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Mdé& dau

Nzm 1892, A. M. Lyapunov da dua ra va st dung khai niém s6 ma déc
trung dé nghién ctu tinh on dinh nghiém cta hé phuong trinh vi phan
tuyén tinh.

Khai niém s6 mii dic trung Lyapunov da dugc Hoang Hitu Dudng md
rong thanh khai niém vecto ddc trung (s mil vecto dac trung) dé nghién
citu tinh 6n dinh nghiém ctia hé phuong trinh vi phan tuyén tinh trong
truong hop t6i han (khi s6 mil déc trung chua di dé ching minh tinh 6n
dinh nghiém) vao nhing nidm 1965 - 1982.

Mot trong nhitng cau héi quan trong trong 1y thuyét sé6 mi dic trung
1 tinh on dinh cta pho cac s6 mil dic trung. Cau hoéi nay lien quan dén
nhiéu van dé khac, thi du, khi xay dung thuat toan tinh s6 mi dic trung,
thuong phai gid thiét cdc s6 mil dic trung 14 phan biét va on dinh (xem,
thi du, [8], [10]). Nam 1969, B. F. Bylov va N. A. Izobov (xem [6], [7]) da
dua ra diéu kién can va da dé phd cac s6 mil dic trung clia hé phuong trinh
vi phan tuyén tinh 14 én dinh duéi sy &nh hudng cia cac nhiéu dong tuyén
tinh di nhé. Tiéu chuan 6n dinh ctia pho cac vecto dic trung ciing da duge
Hoang Hitu Dudng chitng minh (xem [1]).

Trong luan van ndy, ching toi trinh bay vé s6 mii Lyapunov, vecto dic
trung Hoang Hitu Dudng, va tinh on dinh ciia ching; trinh bay cu thé, ro
rang va chitng minh chi tiét hon trong cac tai lieu tham khao.

Luan vin gom phan Md dau, 2 chuong, phan Két luan va cac Tai lieu
tham khao.

Trong chuong 1, ching t6i nhéc lai khai niém va cac tinh chat cia s
mil dic trung cho ham s6, cho ma tran cdc ham s6 vd cho nghiém ctia hé
phuong trinh vi phan tuyén tinh; trinh bay khai niem tach dugc va tach
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duge tich phan, khai niém on dinh ctia pho cac s6 mii dic trung; ching
minh mot cach chi tiét va tong quat dinh 1y vé tinh on dinh ctia pho cac
s6 mil dic trung phan biét ctia nghiém ciia hé phuong trinh vi phan tuyén
tinh n—chiéu.

Chuong 2 chiing to6i trinh bay khai niém va cac tinh chat clia vecto dic
trung cap m cho ham s6, cho ma tran cadc ham sé vd cho nghiém ctia hée
phuong trinh vi phan tuyén tinh; trinh bay khai niém tach dugc cap m, nhi
phan yéu m va khai niém 6n dinh cAp m cia vects dic trung cap m; dan
t6i diéu kien can va da cho tinh 6n dinh cip m cla cac vecto diic trung cap
m clia nghiém ctia hé phuong trinh vi phan tuyén tinh n—chiéu khi tat ca
cac vecto dic trung cap m — 1 ctia hé dang xét triing nhau.

Dé hoan thanh luan van nay, truéc nhat tac gia xin dugce gii 15i cAm on
sau sic t6i PGS.TS. Ta Duy Phuong, ngudi da danh thoi gian huéng dan,
tan tinh chi bdo, tao diéu kieén va gitip dd toi ¢6 them nhiéu kién thic, kha
nang nghién citu va téong hop tai lieu dé hoan thanh luan van.

Tac gia cting xin gui 16i cAm on chan thanh t6i Ban giam hiéu, Phong
Sau Dai hoc, Phong Dao tao, Khoa Toan - Tin Trudéng Dai hoc Khoa Hoc,
Dai hoc Thai Nguyén da tao diéu kién thuan lgi trong sudt qua trinh hoc
tap tal truong.

Cubi ciing tac gid xin gii 10i cAm on dic biét dén nhitng ngudi than va
nhitng ngudi ban da tao moi diéu kién thuan lgi, dong vién, giap dé toi
trong suét quéa trinh hoc tap va hoan thién luan vin.

Thai Nguyén, thang 08 nam 2013.
Nguai thyc hién

Nguyén Thi Hong Nhung
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Chuong 1

Tinh 6n dinh ctia sé mii dic trung
Lyapunov cho hé phuong trinh vi
phan tuyén tinh

Trong chuong nay, ching toi trinh bay tong quan vé s6 mil dic trung
va tinh on dinh clia pho cic sé mil dic trung clia hé phuong trinh vi phan
tuyén tinh. Sau dé phat biéu diéu kién can va di cho tinh on dinh ctia pho
cac s6 mil dic trung. Cac tiéu chuan nay da duge B. F. Bylov va N. A.
Izobov cong bd trong cac bai bao trén tap chi Differential Equations vao
nim 1969 (xem [6], [7]).

1.1. S6 mi dic trung Lyapunov. Dinh nghia va cac tinh
chat co ban

1.1.1. S6 mi dic trung ctia ham sb

Xét ham s6 mi e, trong d6 « 1a s6 thuc. Néu o > 0 thi e — +o00 khi
t — +o0; néu a = 0 thi e* = 1 1a hing s6 v6i moi t > tg; néu a < 0 thi
e — 0 khi t — +oo; tigc 1 thita s6 o ddc trung cho cap ting cltia ham
e, Khi d6 s6 o dugc goi 1a s6 mi ddc trung ctiia ham e,

T nay vé sau ching ta chi lam viéc v6i t — 400, nén dé cho ngin gon,
ta viét t — oo thay cho t — 400 va oo thay cho +oo.

