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Abstract

In this paper, we introduce the concepts of delta generalized closed,
generalized delta closed and delta star generalized closed sets in
bitopological spaces and study some of its properties and its relations
with other types of closed sets. Also we study some properties of weak
forms of separation axioms.

1. Introduction

Throughout this paper, (X, 11, 1) and (¥, oy, 65) (or simply X and Y)
mean bitopological spaces (or simply spaces) on which no separation axiom
is assumed unless explicitly stated. Also, i, j =1, 2, and i # j. Let 4 be a
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subset of a space (X, 11, T). Then the closure of A and the interior of A in
the topological space (X, t;) are denoted by i — CI(A4) and i— Int(A),
respectively. We write i-open (resp. i-closed) set to mean that the set is open

(resp. closed) in the topological space (X, t;). A subset 4 of a space
(X, 11, Tp) is said to be ij-regular open (resp. ij-regular closed) [1] if
A=1i-Int(j— CI(A)) (resp. A =i— Cl(j — Int(A))). The collection of all
ij-regular open sets form a base for a topology t; coarser than t; [5]. The
bitopological space (X,t], t5) is called the semi-regularization of
(X, 1, 1) If 17 =1;, then (X, 1, Ty) is said to be pairwise semi-
regular. The ij — O -interior [5] of a subset 4 of a space X is the union of all
ij-regular open sets of X contained in 4 and is denoted by ij — & — Int(A).
The subset 4 of X is called ij — &-open if A =1ij —8— Int(A), i.e., a set is
ij — & -open if it is the union of jj-regular open sets. The complement of an
ij — & -open set is called ij — &-closed. A point p € X 1is in the ij —9o-
closure of 4 [1] if i—1Int(j—CI(U))N A= for every U e1; and
peU. The set of all ij—9d-closure points of A4 is denoted by
ij —8—CI(4). Obviously, A4 is ij—58-closed if and only if
A =1ij —8— CI(A4). The family of all ij — & -open sets forms a topology on
X denoted by r,-a [5]. It is well known that 1} = r? [5]. A subset 4 of X is
called ij-semiopen [2] (resp. ij—a-open [4], ij-preopen [4]) if
Ac j—CIl(i—Int(A)) (resp. Aci-Int(j— CIl(i — Int(A)), Aci-
Int(j — Cl(A)). The complement of an ij-semiopen (resp. ij — c.-open,

ij-preopen) set is called ij-semiclosed (resp. ij — o.-closed, ij- preclosed).
2. ij — 0g -closed Sets

In this section, we introduce the notion of ij — dg -closed sets and study

some of its properties and its relations with other sets.
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Definition 2.1. A subset 4 of a bitopological space (X, Ty, 15) is called:

1. ij — g-closed [3], if j—CI(4) c U whenever 4 c U and U is
i-open in X.

2. ij — sg-closed [6], if ji —sCl(A) c U whenever 4 c U and U is
ij-semiopen in X.

3. ij — ga -closed [6] if ji —aCl(4) c U whenever 4 c U and U is
ij —a -open in X.

4. ij—rg-closed if j—Cl(A)cU whenever AcU and U is
ij-regular open in X.

Definition 2.2. A subset 4 of a bitopological space (X, 11, 15) is called
ij — &-generalized closed (briefly ij — 8g -closed) if ji—8— Cl(A) c U
whenever 4 — U and U is i-open in X.

Theorem 2.3. In a bitopological space (X, 11, 15), the following hold:

(1) Every ji — 8 -closed set is ij — dg -closed.

(2) Every ij — 8g -closed set is ij — g -closed in (X, 1:1‘, 1:;)

(3) Every ij — 8g -closed set is ij — g -closed in (X, 11, To) and hence
ij —ag -closed, ij — gs -closed and ij — rg -closed.

Remark 2.4. The converses of implications in Theorem 2.3 are not true
in general.

