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GENERAL CHARACTERISTICS OF THE WORK

Relevance and degree of study of the topic. The dissertation
work was devoted to the Lie algebroid and groupoids and properties
of functors in the fuzzy modulus category.

When solving some applied problems, the classic methods of
mathematics are not enough. Therefore, various non-traditional
theories related to the solution of these problems were set up. The
first non-traditional theory, the theory of fuzzy sets related to social
problems and computer programing was created by Lotfi Zadeh in
1965. On one hand, this theory has laid foundation of very valuable
mathematical logic, on the other hand opened wide horizons for
development of computer technology. Based on Lotfi Zadeh’s this
work, later the theories of intuitionistic sets, rough sets, soft sets
were set up and they were used in logical programming, medical
diagnostics, decision-making, etc. The theory of fuzzy sets are used
almost in all the fields of mathematcs as topology, algebra, geometry,
functional analysis and so on.

The dissertation work was devoted to the fuzzy logic theory
founded by Lotfi Zadeh and problems in its application in practice.

Beginning from 1969 Chang.C.L began to apply the theory of
fuzzy sets in topology and this theory penetrated all the fields of
mathematics. These theories were mainly applied in topology and
algebra and formed new fuzzy topology and fuzzy algebra fields in
mathematics. To present, there were some studies on fuzzy topology
especially in the field of general topology, but such researches were
not conducted in such an important field of topology as algebraic
topology. In the same way, homological algebraic methods were not
studied enough in fuzzy algebra. The main reason is inability to
establish homological theory of fuzzy modulus space. The
dissertation work studies unsolved problems and therefore the topic
of the dissertation work is urgent and allows to future research
works.

In 1969, for the first time fuzzy sets in topology were studied
by Chang. Later, some scientists as Bayramov S.A., Li S.G., Zahedi
M.M. were engaged in transfer of the results of general topology to



fuzzy topological spaces. These results were reflected in Ying-
Ming’s book. In 1971 Rozenfied has applied fuzzy sets in topology
and then was introduced to a fuzzy ring, modulus, Lie algebra and
other structures and some researches were conducted. In his paper
Zahedi, Ameri for the first time applied the methods of homological
algebra to fuzzy sets. Generalization of fuzzy sets were included in
intuitionistic fuzzy sets by Atanasov. Neutrosophic sets as a
generalization of intuitionistic fuzzy sets were given in
F.Smarandache’s paper. Soft sets theory with its great application
was build by Molotsov in 1999. Maji and Roy had great services in
researching these sets.

Later fuzzy and soft structures were combined and fuzzy soft
sets were structured. Application of soft sets in algebra began in
2007 by N.Cagman. He has given the notion of soft group, soft rings,
soft modulus and studied some properties of these structures.
Intuitionistic soft modulus were introduced in algebra by Gunduz
Aras C., Bayramov S.A. Here the greatest problem in related to the
setting of homotopy. In his paper Saleh conducted researches related
to homotopy. Topological group of fuzzy topological spaces was
structured. But the homothopy given here is not an equivalence
relation. Singular homological theory in soft topological spaces was
completely established.

Soft sets in topology were studied in 2011 and some
researches related to soft topology in this fied were conducted. Note
that the results in fuzzy sets were obtained mainly on general
topology. But a strong tool as the methods of algebraic topology was
not studied in these researches. In this field we can mention some
papers.

On the other hand, when constructing some new category,
there arises a problem of cloure of categories with respect to
algebraic operations. Since direct and inverse limits contain all
algebraic operations, the closure problem in these categories can be
solved by showing the existence of direct and inverse limits. Some
scientists have devoted their papers to the existence of such limits.
For example, S.H.Lin’s paper on fuzzy topolical space, M.Gadiri,
B.Davvaz’s paper in H- modulus category, V.Leoreanun’s papers



were devoted to the study of existence of inverse limit in SHR semi-
group categories.

