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ABSTRACT

We study a sufficient condition for having a liouvillian solution of the autonomous algebraic
ordinary differential equation f(y,vy') = 0, where f(X,Y) = 0 defines a rational algebraic curve
over C. Basically, the condition relies on a proper rational parametrization of the algebraic curve
f(X,Y) = 0 and the existence of a liouvillian solution of the first order, first degree differential

equation y' = R(y), where R(y) is a rational function in the variable y over C.

Keywords: Algebraic differential equation, Liouvillian solution, parametrization,

rational algebraic curve.
TOM TAT
Nghié¢m Liouville ciia cac phuong trinh vi phian dai so

cip mot giong khong

Chiing toi dua ra mét diéu kién di dé phuong trinh vi phan dgi s6 autonom f(y,y') =0 ¢6
mot nghiém liouville, ¢ day f(X,Y) = 0 zdc dinh mét duong cong dai s6 hitu ti trén C. Vé co bin
diéu kién nay dya trén mt phép tham sé hitu ti thuc sy cia dudng cong dai s6 f(X,Y) =0 va sy
ton tai mot nghiém liouville ciia phuwong trinh vi phan cap mot, bic mot v = R(y), trong dé R(y)
la mot ham hitu tf theo bién y vdi hé sb trén C.

T khéa: Phuong trinh vi phan dai s6, nghiém Liouville, phép tham s6 hoéa, dudng

cong dai s6 hitu ti.

1. Introduction

An algebraic ordinary differential equation (AODE) of order one is of the form

f(y7y/) - 07
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where f € C(z)[y, '] and f effectively contains the derivative y’. A solution of f(y,y’) =0
in a differential field extension E of C(z) is an element 7 € E such that f(n,n’) = 0, where’
is the derivation of E extending the usual derivation of C(z).

Liouville’s theorem ([2]) gives a necessary and sufficient condition on the element
a € F in order that the linear differential equation ¥’ = a has an elementary solution over
the differential field F' of characteristic zero. Rosenlicht is the first person who gave an
algebraic proof of Liouville’s theorem completely ([11], [12]).

For nonlinear AODE f(y,y’) = 0 over C(z), Mordukhai-Boltovski ([10]) described
the forms of an elementary solution of the differential equation. In his paper, M.F. Singer
([15]) provided a necessary and sufficient condition on the right hand side of the differential
equation ¢y = R(y), where R is a rational function over the constant field, having a
non-constant elementary solution over the constant field. Recently, V.R. Srinivasan ([17])
generalized Singer’s result to the case of having liouvillian solution. On the other hand,
Srinivasan proved that if P(X) € C[X] is a polynomial in one variable with constant
coefficients of degree at least three and P has no multiple root, then the differential
equation y”> = P(y) has no non-constant liouvillian solution over C. This result generalizes
Rosenlicht’s result ([13]) concerning the case of elliptic equation y? = y3 +ay+b, a,b € C,
4a® + 276 # 0.

On the computational aspects, R. Feng, et al. ([4],[1]) proposed algorithms comput-
ing a rational general solution, an algebraic general solution of an autonomous AODE of
order one. Later N.L.X. Chau, et al. ([8], [9], [5], [6]) generalized Feng’s results to the
case of rational general solutions of non-autonomous AODEs of order one. Beside, V.N.
Thieu developed several complete algorithms to compute (strong) rational solutions and

algebraic solutions of AODEs of order one in his doctoral thesis [18].

In this paper, we consider an autonomous AODE of order one given by f(y,y’) = 0,
where f € C[X, Y] is an irreducible polynomial and f(X,Y) = 0 defines a rational
algebraic curve. We study a sufficient condition for which the differential equation

f(y,y') = 0 has a liouvillian solution over C.

2. Preliminaries

2.1. Liouvillian extensions

The theory of algebraic differential equations can be symbolically studied in differential
algebra context. In this section, we recall some basic notions on differential fields and
liouvillian extensions. A field F is called a differential field with the derivation’ if’ : F' — F
satisfies (z+y) = 2/+v and (zy) = 2/y+ay forallz,y € F. Theset C = {ce€ F | ¢ =0}
forms a subfield of F' which is called the constant field of F'. A differential field F is said
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to be a differential extension of I' if E contains F as a subfield and the derivation of FE

restricting to F' coincides with the derivation of F'.

Definition 2.1. A differential field extension F of F' is said to be a liouvillian extension
of F if there exist t1,...,t, € E such that F = F(t1,...,t,) and for any i € {1,2,...,n}

one of the following conditions holds
1. t; is algebraic over F'(t1,...,t;i—1);

2. t; € F(tl, .. '7ti—1);

b
‘s?t

€ F(tl, .. -ati—l)-

o~
-~

/ /

Uu-
If ) = j with u; € F(t1,...,ti—1), then we write t; = logu,. If -+ = u, then we
write t; = e%. ‘ '

Definition 2.2. The differential extension F' C F is said to be an elementary extension if
the second and the third condition in Definition 2.1 are replaced by t; = log u; and t; = e%

respectively.

Definition 2.3. A solution of the differential equation f(y,y’) = 0 over C(z) is said to

be liouvillian if it is contained in a liouvillian extension of C(x).

2.2. Rational algebraic curves

In this section, we present some basic notions and important results from the known theory
of rational algebraic curves. For a full account of rational algebraic curves we refer to [14].

Let f(X,Y) € C[X,Y] be an irreducible polynomial in two variables over the
algebraically closed field C. The set

¢ ={(a,b) € C*| f(a,b) = 0}
defines an algebraic curve over C.

Definition 2.4. A rational parametrization of the algebraic curve f(X,Y) = 0 is a pair
of rational functions X (), Y (t) € C(¢) such that

1. for almost all ty € C the point (X (¢y),Y (t0)) € C;

2. and for almost all point (zo,yo) € C there exists ¢ty € C such that

(X(t0),Y (o)) = (0, %0)-
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Definition 2.5. An algebraic curve f(X,Y) = 0 is said to be rational if it admits a

rational parametrization.

One can test the rationality of an algebraic curve by computing its genus, which is

a natural number and invariant under the birational transformations.
Theorem 2.1. The algebraic curve f(X,Y) = 0 is rational if and only if its genus is zero.

Definition 2.6. A rational parametrization (X (¢), Y (¢)) of the algebraic curve f(X,Y)=0
is said to be proper if for almost every point (xg, yo) on the curve there is a unique t; € C
such that (X (t0),Y (t0)) = (20, v0)-

Theorem 2.2. Let (X;(t),Y1(t)) be a proper rational parametrization of the algebraic
curve f(X,Y) = 0. Then for any rational parametrization (Xo(t),Y2(t)) of f(X,Y) =0
there is a rational function R(t) € C(t) such that

(X2(1), Ya(1)) = (X1 (R(1)), Yi(R(2)))-

t+0b
In addition, if (Xa(t),Ya(t)) is proper, then R(t) = ot for some a,b,c,d € C and

ct+d
ad — bc # 0.

3. Main results

In this section, we consider the autonomous AODE of order one given by

fly,y) =0,

where f € C[X,Y] is an irreducible polynomial and f(X,Y) = 0 is a rational algebraic
curve. We study a sufficient condition for which the differential equation f(y,y’) = 0 has

a liouvillian solution.

Proposition 3.1. Let f(X,Y) = 0 be a rational algebraic curve over C. Suppose that
(X1(t),Y1(t)) and (Xa(t),Ya(t)) are two different proper rational parametrizations of the
algebraic curve f(X,Y) = 0. Then the two differential equations

, V() ;o Ya()
=axm ™ T ax,0
ot ot

have the same liouvillian solvability.

Proof. Since (X1 (t), Y1(t)) and (X2(t), Ya(t)) are two different proper rational parametriza-
at +0b

tions of the algebraic curve f(X,Y) = 0, there exists a rational function R(t) = T d
c

with a,b,c,d € C, ad — bc # 0 such that

(X1(R(1)), Y1(R(1))) = (Xa(t), Ya(2))-
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Y;
Assume that the differential equation ¢’ = 3 ;(28) has a liouvillian solution ¢ over C, i.e.,
2
ot
there exists a liouvillian extension field E of C containing ¢. Then
s W) Yi(R@)
0Xs(t)  0X1(R(t)) OR(t)"
ot ot ot
It follows that s = R(t) is a solution of the differential equation s" = 3};(2) .Since t € E
1
0s

and R is a rational function over C, it turns out that R(t) € E, that means R(t) is a

liouvillian solution over C. OJ

Theorem 3.1. Let f(X,Y) = 0 be a rational algebraic curve and (X (t),Y (t)) be a proper
rational parametrization of f(X,Y) = 0. If there exists a rational function Z(t) € C(t)
such that

OX (1) OX(t)  9Z(t)
ot _0Z(t) - "o _ ot
Y (t) ot Y(t)  aZ(t)

for some a € C*, then the differential equation f(y,y') = 0 has a liowvillian solution,
precisely y(t) = X (t), where t is a root of Z(t) = x or Z(t) = e**.

Proof. 1. Assume that there is a rational function Z(t) € C(t) such that

0X(t)
ot 92(1)
Y (t) ot
. 0Z(t) Y() . : e PN v d _
ie, — X 1. Consider the differential field (C(z),”) with 2’ = 1, let Z(t) = =z,
ot
. . oZ(t) ,
that means ¢ is algebraic over C(z). Then T -t' = 1. It follows that
Y(t)
o [
t = 8X(t)’ Le., (X(t)) *Y(t)
ot

Since f(X(t),Y (t)) = 0, it implies that y = X (¢) is a solution of the differential equation
f(y,y') = 0. Since X (¢) is a rational function in ¢ and ¢ is algebraic over C(z), it follows
that ¢ is liouvillian over C(z).
2. Assume that there is a rational function Z(¢) € C(¢) such that
oxX(t) 0Z(t)

ot _ _ot
Y(t)  aZ(t)
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Consider the differential field (C(z),) with 2’ = 1, let Z(¢t) = e**, i.e., ¢ is algebraic over
the field C(x)(e*”). Then

oz(t) ,
It follows that Y(t)
r_ r_
U= (9X(t) 1.e., (X(t)) *Y(t)
ot
Therefore, y = X (t) is a liouvillian solution of f(y,y’) = 0 over C(x). O

4 Examples
In this section, we demonstrate two examples according to the two cases in Theorem 3.1.
Example 4.1. Consider the differential equation
Fy,y) == =9y% + 30y — 12y + 36y’ — 25 + ¢ = 0.
The corresponding algebraic curve
FX,Y) = —9X% + 30X — 12Y% +36Y — 25+ Y* =0

has a proper rational parametrization

(4t — 1)(164t> — 58t +5) 4t
(v - (IR I,

We have

0X(t)
ot M -12t41 9 11
Y(t)  #26t—-1)2 ot \3(6t—-1) t)°
Let Z(t) = 3(6tl—1) —% and ¢ be an algebraic function satisfying Z(t) = x. Then y = X (t)

is a liouvillian solution of f(y,y’) = 0.

Example 4.2. Consider the differential equation
fly, o) == =9y + 36yy’ — 36y> + 216y° — 432y'y* + 288y"%y — 641,
The corresponding algebraic curve
FX,Y) = —9Y2 + 36 XY —36X% +216X° — 432Y X? + 288Y2X — 64Y* = 0

has a proper rational parametrization

9 t(l—4t+4t*) 9 1 — 4t + 4¢*
X@t),Y®) ==z 2 '
(X (), Y()) (836t—54t2+27t3—8’836t—54t2+27t3—8

10
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We have
DX (t)
o 28t-1) 9. 2-1
Y(t) @@ -D@t-2) ot CBt_272

Let Z(t) = (32;__21)2 and let ¢ be a function satisfying Z(t) = e*. Then y = X (¢) is a

liouvillian solution of f(y,y’) = 0.
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TINH GIA DUGI CHINH QUY CUA CAC ANH XA DA TRI

NGUYEN HOU TRON?, NG‘-DQL‘TN VAN VU!, DUGNG THI THU THUY?
1Khoa Toéan, '0ng Dai hoc Quy Nhon
2 Khoa To4n, Truong Dai hoc Quang Nam

TOM TAT
Trong bai bdo nay, ching toi nghién ciu tinh gid dudi chinh quy theo hudng cdp cao
cta cdc dnh xq da try gita cdc khong gian Banach. Ching toi sé cho cdc dac trung mdi
cho tinh chat nay qua cdc doi tuong tua dao ham nhu do dbéc manh, doi dao ham, tdp tdi
han gidt han.
T khéa: D6i dao ham, Tap téi han ngat gidi han, Tinh dudi chinh quy métric theo
huéng, Tinh gid dudi chinh quy métric.

ABSTRACT
Metric Pseudo - Subregularity of Set - Valued Mappings

In this paper, we study directional pseudo metric subreqularity of higher order of setvalued
mappings between Banach spaces. We shall give new characterizations for this property
via derivative-like objects such as strong slope, codertvatives, critical limit sets.

Key words: Coderivative, Limiting strictly critical set, Directional metric sudregularity,
Pseudo metric subregularity.

1. Giéi thidu

Tinh chinh quy métric 13 mot khai niém trung tam trong Téi wu va Gidi tich bién
phan, déng vai tro quan trong trong thiét 1ap diéu kién ton tai nghiém ctia cic bai toin
Téi wu, céc phuong trinh (t6ng quat); phan tich sy hoi tu ciia céc thuat toan,... N6 c6
ngudn goc trong Nguyen 1y anh xa mé ciia Banach-Mot trong ba nguyén 1y co ban clia
Giai tich ham (1930s), trong Dinh 1y vé khong gian tiép xtic ctia Lyusternik (1934), trong
Dinh 1y toan 4nh ciia Graves (1950s). Cac két qua dic sic nay sau d6 duge mé rong dén
cac anh xa da tri c6 do thi 16i déng trong cac két qua ctia Robinson va Ursescu nhitng nam
1970 - Dinh 1y Robinson-Ursescu. Ngay nay, khai niém nay dugc xét nhu mét khai niém
trung tam cho viéc nghién cttu sy ton tai va ddng diéu nghiém ciia cdc phuong trinh phi
tuyén duéi sy nhiéu nhé ciia dit kién dau vao. Trong nhiing thap nién qua cic y tudng
toan hoc dya trén viéc sit dung cac ki thuat tién tién cta 1y thuyét vi phan tong quat da
cho phép mé rong viec nghién cttu nay dén céc phuong trinh tdng quat, nghia la cac bao
ham thtc duge xdc dinh bdi cac anh xa da tri.
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Vai trd quan trong ciia tinh chéit nay trong T6i wu va Giai tich bién phan cfing nhu sy
quan tam nghién citu ciia cac chuyén gia trong linh vite nay c6 thé tim thay trong nhiéu
cong trinh quan trong (3, 7, 8, 9, 10, 16| v nhitng tai liéu tham khao trong d6. Theo thoi
gian va nhu cau st dung, cac bién thé ctia tinh chinh quy métric dugc diéu chinh theo cho
thich hgp véi cac bai toan thuc té. Cac phién ban yéu hon, manh hon hay cac phién ban
tuong duong da duge nghién citu va da cho thiy vai tro quan trong trong céc ting dung
khac nhau trong Toan hoc, ddc biet 1a trong Gidi tich bién phan va Téi wu [9, 10, 16], ...

Mot hudng khac trong dong lich sit nay 1a xay dyng cac mo hinh theo huéng cho nhiing
dobi tugng nay ma ching duge nghién cttu gan day béi cac tac gid Arutyunov [1], Gfrerer [7],
Ngéi-Théra [12], Ngai-Tron-Tinh [14]. Cac ddc trung cta cac khai niém nay déd dugc
thiét lap v dude dp dung thanh cong dé nghién citu céc diéu kién ton tai nghiém cho céc
bai toan quy hoach toén hoc, tinh toédn cac nén tiép xtc,... Dong luc tit nhitng ¥ tudng
dugc cho trong cac cong trinh & trén, trong bai bao nay ching toi nghién cttu mot tinh
chét c6 tén goi 1a gid dudi chinh quy métric duge gi6i thieu bsi Gfrerer [7]. Noi dung chinh
14 dua ra cac dac trung vi phan méi cho tinh chét nay.

Bai bdo nay dugce chia thanh bén phan. Ngoai phan mé dau, Két luan, phan hai gi6i
thiéu cac ki hiéu toan hoc va cac dinh nghia co ban. Trong phan 2, chiing t6i trinh bay
cac kién thitc chudn bi quan trong can st dung va nghién citu trong bai bao. Phan tiép
theo trinh bay cac két qua chinh ctia bai bao: cic dac trung cia tinh gid dusi chinh quy
métric qua do déc manh, déi dao ham va tap téi han ngit giéi han. Phan cubi cuing danh
cho sy tong két két qua da nghien ctu.

2. Kién thic chuan bi

Kién thitc duge dung trong bai bdo duge trich dan chinh trong hai cudn sich chuyén
khéo Rockafellar & Wets [16] va Penot [15].

Trong subt bai bao ching t6i sé lam viéc trong bdi cdnh ciia cac khong gian Banach
thie. Néu X 13 mot khong gian Banach, chiing t6i ki hiéu || - || chuan lién két va d(z, Q)
14 khodng cach tit z € X dén tap hop con Q clia X, nghia 13, d(z,Q) := inf{|z — y| :
y € Q}. Déi ngiu topo ctia X duge ki hidu bdi X*, va || - ||* 14 chuan déi ngiu cta || - ||,
Bx = {z € X : |z| <1} hinh cau don vi déng béi, Sx = {z € X : ||z|| = 1} 1a mit cau
don vi, va ki higu B(x,r) 1a hinh cau mdé tam x vA ban kinh r, tuong tng.

Mot anh xa da tri [a mot anh xa Tt X vao cac tap con cta khong gian Banach khéac
Y va ching t6i stt dung ki hieu 7 : X = Y. Do thi ctia T' dudgc ki hiéu béi Gr T 13 tap hgp
cac diém trong X x Y sao cho y € T(x), trong khi 77! : Y = X, anh xa ngugc ciia T
(lu6n luén ton tai), duge cho béi

(z,y) € GrT <= (y,z) € GrT L.

Ta néi rang 7' 13 déng néu do thi clia né 1a déng tng véi to po tich tréen X x Y. Cho mot
tap K C X, ching toi st dung ki hieu cone K cho bao nén ctia K, la tap tat cd cac td
hgp nén YiZ7\;z; cla cic diém K trong dé \; > 0 v6i mdi chi sb i.

Cho mot ham gid tri mé rong f: X — R U {+oo} ching t6i sé& sit dung ki hiéu clf dé
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ki hiéu bao ntta lién tuc dudi ctia f duge xac dinh bdéi
clf (z) — limnf f(u),
va Dom f 14 mién xac dinh ciia f, nghia 13, tap hgp nhitng diém = € X sao cho f(z) hitu
han. Duéi vi phan 16i ctia f tai 2 € Dom f 1a tap
Of (x):= {z" e X*: 2",y —x) < f(y) — f(z) forall ye X}
If f(x) = +oo, we set df(x) = 0.

Do déc manh |V f|(x) clia ham f tai x € Dom f. Dai lugng nay dugc gidi thieu béi De
Giovani, Marino & Tosques [5] va dugc xac dinh béi:

0 néu x 1a mot diém cyc tiéu dia phuong cia f
oy /@) = £)
y—x, y£T d(ﬂf, y)

V() = ngoai ra.
Néu z ¢ Dom f, ngusi ta dat |V f|(z) = +oo.
Khi f 1a mot ham 16i xac dinh trén mot khong gian Banach va  khong phai 1a mot diém

cye tiéu dja phuong thi theo Ioffe [8, Poposition 3.8] (xem Azé & Corvelec [2, Proposition

3.2])
V1) =sup T ZION 1910 = ag0.05@)).
y#£T ||I - y”
Trong cac phan sau, ching toi sé sit dung toan tit dudi vi phan tritu tugng. Toan ti
nay duge ki hieu béi 0 va théa mén cac dicu kién sau:
(C1) Néu f : X — R la mot ham 16i ma lién tuc tai € X va B: R — R 1a kha vi lien
tuc tai t = f(z), thi

0(Bo f)(x) C{B'(f(z))2" € X*: 2",y —2) < f(y) — f(x) Vye X}
(C2) df(z) = dg(x) néu f(y) = g(y) véi moi y trong mot 1an can cla z;

(C3) Cho f1 : X — RU{+o0} 1a mot ham nita lien tuc duéi va fo, ..., f,, : X — R cac ham
Lipschitz dia phuong. Néu f; + fo + ... + f, dat cyc tiéu dia phuong tai zo, thi véi
moi e > 0, ton tai x; € xo +eByx, zF € 0fi(x:), i € 1,n, sao cho | fi(z;) — fi(zo)] < &,
iel,n,va

lz] + a5 + ... + || <e.

Hon ntta, ching toi gid s rang 0 1 mot toan tit dudi vi phan trén X x Y ma no thda
mén tinh chét tach dugce theo nghia sau:

(C4) Néu f 1a tach duge xac dinh trén X x Y, nghia 1a, f(z,v) := fi(z) + fo(y), (z,y) €
X xY, trong d6 f1 : X — RU {+o0}, fo: X - RU {400}, thi

Of(z,y) = 0fi(z) x Of2(y), chomoi (x,y)€ X xY.
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Ta nhéc lai ham chi o ctia mot tap dong C trong X 14 ham duge xéc dinh béi
to(z) = 0 néu x € C va 1c(x) = +0o0, ngoai ra. Cho toan tit dudi vi phan triru tugng 0,
tap N(C,x) = diuc(z) luon luon 1a mot nén, duge goi 1a nén phap tuyén cta C tai z lien
két véi 0.

Cho F': X = Y la mot anh xa da tri va (z,y) € GrF. Cho mot dudi vi phan triru
tugng O va nén phap tuyén lien két véi 9, anh xa da tri D*F(z,7) : Y* = X* dugc dinh
nghia bdi

D*F(z,y)(y") = {=* € X*: (2%, —y") € N(Gr F\ (2,9))}
dugc goi 1a d6i dao ham cta F tai (z*,y*) lien két véi 0.

Cht ¥ rang du6i vi phan trén cac khong gian Hilbert, du6i vi phan Fréchettrong cac
khong gian Asplund, cdc du6i vi phan nhét trong cédc khong gian tron cling nhu duéi vi
phan Clarke-Rockafellar ctia cic khong gian Banach téng quat 1a céc dudi vi phan thoéa
mén cac diéu kien (C1)-(C4).

Tinh chit quan trong ma chiing nghién ctu trong bai bao nay c6 tén goi 1a tinh -gid
dudi chinh quy métric theo huéng duge cho bdi dinh nghia sau:

Dinh nghia 1 (Tinh gia duéi chinh quy, [6]). Cho X,Y 1 cic khong gian dinh chuan va
cho s6 v > 1. Mot anh xa da tri T : X = Y dugc goi 1a v-gid du6i chinh quy métric theo
huéng u tai (z,y) véi (z,y) € GrT v6i modun 7 > 0 néu va chi néu ton taie >0vad >0
sao cho

d(z, T7(y)) < 7lle — 2| 7d(y, T(=)) (1)
véi moi x # z thuoe B(Z,e) N (Z + cone B(u, d)).

Tinh chat nay kéo theo tinh dué6i chinh quy metric theo huéng duge cho bdi Ngéi,
Tron, Tinh [14] nhu sau:
Pinh nghia 2 (Tinh duéi chinh quy theo hudng, [6]). Cho X,Y la cac khong gian dinh
chuan va cho s6 v € (0,1]. Mot anh xa da tri T : X = Y dudc goi 1a vy dudi chinh quy
métric theo huéng u tai (z,7y) véi (z,y) € GrT v6i moédun 7 > 0 néu va chi néu ton tai
e >0vad >0 sao cho

d(z, T (y)) < 7d(y,T(z))" (2)

v6i moi z € B(z,¢) N (z + coneB(u, )).

Dé tien cho viéc nghién ctu chiing toi giéi thieu hai ham sé sau:

pr() =d(5,T()) va ¢r=clpr.

Hon ntta, ta dat S := [pr < 0] thi S = T‘l(gj). Ngoai ra, néu u € X da cho thi ki hieu
r = z duge hitu la xz — z dong thoi o=zl ﬁ khi v # 0 va trong tinh huéng ma u = 0

II wll

né6 don gidn 1a tuong duong véi z — 7.
3. Dac trung cha tinh gia duéi chinh quy
St dung céc déi tugng vi phan giéng dao ham nhut do ddc, duéi vi phan, ddi dao ham

hay tap t6i han gidi han, ching t6i ¢6 thé thiét lap céc dac trung cho tinh gid dudi chinh
quy métric theo huéng cia cac anh xa da tri.
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3.1. Dic trung qua d6 dbéc manh

Dinh 1y 1. Cho X la mot khong gian Banach, Y 1a mot khong gian dinh chudn, va cho
trude dnh xa da tri T : X =Y cung mot s6 v > 1, va diém (2,y) € GrT. Néu

[Ver|(z)

xi)i,ris, ”$ - mH7

lle—z]| o ()0

>0 (3)

vdi mot uw € X nao dé tha T la v-gid dudi chinh quy métric theo hudng u tai (Z,y).

Chiing minh. Gid sit Dinh 1y 1 khong ding. Theo Dinh nghia 2, véi mot day 75 | 0, ton
tai cac day 71 | 0, 0x 4 0 cung véi day (z) trong X \ {Z} sao cho

zy € B(Z, 1) N (Z + coneB(u, 6y)), (4a)
mrd(zy, S) > ||z — 2|7 (y, Tzy)) = |z — || Tor(zr). (4b)

Dinh nghia ham ntta lién tuc dudi ¥y : X — RU {400} cho béi

néeuxr — 2.

V() = {gx —z|* Vo (x), néuzx £z, .

Chi § réing ¥y (zx) > 0 do c6 uée lugng (4b). Ap dung nguyén ly bién phan Ekeland [4]
cho ham 1)y, ting v6i cac tham sb e := Yp(zr), A\p = min{\/ﬁd(aﬁk, S), i—:} > 0, ta tim

duge mot diém &, € X thdéa mén cac diéu kien sau:
o [z — Zpl < Ax;
o Ur(zr) = Elze — Tl 2 e (@e);
e ham () + f\—iH — &4 dat cuc tiéu toan cuc trén X tai 2.
Tiép theo, ching toi sé lan lugt thiét 1lap cac khéng dinh sau:
(i) Zx ¢ S;
(i) & = 7
(i) Jim {d — 2| ~or(#)} =0

: s [Ver|(2r) } _

(iv) h,ggf{llik—fll‘f—l =0.

Khéng dinh (i) 1a hé qué ciia uéc lugng (4b). That vay, néu nguge lai, thi ta co
Ted (21, S) < Tillzk — Exl| < TAk < &) = Vi),

nhung diéu nay rd rang mau thudn véi (4b).
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]|

Dé x4c lap (i), ta dat g == o=zl > 0. Stt dung bat dang thitc tam giac ta c6

lzk = Zll = 12k — 2kl < 125 — 2| < [lox — Z[| + (|2 — 2,
cho nén \ )
1- 7k, < Mk <1+ 7k,
|z — 2| |zx — 2|

Béi vi Ay < /Trd(zk, S) < /Tkllzr — Z||, cho nén day (p) hoi tu vé 1. N6i rieng, day (i)
hoi tu dén z trong X. Néu u # 0, ta dinh nghia
i u ‘ |Zx — Z|| u

7/Uk T T TR

U =
2k =zl ull

ek =zl ull

Khi do6 theo (4a), ur, — 0 va hon nita v, biéu dién duge dusi dang

1 1\ Zp—= 1 U
e ES G
Hk i) Nze — 2| Hk [
Stt dung tinh chat || — zx| < A\x = o(||zx — Z||), (6) kéo theo vy — 0, nghia la &} = Z.
V6i (iil), cha ¥ 1& g (Zx) < Yr(zx), khi d6
Ur(Er) _ Ye(@e) _ md(zs, S)
Hx =zl "z -2z T pllee -z (7)

<7
Mk

12k — 277 or (k) =

va diéu nay ching minh khang dinh (iii).
Cudi ciing, xét phat biéu (iv). Theo dinh nghia ctia do dbc manh, ton tai ny < 74| —2|
cung v6i Iy, # xx € B(&x, M) sao cho

o1 (2x) — pr ()

\Y% i) < pr + . - , 8a,
| QOT|( ]C) Pk ||xk _ka ( )
|&x — 2|7t — |2 — 2|7 !
— < pr + ok, 8b
o =] Pt ok (80)
Voi p = egllEr — 771 > 0, oy == |V (|- — 2["7)| (Zx). Theo cach chon &, thi
. s Ehy~ .
Vr(Zr) < Yr(@r) + /\*’;ka — 2, 9)
cho nén . B o . o .
or(@r) —or(@x)  Ye(@)l2x — 27" — i ()12 — 27
[Zr — Tkl Zx — Zxl
N i Tp) — T
[Zx — Tkl
N e e A
+ T — ~
vr(@) 5 = ]
& - _ _ ~
< S a0 4 o+ )
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Vay
[Ver|(2x) (ka —z| )7_1 Uk (Zr)
7 < + T m— + ‘op) Y — 10
e AN ) ARG P (10)
Lap lai cac lap luan nhu véi py, ¢6 thé kiém tra duge diy gom cac tham sb fi, = Hii:;”
bi chan. Hon nita, st dung mot két qua dd duge dua ra trong [11] thi
ap = (v = Dlax = 2" {|V(I- = 2| @)} = (v = Dll2x — 2772 (11)

Cubi cuing, két hop (7), (10) va (11) s& thu duge (iv), vi

i—z max{\/%,m} < max {/7, 7k} —= 0.

Bay gio, tir (i), (ii), (iii) va (3) ta nhan dugc liminf {%} > 0. Tuy nhién didu dé

mau thudn véi (iv). Ching minh hoan thanh. O

3.2. Dac trung qua tap tdi han gidi han

Dinh nghia 3 (Tap t6i han ngat giéi han,[13, 14]). Cho énh xa da tri T : X = Y giita cac
khong gian dinh chuan X va Y va mot sb thie A € (0,1]. Ta dinh nghia tap A-tdi han ngat
gidi han (\-limiting strictly critical set) SCr* T'(Z,y)(u) ciia T tuong ing theo céc dit kign
(z,7) € GrT va u € X nhu sau: cip véc td (v,u*) € Y x X* thuoc vao SCr* T(z, 7)(u)
néu ton tai cdc diy vo huéng ¢, | 0,¢; | 0 cing v6i uy, € coneB(u,ex) N Sy, vy X, v,
vy € Sy» va uj € D*T(E + trug, § + t,lc//\vk)(vZ) sao cho

vy, v - _
§ETE + ty), o Hk> B R [ T (12)

Truong hop A = 1 ta quy uée viét gon SCrT(z,y)(u) dé chi cho tap 1-t6i han ngat gidi
han tuong tng.

Dinh ly 2 (Tinh gi&d dudi chinh quy thong qua tap téi han ngét giéi han). Cho X la
mot khong gian Banach, Y la mot khong gian dinh chudn, dnh za da tri c6 do thi déng
T:X =Y vbi(z,y) € GrT va xét u € X. Khi dé, néu (0,0) ¢ SCrT(z,y) tht dnh za T
la 1-gid dudi chinh quy métric theo hudng u tai diem (Z,7).

Phép chitng minh cta dinh 1y trén duge dita theo bd dé sau day.

B6 dé 3. Cho X la mot khong gian Banach, Y la mot khong gian dinh chuan. Néu dnh
va T : X =Y khong la y-gid dudi chinh quy métric theo hudng u tai diém (z,y) (vdi
v = 1) thi ton tai cic day so duong ty, | 0, a1, | 0 cing vdi vy, € X, vy €Y sao cho ta cé
thé tim duge }, € X*, yi € Sy« théa méin dong thoi cdc tinh chat:

(i) 2 € D*T(z + tywe, § + () 0k) (U7);

(i) uy € coneB(u, o) N Sx;
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(i3) lim ||zz| = 0;
k—o00

(i) lim ug]l = 0;
k—o00

. <yZ7 Uk>
v) lim ' =
(v) k—oo  |lugll
Chitng minh B6 dé 3. Theo Dinh 1y 1, ton tai mot day z, ¢ S = T~!(y) théa mén dong
thoi céc tinh chat

T > T, (13a)
er(@s) g (13b)
|z — Z||7 ’
V| (z1)
0. 13
[on— a1 (13¢)

Dé ¥ 1a ay, := ||zx — Z| > 0 dong thai By, == ||zx — Z|| Vor(zk) > 0 bdi vi 2 & T~1(Y).
Chon ra cac day s6 thyc khong am (dy) va () voi 6, = o(ay By) dong thoi ny, < 0x. Lay
8 va m;, nhé hon néu can thiét, ta c6 thé gia si ring

o 2m + Op < (ar)? Bi;
o d(7,T(2)) > (1) — 0 khi ||z — x| < s

Theo (13c), véi mdi gia tri k c6 thé 1y rj, < agny théa méan didu kien sau day:

Iz = zill < i = @r(z) — @r(2) < [0k + ok] (aw) ™" ||z — 2], (14)
vél o) = %. Xét ham chi tiéu g, (-, ) cta GrT, uée lugng pr(z) < ||y — w| +

tar7 (2, w) duge thanh lap. Tt dinh nghia ciia @7, ¢6 thé chon ra z; € ) + 1B cling véi
wy € T(xy) théa méan
15 — wll < or(@r) + (). (15)

Nhu vay, két hgp (14) va (15) s& nhan dugc

2 € B(ag, 1x) = 1§ — will <7 — wll + taer(z,w) + prllze — 2] + ex, (16)
G day

Pr = [0k + o] (ak)’y_l y €k = (77k)2 + Pk
Dinh nghia ham f; : (z,w) — ||y — w| + tarr(z,w) + prllzx — 2| va ddt A\g == agmg. Ap
dung nguyén ly bién phan Ekeland cho ham f; véi tham s6 &, va A\ nhu trén, tim dugc
Zr € X cing véi Wy € Y théa man dong thoi céc diéu kien
o [|(zr, wr) — (Zr, wr)|| < A

o fi(z, W) + 55N (2, wi) — (2o, Wil < fr(zh, wie);
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e ham s6 (z,w) — fi(z,w)+ Sl (= w) = (Z, w) || dat cue tiéu toan cuc tai (Zj, wy).
Theo nguyén 1y cyc tri dia phuong ctia Fermat, diéu kién cudi cting cho phép ta viét dugc

0,0) € D[ () + j—’;no, 3 = (oo wi)] (s ). (17)

St dung quy tac tong mo (C3) cho dusi vi phan 0, ton tai cdc diém (2}, wi) € B( (2, wy), rx)
(i = 1,2,3,4) nghiém dang tinh chit sau: v6i mdi i = 1,2,...,5 tim duge (21, w) €
X* x Y* sao cho

(22", w") € {0} x A5 — 1) (wy,) = {0} x Jy (5 — wy), (18a)
(21, wi*) € Nerr (27, wi), (18Db)

(z2*,wi") € O(llzx — -1)(=8, wi) = Tx (21 — ) x {0}, (18¢)
(Zlé*ﬂuk ) € 8(”(2 w) (Zk’wk)H)(Zkvwk) - BX*XY*v (18d)

(0,0) = (2", wi™) + (7, wi™) + o2, wi)
3R G ) + el ), (18¢)
k
(2%, wy*) € Bx=xy~, (18¢)

& day Jx ky hiéu cho 4nh xa ddi ngdu ctia khong gian Banach X duge xéac dinh béi
Ix ={z" e X7 [l27] =1, (2", 2) = |z}

He thic (18e) cho ta

]%* — —pkzz’* — f\’“ z,‘i* skzg*,
wit = —w = Ew - ey,
va diéu nay dua dén
€k _4x
1221 < prllz3" Il + Yksz I+ exll 2"l < pr + 7 + &k, (19a)
€k
lwi | < fwy|| + *II’Wﬁ*II Fepllup' <1+ = + Eks (19b)
lw | = fwy*| - Hw | = erllwpll = 7 — &k (19¢)

Dé ¥ /\’“ — 0, nén khi k£ dt 16n w?* # 0. Dinh nghia cdc phan ti

el L I I (T [

Theo bat dang thic tam giac

Iz — Zill + 125 — 2]l + 125 — &
T+ A+ 1 < 3ozknk,i: 1,2,3,4,

[E|

S 20
< (20)

cho nén
lzi — 2l > | = llz2 — 2ll + llze — 2| = | = 2% — 2ll + o] > 0
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ngoai trit mot vai chf s6 k dau tien. D61 chiéu véi (20), ta suy ra |27 — zx| < 3axm, < mx
khi k£ dt 16n. Mot hé qua cta dicéu nay 1

g —will > d(g, T(27)) > ¢(xx) — Ok > 21 (21)

Tiép dén, ta dat
ti = Il — 2l > 0w = (t) 7 (2 — @), o = (8) 7 (wf, — 9)- (22)

V6i x}, yF, ug, vy va ¢, nhu trén, cac tinh chat (i) ciing nhu (iii) 1a 18 rang. Ching toi sé
1an lugt kiém tra cac khang dinh (i), (iv), (v).

V6i myc tiéu chi ra oy théa mén (ii), ching ta chi ¥ ring x; — Z. Do d6, néu u = 0
thi ¢6 thé 1y diy ox | 0 tuy ¥, do w, = [|22 — z||7'(z2 — z) € Sx dong thdi lic d6
coneB(u, o) = X. Gid thiét u # 0. Dinh nghia véi médi k vecto phy ) = ﬁ - ﬁ
Khi do6 |Ju}, || — 0 khi & — oo (theo diéu kién (13a)). Ngoai ra, ta ¢6

T=x — ||lxx — Z| (u§€+u>,
Jul

ma theo dé ta sé nhan dugce

Jult LIPS I ]
L = ——— (2 —7) = | ——— (2 —xi) + ||uul | + w. 23
o —al ™~ o=l 5 ) [ =g % ) I ¥
Dinh nghia
o ) y
” - 122 — @l + 2Nl @
o —

thi chi can kiém tra o — 0 1a di. Tuy nhién, d6 14 mot hé qua ctia (20), béi vi nhu da
biét n. = o(||zx — ). N6i cach khac, phat biéu ¢ (i) da duge chitng minh.
Tu dinh nghia cta v, ta cé

lvell = 128 — 2177 |wi — gll.

Nhung vi [|22 — 2| < 3cume (xem (20)) dong thdi ||zx — Z| = g, bat ding thite tam gidc
cho ta |27 — z|| = ax(1 — 3m;) > 0, va nhu thé

lorll = NIz = 27 llwi = gl < ()™ (1 = 3m) ™ w7l (25)

Do [[wi = gll < 2% + (m)? + (1) dong thoi i = o(mr), M = o( Br), (x) = ()" Br,
uéc lugng trong (25) kéo theo ||vi| — 0.
Cubi cuing, chiing toi chitng minh (v). Cha ¥ 1a

(t1) (i o) = (E) w7~ i) = |7 (—wi™, wi - 9)
= w17 ((wr™, wi = §) + (wi”, wf = wi) + (—wp” = wyt, wg - 5)).
Tu (18a) ta suy ra ||wi*|| = 1 cling nhu (w}*,§ — w}) = —|y — wj|. Nhic lai rang

(zi,wi) € B((Zx, wr), 7k ), ¢6 the khang dinh ||w? — wi| < 27, va tit day suy ra
19— wil = 11y — will = llwi —will = (&) [lve]l — 27y
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Mét khéc, dé ¥ w?* + wi* = f\—’;wﬁ* + epwi*, ta c6 ude lugng sau:

lwi* + wi[| < e /Ax + ek
Béi vay,

() (i vr) = 1w~ (Jwy = gl = Nlwi — will = wi + wi*|[Jwg — )
(tr) " lvall = 2k — 2rx — (e + e/ Au)[(E) [ va ]
1+ ex -l-Ek/)\k
[1 —ex +ex/ M) () lvg ]| — 4rx
1+e +5k/)\k ’

2

Dua trén diy cac danh gid vita roi, ta nhan duge

2ler + er/Ak] () [Jvrll + 47y

t) — ) < , 26
(k) (||Uk|| (v Uk>) 1+5k+5k//\k ( )
ma tit d6 dan dén
0<1— (Yo o) 2[ex +er/Ai] 4 Tk
b loell = L+ex+e/A L+er+e/ e )|l (27)
< 2[5k +5k/Ak] 4 Tk

\1+5k+5k/)\k 1+5k+5k/)\k.”wz—’g”‘

Nh6 lai rp = o(my) tit cach chon 7, ta suy ra gi6i han trong (v) tit viec két hgp cac uée
lugng & (27) va (21). 0

Chiing minh Dinh lyj 2. Ta chitng minh dinh 1y bing phuong phép phan ching, gia st 4nh
xa T trong dinh 1y dang dé cap khong 1a 1-gid dudi chinh quy metric theo huéng u tai
(Z,7). Ap dung B& dé 3, ta tim dugc cac day t; | 0, o | 0 cing véi u, € X, v, € Y,
z; € X*, y; € Sy~ sao cho

o z} € D*T(Z + trur, § + trvr) (U);

e uy € coneB(u,01) N Sx;

lim |z}| = 0;
k—00
ok = 0

lim
k—00

*
° hm <yk7vk> —
k—oo  |lugll

Ddi chiéu Dinh nghia 3 ta suy ra (0,0) € SCr7(z,y)(u). Diéu nay mau thuin. Dinh ly
dugce chiing minh. O
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4

nhu

Két luan

Trong bai béo nay, ching téi da thiét 1ap céc dac trung méi qua cac doi tugng vi phan
do déc manh, tap t6i han gi6i han cho tinh gid dudi chinh quy métric theo huéng ciia

cac anh xa da tri xac dinh trén cac khong gian Banach thuyc. K§ thuat co bdn ma ching
toi st dung dé chiing minh céc két qua trén la hai nguyén 1y co ban va quan trong trong
Giai tich bién phan la Nguyen 1y bién phan Ekeland ndi tiéng va luat téng dudi vi phan

xap

10.

11.
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xi cho céc anh xa nita lién tuc dudi.
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NGHIEN CUU DIDACTIC VE KHAI NIEM GIOI HAN DAY SO
O TRUONG PHO THONG

NGUYEN THI MINH VAN
Khoa Toan, Truong Pai hoc Quy Nhon

TOM TAT

Didactic la m¢t khoa hoc ddc biét quan tam toi vén dé xdy dung kién thitc & nguoi hoc va nhiing
diéu kién trong doé viéc day - hoc mét tri thirc duroc thuc hién. Nghién cuu didactic vé mot khai niém todn
hoc chi ra: méi truong ¢ do khai niém nay sinh, hinh thanh, phdt trién va nhitg chieéng ngai khoa hoc
Iudn ton tai trong né; nhimg kho khan ciia ngueoi hoc khi tiép thu khdi niém; nhimg rang budc ciia thé ché
day hoc doi voi khai niém va nhitng goi y gitlp tao ra tinh hudng cho phép dem lai mot nghia ding cho khdi
niém. Trong bai bdo nay, ching téi tién hanh mot nghién cveu didactic vé khai niém gioi han day s6, ké thira
mot s6 két qua tir nhitng nghién ciru da cé, tir dé diea ra mét tinh huéng day hoc gitip hoc sinh tiép cn khdi
niém gioi han day sé theo ngon ngit & — N.

