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The object of the study is the territory that became the object of
the influence of hostilities. The study is dedicated to finding ways to
assess the state of ecosystems and ensure their stability in the condi-
tions of military conflicts.

The impact of military conflict on the environment is highlight-
ed through the analysis of risks and losses in ecosystems.

It has been studied that the intensity of armed conflicts deter-
mines the scale and degree of damage to ecosystems, and the use of
destructive weapons leads to the direct destruction of natural envi-
ronments and their components.

It has been determined by an expert survey that the most sig-
nificant changes in natural ecosystems are the biodiversity losses,
deforestation, territorial changes and the destruction of natural
objects (scores >9.0). Factors of low impact (score <6.75) are air
pollution, erosion due to air pollution, biodiversity losses due to
water pollution.

The interrelationships between military actions and environ-
mental pollution are studied for the importance of understanding
these processes for effective management of environmental security
during military conflicts.

A mathematical and graphic model of material flows has been
developed, which allows taking into account resource flows, pollu-
tion and losses in the ecosystem during armed conflicts.

The model, tested in the Kyiv region, made it possible to deter-
mine the priorities of conservation and risk management. Analysis of
9,000 km? revealed contaminated areas, in particular, in the south-
western and western directions.

The practical use of the research results is in the development of
strategies for minimizing and restoring the ecological consequences
of armed conflicts. This can help improve the management of natural
resources in the context of military operations and increase the re-
silience of ecosystems.

Keywords: military conflict, risks, sustainability, ecosystem,
mathematical model, material flows, geoinformation systems.
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The object of this study is a regional center with a developed
industry and a significant traffic load. The study provides an assess-
ment of the impact of the urbanization process on the conditions of
development of urban edaphotopes and their role in the functioning of
urban ecosystems. It was determined that the geochemistry of the soils
of urban ecosystems is significantly different from natural landscapes,
which is due to the symbiosis of natural and anthropogenic factors.
The content of mobile forms of heavy metals in the soil of 14 localities
of different functional zones within the city was investigated. A com-
parative assessment of the spatial heterogeneity of the content of heavy
metals in the vegetative organs (root, shoot) of the diagnostic species
Polygonum aviculare L. was performed. Based on the sources of emis-
sion of heavy metals and the formed geochemical anomalies, a direct
dependence was established on their accumulation by the vegetative
organs of Polygonum aviculare L. According to the calculated biological
absorption coefficient (BAC), high bioavailability for the accumulation
of man-made toxicants Cu, Zn, Pb, Cd by the phytomass of Polygonum
aviculare L. was proven. It was determined that the content of heavy
metals in different parts of the test object is due to their physiological
ability to accumulate these toxicants in the root and above ground mass.
Active translocation of toxicants from the soil to the roots is character-
istic of localities with intense influence of man-made factors, for which
the value of the bioavailability coefficient varies within 0.6>BAC<0.85.
Correlation coefficients between the content of heavy metals in the at-
mosphere, soil, and vegetative organs of the plant were determined. The
research allows us to evaluate the prospects for using Polygonum avicu-
lare L. as a cumulative indicator of metal pollution in urban technogenic
ecosystems and their high phytoremediation value under conditions of
environmental pollution with heavy metals.

Keywords: heavy metals, deposition, Polygonum aviculare L.,
urban edaphotopes, synanthropic plants, phyto indication.
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One of the urgent challenges is to clean up industrial wastewater
from toxic and heavy metal ions in a more efficient and environmen-
tally friendly way.

Bentonite montmorillonite, bentonite red, zeolite and diatomite
of the Almaty region were selected as the materials of the study.

In this study was investigated the adsorption properties of natu-
ral minerals by physico-chemical methods for the sorption treatment
of wastewater from Pb*2 Ni*% Zn'2 ions.

X-ray phase analysis determines the chemical composition of
the materials studied. The main component of diatomite is SiO,, in
zeolite — Laumontite composition CazAlgSijgO045-14H,0 (51.3 %).
The base of bentonites is bedellite — montmorillonite, which has an
amorphous structure. The method of atomic absorption spectrom-
etry was used to investigate the sorption of heavy metal ions (Pb*?,
Ni*2, Zn*?) by the natural adsorbents under investigation. Benton-
ites, Mukra and Medium Tentec have the best sorption properties.
Here, the content of lead, nickel and zinc ions is reduced by an aver-
age of 82—85 %. In the case of diatomite, the ion content of the same
metals is reduced by approximately 74—76 %, and for zeolite by 64 %.
Generally speaking, the adsorption properties of these minerals are
expected to be achieved by the high porosity in the case of diatomite
and zeolite or the penetration of ions into the interpackage space be-
tween the bentonite layers. Mixing adsorbents, increasing their mass
percentages and increasing the mass of the mixture leads to increased
efficiency of the degree of cleaning from these ions.

In conclusion of the study, natural minerals of the Almaty region
have sorption properties that can be used for practical purposes, in
particular for wastewater treatment.

Keywords: water, adsorbent, metal, bentonite, diatomite, sorp-
tion, purification, minerals, extraction, kinetics.
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There is a need for an effective monitoring solution for water quality
control in tailings dumps and adjacent water bodies in order to prevent
environmental pollution. This article highlights the importance of water
quality monitoring and surveillance to prevent pollution. It is proposed
to develop a mobile robotic complex equipped with sensors for monitor-
ing water bodies and tailings, which is also capable of measuring under-
water topographic data. The objects of study were a tailings pond and
water bodies.

The authors analyzed existing technical monitoring solutions,
designed and developed a robotic complex, echolocation device, tested
them on specific sites (the tailings dump of the Zhayrem Mining and
Processing Plant and the Ishim River), conducted laboratory analysis of
water samples, classified the results. Additionally, they obtained 2D and
3D maps of the bottom, and entered all collected data into a developed
database and software.

The developed complex demonstrated high accuracy of movement
(an error of about 0.2 m on the x axis and 0.1 m on the y axis) and the
ability to register environmental parameters such as temperature, hu-
midity, PH. Data analysis for 2021-2023 showed a significant excess of
recycled water discharged into the evaporator pond, which emphasizes
the importance of monitoring and management of water resources.

The research applies ARIMA models, neural networks to predict
water body parameters. The results obtained indicate the high efficiency
of the developed robotic complex and methods for analyzing data on wa-
ter resources. These methods can be used in industry, scientific research
and environmental projects to regularly monitor water quality and take
measures to protect it.

Keywords: radio-controlled robotic complex, monitoring, tail-
ings, echolocation device, forecasting, neural networks.
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An issue related to using SIP panels for building structures is to
ensure their stability and durability during operation in wide ranges.
Therefore, the object of research was the change in the properties
of wood-polymer material in case of fire and its protection when
applied with a reactive coating capable of forming a pinocoke layer
under the influence of high temperature on the coating. It has been
proven that in the process of thermal action on the fire-resistant
coating, the heat insulation process of SIP panels involves the forma-

tion of soot-like products on the surface of the material. Thus, under
the action of the radiation panel on the surface of the OSB sample,
after 120 s of thermal exposure, the process of intensive formation of
a layer of foam coke, which thermally insulated the wood-polymer
material, began; instead, after the radiation panel was exposed to the
fire-resistant polystyrene foam sample, the process of destruction
began at a temperature of about 100 °C polystyrene foam. When
determining the flammability of a fire-resistant SIP panel, it was
established that the temperature of the flue gases during the tests
was no more than 110 °C, the length of the damaged sample did not
exceed 460 mm. At the same time, the mass loss did not exceed 200 g,
and independent combustion of the STP panel sample did not occur
despite the high temperature. According to these data, the SIP panel,
fire-resistant with a reaction coating, belongs to group G1 (low flam-
mability) and is a non-flammable material. The practical significance
is that the results were taken into account during the design of build-
ings from SIP panels. So, there are reasons to assert the possibility
of targeted regulation of the fire protection processes of SIP panels
through the use of reactive coatings capable of forming a protective
layer on the surface of the material that inhibits the rate of heat
transfer.

Keywords: fire retardants, structures from SIP panels, thermal
destruction of the surface, fire protection of SIP panels, swelling of
the coating.
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The object of the study is the selective dispersion of dangerous
parameters of the gas environment during material fires. The practical
importance of research consists in using the difference of sample disper-
sions of dangerous parameters of the gas environment on the intervals
of absence and presence of ignition of materials for detection of igni-
tion. The theoretical substantiation of the method of detecting fires in
premises based on sample dispersions of current measurements of an
arbitrary dangerous parameter of the gas environment, corresponding
to the general populations of reliable absence and presence of fire, has
been carried out. The method, at a given level of significance, determines
the unbiased uniformly most powerful fire detection rule. This makes
it possible to determine how much differences in sample variances are
significant with a given level of significance and are caused by ignition
or are random factors. Laboratory experiments were conducted to verify
the proposed method. Tt was established that the influence of ignition on
the value of the difference in the sample dispersion at the correspond-
ing intervals of monitoring the carbon monoxide concentration, smoke
density, and temperature of the gaseous environment of the laboratory
chamber is different and depends on the type of ignition material. At the
same time, the minimum difference of the sample dispersions is charac-
teristic for observing the smoke density for all the studied materials.
However, early detection of ignition of alcohol, paper, wood, and textiles
when observing the smoke density is carried out when the threshold is
exceeded by 9.01, 5.31, 2.13 and 2.55 times, respectively. It is shown that
the method of early detection of fires, which is based on the detection
of significant differences in sample dispersions of data from the relevant
general populations.

