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RESULTS OF MATHEMATICAL MODELING OF IRRIGATION SYSTEM DESIGN USING
THE THEORY OF OPTIMAL PARTITION OF SETS

PE3YJIIBTATH MATEMATHUYHOI'O MOAEJIOBAHHSA ITPOEKTYBAHHA
3POIINYBAJIBHUX CUCTEM 3ACOBAMM TEOPII
OIITUMAJIBHOI'O PO3BUTTS MHOKWH

The article develops a mathematical model and algorithm for solving the problem of optimal
design of irrigation systems, which takes into account the needs of plants for water, nutrients, and
disease prevention agents. The effectiveness of the developed algorithm was substantiated by the re-
sults of numerical experiments. The proposed approach to optimizing irrigation systems will contrib-
ute to increasing the economic efficiency of agricultural production, and can also be used as a basis
for further research in the field of intelligent design of engineering systems.
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Poboma npucesuena 0ocniddcennio npodremu onmMUMAaIbHO20 NPOEKMYBAHHSL 3POULYBATTLHUX
cucmem 3 ypaxy8aHHsiM HPOCHOPO8020 PO3N0OLLY nomped y 600I, ROJCUBHUX PEHOBUHAX Ma 3acobax
01151 3anobicants x6opobam pociun. Akmyanvhicms npeocmasieHoi pobomu 8UHAYAEMbC He0OXIO-
HICTHIO PAYIOHATLHO2O GUKOPUCTIAHHS NPUPOOHUX PeCypCié ma eKCHIYamayii 3pouy8aivHux cucmem
3a YMO8 PI3HUX NPUPOOHUX, KIIMAMUYHUX THA MEXHONOTUHUX YMO08. 3a0aya onmumMaibHO20 po3nooiLy
3POULYBAHOT NAOWT MIDIC KITbKOMA 3POULYBATbHUMU CIMAHYISMU 3600UMbCsl 00 Henepepenol bazamon-
POOYKmogoi 3adaui onmumanvHozo po3oummsa muodxcun (OPM) 3 ¢ikcosanumu yenmpamu abo
yenmpamu, Ki NOMPIOHO poIMICIUMU, NPU OOMEICEHHSIX HA NPONYCKHY 30amuicmy cmanyitl. 3anpo-
NOHOBAHO MAMEMAMUYHY MOOEb, KA 8PAXOBYE WIIbHICHb PO3NOOLTY NONUMY HA PECYPCU, MPAHCHO-
PpmHI eumpamu Ha ix 00CmAaeKy ma 30epieaHs, A MAaKoXiC KanimaibHi eumpamu Ha 0)0ieHUYME0
cmanyiu. /[na po3e’szanus 3a0aui 0y10 3acmocosano memoou meopii OPM, saxi 6azytomubcs Ha 36e-
O€HHI BUXIOHOT HECKIHUEHHOBUMIPHOL 3A0ayi MAmMeMamui4Ho20 Npocpamy8ants 00 080icmoi HealaoKkoi
3a0ayi 3 NOOANLUUUM YUCTOBUM PO3B'A3AHHAM 3d OOHNOMO20I0 MOOUQIKO8aH020 r-aneopummy H.3.
Llopa. [lns psany mooenvHux 3a0a4 nPoeeoeHo YUCenbHi O0CTIONCEHHS, SIKI LTIOCMPYIOmb 6NJUS 3a0a-
HUX 8UMpam ma npoyecy po3MileHHs CmaHyil Ha ONMUMATLHUL PO3NOOIN NIOWI 3pouteHHs. 3anpo-
NOHOBAHUIL ANCOPUMM 3aDe3neuye SUKOHAHHS YMO8 PO38'sa3Hocmi 3a0aui ma 00360J51€ OMPUMAMU
V320004CeHl ONMUMATbHI NOMYHCHOCMI CMaHyii 8i0N08iOHO 00 3adanux obmediceHb. Ompumani pe-
3yabmamu niOmMeepoNCyIomv eeKmueHICMb 3aNPONOHOBAHO20 NIOX00Y Ma 1020 NPUOAMHICMb Ol
onmumizayii CKIAOHUX 3pOuLy8aIbHUX cucmem. 3acmocy8ants po3pooieH020 aizopummy CApUSmume
RIOBUWEHHIO ePeKMUBHOCTI CLIbCbKO2OCNOOAPCHKO20 BUPOOHUYMBA MaA MOdce Oymu OCHO80I0 OJis
ROOANLUUX OOCTIONCEHD Y 2aNY31 IHMENeKMYATbHO20 NPOEKMYBAHHS THHCEHEPHUX CUCTIEM.

