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The mathematical models of engineering networks considered in previous articles [1,2] are, in fact, an 

extension of the models of steady flow distribution to the case of a probabilistic representation of 

PTCP. The use of these models is possible if and only if the structure of the network and the 

parameters of all its passive elements are known. At the same time, the search for the network 

structure and the parameters of passive and active elements is the most important task, the solution of 

which is necessary at all stages of managing the development of engineering networks. At the same 

time, however, it should be noted that in the real conditions of the development of engineering 

networks, the possibilities of structural optimization are often very limited. 

For example, it is required to lay water supply lines along all streets of the city and the structure of 

these streets almost completely determines the structure of the network, of course, the tasks of optimal 

placement of active sources (pumping stations) on the network lines remain. 

Therefore, the most practically significant for the types of engineering networks of heat, water, gas 

supply considered in this article is the problem of parametric optimization, i.e. the task, which is also 

called the technical and economic calculation of networks and consists, for example, in determining 

"such diameters of network pipes and conduits at which the costs of construction and operation of 

water lines and pumping stations that supply water to them will be the smallest for the estimated 

period of their operation" [ 3]. 

First of all, we note that at present all parametric optimization methods can be used only if some initial 

flow distribution is known, for which, unfortunately, there are no reasonable algorithms. The initial 

flow distribution is determined intuitively, taking into account the reliability requirements [4] of 

providing consumers with the target product in case of failures of various network elements. This 

provision leads to the fact that, for a given a priori, the flow vectors along all lines of the network q  

for which the first Kirchhoff law is satisfied, the parametric optimization problem is solved so that the 

required matrix (diagonal) of hydraulic resistance coefficients Sdiag  provided also, and only such, 

values of the vector of the transverse variable (losses) in the lines of the network Sdiagqh  , 

under which the second Kirchhoff law is calculated. 

Thus, the problem of parametric optimization is reduced to some analysis of the problem of calculating 

the steady flow distribution - the search for a solution, i.e. "linking" of the network is set by sorting 

through various variants of the matrix ordered according to some algorithm Sdiag . 

                                                           
1, 2

 Tashkent State Transport University 
 



 

Vol. 35 (2023): Miasto Przyszłości                                                                                      +62 811 2928008     .          

175 
Miasto Przyszłości 

Kielce 2023 

Historically, one of the most reasonable methods of parametric optimization is the method of 

"fictitious costs" proposed by L.F. Moshnin [4]. The main idea of this method is that when determining 

the total value of the vector of active sources, it was proposed to abandon the calculation 



k

Ri

ihH , 

where the summation is carried out over all elements included in the path on the network graph, which 

connects the active source with the dictating point, i.e. the point where the excess pressure is minimal 

and equal to the required one. Considering that the choice is not unambiguous, since the indicated 

points in the graph with cycles can be connected in various ways, L.F. Moshnin proposed to determine 

the desired source vector in the form: 

,



n

Ni

XhH  (1.1) 

Where X  - are some weighty coefficients (in fractions of units, characterizing the role i - oh line, i.e. 

its contribution to the total required head of the source; 

 N - set of all network lines. 

At the location of the active source, only one network node is introduced into the network, 

corresponding to the dictating point. It should be noted that (1,1) is satisfied for any values Х, which 

satisfy the requirements of Kirchhoff's first law. In addition, one should immediately recognize the 

incomplete analogy of (1.1) and [1,2] (1.32), and (1.32) is the general case, and (1.1) is a particular 

case, when the head difference is determined only between the balancing node of the network and its 

dictating point. Indeed, the value of the pressure difference between any network node and balancing 

according to (1.32) is equal to: 

hCH t  (1.2) 

and the desired head of the source (without taking into account the statistical head, determined by the 

difference in geodetic marks) is 

},max{  HH  (1.3) 

those is equal to the maximum element of the vector 
H  

From comparison (1.1) and (1.2) we have that "fictitious expenses" Х can be just one side of the matrix 

of generalized network parameters - D = Ct [2,3,5]. This side corresponds to the dictating node 

