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It is considered the discrete mathematical models which describe the interacti-
on process of the E-polarized wave and periodic system of impedance tapes.
It is shown that the discrete model for various values of the discretization
parameter is equivalent to the system of singular integral equations. Calculati-
ons were performed for the proposed model and for the model based on the
hypersingular equations. The obtaining results showed the closeness of the field
characteristics.
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Hymkin B.JI, 2Kygenko C.B.,; Kocrenko O.B. JIuckperHa MaremaTHvHAa
MOJeJIb TPOoIleCy PO3CIIOBAaHHS XBWJIb IEPIOJUYHOI0 IMIIEJaHCHOO
rpaTrkoro. Y poOOTi PO3IJIAHYTO AUCKPETHI MATEeMATHYHI MOIE, sIKi OIMHUCY-
IOTh TPOIEC B3aEMO/IiT E-TToIspu30BaHOl XBUJIi 3 TIEPIOIMYHOI0 CUCTEMOIO iMTIe-
JAHCHUX CTPidoK. /luckperna Mojesb Ipu Pi3HUX 3HAYEHHSX MMapaMerpa Juc-
KpeTu3aliil eKBiBaJIeHTHA BiJIIOBI/IHIN cUCTeMI CHHTYJISPHUX iHTErpajibHUX PiB-
HsHb. QOOYNCIEHHST TTPOBOIUIINCS HA 6231 3aPOTIOHOBAHOT MOIEJIi Ta HA OCHOBI
MOJIEJ, IO CITUPAETHCA Ha TIMEePCIHTYISIpPHI PIBHIHHS.

Kamowoei caosa: MmaTeMaTHIHA MOJIENb; IMITETAHCHL CTPYKTYPH; YUCETbHAN eKC-
[TEPUMEHT.

Hymkwun B.JI., 2Kyuenko C.B., Kocrenko A.B. duckperunassi mareMaTu-
deckKasi MOJeJIb MIPOIecca paccesiHUsl BOJIH MePUONIECKON nMie aH-
cHOI1 peniéTkoii. B pabore paccMOTpEHbI IUCKPETHBIE MATEMATHICCKIE MOJIE-
JIU, OTTUCHIBAIOIINE TIPOIECC B3auMOoIeiicTBus E-o/Isipu30BaHHOiT BOJIHBI C TIEpH-
OIMYECKON CHCTEMOM MMIIEIAHCHBIX JieHT. [loka3aHo, 910 IucKpeTHas MOIEThb
[IPY PA3IUIHBIX 3HAYECHUSX TAPAMETPA, IUCKPETU3AINN SKBUBAJIEHTHA COOTBET-
CTBYIOIIMM CHCTEMAM CHHTYJISIDHBIX WHTErPAJIbHBIX ypaBHeHuit. Boraucienus
[IPOBOJIMJIACH HA OCHOBE MPEJJTAraeMON MOJIEH U MOJIEIH, OCHOBAHHON HA I'M-
TEPCUHTYJISIPHBIX ypaBHEHUSX. [L0o/IydeHHbIE PDE3YIbTATH OKA3AINCH OJIM3KH.
Karouesoie crosa: MaTeMaTnaeckast MOJENb; UMIEIaHCHBIE CTPYKTYDbI; INCJIeH-
HBIN 3KCIIEPUMEHT.
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1. Origins of research.

Shchukin-Leontovich impedance boundary conditions are widely used to
describe the interaction processes of electromagnetic waves and different kind of
non-PEC structures [1] — [8]. In this case, the 3D-problem for Maxwell’s equations
reduces to two 2D-problems. They are boundary value problems for the Helmholtz
equation with third boundary conditions. In order to find an approximate soluti-
on to these problems, we use the two-stage algorithm of professor Yu. V. Gandel.
At the first step, we find systems of integral equations that are equivalent to
the original boundary value problem. We are using the method of parametric
representations of integral operators [9] — [11] on this step. At the second step,
a discrete mathematical model of the mentioned problem is built. The discrete
singularities method [12],[13] was used to obtain it. This approach has shown
its effectiveness in solving various problems[14] — [36]. In [13], [36], the method
of reducing the initial boundary-value problem to a system consisting of singular
equations of the first kind and Fredholm integral equations of the second kind
is considered. We propose a discrete mathematical model of the problem under
study based on the system of integral equations mentioned above. It is shown
that a one-to-one correspondence exists between discrete models for various values
of the discretization parameter and systems of approximating integral equations
of the problem. By solving this system, the approximate values of the main fi-
eld characteristics are determined. The method of parametric representations of
integral operators makes it possible to obtain systems of integral equations of other
types [29], [30]. In particular, the original boundary-value problem was reduced to
a system consisting of hypersingular integral equations of the second kind and the
Fredholm integral equation of the second kind [32],[37]. Therefore, it is a good
base of interest for a comparative computer experiment.

