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ABSTRACT 
 

In this paper, we study some properties of the determinant of a neutrosophic matrix. Also, we prove that 	|𝐴. 𝑎𝑑𝑗(𝐴)| = |𝐴| = |𝑎𝑑𝑗(𝐴). 𝐴|  and define the matrices 
𝐴("!…""|%!…%")and 𝐴("→%). Further, a method is presented for calculating the determinant of a neutrosophic matrix that has a large number of columns and rows. 
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1. Introduction 
The Neutrosophic Theorem is a new approach to dealing with issues 
including imprecise, indeterminant and discordant data.  

A neutrosophic set is described philosophically by Smarandache 
(1998). It is a generalization of the concept of the fuzzy set and the 
intuitionistic fuzzy set. Each element in the neutrosophic set has three 
related defining functions that are independent of one another: the 
membership function (𝑡),	indeterminacy function (𝑖)  and the non-
membership function (𝑓). These three functions are defined on the 
universe of discourse 𝑋 (Smarandache, 2006). The definition of the 
neutrosophic set, known as a single-valued neutrosophic set, was 
then provided by Wang et al. (2010). The single-valued neutrosophic 
set is applied to algebraic and topological structures. Ҫ etkin and 
Aygün (2015) introduced the concepts of neutrosophic subgroups of 
a given classical group and neutrosophic of a given classical ring 
(Ҫetkin and Aygün, 2019). Also, Ҫetkin et al. (2017) presented the 
definition of the neutrosophic submodule of module and studied 
some of its fundamental properties. 

Molodtsov (1999) established the soft set theory, and it is a new 
mathematical tool for modelling ambiguity and uncertainty.   

Matrices are very crucial to science and technology. However, there 
are situations when the classical matrix theory is unable to resolve the 
problems with uncertainties that arise in an uncertain environment. 

Dhar et al. (2014) introduced a type of neutrosophic matrix, called a 
square neutrosophic matrix, with entries in the form 𝑎 + 𝐼𝑏 
(neutrosophic number) where 𝑎, 𝑏 are the elements in [0,1] and	𝐼 is 
an uncertainty such that 𝐼! = 𝐼	; 		𝑛	being a positive integer. Sumathi 
and Arockiarani (2014) introduced new operations for fuzzy 
neutrosophic soft matrices. Uma et al. (2017) have introduced the 
determinant and adjoint of square fuzzy neutrosophic soft matrices. 
A type of matrix termed a neutrosophic matrix, with inputs from a 
single-valued neutrosophic set, is defined by Varol, et al.  (2019) 
along with some algebraic operations describing it. By using the 
operations component wise addition and component wise 
multiplication, they have proven that a collection of all neutrosophic 
matrices forms a semiring.   

The determinant of a neutrosophic fuzzy matrix has been introduced 
by Sophia and Jayapriya (2019), and they have researched its 

properties. In addition, the trace and the adjoint of a neutrosophic 
fuzzy matrix are defined. Salama et al. (2022) introduced the 
neutrosophic matrix in a completely different form compared to Dhar 
et al. (2014), where a square neutrosophic matrix of order 𝑛 × 𝑛 is 
defined as 𝑀 = 𝐴 + 𝐵𝐼, such that 𝐴, 𝐵 are two square real matrices of 
order 𝑛 × 𝑛.  

In this work, we will recall the notion of a single-valued neutrosophic 
set, which is referred to as a neutrosophic set for convenience. Then 
we give a brief summary of neutrosophic matrices and several 
algebraic operations on them. Furthermore, we present a definition 
of the determinant of a neutrosophic matrix and some of its 
properties. Finally, we give our conclusions. 

2. Preliminaries 
In the section, we give some definitions that are used in the paper. 
First, the operations ∨ and ∧ for 𝑎, 𝑏 ∈ [0, 1] are defined as follows: 
𝑎 ∨ 𝑏 = 𝑚𝑎𝑥{𝑎, 𝑏}, 𝑎 ∧ 𝑏 = 𝑚𝑖𝑛{𝑎, 𝑏}. 

2.1. Definition (Wang et al., 2010): 
A single-valued neutrosophic set 𝐴 on the universal set 	𝑋 is defined 
by the following form: 	𝐴 = {〈𝑥،	𝑡"(𝑥), 𝑖"(𝑥), 𝑓"(𝑥)〉 ∶ 𝑥 ∈ 𝑋},	where 
𝑡", 𝑖", 𝑓": 𝑋 → [0,1]  define the degree of membership function, the 
degree of indeterminacy function, and the degree of non-
membership function, respectively, for each element 	𝑥 ∈ 𝑋  in the 
set	𝐴 such that 0 ≤ 𝑡"(𝑥) +	 𝑖"(𝑥) +	𝑓"(𝑥) ≤ 3. 

2.2. Example (Wang et al., 2010): 
𝑋 = {𝑥#, 𝑥$, 𝑥%}, where 𝑥# is capacity, 𝑥$ is trustworthiness and 𝑥% is 
cost. The values of	{𝑥#, 𝑥$, 𝑥%}  are in [0,1] and are obtained from 
questionnaires completed by experts. The experts assess their point 
of view in three combinations: the degree of goodness, the degree of 
indeterminacy and the degree of poorness to explain the 
characteristics of the objects. Suppose 𝐴  is a single-valued 
neutrosophic set on 𝑋 , such that 𝐴 =
{〈𝑥#, 0.3, 0.4, 0.5〉, 〈𝑥$, 0.5, 0.2, 0.3	〉, 〈𝑥%, 0.7, 0.2, 0.2	〉} , where for 𝑥#, 
the degree of goodness of  capacity is 0.3, the degree of indeterminacy 
of capacity is 0.4 and the degree of falsity of capacity is 0.5 etc. 
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2.3. Definition (Varol et al., 2019): 
A neutrosophic matrix of order 𝑚 × 𝑛  is defined by 𝐴 =
L(𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'N)O , such that 𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'N  denote 
truth-membership, indeterminacy-membership and falsity-
membership values of the  ij-th element in  𝐴, satisfying the condition 
0 ≤ 𝑡"M𝑎&'N + 𝑖"M𝑎&'N + 𝑓"M𝑎&'N ≤ 3	 for all i, j.  

2.4. Example: 
The following matrix	𝐴 is a neutrosophic matrix of order 3 × 1: 

 𝐴 = P
(0.3, 0.4, 0.5)
(0.5, 0.2, 0.3)
(0.7, 0.2, 0.2)

Q. 

2.5. Definition (Varol et al., 2019): 

Let	𝐴 = &(𝑡𝐴'𝑎𝑖𝑗(, 𝑖𝐴'𝑎𝑖𝑗(, 𝑓𝐴'𝑎𝑖𝑗()) and  

𝐵 = L(𝑡+M𝑏&'N, 𝑖+M𝑏&'N, 𝑓+M𝑏&'N)O  
be two neutrosophic matrices of order 𝑚× 𝑛. 
Then the matrix addition and subtraction are defined as 

𝐴 + 𝐵 = L(𝑡"M𝑎&'N ∨ 𝑡+M𝑏&'N, 𝑖"M𝑎&'N ∨ 𝑖+M𝑏&'N, 𝑓"M𝑎&'N ∧ 𝑓+M𝑏&'N)O. 

