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SINGULARITY OF THE POTENTIAL FIELD AT THE VERTEX OF A SYMMETRIC TIP
WITH FOUR IDENTICAL PERPENDICULAR WINGS OF WEDGE-SHAPED FORM

The study addresses a spatial problem of the potential theory outside a symmetric tip with four identical perpendicular wings
of wedge-shaped form. The main objective is to determine the singularity of the solution at the tip's vertex.

By utilizing the symmetric shape of the tip, the problem is reduced to finding a harmonic function in a quarter-space that
satisfies mixed boundary conditions on its sides.

The homogeneous solutions of the problem are expressed in spherical coordinates as a Mehler — Fock-type integral involving
Legendre functions. Using the method of integral transforms, the problem is reduced to a Wiener — Hopf-type functional equation,
which is transformed into an infinite system of linear algebraic equations by the Wiener — Hopf method. The solutions of this system
allow for the derivation of analytical representations for the homogeneous solutions of the original boundary-value problem. The
constructed homogeneous solutions enable the determination of the singularity of the potential field at the tip's vertex.

As a result of solving the given problem, a relationship between the singularity exponent and the deviation angle of the tip's
wing edges has been established.

The constructed homogeneous solutions enable the determination of the nature of the potential field singularity at the tip's
vertex and establish a quantitative relationship between the singularity exponent and the deviation angle of the tip's wing edges.
The obtained results provide an assessment of the qualitative behavior of the potential field at the tip's vertex, as well as determine
the quantitative characteristics describing this behavior. It makes it possible to find correct solutions of boundary-value problems
in complex domains with corner points with the same geometry, especially when numerical methods are used.

Keywords: potential theory, mixed boundary-value problem, solution singularity, integral transformation method, Wiener
— Hopf technique.

AMS 2020 classification: 31B20, 31B25.

Introduction

Studying physical fields, defining their qualitative and quantitative characteristics, and describing technical and
technological processes often involve the analysis of boundary-value problems of mathematical physics in domains with
complex shapes. When a field or process is studied in a domain or body with irregular inclusions, or when its boundary
contains edges, vertices, or other singular points, the field or process has some distributional singularities in the regions
surrounding them, which consequently affect its qualitative and quantitative characteristics. Therefore, identifying the
peculiarities of field behavior is an important task from both qualitative and quantitative perspectives with respect to the field
or process under study. Furthermore, the identification of these peculiarities makes it possible to improve existing numerical
algorithms for solving problems of mathematical physics and to develop new, more advanced ones.

One of the approaches to constructing solutions for problems in domains with internal inclusions and boundary
irregularities is based on the use of integral transforms and Wiener—Hopf methods. This approach is quite effective for solving
problems in domains of complex geometry. It became especially popular in two-dimensional problems involving the
propagation of waves of different types. In particular, the work (Nethercote, Kisil, & Assier, 2022) considers the problem of
acoustic wave diffraction on an array of point scatterers. The works (Daniele, & Lombardi, 2021) and (Kuryliak, & Lysechko,
2022) are devoted to the construction of solutions to problems involving the propagation of electromagnetic waves in two-
dimensional wedge-shaped domains with boundary conditions of various types. It is also worth paying attention to the works
(Nagasaka, Kishiguchi, & Kobayashi, 2022) and (He, & Kobayashi, 2023), in which the authors, using the Wiener — Hopf
method, solve two-dimensional problems of electromagnetic wave diffraction on a semi-axis with impedance-type boundary
conditions and in a waveguide with a piecewise homogeneous filling. Besides wave problems, the Wiener — Hopf method
also makes it possible to solve two-dimensional problems in potential theory and elasticity theory for domains with corner
points on the boundary and for domains containing inclusions of irregular geometry (Daniele, & Lombardi, 2022; Loveikin,
2022; 2023). In problems with complex geometry, constructing the exact solutions requires solving the vector Wiener — Hopf
equations. The author of the works (Idemen, 1979) presents a method for obtaining the exact solution of such vector equations
in some cases. In the works (Kurilyak, 1998; Kurilyak, 1999), vector Wiener — Hopf equations make it possible to construct
the solutions of diffraction problems for wedge domains with different boundary conditions.