Tir khéa: Didactic, gidi han day s6. chuéng ngai khoa hoc luan.

ABSTRACT

Didactical Research on the Notion of Limit of a Sequence in Schools

Didactic is a science concerning specially about the construction of knowledge in learners and the
conditionson which the teaching-learning of this knowledge is taken. A didactical research on a
mathematical concept presents: milieu in that the concept derives, grows andepistemological obstaclesexist
in it; difficulties encountered in learning the concept; constraints of teaching institutions on concepts and
suggestions for constructing situations allowing to attain a proper meaning of the concept. In this paper,
we present a didactical research on the notion of limit of a sequenceusing some of known results and
construct a situation for teaching the € — N definition of notion of limit of a sequence.

Key words: Didactic, limit of sequence, epistemological obstacles.
1.  Mé¢ diu

Ngay nay, su phat trién khong ngimg cua khoa hoc di gitp cho viéc hoc trd nén d& dang.
Xu huéng may tinh hoa nhiing céng viée trong hoc tap toan ¢ bac phd thong co thé dem lai hiéu
qua truc quan, nhanh chong nhung ciing khién nguoi hoc tho o véi cac dinh nghia va ban chat
cac khai niém toan hoc. Quan diém dai s6 hoa Hinh hoc, va ca Giai tich mot mat dem lai su dé
dang trong cac tinh toan nhung mit khac lam mat di phan nao y nghia ctia cac khai niém.

Khai ni€ém gidi han day s6 1a khai niém mo dau cua chuong trinh Giai tich ¢ phé thong. Vi
tri cua nd O phé thong c¢6 mot chénh léch dang chu v so voi bac dai hoc: dinh nghia khong su
dung ngdn nglt € — N; gidi han hitu han duoc dinh nghia qua gidi han 0; giéi han ham sb phai
dinh nghia qua gidi han diy so.

Email: printemps91980@yahoo.com
Ngay nhan bai: 30/5/2017; Ngay nhan dang: 9/8/2017
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Viéc giai thich su chénh 1&ch nay doi hoi mot nghién ciru khoa hoc luan (épistémologie), vi
n6 sé gitp “hiéu rd hon mai lién hé giira viée xay dung tri thirc trong cong déng cac nha bac hoc
voi viéc day va hoc tri thirc nay” (J —L. Dorrier, 1996, tr.21 -trich A. Bessot, C. Comiti, L& Thi
Hoai Chau, Lé Van Tién, 2009, tr.263), gitip giao vién co cai nhin “khong hoan toan bi bo hep
trong ndi tai hé thong day hoc, khong chi xem xét n6 dudi lang kinh cua chuong trinh va sach
giao khoa™ (A. Bessot, C. Comiti, Lé Thi Hoai Chau, Lé Vian Tién, 2009, tr. 265).

Nhiéu nghién ctru khoa hoc luan vé khai niém gidi han (ddy s6 va ham s6) duoc duc két,
trinh bay boi Nguyén Thanh Long (2004); E.K. Moru (2006); A. Kumsa, K. Petterson, P. Andrews
(2017); G.T. Bagni (2005). Trong bai bao nay, chung toi tién hanh mot nghién ciru riéng vé khai
niém gidi han day s6, dong thoi trich ra tir nhitng nghién ciru trén nhiing két qua lién quan, tir d6
xay dung mot tinh hudng day hoc giup hoc sinh tiép can khai niém gidi han diy so theo quan
diém x4p xi, tirc theo ngdn ngit € — N.

2. Nghién ciru khoa hoc luan khai niém giéi han day sé

2.1. Lich sir hinh thanh va phat trién

Theo Moru (2006), khai niém gidi han nay sinh do nhu ciu giai quyét cac bai toan: ti 18
thay doi tuc thoi; tiép tuyén va phap tuyén cua duong cong; do dai, dién tich, thé tich, trong tim
cia bé mit; su hoi tu va téng ctia mot chudi vo han (tr.28). Mot phuong phap tinh di¢n tich, thé
tich ¢6 xua noi tiéng la phuong phap vét can (method of exhausion) ctia Eudoxus (408 - 355, trudc
Cong Nguyén), ma nguoi st dung hi€u qua la Archimedes (287-212, trudec Cong Nguyén). Khigiai
bai toan ciu phuong (quadrature of parabol) “Cho A, B la hai diém tiry y thuéc mét parabol. Goi
C la diém ndam trén cung (AB) sao cho khodng cdch tir C dén doan AB la dai nhat. Piém C nhuw
vdy dwoc goi la dinh ciia mién parabol ABC. Chumg minh rang dién tich ciia mién parabol ABC
bang g dién tich tam gidc ABC”, sau n budc “vét can”, Archimedes dat duoc dién tich mién

1 12 1\ 1 . . . .
parabol ABC1a § = Sy +55y + (3) So+ -+ (3)  So.v6i S; la dién tich tam gide ABC. D&
tim ra S, ong cho rang khi s6 lugng cac s6 hang tang 1én thi phan du % %SO s€ nho nhu mong
mudn. Do do, 6ng thém vao tong phan du nay va thu duoc § = 250 (Boyer, 1949, tr. 52).

C6 thé nodi rang, tir phuong phap cua Archimedes, ta co chudi s6 dau tién, chinh 1a mam
mong nay sinh khai niém gidi han diy s6. Mic du Archimedes hay nguoi Hy Lap c6 chua dat
duoc budc chuyén qua khai niém gidi han nhung xem nhu khai niém gidi han day sé dé xuat hién
mdt cach ngdm 4n qua viée cong thém vao tong mot phan du duoc xem 13 “nho nhu mong mudn”
khi n tang lén.

Gregory of St. Vincent (1584 - 1667) khi nghién ctru vé mot cap s6 nhan (geometric series)
lién quan dén nghich li Achilles dudi ria da dua ra mot két luan “gid1 han” (terminus) cua mot
chudi 1a két qua cudi cung cua chudi, 1a gia tri ma du tiép tuc dén v6 han chudi van khong dat t6i
duoc nhung co thé tién dén cang lic cang gan voi sai khac nao do”!(Kline, 1972, p.437 trich dich
Bagni, 2005). Nghich li Achilles dua ta dén mot chudi s6 va dinh nghia “giéi han”cua Gregory dé
gitip dua dén khai niém gidi han trong lich st
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Tiép tuc nhitng nghién ciru v& tong cua chudi sb, Cauchy (1789 - 1857) di cho ring “y
nghia ctia Y5, Uy 12 kha mo hd. N6 doi hoi mot dinh nghia chinh xac dé xac dinh khéng chi gia
tri ma con sy ton tai thuc sy cia n6” (W. Dunham. The calculus gallery, 2005). Do do, 6ng da
dwa vao khai niém day cac tong riéng:

S1 =Up, Sy =uUy + Uy, S3 = Ug + Uy + Uy, .., Sy = YRCdu.

Pé tinh duoc téng cua chudi hay xét su hoi tu cua chudi, can thiét phai xét dén gi61 han va
su hoi tu cua ddy cac tong riéng. Cauchy dé dua ra dinh nghia khai niém gidi han “Khi cac gia tri
lan luot cua mot bién tién dén mot cach vo han tdi méot gia tri ¢6 dinh sao cho dén cudi cung sai
khac no6 bang mét luong nho nhu mong mudn, gia tri cudi cung nay duoc goi la gidi han cua tat
ca nhiing gia tri do. Vi du, mot sbvotila gi61 han cua day cac s6 hitu ti xép xi cang luc cang gﬁn
n6... Ta noi mot dai luong bién thién 1a vo cung bé khi gia tri s6 cua né giam mot cach vo han
theo cach 1a hoi tu dén gidi han 0”2 (Kline, 1972, tr. 951 trich Bagni, 2005). Diy s6 trong dinh
nghia nay chinh 1a day cac gia tri 1an luot ciia mot bién. Pong thoi, Cauchy ciing dwa ra mot tiéu
chudn hoi tu ndi tiéng vé sau nay mang tén ong “Diéu kién cin va du dé mot diy hoi tu dén mot
gi6i han la |S, — S, | véi bat ki gia tri nao ctia p, q 16n hon n ¢6 thé dwoc lam nho hon bat ki
lugng cho trude nao bang cach lay n da 1on” (Boyer, 1949, tr. 281).

Néu nhu ¢ trén ta thdy khai niém gidi han ddy sb nay sinh do nhu ciu tinh tong cua chudi
v0 han, thi dén day ta théy n6 da duoc dinh nghia va su ton tai cua no cling di duoc xem xét. Co
thé noi, giéi han diy sb da 1a mot doi twong nghién ctru. Va quay nguoc lai, chinh né lai giup xét
su héi tu cua mot chudi va tinh téng cua chudi. bé chung minh ti€u chuan hoi tu trén, Cauchy can
dén dinh nghia tap s6 thuc, dinh nghia s6 vO ti. Tuy nhién dinh nghia sb vo ti cua Cauchy 0 trén
dua dén mot su long vong trong li luan. Tro ngai nay dd mo duong cho nhitng nghién ciru xa hon
vé tap s6 thuc. NO luc dinh nghia s6 vo ti khong dua vao khai niém gidi han da thanh cong nho
vao Weierstrass (1815 - 1897), Georg Cantor (1845 - 1918) va Richard Dedekin (1831 -1916). Va
ciing tir dy, khai niém gidi han tién dén mot dinh nghia méi, dinh nghia theo ngén ngit € — §
(d6i voi ham s6) va € — N (d6i voi day so).

V& phuong dién cdng cu, vai tro cua khai niém gi6i han day sb thé hién ¢ khai niém dao
ham va tich phan xac dinh. Khai niém van toc tirc thoi khi ra doi khong phai la khai niém dé hiéu,
van dé duoc giai quyét voi su ra doi cua khai niém dao ham, dua trén khai niém gidi han day s6
“Bang cach xét nhing gia tri 1an luot cua ti s6 §> ta dugc mot day vo han rq, 15,13, ..., 1, ... Khi
gia tri khoang At cang nho thi 7, cang gan véi mot gia tri ¢6 dinh L, va khi 1y n du 1on thi gia tri
|L — 7| c6 thé lam nho tuy y. Va ta goi L 12 gidi han cua diy v6 han trén, hay dao ham f'(t) cua
ham sb f(t), hay van tdc tirc thoi cua vat thé chuyén dong” (Boyer, 1949, tr.9). Néu nhiing nha
Toan hoc tir thoi ¢b dai di kha thanh cong vdi cac phuong phap hinh hoc tinh dién tich cac hinh
cong, thé tich cac khéi tron xoay thi khi khai niém gidi han xuat hién, cOng voi su ra doi cua Hinh
hoc giai tich, cac bai toan tinh dién tich, thé tich di duoc giai quyét d& dang “Dién tich cua hinh
c6 thé dinh nghia nhu gidi han cua diy v6 han cua tong S, = Y™, f(x;)Ax; khi s6 lan chia n

tang 1én vo han va khoang Ax; dan toi 0” (Boyer, 1949, tr. 9).
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2.2. Chwéng ngai va khé khan

Khai niém gidi han trude khi ¢ dinh nghia chinh thic cia Cauchy (gidi han diy sb hay
giGi han cua 1 bién), n6 da duoc kham pha boi J. Wallis® (1616 - 1703) (gidi han cua mot ham so,
xem Bagni (2005), p.458) va dugc lam 16 hon boi P. Mengoli* (1635 - 1686). Nhung y tuong mam
mong cho khai ni¢m gidi han lai c6 tu thoi C6 dai, voi kho khan dit ra tir cac khai niém vo han,
lién tuc cua Zeno (495 - 430 trude Cong Nguyén); nhiing dai luong khéong thé so sanh duoc cua
Pythagore va truong phai cua 6ng (thé ki 6 trudc Cong Nguyén). Qua trinh thai nghén trai qua mot
thoi gian dai, trai qua nhiéu thé hé, nhiéu nén vin hoa khac nhau da chira trong n6 nhiing chudng
ngai khoa hoc luan ngan can su hinh thanh cua khai ni€ém gidi han. Moru (2006), trang 14 d4 chi
ra nhiing chudng ngai’ sau:

- That bai trong viéc lién két hinh hoc vdi sb;

- Khai ni¢m vo6 cung 1on va vo cung bé;

- Khia canh siéu hinh cua khai niém gidi han;

- Gid1 han co dat dugc hay khong?

Trong nghién ctru “Obstacles to students’ understanding of the limit concept”, A. Kumsa,
K. Petterson, P. Andrews (2017) da chi ra nhiing chudng ngai ma nguoi hoc gap phai khi hoc
khai niém gidi han:

- Chudng ngai khoa hoc luan: ton tai trong lich st phat trién va hinh thanh chinh xac khai
niém gidi han; trong cac khai niém duoc dung va ban chat doi ngau cua cac khai niém do; trong
viéc ki hi€u hoéa khai niém.

- Chuodng ngai nhan thic: nay sinh tir su triru tuong trong dinh nghia chinh thirc cua gioi
han; tor sy khong tuong thich gitta hinh anh khai niém va dinh nghia khai niém; tir nhitng kién
thie di biét trudc do va tir procept® ciia khai niém gidi han.

- Chuéng ngai su pham (didactic): nay sinh tir méi truong day hoc gom giao vién, hoc sinh,
su gian doan gitta nhitng cai dinh day va nhiing cai duoc day va su thiéu giao tiép.

Nhiing chudng ngai trén giy ra kho khin cho viée tiép thu khai niém gidi han va do dé gay
kho khan cho viéc hoc mén Giai tich. Theo Bagni (2005), kho khin chinh d6i voi nguoi hoc khi
hoc dinh nghia & — & la dac diém tinh cua li thuyét hinh thic va dic diém dong cua tiép can nhan
thure (tr.459). Lich st dé chi ra nhidu khé khin dé thuc hién budc chuyén tir quan diém dong sang
quan diém tinh cua khai niém gi6i han, n6 doi hoi su thau hiéu vé cac khai niém v6 han, lién tuc
va mot dinh nghia chinh xac vé s6 v6 ti. Vi “phan ung ctia hoc sinh dbi ltic twong tw voi phan tmg
ctia cac nha toan hoc trong qua khir (Tall &Vinner, 1981, trich Bagni, 2005, tr. 455) nén viéc nam
vitng cac chudng ngai trén sé cho phép gido vién du doan va tim cach giai quyét nhitng kho khan
ma hoc sinh s€ gap phai.

2.3.  Cac quan diém tiép cin khai niém giéi han

Theo Nguyén Thanh Long (2004), c6 nhiing quan diém tiép can khai niém gi6i han 1a:
Quan diém x4p xi, quan diém dong va quan diém dai s6 hoa. Su khac nhau giita quan diém dong
va quan diém tinh ¢ chd néu trong quan diém déng, chinh bién kéo theo ham s thi trong quan
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diém tinh chinh d6 x4p xi ctia ham sb kéo theo su x4p xi cua bién (tr. 28). O quan diém dai sd,
ngudi ta quan tim dén viéc tinh toan cac gidi han bang cac dinh 1y, quy tac hon la dinh nghia hay
ban chat ctia no.

3. Quan hé thé ché

Nguyén Thanh Long (2004), Bui Thanh Vinh (2013) va Nguyén Anh Quéc (2014) da phan
tich chi tiét cach trinh bay khai niém gidi han day s6 ciing nhu cac to chire toan hoc lién quan dén
n6. O day, chung t6i chi quan tim dén cach xdy dung dinh nghia va nhing ki¢u nhiém vu lién
quan dén qua trinh hinh thanh khai niém gidi han diy s6 ciing nhu cac bai tip dem lai y nghia
thuc té cho khai niém gidi han.

O bac dai hoc, gio1 han day s6 duoc trinh bay theo ngon ngli € — N sau khi nhiing kién
thirc vé sb thuc duoc cung cip diy du. Va ké tir do, ngoai nhiing tinh chét duoc chirng minh thi
gi¢i han diy s6 hau nhu duoc tiép can theo quan diém dai sd, nghia la chi can tinh duoc cac gidi
han bé'lng cach ap dung cac dinh 1i va ky thuat bién doi. Khong hé c6 mot kiéu nhiém vu nao lién
quan dén sy hinh thanh khai niém. Day s6 va gidi han ciia n6 c¢6 thé dung dé dinh nghia gidi han
ham sb hoic khong; duoc dung dé xét su hoi tu va tinh téng ctia mdt chudi vo han, mot qua trinh
nguoc voi lich st hinh thanh.

Nhiing sinh vién khong theo nganh Toan van thuong hoi, hoc gidi han dé lam gi. RS rang
v6i quan diém dai s6 hoa, ta chi ¢6 thé giai thich 1 khai niém nay dung dé dinh nghia khai niém
ké tiép. Trong khi quan diém dong d& dang chi ra hinh anh khai niém thi quan diém x4p xi véi ki
hiéu cua né khién nguoi ta ¢ mot cam giac mo hd vé viéc “tdn tai mot s6 N = N (&) suy tu bat
dang thirc |u,, — a| < & nhung trong dinh nghia thi N = N (&) ¢ trudc |u,, — a| < £”, mét quy
trinh nguoc véi quan diém dong.

Nhim tim kiém y nghia thuc té an trong cac tinh toan gidi han diy sb, chung t6i tim kiém
thém trong tai lieu “Giai tich todn hoc, tdp I” cia G. M. Fichtengon. M6t vai vi du duoc tim
=0

n
2n

thay du dé giai thich cho nha ti phi trong B vui “Mor hao déi ldy ndm xu?”: lim,_,

>

limn_,ooi = 0 (tr.22 - 23). Mot gidi han dic biét lim, (1 + %)” = e vira la doi twong nghién

n.
ctru vira la cong cu dé nghién ctru cac dbi twong khac, duoc trinh bay chi tiét trong cac tai lidu
ma 3 tac gia trén tham khao, tuy nhién ngudn gbc cua diy sd nay van 1a mot an sb.

Nhu vay, mot tiép can nghién ciru khoa hoc luan cua khai ni¢ém day s6 ddi voi sinh vién su
pham 1a diéu can thiét nham “tra lai tinh lich sir cho khai niém toan hoc ma viéc day hoc thuong
c¢6 khuynh hudng trinh bay né nhu nhimng dbi tuong phé bién dong thoi trong thoi gian va trong
khong gian™ (M. Artigue, 1990, tr. 243, trich A. Bessot, C. Comiti, L& Thi Hoai Chau, Lé Van
Tién 2009, tr. 265).

O bac pho thong, khai niém gidi han day s6 ciing duoc trinh bay theo ngén ngir € — N, tic
theo quan diém x4p xi nhung gidu di hai ki hiéu € — N ma thay vao d6 la nhiing tir “s6 dwong nho
tuy v, “ké tir mot s6 hang nao dé tro di”. Mot trinh bay phu hop véi tién trinh lich sir do6 1a chuong
trinh da dinh nghia v6 cung bé - gid1 han 0 trude khi dinh nghia gidi han hitu han, va gi61 han hiru
han duogc dinh nghia theo gidi han 0. Nhiing day sb ¢co gidi han 0 dé dang lién két véi nhiing hinh
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anh di c6 vé khai niém nhu “chia cho mét sb rat 1on thi xem nhu bang 0™ hay “liy thira cua mot
s6 duong bé hon 1 cang bé khi s6 mii cang lén” nhu % ﬂ, zi" .

Sach giao khoa nang cao chuong trinh hién hanh di biéu dién cac gia tri cua day sb 1én truc
s6 dé tao hinh anh vé 1 sy “chum lai” quanh gia tri 0 va két luan “khoang cach |u,| = %tir diém
u,, dén diém 0 tro nén nho bao nhiéu ciing dwoc min lan du 16n” (tr. 127). Sach giao khoa chuin
cling c6 cach lam twong tu. Nhitng cum tir “nho bao nhiéu ciing dugc”, “mién la n du Ién” dem
lai kho khin khong nho cho hoc sinh khi tiép c4n khai niém gidi han diy s6. Khi nhiing kho khin
trong tiép can dinh nghia theo quan diém x4p xi duoc khic phuc phan nao nho hinh anh hinh hoc,
quan diém dong va nhanh chéng duoc quén di nho quan diém dai s thi co hoi dé hoc sinh hiéu
mot dinh nghia x?ip xi chinh xac la khong cao. Vi vay, mét tinh huéng day hoc nham giup hoc
sinh hiéu dinh nghia gidi han day s6 theo ngdn ngit £ — N 1a can thiét.

Nhiing tinh hudng 1am nay sinh khai niém gidi han & chuong trinh ph thong trudc khi cho
hoc sinh hoc vé khai niém 2101 han la khong ton tai. O sach giao khoa chuén, nghich li Achilles
dudi ria duoe dua vao dé nhim tang dong co cho hoc sinh dé budc vao hoc khai niém €11 han.
Tuy nhién, nghich ly nay chi dugc giai thich & bai doc thém (tr.120) sau nhitng bai hoc vé gidi
han diy s6. Pic¢u nay khong dam bao rang gido vién sé lay né lam néi dung giang day chinh thirc
va ciing khong co gi dam bao rang hoc sinh s& doc n6i dung do.

Néu 6 bac dai hoc, khong ton tai kiéu nhiém vy “Tinh tong cia mot cip s6 nhan lui vo han”
lién quan dén su hinh thanh khai niém gidi han thi o ph6 thong, kiéu nhiém vu nay di duogc chu
y nhiéu hon. Cac bai tap 8, 10 hay bai doc thém “Doan nhan gidi han cua mét day s6 thuc béng
hinh hoc™ (tr. 135 - 136) & sach giao khoa nang cao cho thay diéu do. Ngoai ra thi cac kiéu nhiém
vu ing dung ky thuat dai s6 van chiém uu thé. Néu ¢ sach giao khoa chuan, ton tai mot bicu dién
hinh hoc hay db thi cua diy s6 trong mit phang toa do (tr. 88) thi sach gido khoa nang cao khong
c6 mot trinh bay nao lién quan dén ndi dung nay.

Trong dinh nghia gidi han day s6, gia tri gidi han da duoc chi ra. Vay hoc sinh s¢ tim gia
tri do nhu thé nao khi ma chua co cong cu dé tinh giéi han ciia mét day? Do gido vién noi ra, do
viéc biéu din cac gia tri trén truc va thiy ring cac gia tri u,, “chum lai” quanh gia tri do (ma viéc
nay la do gido vién yéu cau) hay bang nhiing hinh anh truc giac di c6. Khai niém ham s6 chira
trong dinh nghia day s6 co vai tro gi? Nhing cau hoi va nhiing phan tich trén dua chung toi dén
vOi tinh hudng sau day.

4. Thyc nghiém

Tur nhitng phan tich trén, chung t6i di dén mot gia thuyét:

Quan diém dong va hinh anh hinh hoc sé tao diéu kién tiép can khai niém giéi han
diy sb theo quan diém x4p xi.

Dé kiém chimg gia thuyét trén, chung tdi tién hanh xay dung mét tinh hudng tiép can khai
ni¢m gidi han va tién hanh thuc nghiém 6 hoc sinh.
4.1. Tinh hudng va phan tich tién nghiém

Hanh trinh vo6 tan
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Trén mot hanh tinh phang, mot éng vua (V) c6 phép thuat sbng voi mot ngudi hau (NH).
Nha vua hay 1am toan va hay yéu cau nguoi hau thuc hién cac phép tinh. Mdi 1an ngudi hau mét
moi tinh sai vua lai phat anh ta bang mét tro gi do, 1an nay vua phat nhu sau:

V: Nha nguoi sé& tinh cac gia tri u,, = "nﬁ n =1,2,3, ... va biéu dién cac diém M, (n, u,)
1én mit phang ta dang song ¢ gan hé truc nhu sau va nha nguoi chi duoc bude di 1an luot tai cac
diém M,,(n, u,,) do, bit diu tir My (1,u,). néu di sai ta s& cho nd tung.

NH: Nhung mdi budc di ciing 1éch diém d6 dbi chit chu.

V: Ta sé khoanh vung quanh diém do v6i ban kinh nho hon e (ep-si-lon), ra ngoai khu vic
an toan do, nguoi s€ ticu doi.

NH: Nhung sau mdi budc di lai phai tinh gia tri tung do u,,, ma n thi ngay cang 16n, tinh
mii sao noi.

V: Vay khi di tinh toan mét roi thi ta cho phép nguoi thay cac diém M,, con lai bing cac
diém c6 cung hoanh do, con tung do thi d& tim, khong phai tinh toan. Va khi di di diém thay thé
thi phai di ding diém d6, khong duoc phép sai 1éch nira.

NH: Vay t6i biét s& di duong nao rdi. Nhung cha I di mi ti vo tan a?

V: Khi nao nha nguoi di ding nhiing di¢m di an toan con lai théa mén cac yéu cau cua ta
ma khong phai tinh toan thi ta s¢ cho ngung.

Cau héi cho hoc sinh

1. Em hay tim toa do cac diém tir M, dén M35, nhan x¢t vé tung do cua cac diém nay? Theo
em, khi n cang 16n thi gia tri u,, s& nhu thé nao?

2. Véi e = 0,5, theo em, ngudi hau s& di mot hanh trinh nao an toan cho dén vo tan thoa
mén yéu cAu cua nha vua ma khong phai tinh toan qua nhiéu. Hay chi ra toa dé tit ca cac diém di.
Giai thich vi sao?

3. Thoi diém sém nhat dé ngudi hau co thé ngimng di 1a khi nao? Thoi diém ay co phu thude
vao &€ khong?

4. Tuong tu cau hoi 2) va 3) voi € = 0,1.

5. Tuong tu cau hoi 2) va 3) voi € = 0,001.

6. Tuong tu cau hoi 2) va 3) vdi € 1a s6 duong bé tuy v.

Tro choi dwgc moé hinh hoa nhw sau:

33



Nguyén Thi Minh Van

Diy s6 u,, = nTB ¢6 biéu dién hinh hoc 1a day cac diém M,, M,, Ms, ...., M,,, ... trfén mit
phang Onu,,.

Viéc tinh toan cac gia tri u, dé xac dinh cac diém di lam ton thoi gian nén nay sinh nhu
cau thay thé chudi cac diém di yéu ciu bing mot chudi diém khac, cach hanh trinh cii 1 khoang
nho hon &.

Cin cir vao diy cac gia tri u,, di tinh va tung d6 cac diém dinh thay thé, bang 1, hoc sinh
s& dua ra cac diém thay thé bat dau tir M, , cac diém thay thé 1a P,(n, 1), n > 7 va khang dinh
M,P, <0,5.

Sau khi két thuc tinh hudng, voi cau hoi khoang cach M, P, duoc tinh nhu thé nao, giao
vién sé trinh bay két qua: véi € = 0,5, |u, — 1| < evéimoin =7, voi 7 > 03—5

Tuong tu cho cac truong hop khac cua &, tir do giao vién phat biéu dinh nghia vé gidi han
day sb.

Vi thoi diém thuc nghié¢m la cudi nim hoc nén chung to1 nham dén dbi tuong thuc nghiém
1a hoc sinh 16p 10, chua hoc vé gidi han day s6 va do vy tinh huéng dwoc trinh bay véi ngon ngi
thong thuong tranh dung cac tir ddy sb, biéu didn hinh hoc cua diy sb, qua do chung tdi mudn
huéng hoc sinh dén ki ning mé hinh héa, mot ki ning can thiét trong doi song.

Kich ban thuc nghiém

Man 1: Lam viéc ca nhan dudi sy huong dan cua gio vién dé hiéu dé bai.

Gv can mot man hinh may tinh véi phan mém Geometer’s Sketchpad. Cho hoc sinh doc
hiéu dé, giao vién minh hoa trén man hinh cac budc di cua nguoi hau. Tuy nhién vi diéu kién
khong cho phép ching t61 chi thuc nghiém vdi hé truc trén giéyA

Hoc sinh lam viéc ca nhan ¢ cau hoi 1, nham giup cac em quan sat gia tri cac so trong diy
s6, gido vién yéu cau tinh u,, ra s6 thap phan, voi 3 chit s6 sau s6 thap phan.

Sau khi di tinh toan xong, giao vién yéu cau hoc sinh chi ra mét vai hanh trinh di thay thé
phu hop vdi yéu cau nha vua ma nguoi hau khong phai tinh toan qua nhiéu. Viée nay giup hoc
sinh tim ra hanh trinh thay thé t6i vu nhat.

Man 2: Lam viéc nhom.

Khi lam viéc nhom gitp hoc sinh thao luin va quyét dinh phuong an t6i wu va giai thich
vi sao.

Man 3: Lam viéc tap thé.

Hoc sinh cac nhém trinh bay két qua ctiia minh va li giai tai sao.

Man 4: Hop thirc hoéa.

Giao vién tom lai két qua va trinh bay dinh nghia vé gidi han.

Thuc nghi€ém cua chung t6i chi thuc hién dén man 2 vi diéu kién khong cho phép hon nita
hoc sinh chwa hoc khai niém day s6.

Phan tich tién nghiém

Chién lwoc tra 1oi Cdu hoi 2

34



Tap 12, 86 3, 2018

S1: “tha”: hoc sinh s& tinh cac gia tri u,,, xac dinh cac diém M,,(n, u,,). Khi tinh dén Up,—1
hoc sinh bét diu lién hé véi €, nhan thdy u,, giam va 16n hon 1, nén tir n = ng, c6 thé chon di tai
cac diém co tung do bang 1 thay vi di theo biéu didn hinh hoc cta diy sé ma van an toan.

S2: “khoang cach™: nhan thiy khoang cach tir M,, dén duong thang y = 1 cang ngay cang
nho, ¢6 thé nho hon & nén chon diém nam trén duong thiang y = 1, bat dduten = 7.

3: “khoang cach - bt dang thirc™: chon duogc tung d6 diém thay thé, bang 1, 4p dung céng
thure khoang cach va giai bat dfmg thure, tim ra n = ny nén chon dugc thoi diém thay thé.

Chién luoc tra 1oi Cdu hoi 3

S’1: “thu™: suy ra tir cAu hoi 2 va néu thoi diém thay thé n,.

S°2: “phan tich™: phan tich u,, = 1 + % va cho u,, bang vdi 1 + €.

S’3: “khoang cach - bét dang thic”: twong tu S3.

Bién didactic’

V1: D6 16n cua &: khong qua nho, rat nho hoac bat ki.

Khi d6 16n € khong qua nho tao diéu kién cho chién luoc S1, S2; S’1.

Khi € rat nho hodc bt ki sé tao diéu kién cho chién luoc S3. S°2, S°3.

V2: “gidi han” cua diy 1a s6 nguyén hay khong nguyén.

Khi gidi han diy s6 khong nguyén thi gia tri d6 khong thé c6 mat trén ludi toa do vi 16 16
y db nhung néu khong c6 mat thi kho ma hinh dung, vi dé hinh dung can biét dua day s6 vé dang
u, =1+ % ma k§ nang nay chi co khi da hoc cac dinh li vé gi6i han. Khi gi6i han 1a nguyén thi
chién luge S1, S°1 duoc tao diéu kién vi gia tri tung do thay thé béng 1 1a d& tim. Hon nita, chién
lugc S’°2 cling dugc tao diéu kién.

V3: Tc d6 hoi tu cua day la nhanh hay cham.

Tdc db hdi tu nhanh sé tao niém tin va tao diéu kién cho chién luoc S1, S’1.

Bién tinh huong®

- Chi 13 hoanh d6 diém thay thé hoac khong.

- Mat phéng toa do co ludi hodc khong.

- Do dai truc hoanh I6n hay nho.

- Tung do diém thay thé no6i rd 1 d& tim, khong phai tinh toan hodc khéng noi gi.

- Ludi toa do thé hién cac diém M,, hay khong.

- R& rang bién V2 ciing duoc xem la mot bién tinh hudng

Tinh huéng cua chung t61 duoc lua chon nhu sau:

Bién didactic Bién tinh hudng
V1: khéng qua nho, rat nho va tuy v cho 4 | -  Chi rd hoanh do diém thay thé, tung d6 yéu
truong hop cau la dé tim khong phai tinh toan.
V2: Gi6i han la s6 nguyén dwong dé thay - Hg truc c6 truc hoanh du dai, c6 ludi va
V3: Toc d6 hoi tu nhanh biéu dién sin cac diém M,,.

Nhitng cdi cé thé quan sat, nhitng cdu tra 107 ¢o thé
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Cau hoi 1:

M1

MB' g T s SULEE SR SUNE SN SIS SO SRS SR [ S SR S SRS GURUE DUTE SR VO L
g [
O

Hoc sinh 1én bang chi ra nhiing diy diém c6 thé thay thé cho ddy diém M,,, cho 3 -4 hoc

sinh 1én chon nham giup hoc sinh hiéu dé va tao ra méi truong dé tim ra phwong an toi wu.
Nho phén mém, c6 thé kéo dai hé truc hoanh dén “vo cung”.

Cau hoi 2:

C1: Hoc sinh thay ug = 1,5 cach 1120,5 = &; u, = 1,43 tir do hanh trinh thay thé 1a M, _
va M’ 5, (n, 1) va giai thich theo cac chién luoc:

S1: vi tir u,, cac gia tri u,, déu nho hon 1,5 va 16n 1 nén khoang cach giita M, (n, u,,) va
diém thay thé M',,(n, 1) luén nh6 hon 0,5.

S2: ta thay trén hinh v&, khoang cach tir cac diém M,, dén cac diém cung hoanh d6 trén
duong thang y = 1 ngay cang nho va nho hon e khin > 6 hay n > 7.

S3: Goi diém thay thé M',,(n, 1), giai bat phuwong trinh M,M',, < 0,5 < |u, — 1] < 0,5
suyran = 7.

C2: hoc sinh chon cac diém M’,, thoa man ding yéu cau nha vua nhung khong theo 1 quy
luat cho dén v6 cung ma chon 14n luot timg diém nao do, vi du M, (4; 1,75) thi chon diém thay
thé 1a M, (4; 1,3).... khong dé y la phai thoa dén vo cung.

C3: Hoc sinh v& vong tron quanh cac diém M,, va chi mot diém nao do trong ving an toan.

Cau hoi 3:

C1: Dung chién luoc S’°1 va khong thay lién quan dén ¢ .

C2: Két luan co phu thudc nho suy luan sau khi xét cac truong hop cua ¢, tinh n, bé'tng
chién luge $2:u, =1+>=1+e.

C3:dung S’3 |lu, — 1| <ee=n >§.

4.2. Phén tich hau nghiém

Lan thuc nghiém cudi cung véi tinh hudng dién ra trong mét nhém 11 hoc sinh Truong
Trung hoc Phé théng Hung Vuong, thanh phé Quy Nhon; dién ra chiéu ngay 22/5/2017. Trudc
khi thuc nghiém 1an cudi cing nay, chung t6i di thuc nghiém 2 1an trudc do. Tinh hudng thuc
nghiém hai 1an trudc khong khac 1an nay vé noi dung nhung cach chon bién tinh huéng chua phu
hop dan dén viéc hiéu tinh hudng chwa t6t doi hoi giai thich nhiéu. Tuy nhién, nhiing chién luoc
hoc sinh st dung, nhiing két qua thu duoc khuyén khich ching tdi tiép tuc theo dudi tinh hudng
nay.
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11 hoc sinh duoc chia thanh cac nhém 2 hoc sinh nhung mét s6 ca nhan lam riéng nén
chung t61 c¢6 3 nhom doéi va 5 ban lam ca nhan - xem la 8 nhom.

Cac nhom duoc ma hoa N1, N2, N3, N4, N5, N6, N7, N8.

Két qua thu duoc nhu sau:

Cau hoi 1:

Sau khi tinh toan ddy gia tri thay gan 1, luén 16n hon 1 va nhin hinh vé& duoc cung cap, két
qua mong doi 14 hoc sinh nhan ra hanh trinh ti wu 1a hanh trinh di qua duong thang y = 1 bit
dau tur gia tri nao do cua n. C6 3/8 nhém sém nhan ra hanh trinh toi wu va v& 1én mat phéng toa
do. Tuy nhién chi c6 2 hoc sinh chi 1o la u,, > 1.

Cac nhom con lai mic du nhan ra hanh trinh t6i vu nhung van con nham lan gitta hoanh do
va tung do6 vi h¢ truc toa d6 da cho co tén khong quen thudc voi hoc sinh.

Cau hoi 2:

Sau khi nhén ra hanh trinh t6i wu, hoc sinh bat dau trinh bay va giai thich cho su lwa chon
cua minh:

Chién lugc S1: co 7/8 nhom di theo chién luoc nay

N1: Hanh trinh an toan cua ngum hau tr M7 den M ung Vol tung nthiu, s€ bang 1M,(7.1),
Mg(8,1)....M,,(n,1). Vit dch-t héa-man-bé-hen
thiwz=1 Goi F, 1a diém an toan... vay u,, = 1.

N3: Nguoi hau sé bat dau hanh trinh an toan tir M; — Mg, sau d6 tir M, — M,, s& thay bang
céc diém Ay, (n, 1). Vi ta thy tir M, dén Mfu — 1 < ¢

N4: M,_, (n,1).

- Vi khi m6t s6 tu nhién cong vé6i 3 va chia cho chinh no tat ca s& 16n hon 1 nén sé thoa

man duoc.

- Vi khi bat dau tir M., thi cac hoanh d6 sé luén nho hon 1,5 ma vua cho co thé 1&ch di 0,5
nén co thé ap dung duoc.

- Sau khi thay tur M, _, ., s€ thoa duoc tat ca cac yéu cAu.

N5, N6: ... ta thay tit M7 thi diém c6 hoanh d bang 1 vi hoanh do tir M; t6i Myg ciny deu
nho hon 1,5.

N7: ..hanh trinh an toan s& thay dbi tr M, tr& di vi M,(7;1,428) - M',(7,1),
M,(8;1,38) » M'g(8,1)... viu, = "nﬁ >1.

N8: Ta thay tir M, taldy y = 1 va x tang dan 1 gia tri tir M,(7,1), Mg(8,1)...., M;,(12,1).

Chién luge S2:

N2: Bé nguoi hau khong phai tinh toan nhiéu thi toa do cac diém di sé 1a: gitr nguyén M,
My, M3, My, Mg, Mg; voi € = 0,5, ta chon M.,..., M3, cO u,..., Uz, la 1, gilt nguyén n. Vi khi
dich chuyén ta van dam bao khoang cach dich chuyén duong méi va dudng cii bé hon € = 0,5 va
tung do bang 1.

Nhom 1 sau khi gach bo giai thich ban dau dd c6 gang giai thich sy lua chon cia minh
nhung su giai thich qua kho hiéu.
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Ngoai ra N7 va N8 khong giai thich duoc li do chon lua.

Chién luoc S3: khong ¢6 hoc sinh nao tra loi.

Khi thay dbi &, chi mét s6 nhém hoc sinh kip giai quyét:

Nhom 1 néi dugc thoi diém thay 1a Mzq. Mzogo va Ms v6i & = i cach thoi diém chinh xac
1 don vi. Nhom 4 néu dung dugc thoi diém Msy, M3g0q nhllrng khi € bat ki thi khong giai quyét
duoc.

Cau hoi 3:

Da s6 hoc sinh tra 16i duoc thoi diém som nhat xac dinh dwoc diém di ma khong can tinh
toan la M, khi € = 0,5. Tuy nhién, n6 ¢6 phu thudc vao € hay khong khién cac em suy nghi.

Chién luoc S°1: c6 6/8 nhom theo chién luoc nay.

N1: Thoi diém sém nhit ngudi hiu co thé ngimg di 1a M, ; thoi diém Ay khéae phu € vao
e... Thoi diém som nhat ngudi hiu co thé ngimg 1a Ms, van phu thude vao ...

N2: Thoi diém som nhét dé nguoi hiu co thé ngimg di 13: nguoi hau dén diém M, (7,1) vi
khi dén M, va tir M, — v6 cung thi tung do cac diém déu 1a 1. Néu di tiép thi ciing chi di trén
duong thang vi viy nguoi hiu chi can di dén diém M.

N3: Thoi diém som nhét dé nguoi hau ngung di 1a bét dau tir diém M,. Vi tt M, ta tim
duoc nhitng diém thay thé an toan. Thoi diém Ay co phu thudc vao € vi khi ta biét € ta tim ra
nhitng diém an toan thay quy luit ma khong phai tinh toan nhiéu nén khi do nguoi hau co thé
ngung di.

N4: Thoi diém sém nhét ngudi hau dung lai 1a M,. Né-sé-khéne phu-thudevae €. N6 phu
thudc vao & vi khi € = 0,1 thi sé thay thé ¢ diém M, chi khong thé thé vao M vi né khong thoa
yéu cau cta nha vua...(twong tu khi ¢ = 0,1/0,001)

N6: Thoi diém sém nhét dé nguoi hau ngimg di 1a My vi tir My = My ang déu cé hoanh
d6 bang 1, ma M, 1a diém gin nhét va chic chin nhit. Piém iy khéng phu thudc vao €.

N7: Thoi diém sém nhat dé ngudi hau ngimg di 1a tir My vi tir M tro di ta co thé thay doi
déu c6 tung do6 bang 1 khi & = 0,5. Thoi diém Ay phu thudc € vi khoang cach tir M,, —» M,,,, phai
bé hon ¢.

Chién luoc S°2:

NI: 1,001 = ”T” = 1,00ln =n+ 3 = n = 3000 = Mzpo- thoi diém sém nhét co thé
ngung van phu thudc vao ¢... € = M, = % (nhap)...e = i > 0,... thoi diém som nhat la Mgi,
phu thude vao €.

Chién lugce S’3: khong c6 cau tra 10i nao.

Ngoai ra ¢6 hai nhém hoc sinh khong dua duoc cau tra 1o1.

O day. ching t6i thiy ring, viéc hoc sinh tinh nhiéu gia tri u,, 1a can thiét, hoc sinh thay
duoc su “van dong” cua u, khi n ngay cang ting va biéu dién cua nhiing diém M,,(n,u,) trén
mit phang toa d6 cho thay su két ni giita cac gia tri s6 va hinh anh hinh hoc. R3 rang hanh trinh
di qua moi diém M, (n, u,,) la tiém can voi duong thang y = 1 khi n ting dén v6 cung. Hinh anh
do6 cho phép hoc sinh Iua chon hanh trinh t61 vu, toa do cac diém s¢€ thay thé va xac dinh thoi diém
chinh xac dé thay thé dua vao gia tri cua u,,.
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Thuc nghiém trén giéy chua cho phép théy duoc su vo tan, do dé con mét sb hoc sinh van
con anh huong boi chudng ngai “vo cung 16n”. Voi két qua phan tich trén thuc nghiém nay cho
phép kiém chung dwoc gia thuyét di dat ra. Trong qua trinh day hoc, gido vién ¢ thé hoan thanh
hai man con lai cta kich ban, tir d6 dwa dén dinh nghia gioi han cua day s6 theo ngon ngit € — N.