𝐴 − 𝐵 = L(𝑡"M𝑎&'N − 𝑡+M𝑏&'N, 𝑖"M𝑎&'N − 𝑖+M𝑏&'N, 𝑓"M𝑎&'N − 𝑓+M𝑏&'N)O, 

where 

𝑡"M𝑎&'N − 𝑡+M𝑏&'N = S𝑡"M𝑎&'N		; 	𝑡"M𝑎&'N ≥ 𝑡+M𝑏&'N	
0							; 	𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒								

	, 

𝑖"M𝑎&'N − 𝑖+M𝑏&'N = S𝑖"M𝑎&'N		; 	 𝑖"M𝑎&'N ≥ 𝑖+M𝑏&'N	
0							; 		𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒						

	, 

𝑓"M𝑎&'N − 𝑓+M𝑏&'N = S𝑓"M𝑎&'N		; 	𝑓"M𝑎&'N ≤ 𝑓+M𝑏&'N	
1						; 	𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒						

		. 

And the component wise matrix multiplication is defined by 

𝐴 • 𝐵 = L(𝑡"M𝑎&'N ∧ 𝑡+M𝑏&'N, 𝑖"M𝑎&'N ∧ 𝑖+M𝑏&'N, 𝑓"M𝑎&'N ∨ 𝑓+M𝑏&'N)O. 

2.6. Definition (Varol et al., 2019): 

Let	𝐴 = "(𝑡𝐴#𝑎𝑖𝑗$, 𝑖𝐴#𝑎𝑖𝑗$, 𝑓𝐴#𝑎𝑖𝑗$)% and  

𝐵 = L(𝑡+M𝑏&'N, 𝑖+M𝑏&'N, 𝑓+M𝑏&'N)O  be two neutrosophic matrices of 
order 𝑚 × 𝑛 and 	𝑛 × 𝑝, respectively. Then the matrix product 𝐴𝐵 is 
defined as 
𝐴𝐵 = 

]^_𝑡"(𝑎&,) ∧ 𝑡+M𝑏,'N,_𝑖"(𝑎&,) ∧ 𝑖+M𝑏,'N,
!

,-#

!

,-#

`𝑓"(𝑎&,) ∨ 𝑓+M𝑏,'N
!

,-#

ab 

We can also write, 
𝐴𝐵 = 

](c 𝑡"(𝑎&,).
!

,-#

𝑡+M𝑏,'N,c 𝑖"(𝑎&,).
!

,-#

𝑖+M𝑏,'N,d𝑓"(𝑎&,) +
!

,-#

𝑓+M𝑏,'N)b 

In this case,  𝐴 and 𝐵 are conformable for multiplication. 

2.7. Definition (Varol et al., 2019): 

Let 	𝐴 = "(𝑡𝐴#𝑎𝑖𝑗$, 𝑖𝐴#𝑎𝑖𝑗$, 𝑓𝐴#𝑎𝑖𝑗$)%  be a neutrosophic matrix of 
order 𝑚 × 𝑛. Then the transpose of 	𝐴 is defined by 
  𝐴. = L(𝑡"M𝑎'&N, 𝑖"M𝑎'&N, 𝑓"M𝑎'&N)O. 

2.8. Definition (Varol et al., 2019): 

Let 	𝐴 = "(𝑡𝐴#𝑎𝑖𝑗$, 𝑖𝐴#𝑎𝑖𝑗$, 𝑓𝐴#𝑎𝑖𝑗$)%  be a neutrosophic matrix of 
order 𝑚 × 𝑛  and 𝑘 ∈ [0,1] . Then the neutrosophic scalar 
multiplication is defined as 

𝑘𝐴 = L(𝑘 ∧ 𝑡"M𝑎&'N, 𝑘 ∧ 𝑖"M𝑎&'N, (1 − 𝑘) ∨ 𝑓"M𝑎&'N)O. 

2.9. Definition (Varol et al., 2019): 
Let 𝐴 be a neutrosophic matrix of order 𝑚 × 𝑛.  

If all its entries are (0,0,1) , then 𝐴  is said to be zero neutrosophic 
matrix and denoted by 𝑶.  

If all its entries are (1,1,0), then 𝐴 is said to be universal neutrosophic 
matrix and denoted by	𝑱. 

2.10. Definition (Varol et al., 2019): 

The identity neutrosophic matrix of order 	𝑛 × 𝑛  is denoted by 𝑰! , 
and defined as 𝑰! = L(𝑡/!M𝜆&'N, 𝑖/!M𝜆&'N, 𝑓/!M𝜆&'N)O,  

where j𝑡/!M𝜆&'N, 𝑖/!M𝜆&'N, 𝑓/!M𝜆&'Nk = S
(0,0,1)		; 	𝑖 ≠ 𝑗		
(1,1,0)		; 	𝑖 = 𝑗		. 

2.11. Definition (Sophia and Jayapriya, 2019): 

Let	𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛.  

• If j𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'Nk = (0,0,1)		∀𝑖 > 𝑗  , then the 
matrix 𝐴 is called an upper triangular neutrosophic matrix. 

•  If j𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'Nk = (0,0,1)		∀𝑖 < 𝑗 , then the 
matrix 𝐴 is called a lower triangular neutrosophic matrix. 

• The matrix 𝐴 is called a triangular neutrosophic matrix if either 
j𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'Nk = (0,0,1)	∀𝑖 > 𝑗  or 

j𝑡"M𝑎&'N, 𝑖"M𝑎&'N, 𝑓"M𝑎&'Nk = (0,0,1) 	∀𝑖 < 𝑗. 
 

3. Determinant of a Neutrosophic Matrix 
3.1. Definition (Sophia and Jayapriya, 2019): 
The determinant of a neutrosophic matrix 𝐴 of order 𝑛 × 𝑛 is denoted 
by		det	(𝐴) or |𝐴| and is defined by    

|𝐴| = c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

 

. M𝑡"(𝑎!0(!)), 𝑖"(𝑎!0(!)), 𝑓"(𝑎!0(!))N 

We can also write, 

|𝐴| =

⎝

⎜
⎛
' 𝑡()𝑎)*())+ ∧
*∈,!

…	∧ 𝑡()𝑎-*(-)+, ' 𝑖()𝑎)*())+ ∧
*∈,!

…	∧ 𝑖()𝑎-*(-)+,

1 𝑓()𝑎)*())+ ∨
*∈,!

…	∨ 𝑓()𝑎-*(-)+	
⎠

⎟
⎞

 

where 𝑆! is the symmetric group of all permutations of {1,2, … , 𝑛}. 

3.2. Example: 
Let	𝐴 be a neutrosophic matrix of order 2 × 2 such that 

𝐴 = w(0.3,0.1,0.2) (0.1,0.4,0.5)
(0,0.1,0.2) (0.9,0.1,0.1)y. Then 

	|𝐴| = (0.3,0.1,0.2). (0.9,0.1,0.1) + (0.1,0.4,0.5). (0,0.1,0.2)	

								= (0.3, 0.1, 0.2) + (0, 0.1, 0.5) 

								= (0.3, 0.1, 0.2). 

3.3. Properties of the Determinant of a Neutrosophic 
Matrix: 
3.3.1. Property 1 (Property of Reflection) 

The value of the determinant of a neutrosophic matrix remains 
unchanged if any two rows (columns) are swapped. 

3.3.2. Property 2 (Property of All Zero) 

If there is a row (column) in a neutrosophic matrix 𝐴   with all its 
elements as (0,0,1), then  |𝐴| = (0,0,1). 
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3.3.3. Property 3 (Property of Scalar Multiple) 
If there is a row (column) in a neutrosophic matrix 𝐴   with all its 
elements multiplied by a non-zero constant, then the determinant 
gets multiplied by the same constant. 
3.3.4. Property 4 (Property of Triangle) 

Let	𝐴 be a triangular neutrosophic matrix of order 𝑛 × 𝑛. Then 

|𝐴| =dM𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N
!

