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MO DAU
Tinh thoi su ciia dé tai luan an
Séng trong cdc moi truong dan hoéi nhu séng Rayleigh, séng Stoneley,
song Scholte, song Lamb, song SH,... dugc quan tam nghién citu tir lau
vi nhitng tng dung to 16n ciia chiing trong nhidu linh vyc khac nhau
ctia khoa hoc va cong nghé, nhu dia chan hoc, dy bao dong dat, am hoc,
khoa hoc vat lieu, cong nghé dién t vién thong,....C6 mot sd lugng rat
16n cac nghién cttu da duge thyc hién theo chii dé nay. Google Scholar,
mot trong nhitng cong cu tim kiém tai lieu khoa hoc manh nhat trén
internet, cho ching ta hon mot trieu duong link cho yéu cau tim kiém
"Rayleigh waves", nhu Voloshin da viét.

C6 mot thyc té rat dang cha § I1a: trong hau hét cac nghien ctu
da dugc thuc hién, moi truong dan hoi duge gid thiét 1a nén dudc.
Co rat it cac nghién cttu danh cho séng truyén trong cic moi truong
dan hdi di huéng khéng nén dudc. Nguyen nhan 13, dé mo ta diéu
kien khong nén duge can st dung them mot an ham mdi, dé 1a ap suat
thiiy tinh. Két qué, s6 an can tim ciia bai todn dong ctia 1y thuyét dan
hoi khong nén duge nhidu hon (mot) so véi s6 an can tim ciia bai todn
dong d6i v6i moi truong dan hodi nén duge.

Ngay nay, cdc vat lieu dan hoéi khong nén duge di hudng nhu: vat
litu tya cao su (rubber-like materials), vat liéu sinh hoc (biological
materials) dang duge sit dung ngdy cang rong rai trong nhiéu linh vic
khoa hoc, cong nghé khac nhau. Do vay, nghién ctu tim ra cac dic
trung truyén clia cac séng trong cidc mdi trudng dan hoéi khéng
nén dugdc di huéng cé tinh thdi sy cao, hét stic c6 ¥ nghia khoa hoc
va ing dung thuyc tién.

Muc tiéu cua luin an

Tim ra cic phuong trinh tan sic va cong thic ti s6 H/V clia cc song
(Rayleigh, Stoneley, Scholte, Lamb) trong moi truong khong nén duge
di huéng.

D6i tuong nghién ciu

Séng Rayleigh, song Stoneley, song Scholte va séng Lamb.

Pham vi nghién cdu

Séng phang va moi trudng dan hoi 13 tuyén tinh.

Phuong phap nghién ciu

- Phuong phéap véc to phan cyc.

- Phuong phép tich phan dau.

- Phuong phép diéu kién bién hiéu dung.
- Phuong phap gi6i han khong nén dugce.



Cau tric ciia luan an
Chuong 1. Téng quan
Chuong 2. S6ng Stoneley, song Scholte trong cac ban khong gian dan
hoi khong nén dudgc.
Chuong 3. Séng Rayleigh trong moi trudng dan hdi, dan dién khong
nén dugc.
Chuong 4. Séng Lamb trong moéi trudng dan hoi khong nén dugc.



CHUONG 1. TONG QUAN

Céc bai toan truyén séng trong cac moi truong dan hdi duge quan
tam nghién cifu tit 1au bdi cac két qui nghien ctu cla ching 13 co s6 1y
thuyét cho rat nhiéu tng dung trong cac linh vic khoa hoc cong nghé
khac nhau nhu am hoc, dia chan hoc, khoa hoc dy bédo dong dat, khoa
hoc vat lieu, xay dung cong trinh, cong nghé truyén thong,... Cac bai
toan nay van dang thu hat sy quan tam nghién citu manh mé ctia cac
nha khoa hoc trén thé gi6i bdi cac vat lieu mdi, ttic 1a cdc moi trudng
dan hoi méi, dang dugc con ngudi tao ra mot cach thudng xuyen. Da
c6 mot sb lugng 16n (huge numer) cic nghién citu duge tién hanh cho
huéng nghién ctu ndy. Dé thiy duge didu nay, chi can gifi yéu ciu
tim kiém "Rayleigh waves", Google Scholar, mot trong nhiing cong cu
tim kiém tai lieu khoa hoc manh nhét trén internet, sé cung cap hon
mot triéu dudng link cho ngudi tim kiém, nhu da chia sé bdi Voloshin.
Céc két qua thu duge ctia chii dé nay rat phong phi va da duge tong
két trong cac sach chuyén khéo vé séng trong cac moi trudng dan hai,
chéng han bdi Ewing, Achenbach, Brekhovskikh, Nayfeh, Rose.

C6 mot didu déng cht § 1a: trong hiu hét cac nghien cfu danh cho
séng truyén trong cac moi trudng dan hoi di huéng, moi trudng duge
gid thiét 13 nén dudc. C6 rat it cac nghién citu danh cho séng truyén
trong cdc mai truong dan hdi khéng nén dude di huéng .

1.1. Gidi thiéu séng Rayleigh

Séng Rayleigh 1a séng co hoc lan truyén trong mot ban khong gian
dan héi ty do ddi v6i tng suit. Ning lugng clia séng tap trung trén bé
mit clia ban khong gian va gidm rat nhanh theo chiéu sau (hau nhu
bing khong & do sau mot bude séng). Do vay song Rayleigh 1a séng
miit (surface wave). Sur ton tai clia séng Rayleigh dugc chitng minh dau
tién bai Rayleigh vao ndm 1885, cho truong hop don gidn nhét khi ban
khong gian dan hdi 1a dédng huéng nén duge.

Cac nghién citu vé séng Rayleigh trong mai trudng dan hoi
di hudéng khéng nén dudc

Séng Rayleigh truyén trong ban khong gian dan hoi tryc hudng
khong nén dugc, tit do dbi véi ing suat, duge nghién citu béi Destrade,
Ogden va Vinh. Séng Rayleigh truyén trong ban khong gian dan hoi
monoclinic v6i mat phing déi xting x5 = 0, khong nén dugc, chiu didu
kién bién tré khang, dugc nghién cttu béi Vinh va Hue.

Séng Rayleigh trong ban khong gian dan hoi tryc huéng phi mot
16p mdng dan hdi tryc huéng duge nghién citu bdi Vinh va cac cong
sy, Vinh v Anh It nhét 16p va ban khong gian duge gid thiét 1a khong
nén dugc.

Séng Rayleigh trong ban khong gian dan hdi trigc huéng phit mot
16p dan hdi truc hudng cé do day bat ky duge nghien citu béi Vinh va



cac cong su , Vinh vd Anh. It nhét 16p va ban khong gian dugc gia
thiét 13 khong nén dugc.

