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Abstract

Purpose: The main raw material for beer production is malt. There is a tendency to use other grain crops in
the production of beer. The using of unmalted materials gives opportunity for brewers and technologist for cost
saving. But replacing of malt makes affects the quality of wort and beer. The purpose of the researches was to
compare quality parameters of 100% malt beers and beer with part of malt replaced by unmalted barley. Meth-
ods: To solve the given problem the methods of the high-performance liquid chromatography, analysis and em-
pirical methods are used. Results: Using a big amount of unmalted grits together with external enzymes gives
brewers opportunity to receive product in the same composition and quality like high-quality product using only
malt. Conclusions: For brewing with a very small amount of malt, barley is a very good choice for replacing
part of it as it has some characteristics of malt. It is possible, economically profitable and technically reasoned to
replace half of the malt in the grind. But it becomes necessary to use exogenous enzymes.

Keywords: barley; beer; cost; enzymes; malt; quality.

1. Introduction tioned activities, including thermostable alpha-

Barley brewing
For brewing with a very small amount of malt,
barley is a very good choice for replacing part of the
malt, as it has some its characteristics:

- contains beta-amylase and peptidase

- can be added to the mash tun, since barley
starch has a low gelatinization temperature

- has a husk, which provides good filtration in the
lauter-tun (with proper crushing) [1-2].

It is possible to replace half of the malt in the
grind. For example, 30% of corn and 70% of malt
replace 30% of corn grist, 35% of barley and 35% of
malt, and still produce high-quality beer. But it be-
comes necessary to use exogenous enzymes [3].

For experimental part external enzymes from
Novozymes company were used.

There two options for brewers where found:

The first option is specially prepared mixtures
equivalent to malt: Ceremix 2X L, consisting of alpha-
amylase, protease and beta-glucanase; Ceremix 6X
MG, which also contains cellulase and pentosanase;
and Ceremix Plus MG, which possesses all the men-

amylase. Products Ceremix are added during mashing.

The second option is to use as necessary individ-
ual preparations Ultraflo, Neutrase, Fungamyl and
Termamyl.

The first option is simpler; the second option has
the advantage that the brewer himself can more accu-
rately choose a mixture of enzymes suitable for a spe-
cific composition of the mash. If the part of barley
used is very high, then the final degree of fermentation
of the wort will be reduced. It can be corrected by
adding Fungamyl during fermentation or Promozyme
- during mashing.

Brewing with barley and enzymes gives the
brewer the following advantages:

- the enzyme dosage can be refined to obtain the
required level of activity in the mash

- less dependence on supply fluctuations, the
price and quality of the malt

- obtaining a wort with a lower viscosity, which
means an easier filtration of wort and beer

- cost reduction.

Conditions:
Malt Extract content 75%
1 Barley Extract content 75%
Corn grits Extract content 75%
2 | 70% of malt + 30% of corn grits: 1000 kg of extract: 700 kg from malt + 300 kg from corn grits

from barley + 300 kg from corn grits

35% of malt + 35% of barley + 30% of corn grits: 1000 kg of extract: 350 kg from malt + 350 kg
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Enzymes Activities Dosage rate
Ceremix 2X L alpha-a Table 1. Enzymes and dosage rates 1.4-1.8 kg per 1 ton of barley during

mylase, beta-glucanase, protease

mashing

alpha-amylase, beta-glucanase, protease, Xxy-

0.5 kg per 1 per ton of barley during

Ceremix 2X MG

lanase, cellulase mashing

Ceremix Plus MG alpha-amylase, beta-glucanase, xylanase, cellu- 0.7—1:0 kg per 1 ton of barley during
lase, protease mashing

Ultraflo L beta-glucanase, cellulase, xylanase %i.;,ﬂ'iigkg per 1 ton of barley during

Neutrase 0.8 L neutral protease

0,6-1,0 kg per 1 ton of grinding

Fungamyl Brew Q

maltogenic fungal alpha-amylase

1 kg per 1000 hl in fermentation tank

Promozyme Brew .
deamylating amylase

0.5-1.5 kg per 1 ton of barley during

Q mashing
Finizyme 250 L fungal beta-glucanase 8.rSBkEt§:1Tper 1000 hf in fermentation tank

2.Analysis of the latest research and publica-
tions

The exergetic performance of beer produced by
the conventional malting and brewing process is com-
pared with that of beer produced using an enzyme-
assisted process. The aim is to estimate if the use of an
exogenous enzyme formulation reduces the environ-
mental impact of the overall brewing process. [5]

Whilst beers have been produced using various
levels of unmalted grains as adjuncts along with malt,
brewing with 100 % unmalted grains in combination
with added mashing enzymes remains mostly un-
known [6].

The conversion of barley into beer represents
mankind's oldest and most complex example of ap-
plied enzymology. Barley is one of the most ancient
crops, and it has evolved through domestication to
today as a major world crop based on acreage and
production. It has great potential to reclaim some of its
prominence as a food grain, largely due to its high
nutritional value [7].

3.Purpose and objectives of the study

The main raw material for beer production is
malt. There is a tendency to use other grain crops in
the production of beer. The using of unmalted materi-
als gives opportunity for brewers and technologist for
cost saving. But replacing of malt makes affects the

quality of wort and beer. The purpose of the research-
es was to compare quality parameters of 100% malt
beers and beer with part of malt replaced by unmalted
barley.

4.Materials and methods of research

Using a big amount of unmalted grits together
with external enzymes gives brewers opportunity to
receive product in the same composition and quality
like high-quality product using only malt. To solve the
given problem the methods of the high-performance
liquid chromatography, analysis and empirical meth-
ods are used.

5.Research results

Barley milling

As for malt milling and for milling of barley suit-
able as a dry or wet method of milling, you need only
a minimal adjustment.

The wet method of milling is well suited in
which the grains and their husks soften during steep-
ing (but only when working with lauter tun) [8].

When malt is replaced by a small amount of un-
malted barley, the barley is mixed with the malt before
milling, but with a high proportion of the barley used
it is preferable to mill the barley separately using two-
rollers mill with a 0.2 mm gap between the rollers
(normal gap for malt is 0.3-0.5 mm) [9-10].

Example 1
As an example of obtaining 1000 kg of extract from malt, barley and corn grits, the following variant can be
proposed:
Malt (extract content 76% 475 kg
Mash composition | Barley (extract content 68%) 475 kg
Corn grits (extract content 82%) 400 kg
F.”Zyme o Tor ermamyl 120 L 0,15 kg
iquefaction:
Enzymes for | Ultraflo XL 0,3 kg
mashing: Neutrase 0.8 L 0,3kg
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Pic.1. Mashing process, example 1.
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Corn grits is liquefied separately using Termamyl
stabilized with a total Ca2 + content of about 100 mg /
L, with water: additives ratio of about 4: 1. Milled
malt and barley mashed at the temperature of 52 ° C.

After 30 minutes the boiled part is added to the
barley and malt mush to increase its temperature to
63-66°C.

After 60 minutes, the combined mash is heated to
76-78 ° C and kept at this temperature until complete
saccharification. Then the wort separation process
follows.

The wort / beer properties will be similar to the
wort / beer properties obtained using 70% malt and
30% corn grits.

Example 2

Table 2

Gives some results of lab tests of mashing 50% of malt and 50% of barley using the products of Ceremix.

Parameters, units Control Ceremix 2X L Ceremix 6X MG

Enzymes dosage, w/w of 0 0.14 0.1 0,05 0,025
barley

Extract content, % 19,15 19,65 19,64 19,65 19,71
Total nitrogen, mg /I * 820 1123 1120 1068 945
FAN, mg/| 131 213 208 184 143
Viscosity, mPa*s * 2,84 1,75 1,59 1,63 1,69
Beta-glucan, mg/1* 2203 <30 <30 <30 114
* - for 12% wort

Example 3
The results of full-scale tests before the start of using barley brewing at the breweries in Bulgaria several years
ago.
Table 3
Raw materials and mashing type
Control Variant 1 Variant 2
% kg % kg % kg
Malt 85 5950 60 4200 60 4200
Barley 15 1050 40 2800 40 2800
Ceremix 2X L 0,15 4,2 0,15 4,2
Mashing type decoction infusion decoction

The technical characteristics of the mashing process are in Table 4.
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Table 4
Technical characteristics of the mashing process

Characteristics Control Variant 1 Variant 2

pH during mashing 5,50 5,50 5,50
Saccharification time, min 10-15 10-15 10-15

Wort filtration time, min 208 170 200

Speed of filtration, | / m2 / min 13,3 15,7 12,9

Yield, % 68,8 72,3 75,3

6. Discussion of results

From the table:

The saccharification time in experimental brews
does not differ from the saccharification time in the
control variant and is within 10-15 minutes.

For decoction mashing method the filtration
speed of the experimental wort was almost identical to
the control. The wort obtained by the infusion method
had a higher speed of filtration.

The extract yield in the experimental brews is
higher than in the control one, and does not depend on
the amount of used unmalted barley. The yield using
the decoction mashing method is 3% higher than using
infusion one.

Physico-chemical parameters of the wort quality
are in Table 5.

Table 5
Physico-chemical parameters of the

wort quality

Characteristics Control Variant 1 Variant 2
Extract, % 9,35 9,15 9,13
pH 5,25 5,35 5,40
Color, EBC* 17 17 17
Viscosity, mPa*s * 1,72 1,70 1,64
Beta-glucan, mg /1 * 590 167 339
Soluble nitrogen, mg /1 * 826 954 937
Alpha-amine nitrogen, mg /| * 139,00 149,00 142,00
Zn2 +,mg/| 0,22 0,21 0,23
* - for 9% wort

It should also be noted that the sugar spectrum
determined by HPLC (high-performance liquid chro-
matography) were almost identical. As can be seen
from Table 5 total soluble nitrogen and free amine
nitrogen are higher in brews using barley and en-
zymes.

Content analysis of individual amino acids shows
(together with higher values of free amine nitrogen)

that the concentration of individual amino acids is the
same or higher in the experimental brews than in the
control one. The only amino acid present in the exper-
imental brew at a lower concentration is arginine, in
the control variant, 9.3 mg / 100 ml of arginine was
found, compared to 8.6 and 8.4 mg / 100 ml in the
experimental brews.
Finished beer analysis are in Table 6.

Table 6
Finished beer analysis
Characteristics Control Variant 1 Variant 2
First wort extract content, % mass. 9,30 9,14 9,08
Visible extract,% of mass. 2,20 2,10 1,90
Alcohol,% of mass. 2,91 2,89 2,95
Apparent degree of fermentation,% 76,3 77,1 79,1
The difference between the final and
reached degree of fermentation,% 0.2 04 0.4
pH 4,4 4,5 4,5
Color, EBC* 14 13 13
Viscosity, mPa*s * 1,65 1,58 1,58
Beta-glucan, mg /1 * 211 61 158
Foam stability, Ross and Clark 130 136 136
VDK, mg/l* 0,31 0,24 0,25
Esters, mg /| 22,4 27,1 20,3
Higher alcohols, mg /| 75 79 78
* - for 9% wort
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Surprisingly, that VDK content was high in all
variants - this could be corrected using the Maturex.

Conclusions:

Using big amount of unmalted grits together with
external enzymes gives brewers opportunity to receive
wort/beer in the same composition and quality like
high-quality wort/beer using only malt.
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CHEMICAL SCIENCES

REGULARITIES OF SORPTION REMOVING PB2* BY BENTONITE CLAYS OF THE UKRAINIAN
ORIGIN

Fedenko Yu.

Ph.D., assistant, The Department of Technology of Inorganic Substances, Water Purification and General
Chemical Technology, Igor Sikorsky Kyiv Polytechnic Institute

Abstract

Regularities of sorption removing Pb?* by bentonite clays of the ukrainian origin had been reviewed. The
initial concentration of Pb?* on the bentonite met by the highest degree of its removing from water solutions had
been determined. The minimal duration (min) of sorption and sorbent dose keeps to achieve the highest remov-

ing degree of Pb?* had been determined.

Keywords: sorption, bentonite, heavy metals, pollutant, drinking water, industrial water.

Introduction

Rational using of water resources is one of the
key and the most actual task of ecology in conditions
of increasing water using in different branches of hu-
man activity. The role of the heavy metals content in
this aspect isn’t last. It’s necessary to note that metals
don’t lost in everything transformations take place in
the environment with different substances. They move
from one form to another one with formation of in-
cluding water-soluble compounds. This aspect de-
creases the efficiency of water treatment by such
widespread methods as coagulation, filtration, bio-
chemical treatment etc.

Sorption is the most efficient way keeps to defuse
industrial waste waters and to return purified water
and valuable components to industry. Besides, sorp-
tion purification is cheap expressive method keeps to
remove wide spectra of pollutants with different phase
and dispersion composition including ionic degree of
dispersion.

Pb?* is toxic substance of complex action. MPC
of Pb?* in drinking tap water (according to STATE
STANDARTS 2.2.4-171-10) is 0,01 mg/L [1, p. 9].
Accumulation of Pb? in organism by hitting from
drinking water eventually penalized functions of brain
and central nervous system causing coma, convulsions
and even death [2, p. 30]. That’s why scientific foun-
dation and working of new and improving existing
methods of water purification from Pb?* is an actual
task.

Sorption can be using in industrial and household
conditions.

Among large variety of sorbents, the preference
is usually given for natural materials because it’s us-
ing is the cheapest. Among them clay materials are
stand profitable, especially, saponite and bentonite
clays with numerous deposits in the territory of
Ukraine (one of the most powerful deposits in the
world is situated in the territory of The Cherkassy
region).

The bentonite (called for the deposite Benton,
USA) is natural clay mineral, hydro alumina silicate,
has the property to swell during hydration. The main
component of the bentonite (60 — 70 %) montmorillo-
nite Al[Siz010](OH)2'nH2O is leaf like silicate with

structural pantry can be expand [3, p. 5]. Such proper-
ty of bentonite clays as the ability to light widely used
in vine industry and is perspective for using in water
treatment processes. Possibility of bentonite surface to
be modified opens wide horizons for researches with
the aim to give it properties to remove pollutants of
different nature and dispersion.

Spectra of bentonite clays using at the moment is
quite wide and expending constantly. They used for
removing as non-radioactive heavy metals (Cu®*,
Cd?*, Pb?*, Zn?*), and radioactive isotopes ¥'Cs ta
%Sr for granting lower radioactivity for spent fuel
before disposal [4, p. 17]. However, all these methods
based on using sorbents of foreign origin (Russia in
particular) can be differ for structure from the Ukrain-
ian bentonites and, the most importantly, can be more
expensive.

The aim of this work was to find optimal condi-
tions of Pb?* adsorption conditions by bentonite clays
of Ukrainian origin for determination of their sorption
efficiency and selectivity.

Materials and methods

It had been used following reactants for the ex-
periment.  Pb(NOs), (net analysis, STATE
STANDART 4236-77), sodium etylendyamintetraace-
tate (net analysis, STATE STANDART 10652-73),
acetate buffer mixture (pH 5,6), xylenol orange (net
analysis, SPECIFICATIONS 6-09-1509-78), ammo-
nia  buffer  mixture (pH 11), murexide
(SPECIFICATIONS 6-09-13-945-94), bentonite.

Analysis of residual quantities of Pb?* in water
solutions had been made by titrimetric method of
analysis. Pb?* model water solutions had been pre-
pared by dissolving of Pb(NOs), sample.

For sorption conducting bentonite sample (1 g)
placed to conical bulbs. Then solutions with concen-
trations 1; 0,75; 0,5; 0,2; 0,1 g/L (Pb?*) had been add-
ed. Bulbs closed tightly by plugs and put on mixing
during 5, 10, 15, 30 min. at room temperature.

For building adsorption isotherm of Pb?* on the
bentonite solutions with different concentrations
(0,75; 0,5; 0,2; 0,1 g/L Pb?*) and volume 100 ml had
been prepared. Bentonite samples (1 g) had been
placed to conic bulbs. Then prepared solutions had
been added there. The duration of shaking was 15
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minutes. After mixing solutions had been filtrated.
Then residual concentration of heavy metals had been
determined.

For researching of Pb?" sorption removing ben-
tonite samples (0,1; 0,2; 1; 2 and 5 g) had been placed
to conical bulbs. Then Pb?* solution with concentra-
tion 0,5 g/L and volume 100 ml had been added there.
Bulbs had been placed for mixing during 15 min. For
building of kinetic curves bentonite samples (2,5 g)
had been placed into conical bulbs and Pb?* solution
(0,5 g/L, 100 ml) had been added. Bulbs had been
placed for mixing during 5, 10,15, 30 min. For re-
searching pH influence on effectively of sorption re-

35

Sorption capacity, mg/g
—_ —_ [§*} o] [¥3]
(e wh = wuh (e h <

0 100 200 300

moving of Pb?* bentonite samples (2,5 g) had been
placed into conical bulbs and solution of Pb?* (0,5 g/L,
100 ml) had been added there. pH correction had been
carried by HCI and NaOH solutions with concentra-
tions 0,1 M. pH of model solutions had been estab-
lished (2, 4, 6, 8). Bulbs had been placed for mixing
during 15 min.

Experimental

In figure 1 it’s presented adsorption isotherm of
Pb?* on the bentonite (duration of the process 15 min.,
pH 8 (without correction), dose of sorbent — 1 g for
100 ml of the solution).

400 500 600 700

Equilibrium concentration, mg/L

Figure 1 — Sorption isotherm of Pb?* on the bentonite.

According to sorption isotherm presented in fig-
ure 1 investigated sorbent on the base of the bentonite
clay is mainly microporous, but behavior of adsorb on
surface, according to Brunnauer’s classification, obvi-
ously, subjects to model of Langmuir in the asymptot-
ic approximation of adsorbed Pb?* quantity to the ca-
pacity of monomolecular layer. According to Gills
model isotherm of adsorption belongs to the class L
type 2 with reaching of the adsorption edge for certain

99

Pb2 removing percentage, %
N=] =) N=] =] =] =]
[7%) F= [ [=3} -1 [=1s]

=]
(%)

0 5 10 15

concentration of adsorptive [5, p. 24, 6, p. 17]. Maxi-
mum effectively of sorption removing of Pb?* up to 30
mg/g watched for equilibrium concentration of Pb?
200 mg/L.

In figure 2 it’s presented kinetic curve of sorption
removing of Pb?* under similar conditions as for ad-
sorption isotherm (figure 1) and primary concentration
of Pb?* 200 mg/L.

20 25 30 35 40

Duration, min

Figure 2 — Kinetic curve of Pb?* sorption removing

According to figure 2 in researched period of
time maximum Pb?* removing percentage reaches 98
% for 30 min. For longer duration effectively of Pb?*

removing doesn’t change. That’s why, adsorption
charging during more than 30 min doesn’t appropriate.
Characteristic of equilibrium installation indicates a
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low selectivity of the bentonite sorbent in relation to
100

o] = (=) o0
(=] < < (=]

=

Pb** removing percentage, %

2

Pb?*.

3

Sorbent dose, g/100 ml

Figure 3 — Depending of Pb?* removing percentage from sorbent dose.

In figure 3 it’s presented depending of Pb?* re-
moving percentage from sorbent dose (duration 30
min, pH 8, primary concentration of Pb?* 200 mg/L).

According to data presented in figure 3 increas-
ing sorbent dose from 0,1 to 1 g/100 ml leads to rapid
increasing of removing degree. However, from 1 to
59/100 ml efficiency of sorption removing of Pb?*
almost unchanged. On our opinion, it connects with

100
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40

adhesion of sorbent particles with a high content of it
in solution. It causes blocking of useful sorption sur-
face of the bentonite.

In figure 4 its illustrated depending of Pb?* re-
moving percentage from pH of the solution (adsorp-
tion duration 30 min., sorbent dose 1 g/100 ml, prima-
ry concentration of Pb?* 200 mg/L).

5
pH

Figure 4 — Duration of Ph?* removing percentage from pH.

Figure 4 data show increasing pH causes increas-
ing removing percentage of Pb2*, moreover, in the
interval pH 4-6 it is abrupt. The transition of pH from
2 to 8 it caused gradual accession of hydroxyl group to
Pb2*. Obviously, in the molecular form (Pb(OH).) lead
sorbs more effectively with prevalence, as we think,
adsorption of the physical type. The adruption increas-
ing of the removal percentage (from 50 to 90%) can
be explained by starting of Pb?* transition from ionic
to molecular form.

Conclusions

Bentonite clays are effectively domestic cheap
sorbents of Pb?* keeps to clear water to concentrations
normalized for drinking water. Optimal sorption con-

ditions from model water solutions are: primary con-
centration of Pb?" 200 mg/L, sorbent dose 1g/100 ml
of the solution, duration of sorption 30 min., primary
pH 8.

Sorption of Pb?* on the bentonite happens ac-
cording to Langmuir model and with behavior to im-
proving with transition of Pb?* from ionic to molecu-
lar form. It results, as we think, to predominance of
the mechanism of non-specific physical adsorption.

These data can serve as scientific base for im-
plementation to the industrial using cost-effective and
effective sorbents of broad spectrum.
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Abstract

2. Xapvkos, Ykpauna

The article deals with criminological characteristics of crime in the sphere of intellectual property in

Ukraine during 2007-2017. The author mentions that an essential amount of crimes in the sphere of intellectual
property are annually registered in Ukraine and dynamics of researched crime is specified by some variations.
Following the analysis of quality and quantity indices it has been concluded on negative tendencies related to the
development of crime in the sphere of intellectual property.

AHHOTaLUA

B craTtee npeAcTaBJicHa KPUMHWHOJIOTUYCCKAA XAPAKTCPHUCTUKA NPECTYIIHOCTU B cq)epe PIHTeJIHeKTyaJIbHOﬁ
coOcTtBeHHOCTH B YKpanne 3a 2007-2017 rr. ABTOp 0OTMEYaeT, 9To B YKpauHe €XKETOJHO PETUCTPHPYETCs 3Ha-
YUTCIIBHOC KOJIHNYECTBO HpeCTynJ’IeHI/Iﬁ B C(bepe HHTeJ’IJ’IeKTyaﬂLHOﬁ CO6CTB€HHOCTI/I, a JTMHaMHUKa I/ICCJ'Ie,HyeMOI\/'I
MPECTYMHOCTHU XapaKTCPU3yCTCAd HEKOTOPbIMU kosiebanusmMu. Ha ocHOBaHMHU aHaiau3a KOJMYECTBEHHBIX U Kade-
CTBCHHBIX n01<a3aTene171, JCJIa€TCA BbIBOJ O HETATUBHBIX TCHACHUHUAX PA3BUTHA NPECTYIMHOCTU B ccbepe HUHTCII-

JIEKTYyalbHOW COOCTBEHHOCTH.

Keywords: intellectual property; pirate goods trafficking; crimes against intellectual property; crime in the
sphere of intellectual property; indices of crime measurement in the sphere of intellectual property.

KitioueBble cj10Ba: UHTEIJIEKTyalbHasi COOCTBEHHOCTh; 000POT KOHTpa(aKTHONW MPOIYKIUH; TPECTyILIe-
HUS TIPOTUB HHTGHHCKTyaHBHOﬁ CO6CTBGHHOCTI/I; MPECTYIHOCTL B C(I)epe HHTeHHeKTyaHLHOﬁ CO6CTB€HHOCTI/I;
IMoKa3aTej U3BMEPCHUA NPECTYIIHOCTU B C(bepe HHTGHHCKTyaHLHOﬁ COOCTBEHHOCTH.

[ocTtanoBka npodsemsl. Ha myTn K 00peTeHHI0
VYkpaunoit unencrBa B EBponeiickom Coroze u
YCIIEIIHON MHTETpalud B MOCTUHAYCTPHAIBHYIO MO-
Jiens o0mecTBa, HE0OXOAUMO O0OECIeYUTh YCTOWYH-
BOE Pa3BHTHE KOHOMHKH TOCYIapCTBa, a TaKXKe BBI-
MOJTHAUTE P MEXAYHApOIHBIX 00s3aTenscTB. Cpenu
KOTOPBIX HE TOCIIEHEE MECTO 3aHUMAET o0ecTedeHne
HaJJIeKaleld OXpaHbl W 3aIlIMTHl MIPaBa MHTEIICKTY-
QIPHOM COOCTBEHHOCTH M IIPOTHBOJEHCTBHE IIpe-
CTYITHBIM TIOCSATATENILCTBAM B 3TOMH cdepe.

B cBoém CnennansnoMm otuete 3a 2018 r. Topro-
Boe mpezncraButenscTBo CIHIA oTtHecno Ykpauny k
crpanam (Priority Watch List), B KoTOpbIX cymiecTBy-
10T CYIIECTBEHHBIE NMPOOJIEMBI B chepe OXpaHbI IpaB
WHTEJJIEKTYyallbHOW cOOCTBEHHOCTH. KoHcTaTupyercs
IIMPOKOE HCIOJIB30BaHUE HEIUIICH3HOHHOTO TIPO-
TPaMMHOTO O0ecIiedeHHUs] TOCYIapCTBEHHBIMH Opra-
HaMH YKpawHBI, a TaKKe HECIIOCOOHOCTh MPaBUTEIb-
CTBa BHEIPHUTH 3(PPEKTUBHBIE CpeAcTBa OOPHOBI C
pacnpoCTpaHEHHBIM B CTPaHE MHTEPHET-MUPATCTBOM
[1, c. 56-57].

[To omenkam YKpawmHCKOTO absHCa Mo 0OpbOE ¢
MOIICTIKAMH M TIHPATCTBOM, €KETOJHBIE 00BEMBI TOP-
TOBJIU IIOAACIIKAMHU B praI/IHe MOT'yT OIICHUBATHCA B
1,3 muwmmmapaa nomnmapoB CIIA [2, c. 12]. 3naum-
TCJIbHAA 4YaCTb AOXOAOB OT HAPYUICHHUA IpaB WHTECII-
JIEKTyaJIbHON COOCTBEHHOCTH TIOCTYMaeT B pacrops-
JKEHHE OPraHW30BAaHHBIM IPECTYIHBIM TIPYIIIaM, KO-
TOpPBIE B glam)HeﬁmeM HampasBJIAIOT TIOJIYYCHHBIC
cpelcTBa Ha (pUHAHCHPOBAaHWE APYTHUX BHIOB IIpe-
CTYIIHOH JEATENFHOCTH, a TaKKe Ha o0ecredeHue
(YHKIMOHUPOBaHU B YKpawHE «TCHEBOH YKOHOMHU-
KH».

EnuHuyHble mpecTyIsieHHs, COBEpIIaeMble B
cepe HHTECIUIEKTYalbHOW COOCTBEHHOCTH, SIBJIICTCS
TPOSABJICHUEM MOIMHOTO ABJICHUSA COOTBGTCTByIOH.ICfI
MIPECTYITHOCTH, YTPOXKAIOMIEH HKOHOMHYECKOH 0e3-
OIIaCHOCTHU YKpaI/IHBI, KU3HU W 310POBBIO T'paXKJaH,
NIO/IPBIBAET MEKIYHAPOIHBIM aBTOPUTET rOCYNapCTBa.
B cBsi3u ¢ 3THUM, IPECTYITHOCTH B cepe UHTEIUIeKTY-
allbHOM COOCTBEHHOCTH SIBJISIETCS OJHOM W3 BaKHEH-
mmx npo0iaeM YKpauHbI U TPeOyeT MOCTOSIHHOTO H3Y-
YEHUSI.
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AHAJIN3 NOCJIEeAHUX HCCJIe0BAHUNA W MyOJu-
kanuii. KpuMuHOJOrnyeckuii aHanu3 mokaszaTenen
M3MEPEHUS] NPECTYMHOCTH B cepe HHTEIUIEKTYalb-
HOW COOCTBEHHOCTH M OTHENBHBIX €€ MPOSBICHUI
mpoBomMIIM B cBomx paborax B. b. Xapuenko,
JI. A. Besyrusii, E. I1. Opmrok, A. C. Hepcecsin u He-
KOTOPBIE JPYTUe YKPAUHCKUE YUEHBIE.