The present work addresses a spatial problem concerning the singular behavior of a potential field at the vertex of an
inclusion shaped as a compound tip composed of four identical sectoral plates (wings), which share a common edge and are
arranged in perpendicular planes (see Fig. 1). Locally, at the tip's vertex, the problem exhibits a purely three-dimensional
character. Although the nature of the singularity along the wings can be determined using results from two-dimensional
potential theory, it is not feasible to do so at the vertex of the tip. Thus, the three-dimensional problem must be solved. A
similar conclusion was drawn by Maurizi M. and Berto F. (2020), who investigated spatial singularities in problems of elasticity
theory for domains with corner points.
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1. Problem formulation
We consider an inclusion shaped as a tip (or spike), with its wings lying in the Oxz i Oyz planes (see Fig. 1). Their common
edge lies along the positive semi-axis 0z, , while other edges deviate from vertical axis by an angle ¢ (0 < a < g).

Fig. 1. Form of the tip and wing geometry

To identify the singular behavior of the potential field — electrostatic, for instance — we seek homogeneous solutions of the
problem, defined as nontrivial solutions of the corresponding homogeneous boundary-value problem.

Au =0, (x,y,2z) € RA\W, uly =0, 1)
where W is the union of all four wings. From a geometrical point of view, the problem is symmetric with respect to the x and
y coordinates. Hence, we seek its solution in the coordinate quarter where x > 0,y > 0. The main singularity of the behavior
of the potential field is determined by the solutions that are even with respect to both the x and y coordinates. For such
solutions, the boundary-value problem takes the form:

Au=0,x>0,y>0, (2)
uly:O = 0' (X,Z) € Wl! ulx:O = 0; (y;Z) € W2r (3)
ou — ou —
. =0! (x!Z)EW! a. =0! ( 'Z)eW: 4
ay y=0 ! ax x=0 y z ( )

where W, , are two-dimensional open domains representing the wings lying in the half-planes 0x,z and 0y, z respectively
(see Fig. 1). Conditions (4) express the evenness of the homogeneous solutions with respect to the y and x coordinates.

Taking into account the geometry of the inclusion, it is more convenient to solve problem (2)—(4) in the spherical coordinate
system (p, 8, ¢), in which it takes the following form:

s
Au=0,p>0,0<9<7t,0<<p<§, 5)
u
Ulp=0=0,p>0,0<0=<aq, a—| =0,p>0,a<0<m (6)
®lyo
| =0,p>0,0<0< Ju =0,p>0,a<0<
u(ng—,p ) <aq %Lp:%—.p , TT. (7)

Boundary conditions (6) and (7) are symmetric with respect to the bisectoral half-plane ¢ = %, which divides the domain

of the problem (5)—(7) into two symmetric subdomains. As a result, the homogeneous solutions split into two series — even
and odd with respect to the half-plane. The main feature of the singular behavior of the potential field at the vertex of the tip
is determined by finding even solutions that must satisfy the following condition:
du
aqo| _m
?=3
The present article is devoted to the construction of such solutions.
2. Construction of homogeneous solutions.
We seek nontrivial solutions of problem (5)—(7), which satisfy condition (8), in the form of a Mehler — Fock-type integral
with respect to coordinate 8 (Parfenenko, & Ulitko, 1988).
11

+iw T _
u= ps‘irf uAs(u) cos (u (—— (p)) Gs(WP ¥ (cosB)du, p>0,0<8<m0<¢<
) e 4 5=

=0. (8)

T
- 9

> (©)
where Ag(w) is an unknown coefficient, G,(u) = FG— s +u) FG+ s +u), I'(§) — Euler's gamma function, P, #(t) is the
Legendre function of the first kind (Bateman, & Erdelyi,1953). The parameter s is assumed to be a purely imaginary number.

