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LOI CAM ON

Trong qua trinh hoc tdp va hoan thanh luén van cua minh, t61 da nhan duoc rat nhiéu
su quan tAm, gitp d&, dong vién cua quy thdy cb truong Pai hoc Su pham Thanh phd HO Chi
Minh, cua gia dinh va ban bé dong nghiép.

Pau tién t0i xin guri 101 cam on sdu sic va chan thanh nhat dén PGS. TS. Lé Hoan
Hoa, nguoi da tan tinh hudng dan, cé nhiing y kién dong gop qui bau gitp toi hoan thanh t6t
luan van cua minh.

T6i xin chan thanh cam on quy thdy c6 trong Hoi dong cham luan vian di danh thoi
gian quy bau va nhiing gop ¥ sau sic cho budi bao vé luan vin cua toi.

T6i xin cam on tat ca quy thay co6 Khoa Toan — Tin truong Dai hoc Su pham Thanh
ph6 HO Chi Minh d4 tan tinh huéng dan toi trong sudt khoa hoc.

T61 xin chan thanh cam on Uy ban nhan dan Tinh Tién Giang, S6 Noi vy, S¢ Gido duc
va Pao tao Tién Giang, Quy thiy c6 phong Sau dai hoc trudng Pai hoc Su pham Thanh phd
Ho Chi Minh, Ban giam hi€u truong THPT Vinh Kim da tao moi diéu kién thuan loi cho toi
hoc tap va hoan thanh luan van.

To1 xin cam on Quy thﬁy cO, cac ban b¢ déng nghi¢p truong THPT Vinh Kim, cac ban
hoc vién cao hoc Toan K18 d3 ludn dong vién, khuyén khich, giup d& t6i trong qué trinh hoc
tap.

Sau cung toi xin gui tat ca tinh cam yéu thuong va long biét on sdu sic dén gia dinh
t61, nhitng nguoi than yéu cua toi da tao niém tin, 1a chd dwa viing chic giup toi hoc tip va

hoan thanh tdt luan van cua minh.
Tp. H6 Chi Minh, thang 8 nim 2010

Nguyén Ngoc Duy Khwong



LOI CAM DOAN

Trong qué trinh 1am ludn van nay, t6i dd nghién ctu, tim hiéu va
tham khao & sach vo, cac bai bao toan hoc cua cac nha khoa hoc va luan van
cua cac khoa trudce, téi c6 st dung mot s6 két qua da dugc chung minh dé
hoan thanh t6t luan van cia minh.

Nhung t61 xin cam doan khong sao chép luan van da co va

xin hoan toan chiu moi trich nhiém vo61 101 cam doan cua minh.



MO PAU
1. Ly do chon dé tai:

Ly thuyét phuong trinh vi phan dong vai trd quan trong trong tng dung thuc
tidn ctiia Toan hoc. Hau hét cac qua trinh ty nhién déu tuan thi theo mot qui luat nao
d6 ma phuong trinh vi phan c6 thé mé ta duoc. Bang chung 1a cic nganh Toan hoc,
Co hoc, Vat ly, Héa hoc, Sinh vat, Kinh té, Sinh thai moi truong... va Xa hdi hoc
déu lién quan dén phuong trinh vi phan. Vi thé phuong trinh vi phan 1a mot mén hoc
can thiét cho hau hét cac nganh & bac cao déng va dai hoc. M{t trong nhirng van dé
ma cac nha toan hoc d3, dang va s& con nghién ciru vé phuong trinh vi phén 1a nghiém
cia phwong trinh vi phan trung hoa doi sé léch. Hiéu dugc tam quan trong cia van dé
trén nén t6i chon d¢ tai: “Nghiém dwong clia phwong trinh vi phin trung hoa doi
s0 1éch” dé nghién ctru tim hiéu sdu hon vé vai trd va tng dung cua nd trong cudc

sdng va trong cac linh vuc lién quan.
2. Muc dich:

Muc dich ciia luan vin nay I nghién ctru vé tinh on dinh ctia nghiém va nghiém
duong cta phuong trinh vi phan tuyén tinh trung hoa d6i s6 léch dé chung to 1y thuyét
6n dinh s& dugc st dung nhu thé ndo, nhu 1a mot cong cu trong vi¢c thiét lap nhirng

két qua on dinh cta phuong trinh vi phan vé ban chat khac.
3. Poi twong, pham vi va phwong phap nghién ctru:

Trong pham vi nghién ctru ciia ludn vin nay toi chi tap trung nghién ciru vé tinh
6n dinh ciia nghiém va nghiém dwong cta phuong trinh vi phan tuyén tinh trung hoa

doi so 1éch c6 dang:

d L m
S0+ Xp (Ox(t-5,(0) |+ Za(Ox(t-a () =0,
=1 i=1
Mot trong nhimg phuong phap chinh dugc st dung dé nghién ctiru van dé trén
trong luan van nay la phuong phap khai quat hoa phuong trinh dic trung, dua vao y

tuong di tim nghiém cua hé tuyén tinh c6 dang:



x(t):exp[ja(s)dsj

Muc dich chinh 13 4p dung phuong phap nay cho phuong trinh (*) dé tim diéu
kién ton tai cua nghiém duong va dé khai quat, m¢ rong két qua dugc chirng minh
trong truong hop dac biét cuia phuong trinh (*) c6 dang:

% x(t)=P()x(t-1)]+Q(1)x(t—5) =0,
Luan vin gom c6 2 chuong:
+ Chwong 1: Trich tir bai bao [12] Trinh bay mot s két qua vé tinh 6n dinh cua
phuong trinh vi phan tuyén tinh trung hoa d6i s6 1éch ¢ dang:
% x(1)=P()x(t-1)]+Q(1)x(t-0) =0,
+ Chwong 2: Trich tir bai bao [11] Khao sat diéu kién ton tai nghiém duong cua
phuong trinh vi phan tuyén tinh trung hoa d6i s 1éch ¢ dang:
d ! m
& x(0)+ T, (0x(t-5,(0) [+ Za(0x(1-0,(1) =0,
j=1 i=1
Trong ludn vin, mét sé két qua sir dung sé dwoc phdt biéu dwdi dang Pinh Iy

hodc Bé dé khong chieng minh.

