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phan tu htru han noi suy lién tlep mao rong
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Tom tit:

Vit liéu c6 1in nhirng hat cirg 13 mdt trong nhirng loai vét liéu dwoc sir dung phd bién trong nén cong nghiép hién
dai. V&t nirt va khuyét tat xuit hién sé gy ra hién twong tip trung ng suit va 1am anh huéng 16m dén d bén ciia
két cAu. Cac khuyét tit trong vat liéu cé thé dwge mé ta duéi dang cac 16 trong. Ung xir ciia vét nirt trong mién
xuiét hién 18 tréng va cac hat cirg sé phirc tap hon duwéi tiac dung ciia tai trong dong. Trong bai bao nay, nhém tac
gia phat trién ma tran do cirng va khdi lrgng cho cac phin tir mé ta vét nirt, 16 trong va hat cig trong vét liéu nén
bang phwong phép phén tir hiru han ndi suy lién tiép mé rong (extended twice-interpolation finite element method -
XTFEM) cho bai toan ddng lwe hoc, tinh toan h¢ s6 cwong d9 vng suit dong theo thoi gian, khio sat sy anh hwéng
ciia 18 trong, hat cirng gin vét nirt. Cac két qua tinh toan hé sé cwong do ing suit dong tai dinh vét nirt bing XTFEM

s& durgc so sanh voi két qua da dwoc cong bo trén tap chi khoa hoc qudc té uy tin dé kiém chirng dd tin ciy.

Tir khéa: hat cing, 16 trong, mé rong, ndi suy lién tiép, tai trong dong, vét nirt, XTFEM.

Chi s6 phdn logi: 1.9

Gidi thiéu

Do bén cua cdu trac vat liéu pha hat cimg phu thudc rat
nhidu vao su xuit hién cua cac bién bt lién tuc. Bdi voi viée
xap xi nhimng 10i giai khong lién tuc, phuong phap phan tir
hiru han truyén thong sir dung khong gian xap xi da thirc va
phu thudc rat nhiéu vao ludi dé dam bao d6 chinh xac cua
céc két qua gan mién suy bién hay nhitng ving c6 gradient
cao. Viéc mo phong cac bién bat lién tuc nhu vét nit, 15
tréng bang phuong phap phan tir hitu han truyén théng doi
hoi mat do ludi rat 16n. Va viée 1am min ludi doi hoi mot
luong tai nguyén may tinh kha 16n. Hon nita, viéc lam min
ludi thuong kho c6 thé tién hanh mot cach ty dong ma doi
hoi phai ¢6 sy can thi€p thu cong cua nguoi dung. Phuong
phap phan tir hitu han mo rong (extended finite element
method - XFEM) duogc gidi thi€u bdi Belytschko va Black
[1], Moés va cac cong su [2]. Phuong nay thira hudng nén
tang 1y thuyet vitng chic ctia phuong phéap phan tir hitu han
truyén thong va han ché dugc sy kho khin trong qua trinh
lam min lu6i va chia ludi lai. Gan day nhat, tac gia Bui
va cac cong su [3] dd thanh cong trong viéc thiét 1ap phan
tir 4 nat ndi suy lién tiép (consecutive-interpolation 4-node
quadrilateral element - CQ4), dua trén y tuong theo [4, 5].
Céac ham co ban cia CQ4 duoc xay dung véi hai lan noi
suy. Lan noi suy thir nhat hoan toan giéng véi phuong phép
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phén tir hiru han tiéu chuan. Lan ndi suy thir hai, ham xap xi
duogc ndi suy thong qua chuyén vi nut va trung binh dao ham
chuyén vi tai nat. Do d6, ham dang nhan duoc lién tuc va c6
da thirc bac cao hon ma khong lam ting thém tong s bac tu
do. Trudong tmg suat tré nén lién tuc ma khong can nhing
bién phap xur ly phuc tap, két qua tinh toan c6 su hdi tu ting
dang ké so voi phuong phéap phén tir hitu han truyén thong.

