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GENERAL CHARACTERISTICS OF THE WORK

Rationale and development degree of the topic. In studying
some problems arising in social sciences, economy, engineering,
medical diagnostics and in many other fields of science, the classic
methods of mathematics are not effective enough. In recent years,
there have been established various non-traditional theories in
connection with the solution of these problems.

The foundation of non-classic theories was laid by Lotfi-
Zadeh. In 1965 he built theory of fuzzy sets and with this on the one
hand he gave a theory of multi-valued logic, and on the other hand,
this theory had a great importance in solving a number of applied
problems. Theory of fuzzy sets is applied on almost all fields of
mathematics as algebra, geometry, functional analysis, etc.

In 1968 Chang has applied fuzzy sets to topology. After that,
a lot of studies in this field have been conducted. These studies
mainly are related to the general topology. Many of these results
were given in Ying-Ming's book. Since in fuzzy topological spaces,
the topology has no fuzziness, Shostak first have a new definition of
a fuzzy topological space. This topology itself is a fuzzy set
satisfying some conditions.

In 1971, Rosenfeld has applied fuzzy set in algebra, gave
fuzzy groups and conducted some applications. Then, fuzzy
structures were included in a ring, modules, algebra, etc. and some
studies in this direction were conducted.

The generalization of theory of fuzzy set, the theory of
intuitionistic fuzzy sets was introduced by Atanassov. Then the
generalization of intuitionistic fuzzy sets, theory of neutrosophic sets,
was given by Smarandache and some studies in this field were
conducted. Intuitionistic fuzzy and neutrosophic sets have found their
applications in algebra, topology. The last years, the studies were
carried out in algebra on soft G -modules.

Theory of soft sets containing the properties of fuzzy, intuitionistic
fuzzy, neutrosophic sets was built in 1999 by Molotsov. Maji and
Roy had great cervices in application of these sets. Then fuzzy and
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soft structures were combined and fuzzy soft sets were established.
Given the soft groups, in 2007, soft sets began to be applied in
algebra. Afterwards soft rings, soft module were given and some of
their properties were studied. As a continuation of this, fuzzy and
intuitionistic fuzzy sets structure and soft sets structure were
combined and fuzzy soft groups, rings, modules and other structures
in algebra were given and some studied related to them were
conducted.

The last years, intuitionistic fuzzy structures with the action
of one group in modules were introduced and some studies on this
field were conducted. Application of neutrosophic sets and
neutrosophic soft modules in algebra was also given.

Unlike algebra, soft sets were applied in topology only in
2011. Then intensive research on this field were carried out. It
should be noted that the results concerning mainly the general
topology were obtained in fuzzy sets. But a powerful apparatus as
the methods of algebraic topology was not widely used in these
studies.

The problem of closure is one of the necessary problems with
respect to algebraic operations in new categories structured in some
fields of mathematics. Since direct and inverse limits contain all
algebraic operations in itself, the closure problem in these categories
can be solved by showing the existence of direct and inverse limits.

As can be seen, algebra and topology are widely used in
studying fuzzy sets. Therefore, the works done in this field are urgent
studies with an applied importance in future.

Object and subject of the study. Fuzzy modules with effects
under the group and fuzzy topology on algebraic structures.

Goal and objectives of the study. Research of some
algebraic problems in fuzzy structures.

Research methods. In the work, the methods of modern
algebra, homological algebra and algebraic topology are applied.



The main clauses to be defended.
1. Fuzzy soft G -modules, intuitionistic fuzzy soft G -modules
categories were built and closure problem of algebraic categories of
these categories with respect to algebraic operations were studied.

2. Giving the notion of exact sequence in intuitionistic fuzzy G -
modules categories, some exact sequences were built.
3. Constructing homological modules in intuitionistic fuzzy G -

modules categories, it was proved that the axioms of homological
theory is satisfied.

