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Introduction. The mechanism of forming of the
coloured descriptions of the model meat systems is
investigational with low maintenance of myoglobin on the
stage of salting on the change of the coloured descriptions
of meat raw material in the process of salting.

Materials and methods. Determination of relative
content of myoglobin and its derivatives was performed by
reflectivity spectroscopy spectrophotometer SF-18, the
total content of pigments - pigments meat first extraction
of water, acetone and hydrochloric acid, followed by
extraction by photokolorimeter at a wavelength of 540 nm
with respect to hydrochloric acid acetone; color intensity -
the photoelectric KF-77 at a wavelength of 540 nm against
distilled, the determination and colored integral
characteristics - Cary 50 spectrophotometer.

Results and discussion. The expediency of using
technology-based dyes of meat preparations hemoglobin
slaughtered animals Vepro 70 Col R Red Apro and as
components of multi brine for color correction ham
products with high injection and with different levels of
myoglobin in the meat raw. Rational drug concentrations
of hemoglobin (Vepro 70 Col P and Apro Red) color for
meat with a fat content of 10% was respectively 0.5% and
0.6%, while the use of 0.05% Sodium Erythorbate and
0.006% sodium nitrite.

Conclusions. The results recommended for modern
production  technologies  ham  products  using
intensification methods of salting.
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Introduction

The development of new and improvement of existing technologies, improvement of
manufactured products quality, namely, the exclusion of the using or minimizing various
toxic substances is an urgent problem in a meat-processing industry.

Creation of cured-meat products with a high level of safety needs improving some core
processes of production using some intensive cost-effective ways to influence the
feedstock. In this regard, it is necessary to study the question of colour-correcting of whole
muscle meat products of a high level injection, using some intensive methods of salting in
combination with colour-correcting components of multicomponent brines. However, the
analysis of the Ukrainian meat market shows that there are a lot of cured-meat products
with the salt-brine level of 60% and 80% ‘economy class’ among them, in meat formula of
which there are connective animal albumens and food hydrocolloids, i.e. the proportion of
without myoglobine raw materials, contained in the finished product, exceeds 15 — 20%.
During colour correcting of such products, as the results of research and practical
experience have shown, staining power of sodium nitrite is not enough to produce the
traditional red-pink colour. In this regard, it is appropriate to search for mixture with a more
expressive red-pink variety, which would provide an opportunity to obtain the desired
colour for products with a high level of the brine system injection in dependence to
quantitative scope of hemoglobin.

There are almost always some contradictions as for the use of sodium nitrite salting
process. Europe may introduce a ban on its use and we are, the Ukrainians, also can get rid
of'it. To do such step is easy, but what nitrite will be replaced is a rather complex issue. The
list of colouring substances, that are allowed by the Ukrainian Government, for using them
as food colouring additives, has more than 30 namings. But most of them can not be used in
the manufacture of meat products for a number of reasons. Firstly, the colourant formation
of model meat system is outlying for this type of sausage or meat products. Secondly, this
is instability of colourant properties in the process of meat production.

The aim of the pilot experiment was to investigate the mechanism of formation of the
coloured meat characteristics models with low myoglobin at the stage of curing with the
inclusion to the feature-rich brine colloidal systems some nitrite salts instead of sodium
nitrite and natural colourants (Apro Red and Vepro 70 Col P (‘Viadi’ company, the
Netherlands), to change coloured characteristics of the raw meat products during salting.

In accordance with the objectives and tasks of the scientific paper, there has been
studied the characteristics of the formation of the coloured raw meat products during salting
using nitrite salts composed of multifunctional brine in an amount that is an equivalent to
the content of sodium nitrite (20 g per 100 1), that in conversion is 3.5 % of nitrite salts to
the mass of brine. Insufficient amount of salt was supplemented by vacuum, as it has a
higher degree of sodium chloride (99.84%), while a small amount of insolubles, compared
with unrefined type of food salt (rocksalt, deposited salt, solar salt).

Materials and methods

The object of the study was a longitudinal muscle of the back (L. Dorsi), which was
obtained from the cooled lean beef of the 2" category fatness with the autolysis period of
48 hours, pH 6.2 + 0.01, weight pieces — 300 g. Drinking tap water (pH 7.8-8.0) was used
for the brine preparation. The prepared raw product was injected by single-needle syringe
by staggered scheme with a step 2.5%10-3m of different brines composition (Table 1).
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Brine composition for injection

Table 1

Components amount, a kilo for 100 1 of brine

Title brine 1 (control) brine 2 brine 3
Sodium nitrite 0.02 -
Nitrite salt 3.5 3.5
Vacuum salt 7 3.5 3.5
Sodium tripoly phosphate 0.30 0.30
Phosphates (E450iii, E 4511) 0.30
Water 92.68 92.70 92.70
Total brine 100 100 100

According to the traditional technology, sodium nitrite was brought in at the rate of 20
g per 100 1 of the brine. In the process of 80% introduction of the brine into the mass of
unsalted raw nitrite, the concentration will be 0.016 g per 1 kg of raw meat. According to
the technological instructions for using nitrite salt of ‘DANSK SALT A/S’ company
(Denmark), for producing the whole muscle chopped products, it is used as a part of the
brine in an amount 5.4% (for the same amount of the brine). Taking into account, that 100 g
of nitrite salts contains 0.57 g of NaNO2, the amount of sodium nitrite is 30.78 g per 100
liters of the brine (0.12 g per 1 kg of raw products). With account of the presence of nitrites
in the raw products, the entering of such a high number of them is a key problem due to
toxicity and the possibility of carcinogenic nitrosamines formation.

In the process of the salted meat products a specail attention is paid to the temperature,
as one of the main factor of the quality products. In the process of chopped meat products
the temperature in raw muscle thickness was 4 °C, the base brine temperature was in the
range between 0 ... 2 °C, which was achieved by the addition some ice in the brine. After
the injection with the aim of substances perequation for salting the whole volume of a
piece, the raw product was subjected to cyclic by the scheme that was proposed by A. A
Borisenko and others [8]. Salted raw massaging was carried out in the following, selected
by us, a reasonable program (15 min — rotation, 15 min — pause (6 rotations per minute), the
depth of the vacuum massager at least 90%. The duration of the raw meat beef massaging
process was 6 hours.

In order to explore the possibility of using colourants as the part of the multicomponet
brines with the level more than 80%, and using as the part of the brines of connective tissue
proteins and food hydrocolloids for amplification of the pink part of the spectrum, on the
next phase of the research we studied the properties of the natural colourant on the base of
animals’ blood hemoglobin. As the objects we selected: natural, based on blood
hemoglobin of slaughtered animals, colourant — Red Apro (‘TEHRRO’, Russia), Vepro 70
Col P (“Viadi’ company, the Netherlands). The working range of concentrations for these
substances has been selected in accordance with the recommendations of technological
companies-manufacturers.

Based on the results of the study of the composition and main physical and chemical
characteristics of hemoglobin preparations (Vepro 70 Col P, Apro Red), which showed the
principal possibility of their use as components of multicomponent brines, there were
carried out some simulations, the aim of which was to determine the environmental
conditions that are optimal for the manifestation of the colouring effect of the selected
colourants in the spectrum, which corresponds to a consumer’s image about the colourant
of the whole muscle meat products. Taking into account, that in the molecules of
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hemoglobin or myoglobin as prostatic groups protoporphyrin IV is included, the formation
of the red nitric oxide pigment is the same. Myoglobin goes into combination of red when
interacting with the nitric oxide, and the rate of the reaction and the mass fraction of
pigment formed depends on the amount of myoglobin content of metallic molds and
oxidation-reduction potential of the system. In this regard, some analytical and
experimental selections and justification of the required number of the nitrite salts and
reducing substances were conducted.

It is known, that nitrous acid, which is formed during the hydrolysis of sodium nitrite,
while absence in the environment and reducing agent and oxidizing agent, is decomposed
into oxide and nitrogen dioxide, so along with the nitric oxide pigment appear metpihmenty
[9]. Therefore, as a reducing reagent, we have used dietary supplements traditionally used
to a more equal colourant of meat and maximum utilization of the nitrite in the process of
the colour formation and colour stabilizing of the raw meat product — food acids and their
salts (ascorbic acid, sodium askorbinat, sodium erythorbate, citric acid) and sugars (sucrose,
glucose, maltose, dextrose, lactose), intermediate products of anaerobic decomposition of
which are formed by the enzyme of bacteria, which have a significant reducing effect.
Glucose has better regenerative properties than sucrose, but quickly involved in oxidative
transformations, thus it should be used only at the short-term salting. At the high-
temperature of processing glucose enters into Mayer’s reaction with amino groups of
protein, which negatively reflected on the nutritive value and the colour of the product [9].

As the maximum concentrations of these components some standarts of their layings
using the nitrite salting were selected (sodium nitrite — < 5 mg%, food acids — <5%, sugar —
<1.5%), which were gradually decreased to determine the rational conditions for the
formation of reaction of the nitric oxide pigments with maximum involvement of
hemoglobin. During the studies the type and the value of the reductant were varied in the
system. In assessing of the compositions effectiveness, which are created as the model
systems, there were used gels and emulsions based on protein products of animal origin
ProGel C-95. The colour assessment in the first stage was carried out visually.

The determination of relative content of myoglobin and its derivatives was performed
by the method of reflectiving spectroscopy with the help of the SF-18 spectrophotometer.

The content of total pigments was determined by the common method that is based on
the meat extraction, first by water and then by muriatic acetone, followed by
photocolourimetry at a wavelength of 540 nm with regard to muriatic acetone.

The colorfastness was found out by determining the optical density of the nitric oxide
pigment extracts before and after exposure of the product in the light.

The colour intensity of model systems was determined by KF-77 photoelectric
spectrophotomete at a wavelength of 540 nm with respect to the distillate.

The definition of spectra and integral coloured characteristics was performed on a Cary
50 spectrophotometer.

The content of nitric oxide pigment was determined by nitric oxide pigment extraction
with aqueous acetone followed by further determination of the optical density of the
solution on a spectrophotometer at a wavelength of 540 nm with regard to 80% of aqueous
acetone.
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Results and discussion

Literature data analysis [1, 2, 3, 4, 5, 6, 7] and our own experimental studies revealed
that the formation of the meat colouration begins during the process of salting. The reaction
of nitric oxide pigment occurs intensely at pH 5.5-6.0. At more than pH 6.0 of the meat, the
nitric oxide pigment reaction reaction (NOMDb) runs at a slower speed. However, the
lowering of the pH of the meat does not provide the maximum manifestation of functional
and technological properties of muscle proteins and stability NOMb, which was formed — it
is more stable at high pH values [2, 5, 9]. Significant influence on the meat colouration has
the temperature. During the process of the traditional salting and cold smoking, 40 — 50%
of the nitric oxide pigment NOMb is formed.

The experimental data analysis about the effect of multicomponent brines with high pH
on the formation of coloured characteristics of the raw meat product during the salting
(Table 2) indicates that the use of nitrite salts leads to more intense nitric oxide pigment
formation and, consequently, to a smaller residual nitrite content in the product. After
machine processing the content of nitric oxide pigment for the control sample corresponds
42.13% (Table 2).

Table 2
The influence of multicomponent brine composition on nitric formation in the beef after meat
tumbling process

Sample title General pigment, | Composition of NQ-pigment, Amount 'of 'remained
optical depth % to general pigment nitrite
Brine 1 (control) 0.460 42.13 6.22
Brine 2 0.580 47.53 6.08
Brine 3 0.610 48.12 5.78
mcp= =+ 0.054 mcp=+ 0.20 mcp= =+ 0.05

The introduction to the composition of ingredients for the nitrite salt pickling nitrite,
upon obtaining of which the nitrite sprayed in crystals, promotes their more rapid
enrichment in the test items (11.4 — 12.4%) compared with controls. However, the using as
a part of selected phosphate of the brine mixture it was marked maximum amount —
48.12%. The studies confirm that the increase in the intensity and colour stability under the
influence of the multicomponent brines with high pH is due to the creation of reducing
conditions in the meat system, which prevent or delay the metmyoglobin formation. This is
due to the ability of phosphate mixture to influence on reducing activity of oxidative
enzymes. The described effect is confirmed by A. A. Borysenko’s studies [1].

The raised level of the nitric oxide pigment improves the interaction of myoglobine
with the nitrite, causing the reducing of its residual amount. With the same initial injection
level of sodium nitrite in the all samples (10 mg % by weight of raw material meat product)
its reducing proceeded at different rates: in the control to 6.22 mg/100g of the product, in
the sample under investigation, which containied the nitrite salt, in equal conditions there
was a rapid transformation of the nitrite: its residual amount after salting reached 6.08
mg/100g. However, using for the preparation of the brine along with the nitrite salt
phosphate mixture (E450iii, E451li), the minimum rate is 5.78 mg/100 g in the test piece.
Thus, using for salting in the brine composition of multicomponent nitrite salt instead of
nitrite sodium linked with the mechanical processing of the raw meat product not only
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speeds the process up of fixing a stable colour, but also can reduce the residual content of
sodium nitrite in the product.

The obtained data, pH and ‘general hemoglobin content’ are shown in Table 3. All
these indicate that the pH of experimental drugs for hemoglobin is: Apro Red — 5.84 and
Vepro 70 Col — 6.0. Taking into account, that the pH level of the model meat systems, for
colourant stabilizing of which is proposed to use these colourants, the last stage of the
salting should make 6.2 ... 6.4, we can assume, that the use of colourant Apro Red and
Vepro 70 Col P their colouring ability will not be fully reflected, because of the shift in pH
of 0.6 units and 0.4 units, respectively.

Table 3
Key physical-chemical characteristics of the colourants on the blood pigment basis

Col . pH Deliquescence, Mass fraction
olourant title (m0,05) | %, (m3,5) ‘general hemoglobine’, %,
Apro Red 5.84 45.0 81.0

Vepro 70 Col P Brine 2 6.00 75.0 76.0

A high content of researched colourants (80%) of ‘total hemoglobin’, which is the
second pigment, that corresponds along with the mioglobine for the colour formation
process in the raw meat product, indicates about a potential opportunity of the efficient
using of hemoglobin to provide the required red-pink colour for model meat systems with
high levels of injection and changes in levels of myoglobin in the composition of model
meat systems. Taking into account that the met-form of blood pigment that gives the
finished product a brownish-gray colour, has low solubility, the presence of high levels of
solubility in the experimental preparations suggests that the stock Vepro Col 70 contains a
small number of metmyoglobin.

The discussion about data, presented above, shows a high potential of hemoglobin
drugs (Vepro 70 Col P and Apro Red) with their possible use as colourants of red and pink
range. However, for the manifestation of their colouring properties, it is necessary to make
a purposeful choice of additional ingredients, their concentrations and ratios, which allow
preventing the oxidation and destruction of the hemoglobin molecule, and can contribute to
the formation of the nitric oxide pigment.

The results of initial studies indicate that the most suitable colour can be seen when
making 0.3 — 0.4% of blood pigment colourants (Vepro 70 Col P) in the presence of the
nitrite salt (0.001 — 0.006%).

For gels and protein-fat emulsions in a ratio of protein preparation:fat:water — 1:20:10
obtaining of the pink colour provides a composition containing pigment blood colourants
(Vepro 70 Col P, Apro Red), sodium nitrite (nitrite salt) and isoascorbate Na (1:0,01:0,1;
1:0,01:0,12 respectively) when the number of input 0.5% and 0.6% by weight of the
system. The correlation that facilitates effective manifestation of the properties of selected
blood pigment colourants, there was successfully tested in the laboratory for modifying the
colour of protein suspensions, gels and meat model systems.

At the final stage of the simulation there were performed some spectrophotometric
analysis (Table 4) of aqueous solutions colourants Vepro 70 Col P and Apro Red and
protein-fat emulsion-based animal protein ProGel C-95 + Vepro 75, which was painted
with their help.
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11



Food Technologies

The spectral characteristics of solutions and emulsions showed that Vepro 70 Col P
awards Red Apro for ‘lightness’, which at the background of low rate of ‘redness’ results to
a light yellow-brown solution.

Table 4
Spectral characteristics of food coloured solvent and coloured model meat systems
. Colour coordinates CIELab
Ne . Concentration,
i Colourant title % L a b
(lightness) (redness) | (yellowness)
Solutions
1 Vepro 70 Col P 0.5 23.18 24.97 29.99
2 Apro Red 0.5 50.39 2.70 33.40
Emulsions
3 Vepro 70 Col P 0.3 67.93 5.20 16.00
4 Apro red 0.3 77.99 2.32 16.80
5 Vepro 70 Col P 0.6 61.45 5.41 16.14
6 Apro Red 0.9 68.59 4.85 17.94

During the spectrophotometric estimation of the protein and fat emulsion, which was
coloured with the help of the studied colourants, the analysis of the results showed that the
dosage of colourants in the amount of 0.3% was the most appropriate colour system
containing Vepro 70 Col P for which exactly this concentration was defined as the rational
one during the sensory research. Using this concentration resulted to getting systems which
are characterized by a very high rate of ‘lightness’ and ‘yellowness’ and a low value of
‘redness’. Therefore, experiments were carried out with increasing content Vepro 70 Col P
to 0.6%, and Apro Red to 0.9%, which made it possible to adjust the color emulsions.

Thus, the results of spectrophotometric studies allowed to conclude that the most
significant colour correction effect in shaping the pink-red hue of the model emulsions has
Vepro 70 Col P. Based on these data we can conclude that, although the blood pigment
colourants are not significant in buffering capacity in the acidic conditions, they are able to
make a stabilizing effect on the pH of alkaline systems, which includes multi brines for
injection of the raw meat product.

Conclusions

e The results of the model studies allow to predict that for practical use in technology-
based colourants of meat preparations on the base of drug blood hemoglobin of
slaughtered animals Vepro 70 Col P and Apro Red by their physical and chemical
characteristics, they can be recommended as a multifunctional brine for colour
correction products of chopped products with high levels of injection and with different
levels of myoglobin in the meat system that can be designed to provide the inherent
colour for hams of an ‘economy group’, which include without myoglobine raw
product.

e  The using of nitrite salts instead of the traditional sodium nitrite leads to more nitric
oxide pigment, which leads to obtain a finished product with a lower content of
residual nitrite and better colour performance than in the equivalent administered
sodium nitrite.
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Justified and defined the rational drug concentration of hemoglobin (Vepro 70 Col P
and Apro Red) for colouring the meat of a fat content to 10%, which was respectively
0.5% and 0.6%, while the use of 0.05% isoascorbate Na and 0.006% of sodium nitrite,
which are for colour correction of the salty products with different levels
myoglobineless materials.
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Introduction. For enrichment of polyunsaturated fatty
acids and increasing biological and nutritional value of
dietary fiber of spreads it is offered to add sweet brier
processing products (SPP) - oil and meal. The expediency
and the use of these products is proved for producing of
emulsive type dairy fat products of vegetable origin with
dietary fiber as “Citri-Fi”.

Materials and methods. With the method of gas-liquid
chromotography peak samples products of sweetbrier
processing are identified. Found that received dairy fat
products of vegetable origin of emulsive type contain more
unsatured fatty acids than butter, which is included to the
recipe of spreads.

Results and discussion. Found that in the investigated
spread the amount of saturated and unsaturated fatty acids
are reduced (capric (by 1,136 %), lauric (at 1.958 %),
myristic (by 3.03 %), palmitic (at 6.454 %), stearic (at
1,016 %), arachidonic (by 0,229 %) also the amount of
trans-isomers that during the consuming of the product can
cause cardiovascular disease (by 1,305 % compared with
butter). The main ®-3 fatty acid in dairy fat products of
vegetable origin with dietary fiber is linolenic, compared
with butter its content increases by 0,038 %. Among the
®- 6 acids in samples linoleic dominates which increases
by 0,458 %, linoleic cis-9, cis-12 Cyg., — 15,282 %. From
monounsaturated fatty acids in the spread of PSP the lower
amount of such fatty acids as: mirystooleinic,
palmooleinic, heptadecenoic, elaidonic but more oleic (by
1,831 %). The results can be used in determining the
biological value of the PCA spreads due to current
principles of nutrition science.
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Introduction

Development of combined food-based analytical evaluation of the quality and quantity
of nutrients contained in them, led to the need of methodological approaches that are based
on the principle of selection of key nutrients, modeling and optimization quality. This
direction was developed in methods of calculating quality of protein and less lipid
components of some foods, especially in many components of milk-based mixtures.

There is a shortage of polyunsaturated fatty acids (PUFA): linoleic, linolenic,
arachidonic in the diet of modern people. These acids in their biological properties belong
to the essential matters which are not synthesized in the human body, and therefore must
come from food. Biological properties of oils and fats and fatty acids are provided by their
fatty and acidtriglyceride content as well as the presence of biologically active compounds
(tocopherols, sterols, phospholipids, carotenoids, etc). However, the basic criterion of the
nutritional value of these products is their fatty acid composition. Therefore not accidently
one of the stages in the transformation of traditional fat product in a product with high
biological value is the change of the fat phase by selecting balance in number and ratio of
polyunsaturated fatty acids of fatty bases.

Analysis of the literature

According to the principles of healthy eating physiologically full value food fat
appointed for feeding healthy body should contain 30-40% saturated fatty acids (SFA), 50-
60% mono-unsaturated fatty acids (MUFA) and 10-20% PUFA. A fractional ratio of fatty
acid component of "standard" lipid is adopted (g/100 g fatty acids): SFA: PUFA: MUFA =
3: 1: 6. And if we analyze the class of fatty acids ®-3 and -6, we will have the same ratio,
%:SFA:PUFA ,3:PUFA , s: MUFA=23,0:1,6:6,4:69,0

Research of fatty acid composition of natural oils showed that there is no "ideal" body
fat in nature with the composition that provides admission of essential fatty acids in the
right amounts and proper proportions for human body.There are several ways to provide
body with PUFA:

- creation of genetically modified sources of vegetable oils high in PUFA, including ®-3;

- increasing the share of oil in the diet with high content of ®-3 PUFA (linseed, false flax,
canola oil);

- use of nutritional dietary supplements in the form of oil products and powders with a
high (30 %) content of -3 PUFA;

- obtain and use of blended vegetable oils in food with essential content and the ratio of
acids ®-6 and ®-3;

- use of blended vegetable oils in food (dairy, emulsive and baby products).

The most effective way of creating milk-fat foods with balanced composition and ratio
of -6 and ®-3 PUFA is enriching with vegetable oils. In the late 1990s the concept of
creating such products was established by scientists of Moscow National University of
Food Industry, and jointly with the Center of Innovation and Development "Healthy Foods"
the technology of their production was offered, including a system of calculating the
optimal fatty acid composition.

Benefits of using vegetable oils to correct lack of PUFA to dietary supplements and
medicine are as follows - oil is traditional food consumption of which does not cause
complications and adverse reactions in the body and is much cheaper than dietary
supplements.
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Features of milk-fat products technology are following: spreads with fillers give the
possibility to use ingredients of vegetable origin, mainly oils along with dairy ones.
Through their presence spreads have several advantages over butter: plastic consistency at
different temperatures from 0 to 10°C, contain of more vitamins and biologically active
substances and less cholesterol.

Biological efficiency as an indicator characterizes the balance of product with the
content of polyunsaturated fatty acids, essential amino acids, phospholipids, minerals,
polyphenols compounds and vitamins. Increased biological value of milk-fat product is
achieved by the following:

- natural extracts and vitamins that reduce the rate of aging and neutralize the negative
impact of the environment;

- polyunsaturated fatty acids that strengthen the cardiovascular system of a person,
reduce bad cholesterol in the blood;

- prebiotics - polydextrose, natural dietary fiber.

For the production of milk-fat products using oils with alternative raw materials for the
enrichment with physiologically important components is very actual nowadays. In
particular, sweetbrier oil should get special attention, which is extracted from the crushed
seeds of orange-red sweet brier - a perennial shrub of the Rosaceae family. Sweet brier is
one of the main plant for the production of multivitamin and other medicine that are
essential for health.

Composition of sweet brier oil is represented with a wide range of components such as
fatty acids (polyunsaturated: linoleic, oleic, linoleic), saturated (myristic, palmitic, etc.),
vitamins C and A, tocopherols, carotenoids, trace elements (Mn, Cu, Mb), macro elements
(Fe, Mg, K, Ca, P). Sweet brier contains: vitamins (P, B;, B,, K, E), 0,01 to 0,06 %
carotene, up to 8 % carbohydrate, up to 3,6% acids, flavonoids (astrahalin, hiperozyd,
quercetin), catechins, lycopene, xanthophylls, arumin. After extraction of oil as a byproduct
protein meal is produced, according to the concept of a balanced diet by A. Pokrovsky, the
daily requirement for an adult in dietary fiber is 25 g. Due to this information it is
appropriate to enrich milk fat emulsion products with such products of complex plant
processing as oil and protein meal of sweet brier.

Purpose of the study is to study the influence of plant processing products on the fatty
acid composition of foods high in fat - spreads with dietary fiber.

Materials and methods

Objects of the study are spreads with oil and protein meal of sweet brier. Investigation
the fatty acid composition of spreads with sweet brier processing products prototypes of the
technology, based on the separate preparation of milk-fat emulsion and mixing with cream
has been elaborated. Vegetable-fat mixture is prepared using orange dietary fiber. Recipe
model of spreads samples is presented in Table 1.
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Table 1

The recipe of spread of SPP with 15-% replacement of milk fat with vegetable fat with
mass fraction of total fat 72,5% excluding losses (kg to 1000 kg)

Raw material Traditional | Elaborated
Sweet cream unsalted butter
(fat 72,5 %, moisture 25,0 %, dry fat-free matter 2,5 %) 799,0 799,0
Sweet brier oil (fat 99,9 %) - 141,27
Sunflowerseed oil (fat 99,7 %) 141,27 -
Dry fat-free milk
(fat 1,5 %, dry matter 95 %) 4,00 3,26
Emulsion stabilizer (fat 100 %) 4,25 4,25
Sweet brier protein meal - 1,25
Orange dietary fiber Citri-Fi i 03
(dry matter 95 %) ’
Flavoring matter 0,3 0,3
Water 51,18 51,62
Total yield 1000 1000
Table 2
Concentration of fatty acids, lipids of studied fat dairy products, %
(of total fatty acids)
. Concentration, %
Ne | Fatty acids Sweet cream butter Spread of SPP
1 Oleic (Cyy) 4,308 3,338
2 Caproic (Cgy) 2,624 1,854
3 Caprylic (Cgy) 1,555 0,995
4 Capric (Cjgyo) 3,011 1,875
5 Undecanoic (Cy) 0,328 0,191
6 Lauric (Cy,,) 3,983 2,025
12 | Tridecanoic (Ci3.) 0,224 0,141
13 | Myristic (C4.0) 9,636 6,606
15 | Myristeoleic (Ci4.1) 0,512 0,434
17 | Pendadecynic (C;sy) 1,122 0,883
19 | Palmitic (Cy49) 26,255 19,801
21 | Palmitooloic (Cy4.1) 1,344 0,717
26 | Heptadecoic (C;7,) 0,046 0,032
27 | Heptadecenoic (C;7.1) 0,240 0,216
28 | Stearic (C;gy) 10,038 9,022
29 | Elaidic (Cyg.) 3,205 2,044
30 | Oleic (Ci3.1) 22,046 23,877
31 | Linoleic (C;g,) trans 0,446 0,302
32 | Linoleic (Cig,) cis 2,966 18,248
33 | Arachidonic (Cig) 0,203 0,031
34 | Linoleic (Cig,) m-6 0,206 0,244
35 | Linolenic (C;g3) ®-3 0,519 0,977
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As a control, traditional butter was used, which is produced by classical technology.

Investigation of fatty acid composition of milk fat products peaks of spreads sample of
sweet brier processing products were identified. The measurements were performed by
comparing the retention time of the control mixture using a gas chromatograph "Kupol-55"
of column length 30 m, internal diameter 32 mm, thickness 0,25mm, injector temperature
250°C, detector temperature 260°C. Thermostat of the column: initial temperature - 60°C
with 15 min of aging, finish temperature - 220°C with 150 min of aging. As a standard
sweet cream traditional butter was taken with a mass fracture of fat 72,3% produced by
classical technology . The method is founded on the principle that the methyl esters of fatty
acids are prepared by interesterification, and then are shared and determined by capillary
gas-liquid chromatography.

Results and discussion

The concentration of fatty acids, lipids of studied fat dairy products, % (of total fatty
acids) is presented in Table. 2 and chromatograms (Figure 1-2).
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Fig 1. Chromatogram of sweet cream traditional butter
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Fig 2. Chromatogram of spread of SPP

From the chromatogram presented in Fig. 1-2 is shown that elaborated spread with oil
and sweet brier protein meal contains less saturated fatty acids compared with control. As
you know , the most undesirable fatty acids of milk fat is medium- saturated fatty acids
Ci20, Ciap and Cygy, as they increase the level of cholesterol and lipoprotein of low density
in blood and, therefore, have atherogenic and thrombogenic properties. Instead, unsaturated
acid analogues of this group do not have negative effects on human health. The biggest
difference is in caproic (by 1,136 %), lauric (at 1.958 %), myristic (by 3.03 %), palmitic (at
6.454 %), stearic (by 1,016 %), arachidonic (by 0,229 %). In the spread of SPP from
monounsaturated fatty acids there less: myristeoleic, palmitooloic, heptadecenoic, elaidic
but more oleic (by 1,831 %).

Polyunsaturated fatty acids ®-3 and ®-6 series have antiatherogenic and
antithrombogenic action, healthy diet strategy involves a rise in their contents in human
diets. The main ®-3 fatty acid in milk fat foods is linolenic. Among the - 6 acids in
samples linoleic dominates (cis-9, cis-12 Cig,). These acids are essential, and therefore
must come to the body with food. Spread contains more polyunsaturated fatty acids than
sweet cream traditional butter: by 15,282 % linoleic, linolenic (©-3) by 0,038 %, linoleic
(-6 ) by 0,458 %. Number transisomers in the spread of dietary fiber compared with butter
reduced by 1,305 %.

Conclusion

1. The study of fatty acid composition of SPP spread with oil and protein meal, it was
found that received plant-derived milk fat emulsion type product contains more
essential fatty acids than butter, which spread recipe includes.

2. The main -3 fatty acid in dairy fat products of vegetable origin with dietary fiber is
linolenic, compared with butter its content increases by 0,038 %. Among the - 6 acids
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in samples linoleic dominates which increases by 0,458 %, linoleic cis-9, cis-12 Cig., —
15,282 %.

Found that in the investigated spread the amount of saturated and unsaturated fatty
acids are reduced (capric (by 1,136 %), lauric (at 1.958 %), myristic (by 3.03 %),
palmitic (at 6.454 %), stearic (at 1,016 %), arachidonic (by 0,229 %) also the amount
of trans-isomers that during the consuming of the product can cause cardiovascular
disease (by 1,305 % compared with butter).

It is found that in the investigated spread saturated fatty acids and trans-isomers that
can cause cardiovascular disease during the consumption reduces. The results can be
used in determining the biological value of the SPP spreads under the current
principles of nutritiology.
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Introduction. In order to enrichment food ration
essential fatty acids of the population investigated
blending of vegetable oils which give a balanced
composition of polyunsaturated fatty acids, and
conventional flavor characteristics.

Materials and methods. Physico-chemical quality of
oils were determined by standard methods; design of
experiments and optimization of technological processes
was performed experimental and statistical method
based on the software package Pascal; fatty acid
composition of oil determined by method of gas
chromatography.

Results. Researched and updated the fatty acid
composition of vegetable oils cold-pressed. Has been
developed and scientifically based the composition of
blendson the basis of sunflower oil with the addition of
camelina oil, flax and walnuts, which ensure a rational
ratio ®-6/m-3 fatty acids with the recommendations of
their consumption. Investigated autocatalytic oxidation
and hydrolytic blends when stored at a temperature of 20
+ 2 ° C with free access of light and air. A substantial
slowing of the accumulation of peroxides and free fatty
acids by blending of 35% of the nut or 40% of camelina
oil with corresponding amount of sunflower oil.
Obtained data on a reduced stability of the blended oils
with linseed oil. Identified the guaranteed storage life of
blended oils based on sunflower oil.

Conclusions. Developed blended oils differ a
balanced ratio of essential fatty acids, ®-6 / ®-3 from 10:
1 to 3:1, and can be used as a component of the fatty
human diet and for the production of health-preventive
purposes.
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Introduction

Maintaining the health and increasing longevity of the individual - one of the most
pressing problems of our time. One of the approaches to solving this problem is the creation
of functional foods, which do not differ in taste and appearance of traditional, improve
health, promote the reduction of disease and use of daily demand. [1]

Fat and oil products should be not only carrier of energy and a plastic material but also
an important source of physiologically functional ingredients polyunsaturated fatty acids
(PUFA), fat soluble vitamins, phospholipids, and other bioactive components. Of particular
importance is presence in the products of essential polyunsaturated fatty acidsto which in
the first place should include linoleic (C18: 2) and linolenic (C18: 3) acids. Linoleic acid is
the main representative of the family of long chain fatty acids omega-6 (®-6) and a-
linolenic acid - equivalent of long chain fatty acids omega-3 family (®-3). Polyunsaturated
fatty acids perform two functions: they are components of the phospholipids of all cell
membranes, on which depends the transfer of pulses and work the receptors and precursors
for the synthesis of lipid mediators (eicosanoids), which are important in the regulation of
many physiological processes [2, 3]. Omega-3 fatty acids improve the immune system,
reduce blood coagulation, TAG level in the blood and the risk of coronary heart disease [4].

Remains debatable question regarding the optimal ratio of individual lipid classes of fatty
acids food products, but most scholars are unanimous that the greatest biological effectiveness of
lipids leads levels of omega-3 fatty acids. The ratio of ®-6 / ®-3 polyunsaturated fatty acids, it is
recommended by the Institute of Nutrition in the diet of a healthy person should be 10: 1, and
nutritional therapy - from 3: 1 to 5: 1 On the basis of clinical and experimental studies of scientists
acid ratio ®-6 and ®-3, it is recommended is from 4: 1 to 2: 1 [5].

British Nutrition Foundation considers the ideal ratio between PUFA families ®-6 and
®-3 as a 6: 1 To achieve this, the ratio of the UK population is recommended to increase the
intake of oily fish, containing a significant amount of PUFA ®-3 family. Din N. Jehangir
contends that the consumption of oily fish once a week by 50% reduces the risk of
stenocardia and atrial fibrillation in patients with cardiovascular disease, regardless of
comorbidities [6].

To w-6 fatty acids include linoleic (C18: 2), y-linolenic (C18: 3n6), and arachidonic
(C20: 4). Linoleic acid in the body can be elongated and desaturovana to arachidonicand
the last is a precursor to the formation of eicosanoids. Linoleic acid-rich overwhelming
amount of vegetable oils. Exception is olive oil, which is dominated oleic acid (»-9), which
contributes to lower of plasma cholesterol levels and necessary for the balance of
polyunsaturated fatty acids.

The structure of ®-3 fats includes the three essential fatty acids: eicosapentaenoic acid
(C20: 5) and docosahexaenoic acid (C22: 6) and a-linolenic acid (C18: 3n3). In the body of
a-linolenic acid by the elongation and desaturation is converted into eicosapentaenoic acid -
a precursor for the synthesis of eicosanoids, and docosahexaenoic acid - an important
structural component of the phospholipids of cell membranes.

Research of scientists found that a living organism does not synthesize linoleic and
linolenic acids, they can only come from food. Depending on the initial fatty acid
eicosanoids are synthesized which have different structures and biological effects on the
organism, often directly proportional. Eicosanoids formed from ®-3 fats, namely
eicosapentaenoic acid, have anti-inflammatory, anti-allergic effect, blood thinners and
prevent the thrombus formation, improve blood circulation, dilate blood vessels and reduce
blood pressure. Conversely, eicosanoids synthesized from arachidonic acid (m-6) contribute
to the development of inflammation, allergy, platelet aggregation and thrombus formation,
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blood vessels constrict. Exception is prostaglandin E1 which is derived from y-linolenic
acid (m-6) and has anti-inflammatory effect and slows exemption of histamine, reducing
allergic inflammatory component. Clinical research proves that deficiency in the cells of
essential polyunsaturated fatty acids (especially ®-3) forms a high potential of
inflammation [7].

Therefore it is very important is the introduction of the diets of these fat products that
will provide the desired physiological needs of the body's balance of essential acids, ®-6
and o-3.

An important argument in favor of vegetable oils is their safety as they contain o-
linolenic acid which is a precursor necessary for the metabolism of the body and can
accumulate in the body and consumed as needed.

However, the oil from sunflower seeds contains primarily family PUFA ®-6 (62.58%
in our research), and the ratio of m-6/w-3 PUFA does not conform to the formula of
balanced nutrition. Is why we calculated the fatty acid composition blends "sunflower x
each of unconventional oils" in the following proportions: 50 x 50; 55 x 45; 60 x 40; 65 %
35; 70 x 30; 75 x 25; 80 x 20; 85 x 15; 90 x 10; 95 x 5. In further research elected blends,
the fatty acid composition of which is within the range recommended by nutritionists: acid
ratio of ®-6 to ©-3 10: 1to 3: 1 is:

Ne 1 - Sunflower oil 65% X walnut oil 35%

Ne 2 - Sunflower oil 75% x 25% linseed oil,

Ne 3 - Sunflower oil 60% X% 40% camelina oil.

Materials and methods

As the research subjects was selected prevalence in the diet of the population of
Ukraine vegetable oils obtained by cold pressing of the first technology spin - sunflower,
soybean, rapeseed, linseed, mustard and unconventional oils — camelina hemp seed,
maranth, sesame, cedar, pumpkin, walnut, wheat germ oil, fruits of sea buckthorn and grape
seed. Also studied widely represented in the trading network olive oil varieties "Extra
virgin".

Fatty acid and the isomer composition of vegetable oils was analyzed on a gas
chromatograph Agilent 6890 (USA) with capillary column, programmed mode and
ionization-flame detector Methods by preparation methyl esters according to ISO 5509-
2002, analyzing the method of gas chromatography according ISO 5508-2001.

Method of preparation of the methyl esters according to ISO 5509: 2000 analyzing
method of gas chromatography of methyl esters of fatty acids - ISO 5508: 1990 Sample
preparation was as follows: the sample was dissolved in 2 ml of heptane was added by
pipette 200 microliters of methanol solution of NaOH and shaken for 5 - 10 min. , then
added to a solution 1 g of sodium hydrogen sulfate monohydrate and carefully agitated.
After deposition of salts was separated upper layer containing the methyl esters of fatty
acids. Detection of fatty acids was performed on a gas chromatograph: injector S/S with the
allocation flows column Sp2380, length 100 m, internal diameter 0.25 mm, the coating
thickness 0.2 micrometers. Chromatography conditions: temperature of injector - 280°C,
discharge stream - 100: 1, the temperature detector - 290 °C. The column operates at a
constant stream with speed of 1.2 ml/min, carrier gas helium. Temperature gradient column
thermostat from 60 to 250°C. Research oxidative stability of blends was performed during
storage at room temperature with free access of light and air. Samples of fat blends were
stored in glass cups at 20 = 2°C. As a control, use sunflower oil. During storage every 7
days selected samples to determine the peroxide (according to ISO 3960: 1998) and acid
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(according to ISO 660: 1996, NEQ) numbers. Oxidation blends stopped when the number
of peroxide value reached more than 10 mmol’20 / kg. When exceeding this value
vegetable oil is considered dangerous for health and becomes inedible product category.
According kinetic curves defined oxidation induction period of oxidation, which is used for
the prediction deadline storage oil.

Results and discussion
Biological and food respectively, the value of vegetable oils characterized by the

composition and the ratio of fatty acids. Table. 1 shows the fatty acid composition of
vegetable oils investigated oilseeds and fruit seeds.

Table 1
Fatty acid composition of vegetable oils
Vegetable oils Fatty acids,% Ratio
Saturated | Monounsaturated Polyunsaturated ®-3/00-6
fatty acid -9 (oleic) -6 -3
(linoleic) (0 linolenic)
Sunflower 11,34 24,61 62,58 0,09 1:695
Soy 15,64 21,36 55,60 5,73 1:10
Rape 6,86 58,99 18,68 9,13 1:2
Corn 11,31 43,1 44,90 0,65 1:69
Olive 15,53 72,06 7,12 0,59 1:12
Flaxseed 10,24 17,30 14,31 57,26 1:0,25
Camelina 9,96 15,99 19,26 33,85 1:0,6
Hempseed 10,74 13,53 55,40 15,32 1:3,6
Mustard 4,87 33,53 10,96 11,25 1:1
Amaranth 17,83 23,97 53,75 1,31 1:41
Sesame 11,31 38,0 40,71 0,34 1:130
Pumpkin 19,71 21,47 58,38 0,14 1:417
Walnut oil 8,21 16,56 61,35 13,58 1:4,5
Wheat germ oil | 18,24 14,86 57,03 6,69 1:8,5
Sea buckthorn | 29,32 5,82 16,84 4,94 1:3,4
oil
Grapeseed oil 11,51 19,6 68,15 0,45 1:151

According to table. 1 sunflower and corn oils contain high amounts of -6 acids and
small - ®-3 acids and therefore have no optimum fatty acid composition. Soybean oil is
recommended for consumption ratio ®-3/w-6 PUFA (1:10). For rapeseed and mustard oil
are of relatively low levels of saturated fatty acids (7.4%), high oleic acid level (33-59%)
and the average level of linolenic acid (9-11%) and thus is favorable balance of ®-3/®-6 as
1:1-2. Olive oil characteristically high oleic acid and low levels of PUFA. In linseed and
camelina oil content of irreplaceable a-linolenic acid is much higher than the recommended
levels, which indicates their high physiological value and feasibility of using enrichment o-
3 acid foods. A distinctive feature of camelina oil is gondoinovoy content (14%) and erucic
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(about 3%) acids. Walnut oil and hemp have a sufficiently high content of a-linolenic acid,
but their use is limited to the high cost and nonproliferation. Other oils do not conform to
the recommended dietary intake of PUFA ratio ®-3/®-6.

We have developed blends based on sunflower oil with additives camelina oils, flax
and walnuts with a fatty acid content families of ®-6: ®-3 from 10:1 to 3:1. This ratio
corresponds to a nutritionist recommended "ideal" ratio of essential fatty acids diet. Basis
for the blend elected sunflower oil. This is a traditional non-deficient product daily demand
and consumption. Taste of Ukrainian sunflower oil consumer evaluates as "correct" neutral.

Having investigated blends and to determine them PN plotted changes PN of blended
oils within 28 days (Fig. 1)

N
o

-
o

PN,mmol 1/2 O/kg
o
N
=

-]

H
I

0 7 14 21 28
Duration of oxidation, days

Fig 1. Changing the of peroxide number of blended oils during 28 days:
K - Sunflower oil
Nel - Sunflower oil 65% X walnut oil 35%
Ne2 - Sunflower oil 75% x 25% linseed oil
Ne3 - Sunflower oil 60% X% 40% camelina oil

Time to reach PN = 10 mmol ' O/kg is guaranteed shelf life of oils. It has been
established that the addition of linseed oil in an amount of 25% negatively affects the
stability of the vegetable oil, such oxidize faster than other blends. The longest period of
storage - 27.5 days with free access to air and light - is number one with a blend containing
35% of walnut oil.

High resistance is noted as a sample number 3, which is period of storage 25.7 days.
Thus, high resistance to oxidation processes are different blends of sunflower oil camelina
and walnut oil.

Such blends appropriate to apply the treatment and prevention of atherosclerosis, to
improve the effectiveness of diet therapy and correction of lipid metabolism in patients with
type II diabetes, diseases of the cardiovascular system.

Investigation of autocatalytic oxidation and hydrolytic of blends at their storage at a
temperature of 20 + 2 ° C, with free access of light and air showed that blend with linseed
oil oxidizes rapidly. Therefore, it was removed from further research. Obtained by
oxidation curves calculated kinetic parameters of the oxidation process of blended oils
(Table 2).
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Table 2
Kinetic parameters of oxidation of blended oils

Kinetic parameters
Sample 105 k7-10-4,
kp2 /k7°10 dm?mmol !¢’
1. Sunflower Oil 60% + 40% camelina oil 0,52 15,7
2. Sunflower oil 65% + walnut oil 35% 0,44 18,5

Kp2/k7 parameter value shows the ratio of rates of initiation and termination of the
reaction rate of oxidation of the substrate. Parameter value greater than zero indicates the
antioxidant properties of biologically active substances contained in blends. Thus,
sunflower - camelina blend with parameter equals 0.52 kp2/k7 more stable during storage
than sunflower - walnut blend with the value kp2/k7 - 0,44. The obtained values of the
constants k7 indicate that the addition of camelina oil or walnut improve the inhibitory
properties of the oxidation of the investigated blends.

Established antioxidant activity of additives camelina oils or walnut used for the
prediction of the oxidative stability of oils blended.

Conclusion

Thus, we can say that the main indicator of biological and, accordingly, the nutritional
value of oil is a fatty acid content. Their ratio in the diet affects the condition of the human
organism, the problem of excessive weight and premature aging.

To get products increased biological value appropriate to use the principle of blending
oilsthat allows to reach balance on the fatty acid composition and provides the functionality
of the product. Economic efficiency and simplicity of the technology of blending oils
recovered their production in the discharge actual and perspective.

Developed blends of sunflower oil with camelina and walnuts are stable to oxidation
and can be recommended for the production of health-preventive foods.

Detected that blending traditional sunflower oil with other types of vegetable oils
discloses an opportunity to solve two problems: improving the biological value of fat
through the optimal balance of fatty acid composition and increases their resistance to
oxidative damage. Therefore, this type of fatty foods is a priority for their nutritional value.
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Introduction. Promising technology in fermented meat
products is the use of bacterial products containing the
same composition in lactic acid bacteria and
microorganisms of other taxonomic groups.

Materials and methods. Microbiological analysis of 6
samples of meat brine was conducted to study the
quantitative and qualitative composition of microflora.
Isolates were tested for Gram reaction, cell morphology,
catalase formation, CO, production from glucose,
hydrolysis of arginine, nitrate reduction, catalase and
aroma forming activities, ability to grow at 10 °C and 45 °C
and at pH 3 and 9.2, and for their tolerance to 4 % and 15%
salt. Proteolytic activity of the cultures was determined at
IPA medium with 5% NaCl and with 10% hydrolyzed
milk.

Results. The number of bacteria in cm® of brine, does
not exceed millions of cells. The most common genus in
meat brine is Lactobacillus, Micrococcus, Staphylococcus.
The presence of reduction of nitrate, catalase and aroma
forming activities were discovered in 52 % of the selected
strains of bacteria. The number strains capable of growth
in present salt was decreased with the increasing salinity
of the medium. Almost all crops grown in the temperature
range (10-40) °C. The vast majority of strains of
staphylococci was able to hydrolysis of milk proteins. Two
highly productive staphylococci and five strains of lactic
acid bacteria were selected by both biological and
technological characteristics.

Conclusions. Properties of the selected strains of
bacteria allows to attract the best of them for the
manufacture of fermented meat products.
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Introduction

Recently, the use of new, functional starter cultures with an industrially or nutritionally
important functionality is being explored. Functional starter cultures offer an additional
functionality compared to classical starter cultures and represent a way of improving and
optimising the meat fermentation process and achieving tastier, safer, and healthier
products. Examples include microorganisms that generate aroma compounds, health-
promoting molecules, bacteriocins or other antimicrobials, contribute to cured meat colour,
possess probiotic qualities, or lack negative properties such as the production of biogenic
amines and toxic compounds. The vast quantity of artisan fermented sausages from
different origins represents a treasure chest of biodiversity that can be exploited to create
such functional starter cultures.

In the production of cured meat products staphylococci and lactic acid bacteria (LAB)
are the most important bacteria apply to the meat products.

Lactic acid bacteria play an essential role in the production of fermented meat
products, Lactobacillus being the main species used in the European type of fermented
products. In order to ensure sensory quality and good color formation, lactic acid bacteria
are not sufficient and the contribution of Staphylococcus carnosus is needed. Some strains
of meat lactobacilli exhibit important properties from a technological point of view, such as
the production of antimicrobials. The application of bacteriocinogenic lactic strains as
starter cultures in fermented products could provide an additional tool for preventing the
outgrowth of food pathogens in sausages as well as enhancing the competitiveness of the
starter organisms in favor of the fortuitous flora. However, further research is needed before
the application in meat products of these bacteriocins can be put into practice. The spectrum
of application of lactic acid bacteria is wide; lactobacilli are good candidates as probiotic
strains, thanks to their GRAS status and their ability to adhere to epithelian cells. In the
near future, lactobacilli probiotic cultures will be included in new foods; fermented meat
products are likely to be one of these foods.

The production of organic acids - mainly lactic acid - from carbohydrates is the major
role of LAB in sausage fermentation. This depends on several chemical, physical and
microbiological reactions. While acidifying the batter, LAB participate in the coagulation
of muscle proteins, resulting in the increased slice stability, firmness and cohesiveness of
the final product They also enhance the spontaneous reduction of nitrites to nitric oxide,
which reacts with the myoglobin to form nitritmyoglobin, the compound responsible for the
typical pink color of cured sausage. Moreover, they contribute to the flavor of the final
product through the formation of noticeable acidic and vinegary (acetic acid) tastes. Acidic
conditions are also thought to increase the activity of cathepsin D, which is responsible for
muscle proteolysis. The production of organic acids is undoubtedly the determining factor
on which the shelf life and the safety of the final product depends. The inhibition of
pathogenic and spoilage flora is also dependent on a rapid and adequate formation of these
organic acids. Finally, it has been reported that a rapid decrease in pH caused by amine-
negative starter cultures can largely prevent biogenic amine (BA) accumulation in sausages.

The critical features for selected staphylococci are pH tolerance and temperature
tolerance enabling them to produce important enzymes under the relatively low temperature
conditions present during fermentation. Staphylococci enhance color formation and color
stability in addition to repressing hydrogen peroxide induced rancidity. The most
commonly applied staphylococci are Staphylococcus carnosus and Staphylococcus xylosus,
beneficially in a blend, as both strains produce different relevant functional components.
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Together with proteolytic and lipolytic enzymes in the meat the enzymes produced by
staphylococci contribute also to the aroma formation.

Besides, the most promising starter strains are those isolated from naturally fermented
meat products once they are the dominant and the well adapted population.

The aim of this work the brine microflora, used in the manufacture of meat products
was investigation and search for strains of different taxonomic groups with high levels of
biochemical activity.

Materials and methods

6 brines samples were taken for microbiological examination. These brines within pH
6.4 to 6.6 was used for various raw meat. Samples of brine were selected for different
duration of pickles. Brines for Ne 1-3 ham "special" was taken after 7 days of pickles,
pickles Ne 4-5 for ham - 2 days.

One milliliter of each sample homogenate was diluted serially tenfold in saline solution
(0.85% NaCl). Diluents (0.1 ml) were plated on appropriate agar medium for microbiological
analysis.