&-#

	. 

3.3.5. Property 5 (Property of Transpose) 

Let	𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then |𝐴| = |𝐴.|. 

3.4. Definition (Sophia and Jayapriya, 2019): 
Let 	𝐴  be a neutrosophic matrix of order 𝑛	 ×	 𝑛 and 	𝐴&'   is the 
neutrosophic matrix of order	(𝑛 − 1) × (𝑛 − 1) formed by deleting 
row 𝑖  and column 𝑗  from	𝐴 . The adjoint matrix of	𝐴  is denoted by 
𝑎𝑑𝑗(𝐴) and is defined by  𝑎𝑑𝑗(𝐴) = L{𝐴'&{O. 

4. Main Results 
4.1. Theorem:  

Let	𝐴 = &'𝑡𝐴#𝑎𝑖𝑗$, 𝑖𝐴#𝑎𝑖𝑗$, 𝑓𝐴#𝑎𝑖𝑗$() be a neutrosophic matrix of 
order 𝑛 × 𝑛 . If M𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N ≥
M𝑡"(𝑎&,), 𝑖"(𝑎&,), 𝑓"(𝑎&,)N	; 		𝑘 = 1,2, … , 𝑛 	for	 all	 1 ≤ 𝑖 ≤ 𝑛 ,  then 
|𝐴| = M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N … M𝑡"(𝑎!!), 𝑖"(𝑎!!), 𝑓"(𝑎!!)N. 

Proof 
By definition of |𝐴|, we get 

 |𝐴| ≥ M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N… M𝑡"(𝑎!!), 𝑖"(𝑎!!), 𝑓"(𝑎!!)N						(1)	 
 For any permutation 𝜎 ∈ 𝑆!, we have 

M𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N ≥ j𝑡"M𝑎&0(&)N, 𝑖"M𝑎&0(&)N, 𝑓"M𝑎&0(&)Nk	; 

		𝑖 = 1,2, … , 𝑛		 
SinceM𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N ≥ M𝑡"(𝑎&,), 𝑖"(𝑎&,), 𝑓"(𝑎&,)N	; 

	𝑘 = 1,2, … , 𝑛	for	all	1 ≤ 𝑖 ≤ 𝑛. 
Hence 

M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N … M𝑡"(𝑎!!), 𝑖"(𝑎!!), 𝑓"(𝑎!!)N

≥ j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . … 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk	

⟹ 		 M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N… M𝑡"(𝑎!!), 𝑖"(𝑎!!), 𝑓"(𝑎!!)N ≥	

c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

	

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk = |𝐴|																	(2)	

⟹ 		 |𝐴| = M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N … M𝑡"(𝑎!!), 𝑖"(𝑎!!), 𝑓"(𝑎!!)N  ;  

by (1) & (2). 

4.2. Theorem:   

Let 	𝐴 = "(𝑡𝐴#𝑎𝑖𝑗$, 𝑖𝐴#𝑎𝑖𝑗$, 𝑓𝐴#𝑎𝑖𝑗$)%  be a neutrosophic matrix of 
order 𝑛 × 𝑛. Then |𝐴𝐴.| ≥ |𝐴|. 

Proof  

Let  𝐴𝐴. = L(𝑡"""M𝑝&'N, 𝑖"""M𝑝&'N, 𝑓"""M𝑝&'N)O, where 

j𝑡"""M𝑝&'N, 𝑖"""M𝑝&'N, 𝑓"""M𝑝&'Nk	

= �c𝑡"(𝑎&,).
!

,-#

𝑡""M𝑎,'N,c 𝑖"(𝑎&,).
!

,-#

𝑖""M𝑎,'N,d𝑓"(𝑎&,)
!

,-#

+𝑓""M𝑎,'N� 

= �c𝑡"(𝑎&,).
!

,-#

𝑡	"M𝑎',N,c 𝑖"(𝑎&,).
!

,-#

𝑖	"M𝑎',N,d𝑓"(𝑎&,) +
!

,-#

𝑓	"M𝑎',N�	

for all 𝑖, 𝑗 ∈ {1,2, … , 𝑛}. 

If  𝑖 = 𝑗, we see that 

M𝑡"""(𝑝&&), 𝑖"""(𝑝&&), 𝑓"""(𝑝&&)N

= ^c𝑡"(𝑎&,)
!

,-#

,c 𝑖"(𝑎&,)
!

,-#

,d𝑓"(𝑎&,)
!

,-#

a 

							= c(𝑡"(𝑎&,), 𝑖"(𝑎&,), 𝑓"(𝑎&,))
!

,-#

	

For any permutation 𝜎 ∈ 𝑆!, we get 

cM𝑡"(𝑎&,), 𝑖"(𝑎&,), 𝑓"(𝑎&,)N
!

,-#

≥ j𝑡"M𝑎&0(&)N, 𝑖"M𝑎&0(&)N, 𝑓"M𝑎&0(&)Nk			 ; 

𝑖 ∈ {1,2, … , 𝑛} 

|𝐴𝐴.| = c j𝑡"""M𝑝#0(#)N, 𝑖"""M𝑝#0(#)N, 𝑓"""M𝑝#0(#)Nk . …
0∈4!

	

. j𝑡"""M𝑝!0(!)N, 𝑖"""M𝑝!0(!)N, 𝑓"""M𝑝!0(!)Nk ≥	

M𝑡"""(𝑝##), 𝑖"""(𝑝##), 𝑓"""(𝑝##)N… M𝑡"""(𝑝!!), 𝑖"""(𝑝!!), 𝑓"""(𝑝!!)N	

= ^cM𝑡"(𝑎#,), 𝑖"(𝑎#,), 𝑓"(𝑎#,)N
!

,-#

a…		

. ^cM𝑡"(𝑎!,), 𝑖"(𝑎!,), 𝑓"(𝑎!,)N
!

,-#

a	

≥ j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …	

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk	

Thus, 

|𝐴𝐴.| ≥ c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

	

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk = |𝐴|. 

4.3. Remark: 
In general, we have that |𝐴𝐵| ≠ |𝐴||𝐵|  where 	𝐴  and 𝐵  are two 
neutrosophic matrices of order 𝑛 × 𝑛. This is illustrated in the next 
example. 

4.4. Example: 

Let 𝐴 = w(0.14,0.7,0.1) (0.25,0.6,0.12)
(0.12,0.7,0.3) (0.24,0.7,0.1) y and 

𝐵 = w(0.5,0.3,0) (0.3,0.5,0.2)
(0.2,0.6,0) (0.16,0.7,0.4)y.  

Then 𝐴𝐵 = w(0.2,0.6,0.1) (0.16,0.6,0.2)
(0.2,0.6,0.1) (0.16,0.7,0.3)y. 

Therefore, |𝐴| = (0.14,0.7,0.1), |𝐵| = (0.2,0.5,0.2),	 

|𝐴|. |𝐵| = (0.14,0.5,0.2) and	|𝐴. 𝐵| = (0.16,0.6,0.2). 

We notice that |𝐴𝐵| ≠ |𝐴||𝐵|. 
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4.5. Theorem: 

Let	𝐴 and 𝐵 be two neutrosophic matrices of order 𝑛 × 𝑛. Then 

1) |𝐴𝐵| ≥ |𝐴||𝐵|, 

2) |𝐴𝐵| ≥ |𝐴 + 𝐵|. 

Proof 

1) |𝐴𝐵| = 

](c 𝑡"(𝑎&,).
!

,-#

𝑡+M𝑏,'N,c 𝑖"(𝑎&,).
!

,-#

𝑖+M𝑏,'N,d𝑓"(𝑎&,) +
!

