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Abstract. Selecting appropriate agricultural machinery is a complex decision–
making task involving various agriculture–related variables and the decision–maker’s 
economic and social considerations. This study aims to enhance agricultural produc-
tivity by selecting optimal machinery through an intelligent information system. The 
research proposes a multi–criteria decision–making model integrated into the system 
to eliminate subjectivity. It supports producers, suppliers, and policymakers in mak-
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ing reliable, data–driven decisions. Four combine harvesters were evaluated using the 
Analytic Hierarchy Process (AHP) based on technical parameters. Unlike single–cri-
terion approaches, this study justifies the importance of multiple factors and ensures 
reliability by calculating the consistency ratio of expert judgments. The novelty lies 
in applying a multi–criteria evaluation method adapted to Kazakhstan’s agricultural 
context. The approach can guide machinery procurement, subsidy allocation, logis-
tics planning, and modernization strategies, providing a scientific basis for future 
decision–making in the sector.
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Аннотация. Ауылшаруашылық техникасын қажетті шаруашылыққа 
таңдау шешім қабылдау есептерінің күрделі мәселелерінің бірі. Таңдау шешім 
қабылдаушы тұлғаның экономикалық, әлеуметтік аспектілерін ескеріп, ауыл-
шаруашылығына байланысты айнымалылар жиынын құрайды. Осы ғылы-
ми жұмыстың мақсаты – ауылшаруашылығының өнімділігін арттыру үшін 
тиімді техниканы интеллекті ақпараттық жүйенің көмегімен таңдау. Зерттеудің 
маңыздылығы – ауылшаруашылығы техникасын таңдауда субъективтілікке жол 
бермейтін, көпкритерийлі шешім қабылдау моделін интеллектуалды ақпараттық 
жүйенің бір модулі ретінде ұсынуында. Бұл модель ауылшаруашылығы тауар 
өндірушілеріне, техника жеткізушілеріне аграрлық саладағы мемлекеттік 
саясатты қалыптастырушыларға шынайы өлшемге негізделген, дәйекті 
шешімдер қабылдауға мүмкіндік береді. Түпнұсқалық: Зерттеуде нақты 
техникалық параметрлер негізінде төрт түрлі комбайн аналитикалық иерархия 
процесі (AHP) әдісі арқылы кешенді бағаланды. Бұл зерттеу бірнеше өлшемді 
факторларды жүйелеп, олардың маңыздылығын негіздеп, математикалық 
талдау жасалынды. Осылайша, үйлесімділік коэффицентін есептеу арқылы са-
раптамалық бағалаулардың дұрыстығы тексерілді, бұл жұмыстың сенімділігін 
арттырады. Жаңашылдығы: Зерттеуде Қазақстандағы техникалық деректер 
сипаттамаларына сүйеніп, машина таңдау процесіне көпкритерийлі бағалау 
әдісі енгізілді. Бұл тәсіл алдағы уақытта ауылшаруашылығы техникасын са-
тып алуда, мемлекеттік субсидияларды тиімді бөлуде, логистикалық жоспарлау, 
аграрлық техника паркін жаңғырту стратегияларына ғылыми негіз бола алады.

Түйін сөздер: ауылшаруашылық техникасы, шешім қабылдау, 
көпкритерийлі талдау, интеллектуалды ақпараттық жүйе, аналитикалық 
иерархия процесі (AHP), машина таңдау моделі, өнімділікті арттыру
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Аннотация. Выбор подходящей сельскохозяйственной техники — 
сложная задача принятия решений, включающая различные переменные, 
связанные с сельским хозяйством, а также экономические и социальные 
соображения лица, принимающего решения. Целью данного исследования 
является повышение производительности сельского хозяйства путем выбора 
оптимальной техники с помощью интеллектуальной информационной 
системы. В исследовании предлагается многокритериальная модель принятия 
решений, интегрированная в систему для устранения субъективности. Она 
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помогает производителям, поставщикам и политикам принимать надежные 
решения на основе данных. Четыре зерноуборочных комбайна были оценены 
с использованием аналитического иерархического процесса (AHP) на основе 
технических параметров. В отличие от однокритериальных подходов, данное 
исследование обосновывает важность множественных факторов и обеспечивает 
надежность путем расчета коэффициента согласованности экспертных 
суждений. Новшество заключается в применении метода многокритериальной 
оценки, адаптированного к сельскохозяйственному контексту Казахстана. 
Этот подход может направлять закупку техники, распределение субсидий, 
планирование логистики и стратегии модернизации, обеспечивая научную 
основу для будущего принятия решений в секторе.