. Y nghia khoa hoc va thyec tién ciia dé tai nghién ciru:

Cung vd6i sy phat trién cia nganh Toan Giai tich, Dai sd, Hinh hoc vi phan, Pa
tap... phuong trinh vi phan luén dugc hién dai héa. Bén canh d6 cong cu may tinh
dién tir véi cac phan mém chuyén dung da lam ting kha ning ing dung thyc tién cta
mon hoc nay. Viéc xac dinh dugc nghiém, dac biét 1a nghiém duong cua phuong trinh
vi phan trung hoa d6i sé 1éch c6 y nghia quan trong trong viéc giai quyét cac bai toan
dan dén phuong trinh vi phan. Tir d6, ta c6 thé giai quyét cac bai toan bién do6i cac qua
trinh khi nghién ctru cac hién twong Tu nhién va Xa hoi. Trong nhimg nim gan day,
ngdy cang c6 nhiéu nghién ctru cho thay tim quan trong cua phuong trinh vi phan

trung hoa ddi sd l1éch dugc Gmg dung vao nhiéu linh vic khac nhau trong cac nganh



khoa hoc va doi séng nhu: Vat ly, Sinh hoc, Sinh théi hoc, Sinh 1y hoc, M6i truong,
Kinh té, Dia chat, Khao c6 hoc...



Chuong 1
TINH ON PINH TIEM CAN CUA PHUONG TRINH VI PHAN TUYEN
TINH TRUNG HOA POI SO LECH

Xét phwong trinh vi phén tuyén tinh trung hoa doi sé léch:

d

Sx(0)-POx(- ]+ QOx(1-0) =0, 21, a1

trong do: I,Ge(O,oo),PeC([to,oo),R) va QeC([tO,OO),[O,OO)).

Pinh nghia 1.1: Nghiém x,(t) ciia phuong trinh (1.1) duoc goi 1a 6n dinh néu véi mdi £>0

vat,eR,, ton tai &= 6(8, to) >0 sao cho vo1 moi nghiém x(t) ctia phuong trinh (1.1) thoa

diéu kién ‘X(to) —X,(t, )‘ <38 thi ‘X(t) — X, (t)‘ <g,Vt>t,.

Pinh nghia 1.2: Nghiém x,(t) cia phwong trinh (1.1) dugc goi 1a 6n dinh déu néu véi mdi

£>0, ton tai 8= 8(8) >0 sao cho v&1 moi nghiém x(t) cia phuong trinh (1.1) thoa man tai

mot diém t, € R, nao d6 didu kién [x(t,)—x,(t,)| <8 thi |x(t)—x,(t)[ <& Vi2t,.

Pinh nghia 1.3: Nghiém x,(t) ciia phuong trinh (1.1) duoc goi 1 6n dinh tiém can déu néu

n6 on dinh va véi mdi t,eR, ton tai &= S(to) >0 sao cho v&i moi nghiém x(t) ciia phuong

trinh (1.1) théa diéu kién | (t,)—x,(t,)| <8 thi lim

t—>+00

x(t)=x,(t) =0,V 2 t,.



B6 dé 1: (Xem [7])
Gia sit 1,6 €(0,0),P € C([t,,®),R) va QeC([t,,),[0,0)) thoa véi P(t)=-1 va
TQ(s)ds =00,
Khi d6 mdi nghiém ctia phuong trinh
%[x(t)+ x(t-1)]+Q(1)x(t-0)=0, t>t,
dao dong.
B6 dé 2: (Xem [7])

Gia su I,Ge(O,OO),PeC([tO,OO),R) va QeC([tO,OO),[O,OO)) va TQ(S)dS=OO thoa,

t+o

P(t)<—1 va liminf T{L_T)st > 1

> —P(s-o e

Khi d6, mdi nghiém ctia phwong trinh (1.1) dao dong.

Trong chwong ndy ching ta sé thiét ldp cdc diéu kién dé nghiém khéng cia phwong

trinh (1.1) la on dinh déu va tdt ca cdc nghiém cua phwong trinh déu on dinh tiém can.



1.1. Tinh 6n dinh déu va 6n dinh tiém cin trong trwdomg hop P(t) khong 13 ham hiang.
1.1.1. Pinh ly 1.1.
Gid sir ‘P(t)‘ <p, pe (O,%) va
t+o

1 3
<7 20+ J:Q(s)dssz, t>t,, (1.2)

hodc

1 t+o

1
JSp<s !Q(s)dss,/z(l—zp), t>t,. (1.3)

Khi d6 nghiém khéng cia phwong trinh (1.1) la 6n dinh déu.
Chung minh

bat: p=max{t,c6}, §=min{t,c}.
Chon mdt s6 nguyén duong m sao cho md >3c. Voi € >0 bat ky, dat:
(I-p)e
(1+p)(2p+3)"

Ta s& ching minh rang véi batky t'>t,,¢ € C([t'— p,t],(—n,n)) , ta co:

[x(t) <et=t’ (1.4)
trong do6 x(t) 12 nghiém ctia phwong trinh (1.1) thoa diéu kién ban dau X(s) = (I)(s) voi
seft'—p,t'].
bat: Z(t)=X(t)—P(t)X(t—T) (1.5)
Ta c6 két qua (Xem [15, Pinh Iy 1])
‘x(t)‘<(2p+3)mn, te[t',t'+ m8]. (1.6)
Ké tiép ta chimg minh (1.4). Bang phuong phap phan chimg, gia sir (1.4) khong dung,
khi d6 theo (1.6) ta c6 T>t'+md sao cho ‘X(T)‘:S va ‘X(t)‘<8 vol t'<t<T.

Khong 1am mat tinh tong quét, gia st rang x(T)=¢. Ta co:

Z(T)=X(T)—P(T)X(T—’E)>(1—p)8>0. (1.7)



Suy ra:
z(t'+md)=x(t+md)—P(t'+md)x(t+md—1)>(1-p)e<z(T)
T (1.7) ton tai T,e(t+md,T] sao cho z(T,)=max{z(t):t'+md<t<T} va
z(t)<z(T,) v6i t'+md<t<T,.
Dit:
y(t)=z(t)-pe, t>t. (1.8)

—x(t—o0)=—z(t-c)-P(t-o)x(t—c—-1)
<-z(t-o)+pe
=-y(t-o), t'+o <t <T,
Tu (1.1) va (1.8), ta co:
y'(t)=2z'(t)=—Q(t)x(t—0)<-Q(t)y(t—-0), t+o<t<T. (1.9)

Do 0<p S%, dé dang thdy rang y(T,)=z(T)-pe>(1-2p)e =0.

Tiép theo ta chimg minh y(T, —c)<0. Gia st nguoc lai y(T, —c)>0. Khi d6 c6 mot
lan can trdi (T,—o—h,T,—o) cia T,—c, véi h > 0, sao cho y(t)>0 trén
(T,-o-h,T,-0c) va y(t-c)>0 trén (T,—h,T,). Theo (1.9), ta thiy ring z(t)
khong tang trén (T, —h,T,). Diéu nay tri v6i z(T,)=max{z(t):t'+md<t<T} va
z(t)<z(T,) voi t'+md<t<T,. Vi thé y(T,—c)<0. Do d6, ton tai [T, -o,T,)
sao cho y(£)=0. Tu (1.9), ta co

y'(1)<Q(t)e, t'+o<t<T,. (1.10)

Lay tich phan 2 vé (1.10) tir t —o dén ¢ ta dugc:
«
—y(t—o)<e I Q(s)ds, C<t<T,.

