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SU'TON TAI VA DUY NHAT NGHIEM CUA PHUONG TRINH VI PHAN
KHOANG CO TRE TRONG KHONG GIAN THU TU

TRUONG VINH AN’, NGUYEN ANH TUAN", NGUYEN DINH PHU™

TOM TAT
Trong bai b&o nay chung toi si dung két qua cua |i thuyér diém bat dong diroc gidi
thigu trong [1] trong khdng gian cac ham khodng dwroc sap xép thit ti d@é chiing minh ton
tai, duy nhat nghiémcho lop phwrong trinh vi phén khoang co tre.
Tir khoa: phuong trinh vi phan khoang; phuong trinh vi phan khoang c6 tré; Diéu
kién co yéu.
ABSTRACT

On the existence and uniqueness of solution
to interval-valued delay differential equations in partially ordered metric spaces

In this paper, we study the existence and uniqueness of solution to interval-valued
delay differential equation in the setting of a generalized Hukuhara derivative and by
using some recent results of fixed point of weakly contractive mappings on partially
ordered sets.

Keywords: Interval-valued differential equations; Interval-valued delay differential
equations; weakly contractive mapping; partially ordered space.

1. Giéithigu

Phwong trinh vi phan gia tri khoang 1a mét cong cu thich hop dé mé hinh céc hé
dong luc trong d6 tinh tit dinh hay tinh mo hd thAm nhap khip noi. N6 dugc phét trién
theo nhiéu hudng Ii thuyét va mot sé cac ang dung trong nhiéu bai toén thuc té khac da
dugc nghién ctu (xem [8,11,12], [3,4,5,6,7,13]. Hién nay, cac két qua vé giai tich
khoang duogc gidi thiéu mot cach chi tiét boi Stefanini, L.va Bede, B. [4]. Ngoai ra,
phuong trinh vi-tich phan khoang c6 tré (xem [5]) ciing duoc dé cap.

Phuong trinh vi phan c6 tré dong mot vai trd quan trong trong nghién ciru tinh
tmg dung cia mot sé mo hinh thuc té (xem [2,9]). Do d6, trong bai bao nay ching toi
muén str dung mot s6 két qua méi cua dinh 1i diém bat dong [1] dé nghién ctru cho 16p
bai toan phwong trinh vi phan khoang co tré sau:

{Dng(t)= F(tX(t),X,),

X(t)=¢p(t-a), te[a-o,a], (1.1)
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trong d6, D,, X la dao ham Hukuhara tong quét cho ham khoang X (duoc gidi thiéu chi
tiét trong myc 2). Ham F :[a,b]x K (0 )xC, 1aham khoang.
2. Mot s kién thirc co ban
2.1. Mgt sé dinh i d@iém bét dgpng

Gan day, viéc mo rong Ii thuyét diém bat dong duoc nghién cau boi nhiéu nha
toan hoc vai nhicu cach thac tiep can khac nhau, trong d6 cach tiép can dang chu y
nhét 12 dya vao tinh don diéu caa ham sb trong khong gian cac tap dugc sap xép thir tu.
Trong [1], nhom tac gia gidi thiéu mot so két qua li thuyét diem bat dong maéi cua ung
dung diéu kién co yeu trong khong gian cac tap duogc sap xép tha ty va su ton tai cua
nghiém duy nhat cho I6p phuong trinh vi phan thuong vai dieu kién bién tuan hoan
ciing dugc nghién cau. Theo sau, chung téi trinh bay that ngan gon mét so két qua
dugc nghién ctu trong [1] va tng dung nghién ciru phuong trinh vi phan khoang.

Djnh nghia 2.1. [1] Ta goi w :[0,00) —[0,00) 1a mot ham bién déi khoang cach néu nd
thoa diéu kién theo sau

(i) v lién tuc va khong giam;

(i) w(t) =0 néu va chinéu t=0.
Dinh nghia 2.2. [1] Xét khong gian mé tric day du (X,d) va ham thyc f :X —N. Khi
do, f duogc goi 1a co yéu néu

y (d(f(x), F(¥)))<w(dxy)-7(d(x ), vxyeN,
trong d6, w VA y 1a hai ham bién ddi khoang cach.

