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Abstract
Full Text
Reports of the Academy of Sciences of the USSR
1962, Volume 145, No. 6

MATHEMATICS

A. MISHCHENKO

ON FINALLY COMPACT SPACES
(Presented by Academician P. S. Aleksandrov on 30 III 1962)

§ 1. As is known, a topological space 𝑋 is called finally compact in the sense
of covers, or simply finally compact, if into each of its (open) covers 𝜔 there
is inscribed a countable (or finite) cover 𝜔′, and without loss of generality one
may assume that 𝜔′ is a subcover of the cover 𝜔 (i.e. 𝜔′ ⊂ 𝜔). Already in the
fundamental memoir of P. S. Aleksandrov and P. S. Uryson (1) the general notion
of“compactness in a given interval of cardinalities”was introduced, leading, in
particular, to the question of the equivalence of the just-formulated notion of
final compactness and “final compactness in the sense of points of complete
accumulation,”which consists in the requirement that every uncountable set 𝑀
have in the given space 𝑋 a point of complete accumulation (i.e. such a point 𝑥0
every neighborhood of which meets the set 𝑀 in a set of the same cardinality as
the whole set 𝑀). P. S. Aleksandrov and P. S. Uryson proved there in (1) that
final compactness in the sense of points of complete accumulation means that
every cover 𝜔 of uncountable regular cardinality contains a cover of cardinality
smaller than the cardinality of 𝜔 (whence it follows that every finally compact
space (in the sense of covers) is also finally compact in the sense of points of
complete accumulation). The main result of the present work is an example
(§ 3) of a completely regular space, finally compact in the sense of points of
complete accumulation, but not finally compact (in the sense of covers).

I do not know whether this space is normal. We shall see in § 4 that any
example of a normal space finally compact in the sense of points of complete
accumulation and not finally compact (in the sense of covers) would at the same
time be an example of a normal non-countably paracompact space, i.e. would
solve Dowker’s well-known problem (2).
§ 2. Denote by 𝑇 𝑊(𝜔𝑘) the topological space of all ordinal numbers 𝛼 < 𝜔𝑘. If
𝑅𝛼 are ordered sets, then ∏𝛼 𝑅𝛼 will be considered partially ordered according
to the rule: if 𝑥 = {𝑥𝛼} ∈ ∏𝛼 𝑅𝛼, 𝑦 = {𝑦𝛼} ∈ ∏𝛼 𝑅𝛼, then 𝑥 < 𝑦 if and only
if 𝑥𝛼 < 𝑦𝛼 for all indices 𝛼. We preface the construction of the example with
several lemmas.

Lemma 1. The space 𝑇 𝑊(𝜔𝑘) is [ℵ0, ℵ𝑘−1]-compact.
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Proof. Let 𝜋 be a cover of cardinality ≤ ℵ𝑘−1. It is enough to prove that
among the elements Γ of the cover 𝜋 there is a Γ0 ∈ 𝜋 containing an “infinite
interval”of the form (𝛼0, ∞) = {𝛼 ∶ 𝛼 > 𝛼0}. But for every 𝛼 < 𝜔𝑘, obviously,
there is such a 𝛽(𝛼) < 𝛼 that the half-interval (𝛽(𝛼), 𝛼] is contained in some
Γ ∈ 𝜋. Then there exist an 𝛼0 < 𝜔𝑘 and an 𝑀 ⊆ 𝑊(𝜔𝑘), cofinal in the whole
of 𝑊(𝜔𝑘), such that for all 𝛼 ∈ 𝑀 we have 𝛽(𝛼) < 𝛼0 < 𝛼. Since card 𝑀 = ℵ𝑘,
and card 𝜋 ≤ ℵ𝑘−1, there exists an 𝑀 ′ ⊆ 𝑀 of the same cardinality ℵ𝑘 such
that for all 𝛼 ∈ 𝑀 ′ the half-intervals (𝛽(𝛼), 𝛼] lie in one and the same element
Γ0 ∈ 𝜋. But then also (𝛼0, ∞) ⊆ Γ0, as was required to prove.