,-#

𝑓+M𝑏,'N)b	

we have 
|𝐴𝐵| =	 

c �c𝑡"(𝑎#,).
!

,-#

𝑡+M𝑏,0(#)N,c 𝑖"(𝑎#,).
!

,-#

𝑖+M𝑏,0(#)N,d𝑓"(𝑎#,)
!

,-#0∈4!

+𝑓+M𝑏,0(#)N� .… 

. ^c 𝑡"(𝑎!,).
!

,-#

𝑡+M𝑏,0(!)N,c 𝑖"(𝑎!,).
!

,-#

𝑖+M𝑏,0(!)N,d𝑓"(𝑎!,)
!

,-#

+ 𝑓+M𝑏,0(!)Na 

= c � c 𝑡"M𝑎#,#N
,#,…,,!

… 𝑡"M𝑎!,!N. 𝑡+M𝑏,#0(#)N… 𝑡+M𝑏,!0(!)N,	
0∈4!

 

c 𝑖"M𝑎#,#N
,#,…,,!

… 𝑖"M𝑎!,!N. 𝑖+M𝑏,#0(#)N… 𝑖+M𝑏,!0(!)N, 

d 𝑓"M𝑎#,#N
,#,…,,!

…𝑓"M𝑎!,!N + 𝑓+M𝑏,#0(#)N… 𝑓+M𝑏,!0(!)N� 

= c c j𝑡"M𝑎#,#N, 𝑖"M𝑎#,#N, 𝑓"M𝑎#,#Nk . …
,#,…,,!0∈4!

 

j𝑡"M𝑎!,!N, 𝑖"M𝑎!,!N, 𝑓"M𝑎!,!Nk . j𝑡+M𝑏,#0(#)N, 𝑖+M𝑏,#0(#)N, 𝑓+M𝑏,#0(#)Nk. 

… . j𝑡+M𝑏,!0(!)N, 𝑖+M𝑏!0(!)N, 𝑓+M𝑏,!0(!)Nk 

= c j𝑡"M𝑎#,#N, 𝑖"M𝑎#,#N, 𝑓"M𝑎#,#Nk
,#,…,,!

. . . M𝑡"M𝑎!,!N, 𝑖"M𝑎!,!N, 

𝑓"M𝑎!,!Nk	 . c j𝑡+M𝑏,#0(#)N, 𝑖+M𝑏,#0(#)N, 𝑓+M𝑏,#0(#)Nk
0∈4!

. … 

. j𝑡+M𝑏,!0(!)N, 𝑖+M𝑏,!0(!)N, 𝑓+M𝑏,!0(!)Nk 

≥ c j𝑡"M𝑎#,#N, 𝑖"M𝑎#,#N, 𝑓"M𝑎#,#Nk
,#,…,,!

. . . M𝑡"M𝑎!,!N, 𝑖"M𝑎!,!N, 

𝑓"M𝑎!,!Nk	 . c j𝑡+M𝑏#0(#)N, 𝑖+M𝑏#0(#)N, 𝑓+M𝑏#0(#)Nk
0∈4!

. … 

. j𝑡+M𝑏!0(!)N, 𝑖+M𝑏!0(!)N, 𝑓+M𝑏!0(!)Nk 

= c j𝑡"M𝑎#,#N, 𝑖"M𝑎#,#N, 𝑓"M𝑎#,#Nk… M𝑡"M𝑎!,!N, 𝑖"M𝑎!,!N,
(,#,…,,!)∈4!

 

𝑓"M𝑎!,!Nk . |𝐵| 

= |𝐴||𝐵|. 

2) |𝐴𝐵| = 

c �c𝑡"(𝑎#,).
!

,-#

𝑡+M𝑏,0(#)N,c 𝑖"(𝑎#,).
!

,-#

𝑖+M𝑏,0(#)N,d𝑓"(𝑎#,)
!

,-#0∈4!

+𝑓+M𝑏,0(#)N� .… 

. ^c𝑡"(𝑎!,).
!

,-#

𝑡+M𝑏,0(!)N,c 𝑖"(𝑎!,).
!

,-#

𝑖+M𝑏,0(!)N,d𝑓"(𝑎!,)
!

,-#

+ 𝑓+M𝑏,0(!)Na 

= c ^ ` j𝑡"(𝑎#8) ∨ 𝑡+M𝑏90(#)Nk
#:8,9:!

, ` j𝑖"(𝑎#8) ∨ 𝑖+M𝑏90(!)Nk
#:8,9:!

,
0∈4!

 

_ j𝑓"(𝑎#8) ∧ 𝑓+M𝑏90(#)Nk
#:8,9:!

a…^ ` j𝑡"(𝑎!8) ∨ 𝑡+M𝑏90(!)Nk
#:8,9:!

, 

	 ` j𝑖"(𝑎!8) ∨ 𝑖+M𝑏90(!)Nk
#:8,9:!

, _ j𝑓"(𝑎!8) ∧ 𝑓+M𝑏90(!)Nk
#:8,9:!

a 

≤ cM𝑡"M𝑎#0(#)N ∨ 𝑡+M𝑏#0(#)N, 𝑖"M𝑎#0(#)N ∨ 𝑖+M𝑏#0(#)N, 𝑓"M𝑎#0(#)N
0∈4!

 

∧ 𝑓+M𝑏#0(#)Nk … M𝑡"M𝑎!0(!)N ∨ 𝑡+M𝑏!0(!)N,𝑖"M𝑎!0(!)N

∨ 𝑖+M𝑏!0(!)N, 𝑓"M𝑎!0(!)N ∧ 𝑓+M𝑏!0(!)N� 

= |𝐴 + 𝐵|. 

4.6. Corollary: 

(1) Let 𝐴#, … , 𝐴;  be neutrosophic matrices of order 𝑛 × 𝑛. Then 

|𝐴#|. … . |𝐴;| ≤ |𝐴#. … . 𝐴;| ≤ �c𝐴,

;

,-#

�	 ; 	𝑚 ∈ ℕ.		 

(2) Let	𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then  

|𝐴<| = |𝐴|	; 	𝑟 ∈ ℕ. 

4.7. Theorem:   
Let	𝐴, 𝐵	𝑎𝑛𝑑	𝐶 be three neutrosophic matrices of order 𝑛 × 𝑛. Then 

"𝐴 𝐶
𝑶 𝐵" =

|𝐴|. |𝐵|, where 𝑶 = [(0,0,1)] is the zero neutrosophic matrix 
of order 𝑛 × 𝑛. 

Proof  

 Suppose that �𝐴 𝐶
𝑶 𝐵� = 𝐷 = �j𝑡=M𝑑&'N, 𝑖=M𝑑&'N, 𝑓=M𝑑&'Nk�, then,  

�𝐴 𝐶
𝑶 𝐵� = c j𝑡=M𝑑#0(#)N, 𝑖=M𝑑#0(#)N, 𝑓=M𝑑#0(#)Nk

0∈4$!

. … 

. j𝑡=M𝑑$!0($!)N, 𝑖=M𝑑$!0($!)N, 𝑓=M𝑑$!0($!)Nk 

= c j𝑡=M𝑑#0(#)N, 𝑖=M𝑑#0(#)N, 𝑓=M𝑑#0(#)Nk
0∈4$!

0(&):!	;	&:!

… 

. j𝑡=M𝑑$!0($!)N, 𝑖=M𝑑$!0($!)N, 𝑓=M𝑑$!0($!)Nk

+ c j𝑡=M𝑑#0(#)N, 𝑖=M𝑑#0(#)N, 𝑓=M𝑑#0(#)Nk
0∈4$!

