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TOM TAT

Li thuyét bdc tépé cho cdc anh xa da tri trong cdc khong gian Banach ¢6 thir tw dirge xdy dung
béi nhiéu nha todn hoc trong thdp nién 1970, Va da cung cap diege mét cong cu méi, hiéu qua trong
nghién ciru cdc bao ham thirc vi phdn va dao ham riéng. Trong bai b&o ndy, dira trén cdc két qua
16ng qudt vé bdc topé ciia dnh xa da tri trong khéng gian Banach cé thir tw, ching ti chirng minh
mot s6 két quda mdi vé bic topé nay dé dé ap dung vao cdc bai todn cu thé. Cy thé, chiing téi chirng
minh rang dao ham theo nén ciia dnh xa da tri nika lién tuc trén, compact va cé gid tri l6i, dong ciing
la anh xa compact va bdc topo cua anh xa ban dau cé thé tinh dwa vao bdc topo cua anh xa dao ham.

Tir khéa: anh xa da tri nura lién tuc trén compact; non; bac tép6; quan hé thir tu

1. Giéi thigu

Dinh Ii Banach vé diém bat dong cua anh xa co cho phép chang minh sy ton tai, duy
nhat nghiém va xay dung day lap hoi tu vé& nghiém cta cac phwong trinh vi phan thuong.
Dinh 1i diém bat dong cua Schauder cho phép chirng minh su ton tai nghiém cua cac phuong
trinh dao ham riéng. Piém han ché caa Pinh Ii Schauder I1a khong cho phép khang dinh
nghiém tim duoc 12 khéng tim thuong (thong thudng, cac phuong trinh xuat phét tir thuc té
lubn c6 nghiém tam thuong 1a hang s6 khong). Han ché nay dwoc khic phuc nho 1i thuyét
bac t6pd cho &nh xa don tri, dwoc Leray — Schauder xay dung va phat trién trong céc cong
trinh ciia M. Krasnosel’skii va cong su, caa F. Browder, V. Petryshyn... Li thuyét nay cho
phép chung minh su ton tai nghiém khong tim thuong, c6 cac tinh chat dic biét (duwong,
1i...), danh gia sé nghiém va nghién ctu cau tric cua tap nghiém (xem Deimling, 1985;
Guo & Lakshmikantham, 1988; O'Regan, Cho, & Chen, 2006).

Céc anh xa da tri duoc quan tdm nghién ciru nhiéu tir nhimg nam 1950 do sy phét trién
ndi tai cia toan hoc cling nhu dé giai quyét mot s6 bai toan xuat phat tir khoa hoc ty nhién,
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ki thuét, kinh té... Cac dinh li diém b4t dong cho anh xa da tri cia S. Nadler, K. Fan la sy mé
rong cua cac dinh Ii ciia Banach va Schauder. Li thuyét bac topd cho anh xa da tri dugc xay
dung trong thap nién 1970 trong cac cong trinh cia T. Ma, cua Borisovich va cac cong su,
cua Petryshyn... va da tim dugc cac tng dung cho cac bao ham thc vi phén (Borisovich et
al., 2011; Deimling, 1985; Fitzpatrick, & Petryshyn, 1975) va cac tai liéu tham khao trong
d6). Gan déy, cac ang dung méi cia bac topd cia anh xa da tri dwgc dua ra trong (Nguyen,
Tran, & Vo, 2018), (Vo, 2016).

Diém méi ciia bai béo 1 dya trén cac két qua vé bac topd ciia anh xa da tri trong khong
gian Banach c¢6 thur ty, chung t6i da thiét 1ap thém mot s6 két qua vé bac topo nay nham muc
dich ap dung dé giai cAc bai toan cu thé. Pong thoi, két qua vé tinh compact cta dao ham
theo ndn cua anh xa da tri ntra lién tyc trén, compact va cé gia tri 161, dong cling da dugc
chimg minh. Cudi cting, chiing t6i sir dung bac topd cua anh xa dao ham tinh bac topd cho
anh xa da tri ban dau.

2. Céc khai niém dwgc sir dung va két qua chinh

Gia sir X 1a khong gian Banach trén truong sb thuc va K < X . K duoc goi 1a nén trong

X néu:
(i) Klatap dong trong X,
(i) K+KcK, AK <K, V120,
(iii) KN (-K)={6}.