Example 2.5. Let X ={a,b,c,d, e}, 1 ={X, D, {a}, {e}, {a, b},
{c, d}, {a, e}, {a, ¢, d}, {a, b, e}, {c, d, e}, {a, b, ¢, d}, {a, ¢, d, e}} and
1, ={X, G, {b}, {c}, {b, ¢}, {b, d}, {a,c}, {a, b, c}, {b,c, d}, {b,c,e}
{a, b, ¢, d}, {a, b, c, e}, {b, ¢, d, e}}. Then {b, c, e} is 12 — 8g -closed but
not 21— 38-closed. Also, {d, e} and {a, d} are 12 — g-closed but not
12 — &g -closed.
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Recall that (X, 1y, 15) is pairwise T if each singleton is either j-open
2
or i-closed [3].
Definition 2.6. A bitopological space (X, 1y, Tp) is called pairwise

almost weakly Hausdorff if (X, 1, 15) is pairwise T.
2

Theorem 2.7. Let A be a subset of a pairwise semi-regular bitopological
space (X, 11, T5). Then

(1) A is ij — dg -closed if and only if A is ij — g -closed.

(2) If, in addition, X is pairwise T}, then A is ij — 8g -closed if and only
2
if A is j-closed.

Theorem 2.8. In an ij-almost weakly Hausdorff space (X, 11, t5), the
ij — g -closed sets of (X, 1], 15) are ji — &-closed in (X, 1y, 1), and thus

are ij — 8g -closed in (X, 11, T9).

Proof. Let A — X be an ij — g-closed subset of (X, 1], 15). Let
x € ji —8— CI(A). If {x} is ji — 8-open, then x € A. Ifnot, then X/{x} is
ij — o -open, since X is ij-almost weakly Hausdorff. Assume that x ¢ A.
Since 4 is ij — g-closed in (X, 1], 15), Jji—&—Cl(4)c X\{x}, ie.,
x ¢ ji —8— CI(A), a contradiction. Then x € A. Thus ji —8— Cl(4) = 4

or equivalently 4 is ji — &-closed and hence ij — 8g -closed in (X, 11, 15).

Definition 2.9 [10]. A bitopological space (X, 1y, t5) is called a
pairwise Ry space if for every two distinct points, x, y € X such that
i — C({x}) # j — CI({y}), there exist an i-open set U and a j-open set ¥ such
that xeV,yeU and UNV =3.

Theorem 2.10. For an i-compact subset of a pairwise R; space

(X, 11, 19), the following statements are equivalent:
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(1) A is an ij — g -closed set.

(2) A is an ij — g -closed set.

Proof. (1) = (2) is clear.

(2) = (1) Note that in a pairwise R; space, the concepts of j-closure and
ji — d-closure coincide for i-compact spaces: see Theorem 3.9 from [8]. The

rest of the proof is obvious.

Definition 2.11. A bitopological space (X, 1y, 15) is called pairwise
partition if every i-open set is j-closed.

Theorem 2.12. 4 bitopological space (X, 1, 15) is a pairwise partition
space if and only if every subset of X is ij — g -closed.

Proof. Let X be a pairwise partition space and 4 — X be any subset. Let
A < U, where U is i-open in X. Then U is ji-clopen. Thus ji — & — CI(A)
c ji—8-Cl(U)=U. Conversely, let U < X be an i-open set. Then
ji —8— CI(U) c U, since every subset of X'is ij — 8g -closed. Therefore, U

is ji — & -closed and hence j-closed.
Theorem 2.13. Let (X, 11, T5) be a bitopological space. Then
(1) Finite union of ij — 8g -closed sets is always ij — dg -closed.
(2) Countable union of ij — dg -closed sets need not be ij — dg -closed.

(3) Finite intersection of ij — 8g -closed sets may fail to be ij — dg -

closed.

Proof. (1) Let 4, B < X be ij — 8g closed and AU B < U, where U
is an i-open set. Then ji—-8—-Cl(AUB)c ji—-8-CIl(A)U ji-8-
CI(B) < U. This shows that 4U B is ij — dg -closed.

(2) Let X =R, 1y =1, = the usual topology on R. Then X is pairwise

semi-regular, and by Theorem 2.7 every singleton in X is ij — 6g -closed. Let
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N be the set of all positive integers, set A:UneN {l} Clearly, 4 is a
n
countable union of ij — g -closed sets but 4 is not ij — g -closed, since
A < (0, ©) but 0 € ji —&— CI(A).
(3) See the following example.

Example 2.14. Consider (X, 1y, 1,) as in Example 2.5. Let
A={a, b, c, e} and B ={a, b, d, e}. Then 4 and B are 12 — dg -closed but
AN B = {a, b, e} isnot 12 — 8g -closed.