This dissertation work was devoted to the solution of some of
these mentioned problems.

The goal and tasks of the study. The dissertation work was
devoted to the solution of the problem of closure with respect to
algebraic operations by means of direct and inverse categories in the
structured new categories, to the study of the properties of functors
and application of algebraic topology methods.

Research methods. In the problem under consideration
methods of direct, inverse limits and closure method were used.

The main thesis to be defended.

e To prove theorems on universal coefficients by introducing
derivative functor of tensor product in soft modulus category. To
construct exact sequence of homological modules for the first time in
the fuzzy modulus category and neutrospheric soft modulus category,
to prove theorems on universal coefficients.

e Taking into account an important role of algebraic topology
in mathematics, soft homological groups are constructed and it is
proved that here the axioms of homological theory are satisfied.

e In each category there arises a problem of closure with
respect to algebraic operations. Taking this into account, since direct
and inverse limits contain all algebraic operations the existence of
these limits in eac category plays an important role. To show the
existence of direct and inverse limits in the categories of modulus,
intuitionistic soft modulus, neutrospheric soft modulus. In addition,
to construct exact sequence of the inverse limit related to the
derivative functor.

e To construct neutrosophic Lie algebras and study their main
properties.

Scientific novelty of the study. The following scientific
novelties were obtained:

e To prove theorems on universal coefficients by introducing
derivative functor of tensor product in soft modulus category. To
construct exact sequence of homological modules for the first time



in the fuzzy modulus category and neutrospheric soft modulus
category, to prove theorems on universal coefficients.

e Taking into account an important role of algebraic topology
in mathematics, soft homological groups are constructed and it is
proved that here the axioms of homological theory are satisfied.

e In each category there arises a problem of closure with
respect to algebraic operations. Taking this into account, since direct
and inverse limits contain all algebraic operations the existence of
these limits in eacg category plays an important role. To show the
existence of direct and inverse limits in the categories of modulus,
intuitionistic soft modulus, neutrospheric soft modulus.In addition, to
construct exact sequence of the inverse limit related to the derivative
functor.

e To construct neutrosophic Lie algebras and study their main
properties.

Theoretical and practical importance of the study. Since
the dissertation work was devoted to the fuzzy sets theory founded
by Lotfi Zadeh and to the problems in its application in practice and
homological methods are applied in fuzzy algebra, the topic of the
work is urgent from theoretical and practical point of view and
allows for future research.

Approbation and application. The main thesis of the
dissertation work were reported in the conference devoted to the
famous mathematician Majid Rasulov’s 100-th anniversary, in the
conference devoted to 91-th anniversary of the National leader
Haydar Aliyev, “Actual problems of mathematics and mechanics” of
yound doctoral students and young researchers, the conference
“Functional analysis and its applications” devoted to honored
scientist of Azerbaijan, prof. Amir Shamil oglu Habibzade, in VIII
International Euroasian conference, in the IX International
conference of the Georgian Mathematical Union, etc.

Author’s personal contribution. All the obtained results and
proposals belong to the author.

Author’s publications. The full text of the work was
published in author’s 10 scientific works. The list of papers is at the
end of the thesis.



The name of organization where the dissertation work
was executed. The dissertation work was executed in the chair of
“Algebra and Geometry” at Baku State University.

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 76 titles. Total volume of the work —
234.760 signs (title page— 471 signs, table of contents — 1.706 signs,
introduction -36.583 signs, chapter | — 7.000 signs, chapter Il — 8
000 signs, chapter 111 -46.000 signs).



THE CONTENT OF THE DISSERTATION WORK

In the introduction the rationale of the work is justified, short
abstract of results related to the dissertation topic is given and the
main results are explained.

In chapter | universal coefficients theorems in soft modulus
and fuzzy soft modulus category are proved. At the end of chapter |
the Chekh homological theory is built in the category of soft
topological spaces. Application of algebraic topology in fuzzy sets is
also given in chapter I.