Keywords: early detection of fire, ignition materials, selective dis-
persion, hazardous parameters, gas environment.

References

1. Sadkovyi, V., Andronov, V., Semkiv, O., Kovalov, A, Rybka, E.,
Otrosh, Yu. et. al.; Sadkovyi, V., Rybka, E., Otrosh, Yu. (Eds.) (2021).
Fire resistance of reinforced concrete and steel structures. Kharkiv:
PC TECHNOLOGY CENTER, 180. https://doi.org/10.15587/
978-617-7319-43-5


https://orcid.org/0000-0002-5264-3118
https://orcid.org/0000-0002-7099-2549
https://orcid.org/0000-0003-4022-2807
https://orcid.org/0000-0002-7229-6926
https://orcid.org/0000-0001-9933-8498
https://orcid.org/0000-0002-5054-3893
https://doi.org/10.15587/978-617-7319-43-5
https://doi.org/10.15587/978-617-7319-43-5
https://doi.org/10.1016/j.jmrt.2021.03.079
https://doi.org/10.1016/j.jmrt.2021.03.079
https://doi.org/10.1016/j.firesaf.2011.07.009
https://www.intertek.com/building/standards/astm-e119/
https://www.intertek.com/building/standards/astm-e119/
https://doi.org/10.15587/1729-4061.2018.141030
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=68456
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=68456
https://doi.org/10.15587/1729-4061.2022.259582
https://doi.org/10.15587/1729-4061.2022.259582
https://doi.org/10.1088/1757-899x/708/1/012112
https://doi.org/10.1021/bk-2023-1439.ch006
https://doi.org/10.1063/5.0168781
https://doi.org/10.1063/5.0120446
https://doi.org/10.15587/1729-4061.2023.275550
https://doi.org/10.15587/1729-4061.2023.275550
https://doi.org/10.3390/ma16124391
https://doi.org/10.3390/ma16124391

. Vambol, S., Vambol, V. Sobyna, V., Koloskov, V., Poberezhna, L.

(2019). Investigation of the energy efficiency of waste utilization
technology, with considering the use of low-temperature separa-
tion of the resulting gas mixtures. Energetika, 64 (4). https://
doi.org/10.6001/energetika.v64i4.3893

. Popov, O., Ivaschenko, T.,, Markina, L., Yatsyshyn, T., Tatsyshyn, A.,

Lytvynenko, O. (2023). Peculiarities of Specialized Software Tools
Used for Consequences Assessment of Accidents at Chemically
Hazardous Facilities. Systems, Decision and Control in Energy V,
779-798. https://doi.org/10.1007 /978-3-031-35088-7_45

. Popov, O, Tatsyshyn, A., Kovach, V., Tatsyshyn, A., Neklonskyi, L.,

Zakora, A. (2023). Is There a Future for Small Modular Reactors
in Ukraine? Comparative Analysis with Large Capacity Reactors.
Systems, Decision and Control in Energy V, 453-469. https://
doi.org/10.1007,/978-3-031-35088-7_24

. Semko, A., Rusanova, O., Kazak, O., Beskrovnaya, M., Vinogra-

dov, S,, Gricina, L. (2015). The use of pulsed high-speed liquid jet for
putting out gas blow-out. The International Journal of Multiphysics,
9 (1), 9-20. https://doi.org/10.1260,/1750-9548.9.1.9

. Barannik, V., Babenko, Y., Kulitsa, O., Barannik, V., Khimen-

ko, A., Matviichuk-Yudina, O. (2020). Significant Microsegment
Transformants Encoding Method to Increase the Availability of
Video Information Resource. 2020 IEEE 2nd International Confer-
ence on Advanced Trends in Information Theory (ATIT). https://
doi.org/10.1109/atit50783.2020.9349256

. Ragimov, S., Sobyna, V., Vambol, S., Vambol, V., Feshchenko, A.,

Zakora, A. et al. (2018). Physical modelling of changes in the
energy impact on a worker taking into account hightemperature
radiation. Journal of Achievements in Materials and Manufac-
turing Engineering, 1 (91), 27-33. https://doi.org/10.5604/
01.3001.0012.9654

. Kovalov, A,, Otrosh, Y., Rybka, E., Kovalevska, T., Togobytska, V.,

Rolin, L. (2020). Treatment of Determination Method for Strength
Characteristics of Reinforcing Steel by Using Thread Cutting Meth-
od after Temperature Influence. Materials Science Forum, 1006,
179-184. https://doi.org/10.4028 /www.scientific.net /msf.1006.179

. Vasyukov, A., Loboichenko, V., Bushtec, S. (2016). Identification

of bottled natural waters by using direct conductometry. Ecology,
Environment and Conservation, 22 (3), 1171-1176.

. Kondratenko, O., Vambol, S., Strokov, O., Avramenko, A. (2015).

Mathematical model of the efficiency of diesel particulate matter filter.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 6, 55-61.

. Pospelov, B, Kovrehin, V., Rybka, E. Krainiukov, O., Petuk-

hova, O., Butenko, T. et al. (2020). Development of a method for
detecting dangerous states of polluted atmospheric air based on
the current recurrence of the combined risk. Eastern-European
Journal of Enterprise Technologies, 5 (9 (107)), 49-56. https://
doi.org/10.15587/1729-4061.2020.213892

. World Fire Statistics (2022). Center for Fire Statistics of CTIF,

27, 65. Available at: https://ctif.org/sites/default/files/2022-08/
CTIF_Report27 ESG.pdf

. Chernukha, A., Teslenko, A., Kovalov, P, Bezuglov, O. (2020).

Mathematical Modeling of Fire-Proof Efficiency of Coatings Based
on Silicate Composition. Materials Science Forum, 1006, 70-75.
https://doi.org/10.4028 /www.scientific.net/msf.1006.70

. Pospelov, B., Rybka, E., Meleshchenko, R., Krainiukov, O., Biryu-

kov, L., Butenko, T. et al. (2021). Short-term fire forecast based on
air state gain recurrence and zero-order brown model. Eastern-
European Journal of Enterprise Technologies, 3 (10 (111)), 27-33.
https://doi.org/10.15587 /1729-4061.2021.233606

. Davie County, NC: Fire Marshal’s Office, revision date. Stan-

dard operating guidelines. 6/5/2018. Stages of fire growth. Avail-
able at: https://www.daviecountync.gov/DocumentCenter/
View/5942/500-006-Stages-of-Fire-Growth-PDF

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Gaur, A., Singh, A., Kumar, A., Kulkarni, K. S., Lala, S., Kapoor, K. et al.
(2019). Fire Sensing Technologies: A Review. IEEE Sensors Journal,
19 (9), 3191-3202. https://doi.org/10.1109 /jsen.2019.2894665
Zhang, G., Li, H., Zhu, G,, Li, J. (2020). Temperature fields for fire
resistance analysis of structures exposed to natural fires in large
space buildings. The Structural Design of Tall and Special Buildings,
29 (4). https://doi.org/10.1002/tal.1708

Oswald, D. (2021). Homeowner vulnerability in residential build-
ings with flammable cladding. Safety Science, 136, 105185. https://
doi.org/10.1016/j.ss¢i.2021.105185

Snoonian, D. (2003). Smart buildings. IEEE Spectrum, 40 (8),
18-23. https://doi.org/10.1109/mspec.2003.1222043

Xu, Z., Guo, Y., Saleh, J. H. (2021). Advances Toward the Next Gen-
eration Fire Detection: Deep LSTM Variational Autoencoder for
Improved Sensitivity and Reliability. IEEE Access, 9, 30636-30653.
https://doi.org/10.1109 /access.2021.3060338

Liu, Z. (2003). Review of Recent Developments in Fire Detection
Technologies. Journal of Fire Protection Engineering, 13 (2), 129-151.
https://doi.org/10.1177/1042391503013002003

Jadon, A., Omama, M., Varshney, A., Ansari, M. S, Sharma, R. (2019).
FireNet: a specialized lightweight fire & smoke detection model for real-
time IoT applications. arXiv. https://doi.org/10.48550 /arXiv.1905.11922
Fire and rescue incident statistics, England, year ending Decem-
ber 2020. Available at: https://assets.publishing.service.gov.uk/
media/609a533fe90e07357a9¢250c¢ /fire-and-rescue-incident-dec20-
hosb1021.pdf

Pospelov, B., Rybka, E., Savchenko, A., Dashkovska, O., Harbuz, S.,
Naden, E. et al. (2022). Peculiarities of amplitude spectra of the
third order for the early detection of indoor fires. Eastern-European
Journal of Enterprise Technologies, 5 (10 (119)), 49-56. https://
doi.org/10.15587/1729-4061.2022.265781

Pospelov, B., Andronov, V., Rybka, E., Skliarov, S. (2017). Research
into dynamics of setting the threshold and a probability of igni-
tion detection by selfadjusting fire detectors. Eastern-European
Journal of Enterprise Technologies, 5 (9 (89)), 43—-48. https://
doi.org/10.15587/1729-4061.2017.110092

Cetin, A. E., Dimitropoulos, K., Gouverneur, B., Grammalidis, N.,
Giinay, O., Habiboglu, Y. H. et al. (2013). Video fire detection —
Review. Digital Signal Processing, 23 (6), 1827-1843. https://
doi.org/10.1016/j.dsp.2013.07.003

