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This study investigates atmospheric dust pollution generated by
quarrying activities, particularly the impact of traffic on access roads.
The task addressed relates to the lack of a comprehensive assessment
of dust levels and associated health risks, considering the actual op-
eration of quarry infrastructure and seasonal variability.

Emissions from quarrying during 2020-2024 have been analyzed,
which made it possible to evaluate anthropogenic pressure. PM,.s and
PM,, measurements were conducted along the access road to the Ry-
balskyi quarry (Ukraine); the results were used for statistical process-
ing and dust load modeling.

Correlation-regression models were built to assess the impact of
environmental and transport factors, identifying key pollution drivers.
A mathematical model of the spatial distribution of concentrations was
constructed, including an evaluation of health risks for people.

Maximum recorded PM;, concentrations reached 312 pg/m?3,
thereby exceeding the permissible limit by 6.2 times. Considering
meteorological conditions, vehicle types, as well as traffic intensity
enabled quantitative assessment of each factor’s contribution to dust
load and identification of high-risk zones.

The results are attributed to the high sensitivity of dust concen-
trations to local changes, confirmed by determination coefficients
and spatial modeling outcomes. The proposed approach is suitable for
environmental protection measures aimed at reducing dust emission
impact on the environment and public health. It could be applied to
plan sanitary-protection zones, regulate traffic, and optimize logistics
according to local conditions. This approach requires the availabil-
ity of meteorological data and traffic information to provide reliable
forecasts.

Keywords: dust pollution, quarry access roads, correlation-
regression analysis, health risk assessment, environmental safety.

References

1. Kafu-Quvane, B., Mlaba, S. (2024). Assessing the Impact of Quarrying as
an Environmental Ethic Crisis: A Case Study of Limestone Mining in a

10.

11.

12.

13.

14.

15.

Rural Community. International Journal of Environmental Research and
Public Health, 21 (4), 458. https://doi.org/10.3390/ijerph21040458
Boutemedjet, A., Bounouala, M., Idres, A., Benselhoub, A. (2019). Assess-
ment of dust pollution related to granite quarry operations in Kef Boua-
cida, Annaba (Algeria). Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 1, 117-124. https://doi.org/10.29202/nvngu/2019-1/13

. da Silva-Régo, L. L., de Almeida, L. A., Gasparotto, J. (2022). Toxico-

logical effects of mining hazard elements. Energy Geoscience, 3 (3),
255-262. https://doi.org/10.1016/j.engeos.2022.03.003

Pham, T. T. K., Le, S. H., Nguyen, T., Balasubramanian, R., Tran, P. T. M.
(2024). Characteristics of airborne particles in stone quarrying areas:
Human exposure assessment and mitigation. Environmental Research,
245, 118087. https://doi.org/10.1016/j.envres.2023.118087

Saka, M. B., Hashim, M. H. bin M. (2024). Critical assessment of the
effectiveness of different dust control measures in a granite quar-
ry. Journal of Public Health Policy, 45 (2), 212-233. https://doi.org/
10.1057/s41271-024-00481-6

. Khan, M. M. H,, Kurniawan, T. A., Chandra, I., Lei, T. M. T. (2025).

Modeling PM10 Emissions in Quarry and Mining Operations: In-
sights from AERMOD Applications in Malaysia. Atmosphere, 16 (4),
369. https://doi.org/10.3390/atmos16040369

Demirarslan, K. O., Yener, 1. (2022). Investigation of total suspended
particulate matter dispersion from quarries in Artvin, Turkey, using AER-
MOD and its relationship with topography. Air Quality, Atmosphere &
Health, 15 (12), 2313-2327. https://doi.org/10.1007/s11869-022-01253-5
Tripathi, A. K., Aruna, M., Parida, S., Nandan, D., Elumalai, P. V,
Prakash, E. et al. (2024). Integrated smart dust monitoring and prediction
system for surface mine sites using IoT and machine learning techniques.
Scientific Reports, 14 (1). https://doi.org/10.1038/s41598-024-58021-x

. Sairanen, M., Pursio, S. (2020). Near field modelling of dust emissions

caused by drilling and crushing. SN Applied Sciences, 2 (7). https://
doi.org/10.1007/s42452-020-2976-9

Peng, X., Shi, G.-L., Zheng, J., Liu, J.-Y., Shi, X.-R., Xu, J., Feng, Y.-C.
(2016). Influence of quarry mining dust on PM 2.5 in a city adjacent
to a limestone quarry: Seasonal characteristics and source contribu-
tions. Science of The Total Environment, 550, 940-949. https://doi.org/
10.1016/j.scitotenv.2016.01.195

Wang, H., Wang, Z., Wang, R. (2025). Characteristics of dust pollution
and its influencing factors during cold period of open-pit coal mines in
northern China. Frontiers in Earth Science, 13. https://doi.org/10.3389/
feart.2025.1458847

Chamdimba, G., Vunain, E., Maoni, M. (2023). Assessment of particulate
matter exposure on ambient air and its impact on workers at two granite
quarry mines at Njuli, Southern Malawi. Environmental Monitoring and
Assessment, 195 (9). https://doi.org/10.1007/s10661-023-11708-6
Leon-Kabamba, N., Ngatu, N. R., Muzembo, B. A., Kakoma, S., Mi-
chel-Kabamba, N., Danuser, B. et al. (2020). Air Quality in the Work-
ing Environment and Respiratory Health of Female Congolese Stone
Quarry Workers. Tropical Medicine and Infectious Disease, 5 (4), 171.
https://doi.org/10.3390/tropicalmed 5040171

Nemer, M., Giacaman, R., Husseini, A. (2020). Lung Function and
Respiratory Health of Populations Living Close to Quarry Sites in Pal-
estine: A Cross-Sectional Study. International Journal of Environmen-
tal Research and Public Health, 17 (17), 6068. https://doi.org/10.3390/
ijerph17176068

Hoang, A. N., Pham, T. T. K., Mai, D. T. T., Nguyen, T., Tran, P. T. M.
(2022). Health risks and perceptions of residents exposed to multiple
sources of air pollutions: A cross-sectional study on landfill and stone
mining in Danang city, Vietnam. Environmental Research, 212,
113244. https://doi.org/10.1016/j.envres.2022.113244


https://doi.org/10.3390/ijerph21040458
https://doi.org/10.29202/nvngu/2019-1/13
https://doi.org/10.1016/j.engeos.2022.03.003
https://doi.org/10.1016/j.envres.2023.118087
https://doi.org/10.1057/s41271-024-00481-6
https://doi.org/10.1057/s41271-024-00481-6
https://doi.org/10.3390/atmos16040369
https://doi.org/10.1007/s11869-022-01253-5
https://doi.org/10.1038/s41598-024-58021-x
https://doi.org/10.1007/s42452-020-2976-9
https://doi.org/10.1007/s42452-020-2976-9
https://doi.org/10.1016/j.scitotenv.2016.01.195
https://doi.org/10.1016/j.scitotenv.2016.01.195
https://doi.org/10.3389/feart.2025.1458847
https://doi.org/10.3389/feart.2025.1458847
https://doi.org/10.1007/s10661-023-11708-6
https://doi.org/10.3390/tropicalmed5040171
https://doi.org/10.3390/ijerph17176068
https://doi.org/10.3390/ijerph17176068
https://doi.org/10.1016/j.envres.2022.113244

