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This study investigates the process of assessing the climate effi-
ciency of alternative energy solutions in transport systems within the
full life-cycle Well-to-Wheel (WTW) approach.

The task addressed relates to the methodological inconsis-
tency of climate comparison results when applying the Tank-to-
Wheel (TTW) approach, which considers only operational emissions
and neglects upstream components associated with the production
and supply of energy resources. This leads to a systemic gap be-
tween estimated and actual full life-cycle climate effects of energy
alternatives.

A parameterized analytical model of climate comparability, the
WTW Climate Comparability Model (WTW-CCM), has been built to
formalize the dependence of full life-cycle emissions on energy chain
parameters. The structure of full life-cycle emissions is substantiated
as the sum of Well-to-Tank, Tank-to-Wheel, and specific components.
The model is aligned with international methodological frameworks
EN 16258, the GLEC Framework, and ISO 14083.

The climate efficiency of energy solutions has been shown to be
parameter-dependent and determined by the carbon intensity of the
energy system and methane slip emissions. A threshold criterion in
the form of a critical grid carbon intensity has been derived. It is dem-
onstrated that electric solutions become climate-efficient only under
specific parametric conditions.

The possibility of inversion of climate efficiency of alternatives
has been demonstrated. The phenomenon of decarbonization in-
vestment asymmetry has been formalized; the DIAI index has been
proposed for the quantitative assessment of distortions in investment
signals. It was substantiated that different assessment boundar-
ies (TTW and WTW) lead to the formation of incommensurable
investment priorities.

The practical significance includes the application of the model
for substantiating managerial and investment decisions in transport
decarbonization.

Keywords: Well-to-Wheel (WTW), transport decarbonization,
life-cycle emissions, decarbonization investment asymmetry, trans-
port technologies.
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This study quantifies the translocation factor (TF) for heavy
metals transferred from wild honey plants to beekeeping products.
The research area is located near the war zone, so its contamination
with heavy metals is possible.

Analysis of honey plants and bee products can make it possible
to establish their safety. Field studies were conducted in July 2025
in the village of Stepanivka (Ukraine). The concentration of Cd, Pb,
As, as well as the TF for these heavy metals transferred from wild
honey plants to beekeeping products (bee pollen and honey), were
determined using generally accepted methods.

It was found that the concentration of Pb in wild honey plants is
1.64 £ 0.44 mg/kg, which exceeds the level permitted in Europe and
Ukraine for plants by 5.5-8.2 times. However, in bee bread and honey,
the concentration of Pb is within the normal range (0.15 + 0.01 mg/kg
and 0.09 + 0.01 mg/kg, respectively). This indicates that pollen is less
contaminated compared to vegetative parts of the plant, acting as a bar-
rier for heavy metals, and bees have the ability to reduce the concentra-
tion of pollutants. This is also confirmed by the fact that the concentra-
tion of Pb in bee bread is higher than in honey, which may indicate the
ability of bees to act as a biofilter. The same effect is observed with other
toxins. The level of Cd in honey (0.007 £ 0.01 mg/kg) was lower than its
concentration in bee bread (0.01 £ 0.05 mg/kg). The concentration of
As in honey is also 0.1 mg/kg lower than its concentration in bee bread.
At the same time, it was found that the concentration of As in wild
honey plants (< 0.0001 mg/kg) is significantly lower than its concentra-
tion in beekeeping products. The highest bioaccumulation of Cd was
registered in bee bread (TF = 0.13). Considering that the translocation
factor of heavy metals does not exceed 1, honey and bee bread collected
in the study area can be considered safe for consumption.

Keywords: bee pollen, heavy metals, translocation factor, mili-
tary operations, safety of apiproducts.

10.

11.

12.

13.

14.

References

. Girotti, S., Ghini, S., Ferri, E., Bolelli, L., Colombo, R., Serra, G. et al.

(2020). Bioindicators and biomonitoring: honeybees and hive prod-
ucts as pollution impact assessment tools for the Mediterranean area.
Euro-Mediterranean Journal for Environmental Integration, 5 (3).
https://doi.org/10.1007/s41207-020-00204-9

. Fuente-Ballesteros, A., Ciulu, M., Haque, S. M., Syrgabek, Y., Basa-

ran, B. (2025). Honeybees as active bioindicators of plastic pollution:
Environmental exposure, analytical strategies, and monitoring per-
spectives. Science of The Total Environment, 1003, 180722. https://
doi.org/10.1016/j.scitotenv.2025.180722

. Glevitzky, M., Corches, M.-T., Popa, M., Vicd, M. L. (2025). Honey as

a Bioindicator: Pollution’s Effects on Its Quality in Mining vs. Pro-
tected Sites. Applied Sciences, 15 (13), 7297. https://doi.org/10.3390/
app15137297

. Margaoan, R., Papa, G., Nicolescu, A., Cornea-Cipcigan, M., Ko6-

soglu, M., Topal, E., Negri, 1. (2024). Environmental pollution effect
on honey bees and their derived products: a comprehensive analysis.
Environmental Science and Pollution Research, 32 (16), 10370-10391.
https://doi.org/10.1007/s11356-024-33754-4

. Zavrtnik, S., Loborec, J., Kapelj, S., Gr¢i¢, 1. (2024). Environmental

Biomonitoring of Heavy and Toxic Metals Using Honeybees and Their
Products - An Overview of Previous Research. Sustainability, 16 (19),
8526. https://doi.org/10.3390/su16198526

. Tong, D. Q., Gill, T. E., Sprigg, W. A., Van Pelt, R. S., Baklanov, A. A.,

Barker, B. M. et al. (2023). Health and Safety Effects of Airborne Soil
Dust in the Americas and Beyond. Reviews of Geophysics, 61 (2).
https://doi.org/10.1029/2021rg000763

. Borsuk, G., Sulborska, A., Stawiarz, E., Olszewski, K., Wiacek, D.,

Ramzi, N. et al. (2021). Capacity of honeybees to remove heavy
metals from nectar and excrete the contaminants from their bod-
ies. Apidologie, 52 (6), 1098-1111. https://doi.org/10.1007/s13592-
021-00890-6

. Godebo, T. R., Stoner, H., Taylor, P., Jeuland, M. (2025). Metals in

honey from bees as a proxy for environmental contamination in the
United States. Environmental Pollution, 364, 125221. https://doi.org/
10.1016/j.envpol.2024.125221

. Demkovd, L., Hauptvogl, M., Oboria, J., Bobulskd, L., Janco, I., Haran-

gozo, L. et al. (2024). Comprehensive assessment of mercury contami-
nation in bees, bee products and moss and lichen bags. Ecotoxicol-
ogy and Environmental Safety, 285, 117132. https://doi.org/10.1016/
j-ecoenv.2024.117132