∃&@!	;	0(&):!

… 

. j𝑡=M𝑑$!0($!)N, 𝑖=M𝑑$!0($!)N, 𝑓=M𝑑$!0($!)Nk 

Since, for any permutation 	𝜎 ∈ 𝑆2𝑛  such that ∃𝑖 > 𝑛	; 𝜎(𝑖) ≤ 𝑛 , 
there is that  

j𝑡=M𝑑&0(&)N, 𝑖=M𝑑&0(&)N, 𝑓=M𝑑&0(&)Nk = (0,0,1) 
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Therefore, 

�𝐴 𝐶
𝑂 𝐵� = c j𝑡=M𝑑#0(#)N, 𝑖=M𝑑#0(#)N, 𝑓=M𝑑#0(#)Nk

0∈4$!
0(&):!	;	&:!

… 

. j𝑡=M𝑑$!0($!)N, 𝑖=M𝑑$!0($!)N, 𝑓=M𝑑$!0($!)Nk = 

c j𝑡=M𝑑#C(#)N, 𝑖=M𝑑#C(#)N, 𝑓=M𝑑#C(#)Nk
C∈4!

C(&)-0(&)
	;	&:!

… M𝑡=M𝑑!C(!)N,𝑖=M𝑑!C(!)N 

, 𝑓=M𝑑!C(!)Nk . c j𝑡=M𝑑#D(#)N, 𝑖=M𝑑#D(#)N, 𝑓=M𝑑#D(#)Nk
0∈4$!

D(&)-0(&E!)
	;	&:!

. 

. . . j𝑡=M𝑑!D(!)N, 𝑖=M𝑑!D(!)N, 𝑓=M𝑑!D(!)Nk	

= |𝐴|. |𝐵|.	

4.8. Theorem: 

Let	𝐴 and 𝐵 be two neutrosophic matrices of order 𝑛 × 𝑛. If both 𝐴 and 
𝐵 are upper triangular neutrosophic matrices or both lower triangular 
neutrosophic matrices, then  |𝐴𝐵| = |𝐴||𝐵|. 

Proof 

Let	𝐴 and 𝐵 be two upper triangular neutrosophic matrices of order  
𝑛 × 𝑛.  

Assume that 𝐴𝐵 = �j𝑡"+M𝑑&'N, 𝑖"+M𝑑&'N, 𝑓"+M𝑑&'Nk�. The 𝑖𝑗-th element 

of the product 𝐴𝐵 is   j𝑡"+M𝑑&'N, 𝑖"+M𝑑&'N, 𝑓"+M𝑑&'Nk = 

�c𝑡"(𝑎&,).
!

,-#

𝑡+M𝑏,'N,c 𝑖"(𝑎&,).
!

,-#

𝑖+M𝑏,'N,d𝑓"(𝑎&,)
!

,-#

+𝑓+M𝑏,'N�		 ; 𝑖, 𝑗 = 1,2, … , 𝑛 

For 𝑖 > 𝑗	: if  𝑘 > 𝑖 then	𝑘 > 𝑗 so that  j𝑡+M𝑏,'N, 𝑖+M𝑏,'N, 𝑓+M𝑏,'Nk =
(0,0,1)	 and if 	𝑖 > 𝑘  then M𝑡"(𝑎&,), 𝑖"(𝑎&,), 𝑖"(𝑎&,)N = (0,0,1) , 
hence 

𝑡"+M𝑑&'N = c𝑡"(𝑎&,).
!

,-#

𝑡+M𝑏,'N =c𝑡"(𝑎&,).
!

,-#
,@&

(0) +c(0).
!

,-#
,F&

𝑡+M𝑏,'N

= 0 

Similarly, we obtain 
𝑖"+M𝑑&'N = 0				&				𝑓"+M𝑑&'N = 1	 
Thus, 

j𝑡"+M𝑑&'N, 𝑖"+M𝑑&'N, 𝑓"+M𝑑&'Nk = (0,0,1)		∀𝑖 > 𝑗 

This means that 𝐴𝐵 is an upper triangular neutrosophic matrix. 

Therefore, 

|𝐴𝐵| =dM𝑡"+(𝑑&&), 𝑖"+(𝑑&&), 𝑓"+(𝑑&&)N
!

&-#

 

Now, we have 

	𝑡𝐴(𝑎𝑖𝑘). 𝑡𝐵(𝑏𝑘𝑖) = %
(0). 𝑡𝐵(𝑏𝑘𝑖)	; 	𝑖 > 𝑘

𝑡𝐴(𝑎𝑖𝑘). (0)		; 	𝑖 < 𝑘

𝑡𝐴(𝑎𝑖𝑖). 𝑡𝐵(𝑏𝑖𝑖)		; 	𝑖 = 𝑘

 

⟹ 		𝑡"(𝑎&,). 𝑡+(𝑏,&) = S0																											; 	𝑖 ≠ 𝑘
𝑡"(𝑎&&). 𝑡+(𝑏&&)		; 	𝑖 = 𝑘  

⟹		 𝑡"+(𝑑&&) = c𝑡"(𝑎&,).
!

,-#

𝑡+(𝑏,&) = 𝑡"(𝑎&&). 𝑡+(𝑏&&) 

Similarly, we obtain, 

𝑖"+(𝑑&&) = 𝑖"(𝑎&&). 𝑖+(𝑏&&)			&			𝑓"+(𝑑&&) = 𝑓"(𝑎&&) + 𝑓+(𝑏&&) 

Thus,	

|𝐴𝐵| =dM𝑡"(𝑎&&). 𝑡+(𝑏&&), 𝑖"(𝑎&&). 𝑖+(𝑏&&), 𝑓"(𝑎&&) + 𝑓+(𝑏&&)N
!

&-#

 

=dM𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N
!

&-#

. M𝑡+(𝑏&&), 𝑖+(𝑏&&), 𝑓+(𝑏&&)N 

= ^dM𝑡"(𝑎&&), 𝑖"(𝑎&&), 𝑓"(𝑎&&)N
!

&-#

a . ^dM𝑡+(𝑏&&), 𝑖+(𝑏&&), 𝑓+(𝑏&&)N
!

&-#

a 

= |𝐴|. |𝐵|		
Similarly, we can prove this property for lower triangular 

neutrosophic matrices of order 𝑛 × 𝑛. 

4.9. Remark:  
Let	𝐴 and 𝐵 be two neutrosophic matrices of order 𝑛 × 𝑛. If both 𝐴 and 
𝐵 are upper (lower) triangular neutrosophic matrices, then	𝐴𝐵 is an 
upper (lower) triangular neutrosophic matrix. 

4.10. Theorem:  
Let 𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then 

|𝐴| = cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑖"(𝑎&9)N
!

9-#

. |𝐴&9|	; 		𝑖 = 1,2, … , 𝑛 

Proof 

|𝐴| = c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

=c c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk.		 . . .
0∈4!
0(&)-9

!

9-#

 

. M𝑡"(𝑎!0(!)), 𝑖"(𝑎!0(!)), 𝑓"(𝑎!0(!))N = 

cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N. c j𝑡"M𝑎#D(#)N, 𝑖"M𝑎#D(#)N, 𝑓"M𝑎#D(#)Nk
D∈4!%!&

!

9-#

 

…j𝑡"M𝑎&I#	D(&I#)N, 𝑖"M𝑎&I#	D(&I#)N, 𝑓"M𝑎&I#	D(&I#)Nk . M𝑡"(𝑎&E#	D(&E#)),	 

𝑖"(𝑎&E#	D(&E#)), 𝑓"(𝑎&E#	D(&E#))N… M𝑡"(𝑎!D(!)), 𝑖"(𝑎!D(!)), 𝑓"(𝑎!D(!))N 
Where 𝑛& = {1,2, … , 𝑛}\{𝑖}  and 𝑆!%!&  denotes the set of all 
permutations of the set 𝑛&  on the set 𝑛9. 

