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SU TON TAI KHONG PIEM CUA PHIEM HAM TREN KHONG
GIAN (q4,9,)-TUA METRIC VA UNG DUNG

Nguyén Vin Lwong', Hoang Thi Hung?, Dwong Thi Anh Nguyét®
TOM TAT

Trong bai b4o nay, ching toi thiét Idp mgt két qud vé su ton tai khdng diém cua céac
phiém ham khdng am xéc dinh trén khong gian (q,, g,)-twa métric. Két qua nay bé sung cho
két qua chinh trong [L. V. Nguyen (2026), Sib. Math. J. 67, 219-234]. Ngoai ra, ching toi
ciing thu duiroc céc két qua vé sir ton tai diém bat déng va diém tring hop cho cac anh xa
trong khong gian (q,, q,)-twa métric.

Tur khéa: Phiem ham hau (ky, k,, €)-tim kiém, khong gian (g, g,)-twa métric, diém
bdt d@éng, diém tring hop.
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1. PAT VAN BE VA MOT SO KET QUA CO BAN

Khai niém khong gian (g, g;)-tua métric dugc Arutyunov va Greshnov dua ra nam
2016 trong bai b&o [2], m& rong nhiu khai niém vé khong gian v6i ham khoang cach.

Pinh nghia 1.1. ([2]) Cho X 1a mdt tdp hop khac rdng va q,,q, = 1 1a cac sb thuc
duong. Motham d: X x X - R duoc goi la mét (q;, q,)-twa métric trén X néu né thoa man
cac diéu kién sau: voi x,y,z € X.

Hdxy)= 0

(i) d(x,y) = 0 khivachikhi x =y,

(iii) d(x,y) < q, d(x,2) + q, d(z y) (bt dang thirc (q,, g,)-tam gidc md rong).

Néu d 1a mét (q,,q,)-twa métric trén X, thi (X,d) duoc goi 1a mot khong gian
(q1, 9,)-twa métric. Néu (q,, q,)-twa métric d thoa man thém diéu kién.

d(x,y) < qod(y,x),Vx,y € X

v6i qo > 0, thi $d$ duoc goi 1a g, —ddi xtmg va khi d6 (X, d) duoc goi 1a khong
gian q,-doi ximg.

Cho (X, d) 1a mot khong gian (qy, q,) - twa métric. Néu (X, d) 1a khong gian go-d6i
xung véi g, = 1, thid(x,y) = d(y,x) véi moi x,y € X va khi do (X,d) dugc goi la
khéng gian (g4, q, )-tua métric ddi xtmg. Néu q, = q, = s, thi (X, d) la khdng gian tua b-
métric vgi hang sé s (xem trong [3]). Néu q; = q, = 1, thi (X, d) 1a khong gian tia métric.
Néu qo = q; = q, = 1, thi (X, d) 1a khdng gian métric. Khdng gian (q,, q,)-tura métric 1a
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treong hop dac biét ctia khong gian f- twa métric dugc gidi thiéu va nghién ctru trong [4].
Khoéng gian (g4, g, )-tua métric xuat hién mot cach tw nhién trong giai tich ham va hinh hoc
phi-holonomic. Cac khong gian Carnot-Carathéodory chudn va cac C'-mo rong cua ching,
hay twa métric hop, 13 nhitng vi du khong tim thudng cua khong gian (1,q,) -tya métric
(xem [5, 6]).

Céc van dé lién quan dén khong gian (q,, q,)-tua métric da dugc nhiéu tac gia nghién
ctru. Cu thé, cac tinh chit tdpo va hinh hoc ciia khong gian (91, g2)-tua métric cling nhu cac
khong gian m¢ rong da dugc khao sat trong cac cong trinh [4, 5, 6, 7, 8, 9]. Arutyunov va
Greshnov nghién ctru su ton tai cua cac diém trung hop cho 4nh xa Lipschitz va anh xa phu
trong cac khong gian (q,, q,)-tua métric trong [2, 10, 11]. Fomenko xem xét cac két qua vé
su ton tai khong diém cua phiém ham (a, )-tim kiém trong khong gian (g, g,)-tua métric,
ddng thoi dua ra cac két qua vé diém bat dong va diém tring hop cho ca anh xa don trj va
da tri, mé rong mot s két qua trong [11]. Yang va Li [12] dé xudt mot phién ban ciia nguyén
1y bién phan Ekeland cho song ham trong khong gian (1, g,)-tua métric, va ap dung no dé
nghién ciru su ton tai nghiém cho bai toan tya can bang. Sengupta va Zhukovskiy [13] chimng
minh su ton tai cuc tiéu cho phiém ham théa man diéu kién kiéu Caristi trén khong gian
(g1, 9,)-twa métric, mo rong két qua cua Arutyunov trong [14] cho phiém ham xéc dinh trén
khong gian métric.