Knwowuogi cnosa: onmumanvie po3oumms MHOICUH, RPOEKMYBANHS 3DOULYBATILHUX CUCTHEM.

Problem’s Formulation

The main function of irrigation systems is to deliver water (at a specified time and in a certain
amount) from the irrigation source to the irrigated land and, by appropriately distributing it, to ensure
optimal soil moisture, the amount of nutrients, and disease prevention agents in the fields for a given
phase of plant growth. Depending on the source of nutrition, climatic conditions and the type of irri-
gated crops, irrigation is divided into regular and one-time. Regular irrigation is characterized by the
ability to supply the required amount of water, nutrients or disease prevention agents to irrigated land
each time the need arises.

Based on natural conditions determined by relief, groundwater levels, degree of drainage, dis-
tance to the irrigation source, soil type, as well as economic prerequisites and the type of crop to be
grown, various irrigation methods are used. Namely, surface (strip irrigation, furrow irrigation, flood-
ing of rice fields, estuarine irrigation), sprinkling, micro-irrigation, aerosol or subsurface method
(pressure subsurface irrigation, adsorption).

Regardless of the types and methods of irrigation, an important issue is the optimal division of
the irrigated area depending on the location of stations with water, nutrients or disease prevention
agents. At the same time, the main goal of such studies is to comply with the norms of rational use of
natural resources and minimize the costs of delivering the necessary resources from the station to the
irrigation area.

Analysis of recent research and publications

The problems of optimal design of complex systems, in particular irrigation systems, are stud-
ied by many scientists. The results of some of them were analyzed to determine their own approaches
to the study of the problem. The work [1] is interesting from the point of view of analyzing the irriga-
tion system as a control object and determining the input, output and internal parameters of the system.
The article [2] presents a hierarchical control scheme for large-scale systems, the components of
which can exchange information via a data transmission network. The main goal of the management
layer is to find the best compromise between management performance and communication costs by
actively modifying the network topology. The performance of the proposed control scheme is tested
on an irrigation canal model implemented on an accurate water systems simulator. In [3], the problem
of optimizing the use of water resources for irrigation is investigated, and the impact of reuse of return
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flow is analyzed. Mathematical modeling of the efficiency of such irrigation and its impact on the
structure of crop crops and the distribution of water resources on irrigated areas was carried out. It has
been proven that the reasonable and optimized use of return flow can not only improve irrigation effi-
ciency, avoid the impact of return flow discharge on the water quality of nearby water bodies, but also
reduce water extraction costs and save water resources. The article [4] presents a methodology for
optimal division of the area of crop fields to solve the problem of delimiting the agricultural machin-
ery management zone specific to a certain area. Specificity may be related to soil or crop characteris-
tics. The aim of the study is to develop an effective algorithm for applying an individual management
strategy to optimize farmers' use of resources. In the work, genetic algorithms are used to solve the
problem of delimiting a site-specific management zone. The obtained results of the algorithm are
compared with the exact solution based on integer linear programming and show that the proposed
strategy is practically functional. The mathematical foundations in [5] were used to create a unified
approach to optimizing various types of technical systems. Their methodology for applying mathemat-
ical methods in engineering optimization contributed to the development of general decomposition
principles suitable for a wide range of technological problems. A significant contribution to the devel-
opment of integrated approaches to design was made in studies [6], which proposed a framework for
integrating design optimization and technology. This approach demonstrates the potential of applying
systems thinking to technological design, taking into account production constraints. In [7], the appli-
cation of mathematical optimization theory is investigated, mainly in the theoretical application of
resource allocation efficiency and the mathematical foundations of optimization procedures, which
provides a basic theoretical basis for the application. In [8], the authors developed an optimization
approach through a control-centric framework that integrates control theory principles with mathemat-
ical optimization methods to achieve improved system performance.
Formulation of the study purpose