4. The category of neutrosophic G -modules being the extension
of intuitionistic fuzzy G -modules was built.
5. The notion of neutrosophic soft modules being the extension

of neutrosophic modules, was introduced and the closure problem in
this category of modules was studied. The existence of inverse limit
in the category of neutrosophic soft modules was proved.

6. Fuzzy, intuitionistic fuzzy (Shostak) topology in soft sets was
introduced and studies related to the base, continuity in the newly
obtained space was conducted.

Scientific novelty of the study. Giving an action of one
group in fuzzy modules, a new category is constructed and the
properties of this category is studied. The results obtained here allow
to build theory of descriptions of fuzzy categories. One of the
important issues in the newly obtained category is the problem of
closure with respect to algebraic operations. In the category of
neutrosophic modules, the closure problem is solved completely.
Applying fuzzy sets to soft sets, a bridge is built between algebra and
topology. So, a category containing ordinary topological spaces and
soft topological spaces was built.

Theoretical and practical importance of the study. The
dissertation work is mainly of theoretical character. In the work, the
categories of fuzzy soft G -modules, intuitionistic fuzzy soft G -
modules, neutrosophic G -modules, neutrosophic soft modules were
constructed. The results obtained here enable to construct theory of
descriptions of fuzzy groups. The importance of descriptions theory
in mathematics is obvious. Fuzzy structures arose from the need of
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practice and we hope that these studies will be widely used in
solving practical problems.

Approbation and application. The results of the dissertation
work were reported in the Republican conference “Actual problems
of Mathematics and Mechanics” dedicated to the 100-th anniversary
of corr.-member of ANAS, famous scientist and outstanding
mathematician Goshgar Teymur oglu Ahmedov (Baku, 2017), in the
XIl Republican Scientific conference of doctoral students and young
researches devoted to the 100-th anniversary of the People Republic
of Azerbaijan (Baku, 2018), in the Republican Scientific conference
“Actual problems of mathematics and mechanics” devoted to 95-th
anniversary of the National leader of Azerbaijan Haydar Aliyev
(Baku, 2018), in the Scientific conference «8-th International
Eurasian conference on mathematical sciences and applications»
(Baku, 2019) and in the Scientific conference “IX International
conference of the Georgian mathematical union» held in Georgia
(Batumi, 2018).

The name of the organization where the work was
executed. The work was executed in the chair of “Algebra and
geometry” of “Mechanics —Mathematics” department of Baku State
University.

Applicant’s personal contribution. All new scientific
novelties and results belong to the applicant.

Published scientific works. The main results of the
dissertation work were published in applicants 10 scientific works, 2
of which are in the journals included in the WOS and 2 in the
journals included in the Scopus database. 2 of the published articles
are single-authored. In addition, the results of the dissertation were
reported at 5 international and national scientific conferences, and
these reports were reflected in the relevant conference materials list
in the form of theses.

Total volume of the dissertation work indicating the
volume of structural section of the dissertation separately in
signs. The dissertation work consists of introduction, three chapters,
results, a list of references of 129 titles. Total volume of the work —
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223356 signs (title page — 328 signs, table of contents — 1422 signs,
introduction - 38725 signs, chapter | - 76.000 signs, chapter Il -
56000 signs, chapter 111 - 50000 signs).

THE BRIEF CONTENT OF THE DISSERTATION

In the introduction we justity the rationale of the work, give
brief information on the study of the topic, briefly show the main
results and give information on approbation of the work.

In subchapter 1 chapter | we give some operations on fuzzy
soft G -modules and build a category.

