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PINH Li PIEM BAT PONG VOI PIEU KIEN CO HUU Ti
TRONG KHONG GIAN METRIC CHU NHAT SAP THU TU

e ThS. Nguyén Trung Hiéu®

Tém tit
Trong bai bdo nay, chiing toi thiét Idp va chitng minh mot sé dinh li diém bat dong véi diéu
kién co hitu ti trong khoéng gian métric chit nhat scp thit tu. Cdc két qud nay la sw mé réng ciia cdc
két qud trong [4], [8]. Pong thoi, chiing toi xdy dung vi du minh hoa cho két qud dat duoc.
Tir khéa: diém bdt dong, dieu kién co hitu ti, khong gian métric chit nhdt sdp thit tu.

1. Gidi thiéu

Meétric 1a mot khdi niém cd ban trong Giai
tich todn hoc. Bing c4ch thay th& bat ding thic
tam gidc trong khdi niém métric bdi mot bat
ding thidc tdng quit hoic md rong ham hai
bi€n thanh ham ba bi€n, nhiéu khii niém
métric suy rong da dudc gidi thi€u va nghién
citu nhu 2-métric, b-métric, métric ri€éng
phan,... Cdc métric suy rong nay cé vai trd
quan trong trong viéc thi€t 1ap nhitng m§ rong
cia Nguyén li 4nh xa co Banach trong khong
gian métric day dd cho nhitng 16p khong gian
tdng quat hon. Nam 2000, Branciari [3] gi6i
thi€éu mdt khdi niém métric suy rong la métric
chit nhat. K€ tir d6, viéc nghién citu nhitng tinh
chd't cia khdng gian métric chit nhit cling nhu
viéc thi€t 1ap nhitng dinh 1i di€ém bat dong trén
khong gian nay thu hit sy quan tAm ctia mot s6
tac gid [1], [2], [9]. Khdi niém métric chir nhat
dudc gidi thi€u nhu sau.

Pinh nghia 1.1 ([3]). Cho X la mdt tap
khdc rdng va dnh xa d: X x X — [0,00) thda
min cic diéu kién sau véi moi z,y € X va véi
moi u #ve X\ {z,y}

(1) d(z,y) = 0 né€u va chi néu z = y.

(2) d(z,y) = d(y,z).

(3) d(z,y) < d(x,u) + d(u,v) + d(v,y).

Khi d6, d dudc goi la mdt métric chit nhat
va (X,d) dugc goi la mot khong gian métric
chit nhat.

Nhan xét 1.2 ([1]). Mdi métric 12 mot
métric chit nhat. Tuy nhién, ton tai mot métric
cht nhat khong 1la mot métric, xem [1,
Example 1.2].
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Véi muc dich mé rong Nguyén li dnh xa
co Banach trong khong gian métric day dd cho
nhitng 16p 4nh xa khdc nhau, nhiéu tic gid da
gidi thiéu nhitng diéu kién co suy rong. Nim
1975, Dass va cOng su [7] da gidi thi€u mot
diéu kién co chita biéu thic hitu ti va thiét 1ap
mdt mG rong ciia Nguyén li dnh xa co Banach
trong khong gian métric diy dd. Sau dé, diéu
kién co chtra bi€u thic hitu tf ndy dugc nhiéu
tdc gid md rong va tdng qudt trong khong gian
métric, khong gian métric sip thi tw, khong
gian métric suy rong cling nhu khong gian
métric suy rong sip thd tr [4], [5], [6], [10].
Nim 2012, Erhan va cong su [8] di tong quit
diéu kién co chia bi€u thic hitu ti trong [4]
trén khong gian métric chit nhat day di. Két
qua chinh cta [8] dugc trinh bay nhu sau.

Ki hiéu ¥ 12 tdp hgp cdc ham s6 don diéu
khong gidm, lién tuc 1 :[0,00) — [0,00) thda
man () = 0 khi va chi khi ¢t =0; ® la tip
hgp cdc ham s§ lién tuc ¢ :[0,00) — [0,00)
théa man ¢(t) = 0 khi va chi khi ¢ = 0.

