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MO DAU

Trong thoi dai khoa hoc cong nghé¢, khoa hoc sinh hoc phat trién nhanh chéong nhu hién
nay, di c6 nhiéu nghién ciru cho thay nhiing ing dung quan trong ctia phuong trinh vi phan d6i
sb 1éch vao cac 1anh vuc vét li, sinh hoc, sinh thai hoc va sinh 1i hoc.

Nhiéu nha toan hoc trén thé gii di va dang tiép tuc nghién ctru nhiéu vé phuong trinh vi
phan d6i s6 léch. Pic biét, quan tdm nghién ctru su dao dong cua nghiém cho phuong trinh vi
phan bac mot.

Trén tinh than tim hiéu rd hon vé van dé dao dong cta nghiém cho phuong trinh vi phan
trung hoa ddi sb 1éch bac mot loai tuyén tinh va khong tuyén tinh, t6i chon dé tai nay lam noi
dung nghién ctru cta luan vin nham hoc tip va phat trién dé tai theo huéng nghién ctru trén.

Luan vin di sdu vao nghién ctru hai trong nhiing huéng co ban ciia Ly thuyét dinh tinh
phuong trinh vi phan ¢ nhiéu tmg dung trong thyc tién, d6 1a sy dao dong va tinh on dinh cta
nghiém cho phuong trinh vi phan trung hoa dbi s6 1éch bac mot loai tuyén tinh va khong tuyén
tinh.

Lu4n vin gém c6 ba chwong. Chuong 1, trinh bay mot s6 két qua vé su dao dong cua

nghiém cho phuong trinh vi phan d6i sb 1éch bac mot:
Sx0+ Y ROx-a) =0.
trich tir bai bao [1]

Chuong 2 cua luan van, khao sat sy dao dong cua nghi¢m cho phuong trinh vi phan khong

tuyén tinh trung hoa ddi s 1éch bac mot:
%[x(t)+ pr(t—a)] + Q) fAx(t-b) =0, 121,
trich tir bai bao [2].

Chuong 3 cta luan vin, trinh by mot sd két qua vé tinh on dinh ciia nghiém cho phuong trinh

vi phan tuyén tinh trung hoa d6i s 1éch bac mot:

%[x(t)—P(t)x(t—a)] +Q(t) x(t-b) =0, r>1,

trich tir bai bao [3].



Trong luan van mot sb két qua duogc sir dung s€ duogc phat biéu dudi dang dinh 1i hodc bod

dé va khong chimg minh.



CHUONG 1. SUDAO PONG CUA NGHIEM
CHO PHUONG TRINH VI PHAN CAP MQT

Xét phwong trinh vi phan d6i s6 1éch cap mét:

x )+ P(t)x(t-a)=0 (1.1)
trong do:
1) P(t) >0, 1a ham lién tuc
ii) a:1a hang s6 duong
Hay tong quat hon:
YO+ Y P@)xt-a) =0 (1.2)

trong do:

1) P(t)=0 la nhitng ham lién tuc, voiiel,n
ii) a, 14 nhitng hang s6 duong, véiieln
V61 mot nghiém cua phuong trinh (1.1) (hay (1.2)), ching ta c6 mdt ham xe C ([Z— p,oo),R), voi

p=a (hay p=max{a)), Vt>1.

I<i<n
Nghiém cua phuong trinh (1.1) (hay (1.2)) duoc goi 13 dao dong néu né c6 vo sé khong diém .
Chung ta sé thiét 1ap nhiing diéu kién cho sy dao dong ciia nghiém cho phwong trinh vi phan
(1.1) (hay (1.2)).

1.1. Nhirng bo de.

Bo dé 1.1:

Néu

t+a;

limsup I P(s)ds>0

VOi i nao do va x(t) la mot nghiém dwong cua phuwong trinh (1.2) thi

liminf X0 =%) _ o, (1.3)
e x(1)
Chirng minh.
Theo gia thiét, ton tai hing sé duong d va diy {t,} sao cho: 1, >, khi k > va J“Pl.(s)ds >d
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lac do, ton tai b, e (t,.t, +a,), voi mdi k co:
by
j P(s)ds z%

va (1.4)
t+a; d
P(s)ds >—
{ (5)ds >
Theo cach viét khac, tir phuong trinh (1.2) kéo theo:
x () +P@)x(t—a)<0 (1.5)
Lay tich phan trong (1.5) trén doan [t,,b] va doan [b,.t, +a,], taco:
by
x(b)=x(t) + [ P(s)x(s—a,)ds <0 (1.6)

va
x(t, +a)—x(b)+ j[B(s—ai)dSSO (1.7)
by

Bo qua sb hang dau tién trong (1.6) va (1.7), bang viéc st dung tinh giam cta ham x(t) va tir

(1.4), ta co:
d \ d
—x(tk)+5x(bk -a,)<0 va -x(b,) +5x(tk) <0

hay

x(b, —a,) <(1T
x(b) ~\2

Tur do, dan ton:

liminf =% <o
t—0 x(t)

B6 dé dugc chimg minh.
Bo dé 1.2:
Néu phwong trinh (1.2) ¢6 mét nghiém dwong, khi do:

[ Pexs<1, i=12..n (1.8)

Chirng minh.
Xem chirng minh cta dinh 1i 2.1.3 trong [4]

1.2.  Cac két qua co ban.



Pinh Ii 1.1.

t+a
Gia sur j P(s)ds >0 ,Vt>t,, voi t,>0

va
IP(t) ln(e .[ P(s)dsjdt =0 (1.9)
Khi do moi nghiém cua phwong trinh (1.1) dao dong.
Chung minh.
Bang phuong phap phan chimg, gia s phuong trinh (1.1) c6 nghiém dwong x(t), rd rang x(t) cd

thé don diéu giam.

bat : At) = —XT(:)), khi d6 voi t da 16m thi ham sb A(r) khong am, lién tuc
X
va X(t) = x(1,) exp(— j As)ds),  x(1)>0, VOi 1, >1,

]

Hon nita A(¢) thoa:

A(t) = P(t) exp( j A(s)ds) (1.10)

Ap dung bat dang thirc

In(er
. L)

voix>0va r>0
r

Nhu vay:
1 t
A(t) = P(t) eXp(A(t).m.tJ; A(s)ds)
1 In(eA())

> P(t) 20, j A(s)ds + 10

trong do
A(t) = ’j.a P(s)ds
Dan dén:
ﬂ(t)tTa P(s)ds — P(t) j. A(s)ds > P(t) ln(et].a P(s)ds) (1.11)

Khi @6 véi N >T, ta co:



t+a t+a

T}t(t)[ j P(s)ds}dz—TP(z)U /I(s)ds}dtz]\zP(t)ln(e j P(s)ds)dt (1.12)
Do:

TP(t) j A(s)dsdt > er[j P(t)ﬂ(s)dt]ds

a N

= Nj_a/z(s)sr P(t)dtds

T

N—-a t+a

= j A(t) j P(s)dsdt (1.13)
Tir (1.12) va (1.13) dan dén:
T 460y [ PCsyasi > ]jvp(z) In(e | P(s)dsyi (1.14)
Theo bd dé 1.2, ta co:
[ Pesyas<1 (1.15)
Tir (1.14) va (1.15), dan dén:
T A0)dt > TP(t) ln(el]a P(s)ds)dt
hoac
In x(x]\(f ];)“) > IP(z) ln(et];a P(s)ds)dt (1.16)
Tu (1.9), ta co:
1@% o (1.17)

Theo cach viét khic, tir (1.9) din téi ton tai mot diy {r,}: ¢, —co, khi n—>oo ma
t,+a

j P(s)ds > l,Vn
e

tn

Khi d6 theo bo dé (1.1), ta phai co:

liminf *¢=9 <o
t—w x(t)

Diéu nay mau thuan véi (1.17).
Dinh 1i dugc chiing minh.