Definition 1. Let K be aring, M be a left (or right) modules on K,
G be a group. Let the action of G group on M module be given,
i.e. the function x:GxM — M satisfying the following conditions

be given.
1) wullg,m)=m, VmeM (15 G is a unit element of the group)

2) u(9192,m)= w9y, 14(g, m))
3) (9. kamy + KoMy ) =kyse(g, my )+ koppe(g, my)

In this case the module M is said to be a G -module.
Definition 2. Let (F, A) be a fuzzy soft set on M . If for Va e Athe

fuzzy set F(a): M — [0,1] satisfies the following conditions:

a) F(a)ax+by)>F(a)x)A F(aly) VabeK, x,yeM

b) F(a)g-m)=F(a)m)

then the pair (F, A) is said to be a fuzzy soft G -module on M .
Theorem 1. If (F,A) (H,B) be two fuzzy soft G -modules on M,
then their intersection (F, A)N(H,B) is also a fuzzy soft G - module

on M.
Theorem 2. Let(F,A), (H,B) be two fuzzy softs G -modules on

M. If ANB=0 their union (F,A)U(H,B) is a fuzzy soft G -
moduleon M .



Theorem 3. Let(F,A), (H,B) be two fuzzy softs G -modules on
M . Then (F, A)A(H,B) is also a fuzzy soft G -module on M .
Theorem 4. Let(F,A) on M, (H,B) on N be two fuzzy soft G -
modules, then (F, A)x(H,B) is a fuzzy soft G -module on M x N
Definition 3. Let (F,A), (H,B) be two fuzzy soft G -modules on
M, their sum (F,A)+(H,B)=(G,C) is defined as follows;
G(x)= v b(Fc(a)/\ H, (b)) for YceCand here C=ANB.

Theorem 5. Let (F,A), (H,B) be two fuzzy soft G -modules on
M, then their sum (F, A)+(H,B) is also a fuzzy soft G -module on

M.
Definition 4. Let (F,A), (H,B) be two fuzzy soft G -modules on

M, their product (F,A)-(H,B)=(G,C) is defined as follows:
GC(X)ZX:Z(gi +bi){/i\(Fc(ai)/\ Hc(bi))} for VvceC and here
C=ANB.

Theorem 6. The product of two fuzzy soft G -modules (F,A),
(H,B) on M is also a fuzzy soft G -module on M .

Definition 5. Let M be a G -module and N be a submodule of M .
If the submodule N is invariant under the action of the group G, i.e.
for VgeG and ne N, g-neN then the submodule N is said to be

G -submodule.
Let (F,A) be a fuzzy soft G - module on M , the fuzzy soft set

Fyn for Vae A be definedas F,/N:N —[0.1].
Theorem 7. Let(F, A) be a fuzzy soft G -module on M , then Fa/n

is a fuzzy soft G - module on N .
Theorem 8. Let(F, A) be a fuzzy soft G -moduleon M, N be G -

submodule of M, then (IE,A), is a fuzzy soft G -module on the
M /N factor module.



In subchapter 2 of chapter 1 we consider intuitionistic fuzzy soft G -

modules that are the extensions of fuzzy soft G -modules and prove
similar theorems. In subchapter 3 of chapter 1 we consider a
sequence of intuitionistic fuzzy soft G -modules.

Assume that (F, A) is an intuitionistic fuzzy soft G -module on M.
Let (G,B) be an intuitionistic fuzzy soft G-module on N .
f:M —>N, is a homomorphism of G-module, p:A—B s the
mapping of sets.

Definition 6. If for each ae A f :(M Fa, Fa)—> (N,G(p(a),G‘/’(a)) is a
homomorphism of intuitionistic fuzzy of G -modules, then the pair
(f,p):(F,A)—(G,B) is called homomorphism of intuitionistic
fuzzy soft G -modules.

Assume that (f,¢):(F,A)—(G,B) is a homomorphism of an
intuitionistic fuzzy soft G -modules, ker f <M be a kernel of f . We

define the structure of intuitionistic fuzzy soft G -modules on the
ker f G -submodules as follows, for Vae A,

E(a):(Ea’Ea) Fa= Fa/ Kerf 1Ea = I:a/Kerf .
Let Imf <N be an image of f. In the same way we show the

structure of intuitionistic fuzzy soft G -modules on the Imf G-
submodule, for Vb e B

= — —=b\ = —b
G(b)z(Gb’G j Gb=Gp/im¢, G =Gb/|mf .
Theorem 9. Let M and N be G -modules, f be a homomorphism

of G -modules. If (G,B) is an intuitionistic fuzzy G -module on N ,

then (f *G), B), M is an intuitionistic fuzzy soft G -module on M .