Altahaan, Z., Dobslaw, D. (2024). The Impact of War on Heavy Metal
Concentrations and the Seasonal Variation of Pollutants in Soils of
the Conflict Zone and Adjacent Areas in Mosul City. Environments,
11 (11), 247. https://doi.org/10.3390/environments11110247
Samilyk, M. (2025). Assessment of the state of lead contamina-
tion of soil and agricultural products in the territory near the
combat zone. EUREKA: Life Sciences, 4, 30-38. https://doi.org/
10.21303/2504-5695.2025.004071

Zolfaghari, G., Akhgari Sang Atash, Z., Sazgar, A. (2018). Baseline
heavy metals in plant species from some industrial and rural areas:
Carcinogenic and non-carcinogenic risk assessment. MethodsX, 5,
43-60. https://doi.org/10.1016/j.mex.2018.01.003

Tsytsiura, Ya. H., Shkatula, Yu. M., Zabarna, T. A., Pelekh, L. V. (2022)
Innovatsiyni pidkhody do fitoremediatsiyi ta fitorekultyvatsiyi u
suchasnykh systemakh zemlerobstva. Vinnytsia: TOV «Druk», 1200.
Available at: https://repository.vsau.org/getfile.php/31038.pdf
Aldgini, H. M. M., Abdullah Al-Abbadi, A., Abu-Nameh, E. S. M,,
Alghazeer, R. O. (2019). Determination of metals as bio indicators
in some selected bee pollen samples from Jordan. Saudi Journal
of Biological Sciences, 26 (7), 1418-1422. https://doi.org/10.1016/
j.5jbs.2019.03.005



https://doi.org/10.1007/s41207-020-00204-9
https://doi.org/10.1016/j.scitotenv.2025.180722
https://doi.org/10.1016/j.scitotenv.2025.180722
https://doi.org/10.3390/app15137297
https://doi.org/10.3390/app15137297
https://doi.org/10.1007/s11356-024-33754-4
https://doi.org/10.3390/su16198526
https://doi.org/10.1029/2021rg000763
https://doi.org/10.1007/s13592-021-00890-6
https://doi.org/10.1007/s13592-021-00890-6
https://doi.org/10.1016/j.envpol.2024.125221
https://doi.org/10.1016/j.envpol.2024.125221
https://doi.org/10.1016/j.ecoenv.2024.117132
https://doi.org/10.1016/j.ecoenv.2024.117132
https://doi.org/10.3390/environments11110247
https://doi.org/10.21303/2504-5695.2025.004071
https://doi.org/10.21303/2504-5695.2025.004071
https://doi.org/10.1016/j.mex.2018.01.003
https://repository.vsau.org/getfile.php/31038.pdf
https://doi.org/10.1016/j.sjbs.2019.03.005
https://doi.org/10.1016/j.sjbs.2019.03.005

15. Skrypka, G., Naidich, O., Timchenko, O., Dankevych, N. (2023).
Toxicological and microbiological criteria for the safety of pollen load
and propolis. Agrarian Bulletin of the Black Sea Littoral, 109, 95-102.
https://doi.org/10.37000/abbsl.2023.109.15

16. Serevitiené, V., Zigmontiené, A., Paliulis, D. (2022). Heavy Metals in
Honey Collected from Contaminated Locations: A Case of Lithuania.
Sustainability, 14 (15), 9196. https://doi.org/10.3390/su14159196

17. Anderson, C. W. N., Smith, S. L., Jeyakumar, P., Thompson-Mor-
rison, H., Cavanagh, J.-A. E. (2022). Forage crops and cadmium:
How changing farming systems might impact cadmium accumula-
tion in animals. Science of The Total Environment, 827, 154256.
https://doi.org/10.1016/j.scitotenv.2022.154256

18. Samilyk, M., Bokovets, S., Kovalenko, O., Ryzhkova, T., Hnoievyi, L.,
Hrinchenko, D. et al. (2025). Revealing the impact of military ac-
tivities on the safety of agricultural produce. Eastern-European Jour-
nal of Enterprise Technologies, 6 (11 (138)), 47-53. https://doi.org/
10.15587/1729-4061.2025.343273

19. Samilyk, M., Synenko, T., Bolgova, N., Lukhanin, B., Borozenets, N.
(2025). Assessment of the risk of pollution of the ecosystem and
agricultural products in the zone of military conflict. Technology
Audit and Production Reserves, 5 (3 (85)), 23-28. https://doi.org/
10.15587/2706-5448.2025.341902

20. Scott, S. B., Gardiner, M. M. (2025). Trace Metals in Nectar of Impor-
tant Urban Pollinator Forage Plants: A Direct Exposure Risk to Polli-
nators and Nectar-Feeding Animals in Cities. Ecology and Evolution,
15 (4). https://doi.org/10.1002/ece3.71238

21. Tomczyk, M., Zagula, G., Kaczmarski, M., Puchalski, C., Dzugan, M.
(2023). The Negligible Effect of Toxic Metal Accumulation in the
Flowers of Melliferous Plants on the Mineral Composition of Mono-
floral Honeys. Agriculture, 13 (2), 273. https://doi.org/10.3390/
agriculture13020273

22. Végh, R., Csoka, M., Sords, C., Sipos, L. (2021). Food safety hazards
of bee pollen - A review. Trends in Food Science & Technology, 114,
490-509. https://doi.org/10.1016/j.tifs.2021.06.016

23. Dzugan, M., Wesotowska, M., Zaguta, G., Kaczmarski, M., Czer-
nicka, M., Puchalski, C. (2018). Honeybees (Apis mellifera) as a
biological barrier for contamination of honey by environmental
toxic metals. Environmental Monitoring and Assessment, 190 (2).
https://doi.org/10.1007/s10661-018-6474-0

24. Li, D., Liu, J., Yuan, Y., Chen, J., Mu, J. (2025). Cadmium Contami-
nants in Pollen and Nectar Are Variably Linked to the Growth and
Foraging Behaviors of Honey Bees. Insects, 16 (3), 306. https://doi.org/
10.3390/insects16030306

DOI: 10.15587/1729-4061.2026.352324

DEFINING PATTERNS IN HEATING A REINFORCED
CONCRETE COLUMN UNDER THE EFFECT OF A
STANDARD FIRE TEMPERATURE REGIME (p. 24-31)

Vadym Yanishevskyi

Mobile Rescue Center ‘Odesa’

of the State Emergency Service of Ukraine
(Rapid Response Rescue Center ‘Odesa’ (SES)),
Zherebkove vil., Ukraine

ORCID: https://orcid.org/0009-0006-2514-6593

Alina Perehin

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine

ORCID: https://orcid.org/0000-0003-2062-5537

Serhii Gonchar

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine

ORCID: https://orcid.org/0000-0003-4806-7012

Oleksandr Nuianzin

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine

ORCID: https://orcid.org/0000-0003-2527-6073

Oleh Zemlianskyi

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine

ORCID: https://orcid.org/0000-0002-2728-6972

Oleksandr Olefirenko
Ukrainian State Flight Academy, Kropyvnytskyi, Ukraine
ORCID: https://orcid.org/0000-0002-0034-049X

This study investigates the process of heating a fragment of
a reinforced concrete column under standard fire temperature
conditions. The task addressed relates to the lack of data on tem-
peratures at characteristic points of the cross-section of reinforced
concrete columns during their heating according to the standard
temperature curve, which complicates the refinement of calcula-
tion models of heat transfer and assessment of fire resistance of
structures.