16. Bakamwesiga, H., Mugisha, W,, Kisira, Y., Muwanga, A. (2022). An As-
sessment of Air and Water Pollution Accrued from Stone Quarrying in
Mukono District, Central Uganda. Journal of Geoscience and Environ-
ment Protection, 10 (05), 25-42. https://doi.org/10.4236/gep.2022.105003

17. Swangjang, K., Dantrakul, A., Panishkan, K. (2025). Potential Health
Risk of Dust from Stone Mill Industries. Atmosphere, 16 (2), 230.
https://doi.org/10.3390/atmos16020230

18. Qian, Q. Cao, X., Qian, Q., Shen, F., Wang, Q., Liu, H., Tong, J. (2016).
Relationship of cumulative dust exposure dose and cumulative ab-
normal rate of pulmonary function in coal mixture workers. The
Kaohsiung Journal of Medical Sciences, 32 (1), 44-49. https://doi.org/
10.1016/j.kjms.2015.11.003

19. Laaouaoucha, D., Farhane, M., Essaouini, M., Souhar, O. (2021).
Analytical model for the two-dimensional advection-diffusion equa-
tion with the logarithmic wind profile in unstable conditions. Inter-
national Journal of Environmental Science and Technology, 19 (7),
6825-6832. https://doi.org/10.1007/s13762-021-03554-1

20. Querol, X., Pérez, N., Reche, C., Ealo, M., Ripoll, A., Tur, J., Pandol-
fi, M. et al. (2019). African dust and air quality over Spain: Is it only
dust that matters? Science of The Total Environment, 686, 737-752.
https://doi.org/10.1016/j.scitotenv.2019.05.349

21. Casotti Rienda, I., Alves, C. A. (2021). Road dust resuspension: A
review. Atmospheric Research, 261, 105740. https://doi.org/10.1016/
j-atmosres.2021.105740

22. Zhao, Z., Tian, J., Zhang, W., Zhang, Q., Wu, Z., Xing, Y. et al. (2023).
Chemical Source Profiles and Toxicity Assessment of Urban Fugitive
Dust PM2.5 in Guanzhong Plain, China. Toxics, 11 (8), 676. https://
doi.org/10.3390/toxics11080676

23. Nath, P, Saha, P,, Middya, A. I., Roy, S. (2021). Long-term time-series
pollution forecast using statistical and deep learning methods. Neural
Computing and Applications, 33 (19), 12551-12570. https://doi.org/
10.1007/s00521-021-05901-2

24. WHO global air quality guidelines: particulate matter (PM2.5 and
PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide.
World Health Organization, 290. Available at: https://www.who.int/
publications/i/item/9789240034228

25. TARC Monographs Volume 136: Talc monograph now available
(2025). TARC. Available at: https://monographs.iarc.who.int/news-
events/iarc-monographs-volume-136-talc-monograph-now-available/

26. EPA released the final report of the Integrated Science Assessment
for Particulate Matter (EPA/600/AR-08/139F) (2009). Available at:
https://www.epa.gov/isa/integrated-science-assessment-isa-particu-
late-matter?utm_source=chatgpt.com

DOI: 10.15587/1729-4061.2025.331523

EVALUATING DEEP LEARNING ARCHITECTURES
FOR CO; EMISSIONS FORECASTING: TCN, LSTM, AND
HYBRID APPROACHES WITH HYPERPARAMETER
OPTIMIZATION (p. 20-32)

Roni Yunis

Universitas Sumatera Utara, Sumatera Utara, Indonesia
Universitas Mikroskil, Medan, Indonesia

ORCID: https://orcid.org/0000-0002-7856-7205

Tengku Henny Febriana Harumy
Universitas Sumatera Utara, Sumatera Utara, Indonesia
ORCID: https://orcid.org/0000-0003-1504-5570

Syahril Efendi
Universitas Sumatera Utara, Sumatera Utara, Indonesia
ORCID: https://orcid.org/0000-0002-3944-5459

The object of the study is CO, emission prediction using deep
learning models. The problem lies in developing accurate models
capable of handling temporal dependencies and periodic patterns

in CO, data. To address this, three deep learning models - temporal
convolutional network (TCN), long short-term memory (LSTM), and
a hybrid TCN-LSTM are evaluated. These models are optimized using
random search and Bayesian optimization. Results indicate that the
Hybrid TCN-LSTM model, optimized via random search, performs
best, achieving MAE: 1.0269, R% 0.9305, and MAPE: 4.47%. TCN
excels at capturing periodic patterns through dilated convolutions,
while LSTM handles long-term dependencies. Their integration com-
bines these strengths, improving accuracy. Optimal hyperparameters
(learning rate: 0.000539, dropout rate: 0.5) enhance robustness. Ran-
dom search outperforms Bayesian optimization in navigating com-
plex search spaces and avoiding local optima. Key findings include
the hybrid model’s ability to address short-term periodicity and long-
term trends, and Random Search’s reliability over Bayesian meth-
ods in this context. These insights advance time series forecasting
methodologies and support robust predictive frameworks. Practically,
they aid environmental policy, energy planning, and carbon trading
by enabling data-driven decisions for emission reduction. However,
implementation requires high-quality historical data and sufficient
computational resources.

Keywords: CO, prediction, deep learning, random search, Bayes-
ian optimization, hyperparameter, accuracy.
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The object of this study is the greenhouse gas (GHG) emissions
generated in livestock farming, primarily methane (CH,) from enteric
fermentation and nitrous oxide (N,O) from manure management pro-
cesses. The problem under study is the lack of instrumental methods
and national programs for measuring and reducing emissions from
confined animals, which results in excessive methane release and
inefficient manure utilization.

Based on inventory data, the results show that annual agricultural
emissions amount to 20,982.25 thousand tons of CO,-eq. methane (58%
of agricultural GHGs) and 15,239.72 thousand tons of CO,-eq. nitrous
oxide (42%), with a total of 319.547 million tons of CO,, 2.313 mil-
lion tons of CHy, and 0.058 million tons of N,O released in 2018.
Interpretation of these results confirms that improper manure storage,
outdated technologies, and the absence of biogas recovery systems are
the main contributors to elevated GHG emissions worldwide.

