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Abstract

In paper [Ba] the fiber resolution and fiber expansion of continuous maps
are defined and it is shown that any fiber resolution is a fiber expansion.
In this paper we have defined a strong fiber expansion. We have shown
that any fiber resolution is a strong fiber expansion. Besides, we have
proved an analogous lemma of the Main Lemma about strong expansion
[Ma]. Using the obtained results and methods of strong shape theory
[Ma] we have constructed a strong fiber shape category of maps of com-
pact metric spaces [Be-Ba].
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Abstract

In the second part of this paper, we have constructed the strong ho-
mological functor from the strong shape category of maps of compact
metric spaces to the category of sequences of abelian groups and level
mophisms. Using the obtained results we have defined the homological
functor H : MorCM → A b from the category of continuous maps of
compact metric spaces to the category of abelian groups [Be-Ba], which
is strong shape invariant and has the semi-continuous property [Be].
Besides, we give an example of a map f : X → Y with trivial spectral
homology and non-trivial strong homology groups [Be].
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Classification of Topological Spaces

• Homotopy Classification

H(Top2)−Homotopy category

• Strong shape classification

SSh(Top2)− Strong shape category

• Shape Classification

Sh(Top2)− Shape category
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Corresponding Homology Theories

• Singular Homology Theory

H∗ : Top2 → A b

• Strong (Steenrod, Total) Homology Theory

Hst
∗ : Top2 → A b

• Čech Homology Theory

Ȟ∗ : Top2 → A b
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Advantage and Disadvantage

Singular homology theory

• It is homotopy invariant

• AD: It is an exact homology theory

• DIS: It is not continuous homology theory

• It satisfies only the week excision axiom
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Advantage and Disadvantage

Čech homology theory

• AD: It is shape invariant

• DIS: It is not exact homology theory

• AD: It is a continuous homology theory

• AD: It satisfies the excision axiom
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Advantage and Disadvantage

Strong (Steenrod, Total) homology theory

• AD: It is strong shape invariant

• AD: It is an exact homology theory

• It is a semi-continuous homology theory

• AD: It satisfies the strong excision axiom
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Tendency in Shape Theory

• Fiber shape theory (shape theory of continuous maps)

Sh(MorTop)

• Strong fiber shape theory (strong shape theory of continuous
maps) theory

SSh(MorTop)

Anzor Beridze Joint work with Vladimer Baladze Batumi Shota Rustaveli State University, Georgia (BSU)Strong Shape and Homology of Maps
TOPOSYM 2016 Prague, Czech Republic July 26, 2016, 2016 Research supported by SRNSF grant FR/233/5-103/14 9

/ 1



Fiber Shape Theory

In paper [Ba] the fiber resolution of continuous maps are defined

and
it is shown that any fiber resolution is a fiber expansion.Using the ob-
tained results the shape theory of continuous maps are constructed.
For maps between compact metric spaces the following theorem is
proved:

Theorem (V.Baladze, 1986)

For each continuous map f : X → Y of compact spaces there exist
inverse systems X = {Xα, p(α,α′),A} and Y = {Yα, q(α,α′),A} of
compact ANR-spaces and a system f = {fα, id} : X → Y , where for
each α ∈ A, fα : Xα → Yα is mapping such that fαp(α,α′) = qα,α′f(α′)

and following are fulfilled:
1) X ≈ LimX, Y ≈ LimY, f ≈ Limf ;
2) qαf = fαpα, where p = {pα} : X → X and q = {qα} : Y → Y are
inverse limit of inverse systems X = {Xα, p(α,α′),A} and
Y = {Yα, q(α,α′),A}.
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Classification of Continuous maps

• Homotopy Classification of continuous maps

H(MorTop)

• Strong shape classification of continuous maps

SSh(MorTop)

• Shape Classification of continuous maps

Sh(MorTop)
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Homology Theories of Continuous Maps

• Singular Homology Theory of Continuous maps

H∗ : MorTop → A b

• Strong (Steenrod, Total) Homology Theory of Continuous maps

Hst
∗ : MorTop → A b

• Čech Homology Theory of Continuous maps

Ȟ∗ : MorTop → A b
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Axioms of the Strong (Steenrod, Total) Homology
Theory of Continuous Maps