In section 1.1 universal coefficients theorems in soft modulus
category were proved. In section 1.2 a universal coefficient theorem
in the category of fuzzy soft modulus was given. In section 1.3 the
Chekh homological theory of soft topological spaces was built.
Section 1.4 deals with universal coefficient theorem in the category
of neutrosophic modulus.

Chapter 1l considers closure problems in the category of
fuzzy modulus. In section 2.1 the derivative functor of the inverse
limit in the category of soft modulus is given and some properties of
the inverse limit are studied. In section 2.2 the notion of inverse
system in the category of intuitionistic fuzzy soft modulus is given
and some theorems related to it is proved. In section 2.3 a derivative

functor of the lim functor in the category of neutrosophic soft

modulus is given, the existence and properties of the inverse limit in
these categories are studied. In section 2.4 a theorem on the existence
of direct limit in some categories are proved.

In chapter Il the Lie algebras and neutrosophi soft Lie
algebras are studied. In section 3.1 neutrosophic Lie algebras and
their properties are studied. In section 3.2 neutrosophic soft Lie
algebras and their properties are studied.

In section 3.3 same catagories prove theorius about the
existence of a straight limit.

Definition 1. Let (F,A) on M and (G,B) on N be soft

modules. For the functor Tor((F,A)(G,B)) we give



Tor(F(a)),(G(b)) and call the functor Tor((F, A),(G,B)) a derivative
functor of the tensor product (F ®G, AxB) V(a, b)e AxB.

Let (F,A)={(F,,A).8,1,):(F,,A)—(F,4,A)} be a chain
complex of soft modulus on the modules {M,} and (G,B) be a soft
modulus on N . Then

{(F, ®G, AxB),(0, ®1 1rg)) (1)
is a soft chain complex on the modules {M, ® N }. Here for
v(a,b)e AxB
IF.(2)®G(b).0, ®1,) : Fo(a)®G(b) > F, 4 (a)@G(h);  (2)
Is a chain complex of the modules.
Show the homological modulus of the complex (2) in the

form of H,(F(a):G(b)). So, for V(a,b)e AxB by means of the
modulus H,(F(a);,G(b)) we can give soft homological modulus of
the soft modulus of chain complex (1). Denote this modulus by
Hn(lz, A) (G,B) and call a homological modulus with the coefficient
(G, B)of the complex (F, A).
We define homomorphism of soft modules
(110s): H,(F, AJ0(G,B) > H, F. A} . B)
for V(a,b)e AxB as
Hap) - Ha(F(@)®(G(0)) - H, (F(a)).(G(b))
Haw)([x] 9)=[x®g] v[x]e H,(F(a)). g «Glb).
Theorem 1. Let the chain complex (F ( A) be a complex of
independent soft modules on the modull {M,} and (G,B)be an

arbitrary soft modulus on N . Then the following sequence is exact,
functorial and seperable

0 (H,(F.A)®(G,B)5H,(F A)e(G,B)—
Ty (Hos(F, AYG,B)) >0

Theorem 2. if the complex of chains (F,A)=(G,B) is
acyclic, then the short sequence



0—H,(F,A)®(G,B)5H,((F,A):(G,B))—
—H,(F,A)*(G,B)—>0
Is exact, functorial and separable.

Assume that vne Z(F,,A) is a fuzzy soft modulus on the
modulus M, and (8,.1,):(F,,A)—(F, ;,A) is an homomorphism
of the fuzzy soft modules.