The distinctive feature of this research is the development of
autonomous climate-friendly bioenergy systems equipped with solar
collectors and bioreactors that convert animal waste into biogas and
organic fertilizer. This innovative technological solution not only ex-
plains the mechanisms of emission reduction but also demonstrates
how livestock enterprises can generate renewable thermal and elec-
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trical energy, covering up to 80-85% of their total energy demand.
The practical significance of the study lies in demonstrating how the
integration of such biogas technologies can improve environmental
safety, reduce dependence on fossil fuels, enhance long-term energy
resilience, and promote sustainable agricultural development on a
global scale.

Keywords: energy-saving technologies, microclimate systems,

renewable energy sources, biogas plants, waste disposal.
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This study investigates concentrated model solutions, acid sulfate
spent technological solutions (STSs) from surface preparation and
coating operations by a number of enterprises, in order to devise uni-
fied technologies and to design relevant equipment.

To substantiate the basic parameters for an electrolysis system
within the framework of the system approach (Quality Function De-
ployment), it is shown that regardless of the concept and mechanism
of electrochemical transformations, one of the main elements is redox
reactions that occur both at the electrode-solution interface and in the
solution volume.

This paper reports experimental studies on electrochemical
cathodic extraction of copper from acid sulfate concentrated techno-
logical solutions under conditions of non-stationary composition and
changes in the properties of STSs. The basic technological parameters
of the electrolysis process have been defined; a cathodic extraction
installation of metal (copper) has been designed.

To adapt the installation to changes in technological parameters
and to avoid the formation of by-products together with the main
product (copper), installation and dismantling of cathodes and dia-
phragms are implied. To eliminate secondary contamination of STS, it
is proposed to abandon the use of reagents in local cycles at all stages
of STS purification in favor of electrochemical technology.

The kinetic data reported here (current density, current consump-
tion/1 mol, deposition rate) make it possible to define the basic prin-
ciples of control and regulation of the electrolysis process. The pH
and Eh values make it possible to adjust the type of precipitate (foil,
precipitate containing foreign substances), as well as determine the
purpose of the technological process (regeneration, disposal).

11.

12.

13.

14.

It is recommended to use diaphragm-free electrolysis in local re-

generation cycles and diaphragm electrolysis in local disposal cycles.

Keywords: cathodic extraction, spent technological solutions,

technological parameters, diaphragm and diaphragm-free electrolysis
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This study investigates processes related to processing sodium
chloride solutions at a concentration of 3.5-120 g/dm? by electrodi-
alysis to solve the task of utilizing chlorine-containing concentrates
of membrane water desalination to obtain active chlorine.

When electrolyzing the solutions, open and sealed two-chamber
electrolyzers with an anion exchange membrane MA-41 were used. So-
lutions with NaCl were placed in the anode chamber, and the cathode
chamber was filled with NaOH solutions (200-1000 mg-equiv./dm3).

The electrolysis processes were carried out at an anode current
density of 1.67-12.5 A/dm% With an increase in the anode current
density and chloride concentration in the solution, the intensity of
chloride oxidation increases. During the anodic oxidation of chlo-
rides, hypochlorites and chlorides are formed along with the forma-
tion of chlorine in the presence of hydroxides. This confirms the ratio
of the amounts of active chlorine and oxidized chlorides.

Prolonging the electrolysis time in an open electrolyzer does not
contribute to an increase in the concentrations of oxidized chlorine in
the anolyte because of its significant degassing. At low initial chloride
concentrations (60 mg-equiv./dm?) and at low anodic current den-
sity (J = 0.83 A/dm?, 1.67 A/dm?), the yield of sodium hypochlorite
reached 100.0-87.0%, respectively. At a current density of 4.17 A/dm?
and the same NaCl concentration, the yield of sodium hypochlorite
decreased to 51.2%. The concentration of active chlorine in the solu-
tions did not exceed 80-90 mg-equiv./dm>.

When using a sealed two-chamber electrolyzer, the bulk of the ac-
tive chlorine was concentrated in the anolyte. To capture active chlo-
rine vapors, gases from the anode zone were passed through a NaOH
solution in the absorber. The concentrations of active chlorine in the
anolytes reached 1240-1920 mg-equiv./dm>. The degree of degassing
of active chlorine did not exceed 11-17%.

Keywords: reverse osmosis, electrodialysis water purification,
active chlorine, anodic current density.
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The object of research is the fire-retardant properties of biocompos-
ite coating for wood when potassium nitrate is added during thermal
action. The problem of fire resistance of biocomposites, which is aimed
at increasing the efficiency of fire protection of wooden structures,
consists in the formation of fire-resistant coatings by adding inorganic
compounds. Such compounds are characterized by thermal stability,
reduced smoke-forming ability and toxicity of combustion products and
are mostly used as synergistic additives. Therefore, the work proves that
during thermal action on wood treated with biocomposite coating, inten-
sive formation of a foam coke layer began after 62 s to a height of 16 mm,
which thermally insulated the wood. Instead, after the radiation panel
was exposed to a sample of wood treated with a biocomposite coating
with the addition of potassium nitrate, the formation of a foam coke layer
began after 48 s of thermal exposure, the height of which was 15 mm,
and the temperature of the flue gases did not exceed 100°C. At the same
time, chemical reactions of potassium nitrate begin in the coating with
the release of carbon monoxide, with the subsequent destruction of
ammonium polyphosphate, which interacts with the biopolymer. The
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latter, in turn, affects the dehydration of pentaerythritol with the forma-
tion of coke, and the simultaneous decomposition of melamine causes
the coke to foam. The composition of the gaseous products of thermal
destruction of the biocomposite coating showed that when potassium
nitrate was added, the amount of combustible gases decreased by more
than 19%, and the amount of nitrogen increased by more than 10%. The
practical significance is that the results obtained were taken into account
when developing a fire-retardant coating for construction. Thus, there
are grounds to argue about the possibility of effective protection of wood
with a coating containing biopolymers.

Keywords: biocomposite coating, wood processing, coating
swelling, foam coke layer, combustion products.
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This study investigates the process of water jet motion in the air;
the subject is the trajectory of motion and the velocity vector of water
droplets in a two-phase “droplets-air” flow. The task addressed is to
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construct a model of water jet motion in the air, which would take into
account its destruction and transformation into a stream of droplets.

A model of water jet motion in the field of gravity after exiting
the fire hydrant in the area of the jet core has been built. The jet
expansion coefficient was experimentally determined to be 0.016.
Estimates of the jet radius, water droplet velocity, and effective
radius of the jet of trapped air at the boundary of the core zone
and the droplet zone were constructed. The values obtained are
the initial conditions for the model of the motion of the droplet
and gas phases of the jet in the droplet zone. The droplet motion
was modeled by using the Lagrangian approach, within which
the dynamics of the motion of individual drops were considered,
described by the equations of motion in three-dimensional space
taking into account the forces of aerodynamic resistance and grav-
ity. It was assumed that the distribution of the droplet diameter
obeys the Rosin-Ramler law.