Xét khong gian dwgc sip xép thu tu (X,<) va ham f:N—N. Tanoi ring ham
f don diéu khong giam néu x<y suyra f(x)< f(y), trongdd x,yeN;ham f don
diéu khong ting néu x<y suy ra f(x) f(y). Ké qua sau trinh bay mét sé dinh Ii
diém bat dong ma rong [1] va chd y rang ham f khong can lién tuc.
Dinh 1i 2.1. [1] Xét khong gian dugc sap xép thir ty (N,<) va gia sir c6 ton tai mé tric
d trong Nsao cho (N,d)la khong gian metric day di. Xét ham f:X— N don diéu
khong giam va thoa

y (d(f(x), f(y)<w(dxy)-7(d(xy)),véi x>y, trong d6 y V& yIa hai

ham bién doi khoang cach. Gia sir rang trong khong gian & diéu kién sau thoa: néu day
(%), khong giam hoi tu vé x thi x <x véimoi kel hoac f lién tuc. Khi dé, néu

cO ton tai X, €N sao cho x, < f(x,) thi f c6 diém bat dong.
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Djnh 1i 2.2. [1] Xét khong gian duoc sip xép thir tu (X,<) va gia sir ring 6 ton tai
metric d trong Nsao cho (N,d)la khong gian metric ddy du. Xétham f:X—N don
diéu khong giam va thoa bat dang thae trong Binh Ii 2.1. Gia sir rang trong khong gian
N diéu kién sau théa: néu day (x, ), khong tang hoity vé x thi x <X, véi moi k el
hodc f lién tuc. Khi d6, néu co ton tai X, €N sao cho x, > f(x,) thi f c6 diém bat
dong.

Pinh If sau day d¢am bao su ton tai va duy nhét cua diém bat dong va hoi tu toan
cuc ciia phuong phap xap Xi. Tt 1, cho ham f :N — N néu (X,<) Ia tap duoc sap xép

ther tu thi (£%(x))  hoi tu dén diem bt dong cia f voi moi xe .

xell
Pinh Ii 2.3. Dudi nhitng gia sir ciia Binh 1i 2.1 va Binh Ii 2.2, néu mdi cap phan tir cua
N €6 chan trén hoic chin dudi thi f c6 diém bat dong duy nhat. Hon nita, néu x, la
diém bat dong cua f thi lim f(x) = x, v6i moi xeX.
2.2. Kién thire co ban cia gidi tich khodng

Trudc hét, ching toi trinh bay cac khai niém co ban vé tich phan va vi phan ham
khoang.

ChoK.(R)Ia  tap cac khoang compact khac rong. Néu
A= [A,Z], B= [ E,E] e K. (R) thi phép cong Minkowski va nhan vé hudng duge dinh
[/IA, AZ] 10
nghiab(yiA+B=[A,K]+[§,§]=[A+§,Z+E]va lA:l[A,Z]z 0 A=0
[AAAA] 2>0
Néu A=-1thi —A:=(-)A=(-1) [A,Z] =[—K, —A]- Téng quét, A+(-A)#0.
Hiéu Minkowski 13 A—B=A+(-1)B :[A—E,K—g . Vé6i cac phép toén trén, K. (R)
la mot khong gian nia tuyén tinh.

Hiéu Hukuhara téng quéat. Hiéu Hukuhara tong quét caa hai khoang duoc dinh nghia
nhu sau

[AA]r, [E,g]=[min{A—E,K—ﬁ},max{A—g,ﬂ—gﬂ
Ta dinh nghia d6 rong caa khoang A 1a w(A) = A— A. Khi do,

n go] DA=B+C w(m)=w(B)
» _{(ii)B:A+(—1)C W(A) < w(B)

Meétric Hausdorff-Pompeiu H trén K. (R) dugc dinh nghia nhu sau:
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H[A B]= max{|/_x—§|,\_A—§\} 2.1)

Céc tinh chat khéc lién quan toi cac phép toan trén K, (R) xem S. Markov[7], va
khoang cach Hausdorff-Pompeiu H xem L. Stefanini va B. Bede [4]. Ta nhan thay ring
(K. (R),H)1a khong gian mé tric dia phwong day du, tach dugc.

Nhgn xét 2.1. Néu (X™) < Kc(R) va AcK (R) thi X" — X khi m—co néu va
chinéu X™!  A— X! Akhim— .

Cho X € K. (R), ta xét hai quan hé thir tu riéng trén K. (R) :
bjnh nghia 2.1. Cho X,Y eK.(R). Tandi X° Y (X +Y) néu vachi néu X <Y va
X<Y (X=Yva X=Y). Ta néi (X)) cK.(R) la didy khong giam néu
X ° X1, Vke N. Xét ham khoang X,Y :[a,b] > K. (R). Quan h¢ thur tu riéng ° co
thé ma rong cho khdng gian cac ham khoang nhu sau:

X ° Ynéuvachinéu X(t)<Y(t) va X(t)=Y(t), Vte[a,b].

