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The balance of dissolved oxygen and pH levels is paramount
in aquaculture, as a media for cultivating aquatic organisms under
controlled conditions. An imbalance in both oxygen and pH could
severely harm the cultured aquatic organisms. Various strategies are
used to prevent hypoxia and maintain the pH level of the culture.
Interestingly, hypoxia or deprivation of oxygen supply in aquacul-
ture was often reported to co-occur with the seawater acidification.
Despite that, there was no evidence that the Oy level was directly
linked to pH changes. Thus, the existing treatment strategies are
separated between Oy and pH maintenances, which often inflate
cost and cause environmental burden due to the use of synthetic
chemicals. This study was conducted to observe the mechanism and
effect of the O, addition to aquaculture seawater in molecular level
when the pH value of the water was modified. The understanding
of the mechanism may lead to an alternative to the harmful aqua-
culture treatments. The molecular mechanics analysis was applied
to examine the mechanism of pH adjustment in non-aerated and
aerated seawater. The results indicated that O, accelerated the
pH recalibration of seawater, particularly in the alkaline modified
samples compared to the acid modified samples. Mechanical simula-
tions further showed the repulsion between COZ2" and O, causes
vibration which shortens OH bond by 17.71 % while elongates O-O
bond by 1.00 %. Additionally, the spin coupling between OH" and O,
promotes global energy transfer which stimulates the vibration of the
alkaline modified water system. Together, those mechanisms enabled
the pH value to return to the baseline. These findings contribute a
molecular mechanism view of aquaculture pH maintenance in the
presence of O, as well as revisiting the use of aeration in aquaculture
treatment.

Keywords: aeration treatment, molecular mechanism, dissolved
oxygen, pH recalibration, aquaculture seawater.

References

1. Henriksson, P. J. G., Tran, N., Mohan, C. V., Chan, C. Y., Rodri-
guez, U.-P, Suri, S. et. al. (2017). Indonesian aquaculture futures —
Evaluating environmental and socioeconomic potentials and limita-
tions. Journal of Cleaner Production, 162, 1482-1490. doi: https://
doi.org/10.1016/j.jclepro.2017.06.133

2. Rimmer, M. A, Larson, S., Lapong, 1., Purnomo, A. H., Pong-Ma-
sak, P. R., Swanepoel, L., Paul, N. A. (2021). Seaweed Aquaculture
in Indonesia Contributes to Social and Economic Aspects of Liveli-

10.

11.

12

13.

14.

15.

hoods and Community Wellbeing. Sustainability, 13 (19), 10946. doi:
https://doi.org/10.3390/su131910946

. Zhang, P, Zhang, X., Li, J., Huang, G. (2006). The effects of body

weight, temperature, salinity, pH, light intensity and feeding condi-
tion on lethal DO levels of whiteleg shrimp, Litopenaeus vannamei
(Boone, 1931). Aquaculture, 256 (1-4), 579-587. doi: https://
doi.org/10.1016/j.aquaculture.2006.02.020

. Thulasi, D., Muralidhar, M., Saraswathy, R. (2020). Effect of sul-

phide in Pacific white shrimp Penaeus vannamei under varying
oxygen and pH levels. Aquaculture Research, 51 (6), 2389-2399.
doi: https://doi.org/10.1111/are.14582

. Chan, F, Barth, J., Kroeker, K., Lubchenco, J., Menge, B. (2019). The

Dynamics and Impact of Ocean Acidification and Hypoxia: Insights
from Sustained Investigations in the Northern California Current
Large Marine Ecosystem. Oceanography, 32 (3), 62-71. doi: https://
doi.org/10.5670/0oceanog.2019.312

. Zeebe, R. E. (2012). History of Seawater Carbonate Chemistry,

Atmospheric CO,, and Ocean Acidification. Annual Review of
Earth and Planetary Sciences, 40 (1), 141-165. doi: https://doi.org/
10.1146 /annurev-earth-042711-105521

. Anggayasti, W. L., Mancera, R. L., Bottomley, S., Helmerhorst, E.

(2017). The self-association of HMGB1 and its possible role in
the binding to DNA and cell membrane receptors. FEBS Letters,
591 (2), 282—294. doi: https://doi.org/10.1002,/1873-3468.12545

. Ulaje, S. A, Lluch-Cota, S. E., Sicard, M. T, Ascencio, E, Cruz-

Hernandez, P, Racotta, I. S., Rojo-Arreola, L. (2020). Litopenaeus
vannamei oxygen consumption and HSP gene expression at cyclic
conditions of hyperthermia and hypoxia. Journal of Thermal Biology,
92, 102666. doi: https://doi.org/10.1016/j.jtherbio.2020.102666

. Sultana, T, Haque, M., Salam, M., Alam, M. (2017). Effect of acration

on growth and production of fish in intensive aquaculture system in
earthen ponds. Journal of the Bangladesh Agricultural University,
15 (1), 113-122. doi: https://doi.org/10.3329 /jbau.v15i1.33536
Tanveer, M., Roy, S. M., Vikneswaran, M., Renganathan, P,, Balasub-
ramanian, P. (2018). Surface aeration systems for application in aqua-
culture: A review. International Journal of Fisheries and Aquatic Stud-
ies, 6 (5), 342-347. Available at: https://www.fisheriesjournal.com/
archives /2018 /vol6issue5/PartE /6-5-23-591.pdf

Wang, X., Shang, Y., Kong, H., Hu, M., Yang, J., Deng, Y., Wang, Y.
(2020). Combined effects of ocean acidification and hypoxia on
the early development of the thick shell mussel Mytilus coruscus.
Helgoland Marine Research, 74 (1). doi: https://doi.org/10.1186/
$10152-020-0535-9

Sylvain, E-E., Cheaib, B., Llewellyn, M., Gabriel Correia, T, Barros
Fagundes, D. et. al. (2016). pH drop impacts differentially skin and gut
microbiota of the Amazonian fish tambaqui (Colossoma macropomum).
Scientific Reports, 6 (1). doi: https://doi.org/10.1038 /srep32032
George, M. N., Andino, J., Huie, J., Carrington, E. (2019). Microscale
pH and Dissolved Oxygen Fluctuations within Mussel Aggregations
and Their Implications for Mussel Attachment and Raft Aquacul-
ture. Journal of Shellfish Research, 38 (3), 795. doi: https://doi.org/
10.2983/035.038.0329