Theorem 2.15. For a subset A of a bitopological space (X, 11, 15), the
following statements are equivalent:

(1) A4 is ij-clopen.

(2) A is ij — dg -closed, ij-preopen and ji-semiclosed.

(3) A is ij — ag -closed and ij-regular open.

(4) A is ij — ag -closed and ij-regular open.

Proof. (1) = (2), (2) = (3) and (3) = (4) are obvious.

(4) = (1) Since 4 is ij — ag-closed, ji —aCl(4) = A and thus 4 is
ji —a.-closed. Therefore, j— Cl(i — Int(j — Cl(A))) =« A. Since A is
ij-regular open, j — CI(A) c A, and so 4 is j-closed. Thus 4 is ji-clopen.

3. ij — T5 -space
7

Definition 3.1. A bitopological space (X, 1y, Tp) is called an ij — T3

4
space if every ij — 8g -closed subset of X'is ji — 0 -closed.

Lemma 3.2. Let A be an ij — dg -closed set of a bitopological space
(X, 11, T2). Then ji — & — CI(A)\A does not contain any nonempty i-closed

set.
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Proof. Assume that F is an i-closed set of ji —& — CI(A)\A. Then
clearly 4 < X\F, where A4 is ij — 0g -closed and X\F is i-open. Thus
ji—8—CI(A) ¢ X\F or equivalently F < X\ji — 38— CI(A4). Since by
assumption F < ji — 8 — CI(A), F must be the empty set.

Lemma 3.3. In any bitopological space (X, 11, T5) a singleton {x} is

ij — & -open if and only if it is ij-regular open.

Theorem 3.4. For a bitopological space (X, 11, 15), the following

Statements are equivalent:

(1) Xis pairwise ij — T5 -space.
Iy

(2) Every singleton set {x} is ji — &-open or i-closed.
(3) Every singleton set {x} is ji-regular open or i-closed.

Proof. (1) = (2) If {x} is not i-closed, then X\{x} is not i-open and thus
ij — 8g -closed. By (1), X\{x} is ji — 8-closed, i.e., {x} is ji — &-open.

(2) = (1) Let 4 < X be ij — dg -closed. Let x € ji — & — CI(4). We
consider two cases:

Case 1. Let {x} be ji — &-open. Since x belongs to the ji — &-closure of
A, {x} N A # &. This shows that x € 4.

Case 2. Let {x} be i-closed. If we assume that x ¢ A4, then we would
have x € ji — 8 — CI(4)\A which cannot happen according to Lemma 3.2.
Hence x € A.

So in both the cases, we have ji —8 — Cl(A) = A and so A is ij — & -
closed.

(2) = (3) Follows from Lemma 3.3.

Corollary 3.5. Every pairwise 1) space is pairwise T5.
4
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Corollary 3.6. Every pairwise T3 space is pairwise T .
4 2

Definition 3.7 [6]. A bitopological space (X, 11, T5) is called pairwise
semi Ty if every singleton set is pairwise semiclosed.
Theorem 3.8. Every pairwise T5 bitopological space is pairwise semi

4
Ti.

Proof. Every i-closed set and every ji-regular open set are ji-semiclosed.

Lemma 3.9. In a bitopological space (X, 1y, 15), every singleton set

{x} is either ij-nowhere dense or ij-preopen.

Lemma 3.10. For a bitopological space (X, 1, 1), the following

statements are equivalent:
(1) Each ij-preopen singleton is ij-regular open.
(2) Xis a pairwise semi T; space.

Proof. (1) = (2) Every singleton is either jj-nowhere dense or ij-
preopen. In the first case (2) is clear, since ij-nowhere dense subsets are ji-
semi closed. In the second case, the singleton, by (1), is ij-regular open and

hence ji-semi closed. Thus X is a pairwise semi 7] space.

(2) = (1) Let x € X be such that {x} is ij-preopen. Since X is
pairwise semi 7j, {x} is ji-semi closed and so i = Int(j — CI({x}) = {x}

c i — Int(j — CI({x}))) Hence, {x} is ij-regular open.

Theorem 3.11. For a bitopological space (X, 11, T5), the following
Statements are equivalent:
(1) Xis pairwise T5.
7

(2) X is pairwise T| and pairwise semi T.
2
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Proof. (1) = (2) follows from Corollary 3.6 and Theorem 3.8.