Pinh li 1.3 ([8], Theorem 9). Cho (X,d) la
mot khong gian métric chi¥ nhdt ddy di,
Hausdorffva dnhxa T : X — X. Gid sit ton tai
ham 1 € ¥ va ham ¢ € ¢ sao cho

W(d(Tz, Ty)) < p(M(z,y)) — 6(M(z,y)) (L.1)
vdi moi z,y € X, trong do
ldla L@ TD)

Khi do, T c6 duy nhdt diém bdt dong.
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Trong bai bdo nay, ching t6i m§ réng
dinh 1i diém bat dong vé6i diéu kién co chifa
bi€u thic hitu ti trong khong gian métric chit
nhat [8] sang khong gian métric chit nhat sip
thtt ty. Pong thdi, chiing toi ciing dua ra vi du
chitng t k&t qua dat dugc 12 tdng quit hon cic
két qud trong [8]. Trudc hét, ching toi gidi
thiéu nhitng khdi niém va k&t qud dugc s
dung trong bai bdo.

Pinh nghia 1.4 ([3]). Cho (X,d) 12 mot
khong gian métric chit nhat. Khi do

(1) Day {z } dudc goila hdi tu dén z, ki
hi¢ula lim z = z, n€u lim d(z ,z) = 0.

n—oo n—oo

(2) Day {z } dugc goila day Cauchy néu
hm d(z ,x )=0.

(3) Khong gian (X,d) dudc goi la day di
n€u mdi diy Cauchy trong (X,d) 1a mot day
hdi tu.

B6 dé 1.5 ([9]). Cho (X,d) la mét khong
gian métric chit nhat, {x } la mét day Cauchy

limz = z. Khi  do,

n—oo n

trong X va

lim d(z ,y) = d(z,y) vdimoi y € X.

2. Cac két qua chinh

Dinh 1i sau 13 mot sy tdng qudt clia Pinh 1i
1.3 tu khong gian métric chit nhdt sang khong
gian métric chit nhat sip thi tu.

Pinh li 2.1. Cho (X,d,=X) la mdt khong
gian métric chit nhdt sdp thit ty, ddy di va dnh
xaT: X — X théa man

(1) T'la dnh xa don diéu khong giam.

(2) Ton tai ham € ¥, ham ¢ € ® sao

cho  Y(d(Tz,Ty)) < Yp(M(z,y)) — d(M(z,y))

voi moi xye X ma x=vy, trong do
B 1+ d(z,Tx)

M(z,y) = max{d(z, y),—1 ) d(y, Ty)}.

(3) Ton tai z, € X saocho r, 2 Tx,.
(4) T la dnh xa lién tuc hodc X thoa man
gid thiéet (H): Néu {x } la day don diéu khong

gidmva limz =x thi x =< x vdimoi n > 0.

n—oc

Khi do, T cé diém badt dong.
Chitng minh. Xét day {z } trong X xdc

dinh bdi =z
z, dudc xdc dinh bdi gid thi€t (3). Do T' 1la

., =Tz, v6imoi n >0, trong do

anh xa don diéu khong gidamnén z <z _ v4i
n n+1

moi n>0. Gid si ton tai n >0 sao cho
¢t =z . Khidés x =Tz hay z 13 diém
n n+1 n n n

bat dong clia 4nh xa 7. By gi0, ta gid st

T ET véimoi n > 0. Do A nén tu

n—+1
gid thi€t (2), ta dudgc

vd(z,,z,,,) =0Tz, ,Tr)) <P(M(z,_,z,)) - o(M(z,_ =, )) (2.1)
véi
Mz _,z )=max{d(z _,z ), ! :_j(dx(’%j’f:;)l) d(z,,Tr,)} = max{d(z, ,z ),d(z,z, )}
Gid st tOn tai n>0 sao cho chit cia ham ¢, ta c6 d(z,,z, ) =0. Dicu
Mz, ,x,)=d(z,x, ). Khi d6, 2.1) tr§ thanh 13y mau thudn véi gid thiét &, =z v6i moi
Wd(z,,z, ) < ¥(dz,,2, ) = odz,,, ) n>0. Do d6, M(z_,z)=dx ,z) véi

Suy ra ¢(d(z , 77+1)) = 0. St dung tinh

Pd(z,,z,,,)) <Pz, )=

Vi 4 1a ham s6 don diéu khong gidm nén
tr (2.2) ta ¢6 {d(z ,x

’ n+1)
don diéu khong ting. Do dé, tdn tai r > 0 sao

} la day s6 khong am,

cho limd(z ,z

n—oo

)—r. Khi d6, cho n — oo
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moi n > 0. Khi d6, (2.1) tr thanh
o(d(z, ,z,)) <Yldz, |, z,)) (2.2)

trong (2.2), st dung tinh chat lién tuc ciia ham

Y va ¢, ta duge (r) < Y(r) — ¢(r). Piu nay

dan dén ¢(r) =0 hay r = 0. Vivay
limd(z, ,z ) =0.

