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Tém tit

Trong bai bdo nay, tic gia nghién ctiu séng Rayleigh truyén trong ban khong gian dan hdi, truc huéng, nén
dudc, duge phtt mot 16p mong truc hudng, nén dude. Tuy nhién, vat liéu ¢ ban khong gian va 16p chi c6 mot
truc chinh 1a trung nhau - truc vuoéng goc véi 16p con hai truc con lai 1éch nhau mét géc 6. Muc tiéu cua bai
bédo 1a dua ra phuong trinh tan sic x4p xi dang tudng minh ciia song Rayleigh trong moéi trudng trén. Tit phép
bién ddi hé truc toa do ta dua bai todn ban dau vé bai todn séng Rayleigh truyén trong ban khong gian dan hoi
monoclinic x3 = 0 dudc phii mot 16p mong truc hudng ddng truc. Bang cach dp dung phuong phap diéu kién
bién hiéu dung va phuong phap vécto phan cuc, phudng trinh tan sic x4p xi dugc dua ra. Vi phuong trinh tan
sac thu dugce dudi dang tudng minh nén rét tién dung trong céc ing dung thuc té.

Tir khod: truc hudng, monoclinic; truc chinh vat liéu; 16p méng; diéu kién bién hiéu dung; phuong phap vécto
phén cuc.

AN APPROXIMATE SECULAR EQUATION OF RAYLEIGH WAVES PROPAGATING IN AN ELAS-
TIC HALF-SPACE COATED BY A THIN UN-COAXIAL LAYER WITH THE POLARIZATION VECTOR
METHOD

Abstract

In this paper, the propagation of Rayleigh waves in compressible orthotropic elastic half-space overlaid by a thin
orthtropic elastic layer is investigated. However, the half-space and the layer have only one common principal
material axis that perpendicular to the layer and the remains are inclined at an angle 6. The main purpose of this
paper is to establish an approximate secular equation of the wave. From the transformation of the coordinate
system, the original problem is referred to the problem of Rayleigh waves in a monoclinic elastic half-space
with the symmetry plane x3 = 0 coated by a thin coaxial orthtropic layer. By applying the effective boundary
condition method and the polarization vector method, an approximate secular equation is recieved. Since the
obtained secular equation is totally explicit, it is very useful in practical applications.

Keywords: orthotropic, monoclinic; principal material axis; thin layer; effective boundary condition; polariza-
tion vector method.
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1. Gidi thiéu
Ngay nay, cAu tric gdm mot 16p vat liéu mong gian véi mot 16p vat lidu day, md hinh héa nhu

mot ban khong gian bi phii mdt 16p mdng, da va dang dude s dung rong rai trong cong nghé hién
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dai. Do vay, viéc d4nh gid khong pha hiy céc tinh chit co hoc ctia chiing, tru6c va trong qua trinh sir
dung 12 can thiét va c6 nhiéu y nghia [1]. Theo Every [2] d€ danh gid khong pha hiy céc cAu tric nay,
séng mit Rayleigh 13 mot cong cu vo cung thuan tién. Khi d6, phuong trinh tan sic dang hién ctia
séng Rayleigh 1a co s6 1y thuyét dé xdc dinh cac tinh chét ctia ciu triic tif cac s6 liéu do dudc tir thuc
nghiém (cdc gid tri van tdc séng). Do viy, phuong trinh tdn sac dang hién 1a muc tiéu cd ban va quan
trong khi nghién cifu séng Rayleigh truyén trong cic moi trudng khac néi chung va cac céu triic nay
noi riéng.

