R. Hence, the function describing the curve I' can be
easily obtained in an explicit form y(x) =In(2R) +sin x/R. So, 2/R is the depth of the surface relief. Thus,
in a semi-infinite cell with a small surface relief depth, the form of the relief is described by function
sin(x).

arcosh3

27

LiA

K@2v?2/3)
4K(1/3)

~0.39

Figure 5. The hatched region S corresponds to admissible values of the cell thickness L, the surface relief
depth D and period A for which a director distribution and equilibrium locations of the defects can be
calculated.
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4. The director field

Now we find the director field 6(x, y) in the region G (see figure 2). By conformal mapping 7(z) (),
the boundary points of region G in the complex plane z are mapped onto the points of the real axis of the
complex plane 1 = p +is. Points p; and p, of the real axis p are the images of the defect points in the re-
gion G, where —1/m < p; < -1, 1 < p2 < 1/m. The conformal mapping of the region G boundaries taking
into account boundary conditions @) for function 6(x, y) yields the following values of function 6(p, s) on
the real axis p:

0, if —oo<p<p1, p2<p<+00,
7-[ .
0(p,0) = 5 if p1<p<-1,1<p<py, an
7-[ .
—E+a, if -lsps<l],

where «a is the angle between the tangent line to the curve I" at a point z = x+iy and the positive di-
rection of Ox-axis. As follows from the properties of conformal mapping [27], the angle a = arg f'(p) =
Imln f'(p), which is given by [a point z = f(p) belongs to the curve I' at —1 < p < 1]. Therefore,
in order to find the harmonic function 6(n) = 6(p, s) we have to solve the Dirichlet problem for the up-

1 [ s6(t,0)dt
per half plane Imn = 0. This can be done by using the Poisson integral [27]: 6(n) = — f %

TJ oo (p— s
Substituting the value of 8(p,0) (17 at the real axis Re7 into the integral, we obtain

() = __f sdt 1 ’ sa(r)dt (18)
L (p- t)2+s2 (p—t)z+s2

After the substitution ¢ = cos¢g, we use the value of a(¢) taken from in the second integral. As a

result, the integration yields
k k k k
mR mR
] - —y/n?-1 . 19
( ) (m—l) (l+in) (17 7 ) } 4

_ 12 (- l)k
0(n) =Im~<1 -
Q) m{n,/n v, 2;

Substituting 7 from formula (8) into and reducing power series, after simple transformations, we
obtain the following expression

— A 2 1
G(Z) = Imln 1 25(?)g(z) +g (Z) [ g(z)] [ + l+mg(z)] , (20)
1+2¢(b)g(2) + g%(2) 1+2g(2)
where
R dn”! (2K(m)t; VI=m2) -1
HOE + ,
dn‘l(ZK(m)t Vi-m?)-1 R

-1
g@2)=n—-+/n?-1=R sn(%K(m)z;m)—l] .

Here, the function dn(z; k) is the delta amplitude.

5. The equilibrium positions of defects
The equilibrium distances @ and b from disclination lines to the coordinate plane xOz should provide

the minimum value of the NLC free energy. By applying Green’s first identity, the NLC free energy of
region G per unit length along Oz-axis (see figure [2) can be expressed in the form of a closed contour

integral
= —ff(VG) dxdy=— fﬁ—dl (21)
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Figure 6. Equilibrium distances a (solid curves) and b (dashed curves) from disclination lines to the cell
modulated surface versus the surface relief depth d. I/7=0.58 (1); 1.0 (2); 1.4 (3); 1.8 (4); 2.2 (5); 2.6 (6);
3.0(7).

where 0/0n is the normal derivative taken at the points of curve dG, which restricts the region G, d/ is
an arc element of the curve dG. It is obvious that points (—/2,d) and (r/2, b), which are points corre-
sponding to defects, lie at the curve 0G and are the singular points of the free energy integral ZI). For
this reason, the integral 1) is calculated along the boundary of the region G without two small areas
around the defect points. After parametrization of the curve 4G taking into account the bypass of the
defect points, the free energy functional is further numerically minimized with respect to the positions
of the defects.

Equilibrium distances from disclination lines to the cell modulated surface, a = kA and b = kB, as
functions of dimensionless depth of the surface relief d = kD are calculated for several values of the
cell dimensionless thickness / = kL. The corresponding curves are presented in figure[6l The distances
are measured in the units of the region G width which is equal to 7 (see figure[2). As the surface relief
depth d increases, the values of equilibrium distances a and b decrease monotonously, but the difference
between them |a — b| grows. Thus, the distance from the modulated surface to a disclination line located
above a relief crest decreases faster than the distance to a disclination line located above a relief trough
as the relief depth grows.