A total of 57 isolates were identifed by comparing the morphological, physiological,
and biochemical characteristics of the strains. Isolates were tested for Gram reaction,
catalase formation, cell morphology, CO, production from glucose, hydrolysis of arginine,
nitrate reduction, catalase and aroma forming activities.

They were also tested for their ability to grow at 10 °C and 45 °C and at pH 3 and 9.2,
and for their tolerance to 4 % and 15% salt. Proteolytic activity of the cultures was
determined at IPA medium with 5% NaCl and with 10% hydrolyzed milk.

Growth in high salt concentration was observed after 3 days of incubation at 37 °C on
MRS agar (Merck, Darmstadt, Germany) plates added with 3.0 and 9.2% of NaCl (Merck,
Darmstadt, Germany), respectively. Growth in the presence of commercial curing salt was
observed after 3 days of incubation at 37 °C on MRS agar (Merck, Darmstadt, Germany)
plates added with commercial curing salt (Cura 102 - Duas Rodas Industrial Ltda, Jaragua
do Sul, Brazil), with sodium nitrate and sodium nitrite in respective concentrations of 300
and 150 mg.kg™.

For the nitrate reductase test, a swab of each culture on selective agar (Merck,
Darmstadt, Germany) plates (anaerobically incubated at 37 °C for 48 hours) and suspended
in sterile peptone water 0.1% with turbidity equivalent to 0.5 McFarland. A 1.0 ml aliquot
of homogenized bacterial suspension was added to a sterile tube containing nitrate broth
(DIFCO, Lawrence, USA). All tubes were incubated anaerobically at 37 °C for 48 hours.
After the incubation period, 1 drop of each reagent of the NIT test (NIT 1 + NIT 2 reagents
bioMérieux“sa, Marcy I'Etoile, France) was added to each tube. After 10 minutes, the
presence of red color indicated positive reaction to the reduction of nitrate to nitrite. A
negative control with no substrate and a positive control with a culture
of S. xylosus positive for nitrate redutase were used.

Belonging Gram positive cocci and catalase positive cocci to the genus Staphylococcus
installed in the following diagnostic tests : fermentation of glucose to form acid under
anaerobic conditions; capacity for oxidation of glycerol in the presence of erythromycin
(0.4 mg/1); sensitivity furazolidon (disks 100 mg ); resistance to lysozyme.

Analysis confirmed the purity of the culture of staphylococci and partitioned mixed
culture if necessary.with rapid diagnostic system «Diastaf. Preparation: using a disc with
an antibiotic batumin can reliably and quickly (within 18 hours). Differentiate
Staphylococcus area for growth inhibition around the disc from other Gram-positive cocci
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that are insensitive to the drug. Preparation " Diastaf " does not affect the growth of
microorganisms other taxa and provides rapid diagnosis of staphylococci in mixed cultures
The drug is intended for the detection of staphylococci in clinical , veterinary and research
institutions.

The presence of coagulase define a preliminary assessment of the degree of safety of
staphylococci was performed according to ISO IDF 138:2003. For positive and negative
controls were reacted with typical collector strains of S. aureus HISK 049,065 and Kocuria
varians ATCC 9341 , respectively.

Results and discussion

Lactic acid bacteria predominated particularly (35-43%) in brine for ham, whereas
advantage on the side of coccoid forms - micrococci and staphylococci (33-36%) was in
brine for balyk. A significant proportion were yeast (11-17%) and spore-forming bacteria -
from 17 to 24% (Tab.1). Content of sanitary exponential mikrofalora didn’t exceed 11%.

27 isolates catalase positive cocci was isolated from brine applying the diagnostic tests,
and 20 of them (74.4%) assigned to the genus Staphylococcus.

In previous assessments of the safety 20 strains of staphylococci was isolated, of them
the 3 strains (15.2%) was found that catalase positive cocci and potentially dangerous. They
were removed from further work.

This isolated strains (82%) were able to reduction nitrate / nitrite and the rest strains
didn’t have this property.

Almost all crops grown in the temperature range (10-40) °C. The number strains
capable of growth in present salt was decreased with the increasing salinity of the medium.
Thus respectively for 100% and 96% of strains growth recorded if the concentration of
sodium chloride 4.0% and 6.5%, whereas only 80% strains increased in content 10% of
NaCl.

pH is a major factor limiting the growth of staphylococci, they was active in acidity pH
of 4.5 units of the medium. In this acidity only 64% were viable of the investigated strains.

Taste and aroma of damp-dried products produced by lipolytic and proteolytic activity
of microorganisms. Meat proteins are broken down into free amino acids under the action
of the proteolytic activity of bacterial cultures that are directly involved in the formation of
taste.

Thanks lipolytic activity of microorganisms volatile fatty acids was produced, which
are further converted to carbonyl compounds contribute to the formation and flavor of the
finished product. The consistency of meat products also depends on the muscle proteins
(sarcoplasmic and miofibrylyarnyh). The stronger proteolysis occurs in meat, the more
tender it becomes relevant role in this process is played by bacterial culture that affect
consistency due to its proteolytic activity.

Research by strains of proteolytic activity showed that the vast majority of strains of
staphylococci was able to hydrolysis of milk proteins. Thus, of the 17 strains studied 3 -
formed enlightenment zone diameter of 10 cm, 6 - 13 cm to 15 c¢cm, 2 - 20 cm for the
remaining 6 proteolytic activity was not observed. The largest diameter of the zone of
enlightenment characterized S. xylosus 5307 - 24 cm.
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Table 1
Brine microflora

The total number of Value for groups of microorganisms, %
Sample microorganisms,UFM/g LAB MK+ST YE | CF | SIM
Brine 1 1,4-10° 43 10 16 | 22 9
for ham,
Brine 2 4,2:10° 38 15 17 | 24 | 6
for ham,
Brine 3 5,6:10° 35 26 1|8 | 10
for ham,
Brine 4 106
for balyk 1,3-10 25 35 14 17 9
Brine 5 106
for balyk 1,3-10 20 33 15 21 11

Footnotea. LAB - lactic acid bacteria; MK+ST - micrococci and staphylococci; YE - yeast,
CF - spore-forming bacteria; SIM - sanitary indicative microflora.

Conclusions

The qualitative and quantitative composition of microflora meat brine was studed. Five
samples of industrial brine microflora have been explored. It was determined that the
number of bacteria in 1 cm’® reaches 10° CFU, the main part is a genera Lactobacillus,
Micrococcus, Staphylococcus. The most common genera in brine, used for preserving for
meat Lactobacillus, Micrococcus and Staphylococcus. Two highly productive
staphylococci and five strains of lactic acid bacteria were selected by both biological and
technological characteristics. The presence of nitrate reducing, catalase and aroma forming
activities were discovered in selected strains of bacteria, so they are promising for the
manufacture of fermented meat products.
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Introduction. The topicality of the work is to justify
the choice of low-grade meat raw material as a matrix for
tying together calcium ions.

Materials and methods. A safe, effective and
affordable enzyme preparation is chosen from literature
sources in order to increase the number of functional
groups in the raw material.

It was necessary to prove the amount of enzyme
preparation for efficient proteolysis subject to
technological processes and economic expediency.

Results. It was determined rational pH parameters (6,8
- 7,0), temperature (12+1°C), duration (3 hour), duty of
water curve of environment (1:1) and amount of enzyme
preparation for efficient proteolysis on model systems (0,1
%).

By means of complete factorial test, followed by
mathematical modeling in problem-oriented package
MathCad, mathematical model of dependence of length
and temperature of proteolysis is developed the indicator
of amino nitrogen content in the received of paunch of
cattle was selected as the parameter of optimization. The
study is conducted and the confirmation of the data in
model environments during proteolysis of cow tripe is
received.

The results are suggested to use in meat products
industry of special food - gerodietetic. The development
enables to reduce price of finished product, enrich it with
micronutrients and improve it digestion by the human
body.
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Introduction

Nation health is a determining factor in the effectiveness and efficiency of both social
and economic reforms. Today, state suffers from the combined effects of economic,
environmental and demographic crisis, which reinforce each other and prevent the
improving of the quality of life and socio-economic development of the state's population.

Disruption of the normal flow of processes of natural reproduction of population led to
a decrease in the proportion of people whose age is under working age, to growth in
working age and older than working age, which generally resulted in an increase in
population pressure on the working age population. Overall mortality exceeds twice the
corresponding rates of EU countries, the mortality rate of working age people exceeds in 2 -
3 times.

According to the Constitution of Ukraine, ensuring the health of the nation is a
problem that should be solved in close conjunction with the public policy and activities of
local governments, local communities and populations.

So, ensuring and strengthening of population health, extending the period of active
longevity, prolonging life expectancy, focusing on health as a social value can provide
citizen with competitiveness in the labor market, professional longevity, welfare and as a
result - improvement of life quality, strengthening of human potential, preservation of the
gene pool of the people, improvement of the demographic situation in the country. The
economic business costs for employment potential recovery from disability will reduce.
However it is important to form an understanding of individual responsibility for health.

Meat is the most important food product that provides human with essential, high-
quality and full value animal protein. One of the most important tasks of providing
humanity with food is to increase production of meat and meat products to satisfy the needs
of population. It is important not only to increase the total production of meat products, but
also provide their maximum production of each ton of raw materials, improve the quality,
nutritional value and commodity indices extend the range. Solving this problem requires
work to create precocious meat breeds of cattle, rational use of meat and products of animal
slaughter, the intensification of technological processes, creating meat analogy and the use
of plant and microbial proteins.

It is known that to achieve high economic efficiency of processing by-products it is
necessary to strive to maximize their use in cost-effective high-quality manufactured meat
products, such as sausages and smoked sausages that are most in demand and more stable
to storage. One of the most promising ways to achieve maximum production efficiency,
improve and stabilize the quality of sausages is the production with a minimum cost. This is
achieved through the most rational use of raw materials, first of all, through the usage of
muscle protein, the wide use of secondary raw materials (scrap, offal, protein components
of plant and animal origin).

By-products of the second category have a full set of essential amino acids. As it is
shown in Table 1, cattle rumen is the most significant source of collagen, which has more
than half of connective tissue proteins (contains 61,3 % of collagen of the total protein).
Collagens form insoluble filaments (fibrils), which are the part of extracellular matrix and
connective tissues.
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Table 1
Chemical composition of beef by-products of the second category
By-products Protein content, %
total protein | collagen | salt-soluble | collagen of the protein

Lips 20,3+2,9 13,4+1,4 0,6+0,1 66,0
Abomasum 14,4+1,5 5,9+0,2 0,7+0,2 41,2
Cattle rumen 17,1+1,8 10,5+0,8 0,8+0,1 61,2
Gullet meat 16,3£1,4 5,7£0,7 1,9+0,1 34,7
Spleen 16,4+0,6 1,9+0,4 7,9+0,2 11,3
Lungs 16,1+1,0 4,3+£0,5 4,4+0,1 26,3
Trachea 15,6+0,8 6,2+0,9 - 39,5
Head’ meat 18,8+0,4 6,5+0,2 - 36,3
Ears 25,2+0,1 17,9+0,1 - 71,0

Materials and methods

Purpose of the study - the rumen of cattle, leaf mussels, semi-finished and ready-
minced sausages.

Rumen of cattle receiving from healthy adult cattle from private farms. Leaf mussels
were collected from private mussel farms in the Black Sea in the waters of Kerch. All
parties were selected toxicological and radiological control center for evaluating the quality
and safety of food materials. Semi-finished and ready-minced sausages produced in the
scientific laboratory of the university.

It was determined rational pH parameters, temperature, duration, duty of water curve
of environment and amount of enzyme preparation for efficient proteolysis on model
systems.

Processing of the experimental data was carried out statistical modeling using Excel
spreadsheet and problem-oriented mathematical calculations package Math Cad. A
mathematical model of comprehensive quality index calculated by the method of numerical
characteristics of the object, based on the law of additivity, which can be used to construct a
model of food quality designation. The results of any measurements always contain some
error. Therefore, the results of the studies were subjected to mathematical treatment in
accordance with the recommendations set forth in by the formulas: arithmetic mean values
of the chemical composition of prototypes:

I m
==
where X - the individual values of;
N - total number of studies.
Dispersion parameters determined by the formula:
X-X)?
S? = Z(—l) , ()
n—

where n - sample size;
n - 1 - number of degrees of freedom.
Standard deviation values of parameters determined by the formula:

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

37



Food Technologies

S=+5? ?3)
Standard error:

S
S_=— 4
=, 4)

The experimental results were treated by mathematical statistics, given the repetition of
experiments, average values of the studied parameters, the rate of approximation.

The aim of the research is the usage of cattle rumen in the production of cooked
sausages in raw condition. The expediency of using cattle rumen in raw condition in recipe
of cooked sausages is due to the thermal properties of collagen. Depending on the nature of
collagen, its temperature welding depends on the content of oxyproline. "Welding"
temperature raises with the increase in the content of this amino acid residue in the peptide
chain of protein. The content of oxyproline for cattle rumen is 7,6 % of the total protein.
Accordingly, higher temperature and duration of heating is required to "weld" the rumen,
which leads to a decrease in the nutritional value of the given by-product.

Previously, the rumen was deprived of fat, released of the contents, washed in limbo
for dimethyl sulfoxide working [ (CH,),S = O ]. After thorough brush cleaning of internal

and external sides of the rumen on the umbrella table or on a centrifuge at water
temperature of 35 °C for 3 - 4 min the raw materials were sent to the tub to scald at a
temperature of 64 ... 68 °C for 5 - 8 min. Then it was transferred to a centrifuge (ISO-3C)
for purification.

Results and discussion

Cleaned rumens were cooled in the tub with running water and kept for 20 - 30 min on
frames with hooks. At the end of the process rumens were chopped in the meat mincer with
a grating diameter of 2 - 3 mm. Salt was added at a rate of 3 kg per 100 kg of raw material
(3 %) and dimethyl sulfoxide - 200 ml per 100 kg of rumen (0,25 %).

The ready substance is mixed thoroughly for 3 - 4 minutes and placed in a refrigerator
(2 ... 4 °C). Filling was prepared after 24 hours of storage. Before cooking the filling we
poured liquid that was released from the rumen softened in salt mixture.

Before salting, beef was chopped in the meat mincer with a grilles diameter of 16 - 22
mm, and for pork — 8 - 12 mm. Meat was’ salted and kept at a temperature of 2 - 4 °C
overnight. During this process the raw was stored in a container with a layer of 15 cm.

Enzymatic treatment leads to destructive changes of raw materials, increase of number
of hydrophilic centers, increase of functional groups as a result of rupture of polypeptide
chains, which further will be more accessible for reactions including calcium. However, our
goal was not a complete hydrolyzate of protein molecules to amino acids, we tried to
achieve only partial hydrolysis to increase the number of free functional groups, including
those that are capable of binding calcium (figure 1).
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Figure 1. Diagram of accumulation of amino nitrogen in the processing of the rumen of cattle,
depending on the ambient temperature:
1 - treatment at 2 °C; 2 - treatment at 12 °C; 3 - treatment at 37 °C; 4 - treatment at 50 °C (pH - 7,0).

Processing of cattle rumen was held by 0,05% solution of the enzyme by weight of raw
materials (recommendations of Tolstobokov O. M.) at temperature regimes: 2 °C (cold
chamber), 12 °C (in meat processing plants in the shops), 37 °C (norm of body
temperature) and 50 © C (thermostat) for 5 hours.

Proteolysis of protein of collagen containing tissue is observed in all modes, as
evidenced by the accumulation of amino nitrogen. The highest rate of proteolysis of
proteins is observed during the first time, as shown by angle curves from the second
processing time it is reduced. The largest number of amino nitrogen was observed at 37 ° C
in each period, minimum - at 2 © C. So, after 2 hours of fermentation amount of amino
nitrogen in samples that were treated at 37 © C increased by 5.8 times at 12 ° C - 4.5 times,
at 2 ° C - 3 times, further the rate of decay of proteins to peptides and amino acids gradually
decreased. Thus, the most effective fermentation temperature is 37 © C.

In conditions of production the support of 37 ° C entails additional costs for equipment
and energy, which is undesirable in the development of new technologies. Also such
temperature creates optimal conditions for microbial growth. Therefore, temperature 12 ° C
is more suitable, which is chosen for further studies because it is constantly maintained at a
meat processing enterprises in manufacturing plants, but also increased the concentration of
enzyme to 0,1%.

Salted beef was minced in meat mincer with holes diameter of 2 — 3 mm before
cooking. Preparation and processing of minced were performed in mixer. Minced meat and
rumen were mixed with spices and auxiliary materials for 2 — 3 min. Six batches of minced
meat were prepared under the first variant, one batch under the second variant to assess the
influence of the composition of minced meat with rumen on the quality of sausages (Table
2).

Pork bellies were filled with minced meat of each batch, twisted like a long loaf of 20 -
25cm long. After ling loaf sinking at temperatures above 8 °C for 2 - 4 hours it was boiled
at 80 = 5°C for 60 min. to achieve the temperature inside the long loaf 75 + 2 °C. After, the
sausage was cooled at a temperature of 12 = 2°C.
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Spices and support materials are the following components (g/100kg, raw): sodium
nitrite (solution) — 5; sugar sand - 100; ground black pepper — 100; allspice powder - 100;
coriander - 150; fresh garlic — 200.

Table 3 and 4 show the results of the laboratory analysis.

Table 2
The composition of cooked sausages
Ingredients, % Variant
1 2
A B C D E F -
First class beef 60 60 60 60 60 60 60
Half-fat, veiny pork 35 33 30 28 22 20 30
Cattle rumen 3 5 7 8 9 11 7
Starch of flour 2 2 3 4 4 4 3

Samples of each batch were selected and analyzed under the established rules to (5-7)
at the Department of Technology of meat and meat products of National University of Food
Technologies determine the organoleptic and physico-chemical parameters and yield. Table
3 and 4 show that batches A, B, C and D meet the requires of cooked sausages. In terms of
profitability of used raw and the possibility of using the optimal quantity of rumen batch
formulation C and D can be used.

Formulations of the batches E and F do not meet the requirements for the 1st grade
cooked sausages because of the smell, taste, color, texture as well as moisture content. The
best sausage formulation is from variant 2, as it is shown in Table 3 and 4.

Table 3
Organoleptic evaluation of cooked sausages
Batch Look Taste and smell Look in a cut
A Loaf with a Taste and smell are specific to the | Stuffing is evenly mixed, has a
clean, dry surface | type of product, with a particular pink color, without gray
without spots aroma of spices, smoking and the inclusions, voids and contains
don’t stick, smell of garlic, with a pleasant bits of rumen no more than 2-3
without flow of aftertaste, slightly spicy flavor, mm
minced meat moderately salty
B The same The same The same
C The same The same The same
D The same The same The same
E The same Unusual to this type of product Looseness of minced meat
taste and smell begin to appear appears in cuts
F The same Unusual to this type of product | Looseness of minced meat
taste and smell strengths increases
- The same Taste and smell are specific to | Stuffing is evenly mixed, has a
the type of product, with a | pink color, without gray
particular aroma of spices, | inclusions, voids and contains
smoking and the smell of garlic, | bits of rumen no more than 2 -
with a pleasant aftertaste, slightly | 3mm
spicy flavor, moderately salty.

Studies showed that the shelf life of such a sausage is no more than 8 days at a
temperature not higher than 12 °C and a relative humidity of 75 — 78 %. The moisture
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content in the finished product 57 - 60 %, salt — 3 %. The output of finished products
(sausages) to substance of unsalted raw is 115 - 128 %.

Depending on the species and varieties of sausages, meat is ground to varying degrees:
in pieces weighing 100 g to 16 — 25 mm or 2 — 3 mm and to finely condition. Experiments
have found that rumen grinding on the particle with a size of 2 — 3 mm is more profitable
than others. It must be emphasized that it is not profitable to salt the by-products before
grinding. In medium of the salt + dimethyl sulfoxide the diffusion transition of protein,
extractives and minerals from rumen to brine enhances while grinding. It is therefore
necessary to maintain rumen in brine after grinding.

It is necessary to mix crushed rumen for 3 - 5 minutes in order to obtain homogeneous
medium of salt + dimethyl sulfoxide. Stirring of the rumen for 3 min. does not allow the
complete dissolution of the salt in a medium of rumen + dimethyl sulfoxide and stirring
over 5 min. leads to the already well-known transition from rumen to the brine of valuable
substances. Compatible mixing of salt and dimethyl sulfoxide in the processing of rumen
will reduce the complexity of the process.

Table 4
The chemical composition of cooked sausages
Variant | Batch Consistence Moisture, % | Salt, % NaNO3, 00r
1 A Elastic 57,0 2,9 0,004
B » 57,9 3,0 »
C » 58,3 2,9 »
D » 59,6 » »
E Slightly fragility 62,0 2,0 »
F Growing fragility 63,4 2,6 »
2 - Elastic 59,5 2,9 »

These data suggest that the reduction of dimethyl sulfoxide in brine would result in
undercooking of rumen and its increasing - in the loss of the substance. The timing of
exposure in brine - 24 hours at a temperature of 2 ... 4 °C is connected with features of the
native structure, composition and properties of by-products, and the inevitability of loss
during salting of shredded rumen, that diffusion transition of protein, extractives and
mineral substances and vitamins from meat to brine.

The concentration of dimethyl sulfoxide in proposed sausage is 0,015 % what is well
below the sulfur compounds in garlic. Indicated content of dimethyl sulfoxide is achieved
even when there were no losses during the various processes in the production of sausages.

We should emphasize that the sausage with such quantity of dimethyl sulfoxide cannot
be harmful and this product can show the radioprotective properties, at normal temperature
it is stored for a long time.

Conclusion

1. The use of the rumen in the production of cooked sausages is the best way to use
rumen collagen and dimethyl sulfoxide + NaCl may serve as an inhibitory agent.

2. It is shown that the effective concentration of nutritive collagenase during
proteolysis of the cattle rumen is - 0.1% by weight of raw material.
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3. It is founded that the maximum proteolytic activity of enzyme preparation -

nutritive collagenase at pH - 7,0; duty water curve - 1:1; temperature - 12 °C, proteolysis
duration - 3 hours.

10.

11.

12.

13.
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Introduction. Adaptative and protective systems of the body
cannot control homeostasis and respond to changes of the
environment satisfactory. The development of supplements with the
adaptogenic activity from regional raw materials will be reasonable.

Materials and methods. The studied preparations were the solid
residue after treatment of mushrooms (Agaricus bisporus) with a
number of extragent: boiling water, 3.7 % HCI solution at room
temperature, 3.0 — 7.0 % NaOH solution at 98 °C for 1.5 — 4.5 hours.
They were characterized by following attributes: the antioxidant
activity (AOA), bifidogenic effect (BGE), sorption of cholic acid
(SCA). AOA of samples was determined by thiocyanate method
(after the initiation of lipid peroxidation). BGE were estimated by the
number of Bifidobacterium bifidum cell grown in their presence. SCA
was determined by spectrophotometrically.

Results. The linear regression equations are obtained. They
adequately describe the correlation between AOA, BGE, SCA of
isolated preparations and the analyzed factors: the concentration of
alkaline agent and time of raw materials treatment. The two-factor
interaction coefficients in equations for AOA and BGE are significant
and have fairly large values. It is found that increasing treatment time
brings about a considerable growth of AOA at low concentrations of
the alkaline agent. The impact of treatment time on its level is less in
the area of high values of Cy,on. AOA increases significantly with
the rise of an alkaline solution concentration when exposure time is
minimal. The concentration of alkaline agent has a main influence on
the BGE of preparations. Increasing Cy,on from 3.0 to 7.0 % at
minimum treatment time reduces the number of microorganisms by
more than 3 times. A prolongation of the processing time in the area
of minimum values of the alkaline concentration decreases this index.
The opposite effect is observed at the maximum concentration. The
intensity of SCA by preparations depends on both the concentration
of sodium hydroxide solution and treatment time. The enlargement of
the alkaline concentration increase SCA. The rise of the treatment
time, vice versa, decreases this index. The optimum conditions for
obtaining the food supplement with the adaptogenic activity from
Agaricus bisporus is a raw materials treatment with boiling water,
3.7% HCI solution at room temperature, 5.1 % NaOH solution at
98 °C for 4.2 hours. It has AOA being equal to 90.0 %, SCA —
224mg/g of the supplement, BGE corresponding to
1.5-10" CFU/em’.

Conclusion. It can be recommended as the food supplement with
the prevention activity if its adaptogenic properties were confirmed in
vivo test. In Ukraine there are no preparations with such activity
obtained from local raw materials.
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Introduction

Most Ukrainians adhere to the deep-seated nutritional traditions developed by previous
generations. However, according to medical researchers, our crusted habits may lead to a
failure of the corresponding human integrating, adaptative and defence systems to control
the homeostasis and react properly to any changes in the environment [1-3]. In this
situation, a possible solution may be use of preparations with the adaptogenic activity [4,
5]. But raw materials required for their production include plants that do not grow in
Ukraine [6, 7].

Nevertheless, cultivated mushrooms, in particular Agaricus bisporus, may become the
promising regional raw materials for obtaining preparations with the adaptogenic effect.
Earlier on we succeeded in isolating biopolymer complexes from Agaricus bisporus. B-
glucan and aminopolysaccharide were predominating substances in their composition. A
preliminary description of the properties of the said complexes showed that they are
preparations with a multiple-vector effect. These complexes have marked antioxidant and
antacid properties, water and fat binding capacities; besides, they can stimulate growth of
bifidobacteria and bind xenobiotics and some metabolic products [8, 9].

An efficacious preparation with the adaptogenic activity is expected to have a high
antioxidant effect, to recuperate a functional activity of the immune system and to have a
positive influence on lipid metabolism [5].

It was found that samples of biopolymer complex showing these properties to different
extents could be obtained by varying the mushroom treatment conditions. Thus, the range
of AOA level in the preparations fluctuated from 33.1to 99.8 %. The growth of
bifidobacteria in their presence that set up the immune response and enhance nonspecific
resistance of human organism was 0.74-10'* — 2.53-10'* CFU/cm’. The sorption of cholic
acid that had an indirect positive effect on lipid metabolism varied from 18.0 to 30.3 mg/g
of the sample [8, 9].

In this regard, we deem it expedient to adopt the following values for the essential
indexes of the food supplement with the adaptogenic effect: antioxidant activity (AOA) of
more than 90.0 %, and bifidogenic effect (BGE) of 1.5-10'> CFU/ecm® and more, with the
highest possible value of sorption of cholic acid (SCA).

The aim of this research was to determine the optimum conditions for obtaining the
food supplement with the parameters aforementioned.

Materials and methods

The preparations were obtained by sequential treatment of raw materials with hot water
and 3.7 % HC1 solution at room temperature. The solid residue was treated with 3.0 —
7.0 % NaOH solution at 98 °C, the time of treatment were varying in the range of 1.5 —
4.5h.

AOA of preparations was determined according to [10] with modification. 5 cm® of
0.1 % solution of sunflower oil in ethanol was added to 50 mg of preparation. Oxidation
was carried out at 90 °C for 90 min. After cooling, 0.5 cm® of 30 % NH,(CNS) solution and
0.5 cm® of 0.02 M FeSO,-7H,O solution were added to the reaction mixture. The colour
intensity of the solution was measured at 500 nm. The control did not contain the sample.
AOA was calculated by comparing the colour intensity of the test sample and control.

BGE of preparations was estimated by their ability to intensify the growth of
Bifidobacterium bifidum cells. For this 5 % suspension of Bifidobacterium bifidum cells
from Biopharma and 2 % of the preparation were added to the sterilized milk. Ripening was
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carried out at 37 °C. The viable count of Bifidobacterium bifidum was determined by
plating the appropriate dilutions into thioglycollate medium. All plates were incubated
anaerobically at 37 °C for 72 hours. The results were expressed as CFU/cm’.

For determination SCA 2.5 cm® of cholic acid solution in phosphate buffer, pH 8.0 (1
mg of acid per 1 cm®) was added to preparation (0.1 g). The mixture was hold at 37 °C for
2.5 hours. Then it was filtered. The cholic acid concentration in the filtrate was determined
by spectrophotometrically. For this 0.4 cm® of 1 % fructose solution and 5 cm® of 67 %
sulphuric acid solution were added to 1 cm’® of filtrate. The mixture was being heated at
60 °C for 15 minutes. Then it was rapidly cooled. The optical density of the solution was
measured at 580 nm. A blank experiment was carried out in parallel. The cholic acid
concentration in solution was determined using a calibration curve prepared for cholic acid
(Sigma). SCA was evaluated by changing the cholic acid concentration in the solution
before and after contact with preparation.

To trace the dependence of the properties of the preparations on the conditions for their
obtaining, we used a method of a 2° factorial experiment. The test in the middle of
experiment was conducted for the determination of the significance of quadratic effects.

The levels and intervals of factors variation that influenced the preparations’ properties
were selected on the basis of the results of a series of preliminary experiments. All the
experiments were conducted in three simultaneous replications. Uniformity of the results
obtained was verified by means of Cochran’s test. In order to exclude the influence of any
systematic errors caused by the external conditions, the experiments were randomized [11-
13].

The design matrix of the experiments is given in Table 1.

Calculation of the regression constants, evaluation of their significance, and
verification of the adequacy of equations were performed with the PLAN program, that
realizes the least-square method and sequential regression analysis [14].

Response surfaces were plotted on the basis of these equations by means of Microsoft
Office Excel 2003, a standard software package application (license Ne 74017-640-
0000106-57490) [15, 16]. Further, we developed a program with the Turbo Pascal language
which allowed drawing superposed contour lines of three regression equations [14].

Table 1
The design matrix of the experiments
Number Experimental conditions in dimension
of the natural values encoded values
experiment Craon. Yo 7, h X7 X2
1 3,0 1,5 -1 -1
2 7,0 1,5 1 -1
3 3,0 4,5 -1 1
4 7,0 4,5 1 1
5 5,0 3,0 0 0
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Results and discussion

The averaged results obtained for each index of the properties of the preparations as
well as all relative errors in the replicate observations for »,, ¥,, and y, are represented in
Table 2.

As it is shown in the Table 2, the relative errors in the replicate observations do not
exceed 5%, which evidences a high accuracy in determination of all the studied indexes of
the properties ,, 7,, and y, of a preparations.

Table 2
The dependence of the properties of the preparations on the conditions
for raw materials treatment
Number Experimental data Relative errors, %
ofthe 1 AOA Yy, | BGE ), [ SCAYL. | \g4 | BGE | sca
experiment % ‘107 ° CFU/cm mg/g
1 35,6 2,5 22,4 3,65 2,50 1,60
2 59,6 0,8 30,0 2,28 0,76 1,20
3 90,4 2,0 18,7 2,07 2,00 1,92
4 99,4 1,0 24,8 0,44 1,00 1,44
5 71,9 1,6 23,3 0,88 0,19 2,90

The least square method together with the sequential regression analysis in the PLAN
program enabled us to obtain regression equations in the factors’ encoded values that
describe the experimental data of the correlation of AOA ( ,), BGE (»,) and SCA (y;) of

the preparations obtained with the factors studied:

y1=71,267 + 8,250x, + 23,633x, — 3,750x,x,, %; (1)
y2=(1,567 — 0,685x; —0,063x; + 0,185x,x,)-10'%, CFU/cm’; )
y3 =23,975 + 3,425x, — 2,208x,, mg/g. 3)

where x; and x; are encoded values of the factors determined by the ratio as follows:

The confidence intervals for equations (1), (2), and (3) are equal to 0.814, 0.046, and
0.712 respectively. A statistical assessment of significance of the regression coefficients
showed that the regression coefficients are significant in equations (1) and (2) because they
are bigger than the corresponding confidence intervals in absolute value (¢, = 0.814 and

g, = 0.046). Since the number of regression coefficients in these equations is the same as
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the number of experiments (and in this case the estimated values of y,, 7,, and Y,
coincide exactly with the experimental data of y,, »,, and y,), then there is no need for

verification of the adequacy of the equations obtained.
The coefficient b, = —0,358 in equation (3) is not statistically significant because it is
less than the corresponding confidence intervals in absolute value &, = 0.712. Therefore, it

is excluded from the regression equation. Verification of the adequacy of equation (3)
shows that the estimated value of Fisher’s variance ratio is less than the critical one (F =
1.35 < F, = 5.35). It allows us to affirm that obtained equation (3) adequately describes the
experimental data with reliability 95%.

Relying on the results of the experiments in test 5 and the values of coefficients b, for
each of equations (1), (2) and (3), we tested the statistical significance of quadratic effects
and found that for each index of the properties of a biopolymer complex following
conditions are observed:

for AOA
| V15— boa| = (71,900 — 71,267| = 0,633 < ¢, = 0,814;

for BGE
| 25— bo2| = 11,600 —1,567| = 0,033 < &, = 0,046;

for SCA

| 75— bosl = 123,300 - 23,975 = 0,675 < &, = 0,712.

This implies that for a mathematical representation of the properties of preparations in
the full variation range of factors Cn,on and t it is enough to have linear regression
equations (1, 2 and 3) adequately describing this process. The two-factor interaction
coefficients in obtained equations (1) and (2) are significant and have fairly large values.
Therefore, it is still difficult to make a definite conclusion as to the strength of the studied
factors’ influence on the preparations isolation process. This influence can be seen more
clearly on the graphically represented response surfaces that were plotted on the basis of the
equations.

The analysis of the response surface of dependence y; = f'(Cnaon, 7) (see Fig. 1) allows
ascertaining that AOA increases significantly with the rise of treatment time when low
concentrations of an alkaline agent are used. The impact of treatment time on its level is
less in the area of high values of Cy,on. At that an increase in concentration of an alkaline
solution leads to a considerable growth of AOA only at the minimum values of 7.

As it is shown in Fig. 2, the main factor that affects the BGE of a preparations is
concentration of sodium hydroxide solution. Thus, an increase of Cy,on from 3.0 % to
7.0 % at = 1.5 h brings about a decrease in the number of microorganisms by more than 3
times (from 2.5-10'> CFU/cm® to 0.8-10'2 CFU/cm?). Influence of treatment time on the
intensity of the BGE in preparations changes depending on the alkaline concentration used.
A prolongation of the processing time within the range of minimum values of the alkaline
concentration decreases this index. And vice versa, the BGE increases in the range of the
alkaline maximum concentration.

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

47



Food Technologies

100
90
80
70

60

50

40

30

1,5

AOA, %

2,0

2,5 3.0
35 4 CNaOH, %
T, h 4,0 435

0030-40 00 40-50 050-60 060-70 370-80

Fig. 1. Response-surface graph representing the correlation between AOA of isolated
preparations and the concentration of alkaline agent Cy,on, time of raw materials
treatment
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Fig. 2. Response-surface graph representing the correlation between BGE of isolated
preparations and the concentration of alkaline agent Cy,on, time of raw materials treatment 7
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Since in equation 3 there are no two-factor interaction coefficient, therefore, based on
the analysis of the equation obtained, we can make a conclusion that the intensity of SCA
depends on both the concentration of Cy,on and time of 7. However, the character of such
dependence is different: SCA increases with the rise of the alkaline concentration.
Enlargement of the treatment time, vice versa, decreases this index. It can be expressly
observed on the response surfaces of dependence y; = f (Cnaon, T), that is shown in Fig. 3.

Thus, for obtaining a preparation with maximum value of BGE it is necessary to treat
the raw material with a diluted sodium hydroxide solution for a minimum exposure time. A
high intensity of SCA can be got by treating mushrooms with a concentrated alkaline
solution for the same time. And vice versa, the maximum level of AOA may be achieved
by a prolonged impact of the concentrated solution of an alkaline agent on the raw
materials.

This can be explicitly seen in Fig. 4 where the contour lines of dependence of these
properties’ intensity on the treatment conditions are shown. The bounds of the area
corresponding to the accepted values of optimization parameters (AOA being more than
90.0 % and BGE being more than 1.5-10'> CFU/cm®) are marked with the letters ‘ABC’.
The figure also shows that the maximum possible sorption activity within this area can be
achieved at the point A.
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Fig. 3. Response-surface graph representing the correlation between SCA of isolated
preparations and the concentration of alkaline agent Cy,on, time of raw materials treatment 7
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Fig. 4. The contour lines of dependence of AOA, BGE, SCA of isolated preparations on the

concentration of alkaline agent Cn,on, time of raw materials treatment 7

Calculation of maximum search of SCA, when AOA and BGE values are corresponded

to the normalized levels, allows us to determine the optimum mode for raw materials
treatment. In this case AOA is 90.0 %, SCA — 22.4mg/g of the supplement, BGE
corresponds to 1.5-10'* CFU/cm’.

Conclusion

It is determined the optimum conditions for obtaining the food supplement with the

adaptogenic activity from Agaricus bisporus. It is a raw materials treatment with boiling
water, 3.7 % HCI solution at room temperature, 5.1 % NaOH solution at 98 °C for 4.2
hours.
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Introduction. Microbial exopolysaccharides (EPS) by
the ability of their solutions to change the rheological
properties of aqueous systems are widely used in various
industries. In recent years, research on the use of
industrial waste (including oil-containing) to obtain
practically valuable microbial metabolites intensified.

Materials and methods. Cultivation of Acinetobacter
sp. IMV B-7005 strain was performed in liquid medium,
containing as a carbon source sunflower oil (1-5 %, v/v), a
source of nitrogen —ammonium nitrate (0.4—0.8 g/l), a
source of pantothenate — multivitamin complex
«Complevit» (0.00085 and 0.00095 %). EPS concentration
was determined gravimetrically after precipitation with
isopropanol, EPS-synthesizing ability — as a ratio of EPS
concentration  to biomass concentration, wich was
expressed as g EPS / g biomass.

Results and discussions. It was established that
increasing the concentration of sunflower oil in basic
medium for Acinetobacter sp. IMV B-7005 cultivation to
4-5% was accompanied by decrease of ethapolan
synthesis compared with those in the medium containing
lower (2-3 %) substrate concentration. Increasing
ammonium nitrate content to 0.6 g/l and/or pantothenate
concentration to 0.00095% in a medium with 5%
sunflower oil allowed to increase the amount of ethapolan
synthesized up to 6.6—6.7 g/l, that is in 1.3—1.4 times
higher than in the basic medium with the same
concentration of the substrate but lower NH4;NO; (0.4 g/1)
and pantothenate (0.00085 %).

Conclusion. The obtained results indicate the
possibility of microbial polysaccharide ethapolan synthesis
under Acinetobacter sp. IMV B-7005 cultivation in the
medium with a high content of sunflower oil. These data
are the basis for the development of ethapolan technology
using as a substrate fried oil.
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Introduction

Microbial exopolysaccharides (EPS) due to the ability of their solutions to gelation,
emulsification, suspending and changing rheological properties of aqueous systems are
widely used in various industries, agriculture and medicine [1, 2].

The vast majority of known microbial EPS are obtained from carbohydrate substrates.
Usually, products derived from sugar beet: molasses, sugar syrup, sucrose or corn: starch,
hydrolyzed starch, glucose syrup, glucose, maltose are used as substrates in the industrial
production of EPS [3]. But studies conducted in the 70-80s of the twentieth century
demonstrated the possibility of expanding the resource base of microbiological production
of EPS by using of non-food substrates (methane, methanol, ethanol, ethylene glycol,
hydrocarbons) [3]. However, the concentration of polysaccharides obtained on non-
carbohydrate substrates remains low for today.

Our studies have shown that a wide range of mono- and mixed C,-Cg-substrates
(ethanol, acetate, propanol, pyruvate, C4-dicarboxylic acids, carbohydrates — mono- and
disaccharides, starch, molasses, etc.) can be used for the synthesis of ethapolan — complex
exopolysaccharide preparation (producer is Acinetobacter sp. 12S, deposited in the
Depositary of the Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine by the number of IMV B-7005) [3]. The ability of Acinetobacter sp. IMV B-7005
to form EPS on C,-C¢ compounds allows to develop a flexible universal technology of
polysaccharide production from a wide set of carbon substrates, or complex of different
technologies, each of which can be realized depending on the economic feasibility,
availability and accessibility of a substrate necessary to obtain the EPS with certain
physical and chemical properties.

Last years the researches of using industrial waste have been activated to obtain a
practically valuable microbial metabolites [4]. Replacing traditional substrates for microbial
synthesis by industrial waste will allow to reduce the cost of technology in several times,
and recycle unwanted waste, to solve the problem of storage or destruction of large masses
of waste in food industry, agricultural sector and in companies that produce biodiesel, as it
needs a lot of energy and money. Oil-containing waste are promising for using in microbial
technologies [5, 6].

The world production of sunflower oil is about 2.5—3 million tons, 75 % of which is
obtained mainly from plant raw materials [6]. Significant amount of waste produces on the
enterprises which recycling such materials, and its getting into the environment is
extremely dangerous [4, 5]. Oil-containing waste are cheap and available in necessary
quantities for using in microbial technologies, but still there are only a few reports in the
literature about the possibility of its using as substrate for the biosynthesis of microbial
polysaccharides. Thus, there is information concerning of use of waste water from plants of
processing oils for the synthesis of EPS [7]. In recent years Cellulomonas flavigena UNP3
was described as the strain, which is able to synthesize kurdlan-like EPS in the medium
with vegetable oil or appropriate waste [8].

Previously, we have established the possibility to use sunflower oil as a source of
carbon and energy for the synthesis of microbial polysaccharide ethapolan [9]. However, in
earlier studies, the concentration of oil in the cultivation medium was low (only 1 % v/v).
As for the synthesis of ethapolan we supposed to use fried oil as a substrate, volume of
which is extremely large, so its content in the medium has to be more higher.

The purpose of this work — to research intensification of microbial polysaccharide
ethapolan synthesis in medium with the maximum concentration of sunflower oil.
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Materials and methods

EPS-synthesized strain of bacteria Acinetobacter sp. 12S, which is deposited in the
Depository of Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine by the number of IMV B-7005 was used as the object of research.

Cultivation of Acinetobacter sp. IMV B-7005 was carried out in a liquid mineral
medium of such composition (g/l): KH,PO, — 6.8; KOH — 0.9; MgSO,x7H,0 — 0.4;
CaCl,x2H,0 — 0.1; NH4NO; — 0.4; FeSO,4x7H,0 — 0.001. In one variant, the concentration
of ammonium nitrate in the medium was increased to 0.6 and 0.8 g/1.

Sunflower oil (1-5 %, v/v) was used as a source of carbon and energy. In additionally
yeast autolysate (0.5 %, v/v) and multivitamin complex "Complevit" (0.00085 and 0.00095
%) were added to the medium as growth promoter and source of pantothenate, respectively.

Culture from the exponential phase, grown in the medium with 0.5 % of sunflower oil
was used as the inoculum. Quantity of inoculum was 10 % from the volume of the medium.

Cultivation of Acinetobacter sp. IMV B-7005 was carried out in flasks
(750 ml) with 100 ml of medium in shacker (320 rpm) at 30 °C for 120 hours.

Growth of the strain and EPS synthesis were evaluated by the following parameters.

Biomass concentration was determined by optical density of the cell suspension with
the following recalculation on the absolutely dry biomass (ADB) according to the
calibration curve. Quantity of synthesized ethapolan was determined gravimetrically. For
this, 1.5-2 volumes of isopropanol were added to a certain amount of culture liquid
(usually 10—15 ml), the precipitate of EPS was washed by clean isopropyl alcohol and dried
at room temperature for 24 h. EPS-synthesizing ability was determined as the ratio of the
EPS concentration to the concentration of ADB and was expressed in g EPS/g ADB.

The results of the experiment in accordance with the Student t-test were statistically
significant at the 5 % significance level.

Results and discussions

Note, that the literature data about synthesis of microbial EPS on any industrial waste
(not just oil-containing) is extremely limited. So, it is known that Xanthomonas campestris
ATCC 13951 synthesized 28 g/l of xanthan wunder cultivation in reactor
(2 1) during 96 h in the medium containing partially hydrolyzed molasses (the concentration
of lactose, galactose, glucose was 4.7; 17.8; 17.8, respectively) as the carbon source [10]. It
was determined that Pseudomonas oleovorans NRRLB-14682 synthesized EPS (12.18 g/l)
on the medium with crude glycerol (by-product of biodiesel production) [11].
Acinetobacter sp. DR1 under cultivation in the medium with diesel oil (2 %) synthesized
about 5 g EPS/g biomass [12]. It is known about synthesis of scleroglucan by fungi
Sclerotium rolfsii from plant biomass [13]. Strain C. flavigena UNP3 synthesized 1 g/l of
polysaccharide with high emulsifying properties in the medium containing 1 % of peanut
oil after 192 h cultivation [8]. Parameters of EPS synthesis slightly decreased in case of
replacement peanut oil with coconut, olive, castor, sesame, mustard and cotton oils. It
should be noted, that until now in the available literature we couldn’t find information
about the synthesis of microbial EPS on sunflower oil.

Our previous data [9] have shown that during Acinetobacter sp. IMV B-7005 growth in
medium with 1 % of sunflower oil, 5 g/l of EPS were synthesized. Further studies
demonstrated that increasing sunflower oil content in the medium of IMV
B-7005 strain to 2—3 % was accompanied by increasing of synthesized ethapolan
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concentration to 5.8—6.3 g/1, but the EPS-synthesizing ability was slightly decreased (Table
1). Indices of EPS synthesis decreased with the higher substrate concentration (4—5 %) and
the highest EPS-synthesizing ability (5 g EPS/g ADB) was observed under Acinetobacter
sp. IMV B-7005 cultivation in the medium with 1 % of sunflower oil (Table 1).

Table 1
Depending ethapolan synthesis on the concentration of sunflower oil in the cultivation medium
of Acinetobacter sp. IMV B-7005

Concentration of sunflower EPS, g/l EPS-synthesizing ability, g
oil in the medium, % ’ EPS/g ADB
1 5.0+0.25 5.0+0.25
2 5.8+0.29 4.7+0.23
3 6.3+0.31 4.0+0.20
4 5.0+0.25 3.7+£0.19
5 4.9+0.24 3.6+0.18

Note. The concentration of pantothenate in the medium was 0.00085 %, ammonium nitrate — 0.4 g/I.

As in case of increasing of carbon’s concentration in the medium, C/N ratio changes,
that significant impacts on synthesis of microbial polysaccharides [3], so on the next stage

we increased concentration of nitrogen source simultaneously with enhancing of oil content
(Table 2).

Table 2
The influence of the nitrogen source concentration on the synthesis of ethapolan under
Acinetobacter sp. IMV B-7005 cultivation on sunflower oil

Concentration of Concentration of . .
ammonium sunflower oil in the EPS, g/l EPS -synthesizing
nitrate, g// medium, % ability, g EPS/g ADB

3 4.6+0.23 4.1+0.21
0.6 4 5.6£0.28 4.240.21
5 6.4+0.32 3.9+0.19
3 3.2+0.16 3.0+0.15
0.8 4 3.4+0.17 2.9+0.14
5 3.6+0.18 2.7+0.13

Note. The concentration of pantothenate in the medium was 0.00085 %.

Results presented in Table 2, show that increasing ammonium nitrate concentration to
0.8 g/l in a medium containing 3—5 % of sunflower oil promotes degrease of synthesized
ethapolan concentration and EPS-synthesizing ability compared with those in the medium
with lower (0.4 g/) concentration of nitrogen sources (see Table 1 and 2). However,
concentration of synthesized ethapolan in the medium with 4 and 5 % of sunflower oil and
0.6 g/l of NH4,NO; was 5.6 and 6.4 g/1, respectively. That is higher than in medium with 0.4
g/l of ammonium nitrate (5.0 and 4.9 g / I, see. Table. 1 and 2). EPS-synthesizing ability
also increased under such cultivation conditions of IMV B-7005 strain. Thus, parameters of
ethapolan synthesis were improved by increasing NH4;NO; concentration to 0.6 g/l with
increase of oil content to 4—5 % in the medium.
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The concentration of pantothenate in the medium is another factor that may affect on
synthesis of ethapolan, as Acinetobacter sp. IMV B-7005 is auxotroph for calcium
pantothenate [3]. Therefore, on the next stage concentration of pantothenate in the
cultivation medium of IMV B-7005 strain was increased with enhancing sunflower oil and
nitrogen source content (Table 3).

Thus, increasing of pantothenate content to 0.00095 % in medium with 0.4 g/l of
ammonium nitrate and 5 % of sunflower oil allowed to enhance the concentration of EPS in
1.4 times, comparing with results in the medium with lower amount of pantothenate.

Table 3
Synthesis of ethapolan depending on the concentration of pantothenate in
Acinetobacter sp. IMV B-7005 medium with sunflower oil

Concentration in the medium

of ammonium of pantothenate, of sunflower oil, EPS, g/l

nitrate, g/l % %
4 4.8£0.24
04 0.00085 5 4.9+0.24
) 4 5.6£0.28
0.00095 5 6.7+0.33
4 5.6£0.28
06 0.00085 5 6.4+0.32
' 4 5.5+£0.27
0.00095 5 6.6+£0.33

However, no positive effect on the synthesis of ethapolan with higher concentrations of
pantothenate and NH;NO; (0.6 g/1) in the medium was observed (Table 3).

Conclusions

As a result of this work cultivation’s conditions were established for producer of
microbial exopolysaccharide ethapolan. They provide synthesis of 6.6—6.7 g/l of EPS in the
medium with a high content of sunflower oil (4—5 %). These results were achieved in the
case of both increasing of nitrogen sources content to 0.6 g/l and/or pantothenate — up to
0.00095 % with increasing of the substrate concentration for ethapolan synthesis. The
experimental data are basic for the development of this polysaccharide technology in the
medium with fried sunflower oil or other oil-containing industrial waste.
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Introduction. P - vitamin complex from green tea has
high antioxidant action of catechins, so it can be used to
prevent and treat the most common diseases in the
pathogenesis of which activation of free radical oxidation
plays an important role.

Materials and methods. Packed big leaves green tea
was researched. For extraction of vitamin P methods of
simple and repeated extraction were used. Determination
of extractives was carried out by evaporation and
weighing.

Results and discussion. For the selection of optimal
conditions of vitamin P extraction from green tea
technological parameters of the extraction with ethanol
were studied .

The most complete removal of target compounds is
achieved by 60 minute extraction, further increase time of
extraction does not increase the amount of extractives.

The best proportion of vitamin P extraction from green
tea is the ratio of raw material - extractant 1:40 so as
further increase of solvent volume does not increase the
number of flavonoids in the extract.

Maximum extraction of target compounds was
observed in extraction of raw materials with particles size
less than 1 mm. Research of multiplicity extraction
showed that it is feasible to use a double extraction.

Conclusions. For vitamin P extraction from green tea
leaves the following conditions of extraction are optimal:
the process time - 60 min, the ratio of raw material -
extractant 1: 40 during the grinding of raw materials to a
particle size <l mm, the double extraction of raw
materials.
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Introduction

For centuries, green tea Camellia sinensis and its extracts were used in medicine as a
treatment for ailments [1]. The benefits of green tea was provened by modern research
[1,2].

