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MO DAU

Tinh thoi su ctia dé tai luan an

Anh hudng ctia dong dat dbi véi thien nhien va con ngudi 1a rat lon, cu
thé 1a no6 gay ra chuyén dong rung lac clia bé mit trai dat lam cac toa
nha va cau dudng, céc cong trinh,... sup do, gay sat 16 dat, gian tiép
gay nén séng than, lam vé 6ng dan ga, thlet hai vé ngu’dl va tal sén.
Khi mot tran dQng dat xay ra, bién do ctia séng dan hoi tit tam chan
la xac dinh. Tuy nhién, cac nha khoa hoc chi ra ring anh hudéng dang
ké nhéat dén séng dia chan truyén lén bé mat trai dat 1a diéu kien nén,
tinh chét cua dia téng Miic do anh hu’ong nay dugc miéu ta thong qua
tan s6 cong hudng cta 16p va hé s6 khuéch daz tuong ting, la nhu’ng
tham s6 thé hién anh hu’dng ctia diéu kién nén, va tham s6 nay can
thiét trong cong tac thiét ké va xay dung cic gidi phap khang chan.
Viéc danh gia tic dong dia chan ctia mot khu vye 1a rdt quan trong
nhidm du doan nguy co, tranh cac riii ro va lam gidm thiét hai sao cho
n6 ¢ mic it nhat.

Trude day, dé danh gia anh hudng cta 16p dia tang t6i sy khuéch
dai séng dia chan nguoi ta thuong diing phuong phap khoan thiam do
nhim biét cac tinh chit co hoc clia 16p dia tang va tinh toan tryc tiép
hé s6 khuéch dai. Tuy nhién, phuong phap nay khong kha dung déi véi
nhiéu 16p dia tang vi né cé nhuge diém 1a tén kém, gay anh hudng dén
moi truong, gay on va mat nhiéu thsi gian, do d6 khoé thyc hién trong
nhitng ving c6 mat do dan cu cao. Va viéc danh gia ham phan tng cta
nhitng nén dia tang ndm dudi nhing do thi 16n c¢6 ¥ nghia rat quan
trong nén viéc tim ra mot phuong phap thay thé phuong phap khoan
tham do 1 can thiét. Mot trong cac phuong phap gidn tiép thay thé
duge st dung trong mot vai thap ky gan day dé danh gia dnh hudng
ctia nén dia tang t6i sy khuéch dai dao dong ctia dong dat 14 phuong
phéap ty s6 H/V (Horizontal to Vertical ratio - ty s6 ctia phd bien do
dao dong theo phuong ngang va phuong thing ding ciia chat diém trén
bé mit trai dat)

Muc tiéu cta luan an

- Luan an phét trién cac cong thic lien quan dén phuong phap ty sb
H/V cho méi trudng cé tinh chat phiic tap hon tinh chat dang huéng.
Do céc 16p bé mit clia trai dat 13 moi truong dan nhét nén viec tim
cong thitc cong hudng ciia 16p dan nhét va hé s6 khuéch dai clia né c6
y nghia quan trong. D6 la mot muc tiéu cua luén an.

- Phuong phép ty s6 H/V ngoai viec duge ap dung trong linh vic dia
vat 1y thi n6 con cé kha nang dugce sit dung trong linh vie khoa hoc vat
lieu trong van dé danh gia khong pha hily dé tim hiéu thuyc trang ciia
két cAu. Muc tiéu tiép theo clia luan 4n 1a tim ra cong thitc ty s6 H/V
va, cong thitc xap xi clia tan s6 cong hudng doéi véi 16p tryc huéng. T



cong thitc ty s6 H/V thu duge, luan 4n ap dung vao bai todn nguge 1a
tim tham s6 vat liéu ctia 16p tryc huéng ti dit lisu do dac.

- Muyc tiéu thit ba cia luan 4n 1a tim cong thic t§ s6 H/V clia séng
mat Rayleigh truyén trong ban khong gian c6 tinh chit micropolar.
Cong thitc nay c6 thé duge sit dung dé tim tham s6 micropolar clia ban
khong gian trong bai toan ngugc.

Déi tuwong nghién ciu

D6i tugng nghién citu: Séng khoéi SH va séng mit Rayleigh truyén trong
mot s6 moéi trusng dan hoi phic tap.

Pham vi nghién ctiu

Luan 4n nghién citu ham truyén cta séng SH ctia 16p dan nhét va ty s6
H/V ctia song mat Rayleigh trong moi truong tryc huéng, moi truong
dan nhét va moi truong micropolar.

Phuong phap nghién ciu

- Phuong phép ma tran chuyén: dé tim cong thitc ham phan ting song
SH ctia 16p dan nhét va dé tim phuong trinh tén sic va ty s6 H/V ctia
song Rayleigh trong mo hinh ban khong gian tryc huéng nén duge phu
mot (hodc nhiéu) 16p truc huéng nén duge.

- Phuong phap vector phan cuc: dé tim phuong trinh tén sic va cong
thitc ty s6 H/V clia séng mat Rayleigh trong béan khong gian dan hoi
micropolar.

Nhing déng gép mdi ctia luan an

- Tim ra cong thiic ty s6 H/V clia séng Rayleigh trong ban khong gian
tryc huéng nén duge phtt mot 16p trye huéng nén duge.

- Tim ra cong thitc xap xi dang hién clia tan s6 cong huéng cia l6p
composite tryc huéng.

- Tim ra cong thiic xap x{ ciia tan s6 cong hudng va he sd khuéch dai
ctia 16p dan nhét dat trén ban khong gian c6 hé s6 can nhét.

- Tim ra phuong trinh tdn sic va cong thic ty s6 H/V clia séng mat
Rayleigh trong ban khong gian trirc huéng micropolar.

Céu trac cta luan an

Chuong 1. Téng quan

Chuong 2. Cong thic ty s6 H/V clia séng mit Rayleigh trong ban
khong gian tryc huéng phtt mot 16p truc huéng.

Chuong 3. Cong thitc xap xi tan s6 cong hudng ctia 16p composite
truc hudng.

Chuong 4. Cong thiic tin s6 cong hudng co ban va hé s6 khuéch dai
cua 16p dan nhdét.

Chuong 5. Bai toan truyén séng mit Rayleigh trong ban khong gian
tryc huéng micropolar.



CHUONG 1. TONG QUAN

Bai toan truyén séng phang gom hai dang bai toan chinh vé6i nhiéu
ing dung trong thitc té. D61 v6i bai toan truyén séng khoi (séng P, song
S), cac van dé vé phan xa, khtic xa clia séng duge quan tam, nhat 1a tim
hé s6 phan xa va khic xa dé biét Anh hudng clia moi trudng tac dong
len ngudn séng téi. D6i v6i bai toan truyén séong mat (séong Rayleigh,
séng Stonely, séng Lamb), hai dai lugng dic trung ctia n6é duge quan
tam, dé la van toéc truyén séng mit va sy phan cuc clia vector dich
chuyén. Viéc nghién citu cac bai toan truyén séng nay dé ap dung giai
quyét cac bai toan thyc té, vi du nhu van dé danh gia két cau khong
ph4 hity. Phuong phép ty s6 H/V 1a mot phuong phap déanh gid khong
pha hiiy va la déi tugng chinh duge nghién ctu va phat trién & trong
luan 4n, ca vé mit ly thuyét va tng dung cho céac linh vyc dia vat ly
va linh vuye vat liéu.