Li, P, Zhao, W. (2020). Image fire detection algorithms based on
convolutional neural networks. Case Studies in Thermal Engineer-
ing, 19, 100625. https://doi.org/10.1016/j.csite.2020.100625
Ayyubi, S., Miao, Y., Shi, H. (2014). Automating standalone smoke
alarms for early remote notifications. 2014 13th International Con-
ference on Control Automation Robotics & Vision (ICARCV).
https://doi.org/10.1109 /icarcv.2014.7064385

Mao, W., Wang, W., Dou, Z., Li, Y. (2018). Fire Recognition Based
On Multi-Channel Convolutional Neural Network. Fire Technology,
54 (2), 531-554. https://doi.org/10.1007 /s10694-017-0695-6

Wen, Z., Xie, L., Feng, H., Tan, Y. (2019). Robust fusion algorithm
based on RBF neural network with TS fuzzy model and its applica-
tion to infrared flame detection problem. Applied Soft Computing,
76, 251-264. https://doi.org/10.1016/j.as0c.2018.12.019

Geetha, S., Abhishek, C. S., Akshayanat, C. S. (2020). Machine Vi-
sion Based Fire Detection Techniques: A Survey. Fire Technology,
57 (2), 591-623. https://doi.org/10.1007/510694-020-01064-2

Wu, Y., Harada, T. (2004). Study on the Burning Behaviour of Plan-
tation Wood. Scientia Silvae Sinicae, 40, 131.

Ji, J., Yang, L., Fan, W. (2003). Experimental Study on Effects of
Burning Behaviours of Materials Caused by External Heat Radia-
tion. Journal of Combustion Science and Technology, 9, 139.

Peng, X, Liu, S., Lu, G. (2005). Experimental Analysis on Heat Re-
lease Rate of Materials. Journal of Chongqing University, 28, 122.


https://doi.org/10.1109/jsen.2019.2894665
https://doi.org/10.1002/tal.1708
https://doi.org/10.1016/j.ssci.2021.105185
https://doi.org/10.1016/j.ssci.2021.105185
https://doi.org/10.1109/mspec.2003.1222043
https://doi.org/10.1109/access.2021.3060338
https://doi.org/10.1177/1042391503013002003
https://doi.org/10.48550/arXiv.1905.11922
https://assets.publishing.service.gov.uk/media/609a533fe90e07357a9e250c/fire-and-rescue-incident-dec20-hosb1021.pdf
https://assets.publishing.service.gov.uk/media/609a533fe90e07357a9e250c/fire-and-rescue-incident-dec20-hosb1021.pdf
https://assets.publishing.service.gov.uk/media/609a533fe90e07357a9e250c/fire-and-rescue-incident-dec20-hosb1021.pdf
https://doi.org/10.15587/1729-4061.2022.265781
https://doi.org/10.15587/1729-4061.2022.265781
https://doi.org/10.15587/1729-4061.2017.110092
https://doi.org/10.15587/1729-4061.2017.110092
https://doi.org/10.1016/j.dsp.2013.07.003
https://doi.org/10.1016/j.dsp.2013.07.003
https://doi.org/10.1016/j.csite.2020.100625
https://doi.org/10.1109/icarcv.2014.7064385
https://doi.org/10.1007/s10694-017-0695-6
https://doi.org/10.1016/j.asoc.2018.12.019
https://doi.org/10.1007/s10694-020-01064-z
https://doi.org/10.6001/energetika.v64i4.3893
https://doi.org/10.6001/energetika.v64i4.3893
https://doi.org/10.1007/978-3-031-35088-7_45
https://doi.org/10.1007/978-3-031-35088-7_24
https://doi.org/10.1007/978-3-031-35088-7_24
https://doi.org/10.1260/1750-9548.9.1.9
https://doi.org/10.1109/atit50783.2020.9349256
https://doi.org/10.1109/atit50783.2020.9349256
https://doi.org/10.5604/01.3001.0012.9654
https://doi.org/10.5604/01.3001.0012.9654
https://doi.org/10.4028/www.scientific.net/msf.1006.179
https://doi.org/10.15587/1729-4061.2020.213892
https://doi.org/10.15587/1729-4061.2020.213892
https://ctif.org/sites/default/files/2022-08/CTIF_Report27_ESG.pdf
https://ctif.org/sites/default/files/2022-08/CTIF_Report27_ESG.pdf
https://doi.org/10.4028/www.scientific.net/msf.1006.70
https://doi.org/10.15587/1729-4061.2021.233606
https://www.daviecountync.gov/DocumentCenter/View/5942/500-006-Stages-of-Fire-Growth-PDF
https://www.daviecountync.gov/DocumentCenter/View/5942/500-006-Stages-of-Fire-Growth-PDF

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Cheng, C., Sun, E, Zhou, X. (2011). One fire detection method using
neural networks. Tsinghua Science and Technology, 16 (1), 31-35.
https://doi.org/10.1016/51007-0214(11)70005-0

Ding, Q., Peng, Z., Liu, T, Tong, Q. (2014). Multi-Sensor Build-
ing Fire Alarm System with Information Fusion Technology Based
on D-S Evidence Theory. Algorithms, 7 (4), 523-537. https://
doi.org/10.3390/a7040523

Sadkovyi, V., Pospelov, B., Rybka, E., Kreminskyi, B., Yashchen-
ko, O., Bezuhla, Y. et al. (2022). Development of a method for assess-
ing the reliability of fire detection in premises. Eastern-European
Journal of Enterprise Technologies, 3 (10 (117)), 56—62. https://
doi.org/10.15587/1729-4061.2022.259493

Pospelov, B., Rybka, E., Togobytska, V., Meleshchenko, R., Danchen-
ko, Y., Butenko, T. et al. (2019). Construction of the method for
semi-adaptive threshold scaling transformation when computing re-
current plots. Eastern-European Journal of Enterprise Technologies,
4 (10 (100)),22-29.https://doi.org/10.15587/1729-4061.2019.176579
Pospelov, B., Andronov, V., Rybka, E., Popov, V., Semkiv, O. (2018).
Development of the method of frequencytemporal representation of
fluctuations of gaseous medium parameters at fire. Eastern-European
Journal of Enterprise Technologies, 2 (10 (92)), 44-49. https://
doi.org/10.15587/1729-4061.2018.125926

Pospelov, B., Andronov, V., Rybka, E., Krainiukov, O., Karpets, K.,
Pirohov, O. et al. (2019). Development of the correlation meth-
od for operative detection of recurrent states. Eastern-European
Journal of Enterprise Technologies, 6 (4 (102)), 39-46. https://
doi.org/10.15587/1729-4061.2019.187252

Pospelov, B., Rybka, E., Meleshchenko, R., Krainiukov, O., Har-
buz, S., Bezuhla, Y. et al. (2020). Use of uncertainty function for
identification of hazardous states of atmospheric pollution vector.
Eastern-European Journal of Enterprise Technologies, 2 (10 (104)),
6-12. https://doi.org/10.15587,/1729-4061.2020.200140

Sadkovyi, V., Pospelov, B., Andronov, V., Rybka, E., Krainiukov, O.,
Rud, A. et al. (2020). Construction of a method for detecting arbi-
trary hazard pollutants in the atmospheric air based on the structural
function of the current pollutant concentrations. Eastern-European
Journal of Enterprise Technologies, 6 (10 (108)), 14-22. https://
doi.org/10.15587,/1729-4061.2020.218714

Pospelov, B., Andronov, V,, Rybka, E., Chubko, L., Bezuhla, Y., Gordi-
ichuk, S. et al. (2023). Revealing the peculiarities of average bicoherence
of frequencies in the spectra of dangerous parameters of the gas environ-
ment during fire. Eastern-European Journal of Enterprise Technologies,
1(10(121)),46-54. https://doi.org/10.15587 /1729-4061.2023.272949
Pospelov, B., Andronov, V., Rybka, E., Bezuhla, Y., Liashevska, O.,
Butenko, T. et al. (2022). Empirical cumulative distribution function
of the characteristic sign of the gas environment during fire. Eastern-
European Journal of Enterprise Technologies, 4 (10 (118)), 60—66.
https://doi.org/10.15587/1729-4061.2022.263194

Pospelov, B., Andronov, V., Rybka, E., Samoilov, M., Krainiukov, O.,
Biryukov, L et al. (2021). Development of the method of operational
forecasting of fire in the premises of objects under real conditions.
Eastern-European Journal of Enterprise Technologies, 2 (10 (110)),
43-50. https://doi.org/10.15587/1729-4061.2021.226692

Dubinin, D., Cherkashyn, O., Maksymov, A., Beliuchenko, D., Hova-
lenkov, S., Shevchenko, S., Avetisyan, V. (2020). Investigation of
the effect of carbon monoxide on people in case of fire in a building.
Sigurnost, 62 (4), 347-357. https://doi.org/10.31306/5.62.4.2
Pasport. Spovishchuvach pozhezhnyi teplovyi tochkovyi. Ar-
ton. Available at: https://ua.arton.com.ua/files/passports/
%D0%A2%D0%IF%D0%A2-4_UA.pdf

Pasport. Spovishchuvach pozhezhnyi dymovyi tochkovyi optych-
nyi. Arton. Available at: https://ua.arton.com.ua/files/passports/
spd-32 _new_pas_ua.pdf

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Optical/Heat Multisensor Detector (2019). Discovery. Available
at: https://www.nsc-hellas.gr/pdf/APOLLO /discovery/B02704-
00%20Discovery%20Multisensor%20Heat-%200ptical.pdf
Pospelov, B., Rybka, E., Samoilov, M., Morozov, 1., Bezuhla, Y., Bu-
tenko, T. et al. (2022). Defining the features of amplitude and phase
spectra of dangerous factors of gas medium during the ignition of
materials in the premises. Eastern-European Journal of Enterprise
Technologies, 2 (10 (116)), 57-65. https://doi.org/10.15587/
1729-4061.2022.254500

McGrattan, K., Hostikka, S., McDermott, R., Floyd, J., Weinschenk, C.,
Overholt, K. (2016). Fire Dynamics Simulator Technical Reference
Guide. Vol. 3. National Institute of Standards and Technology.