(2) = (1) Since X is pairwise T, every singleton is j-open or i-closed.
2
Since j-open ij-semi closed sets are ji-regular open sets, all j-open singletons
are ji-regular open. Thus X is pairwise 775.
Iy

4. jj — go -closed Sets

Definition 4.1. A subset 4 of a bitopological space (X, 11, 15) is called
ij-generalized §-closed (briefly ij — g6 -closed) if j — Cl(A) = U whenever
Ac U and Uis ij — d-open in X.

A family {4}, _, of subsets of a bitopological space (X, 1, 1) is

called i-locally finite if for each point x € X, there exists an i-open set U
containing x such that {k € 7 : U 4, # O} is a finite set. The family is
called pairwise locally finite if it is 1-locally finite and 2-locally finite.

Lemma 4.2. For an i-locally finite family {4}, _, of subsets of a
bitopological space (X, 11, 1),

i—Cl [Uke[Ak J = U, i~ Cl4p).

Theorem 4.3. Let {4 Yoy be an i-locally finite family of ij — g5 -closed

sets. Then A = Ukel Ay, is also ij — gb -closed.

Theorem 4.4. Every ij — g-closed set is ij — gd-closed. But not

conversely.

Proof. Follows directly since every ij —d-open is i-open. For the

converse consider the following example.

Example 4.5. Let (X, 11, 15) as in Example 2.5. Then {a, b, ¢, d} is
12 — gd -closed but not 12 — g -closed.



22 F. H. Khedr and O. R. Sayed
Theorem 4.6. A subset A of a pairwise semi-regular bitopological space

is ij — g -closed if and only if it is ij — g0 -closed.
Proof. Follows from the fact that in a pairwise semi-regular space, we
have t; = r?.

From the above theorem and the definition of a pairwise 7 space, we
2

can see that in a pairwise semi-regular pairwise 7 space, the concepts of
2

ij — g0 -closed, ij — g -closed and j-closed sets coincide.

Lemma 4.7. Let (X, 1, T5) be a bitopological space. If A < X is
ij — gd-closedand A c B < j — CI(A), then B is also ij — g8 -closed.

Theorem 4.8. Let (X, 11, T5) be a bitopological space.

@)If Ac X is ij — gd-closed, then j— CI(A)\A does not contain any

nonempty ij — 8 -closed set.

(b) If Ac X is ij—g8-closed and Ac B c j—CI(A), then
Jj — CI(B)\B does not contain any nonempty ij — & -closed set.

Theorem 4.9. Suppose that B < A c X and B is ij — g0 -closed in X.
Then A is ij — g0 -closed relative to Y provided Y is i-open or j-dense in X.

Proof. Let 4 c Y (1 G, where G is ij —d-open in X. Then 4 c G.
Since 4 is ij — gd -closed, j — CI(A) = G. This implies that j — CI(A)NY
=j—Cly(A) c GNY. Thus 4 is ij — g8 -closed in Y.

Theorem 4.10. For a subset A of a bitopological space (X, 11, 15), the

following two conditions are equivalent:

(1) A4 is ji-clopen (i-open and j-closed).

(2) A is ij — d-open and ij — g6 -closed.
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Definition 4.11. A bitopological space (X, 1y, 15) is called pairwise

irreducible or pairwise hyperconnected if every i-open subset of X is j-dense,
i.e., if U is an i-open subset of X, then j — CI(U) = X.

Definition 4.12 [9]. A bitopological space (X, 11, t,) is called pairwise
connected if X cannot be expressed as the union of two nonempty subsets A4
and B such that A(i— CI(B) = (j — CI(A))N B = &. Equivalently, if X
cannot be written as a union of two nonempty proper subsets A and B, where
A is i-open and B is j-closed.

Corollary 4.13. For a bitopological space (X, 1y, 1), the following

conditions are equivalent:
(1) X is pairwise hyperconnected.
(2) Every subset of X is ij — g0 -closed and X is pairwise connected.
Proof. (1) = (2) Since X is pairwise hyperconnected, the only ij-regular

open subsets of X are the trivial ones. Hence, every subset of X is trivially
ij — g6 -closed. On the other hand, every pairwise hyperconnected space is

pairwise connected.

(2) = (1) Let 4 be a nonempty proper ij — & -open subset of X. By (2), 4
is ij — gd-closed. From Theorem 4.10, it follows that A4 is ji-clopen.