Definition 2. If foreach ae A

{(M n’ I:n (a))’ an : (M n’ I:n (a)) - (M n-1’ Fn—l(a))}
is a complex of chains of fuzzy modules, then the following
sequence is said to be a complex of chains of fuzzy soft modules:

(R AL ©n, (10): (Fy A) = (R s A)f

Definition 3. Assume that

(ien ) 9): (bwa  9): {(F. AL O, } > (G, B).OL
is a morphism of the fuzzy soft modules and assume that is
D={D,,9):(F,,A)—(G,,;,B)} is a family of fuzzy soft modules.
If the expression ¢, —y,, =D, ; 20, +0;,, D, is satisfied, then the
homotopy of homomorphisms of modulus

D= {(Dmg): M, — Nn+1}nez

is said to be a chain family. The pairs ({p, ;) ({,},9) is called

chain homotopy morphisms and is denoted as ({g, },9)~ ({v, }.9).
Theorem 3. In the category of fuzzy soft modulus, the chain
homotopy relation is an equivalence relation and is invariant with
respect to superposition.
Theorem 4. The homological functor of chain complexes of
fuzzy soft modulus is invariant with respect to chain homotopy.
Therefore, if {p, }~{w,}:{(F.,A),0,}— {G,,B),d,}, then

Q)n* :lr//n* = Hn('/«’A)_) Hn(G’ )
Theorem 5. If this sequence
0—(F,,A)—>(F,,A)>(F/,A)—>0 (3)



the short exact sequence of fuzzy soft chain complexes is separable,
then the following sequence of fuzzy soft homological modulus is
exact:

o g (F A Hy (R A) = Hy (Fyy A) < Hy (FrL A+ ()
Theorem 6. Each separable short exact sequence of fuzzy
soft chain complex
0->(F,A)—>(F,A)—>(F",A)>0
and for each (G,B) fuzzy modulus, the sequence of fuzzy soft
homological modules
e Hoy (7 ARG, B) « H, ((F", A(G,B)) «
< H, (. A)(G.B)) « H,((F;.C')}(G,B)) ¢
is exact and functorial.
Theorem 7. If (F,A) is an independent fuzzy soft chain
complex and (G, B) is a fuzzy soft modulus, then

0 H,((F.A)®(G.b) BH, ((F. AX(G,B) -
— FS —Tor(H,,((F, A),(G,b))) >0

is short, exact functorial and separable.
In this section we build up a homological theory in Stop

category. Let us denote by Stop a category of soft topological
spaces. Let for each soft topological space (X,z,E) Cov(X) be a
set of all open covers of this space. Cov(X) is a set directed to
refinement the covers. Let the families o ={(F,E)}_, and
B=1{G;,E)}_, be open covers for soft the soft topological space
(X,7,E). If for the mapping p:J—1 the condition
(GJ-, E)c(Fp(J—), E) Is satisfied, the cover « is called g narrowing of
the covers. Show it as < . The set Cov(X) is a set directed
according to this relation. Let the family «={(F,E)}_, be an

arbitrary open cover of the soft topological space (X T, E). By



nerva :{(il,iz,...,in): ﬁ(F,K E)¢ @}

k=1
we denote a simplical complex whose vertices are points of the set 1.
The mapping p:J — 1 determines the simplicial mapping

p:nervB — nervae and such arbitrary two mappings are simplicially

close. So, we determine the simplicial mapping pf ‘nervg@ — nerva
And we get the inverse system of the simplicial complexes

nerv(X )= ({nerVa}aecov(x), {pf ‘nervg — nerVOz}a< ﬂ)
Applying to this system the homological functor H, we get the
inverse (direct) system of the groups

H, (nervX)= ({H ; (nervX)}aecov(x), {H . (pf): H,(nerv3) —
— Hg(nerva)je < B)
[H 9(nervX)= ({H a (nerVa)aecov(X), {H a (pf ): Hd (nerVa)}—>
— H%newp)a < ﬂ})]
Definition 4. The group
Hq(X;G):L?Hq(nerVa;G)[Hq(X;G):I{;Hq(nerva;G)}
isa g— dimensional homological (cohomological) group of the soft
topological space (X,z,E).