The healing properties of this drink due to its chemical composition - a high content of
polyphenolic compounds that exhibit P - vitamin action. Catechins are bulk of all
polyphenolic (flavan-3-ols). It is the most restored representatives of flavonoids. Green tea
contains (+) - catechin 1, (-) - epicatechin 2, (+) - gallokatehin 3, (-) - epigallocatechin 4, (-)
- epicatechin-3-gallate and 5 (-) - epigallocatechin -3-gallate (EGCG) 6 [1]. In addition, the
composition of tea includes quercetin, kaempferol, and myricetin glycosides.

It is known that the antioxidant activity of plant extracts is caused mainly by the
presence in them of natural phenolic compounds [1]. Interacting with free radicals,
catechins, like other phenolic compounds neutralize them [1,3]. It should be noted that
EGCG - the most powerful known antioxidants of plant origin [1].
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Due to its antioxidant action, catechins prevent and slow down atherosclerosis,
coronary heart disease, hypertension and its consequences, diabetes, the development of
Parkinson's and of Alzheimer's diseases. In addition, EGCG effectively reduse the level of
cholesterol and triglycerides in plasma and blood pressure [1,2,3].

Scientists’s particular attention is attracted to study antimutagenic and antitumor action
of tea catechins, especially EGCG. It was found anticarcinogenic effect of tea catechins.
For example, antiproliferative effect EGCG, which also induces and enhances apoptosis of
tumor cells [1,2,3,4]. Toxicity tea catechins is minimal, practically they do not cause side
effects.

It should be noted that the human’s antitumor effect of EGCG is reduced due to low
digestibility and its intense metabolism with loss of activity. For getting an effective dose in
relation to cancer cells it is necessary to drink 1.5 liters of green tea per day [1]. However,
undesirable effects of caffeine, which is found in green tea 1.8 - 2.8%, inevitably occur.

Materials and methods

Green tea is a rich source of flavonoids, its leaves contain 51-84 mg of catechins per
gram of dry weight, that several times is more than in black tea [1]. Taking into
consideration this, we chose packed chinese green tea as the raw material to produce
vitamin P .

Tea leaves except polyphenols contain alkaloids caffeine, theophylline, theobromine,
saponins, essential oils, amino acids, carbohydrates, vitamins and minerals. Taking into
consideration physical and chemical properties of natural compounds that are included to
tea composition for polyphenolic compounds extraction we used consistent processing of
raw materials by organic solvents.

Packed big leaves green tea was studied. For vitamin P extraction methods of simple
and repeated extraction were used . Determination of extractive substances was carried out
by evaporation with the following weighing.

Taken into consideration approaches to extracting natural compounds for the extraction
of alkaloids, resins, essential oils and pigments as a non-polar solvent we used
dichloromethane. After plant material drying catechins and flavonols glycosides that exhibit
P-vitamin activity were bereaved by extraction with the help of ethanol. P - vitamin
complex is obtained after evaporation of the resulting extract.

The process of extraction depends on many factors: the duration of the extraction, the
ratio of raw material - the extractant, the degree of milling of raw material, temperature,
and so on. To ensure a high content of vitamin P in the extract of green tea is recommended
to study the optimal conditions for its extraction.

Extraction of alkaloids, resins, essential oils and pigments from green tea leaves.
10 g of green tea is placed in a round bottom flask volume to 250 ml, add 100 ml of
dichloromethane and heated in a water bath under reflux with stirring for 2 h. Plant material
was filtered under vacuum through a Buchner funnel and dried and used for further
extraction of vitamin P.

Extracting vitamin P.

1. The influence of extraction time on the amount of extractives

Samples of 2 g of treated CH,Cl, green tea are placed in round-bottom flasks of 100 ml
and 40 ml of ethanol is added. The flasks are heated under reflux in a boiling water bath for
15, 30, 60, 90, 120 min respectively. The extracts were filtered under vacuum.
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2. The influence of the ratio of raw material - the number of extractant extractives.

Samples of 2 g of green tea are placed in a round-bottom flasks of 100 ml and ethanol
was added at a ratio of 1:10; 1:20; 1:40; 1:50; 1: 100. The flasks are heated under reflux in
a boiling water bath for 60 min. The extracts were filtered under vacuum.

3. The influence of particle size on the amount of extractives

Samples of 2 g of crushed green tea leaves with particle sizes respectively <1 1..2,
2..2,5,> 2.5 mm are placed in a round-bottom flasks of 100 ml and 80 ml of ethanol is
added. The flasks are heated under reflux in a boiling water bath for 60 min. The extracts
were filtered under vacuum.

4. The influence of the multiplicity of extraction on the amount of extractives

Samples of 2 g of crushed green tea leaves with particle size <1 mm is placed in a
round-bottom flasks of 100 ml and 80 ml of ethanol is added. The flask was heated to
reflux in a boiling water bath for 60 min. The extract was filtered under vacuum. Plant
material is retreated with ethanol under the same conditions. Extraction is repeated 3 times.
The extracts were combined and used for determination of extractive amount.

Determining the amount of extractives. 20 ml of the resulting alcohol extract of
green tea is taken by pipette and it is placed in a predried at a temperature of 100-105 C
accurately weighed porcelain cup with a diameter of 7-9 cm. A solution is evaporated to
dryness in a water bath. Cup of residue is dried in an oven at a temperature 100-105C to
constant matter, then it is cooled for half an hour in a desiccator over calcium chloride and
is weighed. The amount of extractives X is calculated by the formula:

XY= m -V
m-V
where m - mass of sample, m; - mass of dry residue, V - volume of extractant, V; - volume

of aliquot.

The efficiency of extraction was evaluated by the number of extractives in different
technological parameters. To determine the amount of extractives the extraction of raw
material exact sample was performed . The extract was transferred into a predried at a
temperature 100-105° C accurately weighed porcelain cup with a diameter of 7-9 cm. A
solution was evaporated to dryness in a water bath. Cup of dried residue in an oven at a
temperature 100-105° C to constant weight, then it is cooled for 30 min in a desiccator over
calcium chloride and is weighed.

Results and discussion

It was studied the dependence of the number of substances on the duration of the
process, the ratio of raw material - the extractant, the degree of milling of raw material
extraction and multiplicity.

The most complete removal of target compounds is achieved with extraction for 60
min, as shown in Figure 1, a further increase in extraction time did not lead to an increase
in the number of extractives.
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Fig. 1. Dependence of the number of seized substances on the duration of the process

It is established that the optimum ratio for the extraction of vitamin P from green tea
(Figure 2) is raw - extractant 1: 40, so as to further increase the number of solvent does not
increase the number of flavonoids in the extract.
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Fig.2. Raw-extractant ratio

On the basis of the calculations it was shown that the maximum extraction of target
compounds is observed during the extraction of raw materials with particle size <l mm
(Figure 3).

Research of extraction multiplicity has shown (Table 1), that green tea leaves double
extraction should be used.
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Table 1
Extraction of flavonoids from green tea leaves according to multiplicity
Multiplicity extraction, Number of extractives
number of times from 1 g of raw material, g
1 0,272
2 0,052
3 0,019
Conclusions

For vitamin P extraction from green tea leaves the following conditions of extraction
are optimal: the process time - 60 min, the ratio of raw material - extractant 1: 40 during the
grinding of raw materials to a particle size <1 mm, the double extraction of raw materials.
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Introduction. The control of microelements in water is
a one of the most important factor of the humans health in
urbanized cities. ETAAS method with chemical modifiers
has been used in drinking water analysis.

Materials and methods. All measurements of Al, Cr
and Pb concentration in superficial and ground water
samples were performed with atomic absorption

spectrophotometer  (model ~ Saturn-3MP,  Ukraine),
equipped with graphite electrothermal atomizer (model
Graphite 2).

Results and discussion. The significant differences
between concentrations of lead in the two lakes can be
explained by near location to highway of lake in
Holosievo region and its contamination by some above
mentioned gasoline additives. Unfortunately, the Al
content in river Lybid is higher than acceptable level,
which associated with continuous using of metal pipes,
made from alloy with high aluminium content and
uncontrolled emission of detergents and dyes as well. The
presence of high content of chromium may be associated
with both natural and anthropogenic sources. This may
associated with lixivation of industrial solid wastes, which
responsible for water contamination during intensive
building. The high river water contamination by chromium
also was observed

Conclusion. Health hazards related to the lead in
drinking water are negligible. Most attention should be
focused on Al and especially Cr content in natural water of
Kyiv city because their high concentration in sources of
drinking water. It is interesting, that consumption of water
rich in chromium may have potential health benefit for
some individuals such as diabetics, which is known have
low chromium content in blood plasma.
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Introduction

Chromium is an essential trace element for human health (Kabata-Pendias A. and
Mukherjee A.B., 2007; Vincent J.B., 2010). This micronutrient is a cofactor for insulin
function, it is reported to affect some of enzymes that control cholesterol level and
beneficially impact on lipoproteides ratio (Evans G.V., 1989; Broadhurst C.L. and
Domenico P., 2006; Sharma S. et. al., 2011). Chromium deficiency resulted in increased
cholesterol and blood sugar level, coronary dysfunction, lipid abnormalities and an
increased risk of atherosclerotic disease (Newman et al., 1978). However, excessive
concentration of Cr compounds, especially when they are inhaled, may lead to a lung
cancer among workers in certain industries (IARC Society, 1990), nasal and small intestine
cancer in some species of test animals (Stout M.D. et.al., 2009). The sources of Cr in
human diet are vegetables, beer and brewer's yeasts, whole grains, nuts as well as cheese,
liver and marine food (Kabata-Pendias A. and Mukherjee A.B., 2007). The Cr picolinate
has been used as the main source of Cr both in medical practice and food fortification
(Evans G.V., 1989; Broadhurst C.L. and Domenico P., 2006).

However, the role of aluminium and lead is doubtful. Both of these microelements are
present in tissues of animal and human body, but there is no positive effect has been found
so far. Aluminium is known to be a neurotoxicant effect which can cause motor neuron
disease and brain cells damage due to the excess of this element (Meizi M. et. al., 1993).
Industrial Al dust can play a role in aetiology and pathogenesis of Alzheimer disease
(Polizzi et.al., 2002). It is known that Al can bind phosphate anions, decreasing availability
of P compounds (Kabata-Pendias A. and Mukherjee A.B., 2007). Lead (Pb) is the one of
the most dangerous contaminant. Human organism cannot distinguish Ca from Pb, which
resulted in the accumulation of the last in the bones and teeth (Kabata-Pendias A. and
Mukherjee A.B., 2007). The excessive exposure of Pb may cause several disorders of
human health, such as damage of kidney and nervous system, hypertension, cardiovascular
and cerebrovascular disease, cancer development, inhibition of heme formation, which
further may lead to anemia and porphyria, may associated with erectile dysfunction and
depression (Anis T.H. et. al., 2007). The children are the main group of risk because they
retain more Pb than adults due to physiological and metabolical differences. If the diet is
low in Fe, Ca and proteins, the absorption of Pb would be increased.

The main sources of Pb, Al, Cr and other microelements are the soil, air and ground
water. Further they appear in tap water and finally in food. Canned bottles, which made
from aluminium, may also play a role of contaminant of food and additional source of this
microelement for humans. Aluminium compounds have been utilized as a coagulant on the
most water supply plants, which resulted in the increased concentration of Al in drinking
water. Lead compounds were used as an anti-knock additive in gasoline in the last century
and still illegally used in several counties of Eastern Europe despite the strong restriction.

According to WHO acceptable levels of Pb, Cr, Al are 0.03, 0.05 and 0,2 mg/l
respectively (WHO, 1995). These levels are equal to those of Ukrainian regulations of
maximum permissible concentration in ground water.

Atomic absorption analysis with electrothermal atomization (ETAAS) is a most
commonly used technique for determination of chemical elements at low concentration
owing to its low time of analysis, availability, high sensitivity and specificity in different
species, in particular in ground water (Acar O. et. al. 2000; Acar O., 2001; Correira P.R.M.
et. al, 2003). However, the direct elements determination by ETAAS method is
complicated due to the interference effects of salts in sample matrix. To overcome
interferences in sample matrix during measurements, preconcentration and temperature
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program correction (Gai R.A. et.al., 2006), chemical modification (Acar O., 2001; Acar O.
et.al., 2000), coacervative extraction of trace elements prior to determination (Hagarova I.
et. al., 2013) and other technique have been used. One of the most often employed approach
is the addition of chemical modifiers to the sample. The main purposes of chemical
modification are to reduce interference effects and stabilize volatile elements. Method of
the direct determination of Pb, Al and Cr in natural water samples by atomic absorption
with application of chemical modification technique was used in this work.

Materials and methods

All measurements of Al, Cr and Pb concentration in superficial and ground water
samples were performed with atomic absorption spectrophotometer (model Saturn-3MP,
Ukraine), equipped with graphite electrothermal atomizer (model Graphite 2). The
analytical lamps with wavelengths 283.3 nm for Pb, 357.9 nm for Cr and 309.3 nm for Al
have been used in this work. Hollow-cathode lamps of Cr and Al both were operated at 10
mA, whereas Pb lamp — at 5 mA. The slit width used 0,2 nm for Cr and Al measurements
and 0,15 nm for Pb. The ramp time was within the range 0,2-0,5 s. Argon used as a carrier
gas, the flow of which was equal to 0,25 I'min™. The measurements were repeated twice.
The optimized temperature program for Cr, Al and Pb determination is given in Table 1.

Table 1
Temperature program for the determination by ETAAC

Step Temperature, °C Hold time, s Ar, flow rate (ml'min™)
Dry-1 90 20 250
Dry-2 110 5 250
400 (Pb) 5
Pyrolysis 600 (Cr) 10 250
1200 (Al) 10
1400 (Pb) 5
Atomization 2500 (Cr) 4 0
2400 (Al) 3
Cleaning 2700 3 250

All the chemicals used were on analytical grade. Sulfuric, nitric and hydrochloric
acids, Fe(IIT), Mg, Ca chloride, as well as potassium (chloride, sulfate, nitrate) and sodium
(chloride, hydrocarbonate, hydrophosphate) salts and also chemical modifiers, including
citric, sulfosalicylic, ascorbic, tartaric and oxalic acids, triethanolamine, complexon III
were obtained from Sigma-Aldrich Chemical Co. Initial solutions of Pb, Cr and Al were
prepared by solubilization of high purity metals in nitric (Pb), hydrochloric (Cr and Al)
acids. The Certified Reference Materials (Ukrainian State Standard Samples of Metal
Solutions) were used in order to obtain calibration solution of Pb, Cr and Al. Solutions with
concentration lesser than 1ug/ml were prepared in the day of measurements by dilution of
the initial solutions.

The natural water samples were preliminary treated by nitric acid just at place of the
probe selection. All the samples were exposed to ultrasonic cleaning in order to remove
some natural ligands, including fulvic and humic acids before microelements
determination. The aqueous solutions were acidified to pH 2+0,1 by nitric acid. Statistical
analysis was performed with Student's t-test method (95% confidence level).
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Results and discussion

The direct atomic absorption analysis of Pb, Cr and Al in natural waters is complicated
due to interfering action of water macro components even at low salinity level. Utilization
of the chemical modifiers (CM) is a method which allows direct measurements of these
elements in the water samples. The chemical modifiers in ETAAC assays are the additives,
which can transform certain element or matrix component into the suitable for atomization
form. CM application has offered the opportunity for element analysis to increase the
detection limit, which is 10-10° times higher than for a conventional method. It has been
reported that utilization of organic chelating agents favoring relieve negative impact of
matrix components, and therefore improve analytical signal. Several chemical modifiers
including citric, sulfosalicylic, ascorbic, tartaric and oxalic acids, triethanolamine,
complexon III were used for direct determination of Cr, Al and Pb in natural waters at the
presence of macro components. These compounds are well known modifiers which able to
form stable complexes with metal cations and resulted in the reducing of atomization
temperature.

Chromium

It is well known that natural waters contain mainly ions of Na’, K*, Mg*’, Ca*’, Fe’",
HCO;, CI', HPO,”. These ions have been used in analytical procedure, particularly in sea
and ground water analysis in water samples preparation, which mimic natural samples so-
called synthetic water. Influence of above mentioned ions on analyte signal received much
attention, since the may cause an undesirable action. The impact of the most important
cations on chromium atomization was studied by preparing water samples with ions
concentration similar to those of natural ground water of total low salinity up to 3 mg/ml
with Cr concentration 0,08 mg/ml.

The investigations of influence of natural waters macro components on Cr analytical
signal showed that either chlorides of Ca and Mg initially caused drastic rise of analytical
signal, which further was stabilized (fig. 1).

A
0.16 4

NaCl FeCl
3
0.14 1

0.12+

0.101

C,mgml’

Figure 1. Chromium atomization in chloride aqueous solutions in presence of cr’t
(C=10,08 pg/ ml)
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The rise of potassium content has almost no impact on Cr atomization process, which
has offered the opportunity to use potassium salts as the components of the water samples
matrix, which mimic natural waters. According to experimental data, the value of
chromium analytical signal is constant in all the cases. Thus, it makes it possible to reduce
undesirable effect of macro components of water samples at chromium determination by
ETAAS. However, rise of sodium and ferric chloride (III) content in aqueous solution cause
an increase of chromium signal absorbance. Therefore these cations can be used in
synthetic solution only in presence of chemical modifiers. Subsequent experiments have
shown that it is possible to determine Cr in natural waters using surrogate solutions, which
imitates natural with potassium chloride addition.

Lead and Aluminium

The most effective chemical modifier was found by the follow procedure. All the
solutions were acidified by nitric acid (1:1) in order to reach pH 2,0+0,1. The CM
concentration being changed during measurements, the total salinity in one set of water
samples was 0 g/l, in a second 10 pg/l with analyte concentration in all the samples 0,2
pg/ml.

It was found that the increase of natural water salinity in presence of triethanolamine
and citric acid resulted in the little rise of Pb analytical signal in a beginning, whereas
further increase of salinity lead to the signal drop. The negligible decrease of analytical
signal in the presence of sulfosalicilc acid and complexon III has been observed.
Application of tartaric acid was caused an increase of analytical signal with rise of
macrocomponents concentration. Only in presence of ascorbic and oxalic acids the
analytical signal has been stabilized with improving of the method sensitivity. It has been
determined that the optimal concentration of these modifiers is 1 pmol'ml”. Organic
modifiers are favor to improve the method sensitivity and atomization conditions and
minimize the disturbances, which caused by natural waters salinity. At the high level of
salinity of natural waters, the presence of ascorbic acid favoring Pb determination, improve
sensitivity and accuracy of measurements and give more linearity to the calibrating chart.

The better chemical modifiers for the Al determination in natural water are ascorbic
acid and triethanolamine at different total level of salinity of water samples, that had
changed up to 10 g/l. Further, ascorbic acid was used as a modifier owing to its high
availability. The analytical signal of aluminium linearly related to its concentration at
different salinity level. The data spread of the mean value of analytical signal not exceeded
20 %.

Kyiv is the one of the most populated city in Eastern Europe, which accounted more
than 3 million people so that the quality of food and drinking water have received great
attention due to their impact on health. The main sources of tap water in Kyiv are Dnipro
river and underground Lybid river as well as lakes. However, consumption of tap water
continuously decreased because of awareness of its strong pollution by hazardous metals.
Therefore, the minor sources of drinking water, especially water from artesian well become
more popular, so that quality control of these kinds of water is very important.

It is known, that Cr, Al and Pb are able to contaminate drinking water due to their
presence in materials of water-pipes and contamination of soil as well. Therefore, we have
determined concentrations of these microelements in several sources of natural water in the
presence of 1 pmol-ml™ ascorbic acid, which was used as a chemical modifier. The results
are given in table 2.
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Table 2

Results of Cr, Al and Pb determination in natural waters of Kyiv city

Determined usin:
Analyte Sample calibration curveg, Addeﬁ?’ Foun_(li, Recovery, %
ugml” gl gl

0 _ _

Pb <5 20 18,8+1,2 94
50 45,4+2.5 91

0 28311 —

Cr Lybid river 290+20 20 301+12 91
50 342426 114

0 204+8 -

Al 291+ 9 20 303+11 93
50 341421 101

0 28,1+0,8 -
Pb 27,6£1,6 20 49.4+1,1 103
50 76,2+1,8 98

Lake water 0 82+11 -

Cr (Holosievo 83+2 20 101+13 92
region) 50 134+16 104

0 133+8 -

Al 1357 20 150+11 92
50 185+16 89

0 6+3.1 _

Pb 5,1+4 20 24+3,3 91
50 53,543,2 97

0 112+18 —

Cr L?ls‘e Vlv(at)er 110420 20 125219 93
oveY 50 161223 o1

0 3,8+0,1 —

Al 3,5+0,3 20 22412 88
50 50,542,3 94

Pb Less th?n Qetection 2% 3 S_i 2 9_4

imit

50 46,4+2,6 91

Artesian 0 615 -

Cr deep water 63+5 20 83+6 95
50 11249 98

0 7446 _

Al 78+7 20 98+6 91
50 126+11 94
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The insight into Table 2 revealed that Pb content in all choosen sources of drinking
water is lesser than maximum permissible level. The significant differences between
concentrations of lead in the two lakes can be explained by near location to highway of lake
in Holosievo region and its contamination by some above mentioned gasoline additives. We
have suggested that the high amount of Pb collected in unsoluble forms in the bed slits of
lakes and rivers. Unfortunately, the Al content in river Lybid is higher than acceptable
level, which associated with continuous using of metal pipes, made from alloy with high
aluminium content and uncontrolled emission of detergents and dyes as well. The presence
of high content of chromium may be associated with both natural and anthropogenic
sources. This may associated with lixivation of industrial solid wastes, which responsible
for water contamination during intensive building. The high river water contamination by
chromium also was observed (Nduka J.K.S. and Orisakwe O.E., 2007). Consumption of
this kind of water over a long period of time may cause a nasal cancer. High content of
chromium in river and lakes is a result of soil pollution by this metal in Kyiv, whereas
relatively high Cr concentration in artesian water may be associated with some elements of
water supply system, rich in chromium.

Calibration graphs for the direct determination of Pb, Al and Cr in drinking water
sources were obtained by addition of microelements standard samples with 1 pmol-ml™
ascorbic acid. In all cases calibration graphs were linear up to 1 mg/l of each of these
microelements. The precision of the Al, Cr and Pb determination calculated on 6 replicate
analysis of each sample was expressed as a rate of recovery of added standard solutions of
these elements, that was not exceeded 90 %.

Conclusions

The approach of Al, Cr and Pb determination in natural water samples by ETAAS has
been evaluated and demonstrated to be an effective for routine measurements of these trace
elements. The methodology has shown adequate accuracy and selectivity. Surprisingly, in
all water samples lead content was below WHO recommended limit of 0,03 mg/l and
changed from 5,1 ug/l to 27,6 ng/l. Thus, health hazards related to the lead in drinking
water are negligible. Most attention should be focused on Al and especially Cr content in
natural water of Kyiv city because their high concentration in sources of drinking water. It
is interesting, that consumption of water rich in chromium may have potential health
benefit for some individuals such as diabetics, which is known have low chromium content
in blood plasma.
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Introduction. The article deals with the issues of
carcinogenic substances formation in the manufacture of
beer. It is shown that the basic technological process, that
influences the N-NDMA accumulation in beer, is brewer's
malt drying. The determining factor, influencing the N-
NDMA content in malt, is the concentration of nitrogen
dioxide at the entrance to malt layer.

Materials and methods. In the course of research,
drying conditions typical for dryers of «Latvian Academy
of Agriculture» type, one-deck dryers and apparatuses on
malt manufacturing in combined way were secured. The
measuring of nitric oxides was carried out by the means of
gas- analyzer of 645 HL 20 type, the principle of operation
of which is based on chemiluminescent method of
determination of nitric oxide.

Results and discussion. More intensive absorption of
nitrogen dioxide were observed during the first stage
(constant speed) of drying due to the large number of free
moisture presence in malt — a good nitrogen dioxide
absorbent. The concentration of nitrogen dioxide in the
drying agent has the greatest impact on intensification of
N-NDMA formation processes in malt, that is recorded in
all experiments.

That is why in order to achieve guaranteed quality of
the product, one should establish the limit of concentration
of NDMA in malt equaling 15 mcg/kg. Drying of malt
with drying agent with concentration of nitric dioxide up
to 0,4 mg/m’ guarantees concentration of NDMA lower
than this limit. This concentration should be limiting in the
field of development of modern heating vent systems.
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Introduction

Manufacturing method of many food substances involves adding various chemical
substances to raw material and inters, as well as complicated heat treatment. At that,
together with useful qualities, a relatively small concentration of reagents and additives
remaining in products may have toxic and carcinogenic ones. Besides, harmful substances
may be generated with the help of heat treatment.

Since carcinogenic substances, which products contain may cause formation of
cancerous growth within an organism of a human; the topical task is extraction of
carcinogenic substances from food [3]. Nowadays the problem of extraction of
carcinogenic nitrosamines (NA) from food substances, which were discovered during the
1970-ies with the help of thermochemiluminescent method of NA determination in
products, is of utmost importance [6].

Until now, the NA entry to human organism with various drinks is not taken into
account [1]. For the first time NA was found in beer in 1979 in Germany. Researches
ascertained that mostly N-nitrosodimethylamine (NDMA) was found in beer, in 70...75 %
ale samples and in 80...100 % stout samples.

Analysis of numerous beer samples in 35 countries displayed that the product
contained mostly NDMA, sometimes even high concentration of it (up to 68 mcg/l).
Analysis of NDMA content during technological process of beer manufacturing showed
that its accumulation in malt (up to 300 mcg/l) occurs at the drying stage with the use of
gas-air bearer, containing nitric oxides [7, 8].

Analyzed material made it possible to determine the average consumption of NA with
different products per person in various world regions (Fig.1.). E. g. in Germany an average
citizen consumes 7, 0...10, 0 mcg NA per week [2].

s A
o 4
2
% 1001 I
@ g
N
801 N =
o © — I
= N — N O
601 I = I B I - KN
2 < B3 KA Kl - IS
40+ W4 2 = s I s IR < B2
p g [ Sl I < I
201 IS E IS S s Y S ©
N "8 © CE S 28 - Bl =
ol B O 7l < =1 © f4 >
g e 13,2 9 Yl 10,7 XY 11.8]
S 201
=
40y

Fig.1. Average consumption of beer and juice in the world per person, I/year, 2011

In view of the fact that nitrosamines brought in with beer constitute a considerable part
of the general consumption of NA by a person, in a range of countries limiting value of
NDMA in malt and beer is recommended. This limiting value is not scientifically valid. It
defines the possible limiting value of NA consumption with beer; specific part is quite high
and totals 64% [4, 5].

—— Ukrainian Journal of Food Science. 2014. Volume 2. Issue 1

74



Processes and Equipment of Food Productions

Research of NA percentage in food substance has been carried out since 1969; the first
beer samples were analyzed in 1979. Analysis of the samples elicited in them mainly
NDMA. N-nitrosodimethylamine is a virulent carcinogenic substance, included together
with some other nitroso-substances by International Agency for Research on Cancer
(IARC) to the first category of substances, which are carcinogenic to humans. The impact
of this carcinogenic substance on human organism is interrogated in scientific works [1, 3,
7, 8].

Materials and methods
In the course of research, drying conditions typical for dryers of «Latvian Academy of

Agriculture» type, one-deck dryers and apparatuses on malt manufacturing in combined
way were secured (vide table).

Table
Duration of the process of malt drying
Number of Duration of drying with the temperature of Total duration of
variant drying agent, h drying, h
55°C 65 °C 85°C ’
1 5,0 3,0 2,5+1,5* 12,0
2 10,0 6,0 4,0 20,0
3 18,0 8,0 4,0 30,0

* — transition from 65 to 85°C.

Concentration of nitric oxides in drying agent totaled: 0,1; 0,3; 0,6 mg/m>. In course of
carrying out an experiment, the following parameters were measured and controlled:

— expenditure of drying agent;

— temperature of drying agent under the malt layer and out of it;

— humidity of lower and upper malt layer;

— the quantity of damp and dry malt, the thickness of a layer;

— percentage of nitrites, nitrates and NDMA in lower and upper layers.

The measuring of nitric oxides was carried out by the means of gas- analyzer of
645 HL 20 type, the principle of operation of which is based on chemiluminescent method
of determination of nitric oxide. The main point of it lies in the fact that reaction between
nitric oxide (NO) and ozone (O;) results in receiving an excited molecule of nitrogen
dioxide, because of which luminescence takes place:

NO+0, - NO™ +0,, (1)
NO™ — NO+hv, ()

where by (hv) photon of light, got during luminescence, is conventionally denoted.

Detected radiation is registered by photomultiplier tube and by the value of output
current the concentration of NO in an analyzed sample is calculated. To calculate the
nitrogen dioxide NO, concentration, which together with NO is present in drying agent,
NO, should be transformed into NO. Reduction of nitrogen dioxide is realized in converter
with the help of catalyst, heated to the temperature of +200 °C. Since in this condition
radiation from the total concentration of nitrogen oxides is detected, concentration of NO, is
estimated through difference between the value of electric signal proportional to
concentration of sum of oxides NO, and, correspondingly, NO.
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Percentage of nitrites in samples was estimated with the help of the method in
accordance with state standards of Ukraine 4948:2008 “Fruits, vegetables and products of
their processing. Methods of estimating the percentage of nitrates”. To estimate the
percentage of N-nitrosamines methodics instructions on methods of inspection MUK
4.4.1.011-93 “Estimating of volatile N-nitrosamines in food raw material and foodstuff”
were used (Ratified by Federal Service for Supervision of Consumer Rights Protection and
Human Welfare in 22.12.1993). Quantitative estimation of NDMA percentage in a sample
was carried out with the standard solution of NDMA.

Sampling was carried out in upper and lower layers. A concentration of nitrites,
nitrates and NDMA was estimated separately in every sample. At the end of drying all the
malt was mixed in order to estimate the average indexes.

To value air pollution with nitric oxides concentration of oxides in air was estimated,
which equaled 0, 02...0, 08 mg/m’. During rush hours because of heavy traffic NO,
concentrations rose up to 0,1...0,12 mg/m3, while nitric dioxide concentration did not
exceed 0,05 mg/m’. Samples, selected during intermediate stages of drying, were
completely dried by the air, heated in electric heating coil, in which concentration of NOy
did not exceed 0,02 mg/m”.

Because of fluctuation of NO, concentration in environment, while drying correction of
nitric oxide in drying agent has been carried out. With prescribed expenditure of drying
agent V (m*/h), nitric dioxide concentration in drying agent at the input to layer C;’}OZ and at

out

the output of layer CY, the following parameters were estimated:

— amount of nitric dioxide (mg), put into layer per time unit on the basis of 1 kg of
malt:

1 in
Cyo, =G_CN02V , mg/h; (3)
— amount of nitric dioxide, absorbed by 1 kg of malt per time unit:
G, =(Clo, ~C%, )V, mg/h; (4)
— amount of nitric dioxide, put into the layer during all drying period per 1 kg of malt:
ral 1 Tn ~in
Cro, = G_C'[O Co, Vtdt , mg; 5)
— amount of nitric dioxide absorbed by 1 kg of malt during the whole drying period:
(abs 1 T in ou
Gl = o jo (Clo, —C, ) Vadt, mg. (6)

Since nitric dioxide is present in the air, concentration of nitric oxide in drying agent
was recorded in order to ascertain its influence upon NDMA formation in malt.

Results and discussion

Results of experiments are displayed in table 2, which presents parameters of malt
drying of 20 h duration with feeding of nitric oxides in drying agent and without it.
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Concentration in drying agent:

1 ——- ¢ under the layer
2 =mm-- m above the layer
Concentration of NDMA:
3 —— v lower layer
4 —-— A upper layer
Total concentration
of nitrites and nitrates:
5—e@

Fig. 2. Malt drying with drying agent, containing nitric oxides:
a — without feeding; feeding of NO, with concentration, mg/m®:
b-0,1;¢-0,2;d-0,3; /- 0,6.
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Results of experiments show that the process of drying characteristic of real-life
environment was reproduced. It can be assumed from dependence of temperature change
and humidity on time, as well as good quality of malt.

It was established that nitric oxide, containing in drying agent, penetrates the malt,
almost not being absorbed. A small change of nitric oxide concentration in drying agent at
the output of the layer, as a rule, occurring at the final drying stage, can be explained by
partial NO, reduction, oxidation of nitrogen in the air during the period of increase in
temperature of drying agent and less intensive sorption of NO, by the malt layer with
relatively low humidity of it (Fig.2, a-f).

Change in concentration of nitric dioxide in drying agent while its penetrating the malt
layer is indicative of absorption of nitric dioxide by malt layer. More intensive sorption of
NO, occurred during the first stage of drying that can be explained by the presence in malt
a large quantity of free moisture, which is a good absorber of nitric dioxide. During this
stage, absorption of nitric dioxide occurs throughout the whole layer. At that, driving force
is the difference of NO, concentrations in drying agent and on the surface of the malt.

During the second stage of drying, in which humidity of malt is less than maximal
hygroscopic one, zone of moisture evaporation moves to seeds and the intensity of
absorption of nitric dioxide lowers. During the drying intensity of absorption of nitric
dioxide is insignificant, that can be explained by little amount of moisture in the layer.
Insignificant growth in difference of concentration of nitric oxide in drying agent while its
penetrating the malt layer at the end of drying is not indicative of the growth in intensity of
NO, sorption by the malt layer during this period and can be explained by its partial
reduction to NO, which is confirmed by growth in concentration of NO at the output of the
drying agent from the layer.

During the first stage of drying up to 85% of nitric dioxide, absorbed by malt during
the whole drying process, is absorbed. With duration of drying of 12, 20 and 30 h, this
period lasts, correspondingly, first 7...9, 12...14, 17...19 h.

The amount of absorbed nitric dioxide equals 35...50 % of its total quantity, put into
the layer during the whole drying process. Absorption is realized through moisture with
formation of nitrous acid (HNO,) and products of its dissociation. It is confirmed by the
growth in concentration of nitrites and nitrates in the malt during its drying.

Tracing the dynamics of changing of the quantity of nitrites and nitrates in the malt,
one should admit that germs of malt contained 1...7 mg/kg of nitrites and nitrates. It can be
explained by their ingress in the malt with process water during the soak and with air
during the growing of malt. During the process of drying of malt, the growth in
concentration of nitrites and nitrates was observed, the intensity of their accumulation
becoming higher together with increase of concentration of nitric dioxide in drying agent at
the input to the layer. Concentration of nitrites and nitrates in dried malt equaled 2...9
mg/kg. Percentage of nitrites was 4...5 times lower than percentage of nitrates, that can be
explained by instability of nitrites. Concentrations of nitrites and nitrates in malt are several
times higher than the ones, which are needed to form NDMA in prohibitive amounts
(estimated at mcg/kg). By the growth in concentration of nitrites and nitrates increased the
amount of NDMA.

Concentration of nitric dioxide in drying agent influences the intensification of
formation of NDMA in malt, which was observed during all the tests. Increase of
concentration of nitric dioxide in drying agent from 0,1 to 0,6 mg/kg leads to 6...7 time the
amount increase in concentration of NDMA in malt. Percentage of NDMA in malt at the
same time increases to 8...15 mcg/kg (Fig.2, b-f) and is the highest permissible amount
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according to “The state sanitary regulations and rules “Medical requirements to the quality
and safety of food substances and foodstuff’ Order of Ministry of Health Protection of
Ukraine Ne 1140 (29.12.2012).

Results of the tests on drying of malt with air without batching of nitric oxides in
drying agent (malt being cooked using distilled water) nevertheless display the formation of
nitrites, nitrates and NDMA in malt, which means that the layer of malt absorbed nitric
oxide from the air. Thus, during the drying of malt in industry with clean air, which lasted
20 h, the increase of NDMA concentration in malt from 0.8 to 1,3 mcg/kg was observed
(Fig.2, a).

Research of NDMA formation depending on technological modes of malt drying
proved that decrease in duration of malt drying from 30 to 12 hours lowers the
concentration of NDMA in malt not more than to 1.6 times and does not lose the task of
radical decrease in concentration of NDMA in malt.

When the temperature of malt increases, accumulation of NDMA in it passes more
intensively. It can be explained by activation of dissociation processes of NA with increase
in temperature to more than 60 °C.

Humidity of malt also influences the formation of NDMA. Sorption of nitric oxides
intensifies when the humidity of malt increases. Besides, humidity intensifies reactions of
nitrosation of amines, in consequence of which increases concentration of NDMA in malt.

Conclusion

All things considered, among the factors, influencing the amount of NDMA in malt,
the most important one is concentration of nitric dioxide at the input to the layer of malt.
Limiting values of amount of NO, in drying agent should be conditional upon concentration
of NDMA in malt, defined by hygienic regulations. That is why in order to achieve
guaranteed quality of the product, one should establish the limit of concentration of NDMA
in malt equaling 15 mcg/kg. Drying of malt with drying agent with concentration of nitric
dioxide up to 0,4 mg/m’ guarantees concentration of NDMA lower than this limit. This
concentration should be limiting in the field of development of modern heating vent
systems.
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Introduction. Improve the process of bread-making is
possible through the use of intensive mixing, improvement
of its fermentation and formation.

Materials and methods. Investigated wheat yeast
dough of white wheat flour(ARS 465) and mixing
processes, fermentation and formation of an experimental
equipment in which these operations are combined.

Results and discussion. The necessity of complex
perfection of process of production of rusk warest comes
up from the traditional method of production, wide usage
of hand labour and bulky equipment. Design of mixing-
fermentation-forming unit, which allows to combine the
processes of continuous intensive dough mixing, aerated
dough pieces fermentation and formation directly to the
baking plate. The unit provides a reduction in car-
hardware circuits and reduces the cost to operate the
equipment.

Viscosity of the dough is decreasing while the intensity
of machining is increasing due to the weakening of
connections between the particles of the dough.

Increasing the content of gas phase decreases the
viscosity of the dough and increasing the average flow
velocity. The quantity of gas greater than 40% and a
pressure gradient of 0.3-0.4 MPa lead to destruction of the
gas bubbles.

The exponential dependence of the mean flow velocity
w on the compaction pressure P, (0,1-0,4) MPa. with
different contents of the gas phase G (0 - 45)%

The dependence of the coefficient of the cord dough
expansion from the angel of the entrance in the molding
channel has the extreme. The optimal value of the taper
entrance - 70-80°.

Conclusion. The results should be used in the design of
new and reconstruction of existing production lines of
bakery products.

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

81



Processes and Equipment of Food Productions

Introduction

Lately the expansion of demand and variety of rusk products, especially it touches the
wares of small diameter. However for their production traditional technology and
equipment are used. Continuous forming of dough cord is interrupted for a portion stowing
of flags on sheets for del standing on the cradles of proofers. The duration standing for the
rusk sleepers of small diameter in a few times exceeds duration of baking of this sort of
rusks, that means that providing of the productivity of stove an area proofers must be in a
few times more area of hearth del, and taking into account the small geometrical sizes of
wares the volume proofers is used very uneffective.

The practice of baking companies shows widespread adoption of intensive
technologies of preparing dough in kneading machines with intense action. Without
deterioration of the finished products without dough way to prepare the dough can be
successfully used for rusks products.

The disadvantage of crackers in the traditional way is the need of large industrial areas
and a large number of production personnel.

Using our proposed method of production and distribution with loosening in dynamic
conditions will ensure continuity of process handling dough purveyances.

We have suggested the way for dough separation, which lies in the combining of the
processes of molding and loosening of dough blanks in one aggregate by extrusion yeast
dough, filled by the carbon dioxide, with no additional stages of dough cords’ processing.
Its usage requires comprehensive study of influence of geometry parameters of the forming
channel on the measures, surface state and the character of porosity of the dough cord and
the ready products.

The essence of any process of molding lies in the directed deformation of material with
the help of the appropriate instrument. At the molding of extrusion the forming element is
matrix, in particular, its channel. Geometry parameters of the channel determine the
parameters of the extrudate and the quality of its surface.

Materials and methods

We investigated, the proposed experimental equipment for intensive mixing, which
ensured that all three stages of mixing dough. The working body consists of three parts: the
tape, screw with variable step.

7 2 7

N []

Fig.1. There is a chart of experimental fluidizer research of intensity of treatment of dough.
1 - occasion; 2 - working organ (scruw ); 3 - corps.
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The main indicator of the structural and mechanical properties the dough is the
effective viscosity. We have conducted the research to determine changes in viscosity of
the dough, depending on the specific work flow per knead.[2]

For the research of the influence of the geometry parameters of the forming matrix on
the process of extrusion of gas filled dough, we have created experimental installation (Fig.
2), which allows to conduct the wide spectrum of the study as kinetic factors: middle speed
of the flow, volume, mass production and the dynamic one.
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Fig.2. The scheme of the installation for the study
of the process of extrusion of the yeast dough.

1 — cylindrical body; 2 — water shirt; 3 — matrix; 4 — knife; 5 — guide yoke; 6 — manometer; 7 —
stopping valve; 8 — piston; 9 — cover; 10 — compactor; 11 — ultrathermostat; 12 — compressor.

The influence of the geometry of the forming channel was studies with the usage of the
matrix with a various angle of the entrance, exit and the length.[3]

Results and discussion

Analysis of experimental data (Fig.3.) showed that the viscosity of the dough is
decreasing while the intensity of machining is increasing due to the weakening of
connections between the particles of the dough and the forces of viscosity is overcoming by
increasing of the kinetic energy of the molecules.

As a consequence from the experimental data, reducing of viscosity occurs also during
the time of fermentation of the dough and especially intensively during the first hours of
fermentation. The value of viscosity after 1 hour of fermentation with the consumption of
30 J / g specific work per batch is the same that is during 3 hours of fermentation with
consumption of 7.5 J / g specific work per batch. Therefore, changes in the structural and
mechanical properties of dough which occurs during the fermentation process due to
repeated stretching during the formation of gas bubbles can be achieved by intensive
mechanical treatment of the dough during kneading.

Application of the intensive mechanical treatment during the dough mixing process
allows to reduces the process of fermentation of the dough and to distribute yeast cells more
uniformly throughout the whole volume of the dough, which promotes the formation of
more centers of gassing and obtain a uniform fine-pored structure finished products.
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Fig. 3. Dependence of the effective viscosity of the dough from the time of fermentation
when the specific work is:
1-75;2-15;3-225;4-30J/g

The saturation of the dough by the oxygen dioxide at the expense of the fermentation
leads to the reduction of the viscosity of dough, increase of the average speed of the flow
and consumable characteristics (Fig. 4). The molding is possible in the zone of the lowest
parameters of the pressure 0,2-0,4 MPa, security of the enough consumable characteristics
of the process without defects on the surface of the extrudate.

W, m/s
4
0,08 //
3
0,06 s
5
0,04 7 g
0
0,1 0,2 0.3 0,4 P, MPa

Fig.4. Dependence of the average speed of the extrusion of the dough cord of pressure with
the content of gas phase, %:
1-0;2-8,6;3-23;4-36;5-42;6-46

Average flow seep increases with the increase of the content of gas phase. The amount
of gas more than 40% (graphs 5,6) and gradient of pressure 0,3-0,4 MPa lead to the
destruction of the gas bubbles, pressure inside of them exceeds the power of the surface
tension and the border of the firmness of their sides. The state of the surface of the dough
cord decreases. Defects connected with the irregularity of the flow appear, as well as gaps
of the solid surface layer of the dough and the loss of the kinetic energy of the flow. It is
witnessed by the character of the graphs.

With the smaller values of the pressure 0,1-0,25 MPa the surface layer doesn’t destroy,
but a larger porosity of the ready item in the result of the pores’ merge is observed, as well
as gaps inside the dough cord is observed. Equation of the dependence of the average speed
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of the flow w from the pressure of extrusion P,MPa with different content of the gas phase
G, % for the constant mode, when the irregularity of the flows are not observed (graphs 1-
4) has the look of:

W= 0,04560,066P(70,|G+|,9)

In the flow of the non-Newton liquid at the exit of the formation channel pressures
normal to the surface of the shift appear and continue to run. The phenomenon of the
swelling of the flow didn’t have value with the usage of the extrusion process for the
traditional molding of the dough blanks, as after molding, cord is being processed
additionally.

The usage of the extrusion gas filled dough without the subsequent stages of the
processing before the baking need a comprehensive study of the very process. It is
necessary to determine the influence of the geometry parameters of the molding channel on
the size, condition of the surface and the character of the porosity of the dough cord and the
made items.

For the quantitate evaluation of the diameter increase of the dough cord in the
comparison with the diameter of the molding channel we used the coefficient of the
expansion, which takes into account non-Newton character of the flow and increase of the
size of the extrudate in the result of the allocation of the gas phase. The coefficient of the
expansion was defined as a ratio of the cord diameter to the diameter of the molding
channel.

The research showed that with the increase of the length of the molding channel the
value of the coefficient of the expansion decreases in the result of the structural changes of
the components of the extrudate, which strengthen its carcass, orient the molecules along
the flow, which decreases the coefficient of the expansion. In the long channel the energy
of the flow is being lost as a result of the friction and increase of the shift deformation in
the surface zone of the extrudate. The fall of the pressure in such channel runs slowly,
gradient of the change of pressure in the bubbles isn’t significant and such slow allocation
of gas leads not to the formation of the new centers of its formation, but to the growth of
the existing bubbles of gas and formation of the coarse-pored structure of the extrudate.

With the increase of the length of the channel the energy losses on the viscosity friction
and elastic flow deformation increase, in the result of which the kinetic energy of the flow
decreases (Fig.5).
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Fig.5. Dependence of the average speed of the extrusion from the length of the channel with
the pressure, MPa:
1-0,1;2-0,2;3-0,3;4-0,4.
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For the study of the dependence of the coefficient of the expansion from the angle of
the entrance in the molding channel and content of the oxygen dioxide in dough, matrix
with the different entrance angle were used.
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Fig.6. Dependence of the coefficient of the expansion from the content of the gas phase in the
dough with the value of the angel of the entrance in the molding channel:
1-20°;2-35°% 3 - 90°; 4 —65°.

The study showed (Fig.6), that the graph of the dependence of the coefficient of the
cord dough expansion from the angel of the entrance in the molding channel has the
extreme. The optimal value of the taper entrance - 70-80°. We agree that it is connected
with the time of the dough passage in the channel, which is enough for the restruction of the
high-molecular connection. These connections determine the structure of the dough,
reduction of the voltage at the entrance in the channel and change of the molecules’
orientation.

At the values of the entrance angle in the channel higher than 80°, the zone of the
entrance into the channel is short. The time of the dough staying in this specific zone is
shorter than the duration of the relaxation of the pressures, which appear with the
constriction of the flow. Execution of the entrance into the channel under the direct angle is
considered to be unnecessary in the result of the increase of the pressures and energy loss of
the flow, which lead to the decrease of the diameter of the cord at the exit. With the
decrease of the angle of the entrance, the overall length of the channel increases and the
flow energy loses.

Conclusion

On the basis of the research of mixing and extruding processes of the gas-filled dough
we propose the design of mixing-fermentation-forming unit, which allows to combine the
processes of continuous intensive dough mixing, aerated dough pieces fermentation and
formation directly to the baking plate.
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Fig. 7. Mixing-fermentation-forming unit:
1 —driver, 2 -reception funnel, 3 - mixing chamber , 4 - working body,
5 - mechanism of regulation of the intensity of mixing, 6 - fermentation chamber,
7- forming matrix, 8 - gate, 9 - mechanism of discharge.

There are screw tools installed in the mixing zone, which desing foresees the provision
of three-phase mixing of dough, namely: mixing of the components is done with the spiral
tool (zone I), mixing occurs with the minimal use of energy due to use of screw with the
large pitch (zone II) and at the stage of dough plastification — the intensive mechanical
processing by the screw tools with variable pitch (zone III).

Use of the screw with the decreasing pitch at the final stage of mixing provides the
necessary pressure for feeding into the fermentation chamber

Thereby the carried out research allowed to determine the influence of the geometry of
the molding channel and the content of the gas phase to the character and structure of the
porosity of extrudate at the molding of the gas filled dough.

The results should be used in the design of new and reconstruction of existing
production lines of bakery products.
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Introduction. On condition of optimization of process
of packeting rationally to use the synthesis of structure of
packing machine combinatorics-logical methods.

Materials and methods. A process for sorting and
search of new combinations are used for generuting of
structures in the array of analogues and prototypes. For
this aim it is possible to choose the next methods of
description of the generalized structures for packing
machines : tabular, algebraic, logical and network models.

Results and discussion. The oriented multigraph is
used for the synthesis of structure of packing machines,
and also for optimization of separate decisions. The
system of limitations and nenuBsie function is generalized
for this purpose.The system of limitations is confirmed,
and gives an opportunity to describe data of choice of
elements for a multicount model, and objective function. It
allows to optimize different structural descriptions for
decisions. The decision of task of structural synthesis
consists of the oriented arcs of multigraph. During the use
of this method one class of of packing machines can be
presented as oriented multigraph.

In such multigraph great number of multiarcs and it
7Z={Zi}, i= 1,n and great number of tops — S={Si}. An
arc will be activated on condition of activating of all her
exits. The common amount of variables in similar models
is described by means of expression 3n+K+M, and an
amount of equalizations and inequalities is in the system
of limitations - 7n+K+L+1, for n — common amount of
elements of the incorporated structure for a packing
machine, K — amount of incoming connections; L —
amount of the forbidden combinations.

Conclusion. A problem of structural synthesis is
brought to the tasks of the discrete linear programming.
The system of limitations, that is described in a task, can
define the stages for the choice of elements of multicount
model, and objective function. It gives an opportunity to
optimize different structural descriptions of decisions.
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Introduction

A modern packing equipment is the difficult technical system. A basic function for the
system is implementation of basic operations, auxiliary operations and additional operations
in the process of packing [1].

Machines that target at the process of packing of products, they will execute the
identical amount of operations approximately. Wide introduction of microprocessors and
mechatronic control system gives an opportunity to create the packing machines-automats
of new generation [2]. Creation of such generation of packing machines is based on their
hierarchical construction from the functional system of the mechatronics modules. In this
case for optimization of packing process it is needed to optimize the structure of machine
with taking into account of mechatronics connections. As a rule in the technical systems
consider that a synthesis is project procedure. As a result combination of the different
modules (elements) comes true in single unit - machine (system) [3].

Materials and methods

In engineering sciences of understanding of synthesis will divide into three
components: to the synthesis of construction, synthesis of parameters and synthesis of
structure.Procedure of synthesis of structure of machine in the theory of the automated
planning is the not very studied process [4].

Methods the adopted by the combinatorics of logistic found most application in the
automated planning among plenty of tasks based on a structural synthesis.

i crriocobu 6a3yroThCsl Ha 3aralibHii Teopii KOMOIHATOPHKH.