A model of the motion of the gas phase of the jet was construct-
ed, based on the equations of mass and momentum balance; it also
takes into account the curvature of the jet axis due to the capture
of air by drops moving under the action of gravity. The model is
based on the assumption of the axisymmetric nature of the jet and
the Gaussian velocity distribution in its cross section. A feature of
the model is the mutual influence of the droplet and gas phases of
the jet on the motion of each other: drops, losing momentum due to
aerodynamic resistance, give it to the air. It is shown that drops of
smaller diameter have a shorter range compared to drops of larger
diameter. As a result, the water falls to the ground not at a specific
point but in a certain range. In particular, for a fire hose with a di-
ameter of 19 mm, a delivery angle of 35° to the horizon and a water
pressure of (40+70) m, the width of the range into which 90% of the
water falls was (8.7+11.0) m.

Keywords: two-phase jet, drop zone, fire hose, jet core.
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BU3HAYEHHSA 3AKOHOMIPHOCTEM IIMJIOBOI'O HABAHTAXKEHHSA TA OIIIHKA PU3UKIB JJI 300POB’A
HACEJIEHHS BIJl TPAHCIIOPTHHX IIOTOKIB BI/ISI KAP’EPY (c. 6-19)

T. I. PycaxoBa, K. O. PycakoBa, O. B. 3o;10TBKO, O. B. [lo;nkeHKoBa, I0. B. BoiiteHko, O. 0. I'YHBEKO

OG’eKTOM JIOCJIi/PKEHHSI € IHJIOBE 3a0py/HEHHS aTMOC(HEPHOro MOBIiTps, CIPUYMHEHE [isJIbHICTIO Kap’epiB, 30KpeMa BIUIMB
TPAHCIOPTHOTO MOTOKY Ha MifA'I3HUX goporax. IIpo6iema mossrasa y BifICYyTHOCTI KOMIUIEKCHOI OL[iHKM DiBHIB MMJIy Ta OB SI3aHUX
PU3UKIB JJIs1 3/[0pOB’s] HACeJIEHHsS 3 ypaXyBaHHSIM peaJIbHUX YMOB eKCIUTyaTallii kap epHoi iH(GpacTPyKTypH Ta Ce30HHOI MiHJIMBOCTI
TOKAa3HUKIB.

VY mociipkeHH] TpoaHaTi30BaHO BUKU/Y Bifl Kap’€pHUX Po3po6ok 2020-2024 pokiB, 110 /1aJI0 3MOT'Y OI[iHUTH aHTPOIIOT€HHE HaBaH-
TaxxeHHs. [IpoBefieHO BuMiptoBaHHs PM,.s i PMjo Ha mifg’i3Hiil jopo3i o Pubanbcekoro kap’epy (YkpaiHa), pe3ysbTaTH BUKOPHUCTaHO
JI7IS1 CTATUCTUYHOI 06pOOKY it MO/IeTIOBAaHHS ITMJIOBOTO HAaBaHTAaXXeHHs. I106yZ0BaHO KOpeIsALiiiHO-perpeciiiii Mofiesli BIJIMBY AOBKIiIIA
Ta TPAHCIIOPTY, IKi BUBHAYMJIN KJIFOYOBi (hakTopu popMyBaHHS 3a6pyaHeHHs:. CTBOPEHO MaTeMaTHYHYy MO/IeJIb IIPOCTOPOBOTO PO3IOAI-
JIy KOHIIEHTPAIlifi 3 OL[IHKOK PU3MKIB JJIs 3[0POB’s1 HaCeJeHHsl. MakcuMaJbHi 3adikcoBaHi KoHIeHTpanii PMy cranoBuan 312 MKr/m>,
o y 6,2 pa3u MepeBullye TPAHUYHO J0IMyCTUMY HOPMY. YpaxyBaHHSI MET€OYMOB, TUILy TPAaHCIIOPTY Ta iHTEHCUBHOCTI pyXy Z03BOJIMJIO
KiZIbKiCHO OI[iHUTU BHECOK KOXHOTO (pakTopy Y (hOpMyBaHHs IMUJI0BOTO HaBaHTaXXEHHs Ta BU3HAYWUTU 30HU IiZIBUIIEHOr0 PU3UKY. Pe-
3yJIBTaTU MOSCHIOIOTHCS BUCOKOIO YyTJIMBICTIO MMJIOBUX KOHIIEHTPALil A0 3MiHM JIOKAJIBHUX YMOB, IO MiATBep/KeHO KoedimieHTaMu
JeTepMiHalii Ta pe3yJpTaTaMu IPOCTOPOBOIO MOJIeII0BaHHs. 3aIIPOIIOHOBAHUN MifXiJ IPUAATHUHN /1S IPUPOJOOXOPOHHUX 3aX0/iB, 1[0
3MEHUIYIOTh BIUTUB TTHJIOBUX BUKU/IB HA TOBKI/UISA Ta 370POB’S HaceleHHs. MIoro MOXKHA 3aCTOCOBYBATH IS TUTAHYBAHHS CaHITAPHO-
3aXMCHUX 30H, PEeTy/JII0BaHHs TPAHCIIOPTY ¥ ONTUMI3alil JIOriCTUKY 3 ypaXyBaHHAM MiCIIeBUX YMOB. BUKOPUCTaHHS MOXIMBE JIMIIE 32
HassBHOCTi MeTE€O/IaHMX i JaHUX MPO TPAHCIIOPTHUI MOTIK, 1[0 rapaHTye J0CTOBiPHICTh MPOrHO3yBaHHH.

KorrouoBi cioBa: nmtoBe 3a6pyAHEHHS, i/’ 13HI Joporu 0 Kap’epy, KOpessAIjiifHO-perpeciiiHnuil aHasi3, MPOrHO3YBAaHHS PU3UKIB
JIJIS1 3]J0POB’sl, eKOJIOTiYHa Ge3IeKa.