If (X,z,E) and (Y,rl,El) are soft topological spaces and
(f,p):(X,7,E)— (Y,rl, El) is a soft continuous function of the soft
topological spaces for arbitrary soft open cover a = {G j,El}je ] of
the space (v,%,E?) the family (f,(p)(a):{(f,(/))_le,El}jEJ, is a
soft open cover of the space (X,7,E) and J'c J . it is clear that if

B>a then (f,0)(8)>(f,0) () and if
(.07 o, E1n-N((f.0) o, E = 0

is satisfied, then



{Gj,El}ﬂ--ﬂ{ij,El};t(D. Hence, the simplicial complex
nerv((f,go)_lXa) is a subcomplex of the simplicial complex nerve .
By ia,(f,q,):nerv((f,(p)‘l)(a)—> nerve: show the inclusion maping,
then the family
f :({(f,(p)‘1:Cov(Y)—>Cov(X)},

{ia,(f ) Nervf ((f ,q))’l)(a)—> nerVa}aecoc(Y)), (5)
is a morphism acting on the inverse system nerv(X) from the
inverse system nerv(X). The f morphism determines the

homomorphism of the homological (conomological) groups
f. =lim Ho(f):Hy(X,G)—>H,(Y,G)

[, = lim . Hq(f): HI(Y,G) > H(X,G)]
Theorem 8. The
(X,7,E)i> Ho(X,G)|(X,7,E) > HY(X,7,E)>| is a covariant
(countervariant) functor going from the STop category to the group
category.
Theorem 9. For each soft point x, € (X, 7, E)

Hq(Xb,G):{g ) >_0
, 9=0.

For the pairs of soft topological spaces (X,A,r, E) we take
the mapping i: A— X and j:X —(X,A).

For each cover aeCov(X,A) from the mapping i,j we
obtain the simplicial mappings i, : nerv(aN A)—> nerve,

j, inerva — (nerva, nerv(a N 5\))

So, for each aeCov(X,A) we get exact sequence of homological
groups

H(nerva)=---« H(nervar) « Hq(nerv(aﬂ K))(—

H q+1(nerva, nervie: N ,&))<— Hga(nerva)« -



These sequences create an inverse system with respect to a. The
limit of this inverse system is said to be a homological sequence of
the pair (X, A z,E):
+Hy(X,G) ¢~ Hy(AG)« Hyy(X,AG)« Hy y(X)-
Since the inverse limit of exact sequence do not have an exact

sequence, the homological sequence is not exact, but the
cohomological sequence

> HIX,G)>HYAG) > HY(X,AG)—> HY(X,G)---
is exact.
Theorem 10 (Cutting axiom). Assume that (X,A,r,E) is a

soft topological space, (U,E)er and its soft closure (U,E) are in

soft inside of A i.e.let (U,E)c A°. Then for the inclusion mapping
J:(X-U,A-U)—(X,A) the homomorphism

Juq 1 Hq(X-U,A-U;G)—>H,(X,AG)

979 Hy (X —U, A-U;G) > HI(X, A G)|
IS an isomorphism.

Definition 5. Assume that, (X,z,E) and (Y,z',E’) are two
soft spaces and (f,),(g,9):(X,7,E)—(Y,7,E’) is a continuous
mapping of soft topological spaces. If there exists a soft continuous
mapping (F,@): (X x1,zx7,Ex(x))—>(Y,&',E’) satisfying the
condition,

(F,0)%,,0.)=(f,0)x )= f(X)yo

(F.o)%, 1) =(9,0)%) = g(x)ele
then (F, ) is called a homotopy, the mapping (f,
to be homotopic mapping .

It is clear that the homotopy relation is an equivalence
relation and is invariant with respect to superposition.

Theorem 11 (Homotopy axiom).

If (f,9)(9,0):(X,7,E)=(Y,7,E’) are soft homotopic
mapping, then

(f.0). =(9,9). 1 Hy(X,G)—>H,(Y,G)

)
0),(g,9) are said



is valid.