The purpose of the study is to address the issue of optimizing technical design tasks, which is
a key element of modern engineering activities and contributes to increasing the efficiency of imple-
menting design solutions, especially in conditions of uncertainty, multi-vector influence of internal
and external factors, as well as a dynamically changing environment. It has been established that the
technological features of management and the need for intellectual support of technical design tasks
determine the optimization of such processes and form unique, unrepeatable conditions for the imple-
mentation of projects. The basis of the work was to highlight the main aspects of optimization, includ-
ing a detailed analysis of modern approaches, methods and tools used in this area, their strengths and
weaknesses, as well as opportunities for improving design processes. The research task is to develop
an algorithm for the optimal design of a certain splicing system and methodological recommendations
for its application using the theory of optimal set partitioning. The main goal of the research is to ob-
tain results that can be significant not only from a theoretical point of view, but also have practical
value for further use in engineering practice.

Presenting main material

The given region must be divided into irrigation areas by each of N stations, each of which has
the following resources: water, nutrients for plant development, and disease prevention agents. It is
necessary to minimize the total cost of delivering resources from the station to the irrigation area, as
well as minimize the costs of constructing and operating irrigation stations. The problem is reduced to
a continuous multi-product problem of optimal partitioning of a set (OPS) into subsets with given
centers under constraints. The results presented here are preceded by studies presented in the works
[9—13].

Mathematical model. It is necessary to divide the area €2 into irrigation zones with €/ N ir-

rigation stations (IS) separately for each type of resource so that
N _ _ _
UQI=Q,j=1M, mes(@Q' NQ!)=0, ik, i,k=LN, j=1 M
i=1

M)

in order to minimize the overall cost of transporting resources to each irrigation zone:
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FQ,.. Q. Q) )=

N @
=2 {ﬂ c'(x,y,7,)p' (x, y)dxdy + ¢/ (H p(x, y)dxdy}

y
=Rl b
where ,oj (x, y) — density with which demand for the j-th type of resource is distributed in the region
Q; (x, y) — coordinates for locating irrigation points; z,,..,z, — accommodation points IS;
c!(x,y,7,) — cost of transporting the resource from IS 7, to the area with coordinates (X, y);
o (Yij) — dependence of the cost of the j-th type of resource on the i-th capacity IS Y,’ and is de-
termined by the formula Y, = .U’Oj (x, y)dxdy.
Y

The capacity of the i-th IS for all types of resources is determined by the total demand of irri-
gation points belonging to it Q) and should not exceed the existing capacities determined by the rele-
vant restrictions:

M M .
> [p'(xyHxdy<b, i=L..,p: D [P (x ykxdy=b, i=p+L.,N. (3

=g =L qj
But at the same time, the conditions for the solvability of the problem must be met:
M . N
S:ij‘(x,y)jxdysti, 0<b <S,i=1..,N. (4)
0 j=l i=1

Therefore, the presented problem is a continuous multi-product optimal partitioning problem of the
set Qe E" on its disjoint subsets €,..., Q% ;...; " ..., QN (which may include empty ones) with the

placement of the centers of these subsets under constraints in the form of equalities and inequalities.

To study such problems, methods and algorithms for solving OPS problems were applied.
Their basic concept is based on the reduction of the original infinite-dimensional mathematical pro-
gramming problems with Boolean variables through the Lagrange functional to dual finite-
dimensional non-smooth problems. For the numerical solution of the latter, modern modifications of
N.Z. Shor's r-algorithm were applied. Numerical results of the algorithms were obtained by studying a
number of model problems.

Problem 41. Let the set be given Q={(x,y):0<x<24,0<y<12} plants that require three

types of resources that can be provided by three IS. Transportation costs for delivery to the region
(X, y) from the i-th IS to the j-th type of resources is given according to the type of resources:

S (=)=
c(xy, 1) = max{|x _Ti(l)l' |y — Ti(2)|}, j=27

|x—ri(1)|+|y—ri(2)|, j=3.