By definition of the determinant, we write 

|𝐴&9| = c j𝑡"M𝑎#D(#)N, 𝑖"M𝑎#D(#)N, 𝑓"M𝑎#D(#)Nk
D∈4!%!&

. … 

. j𝑡"M𝑎&I#	D(&I#)N, 𝑖"M𝑎&I#	D(&I#)N, 𝑓"M𝑎&I#	D(&I#)Nk . M𝑡"(𝑎&E#	D(&E#)),	 

𝑖"(𝑎&E#	D(&E#)), 𝑓"(𝑎&E#	D(&E#))N… M𝑡"(𝑎!D(!)), 𝑖"(𝑎!D(!)), 𝑓"(𝑎!D(!))N 

The Proof is complete. 

4.11. Definition:  
Let 𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. The matrix 𝐴

J
K#…	K'
L#…	L'M

 is 
the neutrosophic matrix of order	(𝑛 − 𝑚) × (𝑛 − 𝑚) that is a result 
of 𝐴 by deleting the row 𝑝#,…, the row	𝑝;, the column	𝑞1,… and the 
column 𝑞; from	𝐴, where 𝑝# < ⋯ < 𝑝; and 𝑞# < ⋯ < 𝑞;. 

The matrix 𝐴
J
K#…	K'
K#…	K'M

 called a principal submatrix of order 

(𝑛 − 𝑚) × (𝑛 − 𝑚) of 𝐴. 
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4.12. Theorem:   
Let 𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then 

|𝐴|

= 78
)𝑡((𝑎)"), 𝑖((𝑎)"), 𝑓((𝑎)")+ )𝑡((𝑎)%), 𝑖((𝑎)%), 𝑓((𝑎)%)+
)𝑡((𝑎."), 𝑖((𝑎."), 𝑓((𝑎.")+ )𝑡((𝑎.%), 𝑖((𝑎.%), 𝑓((𝑎.%)+

8
"/%

. 8𝐴
0)		."		%2

8 

where the summation is taken over all	𝑝 and 𝑞 in{1,2, … , 𝑛} such that 
𝑝 < 𝑞. 

Proof 

|𝐴| = c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

= c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

0{#,$}-{#,L}()#

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

+ c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

0{#,$}-{$,L}()$

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

		+⋯+ c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

0{#,$}-{!I#,L}()!*#

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

	= c c j𝑡"M𝑎#0(#)N, 𝑖"M𝑎#0(#)N, 𝑓"M𝑎#0(#)Nk . …
0∈4!

0{#,$}-{K,L}	
KFL

 

. j𝑡"M𝑎!0(!)N, 𝑖"M𝑎!0(!)N, 𝑓"M𝑎!0(!)Nk 

 Let  𝑆(𝑝, 𝑞) = {𝜎:	{1,2} → {𝑝, 𝑞}|	𝜎	𝑖𝑠	𝑏𝑖𝑗𝑒𝑐𝑡𝑖𝑜𝑛}. Then 
|𝐴| = 

c� c j𝑡"M𝑎#D(#)N, 𝑖"M𝑎#D(#)N, 𝑓"M𝑎#D(#)Nk
D∈4(K,L)KFL

M𝑡"M𝑎$D($)N,𝑖"M𝑎$D($)N 

, 𝑓"M𝑎$D($)Nk . c dj𝑡"M𝑎&0(&)N, 𝑖"M𝑎&0(&)N, 𝑓"M𝑎&0(&)Nk
!

&-%0∈4!
0(&)∉{K,L}	 ⎠

⎟
⎞

 

= ) *
+𝑡((𝑎)"), 𝑖((𝑎)"), 𝑓((𝑎)")3 +𝑡((𝑎)%), 𝑖((𝑎)%), 𝑓((𝑎)%)3
+𝑡((𝑎."), 𝑖((𝑎."), 𝑓((𝑎.")3 +𝑡((𝑎.%), 𝑖((𝑎.%), 𝑓((𝑎.%)3

*
"/%

. *𝐴
0)		."		%2

* 

4.13. Theorem:   
Let 𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then 
|𝐴| = 

! "
#𝑡,%𝑎-.!', 𝑖,%𝑎-.!', 𝑓,%𝑎-.!'+

⋮
… #𝑡,%𝑎-."', 𝑖,%𝑎-."', 𝑓,%𝑎-."'+
⋱ ⋮

#𝑡,%𝑎/.!', 𝑖,%𝑎/.!', 𝑓,%𝑎/.!'+ #𝑡,%𝑎/."', 𝑖,%𝑎/."', 𝑓,%𝑎/."'+
" .

.!0	.#0⋯0	."

 

. �𝐴
R #			$		…	,K#		K$…	K2

S
� 

where the summation is taken over all 	𝑝1, 𝑝2, … , 𝑝𝑘 ∈
{1,2, … , 𝑛}	such that	𝑝# < 	𝑝$ < ⋯ <	𝑝,. 

𝐴
R #	$	…	,
K#		K$…	K2

S
 is the matrix obtained from	𝐴 by striking out the row1,  

the row 2, …, the row 𝑘, the column 𝑝#, …,  and the column 𝑝,. 

Proof 
The Proof of this theorem is like the Proof of theorem 4.12. 

4.14. Lemma: 

Let	𝐴 = �
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

� be a 

neutrosophic matrix. Then 

�
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎$#)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N

�. 

�
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

� ≤ |𝐴|. 

Proof  

We have that 

�
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎$#)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N

�. 

. �
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

�

≤ jM𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N. M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)Nk. 

. jM𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N. M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)Nk

≤ M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N. M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

+ M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N. M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N = |𝐴| 

4.15. Definition: 
Let 𝐴 be a neutrosophic matrix of order	𝑛 × 𝑛. The matrix 𝐴(K→L)  is 
the neutrosophic matrix that is a result of 𝐴 by replacing the row 𝑞 by 
the row	𝑝 from	𝐴. 

4.16. Theorem: 
Let 𝐴 be a neutrosophic matrix of order 𝑛 × 𝑛. Then 

1)			{𝐴(#→$){. {𝐴($→#){ ≤ |𝐴|, 

2)			{𝐴(L→K){. {𝐴(K→,){ ≤ |𝐴|. 

Proof 
1) By the theorem 4.12, we can write:  
0𝐴(-→5)0. 0𝐴(5→-)0

= 3!4
#𝑡,%𝑎-.', 𝑖,%𝑎-.', 𝑓,%𝑎-.'+ #𝑡,%𝑎-7', 𝑖,%𝑎-7', 𝑓,%𝑎-7'+

#𝑡,%𝑎-.', 𝑖,%𝑎-.', 𝑓,%𝑎-.'+ #𝑡,%𝑎-7', 𝑖,%𝑎-7', 𝑓,%𝑎-7'+
4

.07

. 5𝐴
8-		5.		79

56. 