This paper identifies the features of heating a fragment of a
reinforced concrete column based on the results of experimental
tests in a small-sized fire furnace without applying mechanical
load. Temperatures were recorded at six characteristic points of the
cross-section of the studied sample, in particular at the level of the
reinforcement, in the center of the cross-section, at the control point
of the semi-diagonal, and at points close to the concrete surface.
It was established that the maximum temperatures at the surface
points reached 528°C, and in the reinforcement zone - 506°C, while
in the central part of the cross-section they were equal to 468-487°C.

The results showed the absence of local overheating in the planes
of thermocouple placement, the formation of a regular temperature
gradient in the concrete cross-section during standard fire exposure.
A feature of the results is the experimental determination of tem-
peratures at several characteristic points of the column cross-section,
which allows a more accurate assessment of the real temperatures in
the reinforcement and concrete during a fire.

The findings are associated with the radiation-convective heat
exchange between the concrete surface and the flame, as well as with
the relatively low thermal conductivity and thermal inertia of the
concrete material. Statistical processing of the results showed that
the relative deviation of temperature values does not exceed 6.7%
while the values of the Cochrane Fisher and Student criteria are less
than critical.

The obtained experimental data could be used to further deter-
mine the fire resistance limit of reinforced concrete columns and
refine the calculation models of heat transfer.

Keywords: fire, reinforced concrete, column, fire exposure, tem-
perature, sensors, measurements, experiment, combustion.

References

1. Nuianzin, O. (2022). Study of fire thermal effect on a reinforced con-
crete beam according to the results of experimental tests. Nadzvychai-
ni sytuatsiyi: poperedzhennia ta likvidatsiya, 6 (1), 75-84. Available
at: https://repositsc.nuczu.edu.ua/bitstream/123456789/21044/1/
Nuianzin%2025.pdf

2. Yanishevskyi, V., Perehin, A. (2024). Algorithm for application of
improved experimental and calculation method for assessing fire re-
sistance limits of load-bearing reinforced concrete walls. Emergency
Situations: Prevention and Liquidation, 8 (2). https://doi.org/10.3173
1/2524.2636.2024.8.2.167.180

3. Bai, L. L, Song, T. (2012). Failure Analysis of Reinforced Concrete
Columns after High Temperature. Applied Mechanics and Materi-


https://repositsc.nuczu.edu.ua/bitstream/123456789/21044/1/Nuianzin%2025.pdf
https://repositsc.nuczu.edu.ua/bitstream/123456789/21044/1/Nuianzin%2025.pdf
https://doi.org/10.31731/2524.2636.2024.8.2.167.180
https://doi.org/10.31731/2524.2636.2024.8.2.167.180
https://doi.org/10.37000/abbsl.2023.109.15
https://doi.org/10.3390/su14159196
https://doi.org/10.1016/j.scitotenv.2022.154256
https://doi.org/10.15587/1729-4061.2025.343273
https://doi.org/10.15587/1729-4061.2025.343273
https://doi.org/10.15587/2706-5448.2025.341902
https://doi.org/10.15587/2706-5448.2025.341902
https://doi.org/10.1002/ece3.71238
https://doi.org/10.3390/agriculture13020273
https://doi.org/10.3390/agriculture13020273
https://doi.org/10.1016/j.tifs.2021.06.016
https://doi.org/10.1007/s10661-018-6474-0
https://doi.org/10.3390/insects16030306
https://doi.org/10.3390/insects16030306

als, 157-158, 1578-1581. https://doi.org/10.4028/www.scientific.net/
amm.157-158.1578
4. Dmytrenko, Y., Donets, T., Odnolitok, K., Fesenko, O. (2021). Fire re-
sistance assessment of RC columns with advanced calculation meth-
ods. Building Constructions. Theory and Practice, 8, 82-96. https://
doi.org/10.32347/2522-4182.8.2021.82-96
5. Yang, D, Liu, F., Huang, S.-S., Yang, H. (2020). ISO 834 standard fire
test and mechanism analysis of square tubed-reinforced-concrete col-
umns. Journal of Constructional Steel Research, 175, 106316. https://
doi.org/10.1016/j.jcsr.2020.106316
6. Krishna, D. A., Priyadarsini, R. S., Narayanan, S. (2019). Effect of
Elevated Temperatures on the Mechanical Properties of Concrete.
Procedia Structural Integrity, 14, 384-394. https://doi.org/10.1016/
j-prostr.2019.05.047
7. Al-Jadiri, M. S. F., Said, A. M. 1. (2023). Reinforced Concrete Columns
Insulated by Different Gypsum Layers Exposed to 900°C One Side
Fire Flame. Engineering, Technology & Applied Science Research,
13 (5), 11586-11592. https://doi.org/10.48084/etasr.6083
8. Cao, V. V,, Ngo, S. T. (2024). Residual axial strength of reinforced
concrete columns after exposure to standard and non-standard fires.
Advances in Structural Engineering, 27 (5), 709-721. https://doi.org/
10.1177/13694332241232048
9. Prakash, R. S., Parthasarathi, N. (2025). Experimental and numerical
study on FRP-rehabilitated RC beam-column joints at high tempera-
ture with artificial neural network. Scientific Reports, 15 (1). https://
doi.org/10.1038/s41598-025-16055-9
10. Perehin, A., Nuianzin, O., Borysova, A., Nuianzin, V. (2022). Results
of Experimental Investigations of Reinforced Concrete Wall Elements
According to the Standard Temperature Mode of Fire. Materials Sci-
ence Forum, 1066, 206-215. https://doi.org/10.4028/p-18th69
11. Perehin, A., Nuianzin, O., Shnal, T., Shchipets, S., Myroshnyk, O.
(2023). Improvement of means for assessing fire resistance of frag-
ments of reinforced concrete structures. Reliability and durability of
railway transport engineering structure and buildings. https://doi.org/
10.1063/5.0120061

DOI: 10.15587/1729-4061.2026.357891
CONSTRUCTION OF A MODEL OF THE IMPACT
INTERACTION BETWEEN A WATER JET AND A
VERTICAL WALL (p. 32-39)