2. Formulation of the problem

co M
Let T= |J U T4 be a system of non-PEC tapes

n=-—o00 q=1

Thg = {(x',y',z’) € Rz’ e R,y = (a; + 2nl',ﬁé +2nl'), 2 = O} . (1)

E-polarized wave

L o 1 E 1 E
[ (initial) _ (E(),0,0), [ (initial) _ (0 0Ey 0 O) , (2)

Viwppo 07 dwppg Oy

Ey (y,2') = exp (ik (y - sing — 2’ - cos¢)) - exp (—iwt) (3)
is scattered by this tape system. We consider the problem as formulated in [13]

and [36]. This problem amounts to finding a function E (y/, z’) that corresponds
to the x-component of the total field , resulting from waves scattering by tapes.
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Fig.1 Impedance structure.

It is the solution of the Helmholtz equation:

AE+K-E=0, k=2,
C

in the whole plane without tapes. The total field satisfies
1) Shchukin - Leontovich boundary conditions on tapes:

E
gn,—h’-E—O, (v,2)eT,

2) Floquet conditions,
3) Boundedness energy condition in any region of the plane.

(5)

Also the difference between total and incident field E — Ej satisfies the

Sommerfeld radiation conditions.

2. Systems of integral equations.

Put
ET (.2, 2 > 0;
E ,,Z, —E /,Z/ — ) I 9
(y ) O(y ) {E_(y',z'), Z/ < 07
where
(o ¢]
ET(y,7)= > af -exp(—,2") - exp(ip,y),
n=-—o00
o
E~(y,7)= > a, -exp(y,2') - exp(ip,y’),
n=-—o00
and

™m
a
Re (’y;l) >0, Im (’y,’z) <0,necZ

ph=Fk-sing+—, v, = (p,)?>—k? neZ;
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Hereinafter we use the notation:

kT T ’h—l/'h/‘
K= ﬂ_?y_l, yaz_l/ 2 - 7'["
I .~
Dn = p":ﬁ-sincp+n, Yn = ’Y",neN; (11)
T T
7r s
aq:p'aga ﬁq:pﬂéaq:L)M, (12>
M
L= U an Lq = (aCJaﬁq)' (13)
q=1
From field continuity condition
E*(y,0) = E~(y,0), y € CL = [0,27)\ L; (14)
OE™ OE~
—_— = —(y,0 CL 15
5, W0 =—5—(40),y¢€ (15)
and the boundary conditions (5) we get:
Z Vi - (a;{ + a;) ~exp(ippy) =0, y € CL; (16)
Z (v + h) - (a:{ + a;) -exp(ippy) = —2h - exp(ikysiny), y € L; (17)
Z (a;) —ay,) - exp(ipny) =0, y € CL; (18)

o0

Z (vn + 1) - (a) — ay,) - exp(ipny) = —2ik cos ¢ - exp(ikysing), y € L. (19)

n=—oo

Acting as in the monograph [13] , we define two functions:

Oou~ out >

W+(y) = E(%O) - W(%O) = nz_:oo Tn (a; + a’;) eXp(ipny)v (20>
y € [0, 27].
_ ou™ ou~ > _ .
w (y) = Ty(yv 0) - Ty(yv 0) = n:Z_OO Pn (@;f - an) eXp(any)7 (21)
y € [0, 27].

