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Abstract: In this paper, numerical solutions of the modified regularized long wave (MRLW)
equation are obtained by a method based on collocation of quartic B splines. Applying the
von-Neumann stability analysis, the proposed method is shown to be unconditionally
stable. The method is applied on some test examples, and the numerical results have been
compared with the exact solutions. The L, and L, in the solutions show the efficiency of
the method computationally.
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1. INTRODUCTION
In this work, we consider the solution of the mGRLW equation
U; + auy + guluy — Buygyg = 0, (1)
X € [a,b],t € [0, T],
with the initial condition
u(x,0) = f(x), x € [a,b], (2)

and the boundary condition

u(a,t) =0,u(b,t) =0
ux(at) =uy(at) =0 3)
uxx(ai t) = uxx(b; t) =0,

where «, €, § are constants, 3 > 0.
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The MRLW equations play a dominant role in many branches of science and
engineering [ 1]. In the past several years, many different methods have been used to estimate
the solution of the MRLW equation, for example, see [1, 3].

In this present work, we have applied the quartic B spline collocation method to the
MRLW equations. This work is built as follow: in Section 2, numerical scheme is presented.
Section 3, is devoted to stability analysis of the method. The numerical results are discussed
in Section 4. A conclusion is given at the end of the paper in Section 5.

2. QUINTIC B - SPLINE COLLOCATION METHOD

The interval [a, b] is partitioned in to a mesh of uniform lengthh = x;,,; — x; by the
knots x;, i = 0, N such that
a=Xy)<X4 < <XxXN_1<Xy=Dh
Our numerical treatment for the MRLW equation using the collocation method with
quartic B spline is to find an approximate solution U(x,t) to the exact solution u(x,t) in
the form

U t) = XL 8 (DB (), 4)
where §;(t) are time-dependent quantities to be determined from the boundary conditions

and collocation form of the differential equations. Also B;(x) are the quartic B spline basis
functions at knots, given by [4].

( (X - Xi_2)4, Xi—p S X < Xj_q

(X —xj2)* = 5(x —xi_1)%

Xj-1 <x< X
1 (X —Xi-2)* = 5(x = x_)* + 10(x — x)*, X; < X < Xj41
Bi(x) =71

h* | (X143 — 0* = 5(Xj42 — %)%, Xi+1 = X = Xjt2
(Xi+3 - X)4, Xi+2 <x< Xi+3
\0, X < Xj_2 U X > Xjy3.

The value of B;(x) and its derivatives may be tabulated as in Table 1.
Ui = 81_2 + 118i—1 + 1181 + 81+1

4
U = f (78i-2 = 38i-1 + 38; + 8i41)

12
(8i—2 — 6i—1 — &; + Oit1)-

U’i’:h—z
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Table 1. B;, B';, and B' | at the node points
X Xi—2 Xi-1 Xi Xi+1 Xi+2 Xi+3
B; (%) 0 1 11 11 1 0
4 12 12 4
B';(x) 0 — — - —— 0
h h h h
. 12 12 12 12
S N I~ A s o e o I
Using the finite difference method, from the equation (1), we have:
— n+1_,,_ n n+1 n n+1 n
(u—Buxx) (u—Buxx) + E(u)n(ux)n u +u + (ux) +(ux) =0. (5)

At

2

Using the value given in Table 1, Eq. (5) can be calculated at the knots x;,i = 0,N so
that Eq. (5) reduces to:

where

n+1 n+1 n+1 n+1
am Om—2 +anp 67 +apg O~ + Ay Opyyq

am = 2h? — 4haAt — 24P — 4p + 4q,

app = 22h* — 12hadt + 248 — 12p + 22q,
apg = 22h* + 12hadt + 248 + 12p + 22q,
apg = 2h? + 4haAt — 243 + 4py, + 4qm,
by = 2h? + 4halt — 248 — 4py,

by = 22h? + 12haAt — 243 — 12p,,,

bys = 22h* — 12haAt + 248 + 12py,

bye = 2h% — 4haAt — 243 + 4py,

Pm = hAtel2,qy, = h?eAtLy Lpp ,

Lyg =80 ,+ 1187 , + 1187 + 80,

4
Lnp = h (=8m-2 = 36m-1 + 38m + 8m1)-

n
by 6i41,

(6)
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The system (6) consists of N + 1 equations in the N + 4 knowns (8_5,8_1, ..., Sn41) "

To get a solution to this system, we need four additional constraints. These constraints

are obtained from the boundary conditions (3) and can be used to eliminate from the system
(6). Then, we get the matrix system equation

A(8M)8"T = B(8M)8" +, (7)

Where the matrix A(8"), B(6™) are penta-diagonal (N + 1) X (N + 1) matrices and r
is the N + 1 dimensional colum vector. The algorithm is then used to solve the system (7).
We apply the initial condition

U(x 0) = XI5 87B; (%), (8)
then we need that the approximately solution is satisfied following conditions

( U(x;,0) = f(xy)
Uy(x0,0) = Uy(a, 0) = 0
U, (xn, 0) = Uy (b, 0) = 0
Uxx(X0,0) = Uyx(a,0) = 0

Uxx(Xn, 0) = Ugy(b,0) = 0

\ i=01,..,N

)

Eliminating 8°,,8%; and 83, from the system (9), we get A8® = r, where A is the
quartic-diagonal matrix given by:

31 0 .. . 0
3B . 0
4 4
1 11 11 1 0 0
A:
0 . 0 1 11 11 1
0 0 1 1

and 8° = (89,689, ...,80)T, r = (f(x¢), f(x1), ..., f{(xy)) ™.

3. STABILITY ANALYSIS

In this section, we present the stability of the quartic B spline approximation (6) using
the von-Neumann method. According to the von-Neumann method, we have:

8 = exp(iymh ), i = V-1, (10)

where y is the mode number and h is the element size.
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Being applicable to only linear schemes the nonlinear term U2U, is linearized by taking
U as a locally constant value 0. The linearized form of proposed scheme is given as

018 + 0,80 + 0360 + 0,80 = 0,80, + 0381, + 0,8 + 0,80, (11)

where
4a; 12p, 12a, 12p;
S T e N
12a, 12p; 4a; 12,
S A U N O
(a + £62)At
a1=T.

Substitretion of §;' = exp(iyj B&" into Eq. (11) leads to
§[o; exp(—2i ly) + 0, exp(—iyh) + 03 + 0, exp(ivyh)] = 0, exp(—2iyh) +
o3 exp(—iyh) + 0, + 05 exp(iyh).  (12)
Simplifying Eq. (12), we get:
—1iB
¢ = c +iB’
It is clear that C2 + B% = A% + B2. So [§] = 1.

Therefore, the linearized numerical scheme for the MRLW equation is unconditionally
stable.

4. NUMERICAL EXAMPLE

We now obtain the numerical solution of the MRLW equation for some problems. To
show the efficiency of the present method for our problem in comparison with the exact
solution, we report L., and L, using formula:

Lo = max;|U(x;,t) — u(x;, t),
1

2
L, = (th(xi,t) — u(x, t)|2) ,

where U is numerical solution and u denotes exact solution.

Three invariants of motion which correspond to the conservation of mass, momentum,
and energy are given as:
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b b
I, = f udx, I, = f (u? + Bu)dx, I5
a a

= fb (u4 — —ZB(p + 1) u)%) dx.

€

We have the exact solution of the MRLW is:

A
) t = )
ux 0 cosip(x—xy, —ct)
_ |+ (p+2)(c—a) _ |c—a
where A= \/—25 ,p = Fe

The initial condition of Equation (1) given by:

B A
~ cosl{p(x —xp))’

We take a=11,e=64p=2,a=0b=100%x,=30,At=0.025 and At=
0.01,h = 0.1 and h = 0.2,t € [0,20]. The values of the variants and the error norms at
several times are listed in Table 2 and Table 3. From Table 2, we see that, changes of variants

f(x)

I;,I, X 103 and I3 X 10* from their initial value are less than 0.1, 0.2 and 0.9, respectively.
The error nomrs L, L, are less than 0.009695and 0.008033, respectively.

In Table 3, changes of variants 1,1, X 103 and I3 X 10* from their initial value are
less than 0.7, 0.4 and 0.6, respectively. The error nomrs L,, L, are less than 0.007553 and
0.008033, respectively.

Table 2. Variants and error norms of the MRLW equation witha = 1.1,c = 1.11
e=64,=2,a=0,b=100,x, =30,At =0.01,h =0.1,t € [0,20]

t 0 5 10 15 20

I 1.251299 1.287541 1.315251 1.335511 1.347595
I, 0.037046 0.036778 0.036835 0.036867 0.036847
I3 -0.001087 -0.001035 -0.001022 -0.001013 -0.001004
L, 0.007105 0.006936 0.007444 0.008531 0.009695
Leo 0.008033 0.005587 0.003866 0.002957 0.002993

Figure I shows approximate solution graphs att =0, 5, 10, 15, 20.
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Figure 1. Single solitary wave with
a=11,c=111,e=64,=2,a=0,b =100,x, = 30,At = 0.01,
h=10.2,t=0,510,15,20.

Table 3. Variants and error norms of the MRLW equation witha = 1.1,¢ = 1.11
e=64,=2,a=0,b=100,x, =30,At =0.01,h = 0.2,t € [0,20]

t 0 5 10 15 20

I 1.250960 1.283776 1.304115 1.313904 1.314098
I, 0.031271 0.030893 0.030752 0.030577 0.030395
I3 -0.000546 -0.000488 -0.000464 -0.000443 -0.000426
L, 0.007553 0.007163 0.006965 0.006883 0.006890
Lo 0.008033 0.005587 0.003866 0.002670 0.002472

The plot of the estimated solution at time t =0, 5, 10, 15, 20 in Figure 2.

s ) DOIS

0025

0020

ooio

0063

o

Figure 2. Single solitary wave with
a=11,c=111L,e=64,=2,a=0,b =100,x, = 30,At = 0.01,
h=10.2,t=0,510,15,20.
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To get more the variants and error norms, we choose two sets of parameters by taking
different values of h = 0.1 and h = 0.2 and the same values of o =1.1,c =1.11,e =
128, =2,a=0,b=100,%x, = 30,At =0.01.
calculated from time t = 0 to t = 20. The numerical results are given Table 4 and Table 5.

The variants and error norms are

From Table 4, we see that, changes of variants I; x 10,1, X 10% and I3 X 10* from their
initial value are less than 0.7, 0.1 and 0.3, respectively. The error nomrs L, L, are less than
0.006855and 0.005681, respectively.

In Table 5, changes of variants I; X 10,1, X 103 and I3 X 10* from their initial value
are less than 0.4, 0.6 and 0.4, respectively. The error nomrs L, L, are less than 0.005341
and 0.005680, respectively.

Error graphs are shown in Figure 3 and Figure 4 att=20, 5, 10, 15 and t = 20.

Table 4. Variants and error norms of the MRLW equation witha = 1.1,c = 1.11
e=128=2,a=0,b=100,x, = 30,At =0.01,h =0.1,t € [0,20]

t 0 5 10 15 20

I 0.884802 0.910429 0.930023 0.944348 0.952893
I, 0.018523 0.018389 0.018418 0.018433 0.018424
I3 -0.000272 | -0.000259 | -0.000256 | -0.000253 | -0.000251
L, 0.005024 0.004905 0.005264 0.006033 0.006855
Lo 0.005681 0.003950 0.002734 0.002091 0.002117

Table 5. Variants and error norms of the MRLW equation witha = 1.1,¢ = 1.11
e=1288=2,a=0,b =100,x, = 30,At =0.01,h =0.2,t € [0,20]

t 0 5 10 15 20

I 0.884562 0.907767 0.922149 0.929070 0.929208
I, 0.015636 0.015447 0.015376 0.015289 0.015120
I3 -0.000137 | -0.000122 | -0.000116 | -0.000111 | -0.000106
L, 0.005341 0.005065 0.004925 0.004867 0.004872
Lo 0.005680 0.003950 0.002734 0.001888 0.001748
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Figure 3. Single solitary wave with
a=11,c=111,=128,=2,a=0,b =100,x, = 30,At = 0.01,
h=0.1,h=0.2,t=0,5,10,15,20.

Finally, we choose the parameter sets a = 1.5, = 256, = 2,a=0,b = 100,x, =
30,At=0.01,c = 1.31,h = 0.1and h = 0.2,t € [0, 20]. The obtained results are given in
Table 6 and Table 7. From Table 6, we see that, changes of variants I; X 10,1, X 103 and

I3 X 105 from their initial value are less than 0.4, 0.2 and 0.7, respectively. The error nomrs
L,, Ly are less than 0.004010 and 0.004683, respectively. In Table 7, changes of variants
I; x 10,1, x 103 and I3 x 10° from their initial value are less than 0.3, 0.5 and 0.2,
respectively. Besides, we observed that the error in the L,, L, norm in those tables is small.

Table 6. Variants and error norms of the MRLW equation with a = 1.3,c = 1.31

€=256,=2,a=0,b=100x, =30,At =0.01,h =0.1,t €[0,10]

t 0 2 4 6 8 10

I 0.666901 0.677352 0.686507 0.694563 0.701611 0.707678
I, 0.010805 0.010699 0.010714 0.010721 0.010730 0.010738
I3 -0.000092 | -0.000086 | -0.000088 | -0.000087 | -0.000087 | -0.000087
L, 0.003753 0.003671 0.003636 0.003676 0.003804 0.004010
Lo 0.004683 0.004010 0.003427 0.002925 0.002494 0.002126
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Table 7. Variants and error norms of the MRLW equation with a = 1.3,¢ = 1.31
e=256,=2,a=0,b=100,x, =30,At =0.01,h =0.2,t €[0,10]

t 0 2 4 6 8 10
I 0.666670 0.676480 0.684479 0.690849 0.695687 0.699124
I, 0.008842 0.008723 0.008715 0.008698 0.008674 0.008648
I3 -0.000046 | -0.000042 | -0.000042 | -0.000041 | -0.000040 | -0.000039
L, 0.004040 0.003923 0.003836 0.003773 0.003732 0.003708
Lo 0.004683 0.004010 0.003427 0.002925 0.002494 0.002126
5. CONCLUSION

In this work, we have used the quartic B spline collocation method for solution of the

MRLW equation. The stability analysis of the method is shown to be unconditionally stable.
The numerical results given in the previous section demonstrate the good accuracy and
stability of the proposed scheme in this research.
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PHUONG PHAP KET NOI TRON CAC PA THUC BAC BON
GIAI PHUONG TRINH MRLW

Tém tit: Trong bai bdo ndy, nghiém s6 ciia phirong trinh séng dai chinh quy cdi bién
(MRLW) sé tim duoc dua trén co so su dung sy két néi tron cdc da thirc bdc 4. Str dung
phirong phap Von—Neumann hé phwong trinh sai phdn én dinh vé diéu kién. Phwong phdp
gidi néu ra dwoc dp dung cho mét sé vi du va so sanh véi nghiém chinh xdc. Két qua tinh
todn cho thdy hiéu luc ciia phirong phdp dé xudt.

Tir khoa: Phuong trinh MRLW, spline bdc 4, phuwong phap collocation, phwong phap sai
phdn hitu han.
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1. INTRODUCTION

In this work, we consider the solution of the mGRLW equation
u; + auy + euPuy — Bugy =0, (1)

where p is a positive interger number, €,  and [ are positive constants, X € [a,b],t € [0, T],
and the boundary and initial conditions are assumed to be of the form

u(a,t) = 0,u(b,t) = 0,uy(a,t) = ug(a,t) =0
Uxx(a,t) = ux(b,t) =0, (2)
u(x,0) = f(x), x € [a,b].
The numerical solution of the GRLW has been stadied in the recent years. The septic B
— spline collocation method was applied to the GRLW by S. BattalGaziKarakoga and H.
Zeybek [2]. Roshan has solved the equation by using the Petrov—Galerkin method [16]...

In this paper, a quintic B-spline collocation method is presented for the GRLW equation.
This work is designed as follow: in Section 2, discription of quintic B—spline collocation
method is presented. The stability analysis of the method is established in Section 3. In Section
4, the numerical results are discussed. In the last Section, Section 5, conclusion is presented.
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2. DISCRIPTION OF QUINTIC B — SPLINE COLLOCATION METHOD
We partition the interval [a, b] into elements of uniforms length h by the knots x;such
that partitioned in to a mesh of uniform length by the knots x,;,, m = 0, N such that
a=Xy <X < <Xyn_1<XN=Db, h =xXp,41 — Xm-
+2

The quintic B —spline functions {B, (x)}\*2, at the knots x,, are given by Prenter [14].

Our numerical study for GRLW equation using the collocation method with quintic B-

spline is to find an approximate solution U(X, t) to exact solution u(x, t) in the form

Uxt) = 2L 8 (DB (). 3)
Substituting By, (x) into (3), the nodal values of U, U’ U” are obtained in terms
U(Xi, t) = 8i—2 + 2681_1 + 6681 + 268i+1 + 8i+2
, 5
U, t) =+ (—51_2 —103;—1 + 10841 + Jj42) 4)

20
u" (Xi,t) = ﬁ(a , + 26i—1 - 681 + 26“_1 + 6i+2)' i= 0, .. N.
i—

Using the finite difference method, from the equation (1), we have:

_ n+1_ n n+1_,,n n+1 n
(u—Puxy) = (u—Buxx) +8(up—1)n(ux)nu 2+u +(X(uX) 2+(ux) =0. (5)

If we substitute the nodal values of U, U’ and U” given by (4) into (5), we obtain the
following iterative system:

+1 +1 +1 +1 +1
Vit Sm—z + Ve Sm—1 + Vg Sm  + Vi Sme1 + Vg Sm+2 = Ot Om—2 + Ong 1 +

Ong O; + Oy Oi41 + O iz (6)
where
Vg =M+ dm Y, =N+26qn,v,, =P+664yv, =Q+26qn,7,; =R+ qm
6m =R—Qqmom =Q—26Qy,603 =P —66Q1, 06 =N —26Q1,005 =M —qQm,
M = 2h? — 5haAt — 40B,N = 52h? — 50haAt — 808, P = 132h? + 240,
Q = 52h? + 50haAt — 80B, R = 2h? + ShaAt — 408,
Ly =8p_p + 263 _1 + 6601, + 268041 + Om42s

n

5 n n n 2 p
Lz = H(_S - 108m_1 + 108m+1 + 8m+2), dQm = h SAtLle,m = 0, ,N

m-2
The system (6) consists of N+ 1 -equations in the N+5 knowns
(8_2' 8—11 L] 8N+1' 8N+2)T'
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To get a solution to this system, we need four additional constraints. These constraints
are obtained from the boundary conditions (2) and can be used to eliminate from the system
(6). Then, we get the matrix system equation

AEME™ = BGE™MS" + 1, (7)

where the matrix A(8"), B(8") are penta-diagonal (N + 1) x (N + 1) matrices and r is the
N + 1 dimensional colum vector. The algorithm is then used to solve the system (7). We
apply first the intial condition

U(x,0) = X% 6/B; (%), ®)
then we need that the approximately solution is satisfied folowing conditions

( U(x;, 0) = f(x;)
Uy(xg,0) = Uy(a, 0) = 0
U, (xn, 0) = Uy (b, 0) = 0

Uxx(X0,0) = Uyx(a,0) = 0

Ugx(xn, 0) = Uyy(b,0) = 0

\ i=01,..,N.

)

Eliminating 832, 881, S%H and 8%+2 from the system (11), we get:
AS° = r,

where A is the penta-diagonal matrix given by

54 60 6 0 O 0 0

0015105y

4 2 4

1 26 66 26 1 0 0

A=

0 0 1 26 66 26 1

o . o 105 135 101
4 2 4

0 0 0 0 6 60 54

and 8° = (80,8, ..., 80T, r = (f(x0), f(x1), ..., f(xn)).

3. STABILITY ANALYSIS

To apply the Von-Neumann stability for the system (6), we must first linearize this
system.
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We have: §' =& exp(ivj B, i =+v-1, (10)
where v is the mode number and h is the element size.

Being applicable to only linear schemes the nonlinear term UPUy is linearized by taking
U as a locally constant value 3. The linearized form of proposed scheme is given as

n+1 n+1 n+1 n+1 n+1

.0ty + P8t +py8f +p, 8kt +PeOivz = pdioz +p,Sing + i + p,Sikg +
POtz (11)
where
p, =1—ay+az p, =26—10a, + 2a3, p, = 66 — 6a3,
p4 =26+ 1032 + 233,p5 =1+ do +a3,
5(a + 9P)At 5a, —20B
-T2 “h BT Thzo
Substitretion of §;' = exp(iyj BE", into Eq. (11) leads to
éj‘v,[p1 exp(—2i ly) + p, exp(—iyh) + p, + p, exp(ivh) + p, exp(Ziyh)] =
ps exp(—2iyh) + p, exp(—iyh) + p, + p, expliyh) + p, exp(2iyh). (12)
Simplifying Eq. (12), we get:

a;

where
C = (p1 + ps) cos(2¢) + (p2 + ps)cosh + p3, D
= (p; — ps) si2d) + (p, — pa)cosp
¢ = vh.

/C2+D2
So Ial = m = 1.

Therefore, the linearized numerical scheme for the mGRLW equation is unconditionally
stable.

4. NUMERICAL EXAMPLE

We now obtain the numerical solution of the GRLW equation for some problems. To
show the efficiency of the present method for our problem in comparison with the exact
solution, we report L, and L, using formula

Ly, = max;|U(x;, t) — u(x;, )],
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1
2
L, = (th(xi,t) ~ u(x, t)|2) ,

where U is numerical solution and u denotes exact solution.

Three invariants of motion which correspond to the conservation of mass, momentum,
and energy are given as

b b
I, = f udx, I, = j (u? + Bud)dx, I3
a a

= fb (u4 — —ZB(p + 1 u)z() dx.

€

The exact solution of the GRLW is:

E
ux,t) =

(cosB(O(x— xo — ct)))%,

where

9=B c—aEz((p+1)(p+2)(c—a)>
2 | Bc’ 2¢ '
The initial condition of Equation (1) given by:

E
f(x) =

(cosk(O(x — XO))%I

To get the variants and error norms, we choose four sets of parameters by taking
different values of p, h, ¢ and Atand the same values ofa = 1,6 =13, =0.1,a=0,
b = 100,x, = 40. The variants and error norms are calculated from time t =0 to t = 10.

In the first case, we take p=2,h=0.1, At = 0.1, c = 1.01. The variants and error norms
are listed in Table 1. In this table, we get, the changes of variants I; X 10%,1, x 10° and
I; X 107from their initial values are less than 0.3, 0.5 and 0.2, respectively. The error nomrs
L, and L, are less than 2.344479 x 1073 and 1.166120 x 1073, respectively.

In the second case, p =2, h=0.2, At = 0.1,c = 1.01. The variants and error norms are
listed in Table 2. In this table, we get, the changes of variants I; X 10% 1, X 10° and
I; X 107 from their initial values are less than 0.4, 0.5 and 0.2, respectively. The error
nomrs L, and L, are less than 2.344994 x 1073 and 1.164312 X 1073, respectively.
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Table 1. Variants and error norms of the GRLW equation withp = 2,a = 1,

£=13, $=0.1,a=0,b=100,xy =40,At =0.01,h=0.1,c = 1.01,t €[0,10]

t 0 2 4 6 8 10

I 0.678287 0.678293 0.678299 0.678305 0.678311 0.678170

I, 0.029433 0.029433 0.029434 0.029435 0.029436 0.029437

I3 0.000046 0.000046 0.000046 0.000046 0.000046 0.000046
L, x 103 0 0.471693 0.942647 1.412144 1.879580 2.344479
L, x 103 0 0.222742 0.454863 0.691595 0.929801 1.166120

Table 2. Variants and error norms of the GRLW equation withp = 2,a = 1,

£=13, $=0.1,a=0,b=100,xy =40,At =0.01,h =0.1,c = 1.01,t €[0,10]

t 0 2 4 6 8 10

I 0.678287 0.678293 0.678299 0.678305 0.678311 0.678317

I, 0.029433 0.029433 0.029434 0.029435 0.029359 0.029437

I3 0.000046 0.000046 0.000046 0.000046 0.000046 0.000046
L, x 103 0 0.471801 0.942860 1.412461 1.879997 2.344994
L, x 103 0 0.222831 0.453852 0.691887 0.930200 1.164312

Thirdly, if p =3, h=0.1, At = 0.01land At = 0.025,c = 1. 01, and ¢ = 1.001, then the
numerical results are reported in Table 3 and Table 4.

In Table 3, we see that, changes of the variants I; X 103,1, X 10* and I3 X 10* from
their initial value are less than 0.2, 0.5 and 0.1, respectively. The error nomrs L,, L., are less
than 0.951768 X 1072 and 0.550608 x 1072, respectively. The motion of a single solitary
wave is displayed at times t=0, 6, 10 in Figure 1.

In Table 4, changes of the variants I; X 10,1, X 10* and I3 X 10° from their initial
value are less than 0.2, 0.8 and 0.9, respectively. The error nomrs L,, L, are less than

3.495260 X 1073 and 1.687792 x 1073, respectively. The motion of a single solitary
wave is displayed at times t =0, 6, 10 in Figure 2.
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Table 3. Variants and error norms of the GRLW equation withp = 3,a = 1,
e=13, f=01,a=0,b=100x, =40,At =0.01,h =0.1,c = 1.01,t € [0,10]

t 0 2 4 6 8 10

I 1.759327 1.759348 1.759369 1.759390 1.759411 1.759432

I, 0.214500 0.214509 0.214519 0.214529 0.214538 0.214548

I3 0.004856 0.004856 0.004855 0.004853 0.004850 0.004848
L, x 102 0 0.195276 0.388971 0.579943 0.767609 0.951768
L, x 102 0 0.110925 0.226747 0.339792 0.447835 0.550608

Table 4. Variants and error norms of the GRLW equation withp = 3,a = 1,
e=13, B =0.1,a=0,b=100x, =40,At = 0.025,h = 0.1,c = 1.001,¢t € [0,10]

t 0 2 4 6 8 10

I 2.540639 2.545207 2.549572 2.553716 2.557596 2.561150

I, 0.144896 0.144910 0.144924 0.144938 0.144952 0.144966

I3 0.000753 0.000753 0.000753 0.000753 0.000753 0.000753
L, x 103 0 0.413323 1.087032 1.854905 2.668369 3.495260
L, X 103 0 0.484072 0.880360 1.204781 1.470369 1.687792

U(x,t) 010

20 40

Figure 1. Single solitary wave withp =3, a = 1,6 =13, = 0.1,a = 0,
b=100,x9 =40,At =001, h=0.1,c=1.01,t=0,6, 10

Finally, we choose the quantitiesp=4,a = 1,6 = 122, = 360,a = 0,b = 100, x, =
40,At=0.01,h =0.1,c=0.1.001.
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The numerical computation are done up to t = 20. The obtained results are given in
Table 5 which clearly shows that the changes of the variants I; X 1031, X 103 and
I3 x 10° from their initial value are less than 0.6, 0.2 and 0.4, respectively. The error nomrs
L,, L., are less than 2.647811 x 1073 and 0.685645 x 1073, respectively. Solitary wave
profiles are depicted at time levels in Figure 3.
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Figure 3. Single solitary wave with
p=4a=1e=1228 = 360,
a=0,b=100,x, =50At =0.01,
h=0.1¢=1.001¢t=0, 10, 20.

Table 5. Variants and error norms of the GRLW equation withp = 4,a = 1,

=122, $ =360,a=0,b =100,x, =50,At =0.01,h =0.1,c = 1.001,t € [0,20]

Figure 2. Single solitary wave with p =3,
a=1e=13,=0.1,a =0,
b =100,x, = 40,At = 0.025, A =10.1,
c=1.001,t=0,6, 10

t 0 5 10 15 20

I 10.516333 10.516566 | 10.516546 10.516299 10.515780

I, 1.104843 1.104892 1.104888 1.104837 1.104729

I3 0.012194 0.012195 0.012195 0.012194 0.012191
L, x 103 0 0.611587 1.243961 1.917332 2.647811
L, x 103 0 0.150865 0.315534 0.493848 0.685645

For the purpose of illustration of the presented method for solving the GRLW equation,
we use parameters p =2, 3,5, 7,9 witha = 1,6 = 122, = 360,a=0,b = 100,x, = 50.
The parameters At, h, c are given by different values. The error norms at t = 20 are listed in
Table 6 and Table 7.

The plot of the estimated solution at time t = 10 in Figure 4.

From these tables, we see that, the error norms L, L., are quite small for present method.
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a) p=5

b) p=7

Figure 4. Single solitary wave with

c) p=9

a=1¢=122,=360,a=0,b =100,xy =50, 1 =0, 10, 20.

Table 6. Error norms for single solitary wave for the wave of the GRLW equation with a = 1,
e=122,=360,a =0,b =100,x, =50, t = 20.

p=2 p=3 p=5
c 1.0001 1.001 1.0001 1.001 1.0001 1.001

h At
L, [ 0.1 | 0.01 | 0.004482 | 0.088766 | 0.047287 | 0.818658 | 0.377707 | 5.529901
X 0.2 ]0.01 | 0.002899 | 0.088349 | 0.037387 | 0.822547 | 0.340665 | 5.535953
103 | 0.1 | 0.05 | 0.002830 | 0.089675 | 0.038396 | 0.830843 | 0.356645 | 5.559609
0.2 | 0.05 | 0.003044 | 0.090680 | 0.040881 | 0.837106 | 0.367814 | 5.597731
L, [ 0.1 | 0.01 | 0.000739 | 0.023181 | 0.010066 | 0.213927 | 0.092579 | 1.423652
X 0.2 ]0.01 | 0.000739 | 0.023181 | 0.010066 | 0.213927 | 0.092578 | 1.423652
103 | 0.1 | 0.05 | 0.000738 | 0.023181 | 0.010065 | 0.213926 | 0.092579 | 1.423653
0.2 | 0.05 | 0.000738 | 0.023181 | 0.010065 | 0.213926 | 0.092578 | 1.423652
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Table 7. Error norms for single solitary wave for the wave of the GRLW equation with
a=1,e=122,=360,a=0,b =100,x, =50, 1 =20

p=7 p=9
c 1.0001 1.001 1.0001 1.001
h At

L, 0.1 0.01 1.037021 13.513875 1.895832 23.097371
X 0.2 0.01 0.969144 13.539687 1.824487 23.188402

103 0.1 0.05 1.010284 13.578334 1.883411 23.220042
0.2 0.05 1.033718 13.654954 1.925747 23.333349

Lo 0.1 0.01 0.261341 3.446876 0.488891 5.835234
X 0.2 0.01 0.261340 3.446875 0.488890 5.835235

103 0.1 0.05 0.261341 3.446876 0.488891 5.835234
0.2 0.05 0.261340 3.446875 0.488890 5.835235

5. CONCLUSION

In this work, we have used the quintic B-spline collocation method for solution of the
GRLW equation. We tasted our scheme through single solitary wave and the obtained results
are tabulaces. These tables show that, the changes of variants are small. The error norms
L,, L, for the GRLW equation are acceptable. So the present method is more capable for
solving these equations.

REFERENCES

I. S.S.Askar and A.A.Karawia (2015), “On solving pentadiagonal linear systems via
transformations”, Mathematical Problems in Engineering, Vol. 2015, pp.1-9.

2. S.Battal Gazi Karakoga, Halil Zeybek (2016), “Solitary - wave solutions of the GRLW equation
using septic B - spline collocation method”, Applied Mathematics and Computation, Vol. 289,
pp.159-171.

3. H.Che, X.Pan, L.Zhang and Y.Wang (2012), “Numerical analysis of a linear-implicit average
scheme for generalized Benjamin-Bona-Mahony-Burgers equation”, J.Applied Mathematics,
Vol. 2012, pp.1-14.

4. D.J.Evans and K.R.Raslan (2005), “Solitary waves for the generalized equal width (GEW)
equation”, International J. of Computer Mathematics, Vol. 82(4), pp.445-455.

5. C.M.Garcia-Lospez, J.I.LRamos (2012), “Effects of convection on a modified GRLW equation”,
Applied Mathematics and Computation, Vol. 219, pp.4118-4132.

6. C.M.Garcia-Lospez, J.I.LRamos (2015), “Solitari waves generated by bell-shaped initial
conditions in the invicis and viscous GRLW equations”, Applied Mathematical Modelling, Vol.
39(21), pp-6645-6668.

7. P.A.Hammad, M.S.EI-Azab (2015), “A 2N order compact finite difference method for solving
the generalized regularized long wave (GRLW) equation”, Applied Mathematics and
Computation, Vol. 253, pp.248-261.



TAP CHi KHOA HOC - SO 20/2017 | 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

B.Hong, D.Lu (2008), “New exact solutions for the generalized BBM and Burgers-BBM
equations”, World Journal of Modelling and Simulation, Vol. 4(4), pp.243-249.

S.Islam, F.Haq and [.A.Tirmizi (2010), “Collocation method using quartic B-spline for
numerical solution of the modified equal width wave equation”, J. Appl.Math.Inform, Vol. 28(3-
4), pp.611-624.

A.G.Kaplan, Y.Dereli (2017), “Numerical solutions of the GEW equation using MLS
collocation method”, International Journal of Modern Physics C, Vol. 28(1), 1750011,
pp.1-23.

M.Mohammadi, R.Mokhtari (2011), “Solving the generalized regularized long wave equation
on the basis of a reproducing kernel space”, J. of Computation and Applied Mathematics, Vol.
235, pp.4003-4014.

R.Mokhtari, M.Mohammadi (2010), “Numerical solution of GRLW equation using sinc-
collocation method”, Computer Physics Communications, Vol. 181, pp.1266-1274.

E.Pindza and E.Maré (2014), “Solving the generalized regularized long wave equation using a
distributed approximating functional method”, International Journal of Computational
Mathematics, Vol. 2014, pp.1-12.

P.M.Prenter (1975), “Splines and Variational Methods”, Wiley, New York.

T.Roshan (2011), “A Petrov — Galerkin method for solving the generalized equal width (GEW)
equation”, J. Comput. Appl.Math., Vol. 235, pp.1641-1652.

T.Roshan (2012), “A Petrov—Galerkin method for solving the generalized regularized long wave
(GRLW) equation”, Computers and Mathematics with Applications, Vol. 63, pp.943-956.

M.Zarebnia and R.Parvaz (2013), “Cubic B-spline collocation method for numerical solution of
the Benjamin-Bona-Mahony-Burgers equation”, International Journal of Mathematical,
Computational, Physical, Electrical and Computer Engineering, Vol. 7(3), pp.540-543.

H.Zeybek and S.Battal Gazi Karakoca (2017), “Application of the collocation method with
B - spline to the GEW equation”, Electronic Transactions on Numerical Analysis, Vol. 46,
pp.71-88.

PHUONG PHAP COLLOCATION VOI CO SO B-SPLINE BAC 5
GIAI PHUONG TRiINH GRLW

Tém tit: Trong bdi bdo nay, nghiém soé cia phiong trinh GRLW sé tim dwoc dya trén co
80 sur dung co s6 B—spline bdc 5. Chung ta chirng minh liwgc dé sai phdn iing véi phwong
trinh la 6n dinh vé diéu kién theo phu’(mg phap Von—-Neumann. T} hudt toan dwoc giai minh
hoa véi séng don va thé hién bang do thi. Két quad so chirng t6 phwong phdp diea ra cé thé
gidi phwong trinh trén.