Carstensen, J., Duarte, C. M. (2019). Drivers of pH Variability in
Coastal Ecosystems. Environmental Science & Technology, 53 (8),
4020-4029. doi: https://doi.org/10.1021 /acs.est.8b03655

Hlordzi, V., Kuebutornye, E. K. A., Afriyie, G., Abarike, E. D,
Lu, Y, Chi, S., Anokyewaa, M. A. (2020). The use of Bacillus spe-
cies in maintenance of water quality in aquaculture: A review.
Aquaculture Reports, 18, 100503. doi: https://doi.org/10.1016/
j.aqrep.2020.100503



16. Irawan, Y., Fonda, H., Sabna, E., Febriani, A. (2021). Intelligent
Quality Control of Shrimp Aquaculture Based On Real-Time Sys-
tem and IoT Using Mobile Device. International Journal of Engi-
neering Trends and Technology, 69 (4), 49-56. doi: https://doi.org/
10.14445/22315381 /ijett-v69i4p208

17. Diez, A. (2021). SiSyPHE: A Python package for the Simulation of
Systems of interacting mean-field Particles with High Efficiency.
Journal of Open Source Software, 6 (65), 3653. doi: https://doi.org/
10.21105/joss.03653

18. D’Orsogna, M. R., Chuang, Y. L., Bertozzi, A. L., Chayes, L. S.
(2006). Self-Propelled Particles with Soft-Core Interactions: Pat-
terns, Stability, and Collapse. Physical Review Letters, 96 (10). doi:
https://doi.org/10.1103 /physrevlett.96.104302

19. Ahmed, A. A. M. (2017). Prediction of dissolved oxygen in Surma
River by biochemical oxygen demand and chemical oxygen demand
using the artificial neural networks (ANNSs). Journal of King Saud
University - Engineering Sciences, 29 (2), 151-158. doi: https://
doi.org/10.1016/j.jksues.2014.05.001

20. Minaev, B. E (2017). Spin-orbit coupling mechanism of singlet oxy-
gen alAg quenching by solvent vibrations. Chemical Physics, 483-
484, 84-95. doi: https://doi.org/10.1016 /j.chemphys.2016.11.012

21. Hosoya, A., Maruyama, K., Shikano, Y. (2015). Operational deriva-
tion of Boltzmann distribution with Maxwell’s demon model. Scien-
tific Reports, 5 (1). doi: https://doi.org/10.1038/srep17011

22. Hua, Z., Tian, C., Qiu, Z., Li, Y., Tian, X., Wang, M., Li, E. (2018). An
investigation on NO, sensing mechanism and shielding behavior of
‘WO3 nanosheets. Sensors and Actuators B: Chemical, 259, 250-257.
doi: https://doi.org/10.1016/.snb.2017.12.016

23. Golse, E (2016). On the Dynamics of Large Particle Systems in the
Mean Field Limit. Lecture Notes in Applied Mathematics and Me-
chanics, 1-144. doi: https://doi.org/10.1007 /978-3-319-26883-5 1

24. Miles, C. E., Zhu, J., Mogilner, A. (2022). Mechanical Torque Pro-
motes Bipolarity of the Mitotic Spindle Through Multi-centrosomal
Clustering. Bulletin of Mathematical Biology, 84 (2). doi: https://
doi.org/10.1007/s11538-021-00985-2

25. Grozdanov, S., Schalm, K., Scopelliti, V. (2019). Kinetic theory for
classical and quantum many-body chaos. Physical Review E, 99 (1).
doi: https://doi.org/10.1103 /physreve.99.012206

DOTI: 10.15587,/1729-4061.2022.266015

DETERMINING THE INFLUENCE OF WASTEWATER
HYDRODYNAMICS IN BIOREACTORS ON THE
PROCESS OF MASS TRANSFER (p. 14-22)

Olya Vorobyova

National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-2735-5904

The anaerobic method of treating wastewater from biotechno-
logical and economic industries has great prospects for the devel-
opment of a renewable energy source. Biogas released during the
operation of the bioreactor can be used as an energy source for the
generation of electricity and heat.

This paper reports the design of an apparatus for wastewater treat-
ment with microorganisms immobilized on inert carriers. The original
substrate supplied to the bioreactor is heated by thermostating. The
temperature of the original substrate is controlled using an electronic
temperature meter. Temperature in the bioreactor is also controlled;
maintaining the methane growth of microorganisms in the range of
35-37°C is enabled by a temperature sensor. The gas that is released
during the experiment is collected in a gas collector, where its volume
is measured, owing to the torn cylinder connected to the gas collector.
Additionally, a temperature sensor is installed in the gas collector to
determine the mass of the biogas collected in the experiments. Owing to

the high-speed camera connected to a computer, the process of forma-
tion and separation of gas bubbles from the biofilm is recorded, as well
as the thickness of the biofilm on flat carriers. To determine the effect of
hydrodynamics under a laminar mode of wastewater supply, in the bio-
reactor channels, a peristatic dosing pump is used in the experimental
installation. In the experiments, the thickness of the biofilm changed
in the range from 10 m to 4.8-10° m and, because of this, the width of
the channel along which the substrate flow moved changed accordingly.

Experimentally, it was established that the volume of biogas re-
leased increases with an increase in the rate of wastewater in the biore-
actor channels. Based on the experimental results, a criterion equation
was built using which can determine the coefficient of mass yield.

Keywords: biogas production, influence of hydrodynamics on
mass transfer, wastewater, flat carriers.
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Methods of mathematical modeling and computer simulation

were used to investigate the influence of interrelated processes of
transfer of saline solutions in the unsaturated soil layer. To this
end, a mathematical model has been built for modeling the cor-
responding processes of the moisture-, heat-, and mass transfer of
saline solutions in an unsaturated soil layer. An effective computa-



tional algorithm was developed to solve the corresponding nonlinear
boundary problem numerically by the method of finite differences;
it was implemented in the Asp.net programming environment in the
C++ language. Based on the numerical experiments carried out, the
distribution of moisture, concentration, and temperature fields in
the aeration zone (incomplete saturation) was obtained. To study
the influence of mass transfer of salts on moisture transfer, a nu-
merical solution was found to the problem of moisture transfer, the
problem of moisture transfer taking into consideration mass transfer
and moisture transfer, taking into consideration mass transfer in the
presence of osmosis. Analysis of the results showed that the distribu-
tion of the concentration of saline solutions over time is slower and
more predictable. It was established that the distribution of moisture
heads increases with depth and time when saline solutions fall on the
surface of the soil massif. With the influence of salt concentration,
the distribution of moisture increases with depth and time through-
out the entire area of moisture transfer by 1-3 %. The distribution
of moisture heads taking into consideration the concentration of
salts and osmosis is reduced by 3-5 % compared to the results of
the problem without taking into consideration the phenomenon of
osmosis. The distribution of the concentration of saline solutions
during moisture transfer and osmosis acquires higher values com-
pared to the results without taking osmosis into consideration. The
established features can be successfully applied to clean the fertile
soil layer and resume agricultural activities.