n—o0

(2.3)
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Tié€p theo, ta s& chifng minh r =z v m>n+l Gid st ngudc lai, ton tai n,m ma

moinzm.Doxpzx v6imoi p>0nén m>n+1>1 a0 cho z =z . Do

pHl .9 A
ta chi cin chiing minh z = =  v6i moi Z,., =, néntl gid thi€t (2), ta duge
Pz, z,,,) =Yz, Tz ) = ¢, , T, ))
- w(d(T!IT -1’ "E )) < w( ( m—17 m)) B <b(]\4($mfl’xm)) (24)

1+d(z Tx
71"% ), ( m—1 ’mfl) d(iU ,
m m 1 + d(xm_l’xm) m

= max{d(xm_l, T ), d(:Em, :rm+1)}.
Gié st ton tai m >n +1 saocho M(z_,z )=d(z ). Khid6, (2.4) trd thanh
w(d(xn’xan)) < w( ( m—1’7 m)) B gb(d(xmfl’xm)) < w( ( m—1" m))'

biéu nay mdu thudn véi {d(z ,z )} 1a M(z ,z )=d(z ,z ) véimoi m>n+1.

diy s6 don diéu khong ting. Do d6, Khido, (2.4) tr§ thanh
W, 7)) < 0e, )~ e, 7,,)) < 7, ) = 6,7, )

Pidunayla vo li. Dodé, =z vdimoi Khid6, tontai e >0 va haiday con {z,,} va
m>n+1. Suyraz =z v6imoin=m. {xm(k>} cia {z } sao cho n(k) la chi s6 nhd
nhat théa man n(k) > m(k) > k véi moi k > 1
va d(z

Mz ,z )= max{d(z

Tz )}

Biy gid, ta s€ ching minh {z } 1a mot " . - .
Lo . m(k),a:n(m) >¢. Dbieu nay dan dén
ddy Cauchy trong (X,d). Gid st ngudc lai,

T d(:cm(k),a:n(k)_g) <e. Mitkhdc, vi z =z Vv6i
{z_} khong 1a mot day Cauchy trong (X, d). moi 1 = m. nén
€< d(Im(lc)’mn(k)) < d(xm(ki)’xn( L)+ d(x ) +d(z Lo )= n(k))
<e+dx,, .7, )+ d( T )- (2.5)
Cho k — oo trong (2.5) va st dung (2.3), ta dudc
khglo Az, )T, ) = & (2.6)
Ta lai c6
d(xm(k)’xn(k)) < d(xm(k)’xm(k)fl) + d(xm(k) 1’ ) + d( !L(k)*l’ xn(k)) (27)
va
d<xm(k)fl’xn(k) ) < d( m(k)— 17 m( ) + d( m( n(k)) + d(xn(k)’xn(k)fl)' (28)
Cho k — oo trong (2.7) , (2.8) va st dung (2 3), (2. 6) ta dugc
%chr)lo d( -1 %, (k)fl) = e (2.9)
Mit khéc, vi x (k)L <z w1 nén tr gia thlet (2), ta dugc
W, 7)) = G, Tr )
< G(M(z,,, o, ) — (M, ) (2.10)
vGi
M oz )= max{d(z ) L, Tmm(’f*l) iz T, )
m(k)-17“n(k)-1/ ~ m(k) 17 71(k) 1/ n(k)-17 n(k)—1
L+ d( m(k)—1’ n(k)fl)
1+ d(x l,x i )
= max{d(z ) IO T ) S (2.11)
m(k 1’ n(k)-1/7 n(k)-17"n(k
)= 1+d( o %, (k)_l) )
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Cho k — oo trong (2.11) va st dung (2.3),
(2.9), ta dugc

lim Mz, .z, ) =-c (2.12)

Cho k£ — oo trong (2.10) va st dung (2.6),
(2.12), tinh lién tuc cia ham v va ¢, ta dugc
U(e) S U(E)—0(e). Suy ra 6(s)=0 hay
¢ = 0. Di€u nay mau thuan vé6i € > 0. Do do,
{z } la mot day Cauchy trong (X,d). Do

(X,d) 1a khong gian métric chit nhat day dd
néntontai z € X saocho limz = .