1
The equation (9) can be viewed as Mellin transformation of the desired harmonic function up to a factor p*=.
For the kernel of the Mehler — Fock-type integral it's possible to obtain the following asymptotic (Bateman, & Erdelyi,1953)

_ N
uGs (WP~ (cos 6)| ~T(1+p (tan E) , U — tioo, s—fixed number;
s-1
2

p—Eico
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Y
=|FA+in)| ~Vre 2", T - too.
u=it
With this choice of the function u, condition (8) is automatically satisfied.
Therefore, to determine the unknown coefficient A;(1), we substitute expression (9) into the mixed boundary conditions
(6), which are extended over the entire interval 0 < 8 < 7 by introducing the unknown functions as follows:

r(1+uw) (tan g)”

1o+ 0, 0<6<a,
|, #As0) €S G GO i (cosO)du = (o), acozm o
+ico .
2 o(@)sinf, 0<0<a,
P Ag(uw) sm G (u)P 1(Cos 0)du = { 0, a<fen

—iw

The unknown function v defines the values of the sought harmonic function u on the extension of the wings, while the
unknown function ¢ represents the normal derivative of u on their surfaces.

We apply direct Mehler — Fock-type transform formulas to equalities (10) (Parfenenko, & Ulitko, 1988).

Using the formula for the Legendre function with a negative argument and expressing these functions in terms of the
hypergeometric function (Bateman, & Erdelyi, 1953), we obtain:

T a X ()
I‘lAS(Au) COST_ r(1 +[.l)' (11)
4.G0) w1 — cos( )a”Ys(u) m a MY(—p) IR |<1
s sin = G\ " ra s taw ta—p ) M <2

where X;(w), Y;(u) are unknown functions of a complex argument, defined in terms of v and ¢ as follows:

Tty(m—t) 0t o1 1 Lt
Xs(ll)=llj; W(a-tanﬁ F(E—s,§+s,1+u,sm E)dt’

(A 1 _,t
Ys(u)=f0 a(t)( tanz) F(E_S'E+S'1+”'sm E)dt'

F(.,,,) denotes the hypergeometric function, a = tan; (0<a<).

Taking into account the root singularity of the harmonic function u along the wing edge and applying Watson's lemma
(Olver, 1974), we obtaln the following for the unknown functions of a complex argument: X, (u) and Y (u) are analytic in the

half-plane Re u > — -, as functions of the argument u for each fixed value s, and behave like Const - 4"z as u tends to infinity.

Excluding the unknown A;(u) from the equalities (11), we obtain the Wiener—Hopf-type equations (Noble, 1958) with
respect to the analytic functions X (u), Y (u)

Ty
Gs (1) cos(ms) a®* Yy (1) m COST Ys(—) 1
—| X + = Reyu| < = 12
A+ | W+ cos Lsin? |~ sin(mu) sin L T(1 ~ )’ IReul <3 (12)
Factorization of the equation coefficient (12) (Bateman, & Erdelyi, 1953)
W a _K
n cosTf ra+§)r(1-9

ST sin f —AT(T(—w)

1, u 1wy
riz+priz-%)
Applying factorization and separately collecting the functions that are analytic for Re u > —% and Repu < % we rewrite

equation (12) in the following form:

cos(ms) a®# 1
q’s(ﬂ)"‘ﬂ‘y W) = —K;(—)¥s (=), |R€ll|<— (13)
4 cos—- > in2 v

where, for simplicity of reasoning, we have introduced the following notation for the unknown functions:

(%(u))zr(% 1) 1600 (10) )
¥/ p (14 )T+ G0

and the coefficient:

4r? (1 + %) r2(u)
2 (% + %) Gs(/-l).

The functions @, (u), ¥, (u) are analytic in the half-plane Re u > —%, as functions of the variable u for each fixed value of

K.(w) =

s. As u - o, they behave like Const - 1" z. At the point u = 0, the functions @,(u) and ¥, (u) have zeros of at least first order.
The coefficient K;(u) has a pole of second order at the point 4 = 0, and K;(u) —» 1 as u — .
After factorization, the second term in the left-hand side of equation (13) has a simple pole at 4 = 0, which lies in the strip

|Re u| < % This pole will be compensated by the same pole of the function K (—u)¥s(—w) in the right-hand side.
The right-hand side of equation (13) is analytic in the half-plane Re u < % except for a simple pole at the point 4 = 0. The

first term on the left-hand side of the equation is analytic for Re u > —%. The second term has simple poles at u =1 + 2k,
k = 0,1, .., second-order poles at u = 4j, j = 1,2, ..., and simple pole at u = 0.
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By eliminating these singularities, we can rewrite equation (13) in the following form:

+00
cos(ms) a®# cos(ms) O (—1)kg2(1+20)
¢S(#)+Tq¢'()+ - 1ok kT
4cosTsm T e
+00
yjIna® + z cos(ms) O (—1)ka?(1+2k)
. 20 = K (=wV¥.(— —
2 cos(ns) +2 (o L st + S (15)
i yjlna® + z 1
——cos(ns) —+Z 81( + - ,|Reu| <5,
(r— 4/)2 ©—4j H=3
where
=WI0), xe=W,(1+2K),k=01,., y =Y4) z=¥4)j=12.., (16)
Const Const Const .
and x ~ - k= +oo, y; ~ T 4T T e

In the present work, we consider the case where the deviation angle of the tip blades « is bounded by 0 < a < g Under
these restrictions, the parameter a = tan% belongs to the interval (0,1], which ensures the convergence of the series in
equation (15).

In equality (15), the additional terms were chosen so that the left-hand side is analytic in the half-plane Re u > —%, and
the right-hand side is analytic in Reu < % respectively. As u — oo, both sides of equation (15) tend to zero as Const: u~*

Under these conditions, according to the Wiener—Hopf method (Noble, 1958) both the left-hand and right-hand sides of
equation (15) reduce into the zero function. As a result, to determine the unknown analytic functions ®(u), ¥,(u) we write
the following:

o cos(ms) a?* w cos(ms) - (—1)kq2(1+2k)
s + m (W) + 2 a1k X —

2_ (17)

i yijlna® + z; 1

——cos s —+Z 8’( L/ E— - =0, Rep>—=;

() (e — 4j)? w—4 H 2

cos(ns) (—1)"a2(1+2k) _yjln a% + z

Ks(¥s(=0) + T opt 1+ 2k it COS(T[S) m + Z (u+ 4])2 u+4j =0 (18)

R >——
eu >

For the complete determination of the analytic functions ®¢(u) and ¥,(u) we must find the unknown quantities Cy, x;, k =
0,1,.., ¥j,2, j = 1,2,..., which appear in expressions (17) and (18). To accomplish this, taking into account expression (16),
we consecutively substitute uy = 1+ 2m, m = 0,1, .... into equality (18). We obtain equations that determine x,, for k = 0,1, ...,

+00
cos(s) O (—1)kq2(1+2k)
K,(1+ 2m)x,, + o , TEp——

k=
C +00 l 2+ (19)
0 _Zasj Vi WM TEHN =012
1+2m = (1+2m+45)? 1+2m+4j
=

After that, we consecutively substitute u = 4n,n = 1,2, ..., into (18). As a result, we obtain equations for determining y;,j =
1,2, ..,

Xp —

4
— Fcos(ns)

¥ vk 2(142k) Yoo . n a2 4.
K, (4n)y, + cos(ms) (-D*a cos(ms) @ 3 z Y < Y yilna® +z;

i 4n+ 142k T 4(n+))?  n+j >=0,n=1,2,.... (20)

Finally, we differentiate expression (18) and consecutively substitute u = 4n,n = 1,2, ..., into the resulting equality. Hence,
we obtain equations that define the unknown values z; for,j = 1,2, ...,

K, (4n) (zn + {%(1,0(71) -y (%+n)> +2y(1+4n) -y (l— s+ 4n) -y (%— s+ 4n)}yn> —

cos(ns)i (—1)kq2(1+2k) N cos(ns) CO Z 8j yi __yjln a% 4+ z 0 n=12
w LGn+1+202" T A 2+ (m+p2 )| T e

(21)

Here, (t) denotes the logarithmic derivative of the gamma function (Bateman, & Erdelyi, 1953).

Equations (19)—(21) do not close the infinite system with respect to all unknown values, as they don't include an equation
for determining coefficient C,. To obtain the final missing equation, we express the function W;(u) from equality (18). The
resulting expression is then substituted into equation (17), and we take the limit as 4 — 0. Thus, we obtain the last equation
of the system.