Floyd, J., Forney, G., Hostikka, S., Korhonen, T., McDermott, R.,
McGrattan, K. (2013). Fire Dynamics Simulator (Version 6) User’s
Guide. Vol. 1. National Institute of Standard and Technology.

Hogg, R. V,, McKean, J. W,, Craig, A. T. (2019). Introduction to
mathematical statistics. Pearson, 746. Available at: https://minerva.
it.manchester.ac.uk /~saralees /statbook2.pdf

. Van de Geer, S. (2010). Mathematical Statistics. Available at:

https://people.math.ethz.ch/~geer/mathstat.pdf

Ling, S. (2020). Lecture Notes on Mathematical Statistics. Available
at: https://cims.nyu.edu/~sling/Math_Stats Lecture 2020F.pdf
Lehmann, E. L. (Ed.) (1999). Elements of Large-Sample Theory.
Springer, 632. https://doi.org/10.1007 /b98855

Levin, B. R. (1966). Teoreticheskie osnovy statisticheskoy ra-
diotehniki. Moscow: Sovetskoe radio.

Cramér, H. (1999). Mathematical methods of statistics. Vol. 26.
Princeton University Press.

Otrosh, Y., Semkiv, O., Rybka, E., Kovalov, A. (2019). About need
of calculations for the steel framework building in temperature
influences conditions. IOP Conference Series: Materials Science
and Engineering, 708 (1), 012065. https://doi.org/10.1088/
1757-899x,/708/1,/012065

Otrosh, Y., Rybka, Y., Danilin, O., Zhuravskyi, M. (2019). Assess-
ment of the technical state and the possibility of its control for the
further safe operation of building structures of mining facilities.
E3S Web of Conferences, 123, 01012. https://doi.org/10.1051/
e3sconf/201912301012

Loboichenko, V. M., Vasyukov, A. E., Tishakova, T. S. (2017). Inves-
tigations of Mineralization of Water Bodies on the Example of River
Waters of Ukraine. Asian Journal of Water, Environment and Pollu-
tion, 14 (4), 37-41. https://doi.org/10.3233 /ajw-170035

Vambol, S., Vambol, V., Kondratenko, O., Koloskov, V., Suchikova, Y.
(2018). Substantiation of expedience of application of high-tempera-
ture utilization of used tires for liquefied methane production. Journal
of Achievements in Materials and Manufacturing Engineering, 2 (87),
77-84. https://doi.org/10.5604,/01.3001.0012.2830

Pospelov, B., Rybka, E., Krainiukov, O., Yashchenko, O., Bezuhla, Y.,
Bielai, S. et al. (2021). Short-term forecast of fire in the premises
based on modification of the Brown’s zero-order model. Eastern-
European Journal of Enterprise Technologies, 4 (10 (112)), 52-58.
https://doi.org/10.15587 /1729-4061.2021.238555

DOI: 10.15587/1729-4061.2024.298916

EXPERIMENTAL STUDY OF WATER SPREADING
PARAMETERS WHEN EXTINGUISHING FIRES USING
AIRCRAFT SPRINKLERS (p. 64-73)

Serhii Panchenko

Cherkasy Institute of Fire Safety

named after Chornobyl Heroes

of the National University of Civil Defence of Ukraine,
Cherkasy, Ukraine

ORCID: https://orcid.org/0000-0002-1781-3935


https://www.nsc-hellas.gr/pdf/APOLLO/discovery/B02704-00%20Discovery%20Multisensor%20Heat-%20Optical.pdf
https://www.nsc-hellas.gr/pdf/APOLLO/discovery/B02704-00%20Discovery%20Multisensor%20Heat-%20Optical.pdf
https://doi.org/10.15587/1729-4061.2022.254500
https://doi.org/10.15587/1729-4061.2022.254500
https://minerva.it.manchester.ac.uk/~saralees/statbook2.pdf
https://minerva.it.manchester.ac.uk/~saralees/statbook2.pdf
https://people.math.ethz.ch/~geer/mathstat.pdf
https://cims.nyu.edu/~sling/Math_Stats_Lecture_2020F.pdf
https://doi.org/10.1007/b98855
https://doi.org/10.1088/1757-899x/708/1/012065
https://doi.org/10.1088/1757-899x/708/1/012065
https://doi.org/10.1051/e3sconf/201912301012
https://doi.org/10.1051/e3sconf/201912301012
https://doi.org/10.3233/ajw-170035
https://doi.org/10.5604/01.3001.0012.2830
https://doi.org/10.15587/1729-4061.2021.238555
https://doi.org/10.1016/s1007-0214(11)70005-0
https://doi.org/10.3390/a7040523
https://doi.org/10.3390/a7040523
https://doi.org/10.15587/1729-4061.2022.259493
https://doi.org/10.15587/1729-4061.2022.259493
https://doi.org/10.15587/1729-4061.2019.176579
https://doi.org/10.15587/1729-4061.2018.125926
https://doi.org/10.15587/1729-4061.2018.125926
https://doi.org/10.15587/1729-4061.2019.187252
https://doi.org/10.15587/1729-4061.2019.187252
https://doi.org/10.15587/1729-4061.2020.200140
https://doi.org/10.15587/1729-4061.2020.218714
https://doi.org/10.15587/1729-4061.2020.218714
https://doi.org/10.15587/1729-4061.2023.272949
https://doi.org/10.15587/1729-4061.2022.263194
https://doi.org/10.15587/1729-4061.2021.226692
https://doi.org/10.31306/s.62.4.2
https://ua.arton.com.ua/files/passports/%D0%A2%D0%9F%D0%A2-4_UA.pdf
https://ua.arton.com.ua/files/passports/%D0%A2%D0%9F%D0%A2-4_UA.pdf
https://ua.arton.com.ua/files/passports/spd-32_new_pas_ua.pdf
https://ua.arton.com.ua/files/passports/spd-32_new_pas_ua.pdf

Artem Bychenko
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-3788-3268

Vadym Nizhnyk

Institute of Public Administration

and Research in Civil Protection, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-3370-9027

This paper reports results of an experimental study on hydro-
dynamic processes when water is dropped from a height, as well as
their influence on the movement of liquid, in order to optimize the
processes of aviation firefighting.

The main parameters of water dispersion were determined
based on a series of experiments. It was established that the aver-
age diameter of drops when dropped from a height of 10 meters is
2.5 mm, with a maximum spraying distance of up to 15 meters. The
size distribution of the droplets showed that 30 % of the droplets
have a diameter of less than 2 mm, 50 % are between 2 and 5 mm,
and 20 % are more than 5 mm.

During the experiments, it was measured that the time for
pouring water from the container is 3 seconds, and the speed
of movement of water fractions when dropped from a height of
10 meters is 9.8 m/s. With an increase in the discharge height by
5 meters, the speed of water movement increased by 20 %.

One of the key points of the study is the improvement of the Tor-
ricelli equation by introducing the coefficient K (0.85), which takes
into account the viscosity and density of water, which improved the
accuracy of calculations by 15 % compared to the standard equation.

Python was used to process and interpret the video data, along
with libraries such as OpenCV for image processing, NumPy for
high-performance mathematical computations, and Matplotlib for
data visualization. The resulting data open up new prospects for
devising aerial firefighting strategies, providing a 20 % increase in
coverage area, and a 25 % reduction in firefighting time.

Torricelli’s equation was improved; a new procedure was
devised for the experimental determination of water dispersion
parameters, which has an important practical application in the
field of fire safety.

In the field of fire safety, the data obtained could be used to
improve aviation firefighting strategies, which would allow for
greater efficiency and safety.

Keywords: air fire extinguishing, parameters of water disper-
sion, modeling of textile tanks, Python script.

References

1. Panchenko, S., Nizhnyk, V., Bychenko, A. (2021) Tendentsiyi zasto-
suvannia aviatsiynoi tekhniky dlia hasinnia pozhezh. Nadzvychaini
sytuatsiyi ta likvidatsiya, 5 (1), 104—114. Available at: https://fire-
journal.ck.ua/index.php/fire/article/view/92

2. Panchenko, S., Nizhnyk, V., Bychenko, A. (2023). Alhorytmy vyko-
rystannia pozhezhnoi aviatsiyi dlia hasinnia lisovykh pozhezh. Nadz-
vychaini sytuatsiyi ta likvidatsiya, 7 (1), 77-88. Available at:
https://fire-journal.ck.ua/index.php/fire/article/view /149

3. Panchenko, S., Nizhnyk, V., Bychenko, A., Lutsenko, Yu. (2022).
Analysis of research on the influence of surface tension forces on the
dispersity of droplets during extinguishing forest fires by aviation
equipment. Scientific Bulletin: Civil Protection and Fire Safety,
1 (13), 55-63. https://doi.org/10.33269 /nvcz.2022.1(13).55-63

4. Meleschenko, R. G., Muntyan, V. K., Tarasenko, A. A. (2016). Evalu-
ating the effectiveness of fire aircraft An-32P and feasibility test of
their involvement in the localization of wildfires. Problemy pozhezh-
noi bezpeky, 39, 171-178. Available at: http://nbuv.gov.ua/UJRN/
Ppb_2016_39_29

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Meleschenko, R. G., Mountyan, V. K. (2014). Statistical analysis

of model parameters discharge of water from a fire plane An-32F.
Problemy pozhezhnoi bezpeky, 35, 151-162. Available at: http://
nuczu.edu.ua/sciencearchive/ProblemsOfFireSafety/vol35/me-
leschenko.pdf

. Carriere, T, Butz, J., Naha, S., Brewer, A., Abbud-Madrid, A.