Tit cc phan tich trén c6 thé thiy ring:

- Déi vai song Rayleigh truyén trong ban khong gian dan hdi khong
nén dugc, phuong trinh tan sic chi méi tim duge cho dén vat ligu
monoclinic v6i mit phang déi xing x3 = 0.

- Déi v6i séng Rayleigh truyén trong ban khong gian dan hoéi phi
mot 16p dan hoi (trong d6 it nhat 16p hodc ban khong gian 13 khong
nén dugc), phuong trinh téan sic chi méi duge tim ra cho dén trudng
hgp tryc hudng.

- Déi véi cac méi trudng dan hai di huéng khong nén duge phiic tap,
nhu moi truong dan dién, dan-ti, dan-dién-tit, dan héi micropolar, dan
hdi x6p,... chua c6 phuong trinh tan sic ndo cla séng Rayleigh dugc
tim ra.

1.2. Gidi thiéu séng Stoneley

Séng Stoneley 1& séng cd hoc truyén doc theo bién phan chia cla
hai ban khong gian dan hdi. Nang lugng ciia séng tap trung chi yéu
& ving gan bién phan chia, gidm nhanh v& hai phia ctia n6. Do vay
song Stoneley la séng mit. Song Stoneley dugce Stoneley nghién citu
dau tien vao ndm 1924 cho trudong hgp khi ci hai ban khong gian dan
hoi 14 ding huéng, cling nén dugce va ciing khong nén duge, va chiing
lien két gén chit vé6i nhau.

Cac nghién citu vé séng Stoneley trong méi trudng dan hoi
khong nén dudgc

Séng Stoneley truyén doc giita hai ban khong gian dan hoi déng
hudng khac nhau da duge khéo sat 1an dau tien béi Stoneley vao nam
1924. Vinh v& cong sy di tim ra cong thic van tdc song cho trudng
hop khi hai ban khong gian 13 dan hdi ding huéng c6 cac van tdc séng
khéi gibng nhau. Sy truyén séng Stoneley trong moi truong di hudng
da dugc khao sat bdi Stroh, Barnett va cong sy.

Trong cac nghién citu néi trén, cic moi trudng di huéng duge gia
thiét 1a nén dugc. Nhu vay chua c6 mot cong trinh nao nghién ctu sy
truyén cia séng Stoneley trong moi trudng dan hoi di huéng khong nén
duge.

1.3. Gidi thiéu séng Scholte

Song Scholte 14 séng mit truyén doc bién phan chia gitta ban khong
gian chéit 16ng va ban khéng gian chit rdn va ning lugng clia séng
tat dan theo hai phuong vuong goéc véi mit phan céch. Cling nhu séng
Rayleigh va séng Stoneley, song Scholte cing la séng mat. Séng Scholte
truyén trong ban khong gian dan hdi ding huéng nén duge nim dudi
bén khong gian chat 16ng 1y tudng (khong nhdt) duge Scholte nghien
citu ndm 1949. Téc gi& da tim ra phuong trinh tan sic ciia séng bing
phuong phéap truyén thong.



Cac nghién citu vé séng Scholte trong méi trusng dan hoi
khoéng nén dugc

D6i véi séng Scholte, Scholte tim ra phuong trinh tan sic trong moi
truong dan hoéi ding huéng nén dugce. Destrade tim ra phuong trinh
tan séc cho moi trudng monoclinic x3 = 0 nén duge nhung biéu dién
qua hing s6 dan hoi mém (s;;).

Nhung chua c¢6 nghién citu nao duge thyc hién danh cho séng Scholte
trong moi trudong dan hdi di huéng khong nén dugc.

1.4. Gidi thiéu séng Lamb

Séng Lamb 1a séng phéng truyén trong céc ciu tric ban hodc vo.
Séng nay dugce phat hién dau tien (1917) bdi Horce Lamb.

Cac nghién citu vé séng Lamb trong moéi trudng dan hoi
khéng nén dudgc

Séng Lamb trong cic ban ding hudng 1an ddu tien duge nghien ctu
béi Horace Lamb. Song Lamb trong cac ban di huéng dugc nghién citu
béi Abubakar , Baylis va Green, Kaplunov va cong sy, Kossovich va
cong su cho cac vat lieu ding huéng ngang, cia Solie va Auld, Baid
va cong su cho vat lieu tryc hudng, cia Nayfeh va Chimenti, Shuvalov,
Kuznetsov déi véi cdc vat lieu di huéng noéi chung.

Séng Lamb trong cac ban nhidu 16p da duge nghién citu bdi Jones,
Yao-Jun va cong sy, Demcenko vad Mazeika cho cdc tdm diang hudng,
ciia Liu vd cong sy, Nayfeh, Verma cho di hudng. Trong tat ci cac
nghién citu trén, cac 16p duge gid dinh 1a nén duge. Déi véi truong hop
tuong dbéi it 16p, cach tiép can tryc tiép 1a thich hgp va cac phuong
trinh tan sic thu dugc duéi dang hinh thic.

Tu phan tich trén ta thiy, trong cic nghién citu néu trén cé duy
nhét 1 cong trinh danh cho séng Lamb truyén trong ban dan hdi dang
huéng ngang khong nén dugce. Nhu vay c6 rat it két qua lién quan dén
song Lamb trong cAc ban dan hoi di huéng khong nén dudc.

Chuong 2. Séng Stoneley, song Scholte trong ban khong gian
dan héi khong nén dudc

Muc tiéu ctia Chuong 2 1a "tim ra cdc phuong trinh tan sic dang
hién ctia séng Stoneley va séng Scholt trong cdc ban khong gian dan hoi
tryc huéng nén duge va khong nén duge" bing cach st dung phuong
phap diéu kién bién hiéu dung, phuong phép tich phan dau va phuong
phap lay gidi han.

2.1. Séng Stoneley trong cac tinh thé xoin khéng nén dudgc

Dit bai toan
Dé nghien citu bai toin, ta dua vdo hé toa do Décac vuong goc
0OX1X5X3 chung cho cé hai ban khong gian nhu mo ta trén hinh. Cha
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Hinh 1: Tinh thé xodn dugc tao ra bing cach cit (a), quay (b) va gin chat
(c) cac tinh thé tryc hudéng

¥ réing he OX; X3 X3 nhan duge tithe OXMVY M Z (0XPY 2 Z) bing
phép quay mot goc 0 (-0) quanh truc OZ. Cht ¥ ring cdc dai lugng
ciia ban khong gian trén X, < dugc phan bigt bing dau *.

Xét bai toan truyén séng Stoneley trong moi trudng khong nén duge
v6i nhitng tinh thé bi xofn néi trén. Muc tieu clia ching ta I3 tim ra
phuong trinh tan sic clia séng.

