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The inVesTigaTion of liquid Phase reacTion 
of 4-aminoToluene wiTh ozone in The Presence 
of manganese Bromide caTalysT
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A new catalytic system Mn(ІІ)-KBr-H2SO4-Ас2О to obtain 
4-aminobenzaldehyde treatment by ozonation of 4-aminotoluene 
is developed. It has been shown that injection of potassium bro-
mide significantly increases the depth, speed and selectivity of 
substrate oxidation, the main reaction product is 4-acetylamino-
benzylidendiacetate with the discharge of 84,5 %.

Active particles responsible for the inclusion of 4-amino-
toluene oxidation by a methyl group in the presence of manga-
nese (II) acetate and potassium bromide is manganese bromide 
radical-ion (Mn(II) Br•), which is more active than Mn(III) 
and because of the higher rate of initiating oxidation by a methyl 
group.

It is proposed the mechanism of the process by which the 
substrate oxidation is carried out by ion-radical unchain mecha-
nism in which manganese-bromide radical is generated mainly in 
reaction with ozone.

The main functions of sulfuric acid in the system are deter-
mined. It affects the main stages of the catalytic cycle: reduces 
the rate of manganese bromide complex reaction with ozone, 
significantly increases the rate of substrate oxidation by a methyl 
group and catalyzes the acylation reaction.

These data are the basis for laying the foundations of techno-
logy of 4-aminotoluene oxidation by ozone to 4-aminobenzalde-
hyde and development of preparative and industrial methods for 
obtaining of aromatic aldehydes.

Keywords: oxidation, 4-acetylaminotoluene, ozone, acetic 
anhydride, sulfuric acid, selectivity, potassium bromide.
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filling sTaTions: research of emission Volume, 
influence on enVironmenT
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The features of influence of filling stations (FS) on the en-
vironment and the characteristics of the formation sources and 
emissions are characterized. It is considered the technological 
features of the filling station, «small» breathing, «big» breathing. 
The gross emissions from the filling station are investigated. It 
is considered the scheme of construction of automatic analy-
zers used to monitor the condition of air pollution at the filling  
station.

Due to the lack of reliable data on the storage and release 
of fuel we obtain an incorrect assessment of the concentration 
of harmful substances in emissions of the filling station. Due to 
instrument calibration by atmospheric air of filling station it is 
reduced the measurement accuracy.

It is described an improvement of method of fuel vapor con-
centration measuring in the gas station air by removing of gas 
analyzer additive error (zero error) for continuous operation. To 
calibrate the zero reading of analyzer uses an atmospheric air that 
is pre-cleaned by hydrocarbon vapors in the spiral electric heater. 
Thus, it is achieved zero setting of analyzer scale without special 
calibration gas, as well as reducing additive measurement error 
and improving accuracy.

This method will perform a set of works on environmental 
measurements of the actual concentration in the atmosphere of 
filling stations and assess the impact on the environment in ac-
cordance with environmental, sanitary — hygienic, fire standards 
and safety standards.

Keywords: mass, emission, filling station, thermocatalytic, gas 
analyzer, flame-ionization, evaporation, fuel.
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conTenT normalizaTion of The dissolVed oxygen in 
wasTe waTers enTering in waTer Bodies
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The scientific and legal demand for composition normaliza-
tion of the wastewater discharged into water bodies (in particu-
lar in the natural waterways) in order to prevent environmental 
contamination above accepted level are grounded in the article. 
The existing methodological approaches to determining the per-
missible wastewater composition are considered. It is noted that 
these approaches are not applicable to the calculation of permis-
sible content of dissolved oxygen. It is proposed to define the 
minimum acceptable oxygen content in wastewater by solving 
the optimization problem. Optimization criterion is the maxi-
mum permissible anthropogenic impact on the ecosystem. The 
problem is considered for a watercourse. It is proposed the full 
dilution of sewage water of a water body. It is given an example 
of the calculation for the two issues, showing performance of the 
proposed method. The given research aimed at improving the 
valuation methodology of wastewater disposal.