Gid st 4nh xa T lién tuc. Khi d6
T = }Ln;lc T, = %Lrglo Tz = T(}nglo z)="Tr
hay z 1a di€m bat dong clia 4nh xa T.

Gid st X théa man gid thiét (H). Do
{z,}

la ddy don diéu khong gidm va
limz =z nén z =<1z v6i moi n € N. Khi

d6, tir gid thi€t (2), ta dugc

¢(d(:1:"+1,T:1:)) = YTz ,Tx)) < Y(M(z ,z)) — ¢(M(z,,7)) (2.13)
vii
1+d(z ,T
M(z ,z) = max{d(z ,z), (,,T%,) d(z,Tz)}
" " 1+d(z ,z)
1+d(z ,z
= max{d(z ,z), (@, ,,) d(z,Tx)}. (2.14)
" 1+d(z )
Cho n — oo trong (2.14) va st dung (2.3), 1 y . .
limz =z, ta duge lim M(z ,z)= d(z,Tx). z=0y= n véi n =2 va trudng hdp
Ti?p tuc cho n — oo trong (2.13) va st dung - l,y _ 1 véin >m > 2.
Bodé 1.5t dlI'()'C n m

Y(d(z, Tr)) < Y(d(z,Tx)) — ¢d(z, Tx)).
Suy ra ¢(d(x,Tz)) = 0. St dung tinh chat
cia ham ¢, ta dugc d(z,Tx) =0 hay Tx = .
Do d6, z 12 di€m bat dong clia anhxa 7. [
Vi du sau ching t6 Pinh 1i 2.1 khong cho
tinh duy nhat cia diém bat dong.

1
Vi du 2.2. Xét X ={0}U{—,n € N} va
n
métric chit nhit xdc dinh bdi:
(0 nux=y

|

1
dx,y)=1— néux=ye{0,—},n=12,...
n

S

1 néux=ycX\{0}
Trén X xét thi tv xdc dinh bdi: z <y

1
khi va chf khi z,y € {0}U{—,n=2,3,..} va
n

x<y. Xét d4nh xa T :X — X nhu sau:

T1=1.70 = T2 =0 véi n =23, Xét hai
n

t

dnh xa (t) =1t va ¢(t) = 2 v6i ¢t > 0. Khi

dé, v6i z <y ta chi cin xét trudng hdp

84

Kiém tra tryc ti€p, ta c6 gid thi€t (2) trong
Pinh 1i 2.1 thda man. Hon nita, cdc gid thiét
khdc trong Pinh Ii 2.1 ciing thda man. Vi viy,
DPinh 11 2.1 4p dung dudc cho dnh xa 7', khong
gian métric chit nhat sip thi tv (X,d,<) va
4nh xa 1,¢. Tuy nhién, T c6 hai diém bat
dongla 0 va 1.

Pinh If sau thiét 1ap didu kién dii cho tinh
duy nhat diém bit dong cda 4nh xa T trong
Pinh If 2.1.

Pinh li 2.3. Gid su

(1) Cdc gid thiét ciia Dinh li 2.1 duoc
théa man.

(2) Véi mbi cdp x,y€X, tontai z € X sao
cho z so sdanh duoc voi x va .

(3) Véi mbi cdp x,y € X phan biét, ton tai

r, >0 d¢ r <d(wz)+d(zy) véi moi

T,y

z e X.
Khi dé, anhxa T c6 duy nhdt diém bat dong.
Chitng minh. Do cic gid thi€t cia Pinh 1i
2.1 dudc théa man nén T c6 di€m bat dong.
Ta chi cAn chitng minh tinh duy nhit cda diém
ba't dong. Gia st z,y € X 12 hai di€m bit dong
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cia T va z =y Khi dé, tdn tai z € X sao

cho z so sdnh dugc véi = va .

Wd(T"2,2)) = Pd(TT" 2, Tw)) < YM(T"2,2)) — HM(T"'2,2))

Khi 2z so sdnh dugc v6i x, khdong mat tinh
tdng quét, ta gid s& z < 2. Do T 1a 4nh xa don
diéu khong gidm nén 7" 'z < z. Do d6
(2.15)

M(T"'z,2) = max{d(T" 'z,2),

14+ d(T"'2,T"2) p

(2,Tz)} = d(T" '2,).