It implies from (14), (15), that:
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=0, W (y) =0,y € CL; (22)
/ W= ()dt = 0, (g = 1,.... M); (23)
E*(y,00 = E~(5,0) = Y (af —a,)exp(ipny) = / W= (t)dt.  (24)

Using the inverse Fourier transform and taking into account (22) — (23) we
obtain:

1
al = /W+(t) - exp(—ipnt)dt+

47y
(25)
/W -exp(—ippt)dt, n € Z;
4mpn
o ! /W*(t) exp(—ip,t)dt
pr— . X _Z n J—
. - (26)
“Irin, /W_(t) - exp(—ipnt)dt, n € Z.

As proposed in [13]| , we accomplished the conversions to (17) and get the
second-kind Fredholm integral equation:

h —t
Wt (y) — /ln 2. sin 2 'W*(t)d#r
T
) L (27)
+— / Q(y, t)WT(t)dt = —2h - exp(irysinp), y € L;
T

L

where

Q(y,t) = exp(iksinp(y — t)) 270 + Z exp in(y—1t)) | —

”;;630 (28)

—(exp(iksinp(y —t)) — 1) - In

Yy —t
2. ;
sin 5 ',

A;le—l:O(an),n—)oo. (29)
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This equation contains a logarithmic singularity in the kernel. Having applied
the method of parametric representations of integral transformations, we obtain

a singular integral equation:

f% / cte <t_2y) W ()t + % / Rly, )W~ (t)di+
L

L

Yy
+h- /W (t)dt = —2ikcos ¢ - exp(ikysing), y € L,
ai
with additional conditions:

By
/W‘(t)dt =0, (g=1,..., M),

where
[e.e] A_
R(y,t) = Y o exp(ipa(y — 1)+
Pn
n—=——oo
n#0
K COS > 1 1
+ 5 Z < - ) exp(—ippt)—
Pn n
n=-—00
n#0
T™—1

—1K COS (p - —5 exp(—iksinp - t)—

exp(irsinp(y —t)) — 1 t—y
5 ctg 5

)

1
A*:fyn—|n|—f£sin<,0-m O(),n%oo.
n

n n

(32)

(33)

Making the substitution of y by 0 in (18) and taking into account (25) - (26),

we obtain
o
af —ag=— Y (af —a,) =
n=—oo
n#0
1 = 1/1 1
== —iksing - t) - —(=-= —int) - W~ (t)dt
F/e:cp( iksing - t) nzzoo 5 <pn n) exp(—int) (t)dt+
n#0
1 —t I
- / L X e—msmcpt . W— (t)dt.
™ 2

L

(34)
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Define the functions:

Vi) =W (0 - 00)(Bg — v). v € L, (1., M); (35)

V() = W’(y)\/(y —ag)(Bg —Y)s y € Lg, (1...., M); (36)

It implies from the boundedness energy condition that V" (y) € Clag, 5] and

V;]_(y) € C[a% Bq], (q = 17 ceey M)
Define mappings:

9q : [_17 1] — [Oltbﬁq]u gq(t) = ¢q i+ @7
P (37)
¢q:%> (¢=1,...., M),

and notation:

2 -sin

K€1) = 64+ h {Q<gq<£>,gp<7>> i

W—flq(@‘

(38)
+6qp-1n|T5|},<q=1,...,M>, (p=1,..., M)

Kppler) = o0 et (PO T8 ) < pigy (.m0} - 2,

f2,4(§) = 2ik¢y - cos @ - exp(ikgq(€)sing), (¢=1,...,M). (41)

In (38)-(39) symbol ), is the Kronecker delta. Taking into account (35), (38) from
equation (27) we obtain:

1
h Vo (r)d
V;_(f)_fqﬂ/ln‘T_ﬁ’ \;%
-1

(42)
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The system of singular integral equations:

1 1
1 1 Vo(ndr 1¢ _ Vy (T)dr
/ ‘172 + Z/vap(gﬂv)pz_
r)r—evi—e n&l Vi
: V, (r)dr _ (43)
_hqbq . : ﬁ — 2,6](6)7
1§l< 1, (¢g=1,..., M)
with additional conditions:
1
/Vq(T)dT —0,(q=1,...,M) (44)
m - ) q - VR

-1

is a consequence of the equations (30), (31) and notations (36), (39).