Keywords: wastewater, water body, dissolved oxygen, allo-
wable concentrations.
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aPPlicaTion of The waTer PolluTion raTe for 
assessmenT of condiTion of waTer oBJecTs
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For integrated assessment of water quality are encouraged 
to use the water pollution rate (WPR). The WPR allows you 
generically (one number) to assess the level of water pollution 
in the range of water-polluting substances from the maximum 
allowable concentrations to extremely high pollution. The WPR 
is calculated in accordance with formulas that correspond to 
a piecewise linear approximation of the logistic curve, reflecting 
the nature of the changes the status of aquatic ecosystems. 

Analysis of the theoretical foundation, expert testing and 
practical application of WPR confirms its suitability for asses-
sing the condition of water objects. The WPR can be used to 
identify trends and advance detection of potential water protec-
tion problems. The WPR is recommended for the harmonization 
of regulations to address cross-border water protection issues.

Keywords: water pollution, water quality indices, condition of 
water objects, logistic curve, Deininger test. 
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The accounTing of The uncerTainTy of Values 
of inPuT VariaBles in The modeling of Benzene 
niTraTion Process in a conTinuous reacTor
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On the basis of deterministic model in the form of a system 
of nonlinear equations it is developed a «soft» model of station-
ary process of benzene nitration with a mixture of nitric and 
sulfuric acids in the reactor of ideal mixing, which allows to 
take into account the effect of uncertainty of input variables 
of the process on output variables: stationary temperature and 
conversion degree. The model algorithm is random assignment 
of input variables: speed and the heat of reaction and heat loss 
coefficient of the probable range of admissible values and solving 
the system of equations of the model for given values of regulate 
parameters and random allowable value of residence time. The 
model is visualized as a bitmap image of the points on the plane 
and allows to take into account the uncertainty of input factors, 
such as the range of the lower and upper boundaries of the bitmap 
image («thick line»).

It was established that a decrease with increasing conver-
sion module and its increase with increasing concentration of 
the waste sulfuric acid are occurred for the adiabatic and iso-
thermal processes. However, in an adiabatic process, depending 
on the module, there is a significant increase in temperature 
significantly superior to the standard values (50–70 °C), even 
when the module is 12. Increasing the temperature of the mass 
in inlet from 20 to 40 °C also leads to significant increase in the 
degree of conversion and temperature the reactor outlet. With 
increasing the residence time is observed narrowing of the upper 
and lower boundaries of the fixed conversion rate and leveling of 
uncertainty.

Keywords: benzene nitration, stationary process, soft model, 
uncertainty effect, output variables.
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Technology audiT Process of niTro mixTure 
PreParing Process for Benzene and Toluene 
niTraTion using non concenTraTed niTric acid

page 26–31

It is developed a computer model of the material and 
thermal balance of preparation stage of nitration mixture and 
local concentration of the waste sulfuric acid in the nitration 
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of benzene and toluene with concentrated nitric acid contain-
ing 26–28 % of the main substance. The basis of the model is 
preparation of nitration mixture formally containing α kg of 
waste acid per 1 kg of base nitration mixture which composi-
tion is determined by the type nitrate connection. Nitration 
mixture is prepared from concentrated nitric acid and work-
ing sulfuric acid, obtained by a local concentration of waste 
acid. The heat input on the concentration of spent acid to a 
standard 92 % acid in the plant-wide units is used as a basis 
of comparison.

The simulation shows that the use of concentrated nitric 
acid in combination with a local concentration of the waste 
acid from the viewpoint of energy is more advantageous than 
the traditional use of deficient high-concentration nitric acid. 
This is due to the fact that the process of local concentration 
of the waste acid to the desired working concentration is more 
beneficial than centralized concentration to 92–96 % acid. With 
increasing value α, a positive effect on the local concentration 
increases, and with increasing the residual pressure in the distil-
lation of water (from 13,3 to 80 kPa — decreases. The latter is 
associated with increase in the boiling temperature and enthalpy 
of the final state.