Cho C([a,b], K. (R)) tap cac ham khoang tir [a,b] vao K. (R) lién tuc. Khi do,
C([a,b],K.(R))1a khong gian mé tric day da véi métric twong 1Ung
Ho[X. Y= X1 Y|, trong do[[X ||, = sup,..., H[X (1),0].

Dao ham Hukuhara [4]
Cho X :[a,b] > K. (J ) ham khoang va t, e[a,b]. Ta dinh nghia X'(t,) e K. (1)
X(t, +h)! X (t,)
h
Ta goi X '(t,)1a dao ham Hukuhara tong quat (viét tat gH-derivative) cia X tai t, .

(néu ton tai) Dye X (to) = lim (2.2)
Cho X:[a,b]—> K.(0) la ham khoang thoa X (t) =[X (t), X (t)], X and X kha
tich Riemann trén [a,b]. Khi d6, ta dinh nghia Lb X (t)dt boi

[ Xt = Ub X (0t [ )?(t)dt} 2.3)

va X goi la kha tich Riemann trén [a,b]. Néu X :[a,b] = K. (J)1a ham khoang thoa
X (&) =[X(t), X (®)]va X va X la kha tich Lebesgue trén [a,b] thi X duoc goi la kha
tich Lebesgue trén [a,b] va tich phan Lebesgue LbX(t)dt ciing dugc dinh nghia boi
(2.3).
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3. Kétquachinh

Trong muc nay, ching tdi trinh bay két qua vé su ton tai va duy nhat nghiém cho
dang tong quéat caa phuong trinh khoang c6 tré bang céach st dung cac két qua gan day
caa dinh Ii diém bat dong cho anh xa co yéu trén tap quan hé thir tu. Véi sé duong o,
ta ki hiegu C_, la khong gian C([-0,0],K.()) dugc trang bi mé tric

e

H,[X,Y]= sup H[X(t),Y(t)].Pdtl =[a,a+p],J =[a-c,a]ul =[a-c,a+p]. Khi
te[—o‘,O]

do, véi mdi tel, ta ki higu mdi phan tir cia C_dugc dinh nghia bai X, (s) = X (t+5),
se[-0,0] la X,. Ham khoang X :[a,b] - K. (1) duoc goi la w-ting (w-giam) trén
[a,b] khi ham thuc t> w(X(t)) khong giam (khong ting) trén [a,b]. Néu ham
khoang X thoéa w-tang hoac w-giam trén [a,b] thi tandi X w-don diéu trén [a,b].
Phwong trinh tich phan khodng c6 tré:
Xét phuong trinh tich phan khoang co tré sau:
X({t)=¢p(t-a), tela-o,a],

t (3.1)
X()!, 0(0)=[F(s,X(s),X,)ds, te[aa+p],

voi o >0,a €(0,1). Ta no6i ham khoang lién tuc X :[a—o,a+ p]— K:() la nghiém

cua phuong trinh tich phan c6 tré (3.1) néu né thoéa phuong trinh (3.1). Gia sir

X eC([a,a+ p],K. (1)) la w-don diéu trén [a,a+ p] va thoa (3.1). Ta chli ¥ rang ham

Y(t)=X(t)!, (0) o thé tao hai nghiém cua (3.1): mot nghiém duy nhat w-tang cta

(3.1) va mot nghiém duy nhat w-giam caa (3.1) trén [a,a+p]. Pac biét, (3.1) c6 thé viét
X({t)=¢(t-a)te[a—o,a],

t (3.2)
X (1) =p(0)+ [ F(s,X(s), X,)ds, te[aa+p],
néu X e C([a,b], K. (1)) 1a w-tang trén [a,a+p];
X(@{t)=¢(t-a)tela-o,a],
Va viét lai & dang (3.3)

X(t)=¢(0)! j'F(s,X(s),Xs)ds, te[a,a+p],

néu X e C([a,b], K. (1)) 1a w-giam trén [a,a+p].
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Dinh nghia 3. Mot ham khoang w-don diéu X' e C([a,b], K. (0)) la nghiém dudi cua