St dung gia thiét 16p mong, ta thay thé toan bd anh hudng clia 16p mong 1én ban khong gian bang
mot diéu kién bién hiéu dung, bang cach coi 16p nhu ban méng [3, 4], hoic khai trién Taylor ting sut
tai mit trén ctia 16p theo do day ctia 16p (dudc gia thiét 1a nhd) (xem [5-7]). Khi do, tif bai todn séng
Rayleigh truyén trong ban khong gian phi 16p moéng thanh bai toin séng Rayleigh truyén trong ban
khong gian chiu diéu kién bién hiéu dung tai mit bién. Trong cdc nghién ciu trudc ddy, ban khong
gian va 16p méng déu c6 truc chinh vit liéu tring nhau. C6 thé k& dén mot vai nghién ctiu cla cic
tac gia nhu Achenbach va Keshava. [3], Tiersten [4], Bovik [5], Steigmann va Ogden [6] véi vat liéu
déng hudng. Hay cac nghién citu dbi véi vat liéu c6 tinh di hudng cao hon ctia Vinh va cs. nhu vt
liéu truc hudng [7-9], vat 1liéu monoclinic x3 = 0 [10, 11].

Tuy nhién, thuc té khong phai lic nao céc ciu tric nay ciing c6 truc chinh vat liéu cta ban khong
gian va 16p trung nhau. Do d6, muc tiéu ctia bai bao nay la dua ra phuong trinh tan sic x4p xi dang
tudng minh cta séng Rayleigh truyén trong ban khong gian dan hoi truc hudng, nén dudc phii mot
16p méng dan hoéi tric huéng, nén dudc ma truc chinh vat liéu ctia ban khong gian va 16p khong tring
nhau. Cu thé, vat liéu clia ban khong gian va 16p chi ¢6 mot truc chinh vat liéu tring nhau (truc vudng
gbc véi 16p), hai truc con lai 1éch nhau mot géc 6. Bing cach bién ddi truc chinh vit liéu ctia ban
khong gian tring véi truc chinh vat liéu ctia 16p, ban khong gian dan hdi truc huéng tré thanh ban
khong gian dan hdi monoclinic ¢6 mit phang dbi xting x3 = 0. Tir d6, bai todn ban dau dudc dua vé
bai todn truyén séng Rayleigh trong ban khong gian dan hdi monoclinic x3 = 0, nén dugc phi mot
16p mdng truc hudng, nén dude ddng truc. Ap dung phucng phap diéu kién bién hiéu dung va phucng
phép vécto phan cuc (phiic) [12], phucng trinh tan sic xp xi dang tudng minh trong bai todn nay da
dugc dua ra.

2. Pat bai toan

Xl
—h / —h
16p tryc hudng: ¢, p ) 7, 16p truc hudng: | ¢;.p 7,
o) )
tryc hudng: ¢, p monoclinic z, = 0:| c,.p
X?
5172 172

Hinh 1. M6 hinh bai toan
Xét ban khong gian dan hdi truc hudng phii mot 16p méng (Hinh 1). O day, tuy 16p mong ciia la

vat liéu dan hdi truc huéng nhung truc chinh vit liéu clia ban khong gian va 16p méng khong triung
nhau. Cu thé, cdc truc chinh vat liéu ctia ban khong gian 12 OX;, 0X;, OX3 con cic truc chinh vat
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liéu cua 16p 1la Oxy, Ox;, Ox3. Trong do6 cac truc OXy, OX, va Oxy, Ox; 1éch nhau mdt géc 6 con truc
OX3 = Ox3. Khi d6, ta c6 phép bién ddi hé truc toa do

cosd@ —sinf O
x;=Q;;X;, Q=] sind cosf O (D)
0 0 1

Hiing s vat lidu ctia ban khong gian trong hé toa do cii OX;X>X;3 1a c?‘j con trong hé toa d6 mdéi
Ox1x2x3 la ¢;j. Khi do, trong hé toa do méi Ox;xzx3, ban khong gian dan hdi truc huéng trd thanh
ban khong gian dan hdi monoclinic véi mit phang dbi xing x3 = 0. Do bai bdo chi xét bai toan bién
dang phang nén ta chi can sit dung cac thanh phan hing s vit liéu clia ban khong gian trong hé toa
mdi nhu sau (xem Ting [13])

c11 c’flcos46’ +2 (c’i‘2 + 2026) cos?6sin®6 + czzsin40

* 4 * * 2 N’ x - 4
€22 = CpCO8 0 + 2 (c12 + 2066) cos“6sin“6 + ¢|;sin"0

crp=cjy + (c’i‘l + ¢y — 2¢1, — 4026) cos’6sin’0

2)