Lemma 2. 𝑅 = ∏𝑛
𝑖=𝑘 𝑇 𝑊(𝜔𝑖) is an [ℵ0, ℵ𝑘−1]-compact space.

Proof by induction. For 𝑛 = 𝑘 the assertion is true by Lemma 1. Suppose
the assertion is true for 𝑛 − 1. Let 𝜋 be a cover of 𝑅 of cardinality less than ℵ𝑘.
Denote by 𝑅1 the set ∏𝑛−𝑘

𝑖=𝑘 𝑇 𝑊(𝜔𝑖), and by 𝑅𝑥 the set {𝑥} × 𝑇 𝑊(𝜔𝑛), where
𝑥 ∈ 𝑅1. For any point 𝑝 ∈ 𝑅𝑥, 𝑝 = (𝑥, 𝛼), there exist 𝑥(𝛼) ∈ 𝑅1, 𝛽(𝛼) < 𝜔𝑛,
Γ𝛼 ∈ 𝜋, such that (𝑞(𝛼), 𝑝] ⊆ Γ𝛼, where 𝑞(𝛼) is the point (𝑥(𝛼), 𝛽(𝛼)). Then
there exists a set 𝑀 , cofinal in 𝑊(𝜔𝑘), such that 𝛽(𝛼) is less than some fixed
𝛼0 < 𝜔𝑛 for all 𝛼 ∈ 𝑀 . The set 𝑆 of all pairs (𝑥, Γ), 𝑥 ∈ 𝑅1, Γ ∈ 𝜋, has
cardinality ℵ𝑛−1. Therefore there exists 𝑀 ′ ⊆ 𝑀 of the same cardinality ℵ𝑛−1,
cofinal in 𝑊(𝜔𝑛), such that for any 𝛼 ∈ 𝑀 ′ we have 𝑥(𝛼) ≡ 𝑥0, Γ𝛼 ≡ Γ0,
i.e. (𝑝0, 𝑟0) ⊂ Γ0, where 𝑝0 = (𝑥0, 𝛼0), 𝑟0 = (𝑥, ∞). Obviously, Γ0, 𝑥0, 𝛼0 are
functions of the point 𝑥 ∈ 𝑅1: 𝛼0 = 𝛼0(𝑥), 𝑥0 = 𝑥0(𝑥), Γ0 = Γ0(𝑥). Since the
cardinality of 𝑅1 is ℵ𝑛−1, there exists ̄𝛼 > 𝛼0(𝑥) for any 𝑥 ∈ 𝑅1. Then, putting
̄𝑝0(𝑥) = (𝑥0(𝑥), ̄𝛼), we have ( ̄𝑝0(𝑥), ̄𝑟0(𝑥)) ⊂ Γ0(𝑥). Put

𝜉(Γ) = ⋃
Γ(𝑥)=Γ

(𝑥0(𝑥), 𝑥).

The set {𝜉(Γ)}Γ∈𝜋 covers 𝑅1 and, by the induction hypothesis, has a finite
subcover {𝜉(Γ1), … , 𝜉(Γ𝑠)}. Then the system of elements {Γ1, … , Γ𝑠} covers the
set 𝑅1 × ( ̄𝛼, ∞). The space 𝑅 can be represented in the form:

𝑅 = 𝑅1 × [1, ̄𝛼] ∪ 𝑅1 × ( ̄𝛼, ∞).

Since [1, ̄𝛼] is bicompact, 𝑅1 × [1, ̄𝛼] is [ℵ, ℵ𝑘−1]-compact, i.e. it is covered by a
finite number of elements {Γ𝑠+1, … , Γ𝑚}. The system {Γ1, … , Γ𝑚} covers the
space 𝑅.

Lemma 3. Let
𝑅 = [1, 𝛽] ×

𝑠
∏
𝑖=𝑘

𝑇 𝑊(𝜔𝑖).

Further, denote by cf 𝛽 the least ordinal cofinal with 𝛽. Suppose that cf 𝛽 < 𝜔𝑘.
Finally, let

𝐺 ⊃ {𝛽} ×
𝑠

∏
𝑖=𝑘

𝑇 𝑊(𝜔𝑖)

be some set.

sovietrxiv.org/items/ru-196201.81016 Machine Translation

https://sovietrxiv.org/items/ru-196201.81016


Then there exists 𝛼 < 𝛽 such that

𝐺 ⊃ (𝛼, 𝛽] ×
𝑠

∏
𝑖=𝑘

𝑇 𝑊(𝜔𝑖).

