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Introduction. This article describes the effect of
modified cold swelling starches on the redistribution of
moisture in the sponge cakes. In order to predict product
storage process investigated their sorption properties.

Materials and methods. The amount of free and bound
water was calculated on the basis of derivatographic
analysis with considering the effect of layered warming of
dough pieces. The study was carried out on a sorption and
vacuum devices of Mak Ben at 20 °C temperature using the
traditional methods. Water vapor was used as an adsorbtive.

Results and discussion. We have studied influence of
crosslinked  types of cold swelling starches:
hydroxypropylated distarch phosphates (Microlys FH 02),
acetylated distarch phosphates (Swely Gel Soft), acetylated
starch adipate (Cold Swell 5771) to changes in water
conditions in the sponge cakes.

Studies have shown that cross-linked modified starches
cold swelling, thanks to its ramified spatial structure, are
able to rapidly bind and retain moisture. The adding of 1%
of starches to flour weight to an increase in amount of
bound water in the product up to 7.17...13.23%.

Sorption properties of sponge cakes with the addition of
modified starch significantly improved. Due to the
interaction of starch with the components of flour and the
formation of stronger ties with the water, the improvement
of the sorption properties of the sponges with added
modified starch was noted. The total amount of adsorbed
water for modified starch products increased up to 3.14 cm’
/ 100g «Cold Swell 5771», up to 5.67 cm® / 100g «Swely
Gel Soft» and up to 18,97 cm’ / 100g «Microlys FH02».

Conclusion. Positive impact of crosslinked modified
starches on moisture distribution in the finished product,
which improves the extension of fresh sponge cakes, was
proved.
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Introduction

In the process of development of new types of flour products and improvement of
existing technologies, one of the main objectives is to extend the shelf life of the finished
product. For sponge cakes an important parameter is the content of moisture in the finished
product, as well as the ratio of free and bound water and sorption properties of the product,
since it is known that these parameters affect the shelf life of products of flour group [1].

In the production of semi-finished sponge cakes important role have supplements,
which can retain moisture and reduce staling of finished products. Among hydrocolloids,
which influence the redistribution of moisture in the product separate a group of modified
starches. Thanks to its properties modified starches is widely used for production of various
food stuffs [2, 3, 4, 5].

We have conducted research on the study of influence of crosslinked types of starches:
hydroxypropylated distarch phosphates (Microlys FH 02), acetylated distarch phosphates
(Swely Gel Soft), acetylated starch adipate (Cold Swell 5771) to changes in water
conditions in the sponge cakes.

Analysis of recent research and publications

Staling products is a significant problem for manufacturers of flour products. It is held
a number of studies, the purpose of which is to study the staling process of products and
find ways to maximize time to preserve their freshness. It is known that bread staling is a
complex phenomenon in which multiple mechanisms operate and water plays an important
role in the process, causing staling [6, 7].

To improve the quality of the finished product and maintain its freshness researchers
use various additives and raw materials.

To reduce staling of bread it was studied the usage of combination of chitosan with
ascorbic acid. Changes of tightly and loosely bound water relative content in bread were
studied using differential scanning calorimetry method. The authors recorded a decrease
rate of staling of bread, which is explained by the decrease of free water in the bread. [8].
Earlier studies have also talked about the fact that the structural changes in bread during
storage connected with the loss of ‘free’ water. These results have also been confirmed
using differential scanning calorimetry [9]. Many researchers say that the ratio of free and
bound water has an impact on the speed of staling of bakery products. Therefore, to reduce
staling rate there are offered various additives capable of binding free moisture.

Recently, in the food industry it has been widely used modified starches. Among them
are a special group — cross-linked starches. Properties of cross-linked starch types were
widely studied by scientists for their practical application in industry [10, 11]. Various
kinds of modifications have different effects on the properties of starch. Often, to obtain the
desired characteristics of modified starch they use dual modification. It is proved that the
procedure used to prepare dual-modified starches also affected the product properties [12,
13].

Change in functional properties of starches depends on source and granule
morphology of native starch. Scientists have found out that among the starches from
different cultivars, the change in the rheological parameters after acetylation differed to a
significant extent. The retrogradation was observed to be negligible in the 4acetylated
cooked starch pastes [14, 15].

In scientists’ research [16] was studied the effects of degree of modification on the
physico-chemical properties of hydroxypropylated potato di-starch phosphates. It has been
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discovered that cross-linking improves the texture and temperature resistance of native
starches. The effects of degree of modification on the physico-chemical properties of
chemically modified starches (hydroxypropylated potato di-starch phosphates) are studied
by dynamic viscoelasticity measurements and differential scanning calorimetry (DSC).
Even a slight modification can retard the retrogradation remarkably.

Study of properties of distarch adipate showed that solubility in water and swelling
power of the cross-linked preparations of distarch adipate, as well as pasting temperature
and viscosity of produced pastes, all decreased along with the increasing degree of
substitution with adipic acid residues. Scientists discovered that esterification with acetic
anhydride and adipic anhydride (E 1422 starch) caused the most pronounced changes in
physicochemical parameters compared with native potato starch powder. In native and E
1422 starches, mean granule diameter changed from 23.1 to 25.4 um, shape factor from
1.47 to 1.33, specific surface from 0.2115 to 0.1695 m2 g—1, porosity from 41.31% to
45.29%, water absorption increased up to 50%.

In order to use a distarch phosphates in sponge cake technology were studied
hydrophilic and sorption properties of cross-linked types of starches: hydroxypropylated di-
starch phosphates (Microlys FH 02), acetylated di-starch phosphates (Swely Gel Soft),
acetylated starch adipate (Cold Swell 5771). The results showed that it is advisable to use
those starches in the preparation of sponge cakes [18].

The aim of this work was to study influence of the di-starch phosphates the number of
bound and free water in biscuits, as well as their sorption properties. hydrophilic and.

Materials and methods

The calculation of bound and free water. To calculate the amount of free and bound
water a method developed by the authors [Strilets 1., Koretska 1., Mank V., Zinchenko T.,
Patent 98522 U, A21D 13/00 (2015.04), Sposib rozrakhunku volohy v boroshnianykh
vyrobakh], which is based on derivatografic analysis, was used. This analysis is based on
the simultaneous measurement of mass and enthalpy of the studied material during heating
process. During derivatographic analysis for a single sample simultaneously are recorded
four curves: DTA - enthalpy change, TG - mass change, DTG - the rate of weight change
and T - temperature (Pic. 1, a). For the calculation of the values DTG curve.

The first bend (A) corresponds to a decrease in the speed of removal of free moisture,
and the peak of the curve (point B) shows a decrease in the rate of evaporation of moisture-
related. On the DTG curve it is proposed to conduct a baseline CD, find the peak and
inflection that characterize the change of physical and chemical changes in the product (Pic.
1b).
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Figure 1. Thermogram of the test sample:
A - basic curves obtained as a result of derivatographic analysis;
B - receiving Area S; and S, on the line DTG

It is known that free water in the product is removed by layers. Therefore, at point A
(the top of the first bend) the rate of removal of free water is decreses, but not completely
stop. Given the emergence of a parallel process of evaporation of various forms of water,
from the point of the main peak (B) we offer to hold the curve BE symmetrical to the line,
which characterizes the decrease in the rate of mass change of the BD, and assume, that the
EBD figure area (S;), which is obtained as a result, represents the amount of bound water in
the sample. We'll also assume that the area of the formed curve CBE (S;) corresponds to the
amount of free moisture removed. To calculate the total amount of moisture removed (as an
absolute value in mg) it can be used TG curve. For the calculation of the total area, which
characterizes the entire removal of moisture (in relative terms), you can use the sum of the
areas S; and S,. Estimates provide a graph (Pic. 2), which shows the dependence of the rate
of removal of free and bound moisture from temperature (the temperature at a certain point
can be found in a way of designing a line of temperature change T (Pic. 1)).

For the calculation of S; and S, areas let’s use the integration on the respective
intervals. But since the function is specified in tabular form (no analytic form), then to find
the exact integral is not possible (Pic. 2). Roughly calculate the integral is possible by
means of quadrature formulas of Newton-Cotes. To calculate these functions, we used the
method of Simpson, which is considerably more accurate in comparison with other:

J SO =30y + £ 42 b St Fo ) #AC Sy bt fo )

(1,
199
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where x;, x;...x, —arguments of function are used as interpolation points;
[x¢...x,] — function interval,
h — step size for measuring argument (in this case, is constant for all measurements);
fo...f» — values of the functions at the nodal points stated in a particular table.

L

35

=30

g5

5 PN

‘5125? A S

S QLA

= 81 N \]

@ 30 80 165 192
& Temperature, °C

Figure 2. Functions that characterize the removal of free (S;) and bound (S,) water
obtained from curve derivateur DTG

To determine the relative value of free and bound moisture of values of the areas
calculated by the formula, compare.

Sorption-desorption properties of the sponge cakes were determined on Mac Ben’s
sorption-vacuum system, where on previously dehydrated samples at 20 °C and under
pressure 0...18 mm Hg sorption and desorption of water vapor in equilibrium conditions
were conducted. When analyzing the adsorption-desorption isotherms of water Langmuir
equation was used to calculate the amount of adsorbed moisture in monolayer

a = ayBa,/(1tB a,), mole-rat/g ),

where a - number of substance, which was adsorbed for some water activity, mmol /g;
a,— the amount of adsorbed substances needed to cover the surface layer of dense
monomolecular, mole-rat /g; B - constant, which is characterized by the interaction energy
of adsorbate and adsorbent (adsorption energy); a,- water activity, directly connected with
the relative equilibrium vapor pressure of water a,, = p/ps.

To describe the phenomena of adsorption for secondary humidities empirical
Freundlich equation was used

a = K-(a,)"™, mole-rat/g (3),

where a - number of adsorbed water mmol /g; K - constant characterizing the adsorption
energy; a,, - activity of adsorbed water; 1/n - constant characterizing intensity of adsorption.
Water activity was established by graphical approximation out of Freundlich equation

lga=Igh+ I/miga,, 4),
where a - is adsorption figure (mmol / g); b and n — activity of water (fixed values); a, -
equilibrium concentration of substances in solution (water activity) mmol /dm’.
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Result and discussion

To conduct the analysis the sponge cakes were prepared with addition of 1% of
modified starch to flour weight. As a control, there was used a biscuit without adding
additives. Thus obtained sponge cakes were examined for derivatograph. The processed
data of derivatograms, obtained data by the method described above, got the features,
which characterize the rate of removal from the product of free and bound water when
heated (pics.3-6).
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Figure 3. Graphic representation of Figure 4. Graphic representation of
evaporation free (S;) and bound (S;) moisture  evaporation free (S;) and bound (S,) moisture
for Control sample for «Microlys FH 02»
@
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Figure 5. Graphic representation of Figure 6. Graphic representation of
evaporation free (S;) and bound (S,) evaporation free (S;) and bound (S;) moisture
moisture for «Swely Gel Soft» for «Cold Swell 5771»
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As it can be seen from the pictures, the amount of bound water in biscuits exceeds the
number of free water. According to pictures, the evaporation of the bound water starts when
the temperature reaches above 75 ° C, the rate of free water evaporation reduces.

The calculation results are shown in Table 1.

Table 1
Characteristics of water state in sponge cakes samples
= = e 3 i)
Q @ e = = . - =
§ - s g 2 < = z 2
s23 | 3§ T45 | TE
> = ® = = 38= S =
& 8= &8 . S 8= S8 .
Name BL S T ES 25€ | 28°
< B g - @ 2= S o
Se? g§S T =2 > =
o o = S = 50 = 5 =
E S E S g~ s c<
< <z - Z 8
Control 241,3 44,15 305,2 55,85
Sponge cake with
MS «Microlys FH 025 203,0 36,98 346,0 63,02
Sponge cake with
MS «Swely Gel Softy 199,0 30,92 4445 69,08
Sponge cake with
MS «Cold Swell 5771» 209.3 35,19 385,5 64,81

The water state analysis showed that, due to addition of the studied starches, the
amount of bound water in the sponge cakes increases. When adding MS «Microlys FH 02»
the number of bound water increases by 7.2%. When adding MS «Swely Gel Soft» and MS
«Cold Swell 5771» it increases by 13.2 and 9% respectively. Due to its branched structure
of spatial data modified starches are able to quickly associate the cold water, as well as
interact with the particles of flour, which has a positive effect on the formation of stronger
bonds with water in the system.

It is known that the increase of the number of bound water will help to reduce drying
of products during storage. One of the methods, that allows to predict the behavior of water
in the product during storage, it is the study of sorption-desorption properties.

The study of sorption-desorption properties gives an idea about the changes in the
finished product during storage, in particular, the rate of water loss or its absorption. The
rate of water loss affects the staling process.

Considering the water adsorption isotherms of finished products as a process that
takes place in several stages, we characterized isotherms by three conventional zones of
sorption. In the analysis of adsorption isotherms calculations were performed of absorbed
water equivalent to 100 g for dry matter. Also, the calculation was performed on 100 g of
semi-product under conditions, that are close to the conditions of storage (Aw = 0,7...075).
The calculated data are presented in Table 2.

202 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2




—— Food technologies ——

Table 2
Number of adsorbed water in different samples of biscuit
Amount of water, c3/100g
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Sample of «Microlys

FHO2» (W = 25.4) 3,68 13,37 64,72 23,01 81,77 | 1,30
Sample of «Swely Gel

Soft» (W = 25,1) 3,16 11,01 54,30 18,95 68,47 | 1,58
Sample of «Cold Swell

5771» (W =25.3) 3,22 10,94 51,78 18,72 65,94 | 1,46

Control (W =25,0) 3,02 9,99 49,79 17,52 62,80 | 1,37

The obtained isothermal data suggest that most of the moisture is absorbed into the
third zone. In the first zone (monomolecular adsorption), which is characterized by the most
tightly bound water, the percentage of absorbed water is minimal.

In the second zone (multimolecular layer) absorption of moisture is increased.
Biscuits, containing modified starch, absorb more of its amount compared with the control.
With the addition of MS «Microlys FH02» amount of absorbed moisture in polylayer
increases by 3.38 cm’ / 100g of dehydrated product. With the addition of MS «Swely Gel
Soft» and MS «Cold Swell 5771» at 1.02 and 0.95 cm® / 100g of dehydrated product,
respectively.

In the third zone, which is characterized by less bound water, the amount of adsorbed
moisture is 78.5...79.3% of the absorbed water. We believe, that during the storaging of
biscuits, first will be deleted any water that is the least mighty bound. Studies show, that,
when adding «Microlys FH02» the amount of sorbed water in the third zone increased
compared to control at 14.93 cm® / 100 g, while by adding «Swely Gel Soft» and IC «Cold
Swell 5771» to 4.51 cm® / 100 g and 1.99 cm® /100 g, respectively.

Distarch phosphates positive impact on the increase in the number of bound water in
biscuits and improvement of their sorption properties is explained due to high kinetics of
swelling in cold water and hydrophilic of stated starches, which were studied previously.
The branched spatial data structure of starches allows them to interact with the particles of
flour and form a strong bond with water (increasing of the binding energy) that is capable
of holding more moisture due to a hydrogen bonding, and mechanical (spatial) binding.
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Conclusions

On the shelf life of bakery products affects their drying speed rate, which depends on
the state of water in the food system. Identifying of forms of water into the product is
critical to its quality management.

Ability of studied starches rapidly bind large amounts of water will have positive
impact in the production of sponge cakes, as the increased percentage of bound water has a
positive impact on the performance of the finished product quality and reduce drying of
products during storaging.

Researching states of water in sponge cakes with addition of modified cold swelling
starches showed increasing of bound water quantity in the product up to 7.17...13.23%.

During study of the sorption properties of the finished sponge cakes it was set that
sorptive capacity of sponge cakes, which were prepared with the addition of modified
starch, improved. The total amount of adsorbed water for products with modified starch
increased up to 3.14 cm® / 100g for «Cold Swell 5771», up to 5.67 cm® / 100 g for «Swely
Gel Soft», and up to18, 97 cm® /100g for «Microlys FH02».
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Introduction. The aim if this work is to determine the
antioxidant properties of extracts obtained from sunflower cakes
processed in the cavitation facility.

Materials and methods. Sunflower seeds (breeded NK-
Brio) were cooled with liquid nitrogen then dehulled. Further
dehulled sunflower kernels were pressed using an extruder.
Obtained sunflower cakes were processed in the cavitation
facility (with solvents — hexane and ethanol), where 4 samples of
“Solids extracts obtained from sunflower cakes” (SESC) were
derived.

Results and discussion. Due to unknown nature of the
antioxidants present in the obtained SESC the authors could only
expect the certain composition of the obtained SESC
(tocopherols, chlorogenic acid, phospholipids, etc.). On that
basis, the calculations of inhibitor concentrations ([/nH]) were
made in o-tocopherol equivalent. To determine the antioxidant
properties of SESC a series experiments initiated oxidation of the
model hydrocarbon with addition of SESC and without them. To
determine the antioxidant properties of SESC a series of
experiments with the initiated model hydrocarbon (cumene)
oxidation with the addition of SESC and without SESC was
carried out. The obtained experimental data confirmed the
presence in SESC of substances with antioxidant properties such
as: tocopherols, sterols, chlorogenic acid, and phospholipids. The
presence of phospholipids in the obtained SESC was confirmed
by the fact that the residue oil in the meal obtained after
processing in the cavitation facility was 0.9%. Moreover, the
extruded oil contained only 0.05% of phospholipids. That means
that almost all of the phospholipids were extracted to the
obtained SESC. The composition of SESC was investigated by
HPLC. The constants of chain termination (k;) of 4 SESC
samples ranged from 1.0-10° I/mol's to 1.6:10° I/mol's. For the
most known natural antioxidant — tocopherol k; ranges from
0.7-10° to 3:10° I/mol's. The meanings of the constants of chain
termination (k;) show that all of the SESC samples are the
inhibitors that are close to tocopherol. That means that all of the
obtained SESC are oxidation inhibitors and slow down the chain
reaction during the propagation step.

Conclusions. SESC can be used to prevent the
oxidatidative deterioration of different oil-containing
foodstuff and increase their shelf-life.
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Introduction

Increasing of shelf-life of different foodstuff is one of the crucial aims of modern food
industry.

Addition of substances that cause slow-down of oxidative deterioration of different fat-
containing foodstuff (especially during their storage) is one of the effective methods that
help manufacturers to increase the shelf-life of that foodstuff. These substances can be of
antioxidants nature. [2]

The aim of this work is to research antioxidant activity of solids extracts obtained from
sunflower cakes by using cavitation facility.

Literature review

Antioxidants are substances that when present in foods or in our body at low
concentrations compared with that of an oxidizable substrate markedly delay or prevent the
oxidation of that substrate.

Antioxidants are known to act at different levels in the oxidative sequence involving
lipid molecules. They may act by decreasing oxygen concentration, intercepting singlet
oxygen, preventing first-chain initiation by scavenging initial radicals such as hydroxyl
radicals, binding metal ion catalysts, decompressing primary products to non-radical
compounds, and chain-breaking to prevent continued hydrogen abstraction from
substances. The extent to which oxidation of lipids occurs also depends on the chemical
structure of the fatty acids involved as well as other factors related to the storage of foods
and reaction conditions. [1, 3]

Lipid oxidation has been recognized since antiquity as a challenging problem in the
storage of fats and oils and lipid-containing foods. Characteristic changes associated with
oxidative deterioration of vegetable oils and animal fats include development of unpleasant
tastes and odors as well as changes in color, viscosity, specific gravity and solubility [2].

Autoxidation is a natural process that takes place between molecular oxygen and
unsaturated fatty acids. Autoxidation of unsaturated fatty acids occurs via a free radical
process whose basic steps are initiation, propagation, and termination. Initiation starts with
the abstraction of a hydrogen atom adjacent to a double bond in a fatty acid (RH) and this
may be catalyzed by light, heat, or metal ions to form a free radical. The resultant alkyl free
radical (R*) reacts with atmospheric oxygen to form an unstable peroxy free radical which
may in turn abstract a hydrogen atom from another unsaturated fatty acid to form a
hydroperoxide (ROOH) and a new alkyl free radical. The new alkyl free radical initiates
further oxidation and contributes to the chain reaction. The chain reaction (or propagation)
may be terminated by formation of non-radical products resulting from the combination of
two radical species [4].

The mechanism of lipid autoxidation has been described in [2]. The propagation step in
the autoxidation process includes an induction period in which hydroperoxide formation is
minimal [2, 4]. The rate of oxidation of fatty acids increases in relation to their degree of
unsaturation. The relative rate of autoxidation of oleate, linoleate, and linolenate is in the
order of 1:40-50:100 on the basis of oxygen uptake and 1:12:25 on the basis of peroxide
formation. Therefore, oils that contain relatively high amounts of polyunsaturated fatty
acids (PUFA) experience stability problems. The breakdown products of hydroperoxides
such as alcohols, aldehydes, ketones, and hydrocarbons generally possess offensive off-
flavors. These compounds may also interact with other food components and bring about
changes in their functional and nutritional properties [4]. A generalized scheme for
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autoxidation of food lipids which also illustrates some of its possible consequences is
shown in Fig. 1.

Antioxidants work by different mechanisms. These involve inactivation of prooxidants
in the medium such as carotenoids that scavenge singlet oxygen or chelators that inactivate
metal catalysts. These reactions lead to a delay in the onset of oxidation and the extension
of the induction period. Antioxidants may also donate a hydrogen atom or an electron to
radicals formed from unsaturated lipids, thus imparting stability to food lipids [2, 3, 5].

RH
Initiation | Abstraction of H atom

Initiators (UV light, '0,, metal catalysts, heat, etc.)

R*(lipid free radical) —————» Termination

0
)
Dimers, polymers,
ROO* # cyclic hydroperoxides,
RH \ hydroperoxy compounds
Cleavage

v Aldehydes, ketones,
ROOH (Hydroperoxides) ——— hydrocarbons, furans,
acids

ROOR, ROR, dimers «——RO*

Keto, hydroxy and
epoxy compounds, etc.

Y

Cleavage

Aldehydes Semyaldehydes Alkyl radicals
or 0Xo esters

0, Condensation Hydrocarbons 0,

Alkyltrioxanes and
dioxolanes Terminal ROOH
Hydrocarbons,

sh01jter aldehydes, Hydrocarbons, aldehydes, alcohols
acids, epoxides

Fig. 1. Generalized scheme for autoxidation of unsaturated lipid fatty acids and its
consequences [2].
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Nowadays one of the perspective sources of natural antioxidants is secondary oil-
containing stock-material such as sunflower meal. Defatted meals are the source of edible
proteins. But according to the nature of sunflower seeds a group of additives which can
show antioxidant properties can be obtained while processing.

Phospholipids. Phospholipids compose the structural lipids of the plant cell membrane.
Phospholipid content of seed oil can be up to 10% of total lipids depending on the type of
seed. Several studies have indicated that phospholipids chelate trace metals, thus acting as a
secondary antioxidant, and subsequently increase oxidative stability of the oil. Acidic
phospholipids such as phosphotidylinositol can form inactive complexes with metals but
not with phosphotidylcholine or phosphatidylethanolamine. However, it has been well
established that phospholipids can act as synergists with tocopherol and flavonoids.
Therefore, it has been suggested that phospholipids may act as antioxidants by releasing
protons and bringing about rapid decomposition of hydroperoxides without the formation of
free radicals. It should also be noted that surface activity of phospholipids at the air-oil
interface or water-oil interface might also be involved in antioxidative activity of
phospholipids in bulk oils and emulsion systems. The residual amount of phospholipids can
be found in sunflower meal after sunflower oil processing [2].

Phenolic compounds. The most active dietary antioxidants belong to the family of
phenolic and polyphenolic compounds [1]. It was determined that the presence of phenolic
compounds in sunflower meal is ranging from 1 to 4% [6].

Tocopherols occur widely in plant tissues and are monophenolic as well as lipophilic
compounds. Tocopherols and tocotrienols, collectively referred to as tocols, are classified
into a, B, v, or 8 depending on the number and position of the methyl groups attached to the
chromane rings. In tocopherols, the side chain is saturated whereas in tocotrienols it is
unsaturated. Tocopherols are important biological antioxidants with vitamin E activity. a-
Tocopherol, which exhibits maximum vitamin E activity, prevents oxidation of lipids in
vivo including polyunsaturated fatty acids and lipid components of cells and organelle
membranes. [3]

Chlorogenic and Caffeic acids are the dominant polyphenolic compounds in the
sunflower protein isolates. These substances cause significant changes in color of the meal,
proteins and food matrices during their extraction and use as food additives. Moreover,
these substances reduce the nutritional value of the end product due to their interaction with
some of amino acids such as lysine and methionine. Thus, the removal of these undesirable
substances is important to enable the use of sunflower meal in different food applications
and replacing more expensive protein sources such as soy protein [6—9]. That’s why
removing of Chlorogenic and Caffeic acids and other polyphenols and additives from
sunflower meal can solve two different problems: the removal of undesirable components
from sunflower meal and obtaining of antioxidants for different uses [10, 11].

Sterols. Sterols are components of the unsaponifiable fraction of plant lipids. Although
not effective as traditional antioxidants at room temperature sterols (a3-avenasterol,
fucosterol, citrostadienol) are reported to have antipolymerization activity in heated oils.
The unsaponifiables isolated from olive, corn, wheat were effective in protecting safflower
oil from oxidative polymerization during heating at frying temperatures. It has been
suggested that donation of a hydrogen atom from the allylic methyl group in the side chain
of sterols, followed by isomerization in a relatively stable tertiary allylic free radical
represents the mode of activity of sterols as antioxidants [2]

Antioxidative compounds of oilseeds can be of great value as natural antioxidants. The
safety of these compounds has been proven by prolonged and continuous use. Antioxidants
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of oilseeds can be considered in two ways. They can be used to prevent oxidation of fat-
containing foodstuff, thus replacing synthetic antioxidants. Similarly, these compounds,
once incorporated into living cells, enhance the antioxidative status of the body, thus
improving its defense capability against oxidative damage [2].

The knowledge concerning extraction of the antioxidants from sunflower cakes using
cavitation method is highly limited [12].

To provide the cavitation treatment of sunflower cakes (protein extraction) the authors
used the described below cavitation facility. It is now common knowledge that controlled
turbulence and cavitation in a circulating fluid flow are attended with a heat evolution, so
the cavitation facility is suitable for dispersing plant seeds and simultaneously heat treating
the resulting dispersions. Nevertheless, where the hydrodynamic cavitation stimulator is
connected to the upper portion of the flow-through vessel having an invariable cross section
adjacent its symmetry plane from top to bottom, the dispersing action practically ceases
within the vessel to necessarily result in a dead zone adjacent to the bottom and in a
sediment of coarse particles. Prolongation of the dispersing action in turbulent flow (due to
collisions of particles in a vortex like motion) and a substantial decrease in sediments at the
bottom (due to partially stirring it up) have been to some extent gained by way of whirling
the flow of the liquid medium. This has been achieved in a flow-through device having an
axially symmetric process chamber (Patent No. US 7,428,797 B2, Method for Dispergating
Plant Seeds And Device for Carrying Out Said Method, Published on Sep. 30, 2008).

Materials and methods

Materials. Sunflower seeds used in the frame of this work were of breeded NK Brio
line delivered from the private farm (Maliye Prohody, Ukraine). Seeds with initial moisture
content of 7% (wet-basis) were separated from the additives on the sieves.

The solvents used in this work were: hexane (chemically pure, produced by Brenntag,
AG.) and ethanol (96%, produced by “PRIME” Distillery, Ltd., Malinivka, Ukraine.)

Samples preparation. Sunflower seeds were cooled with liquid nitrogen at a
temperature of -30°C. Then the seeds were dehulled using centrifugal dehulling machine
[13]. Further obtained dehulled kernels (phospholipids content, in stearo-oleo-lecitin
equivalent, 0.7%) were pressed at an extruder. After that stage the extruded oil
(phospholipids content, in stearo-oleo-lecitin equivalent, 0.07%), and sunflower cakes (oil
content 8.5%, moisture content 4.5%) were obtained. Further, the cakes were processed
with solvent (ethanol [14], hexane) or mixture of solvents in the cavitation facility (Patent
No. US 7,428,797 B2, Method for Dispergating Plant Seeds And Device for Carrying Out
Said Method, Published on Sep. 30, 2008). After that the suspension obtained from the
cavitation facility was divided into three fractions: filtered and dried meal (residue oil
content 0.9%, moisture content 1.6%), miscella and extracted sunflower oil. Finally
miscella was divided by solvent evaporation and the residue was dried. The obtained
residue was named as “Solids extract obtained from sunflower cakes” (SESC).

The obtained samples of SESC differed in follows:

Sample No.l1 — SESC obtained after solvent mixture (hexane/ethanol 1/9 vol./vol.)
evaporation;

Sample No.2 — SESC obtained after ethanol evaporation;

Sample No.3 — SESC obtained after solvent mixture (hexane/ethanol 1/1 vol./vol.)
evaporation;

Sample No.4 — SESC obtained after solvent mixture (hexane/ethanol 9/1 vol./vol.)
evaporation.
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Oxidation rate determining. This method is used to determine the concentration of
inhibition groups of antioxidants present in oils, fats, margarines and other model systems
ranging from 107 to 5-10” mol/kg and absolute error 0.2:10~* mol/kg.

Also, together with the inhibition potency determining, this method allows to determine
the quality indicators of the antioxidants — the constants of chain termination (k).

The method is based on the gasometric measuring of oxygen amount absorbed by the
model hydrocarbon during the oxidation. The oxidation reaction rate is determined by the
amount of oxygen absorbed per the unit of time.

Choosing the Model System for Determination of Antioxidant Properties. Cumene
(isopropylbenzene) was used as a model hydrocarbon. It was necessary to prove the purity
of the model hydrocarbon before the main research.

Cumene Purifying. Cumene purifying was performed in several stages:

1. Repeated shaking with 10, 15, and 25% oleum solution in sulfuric acid until the mixture
becomes transparent. During this operation a part of the initial hydrocarbon can
sulphonate (up to 30%).

2. Flushing sequentially with 6% solution of sodium metabisulphite, and 4% solution of
potassium permanganate in 8% alkali solution.

3. Flushing with with distilled water and drying over metallic sodium and distillation
under vacuum at a temperature of about 60°C.

To check the purity of cumene the rate of its oxidation is determined. The process is carried

out at 60°C, in the volume of 10 ml, and with addition of 10 mg of the initiator — 2, 2-

Azobisisobutyronitrile (AIBN). The oxidation rate has to range from 6.3 to 7.9-10° mol/I's,

or from 92 to 116 mm’/min.

AIBN Purifying

The AIBN initiator was sequentially recrystallized from ethanol and benzene and then
dried up to constant weight under vacuum. There is no expiry date to the purified this way
initiator.

Cumene Oxidation Carrying Out. Determination of cumene oxidation rate was
carried out at the volumetric facility. The principal scheme of the volumetric facility is
shown in Fig. 2.

Cumene oxidation was carried out according to following procedure:

Before every observation the volumetric facility is ventilated with oxygen. For this
purpose the facility is connected with vacuum pump by valve (4).At this time valve (5) is
closed. It is important to watch the changes in the height of the liquid column in the
jacketed drop tube (7) while ventilating the facility. The volume mustn’t change. Then
valve (4) is closed and valve (6) is opened to fill the facility with oxygen. This operation is
repeated for 5-6 times. Valve (3) is used when it is needed to throw off the vacuum (if valve
(5) doesn’t provide vacuum sealing).

According to the aim of research the oxidation temperature is chosen (in our case the
temperature was set at the meaning of 75°C or 348 K), and the reaction vessel (1) working
mode is set. The temperature in the drop tube (7) jacket sets at 25°C (298 K). 2 ml of the
researched substance (cumene) pour into the reaction vessel (1). After that AIBN is added
in the amount ranging from 2:107 to 10-10° mol/l. The amount of AIBN depends on the
desirable oxidation speed. The reaction mixture (cumene + AIBN) is ventilated with
oxygen (through specialized capillary) for 0.5-1 minute and quickly install into the pre
filled (with oxygen) volumetric facility.
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Fig. 2. Volumetric facility:
1 — Reaction vessel; 2 — Glass capillary; 3, 5, 6 — One-way valves; 4 — Triple valve;
7 — Jacketed drop tube; 8 — Leveling vessel

Observations carrying out. The reaction vessel (1) and the attached to the reaction
vessel part of the glass capillary (2) of a 2 cm length are steeped into the thermostat where
the temperature of the experiment is kept. The vessel is shaken at the frequency of 5 times
per second to provide the oxygen saturation of the reaction mixture. When the vessel starts
shaking the timer is turned on. At this time valve (3) is opened to provide the excess
pressure drop off. After 2 minutes of thermostating the reaction vessel (1) and the jacketed
drop tube (7) are turned off the atmosphere (valve (3) closed) and connected to each other
with the triple valve (4) and valve (5). Then the oxygen absorption volume is measured by
changes in the height of the liquid column in the jacketed drop tube (7).

Observations analysis. The speed of the liquid meniscus lifting in the drop tube is
proportional to the rate of cumene oxygen uptake. After measuring the time in minutes and
the volume of absorbed oxygen in ml the dependence between the amount of absorbed
oxygen and time of the absorbtion (AO, / t) is plotted. The cumene oxidation rate can be
found as the tangent slope to the curve at the point corresponded to the time point. If the
speed is constant, the dependence between the amount of the absorbed oxygen and the time
is a straight line, and the reaction rate is equal to the slope ratio of this line. The calculated
in this way reaction rate is written in mm®/min or mol/l using the conversion factor

-7
Imm®/min =$mol/l, (1)

0

where V, — volume of the reaction mixture, ml [15]
Determining of SESC antioxidant properties.The next step of the work was to study
the effect of SESC on the oxidation rate of cumene. For this purpose, a series of
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experiments with the initiated cumene oxidation with the addition of SESC and without
SESC was carried out. The initiated oxidation of cumene was assessed by the speed of
oxygen feed rate at the volumetric facility according to abovementioned method. To initiate
the reaction of oxidation the initiator — 2,2-Azobisisobutyronitrile (AIBN, 0.1M solution)
was used. The initiator was added in amounts of 4-10~ mol/l, 610~ mol/l, and 8:10~ mol/l
respectively. Cumene oxidation was carried out at the temperature of 348 K. The obtained
SESC were added in amount of 2% vol./vol.

The determination of the antioxidant properties was calculated according to the
equation [17]

o

W, k- f-[InH]’

i

W,  k,-[RH]

2

where:

W, — oxidation speed (mol/l's)

W; — initiation speed (mol/l's)

k; — constant of chain propagation (I/mol‘s)
k; — constant of chain termination (I/mol-s)
[RH] — concentration of hydrocarbon (mol/l)
[I/nH] —concentration of inhibitor (mol/l)
f— inhibition factor.

Results and discussion

Due to unknown nature of the antioxidants present in the obtained SESC the authors
could only expect the certain composition of the obtained SESC (tocopherols, chlorogenic
acid, phospholipids, etc.). That’s why the calculations of [/nH] were made in a-tocopherol
equivalent (as most expectable). The results of the antioxidant properties are shown in tab.
1.

Table 1

Constants of chain termination for initiated cumene oxidation with addition of SESC

Constant of Chain Termination
Sample No.
k;, 1/mol-s
1 1.410°
2 1.6:10°
3 1.0-10°
4 1.0-10°
a-tocopherol [16-17] 0.7-3-10°

According to tab. 1 all the constants of chain termination (k,) of the SESC samples are
close to those of the a-tocopherol. The meanings of the constants (k) are ranging from
1.0-10°/mol-s to 1.6:10° I/mol-s. For tocopherol these meanings range from 0.7-10° to 3-10°
I/mol‘s. That means that all of the obtained SESC terminate the chain reaction which occurs
at the propagation step.

The composition of the obtained SESC was investigated by using HPLC-method. The
presence and composition of tocopherols and sterols were investigated. The results of
HPLC are shown in Tab. 2 and Fig. 3.
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Fig. 3. HPLC for tocopherol composition of the obtained SESC

Table 2
HPLC for sterol composition of the obtained SESC.
Parameter Amount,% wt./wt. | Relative error,%
Kampesterol 10,7 4
Stigmasterol 12,6 4
D-7-kampesterol 2,6 8
P-sitosterol 57,9 4
D-5 -avenasterol 3,7 8

Obtained experimental data confirms the presence, in the composition of the SESC
samples, of substances such as: tocopherols (Fig. 3), sterols (tab. 2), chlorogenic acid [18],
and phospholipids. The presence of phospholipids in the obtained SESC is confirmed by
the fact that the residue oil in the meal obtained after processing in the cavitation facility
was 0.9%. Moreover, the extruded oil contained only 0.05% of phospholipids. That means
that almost all of the phospholipids were extracted to the obtained SESC.

Conclusions

In the frame of this work the antioxidant activity of 4 SESC samples was investigated.
The obtained data shows the presence of different substances with antioxidant properties
such as: tocopherols, sterols, chlorogenic acid, and phospholipids. All the constants of
chain termination (k,) range from 1.0-10° I/mol's to 1.6:10° I/mol's (for tocopherol (k)
range from 0.7-10° to 3-10° I/mol-s) and show that all of the SESC samples terminate chain
reaction during the model hydrocarbon oxidation and they show relatively strong
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antioxidant properties. According to the obtained data all of the SESC samples contain
antioxidants and can be used to prevent the oxidative deterioration of vegetable oils,
confectionary fats, and other fat-containing confectionary foods [10, 11], and increase their
shelf-life up to two times.
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Introduction. In the contemporary production of the
meat products there is a concern of the raw material quality.
Development of the new technologies for production of the
meat products using protein supplements is a promising and
cost-effective trend.

Materials and methods. The dry protein preparations
of different origin were studied: protein from the pig skin
“Progel C-95” and soy protein “Supro 500E”. The basic
functional and technological properties of the protein
preparations when hydrated with the electro activated water
fractions were determined.

Results and discussion. Shifting the pH hydration
medium of the dry protein preparations to the alkaline one
using catholyte allowed improving the viscosity of the
supplement samples, but the protein preparation of
vegetable origin “Supro 500E” showed the best efficiency.
The viscosity of this preparation was 35% greater than that
of the reference sample.

Determination of the water-retaining and fat-retaining
capacities of the supplements showed the best efficiency of
catholyte in the supplement of animal origin “Progel C-957,
which amounted to 95% and 42%, respectively.

Use of catholyte for hydration allowed increasing the
emulsion capacity and stability of the emulsion in the most
effective way in the protein supplement samples of animal
origin “Progel C-95”. The emulsion stability increased by
8% compared with the reference sample.

One measure of the economic efficiency of using the
dry protein preparations is the critical gelling concentration.
Efficient use of the supplements is inversely related to the
critical gelling concentration index. In general, the use of
catholyte reduced this index in all the preparations, but in
the pig skin supplement sample “Progel C-95” it reached
minimum, which amounted to 5%.

Conclusions. The proposed method to increase the
functional and technological properties of the dry protein
preparations using the alkaline fraction of the electro
activated water proves its efficiency. The best results of
improved efficiency of the supplements are determined by a
number of indices in the preparation of animal origin
“Progel C-95”.
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Introduction

In developing formulations for the meat products, the research investigations are of
great importance, which study the functional and technological properties of the protein
supplements of animal and vegetable origin. These investigations are a basis not only for
making and improving the formulations, but also for reasoning the processes and modes for
processing of the protein containing raw materials.

Analysis of literature

The problem of the low raw meat quality is most commonly found at the meat
processing plants. Using PSE and DFD meat with the high fat and connective tissue content
after the long-term storage of the poultry meat after mechanical deboning results in the
lower quality and yield of the finished products, increased losses during the heat treatment.
The water and fat pockets occur in the meat products, and the finished product has a loose
or soft consistency. The most popular and effective way to improve the quality and reduce
the cost of the meat products, primarily made of the low-grade raw meat, is adding extra
proteins into the minced meat or pumping pickle. [3,5,8]

Proteins bind moisture, strengthen the protein matrix and allow to get a stable water-
fat emulsion. In processing of meat and poultry, the proteins of animal and vegetable origin
are used. [5,8,10]

Using the connective tissue proteins (collagen containing raw pork, pig skin powder)
allows to compensate for the lack of the muscle proteins, increase the finished product yield
and its strength while reducing the costs for the raw meat, stabilize the product quality,
reduce losses during the heat treatment, the raw material and finished product prime cost,
increase the nutrition and biological value of the meat products. [5,8,10,12]

Isolates of the connective tissue proteins are produced in the form of powder of the
varying grinding degrees. As a rule, the fine powders are notable for their ability to evenly
distribute in the cold water not forming gel. This advantage is used when preparing the
pumping pickle. Powders with larger particles are used in the production of the minced
meat products. They can be added to the minced meat as gel prepared both, by hot and cold
method, in the form of a protein emulsion, protein-fat emulsion or granules. [12,14-17]

Essential are the components of the soy protein preparations. They are used in
production of the cooked sausages, frankfurters, meat loaves, boiled-smoked and smoked
sausages, different types of ham, pate, broth jelly, whole muscle products of beef, pork and
poultry, canned meat and chopped half-finished products. The soy protein products are the
most popular way to improve the quality of the meat products made of the low-grade raw
meat. [14,16,19]

At the present stage of the meat production development, the most of the used
supplements require prior hydration to get the stable emulsions, suspensions and multi-
component systems. Improvement of the meat products manufacture technologies is
stipulated by the use of the multi-component protein systems having the broad functional
properties. [5,15,19]

Hydration of the protein supplements is a key stage in the formation of their functional
properties, and, as a result, quality of the finished products. The quality of water used for
hydration is decisively important in determining further functional properties of the
supplements. [1,2,4,6]

The scientific reasoning for using the non-chemical methods to process water used for
the technological purposes, offers great opportunities to improve the meat products
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manufacture processes. Electro activation is the most environmentally friendly method to
treat water because it does not require introducing any foreign chemicals into water.
[4,6,7,9]

During the electro activation in the cathode chamber, water is enriched with the high-
performance reducing agent, leading to formation of insoluble metal hydroxides, which
precipitate. The light metal hydroxides (Na, K) do not precipitate and remain 100%
dissolved. In addition, the direct recovery of the polyvalent cations takes place in the
cathode chamber (deposition of the metal molecules). These processes manifold reduce the
toxicity of water caused by presence of the heavy metals. In the anode chamber, water is
saturated with the high-performance oxidizing agents. We know that anode has the most
powerful electrolytic oxidation of all the organic matter destruction processes in water. The
gases formed during electrolysis (destruction of microorganisms, salts decomposition)
dissolved in water (CO,, SO,, NO,, N,, H,S, Cl,, O,, H) evaporate in the electrode area.
The final water electro activation products are the two factions - catholyte and anolyte.
[9,11,13]

Catholyte has an alkaline pH, the oxidation-reduction potential (ORP) decreases, the
surface tension reduces, the amount of oxygen dissolved in water decreases, hydrogen and
hydroxyl ions (OH-) concentration increases, water conductivity decreases, the structure of
water changes. In its extrinsic properties, catholyte is soft light water with the alkaline taste,
sometimes with white residue; its pH = 10-11, ORP = -200 ...- 800 mV. In its physical and
chemical parameters, catholyte is a solution with the advanced electron-donor properties
able to enhance the electron-donor background by a few tens of millivolts when getting into
the physiological fluids. The antibacterial action of catholyte is differentiated: it has
bactericidal effect against the enterobacteria, group B enterococci and streptococci are
resistant to it, and against the gram-negative microorganisms it has bacteriostatic effect
only. [11,13]

Anolyte has an acidic pH, ORP increases, the surface tension of water slightly
decreases, conductivity increases, the number of oxygen and chlorine dissolved in water
increases, hydrogen concentration decreases, the structure of water changes. In its extrinsic
properties, anolyte is brownish sour liquid with a characteristic odor and taste with pH of
2.3 and ORP = + 500 + 1100 mV. When heated to 50°C, the bactericidal anolyte activity
increases by 30-100%. [11,13]

Materials and methods

The objective of the research was the technology of using the protein preparations of
animal and vegetable origin. The subject studied was the protein preparations of animal and
vegetable origin hydrated with the electro activated water fractions - anolyte and catholyte.
The objectives assigned in the work were solved experimentally using the functional,
technological and rheological methods. The protein preparations of animal and vegetable
origin brought to the Ukrainian meat processing industry market and commonly used in the
cooked sausages manufacture were involved in the research. In particular, protein from the
pig skin “Progel C-95”, and “Supro 5S00E”, a protein preparation of vegetable origin - soy
protein. As reference samples, ordinary tap water for drinking was used for hydration of the
aforementioned supplements. Hydration was performed as recommended by the
manufacturers and the viscosity, pH, water and fat retaining capacity, emulsion stability and
critical gelling concentration were estimated.
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The active acidity (pH) was determined by the potentiometric method using the
laboratory pH meter. The viscosity of the dry preparations was determined using a
rotational viscometer BCH-3.

The water-retaining capacity of the preparations (WRC) was determined as follows. A
test portion of the hydrated preparation was placed in a thermostat with the temperature of
75 + 1° C for 15 minutes. After that, the test portions were transferred into the centrifuge
grids and centrifuged for 15 minutes at 1000 rpm. WRC was calculated by the following
formula:

wre =

2

where W, — hydrated preparation weight, g; W, — dry preparation weight, g.

The fat-retaining capacity of the preparations (FRC) was determined as follows. A test
portion of the hydrated preparation was dispersed in 10 ml of vegetable oil for 1 hour. Then
the cups were placed in a thermostat with the temperature of 75 = 1° C for 15 minutes.
After that, the test portions were transferred into the centrifuge grids and centrifuged for 15
minutes at 1000 rpm. FRC was calculated by the following formula:

Fre=M"

2

where W, — dispersed preparation weight, g; W, —hydrated preparation weight, g.

The stability of the emulsion (ES) was determined by heating the emulsion at the
temperature of 75 + 1° C for 15 minutes. Then the emulsions were water cooled to the room
temperature and hold for 2 hours. The resulting emulsions were centrifuged at 2500 rpm.
The stability of the emulsion was calculated by the following formula:

y
n=-—-100

2

where V, - emulsified oil volume, cm®; V, — total emulsion volume, cm’.

Determining the critical gelling concentration (CGC) of the dry protein preparations
was carried out by the standard method of gel destruction with a lead ball weighing 0.53 g.
The method included making 10 suspensions for each hydrated preparation according to
their water duty. The suspension concentration interval was 1%. The minimal concentration
of the preparation where there was no gel destruction under pressure of a lead ball was
taken for the critical concentration.

Results and discussion

According to the objective of the work, the basic functional and technological
properties of the protein preparations hydrated with the drinking tap water (benchmark) and
fractions of the electro activated water were determined. Such indices as the supplement’s
viscosity, water-retaining and fat-retaining capacity, stability of the emulsion and critical
gelling concentration were estimated.
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It is known that the dietary supplements “Progel C-95” and “Supro 500E” are the
protein supplements of different type. “Progel C-95” is a protein preparation made from
collagen, dry pig skin protein, and “Supro 500E” is a vegetable protein preparation made
from soy protein. In the hydration they form colloidal solutions of different viscosity, so it
is advisable to conduct a study and determine the change in the viscosity of these
supplements when hydrating them with the electro activated water. Results are presented in
Table 1.

Table 1
Change of the supplements’ viscosity when hydrated with the electro activated water
Viscosity, mPa-s pH
Protein T
ap water Catholyte | Anolyte | Tap water | Catholyte | Anolyte
supplement (benchmark) (benchmark)
Progel C-95 7,55 9,12 7,2 6,6 7,05 6,4
Supro S00E 4,95 6,68 4,62 6,7 6,9 6,6

The obtained data analysis showed that after hydration with catholyte, the viscosity
index of “Progel C-95” increased by 21% and that of “Supro 500E” - by 35% compared
with the benchmark. When anolyte was used, the viscosity of both supplements decreased
compared with the reference samples, as follows: ‘“Progel C-95” by 4.8% and “Supro
S500E” by 7%. This effect can be explained by better solubility of proteins by changing the
active acidity level of the protein preparations.

Studying the water-retaining capacity of the supplements is fundamental. This
parameter is indicative of the supplement’s efficiency.

The results of studying the water-retaining capacity of the hydrated protein
supplements are given in Figure 1.
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Fig.1. Change of the water-retaining capacity of supplements after hydration with the electro
activated water: 1- Progel, 2 — Supro, 3 — Benchmark Progel, 4 - Benchmark Supro
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The obtained data analysis, shown in Figure 1, indicated that the increase in the water-
retaining capacity was evident in all the samples hydrated with catholyte. Also, the highest
water-retaining capacity was noted in the “Progel” protein supplement. It was 95% for the
catholyte hydration, while that of the benchmark sample appeared to be 90%. The lowest
WRC index was observed in the “Supro” supplement which amounted to 44.7% for the
catholyte hydration. In the samples with anolyte, a drop of WRC index compared to the
benchmark was observed. Hydration with anolyte did not reduce WRC in the “Supro”
supplement samples and amounted to 37.9%.

The fat-retaining capacity of the dry protein preparations is important for production
of the cooked sausages since this index affects the consistency of the finished product and
occurrence of the fat pockets. Low fat-retaining capacity of the protein system can cause
deterioration of the organoleptic and rheological parameters of the finished products.

The results of studying the fat-retaining capacity of the hydrated protein supplements
are given in Figure 2.
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Fig. 2. Change of the fat-retaining capacity of supplements after hydration with the electro
activated water: 1- Progel, 2 —Supro, 3 — Benchmark Progel, 4 - Benchmark Supro

The comparative analysis of impact of the protein supplements hydrated with the electro
activated water on the fat-retaining capacity showed that when the “Progel” supplement was hydrated
with catholyte, its FRC increased by 5.2% compared with the reference and by 6.1% compared to the
sample hydrated with anolyte. The use of anolyte for hydration slightly reduced FRC compared to the
benchmark, by 0.8%. The lowest fat-retaining capacity, compared with other supplements, was noted
in the “Supro” supplement samples. When hydrated with catholyte, its FRC was 12.7%, while in the
benchmark sample this figure was 4.8% lower. Hydration with anolyte decreased FRC by 1.2%
compared with the benchmark sample.

The stability of the protein system emulsion is an important parameter forming the quality
indicators of the finished meat products. Advanced stability of the emulsion improves the structural
and mechanical properties.

The changes in the stability of the studied supplements emulsions are shown in Figure 3.
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Fig.3. Change of the supplement emulsion stability after hydration with the electro activated
water: 1- Progel, 2 —Supro, 3 — Benchmark Progel, 4 - Benchmark Supro

The results suggested improving the stability of emulsions in all the supplement
samples hydrated with catholyte. The highest emulsion stability was observed in the
“Progel” supplement samples. Hydration with catholyte allowed to improve the stability of
this supplement’s emulsion by 8% of the benchmark sample and amounted to 98%. In the
samples hydrated with anolyte, the emulsion stability was 87%. Regarding the “Supro”
supplement, hydration with catholyte increased the emulsion stability index by 7%
compared to the benchmark samples. In the samples hydrated with anolyte, ES decreased
by 6% of the benchmark one.

The most important functional characteristics of the protein preparations of animal and
vegetable origin include the critical gelling concentration, when homogeneous gel is
formed. The lower CGC, the more efficient gelling agent the supplement is, therefore, less
protein is required to form gel.
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Fig.4. Change of the critical gelling concentration of supplements after hydration with the
electro activated water: 1- Progel, 2 —Supro, 3 — Benchmark Progel, 4 - Benchmark Supro
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The data in Figure 4 showed that the most critical gelling concentration was observed
in the “Supro” supplement samples hydrated with anolyte, which was 14%. That is, that
very sample has the worst gelling capacity. If we compare the samples hydrated with
catholyte only, we see that the “Progel” supplement has the best gelling capacity with CGC
is 5%.

Conclusion

Summing up the results obtained, we can conclude that using the alkaline fraction of
the electro activated water - catholyte - for hydration of the supplements of different origin
(animal and vegetable), allows to improve their functional and technological properties.
Namely, increase the water-retaining capacity of the protein preparations as much as 7%,
the fat-retaining capacity as much as 5.2%, and the emulsion stability of the emulsion as
much as 7%. The critical gelling concentration in the catholyte hydration lowered, thereby
reducing mass share of the supplements in the meat products keeping their yield
unchanged. In turn, this proves the feasibility of using the alkaline fraction of the electro
activated water to improve the quality characteristics and points to the possibility of
increasing the economic feasibility of the electro activated water.

It is experimentally shown that hydration of the protein supplements of animal origin
(pig skin collagen “Progel’) with the electro activated water fractions is more effective than
those of vegetable origin (soy protein “Supro”).

References

1.  Abramov K.M. (2008), Ispolzovanie elektroaktivirovannoy vodyi pri pererabotke
myasa ptitsyi, Mehanizatsiya i elektrifikatsiya selskogo hozyaystva, 4, pp. 25-28.

2. Aider M. et al. (2012). Electro-activated aqueous solutions: theory and application in
the food industry and biotechnology, Innovative Food Science & FEmerging
Technologies, 15, pp. 38-49.

3.  Barbut S. (2006). Effects of caseinate, whey and milk powders on the texture and
microstructure of emulsified chicken meat batters, LWI-Food Science and
Technology, 39(6), pp. 660-664.

4. Gnatko E.N. et al. (2011), Emergence of the science and technology of
electroactivated aqueous solutions: applications for environmental and food safety,
Environmental security and ecoterrorism, Springer Netherlands, pp. 101-116.

5. Gurinovich G. . Potipaeva N.N., Poznyakovskiy V.M. (2005), Belkovyie preparatyi i
pischevyie dobavki v myasnoy promyishlennosti, Moscow.

6. Hatsukov S.M. (2003), Issledovanie svoystv elektroaktivirovannoy vodyi,
Mehanizatsiya i elektrifikatsiya selskogo hozyaystva, 3, pp. 14-15.

7. Huang Y.R., Hung Y.C., Hsu S.Y., Huang Y.W., Hwang D.F. (2008), Application of
electrolyzed water in the food industry, Food Control, 19(4), pp.329-345.

8.  Kolesnikova N.V. (2009), Ispolzovanie belkovo-zhirovyih emulsiy v kolbasnom
proizvodstve, VSGTU, Ulan-Ude.

9. Maevskaya T.N., Vinnov A.S., Babkov N.I. (2012), Ispolzovanie
elektroaktivirovannoy vodyi v tehnologii ryibnyih belkovyih mass, Harchova nauka i
tehnologiia, 1, pp. 99-101.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2 223



10.

11.
12.
13.
14.

15.

16.

17.

18.

19.

224 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2

—— Food technologies ——

Mokrejs P., Langmaier F., Mladek M., Janacova D., Kolomaznik K., Vasek V. (2009),
Extraction of collagen and gelatine from meat industry by-products for food and non
food uses, Waste Management & Research, 27(1), pp. 31-37.

Mosin O.V. (2008), Elektroaktivirovannaya voda, available at:
http://www.o80ode.ru/article/dwater/purewater 1/Electroactivated-water

Petracci M., Bianchi M., Mudalal S., Cavani C. (2013), Functional ingredients for
poultry meat products, Trends in food science & technology, 33(1), pp. 27-39.
Podkolzin A.A. et al. (2001), Effects of Electroactivated Solutions on Antioxidant
Enzymes, Bulletin of experimental biology and medicine, 1, pp. 53-55.

Potipaeva N.N. Gurinovich G.V., Patrakova 1.S., Patshina M.V. (2008), Pischevyie
dobavki i belkovyie preparatyi dlya myasnoy promyishlennosti, KTIPP, Kemerovo.
Rebezov M.B. (2014), Ispolzovanie zhivotnyih belkov v proizvodstve
myasoproduktov, Vestnik Novgorodskogo gosudarstvennogo universiteta imeni
Yaroslava Mudrogo, 76, pp. 51-53.

Sherman R.A., Mehta O. (2009), Dietary phosphorus restriction in dialysis patients:
potential impact of processed meat, poultry, and fish products as protein sources,
American Journal of Kidney Diseases, 54(1), pp. 18-23.

Tarté R. (2009), Meat-derived protein ingredients, Ingredients in meat products,
Springer New York, pp. 145-171.

Youssef M.K., Barbut S. (2009), Effects of protein level and fat/oil on emulsion
stability, texture, microstructure and color of meat batters, Meat science, 82(2), pp.
228-233.

Youssef M. K., Barbut S. (2011), Effects of two types of soy protein isolates, native
and preheated whey protein isolates on emulsified meat batters prepared at different
protein levels, Meat science, 87(1), pp. 54-60.




—— Food technologies ——

Impact of canning method to structural and mechanical
properties fruits and vegetables

Natalia Orlova, Igor Kuzmenko, Roman Romanenko

Kyiv National University of Trade and Economics, Ukraine

Keywords:

Canning
Food
Thermal
Penetration
Hardness
Strength
Consistency

Abstract

Article history:

Received 24.06.2015
Received in revised
form 16.12.2015
Accepted 24.12.2015

Corresponding
author:

Igor Kuzmenko
E-mail:
Kuzmenko Thor@
ukr.net

Introduction. Canned fruits and vegetables need to
maintain the shape and elastic texture components. The
purpose of research was to define the best way of canning
fruits and vegetables, having compared tissue ultimate
strength values of test samples.

Materials and methods. The samples of pumpkin,
quince, plum and marrow squash canned in a different ways
were analyzed. Value of continual ultimate strength of tissue
was determined via penetration prototypes by cylindrical
indenter needle with diameter (d) 1,4 mm, which penetrates
into the sample at a speed of 3.45 mm/s to a depth of 7 mm.

Results and discussion. The value of the tissue ultimate
strength canned pumpkin prototype was 1300-1500
mN/mm?, that on three times more than control sample and
quince — almost on 2 times higher than the control sample.
The value of the ultimate strength canned squash and plums
for test samples on average 1,8-2 times higher than figures
for the control sample. These differences in value patterns of
strength and fruits canned relative to control samples and
caused a higher and prolonged heat treatment control of
samples providing a classic technological instruction. The
experimental results of structural and mechanical properties
are compared with the consistence gotten by the organoleptic
evaluation. The test samples of pumpkin-quince and squash-
plum canned have gotten 4,81 and 4,79 accordingly; control
samples 3,25 and 3,48 accordingly. Also the consistence of
experimental and control samples were compared with
descriptive method. Prototypes had well preserved shape, had
the elastic consistence, were’nt overboiled comparatively to
the control. Consistence control samples were described by
descriptors "Porous, fruit peel pulp behind," "Soft, boiled." It
was found that acetic acid that had been added to liquid part
of control samples has’nt expected effect in stabilization of
elastic tissue structure of fruits and vegetables.

Conclusions. It was established that increasing ultimate
strength (penetration value) test samples shows a positive
effect of the improved method of canning to preserve
appearance, shape pieces of food and to form more elastic its
consistence.
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Introduction

Traditional processing of fruits and vegetables into canned food has a number of
disadvantages, among them a heat treatment of the product, that causes a significant
reduction to the biochemical, structural, and mechanical properties of raw material,
including structure of canned fruits and vegetables. The thermal treatment can to improve
the consistence of the finished product, and make it worse in the same time (boiled soft
product, becomes a pappy viscous consistence, pieces lose its shape). That why is a need to
improve some conditions of heat canned food treatment. If we understand the character and
dependence of these changes, we would optimize the way of producing vegetables and fruit
canned by improving technochemical mode of their production.

We have got canned squash with plum and pumpkin with quince, which had
organoleptic characteristics, including consistency much better compared to sterilized
canned "Squash canned" and "Canned pumpkin" (table 1, Ne 1), which had were produced
in traditional way using acetic acid [1, pp. 43-47; 2, p. 22; 3-5].

A rational combination of raw materials, that have different chemical composition and
softer heat treatment are specific features of production new canned (table 1, Ne 2). Method
does not use of any artificially introduced preservatives — the finished product is stored
entirely by organic acids of raw materials.

Table 1
Thermal modes for canned processing at traditional (}21) and advanced (}2) production
methods
- : Pressure in the
Kind of canned Container Thermal mode
autoclave, Pa
20-10-25
«Squash 1-82-500 —
ol canned» 105 C
: 20 -15-25
«Pumpcllﬂn en | 1-82-500 o
canned» % 105 C 2,5 x10°
- 2 10-8-20
Squash pcllum 5 | 1-82-500 o
N canne 95 C
— 10 -12 - 20
Pumpkm 1-82-500 - o
quince canned 95°C

Results of experimental research numbers of scholars (I. Blyznjuk, N. Komarova, A.
Lylyshenceva, A. Samsonova, D. Safronova, Z. Harchenko, Abbott J., Bourne M. [6-11])
proved the possibility of mitigating thermal treatment canning under conditions of low
active acidity of products (pH 3,4 £ 0,2), that provides its microbiological stability during
prolonged storage.

Authors B. Emadi, V. Kosse describe similar research in source [10]. Mechanical
properties of three common varieties of pumpkin were researched and statistically
compared. Toughness, rupture force, shear strength and cutting force were determined for
Jarrahdale, Jap, and Butternut varieties. The research was carried out in three samples (parts
of pumpkin) of flesh, skin and unpeeled product, ignoring the toughness and rupture force
of flesh.
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Mitigated thermal treatment allows to keep a consistency of the finished product more
elastic, homogeneous and not so boiled soft compared with the traditional mode of thermal
sterilization.

Purpose of work is to research an effect of improved canning way on vegetable-fruit
canned quality.

Main task of an experiment was to investigate component the consistency of the new
pumpkin-quince canned made with pumpkin, quince with adding of cranberry juice and
squash-plum canned compared with canned food made in the traditional way by
determination of penetrations (ultimate strength) and surface shear stress.

Materials and methods

In accordance to purpose the objects of research were put: pumpkin-quince and
squash-plum canned made by advanced (experiment) and traditional (control) methods. As
an experimental samples were put components of canned food — pumpkin, quince, squash
and plum. Whole or crashed into pieces canned fruits and vegetables are belong to product
with an intact structure. To evaluate the consistency of the product intact structure
appropriate to use devices, action principle of which is based on the using of a needle or a
conical indenter.

Penetrometer operates in next way. Starting lever is pressed while achieving contact
with the product. An electric motor through a reduction gear leads with an constant forward
movement of a sensor platform, which is installed on the rod indenter. While the indentor
contacts with the product appear indenter forces that prevent intrusions, which are
compensate by elastic springs contained in the sensor. Data registration is carried out by the
sensor which is graded in units of dipping indenter includes deformation strength of the
spring.

Penetration resistance is defined product penetration of an indenter with known well-
defined size, weight and material for particular temperature and for determinate time
(fig. 1). Next figure shows forces that act in the moment of the indenter penetrate into the
product.

We have determined a constant effort of the indenter penetration during immersion to
a depth of 7 mm, and not the ultimate strength surface samples only. The penetration
measure performed using torque sensor with a range of measurements 150*10°H price
division dynamometer — 313*10°H. Measurement period — was determined at 2*107s.
Measurement data output to a graph in coordinates "force / time". The sensitive cylindrical
indenter with a diameter (d) 1,4 mm, moves into the product with a speed 3,45 mm /s at a
depth of 7 mm. Digital dynamometer records a value of the force as the resistance of a
surface layer of the product (piercing), and in his column.

For more accurate measurement a piercing resistance piece indenter was carried out in
three areas above, below and at a side of a piece. Peak resistance force divided by a square
the indenter — the ultimate strength of the product, which was determined by the formula:

A F e —F)
rd’
there is ¢ — ultimate strength, mN/mmz;Fpeak — peak force at moving the indenter, mN;
ot — extra force, that occurs by uncompensated weight of the indenter, mN; d — diameter of
the indentor.
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dzx

2k
dt
Ay

=
> Fi — a friction force
Fy¢ — a penetrating force
’ d*x
F " - Newton's inertial force

mg — a gravity force

Fig. 1. Forces and vectors of its action at the moment of penetration into the product

Results and discussions

To reduce the value of measurement error we have researched five samples of each
item of canned. We had performed the experiment seven times measures then the smallest
and largest results were rejected and calculate average value (table 2).

Average ultimate strength value of five experimental and control samples of each
canned component (fig.2. a, b).