Oleksii Basmanov

National University of Civil Protection of Ukraine,
Dmytrivka vil., Ukraine

ORCID: https://orcid.org/0000-0002-6434-6575

Volodymyr Oliinyk

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine,

ORCID: https://orcid.org/0000-0002-5193-1775

Oleksandr Telelym

The Central Research Institute of the Armed Forces of Ukraine,
Kyiv, Ukraine

ORCID: https://orcid.org/0009-0005-1855-7346

Dmytro Chalyy
State Emergency Service of Ukraine in Lviv Region, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-7136-6582

Iryna Chala
State Emergency Service of Ukraine in Lviv Region, Lviv, Ukraine
ORCID: https://orcid.org/0009-0009-2221-7503

Vasyl Maliarchuk
National University “Kyiv Aviation Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0009-0008-5435-4601

Anastasiia Hryshchenko

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine,

ORCID: https://orcid.org/0009-0003-1035-2624

Artem Huz

National University of Civil Protection of Ukraine,
Cherkasy, Ukraine,

ORCID: https://orcid.org/0009-0004-8869-2423

This work investigates the process of interaction between the
droplet phase of a two-phase flow “droplet-air” and a vertical wall;
the subject of this study is the trajectory of motion and character-
istics of water droplets in a two-phase flow when they collide with
a vertical surface. The task addressed is to reduce water losses
when it is supplied by a fire hose to a vertical wall while splashing
upon impact.

The droplet motion was modeled within the framework of the
Lagrangian approach, in which the dynamics of each droplet were
described by the equations of motion in three-dimensional space
taking into account the forces of aerodynamic resistance and grav-
ity. To take into account the stochastic nature of droplet sizes and
transverse velocity components, 10° trajectories with diameter
distribution according to the Rosin-Ramler law were simulated.

It was established that the density distribution of a water
particle reaching the vertical wall has a unimodal character. With
increasing water supply pressure, the fraction of water reaching
the wall increases significantly, and the maximum of the distribu-
tion density becomes more pronounced. In particular, when water
is supplied by a fire hose with a nozzle diameter of 19 mm at an
angle of 35° from a distance of 25 m, the fraction of water that does
not reach the wall decreases from 49% at a pressure of 40 m to 8%
at a pressure of 70 m.

It is shown that the interaction of droplets with the wall oc-
curs mainly under the spreading and splashing modes, while the
deposition and reflection modes account for less than 1%. With in-
creasing pressure, the fraction of spreading droplets decreases, and
the fraction of splashing droplets increases. Under the splashing
mode, on average, about 50% of the drop mass is lost. As a result
of taking splashing into account, the water distribution density
along the vertical wall changes from unimodal to bimodal, where
the second maximum corresponds to the zone of predominant
droplet spreading.

Keywords: two-phase jet, drop zone, fire hydrant, droplet-
vertical wall interaction.
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This study investigates the process that forms a fire-resistant
coating based on polyester powder paint on tent fabric. The task
addressed is to enable the fire resistance of tent fabric when treat-
ed with a coating based on polyester powder paint. This is impor-
tant as the production of fire-resistant materials for construction
is a relevant task.

It has been proven that under the influence of a burner flame on a
sample of tent fabric treated with a powder coating based on polyester
paint, a heat-insulating layer of foam coke of about 4 mm was formed
on the surface within 15 s. However, the absence of foam coke was
found in some places. A layer of foam coke with a length of more
than 50 mm and a width of 20 + 30 formed on the surface of a sample
of tent fabric treated with a mixture of polyester powder paint and an
intumescent system, while the height of the swelling exceeds 10 mm.
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This refers the tent fabric to flame-retardant materials as no burning
or smoldering was recorded during the temperature exposure, and the
temperature did not exceed 100°C.

Studies have shown that the obtained thermogravimetric indica-
tors make it possible to establish the rate of thermal decomposition
of the coating at certain temperatures and show a qualitative assess-
ment of thermal effects and thermal destruction of materials, which is
characterized by mass loss. Thus, endothermic processes for powder
polyester paint begin when 210-290°C is reached with a subsequent
intense mass loss of about 70%; when an intumescent system is
added, the endothermic effects shift to the region of about 300-340°C
with a mass loss of less than 56%. Thus, there is reason to argue about
the possibility of effectively designing operationally stable biocom-
posites for construction.

Keywords: tent fabric, polyester powder paint, intumescent sys-
tem, fireproof coating, foam coke.
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This study explores the mechanism and processes behind ther-
mal oxidative destruction and the formation of char and pyrolysis
layers in wood.

The task addressed is to establish patterns of wood combustibility
and features in the formation of pyrolysis and char layers at heating in
order to improve the effectiveness of fire protection.

The experimental results established that for untreated wood
the average depth of the pyrolysis layer is 4 mm for birch and 7 mm
for pine, while the char layer reaches 8 mm and 12 mm, respectively.
When applying a fire-retardant coating, these values decrease to
1 mm (pyrolysis) and 2 mm (char) for birch, and to 2 mm (pyrolysis)
and 4 mm (char) for pine. Thus, the use of fire-retardant composi-
tions leads to a reduction in the depth of thermal oxidative destruc-
tion by 3-4 times and a significant decrease in the intensity of char
formation.

The findings indicate that fire-retardant coatings modify the
mechanism of thermal decomposition of wood, limit heat and mass
transfer processes, reduce the release of combustible gaseous prod-
ucts, as well as promote the formation of a thinner but more stable
protective char layer.

A quantitative relationship between the depth of pyrolysis
and char layers and the type of wood (birch, pine) under surface
fire-retardant treatment has been established. The results show
a reduction in combustibility parameters compared to untreat-
ed samples.

The findings could be used in the design and optimization of
fire-retardant compositions, as well as for improving fire protec-
tion measures for wooden structures.

Keywords: pyrolysis zone, thermal oxidative destruction,
charring rate, fire-retardant coatings.
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PO3POBKA ITAPAMETPU30BAHOI AHAJIITUYHOI MOJIEJII OIITHIOBAHHA IIOBHOITUKJIOBUX BUKH/IIB
U1 KIIIMATHUYHOTI'O IIOPIBHAHHSA EHEPTETUYHUX PIINEHDB ¥ TPAHCIIOPTHHX CUCTEMAX (c. 6-17)

B. 10. Kupusuiosa, O. B. Kupuiiosa

O6’eKTOM JIOCJI/PKEHHS € ITPOLIEC OLiHIOBaHHA KJIIMaTUYHOI e()eKTUBHOCTI a/IbTEPHATUBHUX €HEPreTUYHUX PillleHb Y TPAHCIIOPTHUX CHUCTEMAaX
y Me)Xax TTOBHOIMKJIOBOTO Mixomy Well-to-Wheel (WTW).