Pinh Ii 1.2.



Gid st a,=max{a,,a,,...,a,}

Véi gia thiét

n 1tq

(s)ds >0,  t>¢,, VO1 £,>0

i
t

Il
—_

i

va

t+a,

lim sup _[ P (s)ds >0 (1.18)

Neu
t+a;

]';( n B(f)}ln{ei J. E(S)dSJdt=OO (119)

h =
Khi do moi nghiem cua phuong trinh (1.2) dao dong.
Chirng minh.
Bang phuong phap phan chtng, gia st phuong trinh (1.2) 6 mot nghiém duong x(t) va x(t) co
thé don diéu giam.
bat:
_x()
x(1)

Khi do, A(r) khong am, lién tuc va ton tai t,>t,, sa0 cho: x(#)>0

At) =

Nhu vay:

x(t) = x(¢t,) exp [—j. Z(s)ds}

4

Hon nita A(r)thda:  A(r) :Zn:B(t)exp[ j ﬂ(s)dsj

t-a

Néu dat:

n tta;

B(1) = [ P(s)ds

i=l ¢
Ap dung bét dang thirc

. In(er . \
et >x+ ( ), vorx>0var>0
r

Ta tim thay:

/'L(t)=Zn:Pi(t)exp£B(t).$ j /”L(s)dsJ



1 (eB(?))
— | A(s)ds+1In
2% (t){ B, B()]

hay

(Z j P(s)ds]i(t) ZP(t) j A(s)dsdt >(ZP(r)Jlr{eZn: j P(s)dsJ (1.20)

=1 4 =1

Khi d6 vé1 N > T, ta co:

T(Zj P(s)ds}i(t)dt - ij(r) j A(s)dsdt >

=1 4 i=l 7

]Y(ZP(t)jln(ei j P(S)ds} (1.21)
Do:
Tiea) j A(s)dsdt > lej [j B(s)/’t(s)dt]ds
- an:N.[ai/i(t)tTil’i(s)dsdt (1.22)
Tur (1.21) va (1.22), ta c6:
Z j A(t) j P (s)dsdt > j (ZP(t)Jln{ez j P(s)dsJ (1.23)

Mit khéc theo bo dé 1.2, ta co:

[ Peds<1, i=12,..n (1.24)

t

Khi do6, do (1.23) va (1.24), ta co:

Zn: IIV A(t)dt > T(ZP(r))ln[eZn: I P(s)dsl

i=l N-g, T =l ¢
Hay
iln X(N-a) 2]\1( 3 P.(t)jln eZn:tTiP(s)ds dt (1.25)
i=1 X(t) T \ i=1 l i=l ¢ l
Trong (1.20), ta co
.y x(t—a)
lim| [——%=w 1.26
H“’l;[ x(2) (1.26)
Tu do, suy ra:
x(t—a))
1.27
im XS (1.27)



Mt khac theo bd dé 1.1, ta co:
(t—a,) o

liminf =~
ERET)

Diéu nay mau thuin véi (1.27).
Tu do, dinh i dugc chimg minh.
Hé qua 1.1.
Néu

n t+a; 1
liminf P(s)ds >—
imin Z J. (s) s>(9

—0 "
i=l 4

Khi do moi nghiem cua phuong trinh (1.2) dao dong.
Chirng minh.
Gidstr a<a,<..<a,

Khi do, tir (1.28) c6 m thoa: 1<m<n sao cho
limsup I P (s)ds>0
va

liminf ) B(s)ds > 1
i=1 &

Gia stir phuong trinh (1.2) ¢6 nghiém duong x(t).
Khi d6 x(t) cling 12 nghiém duong théa mén bat dang thirc

x (t)+ iPl.(t)x(t—ai) <0
i=1
Theo bat dang thirc 3.2.2 trong [5], ta biét phuong trinh
YO+ ROy(t-a)=0
i=1

c6 nghiém duong thuc su.

Mat khac, tir (1.29) ta c6 voi, ¢, >0 thi:

T[iﬁ(ﬂ} ln(ei T B(s)dstt e

i=1 %

Theo dinh 1i 1.2, mdi nghiém ctia phuong trinh (1.32) dao dong

biéu nay vo Ii.

Tu do, hé qua dugc ching minh.

(1.28)

(1.29)

(1.30)

(1.31)

(1.32)

(1.33)



CHUONG 2. SUDAO PONG CUA NGHIEM CHO
PHUONG TRINH VI PHAN KHONG TUYEN TINH
TRUNG HOA POI SO LECH

Xét phwong trinh vi phan trung hoa ddi sb 1éch khong tuyén tinh
(x(t)+ px(t —a)) +O(1) f (x(t =b))= 0 (2.1)
trong do
i) p €R, a va b 1a nhitng hang s6 duong.
ii) Qe C([1,,),[0,0)).
iii) /' R —» R 1a mot ham thyc lién tuc va thoa u.ffu) > 0 véi u =0.va c6 mot hang s6 duong M

f()

sao cho >M >0voi a 1a mot ti 6 ciia nhitng s6 nguyén duong 1é.

batr =max{a,b} vaT>¢,.

Ta n6i mot ham thuc lién tyc x: [T—-r,0) >R la mot nghiém cua phuong trinh (2.1) néu ham
x(t) + px(t - @) kha vi lién tuc voir>T va x thoéa (2.1) voimoi ¢>T .

Nghiém ctia phuong trinh (2.1) dugc goi 14 dao dong néu n6 c6 vo sé khong diém. Trong truong
hop nguoc lai, nghiém duoc goi 1a khong dao dong.

2.1. Cac két qua co ban.

Bo dé 2.1. (Xem chitng minh & chwong 1). Cho phwong trinh

x (1) + Zn:Pl.(t)x(t—ai) =0

trong doé P(t)>0 la nhitng ham lién tuc va a, la nhitng hang s6 dwong.

Ham xeC([t,-p,R),p=max{q,} duwoc goi la nghiém cua phwong trinh néu x(t) théa phwong

1<i<n
trinh voi moi t>1,.
Neu
t+a;

lim sup _[ P(s)ds> 0

va x(t) la mot nghiém dwong cua phwong trinh thi

lim inf ——= Hiza)

t—00 ( )
voi i nao do.

