Phan xa va khtic xa cia séng P doi véi bién phan chianham
gitra hai ban khong gian monoclinic
Reflection and refraction of p wave from a rough interface between two monoclinic half-spaces

Tom tat

Trong bai bao nay tac gia xét su phan xa,
khiic xa ciia song phang P déi véi bién
phan chia c6 46 nham cao giifa hai ban
khéng gian dan héi monoclinic. St dung
cacky thuat caa phuong phap thuan nhat
héa, tac gia thay mién vai bién phan chia
¢6 @6 nham cao bang mét 16p vat liéu
khéng thuan nhat véi bién la cac dudng
thang. Gia st song toi la quasi P(qP) trong
mit phang x,X;, hai séng qP va qSV dugc
sinh ra ¢ ban khéng gian trén va dudi. Cac
lién hé giita phuong cta dich chuyén va
lan truyén song duoc thiét lap. Biéu thiic
hé s6 phan xa, khic xa ciia cac séng qP va
qSV ciing dugc tim ra.

Tir khéa: phdn xa, khtic xg, bién phan chia do
nhdm cao

Abstract

In this paper, the reflection and refraction of a
plane wave at a rough interface between two
monoclinic half-spaces have been considered
by the author. By standard techniques of the
homogenized method, the author replaces

the domain with the rough interface with

a material layer with an interface are two
straight lines. It has been assumed that due to
the incidence of a plane quasi-P (qP) wave in
the plane, two types of waves, namely, quasi-P
(qP) and quasi-SV (CSV), will be generated in
the lower half-space whereas qP and CSVCSV
waves will be generated in the upper half-
space half-space. Some specific relations have
been established between directions of motion
and propagation, respectively. The expressions
for reflection coefficients of qP, CSV, and
refracted coefficients of gP and CSVCSV waves
are obtained.
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1. Gidi thiéu

Cac bai toan vai bién phan chia gitra hai mién dan hdi xuét hién nhiéu trong thyc
té nhw: sy tan xa cda song dan hdi [10], sw phan xa, khic xa véi bién phan chia
nham[3,5]...Khi bién phan chia c6 d6 nham cao thi phwong phap thuan nhét hoa
dwoc st dung [2,8]. Qua trinh lan truyén song khédi va séng mét trong méi trwéng di
hwéng phire tap hon nhidu so véi méi treéng dang hwéng. Van tée pha clia cac séng
nay phu thudc vao huéng lan truyén song [3]. Céac bai toan lan truyén ctia cac séng
dan hdi dwoc nhiéu tac gia quan tam, néu moi tredng ¢6 tinh dén (ng suét trwéc phai
ké dén cac cong trinh cta Norris [4].Trong s6 cac bai todn nay thi bai toan phan xa,
khtc xa clia cac séng cé nhidu (rng dung trong thwe t&. Tuy nhién, cac tac gia ma&i chi
xét dbi v&i bién phan chia phéng [1], [3] ho&c bién phan chia c6 dd nham thap[5]. Khi
bién phan chia cé dd nham cao, cac két qua con kha han ché.

Gan day, Vinh va cac cong s [8] da tim ra phwong trinh thuan nhét héa véi bién
phan chia ¢é d& nham cao dao ddng gitra hai dwéng thing song song. Mién vai bién
phan chia dwoc thay béi 1 16p khéng thudn nhét véi bién phan chia la phdng. Do do,
bai toan phan xa, khuc xa ctia séng déi v&i bién phan chia cé dd nham cao dwoc dua
vé& bai toan phan xa, khic xa déi v&i I&ép kep gitka hai ban khéng gian. Muc tiéu chinh
trong bai bao nay la nghién ctru sw phan xa, khic xa ctia séng P déi v&i bién phan
chia c6 d6 nham cao gitva 2 mién dan hdi monoclinic. Méi lién hé gitra phwong dich
chuyén va phwong lan truy&n séng dwoc thiét 1ap. Cac hé sb phan xa, khic xa dwoc
tim ra va chiing c6 nhiéu (rng dung trong cac bai toan thuc té.