Téng quat hon, ta xét ham s6 gia tri thuc f(¢) x4c dinh trong khoang
[to, 00), & day t 1a mot sb6 hodic ky higu —oo. Ta c6 thé viét | f(t)| = e*®,
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trong dé6 a(t) = % In | f(t)| dong vai tro 1a ham s ctia t. Nhu vay, dé nghién
citu cAp tang ctia ham |f(¢)|, can phéi xét cac gia tri ciia ham «(t). Trén
co 56 ndy A. M. Lyapunov da dua vao khai niém s6 mii dic trung clia mot
ham s6.

Pinh nghia 1.1. (Xem [4], tr. 25). S6 (hodc cac ky hieu —oo, 0o ) x4c¢ dinh
bdi cong thic

XUf] = Jim 5 |£) (1)

t—00
dugc goi 1a s6 mi ddc trung Lyapunov (ngan gon, s6 mi dic trung) cla
ham s6 f(¢).

S6 mil diic trung ctia mot ham sé c6 thé hitu han hodc vo han. Sau nay,
ta chi xét cac truong hgp hitu han, trir x[0] = —oo (v6i quy u6c In0 = —o0).
Vi du 1.1. Ap dung cong thiic (1.1) ta c6

1) x[ct™] =0, (m 1a hing s6 bat k¥, ¢ # 0). That vay, ta c6

In|c| +mIn |¢]

1
x[ct™ = lim ~In|ct™| = lim

t—oo t t—)oo
1 — In|t
= lim e +m lim I jt] =0+ m.0=0.
t—oo t—oo ¢
2) x[e™] = . Vi
x[e*] = lim = 1In |e*| = lim a—lne = .
t—oo t t—oo ¢
3) x[t'] = co. Do
1 tin|t
x[t'] = lim - ln]tt| = lim nf = lim In [t| = co.
t—00 t—00 t t—00

4) x[t7"] = —oo. Tuong tu vi du 3) ta c6
1 _
x[t7"] = lim -In|t™| = — lim In|t| = —oo0.
t—o0 ¢ t—00

5) xle''] = 00. Vi

1 2.1 —
[ ]—hm—ln]e ]—hm ne—limt:oo.
t—oo t t—00 t t—00
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6) x[er'®"] = 1. That vay, ta c6

. — 1 : — tsint —
x[e"™™"] = lim = In|e"™!| = lim Ine = lim sint = 1.
t—oo ¢ t—oo { t—0o0

Tuong tu,

xle " = tli—m(—sint) = 1.
—00

7) x[eF'*t] = 1. Tuong tu vi du 6) ta ciing c6

— 1 — 1
X[eit“’s%] = lim —ln‘eitcos% = lim <:|: cos —) = 1.
t—oo t t—o0 t
8) x[e"™'] = e. Vi
X[etesm] = lim 1ln ]et68int| = lim e’ = ¢
t—oo t t—oo '
9) x[e "] = —e~1. Do
) 1 ; _ .
—tesinty T + —teSint7e o sint\ _ -1
e = T ¢ e = T () = — !

Bo6 dé 1.1. x[f] = a # £oo khi va chi khi vdi bat kjy € > 0 hai diéu kién
sau duoc thoa man:
)
t
lim £(0) = 0; (1.2)

t—o00 elate)t

= 00, tic la ton tai day t; — oo sao cho
t o0 ela—e)t

lim
tp—00 e(a_g)tk

Ching minh. (Xem [4], tr. 26 - 27).

Ngoai ra, néu déi véi mot s6 o ndo d6 ma véi moi € > 0 dang thitc (1.2)
dugc théa man thi y[f] < «; con néu (1.3) thoéa man thi y[f] > «.

Nhu vay, néu ham f(t) c6 s6 mi dic trung o # +oo thi ham |f(t)| sé
ting cham hon bat ky ham mi e+ khi ¢t — oo, va theo mot day ¢, — oo

nao dé noé sé tang nhanh hon ham el®~9),
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Sau day, chiing ta nhic lai mot s6 tinh chat co ban ctia s6 mi diic trung
clia ham s (xem [4], tr. 26 - 28).
Gia st f1(.), f2(.), - .., fu(.) 1a cAc ham s6 nhan gié tri thyc xac dinh trén
khoang [ty, 00). Khi d6

1) x[f] = xlIf1)-

) xlef] = x[f], v6i moi 6 thuc ¢ # 0.

3) Neu |fi(t)] < [f2(t)] v6i moi t > T >t thi x[fi] < x[fo]-
) X

3 fz(t)] < max x|[f;(t)], va néu v6i 1 < k < n ma
i=1 i

XUfe(®)] > x[fi(t)] v6i moi i # k,i=1,...,n thi x [é fz(t)] = x[fr(t)]-
5 x| 1] < S dseo)

Dinh nghia 1.2. (Xem [4], tr. 29). S6 mi dic trung ctia ham f(t) dugc

goi 1a ding néu ton tai mot giéi han hitu han

Uf] = Jim S0,

t—00

Néu mot ham f(.) ¢6 s6 mi dic trung ding thi
1] 0
f Y

xIfgl = x1f1+ xlgl;
vai f(.) va g(.) 1a cdc ham s6 thuc xac dinh trén khoang [ty, 00) (xem [4],
tr. 29). Do do,

xUf]+x

X[e.f (1) = a +x[f].

Bay gio ta xét s6 mii diic trung clia mot tich phan.

Dinh nghia 1.3. (Xem [4], tr. 30). Tich phan cia ham f(¢) xac dinh bdi

t(), vii1 X[f] 2 O,

F(t) = /f(T)dT, trong d6 a = {oo véi y[f] < 0

dugc goi la tich phan Lyapunov.
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