Néu K 1a non thi thir ty trong X sinh boi K dugce xac dinh boi x <y < y—xe K. Khi

do6 ta néi cap (X, K) la khdng gian Banach cé thr tu.
2.1. Anh xa da tri
Dinh nghia 2.1. (Deimling, 1985; De Blasi, 1976)
ChoX,Y 1a cic khong gian Banach trén truong sé thuc va &nh xa da tri
F:DcX—>2 \{@}.
(i) F duoc goi la nua lién tuc trén trong D néu véi moi tap hop V mé trong Y thi tap hop
F*(V)={xeD:F(x)=V} mé trong D.

(ii) F duoc goi Ia anh xa compact néu F(S) = J F(x) la tap compact twrong ddi trong Y,

xeS
Vvé6i S 1a tap bi chan bat ki trong D.
(iii) F duoc goi la thuan nhat duong néu F(tx) =tF(x), Vt >0, VxeD.
(iv) Véi K Y, taki hiéu cc(K) la tap cac tap con 16i, dong, khac rdng trong K.
(v) Giasit A, B < X lacéc tap hop khac rong, ta dinh nghia khoang cach Hausdorff giira
A, B, ki hiéu d,, (A B), bai
d, (A B) =max {supd(x, B),supd(y, A)},

xeA yeB
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trong d6 d(x,U) = IUQI ||x—u||.
Ménh dé 2.2. (Deimling, 1985)
Cho X,Y la cac khong gian Banach trén truong s thuc va anh xa da tri
F:Dc X —-2"\{J}.
(i) Flanua lién tuc trén trong D khi va chi khi véi moi X, € D va vai moi tap mé V chaa
F(X,) thi ton tai s6 r >0 sao cho F(B(x,,r)nD)cV.

(i) Gia st F 1a nira lién tyc trén trong D, day {x,} <D va lim x, =x,, day {y,} <Y

thoaman y € F(x,),¥neN", lim y, =y, va F(x,) latap dong. Khi do, y, € F(X,).
Dinh nghia 2.3. (De Blasi, 1976)
Gia st (X,K) l1a khong gian Banach c6 th tu, Y la khong gian Banach. Ta ki hiéu
K. =KnB(4,r), r>0.
1) Tap D < X goi lamot K —1an can ciax néu 3r >0:x+K, < D,
2) Cho D la mt K — 1an can ctia X,. Anh xa da tri A:D — 2" \{&} c6 gia tri déng, bi
chan goi 1a kha vi Fréchet theo non K tai X, néu ton tai anh xa da tri F: X — 2" \{J} nua

lién tuc trén co gié tri 161, dong, bi chan va thuan nhat duong sao cho
dy, (A(X, +h), A(x,) +F(h))
|0 |

heK

Anh xa F goi 1a dao ham cua A tai X,, ki hi¢u A, .
3) Anhxadatri A:K\K, - 2" \{@} (r>0 du I6n) co gid tri dong, bi chan goi 1a kha vi
Fréchet theo n6n K tai o néu ton tai anh xa da tri F: X — 2" \{@} nira lién tuc trén c6 gia

trj 16i, dong, bi chan va thuan nhat duong sao cho

dy (A().F(0)
-

€

=0.

Anh xa F goi 1a dao ham ctia A tai oo, ki hiéu A .
2.2. Bdc topd cua anh xa da tri tac dong trong khéng gian Banach co6 thi tw
Dinh nghia 2.4. (Borisovich et al., 2011; Fitzpatrick & Petryshyn, 1975)

Cho Q la tap ma, bi chan trong khong gian Banach X vai thtr tu sinh béi non K va
A:KNnoQ —>cc(K) la anh xa da tri ntra lién tuc trén, compact sao cho
x ¢ A(X), Vxe K noQ (ta ndi A khdng suy bién trén K naQ). Khi d6 ton tai anh xa don
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tri, compact f:K noQ — K ddng luan véi A trén K Q. nghia 1a ton tai anh xa da tri
G: (K noQ)x[0,1] - cc(K) la nua lién tyc trén, compact sao cho

xg G(x,t),V(xt)e (K m@Q)x[O,l] :G(,D)=A,G(,0)="T.
Ta dinh nghia bac top6 i, (A, Q) theo non K cua anh xa A trén tap Q, boi

i (AQ)=i(f,Q),
trong do i (f,Q) la bac topd theo non K cuia anh xa don tri f trén tap Q.
Ménh dé 2.5. (Borisovich et al., 2011)

Gia sir (X,K) 1a khong gian Banach c6 thir tw Q@ < X 1a tap mé, bi chan. Trong cac
tinh chat 1 — 3, ta gia str 4nh xa A xac dinh trén K néQ, con trong cac tinh chat 4 — 5, ta gia
sir anh xa A xac dinh trén K nQ, nhan gid tri trong cc(K) va la nua lién tuc trén, compact.

