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Tém tiit: M6 hinh héa todn hoc va mé phong hé théng dong vai tré quan trong trong gidng day va nghién
ciru ky thudt, giup phdn tich va dw doan cac hé th(fng kf thudt phurc tap trong méi truong do. Trong khi
Matlab la mét cong cu thwong mai manh mé va phé bién cho cdc muc dich nay, chi phl ban quyén cao
c6 thé gdy tr(f ngai trong cdc co s6 gido duc va nghlen cuu. Scilab, voi wu diém la phan mém ma nguon
mé, cung cdp cdc chirc nang twong tr ma khéng yéu cau chi phi ban quyén. Bai bdo ndy gioi thiéu Scilab
nhuw mot céng cu thue tién dé mé hinh héa va mé phong trong kjj thudt. Théng qua nhiéu vi du khéc nhau,
nghién civu nay lam néi bdt tiém ndng cia Scilab trong gido duc kj thudt va kha nang ciia né dé tré thanh
mét giai phdp thay thé hiéu qua cho Matlab trong cdc vmg dung thuec té.

Tir khéa: phan mém Scilab, mé hinh héa todn hoc, mé phong hé thong

Abstract: Mathematical modeling and system simulation play an important role in engineering education
and research, enabling the analysis and prediction of complex technical systems in a virtual environment.
While Matlab is a powerful and widely used commercial tool for these purposes, its high licensing costs
can be a barrier for educational institutions and research groups. Scilab, with the advantage of being
open-source software, offers similar functionalities without licensing fees. This paper introduces Scilab
as a practical tool for modeling and simulation in engineering. Through various examples, the study
highlights Scilab's potential in technical education and its capability to serve as an effective alternative to

Matlab in real-world applications.
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1. Pit van dé

Mb hinh hoa toan hoc va mé phong hé thdng giir
vai tro then chdt trong nghién ctru va giang day cac
nganh k¥ thuat hién dai nho kha nang ho tro phan tich,
danh gia va du doan hanh vi cua cic hé thdng phirc
tap. Phuong phap nay dac biét hitu ich trong nhiing
trueong hop viée nghién ctru trén dbi tuong thuc gip
nhleu han ché nhu thoi gian trién khai dai, chi phi cao,
tiém an rui ro doi vOi con nguoi va thiét bi, hodc khi
hé thong thuc chua ton tai. Thong qua méi truong mod
phong, cac kich ban k¥ thuat co thé dugc tai hién linh
hoat, gop phan nang cao do an toan, giam chi phi va
tang hi€u qua nghién ctru cling nhu dao tao.

Trong nhitng nam gan day, nhiéu phan mém da
dugc phat trién nham hd tro md hinh hoa va mé
phong hé thong k¥ thuat. Trong d6, Matlab dugc xem
1a mot trong nhitng cong cy manh mé va phd bién
nhit nho hé sinh thai thu vién phong phii va kha ning
xu ly linh hoat, cho phép tng dung rong rai trong
cac linh vyc nhu dién, dién tu, co khi, nang luong
va kinh té [1]. Tuy nhién, chi phi ban quyén va yéu
cau cap nhat dinh ky ctia Matlab 1a mot rao can dang
ké dbi véi cac co s dao tao va nhom nghién ctru ¢6
ngudn lyc han ché.

Trong bbi canh d6, Scilab ndi 1én nhu mot giai
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phap thay thé hi¢u qua nho dac tinh ma ngudén mo
Va hoan toan mién phi [4, 5]. Bén canh do, Scilab
van cung cap cac cong cu manh cho tinh toan s6, mo
phong va xu ly tin hiéu, v6i ca phap 1ap trinh twong
déi tuong dong Matlab, gitp nguoi dung dé dang tiép
can va chuyén dbi [2, 3]. Nho nhitng uu diém nay,
Scilab ngay cang dugc quan tam va ing dung trong
dao tao k¥ thudt cling nhu nghién ctru khoa hoc.

Xuét phat tir nhitng yéu cau thuc tién trén, bai bao
nay tap trung khai thic phan mém Scilab nhu mot
cong cy hd tro md hinh hoa toan hoc va mo phong
h¢ thong k¥ thuat. Thong qua cac vi du minh hoa cu
thé, nghién ciru nham lam rd kha ning tng dung cua
Scilab trong giang day, dong thoi danh gia tiém nang
thay the cac phan mém thuong mai trong nhirng didu
kién trién khai thuc té.

2. N§i dung nghién ciru

2.1. M6 hinh hoa todn hoc trong ky thudt

2.1.1. Khai niem mé hinh hoa

Mo hinh héa toan hoc 1a qua trinh xdy dung
cac biéu dién toan hoc (dudi dang phuong trinh, hé
phuong trinh, ham truyén hodc mo6 hinh trang thai)
nham mé ta hanh vi ctia mot hé thong ky thuat trong
thuc té. Thong qua viéc triru twong hoa cac yéu to
vat ly va mdi quan hé giita cac dai lwong dic trung,
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md hinh toan hoc cho phép chuyén d6i mot hé thng
thyc thanh dang c6 thé phan tich va xir Iy bang cac
cong cu tinh toan.