Tir khoa: Phuong trinh GRLW, spline bdc 5, phwong phdp Collocation, phuwong phdp sai
phdn hitu han.
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PHUONG PHAP SO GIAI MOT SO BAI TOAN BIEN
TRONG MIEN VO HAN

Ngo Thuy Ngan
Truong Pai hoc Dai hoc Thu do Ha Noi

Tém tit: Ly thuyét vé cdc bai todn bién trong mién vé han la mét trong nhitng linh vuec
quan trong ciia Iy thuyét phwong trinh dao ham riéng hién dai. Rat nhiéu bai todn co hoc
va vat ly dwoc dat ra trong mién vé han nhw bai todn truyén nhiét trong thanh dai vé han,
trong mot dai vé han, bai todn lan truyén khi thai trong khi quyén bao la... Pé gidi quyét
duoc bai toan trén, nguoi ta thuong han ché xét bai toan trong mién hitu han. Khi do mot
loat véan dé dwoc dat ra la xét mién rong bao nhiéu la du va dat diéu kién bién trén bién do
nhu thé ndo dé thu dirge nghiém xdp xi tot nghiém ciia bai todn trong mién vé han. Vi vy,
viéc tim hiéu va nghién ciru bai todn bién trong mién vé han la hét sirc quan trong. Ddc
biét, o trong nuoc, ddy la linh vuc con twong doi méi mé, hau nhw chwa 6 cdc tdi lieu de
cdp mét cach ddy di van dé nay.

Tir khoa: Bai toan bién, mién vo han.

Nhan bai ngay 7.11.2017; gui phén bién, chinh stra va duyét dang ngay 20.12.2017
Lién h¢ tac gia: Ng6 Thuy Ngan; Email: ntngan@daihocthudo.edu.vn

1. MO PAU

Trong bai béo ndy ta quan tAm dén hai loai bai toan: Bai toan bién va bai toan c6 tri ban
dau. Mdi loai bai toan s& c6 cach giai riéng.

Pé trinh bay nhitng khai niém co ban ciia phuong phap sai phan, trude hét ta xét mot sb
bai toan don gian d6i véi phuong trinh vi phan thudng.

Tiép d6, muc dich cua bai bao dé xuit mot phuong phap hé vo han d6i véi cac bai toan
dung, phuong trinh parabolic trong thanh nira vo han va cach cai dét ctua céc thuat toan do.

2. NOI DUNG

2.1. Phuong phap sai phin giai bai toan c6 trj ban diu
2.1.1. M6 hinh bai toan

Cho khoang [xo, X]. Tim ham u = u(x) xac dinh tai [xo, X] va théa man:
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w=f(xu) x,<x<X (2.1)

u(xy) =1 (2.2)
Trong d6 f(x,u) 1a mot ham s cho trude va 7 1a mot sé cho trude.

Gia su bai todn (2.1), (2.2) c6 nghi¢ém u = u(x) du tron, nghia 1a n6 c6 dao ham lién tuc
dén cap ma ta can.
2.1.2. Lwdi sai phan

Ta chia doan [Xo, X] thanh N doan con béng nhau, mdi doan con dai 4 = (b—a)/ N boi
cac diém x, = x, +ih,i=0,1,.., N (hinh 1). Tap cac diém x; goi 1a mot ludi sai phan trén [xo,

X] ky hi¢ula Q, mdi diém x; goi 1a mot nut cua ludi, h goi 1a budc di cua ludi.

Hinh 1. Lu6i sai phdn
Ta s& tim cach tinh gan dung gia tri cia nghiém u(x) tai cac nit x; cua ludi Q h -
D6 1a y twong dau tién ciia phuwong phap sai phan, con goi 13 phuong phap 1uéi.
2.1.3. Ham luéi
Do 1a nhitng ham s6 xé4c dinh tai cac nut cua lugi Q ». - Gid tri cia ham ludi v tai nat x;

viet 1a vi. Mot ham s6 u(x) xac dinh tai moi x € [a,b] s€ tao ra ham ludi u c6 gié tri tai nat x;
1a ui = u(xi).

2.1.4. Pao ham lwéi

Xét ham so v. Pao ham ludi tién cap mot cua v, ky hi¢u 1a vy, c6 gia tri tai nlt x; la:

V- =

xi h

Khi h bé thi dao ham ludi “xap xi” dwgc dao ham thuong.
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2.2. Phwong phap sai phin giii bai toan truyén nhiét mét chiéu
2.2.1. M6 hinh bai toan
Cho cac sba,b;a<bvaT>0. Xét:
O, = (a,b)x(0,T]; O =[a,b]x[0,T]
Xét bai toan bién thtr nhat ddi véi phuong trinh truyén nhiét:

Tim ham s6 u(x, t) thoa man:

Lu= a—u—g = f(x,1), (x,0)eQ, (2.3)

ot Ox
u(x,0)=g(x), a<x<b (2.4)
u(a,t)=g,), u(b,t)=g,(t), 0<t<T (2.5)

Trong d6 f(x, t), g(x), ga(t), gv(t) 1 nhitng ham s6 cho trudc.

Phuong trinh (2.3) 1a phuong trinh Parabol va goi phuong trinh (2.3) 14 phuong trinh
truyén nhiét mot chiéu. Bién x goi 14 bién khong gian, con bién t 1a bién thoi gian.

Bai toan (2.3) - (2.5) 12 mot bai toan vira c6 diéu kién ban dau (d6 1a diéu kién (2.4)),
vira c6 diéu kién bién (d6 1a diéu kién (2.5)); D6 13 bai toan bién loai mot ddi voi phuong
trinh (2.3).

Gia str bai toan (2.3) - (2.5) c¢6 nghiém duy nhét du tron trong QT .

2.2.2. Lwéi sai phan va ham luéi

a) Ludi sai phdn

Chon hai s6 nguyén N > 1 va M > 1 va dit:

h=2"0  —asini=012,..N
N
T o
T:ﬁ,l‘j =]Jr, ] :0,1,2,...,M

Ta chia mién Qr thanh 6 boi nhitng duong thing x = x;, t = t; (hinh 1.2). Mdi diém (x;,
tj) goi 1a mdt nut, nut diém (xi, tj) con dugc viét gon 1a (i, j); h goi 1a budc di theo khong
gian, 7 goi la budc di theo thoi gian.

Tap tat ca cac nat tao thanh mot ludi sai phan trén QT .
Ludi trén [a,b] (ludi vi khong gian): Tap:

Q, ={x]i=12,.,N-1}
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goi la tap cac nut trén [a, b]. Tap: ', = {xi |i =0,N } goi la tap céc nt bién trén [a, b]; nat 0
va nut N 1a hai nat bién. Tap: ﬁh =Q, UT', goila mot ludi sai phan trén [a,b]

A
t

tm =T [-------

v

xN=b X
Xi

Hinh 2. Lu6i sai phdan va ham lwoi

Ludi trén [0, T] (luoi thoi gian): Tap:

Q, ={t,[j=1,2,...M} goila mot ludi sai phan trén (0, T]. Tap:

Q, ={t,[j=0.1...M}=0Q_U{t, =0} goila mot ludi sai phan trén [0, T]; nit to =0 1a
nit ban dau.

Tap: Q,, =Q, xQ_ 1a tip cac nut trong trén Q,. Tap:

r. = {x0 = a} x Q) goi la tap cac nut bién trai. Tap:

I, ={x, =b}xQ, goilatap cac nit bién phai. Tap:

hr

0 _ \
I =Q,x {t, =0} goi la tap cac nut ban dau.

Nhu vay tap:

Q, =Q,xQ =Q, ' th UFh chinh 1a lué1i sai phan trén Q, .

Ta phan ludi sai phan QT thanh nhiéu 16p: Lop thir j tao boi cac nat tng cung mot gia
tri thoi gian tj la:

Q) ={(x,,t,),i=0,1,..,N}; nit (xo, ) = (a, ) v (xx, tj) = (b, t;) 14 hai niit bién.
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b) Ham lidi
Ham s0 xac dinh tai cac nlit cia mot ludi nao dé goi 1a mot ham ludi. Gia tri cia ham
ludi v tai nit (i, ) viét 1a v/ . C4c gié tri ciia ham luéi v tai cac nit cua l6p Q) tao thanh ham
luéi v/ xé4c dinh trén Q, . Ta co:
v =l v/,..,v])e R"

Trong tap cac ham ludi nay ta xét hai loai chuan:
: — — —
P ], =300 + 000 et )

M&i ham sb u(x, t) xac dinh trén QT c6 gid tri tai (i, j) 1a u(x;, tj) va tao ra ham ludi u

1. =l
0 0<i<N

xéc dinh boi u/ =u(x,,t,).

2.3. Bai toan truyén nhiét trong thanh vo han
2.3.1. Bai toan Cauchy

bat bai toan

Xét phan bd nhiét do trong mdt thanh rat manh, dai vo han, dit doc theo truc x va khong
c6 nguon nhiét. Ta phai giai bai todn Cauchy sau:

Tim ham u(x, ) thda man phuong trinh truyén nhiét

2
6_u:a251;l —w<x<+0o 0<t<T (2.6)

ot Ox
W =e(x)  —o<x<+o 2.7)

Ham s @ (x) lién tuc trén toan b truc x, va co thé phan tich né thanh chudi Fourier

trén quang (~/,/) , théa man diéu kién j lp(&)|de <o

2.3.2. Tinh duy nhét nghiém
Gia st bai toan d6 cé hai nghiém bi chin u,,u,: [u,(x,0) <M |u,(x,0)| <M vé6i
—w<x<+0 0<t<T.Hi€u v=u, —u, cling thdoa man phuong trinh (2.6) va théa man
diéu kién dau v|_ =0.

0

Ngoai ra trong toan mién ta c6 |v(x, t)| < |u1 (x, t)| + |u2 (x,t)| <2M .



TAP CHi KHOA HOC - SO 20/2017 | 31

Xét mién bi chin {{<L,0<¢<T}. Nhan thdy W (x,r)= 42‘24 (§+ aztj 1a nghiém
cua phuong trinh (2.1)
Taco W(x,0)+v(x,0)=W(x,0)>0
W(xL,t)£v(£L,t)>2M +v(+L,t) >0
Ap dung nguyén 1y cuc dai cua ham W (x,t) £ v(x,t) va mién bi chin ﬂx| <L,0L¢t<T }

Trong mién éy, ham W (x,t) £ v(x,t) dat gia tri nhé nhéttai = 0 hodctai x = +L . Viay

o » 4M ( x°
gid tri nho nhat ay khong am W (x,7) £ v(x,t) > 0 hay |v| <W tacla |v| < IE (%+ aztj .

Xét ham v tai mot diém cd dinh (xy,%,) nao do6. Cho L — 0 ta dugc v(x,,t,)=0, vi
(X,,t,) 1a mot diém tiy y nén ta c6 v(x,£) =0 u, =u, (dpcm).
2.3.3. Giai bai toan Cauchy

Str dung phuong phap tach bién.

Ta x& tim nghiém cta bai toan Cauchy (2.6), (2.7) dudi dang u(x,) = X (x).7(¢) thé
biéu thirc d6 vao phuong trinh (2.6) ta di dén hai phwong trinh sau:

T'+a’T =0
X"+1X=0
Trong d6 4 1a mot hang so.
—la’t

Nghiém ctia phuong trinh dau 13 T(f) = e . Vi tai mdi diém x ctia thanh nhiét do
u(x,r) khong thé 16n hon vo6 cung khi t—>+0 = A>0 va dit A=a’ ta dugc
T()= e , X(x) = Acosa x+ Bsina x , trong 46 A, B 12 nhitng hang s6 c6 thé phu thudc
—a? a’t [

tham s6 o, vy u,(x,t) = e A(a)cosa x + B(a)sina x] v6iVa cd dinh déu 1a nghiém

riéng ctia phuong trinh (2.6). Vay ta duoc mot hé nghiém riéng phu thudc tham sb « .

2
e e e, x P N PURRY A . nw
Khi giai bai toan hon hgp vai cac diéu kién bién bang khong, ta cé A =4 = (—l j

n=1,2,... Khi d6 ta tim nghi¢m cuta bai toan dudi dang chudi ham. O day 4 co thé léy moi
gia tri khong am, do d6 tham s6 a co thé léy moi gia tri thudc (— 00,+ oo) .

Ta s& tim nghiém cua bai toan dudi dang:
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u(x,t) = I”a (x,t)Yda = Ie‘“zazt [A(a) cosa x+ B(a)sina x]da (2.8)
D@ thdy ham u(x,#) cho bdi (2.8) ciing 1a nghiém riéng ciia phuong trinh (2.6). Néu tich
phan 4y hoi tu déu va c6 thé 1y dao ham dudi ddu tich phan d6 mot 1an dbi véi ¢ hai 1an dbi
Vol X .
Ta chon A(a),B(e) sao cho (2.8) thoa mén diéu kién dau (2.7)

u|l:0 =p(x)= _[[A(a)cosax+ B(a)sinax]da

—0

= (@)= [p(&)cosa sds
B@)= [p(@)sinasds

thé vao (2.3), ta suy ra u(x, 1) = %f[fe() cosa (& x)da |p (&) dE 2.9)
T

—00_—0

E—x
a't

Poibien w =

Ltiioe"z cosocwdo L

a\/; e an't
400 , +00 ,

Trong d6 l(w) = je*" cosocwdo = I’(a)): —J.O'e*" sincwdo (6 day co thé lay

—0 —0

= J.e*"’z"z’ cosa (& —x)da = I(w).

dao ham dudi dau tich phan dugc vi tich phan sau cing hoi tu déu). Bang cach 1ay tich phan
ting phan, ta duoc

=1'(w)= —_J(;O'e"2 sincwdo = %e"z sincw|” —g_[oe"z coscwdo= —%I(a))
' 2 o
o) _o =nl(o)= 2 _imc = I(w)=Ce *.Trong d6, C la mot hing s6
(o) 2 4

tuy ¥. Bé xdc dinh C ta cho =0 = 1(0)=C lai vi 1(0)= [¢"do=/r (tich phan

—0o0

poisson, tinh 7(0)* bang cach chuyén sang toa do cuc)
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-X

= I(w) = \/_e[ tj :>I cosa(é—x)da:%e{iz].

Vay cong thic (2.10) co thé viét: u(x,t)— \/_ jgo(g) [ ] dé (2.10)

Chimg minh lim,_, u(x,7) = ¢(x).

—X Je A A
o suy ra ta co the viét:

2a\/;

Bang cach doi bién s =

u(x,t) = I¢ (x+ ZaS\/;)e’s2 ds.

1
)
[u(x,0)— @ (x) = \/_J.|(p(x+2asx/_) o (x)| e ds.

Vi @ (x) 1a mgt ham bi chdn, nén ta gid st ¢ (x) < M , suyra
‘(o(x + 2asx/;) - (o(x)‘ <2M .

Suy ra

j|(p(x+2asf) o(x)| e ds + e ds

u(x,0)— ()] < \/_j - ds+\/_ \/_j

+o0
_g? A A X . A A 5 r
Vi I e ds hoi tu nén ton tai mot s6 N >0 du 16n sao cho:

—00

+00

2M ¢ 2 e 2M ¢ _» £
ﬁ:[oe dSﬁg,ﬁje dSSg

N

2 o : 2
Viy =] 5+ = [l 2as3n) - p )] e < = +

N
+N +o0
%%Lg‘szds < 2& —Je‘szds =& . dpem.

Chtrng minh nghiém (2.10) phu thudc lién tuc vao diéu kién ban dau.
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Goi (x,t) 1a nghiém cua phuong trinh (2.6) thoa man diéu kién ban dau | |l:0 =¢(x).

Khi d6 hiéu u(x,t) —u(x,t) 1a nghiém cia (2.6) thod man (u — L_l)|t:0 =p(x)—p(x).

+00 fe-x ’
u(x, 1)~ ia(x. 1) =ﬁ [lo@) -7 ©Ne ) dé. Néulp()-p|<e vx

thi

|u(x,t)—u(x,t)|<

L fper-p@e ) agco 1T 1 4
261\/5_00 - 261\/E_m

hay |u(x,t)—u(x,t)|< &€ (dpcm).

2.4. Phwong phap hé vé han déi véi cac bai toan dirng

Trong phan nay sé trinh bay chi tiét phuong phap hé vo han trén mo hinh bai toan truyén
nhiét dung trong thanh ntra v6 han:

—(ku) +du= f(x), x>0, (2.11)
u(0) = u,, u(+0)=0
v6i cac gia thiét thong thuong
K,<k(x)<K,, D,<d(x)<D,, f(x)eL’(0,0)nC(0,0). (2.12)

Nhdn xét: Trong trudng hop k, d 1 cac hing s6 va f(x) c6 gia compac 1a [0,L] ngudi ta

dé dang tim duoc diéu kién bién nhan tao chinh xac tai x = L nh& anh xa Dirichlet-to-
Neumann. Khi f khong ¢ gia compac nhung c6 dang dic biét sao cho cé thé tim duoc
nghi¢m ri€ng cua phuong trinh

—u +cu=f (c=constant>0)

diéu kién bién nhan tao chinh x4c ciing c6 thé thiét 1ap dugc. Trong trudng hop tong quat
khi k, d, f chi thoa man diéu kién (2.11) va han ché xét bai toan trong mot khoang hiru han

nao do [O,L] ngudi ta khong tim dugc diéu kién chinh xac tai x = L. Dé giai quyét bai toan
(2.11), (2.12) chiing t6i dura vao ludi diém cach déu {x,. =ih,=0,1 } va xét luge do sai phéan:

—(ay), +dy=f 1i=12,..

2.13
Yo = My, Y; >0, i 00 1
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trong do:
a=k(x—-h/2), d=dx), f=f(x).

Viét lai lwoc dd sai phan (2.13) trong dang hé phuong trinh sai phan ba diém thong

thuong
—Ay  +Cy.—By.. . =f, i=12,..
lyl—l lyl yl+1. -fl (214)
Vo =Mty ¥, >0, o0
O day:
a. a‘+
4, =h—’2, B = };2‘, C,=4,+B +d. (2.15)
bat
pO q 0: 0’ 7"0 ﬂ())
A , f.
=—L, =L, == (i=L2,.. 2.16
P=cr 4=C C ( ) (2.16)
ta viét hé (2.14) trong dang chinh tic ctia hé v6 han nhu sau:
Vi= PV TVt =12,
. (2.17)
¥, =0, i—>0
Ta c6: pPo=1-p,—q,=1va
d. .
szl_Pi_%:El>O (i=12,..) (2.18)

1

Nhu vay, hé (2.17) 1a chinh quy. Chinh x4c hon, n6 1a hé hoan toan chinh qui vi dé dang

kiém tra rang

D,
>—20  (i=12,.. 2.19
o D, +2K,/h* ( ) @19)
. 7 no_Ji o :
Bay gio xét ,0_ . Tu (2.16), (2.17), ta cod ; = E Tur cac gia thiét (2.11) suy ra rang:

Ji — 0, do d6 ton tai hé“lng s6 k* sao cho ‘ fl‘ <K*d, véimoii. Vi thé diéu kién cua dinh

1y 2 duoc thoa mén va nghiém vo han cua (2.12) ¢ thé tim duoc bang phwong phap cit cut.
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Van dé dat ra 1a cat cut h¢ vo han dén cd nao dé thu dugc nghiém gan ding véi sai so
cho trudc. Dudi day s€ tra 101 cau hoi trén.

Ta s€ tim nghiém cua hé (2.12) trong dang

vi=a,.,y,,+ P, i=0,1.., (2.20)
trong d6 cac h¢ s6 duoc tinh nhu sau:
=0, B =u
a,, =1_q—pflai, B., =% i=1,2,.. @20)

Twong ty nhu trong truong hop hé phwong trinh sai phan ba diém hiru han ¢6 thé chimg
minh bang quy nap raing 0<a, <1 (i=0,1,...). Do d6, tir diéu kién y, —0 va tir (2.15)
suyra B —0 khi i > .

Xét hé cat cut

V= DI 4T 4 =012 N

— . 222
y,=0,i=2N+1 (222)

Pinh 1y 4: Cho trudc sai sd & > 0.Néu
ﬂSa, i>2N+1 (2.23)

-

thi ta c6 danh gia sau ddi véi sai s6 cia nghiém cta hé v6 han (2.12) so v6i nghiém ctia hé
cit cut (2.17)

Sup‘ y,-7|<e (2.24)

Chitng minh: Ky hiéu z, = y,—y,. Khi d6 d& dang kiém tra rang z, thoa man hé vo

han sau

Zi - gi+lzi+l

+bj3 i:Oala"°a (2.25)

trong do:
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Hé nay 1a hé chinh quy vi déi véino p, =1—¢a,,, >0 do 0<a, <1 (i=0,1,...)nhu
da noi & trén. Tir didu kién (2.18) suy ra |B| < &0, véi moii=0,1,... Do d6, theo Iy thuyét
hé vo han ta c6 danh gia |zi| <g¢g, i=0,1,...Dinh ly dugc chirng minh.

Nhdn xét: Pinh 1y trén cho phép ta trong qua trinh tinh cac hé sé truy dudi (2.16) xac

dinh khi nao cat cut ciia hé v6 han (2.12) d€ ddm bao rang nghiém cua hé cat cut sai khac so
vo1 nghiém cua hé vo han khong & qué cho trude.

Dud¢i day chung ta xét mot vi du minh hoa hi¢u qua cua viéc st dung dinh 1y trén.

Vi du. Xét bai toan:

—((1 +sin’ x)u) LS (sin2x-1,5+ cost/2+L)
I+x 1+x

u(0)=1, u(+0)=0.
Bai toan nay c6 nghiém dung u(x)=¢"

X4y dung hé v6 han (3.12) va cit cut n6 khi dinh Iy trén duoc théa min. Nghiém ctia hé
cit cut duoc so sanh véi cac nghi¢m chinh xac. Két qua tinh toan trén ludi voi h=0.1 va
h=0.05 dugc cho trong cac bang dudi day, trong d6 N 1a cd cua hé duoc tu dong cit cut,

SS = eV —u| s u, =u(x,).
0<i<N
Bang 1. 7 =0.1
g N SS
0.01 59 0.0027
0.001 86 2.7761e-4
0.0001 116 2.8224e-4
Bang 2. 4 =0.05
& N SS§
0.01 117 0.0029
0.001 170 2.0347¢-4
0.0001 224 7.0619¢-5
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D) thi cua nghiém dang, nghiém gin ding voi h=0.05,£=0.01 va ham vé phai cho

trong cac Hinh 3 va Hinh 4.

Hinh 3. Nghiém diing va nghiém xdp xi
voi h=0.05va ¢ =0.01

Trong qué trinh tinh toan ta nhan thiy rang cac hé sb B —0 rat nhanh va cac hé sb a,

¢6 xu thé dan téi 1 nhung ty s6 L /(1-a,) tién t6i 0 cling kha nhanh. Do thi cac hé sb va ty

s6 cua chiing cho trong cac Hinh 5 — 7.

[} 20 40 B0 =] 100 120

Hinh 5. Cdc hé s6 o véi
h=0.05 va £=0.01

Hinh 4. Ham vé phdi véi h = 0.05 va

0.9

0.8

0.7

0.6 H

0.5 H

0.4

0.3

oz

o1

€ =0.01

20 40 B0 a0 100 120

Hinh 6. Cdc hé s6 B véi
h=0.05 va &=0.01
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1

R=H o S

NR=H S ~

07 A

06 B

0sf o

0.4 B

03 A

02r ~

01t .

o L L L L 1
o 20 40 (i) 80 100 120

Hinh 7. 7y 56 B/(1—a) véi h=0.05 va € =0.01

2.5. Phwong trinh parabolic trong thanh nira vo han

Trong muyc nay chung ta s& ap dung k¥ thuat hé vo han da dé xuit & muc trudc cho bai
toan bién-gia tri ddu cho phuong trinh parabolic.

a) Dau tién ta xét bai todn truyén nhiét voi hé so hang

ou o*u
—=k—-, 0<x<+400,t>0
ot ox° (2.26)

u(x,0)=0, u(0,t)=1, wu(+00,t)=0.
Bai toan nay c6 nghiém dung la

u(x,t)z% j exp(-E)dE . (2.27)
x/ 2kt

St dung luoc d6 sai phan an thuan tay trén ludi déu véi budc ludi khong gian 1a 4 va
budc ludi thoi gian 1a 7 ta dAn duoc bai toan vé hé vo han trén mdi 16p thoi gian j +1
—ry (20 =y =y =12,

o (2.28)
yo© =L y/m —=>0,i—>o0,

trong &6 r =kz/h*, i, j 13 chi sd nut theo khong gian va thoi gian.

H¢ (2.28) dugc xu 1y twong tu nhu hé (2.9).

Dé thay duoc tinh vu viét ctia phuwong phap hé vo han so voi phuong phap luéi twa déu
dugc dé xuat va ung dung tir ndm 2001 chung t6i da thuc hién tinh toan theo hai phuwong

i

N—-i
N =50. Do méat d cac nit twa déu rat thua khi i > 25 nén céc profile thu dugc bi gay khtc.
Cac hinh 8 va hinh 9 cho cac profile tinh bang hai phuong phap néu trén véi

phap: hé vo han trén ludi déu va hé hitu han trén ludi tya déu x, =

(i=0,..,N) véi
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k=10, & =0.001. Tir cac hinh nay ta thdy rd rang 1a két qua tinh trén ludi déu s dung hé

v6 han cho két qua tot hon.

Hinh 8. Profiles u(x, jT) vdi cdc j Hinh 9. Profiles u(x, jT) voi cdc j

khac nhauva r =1 tinh bdng hé vo han khac nhau va v =1, swr dung ludi tya déu

b) Bai todn 6 nhiém khi quyén dirng do mét nguéon diém cé cwong dé khong doi O

gdy ra tai diém (0, H) dd dwoc dén vé bai todn

ua—(p—w a—(D—iva—¢+0'(p:0, x>0, (2.29)
ox *0z 0x 0z
up=068(z—H), x=0, (2.30)
op
a—zaqo,z=0, @»—>0, z—>o©, (2.31)
zZ

trong do ¢ la néng d6 khi thai, u 1a van toc gi6 theo chiéu x, w, van tdc roi cua khi thai
do trong truong, f cuong do nguén thai, o > 0 hé sb bién d6i, v hé sb khuéch tan theo
chiéu thang dimg, o >0 hé sb hip thu ciia mat dit. Loi giai sé bai toan trén sir dung ludi
déu va hé vo han d3 duge nghién cuu, & d6 dinh 1y tuong tu nhu Pinh 1y 4 v6i cac gia thiét
1a ton tai s6 N sao cho 0< P <& 0<a <pu<lvéimoii>N da duge chimmg minh.

Mot diéu 1y tha da duoc ching minh trong [2.29] 13 néu han ché xét bai toan 6 nhiém
trong mién c6 d6 cao hitu han 0 < z < Z va dat diéu kién bién nhan tao o(x,Z)=0 thita dugc

nghiém “non”, con néu dat aa—(p(x,z )=0 thi ta dugc nghiém “gia” hon nghiém bai toan voi
4

diéu kién bién ¢(x,+%)=0.
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3. KET LUAN

Bai béo di dé cap dén 1y thuyét vé phuong phap sai phan giai bai toan bién va bai toan
gi tri dau, nghién ctru phuong phap hé vo han cic phuong trinh dai s6 giai mot s6 bai toan
mot chiéu khong gian phu thudc hodc khong phy thudc thoi gian, trong d6 ¢t 161 1a cach xac
dinh khi nao thi cit cut hé vo han dé dam bao thu dugc nghiém gﬁn ding voi sai sb6 cho
trudc. Phuong phap nay thé hién vu thé vuot troi so véi phuong phap luéi tya déu do cac
nha toan hoc Nga méi dé xut nim 2001 trong cac bai toan phu thudc thoi gian, dac biét la
cac bai toan truyén song.

Trong khoang thoi gian ngin, bai bao chua thé dé cap dén nhiéu thuat toan trong 1y
thuyét toan hoc tinh toan ciing nhu nhiéu dang bai toan bién khac nhau.
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THE METHODS OF SETTLING A NUMBER OF
FINANCIAL BONDS

Abstract: The theory of boundary boundary problems in the infinite domain is one of the
important areas of modern differential equation theory. Many mechanical and physical
mathematical problems are posed in infinite domain, such as heat transfer in an infinite
bar, in an infinite range, the problem of spreading the exhaust in the vast atmosphere...
The problem is solved in a finite domain. Then a series of issues are set out to determine
how large a domain is and how to place the boundary conditions on the virtual boundary
to obtain an approximate solution of the problem in the infinite domain. Therefore, studying
and researching boundary problems in infinite domain is very important. Particularly in
the country, this is a relatively new field, almost no documents adequately addressed this issue.

Keywords: Boundary problem, infinite domain.
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1. INTRODUCTION

In this work, we consider the solution of the mGRLW equation
u; + auy + guPuy — pugy — Pugyge = 0, (1)
X € [a,b], t € [0, T], with the initial condition
u(x,0) = f(x), x € [a,b], (2)
and the boundary condition
u(a,t) =0,u(b,t) =0

ux(a,t) = uy(a,t) =0 3)
uxx(ai t) = uxx(b; t) =0,

where a, €, 1, B, p are constants, u > 0,8 > 0, p is an integer.
The equation (1) is called the modified generalized regularized long wave (mGRLW)
equation if p = 0, the generalized regularized long wave (GRLW) equation if p = 0, the

regularized long wave (RLW) equation or Benjamin — Bona — Mohony (BBM) equation if
B=1,p=1etc.
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Equation (1) describes the mathematical model of wave formation and propagation in
fluid dynamics, turbulence, acoustics, plasma dynamics, ect. So in recent years, researchers
solve the GRLW and mGRLW equation by both analytic and numerical methods.

In this present work, we have applied the quintic B — spline collocation method to the
mGRLW equations. This work is built as follow: in Section 2, numerical scheme is
presented. The stability analysis of the method is established in Section 3. The numerical

results are discussed in Section 4. In the last Section, Section 5, conclusion is presented.

2. QUINTIC B - SPLINE COLLOCATION METHOD

The interval [a, b] is partitioned in to a mesh of uniform length h = x;,, — x; by the
knots x;, i = 0, N such that:

a=Xy <X < <Xy_1<Xy=bh

Our numerical study for mGRLW equation using the collocation method with quintic

B-spline is to find an approximate solution U(X, t) to exact solution u(x, t) in the form:

Ux,t) = X% 8 (DB (%), 4)
B;(x) are the quintic B-spline basis functions at knots, given by [4].

[ (x—x23)° Xji-3 = X = Xj_
(X = Xi—3)° — 6(X — Xi_2)°, Xji—2 S X = Xjq
(X — Xi—3)° = 6(x — Xj_2)° + 15(x — %1_1)% Xj_1 S X <X
(X = X-3)° = 6(x — Xj_2)° + 15(x — %;_1)° —

B.(x) = l< —20(x — x1)%,%; < X < Xjpq
h® (x — Xj-3)° — 6(x — X;_2)° + 15(x — xj_1)° — 20(x — x;)° +
+15(X = Xi41)° Xis1 < X < Xigp
(x — Xj-3)° — 6(x — X;_2)> + 15(x — xj_1)° — 20(x — x;)° +
+15(X = Xi41)® — 6(X = Xi42)° Xisz < X < Xiy3
\ 0, X < Xj_3 U X > Xjy3-

The value of B;(x) and its derivatives may be tabulated as in Table 1.
Ui = 8i—2 + 2681_1 + 6681 + 268i+1 + 81+2

Uj=+(=0 —108i_1 + 10841 + di+2)

20
U"i = —hz (8 ) + 261_1 - 681 + 26“_1 + 6“_2).
i—
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Table 1. B;, B';, and B"; at the node points

X Xi-3 Xi—2 Xi-1 Xj Xi+1 Xit2 Xi+3
B;(x) 0 1 26 66 26 1 0
5 50 50 5
B'i(x) 0 - - 0 = Y 0
h h h h
. 20 40 120 40 20
S - B A I A

Using the finite difference method, from the equation (1), we have:

(u - Buxx)n+1 - (u - Buxx)n un+1 +u" +o (ux)n+1 + (ux)n

n+1 n
uXX + uXX

5 =

)
Using the value given in Table 1, Eq. (5) can be calculated at the knots x;,i = 0, N so
that at x = xq, Eq. (5) reduces to

dm S?Htlz + dpp 8?1:-_11 + dnsg 8?n+1 + Ay 8?n++11 + dng 8?;;_12 = bm 8?-“_2 + bng 8?-“_1 +
byg 8 + by Siy1 + bps 842, (6)

where:
aym = 2h? — 5haAt — 20pAt — 408 + L2771,
apy = 52h? — 50hoAt — 40pAt — 80B + 2615 7'L,
apg = 132h% + 120pAt + 2408 + 6615 'L,,
apg = 52h? + 50hoAt — 40pAt — 80p + 26157 'L,
aps = 2h? + ShaAt — 20pAt — 40B + L2711,
by = 2h? + ShaAt + 20pAt — 40 — L27'L,
by = 52h? + 50haAt + 40pAt — 80p — 2610 'L,
by = 132h? — 120uAt + 240p — 6615 'L,
b = 52h% — 50haAt + 40pAt — 80p — 2610 'L,
bys = 2h? — ShaAt + 20pAt — 40 — L27'L,
L]_ = 8&_2 + 268&_1 + 66621 + 268&4_1 + 8&4_2,
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n

- 108nm_1 + 106214_1 + Snm+2)-

m-—2

5
Lz = H(_S

The system (6) consists of N + 1 equations in the N + 5 knowns
8y 81, s nan, Bns2) T

To get a solution to this system, we need four additional constraints. These constraints
are obtained from the boundary conditions (3) and can be used to eliminate from the
system (6). Then, we get the matrix system equation:

A" = BGMS" + 1, (7)
where the matrix A(8"), B(8") are penta-diagonal (N + 1) X (N + 1) matrices and r is the
N + 1 dimensional colum vector. The algorithm is then used to solve the system (7). We
apply first the intial condition:

U(x,0) = X2 §)B;(x), (8)
then we need that the approximately solution is satisfied following conditions
( U(xi, 0) = f(x)
UX(XOJ O) = Ux(ai O) =0
UX(XNr 0) = Ux(b, 0) =0 (9)

UXX(XOJ 0) = Uxx(ar 0)=0
Uxx(er 0) = Uxx(br 0) =0

\ i=01,.., N
Eliminating 832, 891, S%H and 8%+2 from the system (11), we get:
Ad° =,
where A is the penta-diagonal matrix given by
4 60 6 0 O 0 .. O
E A
4 2 4
1 26 66 26 1 0 .. O
A=
0 0 1 26 66 206 1
) o o 1 105135 101
4 2 4
0 0 0 0 6 60 54

and 8° = (89,89, ..., 50) T, r = (f(%X0), f(X1), ..., FxaA ).
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3. STABILITY ANALYSIS

To apply the Von-Neumann stability for the system (6), we must first linearize this
system.

We have:
§' =& explivj B, i =v-1, (10)
where v is the mode number and h is the element size.

Being applicable to only linear schemes the nonlinear term UPUy is linearized by taking
U as a locally constant value c. The linearized form of proposed scheme is given as

n+1 n+1 n+1 n+1 n+1

P1di—z +P20i-1 +P3di  + Padit1 + Psdiyz = p’18in_2 +p'281n—1 +p'35?+
+p', 81 +p'gdik2 (11)
where
pp=1—-M—-N; =P, p, =26 —-10M— 2N; — 2P, p; = 66 + 6N, + 6P,
ps =26+ 10M—2N; —2P,ps =1+ M —N; — P,
p, =1+M+N; —P,p, =26+ 10M+ 2N, — 2P,p', = 66 — 6N, + 6P,
p’,=26—-10M+ 2N, —2P,p'. =1-M+N, —P,

5(a + ecP)At 10pAt 108
M=—— M=% P=3
Substitretion of §;' = exp(iyj BE",into Eq. (11) leads to
&[p1 exp(—2i ly) + p, exp(—iyh) + p3 + p, expivh) + ps exp(Ziyh)] =
ps exp(—2iyh) + p, exp(—iyh) + p; + p4 exp(ivh) + p’. exp(2iyh).(12)

Simplifying Eq. (13), we get:

where
A; =2(1+N; —P)cod2¢) + 4(13 + N; — P)cosh + 66— 6N; + 6P,
B = 2M(sif2¢) + 10),
C=2(1—-N; —P)cod2¢) +4(13—N; —P)cosh + 66 + 6N; + 6P,
¢ = vh.
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It is clear that C2 > A3. So |&] < 1.