Thé vao (1.9), ta co:

y'(t)<eQ(t) [ Q(s)ds, {<t<T, (1.11)



Cubi cing ta chirg minh:

y(T,)<(1-2p)e, (1.12)

Xét ba truong hop:
1
+ Trwong hop 1: O<p<z va jQ(s)dsSl.
¢

Trong truong hop nay, ta 1ay tich phan 2 vé cta (1.11) tir £ dén Ty, ta c6:

y(T,) < 8]9 Q(t) j Q(s)ds.dt

C 2 C
- s[(g 2pI|jQ(s)ds %@‘)Q(s)dsJ ]
<(1-2p)e

Ty
<+ Truong hop 2: O<p<i va IQ(s)ds>1.
¢

Ty
Chon T, €(&,T,) sao cho: IQ(S)dSzl.

T
Sau d6 lan luot 1ay tich phan (1.10) tir { dén T, va lay tich phan (1.11) tir T; dén

Ty , ta co:



slTQ(t)dt]lQ(s)dsjtTQ(t)j‘ Q(s)ds dt}

T 4

\ 11
<+ Truong hop 3: Z£p<§ va {Q(s)ds£4/2(l—2p).

Lay tich phan (1.11) tir ¢ dén T, ta duoc:

Ty ¢

y(T,) < sz(t)j Q(s)ds dt

<(1-2p)e.
Cac truong hop 1 — 3 chimg to rang (1.12) dung. Piéu ndy mau thuin voi

y(T,)2z(T)-pe>(1-2p)e>0.

Vay dinh Iy dugc ching minh xong.



1.1.2. Dinh ly 1.2.

Gid sit |P(t)|<p. p e(o,éj va

[Q(s)ds =o0 (1.13)
Néu:

p<%, 2p+1imsupt£Q(s)ds<% (1.14)

t—o0

hodc

t—o0

1 1 ‘
Z£p<§, hmsuptLQ(s)ds <y2(1-2p)  (L.15)

Khi d6 moi nghiém ciia phwong trinh (1.1) tién vé 0 khi t—> .
Chung minh

Goi X(t) la nghiém cua phuong trinh (1.1). Ta s€ ching minh:
limx(t):O (1.16)

e
& day x(t) dao dong hoic khong dao dong.
bat z(t) nhu trong ching minh cua dinh Iy 1.1, tuc 1a:
z(t)=x(t)-P(t)x(t—1)
Theo chiing minh cta dinh 1y 1.1, x(t) bi chan.
Pit: },Lzlirflsup‘x(t)‘.
Khido 0<p<oo va

leimsup‘z(t)‘z(l—p)u. (1.17)

t—o0

Ta s€ chirng minh u=0.



Gia st p>0. Khi d6 véi bat ky ee(0,(1-2p)p), ton tai Ae(l; %j

Be(O; 2(1—2p)) va T >t, sao cho:

‘X(t)‘<},t+8, t>T-p,

va
» 1
¢ A-2pnéup<—
[ Q(s)ds < 1 4 [T (1.18)
o B néu—<p<—
4 2
Pit
y(t)zz(t)—p(u+8), t>T-o (1.19)
Khi do:

—x(t-o0)=-z(t—-0)-P(t-o)x(t—c-1)

S—Z(t—0)+p(u+8)

= —y(t —G), t>T.
Tu (1.1) va (1.19), ta co:
y'(t)=2'(t)=—Q(t)x(t—0)<-Q(t)y(t—o), t=T. (1.20)

O day z'(t) la dao dong va 6 mot ddy ting {T,} sao cho

T,>T+1t+20, T, —», z(T,)[>(1-p)(n—¢) va T,

z(T,)|—>M khin ——,

1a cuc dai dia phuong trai cia ‘z(t)‘ .

Ta xét truong hop Z(Tn) > 0. Truong hop Z(Tn) <0 la tuong tu, ta khong chiing minh &

y(T,)>z(T,)-p(n+€)>(1-2p)(n+€)—e>0



Do dinh nghia cua T, , ta ciing dé dang thay ring y(T,—-o)<0. Vi thé, t%n tai

¢, €[T, —o, T,) sao cho y(¢,)=0.

Tur (1.20), ta co:

y'(1)=Q(t)(n+e), t=T (1.21)
Ly tich phan (1.21) tir t —o dén ¢_, ta dugc:

—y(t—o)<(pn+e) j Q(s)ds, ,<t<T,

Thé vao (1.20), ta co:

y(0)<(n+£)Q(t) [ Q(s)ds, ¢, <t<T,
(1.22)

L= ) 2
L né/ul£p<l
2 4 2
thi: L <1-2p. Ta s€ chung minh:
y(T,)<L(n+e¢). (1.23)

Ta xét ba truong hop sau:



Tl‘l
+ Trwong hep 1: O<p<%,jQ(s)dsSl.
4

Trong truong hop ndy, ta 1ay tich phan (1.22) tir C, dén T, , ta dugc:

C n

y(T,)<(n+ 8)3 Q(t) I Q(s)ds.dt

t-o

=(n+ S)ZI“Q(t){ j Q(s)ds— j Q(S)ds}dt

t-o

=(p+ s)TQ(t)(A —-2p-— j'Q(s)ds}dt

Cn

=(p+e)| (A —2p):j2 Q(s)ds —%U Q(S)ds} ]

S(u+8) max{A—2p,1}—%}

=L(p+e).

Tn
<+ Truong hop 2: 0<p <%,J‘Q(s)ds >1.
&

Tn
Chon 1, €(&,.T,) sao cho IQ(S)ds =1.
Ma

Sau d6 1an luot 1ay tich phan (1.21) tir ¢ dén n_ va lay tich phan (1.22) tir n_ dén T,

, ta duoc:

—

n Cn

y(Tn)S(u+8);]2Q(t)dt+(u+8) [Q() [ Q(s)dsa



<(u+¢)| (A-2p) _[ Q(s)ds %(] Q(s)ds} ]

:(u+8) A—2p——j
SL(]J+8).
+ Truwong hep 3: %Sp<%,TQ(s)ds£B.
4
Ly tich phan (1.22) tir {_ dén T, , ta dugc:

y(T,)<(p+ s)j Q(t)ir Q(s)ds.dt

u+8 T[Q _j’Q(s)ds—j'Q(s)ds}dt

u+s ]’Q B—jQ(s)dstt



=L(n+e).
Céc truong hop 1 — 3 ching t6 rang (1.23) dung.