Theorem 10. If {(F, A}, is a family of intuitionistic fuzzy soft
G -modules on {M;}._, ,
soft G - modules on {M; }._, .

Definition 7. The support of the intuitionistic fuzzy soft set for an
arbitrary intuitionistic fuzzy soft set (F, A) on the set X is denoted

as (F*, A) and is determined as F*(a)= {XG X, Fa(x)>0, Fa(x)<1}.

then @;, (F;, A) is an intuitionistic fuzzy

It is clear that (F*, A) isasoftseton X .
Theorem 11. a) Assume that (F, A) is an intuitionistic fuzzy soft G -

module. Then (F*, A) is a soft G -submodule of M .
b) For the soft G-modules (F,A)(G,B) of M we obtain

(F.A)+@.B) =(F,A)+ (6" )
o) (F, A~ (G,B) =(F", A)~(c",8).
Definition 8. For VaeA and VxeM, we define the two
Intuitionistic fuzzy soft sets (&),A)and (I\?i,A) on M as follows:
(a)x)= {%‘3 » 8} i (a)(x)= (L0).
Then (CT), A), (I\?i : A) intuitionistic fuzzy soft sets, according to fuzzy
soft modules are called 0 and 1 fuzzy soft modules.
Definition 9. Assume that, (F,A),(G,B) are intuitionistic fuzzy soft
G -modules. If the condition (F, A)N(G,B)= (&), AN B) is satisfied,
then the sum (F,A)+(G,B) is called a direct sum of (F,A) and
(G,B) and is written as(F, A)® (G, B).
Theorem 12. Assume that (F, A),(G,B),(H,C) are soft G - modules
of M such that (F,A)=(G,B)®(H,C), then
F A)=(e" 8o (H" ).
Assume that,

L ML M — s My — D25 ()
is a sequence of G -modules and G -module homomorphisms.
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Definition 10. Let M;,i e Z be G -modules, (F;, A) be intuitionistic
fuzzy soft G -modules on M; . If for Vae A

= (M, Fiy(@) = (M, F(@) > Mig, Fia@) ..

the sequence of intuitionistic fuzzy G -modules is exact, then the
sequence

(fiz1.1a) }(Fi—llA) (fila) ’(Fi A) (fiza.1a) N

. (2)
5 (Fyg, A)—i2da)

of intuitionistic fuzzy soft G -modules is called an exact sequence of
intuitionistic fuzzy soft G -modules.
Theorem 13. Assume that for the direct sum (F,A)®(G,B) of
intuitionistic fuzzy soft G -modules (F,A),(G,B), (F*,A)+ (G*, B) is
a direct sum of the soft G -modules. Then the sequence
0——(F, A)—a) ,(F Ao (6,A)—2) 4G A)— 50 s
exact.
Theorem 14. Assume that M >N —9% 5 P, is an exact sequence
of G-modules on the N module and (F,A), (G,A), (H,A) are
intuitionistic fuzzy soft G -modules on M, N andP respectively.

Then the sequence (F,A)—1a) y(G, A)—81a) (1 A) of
intuitionistic fuzzy soft G -modules is exact in (G, A), if and only if

f

the sequence F*(a)——>G*(a)—2—>H"(a) of G -modules for all

acAisexactin G*(a), here f and g', f and g are contractions

of F*(a)andG~(a), respectively.

In subchapter 4 of chapter 1 we construct homological modules of
intuitionistic fuzzy G -modules.

Let G be a group, M be G-module. By (M,x,v) we denote
intuitionistic fuzzy G -module.