1. Tinh chit chuan hoa
Néu A(X)=C, Vxe K naQ trong d6 C c K la tap 16i, compact thi

1 khi CcKnQ,
0 khi CcK\Q.
2. Tinh chét bat bién qua ddng luan

Néu H :(K maQ)x[O,l] — ¢c(K) laanh xa da tri ntra lién tuc trén, compact va khéng
suy bién thi
i (H(.,1),Q)=i, (H(.0),9Q).
3. Tinh chét Poincaré
Giasir A :KnoQ —cc(K) l1aanh xa nira lién tuc trén, compact, khong suy bién trén
K mnoQ va thoa mén
X=y ,  X=2
<=yl x|
vai moi y € A(X), ze A(X), xe KnoQ . Khi do, i, (A,Q) =i, (A,Q).
4. Tinh chét cong tinh
Gia st Q,,Q, la cac tap ma khong giao nhau. Néu

x e A(X) , Vx e K m(ﬁ\(QluQZ)) thi
iK (AQ)= iK (A Ql)+ iK (Avgz) :
5. Néu i, (A, Q) = 0thi A c6 diém bét dong trong Q.
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2.3. Céc két qud chinh
Dinh 1i 2.6. Cho (X,K) la khong gian Banach c6 thir tu, Q< X 1a tap mé, bi chan,
A:K noQ — cc(K) 1a anh xa nira lién tuc trén, compact. Gia sir ton tai tap 16i, compact
C c K sao cho
t(x—u)g A(X)—x, Vt>0,VueC ,6 ¥xe KnoQ.
Khi do,
1 khi CcKnQ,
i (AQ)= ) _
{o khi CcK\Q.
Dic biét, néu ton tai phan tir u € K sao cho
t(x—u)g A(x)—x, Vt>0, Yxe KnoQ
thi
_ 1 khi ueQ,
i (AQ)= ) _
{o khi ugQ.
Chizng minh.
Xét anh xa da tri hang A(X)=C, ¥xe K noQ. Diéu kién néu trong Dinh 1i 2.6 c6
thé viét lai dudi dang:
X=y ,_x-2_
=yl x|
Ap dung Ménh dé 2.5, ta c6
{1 khi CcKnQ,

0 khi Cc K\Q.

vy e A(x), Vze A(X), VXe KNnoQ.

i (AQ) =

Dinh nghia 2.7.
Gia sir (X, K) la khong gian Banach c6 thi tw, o:K — R 1a ham s6 16i, lién tuc,
B:K = Rlaham sb 18m, lién tuc. Vi A, ue R cho trude, ta dat
K(a,2)={xeK:a(x)<a},
K(B, 1) ={xeK:B(X) > u},
K(a, B, 4, 1) = K(a, ) "K(B, u).
binh i 2.8.
Cho (X,K) la khong gian Banach c6 thtr tu, a:K — R 1a ham s 16i, lién tuc,
S:K — R Iaham sé 16m, lién tuc sao cho tap hop {x € K :a(x) < A} khac rdng va bi chan,

tap hop {xe K(a, B, 4, 1t): a(x) < A} khéc rdng.
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Gia sit A:KnQ > cc(K) (v6i Q={xeX:a(x)<A}) a anh xa nta lién tuc trén,
compact, thoa cac diéu kién sau:
(1) Voi xe K(a, B, 4, 1) thi Vy e A(X):a(y)< A,
(ii) V6i xe K(a, A) thi Yy e A(X): (ﬂ(y) <u=a(y)< /”t).
Khi do, i, (A Q) =1.
Chizng minh.
Tir gia thiét ta suy ra ©Q 1a tap mo trong X va K nQ 14 tap ma, bi chan trong K.
Ly u e{Xe K(a,ﬂ,/i,,u):a(x)<i} thhueKNQ.
Ta s€ chang minh t(x—u) ¢ A(x) —x, Vt>0,Vx e K noQ. Gia st nguoc lai, tac la
X%, € KMo, 3t, 20:t (%, —u) € A(Xy) — X, -
Chon y, € A(X,) sao cho t,(x,—u) =Y, —X,, tacé

1 t
= Yo+
1+t 1+t

uva a(X,) =4 hay x, e K(e, 1) .