DOI: 10.15587/1729-4061.2025.331523
OIIHKA APXITEKTYP INTMBOKOI'O HABYAHHI JIJIA ITIPOTHO3YBAHHA BUKHWAIB CO,: IIIAXOAH TCN,
LSTM TA TIBPUIHUNI 3 OIITUMI3ZAILIEIO TIIIEPIIAPAMETPIB (c. 20-32)

Roni Yunis, Tengku Henny Febriana Harumy, Syahril Efendi

O06>eKTOM JOCIi/PKEHHs € IporHo3yBaHHs BUKU/iB CO, 3a 0IIOMOroI0 MoZiesieii ITM60Koro HaBuyaHHs. IIpo6ieMa mossirae B po3-
poOIli TOYHUX MOJeeid, 3AATHUX O0GPOOJISITU YACOBi 3a7IeXHOCTI Ta mepioguyHi 3axoHoMipHOCTI B maHux CO,. [y BUpilleHHS Ifiel
MpoGJIEMH OILiHIOIOTHCS TPU MOJesli IIMGOKOro HaBYaHHsS — yacoBa 3ropTkoBa Mepexka (TCN), noBra kopotkodacHa nam>sath (LSTM)
ta ribpugHa TCN-LSTM. 11i Mozesti onTHMi30BaHi 3a ZOMOMOTOI0 BUITa[KOBOTO TOIIYKY Ta 6aiieciBChbKOi onmTuMizarliii. PesysbraTn 1mo-
Ka3yloTh, 110 ri6pugHa Mmozgeas TCN-LSTM, onTuMizoBaHa 3a J0IIOMOT0I0 BUIIaIKOBOTO ITOUIYKY, IIPaIjloe Halikpaile, focsaratouu MAE:
1,0269, R%: 0,9305 ta MAPE: 4,47%. TCN 4yz10BO CIIPaBJISIETHCS 3 QiKCALi€lo MEePioAUYHUX 3aKOHOMIPHOCTEH 32 0MIOMOT010 PO3LIMPEHHX
3ropToK, Tofi sik LSTM 06po6iisie JOBrOCTPOKOBI 3aJIEKHOCTI. IXHsl iHTerpailisi MOeAHye Ii CUJIbHI CTOPOHM, ITiJIBUIIYIOYN TOYHICTD.
OnTumanbHi rinepnapamerpu (LBUAKICTh HaBuaHH:: 0,000539, KoediieHT BinciBy: 0,5) MiABUILYIOTH CTiliKicTh. BUnasKOBUil MOIIyK
repeBepuIye 6aifeciBCbKy ONTHMi3alifo B HaBirarii CKJIaJJHUMH IIPOCTOPaMU IOUIYKY T4 YHUKHEHHI JIOKaJbHUX ONTUMYyMiB. Kirtodosi
BHMCHOBKH BKJIIOYAIOTh 3[IATHICTh TiOPUAHOT MO/iesTi BpaXOBYBaTH KOPOTKOCTPOKOBY IepiofAUYHICTh Ta ZOBrOCTPOKOBI TEHSHILIT,  TAKOXK
Ha/[ifHICTh BUITa/IKOBOTO IOIIYKY IOPiBHSAHO 3 6aileCiBCbKMMU MeTOZAaMH B I[bOMYy KOHTeKCTi. Ii maHi BAOCKOHAIIOIOTh METOO0JIOTIT
IIPOTHO3YBAaHHS YAaCOBUX PAIB Ta MiATPUMYIOTh HaJiliHi MPOrHOCTUYHI paMKU. [IpakKTUYHO BOHU 0IIOMAraloTh €KOJIOriuHil nmosrituni,
eHepreTUYHOMY IIJIaHYBaHHI Ta TOPTiBJji ByIJieneMm, J03BOJISIOYN IPUHMAaTH pillleHHsI Ha OCHOBI JaHUX 11010 CKOPOYeHHSI BUKUAIB. Of-
HAK, JJIs1 BIIPOBA/PKEHHS MOTPiOHI BUCOKOSIKiCHI iCTOpHMYHI ZjaHi Ta 0OCTaTHI 06YMCIII0BAIbHI pecypcH.

KorrouoBi cnoBa: mporHosyBaHHsA CO,, M6oke HaBYaHHSA, BUITaJIKOBUI MOIIyK, 6aileciBcbka onTUMi3aliis, rinepnapaMeTp, TOUHICTb.
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BHU3HAYEHHS MOXXJIMBOCTI BUKOPUCTAHHSA BIOTA30BUX TEXHOJIOTTH JIJI1 BIIPOBADKEHH A
EHEPI'O3BEPEXXKHHUX CUCTEM MIKPOKJIIMATY (c. 33-40)

Ruslan Kassym, Asan Baibolov, Nessipbek Alibek, Shurat Sydykov, Francisco Jurado, Gulnar Akhmetkanova, Gulfairuz Zhunisbekova,
Amanzhol Tokmoldayev

OG6>€KTOM ILIBOTO JOCJIJPKEHHSI € BUKHUJU IapHUKOBUX rasiB (III), mo yTBOPIOIOTHCA Yy TBAPUHHHUIITBI, TOJIOBHUM YMHOM MeTa-
Hy (CH,) BHaciok KUIIKOBOI epMeHTail Ta 3akucy a3ory (N,O) BHACTIOK IPOIECiB yIpaBlIiHHS rHOEM. [Ipo6iema, 1[0 JOCTiHKy-
€ThCs, NOJIATa€ B BiZICyTHOCTI iHCTPYMEHTAJIBHUX METOAIB Ta HalliOHAJbHUX IIpOrpaM /Jis BUMipIOBaHHs Ta CKODOYEHHs BUKUJIB Bif
TBapHH, L0 yTPUMYIOTECS B 0OMEXEHOMY IPOCTOPI, 110 IPU3BOAUTH 0 HAAMIPHOTO BUKUJy METaHYy Ta Hee()eKTUBHOIO BUKOPUCTAH-
HsI THOHO.




Ha ocHoBI lanux iHBeHTapuU3aliil pe3yJIbTaTu II0Ka3yTh, 110 LOPiYHi BUKU/Y BiJl CLIbCHKOr0 rOCIIOLAaPCTBA CTAHOBJIATH 20982,25 TUC. TOH
CO,-exB. MeTaHy (58% Bij cizbebkorocopapebkux I1T) Ta 15 239,72 tuc. Ton CO,-eKB. 3aKuCy a30Ty (42%), i3 3arajJbHOI0 KiJIBKICTIO BUKH/IIB
319,547 mutH ToH CO,, 2,313 mutH ToH CH,4 Ta 0,058 MutH ToH N,O y 2018 poni. IHTeprpeTanis UX pe3y/IbTaTiB MiITBEPAXKYE, 1[0 HEIIPaBUJIbHE
36epiraHHs 'HOIO, 3aCTapiji TeXHoJIoril Ta BifICYyTHICTh crcTeM pekymnepallii 6iorasy € OCHOBHUMM (haKTOpaMH, 110 CIIPUAIOTD MiZIBULIEHHIO
BuknfiB IIT" y BcboMy CBiTi.

BigMiHHOIO 0COGIMBICTIO IIHOTO JIOCTIZPKEHHS € PO3pOOKa aBTOHOMHUX KJIIMATHYHO YUCTHX 6i0€HEPreTHYHUX CHUCTEM, OCHAI[EHHUX CO-
HIYHUMH KOJIEKTOpaMU Ta GiopeakTopaMH, siKi IIepeTBOPIOIOTH Bi[XOAM TBAPUHHOTO ITOXO/PKEHHs Ha 6iora3 Ta opraniuHi fobpusa. Lle iH-
HOBalliliHe TeXHOJIOT{UHe PillleHHs He JIUIIe II0SCHIOE MEeXaHi3MU CKOPOYeHHsI BUKUAIB, ajle i JEMOHCTPYE, IK TBADUHHULIBKI MiATIPUEMCTBA
MOXYTb T'eHepyBaTH BiJJHOBJIIOBaHY TEIJIOBY Ta €JIEKTPUYHY €Heprilo, MOKpUBawouu 10 80-85% CBOIX 3araJbHUX IIOTPe6 B eHepril.