Heablo cTaTbu SABISIETCS BBIACHEHUE COBPEMEH-
HOTO COCTOSIHUSI U TEHICHLUI pa3BUTUS IPECTYIHO-
CTH B cdepe HHTEIICKTyaIbHOW COOCTBEHHOCTH B
VYkpaune.

MertonoJyorusa ucciaegosanusi. Hame uccneno-
BaHUE CIIEyeT HayaTb C HEKOTOPBIX MOsICHEHUH. Bo-
MEPBBIX, MOl NPECMYNHOCbIO 8 chepe UHMENNeKmY-
anbHOl cOOCMEeHHOCMY MBI TIOHIMAaEeM COBOKYITHOCTb
MPECTYMHBIX MOCATATENLCTB HA YCTAHOBIECHHBIM IO-
PSIIOK BJIA/ICHUS, MTOJB30BAHMS U PACHIOPSDKEHUS 00b-
eKTaMH TIpaBa MHTEIUIEKTYaIbHONH COOCTBEHHOCTH, B
pe3yJbpTaTe KOTOPBIX TPUYUHAETCA 3HAYUTEIbHBIN
yIep6 KOHKPETHBIM IIPaBO00JIaAaTEIAM.

[IpennoxxeHHOE TOHATHE SIBISETCS a0CTPaKTHOI
MOJEIBI0 pEajbHBIX IPECTYIHBIX IPOSABICHUA U
BKJIIOYaeT B ceds /IBa aclieKTa: COAepKaTelbHbIN U
¢opmanbubiii. ComepskaHneM NMPECTYIMHOCTH B cdepe
MHTEJUIEKTYaIbHOH COOCTBEHHOCTH SBISAETCS OOIIe-
CTBEHHO OIIACHOE SIBICHUE HAPYILICHUS MpaBa MHTEI-
JIEKTyaIbHOW COOCTBEHHOCTH B BHJE NMPOTHBOIIPABHO-
O HUCTONB30BaHUS MCKIIOYHTENBHBIX HMYILECTBEH-
HBIX IIpaB CyOBEKTOB IIpaBa HHTEIUIEKTYaJIbHOMN
COOCTBEHHOCTH, B pe3yjIbTaTe KOTOPOro MPUYMHSIETCS
ymep0 B 3HaYUTENbHOM pa3Mepe. PopMoii cymiecTBo-
BaHMsS TaKoU MPECTYNHOCTU ABJIACTCA OTHOCHUTCIILHO
MaccoBasi JIESTEJIbHOCTh WIEHOB OOILIECTBA IyTEM
COBEPILIEHUE NPECTYIUICHUN IIPOTUB IIPaBa UHTEIICK-
TyaJIbHOM COOCTBEHHOCTH. MIHBIMHU ClIOBaMH, BCSI CO-
BOKYITHOCTb TPECTYIUIEHUA MPOTHB HHTEIUIEKTyallb-
HOM cOOCTBEHHOCTH OyJeT 3MITMPHYECKHM IPOSBIe-
HHEM TIPECTYNHOCTH B cdepe HHTEeIUIEKTYaIbHON
COOCTBEHHOCTH.

Craemyer OTMETHTB, UTO CPeIU KPUMUHAIUCTOB U
KPHUMHHOJIOTOB HET OJHO3HAYHOIO MHEHHUS OTHOCH-
TENbHO Kpyra MpPecTYIUIEHHI, KOTOpble HEMmoCcpes-
CTBEHHO IOCATAIOT Ha MPaBO MHTEJUIEKTYaJIbHOI cO0-
ctBeHHOCTH. HO OONBIIMHCTBO YYC€HBIX COrJjlalaroTcs,
YTO K HHM OTHOCATCA: HaApYIICHUE AaBTOPCKOIo H
CMEXHBIX TIpaB (cT. 176 YromoBHOTO KoJekca YKpau-
HBl (B nanpHeimeM — YK VYkpauHsl)); HapylieHune
npaBa Ha W300peTeHHeE, MOJIE3HYI0 MOJEb, IPOMBIII-
JICHHBII oOpasen, Tomorpaduio WHTErpajJbHOH MHK-
pPOCXEMBI, COPT PACTEHHH, PpPalUOHAIN3aTOPCKOE
npemnoxenne (cr. 177 YK VYkpaunsl); He3akOHHOE
MCIIOJIb30BAaHHE 3HAKa JJIsl TOBAPOB U yCIYT, (PMPMEH-
HOTO HAMMCHOBAHUWA, KBaJ’lI/I(pI/ILH/IPOBaHHOFO YKasaHuAd
npoucxoxaeHus: ToBapa (cr. 229 YK Vkpawns); a
TaKXKe HE3aKOHHBIH CcOOp C IIETBI0 HCIOJB30BAHUSA

WIN WCIOJIb30BAHUE CBEJICHUH, COCTABIIAIOIMINX KOM-
MepUecKyto U 0aHKOBCKyro TaiHy (cT. 231 YK Vkpa-
WHBI) U pa3riameHne KoMMepIecKoil it 0aHKOBCKOH
taitael (cT. 232 YK Vkpawunsr). [locnennne nBa co-
CTaBa OTHOCATCS K IPECTYIUICHUSAM IIPOTHB HHTEI-
JIEKTyalbHOH COOCTBEHHOCTH TOJBKO B 4YAacTH HeE3a-
KOHHOTO TIOJIyYeHMsI U pas3IfallleHHs CBEAEHUi, co-
CTaBJISIOIIUX KOMMEPYECKYIO TaliHY.

Bo-BTOpBIX, PU OCYIECTBIEHHH KPUMHHOJIOTHU-
YEeCKOro aHajIM3a MPECTYITHOCTH B c(hepe HHTEIUIEKTY-
IBHOM COOCTBEHHOCTH MBI UCIIOJIb30BAJIN JBa UCTOY-
HUKa MHpOpManuu: 1) CTaTHCTHYECKYIO OTYETHOCTH
JerapTaMeHTa MH()OPMALMOHHO-aHATUTHIECKOTO
obecrieuennss MB/l Ykpaunsr (¢ 2013 r. — cratuctu-
YEeCKyI0 OTYETHOCTh YTIPABICHUE OPraHU3aIMOHHOTO
obecriedennss ExuHoro peectpa mocyneOHBIX pacciie-
JOBaHMH M MH(OPMALMOHHO-aHATUTUIECKOH PabOTHI
I'eHepanpHOI TPOKYpaTypsl YKpaWHbI); U 2) pe3yib-
TaThl BBIOOPOYHOTO HCCIIEAOBAHUS YIOJIOBHBIX el
(YromnoBHBIX IPOHU3BOJCTB) 3a MPECTYIUICHUS MPOTHUB
HHTEJJIEKTYaJbHOW COOCTBEHHOCTH.

OMupudeckylo 06a3y HCCIEJOBAaHUS COCTABMIN
179 yronoBHBIX Jen (YroJOBHBIX IPOHU3BOJCTB) IO
cratbsm 176, 177, 229, 231, 232 YK VYkpaunsl, pac-
cMoTpeHHbIX ¢ 2007 mo 2015 rr. MECTHBIMH CyJIaMu
XapbpkoBckol, Kuesckoil, PoBenckoi, XepCOHCKOH,
JIeBoBcKoOi#1, [TonTaBckoii obmacteir, AP Kpemm, r. Ku-
eBa U r. CeBacTomnos, a Takxke SKCIEPTHbIN onpoc 80
CIIEIAINCTOB B chepe MHTEIUICKTyalIbHOH COOCTBEH-
HoctH HayuyHo-HmccienoBaTelbcKOro HMHCTUTYTa WH-
TEJIJIEKTYaJIbHOW COOCTBEHHOCTH, | ocymapcTBeHHOM
CITyObl MHTEIJICKTYyallbHOW COOCTBEHHOCTH, YTIpaB-
neHns ocynmapcTBeHHOHN City>kOBI GOpPBOBI C 3KOHO-
MHUYECKOHW MPECTYHNHOCTBIO U YIIpaBieHHs OOpHOBI C
kubepnpectynHocteio MBJl Ykpauwssl B XapbKOB-
CKOM 00acTH.

H3i0:xenne ocHOBHOro marepuaja. Tpaguuu-
OHHO B KPMMHHOJIOTHHU JUISl aHAJIM3a OIPEAEICHHOTO
BU/Ia TIPECTYNMHOCTH HCHONB3YIOT KOJHMYECTBEHHBIE
(YpoBeHB, KO3 OUIHEHTH), KaYeCTBCHHBIE (CTPYKTY-
pa, reorpadus) U KOJTUICCTBCHHO-KAaueCTBCHHBIC (ITU-
HAMMKa) MOKa3aTeNu. B cBA3M C 3THM, cumMTaeMm Iene-
c000pa3HBIM HCIOIb30BaTh UX AJIS M3Y4YEHHUS COCTOS-
HHUS TIPECTYMHOCTH B cdepe HHTEeIUIEKTYalIbHO
COOCTBEHHOCTH.

BaxXHPIM KONIMYECTBEHHBIM IIOKa3aTesleM IIpe-
CTYITHOCTH SIBIISIETCSL €€ YPOBeHb, TO €CTh 3a(PUKCHPO-
BaHHOE B aOCOJIIOTHBIX BEJIMYMHAX KOJIMYECTBO 3ape-
THCTPUPOBAHHBIX NPECTYIUIGHUH M JIMI, UX COBEp-
LIMBIINX, B YKpanHe MMOJHOCTHIO WM B OTAEIBHBIX €€
peruoHax 3a OIpeleCeHHbIH NEepuoi BpeMeHH [3,
c. 56]. YpoBeHb NmpecTymHOCTH B cepe UHTEIIICKTY-
anpHOU cobcTBeHHOCTH 32 2007-2017 TT. OTpa)keH B
Tabm. 1.
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Tabmuma 1

KonmdecTBo 3aperucTpupOBaHHbBIX MPECTYIUICHUH IPOTUB UHTEIUIEKTYaIbHOW COOCTBEHHOCTH B YKpauHe 3a

2007-2017 rr.

3aperncTpupoBaHHbIe NPECTYIJICHUS
ot (o crarbaM YK Ykpaunnsi)
em. 176 VK | cm. 177 VK cm. 229 VK cm. 231 VK cm. 232 VK
Hmozo
Yrkpaunu Yrkpaunu Yrpaunw Yrpaunw Vkpaunuvt

2007 417 15 77 5 3 517
2008 435 12 42 3 1 493
2009 476 10 56 2 1 545
2010 579 7 78 2 3 669
2011 527 9 153 3 1 693
2012 140 18 91 6 12 267
2013 452 26 327 17 12 834
2014 339 16 250 26 10 641
2015 249 20 131 14 5 419
2016 157 19 168 19 7 370
2017 95 16 121 64 3 299

[Tpoananu3upoBaB MOTyUCHHBIC JaHHBIC, MOXKHO
c/ienaTh BBIBOJI, YTO €XKETOAHO B YKpaWHE PETHCTpPHU-
pyeTcs 3HauUTEIbHOE KOJUYECTBO MPECTYIUICHHH B
cdepe HMHTEIEKTyaJbHOW COOCTBEHHOCTH. Bcero B
teyeHue 2007-2017 rr. (3a oguMHHAAUATH JIET) B
YkpanHe ObUIO 3aperHCTpUPOBaHO 5747 3TUX Tmpe-
CTYIUICHHH, TO €cTh B cpefiHeM 522 MpecTymIeHHs B
rox. Haunnas ¢ 2008 no 2013 rr. cymmapHoe KoJu4e-
CTBO BCEX 3apErMCTPHPOBAHHBIX NPECTYIUICHHH, CO-
BEpIIaeMbIX B c(epe MHTEIUIEKTYaIbHOI COOCTBEHHO-
CTH, TIOCTETNIEHHO YBEJIWYMBAETCS (32 HCKIIOUCHHEM
2012 1.). ITocne xe 2013 1. u Mo ceif IeHb MPOUCXO-

JWT TOCTETICHHOE CHIDKEHNE KOJIMYECTBA 3apeTUCTPH-
POBaHHBIX NPECTYIUICHUIT B 3TOH cdepe, UTO, YIUTHI-
Basi SKOHOMHMYECKUH KpH3HC, MacCOBOE OOHHILAHHE
HaceJeHHsl, ACBAIbBAIMIO HAIMOHAIBHON BAaJOTHI,
OoJIbIlIE CBUJIETEIBCTBYET O MOBBIIICHUH YPOBHS Jia-
TEHTHOCTH 3TOM IpyIIbl MpecTyIuieHnit u Headdek-
THBHOCTH pPabOThl MPaBOOXPAHHUTENBHBIX OPIaHOB,
yeM 00 YIydYIIEHWH CHUTYaIlud C OXpaHOW IpaB HH-
TEIUIEKTYaJIbHOH COOCTBEHHOCTH B CTpaHE.
KomuecTBO BBISABICHHBIX JIHI, COBEPIIUBIINX
MIPECTYIJICHUS] IPOTUB MHTEIUIEKTYaIbHOH COOCTBEH-
HOCcTH, 32 2007-2017 TT. OTpakeHO B TaOI. 2.
Tabmumua 2

KOHI/I‘-IGCTBO BBISABJICHHBIX JINII, COBEPIIUBIINX MMPECTYIUICHUA IIPOTUB I/IHTeHﬂeKTyaHLHOﬁ CO6CTBCHHOCTI/I B
Ykpaune, 3a 2007-2017 rr.

Buvisagneno nuy
Toout (no cmamopam YK Yxkpaunwy)
cm. 176 VK cm. 177 VK cm. 229 VK cm. 231 VK cm. 232 VK
Hmozo
Yrpaunwt Ykpaunot Ykpaunot Vrpaunot Ykpaunot

2007 136 1 0 0 0 137
2008 165 2 0 0 0 167
2009 202 2 0 0 0 204
2010 264 1 47 1 1 314
2011 280 4 59 2 0 345
2012 8* 1* 2* 0* 0* 11*
2013 104 2 35 5 2 148
2014 64 0 36 23 0 123
2015 84 0 12 8 0 104
2016 10 0 15 9 0 34
2017 18 0 12 59 0 89

* 1o cocrostanro Ha 20.11.2012.

Kak BuguMm, B Teuenue 2007-2017 rr. xommde-
CTBO BBISIBJICHHBIX JIHII, COBEPIIUBIINX MPECTYIUICHUS
B cepe MHTEIUICKTYyalbHONH COOCTBEHHOCTH, Xapak-
TEPHU3YeTCs ONPEACICHHBIMUA HE3HAYUTEIHHBIMU KO-
nebanusamu. B 2012 1. u 2016 1. OBUIO BBISIBIIEHO
HalMEHbIIIEE KOJMYECTBO TAKUX JIMI[ 3a ITOCJIEIHHE
OJIMHHAAIATH JieT. Takke oOpamiaer Ha ceOs BHUMa-
HHE ONPEACICHHBIA Pa3phiB B COOTHOIICHUH KOJIHYE-
CTBa 3apETUCTPUPOBAHHBIX MPECTYIJICHHH W YUCIICH-
HOCTH BBISIBJICHHBIX MPECTYITHUKOB. Tak, 3a Mcclemy-
eMBIil MeproJi BPEMEHH OBLIO BBHISBICHO Bcero 1676

MIPECTYIHUKOB Ha 5747 npecrymuenuid. Takum obpa-
30M, IPAaBOOXPAHUTEILHBIMU OpTaHAMU BBISBISCTCS B
3,43 pa3za MeHbllIE BUHOBHBIX JIMIl 10 CPABHEHUIO C
KOJIMYECTBOM YTOJIOBHBIX IIPAaBOHAPYIICHUIA.

JIOTIONMHSIOT CBEACHUS O MPECTYIMHOCTH IOKa3a-
TN YPOBHS CYIUMOCTH. Ypogenvb cyoumocmu — 3TO
KOJIMYECTBO JIUII, TPUBIICYCHHBIX K YTOJOBHOW OTBET-
CTBEHHOCTH M OCYXKJICHHBIX K OTPE/CIICHHBIM BHUIaM
HakazaHuil [3, c. 56]. YpoBeHb CyAMMOCTH 3a IIpe-
CTyIJICHUS B c(hepe MHTEIUICKTYaIbHOH COOCTBEHHO-
CTH oTOOpakeH B Tab. 3.
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Tab6muma 3

YpoBeHb CyIMMOCTH 33 MPECTYIUICHHUS MPOTHUB HHTEIUICKTYaIbHON cOOCTBeHHOCTH B YkpanHe 3a 2007-2017 rr.

Konuuecmeo ocysncoennvix nuy
Toout (no cmamovam YK Yxkpaunot)
cm. 176 VK cm. 177 VK cm. 229 VK cm. 231 VK cm. 232 VK
Hmozo
Yrkpaunu Ykpaunuv Ykpaunuv Vrpaunuv Vkpaunuv
2007 46 1 5 0 0 52
2008 69 1 11 0 0 81
2009 75 0 11 0 0 86
2010 115 1 8 0 0 124
2011 88 0 I 0 0 95
2012 120 1 29 2 0 152
2013 60 3 16 0 0 79
2014 32 0 12 3 0 47
2015 31 0 13 0 0 44
2016 10 0 6 3 0 19
2017 12 0 I 0 0 19
Urak, cormacHO OQUIUATBHBIM MJaHHBIM 33  yIOCJNBHBIH BEC M COOTHOIICHHE PA3HNYHBIX BHIIOB

omumaHanate Jet (2007-2017 rr.) B Ykpaune ObLTO
OCYX/IeHO 798 uenoBek 3a MPeCTYIUICHUs, COBEPIIEH-
HbIEe B chepe UHTEIUIEKTyaIbHOW COOCTBEHHOCTH.
VYpoBeHb MpPECTYNHOCTH HE Bcerga JaeT Ipa-
BUJIHOE MPEJCTAaBICHUE O MaciuTadax ee paclpo-
CTpaHEHHs] U MHTEHCUBHOCTH TpPOsBICHUS. B Takom
cily4yae, aOCOJIIOTHBIC MOKa3aTeNn MPEeCTYHHOCTH JO-
MOJHAIOTCS OTHOCHTEJIFHBIMH BEIMYMHAMH, B YaCTHO-
CTH: KOIPDuyuenmom npecmynHol UHMeHCUBHOCMU
U K0d(uyuenmom npecmynHoli akmueHocmu Hace-
nenws [4, c. 158]. 1o cocrosauio Ha 2017 1. K03PPu-
IIMEHT MPECTYMHOW MHTCHCUBHOCTH ITIPECTYIHOCTH B
cdepe MHTEIIIeKTYaIbHOH COOCTBEHHOCTH COCTaBIISIET
7 npectymieHuii Ha 1 MIIH. HaceneHus, a Ko3(hduuu-
€HT TNPEeCTYNHOM aKTMBHOCTH 3 TpecTymHHKa Ha 1
MJIH. HACEJIeHUs JJOCTUTIIero 14-1eTHero Bo3pacra.
Teneps nepeitnem kK cmpykmype npecmynsocmu
6 cghepe ummenieKmyanvHol CcOOCMBEHHOCMU B
VYkpaune. CTpyKTypa HpECTYIHOCTH, KaKk ee Kaue-
CTBEHHAs XapaKTEPHUCTHKA, MPEACTAaBIsIET CcoOOH

MPECTYIUICHUH B WX OOIIeM YHUCIe 3a OTpeIeIeHHBIN
IIEpHOJT BPEMEHHU Ha ONpeAeiICHHON TeppuTopuH |5, c.
105]. CtpykTypHOE pacipeneieHue MpecTyIUIeHUH B
cepe MHTEIIIEKTYaIbHOH COOCTBEHHOCTH B MEPUOJ C
2007 mo 2017 rr. ummocTpupyeT puc. 1.

Kak BuauM, HanOoiblllee KOJMYECTBO MPECTYII-
JICHUH B CTPYKTYype NMPECTYNHOCTH B chepe MHTeIIeK-
TyalqbHOW COOCTBEHHOCTH — 3TO HapyIIEHHWE aBTOP-
CKOTO TIpaBa W CMEXHBIX IpaB (B cpenHeM 67,3% oT
BCEX 3apETHUCTPUPOBAHHBIX NPECTYIUIEHHH 3TOTO BH-
Jla); Ha BTOPOM MeECTe — HE3aKOHHOE HCIIOIb30BaHHE
3HaKa I TOBAapOB W YCIYT, (UPMEHHOTO HAaMMEHO-
BaHWA, KBAJIM(UIMPOBAHHOTO YKAa3aHMS IPOHCXOXK-
JeHus ToBapa (26%); Ha TpeTbeM MecTe — HapylleHHe
npaBa Ha M300peTeHue, MOJIE3HYI0 MOJIEIb, TIPOMBILII-
JIEHHBIN oOpasell, Tomorpaduio WHTErpajJbHOW MHUK-
pOCXeMbI, COPT PACTCHHWH, PpalMOHAIN3AaTOPCKOE
npeioxenue (2,9%); apyrue mpectyrieHus B cdepe
HMHTEJUIEKTYalIbHOH cobcTBeHHOCTH — 3,8%.

cr. 177 VK
YKpaHnHbI
(2.9%)

cT. 231 YK

VKkpauHbl
/_

(2,8%)

\ cr. 232 VK

YrpauHbI
(1%)

Puc 1.
Cmpykmypa npecmynHocmu 8 cghepe uHmenleKmyaivHol coocmeennocmu 6 nepuod ¢ 2007 no 2017 ee. 6
Yrkpaune
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Bonee moapoOHO mpoaHANW3UPOBATh CTPYKTYPY
MPECTYIMHOCTH BO3MOXHO C IIOMOIIBIO YTOJIOBHO-
MPaBOBBIX M KPUMHHOJIOTHYECKHX MOKa3arenel, Ko-
TOpBIC OBUIM YCTaHOBIICHBI 10 PE3yJIbTaTaM BHIOOPOU-
HOTO HccienoBaHus 179 yronoBHBIX Iel, MPOBEACH-
HOTO aBTOPOM.

OmnpeneneHHoe 3HaYEHUE I aHaIu3a MPECTYIl-
HOCTH B c(epe HMHTEIUICKTyalbHONH COOCTBEHHOCTH
UMEEeT cnocob cogepuienus npecmynienus. Tak,
HapylIeHHe aBTOPCKOTO MpaBa M CMEXKHBIX MpaB (CT.
176 YK VYkpaunsl) yaiie BCEro COBEpIIAETCS WU
MyTeM peaju3alil Ha TOPTOBBIX TOYKAX HEJIUIEH3U-
OHHBIX IHFICKOB JUIA JIA3€PHBIX CHCTEM CUUTHIBAHHS —
48,1%, wi myTeM He3aKOHHOTO HMCIIONB30BaHUSA 00b-
€KTOB aBTOPCKOTO TpaBa M CMEXKHBIX IIpaB B IIpen-
NPUHAMATENBCKON AearenbHocTH — 19 6% (kak mpa-
BWJIO, UCIIOJIG30BaHHUE HEIHIIEH3WOHHOTO IPOTPaMM-
HOTO oO0ecIlieYeHus] TpPH OKa3aHHU OIPEIEICHHBIX
yciyr). TpeTbio MO3UILINI0 3aHUMAET peallu3aius Juc-
KOB JIJISl JIa3epHBIX cucTeM cuuThiBanus — 17,3%. [o-
BOJIbHO PacHpOCTPaHEHbl TAKXKE CIIydad HapyIIECHUS
aBTOPCKHX IPaB JIMIIAMH, OKa3bIBAIOIIUMU KOMMeEpUe-
CKHME YCIIYTH MO HACTPONKE KOMIIBIOTEPHOM TEXHUKH.
Uro xacaeTcs HE3aKOHHOTO WCIOIh30BAaHUS 3HAKA IS
TOBApOB W YyCIyT, GUPMEHHOTO HaWUMEHOBAHUS, KBa-
TUQUIHPOBAHHOTO YKa3aHUS MIPOUCXOXKICHUS TOBapa
(ct. 229 YK VYkpauHBI), TO Halme BCEr0 BCTPEUACTCS
mpojaaxa KOHTpaaKTHRIX TOBAPOB U3BECTHBIX MPOM3-
BonuTeneit (78%), a Takke MoOAIENKa TaKUX TOBAPOB
(18%).

Crioco0 coBepIeHUs MPECTYIUICHHUS ONPEACICH-
HBIM O0pa3oM OIpeNeNsieT MeCcmo cogepuieHus npe-
cmynienus. Hanbonee pacnpocTpaHeHHBIMU MECTaMU
COBEpILICHHS MPECTYIJICHUH B Cpepe MHTESIIICKTyallb-
HOH COOCTBEHHOCTH SIBIISIFOTCS: MarasuH (TOproBas
Touka) — 46,8%, peHOK — 31,2%, ynmuma — 11%, npo-
W3BOJICTBEHHOE MOMetIeHne — 6%, JKUIT0e MOMEIICHHE
—2%.

Uro kacaercs IMPECTYIUICHUH, COBEPIIACMBIX B
COBOKYITHOCTH C TPECTYIUICHUSAMH B Chepe MHTEIUICK-
TyallbHOH COOCTBEHHOCTH, TO JIOBOJBHO YacTo
(38,5%) HapyiieHue aBTOPCKOTO MpaBa M CMEXHBIX

IIPaB COIMPOBOXKIAETCS JOMOIHUTEIBHON KBaIU(HKa-
nueii 1o c1. 203! YK Ykpauns! (He3aKOHHBIH 060poT
JVICKOB IS JIA3€PHBIX CHCTEM CUUTBHIBAHUS, MaTpHIL,
00OpyIOBaHUS ¥ CHIPhS M KX IIPOHU3BOJICTBA).
Berpeuaroress enuHWYHBIE CIyd9an KBadH(UKAIHA
COOTBETCTBYIOIICH CTaTbM B COBOKYIMHOCTH cT. 301
VYK Vkpaussl (BB03, U3rOTOBJICHHE, COBIT U Pacpo-
CTpaHEHHE MOPHOTPAYUUECKHUX MTPEAMETOB).

Crenyromum 1okasarteseM IpecTyIHOCTH B cde-
pe MHTEIJIEKTyaJlbHOW COOCTBEHHOCTH, KOTOPBIH MBI
npoaHanusupyem, OyneT e€ eeoepaghus. B HayuHOU
JUTEpaType Tox reorpadueil mpecTymHOCTH ITOHUMa-
0T €€ paclpoCTpaHEHHE II0 Pa3IWIHBIM PETHOHAM
CTpaHBl (3AMUHHCTPATUBHO-TEPPUTOPHAIBEHOE pac-
npocTpanernue) [6, ¢. 70]. Hauboxpmiee koiamuecTBO
BBIABIICHHBIX NPECTYIUICHUH B c(epe MHTEIIEKTyalb-
HOH coOCTBeHHOCTH peructpupyercs B T. Kues,
XapbpkoBckol, Opecckoi, JloHenkoil, JIbBOBCKOMH,
Kuesckoii, [InenponerpoBckoif, XepcoHCKoH o0ma-
cTaX YkpauHbl. TakuMm o00pa3oM, NpPECTYyNHOCTH B
chepe HUHTEIUICKTYalbHOW COOCTBEHHOCTH PAaCIpO-
CTpaHEHa B I'YCTOHACEJICHHBIX NMPOMBIIUICHHBIX 00J1a-
CTSIX, IJI€ COCPENOTOUEH TOBAPHBIN U JIEHEKHBIN 000-
pot. CymecTByeT omnpe/eeHHasi 0COOCHHOCTh TeppH-
TOPHATBHOTO JIeTICHNS MIPECTYIICHUH,
npeaycMoTpeHHblx cr. 229 VK Vkpaunbl. Tak,
HanOoIplIee KOJMYECTBO 3THX IPECTYIUICHHH PEru-
ctpupyercs B I. Kuese, XappkoBckoi u Onecckoit
00J1acTsX, TO €CTh B T€X 00JIACTSAX, KOTOPBIE SBISIOTCS
KIIFOYEBBIMH TPAHCIIOPTHBIMH y3JIaMH, Yepe3 KOTOphIe
3apyOeKHBIE TOBapHI MONATAI0T B YKpauHy.

