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Annotation
It can be said that the problem of calculating matrix determinants forms the foundation
of linear algebra. This article presents methods and software for calculating higher-order
determinants.
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AnnHortanusg

Beruncnenus onpenenuTess MaTpUILL BBICILINX MTOPSKOB SBJIAETCA BaKHOU TEMOU
JUHEHOM! anredpbl. B naHHOM cTaThe MpeacTaBIeHbl METOIbI U KOJbI IPOrpaMM  JIJIst
BBIYHCJICHHS OIIPEAEIUTENIEN BBICIINX OPSAIKOB.

KiroueBsie cioBa: Matpuiia, onpeaenutens, MeTo Jlamnaca, MuHop, ajiredpandeckoe
JIOTIOJIHEHHE.

Guiding students of information technology fields in higher educational institutions to
use software and programs when solving problems related to mathematical subjects facilitates
the learning of the covered topics and increases students’ interest in the lessons. Taking this
into account, this article presents methods for calculating determinant values using minors and
algebraic complements, and the results of examples are compared with those obtained through
software. As we know, a determinant is a scalar quantity that, after expressing a
multidimensional Euclidean space in the form of a square matrix, represents the measure that
determines its “stretching” or “compression” in a certain direction.

A single element of a matrix is a first-order determinant, and the value of a first-order

determinant is equal to that number itself. A second-order determinant

|a11 a,

. a22| = a41Q,, — A1, 1S defined as the number determined by the following equality.

There are several methods for calculating third-order determinants, such as the triangular
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(Sarrus) method, and for higher-order determinants — methods such as reducing the order,
transforming one row into zeros, or converting the matrix into an upper (or lower) triangular
form for calculation.

Another method for calculating higher-order determinants is to find the sum of the
products of all possible k-order minors of the selected k rows (or columns) of an n-order

determinant and their corresponding algebraic complements.

— ) ) . il,iz,...,ik . il,iz ..... ik >
detA 21:1<l,2<.“<l.k Mjlijr---:jk Ajl,jz,---,jk' ( )
J1<J2<-<Jk

As an example, let us calculate the following determinant using the method of minors

and algebraic complements:

2 -1 3 4
_|11 2 -2 5
A= 3 4 1 —-1f
2 3 5 2

Solution. (*) We use the formula, and adapting this formula to our example, we will
express it in terms of second-order minors:
A=
_ 1,2, 412 1,2, 41,2 1,2, 41,2 1,2, 41,2 1,2, 412 1,2, 41,2 _
- M1,2 A1,2 + M1,3 A1,3 + M1,4 A1,4 + M2,3 A2,3 + M2,4 A2,4- + M3,4 A3,4 -

- ﬁ _21|  (—1)L¥2H142, |é _21| n ﬁ _32|  (—1)1¥2+143., |g _21| n

n ﬁ gl L (=1)l+2HLe, |§ ;| n |—21 _32| L (=1)1+2+243. |§ —21| n

n |—21 ;L| L (—1)1H2H2He, B é| n |_32 ‘5}| L (=1)1F2+3+e |§ ‘31 _

=5-(7)—-7-(-11)+6-17—-4-8—-13-(—13) + 23- (1) = 374.
A program was created to solve this example using the above method. We will
compare its result with the result of the given example and see that they are the same:

def minor(matrix, i, j):

return [row[:j] + row[j+1:] for row in (matrix[:i] + matrix[i+1:])]

def determinant(matrix):
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n = len(matrix)

ifn==1:

return matrix[0][0]

ifn==2:
return matrix[0][0]*matrix[1][1] - matrix[0][1]*matrix[1][0]

det=0

for j in range(n):

sign = (-1) **j
sub = determinant(minor(matrix, 0, j))
det += sign * matrix[0][j] * sub

return det

Ad=
[2,-1,3, 4],
[1,2,-2,5],
[3, 4,1, -1],
[2,3,5,2]

print("Determinant:”, determinant(A4))

Result:
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inant:", determinant(Ad4))

TERMINAL

PS C:\Users\User\Documents\telebot> python
Determinant: 374

We will calculate the determinant given above by reducing its order using Laplace’s