Table 2
Peak force resistance (Fpik, mN) and ultimate strength value (3, mN/mmz) samples
(n=17;P>0,95)

Number Fpeak| c Fpeak| c Fpeak| c Fpeak | c F
of Quince- Pumpkin- Quince-control | Pumpkin-control r;(;;’
sample | experiment experiment sample sample
AVErage | 755 | 1811 | 567 | 1350 | 415 | 971 182 | 389 26
value

Squash- Plum- Squash- control ~ Plum-control

experimment experimment

sample sample

sample sample
Average | 1311 o610 | 103 | 190 | 87 | 149 73 116 27
value
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Fig. 2. The average ultimate strength value of experimental and control samples pumpkin-
quince canned (a) and squash-plum canned (b)

The difference in had obtained values explains by heterogeneity of the test samples
structure. And by the influence of unrecompensed gravity on the indenter caused by
product residues that remained after each measurement. A considerable difference of a
measurement data is explained by heterogeneity structure pieces of samples and an
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influence of the gravity unrecompensed product residues on the indenter that were changed
after each measurement.

The value of the tissue ultimate strength canned pumpkin prototype was 1300-1500
mN/mm 2, which is three times more important control and quince — almost 2 times higher
than the control sample (fig. 2, a). The value of the ultimate strength canned squash and
plums for test samples on average 1,8-2 times higher than for the control sample (fig. 2, b).

These differences in the value of ultimate strength of structures fruits and vegetables
canned control samples with respect to research apparently caused higher and prolonged
heat treatment of the product.

[=2] ~
[=] [=3
o o
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Fig. 3. The strength of tissue resistance (sample "Pumpkin test sample') on different time
periods of immersion, mN

On the figure (made by special ITML-laboratory soft) the peak of a curve
(point a, fig. 3) shows the highest value of resistance which makes the sample at the peak
time of indenter penetration inside the product.

This figure shows that on the indenter not only tensile strength force influences. When
the indenter goes back the force value of resistance decreases, and when they indenter
almost leaves the body - the sensor captures negative value (point b, fig. 3). It confirms that
on the indenter didn't impact strength of the tensile strength only, but forces of tissue
penetration of product and its thickness also. The experimental results of structural and
mechanical properties are compared with organoleptic evaluation of the consistence. The
test samples of pumpkin-quince and squash-plum canned have gotten 4,81 and 4,79
respectively, control samples 3,25 and 3,48 respectively.

Also the organoleptic evaluation of canned samples was conducted by profilograph
(descriptive) method to get the full qualitative and quantitative evaluation of each
individual description of the consistence (fig. 4). Correlating instrumentation measurements
with sensory evaluation of toughness and consistency describe in a paper [12].
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¢==Squash-plum canned —— Pumpkin-quince canned
=4 = Control 1 ("Canned squash") = '® = Control 2 ("Canned pumpkin")

Fig. 4. The consistence sensory profilogram of new canned foods (after two weeks storage)

Profilograms of prototypes have high intensity of descriptors “elastic, crispy, not
overboiled”, “patchy”, “dense fruit peel does not lag behind pulp”. Components of the
control sample “canned pumpkin” characterized by high levels of consistence comparing to
prototypes. A control sample “Canned squash” had quite high intensity of descriptors
characterizing porous, soft boiled the consistence. In our opinion, this is due to more
stringent sterilization conditions of samples “Control 1” what were subjected to classic

technology sterilization

Conclusions

Some structural and mechanical properties of fruits and vegetables which are canned
in difference ways were researched.

It was established that increasing ultimate strength (penetration value) test samples
shows a positive effect of the improved method of canning to preserve appearance, shape
pieces of food and formation a more elastic its consistency.

It was found out that acetic acid that had been added to liquid part of control samples
hasn’t expected effect in stabilization of elastic tissue structure of fruits and vegetables. In
that the consistency of control samples components was too boiled, viscous, a fruit peel
lagged behind from a pulp.
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Introduction. Experts are trying to use a maximal power
and resources of enterprise, for increasing a total profit, when the
assortment of products of production line is change.

Materials and methods. The recursion of characteristics of
typical processes, which had been customized for multi-
assortment production, to technological parameters and modes of
equipment had been researched.For projections of consumer
characteristics to depth of variation of specifications, that was
desired, will be using method of quality function deployment.
For estimation of necessary variations of variables, that the
selected characteristics are changing by targeted, we will used
Pareto diagram. We will be applying the functional analysis for
estimation of possible implementations of control. For
localization of necessary controlling actions we will be using the
method of multiple sequential classifications. We will be using
the matrix analysis for estimation the depth of technological
flexibility that is needed.

Results and discussion. As a criterion of effective depth of
assortment can be determined net income from losses for change
settings. Incomes from investments are effectively evaluated for
the number of orders, which are considered for "lifetime" of
product. The initialization of flexibility are -classified by
operational requirements, according to schedule of production,
emergencies, characteristics of raw materials The effectiveness of
implementation of flexibility is associated in accordance with
cumulative analysis of Pareto charts, which responsible for
variation of root causes of changes for characteristics of target
product. For example, the ability for problem will be solved by
three coordinates of process will responsible for 70% of
production efficiency had been indicated for spray dryer. In order
to select the most cost-effective solution of problem for
production of alternative system configurations should be
evaluated by its performance. The flexibility of process is limited
by degree of freedom — as a number of coordinate process and
limits that will define relevant changes of characteristics of
products. Limits of flexibility of technological processes are
limited by power ability of equipment and by volumes of
resources that will be recycled.

Conclusions. These estimates of process flexibility allow
implementation of perspective program for production,
optimization of technological routes and minimization costs of
design for creating of product assortment.
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Introduction

Private interests of producers always adhere to strategy for guaranteed profit, and thus
the problem of assortment is far being solved by well known and simple methods, although
the technological depth of assortment remains unchanged. These examples are changing of
product portions or adding stability for technological environment fillers, which are not
affecting on a basic structure or functionality of a product.

Experts are trying to maximize of capacity and resources of enterprise for changing of
assortment of products for production line, for increase a total profit.
Thus, methods for evaluation of effective depths become relevance flexibility within a
constant range of complex assortment.

The Enterprise Resource Planning are using for maximum attraction, which, as basis,
are taking expertise of specialists, who has been involved in the subject field. Thus, the
methods, which have been involved, have based solely on subjective estimation, that
statistically is summarizing the real characteristics of processes and resources, which have
been used.

Materials and methods

The degree of flexibility of production system is the most important problem for
design stage of system. While it is often considered as one of the primary requirements for
competitive production, this is not always desirable characteristic for the system. Often, the
examples are exist in the literature about of industrial flexibility, where the flexible
manufacturing systems have not satisfactory results of work [1,2], or cases, where the
available flexibility remain as unused [3], or cases, where control of flexibility are accepted
as undesirable complications rather, than a potential advantage for enterprise [4].

The analysis of flexibility is often mentioned in the article about of control of
production. Thus, the flexibility was defined as the ability what for changing or reacting
with low losses in time, effort, stuff and productivity [5]. Many developers, who have
practice of the multi-product tasks in production, are considering what the production
flexibility is a strategic response for rapid changes, which are affecting for order of
products [6-9]. In many cases, the analysis has been supported by empirical researches [10].

The classification of existing forms of flexibility for production management from
taxonomy and conceptual bases have caused to definition [11,12] by 9 forms of flexibility:
machinery, materials-handling equipment, process, routing, level, program, products and
production, markets, market expansion .

From the changing concept for systematization of flexibility [13] had been proposed
classification for six basic aspects of flexibility, including:

. Definition of flexibility (as general, with special attention for production);

. Factors definition, which responsible for request of flexibility (product and process
variability, uncertainty of internal and external conditions);

. Classification (dimension) of flexibility (hierarchical, in phases, for a time, for
variation of object or for a combination of previous measurements);

. The measuring flexibility (direct, indirect and complex indicators);

. Selecting of indicator from assessments of flexibility (which can be identified from
design or technology solution and organizational or administrative units).
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It was also proposed [14] division on baselines of flexibility:

o Flexible - the system has the ability for variation;

o Reconfigurable - the system may will realized the possibilities for reconfiguration by
existing parts of production;

e Variability - the system has been adapted to change of settings by existing tools.

Positioning of task for research. Flexible of production is usually considered by
terms for getting characteristics of product, requirements for the product, where the costs
for retention driven by frequent changes of order and continuous evolution of relevant
technological requirements of products.

Definition of optimal value for each of these goals can be burdensome: it often
happens that the optimum values for one factor reduces the possibility of achieving
optimum value for others. This situation remains relevant, because businesses often do not
seek compromise between these critical factors, when are performing production tasks [15].

In addition, information, which has been related by changes of production, is often
unspecified and prescriptive authority will not able to accurately estimate the probability,
which have been associated of production alternatives. As a consequence of above was
mentioned, the production activities of system design will very complicated and perilous.

Thus, the flexibility of production system should be rationalized and there is a need to
define the best from compromise between productivity and flexibility, and the methodology
for production systems designing should be filled with methods for assessing of the level of
flexibility, as that are required by the task of production [16].

The implementation of degree of flexibility requires a very careful risk assessment; for
this goal all measures from production strategy definition, configuration of production
systems will have been strictly formalized and integrated, what are indicating above of need
for unification and coordination of different types of information that is requiring what for
will be gotten competitive solutions.

The first key issue of specification for develop of a flexible system arose from the
need to define the relationship between different types of flexible control and technical
activities, which have been performed that will be achieved them.

Therefore, the urgent task is definition of methodology and tools for design of
production systems with appreciation the level that is required of flexibility for problems
throughout life of system, evolution of products, processes and orders. The basic idea is that
the flexibility have the own-price, so for usage of the level that needed for a present
production problem, we can find the best trade-off between flexibility and productivity.

So, don’t think what the topic above design of industrial systems is actually, the
methods, what has existed, and tools do not provide the support systems what is necessary
for developers, so as usually they operate with sub-process of all designing process. Indeed,
the scope of topics, which have related from design of system, can is considered as a one
from reasons for result of absence of sufficient attention for this problem, so far.

So the tasks that are scheduled for implementation are evaluating of effectiveness of
product creation for a single production line, estimation of change and efficiency loss, when
configuration are changing, and recursion of characteristics from typical processes to
parameters of technological and modes of equipment.

Methods. As a basis of information for modeling of parameters of not determined
environment of operation of flexible manufacturing systems are being examined methods of
specifications formalizes for describing of objects and processes in terms of their
adjustment.

For projections of consumer characteristics to depth of variation of specifications, that
was desired, will be using method of quality function deployment. For estimation of
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necessary variations of variables, that the selected characteristics are changing by targeted,
we will used Pareto diagram.

We will be applying the functional analysis for estimation of possible implementations
of control. For localization of necessary controlling actions we will be using the method of
multiple sequential classifications. We will be using the matrix analysis for estimation the
depth of technological flexibility that is needed.

Results and discussion

As the depth of assortment we will be designating, in terms of consumer, as the
number of functions, which are characterizing a product, and relatively of function — the
number of new products, which would replaced primary. Thus, the number of components
that are different products can be characterized or change by the depth of assortment.
Thanks to nature of any assortment, the demands of product on market are dynamically
decreased, and hence the actuality of assortment remains undeniable. Static demand
remains only for product, which has not alternative substitute.

Thus, the criterion of effective depth of assortment can be determined net income from
losses for change settings as sequel of variation of characteristics of production assortment,
which had been targeted.

dP= | s 4. (1)
oAy +dl

where dp - change of profit, ds - increment from orders, which had been realized, di-
change of investments.

Incomes from investments are effectively evaluated for the number of orders, which
are considered for "lifetime" of product that had been defineddr =7, -7, .

Thus, the sub-task for estimation of assortment production is to determine a maximum
depth of assortment for new products for industrial complex that are researched.
The production system can be seen as purposeful, if system is converting through changes
of purpose of production (product, save resources, speed of produce).

When it changes through variation of external relations (seasonal raw materials,
changes of demand, and rationality for daily variations of cost energy) it can be seen as
consequence as a basis expansion of assortment will be taken a change of statistical
characteristics and external factors of the production environment.

As the object initialization for flexibility can be seen next type of flexibility.

1. Exploitative flexibility is considered of availability of tools and personnel that is
servicing processes and operations. This type of flexibility is convenient for to count
by man-hours and is distribute by norms for maintenance according to passport of
equipment.

2. Timely flexibility: seasonal, daily (different products for different times of day

according to the requirements of production and consumption of raw material), serial

(respectively to planned volumes of output and dimension of parties).

Emergency flexibility can lead to stable semi-products without a losing product.

4. Flexibility oriented on raw material — as depending of characteristics of material. For
example, the state of maturity of the apples we can make the products: drying, jam and
juice, pectin paste and juice drinks.

98]
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The cost of changes will be depending from complexity of system variable. If the
system, that would be changed, will be requiring strong as correlation relationships for
products or management characteristics from control algorithm, it change may be irrational
for compare uses of a new production system. We call this the new system, which has
correlated with characteristics of target products or with functional elements of existing
system.

So, all factors, what do not fit to underlying causes of changes of targeted
characteristics of a product, after the result of analysis of cumulative Pareto chart (Fig. 1),
are making basis for election effective coordinates for a control of technological system.
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Fig.1 Pareto diagram for realized of water content via factor of drying process.

The source data of analysis of system consists of information about existing and
potential products, demands for system user, availability of production units, which are
characterized by range of characteristics that can be produced, possible system architecture
(for example: transmission lines, flexible manufacturing systems), investment and operating
costs.

The original are determined according to variation targeted program, which was
scheduled, what is stipulating the depth of flexibility of technological complex, what are
required. The result of analysis of system is a definition for uses flexibility, what for are
solved problems of production.

If the implementation of the production plan requires involvement of flexibility, then
is a necessity for define sets of resources that make up a system and the implementation of
the system, by given its reconfiguration. The analysis of resources through form as
acquisition of flexibility as additional features through “Active Base Costing” method,
allows us to evaluate the economic advantages of flexibility in terms of cost.

The design of system, that focuses on flexibility, must be adequate to set of restrictions
of equipment, that determine of production strategy for goals of implementation mode of
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production (minimizing resource costs, the maximum speed of production). When
alternative system configurations were been received and analyzed, the user determines a
time for acquisition of resources for design of life cycle for system. Finally, in order to
select the most cost-effective solution of problem for production of alternative system
configurations should be evaluated by its performance, which (1) will be limited to
necessary number ds/dt .

The manufacturer of means is getting as the product of analysis of alternative
configurations a set of optimal and suboptimal configurations of system. The assumptions
about forecasting of economic characteristics and boundary conditions for system resources
are elected in next planes.

1.  The cost for purchase of resources is provided as constant for time of production. If
these assumptions are relaxed, then developers of flexible system will have owned a
number of real problems during period of implementation of the model. In fact, the
evolution of prices of resources will be able quickly calculated by system builders, but
this information is not transmitted through the privacy policy. For same reason, is not
transmitted sale price of resources those are considered as permanent for economic
model.

2. If the production system is unable to meet demand, then company undertakes a fine or
costs for outsourcing of production deficit.

3. Cash flows are discounted to consider changes in monetary value.

The cost of flexible system that consists of capital expenditures for purchase of
resources will be able reduced if some resources are sold. In addition, the cost increases
when the production system can not meet demands what is leading to fines or losses of
costs on outsourcing. The last member of function of cost is took into account as a loss
during verification of new plans.

The flexibility of production can be achieved at functional levels:

o the level of initial assessments of characteristics of product; here in conditions of
flexibility can predict the presence of a set of algorithms for initial evaluating, filtering
and archiving for the intended purpose or in order evaluating as depending from its
importance for current mode of functioning of object;

o the level that had been designed to harmonize between parameters of processes; when
the mode of operation of object is changed next subject will change too: adjust of
control law, structure of control, number of parameters what had been selected for
analysis, control law;

o the level that had been designed for management of relationships in a structure of
production; at this level production will be able reformatted within that defined of
power and functionality of hardware trim;

o the level that had been designed to provide processes of personal and economic for
enterprise; at this level the company will be able reformatted within job descriptions,
number of employees, external obligations of logistical chain and structure of resources
for trading and supply of production resources.

Since, the level of initial estimates is most time-critical from other; it has minimal
space to make adjustment of object, so as estimates of information will have able stayed in
store or will have made own function. Quantitatively, the flexibility has less number of
possible variations for more detail level. The obstacle here is also development of cost of
flexibility for higher levels of hierarchy of production.

Higher levels will be able operated in soft real-time, so will be practically
implemented numerous robust restructuring of object. Thus, for top-level already to
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provide, as have been pre-prepared, set of solutions to change flexibility: state of
preparation equipment, state of emergency stop for equipment, functions for integrated
reservation.

{da/dr << dA]dr} — |d| > |;1| , |Z| = const , )

where A4 - the coordinate of state, which is representing the top, relative to coordinate a, of
hierarchy level.

Characteristics of system will not be able analyzed as separate from environment, raw
materials or resources as they are producing the features of products as result of its number
and variability characteristics. If during investigation of changes of production system from
point of food production, the system loses a function for production of a base product, then
should a program to expand assortment be considered as unsustainable in relation to main
project of production. Thus, as the estimation of depth of flexibility will be able only
relative, so the possibilities for adapting of equipment and technological process to adjacent
technological units should be distributed by formally characteristics of process streams
(example: processing of stone and seedless fruits, berry and citrus products). However,
there is a very thin fine between flexibility and new individual technological production.

That is defining for a need to provide flexibility when replacing a percentage of
processes and technological units, so as adaptation and restructuring of processes
additionally burden operation, increase the cost of technological complex. Detailing
processes will effectively be done by functional principle, where there is a separation of
allocation of tasks for operation of process. Also to get products are expected, during
detailing processes, but those products does not necessarily material resource.

The estimation of flexibility begins from lower level for characteristics as a projection
of technological requirements into matrix of technological communications of object.
The flexibility of the process will be able defined as the degree of freedom of coordinate of
technological process, which are implemented by function of complex that it provides
within sufficient to obtain a set of product characteristics of process.

Thus, the depth of flexibility will be able achieved by scale of characteristics

C =|xdH,| 3)

where H - vector of coordinate of technological process, dH, - variance of coordinate H,,

that will be executed by function of technological complex. As a result, correlated limits of
technological characteristics are setting what bases on the finite volume and resources,
which are processed and process flows; as an example - the typical processes of food
technologies (Table 1).

Table 1
Distribution for to combine process of food technologies

Characteristics Plane for to change of characteristic
Aggregate state space vapor vacuum
Degree of integration of homogeneous product shredded raw
suspended particles
Using of a process agent warming cooling
Direction for to absorb of absorbing desorbing
environment elements
State of physical activity mixing sedimentation
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For to optimize of cost range, depending of scale of complex, the function is
effectively divided:

« by technological units - considered as a separate cost of unit, then the normalized value

will be regarded as [, =1 / S, , so as a cost of equipment that had been attached as

addition s, ;
« by technological regimes for equipment that had been installed.

Index of raw processing power is suitable for characteristic of parameters of
production line for multi-product uses. So as the regulation for processing of raw is
provided as a constant for properties that had been prescribed. Because, the set of
characteristics that are describing function of particular unit will have been necessary used.
The consequence of realized a function is a change of characteristics which had been
targeted, and therefore the set of characteristics will be represented by increments. Typical
objects of food and chemical industries to include functions that to associate a group of
characteristics of processed of raw materials, so the data about of this group should be
presented by single indicator that would have limited for group variations.

For to change of assortment of product, those characteristics, such as efficiency and
load of equipment are classified as secondary, because tasks, that had been selected, have a
more significant advantage to increase of total income.

So as the equipment for to realize characteristics of efficiency changes according to a
cost of providing, as a prediction of operation algorithm, so the function of cost @ will be
shared by a range of change of coordinates dH,, according to time of equipment with
additional costs (energy and materials) for order

To+dTy
o= [ nfude, @)
%o
where dry; — variations of coordinates Hi, which are established by algorithm of equipment
and are represented the appropriate form of model f,,:
« statistically form - to evaluate the cost of units;
o analytically form - if cost has strong localization, for product specification that is
received, form.

The depth assessment of flexibility, for units are combined in technological plant, is
analyzed by characteristics of sub-products, which had been declared.
An example as an effective evaluation of flexibility can serve a combination of evaporation
process of dairy products and subsequent drying in dryer column.

In this way characteristics of temperature 7 and moisture content, fat content of
raw y, are adjusted. Moreover the moisture content or reverse function - density p should

be considered in combination with temperature, as a performance of evaporation
productivity of production units, also with temperature and fat content as a dynamic
viscosity of raw materials ¢, which is responsible for fluid motion and atomization of
material.

Vector coordinates of first unit - includes evaporation characteristics that to change
during implementation of its functions

H,, =[dF dT dy.],

if is recorded by increments of variable characteristics that shape its problem of assortment
product
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0 dr
C,=|dF dp|,
dy. du

so a change of fat dy_, for process of evaporation, characterizes product assortment. An
adjacent production unit — a column drier, which is characterized by [dF dT d y] , Where

d u as aviscosity of mixture, that allow forming an effective torch of atomizing.
Thus, for realization of product range of drying process is necessary reconciliation by
dp and du that makes as possible to produce a product with assign moisture content or

density p for a product fat that would be present y, = f(u,T).

It is necessary to estimate a need for uses flexibility of technological complex, as a
possibility to obtain changes that as necessary for new product. If the flexibility that is
required is provided by set of state space, so the space that defines a change of coordinates
of states, which is described above by a matrix of states C,, will be assessed by the depth of

matrix determinant det C .
Moreover, if the depth of at least some of product

detC#0,dimC >1, 5)

so, all objective reasons to change of production parameters to product, that is desired,
within technological complex, which exist, are present.

Conclusion

These estimates of process flexibility allow implementation of perspective program for
production, optimization of technological routes and minimization costs of design for
creating of product assortment. So, the trend of implementation of management models in
flexible manufacturing systems, which are designed to provide a level of flexibility that was
assigned, is gaining actuality.

As perspective tasks remain is: to determine of purposeful detailization of experiment
and characteristics of mathematical description, which will be created; to combine of
characteristics for a transformation of space of coordinates of process and practical
implementation of technology of algorithms of digital control.
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Introduction. The behavior of distillation unit as a control
object is characterized by stochastic and chaotic manifestations.
This requires their identification by the nonlinear dynamics
methods for organizing the specific respective control strategies.

Materials and methods. We used the synergetic methods
and the theory of deterministic chaos for solving problems of
distillation unit prediction and control. Time series analysis was
conducted using the Rescaled Range algorithm of the analysis of
Hurst, the coating method and the correlation methods. Time
series are processed using the software package FRACTAN.

Results and discussion. The research of time series of
distillation unit showed that distillation processes are
characterized by the presence both stochastic and chaotic
regimes, the dimension of attractors of which lies in the range of
3 to 8. Most of these series are fractals, that is, despite the
significant instability of the process, their behavior remains the
same, which makes it possible to predict change of their
condition in the future. Correlation entropy index pointed to a
time on which we can predict the behavior of our system.
Changing regimes of distillation unit functioning is passing with
various periodicity, that reaches from 4 to 10 hours.

For the analysis of chaotic state of the process in behavior of
the object we used correlation dimension parameter, which
showed that this object have significant trend stability
(persistence), that characterized by high value of Hurst exponent
in the range of 0.7 to 0.96. The predictability of distillation
processes behavior is high, especially for the temperature values.
It is increasing with the augmentation of attractor fractal
dimension and reaching tens of minutes.

If fractal dimension is less than 1.4, then one or more of the
forces affects system, which drives the system in one direction. If
the dimension is about 1.5, the forces acting on the system are
multidirectional, but more or less compensate each other. If the
fractal dimension is much more than 1.6, the system becomes
unstable and ready to move to a new state. The analysis of fractal
dimension of time series of the distillation column bottom
pressure showed that fractal dimension is in the range from 1.0 to
1.4, which in turn indicates that the system affects several forces
that move it in one direction, that is, the system is stable.

Conclusions. The researched features of distillation unit
functioning as the sophisticated nonlinear control object make it
possible the realization of resource-saving control strategies
based on diagnostic of its behavior by the methods of fractal
analysis.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2

243



Automatization of technological processes——

Introduction

Technological complexes of food industries, including distillation unit of the distillery
are complex control objects with the characteristics of complex control systems: a high
degree of uncertainty of various forms, significant noise, multicriteriality, nonlinear
behavior. Decision-making on control in such circumstances is extremely difficult and
time-consuming process.

In order to increase the efficiency of complicated technological complex control
systems of food production is necessary to provide operational analysis of the information
obtained in the operation of control systems. Thus, the development and implementation of
new algorithms and models using modern methods of information analysis is actual
scientific and technical problem.

The aim of the research is to improve the efficiency of alcohol production by
implementing operative analytical processing of data using methods of fractal analysis, that
is investigations of time series of observations using such fractal characteristics as the Hurst
exponent, the fractal dimension, the correlation entropy and etc., which make it possible to
assess how predictable is the control object, to detect precursors of future disasters and
states of emergency of technological process and to prevent undesirable states in future.

The distillation processes on the distillery factories is complicated technological
complex. Its behavior characterized by the intermittence, that is rotation of modes of
stochasticity, randomness and determinism as a result of appearance of spacetime
dissipative structures far from thermodynamic equilibrium in the nonlinear field at critical
parameter values at the bifurcation points [1,2]. Dissipative spacetime structures are highly
ordered formations because of self-organization through the exchange of energy and
substance with the environment. They have a certain shape, size and characterized by
resistance to small perturbations (fluctuations) [3]. The important characteristics of
dissipative spacetime structures are the time of existence, the space of localization and the
fractal dimension [4]. Each type of dissipative structures requires the application of specific
topologically coordinated control strategies of resonance character. This provides the
efficient usage of energetic and material resources. Hence follows the importance of rapid
determination features of the behavior, such as type of behavior and its peculiar properties,
of the distillation unit as a control object in real time scale.

The problem of the control of a technical objects condition during their functioning is
the most acute became because of the transition from the concept of "scheduled and
preventive maintenance" to the concept of "condition maintenance." One of the main tasks
scientists face today is a necessity of a constant objective monitoring of the current state of
the object and, as a consequence, strengthening requirements to monitoring and diagnostics
systems [5]. Currently, the main source of information about the state of diagnostic objects
is the time series of observations. Then, on this basis, are determined different process
characteristics (the spectral, the correlation, the probability) [6].

These series are usually generated by sophisticated nonlinear systems, the description
of which in the form of differential equations or discrete mappings are often associated with
large difficulties. However, it was found, that these series are usually fractals [6]. In other
words, accurate to the scale factor, such series at different scales look like approximately
equally. Such a widely spread of the fractal structure is connected with the fact that in
reality any irregular processes seek to find self-similar fractal structure as the most
energetically favorable [7]. This means, that the nature of their behavior remains the same
at all scales, down to a minimum despite the extreme irregularity. Experimentally proved
that time series of data, obtained in the research of these systems, are characterized by
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fractal properties (the self-similarity, the self-affinity, the fractal dimension). It makes
possible to predict their dynamics, to identify hidden correlations, cycles and so on [8].
Thus, for objective reliable analysis of distillation unit as the diagnostic object by
fractal time series you need use of adequate algorithms, that is fractal processing algorithms
of informational signals. Today, due to the development of the stochastic fractals theory,
such a characteristic of time series as an exponent of Hurst H is becoming more popular.

Analysis of different research methods
The Hurst exponent and the fractal dimension of time series determined by the

method of H.E. Hurst, who experimentally found that for many of time series is true an
expression [9]:

R_ N,
=) (M

&J%ﬁ@—MY, 2

where x.,— the arithmetic mean value

1 N
X, =—D.X 3
O 3)
R =max(Z,)- min(Z,), @

where Z, — the accumulated deviation of series from the mean x,,
N
Zu = Z] (xi - xz‘p) (5)

where H — Hurst exponent; R — the calculated in certain way "rescaled range" of the
corresponding time series; N — the number of observation periods;
S — the mean square deviation of a series of observations X; ¢ — a defined constant

T
(05+2).

Thus, the Hurst exponent determines the normalized factor of amplitude (Rescaled
Range) R/S of time series. Hurst exponent is associated with traditional "cell" fractal
dimension D by simple correlation [10]:

D=2-H (6)

An important indicator for the analysis is indicator of the correlation entropy, which
shows the degree of divergence of close phase trajectories and allows us to estimate the
amount of information required to forecast the future behavior of the object. So this
coefficient shows the time on which behavior of the dynamic system can be predicted [11].

We used one of the ways of research the fractal structure of time series — calculation of
their fractal dimension across the cell dimension D, [8].

We used test, which used in practice, to check the chaotic component in the researched
time series lies in determining properties of the correlation amount C,(r) and behavior
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correlation dimension D,,(r) depending on the dimension of attachments m. The correlation
amount C,(7) is the probability that the couples of points on the reconstructed attractor in
the m-dimensional lags space are within the limits of distance » from each other. If the
graph of the function nC,,(r) relatively In(r) has clearly defined linear area, this indicates
to the existence of self-similar geometry of the attractor, which, in turn, points to the
chaotic process. The correlation dimension D, of the attractor, which characterizes the
dependence of the probability that two random points from attractor lie within the same cell
that determines the dynamic heterogeneity of the attractorare finding as follows. We are
considering the correlation integral C(r), which shows the relative number of pairs of points
of the attractor, which are at a distance of no greater than r:

2 m=2 m-1
C(r)= m; 2 O(r - p(x;,x,)) (7

where, 6 — the Heaviside function; p — the distance in n-dimensional phase space; m — the
number of points x; on the attractor. On the quite small scale lengths and when embedding
dimension m not less than topological dimension of the attractor is performed dependence:

C(ry=r" ®)

where D, — the target correlation dimension of attractor. Having taking the logarithm of
equation:
InC(r)= D, Inr 9)

The expression (9) gives the desired estimation of the attractor dimension as a tangent
of slope angle of the straight line, that approximates the graph of correlation integral C(r) in
double logarithmic scale.

To calculate the correlation entropy we also calculated the correlation integral (7), but
we consider not only its dependence on the distance r, but also on the dimension of the
phase space 7. In this case consider that

C(r,n)~r™ exp(-nK,) (10)
whence
K, (ryn)=In—C 1) (11)
C(r,n+1)

Entropy K is approximated in an acceptable range of values r and n.
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Materials and methods

The object of the research are time series of functioning of distillation unit. The
researched material was the time series of distillation, rectification and epuration columns
of distillation department of Krasnoslobodsk distillery. Detailed description of distillation
unit are shown in [12].

The temperature of distiller's wort, the temperature at the control 16th plate of RC, the
bottom and the top temperature of DC, the bottom temperature of EC, the temperature of
the bottom of RC are measured by the resistance thermal converter of explosive
performance TSP-1088. Conductors of resistance thermal converter to the control point are
laid in metal pipes to prevent them from damage and the emergence of sparks.

For measuring pressure of the top and the bottom of distillation column, the top and
the bottom pressure of epuration column (EC) and pressure of the bottom of RK is used
DPP-2-13-001-0116 device. The output signal of this sensor is a standard pneumatic 20-
100kPa.

The maximum error for all measurement channels is less than 1%.

The investigated materials. The fractal analysis of the functioning of distillation unit
(DU) were conducted by processing of time series of the basic technological variables, such
as the expenses of alcohol from rectification column (RC), the expenses and temperature of
distiller's wort, the temperature at the control 16th plate of RC, the top and the bottom
pressure of distillation column (DC), the bottom and the top temperature of DC, the bottom
and the top pressure of epuration column (EC), the bottom temperature of EC, the
temperature and the pressure of the bottom of RC.

For the processing and analysis of distillation unit are used data of 2 months of the
distillery. The complete guidance of data in this article is considered inappropriate because
of significant cluttering the space and for the improvement of the perception of information.

The procedure of conducting research.

We have converted the time series of technological variables to normalized form (Fig.
1) of varying duration and in different periods of DU operation, in order to establish
variation of the results.

Then the time series of technological parameters processed using techniques of Hurst
and the Fractan software package, which allows to conduct computation of the correlation
functions, the correlation dimension, the Hurst exponent, the correlation entropy. Moreover
to determine the fractal dimension and other characteristics that allow us to make
conclusions about the self-similarity of the processes [13].

Processing of investigation. The correlation dimension used for the analysis of the
behavior of chaotic component of the object. When the correlation dimension is not
growing monotonically and has a maximum, so that indicates that the process is predictable
and it defined by a certain number of parameters. This is the dimension of space of
attachments m as the smallest intact dimension of the space that contains the full attractor,
that is corresponds to the number of independent variables that uniquely identifies
established movement of a dynamical system.

Correlation entropy K, allows to evaluate the average velocity of losing information
about the state of the dynamic system over time and to determine the average time of
predictability of system behavior, which also depends on the dimension of space
attachments m. If K,=0, the mode of oscillations of dynamic system is periodic, that
corresponds to the regular process, and if K,>0, then the system is in the mode of chaotic
oscillations [14].
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Fig.1. The normalized time-series of technological variables of DU of:
a - the alcohol expences from RC; b - the expenses of distiller's wort at DC; c - the

temperature on the 16th plate of (RC)
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Results and discussion

Determination of correlation dimension is shown in Fig. 2. As seen from the graphs,
the curve have a pronounced maximum indicating that the process is predictable and
dependent on the completely certain number of parameters, as indicated by dimension of
the space attachments, which completely corresponds to the number of variables that drive
the system in a particular direction (x-axis on the graphs of Fig. 2).
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Fig. 2. The dependence of the correlation dimension D, from the dimension of the
space attachments m for time series of’
a - the alcohol expenses from RC; b - the temperature on the 16 plate of (RC)

The dependence of the correlation entropy K, from the space dimension of attachment
m is shown on Fig. 3
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Fig.3. The dependence of the correlation entropy K, from the dimension of the space
attachments m for time series:
a - the alcohol expenses from RC; b - the temperature on the 16 plate of (RC)

Particular importance of fractal time series analysis is that it takes into account not
only the behavior of the system during the measurement, but also its history.
Fractal dimension is an indicator of the curve complexity of time series.
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We can learn how to predict system behavior by analyzing alternation of sections with
different fractal dimension. And, what is most importantly, to diagnose and predict unstable
states.

The essential aspect of this approach is the availability of critical value of fractal
dimension of the temporal curve, upon approaching to which the system loses stability and
goes into the unstable condition, parameters quickly grow or fall, depending on current
trends.

Here is analyzed the dynamics of change of time series on the example of a bottom
pressure of DC.

The fractal dimension of certain size can be used as an "indicator" of disaster. Analysis
of experimental data shows that the trend line for the time series is well described by the
equation:

K/ (to)(t B to)
(D -D 0 )ﬁ
where y(#,) - the average value of the quantity of the period that preceding to prediction

period; K, and f coefficients; ¢, - the period of time that precedes the prediction period; ¢ —
the time for which is doing the forecast; D, - the fractal dimension to the period that
precedes the prediction period.

Moreover, the value of fractal dimension can indicate to the number of factors that
affect the system [11]. If fractal dimension is less than 1.4, then one or more of the forces
affects system, which drives the system in one direction. If the dimension is about 1.5, the
forces acting on the system are multidirectional, but more or less compensate each other. If
the fractal dimension is much more than 1.6, the system becomes unstable and ready to
move to a new state.

Fig. 4 shows the dynamics of changes in fractal dimension of time series.

D P, kPa
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Fig.4. Dynamics of fractal dimension change of the time series of pressure in the bottom of MC

The research of the dynamics shows that during quite stable periods and slow ups the
fractal dimension of the time series remains rather low, while in periods of abrupt changes
the total fractal dimension is increased.

Another method of fractal analysis is based on the algorithm of R/S — analysis of time
series.
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The Hurst exponent is a measure of persistency, that is, the tendency of process to
trends [7]. The value of H > % means that the dynamic of the process directed in a certain
side in the past is likely to cause continuation of movement in the same direction. If H <
%, it is predicted, that the process will change the direction. H= 7 means uncertainty —
Brownian motion [15].

To determine the fractal characteristics of chaotic information flows are calculated
value of the Hurst exponent of time series for the main process variables of distillation
department of distillery over a certain period (fig.5).
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Fig.5. Calculation of the Hurst exponent of
a - the alcohol expenses (H=0.8992);
b - the pressure in the bottom of Distillation (Mash) Column (DC) (H=0.9830);
¢ - the temperature on the 16th plate of rectification column (RC) (H=0.9621)

The generalized research results are presented in Table 1.
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Table 1
The generalized research results
H/D Correlation The dimension of the
The observed parameter . .
dimension, D, phase space , n
Expense of distiller's wort,
F. m'h 0,83/1,17 4.563 5
Tempgrature of distiller's 0.84/1.16 5468 7
wort, °C
Pressure of the bottom of
DC P, kPa 0,809/1,19 3.233 6
Pressure of the top of DC P, 0.82/118 2334 4
kPa
Temperature of the
bottom of DC, 1, °C 0,76/1.24 2474 ’
Temperature of the top of
DC, 1, °C 0,725/1275 2.205 4
Pressure of the bottom of
EC P, kPa 80,86/1,14 2.185 3
Temperature of the
bottom of EC, 1, °C 0,722/1,278 5.712 7
Pressure of the bottom of
RC P, kPa 0,86/1,14 5.343 3
Temperature of the
bottom of RC, 1, °C 0,73/1,27 3.873 5
The temperature in the
control plate of RC , t °C 0,85/1,15 4.754 6

Conclusions

The computed exponents of Hurst testify about characteristic of the persistency of
considered variables and the possible sufficiently deep their predictability.

After analyzing the Hurst exponent we can conclude that the estimated indicators of
Hurst show that the time series data, and in turn distillation unit itself is a complex
nonlinear dynamic control object, which has persistently characteristic of temporal behavior
(0.5<H<I1)[16,17].

The results of research pointed to the presence of intermittency in the technological
processes that requires the monitoring systems creation for diagnostic regimes of operation
of distillation unit. The operative identification of deterministic, stochastic or chaotic
regimes by the methods of nonlinear dynamic makes it possible to implement resource-
saving control strategies in the algorithms of control of distillation technological processes,
which will increase the efficiency of distillation unit functioning.
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Introduction. To execute the complete list of
recommendations in relation to the infinitely protracted maintainance
of the absolutely in good state of technical object, including
turbogenerator, is impossible in principle in connection with his
complication. Therefore for providing of work of difficult technical
objects it is expedient to use the checking of operating parameters,
diagnostics of the technical state, management and defence work
systems.

Materials and methods. By case-technologies the operating
model of connections is analysed between CASS of control of
parameters of work of defence and management work of
turbogenerator. Investigational principles of work and informing
connection between the checking of operating parameters and relay
defence system, between CASS of diagnostics and management work
of turbogenerator, relay defence and control system by work of
turbogenerator.

Results and discussion. At informative level of the system
control parameters of work and relay defence of turbogenerator
system closely connected between itself. In the case when systems of
defence, diagnostics and management, informing not connected
between itself, in the case of defect appearance and not ability of man
right to react on his appearance, the technical state of turbogenerator
can attain a limiting level. In this case the consequences of
development of defect will be maximally negative. In the case of
formation of defect near-term, a general task for the control
parameters, diagnostics and management work of turbogenerator,
systems is become as possible by the rapid exposure of defect
realization of necessary measures. Therefore functioning of these
systems separately one from other not expediently, as a general task
decides with their use. From the above it follows, that control system
by development of defect combines between itself work of the control
of parameters, diagnostics, management and defence of
turbogenerator work systems. Maximal duration of «passive»
existence of control system by development of defect, it is determined
the interval of time between the exposure of defect and triggering of
protective devices.

Conclusion. Offered model of control system by
development of defect of knots of turbogenerator due to strengthening
of informative and functional connections between the control of
operating parameters, relay defence and management work of
turbogenerator systems which allows to promote efficiency of the use
of these systems.
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Introduction

To develop and execute the complete list of recommendations in relation to the
endlessly protracted service of the absolutely in good condition state of technical object, is
basically impossible [1, 2]. In this regard, for the ensure the operation difficult technical
objects are used by the control system operating parameters, diagnosis technical condition,
management of the object [3] and relay protection.

Materials and methods

By case-technologies the operating model of connections (fig.1) is analysed between
CASS of control of parameters of work of defence and management work of
turbogenerator. Investigational principles of work and informing connection between the
checking of operating parameters and relay defence system, between CASS of diagnostics
and management work of turbogenerator, relay defence and control system by work of
turbogenerator.
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Relay protection

»

Operating parameters
of the turboaenerator

Control The diagnosis results - g

—™ system % % 2
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have not reached the
maximum allowable values

Fig.1. Existing model connections between automated systems of turbogenerator

Results and discussion

The main task of the control system of any technical object and turbogenerator is
gathering and processing of information for finding a particular event in the object. As a
result of defect formation and changing the value a particular technological (working)
parameter turbogenerator can move from the good state in another state, for example to the
limiting state [4], and the system controls the operating parameters should reflect this event.

After reportedly about moving from the good state to the limiting state of
turbogenerator from control system should work turbogenerator protection system - relay
protection, and automatically, without human intervention, is executed algorithm of control
result of which is an emergency stop of the turbogenerator [5, 6, 7]. On the informative
level, these two systems are closely related (fig. 2) and without them exploitation of the
modern turbogenerator is impossible
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From the above it follows that whatever type of defect type, its appearance became an
event, which connects the states of object operability [8]. Hence, there is reason to believe
that the system control parameters of the conditional object, which is able to endlessly
maintain the good state, would have been much easier from existingsince in such
circumstances it actually became part of the control modes of operation.

o ] Operating Comparing the
Getting information{— | parameters of the operating parameters
from the sensors turbogenerator with allowable values

|

Automatic

e o | iy fosumpotor] | S0 || s
parameters eviations node protection and auxiliary

systems

Fig.2. Model of the informative connection between the control system operating parameters
and relay protection

Of course, it is impossible to carry out effective management of the turbogenerator
having accurate information regarding his states, which provides diagnostic system [9, 10],
the main task of which is to identify the defect as a result of which the turbogenerator can
move to the limiting state and fixing intermediate functional and inoperable turbogenerator.
It should distinguish between automatic control system operating modes of the object,
which is not yet used to control turbogenerator, and automated control system of human
intervention, which decides on the terms of future work or stops turbogenerator.
Informative communication between automated systems for diagnosis and management of
turbogenerator shown in Fig. 3.

What has been said about control system is fair and for the system of management of
the object able to endlessly remain in good state. And the systems of the diagnosis and the
protection of this object does not need. This means that the probability of the defect and,
consequently, reduce the efficiency of the object, determine its difficulty of controlling the
operating parameters, diagnosis, and management of protection

For warning of refuses, as a result of origin of defect, and diminishing of influence
of human factor on the capacity of turbogenerator, it is necessary to have as the completest
and most reliable information from the control of parameters and diagnostics of
turbogenerator systems. The value of such information is substantially increased from the
moment of origin of defect. It follows that the occurrence of the defect is an event that
enhances (intensify) the information and functional conections between the control
parameters and diagnostics and closely links them together.
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In case of formation of defect a near-term, general task for the checking of parameters,
diagnostics and management work of turbogenerator systems becomes as the quickest
exposure of defect and realization of events, for example, of establishment of the modes
works of turbogenerator, at that negative influence of defect on his technical state will be
minimum or removed quite. In the case when the automatic system of defence and control
system with intervention from a man are informing unconnected inter se (rice. 1), in case of
occurring of defect and not possibility of man right to react on his appearance, the technical
state of turbogenerator in any case will attain a maximum level and the consequences of
development of defect will be maximally negative.

Thus, as a result of combination of work of four higher adopted systems have
formation of control system by development of defect. If to stop development of defect it is
not succeeded and the technical state of TT" continues to get worse, in an eventual account,
defence of turbogenerator. must work. But if to cut on the certain stage development short
of defect and it negative influence on the technical state of turbogenerator, control system
by work of object with intervention from a man and defence actually will carry out a
management development of defect.

As an interruption in the receipt of electric energy to the consumers can cause the stop
of their work [11], then implementation protecting and disconnecting of turbogenerator
from a network essentially shows a soba an accident. Thus, the task of control system by
development of defect must also be warning of emergency implementation of defence and
providing, in a certain measure in good time pre-arranged and accordingly concerted, stop
of turbogenerator for implementation of repair works.

From the above it follows, development management system defect (Fig. 4) combining
together the work of the control system operating parameters, diagnosis technical condition,
management of the object [6] and relay protection of the turbogenerator. In case of origin of
defect of functioning of these systems separately one from the second not expedient, as a
common task decides with their use. Besides, combination of possibilities of the systems
assists the increase of them technical and economic efficiency.

Maximal duration of "passive" existence of control system by development of defect,
it is determined by the interval of time between the exposure of defect and actuation of
protective devices. It means that in case of origin of defect information technology of
diagnostics, in particular, thermal state of cratopa of turbogenerator becomes the
constituent of information technology of control system by development of defect.

From the above it follows, that one of the most perspective directions of perfection of
IT of diagnostics of the thermal state of turbogenerator and, in particular cratopa of
turbogenerator, there is strengthening of her lines and feed-backs on informative, functional
and vehicle levels with information technologies of control of parameters and management
work of turbogenerator.

Conclusion

Offered model of control system by development of defect of knots of turbogenerator
due to strengthening of informative and functional connections between the control of
operating parameters, relay defence and management work of turbogenerator systems
which allows to promote efficiency of the use of these systems.

258 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



—— Automatization of technological processes ——

10)e.I19Ud30¢.1n) Jo edoreLd Jo 399)9p Jo Judwdo[aAdp Aq WIIYSAS [0.1)U0I JO [PPOIA “p “SIA

uolosyoid

Buikejal waeyshs

awll} Juslind

0} 19949 JO UIBLIO JO JUBWOW By} WOJ} JOJe)S
JO 10Uy Jo8uadwi jo siseweled Bunelado

A

Jlejs uo puewwo)

A

J1ojoe} UBWINY 8Y)

1noge Wa)sAs [0J]U0D 8Y) WO} UoeWIoU|

1uNnoooe ojul Buyey

‘198[qo doys Aousbiswa
8y} |un Buiulewsal
awi ayy buosyo

A

ainjesadwa)

dois [
Kousbiswe sy} [aun
Buiulewss swiy ay |

puelsylIm mau e
uleye ||Im juswaje
pabewep Alors
yolym Joy Buiwr]

UOISIOBP | gpou sy Ul Jusws|d S
o ww%wﬂwm 1dnuI00 JS0W By} mHSHSm_QEB swe)l pabewep ay)
ay} 1o} 1hoge UoReuLo] puesmejo [ 10 yoes Jo ainjesadws)
soafkojdws ||e JuswaAaIyoe arels-Apea)s Buinaiyoe
10§ UOBLIOJUI pouwn [ — Jnoge uohewLou|
Aiessaosu cmwu ﬂﬂ%m%%%%m Ises| ay) ajewniBbo)
] ! 0 8010y
ayy Bunuelio S O SN pue } o) o ww__wﬁmm_wﬂu o e
‘Juswsle pabewep (e SpesoXe YoIym pobewep [
ouy Jo aumessdwi} | gon o g1o o) J0 ainjesadws) Aians Jo soisoubelp
A|m 3yl yaiym SjusWBIR puelsyimy [ ainjesadwa) Jo |0 wiaisAs ayy
obessaw ‘|99 B Jnoge 0181 941 . asealoul Jo woJj Jojes
olpny J0Ys aAljewoyul wvmooﬁo c.u_u_cﬁ [9A8] JO Ul yoIym
o Buiuiog 10 aunjesodwa) jowee sisouboid sjuswis|d
awel} pabewep AlaAs Jo pobewep
uonewoyu| PUBISIMY  saunjesadwia) puejsyiim 8u} JO 18Il ¥

INOQe sI uolew.oju|

259

. 2015. Volume 3. Issue 2

ence

Journal of Food Sc

man

— Ukra



10.

11.

12.

13.

14.

15.

260 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2

Automatization of technological processes——

References

Decner A., Glinka T., Polak A. (2006), Influence of the time of exploatation for
degradation of windings insulation of electrical machines, PrzegldElektrotechniczny,
11

Decner A., Glinka T., Polak A. (2008), Electrical machines windings insulation
diagnostic and degree of wear classification, ICEM, Vilamoura

KuzMenko A.A. (2008), Nonlinear adaptive control of a turbogenerator, Journal of
Computer and Systems Sciences International, 47, 1, pp. 103-110

Interturn Short-Circuit Detector for Turbine-Generator Rotor Windings, Available at:
https://powergen.gepower.com/resources/ downloads.html#sthash. SSPMLJ50.dpuf
Vavin V.N. (1982), Releynaya zashchita blokov turbogenerator-transformator,
Moscow.

Yalla M.V.V.S., Hornak Donald L. (1992), A Digital Multifunction Relay for Intertie
and Generator Protection, Canadian Electrical Association, Vancouver.

Benmouyal G. (2007), The impact of synchronous generators excitation supply on
protection and relays, 34th Annual Western Protective Relay Conference, Spokane,
WA, pp. 16-18

Guillot Y., Le Menach Y., Ducreux J. P. (2008), Flux density curves variations using
an FEM model for turbo-generators diagnostics, Electrical Machines,. ICEM, 18th
International Conference, pp. 1-4

Olga Mazurenko, Valery Samsonov (2014), Calculation of final heating temperature
of turbogenerator stator winding for control over development of winding thermal
damage, Ukrainian Journal of Food Science, 2(1), pp.106-117

Nosov V.V. (2012), Diagnostika mashin i oborudovaniya, Lan, Sankt-Peterburg.
Wroblewski S., Napieralski A. (2012), A Multichannel Measurement System for
Online Turbogenerator Vibration Diagnostics, IEEE Transactions on Energy
Conversion. 27(4), pp. 978 - 983

Testa A., De Caro S., Scimone T. (2009), Analysis of a VRB energy storage system
for a tidal turbine generator, Power Electronics and Applications, EPE '09. 13th
European Conference, pp. 1-10

Valery Samsonov, Olga Hlobystova, Olga Mazurenko (2013), The operational
reliability of complex energy facilities, Ukrainian food journal, 2(4), pp. 575-580.
Jawad Faiz, K. Moayed-Zadeh (2005), Design of switched reluctance machine for
starter/generator of hybrid electric vehicle, Electric Power Systems Research, 75, 2-3,
pp. 153-160.

Ying Liu, Nian Liu, Chi Xie (2014),Analysis of transient electric field distribution
inside the large generator under strong surge voltage, International Journal of
Electrical Power & Energy Systems, 60, pp. 121-125.

Song Shoujun, Liu Weiguo, Dieter Peitsch, Uwe Schaefer (2010), Detailed Design of
a High Speed Switched Reluctance Starter/Generator for More/All Electric Aircraft,
Chinese Journal of Aeronautics, 23(2), pp. 216-226.




—— Life safety ——

Cause of the fire at the food industry enterprises

Olga Slobodyan, Vira Zaets,
Larysa Neshchadym, Svitlana Avdienko

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Fire
Burning
Combustion
Explosion
Hazard.

Abstract

Article history:

Received 07.09.2015
Received in revised
form 21.12.2015
Accepted 24.12.2015

Corresponding
author:

Svitlana Avdienko
E-mail:
Sv_avdienko@mail.ru

Introduction. Research the causes of fires at the food
industry enterprises of Ukraine will allow develop effective
measures to reduce the likelihood of their occurrence.

Material and methods. We used theoretical methods
of research in the above privacy of data analysis of scientific
literature on the subject , methods of synthesis , comparison
and generalization of data relating the factors that contribute
to the raising of fire risk on industrial objects of Ukraine.

Results and discussions. Analysis of fires in different
areas of the food industry indicates that most likely their
causes are violation of rules for the arrangement and
maintenance of electrical installations, careless handling of
fire, violation of process regimes (especially during baking,
roasting, drying or other processing method), fault or
outdated equipment, poor treatment with flammable liquids,
violation of terms cleaning of combustible dust. These
factors are compounded by the fact that these companies
saved, transported or used a substance which under certain
conditions can burn or explode, e.g. alcohol, ether, essences,
organic acids, gasoline, acetone, hydrogen, etc.; the dust of
many food products (flour, sugar, tobacco, tea, starch,
cocoa, powdered milk and other); ammonia which used as
refrigerant. Also, the food industry uses a large amount of
combustible materials and packaging, which increases the
fire risk of object.

According to these causes of fire reasonable measures
to avoid: compliance the general requirements of fire safety,
prevention of combustible environment and the occurrence
of ignition sources in it, enhancing monitoring of process
equipment and control devices.

Conclusions. The research results can be used in the
development and improvement of effective measures to
ensure fire safety at the food industry enterprises.
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Introduction

Fires are a serious problem for many industrial enterprises, resulting in increased
economic, environmental and social damages. Human casualties are the most important of
them.

Every year over 6,000,000 fires take place on Earth, including about 60,000 fires in
Ukraine.

The fire risks on industrial enterprises of Ukraine increase considerably due to such
factors as increased power supply, increased density of transport communications,
heightened temperature and pressure in the process equipment, using of new polymers with
higher flammable properties. While the modern production processes attain lowered
probability of fire, they at the same time get more serious aftermaths and greater damaged
areas in case of fire. Statistics show that a fire reaches the maximum tolerable level of
hazard within 5-10 minutes. The loss of the metal building structure bearing capacity is
reached within another 10-15 minutes. Whereas the effective actions of fire brigade start
only within 20-25 minutes after the fire start.

Increased concentration of combustible substances and material assets per unit area of
the buildings leads to increasing level of fire hazard.

The main causes of fire are:

e  Malfunction of the production equipment — 0.3%;

e Arson— 1.6%;

e Violation of rules for the arrangement and maintenance of ovens — 7.3%;

e Violation of rules for the arrangement and maintenance of electrical installations —
19.7%;

e Careless handling of fire — 59.8%;

e  Other reasons — 11.3% [1].

Material and methods

During the investigation of the causes of fires at the food industry enterprises we used
theoretical methods of research in the above privacy of data analysis of scientific literature
on the subject , methods of synthesis , comparison and generalization of data relating the
factors that contribute to the raising of fire risk on industrial objects of Ukraine.

The research was conducted by analyzing explosive and flammable substances and
materials, factors available in the baking, confectionery, fermentation, sugar, alcohol,
alcoholic beverages, oil extraction, and others food enterprises of Ukraine, that can cause
fire and explosions, according to scientific papers in the field of fire safety.

Results and discussions

Combustion is a physical-chemical process of quick interaction between combustion
agent and an oxidant accompanied by the production of heat and light. Oxidants may
include not only oxygen and air, but also chlorine, fluorine, sulfur, nitric acid and other
substances. Start of the combustion process requires three factors: the combustible
substance, oxidant and the ignition source. The combustible substance and oxidant create
the combustible system (material, mixture, construction). The ignition source starts the
combustion process, which does not stop even after ignition source is removed.

Combustion is divided into several types, including blaze, ignition, flame and
spontaneous combustion.
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Spontaneous combustion is a condition that leads to a rapid temperature rising
followed by combustion of a substance without source of ignition. Spontaneous combustion
can be thermal, microbiological or chemical. Timber and woodwork, vegetable oil are
exposed to thermal spontaneous combustion. Microbiological spontaneous combustion
occurs during storage of grain, hay, peat and other vegetable materials [2]. Chemical
spontaneous combustion occurs because of chemical interaction of substances as well as
due to air and water influence on them. The chemical spontaneous combustion is typical for
vegetable oils and animal fats. The ability of oil or fat to combust spontancously
characterized by iodine number. The higher the number is, the more these substances are
prone to combust. For example, flaxseed oil has the iodine number of 175-205 and the
spontaneous combustion temperature of 343°C, and hemp oil has the iodine number 150-
172 and the spontaneous combustion temperature of 410°C. Spontaneous combustion
greatly increases the fire hazard if the store rules of sunflower cake, oilcloth, etc. are
violated.

Liquids prone to fire are divided into two categories: highly flammable and
combustible. In manufacturing environments these liquids can form a steam-air mixture,
but it will not ignite if the vapor concentration is too low or too high [3]. There are a lower
and an upper flammability temperature. It is the lowest and the highest temperature of
combustible liquid that can cause fire from the source of ignition.

Baking industry, confectioneries, pasta industry, fermentation plants and sugar
refineries have many fire-hazardous and dangerously explosive places and operations,
allocated all over the production chain — beginning from the feedstock storehouses and
ending with the finished products warehouses. This is due to the fact that most raw
materials, substances and materials utilized in manufacturing of semi-finished or finished
products are solid or liquid combustible substances. Substantial part of these substances is
also highly explosive.

Such enterprises of food industry as distillery, alcoholic beverage industry, perfumery,
fat-and-oil industry utilize and produce fire-hazardous and dangerously explosive
substances, e.g. alcohol, ether, essences, organic acids, oils, fats, benzine, acetone,
hydrogen, etc.

Table 1
List some of the highly flammable and combustible liquids, gases and their fire-hazardous
properties

Limit of inflammability Spontaneous

Liquid Lower Upper combustion

t, Concentration, t, Concentration, | temperature,
°C % °C % °C
Ammonia - 17 - 27 700
Acetone -10 2,91 -6 13 465
Acetylene - 2,5 - 82 335
Dichloroethane 8 6,2 31 16 525
Acetic acid 35 3,3 76 22 454
Methanol 7 6,7 39 38,5 464
Ethanol 11 3,61 41 19 404
Hydrocarbon - 12,5 - 80 610

oxide

Toluene 0 1,95 30 7 536
Gasoline -28 1,9 -9 5,1 260
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The dust of many substances also has fire-hazardous and dangerously explosive
properties [4,5,6]. Release of the combustible and explosive dust takes place during

production of sugar, tobacco, tea, starch, flour, beverages, meat processing, backing.

Table 2
List explosive and fire-hazardous properties of dust
Substance Minimal Spontaneous Substance Minimal Flash
concentration combustion concentration point,
for explosion, temperature, for explosion, °C
g/m’ °C g/m’
Class I (highly explosive)
Glucose Dust:
crystal 15,0 250 fodder 10 -
Forage
maize 12,6 - sugar 8,9 525
Dried
milk: sunflower
whole 7,6 875 meal 7,6 525
non-fat 8,9 825
Meal:
blood 7,6 -
meat-and-
bone 10,1 -
Class II (explosive)
Sunflower Dust:
cake 22,7 825
grain
Beet pulp 27,7 750 screenings 25,5 -
Cocoa
powder 45,7 420 flour 17,6 800
Starch:
potato 40,3 - wheat grey 40 -
corn 50 625 coal 32,8 -
Meal: Pectin:
wheat 20 395 beet 60 -
barley 32,8 750 apple 27,5 -
Wheat Ground
bran 22,7 - wheat 45,4 -
Class III (highly fire-hazardous)
Dust:
tobacco 68 205
grain
elevator 227 250
Class IV (fire-hazardous)
Timber
dust above 65 275
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Many food enterprises are equipped with refrigerators.

Ammonia — the most commonly used refrigerant — is an explosive and toxic gas.
Thus, for the most of food industry enterprises the areas with high risk of fire includes
ammoniac compressor station and refrigerator compartment with direct cooling [7,8].

Large amounts of combustible containers are utilized and manufactured at the food
industry facilities: wood, plywood and cardboard boxes; cloth and paper bags; paper
packets; labels, polyethylene and cellophane packaging, etc. The presence of combustible
containers increases the fire risk at the enterprise.

Storage facilities and stockrooms to store grain, flour, cereals, vegetables, fruits,
tobacco, etc. require disinfestation to combat pests. If carbon bisulfide, dichloroethane or
sulfur is used for disinfestation, the fire hazard and explosion threat increase.

Heating, drying, roasting, boiling and baking at the food industry facility requires
utilization of ovens working on solid, liquid and gaseous fuel.

The fire threat appears because of violation of technological requirements and fire
safety requirements.

At such enterprises of food industry as distillery, alcoholic beverage facilities, fat-and-
oil facilities, oil-extraction plants alcohol and fuel — which are highly flammable liquids
— can form combustible mixtures with air in case of the equipment and pipeline seal
failure due to violation of working and repair instructions. Flammable and combustible
liquids leaks because of loose flange connection of pipelines, leaky sealing rings of pumps
and shutoff valves, the alcohol in refrigerators is cooled insufficiently.

Leaky manufacturing equipment and communication fixtures cause high leakage of
the benzene vapor or other solvents at oil-extraction plants. The highest leakage of
explosive substances occurs due to technological requirements violation leading to an
accident. The highly explosive mixture of benzene vapor and air occurs due to level drop in
the bunker of meal (sunflower, etc.) processing.

There are different cases of the explosive and flammable substances combustion. The
most frequent causes of ignition are spark formation of mechanical origin due to collision
of the metal parts (ventilator, etc.); metal objects getting into granulators and other
processing equipment; a tool falling onto metal surface or concrete floor; open fire of
processing equipment, incineration sites, electric welding, matches and unquenched
cigarette [9]; heat development of the electric current, short circuit arc or spark; static and
atmosphere discharges [10]; ball bearings overheating due to lubricant misapplication,
malfunction, wear or clogging.

Main reasons of fire in food industry may be divided into disciplinary reasons,
processing reasons, reasons caused by electricity, reasons caused by lack of the inspection
or its tardiness.

Disciplinary reasons includes violation of requirements for design of industrial and
auxiliary buildings and facilities [11], for the building materials and constructions [12-16],
for the facilities planning, for the processing equipment placement; departure from the
operation and maintenance rules of the equipment, power consumers and power supply
networks; violation of job instruction for fire safety; violation of the safety regulations
during fire works; casual handling of open fire sources, smoking at the workshops and
storehouses; mishandling of high combustible fluids; incorrect storing of oiled materials
and cotton working clothes; violation of the combustible dust cleaning rules and terms [17].

Processing reasons of fire includes work on faulty processing equipment or with the
workflow routine violation, especially during baking, roasting, drying or other processing
method; use of combustible substances that do not conform to specification of processing
stoves, violation of the stove lighting mode, of operation mode, of cutoff mode; incorrect
filling of vessels and utility lines with high combustible liquids and gases, use of tools that
produce sparks when hitting the solid surface.
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Table 3

List of indicators for fire explosion hazard substances and materials

Ne Indicators Using indicators of fire explosion
hazard
Gas | Liquids Solid Dust
materials
1 | Group of combustibility + + + +
2 | Temperature of flash - + + -
3 | Temperature of flashing - + + +
4 | Temperature of self-ignition + + + +
5 | Concentration limits of spreading fire + + - +
(flashing)
6 | Temperature limits of spreading fire + + - -
(flashing)
7 | Temperature of self-heating - - + +
8 | Smoldering temperature - - + +
9 | Conditions of the thermal self-ignition - - + +
10 | Minimal energy of flashing + + - +
11 | Index of oxygen - - + -
12 | Ability to explode and burn during + + + +
interaction with water, air oxygen and
other substances
13 | Normal speed of fire spreading + + - -
14 | Speed of burn up - + - -
15 | Rate of smoke production - - + -
16 | Index of fire spreading - - + -
17 | Toxicity indicators of combustion - - + -
products
18 | The minimum explosive level of oxygen | + + - +
19 | Minimal retarding concentration of + + - +
retarder
20 | Maximum explosion pressure + + - +
21 | Rate of pressure rising during the + + - +
explosion

Note. «+» means applicable, «-» - means non applicable indicator

Reasons of fire related to electricity includes use of electrical equipment that do not
correspond to fire and explosion hazard category of the production; overload of the
processing transport mains operated from electric drive, overload of other electric
equipment and networks; poor electric contact at a wiring point; insulation failure, other
faults and damages to power supply consumers or networks; lack of safety devices from the
static electricity on the processing equipment and workers, lack or crippling of the lightning
rods and protective devices from the secondary effects of atmospheric electric linear
discharges[18].

The main drawbacks of control measures leading to fire are lack or tardiness of
technical inspection, lack of routine preventive repairs of the processing equipment,
automation, control instrumentation and safety devices; insufficient control for temperature
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conditions of the processing equipment that use open fire or of the equipment acting

through the operating temperature rise (compressors).

Fire safety measures are very diverse but according to its target purpose they can be
divided into four groups:

1.  Measures in production process, providing fire safety during work of processing
system and during storage of end products. Such measures are executed during design
process, when in view of the fire safety the most safety temperatures and pressures,
reliable control and preventive equipment are chosen and special rules of fire safety,
rules of joint storage of materials and substances are set.