4. The mathematical model of the problem

We denote by {tlm,k}n . the Chebyshev nodes, which are zeros of Chebychev

n—1
polynomials T, (7) of degree n. Also we consider the collocation points {tz,nym} X
m=

which are the zeros of Chebychev polynomials of the second kind U,,—1(7).
As in [38] —[40] we took into consideration the basis (fundamental) polynomi-
als:

P, (T)
11— = — , k=1,...,n;
1n—1k (T) P i) (7 —fond) n
l2,n72,m(§) = Un-1(8) , m=1, ... , n—1.

U7/1—1 (t2,n,M) (§ - t2,n,m)

We introduce the Lagrange interpolation polynomials of functions and

K;p,n (57 T) = Z Z K;p (tl,n,ma tl,n,k) : ll,n,m (5) : ll,n,k (7—) , (45)
m=1 k=1

q:17aM7 pzlvaMa

Kq_,p,n (Sv T) = Z Z Kq_,p (tQ,n,ma tl,n,k) . l2,n,m (5) . ll,n,kz (7—> 5
m=1 k=1 (46)

q:17"'7M; pzlavMa
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Fram (€)=Y frg(trnm) - linm (€),
m=1

- (47)
f2,q,n (f) = Z f2,q (t2,n,m) : l2,n,m (f) ’
m=1
g=1,---, M.
Let us consider the following system of integral equations:
bg-h — / Vit (r)d
+ ¢y P _ 2, Yan \T) 9T
Vi (© = L 321 () o (O / I |7 = b~
i . (48)
1 ’n (1)dr
42> [ Kyt 2D = B (©).
p=1"4
€l <1, q=1,---,M;
L1 Vo a1 Vi (7)d
T T)dTr
/ . + — Z/K P R o
ﬂlT—é V1-712 T 172
£
byt [ P2 e "
q 1 m — J2,qn )
1
/ Yan DT _ o 1 (50)
1 m - q_ ) ’ .

Designate as Li _, the Hilbert spaces of measurable on segment [—1, 1] functi-
ons with the inner product

1
(U V) = / Ur) V() 2 (51)
21

and norm [|V| = +/(V, V).
From the results of the work [38] — [40] we obtain
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Proposition 1 Let N - sufficient integer number. If n > N the following
statement holds true.

1) The systems of equations (48) and (49)-(50) have a unique solution.

2) The functions V(1) and V(1) are the polynomials of degree n-1.

8) The sequence {V,,,}o N1 of solutions of IE system (48) converged to the
exact solution of the problem (42) in the norm of space LIQ,’ 1 -

4) The sequence of solutions of singular equation system (49)-(50) converged
to the exact solution of the problem (43)-(44) in the norm of space L%’ 1

It follows from Proposition 1 that, as a result of substituting the functions
V,h.(7) into the left-hand side of equations (48) we obtain a polynomial of degree
n-1. Also, the result of substituting the polynomial V() into the left-hand side
of equation (49) is a polynomial of degree n-2. On the right side of equations (48)
and (49) are polynomials of the same degrees. From the uniqueness of determining
a polynomial of degree n from its values at n+1 point, there follows a one-to-one
correspondence of problems (48) and (49)-(50) to the system of equations:

(€ (t 2 (¢ /1 it . Vi (1) dr
nr nm ,n,m n,r 0|7 —topm| ———
1 ()i € SN
1 & / Ve (r)dr
- + Zpn AT
+’]T Zl / qun (fl,nﬂ” 7-) m — fl,q,n (§I7n,7') s (52)
=11

1
1 1 Vo (ndr 1Y Voo (1) dr
/ La. +§j/K,m (€amss7) 20T
m) T—=8ns V1-—712 ™o & V1—12

52,77,,3

Vi (1)dr
_ (;5(1 -h L -
m

821,"',11—1,(]:1,"',M;

= f2,q,n (52,71,5) ) (53)

1
Voo, (T)dr

q7n

=0, =1,---,M; 54
e q (54)

To discretize equations (52) - (54), Hermite’s formulas and quadrature
formulas of interpolation type [13] are used:

1
1 / 1 Vou(ndr 1 Z”: Vo (t1,n,k)
) T—tonp 1-—712 ne—

-1

) p:17an_1; 55
tink —t2np (55)
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- (56)
n t n
ln2+2ZT (h ’“)], €| < 1