5.  Kétluin

Xuét phat tir viée sinh vién trong qua trinh hoc nghiép vu su pham d rat kho khin dé giang
khai niém gidi han ddy s6. nghién ctru ctia chung t6i di tim cau tra 16i cho cau hoi “mét tinh huéng
nao ¢ thé mang lai nghia ding cho khai niém gidi han diy s6”. Trai qua mot khoang thoi gian
dai tim hiéu lich stt hinh thanh khai niém gi61 han, cac nghién cuu da co vé khai niém €161 han,
su tOn tai cua khai niém 2101 han trong chuong trinh dai hoc va phé thong, chung t61 nhan ra ré“mg
mdt sy két hop giita quan diém dong va truc giac hinh hoc s& cho phép tiép can quan diém xap xi
vé khai niém gio1 han. Thuc nghi¢ém cho théy hoc sinh dé& dang chi ra thoi diém N , phu thudc €
trong dinh nghia gidi han theo ngén ngir € — N ma khong can tién hanh giai bat phuong trinh
lu, — a| < . didu do thuan loi cho tién trinh phat biéu dinh nghia. Thuc nghiém ciing tao co hoi
cho viéc hi¢u phat biéu “khoang cach tir u,, dén a s& nho tuy y khi n du 16n” khi noi mét cach don
gian vé dinh nghia gidi han déy so.
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PHU LUC

! “The terminus of a progression is the end of the series to which the progression does not
attain, even if continued to infinity, but to which it can approach more closely than by any given
interval””.

?. “When the successive values attributed to a variable approach indefinitely a fixed value
so as to end by differing from it by as little as one wishes, this last is called the limit of all the
others. Thus, for example, an irrational number is the limit of diverse fractions which furnish
closer and closer approximate values of it... One say that a variable quantity becomes infinitely
small when its numerical value decreases indefinitely in such way to converge to the limit 0.

3. But (which for us here suffices) they continually approach more closely to the required
ratio, in such a way that at length the difference becomes less than any assignable quantity.

* A variable quantity that can be greater than any assignable number is called “quasi-
infinite”; a variable quantity that can be smaller than any positive number is “quasi-nil”; and a
variable quantity that can be both smaller than any number larger than a given positive number a
and greater than any number smaller than a is “quasi-a.”(|11]).

>. The failure to link geometry with number; The notion of infinitely large and infinitely
small; The metaphysical aspect of the notion of limit; A question of whether the limit is attain or
not.

° Aprocept is an amalgam of three components: a process which produces a mathematical
object and a symbol which is used to represent either process or object. It derives from the work
of Eddie Gray and David O. Tall, and is a much used construct in mathematics education research.

7 Bién didactic hay con goi la bién day hoc, la thuat nglr duoc G.Brousseau dua ra, trich tur
tai liéu tham khao tha nhat, trang 175 “M6t hé thdng cac van dé co thé nay sinh tir mot tinh hudng
khi ta thay doi gia tri cua mot sd bién, cac bién nay dén luot chung s& lam thay doi dic trung cua
nhitng chién lugc giai (t6n kém cong strc, hop thire, tinh phrc tap,...) [...]. Chi ¢6 nhiing thay doi
tac dong dén thr bac cua cac chién lugc 1a nén duoc xem xét (nhiing bién dich thuc) va trong bién
dich thuc nay, nhiing bién ma gido vién c6 thé thao tac, s& duoc quan tim mot cach dic biét: do
1a bién day hoc; nhitng bién nay 1a dich thuc doi véi mét lira tudi nao do, theo nghia la chung diéu
khién nhiing cach tng xu khac nhau. D6 1a nhiing bién day hoc, nghia Ia khi tac dong 1én ching,
ta co thé tao ra nhiing su thich nghi va nhiing diéu chinh: tao ra viéc hoc tap”.

8. Bién tinh hudng: theo trinh bay trén vé bién didactic, bién tinh hubng va gia tri ciia n6 sé
lam thay déi dic trung cua nhiing chién luoc giai nhung khong tac dong dén thir bac cua cac chién
lugc. Viée lwa chon bién tinh hudng 1a v d6 cua gido vién, gitp di dén dwoc muc tiéu day hoc, c6
thé khién viéc tiép nhan tinh hudng 1a d& dang hay kho khin.
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NGHIEN CUU CHIET TACH VA XAC PINH THANH PHAN
HOA HQC CUA CHAT MAU TACH TU THAN RE NGHE VANG
(CURCUMA DOMESTICA VALET.) G NHON PHU, BINH PINH

vO THI THANH TUYEN
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT
Bai bao nay nghién ciru vé thanh phan héa hoc ciia chit mau tach tir than ré& nghé vang trong & Nhon
Phu, Binh Dinh. Chit mau ctia nghé vang thu dugc bang cach chiét nhiéu 1an voi dung méi etanol. Chat mau
thu dugc chiém ham lugng 0,25%. Thanh phan héa hoc ctia chat mau duoc xac dinh bang phuong phap UV-
Vis, HPLC-MS. Chit mau 12 hdn hop ciia bisdemethoxycurcumin (6,27%), demethoxycurcumin (24,60%)
va curcumin (69,13%). Chit mau nay gy doc dong té bao ung thu gan véi gia tri IC, = 8,103 pg/ml.
Tiwr khéa: Curcumin, Ngh¢ vang, Curcuma domestica Valet.

ASBTRACT

A Study on the Chemical Components of the Color Substance Extracted
from Turmeric (curcuma domestica valet.) Grown in Nhon Phu, Binh Dinh

This paper is to study the chemical components of the color substance extracted tumeric (Curcuma
domestica Valet.) grown in Nhon Phu, Binh Dinh. The color substance was extracted several times from
tumeric with ethanol. The color substance extracted accounts for 0,25%. The chemical components of the
color substance were analyzed with UV-Vis, HPLC-MS. The chemical composition of the color substance
are bisdemethoxycurcumin (6,27%), demethoxycurcumin (24,60%) and curcumin (69,13%). This color
substance is toxic to the Hep-G2 at the value IC,, of 8,103ug/ml.

Key words: Curcumin, Turmeric, Curcuma domestica Valet.

1. Diatvan dé

Nghé vang c6 tén khoa hoc 1a Curcuma domestica Valet., thudc ho Zingiberaceae, chi
Curcuma. N6 thudc loai cdy thao va dugc trong ¢ nhiéu noi. Cit nghé vang c6 nhiéu hoat tinh sinh
hoc quy nhu gitup chong oxy hoa, khang viém, thudng dugc sir dung trong hd tro diéu tri viém
gan B, C, HIV va ngin té bao ung thu phat trién. Mau vang ctia nghé 13 chat mau thién nhién duoc
Dugc dién cong nhan voi ma s6 E.100 dé nhudm mau thuc phém, duoc phém thay thé dan nhitng
chat mau tdng hop nhu tartrazin E.102. Ngoai ra, mau vang cua nghé con duoc ding trong cong
nghi€p nhudm len, lya, da min... [1-3].

Nghé vang 1 loai cay trong phd bién, c6 nhiéu img dung nén da c6 nhiéu cong trinh trong
va ngoai nudc nghién ctru vé loai cay nay. Qua nghién ciru cho thay, hai thanh phan quan trong
nhit tao nén cac duoc tinh ciia nghé vang 1a tinh dau va curcumin. Nham dong gop vao viéc khai

Email: vothithanhtuyen@gnu.edu.vn
Ngay nhén bai: 13/11/2017; Ngay nhan dang: 5/1/2018
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théc, sir dung mot cach hop 1y loai ciy trong nay tai dia phuong, t6i da tién hanh chiét tich va xac
dinh thanh phan hoa hoc ctia chit mau tach tir than r& nghé vang & Nhon Phu, Binh Dinh. N6 1a
co s khoa hoc cho nhitng nghién ctru g dung ctia ciy thudc quy nay.

2.  Thuc nghiém

2.1. Lay miu, xir Iy méu

Than r& nghé vang duogc ldy ¢ huyén Nhon Phu, tinh Binh Pinh. Khi d6 cdy nghé vang
dugc muoi hai thang tudi. Than ré nghé vang sau khi loai bo phan ré con, rira bang nudc nhiéu
lan, 1am sach vo, dem xay nho dé 1am nguyén liéu cho giai doan chiét tach tinh dau.
2.2. Chiét tach chit mau

Trudc khi chiét tach chat mau, t6i tién hanh chung cit 16i cudn hoi nudc than ré nghé vang
dé loai tinh dau. B thu dugc dem say kho ¢ nhiét d6 60°C, sau d6 xay nho, thu dugc bot nghé da
loai tinh dau. Bot nghé nay duoc dem chiét nhiéu 1an v6i dung méi etanol. Sau d6 cit loai dung
moi, 1am lanh dich ¢6, tich ra cac tinh thé hinh kim, loc, siy kho thu dugc chat mau.

Than ré ngh¢ twoi (300g)

1. Lam sach 3. Xay nh(’)’ '
2. Thai méng 4. Chung cat 16i cu6n hoi nude
Ba
1. Say kho
2. Xay nho

Bt ngh¢ di loai tinh diu

1. Chiét nhiéu 1an bang

dung moi etanol 4. Loc
2. Cat loai dung moi 5. Say

3. Lam lanh dich c6

Chit mau (0,7569g)

Hinh 1. So do tdach chdt mau tir than ré nghé vang
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2.3. Xac dinh thanh phén hoéa hoc ciia chit mau

Thanh phan héa hoc ciia chat mau tach tir than ré nghé vang duoc xac dinh bang phuong
phap phd tir ngoai - kha kién (UV-Vis) va sic ky 16ng hiéu ning cao ghép khbi phd (HPLC-MS),
nho thiét bi cta Phong CAu trac, Vién Khoa hoc va Cong ngh¢ Viét Nam.
2.4. Thir hoat tinh ciia chit mau

Chat mau tach tir than r& nghé vang dugc dem thir hoat tinh gay doc dong té bao gy ung
thu gan (Hep-G2) theo phuong phap Skehan, Likhiwitayawuid tai Phong sinh hoc thyc nghiém,
Vién Khoa hoc va Cong nghé Viét Nam.

3.  Két qua nghién ciru

3.1. Thanh phéin chit mau tich tir thin r& nghé vang

ChAt mau tach tir than ré nghé vang c6 mau vang, anh tim, tinh thé hinh kim, tan trong mot
) dung méi hitru co nhu clorofom, axeton, etanol,... Ham luong chit mau trong than ré nghé vang
12 thang tudi & Nhon Phu, Binh DPinh 14 0,25% tinh theo nghé tuoi.

Hinh 1. Phé UV-Vis ciia curcumin chudn va phé UV-Vis
cia chdt mau tach tir than ré nghé vang
Tur hinh 1 cho thay phd UV-Vis cta chit mau tach tir than ré nghé vang va phd UV-Vis
chuén ctia curcumin déu c6 A, tai425nm. Gidtrid__ cla chit mau nhan dugc giéng nhu két qua
nghién ctru theo tai li¢u [4].

Hinh 2. Phé HPLC ciia chdt mau tach tir than ré nghé vang
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Bing 1. Két qua do phé HPLC ciia chdt mau tach tir than ré nghé vang

STT Th(‘);ipghiz:) luu Hﬁr?l;)t;gng
1 20,023 6,27
2 20,275 24,60
3 20,509 69,13

Qua phén tich phdé HPLC cho thay chit mau tach tir than r& nghé vang 1a mot hdn hop
g6m ba chat, trong d6 chat img voi thoi gian luu 20,023 phit chiém ham lugng 14 6,27%, chat (mg

v6i thoi gian luu 20,275 phut chiém ham luong 13 24,60% va chat ing voi thoi gian lwu 20,509

phit chiém ham luong 14 69,13%.

x108

15

os

+MS, 20 2min

1020

89
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Hinh 3. Phé MS ciia chat iing véi thoi gian luu 20,023 phiit

Trén hinh 3 ¢6 pic m/z [M+H]" = 308,9 v6i cuong do 16n, cho thdy chit ing véi thoi gian
Iwu 20,023 phut c6 gia tri phan tir khdi 1a 308 phu hop véi cong thie C, H, O
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Trén hinh 4 ¢6 pic m/z [M+H]" = 338,9 v&i cudng d6 16n, cho thdy chét ing véi thoi gian
lru 20,275 phat c6 gia tri phan tr khdi 1a 338 phu hop véi cong thie C, H, O

200718 75"

x108 NS, 20 Brmin #6885

39
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Hinh 5. Phé MS ciia chat iing véi thoi gian luu 20,509 phiit

Trén hinh 5 ¢6 pic m/z [M+H]" = 368,9 v6i cuong do 16n, cho thdy chit ing véi thoi gian
Iwu 20,509 phut c6 gia tri phan tir khdi 1a 368 phtt hop véi cong thirc C, H,O..

Mit khéc, so sanh phd MS cuia cac chat ing véi thoi gian luu 20,023 phit, 20,275 phut
va 20,509 phut v6i phd MS trong tai liéu [4-6] cho thdy cé cac pic thanh phin m/z twong {mg
v6i phé MS ctia bisdemethoxycurcumin (C,,H,0,), demethoxycurcumin (C, H ,O,) va curcumin
(Clezoos)' . . .

Tur cac két qua nghién ctru trén cho phép két luan chat mau tach tir than ré nghé vang 1a hon hop
cta bisdemethoxycurcumin (6,27%), demethoxycurcumin (24,60%) va curcumin (69,13%), trong d6
curcumin 1a chat chiém ham luong cao nhat trong chit mau. Két qua nghién ctru nay 1a phtt hop véi cac
cong trinh da cong bd [7-9].

HO OH
Ci1oHi1604

1,7-bis(4-hydroxyphenyl)hepta-1,6-dien-3,5-dion

hay bisdemethoxycurcumin
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CH,O S F

HO OH

C20H1:05
1-(4-hydroxyphenyl)-7-(4-hydroxy-3-metoxyphenyl)hepta-1.6-dien-3,5-dion

hay demethoxycurcumin

0O (9]

CH.O OCH.

C21H200s4

1,7-bis(4-hydroxy-3-metoxyphenyl)hepta-1,6-dien-3,5-dion hay curcumin

3.2. Hoat tinh ciia chit mau tach tir than ré ngh¢ vang

Két qua thir hoat tinh gdy doc dong té bao ung thu gan (Hep-G2) cho thay tng véi gid tri
IC,,=8,103pug/ml cua chat mau tach tir than r& nghé vang thi c6 (8,669 + 0,290)% té bao ung thur
gan con song sot.

4. Kétluan

- Pi tach dugc chit mau tir than ré ngh¢ vang giai doan 12 thang tudi & Nhon Phu,
Binh Pinh véi ham lugng 0,25% theo khdi lwgng nghé tuoi.

- Chét mau tach dugc tir than r& nghé vang 12 hdn hop ciia bisdemethoxycurcumin (6,27%),
demethoxycurcumin (24,60%) va curcumin (69,13%).

- Chéat mau tach tir than ré nghé vang co6 kha niang gay doc dong té bao ung thu gan tng véi
gia tri IC_ = 8,103 pug/ml.
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NGHIEN CUU CAC PIEU KIEN CHO QUA TRINH NHIET PHAN SINH KHOI
THEO HUONG THU SAN PHAM LONG

PHAN THI THUY DUNG', NGUYEN CONG HOANG? PHAM THI LOAN?,
HUYNH VAN NAM?, TRUONG THANH TAM?
'Vién St rét - Ky sinh tring - Con tring Quy Nhon
?Khoa Hoa, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo trinh bay cdc két qua nghién ciru qud trinh nhiét phan sinh khoi theo hwdéng thu san pham
Iong. Nguyén liéu duwoc sir dung ciia qud trinh nhiét phan la ba mia - nguon sinh khoi ré tién va cé san ¢ dia
phuong. Anh hwong cua nhiét do da dwoc khao sat dé tim nhiét do t6i wu thu dwoc hiéu sudt san phcfm long
cao nhat; Cdc nghién civu so sanh hiéu sudt, thanh phan héa hoc va mét s tinh chdt co ban ciia san pham
long trong qua trinh nhiét phan khong xiic tdc va co mat cua xuc tac FCC tdi sinh ciing da dwoc thuc hién.
Tir khéa: Bi mia, dau nhiét phan, nhiét phan sinh khdi, xuc tac FCC.

ABSTRACT
Study on the Conditions of Biomass Pyrolysis Process to Receive Liquid Products

The article presents the results of research in the biomass pyrolysis process towards collecting
liquid products. The used feed is bagasse, which is available and cheap in the locality. The effects of
temperature were investigated to find out the optimum temperature performance for the earning of highest
liquid products. The study compares the performance, chemical composition and some basic properties of
the liquid products of pyrolysis without catalyst, and the presence of FCC catalyst regeneration was also
implemented.

Key words: Bagasse, biomass pyrolysis, catalytic FCC, pyrolysis oil.

1.  Mé diu

Trong nhimg nim gan ddy su quan tim phét trién nang lugng sinh hoc tir sinh khéi dang
1a giai phap xanh ma con nguoi huéng dén. Nang luong sinh hoc ciing dang c6 nhirng budc phat
trién vuot bac gop phan da dang hoa cac ngudn ning luong, thic day kinh té, giam thiéu 6 nhidm
moi truong.

Céc nudc di dau nhu My, Brazil, EU, Canada di c6 nhitng budc tién trong viée sir dung
nhién liéu sinh hoc, nhién liéu tai tao phuc vu doi séng va phat trién kinh té. Cu thé, My du kién
dén nim 2022, nhién liéu tai tao phuc vu giao thong & My mdi nam phai dat toi 36 ty gallon
(1gallon = 3,785 lit); Lién minh Chau Au (EU) thuc hién muc tiéu thay thé 10% nhién liéu dung
trong van tai bé“mg cac nhién liéu tai tao; Tai Brazil co6 t61 90% cac 6 t6 mdi da duogc lép thiét bi

sir dung xing ethanol va hudng ti cung cap 64 ty lit nhién liéu xanh vao nam 2019. Theo sau cac

*Email: huynhvannam@qnu.edu.vn
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cuong quéc nhién liéu sinh hoc trén thé gidi, thi truong nhién li¢u sinh hoc ¢ khu vuc BDong Nam
A dang trén da phat trién manh. Hién nay, Thai Lan dang 1a thi truong nhién liéu sinh hoc phat
trién nhat tai Dong Nam A v6i ngudn nhiéu liéu sinh hoc ddi dao tir cdy sén. Nha may ethanol
TPK 16n nhit nude dit tai Nakhon Ratchsima c6 cong sudt 1én t6i 500.000 lit [1, 2].

Chinh phu cac nuéc ¢ khu vire da ban hanh nhiéu quy dinh yéu cau pha tron nhién liéu sinh
hoc theo nhiing ty 1¢ khac nhau dé thic déy vi€c st dung nhién li¢u sinh hoc tai quéc gia cua ho.
Tuy nhién, viéc san xuat ethanol sinh hoc cht yéu tir ngudn tinh bot san, gdy anh huong dén an
ninh lwong thue qudc gia ciing nhu vin d& gy 6 nhiém méi truong (dt bac mau, xir Iy chat thai
rin, 16ng tir nha may san xudt ethanol,...). Mt trong nhimng qué trinh san xuét nhién lidu sinh hoc
kha thi 1a qua trinh nhiét phan sinh khéi di tir phu pham hozc phé thai trong san xuat, sinh hoat c6
ngudn gdc hitu co, phé thai nong 1am nghiép (rom ra, triu, ba mia, thin ngd, min cua, gd vun,...)
do ngudn nguyén liéu nay phong pht va khong anh hudng t6i van dé an ninh luong thuc [3].

Nhiét phan sinh khéi 1a qua trinh cracking hop chat lignoxenlulozo nhim tao ra dau thd
sinh hoc (bio-oil), khi va than. Hién nay, bio-oil dugc xem nhu la mdt trong nhitng nguén nhién
lidu tiém ning thay thé dan cho ngudn nhién liéu hoa thach. Tuy vy qua trinh san xuit va sit dung
bio-oil con nhiéu han ché vi hiéu suét thu hdi bio-oil thép va céc tinh chat cta bio-oil nhu nhiét trj
thap, kha nang oxy héa cao, tinh axit an mon kim loai, kha ning bay hoi khéng hoan toan, khong
thé pha tron voi cac nhién liéu ddu mo, tinh khong bén nhiét va bén hoa so véi diu khoang 1a
nhitng han ché dang ké trong viéc sir dung chung [4]. Dé c6 thé str dung duoc bio-oil vio trong
cong nghiép va doi song thi vin dé cap thiét can phai giai quyét d6 13: nang cao hiéu suét thu hdi
san pham 1ong (bio-oil) va nang cip chét lugng bio-oil tao ra nhién liéu sinh hoc (bio-fuels) dat
tinh chat twong duong v&i nhién liéu hoa thach bang cac qua trinh ché bién sau hon [5].

Hudng di ¢6 tinh kha thi nht hién nay nhim nang cao hiéu suat va chét lugng cua san
pham 1ong (bio-oil) & nghién ctru va sir dung xtic tic phi hop c6 thé diéu khién duoce qué trinh
chuyén hoa sinh khdi tao ra san phdm c6 gia tri nhu mong mudn. Xiic tac sir dung cho qua trinh
nhiét phan sinh khéi thuc chat 1a xtic tac cracking [6]. Trong cong nghé loc dau, xtc tac cracking
d3 dugc thwvong mai héa 1a xuc tac FCC. Luong x(ic tac ndy thai ra tir cic nha may loc hoa dau &
Viét Nam 14 rat 16n (15 - 20 tn/ngay).

Trong ndi dung bai bao nay, nhom nghién ctru tién hanh khao sat nhiét d6 t6i uu cua qua
trinh nhiét phan bi mia trong 2 trudng hgp khong c6 xuc tac va c¢6 xic tac nham thu san pham
long dat hiéu suit cao nhat. Pong thoi thuc hién cac thi nghiém danh gia chat lugng ciia san pham
long thu dugc sau nhiét phan nhu: tinh axit, ham lugng pha hitu co, thanh phﬁn hoa hoc. Tir d6
lam co s& cho nhimng dinh huéng tiép theo nham nang cao hi¢u suat thu hdi va nang cip chat
luong san pham 16ng bang cach nghién ctru sir dung xuc tac phu hop.

2. Noi dung

2.1. Thuc nghiém
2.1.1. Xuw ly nguyén liéu

Ngudn nguyén lidu sinh khéi 1a ba mia dugc 1y tir nha may dudng KCP Son Hoa, Phi Yén.

50



Tap 12, S6 3,2018

B3 mia sau khi rira sach dé loai bo cac tap chét co hoc duge phoi kho (duéi anh néng mat troi),
sau d6 sdy o nhiét do 120°C trong 36 gid va xay thanh bot vai kich thude khoang 0,01 dén 1 mm.
2.1.2. Quy trinh nhiét phdn ba mia

Hé théng thiét bi phan tng nhiét phan dugc trinh bay ¢ hinh 1. Cho 20,0 gam ba mia vao
giita dng phan mg, hai ddu duoc c¢b dinh bang bong thuy tinh. Téc d6 thdi khi N, vao éng phan
g 14 120 mL/ phut, toc do gia nhiét khoang 50°C/ phiit, thoi gian tién hanh phan mg nhiét phan
khoang 2 gio [5].

2

Hinh 1. Hé thong thiét bi phan iing nhiét phin
1: Binh chita khi N,, 2: Van diéu chinh lwu leong khi N L 3: T hiét bi phan vmg dang 16 ong,
4: Ong sinh han, 5: Thiét bi thu hoi san pham long, 6: Bé phan hdp thu khi, 7: Cdp nhiét dién,
8: Bo phdn gia nhiét.

2.1.3. Tdi sinh FCC thdi

Xuc tac FCC thai dugce 1y tir Nha méay loc ddu Dung Quét, sau khi siy kho & 100°C trong
2 git duoc tai sinh bang phwong phap dbt loai bo cde trong 10 phan tng. Thoi gian ddt coe 3 gio &
650°C, luu lugng khi oxy 120 ml/ phat, tbc do cép nhiét 10°C/ phut. FCC thai sau khi loai bd cde
duoc goi la FCC tai sinh (FCC-TS) [7].

2.1.4. Phén tich nguyén ligu va sin phim

2.1.4.1. Phdn tich thanh phan nguyén liéu

Thanh phan hoa hoc ctia bi mia dugc phan tich theo phurong phap chuan TAPPI (Hiép hoi
cong nghiép gidy va bot gidy toan cau) [8], cac phép can co do chinh xac 0,0001 g. Phuong phap
nay cho phép xac dinh chinh xac ham lugng xenlulozo, lignin, hemixenlulozo, lugng 4m va céc
hop chit khac trong nguyén liéu sinh khoi.

Thue nghiém: Két qua phéan tich pho thanh phan hoa hoc ciia ba mia duoc thyuc hién tai
phong thi nghiém Cong ngh¢ va vat liéu xtic tac hoa dau, Truong Dai hoc Quy Nhon.
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2.1.4.2. Phurong phdp phan tich phé IR (Phé hong ngoai) [9, 10]

Phé IR 1a mot trong cac dac tinh quan trong cua mot hop chit hoa hoc, nd cho biét dic trung
cac lién két va nhom chue trong cdu tao ctia hgp chat hoa hoc thong qua do hap thu anh sang tai
cac bude song khac nhau cua cac lién két hoa hoc.

Thue nghiém: Két qua phan tich phd IR ctia mau san pham 1ong va ran dugc thyc hién tai
phong may quang phd, Truong Pai hoc Quy Nhon.
2.1.4.3. Phurong phdp phan tich sdc ky khi ghép khoi phé GC/MS [2, 4]

Séc ky khi ghép khdi phd (GC/MS_Gas Chromatography Mass Spectometry) 1a mét trong
nhiing phuong phap sdc ky hién dai nhét hién nay voi do nhay va do dac hiéu cao. Thiét bi GC/MS
duogc ciu tao thanh 2 phin: phan sic ky khi (GC) dung dé phan tich hdn hop cac chét va tim ra chit
can phan tich, phan khdi phd (MS) mé ta cac hop phan riéng 1¢ bang cach mo ta s6 khéi. Bang
su két hop 2 k thuat nay c6 thé danh gia, phan tich dinh tinh va dinh lwong v&i chat phan tich.

Thue nghiém: Két qua phan tich GC/MS cia mau dau nhiét phan duoc do tai phong thi
nghiém Trudong Pai hoc Qudc gia Ha Noi.

2.2. Két qua va thio luin
2.2.1. Thanh phén nguyén liéu bi mia

Thuc hién quy trinh theo phuong phap chuan TAPPI (Hiép hoi cong nghiép gidy va bot

gidy toan cau) [8], két qua phan tich cdc thanh phan co ban trong ba mia dugc thé hién trén bang 1.

Bing 1. Thanh phan héa hoc ciia ba mia

Ham lugng Phan tram (%)
Hoi am 8,06
Xenlulozo 40,63
Lignin 16,35
Hemixenlulozo 13,47
Céc hop chét trich ly 11,56
Tro 9,93
Tong 100

Ham lugng xenlulozo, hemixenlulozo va lignin chiém chu yéu hon 70%, hoi 4m chiém
khoang 8%, con lai 1a cac hop chét trich ly, tro va cac hop chit khac. Do d6, xenlulozo,
hemixenlulozo va lignin anh huéng tryc tiép dén chét lugng san pham ciia qua trinh nhiét phan
ba mia, dac biét 1a xenlulozo.

Tién hanh phan tich thanh phin nguyén t6 ctia ba mia, két qua thu dwoc trong bang 2.

Bing 2. Thanh phan nguyén t6 ciia ba mia

Nguyén t6 C H 0 Chat khac
Thanh phan (% khéi lugng) 47,06 6,53 44,02 2,39
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Két qua cho thiy thanh phan chu yéu ciia bi mia 1a C, H va O chimg t6 bi mia duoc hinh
thanh cha yéu tir cac chét hitu co. Ham luong O trong bi mia cao gin bang ham lugng C nén diéu
nay c6 thé du doan trong san pham bio-oil thu duoc sau qua trinh nhiét phan sé& chira nhiéu hop
chit chira oxy. Pay 1a mét trong nhitng nhuoc diém chung ctia bio-oil sinh ra tir qua trinh nhiét
phan biomass can nghién ctru khic phuc va nang cap.

2.2.2. Qua trinh nhiét phdn ba mia thanh nhién li¢u long
2.2.2.1. Khdo sat nhiét ¢ toi wu thu san pham long

Tién hanh qua trinh nhiét phan khéng xuc tac véi 20,0g b mia, luu lugng khi N, 120 ml/
phut, tdc d6 gia nhiét 50°C/ phut va giit & cac nhiét do khac nhau trong 2 gio. Két qua hiéu suat
c4c san pham ran, 16ng, khi thu dwoc thé hién trén do thi hinh 2.

Nhu vay, hi¢u suat san pham long dat gia tri cao nhét & nhiét do 600°C véi 46,93%, dong
thoi luong chét rin thu duge (than) sau qua trinh nhiét phan giam khi nhiét 6 tang, con hi¢u suét
khi thay d6i nguoc lai so voi hidu sudt 16ng, khi ting nhiét do tir 500°C dén 600°C thi hiéu suat khi
giam, tir 600°C dén 700°C thi hi¢u suat khi ting lén. Diéu nay chimg t6 khi nhiét do cang ting cao,
qué trinh nhiét phan xdy ra sau hon, triét & hon nén ham luong san pham ran giam, cac phan tir
san pham bi bé gy tao ra nhiéu khi nhe nén ham luong khi ting 1én va ham luong long giam di.
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Hinh 2. D6 thi biéu dién su thay doi thanh phd‘n san ph(fm theo nhiét do nhiét phan

Thyc hién qua trinh nhiét phan trong cac diéu kién twong tu nhu trén nhung c6 mat cua xuc
tac FCC tai sinh (FCC-TS). Hiéu sut cac san pham rin, 1ong, khi thu duoc trén dd thi hinh 3.
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Hinh 3. D6 thi biéu dién su thay doi thanh phan san pham theo nhiét dé

va ham luwong xuc tac nhiét phan

Tir d6 thi hinh 3 cho thiy, khi nhiét d6 phan ng ting tir 400°C dén 550°C thi hiéu suat san
pham 16ng ting va dat gi tri cuc dai tai 550°C v6i hiéu suat san pham 1ong 1a 45,80%. Néu tiép
tuc ting nhiét do dén 600°C thi hi¢u suét long giam xudng con 42,00%. Khi nhiét d6 ting 400°C
dén 600°C thi hiéu suit san phém ran giam tur 22,65% dén 18,60%. Anh huong cua nhiét do dén
su phan bd san pham duoc giai thich twong tw nhu nhiét phan khong xuc tac. Nhung su khac biét
1a & chd, néu so sanh hiéu suit san phim khi nhiét phan & cing 550°C thi khi khong c6 xuc tac
hiéu suat san pham rén cao hon, diéu nay c6 thé do lignin méi bi nhiét phan mot phan do day 1a
thanh phan khé nhiét phan nhat trong cac hop chét co trong ba mia. Vai trd cua xuc tac FCC véi
cac tam axit 1am cho qua trinh nhiét phan hiéu qua hon, dic biét 1a véi lignin dan dén hiéu suét
san pham ran giam, san pham l6ng ting. Tir cic phan tich trén cho thay nhiét do t6i wu dé thuc
hién phan tmg nhiét phan bi mia trong diéu kién sir dung 10% xtic taic FCC-TS so véi nguyén li¢u
1a 550°C. Diéu dic biét dang quan tim khi str dung xtic tic hiéu suat san pham long ¢ 550°C dat
dugc tuong duong voi nhiét phan khong xuc tac & 600°C. Nhu vay nhiét dd nhiét phan giam duogc
50°C, diéu nay rat c6 y nghia thuc tién va kinh té khi trién khai trong thyc té.

2.2.3. Phan tich sin phim long

Chon mau san pham 1ong dat higu sudt thu hdi cao nhat ciia qué trinh nhiét phan khong
xuc tac & 600°C (M2-600) va nhiét phan c6 10% xiic tic FCC-TS & 550°C (M3-550) dé tién hanh
phan tich.

2.2.3.1. Xac dinh tinh axit

Két qua do pH va xéc dinh tri sé axit cho thiy cic mau long tao thanh c6 tinh axit va gia
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tri chénh 1éch nhau khong nhiéu (bang 3). Nguyén nhén tinh axit cao la do trong nguyén liéu c6
hop chét chira oxy khi cracking bi oxy hoa tao axit. Do d6, van dé tiép theo dit ra cho qua trinh
nghién ctru 13 cai thién tinh axit ctia san pham long bang cach phat trién hé xuc tac cracking mai
hodc nang cap san pham long bang qua trinh oxy dehydro hoa (HDO).

Bing 3. Két qua ham lwong axit ciia san pham long

Mu san phim long bo pH Tri s6 axit TAN (mgKOH/g mau)
M2-600 2,39 121,71
M3-550 2,25 115,38

2.2.3.2. Phdn tich ham hrong hitu co trong san pham long

Dung dung méi diclometan dé tach chiét phan hitu co khong phan cuc hodc phan cuc yéu
tan trong dung moi ra khoi phan cac hop chét vo co va hop chit phan cuc manh. Két qua thu duoc
sau khi cho bay hoi dung méi trong pha hiru co thé hién & bang 4.

Bing 4. Két qua ham lwong hitu co trong san pham

Mau Phan tram pha hitu co
M2-600 23,7%
M3-550 28,1%

Nhu vay, hiéu suit san pham hiru co trong truong hop khong xic tac thap hon so voi khi
st dung xtc tac. biéu nay co thé dugc giai thich la do co ché hoat dong cua tam hoat tinh xuc tac
tao diéu kién nhiét phan xay ra hoan toan hon va hiéu qua hon, san phdm chtra nhiéu hop chit
hydrocacbon hon.
2.2.3.3. Phé hong ngoai (IR) ciia san pham long

Phén tich phd IR ctia miu trén xuc tac va khong xuc tac dé xac dinh thanh phan cac nhom
chtrc trong san pham long.

Trén ca hai pho hong ngoai cia san pham dau nhiét phan cho thdy sy c6 mit cia dam
phé o vung 3500 - 3600 cm™! voi cuong do manh thé hién dao dong hoa tri cia nhom O-H tu do
khong c6 lién két hydro. Xuat hién dao dong hoa tri ctia nhom -CH,, -CH, (2972 cm'), dao dong
hoa tri ctia nhom C=0 trong andehit (1757 cm™'), dao dong bién dang cta cac lién két -CH,, -CH,
(1520 cm™), dao dong hoa tri cia nhom C=C (1470 cm™). Pac biét, trong phé IR cua mau san
pham dau nhiét phan c6 mat xac tic FCC-TS xuét hién 16 ving phd c6 budce song 700 - 900 cm'

dic trung cho dao dong bién dang ctiia nhom C-H trong vong thom.
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Hinh 4. Phé IR mau dau nhiét phan M2-600 va M3-550

Tir két qua phan tich phd nhan thay trong mau dau c6 thanh phan hop chat hitu co andehit,
xeton, O-H khong c6 lién két hydro két hop véi C-H trong vong thom cé thé dugce dy doan nhom
OH nay gin vao vong thom, ching to sy ¢6 mit ctia cac hop chat cta phenol. Dic biét xuét hién
16 rang hon trong mau san pham thu duge tir qué trinh nhiét phan c6 mit ciia xtic tic FCC-TS.
Nghia 14 xtic tac FCC-TS di c6 tic dung trong viéc thom hoa san pham trong qué trinh nhiét phan
so voi qua trinh nhiét phan khong xuc tac.
2.2.3.4. Sdc ky khi ghép khoi phé (GS/MS) cua san pham long

Dé xac dinh chinh x4c thanh phén va cdu tao hoa hoc cua cic hop chét hiru co trong
san pham 16ng, ching t6i di tién hanh do phé GS/MS trén hai mau san pham long M2-600 va
M3-550. Két qua dugc trinh bay ¢ hinh 5 va hinh 6.

Bing 5. Tong hop két qua cdc hop chat chinh trong san pham long

Nhiét phan khong xtc tac

Nhiét phan co6 xtc tdc FCC-TS

2- furancarboxaldehyt

1,4-dimethoxy benzen

Axeton

1-(2,5-dihydroxyphenyl) ethanone

3- furandehyt

3-ethyl phenol

Phenol

2,4-dimethyl phenol

2,6-dimethoxy phenol

3,4-dimethoxy phenol

Nhu véy, ding nhu du doan trén co sé phd IR, qua phan tich phd GS/MS cho thiy qua
trinh nhiét phan khong xtic tac chi thu dugc cac hop chét andehyt, xeton va hop chit vong 5 canh
furan. Qua trinh nhiét phan c6 mit cta xuc tic FCC-TS thu dwoc nhiéu hop chat chira vong thom
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benzen, phenol va cac déng dang ciia phenol. Didu d6 chimg to su c6 mit ctia xtc tac di 1am thay
d6i rat 16n co ché cua phan tmg nhiét phan xenlulozo va cac hop chat c6 trong ba mia.
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Hinh 5. Phé GC/MS ciia mau dau nhiét phdn khéng xiic tac & 600°C (phé bén trén)
a) Ghép khéi phé ciia 2-furancarboxaldehyt; b) Ghép khoi phé ciia axeton
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Hinh 6. Phé GC/MS ciia mau dau nhiét phin ¢ xiic tic FCC-TS & 550°C (phé bén trén)

a) Ghép khoi phé ciia 1,4-dimethoxy benzen; b) Ghép khéi phé cia 1-(2,5-dihydroxyphenyl)
ethanone; ¢) Ghép khoi phé ciia 3-ethyl phenol; d) Ghép khoi phé ciia Phenol; e) Ghép khoi
pho ciia 2,4-dimethyl phenol; ) Ghép khéi phé cia 2,6-dimethoxy phenol

2.2.4. Phé hong ngogi (IR) ciia sdn phim rin sau nhiét phin

Két qua phd hong ngoai xuat hién lién két —OH ty do (3493 cm), lién két -C=0 ciia
andehit va axit cacbonxylic (1600 — 1800 cm™"), khong xuét hién cac lién két C-C. Piéu nay chiing
t6 qua trinh nhiét phan xay ra hoan toan. Sy xuat hién lién két —OH tu do va lién két -C=0 c6 thé
do than hap phu hoi 4m trong khong khi va duogc gia thiét 1a do trén bé mat than c6 ton tai nhom
chirc —COOH cua axit cacboxylic dugc tao ra.
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Hinh 7. Phé IR mdu san pham rdan sau nhiét phén

3.  Kétluan
Trén co so thuc nghiém va két qua thu duogc, chung t6i rat ra mot s6 két luan sau:
- Thanh phan hoéa hoc cua ba mia l1a xenlulozo, hemixenlulozo va ligin chiém chi yéu trén

70%, thanh phan nguyén t6 chii yéu la cacbon va oxy chiém khoang 91%.
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- b x4c dinh dugc nhiét d6 t6i wu thu duoc hiéu suét san phém long cao nhét véi qua trinh
nhiét phan khong xuc tac 1a 600°C va nhiét phan c6 mat xtc tac FCC-TS Ia 550°C.

- Ham lugng pha hitu co & mau san pham 16ng nhiét phan c6 xtic tac FCC-TS cao hon, diéu
nay chiing t6 qua trinh nhiét phan c6 xuc tac FCC-TS xay ra hiéu qua hon.

- San pham 1ong xuit hién cac hop chit ciia phenol, furan, cac thanh phan hop chat hiru co
khéc cua andehit, xeton, axit,... Pac bi¢t ham luong hop chit chua vong thom trong san phélm
1ong nhiét phan xuc tic c¢6 ham luong 16n hon so véi nhiét phan khong xic tic. Nhu vy c6 thé
khing dinh vai trd quan trong ctia xuc tic FCC-TS trong qua trinh nhiét phan biomass.

Tuy nhién, san pham 16ng c6 tinh axit cao, ham luong cac hop chat chtra oxy 16n, ham
lwong pha hitu co con thip. Do d6, huéng phat trién tiép theo ciia nhoém nghién ciru 1 bién tinh
va phat trién hé xic tac mdi nham khic phuc nhitng han ché néu trén cta san pham long, timg
bude cai thién cac tinh chat va thanh phe‘in héa hoc cta diu nhiét phan dam bao céc tiéu chuin

chit lugng dau nhién liéu.
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PIEU CHE XUC TAC QUANG HOA ZnO-SiO, VA UNG DUNG
PE PHAN HUY PHAM MAU RHODAMINE B

LE THI THANH THUY", NGUYEN XUAN DUNG
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Xiic tac kém oxit gan lén silic dioxit (Zn0O-Si0,) dugc tong hop thanh cong bang phiong phdp
dong két tiia. Hop chat nay dwoc ddc trung boi nhiéu xa tia X (XRD), phé UV-Vis, kinh hién vi dién tir quét
(SEM), kinh hién vi dién tir truyén qua (TEM), pho h&ng ngoai (IR), phé tan xa nang luwong tia X (EDX)
va BET. Hoat tinh ciia vit liéu dwoc khao sat thong qua qud trinh phéan hity phdam mau rhodamine B (RhB)
dudi dng sang kha kién. Cdc két qud chi ra rang chat xiic tac ZnO-Si0, cho hiéu qua quang xuc tdc cao
nhdt va c6 kha ndng tai ché. Lwong xiic tac toi wu la 2,5 g/ L doi véi su phdan hity rhodamine B (20 mg/ L).

Tiwr khéa: Xuc tac quang, K&€m oxit, Silic dioxit, rhodamine B.

ABSTRACT
Preparation ZnO-SiO, Photocatalyst and Application in the Degradation of Rhodamine B

Zinc oxide catalyst coated on silicon dioxide (ZnO-Si0,) was successful by co-precipitation method.
The composite was characterized by X-ray diffraction (XRD), Uv-vis spectroscopy, scanning electron
microscopy (SEM), transmission electron microscopy (TEM), infrared spectroscopy (IR), energy dispersive
X-ray spectroscopy (EDX) and BET. The performances of the supported catalysts have been evaluated for
the degradation of rhodamine B (RhB) solution under visible-light irradiation. The results indicated that
ZnO-Si0, catalyst demonstrated the highest photocatalytic efficiency and a perspective recyclable potential.
The optimum dose of the photocatalyst was 2,5 g/ L for the degradation of rhodamine B (20 mg/ L).

Key words: Photo-catalyst, Zinc oxide, Silicon dioxide, rhodamine B.

1.  Giéi thi¢u

Ngay nay, xtic tdc quang da va dang tré thanh mdt linh vuc quan trong. N6 thu hut su quan
tam nghién ctru cta cac nha khoa hoc trong viée giai quyét cac van dé vé méi truong. Trong cac
chat ban din dugc nghién ciru tng dung lam vt liéu xuc tic quang thi ZnO gan ddy duoc lya
chon nghién ctru nhiéu bdi ZnO ¢6 hoat tinh xuc tac quang cao, khong doc hai, gia thanh thép va
c6 thé tai sir dung nhiéu 1an. Tuy nhién ZnO chi hoat dong trong ving sang tir ngoai (ning luong
viing cam khoang 3,37 eV ¢ nhiét d6 phong). Nhiéu nghién ctru cho thay, khi d rong ving cim
ctia ZnO giam xudng thi hoat tinh quang xtc tic ctia nd trong ving kha kién ting dang ké. Bé lam
giam d6 rong ving cim cua ZnO, ngudi ta c6 thé 1am giam kich thudc hat, bién tinh ZnO hodc tao
composite ZnO v6i mot s6 oxit khéc. Ngoai ra ZnO c6 tinh linh dong cua dién tir cao, su on dinh

*Email: lethithanhthuy@gqnu.edu.vn
Ngay nhan bai: 16/8/2017; Ngay nhan dang: 26/10/2017
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vat 1y va hoa hoc, ty 1& dién tich bé mit 16n va dé dang tong hop di cho thay nhiéu tiém ning Gmg
dung cua vét li¢u nay. Téng hop cac vat liéu nano ZnO véi hinh thai va d¢ rong vung cAm co thé
kiém soat duoc hién dang 1a chii dé nghién ctru trén toan thé gioi [1,2].