Twr (1.23), taco:
Z(Tn) S(L+p)(u+ 8).

Cho n——o va e——0, ta co:

M:limsupz(Tn)S(L+p)u<(1—p)u

Diéu nay mau thuin voi (1.17). Vi vay, p=0.

Vay dinh Iy dugc ching minh xong.
1.1.3. Pinh ly 1.3.

1 . ;
Gia su OSP(t)Sp, pe(O,Ej va ton tai mot so nguyén dwong N sao cho
3 N
+—p <l va
p 2P

1 t+3c+(N—l)‘c 3
2p(1——pj+ Q(S)dSS—, t>t,. (1.24)
4 4 2
Khi d6 nghiém khéng ciia phwong trinh (1.1) la 6n dinh déu.
Chung minh
bat: p=max{t,6}, 8=min{t,0}

Chon mdt s6 nguyén duong m sao cho md>2(3c+Nt). V6i £>0 bat ky, dit

n= (1-p)e . Ta s& chimg minh rang véi batky t'>t,, (I)eC([t'— p.t'], (—n,n)),

(1+p)(2p+3)"

ta c6 x(t) théa man:

[x(t)|<e, t=t'
trong do X(t) 1a nghiém cta phuong trinh (1.1) théa diéu kién ban dau X(s) = (I)(s) voi

seft'—p, t'].



Twong ty nhu ching minh dinh 1y 1.1, ta c6 thé ching minh
[x(t)|<(2p+3)"n, te[t',t'+md] duoc thoa, kéo theo [x(t)[<e, t'<t<t'+md.

Tiép theo ta chimg minh |x(t)|<e, t>t'+m3. Bang phuong phap phin chimg, gid sir
voi T>t'+md sao cho |x(T)[=¢ va [x(t)|<& v6i t'<t<T. Khong lam mét tinh tong
quét, ta c6 thé gia s rang x(T)=¢. Vi vy, (1.7) dung va ton tai T, e(t'+m3, T] sao
cho z(T,)=max{z(t):t+md<t<T} va z(t)<z(T) v6i t'+md<t<T, Cohai kha
nang:

Z(t)>0, tE[TO—(3G+(N—1)T),TO],
hodc ton tai { e [TO —(3c5+ (N- l)r),To] sao cho:

Z(C)zO, Z(t)>0, te(C,TO].
+ Xét truong hop z(t) >0, ta co:

~x(t)<pe, te|T,—(30+(N-i)1).T, |, i=12,..N (1.25)

z'(t)=Q(t)[~z(t—o)-P(t-o)x(t—o—1)]
<-Q(t)[z(t-o)-pYe], te[T,-20.T,]
Dit
y(t)=z(t)-pYe, t=t". (1.26)
Khi do:
y'(t)=2'(1)

=—Q(t)x(t-o0)<-Q(t)y(t—o), te[T,-20, T,] (1.27)
Twong tu chimg minh dinh 1y 1.1, tir (1.27) dé dang két luan rang y(T0 —G) <0. Hon
nita y(TO)Zz(T)—pNs>(1—p—pN)s>O. Do d6 ton tai (e[T,—o,T,) sao cho

y(§)=0. Tu (1.26) va (1.27), ta co:



y'(t)<Q(t)p"e, te[T,-20,T,]. (1.28)

Lay tich phan (1.28) tir { dén Ty, ta dugc

;
—y(t—o)<p'e I Q(s)ds, te[T,-o,T,]

t—-o
Thé vao (1.27), ta co:
¢

y'(t)<p"eQ(t) [ Q(s)ds, te[T,-o.T,]. (1.29)

t-o
C6 hai truong hop xay ra:
TO
o Truong hop I: IQ(s)ds <1-p. Trong trudng hop nay ta lay tich phan (1.29) tir ¢
¢

dén T, , ta duoc:

Ty ¢

y(T,) < pst Q(t) I Q(s)ds dt

S(l—p)szss(l—p—pN)s.

T, Ty
o Truong hop 2: | Q(s)ds>1—p. Chon T, (L, T,| sao cho | Q(s)ds=1-p. Sau
g nop _[ () p 1 (C.> o] _[ ()
3

T

do, 1an luot 1ay tich phan (1.28) tir { dén T, va (1.29) tir T, ¢én T, , ta duoc:



e TQ(t)dtTQ(s)ds+pTQ(s)ds+TQ(t)__T Q(s)ds dt]

~pYe| [Q(1)

j‘l Q(s)ds dt+ pUQQ(S)ds +I}Q(s)ds}]

4

t—o

<pYe WTQ(S)ds%(IQ(S)dSJ

T

:(l—p)szss(l—p—pN)a
Hai truong hop ndy chimg to rang:
y(TO)S(l—p—pN)s, (1.30)

Diéu ndy méu thudn véi y(T,)> y(T) > (1 -p-— pN)s.

4+ Xét truong hop ton  tai CG[TO—(3G+(N—1)I),TO] sao  cho:

z(€)=0, z(t)>0, te(LT,]. Taco:

z'(t)<Q(t)e, t'<t<T, (1.31)

va

C6 hai truong hop xay ra:



Ty
e Truong hop I: jQ(s)ds <1-p. Trong trudng hop nay ta lay tich phan (1.32) tir ¢
¢

dén T, , ta duoc

Z(TO)SsTQ(t)[p+ j. Q(s)ds]dt

s[#IQ(s)ds—%@)Q(s)dSJ ]

<(1-p)e.

TO T()
o Truong hop 2: IQ(S)dS>1—p. Chon Tze(C, TO) sao cho IQ(S)dSZl—p. Sau
s

T,

do, 1an luot 1ay tich phan (1.31) tir £ dén T, va (1.32) tir T, dén T, , ta dugc:

4

Z(TO)SSTQ(t)dt+8TQ(t)[p+ _T Q(s)ds]dt

TO TO

=g IQ(t)dtTQ(s)ds+pTQ(s)ds+IQ(t) j Q(s)dsdt]




s¢€ WIQ(S)dS %@;Q(s)ds} +p—(1 —p2)3 P

<(1-p)e.

Hai truong hop nay chimg to rang;
Z(TO)S(I—p)s, (1.33)
Diéu nay mau thudn véi z(T,) 2 z(T)>(1-p)e.
Vay dinh 1y dugc chung minh xong.
Tuong ty dinh 1y 1.2 va dinh 1y 1.3 va két hop B6 dé 1, ta c6 thé dua ra dinh 1y sau vé

tiéu chuan tiém can cua nghiém phuong trinh (1.1).

1.1.4. Pinh 1y 1.4.

N

Gia su OSP(t)Sp, pe(O, 1) va ton tai s6 nguyén dwong N sao cho p+ 31[2) <1.