(3.1) néu X" !, @(0)° [F(s,X"(s),X)ds, te[aa+p],

(3.4)
XE(t)=£(t—a)° o(t-a),te[a-o,a],
voi &(t—a)eC,.Mot ham khoang w-don diéu XY e C([a,b], K. (1)) la nghiém
trén cua (3.1) néu no thoa céc bat dang thirc ngugc lai cua (3.4).
Tiép theo, véi k >0, taxét B, 1atap cac ham khoang lién tuc
X eC([a—o,a+p]l,K. (1)) thoa X(t)=¢(t—a) trén [a—o,a]

va sup {H[X(t),0]exp(-kt)} <. Trén B, ta dinh nghia mé tric sau

te[a—o,a+p]

H JIX,Y]= sup {H[X(t)Y()]exp(-kt)}, X,Y eC([a-o,a+p], K. (L)),
]

te[a-o,a+p
(3.5)
Trong d6 k > 0du lon thoa (1/k*) <1. Mg tric (3.5) twong duong véi mé tric H vi
H, (X,Y)<H(X,Y) <exp(k(a+ p))H, (X,Y)voimoi X,Y eC([a—o,a+ p], K. ().
Hon nira, (C([a-o,a+ pl,K.(J)),H,)la khdng gian mé tric day di.
Dinh 1i 3.1. ChoF e C([a,b]x K. (0 )xC_,K.(I))va gia su F(t, A B) khdng giam theo
AB véi mdite[a,b],nghia 13, néuA+ C and B+ D thiF(t,A B)+ F(t,C,D).Hon
nira, gia sir cac dieu kién sau duoc thoa:
(A1) ton tai mot nghiém dudi w-don diéu X' eC([a,b],K.(0)) cho bai toan
(3.2).
(A2) F(t, A B)la co yéu véi nhitng phan tir so sénh, tirc 14, voi cac ham khoang
cach T, vaT,, bat dang thirc sau dung
- T(HIFAB).F.C.D<[T(H[ACD+T,(H,[B, DDI-[T,(HIA C]) + T,(H,[B, DD,
néu A+ C vaB+ D vate[a,a+ p].Khi d6, ton tai mot nghiém duy nhat w- don diéu X
cho bai toan (3.1) trén khoang [a—o, T],voiT <a+ p.
Ching minh. bat X(t):=X(t)!,¢(0)te[a~oc,a+p].Ta dinh nghia toan tur
0 :C([a—o,a+pl,K. (1)) > C([a—0o,a+ p], K. (J))xéac dinh boi
pt-a)! ,00)tela-o,a],

O X)) = jF(S,X(S)’Xs)dS' tela,a+ pl.
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Ta kiém tra didu kién trong DBinh 1i 2.1. That vay, ldy X=+Y trén
[a—o,a+p] (X, xY,,Vse[aa+p]) vate[a—-o,a],khido

U X)) =p(t-2a)! ; 9(0)=( Y)(), voite[a,a+ p],

@ X)(t) =jF(s, X(s), X,)ds £ jF(s,Y(s),Ys)ds = Y)(t).

0 X +0Ymdikhi X+Y trén[a—oc,a+ p], va do d6 toan tir I khéng giam. Bay
gio, diéu kién (A2) cho thdy

HIF (X (), X,), F(Y (©),Y)I< HIX(@),Y O]+ H,[X,, Y], (3.6)
véimoi X =Y vavei te[a,a+ p]. That vay, tir (A2) ta duoc

T(HIF@E X (0, X)), FLY©).Y)]) ST (HIXO).Y OD + T,(H X, YD, G7)

v6i moi X + Y. Néu bét dang thic (3.6) khong ding, thi véi moi X + Y ta co
HIX (), YOI+ H,[X,, Y] <H[F(t X (1), X,), F &Y (1), Y]

Khi do, vi T, khdéng giam, nén véi moi X £ Y taco

T(HIX®), YD+ T.(H,[X,, Y, ]) s T, (HIF (X (1), X,), F (LY (1), Y)D)-

Do do, tur (3.7),
T,(HIX@),YOD +T,(H[X,,Y.]) = T,(H[F(t, X (), X,), F&Y(®),Y,)]), voi moiX +Y.
Tur (A2), 0<-T,(H[X(t),Y O] +T,(H_[X,,Y.]), suy ra

T,(HIX®),Y(®D) +T,(H,[X,.Y]) =0.

