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TOM TAT
Bai bdo dé cdp dén van dé tan xa song dién tir truong trén hinh tru tron dan dién Iy twong,
dwoc gioi han boi hai nita hinh cau, trong truong hop phdn cuc H (vector dién truong-E khéng
nam trong mat phdng chiéu). Dé gidi quyét van dé nay, mot phu’ong phap Hybrid da dwoc sie
dung két hop phirong phdp ham riéng, sw nhiéu xa lién tiép va nguyén ly twong hé. So sanh két

qua tinh toan gia tri RCS (Radar Cross Section) theo phwong phap Hybrid, phwong phdp
phuong trinh tich phdn, phuwong phdp Huygens-Fresnel-Kirchhoff.

Tir khoa: RCS; Phuong phap Hybrid; Ham sé Green.
1. MO PAU

Khi giai quyét cac bai toan vé su tan xa cua song dién tir trudng trén cac vt thé c6 hinh dang
bé mit phan tich manh, c6 thé sir dung cic phuong phap nhu: phuong phap sO (phuong trinh tich
phan, phan tir hitu han, sai phan hitu han trong mién thoi gian); ma trn T va phuong phap gan
dung (phuong phap Huygens-Fresnel-Kirchhoff, 1y thuyét nhidu xa hinh hoc, phuong phap
phuong trinh parabol) [1 — 5].

Trong trudng hop c6 it nhat mot trong cac kich thudc dién dic trung cua dbi twong nghién
ctru 14 nho, phuong phép gan dang dan dén sai s6 _nghiém trong. Néu it nhat mot trong cac kich
thudce ndy 16m, viée sir dung phuong phap 5O yéu cau kich thuéc RAM mady tinh 16n. Trong [6-9],
mét phuong phap Hybrid dé giai quyét cac van dé nhu vay di duoc dé xuat va giai quyét cac bai
toan cy thé. Phuong phap Hybrld dua trén su két hop gitra phuong phap ham riéng, su nhidu xa
lién tiép va nguyén ly tuong hd. Hién nay, chua c6 cong trinh nghién ciru nao dugc cong b6 sir
dung Phwong phap Hybrid dya trén sy két hop cua cac phuong phap khac nhau. Chinh vi véy,
day 1a hudng tiép can hoan toan méi dé giai quyét cac bai toan vé tan xa song dién tir truong trén
vat thé 1y tuong.

Trong [7], phuong phap Hybrid da duoc dung dé giai quyét bai toan vé sy tan xa séng dién tr
truong trén vat thé xoay truc dudi dang try tron dugc 2161 han ¢ hai dau bang céc nira hinh cu
trong truong hop phan cuc E (vector dién truong-E nam trong mit phang chiéu). Trong trudng
hop phan cuc H (vector dién truong-E khong nim trong mit phang chiéu), phuong phap Hybrid
s€ dugc stir dung va tinh toan trong bai bao nay.

2. NOI DUNG CAN GIAI QUYET
2.1. Phwong phap Hybrid dé giai quyét cac bai toan tan xa khong tinh téi sw twong tac

Gia thiét, trén hinh tru Iy tuong duoc chiéu song dién tir truong phang, trong d6 vector E song
song véi truc Y, mat phing chiéu la XZ, trong d6 a— Béan kinh nira hinh ciu, h— Do cao hinh try
(hinh 1). Giai quyét bai toan tan xa song dién tir truong phang duoc quy lai thanh bai toan tim
dong dién trén mat phang S.

Chia bé mit S thanh 3 phan: Sy, S; (bé mit cac ntra hinh cau), S, (bé mat hinh try), va xem xét
su tan xa lién tiép cua séng phang trén cac bé mat nay.Dau tién, sé giai quyét bai todn tan xa trén
mit S; dudi dang chudi Mi [1, 2]. Thanh phan truong diy du trong hé toa do cau (r',0',¢') la:
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E..E,.H, . H. H, E., chikhac lathay goc ¢’ bang goc (¢'—7/2).

Khi chiéu song dién tir trudng phiang dudi mot goc 6y, can phai quay hé truc toa d6 mét goc la
6o (hinh 2). Hé toa do ctila (X', y', z'), hé toa do méi la (x, Y, 2).
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Hinh 1. Déi twong nghién ciu. Hinh 2. Quay hé truc toa do.