14+ d(T" "2, )

Khi d6, (2.15) tr& thanh

Y(A(T"z,2)) < YT 2,2)) = Hd(T"'2,2)) < Yd(T"'2,2)).

Do 1 don diéu khong gidm nén
d(T"z,x) < d(T"'z,2) hay day {d(T"zz)}
don diéu khong ting. Do dé, tdn tai § > 0 sao
cho lim d(T"zx) = 6. Khi d6, cho n — oo

n—oo

trong (2.16), ta dugc ¥(6) < ¥(6) — ¢(6). Suy
ra ¢(6) =0 hay 6 = 0. Vivay
lim d(T"z,x) = 0.

n—oo

(2.17)

Khi z so sianh dugc v6i y, bing cdch
chitng minh tuong tu nhu trén, ta dugc
lim d(T"z,y) = 0.

n—oo

Mit khéc, tir gia thi€t (3) ta suy ra ton tai
r,>0de v <d,T"2)+d(T"zy). (2.19)

Z,0

(2.18)

Cho n — oo trong (2.19) va st dung
(2.17), (2.18) ta dugc r, = 0. Diéu nay 1a mot
mau thudn. Do d6, z = y. Vay T c6 diém bat
dong duy nhat.

Bing cach chon  ¢(t)=t va
ot)=(1—k)t v6i t >0 va k €(0,1), tir Binh
li 2.1 va Pinh 1i 2.3, ta nhdn dudc hai hé qua
sau.

Hé qua 2.4. Cho (X,d,<) la m¢t khong
gian métric chi¥ nhdt sdp thit tw, ddy dii va dnh
xaT: X — X théa man

(1) T la dnh xa don diéu khong gidm.

(2) Tén tai k € (0,1) sao cho
1+ d(z,Tx)

1+ d(z,y)
voimoi x,y € X ma z X y.

d(Tx, Ty) < kmax{d(z,y), d(y,Ty)}

(2.16)
(3) Ton tai z, € X saocho r, 2 Tx,.
(4) T la dnh xa lién tuc hodc X théa man
gid thiet (H): Néu {x } la day don diéu khong

gidmva limz =x thi v =< x vdimoi n € N.

Khi ds, T cé diém bdt dong.

Heé qué 2.5. Gid sit

(1) Cdc gid thiét cia Hé qud 2.4 dugc
théa man.

(2) Véi méi cdp z,y € X, ton tai z € X
sao cho z so sdnh dugc vdi x va .

(3) Vi mbi cip x,y € X phan bigt, ton tai
r,>0der <d(z,z)+d(zy) viimoi z € X.

Khi dé, dnh xa T c¢6 duy nhdt diém bat dong.

Vi mdi métric 124 mdt métric chit nhat nén
ttt Pinh 1i 2.1, Pinh 1i 2.2, Hé qué 2.4 va Hé
qud 2.5, ta 1an ludt nhan dudc bdn hé qud sau.
Céic hé qua nay 13 su tdng quét clia cdc két
qua chinh trong [4] sang khong gian métric
sdp thi tu.

Hé qua 2.6. Cho (X,d,<) la mot khong
gian métric sdp thit tw, day dii va dnh xa
T:X — X théa man
(1) T la dnh xa don diéu khong gidam.

(2) Ton tai ham € ¥, ham ¢ € ® sao
W(d(Tx,Ty)) < p(M(z,y)) — d(M(z,y))
moi z,ye X ma x =Xy, trong do

1+d(z,Tx
#d(y,Ty)}-
1+ d(z,y)

(3) Ton tai z, € X saocho r, 2 Tx,.

cho
VoI

M(z,y) = max{d(z,y),
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(4) T la danh xa lién tuc hodc X thoa man
gid thiet (H): Néu {x } la day don diéu khong
gidm va 7121~>I£10x =x thi x =Xz vdimoi n > 0.

Khi ds, T c6 diém bdt dong.

Hé qua 2.7. Gid sit

(1) Céc gid thiét ciia He qud 2.6 duioc thda man.

(2) Véi mbi cdp x,y € X, ton tai z€ X
sao cho z so sdanh dugc voi T va .

Khi dé, anh xa T c6 duy nhdt diém bat dong.

Hé qua 2.8. Cho (X,d,=X) la mor khong
gian métric sdp thit tw, day di va dnh xa
T:X — X théa man

(1) T la dnh xa don diéu khong gidam.

