Ky thuat — Céng nghé NGHIEN CUU TRAO POI

DUNG MAPLE DE XU LY MOT SO MO HINH _
TRONG CAN BANG QUAN THE SINH VAT, QUOC PHONG, Y TE

TS. Phan Dirc Chdu *

Tém tit: Maple 1a mot phén mém Toan hoc do Pai hoc Téng hop Waterloo
(Canada) xay dung va dua vao st dung nam 1985. Tén “Maple” chi hinh tuong La
phong (tiéng Anh: Maple) trén Quéc ky Canada. Maple chay trén tit ca cac hé diéu
hanh, c6 trinh trg gitp (Help) rat dé st dung. Ngudi dung c6 thé nhap biéu thirc toan
hoc theo céac ky hiéu toan hoc truyén thdng. Maple hd tro cho ca tinh toan sé va tinh
toan hinh thire, cling nhu hién thi. Maple cung cip ngdy cang nhiéu cac cong cu truc
quan, cac goi 1énh ty hoc gin lién voi toan phd théng va dai hoc. Uu diém d6 khién
ngdy cang c6 nhiéu nudc trén thé gidi lwa chon sir dung Maple trong day-hoc toan
tuong tac trude doi hoi cua thuce tién va sy phat trién cta gido duc.

Tir khoa: Maple, toan hoc, thuc tién.

Summary: Maple is a mathematical software developed by the University
of Waterloo (Canada) and put into use in 1985. The name “Maple” refers to the
image of the Maple Leaf (English: Maple) on the Canadian flag. Maple runs on
all operating systems and has an easy-to-use Help. Users can enter mathematical
expressions according to traditional math symbols. Maple supports both numerical
and formal calculations, as well as display. Maple offers more and more intuitive
tools, self-study command packages associated with high school and college math.
That advantage makes more and more countries around the world choose to use
Maple in interactive math teaching and learning according the requirements of
practice and the development of education.

Keywords: Maple, math, practice.

1. M6 hinh Lotka—Volterra

M6 hinh Lotka—Volterra con goi
1a phuong trinh vé con mdi va ké sin
moi. Khoang thoi gian Chién tranh thé
gidi I, Umberto D’Aconna quan sat vé
luong ca va danh bat ca ¢ cang Fiume
(thude Y lic @6, nay thudc Croatia) da
c6 nhitng nhin xét ban dau. Dua trén
cac sb liéu nay, Vito Volterra dua ra mo

....................................................................

* Pho Chu nhiém Khoa Toan,
Truong Dai hoc KD&CN Ha Noi

hinh toan hoc vao nam 1925. Sau do,
Alfred J. Lotka b6 sung phat trién. M
hinh nay giai thich vé sy can bang sinh
thai trong hé sinh thai giita con moi va
ké san moi, trong mdi twong quan vé sd
luong quan thé.

Goi x(t) 12 s6 luong quan thé con
moi (Preys) va y(t) 1a sd luong ké sin
moi (Predators) theo thoi gian t. M6 hinh
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Lotka-Volterra viét duéi dang moét he
phuong trinh vi phan cap mét:

G — g~ Bay=u(a— By

d
Sr=day—ry=ydr—7)

a S ylacac hang s6 duong dic trung
cho hai quan thé:

a ti 1é sinh ctia con mdi,

£ hé s6 ti 1& con moi bi an thit

S toc do sinh san cua loai san mdi d6i
v&i mdi con mdi bi an

y ti 1& chét cua ké san moi

S6 lugng quan thé con mdi va ké sin
mdi on dinh néu
9L — 0 hayy=a/B Vi

dy 14
E=Ohayx=§

Téc @6 tang truong hay suy giam ctia
mot quan thé bén nay khong nhimg phu
thudc vao sd luong cua quén thé do, ma
con phy thudc vao sb lugng cia quan thé
phia bén kia.

Téc do % <0 (S6 luong con moi
suy giam) néu a — By <0 hay s luong
ké sin mdi y>a/B8 (y(t) vuot ngudng
a/B).

Técf do d—? >0(S6 luong ké sdn mdi
tang) néu or —y >0 hay so lugng con
mdi z > 7/8 (x(t) vuot ngudng 7/5).

Con khi s6 lugng con mdi dudi
ngudng z < y/0 thi % < 0 hay s6 lugng
ké san mdi cling giam. Cac nha sinh hoc
cling dd v& duoc quy dao bién thién cia
hai quan thé:

Ky thuat — Céng nghé

25— - -7 — -r - - .

] (1% 1 | -] d 2.5 3 3.5
Preys

Quy dao dién hinh 1a nhiing duong
cong dong: x(t) va y(t) bién dong theo
thot gian t (trir khi hodc x hodc y c6 gia
tri dau 1a 0). Gia tri cuc dai (cuc tiéu) cua
y(t) xdy ra sau mQt khoang thoi gian sau
khi x(t) dat cuc dai (cuc tiéu). Khi quan
thé tha san y dat gia tri cyc dai, quén thé
con mdi x s& giam dan va sb luong ké san
mdi y s€ giam dot ngdt. So lugng ké san
moi giam di cho phép quan thé con mdi
c6 thé phat trién tro lai, dan dén quan thé
tha sian moi s& ting 1én va chu ky ctr thé
lap lai.