Keywords: moisture-, heat-, and mass transfer, aeration zone
(incomplete saturation), method of finite differences.
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Most research studies have focused on reducing NOx emitted
from diesel engines by adding oxygenated fuels (such as alcohol and
biodiesel) to diesel to prepare a good alternative to conventional
diesel fuels. Biofuels produced from vegetable oil and waste cook-
ing oil while alcohol can be produced from sugarcane and corn. In
the current study, the biodiesel used in the tests was derived from
waste cooking oil. In this study, the influence of adding Exhaust
Gas Recirculation (EGR) to diesel, biodiesel (D80B20), diesel-
pentanol (D85PEN15), diesel octanol (D90OCT10), diesel-propa-
nol (D95PROS5) and diesel-biodiesel-pentanol (D50B40PEN10)
blends on performance and emitted pollutants of a diesel engine
was investigated. The practical experiments were divided into two
parts, the first section comparing the results of using diesel and
other fuels at different speeds 2100, 2400, 2700 and 3000 rpm at
constant loads without EGR. The second section studied the effect
of adding EGR in variable proportions (5 %, 10 %, 15 % and 20 %)
to the studied fuel mixtures at constant loads and speed. The results
showed that adding biodiesel to diesel (without EGR) increases
brake specific fuel consumption, NOx and CO, emissions by 13.66 %,
41.35 % and 30.49 %, respectively, but, the thermal efficiency of the
brakes, exhaust gas temperatures, UHC and CO decreases at rates



of 12.58 %, 10.22 %, 18.9 % and 21.31 %, respectively, compared
to diesel. When EGR was added at 20 %, the maximum increase
for D80B20, D95PROS5, ED100, and D85PENT15 was: 18.38 %,
24.60 %, 45.84 %, and 20 %, respectively, compared to when no EGR
was added. The thermal efficiency, exhaust gases temperature and
NOx levels decreased when EGR rate was raised.

Keywords: EGR, biodiesel, pentanol, octanol, propanol, fuel

consumption, thermal efficiency, NOx.
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The basic principles of the need to develop a methodology for de-
termining the level of protection of the rescuer’s head during search
and rescue operations in mountainous areas under conditions of low
temperatures have been substantiated in this paper. The shortcom-
ings of the existing system for ensuring the safe mode of search and
rescue operations of rescuers in mountainous areas at low tempera-
tures have been identified. Based on the statistical analysis of search
and rescue operations, it was established that the greatest number
of them occurs in the fall-winter period. It was determined that on
the territory of the Carpathian Mountains the largest number of
search and rescue operations is carried out in Zakarpattia, Ivano-
Frankivsk, and Lviv oblasts. An analysis of working conditions was
carried out. The results of studies into the effectiveness of thermal
insulation of protective clothing of a mountain rescuer were ana-
lyzed. Mathematical modeling of heat and mass transfer in the body
of a mountain rescuer was carried out using MATLAB software.
Modeling of changes in temperature processes in the volume of the
rescue head model was carried out under the influence of environ-
mental temperatures: —10 °C, —20 °C, —30 °C, and a metabolic rate
of 600 W/m2. Modeling was carried out on a 4-layer segment of the
head. It was established that the effect of low temperatures on the
face, head and, accordingly, the hypothalamus through the frontal
part of the rescuer’s skull leads to disability already at minute 17 in
the absence of head protection equipment. The use of a model for
predicting a decrease in body temperature as a result of exposure to
the external environment and the level of protection by the rescuer’s
individual means will determine the time of risky decrease in brain
temperature (up to +32 °C) and prevent a negative impact on the
health of the rescuer.

Keywords: search and rescue operations, low temperatures,
protective clothing, heat and mass transfer modeling, rescuer’s head.
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The object of this study is the dynamics of hazardous param-
eters of the gas environment during the ignition of materials.
The problem that was solved is the early detection of fires in the
premises. The research results indicate the nonlinear nature of the
dynamics of hazardous parameters of the gas environment in the
absence and presence of materials ignition. It was established that
the bispectrum amplitude, in contrast to the amplitude spectrum
of the hazardous parameters of the gas medium, contains informa-
tion on the reliable detection of fires. As such information, the
value of the positive dynamic amplitude range of bispectrum is
used. It was established that during the ignition of alcohol, the
positive dynamics of the amplitude bispectrum of all danger-
ous parameters of the gas medium change. Significant changes
are characteristic of smoke density (from 1dB to 30 dB) and
temperature (from 1 dB to 70 dB). The dynamic range of ampli-
tude bispectrum for CO concentration is increased from 30 dB
to 70 dB. Paper ignition was found to reduce the dynamic range of
the amplitude bispectrum for smoke density from 40 dB to 20 dB.
At the same time, the dynamic range of amplitude bispectrum
for carbon monoxide concentration and temperature increases to
60 dB. The ignition of wood causes an increase in the dynamic
range of the amplitude bispectrum relative to the concentration
of carbon monoxide from 40 dB to 60 dB, and the temperature —
from 30 dB to 40 dB. It was established that when textiles are
ignited, the range of dynamics of the amplitude bispectrum for
temperature increases from 10 dB to 60 dB. The results indicate
that the dynamic characteristics of the amplitudes of the bispec-
trum of the gas medium can be used in practice for the early detec-
tion of fires in the premises.

