TINH ON DINH (stability of a solution)

Xét hé phuong trinh
.9 , 1 .
= f'(t,x,...,2"), i=1,...,n, (1)
G day x',..., 2" 1a cdc 4n ham clia bién thdi gian ¢, con i =1,...,nla
cac ham da cho cla cac bién ¢, 2!, ..., 2™ Bang cdc dit

x = (z4, ..., 2"),

(%) = (1(%), - ., f(E5)),
ta c6 thé biéu dién hé phuong trinh trén qua dang véc td nhu sau
x = f(t,x). (2)
Ham véc to
x =x(t) = ('(t),...,2"(t)), tel,
la nghiém cua hé phuong trinh (1) hay phuong trinh véc té (2). Bai toan

Cauchy cho hé (2) 12 bai toan tim 13i gidi cia né théa man diéu kién ban
dau

' (ty) = xy, ..., 2" (ty) = 2,
hay
x(tg) = Xo- 3)
Gia st cac ham s6 f'(i = 1,2,...,n) c6 dao ham riéng bac nhit lién

tuc. Loi gidi ciia hé phuong trinh nay (ta ky hiéu la z(t, ty; z¢)) dudc goi la
on dinh theo nghia Lyapunov, néu v6i mdi e > 0 ludn ton tai & > 0 sao cho
khi |z} — x| < 6,4 = 1,2,...,n thi trong khodng t; < ¢ < oo bat dang
thic sau day thoa man

‘xi(tto;x()) —$Z(t,t0,f0)| <€, 1= 1,2,...,TL.

Loi giai cia hé phuong trinh vi phan trén c6é thé xem nhu chuyén dong
cua chat diém trong khong gian n-chiéu. Néu diéu kién on dinh trén khong



thda man, thi hé dudc goi 12 khong on dinh. Loi g1a1 (1, to; o) dudc goi la
khong bi nhiéu, con z(t, ty; 7y) dugc goi 1a 16i g1a1 bi nhiéu. Y nghia hinh
hoc ctia On dinh 12 tai moi thoi diém ¢ > ty di€ém clia chuyén dong bi nhiéu
nam trong 14n cin dd nhd clia diém tuong dng cta chuyén dong khong bi
nhiéu. Néu ta dit 2’ (¢, to; %) = x'(¢, to; xo) + 2,0 = 1,2, ..., n, khi d6 16
gidi khong bi nhiéu ting v6i 27 = 0, van dé on dinh theo Lyapunov dan dén
van dé xét tinh 6n dinh cta nghiém tam thudng 2/ = 0,i = 1,2,...,n. D&
cho don gian, ta sé bd diu gach trén z;. Khi d6 vé phai ctia hé phuong trinh

; _dat
f(/t-,(),...,O)— 7
dudi dang

= f.i = 1,2,...,n, c6 thé biéu dién dudc

dx’ -
i Zaijacj—|—g02-(t,$1,:1:2,...,x”),i =1,2,...,n,

J=1

= 8—(t;0, ...,0),7,5 =1,...,n,khdong phu thudc vao ¢. HE
Lj

dx’ -
0 = g ai;ri,t=1,2,...,n,
j=1

dudc goi 1a hé tuyén tinh héa ctia hé (2).
Piéu kién da dé€ nghiém tim thudng 6n dinh c6 thé md ta nhu sau: 1)
Gia st tat ca cac nghiém cua phuong trinh dac trung det(a;; — Ad;;) = 0¢cd

phan thuc 4m; 2) tAt ca cac ham ;(¢, 2!, 22, ..., 2™) théa man diéu kién

n . 1/2—|—a
it 't 2?2 SM(Z(xZ)2> |

1=1

v6i M dugc chon mot cach thich hgp, o > 0. Khi d6 16i giai tam thudng
dx’ : o
Cﬁahé E = fl,i = 1,2,. ..o n, 6nd1nh
Néu it nhat mot nghiém ctia phucng trinh déc trung det(a;; — Ad;;) = 0
c6 phan thuc ducng, con diéu kién 2) thda man, thi hé khong &n dinh.



P& biét khi nao nghiém ctia phuong trinh diic trung c6 phan thuc am, ta
st dung d4u hiéu Routh-Hurwitz: Tat ca c4c nghiém clia phuong trinh

anx” + ap_ 12"+ -+ ax +ag =0, a, >0,

c6 phan thuc khong 4m khi va chi khi tit ca cdc dinh thifc sau duong

ay Qg 0
a; Qg
D1=CL1,D2= a3 ,D3= as as ai |,...,
as a4 a3
aq on) 0 0 .. 0
as a9 aq 0 .. 0 £
D, = ,  (ap =0, néum > n).
a2n—1 G2p—2 A2p-3 QA2n—4 ... Qp
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