Ключевые слова: сельскохозяйственная техника, принятие решений, 
многокритериальный анализ, интеллектуальная информационная система, 
метод анализа иерархий (МАИ), модель выбора машин, повышение 
производительности
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Introduction
Agriculture in Kazakhstan is a strategically important sector of the nation-

al economy. The sustainable development of this industry is directly dependent on 
the effective use of modern, high–performance machinery. However, scientifically 
grounded structural approaches are still rarely applied in the selection of agricultural 
equipment. In this regard, the present study represents one of the steps toward eval-
uating commonly used agricultural combines based on specific technical characteris-
tics using the Analytic Hierarchy Process (AHP).

Agricultural machinery plays a crucial role in enhancing farm productivity. 
Among such equipment, grain harvesters (combines) are frequently used to address 
agricultural challenges (Kairgaliev, 2024: 192–201; Aidynov et al., 2023: 102–111; 
Vodopyanov et al., 2015: 132–137; Bukharbaeva et al., 2022: 127–135; Moldashev, 
2021: 3–20; Abuova et al., 2021: 133–143). Therefore, the efficient selection of grain 
harvesters is considered essential for managing agricultural machinery. Based on 
available statistics, we selected Russian–made grain harvesters, which are the most 
widely used in Kazakhstan. Other foreign–made harvesters were not included in this 
study, as their technical characteristics significantly exceed those of Russian machines 
and require separate comparative analysis.

The Analytic Hierarchy Process (AHP) is widely used in decision–making 
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problems due to its broad applicability across various fields. In this study, we apply 
AHP to the task of selecting the most suitable grain harvester for agricultural use. In 
modern economies, choosing equipment that best meets the selected criteria is cru-
cial for enhancing agricultural productivity (Karim and Karmaker, 2016: 7–13). To 
evaluate the effectiveness of different machines, we use the AHP method to define 
and validate the selection criteria (Hruška et al., 2014: 195–203; Ishizaka et al., 2011: 
1801–1812; Veisi et al., 2016: 644–654). The analysis is based on data obtained from 
official sources and is conducted within the framework of a specific case study.

The objective of this research is to automate the process of selecting efficient 
agricultural machinery with the aim of enhancing productivity in the agricultural sec-
tor. To achieve this goal, the study proposes the development of an intelligent infor-
mation system that minimizes human involvement in decision–making by relying on 
the Analytic Hierarchy Process (AHP) and objective data. As part of the research, a 
software code is developed in Python, with its integration considered as an internal 
module of the intelligent system. 

Materials and Methods. 
Research Domain.
To demonstrate the main stages of finding an optimal solution using the Ana-

lytic Hierarchy Process (AHP) (Karmarkar and Gilke, 2020: 012022), we consider a 
practically significant problem. In agricultural operations, the acquisition of a grain 
harvester is essential for performing various tasks. Based on economic and social 
conditions, four grain harvesters that are most widely used in the market have been 
selected: A (Don–1500)**1, B (Yenisei)**2, C (Yesil)**3, and D (Niva)**4. All these har-
vesters are designed for the same purpose. The question arises: which of these grain 
harvesters is the most suitable for your specific needs?

To solve the problem, the following sequence of steps is proposed:
1. Define the problem and determine what needs to be known.
2. Construct a hierarchy from the top level (goals – from a managerial per-

spective), through intermediate levels (subsequent levels of dependent criteria), down 
to the lowest level (typically a list of alternatives).

3. For each level, construct a set of pairwise comparison matrices — one ma-
trix for each element at the higher level that the current level depends on.

4. Use hierarchical synthesis to aggregate the results by weighing the eigen-
vectors of the lower–level elements according to the eigenvectors (weights) of the 
criteria at the higher level.

5. Interpret the results and draw conclusions.
Constructing the Hierarchical Structure
In accordance with the AHP framework, we perform decomposition and rep-

resent the problem in a hierarchical form. The hierarchical structure of the problem 
under consideration is shown in Figure 1. The aim of this structure is to derive the 
priorities of elements at the lowest level that best reflect their relative impact on the 
overall objective placed at the top of the hierarchy.
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The first (top) level represents the overall goal: “Selection of a Grain Harvester”.
The second level includes four criteria that define the goal, while the third 

(bottom) level contains the alternative machines (decision options) that are to be eval-
uated with respect to the criteria at the second level.