Keywords: materials ignition, gas environment of premises,
amplitude bispectrum, dynamic range, detection of fires.
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The issue of using nitrogen to eliminate fires in granaries is
related to ventilating the grain mass with nitrogen while it is nec-
essary to take into consideration the change in gas concentration.
Therefore, the object of this research was the value of the minimum
concentration of nitrogen to eliminate the combustion of sunflower
grain. It has been proven that in the process of thermal destruction of
sunflower grain, the composition of gaseous products of thermal de-
struction of sunflower grain contains more than 70 % of combustible
gases. Namely: carbon monoxide, over 51 %; hydrogen, about 5.7 %;
and hydrocarbons with a total concentration of 13.72 %, which
provide fire hazardous properties of organic material. Therefore, it
should be noted that the release of the amount of combustible gases
during pyrolysis requires a reduction in the amount of oxygen in the
gas-air environment to eliminate fire sites. Obviously, such a mecha-
nism for the decomposition of sunflower grain during pyrolysis is
a factor in regulating the extinguishing process, due to which the
amount of nitrogen to eliminate combustion increases. Comparison
of experimental studies on the composition of gaseous products of
thermal destruction of sunflower grain and studies to determine
the minimum fire extinguishing concentration of nitrogen, at which
combustion was stopped, made it possible to justify the use of nitro-
gen. Based on the study’s results on the elimination with nitrogen
of fire sites of sunflower grain, the values of the minimum fire extin-
guishing concentration were revealed at extinguishing, about 33.7 %
by volume. At the same time, terminating the combustion of sun-
flower grain occurs with a decrease in the concentration of oxygen in
the gas-air environment of about 14 %. The practical significance is
the fact that the results obtained for determining the minimum fire
extinguishing concentration of nitrogen make it possible to establish
operating conditions for granaries when eliminating fire sites.

Keywords: sunflower grain, fire site, amount of nitrogen, fire
extinguishing, oxygen concentration.
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MEXAHI3M ITEPEKAJIIBPYBAHHS pH 110 PO3YMHEHOMY KHUCHIO ¥ JIVKHIN MOJIUM®IKOBAHIN
AKBAKYJIbTYPHIM BO/I (c. 6-13)

Wresti L. Anggayasti, Willy Satrio N., I Nyoman Gede Wardana, Andi Kurniawan

Banaunc posunnenoro kncHio ta pias pH Mae mepiiopsiine 3HaueHHsT B aKBaKYJIBTYPi SIK Cepe/IOBUII /IJIsT BUPOIIYBaHHSI BOJHIX Opra-
HIi3MIB Yy KOHTPOJIbOBaHUX yMoBaX. Jluchasiarc sk KucHio, Tak i pH, Moke cepiio3HO MOIKOANTH BOAHI OPraHi3MH, IO KYJIBTUBYIOTCST. st
3anobiranHs rinokcii Ta migTpumil pisHs pH KyJIsTypu BUKOPUCTOBYIOThCs pisHi crparerii. [[ikago, 110 rinokcis un no36aBJaeHHs [IOCTaYaHHs
KHCHEM, B aKBaKyJIBTYPi 9aCTO CYMPOBOKYBAIICS MiAKUCIEHHSIM MOPChKOI Boan. HesBaxkaroun Ha 1ie, He Oy0 *KOAHUX I0KA3iB TOTO, MO
pierb Oy OyB Gesrocepenibo oB a3anuii i3 sminamu pH. Takum unHOM, icHYI0UI cTpaTerii OunIeH s posiieHi Mix miarpuMkoio Oy Ta pH,
1110 YaCTO TPU3BONTH [I0 3aBUIIEHHST BAPTOCTI Ta CTBOPIOE HABAHTAKEHHS HA HABKOJIMIITHE CEPEIOBUIIE Yepe3 BUKOPUCTAHHSI CHHTETHYHIX
ximikaris. Ile pocaimkenis 6y0 MpoBeJeHo I BUBYEHHS MexaHisMy Ta edekty poxasaiis Oy 10 MOPCHKOT BOAM ISl aKBaKyJBTYPH Ha
MOJIEKYJIIDHOMY PiBHI npu 3MiHi 3HaueHHs pH Boau. Po3yMiHHs MexaHi3My MOKe IPU3BECTHU /10 albTePHATUBY NIKIJIUBUM METOAAM 00-
POOKH akBakyJbTypU. MOJIEKyJISIPHO-MeXaHIYHIH aHasi3 OyB 3aCTOCOBaHMIA /I/Isl BUBYEHHS MeXaHisMy perysioBantst pH y Heaeposaniil Ta
aepoBaniii MopcbKiii Bozti. Pesyasratu mokasasu, mo Oy IpucKopioe noBTopHe Kaniopysatts pH MOPCHKOT BOjiU, 0COOIMBO Y 3pasKax, MOJH-
(hixoBaHMX TyrOM, HOPIBHAHO 3i 3paskamu, MOAN(DIKOBAHUMI KHCJI0TOI0. MexaniuHe MOJETIOBAHHS TaKOXK ITOKA3aso, MO BiITOBXYBAHHS
Mizk Oy 1 BUKJIMKae BiGpaitiio, sika Bkopouye 38’30k OH na 17,71 %, a 38’130k O-O nozposxkyerbes Ha 1,00 %. Kpim Toro, cinHoBuil 38'130K
mizk OH™ ta Oy cripusie To6ambHOMY TIePEHECEHHS €HEPTil, 0 CTUMYJIIOE BiOpaltiio JysKHO-MoArDiKoBaHOI BOIHOI cuctemu. BogHouac, i
MeXaHi3aMu 03Bosn 3navendio pH mosepiytucs no Buxignoro pisis. Lli pe3ysratu cipusiioTh ySBIEHHIO TIPO MOJIEKYJISIPHI MeXaHi3M
niarpumkyn pH B akBakyssTypi B ipucyTHOCTI Oy, 8 TAKOK TIEPErJIsi BUKOPUCTAHHS aepallii mpu 06poOIli aKBaKyJIbTyPU.

Kinouosi cioBa: aepartiiina 00po6Ka, MOJIEKYJISIPHIN MEXaHi3M, PO3UMHEHHiT KUCeHb, pekamiOpyBanis pH, Mopchka BoJla akBaKyJIBTYPH.

DOI: 10.15587,/1729-4061.2022.266015 )
BU3HAYEHHS BILIUBY TJIPOANHAMIKY CTIYHOI BOJIA B BIOPEAKTOPAX HA ITPOIIEC
MACOOBMIHY (c. 14-22)

0. B. BopoGiiosa

AHaepoOHIIT METOJl OUUIIEHHS CTIYHUX BOJ GIOTEXHOJIONYHUX Ta TOCIOAAPYNX BUPOOHUIITE MAE BEJMKI TEPCIEKTUBH /s POSBUTKY
BiZIHOBJIIOBAJILHOTO JisKepesia eneprii. Bioras, mo Bupiisietbest B mporteci podbotu HiopeakTopa, MOKHA BUKOPUCTOBYBATH B SIKOCTI JFKepesia
eHepril st BUPOOHUIITBA eJIEKTPUKH 1 Terwia.