Viét Nam 1a mot nu6e néng nghiép véi truyén théng trong lta da gin lién voi doi séng cua
nguoi dan nong thon. Sau mdi vy thu hoach, vé trdu tir qua trinh xay x4t lia dugc ngudi dan chon
lép, dd déng thanh phan bon hoac tan dung lam chét dbt, tron voi dat sét 1am gach,... Vo trdu sau
khi chdy, cac thanh phan hitu co bi phan hiy va thu duoc tro trdu. Tro trau 1 mot trong nhiing
nguyén ligu giau SiO, nhét, dat khoang 90 dén 98% veé khi lugng nén no 1a ngudn nguyén liéu Iy
tudng dé tong hop vat ligu SiO, [3].

Trong bai bao nay, chat xuc tac ZnO dugc téng hop bang phuong phap nhiét phan kém
oxalat trén chit mang Si0,, day la mot phuong phap don gian, chi phi thap cho hiéu suét cao. Cau
triic cua vat liéu duoc dac trung béng XRD, IR, SEM, TEM, UV-Vis, BET,... Hoat tinh xtc tac
quang cua vt lidu duoc khao sat thong qua qua trinh phan hay phdm mau rhodamine B du6i anh
sang kha kién.

2. Thuyc nghiém
2.1. Téng hop vit liéu
2.1.1. Héa chit

Natri hidroxit (NaOH 99%), axit clohidric (HCI 37%), axit oxalic (C,H,0,.2H,0 99,5%),
k&m nitrat (Zn(NO,),.6H,0 99%).

2.1.2. Tong hop méu Sio,

Vo triu dugce ria sach, séy kho, dem nung ¢ nhiét 6 600°C trong thoi gian 4 gio thu dugc
tro trdu c6 mau trang xam. Tro triu dé ngudi dem nghién min bang cbi thity tinh. Lay 10 gam tro
trau cho vao 100 ml dung dich NaOH 6 M, khudy tron déu va gia nhiét hdn hop phan tng trong
4 gior & 100°C. Loc 1y dung dich va axit hoa bang dung dich HCI 4 M cho dén khi dung dich c6
mdi truong axit dat gia tri pH ~ 3. Loc, rua két tha nhiéu 1an br:ing nudce cat va etanol, sau do séy
kho ¢ 100°C trong 12 gio. Cudi ciing bt mau tring duoc nung & 550°C trong 2 gid, thu duge san
pham SiO,.

2.1.3. Téng hop méu ZnO

Dun s6i 2 cbe: dung dich Zn(NO,), 0,4M (100 mL) va dung dich H,C,0, 0,6M (100 mL).
D6 tir tir cde dung dich H,C,0, vao cde dung dich Zn(NO,),. Khuéy hdn hop cho dén khi ngudi
vé nhiét d¢ phong, thu duogc két tua kém oxalat. Loc vartua két tua bé’mg nudce cat dén moi truong
trung tinh. Sy kho két tua & 100°C trong 3 gid, sau d6 nung & 400°C trong 1 gid thu duoc san
pham ZnO.
2.1.4. Tong hgp xiic tic Zn0-Si0,

Dun s6i 2 coc 100 ml dung dich Zn(NO,), 0,4 M va 100 m! dung dich H,C,0, 0,6 M. D6

nhanh dung dich H,C 0O, vao dung dich Zn(NO,),. Cho tiép vao hon hop SiO, twong tmg v6i ham
lwong SiO, trong vat liéu ZnO 1a 3%; 4%; 5%; 6%; 8%. Tiép tuc khuéy hdn hop cho dén khi ngudi
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vé nhiét do phong, sé& thu dugc két tiia kém oxalat. Két tua duoc loc va rira béng nudce cat dén moi
truong trung tinh. Két ta duoc siy kho & 100°C trong 3 gid, sau d6 nung & 400°C trong 1 gid thu
dugc san pham ZnO-Si0,,.

2.2. Thi nghiém khéao sat hoat tinh cia xuc tac

Hoat tinh xtc tac quang cua vat li¢u dugc khao sat thong qua viéc phan hiy dung dich
rhodamine B 20 mg/L (RhB) duéi anh sang kha kién. Dén compact (36 W) duoc sir dung thay cho
anh sang tu nhién (c6 budc song trong khoang 400 nm dén 700 nm). Lay 100 ml dung dich RhB
cho vao cdc dung tich 250 mL, sau d6 thém vao mét lwong xuc tac thay d6i tir 0,2 g ¢én 0,3 g.
Khudy dung dich & tbc d6 khong ddi trong bong tbi 30 phit dé dat can bang hip phu, sau d6 dem
chiéu sang. Nong @6 RhB con lai duoc xac dinh bang phuong phap tric quang.

2.3. Phuong phap phan tich

Thanh phéan pha cta ZnO va SiO, dugc xéac dinh bang phuong phap nhidu xa tia X (D8
Advance - Bruker). Khao sat hinh anh bé mit bang phwong phap hién vi dién tir quét SEM
(Hitachi S4800 electron Microscope) va hién vi dién tir truyén qua TEM (JEOL JEM-1010
Electron Microscope). Kha nang hap thu anh sang ctia cac hé xtc tac duoc didc trung bang phd hap
thu UV-Vis DRS (Tasco-V670 photospectrometer). Thanh phan nguyén t6 trong miu dwoc xéac
dinh bang phd tan xa ning luong tia X (EDX) (Energy-dispersive X-ray spectroscopy). Lién két
trong vt lidu dugc xac dinh bang phd hong ngoai IR. Nong d6 RhB dugc xéac dinh biang phuong
phap tric quang tai budc song 553 nm (UV-Vis JASCO V-730, Nhat Ban).

3.  Két qua va thao luin
3.1. Ddac trung vat li¢u

3.1.1. Gidn db nhiéu xq tia X ciia mdu Si0,, Zn0va Zn0-Si0,

eond A e
" |

Hinh 1. Gidn do nhiéu xa tia X cua SiO,, ZnOva ZnO-SiO,

Ttr gian dd nhidu xa tia X (Hinh 1) cho thay, cac dinh nhiéu xa dic trung cho pha luc giac
cAu triic wurtzite ctia ZnO tai cac vi tri 20 = 31,87°; 34,36°; 36,25°; 47,92°; 56,62°; 62,89°; 68,08°
tuong Gmg voi cac ho mat (100); (002); (101); (102); (110); (103); (112) véi hang sé mang la
a=23,24982 A va c = 5,20661 A, day ciing 1a ciu trac phd bién nhét va c6 hoat tinh quang xtic
tac cao nhat ciia ZnO. O miu Zn0-Si0, thi tai pic 31,66 do c6 su két hop thém pha ctia SiO, nén
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cuong do pic cao hon va pic 45,37° cua SiO, trong mau Zn0O-Si0, bi mat di. Piéu nay c6 thé do
su thay doi cdu triic ctia Si0, khi tao composite v6i ZnO. Két qua cho thay cau tric cta ZnO ciing
khong bi thay ddi trong mau ZnO-Si0,.

3.1.2. Anh hién vi di¢gn tir quét SEM ciia méu SiO,, ZnO va Zn0-Si0,

(2a) (2b) (2¢)
Hinh 2. Anh SEM ciia mau SiO, (2a), ZnO (2b) va ZnO-SiO, (2c).

Két qua anh hién vi dién tr quét (Hinh 2) cho thu duge cho thiy mau SiO, ¢6 ciu tric xdp,
mau ZnO va ZnO-SiO, & tinh thé dang hat khd dong déu va bé mit trong déi dong nhat.

3.1.3. Anh hién vi di¢gn ti truyén qua TEM ciia miu Zn0-SiO,

nt Mag: 208000x @ 51 mm
10:24:46 a 06,1417 HV=80.0kV

TEM Mode: Imaging Direct Mag: 100000x
EMLab-NIHE

Hinh 3. Két qua anh TEM ciia mdu ZnO-SiO,

Két qua anh TEM (Hinh 3) cho thay su tao thanh ZnO trén SiO, véi kich thude hat trung
binh khoang 19 nm. Két qua nay xAp xi voi két qua tinh kich thudc hat tir cong thirc Debye -
Scherrer. Qua dé chirng minh mau Zn0-Si0, thu dugc co kich thudc nano.

3.1.4. Phé UV-vis méu vit ligu Si0,, ZnO va Zn0-Si0,
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Hinh 4. Phé UV-Vis (4a) va do thi nang lwong vimg cam (4b) ciia mau SiO,, ZnO va ZnO-Si0O,
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Tir két qua phd UV-Vis cho thdy ving hap thu cia Zn0O-Si0O, dugc mé rong hon vé ving
anh sang kha kién hon so v&i mau ZnO va d6 hap thu trong viing anh sang kha kién cua Zn0O-Si0,
ciing cao hon. Qua d¢ cho thiy mét dich chuyén d6 ciia xtic téc ZnO-SiO, so v6i ZnO, diéu nay
hira hen (mg dung kha ning cua vat li¢u xtc tdc quang ZnO-SiO, dudi tdc dung cua dnh sang mat
troi. Két qua nang lugng ving cam giam tir 3,22 eV ctia mau ZnO xudng con 3,20 eV voi mau
Zn0O-Si0,.

3.1.4. Phé hong ngogi IR ciia mu Si0,, ZnO va Zn0-Si0,

Tir két qua phd hdng ngoai IR (Hinh 5) cho thdy mau SiO, ¢6 pic déc trung cho dao dong
Si-O-Si tai 1107 cm™ [4]. Trong 2 mau ZnO va ZnO-Si0, ¢6 su xudt hién pic 3732 cm™' dugc
gan cho cac nhom hydroxyl [5], cdc nhom nay gitip cho vat liéu c6 kha nang oxi hoa va phan huy
cac hop chét hiru co. Dai rong giita 3200 - 3600 cm™ trung tdm & 3393 cm! tuwong Gng véi su
dao dong hoa tri cia lién két hydro lién phan tir (O-H) ton tai giita phan tir nudc hip phu va oxy
clia oxit k&m. Pic & 424 cm! va 439 cm™! véi cuong d6 dao dong manh hon & mau Zn0-Si0, dic
trung cho dao dong hoa tri cia lién két Zn-O [6]. Ving & 1366 cm™! twong tng voi dinh ZnO [7].
Tai pic 1626 cm™ duoc cho 1 do dao dong bién dang ctia O-H trong phan tir nudc con trong xtc
tac [8]. Ngoai ra ca 3 mau déu c6 pic 2361 cm do dao dong bién dang O=C=0 cua CO, trong
khong khi [9]. Két qua phén tich IR d3 cho thiy su thanh cong trong tong hop vat liéu Si0,, ZnO
va ZnO-Si0,,.

Hinh 5. Phé IR cua SiO,, ZnOva ZnO-SiO,
3.1.5. Két qud phan tich EDX

304 5 6 7 & 9 0 N 12 13 M 15 6 47 18 19 B
ul Scale 196 st Cursor; 3983 keV (1 cts) ey

ul Scale 305 cts Cursor 5765 ke (0 cts)
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Element W(:;ght Atomic %
0
0 56.19 69.13 Element Weight % Atomic %
Na 4.93 4.22 O 25,01 57,68
Si 34.81 24.39 Zn 74,99 42,32
Cl 4.07 226 Totals 100,00 100,00
Totals 100,00 10,00
(6a) (6b)

Element Weight % | Atomic %
(¢} 20,87 51,87
Zn 79,13 48,13
Totals 100,00 100,00
(6¢)

I

st e e ‘.M,LA ki, -
B e e e e A e
P12 3 4 5 6 7 & 9 10 2 15 M4 15 1% 17 1% 19 N
ull Scale 185 cts Cursor; 7.244 keV (0cts) keV

Hinh 6. Phé EDX ciia mdu xiic tdc Si0, (6a), ZnO (6b), ZnO-SiO, (6¢).
T céc két qua dugc thé hién trén phép phan tich pho EDX (Hinh 6) cho thdy trong mau
SiO, ngoai thanh phan chu yéu 12 Si va O con ¢6 Na va Cl sot lai trong qué trinh téng hop. Vi 2
mau con lai déu chi théy su c6 mit ciia Zn va O v&i 74,99% Zn va 25,01% O trong mau ZnO, ty
1¢ phan tram vé khéi lugng ctia Zn trong mau Zn0-Si0, cao hon (79,13% Zn va 20,87% O). Didu
nay co6 thé cho thiy c6 su tao composite giita ZnO va SiO, nén da lam thay d6i dang ké thanh
phan ciia chung.

3.1.6. Két qud phan tich ding nhiét hip phu - khiv hdp phu nito (BET)

. P
pd
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z i
i -
” el
I
= .

Hinh 7. Dién tich bé mdt rieng cua ZnO-Si0,
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Két qua dién tich bé mat BET tinh duoc tir phép do 1a 23,0273 + 0,0299 (m?/g). Xuc tac
Zn0O-Si0, tong hop duoc ¢6 dién tich bé mat twong ddi 16n, ting nhiéu so véi ZnO 13 9,5 m¥/g [10].
Diéu nay c6 thé giai thich la do ZnO tao thanh gin lén bé mit c4c tinh thé SiO, lam gidgm kich
thudc hat nén dién tich bé mat ting va gop phan ting hoat tinh xuc tac cua vat liéu.

3.2. Khaio sat hoat tinh xic tic quang cia vét li¢u SiO,, ZnO va ZnO-SiO, trén sy phan hay

phim mau Rhodamine B dwéi anh siang kha Kién

100 1
80 A
> 60 1
=
=
€ 40 ) Zn0-Si02
g -===7Zno
sio2
S 20
0 T T T
0 30 60 90 120
Thoi gian (phtt)

Hinh 8. Hiéu sudt phdn hity RhB theo thoi gian chiéu sang ciia mau S8i0,, ZnOva ZnO-SiO,

Tur két qua thu duoc & hinh 8 cho thiy dbi véi vat lidu SiO, hau nhu khong xdy ra qua trinh

phan hity RhB. Hiéu suit phan huy RhB duéi diéu kién anh sang kha kién ciia cac mau xuc tac

Zn0-Si0, cao hon so v6i ZnO. Vi vt ligu ZnO-SiO, thi sau khi qua trinh hap phu dat can bang

(30 phut trong bong tdi), qua trinh phan hiuy RhB van tiép tuc xay ra manh hon. Két qua nay phu

hop v&i cac két qua rat ra dugce tir dic trung vat liéu & trén. Diéu nay di cho thiy vai tro cua xuc

tac khi dua lén SiO,.

3.3. Khao sat cac yéu to anh huéng dén qua trinh tong hop vat liéu ZnO-Si0,

3.3.1. Khao sdt anh hwong ciia lugng Si0O, dén qud trinh tong hop vit liéu Zn0-Si0,

100 -
90 4
80 -
70 4
>
-3 60
2 --3% Si02
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g -“@4% Si02
40
2 --5% Si02
- 30
) = 0, 1
20 6% Si02
0 —+—8% Si02
0 T T - .
0 30 60 90 120
Thoi gian (phut)

Hinh 9. Anh huéng ciia lwong SiO, trong vat liéu toi hiéu sudt phdan hiry RhB
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Két qua Hinh 9 cho thay luong SiO, ti wru cho qua trinh tong hop xuc tac 1a 5% SiO, trong
vat li¢u ZnO-Si0,. Khi lugng SiO, qua 16n cling s€ gay ra sy che lap cac tam hoat dong ciia xtc
tac va ngan can anh sang truyén dén ZnO nén lam giam hiéu qua xu 1y.

3.3.2. Khdo sdt dnh hwéng ciia nhiét dp nung dén qud trinh tong hop vit ligu Zn0-Si0,

100 1

500°C 70 4
2 A " ﬂ Jn 2 60 -
¢ = -300°C
F £ 50 1
£ & *-350°C
400°C g 40 1
N A_ NN\ 30 A -2-400°C
<
20 -0-450°C
300°C 10 - -+-500°C
2 30 % 50 60 0 0 T T T T
2 - theta - scale 0 30 60 90 120
Thoi gian (phut)
Hinh 10. Gian do nhicu xa tia X cua cac Hinh 11. Anh huong cua nhiét dé nung toi
mau nung & 300°C, 400°C va 500°C hiéu suat phan hiy RhB

Ttr két qua gian d6 nhidu xa tia X (hinh 10) cho thdy cic mau dugc nung & nhiét d6 trén
400°C déu ¢ dang pha luc giac cdu trac wurtzite. Mau nung & nhiét d6 300°C c¢6 do két tinh thap
va chua hinh thanh pha luc gidc cdu tric wurtzite ciia ZnO. Ngoai ra hi¢u suat xir Iy RhB tang khi
nhiét d6 nung tang tir 300°C dén 400°C va hiéu suat giam khi nhiét d6 nung thay ddi tir 400°C t6i
500°C. Piéu nay co thé duge giai thich do sy tang nhiét do nung, cac hat c6 khuynh hudng gén
v6i nhau dé tao thanh cac hat 16n hon gay ra sy tang kich thudc hat va cac hat 16n ZnO s& khong
thé di vao céc 16 xdp cua SiO, nén hiéu qua xir Iy gidm. Két qua Hinh 11 cho thay nhiét d¢ nung
t6i wu cho qua trinh téng hop xuc tac 1a 400°C.

3.3.3. Khdo sdt dnh hwong ciia thoi gian nung dén qud trinh tong hop vit liéu Zn0-Si0,

100 -
90 A
80 4
70 A
Z 60 A
‘_5:% 50 —+-30 phut
é‘ 40 —+—60 phut
% 30 —o-90 phut
20 ——120 phut
10 150 phut
0 T T T T
0 30 60 90 120
Thoi gian (phut)

Hinh 12. Anh hudéng cia thoi gian nung vt liéu téi hiéu sudt phan hiiy RhB
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Tir két qua Hinh 12 cho thay thoi gian nung ciing di anh huong dén hoat tinh quang xtic tac
clia vat lidu va da lam thay ddi hiéu suat xir Iy RhB. Vi thoi gian nung cho qua trinh tong hop
xuc tac 14 2,0 gid cho san pham vat liéu c6 hiéu suit xir Iy RhB cao nhat.

3.4. Khio sat anh hwong ciia lwong chit xic tic Zn0O-SiO, dén khi ning phan hiy RhB

100 ~
90 -

[V e N |
S o O
! ! !

% RhB phan huy
S
S

0 30 60 90 120
Thoi gian (phut)

Hinh 13. Anh hwong ciia lwong xiic tac Zn0-SiQ0, toi hiéu sudt phan hity RhB

Hiéu suit phan hity RhB cao nhét & lugng chét xuc tac 13 0,25 g. Piéu nay c6 thé do khi
tang lugng chét xuc tac 1am ting do duc cua dung dich, gdy ra su can anh sang va phén tan anh
sang nén hiéu suat phan huy giam.
3.5. Két qua phén tich UV-vis ciia RhB va sin phiam theo thoi gian phan hiy

Két qua phan tich phd UV-vis ciia dung dich RhB theo thoi gian xir 1y boi xuc téc Zn0O-Si0,
(Hinh 14) cho thiy RhB d3 c6 sy mit mau va phan theo thdi gian. Dung dich RhB ban dau
(20 mg/1) ing véi pic dic trung tai 553 nm di duoc chuyén héa hoan toan thanh cac hop chét hiru
co trung gian v&i cudng do pic giam dan. Pic ciia cac san pham trung gian sau 3,5 gio xtr 1y gan
bang khong. Piéu nay cho thdy xtc tac tham gia vao qué trinh chuyén hoa RhB khéc véi cac quéa

trinh hap phu thong thuong.

N T

Rhodamin B 10mgL 553/8 nm
Rhodamin B 30 phut
Rhodamin B 60 phut
Rhodamin B 90 phut
Rhodamin B 120 phut
Rhodamin B 150 phut
Rhodamin B 180 phut
Rhodamin B 210 phut

o
3

Abs

256 nm

i |

-0.1
200 400 600 800
Wavelength [nm]

Hinh 14. Két qua phan tich UV-Vis ciia dung dich RhB bj phdn hity theo thoi gian
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3.6. Khio sat kha ning thu hoi va tai sir dung xic tac
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Hinh 15. Hiéu sudt phdan hity RhB ciia xiic tdc Zn0-Si0,

sir dung: lan 1 (a); lan 2 (b); lan 3 (c); lan 4 (d)
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Do bén cua xuc tic trong qué trinh phan huy RhB dudi anh sang kha kién duoc thé hién
qua Hinh 15. Xuc tac sau mdi lan sir dung duoc tach khoi dung dich, rira bang nude cat va sy
& 100°C trong 3 gio. Két qua cho thdy xtic tac van thé hién hoat tinh cao sau 4 lan sir dung. Qua
nghién ctru ndy da cho thiy xuc tac Zn0O-8Si0, la mdt vat li¢u xuc tac quang hoa co do bén cao,
phil hop vé mit kinh té khi img dung vao thyc té.

4. Kétluan

D3 tdng hop thanh cong vt liéu nano Zn0-Si0, theo phuong phap két tua. Viéc dua ZnO
1én chat mang SiO, gitip xtc tac chuyén viing hoat dong tir tir ngoai sang kha kién, khong lam thay
d6i céu trac ZnO va lam tang hoat tinh xtc tic trong viéc xir Iy pham mau rhodamine B. Diéu kién
tdi uru cho qua trinh tong hop xuc tac 1a 5% khdi lugng SiO,, nung & 400°C trong 2 gid. Lugng
xuc tac toi uu cho qua trinh phan hiy RhB (20 mg/1) 1a 2,5 g/I. Nghién ciru nay da cho thay xuc
tac ZnO 1én chit mang Si0, la mot vat li¢u xtic tdc quang hoa c6 tiém nang tng dung dé phan hay
ctia cac chét hitu co doc hai dudi anh sang tu nhién.

Loi cam on. Cdc tdc gia xin chan thanh cam on sy hé tro mét phén trr dw an Team of VLIR-
UOS v6i md s6 ZEIN2016PR431
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TINH CHAT PIEN SAC CUA DAY NANO PQ XOP CAO
CAU TRUC LOI - VO TiO, - WO,

NGUYEN MINH VUONG*, HOANG NHAT HIEU, NGUYEN VAN NGHIA
Khoa Vit ly, Truong Dai hoc Quy Nhon

TOM TAT

Day nano TiO, - WO, véi cau triic 161 - vo sir dung nghién ciru tinh chat dién sdc dwoc ché tao bang
qud trinh lang dong phiin xa cdc kim logi titan va tungsten trén khuén mau la cdc éng nano carbon don 16p.
Hé mau thu dwoc sau dé dwoc oxy hoa nhiét trong moi truong khong khi tai 500°C. Céu tric hinh thai bé
mdt va chat lwong tinh thé ctia cdc mau ché tao dwoc nghién ciru bcing cdch swr dung phép do kinh hién vi
dién tir quét (SEM), kinh hién vi dién tir truyén qua (TEM) va nhiéu xa tia X (XRD). Céc tinh chdt dién héa
va dién sdc cia cac mau ché tao duoc nghién ciru sw dung hé dién hoa ba dién cuc. Cac cdu triic dang mang
mong TiO, - WO, ciing nhu cac cau triic ddy nano riéng lé TiO, va WO, ciing dugc nghién citu va so sanh
trong céng trinh nay. Tinh chdt quang hoc ciia cdc cau triic di ché tao dwoc nghién cieu bang phép do phé
truyén qua UV-Vis. Két qua nghién civu cho thdy rang cdc ddy nano cdu triic 16i vo TiO, - WO, cung cap mot
dién tich bé mdt lom nén co kha nang chen proton cao, do do cai thién hiéu sudt nhuoém mau. Thoi gian hoi
ddp nhudm mau va thoi gian tdy trdng cia cdc cau tric ciing dwoc tinh todn va thao ludn mot cach chi tiét.

Tir khéa: Céu tric 15i - vo, TiO,, WO, tinh chét dién sic, hiéu suat nhudém mau.

ABSTRACT
Electrochromic Properties of Highly Porous TiO, - WO, Core - Shell Nanowire Structures

A core - shell TiO, - WO, nanowire structure for an electrochromic investigation were fabricated by
sputter deposition of titanium and tungsten on a porous single wall carbon nanotube template. The obtained
samples were oxidized during 2h in the air at 500°C. The morphology and crystalline quality of these
samples were characterized by scanning electron microscopy (SEM), transmission electron microscopy
(TEM) and X-ray diffraction (XRD). The electrochemical and electrochromic properties were also studied
using three-electrode system. The thin TiO, - WO, composite films as well as individual TiO, and WO,
nanowire structures were investigated and compared in this work. The optical property of fabricated
samples was studied by UV-Vis spectral transmittance measurement. The results of this study showed that
the core - shell TiO, - WO, nanowire structures improved proton intercalation capacity due to rough surface
compare to other structures. The coloration and bleaching times of these samples were also calculated and
discussed in detail.

Key words: Core - shell structure, TiO,, WO,, electrochromic property, coloration efficiency.
1. Gioi thiéu

Céc vt liéu dién sic thé hién su thay ddi mau sic ciia n6 khi mot hiéu dién thé duoc dat
vao. Chung dugc nghién ctru cho nhiéu muc dich ing dung khac nhau nhu man hinh hién thi, linh

*Email: nmvuongk23@gmail.com
Ngay nhéan bai: 02/11/2017; Ngay nhan dang: 20/1/2018
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kién tiét kiém ning luong, cira s6 thong minh, kinh chiéu hau ty dong md trong céc xe 6 t6... Co
ché nhudm mau cua vat lidu dién sic duge giai thich bdi qua trinh chén va chiét cua céc ion cb
kich thudc nhé nhu H* hodc Li* ciing véi cac electron. Pidu nay lam thay dbi ciu trac dai dién tu,
dan dén 1am thay doi tinh chat truyén qua cua vat liéu [1, 2].

Nhiéu vat li¢u oxit kim loai da dugc nghién ctru cho linh vuc tng dung nay nhu WO,, TiO,,
MoO,... Trong s6 d6 vat lidu WO, da va dang nghién ctru rong rai nhit do n6 c6 nhiing tinh chit
dién sic ndi troi nhu hiéu sudt nhudm mau cao, tiéu thu nang lugng th:?ip, on dinh, toc do chuyén
gifta trang thai nhudm mau va tay tring nhanh. O trang thai nhuém mau, vat liéu nay c6 mau xanh
khi mot dién thé am dit vao [2, 3]. Bén canh d6 vat liéu WO, ¢6 nhiéu nhuge diém. Hiéu suét
nhudm mau cua vt ligu WO, phuy thudc vao do két tinh cua vat liéu. Ciu trac vo dinh hinh thé
hién mot hiéu suit nhudém mau cao hon nhiéu so véi cau trac tinh thé. Tuy nhién cAu tric vo dinh
hinh dé bi phan huy sau vai lan do trong moi truong axit. Hon nira, vat ligu WO, c6 d6 bam dinh
kém véi dé dan [4-6].

Vit li¢u TiO, cling duoc nghién ciru nhiéu cho ung dung dién sdc. No da duoc chung minh
rﬁng, hi€u ung dién sdc xuét hién 1a do su thay ddi ciu tric dién tir trong dai nang luwong khi cac
electron va ion dugc chén vao trong mang tinh thé ctia nd. O ddy, mot trang thai dién tir dinh x
duéi dai din khodng 0,7 eV khi céc electron dugc chén vao trong mang TiO, dan dén kha ning
hép thy dai dién tir trong ving anh sang nhin thay [7]. D6 bam dinh cua TiO, so voi dé dan 1a rat
tdt. Su da dang vé chu tric cling thu dugc cho vat liéu nay. Tuy nhién nhuoc diém cua vat liéu
TiO, 14 hiéu suat nhudm mau va do twong phan thap.

Trong nhitng ndm gan day, tinh chat dién sic ctia hé vat liéu hai thanh phan TiO, va WO,
da dugc nghién ctru nham muyc dich khai thac nhimng vu diém cia timg vat liéu riéng 1é dong thoi
lam giam bot nhirng diém bt thuan loi cua chung. Song va cac cong su [7] da tién hanh nghién
ctru linh kién dién sic cua cac 6ng nano TiO, bién tinh bé mit boi cac hat nano WO,. Nah va cac
cong su [8] ciing di tién hanh ché tao va nghién ctru hé vat liéu TiO, - WO, bang phuong phap
dién hoa a-ndt tur hop chit TiW. T4t ca cac nghién ctu trén déu cho théy ré‘mg mot su cai thién cua
qué trinh chén ion va tinh chit dién sic déu thu dugc cho hé hai vat liéu nay. Trong nghién ctru
nay, chiing t6i phat trién mot phuong phap ché tao hé vat liéu day nano do xbp cao TiO, - WO,
c6 cau tric 18i - vo sir dung cac dng nano carbon nhu khudn mau va nghién ciru tinh chét dién sic
ctia chung. Két qua cho thdy rang hiéu suit nhuom mau trong ving anh sang nhin théy, thoi gian
nhudm mau va téy tréng duogc cai thién mot cach dang ké so véi cac vat liéu thanh phén. CAu tric
mang mong cua hé hai vt liéu cling duoc ché tao, nghién clru va so sanh.

2. Thue nghiém

Céac dé ITO (indium tin oxide) dwgc xir Iy rung siéu 4m lan lugt trong cac moi trudng
acetone, methanol va nudce khir ion véi thoi gian 1a 15 phat mdi bude. Cac dé sau d6 dugc thdi
kho bang khi nito sach. Sau d6 cac dé nay dugc gan bén trong budng phong dién hd quang dé
téng hop cac dng nano carbon don 16p (SWCNTs). Cac SWCNTs duogc tong hop trong moi
truong hydrogen véi ap suét 400 torr ¢ diéu kién mat do dong 40 A/cm? trong sudt thoi gian 4
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phut. Ngudn carbon str dung dé tong hop SWCNTs 1a mot thanh graphite réng chira cac day kim
loai sét, nickel va molybdenum lam xuc tac. Cac dé ITO chira cac SWCNTs duogc xir 1y nhiét tai
400°C trong moi truong khong khi ¢ nhiét do 400°C trong thoi gian 2 gid nham khir carbon vo
dinh hinh tir SWCNTs. Cac SWCNTSs di duogc tong hop c6 do xbp cao va st dung nhu cac khudn
dé ché tao cac day nano ban dan oxit kim loai [9]. Cac kim loai Ti va W 1an luot dugc ling dong
trén cac ddy SWCNTSs bang phuong phép phtn xa dé hinh thanh cac day nano kim loai Ti/W. Qué
trinh phun xa cac kim loai Ti va W dugc thuc hién tai nhiét do phong trong moi truong khi argon
tai diéu kién ap suit 3,810 torr voi cong sudt tuong tmg 1a 76 va 100 W. Thoi gian phan xa Ti
va W lan luot 1 30 va 25 gidy twong (g v6i bé day phang 1a 30 va 25 nm. Cac dé SWCNTs/
ITO duoc nhiing trong mdi truong methanol trude khi oxy héa nham ting do bam dinh giita cac
day nano va dé. Qua trinh oxy hda dugc thuc hién tai nhiét 3o 500°C trong mdi truong khong khi
trong subt thoi gian 2 gio dé hinh thanh nén ciu trac 15i - vo TiO, - WO,. Qua trinh ché tao day
nano cé do xop cao cau trac 16i - vo TiO, - WO, da dugc nghién ctru lan dau tién boi nhom chung
t6i trong nghién ctru trude day [10]. Trong cong trinh nay, ching toi tiép tuc nghién ctru sdu hon
vé tbe d6 nhudém mau va téy trfmg tai nhiét 6 u tdi wu 500°C. Cac day nano riéng le TiO, va WO,
cling dugc ché tao theo phuong thic trén. Pong thoi ciu trac mang TiO, - WO, cling duoc ché
tao khong sir dung khuén mau SWCNTs phuc vu cho qué trinh nghién ciru so sanh.

Hinh thai bé mat va tinh chat cu trac cua cac vat lidu ché tao duoc nghién ctru st dung
kinh hién vi dién tir quét (SEM), kinh hién vi dién ttr truyén qua (TEM, HR-TEM), nhiéu xa tia
X (XRD). Tinh chat dién hoa cua vat liéu dugc nghién ctiru boi phép do quét thé vong tudn hoan
(CV) va phép do dong - thoi (CA). Tinh chit quang cua vat liéu duoc khéo sat bang phép do phd
truyén qua UV-Vis.

3.  Két qua va thao luin
3.1 Hinh thai va tinh chét ciu tric

Hinh 1(a) hién thi anh SEM cta SWCNTs duoc s dung nhu khudén mau dé ché tao cac
day nano oxit kim loai. Mot sy phan bd ngiu nhién véi khoang cach 16n gitra cac SWCNTSs (hang
tram nanomet). Cac SWCNTs c6 duong kinh khoang tir 1,3 + 1,7 nm duoc xac dinh tur phé Raman
nhu trong nghién ctru trude day cua ching t6i [11]. Tinh chat khong gian mé cia SWCNTs kha
6n dinh trong sudt qua trinh ling dong kim loai va ké ca sau khi oxy hoa nhiét (Hinh 1b, ¢ va d).
Ta thay rang cac kim loai dugc lang dong mot cach dé dang xung quanh cac SWCNTs dé hinh
thanh nén cac day nano kim loai. Tinh chit d6 xdp cao van dugc duy tri trong subt qua trinh hinh
thanh day TiO,, WO, va cAu trac 161 v TiO, - WO,. Budng kinh cua cac day nano oxit kim loai
kha déng déu dbi voi tung mau va dugc xac dinh khoang 40, 70 va 100 nm lan lugt cho cac ciu
tric TiO,, WO, va TiO, - WO, B¢ day ctia mang chira day TiO,, WO, va TiO, - WO, lan luot 1a
~1,5, 1,0 va 3 um (hinh chén trong 1b, ¢ va d). Mang mong TiO, - WO, véi cAu trac két chat nhu
dugc nhin thdy trong hinh chén 1d (bén trén).
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Hinh 1. Anh SEM ciia SWCNTS (a), day TiO, (b), day WO, (c) va cau triic ddy 16i - vo Tio, -
WO, (d). Cac hinh chen thé hién anh SEM mdt cdt ngang twong g cho cdc mau. Hinh chén
trong hinh d (bén trén) thé hién anh SEM ciia mau mang TiO, - WO, .

Hinh 2 hién thi cac anh TEM va HR-TEM cua c4c cau triic TiO, va TiO, - WO,. Puong
kinh ctia cac day nano dugc xac dinh kha tring khép nhu trong anh SEM & trén. Mt cau trac 16i
TiO, dugc bao boc bdi mot 16p vo WO, kha déu dan duge nhin th'?iy ro trong anh TEM. Anh
HR-TEM hién thi do két tinh tot cua TiO, va WO,. Khoang cach gitra hai mat mang lan cén nhau
trong Hinh 2b dwoc xac dinh 0,35 nm phu hop v6i ho mit mang {101} ddi v6i pha anatase cua
TiO, [JCPDS file no. 86-1157]. Trong khi d6 khoang cach gilra hai mat mang xac dinh ¢ céc
vung khac nhau d6i v6i mau TiO, - WO, déu twong tmg v6i pha don ta cua WO, [JCPDS file
no. 43-1035] (Hinh 2d-f), pha anatase ciia cau trac TiO, khong dugc tim théy & day. Diéu nay
cho thay ring TiO, bi chon bén dudi lop WO, Két qua thu duoc chimg t6 rang diy nano cau triic
161 - vo TiO, - WO, da dugc ché tao thanh cong khi st dung phuong phéap phiin xa hai budc 1an
luot cac kim loai Ti va W sir dung khuén mau SWCNTs theo sau béi qua trinh oxy héa nhiét. Tinh
chit cdu tric ctia cac mau TiO,, WO, va TiO, - WO, cling dugc xac dinh bang phép do XRD nhur
dugc nhin thy trong Hinh 3. Két qua cho thdy mot dinh cta pha anatase TiO, tai goc nhiéu xa
20 = 25,30 va cac dinh twong tng véi cau trac don ta caa WO, (JCPDS file no. 43-1035). Két qua
nay rat phut hop v6i két qua TEM nhu phan tich & trén.

TiO, - WO,

e g %
Hinh 2. (a) Anh TEM va (b) HR-TEM ciia mdu ddy nano Tio,. (¢) Anh TEM ciia méu
Tio,- WO, . (d), (e) va (f) lan heot la cde anh HR-TEM dj phén gidi cao cia cdc ving
(4), (B) va (C) tuong ung trong hinh (c).
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Hinh 3. Anh XRD ciia cic mdu dédy nano di ché tao

3.2. Tinh chét di¢n héa va dién sic

Dé x4c dinh tinh chit dién hoa cua vt liéu da ché tao, chung toi tién hanh thuc hién cac
phép do CV. Pay 1a phép do ma chung ta c6 thé xac dinh dwoc qué trinh chén va chiét cia cac ion
trong mang tinh thé cta vat liéu. Hay noi cach khac co6 thé xac dinh dugc tinh chdt nhuém mau
va tay trdng cta vat liéu. Hinh 4a hién thi két qua do CV ciia mau mang va céac cau trac diy nano
co do xép cao. Thé dién cuc (déi v6i dién cuc so sanh caomel bao hoa) dugc quét tir 1,0 dén -1,0
v6i toe do quét 1a 20 mV/s trong dung dich dién phan H,SO, co6 nong d6 0,1 M. Pdi véi mau day
nano TiO,, thé mé cho qua trinh nhuém mau (dong ca—tét) dugc xac dinh tai -0,4 V va cac dinh
dong ca-tot va a-ndt thu dugce 1an luot tai -0,75 V va -0,6 V. Dong ca-tot xuét hién 1a do qua trinh
chén proton vao trong mang TiO, trong khi d6 dong a-ndt 1 do qu4 trinh chiét proton ra khoi nén
vat li¢u TiO, theo phuong trinh sau: TiO, + ¢ + H" <> TiOOH [7]. Déi v6i mau day nano WO,,
phuong trinh phan mg ¢ thé dién ta twong tu nhu sau: WO, + xe" + xH" <& H WO, [3]. Dong
ca-t6t dbi voi vat lidu nay mo tai thé -0,05 V. Diéu nay cho thay qua trinh chén proton vao trong
nén WO, bt déu tai thé nh6 hon so v6i TiO,. Dong a-nét xuat hién véi 2 dinh tai -0,35 va 0,0 V.
Két qua nay phu hop v6i mot s6 két qua nghién ctru trude ddy [7, 8] va né duoc cho 1a do qua trinh
chén céc proton tai cac vi tri bay khac nhau trong cAu trac vat liéu WO.,.

DPdi véi mau day nano cAu trac 15 - vo TiO, - WO,, dinh dong ca-tot xay ratai-0,2 V, ngugc
lai cac dinh dong a-not xay ra tai -0,45 va 0,0 V. Ta théy r::ing, dinh dong ca-tdt tai -0,2 V va dinh
dong a-ndt tai 0,0 V dén tir vat liéu WO,. Tuy nhién dinh dong a-not tai -0,45 V duge xem nhu 1a
st dich chuyén tir -0,35 V (cho WO,) vé phia -0,6 V (cho TiO,). Ngoai ra mat do dong tai dinh
a-nt -0,45 V ciing tang 1én rat nhidu (Hinh 3a). Két qua nay cho thay rang c6 mot hidu img két
hop gitra 16p vo WO, va 16i TiO,. Trong nghién ctru trudc ddy, song va cac cong su [7] cling thu
duoc mot su dich chuyén dinh twong ty nhu trén ddi véi céu trac 6ng nano TiO, bién tinh bé mat
boi céc hat WO,. Hiéu tmg két hop voi su ting mat do dong (hay mat do dién tich) 1an dau tién thu
dugc boi nhom chiing toi cho céu triic 16i - vo TiO, - WO,. Tuy nhién hi¢u trng két hgp nay khong
thu dugc ddi véi ciu trac lai hoa TiO, - WO, kiéu mang mong nhu nhin thay & Hinh 3a. Tham chi
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céu truc lai hoa kiéu mang mong nay cho thiy mot qua trinh trao déi proton kém hon cé céu trac
day WO,. Sy tang mét do dong ciing nhu hi¢u ing két hop thu duoc trong cau tric 15i - vo TiO, -
WO, duoc giai thich 1a do sy hinh thanh céc hat nano WO, bao phu quanh day TiO, v6i dién tich
bé mit 1on dan dén qua trinh chén va chiét proton mot cach dé dang.
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Hinh 4. Puong cong CV (a), CA (b), tich phin mdt dp dong theo thoi gian (c) va phé truyén
qua & hai trang thdi nhuém mau va tdy trdng (d) cia cdc mau di ché tao.

Dé xac dinh mot cach dinh lugng mat do dién tich trong qua trinh chén (trang thai nhuém
mau) va chiét (trang thai tiy tring) ctia proton trong vt lidu. Chung t6i tién hanh véi phép do CA.
Hinh 3b hién thi su phu thudc cua mat do dong theo thoi gian khi ap vao vat liéu cac budc thé -0,8
va 1,0 V (dbi véi dién cuc so sanh). Mat do dién tich trong qua trinh chén Q) va chiét (Q,) duogc
tinh toan bang cach lay tich phan mat d6 dong theo thoi gian nhu duoc vé trong hinh 3c¢. Cac gia
tri tinh toan dugc tong két trong bang 1. Tinh chat thuan nghich cta phan tng dién sic duge xéac
dinh dya vao ti s6 Q/Q.,- Su thay d6i d6 truyén qua quang hoc giira hai trang thai nhuém mau va
tay tring ciing duoc do (hinh 4c) va tong két trong bang 1. Hiéu suit nhuém mau CE (cm?C') tai
mot bude song cho trude duge xac dinh bang biéu thirc:

_ A(OD) _ A — Ay _ i « Log (E)
Qin Qin in Tc

O day, A(OD) la do chénh 1éch mat do quang, Q,,1a mit do dién tich chén vao vat ligu. 7,
va T (hodc 4, va4) 1an Iuot 1a d6 truyén qua (hodc hé sd hap thy) trong céc trang thai tiy tring
va nhuém mau. Hiéu suit nhuém mau cao chimg t6 ring cau trac vat lidu thé hién mot su thay
doi quang 16n v6i mét sy cheén dién tich nho. Hi¢u suét nhudm mau cia cac mau duogc tinh toan
nhu trong bang 1. Két qua cho thay rang: (1) Cac dy nano WO, co hig¢u suat nhuém mau tot hon
nhiéu so véi cdu trac day nano TiO,. Diéu nay da dugc biét voi tinh chét dién sic ndi bat cua vat
liéu WO,. (2) Day nano c6 cu trac 16i - vo TiO, - WO, cai thién duoc nhiéu dic tinh so véi cau

CE
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tric mang mong ctia né chiang han nhu: mat do chén proton cao hon, hiéu sut nhuém mau ting
va tinh thuan nghich tét hon. Didu nay c6 thé gii thich 1a do cdu trac day 13i - vo c6 do xdp cao,
dién tich b& mat 16n. (3) Dy nano c6 ciu trac 15i - vo TiO, - WO, thé hién nhiéu tinh chat tot hon
50 v6i céc cu tric TiO, va WO, riéng 1¢. Hinh thai c4u tric di thé TiO, - WO, véi céc hat tinh thé
nano WO, phan bé lién tuc xung quanh day nano TiO, cung cép dién tich bé mat 16n voi nhiéu sai
hong va do d6 quang dudng khuéch tan dai hon cho qua trinh chén va chiét proton.