These methods are based on the general theory of combinatorics [5,6,7].

Id est for this purpose, to do structures, it is necessary to do sorting and search of new
combination in the array of analogues and prototypes.

This method will be effective at such accepted suppositions [8]:

— the technical system (packing machine) has the developed structure with large amount
of elements and connections;

— a packing machine belongs to the class of objects that have the identical functional
setting;

— the great number of analogues and prototypes has considerable power for the effective
search of new combinations in such combinatorics space;

— the functional modules of packing machines may have are characterized good ability
for by a combinatorics

This method of synthesis can be to such facilities of description of the generalized
structures of packing machines: [9,10] tabular, logical and network models of algebra.

Widest application among these models got morphological tables, many-particle
columns (N - partial), alternative trees (And are trees, [-ABO-trees) and oriented
multigraph.

Method of oriented multigraphs most perspective among of the enumerated methods of
description of structure [11].
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Results and discussion

The oriented multigraphs are this generalization of the oriented graphs. They appear
from the directed multiedges that can have a few entrances and a few exits in a general
case.

On a picture the presented process of packeting of products in a consumer container as
multigraph.

The technological process of packing consists of such basic and auxiliary operations.

Z, — environment; Z, — preparation of products; Z; — forming of consumer container;
Z, — dosage of products; Zs — preparation of consumer container (pack) is to packing; Z¢ —
packing of products; Z, — sealing-in of packing; S; — properties of products; S, — properties
of packing material; S;, S, — properties of products and packing material, Ss, Sg —
properties of dose of products and formed packing; S, — properties of the packaged
products and packing; Sg — properties of packing unit.

In practice packing processes have a considerable great number of variants of sequence
for implementation of technological operations.

In given the applied technological operations are elements that form the combinatorics
surplus structure of process.

In accordance with understanding the operations is are multiribs. Their entrances of Si
describe the sequence of implementation.

Fig. 1. The oriented multigraph describes about the generalized structure of technical process
packing of food products in a consumer container.

During packing of products there are terms of use of operation there are the fixed
values: exactness of dosage; impermeable parameters of packing; durability of welding or
glue is on sutures; exactness and quality marking, for auxiliary packing facilities and others
like that.

Realization of operation allows to change these descriptions, that gives an opportunity
to apply other operations.

An operation of packeting will be complete on condition of receipt of new numeral
parameters.

A combinatorics logical model gives new decisions at the reasonable association of
elements. combinatorics of association gets the great number of variants that give an
opportunity to decide the task of optimization for multigraphs on condition of large number
of connections elements.
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The compact and well-organized structure of technological process (Fig.1) will ground
to count her decision as some the multiways for conducts from the great number of tops
(S1, S2) to the great number of S8.

On a picture the present structure as a general and simple, but in the real terms the
process of packeting consists of great number of the stages (elements) and they can be
realized by different structural working organs.

In such case it is needed to have methodology.

If through in (Z) to designate the entrances of arc of Z, and through out (Z) are exits of
Z and great numbers of multiarcs - C, then in (C) will enter structures of C, and out (C) her
exits.

A structure is named a multicycle, if for it correlation of in (C) = D is executed, id est
it has an empty set of entrances.

The decision of task of structural synthesis consists in any not surplus multicycle that
contains the element of Z1, id est environment.

Taking into account of element of Z1 guarantees globalness of multicycle. It means
that it, in accordance with a requirement specification on planning of packing machine,
connects entrances and exits of environment and does not close on some local elements
that is located into multigraphs.

Not surplus means that a multicycle does not contain superfluous elements, what
unnecessary for the decision of the put task.

The thus oriented multigraphs is flexible, more expressive next to other methods of
presentation of structure.

Be what generalized structure can be described by the language of multigraphs without
the losses of information. The oriented multigraphs give an opportunity to synthesize
valuable structures in that there are copulas between elements. It is important properties of
multigraphs, because morphological matrices, alternative trees generate the most primary
type of structure.

Connectedness, combinatorics power, ability to describe multifunction elements - all
these properties of oriented multigraphs give an opportunity to decide the tasks of structural
optimization [8].

For the decision of these lacks of task of structural synthesis decide in discrete
programming mathematical form.

During of this method one class of packing machines is for as oriented multigraphs. In

such multigraphs by the great number of multiarcs is Z={Z;}, i=1,n and great number of
top — S={S;}.
Formalization of task is taken to the following:
1. Zi, z=l,_n
) {1 ,if an arc is included in a decision;
for i=

0,if an arc is not included in a decision.

2. Vijs i=l,_n , j=ﬁ ae y;; — exit of element Z; under a number j, a 7; — common amount

of exits of element Z;.
It is possible to consider that:

{1, if j initial connection of element of Z; is activated;
ylj =

0, if in initial connection of element of Z, not activated.
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3. xy, i=1,n, k=1,m, , ne x; — k- entrance of element Z;, a m; — incurrence of entrances

of this element.
Will consider that:

{1, if k - entrance connection of element of Z, is activated,;

i 0, if k£ - entrance connection of element of Z; is not activated.

Z,, vij, Xi — the variables for a record systems of limitations and objective function in
the task of structural synthesis on elements with restrictive combination.

If it is needed to take into account physical terms then enter auxiliary arguments.

The decision of task of structural synthesis consists of the oriented arcs of multigraphs.
An arc will be activated then when all her exits are activated. This condition will write

down as such system of equalizations :

nxZ, =Yy i=ln (1)
=

This system of equalizations is compatible then, when Z=0 but all variables y; =0, abo
Z=1, Bciy;=1.
For labilizing of element of structure it is needed to revolt all it entrance copulas. It

means that Z=1 then and only after, when x;,=1, k =m .
If x, =0, then Z=0. For the record of this condition in the type of algebra will enter n

of auxiliary variables u; € {0,1}, i= I,_n In such case will consider the set of inequalities :

m

Zi: X, —m; = —mu,; 2)
k=1
Z, -12-u; 3)
Zi: X, =2mZ,; 4)
k=1
Zi:xl.k—ml.<l—ui; for i=ln (5)
k=1 i

Possibly Zi=1. At this condition subsystem (3) executed at be what values u,; . From
(4) it goes out that x;;=1, k=1,_mi . Subsystem (5) assumes an air 0 <1-u, from u=0, i=1,n

and subsystem (2) executed automatically.
If Z=0, then system (4) executed automatically for be what values of arguments in left

her part. Subsystem (3) taken to the kind u, >1 what has an only decision, u, =1,n,

i=Ln, Putting these values in expressions (2) and (5) obsessed:
zl:xl.kZO; Zl:xl.k<ml..
k=1 k=1

For formalization of condition of indignation of entrances of elements of the
generalized structure of packing process all variables of kind x;; Ta y; it is needed to put in
order graphic methods on the values of their indexes. After this operation every variable
xix(vir) will get a new single index a(i, k), B(i,j), what shows the number of variable in the
graphic order.
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Will designate through M = ﬁ‘,rl.; and K =imi;
i=1

i=1

A rectangular matrix is possibly set (0,1) P=H pﬁ” to the size K x M, in that:

1,if entrance x; provided with exits y;;
Py =3, . . .
’]0,if entrance x; not provided with exits y,;

Then set of inequalities that formalize the condition of providing of indignation of

entrances it is possible to write down in such kind:
M

Zip.Zx»; i=1k (6)
P

In this expression of i and j - number of variables of x;, y; in the new graphic order.

If x;, then there will be even one constituent of kind in a that sum 1x1. It means
that the activated exit that will provide an entrance is x;. If x;=0, then inequality is executed
automatically.

Be what faithful decision of task of structural synthesis must execute the put
requirement specification and answer the functional setting. For this purpose it is needed
and enough to plug in development an element that characterizes an environment. This
condition can be written down as expression:

lel. (7)

System equalizations of inequalities (1) — (7) represents basic physical sense of task of
structural synthesis on the generalized structure of packing machine, that over is brought as
the oriented enormous count.

Be what decision of this system presents by a possible variant of structure of packing
machine. The system is open because assumes including of additional limitations that take
into account the features of making decision in a certain situation. By means of the entered
variables it is possible to set forth different terms that limit combination of structural
elements generally speaking to access. Next to it systems of equalizations (1) — (7) it is
invariant, and also it can be used in combination with different objective functions.

Objective functions, for the decision of far of project situations, it can write down in a
kind:

ﬁ‘,Zl, — min ®)
i=l
i C.Z, - min ©)
i=l
i Zl: Y. — min (10)
i=1j=1" U
iixﬁ%min (11)
i=1j=1 "

3y, 3.3 x, — min (12)

i=1j=1 i=1 j=1

Will analyse the brought having a special purpose units over.
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Function (8) minimizes the amount of elements of structure. At all equal terms such
decision gives an opportunity to get a packing machine with higher operating properties and
more simple in making.

Function (9) minimizes the self-weighted sum of structural elements. Weigher
coefficients can be different after physical semantic numerical descriptions and indexes.
For example, it can be cost, mass, sizes and others like that, id est those that compare to the
parameters of the generalized structure. Objective functions (10) — (12) minimize the
incurrence of entrances, exits, and also incurrence of all connections between the chosen
elements. At implementation of these terms packing machines will have higher reliability
indexes and less charges on service.

Thus all dependences that characterize the generalized structure are linear, and the
range of definition of variables is a great number {0,1}. The put task to the search of
optimal structure of packing machines behaves to the tasks of the linear boole
programming. The methods of decision of models of this type are deeply enough
represented in the results of researches [12,13]. Common amount of variables in such
models is determined the from expression 3n+K+M, and an amount of equalizations and
inequalities is in the system of limitations -7n+K+L+1, so n — common amount of elements
of the generalized structure of packing machine K — amount of initial connections; L —
amount of the forbidden combinations.

Conclusion

1. Among the numerous methods of structural synthesis that has wide searchabilities
there in space of analogues and prototypes.is oriented multigraphs.

2. This method of decision of task gives an opportunity to get the structures of packing
machines that are basis for realization of tasks of optimization of structure.

3. For the correction of basic defect of multigraphs are largenesses and impossibility to
describe the additionals what for fixed at choice elements, it is suggested to erect the
problem of structural synthesis to the tasks of the discrete linear programming. The
systems of limitations, that determines the terms of choice of elements of
MyabTirpadogiii model, and objective functions that give an opportunity to optimize
different structural descriptions of decisions, selected this purpose.
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Introduction. Improve the efficiency of reactive power
compensation in food factories advisable by applying a
two-level system control sources of reactive power.

Materials and methods. It is research developed a
comprehensive compensation system, provides a shift in
the emphasis of reactive power sources capacity
management: from decentralizing to ensuring the system
commitment in solving problem that is conceptually
related to the optimization of power consumption mode at
the industrial enterprises.

Results and discussion. Reactive power consumption
during the day is uneven.

Hierarchical structure and high complexity is inherent
to the system of reactive power compensation at the
enterprises. During the day the generated power should
overlap not less than for 80-90% with schedule of
consumed reactive power. It should be noted that due to
this principle of control static source of reactive power
with combined regulation has the same performance as the
smooth and stepped source of reactive power, but unlike
the stepped source of reactive power, reactive power
allows you to regulate smoothly, and unlike smoothly
regulated sources of reactive power do not cause
significant distortions of voltage waveform in the power
supply system. Operation mode of all reactive power
sources must meet schedule of reactive power
consumption. The proposed systematic approach to
compensation  allows improving the  economic
performance of all reactive power sources significantly. To
improve the power factor condenser units are used.

Conclusions. The results recommended for use in the
food industry to improve the efficiency of electricity.
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Introduction

The main production of food industry enterprises occupies small territory (excluding
pumping stations). They have power voltage of 35 ... 10 kV and high-voltage distribution
network of 6 ... 10 kV. Power transformers at these plants usually exceed 750 kV-A, thus
reactive power compensation needs to be provided.

Power supply organization sets the mode of company's compensating devices work.
Capacity of unregulated power batteries is taken as the least reactive load network.
Typically, multi-stage regulation should be used. Reactive power adjustment is an ideal
method from many points of view. The controller turns on in the power network node.
Condensing unit can be multisection and regulation can be maintained with sufficient
accuracy according to schedule of reactive load.

The criterion of rational solution to the problem of reactive power compensation is the
minimum of stated expenses. They include costs of compensating, regulatory and related
devices, as well as expenses on reactive power regulation and its transfer through the power
supply system elements. These expenses include components that do not depend on the
value of reactive power, thus there was developed a methodology of determining
compensating devices capacity that does not require considering the absolute costs of
power supply system elements [1,2,3].

Reactive power consumption during the day is uneven. Operation mode of all reactive
power sources must meet schedule of reactive power consumption. Power of compensating
devices should be changed according to schedule of reactive power consumption. The use
of individual compensation capacitor helps to eliminate the use of complex and expensive
devices of capacitor installations power control that are needed to complete the centralized
compensation installations in transmission substations [1,2,3].

Materials and methods

Hierarchical structure and high complexity is inherent to the system of reactive power
compensation at the enterprises. At the industrial enterprises capacitors and synchronous
engines are used to compensate reactive load [2,3]. The most widely spread are capacitors.
Small mass, absence of rotating parts, minor loss of energy, simplicity of maintenance,
safety and reliability in exploitation allow the use of capacitors for reactive power
compensation at all levels of power supply [Patent of Ukaine Ne 34943, Method of
connecting individual capacitor condensators having reactive power compensation of
induction motor. Shesterenko V.Y., Siryj O.M., Baluta S.M., Maschenko O.A. Published
on 26.08.2008]. Synchronous engines are widely used at the enterprises to drive devices
that do not require speed control. Engines can run with advanced power factor and
compensate reactive power of other power receivers. Compensating ability of engine is
determined by the load on its shaft, voltage and excitation current.

In shops with lots of low-power engines individual compensation is not always
effective. In such cases, a centralized compensation with capacitors installation near the
transformer substation plant is used.
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Reactive power of j station network
QN =X[Q(0-Q,] - (1)
j=1

where Q(¢) - reactive power of load, Q.. - power capisity of condensing units.
For chosing condensing units their function should be studied.

. 2 P
f:zrz|:z (Qj_Qk'yj):| +zsze
i=1 Jj=1 Jj=l e=l , (2)
where Q, - mathematical expectation of reactive power of load in j—station,

K, - correlation moment of random values Q,(¢) and O, (7).

Losses of electrical power

AW, == 31 [ M (B4 M@, ®

nom k=l
where M, (P’)- mathematical expectation of active power, M, (Q})- mathematical
expectation of square reactive power, @ - number of intervals of stationarity and
ergodicity, 7, - duration of these intervals.

If there are few condensing units at the enterprise, multi-stage regulation of total
reactive power is applied by means of different time enabling or disabling individual cells
according to the load schedule. Total capacity of unregulated sources should not exceed the
consumption power in the hours of low load, because reactive power should not be
transferred from the enterprise power network into power supply system.

The analysis of modern Ukrainian and foreign scientific papers on the subject of
reactive power compensation is conducted and existing regulatory systems of reactive
power are summerised and evaluated.

Results and discussion

Regulation of reactive power sources capacity may be conducted by: voltage, load
current, reactive power load, time of day and external signal [2,3].

Let us consider these methods in detail. Adjustable voltage is very effective way if the
supply lines have high inductive reactance. This applies mainly to rural power supply
systems, where overhead power lines dominated. The method can improve the quality of
voltage for power receivers.

Regulation by full power is implemented very simply. Capacitors are disabled while
reducing load. If compensation is done at substation power leads, the efficiency of the
method decreases as line’s load may be different. In addition, the decrease in the load of
industry equipment leads to cos ¢ fall. The method can be recommended for common
customers.

Regulation by reactive power is an ideal method from many points of view. The
controller turns on in the network power node. Capacitor unit can be multisection and
regulation may be maintained with sufficient accuracy according to reactive load schedule.

Regulation by time of day is a simple and effective way of control. The signal for
compensating device sections switching is sent by a timer with appropriate program. The
program is developed on the basis of retrospective analysis of load schedule. If the actual
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schedule will be different from the developed model, the method can give significant errors
in regulation.

Regulation by external signals and reactive power is provided by the system of reactive
power complex compensation. The system allows you to maintain the optimal flows of
reactive power in the electrical power supply system elements, to optimize the flows in real
time, to use company compensating devices with maximum effectiveness, since disabling
of compensating devices in the times of reactive power shortage is not allowed in the node
of power supply system.

The power of unregulated capacitor batteries is taken by the least reactive load of
power supply system. It is usually necessary to apply multi-stage regulation.

The basic principle of smooth regulation is laid down in the change of conduction
angle or time during which the thyristor remains open and passes current. As the
conduction angle decreases, there is also a decrease in the effective value of the first
harmonic of current, flowing through the capacitor, and so does the capacity that is given
by capacitor battery to the power supply system. Change of thyristors conduction angle in a
circle with a capacitor battery cannot be conducted by the change of control angle, that is,
by the change in the time of their discovery. This regulation is known to be accompanied by
significant current free throws and provides almost no effect on the regulation. Smooth
regulation of capacitor battery, equipped with a thyristor switch, is achieved by artificial
disabling thyristors. Terms of thyristor disabling are formed when the voltage is negative or
cathode potential is greater than anode potential. To perform the specified correlation of
value potentials special device is used - the source of current pulses for force close of
thyristors. The following technical indicators of capacitor battery that is controlled by
thyristors are considered to be the most significant:

1) the range of reactive power or the capacity of reactive power source to change this
power gradually from minimum to maximum;

2) performance or the time during which the reactive power source is able to change
generated capacity from one value to another;

3) harmonic components of total current that characterize the quality of compensation
and filtering harmonic power of generated reactive power source.

The listed characteristics of above discussed reactive power sources are interrelated
and depend on the network in which the reactive power source is turned on. Thus,
expanding the range of regulation causes the deterioration of the harmonic composition of
reactive power source current. This effect is also reached by the growing correlation
between installed capacity of reactive power sources and output of short circuit at the point
of its installation, which can contribute to creation of resonance events. For smooth
regulation, there is practically reasonable limited range, which has as its capacity upper and
lower limit [2,3,4].

Synchronous engines are used to drive mechanisms with long operating hours,
including pumps, fans, etc. National electrical industry enterprises produce synchronous
engines with the rated advancing power factor equal to 0.9 and can be used as a source of
reactive power. In this respect technical possibility to use synchronous engines is limited to
the greater reactive power that it can generate without breaching the conditions of
acceptable stator and rotor heating. Synchronous engines allow both to vary infinitely
reactive power that is generated by changing excitation current and to keep it constant. The
use of synchronous engines as sources of reactive power can reduce the amount of other
compensating devices. When conducting technical and economical comparison of
synchronous engines with other sources of reactive power, defining active power is
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required. The bulk of the costs will be determined by the cost of active power losses (which
is the disadvantage of synchronous engines).

Consumer of electricity is obliged to maintain the level of reactive power in
accordance with the power supply system requirements. With this reactive power is set and
controlled between maximum and minimum in the power supply system, Q. and Q.
respectively [2,3]. Intermediate modes are not controlled, and the consumer can exploit the
compensating devices to his liking during 60-80 % of the day time. Thus, the total power of
compensating devices in industrial enterprise is defined by power supply system, and the
way of distributing reactive power sources in the nodes of enterprise power supply system,
their operation time and control options can be selected according to the adopted
optimization criteria.

In modern schemes the methods of distributing compensating devices in power supply
system nodes are used: in proportion to the reactive load of nodes, with a minimum of
aggregate costs and minimum of energy loss [2,3]. Due to the high degree of reactive power
compensation at the projected enterprises, and the use of multisection capacitor units that
are usually installed on the transformer substations, the latter two methods do not provide
large benefits, while labor costs for their calculations are one level higher. Method of
capacitor batteries power control according to their voltage is justified only in nodes where
there is a shortage of reactive power. Due to the fact that there is the tendency to full
compensation of reactive power at the nodes of its consumption, the method of regulation
by reactive current should be considered progressive.

Local regulation through individual regulators allows minimizing energy losses in
consumer power supply systems that are caused by reactive power overflows. However,
this type of regulation does not allow taking into account working hours of the power
supply system and consumer’s capacity units may be disabled during periods of reactive
power shortage in power supply system.

During the day the generated power should overlap not less than for 80-90% with
schedule of consumed reactive power. It is always necessary to provide disabling
unregulated compensating devices at weekends and during non-working hours. Disabling
can be done manually or automatically. The number of capacitor sections should be chosen
depending on the nature of the reactive power schedule.

Step-adjustable capacitor units are made with different number of adjustable sections.
These units of stepped adjustment allow you to maintain the value of the parameter that is
set to the measuring body of control unit within set limits. It is their added advantage in
comparison to unfixed shunt capacitor batteries. The disadvantage of such devices is the
inability for accurate setting regulation, because battery power changes discretely,
increasing or decreasing at once in value of one section capacity.

Step-adjustable source of reactive power is a capacitor unit, consisting of a number of
capacitors, connected to total power leads over contactors or semiconductor keys (counter-
parallel turned on thyristors). Power supply organization sets working mode for company
compensating devices. For enterprises with more uneven load demand automatic regulation
should be provided: excitation of synchronous engines, the power of the capacitor batteries.

Combined regulation of capacitor batteries is based on a combination of the two
methods of regulation, namely stepped and smoothly. This combination allows the use their
best qualities and get new top features of regulated static source of reactive power [2,3]. On
the basis of this lies the combination of several degrees of capacitor batteries that are
controlled by thyristors, with a degree within which reactive power varies smoothly. The
method of reactive power smooth change varies, it is either a capacitor battery that is
enabled by thyristor switch and disabled with a help of special source of controlled current
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pulses, or it is permanently switched capacitor battery, the power of which is equal to single
capacity of degree, parallel to which the same power reactor controlled by thyristors is
enabled. This enabling allows you to gain power smoothly from zero to the boundary equal
to the degree of power, and then using the appropriate system control and synchronization
allows you to enter the first degree, at the same time reducing to zero power of smoothly
regulated degree. In between degrees the power of static compensator is equal to power of
lower degrees and power of smoothly regulated degree. Reduction of power is implemented
in the same way. In case of forcing, all degrees are enabled and smoothly regulated degree
reaches its maximum value. If you need a full reset of received power, control and
synchronization system disables both static compensator degree and planned-regulated
section.

It should be noted that due to this principle of control static source of reactive power
with combined regulation has the same performance as the smooth and stepped source of
reactive power, but unlike the stepped source of reactive power, reactive power allows you
to regulate smoothly, and unlike smoothly regulated sources of reactive power do not cause
significant distortions of voltage waveform in the power supply system. Among the
disadvantages of this regulation method the need for carefully organized systems of control
and synchronization may be noted.

Great hopes are now set on centralized regulation, which is performed by connecting
condenser units to automated systems of supervisory control in power supply system. But
the system requires a considerable amount of sensors and connecting channels that is a
challenging task. In addition, centralized regulation takes into account primarily the
interests of power supply system and can lead to an overestimation of energy losses in the
individual consumers’ power supply systems.

Optimality criterion in efficient management of compensation is minimum power
losses. A significant reserve of efficiency increase may be a system of complex reactive
power compensation that is created on the basis of modern technical and computational
tools [2,3]. The system allows you to change the emphasis in management of compensating
devices capacities from decentralization to ensuring systematic commitment of solving
problem that is conceptually related to the optimization of power consumption mode at the
industrial enterprise.

System of reactive power complex compensation takes into consideration the
requirements of power supply system at the interface of power supply systems and
consumers’ ones, and simultaneously considers power regulation of high-voltage capacity
units, batteries for voltage lower than 1000 V, the level of reactive power, which is
produced by synchronous engines. To improve the power factor condenser units are used.
By means of the reactive power controller we change the reactive power of capacitor
batteries, compensating devices (or synchronous engines) [1, 2, 3].

For minimizing losses and accurate fulfillment of power supply system requirements
with respect to reactive power, signal that comes to the regulators in the lines of power
supply system grows faster over time. Thus here occurs switching of low-power capacitor
installations, causing changes in the power factor. If the new factor meets the requirements
of power supply system as to the amount of consumed reactive power, power at the output
of voltage regulator drops to zero and the signals are also reduced.

Efficiency ratio of compensatory devices use:
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where Q, - reactive power of compensating devices, quarter;
t - the duration of the compensating device work during the year, hours;
T - the duration of the company work during the year, hours.
By changing the efficiency ratio of reactive power sources use it is possible to increase
performance of low efficiency devices.
To choose compensating devices it is enough to minimize the function

£=Yr[m*©)+D©)]
)

where M (Q,) - mathematical expectation of Q on i-site of power supply system,
D(Q,) - dispersion of this power value.
Maximum capacity of compensating devices

QM =M(Qz)+ﬁ52 > (6)

where M (Q,) - mathematical expectation of reactive power, consumed in power supply
system, O, - the standard deviation of power, § - multiplicity of dispersion extent.

By reducing the transmitted reactive power, losses of active power are reduced to 0.12
kW / kVAr and depend on the distance to a power source. During compensation it is
necessary to consider the following general requirements: unlike active power reactive one
can be generated at any point in power supply system; approximation of reactive power
sources to consumers facilitates unloading of the system; reactive power balance must be
maintained for all nodes of electric power supply.

When switches in the power lines are not enough, in some time the signal will reach
the level that will cause switching in the degree of capacitor installation on the main site (or
changes in the operating mode of synchronous engines). After such a switch commutation
of low-power installations becomes possible in the lines of power supply system for more
accurate support of reactive power required value. If the signal meets the requirements to
connect additional section of battery and #g¢ in line is close to zero, connection will not
happen. Additional sections will be connected only in those lines where own reactive power
is not completely offset. Thus, close to optimal power factor will be hold up in lines of
power supply system. Only when all the capacitor installation power on the main site is
used, the growth of signal will be possible to such a level that the condenser units in lines
will switch regardless of signal of local deliverer [2, 3].

A significant advantage of two-level method of reactive power sources regulation is
complex control of reactive power flow and simultaneous regulation of all sources of
reactive power at the enterprise. However, in contrast to the remote control, where
according to the signal from control point switching is done, regardless of zgp in branch,
this method proposes to take into account the level of two signals - from the local sensor
and from starting regulator. Switching of capacitor batteries sections occurs selectively, in
some branches, and only under certain signal levels. Reactive power consumption during
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the day is uneven. Operation mode of all reactive power sources must correspond to the
schedule of reactive power consumption. The smallest specific losses are typical for
condenser battery with voltage above 1000 V. The greatest occur in low power
synchronous engines. The smaller are losses in compensating devices, the better it is to use
them in continuous working mode and vice versa, compensating devices with larger losses
should be connected transitorily. For example, to cover reactive loads in the hours of
maximum power, and also to cover peaks in the graph [5-14].

Thus, in the long-term, baseline mode it is better to use high-voltage compensating
devices. Regulated compensating devices with voltage of 0.4 kV and synchronous engines
with low losses (high power, speed) - to cover the main graphic, synchronous engines with
high specific losses - only to offset short-term peaks in the graph.

The system is done on the basis of the NOVAR type controller, Czech made. The work
is introduced in Dnipropetrovsk Dairy. Result of implementation is to reduce energy losses
by 23% and the amount of reactive power payment by 78%.

Conclusions

1. Reactive power consumption during the day is uneven. Operation mode of all reactive
power sources should correspond to the schedule of reactive power consumption.
Compensating devices power should be changed according to schedule of reactive
power consumption.

2. Hierarchical structure and high complexity is inherent to the systems of reactive power
compensation at the enterprises. Optimality criterion in efficient management of
compensation is minimum power losses.

3. Significant potential for raising the efficiency of the system can be the system of
complex compensation of reactive power that is created on the basis of modern
technical and computational tools. The system allows you to change the emphasis in
management of compensating devices capacities from decentralization to ensuring
systematic commitment of solving problem that is conceptually related to the
optimization of power consumption mode at the industrial enterprise.

4. The system of complex compensation allows you to maintain the flow of reactive
power in the elements of power supply system at the optimum level, with maximum
effect to use set sources of reactive power, as far as disabling of compensating devices
is not allowed in times of reactive power shortage in the power supply system node.

References

1. Shesterenko V.Ye. (2011), Systemy elektrospozhyvannia ta elektropostachannia
promyslovykh pidpryiemstv, Nova Knyha, Vinnytsia.

2. Shesterenko V.Ye., Siryi O.M. (2003), Rozrakhunky pry proektuvanni ta rekonstruktsii
system elektropostachannia promyslovykh pidpryiemstv, ISDO, Kyiv.

3. Jon H., Wu J., Wu K., Chiang W., and Chen Y. (2005), Analysis of zig-zag
transformer applying in the three-phase four-wire distribution power system, /EEE
Trans. Power Del., 20(2), pp. 1168-1173.

4. Shesterenko V., Sidorchuk I. (2013), Reactive power compensation in the combined
system of sugar refinery electricity, Ukrainian Food Journal, 2(1), pp.116-122.

5. Shesterenko V., Sidorchuk I. (2013), Research of the features of reactive power
compensation in the combined system of food industry, Ukrainian Journal of Food
Science, 1(1), pp. 89- 95.

6. Illecrepenko B.€. (2001), Onmumizayis cucmem enekmpocnoNCUants nPOMUCIOBUX

—— Ukrainian Journal of Food Science. 2014. Volume 2. Issue 1
104



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Automatization of Technological Processes

nionpuemcms, I'nana, Kuis.

Arrillaga J. and Neville R.W. (2003), Power System Harmonics, Hoboken, NJ, USA,
Wiley.

Abhik Banerjee, Mukherjee V., Ghoshal S.P. (2014), Intelligent fuzzy-based reactive
power compensation of an isolated hybrid power system , International Journal of
Electrical Power & Energy Systems, 57, pp. 164-177.

Binod Shaw, Mukherjee V., Ghoshal S.P. (2014), Solution of reactive power dispatch
of power systems by an opposition-based gravitational search algorithm, International
Journal of Electrical Power & Energy Systems, 55, pp. 29-40.

Volodymyr Shesterenko, Iryna Sydorchuk (2013), Reactive power compensation in the
combined system of sugar refinery electricity, Ukrainian Food Journal, 2(1), pp. 116-122.
Shamtsyan M., Klepikov A. (2014), Some prospects of pulsed electric field treatment
in food processing, Journal of Food and Packaging Science, Technique and
Technologies, 2(1), pp. 60-64

Abhik Banerjee, Mukherjee V., Ghoshal S.P. (2013), Modeling and seeker
optimization based simulation for intelligent reactive power control of an isolated
hybrid power system , Swarm and Evolutionary Computation, 13, pp. 85-100.

Dulce Ferndo Pires, Carlos Henggeler Antunes, Anténio Gomes Martins (2012),
NSGA-II with local search for a multi-objective reactive power compensation problem,
International Journal of Electrical Power & Energy Systems, 43(1), pp. 313-324.

Julia Klymenko, Sergii Baluta (2013), Application of neural network regulator in
cascade systems of regulation, Ukrainian Food Journal, 2(1), pp. 111-115.

Salles D., Jiang C., Xu W., Freitas W., Mazin H. E. (2012), Assessing the collective
harmonic impact of modern residential loads - Part 1. Methodology, IEEE Trans.
Power Del., 27(4), pp. 1937-1946.

Jiang C., Salles D., Xu W., and Freitas W. (2012), Assessing the collective harmonic
impact of modern residential loads - Part II: Applications, /EEE Trans. Power Del.,
27(4), pp. 1947-1955.

Amit Saraswat, Ashish Saini, Ajay Kumar Saxena (2013), A novel multi-zone reactive
power market settlement model: A pareto-optimization approach, Energy, 51, pp. 85-
100.

Abhik Banerjee, V. Mukherjee, S.P. Ghoshal (2013), Modeling and seeker
optimization based simulation for intelligent reactive power control of an isolated
hybrid power system, Swarm and Evolutionary Computation, 13, pp. 85-100.

Qingfeng Tang, Jianhua Zhang, Linze Huang (2014), Coordinating Control of Reactive
Power Optimization in Distribution Power System with Distributed Wind Energy,
AASRI Procedia, 7, pp. 38-44.

Ageel Ahmed Bazmi, Gholamreza Zahedi (2011), Sustainable energy systems: Role of
optimization modeling techniques in power generation and supply - A review,
Renewable and Sustainable Energy Reviews, 15(8), pp. 3480-3500.

Omid Alizadeh Mousavi, Rachid Cherkaoui (2014), Investigation of P-V and V-Q
based optimization methods for voltage and reactive power analysis, International
Journal of Electrical Power & Energy Systems, 63, pp. 769-778.

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1
105



Automatization of Technological Processes

Calculation of final heating temperature of
turbogenerator stator winding for control over
development of winding thermal damage

Olga Mazurenko, Valerii Samsonov

National University of Food Technology, Kyiv, Ukraine

Keywords:

Turbogenerator
Cooling

Stator

Winding
Forecasting

Abstract

Article history:

Received 22.05.2014
Received in revised form
23.06.2014

Accepted 30.06.2014

Corresponding author:

Olga Mazurenko
E-mail:
gravitation@list.ru

Introduction. It is important for control of
turbogenerator to accurately predict the final temperature
of the thermal process, which increase in the event of
defects in the mashine. Methods of technical diagnostics
for manage the development of the defect is necessary.

Materials and methods. Based on the analysis of
classical and graphical methods for calculating the final
temperature of the stator windings have developed a new
method for calculating the steady-state temperature
electrical insulation of the stator winding.

Results and discussion. Classical method can be used
at a constant value of heat transfer coefficient. That is,
when the cooling system is in mode stator and stator
temperature rise caused by uncontrolled variations in load
turbogenerator. Graphical method is simple to use, but not
imprecise. Especially when the magnitude of the proposed
steady-state temperature is judged by the results of the
measurements only in the initial stage of the heating
process of the stator cores. The proposed method of
thermal process on the basis of divergence partly
compensates the shortcomings of the above-mentioned
methods and allows us to analyze the thermal stresses of
the stator winding rod.

Conclusion. Using modern methods of information
technology allow the use of graphical method to predict
the final temperature of heating turbogenerator stator
winding. A dikompozition task analysis of the temperature
field of the stator winding rod will expand its
understanding of the dynamics of change and improve the
accuracy of diagnosis.
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Introduction

In the second part of XX century power industry in our country was developing at a
brisk pace. Dozens of powerful thermal, atomic and hydroelectric power plants were put
into operation, where hundreds of synchronous generators — turbogenerators and
hydrotreaters (TH) with capacity up to 1200 MW, produced billions kilowatt-hour of
electric power. “Small” energetics was developing rapidly as well. In order to supply
electric power to plants producing sugar and alcohol, TH with capacity up to 10 MW were
put into operation on Central Heat Stations of practically all Ukrainian plants.

Commissioning of large quantity of TH within relatively small period of time lead to
the situation that after 30 years (250000 hours of operation), i.e. today, majority of those
machines have exhausted or practically exhausted specified resources. To replace these TH
with new machines quickly, without reducing the quality of produced energy, is quite
expensive and difficult to implement for any country. Therefore, extension of service life
and ensuring reliable work of equipment that has exhausted its resources specified by
manufacturing plants, are urgent national problems which can be solved with application of
technical diagnostics methods.

Emergency shutdown of TH for repair work causes considerable damage to generating
companies. Therefore, electric power producers usually try to “extend” to planned
shutdown of TH in course of which all defects detected during diagnostics are removed.
However, it is necessary to take into account that in case of wrong assessment of
diagnostics results, for example, assessment of development speed or degree of defect
hazard, economic damage can be more considerable. In this connection, creation of
conditions for exploitation of virtually defective TH becomes main task of their operation
management or problem of detected defect development management [1].

Development management of defect detected in course of diagnostics can be realized
by means of creation of TH exploitation conditions when defect is not developing
completely, is developing at minimum and controlled speed or is removed as a result of
implementation of modern accepted and justified solution concerning repair work.

According to statistics, majority of defects and further failures in TH operation
consequently occur due to deviation from nominal parameters of thermal processes taking
place inside working generator.

Any electric machine, including TH, contains a set of various units (brass stator and
rotor winding, steel magnetic conductors, variety of structural details) that require different
conditions of cooling and have different values of thermalphysic characteristics (thermal
conductivity, thermal capacity). All this leads to inevitable differences in temperature of
separate units (parts) in working TH. At the same time it is important that temperature of
each unit of machine did not exceed the limit.

It is known that load capacity of TH in most cases is determined by temperature of its
windings and cores, namely actual conditions of heat extraction that was produced during
operation of TH. Stationary thermal processes take place during continuous electrical load
in TH. With increase of load, active power loss increases as well. At the same time, in
course of nonsteady thermal process temperature of TH units increases to a certain set value
which can exceed allowable value.

Thus, overheating of TH stator and rotor windings — electrical insulation and winding
material, may cause interturn closure and even lead to formation of cracks in copper
winding. All these conditions lead to considerable decrease of reliability and, consequently,
of TH operational life.
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At the same time, temperature of separate units and whole TH may increase not only
due to increase of electrical load. This may happen due to failures of cooling system that is
installed in all modern TH or any other defects occurring inside machine.

Cooling system of modern TH represents technologically composite component of
electric power manufacturing system. Depending on performed functions all components in
cooling system can be divided into two parts. One part of the system is structural
component of TH designed for direct removal of heat produced by electric current. These
are ducts in stator winding shafts where liquid coolant is supplied as well as ducts in rotor
winding and TH cores for transportation of cooling gas.

Second, larger part of cooling system, is located outside TH. This is a complex of
devices that ensure availability of necessary parameters of cooling media and their supply
to TH. It is worth noting that temperatures and expenses of liquid and gaseous coolants in
cooling systems of TH, as a rule, are not controlled.

Despite technical complexity of TH cooling system, significant malfunctions in its
work and increase of temperature in separate unit of TH may occur due to seemingly not so
emergent defects of the system. For example, partial obstruction of shaft ducts through
which cooling liquid is transported may cause nonsteady thermal process and increase of
temperature in one shaft (group of shafts) of TH stator winding.

Nonsteady thermal processes may have much larger time lag, comparing to electrical
transient processes [2]. In its turn, larger part of defects that may cause nonsteady thermal
process in TH, as a matter of fact, are defects prone to development in time [3].

For development management of such defects it is essential to not only determine the
fact of temperature change, for example of TH unit. It is important to forecast the value of
final temperature of nonsteady thermal process as precisely as possible — value of newly
fixed temperature of this TH unit, as well as duration of the process — time to newly fixed
temperature. Depending on the value of newly fixed temperature of defective TH unit
which may appear lower, equal to or higher than allowable temperature, it will be necessary
to make decision concerning further TH operation.

Thus, if predictable values of final temperature of TH unit defective condition
development appear to be lower than allowable, decision not to change the load of TH may
be approved. Otherwise, it shall be necessary to make decision about reducing the load,
namely, to what extent and how quickly it will be done, or TH shutdown.

At the same time it is important to determine location of temperature change in TH, the
size of which may give evidence about heat exchanging processes inside machine. Thus, in
series of modernized TH, stator winding temperature is determined on the basis of results of
water temperature measurement at the outlet of each winding shaft. However, more often
stator winding temperature is determined on the basis of thermometer readout located over
electrical insulation of shafts. It is clear that water temperature at the outlet of the shaft and
temperature of electrical insulation of the shaft differ numerically. At the same time,
according to our evidence this difference may reach 10K. Under such circumstances,
methods of comparison of temperature measurement results with allowable values of TH
stator winding temperature shall differ.

Materials and methods
Anticipating the final heating temperature of the stator winding turbogenerator were

considered and analyzed the classical method of calculating the final temperature transient
thermal process and graphical method for determining the final temperature. Based on the
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above-mentioned deficiencies identified by developed a new method for calculating the
steady-state temperature electrical insulation of the stator winding.

Results and discussion

In essence, final temperature value of nonsteady thermal process may be predicted on
the basis of information from expert database which, unfortunately, cannot cover all
possible causes of such process in TH or on the basis of result of nonsteady thermal process
calculation.

Method of nonsteady thermal process calculation in electric machine mentioned in [2,
4] and series of other publications, without exaggeration, may be considered classical.
Object of heating here, namely electric machine, is considered to be uniform solid body. At
the same time, meaning of temperature of the object is not used for determination of
thermal condition of the object, but surplus temperature of the object (heated machine unit)
in respect of temperature of cooling medium or else — superheat temperature.

When TH load increases, that is, heating of TH to a certain higher value of fixed
temperature, active power losses AP, increase as well. As far as one part of thermal energy
dQ, which is released in TH stator winding shafts during time dr of electric current effect, is
expended on temperature increase of shafts dQ,,, and second part dQ,— is removed through
cooling system of machine, therefore equation of thermal balance looks the following way:

dQ, =AP -dt =dQ, +dQ, =c, -m,-d(AT )+a-S-AT, -dt

where ¢,, and m,, — are thermal capacity and mass of stator winding shaft material - copper,
respectively;

ATy, =Ty — Txs — surplus temperature (overheating) 77, of stator winding shaft in respect of
temperature T, of cooling water at the inlet of TH.

where a and S — heat-transfer coefficient and heat-exchange surface area.

With increase of temperature of winding (value ATj,), the portion of heat removed by
cooling system is increasing and portion of heat accumulated in TH stator winding shaft is
reducing. Therefore, different condition of machine thermal equilibrium (machine unit) will
be attained at a certain value of surplus temperature AT, .

As far as in condition of thermal equilibrium all heat produced in stator winding shafts
under electric current is removed through cooling system ¢, m, d(AT;,)=0, then thermal
balance equilibrium looks the following way:

c,-m, -dAT,)=a-S-AT,, -dr .

Taking into account that at the moment of TH loading variation, namely at the
beginning of nonsteady thermal process at ==7,=0, temperature of winding shaft exceeded
temperature of cooling medium at the value ATy, consequently, with the help of
abovementioned solution of differential equation with regard to final fixed temperature we
get:

AT,

IMK

= AT,

Im

/T(1=e ™ )+ AT, e ]. (1)

Value of time constant K; — period during which copper shaft of stator winding with
mass m, and thermal capacity c¢,, will reach surplus temperature AT}, at heat release
power AP; provided, all that heat is expended exclusively on shaft heating, can be
calculated using the following formula:
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K'L':cM.mM/(a.S)' (2)

At =1=0 u T1,,=0, namely, when temperature of the shaft equals temperature of

cooling medium and TH loading variation took place, on the basis of equation (1) we will
get:

ATIVMK / (1 _e_T/Kr ) 5 (3)

@L,, /dr),_,=1gf=1-y/(p,-c,S). “4)
Figure 1 shows kinetics of object superheat temperatures calculated in accordance with
equation (1) — curve 1 and equation (3) — curve 2.

= AT,

Im

ATIM, K ATIMK

[ 0,632 ATrmx
- 0,864 ATrmk

? [ 0,950 ATrvx

2K: 3 T

=

Fig. 1. Calculation results of kinetics of superheat temperature of the stator winding rod

As follows from the results of analysis, the abovementioned method of calculation of
nonsteady thermal process final temperature can be used only in cases when TH
temperature increase results from change of machine electrical load. At the same time,
value of time constant K, of nonsteady thermal process does not change, which means that
for every specific TH its value may be defined during commissioning or in course of
machine testing upon completion of planned repair.

In cases when value of heat-transfer coefficient o, meaning K, changes as a result of
defect, the abovementioned method of calculation of nonsteady thermal process final
temperature is not quite suitable.

More acceptable for determination of nonsteady thermal process final temperature of
TH heating, caused by defect, is the so-called graphical method introduced in the 30s of
previous century [5]. To determine final temperature of electrical machine overheating with
the help of this method, the following procedures are performed graphically.

From the moment of beginning 7, =0 of stator winding shaft temperature change over
equal intervals Ar=(7;—0)=(t,—7)=(73—7,) superheat temperature is measured in A7, AT,
AT, respectively, and on the basis of results of measurement a part of kinetic dependence is
built A7=f(t) (fig.2). Then, from X-axis from points 7y, 7,, 73, vertical lines are drawn to
intersection with curve AT=f{t). Across obtained points on the curve AT=f(1), 1, 2, 3,
respectively, horizontal lines are drawn, on which, upon intersection with Y-axis, respective
changes in superheat temperature of TH stator winding shaft are indicated.

Thus, on horizontal line, drawn from point 1 upon intersection with axis A7, section
AT)»=AT\— ATy is indicated which characterizes change of superheat temperature of TH
stator winding shaft within time interval from 0 to 7;. On horizontal lines, drawn from
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points 2 and 3, left from Y-axis, are indicated intervals AT, =AT,—AT,, AT3=AT;—AT,
respectively, that characterize changes of surplus temperature of the shaft within time
intervals 7,—7; and 73-1,.

Following the performance of the above mentioned operations there appear points 1%,
2* 3*on the left from Y-axis of diagram AT=f{(r). Axis of intersection of straight line that
passes through those points with Y-axis of diagram A7=f{(7) is the desired final superheat
temperature of TH stator winding shaft AT, namely, which will be fixed in the machine
upon completion of nonstedy thermal process.

ATK AT

Ti T2 T3 . T

Fig.2. Determination of the final superheat temperature of the stator winding bar graphically

To determine final temperature of nonsteady process, for example heating of stator
winding shaft due to defect, it is not difficult to implement auxiliary program into computer
program of diagnostics of TH technical state. According to that auxiliary program at the
moment of beginning of shaft temperature change ,, and further at specified time 7; and 1,
it is necessary to measure shaft superheat temperature: ATy, AT and AT, respectively.
Then, final superheat temperature of stator winding shaft with defect may be calculated the
following way:

(AT, —AL) (AT, =AT) o )
(AT, - AT,)) - (AT, - AT)

Disadvantage of the abovementioned graphic method of determination of TH shaft
(unit) final superheat temperature is insufficient accuracy of exponent building AT=f(r) and
calculation of AT according to three points that have small distance from one another in
time and distance on the initial section of the exponent. In addition to that, taking into
account possibility of continuous measurement of equipment work parameters as well as
continuous processing of results of these measurements, graphic method implemented with
the help of modern information technologies may be used for forecasting of final
temperature of nonsteady thermal processes taking place inside TH.

It was noted earlier that result of measurement of TH stator winding temperature
depends on location of thermometer sensing element. Taking into account the fact that
electric insulation of machine windings is the most sensitive element of TH to temperature
change (increase), apart from graphic method described above, we suggest using our
method of calculation of fixed temperature of TH stator winding shafts (electric insulation),
theoretical justification of which is described below.

AT, = (AT, - AT;) 1gy + AT, =
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Cross-section (across x-axis) of TH stator winding shaft can be represented in the form
of double-layer wall which on one side is washed by cooled distilled water (fig.3). Across
Z-axis here:

1 — Copper layer (Cu) with thickness D; (coordinates — D;>z>0) having thermal
conductivity coefficient 4,, in which electric current is effective /, that induces emission of
heat with volume density g,=value of which is proportional 7/ in the layer with resistance
r.

2 — Layer of electric insulation with thickness d=D,—D; (coordinates — D,>z>D)),
having thermal conductivity coefficient 1,;

3 — Section, where distilled water (H,O) is circulating, temperature of which 7, is
changing across x-axis.

- AX

— Dy
e Cu
- o

N‘T

S HKKHKK

Fig. 3. Model rod windings of the stator.

In one-dimensional statement boundary value problem of calculation of copper part 7,
temperature and electric insulation 7, of TH stator winding shaft looks the following way:

AT, 1d)=q, -A(d’T./dz*)=0, (6)
“A(dT, /dz2)=a-(T.-T.) z=0,

M

7-{n1 = 7; |z:D, A‘M (d]’lM /dZ) = A‘e (d71e /dZ) |z:D, z= Dl s (7)
dT,/dz)|._,  z=D

2

where a; — is heat-transfer coefficient from copper part of the shaft to water.

In the fixed mode temperature of cooling water is increasing across x-axis, but in the
presence of disturbance is changing across time .

Taking into account the fact that temperature of cooling liquid when circulating inside
stator winding shaft (across x-axis) is changing only from 30°C to maximum 80°C, as well
as considerable inertia of thermal processes, when solving practical tasks of calculation of
copper part 7, temperature and electric insulation 7, of the shaft using models (6), (7), it is
preferred to consider variables x and 7 as parameters.

From the results of analysis of heat-exchange process on models (6), (7) it may be seen
that, in general, case solution to the boundary-value problem looks the following way:

T, =47 +Az+4,, (®)
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T.=Bz+B. 9)

Therefore, to determine numeric values of copper temperature 7,, of TH stator winding
shaft, electric insulation T, of the shaft as well as thermal gradients in specific points z=0,
z=D, z=D», it is necessary to define values of coefficients 4o, 41, 45, B, B,. It is worth
noting that as follows from results of analysis of equations (6) and (8), desired value of
coefficient 4y may be calculated the following way:

Ay=—q,/(2-2,). (10)

It means that values of remaining coefficients A;, A,, By u B, shall be reasonably
calculated using information about value 4, and value g, — the main temperature-forming
parameter.

In its turn, from the results of analysis of equations (7) and (9) it appears that
coefficient B;=0 and, consequently, 7.=B,=const. It means that temperature of electric
insulation across z-axis does not change, that is, temperature gradient in insulation layer
equals zero and numeric value of insulation temperature equals temperature of copper shaft
in the point of intersection with coordinate z=D,.

Besides, it appears from condition of continuous heat flow on the boundary surface of
materials z=D, that (dTydz )|,-p;. It means that stator winding shaft copper reaches
maximum temperature in the point of intersection with coordinate z=D;.

In the result of transformations we get the following equation for calculation of
coefficients A, 4, B, and B, across Ay and g,:

4 =_2A0D1 =D, (qv /AM)’ (11)
A4, =4, /a)+T, =D(q,/a)+T,, (12)
B,=AD} +AD, +4,=(q,/a,) D, +[q,/(2-2)]- D} +T,. (13)

On the basis of results of equation analysis (11)-(13) it appears that difference between
maximum 7,|,-p;=B, and minimum 7,|,-c=A4> temperatures of copper layer may be
calculated the following way:

AT

Im

=B, -4,=[q,/2-1]-D].

Difference AT, between maximum temperature of shaft copper 7,|,-p1=B, and
temperature of cooling water 7, will look the following way:
T =BZ_TB=(qV/aB).D12'

M-B

This implies that maximum temperature gradient on the boundary “copper — cooling
water” equals 41=(g./Ay)"D;.

Here we shall point out that, as a matter of fact, similar results may be obtained for
model which represents hollow cylinder inside of which cooling medium is circulating and
on the outside covered with insulation. Similar to examined above, such model may be
analysed with or without regard for its heat exchange with environment, for example, by
means of natural convection.
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As was stated above, in course of nonsteady heat-exchange process temperature of
cooling water changes not only during circulation, but in course of time. In that case
analytical solution to the problem regarding temperature and temperature gradient in copper
part of the shaft, where electric current is effective, which produces volumetric heat
emission, may be significantly complicated. Therefore, methods of numeric computation
are usually applied for analysis of thermal processes in lead wires [6].