[cos(ns) (ln a’?+ %1,0 ( ) + 2y ( + s) - —1,0(1)) - nsin(ns)] Co— (22)
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1+ 2k J

As a result of the solution, the Wiener — Hopf-type equatlon (1 7) has been reduced to an infinite system of linear algebraic
equations (19) — (22). In the case 0 < a = tan% <1(0<a< g), the resulting system is quasi-regular with meromorphic

+00
s —1)kq2(+2k) cos(ms Ina? + z;
_ECOS(HS)Z( ) X — ( )Z 8]<y] - y] - ]> =0.
k=0

coefficients for all complex values of s. In the case a = tang =1(a= —) the reductlon to the quasi-regular system (19)—(22)

can be achieved by the change of variables: x; = B = 01,.,y = 2, .... The regularity of the infinite

Vivzr’ [ [1
system (19)—(22) allows us to analytically continue it with respect to the parameter s from the imaginary axis to the entire
complex plane. For the analysis of the solutions of this system and their numerical approximation (if needed), the method of
reduction to the finite system can be applied.

4. Explicit form of the homogeneous solution and analysis of the field singularity at the tip vertex.

For the final construction of the homogeneous solutions, we write their representation in terms of the solutions of the
infinite system of linear algebraic equations (19)—(22). For this purpose, we determine the coefficient A;(x) from the first
equality in (11) and substitute it into expression (9). Taking into account equality (14), we obtain:

1 ,u n
S=5 +ico r CcoSs ([.l (Z - (p)) T
u= pZTI _ a *o (u)(w) (2 2) T PS__ME(COS 0)du, p>00<08<m0<¢< > (23)
—ico (1 Z) COST 2

In the case 0 < 8 < «, the integral (23) can be evaluated using the Residue theorem. If we close the integration contour
in the half-plane Re ¢ > 0 and compute sum of residues at all simple poles u = 2 + 41, | = 0,1, ..., of the integrand in this half-
plane, then we obtain

F1+lF2+M
E D (2 + 41) a+D (a2+4l ) 5_21_4l(cos 0)sin((2+4Dg), p>00<0<a0<g@<— (24)
-2

N[ R

From equalltles (17), (18) it foIIows that the values ®,(2 + 40), [ = 0,1, ..., are expressed linearly in terms of the solutions
of the infinite system (19)—(22): Co, x, k = 0,1, ..., y}, 2, j = 1,2, .... Thus, the explicit form of the sought homogeneous solutions
of the boundary-value problem (5) — (8) is completely defined by the solutions of the system (19)—(22).

A similar representation can also be obtained for the homogeneous solutions in the interval « < 6 < m.

Up to this point, we have assumed that the parameter s is purely imaginary. Since both the infinite system (19)—(22) and
its solutions can be analytically continued from the imaginary axis to the entire complex plane, representation (24) remains
valid for the sought homogeneous solutions for all arbitrary complex values of s.

The system (19)—(22) is a linear homogeneous system. Therefore, it has the obvious trivial solution for all complex values
of s. However, to determine the homogeneous solutions of the boundary-value problem (5)—(8), this system must have a
nontrivial solution, which is only possible for certain values of the parameter s. These specific values of s determine the final
form of the homogeneous solutions of problem (5)—(8). Since the infinite system of linear algebraic equations (19)—(22) is
quasi-regular for all complex values of s, it can be replaced by a reduced (finite) system for the approximate determination of
the possible values of s. The reduced system will have nontrivial solutions if and only if its determinant is equal to zero. The
numerical analysis shows that the parameter s can only take real values symmetric with respect to zero.

The singularity of the potential field at the tip vertex at the point O (see Fig. 1) is determined by positive values of s. If we
consider only the homogeneous solution corresponding to the smallest positive value s = s;, then, taking into account
expression (24), the derivative of the potential on blade W, (see.Fig.1) along the normal 7 can be written as follows:

uy 1 ou 4 yﬁrmgz+u)m1+nr@+40
= - 1 - 7
sind (% n l) az+4

= == P~?71*(cos0), p>0,0<0<a,
dtily, psin@del e=0 np 51—% (cos), p a (25)
0<f<a =
3
where y; =51 — >

It follows from (17) and (18) that the values &, (2 + 41), I = 0,1,2, ..,, satisfy the following asymptotic expressions:

Fi
O (2 +41) ~ T al l - oo, F; = Const.