Néu IQ(s)ds =0

va
1 ‘ 3
2p| 1 == |p + limsup j Q(s)ds<—
4 2% (304(N-1)) 2
Khi d6 moi nghiém ciia phwong trinh (1.1) tién vé 0 khi t—> .
1.2. Tinh 6n dinh déu va 6n dinh tiém cin trong truomg hop P(t) 1a ham hing.
1.2.1. Pinh ly 2.1.
Gia su ‘P(t)‘ =p,pe (O, 1) va ton tai mot sé nguyén dieong N sao cho 4p™ <1 va

t+o+(N-1)t

_ N
j Q(s)ds s%(l—p), t>t, (1.34)
: 2(1-p")
Khi d6 nghiém khéng cia phwong trinh (1.1) la 6n dinh.

Chung minh

bit: p= max{r,cs} , 0== min{r,c}



Chon mét so nguyén duong m sao cho md>2(c+Nt). Véi £>0 bat ky, dat:

_ (I-p)e
(I+p)(2p+ 3)m

Ta s& chimg minh v6i bat ky t'>t,, (I)eC([t'—p,t'],(—n,n)) ta co X(t) thoa
‘x(t)‘ <g, t>t', trong d6 x(t) 1a nghiém cia phuong trinh (1.1) théa diu kién

ban dau x(s)=¢(s) véise[t'—p,t"].

Tuong tu nhu chirng minh dinh 1y 1.1, ta c6:

x(t)<(2p+3)"n, te[t\t'+m3] (1.6)

Tiép theo ta chirng minh ‘X(t)‘ <g, t>t'. Bang phuong phap phan ching, gia su
diéu nay khong dung, khi d6 theo (1.6) ¢6 T >t'+md sao cho ‘X(T)‘:S va
‘X(t)‘<8 v6i t'<t<T. Khong lam mat tinh tong quat, ta co thé gia sir rang
X(T)ZS. Khidé (1.7) 1a dtng va ton tai T, e(t'+ md, T] sao cho

z(T,) =max{z(t): t+md <t <T} va z(t)<z(T,) v6i t+md<t<T,.

y(t)=z(t)- l_pN ple, txt' (1.35)

Khi dé:

Tu (1.1) va (1.35), taco:
y'(t)=2z'(t)=—Q(t)x(t—o), t=t' (1.36)



va

N-1

y'(t)S—Q(t)Zpiy(t—G—ir), TO—G—(N—I)TStSTO. (1.37)

i=0

D& dang thay rang:

- (I-p)p™e g (1—P)(1—2PN)

€0
l-p 1-p"

y(T,)=z(T
Tiép theo ta chimg minh tn tai je{0,L,...,N-1} sao cho y(T,—oc—jr)<0. Gia
st trai lai, y(T,—-o—j1)>0, je{0,1,..,N—1}. Khi do, c6 mdt lan can trai
(T,—o—jt—h,T,—o—jt) véimoi h > 0 cua T,—c—jt sao cho y(t)>0 trén
(T,—o—jt—h,T,—o—-jtr) va  y(t-o—jr)>0  tén  (T,-h,T,),
i€{0,1,...,N—1}. Do d6 theo (1.37), ta thay y(t) la khong ting trén (T, —h, T,).
Diu nay tréi v6i dinh nghia To va y(T, —o - jt) <0. v6i je{0,L...N—1}. Vi thé,
tn tai (e[ T,—o—(N-1)1,T,) sao cho y({)=0 va y(t)>0, te(L T,]. Ti
(1.36), ta co:

y'(t)<Q(t)e, t'<t<T, (1.38)

Néu t-o—it<{ véi te[T,—c—(N-1)1,T,) thi ta ldy tich phan (1.38) ti
t—c—(N-1)t dén ¢ , ta dugc:

¢
—y(t-o—it)<e j Q(s)ds, t-oc—it<(.
(N

t—c— —1)1:

Néu {<t-o—-it<T, véi te[T,—o—(N-1)t,T, | thi:

¢
—y(t—c—ir)<0£8 j Q(s)ds, <t—-o-11<T,.
(N

Thé vao (1.37), ta co:




Co6 hai truong hop xay ra:

N Ty

IQ(s)ds <1. Trong trudng hop nay, ta lay tich phan (1.39)
4

<+ Truwong hop 1: ll—p

tr ¢ dén T, , ta duoc:

__ AN Ty o
y(TO)Sll P_fQ) [ Q(s)dsdt
P % t-o—(N-1)t

I-p | 2(1-p") ) 2\ 1
1-2p"
l—ppN (l—p)s
1— N Ty 1— N Ty
+ Trudng hop 2: —L IQ(s)ds>1.ChQn T, (&, T,) sao cho 1 P IQ(S)dSZl.
-p ¢ Y T,

Sau d6 lan luot 1y tich phan (1.38) tir £ dén T, va ly tich phan (1.39) tir T; dén
Ty , ta duoc:

T, 1 N T

y(TO)SsIQ(t)dt+ 1_—pp SIQ(t) i Q(s)ds.dt

T t-o—(N-1)t

N Ty T N T

=— 8_[Q(t)dtIQ(s)ds+ll_p SIQ(t) j; Q(s)ds.dt

T ¢ P 5 t-o—(N-1)t




Két hop hai truong hop 1 — 2, ta co két luan:

1—2p"
l—ppN (1-p)e, (1.40)

y(Ty) <

(1-2p")(1-p)
1-p"

Diéu nay mau thudn véi y(T,) 2 y(T) > €.

Vay dinh 1y dugc ching minh xong.
Tuong ty Dinh 1y 1.2 va Pinh 1y 2.1 va két hop B dé 2, ta ¢ thé dua ra dinh 1y

sau vé mot tiéu chuén tiém cén cua nghiém cua phuong trinh (1.1).

1.2.2. Pinh ly 2.2.
Gia sw ‘P(t)‘zp, pe(O,l) va ton tai mét sé6 nguyén dwong N sao cho 4p™ <1.

Neéu

_[Q(s)ds =00 va limsup

to t—o0 t—((T+

t 3—4p"
Q(S)ds < —N(l — p)
<IN—1)r) 2(1-p")

Khi d6 moi nghiém cia phwong trinh (1.1) tién vé 0 khi t—> 0.



Chuong 2
NGHIEM DUONG CUA PHUONG TRINH VI PHAN TUYEN TiNH
TRUNG HOA POI SO LECH

Xét phirong trinh vi phdn tuyén tinh trung hoa doi sé léch:

4 m

% x(t)+ ij(t)X(t — ’Ej(t)) + Zqi(t)x(t —o, (t)) =0, (2.1)

j=1 i=1

voi t, <t<T <o, va thoa man:

(H) p;eC'[[t,.T).R],7;eC'[[t,, T).R" |, j=12....,0.
(Hy) qieC[[tO,T),R],GieC[[tO,T),Rﬂ, i=12,...,m.