Teneps paccMOTpUM OuHamuxy TPECTYITHOCTH B
chepe MHTEIJIeKTyaabHOW COOCTBEHHOCTH. JIMHaMuKa
HNPECTYIHOCTH — 3TO KOMIUJIEKCHBII IOKa3aTelnb, Xa-
PaKTepU3YIOMUIl TPECTYHHOCTh C KOJHMYECTBEHHO-
Ka4eCTBEHHOH cTOpoHbl. OHa OTpa)kaeT M3MEHEHUs
YPOBHS, HHTEHCUBHOCTH U CTPYKTYpPbI NPECTYITHOCTH
WIN OTJAENBHOTO €€ BHJIA B TEUCHUE OINPEICIICHHOTO
nepuoaa BpeMenu [5, c. 169]. Jlunamuka npectynHo-
CTH B cdepe HHTEIUIEKTyalbHOH COOCTBEHHOCTH
n3o0pakeHa Ha puc. 2.
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Puc 2.
Jlunamuka npecmynrnocmu 6 cpepe uHmeniekmyaipbHou coocmeennocmu 6 nepuoo ¢ 2007 no 2017 ze. 6
Yrkpaune
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Kax Buanm, HaunHas ¢ 2008 mo 2011 rr. mpowuc-
XOAUT MOCTETIEHHOE yBEINYECHHE KOJIMUECTBA 3apEru-
CTPHPOBAHHBIX NPECTYIUICHUH B cepe MHTEIUICKTY-
anpHO cobctBeHHOCTH (Ha 28,9% B 2011 T1.), BIIIOTH
1o 2012 r., xoraa OBUTO 3apeTUCTPHPOBAHO HAUMEHB-
1ree KOJMYECTBO TPECTYIUICHUH 3ToTo BHaa — 267 (—
61,5%). B 2013 r. mpousomio pe3koe yBeIUUEHHE
3apETUCTPUPOBAHHBIX IMPECTYIUIEHUN MPOTUB HMHTEIN-
JekTyanapHol cobctBeHHocTH — 834 (+ 312,4%), uto
oOBsicHsieTcst cnenyromuM. Tak, ¢ 01.01.2012 mo
20.11.2012 GbuTO 3aperucTpUpOBaHO TOJIBKO 38 mpe-
crymienuit (!) B chepe MHTEIEKTyanbHOW COOCTBEH-
HOCTH, a 3aTeM 3a mepuoxn 21.11.2012 — 31.12.2012
perucTpupyercsi OCHOBHas oI (229 mpecTyIUIeHu).
Nwmenno mocie 20.11.2012 BeneHwe yroJoBHOW CTa-
THCTHKH nepenuio ot JlemaprameHTa mHGOPMAIMOH-
HO-aHaJuTHYecKoro obecneuenns MBJ] Ykpaunsr B
VYnpaBneHne opraHu3allMOHHOTO obecnedueHus: Enm-
HOTO peecTpa 0CyeOHbIX paccieqoBaHuid u uHdop-
MallMOHHO-aHauTHUeckoi  pabotel  ['eHepanbHOMI
OpOKyparypsl Ykpausbsl. HM3-3a 3TOro, BO3HUKIU
OTIpeieNIeHHBIE CIIOKHOCTH C PErucTpaluei mpecTyI-
JICHUii, COBEpIICHHBIX B cepe HHTEeIUIEKTyalbHON
coocteerHoctH. [locnme 2013 r. ypoBeHb 3aperucTpu-
POBaHHBIX MPECTYIUICHNH B chpepe HHTEIIEKTyaIbHOM
COOCTBEHHOCTH €XETOMHO uAeT Ha cmax. B 2017 r.
OBUTO BBISIBICHO HAaWMEHBILEE KOJIWYECTBO IPECTYII-
JIeHu#t B aTol cepe 3a mocneanue itk et (—64,1%).
[Tono6Hy10 AMHAMUKY HPECTYITHOCTH B cepe HHTEIN-
JIEKTyaJbHOW COOCTBEHHOCTH B YKpanHe MOKHO 00b-
SICHUTD CIEIYIOIINM:

1) ¢ 2013 r. B YkpauHe Hauajcsi SKOHOMUYECKUI
KPHU3HUC, KOTOPBIH O0OOCTPAJICS TOPTOBONH BOWHON C
Poccuiickoit  ®@enepanueil, AeBalbBallMed HaLUO-
HaJIbHOW BaJIOTHI, MOTepel ABTOHOMHOI PecryOmnku
Kpbim 1 anTHTEppOpHCTHYECKON oOmepanueil Ha BO-
cTtoke YkpauHsl. B cBsizu ¢ atum, ToproBoe npezcra-
BurenbcTBo CLIA mummino YkpauHy craryca «cTpa-
HbI-TMpaTa Nel» ¥ OJHOBPEMEHHO CHSUIO C TIOBECTKH
JIHS BOIIPOC O TIPUMEHEHHH SKOHOMHYECKHUX CAHKIIHH,
KOTOpBIE YIpOXalIM CTpaHe B CiIydae OTCYTCTBHS CY-
IIECTBEHHBIX CIBUTOB IO MPEAOTBPAILECHUIO MPECTYII-
HOCTH B cdepe HHTEIUIEKTYallbHOI COOCTBEHHOCTH.
ITosTomy mpoGiemMa HapylIeHUs MpPaB HHTEIJICKTY-
aJbHON COOCTBEHHOCTH B YKpauHe BPEMEHHO OTOIIIA
Ha BTOPOHM IUIaH. BellenpuBeneHHOE, JUIIHUN pa3
noaTBepkaaeT Melcab B. b. Xapuenko o monutuue-
CKOM XapakTepe TaKMX 3KOHOMMYECKMX CAHKLIUH U
OTPAaHUYEHUH, a TAK)KE OTCYTCTBUE UX B3aUMOCBS3H C
YPOBHEM COOJIIO/ICHHS WIIM HapyLIeHUs MpaB Ha 00b-
€KTBI MHTEJUIEKTYaIbHO# coOcTBeHHOCTH [7, €. 73];

2) ¢ 2014 r. B YkpauHe Hayanach peopma Ipa-
BOOXPAHHUTENBHOW CHCTEMBI, KOTOpas MPOIOJIKAETCS

" 1o ceil JeHb. BHOBB co3mMaHHBIE WU pedopMHPO-
BAaHHbIE MOJPA3AEICHUS NPABOOXPAHUTEIbHBIX Opra-
HOB, AESTEIBbHOCTb KOTOPBIX HANpaBi€HA HA IPOTH-
BOJICHCTBHE MPECTYIMHOCTH B Cepe MHTEIIICKTYalb-
HOM COOCTBEHHOCTH, Ha CETONHSIIHMKA IEHb €Ile He
HMEIOT JOCTAaTOYHOI'O OMNbITa ISl BBIIOJHEHHS BO3-
JIO)KEHHBIX Ha HUX MoJHOMOounit. OcoOeHHO 3TO Kaca-
eTcs paccieloBaHMs pacCMaTpUBaeMOW IpyMIbl Ipe-
CTYIUICHHI, COBEpIIACMBIX B TJ00anbpHOI cetn UH-
TEepHET. A HMEHHO TaM CEerofHs COCPEJOTOUYECHO
Hauboiiee MaccoBOE HApyIICHHWE NpaB HHTEIUICKTY-
AIBHOU COOCTBEHHOCTH B Y KpauHe;

3) ¢ 2014 T. HexoTOpbIe HETSHKKHE (M B CBOIO
odepenb HamboJee pacHpOCTPaHEHHBIE) MPECTyILIe-
HUS B cepe MHTEIIEKTYyaTbHOH COOCTBEHHOCTH IIe-
pennM B pa3psA IeNl YacTHOTO oOBHHEHHs. B coot-
BETCTBUE €O CT. 477 YToJOBHOIO MpOLECCyalbHOIO
KoZeKca YKpauHbI, TAaKOE TPOU3BOACTBO MOXKET OBITh
HA4aTo CJIeJI0BaTeNIeM WJIM NMPOKYpOPOM JIMIIb Ha OC-
HOBAHUU 3asBJICHUS NOTepreBlero. B cBa3u ¢ mpo-
LeccyalbHBIMU POOJIEMaMH yCTAHOBIIEHUS TTPABO00-
najaTenei, WM ke UX HeXeJlaHWeM IPUHUMATh yda-
cTHe B O(QHIMAJILHOM pacCielOBaHUM, U BO3HHKAET
CHIDKEHHE BO3MOXHOCTEH NPaBOOXPAHUTEIBHBIX Op-
TaHOB B 0OpBOE ¢ HapyIICHHUEM IPaB MHTEIIICKTYab-
HOW COOCTBEHHOCTH.

B pamkax aHamm3a CTaTUCTHYECKH 3HAYMMBIX
MoKa3aTesiei, OTPaXkKaroINX COIMaIbHOE OBITHE Mpe-
CTYIHOCTH B cepe HHTCIUIEKTYyaJbHOH COOCTBEHHO-
CTH, 0c000€ BHUMAaHHE CIIEAYET YIENUTh TaKKe HC-
CIICZIOBAHHIO JIAMeHMHOCMY HTON TPYNIBl MPecTyI-
JeHui. Tak, CyHIecTBYIOT ONpEAESIEHHbIE COMHEHUS
OTHOCHTENIFHO MOJTHOTHI BBISIBIICHHS U PETUCTPALINH, a
Tak’Ke OOBEKTHBHOCTU TEHACHIUI Pa3BUTHS yKa3aH-
HOM mpecTynHoCcTH. IloaTOMY, IpUBEACHHBIE JAAHHBIE
00 ypOBHE, CTPYKType, AWHAMHKE IPECTYITHOCTH B
cepe WHTEIUIEKTyaJ bHON COOCTBEHHOCTH JIMIIb Ya-
CTUYHO OTpaXkaloT €€ peallbHOe cocTosiHue. Takum
o0Opa3oMm, 0e3 yCTaHOBICHHS OOBEMOB JATCHTHOCTH
3TOM NPECTYHNHOCTH HEBO3MOXHO MNOJYYUTh MOJTHOE
MpEACTaBIEHUE O HEH.

[Ton naTeHTHON NPECTYNHOCTBIO CIIEYET MOHHU-
MaTh COBOKYIHOCTHh (DaKTHUYECKH COBEPIIEHHBIX, OJI-
HAKO HE BBISBJICHHBIX WMJIM TaKUX, YTO B pe3ynbTaTe
JPYTUX ONpPENeIeHHBIX 00CTOSTENbCTB HE CTAIH H3-
BECTHBI NPABOOXPAHUTEIHHBIM H CYACOHBIM OpraHaM,
MIPECTYIIEHUH, CBE€IEHUS O KOTOPBIX B CBSI3U C ATUM,
HE HaxoIiT OTPaKeHHs B O(UIMAIEHONH YrOJOBHO-
IIPaBOBOM CTATHCTHUECKOW OTueTHOCTH [8]. PesynbTa-
Thl HKCIEPTHOTO OMNpOCAa YPOBHSI JATEHTHOCTH Ipe-
CTYIHOCTH B c(hepe MHTEIEKTyaJIbHOW COOCTBEHHO-
CTH B YKpauHe IpHUBEJICHBI B Ta0. 4.

Tabmuma 4

Pe3ynbTaThl 3KCIEPTHOTO OIMPOCa YPOBHSI ITATEHTHOCTH MPECTYIMHOCTH B c(hepe HHTEIUIEKTYTbHONH COOCTBEHHO-
CTU B YKpauHe

Pacnpe()eﬂenue Omuomenue KoJjtuuecmea He3apezucmpupoeannblx npecmynﬂenuu Ha 0()H0 3apezu-
CcmpuposanHoe

"’”’:fe”’:fmj’“" 1:3 1:4 1:5 1:6 1:7 1:10 >1:10

P 1,4 % 1,4 % 2,8 % 1,4 % 1,4 % 80,5 % 11,1 %

Takum 00pazoM, IO MHEHHUIO OOJIBITMHCTBA JKC-
neptoB (80,5%) B YKpanHe perucTpupyercs TOJIBKO

OJIHO M3 JECSTH COBEPIICHHBIX NPECTYIUNICHUH B cde-
pe MHTEIUIeKTYyallbHO# cobcTBeHHOCTH. OmnpeneneH-
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Has 9acTh omporreHHsIX (11,1%) cumraer, uto peru-
cTpHupyeTcs 0oJiee 4eM OJTHO M3 IECATH MPeCTyTUICHUIH
sToit rpynmel. Kak BuauM, momaBisitoniee OOJBITHH-
CTBO IKCIIEPTOB CUMTAIOT MPECTYIUICHUSA B cepe HH-
TEJICKTYaIbHOW COOCTBEHHOCTH BBICOKOJIATCHTHBIMHU
Y TG He3HAYUTEIbHAS YaCTh — CPEIHETaTCHTHBIMH.

BoiBoabl. I1oapIToKHBas BBIIIECKA3aHHOE, MOXK-
HO CJeNaTh BBIBOJ, YTO MPECTYIHOCTh B cdepe HH-
TEJUICKTYaJIbHOW COOCTBEHHOCTH HUMEET ONpeieIiCH-
HbIE, CBOICTBEHHBIE TOJIBKO €M TEHACHIIMU Pa3BUTHS,
a M3y4YeHHUE COCTOSIHUE 3TOH MPECTYMHOCTHU Ha CEero-
JHSIIHUA IeHb B YKPAaWHE OCTACTCS aKTyalbHBIM IS
NaJbHEHUIINX UCCIIENOBAHUMN.
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Abstract

Today it is difficult to imagine life without smartphones, which are equipped with various functionalities,
including location tracking. The article describes the developed mobile application for tracking geolocation posi-
tion in real time. This application will allow you to track the location of certain groups of people in real time, as
well as to establish communication with a specific group via chat, for example.

AHHOTaLUA

Cel“OZ[H?[ CJIOKHO IPEACTaBUTH cebe Ku3Hb 0e3 CMapT(i)OHOB, KOTOPBIC OCHAIIICHBI Pa3JINYHbIMU (I)YHKLII/IO—
HaJIbHBIMHX BO3MOXXHOCTsSIMMU, B T.4. (I)YHKHHeﬁ OTCIC)KHBaHUA MECTOIIOJIOXKCHUA, I'COJTOKAIIUH. B craTtee TIPUBO-
JUTCA OIIMCAaHHC pa3pa60TaHHOr0 MOOMIJIBHOTO NPUIIOKCHHUA AJI1 TPEKHUHIa I'COJIOKAIMOHHOTO ITOJIOKCHUSA B
PpCajibHOM BPEMCHHU. I[aHHOG TIPUIIOKCHUC MTO3BOJIUT OTCIIC)KHNBATH MECTOIIOJIOKEHUE OIIPCACIICHHBIX I'PYHIT JIHO-

Jlell B pealbHOM BPEMEHH, & TAKKE YCTAHOBUTD CBSA3b C KOHKPETHOMU I'PYIIION, HAIPUMED, € IIOMOIIIBIO 4aTa.

Keywords: location tracking, geolocation, mobile application, Java, Android, UML diagram.
KitioueBble €j10Ba: TEOJOKAIMS, OTCICKUBAHUE MECTOIOJIOKEHUS, MOOUIIbHOE TpWiIokeHue, Java, An-

droid, qmarpamma UML.

Ha 80 % cmaptdoHOB ycTaHOBIICHA OIEpaliOH-
Has cuctema (OC) Android, B cBsi3u ¢ yeM OBLIO TIpH-
HSTO peIIeHNe pa3pabaThIBaTh MPUIOKEHHE O] TaH-
Hyro OC. Android («AHOgpouny») — oIepandoOHHAs
cHcTeMa, W3HadalbHO pa3paboTaHHas KOMITaHHMEH
Android Inc., BmocineacTBiu MpUOOPETEHHAsT KOMITa-
Hueid Google, npenHasHadeHa Ui CMapTQOHOB,
TUIAHIIETOB, 3JEKTPOHHBIX KHHUT, IU(POBBIX HPOUT-
pbiBareneil, Hapy4YHbIX 4YacoOB, MIPOBBIX NPHUCTABOK,
HeTOyKoB, oukoB (Google, TeneBU30pOB W IPYTHX
ycTpoiictB. B 2015 romy mosiBMIach MOAJEp)KKa aB-
TOMOOMJIBHBIX MYJIBTUMEIUIHBIX CHCTEM M OBITOBBIX
po6otos [1]. OC Android ocHoBaHa Ha siape Linux u
COOCTBEHHOH peanu3aluil BHUPTYaJIbHOH MAaIlWHbI
Java ot Google. Android mo3Bomsier paspadaTbiBaTh
Java-puioxkeHus, ynpaBIsIoIIne YCTPOHCTBOM Yepe3
oubnmoreku co3nanueie Google[2].

CpaBHHUTENBHBII aHANM3 aHAJIOTOB IPHIIOKEHHS
MOKa3aJl psiJi UX JOCTOMHCTB M HelocTaTkoB. OCHOB-
HBIM HEJOCTAaTKOM mpuioxeHus «Homepay sBisiercs
TO, YTO TPH PETUCTPAli BCE MOJIB30BATENN CETH
BUJSAT MECTOMNOJIOKCHHE Tosb30Barens. Kpome Toro
MOJTB30BATENIN BUAAT MECTOINOJIOKEHHE MO HOMEpam
ABTOMOOWJICH, YTO MOXET MPUBECTU K IOBBIILICHHOMY
yrony aBromobOuiei. [lpuoxenus «Haiitu npyseit» ,

«Simple Latitude» MO3BOJNAIOT OTCICKUBATH MECTO-
TIOJIO’KEHHE TOJIb30BaTENs, HO HE OCHAIIEHBI BO3MOX-
HOCTBIO OOIIEHHS B ATUX NpuiokeHusx. [Ipu no6as-
JICHUH TI0JIb30BaTelield B CIMCOK OTCIIEKHMBACMBIX, Ha
KapTe OoTOOpa)kaloTcsi BCce MOOaBIEHHBIE MOJIb30BaTE-
JIM, 4TO 3aTPyIHSAET BU3yaJbHOE BOCHpHUATHE. Tarxke
OTCYTCTBYET BO3MOXKHOCTh OTCJIEKHBAHHS KOHKpET-
HOM IpyIIbI [10JIb30BaTENEH.

B kagecTBe CIyTHHKOBBIX CHCTEM paccMaTpHBa-
muck cucteMbl GPS u I'JIOHACC. B coBpeMeHHBIX
MOOWJILHBIX YCTPOHCTBaX WMEETCS COBMENIEHHBIN
npuemauk GPS/I'JIOHACC, nostoMy HeT HEOOX0aH-
MOCTH BbIOOpPa KOHKDETHOW CHCTEMBI: IPHIIOKEHHE
ABTOMATHYECKH BBIOEpET CITyTHUK JUIS IIOJYYEHUS
HEOOXOANMBIX JIaHHBIX.

B kadecTBe s3bIKa NMPOrpaMMHUpOBaHMS BHIOpaH
SI3BIK Java, KOTOpBIi SBISETCS OCHOBOW NMPaKTHYECKH
JUIL BCEX THIIOB CETEBBIX NMPHUIOKEHHWH M BCEOOIINM
CTaHIAPTOM U1 pa3pabOTKM W PacHpOCTPaHEHUS
BCTPOCHHBIX M MOOWJIBHBIX HPUIOKEHHUH, Urp, BeO-
KOHTEHTa M KOPIIOPAaTHBHOTO MPOTPaMMHOT0 obecrie-
geHus [3].

WHCTpyMeHTHI peanuzanun MPUIIOKCHUSI:
Android SDK (Bkirouaer OMOIMOTEKH, TOKYMEHTa-
LU0 ¥ WHCTPYMEHTHI, KOTOpbIE MOMOIaloT paspada-
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THIBATh MOOWJIBHBIE TPUJIOKEHHSA I IUIAT(HOPMBI
Android), Android Virtual Device (a3mymsarop, wuc-
HOJIB3YeMBIH IJIsI IPOSKTUPOBAHUS, OTIAAKU U TECTH-
pOBaHMsI NMPWIOKEHUN B pEalbHOM Cpese BBINOJIHE-
HusA), Android Studio (cpema pa3paboTku TOx
Android, ocnoBannas ua IntelliJ IDEA), Google Maps
API (GecrutaTHast ciyx0a, MO3BOJSIONAs BKIIOYHTH
mo0yro kapty u3 Google Maps Ha BHEHIHeM caiite,
YIPaBISITH 3TOW KapToil yepe3 JavaScript, Hanpumep,
Juisl 100aBJICHHUs MapKepoB Teorpauyeckux TOYeK,

MPUOMKEHUS WIIN YAAJCHUS TPU TPOCMOTPE Kapr),
Firebase (6a3a maHHBIX IJIs XpaHEHHS NaHHBIX B pe-
XKHMME peabHOTO BPEMEHHU C MX CHHXPOHHU3aIMeH cpa-
3y Ha BCeX yCTpOiicTBaX).

Ha puc. 1 npeacrasnena nuarpamma mnpeLeacH-
TOB pa3pabaTbIBa€MOl CHUCTEMBI C HCIIOJIB30BAHHEM
YHU(HUIUPOBAHHOTO si3blka MozenupoBanus (UML).
W3 nmarpamMMbl BUHBI 1IOJIb30BATENN CHCTEMBI U €€
o01rast hyHKIIMOHATBHOCTb.

O

MpocMoTp coGCTREHHOID

MecTononoxdeHWA

>

MpocmoTp pasgena M40

O

JofaeneHne¥OaneHne
NoNb30BATENEN W3 TPYINLI

o

K=

ABTOPW30EAHHEIA NONE30BATENG

Mogavasanpoca HagoGaeneHWe B
rpynmny

MpacMoTp MecTOnonaM¥eH
SCTHUKOR pymn

GP3

N

Co3agaHue rpynnel

MpocMoTp CKOPOCTH NO OaHHEM &\%

AOMWHWCTRATOD
rpynnkel

YOoaneHwe rpynn.

BLixomua rpynns

Puc. 1. [fuaecpamma npeyedenmos. Ponu «A8mopusosaniblii NOIb306amenby i « AOMunucmpamop epynnoly
Humeppeiic cucmemuvt cocmoum u3 cemu okow (puc. 2).
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OKHO perncTpaL

OKHO yNpaeneHwA rpymnoi

&:1AmA nonsaosarens

OxHo BXOAA
Bl 8yMoura
&Mowra el & Mapons
Q)I'Iapunh Fo
-1 %
®Coanars akkayH() Bxaa()
OkHo KapTel ra
8 CobcTEEHH 02 MECTONON DXEeH1E
& Cropocts OkHo rpynn

IV ecT ononoeHnA YU acTHUKOE [RYNMkl S Hasmsanve rpyns
SMpubnnanTs kapry () b - - - - = ‘CDa,u,aTh[}
$01pamims kapry() ‘Bcwnum{}

MepemecTECA Ha cobCTBEHHOE MECTONONoMEHUE() TP, OKHO YNpaBNeHUS FpyANaiA()
$CeuHyTs kapry Bneeo/enpaso() s ynpa Py
$CheiHyTs kapry BEepx BHNE()
$OTkpeITe atHo rpynnei()

‘OTKpuTh ckHo M) M
v Oxxo MAA
OkHo vara

&Haapanue BLIBpaHHO rpy MLl
&CoofLLeHnA YIaCTHIKOE TPyl

®0mpaska coobiuyeHuii)
$Bwibop Heolxogumoii rpynnei()

Q?HESEEHHB eelbpanHoro nyxkra M40
MogmyHKTsl, BelbpaHHoro nyHera MO0

‘I'IpDCMDTp noann
‘Bblﬁnp HeoofxogumMora myHkta MOA()

$YnanuTs nonsaoearens()

S$MpunATs 3amky()
OTknoHUTE 3anBky()

Synanuts rpynny()

Puc. 2. JJuacpamma knaccos. Hnmepgetic npunosicenus

Bech uHTepdelic MPHIOKEHHUS pEaTn30BaH I0-
CpPEACTBOM paclIMpsieMOro s3blka pa3MeTku XML.
Android Studio mpenocTaBisieT BO3MOXHOCTH pa3pa-
00TKM HHTepdelica TPHIOKEHHS B TECTOBOM BHIE
XML, a Ttakxe B TpaguecKOM — C TIOMOIIBIO pa3Me-

IMCHUA 00BEKTOB HAa OKHE CIOCOOOM OIICPUPOBAHUA

drag and drop.

-

90%E 16:23

Y)Ke ecTb y4eTHas 3anucb? BouTtn

Puc. 3. Oxno pecucmpayuu

1) Oxno peructpanuu (puc.3). Ilpu 3amycke
MIPUJIOKEHUST TIOJIB30BATENI0 HEOOXOAMMO 3aperu-
cTpupoBatbcs B mnpuioxeHuu. [locne perucrpauuu,
3apEeruCTPUPOBAHHBIN TOIB30BATENb ABTOMAaTUYECKHU
MOMAaeT Ha OKHO KapThl.
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2) Oxkno Bxopa (puc. 4). [Ipu ycnoBun, 94To MOJB-
30BaTeb YK€ 3aperUCTPUPOBAH, HO BBILIEN M3 IPH-
JOKeHUsI, eMy HEeoOXOOUMO BOWTH B NPHIIOKCHUE,

lMouTa

IUISL 3TOTO W3 OKHA PETHUCTpPAINK, HEOOXOIUMO Hepei-
TH Ha OKHO BXOJa.

90 % H 16:25

Maponb

Het yyetHon 3anucu? Cospatb

Puc. 4. Oxno éxooa npunosicenus

3) OxnHo kapTsl (puc. 5). OKHO KapThl Ipeno-
CTaBJIsI€T aBTOPU3UPOBAHHOMY IIOJIb30BATEINO OTCJIE-
JKHMBaTh COOCTBEHHOE MECTOIIOJIOKEHHUE, a TaK JKE MO-
JIOXKEHHE YJaCTHUKOB IPYIIIBL, B KOTOPOIl OH COCTOMT,
u Kortopas BelOpaHa. C OKHa KapThl BO3MOXKEH IIepe-
XOZ B OKHO 4aTa, TaK )K€ Iepexoa B OKHO TPYNI U
oxHo [1/1/]. B neBoM BepxHEM YIiy KapThl OTOOpaxa-
€Tcsl CKOPOCTh B KM/H.

AutoClub

OMuTpuid

G g e T ) 74%m17:50

Puc. 5. Oxno kapmul npunosicenus
4) OkHo 4ara (puc. 6). B oxHe uyaTa aBTOpH30-
BaHHOMY IIOJI30BATENI0 JOCTYIIHA OTIpaBKa CO00-
OICHWH, YTEHWE COOOIICHUH JPYIHX YYaCTHHUKOB
TPYIIEL, & TaK € BBIOOP KOHKPETHOW TPYMIBI M3
CITHCKA TPYIII, B KOTOPBIX COCTOUT YYaCTHHK.