• It should be homotopy invariant

• It should be an exact homology theory

• It should have the semi-continuous property

• There is problem in formulating the excision axiom
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Axioms of the Strong (Steenrod, Total) Homology
Theory of Continuous Maps

Theorem (Mrozik):

A homology theory {H∗, δ} on the category CM2 is strong shape
invariant if and only if it satifies the strong excision axiom (SE).
SE: for each compact metric pair (X,A) with A 6= ∅, the quotiont map

p : (X,A)→ (X/A, ∗)

induces an isomorphism:

p∗ : H∗(X,A)→ H∗(X/A, ∗)
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Axioms of the Strong (Steenrod, Total) Homology
Theory of Continuous Maps

• It should be strong shape invariant

• It should be an exact homology theory

• It should have the semi-continuous property
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Definition of Strong Homology Groups of Continuous
Maps

• f : X → Y - A continuous map of compact mertic space

• F = S(f) : X → Y - The strong shape map induced by f
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The strong shape map induced by f : X → Y

F = {p,q, [f ]}, where p : X→ X and q : Y → Y are strong expansions
and [f ] : [X]→ [Y] is coherent class of coherent mapping

X X

Y Y

p

f

q

[f ]
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Coherent Mapping of an Inverse Sequence

Definition:

Let X = {Xn, pn,n+1,N} and Y = {Ym, qm,m+1,N} be inverse sequences
in the category Top. A coherent mapping f = {fm, fm,m+1, f} : X→ Y
consists of an increasing function f : N→ N, of maps fm : Xf(m) → Ym
and fm,m+1 : Xf(m+1) × I → Ym such that

fm,m+1(x, 0) = fm(pf(m),f(m+1)(x)),

fm,m+1(x, 1) = qm,m+1fm(x)).
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Coherent Mapping of an Inverse Sequence

fm,m+1(x, 0) = fm(pf(m),f(m+1)(x)),

fm,m+1(x, 1) = qm,m+1fm(x)).

· · · Xf(m−1) Xf(m) Xf(m+1) · · ·

· · · Ym−1 Ym Ym+1 · · ·

pf(m−1),f(m) pf(m),f(m+1)

qfm− 1,m qm,m+1

fm−1 fm fm+1

fm−1,m fm,m+1
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Coherent Homotopy of Coherent mapping

Definition:

Two coherent mapping f , f ′ : X → Y are coherent homotopic, f ∼= f ′, if
there exists a coherent mapping F : X× I → Y such that for every
m ∈ N admits an index F (m) > f(m), f ′(m) and following is fulfilled

Fm(x, 0) = fm(pf(m),F (m)(x)),

Fm(x, 1) = f ′m(pf ′(m),F (m)(x)).

Moreover

Fm,m+1(x, 0, t) = fm,m+1(pf(m+1),F (m+1)(x), t),

Fm,m+1(x, 1, t) = f ′m,m+1(pf ′(m+1),F (m+1)(x), t)

Fm,m+1(x, s, 0) = Fm(pF (m),F (m+1)(x), s),

Fm,m+1(x, s, 1) = (qF (m),F (m+1)Fm+1(x), s),
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Definition of Strong Homology Groups of Continuous
Maps

• [f ] : [X]→ [Y] - coherent class of coherent mapping

• f = {fm, fm,m+1, f} : X→ Y - coherent mapping

• F# = {f0#, f0#, f1#} : X→ Y - coherent mapping of chain maps
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Definition of Coherent mopping of chain maps

What is a coherent mapping of chain maps?

Definition:

A coherent morphism Φ : f# → g# of chain maps is a system
Φ = {(φ1, φ2), φ1,2}, where φ1 : L∗ → P∗ and φ2 : M∗ → Q∗ are chain
maps and φ1,2 : L∗ → Q∗ is a chain homotopy of the chain maps g#φ

1

and φ2f#;

Anzor Beridze Joint work with Vladimer Baladze Batumi Shota Rustaveli State University, Georgia (BSU)Strong Shape and Homology of Maps
TOPOSYM 2016 Prague, Czech Republic July 26, 2016, 2016 Research supported by SRNSF grant FR/233/5-103/14 22

/ 1



Coherent Mapping of Chain Maps

Coherent mapping of chain maps:

L∗ M∗

P∗ Q∗

f#

φ1

g#

φ1
φ1,2
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Definition of Coherent mopping of chain maps

Definition:

A coherent homotopy D = {(D1, D2), D1,2} of coherent morphisms
Φ = {(φ1, φ2), φ1,2} and Ψ = {(ψ1, ψ2), ψ1,2} is a system
D = {(D1, D2), D1,2}, where D1 is a chain homotopy of φ1 and ψ1, D2

is also a chain homotopy of φ2 and ψ2 and D1,2 : L∗ → Q∗ is a chain
map of degree two, which satisfies the following conditions:

∂D1,2 −D1,2∂ = g#D
1 −D2f# + φ1,2 − ψ1,2;
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Definition of Strong Homology Groups of Continuous
Maps

• [f ] : [X]→ [Y] - coherent class of coherent mapping

• f = {fm, fm,m+1, f} : X→ Y - coherent mapping

• F# = {f0#, f0#, f1#} : p# → q# - coherent mapping of chain maps
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The Chain Map Induced by a Coherent mapping

Lemma

Each coherent mapping f = {fm, fm,m+1, f} : X→ Y induces coherent
mapping of chain maps

F# = {f0#, f0#, f1#} : p# → q#

Lemma

Coherent homotopic coherent mappings

f ' f ′ : X→ Y

induce coherent mappings of chain maps

F# ' F′# : p# → q#
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The Chain Map Induced by a Coherent mapping

Lemma

A coherent mapping of chain maps Φ : f# → g# induces the chain map

Φ# : C∗(f#)→ C∗(g#),

where C∗(−) is chain cone of chain map.

Lemma

Coherent homotopic coherent mappings of chain maps D : Φ ' Ψ
induce the homotopic chain maps

Φ# ' Ψ# : C∗(f#)→ C∗(g#).
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The Chain Map Induced by a Coherent mapping

Theorem

Each coherent mapping f = {fm, fm,m+1, f} : X→ Y induces chain
map

F# : C∗(p#)→ C∗(q#),

Theorem

Coherent homotopic coherent mappings

f ' f ′ : X→ Y

induce homotopic chain maps

F# ' F′# : C∗(p#)→ C∗(q#).
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Definition of Strong Homology Groups of Continuous
Maps

Definition

Given a continuous map f : X → Y of compact metric spaces, the
(n+ 1)-dimension homology groups of chain cone C∗(F#) of chain map
F# : C∗(p#)→ C∗(q#) is called n-dimension strong homology groups
of f .

Hn(f) ≈ Hn+1(C∗(F#)).

Theorem

For each inclusion i : A→ X of compact metric spaces, there exists the
isomorphism

H∗(i) ≈ H∗(X,A).
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Strong Shape Invariant

Theorem:

If continuous maps f, g : X → Y of compact metric spaces induces the
same strong shape mapping then their strong homology groups are
isomorphic

Hn(f) ≈ Hn(g)

Anzor Beridze Joint work with Vladimer Baladze Batumi Shota Rustaveli State University, Georgia (BSU)Strong Shape and Homology of Maps
TOPOSYM 2016 Prague, Czech Republic July 26, 2016, 2016 Research supported by SRNSF grant FR/233/5-103/14 30

/ 1



Exactness Property

Theorem

For each continuous map f : X → Y of compact metric spaces there
exists a long exact sequence

· · · Hn(X) Hn(Y ) Hn(f) Hn−1(X) · · ·
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Semi-continuity

Theorem

For each continuous map f : X → Y of compact metric spaces there
exists a short exact sequence

0 lim←−
1Hn+1(fi) Hn(f) lim←−Hn(fi) 0

where f = {fi} : X→ Y is a mapping of inverse sequences of compact
metric ANR-spaces such that
1) X = lim←−X, Y = lim←−Y, f = f ;
2){qi}f = {fi}{pi} and p = {pi} : X → X and q = {qi} : Y → Y are
inverse limits of the inverse sequences X and Y (strong expansions),
respectively.
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Resolution of a continuous map

Definition (see [Ba]