2.1.2. Vai tro trong phan tich hé thong

M0 hinh hoéa todn hoc dong vai tro trung tam trong
viéc phan tich, thiét ké va tdi wu héa cac hé thong ki
thuat. M6 hinh toan hoc cho phép du doan va danh
gia hanh vi h¢ thong ma khong can thi nghiém truc
tiép, gilip giam chi phi va rui ro. Dong thoi, day la
co so dé phan tich cac dac tinh nhu 6n dinh, dap timg
va hiéu sudt, ciing nhu hd trg so sanh cic phuong an
thiét ké. Pac biét trong gidng day ky thudt, viéc sir
dung m6 hinh giup ngudi hoc hinh dung 15 mdi quan
hé gitra 1y thuyét va thyc tién, tur do nang cao kha
nang tu duy phan tich va giai quyét van dé.

Nho nhitng vu diém ndy, mé hinh hoéa toan hoc
tro thanh nén tang khong thé thiéu trong nghién ciru
va ung dung cac h¢ théng ky thuat hién dai.

2.2. Gioi thi¢u phan mém Scilab

Scilab la mot phin mém ma ngudén mo dugc
phat trién tir cubi nhimg nam 1980 boi INRIA (Vién
Nghién curu Tin hoc va Tu dong hoa Quéc gia Phap)
va sau ndy duoc chuyén giao cho to chire Scilab
Enterprises [2, 3, 5]. V61 myc tiéu cung cap mot nén
tang tinh toan s6 manh mé& va hoan toan mién phi,
Scilab dd khong ngimng dugc cai tién qua nhiéu phién
ban, tro thanh mdt lya chon dang tin cay trong cong
ddng ky thuat va nghién ciru khoa hoc.

Vé dic diém, Scilab s¢ hiru méi truong 1ap trinh
manh mé tuong ty nhu Matlab, hd tro tinh toan ma
tran, xir 1y tin hiéu, diéu khién ty dong, t6i wu hoa,
va d6 hoa hai/ba chiéu. Giao dién than thién, d€ hoc,
cung kha nang m¢ rong thong qua cac toolbox (goi
phan mo rong) giup nguodi dung nhanh chéng trién
khai cac bai toan k¥ thuat phirc tap. Scilab con hd trg
lap trinh huéng d6i twong va tich hop véi cc ngon
ngitt khac nhu C, Java, va Python, gitp tang tinh linh
hoat trong phat trién (mg dung.

Vé kha ning tmg dung, Scilab dugc sir dung rong
rai trong cac linh vyc nhu:

- Giang day va hoc tap cac mon Toan ky thut,
Mo phong hé théng, Piéu khién ty dong;

- Phan tich va thiét ké mach dién, hé théng co —
dién tir, va hé thong ning luong;

- Nghién ctru va phat trién cac thuat toan diéu
khién, nhan dang hé thong, va ti wu hoa;

Vé6i wu diém 1a mién phi, d& tiép can va c6 kha
nang mo& rong, Scilab 1a mot lya chon thay thé hiéu
qué cho cac phan mém thuong mai trong nhiéu ng
dung k§ thuat thuc tién. Doanh nghiép vira va nho sir
dung Scilab nhu mét giai phap tiét kiém chi phi cho
cac bai toan tinh toan va mé phong ky thuat.

2.3. Mé hinh héa va mé phong sir dung phin
mém Scilab

Vi du 1. M6 hinh héa va phan tich tin hiéu dau ra.
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Cho so dd mach vé6i R, L, C x4c dinh; u(t) 1a tin
hi¢u dién ap vao, can xac dinh tin hi€u di¢n ap ra y(t).
Ly .

Hinh 1. Phén tich tin hiéu ddu ra trong so do.

Phén tich: Dé xay dung md hinh ddi twong trong
d6 u(t) 1a tin hi¢u dién ap vao, y(t) la tin hi¢u dién ap
ra, mo hinh toan hoc can dua vao dinh luat Kirchhoff.
H¢ phuong trinh mo ta nhu sau:

u, +y(1) = u(t) (1)

i ti,=1, 2)

Mat khac mdi quan hé dién tir duoc mé ta nhu
sau:

1 t

lL—_f uLdt (3)
Ly
d d

lczc% cd—{ “)
ug _ y(t)

=22 YO 5)

T d6, thé cac phuong trinh (3), (4), (5) vao
phuong trinh (2) duoc két qua:

o
y X 3 J u,dt (6)

Tiép tuc thé phuong trinh (6) vao phuong trinh

(1) dugc két qua:
d?y(t)  Ldy(t) _
LC TS R dt +y(t) = u(t) (7

Day 1a phuong trinh vi phan mé ta mbi quan hé
dién ap ra y(t) theo dién ap vao u(t) Tu mo hinh toan
hoc, ¢6 thé md phong sir dung phan mém Scilab.