Xo

* Néu f(Y,) = u, ap dung tinh chét 16m ciia ham s6 S(x), ta co
1 t,

+
1+t A%) 1+t,

Vay X, € K(B, 1) vado d6 X, € K(a, B, 4, 1). Ap dung gia thiét (i), ta c6

(%) > pU)= 4.

a(Yy)<A.
Ap dung tinh chat 16i caa ham s6 «(x), ta dugc

1 t,

a(yy)+

A=a(X,) <
(%) 1+t 1+t

au)< A,

1a diéu vo Ii.
* Néu f(y,) < ¢ thi theo (ii) taco a(y,) <4, do do

A=a(x) <

a(yo)+lt°t a(u)< .

t0 0
Ta gap mau thuan. Vay ta da ching minh duogc
t(x—u) g A(X)—x,Vt>0,vxe KNnoQ.

Ap dung Pinh 1i 2.6 tasuy ra i, (A, Q) =1.
Dinh 1i2.9. Cho (X, K) lakhong gian Banach c6 thir tu, o1 K — R 1a ham s6 16i, lién tuc,
S K — R 1aham sb 16m, lién tuc sao cho tap hop {x € K : B(x) < u} khac réng va bi chan,

tap hop {xe K(a, 8,4, 1) : f(X) > u} khéc réng.
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Gia sit A:KNQ —cc(K) (v6i Q={xeX:B(x)<u}) 1aanh xa nia lién tuc trén,
compact, thoa cac diéu kién sau:
(1) Voi xe K(a, B, 4, 1) thi Vye A(X): B(y) > 1,
(i) V6i xe K(B, 1) thi Yy e A(X):(a(y) > A= BY)> u).
Khi dé, i, (A, Q) =0.
Chizng minh.
Tir gia thiét ta suy ra ©Q 1a tap mo trong X va K nQ 14 tap ma, bi chan trong K.
L4y u e{Xe K(a,ﬂ,l,,u):ﬂ(x)>,u} thi ue K\Q.
Ta s€ chang minh t(x—u) ¢ A(X)—x, Vt>0,Vxe KnoQ. Gia su nguoc lai, tuc la
X%, € KMo, 3t, 20:t (%, —u) € A(Xy) — X, -
Chon y, € A(X,) :t, (%, —u) =y, —X%,, taco

1 t
= Yo+
1+t 1+t

uva B(%)=pu hay X, e K(B,u).

XO
* Néu a(y,) <4, ap dung tinh chat 15i ciia ham sé a(x), taco

t0
a(y,)+
1+t (o) 1+t,

Vay X, € K(a,4) va do @6 X, € K(a, 8,4, ) . Do gia thiét (i), ta dugc
B(Yo) > 1.

Ap dung tinh chat 16m cua ham sé B(x), ta dugc

1 t,
= BO%) = o AU+ AW > 4

a(u)<A.

a(%p) <

1a diéu vo Ii.
* Néu a(y,) > A thitheo (i) taco B(Y,) > u, do d6 ta c6 diéu vo |i sau
1 t,
+
1+t A(¥%o) 1+t
Vay ta da chung minh duoc
t(x—u)g A(x)—x, Vt>0,vVxe KnaoQ.

Ap dung Pinh 1i 2.6 ta suy ra i, (A, Q) =0.