A fiber resolution of a map f is a morphism (p,p′) = {(pλ, p
′
λ)} : f → f

of the category pro−MorTop which, for any ANR-map t : P → P ′ and
a pair (α, α′) of coverings α ∈ Cov(P ) and α′ ∈ Cov(P ′), satisfies the
following two conditions:
FR1) for every morphism (ϕ,ϕ′) : f → t there exist λ ∈ Λ and a
morphism (ϕλ, ϕ

′
λ) : fλ → t such that (ϕλ, ϕ

′
λ) · (pλ, p

′
λ) and (ϕ,ϕ′) are

(α, α′)-near;
FR2) there exists a pair (β, β′) of coverings β ∈ Cov(P ) and
β′ ∈ Cov(P ′) with the following property: if λ ∈ Λ and
(ϕλ, ϕ

′
λ), (ψλ, ψ

′
λ) : fλ → t are morphisms such that the morphisms

(ϕλ, ϕ
′
λ) · (pλ, p

′
λ) and (ψλ, ψ

′
λ) · (pλ, p

′
λ) are (β, β′)-near, then there

exists a λ′ ≥ λ such that (ϕλ, ϕ
′
λ) · (pλλ′ , p

′
λλ′) and (ψλ, ψ

′
λ) · (pλλ′ , p

′
λλ′)

are (α, α′)-near.
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Strong expansion of a continuous map

Definition (cf. [Ma])

We will say that a morphism (p,p′) = {(pλ, p
′
λ) } : f → f of the

category pro−MorTop is strong fiber expansion of a continuous map
f : X → X ′ if for every ANR-map t : P → P ′ the following conditions
are fulfilled:
SF1) for every morphism (ϕ,ϕ′) : f → t there exist λ ∈ Λ and a
morphism (ϕλ, ϕ

′
λ) : fλ → t such that (ϕ,ϕ′) ∼= (ϕλ, ϕ

′
λ) · (pλ, p

′
λ)

FR2) if λ ∈ Λ and (ϕλ, ϕ
′
λ), (ψλ, ψ

′
λ) : fλ → t are morphisms such that

the morphisms (ϕλ, ϕ
′
λ) · (pλ, p

′
λ) and (ψλ, ψ

′
λ) · (pλ, p

′
λ) are connected

by a fiber homotopy (Θ,Θ′) : f × 1I → t, then there exists a λ′ ≥ λ and
fiber homotopies (∆,∆′) : fλ× 1I → t and (Γ,Γ′) : f × 1I × 1I → t such
that the homotopy (∆,∆′) connects the morphisms
(ϕλ, ϕ

′
λ) · (pλλ′ , p

′
λλ′) and (ψλ, ψ

′
λ) · (pλλ′ , p

′
λλ′) and the homotopy (Γ,Γ′)

connects (Θ,Θ′) and (∆,∆′) · (pλ × 1I , p
′
λ × 1I) and is fixed on the

submap f × 1∂I : X × 1∂I → X ′ × 1∂I .
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Coherent expansion of a continuous map

Definition (cf. [Ma])

A fiber coherent expansion of a continuous map f : X → X ′ is a
morphism (p,p′) = {(pλ, p

′
λ)} : f → f of the category

CH(pro−MorTop), which has the following property:
CH) for every system t in the category CH(pro−MorANR) and every
morphisms (ϕ,ϕ′) : f → t of CH(pro−MorTop), there exists a unique
morphism [(ϕ,ϕ′)] : [f ]→ t of the category CH(pro−MorTop) such
that

(ϕ,ϕ′) = (p,p′)[(ϕ,ϕ′)]
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Coherent expansion of a continuous map

f f
(p,p′)

t

(ϕ,ϕ′)
[(ϕ,ϕ′)]
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Coherent expansion of a continuous map

f f
(p,p′)

t

(ϕ,ϕ′)

[(ϕ,ϕ′)]

Anzor Beridze Joint work with Vladimer Baladze Batumi Shota Rustaveli State University, Georgia (BSU)Strong Shape and Homology of Maps
TOPOSYM 2016 Prague, Czech Republic July 26, 2016, 2016 Research supported by SRNSF grant FR/233/5-103/14 36

/ 1



Coherent expansion of a continuous map

f f
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t

(ϕ,ϕ′)
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Construction of strong shape theory of maps

Lemma (cf. [Ba])