Alternatively to all known methods and methodologies of calculation of thermal
processes in lead wires concept of average temperature may be introduced on the basis of
volume of stator winding shaft copper part or its separate components in direction of
cooling media flow. This approach is implemented for analytical analysis of thermal
processes in TH stator winding by means of transformation of differential equation of
nonsteady heat conductivity for shaft copper in partial derivatives:

(cp), (T, /01)=Ve(4,-VT},) =q,, (14)

where (¢p), — is volumetric thermal capacity of shaft copper as a product of mass
thermal capacity to copper density;

V e — divergence;

VT, — temperature gradient in copper part of the shaft;

1M

in general differential equation of nonsteady heat conductivity for average volume V
of temperature 7, = V"jTl

temperature. Divergence theorem serves as theoretical background for realization of such
transfer [7], in accordance with it, to obtain random volume V (puc.4), limited by closed

dV of shaft copper part or any other function related to

M

surface S and random vector function F ,the following conditions have to be observed:
§F-dS=[(VF)dv . (15)

In equation (15) dS =7i |dS| — it is surface element directed to unit norm 7 on the
surface S.

As a result of substitution in equation (14) of expression of heat flow density vector
resulting from Fourier’s law ¢ =-AVT , by multiplying members of equation by dV and
integration according to volume, we will get equation for calculation of average
temperature according to volume of copper part of TH stator winding shaft at (cp),=const:

(cp), (0T, 107)=0, -0, , (16)

g where L, =v'[n.av, 0,=v"'[qar,
_’ _ l - v . v

ds 0. =V @cjs -dS — are, respectively: average

volumetric temperature of copper part of TH stator
wining shaft, average value of heat emitted in the

volume of copper part of the shaft as a result of current
' effect, average value of heat removed by cooling water

S from surface S of copper part of the shaft.
In accordance with equation (7) value of heat flow

) . density g, is determined by conditions of heat exchange
Fig. 4. The divergence

theorem. between copper part of the shaft in which electric current
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is effective and cooling water. It depends on heat-transfer coefficient a;,, water temperature
T, and temperature of shaft copper 7,,—o , which in equation (6) shall be substituted by 7_"1M .
Taking into account assumptions described above, equation (11) will be the following:

(cp), T, /dt)=0,-K(T,, -T,), (17)

M

where K — is coefficient, value of which is proportional to heat-transfer coefficient and
water.

In general view, solution to equation (17) regarding changes in the time of average
temperature of stator winding copper part can be represented in the form of total of the

exponent and straight line, where exponential nature of change 7, is determined by

Im

complex KT

Im 2

and linear nature — by complex (Q+KTB). At dT_/dr =0, average

Im

temperature of stator winding shaft copper part reaches fixed value that equals:
L. = +KT)/K. (18)
Since integral of solution to equation (16), represented in generalized form —
(T, /dr)=f(L,)=a+b T, (19)
where a=const, b=const according to [8] is the following:

[af, /7,y =b" In(a+bT,,) = [dz, (20)

then, calculation of fixed temperature in TH stator winding shaft copper part performed
using divergence theorem may cover cases of nonsteady heat exchange. Thus, for practical
calculations of typical values of temperature and temperature gradients in copper and
electric insulation of TH stator winding shaft that are determining the level of thermal
damages in a certain TH unit and the whole TH, block diagram described in fig.5 may be
suggested.

Block 1 — variant calculation in accordance with equation (8) with ratios (10)-(13), of
temperature distribution across cross-section of TH stator winding shaft.

Block 2 — variant calculation of temperatures in typical points of TH stator winding
shaft.

Block 3 — variant calculation in accordance with equation (17) of fixed value of
temperature in TH stator winding shaft.

Block 4 — variant calculation in accordance with equation (19) of average temperature
change in TH stator winding shaft.

Block 5 — variant calculation in accordance with equation (19) of time to fixed average
temperature in TH stator winding shaft.
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Block 1 -

Payment of the remaining time
to reach steady

- Block 2 > the average temperature

for each parameter
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- Block 4 » Block 5

v v A

Output data of temperature Search the minimum time
and time on the monitor [ remaining turbogenerator (Tmin)

'

If necessary, the analysis and selection
of operating conditions parameters turbogenerator

to increase Tmin

Figure 5. Block diagram of the calculation of the thermal state of a node turbogenerator

Conclusion

Application of modern methods of information technologies allows usage of graphic
method for final temperature determination of induction motor heating in order to
predict final heating temperature of turbogenerator stator winding.

When using decomposition approach, the problem of temperature field analysis of
turbogenerator stator winding shaft can be divided into two parts: calculation of
temperature distribution across cross-section of the shaft in quasisteady approximation
with temperature analysis and temperature gradients in typical points of the shaft;
calculation of nonsteady distribution of shaft average temperature with integral ratios
of heat supply by electric current and removal by liquid heat-transfer agent.
Implementation of decomposition approach for temperature field analysis of
turbogenerator stator winding shaft allows expanding the notion of dynamics and space
variation of temperature field and space variation of stator winding shaft temperature
field, increasing reliability of technical state diagnostics of turbogenerator stator
winding.
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Introduction. Adaptation of newest thermophysical
measuring devices permit to receive a new information
concerning to technological processes, so permit to use
sparingly of energy and raw materials.

Materials and methods. Highly sensitive and fast-response
compact heat meter — disc diameter of 20 mm and a thickness
of 1,2 mm — was used during study of hard cheese ripening.
The temperature of air in camera was 10+0,25°C in accordance
with regulations.

Results and discussion. Result of direct measurement of
heat flux with heat meter, which was mounted at the top center
surface of the piece of a green cheese is unexpected: near 30 %
of the heat which is released in the cheese and discharging with
the cooling air is returned to the cheese.Return of heat to cheese
is a ballast load for the chiller of ripening cheese chamber. Its
elimination or minimization is a source of energy and resources
saving. The fact that the return (inverse) of the heat flow in the
refrigeration of food processing was not known in the world of
science. Ballast heat fluxes can occur in the heat treatment of
food products, for example, during stabilization of the surface
layer of cooked sausages with oscillating infrared roasting.
Inversion heat flow occurs when the heat meter is on the
opposite side (in shadow) of the transmitter. The selection of
the coagulation time and the voltage on the emitter managed to
reduce ballast heat flux in the central layers to one-third and the
inverse flow of these layers - to zero. The maximum heat flux
(and with it the total energy consumption) is reduced by 15-20
%. The cooling process is necessary to make special
arrangements. Reducing the temperature control range during
refrigerating treatment would reduce the amount of heat ballast,
but would be reduced in proportion and amount of heat
withdrawn per cycle "on-off". Reduced cycle time would lead
to more rapid wear of chiller parts. If is not possible, you need
to install a thermostatic switch as far as possible from the
chilled goods.

Conclusion. Established fact that the possibility of ballast
heat flows - one more argument in favor of a change to
absorption chillers with heat recovery, the potential of which is
large enough for any food enterprises, including dairy and
cheese factory.
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Introduction

Ripening is a very involved process in which the microbes present in the green cheese
slowly change the chemical composition and so its texture and flavor. The change is
overwhelmingly in the direction of dismantling complex organic molecules into simpler,
smaller ones: lactose into lactic acid and carbon dioxide, fats into fatty acids, proteins into
smaller chains of amino acids, individual amino acids, and even ammonia (NH;) [1]. These
and other exothermic processes are the reason for organization of continuous heat
elimination from cheese.

Materials and methods

Technological parameters of food products (outward appearance, structure, fat and
moisture content, et cetera) are closely connected with their thermal properties (intensity of
heat transport, thermal conductivity, reflecting property and soon). This connection was
demonstrated in [2] with adducing instances from dairy industry. Some of physical
properties are typical technological characteristic at the same time — temperature, density,
viscosity, temperature of melting or boiling [3]. Adaptation of newest thermophysical
measuring devices permit to receive a new information concerning to technological
processes, so permit to use sparingly of energy and raw materials.

Highly sensitive and fast-response compact heat meter — disc diameter of 20 mm and a
thickness of 1,2 mm — was used during study of hard cheese ripening [4]. The temperature
of air in camera was 10£0,25 °C in accordance with regulations.

Direct measurement of heat flux g, W/m?* with heat meter, which was mounted at the
top center surface of the piece of a green cheese with paraffin, for 22 th day of ripening,
gave the curve taken on Fig.1. Result is unexpected: near 30 % of the heat which is released
in the cheese and discharging with the cooling air is returned to the cheese.

Result and discussion

Return of heat to cheese is a ballast load for the chiller of ripening cheese chamber. Its
elimination or minimization is a source of energy and resources saving.

To our knowledge, the fact that the return (inverse) of the heat flow in the refrigeration
of food processing was not known either in domestic or in the world of science.

Perhaps this is due to the fact that this information was first obtained by direct
measurement of the heat flux. Heat meter responds not only to turn on and off the
refrigeration unit, but the fluctuation of the heat flow rate due to changes in the velocity of
cooling air flowing around cheese, which are difficult to graphically display performance in
computer graphics.

Ballast heat fluxes can occur not only in the refrigeration, but in the heat treatment of
food products. For example, the results presented of the study of on Fig. 2 and 3 the process
of stabilization of the surface layer of cooked sausages with oscillating infrared roasting.
Heat meter diameter of 14 mm and a thickness of 1.5 mm was fixed at the inner side of the
hollow cylinder, wherein the extrusion molded loaf recipe for milk sausage, and a second
similar calorimeter under the surface layer 2.5 mm thick meat. After electric coagulation
the piece of sausage loaf removed from the cylinder and placed in a heat chamber model for
rotating cylindrical support. Energy supply to sausage was made with an infrared emitter
(Fig. 2). The stabilization time of the surface layer (roasting) was 5 - 7 min, speed of the
rotation - approximately 1 rev / min.
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Fig. 1. The heat flux through the surface layer of the cheese during ripening.

Fig. 2. Scheme of infrared stabilizing
surface layer sausage
1 - long loaf sausage
2 - heat meters
3 - emitter.

Two heat meters were placed on opposite
sides of the cylindrical sausage, so that when the
signal of one of them is maximal (against the
emitter), the second - close to the minimum or
even negative (Fig. 3). Inversion heat flow
occurs when the heat meter is on the opposite
side (in shadow) between the transmitter and the
ambient temperature is lower than the surface of
the specimen. Thus, the cause of the reverse
flow of heat is the same as in the cheese ripening
- temperature difference "product surface -
surrounding air" changes sign.

With the initial roasting regime parameters:
temperature sausage after coagulation of 62 ° C,
the maximum heat flux through the surface of
the specimen 3 - 3.3 kW/m? (curve 1 on Fig. 3)-
unnecessary for technology transit flow to the
deeper layers (curve 2 Fig. 3) make up to two

thirds of the resulting flow through the surface. Inversion of heat flow with heat meters is
fixed not only on the surface of the sausage, but at a depth of 2.5 mm. The selection of the
coagulation time and the voltage on the emitter managed to reduce ballast heat flux in the
central layers to one-third (curve 1 in Fig. 4), and the inverse flow of these layers - to zero

(curve 2 in Fig. 4).
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Fig. 3. The heat flux through the surface of the loafs (1) and a depth of 2.5 mm (2)
before investigation.
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Fig. 4. The heat flux through the surface of the loafs (1) and a depth of 2.5 mm (2) after the
selection of the parameters of rational roasting.

The maximum heat flux (and with it the total energy consumption) is reduced by 15-20
%. Thus, a direct measurement of the density of heat flow can develop rational modes of
heat treatment of food products and identify features of thermal energy transfer that are not
available in the measurement of temperature.

This is because the heat flux is determined not by the temperature at the point of
product, but its gradient at this point in accordance with the first Fourier law
2 dt

q=-Agrad (t)=- o (1)
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where A - thermal conductivity of the product, W/(m'K), n - the direction of heat transfer.
The minus sign means that the vectors of the heat flux q, W/m* and the temperature
gradient grad(t), K/m, oriented in opposite directions. In other words, the temperature

shows only potential of heat energy and density of the heat flow - direction and the
intensity of its transfer.

Conclusion

If the heat treatment in the ballast heat flows relatively easy to fight, then the cooling
process is necessary to make special arrangements. Thus, in the case considered cheese
ripening heat removal was performed using a compressor refrigeration system and maintain
the coolant temperature at 10 = 0,25 °C thermostatic device produced. Reducing the
temperature control range would reduce the amount of heat ballast, but would be reduced in
proportion and amount of heat withdrawn per cycle "on-off". However, the cycle time
would be reduced, which would lead to more rapid wear of chiller parts. The only side
effect of reducing the useful range of temperature control is to reduce the thickness of the
surface layer of cooled material, in which the alternating heat transfer.

The ideal solution to eliminate ballast flow of heat using compressor chillers is the
availability of products in the treatment chamber buffer capacity - room, where the air is
well mixed. If this is not possible, you need to install a thermostatic switch as far as
possible from the chilled goods. Established fact that the possibility of ballast heat flows -
one more argument in favor of a change to absorption chillers with heat recovery, the
potential of which is large enough for any food enterprises, including dairy and cheese
factory.

Regardless of which system is used of heat Abstraction, it is necessary to avoid inflow
of fresh air into the cooling and freezing food, the heat leakage through the fence
refrigerating compartment post including burning electrical lamps, because all this is a
source of ballast heat flows.
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Introduction. A purpose of research is to increase the
occupational safety level through elaboration of general
injury risk model at food processing.

Material and methods. Research object is an
occupational traumatism at food industry plants. The
research was carried out using method of the principal
components for determination of main traumatism factors
and work injury risk prognostication.

Results. We’ve improved the general injury risk model
at food processing, which considers all the variety of
industrial and socio-economical factors comprehensively,
and is built upon the pattern of accident occurrence,
wherein each accident is linked to its reason. This
approach, based on data from the mandatory annual
reporting forms, allows to perform the analysis of direct
causal connections in traumation process and to detect
both basic and hidden reasons of injuries, including types
of events leading to accidents. It was found that the most
efficient way to provide filtering of statistics and visualize
results is the principal components method. Usefulness of
this method in the analysis of data on occupational injuries
is based on its capability to reduce the information amount
and identify the most significant factors of industrial
traumatism. Due to main properties of the principal
components method, it is suited to prognostication of
significant initial indications number, with relatively few
auxiliary (latent) variables which display the reasons of
traumatism, ensuring the smallest prognosis error.

Introduction

The problem of determining the causes of occupational injuries is crucial for effective

prevention of unwanted effects at all levels of health and safety management. To solve this
problem has been done a lot in the areas of investigation, recording and analyzing of the
direct causes of occupational injuries [1-3]. However, there is no simple answer to the
question of how the general characteristics of production, state of assets, and state
supervision of safety and resource needs of safety affect on the occupational injuries. That
is there are currently no external factors potentially able to influence the injuries (addition
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to the general considerations which are based on logic generalization and subjective
perceptions). In the currently known research and practice analysis that focus on the impact
of external factors on injury are used: comparison of the dynamics of gross domestic
product and the injury levels [4], assessment of injury — rates of injuries per unit of
production [5], expert assessment of the impact of external factors on occupational injuries
[6] etc. That is taken into account only some of the characteristics of external factors that
can not perform a comprehensive assessment of the impact on getting injuries of the entire
range of industrial and socio-economic factors, which greatly impoverishes the results of
analysis and does not take into account the trend of changes in external factors to correct
for the prevention of occupational injuries.

A purpose of research is to increase the occupational safety level through elaboration
of general injury risk model at food processing.

Research object is an occupational traumatism at food industry plants.

Material and methods

To analyze the direct cause-and-effect relationships that occur during injury, used the
circuit of accidents that displays statistics about the immediate causes of occupational
injuries [7]. Using this scheme, the tasks of improving informativeness of available
statistics about the main causes of occupational injuries and kinds of events that lead to an
accident were solved. The main source of information is acts of investigation of accidents
and the results of their generalization in the form of mandatory annual statistical reports. In
these forms stand out 16 major causes of accidents and 15 types of traumatic events that
have traditionally been analyzed separately, independently one from the other.

To enhance the information content in the work investigates a binary mix (group)
"cause of injury — type of traumatic event", that repeatedly increases the number of possible
options (varieties) of causes of injury, hidden in the statistics form Ne 7-THB, and allows
more specifically and purposefully determine how to prevent injuries.

The study of binary groups based on causal chain [7], shown in Fig. 1.

The cause of Type of events that Occupational
accident, /7; —»| ledto theinjury, B, |—» injury, R;;

Fig. 1. Scheme occurrence of accidents

Assume that for the assessments of circuit components (Fig. 1) uses quantitative
characteristics as the risk indicators. That is causes of traumatism assesse in terms of the
risk of injury for each of the reasons /7; (i — cause of injury index, i = 1,2,...,16 ), and the
kinds of events that led to injury — in terms of risk that correspond to each traumatic event
B; (j - kind of traumatic event index, j = 1,2,...,15). Indicators of risk of injury in general R
and for certain causes or kinds of events are determined by the frequency of accidents:
R'=N'/N,, N' — number of injured with fatalities or no fatalities or the number of

persons injured by certain causes /7; or kinds of events B; (with fatalities or no fatalities
results), NV, — average number of employees. For ease perception of numbers accepted to
multiply them by 100 000. Indicator risk in this case is interpreted as the number of injured
or killed at work per year per hundred thousand workers (international practice).
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Results and discussions

For research and development of a general model of risk of occupational injuries at
food industry enterprises we should define basic categories and concepts.

The risk of occupational injuries in the work will be understood as quantitative
manifestation of risk of accident in the production. A common approach for risk assessment
of occupational injuries foresees the analysis of industrial accidents by the totality of signs
prescribed by law.

In general, the risk of industrial injuries can be defined as:

R=YSP. (1)
P

S; — consequences of an accident, P,— probability (frequency) of an accident, n —

number of accidents.

To determine the consequences of an accident S; can use economic indicators that can
assess the risk of R in monetary units.

The risk of accidents at the enterprise using a single dimensionality when calculating
the consequences can be represented as the sum of the components

R=R +R, +R,+R,, )

R; —risk of death; R, — risk of disability; R; —risk of injury; R, — risk of micro injury.

At the same time if similar meanings of consequences of accidents or when they can
not be estimated (eg in case of death of the victim), the calculation of risk can only be made
for the likelihood of accidents. More topical for the definition of risk is to determine the
causes of occupational injuries.

Specificity of statistical information on the causes of traumatism and kinds of events
that led to the accident is if the condition performed [8]:

R =3 PUI)=} P(B). 3)

that is the overall risk of traumatism R’ equal to the amount of risk (probability of
injury) for the reasons or the amount of risk an accident (probability of injury) by the kinds
of events.

Feature of statistics on the causes of injury at the enterprise is the fact that every
accident is only responsible one reason and only one kind of traumatic event. That is the
risk of injury for each of the traumatic event depends only on one of the reasons given in
the statistical bulletins [9-10]:

P(B) = [ PUTH]. (4)

Since the risk of an accident — it is likelihood of injury in the enterprise with indicators
of risk can perform actions provided for the theory of probability. It is known that the
conditional probability P,(B) called the probability of an event B, calculated under the
condition that the event A4 has occurred [8, 11]. That is taking into account the scheme of
cause-effect relationship [7], it is assumed that for the calculation of the probability (risk) of
injury from a particular event in the manifestation of certain causes of injury can apply
conditional probability. To calculate the conditional probability uses Bayes formula:
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P(B,)P, (I,
PH(B;,A)=% 5)

Given that the statistical base is structured with the condition (3) and (4)
simultaneously, equation (5) takes the form:
P(B,)P(II,)
Py (B)=— ©)
> P
i=1

Formula (6) performed calculations of the matrix risk of injury in the enterprise. This
matrix has the form:

R R R

I11B1 11281 1716 B1
t RHIBZ RHZBZ RH1682
R, = , ()
l./
RHIBIS RHZBIS RHIéBlS

Riisi,-...Rispis — value of risk of injury for binary systems "cause risk of injury — kind
of traumatic event", i = 1,2,...,16 — amount of the main causes of injury in the production /7;
that is fixed in the currently valid form of classification mandatory statistical reporting Ne7-
THB [9-10],j = 1,2,...,15 —amount of the main kinds of traumatic events.

To check the results obtained using formula (7), the study uses two methods. The first
method — comparing calculated by formula (7) matrices of risk with obtained by direct
filling matrices by the results of analysis of acts of investigation of accidents. The second
method — is a method analytical solution of the system of linear equations obtained using
the method of principal components and regression analysis.

The essence of the second method is that performed component analysis of statistical
information body on the causes of traumatism /7;.

It is used such feature of principal components that are statistically unlinked, that by
definition are orthogonal. This feature provides a regression relationship between the risk of
injury due to traumatic events (dependent variables) and values of the principal components
obtained in the analysis of risk of injury causes (independent variables)

B, =f(I7,) ®)

Justification of the applicability of the method of principal component analysis of
occupational injuries statistics. One of the tasks of the method of principal components is
to find smaller subspaces in the orthogonal projection on which the deviation of the data
(standard deviation from the mean) is maximized. At the same time raises the challenge of
building such an orthogonal coordinate transformation, in which the correlation between
individual coordinates are converted to zero.

The method of principal components based on the problem of best approximation of a

finite set of points of straights and planes. Given a finite set of vectors x,,x,,...,x, € R".
For each £=0,1,...,n—1 among all k£ — dimensional linear subspaces in R" necessary to
find a suchZ, < R" that the sum of squared deviations x, from L, will be minimal
> dist*(x,,L,) —> min, where dist(x,,L, ) — Euclidean distance from a point to a linear

i=1

subspace.
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Any k— dimensional linear subspaces in R" can be defined as the set of linear

combinations L, = {ao +Ba +..+p, ak| B € R}, where the parameters S, ranging over the

real line R, a,€R'and {a,..q,jcR" — orthonormalized vector set

k
) =P —aq _Za;i (a;i’xi _"0)
I

Euclidean scalar multiplication.
Or, in coordinate form:

2
dist® (x,,L, ) = [ —a, - Za],Zaw( q aoq)J.

=1

2

distz(xl.,Lk , where ||0|| — FEuclidean norm, (aj,xl,) -

Solving the problem of approximatlon for k=0,1,...,n—1has given by a set of nested linear
subspaces L, c L cL,c..cL_, L ={a,+pBa +..+Ba|B €R}. These linear
subspace defined by a set of orthonormal vectors {al,...,a”_l} (principal component

vectors) and the vector a,, which is sought by solving the minimization problem for

Ly:a, =argmin ) dist* (x,,L,).
ayeR" =]

The usefulness of the method of principal components in the analysis of data of
occupational injuries is based on possible reduction in information analysis and
identification of the most significant factors of occupational injuries. At the same time
principal component vectors can be found as the solution of optimization problems similar
to the following algorithm:

1. Centering the data (by subtracting the mean values): x,: = x, — X and Z X, =
i=l
2. Finding the first principal component as the solution of the problem:

= argmin (Z”x —a,(a,x, || j If the solution is not unique, then choose one of
Jafl=1

them.
3. Calculate the data projection on the first principal component: x;:=x, —a, (al , xl.) .
Find the second major component as a solution to the problem
=arg mm(Z"x —a,(a,,x, " j . If the solution is not unique, then choose one of
laz]=1
them. Find the projection on (k —1) -main component: x,:=x, —a,_, (a,_,,x,); 2k. Find

i=1

k- principal components as a solution to the problem:

, =argmin (Z"x -a,(a,,x, " j . If the solution is not unique, then choose one of
Jlael=1

them.
Taking into account capabilities of modern modeling tools (Mathcad, Mathlab,

Mathematica, Mapple, etc.) specified algorithm for statistical data series
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xll xlm
X=|-- "-. - | where there are signs of m and n observations can be written as
xnl xnm
follows:
1. Normalized the components of the vectors (rows) of the matrix X by an operation
X, —X
z,=—"—,j=L..,ni=1,.,m,o_—average deviation of a random variable X from

i

the mean value for a column of the matrix X. We obtain the matrix Z size nxm.

2. From the matrix Z finds correlation (covariance) matrix R = [ri/]

3. Finds the set of eigenvalues of the matrix R and organizes it by reducing
components A,i =1,...,m
A 0
4. Form a diagonal matrix with the eigenvalues of the matrix R A =] ---
0 - A

m

()50t )

5. From the matrix R form a matrix of eigenvectors of the matrix U =
(unl LR unm )

6. Finds the solution of the problem in a matrix A =U JA , where JA is the matrix of
roots on each element of the matrix A .

Found vectors {a,,...,a,,} are orthonormal simply as a result of solving the
optimization problem, but to prevent due to error of calculation the violate of mutual
orthogonality of vectors of principal components can be included a, L {al,...,ak_l} in the

conditions of the optimization problem.

The advantage of the described method to the analysis of statistics of injury is that it
can almost always be used, regardless of the distribution of random variables — indicators of
injury. However, this method is not always effective reduces the dimensionality of the
given constraints on the accuracy. The straights and planes do not always provide a good
approximation. For example, data can be described with sufficient accuracy by any curve,
and the curve can be tricky located in the area of data. Also in the case of an isotropic
distribution of data ellipsoid of scattering will be as hyper sphere and that is why will not
be possible to reduce scattering by approximation methods.

Justification of the applicability of the method of principal components to predict
occupational injuries. Due to the basic properties of the method of principal components is
fairly successfully be used to predict the statistics of occupational injuries, while providing
the smallest prediction error. Let us show that using the first p’ principal components
m @ M (r)

20,22 2" when p' < p,output signs x ,x? ., x'") are achieved the best prediction

of these characteristics among all forecasts, which can be constructed using p’ linear
combinations of a set of p —random signs.
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Let us explain in more detail aforementioned. Let it is necessary to replace the output
A\T
researched p - dimensional vector of observations X on the vector Z = (z(l),z(z),...,z(" ))

lower dimension p', in which each component would be a linear combination p output
(or auxiliary) features without losing too much information. Informativeness of new vector
Z depends on to what extent p’ introduced auxiliary variables make it possible to "restore"
p output characteristics by using the appropriate linear combinations 29,202 One
can imagine that the mistake o forecast X on Z is determined by the residual dispersive

matrix vector X by subtraction from it of the best prediction for Z that is matrix A = [AIJ ,

) P ) P r
and A, =E{(x(’) —Zbﬂz(”J(x(")—Zbﬂz(’)}. >'b,z"" — best in the sense of least
=1 =1 =1

squares prediction x by components 2",z ., z'")  Forecast error of X on Z is defined

as some specified function of the matrix elements A = [Al;,] ,thatis o = f(A), and f(A)
defines some quality criterion prediction.

Consider the following measures of forecast error:
1. f(A)=Tr(A)=A, +A, +..+A,, — based on the trace of the matrix A = [AJ ;

b

PP
Z Z Af, — based on the Euclidean norm of the matrix A = [A J .

i

2. f(8)=]Al=

i=1 j=1
It is proved that both measures are achieved simultaneously a minimum if and only if

2) P
e

when as ",z ..,z") elected the first p' major components of the vector X, and the

value of forecast error o =f(A)o=f(A) explicitly expressed by the lastp—p’
eigenvalues of the original covariance matrix C or approximately by the last p—p’

.4, covariance matrix @ constructed from observations X Xyseon X

n

eigenvalues 4,.,,..
[11].

In particular,

iff(A):Tr(A):O'zl +A iyt

P+l p'+2 P

if £(A) =Alio ~ AL, + 2

2
st t A,

Let us explain by the example the idea of predicting the initial signs A x?

with a help of smaller than p number of linear combinations.

Example. When forming typical forming signs of causes of occupational injuries was
studied statistics per 24 years (n = 24) of three main groups of conditions: the technical
)

(r)

factor x| the organizational factor x? and the human factor x“. According to the

observations (xfl),xfz),xf”),i =1,...,24 was defined sample covariance matrix

451,39 271.17 168,70
C=|271,17 171,73 103,229
168,70 103,29 66,65
Own radical of this matrix C will be: 4, =680,0, 1, =6,5, A, =2,86.
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The matrix of eigenvectors will be:
-0,813 -0,495 -0,307
U=| 0,545 -0,832 -0,101
-0,205 -0,249 0,946
As a result, as the main components we obtain:
2V = —0,81x" —0,50x"” —0,31x")
=0,55x" —0,83x” —0,10x",

= -0, 21x" -0, 25x? +0, 9551
Here x(l) x? , x¥ are the deviation of the number of accidents due to technical factors
X , organizational factors x?) and human factors x' from their mean values.

In this example p=3. Let us define as the goal of reducing the dimension of the
output factor space to unity ( p' =1) that is to describe all three groups of features by using
linear combinations of just one auxiliary variable.

According to the above property "auto forecast» of principal components let us take as
this one secondary variable the first  principal component, ie
variable z") = -0,81x") - 0,50x” 0,3 1x"

By the method of least squares unknown coefficients b, calculated by the expression:
cov (x(i) s Pl ) —0.81cov (x(i), X ) -0,50cov (x(i) s ¥ ) —0,31cov (x(i) s X )

DzY D2V
(i)’ )

il

Substituting in this formula values cov(x ) taken from the covariance matrix C

for our example we obtain

MO sz<‘) £V 20,8120 4+ 20
bZIZ +e? =-0,50z" )
O = p, 2"+ = -0,312" +g<>,
¢” — random (residual) forecast error of output component for the first principal

component 2V,

If as a relative forecast error of output characteristics x for the first principal

Dé‘()

(i)

component 2 select a value 6, =100
Dx

J the forecast error in this example would be

5, =2%,5, =1,2%,5, = 0,8%.

The total relative forecast error of features x", x®, x©¥ by zY can be calculated by

Tr(A) A+, .
the expression 5. =100 =100——=———=1,36%, which confirms
cym. D(x(l) +x(2) +x(z)) 21 + A+ 23

sufficient efficiency of the method of principal components to predict the statistical
characteristics, including and for the prediction of risk of occupational injuries.

This example shows the applied orientation of component analysis, in particular for
forecast tasks (auto forecast) of a large number of initial indicators for occupational injuries
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with a small number of auxiliary (latent) variables that express the reasons for this
phenomenon, visualization of multidimensional data and the selection of typically formed
signs of injury.

To solve research problems associated with obtaining accurate statistical solution of
the problem for injury risk values for binary groups "cause an accident - a kind of traumatic
event" can use not only the principal components (which account for the bulk of the total
variance of the array input data), but the whole components, covering the entire total
variance of causes of risk of injury at the workplace. The system of regression equations for
B, then will look like:

B =a +b Tk +bTk, +b; Tk, +..+ b Tk,;
B, =a] +b Tk, +b; Tk, +b; Tk, +...+ b Tk,
B, = +b'Th +b Tk, +b Tk, +..+ b Tk, ©, (9)

B =a’+b Tk +bTk, + b, Tk, +...+ b Tk,

The main components are determined through the input set of risk indicators for causes

of injury by a system of equations
Tk, =d! +c I+ T, + AT, + ...+l 11, ;
Tk, =d} +c I+ I + G I +...+ ¢, I,

Tk, =d; +c I, + 1T, + 1T, + ...+ ¢, IT,, , (10)

_ 415 15 15 15 15
Tkg=d +c I +c, I, + ¢ I + ..+ 1]

Substituting the values of the principal components of the system of equations (9) into
the equation system (10) and equating all but one value of 77; to zero we obtain the value of
risk of injury for a particular binary group "cause an accident — the kind of traumatic
event".

For example, a binary value B;[1; "accident due to design flaws, imperfections and lack
of reliability of the production, vehicles" equation to determine the risk of injury is:

P(BI1)=a +b(d +c + 11, +d, +c] + I, +...+d, +c° +1I) . (11)
Coefficients a,b,c,d calculated using component and regression statistics injuries.

Using the method of principal component for analysis of the main causes of accidents
are more appropriate m output variables X, X, X,,..,X, replace their  p linear
combinations [12]

Y, =ay X, +au X, +ay Xy +..+a, X, +..+a,X, (12)
k=1,23,..,p; j=1,23,..,m-

Amount of p new variables that explain the bulk of the variance of input variables

(indicators) are usually much smaller than the number of m — variables X IE Coefficients

ag from equations (12) are calculated under the following conditions [12]: 1) the amount

of variance of variables Y, (k=1,23,., p) equals the sum of variances of the input
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parameters X, (j=123,.,m)> 2) The variable Y, is ordering largely by reducing their

variance; 3) all ¥, are mutually independent.
New variables Y, (k =1,2,3,..., p) that meet these conditions are the main components.

Algorithm for the principal components is as follows [12]:
1. Using the input parameters calculated covariance or correlation matrix S and the

vector of average values x of these parameters.
2. Identified the eigenvalues Ay Ay s Agsnes 1i,,,,, A, of the matrix, for that is solved the

equation
|s-21]=0> (13)
where / — identity matrix of size m X m.

The eigenvalues A ; are the variance of principal components, they are placed in a
row from largest to smallest.

3. Calculated the fate variances of principal components in their sum. The main
components of the fate of the contribution which the small amount of variance, are
excluded from further analysis, using only the p first component.

4. Calculated the coefficients @ of the first p — eigenvectors of covariance or

correlation matrix. Using these coefficients are recorded equation of each p component. In
particular for the main k& components of the equation takes the form (12), but the input
variables are normalized.

5. The transition from the fixed to the input variables by substitution , _ X, =X are
Ju

Oy

performed.

6. Calculated the value of the principal components for each measure for each facility
or research. Data are entered into the table, for example:

7. The interpretation of the principal components of the position of the object and tasks
of research and a comprehensive analysis of certain components is performed.

Thus, based on the methods of regression and factor analysis formed a general model
of risk of occupational injuries (3-11), which comprehensively links likelihood of an
accident with a frequency of accidents in the enterprise with the full range of reasons.

Siens Factors
g F/ | F |...|Fu]...|F,
1 (088 (Vi) v | Ogm | -+« | Ogp
2 (0531 (053] e | Ogm | - .. | O2p
j Ol Olip e Olim e Olin
n Oln1 On2 | --- | Oam | ... | Opp
Ve
Percentage of summarily dispersions
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Conclusions

The general model of risk of occupational injuries at food industry enterprises should
be comprehensively consider the influence on traumatism of the full range of industrial and
socio-economic factors and be based on the scheme of occurrence of accidents in which
every fact of an accident associated with the prerequisite of its occurrence. This approach
allows for the analysis of direct causal relationships that occur during getting injury and
identify both basic and hidden cause of occupational injuries, as well as types of events that
lead to accidents on the basis of a form of mandatory annual reporting.

To provide filtration of statistical data and visualization of results for handling existing
statistics of occupational injuries is the most appropriate method of principal components.
The usefulness of the method of principal components in the analysis of data of
occupational injuries is based on possibilities of reduction in information analysis and
identification of the most significant factors of occupational injuries. Due to the basic
properties of the method of principal components is fairly successfully be used to predict
the statistics of occupational injuries with a small number of auxiliary (latent) variables that
express the reasons for this phenomenon, while providing the smallest prediction error.
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Introduction. The system existing of comprehensive
protection of high-risk industries, are ineffective because
there is a need to focus efforts and resources on the most
dangerous areas.

Materials and methods. For evaluation of the risk of
an industrial facility constructed model of accident (an
emergency). Spato-structural evolution of the risk of
accident implemented using complex mathematical
models of stochastic adaptive genetic matrix modeling.

Results and discussions. The first mathematical model
of the complex is a system of nonlinear analytical
equations, allowing to calculate the space-time accident

(an emergency). Spatio-temporal structure Sc; €{Sc}

may ask an expert or be using other mathematical models.
The respective model is nonlinear, discrete mathematical

defined
algorithmically. The third mathematical model is linear
analytical equations with unknown values system of
factors X,,X,,...,X, and function priorities P that are

model  with  unknown  operators 17;,

using methods of the theory of fuzzy sets.

Conclusions. The complex mathematical model, that
can be practically implemented for solving the task of
monitoring of dangerous objects in the food industry,
ahead of time to forecast the spatio-temporal evolution of
exposure at hazardous an industrial facility depending on
the scenario of an emergency.

Introduction

In the present time in man-made emergency probability of occurrence of has a

tendency to increase. Data circumstances justify the need to change views on the role and
place of hazardous industrial facilities and leads to the fact that high-risk zone, which
include such objects are local, short-sighted and are dictated by the flow of any emergency
is to practically implement the relevant task. It is essential to create a complex
mathematical models, which are able to predict risk spatio-temporal evolution of dangerous
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industrial facility depending on the scenario of an emergency. Well-known methods of risk
assessment destruction is unsuitable for the calculation of spatio-temporal evolution of risk
through subjectivism, innumerable plural versions of decisions and low reliability. Spatio-
temporal assessment of risk destruction hazardous industrial facilities should be based on
spatio-temporal models of evolution any accident (an emergency). The assessment risk
needs in turn quantitative characteristics of the accident (an emergency) in every point the
evolutionary model.

Materials and methods

We investigate the dynamics of occurrence and emergency situations with the help
mathematical models of spatial-structural evolution and the development of a mathematical
model of the interaction of the structural elements of an industrial facility.

This models of establish an organisation and engage a risk management approach
which can allow them to take reasonable decisions and engage adapted actions. This
approach goes beyond the simple respect of applicable regulations.

The mathematical models is provided of the various risk identification and evaluation
methodologies that are being used as in the food factory and plants, as another industrial
facilities both qualitative and quantitative reviews.

Results and discussion

The majority of thousand registered potentially dangerous objects majority does not
create considerable problems and does not influence substantially on safety of population
and environment possible. Emergency on such objects, mostly, does not spread even
outside a workshop and does not fall under classification of "extraordinary situation". In
addition, through legislative vagueness and different interpretations of questions in this
sphere, in some regions potentially dangerous objects take into account twice.

Permanent growth of amount potentially dangerous objects caused and from to a great
extent that existing regulatory acts expressly do not establish exact including excluding
criteria taking or not taking of them info potentially dangerous objects and the duties of
economic entity in relation to the implementation of authentication procedure of
potentially of dangerous objects.

It is based on the analysis of results, that is based on an analysis of the dynamics of
development failure (an emergency) decision can be made on human functioning of
industrial facility. Is of building two models - mathematical model spatio-structural
evolution failure (an emergency), that is able to offer the most likely options for its
development, and mathematical models of interaction between structural elements
industrial facility, which is capable of assessing the various sets this object structural
elements in the course leakage accident (an emergency). For reduction will use the names
of the mathematical model accident (an emergency) and a mathematical model failure (an
emergency) in accordance with.

In quality plural structures failure (an emergency) will consider possible scenarios of
development. We will define the script, as a sequence of events: Sc;=%{0;;, Oz, ..., Ok ...
Qi }, where ¥ — is the order. The event O will present as a set «fi t<ly, {jp}<JIpkel),
where {i,y, {jp} — plural parties 4 and B the objects that take part in events; k — a host, a
dangerous object structural elements for the control of an object around which and which
develops an event k=<4 v B.

Thus structure failure (an emergency) is a different combination of the following
dangerous object, which is arranged in time.
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The result of events Oy; depends on the plural variables a'y, &, ..., a"y and parameters
aay,..., a, that are grouped with the help of non-linear equations in integrated circuit
indicators #,x'y x’..., X' Variables and parameters are quantitative characteristics
separate units, structural elements of a dangerous object integrated circuit indicators
describe the accident (an emergency) and scenario failure (an emergency) in general.

The following integrated circuit indicators are considered: the duration scenario failure
(an emergency), human losses, loss material and technical resources, infrastructure and
environmental damage loss.

Playing scenario is determined by the conditions

T, = T(Scl.) = /E] it ka0 Y € U2el) R where X, — critical importance of

integral indicators.

Integrated circuit indicators are nonlinear functions tk,-(al o Cri oy Ay a1, Aoy an),
xfki(tki, alk, azk,-..., a’k,-, aa, ..., am),j=1, 2,..., L

Taking into account the fact that variables a'y, &y d' depend on the sequential
number events x and structures i and scenario (an emergency), we can cut mark motorcade
'y, &u AL ..., A through (O, distinguishing thus value set variables and
parameters failure (an emergency) in time £ on the structure of the events — Qy.

Then in a short recording #,; = t;; (O'0); X=Xy (tu, 0.

For example, that the plural scenarios {Sc} there is a plural operators { F }, such that
any scripts Sc;, Sc; € {Sc} puts in compliance with the operator F 5t Sei= F: Sc;.

The plural {Sc} will allocate two subsets — acceptable {Sc}.,. and unacceptable
{Sc} unac scenarios, so that {Sc},. U {Sc}inac=1{Sc}.

Plural {Sc},. is generated with plural {Sc}. action on the last consistent rules filter-
rules (P;, P, ..., Py, thatis {Sc}..= «P;, P,,..., Py»{Sc} data set filter determines the logic,
which can leak accident (an emergency).

Dataset filter determines the logic, at which failure can occur (an emergency).

The specifics and complexity of risk of smoking failure (an emergency) needs
according to the authors of the use of categorical judgments algebra logic to his assessment
and the transition to a more flexible system fuzzy assessments. Risk of smoking failure (an
emergency) — R can be assessed only by taking into account the plural factors X;, Xo, ..., X},
on the basis of which it is possible to create such events. The X, X, ..., X} in turn you can
get blur analysis based on criteria set, which describe each of these factors.

Depending on the influence of the accident (an emergency for development) factor that
can change its caused not only the people of factors X;, X, ..., X}, but also their importance
as the leakage events. Therefore, it makes sense to introduce some function priorities Py(?,,
0O,;) on a plural X;, X5, ..., X}, which will manage risk factors in each spatiotemporal point
of failure (an emergency).

Use input symbol here formalized problem statement research.

The subset selected expert-critical points 6,,,0, ,,...,0, ,,....0,; € Sc, scenario failure

km
(an emergency) Sc; and relevant they integrated indicators ¢, =Ztk”l., x5,=
i=1

xp (8 s H,f )g=1,...,1 determine spatio-temporal distribution risk of failure (an
emergency):
R(tngkmi) = ZP/} (tm,Hkmi ),uX/3 (x;,x;,...,xfn) ; (1)
B
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> I —>
1 dr

> 1 >
— il —

> 1l >

Figure 1. The structural scheme of mathematical models for the spatio-temporal
evolution of risk failure (an emergency)

Granted

Se,=F,Sc,: T+8T<T,,Vje{Sc}
Where 0T is the small, prepay set option.
Problem solution (1) — (2) may be at the expense of complex interrelated mathematical

unac ’i € {Sc}ar (2)

models, structural scheme which is shown in fig. 1. operators F, that are asked

y

algorithmically.
Mathematical model failure (an emergency)
1 1 2 .
a; ty = f(GAj,akj,akj,...,a;,a],az,...,am), ty T
2 1
ap; 1 X ki
4 af .y, =a’ (tk/.,@j,a‘j,..,a;;,al,..,am) 1;1
»
X 7.
g — & 1 n . » k
ar; Xk1yj =X (tAj7a(k+])j7"7a(k+])j7a]7a2"">am)’ !
Q,0,,...,Q, _ o 2 1
se, q=lmk=1,2:Z=2(j)T, =31, Xy
; k=1 ‘
S¢; =(6,,0,020,5,0,);

Figure 2. The first mathematical model failure (an emergency) of the complex is a system
analytical non-linear equations

The first mathematical model (fig. 2) of the complex is a system analytical non-linear
equations, that give the possibility to calculate existential results failure (an emergency). An
unknown model is spatio-temporal structure failure (an emergency), that is a version of the
scenario Sc; € {Sc} 4

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

139



Life safety

Mathematical model definition failure (an emergency) I
Se; Sc,(k+1)=F, (k+1,k)Sc, (k);
I dim Sc; # dim Sc;T, < T3k = 1,2,..., (k= 1);
x, [T = 8¢,
2 Kooy 1 F3 = (T, +8T )< T;;6T << 1 7
_____ F,(k+1,k):Sc,(k+1)e{Sc} ;
!
x., Sc; =(0,,,05,0004,...0,)

Z:3g = x5, >x558=1.,1

Figure 3. The second mathematical model definition failure (an emergency) of the complex
is a system analytical non-linear equations

This structure can ask an expert, or to be the second mathematical model (fig. 3). The
respective model is a nonlinear, discrete mathematical model with unknown.

The mathematical model spatio - time distribution of integral

riclz of failnra (an amaraancwv)

1 _ 1 2 n .
a; Ly —f(@kj,au,au,...,au,a,,az,...,am),
612 q q 1 n R(tmﬂgmj)
1 -~ a,, =da (tA,.,HM,,aM,,..,aU,a,,..,am) -
P P
g — +& 1 n .
an (k+1) j =X (tA/’a(A+1)/""a(A+1)/’al’az""’am)7
1
. (Y~ n q=1,n9k=1:Z;Z=Z(J)»T—ZfU

Figure 4. The second mathematical model definition failure (an emergency) of the complex
is a system analytical non-linear equations

The third mathematical model (fig. 4) is linear analytical equations with unknown
values system factors X;, X5, ..., X;, and function priorities P that are using fuzzy set theory
of methods of the theory.

The proposed complex models can work in several variants. If the structure failure (an
emergency) is known, then the spatio-temporal Evolution is used scheme risk 1® 3 without
the use of second model. If it is necessary to calculate the results (emergency situation) on a
specified structure, it is used only the first model. If it is necessary only structure failure (an
emergency situation) is used in combination models 1®2 . Finally, the unknown structure
failure (an emergency) for the spatiotemporal evolution scheme is applied risk 1©&2®3.
Each of the aforementioned combinations can find their own practical application.
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In order to fulfill a mathematical model definition failure (emergency situation) (fig.1),

you need to identify operators of evolution F ; the given model. You can show that the
including iterations k— k,,, corresponding task is reduced to the calendar planning with
limited resources equivalent tasks. The mathematical setting this problem is formulated as
follows: the plural scenarios failure (an emergency) {Sc} to find such a scenario Sc”'(T: x;,
X2 ..., X,)€ {Sc}, which is:

G

J

Sc™ (T52,%,,,%,): T =min Y max(z; +At/) = min 7/ ©)

JjeMy, = icl, JEM g,

When limits:
n+l n

J iy = J J J J
; %%(X(tik +AL]) = ;rggkx(tik +AL) + 1;29?31(0"(’7”) + At(n+l)) (7
VO NG, =Dt 1y 1yl +l ®)
G].:(Viel,_l:xl.Sxf")A(Gf+l):(Eliel,_l:xi>xl.") )

where Mj. — plural scenarios failure (an emergency);

T — playing j-th scenario (an emergency);

G; — the number of events in j-th scenarios;

/' — is the time for attracting i-th object to k-th events in j-th accident scenarios (an
emergency);

Af, — is the time to implement the k-th events in j-th accident scenarios (an
emergency);

/ ok — playing Qy-th events in j-th scenarios;

x;, i=1, [ —settings model failure (an emergency).

Restrictions (7) indicates the absence breaks between events. condition (8) indicates
the dependency of scenario (an emergency) from the following events in it. restrictions (9)
is bound to the resources and infrastructure integrity parties failure (an emergency). These
restrictions are conditions of completion failure (an emergency). The task generation
scenario (an emergency) (6)—(9) is the task with limited resources. It belongs to the class
tasks not mominomiansHOI complexity (NP-task), and can not be solved in exact methods.

The complexity lies within L < Ny, < (L(2" — 1)), where L — is the number blocks, M
— is the number objects, £k — is the number of events in a variant scenario failure (an
emergency) Sc.

He characterizes pluralize options scenarios failure (an emergency), on which you want
to search decision task (6)—(9).

For solving tasks (6)—(9) the method matrix genetic modeling, which is a modification
of the classical genetic algorithm of Holland. His feature is that in the proposed matrix
variable length code quality, with its columns is landscaped a set of events that characterize
the selected scenario failure (an emergency), and terms indicate the part of the accident (an
emergency) in the selected events.

Matrix method genetic modeling stochastic adaptive method, containing the following
operators and options :

GM:(N,f,H,QszsWJLfsT) (10)

where N — principal plural numbers making scenario;

f— the target function that coincides with (6) and calculated using mathematical model
failure (an emergency);

QO — the operator that randomly selects v=1,2 scenarios of plurals N;
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0, — operator exchange plots code width (the operator krosingoveru 1 kinds);

0, — the operator code exchange plots along the length (operator krosingoveru 2
kinds);

¥ — the operator mutation randomly selected events scenario of plurals N .

As a result of actions operators £, ©,, ¥ is created v=1,2 options script that is
modifications selected parental scenarios.

Procedure of applying operators @y, Q,, ¥ is determined by random number generator,
so that in general there were conditions:

o _ (11
n—n F (n Py
;g, +;§z2 +;w =1
where n — is the number iterations algorithm;
n, - the number iterations, in which the algorithm is finishing its work;
P oi(n), P gx(n), P y(n) — possibility of operators Q;, ©,, ¥ on n — iteration;
I_DQ, — the average probability of operator kpocunrosepy 1 kind to v=2 selected

scenarios;

I_JQ2 — the average probability of operator kpocunrosepy 2 kind to v=2 selected
scenarios;

P, —the average probability of mutation operator to v=1 selected scenario.

Next in the order the following in (11) — the operator for filtering n, that mayor created
scenarios and corrects in accordance with the rules logic failure (an emergency). Finally
operator & is destroying v=2 worst on value functions f scenarios of plurals N+v; T —

criterion stop algorithm that is bad limit (9) tasks (6).
Thus, operators of Evolution F are specified in the form iteration process:

ﬁ:M(k+l)1§(m,n,k+1)Rand{él,£§2,‘ﬁ} 12)
where:

the operator changes in the structure matrix scenario: R, {21, ©,, ¥};
operator checking validity sensor size:

k(m,n,k+1)={

Operator checking the logic matrix scenario:
M (k+1): Se,., € {Sc} — Sc,,, €{Sc} ; {Sc}‘w <{Sc} (14)

ac

dim(m,n) - dim(m+1,n);  Vi:x, <x (13)

. P cr
L FJiix,>x

These operators are chosen in this way, to the tasks ( 6) — (9).
The mathematical model failure (an emergency) and a mathematical model definition
scenario (an emergency) Program implemented in programming language Java.

Conclusions

As a result, the proposed model spatio-temporal development (evolution) risk in case
of emergencies (emergency situations) hazardous industrial facilities of which is permitted
under the influence of different natural disasters and technical disasters with possible mass
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impression people. The modeling accident development (an emergency) give comparative
size at different variants scenarios that points to their development, stability realized models
and methods to random phenomena.

