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SOME PROPERTIES OF A CAUCHY-TYPE INTEGRAL FOR THE
MOISIL-THEODORESCO SYSTEM OF PARTIAL DIFFERENTIAL EQUATIONS

B. Schneider UDC 517.5

Our main interest is an analog of a Cauchy-type integral for the theory of the Moisil-Theodoresco system
of differential equations in the case of a piecewise-Lyapunov surface of integration. The topics of the
paper concern theorems that cover basic properties of this Cauchy-type integral: the Sokhotskii—Plemelj
theorem for it as well as a necessary and sufficient condition for the possibility of extending a given Holder
function from such a surface up to a solution of the Moisil-Theodoresco system of partial differential
equations in a domain. A formula for the square of a singular Cauchy-type integral is given. The proofs
of all these facts are based on intimate relations between the theory of the Moisil-Theodoresco system of
partial differential equations and some versions of quaternionic analysis.

1. Introduction

As is well known, the role of Cauchy-type integrals in the holomorphic function theory of one complex variable
is very important. In this article, we investigate the properties of Cauchy-type integrals for a first-order elliptic
system in R3. Let Q be a domainin R3. Suppose that f = fo + f € C*(Q2,R*). The homogeneous system

divf =0,

gradfy + rotf: 0

is called the Moisil-Theodoresco system and is the simplest analog of the Cauchy—Riemann system in the three-
dimensional case. Thus, the theory of solutions of the Moisil-Theodoresco system of differential equations reduces,
in some degenerate cases, to that of complex holomorphic functions. Hence, one may consider the former to be a
generalization of the latter.

Note that if fy = 0, then we have

divf =0,
(1)
rotf = 0.

Solutions to system (1) are called solenoidal and irrotational vector fields (cf. [1], where some applications to
geophysics are given). It is known that solutions of (1) satisfy the Laplace equation and are sometimes called
Laplacian or harmonic vector fields. In [2], we studied some properties of a Cauchy-type integral for the theory of
Laplace vector fields as well.

In the present paper, we follow the approach presented in [3], where we studied an analog of a Cauchy-type
integral for the theory of time-harmonic solutions of the relativistic Dirac equation in the case of a piecewise-
Lyapunov surface of integration. The paper is organized as follows: In Sec. 2, we formulate a series of theorems
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that cover basic properties of a Cauchy-type integral for the theory of the Moisil-Theodoresco system of differential
equations in the case of a piecewise-Lyapunov surface of integration. The proofs of all of them can be found in
Sec. 4 in the form of more or less direct corollaries of the corresponding facts valid for hyperholomorphic function
theory, which is developed in Sec. 3 and [4].

2. Moisil-Theodoresco System of Partial Differential Equations
and Cauchy-Moisil-Theodoresco Integral

2.1. Let Q denote a domain in R3 and let I := JQ be its boundary. For Q2 C R3, consider an R*-valued
function f = (fo, f1, fo, f3) that satisfies the following system of partial differential equations:

0fi  Ofa  Ofs
0 + 6331 + 81‘2 81‘3 - 07
o 08 s,
ox1 Oxs O0xa ’
dfo  0fi Ofs
61’2 + 61'3 + 0 81’1 N 0’
oh_0n b,

Oxs Ozy Ox

It is usually called the Moisil-Theodoresco system. Let Vg := <(1) 2) with @ = (5?)?&:1 (5}“ is the Kronecker
symbol), z = (0, 1, z2,23)", and di = (0, dzpy, —dx[g],d:c[g,])T
form dxj A dza A dxs with the factor dxj omitted. The integral

, where dx(;) denotes, as usual, the differential

VR A) = g [ Ve - (=) BV - anf (). w g
T

plays the role of an analog of a Cauchy-type integral in the theory of the Moisil-Theodoresco system of partial
differential equations with f: I' — R* (see [5]). We call it the Cauchy—Moisil-Theodoresco integral.