Using it together with the properties of Gamma function and Legendre function P, *(cos 8) (Bateman, & Erdelyi, 1953),
expression (25) could be rewritten as follows:

Qysin@
=ph| —=—+w, 0 >0, Q,
Y1 +w,(6) >0,0<0< (26)

Jsin(a —0)
where @, = Const, and w,(8) denotes the sum of a uniformly convergent series on 0 < 8 < « and, therefore, is a continuous
function.
The following Tab. 1 represents approximate values of s; and the singularity exponent depending on the angle deviation
a of the blade edges.
Analyzing equality (26) and numerical results presented in the table, we can conclude that as the tip vertex (point 0, see
Fig. 1) is approached while p —» 0, and 6 € (0, @) is a fixed value, the derivative of the potential along the normal grows like
u
- ~ Y1
Bl Ko(8) p™, p - 0 +.
The obtained result shows that the potential field has a power-law singularity at the tip vertex, with the exponent y;
depending on the deviation angle a of the wing edges. For sufficiently sharp deviation angles of the edges 0 < a < a,

6u|
only,
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~ 0.36894 & the singularity exponent satisfies the estimate y; < — % This means that the power-law singularity at the tip vertex
is stronger than the classical power-law singularity that occurs along the wing edges. In the case a = a,, the classical square-
root singularity occurs at the tip vertex, while for a, < a < % the singularity at the vertex becomes weaker than that along the
wing edges.

Table 1
Approximate values of s; — the smallest positive zero of the determinant of the reduced system (19)—(22)

and the singularity exponent y, of the solution's normal derivative
Y S1 ) £1 Y S1 ) £1 Y S1 Y1
0.01 | 0.61075 | —0.88926 0.2 0.81605 | —0.68395 0.36894 1 -0.5
0.05 0.671 —0.82901 0.25 0.8651 —0.63493 0.4 1.0416 | —0.45836
0.1 0.7224 | —0.77761 0.3 0.91795 | —0.58209 0.45 1.1168 | —0.38332
0.15 | 0.76925 | —0.73079 0.35 0.97615 | —0.52385 0.5 1.2103 | —0.29568

Based on equality (26), we can analyze the behavior of the square-root singularity intensity coefficient that arise along the
wing edges. If we fix the value of p and let 8 approach a —, then from (26) we obtain
6_u N K, (p)
dily, ~ Vr
where r = p sin(a — 6) is the distance to the edge (see Fig.1), and the following equality holds for the intensity coefficient of
the singularity:

0> a—,

1
K, (p) = p"**2 @ sina, p>0.

From the obtained equality for the coefficient K; and numerical results presented in the table, we conclude that for sharp
angles 0 < a < a, = 0.36894 m, the intensity coefficient of the singularity on the edge tends to infinity as the tip vertex O is
approached along the edge. This is due to the fact that the singularity at the tip vertex is stronger than those along the edges.
In the case a = a,, when the classical singularity occurs at point 0, the coefficient K; remains bounded while approaching
this point. On the other hand, if a, < a < g the intensity coefficient tends to zero as the tip vertex O is approached, since for

such values of the angle a, the singularity at the vertex is weaker than that along the wing edges.

Discussion and conclusions

In the present work, an exact solution to the three-dimensional problem of potential theory was obtained for determining
the singularity of the potential field at the tip vertex formed by four mutually perpendicular wedge-shaped blades sharing a
common edge.

To construct the homogeneous solutions of the problem that make it possible to identify the singularity, spherical
coordinates are used together with Mehler—Fock-type integral transforms involving Legendre functions.

The problem was reduced to a Wiener—Hopf-type functional equation, which, using the Wiener—Hopf method, was further
reduced to a quasi-completely regular infinite system of linear algebraic equations. The analysis of the obtained infinite system
allowed us to determinate the explicit form of the homogeneous solutions of the problem.