Therefore, the linearized numerical scheme for the mGRLW equation is unconditionally
stable.

4. NUMERICAL EXAMPLE

We now obtain the numerical solution of the mGRLW equation for some problems. To
show the efficiency of the present method for our problem in comparison with the exact
solution, we report L, and L, using formula:

Lo = max;|U(x;, t) — u(x;, t)|,
1

2
L, = (th(xi,t) — u(x, t)|2) ,

where U is numerical solution and u denotes exact solution.

Three invariants of motion which correspond to the conservation of mass, momentum,
and energy are given as:

b b b
2 +1
I, = f udx, I, = j (u? + Bud)dx, I3 = f (u‘* _yui) dx.
a a a

Using the method [8], we find the exact solution of the mGRLW is:

2
3sinkkx + wt + x) + 5 cosHkx + wt + x4)])P
3cosKkx+ wt+ xy) + 5si nfkx+ wt+ x4)|) ’

u(x,t) = {p [1 +

1
8Be(p+4)

1
8Bu(p+2)

where p = \/ (aB(p2 +5p+4+(p+ 1)A2)), k= (—aB(p+4) +A,),

0= s A =VBP + DB+ 4) — 8],

The initial condition of Equation (1) given by:

2
3sinlkx+ xq) + 5cosikx + x)])P
fx) =4{p|1+ - .
3cosikx+ xy) + 5si nkkx + x)
Wetake p=2,a=2,e=24,u=1,=1,a=0,b=100,x, = 40,At = 0.025 and
At=0.01,h=0.1and h = 0.2,t € [0,20]. The values of the variants and the error norms
at several times are listed in Table 2 and Table 3. From Table 2, we see that, changes of

variants I; X 103,1, x 10* and I3 X 10°from their initial value are less than 0.2, 0.5 and
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0.2, respectively. The error nomrs L, L, are less than 0.214669 x 10™* and
0.027200 x 10™*, respectively.

In Table 3, changes of variants I; X 10%,1, x 10° and I3 X 10° from their initial value
are less than 0.3, 0.5 and 0.2, respectively. The error nomrs L,, L, are less than
0.236126 x 107> and 0.029150 x 1075, respectively.

Table 2. Variants and error norms of the mGRLW equation withp = 2, a = 2,
e=24,u=1,=1a=0,b=100x, = 40,At = 0.025,h = 0.1,t € [0,20]

t 0 5 10 15 20

I 11.364457 | 11.364400 | 11.364348 | 11.364304 | 11.364267

I, 1.290217 1.290206 1.290104 1.290184 1.290175

I3 0.016630 0.016630 0.016629 0.016629 0.016629
L, x 10* 0 0.061154 0.118178 0.169317 0.214669
Lo X 10* 0 0.006843 0.013690 0.020430 0.027200

Table 3. Variants and error norms of the mGRLW equation withp = 2, a = 2,
e=24,u=1B=1a=0,b=100,%x, =40,At =0.01,h = 0.2,t € [0,20]

t 0 5 10 15 20

I 11.375810 | 11.375816 | 11.375821 | 11.375827 | 11.375831

I, 1.291507 1.291509 1.291510 1.291511 1.291512

I3 0.016647 0.016647 0.016647 0.016647 0.016647
L, x 10* 0 0.058625 0.121810 0.179241 0.236126
Lo X 10% 0 0.007040 0.014610 0.021330 0.029150

To get more the variants and error norms, we choose two sets of parameters by taking
different values of «, pand the same values of e =1, =1,a=0,b =100,x, = 40,At =
0.01,h = 0.1 The variants and error norms are calculated from time t = 0 to t = 20.

In the first case, we take o« = 0.5, = 0.1. The variants and error norms are listed in
Table 4. In this table, we get, the changes of variants I; X 102,I, x 10and I3 x 10 from
their initial values are less than 0.5, 0.1 and 0.2, respectively. The error nomrs L,and L, are
less than 5.242345 X 107* and0.602344 x 1074, respectively.
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In the second case, we take o = 2, u = 1. The variants and error norms are reported in
Table 5. In this case the changes of variants I; X 10%,1, X 10 and I3 X 10 from their

initial values are less than 0.4, 0.2 and 0.2, respectively. The error nomrs L, and L, are less
than 3.688247 x 107* and 0.632360 x 107%, respectively.

Table 4. Variants and error norms of the mGRLW equation withp = 3,a = 0.5,
e=1u=018=1a=0,b=100x, =40,At =0.01,h = 0.1,t € [0,20]

t 0 2 4 8 12 16 18 20
I 99.32692 | 99.32640 | 99.32589 | 99.32490 | 99.32393 | 99.32299 | 99.32254 | 99.32209
I, 98.55980 | 98.55878 | 98.55776 | 98.55580 | 98.55387 | 98.55202 | 98.55111 | 98.55022
I3 97.04331 | 97.04128 | 97.03928 | 97.03543 | 97.03163 | 97.02797 | 97.02620 | 97.02444
L
><2104 0 0.54936 1.09383 2.15848 3.21381 4.23946 4.74164 5.24235
Lo
% 10* 0 0.05982 0.11815 0.23941 0.36735 0.48803 0.54477 0.60234
Table 5. Variants and error norms of the mGRLW equation withp = 3,a = 2,
e=1lLu=1,=1a=0,b=100x, =40,At =0.01,h =0.1,t € [0,20]
t 0 2 4 8 12 16 18 20
I 239.043 | 239.042 | 239.042 | 239.041 | 239.040 | 239.040 | 239.040 | 239.040
I, 570.844 | 570.842 | 570.839 | 570.835 | 570.832 | 570.830 | 570.830 | 570.830
I3 3255.376 | 3255.345 | 3255.318 | 3255.267 | 3255.234 | 3255.216 | 3255.209 | 3255.210
L
><2104 0 0.6432 1.1874 | 2.2901 3.0685 | 3.5351 3.6736 | 3.6882
Lo
« 10 0 0.0747 | 0.1378 | 0.2895 | 0.4371 0.5773 | 0.6382 | 0.6324

For the purpose of illustration of the presented method for solving the mGRLW

equation, we use parameters p =2, 3, 4, 6, 8, 10 with a =2,e =24,=1,a=0,b=

100,x, = 40,At = 0.01. The parameters y, h, At are given by different values. The error
norms at t = 20 are listed in Table 6 and Table 7.
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The plot of the estimated solution at time t = 10 in Figure 1.

From from these tables, we see that, the error norms L,, L,,are quite small for present
method.

Table 6. Error norms for single solitary wave for the wave of the mGRLW equation with
a=2,e=24,=1a=0,b=100,%x, = 40,At = 0.01, t = 20

p=2 p=3 p=4
11 0.1 1 0.1 1 0.1 1
h | At
L, | 0.1 [ 0.0l | 0.062100 | 0.107056 | 0.150177 0.271077 | 0.224643 | 0.040491
X | 0.21]0.01 | 0.018732 | 0.002361 | 0.044972 0.006232 | 0.059671 | 0.010141
103 | 0.1 | 0.05 | 0.013397 | 0.013568 | 0.032648 0.034148 | 0.048668 | 0.052384
0.2 | 0.05 | 0.002668 | 0.000637 | 0.006430 0.000216 | 0.009456 | 0.000185
Lo | 0.1 ] 0.01 | 0.007807 | 0.013540 | 0.019111 0.034270 | 0.029513 | 0.052550
X | 0.21]0.01 | 0.002668 | 0.000292 | 0.006927 0.000781 | 0.010058 | 0.001250
103 | 0.1 [ 0.05 | 0.001687 | 0.001725 | 0.004170 0.004312 | 0.006433 | 0.006589
0.2 | 0.05 | 0.003912 | 0.000116 | 0.0011023 | 0.000045 | 0.001645 | 0.000041
Table 7. Error norms for single solitary wave for the wave of the mGRLW equation with
a=2,e=24=1a=0,b=100x, =40,At =0.01, =20
p=2 p=3 p=4
11 0.1 1 0.1 1 0.1 1
h | At

L, [ 0.1]0.01] 0309913 | 0.593026 | 0.358476 | 0.500835 | 0.337468 | 0.037617

x |021]0.01 | 0.030661 | 0.014702 | 0.026530 | 0.000057 | 0.026736 | 0.014881

103 | 0.1 | 0.05 | 0.068003 | 0.048202 | 0.074398 | 0.051122 | 0.052456 | 0.054893

0.2 | 0.05 | 0.013297 | 0.000254 | 0.014837 | 0.000116 | 0.011335 | 0.000240

Le | 0.1 ]0.01 | 0.043625 | 0.077968 | 0.063399 | 0.067385 | 0.074938 | 0.052721

x |021]0.01 | 0.006700 | 0.001808 | 0.006961 | 0.000031 | 0.008780 | 0.001892

103 | 0.1 | 0.05 | 0.009617 | 0.006266 | 0.013268 | 0.007106 | 0.012321 | 0.007796

0.2 | 0.05 | 0.002797 | 0.000054 | 0.004030 | 0.000046 | 0.003991 | 0.000047
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Figure 1. Single solitary wave with
a=2,e=24=1a=0,b=100x, = 40,At = 0.05, =20

A detailed comparison of numerical results at $t = 10$ are given in Table 8. It is clearly
seen from this table that our error norm values are smaller than the results in [3].
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Table 8. Error norms for single solitary wave for the wave of the mGRLW equation with
a=1e=1,=1,u=05 a=0b=1,xy=30,At =0.1,¢=10

p=2 p=4 p=8
Methods LIAS | Our BCS | LIAS Our BCS LIAS | Our BCS
h
L, 0.25 63.77969 | 0.00023 | 63.16492 | 0.000008 | 11.50448 | 0.00007
X 0.125 15.82597 | 0.00084 | 15.68213 | 0.00008 2.98155 | 0.00113
103 0.0625 3.92074 | 0.00141 3.88572 | 0.00182 0.74262 | 0.00075
0.03125 0.95011 | 0.01380 | 94.16614 | 0.00140 0.18014 | 0.00788
Lo 0.25 93.52639 | 0.00042 | 92.62624 | 0.000007 | 18.22979 | 0.00010
X 0.125 23.14686 | 0.00212 | 22.94480 | 0.00010 4.67495 | 0.00200
103 0.0625 5.89364 | 0.00218 5.82816 | 0.00290 1.16764 | 0.00140
0.03125 1.42826 | 0.01922 1.41245 | 0.00165 0.28796 | 0.01126
5. CONCLUSION

In this work, we have used the quintic B - spline collocation method for solution of the
mGRLW equation. We tasted our scheme through single solitary wave and the obtained
results are tabulaces. These tables show that, the changes of variants are quite small. The
error norms L, L, for the inviscid and mGRLW equation are better than the ones in previous
methods. So the present method is more capable for solving these equations.
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PHUONG PHAP MOI GIAI PHUONG TRINH MGRLW
SU DUNG CO SO B — SPLINE BAC 5

Tém tit: Trong bai bdo nay, nghiém s ciia phwong trinh mGRLW sé tim dwoc dia trén co
SO phwong phap moi sw dung co so B — spline bdc 5. Su dung phwong phdap Von — Neumann
hé phuong trinh sai phdn on dinh vo diéu kién. Thudt toan dwoc voi song don dwoc ap dung
gidi mot s6 vi du. Két qua sé chimg t6 phiong phdp dwa ra hivu hiéu dé gidi phirong
trinh trén.

Tir khoa: Phuong trinh mGRLW, spline bdc 5, phuwong phap collocation, phwong phadp sai

phan hitu han.
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1. INTRODUCTION

Thermodynamic and elastic properties of interstitial alloys are specially interested by
many theoretical and experimental researchers [1-7, 10, 12, 13].

In this paper, we build the theory of elastic deformation for substitution alloy AB with
interstitial atom C and body-centered cubic (BCC) structure under pressure by the statistical
moment method (SMM) [8-10].
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2. CONTENT OF RESEARCH

2.1. Analytic results

In interstitial alloy AC with BCC structure, the cohesive energy of the atom C (in face
centers of cubic unit cell) with the atoms A (in body center and peaks of cubic unit cell) in
the approximation of three coordination spheres with the center C and the radii 7,7, V2, n J5
is determined by [8-10].

Z(pAC( |:2%c( )+4¢4C(1\/§)+8¢M(4\5)]:
:(PAC(ﬁ)+2¢4c(ﬁ\5)+4%c(m/g), (2.1)

where @, is the interaction potential between the atom A and the atom C, »; is the number
of atoms on the i™ coordination sphere with the radius 7.(i=1,2,3), r, = 7. =1, + ¥, 4(T) 1s
the nearest neighbor distance between the interstitial atom C and the metallic atom A at
temperature 7, 7, is the nearest neighbor distance between the interstitial atom C and the
metallic atom A at OK and is determined from the minimum condition of the cohesive energy
Uyc > Yo, (T) 1s the displacement of the atom A(the atom A stays in the body center of cubic

unit cell) from equilibrium position at temperature 7. The alloy’s parameters for the atom C
in the approximation of three coordination spheres have the form [8-10].

1 o0, 2 16
kzi(a—J -2 >+71wi:é( 2) g ol (i5). 7 =4lrie +rac).

m:iz(%} 24P () 570 N2)- \fs‘/’i'c)( )+ —(/’(4)( \/_)+i¢‘”( J5),

48 au;
_ 65| 0o ) (1) = — 2 M ()4 £ )
Vrc 482[8u;8u;jq - D7) 1%( n)+ l(pAc(r) P2(r2)
&7 (ﬂifc)(ncfﬁ ¢§1‘2(n\/—)+ \fcofc)(ﬁﬁﬂz zcofc)(nf)— I(pﬂé(nﬁ),

2.2)
where 9l (r,) = 8’0, (1) / 0r’(i=1,2,3,4),a,f = x,y,z,a # fand u,, is the displacement

of the i atom in the direction }.
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The cohesive energy of the atom A (which contains the interstitial atom C on the first
coordination sphere) with the atoms in crystalline lattice and the corresponding alloy’s

parameters in the approximation of three coordination spheres with the center A is
determined by [8-10]

Ugy —Ugy TPy ( un )

1 Py @) S W
kA,:kA+ElZ ( auizﬂ =k, + ¢, C(’”lA)"‘Z(pAC(1A1)=7A]_4(71A1+72A]):
“ I'=h 4 l
0" Puc _ o) ) 1 0
Vi, =14 —Z ( =Yt 24 ¢AC(’/1A1)+ 82 o 1A1)+ 8 (rlAl)
eq reri h h
rorog e | | =rg e e
2 TV el o Gu,ﬂ 24 2 iUy, a2 N4 ’”1A 1
q 1y= i 4 1 1
(2.3)

where 7, ~ 5 is the nearest neighbor distance between the atom Ajand atoms in crystalline
lattice.
The cohesive energy of the atom A (which contains the interstitial atom C on the first

coordination sphere) with the atoms in crystalline lattice and the corresponding alloy’s

parameters in the approximation of three coordination spheres with the center A: is
determined by [8-10].

Uy =Uoy T Puc (7/1/12 )a

1 82(0 2 4
kAz =k, +EZ au—zAC] :kA+2¢)1(46)‘(7iA ) §0§%(’”1A2)>7A2 4(71/12 +72A2):
i B Jeq - 1A2
1 o'p 1 1
Yia =hat— 2 [8”—2‘0] =Vt 4<0§2(m2)+ <0Ac(r1A2) = (ﬂch(mz)+8 P,
487 B oy 74, 74,
L =1 5
6 e 1 1 3 3
Vaa, =224 +4_SZ (auz 5:2 =7/2A+8¢1(446)'(71A2)++? A%(71A2)+87 A2C)(7’1A2)_87 ,4%(71,42)
i g )., - 14 14 14,

(2.4)
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wherer, =7, +,c(T), %, 1sthe nearest neighbor distance between the atom Az and
atoms in crystalline lattice at OK and is determined from the minimum condition of the
cohesive energy u,, , v, (T) is the displacement of the atom C at temperature 7.

In Egs. (2.3) and (2.4), u, k.7, 7,, are the coressponding quantities in clean metal
A in the approximation of two coordination sphere [8-10]

The equation of state for interstitial alloy AC with BCC structure at temperature 7" and

pressure P is written in the form

Pv=-r (é%wxcthxi%j. 2.5)

or, 2k or,

At OK and pressure P, this equation has the form

Py=—r| o S Ok | (2.6)
o, 4k or

If knowing the form of interaction potential ¢,,eq. (2.6) permits us to determine the
nearest neighbor distance 7;, (P,0)(X =C, 4,4,,4,) at 0K and pressure P. After knowing
hy(P,0), we can determine alloy parametrs k. (P,0),7,,(P,0),7,,(P,0),7,(P,0) at 0K

and pressure P. After that, we can calculate the displacements [8-10].

2y, (P,0)0’
P, T)= |72 ""_4 (P,T),
Yox ( )\/3]{;(}),0) (P, T)

5 i
AX=a1X+2£7/"9j aiX,kX:mwf(,xXz%,am:H%‘, (2.7)

With a;x (i = 1,2...,5) are the values of parameters of crystal depending on the structure
of crystal lattice [10].
From that, we derive the nearest neighbor distance 7, (P, T ) at temperature 7 and
pressure P:
he(P.T)=1c(P,0)+y, (P.T),1,(P,T)=1,(P,0)+y,(P,T),
ha (P T) =1 (P,T),1, (P,T)=r1, (P,0)+y.(P,T). (2.8)

Then, we calculate the mean nearest neighbor distance in interstitial alloy AC by the
expressions as follows [8-10].
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rlA(PaT)z 1A(P90)+y(P5T)>r1A(P90):(l_CC)I/iA(Pao)+CCI/i,,4(P’O)9

1 (P,0) z\/grlC(P,O),y(P,T) :(1—7cc)yA(P,T)+cCyC(P,T)+2CCyAl (P,T)+4cCyA2(P,T),
(2.9)

where 7, ,(P,T) is the mean nearest neighbor distance between atoms A in interstitial alloy

AC at pressure P and temperature 7, 7 ,(P,0) is the mean nearest neighbor distance between
atoms A in interstitial alloy AC at pressure P and OK, 7 ,(P,0) is the nearest neighbor

distance between atoms A in clean metal A at pressure P and 0K, 7/,(P,0)is the nearest

neighbor distance between atoms A in the zone containing the interstitial atom C at pressure
P and OK and cc is the concentration of interstitial atoms C.

In alloy ABC with BCC structure (interstitial alloy AC with atoms A in peaks and body
center, interstitial atom C in facer centers and then, atom B substitutes atom A in body
center), the mean nearest neighbor distance between atoms A at pressure P and temperature

T is determined by:
B B, —
_ T4C 7B _
a0 (P T,Cp,C0) = Cuelyo ==+ Cpay—==,B, = ¢, B, +¢;Bpy,
T T
B — 1 1
Chpe =Cytcesye =1, (P T), By = s By = >
TAC Xrs

3
(aAC(P, T,cc)j
ay 40 (P, 0,¢0)

2P+ V3 1 [azl//ACJ ’
T

ZTAC(Pﬂ Tﬁcc)z

4a,.(P, T,cc)ﬁ oa’,.

2 2 2 2 62 82
[6 l/;/‘cj - _62'///46 z(1—7cc)£a l’i"j +cc(—a '/ch +2c,. VZAI +4c,. I/ZAZ ,
Sy Jr | on, (PT) | aa, ), aa. ), oa, ) oa, )
(o) 15, he |k, 1 [k ’
3N\ oa; ). 6 0a, 4k, | 0a, 2k, \ Ca,

The mean nearest neighbor distance between atoms A in alloy ABC at pressure P and
temperature 7 is determined by:

N

a,=n (PT).  (2.10)

-

B, B,
_ 0TAC 078
Ay 40 (Py TsCpyC) = C ey 0 ==+ Cplyg == (2.11)
or By,
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The free energy of alloy ABC with BCC structure and the condition ¢, << ¢, <<c¢, has
the form:

Y 48c :l//AC+cB(l//B_lr//A)+T cAC_TScABCa

¥ ac :(1_7CC)V/A teWe 2y, +accy ~TS.,

2
Wy = Usx *Wox +3N{§—2{72XX§ 2 (1+&ﬂ+

2 3 2
20° | 4 X X
+k_4|:§7/22XXX (1+7XJ_2(712X +27/1X72X)(1+7Xj(1+XX)}}1
X
Woy =3NO| x, +In(1—e7*) |, X =x, cothx,. (2.12)

where /, is the free energy of atom X, v .. is the free energy of interstitial alloy AC, S*¢

is the configuration entropy of interstitial alloy AC and S**“ is the configuration entropy
of alloy ABC.

The Young modulus of alloy ABC with BCC structure at temperature 7 and pressure P
is determined by:

Epe=c(Ey—E)+E,c=cEy+c,E —(c,+¢y)E,+E =E ;—(c,+¢c, ) E,+E,,

2 82 82
Ve g OVa 40V

2 2 2 1

Eg=c,E +cEy, E, . =E,|1-Tc.+c, 0g 82‘9 Og L E, = ,
oy, 744
og’

1 21267 1 ho
A, =—|1+=2—| 1+=x,cthx, |(1+x cthx,) |,x, = —2
14 k/[ k: ( 2XAC xAj( X4€ xA):| X4 20

Cy, _|10Uy 3ho,| Ok, 1 [k, ’ o .
2 2 2 01X
oe 2 0y 4 ky | Ony 2k,\0n,

10U,, 3 1 ok ho k
+| —2 + Zhw,cthx, ——%X 21, ., X, =—2 . 0, = ,|—=, 2.13
[2 a]’iX 2 X X j 01X X 20 X m ( )

X VIX
where ¢ is the relative deformation, E ;o = E 5 (¢y.C0, P,T),E,y =E 5 (¢, P,T) is the

Young modulus of substitution alloy AB and E . = E . (c.,P,T) is the Young modulus of
interstitial alloy AC.
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The bulk modulus of alloy ABC with BCC structure at temperature 7 and pressure P
has the form:

EAR (CR’CC’P’T)
31-2v,)

KABC (CR’CC’P’T): (214)

The rigidity modulus of alloy ABC with BCC structure at temperature 7 and pressure P
has the form:

(cyuce.P.T)

EAB'
GABC(CB’CC’P’T): 62(1+V )
A

(2.15)

The elastic constants of alloy ABC with BCC structure at temperature 7 and pressure P
has the form:

EABC (CB’CCP’T)(l _VA)

¢ 1€, P,T) = 2.16
114BC (CB CC ) (1+VA)(1—2VA) ( )

E (c ,C ,P,T)v
Crone (€500, P, T) = =225 = (2.17)

‘ (1+v,)(1-2v,)

E P,T
Cone (ey,00,P,T) = e (a2 T) (2.18)
‘ 2(1+v,)
The Poisson ratio of alloy ABC with BCC structure has the form:

Vipe =CVytCVp +C VROV, +CaV =V . (2.19)

where v ,,v, and v, respectively are the Poisson ratioes of materials A, B and C and are

determined from the experimental data.

When the concentration of interstitial atom C is equal to zero, the obtained results for
alloy ABC become the coresponding results for substitution alloy AB. When the
concentration of substitution atom B is equal to zero, the obtained results for alloy ABC
become the coresponding results for interstitial alloy AC. When the concentrations of
substitution atoms B and interstitial atoms C are equal to zero, the obtained results for alloy
ABC become the coresponding results for main metal A.

2.2. Numerical results for alloy FeCrSi

For alloy FeCrSi, we use the n-m pair potential
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o(r) = L{m(’ijn —n(’"—ij}, (2.20)
n—m r r

where the potential parameters are given in Table 1 [11].

Table 1. Potential parameters m, n, D, ry of materials

Material m n D[10erg] r [IO'IOm}
Fe 7.0 11.5 6416.448 2.4775
Cr 6.0 15.5 6612.96 2.4950
Si 6.0 12.0 45128.24 2.2950

Considering the interaction between atoms Fe and Si in interstitial alloy FeSi, we use
the potential (2.20) but we take approximately D = /Dy Dy, ,7y = /Tys.Tos; - Therefore,

Presi(r) = %{m (ﬁj —n (F—OT } , (2.21)
n—m r r

wherem and 7 are determined empirically. The potential parameters for interstitial alloy
FeSi are taken as in Table 2 [10].

Table 2. Potential parametersin , n , Ty, D of alloy FeSi

Alloy m n D[10™"erg | 7%[10"°m |

FeSi 2.0 5.5 17016.5698 2.3845

According to our numerical results as shown in figures from Figure 1 to Figure 6 for
alloy FeCrSi at the same pressure, temperature and concentration of substitutrion atoms
when the concentration of interstitial atoms increases, the mean nearest neighbor distance
also increases. For example, for alloy FeCrSi at the same temperature, concentration of
substitution atoms and concentration of interstitial atoms when pressure increases, the mean
nearest neighbor distance descreases. For example for alloy FeCrSi at 7= 300K, ccr= 10%,
csi= 3% when P increases fro 0 to 70 GPa, 7| descreases from 2.4715A° to 2.3683A°.

For alloy FeCrSi at the same pressure, temperature and concentration of interstitial
atoms when the concentration of substitution atoms increases, the mean nearest neighbor
distance descreases. For example for alloy FeCrSiat 7=300K, P =50 GPa, Csi= 5% when
Ccr increases from 0 to 15%r desceases from 2.4216 A’o 2.4178A°.

For alloy FeCrSi at the same pressure, concentration of substitution atoms and
concentration of interstitial atoms when temperature increases, the mean nearest neighbor



TAP CHi KHOA HOC - SO 20/2017 | 63

distance increases. For example for alloy FeCrSiat P =0, Ccr=10% va Csi=3% when T
increases from 50K to 1000K, 1 increases from 2.4687A° to 2.4801A°.

For alloy FeCrSi at the same pressure, temperature and concentration of substitutrion
atoms when the concentration of interstitial atoms increases, the elastic moduli E, G, K
increases. For example for alloy FeCrSi at 7= 300K, P = 10GPa and Cc;= 10% when Cs;
increases from 0 to 5%, E increases from 18.4723.10'° Pa to 30.0379.10'°Pa.

For alloy FeCrSi at the same temperature, concentration of substitution atoms and
concentration of interstitial atoms when pressure increases, the elastic moduli £, G, K
increases. For example for alloy FeCrSi at 7= 300K, Ccr= 10%, Csi= 1% when P inceases
from 0 to 70GPa, E inceases from 15.2862.10'°Pa to 48.0400.10'°Pa.

For alloy FeCrSi at the same pressure, temperature and concentration of interstitial
atoms when the concentration of substitution atoms increases, the elastic moduli £, G, K
desceases. For example for alloy FeCrSi at 7= 300K, P = 30GPa, Cs;= 5% when Cc, ting
tir 0 dén 15%, E desceases from 39.389310'° Pa to 39.2128.10'Pa.

For alloy FeCrSi at the same pressure, temperature and concentration of substitutrion
atoms when the concentration of interstitial atoms increases, the elastic constants C,,,C,,

,Ca4 increases. For example for alloy FeCrSiat 7'=300K, P =10GPa, Ccr = 10% when Cs;
inceases from 0 to 5%, C, increases from 23.7286.10'° Pa to 38.5851.10'° Pa.

For alloy FeCrSi at the same temperature, concentration of substitution atoms and
concentration of interstitial atoms when pressure increases, the elastic constants C,,,C,,

,Ca4 increases. For example for alloy FeCrSi at 7= 300K, Ccr= 10%, Csi= 1% when P
increases from 0 to70GPa, C, increases from 14.6358.10'° Pa to 61.7096.10'° Pa.

For alloy FeCrSi at the same pressure, temperature and concentration of interstitial
atoms when the concentration of substitution atoms increases, the elastic constants ¢, ,C,,

,Cas4 descreases. For example for alloy FeCrSi at 7= 300K, P = 30GPa, Csi= 5% when Cc,
increases from 0 to 15% C,, desceases from 51.6175.10'" Pa to 49.8943.10'° Pa.

When the concentration of substitution atoms and the concentration of interstitial atoms
are equal to zero, the mean nearest neighbor distance, the elastic moduli and the elastic
constants of alloy FeCrSi becomes the mean nearest neighbor distance, the elastic moduli
and the elastic constants of metal Fe. The dependence of mean nearest neighbor distance,
the elastic moduli and the elastic constants on pressure and concentration of interstitial atoms
for alloy FeCrSi is the same as the dependence of mean nearest neighbor distance, the elastic
moduli and the elastic constants on pressure and concentration of interstitial atoms for
interstitial alloy FeSi. The dependence of mean nearest neighbor distance, the elastic moduli
and the elastic constants on pressure and concentration of substitution atoms for alloy
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FeCrSi is the same as the dependence of mean nearest neighbor distance, the elastic moduli
and the elastic constants on pressure and concentration of substitution atoms for substitution
alloy FeCr.

Table 3 gives the nearest neighbor distance and the elastic moduli of Fe at 7= 300K,
P =0 according to the SMM and the experimental data [12, 13].

3. CONCLUSION

The analytic expressions of the free energy, the mean nearest neighbor distance between
two atoms, the elastic moduli such as the Young modulus, the bulk modulus, the rigidity
modulus and the elastic constants depending on temperature, concentration of substitution
atoms and concentration of interstitial atoms for substitution alloy AB with interstitial atom
C and BCC structure under pressure are derived by the SMM. The numerical results for alloy
FeCrSi are in good agreement with the numerical results for substitution alloy FeCer,
interstitial alloy FeSi and main metal Fe. Temperature changes from 5 to 1000K, pressure
changes from 0 to 70 GPa, the concentration of substitution atoms Cr changes from 0 to 15%
and the concentration of interstitial atoms Si changes from 0 to 5%.

Table 3. Nearest neighbor distance and elastic moduli E, G of Fe at P =0, T = 300K
according to SMM and EXPT [12, 13]

Method a(A") E(10"Pa) G(10"Pa)
SMM 2.4298 20.83 8.27
EXPT 2.74[12] 20.98[13] 8.12[13]

c T T T T T v
501 —e—G el 1 —e—cC12
—a K 60 —a—C44

E,GK(10"°Pa)
C11,C12,C44(10"Pa)
o
]

25 4
20 | 4
15 4

T T T T T T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
p (GPa) p (GPa)

Figure 1. Dependence of elastic moduli E, G,
K (10"°Pa) on pressure for alloy
Fe-10%Cr-5%Si at T = 300K

Figure 2. Dependence of elastic constants
Ci1, Cia, Ca4(10"°Pa) on pressure for alloy
Fe-10%Cr-5%Si at T = 300K
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NGHIEN CUU BIEN DANG PAN HOI CUA HQP KIM THAY THE
AB CAU TRUC LAP PHUONG TAM KHOI CO NGUYEN TU C
XEN KE DUOGI TAC DUNG CUA AP SUAT

Tom tit: Ap dung phwong phdp thong ké mé men vdo nghién ciru bién dang dan hoi ciia
hop kim thay thé AB cdu tric ldp phirong tam khoi ¢é nguyén tir C xen ké, ching t6i thu
dwoe cdc biéu thire gidi tich cho phép xdc dinh cdc dai long: ndng liong tw do, khodng
lan cdn gan nhat gitta hai nguyén tir, mé dun Young E, mé dun khoi K, mé dun truot G va
cdc hang sé dan hoi ciia cdc hop kim ndy dudi tée dung ciia dp sudt. Cdc két qua 1y thuyét
dwoe dp dung tinh s6 véi hop kimFeCrSi. Trong truong hop gidi han, cdc két qua tinh s6
duwoc so sanh voi cac s6 liéu thwc nghiém cua kim loai Fe, hop kim thay thé FeCr va hop
kim xen ké FeSi.

Tir khéa: Hop kim thay thé, hop kim xen ké, bién dang dan héi, mé dun Young, mé dun
khoi, mo dun truot, hang so dan hoi, hé so6 Poisson.
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THE PHOTOSTIMULATED QUANTUM EFFECT IN RECTANGULAR
QUANTUM WIRE WITH AN INFINITE POTENTIAL FOR THE CASE
OF ELECTRON-ACOUSTIC PHONON SCAITERING
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Abstract: Based on the quantum kinetic equation for electrons under the action of a linearly
polarized electromagnetic wave, a dc electric field and an intense laser field, analytic
expressions for the density of the direct current in rectangular quantum wire with an
infinite potential for the case of electron - acoustic phonon scattering are calculated. The
current density is studied as a function of the frequency of the laser radiation field, the
frequency of the linearly polarized electromagnetic wave, the temperature of system and
the size of quantum wire. The analytic expressions are numerically evaluated and plotted
for a specific quantum wire, GaAs/AlGaAs. All these results of quantum wire are compared
with bulk semiconductors and superlattices to show the differences.
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1. INTRODUCTION

The photostimulated quantum effect by electromagnetic wave is explained by the
possibility of using this phenomenon for detecting intense electromagnetic radiation, as well
as for characterizing kinetic properties of semiconductors [1]. It is known that the presence
of intense laser radiation can influence the electrical conductivity and kinetic effects in
material. In recent years, it has been revealed that the photostimulated quantum effect in
superlattices and in quantum wells should be characterized by new features under the action
of strong fields [2-4]. However, in quantum wire, the photostimulated quantum effect still
opens for studying.
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In this work, we use the quantum kinetic to study the drag of charge carriers in
rectangular quantum wire with an infinite potential by a linearly polarized electromagnetic,
a dc electric field and a laser field. We obtained the density of the current for the case
electrons interacting with acoustic phonon.

2. CALCULATING THE DENSITY OF THE CURRENT BY THE QUANTUM
KINETIC EQUATION METHOD

We examine the electron system, which is placed in a linearly polarized electromagnetic
wave (E(t)=E(e™ +¢°),H(t) = [ﬁ,E(t)J ), in a dc electric field E, and in a strong radiation field
F(t)=FsinQt. The Hamiltonian of the electron - phonon system in the quantum wire can be

written as:

= € = + +
H=Ho+ U= 3 e, (B, o A0)ay;, 2,05, + 2 hogbiby +
q

n,Lp, ““n,Lp,
n,Lp,

+ z ch'ln,l,n’,l’ (Q)a;’,l’,ﬁﬁq 'an,l,f)7 (bq +biq) D (1)

n,Ln"l'p,.q
where A(t) is the vector potential of laser field (only the laser field affects the probability

and a’

of scattering): —lf\(t):Fosith; a’ .
- !

. (b; and b, ) are the creation and

annihilation operators of electron (phonon); , is the frequency of acoustic phonon; C_ is

€q
pV

the electron-acoustic phonon interaction constant: C; = , here V, p, v, and ¢ are

S

volume, the density, the acoustic velocity and the deformation potential constant; I, ,(q)
is form factor.

The electron energy takes the simple:

2 222
nh
c _ P

Lp, =
TP om 2m

—+— | (n=0,x1,%2,..., 1=1,2,3,...).
2 2 b b b b b b b
Lo
In order to establish the quantum kinetic equations for electrons in quantum wire, we
use general quantum equations for the particle number operator or electron distribution
function:

of t
th() =< I:a';,l,pZ a’n,l,pZ s Hj| >t ) (2)
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with f

wp, (D =<ay, a > is distribution function. From Egs. (1) and (2), we obtain the

n,l,p, “n,lp,
quantum kinetic equation for electrons in quantum wire (after supplement: a linearly

polarized electromagnetic wave field and a direct electric field E,):

% + (e.E(t) +eE, +a, [ﬁz,fl(t)])aﬁgp’—i(t) =
= 2 3 [P @ equ IN, (£ g O—F, 1 (O]~ ~LO+
0l
Hbwrpoa, O~ Foig, (0 8(8wrp -, ~ 80, ~12)) @)

- H. ) ) . o ¢E q. . .
where h = I is the unit vector in the magnetic field direction, J, ( 0C21) is the Bessel function

of real argument; N, is the time-independent component of distribution function of phonon:

Nq:kBT; o 1s the cyclotron frequency, t(g)is the relaxation time of electrons with
Vsqz
energy €.

For simplicity, we limit the problem to the case of 1=0,+1. We multiply both sides Eq.