IIpo6sieMa IosIsirae y METOAOIOTUHI I Hey3ro/pPKeHOCT] pe3yJIbTaTiB KJIIMaTUYHOTO IIOPiBHAHHS IIPY 3acTocyBaHHi miixoay Tank-to-Wheel (TTW),
SIKUAI BPaXOBye JIMILe eKCIUTyaTalliiiHi BUKHAN Ta irHOpye upstream-KOMITOHEHTH, IT0B’sI3aHi 3 BUPOOHUIITBOM i IOCTauaHHSIM eHepropecypcis. Lle
TIPU3BOZIUTE JI0 CUCTEMHOT'O PO3PHBY MK OI[iHEHNMU Ta (DAKTHYHMUMY TIOBHOIMKJIOBIMH KJIIMAaTHYHIMU e(heKTaMH eHepreTHYHIX aJIbTEPHATHUB.

Y po6oti po3pobieHo apaMeTpr30BaHy aHAITHYHY MOJIe/Ib KIiMaT4HOI ropiBHioBaHOCTI — WTW Climate Comparability Model (WTW-CCM),
1m0 (opMatizye 3aIeKHICTh MOBHOLMKIOBUX BUKH/B Bifl TapaMeTpiB eHePreTUYHOro JaHIfora. O6IpyHTOBAaHO CTPYKTYPy MOBHOLMKIOBUX BU-
KUZiB 5K cyMy KoMmroHeHTiB Well-to-Tank, Tank-to-Wheel i cnerudivanx cxiajoBux. Mozess y3rofjpkeHa 3 MKHAPOZHUMU METOAOJIOTTYHIMU
pamxamu EN 16258, GLEC Framework Ta ISO 14083.

BcTaHOB/IEHO TTapaMeTpUYHYy 3aJIeXKHICTh KJIIMAaTWYHOI e(eKTHBHOCTI BiJ ByIVIEI|eBOi iHTEHCHBHOCTI eHeprocucTeMu Ta methane slip
emissions. BuBezieHo noporosuii KpUTepiil y BUIVIA/i KpUTUYHO] BYIJIeIeBOi iHTEeHCUBHOCTI eleKTpoMepeski. ITokaszaHo, 1110 eIeKTpUYHi pillleHHs
€ IOUTbBHUMH JIMIIIE 33 BU3HAYEHUX [TAPAMETPUYHUX YMOB.

TIposIeMOHCTPOBAHO MOXKJTUBICTB iHBepCil KIiMaTHUHOI ePeKTUBHOCTI aTbTepHATUB. POpMaTi30BaHO SIBUIIIE iHBECTUIIIHOI acCUMeETPii iekap6o-
Hi3ariii Ta 3arporioHoBaHo iHgeke DIAL O6rpyHTOBaHO, 110 pi3Hi Mexxi orjiHroBaHHs (TTW i WTW) opmyroTs HecymipHi iHBecTUILiiHI IpiopUTeTH.

IIpakTidHe 3HaYeHH IIOJIATAE Y 3aCTOCYBaHHI MOZEJI /i1 0OIPYHTYBaHHS YIIPABIiHCPKUX i iHBECTHHIMHMX pillleHb y JexapOoHizaril
TPaHCIIOPTY.

Kirrouoni cioBa: Well-to-Wheel (WTW), gexapOoHi3ariisi TpaHCIIOPTY, ITOBHOLMKJIOBI BUKH/IY, iHBEeCTHIIiiHA acMeTpist iekapOoHi3artii,
TPaHCIIOPTHI TEXHOJIOT}1.
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BUSABJIEHHS BIOAKYMYJISIIT BAYKXKHX METAJIIB Y MEJIJOHOCAX TA iX TPAHCJIOKAIIIA ¥
AIIIIIPOAYKTH (c. 18-23)

M. M. Caminuk, C. A. Tkauyk, B. II. OHonipienko, JI. I. €muk, O. M. Baxmar, [I. II. Ilraxriii, T. M. Kpauan, A. C. ToTBIHCBKa,
. O. Kucius, [I. B. Haripauit

OG’eKTOM JJAHOTO AOCHIiHKEHHS € KoedillieHT repeHocy BaXkux MmetasniB (TF) i3 guxopocsnx MeJOHOCIB y IPOAYKTH OKLIBHHIITBA.
OCKiZIbKY IOCTiZIHA TepUTOPisl 3HAXOAUTHCS TTOOIN3Y 30HU G0HOBHX Aiit, MOXKJIHBe {1 3a0pyAHEHHS BOKKUMU MeTajlaMH. AHaJIi3 MeJJOHOCIB Ta
aTIPO/YKTIB 103BOJIUTH BCTAHOBUTH X 6e3MevHicTh. [T0JIb0BI OCTiPKeHHS TPOBOAVIINCS y JIUITHI 2025 poKy y . CreraHiBKa (Ykpaina). 3araib-
HOINPUIHATHMH MeTOJ]aM1 BH3HayaIu KoHleHTpanito Cd, Pb, As ta TF nyx Ba)KKHX METaJIB i3 JUKOPOCIVX MEOHOCIB 10 MTPOAYKTIB GKiIb-
HULTBA (OOHDKOKS OIKLT Ta Mezy). BusiByieHO, 1[0 KOHIIEHTpallisi Pb B IUKOPOCINX MEOHOCAX CTAHOBUTH 1,64 + 0,44 MI/KT, 1[0 TTEPEBUIIYE
J103BOJIEHMI B €Bporti Ta YKpaiHi piBeHb JyIs POCJIMH Y 5,5-8,2 pasu. IIpoTe, y 6/pKOIMHOMY 0GHDIOKI Ta Me/[0Bi KOHIIeHTpallist Pb 3HaX0ANUThCS B
mexax HopmH (0,15 + 0,01 mr/kr Ta 0,09 + 0,01mr/Kr BiamosifiHo). Lle Bkasye Ha Te, 1[0 TUJIOK € MEHII 3a6py/{HEHUM, TIOPiBHSIHO 3 BETeTaTUBHU-
MU YaCTHHAMU POCJIMHH, BUCTYTIAIOYH GAP>€POM 1T BAXKKUX METaJIiB, a G7IXKOJIM MAIOTh 3/1aTHICTh 3HIDKYBAaTH KOHI[EHTpAIIi10 3a0pyAHIOBAYiB.
TlinTBep/YKEHHSIM I1HOTO € I Te, 1110 KOHLIEHTpalisi Pb B 6/K0IMHOMY 0GHDIOKI BUIIA HIXK Y ME/IOBI, 1110 MOYKe BKa3yBaTH Ha 37aTHICTh O/DKL JisdTH
siK 6iodineTp. Takuii ske edekT criocTepiraerses i3 iHmmmMy TokcuHamu. PiBens Cd B Meziosi (0,007 + 0,01 Mr/kr) OyB HYDKYII 3a 10r0 KOHIIEHTpa-
1ito B 6/prosmmHOMYy 06HDIOKI (0,01 + 0,05 Mr/kr). KoHnieHTpanis As y MezioBi Takoxk Ha 0,1 MI/Kr MeHIIIa 3a HOro KOHIIEHTPAIIil0 y 6/PKOTIMHOMY
06GHDIOKI. Pa3oM 3 TiM, GyJ10 BUSIBJIEHO, 1110 KOHI[EHTpAIlist AS Y AMKOPOCIUX MeZoHOocax (< 0,0001 MI/Kr) 3HAYHO HIDKYA 32 MOr0 KOHIIEHTPAIIi0
B IIPOAyKTax 6/pKimpHUIITBA. HatfiBrioro Gysa 6ioakymysswis Cd y 6pxomrHOMY 06HDKKI (TF = 0,13). BpaxoBytouw, 110 KoedirjieHT epeHocy
Ba)KKUX MeTaJliB He TIepeBHUIIye 1, MeJ| Ta 6/pKOIMHE 0OHDIOKS, 3i6paHi Ha ZOCIIiAHIi TeprUTOpii, MOXKHA BBAYKATH Ge3MIEYHUMHU /IS BXKUBAHHS.