2.2. For reader’s convenience, we collect here some definitions which we use in the sequel. Let H,, (T, R*)
denote the class of functions that satisfy the Holder condition {f € R*||f(t1) — f(t2)] < Lyg|t1 — tof*
V{t1,t2} CT, Ly = const} with exponent 0 < p < 1. Here, |f| means the Euclidean norm in R*, while
|t| is the Euclidean norm in R3. We say (see, e.g., [6]) that the surface I" in R? is a Lyapunov surface if the
following conditions are satisfied:

1. Atevery point ¢t € I, there is the tangential hyperplane.

2. There exists a constant number R > 0 such that, for any point ¢ € I, the set I N B3(¢, R) is connected
and lines that are parallel to the normal 7i(t) to the surface T' at the point ¢ intersect I' N B3(¢, R) at at
most one point. Here, B3(¢, R) is an open ball of radius R centered at the point ¢ in R3.

3. The normal vector field 77: T' — R3 satisfies the Holder condition.
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A conical surface in R? is the surface generated by a straight line (the generator) that passes through a fixed
point (the vertex or conical point) and moves along a fixed curve (the directing curve). A solid angle in R3 is
a part of the space R? bounded by some conical surface. A tangential conical surface to I' at a point ty is
the conical surface generated by straight tangent lines to the surface I' at the point ¢y (the conical point of the
tangential conical surface). In particular, for a smooth point, the tangential conical surface is its tangential plane.
The measure of a solid angle in R? is the surface area cut out by the solid angle from the unit sphere centered at
the vertex; the value of the measure is defined in accordance with the orientation of the conical surface.

Let 1 be a smooth, closed, simple curve on the surface T' C R? such that T'\ 1 is a Lyapunov surface. Then
the curve 1 is called an edge of the surface I', and T' is called a Lyapunov surface with edge.

For 1 as above, let ¢ty € 1. Then the normal plane to the curve at the point £y intersects the surface I' by
the curve [;,. The curve [, is a smooth curve except, possibly, 9. Assume that the curve [y, has both one-sided
tangents P; and P» at to. Let p be a tangent line to the curve 1 itself at the point ¢g. Then the plane 77 that
passes through P; and p and the plane 75 that passes through P> and p generate a dihedral angle, which is
called the tangential dihedral angle.

The linear measure of the tangential dihedral angle is the value of the angle formed by the one-sided tangents
P, and P,. Denote it by 7(t). In the sequel, we take 7)(ty9) = const on 1, where the constant is different from 0
and 27. If n(t) = 7 on 1, then T" is a smooth surface. In particular, for a smooth surface, any closed, smooth,
simple curve is an edge.

The solid measure of the tangential dihedral angle is the surface area cut out by the planes 77 and 7% from
the unit sphere centered at the point ¢g € 1; the value of the measure is defined in accordance with the orientation
of the surface with edge.

Let ' be a surface in R? that contains a finite number of conical points and a finite number of nonintersecting
edges such that none of the edges contains any conical point. If the complement (in I') of the union of conical
points and edges is a Lyapunov surface, then we call I" a piecewise-Lyapunov surface in R3.

2.3. Theorem (Sokhotskii—Plemelj formulas for the Cauchy—Moisil-Theodoresco integral with piecewise-
Lyapunov surface of integration). Let Q be a bounded domain in R® with piecewise-Lyapunov boundary. Let
f € H,(T,RY). Then the following limits exist:

lim Ve Kp(f](z) = Y Kp[f]5(1).