Bo d& 2.2. Gia sith > a, pe(l,»), a =1 va



t+b—a
lim sup [ otsyds>0 (2.2)

t

Néu x(t) la mét nghiém dwong bdt ki ciia phwong trinh (2.1),thi

(2.3)

trong do z(t) = x(t) + px(t - a)
Chirng minh.
Tir gia thiét ta co z(t) > 0, va tir phuong trinh (2.1) ta thiy z(t) 12 ham giam.
Mat khac:
px(t-a) = z(t) — x(t) (2.4)

va

z(t + a) = x(t +a) + px(t)
Do z(t) 1a ham gidm nén ta co:

z(t) > z(t + a) >px(t)

Twr (2.4) ta thu dugc:
p’x(t—a) = pz(t)—z(t)
Vi thé
x(t—a) 227
p
hay
(2.5)

Tu (2.1) va (2.5), ta co:

Z () + (p )Q(t) (t+a-b)<0 (2.6)

Két hop v6i bo dé& 2.1, bd dé dugc chimg minh.
Bo dé 2.3.
Gia siwb > a, pe(l,»),a =1. Néu phuong trinh (2.1) ¢6 nghiém dwong tity ¥, thi

t+b—a

J. O(s)ds <

M( = 2.7)

voi t du lon.

Churng minh.



Bang phuong phap chimg minh twong tu bd dé 2.2, ta c6 bat dang thuc (2.6), do la:

2 () + (p MP=D )zt +a—by<0
P’

Lay tich phan 2 vé ctia (2.6) tir t dén t + b — a va dung tinh bién thién ctia ham z(t), ta co:

M;D? O(s)ds —1] 2(1)<0 (2.8)
p

t

z(t+b—a)+ [

vi z(t) > 0, nén tir (2.8) kéo theo
t+b—a

Mjl) [ o)ds-1<0 (2.9)

voi t du lom.
Vay:

t+b—a

j O(s)ds <

( -1

B6 dé duoc ching minh.

2.2. Nhirng két qua vé si dao dong.

Pinh li 2.1.

Giasith>a, p e(,o),a=1 va (2.2) théa. Néu

J Q(t)[l Sl Q(s)ds]dz— (2.10)

Khi do moi nghiém cua phuwong trinh (2.1)dao dong.
Chirng minh.
Bang phuong phap phan ching, gia sir phuong trinh (2.1) ¢6 nghiém dwong x(t).
Dat
z(t) = x(t) + px(t-a)
Khi d6 z(t) duwong va giam, thoa man bat dang thuc:

(t)+M(p D o)zt +a-p)<0 (2.11)
p

Khi do, A(¢) lién tuc va khong am, vi thé ton tai f,>1t, vO1 z(t,) >0 sao cho:

z(t) = z(t,) exp (—j ﬂ(s)dsj

4



Hon nita A(¢) thoa:

t

/z(t)>M (p— )Q(t)exp( | ﬂ(s)ds] (2.12)
I

t+a-b
Ap dung bét dang thirc:

In(re iy \
erx2x+(—), voli x>0 var>0
r

T (2.12), ta co:

PO i) (5 D o) Xp[A(t)—. j /”L(s)dsJ

14(l) t+a-b
LM p- 1) ! In(eA(?))
> Q({A()Jf“)d”—m) }
trong d6 chon
A =M (p D j O(s)ds
Dan dén
A f O(s)ds Q1) I As)ds 2 Q()1n [QM;‘” : f Q(s)dsJ
Khi d6 vé1u > T+b — a, ta co:
j /I(t)( j Q(s)ds]d jQ(t)[ j i(s)dsJ >
Z'TQ(t)l (eM(p DHI Q(s)dsJ (2.13)
7 p
Mat khac:
J.Q(t) j A(s)dsdt > j ﬂ(t)(Hj Q(s)dsj (2.14)

Tir (2.13) va (2.14), dan dén:

t+b—a

j /”t(t)( [ Q(s)dstt> fowm (eM ;p I)Mf O(s )dsj (2.15)

u+a—b

Ap dung b dé 2.3, ta c6:

j i(f)dfzwz_l)‘u[Q(t)l [eM(P 1) tHj‘ Q(S)dSJJ
p T p

u+a—b

hay



| Zura=b)  M(p- DTQ(t)l (eM(p I)HTQ(s)ds]
z(u) 2 p

Theo (2.10), ta phai co6
z(t+a->b) _

lim 0 (2.16)
Diéu ndy mau thuin véi (2.3).
Dinh 1i dugc chiing minh.
Dinh i 2.2.
Gia s b > a, pe(1,0),a=1, va 16m tai mot hcing s6 k> 0 sao cho
és j O(s)ds < k 2.17)
i~hra

Khi do moi nghiém cua phwong trinh (2.1) dao dong.
Churng minh.
Tuong tu nhu ching minh cua dinh 1i 2.1, ta dat z(t) = x(t)+ px(t-a), ¢6 z(t) 1a mot ham duong,

gidm va théa man (2.11)

bat:

AUt) = —ZZ(—(;))
Ta c6 bat dang thirc:

0= D00 exp[ j ﬂ(s)ds]
Néu dat

B(t) = exp(e j Q(s)dsj

t+a—b

Khi d6 bt dang thire trén duoc viét lai:

B(t)A(t) > (p M =D piyocsye p( B0 j /’t(s)dsj
Ap dung bét dang thirc:

X

. X r.e Y
e 21+, voix>0var>1
r

Ta thu duoc:

M(p

B0A0-00M =D [ 5)ds> 0w A

t+a-b



trong d6 A(r)= M;DB@). Khi @6 v6iu>T +b -a, ta co:
p

j A(t)B(t)dt j onMr=b (z[: )[ [ ﬁ(s)dsjdtz]iQ(t)A(t)dt (2.18)

t+a-b

Do:

j o(t) j z(s)dsdz>u+j_h/1(t)[ j Q(s)ds) (2.19)

t+a—b T t+a—b

T (1.18) va (1.19) cho ta:

]./l(t)B(t)dt - Mz_l) “*j. b i(t)( j. Q(S)dsj dt > IQ(t)A(t)dt
T p

T t+a-b

va tu do:

jﬂ,(t)B(t)dt + j A1) B(t)dt > j O(1) A(t)dt (2.20)

u+a—b

Do:

B(t)=exp( j Q(s)ds] jQ(s)ds

t+a—-b t+a—b

Mat khéc, vi e< B(t) <k, , V&1 k, >0 nén tir (2.20) cho ta:

.
j A(r)dzz;ll O(t) A(t)dt

u+a—b
hay

z(u+a— b)

z(u)
Theo (2.17), ta thiy tich phan & vé phai cua bat dang thic trén phan ky khiu —

In jQ(t)A(t)dt

Tur do, ta co:

hmz(t+—b—a) — 0
t—0 Z(t)

Diéu nay mau thuin véi (2.3)

Dinh 1i dugc chiing minh.