Trong bai bao gan day [1], chung toi gidi thiéu mot 16p phiém ham, goi 1a hiu
(ky, k,, £)-tim kiém, ma rong khai niém (a, £)-tim kiém ciia Fomenko, va nghién ciru su
t6n tai khong diém cua cac phiém ham nay. Két qua thu duoc duoc ap dung dé nghién ciru
su ton tai diém bat dong va diém trang hop cua cac anh xa trong khong gian (g4, q,)-tua
métric.

Tiép theo, chung t6i nhic lai mot sb khai niém va két qua co ban trong khong gian
(g1, q3)-tua métric s& duoc sir dung trong phéan sau cua bai bao nay. Cac khai niém va két
quéa nay co thé tim trong [2, 10, 11] va céc tai liéu dugc trich dan trong do.

Cho (X, d) 1a mot khong gian (g, g,)-twa métric. V&i mot diém x € X va mot s6
thuc r > 0 cho trudc, ta dinh nghia

O(x,r):={y€ X:d(x,y)<r} va B(x,r):i={y€ X:d(xy) < r}

Nhu thuong 1€, 0(x, ) va B(x,) lan luot duoc goi la hinh cau mé va hinh cau dong
tam x ban kinh r.

Mot tap con A € X duoc goi 1a mé néu véi moi a € A ton tai r > 0 sao cho
0(a,7) c A. Tap hop 7 cua tat ca cac tap ma trong X xac dinh mot topd trén X. Mot tap
duoc goi 1a dong néu phan bl caa nd la tap mo. Ky hiéu bai C(X) tap tat ca cac tap con
dong khac rong cua X.

Mac du cac hinh cau O (x, ) va B(x,r) lan luot duoc goi 1 “md™ va “dong”, nhung
0(x,7) c6 thé khdng phai 1a tap mo va B(x,7) c6 thé khong phai 1a tap dong (xem [5,
Example 3.4]).

Pinh nghia 1.2. ([11]) Ta néi (q,,q,) -tua métric d 1a déi xtng yéu néu
lim d(x,x,) = 0 Vvéi x € X dan dén Tlll_{go d(x,,x) = 0. Khong gian (q,, q,)- tua métric

n—oo

(X, d) dugc goi 1a dbi xing yéu néu d 1a dbi xing yéu.
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D@ thay rang moi khéng gian g, —ddi ximg déu 1a khong gian d6i xtng yéu. Tuy
nhién, didu nguoc lai thi khéng dung (xem [5]).
DPinh nghia 1.3. ([11]) Mét day {x,, } trong khong gian (g, g,)-tua métric (X, d) duoc
goi 1a hoi tu téi mot diém x € X néu lim d(x,x,) = 0. Trong trudng hop nay, ta viét
n—-oo
lim x,, = x hodc x,, = x va goi x la gii han cua day {x,,}.

n—o

Luu ¥ rang topd 7 thoa mén tién dé dém dugc the nhat. Do d6, mot tap con A cua X
1a dong khi va chi khi voi moi a € A, ton tai mot diy {x,,} = A hoi tu téi a. Tuy nhién, vi
t6pd T c6 thé khong thoa mén tién dé T, mot day hoi tu c6 thé khdng c6 gidi han duy nhat
(xem [11, Example 3.5]). Nguoc lai, néu (X, d) 1a mot khong gian (g4, g,)-tua métric dbi
xtng yéu thi moi day hoi tu déu co gi6i han duy nhat.

Pinh nghia 1.4. ([11]) M6t day {xn} trong khong gian (q4, g2)-tva métric (X, d) duoc
goi 1a ddy Cauchy néu véi moi € > 0 ton tai mot sé nguyén khong am N, sao cho véi moi
m>n> N, tacod d(x,,x,) <e.