Muc dich chinh cta ching ta 1a 4p dung phuong phép khai quat hdéa phuong trinh dac
trung vao phuong trinh (2.1) ma n6 duva trén y tuéng di tim nghiém cua hé phuong trinh

tuyén tinh c6 dang:

x(t)=exp(ja(s)dsj

)

dé tim ra cac diéu kién ton tai nghiém duong cua phuong trinh, dé khai quat hdéa va mé rong

cac két qua di dugc chimg minh trong céc trudng hop dic biét ciia phuong trinh (2.1).

Trude khi 1am 16 cac két qua do, chiing ta diém qua hai két qua dic trung cta nhimng nghién

ctru gan day, da nghién ctru trudng hop dic biét ciia phuong trinh (2.1), xem [3] ¢6 dang:
%[x(t)+P(t)x(t—r)]+Q(t)x(t—G):O (1.1)
voi PeC' [[to,oo),R],Q € C[[to,oo),R],r €(0,20),0€[0,) (2.2)

Ta c6 céac két qua sau:

Pinh Iy A: Gid sit (2.2) dwoc théa va ton tai s6 dwong 1 sao cho:

‘P(t)‘ue” +‘P(t) e’ + ‘Q(t)‘ e < vii t=t,

Khi do, véi moi t >t , phuwong trinh (1.1) sé co nghiém dwong trong khodng [tl,OO).



Trong trudng hop ddi s6 1éch thay d6i duoc xét cho cac phuong trinh c6 dang:
x(t)+2.q,(t)x(t—o,(t))=0 (2.3)

i=1
trong do: t,<T<o0,q, € C[[tO,T),]R],csi € C[[tO,T),R+],i =12,....m
clia mot vai tac gia. Két qua dua ra diéu kién dui dé ton tai nghiém duong cta phuong trinh

(2.3) trén [t,, T) (xem [7]).

Pinh Iy B: Gid sir rang ton tai tai s6 dwong p sao cho:

2a.()

euﬁ.(‘) < H

voi t, <t<T. Khido, voi moi

®efpeCl[t,.t, . R ]:0(t,)> 0,0(t) < o(t,),t , <t<t,|

nghiém phuwong trinh (2.3) trong khodng (tO,CI)) van cé dai lwong dwong khi t, <t<T.

2.1. Chau thich, dinh nghia.
Dinh nghia:

T! :min{ inf {t—rj(t)}}, T’ :min{ inf {t—ci(t)}}

1<j<l [ to<t<T 1<i<m ( ty<t<T
va

t,= min{Tfl, T_zl}.

Ham x: [t_l,T) — R duogc goi la nghiém cua phuong trinh (2.1) néu x lién tuc trén

[t_l, T) va théa phuong trinh (2.1) trén (to, T). Diéu kién ban dau cia nghiém cua
phuong trinh (2.1) c¢6 dang:

x(1)=@(t), t,<t<t, deC'[[t,.t,),R"]. (2.4)

Nghiém cua bai toan gia tri dau (2.1), (2.4) 12 ham lién tyc trén [t_l, T) nd trung

4
voi @ trén [t_,t,) sao cho x(t)+ pj(t)x(t—'rj(t)) kha vi va théa phuong trinh
=1

J

(2.1) trén (to, T).



Nghiém duy nhat clia bai toan gid tri dau (2.1), (2.4) trén (t,, T) duoc ky hiéu

x =x(®) vand ludn thudc doan [t,, T).

Ham lién tuc x: [tfl, T) — R 1a dao dong néux >0 tly y voimoi a>t |, tdn tai s6

¢ >asao cho x(c¢)=0. Nguoc lai, x dugc goi la khong dao dong.

Phuong trinh (2.1) dwoc viét lai nhu sau:

[pj (t)(l - (t))x(t - (t)> +Dp; (t)x(t - (t))]

x(t)+ .

¢
=

Bai toan gi4 tri dau c¢6 dang nay 1a mot két qua. Pat @ nhu (2.4). Nghiém cia bai
todn gia tri dau (2.1), (2.4) 1a ham lién tuc trén [tfl, T) no6 trung véi O trén [tfl, to), X
s€ kha vi lién tuc va théa phuong trinh (2.1) trén (to, T) ngoai trir cac diém kr véi

r=t,—t, k=0,1,2,..

Mat khac, néu

(2.5)

khi d6 nghiém x kha vi lién tuc v&i moi t>t_,. Do d6, hé thic (2.5) 1a can va du dé

nghiém x c¢6 dao ham lién tyc véi mo1 t>t .
Trong phﬁn ké, ta dinh nghia mot cach chinh x4c phuong trinh dac trung téng quat
t
duge lién két vé6i bai toan gia tri dau (2.1), (2.4). Ap dung x(t)= exp( j a(s)dsJ ta s&

to

thu dugc phuong trinh tich phan:



=)

a<t>+i[pj<t><ln<t>>d’(hj(t))a<Hj<t>)+pj<t>‘p<hj“))]x

X exp[ j a(s)ds}+iqi(t)®(gi(t))exp[ j OL(S)dS]O

i(t)
dwoc goi la phuong trinh dac trung.
Ta s€ su dung cac ky hiéu sau:

hj(t):min{to,t—tj(t)}, Hj(t):max{to,t—tj(t)}, teft,T), i=12,..,0

g (t)=min{t,,t—o,(t)}, G,(t)=max{t,t—oc;(t)}, te[t,T), i=L2,.,m

va [a], :=max(0,a) va [a] :=max(0,-a) dugc goi la phan duong va am cua sb thuc a.