Po3po6JieHa KOHCTPYKITis arapary [Jisk OYUIIeHHsT CTIYHUX BOJ 3 IMMOOITI30BaHUMI Ha iHEPTHUX HOCIsIX Mikpoopradiamamu. OGirpis Bu-
Xi/tHOTO Cy6CTPaTY, M0 TIOAAETHCS 10 GiopeakTopa, BillyBaBCs 3a IOMOMOTOIO TEPMOCTATKYBaHHsT. KOHTpPOJIb TeMIlepaTypu BIXiIHOTO CyOCTpaTy
[IPOBOJIUTHCS 32 JIOTIOMOTOI0 €JIEKTPOHHOTO BUMipIOBaua Temieparyp. TAakoK MPOBOAUTHCS KOHTPOJIb TEMIIEPATYPU B Gi0PEaKTOP, ISt MATPUM-
KM METaHOBOTO POCTY MiKpOoOpraiamiB B Mesxkax 35—37 °C, 3abe31euy€eThest JaTInKoM TeMreparyp. [a3, SKuii BUJIJISIETHCS B TIPOLIEC] eKCIepu-
MEHTY, 30MPAEThCsT B ra3030iPHUKY, e BUMIPIOETHCST HOTO 00’€M, 3aBISKH I/’ €/IHAHOTO /10 Ta3030ipHUKA TIPOTOPOBAHOTO MUIHAPY. [[o1aTKoBO
B ra3036ipﬁm<y 6le0 BCTAHOBJICHO JIATYMK TeMIIepaTypu JLId BUSHAYEHHA MacH, 316paHoro B A0cCTiaX 6iorasy. 3aB/IKN BUCOKOIIBUIKICHOT
KaMepH, IO TIKII0YeHa 10 KOMITI0Tepa, 0yJ10 3aikCOBAHO TIPOIIEC YTBOPEHHST Ta BiZIPUBY Ta30BUX OYJIB0AIIOK 3 GIOTTIBKI, 2 TAKOK TOBIIIHY
GiOTIIBKY HA MIACKUX HOCIsIX. [lJIs BU3HAYEHHS BILIMBY TiAPOANHAMIKU [PU JIAMIHAPHOMY PEsKUMI [OJ1adi CTIYHOT BOM B KaHaiax Giopeakropa
BUKOPUCTOBYETHCST B €KCIIEPUMEHTAIbHIN YCTAHOBII MEPUCTATHYHIIA 103yI0unii Hacoc. B mocstifax smiHoBasach ToBIMHA GIOIUIBKY B MEKaX
Bix 1073 M 110 4,8-107 M i, yepes 1ie, BiANOBiAHO, 3MiHIOBA/IACD IIUPUHA KAaHALY, [0 IKOMY PyXaBcs IOTIK cyGeTpary.

Excnepumentanbao Gy1o 3aikcoBaHO, M0 KiIBKICTh BUALIIEHOTO 6i0Tagy 3pOCTac pasoM i3 301IbIIEHHAM IBUIKOCTI CTIYHOT BOM B KaHAJIAX
GiopeakTopa. 3a MiZICYMKOM eKCIIePUMEHTIB OTPUMAHO KpUTepiasibHe PIBHSAHHS, 3a OMOMOTOI0 SIKOTO MOKHA BUSHAYUTH KoedillieHT MacoBiyiayi.

KimouoBi ciioBa: oiepskatHs 6101*a3y, BIUIUB TiZIPOIMHAMIKN Ha MacOOOMIH, CTiYHa BOJIA, MJIaCKi HOCII.
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PO3POBKA MATEMATUYHOT MOJIEJII TA YUCEJBHE JTOCIIKEHHA B3AEMOBILJIUBY ITPOIECIB
BOJIOTO- TEILJIO- MACOIIEPEHECEHHS COJIbOBUX PO3YMHIB Y HEHACUYEHOMY IIIAPI [PYHTY
(c. 23-31)

I. B. Inbkis, B. B. JKykoscbkuii, H. A. JKykoBcbka, A. II. Cadonux

MetozaMi MaTeMaTUYHOTO Ta KOMIT'IOTEPHOTO MOJIEJIOBAHHS JIOCJI/DKEHO BIUIMB B3a€MO3B’SI3aHUX IIPOIECIB IIEPEHECEHHS COJBOBHUX
PO3UYMHIB y HEHACHYEHOMY THAPi IPYHTY. 3 II€I0 METOIO PO3POOIECHO MaTEMATHYHY MOJIEb JIJIsi MOJIETIOBAHHSI Bi/IITOBIIHUX MIPOIECIB BOJIOTO-
TETIO- | MacOTIepeHeCeHHsI COMbOBIX PO3YNHIB Y HEHACHYeHOMY Titapi TpyHTY. [lo6ynoBano edeKTHBHIIT 0GUNCTIOBATBHIIT AITOPITM YHCETb-
HOTO PO3B’sI3aHHS Bi/IIIOBIZIHOI HEJTiHIITHOI KpailoBoi 3a/1a4i MeTOI0M CKiHYeHHMX Pi3HUI[b Ta BUKOHAHO IIPOTPAMHY peaslizalliio B cepe/loBUII
nporpamyBanus Asp.net #Ha MoBi C++. Ha ocHOBi poBe/ieHNX YnCcebHUX €KCIIEPUMEHTIB OTPUMAHO PO3TIO/IJ OB BOJIOTH, KOHIIEHTPAIlii
Ta TEMIIEPaTyPH B 30Hi aepallii (HEIIOBHOTO Hacu4YeHH:1 ). JLJIs1 Ioc/Ii/KeHHS BIIMBY MacOllePeHeCeHHs CoJiell Ha BOJIOTOIIePEHeCeHH I 3Halije-
HO YHCeJIbHUI PO3B’sI30K 33/1a4i BOJIOTOTIEPEHECEHHS, 3a/1a4i BOJIOTOIIEPEHECEHHST 3 BPAXyBaHHSIM MacOIl€PEHECEHHST Ta BOJIOTOIIEPEHECEHHS