Definition 11. If 0,,_; °0,, =0 is satisfied for the sequence

{(Mnuun’vn )’ Op': (Mnuun’vn)_> (M n—1uun—1’vn—l)}nez (3)
11



of intuitionistic fuzzy G -modules, this sequence is said to be a
chain complex of intuitionistic fuzzy G -modules.
Assume that (3) and

(M) o M) > Wt v e @)
is two chain complexes of intuitionistic fuzzy G -modules on
M}, {M . } respectively.

Definition 12. Assume that {(pn,z//n 3(Mn,ﬂn,Vn)—>('V|n,ﬂn, )} are
morphisms of chain complexes of intuitionistic fuzzy G -modules
and D= {Dn :(Mpy, 220,V ) — (M Nl y;wl,v;]ﬂ)} is a family of
homomorphisms of intuitionistic fuzzy G -modules. If the equality
@n —Wn =Dpy_q 00, +0,,1° D, is satisfied, then the family of
homomorphisms of the modules D = {Dn M, - M}Hl}nez is called
a chain homotopy, {p, }, {w, }are called chain homotopic mappings

and are denoted as {p, }~ {w,}.

Theorem 15. The chain homotopy relation is an equivalent relation
and is invariant with respect to superposition.

Definition 13. The intuitionistic ~ fuzzy G -module
H,(C)=(Kerd,/Imd, .4, 1,,V,) is said to be n-dimensional
homological module of intuitionistic fuzzy G chain complex.

If {gp M., £,V (Mnuun- )} are morphism of chain complexes

of intuitionistic fuzzy G -modules, for V[x]e H,(C) we define the
homomorphism ¢, : H,(C)— Hn(C')as PnelX] = [0 (X)].
Theorem 16. The opposition C — H,(C) is a functor going from

the category of chain complexes of intuitionistic fuzzy G -modules to
the category of intuitionistic fuzzy G -modules.

Theorem 17. The homological functor of chain complexes of
intuitionistic fuzzy G -modules is invariant with respect to chain
homotopy.

12



So, if {§0 }~{‘//n}:{(Mn’ﬂann)an}_){(Mnuun’vn)van}' then
Pns =Whns = H(C)_> Hn(C )
Theorem 18. If
LV
0—->C ->C—->C >0 (5)
is a splitted short exact sequence of chain complexess of intuitionistic
fuzzy G -modules, then the sequence

o Hn—1(CI)‘aL Hn(C")<— H,(C)e— 6)

— Hn(C')<—...
of homological modules of intutive fuzzy G -modules is exact.
In subchapter 5 of chapter 1, the results of subchapter 1 and 2 is
taken to the neutrosophic G -modules.
In subchapter 1 of chapter Il neutrosophic soft modules are given and
a category is built.

Definition 14. Assume that (IE, A) IS a neutrosophic soft set on M. If
for Yac A F(a)=(T,,1,,F,) is a neutrosophic submodule of M ,
then the pair (IE, A) on M s called a neutrosophic soft module and is
denoted as IEa.

Definition 15. Assume that (El,A) and (IEZ,B) are two

neutrosophic soft modules on M and N, respectively and
f:M — N is a homomorphism of the modules, g:A—B is a

mapping of the sets. If the following conditions,
F(18))= F(g(a) =TZa)
f(iky)- F2(a(@) = 1),
f (Fé))= F(9(a))= Fi(a)

are satisfied, the pair (f,g):(lfl, A)—>(I52,B) is said to be a
neutrosophic soft homomophisms of neutrosophic soft modules.
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It is clear that for Vae A f :(M , Izél))—> (N, ,EgZ(a)) are neutrosophic

homomorphisms of neutrosophic modules.
Neutrosophic soft modules and their homomorphisms form one
category.

Theorem 19. Assume that (ﬁl, A) and (IEZ, B) are two neutrosophic
soft modules on M . Then their intersection (lfl, A)m(lzz,B) is a
neutrosophic soft module on M .