According to (2), X must be pairwise disconnected, a contradiction. Then X is
pairwise hyperconnected.

5. ij — 8g" -closed Sets

In this section, we introduce the concept of ij — 8g" -closed sets and

study some properties of weak forms of separation axioms.
Definition 5.1. A subset 4 of a bitopological space (X, t1, 15) is called

ij — 8g" -closed if j—8&—Cl(4) c U whenever A c U and Uis ij —&-

open set in X.
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Remark 5.2. Every ij — 8g -closed set is ij — 8g" -closed and every
ij — 8g" -closed set is ij — g& -closed, but not conversely.

Example 5.3. Let X = {a, b, ¢, d}, 11 ={X, D, {a}, {c}, {a, ¢}, {b, ¢},
{c, d}, {a, b, ¢}, {a, c, d}, {b, ¢, d}}, 1, ={X,D, {b},{d}, {b,d}, {b,c,d},
{a, b, d}}. Then in (X,t,15), {b,c,d} is 12— 58g" -closed but not
12 — g -closed.

Theorem 5.4. Let (X, 11, t5) be a bitopological space and A, B  X.
Then

(@) If A is ij — 8g" -closed, then ji — & — CI(A\A does not contain a
nonempty ij — & -closed set.

(b) If A is ij — g  -closed and A c B c ji —8— CI(A), then B is
ij — 8g" -closed.

Theorem 5.5. For a bitopological space (X, 1, 1), the following
statements are equivalent:

(1) X is pairwise almost weakly Hausdorff.

(2) Every singleton {x} is ij — & -closed or ji — &-open.

(3) Every ij — 8g”" -closed set is ji — & -closed.

(4) Every singleton {x} is ji — &-closed or ji-regular open.

(5) Every ij — g6 -closed set is j-closed.

Proof. (1) = (2) is obvious.

(2) = (3) Let 4 — X be an ij — 8g” -closed set. Let x € ji —8 — CI(A).
We consider the following two cases:

Case (1). Let {x} be ji—0d-open. Since x € ji—8— CI(A),
{x}N A # . This shows that x € A.
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Case (2). Let {x} be ij — §-closed. If we assume that x ¢ A, then we
would have x e ji—8—CI(A)\A which is impossible according to Theorem
5.4(a). Hence x € A. In both cases we have ji — 8 — CI(4) < A4 and so 4 is
ji — 6-closed.

(3) = (2) If {x} is not ij — & -closed, then X\{x} is not ij — & -open and

thus X\{x} is trivially ij — 8g"-closed. By (3) X\{x} is ji — &-closed or

equivalently {x} is ji — &-open.
(2) = (4) It is straightforward.
(4) = (5) Similar to (2) = (3).

(5) = (4) Let x € X. If {x} is not ij — & -closed, then X\{x} is not
ij —8-open and thus X\{x} is trivially ij — g6-closed. By (5) X\{x} is

Jj-closed or equivalently {x} is j-open.

Definition 5.6 [6]. A bitopological space (X, 1y, T5) is called pairwise
semi Hausdorff if for every two distinct points x, y € X, there exist an
ij-semiopen set U and a ji-semiopen set V such that x e U, y € V' and

UNV=4.

Clearly, every pairwise Hausdorff space is pairwise semi Hausdorff but
not conversely.

Theorem 5.7. Every pairwise almost weakly Hausdorff space is pairwise
semi Hausdorff.

Proof. Let x, ye X, x # y and assume that X is pairwise almost
weakly Hausdorff. By Theorem 5.5, we have that each point is either j-open
or ij — & -closed. If {x} is j-open and {y} is i-open, then we are done. If {x}
is ij — d-closed, then {x} is the intersection of ij-regular closed sets and
hence for some ij-regular closed set R containing x, we have y ¢ R. Clearly,
R is ji-semiopen set containing x but not y and X\R is ij-semiopen set

containing y but not x. Also, RN (X\R)={.
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Definition 5.8. A bitopological space (X, 11, t5) is called a pairwise

Ts-space if every ij — g6 -closed set is ij — § -closed.

Theorem 5.9. 4 bitopological space (X, 11, 1) is pairwise Tg-space if
and only if it is pairwise almost weakly Hausdorff and pairwise semi-

regular.