QEfsz—tel

Moreover, the following identities hold for all t € T':

Cerelf ) = (152 ) 20+ el = (1= 32 10+ 5 Vesrir)
B[ (0) =~ p(a) + R )0) =~ (1) + L Vst

where

VstSF[f](t) =2 VStKF[f](t)’

the integrals are understood in the sense of the Cauchy principal value, and ~(t) is the measure of the solid angle
of the tangential conical surface at the point t or is the solid measure of the tangential dihedral angle at the
point t.
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2.4. We call the operator ¥t Sp the singular Cauchy—Moisil-Theodoresco integral operator. It turns out that
many properties that are of interest for us can better be expressed in terms of another operator, namely

_2m—1(t)

VSl =

F(8) + Y Se[f]()

for any ¢ € I'. We call Vet Sp- the modified singular Cauchy—Moisil-Theodoresco integral operator.

2.5. Theorem (Plemelj—Privalov-type theorem for the theory of the Moisil-Theodoresco system of partial
differential equations). Let Q2 be a bounded domain in R? with piecewise-Lyapunov boundary. Then

f € Hy(,RY) = Y Sp[f](t) € Hy(I,RY) )
for 0 < p<1.

2.6. Theorem (extension of a Holder function given on I' up to a solution of the Moisil-Theodoresco system
of partial differential equations). Let Q) be a bounded domain in R3 with piecewise-Lyapunov boundary.

1. In order that a function f € H N(F,]R4) be a boundary value of a function f that satisfies a Moisil—
Theodoresco system of partial differential equations in Q0™ and is continuous in %, it is necessary and
sufficient that

ft) =""*Sp[f](t) VteT.

2. In order that a function f € H “(F,R‘l) be a boundary value of a function f that satisfies a Moisil-

Theodoresco system of partial differential equations in )™, is continuous in )=, and vanishes at infinity,
it is necessary and sufficient that

ft)y=-""Sp[fl(t) VteTl.

2.7. Theorem (on the square of the operators st Sp and Vst Sr ). If I is a piecewise Lyapunov surface, then
we have the following formulas for f € H,(I,R*), 0 < pu<1:

Ve SELAI(E) = an () f(t) 4 aa(t)Y> Sp[f](t) + V= Srlas f](t), 3)

Vit S F)(t) = f(t) 4)

forall t € T, i.e., the modified singular Cauchy—Moisil-Theodoresco integral operator Vst S is an involution on
H“(F,R‘l), 0<p<l,

VSR =1,

where

T 42’

The proofs of these theorems can be found in Sec. 4.
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3. Hyperholomorphic Function Theory: General Information

In this section, we provide some background on quaternionic analysis needed in this paper. For more informa-
tion, we refer the reader to [7-9].

3.1. Consider the skew-field of real quaternions H:
. . . . T 4
H := {z = zoio + z141 + z2i2 + 23035 (w0, 71, 72,73)" € R},
where g is the unit, and 71, %2, and ¢3 are the quaternionic imaginary units with the properties:

.2 . _ .2 .« . o . o
i =10 = —iy, lolk = iglo =ik, Kk € Ng,
i1lp = —ig%1 = 13, l2i3 = —i3ip =141, 1301 = —i193 = i2.

3
Let x = Zk—o i € H. Then

3
xo =:Sc(r) and Z:= Zxk -4, =: Vect(z)
k=1

are called, respectively, the scalar and the vector part of a quaternion. We can write
r =19+ T.
In vector terms, the multiplication of two arbitrary real quaternions x and y can be rewritten as follows:
z-y=(z0+2) - (yo+7) =0 y0— (T,¥) + zo¥ + yoT + [Z, ],

where (-,-) and [-,-] denote the usual scalar and vector products of three-dimensional vectors. In particular, if
xg = yo = 0, then

z-y=—(Z,9) + 7, 7).

The quaternionic conjugation of x = zgig + 1?1 + T2i2 + x3i3 is given by
T = x0lg — T111 — Tolo — T3l3.