(2) by (—e/m)p,8(e—¢, ; ) are carry out the summation over n, | and f)z, we obtained:

T S .
(—1w+@)R(8)=Q(s)+S(8)+wC[RO(8),h], (4)
T o
(—1@+E)R (8)=Q(e) +S (8)+@C[R0(a),h], (5)
Rol® _§(9)+5,0) + 0. [Re)+R (6.5 ] (6)
1(¢)
with:
R(@) == 3 B,60,)5(s=¢,, ) . )
m, s,
Qe) = sznlzp PIfo (€1, )3(6= €01, ) (8)
Qu(e)= szszf@nlp)S(s Eoin,) ©)

n,lp,
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2me 2F2q2
(@)= CL N.§ ;
@5 T Gl @ NS @)
X {I:S(SH',l',ﬁerdz €15, "0 T Q)+ S(SH',l',f)erqz —€,15 — O, — Q):| _

(10)
_ [8(811,’1.’]31_(]1 =&, O+ Q)+ S(SH.’I,’ﬁZ_qZ —&,5, T O, — Q)J} X

x0(e — €15, ),

— - afo — _ e E f _n (_ Sn,l,Pz) . .
where f,(P,) =-D,%o e LT OT(Sn,l,pz); o = T €XP kT Mo s particle

n,Lp,
density; kg is Boltzmann constant; T is temperature of system.

22 2

2me e’Fq
S(e) = CiI f z
( ) m nl,n%[ a nln 1! (q)‘ qqz (pz) 294
X{[S(Sn',l',ﬁz+az ~ €15, ~ O Q)85 15, ~ €1y, — Oy _Q)]_ (1)
_[S(gn,’l.’ﬁz_qz —€,15 T O +Q)+8(8n.’1,5ﬁ1_ql =€, tO —Q)]}x
x0(e— €1, ),
of, . = &y,
with f,(p,) =-p ;A= iEﬁ.
68 m 1—10)1?(8“,1,132)
Solving the equation system (4), (5), (6), we obtain:
O S.h
R, () = 1(e)(Q,+S, )+ = 2(8)[Q,h]+2mcrz(s)Re{% : (12)
The density of current:
- - - 20 r(s ) 1—(1)2’52(8 ) g
=(R =[AC+D]E, + ——= "ZAC+D|/E,h |, 13
b ! o{(EXe [ ] ’ 1+0)2T2(8F)|:1+0)2T2(8F) [ ] (13)
n,e’F1’ ( n® I
here A_— I —| = , 14
v 32mum*pv; QY ng‘l et eXp{ P (LZ L J} (14)
_ 7/2 _
C - 4N1 |:12W(4,9/2;B§1) * 24\“(3,7/2;3;\]—1) * W(Z,S/Z;B;Il):|
m m m (15)

—4N]?| 12y N 24y N . s
(4,9/2;3—2) (3.,7/2:B=2) (2,5/2;—2)
2m 2m 2m
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2m_ oh o, v, |
N=—""——0O"-n)+——1"-1)+Q |, 16
1 hz 2mL2x( ) Lzy( ) ( )
om| Pt , ., = h2 NN
N, =—— n'“—n 1" -1)-Qf, 17

Zh hZ B 2 12
et Zep{ B—[L—z Lzy}’ (1)

1 0
Yoo = J.e “x*!(1+ax)"*"'dx is the Hypergeometrix function.
Lo

We obtain the expressions for the current density 30, and select: E 71 0x; h T10y:

jou =[AC+DI]E,,; j,, =[AC+D]E,, (19)
: 20,1(g;) | 1-0’t’ (&)
=|AC+D|E AC+D |E
Joz [ " ] 02+1+c021: ( )|:1+(,0 ’52(8 ) " (20)

Equation (13) shows the dependent of the direct current density on the frequency Q of
the laser radiation field, the frequency o of the linearly polarized electromagnetic wave, the
size of the wire. We also see the dependence of the constant current density on characteristic
parameters for quantum wire such as: wave function; energy spectrum; form factor In o
and potential barrier, that is the difference between the quantum wire, superlattices, quantum
wells, and bulk semiconductors.

3. NUMERICAL RESULTS AND DISCUSSION

In this section, we will survey, plot and discuss the expressions for j,, for the case of a
specific GaAs/GaAsAl quantum wire. The parameters used in the calculations are as follows
[2-12]: m = 0,0665mo (mo is the mass of free electron); €, = 50meV; t(g;) ~ 107!'s;
n,=10"m>;p=53x10'kg/m’; £=2.2x10"°J; E=10°V/m; Eo = 5.10°V/m; F = 10°N.

Fig.1 shows the dependence of j,, on the frequency Q of the intense laser radiation.

From these figure, we can see the nonlinear dependence of jo, on the frequency Q of the

intense laser radiation, when the frequency Q of the intense laser radiation increases jo
increases.
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Fig.2. The dependence of j- on the frequency o of

the electromagnetic wave with different values of T
Fig.2 shows the dependence of j,, on the frequency o of the electromagnetic wave.

From these figure, we can see the nonlinear dependence of jo, on the frequency ® of the
electromagnetic wave, when the frequency ® of the electromagnetic wave increases jo:
decreases and jo, will have a stable value when m c6 gid tri c& 10'%.

Fig.3 shows the dependence of jo, on the size of the wire. From this figure, when radius
increase jo, increases, when Ly, Ly continue to increase then jo, will have a stable value.
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Fig. 3. The dependence of ], on the size of the wire

4. CONCLUSION

In this paper, we have studied the photostimulated quantum effect in rectangular
quantum wire with a infinite potential for the case of electron — acoustic phonon scattering.
In this case, one dimensional electron systems is placed in a linearly polarized
electromagnetic wave, a dc electric field and a laser radiation field at high frequency. We

obtain the expressions for current density vector j,, in which, plot and discuss the
expressions for j,,. The expressions of j,, show the dependence of j,, on the frequency ®

of the linearly polarized electromagnetic wave, on the size of the wire, the frequency Q of
the intense laser radiation; and on the basic elements of quantum wire with a infinite
potential. The analytical results are numerically evaluated and plotted for a specific quantum
wire GaAs/AlGaAs.
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HIEU UNG KiCH THICH QUANG LUQNG TU TRONG DAY
LUQNG TU HINH CHU NHAT VOI HO THE CAO VO HAN
TRONG TRUONG HQP TAN XA ELECTRON — PHONON AM

Tém tit: Thu duoc biéu thirc gidi tich cho mdt & dong dién trén co sé phwong trinh dong
lirong tir cho cdc eletrons dudi anh hwéng cia cdc truong song dién tir phin cuc thang,
dién truong khéng doi va laze cuwong dé manh trong ddy heong tir hinh chit nhdt véi ho thé
cao vo han trong trueong hop tan xa electron-phonon am. Mdt do dong dién la mot ham 56
phu thuoc vao tan s6 cua laze, tan sé cia song dién tir phdn cuc thdng, nhiét do hé va kich
thuée cia day heong tir. Biéu thire gidi tich ciia mdt dé dong dwoc ddanh gid s6 va vé do thi
cho day luwong tir dacbiét GaAs/AlGads. Cac két qua nhdn duoc trong day lwong tir duoc
so sanh véi cdc két qua twong vmg trong ban dan khoi va siéu mang cho thdy suw khdc biét.

Tir khéa: Bin dan, ho lwong tir, ddy heong tir, siéu mang, cham leong tir.
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Abstract: Electrode materials LiNixMn2-xO4 with (x = 0, 0.05; 0.1, 0.2) were synthesized
by the sol-gel method from lithium acetate, manganese acetate and nikel acetate. The FE-
SEMs show that the morphology of the material changes when the anealing temperature
and the proportion replacement of Mn with Ni changes. XRDs confirmed that the samples
have LiNixMn2-x04 spinel structures without any contaminants. Lattice constants of the
material increase with annealing temperature and decrease when Ni ratio substitution
increases. As the proportion replacement of Ni increases, the particle size of the LiNixMn2-
x04 samples decreases while the grain boundary changes from the rounded form at x = 0
to the form of sharp edges at x = 0.1 and 0.2. These results show the effect of nickel doping
on crystal stability. The studies of impedance spectroscopy were applied to the bulk
materials showing the Li+ ion conductivity of the material. The results indicate that
substituting Ni for Mn improved the conductivity of the materials otp = 19,773 % 10-5
S.cm-1 with x = 0.1, anealing temperature at 700 °C compared to otp = 0.111 x 10-5 S.cm-
1 of the samples with x = 0.

Keywords: Electrode materials, LiNixMn2-xO4, Liti-ion batteries, lon conductivity, Ni
substitution.

Email: tatan@daihocthudo.edu.vn
Received 05 December 2017
Accepted for publication 25 December 2017

1. INTRODUCTION

Cathode materials for lithium ion battery are based on three basic materials. Those are:
1/ LiCoO» layer structure (LCO); ii/ LiMn2O4 (LMO) spinel structure; iii/ LiFePOgs olivine
structures (LFP). These are materials that exchange and store H" and Li" ions very well, and
they are the basis materials used for making cathode electrodes in lithium ion batteries (LIBs).
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The most important thing is that ion-exchange electrode materials used in lithium ion
batteries must simultaneously have high electron conductivity and conductivity. However,
the recent works have shown that ionic conductivity of LiMn,O4 reached the value of
10° = 1071°S.cm™ [1]. This low value of ionic conductivity leads to weakness of the
electrochemical activity and slowness of the flow rate of the battery cycling.

Thus, many studies have attempted to improve the ionic conductivity of the materials
such as changing in the methods of fabrication; synthesis temperature or replacement of Mn
in LiMn20O4 with the metals (Li, Co, Ni, Al, Mg, Cr, Fe). These can improve the conductivity
of the materials. Among these materials, LiNixMn>.xO4 shows the best charging/discharging
stability [2-6]. Although LiNixMn>xO4 performs a good improvement in lithium ion
conductivity and stability during charging/discharging but if a large amount of Ni
substitution for Mn can significantly reduce power at 4 V. Therefore, most studies on
LiNixMn2«O4 have been limited with x < 0.2 for stable crystalline structure and optimum
electrochemical efficiency [7, 8].

There are many methods used for synthesis of the LiNixMn2.xO4 spinel such as: solid
phase reaction method [9]; sol-gel method [10]; polime spray [11]; hydrothermal[12], etc...
However, in this study, the LiNixMn;O4 spinel with (x = 0; 0.05; 0.1 and 0.2) were
fabricated by the sol-gel method. This is a simple technology method, high economic
efficiency and can be produced in large quantities.

2. EXPERIMENTAL

LiNixMn24O4 ion-conducting materials are made from lithium acetate, manganese
acetate and nickel acetate based on the ratio of atomic composition Li: Ni: Mn = 1: x :2 - X
with (x = 0; 0.05; 0.1 and 0.2). The initial materials were dissolved in deionized water at a
certain ratio of solubility, then stirred at 80 °C for 10 hours (to get the gel formation, citric
acid is added at a ratio of Li: Mn: citric = 1: 2: 3 and the pH is kept at 7 by addition of NH3)
then a gel is formed. This gel is dried in air for 15 hours at the temperature of 120 °C. Finally,
the materials were anealed at temperature of 300 °C; 500 °C; 700 °C; and 800 °C for 6 hours.
The samples are denoted as in Tab 1.

The X-ray diffraction system D5005 SIEMEN with the CuK, emission source (A =
1.5406A) was used to investigate the structural characteristics of the materials. The constants
of the lattices and crystal structure parameters were determined by Sherrer mode and Unitcell

software. Morphological characteristics were examined with scanning electron microscope
FE-SEM HITACHI 4800.
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Tab. 1. Symbol of LiNi.Mn»..O4 with Ni substitution x = 0, 0.05, 0.1 and 0.2 at anealing

temperature of 300 °C, 500 °C, 700 °C and 800 °C.

Sample symbol LiNixMn2..O4 Temperature (°C)
G0-300 x=0 300
G0-500 x=0 500
G0-700 x=0 700
G0-800 x=0 800
G1-300 x=0,05 300
G1-500 x=0,05 500
G1-700 x = 0,05 700
G1-800 x = 0,05 800
G2-300 x=0,1 300
G2-500 x=0,1 500
G2-700 x=0,1 700
G2-800 x=0,1 800
G3-300 x=0,2 300
G3-500 x=0,2 500
G3-700 x=0,2 700
G3-800 x=0,2 800

Impedance spectra were applied to investigate the
ionic conductivity of the samples via electrochemical
systems Autolab PSGTAT 100. The ionic conductivity of
the material is determined by the method of matching the
experimental results using the NOVA software. The
samples were prepared by pressing a 1cm- diameter pellet
with a pressure of 40 MPa/cm?. A Au electrode with a
diameter of 0.8 cm and a thickness of 1 um was deposited
on both sizes of each sample using the vacuum evaporation

method. The pattern is described in fig.1.

electrode

spectrometry

Fig. 1. Sample for impedance
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3. RESULTS AND DISCUSSION

3.1. Effect of temperature on morphology of LiNixMnz.xO4 materials

{200 Nl

Fig. 2. SEM images of the LiNi.Mn;..O4 materials with replacement ratio of Ni (x = 0)
synthesized by the sol - gel methood and then annealed at 300 °C; 500 °C; 700 °C and
800 °C

: : (500 nm £ .

Fig. 3. SEM images of the LiNi:Mn».O4materials with replacement ratio Ni (x = 0.05;
0.1 and 0.2) annealed at 300 °C

Fig. 4. SEM images of the iNi.Mn».04 materials with replacement ratioof Ni (x = 0.05;
0.1 and 0.2) annealed at 500 °C

Fig. 5. SEM images of the LiNi.Mn..O4 materials with replacement ratio of Ni (x = 0.05;
0.1 and 0.2) annealed at 700 °C.
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Fig. 6. SEM images of the LiNi.Mn:.O,materials with replacement ratio Ni (x = 0.
0.1 and 0.2) annealed at 800 °C.

The images from Figures 2 to 6, are the SEM images of the LiNixMn2.xO4 material
samples with different proportions of Ni molecules and at the anealing temperatureof 300 °
C; 500 °C; 700 °C and 800 °C. SEM images show that the morphology of the LiNixMn2.xO4
materials with the replacement ratio of Ni (x ranges 0 to 0.2) with annealing temperature at
from 300 °C to 500 °C. The grain sizes change very little while being grouped into clusters.
When the anealing temperature increases, the particles tend to separate, and at the
temperature at from 700 °C to 800 °C the particle sizes increase very strongly. The average
size of LiNixMny.xO4 crystal particles calculated from the SEM image are shown in Tab 2.
The above results show that the size of the crystalline particles depends strongly on the
anealing process.

Tab. 2. Everage value of LiNiMn..O4 particle annealed at different temperatures

LiNixMn;.xO4 T=300°C T=500 °C T=700 °C T=800°C
x =0 45 nm 54 nm 95 nm 500 nm
x =0,05 ~20 nm 45 nm 100 nm 580 nm
x=0,1 58 nm 60 nm 120 nm 310 nm
x=0,2 42 nm 40 nm 130 270

At temperatures below 500 °C, the grain size changes little when the annealing
temperature between 300 °C and 500 °C. When the anneaing temperature is increased to 700
°C, particle size increases significantly and particles tend to separate. Especially at 800 °C
the particles grow very fast and the size increasesseveral times. The rapid growth of particle
size at temperatures of 700 °C and 800 °C is due to the formation of LiMn>O4 at about 700
°C (698 °C). This has been pointed out from the schema differential thermal analysis of the
sample DTG and DTA of the LiMn2Os3 [13] and it also explains why at 800 °C particle size
increased several times compared to that at below 700 °C.
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3.2. Effect of Ni replacement ratio on the morphology of the LiNixMnzxO4
materials

SEM images (Figure 2 +~ 6) show that at temperatures below 700 °C, replacement ratio
of Ni dose not impact to the crystal particle size (the sizes ranged from 40 nm to 60 nm). At
a temperature of 700 °C the particle size decreases, the grain boundary changes from round
to sharp when the replacement ratio of the Ni molecule increases. This demonstrates that the
presence ofNi increases the stability of the spinel structure of the LiMn,O4 materials. It is
perfectly suited to the study [2, 6]. In this work, Ni substituted for Mn reduces lattice
distortion Jahn - Teller [14-16]. In other words, there was a substitution of Ni atoms for Mn
atoms in the LiNixMn2«O4 material produced by the sol-gel method.

3.3. Structural characteristics of LiNixMn,-xO4 materials

Fig. 7. Crystal structure of LiMn>O, materials (a). lllustrate the diffusion of Li* through
location 16¢ (b). The black arrow indicates the diffusion path of the Li" ion.

As known at room temperature, the LiMn2O4 spinel materials have a cubic structure
with the space group Fd-3m, where the Li, Mn and O atoms respectively occupy positions
8a, 16d, and 32¢ [17]. Meanwhile lattice structure and the arrangement of atoms in the lattice
can be shown as in Figure 7a and the formation of Li" ion channel through the octahedral as
presented in Figure 7b.
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Fig. 8. XRD spectra of LiNi.Mn;..Os materials with Ni substitution x = 0 (a) and 0.05 (b)
synthesized by the sol-gel method at 300 °C; 500 °C; 700 °C and 800 °C.
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Fig. 9. XRD spectra of LiNixMn:O4materials with Ni substitution x = 0.1 (a) and 0.2 (b)
synthesized bythe sol-gel method at 300 °C; 500 °C; 700 °C and 800 °C.

Fig. 8 and 9 are the XRD spectra of GO, G1, G2 and G3 samples synthesized by the sol-
gel method at 300 °C; 500 °C; 700 °C and 800 °C. At all Ni replacement ratioes and
annealing temperatures, all diffraction peaks on the XRD spectra match a single JPCDS No
35-0782. This suggests that substituting Ni with proportions (x = 0 + 0 .2) did not change
the structure of LiNixMn».xO4 materials compared to the structure of the original LiMn2O4
spinel materials. This result shows that Ni has replaced the Mn position in the crystal lattice.
In other words, LiNixMn».xO4 materials have been successfully synthesized in which the
substitution of Ni for Mn with the ratio of x = 0; 0.05; 0.1 and 0.2. However, X-ray
diffraction is only sufficient to show that the vertices of the spinel material phase are formed
without being able to show whether the material produced contains Ni ions. In order to obtain
the proof of this substitution in the formulated samples, we proceeded to analyze the Raman
spectra of Ni substitution samples for Mn.

Fig. 10. Raman Spectra of G0-700 and
G2-700 (LiNixMn Oy replacement
ratio of Ni x = 0 (a) and x =0,1 (b).

[ntensity (a. u.)

200 250 300 350 200 250 500 550 600 650 700 750 800
Raman Shift (cm™)



82 | TRUCGING BAI HOC THU BA HA NOI

Fig.10 is the Raman scattering spectra of the samples G0-700 and G2-700. Fig.10a, the
Raman spectra of spinel LiMn2Os shows a broad and strong region (Ranging Mn-O
stretching) at ~ 620 cm™ accompanied by a small peak at ~ 580 cm™.

They are closely related to the octahedral MnOs and the oxidation state of Mn,
respectively called Aig and Fglg) [18]. The expansion of the Ajg region is due to the small

difference in the octahedral Mn*'Os octahedral structure and the octahedral Mn*"Og is
partially distorted in LiMn,Os. Its intensity depends on the concentration of Mn*" in the
material and reflects the average oxidation state of Mn. For this reason, according to Yingjin

Wei and colleagues [18] the regions Ajg and Fglg) are not separated in unmodified LiMn2O4

1)
2g

distinguished by the substitution of Ni and the sequence Az becomes distinct and sharper

because the concentrations of Mn*>* and Mn*" are equal in the material. Then F; is clearly

from the region Fglg). The change in Ajg and Fglg) with the replacement of Ni is consistent
with the increase in Mn*" concentration as well as the increase of Mn oxidation state in
LiNixMn2.xOs. Peak Fglg) derives primarily from the oscillation of the Mn*- O bond. Its
intensity depends on the concentration of Mn*" in the medium reflecting the oxidation state
of Mn in Figure 10b.

3.4. Effects of temperature and Ni substitution ratio on the lattice constants of

the materials
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Fig. 11. Dependence of the lattice constants on the Ni (a)

ratio and the annealing temperature (b).

Fig.11 showed the dependence of the lattice constant on the annealing temperature.
(Fig.11b) and the substitution ratio of Ni for Mn (Fig.11a). As can be seen from Fig.11b,
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lattice constant of the materials increased slightly,about 0.015 A when the annealing
temperature increased from 300 °C to 800 °C. The increase of crystalline lattice constant of
the LiNixMn>xO4 materials is explained by the transition of Mn*" to Mn** (LS or HS) and
the transition of Mn>* (LS) to Mn>" (HS) as the annealing temperature increases. Fig. 11 a
shows that the crystal lattice constant of the material decreases to 0.023 A when the
replacement ratio of Ni increases from x = 0 to x= 0.2. From XRD spectra shown in fig. 8
and 9, one can find in all the samples, the substitution ratio of Ni for Mn increases, the
diffraction peak at angle 20 is higher. This suggests that the lattice constant of the material
is reduced when the replacement ratio of Ni increases [18]. It is explained that when the
replacement ratio of Ni in the LiNixMn2«O4 materials increases leading to increase of the
Mn*" concentration. The ionic radius of Mn** (r = 0.53 A) is much smaller than Mn** (r =
0.645 A). The ionic radius of Ni*" (r = 0.56 A) is smaller than the radius of Mn*" ion (r =
0.645 A) [19]. When Mn>"ion is replaced by Ni** ion, Mn - O distance was reduced. Oxygen
defect spaces at high annealing temperatures were also reduced [18].

3.5. Li " ion conductivity of the materials system

Fig.12 showed the typical Nyquist plot in the complex plane presented the imaginary
part Z" depends on the real part Z'of LiNixMn2xO4 materials at room temperature. The
impedance spectra consist of two semicircular regions. A semicircular in the high frequency
region from 1MHz to a few tens Hz, they are attributed to the lithium ion conduction in the
particle and a semicircular in the low frequency region is attributed to the ionic conduction
at the grain boundary [19, 20]. Total resistance (Rp + Rg) and bulk resistor (Rp) of the
samples correspond to block point on the right and the left of the semicircular with the real
axis in the schema. The value of the grain boundary resistance (Rg) is reflected by the
difference between (Rp + Rgp) and Ro.

e TaTa] |

GOS0 731 B —_— G0-700)
= w (G0-T00 0L | - e,
= #G0-800 ek '

E —_ & - i £ s -
~ il Ok | N
100} e : { =
* b 100k ] - . L
. " dy 2_/" o E b
*i' :. S0k J F'-.‘
i T e | 5 (5)
1) II . - v
S0k 100k 130k 2 0 100K ., .. 200K
YAR(Y) L' ()

Fig. 12. Nyquist diagram of LiNixMn»xO4doped Ni (x = 0, 0.1 and 0.2) synthesized by Sol-gel at
700 °C (a) and block points of the two regions of the semicirculars (b).
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Fig.12 showed that when synthesis temperature or ratio of Ni change, it leads to
changing block point in both of the low frequency and high frequency on the Nyquits
diagram. This shows that the Ry and Ry, resistors are all change and the particle conductivity
ob» and grain boundary conductivity cg of the materials will depend on both synthesis
temperature and replacement ratio of Ni with Mn.

The dependence of the conductivity on the nickel substitution ratio and the synthetic
temperature are shown in Fig.13 and 14.

The calculation results of the lithium ion conductivity of LiNixMn».xO4 materials
showed that the lithium ion conductivity changed when the nickel replacement ratio and
annealing temperature changed. In particular, the LiNixMn».xO4 materials have a nickel
replacement ratio of x = 1 annealed at 700 °C gives the best lithium ion conductivity (G2-
700 sample) with the largest total conductivity 6y = 19,773x107 S.cm’!. On the contrary,
samples G0-500 with the smallest conductivity G, =0,116x107 S.cm™.
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Fig.13. Influence of synthesis temperature on ion conductivity of LiNi\Mn;..O4 synthesized by
sol-gel method (G0, G1, G2 and G3).
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Fig.14. Influence of the mixing ratio of Ni on the ion conductivity of the LiNixMn;Osmaterials
synthesized by the sol-gel method (G0, G1, G2 and G3 ).

4. CONCLUSION

LiNixMn2.O4 materials have been successfully fabricated by the sol-gel method.
Particle size increases as the annealing temperature increases and decreases when the
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substitution ratio of Ni substituted for Mn increases. The surface of the LiNixMno.
xOgparticles from the rounded form turns sharp when the ratio of Ni increases. Particle
sizeschange in the range of 30 nm to 500 nm. The lattice constant (a) of the materials
increases with increase of the annealing temperature and decreases with the increase of the
ratio of Ni. The values are between 8.21 and 8.24 A. The ionic conductivity of the materials
is strongly dependent on the substitution ratio of Ni molecules for Mn.The sample has the
best conductivity at the ratioof x =0.1; T =700 °C and gives the maximum ionic conductivity
op = 19,773.10° S.cm™.
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ANH HUONG CUA SU THAY THE MN BANG Ni LEN CAU TRUC
VA PO DAN ION CUA VAT LIEUSPINEL LiNixMn2,0s TONG HQP
BANG PHUONG PHAP SOL - GEL

Tém tdt: Vit liéu dién cuc LiNixMn2-xO4 véi (x = 0; 0,05, 0,1, 0,2) duwoc tong hop ¢ bang
phirong phdp sol - gel tir liti axetat, mangagan axetat va niken axetat. Anh FE-SEM cho
thdy hinh thai hoc cia vt liéu thay déi theo nhiét d tong hop va ty Ié thay thé cia Ni cho
Mn. Phé XRD di xdc nhdn cdc mau thu dwgc ¢é cdu tric spinel cua LiNixMn2-xO4 ma
khong co bat ky tap chat nao. Hcing 56 mang cua hé vat liéu tang lén theo nhiét do u va
gidm di khi ty 16 thay thé Ni tiang lén. Khi ham lwong Ni tang [én, kich thude hat cia cdc
mau LiNixMn2-xO4 giam di dong thoi bién hat chuyén tir dang tron canh tai x = 0 sang
dang cac hinh khoi sdc canh 6 x = 0,1 va 0,2 cho thd'y hiéu qua ro rét cua viéc pha tap
niken dén suw on dinh trdt tw cia tinh thé. Phép do phé téng tro xoay chiéu ciia vat liéu dang
khéi xdac dinh dwoc do dan ion Li+ ciua vt liéu. Két qud chi ra rcfng, thay thé Ni cho Mn
cdi thién tot dé dan cua vat liéu, déng thoi cho thdy vat liéu co x = 0,1 va nhiét do téng
hop ¢ 700 °C cho dg dén cao nhat otp = 19,773 x10-5 S.cm-1so véi mau ¢6 x = 0 chi dat
otp =0,115%x10-5 S.cm-1.

Keywords: Vit liéu dién cuc, LiNixMn2-xO4, Pin Liti-ion, do¢ dén Ion, ty l¢ thay thé ciia Ni
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Abstract: We use the self-consistent method in the presence of magnetic field for the
Ginzburg-Landau description of strongly thermal fluctuations effects to calculate
magnetization in high-Tc superconductors. The obtained results are summation over all
Landau levels which are valid for arbitrary values of the magnetic field not too close to
Hcl. It is showed that the intersection point of magnetization curves appears and
magnetization just below Tc is nonmonotonic. Our calculation supports the phase
disordering picture of fluctuations above Tc.
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1. INTRODUCTION

A interesting feature of magnetization curves intersecting atthe same point for a wide
range of magnetic fieldswas observed in high-Tcsuperconductors long time ago, such as
BixSr2CaCuy05+5(BSCCO) [1], YBaxCu3O7.5 (YBCO) [2]. It was found that theintersection
point was no longer the same for all the magneticfields in several classes of layered high-
Tesuperconductors, such asHgBa>Ca;CuszOs+s(HBCCO) [3], LazxSrxCuO4(LaSCO) [4].
Normally, for superconductormaterials such as YBCO, HBCCO, and optimally doped
LaSCO,the intersection point moves from a high temperature at lowfields to a lower
temperature as the magnetic field increases.The intersection point is always belowTe.

Magnetization in high-T. superconductorshas been studied theoretically [5] within both
the microscopic theory and the Ginzburg-Landau approach. In all of these calculations the
fluctuationswere assumed to be small enough, so they can be taken intoaccount
perturbatively. To determine theoreticallyfluctuation magnetization for strong thermal
fluctuations,we therefore must go beyond this simple approximationneglecting the effect of
the quartic term in the Ginzburg-Landau freeenergy. The effect of the quartic term in
Ginzburg-Landau free energy is taken into accountwithin the self-consistent theory.
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2. GINZBURG-LANDAU MODEL

We start with the Gibbs free energy in two dimension

- 2
G=s[dxdy [F[¢,A]+%], (1
where F is the free energy given by
' h? 1512 24 By
FIy, Al = ' [ dxdy [7—|Dy| +a(T = TORI? + £ yl*] )

Here is the order parameter effective “thickness”, 1 is the order parameter describing

superconductivity, m, is mass of Cooper pair, the covariant derivatives are defined by D=

V+ %j(e* = 2|e| is charge of Cooper pair), the vector potential describes constant and
homogeneous magnetic field A= (—=By,0).

Throughout most of the paper we use the coherence length £ as a unit of length,
H.,(0) = hc/e*&? as a unit of the magnetic field, ¢ = /5/2T\y as dimensionless order

parameter. The dimensionless Boltzmann factor becomes

Fb) =" = L raxay||Dg|" ~ 1 - tOlplE +1914. @)

Zw ta
2 N
where ty =T /Ty, wy = g,/ZGiA with Giy = ZZ—Z(Ce—h) k*E4TZ being the Ginzburg-
Landau parameter.

The thermodynamic (effective) Gibbs energy [6],
G=—ow,t InZ, 4)

defined as dimensionless thermodynamic Gibbs energy, which determines the magnetization
and Z is the partition function of the Gibbs ensemble

Z = j Dy Dy* exp(——j _va/Dl// exp(—gly]). (5)

Performing the same rescaling of fields: g =G /T = f(¢, b) + finaglb], where fis given
in Eq. (3), b=B/H.> and

finaglb] = — [ dxdy(b - h) (6)

4wptp
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3. MAGNETIZATION WITHIN THE SELF-CONSISTENT METHOD

Magnetization in the presence of thermal fluctuation is determined from

L '[ Dy Dy of (b—h)|=0. (7)
Sb b 2wt
Taking the derivative, one obtains
1 s = N . Sf
=—(b—h)=-7""22 Dy Dy —%=e : 8
m=_—(b-h) S5 [ Dy Dy —exp(ely) ®)

Since K[>>] 1 magnetization is small[<l; —h > /4r ~ th} , and it suffices to consider
a simpler statistical sum
Z ~ [D¥DW exp (—7) = [ D¥DW exp(—f[¥)). (9)

We take f[¢@,b]= K+ W, which are defined below,

L[ dxdy[|Dg|" + 2e - )IpI]. (10)

Za)t

W=2wAtA +b—1-2¢)|¢pl* + |p|*]. (11)

The thermodynamic free energy in Eq. (4) can be written as
S =51+ (W), (12)

where

Dul bZIOg(nb+g) (13)
T

n=0

fi=-o,, 10g[ [ Dy Dy exp(-K )]

to+b-1 b & 1 ba& 1Y
Wy=| 2———-¢|— +o,t, | — . (14)
< > ( 2 j2ﬂ;nb+g AA(2ﬂ;nb+5j
At large n the sums diverge, so one need to introduce an UV momentum cutoff which

effectively limits the number of Landau levels to N, =A/b—1. Finally, total

thermodynamic free energy takes a form

f _LA(IO A-1)- a)t(ilo Ajz— - L L10 A
gauss 272_ g 272_ g T 272_ g

c
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—(1_;_b+8ju'+u+a)t(u’)2, (14)

where u'(g,t) = 2L[ f(e/b)—log b] ,f/1s PolyGamma function, and the temperature T is
V4

renormalized

T, :TA(I—QlogAj, (15)
Vs

2 * 2
Note that a)t:a)AtA,tzT/YZ,a):z\/2Gi,Gi=2ﬂ—'2£e—hj xk*ET? (T,is now
s s” e
replaced by Tk).

The gap equation is arrived by minimizing the free energy density of the system
8]%auss/ 0e=0

1—7—
£ = ; b + 2wtu'(€,t) (16)
Combining Egs. (4), (8), (9), and (14), the average magnetization in the sample is
obtained
1o,
m=—-———52 17
27k’ Ob (1)

4. RESULT AND DISCUSSION

In order to illustrate the main features of our model, we take as example a common
material, like La>xSrxCuQO4 (LSCO). Typical characteristic parameters are then: T,=24 K for

the critical temperature under very small electric field and no magnetic field, o= 0.1 for the

strength of thermal fluctuations, Heo=45 T for the critical field, and s’=8 A for the effective
“thickness” of layer.

In Fig.1 the magnetization curves computed according to Egs. (16) and (17), are shown
for different temperatures. The theoretical magnetization just below Tcis nonmonotonic,
consistent withthe experiment [7,8]. Above T, the theoretical magnetization is still
nonmonotonic, which mean that thermal fluctuation plays important role.

In Fig.2, the magnetization curves computed according to Egs. (16) and (17), are shown
for different magnetic field. Our calculation show that the intersection point magnetization
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curves is belowT. in wide region of magnetic field, which is consistent with experimental
[6,7]. This feature cannot be explained by the mean field theory that can only be explained
by theory of thermal fluctuation.
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Fig. 1. Magnetization as a function of magnetic field, for different temperature
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Fig. 2. Magnetization as a function of temperature, for different magnetic field

S. CONCLUSION

We have studied effect of thermal fluctuation on magnetization of high-T.
superconductor by using the self-consistent method with Ginzburg-Landau model. Our
results including all Landau levels are valid for arbitrary values of the magnetic fieldnot too
close to Hci. The method used in the present paper can also apply to strongtype II low-Tc
superconductors. Our magnetization just below Tc isin fact nonmonotonic, consistent with
theexperiment. Our calculation supports the phase-disorderingpicture of fluctuations
advocated by LarxSrxCuO4[9].
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PO TU HOA CUA VAT LIEU SIEU DAN NHIET PQ CAO

Tom tit: Chiing t6i sir dung phwong phdp tie hop trong hinh Iy thuyét Ginzburg-Landau dé
tinh toan anh huong cua thang giang nhiét lén do tw hoa cua vt liéu siéu dén nhiét @ cao
dat trong tir truong. Két qud thu dwoc bao gom tat cd cdc mire Landau ma c6 thé dp dung
cho tir trromg bat ki khéng qud gan Hel. Két qua chi ra rang cdc dwong tir héa cdt nhau
va khong don diéu duoi nhiét do Tc. Tinh toan cua chung toi xdc nhan pha mat trét tw do
thang giang nhiét o trén Tc.