2. Construction measures aimed to eliminate the causes of fire breakout and creation of
stable protective structure and building as the whole during the fire and limitation of
fire spreading and explosion. Such measures are executed during design and
construction process; they are connected with choosing buildings according to their
level of fire resistance and number of floors according to the fire hazard of production
process, choose of heater system, ventilation, construction of fire barriers.

3.  Administrative and fire safety mass agitation measures, providing organization of
object fire protection in whole and training of all staff measures for preventing fire
and use of fire equipment, are executed during the process of exploitation.

4.  Measures ensuring conditions and means of fast and successful fire suppression
performed during construction and operation; they provide the choose of most
effective ways and means of fighting fire, the units for fire water supply, fire alarm,
creation of storage with means for fighting fire.

The studies are important to food companies not only in Ukraine but also the world.

Conclusions

The most important task of all fire safety systems is to protect people from the hazards
that accompany combustion, and to rescue people in case of fire.

The essential task in the operation process of any facility is to ensure the full
evacuation of all personnel in case of fire emergency before reaching the critical values of
fire hazard [19].

It is strictly prohibited:

e To set up thresholds, turnstiles, sliding or roll shutter doors, etc. on the escape routes;

o To make clutter on the escape routes with furniture, equipment, materials or finished
products even if they do not decrease the regulatory width of the passage ;

e To block, weld up, lock with a padlock the outward facility escape doors ;

e To use combustible materials in facings of walls, ceilings and stairs of the escape
routes.

Finally, the one responsible for fire safety should always proceed from the fact that to
prevent fire is always better than to fight its aftermath, especially when a human life is at
stake.
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Introduction. In order to improve the mathematical models
of decision making in company's safety management system was
found that in the development of methodical maintenance
decision support systems it is necessary to create a process of
adaptation of decision-making tools.

Materials and methods. The research was conducted
based on general system approach, grounded on interconnection
of elements; the methods of logical simulation modeling and
"fault tree" were used in the research.

Results and discussion. Risky alternative is an
occupational safety measure, related to equipment modernization
and is assessed in such a way: benefit (income) in the amount of
a with the probability q; damage in the amount of b with the
probability 1 — q. a and b can be chosen random, but their order
shall meet the means, operated by an occupational safety
specialist in the process of making a decision. For this purpose b
is the benefit, which equals zero, and a equals 1. But alongside
with it, at the disposal of an employer, making decisions in OSM
at the enterprise there is another alternative — a strategy, not
connected with risk, ensuring the profit in the amount of x.
Mathematic profit expectation, the suggested occupational safety
measure realized, is related to an increase in labor productivity,
production quality, a decrease in pay-off expenditures, the injury
risk will drop, depending on the figure g, while a and b are fixed.
Risk inclination can be identified in such a way — an employee,
making an OSM decision, is risk inclined, if he/she wants to
make decisions in any alternative instead of obtaining a
guaranteed profit for the enterprise in the amount of the expected
one for the alternative. Benefit function peculiarities for an
employee, making OSM risky decisions, are based on the
following: an employee is inclined to risk, if the graph has a
swept-up benefit function; with the rising benefit function an
employee is risk inclined when its deterministic equivalent for
any alternative exceeds the expected benefit, x° > M [X]; with
the rising benefit function an employee is risk inclined when risk
bonus will be negative at all alternatives, AR(X) < 0.

Conclusion. Risk reluctance function has the following
characteristics: two benefit functions are strategically equivalent
only when they lead to one and the same risk reluctance function
and the most probable benefit from the made OSM decision with
k — 0 approaches the mathematic expectation of the benefit
from actions of the employee, neutral to risk, with k — —oo the
mathematic expectation of the benefit approaches the maximum
possible one.
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Introduction

The occupational safety analysis and industrial accidents rate prediction [1-3] point at
three main constituents of the OSM functioning inefficiency, particularly insufficient
methodological provision of the risk-oriented approach during: threatening danger analysis
and accidents investigation; planning work at the stage of the task functional analysis while
making managerial decisions in OSM; OSM computer informational constituent
functioning for the purpose of decision making maintenance.

Thus, there is no enough methodologically reasoned «etalon», applying which any
employee, ranging from an operator to a manager at any stage of the production cycle
development or occurring a dangerous, crucial or emergency situation, taking into
consideration a systemic risk-oriented approach and own psycho-physiological
peculiarities, shall make concrete decisions from the certain list, where it is possible, and
contribute to their fulfillment.

So it is necessary to develop and embody to the enterprise management system such a
scheme, which would show the impact of occupational safety on the final objectives of the
enterprise. With the scheme employers and engineers, organizing the production cycle in a
certain way, should be provided with accident analysis methods, being a means of
identifying threatening dangers. To solve mutually related tasks and functions of
occupational safety concerning accountancy, analysis and prediction, and on their basis — to
develop preventive measures, it is necessary to improve the management system, which
should unite separate means into a single complex at all levels and stages of management.

The aim of the work is to improve decision making mathematic model within the
system of occupational safety management of an enterprise.

The research object is the phenomenon of production accident rate at the enterprise.

For the purpose of analyzing decisions, made in OSM, under conditions of the
increased risk of getting injured at the enterprise, one can employ such methods as the
decision tree method, the probability tree method.

While making decisions, one should estimate their consequences and structure the task
for the purpose of identifying a better (or essential, if it is necessary to achieve certain
results at a certain stage) sequence of decisions [4—6].

Materials and methods

The decision tree analysis as an instrument of supporting decisions under conditions of
OSM functioning at the enterprise enables to take into consideration employers’ reluctance
to make risky decisions, but the alternative choice criterion does not always coincide with
minimization of the level of accident danger at certain work places or production sites.

Quantitative assessment of alternative action priority shall be relative, it depends on
personal features of employees and it is called differently: the extent of benefit (advantage),
usefulness, etc. We accept “benefit” as the basic term, so taking risky decisions with the
help of decision and probability trees corresponds to Neimann-Morgenstern concept,
according to which probability is probability of some events [7]. The term «usefulness» can
be applied in a principally different assessment methods and ways of alternative choice —
the method of multi-attributive usefulness.

The benefit concept in OSM functioning at the enterprise, taking into account [8], shall
be based on contrasting two alternatives by each employee: a risky one, the assessment of
which is mathematic expectation of loss as a result of injury, and a guaranteed one, bringing
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a stable, though not huge, profit or damage under conditions of the acceptable risk theory
application.

Meanwhile one should take into account possible alternatives of the decision, being
made, the related factors of ambiguity, their potential result, and determine the choice
criteria. If we structure the issues in a form of a decision tree, the choice dynamics can be
assessed directly by the analogy with the net diagram or through correction of the
appropriate characters. For it is necessary to formalize the method, restricting it with the
conditions: a, b, ¢, d, e, f.

Results and discussions

a. The decision making process in OSM is iterational with an arbitrary number of
branches, non-structured number of hierarchy levels, each of them combining binary pairs
«action-eventy, the initial level having the code of I;

b. The known list of alternatives (d;, where i is a serial number of action) is considered
to be necessary for consideration at a certain stage of making a decision in OSM, and the
condition of the optimal alternative choice at the initial level consists in solving the task of
mathematic programming

7y
Z X;a; —> max,
i=l1

()

2)
where a; is i-action identifier, determined as a mathematic expectation of the possible
result of accepting such an alternative; x;=1 if i-action is accepted; x; = 0 — otherwise;
c¢. Any alternative action is connected with the impact on its consequences of
occasional factors, comprising a group of inconsistent occasional events, each of them
characterized by the alternative usefulness criterion with the appropriate a priori possibility,
the vector as the characteristics of i-action of the initial level being

(Cija Pi,j)a

where C; and P;; are usefulness and possibility of j-event of i-action; i =1, my; j = 1, n;;
m; is the number of alternatives of the initial level; n; is the number of occasional actions,
causing i-action, that having been taken into account, can be represented like this

n;

P =1,
)
=
A3)
a, =2, Gl
=
4)
And the target function of the decision choice being:
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mn;

X,C; p; —> Max; (5)

i

i

i=l j=1

d. any event and its consequence of the higher level cause alternative actions of the
next level, the identification of which is carried out due to the first condition with an
increase in the indices number by one point, if it is not necessary to continue the process of
the certain event detailing, the appropriate bond at the decision tree has no branches;

e. all variants of alternative decisions and their consequences are chosen in OSM non-
officially by an employee, making the decision, supported by the informational system,
such a procedure of identifying alternatives and their consequences eliminating uncertainty,
being adjusted with the sufficient decision quality by intuition and being a rational way of
achieving the system objectives;

f. all assessments, including assessments of event realization possibility with its
usefulness, shall meet the transitivity conditions, and the alternative ranging condition, if
alternative d; is of a higher priority level, than alternative d;, which, in its turn, higher than
dy, alternative d; is of higher priority than d, can be identified in such a way

(d, »d)N(d, ~d)=(d ~d,).

Risk is known to be a quantitative danger assessment or situational characteristics of
any production structure activity, reflecting uncertainty of initial system position and
possible negative consequences in case of coincidence of unfavorable circumstances. But it
is necessary to remember that risk is expressed through the financial expenditures
probability. So, risk rate in OSM at the enterprise shall be minimized and it is necessary to
choose from several alternative decisions only the one, accompanied with the minimum
risk. On the other hand — a real situation and the suggested in the developed countries
theory of the acceptable risk causes the necessity of the optimal ratio of the risk level and
occupational safety expenditures. Thus, it is also necessary to take into account a certain
employee’s wishes or inclinations whether to make a risky decision or not to do it.

Let’s assume, that a risky alternative is an occupational safety measure, related to
equipment modernization and is assessed in such a way: benefit (income) in the amount of
a with the probability q; damage in the amount of b with the probability 1 —q.

Figures a and b can be chosen random, but their order shall meet the means, operated
by an occupational safety specialist in the process of making a decision. For this purpose b
is the benefit, which equals zero, and a equals 1. In the contracted form the alternative
(lottery) can be represented like this: <a, q, b>. But alongside with it, at the disposal of an
employer, making decisions in OSM at the enterprise there is another alternative — a
strategy, not connected with risk, ensuring the profit in the amount of x.

Mathematic profit expectation, the suggested occupational safety measure realized, is
related to an increase in labor productivity, production quality, a decrease in pay-off
expenditures, the injury risk will drop, depending on the figure q, while a and b are fixed. It
is calculated according to the formula M (q)=aq—b (1 —q).

In those cases, when the choice between two strategies becomes a similar ratio
between x and expected result M (q) defines the equivalent basic measure with
probability g . Three variants of event development are possible, depending on the

employer, making occupational safety decisions:
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He/she is not inclined to risk and chooses such ¢, with which M( ¢ ) > x;

2. He/she is indifferent for whether the investment to the suggested occupational safety
measure is risky and chooses ¢ from the condition M( ¢ ) = x;

3. He/she is inclined to risk and chooses ¢ under the condition M( g ) < x.
If benefit U(x) satisfies one of the variants, the alternative actions choice problem is

restricted to assessment of each of them and at its highest value optimal alternative is
determined. Alternative D benefit is determined from

U = Zpl,U,, (c;) (6)

The rule of applying the benefit function is demonstrated in picture 1. In the situation
Ky, for which the choice of decision at the final stage is the assessment of four alternatives
(Ki, ..., K4) and the choice of the «best» of them.

Chart 1. describes alternative decisions c;; (in hryvnas) with the benefit function U(x),
plotted in chart 2.

With the help of the graphic representation of the function (Fig. 2) one can identify the
profitability of making a decision in OSM at the enterprise for the conditions, set in chart 1.

Chart 1
Alternative decisions description in the situation K,
Alternative actions p1=04|p,=04]|p;:=04
d; — to modernize equipment 150 -180 250
d, —to do nothing 0 0 0
d; — to apply for the permission 0 0 60
d,— to address an expert -70 90 210
Chart 2
Distribution of the alternative decision profit function in OSM at the enterprise
vy | 1 2 3 4 5 6 7
o | -45]-35] -20 0 10 25 30
U(x)) 0 |0,1]021]039]0,55]0,77 | 1,00
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Fig. 1. Decision tree of the situation Kj:

— event branches are switched off;

— event branches are available.

For it formula (6) is applied
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A UK

x

1
1
-45 -35 -20 0 10 25 30
Fig. 2. Benefit function graph U(x) for matrix elements according to chart 1
The obtained results are shown in chart 3. Their analysis demonstrates that the fourth

alternative is optimal according to the benefit criterion, which is proven by the curve U(x)
(picture 2).

Chart 3
Alternatives benefit description
Alternatives | p;=0,4 | p, =0,2 | p; =0,5 | General alternative benefit
d; 0,5 0,3 1 0,6
d, 0,45 0,45 0,45 0,45
d; 0 0 0,95 0,475
d, 0,23 0,9 1 0,71

The second alternative K, (to do nothing) is the least probable and cannot bring profit
to the enterprise.

If a < x <b, then U(a) = 0, U(b) = 1 and for higher amounts of dimension x high
amounts of function U(x) will be responsible, thus there is the condition of monotony: if x;
> X,, then U (x;) > U(x,). Function U(x) of the actual variable x is strictly monotonous at
some interval x e/, if it is determined at it and if for any two points x; and x, at the
interval if x; > X, resulting in inequality U (x;) > U(x,). That means that the benefit
function, while making risky decisions in OSM at the enterprise, is monotonously
increasing and has a derivative U'; = d(x)/dx.

If there are no grounds for introducing to the benefit function non-regularities of
«abruption», «break-up», for an employee, making decisions in OSM at the enterprise the
benefit function can be the priorities expression. A concrete image of the benefit function
can be chosen visually with the help of points at the coordinate plane or it can be
approximated by the known function, due to the procedure of the least quadrates method.
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If L—consequences probability tree xi, Xy, ..., X, of the OSM made decisions with the

appropriate probabilities p;, pz, ..., Pn, With Z p;, =1, then it is referred to discretely
i=l

distributed accidental value X, the mathematic expectation of which m, can be calculated

according to the formula

m =M[X]=3 ps.
i=1

()

And the expected benefit according to the formula
M[U(X)]=3 pU(x).
i=1
(®)

The determined equivalent of the probability tree L is the value x°, when the
employee, making OSM decisions, is indifferent for the choice from L variants, that is
participation in the «lottery», or receiving guaranteed income x°, the benefit is the same

U(x°) = M[U(x)] or x° = U {M[U(x)]}.
)

The benefit function being monotonous, deterministic equivalent is defined according
to formula (9). Benefit functions U;(x) and U,(x) are strategically equivalent (U;(x) <=>
U,(x)), if they similarly locate two random alternatives due to their priority, for any x from
U;(x) <=> Uy(x) it is correct:

U (M[U(0))) =U," (M [U,(x))]). (10)

If for some constants a and b the ratio is correct
Ui(x) =a + b Us(x), (11)

Then functions U;(x) and U,(X) are strategically equivalent, i.e. U;(x) <=> U,(x).
If with the help of benefit function U, one chooses more convenient alternative xa
from x, 1 Xp
U](XA) > Uz(XB), (12)

Then opposing formulas (9) and (11) one can get
Ui(x4) = M[U;(x4)] = M[a + b Ux(x4)], Ui(xa) = a + b(Ux(x4))

And similarly U;(xg) = a + by(xg). As b > 0, then from (12) it flows that U;(x) >
U,(xp), benefit function U;(x) locates alternatives x4 and xg due to their priority in the same
order as function U,(x). The opposite statement is also correct — if U;(x) <=> U,(x),
constants a and b > 0, then there will be a linear dependence between them Uj(x) =a + b
Uz(X).

If U(x) = a + b(x), b> 0, and X is the alternative with mathematic expectation My, one
can find deterministic equivalent for benefit function U(x) according to formula (9)

Uix°®) = M[U(x)] = M[a + bx] = a + bMy.

And according to formula (11) one can get U(x°) = a + bx°.
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x° = my, and if the benefit function is linear, deterministic equivalent of the random
alternative equals the expected victory at its realization. It confirms the fact that at the
linear benefit function the optimal alternative choice should be made under the condition of
maximizing the expected profit from the made occupational safety decision. To assess an
employee’s attitude to risk one can apply a special parameter — a risk bonus AR(X)
concerning alternative X, which is a difference between the mathematic victory expectation
m, and deterministic equivalent x°

AR(X) = M[X] - U'M[UX)]). (13)

If an employee, making a decision, assesses the alternative with unfavorable
consequences, the status qua is more profitable for him/her than the alternative with
criterion X. But the employee can be risk neutral or not inclined to risk. The employee’s
peculiarities influence the type of benefit function. To identify the employee’s risk
reluctance one can consider alternatives with the minimum victory — B and with the
maximum one — A, the probability of which is similar and equals 0,5 (qga = qg = 0,5).
Mathematic benefit expectation <A, 1/2, B> is m, = 0,5(A + B). At it, as it was shown
above, one can expect victory m, or have a guaranteed profit my. If the employee prefers
the second way, it testifies to his/her risk reluctance. Being risk neutral or reluctant is
defined in such a way: from the point of view of the employee, making an OSM decision at
the enterprise, both alternatives are equivalent. His/her risk reluctance can be identified in
such a way: an employee, making a decision, is risk reluctant if he/she wants to obtain a
surely expected benefit in any alternative instead of participating in making a decision due
to it. Such an alternative is deprived of benefit, which can be obtained with the probability
that equals 1. The main thing at it is that:

a) an employee, making a decision, is risk reluctant only if the benefit function is
swept-up (by the analogy of picture 2), and for the alternative x; with probability p, x, —
with probability (1 — p), at it 0 < p < 1, and benefit function U(x) meets such a condition

U(px; + (1 =p)x2) > pU(x1) + (1 = p)U(x2);
(14)

b) if the benefit function rises, an employee, making a decision, is not inclined to risk
only when the deterministic benefit money equivalent for any alternative is less than the
expected one, i.e. from UM[X]) > U(x°) derives M[X] >x°;

¢) if the benefit function rises, an employee, making a decision, is not risk inclined
only if the risk bonus is enough for him/her, i.e. A(R) > 0.

Picture 3 graphically represents the mentioned peculiarities of benefit function (u# =
pU(x;) + (1 — p)U(x,) for the alternative < x;, 1/2, X, >, X° = ¥, My = X ), which is rising,
monotonous and swept-down for the employee, making a decision and not risk inclined.
Directly from the function graph we obtain: U(x)>u (statement a)); x > 5 (statement
b)); AR(x)> 0 (statement c)).

While developing the methodic provision system for supporting OSM decision-
making at the enterprise it is necessary to create the procedure of adapting decision-making
means, taking into consideration risk reluctance or the employee’s attitude change, when
the situation is changed. The measure of risk reluctance at point x is identified with the help
of function r(x) in the form
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_ U ~ _d[an'(x)]

r(x)= U , or r(x)= —

(15)

A
U(x)
U(x2)
U(X’)
U
UR
)  AR(x) _
U(x1)
X1 X X X2 X

Fig. 3. Benefit function graph for an employee, making an OSM decision and risk reluctant

At it, risk reluctance function has such peculiarities:

— two benefit functions are strategically equivalent only when they lead to one and the
same risk reluctance function, the necessity and sufficiency of which is easy to show
through direct differentiating and integrating, taking into account that there is a linear
dependence (11) between strategically equivalent benefit functions;

— if r(x) is common for all x, then U(x) is swept—down and the employee is risk
reluctant, and if his/her ability is constant, r(x) = ¢ > 0.

Risk inclination can be identified in such a way — an employee, making an OSM
decision, is risk inclined, if he/she wants to make decisions in any alternative instead of
obtaining a guaranteed profit for the enterprise in the amount of the expected one for the
alternative.

Benefit function peculiarities for an employee, making OSM risky decisions, are based
on the following:

— an employee is inclined to risk, if the graph has a swept-up benefit function;

— with the rising benefit function an employee is risk inclined when its deterministic
equivalent for any alternative exceeds the expected benefit, x° > M [X];

— with the rising benefit function an employee is risk inclined when risk bonus will be
negative at all alternatives, AR(X) < 0.

Let us assume that risk reluctance measure is constant and distinct from zero
r(x) = k # 0 at some interval [a, b], we shall count for it the benefit function U(x), the
construction of which is nothing but solving such a final task

U'(x) _
U'(x)
To solve a differential equation it is necessary to decrease its order through
substituting U'(x) = U;(x), we obtain the equation of the first order

—k, U(a) =0, Ub) = 1. (16)

U (x) =—k Uy(x), a7
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The solution of which will be U(x) — the benefit consistence function, and the
common equation solution U (x) =—k U;(x) will be like this

U](X) = C] e'kx.
(18)
As a result we obtain
dU
Mz—kUl(x), AU _ e ﬂ:—jkdx,
dx U, (x) U,
InU =-kx+InC,, U =C e™,
(19)

and the general kind of the benefit function will be found through function U;(x)
integration

U(x)=[Ce™dx = —%e-‘* +C, . (20)

Derivative constants C; and C, shall be found from conditions U(a) = 0 and U(d) = I,
we obtain

~Cietasc =,

~Gethic=1.
@21

~ka

. C . .
In the first system equation constant C, =7‘e , we substitute it to the second

equation and obtain the equation to find C;.

1
C = 22)

Having constants C; and C, we obtain the benefit function

k 1 1 e’
U(x)=- e+ = - =
(x) k(e-ka i e-kb) 1= @b~ kb T ke _ kb (23)
1 e-x 1 e-k(x-u) 1_ e-k(x-a)
= 1=t H B oo = a _ek(u-b)) 'l_ek(a-b) = -k
Correspondingly the benefit consistency function looks like this
, ke—k(x—a)
Ul(x)=U(x)=1_e_m~ (24)
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With the help of U;(x) one can find mathematic expectation, the most expected profit
(or damage)

( et k <
Mx = jxk dx J.xe’k(x’”)dx (25)

l— e Fe-0"" | _ gkt-0)

a

The latter integral is identified through integrating parts

1 b—ae®?
Mx = ;_—ek(b—u) ) . (26)

Investigating dependence of the mathematic expectation on %, particularly, if k— + oo,
we obtain

_ k(b-a) _ _ k(b-a) _ 00—
lim Mx = lim l_bqe_a =1iml—limb ae a:O—b 0 4_a
k—>+o0 k—>+0| kb el‘(b_“) -1 k—>+o fo k—to ek(b_”) -1 1-0

27)

The obtained dependence testifies to the fact that, when an employee, making an OSM
decision, has a great inclination for risk at the enterprise, the enterprise mostly suffers
damages, and if k — 0, we obtain

k(b-a)
€ -1 k(b-a)

(b _ _ ~—————b+ae
. (1 b—ae™® 1 k(b—ae'"?) . k
lkli% M= l‘%[; IPCCTNE k(e"" 1) - k(e -1) - }}E& e —1

(28)

The edge can be found according to L'Hopital’s rule [9], differentiating a numerator
and denominator

a(b _ a)ek(b—a) n (b — a)kek(b‘“) _ (ek(b—u) _ 1)
. k2 b —a b ra
lim Mx = » . ) |

k=0 (b—a)e " >

(29)

The most probable benefit from the made OSM decision with k— 0 approaches the
mathematic expectation of benefit from the employee’s actions, risk neutral, with k— — o0

__k(b-a) __k(b-a) _
lim Mx = lim (l—bL} lim (lj—limb ae =o_[; ?:b, (30)

k——0 k—>—o| k ek(b_“) -1 k k——0 ek(b_") -1

i.e. in this case mathematic benefit expectation approaches the maximum possible one.
Mode Mo, is benefit x, at which its consistency function obtains its maximum value
and equals
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ke—k(x—a)
Ui(x)= 1

_ e—k(x—u) .

1)

With positive k— +oo function U, (x) is monotonously decreasing, reaches its
maximum at x =a, Mo, = a, and with negative k— —oo the function monotonously rises
and reaches its maximum at x =5, Mo, = b. The characteristics of the location, at which

the benefit function obtains the value of 1/2 is the median, that can be found, if the equation
is solved

_ ,k(x=a) 1 l —k(b—a)
U(x)= 11 ¢ l, we obtain x=a —;ln (+€—J ; (32)

_ _e—k(b—u) 2 2

—k(b-a)
Median Me, = a—lln Ire .
k 2

At k—+oo the median of benefit, as well as the mathematic expectation, targets to its
maximum value

—k(b—a)
lim [a —%ln [HeTD =a. (33)

At k— —oo we obtain

—k(b-a) _
lim| a—tin| s im =2 ammy=b. (34
k—>+o0 k 2 k—>+o0 1
—k(b-a) +1
At k — 0 we obtain
—k(b-a) _
lim | a—Lm|[ e " ||o _azb_ath (35)
k—>+o0 k 2 2 2

Practically, the obtained benefit does not always coincide with the expected one, and,
as a rule, it will be different from it, so, alongside with the characteristics of the mathematic
expectation, it is necessary to assess diffusion characteristics as well. Dispersion D(x) is
calculated according to the formula

D(x) = j (x=M(x)) U, (x)dx,

(36)
Having received after transformations

k) \?
D(x) =%+;(azek(b_”) -b’ +%(aek(b_”) —b)j— 1 brae 77 (37)
k 1 k

ek(b—a) _ k ek(b—u) -1

The obtained expression has quadratic values, thus, is not very user-estimation of the
benefits of OSM management decisions in the company. Therefore, in addition to the
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variance should use another characteristic of dispersion - standard deviation o, which is

defined by the formula
20 i-a 1 b-aet®Y "
jlae b)Mz— = J

(38)

x

o =vDX :{14__ 1 1( azek(b—u)_b2+
e —

The obtained value satisfies its practical application.
The behavior of function dispersion characteristics while approaching non-inclination
k to infinity, particularly with £ — +o0, we investigate

2 1
lim DX = hm (kz +—1( @t _pr 4

k—+% f—>+o0 ek(b’“) —
2
20 o) 1 b—ae'"? B
HR ) e
= lim £+ lim —a2ek<b il im —2(ae"(b*”> _b) -
- k >+ k k—+% ek(b a) -1 k—>+% k(ek(b*u) _1)
(1 b—gtY
—khm[z—%)l =0+a’+0-a’ =0; (39)
k—>-+o0 e —

with k — -0, klim o, =0, then

a% —bre k-
hmD—hm[2+ be

k——0 —o| 2 1= e ¥-0
2 (ae‘k(”‘”) -b’ ) 1 b—gett-o
_ 2 '
+ o k-0 | _[;_ om0 J =0+b"+0-H"=0
klim o, = klim D, =0. (40)

2 1 2 kb-a) 12, 2 kba) 1 b-ad®®-1))_
R _1133[;{ +W>1(a e =b +;(ae -b) |- =)

1 1
=— (b’ -2ab+a’)=—(b—a)’.
12( ab+a”) 12( a)
(41)

From (41) it is obvious that the diffusion dispersion coincides with the benefit function
dispersion with £ — 0. Accordingly

. . b-a
{,IE(}UX —klEg./DX = " (42)
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Conclusions

The developed mathematic model is limited by the following: the process of making
an OSM decision is iterational with a random quantity of branches, non-regulated quantity
of hierarchy levels, each of them combining a host of binary pairs «action-event», and the
initial level having code I; the known list of alternatives (d;, where i is the order number of
the action), which is necessary for consideration at the certain stage of making an OSM
decision, and the condition of the optimal alternative choice at the initial level consists in
performing the task of mathematic programming; any action alternative is related to
accidental factors consequences impact on it, creating a group of incompatible random
events, each of them being characterized by the criterion of alternative usefulness with the
appropriate antecedent probability; each event and its consequence of the high level causes
alternative actions of the next level, identification of which is done according to the first
condition, the index quantity is increasing by 1, and if the process of an event detailing
continuation is not necessary, the appropriate bond at the decision tree does not have any
branches; all variants of alternative decisions and their consequences are chose in OSM by
an employee, making a decision, assisted by the information system, such a procedure of
identifying alternatives and their consequences removes uncertainty, is agreed with the
intuitive sufficient decision quality and is a rational way of achieving the system
objectives; all assessments, including the assessment of the event realization probability
with its usefulness, must satisfy the transitivity conditions.

It is discovered that while developing the methodic provision to support the system of
making decisions in OSM at the enterprise, it is necessary to establish the procedure of
adapting decision making means, taking into consideration the extent of risk reluctance or
the employee’s attitude change, when the situation changes. Risk reluctance function has
the following characteristics: two benefit functions are strategically equivalent only when
they lead to one and the same risk reluctance function and the most probable benefit from
the made OSM decision with k — 0 approaches the mathematic expectation of the benefit
from actions of the employee, neutral to risk, with k — —o the mathematic expectation of
the benefit approaches the maximum possible one.

It is discovered that the obtained benefit from the made OSM decision does not always
coincide with the expected one, and, as a rule, will differ from it, so, besides the
mathematic expectation characteristics, it is necessary to assess characteristics of diffusion
as well — dispersion and average quadratic deviation, the first of which is the employee’s
risk reluctance, coincide (with k — 0) with dispersion of the benefit function.
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Introduction. The questions of application new approaches
at determination of intraproductive prices on meat products.

Materials and research methods. The following methods
are used in the research: system analysis in the questions of the
transfer pricing and its usage in practical activity of the
enterprise; analysis and synthesis — the calculation of transfer
price on meat; analogies and comparisons — determination of
intraproductive prices on byproducts on the basis of cost
conception association and power value conception.

Results and discussions. Taking into account the specific
of meat goods production and increase of responsibility for the
financial indexes of every productive subdivision of the
enterprise, there is a problem about the determination of
intraproductive prices on products that is made and passed, as
raw material, in other subdivisions. Abattoir block produces
prepared products: meat (beef, pork), that is passed in sausage,
canning workshops of meat-packing plants.

Three variants of methods of intraproductive prices
determination on the basis of the transfer pricing depending on
the productive structure of enterprise: at abattoir block to the
productive structure - on a productive unit cost; at a workshop -
on a productive prime price plus income (on the level of
profitability); at a plant - on total expenses plus income (on the
level of profitability) are offered in the article.

Open question is remained by determination of productive
prime price on concomitant products (byproducts). It is offered
for determination the productive prime price to apply
methodology of combination of two conceptions of cost for a
calculation productive prime price of beef and power value of
beef byproducts in correlation with the power value of beef.
Determination of productive prime price on byproducts is
possible to count on basis: power value (calorie content) or
consumer value (level of maintenance of albumen, fat,
carbohydrates in a product).

Conclusions. Offered methodical approaches to the
determination of intraproductive prices on enterprises is
counted on the decline of wholesale prices on meat products
that will assist forming of effective price politics and of
products realization improvement.
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Introduction

Passing to the managing in the conditions of Euro integration is a difficult process for
the enterprises of meat processing industry. Economic terms in a modern period, where the
enterprises of meat processing industry are: insufficiency of raw material in connection
with the crisis state of stock-raising; permanent increasing price on raw material, power
medium that results to price increase on meat products; strengthening of competition on
internal and external markets. At the same time, substantial loosening of economic work is
marked on enterprises, namely pricing take place by out-of-date methods without
application of modern approaches.

Last publications of home and foreign authors the separate aspects of determination of
intraproductive prices are examined on the basis of the transfer pricing, in particular in
researches: Feinschreiber [1], M. Kent 2], U. King [3], Eccles [4], O. Desyatnyuk, O.
Cherevko [5], P. Dzyuba [6], D. Korepanov [7], Makarenko, T. Savchenko [8], M. Seniv
[9], V. Kostyuk and I. Shelamova [10] and other.

The methodical approaches to the determination of intraproductive prices on products
on the enterprises of meat processing industry is not decided problem nowadays.

The aim of the article is to research the transfer pricing on determination of
intraproductive prices on meat products.

Materials and methods

The following methods are used in the research: system analysis in the questions of the
transfer pricing and its usage in practical activity of the enterprise; analysis and synthesis —
the calculation of transfer price on meat; analogies and comparisons — determination of
intraproductive prices on byproducts on the basis of cost conception association and power
value conception.

Results and discussions

The enterprises of meat processing industry apply centralized control system as legal
entity that carries out three types of activity operating, financial, investment. Separate
productions, that is formed after the types of prepared products are ready-to-cook foods,
belong to the complement of enterprises. Thus, actual for the enterprises of meat processing
industry is deepening of intraproductive self-supporting basis, valuable market management
mechanism, with the aim of providing the complex and rational use of material, labour and
financial resources. Introduction of intraproductive calculation on the large enterprises of
meat processing industry envisages creation of profitability centers. The centers of
profitability are structural productive subdivisions that produce the eventual products of the
enterprise and gain profit. For each center the responsibility is on the leader of productive
subdivision. Guidance of the enterprise sets the plan of net profit (profit yields) from
products realization and income plan to every structural productive subdivision. The
increase of responsibility for financial indexes resulted in the origin of products problem
estimation that is produced by productive subdivision and passed as raw material in other
productive subdivisions.

The widespread organizational form of the enterprise of meat processing industry is a
meat-packing plant. Abattoir block is a workshop that produces the basic type of meat
products, and other byproducts of the first and second category, that will be realized at the
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internal market of Ukraine. At the same time this products are raw material for sausage,
canning and ready-to-cook foods workshops.

The cost of this raw material, to our opinion, must be estimated on principles of
establishment of transfer cost of commodities or results of work.

The transfer pricing is the system of determination of ordinary cost of commodities or
results of work (services), in operations confessed in accordance with the article 39 of
Internal Revenue Code are controlled. By law the determination of wholesale price with the
aim of taxation of profits (income, profit yield) of taxpayers, that are parties of the
controlled operation, take place in one of the marked methods: comparative out-of-control
price (analogues of sale); costs of resale; "charges plus"; net income; profit distribution.

A transfer price is a domestic production price on products, or service, operation that
is paid by one productive subdivision to other productive subdivision by one legal entity
of the enterprise.

To our opinion, there can be three variants of methods of transfer prices calculation
on meat of beef and pork for a transmission in sausage, canning workshops and
workshops of ready-to-cook foods for the enterprises of meat-packing plants:

- on the basis of productive unit cost;

- productive prime price plus profit (after the level of profitability);

- complete charges and profit (after the level of profitability).

It follows to define that in economic science the methodical approach is absent
according to the choice of calculation method of transfer prices for the enterprises of meat
processing industry.

To our opinion, choice of calculation method of transfer prices follows to carry out
enterprises because of productive structure. On the enterprises of meat processing industry
apply next productive structures: out of workshop, workshop and plant. Over 30% of meat
processing industry enterprises can be attributed to small ones that have average quantity
working to 100 persons, profits (profit yield) from realization of products to 500 thousand
euro accordance with the article 35 of Economic Code of Ukraine, produce one type of
products assortment: sausage products or ready-to-cook foods. Exactly the small enterprises
have out of workshop productive structure.

As a rule, the abattoir block of small enterprise produces meat, and passing products as
byproducts of the first and second category, that will be realized at the internal market. The
prepared products (meat, byproducts) are within the limits of 60-80% are used, as raw
material, for the production of sausage products and ready-to-cook foods. To our opinion, it
is expediently for small enterprises to accept a transfer price the productive prime price of
meat, as raw material that is determined by formula:

Tr=1Ip (D

where T — is transfer unit costs;

Ip — is productive prime price for unit of products.

The large enterprises of meat processing industry in accordance with the article 35 of
Economic Code of Ukraine have average quantity working over 1000 persons and profits
(profit yield) from realization of products that exceeds 5 million euro and apply a plant
productive structure.

The plant of the primary processing of cattle (PPC) has administrative charges -
charges on labour remuneration and maintenance of administrative personnel of plant
(director of plant, engineer-technologist, economist, veterinary doctors, engineer-mechanic,
accountant) and other.
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To our view, the calculation of domestic production prices is expedient to carry out the
method of transfer prices “complete charges + income”. Thus, charges can be expected by
formula:

Cc=1Ip+Ac (2)

where C¢ — are complete charges on unit of products;

Ip— productive unit cost on 1 kg

Ac¢ — permanent charges, that are administrative charges of plant, that fold to 2% to
the productive prime price.

For example, according to the data of Public joint-stock company “Koziatynskyi meat-
packing plant”: the productive prime price of beef of II category makes USD 1.55. for a kg,
administrative charges for slaughtering plant is 1,63% from a productive prime price,
profitability of plant is in the limits of 5%.

B =155 (1+1,63/100) = USD 1,58 for I kg
Thus, formula of transfer price determination is:
T=Cc+P 3)

where P — is the profit for the level of plan profitability;
R —plan level of profitability.

T=CC-(1+R)=1,58-(l+%)=USD1,66f0r1kg

The most widespread productive structure for enterprises is the workshop that is
applied by not huge enterprises of meat processing industry. These enterprises of meat
processing industry have average quantity of people approximately 900 persons, after
profits (profit yields) from realization of products to 5 million euro accordance with the
article 35 of Economic Code of Ukraine.

As practice testifies large and middle enterprises, a abattoir block production produces
and realize the prepared products: on export — 15%; to the internal market of Ukraine —
20%; 65% of meat and byproducts of the first and second category that are used on the
intraproductive industrial processing — on sausage products, can food, ready-to-cook foods.

For increasing the efficiency of intraproductive calculation, it is expedient to apply
transfer prices on the prepared products of abattoir block production that is passed, as raw
material, to productive subdivisions (sausage workshop and workshop of ready-to-cook
foods) on the basis of “productive prime price plus profit” or certain share profit:

T=Ip+P 4)
where P — is the profit for the level of plan profitability.

T=155(1+5/100) = USD 1,63 for 1 kg
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Intraptoductive prices on meat that is based on the method of the transfer pricing
products are below from wholesale prices for what they are sold. Realization charges
reduction, economy on permanent charges, decline of natural losses at transporting and
exception of additional freezing processes cause it. Positive aspect in application of
“expense + profit” method in comparing to the "productive prime price" is guarantee of
income by abattoir block production. Intercommunication between structural productive
subdivisions of enterprise of meat processing industry is close enough in connection with
centralized control system and large volume of inside factory turnover of the prepared
products of abattoir block production.

It is applied in abattoir block the normative method of calculation of wholesale prices
on a production and realization of beef and pork meat, id est cost conception of pricing is
used. The calculation of transfer prices depending on the productive structure of enterprise
is given in the table 1.

Table 1
Transfer prices depending on the productive structure of enterprise are
Production | Production | Input | Administrative | Production | Profit | Transfer
structure cost cost, profitability | 1kg, | pricel
1 kg, USD level, % USD kg,
USD* (1,63%) USD*
Beef out of 1,55 - - - 1,55
II category | workshop
Beef workshop 1,55 - 5,0 0,08 1,63
II category
Beef plant 1,55 0,03 5,0 0,08 1,66
II category
Pork out of 1,49 - - - 1,49
II category | workshop
Pork workshop 1,49 - 5,0 0,08 1,57
II category
Pork plant 1,49 0,03 5,0 0,08 1,60
II category

* Dollar by the National Bank of Ukraine 12.02.2016. USD 1 = 26,08 UAH.

At processing of cattle the production of meat folds 75-80%, other part is side foods,
byproducts of the first and second category and wastes. Byproducts use for production of
social meat foods, for example liver sausages, souse loaf and other like that.

Enterprises productive prime price on passing products, namely byproducts of the first
and second, because of market wholesale prices expect on deduction of value-added (20%)
tax and income, because of level of profitability in size of 10-20%. Thus, artificially
calculate productive prime price, taking into account market wholesale prices on
byproducts of the first and second category that does not represent actual charges on
production and results to increasing prices on byproducts.

The question is not decided yet about the determination of productive prime price on
byproducts. Researching open market and liberalization in a cost price concept the accent is
done only on charges. Charges are taken to the individual ones and inflationary basis of
price dynamics will prove to be the same.
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To our opinion, for the calculation of productive passing unit (byproducts) cost it is
necessary to apply methodology of combination of productive prime price determination of
basic type products: beef on categories in obedience to cost conception and conception of
byproducts power value in correlation with the power value of beef.

Conception that is related to the reflection in the cost of consumer properties of
products is used. It is marked that prices on meat products are very flexible, as very wide
possibilities of change of consumer properties of products at the production of goods from
different raw material in the conditions of limit resources of stock raising.

Correlation of intraproductive prices according to the conception of consumer
property of products on its interchangeable kinds, to our opinion, it is necessary to set
with the orientation on:

- power value: calorie content of meat foods;

- nourishing value: a level of content of albumen, fat and carbohydrates.

According to the conception of consumer property of products, we count a productive
prime price on beef byproducts on the basis of power value of byproducts in correlation
with the power value of meat-beef and its productive prime price. Data calculation of
productive transfer cost of byproducts that is passed in sausage (byproducts) workshops are
given in the table 2.

The second variant of productive transfer price determination on beef byproducts on

nourishing value is given in the table 3.

Table 2
Calculation of productive transfer price on beef byproducts to power value
Ne Name of byproduct | Energy content | Ratio according Input cost
100 g, calorie to meat 1 kg, USD
1 Beef Il category 168 1,0 1,55
2 Brain 124 0,74 1,15
3 Liver 140 0,84 1,31
4 Kidney 66 0,40 0,62
5 Heart 96 0,58 0,90
6 Tongue 173 1,03 1,60
7 Lights 92 0,55 0,86
Authors’ calculations on the basis of data [11, p.95, 107-108]
Table 3
Calculation of productive transfer price on beef byproducts of the first category on nourishing
value
Ne Name of byproducts Power value, | Ratio according to Input cost
% meat 1 kg, USD
1 Beef II category 29,8 1,0 1,55
2 Brain 21,5 0,73 1,14
3 Liver 28,7 0,97 1,51
4 Kidney 21,4 0,72 1,12
5 Heart 24,6 0,83 1,29
6 Tongue 34,9 1,18 1,83
7 Lights 20,3 0,69 1,07

Authors’ calculations on the basis of data [11, p.107-108]

290 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2




—— Economics and management——

Comparison of productive prime price calculations on beef byproducts in two variants

testifies that productive prime price is calculated to nourishing value more expensive, than
calculated to power value, as “nourishing value” takes into account more useful qualities of
byproducts than “power value”. These calculations of productive prime price can be
applied, as low-limit (to power value), and maximal size of productive prime price (to
nourishing value) at determining and calculation of wholesale prices on byproducts.

The calculation of transfer prices on byproducts combines two conceptions: cost

conception and conception of power value. Thus, it is possible to summarise, that efficiency
of products, at the same time, combines efficiency of goods production with efficiency of
customers’ consumption.

10.

11.

Conclusions

The application of methodical approaches to the determination of intraproductive
prices on the basis of transfer pricing on the enterprises of meat processing industry
will assist creation of transparent competition environment and determination of
justified prices.

The offered methodical approaches to the determination of intraproductive prices on
byproducts by combination of cost conception and conception of power (or
nourishing) value is counted on the decline of wholesale prices on meat products that
will assist forming of effective price politics of the enterprise and products realization
improvement.
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Introduction. Present research is dedicated solving the problem
of the limited market for ethyl alcohol. European integration has a
positive effect on the Ukrainian ethyl alcohol market and by
implementing aspects and regulations of European standardization
there is the possibility of entering foreign markets. Ukrainian ethyl
alcohol market will have an opportunity to diversify its methods of
making a profit.

Materials and methods. To investigate this problem, we used a
theoretical method for the analysis of the conceptual base. Using the
method of statistical analysis of the picture of foreign trade partners
of Ukraine in 2015, we analyzed the ratio of export operations by
regions of Ukraine. Using the methods of forecasting and modeling,
we can predict a positive effect from the diversification of markets.

Results and discussion. Following the European integration
Ukraine receives preferential access to the largest market in the world
with 500 million customers and a GDP of 14 trillion euros and greater
opportunities to export to global markets. This can help Ukraine to
take a position of an exporter of ethyl alcohol and agricultural
products, and to be a player fully integrated into EU and global value
chains: a substantial leap in terms of added value of its production. To
do this, a complete reform in the industry must be done. In the
process of studying the needs of the European market the need for
production of ethyl alcohol concentration of less than 80% was
determined. Also SE «Ukrspirt» have the possibility to receive tariff
rate quotas, which operate on a "first come, first received" for export.
In 2016 alcohol companies can export 27 thousand tonnes of spirits,
liqueurs and other spirituous beverages by 2207 and 2208 codes. The
most essential aspect is to receive a license for shipment of alcohol by
the code 2208 to European countries. To achieve the goals it is
necessary to determine the number of factories that are closer to the
western border of Ukraine in order to reduce logistics costs.
Thereafter, these factories need to be reconstructed to provide the
competitive production. It is necessary to implement energy efficient
technologies and equipment that reduce fuel consumption by 30%.
These measures will cover the needs of the European market in
alcohol and will provide an opportunity to diversify the production of
alcohol factories in Ukraine and increase the volume of planned and
real profits.

Conclusion. Applying experience it is possible to use 20-30% of
the capacity of Ukrainian alcohol factories of and getting currency
earnings of around 15 min. USD. It is an opportunity to renew the
Ukrainian alcohol production and to provide wide range of
possibilities to diversificate markets.
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Introduction

Ukraine is a priority country within the European Neighbourhood Policy and the
Eastern Partnership. The European Union is committed to a policy of sequenced engagement
with Ukraine and to a close relationship that encompasses political association and economic
integration. It is a huge opportunity for the enterprises of alcohol industry to enter new
markets to sell alcohol.

The European Union is currently focusing on support to the comprehensive reform
process underway in Ukraine, notably through the implementation of an unprecedented
support package of €11bn. Against the background of the crisis in eastern Ukraine, the
European Union supports all efforts for a lasting peaceful solution respecting the unity,
sovereignty and territorial integrity of the country and which ensures a stable, prosperous
and democratic future for all Ukrainian alcohol companies and industry at all.

The European Union and Ukraine signed the Deep and Comprehensive Free Trade
Area (DCFTA) on 27 June 2014 as part of their broader Association Agreement (AA). In
April 2014, in response to the security, political and economic challenges faced by Ukraine
the EU unilaterally granted Ukraine preferential access to the European Union market until
31 December 2015.

To avoid further destabilisation of the country and in particular to guarantee Ukraine's
access to the CIS market under the Ukraine-Russia bilateral preferential regime, in
September 2014 the European Union postponed implementing the DCFTA until January
2016.

The European Union is Ukraine's largest trading partner, accounting for more than a
third of its trade. It is also its main source of Foreign Direct Investment (FDI).

Main Ukraine exports to the European Union: raw materials (iron, steel, mining
products, agricultural products), chemical products and machinery. Main European Union
exports to Ukraine: machinery and transport equipment, chemicals, and manufactured goods.

Ukrainian alcohol market is in crisis and it is necessary to take measures to improve the
situation on the market as quickly as possible. To do this, a complete reform in the industry
must be done. Ukrainian alcohol market is represented by the State Enterpriese «Ukrspirty,
which consists of 41 alcohol plants, all over territory of Ukraine. Unfortunatelly, only 20 %
of the plants operate today. It is important to find ways to increase the sales of alcohol to
start the the work of all plants. One such method is to export alcohol to other country.

Our main objective is to achieve a competitive level of Ukrainian alcohol and entering
the European market.

Given Ukraine's industrial potential, the DCFTA provides an opportunity to make the
country more competitive and diversify its alcohol exports.

The DCFTA aims at boosting bilateral trade in goods and services between the
European Union and Ukraine by progressively cutting tariffs and by aligning Ukraine's rules
with the European Union 's in selected industrial sectors and for agricultural products.

In the DCFTA Ukraine has committed itself to harmonising a large number of rules,
norms and standards in a number of trade-related areas with those of the European Union.
These areas are competition, public procurement, trade facilitation, protection of intellectual
property rights and trade-related energy aspects, including on investment, transit and
transport.

Since 1993 Ukraine has also benefitted from the European Union 's Generalised System
of Preferences (GSP). In 2013, more than 70% of Ukrainian exports to the European Union
of machinery and mechanical appliances, plants, oils, base metals, chemicals and textiles
benefitted from GSP preferential tariffs.
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When exporting to the European Union, it is a benefit from a big European market of
28 countries with around 500 million consumers.

The principle of free movement of goods, allowing goods to be transported and sold
anywhere in the European Union, is a cornerstone of the European Union market. To a
certain extent, complex and varied national laws have been replaced by a single set of
European rules, cutting down on costs and inconvenience for businesses wanting to trade in
other European Union countries.

The European Union market for goods is already highly integrated and harmonised
along the 28 countries. However, to make the European Union market work efficiently,
Ukrainean enterprises of alcohol industry have to respect a number of rules and compete
fairly. Anticompetitive behaviours, such as the abuse of a dominant market position, price-
fixing agreements and unwarranted public support, are prohibited.

Materials and methods

Using the theoretical method concepts such as European standardization was explored
and identified the ways to implement these concepts in the alcohol industry is to achieve the
maximum effect from enterprise management. Using the theoretical analysis the methods of
renewing of alcohol industry of Ukraine were discovered.

Using the method of statistical analysis of the picture of foreign trade partners of
Ukraine in 2015, we can conclude that Western Ukraine in its structure exports to the EU
countries mostly, about 90% (Zakarpatye region) from the total volume of export operations.
In other regions, export to the EU countries waries from 11%
to 49%.

Using the methods of forecasting and modeling, we have identified a systematic
approach considering the alcohol industry enterprises as objects of implementation of
standardization European standards of doing business.

Results and discussions

The free trade area came into effect on 1 January 2016. From this date on, the European
Union and Ukraine offer each other privileged access to their respective markets. The
DCFTA is much more than a classic free trade agreement.

It contains three major pillars:

L. It opens markets through the progressive removal of customs duties and restrictions
on services and public procurement.

II. Tt ensures fair competition between European Union and Ukrainian firms by
safeguarding the respect of

o intellectual property rights;

e basic workers’ protection or environmental standards;

e disciplines on use of subsidies and anti-competitive behaviour.

II1. Tt lays the ground for gradual alignment of norms and standards, including on food
safety and technical regulations.

The European Union provides Ukraine with significant support not only to bring its
legislation in line with the European Union 's but also through macro-financial and technical
assistance.

An improved regulatory framework and easier access to the European Union market is
expected to increase trade and make Ukraine more attractive to European investors.
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The EU is also the principal source of investment in Ukraine. More than 50% of

Foreign Direct Investment (FDI) in Ukraine comes from the EU.

Ukraine is also an economic bridge to other countries of the EU's Eastern

Neighbourhood.

In the longer term, this should support Ukraine's economic development and generate
more demand for European products and services - a win-win situation.

Table 1

Indicators of production by alcohol industry and SE "Ukrspirt" 2014-2015

Index Production (alcohol SE "Ukrspirt"
industry)
2014 (11 2015 (11 2014 (11 2015 (11
m.) m.) m.) m.)

Ethyl alcohol, thousand decaliters 12 391 9397 11 070 8374
Commercial products, mln grn 1 898 1 844 1 637 1579
Index Production Capacity, %
Component of motor fuel
alternative, K tons 20 25 22 35
Bioethanol, K tons 12 6 20 12
Alcoholic beverages, thousand
decaliters 211 204 3

As we can see from the Table 1 the output of ethanol in the industry for 11 months
2015 decreased by 24%.

The share of ethanol in the total production of ethyl alcohol was 89% in SE “Ukrspirt”.

Capacity utilization ratio declined as in the industry in general and in the SE “Ukrspirt”.

Commercial products production in current prices for 11 months in 2015 decreased in
SE “Ukrspirt” (-4%) and the industry in general (-3%).

The share of commercial production (in current prices) amounted to 86% in SE
“Ukrspirt”.

It was produced 25 thousand tones of Component of motor fuel alternative during 11
months in 2015, which is on 30% more than in 2014. Capacity utilization ratio was 35%.

It was produced produced 6.4 thousand tons of bioethanol during 11 months in 2015,
which is on 30% more than in 2014, that is 30% less than the corresponding period of 2014.
Capacity utilization ratio was 12%.

The production of alcoholic beverages decreased by 3%. The only two companies from
the 16 produce alcoholic beverages in alcohol industry. Capacity utilization ratio was only
3%.

The DCFTA offers EU suppliers and service providers full access to Ukrainian public
procurement markets. They can participate in public tenders related to infrastructure,
transport, medical care and education on an equal footing with Ukrainian companies. These
benefits EU companies, but also the Ukrainian taxpayer.

As the world's leading exporter, the European Union is sometimes the subject of trade
defence investigations initiated in non- European Union countries.

The European Union 's trade policy aims to help the European Union to compete better
on international markets. Unwarranted trade defence measures unfairly block European
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Union exporters' free access to the world's markets, and their negative impact should be
minimised whenever possible.

Any exporting industry subject to a trade defence action initiated by a non- European
Union country is responsible for defending its rights throughout the proceedings and for
cooperating with the investigating authorities to favour a positive outcome.

The European Commission monitors and assists affected European Union industries
when non- European Union countries take trade defence measures against European Union
exporters. The Commission also plays a more direct role in anti-subsidy and safeguard
investigations when European Union subsidies are involved and the European Union as a
whole is targeted.

The beverage alcohol industry contributed over $21 billion directly to state and local
revenues during 2010. Of that amount, distilled spirits accounted for over $8.8 billion or
41% of this direct revenue.

In 2010, beverage alcohol's total contribution to state and local revenues was over $41
billion. Of that amount, $20.1 billion came from indirect revenues such as corporate,
personal income, property and other taxes generated by the beverage alcohol industry.

Total revenues from distilled spirits (direct and indirect) were $15.5 billion in 2010, or
37% of total beverage alcohol revenue.

For a detailed analysis of the latest started threads we need to consider the principles of
the sale of alcohol in the world.

Distilled spirits are one of the higest taxed consumer products in the United States.

Standardizing for alcohol content, the distilled spirits federal excise tax burden (per
proof gallon) is more than double that of beer and almost triple that of wine. The federal
excise tax burden per proof gallon for distilled spirits is $13.50. In comparison, the tax
burden per proof gallon for beer and wine is $6.18 and $4.86, respectively.

Federal, state and local taxes accounted for $7.83, or 54%, of the average $14.42 price
for a typical 750ml bottle of 80 proof distilled spirits in the United States in 2012.

While rejecting suggestions of a causal link between advertising for alcoholic drinks
and alcohol-related social problems, the alcoholic beverage industry recognises the need for
social responsibility in the sphere of commercial communications.

The Brewers of Europe have partnered with EASA to evaluate the effectiveness of self-
regulation of the beer sector of the alcohol industry. The report, “Responsible beer
advertising through self-regulation”, was published in 2010 and reflects the progress made in
the implementation of the commitment to the European Alcohol and Health forum in relation
to the advertising self-regulation.

Alcohol carries the potential for abuse and, if misused, can lead to health and social
problems. Defining an ethical position for the industry and its members must, therefore,
acknowledge these adverse consequences. While rejecting suggestions of a direct causal link
between alcohol advertising and alcohol-related social problems, the alcohol industry
recognises the need for responsibility in the sphere of commercial communications.

As with all advertising, regardless of sector, commercial communications by the
alcoholic beverage industry should be legal, decent, honest and truthful and conform to
accepted principles of fair competition and good business practice, prepared with a due sense
of social responsibility and based on principles of fairness and good faith. They should not,
under any circumstances, be unethical or otherwise impugn human dignity and integrity.

Advertisements for alcoholic drinks should not encourage excessive or irresponsible
consumption, present abstinence or moderation in a negative way, or suggest any link with
violent, aggressive, dangerous or antisocial behaviour.
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Whereas the majority of alcohol advertising codes of practice deal primarily with brand
advertising, it is now increasingly common for codes to cover all aspects of marketing
communications (such as brand naming and packaging, internet promotional activities and
point-of-sale promotions at retailer level). This is a good way of ensuring that all commercial
communications are covered by self-regulatory rules. Nevertheless, practices such as
labelling, packaging or pointof-sale promotion (below-the-line advertising) fall outside the
remit of the general advertising SRO and are in most countries regulated by an alcohol
industry funded social aspects organisation (SAO). SAOs are also responsible for the social
responsibility campaigns run by the alcohol sector at national level, such as for example
“anti-drink-drive” campaigns4 , responsible serving programmes, consumer information and
awareness campaigns. Both SAOs and SROs work for responsible consumption through the
promotion of responsible drinking patterns.

While each of the branches that together constitute the alcohol sector (spirits, beer and
wine) has traditionally written codes applicable only to its own products, national SROs
adjudicate on all branches indiscriminately. In some countries, all codes have been merged
into a single “alcohol section” under the general advertising code administered by the
national SRO. Various sectoral codes can also co-exist in a country as long as there is a
degree of convergence, and as long as the codes and their enforcement are equally credible.

The commitment and consensus among the key players in the sector to ensure that
advertising meets high standards of responsibility is a fundamental requirement for all self-
regulatory systems. This commitment to responsibility needs to be reflected in the Code of
Practice, written by the alcohol industry, which sets out the principles that will govern the
content of advertisements. The scope of the code will depend on the extent to which
advertising is already regulated by law, as there is no point in a code that simply duplicates
existing regulations. The code must be reviewed and updated when necessary, to reflect
changing circumstances in society or technology. It must be widely publicised among the
industry and communicated to the general public. Among the industry codes adopted
throughout the world, the general standards include the following.

These principles come from the ICC Consolidated Code of Advertising and Marketing
Communication Practice applicable to all marketing communications, and therefore also to
alcohol marketing communications.

- Advertisements for alcoholic drinks should be legal, decent, honest and truthful. They
should conform to accepted principles of fair competition and good business practice. All
aspects of the law have to be respected, from commercial aspects to copyright and data
protection. Ads should not be misleading, whether by omission or exaggeration, and
competitors should be respected.

- Advertisements for alcoholic drinks should be prepared with a due sense of social
responsibility and based on principles of fairness and good faith, including when using
testimonials. Advertisements should not show anti-social behaviour (e.g., street violence,
hooliganism) or portray dangerous or distressing situations (e.g., suicide, inappropriate use
of guns or knives.

- Under no circumstances should alcohol advertisements be unethical, offend against
generally prevailing standards of taste and decency or otherwise offend human dignity and
integrity in the country where they are appearing. National sensitivities around specific
issues, be it due to societal or religious reasons, should be respected (e.g., use of religious
references or personalities). Issues around the portrayal of gender should be handled with
care in all marketing communications but even more specifically in alcohol advertisements.

- Advertisements for alcoholic drinks should not encourage, condone nor portray
excessive or irresponsible consumption, present abstinence or moderation in a negative way,
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or suggest any link with violent, aggressive, dangerous or anti-social behaviour. If a group of
people is shown consuming the product, the person who is not consuming should not be
ridiculed. Likewise, advertisements should not suggest that drinking is an essential part of
life or a necessary routine.

- Advertisements should not associate drinking with dangerous or daring activities (e.g.,
driving a motor vehicle of any kind or operating of potentially dangerous machinery).
Driving any type of vehicle under the influence of alcohol is dangerous; it is illegal in most
countries. Any type of motor-operated vehicle falls under this rule (e.g., motorbikes, cars,
trucks, boats, planes). Operating machinery under the influence of alcohol can be dangerous
and increases risks of getting harmed. Advertisements should not portray, for example,
people operating a forming press in a factory or handling melting metals.

- Advertisements should avoid any confusion about the nature and strength of alcoholic
drinks. They may present information for consumers on alcoholic strength but should not
emphasise high alcoholic strength in itself as a positive quality. Reversely, messages may
not imply that consuming beverages of low alcohol content will avoid alcohol misuse. High
alcohol content in a given drink should not be presented in itself as a positive quality in order
to avoid misuse or incitation to abuse.

- Advertisements should not create the impression that consumption of alcohol is a
requirement for sexual success and should not imply that the successful outcome of a social
occasion is dependent on the consumption of alcohol. Such references are often common in
advertisements for other product categories but are not to be used in relation to alcohol
advertising. Alcohol should not be presented as a means to seduce the opposite sex or as
enhancing someone’s seduction power or attractiveness.

In Europe, two entities work together on issues of responsible marketing
communications for spirits:

- EFRD—The European Forum for Responsible Drinking The European Forum for
Responsible Drinking is an alliance of leading European spirits producers supporting
targeted initiatives to promote responsible drinking. These initiatives focus on attitudinal and
awareness programmes, responsible marketing and self-regulation, as well as the promotion
of a better understanding of the evidence base. In 2008, EFRD became a member of the
European Spirits Organisation—CEPS to support the overall spirits industry in meeting the
expectations of stakeholders towards responsible commercial communications and a
reduction of alcohol-related harm.

- CEPS—The European Spirits Organisation The European Spirits Organisation—
CEPS acts as the European representative body for producers of spirit drinks. With members
from across Europe, CEPS ensures that no form of commercial communication about their
products encourages or condones excessive consumption or misuse of spirits, or specifically
targets underage drinkers. All members adhere to the principles enshrined in the EFRD
Common Standards for Commercial Communications effective and credible alternative to
the consumption control approach.

In North America, the regulation of alcohol production is as follows.

- DISCUS—The Distilled Spirits Council of the United States The Distilled Spirits
Council is the national trade association representing America’s leading distillers and nearly
80% of all distilled spirits brands sold in the United States. The DISCUS Code of
Responsible Practices for Beverage Alcohol Advertising and Marketing provides for a Code
Review Board comprised of senior member company representatives charged with
reviewing complaints about advertising and marketing materials in the marketplace.
Additionally, the Code has an Advisory Board made up of outside independent experts from
academia, government and broadcasting. The distilled spirits industry’s approach to self-
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regulation, pointed to as a model for other industries by the Federal Trade Commission, has
been commended on numerous occasions by regulators, industry watchdogs and the media.

- ACD—Association of Canadian Distillers The Association of Canadian Distillers is
the national trade association representing Canada’s major distillers. The ACD feels a
special obligation to encourage moderate consumption of alcoholic beverages and to
promote a sense of responsibility. Toward this end, the Association supports and develops
educational projects focusing on responsible consumption and help consumers make
informed decisions.

In Asia-Pacific, the regulation of alcohol production is as follows

- DSICA—Distilled Spirits Industry Council of Australia The Distilled Spirits Industry
Council of Australia is the national organisation representing and advancing the interests of
manufacturers and importers of distilled spirits and liqueurs in Australia. DSICA’s mission
is to create an informed political and social environment that recognises the benefits from
moderate alcohol consumption and encourages responsible community attitudes towards
alcohol.

- Distilled Spirits Association of New Zealand The Association is the national
organisation representing the views of New Zealand’s leading producers and marketers of
premium spirits and liqueurs. The Association is committed to working with all stakeholders
to promote responsibility in the consumption and sale of alcohol. The code approved by the
sector is administered by the Advertising Standards Authority.

A comparison of the comprehensiveness and strictness of the alcohol policy in different
countries was made according to a new scale developed by Karlsson, Lindeman and
Osterberg (2013). This scale is a further development of the previous scale developed by
Karlsson and Osterberg (2001), because more aspects of the policies are considered and it
includes an assessment of how the formal rules are enforced in the different countries. The
scale is a sum score of six different categories of alcohol policy measures. The two main
categories are a) control of production, retail sale and distribution, and b) alcohol taxation
and price, which weigh 25 per cent each in the total score. The other categories are: c¢) age
limits and personal control, d) control of drunk driving and e) control of advertising,
marketing and sponsorship of alcoholic beverages, which weigh 15 per cent each, and f)
public policy, which weighs 5 per cent. The six categories are divided into several
subcategories, presented in a questionnaire, which was filled out by experts in each country.
The countries were given points for each subcategory of restrictions that were in place.

The maximum number of points a country could have is 160. The scores for the seven
actual countries are presented here by permission of the constructors of the scale. An
interesting aspect of this study is the comparison between the formal and informal rules that
are assumed to regulate alcohol consumption, and the drinking patterns themselves. This is a
difficult task, because we lack relevant data on drinking patterns that are comparable
between countries.

The only relatively credible data source is recorded alcohol consumption in the
different countries. But, in addition, we have consumption from unrecorded sources. These
sources are not very reliable for comparative purposes due to different estimation methods in
different countries. Nevertheless, mean consumption is not the most interesting feature of
drinking habits in relation to formal and informal rules. It is not drinking itself that is
important to other people and to legal authorities, but the problems it generates. Therefore,
what is needed is comparable data on different types of alcohol-related behaviour that could
be seen as problematic or worrying and cause reactions, either from the general public
(normative response) or from the authorities (formal rules and laws), or from both. This type
of data is scarce, and not very reliable for comparisons. The most comprehensive meta-study
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on these topics is probably the report of Anderson and Baumberg, and their conclusions are
used here.