Khéng gian (q;, g,)-twa métric (X, d) duoc goi 1a ddy da néu moi ddy Cauchy trong
X déu c6 gisi han trong X.

Khéc voi khong gian métric, mot day hoi tu trong khong gian (g, g;)-twa métric cé
thé khong phai 1a mot diy Cauchy (xem [11]).

Pinh nghia 1.5. ([15]) Cho f:X — R, 1a mot phiém ham khong am véi d6 thi
gph(f) = ((6)) € XX Ry =f()}.

(i) Tandi rang do thi cua f 1a 0-dong néu véi bat ky day {(x,, f(x,)} © gph(f) hoi
tutoi (x*,0) € X X Ry, thi (x*,0) € gph(f), tacla f(x*) = 0.

(ii) Ta ndi rang d6 thi cua f 1a 0-day di néu véi bat ky day Cauchy {x,,} trong X ma
f(x,,) hoi ty t&i 0, thi ton tai x* € X sao cho x,, —» x*va f(x*) = 0.

Pinh nghia 1.6. ([1]) Cho (X, d) 1a mét khong gian (g4, g,)-tua métric. Mot phiém
ham f: X - R, duoc goi 1a hau (ky, k,, £)-tim Kiém trén X vé6i cac hiang sb k;, > 0, k, >
0va £ > 0néuvéoimoix € Xvas > 0,tdn tai y € X sao cho

\ fO) < kaf(x) +6 M
va
A& £ kR [FW) +6. o)
Vi moi s6 thuc khéng &m 6 va so nguyén duong n, ta dat
QM) =1+6 +--+06mL

Ta qui usc Q(8,0) = 0.DE thay ring néun < m, thi Q(6,n) < Q(6,m).

Két qua chinh cua bai bdo [1] 1a dinh 1y sau.

Pinh ly 1.1. Cho (X, d) la m¢t khong gian (q4,q,)-tuva métric va f: X — R, la mot
phiém ham hau (ky, k,, €)-tim kiém trén X véi k, € (0,1) sao cho X la khéng gian ddy di
va do thi cua f 14 0-déng, hodc do thi cua f 1a 0-day dii.

Patm, = min{i € N: q,k¥ < 1}va ldy mét diém x, bdt ky trong X. Khi dé, ton
tai x* € Xsaocho f(x*) = inf{f(x):x€ X} = 0 va

k 0(q,k?, my — 1) + (q,k? mo—1
limsup d(x,, %) S‘h 2[‘11 (QZ 1, My ) (qz 1) ]

o 1— qzkfmo

[f Ceo)]¥. ®)
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Néu (X, d) la khéng gian déi ximg yéu, thi x* théa man wéc leong

12k 1 kf, -1 kf e
atkz |4:0(4z : o km?f (1) ][f(xonf. @
—q; 1

Hon nita, néu (X, d) 1a khong gian q,-doi xitng, thi x* théa man wéc lwong

mo—1
909102k2 [0 (a2k{, m, {;1) + (g™ F ool )
1—qk;™

Muc dich cua bai bao nay la dua ra mot Kkét qua vé sy ton tai khong diém cho phiém
ham hau (ky, k,, €)-tim kiém trong khong gian (g, q,)-tua métric, b6 sung cho Pinh 1y 1.1
- két qua chinh trong bai bao [1]. Két qua nay ciing dugc ap dung dé thiét 1ap mot sé két qua
vé sy ton tai diém trung hop cho céc anh xa trong khong gian (g, g,)-tira métric.

d(xg,x*) <

d(x*,xy) <

2. CAC KET QUA CHINH

Két qua chinh cua bai bao nay dugc phat biéu nhu sau.

Pinh Iy 2.1. Cho (X, d) la mét khong gian (q4, q,)-twa métric qo-doi xingva f: X —
R, la mot phiém ham hau (ky, ko, €)-tim kiém trén X véi k, € (0,1) sao cho X la khong
gian ddy du va do thi cua f 1a 0-déng, hodc do thi cua f & 0-ddy du. BPdt n, =
min{i € N: q,ki* < 1} va ldy mét diém x,, bat ky trong X. Khi do, ton tai x* € X sao cho
f(x*) = 0va

89192k [qu(‘hkfr Ng — 1) + (Cllkf)no_l]
1- Chkfno

Chiing minh. Lay e bt ky trong (0,1). Bang phuong phap quy nap, ta s& xay dung
mot day{x,, } trong X thoa mén

d(xg,x*) <

[f Geo)]”. (6)

FG) < baf Gines) + @

va
d(Xn—1,%n) < ko [f (-] + Skzkin_l)e (8)
voi moin > 1.
That vay, vi f la phiém ham hau (k,, k,, £)-tim kiém trén X, nénvéi x, € X va 8, =
min {szﬁ,gkz}, ton tai x; € X sao cho

1

FO) < by ) +81 < haf Ge) +
va:
d(xg, x1) < ko[f (x)]* + 81 < Kalf (xo)]° + k.