Bai bao nay phat trién phan tir lam gidu cho nhiing
dbi twong 15 tréng va hat cung trong vat liéu dang hat dya
trén ¥ tudng nodi suy lién tiép md rong (extended twice-
interpolation finite element method - XTFEM). Diéu nay
s€ tan dung duoc nhling wu dlem cua y tuong phuong phap
phén tir hitu han ndi suy lién tiép trong phan tir tir gidc bon
nut va y tuong lam giau cia XFEM cho nhimg bai toan bat
lién tuc. Cac ham x4p xi cua phan tir ndi suy lién tiép s&
dugc mé rong bang cach thém cac ham 1am gidu mo ta sy
bat lién tuc cua vét nit, 10 tréng va tap chat. Két qua tinh
toan dugc so sanh véi két qua da cong bd cua bai bao khoa
hoc quéc té uy tin.

Co sd Iy thuyét
Phan tir tiv gidc, bon niit néi suy lién tiép

Theo [3], qué trinh noi suy lién tiép phan tir tr giac bdn
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Abstract:

Matrix inclusion materials are one of the most commonly
used materials in modern industry. The appearance
of cracks and defects will cause stress concentration
and greatly affect the durability of the structure.
Defects in materials can be described as holes. Cracks
which appear in the domain containing holes and hard
particles have more complicated mechanical behaviours
than that under the effect of dynamic loads. In this
paper, the authors develop stiffness and mass matrices
for elements describing cracks, holes, and hard particles
in the matrix materials by extended twice-interpolation
finite element method - XTFEM for dynamic problems,
computing dynamic stress intensity factor over time
and evaluating the impact of holes and hard particles
near to cracks. The results of calculating the dynamic
stress intensity factor at crack tips by XTFEM will be
compared with the results published in a prestigious
international scientific journal to verify its reliability.

Keywords: crack, dynamic load, extended, hard particle,
hole, twice-interpolation, XTFEM.

Classification number: 1.9
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nut bao gom hai giai doan:

Giai doan noi suy thir nhat:

Trong phan tir hitu han truyén thong, chuyén vi xap xi tai
diém x dugc tinh nhu sau:

u(x)=Nul" +Nju[j] + N+ Nyl (1)

N, = l(1 -r)l-s), N, = l(1 +7)(1-s)
N, = i(1+ r)(l+s), N, =%(1—r)(1+s)

V6i ull, uldl, ul™, 4™ 13 chuyén vi tai cac niit 1, j, k, m cua
phan tir va r, s 1a toa do trong hé toa do tu nhién cua phan
tur tir gidc 4 nut.

Mién hd tro nat i, S, chtra tat ca cac ph?m tr ¢o lién quan
nut i. Ham trong @, dugc tinh nhu sau:

o, = . 3)
Z e'es; Be

Véi A, la dién tich cta phan ti e.

A la dién tich cua phan tir ¢’ trong S.

#* Toa d6 mit x
@ Cic nut ho tro ciia mit x

[ R S G [
5 n 1 ‘
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Mién b trg it }' T T Mién b g it k
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Mién hé trg nit i Mién hé trg mut /

IS R A Ae N A X ~ z A
Hinh 1. Diém can ndi suy va mién ho trg cta nit c6 toa do x.

Pao ham trung binh tai ntit i c6 thé viét nhu sau:

TS el @

ecS; I=1 | eeS;

Nix= Y (@Nt) 5)

eeS;

Giai doan ngi suy thir hai:

Trong giai doan ndi suy lan hai, gia tri ndi suy trén diém
x duoc tinh nhu sau:

i(x) = g+ g7+ 4,7, + gl + 4,7+ 4,7 ©

+gul g, i+ ¢h,z7,£f] +ou" g 719 7

mx rm Y
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Véi @, P, P, can dép Gmg cac quan hé sau:

$(x)=6,, 4.(x)=0, ¢ (x)=0
$.(x)=0, ¢, .(x)=6, ¢, ,(x,)=0 (7
¢iy(xl) =0, ¢iy,x(xl) =0, ¢,-y,y(X1)=5ﬂ
1, khii=1I
%y ={ . ®)
0, khii=#!/

¢_/9¢jxa¢jya¢ka¢kx>¢kya¢ms¢mx’¢my 06 quan hé tLI‘O'l’lg
tu nhu ¢l.,¢ix,¢iy.

&> P, P, duge tinh nhu sau:

§ =N 4NN, + NN, + NN, - N2 - N N2 - NV ©)

gﬁix = _('xl -
—(x, = x,) (N7 N, + bL,NyN, + bN,N;N, )

x%,)(N?N, + BN, N,Ny +bN,N, N, )
(10)
—(x, = x)(NN, +bN,N,N, + bN,N,N; )

¢,, duoc tinh twong tur bang cach thay bién x bang bién y.
veib=1/2.