Let f : X → X ′ be a map of topological spaces, t′ : P1 → P
′
1,

t : P → P ′ be ANR-maps. If (ζ, ζ ′) : f → t′, (ξ, ξ′), (η, η′) : t′ → t are
morphisms and (Θ,Θ′) : f × 1I → t is homotopy which connects the
morphisms (ξ, ξ′) · (ζ, ζ ′) and (η, η′) · (ζ, ζ ′), then there exists an
ANR-map t′′ : P2 → P

′
2, a morphism (σ, σ′) : f → t′′, (κ, κ′) : t′′ → t′

and a fiber homotopy (∆,∆′) : t′′ × 1I → t such that

(ζ, ζ ′) = (κ, κ′) · (σ, σ′),
(∆,∆′) : (ξ, ξ′) · (κ, κ′) ∼= (η, η′) · (κ, κ′),

(Θ,Θ′) = (∆,∆′) · (σ × 1I , σ
′
1 × 1I).
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Construction of strong shape theory of maps

Lemma (cf. [Ma])

Let (p,p′) = {(pλ, p
′
λ) } : f → f be a fiber resolution and let λ ∈ Λ,

t : P → P ′ be a continuous map, (ϕλ, ϕ
′
λ), (ψλ, ψ

′
λ) : fλ → t be a

morphism and (Θ,Θ′) : f × 1I → t be as in SF2). Then for every pair
(α, α′) of coverings α ∈ Cov(P ) and α′ ∈ Cov(P ′), there exist λ′ ≥ λ
and a fiber homotopy (∆,∆′) : fλ′ × 1I → t such that

(∆,∆′) : (ϕλ, ϕ
′
λ) · (pλλ′ , p

′
λλ′)
∼= (ψλ, ψ

′
λ) · (pλλ′ , p

′
λλ′),

((Θ,Θ′), (∆,∆′) · (pλ × 1I , p
′
λ × 1I)) ≤ (α, α′).
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Construction of strong shape theory of maps

Lemma (cf. [Ma])

Every fiber resolution (p,p′) = {(pλ, p
′
λ) } : f → f of a map

f : X → X ′ is a strong fiber expansion of f .
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Construction of strong shape theory of maps

Lemma (cf. Main Lemma [Ma])

For every strong fiber expansion (p,p′) : f → f , if λ ∈ Λ,
(σλ, σ

′
λ) : fλ × 1∂I2 → t is a morphism and (Θ,Θ′) : f × 1I2 → t is a

fiber homotopy such that

(Θ|X×∂I2 ,Θ
′

|X′×∂I2) = (Θ,Θ′) · (iX×∂I2 , iX′×∂I2) =

(σλ, σ
′
λ) · (pλ × 1∂I2 , p

′
λ × 1∂I2) ,

then there exists a λ′ ≥ λ and fiber homotopies (∆,∆′) : fλ × 1I2 → t
and (Γ,Γ′) : fλ × 1I2 × 1I → t such that

(∆|Xλ′×∂I2 ,∆
′

|X′
λ′×∂I

2
) = (∆,∆′) · (iXλ′×∂I2 , iX′

λ′×∂I
2) =

(σλ, σ
′
λ) · (pλλ′ × 1∂I , p

′
λλ′ × 1∂I)

and the homotopy (Γ,Γ′) connects (Θ,Θ′) and
(∆,∆′) · (pλ × 1I2 , p

′
λ × 1I2) and is fixed on the submap

f × 1∂I2 : X × 1∂I2 → X ′ × 1∂I2 .
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Construction of strong shape theory of maps

Lemma (cf. [Ma])

Every strong fiber expansion (p,p′) = {(pλ, p
′
λ) } : f → f of a map

f : X → X ′ is a coherent fiber expansion of f .
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Construction of strong shape theory of maps

Theorem

If (p,p′) = {(pλ, p
′
λ) } : f → f is a strong fiber ANR-expansion of a

continuous map f : X → X ′ of compact metric spaces, then for each
coherent morphism (ϕ,ϕ′) : f → g, where g ∈ CH(tow −MorANR)
there exists a coherent morphism [(ψ,ψ′)] : f → g such that (ϕ,ϕ′) is
coherent homotopic to (ψ,ψ′)[(p,p′)].

f f
(p,p′)

g

(ϕ,ϕ′)
[(ψ,ψ′)]
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Construction of strong shape theory of maps