3 BpaXyBaHHSIM MacOIepeHeCceHHs PN HAasgBHOCTI ocMocy. AHAJI3 OTPUMAHUX Pe3yJIbTaTiB 110Ka3as, 110 PO3MOII KOHIEHTPAIlil COJbOBUX
PO3UMHIB 3 YaCOM € OiIbIN MOBIIBHIM i POTHO30BAHIM. BeTanoBIEHO, MO PO3MO/I HATIOPIB BOJOTH 3POCTAE 3 TIHOUHOIO Ta YAaCOM TIPU
MOTPATJISIHHI COJIbOBUX PO3YNHIB HA MOBEPXHIO [PYHTOBOTO MAaCUBY. 3 BILUIMBOM KOHIIEHTPAILii COJIEil PO3MO/LI BOJIOTU 301IBIIYETHCS 3 TIIH-
OGUHOIO Ta yacoM 1o Beiit obaacti Bosoronepenecenns Ha 1—3 %. Posmoztisn HaropiB BOJIOTM 3 BpaxyBaHHSIM KOHIIEHTpAIll cosleil Ta 0ecMocy
3MEHIITY€EThCsT Ha 3—5 % MOPIBHSAHO 3 pe3yJibrataMil 3a1a4i 6e3 BpaxyBaHHsI SIBUIIIA OCMOCY. Po3moiisr KoHIleHTparlil COMbOBUX PO3YUHIB TIPU
BOJIOTOIIEPEHECEHH] Ta 0cMOCi HaOyBae OLIBIINX 3HAYEHD, OPIBHAHO 3 pe3yJibrataMu 6e3 BpaxyBaHHs ocMocy. OTpuMani 0cOOMMBOCTI MOKHA
YCITIIITHO BUKOPUCTOBYBATH /TSI OUUIIEHHS POJIOYOTO ITapy IPYHTY i BiTHOBIEHHS CiTbChKOTOCIOAAPCHKOI /iSTBHOCTI.
KmoyoBi ciioBa: BOJIOTO- TeIio- i MacolepeHeceHHs, 30Ha aepallii (HelroBHOro HaCU4YeHHs ), MeTO/l CKIHYEHHHX Pi3HUILb.
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BILJINB PO3POBKU /IN3EJbHO-KUCJIIOPO/THUX CYMIIIIB TA PEITUPKYJIAIT BUXJIOITHUX I'A3IB
HA E®OEKTUBHICTD I BUKHNIU JIBUTYHA (p. 32-38)

Lina J. Talib, Adel M. Salih

Bisbimicts gocmimpkrens 0y0 30cepe/pkeHo Ha 3HmKeHHi BUKUIB NOX [IM3e/IbHUMU JIBUTYHAMU IJISIXOM JOJABAHHSI /0 JIM3ETLHOTO TTAIBa
KHCHEBMICHOTO MTAJIBa (HAPUKIIAJL, CITUPTY Ta 6i0M3eTbHOr0 ANBA), 1100 MiroTyBaTH XOPOIITY aTETePHATHBY 3BUYAITHOMY TU3€TbHOMY MAJHBY.
Bionamso BUPOGJISIOTE 3 POCIMHHOI OJIil Ta BiNPAIbOBAHOI POCTMHHOI 0JIii, 8 AIKOrOJIb MOSKHA BUPOOJIATH 3 TlyKPOBOI TPOCTUHU Ta KYKYPY/I3H.
VY notouHOMy foCTiUKEeH ] GloM3esbHe TAIMBO, 1110 BUKOPUCTOBYETHCS B TeCTaX, OYJI0 OTPUMAHO 3 BiANPaIboBaHOl KyJiHapHol ouii. B meomy
JIOCJIJIPKEHHI BUBYABCs BIUIMB JIO@BAHHS CUCTEMU PELMPKYJIsLil BianpapoBanux razis (PBT) g0 ausenbHoro namisa, 6ioAu3egbHOTO Maji-
Ba (D80B20), amsenbroro maymsa Ha nentanos (D85PEN15), ausesnsroro manmsa Ha okranosi (DI0OCT10), ausesbroro masmsa 6i0an3e1pHOr0
nasmsa Ha nearanosi (D5S0B40PEN10) cymirieil Ha POy KTHBHICTD i 3a6PyAHIO0YI PEYOBHUHI AN3EILHOTO IBUTYHA, 10 BUKUIAIOThCS. [TpakTnymi
eKCcTiepUMeHTH GyJIv TIOJTEH] Ha (B YaCTUHM, Y TEPINiil YaCTHHI TTOPIBHIOBAJINCS PE3YJIBTaTH BUKOPUCTAHHS N3/ T IHINX BB TTaJMBa [PU
pisHux mBuaKocTsx 2100, 2400, 2700 ta 3000 06,/xB npu nocTiiiHux HaBanTakeHusx 6e3 PBL Y apyromy poszisni BuBdascs Brjms gofasantst PBT
y pisaux nponopitisix (5 %, 10 %, 15 % ta 20 %) 10 AOCHIKYBAHUX MAJIMBHUX CyMIIl€l IPU TTOCTIHUX HABAHTAKEHHSX Ta YaCTOTi 0OEPTaHHSI.
PesybraTil MoKasajim, mo Aofasanns Giogusess 10 ausesbnoro nammsa (Ges PBT) 36ibirye mutoMy BUTpary nasiusa rajibmamu, Bukuam NOX ta
COy Ha 13,66 %, 41,35 % ta 30,49 % sixnosinHo, ase teriosuit KK/I rasbm, Temneparypa Buxsonnux razis, UHC ta CO sumkytorbest Ha 12,58 %,
10,22 %, 18,9 % ta 21,31 % Biznosiano nopisHsHo 3 u3eabHrM najusoM. Ko PBI 6yB nopanmii a 20 %, makcumaibhe 36imbinenns st DSOB20),
DI95PROS5, ED100 ta DS8SPENT15 cruasno: 18,38 %, 24,60 %, 45,84 % ta 20 % Bimnosiaxo nopiBusito 3 Tum, ko EGR He nogaBasest. Tepmiunmii
KK/, Temnieparypa BuxJionsux rasis i piserb NOX 3HMKYBaINCS TIPU MIBUIIEHHI IIBUKOCTI PEIMPKYJIAILT rasiB, 10 BiIIPaIlIoOBAIN.