(dictating point). The second part of L.F. Moshnin's algorithm [4] is that the network is "linked" by 

fictitious costs. In this case, the fictitious resistances of the network sections are taken equal to ql  , 

where l  - length of the section, a q - pre-planned flow. In the process of "linking" there is a 

redistribution of "fictitious costs" Х so that for each closed head of the network К the condition:  




 
ki

f

ki

hXql ,075.0   (1.4) 

which are analogous to Kirchhoff's second law for "fictitious expenses". It is important to note the 

connection between the "fictitious" fh  and actual head loss h by network sections: 

,Mhh f   (1.5) 

where М - some constant for all sections of the network. 

Thus, in accordance with (1.5), the network linked by “fictitious costs” turns out to be linked by actual 

ones, since 



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hMh ,0  (1.6) 
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that is, the second Kirchhoff's law is fulfilled, and the first one is fulfilled a priori at the stage of pre-

flow assignment. In accordance with the mathematical model proposed in [1,6,7,8], the values of 

pressure losses in linear networks can be calculated as the values of the elements of the column vector: 

,
2

CQdiagSh   (1.7) 

where Q – load matrix in nodes; С – load distribution coefficient matrix;  

diagS – diagonal matrix of hydraulic resistance coefficients. 

The application of this method allows us to get more economic solutions when developing systems for 

supplying target products to consumers. 

References 

1. Bakhramov U. Development of a mathematical model of stochastic flow distribution in pipeline 

engineering networks. - TashIIT “Temir yul “Akhborot” - ilmiy journals”, 2015., No. 1. 

2. Vennikov V.A. Calculations and analysis of network operation modes. - M: Energy, 1995. -336 p. 

3. Zhukov L.A., Stratan I.P. Steady regimes of complex electrical networks and systems: Calculation 

methods. - M.: Energy, 1998. - 416 p. 

4. Moshnin L.F. Methods of technical and economic calculation of water supply networks. M., 

Stroyizdat, 1985. -144 p 

5. Baxramov U., Makhamataliev I. Modeling of the Random Process of Changing the Structure of an 

Engineering Network. International Jornal of Scientific & Technology:- India. Research. India. 

Volume 9- Issue 2, February 2020 Editon. ISSN 2277-8616. p.2676-2678. 

6. Baxramov U., Obidjonov A. Simulation of Engineering Networks and Assessment of the Accuracy 

of the Mathematical Model. Solid State Technology. USA. Volume: 65 Issue: 1 Publication Year: 

2022. p. 69-79.  

7. Baxramov U., Kaxarov B., Obidjonov A. Simulation of Consumption Processes of a Target 

Product in Engineering Networks. Solid State Technology. USA. Volume: 65 Issue: 1 Publication 

Year: 2022. p. 63-69. 

8. Baxramov U. Parametric Optimization of Engineering Networks, Taking into Account the 

Stochastic Nature of the Processes of Consumption of Target Products. Solid State Technology. 

USA. Volume: 65 Issue: 1 Publication Year: 2022, p. 283-292. 

9. Rasulov, M., Ibragimov, U., Mirakhmedov, M., & Rizaev, A. (2014). Central Asian transport 

corridors and prospects of Uzbekistan's further integration to the global transport network. In 7th 

International Symposium for Transportation Universities in Europe and Asia//Dalian Jiaotong 

University, China-2014.–рp (pp. 25-30). 

10. Rasulov, M. H., Rizaev, A. N., & Rahimov, R. V. (2016). Theoretical research for defining the 

body durability characteristics of cement carrier rail car manufactured in the Republic of 

Uzbekistan. Journal “Innotrans”.–Ekaterinburg, (4), 22. 

11. Rasulov, M., Ibragimov, U., & Rizaev, A. (2015). Kh. Turdiev: The combined transportation as a 

background for establishment of a new railway corridor China–Kyrgyzstan–Uzbekistan. In 8-th 

International Symposium for Transportation Universities in Europe and Asia, Nanjing Institute of 

Railway Technology, China. 