Theorem 20. Assume that (Ifl, A) and (IEZ, B) are two neutrosophic
soft modules on M . Then (Ifl, A)/\ (IEZ,B) is a neutrosophic soft
module on M .

Theorem 21. Assume that (ﬁl, A) and (IEZ, B) are two neutrosophic
soft modules on M. If ANB=, then (Ifl, A)u(EZ,B) is a
neutrosophic soft module on M .

Theorem 22. If {(IE, , Ai)}ie, , Is a family of neutrosophic soft modules
on {M;}._, then H(IEIA) is a neutrosophic soft module on | TM;

iel iel

Theorem 23. If {(IE,A)}I
on a family of modules {M;}._, then @ (IE, , A), is a neutrosiphic soft
il

is a family of neutrosophic soft modules

el

module on & M; .

iel
In subchapter 2 of chapter Il a closure problem in the category of
neutrosopic modules is solved.
Theorem 24. The category of neutrosophic modules has zero
objects, sums, products, kernels and cokernels.

Denote the category of neutrosophic modules by NM .

Definition 16. The functor D:A°® — NM where A is a directed set
(is considered as a category) is called an inverse system of
neutrosophic modules, the limit of D is called a limit of the inverse
system.
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Assume that
(M,T,1,F)=

{(Ma Ta’ Ia’ Fa )}ae/\’ (7)
{ng :(Ma"Ta'fIa"Fa')_)(Ma’Ta’la'Fa)} .

IS an inverse system of neutrosophic modules.

Let AZ{ﬂa:HMa—)Ma} be a family of projections and

adEN

(HMQ,TA, IA,FA] be a direct product of neutrosophic modules.

oen

Then the family (Iim M,.Ta
“«—

IimM_, 1,
(_

limM,, Fu
(_

lim Ma] Is a
(_

neutrosophic module.
Theorem 25. All inverse systems in the form of (7) has a limit in the
category NM and this limit equals the neutrosophic module

(Iim M,.Ta lim Maj.
<« <«

Let us consider the inverse system (7) and give the homomorphism
of the modules d : ] [M,, —» [ [M,, by the formula
o o

)= {xo - e i, )

Definition 17. imYM,,(T,), (1), (FA), is called the “first
«

ImM,, IAlimM_,Fa
“«— <«

a<a

derivative functor” of the inverse system of neutrosophic modules

given in (7) and is denoted as Iim(l).
&

Proposal 1. Iim(l) is a functor.
(_

15



Lemmal. lim(M,,T,,1,,F,)=kerd and
%

limY(M,,,T,.1,,F,)=cokerd .

(_

Theorem 26. Assume that,
2 3
(MliTl’Il’ Fl) (M T2'|2’F2)<—---
is an inverse sequence of the neutrosophic modules. For each infinite
subsequences of this sequence lim® is unchangable.
e

Theorem 27. If for V{x;}e kerd the condition lim T,;'(x'r',): 0,

n—o0

lim I},'(x;):o and lim Fn(x'r;):l is satisfied, then for the following

n—oo n—oo
short exact sequence of the inverse system of neutrosophic modules,

\} 2 \’

o—>(|v|'2,T2', I, Fz')—>(|v|2,T2, l,, FZ)—>(M;,T2", I, an)—>0
: : : the
\} \2 \}

0—> (Ml',Tl', 1y, Fl')—>(|v|1,T1, I, F)— (M{,Tl", Iy, Fl")—>0

sequence

O—)!iﬂ(M}l,Tr;, |l \ Fn)—> !iﬂ(anTn, I, Fn)_)
Stim(ML T ) im® (M) T )

S timOM,, T 1 F) > imO(Me T 10 Fr )0

IS exact.
In subchapter 3 of chapter Il we study the closure problem of in the
category of neutrosophic soft modules.

In subchapter 1 of chapter I11 we consider fuzzy topology in soft sets.