Proof. For 𝑠 = 𝑘 the proof is clear. Suppose the lemma is true for 𝑠−1. Denote
by 𝑅∗ the set

[1, 𝛽] ×
𝑠−1
∏
𝑖=1

𝑇 𝑊(𝜔𝑖),

and by 𝑅′∗ the set

{𝛽} ×
𝑠−1
∏
𝑖=1

𝑇 𝑊(𝜔𝑖).

For any 𝑦 ∈ 𝑅′∗ and any 𝛼 ∈ 𝑊(𝜔𝑠) there exist 𝑧(𝑦, 𝛼) ∈ 𝑅∗, 𝛽(𝑦, 𝛼) ∈ 𝑊(𝜔𝑠),
such that

(𝑧(𝑦, 𝛼), 𝑦] × (𝛽(𝑦, 𝛼), 𝛼] ⊂ 𝐺.
Then there exists 𝑧(𝑦) such that

(𝑧(𝑦), 𝑦] × 𝑇 𝑊(𝜔𝑠) ⊂ 𝐺.

⋃𝑦∈𝑅′∗(𝑧(𝑦), 𝑦] is an open set in 𝑅∗. By the induction hypothesis there exists 𝛼
such that

[𝛼, 𝛽] ×
𝑠−1
∏
𝑖=1

𝑇 𝑊(𝜔𝑖) ⊆ ⋃
𝑦∈𝑅′∗

(𝑧(𝑦), 𝑦].

Then
(𝛼, 𝛽] ×

𝑠
∏
𝑖=1

𝑇 𝑊(𝜔𝑖) ⊂ 𝐺.

Lemma 4. The space

𝑅 =
∞
∏
𝑖=𝑘

𝑇 𝑊(𝜔𝑖)

is [ℵ0, ℵ𝑘−1]-compact.

Proof. Let 𝜋 be a countable cover having no finite subcover and such that

𝜋 = {𝑂𝑛}∞
𝑛=𝑘, 𝑂𝑛 = Γ𝑛 ×

∞
∏

𝑖=𝑛+1
𝑇 𝑊(𝜔𝑖),

where Γ𝑛 ⊂ ∏𝑛
𝑖=𝑘 𝑇 𝑊(𝜔𝑖). Suppose that for every 𝛼 ∈ 𝑊(𝜔𝑘) the set

{𝛼} ×
∞
∏

𝑖=𝑘+1
𝑇 𝑊(𝜔𝑖)
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is covered by a finite number of elements of the cover 𝜋, i.e., that there exists
𝑁(𝛼) such that

𝑁(𝛼)
⋃
𝑛=𝑘

𝑂𝑛 ⊃ {𝛼} ×
∞
∏

𝑖=𝑘+1
𝑇 𝑊(𝜔𝑖).

By Lemma 3 there exists 𝛽(𝛼) such that

𝑁(𝛼)
⋃
𝑛=𝑘

𝑂𝑛 ⊃ (𝛽(𝛼), 𝛼] ×
∞
∏

𝑖=𝑘+1
𝑇 𝑊(𝜔𝑖).

Let

𝜏(𝑁) = ⋃
𝑁=𝑁(𝛼)

(𝛽(𝛼), 𝛼].

{𝜏(𝑁)}∞
𝑁=𝑘 covers the space 𝑇 𝑊(𝜔𝑘), and there exists 𝑁0 such that

𝑁0

⋃
𝑁=𝑘

𝜏(𝑁) ⊃ 𝑇 𝑊(𝜔𝑘).

Then

𝑁0

⋃
𝑛=𝑘

𝑂𝑛 ⊃ 𝑅.

The contradiction shows that there exists an 𝛼𝑘 such that the set

{𝛼𝑘} ×
∞
∏

𝑖=𝑘+1
𝑇 𝑊(𝜔𝑖)

is not covered by a finite number of elements of the cover 𝜋.