The constructed homogeneous solutions make it possible to determine and analyze the singularity of the potential field at
the tip vertex. It has been established that the behavior of the potential field near the tip vertex has a complex three-
dimensional character, and the singularity of this behavior can only be determined by solving the spatial problem considered
in the present work.

Authors' contribution: Andrii, Loveikin — conceptualization; methodology; analysis of results; Andrii, Krenevych — software; numerical
analysis, preparation of literature review.
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OCOBJIUBICTb MOTEHUIAJIBHOI'O NOJiA Y BEPLUMHI CUMETPUYHOIMO HAKOHEYHUKA I3 HOTUPMA
OAOHAKOBUMU NEPNEHAUKYNAPHUMU KNMMHONOAIBHUMU KPUITAMU

Po3e'sizaHo npocmopoey 3adayy meopii momeHuyiany 308Hi 6K/TFOYEHHS1 y ¢hopMi cuMempUYHO20 HAKOHEYHUKa i3 Yomupma oGHaKoeuMu nep-
neHOUKYNsAPHUMU Kpunamu KIuHonodi6Hoi ¢popmu. OCHO8Ha Mema — 8u3Ha4yeHHs1 ocobsiugeocmi noeediHKU Po38's3Ky y 8epWUHi HAKOHEYHUKa.

Bukopucmoeyroyu cumempuyHy ¢hopMy HaKOHe4YHUKa, 3adayy 38edeHo G0 eiOwyKaHHs1 2apMOHI4YHOI QhyHKUIT y 4eepmi npocmopy, wo Mae 3a-
0080/IbHAIMU MiwaHi Kpaliogi yMoeu Ha (io20 CImopoHax.

OOHopidHi HempueianbHi po3e'a3ku 3adavi NodaHo y cghepudHUx KoopOuHamax iHmezpanom muny Menepa — ®oka no ¢pyHkyisix JlexxaHdpa.
Memodom iHmezpanbHUX nepemeopeHb 3adayy 36e0eHO 00 (hyHKUioHanbHO20 pigHsIHHA muny Binepa — Monga, ujo memodom BiHepa — Mondgha
3800umbcsi 3o 00HOpPiAHOI HeCKiHYeHHOT cucmemu NiHilIHUX anzebpaidyHux pieHsiHb. Po3e'si3ku ompumaHoi cucmemu daromb 3MO2y 3anucamu aHa-
nimuyHi 306paxeHHs1 Onsi 0OHOPIOHUX po38'si3Kie suxidOHOI Kpalioeoi 3adauyi.

IMo6ydoeaHi 0GHOPIGHI po3e'si3ku Aonomazarome 6cmaHo8uUMU xapakmep ocobiueocmi NomeHyianbHO20 MoJsisi Y eepWuHi HaKoHeYHUKa. lMoka3HuKu
ocobiueocmi eU3Ha4YalOmMbCs1 3 yMoe8 iCHy8aHHs1 HempueiasibHUX po3e'si3kie 00HOPIOHOT HECKIHYEeHHOI cucmeMu NiHilHUX an2e6paidHuX pPieHsIHb.

YHacnidok po3e'sazaHHs nocmaesieHoi 3adayi ecmaHoOesIeHO 3alleXHiCMmb MK NMOoKa3HUKOM ocobsiueocmi ma Kymom eidxuneHHs1 pebep Kpus
HakoHe4YHuka. OmpumaHi pe3ysibmamu 0alomb 3MO2y OYiHUMU sIKiCHY KapmuHy noeediHKU NoOMeHYianbHO20 MoJis Y 8epWUHi HAKOHEYHUKa, 8 MaKoX
8U3HaYyuUmMu KinbKiCHi xapaKkmepucmuku, Wo onucyromsb Yro nosediHKy.

Knio4yoBi cnoBa: meopis nomeHyiany, miwaHa kpatioga 3adaya, ocobnusicmb po3e'sizky, Memo0d iHmezpanbHUX NepemeopeHb, Memod
Binepa - Nonda.

ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AoCcnimKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HAaNMUCaHHi PyKOMuUCy; B pilLeHHi Mpo nybrnikaLilo pe3ynbTaris.
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