Theorem
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′
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Construction of strong shape theory of maps

Theorem

If (p,p′) = {(pλ, p
′
λ) } : f → f is a strong fiber ANR-expansion of a

continuous map f : X → X ′ of compact metric spaces, then for each
coherent morphism (ϕ,ϕ′) : f → g, where g ∈ CH(tow −MorANR)
there exists a coherent morphism [(ψ,ψ′)] : f → g such that (ϕ,ϕ′) is
coherent homotopic to (ψ,ψ′)[(p,p′)].
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Construction of strong shape theory of maps

Theorem

If (p,p′) = {(pλ, p
′
λ) } : f → f is a strong fiber ANR-expansion of a

continuous map f : X → X ′ of compact metric spaces, then for each
coherent morphism (ϕ,ϕ′) : f → g, where g ∈ CH(tow −MorANR)
there exists a coherent morphism [(ψ,ψ′)] : f → g such that (ϕ,ϕ′) is
coherent homotopic to (ψ,ψ′)[(p,p′)].

f f
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g

(ϕ,ϕ′)
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Construction of strong shape theory of maps

Theorem

If (p,p′) = {(pλ, p
′
λ) } : f → f is a strong fiber ANR-expansion of a

continuous map f : X → X ′ of compact metric spaces, (ϕ,ϕ′) : f → g
is coherent morphisms, where g ∈ CH(tow ·MorCM) and
(ψ1, ψ

′
1), (ψ2, ψ

′
2) : f → g are coherent morphisms such that that (ϕ,ϕ′)

is coherent homotopic to (ψ1, ψ
′
1) · (p,p′) and (ψ2, ψ

′
2) · (p,p′), then the

morphisms (ψ1, ψ
′
1) and (ψ2, ψ

′
2) coherent homotopic.
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Construction of strong shape theory of maps

For each pair f, g ∈MorCM consider the set of all triples

((p, p′), (q, q′), [(ψ,ψ′)]),

where (p,p′) : f → f and (q,q′) : g → g are strong fiber expansion
and [(ψ,ψ′)] is a coherent homotopy class of the coherent morphism
(ψ,ψ′) : f → g.
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Construction of strong shape theory of maps

Definition

The equivalence class of the triple ((p, p′), (q, q′), [(ψ,ψ′)]) is denoted
by F : f → g and is called a strong shape morphism from f to g. Let

SSh(MorCM )

be the category of all continuous maps of compact metric spaces and
all strong shape morphisms, called the strong fiber shape category of
MorCM .
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Strong homology theory of maps

Theorem

There exists the homological functor

H : SSh(MorCM )→ A b

such that for each continuous map f : X → Y of compact metric spaces

Hn(f) ≈ Hn(F (f)),

where Hn(f) is strong homology group of f and F (f) : X → Y is
strong shape morphism induced by f : X → Y.
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Strong homology theory of maps

Let

F : MorCM → SSh(MorCM )

be strong shape functor. Define strong homology functor on the category
MorCM as a composition of the functors F and H and denote it by H.
i.e.

H ≡ (H ◦ F ) : MorCM → A b
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Strong homology theory of maps

For the strong homology functor

H : MorCM → A b

the following is fulfilled:

Theorem

For each continuous map f : X → Y of compact metric spaces there
exists a long exact sequence

· · · Hn(X) Hn(Y ) Hn(f) Hn−1(X) · · ·
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Strong homology theory of maps

Theorem

Any morhism (φ, ψ) : f → f ′ from the category MorTop induces
morphism (φ, ψ)∗ : H∗(f)→ H∗(f

′) of exact sequences:

· · · Hn(X) Hn(Y ) Hn(f) Hn−1(X) · · ·

· · · Hn(X ′) Hn(Y ′) Hn(f ′) Hn−1(X
′) · · ·

φ∗ ψ∗ (φ, ψ)∗ φ∗
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Strong homology theory of maps

Theorem

If two morhisms (φ1, ψ1), (φ2, ψ2) : f → f ′ have a same strong shape
then they induce the same morphisms between of coresponding
homological sequences:

(φ1, ψ1)∗ = (φ2, ψ2)∗ : H∗(f)→ H∗(f
′)
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Thank You!
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