Cl6 = — [c*{lcosze - czzsinze - (c’f2 + 2C26) (cosze - sinzé)] cos @sin 6

% 2 % . 2 * * 2 ) .
C26 [czzcos 0 — c};sin”"0 — (012 + 2066) (cos 0 — sin 0)] cosfsing

C66 = Ceg + (c}‘ |+ =21, — 4026) cos’@sin’6
Nhu viy, tif bai toan séng Rayleigh truyén trong ban khong gian dan hoi truc huéng phi mot 16p
méng dan hdi truc huéng cé truc chinh vt liéu 1éch nhau, chiing ta dua vé bai toan méi. D6 12 bai
toan séng Rayleigh truyén trong ban khong gian dan hdi monoclinic ¢é mit phang dbi xing x3 = 0
pht mot 16p méng dan hdi truc huéng dong truc chinh vat liéu. Chd y ring, bai todn méi dugc xét
trong hé truc toa do Oxjxpx3.

3. Piéu kién bién hiéu dung
3.1. Cdc phuong trinh co bdn ciia ldp

Xét ban khong gian dan hdi x, > 0 dudc phi mot 16p méng dan hdi —h < x, < 0. Gia thiét ring,
16p va ban khong gian 1a nén dugc va dudc gan chit v6i nhau. Chd y rang, cic dai luong ctia 16p méng
va ban khong gian giéng nhau sé c6 ki hiéu gidéng nhau nhung d6i v6i 16p mdng sé c6 thém phan gach
ngang. Khi d6, ta xét bai toan bién dang phiang

0 3)

up = u; (x1,x2,1), i =i (xy,x2,0), i=12, uz=is
trong d6 ¢ 12 bién thdi gian.
Do 16p méng dudc tao tir vat liéu dan hoi truc hudng, nén dudc nén ta c6 mdi lién hé gilta ting
suat va chuyén dich c6 dang
011 = Cniy + Craln2

= Crail1,1 + Ciln “4)
oo (12 + 12.1)

022

012
trong do, &;; va ¢;; 14n lugt 12 c4c thanh phan ting suit va hiang sb vat liéu ctia 16p méng, ki hidu u;
chi dao ham ctia u; theo bién khong gian x;.
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Phuong trinh chuyén dong bd qua luc khéi 1a

01,1 + 0122 = puy

_ _ . (5)
02,1 + 0222 = pu
trong d6 p 1a mat do khi luong ctia 16p.
Giai hé phuong trinh gdm hai phuong trinh (4), va (4)3 dbi v6i hai bién i1 » va iio > ta suy ra
_ 1 _ _
12 = ——012 =l
66
6
_ 1 _ C12 - ©
Upp = ——0 — ——U1
2 (&%)
Thé cong thic (4); vao (5); va c6 k& dén (6) ta dudc
I -2 _
_ _= G116~ Cpp C12 _
T122 = piy — ———— 1,11 — —— 021 (7)
€22 €22
Tur phuong trinh (5); ta cé
022 = piy — G121 (8)

Céc phuong trinh (6), (7) va (8) dudc viét lai dudi dang ma tran
U, | [My My |[U ©
2’2 B M3 M4 )

- T S T A 2 A A A . 2 N A N
trong d6 U = [ iy i ] , X = [ 01 02 ] , ki hiéu T chi viéc lay chuyén vi cia mdt ma trén va
cdc ma trn thanh phan My, dudc x4c dinh nhu sau

1
) 0 -4 ) — 0
| ¢ —| Ce6
Ml - _&a] 0 s M2 - 0 1
(69%) P
&3] (10)
_o CpT it
v - T
M, = | POt 2 L R v M,
0 po?