Tir khoa: D¢ tir hoa, vat liéu siéu dan, ti truong, nhiét do cao
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ELECTRONIC STRUCTURE AND THERMOELECTRIC PROPERTIES
OF BI2SE3 UNDER OXYGEN SUBSTITUTION

Tran Van Quang', Dinh Thi Men?
"University of Transport and Communications
’Hanoi National University of Education

Abstract: Though thermoelectric effect which enables to convert directly heat into
electricity has been investigated long time ago, its practical applications have been still
few due to the low efficiency. Material science focuses on developing the area to increase
the performance is still under investigation. The best-known thermoelectric materials
operating at room temperature for the highest efficiency recorded now belong to the class
of Bi based-chalcogenides materials. In this report, we employ density functional theory in
local density approximation to study the effect of O substitution on the electronic structure
and the thermoelectric property of the Bi2Se3 semiconductor. The newly formed compound
is a fairly large band-gap semiconductor with the value of 0.33 eV. The density of states at
the conduction band indicates the presence of light bands above Fermi energy which play
an important role for the considerabe-high electrical conductivity. To explore the
thermoelectric property, we utilize the solution of the semi-classical Boltzmann equation
to perform the calculation of the thermoelectric coefficients, namely the Seebeck coefficient
S, the electrical conductivity o and the power factor, S20. The results show that o of the
material in n-type doping greatly increases with the increase of carrier concentration
whereas S decreases monotonically. The competition between S and o leads to a relatively
large power factor, which determines the thermal-electric conversion efficiency of the
material at high carrier concentration. It indicates that high dopings might benefit for
obtaining the high thermoelectric performace of this material.
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1. INTRODUCTION

The thermoelectric effect has been investigated since late 19th century. It allows convert
directly weaste heat into electricity and vice versa. The temperature gradient induces an

electric field E =SVT , where S is the Seebeck coefficient or the thermopower, T is the
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temperature. By contrast, the gradient temperature is occurred in thermoelectric materials
when current applied. This is so called Peltier effect. In order to qualify the thermoelectric
performace of a material or a device, one defines the dimensionless figure of merite!-?
zr = Sl (1)
K, +K,

in which T is the temperature; S the Seebeck coefficient or thermopower; o the electrical
conductivity; x., kzthe electronic and lattice thermal conductivity, respectively. Therefore,
high ZT value is desired. To satisfy this, one must search for ways to improve S and ¢ and
simultaneously to decrease the thermal conductivity, k=k.+x;. However, these coefficients
have inter-relationship in which the increase of ¢ is accompanied by the increase of k and
the decrease of S. Thus, improving ZT is very challenging.

Semiconductors are the best thermoelectric materials among insulators and metals. The
highest recorded Z7T values at room temperature are in the chalcogenides compounds with
the values around unity such as BixSes, BixTes, SboTes, PbTe, etc.’> Recently, the oxygen
substitution in the materials resulting in many peculiar properties and manifest new teniques
to improve ZT.° Indeed, the oxygen substitution reduces the lattice constant thereby increase
the mass density of BixSes. This is responsible for the low thermal conductivity of the
material.”!° In addition, the distribution of O on Bi>Ses surface induces topological phase
which significantly enhances the thermoelectric power factor.!! In this report, we present our
results of the study of oxygen substitution on the electronic structure and thermoelectric
properties of Bi2Ses under of oxygen substitution using first-principles density functional
theory (DFT) within local density approximation (LDA) and the semiclassical Boltzmann
Transport Equation.

2. COMPUTATIONAL DETAILS

In solid-state physics, the well-know approach to solve the many particle problem is use
of variational method to minize total energy to seek for the ground state. In order to solve
this problem systematically, Honhenberg and Kohn formulated the density functional
theory.!? Latter on, within the theory Kohn and Sham derived a simple equation that enables
to determine the electron density and energy of system by means of self-consisten solving
the Kohn-Sham equation. Accordingly, the authors have expressed the total energy function

of the electronic system through the electron density function, p'>!?

Elpl=T[pl+Jlpl+ E, + | WF)olr)ar, @)
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where J is Hatree energy functional representing the Coulomb interaction between electrons,

T, [p] is kinetic functional determined via the many-particle wave function in term of Slater
determinant

‘//1(’710-1)‘//1(’720-2 )"'l/ll(FNo-N)

¥, :Ldetl/jz(?lo-l)V/Z(FZO-Z)'“WZ(?NO-N) . 3)

INT e
Wy (’_’;O-I)I/IN (}_;202)“'1//N (’_;NGN

Minimizing Eq. (2) results in Kohn — Sham equation '

Hygy, = &y, , (4)

where HKS:_% (F)+ I o) di'+v [p(F)] is Kohn-Sham Halminton, p(?):ini<l//i

s
= 2mwilvi

electron density, n is occupation number, vic[p]=0Ex[p]/dp is exchange-corelation potential.

This equation takes the form of a single-particle Schrodinger equation in an external
field, which can be solved self-consistenly in the following steps!*: (1) From the initial
(guest) density, one determines Kohn-Sham Hamilton, Hks; (2) solving the equation (4) to
obtain Kohn-Sham orbitals y; (3) the density p is determined by taking the inner product of
the Kohn-Sham orbitals ; (4) compare the obtained density p with the initial density and
complete a self-consistent loop. The loop is continued until the self-consistent solution is
archieved. The solution therefore gives eigenvalues & and total energy of the system.!'* The
exchange correlation potential is approximated depending a specific material and a specific
property desired. In this report we invoke the local density approximation (LDA) in all the

calculation.'>!7

For the transport properties, we ultilize the solution of the semiclassical Boltzmann
Transport Equation for the non-equilibrium distribution function g'®

oglF k.t ?+8_7Vg(’7’lg’t)+@ag(7:l€,t) _ 8g(77,/€,t)' )
Ot ot ot 0ok ot

In the relaxation time approximation, we obtain the transport coefficients which are

expressed in term of the integral of the transport distribution function (ITD) as
2,19,20

170} = 3 [ de (e el le—e )i ()5, (F) ©

Accordingly, the electrical conductivity tensor is derived in term of /TD?!

following
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o,(e)=11D\", (7)
as well as the Seebeck coefficient
g -1 (1D, 17D 8
=== > D) rpy, (8)
k=x,y,z

and the thermoelectric power factor

PF, = Z(S)i O - ©)

Jj=xyz

3. RESULTS AND DISCUSSIONS

@ % %

' s
r
T

28
N

[

Figure 1. The crystal structure of Bi;O;:Se

The O substitutions into Se in the Bi>Ses crystal forming the new structure. Due to the
strong interaction of O with around atoms, the formed structure is to be asymmetric and
distorted. The BirSes structure is a rhombohedral structure whereas the newly formed
structure Bi2O>Se is triclinic with parameters o = f = 146.14°% y=48.64°anda=b =c¢ =
6.67 bohr. Such crystal structure is shown in FIG. 1 in term of a tetragonal conventional-cell
structure.
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Figure 2. (a) Total density of states and projected density of states of (b) Bi, (c) O and (d) Se
shown along with the l-like density of states.
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Figure 3. (a) Space and distribution of (b) I-like and (c) total charges in the appropriate space

By use of the LDA calculation, we compute the total density of states (Total DOS) and
present the results in Figure.2. The density of state provide transport information especially
the states near Fermi energy, which play a crutial role in the transport properties of the
material. Figure.2 (a) - (c¢) show the density of state contributed by the elemental elements
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in the crystal. Figure.2 (d) shows the total contribution of all the elements to the total density
of state of the crystal. The Fermi energy is set to be zero. Right next to the Fermi level, in
the valence band, the width of DOS is very large. According to Mahan - Sofo, this would
lead to an enhancement of S.!” The vanished DOS in the 0~1 eV region shows the band gap
of the material. In the detailed calculation, the obtained band gap is 0.33 eV. In the
conduction band the small slope of DOS indicates the light bands to be dominated. This
shows that the mobility of the electrons is improved leading to the possible high 6. On the
one hand, o is increased by increasing the doping level whereas S is expected not to be
effected much due to the bipolar conduction and Pisarenko relationship.?? This stems from
the farily large bandgap of 0.33 eV as discussed above.

The charge distribution in the orbitals and states for all the atom is obtained by
integrating the appropriate density of state. The results are represented in Figure.3. Note that
the total valence electrons of a crystal in a primite unit cell are 20. As can be seen, electrons
are mainly distributed into orbital s and p. The number of electrons occupied in p-orbital is
most important. Near Fermi energy in the valence band, Se-4p states are emerged to play
crucial role to contribute the conductivity of the material. Also a relatively large amount of
charge is in the interstitial region. This means that the transport properties of the crystalline
Bi20:Se are highly dependent on the Se element, particularly the Se-4p orbital. In addition,
the number of electrons in the interstitial area is 40%. Thus, it also plays an important role
in the transport properties. This is illustrated in Figure.3 (c). Note that the Total DOS for
each energy value consists of the sum of all density of states of each atom in the muffin-tin
region and the density of state in the interstitial region (outside the muffin). It indicates that
near the Fermi energy in the valence band, the density of state due to the contribution of the
insterstitial region is also large. Hence, they also play an important role to shape the transport
properties, in particularly, the thermoelectric properties of the material.

From the ground states, we obtained eigenvalues 8(]2) as a function of wave vector (see

eq. (4)). This information identifies the ITD function (eq. (6)) thereby the values of the
conductivity ¢ (eq. (7)), the Seebeck coefficient S (eq. (8)) and power factor (eq. (9)).

Figure. 4 presents the results of the calculation of the Seebeck coefficient S as a two-
dimensional function as a function of carrier concentration (log10 (n), with n in unit cm™)
and temperature T (in unit K). The value of T varies from 0 to 600 K and n varies from
5x10'7cm™ to 5x10*°cm. The results show that the magnitude of the S coefficient depends
strongly on both the temperature and the carrier concentration. When fixing the carrier
concentration, we find that S increases monotonically with temperature. This increase comes
from the contribution of the thermal excitation, while the relatively large band gap prevents
the generation of intrinsic carrier and this is conducive to increase value of S. On the other
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hand, at temperatures around room temperature, the value of S also decreases monotonically
with carrier concentration. This result originates from the Pisarenko relationship.?? S is very
high at high temperatures and low carrier concentration. Thus, in order to increase the S
coefficient, we need to increase the temperature, while keeping the carrier concentration to
be low. The value of S can therefore easily reach over 200 uV/K. This value is even greater
than that of BixTes which is one of the best thermoelectric material operation at room

temperature. 232
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Figure 4. (a) The Seebeck coefficients S, (b) electrical conductivity o and (c) power factor S°c
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Figure 5. Thermoelectric power factor S°6/t as a function of carrier concentration
at various temperatures

For electrical conductivity 6, we present the calculation results in Figure. 4b. The results
show that ¢ is almost unchanged with the temperature. The main change here is at low carrier
concentration. The ¢ value increases slightly with temperature due to thermal excitation.
This represents the relatively large bandgap semiconductor as shown above. When doping
is low, intrinsic carriers are unlikely to be excited by thermal excitation to cross the bandgap,
even at relatively high temperatures.® As a result, at high doping level, the carrier
concentration will not depend much on temperature. At a fixed temperature, ¢ increases
almost linearly and monotonically with the carrier concentration.

Thus, when the carrier concentration is large, ¢ increases while S decreases. This strong
competition between ¢ and S determines the value of ZT (eq. (1)). We calculate the thermal
power factor PF = S%6 depending on temperatures and carrier concentration. The results are
shown in Figure 4. Note that the calculation results depend on the constant relaxation time
constant 1. Thus, for convenience we represent S’ / 1. From there we see that when the
carrier concentration increases, the power factor increases significantly.!” It is clear that this
increase is determined by the sharp increase of ¢ due to temperature and carrier density. In
the low carrier concentration, the power factor is determined by S meanwhile in the high
carrier concentration it is determined by .

To substantiate the dependence of the power factor on the carrier concentration, we
calculate S?c/t as a function of n. The results are presented in Figure. 5. As can be seen, at
room temperature the optimal carrier concentration is about 5x102%cm™. It indicates that to
improve the power factor, the carrier concentration should be increased. In other word,
making high doping level is a promising method to improve the thermoelectric performance
of the Bi,0O>Se material. This result is consistent with the results of previous published
reports.?!
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4. CONCLUSION

By employing first-principles density functional theory within local density
approximation and the solution of Boltzmann Transport Equation in relaxation time
approximation, we studied the effect of O substitution on electronic structure and
thermoeletric properties of BioSes material in n-type doping. We found that the newly formed
material is a fairly large band gap semiconductor, £,=0.33eV. The calculated results show a
strong dependence of the Seebeck coefficient, the electrical conductivity and the power
factor on the temperature and the carrier concentration. At low concentrations, the Seebeck
coefficient plays a crucial role to determine the power factor whereas in high doping levels
the electrical conductivity dominates the power factor. Due to the relative large bandgap, the
carrier concentration does not much dependon temperature especially at high doping levels.
The increase of carrier concentration significantly improves the power factor due to the
monotonic increase of o, although S slightly decreases. It suggests that to improve the
thermoelectric performance of Bi»O>Se, the carrier concentration must be increased. This
conclusion suggests that experimental studies might optimize the appropriate impurities to
increase the carrier concentration which is leading to improve the thermal efficiency of the
material.
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MAT PQ TRANG THAI VA TINH CHAT NHIET PIEN CUA Bi:Se;
DUOI TAC DUNG CUA THAY THE NGUYEN TO O

Tém tit: Hién tiwong nhiét dién tuy da dwoc phat hién tir lau xong nhitng iing dung trong
thuec tién san xudt dén nay van gdp nhiéu khé khan do hiéu sudt chuyén doi nhiét thanh
dién con rat thdp. Khoa hoc vat liéu tap trung phat trién nhitng khia canh khac nhau cho
phép tang cao hiéu sudt la mét bai toan thoi sw. Cac chat nhiét dién hién tai dwoc biét hoat
dong & nhiét do phong cho hiéu sudt cao nhat hién nay déu thuéc lop cac vat liéu
chalcogenides. Trong bai bdo cdo ndy, chiing t6i sir dung Iy thuyét phiém ham mdt dg trong
gan diing mat d dia phwong nghién ciru trang thdi nén va tinh chdt van chuyén cia ban
dadn BixSe; vdi su thay thé ciia nguyén té O. Két qua cho thdy trong hop chdt méi dwoc tao
thanh la mét ban dan vung cam khd rong, co 0.33 eV. Mdt do trang thai ¢ vung dén cho
thdy su xudt hién ciia céc nhanh nhe (light bands) ma két qua la do dén & ché do hat tai n
la [6m. Trong khi d6 mdt dg trang théi & viing héa tri ¢6 dg déc rat lom. Diéu nay danh huong
dang ké dén sudt dién dong nhiét dién cua vat ligu nay. Dé lam ré hon tinh chdt nay, chung
16i thue hién tinh todn cac hé sé nhiét dién bcfng cach s dung nghiém cua phuong trinh
Boltzmann ban ¢é dién. Két qua cho thcfy dé dan dién cua vt lidu & ché dé hat tdi dién tir
lon hon khi tang no”‘ng do hat tai. Sy canh tranh giitu suat dién dong nhiét dién va do dén
dan t6i két qua la hé 56 cong sudt, dai luong quyét dinh hiéu sudt chuyén hoa nhiét — dién
ciia vt liéu, & trang thdi nong dé hat dan cao tang 1én ding ké. Két qud tinh todn phi hop
Vvéi két qua thuc nghiém va cac bao cado tinh toan khdac. Nhw vdy, viéc tang néng do hat tai
la mot bién phdp tiém néng cho phép ting hiéundng nhiét dién ciia vdt lidu nay.

Tir khéa: Hiéu img nhiét dién, chalcogenide, hé so Seebeck, 1y thuyét phiém ham mdt dg.
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NGHIEN CUU, XAC DINH THANH PHAN DINH DUGNG CUA MOT
SO LOAI TAO PHAN LAP TU VUNG RUNG NGAP MAN VUON
QUOC GIA XUAN THUY, TINH NAM DINH

Lé Xuén Tuén, Tran Thi Minh Hing
Truong Dai hoc Tai nguyén va Moi truong Ha Noi

Tém tit: Bdi bdo xdc dinh thanh phan dinh duéng cia 5 lodi tdo Amphiprora alata,
Chaetoceros muelleri, Nannochloropsis oculata, Navicula tuscula, Chlorella vulgarisdwoc
phén IGp tir vimg rimg ngdp man Vieon quoc gia Xudn Thity. Cdc lodi tdo ndy thuong doc
st dung lam thucc an cho tom, ca va cac loai hai manh vo nham tao diéu kién cho du trung
phat trién cung cap nguon dinh dwdng cho cd thé bé me va it gdy dnh hwéng dén 6 nhiém
méi truong. Két qud nghién ciru di xdc dinh dwoce 24 loai acid béo trong 5 lodi tdo nghién
ctru, trong do ti 1é acid béo chwa no chiém 71.7%. C6 17 loai acid béo o loai Navicula
tuscula va ti 1é acid béo chia no chiém 29.6%. Lodi Amphiprora alata ¢6 ham hrong
protein la 8.1g/100g trong luwong kho va Chlorella vulgaris co ham luwong protein la
4.449/100g trong lwong khé. Loai tao Nannochloropsis oculata co ham lwong
carbohydrate la 11.8g/100g trong luong kho va Navicula tuscula c6 ham luong nay la
5.47g/100g trong luong kho.

Tie khoa: Vi tao, vung rung ngdp man, Amphiprora alata, Chaetoceros muelleri,
Nannochloropsis oculata, Navicula tuscul, Chlorella vulgaris.

Nhan bai ngay 10.11.2017; giri phan bién, chinh stra va duyét dang ngay 10.12.2017
Lién hé tac gia: Ta Thi Thuy; Email: ttthuy@daihocthudo.edu.vn

1. MO PAU

Rimg ngap min thudc Vuodn qudc gia Xuan Thuy co tam quan trong to 16n nhd céc chire
nang va dich vy, 1a khu bao tdn mau chuan dién hinh cua hé sinh thai dt ngap nudc ven bién
ddng bang séng Hong. Thang 1 ndm 1989, ving rimg ngap man thuéc Vudn qudc gia Xuan
Thuy dwgc UNESCO chinh thirc cong nhédn 13 diém RAMSAR thir 50 cua thé giéi va 1a khu
RAMSAR dau tién cia Pong Nam A. Sy kién ndy mo ra nhitng hudng nghién ctru, phat
trién méi di voi Vuon qudc gia Xuan Thuy, thu hit sy hop tac cua cac chuyén gia trong va

ngoai nudc.
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Trong h¢ sinh thai rimg ngdp man, cac vi sinh vat ma dac biét 1a vi tdo co6 vai tro quan
trong vi chiing 13 mat xich khong thé thiéu trong qua trinh chuyén hoa vat chat va ning
luong. Téo co tdc do sinh truong nhanh, tao ra sinh khdi 16m, 1a thirc an chinh cua cac loai
dong vat phu du va 1a thirc an khong thé thay thé cho 4u tring cta cac loai tom, cua, cé, cac
loai dong vat than mém an loc, cac loai ca bot va mot sd loai ca trudng thanh. Ham luong
dinh dudng cta cac loai vi tao rat cao, ngoai protein, lipid, carbohydrate, vitamin, vi tao con
cung cip cho dong vat cac hop chit silic, canxicacbonat va pectin, cac chit nay c6 vai tro
trong cdu tric bd xwong cua dong vat. Tao con duge dung lam thic dn cho chinh ban than
con ngudi nhu: rau ciu, rau diép bién, rong mut...

Amphiprora alata, Chaetoceros muelleri, Chlorella vulgaris, Nannochloropsis oculata,
Navicula tuscula 1a céc loai vi tdo dang dugc ung dung rong rai nhu: lam thirc dn cho tom
va cac loai dong vat 2 manh vé (Akihiko Shirota (1996); Truong Ngoc An, 1993; Lé Vién
Chi, 1996;A. Ben-Amotz va cs,1987), gop phan 1am giam 6 nhiém méi truong trong dam
nudi (Lé Xuén Tuan va cs, 2005, 2008)... Su két hop 5 loai vi tio ndy trong thirc dn nudi
thuy san vira tao diéu kién cho 4u trung phat trién vira cung cap ngudn dinh dudng cho cac
c4 thé bd me.

Nghién ctru nhdam muc dich nuéi trong tao dat sinh khéi 16n v6i ham luong dinh dudng
cao lam thuc 4n trong san xuét thuy san, va xach dinh thanh phan dinh dudng (acid béo,
protein, carbohydrate...) ctia cac loai vi tao 14 rat can thiét va co y nghia thuc tién.

2. PHUONG PHAP NGHIEN CUU

2.1. Nudi ciy va phan lap tdo

Mau tdo duoc thu vao 2 dot. Dot 1 vao thang 3/2015 va dot 2 vao thang 3/2016 tir viing
rimg ngdp min Vuodn qudc gia Xuan Thay. Tao duoc 1am gidu va phan lap bang phuong
phap tach, thuan khiét trén dia thach. Nhimg mau tach da thuan khiét s& duoc giit lai phuc
vu cac nghién ctru tiép theo. Qua trinh phan 1ap duoc tién hanh theo phuwong phap cia Makoto
Shirai va cs, 1989 ¢6 cai tién. Cac mau tao sau khi 1am giau dugc xac dinh so bo dudi kinh
hién vi quang hoc qua quan sét hinh thai sau d6 tién hanh phéan lap va nuéi ciy (5-7 ngay) &
nhiét d6 phong véi cudng do sang 1a 10000 - 20000 lux theo quang chu ki 13 10h chiéu sang
va 14h téi. Tao st dung trong qué trinh nghién ctru dugc thuc hién tai Phong Cong nghé
Téo, Vién Vi sinh vat va Cong nghé Sinh hoc va Khoa Sinh hoc, truong Pai hoc Su pham
Ha Noéi.

2.2. Lam giau mau

Hut 1000 pl miu nude cho vao dng Eppendorf, ly tam & toc dd 7000 vong/phit trong
10 phat va rira 2 1an véi dung dich mudi sinh 1y 0.05% nham muc dich giit vimg dic tinh
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sinh 1y ctia vi tdo. Sau d6 hat 100l dich huyén phu tao cho vao nudi cay trong lo penicillin
dung tich 20 ml chtra méi truong F/2. Nudi gitt & nhi¢t do phong voi anh sang dén neon voi
cuong do sang 1a 10000-20000 lux theo quang chu ki 14 10h chiéu sang va 14h t6i. Sau thoi
gian 5 - 7 ngay nudi ciy, quan sat kha ning sinh trudng ciia mau vi tao di duoc lam giau
bang kinh hién vi quang hoc & d6 phong dai 400-1000 lan.

2.3. Nhin nudi sinh khoi cac loai tao nghién ciru

Nhan nudi va thu sinh khéi vi tao & méi trudng toi vu da xac dinh v6i d6 man pht hop
dé phan tich thanh phan dinh dudng. D6i v6i binh nudi sinh khdi c6 dung tich 16n 4 lit va 8
lit dugc chiéu sang anh sang dén neon véi cudng do sang 1a 10000-20000 lux va suc khi lién
tuc 24/24, con cac binh dung tich nho hon dugc chiéu sang theo quang chu ki 1a 10h chiéu
sang va 14h tdi va khong c6 suc khi.

2.4. Xac dinh thanh phin acid béo ciia cac loai vi tdo nghién ciru

Mat do té bao duoc xach dinh 2 ngéy/lﬁn va sinh khéi vi tao duge thu vao giai doan dau
ctia pha can bang sau d6 dugc xtr Iy theo quy trinh chiét tao: Mau nuéi sinh khdi tao duoc li
tam (10000 vong/phut, 15 phat, 20C) tao sinh khdi twoi, sau d6 thém dich chiét
(metanol/chlorofooc (1:1) v/v) va ¢6 quay chan khong tao can chiét. Can chiét vi tao dugc
hoa tan bang metanol: acid sulfuric (95:5, v/v) va dun & 80°C trong 4h dé este hoa céc acid
béo. Sau d6 cho thém 2ml nudc. Céc acid béo sau khi dugc metyl este hoa dugc chiét 2 lan
v6i 2ml n-hexan. Hon hop metyl este ctia cac acid béo dugc phan tich trén may sac ky khi
(GC, gas chromatography, Finnigan Trace GC, cot BPX70 (50M) tai phong Sinh hoc bién,
Vién Hoéa hoc cac hop chét thién nhién. Cac acid béo dugc xac dinh béng cach so sanh vé
thoi gian luu (retention time) voi dung dich chat chuan va duoc dinh luong bang cach so
sanh céac peak v6i chuan.

2.5. Xac dinh thanh phin protein ciia cic loai tio nghién ciru

Mau tao khoé duogc thuy phan bang 1N NaOH trong 1 gid. Sau d6, dich thuy phan dugc
pha lodng 5 1an va ly tim & 4000v/phut trong 15 phat. Dung dich miu dugc dem phén tich
theo phwong phép Bradford véi bovine serum albumin (BSA) lam chét chuan va do ¢ budc
song 595nm. Dung dich Coomassie brillient blue (CBB) dugc pha véi thanh phan: 0.01%
CBB G-250, 4.75% ethanol, 8.5% H3POa4. ( Ben-Amotz va cs, 1987; Nguyén Van Mui, 2001).

2.6. Xac dinh thanh phan carbohydrate ciia cac loai tdo nghién ciru

Theo phuong phéap ctia Ben-Amotz va cs (1987) mau kho duoc thiy phan trong dung
dich 2.5N HClI trong 1 gid. Sau d6 miu dugc pha lodng 20 1an va ly tim & 8000 v/phut trong
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15 phat. Dung dich mau dugc phan tich theo phuong phap phenol — acid sulfuric sir dung
5% phenol, 96% H2SO4 v&i glucose 1am chat chuan va do & budc song 490nm.

3. KET QUA NGHIEN CUU VA BIEN LUAN

3.1. Thanh phén acid béo ctia Amphiprora alata

Acid béo 1a cac chudi nguyén tir cacbon thang va dai, chira khoang 12 - 22 nguyén tir
(C12 - C22). Chung c6 mdt dau hoa tan trong nudc va mot dau hoa tan trong dau. Doc theo
chudi cacbon 1a cac nguyén tir hydro. Nhitng chudi nay 13 thanh phan quan trong trong mang
té bao cua moi sinh vat séng. Acid béo gom 2 loai 13 acid béo no va acid béo khéng no
(Nguyén Thi Hién, Vii Thy Thu, 2005).

Acid béo 14 thanh phan quan trong khong thé thiéu ciia moi sinh vat (d4c biét 1a cac acid
béo khong no). Vi vy, nghién ctru thanh phan acid béo 1a viéc 1am can thiét dé xac dinh gia
tri dinh dudng cta vi tao cung cap thirc an cho nudi thuy san.

Trong céc bang phan tich thanh phan acid béo, ki hiéu (--) nghia 1a cac acid béo khong
c6 mit trong thanh phan (lugng qua nhé khong nhan biét duoc) hodc 1a nhitng acid béo chua
biét dinh danh.

Két qua phan tich thanh phan acid béo cua loai vi tao Amphiprora alata dugc tong két

qua Bang 3.1.
Bang 3.1. Thanh phan acid béo cia tio Amphiprora alata
STT| Acid béo Danh phap Tén thwong goi ((’/onélfgpsl:éa:ctizﬁll)Zo)
1 C12:0 Dodecanoic acid Lauric 0,63
2 C 14:0 Tetradecanoic acid Myristic 13,26
3 C15:0 Pentadecanoic acid Convolvulinolic 1,10
4 | C15:1n-5 Pentadecenoic acid Hormelic 0,34
5 C 16:0 Hexadecanoic acid Palmitic 14,31
6 C 16:1n-7 9-hexadecenoic acid Palmitoleic 13,15
7 | C16:1n-9 7-hexadecenoic acid Ambrettolic 4,47
8 C17:0 Heptadecanoic acid Margric 5,01
9 C 17:1n-7 Heptadecenoic acid -- 0,82
10 C 18:0 Octadecanoic acid Stearic 4,15
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11 | C18:1n-7 11-octadecenoic acid Asclepic 4,65
12 C19:0 Nonadecanoic acid Isoarachidic 0,92
13 | C18:5n-3 | Octadecapentaenoic acid -- 0,58
14 | C18:4n-3 Octadecatetraenoic acid -- 0,59
15 C 20:0 Eicosanoic acid Arachidic 2,21
16 | C20:1n-9 11-eicosaenoic acid Gondoic 1,45
17 | C20-4n-6 5,8,1 1,14—eiz?satetraenoic Arach(iicl);l)ic acid 7.97
] c2mnd | eid | sk 12
19 | C22:5n-6 | Docosatetracnoic acid | Decosatetraenoic 3,65
acid (DPA) ’
0| cmons |zl oo |
21 C 24:0 Tetracosanoic acid Lignoceric 2,83
Téng cac acid béo no (9) 44,43
Téng cac acid béo khong no (12) 52,21
Téng cac acid béo nhom omega 3 (©3) 15,61
Téng cac acid béo nhom omega 6 (©6) 11,62

S liéu & Bang 3.1 cho thiy thanh phén acid béo ctia Amphiprora alata rit da dang, gdm
céc acid béo tir 12C dén 24C. Trong s6 ndy, c6 9 loai acid béo no chiém ti 16 44.43% va 12
loai acid béo khong no chiém ti 1& 52.21%. Ham lugng cac acid béo chua no da ndi doi ude
tinh chiém gan 30%. Pay 1a nhiing acid béo dong vai trd quan trong trong viéc hinh
thanhmang té bao, c6 gia tri 10n trong san xuat dugc phim va nhitng thue pham c6 lgi cho
suc khoé con nguoi. Pac bi¢t, A.alata con chira cac acid béo chua no c¢6 gia tri nhu: C 22:6n-
3(DHA) chiém ti 18 5.25% c6 vai tro 16n d6i v6i su phat trién ctia ndo bo, vong mac mit va
tai tao mo; C 20:5n-3 (EPA) chiém ti 16 9.12% c6 vai trd quan trong trong viéc tong hop
progastagladin, C 20:4n-6(AA) chiém ti 1& 7.96% - 14 acid béo can thiét cho viéc hdi phuc
va phat trién ctia mé co xuwong. Piéu nay cho thay chit lvong dinh dudng cao cia lodi A.alata
va tiém ning tng dung trong san xuat thirc an phuc vu nudi thuy san va thuc pham chirc
nang cho con nguoi.
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3.2. Thanh phin acid béo ciia loai Chaetoceros muelleri

S6 liéu phan tich thanh phan acid béo cta Chaetoceros muelleri duoc trinh bay &

Bang 3.2.
Bang 3.2. Thanh phan acid béo cia lodi vi tdo Chaetoceros muelleri
STT | Acid béo Danh phap Tén thwong goi Ty lfc(i)/do ;il;g sb

1 C14:0 Tetradecanoic acid Myristic 1,91
2 C 14:1n-5 Tetrade cenoic acid Myristoleic 18,09
3 C15:0 Pentadecanoic acid Convolvulinolic 0,74
4 C 15:1n-5 Pentadecenoic acid Hormelic 0,096
5 C 16:0 Hexadecanoic acid Palmitic 5,53
6 C 16:1n-7 9-hexadecenoic acid Palmitoleic 15,23
7 C16:1n-9 7-hexadecenoic acid Ambrettolic 2,20
8 C17:0 Heptadecanoic acid Margric 9,52
9 C 18:0 Octadecanoic acid Stearic 1,46
10 C 18:1n-7 11-octadecenoic acid Asclepic 3,74
11 C 18:2n-6-t 9,12-octadecadienoic acid Linoleic 2,70
12 | C183n6 | 69,12-octadecatrienoic acid | ' Li?glflf)c acid 1,12
13 C 18:4n-3 Octadecatetraenoic acid -- 0,22
14 C 20:0 Eicosanoic acid Arachidic 1,05
15 C 20:1n-7 13-eicosaenoic acid Paullinic 0,26
16 C 20:1n-9 11-eicosaenoic acid Gondoic 0,10
17 | C20:4n6 | >O! 1’14'6;‘1’3“6“““"“ Arachidonic acid (AA) 7,84
18 € 20:3n-3 Eico;i’:nltj;;gc_ acid Eicosap?g}f‘[il;()ic . 2476
19 C24:0 Tetracosanoic acid Lignoceric 0,12

Téng cac acid béo no (7) 20,33

Téng cac acid béo khong no (12) 76,35

Téng cac acid béo nhom omega 3 (03) 24,98

Téng cac acid béo nhom omega 6 (06) 10,54
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S6 liéu & Bdng 3.2 cho thay thanh phan acid béo cua loai Chaetoceros muelleri tuong
ddi da dang, gém cac acid béo tir 12C — 24C. Trong do, c¢6 7 loai acid béo no chiém 20.33%
va 12 loai acid béo chwa no chiém 76.35%. Acid béo no chiém ti 1 cao nhat 1a C17:0 (chiém
ti 18 9.52%), acid béo chua no chiém ti 1& cao nhit 1a C20:5n-3 (EPA) (chiém ti 1& 24.76%).
Ham luong cac acid béo chwra no da nbi doi chiém 36.64 %, trong s nay khong c6 cac acid
béo nhu DHA va DPA nhung C.muelleri lai rat giau EPAva acid béo chua no AA chiém ti
16 kha cao 1 7.84%. Dua trén két qua phén tich thanh phan acid béo ctua C.muelleri, ching
t61 thay rang: néu két hop C.muelleri voi cac loai vi tao khac s& dem lai ngudn thirc n giau
dinh dudng cho nudi thuy san véi cac dbi tuong nhu dong vat 2 manh vo, giap xac (Le Thi
Phuong Hoa va cs, 2010A va 2010B).

3.3. Thanh phan acid béo ctia loai vi tao Chlorella vulgaris

Két qua phan tich thanh phan acid béo ctia loai vi tao Chlorella vulgaris duoc thé hién
trong Bang 3.3.

Bang 3.3. Thanh phan acid béo cia tio Chlorella vulgaris

STT | Acid béo Danh phép Tén thuomg goi | 1Y 1€ ?ézs acid
1 |C14:0 Tetradecanoic acid Myristic 1,53
2 [|C16:0 Hexadecanoic acid Palmitic 27,43
3 |C16:1n-7 9-hexadecenoic acid Palmitoleic 5,15
4 |C16:1n-9 |7-hexadecenoic acid Ambrettolic 1,2
5 |C17:0 Heptadecanoic acid Margric 2,69
6 |C17:1n-7 |Heptadecenoic acid -- 6,15
7 |C18:0 Octadecanoic acid Stearic 2,91
8 |C18:1n-9 |9-octadecenoic acid Oleic 20,06
9 |C18:2n-6-t |9,12-Octadecadienoic acid Linoleic acid(LA) 8,42
10 |C 18:3n-3 9,12,15-octadecatrienoic acid i?g?fﬁ:;dejc 17,46
11 |C20:0 Eicosanoic acid Arachidic 4,98
Tbng cac acid béo no (5) 39,55
Téng cac acid béo khong no (6) 59,24
Téng cac acid béo nhom omega 3 (03) 17,46
Téng cac acid béo nhom omega 6 (06) 8,42
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Qua sb liéu & Bdng 3.3, chiing toi nhan thiy thanh phan acid béo cua loai vi tao luc
Chlorella vulgaris khong da dang nhu cac loai vi tdo da phan tich (bang 3.1 va 3.2).
LoaiC.vulgarisphan tich, xac dinh c6 11 loai acid béo trong d6 c6 5 loai acid béo no chiém
39.55% va 6 loai acid khong no chiém 59.24%. Vi tao luc C.vulgaris khong c6 AA, EPA,
DHA, DPA nhung nhém acid béo chua nbi déi chi gdm 2 loai C18:2n-6-t (LA) va C18:3n-
3 dd chiém toi 25.88%. Pay 1a 2 acid béo can thiét di v6i sy sinh trudng, phat trién cia sinh
vat ma ngudi va da sé cac dong vat khong tu tong hop dugc nén can phai duoc bd sung trong
ché @6 dinh dudng hang ngay. Nhirng acid béo nay cé vai tro quan trong v6i sy phat trién
ctia nao bd va ham lugng LA con 1a ti€u chuin dé danh gia gid tri sinh hoc cua chit béo. Bén
canh d6, gid tri dinh dudng cta vi tao cling chju anh hudéng nhiéu cua yéu t6 méi trudng va
thoi gian nudi ciy. Vi vy, néu xac dinh duoc thoi diém nudi cay dé thanh phan acid béo cua
tao C.vulgaris dat ham luong cao thi su két hop gitra tao C.vulgaris v6i cac loai tao silic
khac s& tao ra ngudn thirc n gidu dinh dudng cho nudi thuy san.

3.4. Thanh phan acid béo ciia loai vi tdo Nannochloropsis oculata

Ty 1€ acid béo cua loai tdo Nannochloropsis oculata 1a kha phong pht.