(2012). Fire Suppression Tests Using a Handheld Water Mist Ex-
tinguisher Designed for the International Space Station. 42nd In-
ternational Conference on Environmental Systems. https://doi.org/
10.2514/6.2012-3513

. Rodriguez, B. R. (2013). Development of the International Space

Station (ISS) Fine Water Mist (FWM) Portable Fire Extinguisher.
43rd International Conference on Environmental Systems. https://
doi.org/10.2514,/6.2013-3413

. Volkov, R. S., Kuznetsov, G. V., Strizhak, P. A. (2012). Numerical

Estimation of Optimum Sizes for Water Drops at the Conditions
of Its Dispersion by Firefighting Devices at Placements. Fire
and Explosion Safety, 21 (5), 74-78. https://doi.org/10.18322/
pvb.2012.21.05.74-78

. Strizhak, P. A. (2013). Numerical Investigation of Evaporation Con-

ditions for Set of Water Drops at the Moving after High Temperature
Gas Mixture. Fire and Explosion Safety, 21 (8), 26-31. https://
doi.org/10.18322/pvb.2012.21.08.26-31

Strizhak, P. A. (2013). Numerical Analysis of Evaporation Process for
Droplet Moving at the Water Jet Through High Temperature Com-
bustion Products. Fire and Explosion Safety, 21 (9), 17-22. https://
doi.org/10.18322/pvb.2012.21.09.17-22

Vysokomornaya, O. V., Kuznetsov, G. V., Strizhak, P. A. (2013).
Heat and mass transfer in the process of movement of water drops
in a high-temperature gas medium. Journal of Engineering Phys-
ics and Thermophysics, 86 (1), 62-68. https://doi.org/10.1007/
$10891-013-0805-3

Shaw, A. R., Smith Sawyer, H., LeBoeuf, E. J., McDonald, M. P,
Hadjerioua, B. (2017). Hydropower Optimization Using Artificial
Neural Network Surrogate Models of a High-Fidelity Hydrodynam-
ics and Water Quality Model. Water Resources Research, 53 (11),
9444-9461. https://doi.org/10.1002,/2017wr021039

Meacham, J. M., Varady, M. J., Degertekin, F. L., Fedorov, A. G.
(2005). Droplet formation and ejection from a micromachined ultra-
sonic droplet generator: Visualization and scaling. Physics of Fluids,
17 (10). https://doi.org/10.1063/1.1921249

James, A. J., Smith, M. K., Glezer, A. (2003). Vibration-induced drop
atomization and the numerical simulation of low-frequency single-
droplet ejection. Journal of Fluid Mechanics, 476, 29—62. https://
doi.org/10.1017/50022112002002860

Riboux, G., Gordillo, J. M. (2015). The diameters and velocities of
the droplets ejected after splashing. Journal of Fluid Mechanics, 772,
630-648. https://doi.org/10.1017 /jfm.2015.223

Shrigondekar, H., Chowdhury, A., Prabhu, S. V. (2021). Performance
of water mist system with base injection in extinguishing small con-
tainer fires. Journal of Loss Prevention in the Process Industries, 71,
104448. https://doi.org/10.1016/j.jlp.2021.104448

Das, B. K., Jha, D. N,, Sahu, S. K., Yadav, A. K., Raman, R. K., Kar-
tikeyan, M. (2022). Analysis of Variance (ANOVA) and Design of
Experiments. Concept Building in Fisheries Data Analysis, 119-136.
https://doi.org/10.1007 /978-981-19-4411-6_7

Airbus successfully tests firefighting kit on A400M. Available at:
https://www.airbus.com/en/newsroom/press-releases/2022-07-air-
bus-successfully-tests-firefighting-kit-on-a400m

Holubiev, S. O., Lebid, O. H., Cherniy, D. 1. (2019). Zasoby kom-
piuternoho modeliuvannia v haluzi obchysliuvalnoi hidrodynamiky.
Matematychne modeliuvannia v ekonomitsi, 2, 21-39. Available at:
http://nbuv.gov.ua/UJRN/mmve 2019 2 4


http://nuczu.edu.ua/sciencearchive/ProblemsOfFireSafety/vol35/meleschenko.pdf
http://nuczu.edu.ua/sciencearchive/ProblemsOfFireSafety/vol35/meleschenko.pdf
http://nuczu.edu.ua/sciencearchive/ProblemsOfFireSafety/vol35/meleschenko.pdf
https://doi.org/10.2514/6.2012-3513
https://doi.org/10.2514/6.2012-3513
https://doi.org/10.2514/6.2013-3413
https://doi.org/10.2514/6.2013-3413
https://doi.org/10.18322/pvb.2012.21.05.74-78
https://doi.org/10.18322/pvb.2012.21.05.74-78
https://doi.org/10.18322/pvb.2012.21.08.26-31
https://doi.org/10.18322/pvb.2012.21.08.26-31
https://doi.org/10.18322/pvb.2012.21.09.17-22
https://doi.org/10.18322/pvb.2012.21.09.17-22
https://doi.org/10.1007/s10891-013-0805-3
https://doi.org/10.1007/s10891-013-0805-3
https://doi.org/10.1002/2017wr021039
https://doi.org/10.1063/1.1921249
https://doi.org/10.1017/s0022112002002860
https://doi.org/10.1017/s0022112002002860
https://doi.org/10.1017/jfm.2015.223
https://doi.org/10.1016/j.jlp.2021.104448
https://doi.org/10.1007/978-981-19-4411-6_7
https://www.airbus.com/en/newsroom/press-releases/2022-07-airbus-successfully-tests-firefighting-kit-on-a400m
https://www.airbus.com/en/newsroom/press-releases/2022-07-airbus-successfully-tests-firefighting-kit-on-a400m
http://nbuv.gov.ua/UJRN/mmve_2019_2_4
https://fire-journal.ck.ua/index.php/fire/article/view/92
https://fire-journal.ck.ua/index.php/fire/article/view/92
https://fire-journal.ck.ua/index.php/fire/article/view/149
https://doi.org/10.33269/nvcz.2022.1(13).55-63
http://nbuv.gov.ua/UJRN/Ppb_2016_39_29
http://nbuv.gov.ua/UJRN/Ppb_2016_39_29

DOI: 10.15587/1729-4061.2024.298430
ITEHTU®DIKAIIA PUSUKIB BIUIUBY 3BPOITHUX KOH®JIIKTIB HA EKOCUCTEMY (c. 6-14)

I. B. Kupmnuosa, K. C. Bepesenko, O. I. Bopmiorosa, C. I. Ckakoscpkuii, H. B. Conosa, 10. YO0. Uynpuna, C. C. JlioOuupkuii,
Bb. M. Komapucra, B. 1. Benmior, O. O. Hocupes

OG6’€KTOM AOCITIUKEHHS € TEPUTOPIs, sIKa cTaza 06’ €KTOM BIINBY G0HOBUX /iil. I0CIIIZKeH ST IPUCBAYEHO MOIIYKY IIJISIXIB OIIHKY CTaHy
€KOCHCTEM Ta 3a0e3eveHHs 1X CTIHKOCTI B yMOBaX BOGHHUX KOH(JIIKTIB.

Bucsitiieno BIunB BiificbkoBOTO KOHMJIIKTY Ha JJOBKIJIIS Yepe3 aHajli3 PU3UKIB Ta BTPAT B €KOCHCTEMaX.

JlocJtizKeHo, 1o IHTeHCUBHICTD 30poiiHIX KOH(IIIKTIB BU3HaYae Macuitab Ta CTYIiHD [OLIKO/PKEHHS eKOCUCTEM, a 3aCTOCYBaHH PyHHIB-
HOT 36p0i MPU3BOAUTD 710 GE3MOCEPEAHBOTO 3HUIEHHS IPUPOIHIX CEPEMOBHII Ta IXHIX KOMITOHEHTIB.

BusHaueHo HIISIXOM €KCIIEPTHOTO OIMUTYBAHHSI, [0 HAllBaroMiiie Ha 3MiHy TIPUPOHUX €KOCUCTEM BTpaTh GiopisHOMaHiTTsI, Aedopecta-
1is1, TepUTOpiabHi 3MiHY Ta PyiiHyBaHHA TPUPOAHUX 00’€KTiB (GanbHi onitku >9,0). Makropamu HU3bKOTO BILIUBY (GaabHi olinku <6,75) €
3a0pyAHEHHS MOBITPS, €po3ist Yepe3 3a0pyauentst arMocdepi, BTpaTn 6i0pisHOMAHITTSI Yepe3 3a6pyAHEHHS BOM.