KhiT,1a mot ham khoang cach thay doi, ta c6 H[X(t),Y(t)]=H[X,,Y,]=0véi
moi X £ Y . Piéu ndy mau thudn, trc 18, H[F(t, X (t), X,),F(t,Y(t),Y)]=0.Vay bat
dang  thuc  (2.6) dang. Tiép theo, VGiX*Y, néutela-o,a],
HI(O X)), Y)®)]=H[pt-a)! , (0),p(t—a)! , (0)] =0, vanéute[a,a+ p],

HIO X)), (0 Y)(©)] = H[jF(s, X(s), xs)ds,j F(s,Y(s),Y,)ds]

sj‘(H[X(s),Y(s)]+ sup  H[X(0),Y(6)])ds.
2 Oe[s—o 5]
Tur (3.5) suy ra H[X(s),Y(s)]< H, (X,Y)e* véi mois>a—o.

Vay sup H[X(6),Y(@)]<H,(X,Y)e* véi mois>a. Hon nita, V&i moit>a,ta

Oe[s—o,5]

duoc:
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HIO X)(t), (0 Y)(©)] < j(Hk[x YIe© + H, [X,Y]e*)ds

t
VAH,[1X,0 YIS H,IX,Y] sup [eVds < Loexp(k@+ Py x vy,

te[a,a+p] 2 k

Viy
T(H D X0 YD < T, (A P by g v)

=T DO - [T, X ) -7, (2R D b vy,

Khi &y, néu T, (t) = T,(t) —Tl(l‘ex'“’(‘kk(a+ PDty thi

T(H O X0 Y]) < T (H (X YD) =T (H [X,Y]),

v6i moi X + Y. Cubi cung, sir dung su ton tai cua nghiém dudi, ta kiém tra X thoa
Xte OX" Thuc vay, viX“(t)=£&(t-a)° et—a), vdite[a—oc,a], va Voi

tefaa+pl, X (t)!, (0)° jF(s,xL(s),x;)ds. Sau dé

XL () =X ()!, 0(0)° pt-a)! , p0)=0 X"(t),te[a—0,a],
XH()e° jF(s,XL(s),XSL)ds=DXL(t), te[a,a+ p].

Khi toan tr [ thoa tat ca cac gia thiét cua Dinh Ii 2.1, 0 cd mot diém bat dong
trongC([a-o,a+ p],K.(0)).Hon nita, vi mdi ciap ham khoing trong
C([a—o,a+ p],K:()) c6 mot chan trén, ap dung Dinh i 2.3 ta suy ra toan ti [J co
duy nhat mot diém bat dong X va X 1a nghiém duy nhét cua (3.1).

Nhan xét 3.1. Két luan caa Dinh Ii 3.1 vin dung néu sy ton tai caa mot nghiém dudi
W— don diéu cua bai toan (3.1) dugc thay thé boi sy ton tai caa mot nghiém trén w—
don diéu cua bai toan (3.1).

Phwong trinh vi phan khodng co tré:
Xét phwong trinh vi phan khoang ¢ trévai diéu kién dau:
DX (t)=F(t,X(t), X,),
X (t)zgo(t—a), t e[a—a,a]
trong d6 F:[a,b]xK (0 )xC, - K. (1), ¢eC,. Ki hieu C*([a,b],K. (I ))la khong
gian cac ham gia tri khoang kha vi lién tuc voi dao ham Hukuhara tong quét.

157



TAP CHi KHOA HOC BHSP TPHCM S6 9(87) nim 2016

B4 dé 3.1. Gia st rang F e C([a,b]x K. (1)xC,.,Kc (I1)). Mot ham gia tri khoang w-
don diéu X eC([a,b], K (U )) la mot nghiém cua bai toén gié tri dau (3.8) khi va chi
khi X thoa man phuong trinh tich phan khoang tré (3.1).
bjnh nghia 3.2. Cho X :[a-o,a+p]— K. (C) 1a mot ham kha vi Hukuhara tong quat
gia tri khoang w-tang (w-giam) trén [a,a+ p]. Néu X va dao ham cta nd théa man
bai toan (3.8), tandi rang X la mot (i)- nghiém ((ii)-nghiém) cua bai toan (3.8).
binh nghia 3.3. Mot ham X" eC([a-o,a+p],K.(0))nC*" ([a,a+p],K. (D)) la
mot (i)-nghiém duoi cua (3.8) néu

Dy X" (1)° F(t,X"(t),X!),te[a,a+p]
{XL(t)=§(t—a)° go(t—a), te[a—a,a]

Trongdo X"“w-tang trén [a,a+ p] va £(t—-a)eC,_ .

(3.9)

Mot ham XY eC([a-o,a+p].K.(0))nC*([a,a+p].K (D)) 1a mot (i)-
nghiém cua (3.8) néu nd thoa man céc bt dang thie ngugccaa (3.9).