We use the Euclidean norm |z| in H, defined by

|z| = Vaz = \/x% + 23 + 23 + 3.
An important property is that

lzy| = [x] - [yl
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3.2.  Let the matrix
bo —by —by —b3
by bop —bs b

By(b) := (5)
b b3 bp —by

bs —ba b1 b
be the left regular representation of a real quaternion b, and, correspondingly, let the matrix
bo —b; —by —bs
by bo b3 —bo

ba —b3 by by

bs by —b1 b

be the right regular representation of the real quaternion b. Then H can be identified as a skew-field with B; :=
{By(b) | b € H}. The same holds for B, := {B,(b) | b € H} and H. Moreover, the left multiplication by the
real quaternion b corresponds to the multiplication by the matrix B;(b), i.e.,

b s Bl(b) . (:Eo,ﬂfl,xg,:ﬂg)T,

xo
1
where (zg, 21,72, 23)7 =
2

T3

3.3.  We consider functions ranged in H and defined in a domain @ C R3. The notation CP({, H),
p € NU {0}, has the usual componentwise meaning. A function f is called left-hyperholomorphic if

3 8f 3
D[f] == Zikﬁ—xk = > ixOlf] =
k=1 k=1

11
in Q. Let 0 = Ll be a fundamental solution of the Laplace operator. Then a fundamental solution K of the
|z

operator D is given by the formula (see [9])

zf?

R _ 1 & 1 T
K(z) :== —D 4—; B 4”\ ; —B(VE . 2), (6)

where st := {i1,12,i3}. We set
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Oy 1= ildx[l] — igd.@[g] + igd%m,

where d:c[k] denotes, as usual, the differential form dxq A dxy A drs with the factor dx; omitted. Note that if
I is a piecewise-smooth surface in R? and if 7(7) = (n1(7),na(7),n3(7)) is the outward unit normal to the
surface I" at 7, then

3

o |r=1(r)ds, =: an(T)ideT,
k=1

where ds is the differential form of the two-dimensional surface T in R3. Let = Q be a domain in R? with
boundary T that is assumed to be a piecewise-Lyapunov surface; denote Q= := R3\ (QT UT). If f is a Holder
function, then its left-hyperholomorphic Cauchy-type integral is defined as follows:

Kr[f](z) :://C(T—x) o, f(r), xeQF.
r

For more information about hyperholomorphic functions, we refer the reader to [7-10] (see also [11]).

4. Proofs of the Theorems from Section 2

In this section, we prove all theorems from Sec.2 using the relations between the theory of the Moisil—
Theodoresco system of partial differential equations and the theory of hyperholomorphic functions.

4.1. We begin this section with a brief description of relations between the theory of the Moisil-Theodoresco
system of partial differential equations and the theory of hyperholomorphic functions.
On the set C1(Q,H), the well-known Moisil-Theodoresco operator is defined by the formula

.9
D = e —— .
;Zk&:k

Using matrix (5), we can rewrite the equality D[f] = 0 (the Moisil-Theodoresco system) as follows:

5.9
B ir— | fT =0,
z(é kaxk>f

where

0 .9 9 _ 9

8%1 8x2 axg

0 0 0

g o 0 0w om

B> ing— | =

=Ry R TN )

0x9 Oxs O0xy

9 9 0 0
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Thus,
0o .9 90 _ 9
8371 8%2 83:3 fO
9 0 -9 9
0x1 0x3 0x9 h
Dif] =0 <<= =0,
0 0
v < 0 ——0 f2
T2 0x3 O0xy
9 KA 0 I3

dxs Oy Om

i.e., one can identify the class of solutions of the elliptic system of partial differential equations with constant
coefficients with the set of hyperholomorphic functions. By equality (6) for the R*-valued function f, we have

Kelfl(e) = 3= [ =omBlVE - (- =) BVE - d9) (7). ¢T.
r

So, the integral Kr[f](z) coincides with Vst Kp[f](z). In the same way,

Self1(0) = 2K (110) = 5= [ T BVE - (r = 0)BUVE - an)j() eeT.
Tr

and, hence, the integral Sp for f € H,(I',R*) coincides with V** Sp[f].
4.2. Proof of Theorem 2.3. Let f € H,(T',R*). Consider Y** Kr[f](z). It was proved that
" Kr|f](a) = Krlf](2).