16



Let E be a set of parameters, X be a universal set. By SS(X,E)
we indicate the family of all soft sets X .

Definition 18. A mapping 7 : SS(X, E)— [0,1] is called a gradation
of openness of soft sets on X if it satisfies the following conditions:
a) (@)= T()Z)Zl,

b) 7(F,E)A(G,E))>z(F,E)Az(G,E),
v(F,E)(G,E)eSS(X,E),

c)  V{(F,E)}_, for the family T(i;JA(Fi : E)) > ieAAr(Fi ,E)

The triple (X,E,7) is called a fuzzy topological space of soft sets
and denoted by FTS.

Definition 19. A mapping v:SS(X,E)—[01] is called a gradation
of closedness of soft sets on X if it satisfies the following conditions:
a) V(D)= v()z ) =1,

b) v((F,E)O(G,E))>Vv(F,E)AV(G,E),

v(F,E),(G,E)e SS(X,E)

c)  forthe family V{(F,E)} , v(iQA(Fi , E)) > ieAAV(Fi E),

The triple (X, E,v) is called a fuzzy cotopological space of soft sets
and denoted by FCTS .

Theorem 28. Let (X,E,z) be a fuzzy topological space. Then for
each vre(04], 7, ={(F,E)eSS(X,E)z(F,E)>r}, is descending

family of soft topologies of soft sets on X .
Theorem 29. Let {o;} o, be a descending family of soft

topologies on X, then #(F,E)=v{r|[(F,E)e oy fis gradation of

openness. Also, 7, = o, .
Definition 20. Let (X, E,z) be a fuzzy topological space.
a) If g satisfies the following conditions,

17



o(F,E)= V. A B(G;,E), for ¥(F,E)e SS(X,E), then
i:A(Gi,E):(F,E)ieA

B:SS(X,E)— [0,] is called a base of 7.

Theorem 30. If 5:SS(X, E)— [0,1] satisfies the following

conditions,

g p@)=pX)-1

b)  B(F.E)A(G,E))= A(F.E)A A(G.E)

v(F,E),(G, E)eSS( ,E), then

74(F.E)= V. A B(G;j.E) is agradation of openness and

U (Gj,E)=(F,E)jed
]EJ

B is abase of 7.

Theorem 31. Let (X,E,z)beaFTSand Y c X . Define mapping
7y :SS(Y,E)—[01] by the rule

7 (F,E)=v{(G,E):(F,E)=(G,E)AY,(G,E)eSS(X,E)} Then

7, is a gradation of openness on Y and zy ((G E)F\\?)z 7(G,E).
Definition 21. Let (X,E,z), (Y,E',o) be two fuzzy soft topological
spaces and (f,¢):(X, E,r)—)(Y, E',a) be a mapping. Then (f,¢) is
called a continuous mapping at the soft point x, € (X, E) if for each
arbitrary soft set (f,(p)(xe):(f(x))w(e)e(G,E')e SS(Y,E'), there
exists (F,E)eSS(X,E) such that x, (X,E), z(F,E)>o(G,E’)
and (f,p)F,E)c (G, E'). If (f,¢) is a continuous mapping for each
soft point, then (f,¢)is a continuous mapping.

Theorem 32. Then (f,):(X,E,7)— (Y, E',o) is a continuous
mapping if and only if z'((f ,q))_l(G, E'))z G(G, E') is satisfied,
v(G,E')ess(y,E).

18



Theorem 33. Then (f,gp):(X,E,r)—)(Y,E',a) is a continuous
mapping if and only if (f.,¢):(X,E,z;)=>(Y,E,c,) is a
continuous mapping on soft bitopological space for each r e (0,1].

Theorem 34. Let (X,E,7), (Y,E',o) be two FTSs and g be a base

of o on Y. Then (f.@):(X,E,z)—>(Y,E',o) is a continuous
mapping if and only if p(G,E)< r((f,(o)_l(G,E')) for
v(G,E)essly,E).