Keywords: mathematical modeling, benzene, toluene, nitra-
tion, concentration, nitration mixture, local process, wast acid.
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The inTensificaTion of mass Transfer Processes 
for The reacTions in comPlex-reacTiVe 
heTerogeneous sysTems

page 31–36

Based on the study of the theory of heat and mass transfer 
processes, known models of interfacial heat and mass transfer in 
the article concretized hydrodynamic side of transport processes. 
It allows reasonable approach to the methods of phase transfer 
intensification: mechanical, pulsating, thermal of formation and 
collapse of bubble, medium movement on the curved channels. It 
is shown that each method can be implemented in a correspon-
ding design of the device. The basic constructions as devices and 
their contact devices are considered in detail, the advantages 
and disadvantages are shown. It is found that the development 
and investigation of these structures is a promising direction. 
For each construction it is analyzed and justified the influence of 
nonstationarity effects and persistence on the phase transfer also 
reviewed the related positive results. It is shown that research 
in this area will create intense mass transfer devices, which can 
be achieved by thermal mass transfer coefficients of growth ex-
ceeding the growth rate of the hydraulic resistance machines.

Keywords: mass transfer processes, intensification, heteroge-
neous system, interfacial surface, phase inversion.
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analysis of currenT sTaTe and choice of raw 
maTerial of secondary cadmium Technology

page 37–41

It is considered the main sources of raw materials and final 
products containing cadmium. It is shown that in most case, they 
have unique properties and in the near future can’t be changed 
without damage to other industries. It is conducted analysis of 
the production volumes of products containing cadmium and 
it is shown that in the near future is expected to decline in the 
production of such products. It is determined that more than 
80 % of the cadmium can be re-used, and the main group of raw 
material of secondary cadmium technology are household nickel-
cadmium current sources containing up to 30 % by weight of 
cadmium. It is proposed as the main raw material of secondary 
cadmium technology uses a small nickel-cadmium power sources. 
According to the analysis it is concluded that the development of 
technology for recycling of household nickel-cadmium batteries 
is promising both in terms of environmental protection, as well 
as from an economic point of view, as it will contribute to the 
development of safer and more efficient technologies for the use 
of cadmium in place of their ban.

Keywords: cadmium, toxicity, cadmium production, nickel-
cadmium batteries, utilization.
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inVesTigaTion of Phase equiliBria in PolyamorPhous 
sysTems

page 41–45

The phase behavior of polyamorphous systems based on 
modified Van der Waals equation with several critical points is 
investigated in the article. A model of phase equilibria in binary 
polyamorphous systems, including liquid—liquid equilibria in 
one-component systems and evaluation of critical lines in a bi-
nary mixture.

It is proposed an algorithm for the search of parameters ac-
cording to the excluded volume for Van der Waals model from 
density and temperature, which makes it possible to generate 
more than one critical point in a one-component fluid. To test the 
hypothesis of the continuity of critical lines in binary mixtures of 
polyamorphous fluids as an initial approximation used parame-
ters near the critical point of the second component. Calculation 
of critical curves for binary polyamorphous mixtures confirmed 
the continuity of the transition from a stable critical point of the 
first metastable point of the second.

Keywords: liquid — liquid equilibrium, critical lines, multi-
critical points, metastable states. 
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sensors for The sTudy of Thermal ProPerTies  
of food

page 45–49

The aim of the research was the development and testing 
of compact temperature sensor with fast response and minimal 
deviations which can operate on the main band of thermal pro-
cessing of foodstuffs.

Results of the work. There were formulated the main require-
ments to the temperature sensor for the study of the thermal 
characteristics of foodstuffs. There were analyzed the peculiari-
ties of the use of common temperature sensors in the study of 
foodstuffs. It is also given the sensor circuit based on a semicon-
ductor diode operating at a constant voltage mode. 

The choice of recording equipment for the work with the de-
veloped temperature sensor has been proved. Using the example 
of developed sensor and thermocouple of K-type there has been 
described the peculiarities of operating the sensors with open 
contacts in acide and alkaline medium. Linearity of the sensor in 
the temperature range of 55…95 °C was proved. 