Equilibrium distances a and b from disclination lines to the cell modulated surface, calculated as
functions of the cell thickness [ for several values of the relief depth d are given in figure[7l As the cell

alr blm

0.8

0.6

0.4

0.2
v

1.0 1.5 2.0 2.5 3.0
I/

Figure 7. Equilibrium distances a (solid curves) and b (dashed curves) from disclination lines to the cell
modulated surface versus the cell thickness . d/7=0.05 (1); 0.1 (2); 0.2 (3).
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Figure 8. Director field lines (a) and the distribution of the director deviation angle 6 (b) in the region G.

thickness [ grows, the distances a and b increase monotonously until they reach certain constant values.
Thus, for a given surface relief depth d, the positions of defects become practically independent of the cell
thickness when latter is sufficiently large. The greater the relief depth d of the modulated surface is, the
faster the equilibrium distances a and b reach saturation. It is worth noting that, for a given relief depth
d, the form of the cell surface relief is not invariant with respect to the changes in the cell thickness /. This
is just a peculiarity of the technique used by us. However, this variation of the relief proves to be small,
and we do not take it into account. In particular, as calculations show, for the relief depth d/z = 0.2, the
change in [ with the range as in figure 7l corresponds to a relief variation that does not exceed 6 percent
of the relief depth d. Since for a given relief depth d, the defect locations are independent of the cell
thickness [ starting from its certain value . < 7 (see figure [7), it follows that the approximation m = 0
can be justifiably used in the case of a thick cell where [ = kL > 1. If the relief depth of a thick cell is
small d = kD < 1 (while L > D), then the relief of the modulated surface can be described sufficiently
well by the function y(x) ~ sinx/R. Here, R is found from system (I6). Therefore, in the case of cells
with L > A, the proposed technique allows one to calculate the director field and equilibrium locations
of the defects, if the relief depth D < A arcosh3/(2r) = 0.28A.

In figure [§ (a), director field lines in the region G are presented. The following NLC cell parameters
were used for calculations: L=2.8 yum, A =10 yum and D = 1.4 ym, which are close to the typical ones [3]
and correspond to m = 0.1789 and R = 2.9894. The distribution of the director deviation angle 6(x, y) in
the region G for the given cell parameters is presented in figure 8] (b).

Now we assume that the NLC anchoring at the cell planar surface is homeotropic and strong. The NLC
anchoring at the spatially modulated surface is assumed to be planar: the director easy axis is tangent
to the surface and lies in the plane XOY. Similar to the above considered case, disclination lines parallel
to the relief wave crests and troughs occur in the bulk of NLC above the local extrema of the modulated
surface. It is easy to see that the value of angle 6 in the region G is obtained by adding 7/2 to the value
given by formula @20). It is evident that in this case for a given cell thickness L, as well as depth D and
period A of the cell surface relief, the distances from disclination lines to the surface prove to be the
same as those in the case of planar orientation of the director at the cell planar surface and homeotropic
orientation of the director at the modulated surface.

6. Conclusions

We have studied two-dimensional equilibrium configurations of the NLC director in the cell bounded
by two parallel surfaces: a planar surface and a spatially modulated one. The NLC director anchoring with
cell surfaces is assumed to be strong. We have considered the case where the disclination lines occur in
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the bulk of NLC above local extrema of the modulated surface relief. These disclination lines, which are
caused by different orientation of the director easy axis at two bounding surfaces, namely, homeotropic
at one surface and planar at the other one, run along the crests and troughs of the relief. The relief of
the modulated surface is described by a smooth sine-like periodic function. This function is taken in a
special way for particular measurable parameters of the cell, namely, the cell thickness L, period A and
depth D of the surface relief. Thus, for the given values of L, A, D system together with @ and @5
yields the values of m and R. For the obtained values of m and R, formulae (I4) define a sine-like relief
profile. In particular, for a thick cell L > A with a small relief depth D < A, the relief profile is described
by the function sin x/R. The region of the admissible values of cell parameters L, A, D has been found, for
which the proposed technique allows one to calculate a director distribution and equilibrium locations
of the defects (see figure[5).