Fig. 1. Hierarchical Structure for Solving the Problem of Selecting a Grain Harvester

Note 1: The example considers five criteria at the second level. This number 
of criteria was chosen so that the method meets market demand and is considered to 
have an impact on the essence of the problem at hand – the best combine harvester.

Note 2: The law of hierarchical continuity requires that elements of the lower 
level of the hierarchy be pairwise comparable to elements of the next level, and so 
on up to the top of the hierarchy. For example, we should be able to get meaningful 
answers to the following questions: How much better is combine harvester A than 
combine harvesters B or C in terms of performance criteria? etc.

Note 3: Care should be taken when constructing a hierarchy diagram to ensure 
that the criteria and alternatives reflect the full range of preferences and perceptions 
of the participants (decision makers). Note 4: The magical properties of the number 
seven are well known. To make valid numerical comparisons in AHP, it is not recom-
mended to compare more than 7±2 elements. If it is necessary to expand levels 2 and 
3, then the principle of hierarchical decomposition should be used. 

In other words, if the number of criteria exceeds, for example, ten, then it is 
necessary to group the elements into comparable classes of approximately seven el-
ements each.

Creating a Pairwise Comparison Matrix for Level 2.
After completing the hierarchical structuring of the problem, it is necessary 

to establish the priorities of the criteria and evaluate each alternative with respect to 
these criteria to identify the most suitable option. To determine the relative impor-
tance of the criteria in the decision–making context, a pairwise comparison matrix 
must be constructed. The general form of this matrix is presented in Table 1.
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Table 1. Pairwise Comparison Matrix

Here А1, А2, А3 , ..., Аn– are sets of  elements;W1,W2, W3, ..., WN – are their 
contributions (weights) or intensities, respectively.

Results and discussion
To conduct subjective pairwise comparisons, AHP proposes a relative impor-

tance scale (Table 2).

Table 2. Relative Importance Scale
Intensity of relative importance The definition Explanations

1 Equally important Equal contribution of both actions to 
the objective

3 Slight (or moderate) preference 
of one over another

Experience and judgment slightly favor 
one action over another

5 Strong or significant preference Experience and judgment strongly fa-
vor one action over another

7 Demonstrable advantage One action is so strongly favored that it 
is essential in practice

9 Very strong advantage The dominance of one activity over an-
other is clearly demonstrated

2, 4, 6, 8 Intermediate judgments between 
two adjacent values

Used in compromise situations

Note 1: The purpose of creating such a matrix is to identify the factors with the 
highest importance values, and to focus on them when further solving the problem or 
developing an action plan.

Note 2: If the values of W1,W2, W3, ..., WN are assumed to be unknown in 
advance (this is a very common situation), then the pairwise comparison of elements 
is carried out on the basis of subjective opinions, using a numerical assessment on a 
special scale, and then the problem of determining the  components is solved.

Note 3: In the AHP method, by convention, the relative importance of the 
elements in the left column of the matrix is compared with the elements in the upper 
row. If the element on the left is more important than the element above it, a positive 
integer from 1 to 9 is written in the cell; otherwise, the inverse value (a fractional 
number, for example, 1/5) is written. The relative importance of any element compared 
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to itself is equal to 1; therefore, only units are placed in the diagonal cells of the 
matrix (Table 1). Finally, the symmetrical cells are filled with inverse values, that is, if 
element  is rated slightly more important than element  (on a scale of 3), then element  
is considered slightly less important relative to  (on a scale of 1/3).

If one of the above numbers (for example, 3) is obtained as a result of comparing 
one type of service with another type of service, then the second type of service is 
given its inverse value (i.e. 1/3) compared to the first. Table 3 shows the approximate 
values of the indicators under consideration.

Table 3. Approximate Values of Indicators for Different Alternatives
Indicators A B C D
Productivity, t/h 14 9.5 12 7.2
Cutting width, m 7 6 7 5
Grain tank capacity, m³ 6 4.5 6 3
Engine power, hp 235 185 210 155
Fuel tank capacity, L 540 300 300 300

In accordance with the above, we construct a pairwise comparison matrix (Ta-
ble 4) to determine the weights of the quality indicators. The matrix is formed by 
placing the objective (or criterion) to be compared along the top row and listing the 
elements to be compared both along the left column and the top row.