Scientific novelty. The equipment for continuons tempera-
ture control of products during the thermal processing was im-
proved, technology of temperature fixing using a semiconductor 
diode has been further development.

Practical value. Results of the development of temperature 
sensor of small size and with short response time allow to con-
tinuously record the temperature in separate parts of foodstuff 
that will promote optimal selection of thermal processing 
regimes.

Keywords: thermo physical properties, temperature sensor, 
thermocouple, sizing, linearity of indicators, calibration graph.
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influence of imPuriTies and condiTions of growing 
The silicon single crysTals By czochralsKi meThod 
on The Value of lifeTime of non-equiliBrium charge 
carriers

page 50–54

It is investigated the influence of impurities contained in 
single-crystal silicon which is grown by the Czochralski method. 
These impurities are: oxygen, carbon, boron. Also it is investi-
gated an influence of cooling rate of the grown single crystal 
on the lifetime of non-equilibrium charge carriers. The oxygen 
concentration was in the range (6,45...9,75) ⋅ 1017 cm–3, car-
bon — (1,60...10,20) ⋅ 1016 cm–3; boron — (1,17...1,70) ⋅ 1016 cm–3. 
The cooling rate of the single crystal was varied from 1,8 to  
3,6 K/min.

It was found that increasing the concentration of boron 
and oxygen increases the lifetime of the non-equilibrium car-
riers, and the increase of carbon concentration and the cooling 
rate of the single crystal silicon lead to reduction of the lifetime 
of non-equilibrium carriers. To identify factors that have the 
greatest influence on the lifetime of non-equilibrium charge 
carriers was developed a mathematical model in the form of 
the regression equation. Assessment of significance of the 
regression coefficients of equation was conducted by Student 
t-test value. Statistical reliability of the resulting multiple re-
gression equation was checked by the total F-test that checks 
the null hypothesis of statistically insignificant of parameters 
of developed regression equation and the connection closeness 
indicator.

The developed statistically reliable mathematical model 
showed that in the investigated ranges of the factors most in-
fluence on the lifetime of non-equilibrium charge carriers has 
a carbon concentration and cooling rate of the silicon single 
crystal. The concentrations of oxygen and boron in the investi-
gated ranges of factors have less influence on the lifetime of non-
equilibrium charge carriers in silicon single crystals.
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Keywords: silicon, single crystal semiconductor, cultivation, 
Czochralski method, impurity, cooling rate.

references

1. Ferenbruh, A., Bub, R.; Translated from English: Gavrilova, I. P., 
Darevskii, A. S.; In: Koltun, M. M. (1987). Fundamentals of So-
lar Cells. Photovoltaic Solar Energy Conversion. M.: Energoato-
mizdat, 280.

2. Voronkov, V. V. (1982, October). The mechanism of swirl defects 
formation in silicon. Journal of Crystal Growth, Vol. 59, № 3, 
625–643. doi:10.1016/0022-0248(82)90386-4

3. Reivi, K.; Translated from English: Vysotskaia, V. V. et al.; In: 
Gorin, S. N.; Sobolev, V. S. (1984). Imperpections and Ivpurities 
in Semiconductor Silicon. M.: Mir, 472.

4. Nashel’skii, A. Ya. (1989). Proizvodstvo poluprovodnikovyh mate-
rialov. M.: Metallurgiia, 272.

5. Babich, V. M., Bletskan, N. I., Venger, E. F. (1997). Kislorod 
v monokristallah kremniia. K.: Іnterpres LTD, 239.

6. Fal’kevich, E. S., Pul’ner, E. O., Chervonnyi, I. F., Shvarts-
man, L. Ya., Iarkin, V. N., Salli, I. V.; In: Fal’kevich, E. S. (1992). 
Tehnologiia poluprovodnikovogo kremniia. M.: Metallurgiia, 407.