The demand p’(x,y) for resources is distributed in the region C2 with the corresponding den-

sities given in the following analytical form: .
In((x —y)/ —110.003)°
The functions (pij (Yij ) that describe the cost of storing the j-th type of resource at the i-th sta-
tion depending on the power of the IS have the form
ol(¥)=Ti+alY/, i=123j=123,
a{ > 0 costs of maintaining a unit of resource of the j-th type at the i-th station, T;— capital costs for

p](x’y) = ] = 1, 2,3
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the construction of the i-th station.
The capacity of the i-th station IS for all types of resources is determined by the total demand

of the plantations belonging to Qij , and for the first station it must not exceed the given volumes, i.e.
the following restrictions are imposed on the storage capacity:

3
0< Zﬂpl’ (x,y)dxdy <b;, i=1, b; =100,
J=1q
and for IS with numbers i = 2, 3 it should be equal to the given volumes:

3
ZH pl (x,y)dxdy =b;, i=23, b,=286 by=35.
=gy
It is necessary to divide the set of plantations €2 into their irrigation zones by three irrigation
stations for each type of resource, that is, into subsets Qiji =1,2,3,j =1,2,3, to minimize the total
cost function of storing resources and delivering them to the distribution areas:
FQ!.., Q400 ,.., Q5 08,..., Q)= ii{ﬂc‘(x y,7,)p' (X, y)dxdy +T, +ainij}.

i=l j=1 | i
i

It is not an exception that some of the subsets Qij, i=1,2,3, j=1,2,3 will be empty.
The set Q was covered with a mesh with nodes (i, j), i=1...150, j=1,...80. The initial

values of the dual variables are given by l//i(o),i =13, initial power values: Y,/® =50, Y, =10,
Y@ =10, j=1,3. For simplicity T; = 0, a{ =0, i,j =1,3.
The following coordinates are given as the initial coordinates of the IS:
0 3.0; 10.0; 18.5;
- 110.0; 5.0; 45;
The condition for completing calculations is the condition:
(V9 ) (y 0 ) < £ =10°

After 29 iterations, the following results were obtained:
- the optimal division of the set of plantations €2 into irrigation zones by each of the three IS for
three types of resources is presented in the fig. 1;

B)
Fig. 1. Optimal distribution of the set € into irrigation zones by each of three irrigation
stations with fixed centers for three types of resources for the model problem 4/
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- the maximum value of the functional of the dual problem G* ~ 998,4;
- the minimum value of the functional of the direct problem F, ~ 996,0;
- optimal capacities of each of the three locations IS:
Y, =674, Y, =86,6; Y, =350.
Problem 42. In the formulation of the model problem Al, we specify the values of the weight
coefficients for each of the three types of resources:
a; =50, a, =10, a; =10;
a’ =60, a =100, a; = 20;
a’ =50, a’=12,a’ =10,
After 51 iterations, the following results were obtained:
- the optimal division of the set of plantations €2 into irrigation zones by each of the three IS for
three types of resources is presented in the fig. 2;

0)

B)

Fig. 2. Optimal distribution of the set Q into irrigation zones by each of three irrigation sta-
tions with fixed centers for three types of resources for the model problem A2

- the maximum value of the functional of the dual problem G* ~ 6590,38;
- the minimum value of the functional of the direct problem F, =~ 6610,37;
- optimal capacities of each of the three locations IS:
Y, =679;Y,=884Y,=327.
Problem A3. In the formulation of the model problem A2, we set the condition to place irriga-

tion stations. Then, if the initial coordinates of the irrigation station locations are ‘L'l-(o) =(0;0),i =
1, 2, 3, then after 289 iterations we will get the following results:
- the optimal division of the set of plantations €2 into irrigation zones by each of the three IS for
three types of resources is presented in the fig. 3;
- optimal coordinates for placing irrigation stations:

7, = (18,8;6,6); 1, = (8,4;6,0); T3 = (6,2;6,0);
- the maximum value of the functional of the dual problem G* ~ 6405,98;
- the minimum value of the functional of the direct problem F, = 6416,97;
- optimal capacities of each of the three locations IS:

Y,=682; Y,=86,0; Y,=34,7.
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B)

Fig. 3. Optimal distribution of the set €2 into irrigation zones by each of three irrigation
stations with fixed centers for three types of resources for the model problem 43

The following analysis of the obtained results confirms the adequacy of the model's perfor-
mance. Therefore, in problem Al, there are no costs for maintaining a unit of resource of each type at
each station and no capital costs for their construction, while the stations themselves are already locat-
ed in the given area, that is why, as a result of the simulation, the optimal values of the total cost func-
tional are significantly smaller than in the simulation results of problem A2, in which these costs are
assumed. In addition, the number of iterations in A2 has increased. The process of placing irrigation
stations, which was assigned in task A3, was determined by a significant increase in the number of
required iterations. In all model problems, the solvability conditions of problem (4) are met, that is, the
total optimal capacity of three irrigation stations, which is obtained by the algorithm, does not exceed
the sum of the given capacities of the stations. The obtained optimal powers in each of the model
problems correspond to the constraints in the form of equalities.