By [4] (Theorem 2.1 for o = 0) (see also [7, 8]), there exists Kr[f]T(¢) and

Kl = (1= 12 10 + Kol = (1- 32 500+ sviro
Kl = =22 ) + kel = -2 ) + sl

Hence, there exists V>t Kp[f]*(t), and, after noncomplicated computation, we obtain the required result. We set

9 _ 2w — ~(t)

Srl(e) = = f (1) + self))

forany t € T'.
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4.3. Proof of Theorem 2.5. Let f € H,(T',R*). Consider "**Kp[f](x). By Theorem 2.3, there exists
Vst Kp[f]*(t) and

Ve KelfT () = 57(0) + Y e 7100,

Vst Kp[f]7(8) = %[—f(t) + VStS'F[f](t)]v

where Y+t Sp has been defined in Sec. 2.4. According to Sec. 4.1, we have f € H, (T, R*), and, hence, VstS’p[f] =
Sr[f] on I'. In [4] (Sec.2.2 for a = 0), it was proved that St satisfy the Holder condition. Therefore, recalling
the relationship between the operators Sr and Yt Sp, we conclude that Vst Sp[f] € H u(T, R*).

4.4. Proof of Theorem 2.6. This proof follows from [4] (Theorem 2.3 for o = 0) with regard for the above
relation between the class of solutions of the Moisil-Theodoresco system of partial differential equations and the
set of hyperholomorphic functions.

4.5. Proof of Theorem 2.7. Let f € H,(T',R?®). Consider "** Kr[f]. In Sec.4.1, it has been proved that
f€H,\RY) = feH,IRY.

So, we obtain (3) after taking into account [4] (Theorem 2.4 for o« = 0) (see also [8]) combined with straightforward
calculation. Using the definition of modified singular operator ¥t St, we obtain (4).

REFERENCES

1. M. Zhdanov, Integral Transforms in Geophysics, Springer, Heidelberg (1998).

2. B. Schneider and M. Shapiro, “Some properties of the Cauchy-type integral for the Laplace vector fields theory,” Global Anal. Appl.
Math., 274-280 (2004).

3. B. Schneider and M. Shapiro, “Some properties of the Cauchy-type integral for the time-harmonic relativistic Dirac equation,” Math.
Meth. Appl. Sci., 25, No. 16-18, 1441-1463 (2002).

4. B. Schneider and M. Shapiro, “Some properties of the quaternionic Cauchy-type integral for a piecewise Lyapunov surface of inte-
gration,” Contemp. Math., 364, 243-260 (2004).

5. L. Mitelman and M. Shapiro, “Formulae of changing of integration order and of inversion for some multidimensional singular integrals

and hypercomplex analysis,” J. Natural Geom., 5, 11-27 (1994).

S. Mikhlin, Multidimensional Singular Integrals and Integral Equations [in Russian], Fizmatgiz, Moscow (1962).

K. Giirlebeck and W. Sprossig, Quaternionic and Clifford Calculus for Physicists and Engineers, Wiley (1997).

K. Giirlebeck and W. Sprossig, Quaternionic Analysis and Elliptic Boundary Value Problems, Akademie, Berlin (1989).

M. Shapiro and N. Vasilevski, “Quaternionic -hyperholomorphic functions, singular integral operators and boundary value prob-

lems. I. 1-Hyperholomorphic function theory,” Complex Variables, Theory Appl., 27, 17-46 (1995).

10. V. Kravchenko and M. Shapiro, Integral Representations for Spatial Models of Mathematical Physics, Chapman & Hall (1996).

11. M. Mitrea, Clifford Wavelets, Singular Integrals, and Hardy Spaces, Springer (1994).

0 XN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