Tuong ty, ta ¢6 thé dinh nghia (ii)-nghiém duéi va (ii)-nghiém trén cuaa (3.8).
binh nghia 3.4. Mot ham Y© e C([a-o,a+ p],K. (0 ))nC*([a,a+ p].K. (D)) lamot
(ii)-nghiém trén cua (3.8) néu

Dy XY (1) £ F(£YY (1),YY), te[a,b]

{YU (t) =y/(t—a)i (o(t—a), te [a—a,a],

Trongdo Y law-tang va y (t—a)eC, .

(3.10)

Mot ham Y'eC([a-o,a+p], K (0))nC ([a,a+p].Ke (D)) 1a mot (ii)-
nghiém dudi cua (3.8) néu nd thoa man céac bat dang thurc nguoc caa (3.10).
Pinh 1i 3.2. Gid st ring F e C([a,b]x K, (I )xC,, K (1)) thoa mén diéu kién (A2) va
F(t,A B) khong gidam theo A,B voéi mdi te[a,b], nghia 14, néu A+ C va B+ D thi
F(t,AB)% F(t,C,D). Hon nira, gia st mot trong cac diéu kién sau duoc thoa man :

(A3) ton tai mot (i)-nghiém dudi

X" eC([a-c,a+p].K(J))nC*([a,a+ p].Ke (D)) (ot (i)-nghiém trén

XY eC([a-c,a+p].K.(0))nC*([a,a+ p].K. (0 ))) cua bai toan (3.8) ;

(A4) ton tai mot (ii)-nghiém dudi
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Y'eC([a-o,a+p],K.(0))nC*([a,a+ p],Kc (D)) (Mot (ii)-nghiém trén

yY eC([a—o-,a+ p].Ke (O ))mCl([a,aJr p]. Ke (O )) cua bai toan (3.8)

véjw(F(s,X (s),Xs))dssw(go(O)), vte[a,a+p].

Khi d6, ton tai duy nhat mét (i)-nghiém X caa bai toan (3.8) véi diéu kién (A3)
va mot (ii)-nghiém Y cua bai toan (3.8) vai diéu kién (A4) trong céc khoang [a—0,T]
nao do, voi T<a+p.

Ching minh. Vi cach chitng minh hai truong hop la twong tu nén ta chi xét
truong hop cua dieu kién (A4). Tuong ty nhu chung minh cua Binh |i 3.1, ta dinh
nghia toan tr P:C([a-o,a+ p],K (1)) > C([a-o,a+p],K. (0 )) boi

qo(t—a),te[a—a,a],

(PY)(t)= 0(0)! jp(s,y(s),Ys)ds,te[a,aﬁL pJ.

Theo (A4), hiu Hukuhara trén ton tai voi t €[a,a+ p]. Bay gio, véi Y <Z,
t

(PY)(t)=¢(0)! (-1)@ F(s.Y(s).Y,)ds<(0)! (-1)[F(s,2(s).2)ds

a

=(PZ)(t).te[a,a+p],
no gitr todn tr P khdng giam. Vi F thoa mén (A2), ta cd
HIF(LY (1).Y,).F(LZ(t).2)]<H[Y(1).Z(t)]+H,[Y.Z].
Do d6,néu Y <Z thi H,[PY,PZ]<(1/k*)H,[Y,Z] vavivay
T,(H, [PY.PZ])<T,(H,[PY.PZ])-T,(H,[PY.PZ]),
trong d6 T,(H,[PY,PZ])=T,(H,[PY,PZ])-T,((2/k")H,[PY,PZ]). Cudi cing, si

dung su ton tai caa (ii)-nghiém dudi va B6 dé 3.1,ta c6

F(s,YL(s),YSL)ds

YL (t) =y (0)! (—1)JzDgHYL(s)ds§q>(O)!

© —

=(PYL)(t),te[a,a+ p].
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Vivay, Y- <PY'. Vitoan tir P thoa man tit ca céc gia thiét caa Pinh i 2.1, P

c6 mot diém bat dong trong C([a—o,a+ p], K (0)). Hon nira, vi mdi cap ham gia tri

khoang trong C([a-o,a+ p], K, (T )) c6 mot chan trén, ap dung Pinh li 2.3 ta suy ra

toan tir P c6 duy nhat mot diém bat dong Y va Y 1a nghiém duy nhat cua (3.8).
Chang minh hoan tét.
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