DUNG MAPLE PE XU LY MOT SO MO HINH
QUOC PHONG, Y TE, QUAN THE

Phan Dirc Chéu

1. M6 hinh chay dua vii trang Richardson - Richardson’s Arms Race Model
Xem xét hai qudc gia thu dich. Khi qudc gia nay ting chi tiéu quéc phong, qubc gia kia cam
thy bi de doa. Vi thé xuit hién viéc chay dua vii trang.
Gia st x (t) va y (t) thé hién mic chi tiéu quc phong hang nim cua hai quéc gia (theo cling
don vi tién té). C4c gia thiét duoc néu ra:
1. Tée do chi tieu qubc phong cua nude nay ti 18 vai chi tieu qudc phong caa qudc gia kia.
2. Chi tiéu qudc phong cia mot quéc gia tao ra mot su kéo 10i nén kinh té cua qubc gia do,
nén ciing anh huong dén téc dé chi tidu qudc phong.
3. Thién chi cua qudc gia nay dbi voi qudc gia kia ciing anh hudng dén tdc do chay dua vii
trang..
M6 hinh chay dua vii trang Richardson dwgc mo ta bang hé hai phwong trinh vi phan cip 1
sau:
X'(t) =a.y(t) —mx(t) +r
{ y’(t) = b.x(t) = n.y(t) +s
trong d6 cac hang sb r va s cho biét thién chi cua quédc gia nay ddi vai québc gia.
Trong hé trén: a, b, m, n 1a cac hang sé duong, r va s 1a cac hang sé am.
Str dung Maple dé giai hé phuong trinh trén.

restart . with(DEtools) :

ptl = %x(t) =a-y(t) —m=x(t) +r

d
? y
Cac hang sb duoc lua chon nhu sau:
a:=20;,m:=1.0;r:=-3.0;b:=20;n:=1.0;5 :=-3.0;

Tim nghiém cua hé phuong trinh vi phéan trén:

dsolve({ pti, pt2});

Ta dua ra 4 diéu kién ban dau khac nhau:

t=0: x=4vay=0.1 x=0.2vay=4.1 x=7vay=0.2 x=0.2vay=7
Bén diéu kién ban dau wng vai 4 kich ban tai thoi diém xuat phat.

Va vé truong nghiém:

DEplot({pti, 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] 1, arrows = small, color = magnitude, scaling = constrained,
linecolor = [ green, blue, black, red])

pt2 == () =b-x(t) —n-y(t) +s



[}

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 1a tit yéu. Con x(0) va y(0) nho hon 4 s& ¢ chuyén giai trir
quan bi. (Cha y dén huéng cua cac vecto trong truong nghiém).

Diéu gi xay ra khi s = 0, khi mot bén mit thién chi?
a:=20;,m:=1.0;r:=-3.0;b:=2.0;n:=1.0;5 := 0.0;
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,
71 1, arrows = small, color = magnitude, scaling = constrained,
linecolor = [ green, blue, black, red]);
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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.

2.M6 hinh nhiém bénh va phuc hoi Kermack-McKendrick

M6 hinh Kermack-McKendrick 1a2 md hinh SIR (Susceptible-Man cam, Infected-Bi nhiém,
Recovered-Phuc héi) déi véi mot bénh truyén nhidm trong mot ving dan cu khép kin.

Goi:

v x(t) 1 ti 18 dan cu man cam (d& mac bénh) theo thoi gian t: 0 < x(t) < 1 (Yéu t6 S)

v y(t) 1ati 1& dan cu bi nhiém bénh: 0 <y(t) <1 (Yéutd I)

v B hé s trung binh truyén bénh



v’ G hé sb trung binh ma ngudi bénh hoic phuc hdi hodc chét
Xét mot mé hinh don gian khéng ¢ yéu té phuc hoi R.
Khi d6, m6 hinh Kermach - McKendrich 12 mot hé hai phwong trinh vi phan cip mét sau:
{ X'(t) = - B-x(t).y(t)
y’'(t) = B.y(t) x(t) - G.y(t)
St dung Maple giai hé trén.
restart : with( DEtools) :