ITpakTU9YHE 3HAYEHHS JIOCTi/PKEHHS ITOJISITa€ B JEMOHCTPAIIi1 TOTO, SIK iHTeTparis TAKUX 6i0ra30BUX TEXHOJIOTii MOYKe IIOKPAIIUTH €KO-
JIOTi4HY 6€3I1eKy, 3SMEHIIUTH 3aJIe)KHICTh BiJj BUKOITHOTO MAJIMBA, MiZIBUIUTH JJOBIOCTPOKOBY €HEPreTUYHY CTiHKiCTh Ta CIIPUSATH CTAJIOMY
PO3BUTKY CiJIbCBKOTO I'OCIOZAPCTBA B I7I00aIbHOMY MacLITa6i.

Kurrouosi ciroBa: eHepros6epirarodi TexHosIOTi1, MiKpOKJIIMaTHYHI CHCTEeMH, Bi[HOBJIIOBaHi /pKepesia eHeprii, 6iora3oBi ycTaHOBKY, yTH-
Jiizanis BixoziB.
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BU3HAYEHHA OCHOBHHX TEXHOJIOTITYHHMX ITAPAMETPIB B ITPOIECI EJIEKTPOXIMIYHOT'O
BUWJIVYEHHA MIJAI 3 CYIBOATHOKHCJINX KOHIIEHTPOBAHHUX TEXHOJIOTTYHUX PO3YHHIB (c. 41-51)

M. B. Adnxos, H. M. Kopuuk, H. M. ByaeHkosa, O. I. Mucina, C. B. Kopajibuyk

OG6’eKTOM JOCITi/PKEHHS € KOHI[EHTPOBaHI MOZIEIbHI PO3YMHM, CyITb(aTHOKUCIII Bi/fITparipoBaHi TexHosoriuHi posynau (BTP) Bix omepa-
Liit NiZArOTOBKY MOBEPXHi Ta MOKPUTTS Py IiIIIPUEMCTB 3 METOIO PO3POOKY yHi(hiKOBaHMX TEXHOJIOTIH Ta 00/1a/iHAHb.

Jlist OOTpyHTYBaHHSI OCHOBHUX IIapaMETPiB eJIEKTPOJIi3HOT CMCTEMHU B paMKax cucTeMHoro mizxoay (Quality Function Deployment)
II0Ka3aHo, 1[0 HEe3aJIeXKHO BiJl KOHLIENLIT i MeXaHi3My eJIEKTPOXiMiYHUX II€PETBOPEHb OJHUM i3 OCHOBHUM €JIEMEHTIB € OKHMCHO-BiJJHOBHI
peaxiiii, ki BijOyBarOThCs K Ha MEXi eJIeKTPOJ| — PO3UYMH, TaK i B 06’eMi po3unHy.

IIpencraBiieHi eKCIIepIMEHTAIbHI JOCIiPKEHHS M0/0 eeKTPOXiMi9YHOTO KaTOAHOTO BUIYICHHS Mifli 3 Cy/Ib(paTHOKUCINX KOHIIEH-
TPOBAHUX TEXHOJIOTIYHUX PO3YMHIB B yMOBaX HECTalliOHapHOTO CKJajy Ta 3MiHM BiacTuBocTeil BTP. PexoMeH/j0BaHi OCHOBHI TeXHO-
JIOTIYHI TTapaMeTpu MPOLECy eIeKTPOIIi3y Ta po3pobyieHa YCTAHOBKA KATOJHOTO BHUIydeHHsI Metasny (Mifi). [ist ajanraifii ycCTaHOBKH
710 3MiHM TEXHOJIOTIYHMX IapaMeTpiB Ta YHUKHEHHs YTBOPEHHS ITOGIYHUX NPOAYKTIB pa3oM i3 OCHOBHMM IpoayKToM (Mifi) mepen-
6ayaeThbCst MOHTAX Ta JIEMOHTAX KaToAiB i piadparmu. [lyiss BUKIIOYEHHS! BTOPUHHOTO 3a6pyaHeHHs1 BTP NponoHyeThCsl BiMOBUTHUCS
Bi/l 3acTOCYBaHHS B JIOKAJIBHUX I[UKJIaX PeareHTiB Ha BCiX cTafiax ouniieHHs BTP Ha xopucTh esexTpoximiuHoi TexHosoril. HaBegeHi
KiHeTH4Hi JjaHi (IycTUHA CTPyMy, BUTpaTa CTPyMy/1 MOJIb, IIBU/IKICTh OCA/PKEHHS) [J03BOJISIOTh PO3POGUTH OCHOBHI IPUHIIUIIN KOHTP-
OJIIO Ta PEryJIOBaHH MIPOLECY €JIEKTPOJIi3y.

3a 3HaueHHssMu pH Ta Eh MoxkHa perysroBatu TUn ocazy (¢osbra, ocaf, 10 BKJIIOYAa€ CTOPOHHI PEYOBUHU), & TAKOXK BUSHAYNUTHU METy
TEXHOJIOTIYHOT0 Tpotecy (pereHepariisi, yruiisaris). PeKOMeHZI0BaHO 3aCTOCOBYBaTH 6Ge3/iaparMOBHil €IEKTPOITi3 B JIOKATBHHUX ITUKJIAX
pereHepariii, a fiadparMoBHil €JIEKTPOJIi3 — ¥ IOKAJIBHUX I[UKJIAX YTHUJIi3aIii.

KirrouoBi cyroBa: KaTofHe BUJIy4eHHs], BiipalibOBaHi TEXHOJIOTIUHI PO3YMHU, TeXHOJIOT{UHI mapamerpy, giadparmouii i 6e3niadpar-
MOBUH €JIEKTPOJIi3.
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IIIABUINMEHHA BUXOAY AKTUBHOTO XJIOPY 3 XVIOPMICTKHX KOHITEHTPATIB BJOCKOHAJIEHHAM
ITPOLECIB EJIEKTPOIIAJII3Y (c. 52-66)

M. . Tomeans, . II. KprokaHoBebKa, T. O. Illa6uiii, O. B. Irymiko

OG6’€KTOM [JOCTiPKEHHsI Gy MPOLECH [IEPEPOOKU PO3UMHIB XIOPHAIB HATPIIO KOHI[EHTpaLielo 3,5-120 r/aM3 METOZIOM eJIeKTPOAiaisy
JUIs1 BUpiIIeHHs ITPo6JIeMH YTITi3alii XJIOpMiCTKUX KOHIIEHTPaTiB MEMOPaHHOTO 3HECOJICHHST BOJH 3 OTPUMAHHSIM aKTHBHOTO XJIOpY.