Proof. Let X be a pairwise Tg-space and 4 < X be ij — 8g” -closed. By
Theorem 5.4(b), A is ij — g6 -closed. So, by assumption, 4 is ji — & -closed.

From Theorem 5.5, X is pairwise almost weakly Hausdorff. Next, we show

that X is pairwise semi-regular. Let 4 < X be j-closed. Then 4 is ij — g -
closed and thus by Theorem 4.4, 4 is ij — g0 -closed. By assumption, A4 is

Jji — 8-closed. This shows that t; -coincides with its semi-regularization t;.

Conversely, let 4 < X be ij — gb-closed. We first show that 4 is
j-closed. Let x € j — CI(A4). By Theorem 5.5, we have the following two

cases:

Case (1). Let {x} be ji—&-open. Since x € j — CI(4) and {x} is
clearly j-open, {x}( 4 # Q. This shows that x € A.

Case (2). Let {x} be ji — &-closed. If we assume that x ¢ A4, then we
have x € j — CI(A)\ A, which contradicts Theorem 5.4(a). Hence x € 4.

So in both the cases we have j — CI(4) < A. Thus 4 is j-closed. Since X

is pairwise semi-regular, 4 is ji — 6 -closed. Thus X is pairwise Tg.

Definition 5.10. A bitopological space (X, 1y, 1) is called a pairwise
pointwise semi-regular space if every j-closed singleton of X is ji —3-

closed.

Theorem 5.11. Every pairwise semi-regular space and every pairwise

almost weakly Hausdorff space are pairwise pointwise semi-regular.
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Theorem 5.12. For a bitopological space (X, 1, T5), the following
hold:

(a) If X is pairwise semi-regular, then every ij — gb -closed set is ij — g -

closed.

(b) If every ij — gb-closed set is ij — g -closed, then X is pairwise

pointwise semi-regular.

Proof. (a) Let A X be ij — gd-closed and 4 c U, where U is
i-open. Since X is pairwise semi-regular, U is ij — d-open. Since 4 is

ij — g6 -closed, we have j — CI(4) < U and therefore 4 is ij — g -closed.

(b) Let x € X and assume that {x} is j-closed. If {x} is not ji — g5-
closed, then X\{x} is not ji —&-open and hence trivially it is ji — g&-
closed. By assumption it is ji — g -closed and thus {x} is ji — g -open. But
every ji — g -open j-closed set is ji-clopen and hence ji —d-closed. This

shows that X is pairwise pointwise semi-regular.

References

[1T G. K. Banerjee, On pairwise almost strongly 6-continuous mappings, Bull.
Calcutta Math. Soc. 79 (1987), 314-320.

[2] S. Bose, Semi open sets, semicontinuity and semi open mappings in bitopological
spaces, Bull. Calcutta Math. Soc. 73 (1981), 237-246.

[3] T. Fukutake, On generalized closed sets in bitopological spaces, Bull. Fukuoko
Univ. Ed. III 35 (1986), 19-28.

[4] F. H. Khedr, co -continuity in bitopological spaces, Arabian J. Science
Engineering 179(1) (1992), 85-89.

[5] F. H. Khedr and S. M. Al-Areefi, O-connectedness and o-connectedness in
bitopological spaces, The Arabian J. Sci. Engineering 18(1) (1993), 51-56.

[6] F.H.Khedr and H. S. Al-Saadi, On pairwise semi-generalized closed sets, JKAU:
Sci. 21(2) (2009), 269-295.



28
[7]

(8]

(9]

[10]

[11]

F. H. Khedr and O. R. Sayed
F. H. Khedr and H. S. Al-Saadi, On pairwise 0-generalized closed sets, Journal of
International Mathematical Virtual Institute 1 (2011), 37-51.

F. H. Khedr, A. M. Al-Shibani and T. Noiri, On J-continuity in bitopological
spaces, J. Egyptian Math. Soc. 5(1) (1997), 57-63.

W. J. Pervin, Connectedness in bitopological spaces, Proc. Kor. Ned. Akad. Van.
Wetensch. A70 (Indag. Math. 29) (1967), 369-372.

I. L. Reilly, On essentially pairwise Hausdorff spaces, Rend. Circ. Mat. Palermo
(2) 25 (1976), 47-52.

A. R. Singal and S. P. Arya, On pairwise almost regular spaces, Glasnik Mat.
6(26) (1971), 335-343.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