Bang 3.4. Thanh phan acid béo cia lodi vi tdo Nannochloropsis oculata

2 1A o .
STT | Acid béo Danh phap Tén thwong goi Tyle ﬁ)ézs acid

1 C12:0 Dodecanoic acid Lauric 0,2

2 C 14:0 Tetradecanoic acid Myristic 3,6

3 C 16:0 Hexadecanoic acid Palmitic 21,3

4 C 16:1n-7 9-hexadecenoic acid Palmitoleic 14,4

5 C16:2n -- -- 1,2

6 C 16:3n-6 hexadecatrienoic acid -- 0,2

7 C 16:3n-3 | 7,10,13-hexadecatrienoic acid - 3,7

8 C 18:0 Octadecanoic acid Stearic 0,3

9 C18:1n Cis 9 oleic acid -- 7,6

) L : Linoleic
10 C 18:2n-6 9,12-Octadecadienoic Acid acid(LA) 7,6
11 | C18:3n-6 | 6,9,12-Octadecatricnoic Acid _samma - 0,3
Linolenic Acid
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) Y Anpha-Linoleic
12 C 18:3n-3 | 9,12,15-octadecatrienoic acid Acid(LNA) 5,8
14 C 20:0 Eicosanoic acid Arachidic 0,1
15 C20:1In 11-eicosenoic acid - 0,2
16 C 20:2n-9 8,11-cis-eicosadienoic acid -- 0,1
17 | €C20:2n-6 |  11,l4-ecosadienoic Acid Bicosadienoic 0,1
Acid
18 C 20:3n-9 5,8,11-eicosatrienoic Acid Mead Acid 0,1
. L . Dihomo-g -
19 C 20:3n-6 8,11,14-eicosatrienoic Acid . . . 0,2
Linolenic Acid
) 5,8,11,14-Eicosatetraenoic Arachidonic
20 C 20:4n-6 Acid Acid (AA) 3,0
) 5,8,11,14,17-Eicosapentaenoic Timnodonic
23 C 20:5n-3 Acid Acid (EPA) 26,7
24 C22:0 -- Behenic acid 0,1
25 C22:1 13-docosenoic acid - 0,1
27 | Co2udng | T10-13-16-Ocosatetraenoic 1 4 opic Acia 03
Acid
) 4,7,10,13,16,19- Docosahexaenoi
30 €22:6n-3 Docosahexaenoic Acid ¢ Acid (DHA) 0.1
31 Acid khac 2,8
Téng cac acid béo no (6) 25,6
Tdng cac acid béo khong no (18) 71,7
Téng cac acid béo nhom omega 3 (©3) 36,3
Téng cac acid béo nhom omega 6 (06) 8,7

S6 liéu & Bdng 3.4 cho thiy ti 1¢ acid béo trong vi tio Nannochloropsis oculata kha da
dang. N.oculata chira hon 30 loai acid béo khac nhau, trong d6 acid béo no c6 6 acid chiém
25.6%, con lai 1a cac acid béo khong no chiém dén 71.7%. Trong d6, EPA (C20:5n-3) chiém
ty 1& cao nht, tdi 26.7% tong s6 acid thu duge. Pay 1a ddc trung cta chi Nannochloropsis.
Ké dén 1a acid palmitic (16:0) va acid palmitoleic (16:1n-7) chiém ty 1¢ 1an luot 12 21.3% va
14.4% tong sb acid. Dic biét, ty 1¢ acid linoleic (LA) va acid o-linoleic cling chiém ty 1& kha
cao, lan luot 14 7.6% va 5.8% tong s6 acid thu duoc. Acid linoleic (LA) va acid o-linoleic 1a
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tién chét cua cac acid dongm-3 va ©-6 nhu acid arachidonic (20:4 ©-6) va EPA (20:5 o-6);
DHA (22:6 ®-3) c6 vai tro téng hop nén mot loat chét c6 hoat tinh sinh hoc cao nhu cac loai
protaglandin, leukotriene, thromboxane.

C6 thé thay tong cac acid nhom (n-3) chiém téi 36.3% thanh phan acid. Pay la nhom
acid béo khong no rat c6 y nghia trong viéc nang cao kha ning hoat dong cia té bao nio.
Bén canh do, tong cac acid nhém (n-6), 1a nhom acid béo quan trong dbi v6i sy phat trién
cta tré nho chiém toi 8.7%.

Nhu vay, loai vi tio Nannochloropsis oculata c6 thanh phan acid béo rat da dang va
nhitng acid béo ¢é vai trd quan trong chiém ti 1& rat cao, didu ndy mo ra nhiéu Gmg dung
trong doi sdng va nudi trong thuy san cua loai nay.

3.5. Thanh phan acid béo ciia loai vi tao Navicula tuscula

Két qua phan tich thanh phan acid béo cua loai vi tao Navicula tuscual duoc téng hop

qua Bang 3.5.
Bang 3.5. Thanh phan acid béo ciia lodi vi tdo Navicula tuscula
STT Acid béo Danh phap Tén thwong goi Tyl *){;,é:s acid
1 C4:0 Butyric acid -- 1,17
2 C 10:0 Decanoic acid - 0,33
3 C 14:0 Tetradecanoic acid Myristic 9,69
4 C 14:1n-5 Tetrade cenoic acid Myristoleic 0,80
5 C 15:1n-5 Pentadecenoic acid Hormelic 0,70
6 C16:0 Hexadecanoic acid Palmitic 52,56
7 C 16:1n-7 9-hexadecenoic acid Palmitoleic 13,67
8 C17:0 Heptadecanoic acid Margric 1,20
9 C 17:1n-7 Heptadecenoic acid - 1,49
10 C 18:0 Octadecanoic acid Stearic 3,77
11 C 18:1n-7 11-octadecenoic acid Asclepic 8,62
12 | C18:2n-6 9,12-Octadecadienoic acid Linoleic acid(LA) 1,27
13 | C183n6 16{2;52-Octadecatrienoic t;g?irgma -linolenic 0.35
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14 [ C18:5n-3 Octadecapentaenoic acid -- 1,56
) 5,8,11,14-eicosatetraenoic Arachidonic  acid
15 | C20:4n-6 acid (AA) 0,76
16 C22:0 - Behenic acid 1,04
17 |C224ne | 210-13-16-Ocosatetracnoic | 4 opic acid 0,34
acid
Tbng cac acid béo no (7) 69,76
Téng cac acid béo khong no (10) 29,56
Téng cac acid béo nhom omega 3 (03) 1,56
Téng cac acid béo nhom omega 6 (06) 4,29

Loai tao Navicula tuscula c6 7 acid béo no chiém ti 18 69.761% va c6 10 acid béo khong
no chiém 29.597%, ham luong acid béo chua no thip nhét trong cac loai vi tao nghién ciru
(Bang 3.5). Acid béo chiém ti 1& nhiéu nhat 1a acid béo no C16:0 (52.557%). Bén canh do,
ti 16 acid béo nhom w3 va 06 cta loai nay ciing rat thip nhung thanh phan acid béo thudc
nhém o6 rat da dang (C 20:4n-6, C 22:4n-6, C 18:2n-6, C 18:3n-6). Tuy nhién, N.tuscula la
vi tao ¢6 kich thudc 16n, phit hop 1am thire dn cho cac cé thé b me trong nudi thuy san. Pidu
nay cho thdy néu két hop N.tuscula véi cac loai khac dé bd sung dinh dudng cho cac dbi
twong nudi thuy san gdm ca du tring va ca thé b me 1a rat phu hop.

3.6. Thanh phan acid béo ciia 5 loai tao Amphiprora alata, Chaetoceros muelleri,

Chlorella vulgaris, Nannochloropsis oculata, Navicula tuscula

Tir s6 lidu & Bang 3.1 va Bang 3.5, chiing toi nhan thdy thanh phan acid béo cua 5 loai
vi tdo nghién ctru kha da dang. Bén canh nhimng diém tuong dong, chung t6i ciing nhan thy
su khac biét vé thanh phﬁn acid béo & cac yéu t6 nhu: i 1é cac acid béo no va khong no, ti 1€
cac acid béo thudc nhom ®3 va w6, ti 16 DHA va EPA. Su khac nhau vé céc yéu to nay gitra
5 loai vi tdo A.alata, N.oculata, C.muelleri, N.tuscula, C.vulgaris dugc thé hién & Hinh 3.1.

Hinh 3.1 cho thiy hau hét cac loai vi tao déu c6 ti 1¢ acid béo chua no rit cao, chi & loai
Navicula tuscula c6 ti 18 acid béo chua no cao hon ti 1¢ acid béo no. Piéu nay cho thay cac
loai vi téo c6 chat lugng dinh dudng tdt. Bén canh do, ti 1& cc acid béo thudc nhom ®3 cao
nhit & loai Nannochloropsis oculata sau d6 t6i Chaetoceros muelleri, Chlorella vulgaris,
Amphiprora alata va thip nhit & loai Navicula tuscula. Ti 18 cac acid béo thudc nhoém w6
cao nhét & loai Amphiprora alata sau d6 t6i Chaetoceros muelleri, Nannochloropsis oculata,
Chlorella vulgaris va thip nhét & loai Navicula tuscula. Ti 1& acid béo DHA cao nhit ¢ loai
Amphiprora alata (5.25%) va thap nhét & loai Nannochloropsis oculata (0.1%), cac loai con
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lai khong c6 acid béo nay. Ti 18 acid béo EPA cao nhat ¢ loai Nannochloropsis oculata
(26.7%) sau d6 t&i loai Chaetoceros muelleri va thip nhat & loai Amphiprora alata, cac loai
con lai khong c6 acid béo nay.

gg mAcid béo no
70 m Acid béo chwa no
o1 0u3
gg : Owb
20 :”: m DHA
18 : 1 I I _] I D EPA

\{S \ (b‘ ¢ Os
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Hinh 3.1. Thanh phan acid béo ciia 5 lodi vi tdo nghién ciru

Nhin chung, gia tri dinh dudng vé acid béo cia tao silic cao hon tao luc va tuy ting loai
vi tdo ma thanh phén acid béo giau vé ti 18 acid béo nay nhung lai nghéo vé ti 1& acid béo
kia. N.oculata 13 mot loai tao matco thanh phan acid béo rit da dang va 13 ngudn thire an tét
cho thuy san. A.alata 1a tao silic c6 day du cac loai acid béo can thiét, nhung N.tuscula lai
c6 thanh phan acid béo twong ddi nghéo nan hon va khong c6 ca DHA, EPA. C.muelleri
khong c6 DHA nhung ti 16 EPA rat cao. Vi vdy, néu chung ta két hop khéo 1éo cac loai vi
tao nay trong thirc dn vao nhiing giai doan phat trién khac nhau cta ddi twong nudi thuy san
nhu: tu hai, ngao, cac dong vat giap xac va 2 manh v khac..., thi san phém thu hoach s€ dat
ning suit, chat luong cao.

3.7. Ham luwgng protein cua 5 loai tdo Amphiprora alata, Chaetoceros muelleri,
Nannochloropsis oculata, Navicula tuscula, Chlorella vulgaris

Ham luong protein 13 mot trong nhitng yéu t can thiét dé danh gia gia tri dinh dudng
ctia vi tao. Két qua phan tich ham lugng protein cia cac loai tao nghién ctru, ham lugng
protein dugc tinh voi ti I¢ so voi 100g trong luong khé duoc thé hién & Hinh 3.2.
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Hinh 3.2. Ham lwong protein (g protein/100g trong lwong khé) cua tdo

Ham lugng protein cao nhit & loai Amphiprora alata, sau &6 t6i Chaetoceros muelleri,
Nannochloropsis oculata, Navicula tuscula va thip nhat & loai Chlorella vulgaris (Hinh 3.2).
Két qua cling cho thdyloai tao c6 thanh phan acid béo cao thi ham lugng protein cling rit cao
nén giau gia tri dinh dudng.Céc loai vi tdo nghién ctru c6 ham lugng protein khong khac biét
nhau qué nhiéu, ham luong protein cta cac loi vi tao dao dong tir 5.08%- 8.01%. Protein 1a
hop chét hitu co dong vai trd quan trong trong moi hoat dong sdng cua sinh vat nhu: tham
gia xuc tac, van chuyén, diéu hoa, bao vé, du trit..., nén viéc bo sung protein trong thirc an
1a rat can thiét. Ngoai ra, dé tao thirc an co déy da cac acid amin phuc vy nudi thuy san,
chiing ta nén sir dung thirc an hon hop trong d6 cé cac lodi vi tao giau dinh dudng nhu trén.

3.8. Ham lwgng carbohydrate ciia cac loai tdo nghién ctru

Carbohydrate (duong, tinh bt va chit xo) con c6 tén goi khac 1a glucid. Carbohydrate
dong vai tro dic biét quan trong trong viéc cung cip ning luong cho co thé sinh vat. Két qua
phan tich carbohydrate duoc tong hop & Hinh 3.3.

Loai Nannochloropsis oculata cb6 ham lugng carbohydrate cao nhat sau do téi loai
Chaetoceros muelleri, Chlorella vulgaris, Amphiprora alata va thap nhit & loai Navicula
tuscula, su chénh léch vé ham lugng carbohydrate cia cac loai vi tdo cao hon so vdi sy chénh
léch vé ham luong protein (ham luong carbohydrate & N.oculata gap d6i so voi ham lugng
carbohydrate cua N.tuscula). Két hop véi cac két qua vé thanh phan protein va acid béo,
chung t6i nhan thay loai vi tao giau dinh dudng nhat 1a Nannochloropsis oculata, tuy nhién
khong thé chi str dung 1 loai nay dé b sung vao ngudn thirc in ciia ddi twong nudi thuy san

ma can phoi hop céc loai khac dé c6 ngudn dinh dudng toi vu nhat.



14

116 || TRUCGING BAI HOC THU BA HA NOI
12
10.17

11.8
8.42
. G6.57
6 5.47
1
2
0 I

Amphiprora Chaetoceros Chiorella Manrnocklorapsis Mavicula
alata mueller vidgaris aculata tuscnda

[
(=]

=]

% (g carbohydrate/100g
trong hrong kho)

Hinh 3.3. Ham luwong carbohydrate (g carbohydrate/100g trong luong kho) ciia tdo
Két qua phén tich cho thiy thanh phan acid béo, protein va carbohydrate kha da dang

va dic trung riéng cho ting loai. Viéc két hop cac loai tao ndy sé tao ngudn thic dn tuong
dbi day du thanh phan dinh dudng véi ti 18 cao cac acid béo chua no da ndi d6i (DHA, EPA)
ddng thoi cung cip luong protein va carbohydrate doi dao cho cac chuyén hoa quan trong
ctia sinh vat. Cung véi sy da dang vé kich thude, néu biét phdi hop hidu qua 5 loai vi tao nay

s€ tao nguodn thirc an giau dinh dudng trong nudi trong thuy san ¢ vung ven bién.

4. KET LUAN VA KHUYEN NGHI

Trong 5 loai tao nghién ctru déu rat gidu dinh dudng, trong d6 Nannochloropsis oculata
c6 thanh phén acid béo da dang nhat (c6 24 loai acid béo va ti 1& acid béo chua no chiém
71.7%), ham lugng acid béo thap nhat 1a Navicula tuscula (17 loai acid béo va ti 1¢ acid béo
chua no chiém 29.6%). Amphiprora alata giau ham lugng protein nhét (8.1g/100g trong
lwong kho) va Chlorella vulgaris ¢6 ham lugng protein thip nhat (4.44g/100g trong lugng
kho). Nannochloropsis oculata giau carbohydrate nhat (11.8g/100g trong luong khd) va
Navicula tuscula ¢b6 ham luong nay thap nhat (5.47g/100g trong luong kho).

Tir cac két qua nghién ctru c6 duoc, ching t6i c6 khuyén nghi can co cac thir nghiém
thuc té sir dung bd sung thanh phan vi tdo véi cac cong thirc khac nhau vao khau phan an
ctia thuy san nham ning cao chat lugng san pham va tin dung t6i da ngudn dinh dudng quy

gia tir tao phan 1ap tir ving ven bién c6 rimg ngap min.
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IDENTIFICATION OF NUTRITIONAL COMPOSITION OF SOME
ISOLATED MICROALGAE AT MANGROVES FOREST IN XUAN
THUY NATIONAL PARK, NAM DINH PROVINCE

Abstract: This paper attempts to identify nutrient composition of 5 microalgae species:
Amphiprora alata, Chaetoceros muelleri, Nannochloropsis oculata, Navicula tuscula,
Chlorella vulgaris. These species are extracted from mangrove area in Xuan Thuy National
Park. They are food sources for fishes, shrimps and bivalves and have little impacts to
environment. The research has identified 24 fatty acids in 5 phytoplankton species. 71.7%
of them are unsaturated. Navicula tusculahas 17 fatty acid with 29.6% unsaturated one.
Amphiprora alata's protein content is 8.1g per 100g of dry weight. Chlorella vulgarishas
protein content of 4.44g per 100g dry weight. Carbohydrate content of Nannochloropsis
oculatais 11.8g per 100g dry weight and that of Navicula tuscula is 5.47g per 100g dry weight.

Keywords: Microalgae, mangrove, Amphiprora alata, Chaetoceros muelleri,
Nannochloropsis oculata, Navicula tuscula, Chlorella vulgaris.
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XAC DINH CAC NHOM LOAI THUC VAT THAN GO UU THE TREN
CAC DANG LAP DIA CUA VUNG DAT CAT NOI PONG HUYEN
PHONG DIEN, TINH THUA THIEN - HUE

Trwong Thi Hiéu Théo', Hoang Xuan Théo', Pham Hong Tinh?
"Trirong PHSP Hué
2 Téng cuc Quan Iy dat dai

Tém tit: Di xdc dinh dwoc ba nhém thue vt than go wu thé tren cdc dang lap dia cua
viing dat cat ngi dong. Cu thé, trén vung ddt cat néi dong khé gom 6 lodi; vimg ven tram,
ngdp nude dinh ky la 1 lodi; va vimg dam lay than bin, ngdp nude dinh ky la 5 lodi. S wu
thé ciia cdc lodi trong timg dang ldp dia dién hinh thé hién qua su phin bé réng rai, mdt
dé cao, va hé sé t6 thanh cao.

Tir khéa: Thiee vit than go, wu thé, mét 6, hé sé t6 thanh, dat cat néi dong

Nhan bai ngay 01.12.2017; gtri phan bi¢n, chinh stra va duyét dang ngay 25.12.2017
Lién hé tac gia: Truong Thi Hiéu Thao; Email: truonghieuthao9@gmail.com

1. MO PAU

Dit cat ndi dong (PCND) huyén Phong Dién, tinh Thira Thién - Hué 1a mot ving dét
kha dic thu boi diéu kién thd nhudng, dja hinh va khi hau. Nam sau trong ving dan cu va
ngin cach vai cat ven bién boi hé thdng ddm pha Tam Giang- Cau Hai, DCND c6 tong dién
tich 12 22.127 ha chiém 4,8% tong dién tich dét ctia tinh Thira Thién - Hué [8]. So v6i ving
dat cat ven bién, ving DCND kha bang phing hon [10], noi cao nhat khoang 10m, va noi
thip nhat dudi 2m so voi myuc nude bién. Vi didu kién tho nhudng, dia hinh, khi hau kha
khic nghiét, nhung & day van ludn ton tai tham thuc vat tu nhién kha phong pht. H5 Chin
(2004) [4] d3 chia ving DCND thanh 3 dang 1ap dia chinh d6 1a: i) ving dét cat phan bd cao
khong bi ngap nudc; ii) ving dat cat phan bd ving thip, ven tram (bau nudc) thuong han
vao mua khé va bi ung ngap vao mua mua; iii) ving dit cat dam lay than bun (vét tich cua
cac con song c6) ludn ton tai mot 16p than bun day khoang 1m trén bé mit vi viy luén am
w6t va mua mua thi bi ung ngap. Twong Gmg v4i mdi mot dang lap dia 1a mot hé thuc vat

khéc nhau vé thanh phﬁn loai, mat do, ciu tric, dang séng. .. Mdi mot dang 1ap dia 1a mot
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nhém loai thuc vat wu thé khéac nhau, tao nén mot tham thuc vat vung dét cat da dang va dac
trung riéng.

Nghién ctru dé xac dinh cic nhom loai thuc vat than gd uvu thé 1a nghién ctru co ban
nham tim ra cac loai vu thé trong timg dang 1ap dia chinh ctia ving dit cat.Viéc xac dinh cac
loai thyc than gd uu thé con cung cdp cac gidng cdy co ngudn gdc tw nhién ban dia thich
nghi 1au dai voi moi truong dit cat, co thé dung dé trong va phuc hoi tham thuc vat trén dat
cat sau ndy theo huéng bén viing.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru
Thuec vat than gd tu nhién ving PCND huyén Phong Pién, tinh Thira Thién - Hué.

2.2. Phwong phap nghién ciru
2.2.1. Phuwong phap nghién ctru tai liéu

Ké thira c6 chon loc tat ca cac tai liéu lién quan dén ving nghién ctru.
2.2.2. Phuwong phap nghién ctru thue dia

Ap dung diéu tra theo hé théng tuyén va 0 tiéu chuin [4, 9]: st dung may dinh vi dé xac
dinh céc tuyén tur Tay sang Pong (doc theo vung cat) tir xa Phong Hién dén Phong Chuong
va tuyén tir Bic dén Nam (cit ngang ving cat) tir x3 Phong Hoa dén Phong Chwong huyén
Phong Pién tinh Thira Thién - Hué. Kich thudc cia méi 6 10m x 10m; cac 6 duoc thiet ke
trén toan tuyén diéu tra ngau nhién. Trong mdi 6 tién hanh do chiéu cao viit ngon, duong
kinh ngang nguc, duong kinh tan, d€m so lugng cac loai va so ca thé cua mot loai.

Thu miu va ¢6 dinh mau thyc vat dé phan tich trong phong thi nghiém.
2.2.3. Phuong phap nghién ciru trong phong thi nghiém

Giam dinh tén khoa hoc mau thuc vat béng phuong phéap so sanh hinh thai tham chiéu
hé thong phan loai va tai liéu nghién ctru ciia Nguyén Tién Ban (1997 - 2003) [1,2], Pham
Hoang H9 tap 1,2,3 (1999,2000) [7].
2.2.4. Phwong phap xac dinh mat d, to thanh loai

- Mat d¢ cua cac loai thyc vat ving DPCND dugc xéac dinh theo phuong phép cua Hoang
Chung (2004) [4]:

N=n/Sox 10.000 m*
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Trong d6: n = s6 lwong ciy trung binh trong cac 6 tiéu chuin

So= dién tich 6 tiéu chuan

N = Mat d6 cua loai/ha
- Ap dung phuong phap tinh t6 thanh loai ciia Nguyén Nghia Thin (2008) [9], theo cong

thirc:
P%=P1+Py+..+P;

Trong d6: P = Hé sd to thanh loai (%)
P1=n/Nx 100%
n =14 s6 ca thé cua loai 1
N = Tong sb ca thé cua cac loai.
Theo Daniel Mannilod, chi nhitng loai c6 P > 5% m&i thuc su ¢6 ¥ nghia sinh thai trong

1am phan (dugc tham gia vao cong thic to thanh), néu P < 5% thi loai d6 khong tham gia

vao cong thire to thanh.

3. KET QUA VA THAO LUAN

Qua qua trinh nghién ctru vé tham thuc vat ving DPCND, budc dau da xac dinh ¢ 300
loai thyc vét xuat hién & ddy chiém khoang 75% thanh phan loai thuc vat ving cat ctia ca
huyén Phong Dién (ké ca cat ven bién va cat ndi déng) [3,6]. Trén moi dang lap dia 1a mdt
hé thuc vat khac nhau vé thanh phan loai, cdu trac. Nhitng loai wu thé 1a nhimng loai c6 phan

bo rong, mat do cao, va h¢ so to thanh loai cao.

3.1. Vung DCND kho han

Vung DCND kho han phan bd & dia hinh cao 6 — 8m so v&i muc nuée bién, vao mia
mua nudce thdm hut rat nhanh va khong gay ra tinh trang tng ngp, nhung vao mua khé moi
truong tré nén kho han va thiéu nude. Thue vat tu nhién phan bd vung nay rat nhiéu, tao nén
hé thyc vt viing cét rat dién hinh. Tuy nhién do diéu kién kha khac nghiét, thiéu nudc thuong
xuyén, nén day 13 noi tap trung chii yéu cua cac loai thuc vat than bui. Cac loai than gb
thudng moc xen trong cac bui, phan nhanh rt som, va chiéu cao cua cac loai thuong khong
vuot qua 10m.

Két qua diéu tra vé mat do trong cac 0 tiéu chuén trén dia ban nghién ctru duogc thé hién

qua bang 3.1.
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Bang 3.1. MGt dg cdc cd thé cua loai ¢ nhém cdy go
Tén loai Ar A
Mat dg Ti 16
STT Tén ca thé o
Tén khoa hoc i N o
tiéng Viét loai/ha

1 |Myrsine linearis (Lour.) Poir. Ma ca 413,33 19,94
) Syzygium corticosum (Lour.) Merr. & Tram bit g 400,00 19.29

L.M. Perry

Vatica mangachapoi Blancosubsp. |, A
3| obtusifolia (Elmer) Ashton Tdu duyén hai 243,33 1,74
4 |Engelhardtia sp. Cheo 240,00 11,58

Lithocarpus  concentricus(Wall. ex|_, ,
5 A.DC.) Rehd. D¢ cat 200,00 9,08
6 |Syzygium zeylanicum (L.) DC. Tram tich lan 130,00 6,27
7 | Garcinia ferrea Pierre RoOi mat 100,00 4,82
8 | Orsmosia chevalieri Niyomdham Rang rang 96,67 4,66
9 Arc.‘hldendron bauchei (Gagnep.) 1.C. Cb uém 93,33 4,50

Neils.
10 |Carallia brachiata (Lour.) Merr. Xang ma 53,33 2,57
11 |Aporosa spl. Ngam 26,67 1,29

Cinnamomum burmannii (Nees & T. '
12 Nees) Blume Qué ranh 26,67 1,29
13 |Acronychia pedunculata (L.) Migq. Buéi bung 23,33 1,13
14 | Gluta megalocarpa (Evr.) Tard. Tram moc qua to 10,00 0,48
15 |Litsea glutinosa (Lour.) C.B. Rob. Boi 101 nhot 6,67 0,32
16 |Garcinia schefferi Pierre Bua cat 6,67 0,32

Téng 2073,33 100,00
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Tt bang mat do co thé théy rﬁng, dat mat do trén 100 ca thé/ha chi c6 7 loai, trong 4o 2
loai Ma ca va Tram bu gb c6 mat do cao nhat 1a 413 va 400 cé thé/ha.

Hinh 3.1: a) Thuc vat vung DCND khé han;
b) Cay Ma ca (Myrsine linearis (Lour.) Poir.)

Cong thirc to thanh loai thuc vat than gd trén ving DCND kho han c6 thé xay dung nhu
sau: 19,94 Ma ca; 19,29 Tram bu g6, 11,74 Tau duyén hai; 11,58 Cheo; 9,08 Dé cat; 6,27
Trdam tich lan; 4,82 Réi mat; 17,28 cdc loai cdy g6 khdc.

Theo Daniel Mannilod [9], chi nhitng loai ¢6 hé s6 t6 thanh trén 5% mdi c6 y nghia sinh
thai. Trong cong thirc t6 thanh loai dugc xay dung ctia nhom thuc vat than gd ving DCND
kh6 han, nhan théy c6 6 loai dat trén 5%, vi vay day s€ la nhitng loai c6 y nghia sinh thai
trong ving dét nay.

Tt mat do va cong thic td thanh loai vung DPCND kho han da xac dinh dugc 5 loai co
méat do cao trén 200 céa thé/ha d6 1a nhting loai Ma ca, Tram bu gS, Tau duyén hai, Cheo, va
Dé cat. Day ciing 1a nhirng loai chinh 1am thanh nén hé sd t6 thanh cta thuc vat than gd ving
nay. Ngoai ra, nhitng loai nay phan bd kha rong, xuit hién hau hét trong cac OTC duoc dat
¢ vung DCND kho.

3.2. Ving PCND ven trim, ngip nuéc dinh ky
Ving DCND ven tram, ngip nude dinh ky phan bd gan céc tram nudc, dic trung cia
vung nay la khé han vao mua khé nhung lai bi ung ngdp vao mua mua. Khac véi ving

DPCND kho, thanh phﬁn loai thuc vat hién dién trong vung nay khong nhiéu. M4t do cua céc

loai duoc thé hién trong bang 3.2.
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Bang 3.2. Mdt do cac loai thuc vat ving DCND ven tram, ngdp nuoc dinh ky
Tén loai Mit do
r R T" l'\
STT | Nhom cay , cathe ) 1%
Tén khoa hoc Tén tiéng Viét cua Yo
loai/ha
: . . 70,8
1 Melaleuca cajuputi Powell Tram 3880 0
2 GO Gardenia angustifolia Lodd. Danh danh 260 4,74
3 Fagraea fragrans Roxb. Trai nudc 160 2,92
4 Baeckea frutescens L. Chbi sé 380 6,93
5 Céc loai Melastoma normale D. Don Mua thuong 360 6,57
khic Nip 4m hoa
6 Nepenthes mirabilis (Lour.) Druce P aoi 440 8,03
Tong 5480 100

Tir bang mat do co thé thiy, Tram la loai chiém wu thé trong ving, vi vdy viing nay con

goi tén 13 ritng Tram, voi mat do dat 3880 cé thé/ha. Tram & vung nay co6 chiéu cao ciy tir

8 — 12m, duong kinh ngang nguc cting dat tir 8 — 15cm. Bén canh Tram, mat s6 loai thue vat

than g6 khéc nhu Danh danh, Trai nudc, Bura cét... cling xuat hién, tuy nhién v6i mat do

kha thip.

Cong thirc t6 thanh loai cua thuc vat ving DPCND ven tram, ngdp nude dinh ky nhu sau:
70,80 Tram : 8,03 Ndp dm : 6,93 Chéi sé : 6,57 Mua : 7,67 lodi khdc.

Thuc vat than gd c6 y nghia trong ving ndy chi ¢ 1 loai d6 1a cay Tram.

Hinh 3.2: @) Quan xd Tram thoi ky khéng ngdp nuée; b) thoi ky ngdp nwée

b)
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3.3. Ving PCND dam liy than bun, ngiap nuéc dinh ky

Ving DCND dam lay than bun, ngap nudc dinh ky vao mua mua, 1a ving khé triing.
Day va vét tich cia céc con song cd (song chét), trén bé mit ¢ 16p than bun kha day khoang
1m. Sy ton tai cua 16p than bun d3 1am ting d6 mun trong dat, ludn ludn 4m w6t ké ca trong
mua kho. Chinh diéu nay d3 tao diéu kién thuan loi, mua mua thi luén ngap, gitip cho cac
loai thyc vat than gd phat trién rat nhidu. Kich thude cay kha 16n, chiéu cao nhiéu khi 1én
dén 25m.

Hinh 3.3. a) Viing PCNP dam lay than bin miia khé; b) 6p than bun trén bé mdt;
¢) thoi ky ngdp nuoc
Mat d6 cua cac loai thyc vat ving PCND dam lay than bun duoc thé hién qua bang 3.3.
Pay 13 ving uu thé cua cac loai gd 10n, tir bang nghién ctru vé mat do cta cac loai, nhan
thay cac loai nhu Vang tring, Com, Nhuya rudi, Bui ba hoa 1a nhitng loai chiém wu thé vé
mat do chiém trén 200 ca thé/ha. Trong d6 hai loai xuat hién v6i wu thé 16n nhat 1a Vang
trang v6i 985,71 ca thé/ha va Com 1a 714,29 ca thé/ha. Cong thirc t6 thanh cua thyc vat ving
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nay nhu sau: 32,94 Vang trdng; 23,87 Com; 7,64 Nhwa ruéi; 7,64 Bui 3 hoa; 6,13 Voi; 5,25
Lai trau chodi; 16,53 cac loai khac...

Cong thuc to thanh loai, cung véi mat do cua thuc vt ving DPCND dam lay than bun
cho thiy, thuc vat than gd wu thé & day gdm c6 5 loai d6 1a Vang trang, Com, Nhua rudi,
Bui ba hoa va Véi.

Bang 3.3. Mdt do cac loai thuc vt ving cat triing ngdp nuwoc dinh ky

Tén cay Ar AA
STT NhAém A Tén l\c/[éa::'é’g Tj z
cay Tén khoa hoc tiéng Vigt loai/ha Yo
1 Alseodaphne chinensis Champ. ex Benth. Vang tring | 985,71 | 32,94
2 Elaeocarpus sp. Coém 714,29 | 23,87
3 Ilex cymosaBlume Nhyarudi | 228,57 | 7,64
4 llex triflora Blume Bui 3 hoa 228,57 7,64
5 Cleistocalyx operculatus (Roxb.) Merr. & Perry A 183,33 6,13
6 GO | Syzygium polyanthum (Wight) Walp. Sén thuyén | 114,29 | 3,82
7 Psychotria montana Blume LAu nti 114,29 3,82
8 Gardenia angustifolia Lodd. Danh Danh 85,71 2,86
9 Euodia lepta (Spreng.) Merr. Ba chac 71,43 2,36
10 Caryota mitis Lour. bung dinh 66,67 2,20
11 Fagraea fragrans Roxb. Trai nuée 14,29 0,47
12 Tabernaemontana buffalina Lour. Lf}il;ﬁu 157,14 5,25
Bui
13 Pandanus bipollicaris H.St. John. Dﬁjhzhét 28,57 0,95
Tong 2992,86 | 100,00
4. KET LUAN

Tu két qua phan tich, di xac dinh dugc 3 nhom thuc vat than gb wu thé trén céc dang
1ap dia khac nhau cia vuing DPCND. Cu thé, trén vung DCND kho han 1a sy vu thé cua céc
loai Ma ca, Tram bu gd, Tau duyén hai, Cheo, Dé cat, Tram tich lan; trén ving DPCND ven
tram ngap nude dinh ky 14 sy wu thé cia Tram; trén ving DPCND dam lay than bun 1a sy vu
thé cua cac loai Vang tréng, Co6m, Nhuya rudi, Bui ba hoa, Voi.
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Vung DCND dang ding trudc nguy co bi sa mac hod, viéc tim ra cac nhom thuc vat

than gd wu thé rat co gia tri trong viéc cung cip ngudn gidng c6 ngudn gdc ban dia thich nghi

vO1 moi truong song dé trong va phuc hoi tham thuc vat, cai tao moi truong cho vung dat cat

noi déng huyén Phong Dién, tinh Thira Thién - Hué.

10.

TAI LIEU THAM KHAO

Nguyén Tién Ban (1997), Cém nang tra cuu va nhdn biét cac ho thuc vat hat kin o Viét Nam, -
Nxb Khoa hoc va k¥ thuat, Ha Noi.

Nguyén Tién Ban (Chu bién) (2003), Danh luc cdc lodi Thiee vit Viét Nam (Tép 1, 11, 1IT), - Nxb
Nong nghi¢p, Ha Noi.

Pd Xuan Cam (2004), “Ru cat noi déng, moét sinh canh can dugce bao ton”, T ap chi Nghién ciru
va Phdt trién, s (4), S& Khoa hoc va Cong nghé Thira Thién - Hué, tr. 83 - 91.

Hb Chin (chu bién) (2005), Bdo cdo tong hop: “Piéu tra danh gid tiém nang dat dai viing cat
ngi dong tinh Thira Thién - Hué phuc vu phdt trién Nong- Lam- Ngu nghiép”, - S& Khoa hoc va
Cong nghé Thira Thién - Hué.

Hoang Chung (2004), Cdc phiong phdp nghién ciru quan xa thue vt, - Nxb Gido duc, Ha Noi.
Phan Thi Thuy Hang va Nguyén Nghia Thin (2009), “Pa dang tham thuc vat & ving cat huyén
Phong Dién tinh Thira Thién - Hué”, Hgi nghi Sinh thdi va Tai nguyén sinh vt lan thir 3, Vién
Sinh Thai va Tai nguyén sinh vat Ha Noi.