Muc dd cua sy tang, giam nay phu
thudc vao nhiing quy dao dugc vach ra
theo cac mdc sy can bang sinh thai.

Khi méi trudng thay dbi (thirc an cho
con mdi suy giam,...) c6 thé tac dong
dich chuyén hé sinh thai tor mot quy dao
nay sang mot quy dao khac.

Khi giai mét h¢ phuong trinh vi phan
cAp mot, MAPLE con v& ca mot trudng
vecto nghiém va tor do loc ra nghiém
riéng.

restart;

with(DEtools);
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ptl :=diff(x(¥), ) =x()*(a - b*y(1);
pi2 :=diff(y(1), 1) = y(1)*(c*x(1) - d);
a:=2;

b:=13;
c:=04
d:=2;

DEplot({ptl, pt2}, [x(1), y@)], t = 0
2 x=0.16,y=0..5, dirfield = 400,
[[0, 4, 1], [0, 1, 2], [0, 2, 1.3]], color =
magnitude, arrows = small, linecolor =
[green, red, blue]),

V& 3 nghiém riéng, tng voi 3 tinh
hudng ban dau. Khi t =0,

Conmdi Késanmdi Mau
4 1 Xanh la cay
1 2 bo
2 1.3 Xanhduong

(Tryuc x = Con moi, tryc y = Ké san moi)

2. Mo hinh chay dua vii trang
Richardson - Richardson’s Arms Race
Model

Xem xét hai quéc gia thu dich. Khi
qudc gia ndy ting chi tiéu qudc phong,
quéc gia kia cam thay bi de doa. Vi thé
xuét hién viéc chay dua vii trang.

NGHIEN CUU TRAO POI

Gia str x (t) va y (t) thé hién muc chi
tiéu qudc phong hang nim cua hai qudc
gia (theo cung don vi tién t&). Cac gia
thiét duoc néu ra:

1) Téc @6 chi tiéu qudc phong cua
nudc nay ti 18 voi chi tiéu qubc phong
cta qudc gia kia.

2) Chi tiéu qudc phong ctia mot qudc
gia tao ra mdt su kéo lui nén kinh té cua
qudc gia d6, nén ciing anh huéng dén téc
dé chi tiéu qubc phong.

3) Thién chi ctia quc gia nay ddi voi
qudc gia kia ciing anh hudng dén téc do
chay dua vii trang.

M6 hinh chay dua vii trang
Richardson duoc mod ta béng hé hai
phuong trinh vi phan cip 1 sau:

x’(t) =a.y(t) - m.x(t) +r

y’(t) =b.x(t) —n.y(t) +s

Trong d6, cac hang s6 r va s cho biét
thién chi cua qudc gia nay dbi véi quoc
gia kia. Trong h¢ trén, a, b, m, n 1a cac
hang s6 duong, r va s 1a cac hang s6 am.

St dung Maple dé giai hé phuong
trinh trén.

restart : with (DEtools) :

ptl:= % z(t)=ay(t)—ma(t)+r

pt2:= % y(t)=bx(t)—ny(t) +s;

Cac héng s6 duoc lya chon nhu sau:

a:=2.0;m:=1.0;r:=-3.0;

b:=2.0;n:=1.0;s:=-3.0;

Tim nghiém cta h¢ phuong trinh vi
phan trén: dsolve ({ptl, pt2})

Ta dua ra 4 diéu kién ban dau khac
nhau:

t=0: x=4 va y=0.1, x=0.2 va y=4.1
x=7 va y=0.2, x=0.2 va y=7

Bén diéu kién ban dau tng voi 4
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kich ban tai thoi diém xuat phat.
Va vé truong nghiém:
DEplot({ptl, pt2}, [x), y(1)], t =0 ..
10, x=0..10,y =0.. 10, dirfield = 400,
[[0,4,0.1],[0,0.2,4.1],[0,7,0.2],[0,0.2,
711, arrows = small, color = magnitude,
scaling = constained, linecolor = [green,

red, blue]);

Trén trudng vecto nghiém cho biét
néu tai thoi diém t = 0, x(0) hodc y(0) da
vuot khoi gia tri 6 thi chuyén chay dua
vii trang 1 tat yéu. Con x(0) va y(0) nho
hon 4 s€ c6 chuyén giai trir quan bi. (Chua
¥ dén hudng ciia cc vecto trong trudng
nghiém).