JlocatipKeHo B3aEMO3B’ I3K1 MivK BiICBKOBUMU JIiSIMU Ta 3216pyLlHeHH$lM JIOBKLJLTIS 3317151 BASKJIMBICTD PO3YMIHHS IMX IIPoILeciB /71 edex-
TUBHOTO YIPABJIIHHSA €KOJOTIYHOIO GE3IEKOIO MMi/| Yac BOEHHUX KOH(IIIKTIB.

Po3pobiena MmaTeMaTnuHO-TpadiuHy MOJIETb MaTEPIaIbHIX MOTOKIB, sIKa T03BOJISIE BPAXyBATH MOTOKU PECYPCiB, 3a0py/HEHHST Ta BTPATH
B eKocucTeMi Mmij1 yac 36pOoiHIX KOH(ITIKTIB.

Mozens, mpoTecToBana y KniBehkiit o61acTi Ta 103B0IMIa BUSHAYATH MPiOPUTeTH 36epeskeHHs Ta YIpaBJiHHaa pusnkaMu. AHasmi3 9 Tre.km?
BUABUB 3a0py/IHEH] ALISHKY, 30KPEMa, Ha MBACHHO-3aX1[HOMY Ta 3aXi[HOMY HAIIPAMKY.

[IpakTHYHe BUKOPUCTAHHSI PE3yJIBTATIB JOCIIIZKEHHSI MOJISTa€ B PO3POOILi cTpareriil MiHiMizallil Ta BI/IHOBJIEHHS eKOJOTTYHUX HACTIIKIB
30poiiHux KOHMUIKTIB. Ile MOJKe CIPUATH MOKPAIIEHHIO YIPABJIIHHS IPUPOJAHUME PECYPCAMU B YMOBAX BOEHHUX Jifi Ta MiABUINEHHIO CTili-
KOCTI €KOCHUCTEM.

Kmou4oBi cioBa: BilicbkoBUil KOH(DIIIKT, PU3UKH, CTIHKICTh, EKOCHCTEMA, MaTeMATUIHA MO/IEJh, MaTepialbHi TTOTOKH, Teoin(opMaIiiii
CHUCTEMH.
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OIITHKA JIEIIOHAIIII BA’KKUX METAJIIB ¥ EJA®OTOINAX TA CUHAHTPOITHIIT POCJIUHHOCTI B
YMOBAX TEXHOTEHHOTI'O 3ABPY/THEHHS MICTA (c. 15-26)

O. B. €roposa, JI. I. JKuupka, B.C. Baxapes, O. O. Mucmok, O. M. XomeHko

OG6’ekTOM JIOCITIIKEH ST € 00JaCHUI [IEHTP 3 PO3BMHEHOIO TIPOMUCJIOBICTIO | 3HAYHUM TPAHCHOPTHUM HaBAaHTAKEHHSM. Y JOCJIZKEHH]
JlaHa OIliHKA BILIMBY IIpoItecy ypOaHizalil Ha yMOBH PO3BHTKY MiCbKuX exadoTtomis Ta ix posi y dyHkiionyBanHi ypboekocucrem. Busna-
YeHo, IO TeoXiMis IPYHTIB ypOOEKOCHCTEM CYTTEBO BIAPIZHAETLCS Bifl MPUPOAHUX JaHAIAdTIB, 10 3yMOBJIEHO CUMGIO30M MPUPOAHUX Ta
aHTpOTNOreHHNX (haKkTopiB. JlocizzkeHo BMICT pyXxoMuX (HOpPM BaXKKUX MeTaliB y IPYHTI 14 JokasiTeTiB pisHuX (PyHKIIOHAIBHUX 30H MicTa.
IIpoBenena nopiBHAIbHA OIiHKA IIPOCTOPOBOI FeTEPOreHHOCTI BMICTY BaXKKUX METAJIIB y BereTaTUBHUX OpraHax (KOpiHb, I1aroH) iarHOCTHY-
Horo Buy Polygonum aviculare L. Bixnosinuo 1o pkepest eMicii BaKKUX MeTasiB Ta ¢(hOPMOBAHUX TEOXIMIYHUX aHOMAJIii BUSBJIEHA IPSIMa
3AJIEKHICTD MO0 X aKyMyJIIOBaHHsI BereTaTUBHUMU opranamu Polygonum aviculare L. 3a po3paxoBanuM KoebilieHToM 6ioJOTiYHOTr0 Mo-
rimHanHs (BAC), oBenieHo BUCOKY 6i0JIOriuHy AOCTYIHICTD MO0 aKyMYJIIOBAHHS TOKCHKAHTIB TeXHOreHHOoro noxouketts Cu, Zn, Pb, Cd
(irtomacoro Polygonum aviculare L. Busnaueno, 110 BMICT Ba)KKUX METaJIiB Y PI3HUX YaCTHHAX TECT-00'€KTY 3yMOBJIEHUH iX (isiosoriynon
3/IATHICTIO /IO HE O/[HAKOBOTO HArPOMA/KEHHS 1INX TOKCUKAHTIB y KOPEHEBill i Ha/i3eMHill Maci. AKTHBHUIT TPAHCJIOKAIIITHUI T1epexXi/i TOKCH-
KaHTiB 3 TPYHTY B KOPiHHS XapaKTEPHUIT s JIOKATITETIB 3 iIHTEHCUBHUM BILTMBOM T€XHOTEHHOTO (hAKTOPY, /U1 SIKMX 3HAYEHHS KOeDillieHTy
6iomoctymnHocTi Bapioe B Mexkax 0,6>BAC<0,85. BusHaueno koedirientn Kopessinil Mi’k BMICTOM BaKKHX MeTaliB y atMocdepi, IpyHTI i
BEreTaTUBHUX OpraHax pociuHu. [IpoBe/ieHe MOCHIIKEHHS T03BOJISIE OLIHUTH MEPCIEKTUBHICTh BUKOpHCTaHHs Polygonum aviculare L. six
KYMYJIITUBHOTO 1HAMKATOPA METaJIYHOTO 3a0py/AHEHHsT YPOOTEXHOTEHHUX eKOCHCTEM Ta IX BUCOKY (hiTOMETIOpaTHBHY IiHHICTH B yMOBaX
3a0pyIHEHHS IOBKIJIIIS BAKKUMU METATIAMU.

KiouoBi caoBa: Baxki Metasu, genonaiiis, Polygonum aviculare L., micbki egadorornu, ciHaHTPOIHI pocarHu, (GhiToiHMKaIlis.
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®I3UKO-XIMIYHI JOCJIKEHHA AJICOPBIIMHUX BJIACTUBOCTEM ITIPUPOTHUX MIHEPAJIIB JIJ1S1
COPBI[ITHOTO OUUIIEHHSA CTIYHUX BOJI BIJI IOHIB Pb*2, Ni*2, Zn*2 (c. 27-35)

Manshuk Murzagaliyeva, Nazgul Ashimkhan, Ardak Sapiyeva, Gulnur Daribayeva
OpHi€Io 3 akTyalIbHUX TIPOOJIEM € OUUIIIEHHST TPOMUCJIOBUX CTIYHUX BOJL Bi/l IOHIB TOKCHMYHUX Ta BAKKUX METAJIB OiIbII e(heKTHBHUM Ta

€KOJIOTTYHUM CIIOCOOOM.
Sk mMarepianu gocsipkenss 6yau o6paHi GeHTOHIT MOHTMOPHJIOHIT, GEHTOHIT YepPBOHUI, IIEOJIT i AIaTOMIT AJIMATHHCHKOI 00J1aCTi.



V wuiit po6oti gocaiazKyBantncst aacopOiiiHi BAaCTHBOCTI IPUPOAHKUX MiHepatiB (i3MKO-XiMIYHUME METOAMHU /ISt COPOIIIHOTO OUMIIEH-
H# cTiuHuX BoJ Bix ioniB Pb*2 Ni'2 Zn*2.

PentrenodazoBum ananizoM BU3HAYEHO XIMIUHUN CKIIAJ AOCHIKYBaHUX MaTepianiB. OCHOBHUM KOMIIOHEHTOM iaToMiTy € SiOs, 1meo-
aity — somontut ckaanxy CaszAlgSijsO4s-14H,0 (51.3 %). OcHOBOW GEHTOHITIB € Geli/1e/ I T-MOHTMOPIJIOHIT, 1110 Ma€ aMOPhHY CTPYKTYPY.
MeTozom aToMH0-abcopbIiitHoi crieKTpoMeTpii 6yI0 TPoBeeHo TOCTiKeH s 3 copbii ioniB Baskkux Metamis (Pb*2, Nit2, Zn*?) nocmimxy-
BaHUMU PUPOAHUMH aacopOerTamu. Kparmyumu copOIiiHNMI BIaCTUBOCTAMU MatoTh OerToniTn ponosunt Mykpu ta Cepenniii Tentex. Tyt
BMICT i0HIB CBUHILIO, HIKEJIIO Ta IIUHKY 3MEHIITYEThCsI B cepeiHboMy Ha 82—85 %. Y pasi BUKOpUCTAHHS AiaTOMITY BMICT iOHIB IHX jKe METaJliB
3MEHIITY€EThCsT TPUbIN3HO Ha 74—76 %, 115t €0ty Ha 64 %.