Proposed a comprehensive mathematical model to determine the spatiotemporal

evolution of risk of industrial facilities in case of emergencies (an emergency), which can
be used during the development of plans of liquidation accidents such on the enterprises of
food industry.
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Abstracts in Ukrainian

AHoTaiil

XapuoBi TexHosorii

JocJiizkeHHs BJIaCTHBOCTEl M’ SICHOI CHPOBUHU
NIPH COJIIHHI po3cojiaMu

Ipuna KuIIeHsKo' , Onekcanap Jlones', ¥Omis KpI/DKOBaz
1 - Hayionanvnuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 - Hayionanvruii ynisepcumem 6iopecypcie i npupoooxkopucmyeants Yrpainu, Kuis,
Yrpaina

Beryn. [Jlocnimkeno MexaHi3M (opMyBaHHs KOJIBOPOBUX XapaKTEPUCTUK MOAETBHUX
M’SICHUX CHCTEM 13 HU3bKMM BMICTOM MIOIJIOOIHY Ha CTaJlil CONIIHHSA Ha 3MiHY KOJILOPOBUX
XapaKTEePUCTUK M’ SICHOI CHPOBUHHM B TIPOIIECI COJIIHHSL.

Martepianu i meTonu. Bu3HadueHHs BiTHOCHOTO BMICTY MiOIJI00iHY i HOro MoXigHUX
MIPOBOJUIIA METOJOM BiIOMBHOI crHeKkTpockomii Ha crnekrpodoromerpi C®D-18, Bwmicrt
3arajbHUX IIITMEHTIB - €KCTParyBaHHSM ITMEHTIB M'sica CIIOYaTKy BOJHHMM, a IOTIM
COJISTHOKHCIIAM alleTOHOM 3 MOJaJIbIIUM (POTOKOIOPUMETPYBAHHIM BHUTSDKKU TIPH JIOBXKHHI
xBWIi 540 HM BITHOCHO COJISIHOKHCIIOTO alleTOHY; IHTCHCHUBHICTh 3a0apBJICHHS - Ha
¢doroenekTpokoigopumerpi KD-77 mpu nosxkuni XBwii 540 HM BIZHOCHO TUCTWIITY,
BU3HAUEHHS CHEKTPIB Ta  IHTErpajlbHUX  KOJNBbOPOBUX  XapaKTEPHUCTHK - Ha
cnekrpodoromerpi Cary 50.

Pe3yabraTu. BeraHOBIIEHa AOUITBHICTD BUKOPUCTAHHS B TEXHOJIOTIT M’ SICONPOIYKTIB
KOJIOPAHTIB Ha OCHOBI TpenapaTiB reMoriio0iHy KpoBi 3a0iitnux TBapuH Vepro 70 Col P i
Anpo Pen sk crxiagoBux OaraToQyHKIIOHaJIBHUX PO3COJIB IS KOPErYBaHHS KOJNbOPY
IIMHKOBUX BHUPOOIB 3 BHCOKUM pIBHEM IH €KTYBaHHS Ta 3 pI3HUM pIiBHEM BMICTy
MIOINI00IHY y M’SICHIM CHpOBHHI. PalioHalbHa KOHIIEHTpAllsl IMpenapariB IeMorjiodiHy
(Vepro 70 Col P i Anpo Pex) nust 3a06apBiieHHSI M’ICHUX CUCTEM 3 BMicTOM kupy 70 10 %
ckiana BignoBigHo 0,5 % 1 0,6 % 3a omHOwacHoro Bukopuctauss 0,05 % izoackopbaty Na
10,006 % HiTpHUTY HATpIIO.

BucHoBku. Pe3ynbTaté peKOMEHJOBaHO 3aCTOCOBYBATH B CYYaCHHX TEXHOJIOTISX
BUPOOHMIITBA IIMHKOBUX BUPOOIB 3 BUKOPUCTAHHIM IHTEHCU(IKYIOUMX CIIOCOOIB CONIHHSL.

KurouoBi ciioBa: poscin, konwopogicms, Himpo3oniemenm, Mio2nodiH, 6apeHuxK.

KMpHOKHCIOTHHIA CKJIAL MOJIOYHUX POCJIHMHHO-KHPOBUX NPOAYKTIB

Ouena I'pex’, Onena Kpacymst', Onexcannp Cauenko’, Amia [Terpuna’
1 - Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina
2 - Hayionanvruii ynisepcumem 6iopecypcie i npupoooxkopucmyeants Yxpainu, Kuie
3 - Pecionanvruil HaguanbHo-Haykosul yenmp Hayionanvnoeo yHisepcumenty xapuoux
mexuonoeit y M. JIb8086i
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Beryn. [{ns 30aravueHHs MONiHEHACUYEHMMH >KUPHHUMHU KHCIOTAaMH Ta MiJBUIIEHHS
Oioyoriyoi ¥ Xap4yoBOi HIHHOCTI CIPEIiB 3 Xap4yOBUMH BOJIOKHAMH 3alpONOHOBAHO
BHOCHUTH TPOAYKTH TEPEPOOKH IIMUIIIAHU — OJiI0 Ta IIPOT. J[OBEACHO MOIUIBHICTE i
MOXIIUBICTh BUKOPUCTaHHSI BUIEHA3BAHOI POCIUHH JJISI MOJIOYHOT'O POCIMHHO-KHPOBOT'O
MPOYKTY eMYJIbCIHHOTrO TUIY 3 Xap4oBrMHU BosiokHamHu Citri-Fi.

Marepianu i meTogn. Meronom razopiauHHOi XpoMaTtorpadii i1eHTH]IKOBaHO MiKK
3pa3KiB CIpPEiB i3 NMPOAYKTAaMH NEPEpOOKH NIMIIIUHW. BCTaHOBIEHO, IO OTpUMaHHN
MOJIOUHHH POCIMHHO-KHPOBHH NMPOAYKT EMYJIbCIHHOIO THITY MICTUTDH Oijblle He3aMiHHUX
TIOIHEHACUYEHNX JKUPHUX KHUCIOT IMOPIBHSHO 3 MAacJIOM BEPIIKOBHUM, IO BXOAUTH IO
peuenTypu crpesis.

PesyabraT. BceraHoBiieHO, 1O B JIOCITIDKEHOMY CHpe/Al 3MEHIIYEThCS KUIBKICTh
HACHYCHMX 1 HEHACHYCHHUX YKHUPHHUX KHUCIOT: KarmpuHoBoi (Ha 1,136 %), maypuHoBOi (Ha
1,958 %), mipuctunoBoi (ua 3,03 %), manpmiTHHOBOI (Ha 6,454 %), creapuHOBOI (Ha
1,016 %), apaxinoBoi (Ha 0,229 %)) i TpaHCH30MEIB, SIKi IPH BXXUBAHHI MPOJIYKTY MOXKYTh
CIPUYMHUTH CEepUEBO-CyqUHHI 3axBopioBaHHs (Ha 1,305 % mOpIBHSHO 3 BEPIIKOBUM
MacsioM). OCHOBHOIO ®-3 KHCJIOTOIO B MOJIOYHO-)KUPOBUX MPOAYKTaX 3 XapuOBUMH
BOJIOKHAMH € JIIHOJICHOBA, TOPIBHSIHO 3 MAacjiOM BEPIIKOBUM ii BMICT 30UIBIIYETHCS Ha
0,038 %. Cepen ®-6 KHCIOT y 3pa3kax Macia IepeBakae JIHOIEBA, KOl CTae OUIbIIe Ha
0,458 %, minonepoi (1uc-9, muc-12 Cig,) — Ha 15,282 %. I3 MOHOHEHACHYCHUX Y CIIPEIi 3
NPOAYKTAMH TEpPepoOKH LIMIIIIMHM JIeN0 MEHIIE TaKuX  JKUPHHX KHCIOT, SK
MIipHCTOOJICTHOBA, MAJIBMITOOJICTHOBA, TENTAICIICHOBA, CIAiIMHOBA, aje OiIbIIC OJeTHOBOT
(ma 1,831 %). OtpuMmaHi pe3ylnbTaTH MOXYTh OYyTH BHKOPHCTaHI IPH BCTAHOBJICHHI
0i0JIOTIYHOT IIHHOCTI CHpEAiB 3 MPOMYKTaMH NEpepOOKH IIUIMIIMHK BIiAMIOBITHO 1O
Cy4acHHX I0JI0)KEHb HYTPHUIIONOTI].

KurouoBi ciioBa: cnpeo, sicup, onisi, wununa, MoioKo.

MopenoBaHHS CKJIAAY CyMillIeBHX 0JIili METO0M KYyNasKyBaHHS

Mapis XKoo, €srenist lllemanceka, [puna PagzieBcbka
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3 Meroro 30araueHHsT XapyoOBOIO pallioHy HaceJeHHS eCeHIialbHUMHU
KUPHUMH KUCJIOTAMH BUKOPUCTAHO METOJI KyNa)KyBaHHS POCIMHHUX OJIiH, SIKHH Jla€ 3MOTyY
ofep)KaTH JKUPOBI TPOAYKTH 30aJlaHCOBAHOTO CKIAAy 3 TPAJULIHHUMH CMaKOBUMHU
BJIACTHBOCTSIMH.

Marepianu i meromu. Di3UKO-XiMIiUHI ITOKa3HHKHM SKOCTI OJIii BH3HAYAIH 32
CTaHAapPTHUMHU METOIUKaMHU; IUIaHYyBaHHS €KCIIEPUMEHTY W ONTUMI3allif0 TEXHOIOTiYHUX
MPOLIECIB  3JIMCHIOBAIM  €KCIIEPUMEHTAJIbHO-CTATUCTHYHUM  METOJIOM Ha  OCHOBI
nporpamHoro nakera [Tackasb; >)KUPHOKHCIOTHUHN CKIIaJ OJIiil BU3HAYAIH METOJIOM T'a30BOi
xpomarorpadii.

Pesyabratn Ta 0OroBopeHHsi. J[ocmipkeHO W YTOYHEHO CKIIAJ JKUPHHX KHCIOT
POCIMHHUX OJiM XOJIOMHOTO TpecyBaHHS. P03po0ieHO i HAYKOBO OOTPYHTOBAHO CKJIan
KYIaXXiB Ha OCHOBI COHSIIHUKOBOI OMIl 3 TOJaBaHHAM OJIiil PHKiIO, JIbOHY Ta BOJOCHKOTO
ropixa, sKi TapaHTYIOTh palliOHAJIbHE CHiBBIJIHOIIEHHS ®-6/®-3 XHUPHUX KHCIOT 3
ypaxyBaHHSIM pEKOMEHJAlil iX crokuaHHs. J{ociikeHO mepedir aBTOKaTaJiTUYHOrO i
T1IPOJIITHYHOTO OKHCHEHHSl KymaxkiB mpu 30epiranHi ix 3a temmepatypu 20+2 °C 3a
BUJILHOTO JIOCTYITy CBIiTJIa Ta TOBITpsl. BCTaHOBIEHO CyTTEBE YMOBUIBHEHHS MIBUAKOCTI
HAKOIHMYEHHS MEePOKCUIB 1 BIIbHUX YKUPHUX KUCJIOT MPH KynaxkyBaHHi 35% ropixoBoi abo
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40% pwxieBol oiii 3 BiANOBIIHOIO KiJBKICTIO COHSIIHUKOBOI oiii. OnepikaHo JaHi mpo
3HW)KEHY CTaOUIBHICTh CyMIIIEBUX OJIil 3 BUKOPUCTAHHSM JUISIHOI ONii Ta PIBHSHHS JUIS
pPO3paxyHKy TapaHTIHHOrO TepMiHy 30epiraHHs KyNa)KOBaHHUX O Ha OCHOBI
COHSIITHUKOBOI OJii.

Karwuosi cioBa: ozis, kynasicysanns, scup, kucioma, -3 KUCIOMA, OKUCHEHHSL.

CxpuHiHr wramis 1Jis1 ¢gepMeHTaNii M'ICHOI CHPOBUHU

. 1 . 2
Ipuna [anactok', Citnana Jannnenko', [annua UepeaniueHKO
1- Incmumym npoooeonvuux pecypcie HAAH Ykpainu
2- Hayionanvnuii ynisepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. IlepcnektiBHUM Yy TexHONOrii BUPOOHMITBA (DEPMEHTOBAHUX M’ SICHHX
MIPOJYKTIB € 3aCTOCYBaHHS OaKTepiaJibHUX MpenapartiB, sSKi MICTSITh B OJHIA KOMITO3MIIT
MOJIOUHOKHUCIT OaKTepil Ta MiKpOOPTaHi3MHU 1HIIUX TAKCOHOMIYHUX TPYIL.

Marepianu i MeToqu. 3 METOIO BUBUCHHS KUIbKICHOTO 1 SIKICHOT'O CKJIATy Mikpodiopu
M’SICHUX PO3COJIB MPOBEAEHO aHai3 6 3pa3kiB. [30/TH TepeBipeHi Ha peakiio 3a
I'pamoM, Mopdosoriro KIIITHH, YTBOPEHHsS KaTayiasw, npoaykyBanHa CO, 3 TJIIOKO3H,
TiApoMi3 apriHiHy, PEAYKIII0 HITPaTy, HASBHICTh KaTaJla3HOI W apoMaTOyTBOPHOOUOI
AKTUBHOCTEH. 3pa3Ku TaKoX BUIIPOOYBaHi Ha 371aTHICTh poctd ipu 10 °C i 45 °C i mpu pH
3192, TonepantHocTi 10 4% 1 15% comi. IlpoTeoniTHYHAa aKTUBHOCTH KYJIBTYD
BHU3Havanacs B cepenoBuii MIITA 3 5% pozunnom NaCl i 10% rizpostizoBaHOTO MOJIOKA.

Pe3ysbTaTn. YncenbHicTh GakTepili y cM’ po3CoNTy He MepeBHINye MiTbifOHIB KITiTHH.
Haitmommpeninmmmu ponamu € Lactobacillus, Micrococcus ta Staphylococcus. HasBHiCTh
HITpaTpeayKyBaJbHOI, KaTala3HOi i apOMaTOYTBOPIOBAIBHOI aKTUBHOCTEH BCTaHOBJICHO Y
52 % BiniOpanux mramiB OakTepiil. 31 3pOCTaHHSIM COJIOHOCTI CEpeOBUIIA 3MEHIIIYBajach
KUIBKICTh IITaMiB, 3JATHUX JI0 pocTy. Maibke BCi IpyId MIiKpOOPraHi3MiB 3pOCTalOTh y
temneparypaux Mexax (10-40) °C. TlepearHna GinbmIicTs mTaMis cTadiloKOKiB 31aTHA 10
TiIpoJTizy MOJOYHUX OLIKIB. 3a CYKYNHICTIO OIOJIOrYHMX 1 TEXHOIOIYHMX O3HAK BimiOpaHo 2
BHUCOKOIPOITYKTHBHHX IIITAMH CTA(LIOKOKIB Ta 5 IIITaMiB MOJIOYHOKHUCIAX OAKTEpik.

BucnoBku. BnacruBocti BimiOpaHux mramiB OakTepii AalOTh MiJCTaBH 3aly4UTH
HalKpalli 3 HUX U1 BUpOOHUITBA (PepPMEHTOBAHUX M'SICHUX ITPOIYKTIB.

KurouoBi cioBa: v'sco, pepmenmayis, ckpunine.

PalIiOHa.]IbHe BUKOPUCTAHHSA KOJArceHy

1 1oy 2
Jrogmuna Ilemyx ', Oner 'anenxo ', Hina Bynnauk
1 - Hayionanvnuii ynigeepcumem xapuosux mexnonociu, Kuis, Yxpaina
2 - Ilonmascovkuii ynigepcumem ekoHomiku mopeieni, m. Ilonmasa, Yxpaina

Beryn. AKTyanbHICTB IOCTIKEHHS MTOJSIra€ B OOrpyHTYBaHHI BUOOPY HU3BKOCOPTHOI
M'SICHOT CHPOBUHH SIK MATpHII JUIS 3B'SI3yBaHHS 10HIB Kallbllilo - Oe3ne4Hoi, eeKkTHBHOT i
JIOCTYTHOI.

Marepianu i metoau. KonarenoBMicHa cupoBuHa — pyoeins BPX, mkepeno KambIliro —
CTYJKU Minid, (epMeHTHHH npemnapaT — KojareHaza xapuoBa. DepMEHTHHWH mHpemnapar
0o0upa Ha OCHOBI aHAJTI3Y JITEPaTYPHUX JKEPEI.
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PesynbraT. BeranopmoBanu partionanbHi mapamerpu pH (6,8 - 7,0), Temneparypu
(12 £ 1 ° C), tpusanocri (3:00), rigpomonyns (1:1) i KijbKiCTh (PEPMEHTHOTO TpenapaTy
Ut e(peKTHBHOTO MpOoTeoni3y Ha MozaenbHux cucremax (0,1%). 3a J0mMoMororw MmoBHOro
(haKTOPHOTO €KCHEPUMEHTY 3 TOJANBIINM MAaTeMAaTHYHUM MOJIEIIOBAHHSAM Yy MPOOJIEeMHO-
opienToBHOMY naketi MathCad orpumyBanm MateMaTHYHy MOJIEIb 3aJIEKHOCTI TPHUBAJIOCTI
i Temmeparypu mpoteonidy. [lapamerpom onTumizanii oOpaHO BMICT aMiHHOTO a30Ty
amiHorpymu, 1mo orpumysanu 3 pyoust BPX. JlociimkeHHsT TPOIOBKYIOTHCS, TIAHYETHCS
OTPUMAHHS i ATBEP/PKECHHS TaHUX MOEIBHOTO CEPEIOBHUIIA MPH MPOTeoizi pyous BPX.

BucnoBku. Pe3ynbraTi peKOMEHJ0BaHO BUKOPHCTOBYBATH B M'SICHIH Taiy3i Xap4oBoi
MIPOMUCIOBOCTI B CICI[iaIbHOMY Xap4yyBaHHI — TepoaieTUHOMY. Po3poOka Hamae
MOXIIUBICTh 3HU3UTU BapTiCTh TOTOBOTO MPOAYKTY, 30araTUTH WOro MIiKpOEIEMEHTaMH i
TIOJIIIINTH 3aCBOEHHS OPTaHi3MOM JIIOINHH.

KarouoBi ciioBa: w'sco, pybeys BPX, cuposuna, ceponmonoeisi.

OnTumizanisi yMoOB BU/IiIeHHS Ji€THYHOI 100aBKH 3 aJalITOr€HHOI0
AKTUBHICTIO 3 eyepulli 1BocnopoBoi (Agaricus bisporus)

Haranis YepHo, ['eopriit CrankeBu4, Codist O3omina, Onekcanapa HikiTina
Ooecvka HayioHanbHa akademis xapuogux mexnonoziu, m. Odeca, Ykpaina

Beryn. ¥V cydacHux ymoBax ajamnTailiifiHi Ta 3aXHCHI CUCTEMH OpPraHi3My HE MOXYTh
aZIeKBaTHO KOHTPOJIIOBAaTH TOMEOCTa3 1 pearyBaTH Ha 3MiHHM, IIO BigOyBalOThCs B
HaBKOJIMIIHHLOMY CEPEIOBUI, TOMY aKTyaJbHUM € pO3pOOJEHHS TMpenapariB 3
aJIalITOreHHOI0 aKTHBHICTIO HA OCHOBI PErioOHANBHOI CHPOBHHHU.

Marepianu i merogu. [locnmimKkyBaHi npenapaTy SBISIOTH COOOI0 TBEPAUI 3aJIUILIOK
micyis 00poOKU TPHOIB HU3KOK EKCTPAreHTIB: KHUILIIUOK BOAOIO, po3uuHamu 3,7 % HCI
Ipu KiMHaTHi# Temriepatypi, 3,0 — 7,0 % NaOH mpu temneparypi 98 °C npotsarom 1,5 —
4,5 ron. 3pa3ku XapaKTepU3yBaIH 3a TAKUMH IMOKa3HUKAMH: aHTHOKCUIAHTHA aKTHBHICTh
(AOA), oidinorennmii edexr (BI'E), copbuis xomeBoi kucnorn (CXK). AOA 3paskiB
BH3HAYAIIM TiONiaHATHUM METOJOM (TiCIisl iHimiamii nepekucHoro okucieHHs nimiai); bI'E
— 3a KuipkicTI0O KIITHH Oidimobaxrepiit, mo Bupociau 3a ix HasBHocTi; CXK —
CHEeKTPOPOTOMETPUIECKUM METOJIOM.

Pesyabratn. OtpumaHo IiHIHI pIBHSAHHS perpecii, $Ki aJeKBaTHO OIHCYIOTh
3anexxHocti AOA, BI'E i CXK BunineHux mnpenapatiB Bif AOCHIKyBaHUX (aKTOPIB:
KOHLIEHTpALIIT JIY)KHOT'O areHTa i TpuBaJIocTi 00poOky cupoBuHu. B piBHsHHAX i1 AOA i
BI'E koeodinienTn mapHoi B3aeMopii 3HaYymli i MalOTh JOCTATHBO BEIIUKI 3HAUYCHHS.
BcranoBieHO, 1110 IPY HU3BKUX KOHIEHTPALSIX PO3YHHIB JIYTY 13 30UIBIICHHSIM TPUBAJIOCTI
00poOku moka3Huk AOA 3HAa4YHO 3pOCTa€, B 00JACTi BHUCOKUX 3HaueHb Cnyon BILIHB
TpHUBAIOCTI 0OPOOKKM MeHIHH. 30UTbIIEHHS] MacOBOI YACTKH HATPIH TiIPOKCUAY B PO3UUHI
MIPU3BOJUTH 10 icTOTHOrO 3poctaHHs AOA TiIbKM NpW MiHIManbHIH excriodunii. Ha BI'E
IpernapariB MepeBakHO BIUIMBAE KOHIICHTpAIlisl Jyry — miaBumeHHs Cnaon 3 3,0 10 7,0 %
NpyU  MiHIMQJIBHIA TPUBAJIOCTI OOPOOKH CYNPOBOIKYETHCS 3MEHIIEHHSM  KUTBKOCTI
MIKpOOpraHi3MiB Okl HiK yrpudi. [Ipy MiHIManbHUX 3HAUYEHHSX KOHIIEHTpALii JIY>)KHOT'O
areHTa 301JIbIIEHHS] TPUBAJIOCTI 0OPOOKH MPU3BOJUTH 10 3HW)KEHHS AaHOTO MOKAa3HUKA, a
NpU MaKCHUMaJIBHHX — CIOCTEpIraeThcs NpOTWIEeKHUA edekr. Ha crymiHp mnposiBy
npenaparamMi CXK BIuiMBae sSK KOHIIGHTpAlis JIY)KHOIO PO3YHHY, TaK 1 TPUBAIICT
00poOku. 3i 3poctanHsM koHueHTpauii ayry CXK migBuiryeTbesi, 301IbIIEHHS TPUBAJIOCTI
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00pOOKH, HABIIAKHU, IPU3BOAUTE 0 WOTO 3HIKEHHs. ONTUMAaIbHUMH YMOBAMHU OTPUMAaHHS
MIETMYHOI JTO0aBKM 3 aJaNTOreHHOK AKTHUBHICTIO 3 TIEYCPHIl JBOCIIOPOBOI € 00poOKa
CHPOBUHH KHUILULUOI BOJOI0, 3,7 % po3unHom HCI mpu kiMHaTHIN Temmepatypi, 5,1 %
po3uuHOM Jnyry mpu Temmeparypi 98 °C mpotsarom 4,2 rox 3 mapamerpamu: AOA Takoi
nodasku  craHoButh 90,0 %, CXK - 224 wmr/vr pobasku, BI'E  Bigmosimae
1,510 KYO/em'.

BucHoBKH. 32 yMOBH IiATBEP/UKCHHS aalTOrCHHUX BJIACTHBOCTEH B YMOBax in vivo
nieTMyHa 100aBKa MO)Ke OYTH pEKOMEHAOBaHa sK mpemapaT mpoditakTudHol nii. B
VYkpaiHi He BOPOOJIAIOTECS TperapaTH 3 aalTOreHHO aKTUBHICTIO, OTPUMaHI Ha OCHOBI
PErioHaIbHOI CHPOBUHHU.

KumouoBi ciioBa: onmumizayis, oiemuuna 006aexka, adanmozen, akmusHicib.

BioTrexHonoris, Mikpobionoris

InTencudikaunis cuHTE3y MiKpOOHOIr0 €K30M0Jicaxapuay eTanoJiaHy 3a
yMoOB pocty Acinetobacter sp. IMB B-7005 Ha coHsimiHMKOBIii 0J1ii

Muxkona IBaxutok, TetsiHa [Tupor
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Mikpo6Hi ex3onomicaxapuau (ETIC) 3aBnsiku 31aTHOCTI iXHIX PO3YHMHIB 110
3MIiHEHHS PEOJIOTIYHUX XapaKTEePUCTUK BOJHUX CHCTEM IIUPOKO 3aCTOCOBYIOTHCS Y Pi3HUX
raimy3sx npoMmucioBocTi. OCTaHHIMA pOKaMU  aKTUBI3YBAJHMCS  JIOCHIJDKEHHS 3
BHUKOPUCTAHHS TPOMHMCIOBUX BIAXOMIB JJIS OACP)KAaHHS MPAKTUYHO IIIHHUX MIKPOOHUX
MeTaboJIiTIB, B TOMY YHCII i OJ1i€BMiCHHX.

Marepianu i meromu. KynetuyBauus Acinetobacter sp. IMB B-7005 3mificHioBam
Ha PiIKOMY CEPEIOBHIIN, 10 MICTHIO SK JPKEPENIO BYIJICIIO COHANIHUKOBY omiro (1-5 %,
00’eMHa 4acTKa), a30Ty — HiTpat amoHito (0,4—0,8 /i), maHToTeHary — MyJbTHBITAMIHHHNA
komiuieke «Komrutesim» (0,00085 1 0,00095 %). Konnentpamito EIIC Bu3Ha4Yamu BaroBum
METOJIOM Ticisl oca/pkeHHs1 i3ompornanoioM, EIIC-cuHTe3yBanbHy 37aTHICTH — SIK
BigHomeHHs koHneHrtpauii EIIC no konueHrtpauii Oiomacu ta Bupaxamu y r EIIC/T
GiomacH.

PesynbraTm Ta o00roBOpeHHs. BcTaHOBIEHO, IO 30UTBIICHHSA KOHIICHTPALIT
COHSIITHUKOBOI oJ1ii y 0a30BOMY CepeloBUI KyAbTUBYBaHHs Acinetobacter sp. IMB B-
7005 mo 4-5 % cympoBOMKYBAOCS 3HIDKCHHSIM IIOKA3HUKIB CHHTE3Y €TaIloNaHy
MOPIBHAHO 3 TAKMMU Ha CEPEIOBUII 3 HIKUOI0 (2—3 %) KoHIIeHTpaIliero cyocTpaTty. [Ipore
MiIBUIIEHHST BMICTy HiTpary amonito 1o 0,6 r/m i/abo KOHIEeHTpalii NmaHTOTeHaTy a0
0,00095 % nano 3Mory 30LIBIIMTH KiJIbKICTh €TarojiaHy, CHHTE30BAHOIO Ha CEPE/IOBHII 3
5 % COHAIIHUKOBOI oii, 10 6,6—6,7 /1, mo B 1,3—1,4 pa3a Buile, HiXK Ha 0a30BOMY
CEepPEIOBHUIII 3 TAKOIO CAMOK0 KOHIICHTpAIli€lo cyocTpary, ane Hikdoro NHyNO; (0,4 /) 1
nanToreHaty (0,00085 %).

BucnoBok. OnepxaHi pe3ynbTaTu MiATBEPKYIOTh MOMKIIUBICTh CHHTE3Y MiKpOOHOTO
moJTicaxapuy eTarojiaHy 3a YMOB pocty Acinetobacter sp. IMB B-7005 Ha cepenoBuiii 3
IiIBUIIIEHAM BMICTOM COHSITHUKOBOI omii. L{i maHi € oCHOBOWO Uit PO3POOKH TEXHOMIOTIT
eTarnoyiaHy 3 BUKOPUCTaHHSM SIK CyOCTpaTy BiANpanboBaHoi (TiepecMaxeHoi) otii.

Karwuosi cioBa: exzononicaxapuo, 6iocunmes, COHAUHUK, Oisl, KYIbMUBYSAHHSL.
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XapuoBa ximis

Buayuennsi P-BiTaMiHHOI0 KOMILIEKCY 3 JIUCTS 3€J1€HOT0 a0

Amnacracis Spom, Mapuna Jlagonsko, Onena [Tono6iit, Ceitiiana bonmapenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. P - BiTaMiHHUMIA KOMILIEKC i3 3€JIEHOIO Yal0 Ma€ BHCOKY aHTHOKCUAAHTHY JIit0
KaTexiHiB, TOMY WOro MOXXHa BHKOPUCTAaTH JUIi TNPOPUIAKTHKA W JKYBaHHs
HAMPO3MOBCIO/KEHIIINX 3aXBOPIOBaHb, Yy MATOreHE31 SIKMX BaXIMBY pOJb BiAirpae
aKTHBAllisl BUTbHOPAIMKAILHOTO OKHCHEHHSL.

Marepianu i metonu. JlociiDkeHO KPYITHONUCTOBUNA 3ereHui OaibixoBuit waid. J{is
BIUIy4eHHsl BiTaMiHy P BHKopucTraHO MeToAm mpocToi Ta OaraToOKpaTHOI eKCTpakIlii.
BuzHaueHHs! KUTBKOCTI €KCTParyloYux PEYOBHH MPOBOIMIN LUISXOM BHUIIAPIOBAHHS, IiCIIs
LILOT'O MTPOBO/IMIIOCS 3BA)KyBaHHSI.

PesynbraTn Ta o6roBopeHHsi. J[i1s1 3a0e3MeUYeHHS BHCOKOrO BMICTY BiTaMiHy P B
3€JIeHOMY Yai JIOUIFHO BUKOPUCTATH ONTHMANIbHI YMOBHU HOTO €KCTparyBaHHsI.

Haii0inpi MOBHE BWIUIYYEHHS IILOBUX CIHONYK JOCATA€ThCS MPU EKCTparyBaHHI
mporasroM 60 XB (momaiblie 301IBIICHHS 4Yacy CKCTparyBaHHsA HE IPU3BOIWIO IO
301IBIIEHHST KUTBKOCTI €KCTPaKTUBHUX PEYOBWH). MaKkcuMalbHe BWIYYEHHS IUTHOBHX
CHOJIYK CIOCTEPIraJioch TPH EKCTParyBaHHI CHUPOBHHH 3 pPO3MIpPOM YacTHHOK <IMM.
JlocimimKeHHsT KpaTHOCTI eKCTpaKIlii MoKa3alio, 10 AOUIIBHUM € TIPOBEIEHHS ABOKPAaTHOTO
€KCTparyBaHHSI.

BucnoBkn. Po3poOka 0ionOriyHO axkTHBHUX [00ABOK Ha OCHOBI TMPHPOAHUX
QHTHOKCHUJIAHTIB € aKTyaJbHOIO MPOOJIEMOI0, a (PJIaBOHOIM 3€JIEHOr0 Yato — MEepPCIEeKTHBHI
00’exTH Ay 30araueHHs] Xap4oBUX MPOAYKTiB. ONTUMAaIBHUM Ul BHJIy4eHHS BiTamiHy P
13 3€JIEHOr0 Yalo € CITIiBBIJHOUICHHS CHPOBUHA — eKkcTpareHT 1 : 40, ToMy 1o 30iNbIIeHHs
KIUJIBKOCTI PO3UMHHHUKA HE MPU3BOAUTH J0 3POCTAHHS KIJILKOCTI (DIaBOHOI/IIB B €KCTPAKTI.

KurouoBi ciioBa: ghiasornoio, kamexin, éimamin P, excmpakyis, 3enenuil uail.

Busznavenns Bmicty mikpoesemenrtiB (Cr, Al, Pb) y nutHiii Boai
M. KueBa 3a 1010M0ror aroMHo-aicopouiiiHoro anaJjisy

Maxcum ITomym6puk, Bipa Imenko, Oner [Tomym6puk
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, m. Kuie, Yxpaina

Beryn. OaauM 3 HaiOuTbIn BaroMux (hakToOpiB SIKOCTI JKUTTS y BEJIUKUX MicTax
BBXXAETHCS KOHTPOJb BMICTY MIKPOEJIEMEHTIB. 3 II€I0 METOI IMUPOKO 3aCTOCOBYETHCS
aTOMHO-aJICOPOLIHUI  aHami3 3  enekrTporepMmiunor  atomizamiero (ETAAS) 3
BUKOPHCTaHHIM XIMIYHUX MOAN(IKATOPIB.

Marepianu i metogu. Bei BumiproBanns konnenrpanii Al, Cr ta Pb y 3pa3kax Boau
OyJIM BUKOHAHI 3a OTIOMOT'OK0 aTOMHO-acopOIiiiHoro crekrpodoromerpa CatypH-3 MII,
obnagHaHoro TpadiToBUM eieKkTpoTepMidHUM atomizatopoM (I'padit 2).

Pe3yabraTu Ta 06roBopenHs. CyTTeBa pi3HUIL B KOHIICHTpAIT CBUHIIO 3adikcoBaHa
y JIBOX 3pa3Kax BOIHU 3 03€pa, L0 MOXKHA MOSCHUTH OJU3BKUM MPOJISTaHHSIM TpacH Oiis
o3epa B lonociiBcbkoMy paiioHi 1 #oro 3a0pyqHeHHSIM OSH3MHOBUMH IPHUCAIKAMH, SIKi
MicTATh Lieil eeMenT. Ha sxamb, BMicT Al B mig3emHi# piuri JIuOias CyTTEBO MEpeBHIYE

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

149



—— Abstracts ——

I'’IK, mo mMoxe OyTH MOB'SI3aHO 3 TPUBAIMM BHUKOPHCTAHHSIM TPYO 13 BHCOKMM BMICTOM
LOTO €JIEMEHTa, a TAKOXK pEe3YJIbTaTOM HEKOHTPOJIHOBAHOI'O BUKOPHUCTAHHS MHUIOUUX
3ac00iB 1 nerepreHTiB. HasBHICTh BENMKOI KiJIBKOCTI XpOMY MOSICHIOETBCS SIK TIPUPOIHUMH,
TaK 1 aHTPONOreHHUMH (pakTopaMu (HANpPHKIIAJ, BUITY)KYBAHHSM TBEPIMX IPOMHCIOBUX
BiIXO/IB, SIKI MOXYTh 3a0pyIHIOBaTH BOJy BHACIIJOK IHTEHCHBHOI 3a0ylOBH MicCTa).
[TuTHa Boza pivoOK TaKOX XapaKTEePU3YETHCS IMiJBUIICHOIO KUTBKICTIO XpPOMY.

BucnoBku. 3a0pyaHeHHS BOJM, CIPUYMHEHE HASBHICTIO CBUHINIO, € HE3HAYHUM.
3BakarouM Ha BUCOKY KOHLIEHTpALlil0, HaiOLbIry yBary ciia npunimmTu Bmicty Al i Cry
pi3HUX JpKepenax nuTHOI Bomu M. KwmeBa. LlikaBo, 110 crioxuBaHHsS BOIM, 30aradeHoi
XpOMOM, MOKE€ TIO3UTUBHO BIUIMBATH Ha JIIOJEH, XBOPUX Ha I[YKpOBHH Jia0OeT, OCKIILKU B
HHUX He3HaYHa KUIbKICTh IIOI'O MiKpOEJIEMEHTa B TIJIa3Mi KPOBi.

KurouoBi ciioBa: 600a, numms, ETAAS memoo, mikpoenremenm.

Mpouecu i o6s1agHaHHSA Xap4yoBUX BUPOGHULITB

AHaJti3 npouecy yTBOPpeHHsI N-HIiTPO30AMMeTHIaAMiHY B IUBHOMY COJIOI

BiTamiii [ytrok, Onekcanap becapab, Temeny»kka Xapananosa, Cepriii Bacunenko
1 - Hayionanvruii yHisepcumem xapuosux mexuonoeit, Kuis, Yxkpaina
2 - Pycencokuii yuisepcumem «Amneen Kanueey, @inis Paszepaod, boreapis

Beryn. YV ocrarTi pO3IUISIHYTO NUTAaHHS YTBOPEHHS KAHIEPOTEHHMX PEYOBHMH IIPU
BUPOOHUIITBI mHBa. [10Ka3aHo, 1[0 OCHOBHUM TEXHOJIOTTYHUM IIPOIIECOM, KW BILIMBA€E Ha
HaKomUueHHs N-HITpO30AUMETHIAMIHY B TMHBI, € CYIIHHS IHBOBAPHOI'O0 COJIOMY.
BusHavyanpHuM (haKTOPOM, IO BIUTUBAE Ha BMICT N-HITPO30AUMETHIAMIHY B COJIOMI, €
KOHIIEHTpAL JIOKCUIY BYIVIELIO Ha BXO/I B IIIap COJIOAY.

O0’ektin i MeTomu mocHimKeHHs. JIOCTIKEHHS NPOBOMWINCH MPU PEKUAMAX,
xapaktepuux mna  cymapok JICXA. BumipioBaHHS KOHIIEHTpalii OKCHIIB a30Ty
3IiMCHIOBAJIACS Ha ra3zoaHanizaropi Tairy 645 XJI 20, npuHImIT poOOTH AKOro 0a3yeThes Ha
XEMITIOMIHECIICHTHOMY METO/li BU3HAYCHHS OKCUIY a30TYy.

Pe3ynbraT Ta 00roBOpeHHs. BibIll iHTEHCHBHE MOIVIMHAHHS IOKCHIY BYIJICITIO
CIIOCTEPIraiocs IiJ] 9ac mepuioi crafii (MOCTIHHOT IMIBUIKOCTI) CYIIIHHSA, IO MOSCHIOETHCS
HasSBHICTIO B COJIOZI BEJMKOI KITBKOCTI BiJIbHOI BOJIOTH - IIOIJIMHAYA JIOKCUAY Byrielo. Ha
iHTeHCU(IKAIi0 TPOIECIB YyTBOPSHHS N-HITPO30IUMETWIAMIHY B COJOAI HAHOIIhIIUI
BIUIMB Ma€ KOHIICHTPAIIiSA MIOKCHIY BYIJICIIO B CYNIMJIBHIA areHTa, M0 BiI3HAYCHO B yCIX
JIOCIiIax.

I'pannuni 3HayeHHs Bmicty NO, B CYIIWIBHIA areHTa OOYMOBIIOIOTHCS 3aTaHUMU
ririeHivHuMH HOpMaMu KouieHTpaiii HIMA B comomi, TOMy IjIs TapaHTOBAHOI YHUCTOTH
MPOAYKTY Meka koureHnrpanii HIMA y BUpoOJieHOMY COJOAI IOBHHA CTAaHOBHTH HE
oiunpnre 15 Mkr/kr. Taky KOHIICHTpAIIiIO 3a0e3Medye CYIIiHHS CONOAY CYIIMIbHIUM areHTOM
i3 Bmicrom NO, B HpOMy He Ginmbme 0,4 mr/m’. Ile 3HaueHHs Mae GYTH TDAHHUHHAM Yy
PO3pOOII CYJacHHUX TEIUTOBSHTHISIIHHI CHCTEM.

KirouoBi cioBa: co00, cywinns, n-nimposooumemuaamin.
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YnockoHasieHHs1 00J1aqHAHHS VIS IPUTOTYBAHHS TiCTOBHX HaniBgadpukaris

Onexkcanap Kpapuenko, FOmist Tenuukyn, Bomomumup TemumukyH
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. [lizBumutn edeKTHBHICTH Tpolecy BUPOOHMITBA XJIi000YIOYHHX BUPOOIB
MOXIIUBO HISIXOM IHTEHCHBHOI'O 3aMilllyBaHHS TiCTa, YIOCKOHAJEHHs HOro OpojiHHS Ta
(bopMyBaHHSL.

Marepianu i meromu. Jlocmi/pKyBaau TMIICHWYHE APDKIDKOBE TICTO 3 OOpOIIHA
BHUIIIOIO TaTyHKY Ta TPOLECH 3aMilllyBaHHs, OpOiHHS 1 (GopMyBaHHS Ha pO3pOOIEHIN
eKCIIEpUMEHTAJIbHIN YCTAHOBII, B SIKiH 1l oneparii moeaHaHo.

PesyabraTn. HeoOXiqHICTh KOMILIEKCHOI'O YJIOCKOHAJIEHHS MpOLECY BHPOOHHUIITBA
XJ11000yITOUHUX BUPOOIB BUIUIMBAE 3 MIMPOKOTO BUKOPUCTAHHS PYYHOI ITpalli, TPOMi3/IKOT0o
oblajHaHHS TpH TpamumiiHOMY crocobi BHpoOHHMITBA. KOHCTpyKIis 3MillyBallbHO-
OponnIIbHO-POPMYBAIBHOTO arperara J03BOJSIE 00'€qHATH MpolecH Oe3nepepBHOro
IHTEHCHBHOTO 3aMilllyBaHHS TicTa, OpOAiHHS Ta (QOpPMYBaHHS PO3PUXJIICHUX TiCTOBUX
3aroTOBOK 0e3MOocepeHbO Ha Iijl X1i0onekapchbkol nevi. ArperaT 3a0e3neuye CKOpOoUYeHHs
MallIMHO-aIlapaTypHOI CXEMH i 3HIKYE BUTPATH HAa EKCIUTyaTallilo 00J1aIHaAHHSL.

B'si3kicTh Ta30HAIIOBHEHOrO TicTa JIHIMHO 3HMKYETbCS 31 30UIBIICHHSM BUTpAT
MTUTOMOI pOOOTH 1 IIBUIKOCTI 3CYBY 4Yepe3 NocialieHHs B3aeMOii MiXK YaCTUHKaMU TicTa.
[linBumieHHss BMICTy Ta30BOi (ha3u MNPHU3BOIUTH JIO 3MEHIIEHHS B'SI3KOCTI TicTa Ta
301IBLIEHHST CepeaHbOI MBUAKOCTI OTOKY. KinbkicTh razy Ounbire 40% i rpasieHT TUCKY
0,3-0,4 MPa cipHuuHSIOTh PyHHYBaHHS T'a30BUX OynbOamniok. Onep:kaHO €KCIOHCHINHHY
3aJIOKHICTh CEPEeHbOI MIBUAKOCTI OTOKY W BiJ THUCKY mpecyBanus P Bing 0,1 mo 0,4 MPa
npu pizHOMY BMicTi ra3oBoi ¢a3u G Bix 0 1o 45 %. 3anexHicTh KoedilieHTa PO3MIUPEHHS
TICTOBOT'O JDKT'YTa BiJl KyTa BXony y (opMyBalbHHI KaHaid Mae ekcTpeMyM. OntuMasibHe
3HA4YEHHs1 KOHYCHOCTI BXoxy — 70 - 80°.

BucnoBku. Pe3ynbraté [OLUIBHO BUKOPHCTATH IIPH MPOEKTYBaHHI HOBUX 1
PEKOHCTPYKIIIT iCHYFOUHX JIiHiil BUpOOHHIITBA XJT1I000YIIOYHUX BHPOOIB.

KarouoBi ciioBa: savic, micmo, excmpysis, Opooinns, popmysarns

HaykoBe 00IpyHTYBaHHSI MeTOAY CHHTE3Y CTPYKTYPH MALIUH IS
NMaKyBaHHS XapyOBHX MPOAYKTIiB

Onexkcanap "aBBa, Jlroqmuina Kpusoruisc-Bonoaina, Mukona Macio
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Jlnst ontumizamii mpoliecy NakyBaHHS JOLJIBHO BHKOHYBATH CHHTE3
CTPYKTYpH NaKyBaJIbHOI MalllnHA KOMO1HATOPHO-JIOT1YHUMHU METOIaMH.

Marepianu i meromu. [ reHepyBaHHS CTPYKTYp BHKOPHUCTOBYETHCS Iepedip i
TIONIYK HOBHX ITO€IHAHD Y MACHBI aHAJIOTIB 1 IPOTOTHIIIB IPH 3aCTOCYBaHHI 3aC00iB OMHUCY
y3araJbHEHUX CTPYKTYP MaKyBaJbHUX MAIIHMH (TaOJUYHI, alreOpaidHi, JOriuHI Ta MEepexHi
MOJIETi).

Pesyabratn Ta o6roBopennsi. OpieHTOBaHMH  MyJabTUTpad BHKOPHCTAHO IS
CHHTE3y CTPYKTYpH IMaKyBaJIbHUX MAIMH, a TaKOX ONTHMi3alii OKpeMux pimeHs. J[is
BOro COPMYIbOBaHI CHCTEMH OOMeXeHb 1 LinboBi (yHKHil. OOrpyHTOBaHa CHCTEMa
00MeXeHb, sSika BU3HaYae YMOBH BHOOPY €JIEMEHTIB MYIbTHIPadoBOi MOJIENi, Ta HiJIbOBOT
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GyHKIII, 0 HAaJa€e MOXIIMBICTH ONTUMI3YBaTH pi3HI CTPYKTYpHI XapaKTEPHCTHKU
pO3B’si3KiB. P0O3B’s30K 3ajayi CTPYKTYPHOI'O CHHTE3Y CKJIAJA€ThCS 3 OPIEHTOBAHHX YT
mynbrurpada. Ilig yac 3actocyBaHHS IIbOrO METONY OOMH KJac MaKyBaJbHUX MAllMH
NPE/ICTABISIIOTh Yy BHIVISIL  OPIEHTOBAHOrO MynbTHrpada. Y TakoMy MyabTurpadi
MHOXXHHOIO MyIbTHAYT € Z={Zi}, i= , a MHOXUHOK BepmuH — S={Si}. Jlyra Oyne
aKTHBOBAaHA TOJi, KOJM aKTUBOBaHI BCi ii BUXOAW. 3arajbHa KiJbKICTh 3MIHHHX y TaKHX
MOJIENIAX BU3HAuanachk i3 Bupasy 3n+K+M, a KiIbKiCTh PIBHSAHB 1| HEPIBHOCTEH y CHCTEMI
oomexenb - 7n+K+L+1, ne n — 3araspHa KiNBbKICTh €JIEMEHTIB Yy3arajbHEHOI CTPYKTYpH
MaKyBaJbHOI MamuHu, K — KUIBKICTh BHXIAHHUX 3B’S3KiB, L — KiJBKICTh 3a00pOHEHUX
KOMOiHaITi .

BucnoBok. IIpobGnema CTpyKTYpHOTO CHHTE3y 3Bel€Ha IO 3aaad JAUCKPETHOrO
JiHiMHOTrO TporpamyBanHs. J[J1s boro copMyaboBaHa cucTeMa 0OMEXEHb, sIKa BH3HAYAE
YMOBH BHOOpY €JIEMEHTIB MyNbTHrpadoBoi Mozeni Ta wiaboBoi (yHKIIi, 10 HaIaroTh
MOXIIUBICTh ONTUMI3YBaTH Pi3HI CTPYKTYPHI XapaKTepPUCTUKU PO3B’S3KiB.

Knro4doBi cioBa: nakysanmnsa, mawiuna, cunmes, MoOYib, MyTomuepagp.

ABTOMaTM3aUis BUpobHMUMX npouecis

OnTumizaiisi cHCTEM eJIeKTPONOCTAYAHHSI MIAMPHEMCTB Xap40Boi
NMPOMHCJIOBOCTI

Bomnogumup HleCTepeHKol, Irop [3BOTEHCHKHiT',
Outer Mamenko', Onexcanpa Illectepenko’
1 - Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina
2 - MP “L&G meter”, Kuis, Yxpaina

Beryn. ITigBumuty eeKTUBHICTH KOMIIEHCAIIT PEAKTUBHOI MOTYXHOCTI HAa Xap4OBHX
MiANPUEMCTBAX JIOUUIBHO IIUIIXOM 3aCTOCYBaHHSI JIBOPIBHEBOI CHCTEMHU KEpYBaHHS
JOKEpeaMy PeaKTHBHOI MOTYKHOCTI.

Marepianun i Metomu. JloCHiKYEThCA PO3pOOJIEHA CHUCTEMa  KOMILICKCHOT
KOMIIeHcallii, ska 3a0e3nedye 3MiHY B akIEHTax KepyBaHHS moTyxHocTsMu KY Bin
JleneHTpai3amii 10 3a0e3NeueHHs] CUCTEMHOI IIIECTIPSIMOBAaHOCTI BHUPIIIEHHS MTpo0ieMHu,
IO KOHLENTYaJIbHO TIOB'SI3aHO 3 ONTHMI3Alli€l0 PEKUMY EIEKTPOCIHOKUBAHHS Ha
MIPOMUCIIOBOMY ITiATIPUEMCTBI.

Pe3yabraTu Ta o6roBopenns. Crio)XMBaHHSI PEaKTUBHOI IIOTY>KHOCTI IIPOTSITOM 00U
HepiBHOMIpHe. CrucreMaM KOMITEHCAIlll peakTUBHOI MOTY)KHOCTI iIIPUEMCTB IPUTaMaHHa
iepapxiyHa CTpPYKTypa Ta BHCOKAa CKIQAHICTh. [IpoTaroM n00M MOTYXHICTh, IO
TeHEepYEThCsl, TOBMHHA He MeHIe, sk Ha 80-90% 30iratucs 3 rpadikoM CIIOKHBaHOI
peakTUBHOI ~ MOTY)KHOCTi.  JI>Kepeno peakTHBHOI IOTY)XHOCTI 3  KOMOIHOBaHUM
pETyNIOBaHHAM Ma€ TaKy caMy IIBUIKOMIIO, SIK 1 IUIaBHE Ta CTYIIHYACTE JDKEpPENo
pEaKkTUBHOI IIOTY)KHOCTi, aje Ha BiAMIHY BiJl CTYIiHYacTOro JpKepela peaKTHBHOL
MIOTY)KHOCTI JTO3BOJISIE PETYIIOBATH PEAaKTHBHY IOTYXXHICTh IUIABHO, a Ha BiIMIHY BiX
TUIaBHO PETrYJIbOBAHOTO JPKEpelia PEaKTHBHOI MOTY)KHOCTI HE BHKIIMKAE Y MEPEKI 3HAYHUX
CHOTBOpEHb (pOpMU KPUBOI HAanpyru. PexxiM poOOTH BCIX PKEpesl peaKTHBHOI MOTYXKHOCTI
MOBUHEH BIJINOBiaTH Tpadiky CIOKWUBAHHS PEaKTUBHOI MOTYKHOCTI. 3anporOHOBAaHHN
CHCTEMHUI MiJXiJ] IO KOMIIEHCAIli J[03BOJISIE CYTTEBO MiJBUIIUTH €KOHOMIYHI TTOKa3HUKH
BCIX JDKepel peakTUBHOI  MOTYXHOCTi. Jlns mifBHINEHHS KoedillieHTa IOTY)KHOCTI
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3aCTOCOBaHI KOHJEHCATOpPHI ycTaHOBKH. PoOora BmpoBamkeHa Ha J{HIpONETpOBCHKOMY
MOJIOK03aBO/Ii. Pe3ynbpTaT BIpoBaPKEHHS! — 3MEHILIEHHS BTpaT eJeKkTpoeHeprii Ha 23 %, a
CyMH OILIaTH 32 PEaKTHBHY €Hepriro Ha 78 %.
BucHoBku. Pe3ynbrati peKOMEHIyeThCs 3aCTOCOBYBATH Ha IMIAIIPUEMCTBAX Xap40BOl
MIPOMUCIIOBOCTI 3 METOIO MMiJIBUIIIEHHS €()EKTUBHOCTI CHCTEM EJIEKTPONIOCTaYaHHsL.
Kunro4doBi ciioBa: peaxmusna nomysicnicme, enekmponocmaianis, KOMREHCayisl.