IIpy poBeieHH] e1eKTposTi3y pO3UMHIB BUKOPHCTOBYBAIN BiKPUTI Ta repMeTHYHI IBOKAMEPHI eJIeKTposti3epH i3 aHiOHOOOMIHHOIO MeMO6-
panoro MA-41. Pozunnu 3 NaCl po3miliyBaiy B aHOAHIH KaMepi, a KaToAHy KaMepy HAIlOBHIOBaIU po3drHamu NaOH (200-1000 mr-exs/mm3).

TIporiecy eJIeKTPOoJIi3y TIPOBOAMIIN [IPH aHOAHIM itbHOCTI cTpyMy 1,67-12,5 A/aM>2. I3 HiZBUILEHHSIM aHOZHOT ILJIbHOCT] CTPYMy Ta KOH-
LIEHTPALI XJIOPU/IB Y PO3YMHI IHTEHCUBHICTh OKMUCHEHHS XJIOPUJIB 3pocTae. IIpy aHOJHOMY OKMCHEHHI XJIOPUZIB Pa30M 3 YTBOPEHHSIM XJIOpY
y IIPUCYTHOCTI TiZAPOKCUB Bi/{0yBa€ThCS YTBOPEHHSI TIiMTOXJIOPUTIB Ta XJIOpUAIB. Lle MmiATBepKye CITiBBiJHOMIEHHS KiJIbKOCTEH aKTUBHOTO
XJIOPY Ta OKMUCHEHUX XJIOPUJiB.

306isblIeHHsI TepMiHY eJIeKTPOJIi3y y BiAKpUTOMY eJIeKTposIizepi He clipusie MiAABUIEHHIO KOHIIEHTpaI[ili OKCHEHOI'0 XJI0py B aHOJITI
4epes 3HAYHY HOro jerasaniro. 3a HU3bKUX BUXIJHUX KOHIEHTpaLiil xs0puzis (60 Mr-eks/aM*) Ta pu HU3bKIA aHOAHIN WiNBHOCTI CTpY-
My (J = 0,83 A/am?, 1,67 A/am?) BUXiJ| TiIOXJIOPUTY HATPItO cATaB BiAnoBigHO 100,0-87,0%. Ipu wwiisbHOCTI cTpyMy 4,17 A/am? 32 Tiei %
xoHIeHTparii NaCl Buxiz 3a cTpyMOM TilMOXJIOPUTY HATpito 3HU3UBCA [0 51,2%. KoHIleHTpallis aKTHBHOTO XJIOPY y PO3YMHAX He TlepeBu-
gyBasa 80-90 Mr-ekB/am>.

ITpu 3acTocyBaHHI TepMETUYHOrO JBOKAMEPHOTO €JIEKTPOJIi3epa OCHOBHA Maca aKTMBHOTIO XJI0Py KOHIIEHTPYBaIach B aHOJITI. /114 y/I0B-
JIIOBaHHS T1apiB aKTUBHOTO XJIOPY ra3 3 aHOJHOI 30HU ITPOIycKaaH kpisk pozdnH NaOH B a6copGepi. KoHIeHTpaIlil akTHBHOTO XJI0PY B
aHoutiTax gocsiramu 1240-1920 mr-exs/am3. CTyIiHb Jerasaiii akTHBHOTO XJI0py He MepeBUInyBaB 11-17%.

KurrouoBi coBa: 3BOpOTHilt ocMoc, eJIeKTpojjiali3He OUMIeHHs BO/Y, aKTUBHUI XJIOp, aHOAHA I[IIBHICTb CTPYMY.
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BCTAHOBJIEHHA 3AKOHOMIPHOCTEN TEPMIYHO{ 3MIHH IIIAPY IIHOKOKCY BIOKOMITIO3UTHOT'O
IIOKPUTTS ITPU TOOABAHHI HITPATY KAJIIIO (c. 67-76)

10. B. ITamiko, O. ¥0. ITanko, P. B. JIlixaposcekuid, O. 0. Bepaauk, M. B. Cyxanesud, O. M. Ciynibka, A. C. Bopucosa, O. I. [lonieHKo,
A. C. JIuH, O. B. JIactiBKa

OG’€KTOM /IOCITi/PKEHb € BOTHE3aXHCHI BIACTUBOCTI 6iOKOMITO3UTHOTO ITOKPUTTS [T A€PEBUHU IIPH JI0/JaBaHHI HIiTparty Kajiro mij 4ac
TepmiuHOi Aii. ITpoGyeMa BOTHECTiMKOCTI GiOKOMITO3HUTIB, sika CIIPSIMOBaHa Ha IMiJBUIIEHHS e(eKTUBHOCTI BOTHE3aXUCTY KOHCTPYKLiN 3
JIepeBUHHU, TOJIATae Y GOPMyBaHHI BOTHECTIHKMX ITOKPUTTIB IIUISIXOM /JIO/IaBAaHHSI HEOPTAaHIYHUX CITOJyK. Taki CITOJIyKH XapaKTepU3yIOThCS
TEPMOCTAGIIbHICTIO, 3HIDKEHOIO JUMOYTBOPIOBAJIBHOIO 371aTHICTIO | TOKCHYHICTIO TPOAYKTIB rOPiHHS Ta 37€6iIbIIOr0 BUKOPUCTOBYIOTHCS SIK
CHHEepreTHYHi 7106aBKU. ToMy B po6OTi OBe/IeHO, 110 TP TepMiuHiil il Ha 06po6eHy 6i0KOMITO3UTHUM ITOKPUTTSIM JIePEBUHY iHTEHCHBHE
YTBOPEHHS IIapy IIiIHOKOKCY po3I10o4asiocs IIicjist 62 ¢ Ha BUCOTY 16 MM, SIKUMii TeII0i30/110BaB JiepeBUHY. HaTOMICTb, Tic/Is BILIMBY paialiliHol
TaHesTi Ha 3pa30K JilepeBUHU, 06p06IeHOI 610KOMIIO3UTHUM MOKPUTTSM 3 JIOIaBaHHSIM HITpaTy Kasliio, yTBOPEHHs IIapy ITiHOKOKCY PO3IIO-
4asiocs Ticsst 48 ¢ TepMi4HOrO BIUIMBY, BUCOTA SIKOTO CKJIaja 15 MM, a TemIepaTypa AUMOBHUX rasiB He nepesuinuia 100°C. Ilpu npoMy y Io-
KPUTTi pO3MIOYMHAIOTECA XiMiyHi peakIlil HiTpaTy KaJlilo 3 BUJIiIeHHAM OKCHZy BYIVIEI[IO, 3 IIOCJIi/IyI0u0I0 IeCTpyKIiieto noJtidocdary amoHiro,
SIKWE B3aemogie 3 6iomoimepom. Ta, B CBOIO Uepry, BIUIMBAE Ha JETUPAIiI0 IEHTAEPITPUTY 3 YTBOPEHHSIM KOKCY,  OFHOUYACHUN PO3KJIaZ
MeJIaMiHy CIIOHYKAaIOTh KOKC IiHUTHCs. CKJIazi ra30MoAi6HUX MPOAYKTiB TEPMiYHOI ZIeCTPyKIii 6i0KOMITO3UTHOTO IIOKPUTTS IT0Ka3aB, 10 IIPU
Jl0JlaBaHHI HITpaTy KaJlio, KiJIbKiCTh FOPIOYMX r'a3iB 3HU3MJIACh ITOHAZ, 19 %, a KIBKICTh a30Ty MijBUILMIACh TTOHAJ 10%. [TpakTU4YHE 3HaYeHHA
TI0JISITAE ¥ TOMY, 1[0 OTPUMAaHi pe3ysIbTaTH OyJI0 BpaXOBAHO ITiJ| 9ac PO3pOOJIeHHs BOTHE3aXUCHOTO IIOKPUTTS [T Oy/[iBHUITBA. TAKMM YHHOM,
€ MiZICTaBU CTBEP/KYBATHU ITPO MOXKJIUBICTh €(heKTUBHOTO 3aXUCTY €PEBUHHU MTOKPUTTSIM 3 HasiBHICTIO GiorosrimMepiB.