Chu y ring & day, ta st dung cdc ki hiéu 91 = 8/dx,, 07 = 8°/9x3, 97 = 9ot
Tit phuong trinh (9) ta suy ra

T o [ M M ) )
—M[— ], M—[M3 1\7[4]’ n=1,2,3,..,x3 € [-h,O0] (11)

trong d6 ki hiéu (n) chi viéc 14y dao ham cip n theo bién x, con ki hiéu # chi viéc 13y liy thita bac n.
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3.2. Diéu kién bién hiéu dung bdc hai

Gia st do day h ctia 16p 12 nhd (16p mdng). Luu y, trong bai bdo nay, tic gia sit dung diéu kién
bién hiéu dung bac hai d6i v6i do day ctia 16p d€ dan ra phuong trinh tin sic xip xi bac hai clia séng
Rayleigh theo do day ctia 16p. Khi d6, khai trién X (=4) thanh chudi Taylor tai 1an can x; = 0 t6i bac

hai cuaa (—h), ta co
2

_ _ _ h- _
2 (-h) = £(0) - k=" (0) + 72@) (0) (12)
Gia thiét rang, mit bién x, = —h tu do dbi véi ung sudt, tic 1a £ (—4) = 0. Khi d6, thay phucng
trinh (11) tai x, = 0 vao phuong trinh (12) ta dugc

2

_ W, PN _ W o _
[I ~ hMy + = (MM, + Mi)] £(0)+|~hM; + — (M3M1 + M4M3)] U0)=0 (13)

Vi 16p moéng va ban khong gian 1a gin chit tai mit bién x» = 0 nén ta c6 U(0) = U(0) va
¥ (0) = £(0). Do do, tit phuong trinh (13) ta suy ra

2

_ h o, _ _ W, _
[I ~ hMy + — (MM, + Mi)] £(0) +|~hM; + = (MM + M4M3)] u0)=0 (14

Phuong trinh (14) 12 phuong trinh lién hé gitta véctd dng suit va vécto chuyén dich tai mit bién
x, = 0 dudc goi 1a diéu kién bién hiéu dung bac hai cho 16p méng dan hdi truc huéng, nén dudc.

Xét séng Rayleigh truyén theo hudng x|, tit dan theo hudng x, véi van toc ¢ (> 0) va sb séng
k (> 0). Khi d6, theo [14] ta tim nghiém ctia chuyén dich va ting suét dudi dang

ty = Uy () X5 05 = ikt () €7D 0 = 1,2,y = kxy (15)
Thay dang nghiém (15) vao phuong trinh (14) ta din vé
t=[I-B] 'Cutaiy=kx, =0 (16)

trong do

X 2
(Sz + _—) - —151&€
B= C66 2
- X\&
—ig (sl + _—) — (17)
22 2
. S > 1 &
- l(S3+X)8 X —[X+S3+51X]?
- [)_( + 53 + SlX] % iXe

trong d6 & = kh 1a dai lugng do day khong thd nguyén cia 16p, X = pc? va

_ ) - -
C12 S3 Clp —C11€22

sS1=——, S2=Ss1t+t—, s3=——— (18)
22 C66 22

Luu y, cdc ma trin & trén da bo di nhiing sb hang & hodc ¢ bac cao hon.
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St dung cong thic [I - B]™' = I+ B + B? + B + ... va bd di nhiing s6 hang &’ hoic c6 bic cao
hon, phuong trinh (16) trd thanh

t=Au taiy=kx; =0 (19)
trong do
_ 82
i(X + S3)8 S4— _ _
A= 2 2|, s=sX-(X+s) (20)
—S4? iXe

Chi y ring Al = -A (ki hiéu ~ 1a ki hiéu 14y lién hop phiic) va ma trin A 1a ma trin da bo di
nhiing s6 hang & hoic c¢6 bic cao hon. Phuong trinh (19) 1a mot cich viét khac ciia didu kién bién
hiéu dung trong trudng hop nay. Nhu vay, phuong trinh (14) hodc (19) thay thé (mdt cich x4p xi) toan
bd anh hudng clia 16p méng dan hoi truc hudng, nén dudc 1én ban khong gian.