Thay thé vao phuong trinh (6) thi duoc truong chuyén
vi ¢6 dang sau

a(x) =Y N,(x)u, (11)
=1
V6i cac ham dang ndi suy hai lan lién tiép dugc tinh nhu
dudi day:
] ] il
N =gN"+9, N,k+¢nNh+¢N/ +6, N +¢WN1V

L (12)
+¢LN[k]+¢k(N1r+¢hN1v+¢ NI N g N,

Ham lam giau cho bién bt lién tuc hinh hoc trong
XTFEM

Dbi voi viée xdy dung cac ham 1am giau cho bién bat
lién tuc hinh hoc cua cac phén to XTFEM hoan toan giéng
voi XFEM, chi khac 1a ph?m tt XTFEM s& c6 mién hd trg
16n hon. Theo nhu [3], [5] va [6] thi cin luu ¥ ring, qua
trinh noi suy lién tiép trén cac nit dwoc lam gidu cua cac
phﬁn ttr c6 bién bt lién tuc cit qua s€ khong thuc hién dugc
do su gian doan. bé giai quyét van dé nay, mot lya chon
thay thé 1a cai thién tinh toan cua trung binh dao ham cho
cac nit duoc lam giau tai cac phan tir d6 nhu sau:
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R = NI, = ®

@ Nt hé trg cho phin tit XTFEM

[] Mitecia phin o e

— Giao dién vét liéu hodc ranh gidi

i Mién hd trg cho phén tit XTFEM

(O Natduogc lam gidu

Hinh 2. Mién hd trg cho phan tif lam giau mot phan va lam giau
toan phan

Noi cach khac, theo cong thire ( 13) va hinh 2, nhiing
phan tir bi bién bét lién tuc cit qua, tat ca cac nit déu duoc
lam giau (Iam giau toan phan), s& chi c6 mién hd tro 1a chinh
phan tir d6 thoi. Cac ky hiéu trong (13) c¢6 y nghia tuong tur
trong cong thuc (5).

Ham lam giau cho bién bat lién tuc la canh vét nirt:
Dang hinh hoc cua bién bat lién tuc co thé duoc dic

trung boi gia tri 0 ciia duong cong ham tap mirc @(x,7) =0
va @(x,t) duoc xac dinh nhu sau:

#(x,) = min x— x|

(14)

Véi I 12 bién bt lién tuc, 7 1a tap hop diém va dau cong
trir duwgce dinh nghia bdi dau ciia X —X..

D6i voi bién bat lién tyc 14 canh vét nit, ham lam giau
Heaviside H(x) s€ dugc st dung.

H(x)= {
Ma tran bién dang - chuyén vi B cta canh vét nirt duoc
xac dinh nhu sau:
(W[H($)-H()]). 0
BY = 0 (N,
(8.[H(&)-H(£)]),

Ma tran ham dang N cua canh vét nat duge xac dinh
nhu sau:

L khi $(x)>0
—1,khi ¢(x)<0

(15)

(16)

N7 = (17)

0 N[H(E)-H(E)]
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Vé6i N, 1a ham dang ndi suy hai Ian lién tiép tai nat
duoc lam giau i

H (§ ) 1a ham Heviside ctia diém Gauss dang xét
H ( fl) la ham Heviside cua nit i dang xét
Ham lam giau cho dinh vét nirt:

Ham lam giau tai dinh vét nit dugc dinh nghia theo cac
thanh phan cua h¢ toa d6 cuc dia phuong (r,0) dat tai dinh

{45l o

Ma tran bién dang - chuyén vi B ctua dinh vét nut dugce
xac dinh nhu sau:

(W[E-R) o0
(Ni [Fa B

_(Ni[Fa _Fai]),y (Nz [Fa _Fai])’x_

1] tipl tip2 tip3 tip4
Bilp _ [Bilp Bilp Bl.lp Bilp :'

B = 0 F) | a=1234 (19)
sy

(20)

Ma tran ham dang N ctia dinh vét nirt dugce xéac dinh nhu
sau: n
. INJF,-F,] 0

NP = a=1,234 @1
0 N[E-F,]

Niip [Nﬁipl N?ipZ N?ip3 Nil'p4 ] (22)