In an entirely analogous way it is proved that if

{𝛼𝑘} × ⋯ × {𝛼𝑛} ×
∞
∏

𝑖=𝑛+1
𝑇 𝑊(𝜔𝑖)

is not covered by a finite number of elements of the cover 𝜋, then there exists
an 𝛼𝑛+1 such that
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{𝛼𝑘} × ⋯ × {𝛼𝑛} × {𝛼𝑛+1} ×
∞
∏

𝑖=𝑛+2
𝑇 𝑊(𝜔𝑖)

is not covered by a finite number of elements of the cover 𝜋. It is easy to see
that the set

{𝛼𝑘} × ⋯ × {𝛼𝑛} ×
∞
∏

𝑖=𝑛+1
𝑇 𝑊(𝜔𝑖)

does not intersect 𝑂𝑘, … , 𝑂𝑛. Then the point {𝛼𝑖}∞
𝑖=𝑘 is not contained in any

of the elements 𝑂𝑖 ∈ 𝜋, which refutes our initial assumption. Let now 𝜋 be an
arbitrary cover of cardinality less than ℵ𝑘. Every element 𝑂 of the cover 𝜋 can
be represented in the form:

𝑂 =
∞
⋃
𝑖=𝑘

(𝐺𝑖𝑂 ×
∞
∏

𝑗=𝑖+1
𝑇 𝑊(𝜔𝑗)) , where 𝐺𝑖𝑂 ⊂

𝑖
∏
𝑗=𝑘

𝑇 𝑊(𝜔𝑗).

Let

𝑂𝑖 = ⋃
𝑂∈𝜋

𝐺𝑖𝑂 ×
∞
∏

𝑗=𝑖+1
𝑇 𝑊(𝜔𝑗).

{𝑂𝑖}∞
𝑖=𝑘 covers the space 𝑅. Then there exists an 𝑁 such that

𝑁
⋃
𝑖=𝑘

𝑂𝑖 ⊃ 𝑅.

The system of sets

{𝐺𝑖𝑂 ×
𝑁

∏
𝑗=𝑖+1

𝑇 𝑊(𝜔𝑗)}
𝑁

𝑖=1, 𝑂∈𝜋

covers the space

𝑁
∏
𝑖=𝑘

𝑇 𝑊(𝜔𝑖).

By Lemma 2 there exists a finite subcover. Hence 𝜋 contains a finite subcover.

§ 3. We pass to the construction of the principal example. Let
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𝑅 =
∞
∏
𝑖=1

𝑇 𝑊(𝜔𝑖 + 1), 𝑅𝑘 =
𝑘

∏
𝑖=1

𝑇 𝑊(𝜔𝑖 + 1) ×
∞
∏

𝑖=𝑘+1
𝑇 𝑊(𝜔𝑖), 𝑅𝑘 ⊂ 𝑅.

The desired space is the subspace 𝑅∗ ⊂ 𝑅:

𝑅∗ =
∞
⋃
𝑘=1

𝑅𝑘.

Since 𝑅𝑖 is (ℵ0, ℵ𝑖−1)-compact and

𝑅∗ =
∞
⋃
𝑘=𝑛

𝑅𝑘

for every number 𝑛, it follows that 𝑅∗ is (ℵ1, ℵ𝜔0
)-compact in the sense of covers.

Since 𝑅∗ has a ba-

of cardinality ℵ𝜔, then 𝑅∗ is [ℵ𝜔+1, ∞)-compact in the sense of coverings. We
show that there exists a covering 𝜋 of cardinality ℵ𝜔 which has no subcovering
of smaller cardinality. The desired covering is the union of a countable set of
systems 𝜋𝑖; 𝜋𝑖 = {Γ𝛼,𝑖}𝛼<𝜔𝑖

, Γ𝛼,𝑖 = {𝑥 ∶ 𝑥 ∈ 𝑅∗, 𝑥 = {𝑥𝑘}, 𝑥𝑖 < 𝛼}. The
system

𝜋 =
∞
⋃
𝑖=1

𝜋𝑖

is a covering. Suppose that there exists a subcovering of smaller cardinality.
Then there exists a countable subcovering

𝜋∗ =
∞
⋃
𝑖=1

𝜋∗
𝑖 .