[ Q= [)8s%M16:32

Tekywas rpynna: testgroup

Bbl
3ppaBcTByiiTe!
04:30

AMUTPUIA
Mpuset!
04:31

AMUTpUIA
Kak gena?
04:31

Bbi
Bce oTnyHo, cnacuéo)
04:31

Puc. 6. Oxno wama npunoscenus
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Tak xak mcnonb3yercs Bpems FireBase (puc. 7), MEHHOM MOpsAKe, HECMOTPS Ha TO, YTO Yachl Ha
BCE COOOILEHUS] BBICTPAMBAIOTCS B MPABUILHOM Bpe-  YCTPOWCTBaX MOTYT ObITh HE CHHXPOHH3UPOBAHBI.

autoclub-d8563
). Chat
5. testgroup
). -LDfDgBhtelPkNQsTpxK
------- autor: "Bacunui
------- textMessage: “llpuseT’
------- timeMessage: 152758612889
------- uid: "Z133LKeCXKPI41Z0DGnpFaX0d4!
=-- -LDfDIPOMcPWpznnlZ_C
------- autor: "[IMuTpui
------- textMessage: "sapascTByiTE
------- timeMessage: 152758616986
------- uid: "wLuSNVput4ZcBlQ7c5VXIYhINThI
£ -LDfF2RhPHbvC4lyeE00

@3- -LDgsnOrYOdcabAn2hnK
Puc. 7. Baza dannvix FireBase. Xpanenue coobuyenuii

5) Okuo rpymm (puc. 8). laHHOE OKHO TpeAHA-  APYTHM 3apeTUCTPHUPOBAHHBIM II0JIE30BATEIIEM, TPYII-

3HAQUYCHO OJI1 CO3OaHUuA cBOEi CO6CTBCHHOI>'I rpynIibl, my.
WA AJIs ToAavu 3asiBKM Ha BCTYIVICHHUC B CO3JdHHYIO,
™ = ) 89%M16:26

< Mou rpynbl

BCTynuTb B rpynny
HasBaHue T pPynnbl

Cnuncok Moux rpynn

Puc. 8. Oxno epynn npunooscenus

6) OkHo ymnpaBieHus rpymnoi (puc. 9). AaMu-  ynpasiieHus Tpynnod. Tak jke B JaHHOM OKHE Cylle-
HHUCTPATOpPy I'PYIIBI HEOOXOIUMO NPUHUMATH JIIOJIEH  CTBYET BO3MOXKHOCTH YAQJICHHS MOJb30BaTelell co-
B TPYMIy, TaK K€ OTKIOHATH 3asABKM HEW3BECTHBIX  CTOALIMX B TPYIIE, M yJaJeHHE BCEH TPYIIIBI LIENH-
€My 3aperuCTpUPOBAaHHBIX IOJb30BaTeNel. [l BbI-  KOM.

MOJTHEHUS [AaHHBIX (YHKIWH, HEOOXOIUMO OKHO



24 Norwegian Journal of development of the International Science No 22/2018

[ = ) 89% W 16:30

< testgroup 'i

3anpocoB HeT

Monb3oBatenun

AMUTPUIA
shuba-d@mail.ru

Puc. 9. Oxno ynpaenenus epynnoii. 1) 3asexa na ecmynienue 6 epynny. 2) Ilonvzosamens, cocmoswuii 6 epynne.

7) Oxno mpasun gopoxkHoro nerkeHus (IIJI)  MoxsOCTE BRIOpaTh HeoOxommmbrid myHktr I[T/I/], a

(puc. 10). B oxue II/JIJ] mombp3oBaTenhb MMEET BO3-  TAKXKE MIPOUYUTATH JAHHBIEC, BHIOPAHHOTO, MYHKTA.
= = 1 89% M 16:30

Go e T 3%m17:54

< testgroup [ ] < noo

3anBku

1. O61me NoNoXKeHUs -
aMm MTpI/Il?I 1.1. HacTtosiume MNpaBuna f,OpOXHOro ABUXKEHUA
shuba-d@mail.ru (*) ycTaHaBNMBAIOT €AMHbI NOPSFOK AOPOXKHOMO

[BWKEHWS Ha BCcel TeppuTopumn Poccuiickoi
®depepauuu. [pyrue HopMaTUBHbIE aKTbl, KacatoLuecs
[LOPOXHOrO ABUXKEHWSA, AOMKHBI OCHOBbIBATLCA Ha
TpeGoeaHuAX MpaBnA U He NPOTUBOPEYNTL UM.

(*) B aanbHeiiwem - Mpaeuna

1.2. B MNpaBunax UCNoNb3yTCA CReaytoLue OCHOBHbIE
NOHATWA U TEPMMUHbI:
ABTOMAarucTparb - 4opora, 0603Ha4eHHanA 3HaKoM

5.1 (*¥) 1 uMelow|an ANA KaXJOro HanpaBeHus
[IBVKEHNA NPOE3XKME YacTy, OTAeNEHHble Apyr OT Apyra
pasfieNinTeNIbHOM NONOCON (@ Npu ee OTCYTCTBNM -
[OPOXHbIM OrpaxkaeH1emM), 6e3 nepeceyeHuin B 0HOM
YPOBHE C APYrMMM OPOraMu, Xene3HoA0p 0XKHbIMK
WNU TPAMBaHHbLIMU NYTAMU, NELIEXOAHLIMMN UK
BeSIOCUNeHbIMU JOPOXKKAMM.

(B pea. MocTtaHoBneHus MpaBuTtenbctea P® ot
14.12.2005 N 767)

(cMm. TeKCT B NpeAblAyWed peaakumm)

(*) 3pech 1 panee NPUBOAMTCA HYMEPaLUA JOPOXHbIX
3HakoB cornacHo Mpunoxenuto 1.

ABTOMNOE3/, - MEXaHWYeCKoe TPaHCNOPTHOE CPeACTBo,
CLienneHHoe C npuuenom (npuuenamu)
Monb3osateneit Het (a63aL BBeaeH MocTaHoBNeHMeM lMpaButenscTea PO
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1. O6LMe NONoXeHUs

= [ 73% W 17:54

2. 06wue 06A3aHHOCTU BOAUTENEN

3. MNpumeHeHre cneunanbHbIX CUrHaNnoB

4. 06A3aHHOCTK Newexonos

5. 06A3aHHOCTU NaccaXXUpos

(=)}

. CurHansl ceeTodopa 1 perynvpoBLumKa

7. MpuMeHeHne aBapUWHOW CUrHaNM3aLmum U 3..

o

. Havano aBuxeHun, MaHespupoBaHue

9. PacnonoxeHne TpaHCNOPTHbIX CPEACTB Ha..

10. CKkopOCTb ABUXEHUA

cLenneHHoe ¢ npuuenoM (npuuenamm).
(ab3ay BBeneH MoctaHoeneHuem MpaeutenbcTea PO

Puc. 10. Oxna I 1) Hynkm II]]. 2)Beibop nynxkma I1]]

B Hacrosimee Bpems pa3paOOTaHHOE IMPHIIONKE-
HHUE MO3BOJIIET TOIB30BaTEIIIM OMPEAEIIATh MECTOIO-
JIOXKCHUSI NIPYTHX MOJNb3oBareield, oObeINHATh UX B
TPYIIEL, OOMIATHCS HPU TOMOIIM 4YaTa. B mpuioxe-
HUUW PEaTM30BaH CIUJIOMETP JUIsl OTCIIEKUBAHUSA CKO-
poctu no nanHeiM GPS. JIns BomuTenel aBTOTpaHC-
MOpTa BCTPOEH CBOJI PABIJI JOPOKHOTO JIBIXKEHUS. B
OmkalImuX TJIaHax Pa3BUTHS JAHHOTO TPHUIIOKEHUS
— pa3paboTKa ero MoJi pPa3IUYHBIE OINEPalNOHHBIE
CHCTEMBI, W PacIpOCTPaHEHHE CPEeIu ITO0Nb30BaTelNeH
MOOHMITEHBIX YCTPOHCTB.
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PROTECTION FROM THE ICEOF ELECTRICAL NETWORKS BY MEANS OF A HIGH-
FREQUENCY ELECTROMAGNETIC WAVE

Abstract

Kaganov W.

Doctor of techn. Professor, Professor of the RTS Institute,

MIREA-Russian Technological Univers

A new way to protect electrical networks from ice is discussed. Theoretical and experimental aspects of this
problem are considered. Information on the establishment of an industrial plant is given

Keywords: ice, electromagnetic waves, generator.

1. The essence of the problem.

One of the serious causes of accidents in high-
power electric power systems is the formation of a
dense ice precipitate - icing - with the intentions of
supercooled droplets of rain or fog at temperatures
from 0 to -5° C on wires of high-voltage transmission
lines.The thickness of the ice on transmission lines
can reach 100 mm or more, substantially weighting
them and leading to rupture and breakage of supports
(Fig. 1). Many countries of the world suffer from ic-

ing in high-voltage transmission lines, including Rus-
sia, Norway, Canada, China, Kazakhstan, Kyrgyzstan
and othe. Only in Russia, because of the ice in the
power systems, there are up to 6-8 serious accidents
per year. The ice, including its "icy rain" variety,
causes enormous damage to the economies of many
countries and a page to human casualties

Melting is the main method of combating ice.
The melting consists in heating up to 100-130°C of
short-circuited wires with ice with a constant or alter-


http://studbooks.net/1993712/informatika/opisanie_predmetnoy_oblasti
http://studbooks.net/1993712/informatika/opisanie_predmetnoy_oblasti
https://knowledge.allbest.ru/programming
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nating current of frequency 50 Hz with a power of
more than 200 million volts-amperes and a current of
more than 1000 A. As a result, a lot of energy is con-

o g

.
"

£l

2. Brief description of the new method.

Consider the fundamentals of a fundamentally
new method of combating ice in high-voltage air pow-
er networks. The method is protected by the RF patent
No. 2356148 dated May 20, 2009 [1] The method is
based on the heating of wires with the help of high-
frequency electromagnetic waves, which should pre-
vent the formation of ice on them.

Eliminate the destructive effect of icing on the
power line by heating the wires to a temperature of +
10 -15° ° C . Such heating can be carried out using
high-frequency (HF) electromagnetic waves by con-
verting their energy into heat.

To realize this idea, an RF generator is addition-
ally connected to the wires of the power line (Fig. 1).
Both waves - the industrial frequency of 50 Hz and the

" Fig.1

sumed, consumers are disconnected for a considerable
time from the power grid and often unacceptable char-
ring of wires.

electromagnetic frequency of about 100 MHz - simul-
taneously spread along the lines of electrical transmis-
sion, figuratively speaking, without interfering with
each other. One wave (frequency 50 Hz) transmits
electrical energy through wires, and the other (about
100 MHz) - heats these wires. Short circuit in the net-
work and disconnect from it, consumers, as in the
melting, produce with this method is not required.

The transformation of the radiated NF energy in-
to the heat is carried out with the help of special an-
tenna-heaters with a resistance of 1-2 kOhm, which
with a certain step are located on the wires of the
power line (Fig. 2).

Antennas-resistorsq

RF-generator?

The mainiineT

Fig.2

Such RF-heating spots, placed with on the wires,

heat the latter and ice on them is not formed.

3. The theoretical substantiation of the pro-
posed meth

There are two possible ways of conversion of mi-
crowave energy into heat: with the help of running
way and standing wave. The both ways are based on
the Poynting equation that determines the time varia-
tion of the electromagnetic field energy W in the vol-
umeV:

OM=F>G—ij2dV—jEHo|s . ()
dt J .

where E — the electric field vector; H — the mag-
netic field vector; S — a surface bounding the volume

V; vy — the conductivity of bodies located within the
volume.

The first member of sum Pg of the equation (1) is
a power of third-party sources (generators), giving its
energy in the volume V; the second member of sum is
a power of electromagnetic energy converted to heat
because the active losses in the volume of V; the third
member is the Poynting vector, that determines as
P=ExH and characterizes the energy radiated beyond
the considered volume V through the surface S.

The first option is associated with a traveling
electromagnetic wave propagating along a guide struc-
ture, in this case along a two- or three-wire line. Such
a wave moves along the elongated structure with ac-
tive losses, and gives its energy. The second option is
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related to the conversion of energy of electromagnetic
oscillations into heat in the oscillatory volumetric sys-
tem in resonance mode, where the standing wave
mode is established in a resonant cavity.

The conversion of energy of the running wave
in the heat. In this case, the power balance equation
(3.1) for an electromagnetic wave propagating along
an infinitely long line at a distance x from its origin
(Fig. 1) takes the form:

P(X) =P =R (X)=Fs(x), @

wherein Pg — a wave power supplied to the line
from an external RF generator; Pr — a wave power,
converting to heat due to of distributed long line of
resistance; Ps — power of the line radiation.

As amplitude of the incident wave, that propa-
gates along the line, decreases exponentially, the sec-
ond member of sum in (2):

PR (X) = PGe_zaX v (3)

where o = Rt/ p (1/m) — an attenuation constant;
p — a characteristic impedance of the line; Rf — the
resistance per length unit of one of two identical ca-
bles which value in the microwave range depends on
the surface a of thin layer of & due to the skin effect,

O

Oy

i.e. a displacement of a current to the outer shell of
conductor (see Charter 1).

With increasing frequency of the current flowing
through the wire, the active resistance of the latter
increases due to the so-called skin effect-extrusion of
the current to the outer surface (Fig. 1). As a result,
the current does not flow through the entire section of
the wire, but only through a narrow outer layer (Fig. 1,
whose thickness is determined by formula

8(F)=05 (Mm),

Hm

where & - thickness of the skin layer, , uwv - rela-
tive magnetic permeability F - frequency in MHz

The thickness of the skin layer decreases with in-
creasing frequency to several microns, which prede-
termines a sharp increase, by two orders of magnitude
or more, of the resistance of the wires compared to the
industrial frequency of 50 Hz, and consequently, a
more efficient conversion of electromagnetic energy
into heat

Fig.3

Skin depth & with increasing frequency is re-
duced to a few millimeters. This determines the sud-
den increase of two orders or more of wire resistance
in comparison with the power frequency of 50 Hz, and
hence more efficient conversion of electromagnetic
energy into heat.

Due to the skin effect, the layer is thinning for the
current flow (Fig. 1), which increases the conductor's
specific resistance, the value of which taking into ac-
count (1) at (r/ 28)> 10:

R, =R, r/25(F) (Om/M) , (5
where r is the wire radius (mm), F is the frequen-

cy in MHz, RO (Ohm / m) is the resistivity of the same
conductor to the direct current.

Ux Z,ch(yAx)+psh(yrx)

From the formulas (1) and (2) for an aluminum
wire, we obtain:

5=008,JF,(wm), R,/R,=6rVF (Om/m),

According to the latest formulas for an aluminum
wire at r = 10mm and a frequency F = 100 MHz, we
get for the thickness of the skin layer 8 = 8 pm and an
increase in the line resistance of the conductor com-
pared to the resistance at a constant current of 600
times.

Input impedance at a distance | from the end of
the line:

Z, (2= I(x):p

where y=a +j B is the propagation constant, X =
I /A is the normalized line length, B = 2m / A is the
phase constant, A is the wavelength propagating in the
line, o is the damping constant, equal to:

pch(yax)+Z, sh(yix)

=R, 0+ JXjp00 (6)

a=R;/p [Ym], ™

where Rf (Q / m) is the line resistance of one of
the two identical wires.
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An example of calculation according to (3)
graphs of the active and reactive components of the

Az

input resistance with the following initial data: .
p=600 Q,A=3m, Zy=10%Q are shown in Fig. 4

Ay
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— 1000

—

It follows from the graphs (Fig.2) that as the
length of the line with losses increases with px>>1 ,
the active component of the input resistance Ri, tends
to the wave resistance p, and the reactive component
Xin - to zero

However, as shown by experimental studies, it is
not possible to substantially heat the wires only due to
the skin effect, since the heat transfer of the upper
heated layer of the wire to the surrounding air by con-
vection is great. The power of the convection heat
flow Qr »Qwm - the power of the heat flow heating the
wire (Fig. 3)

A more efficient heating of the wire due to the
traveling electromagnetic wave can be accomplished

5 & 7 2 g 10]

X

Fig.4

by converting the radiation energy into heat .To do
this, along the main power transmission line (Fig.2).
along which the electromagnetic wave propagates,
with a certain step it is necessary to place short lengths
of wire - vertical vibrators (position 2 in Fig.5, a), the
radiation power of each of which :

2 212
P, =05R, 12 ~400(I/AF 12, (g
where A is the wavelength, 1 is the length of the
vibrator, Ry is the radiation resistance of the antenna.

The realization of such heating of the line is ex-
plained in Fig.5

o]

ol N1

C

Q
Q
b

Q

(o]

At fig.5 a) line 1, with a short vibrator 2 attached
to it ; b) a resistor 3 of one kQ, connected to a vibra-
tor ; c) aresistor attached to the wire .

Fig.5

When replacing a wire segment with a graffiti-
ceramic resistor with resistance R>>Ry (position 3 in
Fig.5 b), most of the signal power will not be emitted
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into the surrounding space, but dissipated as heat in
this resistor, whose temperature is set to To. Finally,
by transferring this resistor to the horizontal position
and leaning it against the main transmission line (Fig.
1c), it is possible to effect an effective line heating at
the expense of radiated power, the total value of which
at a distance x is:

N
P(x)=> P, ©)
i=1

where N is the total number of vibrators in the
main line section

With the help of antennas - vibrators - pieces of
wire length of 15-20 cm - forcibly increases the radi-
ated RF power, which is then converted into heat by
means of attached resistors to the antenna in one
kOhm (Fig.5, b). The latter, in turn, are superimposed
on the wire, which leads to its heating (Fig. 5c). Such

RF-heating spots, placed with a certain step on the
wires, heat the latter and ice on them is not formed.
When replacing a wire segment with a graffiti-
ceramic resistor with resistance R>>Rs (position 3 in
Fig.5, b), most of the signal power will not be emitted
into the surrounding space, but dissipated as heat in
this resistor whose temperature is set to TO. Finally,
by transferring this resistor to the horizontal position
and leaning it against the main transmission line (Fig.
1c), it is possible to effect an effective line heating at
the expense of radiated power, the total value of which
at a distance x is:
(10)

PS(X):iPiS '

where N is the total number of vibrators in the
main line section. .

A sketch of the construction of the HF antenna-
heater is shown in Fig. 6

Fig.6

The following designations are accepted in Fig.
6: 1 - stranded wire AC-300 (diameter 24 mm) for
power lines, 2 - insulating, heat-conducting layer, 3 -
graphite layer with resistance 1 kQ, power dissipation
up to 20 W, temperature 100-120°C, 4 thermal insula-
tor

4. Experimental verification of the method of
heating the wire by means of a high-frequency elec-
tromagnetic wave.

The experimental verification of the method of
heating aluminum wires was carried out on the territo-

ry of the firm "Engineering Center ORGRES" in
Khotkovo, Moscow Region .

As a high-frequency generator with a frequency
of 81.36 MHz (According to the "Radio Regulations,
this frequency is intended for industrial applications)
1.15 kW power was used by the radio transmitter"
Rime ", manufactured by MART (St. Petersburg)

(Fig.7)

Fige.7

To match the output resistance of the RF genera-
tor Rgen = 50 Ohm with the input resistance of the
two-wire line Rlin ~ p = 600 Ohm, an HF transformer,
matching device was made (Fig. 8). Along both lines -

stretched wires type AS-120 - every three meters were
fixed devices for converting RF radiated energy into
heat, made on the basis of resistors of the type MLT-2.
Each transducer consisted of ten resistors with a total
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allowable dissipation power of 20 watts. With the RF
generator turned on, the heating of the resistors
reached 80-10%0 C. The graph of temperature variation
along the wire is shown in Fig. 9. At the same time,
the wire temperature at points 1 meter away from the

points of connection of the heaters exceeded the ambi-
ent air temperature by 10°C

Q_() L

T°C

Fig.9

The main result of experimental studies:

1. To heat the AC-300 wire per 10°C, a specific
power of 20 W / m is required.

2. We assume that the distance of 200 m between
the transmission line supports is 200 m. Therefore, for
heating the 400m three-phase transmission line, two
RF generators with a power of 12 kW are required.

5. About creation of industrial installation

The general scheme of the installation includes
(Fig. 10, 11)

- RF generators with a frequency of 81.36 MHz
with a power of 12 kW (1),

- matching device for communication of the RF
generator with a three-phase power line (2);

- block of automatic adjustment of the matching
device (3),

- converters-heaters, attached to wires (4);

- high-voltage vacuum capacitors for connection
to power lines (5) .
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Two generators with a capacity of 12 kW, a fre-
quency of 81.36 MHz

Fig 10

Figll

It is assumed remote, automatic control system
"Anti-ice" using a satellite system of the type "Tura-
ya" or fiber-optic telecommunication system

The conclusion.

1. Within the framework of the theory of the
electromagnetic field, the principles of constructing a
system for heating the wires of power lines are con-
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Abstract

The article proposes three basic principles for the design of mobile robots: the accumulation and conversion
of energy, the integration of motion drives and the use of the generator of reactive pneumatic traction. These
technical solutions allow robots to navigate on surfaces of arbitrary orientation in different coordinate systems.
The implementation of these principles contributes to reducing the total power of the drives and increasing the
reliability of holding robots on the surface of arbitrary orientation in the technological space. The results of

mathematical modelling of constructive and technological parameters of mobile robots are described.
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Introduction

The evolution of technical systems in the field of
engineering science, as a rule, led to the emergence of
new means of production. In the twentieth century
scientific and technical thought created sufficiently
reliable means of overcoming the gravitational force
in the form of flying and reactive equipment. These
funds are used as a reliable transport. However, up to
the present time there are no industrial samples of
equipment for performing contact technological opera-
tions while simultaneously overcoming the forces of
gravity.

Mobile robots of arbitrary orientation are known
in publications as robots of vertical movement or in
international publications — under the term Climber
Robot, are a new modification of mobile robots. These
robots are equipped with means of fixation on the sur-
face of arbitrary orientation relative to the horizon of
the technological space. The creation of this kind of
robotics is at the initial stage and is dictated by the
need to perform technological operations in such areas
of industrial activity as monitoring of industrial facili-
ties, installation and dismantling of building struc-
tures, repair and prevention of their components. In
the context of the fourth industrial revolution, "Indus-
try 4.0" [1, p. 69], with the focus on the use of robotic
systems, information and communication tools, and
the use of these robots becomes especially urgent in

the extreme conditions of man-made disasters that are
dangerous and even unacceptable for human presence.
1. Prerequisites and means for solving the
problem
The problem of creating this type of robots is the
lack of a methodology for synthesizing the robot sub-
systems that compensate or overcome the gravitational
load in order to ensure that the robot is held on an ar-
bitrarily oriented surface during the execution of tech-
nological operations. Therefore, the purpose of this
research is to develop principles for the synthesis of
mobile robots and the introduction of modern comput-
er modeling tools for the transition to the design and
manufacture of prototypes of mobile robots.
Theoretical and experimental studies on the crea-
tion of robots of arbitrary orientation in the technolog-
ical space began in the last decade of the twentieth
century in the countries of Western Europe, Japan, the
United States, Korea, China and Russia. To date, there
are mainly experimental samples of such robots.
Mobile works [2, p. 24; 3, p. 28-32; 4, p. 1; 5, p.
60] are equipped with devices to fix the robot on sur-
faces of arbitrary orientation, and in studies [6, p. 70—
78; 7, p. 22-28] hybrid drives are proposed that can
improve the energy efficiency of mobile robots. Tech-
nical solutions [8, p. 4; 9, p. 6; 10, p. 348; 11, p.54]
allow the robot to move on surfaces oriented at differ-
ent angles to the horizon, but only in 2D space, that is,
in a plane. In the general case, the variations of the
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constructions of the above-mentioned robots restrict
their movement only in the Cartesian coordinate sys-
tem.

Unlike the aforementioned technical solutions,
the robot model [12, p. 42] allows servicing objects in
the cylindrical coordinate system, in particular, objects
such as trees, but with a soft porous surface for the
movement of the robot, which limits the technological
capabilities of mobile robots. At a time when there are
objects facilities that are also close to the cylindrical
coordinate system, for example, electric grid posts,
columns, pipes of thermal power plants and the like.
In addition, the mobile robot should also work in a
system of angular coordinates, which is typical for
humans. The development of systems for connecting
the robot to the surface of motion is a technical solu-
tion [13, p.4], which uses adhesion technology. How-
ever, current implementations of this technology are
characterized by an extremely low speed of movement
of the robot due to the effect of slow adhesion. This
property still prevents the industrial use of adhesion as
a method of fixing the robot to a surface of arbitrary
orientation. Thus, the problem of synthesizing mobile
robots capable of performing technological operations
in a space of arbitrary orientation is topical.

2. Solution of the problem under consideration

In contrast to the above, the concept of improving
robots of arbitrary orientation based on three funda-
mental principles of the synthesis of mobile robot de-
signs is proposed:

1) Accumulation of potential energy at each pre-
vious step of the robot's movement and subsequent
conversion to kinetic energy at the next step of the
movement.

2) Integration of drives of longitudinal, vertical
displacement, and also drives of change of orientation
of the robot according to the set route.

3) The use of traction generators (aerodynamic
lift forces) as a means of counteracting the gravita-
tional force to increase the technological load while
simultaneously reducing the power of clutch drives
and the movement of robots.

As technical means of implementing these prin-
ciples of synthesis, consider the corresponding models
of robots of arbitrary orientation. In Fig. 1 shows a
mobile robot [14, p. 2] realizing the first of the above
mentioned principles, namely having the ability to
accumulate potential energy at each previous step and
converting it into kinetic energy of motion at each
subsequent step of displacement.

4 5

Fig. 1. The robot model of arbitrary orientation with the accumulation and transformation of energy

On the robot body 1 are mounted rotary pneumat-
ic actuators 2 connected through a gear train 10 with
running mechanisms 3. When the elastic members 4
are compressed due to the rotation of the legs of the
robot, the potential energy is accumulated during the
first half of the step, and in the second half of the step,
these elements convert the potential compression en-
ergy in the kinetic energy of the robot's motion [15, p.
117; 16, p. 10]. To implement a plane-parallel motion
along the vertical, the robot is equipped with parallelo-
grams 5. The latter connect pedipulators with vacuum
grippers 6 that hold the robot on a surface of arbitrary
orientation. Also, the robot is equipped with a control
unit 7 and a power supply module 8. To overcome
obstacles on the moving surface, the robot is addition-
ally equipped with rolling bearings 9.

Volumes of the potential and kinetic energy of
the robot motion at different stages of displacement
can be determined using Lagrangian equations of the
second kind.

The kinetic energy T; of the robot's foot free from
adhesion to the moving surface will be

1
T, = > J (Vg +Vy, ), 1)

where: Vyi, Vy1 — the velocity projections on the
coordinate axis 0xyz; m — the mass of the robot.

Pedipulator of the robot, whose grips are engaged
with the surface, performs a rotary motion with angu-

lar velocity [31. The expression for the kinetic energy
of a supporting leg of mass m; and radius R can be
obtained from expression (1) after integrating it, sub-
stituting the velocity of the translational motion of the
robot V = 0 and the angular velocities of the pedipula-

tors B, = B,

mR? .
16 B @)
Thus, the movement of the robot at each second

half of the cycle occurs due to the energy accumulated

T, =
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at each first half of the travel step. This allows 40% ...
45% to reduce energy costs for the movement of the
robot and to direct the resulting energy reserve for the
execution of technological operations. Pedipulators
work with elastic elements (Fig.1, pos.4), which per-
form the function of accumulation of potential energy
during the first half of the cycle of displacement.