Table 4. Matrix of Pairwise Comparison of Quality Indicators Based on 
Subjective Judgments

Overall satisfaction with the combine Prod. C.w. G.t.c. E.p. F.t.c.
Productivity, t/h (Prod) 1/1 5/1 4/1 5/1 3/1
Cutting width, m (C.w) 1/5 1/1 1/2 2/1 1/2
Grain tank capacity, m³ (G.t.c.) 1/4 2/1 1/1 1/1 1/4
Engine power, hp (E.p.) 1/5 1/2 1/1 1/1 1/2
Fuel tank capacity, L (F.t.c.) 1/3 2/1 4/1 2/1 1/1

Pairwise Comparison Matrices for Level 3.
The article requires the creation of five matrices for level 3 relative to level 2 

criteria (Table 5–9).

Table 5. Pairwise Comparison Matrix for Criterion 1
Productivity A B C D
A 1 1.473684 1.166667 1.944444
B 0.678571 1 0.791667 1.319444
C 0.857143 1.263158 1 1.666667
D 0.514286 0.757895 0.6 1
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Table 6. Pairwise Comparison Matrix for Criterion 2
Cutting width A B C D
A 1 1.166667 1 1.4
B 0.857143 1 0.857143 1.2
C 1 1.166667 1 1.4
D 0.714286 0.833333 0.714286 1

Table 7. Pairwise Comparison Matrix for Criterion 3
Grain tank capac-
ity

A B C D

A 1 1.333333 1 2
B 0.75 1 0.75 1.5
C 1 1.333333 1 2
D 0.5 0.666667 0.5 1

Table 8. Pairwise Comparison Matrix for Criterion 4
Engine power A B C D
A 1 1.27027 1.119048 1.516129
B 0.787234 1 0.880952 1.193548
C 0.893617 1.135135 1 1.354839
D 0.659574 0.837838 0.738095 1

Table 9. Pairwise Comparison Matrix for Criterion 5
Fuel tank capacity A B C D
A 1 1.8 1.8 1.8
B 0.555556 1 1 1
C 0.555556 1 1 1
D 0.555556 1 1 1

Note 1: Objective data on the indicators used to compare combines can be ob-
tained from test reports, scientific literature, advertising brochures, etc. sources.

Note 2: If a comparison scale is available, i.e. a specific measurement method 
is used, then the data obtained can be used for comparison; if this is not possible, the 
cells are filled in based on subjective but well–considered assessments. 

Note 3: When constructing pairwise comparison matrices, it is necessary to 
consider the directionality of the indicators (direct or inverse dependence).

Synthesis of PrioritiesBased on a set of pairwise comparison matrices, a set 
of local priorities is formed, which characterizes the cumulative effect of elements 
relative to the top–level element.

One way to determine priorities is to calculate the geometric meaning. This 
method is performed by multiplying the elements in each row and finding the nth root 
of the resulting product, where n is the number of elements. The numbers thus ob-
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tained form a score, and dividing it by the sum of all values, we obtain a normalized 
(normalized) priority vector.

The sequence of calculating the components of the priority vector is shown in 
Table 1.

For the data presented in Table 4, the values of the priority vector are as follows 
(Table 10).

Table 10. Pairwise Comparison Matrix for Criteria
Overall satisfaction with the combine Priority vector, 
Productivity, t/h (Prod) 0.491
Cutting width, m (C.w) 0.099
Grain tank capacity, m³ (G.t.c.) 0.104
Engine power, hp (E.p.) 0.086
Fuel tank capacity, L (F.t.c.) 0.220

Table 11 presents the results of pairwise comparisons conducted for the third 
level of the hierarchy, which characterizes the relative effectiveness of combine har-
vester brand variants with respect to the second–level criteria.

Table 11. Pairwise Comparisons at the Third Level
Priority vector

Solut ion 
version

Productivity, 
t/h (Prod)

C u t t i n g 
width, m 
(C.w)

Grain tank 
capacity, m³ 
(G.t.c.)

Engine power, hp 
(E.p.)

Fuel tank capacity, L 
(F.t.c.)

A 0.327868852 0.28 0.299363 0.307692 0.375
B 0.222482436 0.24 0.235669 0.230769 0.208333
C 0.281030445 0.28 0.267516 0.307692 0.208333
D 0.168618267 0.2 0.197452 0.153846 0.208333

Determination of Main Priorities
According to the AHP methodology, the synthesis of priorities is carried out 

from the second level to the lower level. Local priorities are multiplied by the priority 
of the corresponding criterion at the higher level and summed for each element 
according to the criteria that affect this element.