4. Phuong trinh tin sic xip xi bic hai ciia séng Rayleigh
4.1. Phuong trinh co bdn cua bdn khong gian dudi dang ma trdn

Nhu di trinh bay & trén, trong hé toa d6 Ox|xpx3, ban khong gian dan hdi truc huéng, nén dudc
tré thanh ban khong gian dan hdi monoclinic véi mit phang dbi xiing x3 = 0, nén dudc. Khi d6, xét
bai toan bién dang phang (3). Theo Ting [15], ta c6 mdi lién hé giita ting suit va chuyén dich cho ban
khong gian dan hdi monoclinic v6i mit phang dbi xiing x3 = 0, nén dudc nhu sau

11 = criuy, + cipupn + cie (U1 + uz,l)
02 = CroUl + cnUa) + ca6 (U12 + U 1) (21)
012 = Clel1,1 + Coeln 2 + Coe (12 + U2 1)

trong d6 o7 va ¢;j 1an lugt 1a cdc thanh phin dng suit va hing sb vat liéu clia ban khong gian, ¢;; dugc

xac dinh trong cong thiic (2).
B& qua luc khéi, phuong trinh chuyén dong cé dang

o11,1 + 0122 = pily

. (22)
O12,1 T 0222 = pUp
trong d6 p 12 mat dd khdi lugng clia ban khdng gian.
Tir phuong trinh (21); va (21)3, ta c6 biéu thic xac dinh hai dai lugng w1, va up
U2 =nNee0 12 + 260722 — Feld1,1 — U1
(23)
Upp = N0 12 + N220722 — MU ]
trong do
e = &2 _G6 o C66 12026 ~ €2C16
66 = ~p 7> 126 A2 = T A o4
€12C66 — C16C26 2
= —————, A =cxnces — ¢
A
Thay (21); vao phuong trinh (22); va st dung hé thic (23) ta thu dugc
T122 = pily — Ui — T60T12,1 — 120221 (25)
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trong do
n=Cl1—reCie — €12 (26)

Tt phuong trinh (22); ta d4n vé
0222 = pily — 012, (27)

Viét cac phuong trinh (23), (25) va (27) duéi dang ma tran, ta c6

{r=M{ (28)
trong do
T M, M
§=[M1 u o 0'22] , M:[M; Ml%] (29)
—-rgd; —01 nge MNag pﬁ,z - 778% 0 ]
M, = , M, = , Mjz= 30
! [ —rzal 0 } 2 [ nye N2 :| 3 [ 0 patz ( )

Phuong trinh (28) 1a phudng trinh dang ma tran ctia bai todn bién dang phang cho vat liéu mono-
clinic v6i mit phang ddi xiing x3 = 0.

4.2. Song Rayleigh

Xét séng Rayleigh truyén theo hudng x;, tit dan theo hudng x, véi van toc ¢ (> 0) va sb séng
k (> 0). Khi dé, ta tim nghiém ctia chuyén dich va ting suat dudi dang (15). Thé dang nghiém (15) vio
phuong trinh (28) din vé

£ =iNE 0<y<+oo G
Luu y, ddu ’ & phuong trinh (31) 12 dao ham theo bién y = kx, va
_|u _| U _|n N N
S B PN LS &
trong d6, cdc ma tran thanh phan Nj dudc x4c dinh theo cong thiic sau
| -re -1 | nes nze | X-n 0 _ 2
Nl—[_r2 0 ] Nz—[n% m], N3—[ o x| X=pe (33)

Diéu kién dé€ séng Rayleigh tit dan & vo cuing
E(+00) =0 (34)

va diéu kién bién hiéu dung x4p xi bac hai (19) tai mit bién x, = 0.
Bing phuong phap ddi bién v = t — Au, phuong trinh (31), diéu kién tit dan & vo cling (34) va
diéu kién bién hiéu dung (19) dudc viét lai nhu sau

w =iQw, 0<y<+4o0 (35)
W(+c0) =0, v(0)=0 (36)
trong do

1A Q
’ Q_[Q3 Q4

Q;=N;+NTA-AN; -AN,A, Q, =N -AN,
64
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Tut (37) va cac hé thic sau