In chapter 1l we study the closure problem in various
categories.

Definition 6. Let SMod be a category of soft modulus. Then

the functor D:1°P — SMod (D: 1 — SMod) is said to be an inverse

(direct) system.
According to definition, we can write each inverse system in
the form of

{(Fi A )}iel ' {(p,' , Qii’ ): (Fi” A ) - (Fi A )}iei’ (6)

and the following conditions are satisfied:

2) i<i<i” for (pa")=(pl o o (pf" ).

Theorem 12. Every inverse system in the form of (6) has a
limit and it is unique.

Theorem  13. In  the confration  {(F,A)}_,
{(pii',qii')ki, —>Ii_m(Fi,Aﬁ)} is a functor acting from the category
Jnv (SMod) to the category SMod .

Now let us define the homomorphism d:[[M; ->[[M; in

i i

the form
d({xi }): {Xi - p; (Xu)}
It is clear that for, Vae A
d(a) = d|HF(a) :T1F(a) > 1F(a)

IS an homomorphism of appropriate moduless. Then we can give the
modulus  kerd(a) and cokerd(a). It is clear that,

kerd(a)=limF (a). For each ae A given by cokerd(a) can be
accepted as a soft modulus on the modulus [ [M; . Show this soft

I
modulus as lim®(F;,A) and call this modulus the first derivative
functor of the inverse limit factor.



So, we get the equality lim(F,A)=kerd,
i

lim®(F,, A)=cokerd.

Proposition 1. The soft modulus !iﬂ(l) is a funktor acting
i
from the category of inverse systems of soft modulus to the category
of soft modulus.
Proposition 2. lim(F,, A) = H°(C), lim®(F, A)=H(C).
i i

Let us study some properties of the funktor lim® .

|
From the directed set | we get the set of natural numbers N .
Then the inverse system will be in the form
(F, A)=(F,, A)¢—....
2 3
Py P2
Theorem 14. For each infinite subsystem in the inverse

p? b

system of soft modulus (F;, A)<—(F,, A)<«—... the lim®factor is

invariable.
Theorem 15. If

p? b3
(R, A)«—(F), A) «...
i+1

In the inverse SMod system p; homomorphisms are

epimorphisms, then Ii_m(l) (F,,A)=0.
Theorem 16. Let

\ \ s

0> (F;,A) = (F,, A) - (FJ,A) >0
\ \ \

0—>(F,A) - (F,A) > (FA)—>0
be a short exact sequence of the inverse systems of soft modulus.
Then the sequence



0— lim(F;, A) — lim(F,, A) — lim(F, A) —>
—lim® (F;, A) > lim® (F,, A) - lim® (F}, A) >0
of the soft modulus is exact
Definition 7. Let IGSM be be an category of intuitionistic
fuzzy soft modulus, then D:A® —IQSM is called an inverse

system of fuzzy soft modulus to the functor A.
Theorem 17. Every inverse system of intuitionistic fuzzy soft
modulus has a limit and this limit is unique.

For the inverse system of modulus ({M,,} ., {0 },...).

im® M, =T] Ma/lmd is a derivative function.
<«
o

If z=]M, —1lim® M is a canonical homomorphism,
<«
o

then we can determine the intuitionistic fuzzy modulus
(Iim(l)Ma,(FA)Z,(FA)f‘[). Then (FZ,FA):A—H‘[Ma is an
<~ o

T
intuitionistic fuzzy soft modulus.

Definition 8. ((FA)”,<FA)”) is called “the first derivative

factor” of intuitionistic fuzzy soft modulus of the inverse system.