A sample calculation of main priorities is given below (Table 12)
Table 12. Data for Calculating Top Priorities

Priority vector

Solution 
version

Product ivi ty, 
t/h (Prod)

Cutting width, 
m (C.w)

Grain tank capaci-
ty, m³ (G.t.c.)

Engine power, hp 
(E.p.)

Fuel tank capacity, 
L (F.t.c.)

0.491 0.099 0.086 0.104 0.220
A 0.327868852 0.28 0.299363 0.307692 0.375
B 0.222482436 0.24 0.235669 0.230769 0.208333
C 0.281030445 0.28 0.267516 0.307692 0.208333
D 0.168618267 0.2 0.197452 0.153846 0.208333

We construct a matrix from the level 3 alternative shares and multiply it by the 
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priority vector to obtain the following result (Table 13):
Table 13. Principal Priority

Name Global priority values
A 0.329
B 0.223
C 0.266
D 0.182

Thus, the most attractive option is combine A.
Now let us look at the algorithm for implementing this problem in Python.
Step 1. We include special libraries for creating and editing a comparison ma-

trix and determining the priorities of criteria or alternatives. We entered the data of the 
pairwise comparison matrix of quality indicators based on the indicators of various 
alternatives and subjective judgments into the program: data, criteria_matrix.

-import numpy as np;
-from scipy.linalg import eig.
Step 2. We evaluate the alternatives using the Analytic Hierarchy Process

(AHP) method and construct the following functions to select the best one:
def ahp(criteria_matrix, data):
criteria_weights = get_weights(criteria_matrix)
# Автоматты түрде салыстыру матрицаларын құру
num_criteria, num_alternatives = data.shape
alternatives_matrices = []
for i in range(num_criteria):
matrix = np.ones((num_alternatives, num_alternatives))
for j in range(num_alternatives):
for k in range(num_alternatives):
matrix[j, k] = data[i, j] / data[i, k]
alternatives_matrices.append(matrix)
alternatives_weights = np.array([get_weights(matrix) for matrix in alterna-

tives_matrices])
final_scores = np.dot(criteria_weights, alternatives_weights)
return final_scores
def get_weights(matrix):
eigvals, eigvecs = eig(matrix)
max_index = np.argmax(eigvals)
weights = np.real(eigvecs[:, max_index])
weights = weights / np.sum(weights)
return weights
Step 3. From the found alternatives, we select the highest value:
final_scores = ahp(criteria_matrix, data)
best_company = companies[np.argmax(final_scores)]
Step 4. Compiling the code gives us the following result:
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A: 0.329
B: 0.223
C: 0.266
D: 0.182
Ең жақсы таңдау: A.
Conclusion
In this research, the analytical hierarchy process (AHP) was used to evaluate 

the technical characteristics of four types of grain harvesters, which are the most 
popular in agriculture, and to select the optimal one. The significant criteria used – 
productivity (t/h), bed width (m), grain bunker capacity (l), engine power (kW) and 
fuel tank volume (l) – were taken based on real sources. Using pairwise comparison 
matrices, the importance of each criterion was determined, and as a result, the pro-
ductivity indicator had the highest importance (0.491). This indicated that it is an 
important value in the decision–making process. In second place was the fuel tank 
capacity (0.220), and bed width (0.099), grain bunker capacity (0.104), and engine 
power (0.086) had the smallest weight (Table 4).

The results show that the AHP method combines real criteria and expert opin-
ions in the selection of technology, allowing for a structured and logically based de-
cision. This method can help identify clear priorities, especially when the character-
istics of the technology are diverse and the evaluation is multifaceted (Chan et. al., 
2004: 430–445).

During the research, official data on combines were used as the primary source. 
This approach ensures the objectivity and reusability of the results. However, since it 
is a method based on expert assessment, the influence of the human factor was con-
sidered.

In the next stages, this methodology can be expanded and additional criteria 
– frequency of repair and maintenance, ease of use, cost, availability of spare parts –
may be introduced. In addition, advanced methods such as fuzzy AHP or group expert
assessment can be used to increase the accuracy and stability of decisions. This will
greatly contribute to investment decisions in the field of agricultural engineering, as
well as the digitalization of agriculture and the introduction of smart management
systems.

In conclusion, this study has proven the high efficiency of the AHP method 
in the process of selecting a combine harvester. This method can be widely used as 
an important decision-making tool not only in the selection of combines, but also in 
the selection of other agricultural machinery (tractors, seeders, etc.), as well as in the 
formation of regional technical policy, and in the justification of machinery modern-
ization programs.
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