1.1. Giéi thiéu phuong phap ty s6 H/V

Y tudng clia phuong phap tj s6 H/V 1an dau tien dugce dé xuét bai
Nogoshi va Igarashi (1970, 1971), sau d6 dugc phét trién bdi Nakamura
(1989, 2000, 2008) va n6 duge st dung chii yéu trong linh vuc dia vat ly.
Do han ché ctia nhitng dit lieu do dac ctia séng dong chat nén phuong
phap nay st dung dit lieu do dac clia séng nhiéu tai nhitng diém tren
bé mat trai dat. Séng nhidu nay luoén ton tai va thong tin do dac ti
dudng cong ty s6 H/V cilia séng nhidu nay duge sit dung dé biét thong
tin vé cau tric cta l6p dia tang mém nim dudi diém do dac, vi du
nhu tim tan s6 cong hudéng ctia 16p dia tang mém va gia tri ctia hé s6
khuéch dai tuong ting.

Thong qua céac dit lieu do dac thuyc té va cac két qua mo phéng
s6, hien c6 hai cach hiéu chinh vé duong cong do dac ciia phd ty s6
H/V nay. Cach hiéu tht nhat 14 theo quan diém ctia Nakamuara, nghia
la duong cong nay c6 thé coi la duong cong ham phan tng séong SH
cua 16p khi séng SH di tit ban khong gian theo phuong vuong goéc véi
16p va truyén nang lugng lén 16p dia tang. Cach hiéu thit hai tit quan
diém ctia mot s6 nha khoa hoc khac (vi du nhu, Field va Jacob (1993);
Mucciarelli (1998); Bard (1998); Parolai va cac cong sy (2001)) khi cho
ring n6 1a dudng cong ellipticity (cling goi la dudng cong ty s6 H/V)
clia mode cd ban clia séng mat Rayleigh néu do cting ctia 16p 1a nhé so
v6i do ciing clia 16p da dia tang bén dudi (ban khong gian). Néu theo
cach hiéu thit nhat thi thong tin do dac dugde (tan sé va bién do diém
cyc dai) ctia duong cong phd H/V cho chiing ta trye tiép gia tri tan sd
cong hudng ciia 16p va hé s6 khuéch dai cyc dai ma 16p gay ra khi c¢6
dong dat. Néu hiéu theo cach thit hai (theo quan diém séng Rayleigh)
thi thong tin tan sd cong hudng v hé sé khuéch dai phai duge tinh



toan thong qua méi lien quan gitta bai toan truyén séng khdi SH va bai
toan truyén séng mat Rayleigh.

1.2. Tinh hinh nghién cttu vé phuong phap ty s6 H/V va
cac van dé luan an nghién ciu giai quyét

Theo § tudng ctia Nakamura thi dudng cong phé H/V do dac ciia
nhiéu dong la duong cong phd phan ting song SH di tir ban khong gian
lén vudng goc véi ldp bé mit. Khi d6 diém cuc dai ctia dudng cong pho
do dac chinh la diém cuc dai ctia dudng cong phé SH. Do dé tan sb
diém cyc dai duong cong do dac d6 chinh 1a tan sé cong hudng ciia 16p
va gid tri pho ty s6 H/V tai tan s6 dé 1a hé s6 khuéch dai cyc dai ctia
16p. V6i quan diém nay thi trong mo hinh don gidn gom chi mot 16p
dat trén ban khong gian, 1y thuyét truyén séng khéi SH cho cong thiie
clia tan s6 cong hudng (resonance frequency) 1a

Vs
f'r:E (1)

trong dé Vg 1a van toc truyén séng SH trong 16p va h 1a do day cta l6p.
Gia tri ctia dudng cong phd phan ting séng SH tai tan s6 cong hudéng
la

A= Ins (2)

I,

trong do, Iygs va I, tuong ting la gia tri trd khang ctia ban khong gian
va clia 16p véi I = pVs. Cac ky hieu HS va L tuong tng dé ky hieu cho
ban khong gian (half-space) va 16p bé mat (layer).

Theo quan diém séng mit thi dusng cong pho ty s6 ty s6 H/V do
dac phai dugc coi 1a duong cong ciia phd ty s6 H/V clia mode co ban
clia séng mat Rayleigh. Véi gia thiét do ciing ciia ban khong gian 16n
hon nhiéu do citng ctia cac 16p dia tang bé mit thi hai quan diém trén
cung cap cic gia tri clia tan s6 cong hudng rat gan nhau va da duge chi
ra khi xét cac bo dit liéu trong nhitng tran dong dat trong qua khit va
khi xét cac dit lieu mo phoéng trong mot so6 bai bao nhu Field va Jacob
(1993); Mucciarelli (1998); Bard (1998); Parolai va cac cong sy (2001).

Vé mit 1y thuyét, van dé trén dugce chitng minh déi v6i mo hinh don
gidn mot 16p trén ban khong gian trong Malischesky (2008) va cac cong
sit, Tran Thanh Tuan (2011). Khi khao sat pho dugng cong ellipticity
(ciing dugc goi 1a phd dudng cong ty s6 H/V) ciia mode co ban ciia
séng mat Rayleigh, gia tri tan s6 clia diém cue dai f, (peak frequency)
c6 gia tri xap xi v

s
fo=15 (3)

khi do cting ctia ban khong gian 16n hon nhiéu do ciing ctia 16p. Gia tri
trén ciing chinh 1& gia tri ctia tan sd cong huéng ciia 16p.



M6i lien he (1) hay (3) dugdc goi la nguyen ly mot phan tu bude
séng, nghia 14 do day clia 16p bing mot phan tu gia tri budc séng clia
séng truyén véi tan s6 1a tan s6 cong hudng.