Diéu gi xdy ra khi s = 0, khi mot bén
mét thién chi?

a:=2.0;m:=1.0;r:=-3.0;

b:=2.0;n:=1.0;s:=0;

dsolve ({ptl, pt2})

DEplot({ptl, pt2}, [x(t), y()], t =
0. 10,x=0.10,y =0 .. 10, dirfield
= 400, [[0, 4, 0.1], [0, 0.2, 4.1], [0, 7,
0.2], [0, 0.2, 7]], arrows = small, color
= magnitude, scaling = constained,
linecolor = [green, red, blue]);

Trén trudng nghiém ta thay tinh hinh
chay dua vii trang dén sém hon khi x(0)
hodc y(0) vuot khoi gia tri 4.

3. M6 hinh nhiém bénh va phuc
hdi Kermack-McKendrick

M6 hinh Kermack-McKendrick 1a
moé hinh SIR (Susceptible-Man cam,
Infected-Bi nhiém, Recovered-Phuc héi)
d6i v6i mot bénh truyén nhiém trong mot
vung dan cu khép kin.

Goi:

* x(t) 1a ti 1¢ dan cu man cam (dé
mic bénh) theo thoi gian t: 0 < x(t) < 1
(Yéutd S)

* y(t) 1a ti 1& dan cu bi nhiém bénh:
0<y(t)<1l (YéutdI)

* B hé sb trung binh truyén bénh

* G hé s trung binh ma nguoi bénh
hodc phuc hoi hodc chét

Xét m9ot mo hinh don gian khong co
yéu t6 phuc hoi R.

Khi d6, mé hinh Kermach -
McKendrich 1a mgt hé hai phuong trinh
vi phan cap mot sau:

xX’(t) = - B-x(0).y(t)

y’ (1) =B.y®.x() - G.y(t)
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Str dung Maple giai hé trén.
restart: with(DEtools) :
B:="p:G:="G":

des:=|-L 2 () =B () y(),

Ly(0)=By(0) 2()- Gy ()

Cho cac hé sd cac gia tri:

B:=2,G:=1;

Néu mét tinh hudng: Tai t = 0 c6
99,5% dan cu man cam voi bénh va 0,5%
dan cu mac bénh,

H¢ phuong trinh trén c6 trudng vecto
nghiém:

DEplot (des, [x(t), y(t)], t =0 .. 20,
x=0.1y=0. 1, dirfield = 400, [[O,
0.995, 0.005], linecolor = red, color =
magnitude, arrows = curve, scaling =
constained, labels = [ ’S”, ”’I” ])
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(Truc hoanh - yéu td S, truc tung —
yéu t6 1. Chu y dén chiéu vecto trong
truong nghi¢m.)

Vi gia thiét tai t =0 ¢6 99,5% dan cu
man cam véi bénh va 0,5% dan cu mac
bénh, ta c6 nghiém riéng biéu dién béng
duong mau do trong trudng vecto trén. Ti
1é mac bénh cao nhit khoang 18%.

Chung ta thay rang khi I = 0, ta ¢
S = 0.2, nghia la, khoang 20% dan cu
tuy man cam v6i bénh nhung khong méc
bénh.

Néu mudn biét tinh hinh tai thoi
diémt="7 ta co:

DEplot (des, [x(t), y(t)], t =0 .. 7,
x=0.1y=0. 1, dirfield = 400, [[O0,
0.995, 0.005], linecolor = red, color =
magnitude, arrows = curve, scaling =
constained, labels =[S, 1" ])

1_

024

Trén d6 thi tmg v6i diém cudi duong
mau d6 ta c6 S = 0.3 (30%) va I = 0.1
(10%)

Chu thich:

Trong 1énh DEplot cho t = 0..15 ta
ciing c6 két qua gan nhu trén. Nghia 1a
sau 15 thoi ky thi I d4 vé gan 0.

Thay dbi cac hé sd: tang f, giam G:

B:=2.5;G:=0.8;

DEplot (des, [x(¢), y(t)], t =0 .. 20,
x=0.1y=0.1,dirfield = 400, [[0,
0.995, 0.005], linecolor = red, color =
magnitude, arrows = curve, scaling =
constained, labels =[ S, ’I” ])
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Quan sat tha vi nhat cia mo hinh 12 S
khong giam xudng 0, nghia 12 khong phai
moi ngudi trong quan thé déu mac bénh,
ngay ca khi p duoc ting 1én (nhiéu ngudi
¢6 thé mic bénh truyén nhiém hon) va G
giam. Ti I¢ mac bénh cao nhét trén 30%.

Chon cac hé sb:

B:=2;G:=0.5;

DEplot (des, [x(1), y()], t =0 .. 20,
x=0.1y=0.1,dirfield = 400, [0,
0.995, 0.005], linecolor = red, color =
magnitude, numsteps = 200, arrows
curve, labels = [ ’S”, " ])

Ngay nhan bai:  15/10/2021
Ngay phan bi¢n: 18/11/2021
Ngay duyét dang: 30/11/2021

Véi hé s trén thi ti 16 méc bénh cao
nhét 1 40% va khi I =0, ta c6 S = 0,02
hoac 2%.

Cac diéu nay ding dy doan nhiing
gl di duoc quan sat thay trong cudc
song thuc./.

Tap chi 1 02
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