3arajioM OuiKy€eTbCs IIPOsIB aJICOPOIIHHKUX BJACTUBOCTEN IUX MiHEpasIiB, AKi MalOTh 3a66311equaTuca BHACJI/IOK BUCOKOI IOPUCTOCTI y
pasi giaToMiTy Ta 1eosiTy abo TPOHUKHEHHS i0HIB Y MiXKITaKeTHUI MPOCTIp MiXK Imapamu GeHTOHITIB. 3MilTyBaHHs aAcOpOEHTIB, 301IbITEHHS
IX MaCOBHX YaCTOK Ta ITi/[BUIIEHHS MACH CYMiIlli IPU3BOAUTD 10 MiABUIIECHHS e(PeKTUBHOCTI CTYIICHS OUMIIIEHHS 1[UX 1OHIB.

BusnaueHo, 1110 OPUPO/IHI MiHepanu POAOBUIL AJMATHHCHKOI 006JacTi MalOTh COpOIiiiHI BIACTUBOCTI, SIKi MOKHA BUKOPHCTOBYBAaTH B
TMPAKTUYHUX IIIJIAX, 30KpPeMa /ISt OUUIIeHHS CTIYHUX BOJ.

Kio4oBi ciioBa: Boja, ajicopOeHT, MeTall, GEHTOHIT, [IaTOMIT, COPOILLisl, OUUIIECHHS, MiHEPAJIU, BUTYYEHHs], KIHETUKA.

DOI: 10.15587/1729-4061.2024.299130
PO3POBKA IHTETPOBAHOTO IIAXOAY 40 AHAJII3Y TA ITIPOTHO3Y I'/IPOIPA®IYHIUX TA
BATUMETPUYHUX JAHUX BO/IOVIM TA XBOCTOCXOBHUIII (c. 36-46)

Makpal Zhartybayeva, Nurzhan Serik, Aizhan Nurzhanova, Ruslan Rakhimov, Symbat Tulegenova

Icnye notpeba B eheKTUBHOMY MOHITOPUHIOBOMY PIillleHHI /11 KOHTPOJIIO SIKOCTI BOAM B XBOCTOCXOBHUINAX i TPHUJIEIJIMX BOJOWMAX 3
MeTOI0 3am06iraHHsT 3a0pyAHEHHIO HABKOJIHMIIHBOTO CEPEOBUIIA. Y Il CTATTI MiIKPECTIOETHCST BXKINBICTD MOHITOPUHTY Ta CIIOCTEPEKEHHS
3a SIKICTIO BOAM JIUIs 3anobiraHHs 3a0pyaHeHH 0. [[POTOHy€EThCst PO3poOUTH MOGIIBHINA POGOTU30BAHMI KOMILIEKC, OCHAIIEHUH JaTYNKAMU
UL MOHITOPUHTY BOJIOIM 1 XBOCTOCXOBHII, SIKUI TaKOXK 3/aTHUN BUMIpIOBaTH MiABOAHI Tomorpadivni gani. O6’ekraMmu J0CiKeH s Oyin
XBOCTOCXOBHIIIE Ta BOAOIMIL.

[IpoanasizoBati iCHyI04i pillleHHs TEXHIYHOIO MOHITOPHHTY, CIIPOEKTYBAIM Ta PO3POOUIIN POOOTH30BAHMIT KOMILIEKC, eXOJOKaI[iiHwii
NPUCTPIi, BUIIPOGYBaIH iX HAa KOHKPETHUX MaiijaHunKax (xsocrocxosuiie Kaiipemcbkoro ripanyo-zbaradyBaabHoro KomOinaty Ta p. Iimim),
nposesu aboparophuii anasis mpob Boau, Kiaacudikysaau pesysbratu. Kpim toro, 6ys0 orpumano 2D i 3D kaprtu ana i BHecsn Bei 3ibpani
naHi B po3pobiieny 6asy JaHuX i IporpaMiHe 3a6e3medeHHsI.

Po3pobuieHnit KOMILIEKC TIPOJEMOHCTPYBAB BUCOKY TOUYHICTD pyxy (moxubka 6im3bko 0,2 M 1o oci x i 0,1 M 110 oci y) i 3naTHicTh peectpy-
BaTH Taki mapaMeTpy CepeloBHIIa, SIK TeMIeparypa, Bosorictb, PH. Anaiiz ganux 3a 2021-2023 poku 110ka3aB 3HaUHUN HAAJIUIIOK 060POT-
HOI BOZIH, 110 CKUJIAETHCsT y GaceilH BUIIAPHUKA, 10 THAKPEC/IIOE BaKIMBICTh MOHITOPUHTY Ta YIIPABJIHHSA BOJHUMH PECYPCAMHU.

Jlocnijzkenns 3acrocoBye mozesi ARIMA, HeltpoHHI Mepeski /it IPOrHO3yBaHHs napameTpiB BogoiiMu. OTpuMaHi pesysbraTi CBiuaTh
PO BHCOKY e(DeKTHBHICTb PO3PO6IEHOT0 POOOTI30BAHOTO KOMILTEKCY Ta METOIIB aHAI3Y JIAHUX TIPO BOAHI pecypci. 11i MeToan MOXHa BIKO-
PHCTOBYBATH B IIPOMUCIOBOCTI, HAYKOBUX JIOCJI/UKEHHSIX Ta €KOJIOTIYHUX ITPOEKTAX /ISl PEryJIIPHOIO MOHITOPUHTY SIKOCTI BO/IM Ta BXKUBAHHS
3aXO/IiB MO0 11 3aXUCTY.

Kmo4oBi cioBa: pamiokepoBaHnii po6OTH30BaHIIT KOMIITIEKC, MOHITOPIHT, XBOCTOCXOBHIIA, €XOTOKAIIHIIA TPUCTPiil, TPOTHO3YBAHHS,
HeHPOHHI Mepexi.
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BCTAHOBJIEHHS 3AKOHOMIPHOCTE 3HUKEHHS IMOKEKOHEBE3ITEUHUX BJIACTUBOCTEI SIP-
MMAHEJEN TP BOTHE3AXUCTI PEAKIIITHUM MOKPUTTSAM (c. 47-54)

I0. B. llanko, O. I0. Ilanko, P. B. JlixuboBcbkuii, M. B. CyxaneBny, JI. JI. 3anoascekui, II. O., Iumouenko, O. I. Beapariok

[Ipo6aema sacrocyBanns SIP-maneseil auist OymaiBeqbHUX KOHCTPYKILiT Mmosisirae B 3abe3medeni X CTIHKOCTI i JOBroOBIYHOCTI MIPU e€KC-
ITyararii B IupoKkux Mesxkax. Tomy 06'€KTOM A0CTiKeHb OyJia 3MiHa BJIACTUBOCTEN EPEBO MOMIMEPHOTO MaTepiary IPH TOKEK] Ta 3aXUCTi
110T0 P 3aCTOCYBAHHI PEAKTUBHUM IIOKPUTTSIM, 1110 3/[aTHE /10 YTBOPEHHS 1Iapy [IHOKOKCY I1iji BIVINBOM BUCOKOI TeMIlepaTypy Ha ITOKPUTTSL.
[loBezneno, o B mpoIieci TeEPMIYHOI /il Ha BOTHE3aXWCHE MOKPUTTS TIPoIiec TerioizomoBanusa SIP-maneseil mosisirac B yTBOPEHHI CasKOIIO-
NiGHUX TIPOYKTIB HA MOBEPXHI Marepiay. Tak came Mij Ai€ro paiainiiiHol maxesi Ha oBepxHi 3paska OSB, micast 120 ¢ TepMIUHOTO BILIUBY,
PO3TOYaBCs MPOTIEC iHTEHCUBHOTO YTBOPEHHS MIAPY MHOKOKCY, SIKUH TETI0130J1I0BaB JIePeBOIOJIiMEPHUIT MaTepial, HATOMICTb, TTiCJIsT BITHBY
paziaiiiHol maHei, Ha BOTHE3aXMIIEeHNH 3pa30K MHOTOTICTHPOLY, 3a TemnepaTypu 6;m3bko 100 °C posnouyases npoiec pyiHyBaHHS MHOMTO-
gictupoay. ITi yac BU3HAUEHHS rOPIOYOCTi BOTHe3axuieHoi SIP-nanesi BCTaHOBJIEHO, 1O TeMIIEpaTypa AMMOBKX Ta3iB MPU BUIPOOYBaHHAX
ckirasa He Ginpire 110 °C, 1oBkuHA MONTKO/UKEHHST 3pas3ka He tepeuinuia 460 mm. IIpu ribomy BrpaTa Macu He nepeuimia 200 1, a camo-
criiine ropinus 3paska SIP-naneni ne BiLl6leOCH He3Ba’)Kalo4M 110 Ha BUCOKY TeMmeparypy. 3a uumu januMu SIP-naness, BornesaxuiieHa
PeaxIiiTHIM TTOKPUTTSIM, BiHOCUTHCS 70 rpynu ['1 (nu3bKoi TopioyocTi) i € Baxkko3aiiMucTuM MaTepiasom. [IpakTudne 3madenns mossrae
B TOMY 1110, OTPMMaHi pe3yJibrati OyJ0 BPAXOBAaHO IMifl 4ac MPOEKTyBaHHs Oymiseapb i3 SIP-maneneit. OTxe, € MiACTaBU CTBEPKYBATH PO
MOMKJIMBICTD CIPSIMOBAHOIO PETyJIIOBaHHS IIPOIieciB BorHesaxucry SIP-maHeseil NISIXOM 3aCTOCYBaHHS PEAKTUBHUX HMOKPHTTIB, 3/[aTHUX
YTBOPIOBATH Ha MMOBEPXHI MaTepiay 3aXHUCHUI MIap, AKUH raJbMye€ IBU/KICTD TTepelaBaHHs Tella.