The main characteristic of elastic elements is
their rigidity j — parameter, which determines the force
of compression of these elements, and hence the value
of the accumulated potential energy in the first half of
the step of the pedipulator.
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Fig. 2. The effect of the elastic element j (N/m) on the work performed in the step 1> 45° of the robot movement

In Fig. 2 shows the dependence of the variation
of work "A" on the stiffness of the elastic element j
(N/m) and the forces of weight in the second stage 5:>
45° of displacement, that is, during the transformation
of the potential energy into the kinetic energy of the
robot's motion. At the second stage of displacement

45’ < B, <90° drive the of pedipulator is turned

off to save energy resources of the robot, and it moves
only due to kinetic energy. Analysis of these graphs
shows that to increase the kinetic energy of the robot
movement, it is advisable to increase the rigidity, de-
spite the fact that in this case the counteraction to the
drive increases in the first half of the step, that is, the
efficiency of the drive decreases. However, this nega-
tive manifestation can be compensated for by an in-
crease in the transmission ratio (see item 10, Fig. 1) of
pedipulators.

The second principle, as noted above, involves
the integration of displacement drives [17, p. 6] with
the aim of reducing them, and hence of reducing the
mass of the robot. It is known that in the Cartesian
space we have six degrees of freedom — three transla-

tional movements and three rotational, each of which
according to the classical solutions corresponds to an
autonomous drive. The method of Fig. 3 — technical
implementation of this principle eliminates the need
for drives for each of the coordinate axes. To do this,
the robot is equipped with flexible running mecha-
nisms 2 mounted on the body 1. Each pair of legs of
the robot through the transmissions 3 is provided with
electric drives 4. The grippers 5 keep the robot on the
surface moving, and the rotary actuators 6 change the
position of the grippers relative to the displacement
surface. The robot platform has a power supply unit 7,
a hydraulic or pneumatic valve unit 8 and a gas or
liquid pressure generator and a controller 9 for con-
trolling the robot. Due to the fact that each foot of the
robot is made in the form of a compressed set of hem-
ispherical rings inside which corrugated pipes are
placed under different pressures, the robot has the
ability to work in different coordinate systems: rec-
tangular Cartesian, spherical and cylindrical without
additional drives on each axis of coordinates.
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Fig. 3. Model of the robot with flexible pedipulators

In each leg of the robot there are four corrugated
pipes. Two pipelines with pressure p1 p, are placed in
a vertical plane and two other pipelines — in a horizon-
tal plane with pressure ps and ps. Due to the action of
these pressures, forces appear that, while bending the
robot's leg, orient the robot in the technological space:

F:piz' F,=p ﬂz F:p”—dz' F:piz ®)
114,224,334,444,
where d — the internal diameter of the corrugated
tubes. Since the axes of the pipelines are offset from
the pedipulator axis by the eccentricity e, there are mo-
ments M; and M that flex the robot's leg:

7d? 7d?
M1 :T(pl_ pz)e; Mz :T(p3_ p4)e (4)

where: e — eccentricity of placement of corrugat-
ed pipelines in the plane of the coordinate system.

To develop a robot, it is necessary to establish a
connection between the forces of adhesion of its legs

to the displacement surface and the permissible tech-
nological load to ensure the reliability of its industrial
operation. Having formulated the system of equilibri-
um equations on the basis of the Herman-Euler—
D Alambert principle (here we omit the record for
brevity), we find the corresponding reaction forces
N1, and the frictional forces Q12 by the robot foot to
the displacement surface and then compare them with
the technological load N in depending on the angle &
of the robot inclination to the horizon.

The reaction forces of N and the frictional forces
Q2y of the robot supports with the displacement sur-
face are determined as follows (the designation of the
parameters, see Fig.3):

N, =Q, +8,G—b;N; sz =d,G+h,N (5)

where for the compactness of the incoming val-
ues of variables is denoted:

a,=db, —bd,/A; b,=b,h +bh,/A; d, =y cosa -z sing;
b, =X, cos(p—a); d; =d,a —d,a,/A; hy=h,a +ah/A;
a =Y, cos(p—a)+1z,sin(p-a); a, =-X,sin(p-a);
d,=x.singa; b =y,sin(p—a)—z,c08(p—a); h =y, cosy+z siny; h, =x.siny; A=ab, —ba,;

X2, Y2, Z2 — coordinates of the contact point of the
second leg of the robot with the displacement surface;
Xe, Yo, Zc are the coordinates of the center of gravity of
the robot; o, ¢ — angles of inclination to the horizon of
surfaces on which the robot's legs rest; v is the angle
of inclination of the central axis of the robot passing
through its center of gravity G (see Fig.3). Then, from

the same system of equilibrium equations, we find the
remaining unknown reactions Ny and the frictional
forces Quy:

N,=Q +Ga, ~Nh,; Q, =Gh, +Nh,,(©)

where also for the compactness of writing varia-
bles is defined:

a, =Cosa —a, cos(¢p—a)—d,sin(p—a); h, =cosy —b, cos(p—a) +h,sin(p—a);
h, =sina —d, cos(p—a) +a,sin(p —a); hy, =siny —h, cos(p—a) —b, sin(p—a).

For the stability of the robot, the frictional forces
of each of its legs must not exceed the boundary val-
ues:

Qly <uNg; sz <uNy; N;>0; N, >0, (7)

where u — the coefficient of friction of the grip of
the robot's leg with the surface along which the robot
moves. Substituting in expression (7) the expressions
above the found reactions of forces (5) and (6), we
find limitations for the technological load of the robot
taking into account the forces acting on it:
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N,>0=N<

N < 4 +C(a—d;) p#Q +G(ua, —h)

Q +Ga,

X N2>O:N<%;
(8)

h + b,
Among the values of the reaction N of the tech-
nological load calculated in accordance with condi-
tions (8), we choose the largest, which simultaneously
satisfies all inequalities, which allows to determine the
maximum technological load of the robot, for exam-
ple, for drilling, rivets, dowels, etc. technological op-
erations.
As a result of the simulation, the limiting values
of the technological load are obtained (Fig.4): curves 1
and 2, respectively, determine the separation states
from the displacement surface of the first and second

’ h6 + :Uh4
legs of the robot, and curves 3 and 4 are the beginning
of slippage of the said robot legs, respectively.

The robot of arbitrary orientation can be on such
surfaces as a floor, a wall or a ceiling. Accordingly, if
the robot is on the floor, then in the above dependenc-
es it is necessary to substitute the value
p=0°, a=0% if on a vertical wall, then
»=90°, =90° and if on the ceiling, then

¢ =180, o =180"and so on.

NN)
800
700 \\\
600 | n
VN N
" \ ‘&
500 % \\
s N N4 iy
400 NS
- T
300 . S~
N4
200 \\ ,/
06 b | o
0 20 40 60 80 100 120 140 160 180

Fig. 4. Graphs of the boundary values of the technological force N of the robot as a function of the angle « of the
inclination to the horizon

And, finally, the third principle — the use of trac-
tion generators as a means of counteracting the gravi-

tational force is realized by the robot [18, p.6], shown

in Fig. 5. Like the previous one, it also has flexible
pedipulators 2, grippers 3, gear 4 and electric drives 5
on the body 1.

Fig. 5. Mobile robot with pneumatic generator of aerodynamic lift

The main difference of this robot is the installa-
tion in the center of its masses suspension Cardan 6
with three degrees of freedom and a pneumatic gener-
ator of traction 7. The location of the thrust generator
on the Cardan suspension allows the thrust generator
to maintain the coincidence of the lines of action of
opposing forces: the rise of G; and the gravitational

force G, regardless of the position of the robot in the
XYZ space. This principle allows us to differentiate
the approach to regulating the lifting force of the ro-
bot, depending on its orientation in space.

Similarly to the previous case, from the system of
equilibrium equations of the robot determine the forc-
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es of normal reactions N; of the legs of the robot and
the corresponding frictional forces Qi (see Fig.5):

Nz :blz(G_Gl): (9)

where: G — the weight of the robot; G; — traction
force; o - angle of inclination of the plane of move-
ment of the robot to the hori-
zonby, = cosay, —sinaz, /2y, ; Ye, zc — coordinates
of the center of gravity of the robot; y2 — coordinate of

contact with the moving surface of the second part of
the robot.

The frictional force Qi and the normal reaction N;
are determined as

1 1
Qly =(G-G))(~ub, +Esin a);N; =(G-G))(-b, +Ecosa).

As can be seen from the graphs of Fig. 6 with
positive reactions N1 and N with the angle of inclina-
tion of the displacement surface a < 54°, the weight of
the robot increases the technological load.
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Fig. 6. Graphs of the dependence of the normal reactions N1, N, of the robot on the angle « of its inclination to
the horizon

This means that the inclusion of the jet engine is
more suitable for the values of the angle of inclination
of the robot to the horizon at o > 54°. Of course, the
critical angle of inclination depends on the other cen-
trifugal characteristics of the robot. However, using
the generator of aerodynamic forces ensures reliable
retention of the robot on surfaces of arbitrary orienta-
tion with any structural and technological parameters
of the robots. To calculate the critical angle of inclina-
tion to the horizon and, accordingly, to regulate the
force of the reactive thrust, that is, the aerodynamic
force of the pneumatic generator, it is necessary to
take into account other characteristics of the robot.

3. Results and discussion

Creation of means for accumulation of potential
energy of drives with the subsequent transformation
into kinetic energy of movement of the robot, and also
integration of drives allows reducing considerably the
general power that provides reduction of gravitational
load.

The use of a pneumatic motor as a means of
counteracting the gravitational force makes it possible,
when adjusting the traction force, depending on the
angle of the robot's inclination to the horizon, to in-
crease the reliability of holding the robot on the sur-
face of an arbitrary orientation.

A fundamentally new realization of the legs of
mobile robots in the form of a set of hemispherical
rings and corrugated pipelines at different gas or lig-
uid pressures makes it possible to achieve an arbitrary
orientation of the mobile robot in different working
spaces: a rectangular Cartesian, spherical and cylindri-
cal coordinate system. This effect ensures the expan-

sion of technological capabilities of mobile robots of
arbitrary orientation in the technological space.

4. Conclusion

The concept of the synthesis of mobile robots is
based on three principles of constructing their designs.
These principles can be used autonomously and in
combination, depending on the technological purpose
of the robot and its profitability, which, in turn, is de-
termined by the area of industrial operation. The pro-
posed approach to the synthesis of mobile robots can
reduce the weight of structures by reducing the total
number of drives. This increases the energy resource
for improving the efficiency of both transport and
technological operations performed by the robot in
various areas of industry. The next stage of the re-
search is the experimental approbation of this concept
of the synthesis of mobile robots.
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OF THE BREWERY TECHNOLOGICAL COMPLEX

Romanov N.
PhD, National University of Food Technologies, Kiev
Svitoch 1.

PhD student, Igor Sikorsky Kyiv Polytechnic Institute, Kiev

Macebula D.

PhD student National University of Food Technologies, Kiev

UJIEHTUO®UKAIIUSA MATEMATHYECKHUX MOJEJEN B XAPAKTEPHBIX CUTYAILIAAX
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Abstract

Goal. The purpose is to create mathematical models that allow to describe such basic qualitative
characteristics of brewing process as quality of production at all stages of the production process, productivity

and losses.

Method. To pass the passive experiment in the production conditions of the brewery according to the results
of which (data of measurements of technological parameters and data of laboratory analyzes) to carry out the
identification of mathematical models. In the Matlab, using the least squares method, evaluate the competitive
models of certain structures and the parameters of these models based on the criteria: determination, Akaike

information criterion, Hawking and Fisher statistics.

Results. The use of the above criteria of adequacy allowed us to select the optimal model structures for each
situational-significant area in terms of their accuracy and complexity.
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Scientific novelty. On the basis of the conducted research, models were developed describing the
dependencies of the output process variables, which were the main qualitative indicators that can be quickly
measured by objective methods and definitely characterize the quality of semi-finished products and finished
products (malt extraction, concentration of hopped wort, stage of fermentation), equipment productivity, specific
losses of resources at each stage of production depending on the regime parameters and input products. Models
were determined with fuzzy values of input variables.

Practical significance. The created models can be used to create new or to improve the existing systems of
automation of brewing processes.

AHHOTAIHSA

Heﬂb. L[eJ'IL pa60TI>I 3aKJIIYacTCAa B CO3JaHUM MAaTEMaTHYCCKUX Moaeneﬁ, MO3BOJIAKONIUX OMHUCAThL CICAY-
IOIHUC OCHOBHBIC KAUCCTBCHHBIC XAPAKTCPUCTUKU IMPONLCCCAa MUBOBAPCHUA KaK KAa4Y€CTBO IMPOAYKIHWU Ha BCEX
CTaludAX NPOU3BOJACTBCHHOI'O ITpoLecca, NpOU3BOAUTCILHOCTL U IOTEPU.

Meronuka. IIpoBecTr naccUBHBIN 3KCHEPUMEHT B IPOU3BOACTBEHHBIX YCIOBUSX MHB3aBOJA IO PE3yJbTa-
TaM KOTOPOTO (IaHHBIE M3MEPEHUI TEXHOJOTMUECKUX MMapaMeTPOB M JaHHBIC JTa0OPaTOPHBIX aHAJIH30B) OCYIIe-
CTBHUTH WIACHTU(DHUKAIMIO MaTeMaTHnieckux mozpeneil. B cpeme Matlab meTomomM HanMEHBIINX KBaJIPaTOB, OIlE-
HUTb MOJIEIN-KOHKYPEHTBI ONPEAEICHHBIX CTPYKTYP U IapaMeTpbl 3TUX MOJEIEH Ha OCHOBE KPUTEPUEB: AETEP-
MUHAIWHU, THPOPMAIIMOHHOTO KPUTEpHsI AKanke, CTaTHCTUK XOoKuHTa 1 Durrepa.

PeSynLTaTBI. Wcnone3oBanue MNPUBCACHHBIX KPUTCPHUCB AACKBATHOCTU MO3BOJINIIO OCYIIECCTBUTH BLI60p OII-
TUMAaJbHBIX CTPYKTYpP MOJENEeH [UIsl Ka)XJO0H CUTYallMOHHO-3HAYMMOW 30HBI C TOYKH 3PEHMs MX TOYHOCTHU U
CJIO’KHOCTH.

Haquaﬁ HoBHU3HA. Ha ocHOBaHun MMPOBEACHHBIX I/ICCJ'IC}IOBaHI/IfI CO3aaHbl MOACIIN, OITUCHIBAIOIINEC 3aBUCH-
MOCTH BBIXOJHBIX NEPEMCHHBIX IPOIECCCa, KOTOPBIMHU 6I>IJ'II/I OCHOBHBIC KAaYCCTBCHHBIC IMOKa3aTCJIM, KOTOPLIC
MOTYT OTIEPATUBHO MU3MEPATHCSI OOBEKTUBHBIMU METOJIAMU M M3HAYAILHO XapaKTEePU30BaTh KAueCTBO mMorydao-
PHUKATOB U TOTOBOM NpOoAYKIIMN (C-)I(CTpaKTI/IBHOCTL CoJI0Aa, KOHICHTpAIHA OXMCJICHHOT'O CyClid, CTCIICHb c6pa-
)KI/IBaHI/IFI), MNpOU3BOAUTCIIBHOCTD O6OPYHOB3HHH , YACJIbHBIC IIOTCPU PECYPCOB Ha Ka)K,I[Oﬁ CTaJiuu Mpon3BOACTBA
B 3aBUCUMOCTH OT PCIKUMHBIX NMAPAMETPOB U BXOJI[HOﬁ OpoAYyKIHH. MOI[CJ'II/I OIpPEAC/IIMCh TPU HCYCTKUX 3HA-

YCHUAX BXOJHBIX INCPCMCHHBIX.

HpaKTqucxaﬂ 3HAYUMOCTb. COSHaHHBIe MOJCIN MOT'YT OBITh UCITOJIB30BaHbI JUIA CO3daHHA HOBBIX UJIM CO-
BCPHICHCTBOBAHUA CYIICCTBYIOIUX CUCTEM aBTOMATU3AMH TCXHOJIOTUYCCKUX MMPOLCCCOB IMMBOBAPCHUA.

Keywords: brewing, fuzzy values of variables, identification of mathematical models, situational-

significant zones.

KiloueBble cjioBa: MMMBOBAPCHUEC, HECUYCTKUC 3HAYCHUSA NECPEMCHHBIX, I/II[GHTI/I(bI/IKaHI/ISI MATEMATUYCCKUX

Moz[eneﬁ, CUTYallTUOHHO-3HAYMUMBIC 30HBI.

[TuBoBapeHHas! POMBIIIIEHHOCTD SIBISETCS OJl-
HOM M3 BEIyIMX OTpacieil MUIIEBOM MPOMBIIIJIEHHO-
cti YkpawHbl. OCHOBHBIMH HaIlpaBJICHUSIMH IOBBI-
meHns 3(GQEKTUBHOCTH MHBOBAaPEHHOTO IIPOHM3BOJI-
CTBa SIBJIAIOTCS: YIy4IIEHHWE KauecTBa INPOAYKIIHH,
MOBBIIIEHHE TTPOU3BOJUTEILHOCTH TEXHOJIOTHUECKOTO
000pyZIOBaHUS M PALMOHAIBHOE HCIOJIb30BaHHUE
SHEPTeTHUECKUX U MaTepHABHBIX pecypcoB. TexHo-
JIOTHYECKHUE TMPOLECCH B MHBOBAPEHUH XapaKTEPH3Y-
IOTCSI, KaK MPaBWIIO, OOJBIION CI0KHOCTBIO U Pa3HO-
obpasuem. OOmIEH XapakTepHON 4YepTOl BCEX CyIile-
CTBYIOIIMX TEXHOJIOI'MYECKUX IPOLIECCOB SIBISETCA TO,
YTO ISl TPeoOpa30BaHUH HUCXOMHOTO CHIPbS, MaTepH-
aya win nosry(habpukara B ONpEIEICHHBIH KOHEUHBIH
MPOJYKT, HEOOXOANMO OOJBIIOE KOJNYECTBO (YyHK-
IIMOHAJILHO OTJIMYHBIX CTENEHel nepepaboTKy.

Jdnst  meneHampaBiI€HHOTO  TEYEHHS  OTHX
MPOLIECCOB HA OTHCNbHBIX CTYIEHSX WJIM Ha WX
KOHKPETHBIX CTAJHAX HEOOXOJUMBbI PAa3JIHMYHbIC BUJIbI
SHEPrHH, BCIIOMOTATEIbHBIX BELIECTB U HHPOPMAIIHH.
VYCrnoBust U pexRUMbI pean3alui OTACIbHBIX CTaIHui
TEXHOJIOTHYECKUX  TIPOLIECCOB  MOTYT  TaKxke
3HAYUTEIBHO OTINYATHCS (IIEIOYHBIE, KHCIIOTHBIE,
MacjsIHUCTBIE M JIDYyTHE  CPEAbl;  BBICOKHE
TEeMIIepaTypbl WJIM HH3KHE, BBICOKOE JaBJICHHE U
BaKyyM; CTaTH4ecKas Harpyska Wi BuOpanus;
MOIIHBIE 3JIEKTPOMArHUTHBIC ToJist U T.1.) [1].

Hecmotps Ha OoiplIoe KauecTBEHHOE M KOJIM4e-
CTBEHHOE pa3HOOOpa3ne OTHEIbHBIX TEXHOJIOTHYE-
CKHX IPOIIECCOB, UX Pa3IMYHbIE MaclITaObl, PEKUMBI
1 yCJIOBHS peajiM3alliy, BCE OHU MMEIOT O0IIe CBOH-
CTBa: OHHM CTPYKTYPHO CIJIOXHBI, COCTOSAT W3 OTHEINb-
HBIX YacTel WMJIM 3JIEMEHTOB; NepepadaThIBalOT Belle-
CTBO, SHEPTHI0 WIIM MH(POPMAIHIO; CBSI3aHbI C JAPYTH-
MH  TEXHOJOTMYECKUMH HIH  COIYTCTBYIOUIMMH
HpOIIeCCaMH.

AHanu3 paboT Mo TEXHOJOTMU U aBTOMATU3AlUU
MTUBOBaPEHHBIX MPOU3BOJICTB OKA3all, 4TO CO3/IaHbI
HEOOXOANMBIE TEXHOJOTHYECKUE YCIOBUS Uil obec-
nedeHus:  3QQPEKTUBHOTO  aBTOMAaTH3MPOBAaHHOIO
YIIpaBJIEHUs IPOU3BOICTBEHHBIMH IIPOIIECCAMHU TTHBO-
BapeHus. Cpean Takux paboT MOXKHO BBLAEIUTH pabo-
Tl yueHblx B. Kynne, JI. Haprucca, B.A. Jlomapen-
Koro. B obmacti aBTOMarn3anuu MpOU3BOJCTBEHHBIX
MPOLIECCOB HEOLIEHHUMBIM BKJIAJIOM SIBIISIOTCS PaObOThHI
yuenbix: I1. Tenuca, JI.Tpetsxk, E. Eroposa. CeTenen-
TPUYECKHI MOJIXOM B 00JIACTH YIPAaBJICHHS Pa3BUT B
paborax C.A. KOmmukoro, FO.C. 3arymuserpa, C.A.
Kymxa [2,3]. VMcnonb30BaHHe CIEHAPHOTO MOAXOJA
[IPY YIPaBJICHUH CIOKHBIMH 00BbEKTaMH 00O0CHOBAHO
B paborax B.B. Kyms0e, C.A. Kocsuenko,
J.A.Kononosa [4]. O0001masi, MO>KHO OTMETHUTb, UTO
OTCYTCTBYET KOMIUJIEKCHBIH MOIXOJ K IpobieMam
ABTOMATH3MPOBAaHHOTO  YIPABJICHHUS TEXHOJOTHYe-
CKMM KOMIUIEKCOM IMB3aBoja B LeioM. Ha ocHoBe
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aHaM3a TPUHINIIOB YIPABICHUS CIIOKHBIMH TEXHO-
JIOTHYECKIMH KOMITJICKCAMHA M JOCTIKCHHH COBpe-
MEHHOH TEOpHH W TNPAKTHKH aBTOMAaTH3UPOBAHHOTO
VIOpaBJICHUS OIpeIeNieHbl aKTyalbHBIE TPOOIEMBI
CHCTEM YIIPaBJICHUS THB3aBOIOM.

Heo0xonnMocTs TITaHUPOBAHNUS HA MIPEAIPUSTHH
B YCJIOBHUSIX BBICOKOH HM3MEHYMBOCTH OKpYXaromei
Cpelsl CBSi3aHA C HEONPENENIEeHHOCThIO, PUCKOM, a
3HAUUT U C TMOSBJICHUEM NPOOJIEMHBIX CUTYyalMid Ha
npeAanpustud. [IpuynHON mOSBICHUS HPOOIEMHBIX
WIA KPHU3UCHBIX CHUTYallUil MOXET OBITh HE TOJBKO
00BEKT, HO ¥ CYOBEKT yIpaBIIeHUSI.

Bo3HUKHOBEHHE PA3IMYHBIX CUTYaLUH, ONACHBIX
JUTSL TIPOWU3BOJICTBA U B IIEJIOM [UIS TIPENNIPHUATHS, 00B-
eKTUBHO XapaKTepU3yeTcss OONBIINM KOJIHIECTBOM
B3aWMOCBS3aHHBIX (PAKTOPOB, ITOBBIMIAIONINX CIIOXK-
HOCTH ympaBieHHs. [IpakTHka MOKa3bIBaeT, YTO IMpPO-
ONeMHBIC CHTyallMd BO3HHUKAIOT W IPOTEKAIOT IIO-
pasHoMy. Hu onHa IpOHM3BOJCTBEHHAss CHUCTEMa HeE
(YHKIMOHHUPYET B BaKyyMe, €€ OKpY>KaeT OueHb pas-
HOpoJHas cpena. Bce, 4To HaxonuTcs BHE NMpeanpus-
THsI, B TOM WM UHOW CTENEHU MOCTOSHHO BIIMAET Ha
Hero. JTO BIMSHHE NMPOTEKaeT BO BPEMEHH HEpaBHO-
MEpPHO WJIH MEePHOANICCKH C Pa3HON CHIOW U MPOSB-
JseTCs HEOAMHAKOBO. [Ipeanpuarue MOMMHKHO XOPOIIO
3HATh HE TOJBKO Cpely, B KOTOPOW HAaXOAWTCS, HO U
YMETh aJleKBaTHO pearupoBaTh Ha KaKIO€ W3 BHEII-
HHUX BO3IEHCTBUH.

Jiis monmydeHnsT MaTeMaTHYECKUX MOJCIeH Ui
OLIGHKH KPUTEPHUEB ONTUMAIBHOCTH B CHUTYaI[MOHHO-
3HAUYMMBIX 30HAaX B TPOU3BOJICTBEHHBIX YCIOBHIX
nmuB3aBoga [TAO «O060510Hb» OBLT MPOBEICH MACCHB-
HBI SKCIIEPUMEHT, B XOJE KOTOPOTO OCYIIECTBIS-
Jlach, ¢ MHTEPBAIOM OOECIEYHBAIONINM CTATHCTHYE-
CKYI0 HE3aBUCHMOCTh U3MEPEHUIl, UKCcalsi KOHTPO-
JHPYEMBIX TepEeMEHHBIX, XapaKTepU3YIOIINX
TEXHOJIOTHYECKUE TMPOIECCHl TPUTOTOBJICHUS ITHBA
(oO1ree KoIMYECTBO MepeMeHHbIX 31).

[lo pesympTaTram 3KCHepUMEHTa (IaHHBIC H3Me-
pPEHHI TEXHOJOTHYECKHX MapaMeTpOB W JaHHBIC Ja-
OOpaTOPHBIX AHAIM30B) OCYMIECTBILUIACH MICHTH(HU-
KaIlusi MaTeMaTHIeCKUX MOJeNIeH MeTOJJOM HauMEHb-
IKMX KBaaparoB B cpene Matlab, rae oueHuBanuch
MO/JIE/IN-KOHKYPEHTHI ONPEAETICHHBIX CTPYKTYp U Ta-
paMeTpsl 3THUX MOJAENed Ha OCHOBE KPHUTEPHEB: Je-
TepMUHAINY, WHPOPMALIMOHHOTO KpUTEpUs AKauke,
cTaTUCTUK XokuHra u @uimepa. Mcnons3zoBaHue npu-
BEJICHHBIX KPUTEPUEB aJEKBATHOCTU MO3BOJMIO OCY-
IIECTBUTHh BBIOOP ONTUMAIIBHBIX CTPYKTYp MOJEINeH
JUISL KaKIOW CHUTYallMOHHO-3HAYUMOM 30HBI C TOUYKH
3pEHUs] UX TOYHOCTHU U CIIOKHOCTH.

Mopen omnMchbIBaIM 3aBUCUMOCTH BBIXOJHBIX
MepEMEHHBIX MpoIiecca, KONMHU OBUTH OCHOBHBIEC Kaue-
CTBEHHBIE IOKAa3aTeNH, KOTOPBIE MOTYT OIEPaTHBHO
MU3MEPATHCS OOBEKTUBHBIMH METOJAAMH U W3HAYAJIBHO
XapaKTepu30BaTh KadyecTBO MOTy(haOpUKaTOB M TOTO-
BOM NpOAyKIWH (IKCTPAKTHBHOCTH cojofga E, koH-

nenTpamus oxmenensoro cycnaC,,,, crenens copa-
KUBAHUSA O 36p)> IPOM3BOAUTENIBHOCTE 000PyOBaHMS,

yAETBbHBIE TTOTEPH PECYPCOB Ha KAXKIOH CTaTuH IIPO-
W3BOJICTBA OT PEKMUMHBIX ITapaMETPOB W BXOIHOM

NpOAyKUMH. Mozeny OonpenesyIuch IPH HEYETKUX
3HAYECHUAX BXOJHBIX IEPEMEHHBIX.