2 -1 3 4
a1 2 -2 5
theorem: A= 3 4 1 -1
2 3 5 2
2 -1 3 4
Solution. A= |1 2 T2 5|—g,4 A A Agg =
olution. 3 4 1 —1|T %a1da T Asdsy + Au3lsz + Aselag

2 3 5 2

2852 5 1 -2 5 1 2 5 1 2 -2

=24 1 -1(+1-13 1 —-1|+3-|3 4 -1[{—4-(3 4 1|=
3 V5 2 2 5 2 2 3 2 2 3 5

=2-(44+100+6—-15+10+16)+1-(2+75+4—-10+12+5)+ 3"
(8+45—-4—-40+3—-12)—4-(20—18+4+16 —3 —30) = 242 + 88 + 44 = 374.

By comparing the results from the given example, we can see that they are identical. It is
also clear that the same result is obtained when solving this example using the program.
def minor(matrix, i, j):
""'Return the minor matrix by removing the i-th row and j-th column"""

return [row[:j] + row[j+1:] for idx, row in enumerate(matrix) if idx !=i]

def minor(matrix, i, j):

return [row[:j] + row[j+1:] for idx, row in enumerate(matrix) if idx !=i]

def determinant(matrix):
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n = len(matrix)
ifn==1:
return matrix[0][0]
ifn==2:
return matrix[0][0]*matrix[1][1] - matrix[O][1]*matrix[1][0]

det=0
for j in range(n):
sign = (-1) **j
det +=sign * matrix[0][j] * determinant(minor(matrix, O, j))

return det

def laplace_by row(matrix, row):

n = len(matrix)
det=0
print(f"Expansion along row {row+1}:")
for j in range(n):
a = matrix[row][j]
sign = (-1) ** (row + j)
M = minor(matrix, row, j)
Mdet = determinant(IM)
term = sign * a * Mdet
print(f"a[{row+1},{j+1}] = {a}, Minor determinant A[{row+1}{j+1}] = {Mdet}, term
= {term}")
det += term
print("Result =", det)

return det
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[3,4,1,-1],
[2, 3,5, 2]

row = int(input("Enter the row number (1-based): ")) - 1

laplace_by row(A, row)

Result:

Enter the row number (1-based): 1

Expansion along row 1:

al[1,1] = 2, Minor determinant A[1,1] = 121, term
al1,2] -1, Minor determinant A[1,2] = 88, term

a[1,3] = 3, Minor determinant A[1,3] = ©, term =
a[1,4] = 4, Minor determinant A[1,4] = -11, term
Result = 374

The advantage of the program’s structure is that it allows finding the values of
determinants with different elements. The program can also be modified to correctly calculate
determinants of various orders.

Several years of experience in teaching higher mathematics to engineering students
have shown that guiding students to use programming in learning the subject significantly
increases their interest in studying the material.

It also significantly enhances the effectiveness of the lesson.

References:
[1] TepreimmaukoB E. E. Matpuunsiii ananus u nuHeliHas anredbpa. — Mocksa,
2004. 245 c.

[2] Bakhtiyar Rakhimov, Feruza Rakhimova, Atabek Saidov, Zarina Saidova. Analysis and
modeling of digital solution in medical database management. ITM WEB of Conferences 72,
03002 (2025), HMMOCS-III 2025, https://doi.org/10.1051/itmconf/20257203002 6 p.
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/itmconf _hmmocs-

1112024 _03002/itmconf _hmmocs-1112024 03002.html

> Vol.4 No.10 OCTOBER (2025) {155 |



https://doi.org/10.1051/itmconf/20257203002
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/itmconf_hmmocs-III2024_03002/itmconf_hmmocs-III2024_03002.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/itmconf_hmmocs-III2024_03002/itmconf_hmmocs-III2024_03002.html

INTERNATIONAL JOURNAL OF EUROPEAN RESEARCH OUTPUT
ISSN: 2053-3578 I.F. 12.34

[3] Bakhtiyar Rakhimov, Ozodov Ravshonbek, Feruza Rakhimova, Atabek Saidov, Zarina
Saidova. Metadata of the chapter that will be visualized in SpringerLink. Springer Nature
Switzerland AG 2025 P.S.Stanimirovic et al.(Eds.): LNNS 1481, pp.1-10, 2025.
https://doi.org/10.1077/978-3-031-9549-2 9.