Pinh li 2.3.

Gia swb > a, pe(1,0),a>1, va ton tai mot ham kha vi lién tuc §(t)sao cho

$(t)>0, lim ¢(r) = (2.21)



P(t+a— b)

lim sup 50 a (2.22)
iminf| a2[ 221 o < (2.23)
1o p’ ¢ (1)

Khi do moi nghiem cua phuwong trinh (2.1) dao dong.
Chung minh.
Tuong ty nhu trong ching minh ctua dinh 1i 2.1, ta nhan xét z(t) 1a ham gidm, xac dinh duong

va thoa man bat ding thuc:

z(t)+M(p ] 0z (t+a—b) <0 (2.24)
P’

Tir (2.21), (2.22) ta co:
adi+a-b) |

limsup 50 (2.25)
Tir (2.22) va (2.25), suy ra ton tai 0< 1< 1,£>0, va T>¢, sao cho:
(I+&)af(t+a=b)
¢ ()
va (2.26)
(+&)ag(t+a—b) <
P(1)
v6i t>T. Theo (2.23), ta c6 thé chon T, > T sao cho:
ag(0)
u( 2 ooz 2.27)

ag(t)
Véi t>T,, it P(t) = ¢'(t).e "= , khi d6 P(t) thoa mén bat ding thirc:

Z()+P()z%(t+a-b)<0 (2.28)
thay cho (2.24) (xem [5]). Ta c6 z(t+a-b) >z(t). Vi thé:
z(O)+ Pz () <z (t)+P(t)z* (t+a—b)<0

va

20
2 SO

Lay tich phan 2 vé ctia bat dang thirc trén, ta co:

27— z"(T)
l-a

— —© khit— «

Kéo theo z'*(¢) — +m,2(f) — 0. Vi thé tdn tai T, > T, sao cho



0<z(t)<1, zZ(t)<0 VOi t>T,
bat y (t) = - Inz(t), v6i t >T,=T,+b-a, khi d6 y(t) > 0 véi t >7, va (2.28) kéo theo
y'(t) > P(t)e’ o VoIt > T,

Phan con lai cua dinh li duoc ching minh twong ty nhu dinhli 1 trong([s].



CHUONG 3. TINH ON PINH TIEM CAN CUA
PHUONG TRINH VI PHAN TUYEN TiNH TRUNG
HOA POI SO LECH

Xét phwong trinh vi phan tuyén tinh trung hoa d6i s6 1éch
%[x(t) —P(O)x(t—a)|+ Q()x(t=b)=0 , 121, (3.1)

trong do
i) a, b 1a nhitng s6 thuc duong.
ii) Pe C([ty,),R),0 & C([t,,).[0,0)).
Pinh nghia 3.1. Nghiém x,(¢) ciia phuong trinh (3.1) dugc goi 1a 6n dinh néu véi mdi £>0 va
t,eR,, ton tai 6=05(e,t,)> 0 sao cho véi moi nghiém ciia phuong trinh (3.1) théa diéu kién
|x(ty) = x,(,)| < & thi [x(t) —x, (1) < &, Vi=1,.
Pinh nghia 3.2. Nghiém x,(¢) cua phuong trinh (3.1) dugc goi 12 6n dinh déu néu v6i mbi
£>0, ton tai 5=05(¢) sao cho véi moi nghiém x(t) cua phuong trinh (3.1) thoa man tai mot
diém ¢, e R, nao d6 dicu kién |x(1,)—x,(,)| <& thi [x()—x,(0)| <&, Ve 21,.
Pinh nghia 3.3. Nghi¢m x,(r) ciia phuong trinh (3.1) dugc goi 1a 6n dinh tiém can déu néu né
6n dinh va v&i mdi teR, ton tai & =5(t,) >0 sao cho voi moi nghiém x(t) cia phuong trinh
(3.1) thoa diéu kién |x(1,)—x, ()| < & thi lim (1) = x, (1) = 0,V 2 4,

Trong chuong ndy ta sé& thiét 1ap cac diéu kién dé nghiém khoéng cta phuong trinh (3.1) 1a
6n dinh déu va tat ca céac nghiém cia phuong trinh déu 6n dinh tiém can.
3.1. Tinh 6n dinh déu va 6n dinh tiém cin trong trudng hop P(t) khong 13 ham hang.
Pinh li 3.1.
Gia sit [P()|< p.p 6(0,%] va

t+b

1 3
p<Z,2p+ !. Q(s)dsSE,tZtO (3.2)
hoac
t+b
i£p<%,jQ(s)dsS\/2(l—2p),t2t0 (3.3)

Khi d6 nghiém khéng ciia phwong trinh (3.1) la 6n dinh déu.



Chirng minh.
bit M = max {a,b}, m = min {a.b}.
Chon mdt s6 nguyén duong k sao cho km>3b. V&i &>0 bat ki, dat:

__ (=p)e
(1+p)(2p+3)'

Ta sé& chimg minh v&i batki ¢ >, ¢ < C([r' —M,t'],(—n,n)), ta co:
x(t)<e, t>1 (3.4)

trong do x(t) la nghi¢m cta phuong trinh (3.1) théa man diéu kién ban dau x(s)=d(s), voi
se [t' —M,t'] .
Dat

z(t) = x(t) — P(t)x(t - a) (3.5)
Ta c6 két qua (Xem Pinh li 1 trong [7]), ta co:

|x(t)|<(2p+3)k n,te[f,t#km] (3.6)
Pé ching minh (3.4), bang phuong phap phan chung, gia sir (3.4) khong dung, khi d6 theo
(3.6), ¢6 T>7 +km sao cho |x(T)|=¢ va |x(t)| <& v6ir <¢<T.Khong mét tinh tong quét, gia su
x(T)=¢. Ta co:

2(T)=x(T)- P(T)x(T —a) > (1- p)e >0 (3.7)
va

2(t +km) = x(t +km)—P(t +km)x(t +km—a)<(1-p)e < z(T)
Tu (3.7), ton tai 7, e (¢ +km,T] sao cho z(T,)= max {z())./ +km<t<T} va z()<z(T,) VOi
t+km<t<T,.
Pit

y(t)=z(t) -pe, voi t>1¢ (3.8)

x(t-b)=-2z(t-b)-P(t—b)x(t—b-a)
<—z(t—-b)+ pe=—y(t—b),t +b<t<T,
Tu (3.1) va (3.8), ta co:
y(t)=z(t)=-0@)x(t—b)<-Q@t)y(t-b),t +b<t<T, (3.9

Do 0<p <%, nén ta dé dang théy réng: W)= z(T)- pe > (1-2p)e>0.