N, =N,, Ni=N;, Nj=N;, A =-A (38)
ta dé dang ching minh dugc
~T ~T ~T
Q=QQ Q=Q; Q =Q (39)
That vay, ta cé
AT T
Q=N->Q =N,=N=Q (40)

Q; = N3+ N[A - AN; - AN;A

Q=N+ (N] A)T - (AN,)' - (AR,A)"

(41)
=N; +A'N; -NjA" —A"NjA]
=N; —AN; + NTA - AN»A = Q;
Ql =N; +N,A
T _ T~T (42)

- Qi =N{ +(NA) =N +A'N; =N/ - AN, = Q,

4.3. Phuong trinh tdn sdc

D€ tim phuong trinh tdn sic clia song Rayleigh, ta 4p dung phucng phap vécto phan cuc (phiic)
(xem [12]). Trong phuong trinh (56) cua tai liéu tham khao [12], tathay P = QvaY = w véi Q,w
dugc xac dinh & cong thic (37). Khi do, ta cd

W (0)IQ'W((0)=0, VYneZ (43)
trong do
- 0 I 10
Iz[l 0]’ 1:[0 1} “4)
Ki hiéu
n nQ] an
= 4
Q [ "Qy "Qy ] (45)
Khi d6, phuong trinh (43) dugc viét lai dusi dang sau
. - 0 I|["Q "Qy [[u( |_
| 0(0) V(O)][I OH"Qa "o, [V(O) =0, VneZ (46)

St dung diéu kién thd hai ca phuong trinh (36): v (0) = 0, phuong trinh (46) dudc riit gon thanh
dang sau
il (0)"Qu(0)=0, VneZ (47)

Ta ki hiéu cic thanh phan clia ma trin "Qj 1a "Qij, (i = j=1,2). Vi Q la mot ma tran vudng clp
4 nén theo Remark 1. (ii) trong [12], tit hé thifc (47) ta thu dudc hé ba phuong trinh ddc 1ap tuyén tinh
véi ba gia tri khac nhau ctia n. D& dang thiy rang viéc chon n = —1, 1,2 1a Iua chon t6t nhit. Gia sir
U (0) # 0, khi d6 vécto u (0) ¢6 thé viét dudi dang u(0) = U1 (0)[1 e[ véi @ = U,(0)/U, (0) Ia
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mot s6 phiic. @ = a + ib, a, b 12 sb thuc. Thay biéu thiic ctia u (0) vio cong thiic (47) va c6 tinh dén
tinh chat "Q;3 la ma trAn hermitian (xem Lemma 2 trong [12]), ta ¢6

-] "Qu "Qn || 1 _
[ 1 a][,,Qu ”sz”a]’ n=-1,1,2 (48)

hoic dudgc viét lai dusi dang

011+ 7'Qpa+ 1 0pa+ ' 0naed =0

'011 +'0na+ 'O+ ' 0nad =0 (49)

2011 +20na + 20128 + 20nad@ = 0
trong d6 cac thanh phan "Q; j ciia ma tran "Qz (n = -1, 1,2) dudc xdc dinh tu hai phuong trinh (37)
va (45). Sau khi tinh toan, ta thu dudc céc thanh phan "Q;; (da dugc bo di cac s6 hang & va bic cao
hon) nhu sau

Q(l) =X-n+ (1@94 + I’l66(S3 + )_()2)82
Q(l) ( S4 + nngz) 82 (50)

le = i(S3 +X - rz)_()g - % (1’654 —2n26X (S3 + )_()) &

\2
Q(z) —2re (X — 1) — [”2654 (X —1n) + raress + 2(83 + X) (n26 + neste) | €

2 2
(22) (S4I’6 + nogs4X — 2]’1267‘2X )