Theo quan diém ctia Nakamura, bai toan truyeén séng SH trong mo
hinh trén dugc xét dén dé tim gia tri ctia tan s6 cong hudng. Bai toan
nay lien quan dén bai toin phan xa vi khic xa clia séng khéi SH va
cong thitc dang hién ctia hé s6 phan xa va khtic xa trong mo6 hinh phan
16p phiic tap nay dugc dua ra lan dau tién trong Vinh va cac cong su
vao nam 2014. Bing cach st dung cong thiic nay, cong thiic dang hien
ctia ham phén tng cla 16p composite déng huéng da dudce tim ra va
duge st dung dé tim cong thiic tan s6 cong hudng (Tuan, 2016):

=Y TR (4)

4h

Cong thitc nay c6 dang nguyén 1y mot phan tu bude séng (1) véi gia
tri van toc song ngang Vg clia 16p duge thay béng gia tri van toc song
trung binh Vg ctia céc 16p composite duge tinh theo cong thite sau:

- h

Vs = -
\/22 Z hh +Zh—

i=1 j= z+1p]

(5)

trong d6 p;(i = 1,7n) la khoi lugng rieng clia céc 16p, Vi, hi(i = 1,n) 1a
cac van toc séng ngang v do day clia n 16p va h = hy + ho + ... + hy,
la téng do day ciia tat ca cac 16p. Cong thiic nay duge goi la van toc
trung binh dong luc hoc do duge nhan tit bai todn truyen séng va dé
phan biét vdi cdc cong thitc trung binh toan hoc, vi du nhu cong thic
trung binh diéu hoa. Trong cong thitc (4), I = pVs/prsVas 1a ty lé
tréd khang trung binh ctia 16p va ban khong gian, v6i p 1 khdi lugng
riéng trung binh ctia cac 16p duge tinh béi

=5 2 pil (6)

Theo quan diém séng mit Rayleigh, bai toan truyén séng miit
Rayleigh trong mé hinh 16p composite ding huéng c6 day bi ngam
duge xét trong Tran Thanh Tudn va cac cong su (2016). Mo hinh nay
la mo hinh t6i han cia mo6 hinh 16p composite dat trén ban khong gian
khi do citng clia ban khong gian tién ra vo cting. Cong thiic tan sé cuc
dai ctia duong cong ty s6 H/V clia mode co ban ctia séng mat Rayleigh
duge tim ra va ¢6 dang:

E\H

Vs

fp:E~ (7)



Tit hai cong thitc (4) va (7) & trén ching ta c6 thé thay ring khi
gid tri tré khang clia ban khong gian rat 16n (nghia 13 I — 0) thi ta c6
fp = fr. Diéu d6 c6 nghia la gia thiét ctia phuong phéap ty sé6 H/V van
ding d6i v6i mo hinh nhiéu 16p ding huéng.

Cac két qua trén la nhitng két qua nghién citu 1y thuyét méi nhat
lien quan dén phuong phép ty s6 H/V nhung van chi méi ding lai &
truong hop vat lieu déing huéng. Noi dung chinh ctia luan an la phat
trién cac két qua trén cho cdc mo hinh véi vat lidu c6 tinh chét phic
tap hon tinh chat déng huéng, vi du nhu tinh tryc huéng, tinh nhét
va tinh micropolar. Do c¢6 hai cach hiéu vé phuong phap ty s6 H/V
nén luan 4n tap trung vao hai bai toan bai toan truyen séng khéi SH
va bai toan truyen séng mat Rayleigh trong mot s6 mo hinh khac nhau.

CHUONG 2. CONG THUC TY SO H/V CUA SONG MAT
RAYLEIGH TRONG BAN KHONG GIAN TRUC HUGNG
PHU MOT LOP TRUC HUOGNG

Noi dung chuong 2 1a khio sat bai toan truyén séng mit Rayleigh
trong mo6 hinh mot 16p tryc huéng nén duge phu trén mot ban khong
gian truc huéng nén duge. Muc tiéu la tim cong thic dang hién cia ty
s6 H/V ciia séng mat Rayleigh trong mo hinh nay bing phuong phap
ma tran chuyén va diéu kien bien hieéu dung. Va tinh toan s6 4p dung
cong thic mdéi nhan duge trong bai toan nguge dé di xac dinh tinh chét
vat ligu clia 16p phti tit cac dit ligu do dac pho ty s6 H/V gia dinh.
2.1. Ma tran chuyén cta 16p
Xét mot 16p tryc huéng c6 do day 1a h chiém mién khong gian —h <
29 < 0. Xét bai toan truyén séng ctia song mit Rayleigh truyén theo
huéng x1 v6i van toc séng ¢, sd séng k va tat dan theo huéng xo. Ma
tran (vuong cap 4) T dudc goi 1a ma tran chuyén ctia 16p, néu né lien
hé cac vector bién do chuyén dich-tng suét tai hai ddy zo = a va o = b

béi déng thic sau: B B
&(a) = TE(b) (8)

trong d6 £(.) = [U1(.) Ua2(.) £1(.) ,ig(.)]T la vector bién do chuyén
dich-ting suat. Ma tran T la ma tran chuyén cho 16p truc huéng nén

dugc va no6 ¢6 dang
| Ty To
e o



v6i

[7; che] —i[f3; she] —[a; she] —i[che]
_ 7 & p _ [iye] 7
Th = fi[f_y[;v olzshs] [&[chs;]ﬁ_] » T2 = —ioz[lag_chs] —[gs]hs]
I [a; B] [a; ] [7]
(10)
—[¥; Bshe]  —if31Bache]
_ (7] o 8] _
Ts = —iy172[che] [3; yshe] - Ta=T7,
I 7] [@; 5]

trong d6 €, = eb,, n = 1,2, ¢ = kh va [ch&l = chey — chey, [ache] =
aaches — agchey, [@; ashe] = @y F1che; — @y Fashes, ... va cace dai lugng
ay va by, dudge cho bdi

(€12 + C66) bi
ngb — 066 + X
Br = Ceg (bk — k), Yk = C12 — 022bk04k, k=12,

G = Jk=1,2, X = pc2,

) S+582—4P - — /52— 4P
bl 2 b2 2 (11)
g T2 (e11 — X)) + Ce6 (Cos — X) — (C12 + Co6)”
_ C22C66
P (e11 — X) (Ge6 — X)
€22C66

Ma tran T nay sé dugce ding dé nhan duge cong thiic ty s6 H/V.

2.2. Céng thiic ty s6 H/V clia séng mit Rayleigh

Cong thiic ty s6 H/V clia séng mit Rayleigh duge tim bang k§ thuat
diéu kien bién hieu dung trong dé dnh huéng ciia 16p truc huéng sé
dugde thay thé biang mot diéu kién bién thuan nhat trén mat ctia ban
khong gian. Sau dé diéu kién bién nay sé dudc ding trong bai toan
séng mit Rayleigh clia mo6 hinh chi gom ban khong gian va ching ta
c6 thé nhan duge phuong trinh tan sic va cong thiic ty s6 H/V ciia bai
toan do6i v6i mo hinh mot 16p dit trén ban khong gian.

2.2.1. Diéu kién bién hiéu dung

Xét ban khong gian tric huéng nén duge nim trong mién khong gian
29 > 0 duge phtt mat 16p méng truc huéng nén duge véi do day h nam
trong mién —h < x5 < 0. Gia st réng 16p va ban khong gian 13 gin
chiit va bé mit cta 16p (z2 = —h) 1a tu do dbi vé6i ting suat.