Thoi gian nhudém mau va thoi gian tiy tring ciing duoc phan tich trong nghién ciru nay.
Thoi gian nhuém mau (hodc tay tring) duge dinh nghia 1a thoi gian can thiét dé cho lwong mat
d6 dién tich chén vao (hodc chiét ra) dé dat duoc 63% cua (tir) muc trang thai bdo hoa trong sudt
phan tng ca-tbt (a-ndt). Nhu da dé cap o trén, mat do dién tich duoc xac dinh bang cach tich phan
mat do dong theo thoi gian tir phép do CA (Hinh 3c). Két qua phan tich thdi gian nhuém mau va
tay trang cho cac mau di ché tao dugc tong két trong bang 1. Két qua cho thay, thoi gian nhuém
mau va tiy tring cua ciu tric mang mong TiO, - WO, nho hon so voi cAu triic day nano 13i vo
TiO, - WO,. Piéu nay c6 thé la do ciu tric day nano 13i - vo véi dién tich va sai hong bé mat 16n,
do d6 quang duong khuéch tan cta proton trong cu triic nay dai hon, chinh vi vy anh huong dén
thoi gian nhuém mau va tay trang.

Céc két qua thu duoc & trén cho thiy ring hinh thai cic day nano co cau trac 13i - v cung
cap mot dién tich bé mit cao, diéu nay cai thién duoc kha ning trao ddi dién tich, tinh chat thuan
nghich trong sudt qué trinh phan tmg dién hoa va chinh vi viy nang cao hiéu suat nhuém mau.
Tuy nhién, cu tric x5p nay hau nhu khong cai thién duge thoi gian nhuém mau va tay tring cua
vat liéu.

Bing 1. Dit liéu tinh todn cho mdt dj dién tich trong suét qud trinh phdn img ca-tot ©.)
va a-not (Q ), thoi gian nhuém mau (t, ) va thoi gian tdy trdng (t,.), va hiéu sudt nhuém mau
(CE) cuia cdc mau khdc nhau

B Q Q T T CE (sz/C)
Mﬁu ca , a , Qa/Qca col ble
(Clem?) | (Clem?) (®) | (&) | 650nm | 950 nm
Day TiO, -5,23 1,22 0,23 14 0,2 11,90 6,29
Day WO, -16,39 10,44 0,64 10,6 | 2,1 26,40 59,8
Mang TiO,/WO, -7,71 3,44 0,45 11,7 1,4 19,10 35,90
Day TiO,/WO, 22,29 15,20 0,68 11,9 | 1,6 | 31,20 | 43,50

4. Kétluan

Céu trac day nano 16i - vo TiO, - WO, v6i do x6p cao d duge ché tao bang phuwong phép
phun xa 14n luot cac kim loai Ti va W st dung SWCNTSs lam khudn mau theo sau d6 1a qua trinh
6 xy hoa nhiét. CAu tric 15i - vo d6 xdp cao nay duoc mong chd dé ting bé mat tiép xtc v6i dung
dich chét dién phan tir 46 nang cao kha ning trao ddi proton ciing nhu ting hiéu suit nhuém mau
clia tinh chét dién sic. Két qua da cho thdy rang, ciu tric nay cai thién dugc tinh chat dién sic so
v6i cac ciu trac ddy nano TiO, va WO, riéng I¢, cling nhu so voi cAu tric mang mong TiO,/WO..
Tuy nhién, thoi gian nhudm mau va tay trang ctia vat lidu dién sic cau tric 16i - vé van chua dugc
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cai thién so voi cac cau trac khac. Trong tuong lai, viée di€u khién d¢ day cua 16p vo WO, bang

cach thay dbi thoi gian phun xa 16p kim loai W bén ngoai Ti nhim tim duoc céu trac ti wu cho

cac tinh chat dién sac can dugc nghién ctru sau hon.
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ANH HUONG CUA BENZYL ADENINE (BA) VA NAPHTHALENE ACETIC
ACID (NAA) PEN SU HINH THANH CHOI VA RE CUA CAY CO NGOT
(STEVIA REBAUDIANA BERTONI) TRONG NUOI CAY IN VITRO

HO TAN", NGUYEN THI Y THANH
Khoa Sinh-K¥ thudt Nong nghiép, Truong Pai hoc Quy Nhon

TOM TAT

Nghién cieu nay dwoc thie hién nham danh gid danh hieong cia cac nong d¢ BA va NAA khdc nhau
dén kha nang hinh thanh choi va ré ciia cay Cé ngot trong nudi cay in vitro. Két qua nghién civu cho thdy
méi trweong tot nhat cho sw hinh thanh chéi la khi bé sung 0,5 mg/l BA véi sé choi dat cao nhat la 2,63 (choi)
sau 28 ngdy nudi cdy va tinh trang choi khoe, ld xanh tham. Moi trwong 1ot nhat dé tao ré la khi bé sung
0,5 mg/l NAA da cho s6 lwong ré va chiéu dai ré cao nhdt lan heot la 4,55 (ré) va 3,96 (cm) véi tinh trang
ré khoe sau 28 ngay nudi cay.

Tir khoa: Cay Co ngot, nhan chdi, tao r&, chit diéu hoa sinh truong BA, NAA.

ASBTRACT

The Effects of BA and NAA on the Shoot and Root Formation of in vitro
Sweet Herb (stevia rebaudiana bertoni) Culture

The study was performed in order to evaluate the effects of different concentrations of BA and
NAA on the ability of shoot and root formation of sweet herb in vitro culture. The results showed that the
supplemented medium with 0.5 mg/l BA is optimal for shoot formation with the highest shoot number of
2.63 shoots after 28 days of culture and healthy shoots, dark green leaves. The medium containing 0.5
mg/l NAA is best for rooting with highest root number of 4.55 roots and highest root length of 3.96 cm, and
healthy roots after 28 days of culture.

Key words: Sweet herb, shoot and root formation, growth regulator BA, NAA

1.  Patvan dé

Cay Co ngot c6 tén khoa hoc 1a Stevia rebaudiana Bertoni, thudc ho Cuc (Asteraceae) dugc
phét hién va str dung cach day 1500 nam & Nam My, nhung mii dén thoi gian gan day méi duge ca
thé gidi quan tam vi sy ki diéu cua nd. Cay Co ngot chira ham lugng Steviozit cao, chét nay c6 do
ngot gip 300 1an duong sucrose, it ning lwong, khong 1én men, khang khuan, c6 kha ning duy tri
ham lugng dudng trong mau, cai thién tiéu hoa, diéu tiét hoat dong cua hé mach, rat co trién vong
ding dé thay duong trong ché do an kiéng va hd trg trong can bénh tiéu duong. Do do, Co ngot duoc
xem 1 ngudn nguyén li¢u ty nhién quy gia trong twong lai (Rafig M va cong tac vién, 2007) [3].

Cay Co ngot thich hop v6i khi hau nhiét d6i, nhiét do tir 15 - 30°C va 6 am 70 - 80%. Cay
C6 ngot co6 thé nhan gidng bang hat, gidm canh hodc cdy mé té bao thuc vat. Tuy nhién, nhan

*Email: hotan@qnu.edu.vn
Ngay nhan bai: 05/7/2017; Ngay nhan dang: 22/01/2018
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gidng bang hat c6 ti 1¢ ndy mam thap va bi phan ly tinh trang, khé giit lai dugc cac tinh trang quy,
ru viét ciia cdy bd me. Gidm canh c6 hé s6 nhan thap, cdy dé bi nhiém bénh tir ciy me. Tai sinh
cay Co6 ngot tir mo s¢o nham tao cay giéng dau dong sach bénh, an toan vé chét lugng, kiém soat
dugc dich bénh, cung cép ciy giéng theo huéng ndong nghiép cong nghé cao.

Cay C6 ngot dugc trong phod bién nhiéu noi trén thé gidi va dugc nhap vao Viét Nam nim
1988. Hién nay, nudc ta dang trong khao nghiém ¢ nhiéu ving khac nhau nhu: Ha Giang, Cao
Béng, Hung Yén, Ngh¢ An, Lam Déng, bk Lak,... két qua ban dau thu duoc rat kha quan, loi
nhuan thu tir Co ngot khoang 380 - 400 tri¢u/1 ha/l nam. Tuy nhién, vi¢c nhan giéng va chon ra
nguén giéng tot, co nang sut cao, 6n dinh va sach bénh d6i voi cay Co ngot con nhiéu han ché.
Vi vay, chung t6i thuc hién dé tai “Adnh hwéng ciia Benzyl adenine (BA) va Napthalene acetic
acid (NAA) dén sw hinh thanh chéi va ré ciia ciy Cé ngot (Stevia rebaudiana Bertoni) trong
nudi cdy in vitro”, nham muc dich gop phan vao viéc tao ngudn cy con dong nhat cho san xuat.

2. Noi dung va phwong phap nghién ctru
2.1.  Poi twong nghién ciru

Str dung giéng C6 ngot dugc mua tir trai cdy giébng ¢ Da Lat.

Mau cay 1a cac chdi ngon c6 kich thude tir 1 - 1,5 cm duge cdy vao méi truong co cac ndng
d0 BA va NAA khac nhau dé tién hanh theo ddi.
2.2. Thoi gian, dia diém nghién ciru

Thoi gian: Nghién ctru dugc thuc hién tir thang 04/2016 dén thang 02/2017.

Dia diém: Thi nghiém dugc tién hanh tai phong thi nghiém Nuoi cﬁy mo té bao, Truong
Pai hoc Quy Nhon.
2.3. N¢i dung nghién ctru

- Nghién ctru anh huéng ctia cac nong d6 BA dén kha ning hinh thanh chdi ciia cdy C6 ngot
trong diéu kién in vitro.

- Nghién ciru anh huéng ctia ndng do NAA khéc nhau dén sinh truong va kha ning ra ré

ctia chdi cay Co ngot trong didu kién in vitro.
2.4. Phuwong phap nghién ctiru
2.4.1. Méi trwong nudi ciy

Méi truong nén duge sir dung 1a méi trudng co ban MS (Murashige va Skoog, 1962), bo
sung Saccarose 30 g/l, agar 11 g/I, chuén pH 5,8. Tuy thi nghiém, bd sung thém cac chat diéu hoa
sinh truéng vao méi trudng nudi ciy gdm BA va NAA. Rt 50 ml méi trudng vao binh rdi ddy nip
nhua kin va chuyén vao ndi hap khir tring & nhiét d6 121°C, ap suat 1atm trong thoi gian 30 phut.
2.4.2. Bé tri thi nghi¢m

Nghién ctru dugc thyc hién bao gém 2 thi nghi¢m nhu sau:

Thi nghiém 1: Anh hwéng ciia nong d BA dén kha ning hinh thanh chdi ciia ciy Co
ngot trong diéu kién in vitro.

Muc dich: Xac dinh dugc ndong d6 BA ¢ anh hudng tot nhat dén sy hinh thanh chdi va sinh
truong cua chdi Co ngot.
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Thi nghiém dugc bb tri theo phuong phap hoan toan ngiu nhién gdm 5 cong thirc, mdi cong
thirc 13p lai 3 14n, mdi 1an 13p lai 3 binh, mdi binh ciy 4 chdi.

Cac cong thirc thi nghiém:

+ Cong thuc 1: MS (BC)

+ Cong thuc 2: MS + 0,2 mg/l BA

+ Cong thue 3: MS + 0,5 mg/l BA

+ Cong thuc 4: MS + 1 mg/l BA

+ Cong thue 5: MS + 1,5 mg/l BA

Thi nghiém 2: Anh hwéng ciia ndng dp NAA dén sy sinh truwéng va kha ning ra ré ciia
ciy Cé ngot trong diéu kién in vitro.

Muc dich: Xac dinh duoc ndng d6 NAA c6 anh hudng tot nhit dén su sinh truong va ra ré
ctia chdi Co ngot in vitro.

Thi nghiém duoc bd tri theo phuong phap hoan toan ngau nhién gdm 5 cong thirc, mdi cong
thirc 1ap lai 3 1an, mbi 1an 13p lai 3 binh, mdi binh ciy 4 chdi.

Cac cong thirc thi nghiém:

+ Cong thuc 1: MS (BC)

+ Cong thuc 2: MS + 0,5 mg/l NAA

+ Cong thuc 3: MS + 1 mg/l NAA

+ Cong thuc 4: MS + 1,5 mg/l NAA

+ Cong thuc 5: MS + 2 mg/l NAA
2.4.3. Chi tiéu theo doi

Céc chi tiéu dugc ghi nhan qua cac thoi diém 7, 14, 21 va 28 ngay sau khi cdy

- S6 choi: Bém s6 chdi gia ting qua cac thoi diém sau khi cay.

- Chiéu cao chdi: Tinh tir day chdi dén 14 cao nhat.

- S6 14: Pém s6 14 gia ting qua cac thoi diém sau khi cy.

- Sb r&: Bém tat ca cac ré duogc hinh thanh.

- Chiéu dai ré&: Do chiéu dai ré hinh thanh dai nht.
2.4.4. Xir Iy 50 li¢u

Tit ca cac s6 liéu cua thi nghiém dugc phan tich thong ké bang phan mém MSTATC va so
sanh cac gia tri trung binh bang phuong phéap kiém dinh LSD ¢ mirc ¥ nghia 5%.

3.  Két qua nghién ctru va ban luin

3.1. Thi nghiém 1: Anh hwéng ciia nong do BA dén kha ning hinh thanh chdi ciia cay Co
ngot trong in vitro

3.1.1. Sw gia ting sé choi

Két qua thu dugce & Bang 1 cho thdy, ¢ thoi diém 7 ngay sau khi cdy (NSKC), sé chdi dao
dong tir 0,08 dén 0,97 (chdi) va c6 su khac biét qua phan tich théng ké & mttc ¥ nghia 5%. Trong
do, cong thirc c6 bd sung 0,5 mg/l BA cho s chdi tao thanh cao nhét (0,97 chdi), khac biét co y
nghia thong ké so v6i d6i chimg khong bo sung BA va cac cong thirc c6 bo sung BA khac. O cong

&3



Ho Téan, Nguyén Thi Y Thanh

thirc dbi chimg c6 s6 chdi tao thanh thdp nhét (0,08 chdi), tuy nhién khong khac biét so v6i cac
cong thire ¢6 bd sung 0,2 va 1,5 mg/l BA.

O thoi diém 14 NSKC, cong thire ¢6 bd sung 0,5 mg/l BA van cho s6 chdi tao thanh cao nhat
(1,55 choi), khac biét ¥ nghia thong ké & muc 5% so v6i cong thirc déi chimg khong bo sung BA
va cac cong thirc ¢6 bd sung BA khiac. S6 chdi tao thanh thip nhét 1a & cong thirc dbi chimg khong
bd sung BA (0,11 chdi) va khac biét co ¥ nghia thong ké so voi 3 cong thirc con lai (Bang 1).

Bing 1. S6 choi gia tang duwdi anh hwéng ciia cac nong do BA qua cdc thoi diém sau khi cdy

Nong do BA S6 choi qua cac thoi diém sau khi ciy
(mg/1) 7 ngay 14 ngay 21 ngay 28 ngay
0,0 (BC) 0,08° 0,11¢ 0,19¢ 0,24
0,2 0,13¢ 0,44¢ 0,47¢ 0,77°
0,5 0,97 1,55 2,53q 2,63¢
1,0 0,33° 0,69° 0,91° 0,94°
1,5 0,11¢ 0,33¢ 0,42¢ 0,47¢
Mtc y nghia * * * *
CV (%) 16,6 8,27 12,57 12,10
LSD, . 0,10 0,20 0,20 0,22

(Trong ciing mét cot cdc chir theo sau giong nhau thi khdc biét khong c6 y nghia thong ké;

*: khdc biét cé y nghia thong ké ¢ mirc 5%)

Dén thoi diém 21 NSKC, cong thirc c6 s6 chdi tao thanh cao nhat van la cong thic c6 bd
sung 0,5 mg/l BA (2,53 choi) va khac biét co ¥ nghia thong ké & mirc 5% so véi cong thirc ddi
chimg khong bo sung BA va cac cong thirc con lai. S6 chdi hinh thanh thip nhit van la cong thirc
dbi chig, chi dat 0,19 chdi.

Tuong tu dén thoi diém 28 NSKC, cong thirc ¢6 s6 chdi tao thanh cao nhit van la cong
thirc c6 bo sung 0,5 mg/l BA dat (2,63 chdi) va khac biét c6 y nghia thong ké & mirc 5% so véi
cong thire dbi chimg khong bd sung BA (0,2 chdi) va cac cong thirc con lai. Gitra hai cong thirc
6 bo sung 0,2 va 1,0 mg/l BA khong c6 sy khac biét vé s6 chdi gia ting qua phan tich thong ké.

Két qua nay phu hop véi két qua nghién ciru cia Nguyén DPirc Luong va Lé Thi Thuy Tién
(2006) [1] cho rang, ban chat cta cac hop chat diéu hoa sinh trudng khi bd sung nong d6 phu hop
s& cho két qua gia tang chdi cao nhung khi ting & ndng d6 quéa cao hay ¢ ndng do thip thi kha
ning gia tang s6 chdi s& giam. Vay cong thirc bd sung 0,5 mg/l BA 1a thich hop nhit dé nhan choi
cay Co ngot.

3.1.2. Sw gia tang chiéu cao choi

S6 lidu & Béang 2 cho théy, & thoi diém 7 NSKC, chiéu cao chdi & cac cong thirc c6 su khac
biét qua phan tich théng ké & mirc y nghia 5%. Su gia ting chidu cao ctia chdi Co ngot dao dong tir
0,84 cm dén 1,84 cm. Trong do6, & cong thire ¢6 bd sung 0,2 mg/l BA sy gia ting chiéu cao chdi Co
ngot dat cao nhét (1,84 cm), khac biét c6 ¥ nghia thong ké & muc 5% so voi cong thire dbi ching
khong bo sung BA va cac cong thire c6 bo sung BA khac. Chiéu cao choi gia ting giita cong thirc
dbi chirng va cac cong thirc c6 bd sung BA con lai khong c6 su khac biét qua phan tich thong ké.
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Bing 2. Chiéu cao chéi gia tang duwdi anh hwong ciia cdc nong dé BA qua cdc thoi diém

Nong d¢ BA Chiéu cao chdi (cm) qua cac thoi diém sau khi ciy
(mg/l) 7 ngay 14 ngay 21 ngay 28 ngay
0,0 (bC) 1,13° 1,79° 2,53° 3,63%
0,2 1,84 2,89 3,66 5,39
0,5 0,38° 1,32¢ 1,77¢ 3,430
1,0 0,87° 1,44 2,45° 4,01°
1,5 0,84° 1,42b 2,25° 2,96¢
Mt y nghia * * * *
CV (%) 17,73 14,39 10,10 11,28
LSD 0,36 0,46 0,46 0,8

0.05

(Trong ciing mot cét cdc chir theo sau giong nhau thi khéc biét khéng cé y nghia
théng ke,

*: khdc biét cé y nghia thong ké & mirc 5%)

O thoi diém 14 NSKC, su gia tang chiéu cao chdi Co ngot van c6 su khac biét qua phén tich
thong ké & murc y nghia 5%. Su gia ting chiéu cao chdi dat gia tri cao nhit & cong thiic bd sung
0,2 mg/l BA (2,89 cm), khac biét c6 y nghia thong ké so véi cac cong thirc khac. S gia ting chiéu
cao chdi Co ngot dat gia tri thap nhat & cong thirc c6 bd sung 0,5 mg/l BA (1,32 cm), khéc biét co
¥ nghia thong ké so véi cac cong thirc con lai (Bang 2).

O thoi diém 21 NSKC, su gia tang chiéu cao chdi van tiép tuc dat gia tri cao nhét & cong
thirc bd sung 0,2 mg/l BA (3,66 cm), khac biét co y nghia théng ké so véi cong thice di chimng
khong bo sung BA (2,53 cm) va cac cong thirc ¢6 bd sung BA khéc. Su gia ting chiéu cao chdi Co
ngot dat gia tri thip nhat & cong thirc bd sung 0,5 mg/l BA (1,77 cm), khac biét c6 ¥ nghia thong
ké so voi cac cong thirc con lai. Chiéu cao chdi gia ting giita cong thirc dbi ching va cic cong
thirc b6 sung 1,0 mg/l va 1,5 mg/l BA khac biét khong ¢ ¥ nghia qua phan tich thong ké.

Dén thoi diém 28 NSKC, s gia ting chidu cao chdi Co ngot & cac cong thirc van co su khac
biét qua phén tich thong ké & muc ¥ nghia 5%. Trong do, su gia ting chiéu cao chdi & cong thirc
bd sung 0,2 mg/l BA dat gié tri cao nhét (5,39 cm), khac biét c6 y nghia thong ké so vai cong thirc
d6i chirng khong bd sung BA (3,69 cm) va cac cong thirc ¢6 bd sung BA khac. Su gia ting chiéu
cao chdi dat gia tri thap nhat 1a & cong thirc bo sung 1,5 mg/l BA (2,96 cm), khac biét c6 ¥ nghia
thong ké so voi cac cong thirc con lai.

3.1.3. Sw gia ting sé ld

Két qua ghi nhan & Bang 3 cho thay, ¢ thoi diém 7 NSKC s6 14 ¢ cac cong thirc c¢6 su khac
biét qua phan tich thong ké & murc y nghia 5%. Trong d6, su gia ting sd 14 cua chdi Co ngot dat
cao nhét & cong thirc c6 bd sung 0,5 mg/l BA (8,55 14), khac biét co y nghia théng ké v6i cong
thirc di ching khong bd sung BA (2,14 14), cong thirc ¢6 b sung 0,2 mg/l BA (4,67 14), Img/l BA
(4,88 14) va cong thirc c6 bd sung 1,5 mg/l BA (1,94 14).
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Bing 3. S6 ld gia tang duwdi anh hudng ciia cdc nong do BA qua cdc thoi diém

Néng do BA S6 14 qua cac thoi diém sau khi ciy
(mg/l) 7 ngay 14 ngay 21 ngay 28 ngay
0,0 (bC) 2,14¢ 3,77¢ 5,614 7,80¢
0,2 4,67° 9,74° 10,64° 13,16°
0,5 8,55° 11,332 13,47¢ 14,66°
1,0 4,88° 6,27° 8,30¢ 10,36¢
1,5 1,94¢ 3,97¢ 6,47¢ 9,08¢
Mtc ¥ nghia * * * *
CV (%) 9,57 6,75 6,82 6,21
LSD 0,77 3,07 1,10 1,24

0.05

(Trong ciing mot cét cdc chir theo sau giong nhau thi khéc biét khéng cé y nghia
théng ké;

*: khdc biét c6 y nghia thong ké ¢ mirc 5%)

O thoi diém 14 NSKC, & cong thirc c¢6 bd sung 0,5 mg/l BA ¢c6 su gia ting so 1a dat gia tri
cao nhat (11,33 14), khac biét c6 y nghia théng ké & mirc 5% so véi cong thirc ddi ching khong bo
sung BA (3,77 14) va cac cong thirc c6 bd sung BA khac. S6 14 gia ting thap nhit 1a & cong thirc
dbi chimg khong bd sung BA (3,77 14) va cong thirc bo sung 1,5 mg/l BA (3,97 14), khac biét co
¥ nghia thong ké & mitc 5% so véi cac cong thirc co bod sung BA con lai.

O thoi diém 21 NSKC, ¢ cong thirc c6 bd sung 0,5 mg/l BA van c6 sy gia ting sb 14 dat
cao nhét (13,47 14), khac biét co y nghia théng ké & mic 5% so voi cong thirc ddi chimg khong
bd sung BA (5,61 14) va cac cong thirc ¢6 bd sung BA khéc. SO 14 gia ting it nhét 1 & cong thirc
dbi chirng khong bd sung BA (5,61 14), va cong thirc bd sung 1,5 mg/l BA (6,47 14), khac biét co
¥ nghia thong ké & mirc 5% so véi cac cong thirc co bd sung BA con lai.

Tuong ty dén thoi diém 28 NSKC, sb 14 gia ting cao nhat van 1a & cong thirc c6 bd sung
0,5 mg/l BA (14,66 14), khac biét co y nghia théng ké so voi cong thirc di chimg khong bd sung
BA (7,80 13) va cac cong thirc c6 bd sung BA khéc. S6 14 gia ting it nhat 1a & cong thirc dbi chimg
khong bo sung BA (7,80 13), khac biét c6 y nghia thong ké & mirc 5% so vai cac cong thic cd bd
sung BA con lai.

Theo quan sat thiy, & cong thirc ddi chimg khong bo sung BA chdi Co ngot phat trién kém,
céc chdi déu nho, 14 bé va ¢6 mau xanh nhat. Khi bo sung néng do BAtr 0,2 - 1 mg/l BA, thi su
phat trién cta chdi Co ngot duogc cai thién rd rét, chdi phat trién t6t, khoe va 14 c6 mau xanh dam.
Trong d6, dac biét 1a cong thirc cod bd sung 0,5 mg/l BA cho chét luong chdi tt nhat. Tuy nhién,
khi tang nong do BA vuot qua 0,5 mg/1 thi chdi Co ngot phat trién kém dan va chat luong chdi bi
giam sut, mot s6 chdi bit dau c6 nhiing biéu hién thay d6i vé hinh thai bén ngoai nhu: chdi nho,

la bi cong mong nudc, xuat hién cac khoi callus mau xanh nhat.
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Vay moi truong thich hop cho giai doan nhan nhanh cay Co6 ngot la: MS + 0,5 mg/l BA,
v6i gia ting choi dat 2,63 chdi, gia ting chiéu cao chdi dat 5,39 cm va s6 14 gia ting 1a 14,66 14 va
tinh trang chdi khoe, 14 mau xanh thim ¢ 28 NSKC.

3.2. Thinghiém 2: Anh hwéng ciia nong do NAA dén s sinh truwéng va kha niing ra ré ciia
chdi cay Cé ngot trong in vitro.
3.2.1. 86 ré va chiéu dai ré

Céc chdi Co ngot in vitro dugc hinh thanh & thi nghiém 1 ¢6 hinh dang mét cum chdi (g6m
nhiéu choi/gdc). Cac chdi dugc tach don 1é dé cay vao modi trudng cé bd sung NAA nong do tir
0,0 - 2,0 mg/l. Theo ddi anh hudng ciia ndng dd NAA dén kha ning kich thich tao ré& ctia chdi Co
ngot in vitro sau 28 ngay nudi cdy, két qua thu duoc trinh bay & Bang 4.

Két qua thu dugc & Bang 4 cho thdy, tit ca cac cong thirc thi nghiém déu ra ré dat ty 18
100%. Ching t6 rang, chdi Co ngot c6 thé ra & ngay trong méi trudng nén khong cd NAA va moi
truong c6 bd sung NAA ndng do tir 0,5 mg/l dén 2,0 mg/l. Tuy nhién, sé ré va chiéu dai ré co sy
khéc biét qua phan tich thong ké & mirc y nghia 5% giita cic cong thirc c6 va khong bo sung NAA.

Bdng 4. So ré va chiéu dai ré cua choi Co ngot dudi anh hwong cua cdc nong do NAA

Nong do NAA (mg/l) S6 ré (ré) Chiéu dai ré (cm)
0,0 (BC) 2,254 2,08
0,5 4,55 3,96°
1,0 2,54¢ 2,920
1,5 2,78 2,79
2,0 1,36° 2,16¢
Mtrc ¥ nghia * *
CV (%) 3,39 3,76
LSD 0,20 0,19

0.05

(Trong cting mot cét cdc chir theo sau giong nhau thi khéc biét khéng cé y nghia
thong ké;
*: khdc biét c¢é y nghia thong ké & mirc 5%)

S lidu & Bang 4 cho théy, khi bd sung NAA vao mdi trudng nudi cdy & cac nong do khac
nhau, qua trinh ra ré ctia chdi Co ngot ¢6 su thay doi rd rét. Sau 28 ngay nudi cdy, sb ré & cac cong
thirc dao dong tir 1,36 (r8) dén 4,55 (r8). Trong d6, cong thirc c6 bd sung 0,5 mg /I NAA c6 sb 18
tao thanh cao nhat (4,55 ré), khic biét co y nghia thong ké so véi cong thie ddi chimg khong bd
sung NAA va cac cong thirc c6 bd sung NAA khac. S6 ré hinh thanh it nhit 13 & cong thirc bd sung
2,0 mg/l NAA chi dat 1,36 ré, khéc biét ¢ y nghia théng ké so voi cac cong thire con lai. Két qua
nay cling phu hop vé6i két qua nghién ctru ciia Pham Trong va ctv., (2013) [2] cho rang sb r& dat
cao nhat 14 khi b6 sung 0,5 mg/l NAA vao mdi trudng nudi cy.

V& chiéu dai r&, sau 28 ngay nudi cdy chiéu dai r& & cac cong thirc dao dong tir 2,08 (cm)
dén 3,96 (cm) va giira cac cong thirc ¢ su khac biét qua phan tich thong ké & mirc ¥ nghia 5%.
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Cong thirc c¢6 bd sung 0,5 mg/l NAA c6 chidu dai ré dai nhét dat 3,96 (cm), khac biét c6 ¥ nghia
thong ké & mirc 5% so véi cac cong thirc khac. Chiéu dai r& thap nhat 1a & cong thic dbi chimg
khong bd sung NAA chi dat 2,08 cm va cong thiic bd sung 2,0 mg/l NAA dat 2,16 cm.

3.2.2. Sw gia ting chiéu cao choi

Két qua & Bang 5 cho thay, ¢ thoi diém 7 NSKC chiéu cao chdi & cac cong thire ¢ su khac
biét qua phén tich thong ké & murc ¥ nghia 5%. Trong dé, cong thic bd sung 1,0 mg/l NAA cho
su gia ting chidu cao chdi dat cao nhét (2,53 cm), khac biét c6 ¥ nghia thong ké so v&i cong thirc
dbi chtng khong bd sung NAA (1,02 cm) va cic cong thirc 6 bd sung NAA khac. Chiéu cao chdi
gia ting thap nhat 1 & cong thirc bd sung 2,0 mg/l NAA (0,46 cm), khic biét c6 ¥ nghia thong ké
s0 voi cac cong thire c6 bd sung NAA con lai.

Bing 5. Chiéu cao chéi gia tang dwdi anh hieong ciia cac nong dé NAA khéc nhau

Nong d NAA Chiéu cao chdi (cm) gia ting qua cac thoi diém sau khi cdy
(mg/1) 7 ngay 14 ngay 21 ngay 28 ngay

0,0 (BC) 1,02¢ 1,50¢ 2,03¢ 2,57
0,5 1,39 2,14° 3,20 4,23°

1,0 2,53 3,48 4,48 5,46

1,5 0,87¢ 1,60° 1,98 2,48°

2,0 0,46¢ 0,89¢ 1,06¢ 1,35¢

Mtic y nghia * * * *

CV (%) 11,83 11,13 5,45 4,68
LSD 0,27 0,39 0,25 0,27

0.05

(Trong ciing mot cét cdc chir theo sau giong nhau thi khéc biét khéng cé y nghia
thong ké;
*: khdc biét c¢é y nghia thong ké & mirc 5%)

O thoi diém 14 NSKC, sy gia ting chiéu cao chdi ¢ cac cong thire dao dong tir 0,89 (cm)
dén 3,48 (cm). Trong d6, chiéu cao chdi gia ting cao nhit 1a & cong thirc ¢6 b sung 1,0 mg /Il NAA
(3,48 cm), khac biét c6 y nghia thong ké so véi cong thirc dbi chimg khong bd sung NAA (1,50 cm)
va cac cong thirc c6 bd sung NAA khac. Cong thirc c6 bo sung 2,0 mg/l NAA c¢6 chiéu cao chdi gia
tang thap nhit chi dat 0,89 cm, khac biét c6 y nghia thong ké & mirc 5% so v6i cac cong thirc con lai.

Tuong tu & thoi diém 21 va 28 NSKC, sy gia tang chiéu cao chdi van dat cao nhat 1 ¢ cong
thirc c6 bd sung 1,0 mg/l NAA lan luot 14 4,48 cm va 5,46 cm, khac biét c6 ¥ nghia thong ké &
mirc 5% so v6i cong thirc d6i chig va cac cong thirc ¢6 bo sung NAA khac. Su gia tang chiéu
cao choi dat thép nhét 1a & cong thuc bd sung 2,0 mg/l NAA chi 1,35 cm, khac biét c6 y nghia
thdng ké so v6i cac cong thirc con lai. Két qua nay pht hop véi tai liéu ma tac gia tham khao cua
Nguyén Dtrc Lugng va Lé Thi Thity Tién, (2006) [1] cho ring, ban chat ciia cic hgp chét diéu hoa
sinh truong, khi bo sung nong do phu hop sé& cho két qua gia ting chiéu cao chdi nhung khi ting
& ndng d6 quéa cao hay & ndng do thap thi kha ning gia ting chiéu cao chdi s& giam.
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3.2.3. Sw gia tang sé ld

Két qua ghi nhan ¢ Bang 6 cho thay, & thoi diém 7 NSKC s6 14 ¢ cac cong thirc ¢6 su khac
biét qua phan tich thong ké & mirc ¥ nghia 5%. Trong do, sy gia ting sb 14 ctia chdi Co ngot dat cao
nhit 12 ¢ cong thirc ¢6 bo sung 0,5 mg/l NAA (3,52 14) va cong thirc 1,0 mg/l NAA (3,80 14), khac
biét c6 y nghia thong ké so vai cong thirc dbi ching va cac cong thirc bd sung NAA khéc. S6 14 gia
tang thap nhat 1a & cong thirc bo sung 2,0 mg/l NAA (0,92 14). Giira cong thirc d6i ching va cong
thirc c6 bd sung 1,5 mg/l NAA c6 s6 14 gia ting khac biét khong c6 ¥ nghia qua phan tich thong ké.

Bing 6. S6 i gia tang dudi anh huéng cia cdc nong dg NAA qua cdc thoi diém

Néng dp NAA S6 14 (14) gia ting qua cac thoi diém sau khi ciy
(mg/) 7 ngay 14 ngay 21 ngay 28 ngay
0,0 (bC) 1,83° 2,81¢ 3,174 5,06¢
0,5 3,528 5,72¢ 7,72 9,94
1,0 3.,80° 5,78 7,78 10,01*
1.5 1,97° 4,03° 5,80° 7,78°
2,0 0,92¢ 2,17¢ 4,06° 5,08¢
Muc y nghia * * * *
CV (%) 15,72 6,7 2,98 2,47
LSD 0,69 0,5 0,31 0,34

0.05

(Trong ciing mét cét cac chir theo sau giong nhau thi khac biét khéng cé y nghia thong ké;
*: khdc biét ¢6 y nghia thong ké ¢ mikc 5%)

O thoi diém 14 NSKC, cong thirc ¢6 bd sung 0,5 mg/l va 1,0 mg/l NAA c6 sy gia ting s6
1a dat cao nhét lan luot 1a (5,72 14) va (5,78 14), khac biét c6 y nghia thdng ké & mirc 5% so véi
cong thire d6i chimg khong bd sung NAA (2,81 14) va cac cong thirc c6 bd sung 1,5 mg/l NAA
(4,03 14), 2,0 mg/I NAA (2,17 14). S 1a gia ting thap nhét van 14 cong thirc bo sung 2,0 mg/I NAA.

O thoi diém 21 NSKC, s6 14 gia ting cao nhat van 1a & cong thirc bd sung 0,5 mg/l NAA
(7,72 14) va 1,0 mg/l NAA (7,78 13), khac biét c6 ¥ nghia thong ké so v6i cac cong thirc khac. S6
14 gia tang it nhit 1a & cong thirc d6i ching khong bd sung NAA chi dat (3,17 14), khac biét co y
nghia thong ké & mirc 5% so vdi cac cong thirc con lai.

Tuong tu & thoi diém 28 NSKC, sb 14 gia ting cao nhat van 1a & cong thic bd sung
0,5 mg/l NAA (9,94 14) va 1,0 mg/l NAA (10,01 1a), khac biét c6 y nghia thong ké so véi cong
thirc d6i chimg khong bd sung NAA (5,06 14) va cac cong thic c6 bd sung 1,5 mg/l NAA va
2,0 mg/l NAA. Sé 14 gia ting it nhat 1a & cong thirc d6i chimg khong bd sung NAA va cong thirc
¢6 bd sung 2,0 mg/l NAA, cac gia tri 1an luot 1a 5,06 (14) va 5,08 (14), khac biét c6 y nghia thong
ké & muc 5% so véi cac cong thure khac.

Két qua thi nghiém trén cho thy, trén méi trudong khong bd sung NAA chdi cay Co ngot
van ¢ kha ning ra ré tuy nhién ty 1é chdi ra ré& thap, thoi gian ra ré kéo dai, ré nhé va khong
ddng déu. Khi ndng d6 NAA ting 1én dén 2,0 mg/l thi sinh trudng cta cdy in vitro bat dau giam
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nhu than cdy gy, s r&/cay giam, r& phat trién khong déu. Day 1a nhiing dic diém khong c6 loi
cho cay in vitro khi dua ra ngoai ty nhién. Vay ¢ giai doan tao cay hoan chinh trong nhéan gidng
in vitro cay C6 ngot, bd sung 0,5 mg/l NAA dén 1 mg/l NAA viao méi trudng nudi cdy la cho hiéu
qua toi uu nhat.

4. Kétluan

Maéi truong t6t nhat cho sy hinh thanh chdi Co ngot in vitro 1a khi b6 sung 0,5 mg/l BA voi
s6 chdi dat cao nhét 1a 2,63 (chdi) sau 28 ngay nudi cdy va tinh trang choi khoe, 1 xanh tham.

Moi trudng t6t nhit dé tao r& Co ngot in vitro 14 khi bé sung 0,5 mg/l NAA v6i sb luong ré
va chiéu dai ré cao nhat l1an luot 13 4,55 (ré) va 3,96 (cm) véi tinh trang ré khoe.
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PE XUAT PIEU KHIEN VI TRi GIAM NHIEU PA KENH (ADRC)
TREN FPGA CHO HE TRUYEN PONG SERVO

DO VAN CAN’, THAN VAN THONG
Khoa K¥ thuat va Cong nghe, Truong Pai hoc Quy Nhon
TOM TAT

Ngay nay, FPGA da dwoc sic dung nhiéu trong cac hé thong diéu khién. N6 cé thé thuc hién cdc
cdu trilc diéu khién song song mét cach déc ldp, diea trén thiét ké phan cimg. Viéc xdy dung cdc hé thong
diéu khién bdng phd‘n mém cé nhiéu loi thé trong viéc thyc hién cdc thudt toan phirc tap, khéi lwong tinh
todn lém. Ngwoe lai, xdy dung cdc hé thong diéu khién trén phdn citng mang lai ddp irng nhanh va dong
thoi hon so véi phan mém. Trong may CNC, hé thong diéu khién vi tri thiong yéu cau dap vmg nhanh va
dong thoi cho hé truyén déng servo riéng biét. Trong bai viét nay, nhém tdac gia dé xudt cau tric diéu
khién vi vt da kénh dwa trén nén FPGA cho hé truyén dong Servo. 1oi céu triic nay, hé tho”'ng didu khién
cho phép thiee hién nhiéu kénh diéu khién vi tri ma khong phu thuée vao vong quét chwong trinh va giam
tai cho CPU. Két qua mé phong cho thdy, irng dung FPGA vao diéu khién vi tri da kénh cho mdy cong
cu CNC la phit hop.

Tu khéa: May cong cu, ADRC, FPGA, Diéu khién vi tri, CNC.

ABSTRACT

Proposed Active Disturbance Rejection Controller Based
on FPGA for Servo Drive

Today, FPGAs are used in control systems. It can perform multiple concurrent control structures
based on hardware design. The construction of the software control system has many advantages in the
development of complex algorithms, a large volume of calculations. In contrast, building hardware
control systems delivers faster and more responsive response than software. In the CNC machine, the
position control system requires a fast and simultaneous response to each servo drive. In this article, the
authors proposed a multichannel position control structure based on FPGA. With this structure, the
control system allows implementation of multiple channels position control without depending on the
scanning program loop and CPU offload. Simulation results showed that FPGA applications
inmultichannel position control for CNC machine tools are suitable.

Key words: Machine Tools, ADRC, FPGA, Position Control, CNC.
1.  Pitvén dé

Trong cac linh vuc didu khién chuyén mach van yéu ciu dap tng hé théng nhanh va
dong thoi [1], [2]. [3]. Trong truyén déng cac may cong cu nhat 1a may CNC nhiéu truc, hé
théng diéu khién vi tri yéu cau cac truc phai thuc hién dong bd va dong thoi, nham nang cao
chat luong gia cong bé mit va tang do chinh xac quy dao chuyén dong cua dao cu [4].

Trudc day diéu khién vi tri phﬁn 16n duogc thuc hién bé'mg cac thuat toan phﬁn mém dua
trén bo vi xu 1y [1]. [5]... Trong nhitng nam gan diy, FPGA di duoc ung dung vao linh vuc
diéu khién. Nhiéu nghién ciru da st dung FPGA nhim giai quyét cac yéu ciu téc do, tinh dong
thoi cho cac cdu trac didu khién [6], [7], [8]. Cac cong trinh nghién citu trén cho thiy van con
vai han ché trong diéu khién vi tri nhu dap ang cham, tinh tuln tu, chat luong diéu khién phu
thudc vao cac vong quét CPU va chua cho phép phat trién cac thuat toan méi trén bo didu khién
hién co.

"Email: dovancan@qnu.edu.vn
Ngay nhan bai: 19/10/2017; Ngay nhan dang: 22/12/2017
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Trong gia cong nhiéu truc may CNC, b didu khién PID phan hdi rat 6n dinh va manh
mé& ngay ca khi co su bién dong diu vao [5]. Tuy nhién, bé didu khién PID khong thé tranh
duoc sai 1éch quy dao, dan dén két qua bé mat gia cong kém, phan nao lam han ché toc do gia
cong. Nghién ciru sir dung bo diéu khién FPGA trong may CNC di duoc thuc hién két hop giita
phin mém va phan cung trén cung mot thiét bi diéu khién, viée st dung da cAu truc didu khién
trén 16i mém Nios ciing dé cap trong phan két luan ¢ tai liéu [9]. Tuy vay, bd didu khién xay
dung trén Nios gip mot s6 kho khan, khi diéu khién da kénh va quan ly nhiéu chirc ning khac
cia may CNC. Trong bai viét nay, nhom tac gia xdy dung cau tric giam nhiéu da kénh
(ADRC) trén nén FPGA nhu Hinh 1 cho hé truyén dong Servo. Khi d6 ADRC cho phép thuc
hién da cu tric diéu khién va giam nhidu déng nho ciu truc linh hoat FPGA

BS diéu
khién .
CNC Hé truyén dong
i 5 Servo
R
& 5
Truc thi i
Hinh 1. Dé xudt cdu tric diéu khién vi tri da kénh giam nhiéu (ADRC) mdy CNC
2.  Noi dung nghién ciru

2.1. D& xuiit khéi tinh toan gia tri dit feed-forward cho bd diéu khién ADRC

Muc dich ctia phuong phap tinh toan feed-forward la kiém soat dau ra, cho phép theo di
qu§ dao duong di vdi quy dao mong mudn nhim giam thiéu sai s6 quy dao. Khéi tinh toan
feed-forward truc tiép cung cép dit liéu diu vao diéu khién cho vong lip bén trong, bo qua
vong lip bén ngoai, vi phan hdi cta vong lip bén trong nhanh hon vong ngoai cua cau tric
vong kin. Do do, khoi tinh toan feed-forward cai thién duoc dic tinh dap ung cua vong ngoai.