12. Rizaev, A. (2020). Research methods of water purification from pollution with petroleum and 

petroleum products. International Journal of Psychosocial Rehabilitation, 24(08), 5630-5634. 

13. Abdumalik, R., Dilshod, K., Umarkhodzha, B., Gulchehra, R., & Uchkun, U. (2023). STUDY OF 

THE SEDIMENTATION PROCESS OF SUSPENDED SOLIDS IN HORIZONTAL 



 

Vol. 35 (2023): Miasto Przyszłości                                                                                      +62 811 2928008     .          

177 
Miasto Przyszłości 

Kielce 2023 

SEDIMENTATION TANKS FOR WASTEWATER. Universum: технические науки, (3-4 

(108)), 54-58. 

14. Rikhsikhodjaeva, G. R., Rizaev, A. N., & Esanmurodov, S. V. (2023). ADVANCEMENT OF 

CORROSION AND SALT DEPOSITION INHIBITOR FOR PROTECTION OF HEAT 

EXCHANGE EQUIPMENT OF OIL REFINERIES. CENTRAL ASIAN JOURNAL OF 

MATHEMATICAL THEORY AND COMPUTER SCIENCES, 4(3), 74-78. 

15. Набиевич Р.А., Нажим М., Рашидходжаевна Р.Г., Умарходжа Б. и Вафокулович У.У. 

(2023). Повышение эффективности очистки нефтесодержащих сточных вод за счет 

использования флокулянтов. Nexus: Journal of Advances Studies of Engineering Science , 2 (3), 

59-63. 

16. Худайберганова Н., Ризаев А. и Абдурахмонов Э. (2021). Адсорбционные свойства паров 

бензола на активированном угле из кокса и асфальта. В E3S Web of Conferences (том 264, 

стр. 01022). ЭДП наук. 

17. Rizaev, A., & Bakhromov, U. (2007). Water intake structures. T. Aloqachi Publishing House. 

18. Ризаев, А., & Режабов, С. (2022). Совершенствование очистки нефтесодержащих сточных 

вод транспортных предприятий. Miasto Przyszłości, 24, 176-178. 

19. Рихсиходжаева, Г. Р., & Ризаев, А. Н. (2020). Технология получения ингибитора коррозии и 

солеотложения для теплообменного оборудования. Universum: химия и биология, (8-2 (74)), 

22-24. 

20. Rikhsikhodjaeva, G. R., & Rizaev, A. N. (2022). Analysis of modern methods of salts and 

corrosion destruction of petroleum equipment. Advanced Engineering Science, 54(02), 5747-5752. 

21. Rikhsikhodjaeva, G. R., Esanmurodov, S. V., Rizaev, A. N., & Vafokulovich, U. U. (2023). THE 

APPEARANCE OF MINERALS AND STRATEGIES FOR DECIDING OVERABUNDANCE 

MINERALS IN WATER. Open Access Repository, 4(3), 1524-1529. 

22. Rashidkhodjaevna, R. G., & Muzaffar, M. (2022). Water Treatment against Salt Accumulation for 

Circulating Water Supply System. European Journal of Life Safety and Stability (2660-9630), 15, 

236-239. 

23. Rixsixodjaeva, G. R. (2021). CORROSION AND SCALE FORMATION ARE ASSOCIATED 

WITH THE CHARACTERISTIC FEATURES OF WATER AND METALS. ResearchJet Journal 

of Analysis and Inventions, 2(12), 71-76. 

24. Nabievich, R. A., Nazhim, M., Rashidkhodzhaevna, R. G., Umarkhodzha, B., & Vafokulovich, U. 

U. (2023). Improving the Efficiency of Oily Wastewater Treatment Through the Use of 

Flocculants. Nexus: Journal of Advances Studies of Engineering Science, 2(3), 59-63. 