O0paboTKa SKCIIEPUMEHTAIBHBIX ITaHHBIX OCY-
LIECTBIUIACH METOJIOM HAaWMEHBLIMX KBaIpaToB, KO-
TOPBIA IMO3BOJAET IO SKCHEPHMEHTAIBHBIM JaHHBIM
moIo0paTh TaKyl AHAJUTHIECKYIO (YHKIHIO, KOTO-
past HOAXOAUT HACTOJBKO OJIN3KO K 3KCIEPHUMEHTaNb-
HBIM TOYKaM, HACKOJIbKO 3TO BO3MOXHO [5].

Wnes MeToa HAMMEHBIIUX KBaJPaTOB 3aKJII0Ya-
€TCsl B TOM, YTO (DYHKITHIO:

Y ="f(xa,a,. 2) @)

HE00X0MMO MOA00paTh TaKUM 00pPa3oM, YTOOBI
CyMMa KBaJIpaTOB OTKJIOHCHHI W3MEPEHHBIX 3HaYe-
HHU y; OT pacyeTHBIX Y Oblila HAUMEHBIICH:

n
2 -
S=>Iyi—f(x,a,a,..8,) = min (2)
i=1
3ajaya CBOAMTCS K ONpeeIeHHI0 K03 dHULneH-
TOB a; U3 ycaoBust (2). lis ee peneHus He0OX0AUMO
COCTaBUTb CUCTEMY YPaBHEHUI:
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JlanbHeWuii pacyer BBINOJHIETCS Ha OCHOBE
QITOpPUTMAa BBIYUCIICHUS CPEIHEKBAIPaTUIHOTO OT-
KIIOHEHUS, a TAK)Ke IPYTHX KPUTCPHUCB.

[lpu mocTtaHOBKE 3aJa4ydl TPEAIIONAracTcs, YTO
CTPYKTypa MaTeMaTHYeCKOH MO HW3BECTHA, IIO
TEOPETUYECKUM OCHOBaM M OCHOBHBIM THIIOTE3aM O
MEXaHHM3MaXx SIBJICHUH, KOTOPbIE TIPOUCXOMAT B TEXHO-
JIOTUYECKUX TPOoIeccax MUBOBAPEHHOW MPOMBIIIIIEH-

HoOCTH [6,7].
MeToa HaWMEHBIIUX KBAJAPAaTOB PEaM30BaH C
NOMOIIBI0  MpOrpaMMHOro  cpencrea  Matlab

Optimization Toolbox. B 3aBucuMocTH OT TOrO Kak
mapaMeTpel BXOIAT B aHAIUTHYCCKYIO 3aBHCHMOCTH
(4), MBI TIOITy4aeM WM JTHHEHHYIO, WU HEJIHMHEHHYIO
GyHKIHIO.

[TonuHOM MMeeT cienyromui BUL:

Y = AX? +BX,? +CX, X, + DX, +EX, +F (4)

ne A, B, C, D, E, F — uckomsie ko3huiimeHTs
MTOJTTHOMA.

B kauectBe mpmMepa, pacCMOTpPHM IOCTPOCHHE
MOJICNIH JJIs HEKOTOPBIX OCHOBHBIX KOHTPOJIHPYEMBIX
MEPEMEHHBIX MPOLIECCOB MUBOBAPEHUSI.

Mojenp KaueCTBEHHOrO IIOKa3aTels Ipolecca
NMOJTy4YeHHs TOBAPHOTO COJIOAA.

JlaHHas Mopenb COOTBETCTBYET 00JIacTH H3Me-
HEHUSl NapaMeTpa HEYETKOro MOHATHUS "DKCTPaKTHUB-
Hocth" "BeIcOKas". Ilpu »ToM, uncno Komnbaxa "BBI-
COKo€", cojiepXaHne PEeAyIUpPYIONINX caxapoB "HOp-
Ma", BpeMsi ocaxapuBaHus "HopMma'" BIarocoepikanue
comona "Hopma', colIep)kaHWE a30THCTHIX BEUIECTB
"Hopma", TemmepaTypa cymieHus "Bbicokas". Ioiry-
YIJTH TTOJICHOM CIIETYIOIIETro BUIA!
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) =0,629K +0,040083C ., +0,2004417 7,,, +0,6756391 ., +

+0,040861W,,,, —0,01366 K 2 ~0,00174 KC .., —0,0087 K7,,, ~0,00085C ,,,y7,, -

~0,001387,,” —0,0000556 C .., +0,4249 Kt

cyut

~0,00019t,,W,,, —5.383

rae E - skcrpaktuBHOCTB, %; K - 4mcno Kob-
baxa, %; C peo - COACPIKAHME PEIYLHUPYIOLINX Caxa-

pos, 1/100r cyxoro BeuecTsa; 7,, - BpeMs Ocaxapu-
. ocr.
BaHMs, MUH.; 1., - Temneparypa cymenus, °C; W,

- BJIArOCoOZIepKanue cojonaa, %;

cyut

+0,0257 KW, +0,02708C st + ®)
+0,00163C W, +0.1354t,, W, +0,008197,,W,,, —0,00156t

2 _0,0000057W,, % —

cyut

Pemmenne ypaBHeHHs perpeccHy IPHUBEICHBI HA
puc. 1, U3 KOTOPOro BHAHO, YTO IPH POCTE TEMIIEpa-
Typsl cymeHus n 4yucina Konapbaxa SKCTPaKTUBHOCTH
YBEIMUUBACTCA U COOTBETCTBEHHO BBIXOJ JKCTPAKTa
13 COJIOAA YBENUYHUTCS, YTO IIPHBOAUT K MOBBIIICHUIO
IIPOU3BOIUTEIBHOCTH y4acTKa.

- extractivnist vs. vologovmist_norm, azotisti_rechovini_norm with t_otsukr_norm

extractivnist
=l
=l
o
[

76.5 —

76 —

75.5 —

75 —

5.6
5.3

10.6

1
11.2

5.2 51 azotisti_rechovini_norm

wvologovmist_norm

Puc. 1. H3menenue s3kcmpakmueHOCmMu mogapHo20 col00a Npu HeYemKux 3HAYeHUAX NePemMeHHbIX YUCLO0
Konvbaxa "svicokoe", cooepacanue pedyyupyrowux caxapos "Hopma', epems ocaxapusanus "Hopma”
enazocooepoicanue conooa "nopma", cooepoicanue azomucmoix geujecms "nHopma', memnepamypa cyuienus
” ”
sbicokasn”.

MOI[CJ'IB TPOU3BOJAUTEIIBHOCTH IIporecca moJry-
YCHHUS TOBAPHOTO COJI0AA.
W3menenue napamMeTpa HCUCTKOI'O IMOHATHUSA BbI-
Al

XOJ] 9KCTpaKTa "BBICOKUH" MpHU CoeprKaHUE IKCTPaK-
Bux (Bm t

excmp

~4,75976C .., —0,01066 By
+0,000508 Bt K

excmp! ‘eyw s
2
ekemp

3az

~0,0009K,,.” —0,03825C,,,* —0,00193 K

rae Bux

- o/ .
exemp™ BBIXOI OKCTpakTa, %; Bm

excmp”

colepxkaHue dKCTpakra, %; 1., - Temieparypa cy-

menus, °C; K,,, - o0mas KUCIOTHOCTS, cM® pac-

tBopa NaOH konim. 1 moms/am® B 100cm® cycna;
C peo ~ COZICPIKAHHIE PEIYLHPYIOMIUX Caxapos, r/100r

CYXOr'0 BCHICCTBA,

K 101 C o) = 0,355638 B

0,05824t
+0,019646 B, peo +0,0027761,,, K .. + 01073t .,,,C

Ta "MEHbIIE HOPMBI', TeMmIepaTrypa CyIIEHHUs 'Hop-
Ma'", o0mmas KUCIOTHOCTH "BBIINIE HOPMBI"', COIEpiKa-
HHUE PelylHPYIONINX CaxapoB 'BBIIIE HOPMBI' MPOHC-
XOJMT TI0 MOJIETIH BUJA:

exemp +1,042362
2 _0,01803 Bu

~012312K,,, -

cyut

+

cyw excm pt cyw ( 6)

cyw ™~ ped

302C peo +63,24

Pemenne naHHOTO OJIMHOMA ITOKAa3aHO Ha PHC.2,
U3 KOTOPOTO OYEBHIHO, YTO MPH COJAEPKAHUIO IKC-
TpakTa "MeHbIIIE HOPMBI", ¥ 3HAYCHUSAX TEMIIEPaTyPHI
cymenns "Hopma", oOmed KHCIOTHOCTH "BBIIIE HOP-
MBI", COIep:KaHUS DPENYHUPYIOIINX CaxapoB '"BbINIE
HOPMBI", MBI CMOXEM HOJYYHTh BBIXOJ JKCTPaKTa B
npezienax HOPMBIL.
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| - vihid_ekstraktu vs. temp_norm, red_sacc_high with kislotn_high

a2 |

81.5

81 |

80.5 —

80 —|

79.5

vihid_ekstraktu

79 |

78.5 —

78 —

7.5

77 —

576
574 572 o7

L 708 [
red_sacc_high 568 566 gp4 702 704 ro.6 temp_norm

Puc. 2. Hsmenenue 6bixo0a sKCmpakma npu 3HA4EeHUsIX HeYemKUX NepemMenHblX COOEPACAHUE IKCMPAKMa
"menvue Hopmul”, memnepamypa cywenus "nopma”, odwas kucromnocmo "gviuie Hopmul", codepoicanue
peoyyupylouux caxapog "eviue nopmol"

Mopens noTeps npouecca MOJy4eHUusl TOBAPHO-  IOJIy4eHa MOJElb, KOTOpas COOTBETCTBYET 00JIaCTH
ro coJI0AA. HM3MEHEeHHMs apameTpa HedeTkoro nousrtus "llorepu

Jls1 cuTyalluOHHO-3HAYUMOM 30HBI, B KOTOPOH SKCTPaKTUBHBIX BEIIECTB MIPH MPOU3BOJACTBE cojona"
MOTEpH PEIYLHUPYIOIINX caXapoB "HU3KHE", TeMITepa- "Hu3Kkue" BUAA:

Typa cymku "Hu3kas", gucio Koms6axa "Beicokoe"
Bimp .. (B yep s K) = 4,304 Bmip ., +0,69021,,,, +0,389K —2,89Bmp .0 +

+0,127096 Bimp .t

-0,0128K* - 21,33
Bmp, , - morepu SKCTPAKTUBHBIX BEIIECTB IPH  PYHOIIUX Caxapos, %; t

+0,0716 Bmp ,,,K —0,0175t,,,, —0,0098K —0,0056t,,,,,” @)

cyw

cyw - TEMIIEPATYpa CYLICHHS,

NPOU3BOACTBE CONOAA, %0; Bmp .- notepu peayin-  oC; K - yucno Konsbaxa, %.

Pemenne naHHOrO mNOJIMHOMA IPHUBEIEHO Ha
puc.3.
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16.2 -]

16 |

15.8 |

15.6 |

15.4 -]

vir_ekstr_rech

15.2 -]

15 -

14.8 -

2.4

27

Red_sacc
- 29

+  vir_ekslr_rech vs. Red_sacc, temp_sush with kislotn_high |

71.6
712 71.4

7
temp_sush

706 08

Puc. 3. Hsmenenue nomepb 9KCmMpakmueHbix 6ewyecins npu npou3so0cmee coao0d npu He4emKkux 3Ha4eHuax
8X00HBIX (hakmopoe nomepu pedyyupyrowux caxapos "Huskue", memnepamypa cywenus: "nHuskas’", yucio
Konvbaxa "svicoxoe".

Pa3paboTaHHble MaTeMaTH4ECKHE MOJAENU AN
Pa3MYHBIX CUTYalMOHHO-3HAYUMBIX 30H OCHOBHBIX
TEXHOJIOTUUECKHX TPOLECCOB NMUBOBapeHHs (3aTHpa-
HHe, BapKa cycla ¢ XMeJeM, OpoxeHue U JoOpaxuBa-
HUE).

IIpu mocTpoeHuM MaTEMaTUYECKONM MOJEINHU, KO-
TOpast aJleKBaTHO OIMCBHIBACT TEXHOJOIMYECKUH Ipo-
1lecc, OYeHb Ba)KCH aHAIIM3 MPABHILHOCTH €€ CIICIH-
(ukarmm.

HeratnBHO Ha cBoiicTBax Mozenu 00O3HaYaeTCs
KaK OTCYTCTBHE 3HAUYMMOM IEPEeMEHHOH, TaK M Upe3-
MepHO€ MPUCYTCTBHE HE3HAUNMOH.

B cirydae, xorna B MOzeslb He BKIIOYEHA CyIIe-
CTBEHHAs IIEPEeMEHHAas, HAOIIOAAIOTCS CIEAYIOLIHe
HOCIIECTBHS:

1. Mcue3aeT BO3MOXKHOCTh NPaBUIIbHOW OLIEHKU U
UHTEPIIPETALIMY YPABHEHUH.

2. OcraBuecss KOd(GQHUIUEHTH TPU NEPEMEH-
HBIX CTAHOBSITCSI CMEIICHHBIMHU.

3. Crangaptabele ommOKku Kod(pQUIHEHTOB U t-
CTaTHCTHKN HEKOPPEKTHBI M HE MOTYT OBITH HCIIOJIb-
30BaHBI JIUIs OLICHKH KAa4eCcTBa CO3aHHOW MOJEIIH.

Hampumep, ecam  Momenb  MMeeT  BHJ
Yi=a+ X+ Xy +& u U3 Hee u3bATH mEpe-
MeHHYI0 X, TO B HOBOU crienudukamy GakTnaecku
Oyaem paccmarpuBath Mozenb Y; = + Xy +U;, ne

U; = B, X, +¢&;. Ecim nepemennbie X; u X, kop-
peMpOBaHbl, TO HAPYIIAETCA MPEANOCHUIKA TEOPEMBL
T'aycca-MapkoBa 0 HEKOPPETUPOBAHHOCTH CIy4alHO-
r0 4JeHa M PErPecCcopOB, TAK KaK B ITOM CIIydae MeX-
ny X; ®W U CymecTByeT HEHyJeBas KOppels-
1. OLeHKH, MOJYYCHHBIE 10 METOXY HAMMEHBIIHX
KBaJIpaToOB JJIs TaHHOW MOJENH, yKe He dP(EKTHUBHBI
cpenu JTHHEHHBIX OIeHOK. OIEHKH SBIAIOTCA Haxke
CMEIIEHHBIMH, MOCKONBKY IS METO/Ja HAaNMEHBIIHX

KBJpaToB OLEHKa Ko3pduuueHta [ mpuMeT BHUI

Cov(X,, X
ﬂ1=ﬂ1+ﬁ2%,
1

Cov(Xy, X5)
Var(X;)

[Ipu BKIIOYEHMHM HECYILIECTBEHHOHW NEepeMEHHON
B MOJENb CMEIICHHE OLEHOK KOI(P(HIMEHTOB HE
MIPOUCXOJUT, HO TOSBISIETCSl APYrOM HEZOCTAaTOK -
pacTyT CTaHAapTHBIE OIMHUOKKA  KOX(P(UIUEHTOB.
OICHKH CTAaHOBATCA CTAaTUCTHYECKH HE3HAYHUMBIMHU.
Ecnu Tounas crienmdukanys Moieny Heu3BecTHa (ITO
NPaKTUYECKH BCET/1a M OBIBACT), TO HUCIIONB3YIOT KpH-
TEpUH, MO3BOJIIOMINE BBIOPATh U3 HEKOTOPOTO MHO-
’K€CTBA MOJIEJIEH JIYUIIYIO.

Hawnbosee pacipocTpaHeHHBIMH KPUTEPHUSIMH SIB-
nstotest kputepuid [lIBapra (Schwarz) m kpurepwmii
Axanke (Akaike), KoTopbele MO3BOJSIOT BBHIOPATH
JIYYIIyl0 MOZETIbh M3 MHOXKECTBA PA3IMYHBIX CIICIH-
¢ukanuit. Kpurepun 4ucieHHO NMOCTPOCHBI Tak, YTO-
Obl ydecTh BIIMSIHWE Ha KayecTBO IOATOHKH MOJEIH
JIBYX TPOTHBOIIOJIOKHBIX TeHAeHuui. [Ipu yBemmde-
HUH YHCJia IEPEMEHHBIX B MOJETH aeKBaTHOCTh MO-
Jenu B o0mmieM ciydae yBenmuuBaercs. [Ipmdaem, unc-
JIO PErpeccopoB AOJDKHO OBITH Pa3yMHBIM, YTOOBI HE
BBI3BaTh "MCKYCCTBEHHOW NOATOHKH" 3aBHCHUMOH IIe-
peMenHoii nosicusiroriuMu. C Apyroit cTopoHsl, HENO-
CTaTOYHOE BKJIIOYEHHE NEPEMEHHBIX B MOJENb JAeT
OOJIBIYI0 CTaHAAPTHYIO OMIMOKY, M KayecTBO IIOJI-
TOHKH CHHXKAETCH.

®opmynbl anst pacuera kpurepueB Akaike wu
Schwarz 3anucsiBaroTcs:

Ie  IpPUCYTCTBYET

cmerenne o

2s

AIC =In(6?) = @)
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sC=In(62) +S'$ )

rae &2 - BBIGOPOYHAS IUCHEPCHS; S — UHCIIO
OTpaHUYEHUH CTyIeHeH CBOOOABI, N — JUIMHA BHIOOPKU
JIaHHBIX.

3HayeHNe S B JaHHOM CiIydae PaBHO YUCITy He3a-
BUCHUMBIX NIEPEMCHHBIX B YPaBHCHHH, BKIIIOYAsl CBO-
Oomubrit wien. [lepBoe cmaraemoe B 00enx Gopmyiax
- mTpad 3a OONBIIYIO TUCIIEPCHIO, BTOPOH - mTpad 3a
HCIIOJIB30BaHUE JOMOJIHUTEIBHBIX IepeMeHHBIX. Kpu-
TEPUU PACCUUTHIBAIOTCS M KaKIOU crenuduKanuy,
KOTOpasi pacCMaTpHUBaeTCsl, M MPEANOYTEHHE OTJaeTCs
TOW MOJIeNH, T/Ie 3HAUCHHSI KPUTEPHEB MEHBIIIE.

Kpome Ha3BaHHBIX BBINIE KPUTEPUEB CTPYKTYP-
HOM wuaeHTH(UKaMK (CTPYKTYpHOI aJeKBaTHOCTH)
PErpecCHOHHBIX MOJIeNel CIOIb3YIOT Takxke [8]:

1. Koagpgpuyuenm oemepmunuzayuy CBUICTEIb-
CTBYET O INIOTHOCTH B3aUMOJCHCTBUS MKy (pakTo-
paMU ¥ pe3yJIbTHPYIOLIei IepeMeHHOI 1 ompeens-
ercs:

R? —1-R5S (10)
SST

rae

n
RSS = "(y-¥;)?
i=1l

n
SST=>(vi-V)’
i=1
Yi - Z[aHHbIC H3MepeHI/II71; 9i - JIJaHHBIC, MOJIYy-
YCHHLIC B pe3ynLTaTe HpOFHOBI/IpOBaHI/ISI C MOMOIIBKO
MOJIENH; Y; - YCPEIHEHHOE 3HAYE€HHUE JaHHbIX.

2. Croppexmuposanubvili Kod3phuyuenm demep-

MuHusaL;uu:
n
RZ=1-(1-R?%)—— 11
K ( )n—s 11)

3. Kpumepuil «npedckazanusy K8aopamuyHou
NOZPEUHOCTNU

PSE(s) = % RSS +§&2 (13)
4. Cmamucmuxa Xoxunea:.
Sg RSS (14)

- (n-s)(n-s+1)
5.AEF kpumepuii cpeoneii oyenennoii oucnep-

cuu.

I RSS 15)

n—\/s(ln(2)+l) I3

rne 3 — «ypOBEHb JJOBEpUS», KOTOPBIN ITOKa3bIBa-
€T C BEPOATHOCTBIO 1-3 3Hauenus | maeT oneHky

CPEMIHETO pHUCKa.

6. Cmamucmuxa ®@uwiepa yKa3pIBaeT Ha CHITY
B3aMMOCBSI3H MEK/y 3aBUCHMOMN IIEPEMEHHON 1 He3a-
BHUCHMBIMHU:

n RSS
F(S)=—— 5

n=sjy-yl
bbina npoBeseHa orieHka pa3pabOTaHHBIX MOjie-
JIeW-KOHKYPEHTOB OIMPEIES/ICHHBIX CTPYKTYp H Tapa-
METPOB 3THX MOJIENICH Ha OCHOBE KPHTEPHUEB: NETEp-
MUHAIMH, UHOOPMALIMOHHOTO KpUTEpUsi AKauke, CTa-
TUCTHK XokuHTa 1 @ummepa (Tadn.2.6).

(16)

Tabmuna 1
Kpurepnu aieKBaTHOCTH MaTeMaTHIECKUX MOJIETIEH.
Co3naHHast MOJIENb Kpurepun

R? AIC S F9

Mooenw (1) 0,31 5,43 0,27 4,48

Mooenw (2) 0,29 4,36 0,24 4,26

Mooenw (3) 0,35 5,32 0,31 4,52
OTHocuTeNnbHAsE TpPUBENEHHAs TMOTrpemHoCTh  HoBa, B. C. 3y6uenko, M. B. Kapmnyrina, M. C. Poma-
NporHo3a 1o  pa3pabOTaHHBIM ~ MoJeNsiM He  HOB // XapuoBa i nepepoOHa npomuciosicts. — 2005.

npessimana 5,5%.

BriBoabl

IIpoBeneH mNacCUBHBIM 3KCIEPUMEHT Ha BCEX
CTaJUsIX IPUTOTOBJICHUS [IMBA U OCYILLECTBICHA UICH-
TU(QUKAIMS CETEBBIX MaTeMaTHYeCKUX Mojeield B
CUTYaLlMOHHO-3HaYUMBIX 30HAX.

Ilomy4yennsle pe3ynbTaThl MOI'YT OBITH
UCIOJB30BaHbl B IPOLECCE  IPOCKTUPOBAHUS,
pa3pabOTKM M BHEIPEHHS HOBBIX M MOAEPHU3AINHU
CYILLECTBYIOIIUX CHCTEM aBTOMATU3ALHUH
TEXHOJIOTMYECKHUX 00BEKTOB B NULIEBOU
IIPOMBIIIJIEHHOCTH, @ TaKKe IpU NPOEKTUPOBAHUU
CUCTEM IUAarHOCTUPOBAHUSI.
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MODELING OF THE PROCESS OF ELECTROMAGNETIC WAVE TRANSFER INTO THE COAXIAL
WAVE CABLE THROUGH THE HIGH-TEMPERATURE SUPERCONDUCTING ELEMENT FROM
THE WAVEGUIDE

Fyk A.

Candidate of engineering sciences, associate professor, National Academy National Guardia of Ukraine

MOJAEJIUPOBAHUE INPOLUECCA IIEPEJAYU DJIEKTPOMATI'HUTHBIX BOJIH N3
MPSIMOYTI'OJILHOI'O BOJTHOBOJIA B KOAKCHUAJIbHBIN KABEJIb YEPE3
BbICOKOTEMIIEPATYPHBI CBEPXITPOBOAIIMI DJAEMEHT

Prik A.H.

KaHOuOam mexHu4ecKux Hayk, ooyenm, ooyenm Hayuonanonou Axademuu

Abstract

Hayuonanvnoii 26apouu Yepaurol
2.Xapvros, Ykpauna

The paper presents the results of the simulation of the penetration process into a coaxial cable of an elec-
tromagnetic wave through a high-temperature superconductor, which is located in the center of a wide wall of a

rectangular waveguide.
AHHOTaNMS

B craree mpencTaBiieHsl pe3yabTaThl MOJICINPOBAHHS MpoIlecca MPOHUKHOBEHHUS B KOAKCHAJIbHBIN KaOenb
9JIEKTPOMAarHUTHOW BOJIHBI 4€pE€3 BBICOKOTEMIIEPATYPHBII CBEPXIPOBOJHUK, KOTOPBIM PAaCIOJIOXKEH B LIEHTPE

IIMPOKOI CTEHKH MPSIMOYT'OJIHHOTO BOJIHOBOIA.

Keywords: high temperature superconductor (HTS); waveguide.
KuaroueBblie ciioBa: BUCOKOTeMITepaTypHuid cBepxnpoBoaHuk (BTCII); BomHOBOI.

IMocranoBka npodaemMbl.

B coBpeMeHHBIX paAHOTEXHHYECKHX CHCTEM
(PTC) Bce wamie cranu HUCIOJIB30BaTh CBEPXUYBCTBU-
TeNbHBIE MOJYNPOBOJIHUKOBBIE M CBEPXIIPOBOJAIINE
2JIEMEHTHl (aHTEHHBI, JJIEMEHTHl MaMsiITH), KOTOpPbIE
M3TOTABJIMBAIOTCS C MCIIONB30BaHHEM METOJIOB MHTE-
TPaJbHOM TEXHOJIOTHH, YTO MO3BOJSIET CYIIECTBEHHO
YMEHBIINTh rabapuThl, BEC U CTOMMOCTH PaaHO3JIe-
MEHTOB ycTpoicTB [1,2]. A ucCHOJb30BaHUE CBEPX-
npoBoasmux matepuanoB ans CBY-cuctem (BosHO-
BOJbI, PE30HATOPBI, AHTEHHBI U T.I.) IO3BOJIUIIO:
YMEHBIINTH MTOTEPU SHEPTUH, TIepeaaBaeMoil (3a cuer
YMEHBIIEHUU Ha TPU-YETBIPE MOpSAAKA CONPOTUBIE-
HUS TI0 CPaBHEHHIO C APYTHMH MaTepuaiaM), yBellu-
YUTHh JOOPOTHOCTH PE30HAHCHBIX 3JIEMEHTOB, IMOJY-
YUTh BO3MOKHOCTH YIPABIEHUS B CKOPOCTHBIX CH-
cTeMax IepeHacTPOHKN (dazoBpamaTtemnm,
KOMMYTATOPHI, 3JIEKTPOMarHUTHEIE 3aIUTHEIC
ycTpoiicTBa u mpouee.). [1o3ToMy 3HAYUTENHHBIN HH-
Tepec K pa3paboTKe MaTeMaTHYECKUX MOJIENEH TaKux
CBEPXIMPOBOASAIINX IEMEHTOB MO HACTOSAIIEE BpeMs
He yrtuxaeT [3]. Jna wu3ydeHus pacmpoCTpaHEHHs
SJEKTPOMArHUTHON BOJIHBI B BOJHOBOM C Yy4eTOM
BKJIIOYEHUSI BBICOKOTEMIIEPATYPHOIO CBEPXIIPOBOJI-

HUKa HeoOXoauMo pa3paboTaTh MaTeMaTHYECKHI
anmapaT pacdeTa ee KOMIIOHEHT, HCIIOJIb3ysS TEOPHIO
9JIEKTPOMArHUTHOTO TOJII U TEOPUIO CBEPXIPOBOIH-
MocTH[4]

O030p mocaenHUX Mccied0BaHUN U My0anka-
HHid.