Kiouosi caoa: PBI, Giognsesp, meHTaHoI, OKTaHOJ, TPOIaHoJ, BUTpaTa nannsa, Termosnii KK/, NOx.
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BHU3HAYEHHS 3AKOHOMIPHOCTEM BILIUBY HU3bKUX TEMIIEPATYP 30BHIIIHLOTO
CEPEJJOBUIIIA HA 3AXHCT IOJIOBU PATYBAJIbBHUKA TTPCBKOTIO (p. 39-48)

B. B. Boxiopyx, O. I. Tokapcbkuii, O. O. Kosanenko, C. I1. Cracesuy, O. M. Tuxenko

OO6TpyHTOBAHO OCHOBHI 3aca/iu HEOOXITHOCTI PO3POOKU METOIMKY BU3HAYEHHS PIBHSI 3aXHCTY FOJOBU PATYBAIbHUKA ITi]I YaC IPOBEIEHHS
TIONITYKOBO-PSITYBAIBHUX POOIT B TiPCHKIil MiCIIEBOCTI 32 YMOB BIUIHBY HU3BKHX TeMIepatyp. BusHnaueno nemosmiku icHyiodoi cucremn 3abes-
nevyeHHst Ge3MeYHOTO PeKUMY MOIIYKOBO-PATYBAJBHUX POOGIT PATYBAJBHUKIB B IipChKiil MicieBocTi 3a HU3bKUX TemiepaTyp. Ha migcrasi
CTaTUCTHYHOTO aHAI3Y HOIIYKOBO-PSTYBAIBHUX POOIT BCTAHOBJIEHO, 110 HANOIIbIIA iX KIJIbKICTD BiOYBAETLCS B OCIHHBO-3UMOBHH MEPiO/L.
Busnaueno, 1o #a tepuropii KaprmaTchkux rip Haitbiabina KiIbKiCTh MONTYKOBO-PATYBAIBHUX POOIT 3IHCHIOEThCS B 3akaprarchkii, [Bano-
Opankisebkiiil Ta JIbBiBCbKiil obmactsax. 3ailicneno anaxis ymos npaiti. [IpoananizoBato pesyJsibrati Z0CTiazKeHb e(peKTHBHOCTI TEII0i301-
1l 3aXUCHOTO OJIATY PATYBAIbHUKA Tipcbkoro. [IpoBeieno MaTeMaTHuHe MOJIETIOBAHHS TEIJIOMACONIEPEHOCY B Tl PATYBAJIBHUKA IiPCHKOTO
i3 3acTocyBaHHsIM TIporpamuoro 3abesnedents MATLab. MozesmoBanis 3MiHu TeMiepaTypHIX IPOIEciB B 00’eMi MOe/Ii TOJIOBY PATYBalb-
HUKa 3/i{iCHI0BAIOCH 32 YMOB BILTUBY TeMIiepaTyp 30BHinboro cepetosuia: —10 °C, —20 °C, -30 °C Ta mBuakocti merabostizmy 600 Br/m?,
MogemoBaHHst 3MIHCHIOBATIOCH 32 4-X TIIAPOBIM CETMEHTOM TOJIOBU. BCTaHOBIIEHO, 1110 BIUTNB HU3HKUX TEMIIEPATYP Ha 06JIMYYsT, TOJIOBY i, Bil-
[OBI/THO, TinoTasamyc dyepes (DPOHTAIbHY YACTHHY Yepela PSTYBaIbHUKA IPU3BONTD /10 BTPATH 1IPAIE3/IaTHOCTI Bke Ha 17 XBUJIMHI 32 yMOB
BificyTHOCTI 3ac06iB 3aXMCTY TOJOBU. 3aCTOCYBAHHS MOJIEJ] TPOTHO3YBAHHST 3HIKEHHS TEMITEPATYPH TiJIa B Pe3YJIbTaTi BIIUBY 30BHIITHBOTO
CepeoBUIIA Ta PIBHS 3aXKCTY IHAMBIAYAIbHUMU 32c06aMI PSITYBAJIbHIKA JO3BOJUTH BUSHAYNTH YaC PU3UKOBOTO 3HIKEHHSI TEMIIEPATYPU
MO3KY (10 +32 °C) Ta nonepeanTH HETATUBHIIT BIUINB HA 3/I0POB’S PSITYBATbHUKA.

Kir040Bi ¢i10Ba: TIO1IYKOBO-PSITYBaIbHI POGOTH, HI3bKI TEMIIEPATYPHU, 3AXUCHUI OJISIT, MOJIEIOBAHHS TETLJIOMACOTIEPEHOCY, TOTOBA PSTY-
BaJIbHUKA.
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OCOBJMBOCTI AMILIITY/IHUX CIEKTPIB TPETbOTO IMOPSIJIKY JIJII PAHHbOT'O BUSIBJIEHHS
3ATOPSIHb V IIPUMIIIEHHSIX (p. 49-56)

B. B. Ilocuenos, €. O. Puoka, O. B. CaBuenko, O. B. /lamkoscbka, C. B. Tapoys, O. B. Haapon, 1. K. Yopuomas, C. B. I'pumiko,
0. B. Henma, /. A. Mopksiu

OG6’ eKTOM JIOCIIIZKEHHS € IMHaMiKka HeOe3MeYHNX apaMeTpiB ra30BOro cepegoBulIla I1ij yac 3aropsHisa Marepiajis. [Ipobiema, 1o Bupi-
1IyBaJlach, IOJIATAE Y PAHHbOMY BUABJICHHI 3arOPAHb y HIpUMilleHHAX. Pesysbratn goc/ipkenb cBigdaTh Mpo HeTiHIHHIIT XapakTep JUHAMIKN