Ap dung (8) v6i a = —h, b = 0 két hop véi diéu kien ty do dbi véi tng



suat tai o = —h clia mat trén ctia 16p G12(—h) = G22(—h) = 0, ta c6

T3U(0) + T4X(0) =0, (12)

trong d6 B() = [£1() S2()]", () = [(h() Ta()]

Do lién két gitta 16p va ban khong gian la gén chit, chuyén vi va ting
suat lien tuc tai mat phan chia o = 0 nén U(0) = U(0), 3(0) = 3(0).
Do d6, tit phuong trinh (12), ta c¢6

T5U(0) + T42(0) = 0. (13)

Phuong trinh (13) thé hign 4nh hudng ciia 16p lén ban khong gian va
duge goi 1a diéu kien bien hi¢u dung. Hon nita, tit phuong trinh (8) véi

a = —h, b =0 va diéu kién lién tuc tai o = 0, ta cé vector bién do
chuyén dich tai mat trén ctia 16p c6 dang
U(—h) = T,U(0) + T2X(0). (14)

Cong thiic nay sé duge dimg dé di tim cong thic ty s6 H/V.

2.2.2. Céng thiic ty s6 H/V

Xét song Rayleigh truyén trong mo hinh ban khong gian a5 > 0 chiu
anh hudng béi diéu kien bien (13).

Ty s6 H/V 1a ty s6 bien do chuyén dich theo phuong ngang va phuong
thing ding ciia phan tit tai bé mit trén ciia 16p. Do dé, ta co

- ’[71(—’” ’ .
Uy (—h)

(15)

Sau d6 dimng mot s6 phép bién ddi, ta nhan duge cong thitc ty s6 H/V
sau

. Ag + Aicheichey + Agshegshey + Ascheshey + Aysheqchey

~ Bjcheichey + Bosheishey + Bscheshes + Bysheches

(16)
trong do6
Ao = —B1B2 (1 + 72) [a] + (26182 + a2B172 + a1 B2m1) [B]+
+ (@281 + a12) [v; Bl
Ay = —Ao + [a; B][V][B], ) . o
Ay = — (@%’71 + @5’72) (o] + (@2B2h1 + a1 P12 + BE + B3) [Bl+
+ (97151 + 07252)_[% B, - B B
Az = B3]l B] = Bala; B][v], Aa = —B2[V][e; B] + Bile; B[], an
17



By = [a; Bl[a] o 8], B2 = [a: B]° 1],

Bz = [a; ] [Bay1 — (@271 + B2) [o] — da[y;

By = [a; B8] [—B1yz + (@172 + B1) | 1
2.3.3. Trudng hop ding huéng
Bing cach thyc hien mot s6 bién ddi, cong thiic ty s6 H/V (16) c6 thé
dua vé dang cong thiic ty s6 H/V trong truong hgp déng huéng ctia
Malischewsky va Scherbaum cho truong hgp vat liéu nén duge.

Al (18)

X = f12f3 (19)
trong do6 -
iz = 5—2 (20)
¥2[B; @]
va
o= Ay + Ajcheqches + Agshegshes + Aschegshes + Agsheichey
e A4Ch€1ch€2 + AgShElShEQ + AQChElShEQ + ;hshfslchfsg ( )
21
trong do
Ay = B1 (=Baala] + (B2 + A272) [B] + aa[; B]) ,
Ay = By (Biyelal = (B + ary2) [B] — aaly; B]) (22)
Ay = By (=Bomila] + (B2 + asm) [B] + as[y; B)
Az = —Ba[a; Bl[y], As = —Ba[¥][e; B].

2.4. Tinh toan minh hoa sb va bai toan ngugc danh gia tinh
chéit co hoc ctia 16p truc hudng

Phuong trinh tan sic va ty s6 H/V phu thudc vao 8 tham sé khong thit
nguyen dé 1 e;, € (i = 1,3) var,, r,. D& khio sat s6, ta xét cdc tham
s6 thong qua cac hing s6 dan hoi kj thuat bing méi lien he

2
=21 Ry, = Gz (23)
C11 V12 C11C22 C11 Ey
trong d6 v1o VA o1 12 cac hé s6 Poisson trong mat phing (z1, ), Gz
la modul cit trong mat phing (z1,22) vA E; 13 modul Young theo
huéng x,. T d6, ta c6 mdi lien hé gitta tham s6 mdi va tham sé cii
ctia 16p va ban khong gian nhu sau



1 _
dzia’?: 75:1

1 €23
€162 €1 €1

; (24)

Xét mo hinh mot 16p vat liéu tryec huéng dit trén ban khong gian
déng huéng véi cac tham sé cho nhu sau
a=2a=175=0.0782,v=0.2368,6 =0.5, 6 =0.7228  (25)

va, ty s gitta khoi lugng rieng va van toc séng ngang gitta 16p va ban
khong gian 1a rqg = p/p = 0.7391 va ry = Ca/co = 0.2473.

Van tc (Mé hinh 1) Ty s6 HIV (Mé hinh 1)

15— T

[ —— Chinh xac
pih = 11 dataty s6 HIV (5% nhiéu)
R — — -Két qua st dung van téc
b A A
10 I Két qua st dung ty s HV

0.8~=

0.6

|HIV|

0.4

Chinh xac
0.2 | = 11datavan téc (5% nhiéu)
— — -Két qua st dung van toc

——-Két qua st dung ty s6 HV

0.2 0.4 0.6 0.8 1 0.2

Hinh 1: Bai toan ngugc cho mo hinh 1: @ =2 vaA § = 0.5

Hinh vé 1 biéu thi dudng cong tan sic va ty s6 H/V ciia mo hinh két
qué ciia bai toan nguge khi 4p dung cho mo hinh 1 (& =2 va § = 0.5).
Trong trusng hgp nay, dit lisu dau vao gid dinh duge thuc hién véi
nhiéu 5%. Thuat toan genetic trong MATLAB R2018a dugc ding dé
tim diém cuc tidu toan cuc clia ham muc tieu trong mien 1.5 < a < 2.5
va 0.3 <9 <0.7. Déi v6i mo hinh 1, ta thu dugc qyp, = 2.0402 va
Jine = 0.5002 véi sai s6 tuong dbi so v6i gia tri chinh xac tuong tng la
2.1% va 0.1%. Khi st dung dit lieu ty s6 H/V 1a di lieu dau vao, bai
toan ngugc cho két qua @jn, = 2.0394 VA 85, = 0.4963 véi sai s6 tuong
déi tuong tng 1a 2.0% va 0.7%. Ta c6 thé thay ring bai toin ngugc
cho két qua v6i do chinh xac kha la giéng nhau nhau khi st dung ty s6
H/V hoidc van t6c lam gia tri dau vao.

2.5. Két luan chuong

Trong chuong nay, bai toan truyén séng Rayleigh trong 16p tric huéng
nén duge duge phtt moét 16p mong tryc huéng nén duge da duge nghien
cttu. Luan an da thiét 1ap cong thite chinh xéc clia séng Rayleigh bing
cach st dung ma tran chuyén cho 16p tric huéng nén duge va ki thuat
diéu kien bien hi¢u dung. Luan an thu duge cong thic ty s6 H/V dang
hién va c6 thé chuyén vé cong thiic ctia Malischewsky va Scherbaum
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cho truong hgp nén duge. Mot sd tinh todn sé minh hoa cho cac bai
toan ngude cho thiy ring cong thitc nhan duge clia ty s6 H/V 1a cong
cu t6t dé danh gia tinh chét co hoc ciia 16p phii trong bai toan ngudc.