B =" G ='G"
desi=| 5 +l0) =Bx(0) 310, 4 (0 =B3(1)x(0) = Gy(0)

Cho cac hé sb cac gié tri:
B:=2;G:=1;
Néu mot tinh huéng: Tai t = 0 c6 99,5% dan cu man cam véi bénh va 0,5% dan cu méc bénh,
H¢ phuong trinh trén c6 truong vecto nghiém:
DEplot(des, [x(t), y(1) ], t=0.20,x=0..1,y=0.1, dirfield =400,
[[0, 0.995, 0.005]], linecolor = red, color = magnitude, arrows
= curve, scaling = constrained, labels = ["S", "I"])

(Truc hoanh - yéu t6 S, truc tung — yéu té I. Cht ¥ dén chiéu vecto trong truedng nghiém.)

Vi gia thiét tai t = 0 c6 99,5% dan cu man cam vai bénh va 0,5% dan cu méc bénh, ta c6
nghiém riéng biéu dién bang dudng mau do trong trudng vecto trén. Ti 1é mic bénh cao nhit
khoang 18%.
Ching ta thay rang khi 1 = 0, ta c6 S = 0.2, nghia 13, khoang 20% dan cu tuy man cam véi
bénh nhung khéng méc bénh.
Néu mudn biét tinh hinh tai thoi diémt=7 ta c6:
DEplot(des, [x(t), y(¢)],t=0.7,x=0..1,y=0..1, dirfield= 400,

[[0, 0.995, 0.005]], linecolor = red, color = magnitude, arrows

= curve, labels = ["S", "I"])




Trén d6 thi ung voi diém cudi dudng mau do ta cd S = 0.3 (30%) va | = 0.1 (10%)
Chu thich:
Trong lénh DEplot cho t = 0..15 ta ciing c¢6 két qua gan nhu trén. Nghia 14 sau 15 thoi ky thi |
da vé gan 0.
Thay ddi céc hé sé: tang B, giam G:
B:=2.5,G:=0.S8;
DEplot(des, [x(t), y(¢)],t=0.20,x=0..1, y=0..1, dirfield = 400,
[[0, 0.995, 0.005]], linecolor = red, color = magnitude, arrows
= curve, scaling = constrained, labels = ["S", "I"])

VB

Quan sét tha vi nhat cia md hinh 1a S khong giam xubng 0, nghia 1a khéng phai moi nguoi
trong quan thé déu mic bénh, ngay ca khi B dugc ting 1én (nhiéu ngudi ¢ thé mac bénh
truyén nhidm hon) va G giam. Ti 1é mic bénh cao nhat trén 30%.
Chon céc hé sé:
B:=2; G==0.5;
DEplot(des, [x(t), y(¢)],t=0.20,x=0.1,y=0..1, dirfield = 400,

[[0, 0.995, 0.005]], linecolor = red, color = magnitude, numsteps

=200, arrows = curve, labels = ["S", "I"])

g f = Ny
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Vi hé sb trén thi ti 16 mac bénh cao nhét 1a 40% va khi | = 0, ta cd S = 0,02 hoic 2%.
Céc diéu nay dung dy doan nhing gi da duoc quan sat thiy trong cudc séng thuc.

3. M6 hinh Lotka-Volterra

M6 hinh Lotka—Volterra con goi 1a phuong trinh vé con mdi va ké sin mdi. Khoang thoi

gian Chién tranh the gioi I, Umberto D’Aconna quan sat vé lugng ca va danh bat cd & cang

Fiume (thudc Y luc do, nay thudc Croatia) da c6 nhitng nhan xét ban dau. Dua trén céc so
4



liéu nay, Vito Volterra dua ra mo hinh toan hoc vao ndm 1925. Sau do, Alfred J. Lotka b6
sung phat trién. Mo hinh nay giai thich Ve sy can bang sinh thai trong hé sinh thai gitra con
moi va ke san moi trong moi tuong quan vé s6 lugng quan thé.