In the approximation of planar director deformations, an analytically calculated director field is given
by 20). Minimizing the free energy (ZI) of the system we have found equilibrium distances a = 27 A/A
and b = 2nB/A from disclination lines to the cell relief surface. We have studied the dependence of
these distances on the cell thickness L and the period A and depth D of the surface relief. The distances
from disclination lines to the cell modulated surface decrease as the relief depth increases (see figure[g),
whereas the distance between the modulated surface and the disclination line located above a relief
wave crest decreases faster than the distance corresponding to the disclination line located above a relief
trough. The increase in the cell thickness results in greater equilibrium distances from disclination lines
to the modulated surface. However, they become practically independent of the thickness for sufficiently
large thickness value (see figure [7). The presented in figures [6] [7] equilibrium distances a and b from
disclination lines to the relief surface can be used in constructing NLC cells, one surface of which has a
sine-like relief profile.

The knowledge of the defects location and its dependence on the cell parameters can be useful for
investigations in trapping and self-assembling of nanoparticles by topological defects in NLC cells.
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PiBHOBa)kHi KOH}irypauii gnpekTopa B n1aHapHiiA HeMaTUYHIN
KOMipL,i 3 0AHi€I0 NPOCTOPOBO MOAY/ILOBAHOI NOBEpPXHE0

M.®. NlegHeir, O.C. TapHaBcbkmid, AL Jlectok, B.FO. PelueTHsiK

KniBcbKkuniA HauioHanbHWIA yHiBepcuTeT iMeHi Tapaca LLleByeHka, Knis, YkpaiHa

JocnigxeHo ABOBUMIPHI piBHOBaXHI KOH®irypaLii gupekropa HemaTuyHoro pigkoro kpuctany (HPK) B komipui
obMexeHiil gBoMa napanesbHVMY NOBEPXHAMU: NIaHAaPHOI i MPOCTOPOBO MOAYNbOBaHOW. Popma penbedy
MOZYNbOBaHOI MOBEPXHi ONMUCYETLCSA FNAAKOH NEPIOANYHOI CUHYCOMNOAIBHO PyHKLiE. PO3rsHYTO BUNAA0K
HasABHOCTI ANCKAIHALIHUX NiHiA B 06'eMi HPK cTporo Hag nokanbHMMMN eKcTpeMyMamiu MOAYy1bOBaHOI MoBepX-
Hi, L0 NPOXOASATb B3A40BX rpebeHiB i 3anaavH XBuAb penbedy. BUHUKHEHHSA ANCKAIHALIAHUX NiHil 3ymMOBAeHe
Pi3HUM TMMNOM OpiEHTALLiT Nerkoi oci AnpekTopa Ha 06MeXyHUNX MOBEPXHAX KOMipKYM (rOMeoTpomnHa opieHTaLis
Ha OZHili 3 06MeXyUrX NOBEPXOHb i NAaHapHa Ha iHLWIl) Ta XOpPCTKUM 3venneHHsmM HPK 3 noBepxHamu. B Ha-
6AKeHHI nnockux gedopMalliil AnpekTopa OTPYMaHO aHaniTUYHI BUPa3n ANA PO3MOAiNy AMpekTopa B 06'eMi
KoMipku. Po3paxoBaHO piBHOBaXHi BiACTaHi Bif ANCKNIHALIAHMX NiHI 40 MOAYNbOBaHOI MOBEPXHi Ta 3HaNAEHO
iX 3aNeXHiCTb Bif MapameTpiB KOMipku (Mepiogy Ta IMNOUHN XBUAb penbedy), a TakoX Bij TOBLUMHN KOMiPKU.
lMoka3aHo, L0 BiACTaHI Bif ANCKNIHALIAHMX NiHIl 40 MOAYNbOBaHOI NOBEPXHi 3MEHLLYIOTLCS 3i 3pOCTaHHAM
TNG6UHN penbedy.

KnwouoBi cnoBa: HeMaTnyHuii pigknii KpUCTan, MPoCToPoOBO MOAY/IbOBAHA MOBEPXHS, TOMONOTIYHI JedeKTy,
KOHpOpMHe BifobpaxxeHHs

33604-11


http://dx.doi.org/10.1088/0022-3727/42/8/085114
http://dx.doi.org/10.1088/0022-3727/43/49/495105
http://dx.doi.org/10.1103/PhysRevE.82.011707
http://dx.doi.org/10.1103/PhysRevE.86.041706
http://dx.doi.org/10.1038/ncomms8180
http://dx.doi.org/10.1002/adma.201103791
http://dx.doi.org/10.1039/C0SM00437E
http://dx.doi.org/10.1021/nl204030t
http://dx.doi.org/10.1103/PhysRevE.90.032503
http://dx.doi.org/10.1038/ncomms1709




	Introduction
	The problem geometry and basic equations
	The function of the surface relief
	The director field
	The equilibrium positions of defects
	Conclusions