The policy indices are contrary to the normative indices; when the normative index is
low, the policy index is high, and vice versa. If we compare the Nordic countries with
Germany, Spain and Tuscany/Italy, this is very obvious. The policy indices in Poland and
Slovenia lie in-between the policy indices in the Nordic countries and the three other
countries. Although the normative indices are relatively high in Poland and Slovenia, the
policy indices are also relatively high, though not as high as in the Nordic countries.

In their report, Anderson and Baumberg summarize European drinking patterns in four
points:

» People in southern countries prefer wine, while people in central and northern
countries prefer beer.

* People in southern countries do more of their drinking with meals than people in other
countries.

* People in southern countries drink alcohol more often than people in northern
countries.

* Binge drinking and drunkenness are more common in northern countries than in
southern countries. In other words, and even though there are exceptions to this main
conclusion, their study supports the common impression of a north-south gradient in
drinking habits: drinking on more occasions, especially of wine and with meals, but less
drunkenness in the south, and vice versa in the north of Europe.

The results seem to support the complementary hypothesis: While the Nordic countries
have strict alcohol policy measures, the “normative climate” seems to be quite tolerant for
drunkenness. In Germany, Spain and Tuscany/Italy it is the other way round: The norms for
drinking behaviour are rather strict, corresponding to a more decent behaviour, while the
formal rules are more liberal. The norms in Poland and Slovenia come in a middle position:
While the informal norms are rather strict, and quite similar to those in the neighbouring
countries, the formal rules are stricter than in the neighbouring countries. This might be seen
as a remnant from the quite recent communist period of these two countries. In this period,
many areas were controlled by more formal rules, including the area of alcohol. Probably the
authorities in these countries do not see it as rational to abandon these rules, especially since
all other European countries are either continuously introducing stricter rules (Karlsson &
Osterberg 2001), or stricter rules already apply (the Nordic countries).

Systems at country and European levels should be established to provide sustainable
monitoring and surveillance of alcohol marketing including:

a) documenting and tracking all existing regulations on alcohol marketing practices

b) monitoring media use and exposure to young people

¢) monitoring young people’s perceptions to alcohol marketing practices

d) monitoring new technologies and types of media

¢) monitoring cross border marketing

f) documenting violations of existing regulations

Conclusion

Ukrainian alcohol companies should consider Europe-wide and country-based policy
on alcohol marketing and should address the advertising and promotion of alcohol products
through all media and the sponsorship of arts, cultural, musical and sporting events.

Policy on alcohol marketing should be based on the scientific evidence of what works,
and on public health principles that protect vulnerable populations. In order to protect young
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people and other vulnerable groups, alcohol marketing restrictions at European and country
levels should be strengthened.

1.
2.

10.

11.

Ukrainian regulations on alcohol marketing should be aimed at:

restricting the placement of alcohol marketing to reduce exposure to young people;
limiting alcohol marketing that is misleading about the characteristics or effects of
alcohol,

prohibiting alcohol marketing that appeals to minors and other vulnerable groups;
including information that alcohol is not a risk free product.

The European Union and countries should work together to:

Explore agreements and mechanisms to restrict the marketing of alcoholic beverages at
the European level, ensuring a standard and equal system across Europe

Develop standards based on the best available evidence to reduce exposure and ensure
that content does not influence the drinking expectancies and behaviour of young
people

Develop technologies and other means necessary to regulate cross-border marketing,
including the internet and mobile phone use

Recognise that countries which have a ban on certain forms of alcohol marketing have
the sovereign right to maintain such a ban.
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Introduction. A research is objective to analyze the state of the
agrarian sector of Ukraine, find out the weaknesses and strengths of
the sector and to suggest ways to improve its efficiency.

Materials and methods. Such methods as: extrapolation,
scientific abstraction, synthesis, analysis, comparison and deductive
method were used in the article. Analysis were used for specification
of the main gains and deficiencies of reform in the agro-industrial
complex. Were defined the main directions of land reform
implementation.

Results and discussion. More than two thirds (71,2%) of the
total land area is agricultural land, compared to only 13,2% in Russia
and 44,3% in the EU. Arable land at 32,5 million hectares has the
largest area in Europe after Russia, accounting for 56,1% of the total
land area — the highest percentage in Europe after Denmark. About
80 percent of the agricultural area is arable land, two-thirds of it the
agriculturally rich black soil. The primary food harvest products in
Ukraine are barley, maize, potatoes, rice, soybeans, sugar beets, and
wheat. The main problems that we can identify in the sector are
credit problems, problems of employment, drawbacks of state
regulation mechanisms for agricultural sector development of
Ukrainian economy, investment climate, property rights, corruption,
obsolete machinery and inadequate on-farm storage, shrinking of
livestock inventories, forming and effective use of physical capital at
agricultural enterprises under changeable market conditions,

lack of full implementation of agrarian reforms, complicated, ever-
changing schedule of charges in the tax system of the country.

Theoretically speaking, sensible Ukraine land reform could
cause an agricultural boom in a country commonly known as the
“breadbasket of Europe.”

The Government of Ukraine has set the goals of agrarian reform.
Five directions have been defined: land reform and reform of
property relations in the agro-industrial complex; establishment of
new business entities on the basis of collective agricultural
enterprises, employing private property and land ownership;
formation of market infrastructure in the agro-industrial complex;
modernization of production, establishment of competitive
agricultural enterprises; improvement of the mechanisms of state
regulation in the agricultural sector. State support could be structured
in four big blocks: VAT exemption for farming industry, direct
subsidies, general services and fixed agricultural tax.

Conclusions. Further progress aimed to improve efficiency in
Ukrainian agriculture requires continued restructuring of farm
enterprises into smaller autonomous units based on private
ownership of land and assets, clear formulation of procedures that
allow individuals and small groups with shares of land and assets to
exist, development of land markets, and establishment of functioning
market infrastructure for competitive input supply, marketing
services and financial services.
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Introduction

Ukraine is rich in farming and forestry resources. Agriculture has traditionally been
one of the most important sectors of the Ukrainian economy, which produces high quality
products. More than two thirds (71,2%) of the total land area is agricultural land, compared
to only 13,2% in Russia and 44,3% in the EU. Arable land at 32,5 million hectares has the
largest area in Europe after Russia, accounting for 56,1% of the total land area — the highest
percentage in Europe after Denmark.

So, about 80 percent of the agricultural area is arable land, two-thirds of it are rich
black soil. The main food harvest products in Ukraine are barley, maize, potatoes, rice,
soybeans, sugar beets, and wheat.

Research objective. To reflect the importance of the chosen topic, as it is considered to
be one of the major economic and food safety problem of the country.

In Ukraine, land reform has been mostly limited to transforming state ownership into
collective ownership. The weak reforms have failed due to radically change of the
traditional organization of collective Ukrainian farms. Break-up and internal restructuring
of large farms has been very limited. Hence it should not be a surprise that the transition
process is not delivered in the terms of increased profitability and efficiency.

Materials and methods

Such methods as: extrapolation, scientific abstraction, synthesis, analysis, comparison
and deductive method were used in the article. Analysis were used for specification of the
main gains and deficiencies of reform in the agro-industrial complex. Were defined the
main directions of land reform implementation.

Analysis of recent research and publications. Recently, much attention was paid to the
study of the topic. Results of the research can be found on the Internet, where it is possible
to find not only political articles on the subject, but the results of the scientific research.

Results and discussion

In recent years, agricultural production has declined drastically because of a decrease
in the number of tractors and combine harvesters in working conditions and to the lack of
fertilizers and pesticides. These shortfalls in agricultural inputs reflect the decline of
investment in agriculture and decline of production.

In 2014 Ukraine total grain crop was estimated to be record 64 million metric tons,
however as several regions claimed their independence due to the War in Donbass and the
Crimea Crisis the actual available crop yield dropped down to 60,5 million metric tons [3].

But Ukrainian economy is on his knees after 20 years of neglect and robbery. There is
one sector that is already flourishing and could be an engine of recovery [4].

As farming is a low-margin, labour-intensive business, the sector was largely ignored
by the incumbent oligarchs, who preferred to pick off the easy-to-steal metal plants and
simple-to-run banks.

Living closer to the EU is obviously a good thing for Ukrainians farmers. However as
it is reported that under the terms of free trade and association deal, signed this year with
the EU access for Ukraine’s agricultural products to EU markets is actually limited, in order
to protect the EU’s own agricultural production. About 40% of the EU budget goes on farm
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subsidies, whereas only 1,8% of Ukraine’s budget is spent on this way. But we need to
understand, if we move to the EU, we will not only change the market, we will change the
way they work fundamentally.

While the task of reforming the country’s agriculture sector looks daunting, there is
actually a lot of money about the pressure on the global food supply caused by the
population rise.

Agriculture could provide the impetus for investment and economic reforms.

Investments into leading agricultural companies is pointless unless it is accompanied
by associated investment into supporting infrastructure.

One key change for the agricultural sector is to implement land reform. Ukraine has
some 20mn hectares of arable land, of which 10mn hectares belong to the government, and
it could be sold off.

However, no one is expecting this to happen quickly; the privatisation of land remains
one of the most politically charged issues that any country has to deal with.

All agricultural markets will be negatively affected by the poor macroeconomic
fundamentals in Ukraine. There will be limited investment into the country over the coming
quarters giving the instability, which will affect agricultural production over forecast
period. Russia's ban on imports from Ukraine will impact production for dairy and livestock
industries, because Russia is one of largest agricultural export markets. Furthermore,
significant currency depreciation will limit imports, hitting input usage and domestic
investment of Ukraine [5].

The agricultural sector is experiencing serious internal difficulties, due to the
transitional nature of the economy. A new policy and direction for Ukrainian agricultural
sector are necessary. Agriculture poses the greatest challenge to the survival of Ukraine's
political leaders, because almost half of all Ukrainian population live in rural areas [6].

In general, Ukraine has tremendous agricultural potential but this potential has not
been fully exploited due to depressed farm incomes and a lack of modernization within the
sector. Insecure land ownership and an inefficient registration system have also held back
Ukrainian farming sector, but it has been improved in recent years.

Ukraine should become attractive for foreign investors, get complex tax codes, laws
and regulations, decause poor corporate governance and weak enforcement of contract law
make doing business within the country difficult.

The World Bank ranked Ukraine 137 out of 183 economies in its Doing Business
Report in 2015. Many foreign financial institutions have left the Ukrainian market,
according to a February U.S. State Department report [7].

So, the main problems that we can identify in the sector are the following:

- Credit Problems. Most farms are able to receive credit, but interest rates and
collateral demands are high. Since many farms are already heavily in debt to banks or
suppliers of fertilizer and plant-protection chemicals, and since agricultural loans are not
guaranteed by the government, banks are largely unwilling to give long-term loans. Most
credits are seasonal loans (six to ten months) used almost exclusively for the purchase of
fertilizer and plant protection chemicals.

- Problems of employment. The decline of employment in agriculture has taken
place as a result of negative factors caused by both demand and supply. Formation of labor
supply determines the unfavorable demographic situation and the lack of proper motivation
and incentives work.

- Drawback of state regulation mechanisms for agricultural sector development in
Ukrainian economy. The main problem is that the implementation of state agricultural
policy through appropriate mechanisms of state regulation for agricultural sector must
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decide triple task, aimed to ensure food security and create an efficient economy, provide
an integrated socio-economic development of rural areas.

- Investment climate. Doing Business 2013 data for Ukraine shows attractiveness of
Ukraine for investors. Ukraine is currently ranked 134th (out of 185 economies), which
shows a 4,6% increase compared to the previous year of 2012, when it was ranked 152. The
aim of the current government is to be between the top - 100 countries by the end of the
2016.

- Property rights. In Ukraine the property rights are not clearly defined yet.

- Corruption. As it was mentioned before, Ukraine scores extremely low on the
freedom from corruption index. Ukraine ranks 144 from 174 countries in the Corruption
Perception Index with 26 points out of 100 in 2014 (one of the most corrupted countries in
Eastern European and Central Asia).

- Obsolete Machinery and Inadequate On-Farm Storage. A chronic lack of modern
harvesting equipment is one of the main obstacles to increasing grain output and quality.

- Shrinking Livestock Inventories.

- Forming and effective use of physical capital at agricultural enterprises under
changeable market conditions.

- Lack of full implementation of agrarian reforms.

- Complicated, ever-changing schedule of charges in the tax system of the country.

Theoretically speaking, a sensible Ukraine land reform could cause an agricultural
boom in the country commonly known as the “breadbasket of Europe.”

The efficiency of agrarian reform largely determines the overall course and results of
market transformation, since the agrarian sector accounts for 32% of Ukraine's population,
almost a quarter of production assets and about 14% of the annual output of goods and
services. The documents that determine the strategy of reform in Ukraine point out that
agricultural policy should be the "key element, stimulating factor" of accelerated market
transformation of economy.

The necessity for deep reform of the agrarian sector is caused not only by the systemic
nature of socio-economic transformation that Ukraine is presently undergoing, but also by
the critical state of agriculture.

The documents that determine the strategy of the state policy define the goal of
transformation in the agrarian sector of Ukraine's economy as the following: "The strategic
goal of the agrarian policy is to create a true owner and master of land, social and economic
progress of the countryside, solve the food problem, and raise the agricultural sector of
Ukraine's economy to the world level. Agrarian reform encompasses all basic elements of
the agricultural sector:

o production or property relations (economic aspect);

« social structure (social aspect);

o production technology (techno-economic aspect);

e management (organisational-economic aspect);

o legislative support for all processes and results of reform (legal aspect).

Therefore, agrarian reform has a comprehensive, systemic character and should be
implemented according to the requirements of co-ordination and balance of the changes in
each of the above aspects.

The Government of Ukraine has to set goals of agrarian reform in five directions:

land reform and reform of property relations in the agro-industrial complex. Under
legislation adopted in 1992, Ukrainian law recognizes private ownership of agricultural
land, as well as collective and state ownership. Also, a program to transfer land from state
ownership to collective and individual ownership was initiated on a large scale, with
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procedures to restructure collective and state farms. The transfer of land ownership and
restructuring of traditional farms creates opportunities to develop for private farming in
Ukraine after decades of collective management of agriculture;

establishment of new business entities on the basis of collective agricultural
enterprises, employment of private property and land ownership, relying on leasing;

formation of market infrastructure in the agro-industrial complex;

modernisation of production, and establishment of competitive agricultural enterprises
(domestic and international);

improvement of the mechanisms of state regulation in the agricultural sector.

Next, all state support to agriculture could be structured in four big blocks [9]:

- VAT exemption for farming industry. An agricultural producer is eligible to retain
the difference between the VAT paid on inputs (i.e. fertilizer, fuel, plant protection, grain
drying, etc) and the VAT received when selling outputs (i.e. crops grown).

- Direct subsidies; These are cash disbursements from the state budget under various
government support programs, including schemes widely adopted globally, such as interest
expense reimbursement, capex refunds for new animal farms, etc. While most of these
programs have not been working, the amounts of available under these programs are
budgeted every year and vary widely. Moreover, the distribution of these subsidies is
believed to be corrupted. The below numbers show the dynamics of the budgeted amounts
of the subsidies (while actual numbers are likely to be lower):

Table 1
Direct state subsidies, USD miln

Index / years | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Livestock sector | 169 | 254 92 81 74 0
Perennial crops 60 70 135 13 8 0
Other 31 35 139 15 0 15
Total 259 | 359 | 365 | 109 83 15

Source: Ukrainian Agrarian Association

- General services; The Organisation for Economic Cooperation and Development
(OECD) is an international economic organisation of 34 countries, founded in 1961 to
stimulate economic progress and world trade. It is a forum of countries describing
themselves as committed to democracy and the market economy, providing a platform to
compare policy experiences, seeking answers to common problems, identify good practices
and coordinate domestic and international policies of its members. Under OECD
methodology, the government expenditures on bureaucracy, research and regulatory
agencies are considered to be a part of the state support. While business benefits from
certain internationally required certification, majority of these money is spent on soviet-
style barely benefits from this so-called research, excessive and excessive certification and
bureaucracy.

- Fixed agricultural tax. An agricultural producer is eligible to pay fixed agricultural
tax (~USD 0.8/ha per year until 2015, ~USD 6/ha since 2015) instead of corporate income
tax (now 18%). This was considered to be a material subsidy prior to 2015; levels
established from 1 January 2015 are comparable to the ones which should pay under
general corporate profit tax of 18%. The absence of reliable data on dynamics of farmers’
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average profitability and high doubts of whether any of income tax would be collected

under general regime, this subsidy is omitted from these calculations.

The negative actions come through two ways: absence of VAT refunds and export
quotas and duties. Of course, there are many small positives and negatives affects from the
state policy but they are relatively immaterial.

Excessive taxation of agriculture exports:

1. Absence of VAT refunds on grain exports. Value added tax is one paid in the country
of consumption. The tax is gradually collected from the value created, each participant
in the chain pays its share of the tax. To avoid double taxation and unintended non-
taxation during international trade, the common approach is used by all countries which
adopted the VAT is that imported goods are subject to a VAT rate based on import
price, while exported goods are eligible for refunds of VAT paid on inputs. To put
things simple, if iron ore producer in Ukraine pays USD 10 per ton of VAT during the
production process, the same amount would be refunded when this iron ore is exported.
The importer in the country of consumption would pay the applicable VAT amount
(based on tax rate in his country).

2. Export quotas and duties. In addition to cancelation the refunds of VAT, the
government also introduced grain export duties in 2011/12. Though they lasted for
several months only, they had negative affect on the agriculture industry earnings.

One year earlier, in 2010/11, Ukrainian government restricted grain exports through
introduction of quotas on grain export. Because amounts stipulated in quotas were
materially lower than available grain export surplus (production minus domestic
consumption), the spread between domestic and international prices increased sharply, and
farmers earned less than they could under free trade.

Conclusions

As you can see from the article, there are many problem areas in the agricultural sector
of Ukraine. But there are also strengths, that when state aid can be strengthened to improve
farms effective activity.

Further progress toward improved efficiency in Ukrainian agriculture requires
continued restructuring of farm enterprises into smaller autonomous units based on private
ownership of land and assets, clear formulation of procedures that allow exit of individuals
and small groups with shares of land and assets, development of land markets, and
establishment of functioning market infrastructure for competitive input supply, marketing
services, and financial services.
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Introduction. The growing market demand in corrugated
package products requires increase of fluting production,
which is limited by the process of drying. Therefore,
intensification of drying by the use of new sources of heat and
reduction of air emissions is an urgent problem.

Materials and methods. The subject of the study is the
process of fluting drying using infrared radiation. The object
of the study is the kinetics of fluting drying process using
infrared radiation. The experiments were carried out on
fluting samples of grades B-0, B-1 and B-2 according to
technical specifications Ukraine TS U 21.1-31812534-
023:2009 (112, 125 and 140 g/m?), and samples of irregular
fluting with increased mass per square meter of 200 g/m”. The
mathematical modelling methods and experimental studies
using a computerized test facility and statistical processing of
findings were used.

Results and discussion. The experimental curves of
drying and the process main parameters are approximated
with sufficient accuracy by the proposed mathematical
description. The root-to-mean deviations of the calculated and
experimental values of the moisture content does not exceed
0,04 kg/kg, enabling the fluting drying calculation at heat flux
density up to 35 kW/m?.

With increase of radial heat flux density from 2 kW/m® to
35 kW/m?® the total time of fluting drying is reduced more
than 20 times.

The maximum value of the heat flux density is limited by
fluting rising surface temperature of 150 °C in the first period.
Therefore, at the heat flux density of 35 kW/m? the drying
process of fluting should be carried out only at the end of the
first period, the duration of which is increased referred to a
heat flux density increase.

Conclusions. Kinetic patterns and basic parameters of
fluting drying using infrared radiation which are received in
the study, allows performing calculations needed to design
industrial processes of fluting drying and equipment for their
effective implementation.
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Introduction

Every year, the turnover is increasing by accelerating the material production rate for
packaging. There are many types of similar materials. Until recently, the most common
packaging material was polyethylene. However, time of polyethylene decomposition is
much longer than paper, consequently it can lead to environmental problems [1]. Because
of this environmentally-friendly natural materials have increasingly been common in use.

One of the most common natural materials for packaging is paper. This is due to its
naturalness and high consumer characteristics, large reserves of raw materials for its
production and a number of production facilities.

For transportation a packaging material must feature distinguishably increased rigidity
and durability. Corrugated cardboard possesses these properties [2]. With a relatively small
mass and cost, corrugated cardboard features high physical performance. The feature of
corrugated cardboard production is the possibility of using paper and paperboard which are
made of waste paper [3]. This can reduce the cost of its production and save natural
resources.

Corrugated cardboard is made of three main components: cardboard for surface layers
(liner), paper for corrugating (fluting) and glue that binds them. Due to high loads during
corrugation and exploitation especially strict requirements for fluting characteristics are
specified.

In production liner and fluting pass the following main stages: forming, pressing and
drying [4]. The most energy intensive of these stages is drying.

The most common type of paper drying is contact drying method of paper web on
drying cylinders surface [5]. Despite of relatively high performance, this method has
several disadvantages [6]. First of all, it is cumbersome equipment and use of steam as a
coolant for drying. In steam production it is necessary to burn natural gas, which increases
the amount of carbon emissions into the environment. Carbon dioxide increases the
greenhouse effect leading to global warming [7].

The drawback of the contact drying method is that the heating rate of wet paper is
limited by its low thermal conductivity and it decreases by heat consumption on water
evaporation during heating.

These factors stipulate the search for alternative methods of drying paper and
cardboard. One of such promising methods is paper drying using infrared radiation [8]. This
type of radiation is known to have a deep penetrating ability into material. Consequently,
heating of material is not limited by its thermal conductivity. In addition, the use of infrared
radiation does not need to burn natural gas. This will enable to reduce carbon dioxide
emissions in the atmosphere.

To develop a highly effective device for fluting drying using infrared kinetic patterns it
is necessary to be familiar with the process and its basic parameters. In literature survey of
scientific publications the information on fluting drying by infrared radiation was not
found. Therefore, the definition of kinetic patterns and basic parameters of fluting drying
using infrared radiation needed to develop a high-performance drying unit is relevant.

Materials and methods
In the studies there were used fluting samples of grades B-0, B-1 and B-2 according to

technical specifications Ukraine TS U 21.1-31812534-023:2009 (112, 125 and 140 g/m?)
and irregular samples with fluting with increased mass per square meter of 200 g/m”. The

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2 311



Processes and equipment of food productions

samples diameter was 80 mm. The fluting for various experiments was pre-soaked to the
original moisture content within 1,4-1,8 kg/kg.

To calculate the moisture content the test prototypes were labeled, dried in a drying
chamber until the constant mass and weighed on the scales with an accuracy of 3 mg. Then
the dried samples were pre-soaked for some time and were kept in the desiccator within 24
hours to even moisture distribution inside.

After the desiccator the soaked fluting samples were placed on electronic scales of the
experimental facility, which transferred the initial and current values of the mass on the
personal computer. On the computer, these values are converted to the appropriate mass
moisture values used for drying curve in the software environment of Excel.

The method of drying paper is radiation. An electric ceramic transducer with a rated
electrical output of 1 kW is applied as the radiation source. The working emitter surface has
the form with the sides of 0,122%0,122 m and an average temperature of working surface is
about 600 °C. The wavelength from the infrared emitter is 2,9-5 microns. The actual
electric power consumed by radiator, was measured with a wattmeter. To reduce heat loss
the radiator is equipped with a reflector.

The schematic of the experimental facility for determination of the drying process
kinetic patterns is shown in Figure 1.

220V

PL

l
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Fig. 1. The experimental facility for determination of drying process kinetics
1 — personal computer; 2 — electronic scales; 3 — infrared radiator reflector;
4 — wattmeter; 5 — pyrometer; 6 — ruler

The radiant flux density from the emitter working surface to the paper surface was
adjusted by distance change between them.

During the experiment the sample fluting was placed on the platform with a mesh
surface. The platform was installed on electronic scales. The scales dial resolution
constitutes 1 mg, measurement error is 3 mg. The scales with a frequency of 3 times per
second transmitted the current value of the wet mass of paper to the personal computer.

The surface temperature of the paper was measured with a pyrometer.

For experimental confirmation of the value of heat flux density from the infrared
emitter a conventional heat flux sensor PTP-04t was used.

Physical features of fluting drying process using infrared radiation and its
mathematical description are given in [9].
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The developed mathematical model was also tested in the study of sanitary paper
drying using infrared radiation [10].

The radiation type drying other kinds of paper and board are in the works of other
authors [11, 12, 13].

Results and discussion

The results of calculations of the mathematical description and experimental data are
presented in the form of moisture content and temperature—drying time characteristic
curves. According to the calculations drying rate—moisture content characteristic curves
were obtained as well.

These important kinetic dependences and parameters and process features were used
for creation of fluting drying technology.

Dependences of moisture on drying time ("drying curves") for fluting of mass per
square meter of 125 g/m” at different densities of heat flux are shown in Figure 2.
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Fig. 2. Dependence of moisture content on drying time when g=125 g/mz:
e — experimental data, t — estimated data
1-q=3665W/m?, 2 — q = 4300 W/m’, 1 — q = 6835 W/m’

For fluting per square meter mass of 125 g/m’ with increasing heat flux density of 3665 W/m” to
4300 W/m? and 6835 W/m® fluting total drying time is reduced from 318 s to 244 s and 203 s,
respectively. The duration of the first period of fluting drying at these densities of heat flux is 144 s at
drying rates 0,009 kg/kges, constitutes 116 s at rate of 0,012 kg/kges and constitutes 64 s at rate of
0,020 kg/kges, respectively.
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Thus, with increasing heat flux density on 635 W/m® the drying time reduces from 350 s to
250 s (final moisture content uy, = 0).

The drying rate dependence of these fluting samples according to drying periods is shown in
Figure 3.
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Fig. 3. Dependence of drying rate on moisture when g = 125 g/m’:
e — experimental data, t — estimated data,
1-q=3665W/m?, 2 — q = 4300 W/m’, 1 — q = 6835 W/m’

As shown in Fig. 3, the intensity of drying in the first period increases with radiant
heat flux density. This is due to the fact that infrared radiation is internal heat source for
thin materials [14]. This critical moisture content does not change and remains at
u;=0,4 kg/kg. The increase of radiant heat flux density from 3685 W/m® to 4300 W/m’
leads to increase of drying intensity from 0,01 1/s to 0,0125 1/s, while the increase of
radiant heat flux density from 3685 W/m” to 6835 W/m’, the intensity of drying increases
from 0,01 1/s to 0,0225 1/s.

Analysis of the results shows that the small radial heat flux densities up to 7000 W/m?
and a constant relative humidity of drying intensity in the first period are proportional to the
radiant heat flux density. This dependence indicates that the intensity in the first period of
drying is limited by radiant heat flux density. During drying by constant radiant flux density
with moisture content change of fluting the surface temperature, on which heat flux is
directed and, accordingly, the temperature on fluting thickness, changes.

The change in surface temperature of fluting according to drying time is shown in
Figure 4.
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Fig. 4. Temperature-drying time characteristic curves when g = 125 g/mz:
e — experimental data, t — estimated data,
1-q=23665W/m?% 2 - q=4300 W/m> 1 - q = 6835 W/m’

The average temperature of fluting surface with a specific mass of 125 g/m? at heat flux density
of 3665 W/m? in the constant rate period is 66 °C, at 4300 W/m? it constitutes 69 °C and 87 °C at
6835 W/m” respectively.

The equilibrium temperature of fluting surface at the end of drying at heat flux densities of
3665 W/m’, 4300 W/m? and 6835 W/m’ constitutes 161 °C, 187 °C and 217 °C respectively.

As shown in Fig. 4, the process of fluting heating to the first period temperature is carried out
for a short time, which is only 4-5% of the total drying time.

The temperature of fluting wet surface in the first period at low density of radiant heat flux of
3685 W/m” and a constant relative humidity is kept constant and close to temperature of the wet
thermometer (curve 1). The temperature constancy in the first period is maintained constant by
radiant heat flux density which is spent on evaporation of the moisture surface.

With increase in radiant heat flux density (curve 2) the fluting temperature in the first period
gradually increases, which is obviously due to the heat increase in the fluting inner layers, the
temperature of which is higher than the fluting surface temperature, which loses heat to the
environment.

With a substantial increase in the radiant heat flux density (curve 3) the fluting temperature
increases dramatically. Its value increases gradually throughout the first period and depends
obviously on saturation pressure and temperature does not meet the wet thermometer.

At the beginning of the second period, starting after the first critical moisture content, there are
straight sections of temperature curves in Fig. 4. These curves state points to constant rate of increase
in temperature, which apparently can be explained by moisture evaporation from microcapillaries, the
mass of which is reduced at a constant speed.

A transition straight section of temperature curves to curved sections is obviously determined by
evaporation of absorption moisture. The rate of temperature increase tends to zero when reaching the
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moisture content equilibrium. If the fluting surface temperature reaches the oxidation temperature at
the end of drying, the rate of temperature increase will accelerate, and the process will end with
fluting ignition.

Increase of theoretical values of temperature deviations from experimental at the end of drying
process (curve 3) can be explained by increase in energy to overcome the adsorption forces of water
molecules that are not taken into account in the equations of the mathematical model.

Moisture content-drying time characteristic curves for fluting with different masses per square
meter at heat flux density of 6835 W/m® are shown in Figure 5.
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Fig. 5. Dependence of moisture content on drying time when q = 6835 W/m’:
e — experimental data, t — estimated data,
1-g=112g/m’ 2 -g=125g/m’ 3 - g=140 g/m’, 4 - g = 200 g/m’

With the heat flux density at 6835 W/m® for fluting of masses per square meter of
112 g/m?, 125 g/m*, 140 g/m* and 200 g/m’ the total drying time is 189 s, 207 s, 212 s and
252 s, respectively. The duration of the first drying period at mass of dry fluting square
meter of 112 g/m” is 56 s, and the drying rate constitutes 0,0192 kg/kges; at 125 g/m” in the
first drying period is 61 s, and the speed of 0,0174 kg/kge s; at 140 g/m? duration of the first
drying period is 65 s and the speed of 0,0166 kg/kges and at mass square meter of 200 g/m’
duration of the first drying period is 90 seconds, and the drying rate constitutes
0,0112 kg/kges.

The drying curves analysis shows that with increase in mass per square meter of
fluting the drying time increases and drying intensity (rate) decreases. The reason for such
dependences is samples thickness increase referred to their masses increase per square
meter [15]. With increase of fluting thickness heat, diffusion and hydraulic resistance
referred to samples mass are increased. Therefore, samples with less thickness and mass
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with the same radiant heat flux density warm and dry much faster compared with samples
of greater thickness, which contain more water and require more energy to dry it.
The change in temperature of fluting surface at drying time is shown in Figure 6.
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Fig. 6 . Dependence of drying rate on moisture content when q = 6835 W/m’:
e — experimental data, t — estimated data,
1-g=112g/m’, 2-g=125g/m’ 3 - g=140 g/m’, 4 - g = 200 g/m’

The average temperature of fluting surface at heat flux density of 6835 W/m? for
fluting mass per square meter of 112 g/m” in a period of constant speed of 90 °C, 125 g/m*
it constitutes 92 °C, at 140 g/m” it is 94 °C, and at 200 g/m’ it amounts 98 °C

The equilibrium temperature of fluting surface at the end of drying at heat flux density
of 6835 W/m* for fluting of mass per square meter of 112 g/m® amounts 223 °C, at
125 g/m* it is 223 °C, 140 g/m”* it is 221 °C and it constitutes 231 °C at 200 g/m”>.

The analysis of samples masses influence on their heating surface temperature shows
that in the first period the surface temperature is close to the boiling point at atmospheric
pressure. A higher surface temperature of thicker samples is determined by significant
release of thermal energy in their volume and a higher thermal resistance.

After the first critical moisture content the samples surface temperature increases in
the transition period according to the power law, followed by a rapid temperature rise
linearly, due to the moisture evaporation from microcapillaries. After linear temperature
increasing its growth begins due to the power law from the second critical to the ultimate
equilibrium, which is due to the evaporation of absorption moisture to the equilibrium.

Graphical dependences of moisture content on drying time for samples with different
masses at different initial moisture contents and heat flux density of 6835 W/m? are shown
in Figure 7.
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Fig. 7 — Dependence of moisture content on drying time when g=125 g/mz:
e — experimental data, t — estimated data,
1-q=23665W/m? uy = 1,71 kg/kg, 2 - q = 3665 W/m’, uy = 1,53 kg/kg,

3 - q=4300 W/m’, uy = 1,72 kg/kg, 4 - q = 4300 W/m’, u, = 1,57 kg/kg,
5- q = 6835 W/m’, uy = 1,41 kg/kg, 6 - q = 6835 W/m’, u, = 1,36 kg/kg

The change in fluting surface temperature referred to drying time is shown in Figure 8.

For fluting of mass per square meter of 125 g/m” and heat flux density of 3665 W/m®
at the initial moisture content of 1,71 kg/kg and 1.53 kg/kg of drying rate of the first period
is the same and it constitutes 0,0091 kg/kges. Also, there are the same values of average
temperature of the first period of drying (64 °C) and equilibrium fluting surface
temperature at the end of drying (162 °C) (Fig. 8). The first period of drying for fluting
with initial moisture content of 1,71 kg/kg is 148 s, and the total drying time to the final
moisture content is 302 s. When the moisture content is 1,53 kg/kg, duration of the first
drying period and at the end of the second period are 127 s and 264 s respectively.

For fluting of mass per square meter of 125 g/m” heat flux density of 4300 W/m® the
rate of the first period of drying is 0,0122 kg/kges. The first period drying temperature is
70 °C and the equilibrium fluting surface temperature at the end of drying constitutes
186 °C (Fig. 8). The first period of drying for fluting with initial moisture content of
1,72 kg/kg is 115 s, total drying time to final moisture content is 238 s. When moisture
content is 1,57 kg/kg, duration of the first drying period and at the end of the second period
are 95 s and 200 s respectively.

For fluting of mass per square meter of 130 g/m” and heat flux density 6835 W/m” the
first period drying rate is 0,0172 kg/kges. The first period drying temperature is 90 °C and
the equilibrium fluting surface temperature at the end of drying constitutes 218 °C. The first
period of drying for fluting with initial moisture content of 1,41 kg/kg is 61 s, the drying
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end time is 206 s. When moisture content is 1,36 kg/kg, duration of the first drying period
and the total drying time are 53 s and 189 s respectively.
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Fig. 8. Dependence of surface temperature on drying time when
g =125 g/m’:

e — experimental data, t — estimated data,
1-q=23665W/m? uy = 1,71 kg/kg, 2 - q = 3665 W/m’, uy = 1,53 kg/kg,
3 - q=4300 W/m’, uy = 1,72 kg/kg, 4 - q = 4300 W/m’, u, = 1,57 kg/kg,
5- q = 6835 W/m’, uy = 1,41 kg/kg, 6 - q = 6835 W/m’, u, = 1,36 kg/kg

Analyzing the influence of the initial moisture content value on the drying process it
can be noted that the initial moisture content does not affect the drying rate. However, with
increase of the initial moisture content the drying time increases as a result of presence of
more moisture in the material inside. This trend continues by changing the heat flux
density.

Significant influence of the initial moisture content on fluting temperature during
drying was not found.

Graphic dependences of the estimated moisture content values on the fluting drying
time with masses per square meter of 112 g/m?, 125 g/m?, 140 g/m* and 200 g/m* with
initial moisture content of 1,72 kg/kg and heat flux density of 35 kW/m® are shown in
Figure 9.
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Fig. 9. Moisture-time characteristic curves when q = 35 kW/m’:
e — experimental data, t — estimated data,
1-g=112g/m’ 2 -g=125g/m’ 3 - g=140 g/m’, 4 - g = 200 g/m’

With heat flux density of 35 kW/m? the fluting drying duration of mass per square
meter of 112 g/m?® 125 g/m?, 140 g/m” and 200 g/m” with the regulatory dryness of 93%
(0,075 kg/kg) are 19's, 22 s 25 s and 36 s, respectively. The fluting drying time from the
process beginning to the first period end for these masses per square meter is 12,4 s, 13,9 s,
15,7 sand 21,3 s, respectively.

Thus, the increase in heat flux density is the most appropriate for heating and the first
period of drying.

To determine whether the experimental data refer to estimated data mean-square
deviations of the moisture content were defined. The maximum standard deviation
constituted 0,04 kg/kg.

The analysis of the theoretical and experimental results confirms the sufficient
adequacy of the obtained kinetic patterns (probability 95% by Fischer), which allows to
calculate the kinetic parameters of industrial processes of fluting drying using powerful
radiant heat flux.

Conclusions

Kinetic patterns and basic parameters of fluting drying using infrared radiation which
are received in the study, allows performing calculations needed to design industrial
processes of fluting drying and equipment for their effective implementation.

320 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



—— Processes and equipment of food productions ——

The use of infrared for fluting drying will reduce the gas costs for the steam
production resulting in replacement of contact drying method on radiation method, the
decrease in natural gas combustion will reduce emissions of carbon dioxide in the
atmosphere.
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Abstract

Introduction. In this paper we realized one of the following steps to create
a mathematical model of the sucrose crystallization process.

Materials and methods. For simultaneous solution of a system of 7
unsteady heat conduction problems in each separate area with constant and
with variable thermophysical coefficients, and also three separate unsteady
diffusion mass transfer problems for the four sucrose solution regions with
constant and variable diffusion mass transfer coefficients applied numerical
methods (controlling volume method).

Results and discussion. Temperature distribution in each considered
system cells area found from the non-stationary parabolic type differential
equations in partial derivatives systems solution for ten cases relative time
boiling sugar massecuite v/t (t/1.=0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8;
0,9; 1,0).

At the relative boiling sugar massecuite time /1. = 0,15 temperatures are
equal: 99,547°C for the left larger crystal sucrose solution area with constant
coefficients and 99,479°C for all variables coefficients; 94,799°C for larger
sugar crystal with constant coefficients and 94,409°C for all variables
coefficients; 90,234°C for the right larger crystal sucrose solution area with
constant coefficients and 89,640°C for all variables coefficients; 89,485°C
for the left smaller crystal sucrose solution area with constant coefficients
and 88,820°C for all variables coefficients; 87,325°C for smaller sugar
crystal with constant coefficients and 86,630°C for all variables coefficients;
85,285°C for the right smaller crystal sucrose solution area with constant
coefficients and 84,590°C for all variables coefficients; 75,107°C for
massecuite with constant coefficients and 75,098°C for all variable
coefficients

At the same time concentrations distribution found in each sucrose
solution region considered system cells. At the relative boiling sugar
massecuite time /1. = 0,15 concentrations are equal: 82.710% for the left
larger crystal sucrose solution area with constant coefficients and 82.274%
for all variables coefficients; 80.400%for right larger crystal sucrose solution
area with constant coefficients and 79.893% for all variables coefficients;
80.269% for the left smaller crystal sucrose solution area with constant
coefficients and 79.765% for all variables coefficients; 79.418% for the
right smaller crystal sucrose solution area with constant coefficients and
79.026% for all variable coefficients.

Conclusions. Found temperature distribution in the system cells that is
presented in the form of seven one-dimensional areas and, accordingly,
found the concentrations distribution in four sucrose solutions areas system
cells.
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Introduction

The process of obtaining crystalline sucrose is the most energy intensive in sugar
production. For its control in this paper realized one of the following steps to create a
mathematical model of the sucrose crystallization process

The performed literature review indicates that the issue of sucrose crystallization
process and related processes that directly affect the process were engaged Tetiana
Vasylenko and Sergii Vasylenko [1], Hugot E. [2, 6], Jenkins G.H. [3], Jiahui Chen [4],
Baikow V.E. [5], Lauret P. [7], Alewijn W.F. [8], Semlali Aouragh Hassani [9] and
Thomas R. Gillett [10].

From the literature review it can be concluded that describe the sucrose crystallization
extremely difficult. Moreover, today there is no single universally accepted approach on
this issue.

Therefore, in this paper the author realized one of the following steps to create as the
most complete mathematical model of the sucrose crystallization process.

This model should fully describe the heat and mass transfer process, which takes place
between the multiphase system components such as sugar massecuite.

Note that to described the above process with all the technological, thermal and
hydrodynamic characteristics that affect the mass sucrose crystallization process, almost
extremely difficult. Therefore adopted a number of simplifications. Thus, the mass
crystallization mathematical model is idealized nature.

Continuing studies [11, 12], in this case sugar massecuite also represented as a cellular
model [13, 14, 15].

Considered that each sugar crystal cell [14] surrounded by a corresponding sucrose
solution cell [15] for the whole sugar massecuite boiling time.

Further, hydrodynamic interactions occur only between cells. But the heat and mass
transfer processes occurring both within the cells, and between them.

Simulation of unsteady heat and mass transfer processes carried out in several stages.

The first stage it is necessary to find the temperature distribution in all cell system that
has been done and detailed for a single crystal sugar in [11] and for the two sugar crystals
in [12].

The second stage it is necessary to find the value in each cell sucrose solution
concentration, sucrose value transferred between the cells and the amount of crystalline
sugar that will crystallize (or dissolve) in a crystal sugar cell.

This issue of the simultaneous of temperatures values distribution in the cells system
and concentrations values distribution in each sucrose solution cell is devoted this work.
Note that in this paper the distribution concentration in the initial time in each sucrose
solution cell adopted for saturated sucrose solution adopted in accordance with the initial
temperature.

It is understandable that this unsteady diffusion mass transfer problem between cells,
from which the massecuite is completely based on getting unsteady temperature field
distribution in the system cells. Therefore, the unsteady heat transfer problem for seven area
of whole system cells and three individual unsteady diffusion mass transfer problem to four
areas sucrose solutions were solved simultaneously.

In this work, to continue [11, 12] demonstrate the simultancous modeling of the
unsteady heat process and unsteady diffusion mass transfer processes simultaneously for
the two sugar crystals, which are surrounded by respective cells sucrose solution and
simultaneously interact with massecuite.
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Based on unsteady heat conduction problem solution is determined by temperature
distribution in each component of cells that are inside the heating tube. Based on the
solutions of three unsteady diffusion mass transfer problems is determined by the
concentration distribution in each cell sucrose solution considered above system cells.

Accepted the initial time 1.9 = 0, when the whole cells system adjudged (included) to
the bottom of a vertically oriented heating tube. Final 1 ,¢ is the one time when the whole
system comes out simultaneously with heating tubes in its upper part. It is understandable
that t,; value will depend on the relative time of boiling sugar massecuite, i.e.,
Tc,end = Tc,end(T/Tc)~

Note also that the crystal’s, sucrose solution’s and massecuite’s cell thermal
characteristics and diffusion mass transfer coefficient of sucrose solutions cells are based
on the value of 7., will depend on the relative boiling sugar massecuite time t/t..

Materials and methods

In this paper, the search concentration distribution between the components sucrose
solution cells fully based on the resulting temperature distribution in the components of the
whole system cells. Note that, in turn, in this paper the temperature distribution in the
whole system cells also calculated as having depending on the resulting concentrations
distribution in the sucrose solution areas. Thus, in this paper the problem of interference
between simultaneous unsteady temperature distribution in all areas of the whole one-
dimensional cell system and unsteady concentrations distributions only one-dimensional
sucrose solution areas was considered.

Methods of obtaining only temperature distribution in the system cells, without
interference with the concentration distribution in sucrose solution areas was considered in
detail in [12].

Similarly in [12], first consider the volumetric case system of cells: «larger sugar
crystal-larger sugar crystal sucrose solution—less sugar crystal sucrose solution—smaller
sugar crystal-massecuite». By a similar method [12] made the transition from the volume
cell model to equivalent one-dimensional model.

Thus, for non-stationary heat and mass transfer problems considered next 7
dimensional regions (Fig. 1), simultaneously pairs in contact with each other:

1 - left area larger crystal sucrose solution;

2 - larger crystal sugar;

3 - rights area larger crystal sucrose solution;

4 - sucrose solution left area smaller crystal;

5 - smaller crystal sugar;

6 - rights area smaller crystal sucrose solution

7 - massecuite.

For three individual unsteady mass transfer problems considered one-dimensional four
areas (Fig. 1): 1, 3, 4, and 6, where 3 and 4 area pairs simultaneously in contact with each
other.

The first unsteady diffusion mass transfer problem involved the first area, representing
the left larger crystal sucrose solution region (Fig. 1).

The second unsteady diffusion mass transfer problem involved the simultaneous
contact areas 3 and 4 of the ideal mass transfer between them (Fig. 1).
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The third unsteady diffusion mass transfer problem was about the sixth area,
representing the right smaller crystal sucrose solution region (Fig. 1).

Note that in Fig. 1 shows a one-dimensional area as two-dimensional region with the
same height for all, equal to the average side bgiq> smaller crystal.
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Fig. 1. The one-dimensional case systems of cells "the left side larger crystal sucrose solution
cell-larger sugar crystal cell-right side larger crystal sucrose solution cell-left side smaller
crystal sucrose solution cell-smaller sugar crystal cell-right side smaller crystal sucrose solution
cell-massecuite' simultaneously taking participate in the non-stationary heat exchange and
diffusion mass transfer processes.

Designation of areas for:

Temp — considered only unsteady heat conduction problems;

Temp&Diff — considered simultaneously unsteady heat problem and nonstationary mass diffusion
transfer problem.

Formulation (and solution) non-stationary heat and mass transfer problems considered
for the following cases thermal characteristics and diffusion mass transfer coefficient:

I) all thermal characteristics and diffusion mass transfer coefficient is constant in all
sucrose solution areas.

In this case, the calculation of the diffusion coefficient, which depends on the sucrose
concentration content in the cell was calculated on the basis of sucrose sustainable value
content in massecuite at a current relative time v/t

IT) All thermal characteristics and diffusion mass transfer coefficient is variable in all
sucrose solution regions.

Because of the complexity of the problem, the second case (II) considered three
different options of variable thermal characteristics and diffusion mass transfer coefficient:
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II, a) at every calculating time step all variable thermal characteristics (density p;,
(i=1,...,7), the thermal conductivity A;, (i=1,...,7), and the heat capacity c;, (i=1...,7)) in all
regions and diffusion mass transfer coefficient D;, (i=1,3,4,6), in sucrose solution areas
depend only on the current temperature of the corresponding cell. All other changes are
dependent on p;, (i=1,...,7), A; (i=1,...,7), ¢;, (i=1,...,7) and D, (i=1,3,4,6) — were fixed on
each respective region at this time relative t/t.

Note that in this case the diffusion mass transfer coefficient in each sucrose solution
region depended on the fixed sucrose concentration content in massecuite at a given time
relative 1/t

I, b) at every calculating time step variable thermal characteristics (density p;,
(i=1,...,7), the thermal conductivity A;, (==1,...,7), and the heat capacity c¢;, (i=1,...,7)) in all
regions are dependent on the current temperature of the corresponding cell. All other
changes are dependent on p;, (i=1,...,7), A;, (=1,...,7), and ¢;, (i=1,...,7) — were fixed for
each respective region at this relative time t/7,,

At every calculating time step variable diffusion mass transfer coefficient D;,
(-=1,3,4,6), in sucrose solution areas dependent on the current temperature and the current
sucrose content in each respective region.

I, ¢) at every calculating time step variable thermal characteristics (density p;,
(==1,...,7), and the heat capacity c¢;, (i=1,...,7)) in all regions are dependent on the current
temperature of the corresponding cell. All other changes are dependent on p;, (i=1,...,7), and
¢, (i=1,...,7) — were fixed on each respective region at this relative time t/z.

At every calculating time step variable thermal conductivity A;, (=2,5,7), in the
crystals and massecuite areas depended only on the current temperature and current solids
content in the cell massecuite was fixed at a given time relative /7,

At every calculating time step variable thermal conductivity A;, (i=1,3,4,6) in the
sucrose solution areas depended on the current temperature and the current dry matter
content in each respective sucrose solution area.

At every calculating time step variable diffusion mass transfer coefficient D;,
(-=1,3,4,6), in the sucrose solution areas depends on the current temperature and the current
sucrose content in each respective area cell sucrose solution.

Note that the unsteady heat conduction problem for variants (II, a) and (II, b) without
consideration of unsteady mass transfer problems completely identical with each other.

Production of non-stationary heat conduction problems for the constant thermal
characteristics case (I) and variable thermal characteristics case (Ila), (IIb) and methods of
solving such problems by numerical methods was discussed in detail in [12].

Production of non-stationary heat conduction problems for the variable thermal
characteristics case (II, ¢) and methods of solving such problems by numerical methods will
be similar to the method discussed in [12].

Along with solving unsteady heat conduction problems for all 7 regions were
simultaneously solved the unsteady three separate diffusion mass transfer problem for 4
areas sucrose solution.

Exactly for them in this work and will consider setting unsteady diffusion mass transfer
problems. To reduce further records only consider the case (II, ¢) of the variable thermal
characteristics and mass transfer diffusion coefficient.

Thus, the first non-stationary diffusion mass transfer problem for one-dimensional
sucrose solution area 1 (Fig. 1) needs to find a solution unsteady parabolic type differential
equation (1) in the partial derivatives with mixed boundary conditions (2)—(3) and the initial
condition (4):
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oc, 0 oC,
pi(t,R,DS))— = (Pl(tl, B.DS))- D (1,5g,) j (1
or Ox Ox
% = 0’ (2)
0x |y
Cl (ll s T) sat (tlz (T)) (3)
Cl (xa O) - Cl,o ) (4)

(where C — sucrose concentration in the sucrose solution area,%; t— temperature, °C;
C,. — sucrose saturation concentration at current temperatures ¢, %; ¢;,(t) — the boundary
temperature of the contact areas 1 and 2 at time 1, °C; p — density, kg/m3 ; D — sucrose
solution diffusion coefficient m*/s, I, — length of region 1 (Fig. 1), m; P — purity of
sucrose solution area, %; DS — dry substance content in the sucrose solution area, %;
Sg — content amount of sucrose in sucrose solution area, %).

Next, the second unsteady diffusion mass transfer problem applies to both areas 3 and
4 sucrose solution (Fig. 1).

For it is necessary to find a simultaneously system solution for two non-stationary
parabolic type differential equations (5) in partial derivatives with mixed boundary
conditions (6)—(9) and the initial conditions (10):

Pt P.DS) S = —( (t.P.DS,)-D, (r,SgJ%j, (=34, )
ot ox

C3 (11 + lzaT) = Csat (tzs (T)) (6)
Colhi+L+5+1,7)=C, (1,5(7)) @)

oC oC
pz(tza 3,DS3)-D3(t3,Sg3)a—3 ——p4(t4,P4,DS )~D4(t4,Sg4 4 3(8)

=l +l+ly x=l+h+l

3lx=t+1, +y = C4 x=l+h+l 0 (9)
C,(x,0)=C, . (i =3,4), (10)

(where t,3(t) — the temperature on the boundary of the contact areas 2 and 3 at time ,t °C;
t45(t) — the temperature on the boundary of the contact areas 4 and 5 at time ,t °C; [; —
length field i, (i =1,4), (Fig. 1), m).

Conditions (8)—(9) — the so-called "crosslinking"conditions.

For the third unsteady diffusion mass transfer problem for one-dimensional region 6
(Fig. 1) sucrose solution needs to find a solution unsteady parabolic type differential
equation (11) in partial derivatives with mixed boundary conditions (12)—(13) and the
initial condition (14):

oC 0 oC
,06(t6, Gste) f=— ps(tssPGste)'Ds(tesSge)_é > (11)
or Ox ox

Colli +L+L+1, +15,7) = €y (15(7)) (12)
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%l -0, (13)
ax X:Zﬁ:l,(
Co(x,0)=C,, (14)

(where #54(t) — the temperature at the contact boundary areas 5 and 6 at time t, °C; /; —
length field i, (i =1,6), (Fig. 1)).

As in [12], the initial temperature of the system cells (Fig. 1) assumed equally to all
areas simultaneously and equal #,,=75°C, i=1,7).

The initial concentration for each area between the crystal sucrose solution (areas 1, 3,
4 and 6 in Fig. 1) calculated with a coefficient supersaturation S = 1. Thus, it shall be taken
as in the saturation concentration state under already accepted the initial temperature and
equal to C;p = C;o(t:p) = 77,594%.

The temperature of the heating tube’s inner wall assumed constant over the tube entire
height and equal to 100 °C.

It was this temperature has been taken as a first region’s left boundary condition (Fig.
2).

Boundary conditions (8)—(9) for the second unsteady diffusion mass transfer problem
expressing the ideal mass transfer laws between the neighboring 3 and 4 regions of the
system cells.

Boundary condition (2) for the first unsteady mass transfer problem derived from the
physical sense, as in the first region (Fig. 1) is present wall heating tubes on the left, which
is not leading mass.

Boundary conditions (12) for the third unsteady mass transfer problem derived from
the assumption that the diffusion mass transfer between sucrose solution area 6 and
massecuite region 7 is not happening, or so small that it can be neglected.

To solve the non-stationary heat conduction problem [16] along with three non-
stationary diffusion mass transfer tasks (1)—(4), (5)—(10) and (11)—(14) using analytical
methods is impossible.

Therefore, in this case, as the case [12], were used numerical methods using well-
known controlling volume methods [17, 18].

Discretization in time was At, = 0,01 s.

When conducting sampling the coordinate assumed irregular grid. For each separate
area 1-6 step sampling was evenly. For massecuite region 7 (Fig. 1) step sample was not
uniform.

Each region separately (Fig. 1) smashed on the corresponding control volumes
number: n; =n; = ny =ng = 10, n, =ns = 20, n, = 100.

The cells values are accepted the following sizes: a; | = 5,0-10" m, Sig,1 = 4,29-10° m,
.2 =2,5-10% m, 812 = 3,73-10° m, a,, = 4,83896-10° m.

Based on the calculations, the end contact time of the cell system with the heating
tubes wall for boiling relative time t/t. = 0,15is T¢enq = 3,95 sec, and with t/t.=1,0 is
Te.end = 67,93 sec.
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Results and discussion

The calculations for the above-mentioned non-stationary heat conduction problems
and three non-stationary diffusion mass transfer problems (1)—(4), (5)—(10) and (11)—(14)
were conducted for all areas of system cells the following values relative sugar massecuite
boiling time t/t. = 0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0.

Because of limited volume in this paper are given only two cases relative boiling sugar
massecuite time v/t : at the winding crystals time (t/t. = 0,15) and complete the boiling
sugar massecuite time (t/t= 1,0).

Also, due to the limited amount of paper we consider the temperature and
concentration distribution only sucrose solution areas, that is, for areas 1, 3, 4 and 6 (Fig.
1).

Average temperatures at the heating tubes outlet will be considered in the 7 regions
case simultaneously the whole system cells, as it was considered in [12].

Thus, in each case relative time boiling sugar massecuite results obtained numerical
calculations were presented in the following three cases of temperature and concentrations
distribution.

1) In the first case (denoted by T.1346.7) is considered of the temperatures distribution
average along the coordinate in the sucrose solutions regions (Fig. 1) depending on the
entire system cells contact time with the heating tube inner surface.

2) In the second case (denoted by T.1-7.x) presented the final temperatures distribution
along the coordinate x (x distance from the heating tube inner surface to its symmetry axis)
in all one-dimensional areas (Fig. 1) the entire system cells that corresponds to the system
cells output with heating tubes in its upper point.

3) In the third case (denoted by C.1346.7) for each non-stationary diffusion mass
transfer problem was considered of average along the coordinate concentration distribution
in sucrose solutions areas (Fig. 1) depending on the entire system cells contact time with
the heating tube inner surface.

So first graphics presented considered in three cases (T.1-7.x), (T.1346.t) and
(C.1346.7) at sugar massecuite boiling relative time t/t.= 0,15.

The temperature calculations distribution results in the sucrose solution region for the
first case (T.1346.7) at t/1.= 0,15 is shown in Fig. 2, 3, 4 and 5.
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Fig. 2. The average values (along the area’s coordinate) temperatures distribution in the sucrose
solution region 1 (Fig. 1), depending on the system cells contact time t with the heating tubes
inner surface at massecuite boiling relative time t/t. = 0,15:

1 - all thermal characteristics and diffusion mass transfer coefficient for region 1 is a constant (option I);
2 - thermal characteristics and diffusion mass transfer coefficient for region 1 is variables (variant II, a);
3 - thermal characteristics and diffusion mass transfer coefficient for region 1 is variables (variant I, b);
4 - thermal characteristics and diffusion mass transfer coefficient for region 1 is variables (variant II, c);
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Fig. 3. The average values (along the area’s coordinate) temperatures distribution in the sucrose
solution region 3 (Fig. 1), depending on the system cells contact time t with the heating tubes
inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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Fig. 4. The average values (along the area’s coordinate) temperatures distribution in the sucrose
solution region 4 (Fig. 1), depending on the system cells contact time t with the heating tubes
inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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Fig. 5. The average values (along the area’s coordinate) temperatures distribution in the sucrose
solution region 6 (Fig. 1), depending on the system cells contact time t with the heating tubes
inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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The temperature distribution calculations results in all regions (Fig. 1) simultaneously
the entire system cells to the second case (T.1-7.x) at sugar massecuite boiling relative time
t/t.= 0,15 shown in Fig. 6.
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Fig. 6. The distribution temperatures in all system cells areas depending on the distance x from
the heating tube inner surface to its symmetry axis at boiling massecuite relative time
1/t.=0,15.

* Designations the same as in Fig. 2.

The concentration distribution calculation results in the sucrose solutions areas for the

third case (C.1346.7) at sugar massecuite boiling relative time t/t.= 0,15 shown in Fig. 7,
8, 9 and 10.
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Fig. 7. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 1 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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Fig. 8. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 3 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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Fig. 9. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 4 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 0,15.

Designations the same as in Fig. 2.
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Fig. 10. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 6 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 0,15.

* Designations the same as in Fig. 2.
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At the relative boiling sugar massecuite time t/t.= 0,15 temperatures are equal:
99,547°C for the left larger crystal sucrose solution area with constant coefficients and
99,479°C for all variables coefficients; 94,799°C for larger sugar crystal with constant
coefficients and 94,409°C for all variables coefficients; 90,234°C for the right larger crystal
sucrose solution area with constant coefficients and 89,640°C for all variables coefficients;
89,485°C for the left smaller crystal sucrose solution area with constant coefficients and
88,820°C for all variables coefficients; 87,325°C for smaller sugar crystal with constant
coefficients and 86,630°C for all variables coefficients; 85,285°C for the right smaller
crystal sucrose solution area with constant coefficients and 84,590°C for all variables
coefficients; 75,107°C for massecuite with constant coefficients and 75,098°C for all
variable coefficients

At the same time concentrations distribution found in each sucrose solution region
considered system cells. At the relative boiling sugar massecuite time t/t.=0,15
concentrations are equal: 82.710% for the left larger crystal sucrose solution area with
constant coefficients and 82.274% for all variables coefficients; 80.400%for right larger
crystal sucrose solution area with constant coefficients and 79.893% for all variables
coefficients; 80.269% for the left smaller crystal sucrose solution area with constant
coefficients and 79.765% for all variables coefficients; 79.418% for the right smaller
crystal sucrose solution area with constant coefficients and 79.026% for all variable
coefficients.

Finally, the graphics presented considered in three cases (T.1-7.x), (T.1346.1) and
(C.1346.7) at sugar massecuite boiling relative time t/t. = 1,0.

The temperature calculations distribution results in the sucrose solution region for the
first case (T.1346.7) at t/t.= 1,0 is shown in Fig. 11, 12, 13, and 14.

t,[C]
100

1,234
95

90

85

80

ok

0 10 20 30 40 50 60 70

T, [sec]

Fig. 11. The average values (along the area’s coordinate) temperatures distribution in the
sucrose solution region 1 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 12. The average values (along the area’s coordinate) temperatures distribution in the
sucrose solution region 3 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 13. The average values (along the area’s coordinate) temperatures distribution in the
sucrose solution region 4 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 14. The average values (along the area’s coordinate) temperatures distribution in the
sucrose solution region 6 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time /. = 1,0.

* Designations the same as in Fig. 2.

The temperature distribution calculations results in all regions (Fig. 1) simultaneously
the entire system cells to the second case (T.1-7.X) at sugar massecuite boiling relative time
t/t.= 1,0 shown in Fig. 15.

t, [C]

0 0,01 0,02 0,03 0,04 0,05
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Fig. 15. The distribution temperatures in all system cells areas depending on the distance x from
the heating tube inner surface to its symmetry axis at boiling massecuite relative time t/7. = 1,0.
* Designations the same as in Fig. 2.
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The concentration distribution calculation results in the sucrose solutions areas for the

third case (C.1346.7) at sugar massecuite boiling relative time t/t.= 1,0 shown in Fig. 16,
17, 18, and 19.
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Fig. 16. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 1 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time /. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 17. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 3 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 18. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 4 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.
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Fig. 19. The average values (along the area’s coordinate) concentrations distribution in the
sucrose solution region 6 (Fig. 1), depending on the system cells contact time t with the heating
tubes inner surface at massecuite boiling relative time t/t. = 1,0.

* Designations the same as in Fig. 2.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2

339



Processes and equipment of food productions

As shown in the temperature distribution graphs (Fig. 2-Fig. 6), (Fig. 11-Fig. 15) and
the concentrations distribution graphs (Fig. 7-Fig. 10), (Fig. 16-Fig. 19), the calculations
with constant thermophysical coefficients and mass transfer diffusion coefficient by the
option (I) different from the calculations with variable thermophysical characteristics by the
options (II, a), (IL, b) and (II, c) cases.

Further, the calculations with variable thermophysical characteristics by the option
(I1, a) in the temperature distribution case (Fig. 2—Fig. 6 and Fig. 11-Fig. 15) is almost the
same results with variable thermophysical characteristics by the options (II, b ) and (11, ¢).

But in the concentrations distribution case (Fig. 7-Fig. 10 and Fig. 16-Fig. 19) the
calculations with variable thermal characteristics by the option (II, a) differ from results
obtained with variable thermophysical characteristics by the options (11, b) and (11, c).

And for almost all of the temperature distribution calculations with variable
thermophysical characteristics (Fig. 2-Fig. 6), (Fig. 11-Fig. 15) and concentrations (Fig. 7—
Fig. 10), (Fig. 16-Fig. 19) received the calculations results by the option (II, b) nearly
coincide with the calculations results by the option (II, ¢).

It is clear that during the current thermal conductivity values calculation for each
sucrose solution area taking into account the variable sucrose content for computing (i.e.,
option II, ¢) more consistent with the real physical mass sucrose crystallization process
compared with the option, when considered fixed sugar sucrose content in massecuite for
relative massecuite boiling time t/t. (version II b). Note that in both variants (I, b and II, c)
considered a variable diffusion coefficient from the sucrose content variable in each sucrose
solution cell. And the results show that these two variants (I, b and II, ¢) almost coincide
with each other. At the same time, research option (II, b) much easier to create an algorithm
calculations program and reduces the computation time.

Thus, according to the author in further conducting research to create a mathematical
model is to choose the formulation and solution of non-stationary heat conduction problems
and mass transfer problems with variable thermophysical characteristics for variant (II b),
which correspond the most real physical mass sucrose crystallization process of these
options (I, II, a and II, b), although it will concede option calculations (II, ¢).

Conclusions

This paper was received temperature distribution results in the whole system cells that
represented the seven one-dimensional regions (Fig. 1), and concentration distribution for
sucrose solution areas of the same system cells. The results obtained from the simultaneous
solution of unsteady heat conduction problems and three non-stationary diffusion mass
transfer problems by numerical methods.

Calculations were made for relative boiling sugar massecuite time t/t.= 0.15; 0.2;
0.3;0.4;0.5;0.6; 0.7, 0.8; 0.9; 1.0.

This paper presents the results only for two cases relative boiling time: t/t.= 0,15
and t/t. = 1,0.

For each t/t. of these options in this paper considered four different options for
computing: with constant (option I) and three variants (I, a, II, b and II, ¢) with variable
thermophysical characteristics and the mass transfer diffusion coefficient.

The results obtained of temperature and concentration distributions needed in the
future for getting value amounts transferred sucrose between sucrose solution cells for one
and second crystal sugar, and the number of crystal sugar will crystallize (or dissolve) in
the each sugar crystal cell of the considered system cells.
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Introduction. Salting meat is an important stage in
manufacturing technology of meat products. The uniform
distribution accelerating process in thickness salt solution
product is reached by using multi-needle extrusion and
massaging meat with cyclic deformation.