2. Hé cac phwong trinh co ban va méi lién hé giira phwong dich chuyén va
phwong lan truyén séng

Xét vat thé dan hdi thuan nhét di hwéng monoclinic véi mat phang déi xieng tring
v&i méat phang xx;. Trang thai bién dang phang voi cac thanh phan chuyén dich cé
dang nhu sau:

L=0;(i=1,3)
2 (1

Méi lién hé giba (ng suét véi cac thanh phan chuyén dich c6 dang [1]

Ou;
U; =u; (xl,x3,t),
Ox

oy =cpy sz +osuy s +usy)
O13 = sy + 35Uz 3+ Cs5(uy 3 +us ) (2)
033 =Cy3Up ) +C35u33 + 035y 3 + 3 )
Phwong trinh chuyén dong bé qua lwc khoi:
2
ao'ij 07u;

axj 512

(3)
Thay (2) vao (3) ta dwoc hé phwong trinh ddi v&i cac thanh phan chuyén dich,
cu thé

c 62u1 +2¢ 62u1 +c 82141 +¢ 62 3 4 (css+¢13) 2u +c 02u3 = ,oazu1
11 ax12 15 6X16X3 5571 2 6)632 1572 ax1 55 13 o 6 Yy 35 axg atz
4
% % 0%, 0%uy o%uy uy g @
s— +(e3 +055)— G35/ + 55—/ +2035 +e33 =p
6x1 la 3 ax3 axl 6x15x3 aX3 at

Goi p; p; la cac thanh phan cda véc to lan truyén song, c la van téc pha, k 1a sd
s6ng cla cac song lan truyéen trong mat phang x;x;.
Nghiém cla (4) dwgc tim dwéi dwéi dang sau:

(”1) = A(;{;)exp[ik(xlpl +x3p3 —ct)]

us

®)
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O day d, d; la cac thanh phan cla véc to dich chuyén
don vi. Thay (5) vao (4) dan dén

ciidipi +2¢i5d pyp3 + cssdyp3 +cisdspi +
+(css +c13)ds pip3 + c3sds i = pe’d,
c15d Py + (13 + Cs5)dy pyps + C3sdy p3 + cssdypi +
+2c35d3p1 p3 + 3333 = pe’ds ©)
Hé phwong trinh (6) c6 thé viét lai dudi dang sau
{(U — pc?Yd, +Vdy =0

27—

trong doé

U =c\pi +2015p1p3 +Cs53p3;

V=cspi +(ei3 +cs5)pips +c3sp3s ®)
Z = csspi +2e35p1p3 + 3303

Diéu kién dé& hé (7) c6 nghiém khong tAdm thudng dan
dén phwong trinh xac dinh cac van téc séng, cu thé[3,5]
Pt —(U+2)p +(UZ-V?)=0 ©)
Nghiém clia (9) c6 dang [3,5]
206 (pr,p3) = (U + 2)+[(U - 2)° +47°17(a)
2p¢*(p1.p3) = (U + 2)~[(U - 2)* +4V*1(b) (10)
Biéu thirc van téc séng (10a), (10b) twong (ng véi van
tbc séng ctia séng P, SV. Hon niva chiing ta con c6 méi lién
hé gitra 2 thanh phan cua véc to dich chuyén sau
d__ Vo _
dy  pc-U v

pcz—Z

(11)

3. Sw phan xa, khic xa ctia séng P d6i véi bién phan
chia ¢6 d6 nham cao

Xét 2 ban khong gian thuan nhét di hwéng monoclinic Q
va QY dwoc phan chia béi bién phan chia nham (nhw Hinh
1) n&m trong mét phéng x,x;. Cho séng t&i P dén bién phan
chia. Séng t&i P khi t&i bién phan chia sé sinh ra cac séng
phan xa, khic xa P va SV.