Conclusions

The paper presents mathematical modeling of the optimal design problems of irrigation sys-
tems using the theory of optimal set partitioning in order to optimize the functional of the total cost of
storage and delivery of the relevant resources. 3 BUKOpHCTaHHSM y3arajJbHEHOT'O MPOrPAMHOTO MPO-
nykTy [13] OyJio IpoBEACHO YUCIICHHI JOCTIIKEHHS BUINE3a3HAUCHUX MPOOJIEM, SIKi IEMOHCTPYIOTh
aJIeKBaTHICTH Po3po0IIeHOT MoierTi Ta eheKTUBHICTE poboTr anroputmy. The developed mathematical
model and algorithm can be used to optimize more complex irrigation systems, which will reduce
costs and increase the profitability of agricultural companies. Further research may be aimed at devel-
oping more complex models that take into account additional factors, such as the dynamics of demand
for the relevant resource, limitations on the capacity of the irrigation network, and others.

References

[1] Karpenko, S.L., & Rudakova, H.V. (2022). Matematychna model zakrytoyi zroshuvalnoyi sys-
temy yak obyektu keruvannya [Mathematical model of closed irrigation system as an object of
control]  System  technologies. Dnipro.  3(140), 60-70. [in  Ukrainian]. doi:
https://doi.org/10.34185/1562-9945-3-140-2022-06

[2] Fele, F., Maestre, J.M., Shahdany, M.H., de la Pena, D.M., & Camacho, E.F. (2014). Coalitional
model predictive control of an irrigation canal. Journal of Process Control. 4(24), 314-325.
doi:10.48550/arXiv.2501.17561

[3] Jie, F., Fei, L., Peng, Y., Li, S., & Ge, Y. (2025). Optimal Allocation of Water Resources in Irri-
gation Areas Considering Irrigation Return Flow and Uncertainty. Applied Sciences. 15(9), 2380.
doi: https://doi.org/10.3390/app15052380

© Crpoera B.O., KicensoBa O.M., Hyxna C.A., Tapaciok O.C., 2026.
Jlinensis Creative Commons CC BY 4.0


https://doi.org/10.34185/1562-9945-3-140-2022-06
https://www.sciencedirect.com/journal/journal-of-process-control/vol/24/issue/4
https://doi.org/10.48550/arXiv.2501.17561
https://doi.org/10.3390/app15052380

Poznin 1. MaremaTnaHe MOIEITIOBaHHS B MPUPOJTHUINX HAyKaX Ta iHPOpMAaIiiHi TEXHOJIOTil 65

[4] Huguet, F., Pla-Aragones, L.M., Albornoz, V.M., & Pohl, M. (2025). A Genetic Algorithm for
Site-Specific Management Zone Delineation. Mathematics. 13, 7(13), 1064.

[5] Zhao W., Duan L., Ma B., Meng X., Ren L., Ye D., & Rui S. (2025). Applications of Optimiza-
tion Methods in Automotive and Agricultural Engineering: A Review. Mathematics.
18(13), 3018. doi: https://doi.org/10.3390/math13183018

[6] Favazza, E., Borsato, L., Zhang, J., Simeone, A., Priarone, P.C., & Settineri, L. (2025). A frame-
work for integrating design optimization and manufacturability in electric vehicle production.
Procedia CIRP. 136, 775-780. doi: https://doi.org/10.1016/j.procir.2025.08.132

[71 Mei, J. (2025). The Application of Mathematical Optimization Theory in Economic Policy De-
sign and Its Theoretical Discussion on The Efficiency of Resource Allocation. 4th International
Conference on Economic Administration and Information Systems (EAIS 2025), May 10-11,
2025. Oslo, Norway, 57, 195-202. doi: https://doi.org/10.54097/7wqgnx609