H=pB(%)= pU)>pu.

binh i 2.10. Gia s(X, K)Ia khdong gian Banach c6 tha tu, Q la tap mo, bi chan.
A:K noQ — cc(K) laénh xa nitra lién tuc trén, compact. Khi do,
(i) Néu 6 eQ va
Axg A(X) , Vxe KnoQ , VA >1,
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thi i, (A, Q) =1.
(i) Néu ton tai phan tir X, € K\{6} sao cho
X& A(X)+ A%, , VXe KnoQ, VA>0,
thi i, (A,Q)=0.
Chizng minh.
Vi t(x—0) g A(X)—x , Vt =0, Vx e K noQ nén diéu phai ching minh suy ra tir Dinh
i 2.6.
(if) Khi 4 >0 du lon thi AX, ¢ Q vatass chitng minh ton tai 4, >0 sao cho
t(X—1A%,) 2 A(X)—x, Vt>20, VXxe KnoQ , VA2 4,.
Khi d6 theo Pinh li 2.6 ta co i, (A, Q) =0.
Néu khing dinh néu trén khong dung thi ta tim duoc céc day t, 20,4, > 0,X, e KNoQ,
y, € A(X,) sao cho
t

1
t (X —AX)=Yy —X hay x = +—"— A X,
n( n n 0) yn n y n 1+t yn 1+t n 0

n n

Vi céc day {X,}, {y,} bichan, ta suy ra ddy {%} bi chin vadodo t —0.
+ n

Chuyén sang day con néu can, ta c6 thé coi

t
VYo, —— A, >4 20, X, > X,.
Yo = Yo 1ot A 0

n

Khi do, ta co y, € A(x,) va
Xo = Yo + A%, hay X, € A(X,) + Ap%, -
Ta gap mau thuan.
Dinh i 2.11. Gia sir (X,K)la khong gian Banach c6 thir tw, Q Ia tap mo, bi chan.
A: K noQ — cc(K) la anh xa nira lién tuc trén, compact sao cho:
(i) XEiP:an (0,A(x))>0,
(i) Axg A(X) ,Vxe KnoQ, VA e (0,]].
Khi do, i, (A,Q)=0.
Chizng minh.
Xét anh xa H : (K noQ)x[0,1] - cc(K) xéc dinh boi
H(x,s)=(1—-s+st)A(X) (t>1),
thi H(x,s)la anh xa nua lién tuc trén, compact va nhan gia tri 161, dong. Vi t>1 nén

1-s+st>1,Vse[0,1] do d6 theo (ii) ta suy ra X & H(x,s) ,V(x,s) e (KnoQ)x[0,1].
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Ap dung tinh chat bat bién dong luan cho H(x,s) ta dugc i, (A, Q) =i, (1A, Q).
Tiép theo ta s& chiing minh i, (tA, Q) =0 véi t >1 du I6n. C6 dinh x, € K\{6}, ta ching
minh ton tai t, >1 sao cho

Vt>t,, VXe KNoQ,VA2>0:4x, & X—tA(X) . 1)
Gia sir nguoc lai, khi d6 ton tai céc day {tn} c R, {Xn} cKnoQ ,{ln} c R thoa méan
nliﬂl)t" =+, 4,20 ,X, e KNoQ , A%, € X, —t,A(X,) ,Vne N*.
Suy ra ton tai y, € A(x,) sao cho

AXy =X, —ty, , Vhe N*, (2)
Vi {y,} € A(KNaQ) la tap compact twong ddi nén ton tai day con {ynk } c{y,} vayeK
sao cho lim y, =y. Do gia thiét (i) taco y=80.

Mat khac, trr (2) suy ra y, < ti.xnk ,Vk e N*. Do do,

s

klirpw Yo =Y < klirpw [%.xnk] 0,

1a diéu vo Ii. k

Vay (1) dang hay i, (tA,QQ) =0, Vt>t,. Do do i, (A,Q)=0.

Dinh 1i 2.12. Gia st (X, K)Ia khéng gian Banach co thir tw, Q la tap ma, bi chan.

A:K noQ — cc(K) 1a &nh xa nira lién tuc trén, compact va ton tai anh xa B: K ndQ — K
hoan toan lién tuc va théa man:

(i) inf [B(X)|>0,

xeKNoQ

(i) x g A(X)+tB(x) , Yxe KnoQ, vVt >0.
Khi do, i, (A,Q)=0.
Chizng minh.
Xétanh xa H :(KnoQ)x[0,1] - 2“ \{@} xac dinh boi
H(X,s) = A(x)+(1—s)tB(x) (t=0).
Ta co H(x,s)la anh xa nira lién tuc trén, compact va nhan gia tri 16i, dong va do (ii) ta
suy ra
xe H(x5),V(x,s)e(KnaQ)x[0,1].
Ap dung tinh chat bat bién dong luan cho H(x,s) ta duoc
i (AQ) =i (A+tB,Q),vt>0.
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Ta chng minh i, (A+tB,Q) = 0khi t du I6n. Ldy X, € K\{6}, ta s& ching minh
X & A(X) +tB(X)+ AX,, YXe KNoQ,VA>0 va Vt>0 dulon.
Néu diéu nay khong ding thi ta tim dugc cac ddy x, e KNaQ, y, € A(x), t —> oo,
A, >0 sao cho
X, =Y, +1,B(x,)+4.%,,
hay