CHUONG 3. CONG THUC XAP Xi TAN sO CONG
HUONG CUA LOP COMPOSITE TRUC HUOGNG

Chuong 3 khao sat bai toan truyén séng mit Rayleigh trong mot 16p
composite triic huéng c6 day bi ngam. Muc tiéu ciia chuong 14 thiét
lap mot cong thiic xap xi cho tan s6 cyc dai ctia dudng cong ty s6 H/V
clia séong mit Rayleigh truyén trong mo hinh nay bing phuong phap
ma tran chuyén cta lép tric huéng.

3. 1. Bai toan

Xét mot 16p composite gom N 16p trie huéng, gid st 16p thit N bi
ngam va lép trén cling véi mat tu do, cac 16p gan chat véi nhau va
c6 huéng chinh vat lieu tring nhau. Séng Rayleigh duge truyén theo
huéng z; va tit dan theo huéng o, do day clia 16p composite bang
téng do day ctia cac 16p thanh phan h = hy + ho + ... + hy.

Xét 16p thit j c6 do day hj, mbi lien he giita vector chuyén dich-ting suat
5(1‘2) = [Ul U2 21 EQ]T(I'Q) tai bé mat (1’2 = 0) va tai déy (’132 = hJ)
ciia 16p dugce tinh thong qua ma tran chuyén

&(bé mat) = TV ¢(ddy). (26)
Ma tran chuyén (dugc trinh bay trong chuong 2) va c¢6 dang
) ()
0 — ( Ta’ T2
TV = ( T3(j) T4(j) ) (27)

trong do, cac ma tran thanh phan clia ma tran chuyén T,, ciia l6p thi
m ¢6 dang nhu cong thic da duge trinh bay trong Chuong 2.

Mbi lién hé gitta vector chuyén dich-tng suit tai bé mit tu do va tai
day bi ngam ctia 16p c6 dang

£(0) = TE(n), (28)

trong d6 T la ma tran chuyén toan cuc va la tich ciia tat cd céc ma
tran chuyén dia phuong ciia N 16p va duge biéu dién dudi dang

T =T ...7@7TQ), (29)

Thay hai vector chuyén dich-ting suit tai hai bé mat ctia 16p (28) ta
thu dugc phuong trinh tan sic cia song mat Rayleigh diing dé xéac dinh
van toc truyén song ¢

T33T4y — 134743 = 0, (30)

11



Ty s6 H/V ctia song mat Rayleigh duge dinh nghia la ty s6 bien do

chuyén dich theo phuong ngang va phuong thing ding ciia cdc phan

t1 tai bé mat ty do clia tAm composite vi c6 dang

_ Ul(O) _ T1321(h) +T1422(h)}
UQ(O) T2321(h) + T2422(h) '

Stt dung phuong trinh (28) va diéu kién ngam tai day, ta thu dugc cong
thite ty s6 H/V

(31)

—T13Ths +T14Ty3
—T53T4s + T24Tys3
3.2. Phuong trinh xac dinh tan sb t6i han

Dé xac dinh tan s6 cyc dai (diem ki di) ctia ty s6 H/V ctia séng Rayleigh
cho mode co ban, ta tim tan s t6i han clia mode co ban bing cach xac
dinh tan s6 thap nhit ma tai d6 van tbc tién ra vo cling.

Khi ¢ — oo, phuong trinh tan sic (30) tré thanh

T33T44 =0 (33)

(32)

X:

do s6 hang T34Ty3 c6 bac 1/c?, tién vé 0 khi ¢ — oo nén duge béd qua.
Phuong trinh nay diing dé x4c dinh tan s6 t6i han va tan sb tai diém
i di.

3.2.1. M hinh moét 16p thanh phan

Phuong trinh xac dinh tan s t6i han ctia séng Rayleigh (33) trd thanh

T33T44 = coséocoséy = 0. (34)
Nghiém ctia phuong trinh T35 = coséy = 0 c6 dang

h 1
Jh_L, n
C2 4 2

(n=0,1,2,...) (35)
trong d6 co = \/ce6/p 1 van toc clia séng SH truyen trong 16p.
Nghiém ctia phuong trinh Tyy = cosé; =0 1a
h 1 1
tho 1t
Coy/€ 4 2

va 1 tan s t6i han clia mode phan dbi xing.
3.2.2. M5 hinh 16p composite nhiéu 16p thanh phan
Phuong trinh x4c dinh tan s6 t6i han ctia mé hinh trize huéng nhu sau:

(1=0,1,2,...) (36)

1+Z V) LEnf)Y =1 — L2 f)? + L2rf)* —---=0.  (37)
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Phuong trinh xap xi ctia (37) ¢6 dang

1—L(2rf)> =0 (38)
trong do
N
1 h?
= Z Z (mh hi + 35 NP (39)
=1 5= H—l i=1 %2

véi cgj) =/ cé]é)/pj 13 van t6c clia song SH trong 16p tryc hudng ;.
Khi d6, nghiém ciia phuong trinh xap xi (38) cho tan s6 diém cuyc dai
la

1V
=-— 40
v6i V van tdc séng ngang trung binh clia 16p composite
_ h
V= (41)

\/22 $ hh+12v: ?2

=1 j= 1+1pc2 J)

3.3. Két luan chuong

Luan an thu dugc mot cong thiic xap xi dang hién clia tan s6 cuc dai
ctia duong cong ty s6 H/V cho céc 16p tryc hudng dat trén ban khong
gian bing cach sit dung ma tran chuyén véi gid thiét ring do tuong
phén tré khang gitta ban khong gian va céac 16p 1a cao.

CHUONG 4. CONG THUC TAN SO CONG HUGNG CO
BAN VA HE SO KHUECH DAI CUA LOP DAN NHOT

Noi dung chinh ctia chuong 4 1a xét ham truyén séng S loai II trong
mo hinh 16p composite dan nhét dat trén ban khong gian dan nhét.
Séng S loai IT nay 1a séng SH trong mo hinh dan hoéi. Bai toan truyén
song S loai II duge nghién citu bing phuong phap ma tran chuyén.
Muc tiéu ctia chuong nay la tim ra cong thiic tan s6 cong hudng cla
16p composite dan nhét va cong thitc ctia hé s6 khuéch dai tuong tng
véi tan s6 cong hudng.