]—I—ef
Q2 | - & M P(2)
A Koo
0u(2) ] + Aw(z)
=1, 1 | 9RZ F(z »— K >
z—1 + @ Koo| + o

0@ [T 0@ [1

Hinh 2. Dé xuat feed-forward cho truyén dong servo
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Khéc véi cac dé xuat feed-forward trudc ddy o tai liéu [10], [11], phuong phap dé xuat trén
Hinh 2 str dung nén tang FPGA cho phép nang cao toc do lam viée ctia b feed-forward va tai thay doi
cac tham s ciing nhur ti cu triic hé théng diéu khién. Cac ky hidu mé ta trén Hinh 2 bao gdm:

FF= P(z)/Q(z) 1a khoi tinh toan feed-forward

Kpcola ham truyén doi tugng c6 khau phan hoi dong.

Awg/og 1a toc do dit dau vao theo ty 18

Og 12 vi tri (goc) dat dau vao

0 1a dau ra cua vi tri (goc)

Aw 1a dau ra sai 1éch téc do dap ung (van toc)

F(z) B diéu khién s6 hé théng truyén dong

Quan hé vao ra ctia khoi tinh toan feed-forward dugc dé xuat nhur phuong trinh (1)

P(2) {Q(z)—mﬁg)—z

Dp

)]

Tham s6 diéu khién K, . es1a bu sai léch "offset" va e, bu sai léch chuan. Cac gia tri
nay duoc xac dinh khi chay & toc do tu do nham ting kha ning du bao dap tmg. Tat ca cac gia
tri dat duoc st dung trong diéu khién feed-forward déu di biét trudc hodc co thé 1y tir chinh
vong lap cua hé théng. Cu thé, can phai c6 ba tham s6 cho diéu khién feed-forward 1an luot la:
wr 1a tde do dat, e, 1a bu sai 1éch chuén, K 'peo hé s khuéch dai theo ty s6 K 'pco =Kpco'K peo.

Tur gia tri trén, diéu khién feed-forward tinh toan bu sai léch gia tri dat va gia tri phan
hoi. Phan tir dau tién, téc d6 dit wg 13 mot tham sb dwoc xac dinh boi nguoi thiét ké va duoc
biét trudc cai dat trong bo diéu khién. Gia tri K"pco hodc Kpeco cling dugc chi dinh boi nguoi
thiét ké va c6 thé dugc chi dinh cu thé théng qua tdc do dit wx.

O day, toc do dat dau vao (dwg/wg), con duoc goi 1a diéu khién toc do, va hé s6 bu tée do
1/wr duoc chuyén sang "0". Diéu nay co thé duoc thuc hién béng cach vo hi€u hoa bo cong,
hodc ghép kénh trong dau vao "0" cho bo cong. Tiép theo, bd phan hdi ciing duoc dit lai thanh
"0", sau mot khoang thoi gian tham chiéu bang cach cap nhap Aw. Theo tai lidu [12] hé thong
diéu khién duoc tong hop khi chua co diéu khién feed-forward nhu sau:

Ao - F@OKpco Aw
or (z-D+F(2)Kpey @r

)

Cac tham s6 duoc biét trudc, ham truyén bén phai phan tng véi bat ky thay dbi tbc do
dau vao (Awr/ wg). Vahé théng duoc téng hop cé diéu khién feed-forward (Hinh 2). b6 qua cac
sai léch erva ey

Aw 3

1+ F(Z)~KDC2 ]_ Awg ) F(Z)-KDACO Awg 'K'DCO _ KDC"O
wg(z2—1D.Kpco W (z—DKpco “r Kpco wrKpco
D6i v6i ché db hoat dong binh thuong diéu chinh nhiéu dong s6 (DCO) duoc thiét ké
K/pco = wgthay thé diéu nay vao két qua (3) ta duoc:

A
Aw :a)Rﬂ:Aa)R “)
@R
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Trong céc tai liéu tham khao [10], [11], [12], Awg/wg v& co ban 1a dong nhat va chi cung
cap thoi gian ty s6 w/mz=1 hoic ty sb giira toc do dau ra du kién va toc do tham chiéu dau vao.
Tuy nhién, trong thuc té khong thé xac dinh chinh xac té¢ d6 DCO va su xuét hién DCO trong
K)o, va khi chiing ta xem xét nhiing sai léch e, va e, thi m6 hinh diéu khién biéu dién nhu sau
(K’'pco = wg):

Awy - Awy " e..(z—1).wy B (ex +ef +eper)(z-1).cp )
wp 0w N upE-D+F@K'peo  (2-1).wp +F(@)K'peo

Vé bén phai ctia phuong trinh (5) bao gdm 3 phan: Ménh dé thir nhat 1a bu feed-forward,
phan tiép theo 1a két qua bu DCO va phan cubi la cac sai léch erva eg. Vino chi phu thude vao
tbc do chay tu do la khéng doi, vong l3p s& tu dong bu cho phan nay khi tu dong khoi dong.
Sau khi n6 duoc bu s& khong con anh hudng dén chuyén mach tiép theo cua téc do déu vao.

Sai s6 du bao ctia cac dic tinh DCO dugc thé hién qua phan thir hai, né ty 1& véi thay doi
tham chiéu dau vao Awgr/@wx va duoc dién dat nhu sau: Thit nhat, n6 chi phu thudc vao sai 1éch du
doan tang cia DCO va khong phai trén hiéu suat toc d6 ciia DCO. Diéu nay, co nghia la ngay ca khi
téc do chay tur do khéng dwoc udc tinh chinh xac, né khéng anh hudng dén tinh ning chuyén doi
ctua DCO trong qua trinh thay doi toc do. Thi hai, chiic ning chuyén vi cia nhom thir hai trong (5)
tuong tu voi ménh dé bén phai trong (2) va phu thudc ham F(z) cia bo loc.

m .,
ek BT etz 2). (2= 2,)

fie-py (G EMHz-R)-(z-E)

(6)

Trong do:

K1a do lo1 cua bo loc,

Zi(i=1n)lacac diém khong cua bo loc

Pj (j = 1 - m) la cac diém cuc cua bd loc

Tu phuong trinh (3) va (6) ta c6 phuong trinh (7):

(e, +1).(z— )., 1‘[ (z-P) +Kﬁ(z ~Z)K peo
Ao = g - /=l ~ = @)
(z=D.og J1(z=P)+KI[(z=Z).Kpeo
i=1

Jj=1

Tur phuong trinh (7), ta thiy ring su 6n dinh cua mot hé théng phu thude vao dic tinh
ham truyén, co thé két luan ring viéc bo sung diéu khién feed-forward khong anh huong dén su
6n dinh ban dau va khong phu thudc vao téc do ciing nhu biang thong cua toc d6 xung trong
truyén dong servo.

2.2. D& xuét phwong phap diéu khién giam nhiéu da kénh - ADRC

bPoi voi may cong cu viéc diéu khién nhiéu truc cung mot luc va déng bo 1a can thiét cho
qu¥ dao chuyén déng dao cu CNC, mdi truc cin chuyén dong chinh xac di duoc dé xudt giai
phap tinh toan feed-forward.
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Heé thdng diéu khién da kénh ADRC cung cip viéc theo dbi duong vién voi db chinh xac
cao dudi cac diéu kién lam viéc khac nhau vdi su co mit cua tai khac nhau, su bat dinh cta
tham s6 va nhiéu phi tuyén manh mé&. Phu hop vdi van dé duoc néu ra, mét s6 tai lidu cung cap
nhiéu cach tiép can khac nhau cho cach giai quyét cia chung. C6 nhiéu cach tiép can dua vao
mdt md hinh hé théng [1], & d6 mot phuong phap didu khién thich nghi manh mé dua trén
thong tin vi tri phan hdi dé dat duoc do chinh xac mong mudn. B diéu khién truyén dong servo
tong quat cho hé théng chuyén déng da kénh dwoc dé xuit nhu tai lidu [2].

Xét hé théng MIMO c6 m truc v6i dau vao u,(t) va daura 0t) véii=1,2 ... m.
Phuong trinh truyén dong truc thir 1 dugc mo ta nhu sau:

d*o, d’® dd
dtt = i[ 7 ar J+a)(t)+b Ou, (1) 3)
Trong do:
u,(t) va 6;(t) 1a dau vao va dau ra ctia hé truyén dong thu i,
g,1a ham phi tuyén dong luc hoc hé truyen dong thii, ® =/ 60,(1),0:(1), . . ., O.(1)].
Nhiéu tai duoc mo ta bang w,(f) vatham s6 bat dinh cua cac truc b().
b,(t) =b,, + Ab, (1) 9)
Trong do: b, 1 tham s6 wdc lugng gan nhat clia truc thir i va Ab, (r)1a gia tri nhidu tai:
Khi do, phuong trinh (8) duoc viét lai.
6(1) = by, (1) + g, (D, D, @) + @, (1) + Ab, (O)u, () = by, (1) + £,(2) (10)
Trong do: f(¢) tong nhidu cia truc thi i.
Dit cac bién trang thai:
%0 =000), x,(6)=0(t),x,(t) = [(©)
Khi d6, m6 hinh khong gian trang thai cia (10) dugc hinh thanh nhu sau:
x®] [0 1 0 x®

x,@®|=/0 0 x, () |+| b, |u@ +| 0 f(t) (11)
5@ ]| [0 0 0] x®
0
0
1

01 0
Pit 4=/0 0 1|, B=b0,E=
000 0

Khi do, () =[1 0 0][x(®) x@ x@®] =Cx
Phuong trinh trang thai tuyén tinh mé rong dudi dang khau quan sat.

x'\ (0
i'=A| x',(t) |+ Bu(t)+ L(0@) - x,(1)) (12)
x50
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C6 thé thiy ring quan sat trang thai tuyén tinh hoa theo Luenberger, co thé thiy tit ca
cac cuc giong nhau.

}“(S)=(S+0)obs)3 (13)

Trong do:

A(s) 1a da thirc ciia quan sat trang thai tuyén tinh (LESO), w, la bing thong, khi d6 cac

A A , , .
h¢ so quan sat xac dinh nhu sau:

l] = 3a)obs> 12 = 30)02bs’ ll = 3w:bs (14)
Téng nhidu co thé duoc khir nho, st dung ude luong tir x',(r)
u(t): uO(t)_xS(t) (15)

bO
Thay thé (15) vao (10) ta c6 hé thdng duoc xAp xi dé co cAu tric tich hop bac 2:

0 0

o(t) = + [, =u, (6 (16)

Luét diéu khién u,(¢) dugc mo ta nhu sau:
uy (1) = F(O)+k, (1, —x,(0)) +k, (F() - %, (1)) (17)

Trong do: r (t) 1a dau vao tham chiéu va#(r), #(f) cac dao ham tuong tmg va diéu khién

loai trir nhiéu tai (ADRC) m6 ta nhu sau:

uy - FORO) A (O -5 O)+HO -,

, (18)
Vi sai 1€ch trang thai dong, lua chon tham sb diéu khién nhu sau:
k,= W, k, =20,va o, 13 bing thong vong kin
04 =(3~10)a, (19)

2.3. Xay dung bai toan mo phong

Pé kiém tra danh gia két qua d& xuét trén, nhom tac gia xay dung bai toan mé phong vdi
cac tham sb dua trén cong trinh [13], [14] cu thé: H8 truyén dong servo cac bo diéu khién dong
PL diéu khién toc d6 PI va didu khién vi tri P [15]. D6i twong co cac tham sb nhu trong bang B.
1, b6 bu xung feed-forward Kkét hop voi P trong hé théng diéu khién vi tri dwoc nhom tac gia dé
xudt & trén. M6 hinh trang thai cua dbi tuong duoc mo ta trong h¢ phuong trinh (20)

{x = Ax+BA 20)

y==Cx
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- R, 0 0 L 0
L.rd L.rd
1 0 0
a=| o B —pd, [:B=| 0 | C= 2D
L, L, 00 1
0o P ®, - J 0 0
L J J L J
Trong do: x 1a bién trang thai, y 1a dau ra.
7
x=[i, i, o];: y=[i, of (22)
- Ag _ U, —I—qul:sq 23)
/\q U, — wlLi,
Phuong trinh s6 hoa duoc mo ta nhu sau:
x(k+1) = A,x(k) + B, A(k) 24
y(k+1)=Cx(k+1)
Ad :eA.T (25)
B,=A"(e" ~I,,)B

Bang 1. Tham sé6 doi twong ding mé phong theo [14]

Tham s6 Gia tri
Dién tro stator R 48 Q
bién cam doc truc L 0,02H
Hé s6 dong co K 0,4 Nm/A
S6 dbi cuc p 4

Tur thong kich tir By, 0,00002 Nms/rad
Moomen quan tinh J 1,6 kgecm
Dién ap u 300V
Chu ky trich mau T, 1

K 6

Kps 2

D6 phan giai clock 20

Gia tri dit cho dap tng vi tri 1a u;=100 va két qua mo phong hé théng theo luat diéu
khién phwong trinh (18) biang Matlab nhu trén Hinh 3. Két qua nay cho thdy dap ung cua hé
thong diéu khién tot, thoi gian dap ung duoc danh gia qua 400 BLUx20ps= 8ns. Nhu vy hé
théng 6n dinh sau 40 chu ky xung so véi [14] 1én dén 60 chu ky xung va 1,5s/0.001=1500 chu
ky xung [10].
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T T T T T
= e dieu khien truyen dong sevo
R T1s | I freenenea L=l / .u.u+.........§.u.u..1:;..;...._

""" Dap ung vi tri
e S lech vi tri

______________________________________________________

,,,,,,,,,,,,,,,,,,,,,

200700 200 300 400 500 600 700 800
fime (20BLU)
Hinh 3. Két qua mé phéng dap iimg diéu khién feed-forward cho hé truyén déng servo

2.4. Xay dung bj diéu khién gizm nhifu da kénh (ADRC) trén nén FPGA

Nhu di biét FPGA cho phép can thiép cau tric phan cing va tai cAu tric lai timg phan,
didu d6 cho phép nguoi ding xay dung nhiéu bo diéu khién bing phan cung [11]. Viéc xay
dung phan cimg duoc thuc hién dong thoi dya trén kién tric song song, so v6i thuc hién trén
phan mém theo kién trac tudn tu, cho phép xur 1y nhiéu chirc ning cung mét thoi diém va giam
tai cho CPU. Sir dung ngdn ngit mo ta phan cimg ta co thé tuy bién ciu trac nhu thay déi tham
s6 P, Dva thay dbi sd bit dit liéu. Dit liéu duoc xay dung trong truong hop nay 32 bit. Cau
truc hé théng diéu khién vi tri da kénh cho may CNC duoc mo ta trén Hinh 4.

-------------------------------------------------------------- . [Position|
FPGA ¢ | [Lsensor

Gia tri data ADRC
) PWM :
dat :D Controller |-a| © : zlrc:zc;r

Truc thir 1

Hinh 4. Kién tric phan cirng trén FPGA
Pé thuc hién trén FPGA ta tién hanh sé hoa phuong trinh trang thai hé théng (11) va luat
diéu khién cua phuong trinh (18) ta co:

, . . . % %
5 0) =30k~ 5,k DT, +x0 )= ulk ~ Dby +ek D,

x, (k) = x,(k = 1)+, (k — DI, +ulk —1)b, T, +e(k —1),
X, (k) = x, (k — D) +e(k — DI,
(k) = [k, (5 ()~ r0) + &, (5, () — () + G () — 7 (R)]

e(k) = (k) —x, (k)
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Trong do:

1,,.1,,.1,;1a h¢ s6 khu€ch dai cua khau quan sat roi rac, duge xac dinh:

L, =301-7),
(B> +38°—9B+5)
p2 = 27 > (26)
1/7T?
lp3 = 3
a-5
Vi
B=e b r(k)=Asin(ukT)), (k) = Awcos(ukT}),

#(k) = —Au? sin(wkT),
Khi do, hé théng s6 hoa xiy dung trén FPGA duoc biéu dién trén Hinh 5.

4 G dakenh
L Primitives
4 = Ports 0
4 = Input Tho s
= oo
= RESET
= 1[31.0) 19 112)(22]
4 = output .

= e_0[31.0]

= e [31.0]
= goc_vitri[31..0]

103 e1[7][5]

q goc_viti[31..0]

Add2
1,01

OUTD3.0)

e o]l

=)

= u_o[31.0]
= x_131.0]
= x_[31.0]

| ris1.01 [

Hinh 5. Két qua thiét ké hé thong diéu khién da kénh ADRC dwoc xdy dung trén FPGA

Thuc hién m6 phong hé thong dicu khién ADRC véi luat didu khién diu vao u(k) st dung
bd loc nhan qua FIR qua 2 budc trén FPGA (di li€u dinh dang sb nguyén 32 bit), cac tham sb
d6i twong nhu bang B. 1 va cac tham s6 cai dit FPGA nhu 6 bang B. 2.

Nhu vy, dua trén thiét ké hé thong dicu khién ADRC, nhom tac gia tién hanh xay dung cau
triic diéu khién ADRC trén nén FPGA bing ngén ngit Verilog co st dung tinh toan feed-
forward cua bd diéu khién vi tri cho hé truyén servo may CNC. Két qua mb phong trén bo diéu
khién vi tri trén nén FPGA bing phan mém ModelSim duogc thé hién trén Hinh 6.

Bdng 2.Tham sé cdi dat trén FPGA

Tham s6 m6 phong FPGA Gia tri
Tan s6 xung nhip clk 20ps
Thanh ghi dir li€u (data) 32bit
Hé s6 tu bac 2 dbi tuong 17

He s6 tu bac 1 dbi tuong -7

H¢ s6 mau bac 2 doi tuong 1000
Hé s6 mau bac 1 doi tuong 1780
Hé s6 mau bac 0 doi tuong 900
Gia tri dat 100
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Két qua nay cho thiy bo diéu khién 6n dinh trong khoang thoi gian 8.2ns (v6i chu ky clock
20ps). Gia tri dit 1a 100, gia tri xac lap vi tri goc 1a 100 tuong ung bién trang thai 36804 sai
1&ch vi tri 1a 0.

Nhu vay, két qua mo phong nay phan anh dung voi ly thuyét xay dung trén va phu hop véi
két qua mo phong & Hinh 3, didu do cho thay hé thdng dap ung tot va on dinh khi xay dung hé
théng diéu khién truyén dong servo cua may cong cu. D6i voi xay dung trén FPGA cho phép
thuc hién nhanh va thuc hién da kénh ddng thoi. tai cau trac diéu khién mot cach dé dang.

ftb_dakenh/CLOCK
Jtb_dakenh/RESET {

ftb_dakentyr {100

O A A A A e e A
0.00 ns ins 2ns 3ns 4ns Sns 6ns 7ns 8ns

to_gakenh/cLock — gigigigigigigigigigigigiy JUubyyuyyuyyyyuuLr

fth_dakenhyRESET —_|
Jth_dakenh/r —{0 100

[N p— - oY T FR O o o 75 )& I i Jo N S FO () N T R (]
Jtb_dakenh/x_ 300 Joss J14sao02efase3]3130]36724203]4725]5238] 5745 5240 6732] 72 12] 76n6 a154] foezezJaeros | ESE Ja6304
th_dakerhjgocviti [0 J5_J&_J6_ 10 Je_ Jiz Jir Ji5 Ji4 Ju Jis [z o 2 oo Joo JrorJos Jioo  Joo Jror oo Jioo
R T A AT R E et vocbioo borocea oo beoooco oo oo
0.00ns 0.1ns 0.2ns 03ns 8ns 8.1ns 82ns

Hinh 6. Két qua mé phong b diéu khién vi tri da kénh feed-forward két hop PID trén nén FPGA

Bi¢u dién két qua m6 phong & Hinh 6 mét cach truc quan, ta thiy hé thong dap tung 6n dinh
nhu Hinh 7 vé thoi gian dap ung (8ns), bién do va sai 1éch 1a trung khop gitra ly thuyét mo
phong trén matlab, trén ModelSim va biéu din gia tri trén FPGA.

120 """ttt CoTTTTTTTTT T yoTTTTTTTTTTTTeT yoTTTTTTTTTTTTeTT voTTTTTTTTTTTTTTT V
Dap ung vi tri he truyen dang servo ¢ ’
100 kool :L____________'_'_l_;;Ll._.l._.,_.T..+..1:,..;..4..4..4?.;..4-.;"4-5
Sailechvitri |
o A T e Ak L LT Dap ung vi tri [
= ;o ; : :
60 -y o pitrmmoeeeoeees permoeeemoeeoe pesnoememoeeoe prsrmoenoeeees i
T T T
P R et SOTEE
2

O s: i I ] 1 |

0 2000 4000 6000 8000 10000

time[ps]

Hinh 7. Két qua biéu dién quy dao vi tri trén FPGA

100



Tap 12, S6 3,2018

3.

Két luan

Vi n6i dung thuc hién ¢ trén, bai bao da dua ra duoc cac van dé sau day:
- Pé xuét giai phap st dung feed-forward két hop ADRC trong diéu khién vi tri cho cac

hé truyén dong servo mang lai thoi gian dap tng tot hon so vdi cac bd diéu khién trudc day.

Két qua mo phong 1a 40 chu ky may so voi 60 chu ky may & tai liéu [14] va 1500 chu ky may &
tai licu [10].

- B¢ xuat st dung cau trac ADRC trén nén FPGA mang lai vu di€ém hon so voi cac cau

triic phan mém trudc day nhu: thuc hién da kénh diéu khién ddng thoi, kha ning khang nhiéu

2 . N \ J ANt 3w , A , e \ A ’ s A s A
tai va nguoi dung co the cai dat cac thuat toan maoi vao cau tric dicu khién.

- Bang két qua mo phong trén phan mém ModelSim trén FPGA cho két qua phu hop véi

mo phong Matlab va cac ly thuyét nguyén ctru.

10.
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PANH GIA CHUYEN VI MUC TIEU CUA QUY TRiNH PHAN TiCH
TINH PHI TUYEN TRONG THIET KE KHANG CHAN

TRAN THANH TUAN*, NGUYEN THI KHANH NGAN, PHAM THI LAN
Khoa K¥ thuat va Coéng nghé, Truong Pai hoc Quy Nhon

TOM TAT

Bdi bdo nay danh gid chuyén vi muc tiéu cho nha cao tang trong quy trinh phan tich tinh phi tuyén
st dung cdc dang tai ngang theo tiéu chuan FEMA-356 va phan tich day dan theo dang dao déng (Modal
Pushover Analysis) cho ba khung thép phdng mét nhip 3, 6 va 9 tang chiu tdc dong ciia hai b dong dat
Véi tan sudt xay ra la 2% va 10% trong 50 ndm

Tir khéa: Phan tich tinh phi tuyén, phan tich dy dan, chuyén vi muc tiéu.

ABSTRACT

Evaluation of the Target Displacement of Nonlinear Static Analysis for Seismic Design

This paper is to estimate the target displacement for high-rise buildings in FEMA-356 Nonlinear
Static Procedure (NSP) and Modal Pushover Analysis (MPA) procedure when it is applied toone-bay
steel frames of 3, 6 and 9 stories. Each frame was analyzed by two set of 10 ground motions, and records
were assembled representing probabilities of exceedance of 2% and 10% in 50 years.

Key words: Nonlinear static procedure, modal pushover analysis, target displacement.
1. Téng quan

Phuong phap phan tich phi tuyén theo gian db gia tbc NL-RHA (Nonlinear Response
History Analysis) 1a mot cong cu manh trong danh gia tac dong cua dong dat dén cong trinh,
ung Xu cua két cau khi chiu dong dit co thé duoc udc tinh mét cach chinh xac. Tuy nhién,
phuong phap c6 mét s6 han ché nhu: thoi gian mé hinh, chuan bi dau vao, thoi gian tinh toan va
viéc giai thich két qua lam cho viéc st dung phwong phap phan tich nhu vay khong thuc t.
Chinh vi ly do nay. nhi¢u nha nghién ciru da dé xuat cac phuong phap va cac mo hinh don gian
hon dé udc tinh tac dong cua dong dat dén cong trinh. Cac dé xuat dua ra dé don gian hoa quy
trinh phan tich thuong dua vao vi¢c thay h¢ nhiéu bac tu do-MDOF (multi-degree-of-freedom)
thanh hé mot bac tu do twong duong-SDOF system (single-degree-of-freedom system) — day
chinh la phép phan tich modal (modal analysic).

Phan tich tinh phi tuyén, hay phan tich day dan da duoc phat trién trong nhiéu nim qua va
da tré thanh mot phuong phap duoc st dung phé bién trong thiét ké va danh gia dong dat cho
cong trinh. Nhiéu cong trinh nghién ctru khac nhau vé cac phuong phap phén tich cua cac tac
gia dd duoc cong bd: phuong phap phd kha niang-CSM (Capacity Spectrum Method) duoc trinh
bay trong ATC-40 (Applied Technology Council, 1996) [1], phuong phap hé sé chuyén vi-
DCM (Displacement Coefficient Method) duoc trinh bay trong FEMA-356 (Federal Emergency

"Email: tranthanhtuan@qnu.edu.vn
Ngay nhén bai: 17/10/2017; Ngay nhan dang: 20/12/2017
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Management Agency) [2], va phuong phap phan tich day din MPA (Modal Pushover Analysis)
[3. 4] do Chopra va Goel d& xuat.

Phuong phap hé s6 chuyén vi DCM trinh bay trong FEMA-356 [2] 1a m6t phuong phap
xp xi dua trén hé s6 hiéu chinh chuyén vi. Chuyén vi 16n nhét cta hé nhidu bac tu do duoc hiéu
chinh thanh chuyén vi cua h§¢ mét bac tu do twong duong b:?mg mdt sb cac hé sb. Theo FEMA-
356 [2], phan ung dia chan cua két cAu duoc tinh toan bang phuwong phap tinh phi tuyén, trong
do két cau chiu tac dong cua tai bat bién khong doi theo chiéu cao dén khi dat chuyén vi muc
tiéu. Cac dang tai duoc dé xuat trong FEMA-356 1a tai phan b twong duong (Equivalent lateral
force (ELF) distribution), tai phan bd theo dang dao dong co ban (Fundamental mode
distribution), tai phan b6 déu (Uniform distribution). ...

Trong phan ung cua cong trinh dudi tac dong cua dong dat, dang dao dong dau tién la
phan ung chu yéu cua két cau, diéu nay la phu hop cho cac cong trinh thap tang, co dao dong
trong khoang 1 gidy va duong cong kha ning dwoc xay dung tir dang dao dong dau tién cua
cong trinh. Tuy nhién, v6i nhitng cong trinh cao tang, khi sw dong gop cua nhiing dao dong ticp
theo 1a dang ké thi phuong phap tinh phi tuyén khong con chinh xac. Pé khic phuc han ché nay,
mot phuong phap cai tién phuong phap tinh phi tuyén, duoc goi 1a phuong phap phan tich tinh
sit dung luc ngang dua trén dang dao dong co xét dén dong gop cua cac dang dao dong cao
MPA (phuong phap phan tich ddy dan theo dang chinh), duoc dé xuét boi Chopra va Goel
(2002). Phan tng dia chin trong MPA duoc xac dinh tir phan tich ddy dan, dung phan phdi luc
quan tinh ung voi mdi dang dao dong nham xac dinh chuyén vi muc ti€u. Sau do, cac dap ung
dinh cua phan phoi luc s; =m¢,, va phan tich dong luc hoc ¢ dao dong thu n cua hé SDF khong
dan hoi, duoc két hop bing cach sir dung mét quy tic t6 hop cin béc hai cua tong binh phuong
- SRSS dé bao ham duoc tat ca dap ung.

Trong nghién ciru nay, phuong phap phan tich day dan theo dang dao déng MPA va theo
cac dang tai ngang khac nhau dwoc dé xuat trong FEMA-356 duoc dé xuat dé danh gia ung xur
cua két cau chiu dong dat. Cac két qua vé chuyén vi muc tiéu duoc dua ra dé danh gia sai 1éch
va d6 chinh xac cua cac phuong phap dbi voi khung thép chiu tac dong dong dat. Qua do co thé
danh gia sw dong gop cua phuong phap nay trong thiét ké cong trinh thuc té chiu dong dat.

2.  Cac phuong phap phén tich
2.1. Phén tich phi tuyén theo mién thoi gian NL-RHA
Phuong trinh thé hién phan ung cua coéng trinh chiu tai trong dong dat voi gia tdc

nén i (t) nhu sau:

mu + cu+f (u,signu) = -mléig (t) (D)

Trong do:

e u la vector cua chuyén vi.

e m, ¢, vak 1a ma tran khoi luong, ma tran hé s6 can ban dau, va ma tran do cirng cua hé.
e 1 la vector anh hudng voi mdi phan tir bang mét don vi.
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V& phai cua phuong trinh (1) duoc xem 1a luc dong dat:
Pesr (f) = -mudi (1) (2)

Luc dong dét co thé xac dinh:

N N
Pet ()= Zpeff,n = Z'snug (®) (3)
n=1 n=1
Véi s, 1a luc phan phoi cho ham dang thir n
s =l m¢, (4)
Va
N N
m|=2sn =Z/_nm(|)n (5)

n=1 n=1

Trong do¢, 1a ham dang dao dong thur n cua cong trinh, va

r

n

L T T
=—n;Ln =¢nm|:Mn =¢nm¢n (6)
Mn
Luc dong dat & ham dang thir n trinh bay ¢ phuong trinh (3) ¢6 thé duoc viét lai nhu sau:

pefﬁ n = 'snug (t) (7)
Dong gop cua luc dong dat p off n dén dap umg cua hé MDOF khong dan hoi 1a cua toan
bd n dang dao dong.
Cac phan tich dang dao dong co ban thi khong di sdu vao ving déo vi su két hop cua cac
dang dao dong nham lam déo két cau. Cac dang dao dong khac dang dao dong thir n ciing s&
dong gop dén dap tng cua hé:

N
u, (0= 0,9, (0 )
r=1

Tuy nhién, Chopra va Goel (2002) di ching minh rang su déng goép cua cac dang dao
dong khac dao dong thir n 13 twong ddi nho. Mo rong chuyén vi cua hé khong dan hdi duoc gisi
han boi cac dang dao dong tu nhién cua hé tuyén tinh twong g, chung ta co:

N
u®)= > 4,9, (9)
n=1
Thay phuong trinh (9) vao phuong trinh (1), va cing nhan ca hai vé voi ¢nT , sau do sir

dung truc giao khoi lugng va hé sb can cua dang dao dong ta duoc:

y . F
qn+2annqn+ﬁ=-I‘nug(t), n=12,..,N (10)

n
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Phuong trinh (10) dai dién cho N phuong trinh trong hé cin bang ham dang q - Khong
gidng nhu hé tuyén tinh dan hoi, nhitng phuong trinh nay 1a sw két hop cho hé khong dan hoi.
2.2.  Phan tich diy din theo dang dao dong MPA (NSP-2)

Phuong phap MPA thuc hién viéc tinh toan tac dong cua dong dat 1én cong trinh theo hai
giai doan:

Giai doan 1: thuc hién viéc tinh toan diy dan cho timg dang dao dong khac nhau cua két
cAu c¢6 nhiéu bac tu do (vi du cac dang dao dong 1,2,3..)) dé xac dinh dap tng cua cac dang
tuong ung & cac chuyén vi muyc tiéu.

Giai doan 2: xac dinh dap tng toan phan cua hé két ciu bing cach t6 hop cac phan ung
thanh phan theo mét trong cac phuong phap t6 hop cac phan tng 1on nhét cua cac dang chinh,
vi du t6 hop dang cin bac hai cua téng cac binh phuong (SRSS).

Phan dudi day gidi thiéu ngan gon chi tiét cac budc tinh toan cia phuwong phap MPA, di
duoc Chopra va Goel (2002) trinh bay, bao gom cac budc sau:

1. Tinh cac tan s6 dao dong tu nhién,e,, , va cac vecto dang dao dong (mode shape).¢), ,
cho cac dang dao dong dan hdi tuyén tinh cua cong trinh.

2. Déi voi dang dao dong thir n, xdy dung duong cong dy dan biéu dién mbi quan hé

giita luc cit day-chuyén vi mai( Vi, - Uy, ) bang cach phan tich tinh phi tuyén céng trinh, dung

luc phan phcA)is:7 =m¢,, voi m la ma trén khoéi luong.
3. Ly tuong hoa duong cong day dan nhu mot duong cong song tuyén tinh (Hinh 1a).
4. Chuyén dbi cac duong cong ly tuong day din qua mdi quan hé gitta luc + bién dang

(F, / L, =D, )cua dang dao dong thi n cua hé¢ mot bac tw do khong dan hoi tuong duong
(Hinh 1b) va xac dinh tan s6 dao dong dan hoi @, ,Va bién dang déo Dny . Dang dao dong thu n
ctia hé mot bac tu do khong dan hdi twong duong duoc xac dinh boi dudong cong biéu didn mbi
quan h¢ lyc - bién dang (Hinh 1b) (v6i hé s6 d6 cung post-yield a, ) vahé s6 can ¢, danh cho

dang dao dong thur n.
-
va mdi phan tir véc

Véi M; =L, la khoi luong tac dong, L, = (I)nTml, Mp= 75’
b, md,,
to anh huong 1 1a bang véc to don vi.

5. Tinh bién dang dinh, D, =max | D, (f)|, cua dang dao dong thir n ciia hé mét bac tu
do khéng dan héi véi mbi quan hé luc — chuyén vi caa Hinh 1b do luc dong dat Ug (t) bang cach

giai phuong trinh phi tuyén:

Dn + Z(nwnDn +

F.,(D,.D, .
%Lug(t) (

n
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Vinf @) Ly tong hoéa dwong cong Fs/LT  b)Méi quan hé F,/L,+D,
day dan
Ly twéng 5
\ - - 1 Cr,,k,, Van/M*n anw n
7 Nhat
7’
d
/// kn wzn
y 1 1
/
/
' » |-
Uy Unm D= U/l @ Dy

Hinh 1. Ly tuong héa dwong cong song tuyén tinh

6. Tinh toan chuyén vi dinh muc tiéu cua hé nhiéu bac tu do.U,,, két hop voi dang dao

dong thu n h¢ mét bac tu do khong dan hoi tir phuong trinh (12):
T

_ - Gy 12)
Umo =T n9mDp voi Iy = Tn
¢, m¢,
7. Rit ra két qua mong mudn,r,,, , tir dit lidu duong cong day dan khi chuyén vi dinh

béng chuyén vi Urno -
8. Lap lai budc 2 dén budc 7 cho nhiéu dang dao dong.
9. Xac dinh dap ung tong "iPA bang cach két hop phan tng cua nhicu dang dao dong
bing cach st dung t6 hop cac phan ung 16n nhit cua cac dang chinh dao dong, vi du, cin bac
hai cua tong binh phuong chuyén vi dinh dugc biéu dien 6 cong thue (13):

Véi j 1a s6 dang dao dong tham gia.
2.3. Phan tich tinh phi tuyén theo FEMA-356
Quy trinh tinh phi tuyén trinh bay trong Fema-356 dugc ap dung cho két cau véi dang dao
dong dau tién chiém uu thé, khong xét dén cac dang dao dong cao hon. Pé giam anh hudng cua
dao dong cao hon dén két cAu, hai quy trinh phan tich phd phan tng duoc dua ra: (1) xét cac
dao dong chiém 90% téng khéi luong, va (2) st dung dang dao dong co ban.
Quy trinh thyc hién gém cac budc sau:
a. Xac dinh dwong cong kha ndng:
Duong cong kha nang duoc thé hién trong mbi quan hé chuyén vi dinh, U, va luc cit

day, V,, . DPuong cong kha niang duogc xac dinh boi lyc tinh cua két cau voi tai ngang phan phoi
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theo mot quy ludt nhat dinh. Xac dinh chuyén vi dinh, U, valuc cat day, Vbn cho dén khi két
cAu xuat hién diém chay déo d4u tién. Tai trong duoc gia ting cho dén khi két cAu xuit hién
khép déo va duong cong kha nang duoc vé.

Cac dang tai dugc trinh bay sau day:

- Tai phén b6 déu S; =M, trong d6 m la khéi luong va s; 1a luc phan bo tai tang j. Luu
y rang luc phan b6 la nhu nhau tai tat ca cac tang néu khoi luong cac tang la nhu nhau. (NSP-1)

5 .y A A <A * — k , * \ \ \ « A
- Tai tam giac phan bo theo chi€u cao §; =M jh  » trong do s; va h'j‘ 1a luc va chicu cao

tai tang j, trong do k =1 néu T, < 0.55, k =2néu T, = 2.55 va cac gia tri khac noi suy. Dang
tai nay duoc str dung trong truong hop hon 75% khéi lugng tham gia dang dao dong co ban.
(NSP-3)
b. Chuyén Vi muc tiéu:
Chuyén vi muc ti€u dugc xac dinh qua cong thirc:

TV
o,=C,C.C,C.S, | —= (14)
t 0123{21_'_)9

Trong do:

e C, - hé sb hiéu chinh dua trén phd chuyén vi ciia hé SDOF tuong duong véi chuyén vi
dinh cua hé MDOF;

e C, - hé s twong quan giita bién dang cuc dai cua hé khong dan héi va bién dang cta hé
dan hoi tuyén tinh;

e C, - hé s6 co ké dén anh hudng cua vong lap tré (pinch), su suy bién db cung va su
giam do6 bén trén dap ung chuyén vi cuc dai va hé sb hiéu chinh;

e (;-hé sd ké dén hicu ung P-A, boé qua hé sb do cung (post-yeild).

3. Kétqua

Két qua nghién ctru cho khung thép mét nhip 3, 6 va 9 tﬁng (trong du an SAC) chiu tac
dong cua 20 tran dong dat duoc chia thanh 2 bd, mdi bd co 10 tran dong dat co tan suat la 10%
trong 50 nim (LA10IN50) va 10 trin dong dat c6 tan suat 1a 2% trong 50 nim (LA2IN50).
nghia la xay ra 1 1an trong 2475 nim va 475 nam [5].

- Gia tri trung binh cua chuyén vi muc ti€u dugc xac dinh tir cac phuong phap dugc trinh
bay trong Hinh 2.
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Hinh 2. Gia tri trung binh chuyén Vi muc tiéu cia cdc hé khung

Khi so sanh d6 chinh xac chuyén vi dinh dwoc xac dinh tir phuong phap diy dan theo
dang dao déng NSP-2 va phan tich day din theo FEMA-356 chiu tai phan bd déu NSP-1, tai
trong tam giac NSP-3 so voi nghiém chinh xac NL-RHA dugc théng ké theo hai b dong dat.
D6 chinh xac cua chuyén vi dinh duoc kiém tra bang cach xac dinh ty sb giita chuyén vi dinh du
doan cua hé SDF va chuyén vi dinh dugc xac dinh tir phuong phap NL-RHA:
(u:)NSP = (U )nsp / (U )niria- TV 86 (U] )ygp cang gan 1 thi két qua cang chinh xac. Biéu do

phan tan cua ty s6 nay duogc trinh bay ¢ Hinh 3.
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Hinh 3. Biéu do ty s6 (ur Insp Cua cac hé khung vmg voi hai bo dong dat

Tir biéu dd ty sb (ur Insp - tac gia co mot s6 nhan xét nhu sau:

* V&i mdi bo tran dong dat khac nhau, d6 1éch chuan va gia tri trung binh cua chuyén vi
dinh la khac nhau ¢ cung mét hé khung. Véi cung mét hé khung, @6 Iéch chuin va gia tri trung
binh cua chuyén vi dinh la khac nhau ¢ hai bd cac tran dong dat.

* P6 léch chuan cia chuyén vi dinh dwgc xac dinh bang phuong phap NSP-1 16n hon
nhiéu so voi phuong phap NSP-2 va NSP-3 ¢ timg tran dong dat cho timg hé khung.

* Gia tri trung binh (ur Jnsp duoc xac dinh theo phuong phap NSP-1 1a nho nhat so véi

hai phuong phap con lai.
Mot cach biéu dién khac cua gia tri chuyén vi dinh: néu ldy gia tri chuyén vi tir két qua
phuong phap NL-RHA la chuan, ta xem xét tip hop diém két qua chuyén vi mai cua cac
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phuong phap NSP-1, NSP-2 va NSP-3 ting véi hai b tran dong dat duoc chon s& hoi tu nhu thé
nao dén duong chuan. Tap hop cac gia tri (u:)NSP trén duong chuin (u:)NLRH A COhé s6 goc
bang 1 duoc trinh bay tai Hinh 4.

* Tap hop nhiing diém chuyén vi dinh ctia mdi h¢ khung dugc xac dinh bing cac phwong
phap chiu hai b6 cac tran dong dAt ludn bam sat theo duong chuan.

* PO phan tan nhimng diém chuyén vi dinh cho cac tran dong dat LA2/50 d6i voi mdi hé
khung 16n hon so v&i cac tran dong dat LA10/50 cho timg phuong phap.

* V6i mdi bo cac tran dong dat, ¢ cac hé khung cang cao thi tip hop cac diém chuyén vi
dinh duoc xac dinh bi cac phuong phap cang phan tan, tach roi khoi dudng chuan.

* Pbi voi cac tran dong dat LA10/50, gia tri chuyén vi dinh trung binh cua NSP-1 nim
dudi dudng chuin ¢ cac hé khung 3, 6, 9 tAng, tirc 13 gia tri chuyén vi dinh wdc tinh nho hon.
Gia tri nay cang chénh Iéch voi cac hé khung cang cao.

* D4i v6i mdi hé khung, tap hop chuyén vi dinh cia phuong phap NSP-2 va NSP-3 bam
sat voi duong chuan hon so véi phuong phap NSP-1.