1
v o(r)dr
/ln]f—ﬂ-q’ = =
1

:%ZV (tlnk

k=1

-1 =1 (57)

-[arccos§—7r+\/1—§2 ZUml (tlnk)]7 1€l < 1;

m

Note that all formulas (55) - (57) are exact for polynomials of degree n-1.
Also, as a result of discretization of the integral equations (52), (53) and (54),
we obtain a system of linear algebraic equations with ¢ - n unknowns

Vynm = Vgn t1nm), q¢=1,--- M, m=1,-- n. (58)
ﬁ;nm—vqfn(tlvn,m), g=1,--- M, m=1,---,n. (59)

The existence and uniqueness of the solution of linear systems is a consequence
of the existence and uniqueness of the solution of problems (52) - (54) and their
one-to-one correspondence with the systems of integral equations (48)-(50).

By solving these linear systems, we obtain approximate solutions to the
systems of integral equations (42) and (43)-(44) by the formulas:

= Z ﬁ;n,m ’ ll,n,m (T> ) (60)
m=1

Zﬁqnm llnm( )7 qzla""M' (61)

5. Numerical results.

We studied the interaction of the E-polarized wave and the grating. The case
of normal wave incidence was considered. The calculations were carried out by
two discrete mathematical models. The first model is described in paragraph 4
of this paper. The second model is based on the discretization of hypersingular
integral equations of the second kind. In paper [37] the justification algorithm for
finding a numerical solution of these equations is given.
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Table 1. Absolute values of the Fourier coefficients.

The results obtained using The results obtained using
singular equations hypersingular equations
ol 1@ | @] [®]||% ‘ﬂu ‘ “11 ‘ a, d;

01 0999| 0,014 0,030 0.0025| 0,999 | 0,013 | 0,028  0.0023
0.3 0,99| 0,042 0,087 0,0069 099 | 0,041 0,085 0,0066
059 0972| 0,073 0144 00096 | 0973| 0071 0142 0,0096
07 0946 0111 0,202 00095 0,946 | 0,109 0,2 | 0,0095
09] 0901| 0176| 0,264 | 0.0017 | 0904 | 0172 | 0,262 | 0,0006
1,1 0,795 0,261 0305 0057 0,797 0263 | 0304 | 0,056
1,3 0,733 0,227 | 0345 | 0,073 0,75 0228 | 0343| 0,073
1,5 0,700 0,209 0397 | 0088( O0703| 0,209 | 0,39 )| 0,087
1,7 0,623 0,194 | 0461 01 0,627 | 0,194 | 0458 0.1
1,9 0,430 0179 0541 | 0,088| 0,49 0,18 | 0,542 0,11
21| 0322 0124 | 0504 | 0,091 0318 | 0125 | 0,506 | 0,092
23| 0377 0099 0451 | 0088) 0374 0,099 | 0451| 0088
25| 0406 0083 0427 0091) 0403 0,083 | 0426 0.09
27| 0424 007| 0412| 0,096] 0422 0,07 0411) 0,095
29| 0436| 0056 0402| 0106 0434 | 0,056 | 0401| 0,105
31 0440 0037 039, 0M12| 0438 0037, 0383 01M
33| 0448 0,041 0380, 0113 | 0,446 004 0373 0109
35| 0455 0,045 0372, 0110 0454 | 0044 0372 0M
37| 0462 005 0365, 0118| 0461 0,05 0364 0117
3.9 047 0058 035 0129 0468 | 0,058 0355 0128
41| 0465 0076| 0326 | 0157 0464 0,076 | 0325| 0157
43| 0455| 0081] 0,318 0161 0454 | 0,081 | 0316| 0,161
45| 0448 | 0085 0313 0162] 0447 | 0,08 | 0311] 0163
47| 0444 | 0088 | 0310 0164 0442 | 0,088 | 0308 | 0,164
49| 0440 0093 | 0,308 | 0167| 0439 0,092 | 0306 0167
51 0458 | 0,094 0309 0143 0456| 0094 | 0308 0144
53| 0464 | 0091 0309 0127 0463| 0091 0308 | 0127
5,5 0466 | 0,083 0309, 017 0464 | 0089 0307 0117
5,7( 0,465| 0,087| 0,309 0,11] 0463 | 0,086 | 0,307 0,11
59 0460 | 0,084 0309, 0102| 0458 | 0,083 0307 0,102
61 0458 0074 0313 0083 0456 0074 0311/ 0,088