Materials and methods. For the experimental studies
we used pork with NOR’s signs. Presents the results of
research in salting meat by analyzing changes in its structure
under external pathogen - the driving force of a mechanical
nature, using simulation theory and computer symbolic
mathematic.

Result and discussion. Mechanical meat processing
affects the product quality. In the meat technology,
promising is the use of mechanical meat pieces deformation
which can be either with constant load or with changing
load like impact. To optimize the massaging meat process it
is important to know the mechanism of deformation, which
depends on the equipment, on its operation modes and can
vary widely. Here were mentioned the mathematical models
which made it possible to calculate the energy performance
of massaging process and to optimize it.

Thanks the results of experimental studies which we
have got by the method of penetration needles we set the
change degree in the meat consistency and obtained its
curve of deformation by impact. In its analysis has been
estimated that deformation process is short and lasts about
3.5-10” seconds. This made it possible to optimize the
manufacturing process of salting meat by using the special
technological equipment in which mechanical effects of
product impacting was implemented.

Conclusionun. Mathematical models were gotten that
enable to optimize a process of meat salting and
determination of massage modes method has been offered.
Energy characteristics of deformation process lay in
foundation of this method.
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Introduction

This paper has been presented the mechanical processing of meat during salting.
Improving the technology process, production of quality products, saving energy and raw
materials are possible upon condition of comprehensive study of the phenomena occurring
in the production of meat products and convenience food.

Salting meat is an important stage in manufacturing technology of meat products. It is
a combination of different processes: the formations of primary areas which accumulate
salting substances; equal distribution them in the volume of convenience food by filtration
and diffusion through pores and capillaries through osmotic membranes and membrane
fibres; passing the mass transfer processes in equalization concentrations to salt solutions.

In consequence of interaction proteins with salted substances the physical and
chemical proteins properties of changes which leads to the proteins swelling, increasing of
water-binding capacity, changes in the structural and mechanical properties, consistency,
plasticity of meat, formation of adherent layer of water and salt-soluble proteins. The
microstructure of the product changes as a result of developing enzymatic process and the
presence of salted substances and physical impact assists it. There is the formation of taste
and ham’s aroma through the enzymatic or microbial processes and changes in composition
of the microflora.

By wet pickling the products quality depends mainly on the concentration and
composition salt solutions and on their distribution’s uniform in raw materials. It has been
proved that the process length and the salting meat methods affect the quality of finished
products, economic efficiency and, consequently, the cost of finished products, so it is
reasonable to optimization and improvement. Taking into consideration the diversity of raw
meat for determining the optimal salting meat mode it is necessary to have the experimental
results. Before we begin the experiment, it is advisable to perform a theoretical justification
of meat’s machining processes and develop the mathematical model. Mathematical model
will provide an opportunity to pick up technological equipment, to intensify its work, to
optimize the machining process by massaging (softening and saturation solution) different
type and structure of the meat.

In the meat promising technology we use the mechanical material deformation by the
impact. To optimize the mechanical meat massaging by this way it is important to know the
mechanism of its saturation solution. A meat is regarded as a rheological system with a
different set of viscous and elastic properties which are malformed by driving force.

Materials and methods

We have used signs NOR pork with weight 0.7 kg. The piece we bag out with brine
and later it was subjected to machining to massager drum. The drum’s rotation speed
massager - 24 turn / min., the load index - 0.6. Massaging cycle was performed so: 20
minutes for drum working and 10 minutes for rest. Meat was weighed after machining.
Then gravitational penetrometer measured the degree of penetrations. This index gives an
indication of the consistency or using technological term — softness of meat. The results of
the study — dependence of stiffness «R» of meat to the duration «t» of massaging is
presented graphically.
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Result and discussion

Salted meat or ham’s products are the most popular among population. Their
technology is based on the complex processes in which the raw materials are impacted by
the external factors of various natures. The salting meat process can be seen as a filtration
and diffusive saturation of the salted brine piece. Salt gets into the meat slowly, that is why
we need to speed up this process periodically deforming the piece by using different
physical methods. One of the intensification methods is the mechanical impact and also the
periodic deformation - massaging or tenderization. It is possible to optimize these processes
by dosing the mechanical impact or by short compression or stretching. The modern
structures of cylindrical masseurs in this regard are not so effective because they operate
with large intervals between deformations and stand [2].

The uniform distribution accelerating process in thickness salt solution product is
reached by using multi-needle extrusion and massaging meat with cyclic deformation. As a
result, pores and capillaries periodically compress and expand, the fluid pressure changes in
them thereby intensifies the filtering process. During the deformation also changes the
internal structure of meat [3].

To optimize the massaging process is possible only with using of short intermittent
mechanical meat compression. Promising is the impact using which can be performed by
variety of ways. The most common is falling meat from a height in drums that rotates
slowly or maybe short compression or stretching in other equipment.

The following basic modes of movement meat piece are possible in the drum-type
massagers in the case of slow drum rotation:

o the piece moving by sliding on the inner surface (feed well);

e the partial it's lifting from the following rolling or crawling to the drum bottom;

e the piece’s rise and fall to the drum's bottom solution.

Depending on the technology regulations requirements in a case of machining various
raw meat in drums is possible to implement different types of deformation. The
deformation intensity depends on the product’s trajectory. It is associated with the turnover
rate, availability, type and the activators shape (shelves) and also with the drum’s size. The
objective characteristic that determines the efficiency of handling raw meat in the case of
massaging is changing the product structure. It is directly related to the energy quantity that
is absorbed by piece. A common way to determine the structural and mechanical product
properties is a method of gravitational penetration [4].

Depending on the technology needs is necessary to use different massaging modes.
Soft massaging causes small deformation in the product or changes in the structure. They
appear like swellings in the muscle fibres, like increasing the number of cross-slot
violations, like destructions of membrane structures, like loosening and swelling mayo-
fibrils proteins or like initiating links between actin and myosin. Restructuring, softness and
water-binding power of meat increase slowly at this stage of processing.

With increasing duration of mechanical processing or with conversion to the tighter
regime by increasing deformation efforts, muscle fibres swell throughout the volume of the
piece which causes formation of the protein mass that fills the inner pore space. It increases
with subsequent disruption of the structure in fibres muscle. In this case, one part of the
protein’s mass crops up the surface of a piece. After such processing water-retaining
capacity of meat increases but stiffness decreases. This stage is classified as a moderate
massaging.
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Moderate massaging borders can hold more moisture with the stage of optimal
massaging, when there are areas of significant destruction of myofibrils, and takes place
increasing in the number of free molecular bonds.

The disintegration of proto-fibril substance of mayo-fibrils throughout the piece
ensues during the further processing and conversion to the hard mode, which leads to the
release to the surface and then transition to solution. This way leads to the reduction of
water-retaining meat capacity, to the organoleptic properties deterioration and also reduces
the finished products output. The operating mode is classified as excessive massaging. The
needle of penetrometer immerses into the product fully at determining meat texture.

As a rule, in existing massager’s designs has been used one of mentioned above
processing modes. It can be regulated by increasing or decreasing the processing time in a
meat massager or sometimes by changing the speed of drum rotation.

The main reason of insufficient or excessive massaging meat is the lack of methods for
determining the energy of mechanical product impact with different structural and
mechanical properties. This makes it impossible to identify the optimal deformation mode
and to regulate the massaging effectiveness.

Machining deformation meat has its special aspects in modern designs of massagers
meat arises deformation from P (t) - driving force that is variable in time and stretches or
compresses meat.

The nature of the changes in the structure of meat can be investigated by determining
rheological indexes — characteristics of elastic «c» and viscous properties «uw» of visco-
elastic body which is meat. Indexes vary under different deformation conditions, especially
under driving force t (t), and characterize the product's ability to resist external influence
and energy that was spent on deformation.

To determine the structural and mechanical properties of meat it is possible to
represent it as a rheological body with visco-elastic characteristics. Mechanical body model
has the appearance of gradually connected viscous element «u» with an elastic «c». Under
the influence of the variable in time voltage 1 (t), meat deforms by the law, which can be
described by the differential equation:

ORSSIORIZIOF (1)
x - relative deformation (dimensionless number),

x(1) = % — the deformation rate (1/s),

(1) = % — the voltage changes rate (Pa/s).

If massaging during some time (cycle) occurs periodically vacuum or pressure, then
there is intermittent compression or stretching of meat and in this case 1 (t) = const. Taking
into account this, the initial conditions t = 0 => x (0) = x,, and duration «t» of action of
tension, solution of differential equation (1) will be:

x(t) = lz't + X, (2)
u

After completing the differentiation of equation (2), we will obtain the rate of
deformation:

&y L 3)
dt U
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The energy (work) «A» of deformation will be:
2

A=A+ 4,="rex, )
7l

Al — energy needed for elastic deformation;
A2 — energy required for viscous deformation.
Energy consumption N during deformation time «t» will be:

2
AT T 5)
ru f

When the duration «t» of piece of meat is known and meat is under constant stress T,
from equations (5) and (6) we can determine the parameters of massaging energy per cycle.
If we multiply it on the number of treatment cycles then it is possible to calculate the
general (total) energy’s efficiency and also massaging efficiency, softening of raw materials
and saturation of its brine [5].

In figure 2 has been shown a massager of low productivity, which operates in a mode
of constant voltage action T = const and variable in time T = Asin (wt) [6].

In modern designs of massagers meat processing occurs under T # const: for example
when it falls from a height. In this case, the effectiveness of massaging - consistency
(stiffness) of the product can be determined by examining its kinetic deformation curve
under pulsed load (impact) [7]. It looks like (Figure 3)

3 ~
2 4
r J
1 4
1] T T T f-d_lﬁx"“-—u—oF— T T 1
01 : 0,03 0,04 0,05
10f

Figure 3. The kinetic deformation meat curve by impact

We can describe the deformation curve by this equation:
Y(t) = Pe" sin(wt) , (6)

Y(t) - deformation; P - index of the curve’s amplitude; k - characteristic, which
determines the decline curve rate; w - frequency of oscillations. The indexes «w; P; k»
make it possible to find out the fracture of patterns meat - its degree of softening, depending
on a period massaging.

The curve deformation study (elastic deformation wave), that occurs in meat during
rapid deformation, such as impact, shows that the deformation process lasts about 3.5-10™
seconds [8]. It is short. This makes it possible to conclude that during the period of impact
the rapid pores compression and capillaries comes up with subsequent relaxation, during
which we have the filtering saturation of piece of meat with brine. The liquid is sucked and
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pushed through pores and capillaries. During the distribution it divides by diffusion due to
concentration differences.

Most of modern designs of drum-type massagers have inside shelves, edges. In
practice, to determine the rotation speed and the critical angle with increasing of which the
piece of meat doesn’t separate from the sidewall without shell is possible by using this

equation:
nz@\/gsma z3()\/smot ’ )
/4 R R

n - rotational drum speed (turn / min); R- drum’s radius (m); o - angle that separates meat
from the drum sidewall.

Modern designs of massagers have the radial shelves inside the drum. Determining the
rotation drum speed in a case of tearing off a meat piece from the shelf and dropping it to
the drum bottom from the maximum altitude requires special calculations.

Differential equations of meat motion along the shelf we will write down:

dzs(t) +F = mgsin(a)t) s (7)

m n
dr’ ’

m — weight of the piece; s (t) - the shelf length; t - the duration of the meat piece movement
with beginning from the horizontal position of the shelf, w- frequency of the massager
drum turnover; Fon - resistance to piece movement.

Assume Fon = fimg, where «f» - index of resistance (average number considering
friction, centrifugal force, angle of shelf slope). Suggested approach to determine Fon
makes it possible don’t take into account mass of the piece which greatly simplifies the
calculations at making minor mistakes.

Solution of equation (7) in a case of initial conditions t=0=>s (0) =0; V (0) = 0:

S(t)=g(;—7— ) ®)

Substituting values in equation g =9.8 m/s2; f=0,12; w= 0,4 turn / s; m = 0,7 kg,
construct a graph of s (t).
X-Y plot shown in Fig. 4.

0.2
0.15
=1 014
0.05:

I:I.
0.05

Figure 4. Functional dependence s (t)
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The dependence analysis s (t) shows that the piece movement along the drum shelf
which rotates at a speed 24 turn / min begins in 0.75 seconds after the shelf will take
horizontal position. It hits the shelf on the drum bottom at the point 0 (Figure 5). Initially,
on the arc segment 0 - 1 the piece presses against the drum shell by the gravity and
centrifugal force, on the segment arc 1 - 2 rests on the shelf, at point 2 begins to shift to the
drum centre. For a short shelf it almost immediately breaks away and falls down, for longer
- slips on it and then shifts to the distance «s», breaks and falls down of the drum. During
this period of time drum will turn on the arc with length L. For the shelf with length 100
mm it will happen in 0.92 seconds (Figure 4).

From equation (8) we can found, knowing the length of the shelf and the drum rotation
speed, the movement piece duration along the shelf and, accordingly, the arc with length L.
In figure 5 it is shown various drum with shelves that are of different lengths which are
divided into areas 0 - 1;1-2;2-3;3-4;4-0.

The meat piece is on the short shelf
1; the meat piece is on the long shelf 2
with shift «s» before the shelf fall.

Basing on the results of theoretical
developments in conditions of production
we made an experimental research. We
have used signs NOR pork with weight
0.7 kg. The piece we bag out with brine
and later it was subjected to machining to
massager drum with a diameter of 1 meter
for 2 hours. The drum’s rotation speed

I massager - 24 turn / min., the load index -

0 0.6. Massaging cycle was performed so:

Fig. 5. Positions of the meat piecesinadrum 20 minutes for drum working and 10

with shelves that varies in length minutes for rest. Meat was weighed after

machining. Its weight increased by 18%.

Then gravitational penetrometer measured the degree of penetrations. This index gives an

indication of the consistency or using technological term — softness of meat. The results of

the study — dependence of stiffness «R» of meat to the duration «t» of massaging is
presented graphically in Figure 6.

Analysis of the curve R = f (t) gives opportunity to make a conclusion that during 120
minutes of staying meat in massager with a diameter of drum 1 m, the value «P» of meat
decreased by 28%. For various periods of time it can be defined by using the equation of
approximate function.

P — 670,002{ (9)

Visual examination under a microscope showed that the mechanical processing of
meat is accompanied by profound changes in its rheological properties and affected the
microstructure. In muscle’s fibres increased the number of cross-chink violations, the
places of punctures were subtle, the muscle fibres swelled. At the same time there was a
partial mechanical damage of muscle fibres, which led to the intensification of the majority
of mass transfer processes that occurred during the process of pickling meat. As a result of
biochemical processes, of joint action of tissue enzymes and microorganisms and selective
lactic acid bacteria in the presence of salt so-called flavour and aroma of ham appeared in
the finished product.
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Fig. 6. Dependence of the stiffness «R» of meat to the duration «t» of massaging

Conclusion

Mechanical treatment of meat by salting is a complex manufacturing process. During
this process the structure of meat changes, decreases its hardness, accelerates filters and
diffusion processes, which leads to the penetration and uniform distribution of salt in the
product and acceleration of biochemical transformations. Mechanical meat processing
affects the product quality.

In the meat technology, promising is the use of mechanical meat pieces deformation
which can be either with constant load or with changing load like impact. To optimize the
massaging meat process it is important to know the mechanism of deformation, which
depends on the equipment, on its operation modes and can vary widely. Here were
mentioned the mathematical models which made it possible to calculate the energy
performance of massaging process and to optimize it.

Thanks the results of experimental studies which we have got by the method of
penetration needles we set the change degree in the meat consistency and obtained its curve
of deformation by impact. In its analysis has been estimated that deformation process is
short and lasts about 3.5-10° seconds. This made it possible to optimize the manufacturing
process of salting meat by using the special technological equipment in which mechanical
effects of product impacting was implemented.
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Introduction. The deposition process of suspended solids in
the working volume of hydrocyclone apparatus (whirlpool) was
researched to improve the quality of lighting beer wort and
reduce the time of passage process.

Materials and methods. Investigation of the process of
clarification of beer wort was made by the software package
based on the finite volume method, designed for three-
dimensional simulation of flows in technical and natural
objects, as well as the visualization of these flows by computer
graphics. Research was conducted on these models of
hydrocyclone apparatus: with the classical form of the bottom
(flat), the conical insert, the two cylindrical inserts and
applying the wort to each of the inserts, with conical bottom
and radial guide inserts.

Results and discussion. Analyzing the data it can be argued
that the wort in the machine acquires the rotational movement,
which is provided by tangentially mounted nozzle of product
feed. The resulting vortex flow helps the particles to deposit in
a form of a protein precipitation plate.

As already noted, an important role in the clarification
process has feed speed of the wort into the machine, which is
the speed at the input nozzle’s output. If the speed exceeds 3.5
m/s, the product is subjected to considerable shearing stresses.
As a result, low-sized particles are created and they aren’t
deposit in the hydrocyclone apparatus. It is clear from the
foregoing that correctly chosen initial wort feed rate into the
apparatus (with further reduce it during lightening) greatly
affects the efficiency of hydrocyclone apparatus. Also were
researched shear stresses (t), which appears in the wort during
its supply. When the value of t exceeds 50 Pa, the destruction
of protein precipitate particles begins.

Conclusions. The results justifying the appropriateness
submission of recommendations for implementation in
production hydrocyclone apparatus with radial guides inserts. It
will reduce the time of the process and improve the quality of
beer wort.
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Introduction

Before fermentation of hot hopped wort a significant amount of suspended particles
formed during boiling must be removed, because they negatively affect the further process
of making beer, namely reducing the rate of fermentation, making filtration of beer
complicated and worsen taste of the finished beverage.

Suspended substances of hot wort, called bruch, are predominantly coagulated proteins
and hop bitter products. They are quite large, their size is 30 - 80 micrometers.

The amount of suspended substances after pumping hot wort is 6000 - 8000 mg per
liter, and it must be reduced after the removal of substances for up to 100 mg per liter.
However, the aim is the complete removal of suspended substances from the hot wort [1,2].

Insufficient removal of suspended substances due to a number of the technological
parameters of the process and quality indicators of the product, namely, improper
maintenance of the filtration of beer mash and adding hops, which doesn’t contain or
contain insufficient amount of tannins, the poor quality of malt and non-optimal
composition of its grinding. But also imperfect equipment used to lighten significantly
affects the quality of beer wort clarification.

Removal of suspended substances from hot wort is carried out today in the most of
breweries primarily via hydrocyclone unit (whirlpool). Some of them make the wort
clarification by a separator (centrifuge), but this method is not widely used because of its
complication and high cost [3].

Materials and methods

Investigation of the process of clarification of beer wort was made by the software
package based on the finite volume method, designed for three-dimensional simulation of
flows in technical and natural objects, as well as the visualization of these flows by
computer graphics.

The analytical model of the process of clarification of beer wort is based on the
following equation:

- Navier-Stokes equation:

1
a—V+V(V®V)=—E+l(y+yt)[VV+(VV)TJ+£1—@Jg M
ot p P I
- flow continuity equation:
VV =0, ()
Where:
V - relative velocity vector, m/s;
t —time, s;

P - relative pressure, Pa;

p - density, kg / m’;

U, L - respectively dynamic and turbulent viscosity, Pa's ;
Pnyd - hydrostatic density, kg/m’ ;

g - gravity vector m/s’.

Also, using k-¢ turbulence model of the first closing level to close the system is needed
to get the formula for a coefficient of a turbulent viscosity p,. Currently in order to achieve
this objective often used two-parameter model, called so because , in this formula is
determined by two parameters, which are solved using more differential equations in partial
derivatives [ 2 ] :
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2

k=c,p— 3)
&

In addition, the model includes equations for the turbulent energy k and the
turbulent energy dissipation rate €:

ALK | 1 pvie) = VH;H }Vk}+y,G pe 4)
ot o,
2
9P ey =v|| us Ve |+C EuG-cpl-, 5)
ot o, k k
where G indicates such equation:
ar,
G=D,—,
o ©)
3 2 pk
D; =5, _E{V V+7J5zi’ (7)
v, 8V
S, = 8
’ ax 8xl. ®

The values are [3]:
or=10,=13 C,=009; C=144; C,=192.

Modeling of the movement of solid particles in the carrier phase is subject to the
following equations:

X
X,y ©)
dt ’

dﬁ_ﬂc 1_'0_

e 8m P, (10)

where V,=V,-V, - velocity relative to the carrier phase.

It were excluded the effect of the associated mass, strength Basset, Sofmana and
Magnus.

For the calculation of the resistance Cp formula was used:

21,12
>~ +6,3Re 40,25 (11)
€

C,=

When heated particles assumed that the heat transfer within the particle is infinitely
fast.
Saving weight:

am _ rd, (12)
dt
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=St He g
Sc d
where Sh - Sherwood number, Sc - Schmidt number.
@ value was calculated as follows:

Y T, )-Y
d=1Inl1 +M )
1 - Yl,sat (Tp )
The interaction of particles with the wall defining Weber number:

_ pddVdi
o(T,)

E

Mode particle adhesion slowly come on to the wall, sticks, and flows into the film.

Mode of attachment: W, < 5.

At larger speeds drop normal bounces off the wall.

Rebound mode: 5 < W, < 10.

Next regime - a regime similar to the regime infusion sticking.
Daily injections: 10 < W,, S< 1.

(13)

(14)

(15)

Hydrocyclone unit (Fig.1) is a cylindrical container 1 with a conical lid, flat bottom
and nozzle 2, which is tangentially arranged at the bottom of the machine for feeding wort

Principle of fast separation of coarse and fine weighted particles is: hot wort with a
relatively high speed is pumped to a hydrocyclone unit tangentially. With the influence of
centrifugal force mash particles of wort precipitate in the cone form at the bottom of the

After some time the clarified
wort is removed through the pipes for
the descent of the clarified wort 3, 4

at the bottom of the unit.

£ \HI:I-E( determine  that  its

T
(SN

354

and 5, turbid wort - through the pipe 6
T 4= for lowering turbid wort, and the
He=====t===========f=================H residue washes away with water and
' goes down through the pipe 7, located

7 SN J Case studies and observation of
Fr=====f===========z=================3  the hydrocyclone apparatus allowed to
optimum
performance depends not only on the
quality indicators of the hot wort, but
also on the speed of its submission, the
geometry of the container , as well as
design parameters and location of
pipes to supply and lowering of wort.
In order to determine

the

parameters of rational design of

Fig. 1. Hydrocyclone (whirlpool) hydrocyclone  apparatus

is

appropriate to examine all of the major
factors, which influence to the quality

of the process of clarification.
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In the simulation of hydrocyclone apparatus were used these initial parameters:
- Input speed of unit - 3,5 m/s; [4, 5]
- density of wort — 1045 kg/m’;
the dynamic viscosity of the wort - 0,0006 Pas;
size of the particles - 30 « 10° m; 42,5 « 10°m; 57,5+ 10° m; 80 + 10° m.

Research of the influence of the feed rate of the wort in the apparatus for
clarification process carried out in the following models of hydrocyclone apparatus: with
the classical form of the bottom (flat) (Fig. 2a), the conical insert (Fig. 2b), the two
cylindrical inserts and applying the wort to each of the inserts (Fig. 2¢), with conical bottom

and radial guide inserts (Fig. 2d).
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Fig. 2. Models of hydrocyclone unit (whirlpool)
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Results and discussion

Visualization of wort’s movement inside the hydrocyclone unit (whirlpool) is shown
by the example of the apparatus with simple construction, which is the most used at the
facility (Fig. 3). Analyzing the data it can be argued that the wort in the machine acquires
the rotational movement, which is provided by tangentially mounted nozzle of product
feed. The resulting vortex flow helps the particles to deposit in a form of a protein
precipitation plate.

The biggest concentration of particles is located in the middle of the unit’s bottom (fig.
3b).

a b

Fig. 2. Trajectories of move (a) and the particles’ concentration distribution (b) in the unit

As already noted, an important role in the clarification process has feed speed of the
wort into the machine, which is the speed at the input nozzle’s output. If the speed exceeds
3.5 m/s [3], the product is subjected to considerable shearing stresses. As a result, low-sized
particles are created and they aren’t deposit in the hydrocyclone apparatus. If the value is
less than the recommended rate [4, 5], there may be secondary vortex flows, which may
interfere with the main flow and hence the separation of suspended solids.

It is clear from the foregoing that correctly chosen initial wort feed rate into the
apparatus (with further reduce it during lightening) greatly affects the efficiency of
hydrocyclone apparatus.

For the above options of structural performance of hydrocyclone apparatus
(whirlpools), was analyzed the circulation zones, which are encountered in the device
during tangential flow of wort [6, 7].

Analysis of the results showed the occurrence of undesired secondary circulating
vortices in versions 1, 2 and 3, which prevents the effective deposition of the protein
precipitate (Figure 4).

Moreover, in the first embodiment undesired secondary circulation vortices occur in
the central and upper areas of the machine. In embodiments 2 and 3 circulating vortices
arised in the lower zone of the machine that leads to the destruction of the cone and the
mixing of the protein precipitate wort. In the fourth embodiment, the above drawbacks are
much smaller.
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d

Fig. 4. The trajectories of the particles in the apparatus with the classical form of the bottom
(flat ) (a), the conical insert (b), two cylindrical inserts and applying the wort to each of the
inserts (c),
with a conical bottom and radial guiding inserts (d).

Also were researched shear stresses (7 ), which appears in the wort during its supply.
According to [4], when the value of 7 exceeds 50 Pa, the destruction of protein precipitate
particles begins.

During mathematical simulation were received result, which indicate that in the
embodiments 1 and 4, the values of shear stresses do not exceed the permissible value
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(respectively 26 and 47 Pa), and in embodiments 2 and 3, this value exceeds the allowable
(respectively 176 and 440 Pa).

Analyzing the results for the 4th version inserts (Fig. 2, d) can be argued that the
principal amount of the dispersed phase, gradually moves to the center of the device, which
also settles, forming a cone pipe. Using inserts the above design has a positive effect on the
process (20% compared with the base construction). Due to gravity and friction particles to
insert and wall system, the bottom of the last sedymentuye increasing number of deposit
(Fig. 5 a-c).

Fig. 5. Fields of concentration of particles in the horizontal cut apparatus at different levels

from the bottom, m: a—0,3; b -0,15; ¢ — 0,05
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During the process of light beer wort solids sludge are complex trajectory of the
incoming pipe to the bottom of the central apparatus. Due to the pressure difference
between peripheral and central areas braking system and motion of particles near the walls
of the apparatus and the insert, the latter is moving to the center of the cyclone. Distribution
of changes in the concentration of particles precipitate height of the device shown in Fig. 6.

E

205 ~

: A\
0,4 /v/"\/)

0,3 / \\

" AN

N

0,1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
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Fig. 6. Schedule changes in the concentration of particles in the vertical section of apparatus

Conclusions

So, the results of the analysis of the researched variants of hydrocyclone unit
(whirlpool) proves the feasibility of feeding recommendations for implementation in the
production embodiment 4 - hydrocyclone unit with conical bottom and radial guide inserts.
Further research is planned to analyze the influence of the geometric dimensions of the
radial guide insert on the beer wort clarification quality, the height above the bottom of the
insert placement apparatus and the number of pipes supplying wort feed rate.

References

1. Briggs D.E. Boulton C.A. Brookes, P.A. Stevens R. (2004), Brewing Science and
Practice. Woohead Publishing Ltd. CRS Press, pp. 353-354.

2. Bamforth C., (2009), Beer: Tap into the Art and Science of Brewing, Oxford University
Press, New York., p. 273.

3. Kunze W. (2010), Technology Brewing and Malting. VLB, Berlin, pp. 387-391.

4. Denk V. (1998), The Whirlpool State-of-the-art 1997, Brauwelt International, 1, pp. 31-
43,

5. Denk V., Dirholt A. (1991), Experimental investigations of the unsteady rotating
flow field in a cylindrical vessel, Exp. Fluids, 12(1-2), pp. 97-105.

6. Kazimierski Z. (2004), Podstawy mechaniki pltyno'w i metod komputerowej symulacji
przeptywow, Wydawnictwo Politechniki Lodzkiej, pp. 397-400.

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2

359



Processes and equipment of food productions

7. Diakun J., Jakubowski M. (2009), Analysis of functionality of the whirl-settling vat
whirlpool, Inzynieria i Aparatura Chemiczna, 48(1), pp. 22-23.

8. Diakun J., Jakubowski M. (2010), Analysis of the secondary flow velocities forming a
settling cone in a whirlpool vat, Chem. Process Eng., 31, pp. 477—488.

9. Diakun J., Jakubowski M., (2013), Dimensionless numbers of structural and process
similitude of a whirlpool hot trub separator, J. Food Process Eng, 36(6), pp. 748— 752.

10. Sterczynska M., Jakubowski M., Wisniewski A., Poreda A. (2013), Influence of a
whirlpool  tilt angles for a substitute sediment cone placement, Agricultural
Engineering, 4(148), pp. 141-147.

11. Diirholt A. (1988), Experimental investigation of the unsteady rotational flow in the
settling vessel “whirlpool, Fortschr.-Ber, 14(38), pp. 24-28.

360 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



—— Processes and equipment of food productions ——

Theoretical substantiation of intensification process
possibilities of conductive frying meat natural products

Viacheslav Skrypnyk

Poltava University of Economics and Trade, Poltava, Ukraine

Keywords:

Conduction
Meat

Frying
Compression

Abstract

Article history:

Received 03.09.2015
Received in revised
form 11.11.2015
Accepted 24.12.2015

Corresponding author:

Viacheslav Skrypnyk
E-mail:

skrypnyk v a@ukr.net

Introduction. The process of conductive frying meat
products is the most costly process concerning to natural
energy and resources. The possibilities of intensification and
resource conservation process have been theoretically
discussed.

Results and discussion. The analytical method of
published experimental and theoretical data was used.

Materials and methods. For improving energy
efficiency and resource conservation of the process
conductive frying meat natural products the possible
intensification factors have been overviewed. The increasing
of temperature level of the process more than 423 K is
inappropriate due to the formation in the product surface
layer of heterocyclic amines. The intensification process is
possible in case of bilateral heat supply and the usage of
physical and electro physical methods of influence on row.

The influence of compression or variable frequency
electric current in the process of conductive meat frying leads
to the formation the effective meat layer, which is less than
the initial thickness of semi-finished product with terminal
properties of a substance.

The usage of functionally closed capacities in the
bilateral meat frying with a high content of connective tissue
under compression conditions limiting meat allows saving
native moisture amount which is enough for the hydrolysis of
collagen in the required amount.

The process of bilateral frying meat under physical and
electro physical methods of influence can be subdivided into
three main stages according to the duration.

As for the energy the most costly is the second stage at
which heat is transferred through the surface layer of meat
because of constant evaporation that forms due to the removal
of moisture in the surface layers of the product to frying
surfaces. The analytical model of the process has been
grounded.

Conclusions. Firstly the intensification factors,
analytical model of conductive frying meat natural products,
including and high content of connective tissue has been
proved.
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Introduction

The frying of meat products is the main method which is wide-spread among the heat
processing characterized by losing significant weight (up tol1...35%) and unit cost of heat
(up to 1000...1300 kJ/kg) [1]. The energy efficient of this process mostly depends on the
method of heat connection and on the peculiarities of the construction equipment and can’t
be too high as this process requires maintaining the high-temperature control (423...473 K),
and the devices for its implementation are characterized by large thermal tension heating
surfaces (up to 45 kW/m?).

The analysis of the equipment development for the implementation conductive meat
frying process, the scientific sources confirm that the energy efficiency of this process,
devices implementation, the increase of product outcome and product safety weren’t paid
enough attention [2].

The process of conductive meat frying has the resource limits concerning to frying
appropriateness of definite parts of trunk butchers. It means the sirloin, fore ribs and the
front part, the rump contain no more then 10...20% [3, 4] in cattle. Definitely in this parts
the connecting material presents think and softy net which mostly consists from cologne
fibers. Other parts of butchers (neck, topside silverside, and chuck) contain more connected
material, it means that they are not appropriate for conductive meat frying, and it has to be
used for cooking cutting semi-finished product.

Annual population of horned-cattle and parks in Ukraine is getting less in average on
4,5% [5, 6], hence the resource base of frying meat products’ process reduce, which
negatively influences on the semi-finished product cost. For improving the situation the
Ukrainian Council developed the import of meat row from different countries of the world
(Brazil, Poland, Germany and others). As a rule, the cost of import row is lower than
national, but the quality is not so high and it much influence on energy efficiency process of
heat processing [7].

According to this issue the problem of low energy efficiency, a little product outcome
and deficient resource basis of conductive meat frying process. The increasing energy
efficiency, complete product outcome, the enlargement of resource base of conductive
natural meat frying process is a contemporary scientific and practical mission.

Materials and methods

The object of the research is conductive meat frying process of natural products taking
into account materials with a high content of connective tissue. The analytical research
methods of published experimental and theoretical data have been used.

Results and discussion

It is well-known that technological process intensification of thermal processing of
food raw materials are: increasing the temperature level of the process, increasing the heat
exchange surface between the raw material and the heating medium (surface), increase the
coefficient of heat transfer from the heating medium (surfaces) to materials and the
modification of the thermal properties of the product.

The temperature increasing of the frying surface or fat on it above 423 K leads to
significant process intensification conductive frying meat, but it has a considerable impact
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on the quality of the end product because of overheating its surface layer and leads to the
formation of fat in the crust of frying harmful substances - heterocyclic amines [8-12].
Taking into account these objectionable effects of the technological process of temperature
increasing above 423 K is inappropriate.

The increasing of heat transfer surface during the process of the conductive frying
meat is possible due to bilateral heat supply, which leads to a considerable decrease in
duration of frying, the unit cost of energy and increasing the end product outcome [2].

The increasing of heat transfer coefficient from frying meat surfaces and modification
of its thermal physic properties are possible by using some physical and electrical methods,
such as pressure and electric current. In addition, the use of physical and electrical methods
during conductive frying of meat natural products due to constant reducing in the surface
layers of the product free moisture allow to prevent large overheating the product surface
layers and, consequently, the formation of heterocyclic amines.

The influence of intensification factors aims to achieve the effective thickness J,, of

the meat layer thickness o ,, smaller than the meat thickness, i.e. & p <9, , which has a

o
heat-conducting properties of liquids (meat juice). To achieve an effective meat layer & ,,
for bilateral meat frying it is possible through its compression between the frying surfaces
with efforts which provide the excess pressure of water vapor in the surface layers of meat
on the level p, , and provide the capillaries and pores filled with meat substance (liquid),
or due to the occurrence of flow substance.

J,=V,/(S,-t), ms,
where V- number of substances carried through the meat section S, in unit time 7 by an
electric current of variable frequency.

According to sources [13-15] in capillary-porous bodies under a potential difference a
flow substance appears, the value of which depends on the physicochemical properties of
these bodies. The use of variable frequency electric current in the process of bilateral meat
frying under condition of the formation the flow substance J_ inside the meat,

consequently, the effective layer 6, allow significantly reduce the duration of the process

and increase the finished product outcome.

Under such conditions, the vapor in each meat surface layer, which is formed as a
result of influence of heat flow from the heater, starts to act as interim heat transfer: firstly
water evaporation from the surface of the capillary meniscus and the formation of excess
vapor pressure by the compression effort take place, and an effective layer forms in meat
less than the meat thickness. The thermal conductivity of an effective layer is much higher
than the thermal conductivity of meat and almost equal to the thermal conductivity of meat
juice.

In terms of the combined effects of heat flow from the heater and electric current
according meat the volume desiccated layer of the surface heating will increase in value V.

It consists of cavities volumes filled with vapor in a sample of meat in each capillaries, i.e.
Sfr-d? r-d’
V.= —-h + L, m’
’ ;( 4 . ) j

where d, - the diameter a single capillary, m;

h, - height cavity filled vapor in a separate capillary, m;
n - the number of capillaries per unit area of a sample of meat items/m?.
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Using the law of separation capillaries and pores, the porosity of the body, and their
portion it is possible to find out the height #,

i=n - dz

i

i=1 4
Hence the thickness of effective meat layer
0, =6, —h,m

In bilateral meat frying with a high content of connective tissue the supplying heat
occurs only to the product surface, which is directly contact with the heating surface. In this
case the supplying heat is not provided to the side of meat surface and the heating is carried
out only through the distribution of heat inside the product. Moreover, as a result the
product loses its heat.

To solve the problem of more complete usage of supplying heating surfaces to thermal
energy and providing the heating surfaces possible under the conditions of frying process,
in which the vapor that previously was lost together with the heat of vaporization to the
atmosphere, the maximum amount of it would remain in the contact with the side surfaces
product. In this case, the contact the vapor with product side surfaces that has lower
temperature throughout the process of frying than the temperature of vapor, the
condensation will occur.

It is possible if to create functionally closed capacities and to start a frying process of
meat products in it [16]. In addition, the extruded air by vapor from the working area
functionally closed capacities will promote to a significant increase of heat transfer
coefficient from the vapor to the side surface of the product.

The rational effort of product compression during frying can be considered a value that
provides the formation of water vapor pressure in the roasting crust and removal of air (or
contraction) out of the capillaries and pores of meat, but does not result in irreversible
deformation. This will increase the coefficient of thermal conductivity to values close to the
thermal conductivity of liquid (meat juice). Excessive compression efficiency efforts,
resulted in the destruction of meat structure through the moisture extraction, will adversely
affect the efficiency of frying and quality of the final product. In addition, in the process of
the bilateral frying of meat high in connective tissue under excessive steam pressure at the
threshold level there is virtually no flow of substances that leads to preservation of native
moisture and, consequently, creates conditions for sufficient hydrolysis of collagen.

The limit of intensification of bilateral frying of meat high in connective tissue under
compression in a functionally closed capacity is the value of thermal conductivity of the
moisture in the meat at a given pressure.

Under the conditions of non-rigid fixation of the heating surface moisture removal
from the product would be compensated by the compression of meat height (thickness).
Thus, it can be stated that the vapor pressure in the contact zone is maintained constant, and
consequently the temperature is equal to the temperature of saturated steam at pressure
created.

The process of frying should be done by placing semi-finished products made from
meat high in connective tissue, between two heating surfaces in functionally closed
capacity and under a certain compression. Heating of the upper and lower surfaces of the
product that contact with the heating surface is provided by two heat flows respectively. In
addition, the heating of the lateral surface is provided by condensation of wet steam on it.
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Thus, proposed method provides heating to the entire surface of the product. In addition,
removal of air from functionally closed capacity with steam significantly increases steam
heat transfer coefficient to the side surfaces of the product.

Since in the contact area of the product and heating surface, with the temperature of
423 K, phase transitions "liquid-vapor-liquid" occur, this will provide intensive supply of
heat to the surface of the product. Given that the product is compressed between two
heating surfaces, the phase transitions in the contact zone will occur at a pressure higher
than atmospheric, and therefore at a temperature higher than 373 K. Moreover, the vapor
from the lateral sides of the product will condensate at atmospheric pressure, while liquid
evaporation from the surface of the product in contact with heating surface, will be a basis
for filtration mass transfer. Along with it some amount of vapor produced during frying is
lost into the environment due to leakage of functionally closed capacity.

The transfer of heat from the heating surfaces to the product is due to the continuous
evaporation and condensation on surfaces in contact with functionally closed capacity, and
its condensation on its lateral surface.

The whole process of bilateral frying under pressure at given conditions and under
electric current can be divided into three stages.

The first stage, the stage of warming up a small part of the surface layers of semi-
finished products to the water evaporation temperature, is short-termed and almost
instantaneous. During the first stage there is a sharp decrease in temperature of frying
surfaces above and below the semi-finished product.

The second stage is the basic frying process in terms of energy costs required at which
the heat is transferred to the surface layers of the product through layers of steam, and ends
in the center of semi-finished product at about 338...343 K when the meat loses its tough-
elastic structure and acquires properties inherent in a solid body through the thermal
changes of proteins it contains.

The third stage is the formation of roasting crusts on the surface of the product due to
increased temperature. The duration of the third stage affects organoleptic properties of the
finished product: by increasing the duration a greater degree of roasted surface layers is
achieved; by reducing the duration of the third stage it is possible to obtain a high quality
finished product, probably dietary, as this will form dehydrated or negligible crust.

Meat high in connective tissue is an extremely complex structure, consisting of muscle
fibers joined in primary bundles, the primary combined into larger bundles, etc., and the
space between them incorporates significant layers of connective tissue and is filled with
fluid. Therefore, diameters of different capillaries may vary widely. Thus, the diameter of
muscle fibers may be (45...60)-10° m [17], which in turn depends on the type of muscles,
age, sex of a animal, conditions of food and drinking, storage conditions, and so on. In
addition, there are capillaries between fibers, primary bundles and others, and their
diameters, in turn, depend on the way the capillaries are joined and placed, and on the
aforementioned factors. In the capillaries and pores of the meat, including meat high in
connective tissue, there is some space filled with gases (water vapor, air, etc.). Compressing
with particular effort or applying electric current in meat processing leads to the formation
of effective thickness of the product that is heated, reduces the loss of steam into the
environment and, consequently, reduces the time of frying and increases the output of the
finished product.

Under these conditions, the process of conductive frying of natural meat products can
be considered as the heating of an infinite plate. The analytical model of this process under
conditions of applying electric current and bilateral frying in terms of compression in
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functionality closed capacity providing effective thickness of the meat layer is the formula
proposed by the author [18]

where a - a temperature conductivity of the product, m?/s;
Fo - Fourier criterion.

Conclusions

The factors of intensification the convective meat frying process have been analyzed
and justified, they include:

- increasing the heat transfer surface and the meat contact surface with the surfaces of
frying with the bilateral supply of heat and associated with this increase of the coefficient of
heat transfer from the surface of frying to the surface of meat;

- changing of the thermophysical properties of the meat, in particular, increase in
thermal conductivity;

- reducing the thickness of the meat J, to the effective thickness of the liquid &,, by

applying pressure or electric current to the conductive frying.

It has been proposed to divide the bilateral frying meat process, including meat high in
connective tissue in functionality closed capacity and under the influence of electric
current, into three main stages according to the duration, of which the most significant in
terms of energy costs is the second at which the heat is transferred through the surface layer
of meat as a result of phase transitions of water vapor formed due to the removal of
moisture out of the product surface layers to the frying surfaces.

The analytical model of bilateral meat frying process under the influence of
electrophysical methods based on the factors of intensification has been substantiated, in
particular, reducing the thickness of the meat from &, to effectived,,, increasing the

thermal conductivity of meat A, and increase the coefficient of heat transfer from frying

surface to the surface of meat.

For practical substantiation of the analytical model it is necessary to study the
processes of occurrence of meat weight conductivity under the influence of heat flow and
combined effect of heat flow and the difference of potentials of variable frequency to
determine the patterns of occurrence of substance flow aimed to establish rational
parameters of bilateral meat frying, including meat high in connective tissue.

References

1. Shevchenko A. O. (2012) Vykorystannia elektrokontaktnoho nahrivannia v
protsesakh zharennia kulinarnoi produktsii, Kharkiv.

2. Skrypnyk V. O. (2012) Rozrobka obladnannia dlia realizatsii protsesu
dvostoronnoho zharinnia miasa v umovakh osovoho stysnennia, PUET, Poltava.

3. Snegur F. M., Ulitskiy Z. Z. (2004), Assortiment myasnykh polufabrikatov,
Mpyasnoy biznes, 10(28), pp. 22-25.

366 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



10.

11.

12.

13.

14.
15.

16.

17.

18.

—— Processes and equipment of food productions ——

Vasyukova A. T., Moshkin V. F., Matsenko N. 1. (2004), Tekhnologicheskie
priemy, uskoryayushchie teplovuyu obrabotku m’yasnikh polufabrikatov, Myasnoy
biznes, 10(28), pp. 38-39.

Gorynskiy M. (2011), Syurprizy rynka: bol'she myasa — men'she moloka,
Professional’nyy biznes-broker Ukrainy, available at:
http://intercredit.com.ua/103/news6419.

(2014) Pogolov'e KRS v Ukraine v oktyabre sokratilos' na 2,7% - do 4,7 mIn golov
— Gosstat, RBK Ukraina, available at: http://apk.rbc.ua/rus/pogolove-krs-v-ukraine-
v-oktyabre-sokratilos-na-2-7---do-12112014113100.

Skrypnyk V. O., Farisieiev A. H. (2012), Vplyv yakosti miasa na enerhetychni
pokaznyky protsesiv dvostoronnoho zharennia, v tomu chysli v umovakh
elektroosmosu, Novi tekhnolohii i obladnannia kharchovykh vyrobnytstv, pp. 14-16.

Tran N. L., Salmon C. P., Knize M. G., Colvin M. E. (2002), Experimental and
simulation studies of heat flow and heterocyclic amine mutagen/carcinogen
formation in pan-fried meat patties, Food and Chemical Toxicology, 40(5), pp. 673-
684.

Hwang D. K., Ngadi M. O. (2002), Kinetics of heterocyclic amines formation in
meat emulsion at different fat contents, Lebensmittel Wissenschaft und Technologie,
35(7), pp. 600-606.

Arvidsson P., Boekel V., Skog K., Jagerstad M. (1997), Kinetics of formation of
polar Heterocyclic Amines in a meat model system, Journal of Food Science, 62(5),
pp.911-916.

Arvidsson P., Boekel V., Skog K., Solyakov A., Jagerstad M. (1999), Kinetics of
Heterocyclic Amines in a meat juice model system, Journal of Food Science, 64(2),
pp- 216-221

Jackson L. S., Hargraves W. A. (1995), Effects of time and temperature on the
formation of MelQx and DiMelQx in a model system containing Threonine,
Glucose, and Creatine, Journal of Agricultural and Food Chemistry, 43(6), pp.
1678-1683.

Ivanitskiy B. G. (1973), Eksperimental'noe issledovanie elektro-osmoticheskogo
massoperenosa, Kyiv.

Grebenyuk V. D. (1976), Elektrodializ, Tekhnika, Kyiv.

Antropov L. 1. (1984), Teoreticheskaya elektrokhimiya: uchebnik dlya khimiko-
tekhnologicheskikh spetsial'nostey vuzov, Vysshaya shkola, Moscow.

Dorokhin V. O., Skrypnyk V. O., Molchanova N. Yu., Herman N. V. (2004),
Perspektyvne vykorystannia termostiikoi plivky, Kharchova i pererobna
promyslovist, 12, pp. 18-19.

Antipova L. V., Glotova 1. A., Rogov M. A. (2001), Metody issledovaniya myasa i
myasnykh produktov, Kolos, Moscow.

Brazhnikov A. M., Karpychev V. A., Peleev A. 1. (1974), Analiticheskie metody
protsessov termicheskoy obrabotki myasoproduktov, Pishchevaya promyshlennost',
Moscow.

367

—— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



Processes and equipment of food productions

Mathematical model of drying fruit particles

Dmytro Kolomiets, Tetiana Roman, Lilila Kharchenko,
Mariia Rotai, Oleksandr Mazurenko

National university of food technologies, Kyiv, Ukraine

Keywords:

Drying
Fruit
Heat
Mass
Transfer

Abstract

Article history:

Received 12.07.2015
Received in revised
form 14.11.2015
Accepted 24.12.2015

Corresponding
author:

Dmytro Kolomiets
E-mail:
kdp1210@i.ua

Introduction. For parameter optimization of drying and
obtaining finished products which have high quality, it is
important to have a real mathematical model of heat and mass
transfer in the dried layer of the product.

Methods and materials. According to the analys of many
known mathematical models which was presented by the
researchers as regression equations of the experimental
data,which was solved as simplified problem of internal water
transfer for different instantiations.They combined this General
theory with a simple and particle models of the drying process
of wet materials.

Results and discussion. In the process of developing the
model of drying fruit products in the soft regime, it was taken
as a basis one of the most common assumptions about the
kinetics of the drying process - liquid inside the porous
structure moves almost free, evaporation of the liquid is only
on the outer surface of the body, and the moisture is removed
during the process drying, evaporation rises to the surface of
the inner region of the material at low moisture gradient. It
gives us opportunity to develop a mathematical model in the
form of differential equations for retain the moisture, heat and
changes in filtration transfer capacity , which describe,
respectively, the transient field moisture content, temperature
and total pressure capillary-porous body at constant transfer
coefficients.

On the basis of known mathematical models drying wet
materials in a thin layer of product, and use of the provisions of
the modern theory of internal mass transfer based on the
concept of a single potential transfer of moisture to the layer
product in the form of unlimited plate decided the equation
moving the interface damp body - space drying in the drying
modes. Under these conditions, drying moisture transfer by the
pressure gradient can be neglected. Therefore, the selected
boundary conditions, solve the problem of Stephen for
compatible transfer processes of heat and moisture in the wet
material drying. The boundary problem for a system of two
second order differential equations. The calculation results
move the interface damp body - drying space on the proposed
model satisfactorily consistent with experimental research.

Conclusions. The use of the model dry fruit particles
improve the quality of regulation as the drying process and the
finished product.
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Introduction

Edible fruits and mushrooms are the main sources of essential nutrients of natural
origin. They greatly enrich the diet of people. Most of fruits are well stored for a long time
and can be consumed raw or processed. Almost all kinds of edible mushrooms have a short
shelf life and require compulsory heat treatment. This is because as the presence of a
significant amount of moisture (87-95% per 100 grams of edible part[1]) and active
enzymatic and microbiological activity of fruits cells. Nutritional of mushrooms depending
on their sort, vegetation and storage conditions.

Today the cultivated species of mushrooms considered promising and useful source of
nutrition. It is highly profitable and of high household culture[2]. Proved their nutritional
and medicinal value [3].

Development of Fungiculture in Ukraine it held within the framework of the program
"Mushrooms of Ukraine." Production of cultivated mushrooms in Ukraine increased
annually by 25-30%, it is the fastest pace in Europe. The most common among cultivated
mushroom are heterotrophic saprophytic mushroom — twospores champignon (Agaricus
bisporus (Lange) Sing). Today it is grown in almost all countries.

Freshly mushrooms are most helpful. But because of the high moisture content at
ambient temperature over +18 © C mushrooms can be stored for only 24 hours. Unrealised
fruits should be processed in mushroom products in any way. The most commonly for this
purpose used drying. It can not only extend shelf life of products, reduce the cost of
transportation and storage, but also improve the nutritional value of the product [2, 4].

In tissues fruiting bodies of mushrooms moisture (inter- and intracellular fluid) is
solvent, the other - kept biopolymers pulp. Both may have inherent properties or clean
water (free moisture or freezing), or those acquired as a result of hydration - energetically
favorable interactions with water soluble biopolymer pulp and substances of cell sap
(bound or nonfreezing wet) [5] .

So the main purpose of drying foods - reducing humidity to a level that allows you to
safely store products for an extended period. [6] . For drying mushrooms successfully use
air, sublinear , microwave, osmotic and other drying. Each method has advantages and
disadvantages, but the most widely known is the convective drying with hot air. [7]. Drying
- the process of removing moisture conditions for simultaneous heat and mass transfer
between the product and coolant. For most foods, it is the last (incident) during the drying
speed and continues until equilibrium moisture, characterized by the least amount of
moisture, which can remain in the product in the circumstances of the drying process. [8].
Usually before drying product is ground and formed from it optimal layer dry-through
product [9].

An important role in shaping the economic and quality of dried product plays time and
drying conditions. In order to optimize these parameters from experimental data to develop
mathematical models that make it possible to generalize curves drying various fruits:
apricots [9, 10], grapes [11, 12] mulberry [13], figs [14], apple [15, 16]. Effect modes of
drying, the fungus particles, the size of the crushed particles forming layer product drying
considered in mathematical models given in [1, 2, 3, 8, 17, 18, 19, 20, 21, 22].

Materials and methods
Analyzing the real processes of fruits drying — which are bodies with a complex

structure, it is difficult to count an influence of the interior elementary types of heat and
moisture transferring. That’s why finding of analytical solution of the whole equations’
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system of heat- and mass transferring interrelated processes inside of wet body is almost
impossible. In the case when all necessary numerical coefficients are included in the
differential equations and uniqueness conditions, we can solve the simplified problem of
internal water transfer for different instantiations [29-31] by combining the General theory
with a simpler and private models of the drying process of wet materials.

So, in the model proposed in [32], we can make the assumption that as the drying
product is localized deepening of the front evaporation of moisture and, in this case, the
heat to the front will be totaled due to the heat conductivity of the dried layer material.

To develop a mathematical model of the drying of fruit products in the soft modes we
take as a basis one of the simplest assumptions about the kinetics of the drying process,
which lies in the fact that the liquid inside of porous structure moves relatively freely, and
the evaporation of a liquid is carried out only from the outer surface of the body, and the
moisture is removed during the drying process is supplied to the surface of the evaporation
from the inner zones of the material with a low gradient moisture [32].

Results and discussion

We use the statement of the modern theory of internal heat and mass transfer, based
on the notion of a single potential migration of moisture ®". The value of the potential ®"
is proportional to the local moisture @ content in the material and inversely proportional to
masons body ¢, . During theconvective drying it unites potentials of all possible
elementary transfer of moisture in capillary-porous body due to the gradients of moisture,
temperature and pressure [32].

Given that the process of formation of steam inside of the wet material is a source of
vapor phase and also contributes to the outflow of heat use in further reasoning the notion
of the criterion of phase transformation &, =dw, / dw [32], which can be considered as an
independent process parameter and to determine from the ratio of the mass of moisture
0w, involved in a phase transition (power source), up to a total mass change of moisture in

internal wet point of the material dw . Due to certain conditions, the criteria may be limit
values: &, =0 or ¢, =1 . In drying conditions, when phase transitions are absent, and the

moisture in the middle of the dried-up body is moved only by movement of the liquid
phasee, =0. When the change of moisture content in the body occurs only through

evaporation or condensation, &, =1it. Note that when intense protonen in the pores of the

dried product may occur the excess pressure of water vapor, leading to the appearance of
the pressure gradient intensifies the General suffered moisture in the body.

In most of cases the potentials of elementary processes of moisture transfer depends
on the structure of the body, temperature ® and moisture content @ .

We’ll take that the layer dried the wet product, the thermal diffusivity which is «a
potential conductivity «,, and the coefficient of filter transfer pressure , has the form of an

unlimited plate &, with an initial thickness of the H,, . Differential equation of conservation

of moisture, of warmth and of changes in filtration capacity transfer, describing,
respectively, the nonstationary fields of moisture, temperature and total pressure in the
middle of the capillary-porous body with constant transport coefficients are of the form
[32].
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0w o’w 0’0
—=q,—+a, 06— 1
ot "ox* " ox’ O
2
6_®=aa_(?+g la_w )
or Ox "¢ Ot
opP o’P c, 00
—=a,—5—-& = —, 3
ot Tox* ¢ or ®)
e 8§ =c, (00" / 6®)|w - thermogradient coefficient of moisture transfer.
If we’ll count (1-3) we can have a General differential equation describing the
unsteady field of potentional @
o _ a —826* +a i-—az(a +a 62_P 4
ot m 6x2 m c, axz m= fil ax2 ’

Where 6, = K,/ 4, - the filtration coefficient of moisture transfer is proportional to the
ratio of the filtration permeability of the porous material K ; and inversely proportional to

the coefficient of conductivity of the wet body 4, .

We’ll assume that a certain time reduce the volume of the dried body is carried out by
reducing the volume of the liquid phase of the substance, that is (0V /0t) =(0V /ot), . In
this case, to determine the moving boundary of evaporation, you can use the heat balance
equation on the boundary of the wet body - environment, under which the total amount of
heat 00, supplied to the body, is spent on heating of the body (00, ) and evaporating part

of the moisture (00, ), that is

00. =00, +00,,
or

-A@0/0ox)| _,-F,-0t-r-p,-F,-0h=a(t, —t,)F, -0t (5)

sur

where 00 /dx - the temperature gradient

While drying fruit products in the soft mode the transfer of moisture due to the
pressure gradient can be neglected. In this case, the set of differential equations (1), (2) and
(5) together with boundary conditions of type

0(0,7) =0,(7); @(0,7) =, (1) ; (6)

O(h,7)=0,(7); w(h,7) = 0,(7), (7)
define the Stefan problem for the joint processes of moisture transfer and warmth inside the
wet material during the drying process[32 - 35].

By simple transformations the expression (5) we’ll find the equation of the moving
boundary's wet body - drying space
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oA O @)ir=0h=H,. (®)
aT rpw ax x=h rp(u

To solve the system of differential equations (1) and (2) that would satisfy boundary
conditions (6), (7) and equation (8), we’ll use a new variable [34 - 38] and get:
o 1 oo 0O
—+—U—+56—=
oU* 2a, oU oU’

2

CO 1,00 r 00
oUu® 2a 00U 2a-c ou
@(0) = a,(7); w(h) = w,(7);
0(0) = 0,(7); O(h) = ©,(7),

>

0;

9)
that is, the boundary-value task for system of two differential equations of the second order
[38].

2
Typing the replacement 0 =T, o =Vi v Z, after a number of
ou oUu 2
transformations and simplifications, we give the system (9) the form

T 1
e il
a-c (04
(10)
1
F_3 5" &, V.
0Z 2a 2a-¢c ' 2a,

(10), has the form [38]:

I
2o 2ae S A (g LI\ Sy
6 _r 9% A a, 2a-c ' 20  4aa,
2a 2a-c ' 2a,

(11

Where A - the root of the characteristic equation.
The value of the discriminant of the quadratic equation (11) is determined by the

formula

1

ro +l)2 1

+—g,

11
D=—(—
4 a, ac = « aa

m

In this case there can be three cases: D =0;D > 0;D < 0. Depending on the value of
D, A is:
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D>0; A, =— (—+ﬁ l)J_m/B;
’ o ac /

. 1,1 1 1
YD<O A=A, +AEA =~ LT  +—); A"==-D;
4 a, oac " a 2
3ID=0;A=A=A,
From the first equation of the system (9) we find

V(Z) =@-Z—§+L-T(2). (12)

I"Ef i"gf

Then, having the general solution for 7'(Z), having D >0, we get

T(Z)=C,eM +Cye™7;

V(Z)=-S-aA, +1)Ce" M + - aA, +1)Ce" M
1 1
re, re,
or
2_2 — CleO,SA,UZ T CzeO,SAZUZ;
6_60 = L(2a/\l +1)Cle°’5/“uz +L(20¢A2 +1)Czeo’5A2U2;
oUu  reg re,
From this
Al A2
O(x,7) = Cerf (ix,|—) + Cyerf (ix,|[—) + C;;
T T
c LA
a(x,7) =:(20z/\l +1)Cerf (ix T) + (13)

/

¢ A,
+—QaA, +D)Cerf(ix,|—)+C,;
re T

/

Taking into account the boundary conditions (6), we find

G, =0, (r); C, = o, (7)
(14)

Using the boundary conditions (7) and the value (14), get a system of linear algebraic

equations
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Cierf (ihJA, I T)+Cyerf (ihA, I T) = A®;
re
C.ah, +Nerf (ih[A, /1) +C,2aA, +Derf (ih A, /1) = Ao —,
(15)

where
A®=0,(1)-0,(1); Aw = 0,(7)— 0, (7).
(16)

Calculating from the system (15) C, i C, and taking into account (14), i3 (13) you
can find the final dependence according to ®(x,7) and @(x,7) having D >0.
Having D <0, we get

T(Z)=C,e™” sin(A'Z)+ C,e™” cos(A'Z);

V(Z)=—— € [QaA, +1)C, —2aA'C, 1™ sin(A'Z)+
f

+—S[2aA, +1)C, +2aA'C Je™ cos(A'Z);

re,
or

0 g .U U>

— =" [C,sin(A'—)+C, cos(A'—)];

U e[ 1 ( > ) 2 ( > )]

2
90 _ ¢ i {[QaA, +1)C, - 20A'C, Jsin(A L) +
oUu  re, 2
U2
+[QaA, +1)C, +2aA’Cl]cos(A’7)};

From this

xiT A72 62
O(x,7) = 20[C, sin(A' —)+C cos(A' —)] ;

e e

x/\7 7z ZZ

o(x, T)z_j "% ([QaA, +1)C, - 2aCJsin(A' )+ (17)

6Z

N

+[QaA, +1)C, +20A" C]cos(A'—))

Having Solved (17), we get:
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C,=0,(r), C,=w/(r).
(18)

Having used (7) and having taken into account (16), get

We oz 72 z 2
C j [e "7 sin(A'=-)]0Z +C, j [e 2% cos(A'=—)]0Z = A®T;
’ 2t ’ 2t
INC A 2 2
05T . Z VA
G j eA 7[2aA, +1)sin(A'—) + 2aA 'cos(A'—)
2t 2t

Wi N 7

10z + (19)

N 2
N \/;

z 2
+C, [ € [QaA, + 1)20s(AZ2) - 2aA'sin(A‘§—)]6Z = Awe ;r =
. «

o

2T c

From (19) C, and C, and having taken into account (18), fron (17), it is possible to
obtain analytical dependence for the determination ®(x,7) and @(x,7) at D <0.
If D=0, then

1(Z)=(C +C,Z)e™;

V(Z)=—-[2aC, +QaA, +)C +QaA, +1)C, 21"
rée
f

Or
9O _ (€ +0.5C,U )
U
0 _ < [QaA, +1)C +C,(2a +(aA, +0,5U2))]e" "
ou re,
From this
C X/\/; A iz
O(x,7) = Cerf (ixyA, / 7) +—2 j (Z%¢ )0z +C,;
20t o
o(x,7) = i([zac2 +QaA, +1)C Jerf(ix\[A, I T)+ (20)
f
C X/t A“Ziz
+QaA, +)—2= [ (2% " )oz)+C,,
N 'I !
where

C,=0,(1),C, =w(r).
@21
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Having used (7) and (21), we get 3 (20) a system of linear equations

hiNT iz
Cerf(ihyA,/7t)+ 2! j (ZzeA“ )07 = A®;
20t "
C.Qah, +Derf (ihJA, I7)+Cyl2a-erf (ihJA, 17)+

2aA 1]7/\/; “Ziz e.r
G DT (226 yaz1= 2 no,
21\/; " c

+

(22)

Having solved (22), we get C, and C, and, taking into account (21), from (20) it is

possible to find analytical expressions for @(x,7) and w(x,7) at D=0.

To determine the equation of the moving boundary environments, wet material drying

00 . L
space, find — at different value of the discriminant.

X

x=h

At D >0 we find

2
/\,h— Ay—
=Ce T +Ce 7,

x=h

00

Ox

Having put (23) into (8), get

e
Gh A e ) -~ ()t > 0 h > H,
loks rPy, TPy

where C, and C, - constants, determined from the system of equations (15).

When D<O0,
AR AR
O _ e sind ¢, cosX ),
ox| _, 27 27
Having put (25) into (8), get
oh A AE AR AR a
—=———-e¢ *[Csin( G, cos( N=——(. —1,(7));
or rp, 27 2t rp,

T>0h—>H,),
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where C, and C, - constants, which are solved from (19).
If D=0, then
" 2
O _Mrere 7)
ox| _ 27

=h

Having put (27) into (8), find

oh A AT K.«
3 e TG @R T S B H,, (28)

where C, and C, - constants, which are solved from (20).
Consider the moving boundary of evaporation when drying in conditions, when
€, =0. In this case, the system composed of differential equations (1) i (2) and boundary

conditions (6) i (7), is

00 oRC)
P a_’
ot ox’
0w o’w 0’0
—=a +a,d ; 29
or  "ox* " 2
0(0,7) =0, (7); w(0,7) = o, (7);
O(h,7) = 0,(1);0(h,7) = 0,(7);
Having used a new variable U = Nt get
o 1 O 0’0
oty U =07
ou® 2a, OU oU
2
00, 1y%.y (30)
ou® 2a 0U
0(0) = o; o(h) = 0,;
0(0)=0,;0(h) =0,,
Having made a replacement 0 =T and oo =V, get a system
ou ou
or + L. UT =0,
oUu 2a
a_V + L UV ==6 6_T ,
oUu 2a ou
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the solution of which is of the form

UZ
TWU)=Ce *;
U? U? (31)
vos.C. U
V(U) = Ae o + 2% paa
a-2a,
or
u Vi

©=C,+C, j (e *)0Z =C, + Ceerf (x/~2ar);

=4, +Aerf(x/\/2ar)+ erf(x/\/2ar)
(32)
where C, =0, (1), 4, =w,(7).
Having determined from the boundary conditions (7) constants C,, 4,, get
erf(x/+2ar)
0 =0 0,(r)-0 = 7
(x,7) = 0,(7) +[0,(7) - 0,(7)] erf (h 1 J2etc)
0(x.7) = 0(7) +0, (1)~ ()] - A2 DD,
a-2a,
+0,(r)- 6, (r) LN,
erf(h/\2ar)
(33)
Taking into account that
00|  0,(1)-0,(r) h2 ) (34)

x|, efhi2orm T

equation (8) can be reduced to the form:

h__ A _O0-0m e
ot rp, erf(h/ParWar

a
2a) " U mHERT SO Ho (35)

2

o . h
At the beginning of drying the body, when 7 — 0, have exp(—2 )—>0, a
ar

erf(h/\2ar) — 1. Substituting these values in (35), get
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oh a
E:-—(tdr—tz(z'));‘r—)O;h—)H,,, (36)

o]

Finally, from (36) find

mn:mﬁiih%—mmwp

(37)
Conclusion

Most mathematical models proposed in [9-22] represent a regression of experimental
data, so the extent is limited to a certain extent is terms of drying specific fruit particles.