Ham lam giau cho bién bat lién tuc la 16 trong:
Dbi véi bién bat lién tyc 1a 16 rong, ham lam giau
Heaviside ¥(x) van dugc st dung nhu sau:

by Lk 90> 0
(x)= 0, khi $(x) <0

(23)

Diéu d6 c6 nghia la nhitng nut nam bén ngoai 1 rdng s&
c6 gia tri ¥(x) = 1 va nhiing nat nam bén trong 15 rong s&
cogiatri V(x) =0
Ma tran bién dang - chuyén vi B cua bién 15 tréng duoc
xac dinh nhu sau:
Ni,x[V(g)_V(é)] 0
B! = 0 NV (&)-V(&)]

NL[r(€)-r(6)] ML (©)-7(4)]

24)

Ma tran ham dang N cua bién 16 tréng duogc xac dinh
nhu sau:

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(8) 8.2019

Khoa hoc Tu nhién n—

wa/e :|:]<7,|:V(§2)V(éj’):| 0

MV(:)V@,)]} 2

Ham lam giau cho bién bat lién tuc la hat ciing:

Céc phan tir bi bién cua hat cimg bét ky cit qua s& bi bat
lién tuc vé vat liu va tinh chat nay dugc mo ta bang cach
thém ham lam giau tri tuyét doi vao truong chuyén vi.

2= 2 N (x)|-| X V.04 (x

(26)

Véi ¢l la ham khoang cach xét déu tai nut i ciia mot
phan tir duge lam giau.

Ma tran bién dang - chuyén vi B ctia bién tap chit duoc
xac dinh nhu sau:

Ni,x//{(xi)_{— Ni//{(xi),x 0
B = 0 V., 2(x)+ N x(x,),
Ni,yl(xi)-’-Nil(Xi),y Af,xZ(Xi)-’-]\A]iZ(Xf)wx

27

Ma trdn ham dang N cuta bién hat ctiing dugc xac dinh
nhu sau:

A N.7(x. 0
N;}’IC — ll( l)

0 Nyx,)

(28)

Dong lie hoc trong bai todn hon hop nhiéu bién bt lién tuc:

Xét mot diém co toa do x trong md hinh phén tir hiru
han. Gia st c6 nhiéu su bat lién tuc gém vét nut, 1 tréng
va hat cling cung ton tai. Theo tai liéu [7], truong chuyén vi
xap xi duoc xac dinh nhu sau:

Il

u'\h (X) '*enr Z

j=l

X)u, +ZZN ak (29)

Voin la s6 nut hd tro diém co toa do x; np la sb diéu
kién bat lién tuc xay ra voi ph?m tir chira diém c6 toa do x;
v6i phan tir chira dinh vét nut thi np = 4, cén v6i phéan tir
c6 bién bat lién tuc la duong nit, bién 16 rong, hat cung dl
quathinp=1;mlasd nut dugc lam glau trong mdi np; l//
12 ham lam giau trong mdi didu kién bat lién tuc (vét nut, 15
rong, hat cting) np; a 1a bac ty do ing véi nat duge 1am giau.

Bai bao chi xét t6i d6 cung K, khéi lugng M va bo qua
giam chan C. Do do, phuong trinh dong luc hoc két cau trd
thanh nhu sau:

Mii" +Ku=F (30)

R S R ea e A .,
Vol o va uh la cac vector chuyén vi va gia toc tai nat
phan tu. V6i cac nut dugce lam giau, cac bac tu do lam giau
a duogc thém vao.
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u' = {u,a}T; ii" = {ii,éi}T (31)

Ma tran d6 cung K, ma tran khdi luong M duoc lam giau

c6 dang nhu sau:
K" K M* M
K:=| " M= Y . (32)
K K T IM M
ij ij v K
Voi
K} = J‘Q(Bf)r DB’dQ sao cho r,s =u,a (33)

Céc thanh phan trong ma tran khdi lugng dugc tinh nhu
sau:

M} = JQpNideQ; M} = Lp[ﬁll/l(x)}[ﬁw(x)}dQ

N A R
M = [ o[ Wi (x) |as Mz = [ p[ Ngi(x) [ ¥,d0

V6i B la cac ma tran dao ham ham dang dugc tinh tir
cac cong thuc (16), (19), (24), (27) tuy theo dang bat lién
tuc khac nhau; D 1a ma tran vat liu; p 1a khoi lugng riéng.