Cac song toi, song phan xa, khuc xa c6 dang sau [1,3,7]

i R . . .
[Z}] = (R:;jexp[lki(xlpf +x3p3 —¢t)]
} (12)
v6ii=0,1,2,3,4 1an luot twong tng 1a séng téi P, phan xa
P, phan xa SV, khic xa P va khdc xa SV. R;;; R;; 1a cac thanh
phan cla bién dd séng R, twong ng ( R; :«/Rl-zl +R,% ). Céc
van tbc séng ¢; dwoc xac dinh ti (10) v&i cac gia tri U, V, Z
trong (8) lay gia tri (+), (-) twong &ng v&i mién QY va Q.
Theo quy luat Snell [1] ta cé

kosin@y = kysin6, = k,sinb, = kysint; = kysinf, = & (13)

trong do 6, la cac géc tao bédi phuwong truyén séng va truc
x3 cla cac song.

Theo Vinh va cong sv [8], bai toan phan xa, khuc xa cla
soéng dbi voi bién phan chia c6 do nham cao dan dén bai
toan phan xa, khuc xa déi véi I&p khdng thuan nhat kep gitra
2 ban khong gian (Hinh 2). Cac phwong trinh di véi chuyén
dich cua lép gitra c6 dang [8]

ity 1y sy + (s ) 3+ (Csst 3) 3+ Csiz g +
+ (Cssus ) 3+ mus g3+ (nus 3) 3 = )iy
Crsy g + Csstiy g3 + (muyp) 3+ (nuy 3) 3+ Cssuz g+

+(nuyp) 3+ nuy g3+ (qus 3) 3 = p)iis (14)

trong do

C:: _
Cj = <5>/d§d =110 55—Cfs;
= 2
d :<cll /d><C55 /d>—<C15 /d> 5
a=(css5¢13 —C15¢35) 1 d;
b=(cr1e35 —5013) /1 d;
q=(c33)~ <(Cl 1635 + €55CT3 = 2€13¢15635) / d> +
2 — 2_
+<a> o+ 2(a><b>cls +<b> Css;
m :Ell<a>+515<b>;
n=2cy5(a)+2ss(b)
Nghiém cla (14) dwoc tim dwéi dang [7,9]
uy =vy(x3)expli(¢) — o1)]
uy = v3(x3)expli(§; — )] (15)
Thay (15) vao (14) va dung cac ham ma&i Y=Y(y;;y,,v3V4)
\ejl
V1 =CsVig + Cssvy 3 + Cssv3id +nvy
Yo =qv33+ni&vy + midvy +nvy 3

Y3 =V
Y4 =V3 (16)
dan dén phwong trinh vi phan
dY(x
)~ Dy ()
dX3

Ti d6 ching ta cé nghiém 1a trudng chuyén dich, tng
suét clia I&p gitra. Tiép theo ta biéu dién trweng chuyén dich,
ng suét clia cac ban khong gian Q' va QO két hop véi didu
kién lién tuc tai x;=0; x3=h va ma tran chuyén T ta thu dwoc
hé cac phwong trinh xac dinh hé s phan xa, khic xa cla
cac song [7]. Cu thé la:

Déi v&i ban khong gian trén Q©:

58 TAP CH KHOA HOC KIEN TRUC - XAY DUNG



uf:u{)+u12+u12;u§r:u§)+u32+u32

Déi v&i ban khéng gian dudi QO:
uy :u13 +u14;u3_ :ug +u§
Dwa vao biéu thirc nghiém (12) cho tirng séng, ta dwoc
vi(0) = Ry + Ryy + Ryy5v3(0) = Rz + Ry + Ros;
v (h)= Ry expliks p3h] + Ry expliky p3h];
v3(h) = Ryz expliks p3h] + Raz expliky p3hl;
v3(0) = i(Rorkop3 + Riyky ps + Ry1ka p3)
v3.3(0) = i(Roskop3 + Ryzki i + Rosks p3);
v1.3(h) = i(Ry k3 p3 expliky p3h] + Ry ky p3 expliky p3h));
v33() = i(Ryghesp3 expliksp3h] + Ryghaps explikapsh]) - 47,
Thay (17) vao (16) ta dwoc

»(0) aiR;3 + ayRoz + a3
v 0y =| 200 2| ks +asRy+ag
y3 (0) (17R13 + a8R23 + (19
¥3(0) ajoR3 +ayRyz + app
N (biRyz +byRys (18)