He(e3MeYHNX TapaMeTPiB ra30BOTO CEePEIOBHIIA 3a BIICYTHOCTI Ta HASBHOCTI 3aropstHHs MaTepiais. BeraHosieHo, 1o amiiityaa Gicnekrpa,
Ha BIIMIHY Bi/l aMIUIITY/[HOTO CIIEKTPY HeGe3MeyHnX mapaMeTpiB ra30BOro cepeyloBUINa, MiCTUTh iH(MOPMAILIO 1010 HAAIITHOTO BUSBJICHHS
3aropsHb. B sxocti takoi iHdopMarlii BAKOPUCTOBYETHCs BEJIMUUHA TIO3UTUBHOTO AMHAMIYHOTO Jlialiasony aMIuiiTy Gicriekrpa. OTpuMao,
110 TIPY 3aTOPSTHHI CIIUPTY 3MIHIOETHCS MO3UTUBHA JANHAMIKA aMILITY/IHOTO GicrieKTpa BCiX HeOe3MeYHNX MapaMeTpiB Ta30BOTO CEPEIOBHUIIA.
CyTTeBi 3minm xapakrepHi st migbHocTi My (3 1 1B no 30 1b) Ta temmeparypu (3 1 1b no 70 1b). JAwHaMivnmii giana3od aMIUTTYIHOTO
Gicnekrpa st kouientpaiii CO 36iabimyerbest 3 30 1B 10 70 1B. BeTaHOBIIEHO, 1110 3aTOPSHHSA MATepy CIPUYNHSIE 3HUKEHHST TUHAMIYHOTO
MiarasoHy aMIuITyHoro Gicriekrpa auist miabHocTi iumy 3 40 1B g0 20 ab. TIpu nbomy AuHAMIYHUI Aialla30H aMILTTYAHOTO OicHeKTpy st
KOHIIEHTPAIlii Ya[HOro ra3y Ta TeMIieparypu 36inbiiyerbest 10 60 1B. 3aropsiHHs IepeBUHN BUKJIMKAE 3POCTAHHS [MHAMIYHOTO JialiasoHy
aMIUTTYZHOTO GicIeKTpa M0/10 KoHIeHTparii yazHoro rasy six 40 1B 1o 60 1B, a Temneparypu — Bix 30 1B 1o 40 1B. Beranosieno, 1mo mpu
3arOpSHHI TEKCTUITIO Aiana3oH JUHAMIKI aMIUI Ty IHOTO GUCIeKTpa st Temiiepatypu 36iabinyerses Bia 10 ab go 60 1b. Onep:kani pesyibra-
TH CBI{YATH PO T€, 10 AMHAMIYHI XapaKTEPUCTUKU aMILITYl GiCIIEKTPY Ta30BOT0 CEPEAOBHINA MOKYTh OYTH BUKOPUCTAHI HA MPAKTHII J1JIs
PaHHbOTO BUSBJIEHHS 3aTOPSHD Y TIPUMIIIEHHAX.

Ki0uoBi ciioBa: 3aropsiHis Marepiasiis, ra3oBe CepelOBHIIE TTPUMILIEHD, aMILITYAHUE GicTieKTp, AMHAMIYHUI [ialla30H, BUABIEHHS 3a-
TOPSIHb.
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BCTAHOBJIEHHS 3AKOHOMIPHOCTEI 3ACTOCYBAHHS A30TY JIJI IIOKEKHOI BE3IIEKU
3EPHOCXOBUII] COHAIITHUKA (c. 57-635)

I0. B. Ilanxko, K. I. Cokoxenxko, P. /I. Bacunummun, O. M. Meabnuk, O. 0. Ilanko, O. II. Bougapenko, A. I. Kapnyk

[Tpo6iema 3acToCyBaHHs a30Ty JJis JKBIAALIT OCEPEeKiB ITOKeXKI y 3ePHOCXOBHUIIAX MOJISTA€ B BEHTHIIOBAHHI 3¢PHOBOI MacH a30ToM, ajie
HeoOXiTHO BpaxyBaTy 3MiHy KOHIIEHTparlil ragy. ToMmy 00’eKTOM I0CTiKeHb Oy10 3HAYeHHs MiHIMaIbHOT KOHIIEHTpAIIIl a30Ty AJIs1 JKBiganii
ropiHHA 3epHa coHsAIIHKUKa. J[oBegeHo, o B Mpoleci TepMivyHOl AecTpyKIlil 3epHa COHANIHUKA CKJIaJl ra30noAiOHUX MPOAYKTIB TepMidHOT
JIECTPYKIIil 3epHA COHANIHIKA BMiIye moHaz 70 % Toprounx rasis. A came: okcuy Byrueio nonan 51 % soaHio 61u3bko 5,7 % i ByrJieBOIHIB,
CyMapHOIO KOHIeHTpaIfieio 13,72 %, siki 3a6e31medyioTs MoKeKoOHeOe3edHi BJIacTHBOCTI opraHiynoro Marepiary. ToMmy cirii BpaxyBarty, 1o
BUJIIJIEHHST KIJIBKOCTI TOPIOYMX Tas3iB MpU IipoJiisi morpedye 3HMKEHHSA KiJTbKOCTI KHCHIO B Ia3ONOBITPSIHOMY CepelOBMIN st JKBigalii
ocepe/IKiB Hoskeski. BoueBnib Takuii MexaHi3M PO3KJIaay 3epHa COHSIIHUKA IIPU MipoJIi3i € (aKTOPOM peryJIoBaHHS IIPOIleCy TaciHHS, 3a-
BISIKM SIKOMY KiJIBKICTD a30TY JIJIst JIKBIAIT TOPIHHS TABUIYEThCs. 3icTaBIAEHHS eKCepUMEHTATbHIX JOCIPKEHD 31 CKJIajly TasomnoaiOHIX
MIPOAYKTIB TEPMIUHOI eCTPYKIII] 3ePHA COHSIIHUKA Ta JOC/I/UKeHb 3 BUBHAUEHHSI BU3HAUECHDb MiHIMAJIbHOI BOTHEracHOI KOHI[EHTpallii a3ory,
3a SIKOI TIPUTINHSJIOCH TOPIHHSI IAI0Th MOKJIMBICTh OOIPYHTYBATH 3aCTOCYBAHHS a30Ty. Ha OCHOBI oiepsKaHnX Pe3yJIBTATIB JOCTIKEHD 110~
IO JIKBIAAIIT a30TOM OCEpesIKiB MOKesKi 3epHa COHANTHUKA BUsIBJICH] 3HAYEHHSA MiHIMAJIbHOI BOIHEracHOI KOHIIEHTpAIlil, KoK BiZOyBa€Thest
racinng Borauita 6;msbko 33,7 06. %. TIpu 11bOMy NIPUITMHEHHS TOPIHHS 3¢PHA COHANTHUKA BiI0YBAETHCS TPU 3HUKEHHI KOHIIEHTPAIlIl KHCHIO
B Ta30MOBITPSIHOMY cepefioBuIiti 6ii3bko 14 %. [IpakTidHa MiHHICTD MOISATAE Y TOMY, 110 OTPHMAHI PE3YJIBTATH BU3HAYEHHS MiHIMAIbHOI
BOTHEracHOI KOHI[EHTpallil a30Ty YMOKJ/IMBIIIOIOTh BCTAHOBUTH YMOBU eKCILIyaTallil 3¢pHOCXOBUIL] IIPU JIKBifallil ocepe/iKiB MOKexKi.

Kmo4oBi c0Ba: 3epHO COHSNTHIKA, OCEPEIOK TTOXKEXKI, KITbKICTh a30TY, TACIHHS TTOXKeXKi, KOHIIEHTPAITl KUCHIO.