Using the internal regulations of the modern theory of mass transfer, which is based
on the notion of a single potential transfer of moisture, for layer product in the form of
unlimited plates for only a soft dry mode allows you to get moving equation the interface
wet body - drying space. In this case, when the transfer of moisture due to the pressure
gradient can be neglected, thene the appropriate boundary conditions compatible processes
heat of and moisture transfer in the wet material can solve as the Stephen problem.

Using the developed mathematical model of drying fruit particles improve the quality
of regulation as the drying process, so the finished product.
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AHoTaiil

XapuoBi TexHosnorii
Bruiue MmonnikoBaHOro KPoXmMaJiio Ha CTaH BOJIOTH B DickBiTax

Ipuna Crpinens
Hayionanvuuii ynieepcumem xap1osux mexmonoeiu

Beryn. B nasiii po0OTI BHBYEHO BIUTMB MOIU(IKOBAHOTO KPOXMAJIO XOJOJHOTO
HaOyXaHHs Ha IEpepo3NONAT BOJOTH B OICKBiTaX. 3 METOK NPOrHO3YBaHHS MNPOLECY
30epiraHHs BUPOOIB TOCIIIKYBaIU iX COPOIiiHI BIaCTUBOCTI.

Marepianun Ta Metomu. KibKicTh BUIBHOI Ta 3B's3aHOI BOJIOTH PO3PaXOBYBAIH 3a
JepuBatorpaiuHUM aHaJi30M 3 YypaxyBaHHSIM BHHUKHEHHS IIOIIAPOBOTO MpOrPiBY
BupoOiB. CopOIiiHO-1ecopOLiliHi BIACTUBOCTI BUPOOIB JOCIIKYBAIM 32 TPaAUIIIHHOIO
METOAMKOI0 y BakKyyMHOMY mpwiaai Maxk-bena 3a temmeparypu 20 °C. B sxocTi
a7copOTHBY BUKOPUCTOBYBAJIH BOJSIHY Mapy.

Pesyabratn i o0roBopeHHsi. BHBUEHO BIUIMB 3IIMTHX BHAIB MOIU(IKOBAHOTO
KPOXMAJII0 XOJIOAHOI'O0 HAaOyXaHHS: TiJpoKcUMpomnuia mukpoxmaibdochary (Microlys FH
02), anerunpoBaHoro qukpoxmainbgochaty (Swely Gel Soft), aneTriroBaHOTO KPOXMAITIO
amumnaty (Cold Swell 5771) Ha mepepo3moIii BOJIOTH B OiCKBiTaX.

JlocmimpkeHHsT ToKasajiM, IO 3aBISKU CBOIM pO3rajyXeHid HpOCTOpOBii Oy/I0BI,
MOJM(DIKOBaHUIH KpPOXMajb XOJOMHOrO HaOyXaHHsS 3JaTHUH LIBHIKO 3B’s3yBaTH Ta
yrpumyBatn  Boxy. JlomaBamHs 1 %  kpoxmamo g0  OopomHa  cripuse
301IBIIICHHIO KUTBKOCTI 3B's13aHOT BOAM B IPOAYKTi Ha 7.17...13,23%.

CopOiiiHi BIaCTUBOCTI OICKBITIB 3 10J]aBaHHIM MOJIM(]PIKOBAHOTO KPOXMAJIO 3HAYHO
MOKpAIIWINCS. 3aBASKA B3a€MOJIi KpPOXMali0 3 KOMIOHEHTAMH OOpOIIHA i YTBOPEHHIO
OUTBII MIITHUX 3B'SA3KIB 3 BOJOI0, 3arajibHa KUIBKICTH COpOOBaHOI BOAM ISl BUPOOIB 3
MOTHDIKOBAHHM KpoxmaleM 36imbmmiachk Ha 3,14 e’ / 100r ms «Cold Swell 5771y, Ha
5,67 em*/100 T st «Swely Gel Soft» u na 18, 97 em*/100 T st «Microlys FH02».

BucnoBku. MonudikoBanuii Kpoxmaib XOJOAHOIO0 HAOyXaHHS TO3UTHBHO BILIMBAE
Ha Iepepo3NOIill BOJOTM B OiCKBiTaX, WO MOJIMIIMTH TEPMiH 30epeKeHHs CBIXKOCTI
BUPOOIB.

KurouoBi ciioBa: dickeim, kpoxmanw, gonoea, copoyis, ceixcicmo.

Bu3HavyeHHs AaHTHOKCUIAHTHOI AKTUBHOCTI CyXHX PE4OBHH €KCTPAKTIB i3
COHSILIHMKOBOI MaKyXHu

Jmutpo 1o6pyHoB, Jleonin [Tepesanos, Onena IliBeHs
Hayionanvnuii mexuivnuii ynigepcumem «XapxiecoKuii NOMMEXHIYHUL IHCIMUNTY M »

Beryn. Jlana poGora Mae Ha MeTi BU3HA4YECHHS AHTHOKCHIAHTHHUX BJIACTUBOCTEH
€KCTPaKTiB 13 COHSIIHMKOBOI Makyxu (i3 O€3NyNINMHHOrO sApa), OTpUMaHHX 13
BUKOPHCTAaHHSIM KaBiTallifHOT YCTAHOBKH.

Marepianu Tta meromm. Hacinus consmmuka (copry HK-Bpio) oxomomkyBanu
piakuM a30ToM Ta OOpylIyBayiu. bBe3nmymmnmuHHE Sapo BiANpPECOBYBAIM Ha EKCTPYZeEpi.
Makyxy oOpoOJsUTH y KaBiTaliiHIl yCTaHOBII (3 BUKOPUCTAHHSIM PO3YMHHHKIB — FeKCaHy
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Ta €TWIOBOTO criupTy). Ilicist BIATOHKK po3yMHHKKA oTpuMany 4 3pa3ku «Cyxux pedoBUH
€KCTPaKTIB 13 COHSIHUKOBOI Makyxu» (CPECM).

Pe3yabraTu Ta 00roBopeHHs. [3-3a HEBIIOMOI NPUPOIN AHTHOKCHAHTIB, IPUCYTHIX
y CPECM, aBropu Morau Timbku npunycrutu ckinan CPECM. Haiisiporinnime, 1e
ToKO(epoNH, XJOPOreHoBa KHCIOTa, (ocdomimign i T.m. Buxomsun 3 1poro Bei
PO3paxyHKH KOHIEHTpalii iHridoitopy y mociinaux 3pazkax CPECM ([/nH]) nmpoBonumu y
MepepaxyHKy Ha o~-TOKO(EPOJI, SIK HAWOLIBII OUiKyBaHUH aHTHOKCHIAHT.

JI71s1 BU3HAYEHHS aHTHOKCHUIAHTHHUX BJIACTHBOCTEH oTpuMaHmX 3paskie CPECM 0Oyno
MPOBEICHO CEPI0 MOCTIMIB 3 IHII[HOBAHOrO OKHUCHCHHS MOJIECIBHOTO BYIJICBOIHIO
(xymony) 3 momaBanHs CPECM Ta 6e3 Hux. OTpuMaHi eKCHepUMEHTaIbHI [aHi
miaTBepKytoTh HasBHICT y CPECM pedoBHH 3 aHTHOKCHIAHTHHMH BIIACTUBOCTSIMHU
TaKuX, SK: TOKO(GEpPOJH, CTEPOIH, XJIOPOTEHOBY KHCIOTa Ta Qocdomimiau. HasBHicTh
¢dochomimigie y orpumannx CPECM oOymoBieHa TuM, 10 BMICT oiii y mporti (micis
KaBiTamiiHoi 00po0Oku) ckiana 0,9%, a kibkicTh (GocdominiaiB B omii ckiaana 0,05%. Lli
JIaHl CBiM4aTh, mo Oinbina yactuHa (ocdomimiais nepeiinuia 1o CPECM. Cxian CPECM
nocinipkyBanu 3a nonomororo BEPX  (BucokoedexkTnBHOI piauHHOI Xpomatorpadii).
Koncrantu o6puBy nanmporiB (k;) 4 mocmignux 3paskiB CPECM 3miHIOBanuch y Mexax
1.0-10° = 1.6:10° /monp-c. JIas HaiiGigbIn BiZOMOrO MPHPOJHOrO AHTHOKCHIAHTY —
tokodepony (k;) 3miHI0€TBCS y Mekax 0.7-10° — 3-10° 1/momb-c.

3HavyeHHs KOHCTAaHT IIBUAKOCTI oOpuBy jaHioriB (k;) mokasyrors, 1mo Bci JOCIiaHI
3pasku CPEHC e He meHm edextuBHUMY iHTiIOITOpamMu, Hix ToKodepon. Lle o3Hauvae, 110
Bci orpumani 3pasku CPECM e iHribiTopaMy OKHUCHEHHS Ta YIOBUIBHIOIOTH PEAaKIilo
MIPOJIOBKEHHSI JIAHIIIOTIB.

BucnoBkun. CPECM MOXyTh OyTH BHKOPUCTaHI ISl 3all00IraHHs OKHMCHIOBAJIBHOTO
TICYBaHHSI )KUPOBMICHUX BUPOOIB Ta 3011bLICHHS TEPMIiHY X IPUIATHOCTI.

Kunro4doBi ciioBa: anmuoxcuoanmu, coHAWHUK, KA8IMAyis, 2eKCaH, emamoi

IinBumenHs e¢peKTUBHOCTI CyXuX GIIKOBHX NpenapaTiB riipaToBaHUX
€J1eKTPOAKTHBOBAHOIO BO/IOI0

Jlrommuna BinnikoBa, Keenis [Iponbkina, Auapiit Kumiens
Ooecvka HayionanbHa akademis xapuosux mexuonoait, Odeca, Ykpaina

Beryn. B ymoBax cywacHOro BUpPOOHMIITBA M’SICHUX IIPOAYKTIB iCHYe mpodiema
SKOCTI CHPOBMHU. Po3poOka TeXHONOri BHpPOOHHITBA M’SCHHX IPOAYKTIB 3
BUKODHCTaHHSIM OLIKOBHX [00aBOK € TIEPCIIEKTHMBHUM Ta EKOHOMIYHO BHWI1JHHM
HAIPSIMKOM.

Marepianu ta metomu. JlocmipkeHo cyxi OLIKOBI mpernapatd pi3HOTO ITOXOKEHHS:
ook 31 cBuHsA4ol mikipu Progel C-95, Supro S00E — coeBuii Oiok. BusHayaim oCHOBHI
(YHKI[IOHAJIBHO-TEXHOJIOTIUHI BIIACTHUBOCTI OIKOBMX TIpenapaTiB Ipu IX riaparamii
(pakiisiMH eEeKTPOAKTUBOBAHOI BOIH.

Pesyabratu i obroopenns. 3miHa pH cepenoBuma rigpaTamii cyxux OLITKOBHX
NIpernapariB y JIy)KHY CTOPOHY 3a JOIIOMOTOI0 KaTOJITY J03BOJIMJIA MiJBUIINTU B’SI3KIiCTH
3paskiB J00aBOK, aje HalieeKTHBHile 11e BiIOya0cs y OLIKOBOro Mpenapary poCIUHHOTO
noxomkenHst Supro S00E . B’sskicte mporo mpemnapary Oyna Ha 35% Oinpmia HiK y
KOHTPOJILHOT'O 3pa3Ka.

BusHaueHHs1 BOJIOrOYTPHUMYIOUOi Ta >KUPOYTPUMOIOYOI 3[aTHOCTI JOOABOK IOKA3alIo
HaKOIbITY e(eKTHBHICTh BUKOPHCTAHHS KATONITY y A00aBI[ TBAPHUHHOTO IOXOKEHHS
Progel C-95, sixi cranoBmiIM BimnoBigHo 95% i 42%.
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BukopucraHHs KaTONITy JUIs TixpaTanii J03BOJIWIIO MiABHIIUTH eMYJIbCIHHY 3JaTHICTh
Ta CTaOIBHICTD eMyJbCii HAaHOUTBII e)EeKTUBHO Y 3pa3kax OiIKOBOI JOOABKW TBaPHUHHOTO
noxomxkeHHst Progel C-95. YV mopiBHSHHI 3 KOHTPOJIBHUM 3Pa3KOM CTaOUIBHICTh eMYJIbCii
i ABHIIMIACH Ha 8%.

OpHUM 3 TOKa3HUKIB E€KOHOMIYHOi €(DEKTMBHOCTI BHKOPHUCTaHHS CyXHX OIIKOBHX
npernapariB € KPUTHYHA KOHLIEHTpAllisl TelleyTBOpeHHs. EdeKTHBHOCTI BHKOpUCTaHHS
J00aBOK 3BOPOTHBHOMNPOIOPIIHHA TTOKa3HUKY KPUTHYHOI KOHLIEHTpALii r'eJeyTBOPEHHSI.
3arasioM, BUKOPUCTaHHS KaTOJITy 3HM3HJIO 1lel TOKAa3HUK Yy BCIiX Ipenaparax, aje y 3pazka
J00aBKH 13 CBUHAYOI mKipku Progel C-95 meil moka3HUK JOCAT MiHIMAJLHOIO 3HAYCHHS 1
CTaHOBUB 5%.

BucHoBku. 3anpornoHoBaHWi cnoci® miABUIIEHHS ()YHKIIOHAIEHO-TEXHOIOTIYHUX
BJIACTHBOCTEH CyxXWX OIIKOBMX TIIperapaTiB 3a  JIONOMOrow  Jy)HOi  Qpaximii
€JIEKTPOAKTUBOBAHOI BOJIW JIOBOAWUTH CBOIO edekTuBHiCTh. Halikpamii pe3ynbratu
nominueHHs e(eKTUBHOCTI 00aBOK BiJ3HAYEHO 3a HU3KOK IOKa3HWKIB y Ipenapari
TBapuHHOTro Noxo/pkeHHs Progel C-95.

Kunro4osi ciioBa: dobaska, enekmpoakmugosana 600a, Kamoaim, aHoaim, M aco.

Brnius cnoco0y koHcepByBaHHS QPYKTIB i 0BOUiB HA IX CTPYKTYpPHO-MeXaHiuHi
BJIACTHBOCTI

Haranis Opnosa, Irop Ky3smenko, Poman Pomanenko
Kuiscoxuii nayionansnutl mopeogenvHo-eKoHoMiuHuLl yHisepcumem, Yxpaina

Beryn. Mera focnmijpkeHHsT TIONSTa€ Yy BCTAHOBJICHHI HaWOUIbII €QEeKTHBHOTO
croco0y KOHCEpPBYBAaHHS IUTOMIB 1 OBOYIB, NUIAXOM ITOPIBHAHHS 3HAYCHHS TBEPAOCTI
TKAaHUHHOI CTPYKTYPH IOCIIDKYBaHHX 3pa3KiB IUIOMIB i OBOYIB KOHCEPBOBAHHUX PI3HUMH
criocodamm.

Marepianu i meroam. AHamizyBamu Iwioau rapOysa, aiiBu, kabauka i anudi
KOHCEpBOBaHI B pi3HH croci0. Bu3Hawanu mocTiiiHe 3ycWiuis NEHeTpauii CTPYKTYpH
TKaHUHY JOCIITHUX 3pa3KiB MWTIHAPUIHUAM TOTYACTHM IHICHTOPOM 3 JiaMeTpoM rojiku (d)
1,4 MM, 110 TIPOHUKAE B JOCHTIPKYBaHUH 3pa30K 31 MBHUIKICTIO 3,45 MM/C Ha TIIHOMHY 7 MM.

Pesynbratn i o6roBopennsi. I{udpoBe 3HAYCHHS MeEXKiI MIIIHOCTI TKaHUH
KOHCEPBOBAHOTO Tapbys3a IOCTiAHOro 3paska craHomio 1300—1500 MH/Mwm%, mo BrpHui
BHUIIIE 3HAYEHHS KOHTPOJILHOTO, a aiiBM — Maike y 2 pa3u BHIIE KOHTPOJBHOIO 3pa3Ka.
BenuunHa Mexi MIIHOCTI KOHCEpPBOBaHMX KaOadykiB i amuyl Juisi IOCHIJHHUX 3pa3KiB B
cepenHboMy y 1,8-2 pasu mepeBHIyBaia TIOKA3HUKH I KOHTPOJIBHUX. Taki po30i>KHOCTI
y BEJIMYUHI MEXI MIIHOCTI CTPYKTYPHU IUIONIB 1 OBOYIB KOHTPOJIEHHX 3pa3KiB KOHCEPBIiB
BIIHOCHO JOCNITHUX CIHPUYMHEHI OUIBII BHCOKOI 1 TPHBAJIOK TEPMIUHOIO OOPOOKOIO
KOHTPOJIBHHX 3Pa3KiB, IO Iependavae KlaCHuHa TEXHOJOTIYHA IHCTPYKITiS.

PesynbraTn eKCIIePUMEHTAIBHUX JOCITIPKEHB CTPYKTYPHO-MEXaHIYHUX
BJIACTHBOCTEH CITIBCTAaBJICHO i3 0aJOBOIO OIIHKOIO OPraHOJENTHYHHUX MOKA3HUKIB, B T.4.
OLIHKK KoHcucTeHnii. JlocmigHi 3pa3ku KabayKOBO-aJM4YeBHX 1 TapOy30BO-ailBOBHX
KoHCepBiB oTpuManu 4,81 1 4,79 GamiB BiaNOBIIHO, KOHTPOIbHI 3,25 1 3,48 BimmoBigHO.
Takok KOHCHUCTEHINIO JOCHITHUX 1 KOHTPOJBHUX 3pa3KiB TMOPIBHSUIM  OIMHCOBUM
(meckpunTHBHUM) MeToAOM. JlocmifHi 3pa3ku XapaKTepu3yBaIUCh TapHO 30epekeHOI0
(hopMOI0, TIPYXKHOIO HEPO3BAPEHOIO KOHCHCTCHINIEIO IIMATOYKIB MOPIBHIHO 13 KOHTPOJIEM.
KoHcuCTeHIIII0 KOHTPONBHUX 3pa3KiB XapakTepudyBajH Jeckpunropu “Puxia, miomosa
IIKipKa BifcTae Big M'skoTi”, “M'ska, po3BapeHa”. ToOTO omTOBa KHCIIOTa, MOJaHA IO
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KOHTpPOJILHHUX 3pa3KiB KOHCEPBiB, He 3a0e3neymsia o4iKyBaHOro eekTy moao crabdimizarii
MPYXKHOCTI CTPYKTYPH TKaHHH IUIOAIB i OBOYIB.

BucnoBku. Pe3ynbraTd JOCTIIDKEHHS MIATBEPAWIH, IO YJOCKOHAJIEHHH CIIOCIO
KOHCEpBYBaHHs Ma€ TO3UTUBHHUH e(eKT Ha 30epekeHHs 30BHIIIHBOTO BUIIALY, (GOpPMHU
IIMaTOYKIB MPOAYKTY 1 (GOPMYBaHHIO OLIBII MPYXHOI HOT'O KOHCUCTEHIII].

KarouoBi ciioBa: xoucepsa, mepmoobpodka, nenempayis, meepoicmo, MIYHICMb,
KOHCUCMEHYIA.

ABTOMaTM3aLUis TEXHOJIONYHUX nNpoueciB

Bu3HavyeHHs rIMOMHM THYYKOCTi TEXHOJIOTIYHOI CHCTEMH

IBamyk B’siuecnas, Jlaganiok AHaTomin
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. Ilpu 3MmiHI acopTUMEHTY MPOAYKTIB BUPOOHMYOI JIiHIT (paxiBli HaMararTbCs
MaKCHMaJIbHO BUKOPUCTOBYBATHU IIOTY)KHOCTI Ta PECypCH HIiANPUEMCTBA, IS 301IbIICHHS
CYKYITHOT'O TIPHOYTKY.

Martepianu Ta Metomu. JIOCHIKYETbCS pEKYypCisi XapaKTEPUCTUK THITOBHUX
TEXHOJIOTIYHUX TIPOIECIB, IIO PO3paxoBaHi Ha 0araToacOpTUMEHTHE BHPOOHHUITBO, Y
TEXHOJIOTIYHI MapaMeTpH Ta PEXHUMH POOOTH obOmaaHaHHA. [ OTpUMaHHS IIPOESKINN
XapaKTepPUCTUK CIIOKUBaya B HEOOXiNHY INMOWHY Bapialliii TEeXHIYHHX XapaKTEPUCTHUK
BHUKOPHCTaEMO METOAMKY CTPYKTypH3auii po3ropraHHs QpyHKIIT sikocTel crioxuBaya. J{is
OLIIHKM HEOOXiMHUX Bapialiid, 3MIHHHX 32 IJIbOBOI 3MIiHM OOpaHOi XapaKTEpUCTHUKH,
ckopucTaeMoch jaiarpamoro Ilapero. [l OWIHKM MOXJIMBUX peatti3allii KepyBaHHs
3acrocyeMo (yHKI[iOHANBbHUEM aHami3. Jlokamizamito HEOOXiMHUX KepyBalbHUX il
BHKOPHCTAEMO METON OaraTtopa3oBoi MOCITiAOBHOI Kiacudikarii. s OIiHKK HEOOXiaHOT
TJTMOMHHU TEXHOJIOTIYHOI THYYKOCTI BUKOPUCTOBYEMO MaTPHUYHUI aHAII3.

Pesyabratn Ta o6roBopennsi. Kpurepiem edexTHBHOI TNIMOMHH aCOPTUMEHTY
BU3HAYAETHCSl YHCTUH MPUOYTOK BiX BTpaT Ha 3MiHY HajamTyBaHHsA. [IpuOyTOK Bin
IHBECTHIII €()EKTUBHO OIHIOETHCS [UIS KIJIBKOCTI 3aMOBJICHb, SKI paxylOThCcs Ha
BU3HAYEHUH «4ac IKUTTS» TPOAYKTY. [Himiamizamis THYYKOCTI KiacH(piKyeTbcs 3a
eKCILTyaTalliiHUMU BUMOTaMH, BiJIIIOBIIHO 0 TEPMiHAJIBHUX IUIaHIB, aBapiHHUX CUTYaIliH,
XapaKTEePUCTUK CUPOBHHH.

EdexTuBHICT,  3alpOBa/PKEHHS THYYKOCTI CTaBUThCS Y  BIONOBITHICTH  JO
pe3yapTaTaMu aHali3y KyMYJIATHBHOI nmiarpamu Ilapero, 1Mo BiANOBizae 3a Bapialliio
TIEPIIONPUYMH 3MIHH I[IILOBUX XapaKTEPUCTHK MPOAYKTY. Ha mpukiani po3nmumoBaibHOT
CymIapKd BKa3aHO, IO PO3B’s3aHHA MpPOOJEM IO TPHOM KOOpAWHATAM IIPOIECY MOXKeE
BignoBimatn 3a 70% 3aranpHOI edeKkTUBHOCTI BHpOOHUITBA. [lomepenHbo oTpuUMaHi
albTepHATUBHI KOH(QIrypamii THYYKHX CHCTEM KIJIbKICHO OLIHIOIOTHCS HEOOXiJTHOI0
MPOAYKTUBHICTIO. [ HyUKICTh TEXHOJOTIYHOTO TPOLIECY OOMEXYETHCSI CTYIIEHEM CBOOOIN —
KUJIBKICTIO KOOPJMHAT TEXHOJOTIYHOTO MPOIECy Ta MEXaMH, 10 BU3HAYAIOThH BiAIOBIIHI
3MIHM  XapaKTEepUCTHK MNpOAYKTiB. JIIMITH THYYKOCTI TEXHOJOTIYHHX IIPOIECIB
00MEXYIOTHCS TIOTYKHOCTSAMH OOJaJHaHHS Ta 00’ €MaMU peCypCiB, IO NEPEPOOIISIOTHCSL.

BucnoBkn. OtpuMaHi OIHKM THYYKOCTI MpOIECYy JO3BOJIAIOTH 3IIHCHUTH
BIIPOBA/DKEHHSI TEPCIIEKTHBHOI MPOrpaMu BUPOOHHWIITBA, ONTHUMI3AI[0 TEXHOJOTIYHUX
MapUIpyTiB Ta MiHIMi3allil0 POEKTHHUX 3aTPaT IIPH CTBOPEHHI POAYKTOBOI'O aCOPTUMEHTY.

Kuaro4osi ciioBa: enyuxicms, npoyec, acopmumenim, eeKmusHicme.
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@pakTanbHU aHAJTI3 YacOBUX psAliB QyHKIiOHYBaHHs OparopekTudikaniiinoi
YCTAaHOBKHM B 32/1a4aX NPOrHO3yBAHHS Ta KePyBaHHS

Haramis HoBakoBcbka, Bacuns Kumienbko
Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. INoBeninka OparopekTH(dIKAIIHHOI YCTAHOBKM SIK 00’€KTa KepyBaHHs
XapaKTepU3yeThCsl HASBHICTIO TPOSBIB CTOXACHMYHOCTI 1 XaOTHYHOCTI, IO BUMAarae ix
ineHTU(DIKAIi MEeToIaMK HETIHIMHOI MWHAMIKA YIS OpraHi3aIfi Crenu(iYHuX BiIITOBIIHHAX
cTparerii KepyBaHHsL

Marepiaqun Ta MetomM. J[ni po3B’sA3aHHA 3a7ad TPOTHO3YBaHHS Ta KepyBaHHSI
OparopekTh(diKaliifHOI0 YCTAHOBKOIO SIK O0’€KTOM YIpaBIiHHS OyJIM BHUKOPUCTaHI METOIH
CHHEPreTHKH Ta Teopii JeTepMiHOBAaHOIO Xaocy. AHAaJi3 YacOBHX PsIiB IPOBOIMBCSA 3a
JIOTIOMOT'OI0 aJITOPUTMY HOPMOBAHOTO pO3Maxy Xepcra, METOAY MOKPUTTS Ta KOPEJSIiHHNIX
MerofiB. YacoBi psiy 00poOISIFOTECS 32 JOIoMOororo mporpamuoro makety FRACTAN.

Pesyabratn Ta o6ropopennsi. JlocmipkeHHs YacoBUX psiB OparopekTHdikariiHoi
YCTAHOBKM TMOKa3alo, MI0 TIPOLEecH OparopekTudikaiii XapaKTepu3yIOThCS HASBHICTIO SIK
CTOXaCTHYHHX, TaK 1 XaOTHYHHUX PEKHUMIB, PO3MIPHICTh aTPAKTOPIB SIKUX JIGKUTh B MEXax Bij 3
1o 8. BuTbIIicTh 3 TaAKHX PAAIB € (hpakTalaid, TOOTO, HE3BAXKAIOYM HA 3HAYHY HECTAOLTHHICTh
TIpOIIeCy, iX MOBEAIHKA 3AITHIIAETHCS HE3MIHHOIO, 110 JIa€ MOMKITMBICTD MPOrHO3YBATH 3MIiHY TX
crany y MmaiOyTHpOMy. [IOKa3HHMK KOpeJSIIHHOI €HTpOIii BKa3aB Ha 4Yac, Ha SKHUHA MOXHA
CIIPOTHO3YBaTH  TOBEMIHKY  HAIMIOl  CHCTEMH.  3MIHIOBaHHA  POKUMIB  poOOTH
OparopekTU(dIKaIHHOI YCTAHOBKH MPOXOIUTh 3 PI3HOI MEPIOAMYHICTIO, 10 gocsrae 4-10
roquH. JIyisl aHaizy XaOTHYHOCTI MpOLeCy B MOBEIHIN 00’€KTa MU BHKOPHCTAJIM MOKa3HHK
KOPEJIALIMHOI PO3MIPHOCTI, SKHI IIOKa3aB, IO JUI1 JAHOTO O0’€KTa BJacTHBA 3HAYHA
TPEHAOCTINKICTh (TIEPCUCTEHTHICTD), 10 XapaKTEPU3YEThCS BHCOKMM 3HAUEHHSM IMOKAa3HHKA
Xepcra B Mexax Big 0,7 mo 0,96. [lependauyBaHicTh MOBEIIHKH MpOLECiB OparopekTudikaii
BHCOKa, OCOOJIMBO JUIsl TEMIIEpaTypH, 1 3pocTae mpu 30UIblIeHH] (ppakTagbHOI pO3MIpHOCTI
aTPaKTOPIB, JOCSTAIOUH JIECSITKIB XBHIJIUH.

Ipu ppakranbHiit po3MipHOCTi MeHIe 1.4, Ha cucTeMy BIUTUBAE OJIHA 200 KiJIbKa CHII, 110
PYXalOTh CUCTEMY B OTHOMY HANPSIMKY. SIKIIO po3MipHICTh 0:1M3bKO 1.5, TO cHy, 10 JiF0Th Ha
CHCTEMY, pi3HOHAIIpaBJIeHi, ajie OUIBII-MEHIII KOMIIEHCYIOTh O/lHa OAHY. SIKIo X (pakTaibHa
PO3MIPHICTh 3HAYHO OuIbIe 1.6, CHCTEMa CTa€ HECTIMKOIO 1 TOTOBA IEPEHTH B HOBHH CTaH.
AHai3 (pakTanbHOI PO3MIPHOCTI YacOBOTO PsAy THCKY HH3Y OpakKHOi KOJIOHM IOKa3aB, L0
(pakTaNbHa PO3MIPHICTD JISKUTh Y Mekax Bix 1.0 mo 1.4, 1110 B CBOIO Yepry BKasye Ha Te, IO
Ha CUCTEMY BIUIMBAE JEKUIbKA CIJL, SIKI PyXaloTh il B OTHOMY HaIpsIMKY, TOOTO cUCTEMa CTilKa.

BucnoBku. Buseieni ocobimBocti GyHKIIOHYBaHHSI OparopekTudikaliifHOl yCTaHOBKH
K CKIAHOIO HEMHIHHOrO 00’€KTa KEpyBaHHA JalOTh MOXIMBICTH  peajizaril
PECYPCOOIIAHIUX CTPATETid YIPaBIiHHS HA OCHOBI JIarHOCTHUKHM HOrO MOBEIIHKH METOIAMH
(hpaKkTaILHOTO aHATI3Y.

KmiouoBi cioBa: ¢gpaxman, bpazopexmupixayis, KepysanHs, npocHO3Y8AHHS, HACOBUL
pso.

Moaesib cucTEMH YIIPABJIiHHS PO3BUTKOM Jed)eKTy cTaTopa TypOoreneparopa

Osnpra Masypenko, CamconoB Banepiii, 3aroposcrka Jlapruca
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Bukonatn moBHHMI TepeiK peKOMEHJamid MOA0 HECKIHYEHHO TPUBAJIOTO
30epekeHHs] aOCONIIOTHO CIIPaBHOTO CTaHy TEXHIYHOro O0’€KTa, B TOMY 4YHCHI 1
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TypOOreHepaTopa, € HEMOXIJIMBUM B MPUHIMII B 3B’SI3Ky 3 HOro ckiajHicTio. Tomy Juis
3a0e3neueHHs] pOOOTH CKIIQJIHUX TEXHIYHUX 00’ €KTIB JOIIJILHO BUKOPUCTOBYBATH CUCTEMHU
KOHTPOJIIO POOOUYMX MapaMeTpiB, JIarHOCTUKH TEXHIYHOIO CTaHy, YIPaBIiHHSA POOOTO0 Ta
3aXHCTY.

Marepianu Ta metonu. 3a mormomoroto CASE-TexHomoriif npoaHaiizoBaHa Jito4a
MOJIETTb 3B’S3KIB MK aBTOMAaTH30BaHUMH CHCTEMaMH KOHTPOJIO MapaMeTpiB podOTH
3aXUCTy Ta KepyBaHHI poOOTOI0 TypOoreHepartopa. [locCimikKeHI NPUHIMIK poOOTH Ta
iH(GOpMATHBHUHN 3B'S30K MK CHCTEMOIO KOHTPOJIO POOOYHMX MapaMeTpiB i peleiHOro
3aXHMCTy, MIDK aBTOMAaTH30BAaHMMH CHCTEMaMH JIarHOCTHUKH 1 YIPaBIiHHSI pPOOOTOIO
TypOOreHepaTopa, peledHMM  3aXHCTOM 1  CHCTEMOIO  VIPAaBIiHHA  POOOTOIO
TypOOreHnepartopa.

Pesyabratn i o6roopenns. Ha iHQopmaniiHOMy piBHI CHCTEMH KOHTPOIIO
rapameTpiB poOOTH 1 peneHHOro 3axucTy TypOoreHepaTopa TICHO MOB'si3aHi MiXk co0010. Y
BUIIAJIKY, KOJM CUCTEMH 3aXHCTY, IIarHOCTUKHU Ta YIPaBIliHHS iHPOPMATHBHO HE IMOB'sI3aHi
MiX c00010, Y pa3i BHHUKHEHHS JIeeKTy 1 He 3[JaTHOCTI JIIOJIMHU BipHO pearyBaTu Ha HOro
MOSIBY, TEXHIYHHHA CTaH TypOOreHeparopa MOXKE CSATHYTH T'DaHUYHOTO PIiBHA. Y LBOMY
BUIIAJIKy HACIIIKU PO3BUTKY NedekTy OyayTh MaKCUMallbHO HETaTUBHI. Y pa3i YTBOpEHHs
nedexTy mneprioyeproBuii, CHUIBHHM 3aBOaHHSAM [UIi CHCTEM KOHTPOJIO I1apaMeTpis,
JIIarHOCTUKY Ta YNPaBIiHHI poOOTOI0 TypOoreHepaTopa CTae SKOMOTa IIBU/IKE BHSBICHHS
nedekty i 3ailicHEHHsT HEoOXimHUX 3axofiB. ToMy (QyHKIIOHYBaHHS UX CHCTEM OKPEMO
OIUH BiJ OJHOrO HE JOIJIHO, OCKUIBKA 3 iX BHUKOPHCTAHHSIM BHPIIIYETHCS CIIUIBHE
3aBlaHH]. 3 BHUKJIAJCHOTO BUILIMBAE, IO CHUCTEMa YIPABIIHHSI PO3BHTKOM Je(eKTy
MOETHYE MK COOOI0 POOOTY CHCTEM KOHTPOIIO IMapaMeTpiB, IIarHOCTUKH, YIIPaBIIiHHS
poboToro 1 3axHcTy TypOoreHepaTopa. MakcuMaibHa TPUBAIICTh «ITACHBHOTO» ICHYBAaHHS
CHCTEMHU VIIPaBIiHHS PO3BUTKOM Je(ekTy, BU3HAYAETHCS MPOMIKKOM Yacy MiX
BUSIBJICHHSIM JIe()EKTY 1 CIIPAIfOBAHHSIM 3aXHCHHUX ITPUCTPOIB.

BucHoBok. 3anponoHoBaHa MOZIENb CUCTEMH YIIPABIIHHS PO3BUTKOM Je(eKTy BY3IIB
TypOOreHepaTopa 3a PaxyHOK IiJCHICHHSA iH(GOpPMAIlHHUX Ta (DYHKIIOHAJBHHX 3B'SI3KIB
MDK CHCTEMaMH KOHTPOJII0O pPOOOYHX IMapaMeTpiB, 3aXWCTy Ta YIPaBIiHHA pPOOOTOHO
TypOOoreHepaTopa sika J103BOJISIE MiABUIINTY €(DEKTHUBHICTh BUKOPUCTAHHS IIUX CUCTEM.

KurouoBi ciioBa: mypboecenepamop, degpexm, KoHmpoaw, OlaeHOCMUKA, peie, 3aXUci.

be3neka XUTTERIANbHOCTI

IIpny¥HN BUHMKHEHHS MOKeK HA MiANPHEMCTBAX Xap40Boi MPOMHUCJIOBOCTI

Osnpra CnodonsH, Bipa 3aerp, Jlapuca Hemanum, CeitiiaHa ABai€eHKO
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. [locnmimpkeHHS NPUYMH BHHUKHEHHS IIOXKEX HA MIANPUEMCTBAX XapyoBOi
MIPOMUCIIOBOCTI YKpaiHU JO3BOJUTH PO3POOUTH e(PEeKTUBHI 3aXOOM IIOAO 3HWKEHHS
WMOBIPHOCTI iX BUHUKHEHHSI.

Marepianu i metonu. B po0oTi 3aCTOCOBYBaIMCh TEOPETUYHI METOAU JOCIIIKEHHS,
30KpeMa aHalli3 HayKOBHX JIITEPaTypHUX AaHUX 3 O3HAYEHOI MPOOJIEMH, METOIU CUHTE3Y,
TOPIBHSHHS Ta Y3araJlbHEHHS OTPHUMaHMX JaHUX MI0A0 (akTopiB, MIO CHPUSIOTH
ITiIBUIIEHHIO PiBHS MOXEXKHOT HeOe3MeKH MPOMUCIIOBUX 00 €KTIB YKpaiHH.

Pesyabratn i o00roBopeHHsl. AHali3 TOXEX B PI3HHX Taly3sX XapyoBOi
MIPOMUCIIOBOCTI CBITYHTH MPO T€, IO HAHOLIBII HMOBIPHUMU 1X MIPUYMHAMU €: TTOPYILICHHS
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MpaBWJI YJAIITYBaHHS 1 €KCIUTyaTallii elIeKTPOYCTaHOBOK, HEOOEpeXHe IOBOKECHHS 3
BOTHEM, TMOPYIIEHHS pPEXHMIB TEXHOJOTIYHMX MponeciB (0COOIMBO TPU  BUMIYII,
o0>kaploBaHHi, CYIIiHHI), HECHpaBHICTH a0O0 3acrapijie yCTaTKyBaHHs, HENpaBHIbHE
TIOBOJKEHHS 3 JIETKO3aMUCTUMH PiJJMHAMH Ta TIOPYIISHHS [IPaBWII 1 TEpMiHIB IPUOUpPAHHS
roptoyoro mwiay. Lli ¢dakTopu NOCHIIOIOTBCS THM, IO Ha JaHUX MiJANPHEMCTBAX
30epiraloThesi, TPAHCIIOPTYIOTHCST a00 BUKOPUCTOBYIOTHCSI PEYOBHHH, SKi 332 MEBHUX yMOB
31aTHI ropiTH Ta BuOyxaTH. Cepel TakuxX peuyoBHMH — CIUPTH, eipH, €CeHIlii, opraHidyHi
KUCJIOTH, O€H3WH, aleTOH Ta iH.; MU 0araTb0X XapyoBUX IPOAYKTIB (OOpOIIHSIHUI,
IYKPOBWA, TFOTFOHOBHH, YailHUH, KpOXMaJIbHHUH, KaKao, Cyxe MOJIOKO Ta iHIII); aMiak, sSKHi
BUKODHCTOBYETBCS B SIKOCTI XOJOMOAareHTa. Takok Ha MiJNPHEMCTBAX XapyoBOi
MIPOMUCIIOBOCTI BUKOPHCTOBYETHCS BEJHMKa KUIBKICTH TOPIOYOi Tapu Ta MaTepiajiB, IO
MIOCHITIOE TIOKEXHY HeOe3mneKy 00’ eKra.

BiamoBinHO 70 3a3HaY€HUX MPUYUH ITOKEK OOIPYHTOBAHO OCHOBHI 3aXOAM LIOAO iX
YHUKHEHHSI: TOTPUMAaHHS 3arajJbHUX BUMOT TIOXKEXKHOI Oe3MeKkH, 3armoliraHHs yTBOPEHHIO
TOPIOYOr0 CEepeoBUIA Ta BHHUKHEHHIO B HBbOMY JUDKEpEN 3allallOBaHHS, IOCHUIICHHS
KOHTPOJIIO 32 CTaHOM TEXHOJIOTIYHOI'O YCTaTKyBaHHS Ta KOHTPOJIbHO-BHMIiPIOBAJILHOL
anaparypu.

BucnoBku. Pesynbratd gociipkeHb MOXYTh OyTH BHUKOPHCTaHI NpH po3poOui Ta
yIOCKOHAJIEHHI e)EKTUBHUX 3aXO0JIiB 11010 3a0e3NeYeHHs ITOKEKHOT Oe3MEeKH ITiJIPHEMCTB
Xap4oBOi ITPOMHUCIIOBOCTI.

KarouoBi caoBa: noowcedica, 20pinHsa,  camo3auManHs, — ROJCENCOHeOe3neKa,
subyxonebesnexa.

MarteMaTH4HA MOJIeJIb IPUITHATTS pillieHb 3 yPaXyBaHHAM PU3HKIB TPABMYBAHHS

Onbra €srymenko, Anuna Cipuk, [Terpo ITopoabko
Hayionanvuuii ynieepcumem xapuoeux mexmonoeiu

Beryn. 3 Meroro ymocKOHaJeHHs MaTeMaTW4HOI MOJENi NPUHHATTS PillleHb B
CHCTEMI YIIPaBJIiHHS OXOPOHOIO Mpalli MiANpHEMCTBA OyI0 BCTAHOBIIEHO, IO TIPH PO3poOIIi
METOJMYHOT0 3a0€3IeUeHHs] CUCTEMH I ATPUMKU NPUHHATTS pillleHb HEOOXiTHO CTBOPUTH
MpOLIEAYPY alanTallii 3aco0iB MPUHAHATTS PillICHb.

Marepianu i metogu. JlocnipkeHHS MIPOBEJEHE HA OCHOBI 3arajbHOTO CHCTEMHOI'O
MiAX0Ay, IO TPYHTYETHCS Ha B3a€EMO3B’S3KY €JIEMEHTIB;, BHKOPHUCTAaHO METOJ| JIOTiKO-
IMITalifHOTO MOJIEIOBAHHS Ta METOJ «JIepeBa BiIMOBY.

Pe3yabraTu Ta 00roBopenHsi. PuznkoBaHa anpTepHaTHBA — 3aXiJ| 3 OXOPOHH Iparl
MOB'sSI3aHUK 3 MOJIEpHI3alli€l0 OOJIaJHAHHS 1 OLIHIOETHCS PO3IOIIIOM: BHroja (JI0Xif)
PO3MipoM a 3 IMOBIpHICTIO q; 30UTOK po3MipoM b 3 iMoBipHicTIO 1 — q. Bennuunn a i b
MOXXYTh OyTH OOpaHi TOBUILHUMH, ajie iX MOPSIOK IMOBHHEH BIAMOBIIATH 3aco0aM, SKHMMU
ollepye CIEIialliCT 3 OXOpOHHM TIpami B Tpoleci NpuiHATTA pimenb. [Ipu 1mpomy b
BiJINIOBiIa€ 3HAYEHHIO BUTIJHOCTI, SIKa JOPIBHIOE HYJIO, @ a — ONUHHUII. AJe KpiM Hel B
PO3TOPAIPKEHHI Y MpaliBHUKA, 1110 npuiiMae pimnenss B CYOII Ha mianpueMcTBi, € 1 iHIIa
albTepHATUBa — CTpATeris, sKa HE MOB'S3aHa 3 PH3MKOM 1 J[a€ TapaHTOBaHWH JOXin
PO3MIpOM X.

MaremaTtuuHe OYIKyBaHHS JOXOLy NpH peaji3allii 3amporlOHOBAHOTO 3axody 3
OXOpOHHM TMpalli IOB's3aHe 3 MiJBHIIEHHAM MPOJYKTUBHOCTI Ipami, SKOCTI NPOIYKII,
3MEHILIEHHSIM BUTpPAT Ha BUIUIATH, PU3UK TPAaBMYBAaHHS 3HU3UTHCH, 1 3alEKUTHh Bij
BeNMMYMHU ( Tpu (iKCOBaHMX 3Ha4YeHHsIX a 1 b. BmacrtuBocti ¢yHKUii BUromu s
npaliBHUKA, 110 MpuiiMae pusukoBaHi pimeHHs B CYOII, rpyHTYIOTbCSI HA HACTYITHOMY:
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MpaIiBHAK CXWJIBHUH JIO PU3UKY Y BUIAIKY, SKIIO rpadik Mae BUTHYTY Bropy (yHKIIiIO
BUTOJIM; TIPH 3pOCTaHHI (DYHKIIIH BUTO/M TPALIBHUK CXUIIBHUNA 0 PU3UKY TOJI, KOJIX HOTO
JIeTepMIHOBaHUI €KBIBaJEHT /sl Oy/b-SKOi aJlbTepPHATHBYU OLIbIIE OUiKyBaHOI BUTOIH, X°
> M [X]; npu 3pocTanHi QyHKIIH BUTOAN MPaLiBHUK CXUJIbHUHN 10 PU3UKY, KOJIHM Ha/10aBKa
3a HBOro OyJle HEraTHBHOIO NPH Beix anbrepHaThBax, AR(X) < 0.

BucnoBku. OyHKIiST HECXWIBHOCTI J0 PH3HKY, MAa€ HACTYIHI BIIACTUBOCTI: [BI
(YHKIIT BUTOAM CTPATEriyHO €KBIBAJIEHTHI TUTBKH TOJIi, KOJH BOHH BEIYTh /10 OAHI€ET 1 Tiel
K (YHKIIi HECXWJIBHOCTI J0 PHU3WKY, a HaHOLIBII WMOBIpHA BUroAa BiJl HNPUHHSATOrO
pimenHst 3 oxoponu mnpani npu k — 0 HaOMWKaAEThCA 10 MAaTEMAaTHYHOIO OYiKyBaHHS
BUTOIM BiA Mid TpalliBHAKA, HEUTPAILHOTO 110 PU3MKY, NpuU k — —oo mMaremMaTHYHe
OYiKyBaHHSI BUTOJJM HAOIMKAETHCS 10 MAKCUMAIIBHO MOYKIIUBOTO.

KurouoBi ciioBa: Oesnexa, npays, mpasmamusm, pusux.

BB KOHCTPYKTHBHUX 0COOTMBOCTEI TiIPOLMKIOHHOT0 aNapaTy HA NMpouece
OCBITJIEHHSI MUBHOIO CycJa

Jlecs MapHI/IHKeBI/IlII, Makcum le[aKl, Cepriit Yz[o;[m;l, Jmutpo PI/IHZ[IOKI’Z
1 - Hayionanvnuii ynigeepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 - Hayionanvnuti mexuiunuil ynieepcumem Yxpainu « Kuiscoxuii norimexnivHuil
incmumympy, Kuis, Vkpaina

Bertyn. 3 MeToro miIBUILEHHS SIKOCTI OCBITJIEHHS! IMBHOT'O CYCIJIa Ta CKOPOYEHHS 4acy
MIPOXOKEHHS TPOIIECy MPOBECHO AOCIIHKEHHS POLIECY OCaHKEHHS 3aBUCIIHX PEYOBUX Y
pobodyomMy 00'eMi TiAPOIUKIIOHHOTO anapary (Bipiysia).

Marepianun Ta Mertomu. JIOCHi/DKEHHS TMpolleca OCBITJIGHHS THBHOTO Cycia
3IIHCHIOBAJIOCS 3a JIOIIOMOT'OI0 MPOTPaMHOI0 KOMIUIEKCY, 3aCHOBaHMM Ha MeETOIi
KiHIEBUX 00’€MIB Ta NMpU3HAYEHMH ]ISl MOJEIIOBAHHS TPUMIPHHUX TEYil PiJuH Ta ra3y y
TEXHIYHMX Ta TMPHUPOJAHIX O0’€KTax, a TaKoX Bi3yamizamii LUX Tedid MeTomamu
KOMIT'IoTepHOi  rpadiku. JlocmipkeHHsST IPOBOAWJIOCS HAa  HACTYINHUX — MOJEISX
THJIPOLIMKIIOHOTO anapara: ¢ KIacH4Hoo (opMOro THHIIA (TUIOCKE), KOHIYHOIO BCTAaBKOIO,
JIBOMa IWIIHAPHYHUME BCTaBKaMHU Ta MOJAYEI0 Cycia Ha KOXHI i3 BCTaBOK, 3 KOHIYHUM
JTHHIIEM Ta pajialbHUMU HAPaBIITIOYUMH BCTaBKaMH.

Pesyabratn i o6roBopenns. Cycio y TiApOIMKIOHHOMY amaparti HaOyBae
00epTabHOTO PYyXY, SAKe 3a0e3MeUyeThCsl TAHTCHIIHHO BCTAHOBJICHUM MATPYyOKOM IMomadi
NpoAyKTa. YTBOPEHNH BUXPEBHUH ITOTIK CHPHUSIE TOMY, IO YACTUHKH OCIJJAI0Th, YTBOPIOIOYH
TapiJiky OLIKOBOro ocanay. BaiuBy posib B TpOIECi OCBITJICHHS Biirpae MIBUAKICTH
nojavi cycia y amapat, TOOTO IIBHIKICTh Ha BUXO[I 3 COIUIA BXiIHOrO maTpyoka. Skimo
HIBHAKICTB TIepeBHIIye 3,5 M/C, TO MPOAYKT 3a3HA€ 3HAYHMX NOTHYHUX HAIPYXKEHb, IO
MIPU3BOJUTH 110 YTBOPEHHS ApiOHOANCIIEPCHUX YACTUHOK, SIKi Y TiJPOIUKIOHHOMY anapari
HE ocimaroTh. Takoxk OyJI0 AOCHIHKEHO JOTHYHI HAPYXEHHS T, SKi YTBOPIOIOTHCS Y CYCIi
i yac ¥oro momavi. [lpu mepeBuineHHi 3HadeHHs T > 50 [la moymHaeThes pyHHYBaHHS
YaCTUHOK O1JIKOBOTO OCamy.

BucnoBku. Pesynabratm  qoCHipkeHb  OOIPYHTOBYIOTH  JIOIUIBHICTH — ITOJAHHS
peKOMeHAaliil Uil BOPOBa/PKEHHS Y BHPOOHUIITBO TiAPONMKIOHHOTO amapary 3
palialbHUMHU HaNpaBISIOYAMHM  BCTaBKaMu. lle /1acTh MOXIMBICTH CKOPOTHTH 4Yac
MIPOXOKEHHS TPOIIECY Ta MOKPALIUTH SKICTh TMBHOTO Cyca.

KurouoBi ciioBa: ciopoyuxion, eipnyn, nugne cycio, 0C8ImaeHHs.
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ExoHOMiKa i ynpaBiHHSA

MeToauyuHi miXoau 10 BU3HAYEHHS] BHYTPIlIHLOBUPOOHUYMX LiH HA NiANPHEMCTBAX
M'siconepepoOHOi ramsysi
Ipuna ®enynosa, Anina [Iparan
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. PosrnsparoThesi MUTaHHS 3aCTOCYBAaHHS HOBHMX IIJIXONIB NPH BH3HAYEHHI
BHYTPIIIHEOBUPOOHUYHX I[iH HA M'SICHY MPOAYKIIIIO.

Martepianu i MeToau nocxigKeHHs1. Y poOOTi 3aCTOCOBYIOTHCSI METOAN: CUCTEMHOTO
aHaJIi3y B MUTAaHHSIX TpaHC(EPTHOrO IIHOYTBOPEHHS Ta BUKOPUCTAHHS HOTro B MPaKTHYHIN
IsUTPHOCTI TIANPUEMCTBA; aHANI3Y 1 CHHTE3Y — IS PO3PaxXyHKY TpaHc(EepTHOI IiHU Ha
M'sicO; aHayorii i 3iCTaBJeHHS — JUIS BH3HAYEHHS BHYTPIIIHHOBUPOOHMYMX IIiH Ha
CyOnpoONyKTH Ha TijcTaBi 00'€IHAHHS BapTICHOI KOHIIEMINI 1 KOHICMIi E€HepreTUYHOI
LIIHHOCTI.

Pesyabratn Ta oOroBopenHsi. 3 oy Ha crenuiky BUPOOHHIITBA M'SICHOI
MIPOAYKIIIT 1 MiJBUIEHHS BiIIMOBITAIBHOCTI 33 (DiHAHCOBO-CKOHOMIYHI ITOKa3HUKH KOKHOTO
BUPOOHUYOrO IMIiAPO3ALIY IMiANMPHEMCTBA, BHUHHKA€ MpoOJieMa IIOMO BU3HAYCHHS
BHYTPIIIHFOBUPOOHWYMX I[IH HAa TPOAYKIIIO, SKAa BUTOTOBIISAETHCS 1 IEPENAETHCS, SIK
CHUpPOBWHA, B IHII MiAPO3MIIH. MSCOXKIPOBOU II€X BHPOOJISE TOTOBY MPOAYKIIIO — M'SICO
(SUTOBMYMHY, CBUHHHY), SKi TIEPENAIOThCI B  KOBOACHHIA, KOHCEPBHUH  IIEXH
M'SICOKOMOIHATIB.

3anpornoHoBaHO TPU BapiaHTH METOJIB BU3HAYECHHs BHYTPiIIHHOBUPOOHWYMX IIIH HA
OCHOBI TpaHC(EpTHOrO IIHOYTBOPEHHS B 3aJ@KHOCTI BiJI BUPOOHHYOI CTPYKTYpH
MAPUEMCTBA: TIPU OE31IeXOBiH BHPOOHWUINH CTPYKTYpl — 32 BHPOOHHYOIO COOIBapTICTIO
MPOAYKILT; MPHU IEXOBil — 3a BUPOOHHYOIO COOIBAPTICTIO IUIFOC MPUOYTOK (3a piBHEM
peHTabenbHOCTI); TP 3aBOJICHKIH — IO 3arajJbHUX BHTpATaxX ILTIOC MPHOYTOK (3a piBHEM
peHTabenbHOCTI).

HeBupimeHuM NUTaHHSIM 3aJIMIIAETHCS BH3HAYCHHSA BHPOOHHMYOI COOIBApTOCTI Ha
CYNyTHIO Tpoxykuito (cyonponykrtu). IlponoHyeTbcst Ui BHU3HAYSHHS BHPOOHHYOI
co0iBapTOCTi 3acTOCYBaTH METOAMKY IOEJHAHHS JIBOX KOHLEMIIA BapTiCHOI JuIs
PO3paxyHKy BHPOOHHYOI COOIBAPTOCTI SJIOBUYMHU 1 €HEPTETUYHOI I[IHHOCTI SUTOBHYHX
CyOIPONYKTIB Y CITIBBIHOIICHHI 3 €HEPreTHYHOK IIHHICTIO SUIOBHYMHH. BuU3HAUYeHHS
BUPOOHUYOI cOOIBApPTOCTI HAa CYOIPOMYKTH MOXKHA PO3PaxyBaTH HA OCHOBI: €HEPIeTUUHOI
LiHHOCTI (KaJOpiHOCTI) a00 CIIOKMBYOI LIIHHOCTI (PiBEHb BMICTY 01JKa, )KUPY, BYIJIEBO/IB
y IPOJIYKTI).

BucHoBkm. 3anpornoHoBaHi METOUYHI miaxoau bi(s) BU3HAYEHHS
BHYTPIIIHLOBUPOOHUYHX IIiH Ha MiIIPUEMCTBAX PO3paxOBaHI Ha 3HW)KEHHS ONTOBUX IIiH
Ha M'SCHY MNpPOAYKIiO, IO cHpusituMe (GOpMyBaHHIO €(pEKTUBHOI I[IHOBOI IONITHKH i
MOJTITIICHHIO Peati3amii MPOyKIIii.

KurouoBi ciioBa: yina, yinoymeopenHs, npooykyis, nionpuemcmao.

Buxopucranns A0cBigy B ynpaBJ/liHHI CIUPTOBOIO MPOMUCIOBICTIO YKpaiHu

Jtopmuia HleBuenko
Hayionanvnuil ynigepcumem xapuoeux mexnonoeiu, Kuis, Yxpaina
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Beryn. Jlane mocnmimpkeHHs! MPUCBSIYEHO BHPILMIEHHIO MPOOJIEeMH OOMEKEHOCTI PHHKY
JUIl  YKpaiHCBKOTO ETHJIOBOTO CIHUPTY. €BpOIHTErpamisi Ta 3aCTOCyBaHHA 3apyOi’KHOTO
JIOCBi/ly Ta BIPOBa/DKEHHS OKPEMHX aCIIeKTiB 1 MOJOKEHb €BpONEHCHKOI cTaHaapTh3amil
MOXKE MaTH IIO3UTUBHUI BIUTUB, a CaM€ MOXKJIMBICTh BUXOAY Ha HOBI PHHKH 30yTy Ta
MOXITUBICTh AMBepCH(iKyBaTH METOAN OTPUMAHHS IPHOYTKY.

Martepianim Ta ™metomu. /Jlns moCHiPKEeHHS TPOOJIEMH, MH BHKOPHCTOBYBAIH
TEOPEeTUYHUH METON Ui aHali3y TOHATIHHOI Oasu. BukopuctoByroum wmeron
CTaTUCTHYHOIO aHaNi3y I1HO3€MHHX TOProBUX MapTHepiB Ykpainu B 2015 poui, mu
MpOaHaJi3yBaJld  CIIIBBIJHOIIEHHS EKCHOPTHUX OIepaliii 1o perioHax YkpaiHu.
BukopucTroByroun MeToau TNPOTHO3YBaHHS 1 MOJENIOBAHHS, MM MOXKEMO NependauuTu
MO3UTHBHUM edekT Bif quBepcudikamii puHKiB 30yTY.

PesyabraTn. €Bporeiicbka iHTerpauisi Hajgae YKpaiHi OTpUMaTH mnpedepeHLiiHumit
JIOCTYII Ha HaWO1IbIIMK PHUHOK Y cBiTi 3 500 mutH. kiieHTiB Ta i3 BBII Ha piBHi 14 TpiH eBpo.
e moxe mormoMorty YKpaiHi MOCicTH cTablIbHY MO3UIII0 EKCIIOpPTepa ETUIIOBOTO CIHPTY i
CIHUPTOBMICHUX PiZHH.

Jns uporo HeoOximHa moBHa pedopma ramysi. Ilim uwac BuBYeHHS TOTpEO
€BPOIEHCHKOr0 PUHKY BU3HAYWIACH HEOOXiJHICTh BUPOOHHIITBA CIHMPTY 3 KOHIIEHTPALIEO
meHlI sik 80 00.,%. I «Ykpcnupt» Mae MOXKIIMBICTh OTpUMATH Tapu(HI KBOTH, 5K JiIOTh
32 TPUHLUIOM "MEpIINi NpHUHIIOB, nepmmii otpumas" Ha ekcropT. Y 2016 poui JIT
«YKpcnupD) 3MOXKE EKCIIOPTYBATH 27 THC TOHH CIIUPTY Ta IHIIUX CIUPTOBMICHHUX PIAWH IO
komy 2207 ta 2208. Haii6inbm BaxknuBuM acnektoM st JAI1 «YKpcrupT» € oTpuMaHHS
minensii mo koxy 2208 Ha TOCTayaHHS CIHUPTY 3 KOHIGHTpamiero MeHm sk 80 00.,% B
€BpOIeHchKi KpaiHu. HacTymHMM KpOKOM HEOOXiZHO BH3HAUMTH KUIBKICTH 3aBOJIB, SKi
3HAXOJThCS ONM)KYE MO 3aXiJHOTO KOPAOHY YKpaiHM 3 METOI CKOPOUEHHS BUTpAT Ha
JoricTuky. TakuM YMHOM, I 3aBOJAM MOBUHHI OYTH PEKOHCTpYHOBaHi, Ul 3a0e3NeyYeHHs
KOHKYPEHTOCIIPOMOXKHOCTI ~ mpoaykmii. HeoOXimHo  BIpoBaguTH  eHeproedeKTHUBHI
TEXHOJIOTIT Ta 00JIaJIHAHHS, SKi 3HU3ATH CIIOKMBaHHA TaiuBa Ha 30%. Lli 3axonu oXomisITh
NoTpeON €BPOMEHCHKOr0 PHHKY B CHUPTI 1 HaXaayTh MOXJIMBICTD JUBEPCU]IKyBaTH
BUpOOHUITBO JIIT « YKpcOoupT» 1 30LIBIIMTH 0OCAT 3aIUIAHOBAHMX 1 peaIbHUX IPUOYTKIB.

BucHOBOK. 3aCTOCOBYIOUM 1HO3EMHUI JOCBiZ MOXKIIMBO JOAATKOBO 3aiyunTta 20-30%
MOTYXKHOCTEH YKPaiHCHKUX CIUPTOBHMX 3aBOMIB 1 K HACHIJIOK 30UTBIINTH HAIXOPKCHHS
BaITIOTHUX KOWITIB B po3Mipi Onu3bko 15 muH. monapie CHIA. Takum 4MHOM, MOXIIMBO
BiJIPOJKEHHSI CIIUPTOBOT Taiy3i yepe3 AuBepcu(ikaiito pUHKiB 30yTy.

Ku1104oBi ciioBa: punox, cnupm, ynpagninis.

ArpapHuii ceKTOp YKpaiHu: orJyis/ nepepar i croco6iB nosxinieHHs HeraTABHUX
CTOpiH
Owmenbuenko Kcenist
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. JlocnimpkeHHs € 00'€éKTUBHUM, 00 MpOoaHali3yBaTH CTaH arpapHOro CeKTopa
VYkpainu, 3'sicyBaTH C1a0Ki 1 CHIIBHI CTOPOHU Tajy3i i 3aIpONOHYBATH HUISXH ITiABUIIEHHS
eeKkTUBHOCTI ioro podoTu.

Martepianu Ta Metomu. Taki Meronu, sK: eKCTpamoislii, HayKkoBoi aOcCTpaxiii,
CHHTE3Y, aHaJli3y, MOPIBHSIHHS Ta JEIYKTUBHOIO METOAY OyJM BUKOpUCTaHI B craTti. J{ns
aHayizy OynM BUKOPHCTaHI YTOYHEHHS OCHOBHHX IiepeBar i HeEJIONiKiB pedopMm B
arporpoMHUCIOBOMY KOMIUICKCI. Byu BU3HAa4YeHI OCHOBHI HAIPSAMKHU peaizallii 3eMeTbHOT

pedopmu.
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Pesyabratu Ta o6roopenHsi. [lonax nBi tperunu (71,2%) Bix 3arampHOi IIOII
3eMelb YKpaiHH € 3eMJISIMU CLTBCHKOTOCIIOIApCHKOro MPU3HAYESHHS, B IOPIBHSIHHI 3 JIHMIIE
13,2% B Pocii i1 44,3% B €C. Opui 3emiti B YkpaiHi ckinajgarorh 32,5 MisibifoHa reKTapiB, 110
cKJIaae HaiOLIbITy TUToNTy B €Bpomi micis Pocii i craHoBUTh 56,1% Bijx 3araibHOl TUTOMT
semenb. lle wHaWBummi BifgcoTok y €spomi micna Jlanii. bamssko 80 BimcoTkiB
CUIBCHKOTOCITONAPCHKUX VIO  YKpaiHM €  3eMJISIMH  CLIIbCHKOTOCIIOAPCHKOTO
NPU3HAYEHHS, JIBI TPETHHH SKHX OaraTi 4opHOo3eMoM. [lepBHMHHI Xap4yoBi NPOAYKTH
BpOXKalo B YKpaiHi sSUMiHb, KyKypy/A3a, KapToOIUlsi, COeBi 000u, IykpoBuil Oypsk, i
TIICHUTIS.