Tiép theo ta chirng minh : (7, -5)<0.
Gia st nguoc lai: y(7,-b)>0. Khi d6 c6 mot lan cén trai (I,-b—h,T,—b) cia T,—b, v61 h >0,
sao cho y(t) > 0 trén (T,—b—h,T,—b), va y(t-b)> 0 trén (7,—h,T,). Vi thé theo (3.9), ta thdy
z(t) khong ting trén (7, - 4,T,) . Didu ndy mau thuin voi:

2(T,)=max {z(t){ +km<t<T}  va  z(t)<z(T,) VOi f +km<t<T,.
Vay: y(T,-b)<0. Do do, tontai & e[T,-b,T,) sao cho: y(&)=0.

Tt (3.9), ta co:
YO <0We,t +b<t<T, (3.10)
Lay tich phan hai vé cta (3.10) tir t — b dén ¢ ta duoc:
£
—y(t-b)<e [ Qs)ds,E <t <T,
t-b
Két hop véi (3.9) ta co:
£
Y(0)<e0(t) [ O(s)ds, £<t<T, (3.11)
t=b

Cudi cung ta chirng minh:
(T < (1-2p)e (3.12)

Ta xét ba truwong hop:

Ty
Truwong hop 1. 0<p <%,J'Q(s)ds <1
¢
Lay tich phan 2 vé cta (3.11) tir £ dén7,, ta co:

Ty < Ty t t
(1) e[ 00) [ O(s)dsdr = & Q(t)[ | 0sds - Q(s)ds}dt
£ t—b £ t-b £

< ng(t)lzi—Zp—jQ(s)ds}dt p (3—2pjfg(s)d —l{fQ(s)dsJ
15 2 19 2 9 2 9
<(1-2p)e.

T,
Trwong hop 2. 0<p <i,J‘Q(s)ds >1.
£

Chon 7, €(&,7,) sao cho Jﬂ O(s)ds =1. Sau d6 1an luot 14y tich phan trong (3.10), tr ¢ dén 7, va

Ul

lay tich phan trong (3.11) tir 7 dén 7,, ta cé:



I Ty g
W(T) <[ Q@+ Q) | O(s)dsdr
¢ i t=b

Ty T Ty ¢
= ({ [owat[os)ds+[ o) | Q(s)dsdt}
L ¢ T

t—b

=g j o(t) j O(s)dsdt

t-b

<8[(%2PJIQ(S)CZS%[IQ(S)dS] ]
=(1-2p)e.
Trwong hop 3. %S p <%,JQQ(S)ds <\2(1-2p).
5

Lay tich phan trong (3.11) tir & dén 7, ta duoc:

Ty <
W(T) <[ 0) [ Os)dsdt
£ t-b

= SJQ Q(Z){ j O(s)ds — j. O(s)ds |dt
14 t—b 14 i

< gjn Q(t)ﬂ/z(l —2p)- j O(s)ds |dt
¢ 3 _

= €|:1/2(12p)j0Q(S)dS —%[JQ Q(s)ds] }
9 ¢

<(1-2p)s.
Viy, ta luon co:
(1) <(A-2p)e
Diéu nay mau thudn v&i: (7)) > z(T) - pe > (1-2p)e > 0.
Do do, ta co:
[x(0)| <&, 121

Dinh li dugc chirng minh.

Pinh i 3.2.

Gia sit [P()|< p.p 6(0,%] va



[Ots)ds = = (3.13)

Néu
p<l,2p+limsupj‘Q(S)dS<é (3.14)
4 N 2
hoac
%Sp<%,limsup j O(s)ds <+[2(1-2p) (3.15)
t—b

Khi d6 moi nghiém ciia phwong trinh (3.1) tién vé 0 khi t — .
Chirng minh.
Goi x(t) 1a mdt nghiém ctia phuong trinh (3.1). Ta s€ chiing minh
lim x(r) = 0 (3.16)

Truong hop x(t) khong dao dong, dinh li dd dugc chirng minh (Xem dinh li 2 trong [7]).
O day ta xét x(t) dao dong. Pit z(t) nhu trong chimg minh cta dinh 1i 3.1, nghia la: z(t) =
x(t) — P(t)x(t — a)
Theo ching minh ctia dinh i 3.1, ta ¢6 x(t) bi chan.
Da:u:pnmﬂnm.KMdéosy<wva

k= }imsup|z(t)| >(1-p)u (3.17)
Ta sé chirng minh: 4 =0.

Nguoc lai, gia str p > 0. Khi d6 v6i bat ki &< (0,(1-2p)u), ton tai Ae(l,%j, B e(O, 2(1—2p)) va

T >t, sao cho:

|x(t)|<u+g,t2T—M

va
1
t A_2p9p<_
[ o)ds < 1 14 t>T (3.18)
t—b B - < _
G SP<5
Dit
y(t) = 2z(t) - p(u +€), t>T-b (3.19)
Khi d6

X (t—b)=-z(t-b)—P(t-b)x(t—b - a)



<-z(t-b) +p(ute)=-y(t-b), t=T
Tu (3.1) va (3.19), ta co:
Y=z ()=-0Ox(t-b)<-Q(O)y(t-b), t=T (3.20)

O day z (1) 1a dao dong, va c6 mot ddy ting {7,} sao cho T,>T+a+2b,T, >, |2(T,)|—k khi

n—»o |Z(Tn)

>(1-p)(u—¢),va T, 1a cyc dai dia phuong trdi cla |z(1)| .
Khi do co hai trweong hop:
Trwong hop 1: z(7,)<0 1a don gian.
Trwong hop 2: Ta xét z(7,)>0. Khi doé ta co:
y(T,) 2 z2(T,) = p(u+e)>1A=2p)pu+e)—&>0
Do dinh nghia cua 7, ta cling d& dang thdy ring y(7,-5)<0. Vi thé ton tai & [T, -b,T,) sao
cho: y(&)=0.
Tu (3.20), ta co:
YO <O0W)(u+e),t>T (3.21)
Lay tich phan hai vé cta (3.21) tir t - b dén &, ta duoc:

S
—y(t=b) < (u+2) [ Q(s)ds, &, <t<T,

t=b

Thé vao (3.20), ta c6:

S
Y (O < (ut+e)Q) [ O(s)ds, &, <t<T, (3.22)
t-b
bat
11 1
A-2p——,= —
max{ p 292}9p<4
L:
B_2 l< <l
24P

Taco: L <1 -2p. Ta sé chirng minh:
W(T) < L(p+e) (3.23)
X¢ét ba trwong hop:

T,
Truwong hop 1. 0<p <i’IQ(S)dS <1.

&
Lay tich phan (3.22), tir £ dén T, ta c6:

T, S
YT < (u+8) [ 0) [ Os)dsd
g t=b



=(u+e)| Q(r){ J Q(S)dS—JQ(S)dS}dt
o 1=b <

<(u+e)[ 00) {A ~2p-| Q(s)ds}dt
S Sn

= (u+e{(A2p) [0ty —%{ | Q(S)dSJ ]
S S

< (,u+5){max{A—2p,l}—%}
= L(ute).

T,
Truwong hop 2. 0<p <i’IQ(S)dS >1.
g:,

7,
Chon 7, €(¢,.T,) sao cho: IQ(s)ds=1.