So we can give the notion of factor space of fuzzy soft topological

spaces.
Let {(Xﬂ,Eﬂ,rﬂ)}ieA be a family of fuzzy soft topological spaces

and for VA#/ the conditions X; X =@, E;nE,=@ be

satisfied. By X we show connection of all soft points related to

these spaces and let E=_) E;. Then the ()Z E) is a family of soft
AeA

sets on X =1 X, with parameters E and if for soft point
AeA

xee()Z,E), if xeX,; then ecE;. If ecE; then xe X, is

satisfied. For arbitrary (F,E)e(X,E), (F,E), = {F(e)n X }o.c -

Theorem 35. Let {(X;,E;,z;)},.,be a family of FTSs, different
X/, s be disjoint. Then 7 which is defined as follows

o(F.E)= A 7((F.E),). v(F, E)e(X,E)

Is gradation of openness on X .
Definition 22. The fuzzy topological space (X, E,r) is called the

direct  sum of (X2 Erta)liens denoted by
(X,E,7)= ® (X,,E;,7;).
A

€

19



[t is clear that since i;:X;—>X=uU X, and
AeA

i,:E; >E _ﬂUA E, are embedding mappings for all A€ A, the

mapping (iz, j;):(X,,E;,z;)— (X,E,7) is a continuous mapping.
Theorem 36. Let {(X,,E;z;)},., be a family of FTSs,

X=]]X, be aset, E=]]E, be parameter set and for each
AeA AeA
AeA, p;:X—>X, and q,:E—>E; be two projections maps.

Define B:SS(Y,E)—[01] as follows:

B(G,E)= \/{J/\ z, (Fa E,. 1(F,E)= jfgl(paj,qaj }1(|:0(J_,Eaj )}

Then B is a base on FTS and for each AeA,
(ps.0;):(X,E,z5)— (X, E, 7;) are continuous maps.

The results obtained in fuzzy soft topological spaces for intuitionistic
soft topological spaces are generalized and proved in subchapter 2 of
chapter I11.

Definition 23. A mappings (r,r*):SS(X,E)—>[O,1] is called an
intuitionistic fuzzy topology on X if the following conditions hold:

a) o(F,E)+z"(F, E)<1 V(F,E)e SS(X,E)
b) 7(®)=(X)=1, 7"(@)=7"(X)=0

o) «((F.E)A(G, )) 7(F,E)A(G,E),
7 (F.E)A(G,E))<7"(F,E)v7*(G,E),

v(F,E),(G, E)eSS(X E)
Q) z‘[ u(F, E)jZ_/\ o(F,E), (IEA(F E)) IEAT*(F,,E)forthe

family v{(F;, E)}i;EAA’

20



The quadruple (X, E,z, r*) is called intuitionistic fuzzy topological
spaces of soft sets.The intuitionistic fuzzy topological space
(X, E,T,T*) is denoted by IFTS .
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CONCLUSION

The main results of the dissertation work are the followings:

o The categories of fuzzy soft G -modules, intuitionistic fuzzy
soft G-modules were built and the closure problem of these algebraic
categories with respect to algebraic operations were studied.

o The notion of exact sequence in the category of intuitionistic
fuzzy soft G -modules was given and exact sequence was
constructed.

o Homological modules in the category of intuitionistic fuzzy
G -modules were constructed, and it was proved that the axioms of
homological theory are satisfied.

o Category of neutrosophic G -modules being the extension of
intuitionistic fuzzy G -modules was constructed.
o The notion of neutrosophic soft modules being the extension

of neutrosophic modules, was introduced and the closure problem in
this category of modules was studied. The existence of the inverse
limit in the category of neutrosophic soft modules was proved.

o Fuzzy, intuitionistic fuzzy (Shostak) topology in soft sets was
introduced and some researches related to the basis, continuity in the
newly obtained topological space was conducted.
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