Xét mot 16p tryc hudng c¢6 do day 1a h chiém mién khong gian
—h < 35 < 0. Xét bai toan truyén séng ctia séng mit Rayleigh truyén
theo huéng x; v6i van tbéc séng c, s6 song k vi tit dan theo huéng x».
Ma tran (vuong cap 4) T duge goi 14 ma tran chuyén ctia 16p, néu né
lien hé cac vector bien do chuyén dich-iing suét tai hai ddy zo = a va
29 = b bdi déng thitc sau:

&(a) = TE(b) (1)

trong d6 £(.) = [U1(.) Ua(.) £1(.) ,ig(.)]T 12 vector bien do chuyén
dich-tng suat. Ma tran T 14 ma tran chuyén cho 16p tryc huéng nén

dugc va n6 c6 dang
| Th To
T= [ T, T, } (2)



[;che]  —i[B; she] —[a;she]  —i[che]
Ti= —1[7[7 ggsha] [07[(31756,]5] » T2 = fic‘u[?oizgﬁ che] —[gys]he]
L [ [@; f] [@; f] [7]

—[7: Bshe]  —iB1 Ba[che]

_| W Ta: 4] gt
To= | —imaslche]  [Bigshe] |0 AT T
LT a7

trong d6 e, = ebp, n = 1,2, ¢ = kh va [che] = chey — chey, [ache] =
asches — aychey, [@v; ashe] = agfiche; — @y Pashes, ... va cac dai lugng
ay, va by, duge cho bdi

dk - _M7 k = 1a2a X = 5027

_ Coobj — Cos + X _

B = o6 (br — Qi) , Yo = Cr2 — Caobpay, k=1,2,
. S+VS52—4P - S —VS52—4pP
bh=\——f b=\ (4)
g C22 (511 - X) + Ce6 (566 - X) — (C12 + 566)2

_ _C22Ce6

p (Ell—X) (éﬁG—X)

€22C66
Ma tran T nay sé dugce diing dé nhan duge cong thitc ty s6 H/V.
2.2. Coéng thitc ty s6 H/V ciia séng mat Rayleigh
Cong thic tj s H/V cia séng mat Rayleigh dugce tim béng ki thuat
didu kién bién hiéu dung trong d6 anh hudng ciia 16p tryc huéng sé
dugc thay thé bing mot didu kién bién thuin nhit trén mit ctia ban
khong gian. Sau d6 didu kieén bién ndy sé dugc dung trong bai toan
song mat Rayleigh ctia mo hinh chi gdm ban khong gian va chiing ta
¢6 thé nhan duge phuong trinh tan sic va cong thite ty s6 H/V ciia bai
toan doi v6i mo hinh mot 16p dit trén ban khong gian.
2.2.1. Diéu kién bién hiéu dung
Xét ban khong gian tryc huéng nén dugc ndm trong mién khong gian
z9 > 0 duge phii mot 16p méng trigec huéng nén duge véi do day h ndm
trong mién —h < xo < 0. Gid stt ring 16p vA ban khong gian 1a gin
chit va bé mat ctia 16p (z2 = —h) 14 tu do dbi v6i ting suét.
Ap dung (1) v6i a = —h, b = 0 két hop véi diéu kien ty do déi véi ing



suat tai xo = —h clia mit trén clia 16p G12(—h) = daa(—h) = 0, ta c6

T3U(0) + T4X(0) =0, (5)

trong d6 £(.) = [£1() 5.()]", T() = [h() Ta()] "

Do lién két gitta 16p va ban khong gian 1 gin chit, chuyén vi va tng
suat lién tuc tai mét phan chia xs = 0 nén U(0) = U(O), 3(0) = X(0).
Do d6, tit phuong trinh (5), ta c6

T3U(0) + T4, 2(0) = 0. (6)

Phuong trinh (6) thé hién anh hudng ctia 16p lén ban khong gian va
duge goi 1a diéu kien bien higu dung. Hon nita, tit phuong trinh (1) v6i

a = —h, b =0 va didu kién lién tuc tai x5 = 0, ta c6 vector bién do
chuyén dich tai mit trén cta l6p c6 dang
U(—h) = T,U0(0) + T2X(0). (7)

Cong thitc nay sé duge diing dé di tim cong thic tj s6 H/V.
2.2.2. Céng thiic ty s6 H/V

Xét song Rayleigh truyén trong mo hinh bén khong gian x5 > 0 chiu
anh hudéng béi diéu kien bien (6).

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

_ ’U 1(—h)‘
Us(—h) |’

(8)

Sau dé dung mot s6 phép bién ddi, ta nhan duge cong thic ty s6 H/V
sau
. Ao + Aqcheichey + Assheishey + Ascheshey + Aysheiches
" Bjche;chey + Bosheyshey + Bscheyshes + Byshe;ches

; (9)
trong d6

Ag = —P1B> (71 + 72) [«

]+ (28152 + asBrie + a1 B2m1) [Bl+
[v; 6],

(04251 + 04152)
Ay =—Ay+ [a H Hﬁ] . _ o
Ay = — (B33 + Bi2) [0 + (@2B271 + a1 B2 + BE + B3) [B]+

+ (@11 + azf2) [? A,

AJ—Bl[ I 8] = Bl, As = —B2[3lles 8] + Balas; B[],



5lles 1, B2 = [a:8)° ),
i B8] [Bomr — (a1 + B2) [a] — azly; 8],
By = [a Bl [—B172 + (12 + B1) [a] + au [y ﬂﬂ

2.3.3. Truong hop ding huéng

Biéng cach thuc hién mot s6 bién déi, cong thic ty s6 H/V (9) c¢6 thé
dua vé dang cong thitc t§ s6 H/V trong trudng hgp déng huéng cla
Malischewsky va Scherbaum cho truong hgp vat lieu nén dugc.

§E
(.
FEE

(11)

X = fi2f3 (12)
trong do ~
fi2 = i (13)
¥2[B; @]
va
o= Ao + A;cheichey + Agsheyshes + Ascheyshey + Aysheqches
s /~14ch51ch82 + Agshsl shes + flgchalshsg + fllshslchw 14)
14
trong d6
1{10 = @1 (jB Yol + (B2 + ao¥2) [B] + ao[v; B])
Ay = Ba (Bryala] = (Br + a1y2) 18] — aul; ])7 (15)
Ay = By (=Pomila] + (B2 + asm) [B] + aa[y; B)
A3 = —psla; Bl A = —Ba[A][a; B].