OcHOBHI npo0JieMH, SIKI MH MOXXEMO BHU3HAUUTU B CEKTOpI € KPEIUTHI MpoOJeMH,
npoOJieMH 3alHATOCTI, HENONIKM MEXaHIi3MIiB JEp)KaBHOI'O pETYNIOBaHHS PO3BHTKY
arpapHOro CeKTOopa EKOHOMIKM YKpaiHW, iHBECTHULIHHOrO KiIiMaTy, MailHOBHUX IIpasB,
KOpYIIIIi, 3acTapiyioi TEXHIKHM i HEJOCTaTHHOI TeXHIYHOI 0a3u Ha (epmax i 30epiraHHs
MPOAYKIIii, yCaaKH IOroMiB's Xyn00u, GopMyBaHHS i e(peKTHBHE BUKOPUCTaHHS (Di3UYHOTO
KariTajdy B CUIBCHKOTOCIOJAPCHKUX MIANMPUEMCTBAX Yy PUHKOBHX YMOBAaX, BiJICYTHICTh
ITOBHOI peai3alii arpapHux pedopM, CKJIaaHa, MOCTIHHO 3MiHIOBaHA CITKa OMOJATKYBaHHSI
B KpaiHi. TeopeTnyHO Kaxxyuu, po3yMHa 3eMellbHa pehopMa B YKpaiHi MOXKe IPU3BECTH 110
CLIBCHKOTOCIIONAPCHKOro OYMY B KpaiHi i iepkaBa MOXKE CTATH KUTHHUIIEIO €BPOITN».

VYpsan VYkpaiHu BCTaHOBHMB It arpapHoi pedopmu. Tak, Oynu Bu3HaueHi NH'STh
OCHOBHUX HampsIMKiB: 3emenbHa pedopma i pedopma BigHocuH BiacHocTi B AIIK;
CTBOPEHHS ~ HOBHUX  TOCIOJAApIOIOYMX  CYO'€KTIB  Ha  OCHOBI  KOJIEKTHBHHX
CLIBCHKOTOCIIONAPCHKHUX  MIANPUEMCTB, L0 BHKOPUCTOBYIOTH NPUBATHY BIIACHICTH 1
BJIACHICT, Ha 3eMilto; (hopMyBaHHS pUHKOBOI iH(pacTpykrypu B AIIK; monepHizaris
BUPOOHMIITBA, CTBOPEHHSI KOHKYPEHTOCIPOMOXHHX CLITBCHKOIOCIIOAPCHKUX i ITPUEMCTB;
YIOCKOHAJIEHHS MEXaHI3MIB [Eep)KaBHOTO PETYIIOBAHHSI B CUIHCHKOIOCIIONAPCHKOMY
cekropi. JlepaBHa MiITPUMKa MOXe OYTH CTPYKTypOBaHa B YOTHPHOX BEIHKHX OJIOKax:
3BUTbHeHHs1 Bix I1JIB Ui CibChbKOrOCIOAApCHKOTO BUPOOHMITBA, MNPSIMUX CYOCHIIH,
3araJbHUX MOCIYTaX i (JikCOBAaHOTO CUTLCHKOTOCIOAAPCHKOr0 MOAATKY.

BucnoBku. [Topanemmii mporpec, sIKUid cpsMOBaHUN HA IMiJBUIIEHHS e(EeKTHBHOCTI
CLIBCHKOTO TOCIIOApCTBa YKpaiHHM, BUMara€ TOCTIHHOI TOCTYNOBOI pecTpyKTypHU3allii
CLIBCHKOTOCIIONAPCHKUX MIANIPUEMCTB Ha OUIbII JpiOHI aBTOHOMHI OAMHHMI, sSIKi OYyIyTh
3aCHOBaHI Ha NPUBATHIN BJAaCHOCTI Ha 3€MJIIO i MaiHO, 3 YITKOro c(opMynbOBaHUMHU
MIpOLIEAypaMH, SIKi JO3BOJIAIOTH 0co0aM 1 HEBEMKHM TpylaM JIOJIeH 3 YacTKOK 3eMJli i
aKTHBIB iCHYBaTH. Tak caMO Ba)XJIMBO OCBOEHHSI 3eMeITb 1 PUHKIB 30yTY 3 METOIO CTBOPEHHS
(YHKIIOHYIOUOi pUHKOBOI 1HQPACTPYKTYPH JUIs HAJIaHHS KOHKYPEHTHUX MapKETHHTOBHX 1
(hiHAHCOBUX MOCIYT B I1iil chepi.

Kiouogi cnoBa: AIIK, pedhopmysanns, punok, 3emis.

Mpouecn Ta o6n1agHaHHA Xap4yoBUX BUPOGHULTB

IIpouec cyminns nanepy ajis roppyBanus ((pJIIOTHHIA) i3 3aCTOCYBAHHAM eHeprii
BUIIPOMiHIOBAHHS

Bikrop Mapuescokuii, Oner HoBoxar, Onekciit [lenkano
Hayionanvnuuii mexuiunuii ynigepcumem Yxpainu
«Kuiscoxuii nonimexniunuii incmumymy, Kuis, Ykpaina
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Beryn. 3pocratounii monur puHKy B rodporapi BHMMarae 301NbLIEHHS BUPOOHHUIITBA
(IIIOTHHTA, 1O JIMITYETHCS MpOIecoM CyIIiHHA. ToMy iHTeHCU]IiKalisl CYIIHHS UIIIXOM
BUKOPHMCTAaHHS HOBHX JDKEpEI TeIula Ta 3MEHIIECHHsS BUKUIB B aTMOc(epy € aKTyallbHOIO
IPOOJIEMOIO.

Marepianun Ta metonu. [IpeaMerom AOCTIKEHHS € Mpolec CYIIHHS (QIIOTUHTY i3
3aCTOCYBaHHSAM iH(PAUEpPBOHOTO BUIPOMiHIOBaHHA. (O0’€KTOM IOCHTIKCHHS € KiHeTHKa
Npollecy CYWIHHA (IIIOTHHTY 13 3aCTOCYBaHHSIM 1H(Pa4epBOHOTO BUIPOMiHIOBAHHSI.
ExcniepumenTu mpoBe/eHi Ha 3pa3kax (urotuHry Mapok b-0, b-1 ta b-2 3ringHo TexHiYHUX
ymoB Vipaian TY V 21.1-31812534-023:2009 (112, 125 ta 140 r/m”), a Takox Ha 3pa3kax
3 HECTAHJAPTHOro (IIOTHHIY 3i 30iTBIICHO Macol KBaapaTHOro Merpy 200 r/m’.
Bukopucrani METoay MaTeMaTHYHOTO MOJIEIIOBAHHS Ta €KCIHEPUMEHTAIbHI JOCHIKEHHS
Ha KOMIT'IOTEPH30BaHid JOCTIMHIA YCTAaHOBI, BHKOPHCTaHa CTaTHCTHYHa O0OpoOKa
OTpPUMAaHUX Pe3yJIbTaTiB.

Pesyabratn Ta o006roBopeHHsi. EKcriepiMeHTanbHI KpHBI CYIIHHS Ta OCHOBHI
napamMeTpu TMpolecy 3 JOCTaTHHOIO TOYHICTIO amnpoKCHMYIOThCS —3alpOITOHOBAHHM
MaTeMaTH4yHUM omnucaHHAM. CepeqHbOKBaIpaTHYHI BiIXWJICHHS pPO3PaxXyHKOBUX Ta
eKCIIEpUMEHTAJIbHUX 3HAYeHb BoJIoroBMicTy He mnepeuinye 0,04 kr/kr, mo J03BOJsIE
3MIHCHIOBAaTH pO3paxyHKH CYIIIHHS (IIIOTHHTA TPH TYCTHHI TEIUIOBOTO TOTOKY 0
35 kBr/v’.

[3 30LIBIICHHAM T'YCTHHH MPOMECHEBUX TEIUIOBUX MOTOKIB Bif 2 kBt/M* 10 35 kBr/M?
3araJbHUI Yac CyIIiHHS (QIIIOTHHTa 3MEHIIYEThCs Oibie, Hix B 20 pasiB.

MakcumanpHa BeNWYMHA TYCTUHHM TEIUIOBOIO TIOTOKY OOMEXKeHa 3pOCTaHHSAM
TemrepaTypu noBepxHi ¢umoruHra 150 °C B mepmomy mnepioai. Tomy npu TycTHHI
TEIIOBOrO MOTOKY Gisbire 35 KBT/M” mpoliec CymriHHs (IIOTHHIA CITi 3AiHCHIOBATH JIHIIE
IO KIiHIA TIEPIIOro Mepiomy, TPUBATICTh SKOTO 30UIBIIYETHCS 31 30LIBINCHHS T'yCTHHU
TEIJIOBOTO IIOTOKY.

BucnoBku. KiHeTnyHi 3aKOHOMIPHOCTI 1 OCHOBHI IapaMeTpH MpOIECy CYIIiHHS
(uroTHHTA 13 3aCTOCYBaHHSIM iH(PAYEPBOHOTO BUIIPOMIHIOBAHHS, 110 OTPHMaHi B poOoTi,
JIO3BOJISITH BUKOHYBATH PO3PaxyHKU, HEOOXIIHI IS POEKTYBaHHSI MPOMHUCIIOBUX IPOIIECIB
CymiHHs (QIIOTHHTY Ta epeKTUBHOTO 00JIaIHAHHS VIS 1X 3/IHCHEHHSI.

KurouoBi ciioBa: inghpauepeone eunpominio8ants, Cyuinns, Qaomune, 6010206MiCm.

OnHoyacHMIi pO3paxyHOK HeCTALIOHAPHOIrO PO3NMOIILY TeMIIepaTyp B cucTeMi
KOMIpOK: «0iTbIINHA KPUCTAJI HYKPY—PO3YHMH CaXapo3H 0i1bIIOro KpMCTAJIY—MeHIIN i
KPHCTAJ IYKPY—PO34HH caXapo3d MEHIIOr0 KpUCTAIY—yT(eab» Ta KOHIeHTpanii
€axapo3u B KOMipKaX MiKKpPHCTAJBHHUX PO3YMHIB Li€l Kk CHCTEMH B 3aJ1€KHOCTI Bijg
yacy yBaplOBaHHSA IyKPOBOro yT¢eJio

Tapac I[Noropinuii
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. B pmaniii poOoTi peanizoBaHO OOWH i3 HACTYIIHUX €TaIliB CTBOPEHHS
MaTEeMaTHYIHOI MOJIEITI MPOIIECY KPUCTaTI3allil caxapo3H.

Marepiamn Ta Metomu. J[[s OXHOYACHOTO pO3B’sI3aHHA CUCTeMH i3 7
HECTalliOHAPHUX 3aJlad TEeIUIONPOBITHOCTI MO KOXKHIM OKpeMil o0yacTti 3i cTamuMu Ta 3i
3MIHHUMH TeIIo]i3nyHUMHU Koe(DillieHTaMU, a TaKoK TPhOX OKPEMHX HeCTalliOHaApHHX
3amad qudy3iHHOrO MacooOMiHY Ui YOTHPHOX 00JacTedl MIKKPHCTAJIBHOTO PO3YHUHY
caxapo3d 31 CTaIUMH Ta 31 3MIHHHUMHU KoediumieHTamMu udysiiiHoro macooOMiHy
3aCTOCOBAHO YHCENbHI METOH (METO]] KOHTPOJIBLHOTO 00’ eMYy).
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PesyabraTu i odroBopenHs. /Iy jecaTy BUNAIKIB BiJHOCHOTO 4acy yBapIOBaHHs
ykposoro yrdenro t/t, (t/t, = 0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0) Ha oCHOBI
PO3B’SI3Ky CHCTEMH HECTAlliOHApHHUX NU(EpeHIiabHUX PIBHSIHb B YACTUHHUX MOXITHUX
napaboJIivHOrO TUIY 3HAWIACHO PO3MOILT TEMIEPAaTyp B KOXKHIH 00JIacTi CUCTEMH KOMIpPOK.
Ilpu BimHOCHOMY 4aci yBaploBaHHS IykpoBoro yrdens 7t/t,= 0,15 Ttemneparypu
JIOPiBHIOIOTB: JIJIs JIiBOT 00J1aCTI MIDKKPHCTAJIBHOI'O PO3YHHY CaXapo3u OLIBIIOro KpUCTAILY
99,547 °C npu cranux koedimienrax Ta 99,479 °C npu Bcix 3MiHHUX KoedillieHTax; Juis
OupIIoro Kpuctany mykpy 94,799 °C npu cramux koedimienrax ta 94,409 °C mpu Bcix
3MIHHHUX KOe(iIlieHTaX; JUIi TpaBoi 00JacTi MIKKPHUCTAJIBHOIO PO3YUHY Caxapo3u
oinerioro kpucrany 90,234 °C npu cranux koedimienrax ta 89,640 °C mpu Beix 3MIHHHX
KoedirienTax; st JiBoi 00JacTi MiKKPHCTAILHOTO PO3YHHY Caxapo3ud MEHIIIOTO KPUCTATY
89,485 °C mpu cranux xoedimienrax ta 88,820 °C npu Bcix 3MiHHMX KoedillieHTax; Juis
MEHIIIOr0 KpHucTany Iykpy 87,325 °C mpu cranux koedirienrax ta 86,630 °C mpu Bcix
3MIHHHUX KOe(iIlieHTaX; JUI1 TpaBoi 00JacTi MIKKPHUCTAIBHOIO PO3YUHY Caxapo3u
MeHIoro kpucraiay 85,285 °C mpu cramux koedimientax Ta 84,590 °C npu BCiX 3MIHHHX
koedirientax; misa yrdemo 75,107 °C mpu cranux koedimientax ta 75,098 °C mpu Bcix
3MiHHHX KoedimieHTax. OIHOYaCHO 3 1M 3HAWIEHO PO3MOILUT KOHIEHTpAIii B KOXHIil
005acTi MIKKPHCTAJIbHOIO PO3YMHY Caxapo3W PO3TIISAYBaHOI CHCTEMH KoMipok. [lpu
BiTHOCHOMY 4Yaci yBaplOBaHHS I[yKpOBOro ytgemntot/t, = 0,15 xoHueHTpauii JopiBHIOIOTE!
JUTSL JIIBOI 00JIACTI MIXKKPUCTAIBHOTO PO3UMHY caxaposu Oiunbinoro kpuctany 82,710% npu
cranux Koedimientax ta 82,274% npu BciX 3MIHHMX KoedilieHTax; Juis IpaBoi o0nacti
MDKKpPUCTAJILHOTO PO34MHY caxapo3u Oiigbmioro kpucrany 80,400% mpu cranmx
koedimientax Ta 79,893% mpu BCiX 3MiHHHX Koe(ili€HTax; IS JIiBOI 00macTi
MDKKpPUCTAJIFHOTO PO34YMHY caxapo3u MeHmoro kpucrairy 80,269% mnpu cramux
koedimientax Ta 79,765% mnpu BciX 3MIiHHHX KoedillieHTax; mius mpaBoi obnacti
MDKKPHCTAJIEHOTO PO3YHMHY CaXapo3W MEHIIOro KpHcTaly kpuctainy 79,418% mnpu cramux
koedinientax Ta 79,026% npu BCix 3MiHHUX KoedillieHTax.

BucnoBku. OTprMaHO OJHOYACHUI HECTAlliOHAPHUI PO3MOALT TEMIIEpaTyp B CEMHU
OHOBHMIpPHUX 00JaCTSIX, IO MPEICTaBIAIOTh 00’€MHY CHUCTEMY KOMIPOK «OUIBIIHIA
KPHCTaJ IYKPYy—PO3UUH Caxapo3d OiJbIIOro KPHCTaly—MEHIINHA KPUCTaJ LYKPY—pO3UHH
Ccaxapo3W MEHIIOr0 KPUCTATy—yTdenby Ta HECTAlIOHAPHWHA PO3MOMii KOHIICHTpAIlii B
YOTHUPHOX 00JIACTIX MIKKPHUCTAIBHUX PO3YMHIB CaXapo3! i€l CUCTEMH KOMipOK.

Karwuosi ciioBa: memnepamypa, konyenmpayis, KOMipKa, po3yuH, KpUcmai, ymeino.

TeopeTnyHe 00IPYHTYBAHHSI MOKIUBOCTI iHTeHCcH(pikaii i pecypco3depeskeHHst
npouecy KOHAYKTHBHOIO )KapeHHsI M SICHUX HATYPaJIbHUX BHPOOiB

BsauecnaB CkpunHuk
Tlonmascovruii ynigeepcumem exonomixu i mopeieni, [lonmasa, Yxpaina

Beryn. IIporiec KOHTYKTHBHOTO KapeHHS M’ SICHUX HATypaJbHUX BHPOOIB € CHEPro-
i pecypCOBUTpAaTHMM. TEOPETUYHO PO3IJIIHYTI MOXJIMBOCTI  IHTCHCHbIKaIii 1
pecypco30epekeHHs POoLIECy.

Marepianu Ta Metomu. BUKOPHUCTOBYBaBCS aHAIITUUHUN METOZ IOCIIIKCHHS
OIMyOJIiKOBAaHUX CKCIICPUMEHTATIBHUX 1 TCOPETUIHUX JaHHX.

PesynbraTn i o0roBopenHsi. [[Jis MiJBHUINCHHS C€HEPreTUYHOI €()EKTUBHOCTI 1
pecypco30epeKeHHs TPOIeCy KOHIYKTHBHOTO JKapeHHsS M’SICHHX HATypaJbHHX BHPOOIB
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pO3MIISTHYTO MOXUIMBI (akTopu iHTeHcudikamii. ITinBuIIEeHHS TeMIepaTypHOro piBHIO
mporecy moHan 423 K He OakaHe yepe3 YTBOPEHHS B IOBEPXHEBOMY Iapi BHPOOY
TeTepOIUKIIIYHMX  aMiHiB. [HTeHcH(ikamiss mporecy crae MOXKIMBOIO Yy  pasi
JIBOCTOPOHHBOT'O TMi/IBEJICHHSI TEIUIOTH 1 BHKOPHCTaHHS (I3UYHHUX 1 eIeKTpodi3uuHUX
METO/IiB BIUIMBY Ha CHPOBUHY.

Jist THCKy a00 €NeKTpUYHOr0 CTPYMY 3MIHHOI YacTOTH B TPOIECi KOHIYKTHBHOT'O
YKapeHHs MPU3BOJUTH JI0 YTBOPEHHS B M’siCi €pEKTUBHOrO HIapy, MEHILIOrO 3a II0YaTKOBY
TOBLIMHY HarliB(aOpHKaTy, 3 TEIUIONPOBITHUMH BIACTHBOCTSIMH PiIHHH.

Bukopucranus (yHKIIOHAIBHO 3aMKHEHOro 00’€My B MpOIECI JTBOCTOPOHHBOTO
JKapeHHs M’sica 3 BUCOKUM BMICTOM CHOJYYHOI TKaHHHH MiJ THCKOM Ha PiBHI TPaHUYHOI'O
JUTSL IILOTO M’sica J03BOJIAE 30€perTH HATHUBHY BOJIOTY, KIJBKOCTI SKOi JOCTaTHBO IS
rizpori3y KonareHy B HeoOxiaHiit mipi. [Iporiec ABOCTOPOHHBOrO XKapeHHs M’sca i A€o
(Gi3UYHUX 1 eNeKTpo(i3UIHMX METOJIB 32 TPHUBAIICTIO 3alPOIIOHOBAHO TOAIIMTH HAa TPHU
OCHOBHI craii.

Haiibinpin 3HaUYMMOIO B 3arajbHUX EHEPreTHYHUX BUTpATax € Jpyra, Npu SKii
TEIIOTa IePelacThCsl uepe3 MOBEPXHEBHH Iap M’sica BHACHIIOK ()a30BHUX IEpPETBOPEHb
BOJSHOI MapH, IO YTBOPIOETHCS 3aBJASKA BUBEICHHIO BOJOTM B IIOBEPXHEBI MIapu
MPOIYKTY A0 IMOBEPXOHb xkapeHHs . OOIpyHTOBaHO aHANITUYHY MOJIEIb MIPOLIECY.

BucnoBku. Brepuie o0rpyHTroBaHo (akropu iHTeHCU]iKamii, aHATITHIHY MOJETb
MpoLleCy KOHJIYKTHBHOI'O AapEeHHS M’SCHHUX HaTypaJbHUX BHUPOOIB, B T.4. 1 3 BHUCOKHM
BMICTOM CHOJIYYHOI TKAHHHH.

KurouoBi ciioBa: oicapenns, KOHOYKYist, M 51CO, MUCK, eNeKMPULHULL CIPYM.

MareMaTHYHAa MO1€JIb mpouecy CyIHiHHﬂ IJIOA0BHUX YaCTOK

Jmutpo Komomiers, Tetssna Poman, Jlinis Xapuenko,
Mapis Poraii, Onekcanap Ma3ypeHko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. [ns ontumizanii nmapameTpiB CYHmIiHHS H OTPUMaHHS TOTOBOI HPOXYKIIT
BHCOKOI SIKOCTI Ba)KJTMBO MaTH JIOCTOBIpHY MaTeMaTHYHY MO/IEb TEIIOMaco0OMiHy B Iapi
BHCYIIIYBaHOTO MPOAYKTY.

Marepianu i metonu. Ha ocHOBI aHasi3y BiJOMUX 0araTo4MCeIbHUX MaTeMaTHIHHX
MoJIeJIeH, TIPeICTaBIeHUX NOCIiAHUKAMH Y BUTJISIII PIBHSHB perpecii eKcrepiMeHTaIbHIX
JIAaHUX, BUPINIYBaJIHM CIIPOIIEHY 3a/Jadyy BHYTPIIIHBOI'O BOJOTONEPEHOCY sl PI3HHUX
OKpEMHUX BUIIAJIKIB, IMOEIHYIOUM IPH IbOMY 3arajibHy TEOpil0 3 OIbII HPOCTUMH,
YaCTHHHUMH MOJIETISIMH TIPOLIECIB CYIIIHHS BOJIOTUX MaTepiaiB.

PesynbraTi i 06roBopenHnsi. [Ipu po3poOii MozeNi CYIIHHS [UIOXOBUX HPOIYKTIB Y
M’SIKHX PEXHMax 3a OCHOBY OYyJIO NPHHUHSTO OAHE 3 HAMOUIBII MPOCTHX MPHITYHIEHb IPO
KiHETUKY TMpOIeCy CYIIIHHS - DiJuHa BCEPEIHMHI MOPUCTOI CTPYKTYPH IMEPEMIIIyETHCS
BiJTHOCHO BiJIbHO, BHIIAPOBYBAaHHS PIAWHM 3[IHCHIOETHCS TLIBKK 3 30BHIIIHBOI MMOBEPXHI
Tija, a BOJOra, IO BUIIYYA€ThCS MPOTATOM IPOIECY CYIIIHHS, IiJBOAUTHCS J0 MOBEPXHI
BUIIAPOBYBAHHS 3 BHYTPIIIHIX 30H MaTepiaqy NpH MajloMy rpalieHTi BojoroBmicry. Lle
HA/IAJI0 MOXKJIMBICTh PO3POOHUTH MaTeMaTUuHy MOJIEb y BUIIIAAL AU(PEPESHIIHUX PiBHIHB
30epe)KeHHs] BOJIOTM, TEIUIOTH Ta 3MIiHM (QUIBTPaliiHOrO MOTEHIIaNy IEepPEeHOCY, SKi
OITUCYIOTb, BiJIMIOBIJIHO, HECTAIIOHAPHI IOJISI BOJIOTOBMICTY, TEMIIEpAaTypH Ta 3arajbHOr0
TUCKY KamliJsIPHO-MIOPUCTOTrO TiJIa IPH CTaIUX Koe(illieHTax MepeHocy.

Ha ocHOBI BifoMHX MaTeMaTHYHUX MOJENEH CYIIIHHS BOJIOTHX MaTepialiB y TOHKOMY
mapi TpPOAYKTY Ta BHKOPHCTaHHS TOJIOKEHb Cy4acHOi Teopii BHYTPILIHHOTO
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MAacoIlepeHOCy, 10 0a3yeTbcs HA IMOHATTI €IMHOTO MOTEHIIANy MEePEHOCY BOJIOTH, JUIs
apy npoaykTy y Gpopmi HCOOMEXKEHOI IUTACTHHU OYJ10 BHPIIICHO PiBHAHHS HEPEMIIICHHS
TpaHML PO3ALTY BOJIOTE TIJIO — MPOCTIP CYIIIHHS y M STKHX PEXHMaX CYLIHHS. 3a TaKuX
YMOB CYIIiHHS TIEPEHOCOM BOJIOTH 33 PaXyHOK TPaJi€HTa THCKY MO)KHA 3HEXTYBaTH, TOMY
3a BHOpaHMX TI'paHMYHUX YMOB, BupinryBaiu 3anady Credana it CyMICHHX IIpOIECiB
TIEpeHOCY BOJIOTH 1 TEIUIOTH BCEPEAMHI BOJIOTOro MaTepiajiy NpH CYIIiHHI, TOOTO KpaloBy
3amady Ui CHCTeMHU JBOX IU(EpEHIiabHUX PIBHSAHb IPYroro mopsaky. PesymbraTtn
PO3paxyHKy TMEPEMIIIeHHs TPaHUIll pO3AUTY BOJOre TILIO — TPOCTIp CYIIHHSA 3a
3aIpOIIOHOBAHOIO MOJIEILITIO 3aJI0BIJIBHO Y3TOIDKYIOTHCS 3 pe3ynbTaramMmu
€KCTIEPUMEHTAIBHOTO JOCIIKEHHSI.

BucnoBkn. BuxopucraHHs po3poOiieHOI Mogeni CYHIiHHS IUIOJOBHX 4YacTOK
MOKPALINTH SKICTh K PErYJIOBAHHS MPOLECY CYIIIHHS, TaK i TOTOBOTO MPOIYKTY.

Karwuosi ciioBa: cywinns, niio, meniomaconepenoc, Mooelp.
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AHHOTAIMU

MuuieBble TEXHONMOrumn
BJ‘[I/IS[HPIe MOJII/Iq)l/IIIl/IPOBaHH])IX KpaxMaJjoB Ha COCTOsIHUE BO/IbI B 6l/ICKBl/ITa

Wpuna Crpunen
Hayuonanenoui ynugepcumem nuuesbix mexmonocutl

Beenenne. B nmaHHOW paboTe H3ydeHO BIHSHHE MOAUDHIMPOBAHHBIX KPaxMajoB
XONOMHOTO HabyxaHWs Ha TepepacmpeneieHue Biaarn B Ouckeutax. C  IENbio
MPOrHO3UPOBAHKUS TIPOIIECCA XPAHSHHUS M3/ICIHI HCCIIEIOBAIN UX COPOIIHOHHBIC CBOMCTRA.

Martepuaibl U MeTonbl. KommiecTBo CBOOOTHON 1 CBSI3aHHOM BJIArd PacCUUTHIBAIH
OpU MOMOIIM JEPUBATOrpaUUeCcKOro aHaliW3a C Y4ETOM BO3HHKHOBCHHS ITOCIOHHOTO
nporpeBa wu3zaenuii. CopOIHOHHO-IECOPOIIMOHHBIC CBOMCTBA H3/CTUIA HCCICIOBATH TI0
TPaAMIMOHHOM MeToJuKe B BakyyMHOM mpubope Mak-bena npu 20 °C. B kauectse
aicopOTHBA HCTIOIB30BATTH BOISTHOM Map.

Pe3yabTaThl U 00cyKIeHHe. V3yueHO BIUSHUC CIIMTHIX BUIOB MOTH(DHIIHPOBAHHOTO
KpaxmMaJia XOJIOJHOTO HaOyXaHus: THAPOKCHUITpONuI aukpoxMainbdocdara (Microlys FH 02),
alleTWINPOBaHHOTO AMKpoxMaiib(hochara (Swely Gel Soft), amermnupoBaHHOrO Kpaxmaia
amumnara (Cold Swell 5771) Ha nepepacnpeneieHue Biaru B ONCKBUTAX.

HUccnenoBanms HoKa3aJIH, 4TO Omaromaps CBOEMY  Pa3BETBICHHOMY
MPOCTPAHCTBEHHOMY CTPOCHHIO, MOAWU(DUIMPOBAHHBIA KpaxMal XOJOIHOrO HaOyXaHus
crocoOeH OBICTPO CBs3BIBATH W yACpPKUBaTh Boay. JloOamienwe 1% Kkpaxmaia K MyKe
CHOCOOCTBYET YBEJIMUYCHHUIO KOJIMYECTBA CBSI3aHHOM BOABI B poaykre Ha 7.17...13,23%.

CopOLroHHbIE CBOICTBA OMCKBUTOB C M00AaBIEHHEM MOMHU(DHUIIMPOBAHHOIO Kpaxmaia
3HAYHUTENHHO YIYUYIIUINCh. biaromaps B3auMoICHCTBHIO KpaxMalia ¢ KOMIIOHEHTAMH MYKH H
o0pa3oBaHuIO Ooyiee MPOYHBIX CBs3eH ¢ BOJAOH, 0OOIlee KOIHYECTBO COPOMPOBAHHOW BOJIBI
JUTS M3IEMTHE ¢ MOAM(UIMPOBAHHBIM KPaXMaIoM yBenudmIach Ha 3,14 em® / 100r wist «Cold
Swell 5771», Ha 5,67 e’ / 100 T s «Swely Gel Soft» u Ha 18, 97 em’ /100 r wis «Microlys
FHO2».

BobiBonbl. MoanuiMpoBaHHBIA Kpaxmald XONOAHOTO HaOyXaHHS TOJOKHTEIBHO
BJIMSIET HA TIepepacrpeneficHHe Biard B OWCKBUTaX, YTO  YAYUIIHT CPOK COXPAHCHHS
CBEXKECTH H3/ICIHH.

KaroueBble cinoBa: ouckeum, Kpaxman, énaza, Copoyus, ceemxtcecmo.

Onpeneﬂelme aHTPlOKCH}IaHTHOﬁ AKTUBHOCTH CYXHX B€IIECTB IKCTPAKTOB U3
IMOACOJTHECYHOI' 0 ’KMbIXa

Jmurpwmii [1o6pyHoB, Jleonun [lepeBanos, Enena [TuBeHs
1 — Hayuonanvuwiti mexuuyeckutl yHugepcumem «XapobKo8CKUll nOAUmexHuyeckuil
UHCTRUMYM Y

BBenenmne. [lannas  paboTa  MOCBSIEHA  ONpENENEHHIO  AHTHOKCHIAHTHOM
3¢ (GEKTUBHOCTH CYXUX BEIIECTB 3KCTPAKTOB IOJCOJIHEYHOIO MbIXa (M3 0e311y3roBOro
SITpa), TOTYYCHHBIX C MCIOIb30BAHUEM KABUTAIIMOHHOW YCTaHOBKH.

Matepuanabl u Metoabl. CemeHa mnoxaconHeunuka (copra HK-Bpumo) oxmaxmamuch
KHUJKUM a30TOM M OOpYIIMBAIMCh. be3my3roBoe sIpo OTIIPECCOBBIBAIOCH HAa DKCTPYAEpE.
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JKmbIx 0OpabaThIBasiCsl B KaBUTALIOHHON YCTaHOBKE (C HCIIONB30BaHHEM PacTBOPHUTENCH —
reKcaHa M 3TWIOBOro crupta). Ilocie oTroHku pactBoputesst, nomydmi 4 oopasna «Cyxux
BEILIECTB AKCTPAKTOB U3 MOJICOTHEYHOr0 kMbixa» (CBIIDK).

Pesynbratel u o6cyxaenme. Tak xak npuponma antuokcupanroB B CBOIDK Obuia
HEHM3BECTHA, aBTOPBI MOINIM TOJIBKO Mpeanonoxuts coctas CBOIDK. BeposthHee Bcero, 310
TOKO(EpOoIIBI, XJIOpOreHoBast Kuciora, Gochonunuapl U T.71.. Mcxoas U3 3Toro Bce pacyersl
KOHIIGHTpallMk MHTUOWTOpa B HccneayeMbix obOpasnax CBOIDK ([/[nH]) mpoBomuimuck B
nepepacuere Ha o-Tokodepolt (kak HanooJee 0XKUIAeMbI AHTHOKCHIIAHT).

Jlnst onpenenieHusi aHTHOKCHIAHTHBIX CBOWCTB MONy4eHHBIX 00pasznoB CBIIDK Obuia
MPOBEZIEHa CEPHsl ONBITOB 10 WHHUIIMMPOBAHHOMY OKHCJICHHIO MOJEIHLHOTO YIIIEBOAOPOa
(xymona) ¢ mobasnennem CBOIDK u 6e3 Hux. IlomydeHHble SKCIEpUMEHTAIBHBIE JaHHbIC
noareepkaaroT Haanuue B CBOIDK BeliecTB ¢ aHTUOKCUIAHTHBIMHM CBOMCTBAMM TaKWX Kak:
TOKO(epombl, CTEpONibl, XJIOpOreHoBas kuciora u  ¢ocomunuasl. IlpucyrcrBue
¢dochomunuaor B momydeHHbIXx CBOIDK 00ycioBaeHO TeM, YTO MaCIMIHOCTh MIPOoTa (TToCie
KaBUTAIIMOHHOH 00paboTKH skMbIxa) cocTaBuia 0,9%, a konmuecTBo GochoaunuaoB B Macie
cocraBwio 0,05%. OTu jaHHBIE CBHAETEIBCTBYIOT O Tepexone Oofblled 4acTu
¢dochomumuaor B CBIOITK. Cocras monyuernbix CBOIDK ucciienoBaiu ¢ moMoIIb0 METoa
BOXX.

KoncranTtel 00pbiBa 1eneii (k7) 4 ucciemyembix oopasnoB CBOIDK BapsupoBaiuch B
npezenax 1.0-10° — 1.6:10° 1/momb-c. {151 HanGoee H3BECTHOrO IPUPOIHOTO AHTHOKCHIAHTA
— toxodepona (k7) Bapsupyercs B mpegenax 0.7-10° — 3-10° 1/monb-c.

3Ha4YeHUsT KOHCTAHT CKOPOCTH OOpBIBa Iemel (k;) MOKAa3bIBAIOT, YTO BCE HUCCIICAYSMBIC
o6pazupl CBOIDK He Menee 3¢ eKTHBHBIE HHTUOUTOPEI, YeM TOKO(EpOI.

OTo 3HauWT, 4TO BCe NOmydeHHble oOpasupl CBOIDK sBistrorcs wHruOMTOpamu
OKHCIICHHUS U TOPMO3SAT PEAKIIMIO MTPOJOIDKEHHS LIeTIeH.

BoiBoanl. CBOIDK Moryr OBITE HCHONB30BaHBI JJISI TOPMOXKEHHSA OKHCIHTEIBLHOMN
TIOPYH JKUPOCOACPIKAIINX U3JIENUI U yBEIMUEHHUS CPOKA MX XpaHEHHSI.

KaroueBrble ciioBa: anmuokcudanmeol, NOOCOIHEUHUK, KAGUMAYUSL, 2eKCAH, IMAHOIL.

IoBbimeHue 3 (HPeKTUBHOCTH CyXHX 0ETKOBBIX MPENAPAaTOB rHAPATHPOBAHHBIX
€JIEKTPOAKTHBOBAHOIO BOJOM

JItopmuna Bunnnkosa, Kcenns [Iponskuna, Aunpeit Kumens
Ooleccrast HAYUOHAbHASL akademust nuujesvix mexnonoeutl, Odecca, Yxkpauna

Bgenenne. B yCI0BHSIX COBPEMEHHOIO MPOU3BOACTBA MACHBIX MPOIYKTOB CYIIECTBYET
npobJieMa KadecTBa ChIpbs. Pa3paboTka TEXHONOTHI MPOM3BOICTBA MSCHBIX IPOIYKTOB C
HCIIOJIb30BaHUEM OEIKOBBIX J00aBOK SBIISETCS MEPCIIEKTUBHBIM M 3KOHOMHUUYECKH BBITOHBIM
HaIpaBJICHUEM.

Marepuajbl U MeToabl. VcciaenoBaHel cyxue OEIKOBBIE MpENapaThl pasiduyHOrO
MIPOMCXOKIICHU: Oemok u3 cBuHOM Koxm Progel C-95, Supro 500E — coeBbiii Oerok.
Onpeessiin OCHOBHbIE (hDYHKIIHOHAIBHO-TEXHOJIOIHYECKHE CBOMCTBA OETKOBBIX MPEapaToB
MIPY UX TUApATAIMU (PAKIMAMHE JIEKTPOAKTUPOBAHHON BOJIBL.

Pesynbratel M o0cy:xkaeHue. VM3menenne pH cpeasl ruapaTaliid CyXuX OEIKOBBIX
MPENapaToB B MIETOYHYIO CTOPOHY IPH ITOMOIIM KATOJHMTA [TO3BOJHIIA MMOBBICHTEH BSI3KOCThH
00pa3ioB 100aBOK, HO HamOoiee 3(PPEKTUBHO STO MPOHU3OILIO Y OCIKOBOrO Iperapara
pactutenbpHoro npoucxokaeHus Supro S00E . Bsskocts 3Toro mpemaparta Obita Ha 35%
OoJIbIlIe YeM Y KOHTPOJILHOTO o0pasiia.
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OmnpeneneHre BIAroyAepKHUBAIOIIEH U KHUPOYAEPKUBAIOIIEH CIIOCOOHOCTH J100aBOK
MOKa3aJi0 HauOoJbIIyI0 AP(PEKTUBHOCTH HCIOIB30BAHUS KAaTOJNNTA B J1I00aBKE >KUBOTHOTO
npoucxoxaenus Progel C-95, koTopble COCTaBISIIM COOTBETCTBEHHO 95% 1 42%.

Hcnonp3oBaHue KaToONMWTa Il THAPATALMK TTO3BOJIJIO TOBBICUTH AMYJIbCHOHHYIO
CIIOCOOHOCTh M CTa0MJIBHOCTh SMYJIbCHHM HamOonee 3(h(EeKTHBHO B 00pa3max OeIKOBOM
JI00aBKHM KUBOTHOTO Tporcxoxienus: Progel C-95. B cpaBHeHHH C KOHTPOJIBHBIM 00pa3lioM
CTaOMIBHOCTB AMYJIbCUH TIOBBICHIIACh Ha 8%.

OpHuM W3 TOKa3ateiaed HKOHOMHYECKOW A(P(EKTHBHOCTH HCIIOIb30BAHUS CyXHX
OENKOBBIX MpEnapaToB  SIBJISIETCS  KPUTHYECKas  KOHLEHTpalusl — Teneo0pa3oBaHMUs.
O¢ddexTuBHOCTH  MCHONB30BaHUS  J00ABOK  OOpPAaTHONPOMOPIMOHANIBEHA — MOKa3aTero
KPUTUYECKOH KOHLIEHTpaluKk TeineoOpazoBaHus. B oOmiem, HCHONB30BaHUE KaTOIHTA
CHM3MIIO 3TOT IOKa3aTeNb BO BCeX IIperaparax, HO y oOpa3na g00aBKH M3 CBHHOM HIKYPKH
Progel C-95 sToT nokasatesnb TOCTUT MHHUMAJIbHOTO 3HAUEHUS U COCTaBHII 5%.

BoiBoasl. TlpemnoxeHHbIH croco0 MOBBIMIEHHS (DYHKIIMOHATIBHO-TEXHOIOTHYECKHX
CBOMCTB  CyXuX  OENKOBBIX  IIpENapaToB C  TOMOIIBIO  IIENOYHOH  (pakiuu
AJIEKTPOAKTUPOBAHHON BOJBI JOKa3bIBaeT CBOIO 3(dekTuBHOCTh. Jlydinmme pe3ynbTaThl
MoBBIIIeHU 3()(OEKTUBHOCTH J00aBOK OTMEUEHO II0 PsAy TIOKasaTeled B mpenapare
YKHUBOTHOTO TIporcxokaeHus Progel C-95.

KuroueBble c10Ba: 006agka, 21eKmMpoaxmupo8antol 600a, KAmoaum, aHOAUm, MACo.

Bansinne cnocoda koHcepBUpOBaHUS (PYKTOB H OBOIIEH HA X CTPYKTYPHO-
MeXaHH4YecKHe CBOHCTBA

Hartamusa OpJaosa, Urops Ky3smenko, Poman Pomanenko
Kuesckuii nayuonanbhulli yHueepcumem 3KOHOMUKY U MOP206au, Yxkpauna

Beenenmne. {7151 m1oq00BOIIHBIX KOHCEPBOB BayKHa COXpaHeHHas (opMa M yrpyras
KOHCHCTEHIIMSI KOMITOHEHTOB. 3aja4a MCCIEeOBAHUS COCTOMT B YCTAHOBJICHWHM HauOoiee
3¢ PeKTHBHOrO Ccrocoda KOHCEPBUPOBAHWS IUIOAOB M OBOIIECH, ITyTEM COIOCTABICHHS
3HAYEHUE TBEPIOCTH TKAaHEBOW CTPYKTYpPHl HCCIEAyeMbIX 00pa3loB IUIOJIOB W OBOLIEH
KOHCEPBHPOBAHHBIX Pa3HBIMH CIIOCOOAMH.

Marepuajbl 1 MeTOObl. AHANM3UPOBAIM IUIOABI THIKBBI, aiiBbl, Kabayka W alblud
KOHCEPBHPOBAHHbIE Pa3HBIMHU criocobamu. ONpeensuid MOCTOSHHOE YCWIINE TEeHETPaliu
TKaHEBOW CTPYKTYpPhI IMJIMHAPUYECKMM WIOJIbYAThIM HMHASCHTOPOM C JUaMETPOM HIJIBI
(d) 1,4 MM, YTO TIPOHUKAET B UCCIIEAYEMBI 00pa3ell co CKOPOCThIO 3,45 MM/c Ha TiIyOuHy 7
MM.

PesyabTatel W obcy:xaenue. I{udpoBoe 3HaueHHME TNpenena MPOYHOCTH TKaHEH
KOHCEPBHPOBAHHOI THIKBBI OMBITHOTO 06pasia coctawio 1300-1500 Mu/MM’, uTo BTpOe
MIPEBBICHIIO 3HAYEHUE KOHTPOJILHOTO, & aliBBI - MOYTH B 2 pa3a BbIIIE KOHTPOJILHOTO 00pasiia.
Benuuuna mpezpena NMpOYHOCTH KOHCEPBHUPOBAHHBIX KaOAuKOB M albluM JUISL OIBITHBIX
00pasioB B cpeaHeM B 1,8-2 pasa mpeBBICHIA 3TU K€ IOKA3aTeNd Ui KOHTPOJIBHBIX
oOpa3noB. Pasnuuus B 3HAYEHWUHM Npenena MPOYHOCTH CTPYKTYPHl IUIONOB W OBOLIEH
KOHTPOJIBHBIX 00pa3lioB KOHCEPBOB OTHOCHTENHHO OIBITHBIX BBI3BaHHBIE 00JIE€ BHICOKOH U
JUTNTEIIFHOM TepMHUUYECKOW 00pabOTKOW KOHTPOJBHBIX O00pa3lioB, YTO NpENryCMaTPHUBAET
KJIACCHYECKAast TEXHOJIOTHYECKast HHCTPYKITHSL.

Pe3ynbTaThl SKCIIEpUMEHTAIBHBIX MCCIIEIOBAHUI MPOYHOCTH TKaHEH COMOCTAaBIICHBI C
0aJIOBOM  OIIEHKOM  OpraHoNIeNTHYeCKHX TIOKazaTened, B YaCTHOCTH W  OICHKHU
KoHcHcTeHIMH. OTBITHBIE 00pa3ibl Kab0auKOBO-aJIbIYEBBIX M THIKBEHHO-aBOBBIX KOHCEPBOB
monyuamwn 4,81 u 4,79 06amioB COOTBETCTBEHHO, KOHTPOJBHBIC oOpasmbl 3,25 u 3,48
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COOTBETCTBEHHO. KOHCHCTEHIINIO HCCIIEI0BATENBCKUX M KOHTPOJIBHBIX 00pa3lioB CPaBHUIN
TaKKE OMUCATENHHBIM (IECKPUNTHBHBIM) MeTO1oM. ONBITHBIE 00pa3Ilbl OTIIMYAIIICH XOPOIIO
coxpaHuBLIeHcs (OpPMOM, yHOpyrod HEpPO3BAPEHHON KOHCHCTEHIMEH KyCOYKOB IO
CpaBHEHHMIO C KOHTpojeM. KOHCHCTEHIMIO KOHTPOJBHBIX 00pa3lioB XapaKTEpU3HPOBAIN
JlecKpunTopsl "PhIxnas, miogoBast Koxypa OTCTaeT oT MskoTH", "Msrkas, pa3sapenHas’. To
€CTh YKCyCHasl KUCJIOTa, J00aBieHa B KOHTPOJIbHBIE 00pasLibl, He Aana oXumaemMoro s¢dekra
TI0 TIOBOJy YIIPYTOCTH TKaHEH II0JJ0B U OBOILEH M COXpaHEeHHs X (POPMBI.

BoiBoabl. VYCTaHOBJIEHO, 4YTO TIPUMEHEHHE YCOBEPIIEHCTBOBAHHOTO —CHocoda
KOHCEPBHPOBAHUS MMEET MOJIOKHUTEIBHBIN AP(EKT 1 CrIocoOCTBYET COXPaHEHUIO BHEIIHETO
BU/a, (POPMBI KYCOUYKOB TPOIYKTa M (POPMHUPOBaHUE OoJIee YIPYyroi ero KOHCUCTEHITUH.

KiroueBble cjloBa: KoHcepsa, mepmMooOpabomKa, newempayus, meepooCiny,
NPOUHOCMb, KOHCUCTNEHYUSL.

ABTOMaTM3aLMA TEXHOJIOrMYECKMUX NpoLieccoB

Onpenesienye riyouHbI THOKOCTH TEXHOJIOTMYECKOH CHCTEMBI

HBamyk Bsiuecnas, Jlanantok Anatonuii
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

Beenenue. Ilpu u3McEHEHMHM acCOPTHMEHTa MPOIYKTOB TPOM3BOIACTBCHHOW JIMHUH
CICIUATUCTBI CTAPAIOTCS MaKCHMAJIBHO HCIIOJIE30BATh MOITHOCTH U PECYPCHI MPEIIPHUSITH,
JUTSL BETMYEHHSI COBOKYITHOTO JIOXO/Ia.

Matepuaidel W MeTonbl. McciemyeTcs peKypcHs — XapaKTEPUCTHK — THIIOBBIX
TEXHOJIOTHYECKUX  TIPOIECCOB, KOTOPhIE  pPAcCYMTaHbl HAa  MHOTI'OaCCOPTUMEHTHOE
MIPOM3BOJCTBO, B TEXHOJOTHYECKHE IapaMeTphl U PEKUMBI PabOThl oOopynoBanus. Jlyis
MOJIyYCHHS TPOCKITUA XapaKTEPUCTUK MOTPEOUTEN B HEOOXOAMMYIO TIIYOHHY BapHAIlHid
TEXHUYECKHX XapPAKTEPUCTHK KCIONB3YeM METOMUKY CTPYKTYPH3allMH pPa3BepThIBAHHS
GyHKIMKM KadecTBa MOTpeOuTens. /i1 OIeHKH HEOOXOMUMBIX BapHAIMii IMEPEMEHHBIX MPU
IICJICBOM H3MCHCHHH BBIOPAHHOW XapaKTEPUCTUKH BOCIOJB3yeMcs auarpammoni Ilapero.
JIst OIleHKH BO3SMOXKHBIX peajlM3alldil YIIpaBJICHUs UCIONB3YeM (YHKIMOHAJIBHBIA aHAIH3.
Jns  nokamuzanMd  HEOOXOAMMBIX — YIIPABJSIONIMX — NCHCTBHH  UCIOJIB3YeM  METOJ
MHOT'OKPATHOM TOCIeNOBaTeIbHOM Kiaccupukamy. J[Is OneHKH HEOOXOIMMOW TITyOMHBI
TEXHOJIOTMIECKOW THOKOCTH HCIIONIB3yeM MaTPUUHBIN aHAIH3.

PesyabTatel m ob6cy:kaenme. Kputepuem 3¢ ¢dekTHBHON TIyOWHBI acCOPTUMEHTA
OMpPEIENACTCA YHCTAs MPUOBLTH OT MOTEPh JUIs U3MECHEHHS MMapaMeTpoB mpoiiecca. [IprobLIh
oT wuHBecTUIMH 3()(EKTHBHO OICHMBAETCS IO KOJHMYECTBY 3aKa30B, KOTOPHIC
PaACCUMTHIBAIOTCS HA OMPEICIICHHOE «BpPEeMs JKU3HM» NPOayKTa. MHUIMamM3ams rHOKOCTH
KJIacCCUHUIMPYETCS 1O  JKCIUTyaTallMOHHBIM  TpeOOBaHUSAM, B  COOTBETCTBHH  C
TEPMUHAIBHBIMY IJIAHAMHU, ABAPUHHBIMU CUTYAIIUAMHE, XapaKTEPUCTHKAMU ChHIPbSL.

DddeKkTUBHOCTL BBEICHNS THOKOCTH CTABUTCS B COOTBETCTBUE C PE3yJIbTaTaAMHU aHAJIH3a
KyMYJIATHBHOHM nuarpammbl [lapeTo, OoTBeUarolIvii 32 BapHAIIUIO MEPBONPUIMH W3MCHEHHS
LIEJICBBIX XapaKTePUCTHK MpoaykTa. Ha mpuMepe pachbUIMTEIBHOW CYIIMIKH YKa3aHO, YTO
peleHre mpoOyieM IO TpeM KOOpIWHATaM TMpoliecca MoKeT orBedaTh 3a 70% oOmei
3¢ (GEeKTUBHOCTH  TPOM3BOACTBA.  [IpeABapHTENbHO  TMOJNYYCHHBIC — AIbTCPHATUBHEIC
KOHpHTypalu  THOKHMX  CHCTEM  KOJHYCCTBEHHO  OILICHMBAIOTCS  HEOOXOIMMOM
MIPOM3BOAUTEILHOCTLIO. [ MOKOCTh TEXHOJIOTMYECKOTO MPOIecca OrPaHUUMUBACTCS CTCIICHBIO
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CBOOOIBI - KOJWUYECTBOM KOOPAMHAT TEXHOIOTMYECKOrO0 TMpolecca U IpeaeiaMH,
OIPEAENSIOIINX COOTBETCTBYIOIINE H3MEHEHUS XapaKTEPUCTUK MPOIYKTOB. JIMMHTHI
TMOKOCTH TEXHOJOTMYECKUX IMPOIIECCOB OrPAHMYMBAIOTCS MOIMHOCTSAMH OOOPYIOBAHUS U
o0beMaMH PECypCoB TepepadaThIBAEMBIX MATEPUAIIOB.

BoiBoapl. IlonmydeHHble OLEHKA T'MOKOCTH MPOIECCAa IO3BOMSIIOT  OCYIIECTBHUTH
BHEJIPEHUE IEPCIEKTUBHOM MPOrpaMMbI MPOM3BOJACTBA, ONTUMH3AIMIO TEXHOIOMHYECKUX
MapIIpyTOB ¥ MUHUMH3AIIHIO IIPOEKTHBIX 3aTPAT MPH CO3JaHUH aCCOPTUMEHTA MPOIYKTOB.

KitroueBrble cJI0Ba: 2uOKOCHb, NPOYecc, acCOpmumMenm, 3pghexmusHocme.

@pakTAIBHBIA aHAJIU3 BpeMEHHBIX Psi/10B (PYHKIIMOHUPOBAHMSA
OparopekTH(UKAIMOHHOI YCTAHOBKH B 3aa4aX NMPOrHO3UPOBAHNS M YIIPABJICHHS

Haranus HoBakosckasi, Bacunuii Kumrensko
Hayuonanenoui ynueepcumem nuwesvix mexnonoeutl, Kuee, Yxpauna

Beenenne. IloBeneHue OparopekTH(OUKAMOHHON YCTAHOBKU KaK 00bEKTa YIIpaBJIeHUs
XapaKTepu3yeTcsl HAJIMYMEM TPOSIBJICHUH CTOXaCHMYHOCTH M XaOTHYHOCTH, 4TO TpeOyer mx
UACHTH(GUKAIMA METOJAMH HEJIMHCWHOW JWHAMUKA Il OpPTaHW3allMy CIEIU(PIICCKUX
COOTBETCTBYIOIINX CTPATEruil ynpapJieHUsL.

Marepuanbl u Metonbl. J[si pemieHus 3ajady MPOTHOUPOBAaHHS W yIpaBJICHUS
OparopeKTU(pUKAIMOHHOW YCTAHOBKOW OBLIHM MCIIONB30BAHBI METO/Ibl CHHEPIETHKH U TEOPUU
JIETEpPMUHUPOBAHHOTO Xaoca. AHAJIW3 BPEMEHHBIX pSJOB TIPOBOAWIICS C IIOMOIIBIO
ITOpUTMa HOPMHPOBAHHOTO pa3Maxa XepcTa, METoAa TOKPBITHS M KOPPENSIHUOHHBIX
MeTo/OB. BpeMeHHbIe psapl 00pabaThIBAIOTCS C TIOMOLIBIO TPOrPaMMHOIO TaKeTa
FRACTAN.

PesyabTaTsl u odcyknenue. HUccnenoBanue BpPEMEHHBIX psioB
OparopeKTU(pUKAIMOHHOW YCTAHOBKHM TIOKa3alo, YTO MpOLECChl OparopeKkTH(hUKaum
XapaKTepU3yIOTCsS HaJM4MeM KaK CTOXaCTHUECKUX, TaK U XAOTHYECKHX PEXHUMOB,
Pa3MepHOCTh aTTPAKTOPOB KOTOPHIX JISKUT B Tpesiesiax oT 3 10 8. BONBIIMHCTBO U3 TaKUX
psnoB sBiseTcs (pakTanamMH, TO €CTh, HECMOTPs Ha 3HAYHMTENBbHYIO HECTaOHJIBHOCTH
Tpoliecca, UX NOBe/IeHHEe OCTaeTCsl HEM3MEHHBIM, UTO MT03BOJISIET POrHO3UPOBATh M3MEHEHHE
ux cocrosiHusl B Oynymiem. [Tokazatenb KOppENSIMOHHOM SHTPONMHM yKa3all HAa BpeMs, Ha
KOTOPOE MOJXKHO CIIPOTHO3MPOBaTh MOBEJICHUE Halleld CHCTEMBL VI3MeHeHne peXuMoB
paboThl  OparopeKTU(HUKAIMOHHOW YCTAHOBKM MPOXOAWUT C Pa3HOM MEPHOIMYHOCTHIO,
nocruras 4-10 gacos.

Jlns aHanM3a XaoOTWYHOCTH TMpollecca B TOBENEHWM OOBEKTAa MBI HCIOJIB30BAIU
MOKa3aTellb KOPPESIMOHHOW Pa3sMEpHOCTH, KOTOPBIM TOKa3al, 4To AJs JAHHOTO OOBEeKTa
CBOMCTBEHHA 3HAYHTEIbHAS TPEHAOYCTOMYMBOCTh (IEPCUCTEHTHOCTD), XapaKTepU3YIOIIascs
BBICOKMM 3HaueHHeM Mokazatens Xepcra B mnpezaenax oT 0,7 mo 0,96. Ilpenckazyemocthb
TIOBE/ICHUS] TIPOLIECCOB OparopeKTU(HKAIIMK BHICOKA, OCOOCHHO [UIsSi TEMIIEpaTypbl, M
BO3pacTaeT MpH yBEIWYEHUH (PpaKTaJbHON pa3MEPHOCTH aTTPaKTOPOB, JOCTHUTas JIECSTKOB
MUHYT.

[Ipu ¢paxrampHOl pasmepHOCTH MeHee 1.4, Ha CUCTeMy BIHMSET OHA WM HECKOJIBKO
CHJI, KOTOpBIE IBIKYT CHCTEMY B OIHOM HarpaBiieHWH. Ecnu pasmepHocTh OKoio 1.5, TO
CHJIBI, IGUCTBYIOIIME HA CUCTEMY, Pa3HOHAIIPaBIICHHBIE, HO 00JIee MM MeHee KOMIIEHCUPYIOT
npyr npyra. Ecmu ke ¢pakranbHas pa3MepHOCTh 3HAUMTENbHO Oombiie 1.6, cucrema
CTaHOBHUTCSI HEYCTOMYMBOW M TOTOBAa MEPEUTH B HOBOE COCTOsIHWE. AHaW3 (ppakTaiabHOMN
pa3MEpHOCTH BpPEMEHHOI'O psla [JaBJIeHHs HKM3a OpaXKHOW KOJOHHBI IIOKa3aJl, dTO
(dpakTasbHas pa3MEpHOCTh JISKUT B mpezenax ot 1.0 mo 1.4, 4To B CBOKO ouepe/lb yKa3hIBaeT
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Ha TO, YTO Ha CUCTEMY BIIUSET HECKOJBKO CHJI, KOTOPBIE IBUTAIOT €€ B OJIHOM HAaIlpaBJICHUH,
TO €CTh CHCTEMa YCTONYHBA.

BoiBoapl. BrisiieHHbie 0c0O€HHOCTH (DYHKIIMOHMPOBAHUS OparopeKTH(UKAIMOHHOMN
YCTAaHOBKM KaK CJIOKHOTO HENMHEHHOro OO0BEeKTa yIpaBlIeHWs JAl0T BO3MOXKHOCTh
peanu3anyy pecypcocOeperaromx CTpaTeruil yrpaBiIeHHs Ha OCHOBE JIMATHOCTHKH €ro
TIOBE/ICHUS] METOJIaMH (DPaKTAIBHOTO aHAJIH3a.

KaroueBbie ciioBa: ghpaxman, bpazopexmugpuxayusi, ynpaeienue, npocHOUpoGaHue,
8peMeHHOU Psi0.

Mogeib cucTeMbl YIPaBJIeHHsI pa3BUTHEM JedeKTa cTaTopa TypooreHeparopa

Onwra Masypenko, CamconoB Banepuit, 3aroposckast Jlapuca
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

BBenenne. BBINOTHUTE TONHBIA — IepeueHb PEKOMEHIAIMHA 10  OECKOHEYHO
JUTNTEIILHOMY COXPAaHEHUIO a0CONIOTHO MCIIPABHOTO COCTOSIHHS TEXHHYECKOro OOBEKTa, B
TOM 4YHClIe U TypOoreHepaTopa, HEBO3MO)KHO B TIPHHIMIE B CBSI3H C €rO CIIOXHOCTBIO.
IMosTomMy mnst obecriedyeHUst pPaOOTHI CIIOXKHBIX TEXHUYECKUX OOBEKTOB Ieliec000pa3zHo
UCIIOJIb30BATh CUCTEMBI KOHTPOJIS pPabOuuX MapaMeTpoB, JWArHOCTHKUA TEXHUYECKOTO
COCTOSIHUS, YIIPABJIEHHS Pa0OTOM U 3aIl[UTHI.

Marepuanbl u Metoabl. C mnomomipio CASE-TexHOmoruii mpoaHaan3upoBaHa
JISWCTBYIONIAs MOJIENIb CBSI3€H MEXIy aBTOMATHU3MPOBAHHBIMH CHUCTEMaMH KOHTPOJIS
rapaMeTpoB padOThl 3alUTBl M YIpapieHus pabotoil TypOorenepaTtopa. MccienoBaHbl
MIPUHIMITBI pabOThl W HMHGOPMATHBHBIC CBA3M MEXKIY CHCTEMOH KOHTPOJIS paboumx
MapaMeTPOB U PEJICHHON 3alUThI, MKy aBTOMATU3UPOBAHHBIMY CHCTEMAaMH JIAATHOCTHKH
W yhpaBieHus: paboToil TypOoreHeparopa, peneidHOW 3alMTOi M CHCTEMOH YyIpaBIICHUSI
pabotoii TypOoreHepaTopa.

Pesynbratel M o6cyxnenne. Ha wHbOpPMAanMOHHOM ypOBHE CHCTEMBI KOHTPOJIS
rapaMeTpoB padOThI U peNieiiHOM 3alIUThl TypOOreHepaTopa TECHO CBsI3aHbI MeXly co0oi. B
cilydae, KOrja CHCTeMbl 3alllUThl, TUarHOCTUKU M YIIPaBlIeHUs] HH(POPMATUBHO HE CBS3aHBI
MeXay co0oii, B cilydae BO3HHKHOBEHHWS JieekTa M He CIIOCOOHOCTH 4eNOBEeKa BEPHO
OTpearupoBaTh Ha €ro MOSBICHUE, TEXHHYECKOE COCTOSHHE TypOOreHepaTropa MOXET
JIOCTUYb TpeNeNIbHOrO YpOBHS. B 3TOM ciydae mocnenctBusi pa3Butus jaedexra OymyT
MaKCHUMaJIbHO HeraTHBHBIC. B ciydae oOpa3oBaHus ned)eKTa IepBOOUCPEITHOM, OOIICH
3ajadeil ISl CHCTEM KOHTpOJ TapaMeTpoB, IMAarHOCTHMKM M yIpaBJeHUs paboToit
TypOOoreHepaTtopa CTaHOBHTCS KaK MOXHO ObIcTpoe oOHapyxkenue pgedekra u
OCYIIECTBJICHH HEeoOXoquMbIX Mep. [loaToMy (QyHKIIMOHHMpOBaHHWE O3THX CHCTEM B
OTAENBHOCTH APYT OT Apyra He Ieliecoo0pa3Ho, TaK KaK ¢ MX HCIOJIB30BAaHUEM PELIASTCS
obmas 3amava. V3 M3IOKEHHOTO CIEAyeT, YTO CHCTEMa yIpaBlIeHWS pa3BUTHEM nedexra
coYeTaeT MeXIy co0oM paboTy CHCTEM KOHTPOJIS MMapaMeTpoB, THATHOCTUKH, YIPABICHUS
paboToii u 3amuThl TypOOreHepaTtopa. MakcumasbHas MPOJIOJKUTENBHOCTh «IIACCHBHOT0»
CYILIECTBOBAHMSI CHCTEMbI YIPABIEHUS pa3BUTHEM JedeKTa, onpenensiercs MpoMeXyTKOM
BpPEMEHHU MEX Iy OOHapyKeHHEeM JieeKTa 1 I3HOCOM 3alllUTHBIX YCTPOUCTB.

BuiBon. IlpennoxeHHas MoOJedb CHCTEMBI YIPaBJICHHS pa3BUTHEM JAe(eKTa Y3JIOB
TypOoreHepaTopa 3a c4eT yCHJIeHUs] HH()OPMAIIMOHHBIX U (PyHKIIMOHABHBIX CBS3EH MEXIY
CcHCTEMaMM KOHTpPOJsi pabodnmxX MapaMeTpoB, 3allMThl W yOpaBieHus paboroit
TypOOoreHepaTtopa KOTOpasi MO3BOJSET IOBBICUTH 3(P(EKTHBHOCTh HCIONB30BaHUS ITUX
CHCTEM.

KaroueBrble ciioBa: TypOoreneparop, nedexT, KOHTPOJIb, TUArHOCTHKA, PENe, 3alliTa.
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Bbe30onacHOCTb XU3HeAeATeIbHOCTHU

HpPI‘IHHbI BO3HUKHOBCHHUA IOKAPOB HA NPEATIPUATHAX l'[PII.HeBOﬁ NMPOMBINVICHHOCTH

Ospra Cnobomsn, Bepa 3aer, Jlapuca Hemanum, Ceeriiana ABIMESHKO
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

Brenenne. lccriemoBaHue NPWYMH BO3HMKHOBEHHS IIOKAPOB HA MPEANPHUITHIX
MHUIIEBOM MPOMBIIIEHHOCTH YKpPauHbl MO3BOIUT pa3paborate 3PQEKTHBHBIE MEPHI 10
CHIKEHHIO BEPOSITHOCTH UX BOSHUKHOBEHHMSL.

Marepuajbl M MeTOAbI: B paboTe HCIOIB30BAIUCH TEOPETHYECKHE METOIbI
HCCIIEA0BaHMs, B YACTHOCTH aHAIN3 HAYYHBIX JIUTEPATYPHBIX JaHHBIX IO JAHHOH MpobIieMe,
METOIBI CHHTE3a, CPaBHEHUS M OOOOIICHUS TOAyYeHHOH HH()OPMAIMH OTHOCHUTEIHHO
(aKTOpOB, KOTOpPBIE CITIOCOOCTBYIOT —IOBBIIIEHHIO YPOBHSA  MOKAPHOM  OMAaCHOCTH
MPOMBIIIIEHHBIX 00BEKTOB Y KPauHBL.