In calculations we take h' equals:

.
h’:—zKZ-\/E, (62)

where K = 0.0001.
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Z L

+
LagpashT 176071

Loa4ap 4T

L0515 120525 141031

1.00580 0.96305 1.05992

0.72085

093645 0.70953

096710 0.47865 0.35914

0.4775

0.00875
023645 () = n

%
3 9 9 o

Fig.2 Map of the absolute value of the scattered field in the domain

above the two-elements periodic grating.
117 o
051:%7 /81:%; Qg = 9’ ﬂQZ?

On figure 2 there are the maps of the absolute value of the scattered field |[ET|
in the domain above a two-element periodic structure. The table 1 shows some
parameter values in this case obtained using singular and hypersingular equations.
The number of interpolation nodes in this case is twenty on tape.

We considered next structure. In the middle of the tape, lying in half the
period, a slot 27 wide was made. The graths on figure 3 show the change in the
field characteristics depending on the slot width. In the figures you can see the
absolute values of the Fourier coefficients and values:

We also studied the similarities and differences in the fields created by periodic
lattices and lattices consisting of a large finite number of repeating elements. For
example, at the top of figure 4 you see a colored map of the field in the domain
above periodic structure. In this case one tape lies on half the period. Below there
is a map of the scattered field above the central part of the non-periodic structure.
This structure consists of fifteen equal tapes. The distance between the tapes and
their width are the same and equal to 7 .
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0 I T 37 29T
2 2

Fig.3 Tape with slot 276 wide on the period.
a) la*(l,g:1 ) lag ], ©) [ar]. d) |ag |, £) [ag], g) [af], b) [ag]-
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1.37176

1.10797

0.84419

0.58041

0.31663

0.052848

4nt Z
i 1.43069

1.14546

0.86022

0.57498

0.28974

0.00450

‘v

Fig.4 Map of the absolute value of the scattered field
in periodic and non-periodic case, k = 1.1

On fig. 5-6 we consider a five-element periodic structure. On the period, four
tapes have the same length, and the fifth tape has a defect on the right. You can
see the field characteristics for some values of theta. Graphs on figure 4 show the
field characteristics for some values of theta. On fig. 5 there are colored maps of
the scattered field in the domain above this structure.