2.4. Tinh toan minh hoa s6 va bai toan ngudc danh gia tinh
chét co hoc ciia 18p truc huéng
Phuong trinh tan sic va ty s6 H/V phu thudc vao 8 tham sb khong thi
nguyén do 1a e;, & (i = 1,3) var,, r,. Dé khéo sit sb, ta xét cac tham
s6 thong qua cac hing s6 dan hoi k§ thuat bing mbi lien he
2
Oé:0272:@,6:1—£:1—V12V21,’}/:Cﬁ—(5@ (16)
11 Va2 €11022 c11 Ey

trong d6 vy va v 14 céc hé sb Poisson trong mit phéng (z1,z2), Gi2
12 modul cit trong mit phéng (z1,72) vA E; 1a modul Young theo
huéng x1. T d6, ta c6 mdi lién hé gitta tham s6 mdi va tham s6 cii
cua 16p va ban khong gian nhu sau




1 - €282
,,1’?:,775:1_#7 (17)
€162 [ €1

Xét mo hinh mot 16p vat lieu tryc hudng dat trén ban khong gian
ding huéng vé6i cac tham s6 cho nhu sau

a=2a=15=0.0782,v=0.2368,6 = 0.5, 6 = 0.7228  (18)

va ty s gitta khoi lugng rieng va van tdc séng ngang gitta 16p va ban
khong gian la rg = p/p = 0.7391 va ry = ¢2/co = 0.2473.

Hinh vé ?7 biéu thi dudng cong tan sic va ty s6 H/V ctia mo hinh két
qua clia bai toan ngugce khi ap dung cho mo hinh 1 (& =2 va § = 0.5).
Trong trudng hop nay, dit lieu dau vao gid dinh duge thyc hién véi
nhidu 5%. Thuat todn genetic trong MATLAB R2018a dugc ding dé
tim diém cuc tiéu toan cuc ciia ham muc tiéu trong mién 1.5 < a < 2.5
va 0.3 < 6 < 0.7. D4i v6i mo hinh 1, ta thu duge @;n, = 2.0402 va
dinv = 0.5002 v6i sai s tuong dbi so vdi gid tri chinh xac tuong ing 1a
2.1% va 0.1%. Khi st dung dit liu ty s6 H/V 1a dit ligu dau vao, bai
toan nguge cho két qua @, = 2.0394 va 6;,, = 0.4963 v6i sai sb tuong
déi tuong tng 13 2.0% va 0.7%. Ta c6 thé thiy riing bai toan ngugc
cho két qua v6i do chinh x4c kh4 14 gidng nhau nhau khi sit dung tj s6
H/V hodc van t6c 1am gié tri dau vao.

2.5. Két luan chuong

Trong chuong nay, bai todn truyén song Rayleigh trong 16p tryc hudng
nén dugc duge phit mdt 16p méng tryc huéng nén duge da duge nghien
citu. Luan 4n da thiét 1ap cong thic chinh xac ciia séng Rayleigh bing
cach st dung ma tran chuyén cho 16p triyc huéng nén duge va kj thuat
diéu kien bien hi¢u dung. Luan &n thu dugc cong thic ty s6 H/V dang
hién va c6 thé chuyén vé cong thitc ctia Malischewsky va Scherbaum
cho truong hop nén duge. Mot s6 tinh toan s6 minh hoa cho céc bai
toan ngudc cho thdy ring cong thitc nhan duge cia tj s6 H/V 1a cong
cu t6t dé danh gia tinh chat co hoc ciia 16p phil trong bai toan ngudgc.

CHUGNG 3. Séng Rayleigh trong moéi trudng dan hoi, dan
dién khong nén dudgc

Trong cic tng dung thyc té, c6 thé xdy ra ba kha ning con lai: ban
khong gian nén dugc va 16p khong nén duge, ban khong gian khong
nén duge va 16p nén duge va cd ban khong gian va 16p déu khong nén
dugc. Do d6, can tim cong thitc chinh x4c dang tudng minh cho ty sb
H/V cho ba truong hgp khong nén duge nay.

Muc dich chinh ciia chuong nay la tim ra cic cong thic chinh xac
dang hién cho ty s6 H/V cho céc trudng hgp khong nén duge:
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(i) Lop truc hudng khong nén duge va ban khong gian tryc huéng nén
dugce (truong hgp khong nén duge-nén dugc).

(ii) Lop 1a tryc huéng nén duge va ban khong gian 1a triyc huéng khong
nén dugce (truong hop nén duge-khong nén dugce).

(iii) Lép va ban khong gian déu 13 tryc huéng, khong nén duge (truong
hgp khong nén duge-khong nén duge).

0.0.1 Gidi han khéng nén dugce
Xét vat rdan dan hoi tryc huéng cé bién dang phing:
uyp = up (21, x2,t), ug = us(x1,x2,t), u3 =0 (19)
Khi d6, ching ta c6 [?]:
Meénh dé 1: Trong giéi han khong nén duge, cac mobi lien he sau:
1 1 1 1

/ o / . _ —
S11 = 57 Se6 = ) 6= 7 66 = —; (20)
C66 S11 S66

& day c;j va sj; la cac hang s6 dan hoi do cing va do mem [?], tuong
ing v6i vat lieu dan hdi truc hudng, § = c11 + coo — 2¢19.
Ménh dé 2: Cac biéu thiic sau duge rit ra:

lim A =0, lim Acy; = lim Acge = lim Acjp = s, limAcgs =0 (21)

8 day A = 57185y — (s12)°-
Cha ¥ ring, doi v6i vat lieu dan hoi tryc huéng nén duge cé bién
dang phéng (19), ta c6:

1
A= 5 voi D = c11609 — 6%2 >0 (22)
Chua y 1:
(i) T (21) dan dén: lim ¢;; = co(4,5 = 1,2).
(ii) Tuy nhién, limey; +limegs -2limeyo 13 1 86 hitu han (duong), theo
Meénh dé 1 (cha ¥ réing 0 < s}, < +00).

0.0.2 Céng thitc ty s6 H/V cho trudng hgp nén dudc - nén
dudc

Xét mot ban khong gian dan hdi truc huéng nén duge chiém mién
zo > 0 dugc phiit bdi mot 16p dan hdi tryc hudéng nén duge véi do day
ty ¥ h chiém mién —h < x5 < 0. Gid si, lien két gitta 16p va ban
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khong gian 14 gin chit va mét trén cta 16p, zo = —h, 1a tu do tng
suat. Cha y ring, cic dai lugng lien quan dén ban khong gian va 16p
c6 cting ki hidu nhung dugce phan biét bdi ddu gach ngang ddi vdi 16p.