B mHacrosimee Bpemsi pa3pabOTaHO MHOKECTBO
MaTeMaTHYecKuX Mojeield (B TOM 4YHCie Mporpamm
(CSC, MW Office u npyrue), OnuchIBalOIIUX C pas-
HOW CTENEHbI0 TOYHOCTH 3JIEKTPOMATHUTHBIE IMOJI B
Pa3IMYHBIX BOJHOBOAHBIX cucTeMax [5]. OgHako, OHU
HE TMO3BOJISIIOT YYUTHIBATh HUCHOIB30BAHUE MUKPOIO-
JIOCKOBBIX 31eMeHToB (MII3J) npoun3BoibHON CTPYK-
TYpBI U3 BBICOKOTEMIIEPATYPHOTO CBEPXIIPOBOISIIETO
MaTepuaia, IOTOMY YTO, BCE DJIEKTPOMAarHUTHBIE TEO-
PUH BBICOKOTEMIEPATYPHBIX CBEPXIPOBOJHUKOB SIB-
JISETCS AMIUPHUECKUMH. DTH TEOPHH BBICOKOTEMIIE-
paTypHOH CBEpPXIPOBOAUMOCTH HCIONB3YIOTCS MpPH
M3BECTHBIX OTPAHMYCHUSAX (THUIl CBEPXIIPOBOIHHUKA
(MoHoKpHcTanBsl WM TUIEHKAa Pa3HOW TOJIIMHBI), T1a-
paMeTpsl JIEKTPOMArHUTHOW BOJIHBI, IepeaaBaeMoin
(yacrora, MOLITHOCTB), HAJIMYHE CUCTEMBI OXJIQXKICHUS
U TIpouee.
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ITosTOoMy I TOCTAaHOBKM 3aa4M MOJICIHPOBA-
HUS TIpoliecca Mepeiadn 3JIeKTPOMArHUTHOW BOJHBI C
IPSIMOYTOJIEHOTO BOJIHOBOJIA K KOAKCHAJIBHOTO KaOeIst
Yyepe3 BBICOKOTEMIEPATYPHYIO CBEPXIIPOBOAHUKOBBIX
IUICHKY HAHECEHHYIO Ha IMIMHIPUYCCKUN CTEpP)KEHb
HEOOX0IMMO pa3padoTaTh MAaTeMaTHYCCKHH armapaT
pacdera ee 3JIeKTPOMArHUTHBIX KOMIIOHEHT (3JIEKTpH-
YEeCKUE M MarHUTHBIE T10JIs1), UCIIOJNIb3Ysl B COBOKYITHO-
CTH TEOPHIO D3JIEKTPOMArHUTHOTO TIOJSI M TEOPHIO
CBEpPXIPOBOIUMOCTH. B cTaThe MOsCHSETCS Mepexo
OT ypaBHEHHI MakcBesula K 5KBUBAJIICHTHBIM ypaBHe-
HUHW ToNIs MpuBeAeHHbIX B cTathe [5]. Kpome Toro,
aBTOpOM paHee [4] ObUIO 0OOCHOBAH BBIOOP SMIHPH-
YECKUX MOJIETEeH CBEPXIPOBOIUMOCTH M 3TO OymeT
YUYTEHO 0€3 J0Ka3aTenbCTB MPH MOACINPOBAHUH MPO-
1iecca Mepeaady JMEeKTPOMAarHUTHON BOJHBI U3 BOJIHO-
BOJIa B KOAKCHAJIbHBINA KaOelb.

®opmyaupoBKa 3agauu ucciaenoBanus. leas
CTAaTbH - MOJCIMPOBAaHHUE IIpoLecca Iepefady dJeK-
TPOMAarHUTHOW BOJIHBI U3 HPSIMOYTOJBEHOTO BOJIHOBO-
Ila B KOAaKCHaJbHBI Kabelb depe3 BBICOKOTEMIIepa-
TYPHYIO CBEPXIIPOBOJHHKOBBIX IUICHKY HAHECEHHYIO
Ha MWIMHAPUIECKAN CTepKeHb [§].

N3noxenne OCHOBHOIO MaTepuaia HCCIeN0-
BaHUs

1. OcoGenHOCTH TIpUMEHEHHSI YypaBHEHHUH
MakcBes1a ¥ 3KBUBAJIEHTHBIX CXeM MPH HAJIHYHH
B CBY-TpakTe BBICOKOTEMIEPATYPHOTO CBEpX-
MPOBOJSIIEr0 YIeMeHTa.

CornacHo TEOpHH JJIEKTPOMArHUTHOTO HOJIS CO-
OTHOLIEHHE MEXIY HalpsHKEHHOCTBIO JIEKTPHUYECKO-
ro ¥ MarHuTHOTO ToJieii B mobom CBY TpakTe ompe-
JenseTcs ypaBHeHHIMH MakcBeia [7]

- oH

rote = —u—
"o
rotﬁ:gﬁ
ot

@)

Pemenue (1) 111 BOTHOBO/IA B IPSMOYTOJIBHON CHCTEME KOOPIUHAT IIPU YCIOBHUHU €T0 3aIlOJIHEHHS TU3JIeK-
TPUKOM TIPEJICTABIAET COOOH CUCTEMY M3 IIECTH CKAJSIPHBIX YPaBHCHHUI:

E, &, M, H, M, FE
x a Ta'« a ~a
E, E M, M, M, & 2)
a2 4 "aa g4 ‘a
E, E, M, M, M, &
3 & “aa a “a
ITpuMep CTPYKTYpbI BOJHBI H(EZ =0, H, # O) npuseneH puc. 1.

Puc. I-Cmpyxmypa éoaner muna H 6 onnogooe
[IpeanonoxuM, 4To 3JIEKTPOMAarHUTHAs FapMOHUYECKask BOJHA paclpocTpaHseTcs BAoub ocu Z. Toraa pe-
meHue (2) MOKHO paccMaTpHBAaTh B BUJIE:

E(x,y,z,t)=E(x, y)e'*”
H(x, y, z,t)= H(x, y)ei**

@)
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joot
ITpu 5TOM B BBIpaskeHUH (3) MHOXHUTENb e’ omncwisaer rapMOHHYECKOe H3MEHEHHUE I0JIS BO BPEMEHH C
gactoToll (0, a Y — koapunment pacnpocrpanenus OMB. Torga ypapHenue (2), yIUTBIBas, 9TO IIOJIE OTHO-

POAHO BOOJIb OCH Y, MOXKHO 3aIucaThb B BUJIC:

E, . .
A +7Ex = _JwIUHy
_}Ey = —jCOﬂHX
& i
e i
X J 2
M, . L.
PRl T (4)
_}'Fly = JweEx
M,
-—— = Jod,
X
[MoacTaBuB BBIPAXKEHUS 151 Ey u Hy B ypaBHeHUs (4), MOJTYYUM CIIEAYIOUIYIO CUCTEMY YPaBHEHHUI:
. d—]z
_KZHX =7 X
g, = szﬂ 0";( .
K
_KZEX =Y %,
dx : ®)
Hy :_EEX __ ja)zgéEZ
¥ K° X

riue K2 = 0)28},L+ ’Y2 - BOJJHOBOE YMHCJIO.

y‘lHTLIBafI, 4YTO B HOPAMOYTrOJIbHOM BOJIHOBOAE OCHOBHBIM TUIIOM BOJIHBI  SABJIACTCA H BOJIHA

(EZ = 0, HZ * 0), nepenwuieM Beipaxkernue (5) B Buze [7,9]:

H =L M
K X
Ey T P ¢
: (6)
Pemenne cucteMsl ypaBHeHUI (6) MOXKHO 3amucaTh CIEAYOmuUM odpasom [5,7]:
E, =6 (@R (uye"™
H;X = Z hu (Z)év (X! yk“‘x
H, =30,(2)3, (x y)e' |, 7)

rae éU(Z), hU(Z), qU(Z) - (byHKIMH pacmpeeneHus M0 KOOPIHHATE t, KOTOPhIe MMEHYIOT CKAIsp-
HBIMH KOMIUIEKCHBIMH aMIUTUTYAaMH, FV x,y); GV (xY); Jy (X,y) - cobcTBennble ByHKIMH, XaPaKTEPH3YIO-
IIMe pacrpeeieHne COCTABISIIOIMX MOJIS 10 KOOPIMHATAM MONEPEYHOro ceyeHus st BonH H-tuna, V - no-

PSOKOBBIM HOMEP BOJIHBI, PaCHpPOCTPAHSIOLIEHCS B BOJHOBOAE (V =1= Hlo )[5,7]. IIpu BkmroueHuu B

BosTHOBOAHBINA TpakT BTCII-31eMenTa, COCTOSAMIEr0 U3 AWANEKTPHUECKON TOMIOKKH IUIHHIPUIECKOI (opMBI
1 HaHECEHHOM Ha e€ moBepxHOCTh cBepxnpoBo et mi¢aku (BTCII-crepxkens) (puc 2) [5].
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YA

A n
Y
I | z
e g
: ! S TA

/ z z+Az

X

Puc. 2.—Cxemamuueckoe 0m06paofceHue obracmu ¢ eblcoKomemnepamypHbIM-CmepIHCceHem

Hpeﬂnonaraﬂ, qTo E ,H — 9TO IOJIsA, HABOAAIIHUECSA Ha CBEPXIIPOBOAAIICM DJIEMEHTE, a El, Hl — BCK-

TOPBI HE3aBUCHUMOTO AJIEKTpOMarHuTHoro mosjst npu otcyrctBun BTCII-cTepxHs, nepenuiieM BoipakeHue (4)
JUTst 00eux BOJIH B Buje [7]:

rotE = —jmuﬁ
rotH = jcosé +J
I'OtEl = —jwuﬁl

I’Otﬁl = j(OSE]_ + j]_ (®)

YMHOXas BEKTOPHO CJIeBa TpeThe ypaBHEeHue (8) Ha H, BTOpOE Ha E]_, nepBoe Ha Hlv 4eTBEPTOE HA E

COOTBCTCTBCHHO U HpOCyMMI/IpOBaB IOYJICHHO HOHy‘IeHHLIe paBeHCTBa HOHy‘II/IM

HrotE; — E;rotH — HyrotE + ErotH; = JE — JE;.(9)
[IpounterpupoBas BeipaxkeHue (9) mo o0béMy U HCONB3ys TeopeMy 1'aycca-OcTporpaackoro, ¢ yu€Tom,

uTO dIV[aBJ — brota —arotb , Ioy4um [5]:
s [ExFulis= [ v
S \Y . (10)
AHanusupys pacnpeseleHys 3J1eKTPOMarHUTHOTO MOJIs B BOJHOBOJE B OKPECTHOCTH BOKPYI' CBEPXIPOBO-

nsmrero crepxus \Z,Z + AZ), MoBepXHOCTHBIN MHTerpan B (10) mpeacTaBuM Kak cyMMYy TPEX MOBEPXHOCT-

HBIX MHTETPAJIOB: MHTETPAJIOB MO mornepeyHsM cedeHnsM | u I i mHTerpana mo GOKOBOW MTOBEPXHOCTH CIIOS
BOKPYT CTEPKHSL:

§Ads J.AdS +jAdS+ IAdS
| I S6ox a
e A=[E <H|- [Exﬁlj.
ITockonbKy B paccMaTpuBaeMbIX MHTErpajiaX BEKTOPBI dg OpPHEHTHPOBAHBI IO BHEIIHUM HOPMAJSM, TO,

BBOJIS €IMHMYHBIE BEKTOPHI — IPONOJIBHEIN Z W opT BHyTpeHHeH HopManu [, Beipaxenue (11) 3amumem B
Buze[S]:

§A - j‘AzodSJrJ.AzodS IAndS
I Seox (12)

Wurerpan ot nponsseaeHus ( An ) o GOKOBOH IMOBEPXHOCTH MOXKHO TpeoOpa3oBath K BUAY[S]:
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[ s~ [lEi b= heeh-pechuhs o
Seok Seox

Jos E]_, MPEJICTABJISFOIIETO CO00il MoJie B BOJTHOBOJIC O0€3 UCTOUYHUKA (CTEPIKHSI), CIIPABEIUIMBO TPAHUYTHOE

ycioBue |_ﬁ X E]_J =0. Torna Beipaxkerne (13) MOXKHO 3amucaTh CIEAYIOMIM 00pa3oM:
[Ands=— [|nxEas
S6ok S6ok ) (14)
O06o03Hauas HHTETPAT OT A 1o MIOTIEPEYHOMY CEUCHHIO Z KaK:
L = — B , 15
Q(z)= jAzOds = j ([El x HJ— [E X H1DZ°dS (15)
Sn Sn
riue SH -IUIOMIA Ik TIONIEPEYHOTO CEYCHUs BOTHOBOA, 3anuIieM cooTHomenue (10) B Bume[S5]:
Qlz+42)-Qz)=-[ gV + [ InxE[fuds
\4 SGoxk
CootHomenue (16) moka3piBaeT, 4TO PA3IUUMA MEXIy HHTErpajaMd [0 TIONEPEYHBIM CEYCHUAM

.(16)

Q(Z + AZ) u Q(Z) OIpeIeIIAIOTCS IKBUBaJICHTHBIM UcTOYHUKOM (BTCII-crepxnem). B nanbheiimem s

pacuéToB NpejnoiaraeM, 4To B IPSIMOYTOJIEHOM BOJTHOBOJE PAcIpOCTpPaHIETCs BOJIHA HlO' ITosToMy Hamps-
JKEHHOCTH B 00JIaCTH CTEPIKHS U BHE €r0 COTIaCHO [9] MOKHO 3amicaTh COOTBETCTBEHHO:
E; = Eqy,Hy =Hyy +H
1 ly: M1 1x 1z 17)
VYuutsiBas BeIpakeHue (7), MOXKHO 3aIIHCATh:
E =e(z)F(xy)
H =h(z)G (x, y)+4(z)a(x y)

E1 = évl(Z)Ev (X’ y)
E=M@ﬁﬂd%%%@@@ﬂ (18)

[Moncrasinss Beipaxenue (18) B ypaBHenue (15), momydnm, 94To craraeMble ¢ IPOAOJILHBIMUA BEKTOPAMH Jia-

. =0
IyT HOJb (T.K B CMEIIAHHOE IIPOU3BEACHNUE BXOIUT MPOAOIBHBINA opT Z ). MeHsisi HOpSIIOK MHTETPUPOBAHUS U
CyMMUpOBaHHM4, 3anuiieM (15) B Buze:

Q@)= | (Euxf]-[ExFy rods=eyn [Ri2%ds-¢h,y [FG,2%s: (19)
Sn S S
Y4aurteIBas, 4T [T:v X G]ZO = T:V lG X Zo J= E,T: , U [IE X év ] = IEIEV, BeIpakenus (19), cnemyer 3a-
MUCaTh B BUJIE:
qg=%m_mﬂjams
St (20)
U3 ycrnoBuit HOpMUPOBKH, pACCMOTPEHHBIX B padote [5,7,8], momyunm V = 1, T.€. BO3MO>KHO TOJIBKO pac-

npoctpanerre H-BonHbl uepes pacemarpuBaemyro oonacts (Z,Z + AZ ) [5]. Torma seipaxenne(20) MOXHO

3alucaTh B BUJC:

Qlz)= él(Z)h(Z)—él(Z)hl(Z), 1)

e €1(z)=e,1(2)

Paznenus o6e yactu paBencTsa (16) Ha AZ u nepexons K mpeseny npu Az —>0 , 3AIUCBIBAEM:
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‘i(j:_j FEds + { < Eal
S c

. (22)
VYuntsiBas Beipakenue (18) u (21), nepenmmiem BeipaxkeHue (22) B Buje:
O‘I’ [ex(2)h(2) - e Pa(2)] = exfz) - [ IFds+~ i< Efa |-
z P
~hy(z) p j Jfds - ﬂmé]@dl ,
Su C (23)
rae C — paccMaTpuBaeMblil 3aMKHYTBIH KOHTYP (Z, Z+ AZ)
st ynporenust (23) BBeéM BerioMorartelibHble (yHKITHH:
i 1l =1 )
n(z):—'[ JFdS+—§[nE]gdl
Sy Pe
é(z)=p | Jfds—{ I < EfGal
Sy C 24)
Torna BelpaskeHue (23) MOXKHO MepenucaTh B BUAE:
3, &1(2h(2)-e2)ns(2) = ey(2)n(z)- hy(2)e(2)
. (25)

) _ : —vz 1
[pennonoxnMm, dYTO Cl(Z) =¢ YZ, hl(Z) =¢ 'yzp COOTBETCTBYET TIPSAMOW BONHE, a

. ¥ —1
CI(Z) = CYZ " hl(Z) = —Cyzp COOTBETCTBYET 00paTHOI BoJHE. Torjaa, moaCcTaBuB B BEIpaxeHue (25)

U B3SIB MOJIYCYMMY, HOTy4uM|[5]:

(26)

rue YO Il,ZO =vYpP.
p

BonHOBOJ ¢ UCTOYHHMKAaMU TOKAa U HANPSOHKEHUS MOXKHO MPEJCTaBUTh B BUJE SKBUBAJICHTHOW IIMHHOW JIU-
Huu. Torna, yuutsiBas (26), ypaBHEHHE BOJIHBI IEPENUILIEM B BHJIE:

di

e -YoU+1(2)
—= —Zoi + 8(2)
dz
J1J1s BOJTHOBO/IA CO CBEPXMPOBOIAIINM CTEPIKHEM CUCTEMY ypaBHEHUH (27) MOXKHO 3alucaTh B BHJIE:
di .
— =-YoU+9(2). (28)

dz

Torma aHagu3 BOJHOBOIHOTO TPAKTa CO CBEPXIIPOBOJHHKOM MOJXKHO MPOBOIUTH IO CXEME, MPEICTABICH-
HOW puc .3.
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T [+dl
. : _
4 $--------
i YOdZ 7(z)dz i U+dU
e S

dz

Puc. 3. Dxeusanenmnas cxema eoanosooa ¢ BTCII-3nemenmom
U3 ypaBHeHHA (26) MOXHO ONpEAETUTh e(z) u h(Z) , a u3 (18) ompenenuTs nomnepeyHble COCTABIAIO-
mue nojs. M3 BelpaskeHus (4) MOXKHO ONPEAETUTh BhIpaKeHUE AJIS IPOIOJIBHON COCTaBIIAIONIeH 1Mo H z- Ho
BeIpakeHUE (26) QakTHUECKH eCTh ONMCAaHHE BOJHOBOJIHOIO TPaKTa KaK JUIMHHOM JIMHUH, M TIO3TOMY HEOOXO-
JUMO B MPHUBEIECHHBIX TEPMHUHAX ONPEIENIUTH NMPOJOIABHYIO COCTaBIIOLIYIO IMOJS (HZ) Huddepennnpys

BTOpOE ypaBHEHHE B cUcTeMe (26) M MOACTABISAA B HETO IIEPBOE YpaBHEHHUE € YIETOM (24), momydnm:

2,
d<é . d <z d| (. =
d—2=—ZO(— Yoe+n(z))+E p IdeS t ﬂnx EIGdl | @9
z
Sy C
roe € = e(z)
B nanHOM ypaBHeHHHN nu¢)(epeHIIPOBaHNE HHTETPATIOB JaéT HOJb, YTO MO3BOJIACT nepenucath (29) B BH-
ne:
d% -
—Z—yze:—y an Ebdl. (30)
dz
Sn

B pab6ore [10] noxazano, 9To:

q(z)zi é(z)—i2 iﬂﬁxﬁbdl , (31)
p K S
TOoraa
é(z):pq+L2 ﬂﬁxE]@dl. (32)
K

SH
IloncraBus C(Z) B ypaBHeHue (30) u yuursiBas (32), modydnmM:

pjzig+1<_y2dzi2 Sﬁf[ﬁXEbd' _yzpq_%j[ﬁxébdl=—yj[ﬁx§]§dl. (39
11 11 II

WIIn:

d%q o, A | (1 &
_g_YZQZ_LZ _y2+K2+dZ_2 §[n><Ebd|. (34)

Sn



Norwegian Journal of development of the International Science No 22/2018 51

O6o3Havas OLS = K2 — ’)/2 , iepenmeM (34) B Buze:

dzﬁz 25 |42 d% | .
—=—7"H; =———| a5 +——= |gU(2). (35)
dz? ‘ Ps 0 dz? )
el pe s 1 9d%(XeaY0) g
rae ﬂan]@dl :gInEdI =gU(z).p5t =p 1(X+yO), H, =q(z)a(x,y).
K
Sn

X()» Y() - KOOpIMHATI IPOBOJAIIETO CTEPIKHS, O(.(z) = (,028}1 ,U(2)(7,8)
Takum obpaszom, cuctemy 1Ist onpeaenenus momns u3 (18), (26) u (35) mpeobpazyem k Buay[S]:

‘jf ~ G(x y)- Yoe + 7(2)

dE, _ .
d—zy = F(x,y)- Zoh +#(2)) - (36)

02, o a2 )
e b, = a2+ UG
dz Ps dz

[IpuBenennoe pacmpenenerue BepHo, eciii BTCII-cTepeHb HAXOMUTCA B CBEPXIIPOBOIAIICM COCTOSHUH.
OmnpenenyB IPUBEACHHBIM METOIOM 3KBHBAJICHTHBIX JJIHHBIX JIMHUH TOKU U HanpspkeHus (27), u3 (36) MOXKHO
MOJYYHTH 3JICKTPOMAarHUTHOE TOJIe B UCCIIEIyeMOil 00TacTu.

Od4eBUIHO, YTO TIEpeavya SYHEPTUU TOJISI U3 BOJHOBOJA B KOAKCHANBLHBIN KaOeiab MPOU3BOIUTCS MO CBEPX-
MPOBOISIIIEMY CTEPXkHIO. Toraa MarHUTHOE MoJie, KOTOPOE HABOAUTCS B HEM, MOXHO ONPEENINUTh U3 YPaBHEHH-
nit Jlonpona[4]:

Jn = GnE
1
norl

e 1E

2
HoAL

rae Jn ’JS -IJIOTHOCTb TOKa HOPMAJIBbHBIX W CBEPXIIPOBOAAILINX HOCHTENEH 3apdnaa, “0' Mar"suTHas

rot] = —

Bt (37)

MPOHHUIIAEMOCTb BaKyyMa, }“L - JIOHJIOHOBCKasl TITyOMHA NMPOHMUKHOBEHUS MarHUTHOTO TOJS B CBEPXIPOBOJ-

HUK.

2. Pe3yabTaThl MO/IEJIMPOBAHHUA MpoLecca PaclpocTPaHEHHUs JIEKTPOMATHUTHONH BOJHBI M3 BOJIHO-
BO/a B KOAKCHAJIBHBIN Ka0esb.

Bripaxxenue 11 BeKTOpoB 1moiist Oerymeil BoiaHbI Tuna Hio B MPSIMOYTOIBHOM BOJNHOBOAE 0e3 moTeph co-
riacHo (36)umeet BHI:

Es = AjF(X, y)ej(‘”t_o‘z)
Hs = A1G(X, Y)ej(mt_az)

H, = Aqg(x, y)elWt-o2)

7 (38)
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J(ot—0az) . j
rae - BOJIHOBOH MHOJKHTEJIb, KOTOPBI OIMUCHIBACT 3aKOH PACIPEACICHHS OIS BAOIb KOOP-
JIUHATHI Z ISl pa3IMYHBIX MOMEHTOB BPEMEHH; A1 — MOCTOSHHBIN MHOXKHUTEIIb, OTPEICIISIONINI HHTCHCUBHOCTh
nosist, C-const[7-9].
W3BecTHO, 4TO TMEPEHOC PHEPrHH 4Yepe3 MOMEepeyHOoe CEYCHHE BOJIHOBOJA MPOU3BOMUTCS KaXIBIM THIIOM
BOJIHBI HE3aBHCUMO OT APYIOro THIIA,  TOT (DaKT MO3BOJISET MPUMEHHUTH 3/1€Ch MOHATHE OPTOrOHATIBHOCTH[7].

Jdes: j} 'T.Czsinzgxdxdyzl

x=0y=0 (39)

W3 Beipakenus (39) onpenenseM koHcTaHTy C:

ab (40)

Teneps yurem Hanmuuue BTCII-cTepsxHs U 3anuieM BBIpaKCHHUE I HAIPSKEHHOCTH 3JICKTPUYECKOTO 10-
nst (36):

Es = 6@)F(x,y)el "

rIe e(z ) - (hyHKIUS, XapaKTepH3YIOIas pacipeaeneHue coctanistomeii moist Es mo koopanHare z.

U3 popmyi (38 - 41) MOXKHO MOJTYUUTH BBIpAXKEHHUE JJIsl HATIPSHKEHHOCTH AJIEKTPUUECKOTo 1ot [5]:

ej(mt—az)

E, =l a—zbh)lpo sin =y sin " x(sin? al - j%sin 2aly) @

a

rjie lo — Tok B cTepikne, X| = — - paccTOsSHUE MEX]y y3KOH CTeHKOH M cTepikHeM,l1 — paccTosHue OT

CTEPIKHS JI0 3aKOPOYEHHON CTEHKU BOJMHOBOAA, Ol = —— - xoadduruent ¢aspl. CxemarnuHo Ha puc 4a,0 mo-
B
Ka3aH IpoIlecc IMepeHoca SHeprun (M3MEHEHHE HaIpaBJIeHUsT BeKTopa YMoBa-IIoWTHHTa) W3 BOTHOBOIA B KOAK-
CHaNBHBIN Kabenb. Ha maHHOM pHCYyHKe Takke oToOpakeHa AMHAMHKA HaBEJICHUS TOoKa B crepxHe. Ha puc. 4
B,I' H300pa)KEHO MPOCTPAHCTBEHHOE pacIpeIeIeHUE MO ISl CTAHJAPTHOTO IMPSMOYTOJIFHOTO BOJTHOBOIA
[~ e e e e

A A A A

EYfs
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>

E¥3s

2
Puc.4-Pezynomamui mooenuposanus npoyecca HaseOeHus MmoKo8 HanpAXCEHHOCMbIO NOJIS eeKMPOMASHUMHOU
B0IIHOIL 8 BOIHOBOOE:

a,6- I[Ipoyecca nepedauu suepeuu u3 601HOB00A 8 KOAKCUANbHBIL Kabelb
8,e-Hanpsowcénnocmo nons (Ex) na ceepxnposoosyem enemenme na MoMeHNbl gpemenu t1,1o;

OrnpesieneHne HaNPsHKEHHOCTH MAarHUTHOTO OIS IPOM3BOIUTCS COTJIACHO BBIPAXKCHHIO

1

Po (43)
[pu BeBoze popmyn (3.16 — 3.21) mpexmonaranoch, 9TO CTEHKH BOJHOBOA SBIISIOTCS HICATBHBIMH TIPO-
BomHUKamMu. OHAKO pealbHO OHM 00JIaal0T He OECKOHEYHO OOJBIION, a KOHeYHOH npoBoauMocThio (T=77K).
ITosTomy HekoTOpas OIS SHEPTHH, NIepeIaBaeMOl MO0 BOJHOBOIY, 3aTPayMBACTCS HA HATPEBaHHE CTCHOK, IO
KOTOPBIM IIPOTEKAIOT BEICOKOYACTOTHBIE TOKH. [I0CKONBKY [UISI Pa3MUYHBIX THUIIOB BOJH paclpe/elieHue U 3Ha-
YeHHe TOKOB pa3HbIe, TO U MOTEPU B CTEHKAaX BOJHOBOJA OYAyT 3aBUCETh OT THIIA BOJHBI, KOTOpas pacmpocTpa-

HSETCS B BOJHOBOE. BenmnunHa motepsb [yist BoJHBI Hmn Xapakrepusyercs ko3dduiiuenrom 3aryxanus [50]:
2

1

aamn2 +beym 2 aen + bep

2
Bm,n = 1-&7) +&1 . (49
' 2.2 2.2
\/120@(1_@12) a‘n“ +b“m ab
2 2
rIe E.’l = & m— + n— ; G - yeIbHas IPOBOJAUMOCTh CTEHOK (Mexb ¢=5,8-107 (OM . M)_1 ,
2\ a% b2
1-1t,n=0
Ene€m =
LM 2-n,m =0 s
U3 dpopmyin (44) u (45) MOKeM TOJTyYUTh BETMUUHY 3aTyXaHUs JJ1st BOJIHBI Hio:
1 2a A
P10 = 2 2| b a2
12002 (4a2 —32) a’h o

—pz
B Bepaxkenue (42) n (43) noGaBisieTcst MHOXHTENb € B W YYWUTHIBAIOTCS TaKUM 00pa3oM IOTepu B
CTEHKaX BOJIHOBOJA..