2.2. Két qua chinh.
DPinh ly 2.2.1
Gia sw (H;) va (H,) duoc thoa va dat nhw (2.5) va Cb(to) >0 dwoc thoa man. Khi do,
cdc phat biéu sau la twong dwong:
a. Bai todn gid tri dau (2.1), (2.4) ¢6 nghiém dwong trén [to, T).
b. Phuong trinh ddc trung tong qudt (2.6) c6 nghiém lién tuc trén [to, T).

c. Ton tai cdac ham B,y eC[[tO,T), ]R] sao cho B(t)éy(t) va
B(t)<3(t)<vy(t) kéo theo P(t)<(SB)(t)<y(t), (2.7)
v&i moi ham & e C[[tO,T), R] va t,<t<T, trong do:

4

<ss><t>z[pm(ln<t>)‘b(-hj(t))fs(Hj(t))+pj<t>®(hj“)>]x

=l

X exp(—j S(S)dsJ+iqi(t)q)(gi(t))exp(—Gj;

Hj(t)



Chung minh

+ a)=b): bat x= X(<I)) 1a nghiém cua bai toan gia tri dau (2.1), (2.4) va gia sir raing

x(t)>0 voi t, <t<T.NO s& chung to rang ham lién tuc o duoc dinh nghia:

a(t):& ty<t<T

x(t)

1a nghiém cua (2.6) trén [t,, T). Phuong trinh (2.1) twong duong v6i

%(0)+ 2 [ p (D)1=, (0)%(t=7,(6) +b,()x(t-7,(1) |+

4
1

X(t) =1
m x(t-o;(t))
+ (t =0
;ql( ) X(t)
Theo dinh nghia a:

x(t)= CD(tO)eproc(s)dsJ,

to

va khi do:

X(%jt()t))exp(—j a(s)ds}, X(Gi(t)) exp(—(j OL(S)dS],

trong d6 j=1,2,...,0;i=1,2,...m va t,<t<T. Hién nhién né giébng nhu gia tri cua j, i,

vatcua




Con lai ta can chig to rang:

X(t_fj(t)) _ Cb(hj(t))
x(Hy(t)) (1)

Ta c6: t—1,(t)>t, kéo theo h,(t)=t, va H,(t)=t—1,(t), khi do:

x(t-1(t)) *x(H(t))

= :1:

t-
x(H;(1)  x(H(1)) D(t, )

Mt khac, t—1,(t) <t, kéo theo h,(t)=t—1,(t) va H,(t)=t,, khi do:

X<t_fj(t)): x( j(t)): b (h;
£(Hy(1)  %(t,)  @(t)

St dung céac dang thirc nay va dinh nghia «, ta dugc dang thirc (2.6)

, t,<t<T, j=12,..0

=
[
—~~

=
~~—
SN~

o(t,)

a<t>+i[pjm(l—a-(t))Ma(Hj<t>)+pj<t>‘p<hj“))]x

X exp( j a(s)ds}tiqi<t)®(gi(t))exp( j a(s)dsJO

i q)<t0)

Vaytaco a)=Db).

+ b) = c): Néu o 1a nghiém lién tuc cua (2.6), thi lay B(t)=vy(t)=a(t), t,<t<T va
diéu ching minh la hién nhién vi thyc sy o =Sa.

Vaytaco b)=c).

4+ ¢)=a): Trudc hét can ching t6 rang, v6i gia thiét dudi cua c), phuong trinh (2.6)
c6 nghiém lién tuc o (t)trén [t,, T), va ham x dugc dinh nghia:

o (1), t, <t<ty

x(t): . (2.9)
q)(to)exp(joc(s)ds} t,<t<T

to




1a nghiém duong cua bai todn gia tri dau (2.1), (2.4).
Nghiém lién tuc ciia phuong trinh (2.6) s€ 1ap thanh giéi han ctia ddy ham {ock (t)}
duoc dinh nghia nhu day xép xi lién tiép. Liy bat ky ham a, € C[[t,,T), R ] sao cho:

B(t)<a,(t)<y(t), t,<t<T

va dat:

o, (t)=(Sa, )(t), t,<t<T, k=0,12,.
Theo gia thiét (2.5), ta co:
B(t)<a,(t)<y(t), t,<t<T, k=0,1,2,.. (2.10)
va 1o rang o, € C[[t,,T),R]. Ta chimg té day {o, (t)} hoi tu déu trén khoang con

compact batky [t,, T, ] cua [t,, T).

bat:

b

L := max {max{|B(t)

to<t<T, ’Y(t)|}}
M = max{M,,M,,M,},
N, = Me" (i),

N:=max{N,(L+2),2LN,}

Khi do tir (2.10), ta duoc:



max
to<t<T,

o (t) <L, k=0,12,..

Ap dung dinh 1y gia tri trung binh, ta co:

exp(—}j o, (s)ds] — exp(—}j o, (s)ds]

i(1) i(t)

voimoi j=1,2,...,¢0; k=0,1,2,...

t t
va t, <t<T, p, ;(t) o gitra _[ a, (s)ds va _[ o, (s)ds.

T H,(t)>t, voi j=1,2,...0 va t,<t<T, | (t)<L(T,-t,) va

ol -l ]

_eL(T‘_t“)hak(s) o, (s |ds

to




Tuong tu:

i(t)

exp(—Gj; )ock (s)ds} — exp(—j o, (s)dsJ

t

< eL(T1 —tO)J‘

to

ak(s)—ak_l(s)|ds
vori=12,...m; k=12,...vat, <t<T,.

Lap lai chirng minh & trén, ta co:

ock<Hj(t))eXp[— j;)ock(s)dsJ—ockI(Hj(t))exp[— j ockl(s)dsJ

Hj(t)

<

t
< LeL(T‘_tO)J’|ock (s)-a,, (s)| ds+2Le" "),
to



Do d6:

<

o
>
o
VR
Q
Et—
~~
~—~—
ol
9]
N—
|
=
5=
VR
Q
Et—
R
-
ol
95]
N

<2LN, +N,(L+ 2)_“% (s)— oy, (s)ds<N+ Nﬂak (s)— o, (s)|ds,

to to

Ta thiy rang:

N (t -t =
o (1) —a (1)< ND ( - 2L -
i=0 : :

v6i k=0,1,2,.. va t, <t<T,.
Tir

k
z oN) 4 hmu:o\,(;l t,<t<T,
~ ka0 k!

Theo tiéu chuan Weierstrass ta c6 ddy

o, +k1[ o, a;(t)] (k=012..; t,<t<T,

=0

—.

hoi tu déu, tir d6 giéi han ham
oc( )—hmak(t) (2.11)

k—o0

thi lién tuc va la nghiém cua phuong trinh (2.6) trén [to, 1]



Cubi cung, thyc ra X(t) duogc dinh nghia nhu (2.9) 1a nghiém cua bai todn gia tri dau
(2.1), (2.4) c6 thé chirng minh bang phép thé truc tiép:

x(t)=x(t)a(t)

:_ii[pj(t)x(t—rj(t))]—iqi(t)x(t—ci(t)), voi t, <t<T

o dt P
Vaytacod c)=a).
Vay dinh 1y dugc chung minh xong.
2.3. Su ton tai ciia nghiém dwong.
Sir dung Dinh Iy 2.1 lam ré diéu kién ton tai ciia nghiém dwong. Twong tw ciing cé thé
chirng to diéu kién ton tai ciia nghiém am.
bat:
Fi={®eC'[t ,t,, R J:0<®(t) <D(t,),0< D(t) <D(t,),t , <t<t | Dinh 1y sau

day 1a tong quat hoa Pinh 1y 2.1.