Y (hy =| Y21 | 2| B3Rz +byRys
3(h) || bsRyz +bgRys
y3(h) ) \byRz3 +bgRys

a = ci5iER +clsiFkips + c3sié + ikips;

ay = AiSIEF, + c3siky Fy p3 + c5sié + ik 3

a3 = (cf5iEFy + cisiko S Fy + c35i& +ikop3) Ros;

ay = ik py + i€ + 5IEF, + ik pyFy;

as = ciyiky p3 +i€ + ISR, +iky piFy;

ag = (i€ + c3sikop3 + ci3iEFy + ikop3 Fo) Ros;

a7 = Fsag = Fysa9 = FyRyzs a1 = ayp = app =15

by = (eisiEFy + c35iky p3Fs + 5si + ik p3) expliky p3hl;

by = (cisiFy + cssikyps Fy + cs5ié +ikyp3 ) expliky p3hl;

by = (Cysiks p3 +i& + ci3iFs + iks p3Fy) expliky pihl;

by = (ciikap3 +i& + ci3iEFy + iky p3Fy)explikyp3hl;

bs = Fy explikyp3h];bg = F expliky p3hl;

by = expliks p3h];bg = expliky p3h]
Dung diéu kién lién tuc [7,9]

Y~ (h)=TY"(0) (19)
& day T la ma tran chuyén

Ly Ty Tz Ty
|1 T Ty Ty
Iy T3 Ty Ty
Ty Ty Tyz T

v&i cac phan o T; dwoc xac dinh Vinh va cac cong sv [9].
Thay (18) vao (19) ta dwgc hé 4 phwong trinh véi 4 an

O Ry3; Roz; Ryzi Ryz

o ¢ b bR &
¢4 ¢s by byl Ry
7 g bs bg || Rs3 Gy
o a1 by )\ Ryz) \en (20)
trong doé
o =—(a iy +a4Typ + a;Ti3 + aylhs);
¢y =—(ayTiy +ashy + agliz + a; 1i4);
ey =(a3Tyy + aglyy +aglis + appTi4);
cg =Ty + asTyy + a7Ty3 + aygToy);
es =—(ay Iy + asTyy + agly + a1 Toy);
¢ = (a3 + agly + aglhs + a;p1h,);
¢ =—(a)T31 + agT3y + a7 T35 + ayoTay);
cg =—(ar I3 + asTyy + aglys + ay1134);
¢g =(a3l3) + agly) + aglys + a1p13,);
e =—(ay Ty +agTy + agTys + agTyy);
oy =—(ayTyy + asTy + aglys + ay11ys);
1y = (a3l + aglyy + aglys + aipThy);
Do d6 cac hé sb R;3; Rys; Rss; Ry3 dwoc xac dinh boi
-1
Ry3 aq ¢ b b G
Ry |_|ca ¢ by by| | ¢
Ryz| | ez ¢g bs bg| | c
Ryz) \co en by ) \enp 21)
Cubi cung, cac hé sb phan xa, khic xa cla cac séng P,

SV twong &ng la

R
R =R+ Riy: K =1 = o

Ry p'el-U

R
Ry = [R5 + Ryy; F =—2L= 2

Ry p*e3-U,

., 22)
2 2 R (
R3: R31+R33,F3 =3l 3

Ry ptei-U;

R
Ry =R}y + Rjy; Fy =4 SE /R

Ry ptei-U,
(xem tiép trang 63)
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3) Khi bién phan chia d6 nham cao cé dang hinh rang
cwa (Hinh 3):

Cac hé sbé clia phwong trinh (18) khong phai la cac hang
s6 ma 14 ham cla x; va cé dang nhu sau:

X3 X3
¢)=(1+=")p, ——-¢_
4) Khi bién phan chia d6 nham cao c6 dang hinh sin
(Hinh 4):
Céc hé sb6 cta phwong trinh (18) c6 dang sau:

<(p> =[1- iarccos(l + 3x3 )Mo, + iarccos(l + £x3 Vo
V4 A T A (24)
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