Dé mo phong, ching han véi cac tham s cu thé
cua mach nhu sau:

R=10kQ, L=10 pH, C=47uF.

Dién ap vao u(t) = 24V DC (dién ap mot chiéu).
Thyc hién mé phong trong Scilab nhu sau:

// RLC parameter

R = 10E3;

L= 10E-6;

C =47E-6;

Vin = 24;

// RLC

Model function vol =

zl =y(1); 22 =y(2);

vol(1) = z2; vol(2) = (Vin - z1 - z2L/R) / (LC)
endfunction

// Simulation

t = linspace(0,10,20000);

y0 = [0;0]; t0 = t(1);

y = 0de(y0,t0,t,RLC);

scf(1);clf(1);plot(t,y(1,:)");

RLC(t,y)
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Két qua mo phong duge thé hién & hinh 2.

T T T T
0 1 2 3 4 5 [ 7 [ 9 10

Hinh 2. Dién ap dau ra ciia so do mach vi du 1.

Két qua mod phong & hinh 2 cho thiy dién 4p ra
dao dong va sau thoi gian 6 gidy dién 4p ra dat on
dinh & mirc 24V. Két qua nay hu hop v6i mé phong
trén Matlab/simulink.

Vi du 2. M6 hinh hoa bai toan k¥ thuét.

Xét mot ddi twong khac 1a qué trinh khudy tron
dugc mo ta boi hinh 3: Hai dong qua trinh mang hai
ndng do khac nhau dugc hoa tron trong binh chira va
dua ra ngoai. Bién can diéu khién 1a mutrc nudc (bién
h) va néng d6 dong qua trinh dau ra (bién x). Bién
diéu khién 1a luu lwong vao o, va luu luong ra o.

ry, wy i E g, Wy

h )
V

P

Hinh 3. M6 ta qud trinh binh khudy tron.
Phdn tich: M6 hinh toan hoc cua qua trinh duoc
xdy dung nhu sau:

dh 1
prie 5 (w1 + wy; — W) ()
dx 1
I p_Sh [w127 + wyx; — (w1 + w3)x] )

Dé minh hoa cho qué trinh md phong, gia thiét
céc bién qua trinh nhan cac gia tri nhu sau: o, =100
ml/phit; o, = 200 ml/phat; ¢ = 300 ml/phut; x, =
0.8%; x, = 0.2%; X, =’0.4%; k =1/pS=0.001.

Vi gia tri tham so ban dau nhu vay, sau khi h¢
thong dat dén trang thai lam viéc 6n dinh, hé s& tu can
béng. Tuy nhién, dé xem xét dic tinh cua d6i tuong,
tham s6 luu luong o, dugc tang 1én 10% nham danh
gi4 qua trinh khi hé mat can bang [6, 7].

Chuong trinh md phéng duoc xdy dung trong
Scilab nhu sau:

/I System parameter

wl =100; w2 =200; w = 300;

x1 =0.8;x2=0.2;

Journal of educational equipment (April 2026) Issue 352 (2) €& Journal homepage: https://tapchithietbigiaoduc.vn

ISSN 1859 - 0810

k=10.001;

/I ... Increse flow wl

wls = 1.1*wl

// Model

function dy = blending(t,y)

... dy(1) = k*(wls+w2-w)

....dy(2) = k¥ (wisx 1+w2x2-wlsy(2)-w2y(2))/y(1);
endfunction

// Simulation

t = linspace(0,30,1500);

y0 =[1;0.4]; t0 = t(1); y = ode(y0,t0,t,blending);
scf(1);clf(1);plot(t,y(1,:)");xgrid;
scf(2);clf(2);plot(t,y(2,:)");xgrid;

Két qua mod phong dugc thé hién ¢ hinh 4 va hinh 5.

o 2z 4 8 8 1 12 14 18 18 20 =22 24 20 28 30

Hinh 4. Mirc nuoc trong binh
Két qua mo phong & hinh 4 cho thiy muc nudc
trong binh ting 1én dan dén tran binh néu khong c6
bo diéu khién can thiép

0.414

L
0.412

0 2 4 B 8 10 12 14 18 18 20 22 24 28 28 30

Hinh 5. Nong dé dong qud trinh dau ra.

Két qua mo phong & hinh 5 cho thay ndng d dau
ra ting 1én nhung dan 6n dinh & mirc 0.413%.

Qua céc vi du minh hoa, c6 thé nhin théy phﬁn
mém Scilab hoan toan dap tmg tét yéu cau mo hinh
hoéa va mo phdng trong linh vuc k¥ thuat. Tu cac hé
théng dién co ban nhu mach RLC dén cac bai toan
diéu khién va qua trinh k¥ thuét phuc tap, Scilab déu
cho phép xay dung mo hinh linh hoat va thyc hi¢n
moé phong v6i do tin cdy cao. Két qua thu dugc trong
nhiéu trudng hop co sy twong dong dang ké voi phan
mém Matlab, cho thiy kha ning dam bao do chinh
xé4c va tinh nhét quan cua Scilab.

(Xem tiép trang 105)
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