[4] Marat Karimov, Feruza Rakhimova. Modeling of Groundwater Flow in a Multilayer

Porous Medium Based on a Nonlinear Mathematical Model. Fourth International Conference
on Digital Technologies, Optics, and Materials Science (DTIEE 2025). — SPIE, 2025. — T.
13662. — C. 136-141.0277-786X, 136620J-1. https://doi.org/10.1117/12.3072569

[5] Raximova Feruza Saidovna, Islamova Odila Abduraimovna, Chay Zoya Sergeevna,

Fayzullayeva Shahlo Alisherovna, Madatova Zuxra Abdiraximovna. “Talabalarga qutb
koordinatalar sistemasida funksiyalar grafigini chizishni dasturlardan foydalanib o‘rgatish”.
“FIZIKA, MATEMATIKAVA SUN’IY INTELLEKT TEXNOLOGIYALARINING
DOLZARB MUAMMOLARTI” XALQARO ILMIY NAZARIY ANJUMAN materiallari (may
16-17, 2025). 173-175 bet

[6] Feruza Raximova Soidovna, Munira Payziyeva Tairovna, Shaxzadaxan Tadjibayeva
Ergashevna, Sarvar Safarboyev Rashid o°‘g‘li, Diyorbek Mamasoliyev Abdujalil o‘g‘li.
Talabalarga kki karrali integrallarni koordinata almashtirish orgali dasturini tuzib hisoblashni
o‘rgatish. Arxitektura, muhandislik va zamonaviy texnologiyalar jurnali, IF 12,87 (10+)

[7] Rakhimov, Bakhtiyar; Rakhimova, Feroza; Sobirova, Sabokhat; Allaberganov,
Odilbek; ,Mathematical Bases Of Parallel Algorithms For The Creation Of Medical Databases,
2021, InterConf

[8] Saidovich, Rakhimov Bakhtiyar; Bakhtiyarovich, Saidov Atabek; Farkhodovich,
Babajanov Boburbek; Ugli, Karimov Doston Alisher; Qizi, Musaeva Mukhtasar
Zayirjon; ,Analysis And Using of the Features Graphics Processors for Medical
Problems, Texas Journal of Medical Science,7,,105-110,2022,

[9] Rakhimov, BS; ,Russian “Information technologies in medical education”, METHODS
OF SCIENCE Scientific and practical journal,12,,25-7, 2017,

[10] Rakhimov, BS; Ismoilov, Ol; Ozodov, RO; ,Russian “Software and automation of
forensic examination”, METHODS OF SCIENCE Scientific and practical journal,11,,28-
30,2017,

[11] Paxumos, baxtusp Caummosuu; Xymanuésos, Capmop IlupHasapoBuu; AmmapaTHo-
OPUEHTUPOBAHHBI  aNrOpUT™M  BBIYMCICHHS  Kod(p¢umueHnroB B Oazucax  J-

(GyHKINH, AKTyalnbHbIE BOIPOCH! TEXHUYECKHX HayK, 59-62, 2015,

> Vol.4 No.10 OCTOBER (2025) { 156 |


https://doi.org/10.1077/978-3-031-9549-2_9
https://pubs.aip.org/search-results?f_AllAuthors=Feruza+Rakhimova
https://doi.org/10.1117/12.3072569

INTERNATIONAL JOURNAL OF EUROPEAN RESEARCH OUTPUT
ISSN: 2053-3578 I.F. 12.34

[12] Saidovich, Rakhimov Bakhtiyar; Gafurovich, Bekchanov Bakhtiyar; Alimovna,
Jumaniyazova Tupajon; Bakhtiyarovich, Saidov Atabek; ,Processor Architectures in Data Base
Problems,2023,PROCEDIA PUBLISH GROUP

) DD 4 Vol.4 No.10 OCTOBER (2025) {157 |