T

Sau d6 lay tich phan (3.21) tir & dén 5 va lay tich phan (3.22) tir 5, dén T, ta co:

t=b

1, T, S
V(T < (u+8) [ 0)dt+(u+8) [ 0) [ O(s)dsd
& Ty

u+e>[ Jowa j O(s)ds + j o0 | Q(s)dsdt] () 00 | O(sydsa

t=b

2
T, 1 T, 1
< (u+e{<A2p) [o)a —5( | Q(s)ds} ]= (u+8)(A=2p=-)
M M
< L(ute).
Trwong hop 3. %s p< %,JﬂQ(s)ds <B.
Su
Lay tich phan (3.22) tir & dén T, ta dugc:

z, , 7, [ ‘
YT <(u+8) [ 0) [ O(s)dsdt = (u+&) [ O@)| [ O(s)ds— Q(S)ds}dt
£, t-b £, | b £,

t

S(,u+g)JzQ(t){B—J.Q(s)ds]dt=(,u+g) BfQ(s)ds—%UQ(s)dsj ]
Sn Sn Sn

Sn

S%Bz(,uhe) =L(u+¢)

Ca 3 truong hop cho thiy (3.23) duogc thoa, va tir (3.23) co:



2(T) < (L+p)u+e)
Cho n—> o va ¢ >0, ta co:
K =limsupz(T,) < (L+ p)u<(1-p)u
Diéu nay mau thuin vé6i (3.17). Do d6 u=0.
Dinh li dugc chirng minh.
DPinh 1i 3.3.
Giasu 0<P(t) <p, pe (0,%) va ton tai mét s6 nguyén dwong N sao cho p+%pN <1

va

1 t+3b+(N-1)a 3
2p(l—zpj+ | Qs)ds <=, 121y (3.24)

Khi d6 nghiém khéng ciia phwong trinh (3.1) la 6n dinh déu
Chirng minh.
Dbiat M = max {a,b}, m =min{a,b|

Chon mot s6 nguyén duong k sao cho km > 2(3b + Na). Vi &> 0 bat ki,

dat n= d=p)e -
1+ p)(2p+3)

Ta s& ching minh véi bat ki ¢ >¢,, ge C([z' —M,t'],(—n,n)), ta lu6n co:
x(t)|<e,Vixr.

trong d6 x(t) 13 nghiém cua phuong trinh (3.1) thoa man diéu kién ban ddu  x(s) = o(s),
VOl se [t' —M,t] .
Tuong tu nhu dinh 1i 3.1, ta ¢6

()| < (2p+3) mate[[t.f +hm]
Kéo theo [x(t) <&t <t<i+km
Tiép theo ta chimg minh:  |x(1)| <&,¢> 7 +km
Bing phuong phan chimg, gid st ¢6 T>7 +km sao cho [x(T)|=¢ va |x(t)|<e, V6i ¢ <i<T.
Khoéng 1am mét tinh téng quat, ta co thé gia sir rang x(T) = . Vi vay (3.7) 1a dung va ton tai
T, e(t'+km,T] sao cho z(TO)zmax{z(t),t'JrkmStéT} va z(t)<z(T,) vOi t +km<t<T,, khi d6 co
hai kha ning xay ra:

z2(t) > 0, t [T, —(3b+(N —1)a).T,]



hoac
Ton tai &e[T,—(3b+(N-1)a),7,] sao cho z(£)=0,z(1) >0, €(&,T; ]
Xét kha nang 1: z(t) > 0.
Ta co:
~x(t)< p'e,t [T, ~(3b+(N-ia,T,],1=1,2, ..., N (3.25)
va

z(1)=0(t)[-z(t—b)— P(t —=b)x(t—b—a)]
<-Q()] 2(t-b)-P"¢ .t €[T, - 2b,T;]

y(t)=2z(t) - pYet>t (3.26)

Khi do

Y (6)=2(t)=-0(O)x(t —b) <~Q()y(t = b),t €[T, - 2b,T; | (3.27)
Tuong tu, chimg minh cua dinh 1i 3.1, tir (3.27) dé dang két luan duoc w(T,-b)<0.
Honntta: (7)) > z(T)-p e>(1-p-p")e>0
Do dotontai: e [T, —b,T;) sao cho: y(£)=0
Tur (3.26) va (3.27), ta co:

Yy (<O p“e,te[T,-2b,T,] (3.28)

Lay tich phan (3.28) tir & dén T, , ta co:

¢
~y(t-b)< p'e [ Q(s)ds,t [T, ~b,T,]
Thé vao (3.27), ta co:
¢
V()< p eQ() | Qs)ds,t [T, ~b,T,] (3.29)

C6 hai truwong hop xay ra:

T,
Trwong hop 1. jQ(s)ds <l-p.
¢
Lay tich phan (3.29) tir & dén T, ta c6:

Ty <
W(1) < pYe[ 0) [ O(s)ds
£ t-b



= pNg_f Q(t){ j O(s)ds — j Q(s)ds}dt
S t=b S

<ple j (1) [—(1 P )2(3 ) j Q(s)ds:ldt
¢ 4

_ v a-pe-pt (% 2
=p {fgg(s)dsz( £ Q(s)dsj ]

<(1-p) pie<-p-pY)e

T
Trwong hop 2. .[Q(S)ds >1-p.
z

Th 1 r 7 4
Chon T e(¢,T,) sao cho: IQ(s)ds =1-p. Sau d6 lan luot 1ay tich phan (3.28) tor £ dén 7; va lay
T

tich phan (3.29) tir T dén 7, , ta cé:

! Ty g
W(T) < pe[ QW+ p"e [ O() [ Q(s)dsdr
3 L -b

t

7, L L T, ¢
= p"e| [Q)dt[ Q(s)ds+ p[ O(s)ds + [ O(t) | Q(s)dsdt}
LG 3 ¢ I ~b

t

- p'e| [0

t

jl O(s)dsdt + p ( j O(s)ds — j Q(s)dsﬂ
" : :

2

<pe MIQ(S)CZS—%( j Q(s)dsJ + p{%f_p)— j Q(s)ds}]

=(1-p) P e<-p-p")e
Vay ca 2 trudng hop cho thiy:
W) <(A-p-pMe (3.30)
Diéu nay mau thudn véi: y(7)) > w(T)> (- p-pV)e
Xét kha niing 2: Ton tai &[T, —(3b+(N -1)a),T,] sao choz(£) =0, z(t) > 0,
te(&,T,], ta co:
Z(t)<O0@W)e,t <t<T, (3.31)
va
¢

z'(t)SgQ(t)|:p+ j Q(s)ds},éStSTo (3.32)

t-(3b+(N-1)a)



C6 hai truwong hop xay ra:

T,
Trwong hop 1. jQ(s)ds <l-p.
¢

Lay tich phan (3.32) tir £ dén T, ta c6

Ty ¢
«(T)<e j o(?) { p+ Q(s)ds]dt
£ t-3b—(N-1)a
L ’ N t (1-p)B-p) |
=e[00|p+ | Qs)ds—[0(s)ds <[ 00| p+ : [Os)ds |dt
¢ t=3b—(N-l)a é ¢ ¢

—c ﬂfQ(S)dS—l[fQ(S)dSJ
2 S 2 S

<(l-p)k.