[8] Mudrik, L., Kaminer, 1., Kragelund, S., & Clark, A.H. (2025). Optimization via a Control-Centric
Framework. arXiv, 2510.05455, 1—=6. doi: https://doi.org/10.48550/ARXIV.2510.05455

[9] Stroieva V.O., Puzik A.O., & Tarasyuk, O.S. (2023). Zadacha optymal’noho vykorystannya
zroshuval’nykh system [The problem of optimal use of irrigation systems] Proceedings from:
Vseukrainska naukovo-metodychna konferentsiia «Problemy matematychnogo modeliuvania» —
All-Ukrainian Scientific and Methodological Conference Problems of Mathematical Modeling,
May, 24-26. Kamianske: DSTU. 28-30. [in Ukrainian].

[10] Stroeva, V.O., & Tarasyuk, O.S. (2024). Doslidzhennya problem optymizatsiyi tekhnichnykh
zadach proyektuvannya [Research on optimization problems of technical design tasks] Bulletin of
the Kherson National Technical University. Kherson, 4(91). 146-152. [in Ukrainian]. doi:
https://doi.org/10.35546/kntu2078-4481.2024.4.18

[11] Stroieva, V.O., & Tarasyuk, O.S. (2025). Optymizatsiya tekhnichnykh zadach proyektuvannya
[Optimization of technical design tasks] Advanced discoveries of modern science: experience,
approaches and innovations: materials of the VIII International Scientific and Theoretical Con-
ference, June, 27. Amsterdam, the Netherlands. 83-84. doi: https://doi.org/10.36074/scientia-
27.06.2025

[12] Kiselyova, O.M., Stroieva, V.O., & Tarasiuk, O.S. (2025). Optimization of technological tasks
of complex systems. Proceedings from: Mathematical and software support of intellectual sys-
tems (MPZIS-2025): materials of the XXII international scientific and practical conference, No-
vember 19-21. Dnipro: DNU, 17-18. [in Ukrainian].

[13] Kiseleva, O.M., Stroieva, V.O., Prytomanova, O.M., & Stroeva, G.V. (2018). Pro prohramyy
produkt rozvyazannya neperervnykh zadach optymal'noho rozbyttya mnozhyn [On the program
product for solving continuous problems of optimal partitioning of sets] Proceedings from: Mathe-
matical and software support for intelligent systems (MPZ1S-2018): materials of the XVI interna-
tional scientific and practical conference, November 21-23, 2018. Dnipro: DNU, 97-98. [in
Ukrainian].

Cnmcok BUKOPHCTAHOI JiTepaTypH

1. Kapnenko C.JI., PynmakoBa I'.B. MartemaTtuHa Mozenb 3aKpUTOi 3pOLIYBAIBHOI CHCTEMH SIK
o6’exty kepyBauHs. Cucmemu i mexnonoeii. Jminpo, 2022. Ne 3(140). C. 60-70. doi:
https://doi.org/10.34185/1562-9945-3-140-2022-06

2. Fele F., Maestre J.M., Shahdany M. H., de la Pena D.M., Camacho E.F. Coalitional model predic-
tive control of an irrigation canal. Journal of Process Control. 2014. Ne 4(24). P. 314-325.
doi:10.48550/arXiv.2501.17561

3. JieF. Fei L. Peng Y., LiS., Ge Y. Optimal Allocation of Water Resources in Irrigation Areas
Considering Irrigation Return Flow and Uncertainty. Applied Sciences. 2025. Vol. 5, Ne 15. P.
2380. doi: https://doi.org/10.3390/app15052380

© Crpoera B.O., KicensoBa O.M., Hyxna C.A., Tapaciok O.C., 2026.
Jlinensis Creative Commons CC BY 4.0


https://doi.org/10.3390/math13183018
https://doi.org/10.54097/7wqnx609
https://doi.org/10.35546/kntu2078-4481.2024.4.18
https://doi.org/10.34185/1562-9945-3-140-2022-06
https://www.sciencedirect.com/journal/journal-of-process-control/vol/24/issue/4
https://doi.org/10.48550/arXiv.2501.17561
https://doi.org/10.3390/app15052380

66

MaremaTtrute moaemoBanas Ne 1(54)2026

10.