Pe3ynbrathl M 00CYKIEHHSI. AHAIN3 IOXKAPOB B Pa3IMUHBIX OTPACIAX IMHIIEBOM
MPOMBIIIIEHHOCTH CBHIETENBCTBYET O TOM, YTO HanOojee BEPOSTHBIMH HMX MPHYHHAMHU
SBISAIOTCA: HAPYIICHHE TPABHI YCTPOWCTBA M  OKCIUTyaTalldd  JICKTPOYCTAHOBOK,
HEOCTOPOXKHOE OOpAIlleHHe C OTHEM, HAPYIICHHE PEKHUMOB TEXHOJOTHUYECKUX MPOIIECCOB
(0cO0EHHO TpW BBINEUKE, OOKAPUBAHUM, CYIICHWH), HEUCIPABHOCTh WIH YCTapeBIlEe
00opymoBaHHe, HEMPAaBWIBHOES OOpaIleHHe C JISTKOBOCIUTAMCHSIIOIIUMHUCS JKUIKOCTSIMH H
HapyIlIEHHE ITPAaBWI U CPOKOB YOOPKH roprodeil MbLIH. DTH (haKTOPbI YCHITUBAIOTCS TEM, YTO
Ha JaHHBIX NPEANPHATHIX XPaHATCS, TPAHCIIOPTHPYIOTCS WIIM HCIIOJIB3YIOTCS BEIECTBA,
KOTOpBIE TPH OMpPEIEIEHHBIX YCIOBUSAX CIOCOOHBI TOpeTh M B3pbIBaThes. Cpemu Takux
BEIIECTB — CIUPTHI, A(QUPBI, ICCEHIIUH, OPraHHYECKUE KUCIOThI, OEH3MH, alleTOH M Jp.; MbUTh
MHOTHUX IIHIIEBBIX MPOAYKTOB (MydHasl, caxapHas, TabauHas, 4aliHasi, KpOXMalbHas, Kakao,
CYXOro MOJIOKA U JIp.); aMMHAaK, KOTOPBIA HUCIONb3YeTCsl B KayecTBe xmanoareHra. Takke Ha
MPEANPHUATHIX THIIEBON MPOMBIIUICHHOCTH HCIONB3YETCs OOJIBIIOE KOJTMYECTBO TOproveit
Tapbl ¥ MATEPHUAJIOB, YTO YCUIIUBAET MOKAPHYIO OMACHOCTH OOBEKTA.

B cooTBeTCTBHHU ¢ YKa3aHHBIMHU HMPHIMHAMH MOKAPOB 0OOCHOBAHBI OCHOBHBIE MEPHI IO
X TPEJOTBPALICHUIO: COOMIO/ICHHE OOIIMX TpeOOBaHMiI MOXKapHOH Oe30MacHOCTH,
MpeIOTBpAlllcHHe 00pa3oBaHMs TOPIOYEH Cpelbl M BO3HUKHOBEHHS B HEW HMCTOYHHKA
BO3TOpaHMs, YCHJICHHE KOHTPONIS 3a COCTOSIHHEM TEXHOJOIMYECKOro OOOpyIOBaHHSA U
KOHTPOJIbHO-U3MEPHUTEILHOMN amapaTyphbl.

BoiBoabl. Pe3ynbTaThl HCCIEIOBAHUM MOTYT OBITh HCIIOJIB30BAHBI MPH Pa3pabOTKe H
YCOBEPIIEHCTBOBAHUM  A(P(PEKTUBHBIX  MEPONPUATHH 1O  O0ECHEUEHHIO  MOKapHON
0€30IacCHOCTH O0BEKTOB MHUIIECBOW MPOMBIIIICHHOCTH.

KnroueBble cioBa: nooicap, eopeHue,  CamM080320panue,  NONCAPOONACHOCHID,
63DPbIBOONACHOCHD.

MaTtemaTnyeckasi MO€Jb IPUHATUSA pemeHnifl C YY€TOM PUCKOB TPABMHUPOBAHUSA

Onmpra Eprymenko, Anuna Cupuk, Ilerp ITopoabko
Hayuonanenoui ynugepcumem nuuygesbix mexmonocutl

BBeHeHHe. C LCIBI0  YCOBEPUICHCTBOBAHUA MaTeMaTHYEeCKOI MOJCIIN TPUHATHUA
peH_IeHI/Iﬁ B CUCTCME YIIPpaBJICHUSA OXpaHOﬁ TpyAa NpCanpuAaTus OLLIO YCTaHOBJICHO, YTO IIpH
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pa3pabOTKe METOIMYECKOro O0ECIeUeHHs] CHCTEMBl IOUICPKKA TPHHATUS PpelIeHHN
HEoOXOIMMO CO3/1aTh IPOLIEAYPY alaliTAlliK CPECTB MPUHSTHS PELICHHH.

Martepuajbl U MeTolbl. lccnenoBaHue NPOBEACHO Ha OCHOBE OOIIETO CHCTEMHOIO
MOAXO/a, OCHOBAHHOTO Ha B3aMMOCBS3U JJIEMEHTOB; HCIOIBb30BAH METOJ JIOTHUKO-
MMHTALMOHHOTO MOZAEIMPOBAHMUS U METO]I «JIEpeBa OTKA30BY.

Pe3ynbraTthl M obcy:kaeHue. PrickoBaHHas albTepPHATHBA - MEPOIPHSTHE IO OXpaHe
TpyZAa CBSI3aH ¢ MOJEpHHU3AIMed 00OpYyIOBaHUS U OLIEHMBACTCS paclpeleleHHEM: BBIrofia
(oxom) pa3smMepoM a C BEpOSTHOCTHIO (; YOBITOK B pasmepe b ¢ BeposTHOCTHIO 1 - Q.
Benuuunbl @ u b Moryr ObITh BBIOpaHBI NPOWU3BOJBHBIMHM, HO HX TOPSJIOK JOJIKEH
COOTBETCTBOBaTh CPEJCTBaM, KOTOPHIMH OIEPUPYET CHEUHAINCT ITI0 OXpaHe TpyAa B
npoliecce NpUHATHS penieHuid. [Ipi 3ToM b cOOTBETCTBYET 3HAYEHHIO BBHITOJHOCTH, PaBHOM
HYNIO, a a - eAuHHIBL. Ho KpoMe Hee B paclopshkeHHH y paOOTHHKA, MPHHHMAIOLIETro
pemenus B CYOT Ha mpeAnpusiTHH, €CTh U JIpyras ajJbTepHATHBA - CTPATETHs, KOTOpas He
CBsI3aHA C PUCKOM U JJA€T TapaHTUPOBAHHBIN JI0XOJT Pa3MEPOM X.

MaremaTrnieckoe oKHIaHHe J0X0/a MPH PeaTH3aliK MPEVI0KEHHOTO MEPOIIPUSITHUSI 110
OXpaHe TpyJlla CBS3aHO C MOBBIIICHWEM ITPOU3BOAUTEIBHOCTH TPY/Ja, KauecTBa MPOIYKIIUH,
COKpallleHHEM pacXOJ0B Ha BHIILIATHL, PHCK TPaBMHUPOBAHHS CHU3UTCS, M 3aBHCUT OT
BEJIMYUHBI ( TPH (UKCUPOBAHHBIX 3HAUeHHMsX a M b. CBOWCTBa (YHKIMU BBITOIBI JUIS
paboTHMKa, TpuHHMamomero puckoBanuble pemreHuss B CYOT, ocHOBBIBalOTCS Ha
CleyroleM: pabOTHUK MOABEPXKEH PUCKY B ClIydae, eclid Tpaduk UMeeT M30THYTYIO BBEPX
(YHKIHMIO BBITONIBL; TIPU pocTe (PYHKIMK BHITOABI paOOTHUK MO/IBEP)KEH PUCKY TOT/1a, KOraa
€ro JEeTepMUHUPOBAHHBIA OSKBUBAIEHT IS JIIO00H albTepPHATHBBI OOINBINE OXHIAEMOM
BbIroziel, X > M [X]; npu pocte (YHKIMI BHITOnbl paOOTHHK TOABEPKEH PHCKY, KOrzaa
Ha/10aBKa 3a Hero Oy/IeT OTpUIATENbHBIM IPH BeeX albrepHaTnBax, AR (X) <0.

BoiBoabl. OyHKIMS HECKIIOHHOCTH K PUCKY, 00JIa/laeT CIIEAYIOIMMH CBOMCTBAMH: JIBE
(YHKIMH BBITOJIBI CTPATErMUeCKH SKBUBAJICHTHBI TOJIILKO TOT/A, KO/l OHU BEAYT K OJHOH U
TOW ke (PYHKIMM HECKIIOHHOCTH K PHCKY, a HanOojee BeposTHas BBITOJa OT HPHHSITOTO
pemenus mo oxpane Tpyzna npu k — 0 npuOmmwkaercs K MaTeMaTHYECKOMY OXKHIAHHIO
BBITO/IBI OT JEWUCTBUI pabOTHMKA, HEHTPaIbHOTO K pHUCKY, mpu k — -00 MaremaTHdeckoe
OXKMJJAHUE BBITOJIbI TPUOIIMIKAETCS K MAKCUMAIBHO BO3MOXKHOMY.

KuroueBkble ci10Ba: 6esonacnocms, mpyo, mpasmamusm, puck.

JKOHOMMKA M yrnpaBJieHue

MeTtonuyecKue NOAXOAbI K ONpPeAeJIeHHI0 BHYTPUIIPOU3BOACTBEHBIX LIeH HA
NpeANPUATHAX MsACONepepadaThIBAOLIEH 0TPACIH

Wpuna ®enynosa, Anuna [[paran
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

BBEJIeHPIe. PaCCManI/IBaIOTCH BOIPOCHI NPHUMEHEHHA HOBBIX IOAXOAOB IIpU
OIpCACICHUN BHYTPUIIPONU3BOJACTBCHHBIX IICH HA MACHYIO IIPOAYKIIUIO.

MaTepI/Ia.l'[])l U METOABbI HCCICA0OBAHMUSA. B pa60Te MNPUMCHAIOTCA MCTOBIL:
CHUCTEMHOI'O aHaJIM3a B BOIIpOCax TpaHC(l)epTHOFO ueH006pa303aHmI M HCIIOJIb30BaHHsA €TI0 B
HpaKTH‘IeCKOﬁ ACATCIIbBHOCTU  NPEANpHUATHA;, aHajln3da W CHUHTE3a — JUIA pacqéTa
TpaHC(l)epTHOﬁ IOEHbI Ha MACO; aHAJIOTMM MW CONOCTAaBJICHUA — JJid OIpCACIICHUA
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BHYTPHITPOU3BOJICTBEHHBIX 1IEH Ha CYOIPOAYKTHI HA OCHOBAaHWUH OOBEIMHEHHS CTOMMOCTHOM
KOHIICTIIIMY 1 KOHLIETIIIH YHEPreTHYECKON LIEHHOCTH.

Pe3ynbTaThl 1 00Cy:KIeHUA. Y UNTHIBas cieUU(UKY TPOU3BOCTBA MSICHOM MPOAYKIIUH
W TIOBBIIICHWE OTBETCTBEHHOCTH 32 (PMHAHCOBO-DKOHOMHYECKHE IIOKA3aTeNn KaxKIoro
MIPOU3BOJICTBEHHOTO TTOJpa3/IefieHUs] IPENPHATHS, BO3HUKAET mpodiieMa 00 Ompe/eneHnn
BHYTPHITPOU3BOJICTBEHHBIX IIEH Ha IPOIYKIMIO, YTO W3TOTOBIISIETCS M Iepenaéres, Kak
CBIpBE, B Jpyrue nojapasieneHus. MsCOXHPOBOH 1eX MPOU3BOAUT TOTOBYIO TPOAYKIHUIO —
MsicO (TOBSIMHY, CBUHHHY), KOTOpbIE NepealoTcss B KOJNOACHBIH, KOHCEPBHBIA Iiexa
MSICOKOMOHHATOB.

[pemnoxkeHsl TpU BapHaHTa METOJIOB ONPEIETICHIS BHYTPHITPO-U3BOJICTBEHHBIX LIEH Ha
OCHOBE  TpaHC(EpPTHOro IIEHOOOpa3oBaHMS B 3aBHCUMOCTH OT TIPOHM3BOJICTBEHHOM
CTPYKTYpPBl TIPEINpPUATHS: TpU  OECUEXOBOM IPOM3BOACTBEHHOW CTPYKTYpe — IO
MIPOU3BOJICTBEHHOH CE0ECTOMMOCTH TPONYKIMU; MPH IIEXOBOH — II0 MPOM3BOJICTBEHHON
ce0eCTOMMOCTH TLTIOC TIPHOBLIH (10 YPOBHIO PEHTA0EIBHOCTH); TIPH 3aBOJICKOH — 110 0OLINM
3aTpaTaM IUTIOC MPUOBLTH (TI0 YPOBHIO PEHTA0CTIBHOCTH).

HepemménnapiM BonpocoM ocTaéTcst onpeieieHie IPOr3BOJICTBEHHOM ce0ecTOMMOCTH Ha
COIYTCTBYIOLIYIO  IponyKimio  (cyonponykrel). [lpemnaraercs st ompeneneHus
MIPOU3BOJICTBEHHOH CEOECTOMMOCTH TPUMEHUTh METOIUKY COYETaHWs IBOMX KOHLETIHH
CTOMMOCTHOH 15l pacuéra MpOW3BOACTBEHHON ce0ECTOMMOCTH TOBSIMHBI U SHEPreTHYECKON
LEHHOCTH TOBSDKBMX CYONPOAYKTOB B COOTHOIICHHH C OHEPreTHYECKONW ILEHHOCTBHIO
roBsuHbl.  OmpesieNieHne MPOU3BOJCTBEHHOH CeOECTOMMOCTH Ha CYONPOOYKTHI MOXKHO
paccuuTaTh Ha OCHOBE: DHEPTreTUUECKOW HEHHOCTH (KaJIOPUITHOCTH) MM MOTPEOUTENbCKON
LIEHHOCTH (YPOBEHb COJIEpKaHusl OeNKa, KUpa, yrieBOIOB B IPOIYKTE).

BoiBogsl.  [IpemioxeHHble ~ METOAMYECKWE  TMOAXOABI K ONPEENICHHUIO
BHYTPHITPOM3BOJICTBEHHBIX II€H HAa MPEANPHUITHIX PACCUMTAHBI Ha CHIDKEHHE OITOBBIX IIEH
Ha MSCHYIO MPOAYKIIUIO, YTO OyIET CrIocoOCTBOBATh (hOPMHUPOBAHHUIO 3(D(HEKTHBHOM IIEHOBOM
TIOJIUTHKY U YIYYIICHHUIO pean3alii IPOAYKIIUH.

KiroueBrble clI0Ba: yena, yenooopasosanue, npooyKyust, npeonpusimue.

Hcnonn3oBanue onbiTa B YupapJeHUH Cl'[I/IpTOBOi/i NMPOMBIIIVICHHOCTH YKpal/leI

JItopmuna IlleByenko
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

BBenenne. J[anHoe mccienoBaHUE MOCBSIICHO PEHICHHIO MPOOJIEMBI OrpaHMYEHHOCTH
PBIHKA JUISl YKPAHHCKOTO 3THJIOBOTO CIUPTA. EBpOMHTErpanus 1 NpruMeHEHHs 3apy0eKHOTO
ONbITa ¥ BHEJpPEHHE OTIENBHBIX aCHEeKTOB M MoJoKeHWH EBpomelickol cranmapTH3aliiu
MOJKET UMETh IMOJIOKUTEFHOE BIUSHUE, a IMEHHO BO3MOXHOCTh BBIXOJIa HA HOBBIE PHIHKU
cOBbITa ¥ BO3MOXKHOCTb JIMBEPCUPHIIPOBATH METOABI TIOJTyYEHHS IIPHOBLIH.

Marepuanbpl u Metoabl. /[l wmccienoBaHWs TPOONEMBI, MBI HCHOJB30BAIH
TEOPEeTUYECKHI METOJ] ISl aHAIIN3a TIOHATUHHOW 0a3bl. Mcnonb3yst METo]] CTaTHCTUYECKOTO
aHaJIM3a MHOCTPAHHBIX TOPTOBBIX MapTHEPOB YKpauHbl B 2015 roay, Mbl IpoaHaIN3UPOBAIN
COOTHOIIIEHHE JKCIOPTHBIX ONepaluii 1O pervoHam YKpauHbl lcmone3ys MeTonsl
MIPOTHO3MPOBAHUS ¥ MOJIEIMPOBAHUSI, MBI MOXKEM IPEACKa3aTh MOJIOKHUTEIBHBIN dPdEKT oT
JMBEpCU(UKAIMKI PIHKOB COBITA.

PesynbraTsl. EBponetickasi MHTErpanust npeIocTaBisier YKpanHe npedepeHnnanbHbIi
JIOCTYI Ha KpymHeHmmi peiHOK B Mupe ¢ 500 miH. kiauentoB u ¢ BBII Ha ypoBHe 14 TpiH
€BpO. DTO MOXXET IOMOYb YKpauHe 3aHATh CTAOWIbHYIO MO3UIMIO IKCIIOPTEPA ITHIOBOTO
CIHPTa ¥ CHUPTOCOJEPIKAIIUX KUKOCTEH.
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Jns storo HeoOxomuma monHas pedopma otpacnu. [Ipy u3ydeHun norpeGHOCTEH
€BPONEHCKOr0  phIHKA  ONpefeNMiIach HEOOXOIMMOCTh INPOM3BOACTBA  CIHMpTa C
KoHIeHTpanueld menbiie 80 00, %. I'TI «Ykpcnupr» HMeeT BO3SMOXHOCTb MOJIYYHUThH
TapuQHBIE KBOTHI, KOTOPBIE JEUCTBYIOT MO MPUHIUITY "TIEPBINA MPUILEN, TePBbIA MOTy4r"
Ha 3KkcnopT. B 2016 roxy I'TI «YkpcnupT» cMOXKET 3KCIOPTUPOBATh 27 THIC TOHH CIMPTa U
JIPYTHX CIUPTOCOMEPIKAIINX XKHUIKocTer 1o koxy 2207 u 2208. Hanbosnee BayKHBIM aCIIEKTOM
st I'TL «YkpermpT» sBisercs MomydeHue JULeH3H 1o Koay 2208 Ha MOCTaBKy CIIUpTa C
KoHIeHTpauueld MeHpmie 80 00, % B eBponeiickue crTpaHbl. CHEIyrONEM IIaroM
HEOOXOIUMO ONpPEAETUTh KOJIUYECTBO 3aBOAOB, KOTOpPBIE HaXOAATCA OMIKE K 3araJHON
rpaHule YKpauHbI C IIEJIbI0 COKPALIEHHUS 3aTpaT Ha JIOTUCTHKY. TakuM o0pa3oM, 3TH 3aBOJbI
JIOJDKHBI OBITH PEKOHCTPYHPOBAHBI, ISl 00ecTieYeH s KOHKYPEHTOCTIOCOOHOCTH MPOIYKIIHH.
Heo6xoaumo BHEAPpHUTH S3HEProd(hEeKTUBHBIE TEXHOJIOTUH U 000pYIOBaHNE, KOTOPBIE CHU3ST
notpebienue TorrBa Ha 30%. DTH Mepbl OXBaTAT MOTPEOHOCTH €BPOIEHUCKOr0 phIHKA B
CIHpPTE U TPEJOCTaBAT BO3MOXKHOCTh JuBepcupuimposaTh nporsBoacto ['T1 «Ykpernupm» n
YBEJIMYUTH 00BbEM 3aIIaHUPOBAHHBIX M PEabHBIX JI0XOJIOB.

BeiBoa. [IpuMeHss HHHOCTpaHHBIA ONBIT BO3MOXXHO JTOMOTHUTENBHO NpuBieys 20-30%
MOIITHOCTEH YKPaWHCKHX CIIMPTOBBIX 3aBOJOB M KaK CJEICTBHE YBEIMYEHHE BaJIOTHBIX
MOCTyIUIEHHH B pasMmepe okono 15 muH. gommapoB CHIA. Takum o6pa3oM, BO3MOXKHO
BO3POXK/IEHUE CITMPTOBOW OTpaciu Onaroiaps TMBepcH(UKAIMN PHIHKOB COBITA.

KunrodeBsble ciioBa: puinok, cnupm, ynpasnenue.

ArpapHblii ceKTOp YKpanHbI: 0030p NMPeUMYILIECTB U CII0CO00B YJIy4IIeHHS
HEeraTHUBHBIX CTOPOH

Kcenus OmenpueHko
Hayuonanenoui ynugepcumem nuwesvix mexunonocutl, Kuees, Yxpauna

Beenenue. lccrienoBanue sBISETCS OOBEKTHBHBIM, YTOOBI IPOAHATHU3HUPOBATH
COCTOSTHHE arpapHOro CeKTopa YKpauHbI, BEIICHHUTH CJIA0bIC U CHIIbHBIC CTOPOHBI OTPACH H
MPEIJIOKHUTE IYTH TTOBBIIIEHHS 3()(EKTUBHOCTH €r0 PabOTHL

Matepuajbl 1 MeTOABI. Takue METOMBI, KaK: SKCTPAITOJISAINN, HAYYHOH aOCTpaKIInH,
CHHTE3a, aHAJIN3a, CPABHEHUS U JCIYKTHBHOTO METONA ObLIM HCIIOIB30BaHBI B cTaThe. J[is
aHanmM3a OBUTM KCIOJIB30BAHBl YTOYHEHHS OCHOBHBIX BBITOJ M HEIOCTaTKOB pedopM B
arpoINpPOMBIIUICHHOM KOMIUTIEKCE. BBUTH Ompe/elieHbl OCHOBHBIC HAMPABJICHUS PCaU3aIliu
3eMeJbHON peOpMBI.

PesyabTatel m obcy:xkmenmusi. bomee mByx Tpereii (71,2%) or oOreli mwiomiaau
3eMelTb Y KpPauHBI ABJISIOTCS 3eMIISIMU CETbCKOX03SMCTBEHHOTO HA3HAUCHWS, 10 CPABHEHUIO C
munib 13,2% B Poccun u 44,3% B EC. [laxoTtHble 3emiu B 32,5 MHUJUIMOHA TEKTapOB UMEET
camyro Oonplnyro Imiomanb B EBpome mocime Poccum, uto cocraBnser 56,1% ot oOmiei
IUTOIIAAN 3€MENb - caMblii BhICOKMH MpoueHT B EBpone nocie JJanuu. Oxono 80 mporieHToB
CeNTbCKOXO3SHUCTBEHHBIX IUIOMIAZCH YKpauHBI SABJISIOTCS 3€MIIAIMH CEIbCKOXO03SHCTBEHHOTO
Ha3HAYEHUs, JIBE TPETH KOTOPHIX OOraThl 4epHO3eMOM. IlepBHUYHBIC MHUIIEBBIE MPOAYKTHI
ypokass B YKpauWHE sUMEHb, KyKypy3a, KapTodenab, cOeBble 000BI, caxapHas CBEKJA, U
TIICHHUIIA.

OCHOBHBIE TIPOOJIEMBI, KOTOPBIC MBI MOXXEM OIPEICIUTh B CEKTOPE SIBIISIOTCS
KpEIUTHBIC MPOOIEMBI, TIPOOJIEMBI 3aHATOCTH, HEMOCTATKA MEXaHU3MOB TOCYIapCTBEHHOTO
PETyJIMPOBaHMs PA3BUTHS arpapHOr0 CEKTOpa DKOHOMHKH YKpaWHbI, WHBECTHIIMOHHOTO
KJIMMaTa, WUMYIIECTBEHHBIX MpaB, KOPPYIILHH, YCTApPEBIIEH TEXHUKH W HEIOCTaTOYHOM
TEXHUYECKON 0a3bl HA (epMax Iss XPaHEHHs], YCaIKH MOr0JOBbs CKOTa, ()OPMHUPOBAHUE U
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3¢ QEeKTHBHOE  KCHONB30BAaHWE (PU3UYECKOTO KalHMTala B  CENbCKOXO3SHCTBEHHBIX
MPEANPUSTUAX B M3MEHSIOIINXCS PHIHOYHBIX YCIIOBHUSX, OTCYTCTBHE MOJIHOM peaH3aliiu
arpapHbIX peopM, CIIOKHasl, TIOCTOSHHO MEHSOIIAsCS CeTKa HAJIOTOBOM CHCTEMBI CTPaHBI.
Teopernueckn roBOpsi, pasymMHas 3eMellbHas pedopmMa B YKpawHEe MOXKET MPUBECTH K
CeNbCKOX035HICTBEHHOMY OyMY B CTpaHe U TOCYAapCTBO MOXKET CTAaTh «OKHTHUIIEH EBponbD».

[IpaBurenbcTBO YKpaWHbl YCTAaHOBWIO Iienu arpapHoil pedopmbl Tak, Obutu
olpeieNeHbl IATh HAmpaBieHWH: 3eMeibHas pedopma U pedopMa  OTHOIICHUI
cooctBenHoct B AIIK; co3jaHue HOBBIX XO3SHCTBYIOIIMX CYOBEKTOB Ha OCHOBE
KOJUIEKTHBHBIX  CEJIbCKOXO3SMICTBEHHBIX  MPEANPHUATHH,  UCIONB3YIOMIMX  YacTHYIO
COOCTBEHHOCTh M COOCTBEHHOCTDH Ha 3€MJII0; (POPMHUPOBAHUE PHIHOYHOM MH(PPACTPYKTYpPHI B
AIIK; MOJEpHU3ALUS MIPOU3BOJICTBA, co3JaHue KOHKYPEHTOCITOCOOHBIX
CeITbCKOX03STICTBEHHBIX MPEANPHUSTHI; COBEPIICHCTBOBAHNE MEXaHU3MOB I'OCYJapCTBEHHOTO
pEryJIUpoBaHUs B CEIILCKOXO3SHCTBEHHOM ceKkTope. ['ocynapcTBeHHas: MOAIEPKKA MOXKET
ObITh CTPYKTYpUpOBaHa B YETHIpEX KPYMHBIX Oiokax: ocBoOoxkaeHue or HJC mns
CENIbCKOXO3SHICTBEHHOTO ~ MPOM3BOJICTBA,  MPAMBIX ~ CyOcHani, oO0mmMX  yciayr ®
(PMKCUPOBAHHOTO CEITHCKOXO35IICTBEHHOTO HAJIOTa.

BeiBoabl. JlanpHelmuii mporpecc, KOTOpBIM HampaBieH Ha  IIOBBIIIECHHE
3 PEKTUBHOCTH CEIBCKOTO XO3SIMCTBA YKpawHbl, TPeOyeT IOCTOSHHOW ITOCTETIeHHOM
PECTPYKTYpH3aLUH CEeILCKOXO3SHCTBEHHBIX MPENNpHUATHI Ha Oojiee MENKHE aBTOHOMHBIE
€IMHUIIBI, KOTOpbIe OYyT OCHOBaHbI Ha YaCTHOW COOCTBEHHOCTH Ha 3eMIII0 U UMYILECTBO, C
4eTKoH (HOPMYITMPOBKH TPOLEAYp, KOTOPHIE IIO3BOJISIOT JIMIAM W HEOOJBIINM TpyIIam
JIO/IEH C J1oJIel 3eMIIH M aKTHBOB CYIIIECTBOBATh. TaK ke Ba)KHO OCBOCHHUE 3EMENb U PHIHKOB
cObiTa C 1enplo  co3faHus (YHKIMOHHMPYIOLIEH pPBIHOYHOW WH(PACTPYKTYpHl s
MIPEIOCTaBIEHHs] KOHKYPEHTHBIX MapKETHHTOBBIX M (PMHAHCOBBIX YCIIYT B 3TOM cepe.

Kurwuessle ciioBa: AIIK, pechopmuposarue, poiHOK, 3eMIs.

Mpoueccbl U 060pyaoBaHMe NULLEBbIX NPOU3BOACTB

Ipouece cymxu 6ymaru ais roppupoBanusi (GpJr0TUHIA) ¢ TPUMEHEHHEM IHEPTrUH
H3JIydeHust

Bukrop Mapuesckuii, Oner HoBoxat, Anekceit Llenkano
Hayuonanvnouii mexuuueckuii ynueepcumem Yxpaumoi
«Kuesckuii nonumexnuueckuti uncmumymy, Kuee, Yxpauna

Beryn. Pacrymmmii cnpoc pelHKa B rogporape TpeOyeT YBENMYEHHs IMPOU3BOJCTBA
(IroTHHTA, YTO TUMUTHPYETCSI MPOLIECCOM CYIIKHU. [I03TOMYy HHTEHCU(HKAIIHS CYIIKU ITyTeM
WCIIOJIb30BAaHUsI HOBBIX NCTOYHUKOB TeIUIa M YMEHbBILIEHHE BEIOPOCOB B aTMocdepy sBiseTcs
aKTyaJIbHOU MPOOIJIeMOI.

Marepuanbl W MeTonbl. [IpeaMeToM WHCCIENOBaHUS SBISIETCS TPOLECC CYLIKH
¢uroTHHTa ¢ IPUMEHEHNEeM HH(PaKpacHOro uamydeHus. OObEKTOM UCCIIENOBaHHUS SIBISETCS
KMHETHKa IIpolecca CyIKW (UIIOTHHTA C TNPUMEHEeHWeM HWH(PaKpacHOro H3JIydeHHsI.
DKcnepuMeHTHl TpoBeleHsl Ha oOpasmax ¢umiotuHra mapok b-0, B-1 u b-2 coriacHo
TexHUUecKuX yenouit Yipannst TY V 21.1-31812534-023:2009 (112, 125 u 140 r/v?), a
TaKke Ha o0pa3lax C HECTaHIAPTHOro (JIFOTMHrA C YBEJIMYEHHOW Maccod KBaJpaTHOTO
Metpa 200 r/m>.  MCHONB30BAHBI  METOMBI  MATEMAaTHYECKOrO  MOJCIMPOBAHHS M
SKCIIEPUMEHTAJIbHBIE HCCIIEIOBAaHUSI HAa KOMIBIOTEPU3UPOBAHHOM OIBITHOM YCTaHOBKE,
BBINOJIHEHA CTaTHCTHYECKasi 00paboTKa MONTYyYEHHBIX PE3YJIbTaTOB.
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Pe3ynbratel U 00Cy:KIeHHME. DKCIICPUMEHTAIbHBIE KPHUBBIE CYIIKA H OCHOBHBIE
MapaMeTphbl TMPOIECCYy C JOCTATOYHOW TOYHOCTBIO AaIMPOKCHMHPYIOTCS MPEAI0KECHHBIM
MaTeMaTHIeCKUM  omucaHueM. CpelHeKBaJpaTHUCCKHE OTKIIOHCHHS  PAcCueTHBIX H
9KCIEPUMEHTAILHBIX 3HAYCHUI [0 BJIArocoJepkaHUui0 He mpesbimarT 0,04 KI/kr, dTo
MTO3BOJISICT OCYIIECTBIIATh PACUCTHI CYIIKU (DIIFOTHHTA MPH IIOTHOCTH TEIUIOBOTO MOTOKA JI0
35 kBr/m™.

C yBelIMueHUEM IUIOTHOCTH JIYyUEBBIX TEIJIOBBIX IOTOKOB C 2 kBr/m? o 35 kB1/M
oOI11ree BpeMs CYIIKU (IIIOTHHTa YMEHbIaeTcs 0osee, yeM B 20 pas.

Kputnueckass BeNWYMHA IUIOTHOCTH TEIUIOBOIO IIOTOKA OTpPaHUYEHAa POCTOM
TeMIepaTyphl (pIIOTHHTA BO BTOpOM mepuone. [103ToMy mpH IIOTHOCTH TEIUIOBOTO MOTOKA
Gomee 35 kKBT/M® mporecc Cymkd (IIOTHHIA CeIyeT OCYIIECTBIATh TONBKO K KOHILY
MEPBOT0 MEPUOA, MPOMODKUTEIBPHOCTE KOTOPOI'O YBEIMUYHBACTCS 10 YBEITHUCHHIO
IUTOTHOCTH TEIJIOBOTO ITOTOKA.

BoiBoabl. KuHeTnueckie 3aKOHOMEPHOCTH M OCHOBHBIC HapaMeTphl Mpoliecca CYIIKH
(roTHHra ¢ NMPUMEHEHHEM HH(ppaKpacHOTO M3ITy4eHHs, KOTOpHIC IMOIyYCHHBIC B paboTe,
MO3BOJIST BBINONHATE PAcUeThl, HEOOXOMMMBIC JUIS HPOSKTUPOBAHUSA MPOMBIILICHHBIX
MIPOIIECCOB CYIIKH (hirroTHHTa U 3)(HEKTHBHOrO 000PYI0BAHUS ISl KX OCYIIIECTBIICHHMS.

KiroueBrble ci1oBa: HHPpPaKpaCHOE U3TYUCHHUE, CYIIKA, (DIFOTHHT, BIaroCoACpKaHuUE.

OHOBpEMeHHbII pacyeT HeCTAMOHAPHOI O pacnpe/eeHusl TEMIIEPATYp B CHCTeMe
siYeeK: «GoIBIIMIA KPHCTALT caXapa—pacTBoOp caxapo3bl 00JIbIIEro KpucTaiia—
MEHBIIMI KPHUCTALT CAaXapa—pacTBOpP caXapo3bl MEHbIIEr0 KPUCTALIA-YT(HEIb» a
TAKKe KOHIEHTPAIMii caXapo3bl B siYeiiKaX MeKKPUCTATBHBIX PACTBOPOB ITOM Ke
CHCTEMBI B 3aBUCHMOCTH OT BpeMEHH YBAPHUBAHHS CAXapHOTo yT(es

Tapac IToropensrit
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kuee, Yxpauna

Beenenne. B maHHON po0oTe peann3oBaH OAMH W3 CICAYIOIIMX 3TAlOB CO3JaHUS
MaTeMaTHYeCKOH MOJIENH Mpoliecca KpUCTAIUTU3aIH CaXapO3bl.

Matepuajdbl W MeToaAbl. J[I OJHOBPEMEHHOIO pEIICHHS CHCTEMBI U3 7
HECTAI[HOHAPHBIX 33/1a4 TEIUIOMPOBOJHOCTH 110 KaXKIOH OTICIBHON 00IACTH C TIOCTOSTHHBIMH
U C TEPEMCHHBIMU TEIUIO(U3UUECKMMU KO3(D(GUIMEHTaMH, a TaKKe TpeX OTAEIbHBIX
HECTalMOHAapHBIX 3ajad  AM(pQY3HOHHOro MaccooOMeHa Isi 4eThlpeX obOriacTeit
MEKKPHUCTAJIbHBIX ~ PacTBOPOB  C€axapo3bl € IIOCTOSHHBIMH W C  IEPEMEHHBIMU
ko3 durrenTamMmu  1udGy3HOHHOTO MaccOOOMEHa OBUTM MPUMEHEHBI YHCICHHBIC METOJBI
(MeToI KOHTPOJILHOTO 00beMa).

Pesynbratel U o0cyxnenuwe. JIns 1ecsaTH ClydaeB OTHOCHUTENBHOTO BpPEMEHU
yBapUBaHUsA caxapHoro yrdens v/t (t/t,=0,15; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0) Ha
OCHOBAHHUH PEIICHUS CUCTEMBI HECTAITHOHAPHBIX TU(PPEPECHIMATBHBIX YPABHEHHI B YaCTHBIX
MIPOM3BOHBIX TMApa0OJIMUIECCKOr0 THIA HAWICHO pPACIpEACICHHE TEeMIIepaTyp B KaXKIOM
00JTacTH pacCMaTpUBAEMOM CHUCTEMBI siueeK. [IpM OTHOCHTENILHOM BPEMCHH YBapUBAHHS
caxapHoro yrdens t/t, = 0,15 TeMnepaTypsl paBHBI: I JICBOH 00JIACTH MEKKPHCTAIBHOTO
pacTtBopa caxapo3bl Oojbiero kprcramia 99,547 °C mpH MOCTOSIHHBIX KOA(PQHUIIUCHTAX U
99,479 °C mpu Bcex mepeMeHHBIX Kod((uImMenTax; i OONBIIEro KpUCTala caxapa
94,799 °C mpu mnocrosHHBIX Ko3durmentax u 94,409 °C mpu Bcex IEpeMEHHBIX
ko3 duienTax; I MpaBod 007aCTH MEXKPHUCTAILHOIO PAacTBOPA Caxapo3bl OOJIBIIETO
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kpucrayia 90,234 °C npu nmoctosHHBIX kK03ddurmentax u 89,640 °C mpu BceX MepeMEHHBIX
Koo dHIMeHTaX; A JIEBOH 00JacTH MEXKPHCTAIBHOTO PacTBOpa Caxapo3bl MEHBIIEro
kpuctayia 89,485 °C npu nmocTosHHBIX kK03ddurmentax u 88,820 °C mpu BceX MepeMEHHBIX
ko3duimenTax; IS MeHbIIEro Kpuctawia caxapa 87,325°C 1pu  HOCTOSHHBIX
koo ¢unmentax u 86,630 °C npu Bcex nepeMeHHBIX KO3 HIIMEeHTaX; I IPaBoi 00nacTH
MEXKPHUCTAILHOTO PacTBOpa caxapo3bl MeHbIIero kpucramia 85,285 °C npu MOCTOSHHBIX
koo¢p¢unmentax u 84,590 °C mpu Bcex IepeMeHHBIX Kod(pduumeHTax; mist yrdens
75,107 °C mpu mnocrosHHBIX Ko3duimentax u 75,098 °C mpu  Bcex IEepeMEHHBIX
kod¢p¢punprenTax. OTHOBPEMEHHO C 3THM HaWIEHO paclipe/iefieHue KOHICHTPALUi B KakK 0k
00JIaCTH MEXKPHUCTAIBHOTO PacTBOpa caxapo3bl paccMaTpUBAaeMOW CUCTeMBI siueek. [lpu
OTHOCUTEIBFHOM BpPEMEHH YBapHBaHHMs caxapHoro yrdens t/t, = 0,15 KOHIIEHTpaly paBHbL:
JUTSL JIEBOM 00JIAaCTH MEXKKPHCTATIBHOTO pacTBOpa caxapo3bl Oobliero kpucramia 82,710%
TIPU TTOCTOSIHHBIX Kod¢duipeHTax u 82,274% mnpu Bcex NepeMEHHBIX Kod(duimeHTax; mis
MIPaBOi 00JIACTH MEKKPUCTAIBHOTO pacTBOpa caxapo3sl Oojbiiero kpuctamwia 80,400% mpu
MOCTOSIHHBIX Koddduimentax u 79,893% npu Bcex mnepeMeHHbIX Kod((UIMEeHTaX; s
JICBOM 00JIACTH MEXKKPUCTAIBHOIO PAacTBOpa caxapo3bl MeHbIero kpuctamwia 80,269% mpu
MOCTOSIHHBIX Koddduimentax u 79,765% npu Bcex mepeMeHHbIX Kodd(UIMeHTax; st
MIPaBOi 00JACTH MEKKPUCTATLHOTO PACTBOpPa caxapo3bl MEHbIIIETo KprcTauia 79,418% mpu
MOCTOSIHHBIX K03 duumenTax u 79,026% mnpu Bcex nepeMeHHbIX Kod(hUIMeHTaX.

BuiBon. HaiineHo onHOBpeMeHHOE HeCTallIOHApHOE paclpelelieHue TeMIlepaTyp B
cHCTeME sueeK, KOTopas TIpelCTaBlIeHa B BHUJE CEMH OJHOMEpHBIX obiactedl wu,
COOTBETCTBEHHO 3TOMY, HAHIEHO pacrpeleieHre KOHIEHTPAlMid B YeThIpex O0JacTsX
MEKKPUCTAJIbHBIX PACTBOPOB CaXapo3bl ATOU e CHCTEMBI STUeeK.

KaroueBrble ciioBa: caxaposa, Konyenmpayus, s4etiKa, pacmeop, Kpucmaii, ymegerno.

Biausinve KOHCTPYKTUBHBIX 0CO0€HHOCTEH MMIPOUUMKIOHHOTO aNNapaTa Ha npouecc
OCBeTJICHUS] MUBHOIO cycJa

Jlecs MapHI/IHKeBI/IlII, Maxkcum le[akl, Cepreit Yz[oz[m;l, Jmurtpuit PLIHI[IOKI’Z
1 - Hayuonanvuwiii ynusepcumem nuwjedoix mexuonoauti, Kues, Yxkpauna
2 — Hayuonanvnuiii mexuuueckuul ynugepcumem Yxpaunul « Kuesckuii nonumexnuueckuii
uncmumymy, Kues, Yxpauna

Brenenue. 3 11e/1b10 TOBBIIICHHS KAY€CTBAa OCBETIICHUS IMHUBHOTO CYCJIa M COKPAIICHUS
BpeMsl TPOXOXKAEHHS Mpollecca MPOBEISHBI HCCIIENOBAHUS  IPOLECCa  OCAKICHUS
B3BEIICHHBIX YaCTHUI] B paboueM 00beMe THIPOIMKIOHHOTO arapara (BUpITYia).

Marepuanbl u MeToabl. lcciemoBaHue mpoliecca OCBETJIIEHHs ITHBHOTO Cyciia
MIPOBOJWIMCH B TPOrPAMMHOM KOMILJICKCE, OCHOBAHHOM Ha METOIE KOHEYHBIX OOBEMOB,
MPEIHA3HAYCHHOM JUII MOJCIIMPOBAHUS TPEXMEPHBIX TCUCHUH JKHUAKOCTEH W Tasa B
TEXHUYECKUX M TMPHPOAHBIX OOBEKTAX, a TAKKE BU3yAIM3allMHd STHX TCUCHUH METOIAMH
KOMITBIOTEpHOIM rpaduku. VccnenoBaHue TIPOBOAWIOCH Ha  CIEAYIOMIMX — MOJIENSX
THJPOLMKIOHHOTO anmapara: ¢ Kiaccmieckoil (opmoil HuINa (TUIOCKOE), KOHHYECKOH
BCTaBKOH, IByMs IWIUHIPUICCKUMU BCTABKAMH U TOIa4eli Cycia Ha KaXKIylo U3 BCTABOK, C
KOHMYECKUM JTHHIIEM M PaJHaIbHBIMHI HAPABJISIONUMY BCTABKAMH.

Pesynbratel W obcy:xaenue. Cycno B THAPOLMKIOHHOM ammapare HpuoOperaer
BpalaTeibHOE JBIKCHHE, KOTOpOE OOCCIICUMBACTCA TAHTCHIMAILHO YCTAHOBJICHHBIM
maTpyokoM momauyu mpoaykra. OOpa3oBaHHBIN BHXPEBOM MOTOK CIIOCOOCTBYET TOMY, UTO
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YacTHIBl OCEeNaloT, 00pa3ys Tapeliky OenKoBOro ocajaka. BakHyro ponb B Iporecce
OCBETJIEHHSI UTPaeT CKOPOCTh IMOJAayH Cyclia B ammapaT, TO €CThb CKOPOCTh Ha BBIXOJIE W3
comta BXoaHoro natpyoka. Ecimu ckopocTh mpesblaer 3,5 M/C, TO HPOAYKT WCIIBITHIBAET
3HAYUTEINIbHbIE KacaTellbHbIe HATPSDKEHHS, YTO MPUBOIUT K 00Pa30BaHHIO MEITKOANCIIEPCHBIX
YacTHL, KOTOPBIE B THAPOIUKIOHHOM aIllapaTe He OCaXKAAroTcs. Taxoke ObLIO MCCIIe0BaHO
KacaTelbHble HANpPSHKEHUs (T), KOTOpble BO3HUKAIOT B Cyciie BO Bpems ero nopaud. IIpum
MpEeBbINICHNH 3HaueHus T > 50 [la HaunHaeTCs pa3pylIeHHE YaCcTHII OSITKOBOTIO OCaIKa.

BoiBogbl. PesynmbraThl  MccemoBaHMH  JIOKa3bIBAIOT — LEIECOOOPA3HOCTh  IOAuu
peKOMeHIalui Ui BHEAPEHHUS B NPOM3BOJICTBO THMIAPOLMKIOHHOTO —ammapaTta c
panuanbHBIMU HaIPaBIISIONIMME BCTaBKaMH. DTO TO3BOJIUT COKPATUTh BPeMsS OCBETJIEHUS U
YAYYIIUTH Ka4eCTBO IMMBHOTO Cycya.

KoaroueBble ciioBa: cudpoyukion, Upnyi, nUGHoe CyCcio, OCEemIeHUE.

TeopeTndeckoe 000CHOBaHHE BO3MOKHOCTH HHTEHCH(PMKAIIMH B pecypcocoepeskeH st
npouecca KOHIYKTHBHOIO JKapeHHsi MSICHBIX HATYPATbHBIX M31eTuil

BstueciiaB CKpBITTHUK
Tlonmaeckuii ynueepcumem sxonomuxu u mopeosau, Ilonmasa, Yxpauna

Beenenne. Ilporecc KOHIYKTHBHOTO >KapeHHs MSCHBIX HATyPalbHBIX H3AEIUN
SIBJSIETCS.  DHEPTrO- M Pecypco3aTparHbiM. TeOpeTHYEeCKH PACCMOTPEHBI BO3MOXKHOCTH
HMHTCHCU(HKAIINN U PecypcocOepekeHns mporecca.

Marepuajbl M MeTOAbl. VICIONB30BaICAd AHATUTHYECKUN METOM WCCIIEIOBAHMUS
OITyOJMKOBAHHBIX SKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX TAHHBIX.

Pesynbrarel U 00cy:kaeHue. Jsl OBBIIEHNS dHEPreTHIecko 3()()EeKTUBHOCTH H
pecypcocOepeskeHrsT mpolecca KOHIYKTHBHOTO JKApEHHsT MSCHBIX HATYPaabHBIX W3ICIIHIA
PacCMOTpEHBI BO3MOXKHBIE (DAKTOPBl HMHTEHCU(HKAIMK. IIOBBINICHHE TEMIIEPATypPHOIO
ypoBHs mporecca Gomee 423 K HexenaTenbHO W3-3a 00pa30BaHUs TeTEPOIMKINYCCKUX
aMHHOB B I[IOBEPXHOCTHOM Ciioe wu3genus. VHreHcH(UKAnus Mpomecca CTAaHOBUTCS
BO3MOYKHOW B ClIydae IBYCTOPOHHETO MOJBOIA TEILUIOTHI M HCIONB30BAHMSA (DU3HMUYECKUX U
9NEKTPODU3UUECKUX METO/IOB BO3/ICIHCTBHUS Ha ChIPbE.

JleiicTBrE MaBE€HMs WIH JJIEKTPHYECKOrO TOKA MEPEMEHHOM YacTOThI B MPOLIECCE
KOHIYKTUBHOTO YKapeHHsl PUBOIUT K 00pa3oBaHUIO B Msce 3P (PEKTUBHOIO CJI0sI, MEHBIIIETO
HaYaJIBHOM TONIIMHEI OTy(hadpuKkarta, ¢ TEIUTOMPOBOIHBIMHU CBOMCTBAMHE JKHIKOCTH.

Hcrnonp3oBanue (yHKIMOHAIBHO 3aMKHYTOrO 00beMa B MPOIECCEe TBYCTOPOHHETO
JKapeHHs MsIca ¢ BBICOKUM COJIEpyKaHUEM COSTUHUTENbHOM TKAHU TI0]] IaBJICHHEM Ha YPOBHE
MPEAEILHOTO VTS 3TOTO MsCa MO3BOJISIET COXPAHUTh HATHBHYIO BJIAry, KOJHUYECTBA KOTOPOM
JIOCTaTOYHO JTs THAPOITH3a KOJIareHa B HE0OXOUMOM Mepe.

IIporecc IBYCTOPOHHErO JKAapeHHMsi Msca I0J] BO3AEHCTBHEM (PH3UYECKHX M
IIEKTPOPHU3UUECKUX METOAOB IO BPEMEHH MPEIONKEHO pa3IeiUuTh HAa TPH OCHOBHBIE
craqui. Haubonee 3HaunMMON B OONIMX SHEPTETHUECKUX 3aTpaTax SBSIETCS BTOpas, MPH
KOTOpO#M TEeIioTa MepemaeTcss depe3 IMOBEPXHOCTHBIN CIOW Msica BCIEACTBHE (Da3OBBIX
peoOpa3oBaHUil BOJSMHOIO Tapa, OOpa3yrolierocss Ojaromaps BBIBEIACHHIO BIArd B
MTOBEPXHOCTHBIE CJIOU MPOAYKTa K IMOBEPXHOCTSM skapeHus. OO0CHOBAHHO aHATUTHYECKYIO
MOJIeITh Tporiecca.
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BoiBoanl. Breperie 000cHOBaHBI (PaKTOPHl HMHTCHCH(DHKAIIUK, aHAJTUTHYCCKAs
MOJIeTIb Tpollecca KOHAYKTHBHOTO >KapeHHs MSCHBIX HATypajbHBIX W3JENHUi, B T.4. U C
BBICOKHM COJIEpKaHUEM COENMHUTETHHON TKaHH.

KoaroueBble ciioBa: oicapenuis, KOHOYKYUsl, MACO, 0A6leHue, IAeKMpUIecKuti mox.

MaremMaTHu4yecKast MOJ€Jb nmpouecca CymKHd MJI1010BbIX YaCTUIL

Jmutpuit Konomuen, Tatesina Poman, JInnus Xapyenko,
Mapus Poraii, Anexcanap Ma3sypeHko
Hayuonanenoui ynugepcumem nuwesvix mexuonocutl, Kues, Yxpauna

Beenenme. J[nsi onTUMH3aIMM MApaMETPOB CYHIKH M TONYYEHHs TOTOBOM MPOAYKIIMH
BBICOKOTO ~ KayecTBa BaXHO  WMETh  JIOCTOBEPHYID  MaTeMaTHUYECKyl0  MOJellb
TEIIOMAacCOOOMEHa B CIIO€ BBICYLIIMBAEMOTO IIPOAYKTA.

Marepuaabl W MetTonbl. Ha oOcHOBe aHanM3a W3BECTHBIX MHOTOYHCIEHHBIX
MaTeMaTHYeCKHX MOJeJIel, NpEeNCTaBIeHHbIX HCCIEeOBaTeNsIMI B BHAE ypaBHEHHH
perpeccu AKCHEPUMEHTANBHBIX JIaHHBIX, pellald YIPOIISHHYIO 3aJady BHYTPEHHETO
BJIAroIepeHoca i1 Pa3lIMYHBIX YacTHBIX CIIydaeB, codueTas IPH 3TOM OOIIYI0 TEOPHIO C
OoJee MPOCTHIMH, YACTHBIMU MOJIEIISIMHU TIPOLIECCOB CYIIIKU BIIAXKHBIX MaTEPHAIIOB.

Pesynbrathl u obcy:knenne. [Ipu pa3paboTke MOIENH CYLIKH IUIOJOBBIX MPOIYKTOB B
MSITKUX PEXHMMax 3a OCHOBY OBbLJIO NMPUHATO OIHO W3 CaMbIX MPOCTHIX IMPEANOIOKEHHH O
KMHETHKE Tpolecca CYIIKH - JKHUIKOCTh BHYTPU IIOPHCTOH CTPYKTYPHI II€peMeIIaeTcs
OTHOCUTEIBHO CBOOOZHO, HCHAPEHHS JKHIKOCTH OCYIIECTBISETCS TOJBKO C BHEIIHEH
MOBEPXHOCTH TENA, a Bjlara, KOTopasi U3bIMaeTcsl B TEUEHHE TpoLiecca CYIIKH, MOABOIUTCS K
MOBEPXHOCTH HWCIAapeHHsi W3 BHYTPEHHHMX 30H MaTepuana TpH MajoM TIpajueHTe
BJIArOCOJEpXKaHMA. OJTO IO3BOIMIO pa3paboTaTh MAaTeMAaTH4eCKyl0 MOJAENb B BHAE
muddepeHIanbHBIX  ypaBHEHMH — COXpaHEHWs]  BJarW, TEIUIOTBI W HM3MEHEHHs
(UIBTPAIMOHHOTO TIOTEHIMANa TIepeHoca, KOTOPhIE OIHKCHIBAIOT, COOTBETCTBEHHO,
HeCTallMOHApHBIE TOJISI BJIArOCOJEPIKAHMSI, TEMIIEPATYpPhl M OOILETO JaBICHUS KaIWILIIPHO-
TIOPUCTOTO TeJa PH TOCTOSTHHBIX KOA(dUIMEHTaX epeHoca.

Ha 0a3e u3BeCTHBIX MaTEMaTUYECKUX MOJIEIEH CYIIKH BJIQKHBIX MaTE€pUaIOB B TOHKOM
clloe TIPOAYKTa, W UCIONB30BAaHUU TOJIOKEHUH COBPEMEHHOW TEOpHH BHYTPEHHETO
MaccolepeHoca, OCHOBAHHBIN Ha MOHATUM €MHOrO MOTEHLUaIa IiepeHoca Biark, I CIos
npoaykTra B (hopMe HEOrpaHHUUYeHHOH IUIACTUHBI OBUIO PEIICHO YpaBHEHHE IIepPEeMEIleHUs
TpaHUIBl pa3jiesa BIaKHOE TeJIO - IMPOCTPAHCTBO CYHIKH B MSATKHUX pexumax cymkd. [Ipu
TaKUX YCJIOBHSIX CYIIKH TIEPEHOCOM BJIArd 3a CYET rpa/IMeHTa JaBJICHUS MOXHO ITpeHeOpeyb,
TIOATOMY ITpY BBIOpaHHBIX MPAaHUYHBIX YCIOBUSX pernany 3aaady CredaHa s COBMECTHBIX
IPOILIECCOB IIEpPEeHOCa BJaru M TeIUla BHYTPU BIAKHOIO MaTepHalla IpU CYIIKE, TO €CTbh
KpaeBylo 3ajiauy JJIsl CHCTEMBbI ABYX AU(PepeHIMaTbHBIX YpaBHEHHH BTOPOrO IMOPSKA.
Pe3ynbTathl pacuera nepeMeleHns IPaHUIIbl pa3zielia BIaKHOE TeIO - IPOCTPAHCTBO CYIIKU
[0 TpPEIOKEHHOM MOJEIM  YIOBJICTBOPUTENBHO COTJIACyIOTCA C  pe3ylIbTaTaMu
SKCTIEPUMEHTAILHOTO HCCIIEI0BAHMSI.

BouiBoasl. Vicnons3oBanue pa3paOOTaHHOW MOJENU CYIIKH IUIOJOBBIX JOJICH YIydIIUT
Ka4yecTBO KaK PeryJIMpOBaHHs IPOIIecca CYIIKH, TAK ¥ TOTOBOTO MPOJYKTA.

KuroueBble ci10Ba: cywxa, nioo, meniomacconeperoc, mooeib.
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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 ny0mikye opurinanbHi HayKOB1 CTaTTi,
KOPOTKI ITOBIAOMJIEHHSI, OTJIS/IOB1 CTATT1, HOBUHHU Ta OIJISIIN JITEpPaTypH.

Temaruka nyonikaniii B Ukrainian Journal of Food Science:

XapuoBa iHKeHepis HanorexHosorii

XapyoBa xiMmist [pouecu Ta obmaHaAHHS

Mixkpobiosnoris ExoHomika Ta yrpapiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX TPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

IepiognunicThb KypHaITy 2 HOMepH Ha Pik (YepPBEHb, IPY/ICHD).

PesysibpraT JOCHIKEHb, TPEJCTABICHI B JKypHaJli, NOBHHHI OYTH HOBHUMH, MaTH
3BSI30K 3 Xap4OBOIO HAYKOI 1 MPEACTaBISATH IHTEpEC Ui MDKHAPOIHOTO HAyKOBOT'O
CITIBTOBApHCTRA.

Ukrainian Journal of Food Science BxiroueHo 10 HAyKOMETpUYIHUX 0a3:
EBSCO (2013), Universal Impact Factor (2014), Google Scholar (2013), Index Copernicus
(2014), Directory of Open Access scholarly Resources (ROAD) (2014)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBux (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SKOMY MOXYTb ITyOIIKYBaTUCS PE3yNIbTaTH AUCEPTAIliHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i kanauaata Hayk (Hakxa3 MiHicrepcTBa
ocitu 1 Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpeacramBieHi s myOnmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiilie perieH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BININOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEAAKIINHHOI KOJIETI€I0: OJAMH € WICHOM pPEIKOJIerii,
IHIIAN - HE3AJIC)KHUHN YICHUM.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1110 POOOTa HE € MOPYIICHHSIM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MpaB, 1 BIJIIKOJAOBYIOTh BUABIIIO MOPYIIEHHS JaHOI TapaHTii.
OnyOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bunmasiysl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TIPAaBUIAMH 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 aBTOpaMm, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJIECHHX Y IIbOMY IOCIOHHKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI HAYKOBUX IIpallb.
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PepakuiitHa xonerisi
I'osioBHMII penakrop:

Amnarouniii Ykpainenb, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem xapuosux mexmonoeii,
Ykpaina

Yiienn pemrakuiiiHoi Koserii:

Anexkcanap IBaHOB, 1-p. TexH. HayK, npod., MOruIbOBCHKHI JIepiKaBHUH  YHIBEpCHUTET
poaoBoNIbCTBA, Pecrybnika benapycs

Anexkcanap Mamues, 1-p. TeXH. HayK, npod., ¢imis MOCKOBCBKOrO JEpiKaBHOTO YHIBEPCHTETY
TeXHoJOrii Ta yrpasiinHs B M. Meneys, Peciy6nika bamkoprocran, Pocis

Amnaromiii CaliranoB, 1-p. €KOH. HayK, 1pod., [ncmumym cucmemnux docniodcenv ¢ AIIK HAH
benapyci

Anxeii KoBanwcki, n1-p, npod., lncmumym acpapnoi ma xapuogoi exonomiku — HOYIOHATbHUL
Odocnionuil incmumym, Tonvwa

AnToHesa JIopoxoBHY, I-p. TEXH. HayK, npod., Hayionanenuii ynisepcumem xapuosux mexmonoeit,
Ykpaina

lamuna Cimaxina, g-p. TexH. Hayk, npod., Hayionanohuii ynigepcumem Xapuosux mexHonoeii,
Ykpaina

3anpsina JlenkoBa, 1-p, npo., Vuisepcumem xapuosux mexnonociii, m. Ilnosous, boneapis

IBan Manexuk, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem Xapyoeux mMexHonoeit,
Ykpaina

JliBiy I'auey, 1-p, npod., Tpancineeancoruii ynisepcumem bpawiosa, Pymynis

Muxona CuueBCbKHI, 1-p. €KOH. HayK, Ipod., [ncmumym npodosonvuux pecypcie HAAH Vkpainu
Mapxk Ilamusin, kaHn. TexH. Hayk, nou., Cawnxm-Ilemepbyp3vkuii OepocasHull mexHono2iynuil
incmumym, Pocis

Ounexcanap Cepborin, 1-p.TexH. HayK, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocii,
Ykpaina

Harania CxoneHko, 1-p. eKoH.HayK, Hayionanvhuil yHisepcumem xapuoeux mexuonoz2it, Yxpaina
Ounexcanap lleBuenko, 1-p.TexH. HayK, npod., Hayionanvhuii ynieepcumem xapuogux mexnonoeit,
Ykpaina

Ounena I'paGoBcbka, 1-p. TexH. Hayk, npod., Hayionanvuuil ynisepcumem xap4osux mexmonocit,
Ykpaina

Onaena Cojoryd, n-p. exoH. Hayk, npod., Hayionanvhuil ynigepcumem Xap4oeux MexHon0eil,
Ykpaina

Cranka JlamsinoBa, 1-p, Pycencokuil ynigepcumem, @inis 6 m. Paszepao, Boneapis

Tamapa I'oBopymko, 1-p. eKoH. Hayk, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
Ykpaina

Terssna MocTeHcbKa, I-p. €KOH. Hayk, npod., Hayionanenuil ynieepcumem xapyogux mexmonoeit,
Ykpaina

Tersina [Tupor, x1-p. 6ion. Hayk, npod., Hayionansnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BiqoBianbHUIA cekpeTap), KaHI. TeXH. HAyK, 1oL., Hayionanvhuil ynigepcumem
Xapuosux mexnonoei, Yxpaina.

414 —— Ukrainian Journal of Food Science. 2015. Volume 3. Issue 2



Instructions for Authors

Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiiicbKa.

PexomennoBanuii obcsar crarri — 8-15 cropimok (s ormsgoBux crated — 20-30
cTopiHoK) popmary A4.

CraTTs BUKOHYETBCS B penakTopi Microsoft Word 2003 B dhopmari *.doc.

s Beix (1) enementiB crarti mpudt — Times New Roman, kerib — 14, inTepBan —
1, a63air — 1 cm.

CtpykTypa cTaTTi:

1. Ha3Ba cTaTTi.
2. ABtopu cratTi (iM’s Ta Ipi3BUILE NOBHICTIO, Mpukiay;: [lenuc O3epsiHKO).
3. Yemanoea, 6 sxiil suxonana poboma.
4. Awnoranis. PexomeHnoBaHMH 00csAr aHoTamii — IiB CTOPIHKH. AHOTAIlisl ITOBUHHA
BiJIMIOBIIaTH CTPYKTYpi CTATTi Ta MicTUTU po3nainu Berym (2-3 psaaku), Marepianu i metoan
(o 5 psanxiB), PesynbraTu Ta 0OroBopenHs (1B cropinku), BucHoBku (2-3 psakw).
5. Kirouosi cioBa, 3-5 ciiiB, ajie He cioBocmoiy4deHb ().

IIynkTu 1-5 BUKOHATH aHITiHCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.
6. OcHOBHHII TEKCT cTaTTi. Mae BKITIIOYaTH TaKi 000B’SI3KOBI PO3IiIH:
Beryn
Marepianu Ta MeTou
Pe3ysnbraTn T2 0OrOBOpEHHS
BucHoBku
e Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JTOAABaTH iHIII PO3/iNIM Ta PO30MBATH IX Ha IiIPO3/LIH.
7. ABropceka posinka (IIpizBuie, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MiCIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KoHTakTHI JaHi aBTOpa, 10 SKOr0 32 HEOOXIAHOCTI Oy/ie 3BEpTaTUCh PENaKIIis KypHAITY
(TenedoH Ta eNEKTPOHHA ajapeca).

Po3mip TekcTy Ha pHCyHKax NMOBHHEH OyTH cHiBPO3MipHHM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMAaIOThCS.

®on rpadikis, miarpam — mumie Oinuid (). Koxip enemeHTiB pucyHKY (JIiHii, CiTKa,
TEKCT) — JIUIIIC YOPHUM (HE Cipuii).

Opurinanu pucyHkiB (daiinu rpadiuHux penaxkTopiB), a Takox ¢aiiam ¢dopmary
EXCEL 3 rpadixamu 000BsS3KOBO MOAAIOTHCS B OKpeMHX (aiinax.

®ororpadii Ta KOIBOPOBi 300pakeHHs 0aXkKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (i3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax I[03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAmoBigHo 10 cucremu Cl.

B cniicky niteparypy OBHHHI IepeBaXKaTu CTAaTTi Ta MOHOTrpadil iHO3EMHUX aBTOPIB,
siki omyostikoBaHi micist 2000 poky.

JletanbHi iHCTPYKIIT U151 aBTOPIB PO3MIIlIEHI Ha CalTi

http://ukrfoodscience.ho.ua

CTaTTsl HAICWIAETHCSA 32 €JIeKTPOHHOIO aJIPecolo:
ukrfoodscience@meta.ua
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OdopMIeHHs CNUCKY JliTepaTypu

IlocuaHHA 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.

IIpuxsian 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 YKpPaiHCBKOI0 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 aHaIOTi4HO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticist opopmieHHs
JTAaHUX Mo MyOIiKamito MUIIyThCs cnoBa available at: Ta BkasyeThcst eleKkTpoHHa 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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