. 7!5
%𝑡,(𝑎5:), 𝑖,(𝑎5:), 𝑓,(𝑎5:)' %𝑡,(𝑎5;), 𝑖,(𝑎5;), 𝑓,(𝑎5;)'
%𝑡,(𝑎5:), 𝑖,(𝑎5:), 𝑓,(𝑎5:)' %𝑡,(𝑎5;), 𝑖,(𝑎5;), 𝑓,(𝑎5;)'

5
:0;

. :𝐴8-		5:		;9
:; 

≤ !=
#𝑡,%𝑎-.', 𝑖,%𝑎-.', 𝑓,%𝑎-.'+ #𝑡,%𝑎-7', 𝑖,%𝑎-7', 𝑓,%𝑎-7'+

%𝑡,(𝑎5:), 𝑖,(𝑎5:), 𝑓,(𝑎5:)' %𝑡,(𝑎5;), 𝑖,(𝑎5;), 𝑓,(𝑎5;)'
=

.07
:0;

. 5𝐴
8-		5.		79

5 . :𝐴8-		5:		;9
: 

= + ,
-𝑡#/𝑎$%0, 𝑖#/𝑎$%0, 𝑓#/𝑎$%04 -𝑡#/𝑎$&0, 𝑖#/𝑎$&0, 𝑓#/𝑎$&04

/𝑡#(𝑎'(), 𝑖#(𝑎'(), 𝑓#(𝑎'()0 /𝑡#(𝑎')), 𝑖#(𝑎')), 𝑓#(𝑎'))0
,

%*&
(*)

(%,&).((,))

. 5𝐴
/
$		'
%		&1

5 . 6𝐴/$		'(		)1
6 

+!4
#𝑡,%𝑎-.', 𝑖,%𝑎-.', 𝑓,%𝑎-.'+ #𝑡,%𝑎-7', 𝑖,%𝑎-7', 𝑓,%𝑎-7'+

#𝑡,%𝑎5.', 𝑖,%𝑎5.', 𝑓,%𝑎5.'+ #𝑡,%𝑎57', 𝑖,%𝑎57', 𝑓,%𝑎57'+
4

.07

. 5𝐴
8-		5.		79

5 

By the theorem 4.12, we know 

)4
5𝑡(+𝑎)"3, 𝑖(+𝑎)"3, 𝑓(+𝑎)"36 5𝑡(+𝑎)%3, 𝑖(+𝑎)%3, 𝑓(+𝑎)%36

5𝑡(+𝑎."3, 𝑖(+𝑎."3, 𝑓(+𝑎."36 5𝑡(+𝑎.%3, 𝑖(+𝑎.%3, 𝑓(+𝑎.%36
4

"/%

. *𝐴
0)		."		%2

* = |𝐴| 

If (𝑝, 𝑞) = (1,2)		&		(𝑟, 𝑠) = (1,3), then 

*
+𝑡((𝑎))), 𝑖((𝑎))), 𝑓((𝑎)))3 +𝑡((𝑎).), 𝑖((𝑎).), 𝑓((𝑎).)3
+𝑡((𝑎.)), 𝑖((𝑎.)), 𝑓((𝑎.))3 +𝑡((𝑎.3), 𝑖((𝑎.3), 𝑓((𝑎.3)3

* . *𝐴0)		.)		.2
* . *𝐴0)		.)		32

* 
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= 5+𝑡((𝑎))), 𝑖((𝑎))), 𝑓((𝑎)))3. +𝑡((𝑎.3), 𝑖((𝑎.3), 𝑓((𝑎.3)3

+ +𝑡((𝑎).), 𝑖((𝑎).), 𝑓((𝑎).)3. +𝑡((𝑎.)), 𝑖((𝑎.)), 𝑓((𝑎.))36 . *𝐴0)		.)		.2
* . *𝐴0)		.)		32

* 

= +𝑡((𝑎))), 𝑖((𝑎))), 𝑓((𝑎)))3. +𝑡((𝑎.3), 𝑖((𝑎.3), 𝑓((𝑎.3)3. *𝐴0)		.)		.2
* *𝐴0)		.)		32

*

+ +𝑡((𝑎).), 𝑖((𝑎).), 𝑓((𝑎).)3. +𝑡((𝑎.)), 𝑖((𝑎.)), 𝑓((𝑎.))3. *𝐴0)		.)		.2
* . *𝐴0)		.)		32

* 

≤ M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N. M𝑡"(𝑎$%), 𝑖"(𝑎$%), 𝑓"(𝑎$%)N. �𝐴J#		$#		%M
�

+ M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N. M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N. �𝐴J#		$#		$M
� 

≤ �
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#%), 𝑖"(𝑎#%), 𝑓"(𝑎#%)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$%), 𝑖"(𝑎$%), 𝑓"(𝑎$%)N

� . �𝐴
J#		$#		%M

�

+ �
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

� . �𝐴J#		$#		$M
� 

≤ |𝐴| + |𝐴| = |𝐴|. 
Considering all the coordinates(𝑟, 𝑠) ≠ (1,2)  involved in (1,3)  and 

(𝑛 − 1, 𝑛), we obtain that, 

�
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎$<), 𝑖"(𝑎$<), 𝑓"(𝑎$<)N M𝑡"(𝑎$8), 𝑖"(𝑎$8), 𝑓"(𝑎$8)N

�. 

�𝐴J#		$#		$M
� . �𝐴

J#		$<		8M
� ≤ |𝐴|. 

If we apply a same argument for any 𝑝, 𝑞 ∈ {1,2, … , 𝑛}		; 𝑝 < 𝑞,  
this completes the Proof. 

2) The Proof as (1). 

4.17. Example: 

Let 𝐴 = w (0.7,0.2,0.1) (0.2,0.2,0.5)
(0.25,0.11,0.2) (0.1,0,0.14)y. Then 

𝐴(#→$) = w(0.7,0.2,0.1) (0.2,0.2,0.5)
(0.7,0.2,0.1) (0.2,0.2,0.5)y 				&  

𝐴($→#) = w(0.25,0.11,0.2) (0.1,0,0.14)
(0.25,0.11,0.2) (0.1,0,0.14)y. 

We have 	{𝐴($→#){ = (0.1,0,0.2), {𝐴(#→$){ = (0.2,0.2,0.5)  and |𝐴| =

(0.2,0.11,0.14). 

Therefore, {𝐴(#→$){. {𝐴($→#){ = (0.1,0,0.5) ≤ |𝐴|. 

4.18. Example: 

 Let 𝐴 = P
(0.3,0.1,0.2) (0.11,0.45,0.23) (0.33,0.5,0.1)
(0.22,0.4,0.16) (0.4,0.2,0.1) (0.7,0.2,0.1)
(0.9,0.1,0.2) (0,0.1,0.2) (0.15,0.4,0.9)

Q. Then 

𝐴(#→$) = P
(0.3,0.1,0.2) (0.11,0.45,0.23) (0.33,0.5,0.1)
(0.3,0.1,0.2) (0.11,0.45,0.23) (0.33,0.5,0.1)
(0.9,0.1,0.2) (0,0.1,0.2) (0.15,0.4,0.9)

Q 		&	 

	𝐴($→%) = P
(0.3,0.1,0.2) (0.11,0.45,0.23) (0.33,0.5,0.1)
(0.22,0.4,0.16) (0.4,0.2,0.1) (0.7,0.2,0.1)
(0.22,0.4,0.16) (0.4,0.2,0.1) (0.7,0.2,0.1)

Q	 

We have 	{𝐴($→%){ = (0.3,0.2,0.16), {𝐴(#→$){ = (0.11,0.2,0.2)	 and 

|𝐴| = (0.33,0.4,0.2). 

Therefore, {𝐴($→%){. {𝐴(#→$){ = (0.11,0.1,0.2) ≤ |𝐴|. 

4.19. Remark:   
If 	𝐴 is a classical matrix of order	𝑛 × 𝑛, then we know that	|𝐴| = 0, 
when the row	𝑝  equals to the row	𝑞	(𝑝 ≠ 𝑞) . But this problem in 
neutrosophic matrices is different, as in the previous examples. 