KurrouoBi croBa: 6i0KOMITO3UTHE ITOKPUTTS, 06PO6IEHHS JePEBUHM, CITy4eHHs TIOKPUTTS, IIap MiHOKOKCY ITPOAYKTH TOPiHHS.
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PO3POBKA MO/JIEJII PYXY BOZHOT'O CTPYMEHS IIICJISI BUXOAY 3 IIOXKEXXHOTI'O CTBOJIA (c. 77-86)

0. €. BacmaHoB, B. B. OuxiitHuk, O. M. 3emussHCchkuii, O. A. [lepeB’ssako, /1. I. KapmoBa

O6>eKTOM JIOCTi/PKEHHS € MTPOIIeC PyXy BOAHOTO CTPYMEHs B ITOBITpi, a ITPeMETOM AOCTI/PKEHHS — TPAEKTOPisl PyXy i BEKTOP MIBUKOCTI
KpareJb BOAH Y 1BO(a3HOMY IOTOILi «KpaIlIi-TIoBiTpsi». BupilryBanacs npobeMa 1mo6yoBH MOZIEi PyXy BOZHOTO CTPYMEHS B MOBITi, sIKa 6
BpaxoByBaJjia 0oro pyiiHyBaHHS i IepeTBOPEHHS Ha IOTiK KparieJsb.

TIoGyz10BaHO MOJIeJIb PyXy BOJHOTO CTPyMEHS B IOJTi CHJIM TSDKIHHS ITiCJIS BUXO/Y 3 ITOYKEXKHOTO CTBOJIA Ha AiJITHIN iCHyBaHHS sifipa CTpy-
MeHsl. EKcriepyMeHTaIbHUM IIUISIXOM BU3HA4YeHO Koe(illieHT pOo3IIMpPeHHs CTPyMeHsl, BeJIMYMHA sKoro ckuiaia 0,016. IIo6ynoBaHO OLiHKU
pajiiyca cTpyMeHsI, IIBU/KOCTI Kpariesb BOJH i epeKTUBHOTO pajiyca CTpyMeHs 3aXOIUIEHOTO MOBITPsI Ha MeXi 30HU sipa i KparesJbHOI 30HU.
OTpuMaHi BeJIMYMHHU € IOYaTKOBUMM YMOBAMH JIJIs1 MOZIEJIi PyXy KparlesIbHOI i Ta30B0i a3 cTpyMeHs B KpaneJibHill 30Hi. Mozie/lroBaHHA PyxXy
KparieJib IIPOBOJMJIOCS 3 BUKOPUCTaHHSM JIaTPaHXKEBOTO ITiZIXOAY, B paMKax sIKOTO PO3IJIAfAIACs JUHAMIKa PyXy OKpEeMHX Kpariesib, OIKCaHa
PiBHAHHSIMU PyXy B TPMBHMipHOMY IIPOCTODI 3 ypaxyBaHHSIM CHJI aepOAMHAMIUHOr0 OIopy Ta rpasiTamnii. ITpuiyckaocs, o po3MIoAil fia-
MeTpY KpareJb IiJIKOpseTLCSA 3aKOHy Posina-Pamiiepa.

ITo6yz0BaHO MOZIENTb PyXy ra30Boi a3y CTPyMEHs, SIKa CIIMPAEThCS Ha PIBHAHHA 6aJlaHCY MacH i iMITysIbCy, a TaKOXX BpPaxXxOBye BUKPHB-
JIEHH$ OCi CTpyMeHs BHACJIiZIOK 3aXOIUIEHHs IOBITPsI KPAIUIAMU, 10 PyXarOThCA ITiJ| Ai€10 CUJIUA TsOKIHHA. MOZiesIb BUXOAUTD i3 IIPUITYILIEHHS
TIpO BiCeCUMETPUYHICTb CTpyMeHs i rayciB po3MOzi IIBUAKOCTI B Oro momnepevyHoMy Iepepisi. Oco6anBicTIO MofiesTi € B3aEMHMI BIUIUB Kpa-
TIeJTBHOI i ra30B0i (ha3 CTpyMeHs Ha pyX Of/HA OJHOI: KparLli, BTpadyaoyuy iMITy/IbC BHACJII/IOK aePOJJTHAMIYHOTO0 OTIOPY, BiJIal0Th HOT0 MOBITPIO.
[Toka3aHo, 1110 KpaIwI MEHIIOTO JiiaMeTpy MaloTh MEHIIY JaJbHICTh MTOPiBHSHO 3 KPAILIIMU OiIBIIOTO AiaMeTpy. BHACTIZOK I[bOT0 MajiHHS
BOJIM Ha 3eMJIIO Bi[0yBaeThCs He B MIEBHii ToOUIli, a B IesIKOMY Jiiarta3oHi. 30KpeMa, JyIsI TOXXE)XXHOTO CTBOJIA AiaMeTpoM 19 MM, KyTa mogadi 35°
J10 TOPU30HTY i Haropy Boau (40+70) M IIMpPUHA Jiania3oHy, B IKUi norparuiste 90% Boau, ckiaia (8,7+11,0) M.

KorrouoBi ciroBa: Boda3HUil CTpyMiHb, KpalieJbHa 30Ha, IOXKEeKHUH CTBOJ, SIAPO CTPYMEHS.