Tuc la ta xay dung duogc x; sao cho (7) va (8) thoa méan véin = 1.
Gia st ta xay dung duoc cac diém x,, -, x; trong X sao cho (7) va (8) dung voi
n=1,--,k. Tasé xay dung diém x,., trong X sao cho (7) va (8) dung véin = k + 1. Vi
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f 1a phiém ham hau (k, k,,£) -tim kiém trén X, nén véi diém x, € X VA 8,y =
k+1

. k Y .
min {s € kzk{"g}, ton tai x,,., € X sao cho

k+1
fOs1) < Ky fOq) + Opar < kaf () + 82,(%
va:
d(xp, Xks1) < ky [f(xk)]{) + 841 < ky [f(xk)]f + gkzk{d;-
Nhu vay, ta da xay dung dugc x;,, € X d€ (7) va (8) dung véin = k + 1. Theo quy
nap todn hoc, ta xay dung dugc day {x,,} ¢ X thoa mén (7) va (8) voi moin > 1.
Theo (7), ta ¢6 véi moi n > 1 rang
ekl
271
ekl ek}
<k [k1f(xn—2) + W] + on

f(xn) < ky f(xp-1) +

) n 1 1
kif(xn—2) + ki (F + ﬁ)

IA

1 1 1
< kI f(xy) + €k} <§+m+2n—1+2_n)

< ki (f(xo) + &). )
Vi ky € (0,1)vaf(x)= 0véimoi x € X,néntur (9) ta thu dugc
lim f(x,) = 0.
Tir (8)va (9), taco
A Xns1) < kep[f (2)]° + ek k7Y
< kp[kT(f (o) + €)1 + € ok
= ko [(f(xo) + €)f +elk]* = cA” (10)
v6i moi n. O day, ¢ = k,[(f(x,) + &) +e]lvar = kf € (0,1).
Tiép theo ta chitng minh rang day {x,,} 1a mot ddy Cauchy trong X. Vi moi s6
nguyénm > 0va i > 1,taco
Ad(Xm+i Xm) < 1A Xmtis Xme1) + @2AXmi1, Xm)
< @1 dmei Xma2) + 02914 Kz Xme1) + 428 (Xng1, Xm)
< ...

< qi_ld(xmﬂ,xmﬂ_l) + qzqi_zd(xm+i—1'xm+i—2)

+ -+ qq1d (X2 Xme1) T 42d(Xmi1, Xm)
< @it eqoA™ T + 4,1 cqoA™ T 4 e +q2q1cqoA™ T + gpeqo AT
= cqoA™(@1A)' 7 + cq2qo A (G DT + o+ g A+ 1]

= cqoA"[q:Q(q1 4, i — D) + (¢ D] (11)
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Gia sirn va k 1a cac sé nguyén véin > Ovak > 1.Ditp = [H 1 phan nguyén
0
cia . Khi d6, 0 < k —png < ng — 1. Néu k chia hét cho ng, thi d(Xiyspngs Xns) = 0.
0

Néu k khong chia hét cho n, thi n, > 1 va k — pny = 1. Trong truong hop ndy, g,1 > 1
va g AkPo~1 < (g, )™~ Khi do, theo (11), ta co

d(xn+kan+pn0) < cqo AMPM[qQ(q1 Ak —png — 1) + (qll)k—pno—l]

< cqo AP [q,Q(q1 A ng — 1) + (g D)™
Nhu vay trong moi trudng hop ta déu co

d(xn+k1xn+pn0) < Ccqo An+pn0 [qZQ(‘hlf Ny — 1) + (qll)no_l]- (12)
Str dung (11), (12) va tinh g,-d6i xtng cua d, ta dugc:
d(xn+k'xn) < Q1d(xn+k'xn+n0) + qzd(xn+n0'xn)
= Q12d(xn+k'xn+2n0) + qZQld(xn+2n0:xn+n0) + CIZd(xn+n0»xn)

< ...