4.1 Bai toan

Xét mo hinh n 16p dan nhét dat trén ban khong gian dan nhét. Ban
khoéng gian va céc 16p dude gia thiét 1a thuan nhat va ddng hudng.
Mbi lien hé giita vector chuyén dich-tng sut tai mat dudi cta 16p thit

13



n va vector chuyén dich-ting suét tai mit trén ctia 16p (tu do) trén ciing

c6 dang:
%n(0) ) | Z1(=h)
=T 42
{ Un(0) } Ur(=h) | (42)
trong do
T .= T, T,_;... Ty, (43)
va
P sin 6,
T, =| ®'m . 1 (44)
—@,y, Siné,, cosb,,
véi
1
_ _ _ 212 _
Hm — nmhma Ay = anm) Nm = S(m) k ,m = 1,7’7,. (45)

T 1a tich clia cac ma tran chuyén dia phuong T, (m = 1,n) cia
toan bo cac 16p thanh phan. Ma tran T™ duge goi 1a ma tran chuyén
toan cuc cua l6p composite.

Tai mit phang z = 0, do diéu kién lien tuc ciia chuyén dich va tng suét
nén vector chuyén dich-ting suét ctia 16p n tai mat phing nay ciing la
vector chuyén dich-ting sut clia mit trén ciia ban khong gian. Do dé,
ta co:

Un(0) = (1+ R)Ag, 20(0) = inn+1)M(ni1)(1 — R)Ao,  (46)

trong d6 Ag 1a bién do clia séng t6i S loai IT truyén it ban khong gian,
R 13 hé s6 phan xa clia séng tai mat phan cach gitta 16p dudi cung va
ban khong gian.
Tai mit phang trén ctia 16p trén ciing, do diéu kién ty do véi ting suét
ta co

Ui(—h) = Agus,31(0) =0 (47)

vOi Agyy 1a bien do clia séng téi S loai II di titr ban khong gian.
Trong truong hop khéng cé 16p dat trén ban khong gian, séng t6i sé
6 bién do chuyén dich bing 24, trén bé mit ciia ban khong gian. Do
d6, ham truyén séng S loai IT (phu thudc vao tan s6 séng w = 27 f) c6
dang
Asuf
H(w) = ‘ 24,

. (48)

Ham nay biéu thi &nh huéng khuéch dai ctia 16p bé mat déi véi cac dao
dong tr ban khong gian.
Trong mo6 hinh phan 16p ban khong gian, bién do chuyén dich trén bé
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mat tir do sé phu thudc vio bién do ciia séng tdi, cac tham sb clia cac
16p va ban khong gian, c¢6 thé tinh toan thong qua ma tran chuyén ciia
16p va ¢6 dang

—1
Agyr =240 | — 2 (™ (49)
! <77<n+1)M<n+1> 2

trong d6, M, 1) 1a modul cit phitc ciia ban khong gian va 1(,11) =
ks(n41)cos @ la s6 song phiic clia séng trong ban khong gian doc theo
huéng z.

V6in > 2, céc gia tri ctia Tl(;") va T 2(;' ) duge chiing minh bang phuong
phap quy nap (xem Vinh va cac cong sy, 2015) va ¢6 dang

m _ cRt s 4
T = 3 (=1) > [awama%z .sin@;,.sinf;, ...sin0;
j=1 i1<in< - <igj_1 Liy-Qig -+ Qig;_y
i€{l,...,n}
X 11 cosb; |,

17101 ,02,...,02;

(50)
n
T = ] cosb;+

i=1

/2 e aa
1 (2 . 124 — . . .
+ (—1)? [24272 .sin@;,.sin6;, ...sinb;,,

j=1 11 <ip<---<igj Ay Qg - - Qg y

ie{l,...,n}

X
—
(@}
o
)
>

101,025,025
(51)

trong d6 iy € {1,2,...,n}, m = [g} néu n la sé chin va m = [E} +1

2
néu n 1a s6 1é.

Theo quan diém ciia Nakamura, ham phan ting ctia 16p khi do dac trong
thie té ting vé6i séng t6i 1a séng vuong goc, do dé goc t6i ¢ = 0, khi
do6, k ~ 0. Hon nita, trong thyc té hé s6 can nhét ciia 16p bé mit tréi
dat n6i chung 1a nho nén ~,,, = 0. Trong trudng hop nay thi phuong
trinh (48) trd thanh

1

\/( TR0 _TQI;"))Q + (g +TR(n)>2

(52)

7(n) )|
H (w) = |T5 + 1T

15
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trong do, cac chit cai “R” va “I” dudgc ki hiéu 14 phan thiyc va phan 4o

ctia céc s6 hang va T = — 12 o T = T 1 cac dai higng
Mn+1n(n+1)
khong thi nguyén c6 dang
_ m A iy i, - - - iy,
T = 3 (=1) 3 < .sin@;,.sin @, ...sind;
j=1 i1 <ig<-<igj_1 \ @iy -Gig ... Qig;_y

101,102,025 1

ie{l,...,n}
X 11 cosb;

N

va

T = H cost;+
= 2j — — _
+ 7%2] ( ) ; < |:CLZ‘2.CL1'4 N ai2j_2

i1 <in<-<in; L @iy Qig -+ Qig;

26{1 n}
X H cosb;| .

101,025,012,

(54)
B q P 1—1g
O day, ta st dung ky hieu @; = —————— v6i I; = dugc
(1= igensn)) I I<n+1>
goi 1a hé s6 trd khéng gifta 16p thit i va ban khong gian.
Cac cong thiic xap xi
. 63 2
Stt dung khai trien Taylor sin6; =~ 0; + 3—Z 4+ -, cos0; =~ 1— 5 + -

ta xap xi T(u) va TéQ) dén bac hai ctia w va sau mot s6 bién ddi dai s6

ta co:

(=1 +1g(ns1)) (55)

wh wh\?
Toy=1— = [ =— e q 56
- (Vd> +Z<Vd> ¢ (56)

véi van téc trung binh dong luc hoc clia cac 16p cho béi

V= n . (57)

\/222 A P OOR o

i=1j 'L+1pj

16

.sin6;,.sinb,, ...sinb;

1251
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Thay cac biéu thiic xap xi clia ng) va Té’;) thay vao ham phan dng
(52), tit diéu kien dé ham phan ting dat cuc dai, ta thu duge phuong
trinh xac dinh tan s6 khong thit nguyén tai dé6 ham phan tng cé6 gia
tri cyc dai c6 dang
2
~ . ~ . ~ x ~
o(F+ 2) (T +209) — (1+ Tggu 2 — )@ = Faupn) =0, (59)

2
4.2. Trudng hop dan hoi
Trong moi trudng dan hoi, ¢ = q(,+1) = 0, phuong trinh (58) tré thanh
N 1 .
x<I2—1+2x2> =0=2?=2(1-1?%. (59)

Khi do6, tan s6 cong hudng trong truong hop dan hoi 1a
fhoo1 .
—=—v1-1]2 60
7 (60)

Hé s6 khuéch dai xap xi trong truong hop dan hdi thu dugce 1a

N\ —1/2
2
A= % (1 - ;) . (61)