BYo_gn) + 2o, ©

n n

z - Y z A - A A A ~ ﬂ,
Taco X"V — 6 va co thé coi (néu can ta chuyén sang day con) B(x,) — y,t—n —> 1 2>0.

n n

Do diéu kién (i) thi y e K \{6’} , qua gidi han trong (3) ta dugc 6 = y + Ax, 1a diéu vé Ii.
binh li 2.13.

i) Gia st D la mot K — 1&n can cua x,, anh xadatri A:D — 2" \{@} c6 gia tri dong, bi
chan kha vi Fréchet theo non K tai x,. Khi do, néu A 13 &nh xa compact thi AI(O la anh xa
compact trén K.

i) Gia sir anh xa da tri A:K\K, > 2" \{&} (r>0 dualon) 6 gia tri dong, bi chan kha
vi Fréchet theo non K tai oo. Khi d6, néu A la &nh xa compact thi A_ 1a &nh xa compact trén
K & dang sau: Néu Q K la tap bi chan va inf |X[|>0 thi A (Q) latap compact twong déi.
Chizng minh.

Dt B=A _hoicB=A,. Gid st Qc K latap bi chin va vxeQi|x|<M (o <|x|<M,
VxeQ néu B=A)), taching minh B(Q) la tdp compact twong ddi trong Y.
Gia sir nguoc lai, tac 12 3{y,} = B(Q) va & >0 sao cho ||y, - y,[>Meg, (m=n).

Viy, eB(@)=[JB(h),vneN nén 3h eQva|h|<M:y eB(h), vneN".

heQ
i) Truong hop B=A, .

Vi B 1a dao ham theo non cua A tai x, nén
35>0,vhe X [||h|| <& =d,, (A% +h), A(x) + B(h)) < 8—3§>||h||j .
Suyra

d, (A(xo +ihnj,A(xo)+ B(ihnjj<i.
M M 3

Do dinh nghia cua d,, , ta co

Oh
M
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) 0¢€ o
d(u,A(XO+thD<?° ,Yue A(xO)+VB(hn),

hay
b o O€,
d(yﬁﬁymA(XﬁﬁhnD 30 , Yo € A(X,) -
Tu day suy ra
o o o€
Jz. e Al X, +—h_|:llz.—| y, +— <=2,
n € ( 0 M nj n (yo M y) 3
Do do,
||Zm_zn||_ Z, Y, __ym+_ym ( _yO yn} iyn
M M
o b
>, z,— — Z -y, ——
M ||ym yn” ym yO M yn
>0 o %% _ %%

Ta gap mau thuan véi tinh compact cia anh xa A.
ii) Truong hop B=A .
Vi B la dao ham theo nén cua A tai « nén

3r>0,vxe X (”x” > ro = d,, (A(X),B(X)) <;_,3|||x||j.
Tir day suy ra

d,, (A(rh,),rB(h,)) =d,, (A(rh,), B(rh,)) <;—I\(;I||rhn||s%
Do do

d(y, A(rh,)) <= 3 Yy erB(h).

Do d(ryn,A(rhn))<r% nén ton tai z,  A(rh,): |z, —ryn||<%_
Khi do,

20~ 22l =70 =¥ + 1Y = (20 = 1v2) -1,

> Yo = Yol =20 = t¥al= 20 = i

re, re, re,
>rgy——2——0-_%0
3 3 3

Ta gap mau thuan véi tinh compact cia anh xa A.
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Pinh 1i 2.14.

1) Gia st A: K, — cc(K) la anh xa da tri ntra lién tuc trén, compact, A(9) :{9} va co
dao ham theo non K tai @ 1a A, dong thoi A, khong ¢ trong K vecto riéng véi gia tri riéng
bang 1. Khi do,

i (A B(6,p)) =ik (A,,B(6,p)) V6i p>0 dinho.