< g7 d(Xnrio Xnapno) + 4245 A(Entpno Xnap-1yno) +
+ Qqud(xn+2n0fxn+n0) + qzd(xn+n0'xn)

< 47 cqoA™P™[q,Q(q1 A g — 1) + (g )™ 7]
+q,q,  cqoA™ P [q,Q(q g — 1) + (g )"0 7] + -
+291€q0A" ™ [q2Q(q14, 1o — 1) + (g D)™ 7]
+q26q0A"[q2Q(q1 4, m — 1) + (g1 )™ 7]

< 426q0A"[q2Q0(q1 A, no — 1) + (g D)™ 7]
X [1+ ggA™ + - + (g A™)P71 + (g A™0)P]

< cqoq2A"[92Q(q1 4,9 — 1) + (qu )]
B 1—q,A™ .

Tu do taco
cq59:2"[q2Q(q1 A, ng — 1) + (g, D)™ ]
1—qA™

VvGi moi s6 nguyén dwongn > 0vak > 1. Do A € (0,1), tir (13) ta suy ra {x; } 1a mot
day Cauchy trong X.

Gia sir (X, d) 1a khong gian day du va do thi cua £ 12 0-dong. Vi X day du va {x,} 1a
day Cauchy trong X nén ton tai x* € X sao cho lim x, = x°. Vi (%0, f(x2)) € gph(f) va
(xn,f(xn)) — (x*,0) khi n - oo va gph(f) 12 0-déng, nén ta c6 f(x*) = 0. Gia sir d6
thi cua f 1a 0-day du. Vi {x,,} 1a ddy Cauchy trong X va f(x,)) — 0, nénton tai x* € X sao
cho x, » x*va f(x*) = 0. Tém lai, trong moi truong hop, tén tai x* € X sao cho x,, -
x*vaf(x*) =0.

(13)

d(xn' xn+k) <
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Cho n = 0 trong (13) ta dugc

cq$q2[q:Q(q: A, ng — 1) + (g A)™71]

> 1. 14
o , vk21 (14)

d(xg, x;) <

Vé&imoi k > 1,taco
d(x0,x") < q1d(x, i) + q2d (., x7)
< ¢q3192[92Q(q1 Ao — 1) + (g )™ ']
1 — g™
L4y gi6i han hai vé khi n — oo, ta dugc

. cq$01929:Q(q14,no — 1) + (g )™
d(xg,x*) < :
1—quAm

+ qoq2d(x", x3,).

Vic - ky[f(xo)]¢ khie — 0, nén lay gi¢i han hai vé bat diang thirc trén khi e —» 0,
ta duoc

460192k [92Q(q1 419 — 1) + (g )™ 7]
d(xO;x ) <
1— g A™

[f Ge)]".

Dbinh ly dugc chang minh.

Tu dinh ly trén ta c6 hé qua sau.

Hé qua 2.2. Cho (X,d) la mét khong gian (q4,q,)- twa métric g,-doi xing va
f:X - R, 1a mét phiém ham trén X sao cho X la khong gian ddy i va do thi cia f 14 0-
dong, hodc do thi cua f 1a 0-day di. Gia sir ton tai cac hang so ky € (0,1), k,, £ > 0 sao
cho véi mdi x € X, ton tai y € X théa man

f) < kif (%)
va
d(x,y) < ko [f(0)].

Patn, = min{i € N: q,ki < 1} va ldy mot diém x, bat ky trong X. Khi do, ton tai
x* € Xsaocho f(x*) = 0va
ng—1
qg‘hfbkz [%Q(‘hkf;no - 1) + (‘hkf) ° ] y
n [f(xo)] .
1 - qlk 0

1

d(xg,x*) <

Tiép theo ching t6i 4p dung céc két qua trén dé dua ra mot sé dinh ly vé diém bat
dong va diém trang hop cho cac anh xa trong khéng gian (q,, q,)-tua métric.