Dién tir truong day du trong hé toa do cau (ry,01,¢1) la:
E, =sing cosgE, +sing singE +cosgE, H, =—sinpH, +cospH, ,
E, =cosd cospE, +cosgsingE, —singE,, E, =-singE, +cospE, , (1)
H, =sing cospH, +singsingpH, +cosgH,,H, =cosg cospH, +cosd sinpgH, —singH,,
trong d6, (E,, E,, E,, H,, H,, H,) lathanh phan dién tir trudng nhan dugc sau khi bién doi
dién tir truong tir hé toa do cau (r', 0, ¢') sang hé toa do Descartes (x,y,2).

_ Trong truong hop chiéu song dién tir phang theo chiéu doc truc Z, dong dién trén nua hinh
cau S; duge dugce xac dinh giong nhu dong dién trén cac hinh cau khi tan xa song phang. Dong
dién trén cac hinh S, S; duoc coi nhu bang 0.

Dong dién trén ntra hinh cau S; duoc xac dinh bang cong thic:

jg=H,, i, =—H, r=a 2
Két qua, thu duoc d6 thi tan xa trén ddi twong nghién ctu S trong mat phang E va H 1a:
L2 2 722z
;:_ k _a J- jsin(&l)i{j@ 8cos,B+ i — 1 acos/i'}eod(pldg1
lwe, sin(@) 4 + op 06, sin(@)) og,

} G, depdg,, (3)

L k2 o|. ocosp . 1 ocosp
E,= 20 J

a’ | |sin(@ +
e, ® L1 @55 25 Gy g

Trong d6, cos S = cos(#) cos(8,) +sin(8)sin(d,)cos(p—¢,) ; Gy - Ham s Green toa do cau
trong khéng gian.

Khi chiéu song dién tir phiang dudi mot goc 6y so voi chiéu doc truc Z, dong dién trén cac nira
hinh cau S;, S3 dugc xac dinh giong nhu dong dién trén hinh cau khi chiéu song phang. Thanh
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phan dong dién trén S, duoc xac dinh giéng nhu dong dién trén hinh tru khi chiéu séng phang
theo cong thirc Rayleigh. Dong dién trén S, la:

J. (kasing,) y

J, (kasing,) - -
j, = _1c0s, |z exp( |k2cos€)2mg (-)"sinmg, ( 0 H," (kasing,) |
kasin g, " .
xH® (kasin @,)
— _ . Jm(kasineo)——J,ufkaS'”e)
j,, =—|-=sing, exp(-ikzcos6,) " &, (<i)" cosme, (kasin &) (4)
Ha

e xH® (kasin )

Do thi tAn xa trén bé mit S, trong mat phang E va H la:

thj cos(p—,) ], Pz, EZ = k as'ne{f”szzGod¢2d2+f Zj JZGOd(ﬂde:l (®)
5% 00

a Ea 0 37/2

Dong dién trén ntra hinh cau S;:
Jo, =exp(ikhcos@)H,, , j, =—exp(ikhcosg)H, . (6)

Db thi tan xa trén bé mat S; trong mat phang E va H 1a:

2 7227
E3_ a JJ~ |n(0) [ 6cosﬁ+. 1 acosﬂ}God%dep

* " e, sin0) 1 = 6, J“’lsin(@l) ¢,
K2 ﬁ/22n
. ocosp 1 oJcosp
E3 a sin(@ + G,depdé 7
" Ciws, “ ( )ae{“ 06, b sin(g,) op, } o ST ")

cos 5 =cos(d)cos(6,) +sin()sin(&,) cos(p —¢,)
Két qua, dd thi tan xa trén di tugng nghién ctiu S trong mat phang E va H 1a:
E, =E, +E. +exp[ikhcos(0) |E}, E, = E, + E; +exp[ikhcos(0) |E; . (8)
2.2. Phuong phap Hybrid dé giai quyét cac bai toan tan xa c6 tinh téi sw twong tac

Dong dign trén nira hinh cu S; xac dinh bang cong thac :j, =H,, j, =-H,,
r1=a, con biéu thirc cho thanh phan tir trudng duoc thé hién trong cong thirc (1).
Trong hé toa do tru (py, @1, z), dong dién trong duong trén mat phiang xy c6 dang:
E _ M E _ M _
J%——HQ,JH— E(/,I,JP1 Hcol"](/a E 9

Tiép theo, xac dinh vector dién thé trong khoang gitra cac mat phang xy va xyy: theo cong thirc:

o 27

A(/i :J‘J.pl[‘]; cos(p, — 1) _‘]El sin(g, _¢1)}G1d(/71dp1 '
ao

027

A =J'J‘pl[,]¢'fl" cos(p, —@) —J) sin(e, —(pl)]Gld(pldpl,
ao

027

= I J % [‘]: cos(p, —¢,) + J(Z sin(e, — ¢1)]G1d¢1dp1 '
ao

0271

A;/Iz = j j P [JZ cos(p, — @) + J@M sin(e, — (ﬂl)]Gld @dp (10)
ao
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trong d6, Gy 1a ham sb Green trén hinh try tron [2].
Thanh phan trudng day du trong khoang giita cac mat phang xy va x.y; 1a:

1 0|1 0 1 0 1| 0 0
H, = { —(p, Z)+——Ax}+—{—(p2A{Z) Aﬁz} (11)
—laww, oz| p, op, P, 09, P2 0P, 0,
T L P (LT |
A P2 09, | P, Op, P, 09, oz
Thay gia tri p,=a vao cdng thirc (11), xac dinh thanh phan tir truong va dong dién j

j, =—H,, trén hinh tru S,. Tiép theo, xac dinh dong dién trén nira hinh cau Sy:

j oL [szM 1 [ww\) 1 oSnoA) 1 aA;;ﬂ+

7

i, % rsing, 0p, or, r,sing, 06, r,siné, oo,

i i

1| o0, 18 1 o(ry’ A) 1 O(sinG,A)) 1 OA,
j, =—| KA, +— . +— +
” oy, A 849 or, r ,sing, 00, r,siné, op,
. (12)
1
+= 0 ) - —
Lm@ ( WA ) A }
o 27
Trong do, A(; ZI J. P> [‘];2 cos(p; —,) — \];2 sin(g; _(Pz)Jsz¢72dp2 :
a0
o271
A(Z :IIpz |:‘]:;2 cos(¢, _402)_\],“:2 sin(e, —¢2):|sz(02de,
a0
o 27
A&Z:Sinesj.j [‘J cos(p; —@,) +J,, sin(g; — (02)i|G dp,dp,,
ao
0271
A =sing,[ [ p,[ 32 cos(p, — @) + 3 sin(p, — ,) |6, de,d o,
a0
027
Aa?g =COSHSIIp I:‘] cos(¢p, — (02)+‘] sin(ep, — (/)2):|G de,dp,,
a0
0271
Ag; = 00503_.. J. P> I:JZZ cos(g; —@,) + JZZ sin(g, —CDZ)Jsz(ﬂzd,Dz.
a0
G,— Ham sb Green trén hinh cau [2].
Db thi tAn xa trén bé mit S, trong mat phéng EvaH la:
12 2 722z
€ oo @ | 1O T b s T |G g
iwe, sin(d) < 06, “sin(g) op
#/22x
. 0CO0S 1 oOcos
j [ '”‘6’)@9[‘@ 89ﬁ+l : ﬂeod(pldel, (13)
00 "sin(g) og,
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cos S =cos(d)cos(6,) +sin(8)sin(&,)cos(p—¢,) .

Db thi tAn xa trén bé mit S, trong mit phiang E va H la:

2 -h2z -h2rx

2 , k?asin@ .
E(p - —ia)ga -([ ‘([COS(¢) ¢2)J¢2G dQ’zdz E W! -([ JZGOd¢2dZ . (14)
D6 thi tan xa trén bé mat Sz trong mat phéng EvaH la:
T 27
E; = _ m(e) o acosﬁ v, 2 0P 6 dpde,,

—lwe, sm(e) 520 s »sin(@,) op,
k2a2 z 27 ) 6(;05 1 acos

£; =<2 [ [sine) 2| i, B8P 4, Fle,dpde, (1)
—lwe, 72 0 o0 00, sin(6,) oo,

cos 3 = cos(6) cos(6;) +sin(6)sin(6,) cos(e — ;) .
Két qua, do thi tan xa trén ddi tugng nghién ctru S trong mat phang E va H Ia:

E, =E, +E. +exp[ikhcos(0)|E}, E, = E, + E; +exp[ikhcos(0) |E; . (16)
MAi lién hé gitra gia tri RCS va db thi tan xa:
47R? |EZ
RCS =—+—, [dB]. 17
PE |Ei2| [dB] (17)

3. MO PHONG, TiNH TOAN, THAO LUAN
3.1. S6 liéu dau vao
Trong hinh 3, 4 va 5 trinh bay két qua tinh toan gia tri RCS khi chiéu séng phing vao ddi
tuong nghién ctru S vai cac tham sé: fy = 3 GHz, kh = 5 va ka=3 (k =27/4, A-budc s6ng) dudi
céc goc chiéu 0°, 10°, 45°,

10, 10
R
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RCS 4 :
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i’ % 180 m 360 180
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Mt phang E (p=90°) Mt phing H (9p=0)

Hinh 3. Két qud tinh toan gié tri RCS tai 6, = 0°.
3.2. Phwong phap, cong cu mé phéng

Str dung phuong phép phuong trinh tich phan (Method of intergral equations) trén phin mém
mo phéong ANSYS HFSS 2015.