2) Giasu A:K\K, - cc(K) la anh xa da tri nira lién tuc trén, compact va c6 dao ham
theo non K tai oo 1a A, ddng thoi A, khong cd trong K vecto riéng véi gia tri riéng bang 1.
Khi do,

i (A B(6,p)) =i (A,.B(0,p)) Véi p>0 dulon.
Chizng minh.

1) Do Binh Ii 2.13 thi A, 1a &nh xa nua lién tuc trén, compact va cd gia tri 161, dong.

Xeétanh xa datri H : K, x[0,1] - cc(K) xac dinh béi
H (x,t) = tAX) + (L—t) A (X) .

Ta cO H la anh xa da tri nira lién tuc trén, compact. Ta sé€ chirng minh
xg H(x,t) ,Vte[0,1],Vxe KnadB(b, p) voi p>0 dunho.

That vay, Vte[0,1], Vx e K\{6},Vy e A(x),Vy'e A,(X), ta co

[x=ty-@-0y=x-y-tly-yN=[x=yl-tlhy-ylzx-yl-ly-y]. @
Pau tién ta s& chizng minh
Ja>0:d(x A,(x))2a|x|,vxe K\{6}. (5)

Néu diéu nay khong dung, ta c6
vneN',3x, e K\{6}:d(x,, A;(xn))<%||xn||.

Dit ynzi thi [ly,[=1 va d(yn,A(;(yn))<% ,vneN". Do d6 tn tai z, € A,(y,)sao

[l
1 .
cho ||yn—zn||<H ,VneN".

Vi A, la anh xa compact nén ta c6 thé gia st limz, =ze K vadods limy, =z.

Ma A, la anh xa ntra lién tuc trén nén suy ra z € A, (z) 1a diéu vo Ii.
Vay (5) ding va do do

[x=y|=alx|, vxeK\{6},vy'e A(X). (6)
Mat khéc, v6i y e A(X), y'e A,(X), tacod
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ly=y{<d(y. A))+d(AX), A (x)+d (y' AX))
< sup d(y, A, (x))+ sup d(y'AX))+d(A(x), A(x))

yeA(x) y'eAy (X)
<d,, (ACO. A, (X)) +diy (A, A (X)) +dy (AX), A, (9)) =3, (AR), A (9) . (D)
Tir (4), (6), (7) tacd
[x-ty-a-ty]_ __3d. (AC.A ()

I ]
d, (A(X), A
Ma Mmo ik ( (|)|2”AH(X)) =0 nén ta tim dugCc p >0 di nho sao cho
xeK
~3d,, (A(). A(0)

>0, Vxe K\{6},|x|<p.

I

Vay ta da chirng minh dugc x ¢ H(x,t) ,Vte[0,1] ,vVxe KnadB(4, p) .
Ap dung tinh chat bat bién ddng luan cua bac tépo ta dugc

i (A B0, p)) =iy (A, B0, p)) v6i p>0 dinho.

2) Chirng minh tuong ty nhu trén ta cling c6

i (A B0, p)) =iy (A, B(0.p)) Vi p>0 dirlon.
3.  Kétluan

Trong bai b4o nay, ching tdi chimg minh mot sb két qua méi vé bac topd cia anh xa
da tri tac dong trong khong gian Banach c6 thir tu. Céc két qua nay dé 4p dung trong nghién
ciru cac bao ham thirc vi phan thuong va dao ham riéng va s€ dugc chung to6i trinh bay trong
cac bai bao tiép theo.

Theo danh gia ctia chung t61, voi vi¢e iing dung ngay cang rong rai cac anh xa da tri
trong khoa hoc, kinh té... thi hudng str dung bac topd trong nghién ciru anh xa da trj s& cang
dugc cac nha toan hoc quan tam.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

The fixed point index theory for multivalued mappings in ordered Banach spaces developed
by many mathematicians in the 1970s has provided a new and effective tool in studying differential
inclusions and partial derivatives. In this paper, from the general properties of the fixed point index
for multivalued mappings in cones, we deduce new results on computing this index, which are easily
applied in concrete problems. Partially, we prove that the derivative of a compact upper semi-
continuous multivalued mapping A with convex closed values is a compact mapping, and the fixed
point index of A can be computed by the index of its derivative.

Keywords: compact upper semi-continuous multivalued mappings; cone; fixed point index;
order relations
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