Pinh Iy 2.3. Cho (X, d) 1a mét khéng gian (gq,, q,)- twa métric qo-doi xing va S: X —
C(X) 1a mét anh xg sao cho X la khéng gian ddy di va do thi cua ham sé f(x) =
d(x,S(x)) 14 0-déng hodc do thi cua f 1a 0-day di. Gid sit ton tai k, € (0,1), ky, £ > 0
sao cho véi méi x € X, ton tai y € X théa mén

d(y,S¥) < kid(x,5(x)),
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va
d(x,y) < ky[d(x,5@))]".
Patn, =min{i € N: q,ki < 1} va ldy mét diém x, bat ky trong X. Khi dé, S ¢6
mét diém bat dong x* € X, tirc la, x* € S(x*), théa man
469192k, [%Q(‘hkfr Ny — 1) + (‘hkf)no_l]
1- ‘hkfno

d(xg,x7) < [d(xo, S(xo))]".

Chutng minh. Ap dung Hé qua 2.2 cho f(x) = d(x,S(x)), khi d6 ton tai x* € X sao
cho f(x*) = d(x*,S(x*)) = 0. Do S(x*) 1a tap dong nén x* € S(x*). Do do, x* 1a diém
bt dong cia S. m

Pinh ly 2.4. Cho (X, d) 1a mét khdng gian (g, g,)- twa métric qo-doi xing, (Y, dy)
la khong gian (g1, q3)-twa métric, ¢, ¢p: X — Y la cac anh xg va f: X = R xdc dinh boi
f(x) = dy(e(x),p(x)) véi mei x € X. Gia s hoac (X,dy) la khéng gian day di va
gph(f) 1a 0-déng hodc gph(f) 1a 0- day di. Gid sit ton tai k, € (0,1), k,,£ > 0 sao cho
Vi mdi x € X, ton tai x' € X sao cho

dy(p(x"),dp(x') < k1dY(‘P(x); ¢(x)),

va

d(x,y) < ky[dy(0(x), )]’

Patn, =min{i € N: q,k¥ < 1} va ldy mét diém x, bat ky trong X. Khi do, ¢ va

¢ c6 mét diém tring hop x* € X, tic 1a o(x*) = ¢p(x*), théa man
no—1
89192k [‘hQ(‘hkf; Ng — 1) + (‘hkf) ’ ]

1 - qlkfno

[dy (9Cxo), d(x0))]'-

d(xg,x*) <

Chuzng minh. Ap dung H¢ qua 2.2 cho phiém ham f(x) = dy(p(x), $(x)) véi moi
xeEX.m
Mot sb diéu kién dii dé phiém ham f (xac dinh nhu trong Pinh 1y 2.3 va Binh ly 2.4)
¢6 d6 thi 0-dong hoac 0-day du c6 thé tham khao trong [1].

3. KET LUAN

Trong bai bao nay, chung toi d thiét 1ap mot két qua ton tai khong diém cho phiém
ham hau (kq, k,, €)-tim kiém trong khong gian (gq;, g,)-tua métric, bo sung cho két qua
chinh trong [1]. Két qua nay kéo theo mot sé hé qua quan trong vé sy ton tai diém bat dong
va diém trang hop cua céc anh xa trong khdng gian (g, g,)-tua métric.
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Cac hudng nghién ctu tiép theo ¢ thé bao gom viéc khao sat cac 16p phiém ham hoac

anh xa tong quat hon (chang han anh xa da tri), cling nhu mé rong céc két qua sang khudn
khd nguyén Iy bién phan hoac bai toan can bang. Nhitng nghién ctu nay hira hen s& lam
sang to6 hon vai trd va tng dung caa khdng gian (q,, q,)-tya métric trong giai tich phi tuyén
va ly thuyét tdi wu.
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THE EXISTENCE OF ZEROS OF FUNCTIONALS IN (g1, q2)-
QUASIMETRIC SPACES AND APPLICATIONS

Nguyen Van Luong, Hoang Thi Hung, Duong Thi Anh Nguyet
ABSTRACT

In this paper, we establish a result on the existence of zeros of nonnegative functionals
defined on (q,, q;)-quasimetric spaces. This result complements the main result in [L. V.
Nguyen (2026), Sib. Math. J. 67, 219-234]. Moreover, as a direct consequence, we also
obtain results on the existence of fixed points and coincidence points for mappings in
(91, 92)-quasimetric spaces.

Keywords: Almost (k,, k,, £)-search functionals, (q,, q;)-quasimetric spaces, fixed
points, coincidence points.
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