KUrro4oBi cyroBa: oK 6/KOJTMHUI, BaYKKi MeTasi, Koedil[ieHT rmepeHocy, BificbKOBi /1ii, 6e31eUHiCTh aIlilpogyKTiB.
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BU3HAYEHHS 3AKOHOMIPHOCTEM ITPOI'PIBAHHS 3AJII30BETOHHOI KOJIOHU ITPM BOTHEBOMY
BIIZIMBI CTAHOAPTHOI'O TEMIIEPATYPHOTI'O PEXKHMY ITIOXKEXKI (c. 24-31)

B. E. sSIninreBchkuii, A. B. Ileperin, C. B. ToHuap, O. M. Hya#x3in, O. M. 3emusaHcbkuii, O. I. Onediperko

OG’€KTOM JIOCJIZPKEHHSI € TPOLieC HarpiBaHHs ()parMeHTy 3a1i300eTOHHOI KOJIOHW B YMOBAaX CTaHZAPTHOIO TEMIIEPATYPHOTO PEXXUMY IIOXKEKi.
ITpo6siema MoJsArae y HeZIOCTaTHOCTI ZIAHKX IIIOZI0 TEMITepaTyp Y XapaKTepPHUX TOUKaxX Iepepisy 3a/1i306eTOHHMX KOJIOH ITif| yac iX HarpiBaHHs 3a CTaH-
JIapTHOIO TEMITEPATyPHOIO KPUBOIO, 1110 YCK/IAHIOE YTOUHEHHsI PO3PaXyHKOBUX MOJiesIel TeIIONepeHOCY Ta OL[iHIOBAHHS BOTHECTIKOCTI KOHCTPYKLIiH.

Y po6oTi BU3HaY€HO 0COOIUBOCTI IIporpiBaHHs (hparMeHTa 3a1i300eTOHHOI KOJIOHU 32 Pe3y/IbTaTaMU eKCIIePUMEHTAIbHIX BUIIPOOYBaHb Yy
MaJsIorabapuTHii BOTHeBiil reui 6e3 MpHKIaZieHHs MeXaHIYHOTO HaBaHTa)KeHHsI. 3a(hikCOBaHO TEMITIEpaTypH Y IIECTH XapaKTePHUX TOUKaX ITepe-
pi3y JocipKyBaHOro 3paska, 30KpeMa Ha piBHI apMaTypH, y LieHTpi Iepepisy, y KOHTPOJIbHIi To4lli HamiBiaroHasi Ta B TOYKax, HAOJIMKEHHX JI0



NOBepxHi GeToHy. BcTaHOBJIEHO, 1110 MAKCUMAaJIbHI TeMIIepaTypy Y OBEPXHEBUX TOUKaX gocaranu 528°C, a y 30Hi apMarypu — 506°C, Togi sIK y
LIeHTPaJIbHIN YaCTHUHI Ilepepisy BOHU CTaHOBWIIN 468-487°C.

OTpuMaHi pe3ysIbTaTy OKa3a/IM BiZICYTHICTB JIOKAJIBHUX IT€PErpiBiB y IUIOMMHAX PO3MIllleHHs TepMortap, GopMyBaHHS 3aKOHOMIPHOTO TeM-
TIepaTypHOro rpajiieHTa B GeTOHHOMY IIepepi3i Iij| Yac CTaHJapTHOTO ITOXKEKHOTO BILIMBY. OCOGIMBICTIO OTPUMAHUX PE3YJIBTATIB € eKCIIepUMeH-
TaJIbHE BU3HAYEHHS TEMIIEPaTyp Y AeKiJIbKOX XapaKTepPHUX TOYKaX Mepepi3y KOJIOHH, 10 A03BOJISIE OLIBII TOUYHO OIL[{HUTH peasIbHi TeMIepaTypy B
apMaTypi Ta 6eTOHi IiJ| yac moxKesxi.

TTosicHeHHsI OTPUMAaHUX Pe3Y/IBTaTiB MOB’sI3aHe 3 pafialiifHO-KOHBEKTHBHIM TETIOOOMIHOM MDXK ITOBEpXHEI0 G6ETOHY Ta ITOJIyM sIM, a TAKOX i3
Bi/IHOCHO HM3BKOIO TEIUIONPOBIAHICTIO i TEIIOBOIO iHepIIiliHicTI0 GeTOHHOTro Marepiary. CTaTHCTIMHA 06pOOKa Pe3yJIbTaTiB IOKa3asIa, 10 Bi[HOCHE
Bi/IXWJIEHHS TeMIIEPAaTypPHUX 3HAYEeHb He IepeBUILye 6,7%, a 3Ha4eHHs KpuTepiiB Koxpena @imepa, Ta CTbIOLEHTa € MEHIIMMHU 338 KPUTUYHI.

OTpuMaHi eKCIIepUMEeHTAJIbHI JaHi MOXXYTb OyTH BHKOPHCTAHI /ISl OA/IBIIOTO BU3HAYEHHS Me)Ki BOTHECTIHKOCTI 3a1i306eTOHHUX KO-
JIOH Ta YTOYHEHHs PO3PaXyHKOBUX MOJieJIell TeTIoNnepeHocy.