LA2IN50
1 1 1
3 story 6 story 9 story
A
[+]
S S S £
5 sNSP-1 | g " 5 A
4 4 4 A a
ONSP-2 A A
< NSP-3
0 0 0
0 1 0 1 0 1
AnLraa (%) Ay raa (%) Ay raa (7
LA10IN50
1 1 1
3 story 6 story 9 story
5 sNSP1 | 5 & A
q q J
ONSP-2
oNSP-3
0 0 0
0 1 0 1 0 . 1
Ayp-rHa (7 AnLraa (%) Ayprua ()

Hinh 4. Tdp hop cdc diém chuyén vi dinh ciia cac hé khung

Két qua sai l¢ch chuyén vi dinh cua h€ khung tng voi mdi bo cac tran dong dat duoc
trinh bay trong bang sau:
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*
Bdng 1. Gid tri trung binh va sai léch (ur )NSP cua cac hé khung

LA2INS0 LA10INS0
Hé khung NSP-1 NSP-2 NSP-3 NSP-1 NSP-2 NSP-3
¥ 0 kY 0 ¥ 0 kY 0 ¥ 0 ¥ 0
3tang  0.835 0202 1.007 0.048 1.011 0.046 0.863 0290 1014 0.027 1.025 0.030
6tang 0979 0.144 0986 0.068 1.003 0.062 0.924 0.175 1.062 0.096 1.086 0.092
9tang 0930 0238 1.094 0.122 1.130 0.122 0.977 0.138 1.036 0.151 1.064 0.149

- Véi cung mot bo cac tran dong dat, voi cac hé khung cang cao thi két qua do léch chuan
ctiia phuong phap NSP-2 va NSP-3 cang ting. Két qua nay doi véi NSP-1 thi nguoc lai ¢ hé

khung 9 tang.

- Vi cung mot h€ khung, d6 1€ch chuan cua hé khung & cac tran dong dat LA2/50 16n hon

nhiéu so véi trin dong dat LA10/50.

Hinh 5 va Hinh 6 thé hién gia tri trung binh va do 1éch chuin cua cac hé khung duoc xac
dinh boi cac phuong phap NSP-1, NSP-2, NSP-3 so voi nghiém chinh xac NL-RHA.

]

—
h

Trung binh u:*

]

—_

=
h
L

(=

LA10INSO

0

S tﬁng

Hinh 5.1. Gia tri trung binh chuyén Vi dinh cua cdc hé khung dwoc xdc dinh

bdng cdc phurong phdp so véi phiong phédp NL-RHA

LA2INS0
1.5 1
é = =P
= 1 A g—-""=H'_'_ﬂ
E,[l
£0.5 - RHA  — 4— NSP1I
= — & —NSP2 - -¢ - NSP-3
0 : :
0 3 6 9
Sotang
1.0
. LA2IN50
%08 -
= — a— NEP1
S 06 1 _— o _nse2
g. 0.4 - —- - NEP-3
T 02 A =1
(=1 & e
R 0.0 G- . _?
0 3 6 9
Sotang

*

1 cuAa ur

b sailécl

1.0

0.8 1

s 2
=

e 2
= @

LA10INSO

(=

S tﬁng

Hinh 6.2. Sai léch chuyén Vi dinh ciia cdc hé khung dwoc xdc dinh bé?ng cac

phuwong phdp so voi phuong phap NL-RHA

4. Kétluan, kién nghi

- Gia tri trung binh chuyén vi dinh duoc xac dinh bing cac phuong phap ¢ mdi bo dong

dét 1a khac nhau.
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- P 16ch chuan chuyén vi dinh cua cac hé khung ng v6i mdi bd cac tran dong dat duoc
xac dinh boi cac phuong phap khac nhau thi khac nhau va cé su tach biét gitra mot nhoém la
NSP-2, NSP-3 va nhom con lai 1a NSP-1. P4 1éch chuan cua phuong phap NSP-1 16n hon nhiéu
so v6i phuong phap NSP-2 VA NSP-3 ¢ hai bé dong dét.
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NGHIEN CUU ANH HUONG CUA HAM LUQNG VA CACH BO TRi
COT THEP PEN PQ CUNG CHONG XOAN CUA SAN

NGUYEN MAI CHf TRUNG", LE THI MAI TRANG, NGUYEN THI KHANH NGAN,
HOANG CONG VU, NGUYEN NGQC THANG
Khoa K¥ thudt va Cong nghé, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo nay trinh bay mét nghién ciru vé dnh hwéng ciia ham lieong cot thép, cach bé tri cot thép
dang huéng va triwc hudng dén do ciing chong xodn ciia san bé tong cot thép, bang thie nghiém va mé
phong s6. Pé ciing chong xodn ciia san trude khi bé tong nitt va sau khi bé tong nirt dén thoi diém cot thép
bdt ddu chay déo duwoc xdc dinh. Cac két qua thi nghiém, két qua mé phong sé (FEA) va loi gidi gidi tich
duoc so sanh voi nhau.

Tir khéa: Do cig chdng xoén, phan tich phi tuyén, mé phong sd.

ABSTRACT

A Study on the Effect of Steel Ratio and Steel Arrangement on
Torsional Stiffness of RC Slabs

This paper presents a study on the effect of steel ratio and steel arrangement on the torsional stiffness
of reinforced concrete slabs (RC Slabs), by experiment and finite element analysis. Torsional stiffness of
slabs at pre-cracking stage and post-yielding of steel stage is determined. The test results are good in
comparison with FEA and the analytical solution results.

Key words: Torsional stiffness, non-linear analysis, FEA.

1.  Ditvan dé

Xét mot 6 ban chit nhat lam viéc hai phuong, bdn canh lién két don gian. Chiu tai trong
phan bd déu ¢ (kN/m?). Dé thiy rd hiéu ing xoan trong ban, xét mot dai ban theo phwong y, chira
cac mit cat A va B, hinh 1. Duéi tac dung cua tai trong phan b trén bé mit ban, tai mot vi tri y
bét ky, thi tiét dién B da bi thay ddi goc theo phuong y so vai tiét dién 4, ddn dén hiéu ing xodn
trong ban. Néi mot cach khéc, sy xoén trong ban chinh 1a sy thay doi goc ¢_theo phuong y, hinh 2.

Do cling cta san phu thude vao nhiéu yéu td: cuong do cua vat li€u, kich thudc cua san, ham
luong cdt thép, cach bb tri cbt thép va tai trong tac dung. Ung xir ciia san rat khac nhau trude va
sau khi bé tong nut. Dic biét sau khi bé tong nirt va cdt thép bat ddu chay déo thi d climg cua san
giam rét nhiéu.

Theo dé nghi ciia CEB [2], khi nirt chii yéu do udn, d cting chong xoén nén lay bang 25%
ctia d6 ctmg dan hdi ban dau, va khi nit chii yéu do cit hodc xoan, thi d6 cing chong xoan iy
bang khoang 10% cua do cimg dan hoi. P cting chdng xoan ctia san trong giai doan dan hoi,

* Email: nmctrung@fit.edu.vn
Ngay nhan bai: 30/10/2017; Ngay nhan dang: 05/01/2018
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Hinh 1. Hiéu img xoan trong san [1] Hinh 2. Sy thay doi géc @_theo phuong y
D, ,, c6 thé xdc dinh tir 101 giai giai tich [3, 4, 5]. Tuy nhién, do climg chong xoan cua san sau khi
thi khong thuc su 18 rang. Khi san chu yéu chiu
udn, ty s6 d6 ctng udn trude va sau khi bé tong nit D/D,=3-5co thé chap nhan duoc, nhung khi

bé tong nirt va cdt thép bat dau chay déo, D_ .,

san chu yéu chiu xodn thi ty s6 nay khong con hop 1y [6].

C6 thé ké dén vai nghién ciru thyc nghiém vé tng xir cia san BTCT chiu xodn, dién hinh
1a Marti va cong su [7] d3 nghién ctru Gng xr cta cac tim BTCT vudng chiu xodn va trinh bay
phuong phap du bao di trong-bién dang ctia san. Gan day nhat c6 Lopes va cong su [6] dd nghién
ctru d6 cing cia san BTCT chiu x0&n trude va sau khi bé tong nut, tuy nhién Kkét qua chua cho
thdy rd duoc anh hudng ctia ham lugng cbt thép dén do cimg chdng xodn cua san.

Dé nghién ctru sy anh hudng cta ham lwong cbt thép dén d6 cimg chdng xodn cua san,
ddng thoi khao sat sy giam do cting chdng xodn trude va sau khi bé tong niit, nhém nghién ciru
da 1am cac thi nghiém cho hai tAm san vuong BTCT chiu xodn, duge bd tri cbt thép déng hudng,
c¢6 ham lugng ¢t thép khac nhau. Két qua thi nghiém duoc dung 1am co so dé xay dyng mé hinh
ph?m tor hitu han (PTHH). Ttr m6 hinh PTHH da duogc khéng dinh, anh hudng cua viéc bb tri cot
thép truc hudng dén d6 cimg chong xodn dugce khao sat. Cac két qua duoc trinh bay & muyc 5.

2. Chuong trinh thi nghiém
2.1. Muc dich

(1) Nghién ciru tmg xtr ctia san BTCT chiu xoén bao gdm: sy hinh thanh va phat trién vét
nat, ung suét trong céac thanh cbt thép, quan h¢ tai trong - chuyén Vi, mémen xodn - do xodn.
Do clng chdng xodn cua san tai thoi diém bé tong bat dau nut va cbt thép bit dau chay déo.
(2) Nghién ctru anh huong ciia ham luong cdt thép dén d6 cimg chdng xoén ciia san.

2.2. Mdiu thi nghi¢m

Hai tdm san vuong BTCT, kich thudc 1,9x1,9x0,15m. San dugc dat cdt thép theo hai
phuong vudng goéc nhau, ludi cbt thép & mat trén va dudi gidng nhau. Cot thép duong kinh
10 mm, c6 md dun dan hoi E =194GPa, gi6i han chay fy =468 MPa, giéi han bén f,=562 MPa. Bé
tong ¢ 28 ngay tudi ¢o cac dac trung co ly: mo dun dan hoi £ =28 GPa, cudong do chiu nén trung
binh f, =38 MPa. Chi tiét cac mau thi nghiém dugc cho trong bang 1. Trong d6, ¢ 1a chiéu day
thuc té ctia mau, /., 1a cuong do chiu nén trung binh cta mau bé tong hinh 1ap phwong tai ngay
thi nghiém.

Dé nghién ciru tmg sudt va bién dang trong cbt thép, cac strain gages dugc dan vao cac

116



Tap 12, S6 3, 2018

thanh cdt thép ciia mot mau, trong dé ludi thép & trén duoce dan sau cai, ludi thép & dudi duoc dan
hai cai, hinh 3. Vi tri dan cac strain gages duoc cin cir tir két qua ctia FEA.

Tai cac vi tri gbi tua va vi tri tac dung tai trong, cac tAm thép kich thude 150x150x10 mm
dugc dat vao trong san dé tranh sy tp trung ing suat. Cac mau dugc thiét ké dé tranh xay ra pha
hoai do udn hodc ct.

Bing 1. Pdc trung ciia mau thi nghiém

o o Ham lugng thép | Ngay tudi cia miu
Tén mau t(cm Ludi thé . MPa
e P (%) (ngay) | TP
S1 1.a200 HIS0 | 155 | 102200 (X.Y) 0,32 103 41,76
S2.1.a100 HIS0 | 154 |  ¢10a100 (X.Y) 0,64 107 4147

Gidi thich ky hiéu tén mau: (S): san _ (I): ¢t thép déng hudng (Isotropic) (a): khoang cach
giita cac thanh cbt thép (H): chidu day san.

Thép 16p trén Thép 16p dudi
Cc2 C4, Cc2 C4,
< 7 < G
N s N .

N oY) \ ’

N EH . <] S§7 ’
L7182 N
X x
ASER SE6 N
/ N 7 ~
/ N , S
/|54 < 7 SN
C3 C1 C3 C1

Hinh 3. Vi tri dan cdc strain gage cho mau S1_I a200 HI150
2.3. So d6 thi nghiém

Pé san chu yéu chiu mémen xodn, so do thi nghiém duoc thiét ké nhu hinh 4. San duge
dat trén mdt phang nim ngang, nho cac gbi tua rat cimg. Goc C3 va C4 dugce ngan can chuyén vi
di xudng, goc C2 dwoc ngin can chuyén vi di 1én. Tai trong tap trung dugc tac dung tai goc Cl.

B \
3 ” (I LVDTs
A) C2 A Il LRCN7
o= w C4 (Z} Load cell LRCN 730 500
@) Kich gia ti @ng 500kN
(@& Tru thép
(& D&m thép
: - San
(@ GiadsLvDTs
Khéi thép fru
B
. C1- Téc dung luc
L C1 c2- Budc ngan can chuyén i Ign
B i )
> C3 @j /V/;\ Y C2, C4- Budc ngan can chuyen v xudng
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Hinh 4. So do bé tri thi nghiém

Dung bdn LVDTs dé do Chuyén vi tai bon diém d1, d2, d3, d4 trén mit san, khoang cach
giita cac LVDTs 1a 500 mm, mot LVDT do chuyén vi tai goc C1. Kich gia tai dong 500 kN va
Load cell LRCN 730 500 kN dé do luc tai goc ClI.

2.4. Tién hanh thi nghiém

Céc san dugc gia tai mot luc tap trung tai goc C1. Téi trong dugc tang dan, tir khong cho
dén khi san bi pha hoai, boi mot bo kich gia tai co cong suat 500 kN, hanh trinh t6i da cua kich
duoc thiét lap 14 75 mm. Tbe do gia tai la 0,05 mm/s. Cac thiét bi LVDTs, Loadcell, Strain gages
dugc két ndi v6i mot Data Logger DRA-30A dé doc va ghi lai toan bo dit liéu trong qua trinh thi
nghiém, hinh 5.

V6i thi nghiém da thiét 1ap, mémen xoan duge phan bd déu trong san.

Hinh 5. Qua trinh thi nghiém va ghi dir liéu

3. Mb phéng thi nghiém bang FEA

Céc két qua thi nghiém duoc sir dung dé 1am co sé cho viée xay duyng mé hinh mé phong
s6 (FEA), sau d6 dung mé hinh sé nay dé khao sat tham sb.
3.1. Phén tir hitu han, lwéi va diéu kién bién

Mo hinh phan tir hitu han dugc xay dung trén phan mém ANSYS V.15.0. Trong d6, phan tir
khéi SOLID65 dugce st dung dé mo hinh hoa cho bé tong. Phin tir gdm tam nat v6i ba bac ti do
tai moi nut theo cac phuong X, y, z. Tinh chat quan trong ciia phan tir nay 1a cho phép dinh nghia
vat li¢u phi tuyén, xét dugce nat theo ba phuong va diung dé mo ta vat liéu bé tong cd chira ham
luong c6t thép. Vét nirt duge mo hinh hoa theo mé hinh “smeared” [8, 9]. Cot thép trong bé tong
dugc mo hinh hoa theo mé hinh “discrete” [9] bang phan tir LINK 180, day 1a phén tir thanh 3D,
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c6 hai niit, mdi nut c6 ba bac tu do theo ba phuong x, y, z. Phan tir kh6i SOLID185 duoc st dung
dé mo hinh hoa cac tam thép dém.

Chia lu6i cho mé hinh: theo phwong chiéu day, san dugc roi rac thanh bon phén tir, theo hai
phuong con lai, san duoc roi rac thanh 22 phan tt, hinh 6. Viéc chia ludi nay da duoc khao sat va
kiém tra dé cho két qua 6n dinh.

Piéu kién bién: cac nht trén tAm thép tai goc C2 duoc ngan can chuyén vi di 1én, UZ=0,
dé ma tran do cing khong bi suy bién thi cac nit trén tdm thép tai goc C3 va C4 duoc ngin can
chuyén vi theo ba phuong, UX =0, UY =0, UZ =0.

S6 O al00.200 HISO RC Slab Subjected

Hinh 6. Chia ludi va diéu kién bién
3.2. Luat vatliéu

Bé tong: quan hé img sudt - bién dang cia bé téng khi nén mot mot truc duge 13y theo
mo hinh cta Kachlakev [10], hinh 7a, v6i md hinh nay cho két qua dudng (P-d) phi hop véi thi
nghiém nhat. Chi tiét vé cac phwong trinh tinh toan xem trong [11, 12]. Quan hé itng sudt - bién
dang ctia bé tong khi chiu kéo, dugc cho & hinh 7b [8]. Trong tinh toan, dd ctmg ctia phan tir theo
phuong vudng goc véi mit phiang nirt bi chiét giam theo hé sb truyén luc cit qua vét nirt S vamo
dun cat tuyén R, [8]. Trong nghién clru nay, lay hé s truyén luc cit khi vét niit mé B,=0,35 vakhi
vét nit dong £.=0,7[9]. M6 dun dan hdi va md dun nit ciia bé tong duoc xac dinh theo phuong
trinh (1) va (2) [13, 14, 15]

E. =0,043p"\[f
f=Kf )

Vi K 14 hé s6, ¢ thé 1ay bang 8+12, xem trong [14], va c6 thé 1y bang 9+13, xem trong
[15]. Trong nghién ctru nay, liy K = 9,5/ 1a cuong do chiu nén cua bé tong & ngay thi nghi¢m tam
san, p 1a trong luong riéng cua bé tong, & day 1y p = 2400kg / m’.

Cét thép: ding mo hinh dan déo 1y tudng, hinh 8.

Tinh chét co Iy cua vat liéu nhu trong muc 2.2.

(M

—O o a . . . —O
k Cuong @6 nén t6i han pal J;: cwdng dg chiu kéo mot truc
IE i ! 7, : hé s6 gidm cwong db khi chiu kéo %
Ef/xs .7, | (dy bang 0,6) E, | No
7 i &,
72 E i ~ e —&,
0.3f. 71 Bién dang i _—"IR* LG
t6i han 1] 71
+& = —& [ =7 &, 6z, 5
B +o

Hinh 7a. Quan hé img sudt ~ Hinh 7b. Quan hé itng sudt - bién dang Hinh 8. Quan hé itng sudt
- bién dang ciia bé tong khi  ciia bé tong khi chiu kéo [8] - bién dang khi chiu kéo va
chiu nén [10] nén cua cot thép [15]
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4. Phwong phap ban giai tich xac dinh dé cing chong xoin ciia san

Chi tiét phuong phép xem trong [16, 17]. P9 ciing chdng xodn cua san dugce tinh cho hai
giai doan, trong d6, giai doan I 1a tir diém san bat dau chiu tai cho dén diém bé tong bat dau nut,

D_, va giai doan IT 1a tir diém bé tong bat dau ntt dén diém cbt thép bét dau chay déo, D
X Xyl

m
_ wyer
ny,] - (3)
ny,cr
p  =Mey T Mya (4)
xy 11
Koy ™ Kyer

Trong do, m, va x,, lan luot la mémen xoan trung binh va df xoan khi bé tong bt dau
nut, m Vé’xxy’y lan lugt la momen xoan trung binh va d¢ xoan khi cot thép bat dﬁt} chay déo.

Tu ket qua thi nghiém (cling nhu ket qua m6 phong), ta c6 cac gia tri chuyénvid, d,, d,
d,, gia tri lyc P, va bict dugc thoi diém bé tong bat dau nirt va cot thép bat dau chay deo, tir do tinh
d6 cting chong xoan theo (3) va (4).

5. Kétqua

Céc két qua thi nghiém, cling nhu két qua phan tich PTHH vé su lam viéc ctia san chiu xoan
dugc thé hién thong qua cac quan hé tdi trong-chuyén vi, va quan hé mémen xodn - d xodn, thé
hién ¢ hinh 12 va hinh 13. D6 cimg chéng xodn cua san dugc tinh toan dya trén cc két qua phan
tich sy lam viéc cua san va so sanh voi dg cung chéng x04n tinh theo cong thtrc cua Nielsen [4],
duoc trinh bay trong bang 3.

5.1. Vét nirt, hinh dang bién dang, co' cAu pha hoai ciia san va ng suit trong cot thép

Vét niit, co cAu pha hoai cua san tir két qua thi nghiém (EXP) va FEA tuong dng nhau. Vét
nirt gan nhu nghiéng mot goc 45° so véi canh san. O mit trén, vét nit dau tién xay ra tai goc C3,
C4 va lan din vao tdm cta san theo hudng mot, cac vét nut tiép theo gan nhu song song vai vét nirt
dau tién va phat trién theo hudng hai, hinh 9a, 9b. Vét nit & mat dudi truc giao voi vét nit & mat
trén, hinh 9c¢, 9d. Sy pha hoai cta san xay ra khi bé tong tai goc C3 hodc C4 bi nén v, hinh 10.

L sy ke
(a) V&t ntt & mat trén cia san theo thi nghiém  (c) V&t nirt & mét dudi cua san theo thi nghiém
ace A'I%‘Va CA. c2 AN?!%
Lo N 0 O O O 1 IEEEEE RN
(o) | HEE mERERER 3 c1|£:§f"' c3
(b) Vét nirt & mit trén cua san theo FEA (d) Vét nirt & mit dudi cua san theo FEA
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Hinh 10. Hinh dang bién dang va co cdu pha hoai ciia san

Ung suit trong cot thép dugc tinh tir gid tri bién dang do duoc clia cac Strain gage, 0, 0.0,
1an luot 12 ung sut trong cbt thép tai thoi diém bé tong bat ddu nurt, tai trong cuc han. Tu bang 2,
nhan thay c6t thép tai cac vi tri dan Strain gages da chay déo. Ung suit trong c6t thép theo FEA
16n hon EXP, 13 do anh huéng cta viéc mai ¢t thép dé dan Strain gages, lam cho thanh thép bi
giam cuong do.

Bing 2. So sanh itng sudt trong cot thép theo EXP va FEA ciia mau S1_I a200 HI150

Strain gages SG1 SG2 SG3 SG4 SG5 SG6 SG7 SG8
EXP 30,9 18,1 11,6 35,9 5,0 5,1 23,1 9,0

o, (MPa)

s,cr

FEA 40,5 27,4 32,6 43,3 13,1 10,2 39,8 18,2

EXP | 4923 472,1 471,3 474,6 472,4 | 471,5 | 4851 4723

o, (MPa)

s, max

FEA | 523,7 5474 535,2 490,5 510,8 | 489,5 538,44 | 503,7

5.2. D§ cirng chong xoan ciia san

d

40
0y U T
L L
g 50 g k- EXP-S2_1_al00_H150
N30 .. i U EXPS) 1 al00_H150 »QZO —e—FEA-S2_1 al00_H150
30 ) ’ ——FEA-S2_I_al00_H150 N --+--EXP-S1_I_a200_H150
20 s EXP-S1_T_a200_H150 10 —=—FEA-S1_I a200_HI150
10 ——FEA-S1_I a200_H150
0 FH———F——F— 77— d(mm) 0 Ky (rad/m)
0 10 20 30 40 50 60 70 80 0 0005 001 0015 002 0025 003

Hinh 12. Quan hé P-d gitta EXP va FEA Hinh 13. Quan hé m, -k giita EXP va FEA
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Tir dudng cong quan hé tdi trong - chuyén vi, mémen xodn - do xodn, cho thiy két qua thi
nghiém (EXP) va két qua FEA rat phu hop nhau, dic biét & giai doan I. Véi mau S1_1 a200 H150,
tai trong va chuyén vi tai thoi diém cot thép chay déo theo EXP nhé hon céc gia tri d6 theo FEA
trong khoang dudi 15%, nguyén nhan mot phan do anh huéng cta ciia viéc mai c6t thép dé dan
Strain gages.

Bing 3. D6 ciing chong xodn cuia san S1 va S2

Thi nghiém (EXP) FEA Nielsen [4]
Sé'n ny,[ ny,ll ny,] ny,[ ny,l ny,] ny,[ ny,ll ny,]
(kNm) | (kNm) D, (kNm) D, D, (kNm) | (kNm) D,

S1 1 a200 H150 | 7718 326 23,7 7455 297 25,1 8294 274 30,3

S2 1 al00_H150 | 7883 748 10,5 7521 683 11,0 8359 372 22,5

Tir bang 3 nhan thiy, két qua d6 cting chong xodn theo ba 16i giai xap xi nhau, ngoai trir do
cting chong xoan & giai doan II ctia san S2 theo Nielsen bang khoang 50% so v&i két qua thi nghiém
va FEA. Két qua cho thay 10i giai cia Nielsen chua thé hién rd anh hudng ciia ham lugng cdt thép
dén @6 cimg chdng xodn cua san ¢ giai doan II.

Do cimg chdng xoén ctia hai mau & giai doan I chénh 1éch nhau dudi 2%, chiig to trong giai
doan nay do cimg chéng xodn gan nhu khéng phu thudc vao ham luong cbt thép. O giai doan I,
v6i mau S1, do cig chong xodn giam hon 20 lan so véi giai doan I, nhung véi mau S2 giam chi
hon 10 14n, ching t6 ham lwong ¢t thép c6 anh hudng 16n dén d6 ctimg chdng xoin & giai doan II.

Tir cac két qua trén cho thay, mo hinh phén tich PTHH di xay dyng 1a du d¢ tin cdy va mo
hinh nay dugc ding dé khao sat tham sd.

5.3. Khao sit znh huong ciia cot thép truc hwong dén dd cirng chdng xoian

Mau khao sat 1a S3_0 al100.200_H150, dugc bb tri ¢t thép gidng véi mau S1, chi khac 1a
khoang céach giita cac thanh cdt thép theo hai phuong khac nhau, mot phwong 13 100 mm, phuong
con lai 14 200 mm, ham lugng c6t thép 0,44%.

Két qua vé quan hé tdi trong - chuyén vi, mémen xodn - dé xodn, 4 cting chdng xoén cua
mau S3 duoc so sanh voi mau S1, duge thé hién ¢ hinh 14, hinh 15 va bang 4.

] m‘.‘.
=50 e \E 20 o T e -y
A0 T S e e ol g 15 —+—S3 0 al00.200_H150
30 - : P, —S3_0_al00.200_HIS0 =, | (FEA)
20 - £ -=-S1 T a200 H150
% (FEA) ~ — S1 I a200 H150 g 5|
0 e d 0 e T K, (rad/m)
0 10 20 30 40 50 60 70 80 0 0005 001 0015 002 0.025
Hinh 14. Quan hé P - d Hinh 15. Quan h¢ m -k
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Bdng 4. D¢ xoan va do cing chong xoan cua san S1 va S3

Sén KXJ’:C” Ky)c,cr ny,y ny,y ny,[ ny,ll ny,]
(rad /m) | (rad /m) | (rad /m) | (rad /m) | (kNm) | (kNm) D, ,

S1 1 a200 H150 0,00241 0,00241 0,01427 0,01427 7455 297 25,1
S3 0 al00.200 H150 | 0,00243 0,00243 0,02244 0,02244 7645 503 15,2

Tir hinh 14 va hinh 15 cho thdy, ing x{r ciia hai san trong giai doan I rit gidng nhau, nhung
khac nhau & giai doan II, vi san S1 c6 c¢dt thép ding hudng va ham lugng cbt thép nhd hon ham
luong cbt thép ciia dam S3 vai cdt thép truc hudng. Cot thép trong san S1 chay déo trude cdt thép
trong san S3. T bang 3 nhan théy, d6 xodn cua san K, =K, do d6 ny = Dyx.

6. Két luan

Bai bao da trinh bay mot nghién ciru vé anh hudng ctia ham luong cdt thép, va bd tri cot
thép dang hudng hodc truc huéng dén tmg xir ciia san bé tong cbt thép chiu xoan va do clng
chdng xoén cua san. Két qua thi nghiém va mo phong s rat gan nhau, dong thoi ciing kha gan
vai 101 giai giai tich.

Ham luong cdt thép gan nhu khong anh huong dén do cting chong xoén & giai doan 1,
nhung dnh hudng rat 16n dén d6 cing chong xodn ¢ giai doan II. Trudc khi bé tong nut, dd clng
chéng xodn cta san kha 16n, nhung sau khi bé tong nut, dic biét dén giai doan cdt thép bat dau
chay déo, do ctmg chdng xo0dn ctia san giam rat nhidu, bang khoang 1/25 dén 1/10 do cting chong
xo0dn ¢ giai doan I, mirc d¢ giam nay phu thudc vao ham lugng c6t thép. Ti 1¢ giam do cling chdng
xodn trong nghién ciru nay nhé hon so véi dé nghi ciia CEB 1a d§ cimg chdng xodn sau nirt 1ay
bang 10% do6 cing chong xodn & giai doan dan hoi.

Cong thirc xac dinh do cting chdng xoin ctia Nielsen chura cho thay 16 anh huong ciia ham
luong cdt thép dén do cung chdng xodn & giai doan II.

C6t thép dugc bd tri dang hudng hay truc hudng khong anh huong dén do xodn cia san,
nghia 1a d6 xoan K, lun bang K,
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CHAT LUQNG PHAN CUM CUA THUAT TOAN K-MEANS DUA VAO
PHUONG PHAP LAY MAU THUC HIEN SONG SONG THEO MO HINH MAPREDUCE

NGUYEN THI TUYET", TRAN THIEN THANH, TRAN HOANG VIET
Khoa Cong nghé thong tin, Truong Pai hoc Quy Nhon

TOM TAT

Phdn cum la mét trong nhitng phwong phép khai phd di liéu dwoc vmg dung nhiéu trong thuec tién
hién nay. K-means la mot trong nhitng thudt todn phan cum kinh dién. Tuy nhién, téc do cua thudt toan
K-means ban dau khéng ddp img dwoc cac bai todn dir liéu I6n. Hai yéu t6 lam dnh hwong dén toc do
K-means la lap lai nhiéu lan viéc tinh tam cum va viéc chon tam ban dau. Bé gidi quyét hai van dé ds
chung t6i da cai tién thudt toan K-means (SK-meansMR) va dat téc do tinh todn cao trén dir liéu Ion. Trong
bai béo nay ching téi tap trung danh gid chat lwong phdn cum ctia thudt todn SK-meansMR va thudt todn
K-means g6’c dé chirng minh thudt toan SK-meansMR ngoai viéc cai thién dugc téc do so véi thudt todn
K-means ma con dam bdo chdt lwong phan cum trén dir liéu lon.

Tir khoa: Thuat toan K-means, Phan cum dit liéu, D6 do chat luwong phan cum, Hadoop; MapReduce.

ABSTRACT

The Clustering Quality of the K-means Algorithm Based on a Sampling Method
Implemented in Parallel withMapreduce Model

Today, clustering is one of the most widely used data mining methods in practice. K-means is one
of the classic clustering algorithms. However, the speed of the K-means algorithm initially did not meet
the big data problems. Two factors that affect the speed of K-means are repeated repetition and centering.
To solve these two problems we have improved the K-means algorithm (SK-meansMR) and achieved high
computation speed on large data. In this paper we focus on the clustering quality of the SK-meansMR
algorithm and the original K-means to demonstrate the SK-meansMR algorithm not only improves the
speed but also ensures the quality of clustering on large data.

Key words: K-means algorithm, Data clustering, Quality of clustering, Hadoop; MapReduce.

1.  Mé dau

Bai toan phan cum 1a bai toan co ban trong khai pha dit liéu va ¢6 nhiéu tmg dung trong
thuc té. D4 c6 nhiéu thuat todn phan cum dit liéu, K-means la mot thuat toan kinh dién va dugc
nhiéu nha khoa hoc quan tam cai tién. Tuy nhién thuat toan K-means phan cum trén nhiing tap dir
liéu 16n rat cham vi phai duyét lai nhiéu 1an viéc tinh tim cum.

Trén co s6 ctia thudt toan phan cum K-means, ching toi da phat trién thuat toan phan cum
dwa vao chon mau thyc hién song song theo mo hinh MapReduce (SK-meansMR) [3]. Y tudng
chinh cua thuat toan SK-meansMR 1a chon mau dai dién cho dir liéu tir dit liéu duoc phan chia cho
cac may dé 1am giam luu lugng dit liéu phai truyén giita cac may. Két qua thuc nghiém cho thay

*Email: nguyenthituyet@qnu.edu.vn
Ngay nhan bai: 30/10/2017; Ngay nhan dang: 12/12/2017
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thuat toan song song nhanh hon, cai thién dugc toc do phan cum véi nhitng dir liéu [6n. Nhu vay
vé mit thoi gian thuc hién phan cum da duoc cai tién hon so véi K-means ¢d dién. Van dé dit ra
1a két qua phan cum nao la tdt hon va liéu thuét toan SK-meansMR cai tién dugc tde do nhung c6
dat dugc chét lugng phan cum so v6i thuat toan K-means gdc hay khong?

2. Thuit toan K-means céi tién va d9 do chit lwong phian cum

2.1. Thuét toan K-means

Thuat toan K-means [1] 1a mot thudt toan quan trong va duoc str dung pho bién trong ki
thuat phan cum. Véi tham s6 du vao k, K-means chia mot tap D dbi tuong thanh k cum sao cho
két qua twong dong trong ciing cum twong dbi cao, nguoc lai 1a sy twong dong thap giita cac cum
khac nhau. Po twong ddng gitra cac cum duoc tinh bang gia tri trung binh ctia cac dbi tuong trong
cum véi tam cum.

Thuét toan tién hanh nhu sau: Dau tién, chon ng?lu nhién k doi tuong tur tdp cac doi tuong
lam tdm cum ban dau. Mdi d6i tuong con lai dugc gan cho cum tuong ung gﬁn nhét, dua vao
khoang cach giira dbi twong va tim cym. Sau d6 tinh gia tri trung binh cho mdi cum méi. Quéa
trinh nay 1ap lai cho dén khi ham diéu kién hoi tu hodc dén mot sd 1an 1ap nhét dinh.

Thudt toan K-means

Input : Tap dir liéu D, k.
Output : k tAm cym
Khéi tao k tim ngau nhién.
While (ht > d6 hoi tu){
Tinh khoang cach timg phan tir véi cac tim. Khoang cach voi tim nao nho
nhat thi phan vao tam do.
Tinh toan lai tam.
Tinh toan d6 hoi tu ht cta cac tam.
}

Output: k tam cum.

Tuy nhién, giai thuat ndy ton tai mot s6 nhugc diém nhu viée tinh khoang cach tir mot phan
tr dén tAm va tinh toan lai tim cum duoc thuc hién lap di lap lai. Trong moi lan lap, téng s6 cac
phép tinh khoang cach phai thuc hién 1a D*k trong d6 D 1a sé ddi twong, k 1a s6 lwong cac cum.
Vi bo dir liéu 10n, chac chan giai thuat nay sé khong dap tmg duoc yéu cau vé thoi gian.

Viéc tinh toan khoang cach giita cac ddi trong voi mdi tim cum dé xac dinh tAm gan n6
nhét 1a dc 14p v6i nhau. Do d6 cong viéc nay hoan toan c6 thé thuc hién song song.

2.2. M0 hinh 13p trinh MapReduce

MapReduce 1a mé hinh lap trinh song song duge Google dé xuét dé xir Iy dit liéu 16n trong
mai truong phan tan. MapReduce chia viéc xir 1y thanh nhiéu khdi cong viéc nho, phan tan khap
cac nut tinh toan rdi thu thap cac két qua. MapReduce gdm hai buéc Map va Reduce thyuc hién
hoan toan ddc lap, song song trén cac cap dir li¢u (key, value):
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2.2.1. Ham Map

Nhan dit liéu dau vao la tap cac cap (key,, value,), thuc hién xtr ly loc va phén loai trén
dir liéu theo muc dich ngudi ding rdi tra vé danh sach céac cap dir liéu (key,, value,).
map(key ,value ) — list(key,value,)

2.2.2. Ham Reduce

He¢ thong nhom cac value theo key tir két qua ctia cac ham Map, tao thanh tap cac cap dit
liéu véi céu trac (key, tap cac value cung key). Ham Reduce nhan cac cap dir li€u nay, thuc hién
xtr 1y trén timg cdp dir liéu va tra két qua vé cho ngudi ding.

reduce(key,, list (value,)) — list(value,)

Hién nay, md hinh 18p trinh MapReduce dugc ap dung phé bién trén nhiéu linh vuc trong

d6 c6 phan cum dit liéu dé giai quyét cac bai toan dit liéu 16n vi sw don gian, tinh linh hoat, kha

nang chiu 16i cao va kha ning mé rong hé thong.
2.3. Thuét toan K-means cii tién biang phwong phap liy miu (SK-meansMR)

Y tuéng K-means vira thuc hién viéc lap di lap lai qua trinh xir 1y song song dé xac dinh
cac tim cum vira luwu trit 1ién tuc cac tdm dé xac dinh d6 hoi tu dan dén thoi gian thue hién thuat
toan tang 1én rat 16n. Dé loai bo sy phu thude ldp qué trinh xir 1y song song ciia thuét toan, ching
t6i st dung phuong phap ldy mau nham xéc dinh cac tap con dai dién cho tap dit liéu 16n. Sau do
str dung thuét toan phan cum cb dién trén cac tap con dé xac dinh k tdm cudi cung [15].

Thudt todn: Xdc dinh k tam sie dung phwong phdp liy méu

Input :tipdirliéuD, k
Output : k tdm cum
Map(k,, v ){
Xt 1y dit ligu dau vao
Chuyén dbi dir liéu sang kiéu sd thuc.
Output(1, K-means(v,, 2*k))
b
Reduce(k,, v,)
Output(K-means(v,, k))
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Input E
HDFS e
v v v

Map | K-means(D;.2k) | | K-means(D,.2k) || K-means(D,.2k) |

2k{tdm 2k|tam 2k|x5m

Reduce N
| K-means(n2k tam, k) |

Hinh 1. Biéu do thé hién thudt todn xdc dinh tam sir dung phwong phdp ldy mdu

Trong thut toan trén, ching t6i thyc hién viéc léy mau trén timg tap dir liéu nho 1a dau vao
ctia ham Map. Viéc thyc hién ldy mau dya trén phuong phap xac dinh tim cum véi s6 luong tim
bat ky sao cho s6 lugng tm c6 thé dai dién cho tap dit liéu va tong sb tim khong vuot qua kha
nang xur 1y cuia mot Node. Gia str, vdi n ham Map duoc xir Iy song song va k” cum 1a cac diém s&
dai dién cho dit liéu ddu vao mdi ham Map. Tap dai dién s& co kich thudc n*k’ phan tir, phai dam
bao khong vuot qua kha niang xtr 1y cia mot Node. Chiing toi chon s lugng tim 13 2*k tim trong
két qua thyc nghiém ctia minh.

Ham Reduce nhan két qua ttr ham Map, thyc hién thuat toan K-means dé x4c dinh k tam.

Cubi cung, chung toi thuc hién MapReduce Job thir hai str dung k tim vira thu dwoc xéac
dinh céc cum tir b dit liéu ban dau.

2.4. Do do chit lwgng phian cum

Viéc danh gia hay xac dinh két qua phan cum la rat kho khan. Theo [7] va [8], cac do do
chit lugng phan cum dugc phan thanh 3 loai:

Panh gia trong (internal evaluation): Két qua phan cum dugc dénh gia dya trén chinh
di liéu dugc phan cum bﬁng cach sir dung cac dai luong danh gia su gén két cum nhu mat do
(density), khoang cach giita cac phan tir bén trong cum hay khoang cach giita cic cum v6i nhau,...
Huodng tiép can cua loai nay duya trén ti€u chi: cac thuat toan phan cum tdt 14 cac thudt toan tao ra
cac cum ma cac phﬁn tr bén trong mdi cum c¢6 do twong ty voi nhau l6n va do tuong tu vdi cac
phéan ttr bén ngoai nho. Han ché cua cach danh gia nay 1a két qua danh gia tot khong chic chin dan
dén phan cum tot. Panh gia trong thuong dung dé so sanh cac thuat toan sir dung cling mot mo
hinh cym. Diéu nay khong khing dinh két qua phan cum cua thuat toan nay chinh xac hon thuat
toan kia, nhung so sanh dugc ciu triic phan cym trong bd dit li¢u cua hai thuat toan.

Danh gia ngoai (external evaluation): Két qua phan cum dwoc danh gia dwa vao tap tiéu
chi chudn (mau) 13 cac nhan, 16p da dugc phan tir trude d6 boi cac chuyén gia. Dua vao cac tiéu
chuin c6 sin, phuong phap nay danh gia chét luong cum cé twong tu trong thuc té hay khong.
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Trong thyc té, viéc xac dinh cac tiéu chi chudn c6 pht hop véi tap dit liéu can danh gia hay khong
1a rét kho khan.

Panh gia quan hé (relative evalution): Panh gia viéc phan cum bang cach so sanh n6 véi
cac két qua phan cum khac dugce sinh ra boi cung thuat toan nhung cac gia tri tham s6 khac nhau.

Panh gia dya trén xu hudng phan cum (cluster tendency): Panh gia phan cum dya trén xu
hudng phan cum Ia do mtic d§ cac cum dang ton tai trong dir ligu dé nhom lai dua ra mot thu
nghiém ban dau trude khi ¢d ging phan cum.

Ngoai ra ¢ thé danh gia dya trén ¥ kién, kinh nghiém ciia chuyén gia trong cung linh
vuc. Trong thyc té, viéc danh gia nay mang tinh tryc quan, cam tinh, kho luwong hoa. Tuy c6 do
tin cdy cao ddi voi cac bo dir liéu nho, nhung dbi voi bo dir liéu 16n can c6 sir dung cac phuong
phap khac dé danh gia khach quan hon. Trong bai bao ndy, chiing t6i sir dung cac phuong phap
thudc ky thuat danh gia trong (internal evaluation) nham do chét lugng phan cum ctia thuat toan
SK-meansMR so v6i K-means gdc.

Hiéu qua cua viéc phan cym c6 lién quan dén viéc xac dinh s6 luong t61 wu cac cum va tinh
xac thuc cuia cac két qua phan cum. Panh gia cac két qua phan cum thuong duoc goi 1a xac nhan
cum (cluster validation). C6 nhiéu chi s6 khac nhau vé tinh hop 1& ciia cum da duoc dé xuat. Trong
bai bao nay chung t6i chi dé cap chi sé Davies-Bouldins (DBI) ma chung t6i da sir dung trong
thuat toan phan cum dé xuét ctia ching toi dé kiém tra tinh 6n dinh ctia cac cum.

Chi s6 Davies-Bouldin (DBI) (duoc David L. Davies va Donald W. Bouldin dua ra vao
nam 1979) [16] 1a mot thude do dé danh gia cac thuat toan phan cum. Pay 1a mot chat lugng danh
gia trong, trong d6 xac nhan tinh hop 1€ cia viéc phan cum da dugc thuc hién béng cach su dung
cac s6 lidu va cac dic tinh von c6 cua bo dir lidu.

Chi s6 Davies-Bouldin duoc tinh theo cong thirc:

DE=13" Max, (200
n“<" d(c;.c,)

Trong do:

+n1a sé cum;

+ c,_la trong tdm cua cym x;

+ o_la trung binh khodng cach ctua tat ca cac phan tir trong cum x t6i trong tim c

+d(c, ¢ ) 1a khoang cach gitra hai trong tam cua cum i va ;.

Gia tri DBI cang nho thi chat lugng phan cum cang tot.

3. Thue nghiém va danh gia

Chung t61 tién hanh thuc nghiém thuat toan SK-meansMR va K-means ¢6 dién trén mot sb
b6 dit liéu ctia UCI Machine Learning Repository. Sau d6 st dung chi sé DBI dé so sanh, danh
gia chét luong phan cum cua hai thuét toan.