4.3. Truong hgp dan nhét
Ta thu dugc cong thitc xac dinh tan s6 cong huéng clia 16p dan nhét
nhu sau

L W I(1—1?)"Y2(3G — qiny)) . (62)
Vy V2
Hé s6 khuéch dai tuong ting ciia 16p dan nhét 1a
_ 1 72 72v3/24 = FoN—1/2 e
A= ; (1—1 /2 +2V2(1 - I?) f+\/§l(1—l ) q(n+1)>
(63)

4.4. Két luan chuong

Trong chuong nay, ham truyén séng tdi clia séng S loai 11 theo phuong
théng ding trong mo hinh 16p composite dan nhét dat trén ban khong
gian dan nhét da duge thiét lap dudi dang hién bing phuong phap ma
tran chuyén. Ti cong thic nay, luan an thu duge cac bidu thic giai
tich xap xi clia tan s6 cong hudéng va hé s6 khuéch dai tuong ng clia
16p composite dan nhét.
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CHUONG 5. BAI TOAN TRUYEN SONG MAT

RAYLEIGH TRONG BAN KHONG GIAN TRUC HUGNG
MICROPOLAR

Noi dung chinh ctia chuong 5 1a xét bai toan truyén séong Rayleigh
trong ban khong gian dan hoi tryc huéng micropolar. Muc tiéu cia
chuong nay 1a tim ra cong thitc ty s6 H/V dang hién ctia séng Rayleigh
trong ban khong gian tric huéng micropolar. Phuong phap st dung dé
tim ra cong thiic ty s6 H/V la phuong phép vector phan cuyc.

5.1. Séng Rayleigh va biéu dién Stroh

Thay cac thanh phan chuyén dich, tng suat vio cac phuong trinh
chuyén dong va phuong trinh trang thai, ta thu dugc mot hé phuong
trinh vi phan cap mot déi véi chuyén dich va ting suat. He phuong trinh
vi phan nay dudc viét duéi dang ma tran nhu sau

&'(y) = iN&(y). (64)

Phuong trinh (64) dudc goi 1a phét biéu Stroh. Trong d6 ki hiéu ’ chi dao

ham theo bién y = kzo, €= u t ]T, trongdou=[U; Uy E ]T

vat=[T Th M ]T la vector chuyén dich-ting suat (con goi la
vector trang théi) va ma tran N ¢6 dang
N;:y N

N:[Kl Niﬁ} (65)

Cac ma tran thanh phan Ny vi K ¢6 dang cu thé nhu sau:
1

K, ) Ki —_— 0 0
o —(1+r) -2 A
( Ass Ass 88 1
N = Aqa ,Ng = 0 — 0 s
—— 0 0 Ago
1888 0 0 0 0 1
Bu F
(66)
A2
—A11 + Tm —+ p62 0 0
22 K2 K2
K= 0 L K+ X L K
Agg A88
K12 K .
0 — + K —BgsF+ |1+ — | K1 — Ko+ jXF
Agg ASS
(67)

v6i Km = Kl — KQ, X = pCQ, F = kzj
5.2. Trudng hgp vat lieu ding hudng
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Cac ma tran thanh phan ctia ma tran N c6 dang

0 _K_F - 0 0
b b b
Nyp=| _2A Ng=|0 - 0 |, (68)
a
a 1
0 0O 0 —
k2
)\2
—a+ — + pc? 0 0
@ 2 2
K= 0 %—b—i—ch %—b (69)
2
b
0 %—b kz(jpcz,,y),%

trong d6 a = A+ 2u+ kK, b=p+ kK, v =p/(A+2u).
Nghiém ctia h¢ phuong trinh vi phan cip mot (64) c6 dang

E(y) = £Wery (70)

trong dé gia tri riéng p va vector riéng & (P) tuong ung la cac dai lugng
can tim. Thay dang nghiém trén vao hé phuong trinh vi phan (64), ta
6 €™ va p théa man (i = 1, ..., 6)

Nf(p) _ —pf(p)- (71)

Cac gia tri riéng p; duge tim tit phuong trinh dac trung [N — kpI| = 0.
Tuong tng v6i moi giad tri rieng p; 14 mot vector rieng € () dquge tim tir
phuong trinh (N — p;I) £ =0 (1=1,2,3).

Do diéu kién tit dan tai vo ciing (€ tién t6i 0 khi y tién ra vo cling),
nghiém tong quat ciia hé phuong trinh vi phan (64) 1a t6 hgp tuyén
tinh ctia cac nghiém riéng tng véi p; c6 phan do duong. Do dé, nghiém
téng quét ciia phuong trinh (71) c6 dang

E(x1,w9,t) = a1€M) + an€® 4 az3e®. (72)

Coéng thic ty s6 H/V

Ty s6 H/V clia séng mit Rayleigh duge dinh nghia la ty s6 gitta
bién do clia chuyén dich theo phwong ngang va bién do ciia chuyeén dich
theo phuong thang ding ctia cidc phan t tai bé mat ti do nén ta co:

_ Ui(0)

= . 73
X = i0,(0) (73)
Sau mot s6 phép bién doi, ta thu duge cong thitc ty s6 H/V
K—2b+ X
= 74
X ip1(k — 2b) (74)
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Cong thiic xap xi
Xét truong hop anh hudng ctia hé s6 micropolar 14 kha nhd, cu thé 1a

P Y N 5 . % ~ P
neu € = — << 1, bang cach bd qua cac so6 hang bac cao cta ¢, phuong
trinh tan sic c6 thé duge xap xi dudi dang

(=2b+ K)*pipa + (=20 + K+ X)? =0 (75)

‘ X DI X
trong d6 p; =/ — — 1 va gia tri xap xi po = 371.
a

Doa=XA+2u+r,b=pu+rtaco

X 2 —1
trong d6 v = a ,x:—zﬁ.Khis—)Othixzz * .
A+2u I L Vooy—1

Day la cong thitc chinh x4c cia x? trong moi truong dan hdi ¢d dién.
Van tdc truyén séng z 1a nghiém ctia phuong trinh tan sic xap xi (75)
va 16 ¢6 dang tuong minh (Giang, 2017):

2+ 5)2

(1+¢) <i+a>

Cong thitc xap xi cho van tdc & trén la ciia két qua thu dude bang cach
st dung phuong phap ham bién phitc v6i cdc tham s

@ =4+ 2 — —I. (77)

te

1+e¢

5 | T
(2+¢) —t+;+5\/t—(1+5). )
2 1
24+e—1t) 1/<7+5) (1+4¢)

20
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Cong thitc clia van téc = (77) va (76) cho ta mot cong thiic xap xi biéu
dién ty s6 H/V phu thuoc tryc tiép vao tham s6 micropolar ctia moi
truong €.

5.3. Truong hop truc hudéng

Tit biéu dién Stroh (64) va 4p dung phuong phap vector phan cic (Vinh
va cac cong sy, 2014) ta c6 dang thiic

' (0)IN™E(0) = 0 (80)

trong d6 n 1a sd nguyen duong hodic am va ma tran N ky hicu liay
thita bac n ctia ma tran N va c6 dang

N® = | "1 2o | - (81)

Tt diéu kien tu do ddi véi ting suat tai zo = 0, ta nhan duge
u? (0)K™u(0) = 0. (82)
Gia stt rang Uy (0) # 0, ching ta sit dung ky hieu

_ Uz(o)ﬁ _ E()

=00 T R (83)

1 céc sO phiic tuong ting « = oy + iaw, B = B +iBs V6i aq, e, B1, o
1& cac s6 thuc.