Korro4oBi ciioBa: moxerxa, 3a1i300€TOH, KOJIOHA, BOTHEBUI BILIMB, TEMIIEPATYpPa, JaTYUKH, BUMipIOBaHHS, eKCIIEpHMEHT, FOPiHHS.
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PO3POBKA MOJEJII VIAPHOI B3AEMO/IIi BOJTHOTO CTPYMEHSA 3 BEPTUKAJIbHOIO CTIHKOIO (c. 32-39)

0. €. BacmaHoOB, B. B. OxiiiHuk, O. B. TexesumM, [I. O. Yanuii, I. B. Yazna, B. O. Mayspuyk, A. A. I'pumiesko, A. C. I'y3s

OG6’eKTOM JJOCTI/PKEHHS € ITPOLIeC B3aEMOZIT KparebHOI a3y ABO(a3HOTr0 ITOTOKY «KPAILTi-TIOBITPs» 3 BEPTUKAILHOIO CTIHKOIO, a ITPeAMETOM
JIOCJTi/IKEHHSI — TPAEKTOpisl PyXy i XapaKTepUCTUKY Kparesb BOAH Y ABO(A3HOMY IOTOLi ITpY 3iTKHEHHI 3 BepTUKAJIBHOIO IIOBEPXHE0. Po3mrsiza-
€TbCs ITpo6IIeMa 3MEHIICHHS BTPAT BOAU IPH {1 oAyl MOXEXHUM CTBOJIOM HA BEPTUKAIBHY CTIHKY BHACJIZIOK PO36PU3KYBaHHS IpH yAapi. Mo-
JIeJIIOBaHHs PyXy Kparlesib 3[iiCHIOBAIOCS B PaMKaxX JIArPaH)KeBOTO MiZXOAy, B IKOMY JAWHaMiKa KOXKHOI KpaIUli OIHCyBasIacs PiBHAHHAMU PyXy B
TPUBUMIPHOMY IIPOCTOPI 3 ypaXyBaHHSIM CUJI aePOAMHAMIYHOIO OIIOpY Ta TpasiTariii. [[71s1 BpaXyBaHHs CTOXaCTUYHOI'O XapaKTepy Po3MipiB Kparejib
i TOTIEPEYHHMX CKIaIOBUX LIBUKOCTI TIPOBEIEHO MOZIEJIOBaHHsI 10° TPaeKTOpIi i3 po3moziiom [iaMeTpis 3a 3aKoHOM Posina-Pamiepa.

BcraHOoBIEHO, 110 WLJIBHICTD PO3IIOALUTY YaCTKU BOJM, SIKA JIOCATA€ BEPTUKAIBHOI CTIHKY, Ma€ yHIMOAAIBHUI Xapakrep. 3i 30i/IbIIeHHAM Ha-
TI0py T10Aa4i BOAW YacTKa BOAM, 1[0 AOCSTA€E CTIHKHU, CYTTEBO 3POCTAE, 3 MAKCUMYM IILIBHOCTI PO3MOZLTY cTae GLIBII BUpayKeHUM. 30KpeMa, ITpU
T0ofa4i BOAY MOXKEXKHUM CTBOJIOM 3 JIiaMeTpoM Hacazka 19 M mizl KyroM 35° 3 BifjcTaHi 25 M 4acTKa BOJH, sIKa He JOCATAE CTIHKHU, 3SMEHIIYEThCS 3
49% nipu Hartopi 40 M 10 8% 11pu Hanopi 70 M. IToka3aHo, 10 B3aEMOJisl Kparesib 3i CTIHKOIO BiJ0YBA€ThCs IIEPEBAXKHO B POKMMAX PO3TIKaHHS Ta
PO36PU3KYBaHHS, TO/i K Ha PeXXVMU TIPIJIMITAHHA Ta BiOUTTS npura/jjae MeHure 1%. 3i 3pocTaHHAM HAIloOpy YacTKa Kparresib, 10 PO3TiKaloThCH,
3MEHIIYETHCS, @ YACTKA Kparleslb, 10 PO3OPU3KYIOThCS — 30LIBIIYEThCS. Y PeXKMi pO36pH3KyBaHHS B CEPEJHHOMY BTPAda€eThCst GJIM3BKO 50% Macu
Kparuti. B pe3ysibrati BpaxyBaHHsI po30pU3KYBaHHSI LIUIbHICTD PO3IIOALTY BOAU 110 BEPTUKAIBHIM CTIHII TepeXoAUTh Bifl yHIMOJAIBHOTO A0 6iMo-
JIaJILHOT'O XapaKTepy, Zie JPYTrii MaKCUMyM BiJIIOBiZjae 30Hi IIepeBasKHOr0 PO3TiKaHHS KparleJb.

Korro4oBi cioBa: BodazHUil CTPyMiHb, KpamesbHa 30Ha, I0XKeKHUI CTBOJI, B3a€EMOJ sl KpaILli 3 BepTUKAIbHOIO CTIHKOIO.
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BCTAHOBJIEHHA 3AKOHOMIPHOCTEM 3MIHU BOTHECTIMKOCTI HAMETOBOI TKAHUHHU IIPU
OBPOBJIEHI ITOPOIITKOBOIO ®APEOIXO (c. 40-48)

10. B. Ilaniko, O. I0. ITanko, O. Y0. Bepauuk, P. B. JlixusoBchkuii, T. O. Herpiii, O. M. KacbsiHoBa, C. O. CkapJiar, A. C. JIuH,
. B. Beauxkwuii, P. M. Konaneus