Po3paxyHok KiHIeBOi TeMnepaTypu HarpiBy 00MOTKH cTaToOpa
TypOOreHepaTopa 3 MeTOI0 YIPAaBJIiHHSA PO3BUTKOM TEIJIOBOI0 1e(eKTy

Omnbra Masypenko, Banepiit CamcoHoB
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu , Kuie , Yxpaina

Beryn. [l ynpaBniHHS poOOTO0 TypOOreHepaTopa BaXkKIIMBO TOYHO CIIPOTHO3YBATH
KIiHIIEBY TEMIIEpaTypy TEIIOBOTO MPOILECY, Ka MOXE 3pOCTU NPH BUHHUKHEHHI B MAaIllUHI
nedekTi. i ynpaBIiiHHSI PO3BUTKOM JIE(EKTY MOIITHHO BUKOPUCTATH METOAM TEXHIYHOI
JIIarHOCTUKH.

Martepianu i meromm. Ha ocHOBI aHamizy KiIacMYHOro i rpadiyHOro MeTo[iB
PO3paxyHKy KiHIIEBOI TeMIlepaTypyd OOMOTKH cTaTopa TypOoreHeparopa OyB po3poOieHuit
HOBUI METOJI PO3PaxyHKy TeMIepaTypH eJNeKTPUYHOI 1301l OOMOTKM cTaTtopa, IO
BCTaHOBWJIACS, 3 BUKOPUCTAHHSM CYJ9aCHUX METOJIB iH(pOpMAaLliiHNX TEXHOJIOTIH.

Pesyabratn Ta o6roBopenHsi. KiacnyHuii MeTOl MOXXHa BUKOPUCTOBYBATH MpPH
HE3MIHHIN Benu4uHI KoedillieHTa TEIUIOBiAIadi, TOOTO KOIHM CHCTEMa OXOJOIKCHHS
NpaIfoe B CTaTOPHOMY PEXKUMi, a TiJBUIICHHS TEMIEepaTypd CTaTopa BHKIMKaHO
HEKOHTPOJILOBAHOIO 3MIHOIO HaBaHTa)KeHHs TypOoreHeparopa. ['padiunuii MeTon npocTuii
y BHKOpDHCTaHHI, allé HE BIAPI3HAETbCA TOYHICTIO, OCOOJMBO KOJIM BEIUYHUHY
nependauyBaHoi TeMIepaTypH, IO BCTAHOBWJIACS, BHU3HAYAIOTh 3a pe3yJIbTaTaMU
BUMIpDIOBaHb TUIBKM B IIOYATKOBIH cTajii Mpolecy HarpiBaHHS CTPWKHIB CTaTopa
TypOoreHepaTopa. 3amporOHOBAHUM METOA TEIJIOBOTO MPOIECY HAa OCHOBI TUBEPIEHIN|
YaCTKOBO KOMIICHCYE HEJOJIIKA BHIICHA3BAaHUX METOMIB 1 JI03BOJNISIE aHAJ3yBaTH
TEeMIIepaTypHI HAIIPYTr'y CTPHKHS OOMOTKHU CTaTOpa TypOoreHepaTopa.

BucnoBku. J[lekommo3uilisi 3aBAaHHS aHaJi3y TEMIIEPATYpHOTrO IOl CTPUOKHS
0OMOTKH CTaTopa Ja€ 3MOT'y PO3LIMPHUTH YSBJICHHS MPO IUHAMIKY HOr0 3MiH 1 HiBUIIUTH
JIOCTOBIPHICTH JTIarHOCTHKH.

Kaw4oBi cnoBa:  mypbocenepamop,  oxonooacenns, cmamop,  Old2HOCMUKA,
nPo2HO3Y6AHHS.

BajacTHi TenoBi moTokm mig 4ac repmMiuHoi 00podku
Xap4OBHUX NPOAYKTIB

1 1 AV
Bonogumup ®enopos’, Oner Kenko', Onekcanap CkapOoBiituyk
Ymancokuii nayionanonuil ynieepcumem cadisnuymea, m. Ymanw, Yepaina
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3acrocyBaHHsS HOBITHIX 3ac00iB TEIUIO(I3MYHMX BUMIPIOBaHb J03BOJISIE
OTPUMATH HOBY iH(OpMAIIi0, 1[0 HAJTA€ MOXKJIMBICTh CKOHOMHUTH CHEPTIIO 1 MIPOTYKTH.
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Marepiann i meromu. ManorabaputHuii BHCOKOYYTJIMBUM 1 MaJIOiHEPUiHHHUN
temiomMip  (muck miamerpoM 20 MM i TOBHIMHOKO 1,2 MM) BHKOPHCTOBYBAJIHM IIPH
JIOCITIJPKEHH] 03piBaHHs TBEpJOro cupy. TemmepaTypy HOBITps B Kamepi HiIATPUMYBaIH
Ha piBHi 10 + 0,25 © C TepMOPEryIsITOPOM.

PesyabraTn Ta oOroBopennsi. Pe3ynpTaTH NpsMOro BUMIpPIOBAHHS IIUIBHOCTI
TEIJIOBOI'O TOTOKY TEIJIOMipOM, PO3TAllIOBaHUM Y LEHTPI BEPXHHOI MOBEPXHI T'OJIOBKH
cUpy, BUSIBWIHMCS HecnofiBanumu: Onum3bko 30 % Temna, sike BUAUISETHCS 3 CHUDY,
TIOBEPTa€ThCc B TONOBKY. Ll moBepHeHa Teruiota € 0OajlacTHUM HABaHTAXXEHHAM Ha
XOJIONWIbHY YCTAaHOBKY KaMepH, HOro YCYHEHHs a0o MiHIMi3allisl € JPKepelloM SHepro- i
pecypco30eperKeHHS.

BanacTHi moToKM Temia MOXKJIMBI TAKOXK IPU TEIIOBIH 00pOOIl XapyOBUX MPOIYKTIB,
HaAIPUKJIaM, y TpoIieci cradiiizailii MOBEPXHEBOro IIapy BapeHOi KOBOACH OCIIMITIOIOYHM
iHppauepBoHuM oOirpiBom. Ilinbopom wacy koarymsmii i Hampyrm Ha BHIPOMiHIOBadi
BIAJIOCS] 3HU3UTH OaJlaCTHUH TEIUIOBHMHM MOTIK y IEHTpallbHI IIapH Ha JBI TPETWHH, a
IHBEPCHUI TEIUTOBUH IOTIK 3 IMX MIApiB - 10 HyIsA. MaKkcUMallbHUH TEIUTONPUTOK, a 3 HUM
i 3araibHi BUTpaTH eHeprii Oynu 3HmwkeHi Ha 15 - 20 %.

3MEeHILIeHHs TeMIIepaTypHOI 3aCTaBKU Ha TEPMOPETYISTOPI MPH XOJIOAMIBHIH 00poOLi
MorJio 0 3MEHIIUTH TEIJIOBOI Oanact, aje MpHu3Beio O A0 IMepeIdacHOro 3HOCY JeTanen
XOJIOJIMIILHOT MamMHU. SIKII0 HeMae MOXKIMBOCTI BJIAIITYBAaTH KaMepy NepeMilllyBaHHs
TOBITPSL TIepe] KaMepor [03piBaHHS, IOTPIOHO BCTAaHOBIIOBATH TEPMOPETYIISITOP
SIKHAW Al BiJl OXOJIOPKYBAHOTO MPOAYKTY.

BucHoBKH. MOXITHBICTh 0aJaCTHUX TEIUIOBUX MOTOKIB MPH XOJIOAMIBHIA 00poOI —
Ile II¢ OAWH apryMEHT Ha KOPUCTh MEPEeXOoAy Ha aOCOpOIiiiHI XOJOMWIbHI MAIIMHHU,
JOKEpEeNo eHeprii Jsl SKUX € Ha Oyab-KOMY XapyoOBOMY IIiIIPHEMCTBI, BKIIOYAIOUU
MOJIOKO- 1 CHP3aBOJIH .

KurouoBi ciioBa: menio, nomix, 06pobaenns, baracm, meniomip.

be3neka XUTTERIANbHOCTI

IlinBuIIeHHS 3arajbLHOr0 piBHA 0e3MeKu mpaii Ha MiANPHEMCTBAX
Xap40Boi NPOMUCJIOBOCTi

Orpra €BTYIIEHKO
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Metoto ociiDkeHHS € TIBUILEHHS PiBHS O€3MeKu IMpalli Ha ITiJIpHEMCTBAX
Xap4oBoi IPOMHUCIOBOCTI 32 paxyHOK YIAOCKOHAJIEHHS 3aralbHOi MOJENi PHU3UKY
BUPOOHUYOr0 TPaBMaTH3MYy Ha XapyOBOMY MiIIPHEMCTBI.

Marepianu i MeTogu. 3aCTOCOBAaHO METOJ T'OJIOBHUX KOMIIOHEHT AJIi BH3HAYEHHS
OCHOBHUX YHMHHMKIB TpaBMyBaHHs TIPaliBHUKIB Taly3l Ta TPOro3yBaHHS pPHU3UKIB
BUPOOHUYOr0 TPaBMaTH3MY.

Pe3yabraTn. Y I0CKOHAIEHO 3arajbHy MOJENb PU3UKY BUPOOHHYOTO TPaBMaTH3MY Ha
MAPUEMCTBI Xap4OBOI MPOMHCIOBOCTI, IO 0a3yeThCsl Ha KOMIUIEKCHOMY BpaxyBaHHI
BIUIMBY Ha TPaBMaTH3M YChOT'O CHEKTPY BUPOOHHYHX 1 COILIaIbHO-€KOHOMIYHUX YHHHHUKIB
Ta OyQyeThCS Ha OCHOBI CXEMHM BHHUKHEHHS HEIIACHOIO BUNAIKY, y SIKid KOXEH (akT
HEIACHOT'O BUIAJIKY ITOB’SI3YETHCS 3 TIEPEIYMOBOIO HOr0 BUHMKHCHHS. 3a3HAYCHUH ITiIXiI,
Ha mifcraBi maHuX 3 (opM OOOB’SI3KOBOi HIOPIYHOI 3BITHOCTI, TO3BOJISIE 3MIHCHIOBATH
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aHayi3 Oe3mocepesHiX MPUYMHHO-HACTIIKOBUX 3B’SI3KiB, IO MAlOTh Miclle y TMpoIleci
TpaBMyBaHHS, Ta BHSBJSATH SK OCHOBHI, TaK 1 IPUXOBaHI NPUYMHUA BUPOOHUYOTO
TpaBMaTH3My, a TaKOX BHUIM TOAINM, IO MNPHU3BOAATH 1O HEIIACHOI'O BHIAJKY.
Bcranosieno, mo st 3a0e3mnedeHHs (inbTpamii CTaTHCTHYHMX AaHUX 1 Bizyamizamii
pe3ynbTatiB Ui OOpPOOKM HAsBHOI CTATUCTUKU BUPOOHWYOrO TPaBMaTH3MYy HAHOLIBII
JIOLIEHUM € METOJ| TOJIOBHUX KOMITOHEHT. KOpHCHICTh 1IbOro MeTOMy NP aHalli3i JaHUX
BUPOOHMYOTO TPaBMAaTH3MYy TPYHTYETHCS Ha MOXKIIMBOCTI 3MEHIICHHS OOCSTiB aHai3y
iHpopManii Ta BH3HAUEHHS HAHOUIBII CYTTEBUX (AKTOPIB BHPOOHHMYOrO TPABMATH3MY.
3aBIsIKM OCHOBHUM BJIACTUBOCTSIM METOJI TOJIOBHUX KOMIIOHEHT JIOCTaTHBO YCIIIITHO MOXeE
OyTn BHKOPUCTAaHMW JUIS TIPOTHO3YBaHHS 3HAYHOTO YHCIIA BHXIJHHX ITOKa3HHUKIB
BUPOOHMYOr0 TpaBMaTU3My 3a IOPIBHSHO MajiOl KUIBKOCTI JONMOMDKHUX (JaTEHTHHX )
3MIHHHX, [0 BUPa)XalOTh MPUYMHM LOTO SBUINA, 3a0€3MeYyloud NpU LbOMY HaiMEHIy
MOXHOKY MPOTHO3Y.
Kunro4doBi ciioBa: 6e3nexa, npaysa, mpasmamusm, pusux, Xapuy@auHsi.

MopenoBaHHS PO3BUTKY PU3HKY PyiiHYBaHb He0e3leYHHUX
NPOMMCJIOBUX 00'€KTIB y HAA3BMYANHUX CUTyaLifAX

. 1 . 1 o 2
Hatanis BonomuenkoBa , Onexcanap Xispuu , Mapiiika [lerposa
1 - Hayionanvnuii ynigeepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 - Pycencokuii yuisepcumem «Aneen Kanueey, @inis Paszepaod, boneapis

Beryn. IcHyro4i cHCTEeMHM KOMIDIEKCHOTO 3aXHCTY OO'€KTIB IIiJBHIICHOI HeOe3ImeKu
MIPOMHUCIIOBUX MIANPUEMCTB Maloe(EeKTHBHI, TOMY BUHHKA€ HEOOXITHICTH 30CEPEHKEHHS
cuII 1 3aco0iB Ha HAHOLIBIT HEOE3MEUHUX HAIIPSIMKAX.

Marepianu i MeTomu. /[y OILIHIOBAHHS PU3HKY IPOMHUCIOBOTO 00’€KTa MOOYIOBAHO
MOJIeNIb PO3BUTKY aBapii (Haa3BUYalHOI cuTyallii). [IpocTOpOBO-CTPYKTYPHY CBOJIIOLIIO
PU3MKY BHHUKHEHHS aBapii (Ham3BH4aliHOI cHUTYallii) peasli3oBaHO 3a JOIOMOTIO0
KOMIUIEKCY MaTeMaTHYHUX MOJIENIell CTOXaCTUYHHMM aJaliTHBHUM METOJAOM MaTpPHYHOTO
TEHETUYHOI'0 MOJICITIOBAHHSI.

PesyabraTu. [lepria MaTeMaTHYHA MOZEND JAHOTO KOMIUIEKCY SIBIISIE COOOI0 CUCTEMY
QHAJITHYHUX HENHIMHUX DIBHSHb, IIO JAIOTh 3MOTYy pO3paxyBaTH INPOCTOPOBO-YaCOBI

pesynbTaty aBapii (Hag3Bn4aiiHoi cutyauii). [IpocropoBo-uacosa cTpykTypa Sc; € {Sc}

don
MOXE 3aJaBaTHCsl €KCIEPTHO ab0 X 3HAXOAUTHCS 3a JIOMOMOIOI IPYroi MaTeMaTH4HOI
Mozelni. BiamoBimHa MomeNb € HETiHINHOI, TUCKPETHO MaTeMaTHYHOK MOICILIIO 3
HEBIIOMUMH OIlEpaTOpaMH, II0 33/a0ThCS aJropuTMidHO. Tperss MaTreMaTHuHa MOJENb €
CHCTEMOI0 JIIHIHHMX aHaJITUYHUX PIBHAHb 3 HEBIJOMHUMHU 3Ha4eHHAMH (DaKTOpiB
X,,X,,...,X, Ta QyHKUi€0 OpiopuTeTiB P, IO 3HAXOAATHCA 3a JOMOMOTOK METOHIB
Teopii HEUITKMX MHOXHH.

BucHoBkH. 3anporoHOBAaHO KOMIUIEKCHY MaTeMaTHYHY MOJENb, SKa MOXe OyTH
MIPAKTUYIHO peali30BaHa JJIs BUPIIICHHS 3aBJaHHS 3 MOHITOPHUHTY IisSUTBHOCTI HEOE3MEYHUX
00’€KTIB y XapuoBili NPOMHCIOBOCTi, 3aBYaCHO IPOrHO3YBaTH MPOCTOPOBO-YACOBY
EBOJIIOIII0 PU3UKY CTaHy HEOE3MEYHOro MPOMMCIOBOTO 00’€KTa 3aJIe)KHO BiJ CIIEHAPIIO
PO3BUTKY HaJ3BUYAHHOI CHTYAIIi].

KurouoBi ciioBa: Oesnexa, pusuk, asapis, pyuHysanHs, NPOMUCIOBICb.
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Abstracts in Russian
AHHOTAIIMMN
MuwieBble TeEXHOTIONUMU

HccnenoBanue cBOWCTB MACHOIO CbIPb4 IIPH MMOCOJIEC paccojiaMu

Wpuna Kumrensko', Anexcanap Jouen', FOmus Kpsbkosa®
1 - Hayuonanvnolil ynueepcumem nuujegvix mexnonozutl, Kuee, Yxpauna
2 - Hayuonanvuwiil ynueepcumem OUopecypcos i npupooouUcnonb308anus Yxpaunol,
Kues, Yxpauna

Beenenue. lccnenoBano wmexaHu3M (QOPMHPOBAHHS IIBETHBIX XapaKTEPUCTHK
MOJICTIBHBIX MSICHBIX CHCTEM C HU3KHUM COJep)KaHHEeM MHOIJIOOMHA Ha CTaJuH Iocojia Ha
M3MEHEHHE IIBETHBIX XapaKTEePUCTHK MSICHOTO CHIPhsI B MPOLIECCE ITOCoIa.

Matepuanbl U MeToabl. OnpenesieHre OTHOCUTENBHOI'O COIEPKaHUsI MUOTJIIO0NHA U
€ro TNPOM3BONHBIX MPOBOAWIA  METOJOM  OTpPaKaTEJIbHOW  CIIEKTPOCKOIIMM  Ha
cnektpooromerpe CD-18, comepkaHue OONUX MHMITMEHTOB — OSKCTPAarHpPOBaHUEM
MUTMEHTOB MsiCa CHayasla BOJHBIM, a 3aT€M COJISTHOKHCIIBIM alleTOHOM C TOCIIEIYIOIHM
(OTOKONIOPUMETPUPOBAHUEM BBITSDKKM TpU  JJIMHE BOJAHBI 540 HM OTHOCHTEIHHO
COJISTHOKHCIIOTO alleTOHa; MHTEHCHBHOCTH OKPAcKH - Ha (hoToanekTpokonopumerpe Kd-77
npu JuiMHe BoNMHBI 540 HM B OTHOIIGHWHM JUCTWIIATA, ONpEAENIEHHE CHEKTPOB W
HMHTETPATbHBIX I[BETHBIX XapaKTEPHUCTHK - Ha criekTpodoTomerpe Cary 50.

PesyabraTbl. YcTaHOBJEHAa 11€1€COO0PAa3HOCTh HCIIONB30BAHUS B TEXHOJIOTHH
MSICOIPOAYKTOB KOJOPAHTOB HAa OCHOBE MpPENapaToB TeMOrNIOOMHA KPOBH YOOWHBIX
xuBOoTHBIX Vepro 70 Col P u Ampo Pex kxak cocTaBistoIMX MHOTO(YHKIIMOHAJIBHBIX
paccoioB Uil KOPETMPOBAaHUs IBETAa BETYMHHBIX M3/EIUI C BBICOKHUM YPOBHEM
WHBEKTUPOBAHUSI M C Pa3IMYHBIM YPOBHEM COJEp)KaHHsS MHUOIIIOOMHA B MSICHOM CBHIpPBE.
ParmonansHas KoHIEHTpaus npenapaToB remoriioonHa (Vepro 70 Col P u Anpo Pen) mns
OKpPACKH MSICHBIX CUCTEM ¢ cozaepkaHueM >xkupa a0 10 % coctaBuia coorBeTcTBeHHO 0,5 %
u 0,6 % mpu ogHoBpeMeHHOM wucronszoBanun 0,05 % wuzoackopbara Na u 0,006 %
HUTPUTA HATPHSI.

BuiBonbl. Pe3ynbraThl peKOMEHIOBAaHO MPUMEHSTh B COBPEMEHHBIX TEXHOJIOTHSIX
MPOU3BOJICTBA BETYMHHBIX M3JIEIHH C MCHOJIB30BAHUEM HHTEHCHU(DUIIMPYIOMINX CIIOCOOO0B
rocoria.

KnarwueBble ciaoBa: wmsco, paccon, yeemHocmv, HUMPOIONUSMEHM, MUO2TOOUH,
Kpacumerns.

KMpPHOKHCJIOTHBIN COCTaB MOJIOYHBIX PACTUTEIbHO-’KMPOBBIX
NPOAYKTOB

Enena I'pex’, Enena Kpacyms', Anexcannp Capuenko’, Amna [Terpuna’
1 - Hayuonanvnolil ynueepcumem nuujesvix mexnonozutl, Kuee, Yxpauna
2 - HayuonanwsHulil yHugepcumem duopecypcos u npupoooucnoiv3osanus Yxpaunol, Kues
3 - Pezuonanvhulii yuebno-nayunsii yeump Hayuonanwvrnoeo yrusepcumema nuyesblx
mexnonozul 6 2. JIneose, Yxkpauna

—— Ukrainian Journal of Food Science. 2014. Volume 2. Issue 1

156



—— Abstracts ——

Beenenue. Jlns oOoramieHuss MOJIMHEHACHIIIEHHBIMU JKUPHBIMH KHUCJIOTAMH |
TIOBBILICHUS] OMOJOTMYECKOW M THIIEBOW IIEHHOCTH CIPEAOB C IMUINEBHIMH BOJOKHAMH
npe/IaraeTcss BHOCHTh MPOAYKTHI NepepabOTKU HIMIMOBHHUKA - Maciio W poT. JokazaHna
LeNIeco00pa3HOCTh M BO3MOXKHOCTH HCIOJIB30BAHUS BBIIIEYKA3aHHOTO PACTEHUS JUIs
MOJIOYHOTO PAacCTUTEIbHO-KHPOBOTO MPOAYKTAa OMYJIBCHOHHOI'O THIIA C MHIIEBBIMU
BonokHamu Citri-Fi.

Matepnanbl u  MeToabl.  MeTOIOM  Ta30KHAKOCTHOH  Xpomarorpaduu
WIEHTU(HUIUPOBAHO MUKU 00pa3OB CIPENOB C IMPOMYKTAaMH IepepaObOTKH NIMIMOBHHKA.
VYCTaHOBIIEHO, 4YTO  MOJNYYEHHBI  MOJIOYHBI  pPACTUTEIBHO-)KUPOBOH  MPOIYKT
SMYJIBCHOHHOI'O THIIA COJIEPXKHUT OOJIbIllE HE3aMEHHUMBIX IOJIMHEHACHIIEHHBIX JKUPHBIX
KHUCJIOT 110 CPAaBHEHUIO C MAcJOM CIIMBOYHBIM, BXOZSIINM B PELENTYPY CIpea.

Pe3yabraTbl. YCTaHOBJIECHO, YTO B UCCIIEOBAHHOW CIpEie YMEHBIIAETCS] KOTHYECTBO
HACBINIEHHBIX U HEHACHIIEHHBIX KUPHBIX KUCIOT: KanpuioBoi (Ha 1,136 %), naypuHoBoii
(ma 1,958 %), mupuctunoBoit (Ha 3,03 %), maneMuTHHOBOU (Ha 6,454 %), cTeapHHOBOU
(na 1,016 %), apaxunosoii (Ha 0,229 %)) u TpaHCH30MEPOB, KOTOPBIE MIPU YIOTPEOIECHUN
MIPOJYKTa MOTYT BBI3BaTh CepAEUHO-cocyaucTeie O6one3nu (Ha 1,305 % mo cpaBHEHHIO CO
CMUBOYHBIM MaciioM). OCHOBHOH ®-3 KHUCIOTOH B MOJIOUHO-)KHPOBBIX MPOJYKTaX C
MUIIEBEIMYA BOJIOKHAMH SIBJISIETCS JIMHOJIEHOBASI, 11O CPABHEHUIO C MAcjOM CIIMBOYHBIM €€
conmepxanue yBenuumBaercs Ha 0,038 %. Cpemu ©-6 kucinor B o0pasmax Macia
npeo0yaiaeT JMHOJEBAs, KOTOPO cTaHOBUTCA Oonbiie Ha 0,458 %, nuHONMEBOU (1MC-9,
muc-12 Cyg, - Ha 15,282 %). C MOHOHEHACHIIIEHHBIX B CIIPE/IE C MPOAYKTaMH IepepaboTKu
IIMNOBHUKA HECKOJbKO MEHbBIIE TAaKUX OJKUPHBIX KUCIOT: MHPUCTOOJIEHHOBOM,
MAJIbMHUTOOJICMHOBOM, TENTACIICHOBOM, €IauIUHOBOM, HO Oojbine onenHoBOM (Ha 1,831
%). TlomydeHHble pe3ynbTaThl MOTYT OBITH HCIIONB30BAaHBI TIPH  YCTAHOBIICHHH
OMONIOTMYECKOl IIEHHOCTH CHPENOB C IPOAYKTaMH TEepepadOTKM MIMIOBHHKA B
COOTBETCTBHH C COBPEMEHHBIMH TTOJI0KEHUSIMU HYTPULHOJIIOTHH.

KoaroueBsie ciioBa: cripen, )Kup, Maciio, IHUIOBHUK, MOJOKO.

MO)IeJII/IPOBaHI/Ie CoCTaBa CMECEBBIX MACEJ METOIOM KYIIA)KUPOBAHUSA

Mapus XKomnnom, Esrenus Illemanckas, Mpuna Pan3ueBckas
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Beenenne. C 1enpio 000ramieHus MUMIEBOrO PAIlOHA HACENCHHS 3CCEHIINATBHBIMH
JKMUPHBIMH KHCJIOTAMH HCIIOJB30BAaH METOA KYNaKUPOBAHHS PACTUTENBHBIX Maced,
KOTOPBIA IO3BOJIIET MOJYYHUTh JKUPOBBIE MPOIYKTHl COATaHCHPOBAHHOIO COCTaBa ¢
TPAJUIIHOHHBIMU BKYCOBBIMU XapaKTEPUCTUKAMH.

Matepuaiabl U MerToabl. DH3MKO-XMMHUUYECKHE I[IOKA3aTeNd KadecTBa Macel
OIpeIeIISIA 0 CTAHAAPTHBIM METOMKAM; IJIAHUPOBAHHME SKCIEPUMEHTA U ONTUMHU3AIHIO
TEXHOJIOTHYECKUX  TPOLECCOB  OCYIUECTBIISIM  DKCIEPUMEHTAIbHO-CTATUCTUYECKUM
METOZIOM;  JKHPHOKHCIIOTHBIH  COCTaB  Macel  ONpeAeNsuld  METOJOM  Ta30BOM
xpomarorpaduu.

PesyabraTrel M o0cy:kaeHue. VIcciaeqoBaH M YTOYHEH COCTAB JKUPHBIX KHCIOT
pacTUTENBHBIX MAaces XOIOJAHOIrO MpeccoBaHus. Pa3paboTaH U HAyYHO 0OOCHOBAaH COCTAB
Kyma)keil Ha OCHOBE MOJCOTHEYHOTO Macia ¢ J0OaBKaMH Maces PbDKHUKA, JIbHA U TPEIKOro
opexa, KOTOpbIe TapaHTHPYIOT PalMOHANIRHOE COOTHOIICHHE M-6/®-3 JKHPHBIX KHUCIOT C
y4ETOM peKOMEHIaNui ux ymorpedienus. MccinenoBaHo TeYeHHE aBTOKATATUTUHIECKOrO
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THIPOIUTHUECKOTO OKMCICHUS Kymaxked mpu Temmeparype xpanenus 20+2 °C co
CBOOO/IHBIM JIOCTYIIOM CBETa W BO3[yXa. YCTaHOBIICHO CYIIECTBEHHOE 3aMelICHHE
CKOPOCTH HAKOIUIEHHS TEPOKCHIOB M CBOOOJHBIX YKHPHBIX KHCIIOT IPH KYNa)KUPOBaHHU
35% opexoBoro wiu 40% PBHDKUKOBOIO Macjia C COOTBETCTBYIOIIMM KOJIWYECTBOM
MOACOTHEYHOro Macia. [lomydeHbl JaHHbIE O TOHMKEHHOH CTaOMIBHOCTH Kymaka ¢
HCIONB30BaHUEM JIBHSIHOI'O Macia, a Takke ypaBHEHHE JUIsl pacuyera rapaHTUHHOIO CTpoKa
XpaHEeHHUs KyMa)XUPOBAHHBIX Macel Ha OCHOBE MOJICOTHEYHOI'O Maca.

Knrouessle ciioBa: macno, Kynasjicupoganue, Jcup, Kucioma, ®-3 KUCI0Ta, OKUCIEHUe.

CKpI/IHI/IHF IHTAMMOB J1JIA (l)epMEHTalll/ll/l MSICHOI'O ChIPbS

1 1 2
Wpuna Ilanaciok', Ceernana Jlanunenko , ['anuHa YepenHUUEHKO
1 - Unemumym npoodosonscmesennvix pecypcoé HAAH Ykpaunol
2 - Hayuonanvuwiii ynusepcumem nuwyesvix mexronocuti, Kues, Ykpauna

Beenenue. IlepcrieKTHBHBIM B TEXHOJOIMH HPOU3BOJCTBA (PEPMEHTUPOBAHHBIX
MSICHBIX IIPOAYKTOB SIBJISIETCS NPHMEHEHUE OaKTepHaJbHBIX MPEnapaToB, CONEPKAIIUX B
OHOM  KOMIIO3MIIUM  MOJIOYHOKHCIIbIE OaKTepud W  MHUKPOOPTaHU3MBI  JIPYTHX
TaKCOHOMHYECKHX TPYIL.

Matepuanbl U Metoabl. C LENbI0 W3YYEHUS KOJIMYECTBEHHOTO M KayeCTBEHHOIO
cocTaBa MHUKPOQIIOPH MSCHBIX PAacCONOB IMPOBENCH aHanu3 6 o0pas3ioB. V3omarsl Obuin
NpoBepeHbl Ha peakuuio 1o I'pamy, MopQonoruio KieTok, o0pa3oBaHHE KaTajasbl,
nponyiupoBanne CO, W3 TIIIOKO3bI, TUAPOIM3 aprMHUHA, PENyKIUIO HUTpaTa, HAJINYUE
KaTaJga3HOM W apomaToOpasyromieil akTHBHOCTeH. OOpasibl Takke ObUTH HCIBITAHBI Ha
cniocob6HocTh pactu mpu 10 °C u 45 °C u npu pH 3 u 9,2, tonepantHOCTH 10 4% 1 15%
comu. IIporeonuTuyeckas aKTUBHOCTh KyNIbTyp ompenemsuii B cpeae MIIA ¢ 5%
pactBopom NaCl u 10% ruaponu3oBaHHOTO MOJIOKA.

Pe3ysbTaThl. UHCIEHHOCTh OAKTEpHil B CM® DAcCOa HE IPEBBIIIACT MUITHOHOB
kieTok. Haunboree pacnpocTpaHeHHBIME pojaMu sBIstOTCS Lactobacillus, Micrococcus u
Staphylococcus. Hanuuue HUTpaTpeayLIUPYIOIEH, KaTasa3Hoi u
apoMaTooOpa30BaTEIbHON AaKTUBHOCTEH YCTaHOBIEHO B 52% OTOOpaHHBIX IITAMMOB
6akrepuii. C pOCTOM COJICHOCTH CPEIbI YMEHBIIAIOCH KOJTUUECTBO IITAMMOB, CIIOCOOHBIX K
pocry. [louTn Bce TpymIbl MEKPOOPTaHU3MOB POCTYT B TeMneparypHbix npenenax (10-40)
°C. Tlpeobnanaromee GOTBIIMHCTBO IITAMMOB CTA(HIOKOKKOB CIOCOOHO K THAPOIH3Y
MOJIOUHBIX OenkoB. I10 COBOKYMHOCTH OMOJNOTMYECKMX W TEXHOJOTHYECKHX IPU3HAKOB
0TOOpaHO 2 BBICOKOIIPOM3BOAUTEIBHBIX IITAMMBI CTa(UIOKOKKOB U 5 IITaMMOB
MOJIOUHOKHUCITBIX OaKTepuii.

BuiBonpl. CpoiicTBa OTOOpaHHBIX ITaMMOB OakTepHUil Jar0T OCHOBAaHHS TPHUBIIEYD
Jy4IIHe U3 HUX JUIS IPOU3BOJCTBA (PePMEHTHPOBAHHBIX MSICHBIX ITPOJIYKTOB.

Karouessie cnoBa: vsco, pepmenmayust, cpunume.

PannonanbHoe HCNOJb30BAHHE KOJIJIAareHAa
Jliommuna Temyk', Oner Tanenko', Huna Bymauk’

1 - Hayuonanvnolil ynugeepcumem nuujegvix mexnonozut, 2. Kues, Yxpauna
2 -Tlonmaeckuti ynugepcumem 3KOHOMUKU mop2oénu, 2. Ilonmasa, Yxpauna

3 —— Ukrainian Journal of Food Science. 2014. Volume 2. Issue 1
15



—— Abstracts ——

BBenenue. AKTyanbHOCTH pabOTHl  3aKiO4aercsi B OOOCHOBaHWUM — BBIOOpa
HU3KOCOPTHOT'O MSICHOT'O CHIPbsi B Ka4€CTBE MAaTPHIIbI JJIsl CBS3BIBAHUS MOHOB KaJIbLIUS -
0e3omacHoOM, 3((EKTUBHOM U JOCTYITHOM.

Matepuanbl n Metonabl. Komtarencopepxamee ceippe - pyoen KPC, ucrounmk
KaJbLUs - CTBOPKU MUIIUH, (hepMEHTHBIH MpemnapaT - KojulareHasa nuiieBas. OepMeHTHbIH
npernapar BHIOMpad Ha OCHOBAHUH JIITEPaTYPHOTO aHAJIH3a.

PesynbraTel. HeoOXomuMo oONpeAeiauTh pPalMOHAIBHOE KOJHYECTBO (PEPMEHTHOIO
npenapara s 3(QQEKTUBHOrO NPOTEONH3a  KOJUIATEHCONEpPIKAIIero  ChIpbsi B
TEXHOJIOTMYECKHX  MpOIeccax M  JIOKa3aTb AKOHOMHYECKYIO — IeJIecO00pa3HOCTh.
YcraHaBnuBaiu panuoHanbHble napamerpel pH (6,8 - 7,0), Temneparypsr (12 £ 1 ° C),
nponoswkurensHocty (3:00), ruapomonyib (1:1) M konuyecTBO GepMEHTHOrO IpernapaTa
st addexTrBHOrO NMporeonusa Ha MoAeibHbIX cucremax (0,1 %). C moMouipio MoJIHOro
(haKTOPHOTO DKCIIEPUMEHTA C MOCIEAYIONMM MAaTeMaTHYeCKUM MOJICIMPOBAaHUEM B
npoGyieMHO-opreHTHpoBoYHOM Tiakete MathCad momyyanu MaTeMaTHYECKyIO MOJENb
3aBHCHMOCTH JUIMTEIBLHOCTH W TEMIlepaTypbl mpoteonu3a. [lapamerpoMm onTuMu3anuu
BBIOpAHO conIep)KaHHe aMHUHHOTO a30Ta aMHHOTPYIINbI, MmojydacHHoro u3 pyoma KPC.
HccnenoBanusi NpONOIDKAIOTCS, IUIAHUPYETCS IONYYEHHE MOJTBEPXKICHHS ITaHHBIX
MOJIENTEHOM cpeibl IpH mpoTeonuse pyoma KPC.

Pe3ynpraThl  pekOMeHIyeTCs HCIONB30BaTh B MSCHOM  OTpaciy  IHIIEBOW
MIPOMBILIJICHHOCTH B CIELHAJIbHOM NMUTAaHUH - TepoJueTHdeckoM. Pa3paboTka mo3BosieT
CHHU3UTh CTOMMOCTbH TOTOBOTO MPOAYKTa, OOOraTUTh €ro MUKPOIJIEMEHTAMH H YIIy4IIUTh
€ro yCBOEHHE OPIraHU3MOM YelloBeKa.

KiroueBnie ciioBa: wsico, pyoey KPC, coipve, ceponmonocust.

OnTuMH3anusi yCJIOBUH BhIIeJEHHs THETHYECKOH J00aBKH C a1anTOreHHO|
AKTHMBHOCTBHIO U3 IIAMIUHBOHA BYCIIOPOBOIO (Agaricus bisporus)

Haranus Yepno, ['eopruii CrankeBud, Codust O30mmna, Anekcanapa Hukntina
Ooecckas HaYUOHANBHASE aKademust nuwesvlx mexronoaut, 2.Odecca, Yxpauna

BBenenue. B COBpeMEHHBIX YCIOBUSX aJalTAlMOHHBIE M 3alllUTHBIE CHUCTEMBI
OopraHu3Ma He MOT'YT a/IeKBaTHO KOHTPOJIMPOBATh TOMEOCTa3 M PearnpoBaTh Ha U3MEHEHUS,
MIPOUCXOJISIINE B OKPYKAIOIEH cpelie, TO3TOMY pa3paboTKa MpenaparoB ¢ aJanTOreHHON
aKTHBHOCTBIO Ha OCHOBE PETMOHAIIBHOTO CHIPbSI SBIISIETCS aKTYaIbHOM.

Matepunanbl u Metoabl. Vccienyemble mpenaparsl HPEICTaBISIFOT COOOH TBEpAbINA
OCTaTOK TOciie 00paboTKU T'pUOOB PSAOM SKCTPAreHTOB: KUILIIEH BOJOH, pacTBOpaMu
3,7 % HCI npu xomHatHOU Temmepatype, 3,0 — 7,0 % NaOH mpu temnepatype 98 °C B
Teuenue 1,5 — 4,54. OOpasupl XapaKTepPU30BAIM II0 IMOKA3aTesAM: aHTHOKCHIAHTHAsS
aktuBHOCTh (AOA), oudunorennsiii 3¢ dexr (BI'3), copouus xoneBoit kucnorsl (CXK).
AOA o00pa3ioB onpeaensyii THOIMAHATHBIM METONOM (ITI0Ciie WHULUALWU [EePEKUCHOTO
okucienus aunuaos); BI'D — nmo konuuecTBy kieTok OuduaodakTepuii, BHIPOCIIMX B UX
npucyrctBun; CXK — criekTpohoTOMETPHYECKUM METO/IOM.

Pesyabratsl. [lonyueHs! TuHEHHbIE ypaBHEHHSI PETPECCHH, a/IEKBATHO OITUCHIBAIOIIHE
saBucuMocti AOA, BI'D u CXK BBIICICHHBIX MPENapaToB OT HUCCICIYyeMBIX (haKTOpOB:
KOHLIEHTPALIMX LIEJIOYHOr0 areHTa W JUINTEIbHOCTH 00paboTKU ChIpbs. B ypaBHEHUMSIX 1uist
AOA u BI'D ko3dduieHTs MapHOro B3aUMOICHCTBUS HMEIOT JOCTaTOYHO OOJBIINE
3HAQYEHMs. YCTAHOBJEHO, 4YTO NPU HU3KHX KOHIIEHTPALMSAX IIENIOYHOr0 areHTa ¢
YBEIMYCHHUEM  IPOJIODKUTEIBHOCTH  00paboTku  mokaszatenb AOA — 3HAYHUTEIHHO

—— Ukrainian Journal of Food Science. 2014 . Volume 2. Issue 1

159



—— Abstracts ——

BO3pacTaeT, B OO0JACTH BBICOKMX 3HaueHUUH Cnyoy BIUSHUE UINTEIHLHOCTH 00pabOTKH
MPOSIBIIIETCSA MEHbIIE. YBEIUYEHHE MAacCOBOM JOIM HATPHH THAPOKCHIA IMPHUBOIUT K
cymecTBeHHOMY pocty AOA TOIBKO ITPH MUHHMaIbHOM 3kcnio3uiuu. Ha BI'D npenapaTtoB
MPEUMYIIIECTBEHHO BJIUSACT KOHIICHTpamus Imeiaoun — noBbimeHne Cna.on €© 3,0 1m0 7,0 %
[P MUHUMAJILHOM JUTUTEILHOCTH 00paOOTKH COMPOBOXKIAETCS YMEHbBIIEHHEM KOIUYECTBA
MHKpPOOPTraHu3MOB Ooiiee uyeM BTpoe. [IpM MHHMMAIBHBIX 3HAYEHHUSIX KOHIIEHTPAI[H
[IETOYHOTr0 areHTa YBEIWYEHHE INTENBHOCTH OO0Opa0OTKM NPHUBOJUT K CHIDKEHHIO
JIAaHHOT'O TI0Ka3aTelNs, a MPH MaKCUMAJIbHBIX — HAOII0OAaeTCs MPOTUBOIOIOKHBIN P QEKT.
Ha crenenr nposiBaeHus mpemnapatamMmd CXK Bnuser Kak KOHIEHTpalys IIEI0YHOTO
pacTBopa, Tak M OIUTEIbLHOCTH 00paboTku. C poctoM koHueHTpamuu Ienoun CXK
MOBBIINIACTCS, YBEIUYCHUE JUTUTECIBHOCTH OOpaOOTKH, HAMPOTHB, NPHUBOJUT K €ro
CHIDKeHHMIO. ONTHUMAaJbHBIMH  YCJIOBHSAMHU  TOJYYCHHS  JUETHUCCKOW  J00aBKH €
aJanTOrCHHON aKTHBHOCTBIO W3 IIAMIIMHBOHA JIBYCIIOPOBOIO SIBIISETCS 00pabOTKa ChHIPhS
kumsiniei Bonod, 3,7 % HCl npu xomHaTHO# Temneparype, 5,1 % pacTBOpoM LIEI0YU NpH
temrepatype 98 °C B teuenue 4,2 4. AOA Takoii nobaBku cocrasisier 90,0 %, CXK —
22,4 mr/r nobaBku, BI'D cooTBEeTCTBYET 1,5-10"* KOE/eM’.

BoiBoasbl. [Ipu ycroBuM MOATBEP)KICHHUS aJalTONEHHBIX CBOWCTB B YCIOBHSX inl VIVO
IUeThveckas Jo0aBka MOXeT OBITh PEKOMEHIOBaHa B  KayecTBE IIperapara
MPOPHIAKTHUECKOTO JeHCcTBUA. B VYKpamHe OTCYTCTBYIOT TMOJYYCHHBIE Ha OCHOBE
PETHOHAIBHOTO CBHIPhSI MPETapaThl TAKOW HATIPABICHHOCTH.

KioueBble ciioBa: onmumuszayus, ouema, 006aeKd, a0anmo2eHHas akmueHOCMb.

BuotexHosiormsa, MMKpobuonorus

HNuTeHcudukanus cuHTe3a MUKPOOHOT0 IK30M0JIMCAXAPH/IA ITANOJIAHA TPU
KYJbTUBUPOBaHUU Acinetobacter sp. IMB B-7005 Ha noaco/iHedyHOM MacJie

Hukomnait UBaxuiok, TatbsiHa [Tupor
Hayuonanvnwiii ynusepcumem nuwegvix mexnonozuti, 2. Kues, Yxpauna

BBenenne. MukpoOHbie sk3omoiucaxapunbl (OIIC)  Omaromaps CIOCOOHOCTH K
W3MEHEHHIO PEOJIOTMYECKUX XapaKTEPUCTUK BOJHBIX CHCTEM HIMPOKO NPUMEHSIOTCS B
pPa3NMYHBIX OTpacisiX NPOMBINUICHHOCTH. B mociegHue TOAbl  aKTUBU3UPOBAIUCH
WCCIIEIOBAHMS TI0 HCIIOIB30BAHUIO MIPOMBIIIIEHHBIX OTXOJO0B IS TOIYYEHHS MPAKTHYECKH
LIEHHBIX MUKPOOHBIX METa0O0IUTOB, B TOM YHUCIIE U MACIIOCOIepIKallIne.

Metoasl wucciaenoBanusi. KynbruBupoBanue Acinetobacter sp. IMB  B-7005
OCYIIECTBIISUIN HA JKHIKOW Ccpele, colepkallell B KauecTBE HWCTOYHHMKA YIiepoja
nmojcoiHeyHoe Macio (1-5 % mo obbemy), a3ora — Hutpar ammonus (0,4—0,8 1/m),
MAHTOTEHATa — MYJIbTHBUTAMHUHHBIA Komiuieke «KommmieBur» (0,00085 u 0,00095 %).
Konnenrparuto OI1C onpenessiin BECOBBIM METOAOM TOCIIE OCAXKICHUSI N30IPOITaHOIOM,
OIIC-CHHTE3UPYIONIYI0 CIIOCOOHOCTh — KakK OTHOmIeHue KoHieHTpamuu OJIIC k
KOHILIEHTpalu duomaccel U Beipakanu B T II1C/r buomaccsl.

Pesynbratel M 00cyskaeHHe. YCTAaHOBJIEHO, UTO YBEJIMYEHUE KOHIEHTpalUU
ITOJICOJTHEYHOT 0 Maciia B 0a30BOH cpelie KyabTUBHpOBaHus Acinetobacter sp. IMB B-7005
110 4—5 % compoBOXIaI0Ch CHIKEHUEM T0Ka3aTelield CHHTe3a dTalojlaHa Mo CPAaBHEHHIO C
TaKOBBIMU Ha cpene ¢ Oomee Hu3kod (2—3 %) koHIeHTpamuei cyOctpata. OmHako
TIOBBILIIEHUE CONlep KaHus HUTpaTa aMMoHus 110 0,6 T/71 W/WiIHM KOHIIEHTPalUK TaHTOTEeHaTa
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110 0,00095 % MO3BONMWIN YBEIUYUTH KOTUYECTBO ATANONaHa, CHHTE3UPOBAHHOIO Ha Cpelie
¢ 5 % moaconHeyHOro Macia, o 6,6—6,7 1/1, uro B 1,3—1,4 pa3a Bbimie, yeM Ha 0a30BOI
cpelie ¢ Takoi jke KOHIICHTpaluel cyOctpata, HO Oonmee Hu3kod NHyNO; (0,4 r/m) u
nantoreHata (0,00085 %).

BoiBoa. IlomyueHHBIC pe3yabTaThl CBUACTEILCTBYIOT O BO3MOKHOCTH CHHTE3a
MHUKPOOHOTO MoJIMcaxapyia 3TarojaHa Mpyu KyJbTUBHpOBaHUU Acinetobacter sp. IMB B-
7005 Ha cpene C TOBBIINIEHHBIM COJAEP)KAHMEM IIOJICOJTHEYHOIO Maciia. DTHU JIaHHBIE
SIBIIAIOTCSL  OCHOBOHM JUIsl pa3pabOTKHM  TEXHOJOTHH JTarojiaHa C HCIOJIb30BAaHHEM B
KayecTBe CyOcTpaTta OTpaboTaHHOrO (IepekapeHHOr0) Macia.

KnawueBbie  cioBa:  sk3omnonucaxapuj, — OMOCHHTE3,  IMOJCONHYX,  MAaclo,
KYJIbTHBHPOBaHUE.

MuweBass xuMunna

Honyqe}me P - BUTAMHHHOI0 KOMILJIEKCA U3 JUCThEB 3€JI€HOr0 Yas

Amnacracus Spom, Mapuna Jlagonsko, Enena ITono6uii, Ceriiana bonnapenko
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenne. P - BuUTaMHHHBIH KOMIUIEKC M3 3€JIE€HOTO 4Yasi MMEET BBICOKOE
AHTHOKCHJIAHTHOE JeMCTBHE KAaTEXMHOB, II0O3TOMY €ro MOXHO HCIOJb30BaTh IS
NpoQMIIAaKTUKK M JIEYEHHs CaMbIX paclpOCTpaHEHHBIX 3a00JeBaHM, B IATOTreHE3e
KOTOPBIX BaYKHYIO POJIb CHITPAET aKTUBAILIUS CBOOOAHOPANKAIBHOTO OKHCIICHHSL.

Matepuanbl n MeToABI. VccienoBaH KpYIMHOIMCTOBOM 3elieHbI OaixoBbIil yai. J{is
U3BATUS BUTaMWUHA P WMCIONB30Bald METOABI MPOCTOW M MHOTOKPATHOM 3KCTPAKIWH.
OnpezneneHre KOIMYECTBA IKCTPATUPYEMBIX BEILECTB MPOBOIAMIN ITyTE€M BHIIAPUBAHUS C
MOCTIEYIOUIUM B3BEIINBAaHUEM.

Pe3ynbTaThl 1 06cy:kaeHue. [ 00eCceUeHNsT BEICOKOTO COICP)KaHUs BUTaMUHA P B
3€JICHOM Yae 11eJIecCO00pa3HO UCITOIb30BATh ONTHMAJbHBIE YCIOBHS €ro SKCTParupOBaHHUSI.

Hawubornee nonHoe u3bsiTHE LENEBBIX COSAMHEHNH JOCTUTAETCS IIPU SKCTParupOoBaHUU
Ha mporTshkeHuH 60 MUH (manpHelInee YBENMYEHHWE BPEMEHH OSKCTParupoBaHUs He
NPUBOAMIO K YBEIMYEHHIO KOJIWYECTBA OKCTPAKTHUBHBIX BelIECTB). MakcuMmaibHOE
U3BATHE LENEBBIX COSNMHEHHMH HaOII0AaIoCch NPU SKCTParupoBaHUU CHIPBS C Pa3MepoOM
yactmyek <ImM. MccnemoBaHume KpaTHOCTH SKCTPAKIMU II0KA3ajo, YTO IENIeco00pa3Ho
MIPOBOJUTH JBYKPATHOE SKCTPAarupoBaHUeE.

BouiBoabl. Pa3zpaborka OHMOJIOrMYecKH aKTUBHBIX J00aBOK HAa OCHOBE €CTECTBEHHBIX
AQHTHOKCHUJIAHTOB SIBJISIETCSl aKTyallbHOM IIpoOJeMoi, a (h1aBOHOWABI 3EJIEHOr0 4Yas -
TIepCIIEKTUBHBIE OOBEKTHI JUIsi O0OTaleHHs IMUILIEBBIX MPOAYKTOB. ONTHMAIBHBIM IS
U3BATHS BUTaMUHA P U3 3e€/MeHoro yas ecThb COOTHOLIEHMS ChIpbe - 3KcTpareHT 1:40, Tak
KaK IOCTeQyIollee YBEINYEHUE KOJIMYECTBA PACTBOPHUTENS HE MPHUBOAUT K POCTY
KoJIuecTBa (pJIaBOHOMIIOB B KCTpPaKTe.