7. Chervony, I. F., Kutsova, V. Z., Pozhuev, V. I., Shvets, Ye. Ya., 
Nosko, O. A., Yehorov, S. H., Volyar, R. M.; In: Chervo-
ny, I. F. (2009). Napivprovidnykovyi kremnii: teoriia i tekhnolohiia 
vyrobnytstva. Ed. 2. Zaporizhzhia: ZDIA, 488.

8. GOST 19658-81. Monocrystalline silicon in ingots. Specifica-
tions. (1990). Acted from 01.01.83 to 01.01.93. Republished 
1987, July. M.: Izdatel’stvo standartov, 72.

9. Kritskaia, T. V., Chervonyi, I. F. (2002). Issledovanie vliianiia 
kisloroda i ugleroda na povedenie bora i fosfora v kremnii. 
Abstracts of papers. Soveshchanie po rostu kristallov, plenok i de-
fektam struktury kremniia. «Kremnii-2002», 9–12 iiulia 2002 g. 
Novosibirsk, 30.

10. Adler, Yu. P., Markova, E. V., Granovskii, Yu. V. (1976). Plani-
rovanie eksperimenta pri poiske optimal’nyh uslovii. Ed. 2. M.: 
Nauka, 280.

research analysis of saPoniTe clay ProPerTies

page 54–57

This paper analyzes the work aimed to research of natural 
material — saponite. The properties of this material are analyzed. 
An X-ray and metallographic analysis of three layers of saponite 
clay is conducted. In order to test the chemical composition, 
given by above authors, preliminary X-ray analysis of three sapo-
nite layers of Tashkovsky field is conducted. Researches were 
conducted to determine and compare the structure of each of 
the saponite clay layers. It is visible on the images that saponite 
has a large number of capillaries and pores of micron size. By the 
method of metallographic analysis it is established that saponite 
has an amorphous structure. It is determined that the proposed 
material has good sorption properties, which further leads to its 
use for filtering the drinking and waste water. The results of this 
research serve as an impetus for the research of saponite clays to 
expand their applications.

Keywords: saponite, clay, sorption, structure, metallography, 
X-ray photograph, mineral, filter.
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This article presents the results of studies of rose and red 
table wines from dry grapes Sangiovese and Syrah produced in 
Argentina, Greece, Israel, Spain, Italy and Chile. It is conducted 
a comparative analysis of organoleptic evaluation, physical and 
chemical characteristics, biological value at phenolic complex, 
the redox state of the wines produced in Ukraine from these 
grapes. It is shown that wine materials produced from grapes 
cultivated in the conditions of Ukraine are not inferior to foreign 
models according the organoleptic characteristics of wines from 
these grapes, and they also have a biological value and oxidation 
resistance. It is proved that for the production of red wines of 
high biological value from the grapes Sangiovese and Syrah the 
grapes must be processed with the intensification of must and 
pulp contact.

Keywords: Sangiovese, Syrah, red wines, rose, organoleptics, 
phenolic substances, biological value.
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inVesTigaTions of funcTional comPosiTion «effecT» 
for sPecial foods (for oVerweighT PeoPle)

page 63–66

This paper presents an analysis of development results of 
functional composition «Effect», which is balanced in the ratio 
of basic components, is well combined with all components of 
basic recipes, does not impair organoleptic, physical and chemical 
quality of the new food.

It is established an impact effectiveness of the functional 
composition on the functional state of the body, improving the 
metabolism in the body, blocking the synthesis of fat in adipose 
tissue, decreasing the absorption of carbohydrates and fats in 
the digestive tract and removing excess fluid, accelerating the 
adipolysis of fat molecules and transformation of fat in the free 
energy, increasing its expenditure.

It is confirmed a social and economic impact of the imple-
mentation of developments, which is to expand the range of 
sweets with certain functional actions for overweight people, 
which will accelerate the progress of metabolism process, rapid 

adipolysis (abdominal) in Ukraine, creating an effective alterna-
tive to imported sweets.

Keywords: overweight, obesity, functional composition, in-
gredients, special foods, sportsmen, body weight regulation.
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