Phuong phap tich phan twong tac cho bai toan dong luc
hoc cua vet nirt tinh:

Dé xéc dinh hé s6 cuong do tng suat dong, mot phuong
phép hiéu qua da dugc dé xuat boi Nishioka va Alturi
(1984). Theo tai li¢u [8], dang giai tich cuda tich phan J cho
bai toan dong luc hoc voi vet nut tinh cé dang nhu sau:

J = J.[(W+K)m—ty.%z;jdfi!’l((pﬁf—f)g——pz }IA (35)

[+l

Véiu, t, f, n, vap lan Iuot 1a ky hiéu cta chuyén vi, ap
luc, luc thé tlch Vector phap tuyén va khéi lugng riéng.

W=(1/2)poe,

K 1a mat d6 nang luong dong hoc

1a mat do ning luong bién dang (36)

Phuong phap tinh tich phan J cia XTFEM dung trLrorng
chuyén vi c6 ndi suy lién tiép. S6 lwong nut va mién hd trg
chira cac phan tir khi tinh tich phan J trong XTFEM 16n hon
s0 v6i XFEM. Su khéc nhau d6 dugce thé hién nhu hinh 3.

— Vétnin

— —— BiénT, ctia tich phin I

lo bién T, cit qua

i‘

M trg chia cie phan tr duge ding d&
h tich phan J trong XFEM
X el

L., |

(A) (B)

Hinh 3. (A) Toa d¢ dia phuong tai dinh vét nit va (B) Mién hé
trg chia cac phan tif dugc dung dé tinh tich phan ) trong XFEM
va XTFEM.

71 Mién b trg chita cic phin 1 dugc ding dé
""" tinh tich phan J trong XTFEM
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Mé hinh mé phéng
Mo hinh 1

Xét bai toan tim phang vé6i chiéu rong W =20 mm, chiéu
cao H = 40 mm, vét nirt ndm ¢ giira tim c6 kich thudc 2a =
4,8 mm. Lyc phan b6 déu f,=1N/m ¢ canh trén va du0’1 cua
tam. Mo-dun dan hoi Young E = 199,992 GPa, hé s6 Pois-
son: v = 0,3, khéi lugng riéng p = 5000 kg/m’. Budc thoi
gian 1a At = 0,05 ps va tai tac dung tir 0 dén 13,62 ps nhu
hinh 4. Hat cling trong vét li¢u nén ¢6 ban kinh r = 2 mm
cach tam vét nit v6i khoang cach d = 6 mm theo phuong
x. Hat ctimg c6 md-dun dan hdi Young: E = 199,992 x 10°
GPa, hé s poisson v cua hat cung va vat li¢u nén déu bfmg
0,3. Truong hop dang xét 1a bién dang phang. Van toc lan
truyén song doc C,= 7,34 mm ps’. Két qua tinh toan tir
XTFEM sé& dugc so sanh voi két qua tinh theo XFEM, da
dugc cong b trong tai liéu [9]. Thoi gian s& dugce chuin
hoéa nhu sau:

t =2C,t/h v&i h = H 1a chiéu cao tAm

chuan _hoa

H¢ s6 cuong do ung suat dong Mode I s€ duogc chuan
héa nhu sau:

» K
K, :?’; K, = fiNma

0

d
L@ .

fo |

W

A !

Hinh 4. TAm phéng véi vét niit & giiia gan hat cting hinh tron.

,,Hg" sb cuong do ung sudt dong cua vét mit va tap chat dang cung

B £,

i Faged \
1,5 ,F

KI/KO

2Cdt'h

Hinh 5. So sanh két qua hé sd cudng do tng suat dong gitia hai
phuong phap.
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Su so sanh cac két qua tinh toan giita hai phuong phap
XFEM [9] va XTFEM duoc thé hién trong hinh 5. Céc két
qua hé s cuong d6 ung suit theo thdi gian thu dugc tir
XTFEM kha twong dong voi cac két qua dugc tham khao
tu [9].