KiroueBble ciioBa: ¢iasonouo, kamexun, sumamur P, sxempaxyusi, 3enensiii 4ail.
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Onpenesienue coaep:kanuss MUKpodjiemenToB (Cr, Al, Pb) B nurbeBoii
Boje r. KneBa ¢ noMomnb10 aTOMHO-2/1COPOLIMOHHOI0 AaHAJIN3A

Maxcum ITomym6puk, Bepa Nimenko, Oner [TomymOpuk
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozui, 2.Kues, Yxpauna

Beenenune. OmHuM u3 HaunOosee BaXKHBIX (PAKTOPOB KadyecTBa JKH3HM JIFOJIEH,
MPOXKMBAIOUIMX B OOJIBIINX TOPOAAX, SIBISETCS KOHTPOJb COIEP)KaHUS MHKPOIJIEMEHTOB.
C »9TOM [enbl0  IIMPOKO  MPHUMEHSETCS  aTOMHO-aJCOPOIMOHHBIM  aHAIW3  C
anektporepmuueckoir  atomusamuer (ETAAS) ¢ HCHONB30BaHHEM  XUMHYECKUX
MOJH(UKATOPOB

Matepuannl u MeToasl. Bee m3mepenns konuentpauu Al, Cr u Pb B 00pasiax Bojsl
OBUTM BBITIOJIHEHBI C IMOMOIIBIO aTOMHO-aJICcOpPOIMOHHOro crekrpodoromerpa CaTypH-3
MII, 06opynoBaHHOTO TPaUTOBBIM 3JIEKTpoTepMUUeckuM aromuzaropoM (I'padur 2).

PesyabraThl 1 ux odcy:xaenne. CylniecTBEHHbIE Pa3inyus B KOHIIEHTPAIUK CBUHIA
HaOnroanack B IByX 00pasiax BOIBI 03€p, YTO OOBSCHAETCS OJHM3KHM pPAaCIIONOKEHUEM
Tpacchl Bo3Jie o3epa B [ 0oceeBCKOM paiioHe M 3arpsi3HEHHEM BOJIbI pUCaKaMy OeH3MHa,
coJieprKalux 3ToT anneMeHT. K coxanenuro, cogepxanue Al B moazemHoi pexe JIbiOumb
cymectBeHHo mpeBbimaer I1JIK, 4Tto Moxker OBITH CBS3aHO C NPOJOIKHTEIHHBIM
NPUMEHEHHEM TPYO0 C  BBICOKUM  COJAEp)KaHHEM JTOr0  JJIEMEHTa, a  TaKxKe
HEKOHTPOJIMPOBAHHOTO TNPUMEHEHUS MOIOIIMX CPEICTB M JeTepreHToB. Hamuuue
OOJIBIIOTO KOJMYECTBA XpOMa MOXKET aCCOLMUPOBATHCS KaK C TNPHUPOAHBIMH, TaK H
aHTPONOTreHHBIMU (haKTOpaMH. DTO MOXKET OBITh CBS3aHO C BBINIENAYMBAHHEM TBEPIBIX
MIPOMBILIJIEHHBIX OTXOJIOB, 3arpsI3HSIONIMX BOJY BCJEICTBHE WHTEHCHBHOM 3aCTpOWKH
ropona. [TuteeBast Boa pek Takke XapaKTepu3yeTcs TIOBBIIIEHHBIM CO/IEPYKaHUEM XpoMa.

BoiBonbl. HeratuBHblii 3QQekT BOIbI, BBHI3BAHHBIH HaJMYMEM CBUHIA, SIBISETCS
HEe3HAYWTeNbHbIM. [IpMHMMas BO BHHMaHHME BBICOKyI0 KoHueHtpamuio Al u Cr,
HauOoIbIlIee BHUMAHUE CIEYeT YIeIUTh UX COIEPKAHUIO B PA3INYHBIX HCTOYHUKAX BOJIBI
r. Kuepa. HMHTepecHO, uTO mOTpeONCEHHE BOIBI, OOOTAIICHHONW XpPOMOM, MOXKET
TIOJIOXKUTEJIBHO BIHMATH Ha COCTOSHHUE 3/I0POBbSI OOJNBHBIX CaXapHBIM THa0ETOM, TIOCKOJIBKY
y HUX MaJioe KOJIMYECTBO 3TOT0 MUKPORJIEMEHTa B TJIa3Me KPOBH.

KiroueBbie ciioBa: 6ooa, numeé, ETAAS memoo, muxposnemenm.

Mpoueccbl U 060pyaoBaHME NULLEBbIX NPOM3BOACTB

Ananus nmpoumecca 06pa30BaHI/Iﬂ N-HUTPO30AUMETUIAMHUHA B IMBHOM COJI01€

. 1 1 2 .
Buranuii Ilytiox', Anecsaunp Becapa6', Temenysxka Xapananosa’, Cepreii Bacuienxo',
1 - Hayuonanvuolil ynusepcumem nuujeéovlx mexuonoeuti, Kues, Yxpauna
2 — Pycenckuit ynueepcumem «Aneen Kanuesy, @unuan Pasepao, Boneapus

BBenenne. B cTaThe paccMOTpeHBI BOMPOCH! 00pa30BaHMs KaHIIEPOT'CHHBIX BEIECTB
IpH TMPOU3BOACTBE MuBa. IloKa3aHO YTO OCHOBHBIM TEXHOJOTHYECKUM IPOLIECCOM,
BIUSAIONIAM Ha HakoIieHHe N-HHUTpO3OAMMETHIIAMHHA B TIHMBE, SBIAETCS CYIIKa
MMUBOBApPEHHOr0 cojoma. OmnpenensiommM (GakTopoM, BIHUSIOIIKAM Ha coaep)kanue N-
HUTPO30JMMETUIIAMUHA B COJIOJIC, SIBJIICTCS KOHIICHTPAIIUsI TUOKCHIA YTIepoaa Ha BXOJC B
CIIoli conona.

6 —— Ukrainian Journal of Food Science. 2014. Volume 2. Issue 1
162



—— Abstracts ——

OO0BbeKTBI M MeTOObI HCCJIeNoBaHUsA. VccaemoBaHus MPOBOIWINCH NIPU PEKUAMAX,
xapaktepublx g cymmiiok JICXA. UW3MmepeHue KOHIEHTpalldd OKCHJIOB a30Ta
OCYILIECTBIIAIaCh Ha TazoaHamu3atope Tuma 645 XJI 20, npuHIMn padoThl KOTOPOTO
0a3upyeTcs Ha XEMUITIOMUHECIICHTHOM METOJIC OIPEICICHUS OKCHIA a30Ta.

PesynbTaThl u 00cy:kaeHne. boee HHTEHCHBHOE IMOTIIONICHUE JUOKCHAA YIIIepoaa
HAOJIOAIOCh BO BpeMs IMEpBOM CTaaud (IPU IOCTOSHHOM CKOPOCTH) CYIIKH, YTO
O00BSICHIETCS HATMYHEM B COJIOZE OOJIBIIOrO KOJHUYECTBA CBOOOMHOW BJIATHM — XOPOIIETO
MOTJIOTUTEN JAMOKCHIA yriepona. Ha wHTeHcH(DUKANUIO TpoleccoB oOpa3oBaHus N-
HUTPO3OJMMETUIIAMUHA B COJIOAE€ HAUOONBINECEe BIUSIHAC OKAa3bIBACT KOHIICHTPAIUSI
JMUOKCHUJIA YIJIepoa B CYIIMJIBHOM areHTe, 4YTO OTMEYCHO BO BCEX OIBITAX.

[IpenenpHble 3HauYeHUs comepkaHuss NO, B CYIIMIBHOM arcHTE OrOBapHBAIOTCS
3aJIaHHBIMU TMTHEHUYECKUMU HOpMamH KoHueHtpammu HJIMA B comoae, mosTomy Juist
rapaHTHPOBAHHON YHMCTOTHI MPOMYKTa mpenen KoHueHtpaiuu HJIMA B BeIpaOOoTaHHOM
COJIOZIe JOJDKEH COCTaBJIATh He Oosnee 15 Mkr / kr. Takyro KOHIIGHTpAIUIO 00ECIeUnBacT
CYLUKH COJIOZA CYLIMIBHBIM areHToM ¢ coxepxannemM NO, B Hem He Gonee 0,4 mr/m’. Dto
3HAYCHHUE JOJDKHO OBITh MPEJCIHHBIM B pa3pad0TKe COBPEMEHHBIX TEILTOBCHTHIIAIIMOHHBIX
CHUCTEM.

KiroueBble cJI0Ba: co100, cyuka, n-HUmpo300UumMemuiamun.

YcoBepuieHCTBOBAHUS 000PY/10BaHMS /1JIsl IPUTOTOBJIEHHUS TECTOBBIX
nouaygpadpukaron

Anexcandp Kpasuenro, FOnus Tenuukyn, Braoumup Teruuxyn
Hayuonanvnwviti ynueepcumem nuwegoix mexnonozuil, Kuee, Yxpauna

Brenenue. Yinydmuth npolecc NMpOW3BOICTBA XJIEOOOYIOUHBIX H3JENUA BO3MOXKHO
IyTeM HCIIONb30BaHHUsI MHTEHCHBHOIO 3aMeca TECTa, YCOBEPIISHCTBOBAHHUS €0 OpOXKEHHs
1 GOpMUPOBAHHSI.

Matepuanbl U MeToabl. lccnenoBany INIIEHUYHOE OPOXOKEBOE TECTO M3 MYKH
BBICIIIEr0 COPTa U MPOILECCH CMEIIMBaHUs, OpoxkeHus: 1 (HOpMUPOBaHHS Ha pa3paboTaHHOU
SKCIIEPUMEHTAIILHOM YCTaHOBKE, B KOTOPOW 3T OIEpaliii 00beANHEHBI.

PesynbraTel um o0cyxaenue. HeoOXoOqMMOCTh KOMILICKCHOTO COBEPIICHCTBOBAHUS
mpolecca MPOU3BOJCTBA XJIeO00YIOUHBIX U3AENUI CIeAyeT U3 IIMPOKOr0 MCIOIb30BaHUS
PY4HOI'O TpyZa, TPOMO3JIKOI0 000pYAOBaHMUS MIPU TPAJUIMOHHOM CIOCO0E MPOM3BOACTBA.
KoHcTpyKIust cMecuTenbHO-0pOAMIbHO-OPMOBOYHOrO arperara Io3BOJISIET OObEAHHHUTH
MPOLIECCHl HEMPEPHIBHOIO HMHTEHCHUBHOTO 3aMeca TecTa, OpoxeHus u (GopMHUpOBaHUs
Pa3pbIXJICHHBIX TECTOBBIX 3arOTOBOK HEMOCPEACTBEHHO HAa MOJA XJIEOOIIEKapHOW Meuu.
Arperar o0ecreunBaeT COKpalleHHEe MaIlMHO-aNNapaTypHOW CXEMBI M CHIDKAeT 3aTpathl
Ha 9KCIUTyaTalfio 000pyIOBaHUsL.

BsI3KOCTh Ta30HATIOTHEHHOT'O TECTa JIMHEHHO CHIKAETCS C YBEIMUYEHHEM pacxoja
yIOENbHOH paboTBl W CKOPOCTH CIBUra U3-3a OCiaOJleHHs B3aMMOACHCTBUS MEXIY
YacTHLAMH TecTa. [lOBBIIEHHE coJep)KaHMsl ra3oBOH (a3bl NMPUBOJUT K YMEHBIICHHIO
BSI3KOCTH TE€CTa U YBEIUUCHUIO CpeqHEH ckopocTH moToka. Konudectro rasza 6omee 40% u
rpagueHT pgasineHus 0,3-0,4 MIla npuBoAsST K pa3pyIIeHHIO Ta30BBIX ITY3bIPHKOB.
[onyuena SKCHOHEHIMAJIbHAS 3aBUCUMOCTh CPEIHEH CKOPOCTH HOTOKa W OT JaBIICHUS
npeccoBanust P or 0,1 no 0,4 MIla npu paznuyHoM conepkanuu razoBoit ¢aset G ot 0 10
45%. 3aBHCHMMOCTh KOX(QHIMECHTa PACHIMPEHHS TECTOBOIO XryTa OT yIJIa BXOoJa B
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(OpMOBOUHBII KaHaT UMeeT SKcTpeMyM. OnTHMaibHOE 3HaUeHnE KOHYCHOCTH BXoza - 70-
80 °.
BouiBoapl. Pe3ynbrathl 1enecoo0pa3Ho UCIONIB30BaTh TPH MPOEKTUPOBAHUH HOBBIX U
PEKOHCTPYKIIMH CYIIECTBYIOMINX JIMHUN TIPOU3BOJCTBA XJI1€000YIOUHBIX U3JIEIHH.
KunroudeBsble cioBa: 3amec, mecmo, IKcmpy3sus, opodicenue, Popmuposanue.

HayuHoe o0ocHOBaHMe MeTOAa CHHTE3a CTPYKTYPbI MAIIMH 15
YNaKOBbIBAHUS NMHUIIEBBIX MPOAYKTOB

Anexcanap 'aBBa, Jlroqmuia Kpusorusc-Bonoauna, Huxonait Macio
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Beenenue. [ onTUMU3anuK Mporiecca yMaKOBBIBAHHS PAIMOHAIBHO HCIIONB30BAThH
CHHTE3 CTPYKTYPhI YIIAKOBOYHOH MalIUHbI KOMOHHATOPHO-JIOTHIECKUMH METOJAMH.

Marepuanbl U1 MeTOabL. J[Js reHepUpOBaHHs CTPYKTYP MCIOIB3YETCsl COPTHPOBKA H
MOMCK HOBBIX KOMOHMHAIMA B MacCHBE aHAJOTOB W MPOTOTHIIOB MPU HCIOIb30BAHHU
CIIEMYIONMX CHOCOOOB  OMHCAaHHS OOOOIIEHHBIX CTPYKTYp YINAKOBOYHBIX MAIIUH
(Tabnu4HbIe, anreOpandecKue, JJOTHISCKUE U CETEBBIC MOJICIIHN).

Pe3ynbTatel U o0cy:xneHue. OpHUEHTUPOBAHHBIH MYIbTHIPA(d HCIOIB30BAH IS
CHHTE3a CTPYKTYpPHl YIAKOBOYHBIX MAIIWH, & TaKKe IS ONTUMHU3AIUH OTACTBHBIX
pernrenuit. st 3Toro 06001IeHa crcTeMa OrpaHUYeHH | 1eneBbie pyHKuu. O60CHOBaHA
CHCTEMa OTpaHHUYCHHUH, KOTOpasi OMUCHIBAET YCIOBHUS BHIOOPA DIIEMEHTOB MYJIbTHIPa(oBOi
MOZENH ¥ [eNeBOW (YHKIMH, 9TO JaéT BO3MOXKHOCT ONTHMHU3UPOBATH pa3HbBIC
CTPYKTYPHBIE XapaKTePUCTUKH PEIICHHUIA.

Pemienrie 3afaud  CTPYKTYPHOIO CHHTE3a COCTOMT W3 OPHEHTHPOBAHHBIX YT
mynpTUrpada. Bo BpeMs HCIONB30BaHUS 3TOrO METOJa OJMH KJIAaC YIMaKOBOYHBIX MAIIUH
NPEICTaBIAIOT B BHIC  OPHECHTUPOBAHHOrO MyJbTHrpada. B Takom wmynbTurpade
MHOXECTBO MYJIBTHAYT - 310 Z={Zi}, i=, a MHOXXUCTBO BepiuH — S={Si}. /[yra Oynmer
AKTHBUPOBAHA MPH YCIOBHH aKTUBAIIMU BCEX &€ BBIXOOB.

OO01ee KOJTMYECTBO MEPEMEHHBIX B MOMOOHBIX MOJENSX OMUCHIBACTCS C MOMOIIBIO
BeIpaxkeHHs 3ntK+M, a KOMHYeCTBO YpaBHEHHUI M HEPABEHCTB B CHCTEME OIPAHMYCHHH -
Tn+K+L+1, roe n — obiiee KOJIMYeCcTBO JIEMEHTOB 0000IIEHHON CTPYKTYPhI YIIaKOBOYHOM
ManmHbl, K — KoTM4ecTBO BXOANINX CBsA3eH, L — KOMHUEeCTBO 3ampeniéHHBIX KOMOUHAIIHIL.

BoiBoa. Ilpobnema CTPYKTYpHOrO CHHTE3a CBOXMTCS K 3a1adaM JHUCKPETHOTO
JIUHEHHOro mnporpaMmupoBanus. OOOCHOBaHHAsE CHCTEMa OTPaHMYECHHH TO3BOJSET
OIHCaTh YCIOBHS BBIOOpA 3JIEMEHTOB MYJIBTUTPAOBOH MOJETH U 1eTIeBOH HYHKIUH. ITO
JaéT BO3MOXHOCTh ONITUMH3UPOBATH Pa3HBIE CTPYKTYPHBIC XapaKTEePUCTUKH PEIICHHI.

KaroueBsle ciioBa: ynakoska, Mawuna, cunmes, Myromucpag.
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ABTOMaTM3aLMA TEXHOJIOMMYECKUX NpoLLeccoB

OnTumMu3zanusi CHCTEM 3J'leKTp0CH36)KeHI/Iﬂ npe)mpuﬂTuﬁ MUIeBoii
MNPOMBIIIJICHHOCTH

1 1 2
Bragumup Illectepenko', Mrops M3Bonenckuii', Oner Mamenko', Anexcanapa Illectepenko
1 - Hayuonanvnoiil ynueepcumem nuuesvix mexnonozutl, Kuee, Yxpauna
2 - MP “L&G meter”, e. Kues, Yxpauna

Beenenue. IloBbicuth 3((eKTHBHOCTH KOMIIGHCAIIMM pPEaKTHBHOW MOIIHOCTH Ha
MUIIEBBIX MPEANPUATHAX 11e1ecO00pa3HO MyTeM NPUMEHEHHUS ABYXYPOBHEBOH CHCTEMBI
YIIpaBJICHUS] ICTOYHUKAMHU PEaKTUBHOW MOIIHOCTH.

Martepnansl u Metoabl. Mccrienyercs paspaboTaHHass cHCTEMa KOMIUIEKCHOW
KOMIIEHCAIMU, KOTOpasi o0ecrieunBaeT W3MEHEHHE B aKIEHTaX YIPaBIICHUS MOIIHOCTSIMHU
KY or peuenrpanuzanyu K 00ECHEYECHUIO CHCTEMHOW IEJICHANPABICHHOCTH PpeIleHHs
NpoOJIEMBI, YTO KOHLENTYAIbHO CBS3aHO C ONTHMU3AIMEH peXuMa 3JIEKTPOIOTpeOIeHuUs
Ha MPOMBIIUICHHOM TPEIIPHUITHH.

PesyabraTsl u 06cy:xkaenne. [lorpebiieHne peakTUBHON MOIIHOCTH B TEYEHUE CYTOK
HepaBHOMepHO. CucTeMaM KOMIIEHCAIIMU PEaKTUBHON MOLTHOCTH NPEANPHATHI MpUCyIIa
uepapxuieckas CTPYKTypa M BBICOKas CJIOXHOCTb. B TedeHHe CYTOK TeHepupyemas
MOIITHOCTh J0JkHAa He MeHee deM Ha 80-90 % coBmamath ¢ rpadukoM MOTpeOIsieMoit
PEaKTUBHOM MOIIHOCTH. VICTOYHMK pEakTHBHOH MOUIHOCTH C KOMOMHHPOBaHHBIM
pEryIMpOBaHUEM HMEET TaKoe jK€ OBICTPOJEeHCTBHE, KaK W IUIaBHBIA M CTYIIEHYATHIH
HCTOYHMK PEaKTUBHOHW MOIIHOCTH, HO B OTJIMYME OT CTYNEHYATOr0 UCTOYHHUKA PEaKTHBHOU
MOIIHOCTH TO3BOJISIET PETYINPOBATh PEAKTUBHYIO MOIIHOCTh IUIABHO, @ B OTJIMYHE OT
IUIABHO PETYIUPYEMOr0 WCTOYHUKA PEAKTUBHOM MOIIHOCTH HE BBI3BIBAET Y CETH
3HAYHUTEIBHBIX UCKaKEHUH (POPMBI KpUBOH HarpspkeHus. PexknM paboThl BCEX NCTOYHHKOB
PEaKTUBHOM MOIIHOCTH JIOJDKEH COOTBETCTBOBATH TIpadMKy IMOTPEOJICHUS PEeaKTHBHOM
MoutHocTH. [IpeaokeHHbIl CHCTEMHBIH MOAX0/] K KOMIIEHCAIIH MO3BOJISIET CYIIECTBEHHO
TIOBBICUTh 3KOHOMHYECKHE MOKAa3aTeld BCEX HMCTOYHHKOB PEAKTUBHOM MOMIHOCTH. J[iist
TOBBINIEHUS KO3(h(UIIMEHTa MOIITHOCTH ITPUMEHEHBI KOH/IEHCATOPHbIE YCTaHOBKH.

PoGora BHenpeHa Ha J[HEMpOMEeTpPOBCKOM MOJIOKO3aBojie. Pe3ynbTar BHEApDEHUS —
YMEHBIIIEHUE NOTeph IeKTpoeHepruu Ha 23 %, a cyma oIjiaThl 3a PEaKTUBHYIO SHEPTHUIO
cHu3MIachk Ha 78 %.

BoiBoabl. Pe3yibraThl peKOMeHIyeTcsi WCIONb30BaTh Ha MPEANPUSATHAX IHIIEBOW
MIPOMBILITIEHHOCTH C LIEBIO MOBBIIEHHUS 3()(HEKTUBHOCTH CHCTEM DIIEKTPOCHAOKEHNUS

KnrodeBble c10Ba: peakxmueHas MOWHOCb, DNEKMPOCHAONCEHUE, KOMNEHCAYUA.

PacueTr KoHeYHO# TeMIepaTypbl HarpeBa 0OMOTKH CTaTopa
TypOoreHepaTopa c ejibio ynpapJeHHusi pa3BUTHEM TeIJIOBOI0 JedeKTa

Osnpra Masypenko, Banepuit CamcoHoB
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Beenenne. Temmeparypa 0OOMOTOK U CEPJCYHUKOB TYpOOreHEpaTopa MOXKET BO3PACTH
IpU HApYIIEHHH B pPabOTe€ CHCTEMbI OXJAXKICHHS WIH BO3HHKHOBEHHM B MalllUHE
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nedexros. J{i1s yrnpaBieHus pasBUTHEM AeeKTa ¢ HEIbI0 MPOUIEHHS CPOKa SKCILTyaTaIluH
U HaJeXKHON paboThl HEOOXOIUMO HMCIIONIB30BATh METOIBI TEXHMYECKOM UATHOCTUKH.

Martepuaiabl u MeToabl. Ha OCHOBe aHaaM3a «KJIACCHYECKOrO» U IpapuIecKoro
METOZIOB  pacueTa KOHCYHOW TeMIIepaTypsl OOMOTKH cTaTtopa TypOoreHeparopa OBLI
pa3paboTaH HOBBIA METOJ| pacyeTa YCTAHOBMBIIEHCS TEMIIEPATYphl 3JIEKTPHUYECKOM
H30JISIIAM OOMOTKH CTaTopa ¢ UCIOJIb30BAHHEM COBPEMEHHBIX METO0B HH()OPMAIIHOHHBIX
TEXHOJIOTHil.

Pe3yabtaTrsl M oOcy:xkaenue. Kiaccuueckuit MeTON MOXKHO HCIHOJIB30BaTh MPHU
HEM3MEHHOW BeTn4ynHe K03 HUIMEHTa TEIUIOOTIAYH, TO €CTh KOT/Ia CUCTEMA OXJIasKACHHS
paboraer B CTATOPHOM pEKHME, a TMOBBIIICHHE TEMIEpaTypsl CTaTopa BbI3BAHO
HEKOHTPOJIUPYEMBIM H3MEHEHHEM HArpy3Ku Typooreneparopa. I'paduueckuii MeTo MpocT
B HCIOJNb30BAHMHM, HO HE OTIMYAETCS TOYHOCTBIO. OCOOEHHO KOrjga O BEIUYUHE
MpeAnojaraeMoil yCTaHOBHUBILNEHCSA TeMIlepaType CyaaT IO pe3yibTaTaM H3MePEHHM
TOJBKO B HAYaJbHOM CTaIWHU MpoIlecca HaIpeBaHUs CTEP:KHEW cTaTopa TypOoreHeparopa.
IpenokeHHbIE  METOJ TEIUIOBOrO TIPOIecCa Ha OCHOBE JMBEPIEHIUM OTYACTH
KOMITEHCUPYET HEJOCTATKH BBIINIEHA3BAHHBIX METOJOB M TO3BOJIAET aHAIM3MPOBATH
TEMIIEpaTypHbIE HATIPSHKEHUS CTEPIKHSA 0OMOTKH cTaTopa TypOoreHepaTopa.

BoiBoabl. JIeKOMITO3HIMS 3a/a4d aHaIM3a TEMIIEPATYPHOrO IMOJIS CTEPIKHS OOMOTKH
CTaTopa IMO3BOJISIET PACUIMPUTH MPEJCTABIEHUE O €ro JUHAMUKE M3MEHEHHH U IOBBICUTH
JIOCTOBEPHOCTD TUATHOCTUKH.

KiaroueBnle cioBa:  mypbOocenepamop, — oxaavcoenue,  0OMOmMKaA,  CMAMop,
ouazHocmuKa.

BannacTHble TenioBble NOTOKH NMPU TEPMUUYECKOIT 00padoTKe
MUIIEBBIX MPOAYKTOB

1 1 L2
Briagumup ®enopos’, Oner Kenko', Anekcanap CkapOoBuituyk

1 - Vmanckuil hayuonanvbuslil yHusepcumem cado8oocmsa, 2. Ymawnv, Yepauna

2 - Hayuonanvuwiii ynusepcumem nuwesvix mexnonocuti, Kues, Yxkpauna

Beenenue. [IpuMeHeHne HOBEHIINX CPECTB TEILIOPU3NIECKUX U3MEPEHUH TIO3BOJISIET
MONYYUTh HOBYIO HMH(GOPMALHMIO, IAIOUIyI0 BO3MOXXHOCTH O3KOHOMHTH OSHEPTHUIO H
MIPOAYKTHI.

Matepnanbl u  MerToabl. ManorabapuTHBIH ~ BBICOKOYYBCTBHUTEIBHBIA U
MaJIOMHEPIMOHHBIN TeroMep (ouck amamerpoM 20 MM u  TonmmHOHW 1,2 MM)
HCIONB30BaJIM IPU HUCCIEIOBAaHUM JO3pEBaHMSA TBEPAOro chlpa. Temmeparypy Bo3lyxa B
KaMmepe nojzepxxuBanu Ha ypoHe 10+0,25 °C TepMOpErynsTopoMm.

PesynbtaTsl M o0cyxaenue. Pe3ynbTaTsl NPsIMOro U3MEPEHUs! INIOTHOCTH TEILIOBOT'O
MIOTOKA TEIUIOMEPOM, PACIIONIOXKEHHBIM B IIEHTPE BEpPXHEH MOBEpXHOCTH T'OJIOBKH ChIpa,
OKa3aJIMCh HEOXKUIAHHBIMU: 0K0J0 30 % BBIAEIAIONIErOCs U3 ChIpa TEIUIa BO3BpAIIAETCs B
TOJIOBKY. DTOT BO3BpaT SBIISIETCS 0ajUIaCTHOW HArpy3KOW Ha XOJIOIMIBHYIO YCTaHOBKY
KaMepbl, €ro YCTpaHEHHE WIM MUHMMU3ALUS SBISETCS HCTOYHUKOM DSHEPro- U
pecypcocOepekeHnsi. bannacTHble IMOTOKM Terula BO3MOXKHBI TakKe IPH TEIUIOBOM
00paboTKe MUIIEBHIX MPOAYKTOB, HAPUMED, B MpOIECCe CTAOMIIN3AIMU TIOBEPXHOCTHOTO
CIIOST BapeHOW Koydacel OCIWLIMPYIOMMM HH(pakpacHsM oborpeBoM. IlomGopom
BpEMEHM KOAryNIAlMA W HANpsDKeHWs Ha H3JIydaTele yAalnoch CHH3HMTh OallIacTHBIN
TEIUIOBOM TOTOK B IIEHTPAaJbHBIE CIOM Ha JIB€ TPETH, a MHBEPCHBIM TEIJIOBOM MOTOK U3
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9TUX CJIOEB — JI0 HyNs. MaKCHMalbHBIN TEIUIONPHUTOK, & C HUM U OOIIMI Pacxoj SHEPTHH
ObUT cHIKEH Ha 15 — 20 %. YMeHbIIIeHHe TeMITepaTypHO! 3aCTaBKH Ha TEPMOPETYIATOPE
TIPU XOJIOAMIBHONW 00paboTKe MOTIIO OBl YMEHBIIUTH TEIJIOBOW OajuiacT, HO IPHUBEIO ObI K
MPEKICBPEMEHHOMY H3HOCY JeTajeil XOMOAMIBbHOM MannHbl. Eciu HEeT BO3MOXHOCTH
YCTPOUTh Kamepy TMepeMelIBaHus BO3[AyXa Mepel KaMepoil T03peBaHus, HYXKHO
YCTaHABIMBATH TEPMOPETYIATOP KaK MOXKHO JIJIbIIIE OT OXJIaXKa€MOTr0 TIPOIYKTA.

BoiBoabl. BO3MOXHOCTH 0a/uTaCTHBIX TEMIOBBIX TOTOKOB MPH  XOJMOAMIBHOM
00paboTKe — ellle OJUH apryMEHT B IOJB3Y Mepexoja Ha aOCOpOIIMOHHBIC XOJIOAUIBHbIC
MAIMHBI, UCTOYHUK SHEPrHU JJIS KOTOPBIX €CTh Ha JIFOOOM MHIIEBOM TPEANPUATHH,
BKJIFOYAst MOJIOKO- M CBHIP3aBOJIBL.

KiroueBbie ciioBa: menio, obpabomka, baiiacm, nomok, meniomep.

Bbe3onacHOCTb Xu3HeaeaTeIbHOCTU

IToBbiIeHMe 001er0 YPoBHS 0€30aCHOCTH TPY/AAa Ha NPeINPUSATHIX
NHIIEBOI NPOMBIILIEHHOCTH

Omnpra EBtymenko
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. Ilenpio pa®oThl sBIISETCS MOBBILIEHUE YPOBHS 0E30MACHOCTH TpyAa Ha
MPEANPUATHSIX MTUIIEBOM MPOMBIIIIEHHOCTH 32 CUET COBEPLICHCTBOBAHUS OOIIEH Monenu
pHCKa POU3BOACTBEHHOTO TPAaBMAaTU3Ma Ha IHUIIIEBOM TPEIPHUSITHH.

Matepuanbl U MeToAbl. [IprMeHeH METOH TJIaBHBIX KOMIIOHEHT ISl ONpeJlesieHUs
OCHOBHBIX (DaKTOPOB TPaBMHUPOBaHHs PaOOTHUKOB OTPAcid M NPOTHO3MPOBAHMS PUCKOB
MPOU3BOJICTBEHHOT O TpaBMaTHU3Ma.

Pesyabrathl ®W  00GCy:KIeHHe. YCOBEpIIECHCTBOBaHa o00MIas MOJENb  pHUCKa
MIPOU3BOJICTBEHHOT O TPAaBMAaTH3Ma Ha MPEAIIPUSTHN MHIIEBOH POMBIIIIEHHOCTH, KOTOpast
KOMIUIEKCHO YYHTBIBAET BIIMSHUE Ha TPAaBMAaTH3M BCErO CIEKTpa MPOU3BOJICTBEHHBIX U
COLMAJIbHO-OKOHOMHYECKUX (DaKTOPOB M CTPOUTCS HAa OCHOBE CXEMbl BO3HUKHOBEHHS
HECYAaCTHOTO Ciiy4as, B KOTOPOW KaKIbIH (PaKT HECHACTHOI'O CIydas CBSI3BIBAETCS C
MIPEANOCHUIKON €ro BO3HMKHOBEHHsS. OTMEUEHHBIH ITOIXOM IO3BOJISIET OCYIIECTBISTH
aHaJIM3 HENOCPEICTBEHHBIX NMPUYUHHO-CIIEJCTBEHHBIX CBSI3€H, KOTOphIE MMEIOT MECTO B
npoliecce TPaBMUPOBaHUs, U OOHAPY)KMBaTh KaK OCHOBHBIC, TaK W CKPBIThIE MPUYUHBI
MPOU3BOJICTBEHHOTO TpaBMaTHU3Ma, KOTOpbIE MPUBOJAT K HECYACTHOMY CIIydaro Ha
OCHOBaHHMH JIaHHBIX M3 (OpM 00S3aTEIHHOW €XKETrOJHOH OTUETHOCTH. Y CTAaHOBIIEHO, YTO
Ut obecniedeHus] QUIbTPAK CTATHCTHYECKUX NaHHBIX U BU3YaIHU3alllK Pe3YIbTaTOB IS
00pabOTKM HWMEIOLIECS CTAaTUCTUKU TPOW3BOJCTBEHHOTO TpaBMaTH3Ma HamoOolee
LeNIeco00pa3HbIM SIBJISIETCS METOJI TJIaBHBIX KOMITOHEHT. [Toje3HocTh 3TOro Merona npu
aHaJM3e JaHHBIX TPOU3BOJCTBEHHOIO TpaBMaTW3Ma OCHOBaHa Ha BO3MOXKHOCTH
yMEHBIICHUsI 00BEMOB aHaliu3a MHGOPMAIMU M OINpeieieHus] Haubojee CyIIeCTBEHHBIX
(aKTOpOB NPOM3BOJCTBEHHOI'0 TpaBMaTH3Ma. biaromaps OCHOBHBIM CBOMCTBaM MeTona
[JIaBHBIX KOMIOHEHT OH JIOCTATOYHO YCHENIHO MOXKET OBITh HCIONB30BaH IS
MIPOTHO3UPOBAHUS 3HAYMUTEIBHOTO YHCIIA MCXOIHBIX IIOKa3aTeledl IMpOM3BOJCTBEHHOI'O
TpaBMaTH3Ma, CpPaBHUTEIBHO  MaJbIM  YHCIOM  BCIIOMOTaTEJbHBIX  (JIATEHTHBIX )
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MEPEMEHHBIX, BBIPAKAIONIMX MPHYUHBI 3TOrO sBJCHUSA, oOOecleunBas MPH ITOM
HaWMEHBIIYIO TOTPEITHOCTD IPOTHO3a.

KnwueBble caoBa: oOezonacnocms, mpyo, mpasmamu3m, puck, numauue,
NPOMBIUIEHHOCTb.

MopenupoBaHue pa3BUTHS PUCKA pa3pyllIeHUii OMAaCHBIX
NPOMBIILIEHBIX 00bEKTOB B YpPe3BbIYAHHBIX CHTYAIL[USX

1 N
Haranus Bonomuenkosa', Anekcanap Xuspuu', Mapuiika ITerposa’
1 - Hayuonanvnoiil ynueepcumem nuwjesvix mexnonozutl, Kuee, Yxpauna
2 — Pycenckuil ynusepcumem «Aneen Kanuesy, @unuan Pasepao, Boneapus

Beenenue. CymiecTByIOIME CUCTEMBI KOMILIEKCHON 3allUThl OOBEKTOB IOBBIIIEHHON
OIIACHOCTH TIPOMBINUICHHBIX MNPEANPUSATAH Malod((PEKTUBHBL, I[MOITOMY BO3HHKAET
HEOOXOAUMOCTb COCPEIOTOUYEHUS CHII M CPEICTB Ha HanOoJee ONacHbIX HAaIIPaBJICHUSX.

Matepuanbl U MeToabl. J[71s1 OLIEHKM pHCKa MPOMBINIIEHHOTO OOBEKTa MOCTpOeHA
MOJIETIb Pa3BUTHS aBapuu (Ype3BBIYAHON curyanuu). [IpocTpaHCTBEHHO-CTPYKTYPHYIO
SBOJIOLMIO PHUCKA BO3HMKHOBEHHS aBapuy (UpE3BBIYAHHOW CUTYallMM) peaiM30BaHO C
MIOMOIIIBIO0 KOMITJIEKCA MAaTeMAaTUYECKUX MOJeNel CTOXaCTHUYECKUM aJalTHUBHBIM METOJOM
MaTPUYHOTO T€HETHYECKOT0 MOJEIUPOBAHHUS.

PesynbtaTnl o0cy:xkaenune. IlepBas maremarndeckas MOJAENIb JAHHOIO KOMIUIEKCA
MIPE/ICTAaBIIsIET COOOM CHUCTEMY aHaJIMTHYECKUX HENWHEWHBIX YpaBHEHHH, KOTOPbIE IaioT
BO3MOXKHOCTb ~ paccyuTaTh  IMPOCTPAHCTBEHHO-BPEMEHHBIE  pEe3yNbTaThl  aBapuu

(upesBbryaiiHoii cutyanun). IIpocTpaHCTBEHHO-BPEMEHHAS CTPYKTYpa Sc; € {Sc} son MOXET

3a/1aBaThCd SKCHEPTHO WM K€ ONPEHETsIThCAd C IOMOIIBIO BTOPOM MaTeMaTHYeCKOM
Mozenu. COOTBETCTBYIOIIAsA MOAENb SABJISIETCS HEMMHEHHOM, TUCKpEeTHOH MaTeMaTUYeCKOH
MOJIENIBI0 C HEU3BECTHBIMHU OINEpaTOpaMM, KOTOpPHIE 3a7al0TCsA aIrOPUTMUYECKU. TpeThs
MaTeMaTH4ecKasi MOJENb SBISETCS CUCTEMOW JHMHEHHBIX aHAIUTUYECKUX YpPaBHEHUH C
HEU3BECTHBIMM 3HadeHUAMH ¢akTopoB X, X,,...,X, n QyHkuueil mpuopuretrop P,

KOTOPBIC ONPEACTIAOTCA C IOMOLIbIO METOJOB TCOPUN HCUECTKUX MHOXCCTB.

BBIBOJIBI. HPEI[J'IO)KCHa KOMIUICKCHas MaTeéMaTU4ICCKasA MOJICJIb, KOTOpas MOXET OBITE
MPaKTUYCCKU pC€aIM30BaHa JIA PCIICHUA 3ala4d MOHUTOpHUHIA JACATCIBHOCTHU OIIACHBIX
00BLEKTOB B HPIH.[CBOﬁ MPOMBINUICHHOCTH, 336J’Ial"OBpeMeHHO IIPOrHo3npoBaTh
MIPOCTPAHCTBEHHO-BPEMCHHYIO 3BOJJIIONUIO PHUCKA COCTOAHUA OIMACHOI'O ITPOMBIINIJICHHOI'O
O6’LeKTy B 3aBUCUMOCTH OT CLICHApHs pa3BUTUA '-IpeSBLI'—IafIHOﬁ CUTYyalliHu.

KuarwueBble ciioBa: 6630naCHOCmb, PUCK, asapust, NPOMbIUUIEHOCHb.
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Instructions for Authors

Dear colleagues!

The Editorial Board of scientific periodical «Ukrainian Journal of Food Science»
invites you to publication of your scientific research.

Requirements for article:

Language — English

Size of the article 8 - 15 pages in Microsoft Word 2003 and earlier versions
with filename extension *.doc

All article elements should be in Times New Roman, font size 14, 1 line
intervals, margins on both sides 2 cm.

The structure of the article:
1. The title of the article
2. Authors (full name and surname)
3. Institution, where the work performed.
4. Abstract. The structure of the Abstract should correspond to the structure
of the article (Introduction, Materials and methods, Results and discussion,
Conclusion)
5. Key words.
6. The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussion
Conclusion
References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place
of work, email and contact phone number).

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white colour. The
colour of the figure elements (lines, grid, text) - in black colour.

Figures and EXCEL format files with graphs additionally should submit in
separate files.

Photos are not appropriate to use.

Extended articles should be sent by email to:
ukrfoodscience@meta.ua
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Ukrainian Journal of Food Science nyOuikye opuriHaabHI HayKOBi CTaTTi, KOPOTKI
ITOB1IOMJICHHS, OTJISZIOBI CTaTTi, HOBHHHU Ta OTJISIH JIITCPATYPH.

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapuoBa iHKeHepis HanorexHosorii

XapyoBa xiMmist [pouecu Ta obsaHAHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHUX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIxicTh Ta Oe3rieka XapuoBUX MPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

IepioguunicThb KypHaITy 2 HOMepH Ha Pik (YepPBEHb, IPY/ICHD).

PesysibpraT JOCHIKEHb, TPEJCTABICHI B JKypHaJli, NOBHHHI OYTH HOBHUMH, MaTH
3BSI30K 3 Xap4OBOIO HAYKOIO 1 MPEACTaBISATH IHTEpEC Ui MDKHAPOIHOTO HAyKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Journal of Food Science BxiitoueHo 10 HayKOMETpHYHUX 0a3:

Index Copernicus (2014), Google Scholar (2013), Directory of Research Journal
Indexing (DRIJI) (2014), Universal Impact Factor (2014).

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuXx (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SKOMY MOXYTb ITyONIKYBaTUCS PE3yNIbTaTH AUCEPTAI[iHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i kKanauaara Hayk (Hakxa3 MinicrepcTBa
ocitu i Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpencramBieHi s myOnmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiinie perieH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BINNOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEAAKIIHHOI KOJIETi€l0: OJAMH € WICHOM pPEeIKOJIerii,
IHIIAN - HE3AJIC)KHUHN YUICHUIA.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1110 POOOTa HE € MOPYIICHHSIM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MpaB, 1 BIIIKOJAOBYIOTh BUABIIIO MOPYIIEHHS JaHOI TapaHTii.
OnyoOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bumasiysl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TIPAaBUIIAMH aKaJeMiYHOI €THKH, BUKIaJaeHUMH B mipaiii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakmisi mpomoHye aBTOpam, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJECHHX Y IIbOMY IOCIOHMKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI HAYKOBUX IIpallb.
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PepakuiiHa koneris
I'osioBHMII penakrop:
Cepriii IBanoB, 1-p. XiM. Hayk, pod., Hayionanvuuil ynieepcumem xapuosux mexnonocii, Ykpaina
Yiienn pemrakuiifHoi Koserii:

Anexkcanap IBaHOB, 1-p. TexH. HayK, npod., MOruIbOBCHKHI JIepiKaBHUN  YHiBepCHUTET
IpoaoBoNIbCTBA, Pecrybnika benapycs

Anexkcanap Mamues, 1-p. TeXH. HayK, npod., ¢imis MOCKOBCBKOrO JIEpiKaBHOTO YHIBEPCHTETY
TeXHoJOrii Ta yrpasiinHs B M. Meneys, Peciybnika bamkoprocran, Pocis

Amnaromiii CaliranoB, 1-p. €KOH. HayK, 1pod., [ncmumym cucmemnux docniodcenv ¢ AIIK HAH
benapyci

Anxeii KoBanwcki, n1-p, npod., lncmumym acpapnoi ma xapuooi exonomiku — HOYIOHATbHUL
Odocnionuil incmumym, Ionvwa

AnToHeJa JIopoxoBHY, I-p. TEXH. HayK, npod., Hayionanenuii ynisepcumem xapuosux mexmonoeii,
VYkpaina

lamuna Cimaxina, g-p. TexH. Hayk, npod., Hayionanvhuii ynigepcumem Xapuosux MmMexHonocil,
Ykpaina

3anpsina JlenkoBa, 1-p, npo., Vuisepcumem xapuosux mexnonociii, m. Ilnosous, Boneapis

IBan Manexuk, 1I-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem Xapyo8ux MmMexHonoeit,
Ykpaina

JliBiy I'auey, 1-p, npod., Tpancineeanceruii ynisepcumem bpawiosa, Pymynis

Muxona CuueBCbKHI, I-p. €KOH. HayK, Ipod., [ncmunmym npodosonvuux pecypcie HAAH Vkpainu
Mapxk Ilamusin, kaHg. TexH. Hayk, nou., Canxm-IlemepOyp3vkuii OepocasHull mexHono2iynuil
incmumym, Pocis

Ounexcanap Cepborin, 1-p.TexH. HayK, npod., Hayionanvhuil ynieepcumem xapyogux mexmonoecit,
Ykpaina

Harania CxoneHko, 1-p. eKoH.HayK, Hayionanvhuil yHisepcumem xapuogux mexuonozit, Ykpaina
Ounexcanap HleBuenko, 1-p.TexH. HayK, npod., Hayionanehuii ynieepcumem xapuogux mexnonoeit,

VYkpaina
Ounena I'paGoBcbka, 1-p. TexH. HayK, npod., Hayionanvuuil ynisepcumem xap4osux mexmonoeit,
Ykpaina
Oxaena Cojoryd, n-p. exoH. Hayk, npod., Hayionanvhuil ynigepcumem Xap4oeux MexHon0eil,
Ykpaina

Cranka JlamsinoBa, 1-p, Pycencokuil ynigepcumem, @inis 6 m. Paszepao, Boneapis

Tamapa I'oBopymiko, 1-p. €KOH. Hayk, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
Ykpaina

Terssna MocTeHcbKa, I-p. €KOH. Hayk, npod., Hayionanenuil ynieepcumem xapyogux mexmonoeit,
Ykpaina

Tersina [Tupor, 1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BiqoBianbHUIA cekpeTap), KaH. TeXH. HayK, IoL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.
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Instructions for Authors
Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiiicbKa.

PexomenoBanuii o0csr crarti — 8-15 cropinok hopmaty A4.

CraTTsl BUKOHY€EThCS B pepaktopi Microsoft Word 2003 B popmari *.doc.

s Beix (1) enementiB crarti mpudt — Times New Roman, kerib — 14, inTepBan —
1, a63air — 1 cm.

CtpykTypa cTaTTi:

1. Ha3Ba crarri.
2. ABtopu cratTi (iM’s Ta Ipi3BUILE NOBHICTIO, Mpukiay;: [denuc O3epsiHKO).
3. Yemanosa, 6 sxiil suxonana poboma.
4. Awnoranis. PexomeHnoBaHuMH 00csar aHoTamii — IiB CTOPIHKH. AHOTAIlisl ITOBUHHA
BIJMOBIIaTH CTPYKTYpl CTaTTi Ta MiCTHTH po3aimu Beryn, Marepianmm 1 Mmeronw,
Pe3ysnbraTn Ta 00roBOpeHHs, BucHOBKH.
5. Kirouosi cioBa, 3-5 ciiiB, ajie He cioBocmoiy4deHs ().

IIynkTu 1-5 BUKOHATH aHITiHCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.
6. OcHOBHHII TEKCT cTaTTi. Mae BKITIOUaTH Taki 000B’SI3KOBI PO3ILIH:
Beryn
Marepianu Ta MeTou
Pe3yibraTn T2 0OrOBOpEHHS
BucHoBku
Jliteparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABATH iHIII PO3/iNIK Ta PO30MBATH IX Ha IiIPO3ALIH.
7. ABropceka posinka (IIpizBuie, iM’st Ta O OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KoHTakTHI JaHi aBTOpa, 10 SKOr0 32 HEOOXIAHOCTI Oy/e 3BEpTaTUCh PENaKIIis KypHAITY
(TenedoH Ta eNEeKTPOHHA ajapeca).

Po3mip TekcTy Ha pHCyHKax NMOBHHEH OyTH cHiBPO3MipHUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMaIOThCS.

®on rpadikis, miarpam — mumie Oinuid (). Koxip enemeHTiB pucyHKY (JIiHii, CiTKa,
TEKCT) — JIUIIIE YOPHUH (HE CipHii).

Opurinanu pucyHkiB (daiinu rpadiuHux penaxkTopiB), a Takox ¢aiiam ¢popmary
EXCEL 3 rpadixamMu 000BsS3KOBO MOAAIOTHCS B OKpeMHX (aiinax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXkKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (I3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAnoBigHo 1o cucremu Cl.

B crniicky niteparypy MOBHHHI IepeBaXKaTu CTAaTTi Ta MOHOTrpadil iHO3EMHUX aBTOPIB,
siki omyostikoBaHi micist 2000 poky.

JleranbHi iHCTPYKIIT /U1t aBTOpiB po3MillieHi Ha caiiti www.ukrfoodscience.ho.ua

CTaTTsl HACWIAETHCA 32 €JIEKTPOHHOIO aJIPecolo:
ukrfoodscience@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

IlocuiaHHA HA CTATTIO

ABTopu (pik Buaanusi), Haza crarri, Hazea scypnany (kypcusom), Tom (Homep),

CTOpPIHKH.

Bci enemenTy micnst poKy BUAAHHS PO3AUISIOTHECS KOMAMU.
Hpuxaagm:

Yannick Fayolle, Sylvie Gillot, Arnaud Cockx, Laetitia Bensimhon, Michel Roustan,
Alain Heduit (2010), In situ characterization of local hydrodynamic parameters in
closed-loop aeration tanks, Chemical Engineering Journal, 158(2), pp. 207-212.

Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aecrobic treatment of dairy wastewater in an industrial
three-reactor plant: Effect of aeration regime on performances and on protozoan and
bacterial communities, Water Research, 46(10), pp. 3334-3344.

IIpuxyiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

Pyroh T.P., Konon A.D., Skochko A.B. (2011), Vykorystannia mikrobnykh
poverkhnevo-aktyvnykh rechovyn u biolohii ta medytsyni, Biotekhnolohiia, 4(2), pp.
24-38.

3a bascanns nicist mpancirimeposanoi nazeu cmammi abo JHCypHALy 8 {PpicypHux

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocni1aHHS HA KHUTY

ABTopu (pik), Hazea knuzu (kypcueom), Bunasaunrso, Micto.
Bci enemMeHTH MicCis pOKY BUIAHHS PO3IIISIFOTECS KOMaMH.

Hpuxaagm:

Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
IIpuxaax odopmiieHHs cTATTi, OPUriHAT SIKOI YKpaiHCBKOI0 a00 PpocilicbKO0I0

MOBOIO:

1. Donchenko L.V. (2000), Tekhnologiya pektina i pektinoproduktov, Deli, Moscow

2. Kirianova H.A. (2008), Udoskonalennia tekhnolohii termostabilnykh zheleinykh
nachynok shliakhom ratsionalnoho vykorystannia hidrokoloidiv roslynnoho ta
mikrobnoho pokhodzhennia: PhD tethis, NUHT, Kyiv.

3. Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a bacicanns nicis mpanciimepoganoi HA36U KHUSU 6 {pieypHux OYHCKAX MONCHA

oamu nepexiad aHiiticbko MOBOI0}.
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IMocunanHs HA eJIeKTPOHHUH pecypc.

BukoHyeTbCsl aHAIOTiYHO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmineHHs
JTAaHUX Mo MyOIiKamilo MUIIyThCs cnoBa available at: Ta BkasyeThcst enekTpoHHa ajapeca.

HpI/IKJ'IaZ[ MTOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOI'O BUJIaHHA:

1. Barbara Chmielewska. (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241, available
at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FOOD%20JOURNAL%202013%20V.2%20
Is.2.pdf

2. (2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
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