Str dung phan mém Matlab (Mathcad) dé tinh toan gia tri RCS theo phurong phap Hybrid va
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phuong phap Huygens-Fresnel-Kirchhoff.

Qua qua trinh tinh todn, md phong trén cac phan mém, thu dugc gian d6 gia tri RCS. Sau do,
¢6 nhitng so sanh va danh gia vé két qua nhan dugc gitta cac phuong phap: phuong phap phuong
trinh tich phan, phuong phap Hybrid va phuong phap Huygens-Fresnel-Kirchhoff.

3.3. Két qua tinh toan
buong RCS_1- phuong phap phuong trinh tich phan (HFSS),
Puong RCS_2 — phwong phap lai c¢6 tinh dén sy twong tac,
Pudng RCS_3 — phuong phép lai khong tinh dén sy twong tac,
buong RCS_4 — phuong phap Huygens-Fresnel-Kirchhoff.
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Madt phang E (¢ = 90°) Mt phang H (¢ = 0)

Hinh 4. Két qud tinh toan gia tri RCS tai 6, = 10°.
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Hinh 5. Két qua tinh toan gia trj RCS tai 6, = 45°.
3.4. Phan tich két qua tinh toan

Hién nay, phuong phap Hybrid dugc nhom tac gia tng dung de nghién ctu cac bai toan tan
Xa séng dién tir truong trén cac dbi tuong 1a vat thé ly tudng va CAU tao tir cAc bé mat phan tich
c6 ham sé Green (hinh cau, hlnh try, hinh non,...). B4i véi céc bai toan ta‘n xa thi phu thuéc vao
kich thuéc va hinh dang cua doi tugng nghién ciu, ching ta sé€ thu duoc do thi tan xa khac nhau.
Tir phuong phap Hybrid dugc trinh bay trong bai bdo c6 thé két luan rang, khi chiéu séng
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phing dudi mot goc nho thi phwong phap Hybrid ¢ tinh dén sy twong tac cho phép nhan duoc
két qua tring khop tot so véi phuong phap phuong trinh tich phan. Khi chiéu song phing dudi
mot géc 16n thi phuong phap Hybrid (co tinh tai sy twong tac va khong tinh tdi sy tuong tac) cho
phép nhan dugc két qua gan giéng véi phuong phap phuong trinh tich phan. Phwong phap gan
dung Huygens-Fresnel-Kirchhoff chi cho phép nhan dugc két qua twong tuy nhu phwong phép
phuong trinh tich phan va tai mot s6 truong hop nhat dinh. Tir d6, ¢6 thé théy rang, phuong phap
Hybrid c6 nhimng wu diém hon so voi phuong phap gan dung Huygens-Fresnel-Kirchhoff.

4. KET LUAN

C6 thé thay rang, phuong phap Hybrid cho phép nhén dugc két qua tot so véi phuong phap
phuong trinh tich phan & tat ca cac truong hop. Pic biét, tai cac vi tri goc ctia song phang chiéu
vao d6i twong nghién ctru, khi d6, gia tri RCS sé& 1a 16n nhat.

Nghién ctru cua bai bao lién quan dén linh vuc giai quyét cac bai toan tan xa khi chiéu song
phing vao mét vat 1y tuong. Phuong phap dugc théo luan trong bai bao s dung két hop céc
phuong phap ham riéng, sy nhiéu xa lién tiép va nguyén 1y tuong ho cling véi viéc phan chia dbi
tugng nghién ctru thanh cac vat thé nho. Cung véi tinh don gian vé mit phan tich va tinh hap dan
ctia n6 ddi voi cac danh gia so bd, phuong phap nay c6 thé dung 1am co s cho cac thuat toan sb
dé phan tich dién tir truong trong cac bai toan tén xa.
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ABSTRACT
Hybrid method to solve the problem of scattering electromagnetic waves on an ideal body

The paper deals with the problem of electromagnetic wave scattering on an ideal
conductive circular cylinder, bounded by two half-spheres, in the case of H polarization.
To solve this problem, a Hybrid method has been used that combines the eigenfunction
method, successive diffraction and the reciprocal principle. Compare the results of
calculation of RCS (Radar Cross Section) value by Hybrid method, integral equation
method, Huygens-Fresnel-Kirchhoff method.

Keywords: Radar Cross Section; Hybrid method; Green's function.
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