Thay u(0) = U1(0)[ 1 a A ]" vao (82) va sit dung tinh dbi xting clia
ma tran K™ ta c6

KO 4+ K3 (03 4+ a2) + K (82 + 83) + 2K oy

(n) (n) (84)
+2K 13" B1 + 2K53° (@11 +agfz) =0, n = —2,-1,1,2,3.

Ma tran déi xing K™ c6 dang

0 * x
l* 0 01khin2,2, [

O O %

0 0

* x| khin=-1,1,3. (85)
* 0 0 * %k
Khi d6, phuong trinh (84) véi n = —2,2 ¢6 dang:

KS %0+ K528, =0,

(86)
Kg)al + Kg)ﬂl =0.
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Do ma tran K2 va K? doc 1ap tuyén tinh nen hai phuong trinh (86)
théa man khi ay = 8; = 0. V6i n = —1,1,3, tit (84) va (85), ta ¢

K( D +K2(2 Va3 +K33 52 +2K( 1)CV252 =0,
Kﬁ) + Kz(l) 5+ K31)52 + 2K§ azfz =0, ®7)
K + Ko} + KU 82 + 2K asfa =0

trong do6 cac phan ti Ki(j_l) Kfjl), Ki(;’) c6 dang:

A2 K?
Ky = —Au o+ 2 X K = T T Em X,

K?
KW — _BgeF + —L + K, FX
33 = —BecF + + Km + FX,
Ags

K2 AZAZ. 4 A2 AaB 4+ IAA o Aos (A «
Ké? S W Kﬁ) _ 50 + AfpAss —2&- 12A22(Ags + 1),
Ass A2, Ass
K(3) _ H? AK% G(G+2A12K1)
22 BuF A Aoz Ags
5@ _ AZGl(A12 + B)BusF + Aga H] + Ass Baa F[AAas + A1a(B + G)| K1 + A2 BuFK}
- A2 AZgByy F ,
KD = A2,(G? - BH)
W7 Ags[G? + (Ass — B)H] + 2Ass(—G + H)K1 + (B — 2G + H)K}'
2
(=1) _ AA3, (-1) _ -1y
Koo ' = 151 Aay, Kas = Baali Koy 7 =0
22 _A%Q + AA22 ’ 33 44 23

véi cde ky hiew A= K3, B=K{), ¢ = K{), H = K{)).
Coéng thic ty s6 H/V
Ky hiéu céac ¢ot ctia hé phuong trinh (87) bdi cac vector

1 -1 -1 -1

K kg K kg

Dl = K%%; 7D2 = K%gi aD3 = K:_)Eg; 7D4 = K%%;
Kll K22 K33 K23

Khi d6, phuong trinh (87) trd thanh
DQO[% + Dgﬂg + 2Dyas B = —Dy. (89)
Nghiem ctia phuong trinh (89) 1a

2 _‘D17D37D4| |D17D27D4|

ol — |D1, Dy, D3|
2 ‘D27D37D4| |D27D33D4|

2 |D23 D37 D4| .
(90)

Qofle = —

752
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Cong thiic ty s6 H/V duge dinh nghia trong (73) va do a; = 0 nén ti
(83) ta co

_nOo 11 (91)

iU2(0) i« Qo

trong d6 as duge tinh tir (90).
5.4. Két luan chuong
Trong chuong nay, bai toan truyén séng Rayleigh trong ban khong gian
tritec huéng micropolar duge nghién citu. Cong thic ty s6 H/V ciia séng
Rayleigh dugc tim ra bing phuong phap vector phan cyc. Trong triuong
hop ban khong gian la vat lieu dang huéng, thu duge mot cong thite
xap xi dang hién biéu dién tryc tiép gia tri clia ty s6 H/V theo cac
tham sé vat lieu.

KET LUAN

Bing viéc khao sat bai toan truyén séng mit Rayleigh va truyén
song khdi SH trong cdc moi trudng phitc tap hon moi truong dan hoi
ding hudng, cu thé 1a caAc moi truong dan hoi tric huwéng, dan nhét va
dan hoi micropolar, luan an da thu dude mot s6 két qua chinh sau:

- Tim ra cong thiic ty s6 H/V ctia séng mat Rayleigh trong ban khong
gian tryc huéng nén duge phit mot 16p tryc huéng nén duge. Cong thiic
nay dude st dung trong bai toan ngude dé danh gia tham s ctia vat
ligu tryc huéng tir dit lieu do dac gia dinh cia ty s6 H/V.

- Tim cong thiic xap xi ciia ciia tan s6 diém cuc dai ciia dudng cong
pho ty s6 H/V ctia séng mat Rayleigh trong mo hinh phan 16p tric
huéng. Cong thiic nay duge sit dung dé danh gia tan s6 cong hudng dbi
v6i séng SH ciia 16p composite tryuc hudng.

- Tim ra cong thitc xap xi ctia tan s6 cong hudng co ban va hé s6 khuéch
dai ctia 16p composite dan nhét dit trén ban khong gian c6 tinh dén
hé s6 can nhét.

- Tim ra di tim phuong trinh tan sic va cong thic ty s6 H/V clia séng
mit Rayleigh truyén trong ban khong gian dan hoéi micropolar trie
huéng.

Céc két qua nghién citu trong luan an la cac két qua méi va c6 thé
dude ap dung vao mot s6 bai toan trong thyc té vi du nhu bai toan
ngude xac dinh tham s6 vat liéu, bai toan danh gia wdc lugng anh hudng
clia séng dong dat.

CAC VAN DE TIEP TUC PHAT TRIEN SAU LUAN AN
Trong quan diém ctia Nakamura vé ham phéan tng clia 16p dia tang

mém chi xét dén séng SH. Diéu nay 1a hop 1y vi cic nghién ctiu tinh
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toan s6 d6i véi mo hinh maot 16p thi hé s6 khuéch dai song P ctia 16p dia
tang mém c6 gia tri gan bang mot va dude coi la hing s6. Tuy nhién
trong mo hinh nhiéu 16p, hé s6 khuéch dai séng P c6 thé cé gia tri bién
ddi dang ké xung quanh tan s6 cong hudéng nén can cé nhitng nghién
cttu xét dén dnh hudng ciia song P. Do d6, luan an c6 thé phét trién
huéng tim cac cong thitc xap xi clia tan s6 cong hudng clia 16p ¢ xét
thém bai toan truyén séng P ciing vé6i bai toan truyén séong SH. Khi do6
cac két qua sé c¢6 thém hé s6 4nh hudng dén tir gia tri cia hé s6 Poisson
cua vat lieu.
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