T,
Trwong hop 2. I O(s)ds >1-p.
¢

I;] \ 4 r r
Chon T, € (&,T,) sao choIQ(s)ds:I— p. Sau do lan lugt lay tich phan (3.31) tor £ dén 7, va lay
T,
tich phan (3.32) tur 7, dén 7,, ta co:

r, ) £
2(T)<e j O(t)dt + gj o(?) { p+ j Q(s)ds]dt
¢ )

t-3b—(N-1)a

¢

=& JQ Q(t)a’tj2 O(s)ds + pJQ O(s)ds + jg 0(1) .[ Q(s)dsdt]
L 9 ¢

T, t-3b—(N-1)a

T

=¢ j o0 [ O(s)dsdt+p j O(s)ds
¢

| T t-3b—(N-1)a

., (l_p)(3_p)_fQ(s)ds—%[JQQ(s)ds +pap)(sp)}

2 2
=(1-p)e.
Vay trong ca 2 truong hop ta co:

A1) < (- p)e (3.33)
Piéu nay mau thuin vé6i: z(7,) > z(T) > (1- p)e.
Do d6, ta phai co:
x(0)| < &,t>1 +km.

Vay



x(t) <&, Vix1.

Dinh li dugc chirng minh.
Tuong tu dinh 1i 3.2 va 3.3, két hop véi bd dé sau.
B6 dé: (Xem Bo dé 6.4.1 trong [5]). Cho phuong trinh

%(x(t) +P(t)x(t—a))+OQ(O)x(t—b)=0, 1>,
trong d6 PeC[[t,,0).R], O« [[to,oo),R+], a,beR*.
Goi x(t) la mot nghiém duong cua phuong trinh trén
bat z(t) = x(t) + P(t)x(t — a).

Gia st jQ(s)ds — .

Khi d6 cac phat biéu sau 1a dung:

(i) z(t) la mot ham giam.

(ii) Néu P(t) <- 1 thi z(t) < 0.

(iii) Néu - 1< P(t) <0 thi z(t) >0 va lim z(1) =0.

T d6, ta dua ra dinh 1i sau vé tiéu chuan tiém cin cta nghi¢m cho phuong trinh (3.1), d6 la:

Pinh li 3.4.

S 1 . . A4 “
Gia su 0 <P(t) <p, pe(o,zj va ton tai so nguyén duong N sao cho p—i—%pN <1.

Néu [O(s)ds =0

va

1 . 0 3
2p(1= p)+limsup | O(s)ds <

t—~(3b+(N-1)a)

Khi d6 moi nghiém ciia phwong trinh (3.1) dan vé 0 khi t — .

3.2. Tinh 6n dinh déu va 6n dinh tiém cin trong trwomg hop P(t) 1a hAm hing
DPinh li 3.5.
Gid sit |P(t)=p, pe (0%) va ton tai mét sé nguyén duwong N sao cho 4p" <1 va

t+b+(N-1)a N
O(s)ds <= 4”N
¢ 2(1-p7)

(1-p),t>t, (3.34)



Khi d6 nghiém khéng ciia phwong trinh (3.1) la 6n dinh déu.

Chirng minh.

Dbéat M = max {a,b}, m = min{a,b}

Chon mot s nguyén duwong k sao cho km > 2( b + Na). Véi ¢ > 0 bat ki, dat

__ (=pke
(1+p)(2p+3)

Ta s& chimg minh: Véibatki ¢ >, 4 e C([z' —M,t'],(—n,n)) , ta co:
x(t)| < e,t >t
trong d6 x(t) 12 nghiém cta phuong trinh (3.1) thoa man diéu kién ban dau x(s) = ¢(s), voi
c [r’ M, t'] .
bat: z(t) = x(t) — P(t)x(t — a).
Tuong tu nhu dinh 1i 3.1, ta co:
()| <(2p+3) m.t el[t.f +hm]
Tiép theo ta chirng minh: x(0)| <&t
Bang phuong phap phan ching, gia st diéu nay khong dung, khi d6 theo (3.6) ¢ T >¢ +km,
sao cho x(T) = e va |x(1)|<e, v6i ¢ <¢r<T. Khong lam mat tinh tong quét, ta c6 thé gia ring

x(T)==e.

Vivay: z(T)=x(T)-P(T)x(T—a)>(1-p)e>0 va ton tai 7, (¢ +km,T]|
sao cho: Z(To)zmax{z(t),mkmsxg} Va z(f) < 2(T,)) V6i t +km<1<T,

bat: y(t)—z(t)— plet>t (3.35)

N
Khi do:

—x(t—-b)= —Nz_ipiz(t—b—ia)—pNx(t—b—Na)

i=0

N-1 N-1
<= p'z(t-=b-ia)+ p"e==) p'y(t-b—ia),T,-b—(N-1)a<t<T,

i=0 i=o0

Tu (3.1) va (3.35) ta co:
Y () =z ()=—-0@)x(t—b),t >t (3.36)

va



Yy ()< —Q(t)NZ_ipiy(t—b—ia),T0 -b—(N-1a<t<T, (3.37)

i=0

(1-p)p"e . (1-2p")(1-p)e
l—pN l—pN

Dé dang théy réng: ()= z(T)-
Tiép theo ta di chirng minh: Ton tai ;e {0,1,..., N—1} sao cho: y(T,—b—ja)<0. Gid st nguoc lai,
w(T,—b—ja)>0 véij= 0,1, 2,...,N-1. Khi d6 c6 mot 1an cén trai (T, -b— ja—h,T,—b— ja)véih
>0 cua T,-b-ja sao cho y(t) > 0 trén (I, -b— ja—h,T,-b—ja), vay (t —b —ja)>0 trén
(T, -h,T,), v61 je{0,1,..,N-1}. Vi thé theo (3.37), ta thay y(t) khong ting trén (7,-4,T,). Picu
ndy mau thuan véi dinh nghia cua 7,
Vay
W(T,—b—ja)<0,v6i je{0,l,..,N—-1}.