11.

12.

13.

Huguet F., Pla-Aragones L.M., Albornoz V.M., Pohl M.A Genetic Algorithm for Site-Specific
Management Zone Delineation. Mathematics. 2025. Vol. 13, Ne 7. P. 1064.

Zhao W., Duan L., Ma B., Meng X., Ren L., Ye D., Rui S. Applications of Optimization Methods
in Automotive and Agricultural Engineering: A Review. Mathematics. 2025. Vol. 13, Ne 18.
P. 3018. doi: https://doi.org/10.3390/math13183018

Favazza E., Borsato L., Zhang J., Simeone A., Priarone P.C., Settineri L. A framework for inte-
grating design optimization and manufacturability in electric vehicle production. Procedia CIRP.
2025. Vol. 136. P. 775-780. doi: https://doi.org/10.1016/j.procir.2025.08.132

Mei J. The Application of Mathematical Optimization Theory in Economic Policy Design and Its
Theoretical Discussion on The Efficiency of Resource Allocation. 4th International Conference
on Economic Administration and Information Systems (EAIS 2025). Oslo, Norway, may 10-11,
2025. Vol. 57. P. 195-202. doi: https://doi.org/10.54097/7wqgnx609

Mudrik L., Kaminer 1., Kragelund S., Clark A.H. Optimization via a Control-Centric Framework.
arXiv. 2025. 2510.05455,. P. 1—&6. doi: https://doi.org/10.48550/ARXIV.2510.05455

Crpoesa B.O., Ily3ik A.O., Tapactok O.C. 3aiaya onTUMaIbHOTO BUKOPUCTAHHS 3POLIYBAIBHIX
cucteM. [Ipobnemu mamemamuurno2o mooenosants. Marepiann Beeykp. Hayk.-MeToJ. KoH(., 24-
26 tpasus 2023 p. Kam’suceke: JATY, 2023. C. 28-30.

Crpoesa B.O., Tapactok O.C. JocnimkeHHs: mpodieM onThMizamii TEXHIYHUX 3a]ad MPOEKTY-
BaHHs. Bicnux Xepconcvkoeo uayioHanbHo2o mexHiunoz2o yuigepcumeniy. XepcoH, 2024. Neo
4(91). C. 146-152. doi: https://doi.org/10.35546/kntu2078-4481.2024.4.18

Crpoesa B.O., Tapactok O.C. Ontumizailisi TEXHIYHUX 3aja4 POEKTYBaHHsI. [lepedosi sioxpum-
msi Cy4acHoi Hayku: 00c6i0, nioxoou ma innosayii: matepiamu VI mikHapogHoi HaykoBO-
TeopetndHoi koHpepenuii, 27 wepBHa 2025 p. Amcrepmam, Hinepmanmu, p. 83-84. doi:
https://doi.org/10.36074/scientia-27.06.2025

Kiselyova O.M., Stroieva V.O., Tarasiuk O.S. Optimization of technological tasks of complex
systems. Mamemamuune ma npocpamue 3abe3nevenHs inmenekmyanvrux cucmem (MII3IC-
2025): marepianu XXII mixkHap. HayK.-pakT. KoH}., 19-21 mucr., 2025 p. duinpo: AHY, 2025.
C. 17-18.

KicensoBa O.M., CtpoeBa B.O., IIpuromanosa O.M., Crpoesa I'.B. [Ipo mporpamuii npogykr
PO3B’sI3aHHS HETMIEPEPBHUX 3371a4 ONTHUMAJILHOIO PO30OUTTS MHOXKUH. Mamemamuyune ma npozpa-
Mmue 3abesneuennsi inmenexkmyanvhux cucmem (MII3IC-2018): matepianu XVI MixHap. Hayk.-
npakT. KoH., 21-23 nuct., 2018 p. Juinpo: AHY, 2018. C. 97-98.

Haoitiuna oo peoxoneeii 12.12.2025
Tpuiinsma nicas peyensyeanns 03.01.2026
Onybanixosana 22.01.2026

© Crpoera B.O., KicensoBa O.M., Hyxna C.A., Tapaciok O.C., 2026.
Jlinensis Creative Commons CC BY 4.0


https://doi.org/10.3390/math13183018