Xét song Rayleigh truyén theo huéng x; véi van téc song c(> 0),
s6 song k(> 0) va tit dan theo hudng x2. Ky higu x 1a ty sb giia
chuyén dich theo phuong ngang va chuyén dich theo phuong doc clia
song Rayleigh trén bé mit ctia 16p: x = ui(—h)/uz(—h), duge goi 1a
"ty s6 H/V" ho#ic "the ellipticity" [?], vA n6 dugc tinh toan theo cac
cong thic trong [?]:

e Dang I:
X = fi2f3 (23)
G day: ~
1= 2201 (24)
¥2[B; @]
va:
f Ag + Aicheichesy + Agsheishes + Ascheishey + Aysheiches
3 =

Aycheqchey + Asshegshey + Agcheqshey + Ajshe;cheg
(25

trong d6: ch(.) := cosh(.), sh(.) := sinh(.), cac he s6 Ay, (k=0,1,2,3,4
dugc xac dinh nhu sau:
Ao =B1 (—B22[a] + (B2 + G272)[8] + azlv; 8])
A1 =85 (Biele] — (B + a1%2) (8] — aa[v; B]) »

~— —

_ _ _ o - (26)
Ay =B (—Bamila] + (B2 + aam1)[B] + az2[v; B])
As = — Bala; BI1], As = —B2[A[e; B]
Trong phuong trinh (24) va (26): €, = &b, (n = 1,2), ¢ = kh va:
_ (€12 + C6)bn, G~ pct — 5661_7721 = 9

_ N\ _ = - ,n=1,2, X = pc*,
Co2b2 — Cg6 + X (C12 + Co6)bn P

: S++52—4P : S— V82 —-4pP
1=\ o=\ —F—>
\/ 2 \/ 2

a2(e11 — X) + Co6(Cos — X) — (C12 + Co6)?

Ay =

5= C22C66 ’ (@7)
p_ (e = X)(ces — X)7
C22C66
Bn = 666(671 — @n), Yn = C12 + Egggn@n, n=1,2

13



dau ngodc vuong |.| duge dinh nghia nhu sau:
[fi9] := fog1 — f192, [fl:=fa— 1 (28)
va [a], [B], [v], [e; B8] va [y; B] duge xac dinh bdi:

[a] = (X —c11 — ce6b1b2), [a; B] = ce(c11 — X)(by + b2),
(8] = [a; 9] = ce6(c11 — X — c1ab1ba), [V] = cazceebiba(br + b2), (29)
[v; B] = ceslciy — cao(ci1 — X)|bibe + X (c11 — X), X = pc?

3.3. Két luan chuong
Nhitng két qué chinh trong chuong nay:

+ Déi v6i moi trudng dan hdi tric huéng duge phi béi mot 16p dan
hoi tryc huéng luan an da dua ra cac cong thic chinh xac dang tuong
minh cho t§ s6 H/V cho céc truong hgp: nén duge-nén duge, khong
nén duge/nén duge, nén duge/khong nén duge, khong nén duge/khong
nén dugc.

+ Déi v6i mai truong dan hoi- dan dién tim duge phuong trinh tan
sic xap xi bac 3 cho cdc trudng hop: nén duge- nén duge, khong nén
dugc-khong nén duge, khong nén duge-nén duge.

Chuong 4. Séng Lamb trong méi trusng dan hai
khong nén dudgc

4.1 Séng Lamb trong tAm sandwich dan héi truc hudng
Luan 4n di nghién citu sy truyén ciia séng Lamb trong mot tim sand-
wich tryc huéng. Céc 16p bé mit va 16p 16i c6 thé 14 nén duge va khong
nén dugc. Muc dich chinh ciia chuong nay la tim ra duge phuong trinh
tan sic dang hién clia séng. Dau tién, cidc phuong trinh tan sic nén
duge duge tim ra bing cach st dung phuong phap diéu kién bién hiéu
dung ciing v6i ma tran chuyén cho 16p tryc huéng. Sau d6, véi truong
hgp khong nén duge duge tim ra bing cach su’ dung phlIdng phap gidi
han khong nén duge. N6 chiing minh dugc ring cac mode dbi xing va
phén dbi xiing ciia séng Lamb 13 riéng biet. C4ac phuong trinh tan sic
thu dugce dan vé duge phuong trinh cho truong hgp tam sandwich dang
huéng nén duge. Khi khong con 16p bé mit, cadc phuong trinh thu duge
cho truong hgp nén dugc trung véi phuong trinh ciia séng Lamb truyén
trong cac tAm truc hudng nén duge. Mot s6 vi du sé dugce thuyc hien dé
kidm tra Anh huéng cta sy di huéng va sy khong nén duge dbi vé6i su
lan truyén séng Lamb. N6 chi ra ring, van t6c song Lamb phu thugc
manh mé vao tinh di huéng va tinh khong nén duge cia vat liéu.

4.1.1 Ma tran chuyén cho moét 18p dan héi truc huwéng nén
dugc
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Xét mot 16p dan hdi triyc huéng nén duge véi do day h chiém mién
a < x9 < b, b—a=h. Cac tryuc vat lieu cia 16p trung véi cac truc Oxq,
0z2 va Ors. Xét bién dang phéng:

Uy = ui(x17$2ﬂt)7 1= 1727 Uz = 07 (30)

& day u; 1a cac thanh phan chuyén dich cta 16p, t 13 thoi gian. Trong
truong hgp khong c6 lue khéi phuong trinh chuyén dong c6 dang:

O11,1 + 0122 = plit, O12,1 + 0220 = pilg, (31)
& day p va oy; (4,7 = 1,2) 1a mat do khoi lugng va cac thanh phan tng
suat ctia 16p, dau phay chi dao ham theo céc bién z; (k = 1,2), dau
chdm chi dao ham theo bién . Déi v6i vat lieu triuc huéng, méi lién he
gifta ng suat-chuyén dich c6 dang:
011 = C11U1,1 + Cl2U2,2, O22 = CiaU1,1 + C22U22, 012 = Ce6(U1,2 + U?,l)j
32
& day c;; (1,7 = 1,2) 1a cac hing s6 vat lieu ciia 16p, cac hing s6 phai
thoéa man diéu kién:
cii >0(i=1,2,6), cric0 — 25 >0 (33)
dé 1a didu kien can va di dé ning lugng bién dang duong. Thay thé
(32) vao (31) va két hop véi (30), ta dugc:
c11u1,11 + Ceeur,22 + (€12 + Co6)u2,12 = pii1,
(c12 + co6)u1,12 + Coeliz,11 + C22U2, 22 = piia. (34)
Bay gio ta xét sy lan truyén ciia séng theo huéng x; véi van toc ¢ (> 0)
va s6 song k (> 0). Khi d6, cdc thanh phan chuyén dich u; vA us clia
song théa man phuong trinh (34) duge tim dudi dang:

Uy = Ul(l'g)eik(I17Ct), Uy = U2($2)eik(mlfct)’ (35)