Theorem 18. Assume that the sequence

2 2
P

P2
(F, A)«—(F,, A)c—...
is the inverse sequence of intuitionistic fuzzy soft modulus. For each

e : (1
infinite subsequence of this sequence |I_m( ‘ does not change.
Theorem 19. It for all {x!}ekerd or lim F"(x")=0 and
nN—oo

a
the lim F?(x/) =1 the following diagram is a short exact sequence
n—o0
of the inverse system of fuzzy soft modulus
i i i
0> (R,A) - (R, A — (F,A) -0
1 1 N

0->F.A > (F A > (F A —0



then the sequence
0 — lim(F;,a) — lim(F,,a) — lim(F/,a) —
lim®(F;,a) - lim®(F,,a) - lim®(F;, a) - 0
IS exact.
Definition 9. A neytrosophic set on the set X is determined
as follows A:

A= {<X’TA(X)’ La(x). Fa(x)) 1 x € X 5
where
TLE:X = [017| vo —0<T,(X)+1,(x)+ Fa(x)<+3
In this section is given the notion of derivative functor of the
inverse limit in the category of neutrosopic soft modulus.

Definition 10. Any functor of each D:A® — NSM s said
to be an inverse system of neutrosophic soft modulus. Here A is a
directed set.

Theorem 20. Every inverse system of neutrosophic soft
modulus has a limit and this limit is unique.

Definition 11. If for the neutrosophic set A=(T,1,F) given
on the Lie algebra the following conditions are satisfied, then
A=(T,1,F) is said to be a neutrosophic Lie subalgebra. For all

x,yelL and o €F taken from the set L
(1) Talx+y)2min(To(x) Ta(y))
La(x+y)=min(1,(x) 14(y))
Fa(x-+y) < max(Fy (x), F(y))
() Talax)2Ty(x). 1a(@x)2 1,4(x), Falex)<F(x)
(3) Tallx y])=min{T,(x). Ta(y)}
a(x-+ y))=min{l (). 1 (y)}
Fa(lx-+y]) < max{F, (x), F(y)}
Theorem 21. Assume that, A=(T,1,F) is a neutrosophic Lie

subalgebra on the Lie algebra L. Then A=(T,I,F) is a

neutrosophic Lie subalgebra on L if and only if for non-empty high
level



U (s)={xe UT(x)> s}, U, (s)={x e L|1(x)>s}

and non-empty low level Vi (s)={x e L|F(x)<t} is Lie subalgebra
of L forall s,t €[01].

Theorem 22. If A=(T,,1,,F,) and B=(Tg,I5,Fg) are two
Lie subalgebras on L then the intersection ANB=C = (T, I¢,Fc)
is a Lie subalgebraon L.

Definition 12.  Assume that A:(Tl, 11 Fl) and
B :(T 12 FZ) are two neutrosophic sets given on the set L. The

generalized direct product Ax B is determined as follows:
AxB =T 1% Fx(T2,12, F2)= (Tx T2, 1112, F1x F?)

here
(Tl xT?2 XX, y)=min (Tl(x),T ’ (y))’

(I 1x1? Xx, y)= min(l (), 1 2(y))

(Fl x FZXX, y)= max(Fl(x), Fz(y))
We can note that the generalized direct product AxB is always
neutrosophic in LxL, so that

min(T2(x),T2(y))+ min(1(x), 12(y))+ max(F(x), F2(y))< 3.
Theorem 23. Assume that A=(T1,I1,F1) and
B:(T ,IZ,FZ) are two neutrosophic Lie subalgebras of the Lie

algebraL. Then AxB is a neutrosopic Lie subalgebra of LxL .
Definition 13. Assume that L, and L, are two Lie

subalgebras on the domain F. The the linear map f:L, —> L, is
called Lie homomorphism, if for all Xx,yel, the
f([x, y])=[f(x), f(y)] is satisfied.

Theorem 24. Assume that f : L, — L, is epimorphism of the
Lie algebras and A:(T, I,F) IS a neutrosophic subalgebra of L,,
then a homomorphic image of A is neytrosophic subalgebra of L, .

and



Definition 14. Assume that E is the set of all parameters, L
is a Lie algebra, P(L) are all neutrosophic sets fixed on L. Then the

pair (IE,E) is called a neutrosophic soft Lie algebra on L, here
F:E—P(L) is an acting map, so for VecE the conditions of
definition 11 are satisfied.