(2) Ton tai k € (0,1) sao cho
14 d(z,Tx)

14 d(z,y)
voimoi z,y € X ma x X y.
(3) Ton tai z, € X saocho z, 2 Tx,.

d(Tz,Ty) < kmax{d(z,y), d(y, Ty)}

(4) T la dnh xq lién tuc hodc X théa man
gid thiét (H): Néu {x } la day don diéu khong

gidm va lim r =x thi =Xz vdimoi n > 0.

Khi do, T c6 diém bdt dong.

Hé qua 2.9. Gid sit

(1) Céc gid thiét ciia He qua 2.8 dvioc théa man.

(2) Véi mbi cdp x,y € X, ton tai z€ X
sao cho z so sdanh dugc voi x va .

Khi do, anh xa T c6 duy nhdt diém bat dong.

Cudi cliing, ching i xay dung vi du minh
hoa cho két qui dat dugc. Vi du nay 12 mdt minh
hoa cho s ton tai di€ém bat dong ctia Pinh 1i 2.1,

1

ddng thdi vi du ndy ciing chitng t6 Pinh 1i 2.1 tng
quat hon Pinh i 1.3 va [4, Theorem 2.1].

Vi du 2.10. Xét X = {1,2,3,4} va métric
chit nhat d trén X xédc dinh béi:
d(L,1) = d(2,2) = d(3,3) = d(4,4) = 0,
d(la 2) = d(27 =3 d(27 3) = d(3, 2) =d(1, 3) = d(37 1)=1,
d1,4) =d4,1) = d2,4) = d(4,2) = d(3,4) = d(4,3) = 4.
Xét 4danh xa T:X — X xdc dinh bGi
T1=T2=1T3=2T4=3. Khi d6, chon
r=2va y=3, taco dT27T3)=d(1,2)=3

LHdRTY o oy o
+d(2,3)

Do d6, néu diéu kién (1.1) trong Pinh Ii 1.3 thda

min thi ta phdi c6 ¥(3) < ¥(2) — #(2). Dbiéu

nay mau thudn véi gid thi€t clia ham ) va ¢.

Do d6, binh li 1.3 khong 4p dung dudc cho anh

xa T va khong gian métric chit nhat (X, d).

Hon nira, vi
3=d(1,2)>d(1,3)+d(3,2) =1+1=2nén d
khong la mdt métric rén X. Do do6, [4,
Theorem 2.1] khong 4p dung dugc cho dnh xa
T va (X,d).

Bay gig, ta xét thit ty < trén X xdc dinh
bdi: z <y néu z <y va z,y € {1,2,4}. Khi
do, (X,d,=<) 1a mot métric chit nhat sip th tu,
day di. Xét ham ¢ € ¥ va ham ¢ € ® xdc

va  M(23) = max{d(2,3),

dinh b&i Y(t) =t va ¢(t) = % v6i moi ¢ > 0.

Khi dé, v6i z,y € X,z <y ta chi cAn xét cdc
trudng hgp sau.
Truong hop 1: x = 1,y = 2. Khi d6

A(T1,T2) = d(L1) = 0 < M(1,2) = (M (1,2)) ~ 9(M(1,2).

Truong hop 2: x = 1,y = 4. Khi d6

d(T1,T4)=d(1,3)=1<2=
Truong hop 3: x = 2,y = 4. Khi d6

% M(1,4) = p(M(1,4)) — ¢(M(1,4)).

A(T2,T4) = d(1,3) =1 <2 = - M(24) = p(M(2,4) - o(M(2,4).

Do d6, gia thi€t (2) trong Dinh li 2.1 thda
man. Hon nita, cdc gid thi€t khdc trong Dinh li
2.1 ciing théa man. Vi vay, Pinh 1i 2.1 dp dung
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dugc cho dnh xa 7', khong gian métric chit
nhat sdp thi tu (X, d, <) va hai ham 1), ¢.
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SOME FIXED POINT THEOREMS FOR CONTRACTIONS OF RATIONAL TYPE
IN PARTIALLY ORDERED RECTANGULAR METRIC SPACES
Summary
In this paper, we establish and prove some fixed point theorems for the contraction of rational
type in ordered rectangular metric spaces. The obtained results are the generalizations of those in
[4], [8]. Also, relevant examples are provided for illustration.
Keywords: fixed point, the contraction of rational type, partially ordered rectangular metric spaces.
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