Pham Hoang Ho (1999- 2000), Cdy ¢6 Viét Nam (Quyén 1, II, TIT), - Nxb Tré, TP HCM.
Nguyén Thanh (2005), Dia chi Thira Thién - Hué (phan Tw Nhién), - Nxb Khoa hoc X3 hoi.
Nguyén Nghia Thin (2008), Cdc phirong phép nghién civu thuwce vit, - Nxb Dai hoc Qudc gia
Ha Noi.

Uy ban nhan dan huyén Phong Dién (2005), Pia chi Phong Pién, Nxb Chinh tri Qudc gia
Ha Noi.

DETERMINATION OF DOMINANT ARBOR PLANTS OF SITE
TYPES AT INNER SANDY AREAS IN PHONG DIEN DISTRICT,
THUA THIEN HUE PROVINCE

Abstract: There are three group of dominant arbor plants at inner sandy areas in Phong
Dien distric, Thua Thien - Hue province. At drought inner sandy, there are six species, at
lakeside, periodic flooding, there is one specie; at peat swamp, periodic flooding, there are
five species. These species are dominated by wide distribution, high density, and high
coefficient of formation.

Keywords: Arbor plant, dominant, density, coefficient of formation, inner sandy.
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DA DANG HINH THAI RANG HAU CUA CAC LOAI THUOC PHAN
HO CA BONG (CYPRINIDAE: BARBINAE) G VIET NAM

Ta Thi Thuy', Nguy&n Thi Thiy?, Hh Manh Linh?, Trin DPirc Hau*
ITru'd’ng DPai hoc Thu do Ha Noi
’Truong THPT Nghia Hung A, Nam Dinh
STruong Pai hoc Tdy Bic
“Trong Pai hoc Su pham Ha Noi

Tém tit: Nghién ciru ndy mé ta hinh thdi rang hau cia 36 lodi trong phdn ho cd Bong
(Barbinae) dira trén 198 mau thu tai cdc heu viee song khdc nhau & Viét Nam. Két qua cho
thdy ¢6 33 lodi ¢6 cong thire rang hau (Ph.) 3 hang, trong dé: 28 lodi ¢é Ph.=2.3.5-5.3.2;
4 loai (Systomus takhoaensis, Barbodes schwanenfeldi, Scaphiodonichthys macracanthus
va Mystacoleucus greenwayi) co Ph.=2.3.4—4.3.2 va 1 loai (Hampala macrolepidota) co
Ph.=1.3.5-5.3.1. M{t lodi (Acrossocheilus elongatus) cé rang hau 4 hang (Ph.=1.2.3.5—
5.3.2.1). Hai lodi ¢6 cong thirc rang hau thay doi theo kich thwdc: Varicorhinus
(Scaphesthes) microstomus va Scaphiodonichthys microcorpus. Hau hét cdc lodi trong
cung 1 giong c6 cong thirc rang hau giong nhau, triv cdc giong: Hampala, Systomus,
Barbodes, Acrossocheilus, Varicorhinus va Scaphiodonichthys. Hinh thdi rang hau cé si
khéc nhau giita cdc lodi va kich thuée mau.

Tir khéa: Hinh thdi va cong thirc rang hau, Cyprinidae, Barbinae, Viét Nam.

Nhan bai ngay 10.11.2017; gtri phan bién, chinh stra va duyét dang ngay 15.12.2017
Lién h¢ tac gia: Ta Thi Thuy; Email: ttthuy@daihocthudo.edu.vn

1. PAT VAN PE

Ho ca Chép (Cyprinidae) 13 ho c6 d6 da dang 16n nhat, v6i khoang 300 loai, chiém gan
50% tong s6 loai ca nudc ngot & Viét Nam [1]. Cac loai thude ho ca Chép déu khong ¢ rang
& ham, thay vao d6 ching ¢ rang & cung hau - do cung mang thir 5 bién ddi thanh [1, 1].
Cung hau c6 tir 1 dén 4 hang ring hau, mdi hang c6 tir 1 dén 5 chiée [1, 1, 2], thuong kha 6n
dinh & cac taxon khéc nhau, do d6 c6 thé duge dung lam tiéu chuin dé dinh loai [1]. Tuy
nhién, hi€n nay vi¢c nghién ctru v& hinh thai va cong thirc rang hau cua cac loai thude ho ca
Chép ¢ Viét Nam con rit han ché. O Viét Nam phan ho ca Bdng (Barbinae) c6 108 loai,

trong d6 c6 52 loai ¢6 so li€u vé cong thirc rang hau, 32 loai c6 mo ta so lugc veé rang hau va



128 || TRUCGING BAI HOC THU BA HA NOI

2 loai c6 sir dung rang hau trong khéa dinh loai [1]. Tuy nhién, chua loai ndo c¢6 hinh cua
rang hau. Nghién ctru nay bd sung cong thirc ring hau va cung cip tu liéu dau tién vé hinh
rang hau cua cic loai trong phan ho ca Bdng thudc ho ca Chép & Viét Nam.

2. NOI DUNG

2.1. Péi twong nghién ciru

- Nghién ctru ndy sir dung 198 mau cua 36 loai thuoc phan ho c4 Bong thu tai cic luu
vuc song khac nhau ¢ Viét Nam, dugc bdo quan trong dung dich formalin 3 - 4% va luu gitr
trong phong thi nghiém bd mon Pong vat hoc, khoa Sinh hoc, truong Pai hoc Su pham Ha Noi.

2.2. Phuong phap nghién ctru

- Tach, 1am sach va bao quan rang hau theo Pravdin (1961) [1] va Eastman &Underhill
(1973) [2]. Ring hau d3 tach dwoc bao quan trong dung dich con 80 dd, ghi thong tin mau
(chiéu dai chuén SL, dia diém va thoi gian thu, cong thirc ring hau).

- Poc, do va dém riang hau theo Pravdin (1961) [1] va Tadajewska (1998) [3] (Hinh 1).
- Tén khoa hoc va thir tur cac loai sap xép theo Nguyén Vin Hao va Ngd S§ Van (2001) [1].

Al-5

Hinh 1: M6 td hinh théi cung hau phdi ciia lodi ca Abramis bjoerkna, A;.s.hang rdang chinh, B 1.
hang rang thir 2, h. chiéu cao cung hau, Ph. (cong thirc rang hau) =2.5-5.2 [4]
- Phéc hoa va do cung hau (h) dugc thuc hién trén kinh Iip 2 mét (Nikon 109494). Mdi
hinh cung hau c6 thong tin vé tén loai (tén phé thong va tén khoa hoc), SL (mm), Ph., h
(mm). S6 luong ring cua timg hang ciing duoc chu thich trén hinh (trir rang bi giy).

3. KET QUA NGHIEN CUU VA THAO LUAN

Hinh thai va cong thic ring hiu 36 loai, 13 gidng thudc phan ho ci Bdng (Barbinae)
duogc thé hién & cac hinh 2 - 37.
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-5 B1-3 cq.3
Cl-2g .;. .t ? C
? % éB3;A1 5
Hinh 2: Cd ngua vach Hinh 3: Ca ngua cham Hinh 4: Ca ngua bic
(Hampala macrolepidota), (H. dispar), SL=133,9. (Tor brevifilis), SL=105,4.
SL=91,4. Ph.=1.3.5-5.3.1. Ph.=2.3.5-5.3.2. h=14,8. Ph.=2.3.5-5.3.2. h=8,3.

h=10,7.

Nhén xét: 1. Gidng c4 ngwa nam Hampala Van Hasselt, 1823 ¢ Viét Nam c6 2 loai,
trong d6 c6 1 loai (H. macrolepidota) c6 s liéu vé cong thirc rang hau [1]. Nghién ciru niy
b6 sung Ph. cua loai H. dispar va hinh ring hau 2 loai so v6i nghién ctru cia Nguyén Vian
Hao va Ngo Sy Van (2001) (Hinh 2, 3).

2. Gidng ca ngya gai Tor Gray, 1833 ¢ Viét Nam c6 3 phan gidng vai 7 loai, trong dé
c6 4 loai c¢6 sb liéu vé cong thic rang hau [1]. Nghién ciru ndy bo sung hinh rang hau loai
(T. brevifilis) (Hinh 4).

Cl1-2
P B3 A1-5
B3
Gl 1 A1-5
B2
Hinh 5: Cd piing mém ngdn Hinh 6: Ca mi Hinh 7: Ca hoc tro
(Neolissochilus stracheyi), (N. namlenensis), (Balantiocheilos melanopterus),
SL=126. Ph.=2.3.5-5.3.2.  SL=135. Ph.=2.3.5-53.2. §[=42] Ph.=2.3.5-5.3.2. h=4,5.
h=15. h=15,5. ’ ’

3. Gibng c4 ping Neolissochilus Rainboth, 1985 & Viét Nam c6 4 loai va riang hiu c6 3
hang, trong d6 ca 4 loai déu c6 sb liéu vé cong thire ring hau [1]. Nghién ciru ndy b sung
hinh ring hau cua 2 loai (N. stracheyi va N. namlenensis) (Hinh 5, 6). Trong d6, loai N.
stracheyi c6 Ph.=2.3.5-5.3.2 (SL=82,5-126,1 mm) (Hinh 5), nhung theo Nguyén Vin Hao
va Ngd S§ Van (2001) thi Ph.=2.3.4-4.3.2 (SL=207 mm) [1].
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4. Gidng ca hoc trd Balantiocheilos Bleeker, 1860 ¢6 1 loai va rang hau ¢ 3 hang. Tuy
nhién, loai ndy chua duoc mé ta vé cong thirc rang hau [1]. Nghién ctru nay bd sung cong
thirc va hinh ring hau cua loai B. Melanopterus (Hinh 7).

5. Gidng ca coc Cyclocheilichthys Bleeker, 1859 & Viét Nam c6 6 loai nhung chua c6
loai ndo dugc nghién ciru mé ta vé cong thirc rang hau [1]. Nghién ctru ndy bd sung cong

thirc va hinh ring hau cua 3 loai (C. enoplos, C. tapiensis va C. apogon) (Hinh 8 - 10).

Hinh 8: Cd coc Hinh 9: Cd cdy nam Hinh 10: Cd coc dam

(Cyclocheilichthys enoplos), (C. tapiensis), SL=108. (C. apogon), SL=121.
SL=153. Ph.=2.3.5-5.3.2. h=12,7. Ph.=2.3.5-5.3.2. h=10,9. Ph.=2.3.5-5.3.2. h=13.

6. Gibng ca bdng Spinibarbus Oshima, 1919 ¢ Viét Nam c6 8 loai; ring hau 3 hang
2.3.5-5.3.2 hinh dep bén va dinh hoi cong. Trong d6 c6 6 loai (S. hollandi, S. vittatus, S.
brevicephalus, S. denticulatus, S. nammauensis va S. sinensis) c6 sb liéu vé cong thic ring
hau [1]. Nghién ctru ndy bd sung cong thic rang hau 1 loai (S. babeensis) va hinh ring hau
cua 4 loai (S. sinensis, S. babeensis, S. hollandi, S. denticulatus) (Hinh 11 - 14).

Al1-5 B1-3 C1-2

Hinh 11: Cé than Hinh 12: Cd chay ddt ba bé ~ Hinh 13: Ca chdy dat
(Spinibarbus sinensis), SL=132. (S. babeensis), SL=200,9.  (S. hollandi), SL=143,8.
Ph.=2.3.5-5.3.2. h=13,2. Ph.=2.3.5-5.3.2. h=20,2  Ph.=2.3.5-5.3.2. h=15,8

7. Gibng ca dong chim Puntius H. & B., 1922 & Viét Nam c6 4 loai, trong dé chi c6 1
loi (P. semifasciolatus) c6 sb liéu cong thirc ring hau [1]. Nghién ctru ndy mé ta cong thirc

va hinh ring hau cta 3 loai (P. daruphani, P.brevis va P. semifasciolatus) (Hinh 15 - 17).
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Al1-5 B3B1C1-2 B1-3 Al-5

CcC1-2

Hinh 14: Cd bong Hinh 15: Cad me vinh gia Hinh 16: Cd gam
(S. denticulatus), SL=237. (Puntius daruphani), SL=112. (P. brevis), SL=44.
Ph.=2.3.5-5.3.2. h=24, Ph.=2.3.5-5.3.2. h=1I3. Ph.=2.3.5-5.3.2. h=4,2.

8. Gibng ca dong gai Systomus McClelland, 1839 & Viét Nam c6 7 loai, trong d6 chi c6
1 1oai (S. takhoaensis) c6 sb liéu vé cong thirc ring hau [1]. Nghién ciru ndy mé ta cong thirc
va hinh rang hau cta 3 loai (S. takhoaensis, S. orphoides va S. binotatus) (Hinh 18 - 20).
Theo Nguyén Vin Hao va Ngd S§ Van (2001), loai S. takhoaensis c6 Ph.=2.3.5-5.3.2
(SL=60 - 90 mm) [1], tuy nhién trong nghién ctu nay Ph.=2.3.4-4.3.2 (SL=73 mm)
(Hinh 18).

cCl1-2,B1-3 Al-5

Hinh 17: Ca dong dong —— Hinh 18: Ca dong gai Hinh 19: Ca do mang
(P. semifasciolatus), .
SL=64. Ph.=2.3.5-5.3.2  (Systomus takhoaensis), SL=73. (S. orphoides), SL=104,6.
h=7,9. Ph.=2.3.4-4.3.2. h=9,7. Ph.=2.3.5-5.3.2. h=12,7.

C1-2 JB1-3 AAl1-5 Cl-2 B1-3__1A1-5

Hinh 20: Cd trdng Hinh 21: Cd mé vinh Hinh 22: Cd he vang

(S. binotatus), SL=55,8. (Barbodes gonionotus), SL=135. (B. schwanenfeldi), SL=74.
Ph.=2.3.5-5.3.2. h=5,8. Ph.=2.3.5-5.3.2. h=14,2. Ph.=2.3.4-4.3.2. h=11,3.
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9. Gidng c4 me vinh Barbodes Bleeker, 1859 ¢ Viét Nam c6 3 loai va riang hau c6 3
hang, trong d6 khong co6 loai ndo ¢ s lidu vé cong thic rang hau [1]. Nghién ctru ndy mo
ta cong thic va hinh ring hiu cua 2 loai (B. gonionotus va B. schwanenfeldi) (Hinh 21, 22).

C1-2 JB1-3 A2-5
1-5 B3B1,cq
Hinh 23: Ca han Hinh 24: Cd chdt soc Hinh 25: Cd chdt hoa
(Acrossocheilus elongatus), SL=131.  (A. laocaiensis), SL=45. (A. iridescens), SL=71.
Ph.=1.2.3.5-5.3.2.1. h=94. Ph.=2.3.5-5.3.2. h=4,8. Ph. =2.3.5-5.3.2. h=5.2.

10. Giéng ca chat Acrossocheilus Oshima, 1919 & Viét Nam c6 15 loai, trong d6 c6 9
loai ¢6 sb lidu vé cong thire rang hau [1]. Nghién ciru ndy mé ta cong thire va hinh ring hau
cua 6 loai (4. elongatus, A. laocaiencis, A. iridescens, A. krempfi, A. macrosquamata va A.
longibarbus) (Hinh 23 - 28). Trong d0, loai A. elongatus c6 Ph.=1.2.3.5-5.3.2.1 (SL=131
mm) (Hinh 23), con trong nghién ctru cia Nguyén Vin Hao va Ngo S§ Van (2001) thi
Ph.=2.3.5-5.3.2) [1] va loai 4. krempfi c6 Ph.=2.3.5-5.3.2 (SL=45 - 135 mm) (Hinh 26),
trong nghién ciru ctia Nguyén Vin Hao va Ngod S§ Van (2001) thi Ph.=2.3.4-4.3.2 (SL=46
- 232 mm) [2]. Ngoai ra, nghién cru ndy bd sung cong thirc ring hau cua loai A.
macrosquamata (Hinh 27).

Hinh 26: Cd cht tring Hinh 27: Cd chit vay to Hinh 28: Ca chat rdu
= A. longibarbus), SL=91,4.
P}(lA;écrse }15113 ?)3’ thifg 3 (A. macrosquamata), SL=128, 1. ( _g ) B

11. Gibng ca sinh Varicorhinus Ruppell, 1935 & Viét Nam c6 20 loai va phan loai trong
2 phan gibéng, trong d6 c6 10 loai co s lidu vé cong thirc rang hau [1]. Nghién ctru ndy mé
ta cong thirc va hinh rang hau cta 6 loai (Hinh 29 - 34). Bb sung cong thirc ring hau cua 1
loai: Varicorhinus sp. (Hinh 34). Nghién ctru ndy néu sy sai khac vé ring hau cua 4 loai so
v6i Nguyén Vian Hao va Ngo S§ Van (2001) [1].
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D1 C1-2 %B'J%\:lg ?: Cl1-2 B1-3 Al-
Hinh 29a: Cd phéng Hinh 29b: Cd phéng Hinh 30: Cd ddt trdng
(Var.icorhinus (Scaphesthes) (V.(S.,)microstomus),SL=90,5. (V.(S.) argentatus), SL=61,5.
microstomus), SL=78,4. Ph=235-532 h=6.1. Ph.=2.3.5-5.3.2. h=4,2.

Ph.=1.2.3.5-5.3.2.1. h=5,5.

- Loai V. (S.) microstomus: theo Nguyén Van Hao va Ngo S§ Van (2001), Ph.=2.3.5—
5.3.2 (SL=100 - 130 mm) [1], nhung theo nghién ciru ndy, ring hau cé su thay doi theo kich
thude: ddi voi mau SL=75 - 78,8 mm thi Ph.=1.2.3.5-5.3.2.1 va SL=82,3 - 127 mm thi
Ph.=2.3.5-5.3.2 (Hinh 29a - b). Loai V. (S.) argentatus: theo Nguyén Vin Hao va Ngo S¥
Van (2001), Ph.=2.3.4-4.3.2 (SL=152 mm) [ 1], nhung theo nghién ctru nay, Ph.=2.3.5-5.3.2
(SL=54,7 - 99,0 mm) (Hinh 30).

B1-3A1-5
CcCl1-2
Cl1-2 Bl1-3,4A1-5
Hinh 31: Ca bién . Hinh 32: Cd sinh gai Hinh 33: Cd sinh thuong
(V(O”yf.hosézzz OJV“Z’S (V.(0.) laticeps), SL=119,1.  (V.(O.) gerlachi), SL=135,8.
ovalis), L Ph.=2.3.5-5.3.2. h=74. Ph.=2.3.5-5.3.2. h=8,9.

Ph.=2.3.5-5.3.2. h=3,7.

Cl1-2B1-3 A2

z %? %g ;A14!B13

Hinh 34: Cd sinh Hinh 35: Cd pang
(Varicorhinus (O.) sp.), SL=170. (Scaphiodonichthys macracanthus),
Ph.=2.3.5-5.3.2. h=9,8. SL=66. Ph.=2.3.4-4.3.2. h=4,9.

- Loai V. (O.) ovalis ovalis: theo Nguyén Van Hao va Ngo S§ Van (2001), Ph.=2.3.4—
4.3.2 (SL=214 - 284 mm) [1], trong nghién ctru nay, Ph.=2.3.5-5.3.2 (SL=44,1 - 62,6 mm)
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(Hinh 31). Loai V. (O.) gerachi: theo Nguyan Vian Hao va Ngb S§ Van (2001), Ph.=2.3.4—
4.3.2 (SL=97 - 174 mm) [1], trong nghién ctru nay, Ph.=2.3.5-5.3.2 (SL=51,6 - 170,0 mm)
(Hinh 33).

Hinh 36a: Cd mom phong th¢ Hinh 36b: Ci mom phong Hinh 37: Ca lai xudc

‘ thé (V.(0.) microcorpus), Mystacoleucus greenwayi
(S. microcorpus), SL=61,9.  S1=1169. Ph.=2.3.5-5.3.2. (SLy: 57 4. Ph :2g 3.4-4 3y2)
Ph.=2.3.4-4.3.2. h=4,5 h=73. Ca=ss3

12. Gibng c4 mom Scaphiodonichthys Vinciguerra, 1890 & Viét Nam c6 4 loai va ca 4
loai déu c6 sb lidu vé cong thirc rang hau [1]. Nghién ctru nay bd sung hinh ring hau cua 2
loai (S. macracanthus va S. microcorpus) (Hinh 35, 36a - b). Theo Nguyén Vin Hao va Ngo
Sy Van (2001), loai S. microcorpus, Ph.=1.3.4-4.3.1 (SL=70 - 133 mm) [ 1], theo nghién ctru
nay, Ph.=2.3.44.3.2 (SL=59,5 - 99,0 mm) (Hinh 36a) va Ph.=2.3.5-5.3.2 (SL=116,9)
(Hinh 36b).

13. Giéng ca xudc Mystacoleucus Gunther, 1868 ¢ Viét Nam c6 4 loai, trong d6 c6 3
loai (M. chilopterus, M. marginatus va M. lepturus) ¢ sb liéu vé& cong thirc ring hau [1].
Nghién ctru ndy bd sung cong thirc va hinh ring hau cta loai M. greenwayi (Hinh 37).

- Trong tong sé 36 loai, c6 33 loai c6 cong thirc ring hdu 3 hang, trong d6: 28 loai c6
Ph.=2.3.5-5.3.2; 4 loai (Systomus takhoaensis, Barbodes schwanenfeldi, S. macracanthus
va Mystacoleucus greenwayi) c¢6 Ph.=2.3.4-4.3.2 va 1 loai (Hampala macrolepidota) cé
Ph.=1.3.5-5.3.1. Mot loai (Acrossocheilus elongatus) c6 ring hau 4 hang (Ph.=1.2.3.5—
5.3.2.1) (Hinh 23). Hai loai c6 cong thuc ring hau thay ddi theo kich thudce, d6 13; loai
Varicorhinus (S.) microstomus (SL=75,0 - 78,8 mm, Ph.=1.2.3.5-5.3.2.1; SL=82,3 - 127,0
mm, Ph.=2.3.5-5.3.2) (Hinh 29a - b) va loai Scaphiodonichthys microcorpus (SL=59,5 -
99,0 mm, Ph.=2.3.44.3.2; SL=116,9 mm, Ph.=2.3.5-5.3.2) (Hinh 36a - b).

- Trong tong s 13 giéng, hau hét cac loai trong cung 1 gidng c6 cong thic ring hau
gidng nhau, trir mot sd gidng sau: Hampala, Systomus, Barbodes, Acrossocheilus,
Varicorhinus va Scaphiodonichthys.

- Hinh thai ring hau c6 su khac nhau giira cac loai trong cing mot giéng va gitra cac
loai trong céac gidng khac nhau (Hinh 2-37).
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4. KET LUAN

Day 1a nghién ctru dau tién dua ra hinh ring hau cua 36 loai, thuc 13 gidng trong phan
ho c4 Bdng (Barbinae) thu dugc tai cac luu vuc séng & Viét Nam, bd sung cong thirc ring
hau cho 19 loai va néu duoc sy sai khac cta 9 loai so v6i cac nghién ctru trude. Cong thire
rang hau kha 6n dinh (cht yéu 3 hang véi 30 loai c6 Ph.=2.3.5-5.3.2), nhung hinh thai ring
hau c6 su khac nhau gitra cac loai va kich thudc mau vat.
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MORPHOLOGICAL DIVERSITY OF PHARYNGEAL TEETH OF
BARB FISH (CYPRINIDAE: BARBINAE) IN VIETNAM

Abstract: The morphological pharyngeal teeth of 36 species from Barbinae was examined
based on 198 specimens collected from various locations in Vietnam. The results showed
that the 2.3.5-5.3.2 formula was found to exist in 28 species, the 2.3.4—4.3.2 formula in 4
species, i.e., S. takhoaensis, B. schwanenfeldi, S. macracanthus and M. greenwayi, and the
1.3.5-5.3.1 formula was present only in H. macrolepidota. One species had formula of
1.2.3.5-5.3.2.1, i.e., A. elongatus. Variations in the tooth formula with size of fish were
found in 2 species, i.e., V. (S.) microstomus and S. microcorpus. No differentiations of tooth
formula were found in most of species among its congener, with the exception of Hampala,
Systomus, Barbodes, Acrossocheilus, Varicorhinus and Scaphiodonichthys. The sketches
of pharyngeal teeth indicated that there were visible differences in morphology among
species and sizes.

Keywords: Genome, assembly, DASR. Morphology and formula of pharyngeal teeth,
Cyprinidae, Barbinae, Viet Nam.
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IMPACTS OF DROUGHT ON CULTIVATION IN BINH THUAN

PROVINCE IN THE CONTEXT OF CLIMATE CHANGE - PROJECT

ASSESSMENT BY INTEGRATING GIS AND SWOT - AHP

Bui Thanh Huong
Hanoi Metropolitan University

Abstract: By integrating GIS with SWOT — AHP, project assessment map of impacts of
drought on cultivation in Binh Thuan were established with differentiation of regions.
According to the type of desert, farming activities are most strongly affected in sandy desert
area, then comes the salt desert area and rocky deserts. In desert soils, low levels have
more impact and will change if people pay attention to the process of rehabilitation of
degraded lands. Results show that only 1/5 the area of the province (36 communes in 7
coastal districts) have to face the negative effects of drought and desertification; 1/4 total
area (26 communes in 5 districts north of the province) are threatened by land degradation.
Based on climate change scenarios in 2050 of MONRE, the number of communes affected
by desert sands will increase, but the level of influence is somewhat relieved if synchronous
system solutions and suitable adaptation are deployed.

Keywords: GIS and SWOT — AHP, project assessment, drought, cultivation, Binh Thuan
province.
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1. INTRODUCTION

Desertification is the natural process which is not popular in Vietnam but typical in Binh
Thuan province. The province is in the extreme of Southern Central of Vietnam, having
781246 ha and 1,2 million people. It is the rule-wise interactions of natural conditions, of
which, Binh Thuan’sposition is the most important factor that causes this typical
phenomenon. Many researches shown that in the contextof climate change (CC), drought

and desertification will increase.

Drought impacted strongly on agriculture, the major sector which accounts for about
20% gross domestic product (GDP) of the province. According to the statistical bureau of
Binh Thuan Department of Agricuture and Rural Development, there are about 150000 ha
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land desertification, accounting for 1/5 natural area of the province, threatening 20 — 25%
cultivation area. In the context of CC, impact levels of drought on agriculture will increase.

If before the year 2000, drought in Binh Thuan only appeared in the autumn paddy, to
date it happens to both winter paddy and spring paddy. Therefore, to research the impacts of
drought and desertification on cultivation in the province to classify the impact levels by
region and propose the prioritive solutions adapting to drought and deseretification, are an
urgent task, practically supporting agricultural planning in the context of CC in Binh Thuan.

Scope of the research is the mainland area of Binh Thuan province. Time period of
research was limited from 1960 to 2010 (the hydro meteorological time), up to 2050 (the CC
scenario); from 1995 to 2010 (socioeconomic time).

With purpose of projecting impacts of droughton cultivation in BinhThuan province in
the context ofCC, the research built 2 maps: impacts of drought on cultivation in Binh Thuan
in 1995 — 2010 and projecting impacts of drought on agriculture in Binh Thuan in 2050 by
integrating SWOT — AHP and GIS.

2. METHODS

- SWOT analysis (alternatively SWOT matrix) is an acronym for strengths, weaknesses,
opportunities and threats, applied forsynthesis assessment about physical and
socioeconomic features relating to drought in Binh Thuan and identify the indicators
impacting of drought on agriculture in this one in the context of CC.

- AHP analysis: to identify important degree for each factors estimated by SWOT;

- Geographical Informative System (GIS) integrated with SWOT — AHP to build2 maps
project assessment impacts of drought on cultivation in Binh Thuan province in the context
of CC. Base on SWOT matrix, each factor was assigned values following communes (2:
appear much, 1: appear less; 0: not appear). That will establish data for building 2 maps
project assessment impacts of drought on cultivation in Binh Thuan province in term CC
following the formula:

n n
SW = ZAsi*Si—ZAwi*Wi (D
i=0 i=0
SW: indicator assessing status of level impact; Asi: important degree of indicator si;

Awi: important degree of indicator wi; Si: level appearance of the indicator si; Wi: level
appearance of the indicator wi. Levels appearanceare stipulated like: appear much (2), appear

less (1); not appear (0).
n n
OT=ZA01* Oi—ZAti*Ti (2)
i=0 i=0
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OT: indicator projecting level impact; Aoi: important degree of indicatoroi; Ati:
important degree of indicatorti; Oi: level appearance of the indicatoroi; Ti: level appearance
of the indicatorti. Levels appearance are stipulated like: appear much (2), appear less (1); not
appear (0).

The research steps as follow:

Binh Physical and .
Thuan socio CCscen Maps of Data  of Socioec cc
. anos agricultural ; onomic i
Atlas economic surveymsg < scenart
101 [2012] LU in 7 statistic os
statistics . 1995& commune s [2012]
2010 N 1995,
2010
Physical and ; JL ¢
socio- Vo ": [ I
economic Drought 1 GIS ;! osess+ 1 ! GIs
factors ! ! 1 Eto oy :
L--J-l |_;;$___ I.__l_.l
1=~ L __________________ T YVield
1 SWOT 1 . Ci 1
o 1 Agricultural Snfur;gre fluctuation
LU change change (1995-
2010)
Indicators of impacts of
drought on cultivation

Figure 1: The research steps
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The results are classified as follow:

SW (OT) >1,2 : Level 1 — no impact

1,0 <SW (OT) <=1,2 : Level 2 — very less impact

0,8 <SW (0OT) <=1,0 : Level 3 — less impact

0,6 <SW (OT) <=0,8 : Level 4 — moderate impact

0,4 <SW(OT) <=0,6 : Level 5 — fairly strong impact

0,2<SW (OT) <=0,4 : Level 6 — strong impact

SW (OT) <=0,2 : Level 7 — very strong impact
3. RESULTS

3.1. In the whole province

Table 1. Indicator system of effects of drought on cultivation by SWOT analysis

Strengths

Weaknesses

(S1): Underground water is at medium-level
reserves and is stable in some areas.

(S2): Rainfall during the rainy season is
relatively high in the West and Southwest of
the province.

(S3): Evergreen forests and perennial crops
are high in concentration and have good
quality.

(S4): People in Binh Thuan have experience
coping with drought and desertification.

(S5): The process of wurbanization and
industrialization is attracting scientific and
technological investment.

(S6): Irrigation systems and irrigation
techniques meet water requirements.

(S7): Yields of multiple crops are adaptive to
increasing drought and desertification

(S8): Current land use is adaptive to drought
and desertification

W1): Average annual rainfall is low, strongly
changed from season to season.

(W2): average annual evaporation is high (over
1400mm).

(W3): Drought period in a year which is
unsuitable to crop is long.

(W4): Sandy desert and the phenomenon of
flying and flowing sand encroach field, rivers
and lakes.

(W5): poor ground water sources in some
places

(W6): Land is severely degraded, barren deserts
appear.

(W7): Typically, dry tropical vegetation
appears.

(W8): Human severely impact on natural
resources (deforestation of watershed, coastal
mining, excessive cultivation, soil
contamination ...).

(W9): Potential crop yield is reduced on sandy
soil and clay soil (if only consider
meteorological and soil conditions).

(W10): Perennial crop yields are declined in the
desert region
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Opportunities

Threats

(O1): Rainfall in wet season increases in the
south coastal region.

(02): Irrigation systems will have multiple
positive changes.

(03): land use planning for agriculture will
contribute to the sustainable exploitation of
natural resources.

(O4): The people will gradually change in

thinking to cope with drought and
desertification, and  acquire = modern
technology.

(05): The province will have many

reforestation projects, particularly in coastal
protective forests.

(O6): The province will have more regional
projects contributing to ecotourism economic
growth  associated  with  sustainable
development.

(O7): Area of crops adapted to drought and

(T1): Barren desert will expand (Figure 2:19).
(T2): Sandy desert will expand (Figure 2:19).
(T3): The degraded land will increase (Figure
2:17).

(T4): Salt desert will expand (Figure 2:19).

(T5): Dry-season rainfall will decrease, while
the dry season will last longer.

(T6): Agricultural drought area will expand
(Figure 2.16).

(T7): The pressures of the dense population and
the urbanization process on environmental
resources.

(T8): Many potential paddy rice area has not
been used

(T9): Paddy land is decreased and converted to
other land.

(T10): The rate of communes planting winter
crop tends to decline slightly.

desertification will be extended.

(O8): The number of drought-tolerant plants
and will be planted in dry periods of a year.

3.2. Projecting effects of drought and desertification on cultivation based on
climate change scenarios using AHP (Analytic Hierarchy Process)

By expert method through interviewing expert, the author has analyzed and synthesized
the expertise to find the important degree of each factor by AHP analysis to classify the
factors in the indicator system (table 2,3,4,5).

In fact, the positive effects of the natural — socioeconomic condition (the strengths (S) -
table 2) reduced the increase in the negative impacts of drought and desertification on
cultivation, of which, forest cover and irrigation systems are rated as most important by the
experts. Without these two factors, drought and desertification could be more severe, leading
to many consequences, especially for agricultural production. Expanded deserts, areas with
less irrigation, crop yields would be more precarious than yields in the research period.
Along with the rehabilitation of degraded lands, crop yields tend to increase slightly,
particularly for crops adapting to dry and hot conditions
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Based on climate change scenarios for 2050, the slightly-increasing rainfall in rainy
season (less than 4%) in some areas of the province will affect the change of positive impacts
of these factors on cultivation and desertification of the province in the future. In particular,
the role of irrigation projects, afforestation projects in combination with land-use planning
will be positive factors that limit the negative impact of drought on cultivation.

Table 2. Important degree of strengths group in the period 1995 - 2010 base on experts

St | s2| s3 | s4 | s5[s6| s7 | s8 I";‘;‘;i“t Classification
st | 1] 1 ]o2]03]05]02]025]025] 003 7
s2 | 1| 1|02 0330502025025 003 7
s3|s s 1| 231 2]:2 0,229 1
s4 |33 los| 1 | 2]0s5]05]0s5 0,106 5
ss | 22 o033]os |1 ]os5] 0505 0,076 6
s6 | s | s | 1|2 211] 212 0,220 2
s7| 4| 4los| 2 |2 os| 1 |1 0,146 3
s8 | 4 4 ]os| 2 2los5| 1 |1 0,146 3
Eigenvector=8,120614 CR=0,012298

Table 3. Important degree of weaknesses group in the period 1995 - 2010 base on experts

W1 | W2 | w3 |w4|ws|we|w7|ws| wo| wio I“(‘i‘:g’;i“t Cla“inﬁcaﬁ“
wi| 1 |22 22|23 ]2|3]3 0,196 1
w2lo5 |1 |1 |1 |1 |2]2]1]2]:2 0,116 3
wilos| 1|t |1 |11 |2]1]|2]2 0,107 6
walos| 1|11 ]2]2|2]1|2]2 0,124 2
ws 05| 1 |1 ]os| 1 |2]2]1]2]:2 0,107 5
w6 0505 1 05051 |1 ]o5|1] 1 0,067 7
w7033]05/05[05]05| 1 |1 ]o05| 1] 1 0,059 8
w8l 05| 1 |1 |1 |1 |2]2]1]2]:2 0,113 3
W9 033]05/05[05]05| 1 |1 ]05| 1] 1 0,058 8
W10[033 05050505 1 | 1 (05| 1 | 1 0,058 8

Eigenvector = 10,11093 CR=0,008311
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Table 4. Important degree of opportunities group in 2050 base on experts

Important . .
o1 |02/03|04|05|06|07| 08 degree | C assification

o1 1 12211212 2 0,180 1

02 1 1| 22122 2 0,180 1

03 | 05 |05 1 | 21]05]|2]2 1 0,118 4

04 | 05 |05[05| 1 05| 1 [ 1] 05 0,075 6

05 1 12211 |2]|2 2 0,180 1

06 | 05 (05[05| 1 05| 1 [ 1] 05 0,075 6

o7 | 05 05[05| 1 05| 1 [ 1] 05 0,075 6

o8 | 05 (05| 1 |2 ]05| 2|2 1 0,118 4

Eigenvector = 8,135967 CR= 0,013863
Table 5. Important degree of threats group in 2050 base on experts
Tt | T2 | T3 | T4 | T5 | T6 | T7 | T8 | T9 | T10 I““i‘;‘g’ﬁ;‘" Classification

T1 | 1 2 |2 (3223 |3]2]3 0,200 1
T2 |05 | 1 | 1 |3 |11 ]3|3]2]2 0,137 2
3|05 | 1 [ 1 |21 ]1|2]2]2]2 0,121 3
T4 [033[033/05]| 1 [05[05] 1 | 1]05] 1 0,055 8
™5 |05 | 1 [ 1 |21 ]1|2]2]1]2 0,111 4
T |05 | 1 | 1 |2 |11 ]2|2]1] 2 0,111 4
T7 033033005 1 [05[05] 1 | 1]05] 1 0,055 8
T8 [ 03303305 1 [05[05] 1 | 1]05] 1 0,055 8
T [ 0505|052 |11 ]2|2]1] 2 0,098 6
T10 [ 033 05 |05 1 [05[05] 1 | 1]05] 1 0,057 7

Eigenvector = 10,104963

CR =0,007864
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3.3. Mapping the impact of drought on cultivation in the context of climate
change

3.3.1. Map of projection of impact’s drought on cultivation in Binh Thuan in the period
1995-2010

Results from the map of projection of impact’s drought on cultivation in Binh Thuan in
the period 1995-2010 (Figure 2) show that: the impact level of drought on cultivation can be
categorized into 7 levels.Communes that have impact from level 5 to level 7 are severely
impacted by drought and desertification, accounting for 20% area of the entire province,
concentrating in 36 communes from 7 coastal districts of Binh Thuan. In these area, the
indicators of drought are clear, cultivation activities have suffered many damages caused by
dryness and sand dunes. Communes which have to suffer level 3 and level 4 are moderately
affected by drought, accounting for 30.6% area of the entire province, concentrating in 26
communes from 5 northern districts of Binh Thuan. In these areas, indicators of drought are
relatively clear, cultivation activities are threatened by soil degradation and local drought in
dry season.Communes which have impact of level 1 and level 2 are less affected by drought,
accounting for 51.3% area of the entire province. There are 43 communes (from 7 districts)
in the south and west of Binh Thuan.