Do d6 ton tai & e[T,—b—(N-1)a,T;) sao cho y(§) =0 va y(t) > 0, re(&,7, ]
Tu (3.36), ta co:

Y () <0@We, t <t<T, (3.38)
Néu t-b-ia < & véi re[T,-b—(N-1)a,T,], khi d6 lay tich phan trong (3.38) trt-b-(N

-1)a dén & ta duoc:

¢
—y(t—-b—ia)<e¢ j O(s)ds, t-b-ia<g

t—b—(N-1)a
Néu ¢é<t-b-ia<T, v6i te[T,-b—(N-1a,T,] khi do, twvong tu ta cé
5 .
~y(t-b-ia)<0<z [ Q(s)ds,E<t-b-ia<T,

t=b—(N-1)a

Két hop véi (3.37), ta co:

N ¢
y()<e 11_ pp o0 [ O)ds.e<t<T, (3.39)

- t—=b—(N-1)a

Co hai trwong hgp xay ra:

1 N T

P [o(s)ds<1.
|

Truwong hop 1. "

Lay tich phan (3.39) tir & dén T, ta c6:

N T

_ ¢
ya)=isfon [ owdsa
P

- t-b(N-1)a




[ j O(s)ds — jQ(s)ds:l dt
5

t-b—(N-1)a

1
<

_pN T 3
=, s!Q(r)L(l w(1=p)- IQ(s)ds}dt

:11—_17 {23( 4p" )( _p)J-Q(s)dS——[IQ(s)dsJ }

p
1 2
P (1- p)e
1
1_ N Ty
Trwong hop 2. P J-Q(s)ds >1.
-p 1

NT(J

Chon 7, €(¢,7;) sao cho: - J.Q(S)ds =1. Sau d6, 1an luot 14y tich phan (3.38) tir & dén T, va

lay tich phéan (3.39) tir 7, dén T, ta c6:

<
y(T)<ejQ<r)dz+ j o0 [ O)dsdr
t-b—(N-1)a
N Ty <
j Q(r)drj Os)ds ++- j o0 | Os)dsdr
t-b—(N-1)a
r- j 00 | Owdsd

t-b—(N-1)a

S A ) (—p)IQ(S)ds——[IQ(S)dSM

l1-p | 2(1-
_1-2
- P (1= e
Ca hai truong hop cho thay:
1-2p"
I <= ;’ (1-p)e (3.40)

(1-p)p'e (1 2p" )(1 p)e_

Diéu ndy mau thudn véi: (7)) > z(T) - 1 -
4 p

DPinh 1i dugc chiing minh.

Tuong tu dinh 1i 3.2, dinh 1i 3.5, két hop véi bd dé sau

Bo dé: (Xem B6 dé 6.4.2 trong [5]) Cho phuong trinh:



%(x(t)+px(t—a))+Q(t)x(t—b) =0,t=>1¢,
trong d6 peR\{1}, Qe C[[t,©).R" |, a,beR".

Goi x(t) 1a mdt nghiém duong ctia phuong trinh trén.

bat  z(t) = x(t) +px(t-a).
Gid st [ (s)ds = =

Khi d6 céc phat biéu sau 1a ding:

(i)  z(t) la mot ham giam va hodc limz(t) = - hodc limz(t)=0.
t—o0 >

(i)  Cdc phat biéu sau la twong dong:

a. limz(t)=—oo.

t—0
b. p<-I.

c. limx(t)=oo.

(iii)  Cdc phdt biéu sau la twong dwong:

a. limz(t)=0.

b. p >-1.

c. limx(¢)=0.

t—o0

Ta dua ra dinh li sau, vé mot tiéu chuan tiém can cua nghiém cho phuong trinh (3.1), do6 1a

Pinh li 3.6.

Gia sit |[P(t)=p, pe (0,%} va ton tai mét sé nguyén dwong N sao cho 4p" <1. Néu IQ(s)ds =0
‘ AN

va limsup [ Q(s)ds < 3 4pN
= t~(b+(N-1)a) 2(1—[? )

(1-p).

Khi d6 moi nghiém ciia phwong trinh (3.1) dan vé 0 khi t — .



KET LUAN

Nhu vay luan van da trinh bay tinh on dinh cua nghiém, su ton tai nghiém dao dong
cho phuwong trinh vi phan ddi sd 1éch cdp mot loai trung hoa bao gdm trudng hop tuyén
tinh va khong tuyén tinh. Cac két qua trong 3 bai bao khong trung lip va bo sung cho
nhau dé c6 nhiing cach nhin méi trong ung dung vé sy dao dong cia nghiém cho
phuong trinh vi phan d6i s6 léch cip mot.

Chuong 1 trinh bay mot sd két qua vé su dao dong cua nghiém cho phuong
trinh vi phan d6i sé 1éch biac mot dang (1.1) hay tong quat hon dang (1.2).

Chuong 2, luan vin xét tinh dao dong cua nghiém cho phuong trinh phi tuyén
(2.1) voi p 1a hang s6 16n hon 1, trong d6 ham flién tuc va thoa man u.f(u)>0 khi u
# 0.

Chuong 3 xét tinh 6n dinh cia nghiém cho phuong trinh tuyén tinh (3.1) véi

P(t), Q(t) 1a ham lién tuc. Pac biét khi P(T) la ham héng ludn van chi xét truong hop
P(T) =p v6i pe(O,%j.

Qua qua trinh nghién ctu dé thyc hién luan vin to6i hoc tdp dugc mot s6 ki
thuat dé xac dinh tinh 6n dinh cta nghiém, su dao dong cua nghiém cho phuong trinh
vi phan dbi s6 léch bac mot.

Mic du did c6 nhiéu cd ging nhung ludn vin vdn con c6 nhiéu han ché, do
vay t6i mong mudn duoc tiép tuc nghién ctru thém vé& cac van dé dit ra trong phuong

trinh vi phan ddi sb léch loai trung hoa bac mot loai tuyén tinh hodc khong tuyén tinh.



TAI LIEU THAM KHAO

[1] X.H.Tang and XingFu Zou, Asymptotic Stability of a Neutral Differential Equation,

Proceeding of the Edinburgh Mathematical Society (2002) 45,33 —347.
[2] John R.Graef, R. Savithri, E.Thandapani, Oscillation of First Order Neutral Delay

Differential Equations, Electronic Journal of Qualitative, Theory of Differential
Equations (2004) 12,1 - 11.

[3] Christos G. Philos and loannis K. Purnaras, Asymptotic Properties, Nonoscillation,

and Stability  for Scalar First Order Linear Autonomous Neutral Delay Differential
Equations, Electronic Journal of Differential Equations (2004) 03,1 —17.
[4] G. S. Ladde, V. Lakshmikantham and B. G. Zhang, Oscillation Theory of Differential

Equations with Deviating Arguments (Marcel Dekker, New York, 1987).
[5] 1. Gyori and G. Ladas, Oscillation Theory of Delay Differential Equations with

Applications ( Clarendon, Oxford, 1991).
[6] X. H. Tang, Oscillation for the First Order Superlinear Delay Differential Equations,

J. London Math. Soc. 65 (2002), 115 - 122.
[7] J. S. Yu, Asymptotic Stability for Nonautonomous Scalar Neutral Differential

Equations, J. Math. Analysis Appli. 203 (1996), 850 — 860.
8] Nguyén Thé Hoan, Pham Phu, Co s¢ phwong trinh vi phdn va 1y thuyét on dinh,

Nha xuat ban Gido duc 2000.
[9] Hoang Tuy, Ham thuc va Giai tich ham, Nha xuat ban Pai hoc Qudc gia Ha Noi,

2003.



		2011-03-22T08:58:29+0700
	THƯ VIỆN