4.20. Theorem:  
Let	𝐴 be a neutrosophic matrix of order 𝑛	 × 	𝑛. Then 

	|𝐴. 𝑎𝑑𝑗(𝐴)| = |𝐴| = |𝑎𝑑𝑗(𝐴). 𝐴|. 
Proof   
We prove that |𝐴. 𝑎𝑑𝑗(𝐴)| = |𝐴|. 

First, we consider 𝑛 = 2 :  

Let	𝐴 = �
M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N

�. 

Thus,  

𝑎𝑑𝑗(𝐴) = �
M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N
M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N

� 

⟹ 		𝐴. 𝑎𝑑𝑗(𝐴) = 

4
|𝐴| 6𝑡$(𝑎%%), 𝑖$(𝑎%%), 𝑓$(𝑎%%)<. 6𝑡$(𝑎%&), 𝑖$(𝑎%&), 𝑓$(𝑎%&)<

6𝑡$(𝑎&%), 𝑖$(𝑎&%), 𝑓$(𝑎&%)<. 6𝑡$(𝑎&&), 𝑖$(𝑎&&), 𝑓$(𝑎&&)< |𝐴|
> 

⟹		 |𝐴. 𝑎𝑑𝑗(𝐴)|

= |𝐴| + M𝑡"(𝑎##), 𝑖"(𝑎##), 𝑓"(𝑎##)N. M𝑡"(𝑎#$), 𝑖"(𝑎#$), 𝑓"(𝑎#$)N. 

. M𝑡"(𝑎$#), 𝑖"(𝑎$#), 𝑓"(𝑎$#)N. M𝑡"(𝑎$$), 𝑖"(𝑎$$), 𝑓"(𝑎$$)N = |𝐴| 

Next, we consider 𝑛 > 2, we have 

𝐴. 𝑎𝑑𝑗(𝐴) = 

⎣
⎢
⎢
⎢
⎢
⎢
⎡!%𝑡,(𝑎-<), 𝑖,(𝑎-<), 𝑓,(𝑎-<)'
=

<>-

. |𝐴-<| … !%𝑡,(𝑎-<), 𝑖,(𝑎-<), 𝑓,(𝑎-<)'
=

<>-

. |𝐴=<|

⋮ ⋱ ⋮

!%𝑡,(𝑎=<), 𝑖,(𝑎=<), 𝑓,(𝑎=<)'
=

<>-

. |𝐴-<| … !%𝑡,(𝑎=<), 𝑖,(𝑎=<), 𝑓,(𝑎=<)'
=

<>-

. |𝐴=<|
⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

= ]cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N
!

9-#

. {𝐴'9{b 

⟹		 |𝐴. 𝑎𝑑𝑗(𝐴)| = c d^cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N
!

9-#

. {𝐴0(&)9{a
!

&-#0∈4!

 

(1)  If 𝜎 = 𝑒, where 	𝑒  is the identity of the group 𝑆!, then 

∏ M∑ M𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N!
9-# . {𝐴0(&)9{N!

&-# = |𝐴|. 

(2) Suppose that there exists 𝑘 ∈ {1,2, … , 𝑛}  such that 	𝜎(𝑘) = 𝑘 . 
Then 

cM𝑡"(𝑎,9), 𝑖"(𝑎,9), 𝑓"(𝑎,9)N
!

9-#

. {𝐴0(,)9{

= cM𝑡"(𝑎,9), 𝑖"(𝑎,9), 𝑓"(𝑎,9)N
!

9-#

. |𝐴,9| = |𝐴|. 

and 

d^cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N
!

9-#

. {𝐴0(&)9{a
!

&-#

 

= ^cM𝑡"(𝑎#9), 𝑖"(𝑎#9), 𝑓"(𝑎#9)N
!

9-#

. {𝐴0(#)9{a … |𝐴|… 

^cM𝑡"(𝑎!9), 𝑖"(𝑎!9), 𝑓"(𝑎!9)N
!

9-#

. {𝐴0(!)9{a 

≤ |𝐴|. 

(3) Assume that 	𝜎(𝑘) ≠ 𝑘  for all 	𝑘 ∈ {1,2, … , 𝑛} . The 
permutation	𝜎 can be written as 	𝜎 = 	𝜎1	𝜎2 … 	𝜎𝑠 ; 	𝜎#, 	𝜎$, … , 	𝜎8 are 
disjoint cycles. 
If 	𝜎# = (1		2), we have 

^cM𝑡"(𝑎#9), 𝑖"(𝑎#9), 𝑓"(𝑎#9)N
!

9-#

. {𝐴0(#)9{a. 



75  
 

 

 

 Alabdullah, E. and Aouira, S. (2023). Determination of a neutrosophic matrix. Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 68 – 75. DOI: 10.37575/b/sci/230043 

^cM𝑡"(𝑎$9), 𝑖"(𝑎$9), 𝑓"(𝑎$9)N
!

9-#

. {𝐴0($)9{a

= ^cM𝑡"(𝑎#9), 𝑖"(𝑎#9), 𝑓"(𝑎#9)N
!

9-#

. |𝐴$9|a. 

. ^cM𝑡"(𝑎$9), 𝑖"(𝑎$9), 𝑓"(𝑎$9)N
!

9-#

. |𝐴#9|a = 	 {𝐴(#→$){. {𝐴($→#){ ≤ |𝐴|		 

By the same argument, if	𝜎# = (𝑝		𝑞), where 𝑝, 𝑞 ∈ {1,2, … , 𝑛}, we 
can prove that 	

d^cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N
!

9-#

. {𝐴0(&)9{a
!

&-#

≤ |𝐴| 

If 	𝜎# = (𝑝#		𝑝$…	𝑝<) , where 𝑝#, 𝑝$, … , 𝑝< ∈ {1,2, … , 𝑛} , then we see 
that  

^cj𝑡"M𝑎K#9N, 𝑖"M𝑎K#9N, 𝑓"M𝑎K#9Nk
!

9-#

. {𝐴0(K#)9{a . … 

. ^cj𝑡"M𝑎K?9N, 𝑖"M𝑎K?9N, 𝑓"M𝑎K?9Nk
!

9-#

. {𝐴0(K?)9{a 

= ^cj𝑡"M𝑎K#9N, 𝑖"M𝑎K#9N, 𝑓"M𝑎K#9Nk
!

9-#

. {𝐴K$9{a . … 

. ^cj𝑡"M𝑎K?9N, 𝑖"M𝑎K?9N, 𝑓"M𝑎K?9Nk
!

9-#

. {𝐴K#9{a 

= 	 {𝐴(K$→K#){. {𝐴(K@→K$){ … {𝐴(K#→K?){ ≤ |𝐴|	; by theorem 4.16. 

According to the above discussions, for any 𝜎 ∈ 𝑆! , we obtain that	

d^cM𝑡"(𝑎&9), 𝑖"(𝑎&9), 𝑓"(𝑎&9)N
!

9-#

. {𝐴0(&)9{a
!

&-#

≤ |𝐴| 

⟹ |𝐴. 𝑎𝑑𝑗(𝐴)| = |𝐴|. 
Similarly, we can prove that |𝑎𝑑𝑗(𝐴). 𝐴| = |𝐴|. 

5. Conclusion 
In our work, we have studied some properties of the determinant of a 
neutrosophic matrix. Most of the proven properties are similar to the 
properties of the determinant of a classical matrix. In addition, the 
important relationship |𝐴. 𝑎𝑑𝑗(𝐴)| = |𝐴| = |𝑎𝑑𝑗(𝐴). 𝐴|  has been 
proven. 
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