We may assume that 𝜋∗
𝑖 consists of one element Γ𝛼𝑖,𝑖 ∈ 𝜋𝑖. Then the point

𝑥 = {𝛼𝑖 + 1}∞
𝑖=1

does not belong to any of the elements Γ𝛼𝑖,𝑖 ∈ 𝜋∗
𝑖 . We have arrived at a contra-

diction!

§ 4. We give some sufficient conditions under which the two definitions of final
compactness are equivalent.
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Theorem 1. Let the space 𝑅 be normal, countably paracompact, and finally
compact in the sense of complete accumulation points. Then 𝑅 is finally compact
in the sense of coverings.

Proof. Suppose the contrary; let 𝜋 be a covering of least cardinality 𝑚 which
has no countable subcovering. Then, by a result of A. S. Aleksandrov and P. S.
Uryson, the cardinality of 𝜋 is irregular and

𝜋 =
∞
⋃
𝑖=1

𝜋𝑖,

where the cardinality of 𝜋𝑖 is less than the cardinality of 𝜋. Denote by ̃𝜋𝑖 the
“body of the system 𝜋𝑖,”i.e., the union of all sets forming this system; { ̃𝜋𝑖}
covers 𝑅. Since 𝑅 is normal and countably paracompact, there exist closed sets
𝐹𝑖 ⊂ ̃𝜋𝑖 which also cover 𝑅. Further, there exists a countable system 𝜋∗

𝑖 ⊆ 𝜋𝑖
covering the closed set 𝐹𝑖 (this follows from the fact that the covering of the
space 𝑅 consisting of the elements of the system 𝜋𝑖 and of the set 𝑅 ∖ 𝐹𝑖 has
cardinality < 𝑚). The system

∞
⋃
𝑖=1

𝜋∗
𝑖

is countable and covers 𝑅. The theorem is proved.

Sufficient conditions for the equivalence of [𝑎, 𝑏]-compactness in the sense of
coverings and in the sense of complete accumulation points are formulated anal-
ogously. For example, the following condition will be such a sufficient condition.

A. For every open covering {Γ𝛼} of the space there exists a closed covering {𝐹𝛼}
combinatorially inscribed in {Γ𝛼} (i.e., 𝐹𝛼 ⊆ Γ𝛼).

For hereditary [𝑎, 𝑏]-compactness we have

Theorem 2. Let 𝑎 be a regular cardinal, and let 𝑅 be a hereditarily [𝑎, 𝑏]-compact
space in the sense of complete accumulation points (no separation axioms are
assumed). Then 𝑅 is hereditarily [𝑎, 𝑏]-compact (in the sense of coverings).

Proof. Let 𝑚 be an irregular cardinal; denote by 𝜒(𝑚) the least cardinal such
that 𝑚 can be represented as a sum of cardinals < 𝑚 taken in number 𝜒(𝑚).
Let 𝜋 denote an arbitrary system of open sets of irregular cardinality 𝑚, where
𝑎 < 𝑚 ≤ 𝑏, 𝜒(𝑚) < 𝑎. It is enough to prove that 𝜋 contains a subsystem of
cardinality < 𝑚 with the same body. Suppose the contrary; let 𝜋 be a system
of least cardinality having no subsystem of smaller cardinality with the same
body. Then

𝜋 = ⋃
𝛼∈𝐴

𝜋𝛼,
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where card 𝐴 < 𝑎, and card 𝜋𝛼 < card 𝜋. Since the property of [𝑎, 𝑏]-compactness
in the sense of complete accumulation points is hereditary and card 𝜋𝛼 < card 𝜋,
there exists a subsystem 𝜋∗

𝛼 ⊆ 𝜋𝛼 with the same body and card 𝜋∗
𝛼 < 𝑎. Then

card ⋃
𝛼∈𝐴

𝜋∗
𝛼 ≤ 𝑎,

and ⋃𝛼∈𝐴 𝜋∗
𝛼 covers the body of 𝜋. Hence the assumption is false and the

theorem is proved.

Received
28 III 1962
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