B0 dit liéu thue nghiém gém c6 KddCup (1999) 42 thudc tinh, 2.155.000 diém, kich thudc
197,6 MB; Individual Household Electric Power Consumption (House) 14 thudc tinh, 4.098.559
diém, kich thudc 226,5 MB.
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Bai bao ciing dua ra Kkét qua thyc nghi€m dé thé hién vu diém vé& toc d6 cua thuat toan
SK-meansMR so véi thudt toan K-means cd dién.
3.1. Panh gia tdc dd ciia thuat toan

Chung toi tién hanh thuyc nghiém trén hé thong 5 may tinh HP Compaq Intel Core 2
Duo E8400 3.00GHz cai dat hé diéu hanh Ubuntu 14.04, Hadoop 2.7.3, R 3.3.3 trong d6 cé 1
MasterNode va 4 NameNode. Vi b dit licu KddCup két qua thu duogc nhu sau:

Bdng 1. T bc dd thudt toan K-means va SK-meansMR trén bo dik liéu KddCup

S6 lrgng cum K-means (s) SK-meansMR (s)
5 119,76 56,44
6 122,06 56,50
7 146,18 56,50
8 155,37 57,59
9 190,33 58,30
KddCup
8 4
N | |=— K-means  —e— SK-meansMR _
8 1 77»»7—.---—--_/,/’
F 8- o
g o
o | & o o = o
w
o
I | | | |
5 6 7 8 9

k tam
Hinh 2. Biéu do so sanh thoi gian chay ciia K-means va SK-meansMR trén bé dir liéu KddCup.
3.2. Danh gia chit lwong cia thuit toan

Dé so sanh chat lugong thudt toan SK-meansMR va K-means. Trén mdi bo dir lidu, chung
t6i tién hanh phan cum béng hai thuét toan véi sb lugng cum tang dan. S luong léy mau tai mot
Node cua thuat toan SK-meansMR ciing anh huong dén chét lwong cta thuat toan. Trong bai bao,
chung t6i thuc nghiém véi sé lugng mau 1a 2%k tam.

3.2.1. Bj di ligu KddCup(1999) 42 thujc tinh, 2.155.000 diém
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Bdng 2. Chi s6 DB ciia K-means va SK-meansMR trén bé dir liéu KddCup

K K-means SK-meansMR
5 1,578 0,239
6 1,829 0,231
7 0,813 0,263
8 2,069 0,268
9 0,741 0,431
KddCup
oS
@ —— K-means —e— SK-meansMR
@
o |
N
-— 0 ’_ﬁ__,_ﬁ-—'-“_'-./k
@ ) |
D L
o ]
v ]
o P
G —-
o
i T T T T T
5 6 7 8 9
k tam

Hinh 3. Biéu do so sanh chat lwong phdn cum K-means va SK-meansMR trén bo dir lieu KddCup.
3.2.2. B¢ di¥ liéu House 14 thujc tinh, 4.098.559 diém

Bdng 3. Chi $6 DB ctia K-means va SK-meansMR trén bg dir liéu House

K K-means SK-meansMR
10 1,514 1,091
11 1,252 1,157
12 1,552 1,225
13 1,562 1,279
14 1,438 1,373
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House
o
o —— K-means —e— SK-meansMR
© _|
5 "
e - =
N
S ]
- T T T T T
10 11 12 13 14
k tam

Hinh 4. Biéu do so sanh chat lwong phan cum K-means va SK-meansMR trén bo dir liéu House

Qua thyc nghiém, co thé théy chi s6 DBI cuia thuét toan SK-meansMR thép hon K-means
c6 dién. Chimg t6 thuat toan cai tién SK-meansMR c¢6 chét lugng phan cum tét hon K-means.

Trong ca 2 bd dir liéu thyc nghiém, chi s6 DBI ctia K-means thay d6i rat 16n qua ting cum.
Diéu nay ciing thé hién ding nhuoc diém ctia K-means 1a két qua dau ra ca thuat toan phu thudc
nhiéu vao viéc chon tdm ban dau va s6 nhom. Cu thé trong b di li€u KddCup véi ) luong tam
12 7 hodc 9 c6 két qua phan cum tdt hon 6 hodc 8 tam. Tuong tu véi House, sb lwong tam 1a 11
t6t hon cac két qua con lai.

Nguoc lai, so voi K-means, thuat toan SK-meansMR cé chét lwong phan cum rat tot va it
thay d6i qua tit ca cac cum.

Ngoai ra, khi so sanh hai b dit liéu KddCup va House c6 thé thiy sb luong diém 16n ciing
anh huong dén chat lugng phan cum ciia thut toan SK-meansMR.

4. Kétluan

Trong bai bao, chiing t6i di trinh bay vé thuét toan SK-meansMR sir dung phuong phap lay
mau ap dung mé hinh l4p trinh MapReduce trén ngon ngit R va thuc nghiém dé danh gia wu diém
clia thuat toan so voi K-means c¢6 dién. Qua thuc nghiém, co thé thiy rang thuat toan cua ching
t6i cO tbe d6 va chat lwong phan cum thong qua chi sé DBI tét hon thuat toan K-means cd dién.

Ciing qua két qua thyc nghiém, mot 1an nita chimg t6 két qua cua cac thuat toan phan cum
cua K-means c6 phu thudc vao $6 lugng tdm va viéc chon tim ban dau. Pidu nay ciing anh huéng
dén thuat toan SK-meansMR vi sir dung K-means trong viéc 1dy mau va phan cum mau. Trong
thoi gian dén chuing t6i s€ cai tién viéc léy mau trong thuat toan cia minh dé hoan thién thuat toan
SK-meansMR.
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THU'C TRANG VE “LOI SONG XANH” VA “TIEU DUNG BEN VUNG” CUA
SINH VIEN SU PHAM TREN DPIA BAN THANH PHO QUY NHON, TiNH BINH PINH

NGUYEN THI HUYEN", PHAN THI LE THUY
Khoa bia li - Pia chinh, Truong Pai hoc Quy Nhon

TOM TAT

Hién nay, “Loi song xanh” hay “16i song sinh thdi” dwoc xem la mot xu hiedng soéng méi, khi vin
dé méi trieong tré nén bire thiét ¢ nhiéu quoc gia trén thé gii, trong d6 c6 Viét Nam. Tuy nhién, “16i song
xanh” van con la mét khdi niém khé méi la va mo hé trong hau hét giGi tré & nude ta, ngay ca hoc sinh,
sinh vién — luc heong dong ddo, c6 tri thike, dong thoi ciing la nhitng chii nhdn ¢é vai tro ddc biét quan
trong trong quan 1y, khai théc, san xudt, tiéu ding trong xdy dung va phat trién dat nuwée. Nghién ciru nay
1ap trung trinh bay vé thuc trang nhan thire, ¥ thire thiee hién 16i song xanh va tiéu ding bén viing ciia sinh
vién sw pham & thanh phé Quy Nhon, tinh Binh Pinh nham néu lén birc tranh hién thiee vé vin dé trén. Tir
s, c6 dinh hwéng mét sé gidi phdp gido duc ndng cao nhdn thire va thiee hién “16i song xanh”, than thién
Véi méi trieong, gop phan thiee hién tang trieong xanh, bén viing cho dia phwong néi riéng va ving Nam
Trung b noi chung.

Tir khéa: Léi séng xanh, 161 song sinh thai, tiéu ding bén vitng, méi trudng.

ABTRACT

An Insight into the “Green Lifestyle” and “Sustainable Consumption” Practiced by
Pedagogical Students in Quy Nhon City, Binh Dinh Province

“Green lifestyle” or “ecological lifestyle” is considered a new trend of lifestyle in the context of
the environment becoming more pressing in many countries in the world, including Vietnam. However, the
“green lifestyle” is still a strange and vague concept in most young people in our country, even though
students are believed to have knowledge and play a particularly important role in management, exploitation,
production and consumption in the development of our country. The study focuses on the awareness and
implementation of green lifestyle and sustainable consumption of pedagogical students in the Quy Nhon
City, aimed at yielding a realistic portrayal of this. From that, we can orient and help them have proper
awareness, make “green lifestyle”, environmentally friendly to contribute to the green and sustainable
growth for the area.

Key word: Green lifestyle, ecological lifestyle, sustainable consumption, environment.

1.  Ditvén dé
Trong vai thap nién gin day, van dé suy thodi tai nguyén thién nhién (TNTN), 6 nhiém
moi truong (ONMT) dang tré nén bire thiét & nhidu qudc gia trén thé gisi, ddc biét 1a cac quoc

gia dang phat trién, ma mét trong nhiing van d€ mau chot 1a do phwong thirc san xuat va l6i song
“khong xanh” cua ngudi dan. Trong Chién lugc quoc gia cia nudc ta vé tang trudng xanh, duoc

*Email: nguyenthihuyen@qnu.edu.vn
Ngay nhan bai: 01/10/2017; Ngay nhan dang: 25/12/2017

135



Nguyén Thi Huyén, Phan Thi L¢é Thuay

Thu tuéng Chinh pht phé duyét tir ndm 2012 [6], nhiém vu xanh héa 16i song, thuc diy tiéu dung
bén viing (TDBV) dugc xem 1a mot nhiém vu trong tim trong phat trién kinh té. Nhiéu chwong
trinh hanh dong da duogc trién khai, dic biét 1a cOng tac tuyén truyén, phé bién, van dong nguoi
dan xdy dung 16i séng than thién v6i moi trudng (MT), tiéu dung bén vimng. Tuy nhién, cho dén
nay “16i séng xanh” van con 1a mot khai niém kha méi la va mo hd d6i v6i nguoi dan, dic biét gidi
tré & nudc ta, ngay ca trong hoc sinh, sinh vién (SV) - mét luc luong dong dao, co tri thuc, déng
thoi cling 1a nhiing chi nhan tuong lai ¢6 vai tro dac biét quan trong trong quan ly, khai thac, san
xudt, tiéu dung trong xay dung va phat trién dat nudc.

Thanh phd (TP) Quy Nhon 1a trung tdm kinh té, chinh tri, van hoa, khoa hoc k¥ thuat va
du lich cua tinh Binh DPinh, 14 noi c6 mét d¢ dan cu dong nhét trén toan tinh. Trén dia ban TP ¢6
nhiéu truong dai hoc, cao d'fmg, trung cép, thu hat hang chyc nghin SV dén hoc tap va sinh séng.
Viéc tap trung mot luong 16n dan cu da gay ap luc khong nho dén van dé khai thac, sir dung tai
nguyén va MT song trén dia ban TP. Thyc té cho thiy, TNTN va chét lugng MT & TP. Quy Nhon
dang c6 nhidu biéu hién suy thoai: Rirng va ngudn nude mat bi giam sat, muia kho khong da nudce
cho tiéu dung va san xuit; ngudn nude & ha luu song Ha Thanh ¢ ddu hiéu 6 nhim; chit thai rin,
rac thai sinh hoat trong nhiéu khu vuc dan cu khong dugc xu 1y triét dé gay ONMT. Mat khac,
thoi gian gan day, viéc phat trién du lich tuy mang lai nhiéu loi ich kinh té, nhung cac hoat dong
du lich va sinh hoat ctia mot bo phan du khach da anh huong dén dién mao TP va chat lugng MT
& day: Rac thai, nuéc thai & dong xung quanh cac khu du lich ven bién, gay 6 nhiém nudc, suy
giam cac bai tom, cua, ca ven bo, cac bai ran san ho,... anh hudéng nhét dinh dén chat luong séng
ctia cu dan ven bién va hé sinh thai ving ven bd. Do vy, viéc nghién ctru thuc trang 16i song
xanh va ti€u dung bén viing, dac biét voi dbi tugng SV trén dia ban TP. Quy Nhon c6 y nghia ca
vé mat 1i luan 13n thyc tién nham dé xuat mot sb giai phap gido duc nang cao nhan thirc va hanh
dong “16i sdng xanh” gdp phan thyc hién ting truong xanh, bén viing cho dia phuong noi riéng
va vung Nam Trung b ndi chung.

2. Quan di€ém tiép can

MT 1a mét khoa hoc lién nganh, nén cac nghién ctru nhan thirc vé méi truong can duge thyuc
hién trén co s¢ nghién ctru nhén thirc tdng hop céc kién thic ca vé MT, kinh té va xa hoi. Do vay,
viéc nghién ctru nhan thire, thuc hién 161 séng xanh — TDBV ciia SV dugc tién hanh trén co s tiép
can lién mon, lién nganh va da linh vuec.

3. Doi twong va phuwong phap nghién ciru
3.1. Doi twong nghién ciru

béi tugng hoc sinh, SV chiém gén 1/4 dan s6 va truc tiép lién quan dén moi gia dinh trong
cong dong va xa hoi. Pay 1a luc lugng dong dao, nhay bén va niang dong, dong vai trd ndong cdt
dé huy dong duoc toan thé cac bac phu huynh, cong dong dan cu trong su nghiép bao vé MT ndi
chung va xay dung 16i séng than thién véi MT noi riéng. SV rat thuong dé nhay cam voi thoi
cude, dé tiép thu kién thirc moi, lai duge ngdi trén ghé nha truong, duge gido duc thudng xuyén
dé hinh thanh nhan cach. Nhimg kién thirc duoc hoc tir nha truong s& dé lai cac dau an trong qua
trinh cac em st dung kién thirc d6 phat trién & tuong lai. Cac em ciing chinh 1a nhiing nhan t6
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dong lyc va lan toa cac gia tri cudc séng trong xa hoi. Nhitng viéc lam, hanh dong cia cac em déu
c6 tinh dong vién, khich 1€ lon ddi véi gia dinh; do do s€ co6 tac dong manh mé lam thay d6i hanh
vi, cach trng xtr trong moi hoat dong ctia xa hoi. Chinh vi vay, nghién clru nhén thuc vé 16i séng
xanh trong SV, ma déac biét 1a SV tai cac truong su pham dugc coi la yéu cu va nhiém vu cép
bach, 12 giai phap lau dai, hiéu qua va bén virng nhit, gop phan quyét dinh nang cao nhan thirc, t6
chire cac hoat dong thuc tidn vé 16i sdng xanh ciia Iuc lwong nay sau khi ho tét nghiép ra truong.
Do vay, trong khudn khé bai bao, ddi twong chinh dugc nghién ctru chit yéu 1a SV su pham tai cac
truong dai hoc va cao ding trén dia ban nghién ctru.

3.2. Phuong phap nghién ciru

Nghién ciru, danh gia nhan thirc va thuc hién 16i sdng xanh ctia SV dugc thyc hién chu
yéu bang cac phuong phéap diéu tra xa hoi hoc, gdm: Phuong phéap diéu tra thong qua bang hoi,
phuong phap quan sat, nhdm thu nhan dugc nhiing thong tin cy thé vé nhan thirc, 16i sdng, phwong
thtrc, thoi quen tiéu dung va hanh vi MT cua SV trén dia ban. Bén canh d6, viéc nghién ctru con
dugc thue hién thong qua phuong phép trao dbi, phong vén, thu thap thém thong tin lién quan tir
giang vién tai cac truong dai hoc, cao déng trong khu vuc. Pay chinh 1a co so thuc tién cho viéc
xay dyung cac mo hinh tuyén tuyén 16i sng xanh va TDBV, khong chi cho SV cac truong dai hoc,
cao dang & dia ban TP. Quy Nhon ma con ci khu vic duyén hai mién Trung.

Ngoai ra, viéc xdy dung ndi dung bang hoi, phiéu diéu tra con dugc thyc hién trén co so
trao déi, thao luén, xin y kién chuyén gia, la cic nha gido duc, nha nghién ctru, trén dia ban duyén
hai mién Trung nhiam dam bao tinh khoa hoc, pht hop va kha thi, giai quyét thoa dang cac muc
tiéu cua nhiém vu dat ra.

4. Két qua nghién ciru
4.1. Khai quat vé thanh phd Quy Nhon

Nam ¢ phia Dong Nam cua tinh Binh Dinh,
TP. Quy Nhon c¢6 toa do dia li tir 13°36° dén
13°54’ vi do Bic; tir 109°06° dén 109°22’ kinh do
DPoéng. Phia Pong giap bién Pong, phia Tay giap
huyén Tuy Phudc, phia Béic giap huyén Phu Cat
va huyén Tuy Phudc, phia Nam giap thi xa Song
Cau, tinh Pha Yén. Quy Nhon cach thu d6 Ha
Noi 1.065 km vé phia Béc, cach Thanh phd Ho
Chi Minh 650 km vé& phia Nam. Vi dién tich tuy
nhién khoang 284 km?, TP. Quy Nhon dugc chia
thanh 21 don vi hanh chinh (16 phuong va 5 xa),
dan s6 trén 300.000 ngudi (nam 2015).

Quy Nhon dugc biét dén nhu 13 mot khu
vuc ¢6 nhiéu tiém nang vé TNTN, diéu kién tu

nhién da dang, nén day khong chi trung tam phat
trién kinh té - xa hoi (KT - XH) va du lich, ma con

137



Nguyén Thi Huyén, Phan Thi L¢é Thuay

la noi tap trung cac co s van hoa, gido duc cta ca tinh Binh Pinh. Khi hau & Quy Nhon tuong
ddi thuén loi cho céc hoat dong séng v6i nén nhiét cao, lugng mua trung binh ndm lén. Nhiét do
trung binh hang nam khoang 24,5°C, lugng mua trung binh nam tir 1900 - 2000 mm. Dia hinh da
dang, c6 ca dia hinh nui (ni Pen cao khoang 361m, nai Ba Hoa), dja hinh go doi, dong bang va
cac dang dia hinh ven bién. Pudng bo bién dai khoang 42 km, c6 nhiéu dao ven bd, dién tich ho,
dam 16n, tai nguyén sinh vat bién phong phu, rat thuan loi cho qué trinh phat kinh té trong khu
vuc. Thuc tién cho thiy, trong nhitng ndm vira qua, tinh hinh phat trién KT-XH cta TP. Quy Nhon
d3 c6 budce phat trién manh mé. Tong gia tri san pham cia dia phuong (GRDP) binh quan dau
ngudi cubi ndm 2015 wdc dat 45,1 triéu ddng. Nam 2015, co cau kinh té nong - 1am - ngu nghiép
tang 26,2%, cong nghi¢p va xay dung tang 36,1%, dich vu tang 37,7%. DPdc biét, trong vai nam
tro lai dy, nganh dich vu - du lich & Quy Nhon phat trién manh mé&, mang lai hiéu qué cao trong
phat trién kinh té. Riéng nam 2016, TP. Quy Nhon don khoang 3,2 triéu luot khach, trong d6 c6
2,94 tridu luot khach ndi dia, 256 nghin luot khach qudc té va doanh thu du lich thuan dat 1.497 ti
déng, tang 44%. TP. Quy Nhon con 1a mot trung tam van hoa, gido duc cta tinh Binh Dinh. Véi su
tap trung nhiéu truong dai hoc, cao dang nhu Truong Pai hoc Quy Nhon, Truong Dai hoc Quang
Trung, Cao dang Binh Dinh, Cao dang nghé,... nén hang nim noi day dén hang chuc nghin SV,
hoc vién tir cac dia phuong khac dén sinh sng, hoc tap. Diéu d6 dong gop mot phan rat 16n trong
viéc phét trién cac loai hinh kinh té dich vu nhu dn ubng, phong tro va cac khu vui choi giai tri,. ..
Tuy nhién, di kém véi toc do tang truong kinh té 1a van dé chat lugng méi truong sdng co nhimng
dau hi€u dang lo ngai, tinh trang 6 nhiém MT bién, suy giam TNTN, 6 nhiém rac thai trong khu
dan cu,... gay anh huong dén chat lwong MT sbng ctiia ngudi dan trong khu vire. Do vay, can thiét
phai c6 nhiing bién phap nham nang cao nhan thirc cho nguoi dan vé hoat dong phat trién kinh té
gin lién v6i viée bao vé moi truong.

4.2. Thuec trang vé 16i sdng xanh ciia sinh vién & thanh phé Quy Nhon

Hién nay, trén toan tinh Binh Dinh c6 12 trudng dai hoc, cao déng, trung cép chuyén nghiép
va day nghé. Phan 16n cac truong tap trung tai TP. Quy Nhon, tuy nhién, chi c6 2 don vi 1a Trudng
Pai hoc Quy Nhon va Truong Cao dang Binh Dinh c6 dao tao SV su pham. Do vy, viéc nghién
ctru, danh gia thyc trang nhan thic va thyc hién 16 séng xanh cia SV su pham trén dia ban
TP. Quy Nhon duogc thyc hién chu yéu 0 hai don vi néu trén.

Viée nghién ctru dugce tién hanh qua 250 Phiéu diéu tra, thu thap y kién ngau nhién tir ddi
tuong SV su pham cac nganh Dia li, Hoa, Sinh, Lich str, Vat Iy va Gido duc Tiéu hoc tai truong
bai hoc Quy Nhon va 3 nganh c6 dao tao su pham tai truong Cao dﬁng Binh DPinh 1a Giao duc
Mam non, Gido duc Tiéu hoc va Ngir van. Trong d6, truong dai hoc Quy Nhon diéu tra 160 phiéu
va truong Cao dang Binh Dinh 90 phiéu.

4.2.1. Thue trang nhan thikc vé 16i song xanh ciia sinh vién

Khao sat 1y y kién 250 SV Su pham tai Truong Pai hoc Quy Nhon va Truong Cao dang
Binh Dinh bang Phiéu thu thap y kién theo 6 cau hoi c6 ndi dung lién quan dén kién thirc, nhan
thirc vé song xanh va TDBYV theo cac nganh dao tao nhu bang sau:
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Bing 1. S6 SV cdc nganh sw pham tham gia khdo sdt nhdn thiee vé 16i song xanh tai TP. Quy Nhon

SV cac nganh su pham dwgc khio sat SV cac nganh su pham dwgc khio
tai truong Dai hoc Quy Nhon sat tai truong Cao dang Binh Dinh
Pia li Hoéa Lich Sinh Vat v Gidodue Gidoduc  Gido duc Ngir
: hoc st hoc Y Tibu hoc  mam non tiéu hoc Van
50 luong 30 25 25 30 25 25 30 30 30
sinh vién
Téng cong 160 90

Két qua thong ké sy hiéu biét va nhan thirc chung vé 16i séng xanh, TDBV cua cac em
cho thay:

Hau hét SV su pham dugc khao sat déu ndm bt va nhan thire duge cac ndi dung, kién thirc
co ban vé 16i séng xanh. Két qua khao sat & bdang 2 cho thay, chi c6 36% SV cho rang 16i song
xanh chinh 1a st dung cac san pham tai ché, 72% SV khong cho rang 16i séng xanh c6 lién quan
dén viéc sir dung cac san pham co do bén cao.

Bing 2. Hiéu biét va nhdn thirc ciia SV nganh sw pham vé 16i song xanh

S6 lwong SV khao sat
Loi song xanh dwgc hiéu: Pongy  T§ 18 % {i(;:?gn? T‘; 18
Str dung hi¢u qua nhién li€u, nang lugng 240 96 10 4
Str dung hiéu qua ngudn tai nguyén 232 92,8 18 7,2
Giam thiéu 6 nhiém (dat/nude/khong khi/tiéng on...) 134 53,6 116 46,4
Str dung cac san pham tai ché 90 36 160 64
Str dung cac san phim c6 do bén cao 70 28 180 72
Str dung/tiéu thu san pham it gy hai dén méi truong 215 86 35 14
Trong cdy xanh/bao vé rimg 250 100 0 0
Béo ton, gin gitt mdi trudng séng cho tré em va cac thé 295 90 25 10

hé tuong lai

Déi véi ndi dung tiéu dimg bén vimg, c6 thé do TDBV 1a mot khai niém twong ddi rong,
lién quan dén nhiéu linh vire nén phan 16n SV duoc khao sat chua hiéu rd va chua nhén thie ding
dén vé noi dung nay.
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Bing 3. Hiéu biét va nhdn thire ciia SV nganh sw pham vé tiéu ding bén viing

Tiéu dung bén virng dwgc hiéu:

S6 lwgng SV khao sat

Khong

A ' v1a o - vl1a o
bong y Ty 1€ % ddng ¥ Ty 1€ %

Chi dap mg nhu cau co ban nhét vé nhitng san phim
hang héa va dich vu tiéu dung thiét yéu 70 28 180 2
Giam anh hudng truc tiép dén MT tir qua trinh san 735 94 15 6
xuat, st dung, thai bo hang hoa va dich vu
S}I quan tar‘n dén vong doi san pham khi dua ra quyet 65 2 185 74
dinh tiéu dung
Tiéu Siung qhang h(?a, va qlch Avu cc: tac dong tich cuc 295 90 25 10
cho surc khoe va lgi ich cua cong dong
Ting c1vI0’ng phat trler,l va ing dung nhiing thict bi tiét 53 212 197 78.8
kiém nang lugng, nude
Phat t{len v? su dunAg phuong t1¢1'1 glrao thong Eong ?Qng 11 84.4 39 15.6
va nhiing cong ngh¢ giai phap dap ung nhu cau khac
C91 tr?ng su 11§n kfat )fa h(?{l, truyén thong dia phuong 104 416 146 58.4
va nhiing gia tri phi vat chat
San xuat va ban nhiing san pham dich vu thich tmg véi 178 712 7 28.8

cac van dé moi truong toan cau

Theo d6, c6 dén 78,8% SV duoc khao sat cho réng ndi dung cia TDBYV nghia 1a ting
cuong phat trién va ing dung nhiing thiét bi tiét kiém nang lugng, nudc; 72% SV khong dong v

v6i ndi dung TDBV 1a chi dép g nhu cau co ban nhat vé nhimng san pham hang héa va dich vu

tiéu dung thiét yéu.

Tuy nhién, qua s6 liéu khéo sat, hiu hét SV déu nhan thace duoc 16i séng xanh va TDBV co6
vai tro rat quan trong trong qua trinh phat trién KT - XH. Trong d6, ¢6 123 SV (chiém 49,2%) d4nh
gi4 12 rat quan trong, 112 SV (chiém 44,8%) danh gia quan trong va chi c6 15 SV (chiém 6%) danh
giéd binh thuong, khong c6 SV nao danh gia 1a it quan trong va khong quan trong (hinh 2)

Biéu dd nhén thire ciia SV sw pham vé mirc d§ quan trong

cia loi song xanh va tiéu dung bén virng

50
40 ‘
30
20
10 ,
= A A—

Rét quan  Quan trong Binh
trong thuong

it quan
trong

Khong
quan trong

Hinh 2. Biéu do nhdn thirc ciia SV vé mirc dé quan trong cia 16i song xanh va TDBV

Qua két qua théng ké cho tha”iy, 100% SV dugc khao sat déu nhan dinh, viée xay dung,
phat trién 16i séng xanh va TDBV s& gitp SV su pham c6 nhan thirc ding dan va day du vé ¥ nghia
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ctia séng xanh, c6 kién thic, ki ning va thai do tich cyc trong viéc tuyén truyén, phd bién sdng
xanh, TDBV cho cong dong, gop phan xay dung trudng hoc xanh. Pdng thoi, co ¥ nghia trong t6
chure hoat dong gido duc séng xanh, TDBYV cho hoc sinh.

Riéng cau hoi lién quan dén phuong thirc tiép can kién thirc vé 16i xanh va TDBV, ¢6 dén
94,8% SV cac nganh su pham dugc khao sat cho rang, khong dugc tiép can thong qua chuong
trinh dao tao, 49,2% cho biét dugc tiép can thong qua cac hoat dong sinh hoat Poan, Hoi, Cau lac
b, 46% tir tuyén truyén quang ba, tap chi va dén 87,2% tir truyén miéng, 92,8% tir cic thong tin
khéc (bang 4).

Bing 4. Hiéu biét va nhén thirc ciia SV nganh sw pham vé 16i song xanh

S6 lwgng SV khio sat
Pongy Ty1é % Khongdongy Ty Ié %

Tiép can 18i sdng xanh va tiéu dung bén virg qua:

Chuong trinh dao tao 13 5,2 237 94,8
Céc hoat dong sinh hoat ciia Boan, Héi, Cau lac bd 123 49,2 127 50,8
Khoa hoc truc tuyén trén mang 20 8 230 92
Sach bao, tap chi (in An/trén website) 211 84,4 39 15,6
Tuyén truyén, quang ba trén bao dai, tap chi... 115 46 135 54
"Sl";lll};éhtg iléiigﬁfng c40, bao chi ctia cac nha san xuat 107 08 143 572
Céc trién 1am, cac budi co dong, tuyén tmyén congcong 203 81,2 47 18,8
Su truyén miéng ctia moi ngudi 218 87,2 32 12,8
Khac 232 92,8 18 7,2

Nhdn thcfy, SV cac nganh su pham cua Truong Dai hoc Quy Nhon va Truong Cao déng
Binh Pinh di c6 hiéu biét nhit dinh vé n6i dung, kién thtrc cua 16i sdng xanh, nhung con rat “mo
hd” va tham chi con c6 mot ) “ngd nhan” vé ban chat ciia TDBV. Hau hét, SV van chua xac dinh
16 ban chat, mic d¢ lién quan gitra moi truong voi 161 séng xanh, tiéu dung xanh va bén viing.
Bén canh d6, viéc tiép can cac kién thirc ¢ lién quan dén 161 sbng xanh trong nha truong van chua
duogc phat trién.

Dong thoi, bén canh viée chua chu trong dua ndi dung 16i sdng xanh vao cac chuong trinh
dao tao chinh khoa, thi cac hoat dong ngoai khoa, cling nhu cac hoat dong sinh hoat Poan, Hoi,
Cau lac bg ciing it cht trong nang cao nhan thic cho sinh vién vé 16i séng xanh, TDBV. Qua
nghién ctru chuwong trinh dao tao ciing cho thdy, hau hét chwong trinh cta cic nganh Su pham
déu chua c6 mdn hoc chinh thirc vé ting trudng xanh, 16i sbng xanh hoic TDBV. Tuy c6 mot s6
chuong trinh ctia cac nganh ctr nhan ¢6 mén hoc lién quan nhu san xuét xanh, san xut sach hodc
tang truong xanh nhung déu 1a cac mén hoc ty chon. Ngoai ra, qua trao d6i véi mot s6 giao vién
giang day su pham, dugc biét nhiéu gido vién c6 lién hé hodc tich hop 16i séng xanh, TDBV vao
trong ndi dung cua mdt sb bai day co lién quan, nhu san xuét sach trong hoa hoc, sinh hoc va
trong quan 1y tai nguyén MT, tiéu dung xanh trong kinh té, ... Tuy nhién, viéc tich hop vao cac
noi dung giang day chua dong bo trong cac nganh hoc nén chua mang lai hi¢u qua nhan thic cho
SV dbi voi van dé nay.
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4.2.2. Thuee trang vé thuc hign 16i séng xanh va tiéu ding bén viing ciia sinh vién

Khao sat tinh hinh thuc hién 15i séng xanh, TDBV cua SV céac nganh su pham thudc hai
trudng noi trén theo 6 ndi dung phiéu khao sat sbng xanh va TDBV, gdm: 3 R tai trudng hoc,
noi &; tiét ki€ém nang lugng; truong hoc xanh; di si€u thi, chg hodc khu mua sam; giao thong
thong minh va tai ché tai treong, nha, noi & va 5 mic do (Iam nhiéu, c¢6 lam, dinh lam, khéng lam
va khong phu hop).

Két qua khao sat cho thiy, do nhan thirc dugc vai tro quan trong ciia soéng xanh, TDBV anh
huong rat 10n dén chét luong MT, nén trong qué trinh sinh séng va hoc tap, phan 16n cac SV da
bt dau c6 chu y dén viéc thuc hién 16i séng xanh, TDBV. Tuy nhién murc d quyét tam thuc hién

chua cao.

Bdng 5. Murc do thuc hién 3R tai truvong hoc cia SV cac nganh sw pham

Lam nhiéu C6 lam diéu Pinh lam Khoéng lam Khéng phu hop
dicu nay nay dicunay dieunay  vdiban than

SL % SL % SL % SL % SL %

3R tai trwong hoc, noi &

Phan loai rac ¢ truong/nha 0 0 21 84 101 404 10 4 118 472

Utu tién SD san pham SX tai diaphuong 7 28 40 16 168 672 20 8 15 6

Mua san pham thé tii ché hoac taiSD 0 0 145 58 90 36 10 4 5 2
Giam thiéu luong gidy bo 93 372 135 54 10 4 12 48 0 0
Giam thiéu tiéu thu san phdm nhya 0 0 43 172 97 388 103 412 7 2,8
B6 rac vao thung ding noi quy dinh 148 59,2 92 36,8 10 4 0 0 0 0

Gom va chia sé san phdm co thé taiché 0 0 54 21,6 131 524 43 172 22 8.8

Tai SD d dung trong nha, truong hoc 97 388 132 528 21 84 O 0 0 0

ngéé? soat va giam nhiing thr ma ban 14 56 203 812 10 4 17 68 6 24

Quan sat bang 5 cho thay, dbi véi noi dung 3R (Reduce - Reuse — Recycle) tai truong, nha
hoac noi 0, phf&n 16n SV da bit diu nhan thic va c6 mot sd hanh dong cu thé hodc ¢6 du dinh lam
xanh hoa 16i sbng va TDBV: C6 dén 52,8% SV ¢6 thuc hién tai sir dung dd dung trong nha, truong
hoc; 58% c6 mua san pham tai ché hay 54% SV c6 giam thiéu luong gidy bo trong qué trinh hoc
tap, sinh hoat; 67,2% SV c6 du dinh uu ti€én mua san phém san xudt tai dja phuong hodc 52,4% du
dinh gom va chia sé san phém tai ché. Tuy nhién, mic o lam nhiéu hodc thuong xuyén thyc hién
rat thap, nhu 0% SV thuong xuyén phéan loai rac tai nha, khong co sinh vién nao thuong xuyén
giam thiéu tiéu thu san phim nhwa, gom va chia sé db dung tai ché. ..
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Bdng 6. Murc do thuc hién tiét kiém nang luwong cua SV cac nganh sw pham

Lam nhiéu Co6lam diéu Dinhlam Khong lam Khong phu hop
dicu nay nay dicu nay dicunay  voi ban than

SL % SL % SL % SL % SL %

Tiét kiém niing lwong

Han ché SD thiét bi dién trong gio cao 0 0 90 36 113 452 25 10 2 8.8

diém

iﬁgfggiﬁn‘;a cic thict bidienkhi |00 o 102 408 40 16 1 04 0 0
Luén bat didu hoa > 26°C 4 16 67 268 62 248 45 18 36 144
Nhéc moi ngudi tiét kiém dién 2392 69 27,6 85 34 32 128 41 164

Tan dung gié va anh sang tu nhién &

\ 46 184 85 34 32 12,8 42 16,8 45 18
nha

Dung bong dén tiét kiém nang luong 45 18 104 41,6 56 224 32 128 13 5,2

Mua cac thiét bi da qua st dung 0 0 176 70,4 42 16,8 11 44 21 8,4

Mua céc thiét bi dién dugc dan nhan

< 0 0 0 0 42 16,8 145 58 63 25,2
nang lugng

Ut tién cac thiét bi SD nang lugng

s 0 0 0 0 78 31,2 132 52,8 40 16
Mat troi

Dé may tinh & ché do sleep 125 50 113 452 0 0 12 48 0 0

Déi véi ndi dung thuc hién tiét kiém ning luong, khong cé sinh vién nao thudng xuyén
han ché sir dung dién trong gid cao diém va 8,8% cho rang khong phu hop véi ban than; chi co
9,2% SV thuong xuyén nhic moi ngudi tiét kiém dién va phan 16n SV khong thudng xuyén mua
cac thiét bi da qua st dung, mua céc thiét bi dién duoc gén nhan nang luong. Phan 1én sinh vién
khong uu tién st dung cac thiét bi sir dung nang luwong Mt troi.

Riéng d6i voi ndi dung thuc hién Truong hoc xanh, c6 82% SV thudng xuyén sir dung
thang bo dé dén cac phong hoc. Tuy nhién, ddi voi nhimg khu vuc hoc tdp ¢ ca thang bo 1an
thang may, thi hiu hét sinh vién dugc phong vén cho biét ho thudng xuyén sir dung thang may
hon thang bg; 67% thuc hién v€ sinh sach s€ l6p hoc, gilt gin v¢ sinh canh quan trong san trudng.
Nhung, ciing ¢6 dén 43% sinh vién cho rang noi dung sir dung cac ché do tiét kiém niang luong
tai truong hoc la khong phu hop voi ho.
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Bdng 7. Di siéu thi, cho hoac khu mua sam cia SV cdc nganh sw pham

Lamnhicu Co6lam  Dinh lam Khéng lam Khéng phu hop
dicunay diunay diCunay di€unay  vdiban than
SL % SL % SL % SL % SL %

Di siéu thi, chg hodc khu mua sam

Lén danh sach cac vat dung cAn mua 45 18 78 31,2 105 42 22 88 0 0
Quan tam dén vong doi san phém khimua 66 264 88 352 57 22,8 24 96 15 6
Mua thic phim ding mua 46 18,4 86 344 65 26 53 21,2 0 0

UutiénmuathucphémSXtaidiaphuong 14 56 63 252 105 42 46 184 22 8,8

Mua thyc pham tai cac dia chi dang tin cay,
c6 ngudn goc rd rang

64 25,6 102 40,8 48 19,2 21 84 15 6

Ul tién sit dung bao, goi than thién véi
moi truong
Mua thuc phém tuoi dugce giam gia 102 40,8 127 50,8 14 56 7 28 0 0

32 12,8 89 35,6 102 40,8 13 5,2 14 5,6

Két qua & bang 7 cho thdy, trong hoat dong mua sdm, di chg, SV da bat dau cht y dén cac
san pham c6 dia chi tin cdy, nguon gbc rd rang va mua thyc pham giam gia. C6 dén 40,8% SV
dugc khao sat thuong xuyén va 50,8% c6 mua thuc pham twoi giam gid; 66,3% SV thuong xuyén
va ¢6 thuc hién viéc mua thuc phém tai cac dia chi dang tin cay; 35,5% SV c6 quan tam dén vong
do1i cua san phélrn khi mua. Tuy nhién, van con mot bo phan 16n SV chua c6 kiém soat trong viéc
mua sam, chi c6 18% SV 1én danh sach cac vat dung can mua, 18,4% thuong xuyén mua thuc
pham dung mua, 5,6% thuong xuyén uu tién mua thuc pham san xuat tai dia phuong va 12,8%
thudng xuyén uu ti€n str dung bao, géi than thién voi moi trudng.

V& noi dung thuc hién giao thong, phan 16n sinh vién ¥ thic t6t ddi voi viéc bao vé ban
than trong qua trinh tham gia giao thong. Vi 76% SV duoc khao sat cht y dén viéc mua mii bao
hiém t6t, 90,6% SV giit toc do vira phai. Pong thoi, dé tiét kiém nhién liéu cling nhu xa thai ra
mdi truong, cd 69,6% SV muén thue hién viée sir dung chung xe may; 52% SV st dung xe dap
hodc di bg. Tuy nhién, do diéu kién khach quan vé gio hoc trén 16p nén chi c6 18% SV thudng
xuyén tranh tham gia giao thong trong gio' cao diém vao nhiing ngay khong dén 16p va chi co
9,6% thudng xuyén tit dong co khi dén do 30 gidy.

Bang 8. Thyc hién giao thong thong minh cua SV cdc nganh sw pham

Lamnhiéu C6lam  Dinhlam Khong lam Khong phi hop
dicunay di€unay di€unay di€éunay vdiban than

Giao thong thong minh SL % SL % SL % SL % SL %
Tét dong co khi dén do 30 gidy 24 96 50 20 121 484 22 88 33 132
Cha y bao dudng xe 45 18 44 17,6 123 492 20 8 18 72
Mua mil bao hiém t6t 55 22 135 54 49 196 11 44 0 0
Gitr tbc do 6n dinh/ vira phai 106 424 123 492 21 84 0 0 0 0
Tranh gio cao diém 45 18 101 404 51 204 34 13,6 19 76
Ding chung xe may 108 432 66 264 34 136 32 128 10 4
Str dung phuong tién giao thong congcong 12 4,8 68 272 49 19,6 63 252 58 232
Di xe dap/ di bo 75 30 55 22 52 20,8 56 224 12 48
Bén xe cii/ hong 104 41,6 109 43,6 26 104 11 44 0 0
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Ngoai ra, dbi voi noi dung tai ché tai noi 0, truong hoc, mac dau c6 dén 82% SV khong vt
réc bira bii, khong ddt rac nhung c6 dén 76% khong thuc hién han ché str dung tui nilon tai nha,
67% khong dé do dung tai ché vao mot khu vuc riéng trong nha, phong tro hodc noi & va 73% SV
khong quyén gop dd cii cho céac td chuc tir thién dia phuong.

Nhu véy, qua nghién ctru thyc trang nhan thirc va hanh vi 16i séng xanh, TDBV ciia SV céc
nganh su pham ¢ TP. Quy Nhon da cho théy phﬁn nao thuc trang nhan thic, thai do, kién thirc va
y thire thuc hién “I6i song xanh”, than thién voi MT caa SV trén dia ban. Phan 16n SV Su pham
ctia TP. Quy Nhon c6 hiéu biét nhat dinh vé noi dung, kién thirc vé 16i sbng xanh, nhung chua
xéc dinh diing murc, yéu cau ctia van dé nay. Mic dau, SV budc dau di c6 y thirc thyc hién va xay
dung 16i sdng xanh, nhung vin chwa nhén thirc ding va diy da vé TDBV; Viéc thyc hién xanh
hoa 16i sdng va thiic diy TDBV chi méi dimg lai chii yéu & y dinh thyc hién, chua cha tam va
cling chua quyét tim thuc hién TDBV. Do vay, dé dap tmg véi xu thé chung va yéu cau cip bach
v& nhiém vu bao vé MT, cin thiét phai tuyén truyén, van dong nang cao nhan thic, y thic thyc
hién xanh hoa 16i song va tiéu ding bén vimg trong SV sur pham noi chung va toan b SV tai cac
truong dai hoc, cao dang noi riéng.

Day chinh 14 co s& thuc tién cho viée dinh huéng xiy dung, bd sung va phat trién kién thuc,
hoat dong xanh hoa 16i séng trong SV, nham gop phan thyc hién chii truong ciia nudc ta vé ting
trudng xanh giai doan 2012 - 2020. Nhiém vu bién soan tai li€u va cac bai hoc hd tro cho SV su
pham trong viéc van dung kién thtrc 16i sdng xanh, TDBV trong qua trinh giang day cta ho trong
tuong lai ciing duge xuat phat tir thyc tién nay.

5.  Kétluan

V6i ddc diém 1a mot thanh phé bién véi TNTN phong phii, Quy Nhon ¢6 nhiéu tiém nang
trong phat trién KT-XH va 1a trung tdm vin hoa gido duc cta tinh Binh Dinh. Dan cu tap trung
dong, s6 luong sinh vién trén dia ban tuong dbi 16n, di gay anh hudng khong nho dén chét lwong
mdi truong sdng trén dia ban.

Tuy nhién qua nghién ctru cho thiy, nhan thirc va hanh vi vé 16i séng xanh va TDBV con
kha han ché. Do vay, can thiét phai c6 nhitng nghién ctru cu thé hon dé c6 nhiing giai phap gido
duc nham néng cao nhan thirc cia nguoi dan trong viée thuc hién séng xanh, TDBV, dap tng

chién lugc tang trudng xanh ctia ca nudc.
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