KimouoBi cioBa: Bornesaxucui 3aco6u, KoHcTpyKiii 3 SIP-nanesieii, repmiune pyiiHyBaHHs moBepxHi, Boruesaxuct SIP-naneseii, ciy-
YeHHS TIOKPUTTS.
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METO/I PAHHbOTO BUSIBJIEHHSI 3ATOPSIHb HA OCHOBI BUBIPKOBOI JIMICIIEPCIi HEBE3IIEYHOTO
TIAPAMETPY (c. 55-63)

B. B. Ilocnenos, €. O. Pu6ka, O. M. Kpaiiniokos, B. II. @eauna, 0. C. Beayria, A. C. Meabuuuenko, I1. ¥0. Bopoauy, C. B. I'puniko,
C. A. Manxypa, O. O. EcinoBa

OG6’exTOM I0CIIKEHHS € BUGIPKOBA [IUCIIEPCist HeOE3MeYHIX TapaMeTPiB Ta30BOT0 CEPeOBUINA TIPH 3aTOPSIHHIX Marepiasis. Bukonano
TeopeTHyHe OOTPYHTYBAHHS METO/LY BUSIBJICHHS 3arOPsiHb Y MIPUMINIEHHSIX HA OCHOBI BUGIPKOBUX AHCIIEPCiii TIOTOYHNX BUMIPIOBaHb J0BLJIb-
HOTO HeOE3IEeYHOTOo TTapaMeTpa ra30BOT0 CEPEIOBMUII, IO BiAMOBIAIOTH TEHEPATHHIM CYKYITHOCTSIM JOCTOBIPHOI BIZICYTHOCTI Ta HASIBHOCTI
3aropsiHHsL. MeTo IIpy 3a/jaHOMY PiBHI 3HAUYN[OCTI BU3HAYAE He3MillleHe PIBHOMIPHO HANIIOTY KHiIlle TPaBUJIO BUSBJIEHHS 3aropsiub. Lle mo-
3BOJISIE BCTAHOBJIIOBATH, HACKIJIBKU BiZIMIHHOCTI BUGIPKOBUX JIMCIIEPCiil CYTTEBI i3 3a[aHiM PiBHEM 3HAYYIIOCTI Ta OOYMOBJIEH] 3arOPsSIHHSM
abo € BumagkoBuMu (akropamu. [IpoBeieHo 1ab0pPaTOPHi €KCIIEPUMEHTH 3 TIEPEBIPKH 3aIPOMIOHOBAHOTO METOAY. BetanosieHo, o BIms
3arOpsIHHS Ha BeJIMYMHY BiIMIHHOCTI BUGIPKOBOI JucIIepcii Ha BIAMOBIAHKUX IHTEPBaLaX CIOCTEPEKEHHS KOHIIEHTPAIii Ya{Horo rasy, Iiab-
HOCTI INMY Ta TEMIIEPATYPH Ta30BOTO CEPENOBHINA JaG0PATOPHOI KaMepH BHUSIBISIETHCS PI3HIM 1 3aJIEKUTH Bijl TUITY MaTepialy 3aropstHHsL
TTpu ubomy MiHiMasIbHA BiIMIHHICTH BUGIPKOBHX ANCIEPCIH € XapaKTEePHOIO JUIsI CIIOCTEPEKEHHSI IIBHOCTI JIMMY JIJISI BCIX JOC/UKYBAaHUX
Matepiaznis. OJlHAK PaHHE BUSBJICHHS 3aTOPSIHHS CIIUPTY, HAIlepPy, A€PEBUHU Ta TEKCTUJIIO IIPU CIIOCTEPEKEHHI IIIBHOCTI IMMY 3711 iiCHIOETHCS
npu iepeButensix mopory B 9,01, 5,31, 2,13 ta 2,55 pasu Bianosiano. [Tokasamno, 110 MeTo 1 pAHHBOTO BUSIBIIEHHSI 3aTOPSIHb, 110 TPYHTYETHCST
Ha BUSIBJICHHI CYTTEBUX BiIMIHHOCTE# BUOGIPKOBUX [IMCIIEPCiil IAHUX i3 BIIMOBI/IHUX reHepaIbHUX CYKYITHOCTEH, € octoBipauM. Ha rmpakruiii
PE3YIIBTATH OCTIKEHb MOKYTh BUKOPICTOBYBATHICS ISl BUSIBIEHHSI 3aTOPSIHD 32 YMOBH 0GUNCIeHHs BHOIPKOBUX JMCIIEPCiil HeOE3MEeUHIX
TIapaMeTpiB ra30BOTO CepPeIOBUIIA Ha iIHTepBajaX BiICYTHOCTI Ta HASIBHOCTI 3arOpsiHb.

Ki040Bi c10Ba: paHHE BUSABJIEHHS TIOXKEK, 3arOPSTHHS MaTepiasiis, BUGipKoBa Auctepcisi, HeGe3neyHi mapaMeTpH, ra30Be CEPEIOBUIILE.
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EKCHEPUMEHTAJIbHE BUSHAYEHHS IIAPAMETPIB JIUCIIEPTYBAHHS BOIU ITPU TACIHHI ITOJKEK
ABIAIIMHUMU 3ACOBAMU (c. 64-73)

C. O. Ilanuenko, A. O. Buuenxo, B. B. Hixkuux

[IpencraBieHo pe3yIsTaTi eKCIIEPUMEHTAIBHOTO JIOCI/UKEHHS T1/IPOANHAMIYHUX MTPOIECiB PH CKUIAHHI BOJM 3 BUCOTH Ta IX BIUINB HA
PYX piANHU 3 METOI0 ONTHMI3allil IIpolieciB aBialiiiHOro raciHHs IOXKexX.

OcHOBHI TTapaMeTpy AUCIEPryBaHHs BOIM BU3HAYAINCS HA OCHOBI cepii ekcriepuMenTiB. Beranosieno, mo cepeziniii fiameTp Kparesib
mpu ckuanHi 3 Brucotn 10 MeTpiB cTaHOBHUTH 2.5 MM, 3 MAKCUMAIBHOIO Bi/ICTAHHIO po3muity a0 15 mMerpis. Posmomis kpamess 3a po3mipaMu
nokasas, 1o 30 % kparesb MaloTh AiameTp Menuie 2 MM, 50 % — Bix 2 10 5 MM, Ta 20 % — Gisbiie 5 MM.

ITiz yac excriepuMeHTiB OyJI0 BU3HAYEHO, 110 YaC BUJIMBY BOJM 3 EMHOCTI CTAHOBUTH 3 CEKYH/IM, a IMBUAKICTh PYXY BOJSHUX (ppaxitiit
npu ckuganui 3 Bucotu 10 merpis — 9.8 m/c. 3i 36LbIIEHHAM BUCOTU CKUIAHHS HA 5 METPIB MBUIKICTh PyXy BoAU 30L1bImyBatacs Ha 20 %.

OjHUM 3 KJTIOYOBMX MOMEHTIB JIOCTI/PKEHHST € BJIOCKOHAJIeHHs1 piBHsiHHS Topidesuti 3a jjonmomoroio BBeentst koeditienta K (0.85), mo
BPAXOBYE B'SI3KICTb Ta HIIIBHICTb BOJM, [0 MOKPAIINJIO TOYHICTh PO3PAXyHKiB Ha 15 % MOPIBHAHO 3i CTAHAPTHUM PiBHSHHSIM.

Jlnst 06po6Ku Ta inTeprperaiii Bizeoganux 0ysio sukopucrano Python pasom 3 6i6miorekamu, Takumu sk OpenCV miist 06po6Ku 306pa-
skeHb, NumPy 17151 BUCOKoehekTuBHUX MareMaTnuHnux obuncaens ta Matplotlib auist Bisyamiszariii marmmux. Orpumani gami BiIKPUBAIOTH HOBI
MEePCIEKTUBY Ik PO3POOKU CTpATETiil aBialiiiHOro racinHs mokex, 3abesmnedyoun 301bHIeHHs IO MOKPUTTs Ha 20 % Ta 3HUKEHHS 4acy
racinus Ha 25 %.

Brockonanerno pisasiaus Topidenti Ta po3po6IeHO HOBY METOAMKY /TSI €KCIIEPMMEHTaTbHOTO BUSHAYEHHST TaPAMETPIB ANCIEPTYBAHHS
BOJIH, SIKa MA€ BasKJIMBE MIPAKTUYHE 3aCTOCYBAHHs y cepi MOKeKHOT Ge3eKn.

V chepi noxkeskHol 6e3nekn oTpuMani gaHi MoKy Th OyTH BUKOPHCTaHI JIJIsl TOKPAIEHHs CTpaTeriil aBialliiiHoro racinmst MoKesk, 1o 3a-
GesreunThb OLIbITY eDEKTUBHICTD Ta GE3IIEKy.

Ki1040Bi ci10Ba: TOBITPsIHE TTOKEKOTACIHHS, TTAPAMETPH [MCIIEPCHOCT] BOH, MOJIETIOBAHHSI TEKCTHIBHIX pe3epByapis, Python ckpurt.