Chu giai
-=== - Provincial boundary
- - District boundary
- Coastline
- Level 1 = noimpact
- Level 2 — very less impact
- Level 3 — less impact
- Level 4 — moderate impact
- Level 5 = fairly strong impact
- Level 6 — strong impact
- Level 7 — very strong impact

Figure 2. Map of impact levels of drought on cultivation in BinhThuan province base on
communes in the period 1995 — 2015 (down scaling from 1:800.000)
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Despite being one of the two driest provinces in the country, the impact level of drought
to farming activities is not severe thanks to the large coverage of forest in the southwest and
west of the province as well as the invested irrigation system and the proper mitigation
solutions. Only 1/5 of the province’s area has to endure the negative impact of drought on
cultivation activities, concentrating mainly on the coastal sandy deserts. Nevertheless, % of
the province’s area are under threat by soil degradation, requiring more investment for the
farming activities in Binh Thuan. Prediction map of the impact of drought on cultivation in
Binh Thuan.

3.3.2. Map of projection of impact’s drought on cultivation in Binh Thuan in 2050

To 2050, the impact degree of drought on cultivation are categorized into 7 levels.
Communes that are severely affected drought (from level 5 to level 7) accounts for 20.7%
the province’s area, concentrating in 40 communes from 7 coastal districts of Binh Thuan.
Area which have Level 6 and 7 tends to reduce thanks to the effort to increase the protective
coastal forest, to develop the irrigation system and widen the vegetation cover. However, the
area of impact level 5 increases due to the transformation of area of level 3, level 4.
Communes with cultivation activities moderately affected by drought (level 3, level 4) tend
to reduce from 26 communes to 23 communes, accounting for 18.3% the province’s area. The
number of communes that are less affected by drought (level 1, level 2) is 43, concentrating
in the south and southwest of the district, accounting for 51.4% the province’s area.

........

P B(E% ot Fa
Legend

- Provincial beundary

- District boundary

- Coastline

- Level 1 - no impact

- Level 2 - very less impact

- Level 3 - |ass impact

- Level 4 - moderate Impacl

- Level 5 - fairly strong impact

- Lewvel @ - strang impact

- Level T = very sirong impact

Figure 3. Map of impact levels of drought on cultivation in Binh Thuan province base on
communes in 2050 (down scaling from 1:800.000)
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Figure 4. Area of impact levels of drought on cultivation in Binh Thuan province base on

communes in the period 1995 — 2015
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4. CONCLUSION

Studies on the effect of drought on cultivation is popular in the world but not much in
Vietnam, especially in the context of climate change. From indicator system of drought in
agriculture which was established on the basis of relationship between drought and
agriculture, with the general geographic and ecological and environmental resources
approach by using the method groups, evaluations on the impact of drought on farming
activities not only show the negative and positive effects temporally (in the past, present and
future according to the climate change scenario) but also spatially (categorizing effects based
on communal groups). SWOT — AHP, one of the new research methods, which was used in
this article, has proven to be scientifically reliable.

Maps about assessing the status and projecting the impacts of drought on cultivation in
Binh Thuan are based on the differentiation of regions. According to the type of desert,
farming activities are most strongly affected in sandy desert area, then comes the salt desert
area and rocky deserts. In desert soils, low levels have more impact and will change if people
pay attention to the process of rehabilitation of degraded lands. Results show that only 1/5
the area of the province (36 communes in 7 coastal districts) have to face the negative effects
of drought and desertification; 1/4 total area (26 communes in 5 districts north of the
province) are threatened by land degradation.

Integrating GIS with SWOT — AHP open the synthesis and analysis methodology for
researching geography. Qualitative and semi - quantitative assessment will be solve better
with GIS and SWOT — AHP.
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ANH HUONG CUA HAN HAN PEN TRONG TROT O TINH BiNH
THUAN TRONG BOI CANH BPKH - PANH GIA DU TiNH BANG
TICH HQP GIS VA SWOT - AHP

Tém tit: Ban do danh gia thue trang anh huong cua han han dén hoat dong tréng trot va
dy tinh nhitng dnh huong cua han han dén tro”‘ng trot vao 2050 ¢ tinh Binh Thudn dwoc
thanh Idp trén co sé phdn vimg cdc mire do danh gid bang cdch tich hop GIS va phan tich
SWOT — AHP. Hoat dong tréng trot bi anh huong manh ¢ vung hoang mac cat, sau do la
cdc ving hoang mac mudi, hoang mac da. Két qua tinh todn chi ra rang, 1/5 dién tich tinh
Binh Thudn (36 xd cua 7 huyén ven bién) phdi dsi mat voi nhiéu tdc dong tiéu cuc cua han
han; 1/4 dién tich (26 xd & 5 huyén phia Bdc ciia tinh) bi de doa béi thodi héa dat xudt
phat tur tinh trang thiéu nude kéo dai. Dy tinh theo kich ban bién doi khi hdu cia Bo Tai
nguyén va Méi truong, sé xa chiu anh hudng manh béi han hdn & Binh Thudn sé gia tang
do lwong mwa mua khoé dwoc du doan sé giam tinh dén thoi diém 2050.

Tir khoa: GIS va SWOT — AHP, danh gia du tinh, han han, tro”‘ng trot, tinh Binh Thudn.
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DANH GIA ANH HUGNG O NHIEM MOI TRUONG DEN SUC KHOE
CONG DONG TAI LANG DONG HO, XA SONG HO, HUYEN THUAN
THANH, TiNH BAC NINH

Nguyén Bich Ngoc!, Ngé Thanh Son?
"Triong dai hoc Tai nguyén va Méi truong Ha Noi
’Truong dai hoc Thii @6 Ha Noi

Tém tit: Bai viét trinh bdy si can thiét ciia viéc danh gia anh hwéng, rii ro doi véi sirc
khée céng dong do é nhiém méi truong gdy ra. Dia vdo sé liéu quan trdc phan tich cdc
théng s6 6 nhiém dé danh gia chat rong méi trieong nude tai lang Pong Ho, xa Song Ho,
huyén Thudn Thanh, tinh Béic Ninh. Sir dung phwong phdp ddanh gid rii ro méi triong dé
tinh todn hé sé riii ro moi truong va hé sé rii ro sitc khée tai khu vuec lang nghé. Két qua
tinh todn cia bai viét sé la co s¢ khoa hoc quan trong dé dé xudt gzal phap, dinh huong
quy hoach phat trién bén viing lang nghé, bdo vé méi truong song cho nguoi dan dia
phuong.

Tir khoa: O nhiém, chat lwong nuoc, rui ro moi truong, rui ro suc khoe, lang nghé

Nhan bai ngay 20.11.2017; gtri phan bién, chinh stra va duyét dang ngay 20.12.2017
Lién h¢ tac gia: Ng6 Thanh Son; Email: ntson@daihocthudo.edu.vn

1. PAT VAN PE

Tinh trang 6 nhiém moi trudng ngay cang nghiém trong tai cac lang nghé Viét Nam hién
nay khién cho viéc danh gia nhitng rui ro méi truong, rui ro strc khoe cong dong trd nén can
thiét va cap bach.

Lang Bong HO, x4 Song H), huyén Thudn Thanh, tinh Bic Ninh 1a mot lang san xuét
hang ma v6i quy mo kha 16n trong ca nude. Cling voi sy gia ting nhanh chong nhu cau ciing
bai, 1& chua..., hoat dong san xuit clia lang nghé nay ciing ngdy mot phat trién manh mé.
Chét luong cudc séng ngudi dan dia phuong duoc cai thién, nang cao, nhung kém theo né
1a tinh trang 6 nhiém nudc mit nghiém trong ma ai ciing c6 thé nhan thay rat rd khi méi chi
dit chan dén cong lang. Pé c6 nhiing chién luoc, chinh sach phat trién lang nghé bén viing,
két hop bao vé moéi trudng (BVMT), dam bao sirc khoe cong ddng can cé nhitng danh gia
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khoa hoc vé thuc trang va tac dong ctia 6 nhiém mai truong dén sire khoe cong dong dan cu
tai lang Pong H), day la hoat dong thuc té va can thiét hién nay.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciru

Dbi twong nghién ciru: Anh hudng cta hoat dong san xuit hang ma dén stc khoe nguoi
dan tai lang Bong HO, x3 Song H), huyén Thuén Thanh, tinh Bic Ninh

Pham vi nghién ctru: Lang Pong HO thude xi Song HO, huyén Thuéan Thanh, tinh Bic
Ninh néi tiéng voi nghé 1am tranh dan gian in tir cac ban khic gb 1én trén gidy do, nhung tir
niam 1990 dén nay, lang c6 khoang 300 ho gia dinh chay dan theo nghé san xuét hang ma.

bia hinh khu vuc kha béng ph'fmg, c6 d6 dbe < 3°.Khi hiucod 4 mua rd rét, nhiét dd binh
quan nam la 23,3°C. Luong mua trung binh hang nam khoang 1400 - 1600mm nhung phan
bd khong dong déu, mua tap trung cha yéu tir thang 5 dén thang 10 (chiém 80% tong luong
mua ca nim). PO am khong khi trung binh nam 1a 82%. Ngudn nudc doi dao tir song Pudng
chay qua (2km)va hé thdng ao hd, kénh muong dép tmg da nhu ciu st dung cta ngudi dan.

2.2. Phuwong phap nghién ctru

2.2.1. Phuwong phap ké thira s6 liéu: Thu thip,théng ké va tong hop thong tin can thiét tir
nhirng tai liéu, cac bao céo, cac cong trinh nghién ctru lién quan dén bai viét.

2.2.2. Phuong phap liy miu tai hién truong

Qua khao sat thuc dia tién hanh 1ay cac mau nudc mit, nude thai va nude ngam tai khu
vuc lang Bong HO, cu thé nhu sau:

Bang 1. Vi tri cdc diém ldy mau mede tai lang Pong Ho

TT Ky hi¢u Toa do vi tri lay TT Ky hi¢u Toa do vi tri lay
mau mau

1 Nudc mat (M1) 21923°19.67°N 5 Nudc giéng (N2) 21°23°17.88°N
105°55°68.25”E 105°55°36.00”E

2 Nudc mat (M2) 21923°40.72°N 6 Nudec thai (T1) 21923°38.81°N
105°55°25.99”E 105°55°24.00"E

3 Nudc mat (M3) 21923°34.02°N 7 Nudc thai (T2) 21°23°27.93"N
105°55°26.35”E 105°55°46.44"E

4 | Nuéc giéng (N1) 21923°17.38°N 8 Nudce thai (T3) 21923°32.27°N
105°55°14.34”E 105°55°29.05E
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K¥ thuat lay rgéu theo TCVN 5994:1995 (ISO 5667-4:1987) Chét luong nudc — Liy
mau. Hudng dan ldy mau ¢ ho, ao ty nhién va nhan tao va bdo quan ngay tai hién truong
theo TCVN 6663-3:2008 (ISO 5667 — 3:2003)

2.2.3. Phuwong phap phan tich trong phong thi nghiém

1. Xac dinh chi s6 pemanganat theo TCVN 6186: 1996

2. Xac dinh COD bang phuong phéap chuin do dicromat theo TCVN6491:1999

3. Xé4c dinh tong Fe trong nuéc bang phuong phép tric quang dung thudc thir 1,1
phenantrolin

4. Xac dinh Mn, Pb, Cu bang phuong phap AAS theo TCVN 6139:1996

5. Xac dinh BODsbéang phuwong phap pha lodng va cdy c6 bo sung allythioure

6. Xac dinh NOs” bang phuong phap tric quang ding thudc thir axit sunfosalixylic

7. Xac dinh coliform theo TCVN 6187-2:1996 (ISO 9308-2:1990)

8. X4c dinh ham lugng TSStheo TCVN 6625:2000 (ISO 11923:1997)

9. Xac dinh Clo bang phuong phap chuin d6 Morh
2.2.4. Phuong phap danh gia rii ro méi trudong tai lang nghé

Str dung phuong phap danh gié ri ro méi truong theo moé hinh du bao:

Buéc 1: Xéc dinh tdc nhan gay hai

Bude 2: Xac dinh hé s rui ro

Hé s6 rui ro dugc tinh toan theo cong thirc 2.1 dudi day

MEC

RQ = SNEC (2.1)
PNEC: Gi4 tri ngudng cua cac thong s theo QCVN
RQ: 14 hé sd rui ro
MEC: Gia tri néng do cac thong sb do dac duoc
Buéc 3: Banh gid rui ro
-RQ > 1: Tac nhan gay hai cin duoc quan tdm va c6 bién phap quan 1i han ché va khic
phuc.
- RQ < I: Tac nhan chua gay hai & mrc nghiém trong
Buéc 4: Dé xuat quan li rai ro
2.2.5. Phuong phap danh gia rii ro stcc khée cong dong din cu tai lang nghé
Bude 1: Nhan dién mbi nguy hai
- Phuong phap nhén dién mdi nguy hai:
+ Sap xép cac dit liéu vé thanh ‘phﬁn mdi truong va tuyén phoi nhiém.
+ Lap béng‘ gia tri trung binh péng do va khqéng nong do.
+ Liét ke lieu lugng tham chiéu RfD (véi chat khong gay ung thu).
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+ Xéc dinh hé sb rui ro theo cong thuc:
Rij = Cjj x Tj (T: tri s6 doc hai) (2.2)
- Véi chat khong gay ung thu: Tj= 1/RfD
+ Heé s rui ro tong cong: Rj = tong cac hé sb rui ro Rij
+ Xép hang cac hop chat hoa hoc theo hé s6 rii ro cho timg tuyén phoi nhidm.
+ Lya chon cac hoa chat sao cho tong h¢ so rui ro ctia cac hoa chat nay chiém 99% hé
s6 rui ro téng cong.

Buwdc 2: Danh gia doc tinh

- Thu thap nhiing nghién ctru ¢6 lién quan trudc do

- Tién hanh 14y mau phan tich thanh phan,ham luong cic chat trong méi trudng

- Khao sét, lay y kién nguoi dan.

Buwéc 3: Danh gia phoi nhiém

Cic d6i trong moi trudng va tuyén 6 nhidm lya chon danh gia phoi nhiém dén sic
khée gom:

1. Phoi nhidm qua dudng tiéu hoa do st dung nuéc ngdm 1am nude an udng.

2. Phoi nhidm ngiu nhién voi dat/can ban 6 nhiém qua duong tiéu hoa.

3. Phoi nhidém qua da trong sudt qué trinh tiép xtic v6i nudce 6 nhidm.

Céng thirc tinh todn phoi nhiém qua dwong tiéu héa do sir dung nwée an uong

_ CwXIRXEFXED
ING,, = ~ awear (2.3)
Gia tri
Ky .
N Tén o Tréem | 17C¢M
hi¢u Nguoi 1é6n ) 0-6
6-12 tuoi 2.
tuoi
INGuy | Luogng chit an vao (mg/kg.ngay) Theo két qua tinh toan
Cw | Nong do hoa chat trong nude (mg/l) Theo két qua quan tric
IR Téc d6 tiéu thy nude (lit/ngay) 2 2 1
EF | Mirc d6 phoi nhiém thuong xuyén (ngay/niam) 365
ED | Khoang thoi gian phoi nhiém (nam) 30 6 4
Bw | Trong luong co thé (kg) 70 29 16
Thoi gian phoi nhiém trung binh véi chét ga 70
01g12‘mp oi nhiém trung binh vdi chat gdy ung 70365 | 70 x 365 X
thu (ngay) 365
AT h hoi nhié binh véi chat kh d
Thoi o hidm ¢ - (i chat kho E
Amglanp or1rf1em rung binh voi chat khong EDx365 | Edx 365 X
gay ung thu (ngay) 365
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Bwéc 4: Dic tinh cua rui ro

Cong thirc tinh toan ddi voi chat khong gay ung thu

HI: hé s0 rui ro

HI =

CDI
RfD

(2.4)

CDI: 1a lidu lwong hoa chit di vao co thé lién tuc mdi ngdy (mg/kg.ngay)

RfD: Liéu lugng tham chiéu (mg/kg.ngay)

Buéc 5: D& xuét giai phap quan 1y rii ro

3. KET QUA VA THAO LUAN

3.1. Panh gia hién trang moi trweong tai lang Pong Ho, xa Song HH, huyén Thuin

Thanh, tinh Bic Ninh

Két qua ddnh gid hién trang méi truong nwéc mdt

Két qua phén tich ham luong cac thong sb trong méi trudng nudc mit tai lang Dong Ho

duogc thong ké ¢ bang 3.1va so sanh v6i QCVN 08-MT:2015/BTNMT (cot B1).

Bang 3.1. Két qua phdn tich ham liwong cdc théng sé trong nwde mdt tai lang Pong HO

Vi tri
STT - Pon vi M1 M2 M3 QCVN 08:2015
Thong so
1 pH 7,0 6,8 6,7 5.5-9
2 DO mg/l 0,5 0,59 0,53 >4
3 TSS mg/1 34 92 27 50
4 BOD:s mg/l 328,5 358,5 321,5 15
5 COD mg/l 1280 1320 1180 30
6 Cl- mg/l 141,81 212,71 210,71 600
7 NO3 mg/l 8,5 7,74 3,7 10
8 Pb mg/l 0,13 0,08 0,02 0,05
9 Coliform MPN/100ml 7500 9000 7000 7500
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Két qua phan tich cho thiy gia tri DO thap hon rat nhiéu so voi quy chudn, tit ca cac gia
tri BODs va gia tri COD tai cac diém ldy miu nudc mit déu vuot qua quy chuan cho phép
rat nhiéu 1an: gia tri BOD vuot tir 21 — 23 1an, gia tri COD vuot tir 39 - 44 1an.Dic biét 1a
ham luong chi trong nude vuot so véi quy chudn cho phép khoang tir 1,6 — 2.6 1an;

Nhu vy, nguyén nhan chu yéu gay 6 nhiém ngudn nudc mat tai lang Péng Ho 1a do
cac chat hiru co kho phan hity sinh hoc. Do thanh phan nuéc thai san xut c6 chira nhidu bot
hd, cin phém mau va mot phﬁn vun giéy qua cac cong doan san Xuét hang ma. Pac biét tai
diém M2 — noi tiép nhan nudc thai lang nghé d6 xudng muong nuéce dan ra rudng.

Két qua danh gid chit lwong nwéc ngam

Két qua ham luong cac thong sb trong nudce ngam tai lang Dong Ho duogc thong ké trong

bang 3.2 va so sanh véi QCVN 09:2015/BTNMT: Quy vé chét luong nude dudi dit.

Bang 3.2. Bang két qua ham lwong cdc thong sé trong nwede ngam tai khu viee nghién ciru

Vi tri
STT - Pon vi N1 N2 QCVN 09:2015
Thong so

1 pH 6,5 6,8 55-85
2 Chi s6 penmanganat mg/1 125 145 4

3 Cr mg/1 317,27 329,07 250

4 NO3 mg/l 6,4 8,3 15

5 Mn mg/l 0,1 0,4 0,5

6 Cu mg/1 0 0,01 1

7 Pb mg/l 0,01 0,01 0,01

8 Tong Fe mg/l 1 1,5 5

9 Coliform MPN/100ml 2 3 3

Qua bang 3.2 cho thdy, nuéc giéng 1y tai lang Pong HO c6 gi tri penmanganat, Clorua,
rat cao va déu vuot QCVN: gia tri penmanganat vuot tir 31,3 - 36,3 lan, gid tri CI" vuot 1,8 lan.

Nhu vy, c6 thé thdy tac nhan gdy anh huong dén nudc ngam tai ling nghé Dong HOo 1a
do céc chét hitu co, chit téy ria chu yéu tor nudc thai sinh hoat ciia nguoi dan.Dac biét 1a ¢
giéng dao (N2) c6 kha ning 6 nhiém kim loai ning va vi sinh cao hon so véi giéng
khoan (N1).
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Két qud phén tich ham lwong cdc thong soé trong nwéc thii.

Két qua phan tich ham lugng cac thong sb trong cac mau nude thai duogce thong ké &
bang 3.3 va tri so sdnh v&di QCVN 40:2011/BTNMT cét B.

Bang 3.3. Bang két qua ham lwong cdc théng so trong mede thdi tai khu viee nghién ciru

Vi tri
STT - Pon vi T1 T2 T3 QCVN 40:2011
Thong so

1 pH 6,1 6,0 6,2 55-9
3 TSS mg/l 233 68 435 100
4 BOD:s mg/l 428,5 276,5 435,5 50

5 COD mg/l 1720 1080 1560 150
6 Cr mg/l 567,24 744,51 460,88 1000
7 Mn mg/l 0,3 0,6 0,3 1

8 Cu mg/l 0,47 0,4 0,5 2

9 Pb mg/l 0,51 0,5 0,55 0,5
10 Coliform MPN/100ml 6700 7500 6500 5000

Qua bang két qua phén tich ham lwong cac thong sb 6 nhidm ta thay hau hét cac thong
sétrong 3 mau nudc thai déu co gia tri cao va vuot quy chuin cho phép nhiéu lan: Gia tri
BODs vuot tir 5,53 — 8,71 1an, COD vuot tr 7,2 — 11,5 1an va ham lugng TSS vuot khoang
2,33 — 4,35 lan. Ham lugng kim loai ndng trong nudc thai chu yéu la Pb vuot khoang 1,1
1an. Gia tri coliform cao nhét vuot 1,5 1an.

Nhan xét chung

Tir két qua phan tich trén, c6 thé dua ra nhitng danh gia chung vé chat luong méi trudong
nuée lang Péng HO, huyén Thuan Thanh tinh Bic Ninh nhu sau: hau hét cac thong s6 DO,
BODs, COD, Pb va Coliform trong cdc mau nudc mit, nude ngﬁm va nudc thai tai lang nghé
déu c6 gia tri cao dat &én ngudng 6 nhidm va vuot quy chuin cho phép nhiéu lan, diéu nay
s& gy ra nhitg anh hudng khong nho dén sirc khoe ngudi dan trong lang khi sir dung. Do
d6 can sém co nhitng bién phap kiém soat, xir 1y nude.



TAP CHi KHOA HOC - SO 20/2017

| 155

3.2. Panh gia rii ro moi trwong tai lang nghé san xuit hang ma.

3.2.1. Poi v6i nwde mit

Két qua danh gié rai ro moi truong voi nude mit duge thong ké tinh duge nhu sau:

Bang 3.4. Ket qua tinh hé so rui ro moi truong cua cac thong so trong nuwoc mat

STT Théong sb MEC nax MECgn PNEC RQumax RQgm
1 NOy 8,50 7,64 10 0,85 0,76
2 DO 0,50 0,54 4 0,125 0,135
3 BOD:;s 358,50 336,17 15 23,90 22,41
4 COD 1320 1280 30 44,00 42,67
5 TSS 92 51 50 1,84 1,02
6 Coliform 9000 7833,3 7500 1,20 1,04
7 Pb 0,13 0,08 0,05 2,6 1,6
8 Cl- 212,71 188,41 600 0,35 0,31

Ngudn PNEC: c6t BI-OCVN 08:2015/BTNMT

Theo két qua tinh todn, hau hét hé sb rii ro moi trudng cua cac thong sé 6 nhidm déu
16n hon 1, dao dong tir 1 dén 42 & gid tri rti ro trung binh (RQgm) dic trung cho toan khu
vuc lang nghé.Tir két qua bang 3.4 ta c6 thé sip xép cac tac nhan rui ro theo thr ty vu tién

nhu sau:

Bang 3.5 Keét qua so sanh hé so rii ro moi truong cua cdac thong so 6 nhiém trong nuwdc mat

tai khu vie nghién ciru

Loai rii ro Tac nhan gay rii ro
Rui ro chung RQgm> 1 Pb>COD>BOD>TSS>Coliform
Rui ro cuc b RQmax>1 Pb>COD>BOD>TSS>Coliform
Rui ro chép nhan duoc RQumax<1 CI>NOs> DO

3.3.2. Poi v6i nwde ngim

Két qua danh gia rai ro moi truong doi voi nudc ngam dugc thong ké nhu sau:
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Bang 3.6. Keét qua tinh hé so rui ro moi truong cua cdc thong so 6 nhiém trong nuwoc ngam tai

khu viee nghién ciru

STT Théng s6 MECmax MECgm PNEC RQmax RQgm
1 Cl- 329,07 323,17 250 1,32 1,29
2 NOs 8,3 7,35 15 0,55 0,49
3 Mn 0,4 0,25 0,5 0,8 0,5
4 Pb 0,01 0,01 0,01 1 1
5 Téng Fe 1,5 1,25 5 0,3 0,25
6 Coliform 3 2,5 3 1 0,83

Nguon PNEC: OCVN 09:2015/BTNMT
Tir két qua tinh bang 3.6 ta thdy hé sd rui ro cua thong sé dang quan tdm gdm: CI1a cao
nhét voi RQmax = 1,32 >1, thir hai 1a hé s6 rui ro ciia Pb va Coliform v6i RQmax= 1

Bang 3.7. Két qua so sanh hé so riui ro moi trueong cua cdc thong so trong nuwoc ngam

Loai rii ro Tac nhan gy rii ro

Rui ro chung RQgm> 1 Pb>CI
Rui ro cuc bd RQmax>1 Pb>Cl>Coliform
Rui ro chép nhan duoc RQmax<1 Mn>NO;> Fe

Bang 3.7 cho thiy cac théng s Pb, Cl" va Coliform déu 1a cac tac nhan giy rui ro trén
dién rong, can co bién phap quan 1i kip thoi. Ngoai ra, Fe, NO3™ va Mn 1a céc tic nhan gay
rii ro chap nhan duge nhung ciing cin co bién phap quan 1y, kiém soat va xir 1y trong
tuong lai.

Nhu vay, doi véi chit lugng nuée tai lang Pong Ho thi van dé& quan tdm nhat chinh 1a
van d& 6 nhiém nghiém trong boi cac tc nhan chinh 1a Pb, BODs, COD va Cl" v6i mirc do
gy rui ro cta cac tac nhan 13 rat 1on va trong tuong lai con cé xu hudng gia ting néu hoat
dong bao vé moi truong khong dugce quan 1y tot, dam bao sy phét trién bén viing.

3.4. Panh gia rai ro sirc khoe cong dong dan cw tai lang Pong HO

3.4.1. Nhin dién mdi nguy hai

Tir két qua bang 3.2 lya chon nong do cac chat nghién ciru & cac mau c6 ham lugng cao
nhat dé st dung cho mo6 hinh dénh gia rai ro strc khde cong dong
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H¢ s6 rui ro qua duong an uong khi doéi voi nguodi dan lang BPong Ho nhu sau:

Bang 3.8. H¢ 50 rui ro qua con dwong an uong

STT Théng sb Cij RfD Rjj Xép hang
1 Fe 1,5 0,005 300 1
2 Mn 0,4 0,009 44.4 3
3 Pb 0,01 0,0001 100 2
4 NO5 8,3 1,6 52 4

3.4.2. Panh gia doc tinh

Theo két qua quan tric c6 thé nhan thdy, két qua quan tric mau nudc ngam tai lang
DPoéng HO c6 ham lugng cac cht hitu co rat cao, can phai xir Iy va c6 bién phap giam thiéu.
Ham luong Mn, Pb, NO3', Fe trong nudc ngam cao nhung van nam trong gidi han cho phép.

Theo két diéu tra cac ho gia dinh & khu vuc san xuit hang ma cho thdy:100% céac ho gia
dinh dwoc hoi déu st dung nude ngdm cho sinh hoat,in uéng hang ngay.18% cac ho dan
duoc hoi cho biét & khu vuc nay nhiéu nguoi méc cac bénh vé duong tiéu hoa, 35% méc cac
bénh vé da, dic biét 1a tré em.

Nhu viy, theo két qua danh gia so bd stc khoe nguoi dan lang Pong HO chiu tac
dong ciia ham luong cac chit 6 nhidm cé trong nude ngam, dic biét 1a chét hitu co va kim
loai nang.

3.4.3. Panh gia phoi nhiém

Phoi nhiém qua dwong tiéu héa doi véi nguon nude dimg trong sinh hoat bi 6 nhiém

Str dung cong thirc 2.3 va s lidu trong bang 3.2 dé tinh toan. Gia trj ndng dé do duoc
dung 1a gia tri ham luong 16n nhit cua chat d6 trong cac mau phan tich.

Bang 3.9. Nong dé cdc chat phoi nhiém qua dwong tiéu héa do uong niede é nhiém

) INGs (mg/kg.ngay)
STT Thong so - -
Nguwoi lon Tré 6-12 tuoi Tré 0-6 tuoi
1 Mn 0,01 0,03 0,03
2 Fe 0,04 0,1 0,09
3 Pb 0,0003 0,0007 0,0006
4 NOs 0,24 0,29 0,52




158 || TRUCGING BAI HOC THU BA HA NOI

3.4.4. Panh gia rii ro
Tir cac két qua tinh dugc ¢ bang 3.9, dic tinh rii ro ddi v6i cac chat khong gy ung thu
trong moi trudng nudc ngdm tai khu vire nghién ciru duoc thong ké & bang dudi day

Bing 3.10. Pdc tinh riii ro ciia cdc chat khong gdy ung thuw trong méi trieong nwde ngam khi

phoi nhiém qua dwong dn uong

RfD CDI HI
Poi twgng (mg/kg.ngay) (tiéu hoa) . Anh huéng
. (Tieéu hoa)
(mg/kg.ngay)
Mn
Nguoi 16n 0,01 2 C6 anh huéng
Tré 6 - 12t 0,005 0,03 6 C6 anh huodng
Tré 0 - 6t 0,03 6 C6 anh hudng
Fe
Nguoi 16n 0,04 4.4 C6 anh hudng
Tré 6 - 12t 0,009 0,1 11,1 C6 anh huéng
Tré 0 - 6t 0,09 10 C6 anh huoéng
Pb
Nguoi lon 0,0003 3 Co anh huong
Tré 6 - 12t 0,0001 0,0007 7 C6 anh hudng
Tré 0 - 6t 0,0006 6 C6 anh huong
NOs

Nguoi 16n 0,24 0,15 Khoéng anh huéng
Tré 6 - 12t 1,6 0,29 0,18 Khoéng anh huong
Tré 0 - 6t 0,52 0,33 Khoéng anh huéng

Nhu vay, ddi voi cac thong s6 kim loai nang (Fe, Pb, Mn) déu co két qua danh gia c6
tinh rai ro cao, c6 kha nang anh hudng ddi voi stc khoe ngudi dan lang Pong Ho khi thuong
xuyén st dung ngudn nude.

3.4.5. Quan ly rii ro

Cdc bién phap quan ly rui ro

e Cong cu phap ly

Lap ngan sach bao vé moi truong: Mbi thang dia phuong c6 thé thu tir 10-15 nghin dong
mot ho, s6 tién nay 1a hop 1y véi thu nhap ctua ngudi dan.
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Lap ddi chuyén trach vé vé sinh méi trudng chuyén phu trach viée thu gom réac thai va
nao vét khoi thong kénh muong, cong ranh hang ngay.

e Cong cu giao duc, truyén thong

T4 chirc cac budi nodi chuyén, trao ddi, 1dy y kién nhan dan. T6 chuc tip huin vé moi
truong dé gitp nhan dan hiéu duoc su quan trong cua moi trudong, nam bét dugc co ban vé
luat moi trudng dé tranh vi pham.

Phat dong phong trao v¢ sinh toan lang, xa dinh ky: mot tuan mot lan. Quét don, nao vét
cdng ranh khoi thong dong chay tranh tinh trang ti dong nude thai.

e Cong cu ki thuat

HO tro, dau tu xay dung hé thdng cip nudc sach cho dia phuong.

Can nhanh chong xdy dung hé thong thu gom tap trung nude thai tir hoat dong san xuat

Xay dung bé chira nuéc thai tip chung, 4p dung cong nghé xir Iy phi hop trude khi thai
ra moi truong nhu hién nay va c6 ngudn kinh phi dé duy tri hoat dong nay.

4. KET LUAN VA KIEN NGHI

Két qua tinh toan cua bai viét da chi ra dugc nhimg rai ro méi trudng dbi voi lang Pong
HO, xa Song HO, huyén Thuan Thanh, tinh Bic Ninh 1a vin dé 6 nhiém nudc mit va nude
ngam. Hé s rui ro cho thiy cac thanh phdn méi truong nay co nguy co cao gay anh huong
dén strc khoe ngudi dan boi cac tac nhan chinh 13 kim loai ning (Pb), BOD va COD. Panh
gia vé mirc d6 rai ro do cac chit ¢ trong moi trudng nudce phan tich duoc tai lang Dong H),
xd Song Ho, huyén Thuan Thanh: Rui ro dén sirc khoe khi song trong ving dat 6 nhidém ¢
mirc cao ddi v6i ca nguoi 16n va tré em. Diéu nay doi hoi sy can thiét co cac giai phap bao
v€ moi truong va bao vé suc khde con nguoi.
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EVALUATING THE EFFECT OF ENVIRONMENTAL
POLLUTION ON HUMAN HEALTH AT DONG HO VILLAGE,
SONG HO COMMUNE, THUAN THANH DISTRICT, BAC NINH
PROVINCE

Tom tit: The paper presents the need for assessing the impact and risk to public health
caused by environmental pollution. Based on observation data to analyze the parameters
of pollutants to assess the water quality in Dong Ho village, Song Ho commune, Thuan
Thanh district, Bac Ninh province. Using the environmental risk assessment method to
calculate the environmental risk coefficient and health risk coefficient in the craft village.
Calculated results of the article will be an important scientific basis for proposing solutions
and orientations for sustainable development of craft villages and environmental
protection for local people.

Tir khoa: Pollution, water quality, environmental risks, health risks, handicraft villages.
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