_ _ _ (51
Q(lzz) = —i[n26(53X+I7X)+V6(S3 +X—r2X)]s+77—X— rnX
1 _ _
+ 5 [(S4I’l66 X -n)+s4 (I’é — nsz) —2X (npp + ngery + Noere) (S3 + X))] 82
va 07" = 017" /g, q = det|Q] € R
Q( D= [nzz X-n- VZ]X
_\2 _
+ [F§S4 —npsa(X—1n)— n%6X(S3 + X) + 1y (nggX — 1) (s% + 253X + Xz)] &
05" = (X = 1) (neX — 1) = r2X + [(X = 1) (n2ane6 — n3) X2
+ (ngery — nogre) S4X — rysq — (n66r2 + n22r6 — 211267‘21”6) Xz] 82 (52)
QA(I_ZIJ) =i [lezX X-n- F%X + (S3 + X) (nagreX — ngera X + }’2)] &
+ [rare — nas (X =] X
1 o _ o _ o\ .2
+5 [(S4n26 (X =1 =12X) + s4r6 (12X — 1) + 2X (np2re — noer2) (S3 + X))] £

Do ma trin "Q; la ma trin hermitian nén "Q;1," Q2 (n=1,2), 011, 'O 1a cic sb thuc
va "Q1, (n=1,2),7 01, 1a cdc sb phic ma phan thuc va phin 4o dudc biéu dién tuong vng
nhu sau ™ Q12,™ Q12, (n = 1,2), " 012, 7 012. Thé cic biéu thic @ = a + ib, "Q12 = ™ Q12 +

"0, (n=1,2), 01 = 01 + i %01, vao (49) ta thu dugc hé ba phuong trinh tuyén tinh c6
dang sau
01 HMOn 0 2a -0y
Yon Mon 'O -2b |=| -'on (53)
Y0n H0n *0» a* + b 20y
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Khi dé, hé phuong trinh (53) c6 nghiém
2a = D\/D, -2b=D,/D, da*+b*>=Ds3/D (54)

trong d6, D 1a dinh thifc ctia ma trin hé s6 ctia hé phuong trinh (53), Dy 1a dinh thifc ctia cdc ma tran

nhan dudc tif ma tran hé s6 bang cach thay cot thif k bang vécto cot vé phai ctia hé phuong trinh (53).
Tir (54) ta suy ra

D? + D3} -4DD; =0 (55)

Phuong trinh (55) 1a phuong trinh tan sic xAp xi dang hién (dang tudng minh) ctia song Rayleigh
trong ban khong gian dan hoi tryc huéng, nén dudge phii mot 16p mong dan hdi truc hudng, nén dudc
¢6 truc chinh vat liéu ctia ban khong gian va 16p mong khong tring nhau. Pay 1a phuong trinh xép xi
béc hai d6i véi dd day khong thii nguyén ctia 16p & = kh. Tuy rang biéu thic clia cac dinh thiic D, Dy
1a dai va khong dugc viét tudng minh & day, nhung ching dudc tinh todn mot cach d& dang bang viéc
st dung céc biéu thiic (50)—(52).

5. Két luan

Trong bai bdo nay, tic gia di trinh bay bai toan truyén séng Rayleigh trong ban khong gian dan
hdi dugc phti mot 16p méng dan hdi. O ddy, ci ban khong gian va 16p mong déu dudgc gia thiét 1a truc
huéng, nén dugc. Tuy nhién, truc chinh vat liéu clia ban khong gian va 16p mdéng khong trung nhau.
Cu thé, chiing chi ¢c6 mét truc chinh triing nhau - truc vudng géc véi 16p con hai truc con lai 1éch nhau
mot goc 6. Bing cach dp dung phuong phap diéu kién bién hiéu dung va phuong phap vectd phan cuc
(phiic), tic gia bai bdo da dua ra dugc phuong trinh tan sic xap xi bac hai cho trudng hop nay. Vi
phuong trinh tan sic dudc dua ra dudi dang hién nén né cé y nghia khoa hoc va ting dung thuc tién,
déc biét 1a cong cu thudn tién trong danh gid khong pha hay vat liéu.
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