OG’€KTOM JI0CJIZPKEHB € ITPOLieC BUHUKHEHHS BOTHECTIIIKOro OKPUTTSI Ha OCHOBI IOPOLIKOBOI IostiechipHoi hap6y HameToBoI TKaHUHM. [Tpobie-
Ma, sIKa JI0CJI/PKYBaJIaCh, IOJIsArae y 3abe3reueHi BOrHEeCTIMKOCTI HAMETOBOI TKAaHUHHU IIPY 00pOo6JIeHH] ITOKPUTTSM Ha OCHOBI ITOPOIIKOBOI rostiedip-
HoOI (hap6m. Lle BayKIMBO, OCKLTBKY BUPOOGHUIITBO 3 BOTHECTIMKMX MaTepiastiB i1t Oy/liBHUITBA € aKTyaJIbHUM. JJOBEIeHO, 11O ITi/ BIUTMBOM IIOJIyM 5T
TTJIHYKA Ha 3pa30K HAMETOBOI TKAHUHH, 06p0o6JIEHOI ITOPOIIKOBUM IIOKPUTTSIM Ha OCHOBI HostiedipHOi (hap6u, IpoTsiroM 15 ¢ Ha IOBEPXHi yTBOPHB-
Cs1 TETUIO0i30/TF0BAJIBHII MIAp MTIHOKOKCY G/IM3BKO 4 MM. AJie B OKPEMUX MICLISIX BUSIBJIEHO Bi/ICYTHICTB ITiHOKOKCY. IIpo Te Ha IoBepxHi 3paska Hame-
TOBOI TKAHHMHH, 00PO0GIEHOT CyMIIIIIITIO ITOPOIIKOBOI rostiedhipHOi (ap6y Ta iHTyMeCIIeHTHOI CHICTEMH, YTBOPUBCS L1ap ITIHOKOKCY JJOBYKMHOIO MOHA/
50 MM Ta IIMPUHOIO 20 + 30, a BUCOTA CITy4E€HHsI CTAHOBUTD IT0Ha[, 10 MM. Lle BiJHOCUTh HaMETOBY TKaHKHY JJO B&XKKOI'OPIOUMX MaTepiaiiB, OCKIIBKA
T1i/] 9ac TeMIIepaTypHOTo BIUIUBY He Oys1o 3adikcoBaHO rOpiHHS Ta TIHHS, a TeMIlepaTypa He nepesuiia 100°C. JJoctipKeHHS oKa3asIy, 0 OTPU-
MaHi TepMOrpaBiMeTpUYHi MOKA3HUKY YMOXK/IUBJIIOIOTh BCTAHOBJICHHS IIBU/KOCTI TEPMIUHOIO PO3KJIAZy IIOKPUTTS IIPU IIEBHUX TeMIlepaTypax Ta
TIOKa3yI0Th SIKiCHE OI[{HIOBAaHH:I TETUIOBUX e(eKTiB i TEpMOAECTPYKIIif0 MaTepiaJliB, II0 XapaKTepU3yeThCsl BTPAaToro MacH. Tak, eH/[0TepMiyHi Iporjecu
YIS IOPOLIKOBO] IostiedhipHOi (hapOy MOYMHAIOTBCS ITpY AocsirHeHi 210-290°C 3 ITOCIIyI040i0 {HTEHCUBHOIO BTPATOI MACH, 110 CKJIajia GIN3BKO
70%, a TIpY JIofiaBaHHi iHTyMeCIIEHTHOI CUCTeMH eHJI0TepMiuHi epekTr 3MilLyIoThCsl B 0671acTh 67113bK0 300-340°C 3 BTpaToo Macu MeHIe 56%.
TakyM YHMHOM, € ITi/ICTaBU CTBEP/PKYBATU IIPO MOXKJIMUBICTD €(heKTUBHOTO CTBOPEHHS eKCIUIyaTal[iifHO CTIMKVMX GiOKOMITO3UTIB /ISt OYZiBHHUILITBA.

KJurro4oBi ciroBa: HaMeToBa TKaHKMHA, ITOPOIIKOBA TostiedipHa hapba, iHTyMeCIieHTHa CHCTeMa, BOTHE3aXVCHE TIOKPHUTTS, ITIHOKOKC.
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BU3HAYEHHS 3AKOHOMIPHOCTEY 3HW)XEHHS I'OPIOYOCTI JIEPEBUHH 3 YPAXYBAHHSM ITPOIIECIB
TOPIHHA TA TEPMOOKHCHOI JECTPYKIIII (c. 49-59)

B. M. BaiaHmwk, B. C. ITukyc, 0. O. Konucruacekwuii, I1. B. ITactyxos, O. I. FTapacum’iok, K. O. KyapuHcbka

O6’eKTOM JIOCTi/PKEHHS € MeXaHi3M i mpoIecH Mif Yac TepMOOKHCHOI JeCTpyKLii Ta (hopMyBaHHS IIapiB 0OBYIJIEHHS Ta IMipojIizy
JlepeBUHU.



IIpo6siema, 1110 BUPIIIYEThCS, MOJIATAE y BCTAHOBJIEHH] 3aKOHOMIPHOCTe rOpIoYOCTi IepeBUHI Ta 0COOIUBOCTElT (hopMyBaHHS MipoJIi3-
HOTO Ta BYIJIEI[eBOT'O LIapiB Iifl Yac HarpiBaHHs 3 METOIO MiIBUII[eHHS e()eKTUBHOCTi BOTHE3aXUCTY.

OTpyMaHi pe3y/IbTaTH IOJISATAIOTh Y TOMY, 10 eKCIIePUMEHTAIbHO BCTAHOBJICHO: I HeOOpOOJIeHOI IepeBUHH cepeiHs ITIMOMHA ITipo-
JIi3HOTO IIapy CTAaHOBUTH 4 MM [ij1d Gepe3u Ta 7 MM JIJIsl COCHU, TOZ AK TOBIIMHA BYIJIELIEBOTO LIapy JocArae BifAMoBigHo 8 MM i 12 mm. IIpu
HaHECEeHHI BOTHE3aXMCHOTO ITIOKPUTTS Iii 3HaYeHHs 3MEHIIYIOThCA 10 1 MM (mtiposi3) i 2 MM (BymvienieBmil map) 1t 6epes3n Ta o 2 MM (ITipo-
Jii3) i 4 MM (ByIVIeLleBUil Wap) Ajst COCHU. TaKMM YMHOM, 3aCTOCYBAaHHS BOTHE3aXHMCHUX KOMITO3ULi IPU3BOAUTD 10 3MEHIIEHHs [TIMOUHU
TEPMOOKUCHIOBAJIBHOI AECTPYKLIT y 3-4 pa3u Ta 3HWKEHHsI iIHTEHCUBHOCTI YTBOPEHHSI BYIVIELIEBOI'O 111apY.

OTpuMaHi pe3y/IbTaTH CBiYaTh PO Te, [0 BOTHE3AaXMCHIi IIOKPUTTS 3MiHIOIOTh MEXaHi3M TePMiYHOTO PO3KJIA/LY ePEBUHHU, 0OMEKYIOTh
MPOLIECH TeIJIO- i MacOOOMIHY, 3MEHIIYIOTh BU/IECHHSI TOPIOYMX ra30MOfi6HUX MPOAYKTIB i CIIPUSIOTH (POPMYBAHHIO TOHIIOTO, ajie GibII
CTabiIBHOTO 3aXMCHOTO BYIVIEIIEBOTO IIApY.

BcTaHOBIIEHO KiJIBKiCHY 3aJI€KHICTh MK IYTMOMHOO IipOJIi3HOrO Ta ByIVIELIEBOrO LIAPiB i MOpoolo AepeBUHU (6epesa, COCHA) 33 yMOBU
TIOBEpXHEBOI BOTHE3aXUCHOI 0OpOOKU. Pe3ybTaTyl IeMOHCTPYIOTh 3HIDKEHHS ITOKa3HUKIB FOPIOYOCT] TOPiBHSHO 3 HEOOPOOIeHUMU 3pa3KaMH.

Pe3ysibTaTi MOXKYTh OYyTH BUKOPHCTAHI IIiJ] yac po3poOJIeHHs Ta ONTHMi3allii BOTHe3aXMCHUX KOMITO3UILiH, a TAKOXK JIsI BIOCKOHAJICHHS
3aXO0ZliB ITPOTUIIOXKEXKHOTO 3aXUCTY ZiepeB’ THUX KOHCTPYKILiHi.

KurrouoBi croBa: 30Ha Mipostizy, TEPMOOKHCHIOBAIbHA JIECTPYKILisl, IIBUAKICTH OOBYIVICHHS, BOTHE3aXMCHI TIOKPUTTSI.