6. Conclusions and directions for further research.

The results of the performed numerical experiments showed are in a good
agreement of the obtained numerical results with the results obtained using
hypersingular integral equations. The performed experiment is a basis for the
numerical investigation of more complex impedance structures. These studies are
related to the work carried out at the Department of Applied Mathematics of
the School of Mathematics and Informatics of V. N. Karazin Kharkiv National
University for topic (017U004831) "Modeling the dynamics of complex systems in
order to identify problem situations". Publication contains some results based on
a research provided by grant support of the State Fund for Fundamental Research
(project F-83).
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Hymkin B.JI, 2Kygenko C.B., Kocrenko O.B. luckperna mareMarudHa MO/IeJb
nporecy poO3CilOBAaHHS XBWJIb MEPIOJWYHOI0 IMIIEJAaHCHOK I'PATKOIO. Y CTaTTi
POBLISAAETHCA CHOCIO INCETHbHONO MOJIETIOBAHHS MIPOIECY PO3CIIOBAHHS XBUJIb IIE€PIOIH-
9HOIO IMIIEJJAHCHOIO T'PATKOI0. Y pa3i rapMoHiiHOI 3aJ1eKHOCTi mossd Bix 4dacy i oxHo-
PLAHOCTI CTPYKTYPHU Y3/IOBXK JIESKOI OCl TPUBUMIDHA 3ajia4a 3BOJUTHCA JIO0 PO3LJILLY
JBOX JTBOBUMIDHHUX 3aJa4 JJjs KoMmmoHeHT E-momsapusoBanoi i H-monsgpu3oBaHol XBUIIL.
lykana egmHa HEHYIHOBA KOMIOHEHTA €JEKTPUIHOTO IOJIsI, CTBOPEHOTO Majarntdon E-
TIOJISIPU30BAHOI XBUJIEIO, € PIIIEHHSAM KPaitoBol 3a4adi /11 piBHAHHS [ e€m1bMrorbiia 3 rpa-
HuuHUME ymMoBamu Pobena. 3 (izu9HOl MOCTAHOBKHU 3a/adi BUILIUBAE, IO 11 pilieHHS
MIOBUHHI 33/I0BOJbHATH yMOBi KBasinmepiommaaocti Pjioke, yMOBOIO CKiHYEHOCTI eHeprii
B Oyab-sikmit oOMexxkeHiit 0bsracTi mromuHi. TakoK PI3HUIE MOBHOTO i MAIAI0YOr0 MOJIs
TIOBUHHA, 33I0BOJIbHATH YMOBI BUpoMiHOBaHHs 3oMmMepdensma. Caigyodn inesm podit
}O.B. l'angens, 3a AOMOMOrO0 METOLY MapaMeTPUIHUX YBJIEHD iIHTErpaJbHUX OMEepaTO-
piB KpaiioBa 3a/a4a 3BOIUTHCA [0 ABOX CHCTEM iHTerpajbHUX piBHAHB. llepima cucre-
Ma CKJIAJAETHCs 3 CAHIYJISIPHUX PIBHAHD [EPHIOrO POy 3 JIOJATKOBUMU iHTErDAJIbHIMUI
ymoBamu. JIpyra cucrema CKIQTA€ThCA 3 TPAHUYHUX iHTErpaabHuX piBHAHL @pearoabma,
JPYToro pomay 3 JiorapudMidHOI OCOOJMBICTIO B mimiHTerpasbHiil ¢yrkiil. Bys mpose-
JIeHWIT 9UCeJIbHUI €KCIIEPUMEHT JJIs BUIAJIKIB PI3HOrO po3ramiyBaHHs crpidok. O0un-
CJIEHHSI TIPOBOJIUJIACS JII MOJEJi Ha OCHOBI CHHTIYJISPHHUX PiBHsSIHb 1 MOJIesi HA OCHOBI
rinepciaryaspHuX piBHAHLb. BoHEM moka3ann OGJM3bKICTh OTPUMAHUX PE3yIbTAaTiB y /ia-
[Ia30H1 JIOCJIJIZKYBAHUX [1apaMeTpiB.

Karov06i caosa: MaTeMaTUIHA MOJIETh; IMTTIETAHCHI CTPYKTYPH; YUCETbHUN eKCTTEPUMEHT.

V.D. Dushkin, S.V. Zhuchenko, O.V. Kostenko. Discrete mathematical model of
the scattering process of E-polarized wave on a periodic impedance grating.
The method of numerical modeling of wave scattering by periodic impedance grating is
considered. In the case of a harmonic dependence of the field on time and the uniformity of
the structure along a certain axis, the three-dimensional problem reduces to considering of
two 2D problems for the components of the E-polarized and H-polarized waves. The signle
nonzero component of the electric field created by the incident E-polarized wave is the
solution of the boundary value problem for the Helmholtz equation with Robin boundary
conditions. It follows from the physical formulation of the problem that its solutions
satisfy the Floquet quasiperiodicity condition, the condition of finiteness of energy in
any bounded region of the plane. Also, the difference between the total and incident
fields satisfies the Sommerfeld radiation condition. Following the ideas of the works of
Yu.V. Gandel, using the method of parametric representations of integral operators, the
boundary-value problem reduces to two systems of integral equations. The first one is
the system of singular equations of the first kind with additional integral conditions. The
second system consists of the Fredholm boundary integral equations of the second kind
with a logarithmic singularity in the integrand. A discrete model for various values of the
discretization parameter is equivalent to systems of singular integral equations. By solving
these equations, approximate values of the main field characteristics are determined. The
method of parametric representations of integral operators makes it possible to obtain
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systems of integral equations of other types. In particular, the initial boundary-value
problem reduces to a system consisting of hypersingular integral equations of the second
kind and the Fredholm integral equation of the second kind. A numerical experiment
was conducted for cases of different location of tapes. Calculations were performed for
the proposed model and the model based on hypersingular equations. They showed the
closeness of the obtained results in a wide range of parameters studied.

Keywords: mathematical model; impedance structures; numerical experiment.
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