Goi x(t) 1a s6 lugng quan thé con mdi (Preys) va y(t) 1a sb lugng ké sian moi (Predators) theo

thoi gian t. Mo hinh Lotka-Volterra viét dudi dang mot hé phwong trinh vi phan cip mot:
dx

= =X x = fxy = x(x —By)
dy
P oxy —yy =y(6x—v)

«, 3,68,y la cac hing sd duong dic trung cho hai quan thé:
x tilé ’sinh cua con moi,
B l}é sO ti 1€ con moi bi an thit o N ‘
6 toc do sjnh san cua loai san moi d6i v6i moi con moi bi an
) y tilé chét cua ké san moi o ’
SO lugng quan thé con moi va ké san moi on dinh néu
%: 0Ohayy =«/B va %zOhayng
Toc do tang trudng hay suy giam cua mét quan thé bén nay khoéng nhiing phu thude vao s6
lugng ctiia quan thé dé6 ma con phu thudc vao s lugng cia quan thé phia bén kia.
Téc do % < 0 (S6 lugng con mai suy giam) néu o« —By < 0 hay s6 luong ké san moi y >
o/ (y(t) vuot ngudng o</f)
Téc do % > 0 (S6 lwong ké san mdi ting) néu Sx —y > 0 hay sé lugng con mdi x > y /8
(x(t) vuot ngudng y/96).
Con khi s lwong con moi dudi ngudng x <y /8 thi % < 0 hay s6 luong ké san mdi ciing
giam. ) . )
Cac nha sinh hoc cling da vé dugc quy dao bién thién cia hai quan thé:
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Quy dao dién hinh Ia nhimg duong cong dong: x(t) va y(t) bién dong theo thoi gian t (trir khi
hodc x hodc y c6 gia tri dau 1a 0). Gia trj cuc dai (cuc tleu) cua y(t) xay ra sau mot khoang
thot gian sau khi x(t) dat cuc dai (cuc tiéu). Khi quan thé tha sin y dat gia tri cyc dai, quan
thé con moi x s& giam dan va sd luong ké sdn moi y s€ giam dot ngot. So lugng ke san moi
giam di cho phép quan thé con mdi c6 thé phat trién trd lai, dan dén quan thé thi san moi sé
tang 1én va chu ky ctr thé lp lai.

Mirc d6 cua sy ting giam nay phu thudc vao nhimg quy dao dugc vach ra theo cic mbc sy
can bang sinh théi.

Khi méi trudng thay ddi (thtc n cho con mdi suy giam,...) co thé tac dong dich chuyén hé
sinh thai tir mot quy dao nay sang mdt quy dao khac.

Khi giai mot hé phuong trinh vi phan cdp mot, MAPLE con vé ca mot trudng vecto nghiém
va tur d6 loc ra nghiém riéng.


https://vi.wikipedia.org/w/index.php?title=Alfred_J._Lotka&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Con_m%E1%BB%93i
https://vi.wikipedia.org/wiki/T%E1%BA%ADp_tin:Lotka-Volterra_orbits_01.svg

restart;

with(DEtools);

ptl = diff(x(t), t) = x(t)*(a - b*y(t));
pt2 = diff(y(t), t) = y(t)*(c*x(t) - d);

a.=2;
b:=1.3;
c:=04;
d:=2;

DEplot({pt1, pt2}, [x(t), y(t)],t=0..5,x=0..16,y =0 .. 5, dirfield = 400, [[O, 4, 1], [O, 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. Khit =0,

Con moi Ké sdn moi Mau
4 1 Xanh I3 cdy
1 2 bo
2 1.3 Xanh duong

(Truc x = Con mai, truc y = Ké san moi)