Theorem 25. Assume that (Izl,El) and (IEZ,EZ) are two
neutrosophic soft Lie algebras on L, then
(F-E)N(F%E,)=(F% E,NE,) is a neutrosiphic soft Lie
subalgebraon L.

Theorem 26. Assume that (El,El) and (IEZ,EZ) are two
neutrosophic soft Lie subalgebrason L. If E,NE, =, then
(Izl,El)U(ﬁz,Ez):(E3,E1UE2) is a neutrosophic soft Lie
subalgebraon L.

Theorem 27. Assume that (ﬁl,El) and (IEZ,EZ) are two
neutrosophic soft Lie subalgebras on L, and L, respectively, then
(Izl,E) (F E2) (F3 E, UEZ) is a are neutrosophic soft Lie
algebraon L.

Definition 15. Let (F%,E,) and (F?,E, ) be two neutrosophic
soft sets in the set L, then the common direct product
(IEl E) (F Ez) (leF E ><E2)|s determined as follows:

FixF2:ExE, > NS(L)
FixF2(ee,)= (Tpl (el)Xsz (e, )) (l ol (e)x 1 02 (e, )}
Fpl (el)x sz (ez)
here for every (ee,)e E;xE, Fy(e;)xF,(e,) satisfies the condition

of definition 12.
Theorem 28. Let (Fl, El) and (Fz, E2) be two neutrosophic

soft Lie subalgebras on L, (Ifl, El)x (IEZ, Ez) IS a neutrosophic soft
Lie subalgebraon LxL .



Theorem 29. Assume that f :L, — L, is an homomorphism
of Lie algebras and (IE, E) is a neutrosophic soft Lie subalgebra of

L, , then the homomorphic image of (IE, E) is a neutrosophic soft Lie
subalgebra of L, .

Theorem 30. Autg automorphism group of the Lie algebra
g is a structural group of the stratification L=(L, p,B)".

Here we will give the relation between the stratification
L=(L, p, B) and tangent TM by means of the Lie algebra g . Just
this relation is obtained from the inclusion of the layer g to the
followoing exact sequence:

0—>29—>9—>9g,—0.

Theorem 31. Automorphism group Autg acts invariantly on

g . Action of the center Z g on g, is invariant.

'Gasymov, VA, Abdullaev, S.A. On some properties of groupoids and algebroids
Lee // -Baku: Baku University news, -2018. Ne3, -p. 13-19.

Abdullayev, S.E., Nesibova, L.M. Neutrosophic Lie Algebras // International
Matematical Forum, -2019. v.14, Ne2, -p. 95-106.



RESULTS
The dissertation work was devoted to the Lie algebroid and
groupoids and properties of functors in the fuzzy moduluscategory.
The following scientific novelties were obtained:

e Theorems on universal coefficients by introducing derivative
functor of tensor product in soft modulus category were proved.

e Exact sequence of homological modules was constructed for
the first time in the fuzzy modulus category and neutrospheric soft
modulus category, and using this theorems on universal coefficients
were proved.

e Taking into account an important role of algebraic topology
in mathematics, homolojucal group of soft topological spaces is
constructed and the axioms of the homologous theory are proved.

e In each category there arises a problem of closure with
respect to algebraic operations. Taking this into account, since direct
and inverse limits contain all algebraic operations the existence of
these limits in eacg category plays an important role. To show the
existence of direct and inverse limits in the categories of modulus,
intuitionistic soft modulus, neutrospheric soft modulus. In addition,
to construct exact sequence of the inverse limit related to the
derivative functor.

e Neutrosophic Lie algebras were constructed and their main
properties were studied.
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