2.3.1. Dinh Iy 2.2.
Gid st ¢6 (Hy) p; e C'[[t,,T), R],1;€ C'[ [t,, T), R |,j=1,2,....0.

(Hy) q; eC[[tO,T), R],Gi eC[[tO,T), Rﬂ,i =12,....,m.

va ton tai so6 dwong | sao cho:

i“p 0) ‘Pj(t)ﬂew) + i\qi (V< (2.12)

voi t,<t<T. Khi do, voi méi ®eF théa diéu kién (2.5), nghiém X((I)) cua

phuong trinh (2.1) ¢ dai lwong duong trong t, <t<T.
Chung minh

Ta chimg t6 rdng diéu kién (c) trong Dinh 1y 2.1 théa man véi B(t)=—p va y(t)=p,

<t<T.Véibétky ham lién tuc 3, véi B(t)<8(t)<y, ta co:

e, () <u(t-H, (1) < [ 8(s)ds<p(t—H,(0) <, (1),

H;(1)
(j=12,...,0)
va
t
—uo, (1) <—p(t-G ()< I 8(s)ds<p(t—G,(t))<uo,(t),
Gi(t)
(i=12,..,m)
vo1 t, <t<T.
Khi do:




vor t, <t<T.
Do d6, theo Dinh ly 2.1, nghiém x(®)(t) cua phuong trinh (2.1) thudc (t,, @) la dai
luong duong trén [t,, T).
Vay dinh Iy dugc ching minh xong.
Ap dung dinh Iy nay cho vai trwong hop ddc biét:
bat:

t(t):==maxt,(t), o(t):=maxo,(t),

e ! i=l.m

E(t) = JZ;:‘PJ' (t)(l — T (t))’
L a(t)=>

i=1

()= 2y (0 a (1),

Khi d6, tir bat dang thuc (2.11), ta co:

(p(t)w}(t))e“‘(‘) +q(t)e" ) <y, (2.13)
N6 thi d6ng nhét v6i (2.12) ddi vé6i trudng hop trung hoa don.

Bay gio, xét truong hop dac biét:
bat:

T:= sup ‘E(t), o= sup G(t),

te]ty.T) te[ty.T)

p:= sup p(t), r:= sup r(t), q:= sup q(t)

tefty,T) tefty,T) tefty,T)
Khi d0, tir bat dang thuc (2.12), ta co:
(B},w;)e‘” +c_1e““ <. (2.14)

n6 thi dong nhit vai (2.12) dbi voi trudng hop trung hoa hé sé don va hé s6 hang.

Trong truong hgp t=c=A4, ta co:



et M (2.15)
pL+Tr+q
Néu =>1 va A <A, voi vai diém t61 han A, thi (2.14) c6 nghiém duong. Di€ém t61 han
P
A, €O thé thanh 1ap boi sy quan sat ma dao ham bén trai va bén phai dan dén p thi bang

vo1 A, . Khi do, A, 1a nghiém duy nhét ctia phwong trinh:

2AM 2
exp = — =
(Ak +~AMA4p + A?J 2p + AL+ AA4p + AL

vol A =;+a. Chu y rang trong truong hop trung hoa Ez r=0, ta thu duoc két qua da
biét A, = L
€q
2.3.2. Dinh ly 2.3.

Gid sir rang c6

(H) p; €C'[[t,,T).R],7, € C'[[t,,T),R* [, j=1,2,....L.

(Hy) q, eC[[tO,T),R],Gi € C[[tO,T),Rﬂ,i =12,....m.

va voimoi t e [to, T) thoa:

0<t(t)<t,(t)<...<7,(t), (2.16)
0<o,(t)<o,(t)<...<0o, (1), (2.17)
ipj(t)(l—tj(t))SO, 3 p,(1)<0, v=1,2,..,¢0 (2.18)
iqi(t)SO, v=12,...,m (2.19)

ey (0(1-1,(1))] <t (2220)

‘
=1 B

Néu ton tai ham tang dwong y € C[[tO,T),R] sao cho:



ﬁ[ (] +Z[ql )]
v(t)Z ;
=X [p(0(1-1(1) ]

i=1

2.21)

thi véi méi ® € F né théa man diéu kién (2.5), phwong trinh (2.1) c6 nghiém dwong

tang trén [to, T). Pay la nghiém théa bt dang thirc

x(t)S@(tO)exp{jy(s)dsj (2.22)

)

Chung minh

N6 s& chimg to ring ménh d& (c) cia Dinh 1y 2.1 ding véi B(t)=0

t,<t<T.
Véiham e [t,,T], R | bat ky ndm giita B va y thoa:

m

(38)(0)= X[ 0,(0)(1-5,(0) ] ¥(©)+ X3, (0] +X[a(1)].

j=1 =1 i=1

Boi vi cac bat dang thic
H,(t)>H,(t)>..2H,(t), t,<t<T,

G,(t1)2G,(t)=..2G, (1), t,<t<T,
nén hé thac (2.18) va (2.19) dung.

pj(t)(l*(Oﬂﬁzie{dj-h—"(t))}O-exp[i S(S)ds]

{_ipj(t)}q)(hj(t))exp(_Hj S(S)dsJ +

=

)0z -

va y(t) voi
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+|:iqi(t)}®(gi(t))exp{Gj‘ 6(s)dsj

>0 vo1t, <t<T.
Do d6, nghiém X(t) = X(‘I))(t) cua phuong trinh (2.1) 1a duong trén [to, T). Nhu trong
chimg minh Dinh 1y 2.1, x(t) ¢6 thé viét duéi dang:

x(t)q)(to)exp(ja(s)ds} t,<t<T

to
voi o(t) 1a nghiém lién tuc cua phuong trinh déc trung (2.6) sao cho 0<a(t)<y(t) véi

t, <t <T. Tur d6, x 1a nghiém tang cua phuong trinh (2.1).

Vay dinh Iy dugc ching minh xong.



KET LUAN

Trong qué trinh nghién ctru luan van, bang cach tim hiéu cac dinh nghia va chirng minh
cac dinh 1y t6i nhan thay phwong trinh vi phan tuyén tinh trung hoa di sb 1éch dang:
d L m
m x(t)+ ij(t)x(t Y (t)) +2.9,(t)x(t=i(1)) =0, (2.1)
j=1 i=1
c6 tinh 6n dinh ctia nghiém khong, va tat ca cac nghiém ciia phuong trinh déu 6n dinh tiém
can trong truong hop dac biét ctia phuong trinh trén c6 dang:
% x(1)=P()x(t=1)]+Q(t)x(t—5) =0,
Va bang phuong phap khai quat hoa phwong trinh dic trung da chimg to dugc diéu kién ton

tai nghiém duong ctia phuong trinh (2.1).
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