Mo hinh 2

Trong vi du tiép theo, xét mé hinh tdm phing bi nut ¢6
chira dong thoi 16 tréng va hat cing. Céac thong sé vé kich
thudce, vat liéu va tai trong dugc cho twong ty nhu mo hinh
1. TAm chua 2 15 tréng v&i toa dd tim va ban kinh 1an luot
la: 01(1,25; 3,75) m, 1 =0,6 mva O,3,75; 1,25) m, r,=
0,7 m. Tam chira 2 hat ciing v6i toa do tdm va ban kinh lan
luot la: 03(1,;5; 1,25) m, r, = 0,5‘5 m va O,(3,75; 3,75) m,
r,= 0,8 m. Tam c6 veét nit bat dau tir gitra canh trai di vé
tam cua tam, voi chiéu dai vet nut la a = 2,5 m. Luc phan bo
canh trén theo thoi gian nhu hinh 6. Canh duéi dugc ngam.
Trudng hop dang xét 1a bién dang phang.

o,

|
@, @

— = f

)

7

>

0 0,150.25

! Thoi gian (5)

Hinh 6. Tim phing chia vét nit, 16 trong va hat ciing chiu tai
theo thai gian.

Do thi hé sb cuong do ung suét dong Mode I cua tam
theo thoi gian va chuyén vi theo phuong x, y, truong ing
suat theo hai phuong x, y ciing dugc minh hga qua hinh 7
va 8.

-— Hé sé cuong do tmg sudt dong Kl

2"
600 V4 \
’ Y
/ \
400 | ,’ ‘\~_.
U
/ N
E 200 ’ \ "
, L)
* \ /
7 . ’
0 o \ /
'Y ’
\ J
=200 .
a LT
S
-400 s +
0 0,2 0,4 0,6 0.8 1

Thaoi gian(s)

Hinh 7. Hé s6 cudng do ting suat dong mode I clia tam theo thoi
gian.
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Chuyén vj theo phwong x tai thin gian t=0,15s (:huyén vi theo phuromg y tai thoi gian 1= 0,155« 10°
5 S

Truc x True x

Uhg suat oxx tai thoi giant=0,15s Ung suit oyy tai thai gian t=0,15s
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Hinh 8. (A) Chuyén vi theo phuong x; (B) Chuyén vj theo phuong
y; (C) Ung suat theo phuang x; (D) Ung suat theo phuong y tai
thoi diém ¢ = 0,15s.

Tai thoi diém t = 0,15s, luc tai ¢ gia tri 16n nhat, thi tng
sut chil yéu tap trung tai dinh vét niit, con canh vét nut ing
sudt gan nhu bang 0, tir d6 cho thiy trong trudng hop nay
vét nut chinh 13 bién bat lién tuc dang manh nhét. Ung sudt
cling tap trung & hat cimg phia trén vét nit, gdy anh hudng
1 rét dén hé sd cuong do ung sudt tai dinh vét nut. Vi viée
sir dung XTFEM, trudng tng suit kha min. Xét vé chuyén
vi theo phuong y, chuyén vi trén va dudi vét niit co su dbi
1ap nhau rd rét, phan phia trén vét nit bi kéo ra nén chuyén
vi rat 16n.

Két luan

Trong bai bao nay, phuong phap phan tir hitu han noi suy
lién tiép mo rong (XTFEM) da duoc 4p dung dé xay dung
chuong trinh mo6 phong bai todn dong luc hoc vét nit véi su
anh hudng cua cac khuyét tat 15 rong va cac hat cimg phan
b trong vét thé dya trén ngdn ngir 1ap trinh Matlab. Phuong
phap nay c6 wu diém 1a d& dang mé ta dwoc tinh chat vat
Iy cua vét nut, 16 rdng va hat cing thong qua ham lam giau
ma khong can phu thudc vao ludi mé hinh. Dong thoi co
thé dem lai mot truong ung suét va bién dang tron, lién tuc.
Diéu nay s& anh hudng dén két qua tinh hé s6 cuong do ung
suét tai dinh vét nut. Mot vai vi du mo phong s6 da duge
thuc hién va so sanh dé chimg to tinh dang din ciia chuong
trinh. Két qua thu dugc tir XTFEM kha tuong dong véi két

2]
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quéa tham khao tir tai liéu uy tin [9]. Dé tai nay c6 thé phat
trién theo nhiéu hudng lién quan dén bai toan nhiéu bién bat
lién tuc véi cac loai vat liéu khac.

Nghién curu duogc tai trg boi Truong Pai hoc Bach khoa
- Pai hoc Quéc gia TP Hd Chi Minh trong khudn khé dé tai
mé s6 To-KHUD-2017-04. Céc tic gia xin trin trong cam
on.
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