U(x2) = [Ui(22) Us(z2)]" 1a bien do chuyén dich. Tir (32) va (35) ta
co:

012 = kX1 (22)e* @17 | 5oy = kX (zy)eF 1), (36)
S(z2) = [Z1(z2) Xa(z2)]T 1a bien do dng sudt. Dinh nghia &(z2) =
[U(z2) Z(x2)]T. Theo thay Vinh va cong su, ta co:
§(a) = TE(b), (37)
G day:
|1 1) (39)
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véi T, (n=1,4) 1a ma tran cip 2 dugc xac dinh bdi:

[v; che] —i[; she] —[a;she]  —i[che]
Ty = fi['y[;’y clzshs] [a[gl’f;]ﬁ] » Ta = —[?[7(:51:] —[gys]hs] v
] [av; 6] ] (]
—[v; Bshe]  —if3 B2[che]
To g e | T @)
[o; B] [o; B]

O day, dé don gidn, ching ta st dung cdc ky hiéu ch(.) := cosh(.),
sh(.) := sinh(.) va

[f59] .= fag1 — frg2, [f] == fa= 1 (40)
VoL ag, Bk va v, (k= 1,2) trong (39) dugc xac dinh bdi:

(c12 + c66)bk 9
Aqp = ———5 =, X = pc s
k ngbi — Cg6 + X p

S+VS?—4P /S 52 4P
2 )

g — caz(c11 — X) + co6(ces — (c12 + ce6)? ’ (41)
€22C66
p_ (c11 — X)(ce6 — X)
C22C66 ’

Br = ce6(br, — o), Yk = c12 + cazbray.

O day &1 = by, g9 = ebo, € = kh. Mot s6 vi du vé (40) 1a [che] =
ches—chey, [ache] = agches —aychey, [o; Bshe] = agBishe; —ay Bashes,
.. Chi ¥ réing mbi quan heé:

(15 gl[h] = [f; hllg] = [f1[h; 9], (42)

Phuong trinh (42) duge suy ra tryc tiép tit (40) 1a mot déng thiic hitu
ich cho cic tinh toan. Ma tran T dudc goi 14 ma tran chuyén cho mot
16p dan hdi tryc huéng nén duge. Cac ma tran T, (n = 1,4) théa méan
cac tinh chat sau:

Ty =T, T3 =T3, Ty=T7. (43)

Tu (37) ta co: A
&(b) = T¢(a), T=T7" (44)



Biing cach thay ddi hudng ciia 0z, ta c6 thé thiy ring ma tran T dugc
xac dinh béi cic cong thic (38),(39) va (41) trong d6 e duge thay thé

bing —e. Cu thé, ma tran T dugc dinh nghia la:

A T, T
T=|21 = 45
[Tg TJ (45)

§ day T, (n =T1,4) duge xac dinh béi:

[v;che]  i[B;she] [a;she]  —i[che]
T = i[fy;[;zﬂshs] [a[gl;sﬂ;]ﬁ] Ty = —[(z)é[’cﬁ]s] [a[glls] ’
[v] [ 7] [v] [v]
[; Bshe] —if31 B2 [che]
i | _iphind By | BT @)
[a; ] [a; ]

trong d6 ay, Br va v (k = 1,2) duge xac dinh bdi (41). Céc ma tran
T, (n=T1,4) ciing théa man céc tinh chét (43).

Tit (38),(39), (41), (45) va (46), nhan thiy ring cac ma tran chuyén
T va T 13 hoan toan xac dinh. Ching la ham ciia cac hing s6 vat lieu
¢;j, mat do khéi lugng p, do day khong thit nguyén € = kh clia 16p va
van tdc soéng c.

4.1.2 Séng Lamb trong tAm sandwich truc huéng nén dugc

Xét mot tAm sandwich ¢6 mit phing déi xitng 14 0z12223, nhu hinh
1. TAm nay bao gdm mot 16p tryc huéng chiém mién —H < 29 < H
(dugc goi 1a 16p 16i) véi do day 2H duge kep gitta hai 16p tric huéng
chiém mién —(H +h) < 2o < —H va H < x5 < (H + h) (goi la cac
16p bé mat) vdi cing do day h, mat do khdi va cac hing sb dan hoi.
Cac truc vat lieu ctia céc 16p tryc huéng duge gia dinh 13 giéng nhau
va chiing 13 cdc truc Ozy, Oz va Ox3. Gid st, cic 16p dan hoi 13 dong
nhat, nén dugc va lien két 13 gén chat (lien két hoan hao). Trong do,
tat ca cac dai lugng c6 dau gach ngang chi cac bién va tham sb ciia cac
16p bé mét con khong c6 dau gach chi cac bién va tham s6 ctia 16p 16i.

e Diéu kién bién hiéu dung:

Ap dung (37) v6i a = —(H 4+ h) va b = —H va c6 tinh dén diéu kien
khong c6 lyc kéo dan dén:

Ty3(2)U(—H) + Ta(e)S(—H) = 0 (47)
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& day Ts(e) va Ty(e), tuong ding véi 16p bé mat ben dudi, duge tinh
bang (39) trong d6 tat cd cac dai lugng (ngoai trit ¢ va e = k.h) déu
xéc dinh. Bdi vi:

Tp(c) = Tu(—¢), n=1,4 (48)

Ta c6:
T3(—e)U(—H) + T4(—)B(—H) =0 (49)

& day Ts(—¢) va Ty (—e) xac dinh béi (46). Ap dung (44) v6i b = (H+h)
va a = H va c6 tinh dén diéu kien khong c6 lyc kéo dan dén:
Ty ()O(H) + Tu(e)S(H) = 0 (50)
Tit cac didu kién lien tuc ta cé:
T3(—e)U(—H) + Ty(—e)S(—H) = 0, (51)
T3(e)U(H) + Ta(e)S(H) = 0 (52)

Phuong trinh (51) va (52) dugce goi 1 diéu kien bién hig¢u dung béi vi
chiing thay thé toan bo anh hudng ctia hai 16p bé mét l1én 16p 16i.
Tu (?7), 6 dang thanh phan, didu kién bién hieu dung (51) c¢6 dang;:

iUy + 1)Uy +iY ez — 1835 =0, (53)
59 () Ur — 155 (e)Us —i5) (e)S7 +155 ()83 =0 (54)

Cong (?7?) v6i (53) va lay (?7?) trir (54) dan dén:

iU —un) +13 U +Uy) + i) (S +20) + 15 @ EF - 55) =0,

(
(55)
Tuong tu, 1ay (?77) trit (53) va lay (?77) cong véi (54) dan dén:
(3 ey (3 -\, 4 -\, g4 _
BV +07) + 87U~ U) + 5V - 20) +15 ()5 +25) =0,
(3 NG o\, 4 —\ 34 —
B U +UD) + 855 U = U3) + 85 () (B - 27) +15)(0)(55 +5;) =0
(56)

e Phuong trinh tan sic:

Bay gio, séng Lamb truyén trong tam sandwich khong chiu tac dung
ctia lyc kéo c6 thé dugce coi 13 séng Lamb truyén trong 16p 16i tuan theo
cac diéu kién bien hieu dung (55) va (56) truyén theo huéng x1 véi van
tbc ¢ va s6 séng k. Cac thanh phan chuyén dich va tGng suat duge bidu
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dién bang (?7?) va (??) trong d6 U,(x2) va X, (z2) (n = 1,2) la cac
ham xac dinh. Theo Vinh va cac cong sy, ta co:

) = Bychbyy + Bashbyy + Bschboy + Byshboy,
2(w2) = i[ay (Bishbyy + Bachbyy) + as(Bsshbey + Bychbay],
Y1 (w2) = B1(Bishbiy + Bachbyy) + B2(Bsshbay + Bachbay),
(w2) = i(y1(Bichbyy + Bashbyy) + y2(Bschbyy + Byshbay),

(57)

& day y = kxo (—H < x5 < H), By, B, B3, By 1a cac hing sb can xac

dinh, céc dai lugng by, ag, Bk vd 7, duge xac dinh tir (41).
Xét (57) tai o = +H ta co:

Ul + Uy = 2(Biche; + Bschey),

Ut — U] = 2(Bashe; + Byshes),

Uy + Uy = 2i(ay Bachey + agBychey),

Uy — Uy, = 2i(ay Bishey + ag Bsshey

YT + U7 = 2(B1 Bachey + B2 Bychey

E;r — X5 = 2(f1Byshey + B2 Bsshes),

Y4 + 35 = 2i(y1 Bichey + 2 Bschey),

Y5 — %5 = 2i(vy; Bashey + v2 Byshey),

)

)
)
)
)
: (58)
)
)
)

G day €1 = eby, €3 = €by, € = kH. Thay (58) vao (55) va (56) dan dén:

a11B2 +a12B4 =0
59
{alez +a2By =0 (59)

b11B1 + b12B3 =0
60
{62131 + bap B3 =0 (60)

G day
= (i® + Wltm )she; + loqt + ﬁlt cheq,

— t( ) +272t12 shey + zagt +Bgt ches, (61)

t()

+ 7/th22 shes + Zagt + 5215

(i1 ( )
( ) ( )
( ) 4+ ’L"}/lt )shel + (zalt(?’) + Blt( ))Chel7
(s Jshes + ( ))ches,

19



( —|— Wltm )chey + (za1t12 + ﬁlt
( —|— wgt12 )chey + (za2t12 + ﬁgtn
(5 3) (

i)

+ z’ylt

bog = (tél) + Z’Vgtéz))cheg + (za2t22 + ﬁgtzl

Do |Ba|?* + |By|? # 0 va
hé thuan nhét (59) va (60) phai bang khong:

aiiage — aziaie = 0,

b11b22 — ba1bi2 =0

Ch€1 + ZOéthQ +51t(4) Sh€17

ShEl,

)
;ShEQ, (62)

)ShEQ

|2 4 |B3|* # 0, céc dinh thic ctia he s cta

(63)
(64)

Thay (61) vao (63) va (62) vao (64) va sau mot s6 bién d6i ta nhan
dugc:

Aqsheishes + Ascheichey + Agsheiches + Agshesche; = 0, (65)

Assheshey + Ajchejchey + Aysheqchey + Aszshesche; = 0, (66)
G day Ay dugc xac dinh bdi:
Ay = [][a; B][yche; Bshe], Az = [o; B][7][7she; Behe],
Az = B2G1 + a1 G2 + axGs + Bay1 Gy, (67)
Ay = =p1G1 — a172Ga — a1 G3 — 172Gy,
trong do:
G1 = 71792{@; B)(che chey — 1) — (7%; @B)she;shey,
= ,3162<’7>(Chf:“1ch€2 — 1) — <BQ;’7>ShElsh€2,
Gs = 23152’71’72(1 — Ch€1Ch62) + <B2;’72>Sh€1sh.€2,
G4 = {(@; B7) — (a7; B)che chey + (af; 7)she shey
Dé don gian, ta st dung cac ky hieu:

(f19) = fag1 + f192, (f) = fr + fo (69)

o Phuong trinh tan sdc cho cic mode khong doi zing:

Khi (65) ding, nghia 1a phuong trinh (63) théa man thi by1bes —
bo1b12 7é 0. Tu sy khzzing dinh nay va két hdp (60) tacé6 By = B3 =0.
T (57) va By = B3 =0, 10 rang la:

Ui(—x2) = =Ui(x2), Us(—2x2) = Us(x2),
Yi(—z2) = Z1(z2), Ba(—x2) = —Xa(z2)

(68)

(70)
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v6i 0 < |zo| < H. Mat khac, ta c6 0 < xo < h:
Ur[—(H + z2)]

=TS WUL(~H) + T (9)Us(—H) + T3 () S1(— H) + T3 (y)Za (—H)

(71)

St dung (37) v6i a = —(H + x2) va b= —H, trong d6 y = kxo va tg;l)
la cac thanh phan ctia ma tran T,. Tu (39) va (46) dan dén:

1 ~(1 1 ~(1 2 ~(2 2 ~(2
TV () =T (), T (v) = T35 (W), T () = 15 (), TfJ(y()m 115 (y)

Stt dung (70) v6i 2o = H va (72) vao (71) dan dén:

Ur[=(H+a2)] = = [T W)U (H)+T35) )V ()+ T ()5 (H)+ 15 () S (H)

(73)
Tt phuong trinh (44) v6i b = H + x5 va a = H, vé phéi clia (73) la
—Ul(H + 1‘2), do do6 U1[—(H —|—.132)] = —Ul(H + .1?2). B%ng cach lam
tuong ty, ta ¢ thé ching minh ring Us[—(H + x2)] = Ua(H + 2) khi
0 < x5 < h. Vi vay, ta co:

Ul(*IQ) = 7U1(:172), Ug(*l‘g) = UQ(IQ) VJEQ :0 S |£172| S H+ h (74)

Phuong trinh (65) chinh 14 phuong trinh tan sic ctia cdc mode khong
déi xting.

e Phuong trinh tdn sdc cho cic mode doi zing

Tuong ti, ta ¢6 thé thiy ring phuong trinh (66) 13 phuong trinh
tan sic cho cac mode dbi xitng. Can luu ¥ réing phuong trinh tan sic
ctia cac mode dbi xing (khong dbi xing) thu duge tit phuong trinh
tan sic clia cac mode khong dbi xitng (ddi xitng) bing cach thay thé
sinhey, (k = 1,2) bing coshe.
e Trudng hop ding hudng:

Khi 16p miit va 16p 161 déu 1a diing huéng ta co:
c11 = 22 = A+2p, c12 = A, Ce6 = [, C11 = Ca2 = A+2[1, Ci2 = A, f6765):
Thay (75) vao (41), ta ¢6 duge ¢6 duge céc biéu thic, céc biéu thic
nay da dugc trinh bay trong [?]:

by =1 —7x, by =+v1—x, a; =by, az =1/by
by =+1—7%, by =+1—2, a; = —by, ay = —1/by
Br=—2uby, fo=—p(2—2)/bz, 1 =—p2—-1x), 2=-2p
B =20b1, Bo=[i(2—2)/bs, 1 = —[i(2—7), Jo = —2i (76)
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trong do:

p _ i X X (77)
Y=~ 5 V=X - T=—T=—
(A+2p) (A +2p) 1 [t

A\, i1, A, [i 1a cac hing s6 Lame. Thay (76) vao (67), (68) ta thu dugc
phuong trinh tin sic ctia séng Lamb truyén trong tam sandwich dang
huéng. D6 13, (65) cho cdc mode khong ddi xting va (66) cho cac mode
déi xitng trong d6 A xac dinh béi:
A; = —pixZbs [42_)%Egsh61ch52 —b1(2— f)Qshsgchel],
Ay = pjixZbiby [(2 — E)Qshslchsg — 45152ch525h51],
Az =4bi1bo(2 — ) [ppa(2 — 2)(4 — 2) — 2@°(2 — ) — p*(2 — )?]
— Bbo {42 — 2)(2 — B) (4 — 2) - 87%(2 — 2)*
— 22— 2)2[4+ (2 - 7)?) }chslchez + {zum — 2)[8B202 + (2 — 7)?]
— R2[166252 + (2 — 7)%] — p2(2 — 2)2[4B202 + (2 — 7)?] }shelshag,
Ay = —8b1bab1ba(2 — 7) {up(4 —z) -2 -17) - 2;;2} +
n 4blb25152{2uﬂ(2 — (A1) - 2822 — 7)? — P[4+ (2 — 1) }chslchngr
- b1b2{4uﬂ (85283 + (2 — 7)%] — 2[16b202 + (2 — 7)"]
— 4p?[4b303 + (2 — 7)?] }shalshsg
(78)

Sau khi nhan 2 vé ctia phuong trinh (65) véi —(kh)7(kH)3bob2/X?,
thdy ring phuong trinh (65) v6i Ay, As, Ag, A4 tit (78) hoan toan trung
v6i phuong trinh (17) trong [?].
e Séng Lamb trong tam truc huéng:

Khi khong c6 céac 16p bé mit, tic 1 h = 0(= g1 = e = 0), dan
dén (67) va (68) 0= Al = A2 (: Gl = GQ = Gg), A3 = 5271G4 va
Ay = —B172G4. Thay thé cac két qua nay vao phuong trinh (65) va

(66) ta thu dugc phuong trinh tan sic clia séng Lamb truyén trong mot
tdm tryc hudng véi do day H, cu thé la:

th(Ebg) _ 51"}/2
th(ebi)  Bom

(79)
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cho cac mode dbi xtng va:

th(€b2) _ ﬁg’}/l
th(E bl) 51’)/2
cho céc mode khong ddi xtng, trong do6 th(.) := tanh(.), e = kH va by,

Br, 7k dugce tinh béi (41). Thay cac biéu thitc ctia By va v vao (79) va
(80) ta co:

(80)

th(eby)  ba(c12b7 + 11 — X) [era(cra + co6) — caa(crn — X — copb3)]
th(G b1) b1 (Clgb% —+ C11 — X) [012(012 —+ 066) — 022(011 — X — Cﬁﬁb%)]
(81)

cho cac mode dbi xing va:

th(eby)  bi(c12b3 4 c11 — X) [c12(c12 + co6) — caa(c11 — X — copb?)]
th(eb1)  ba(ci2b? + 11 — X)[c12(c12 + co6) — caa(cn — X — CﬁGb(%)])
82
cho cac mode khong d6i xiing. Céc phuong trinh (81) va (82) trung vdi
phuong trinh (7) va (8) trong [?] dugc coi la két qua mdi ctia luan an
Tién si cia Biad [?] dugce hoan thanh vao nam 2012.
Déi véi tam ding hudng, tit (41) va (75) ta co:

Y2 _ 2bg 222735
B2 (2—2z) B 2b,

Thay vao (79), (80) nhan duge phuong trinh tén sic ciia song Lamb
trong tam déng huéng [?]:

th(ev/1—z) 4v1—2y1—7z

(83)

= 4
th(e/1 — ) (2—1x)? (84)
cho cac mode dbi xing va:
th(ev/1 — 2 —x)?
(VD) __ _(2-a) )

th(e VI —7z)  4v/T—zyT—7z

cho cac mode khong dbéi xing.
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KET LUAN

Vat lieu di huéng khong nén duge dang duge st dung rong rai trong
cong nghé hién dai. Do vay, viéc danh gia cac tinh chét co hoc clia cac
cau trac di huéng khong nén duge trude va trong qué trinh sit dung 1
hét stc can thiét va c6 ¥ nghia. Phuong trinh tén sic va ty s6 H/V 1a
céc cong cu tieén 1gi dé thyc hién nhiem vy nay. St dung cic phuong
phéap: diéu kién bién hiéu dung, ma tran chuyén, giéi han khong nén
duge va phuong phap tich phan dau, vecto phan cyc luan 4n da tim ra
cac phuong trinh tén sic dang hién (chinh xac, xap xi), cong thic ty
s6 H/V clia song Rayleigh, song Stoneley, song Scholte va song Lamb
cho mot s6 moi truong dan hoi di huéng khong nén duge. Cac két qua
thu dugc clia luan 4n c6 ¥ nghia c vé mat 1y thuyét va tng dung thuec
té trong linh vic truyén séng trong moi trudng dan hoi.

CAC VAN DE TIEP TUC PHAT TRIEN SAU LUAN AN

e Séng Rayleigh trong mai trudng dan hdi monoclinic 1,2 = 0
khong nén duge

e Song Stoneley trong moi truong dan hdi monoclinic z1, 29 = 0
khong nén duge

e Séng Lamb trong ban dan hdi micropholar, monoclinic 23 = 0
khong nén duge

e Phat trién phuong phap gisi han khong nén dugce cho cac vat lieu
monoclinic z1, 22,23 =0
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