HepeﬂaBaeMaﬂ MOIIIHOCTh W3 BOJIHOBOJIA B KOAaKCHAJILHEINA Kaben PaCCUYUTBHIBACTCA CJICAYIOIIUM 06pa30M

[7]:
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P=
2

- LRe(i22,)

(47)

IloncraBmss BBIpAXKCHUA IJIsL 13 u ZQ [5], IMOJIYYMM BBIpAXKCHHUE JId pacueTa MOIIHOCTH, nepenaBaeMoﬁ

Ha BojHe Tuma Hip.

P=p

i (lomhx)?

sin? (= xq)sin?(aly)
ab a (48)

MakcumanbHasi JUIHHA BOJIHBI Ayaxc, IPA KOTOPOH MOXKET PacTpOCTPaHAThCS BosiHA Hig B PsIMOYTOIHOM
BOJIHOBOZAE, PaBHA: AmaxcSAmp. Hlo =2a. MUHMMalbHAs [UIMHA BOJIHBI Amin OTPENENSETCS W3 YCIOBUS Amin

< 7\.H20 =a. Onepenennum 4yacToTHbIHN nuamnazoH KBII:

C C

fmax < fx = ==
pH20

AxpHpg @

C C

fmin = fK -5 " a.
pH10

MepHyg 22

BriBoa

B pesynbraTe 351€KTPOAMHAMHYECKOTO MOICIH-
poBaHUS mpolecca MepeJadyd AIEKTPOMArHUTHOU
BOJIHBI U3 TPOCTPAHCTBA BOJIHOBOJA B KOAKCHAIbHBII
Kabenb dYepe3 BBICOKOTEMIIEPATypHBIA CBEPXIIPOBO-
JIIAN CTEpKEHb MOJYYEHHH aHAIUTHYECKUE BBIPA-
JKEHUS IS ONIPEEIICHUSI MaTHUTHOM, JIEKTPUYECKOU
COCTaBIAIONIEH IMOJS B  IIEpexojie  BOJIHOBOJ-
CBEPXIPOBOAHUK-KOAKCHAJT C Y4€TOM HCIOJIb30BaHUS
SMIIMPHUYECKUX Mojeneli ceepxmnpoBoaumocth. [Ipen-
JIO)KEHHBIM MaTeMaTUYeCKHUil ammapaT pacuera C Huc-
MOJIb30BAHUEM TEOPUU AJIEKTPOMArHUTHOTO TIONS |
SMIHUPUYECKUX MOJENEH CBEPXIPOBOAMMOCTH MO3BO-
JS€T ONHCaTh SNEKTPOJUHAMUYECKHE IIPOLECCH B
CBUY-cucremax rae cTaHAapTHbIE MPOTrpamMMbl JJIEK-
TpoamHamudeckoro pacdera (AWR, CST STUDIO,
Proteus u T.11) UCTIONB30BATH 3aTPYJHUTEIBHO.
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Abstract

The comparatively high risk of an analytic error associated with changes in the composition of stool during
storage limits the ability to perform its analysis. Studies have been carried out to study the variability of the feces
of cattle and pigs in the different term of storage. The absence of veracious interspecific differences in the stabil-
ity of feces during storage is shown. It was revealed that during the storage of stool specimens at a temperature
of -18 °C, changes in its composition occur, which must be taken into account when carrying out coprological
studies. The features of changes in feces of content glucose, albumins, total lipids and triglycerides were studied.
Maximum storage stability was noted in aloumins, but minimal in triglycerides. In order to reduce the risk of an
analytical error, it is recommended to conduct feces analysis in the first hours after the selection, but if neces-
sary, it is allowed to freeze for a term to 24 hours.

AHHOTaNUA

CpaBHUTEBHO BBICOKUN PUCK aHATTUTHUECKOHN ONTHOKY, CBSI3aHHBIN C MI3MEHEHHEM COCTaBa Kajia BO BpeMs
XpaHCHUA, OTPAHUYUBACT BO3MOKHOCTHU BBITTIOJIHCHUE €0 aHAJIn3a. HpOBeL[CHI)I HCCICA0OBaHMS 1O U3YUYCHUTIO
BapI/Ia6GHLHOCTI/I IoKazaTejIeH Kaja KPpYIHOI'O pOoraToro CKkoTa u CBUHEH IIpU pa3HOM CPOKE €TI0 XpaHCHU. Ilo-
Ka3aHO OTCYTCTBUEC AOCTOBCPHBIX MCKBUIOBBIX pa3n1/1q1/1171 B CTaOMJILHOCTH IIOKAa3aTeIel Kaja Ipyu XpaHCHUU.



56 Norwegian Journal of development of the International Science No 22/2018

BbrIsiBIIeHO, YTO B IPOIIECCEe XpaHeHHs Mpob Kaia mpu Temieparype -18 °C, mpoucXoasT H3MEHCHHS €r0 COCTaBa,
YTO HEOOXOAMMO YUHUTHIBATh TP MPOBEICHUH KOTIPOJIOTHYECKUX UccieoBaHni. M3ydeHbl 0COOCHHOCTH H3Me-
HEHUSI B KaJie COJIePKaHUsI TJIFOKO3bI, alTbOYMUHOB, OOIIUX JIMIHOB M TPUTIALEPHIOB. MakcuMalbHas yCTO#-
YHBOCTH MPH XPAHCHUU OTMEUEHA y alTbOYMUHOB, HO MUHUMAJIbHAS Y TPUTIHLEPUI0B. C HENbI0 CHUKCHHS
pHCKa aHATUTUYECKON OMIMOKK PEKOMEHYETCsl IIPOBOIUTh MCCIIEI0BAHUSI Kajla B IEPBbIC Yachl [OCie 0Toopa,
HO NPH HEOOXOAUMOCTH JIOMTyCKAETCsl €r0 3aMOPO3Ka Ha CPOK 710 24 4acoB.

Keywords: cattle, pigs, feces, stability of indices during storage, pre-analysis stage of study, permissible er-

ror limits

KiaioueBble ciioBa: prHHLIﬁ pOFaTHﬁ CKOT, CBHMHbH, Kall, CTaOUILHOCTE IOKa3aTesei npu XpaHCHUU,
Hpe)laHaJ'II/ITI/ILIeCKI/Iﬁ 9Tal UCCJICA0OBaHNA, JOIMMYCTUMBIC MIPEACIIbI IMOTPEITHOCTH.

Beenenne. 3aboneBanus KEITyTOYHO-
KUIIECYHOTO TPaKTa y J>KUBOTHBIX BXOIAT B HUHCIIO
HanboJee aKkTyalbHBIX B IUIAHE PAaCIPOCTPaHEHHOCTH
1 SKOHOMHYECKOH 3HaunMOcTH. OHH MOTYT OBITH Kak
CaMOCTOATENILHON MaTOJIOTHEN He3apa3HOW MPUPOJIH,
TaK ¥ KOMIOHEHTOM CHMIITOMOKOMILIEKCA HHPEKIIUI
[4]. ITocTOAHHBIN KOHTAKT MHUILEBAPUTEIBFHOTO TPAaKTa
C BHEIIHEH CpeNoi, TecHast (U3HOJOrHYecKas CBsI3b C
JpYTHMH OpraHaMH M CHCTEMaMM OpraHu3Ma, o0y-
CIIaBIIMBAIOT CIOXKHYIO 3THOJIOTHUECKYIO CTPYKTYpPY
JKeITyTOYHO-KUIIEYHbIX OO0JIe3HeH CO CpaBHUTEIBHO
BBICOKHM PHCKOM WX Pa3BUTHSA, a MHOTOTPaHHBIHN I1a-
TOTEHE3 3aTPyJHAET X AMArHOCTHKY M Tepamuio. [1o-
3TOMY, HECMOTPSI Ha JOCTHKEHHS HAYKH U HMPaKTHKH,
KOJIMYECTBO HE PEIIEHHBIX M CIIOPHBIX HpOoOJieM B
COBPEMEHHOH T'aCTPOIHTEPOJIOTHH TIOCTOSIHHO YBEJH-
yuBaercs [10]. Ha GojbIIMHCTBE KUBOTHOBOIYECKHUX
MPEANPUITHAX PETUCTPUPYIOTCS MAaCCOBBIEC JKEJTy10U-
HO-KHIIIeUHbIe 0oJie3HH TessT [7] u mopocst [1], nua-
THOCTHKA KOTOPBIX IPOBOAMTCS KOMIUIEKCHO C HC-
MOJIF30BAHNEM KJIMHUYECKUX U JaOOpaTOPHBIX METO-
JoB. 13 uncna 1abopaTopHBIX TECTOB NMPEUMYIIECTBO
UCTIOJNB3YIOTCS MHUKPOOMOJIOTHYECKHE HCCIICTOBAHUS
TKaHEel OpPTaHOB M KPOBH, TaK X€ YacTO IPOBOJATCS
OMOXMMHWYECKHH aHaJu3 KpPOBH, HO OTHOCHUTEIHHO
peke aHaJIM3UpYeTCs Kaj, 4YTO 00YCIOBIEHO 0cOoOeH-
HOCTSIMH JIaHHOTO MaTepuaina. Tak, CIOXHBII cocTaB
KaJia, BKITIOYAIONIUH OOJBIIOE KOJIMIECTBO MHKPOOP-
raHU3MOB, CBOOOJHBIX META0OJUTOB U OMOJOTHYECKH
AKTUBHBIX COEAMHEHHH ((pepMeHTHI, TOPMOHBI U Ip.)
MOBBIIIAIOT PUCK BapuabOeNbHOCTH TMOKazaTenel u B
MEepBYI0 OYepenb AaHAINTHYECKHUX MOTPEIIHOCTEH,
CBSI3aHHBIX C IpoIecCaMH OTOOpa, TPAHCIIOPTHPOBKHU
U MpefaHaIuTHYeCKOl moAroToBkd. B onHuUX HOpMa-
TUBHBIX JOKYMEHTaxX JOMYyCKaeTCsl XpaHEHHE Kaya
npu Temneparype ot 0 1o 4 °C He Gonee cyTok [6], B
JIpyrux go 12 gacos mpu temmeparype 3-5 °C [S] npu
STOM BCE aBTOPbl HE PEKOMEHIYIOT 3aMOpPa)XKMBaTh
npoObl. OJHAKO B peaJbHBIX YCIOBHSIX XMBOTHOBOJI-
CTBa M OpraHW3alH{ Ja0OPaTOPHBIX HCCIIEIOBAHUAX
BBINTOJIHUTHh 3TH TPeOOBaHUS HEBO3MOXXKHO, HE00Xo-
JTUMBI Oosiee mpuemiieMble TpeboBanus. [loaTomy OBI-
JIM TIPOBENEHBI HCCIENOBAHUS 0 W3YYEHHUIO BapHa-
OeTbHOCTH TOKa3aTeNell Kana Mpyu pa3HOM CPOKE ero
XpaHEeHHUSI.

Marepuanbl M MeTOAbI HMcciael0BaHusi. B
YCIOBUSIX MPENNPHUATHS CIEIHANTN3UPYIOMIErocsl Ha
OTKOpME MOJIOJHSAKA KPYHMHOTO pOTaTroro CKOoTa Ha
OCHOBaHMHM pE3yJIbTaTOB KIMHHYECKOTO OOCIenoBa-
HUsI ObUTHM BBIOpaHBI 7 TEIAT B Bo3pacTe 6 MecsueB
OoJIbHBIE YHTEPOKOIMTOM. Ha NpOMBIIUIEHHOM CBHU-
HOBOJ[YECKOM KOMIIJIEKCE C aHAJOTMYHBIM TUATHO30M
BBIZICTIWIIM 7 TIOPOCAT B Bo3pacTe 45 cyTok. Y Bcex,
3aJIeiCTBOBAHHBIX B OIBITE )KUBOTHBIX yTpoM 3a 1,5-2
yaca A0 KOPMJICHHMA U3 TPAMONW KHIIKH OTOOpamu
npoOsI kana. Matepuan B koaudectse 50 r/roi B cre-
[UAJTM3UPOBAaHHOM TEPMOCTAOMIBHOM KOHTEIHEpe,
OCHAIIEHHOM XJIaJopearcHTaMu, IOCTAaBWJIM B 1a0o-
patoputo B TedeHue 1,5 gaca. B ycmoBumsax maboparo-
PHH KaJI OT Ka)KIOTO XMBOTHOTO TOMOTEHH3UPOBAIIH,
a 3aTeM Aemuty Ha 4 oOpasma mo 10 r: Nel, Ne2, Ne3 u
Ne4. K kaxoMy 13 KOTOpbIX go0aBuiu 20 T AUCTHI-
JIMPOBaHHOM BOJAbl. lloiydyeHHYI0 cMech TIIATEIbHO
NepeMeNTuBaIN CTEKISITHHON Majio4koil B TeueHWH |
MHUHYTHI TIOCJIe 4ero OHa OblJIa OCTaBleHa B TEMHOM
mecte Ha 30 MHHYT NpH KOMHATHOHW TemIeparype.
Jarnee monyveHHyIO B3BeCh LeHTpudyruposamu 15
muH ripu 3000 06/MHH ¥ OTOMpAH CyTIepHATAHT.

HUccnenoBanue cynepHatanta oopasma Nel Obwio
MIpOBEJEHO 4epe3 4-6 yacoB mocie 0Tbopa, a OCTalb-
HBle 00pa3nbl OBUTM 3aMOPOXKEHBI B  XOJIOIWIIBHOM
kamepe mpu Temreparype «-18,0 °C». Obpazernr Ne2
aHaM3UpoBay 4depe3 24 yaca mocie otdopa, Ne3 u
Ne4 cootBecTBeHHO 4epe3 48 u 144 yacos. [Ipu aToMm
OTIpEICIISIII YPOBEHD TIIFOKO3bI, albOyMUHOB, OOIIHUX
JIUMHI0B ¥ TPUTIHIEPHUIOB 110 OOLIETIPUHATHIM METO-
JMKaM C MOMOIIBI0 KOMMEPUECKHX HaOOpOB peaKTH-
BOB.

MaTeMaTHKO-CTaTUCTHYECKYI0 00pabOTKy MOITy-
YEHHBIX JAHHBIX MPOBOAMIN C IOMOIIBIO NPHUKIAA-
HBIX mporpamm Statistica v6.1 u Microsoft Excel. Pac-
CUMTBHIBAJIM CPEIHIOI apu(pMeTHYeCKyro u e ommo-
Ky, a Tak >ke JOCTOBEPHOCTb pa3HUIBI (p) IO
kputepHio CTbIOJICHTA.

PesyabTaThl HccefoBaHMiE M 00CY:KIeHHUS.
JlaHHbBIE aHaNMM3a Kaja MpeCcTaBiIeHbl B Tabmume 1, u3
KOTOPOH BUAHO, YTO Yy TENAT U MOPOCAT KOIHIECTBO
TJIFOKO3BI B CPAaBHEHHUH C MICXOTHBIM YPOBHEM YMEHB-
muiIoch B TeueHue 24, 48 u 144 4acoB COOTBECTBEHHO
Ha 1,51 2,0 %; 17,0 u 16,5 %, 34,5 u 33,8 %.
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Tabmnma — 1
V3meHeHne OMOXMMHUUYECKHX MTOKa3aTeel Mpo0 Kana TEIsIT M MOPOCSIT BO BPEMsI MX XPaHEHUs!
ITpomomxuTeNEHOCTD XpaHeHUs mpod (Jac)
Iloka3zarenu 76 24 78 147
T H0KO3a. MMOL/IT 2,32+0,130 2,28+0,132 1,93+0,110% 1,5240,101%**
’ 4,50+0,370 4,41£0,119 3,76+0,204* 2,98+0,133***
AnbGymiH, T/ 11,5+0,58 11,3+0,71 10,8+0,49 9,5+0,60*
’ 7,90+0,301 7,79+0,251 7,44+0,270 6,58+0,301**
OGime et T/ 3,20+0,091 3,12+0,100 2,72+0,091*** 1,98+0,10%**
’ 4,60+0,240 4,51+0,182 3,89+0,220* 2,72+0,089%**
TpHIHICPHITSL, MMOJTH/T 1,10+0,057 1,03+0,050 0,85+0,032%** 0,62+0,027%**
’ 2,80+0,095 2,64+0,088 2,16£0,042%** 1,60+0,073***

[Iprmedanne: B BEpXHEM CpPOKE NOKa3aTeNH TENSAT, B HIDKHEH — mopocsar; * - p<0,05; ** - p<0,01 u *** -
p<0,001 B cpaBHEHHU C JaHHBIMU IPEABIAYILETO NEPHOAA XPAHEHUS.

Br10op TUTIOKO3BI I OLICHKU BapuaOEIbHOCTH
cocTaBa Kajia ObUT 00YCJIOBJICH TEM, 4TO 3TO HauboJee
BOCTPEOOBAaHHBIA METa0OIMT B MPOIECCaX MOJOCTHO-
ro ¥ CUMOMOHTHOTO TNHUINEBAPEHUS B KUIIEYHHKE [2],
MOATOMY, YMEHBIIICHHE e KOJIMIeCTBA OTPaXkaeT CTe-
MICHb aKTUBHOCTH CBOOOIHBIX (TIOJOCTHBIX) (hepMeH-
TOB W XHU3HEHCATETHbHOCTH MHKpodiopsl. [lomyuen-
HBIC HAMH PE3YJIbTaTHl IIOKA3aJIH, YTO 3aMOPAKUBAHUEC
CHIDKAeT, HO HE OCTAaHABIUBACT MOTPEOIICHUE TITFOKO-
3Bl B UCCIIEJlyEMOM MaTepuae.

JlunuporpamMmmMa Kana MMeEET BBICOKYIO JHArHO-
CTHYECKYIO IICHHOCTD, MO3BOJISASA OICHUBATH (DYHKITUH
MOJKEIIYA0OYHOM KeJle3bl U KUIIEUYHUKA. Y 3I0pOBBIX
JKMBOTHBIX B KHIIEYHHMKE BcacbiBaeTcsa 1m0 95-98 %
JKUpa, MOCTYMAIONIET0 ¢ KOPMOM, IO3TOMY €ro Co-
JIepKaHWe B KajJle MHHUMAIBHO, HO TPH MATOJOTHH
oHo yBennuuBaetcs [3, 9]. [Ipu aToM noTepu TUNKUI0B
BO BpeMs XpaHEHHs MOTYT HUBEIUPOBATh THATHOCTH-
YecKoe 3HAueHHWE JHUMHUAOrpaMMBL. Tak ke ciemyer
OTMETHTh, YTO HEWTPaJbHBIC XUPHI (TPUTITHLICPUIHI)
JIETKO TUTABATCS W OHM JIerde BoAbl. [Ipu 3TOM, BBICOK
PHUCK UX TOTEeph Ha (POHE MPOUCXOMAAIIUX CTPYKTYp-
HBIX MeTaMOop(03 BO BpeMsI 3aMOPAKHUBAHUSA U PA3MO-
PaXHUBAaHMS, YTO TaK XK€ yBEJIMYMBAET PUCK aHATUTH-
yeckoil ommOKku. Bo Bpemsi xpanenus oOpasioB OT
TEJIAT cojiepKaHue OOIUX JTUMUAOB U TPUTIIHIIEPUIOB
B CPaBHCHHU C HCXOJHBIM YPOBHEM COKpATHIIOCH B
teueHue 24 vacos Ha 2,5 u 6,0 %, 48 yacoB — Ha 15,0
u 23,0 % u 144 yacos — Ha 41,0 u 43,5 %. Y nopocar
TaK e OTMEUYEHO YMEHBIIEHHE yKa3aHHBIX MOKa3aTe-
nert coorBecTBeHHO Ha 2,0 u 5,8%, 15,4 u 22,7%, 40,8
n 43,0%. IlpencraBieHHble JaHHbIE MOATBEPAIN
MPOTHO3UPYEMBIH PUCK TOTEPh JTUMHUAOB B Kajie BO
BpeMsl ero xpaHeHus. Tak, B CpaBHEHHH C TEPBBIMHU
24 gacamu XpaHEHHS BO BPEMs BTOPBIX CYyTOK MHTEH-
CHUBHOCTb MOTEPH OOIIUX JIUITHAJIOB BO3pACTa y TEIAT U
MOPOCST COOTBECTBEHHO B 6,2 1 7,7 pasa, a TpUIJIUIIE-
punos B 3,8 u 3,9 paza.

Conepxanue ans0ymuHa B TeueHue 24, 48 u 144
YacOB XpaHEHMs Kajla TeJsT U TMOPOCSAT CHU3UIOCH
cootBecTBeHHO Ha 1,6 u 1,4 %, 6,0 u 5,8 %, 17,0 u
16,7 %. 13BecTHO, 4TO yBEeIHUYEHHE COAEPIKAHUS allb-
OyMHHA B Kaje yKa3blBacT Ha HAJMYUE BOCHAUTEIIh-
HOTO TPOLIECCa, YTO OMPEILIIIeT BaXXHOE €ro JIUarHo-

ctuueckoe 3Hauenue [3, 9]. OgHako kan obmamaeT
CPABHUTEIBHO BBICOKOU MPOTEOIUTHYECKON aKTUBHO-
CTBIO, U B ClIy4ae COXpaHEHHs €€ 3HAUUMOTO YPOBHS
O0enku OyayT paspyllaThCs, MOITOMY MTUHAMUKA alib-
OyMHHa OTpa’kaeT CTENEeHb TOPMOXCEHUS (QyHKIMI
(epMEHTOB BO BpeMs XpaHEHHs. Pe3ynbTaThl Hammx
HCCIIEJOBAaHHUH MOKa3alld, YTO 3aMOPAKUBAHNE OKa3bl-
BaeT Ha Oenku Ooyiee BBIpaXEHHBIH CTaOWIH3HPYIO-
i 3QQPEeKT YeM Ha YTICBOIBI H KHUPHL.

Takum oOpa3oM, B mpoliecce XpaHEHHs MPOHC-
XOJAT M3MEHEHMs COCTaBa Kaja, BBIPAXKEHHOCTh KO-
TOPBIX HE MMEET CYIIECTBEHHOI'O MEXBHIOBOIO pa3-
sgnuust. i OLEHKU aHAJIMTUYECKOW 3HAYUMOCTHU BbI-
SIBICHHBIX W3MEHEHHH MBI HCIIOJIB30BAIM  JIBA
noaxona. Bo-mepBeix, ObLIa paccuuTaHa JI0OCTOBEp-
HOCTbH pa3nuyus 1o kpurepuio t Ctelonenta. B mean-
KO-OMOJIOTHYECKHUX HCCIICIOBAHUSIX IOCTOBEPHBIMHU
SIBISIFOTCSL pa3nuuust mpu =2, 4ro coorBercTByeT P =
95% [8]. 3 maHHBIX TaOJUIBI 1 BHJIHO, YTO JIOCTO-
BEPHBIC W3MEHEHMS NMPOM3OLUIA B COAEPKAHUH TIIO-
KO3HI 4epe3 48 dacoB, anbOyMUHOB — 144 4, o0mmx
JTUNUAO0B — 48 4 U TPUTTUIEpUI0B — Ha uepe3 48 d.

OpHako, MOMHMO CTaTUCTHYECKOH JOCTOBEPHO-
CTH pa3lIU4uui, HUMEETCsl [OIYCTUMBIH Ipezes Io-
IPEIIHOCTH 3HAYCHUIl, onpeaesseMblii BapHaOeIbHO-
CTBI0 METOJa WCCIIEOBAaHUS M MeTaboIINIecKOro
npoduis opraHusMa. [103ToMy BTOpHIM BapHaHTOM
OLICHKH 3HAaYMMOCTH BBIIBICHHOTO HAMHU HM3MEHEHUS
ToKazaTelied Kaja BO BpeMs XpaHEHHs, Oblila OIleHKa
COOTBETCTBHSI HAIIUX PE3yIbTaTOB, JOMYCTHUMBIM
npejesnaM aHAIUTUYECKOM BapHalluy, MPHUHATBIM pe-
(epeHTHOH TPYNIOH SKCIEPTOB 10 HAy4YHOH paspa-
00TKe W yHH(UKAIIMH METOJOB M CPEICTB KIMHHYE-
CKOM sabopaTtopHOW aumarHocTuku [5]. B cootBer-
CTBHHM C pEIIeHHEM OJTOH TpPYNIBl JOIYCKAIOTCS
Mpeesisl Bapualuy 1mokasateieil anboymuHos — 3%,
TPUTTUIEPUIOB — 7%, TIIFOKO3BI U OOIMNX JIUMHIOB -
5%. Tlony4yeHHbIE HAMU JaHHBIE TIOKA3aJId, YTO B Te-
yeHue 24 4acoB XpaHEHMM U3MEHEHUS BCEX H3ydae-
MBIX TOKa3aTeslell He MPEBBIINIAET JOIyCTHMBIE Mpe-
JieNbl BapHallid, HO IPU YBEIHMYEHHHM 3TOTO CpPOKa
YPOBEHb aHAJMTHYECKOH BapnaOeIbHOCTH CTaHOBHUTCS
HE IIpueMJIEMBIM (quarpamma 1).
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Huazpamma — 1. JJunamuxa 6uoxumuyeckux nokasameneu npod Kaia KpynHo2o po2amozo cCKoma u ceuHetl 6
npoyecce ux XpaHeHust 8 3aMopOACEHHOM COCIMOAHUU (CpedHee NPOYEeHMHOe OMKIOHEHUEe 0N UCXOOHO20 YPOBHSL)

3akaouenne. Konponaoruyeckue HCCIEAOBaHUS
CYHIECTBEHHO PpACIIUPAIOT METOMOJOTHYECKUE BO3-
MOYKHOCTH BETEPUHAPHOW TaCTPOIHTEPOJIOTHH, IO-
BbIIIAsE OOBEKTHBHOCTh JAMAarHo3a U 00OCHOBAaHHOCTh
Ha3zHauaeMoi Tepanuu. OfHaKO BBICOKMH PHCK aHa-
JUTUYECKON OMIMOKM CBA3aHHBIH C M3MEHEHHEM CO-
CTaBa Kajla BO BPEMsS XpaHEHHUS OTpaHUYUBAIOT BO3-
MOXXHOCTH IIPOBEACHHUS €ro aHamm3a. llosyueHHbIE
HaMH JlaHHBIE TIOKa3aJli OTCYTCTBHE JOCTOBEPHBIX
MEKBHJIOBBIX Pa3IM4YMi B CTAOMIBHOCTH TOKa3aTesei
Kaja Ipu XpaHeHHU. BEIsABIEHO, 4TO B Ipoliecce xpa-
HEeHHA Mpo0 Kana mpu temmnepatype -18°C, mpoucxo-
JSIT N3MEHEHHS €r0 COCTaBa, YTO HEOOXOAMMO yUHTHI-
BaTh IPU MPOBEACHUU KOMPOJOTHUYECKUX HCCIEN0Ba-
HUl. M3ydeHBl OCOOCHHOCTH W3MEHEHHH B Kalie
COJICPIKaHMsl TIIFOKO3bI, aIbOYMHHOB, OOIINX JIMITH/IOB
U TPUIIMLEpUA0B. MakcuMallbHasi yCTOWYUBOCTD MIPU
XpaHEeHUH OTMEYEHA y aJbOyMHHOB, HO MUHUMAJIbHAS
y TpurnuiepuaoB. C meiapi0 CHHKEHUS pUCKa aHAJIH-
TUYECKOH OMMOKHA pEKOMEHAYEeTCS IPOBOANUTE HCCIIE-
JIOBAHMS KaJla B TIEpBbIE Yachl Iocie 0TOopa, HO MpH
HEOOXOMMOCTH JIOMYCKAeTCsl €ro 3aMOpo3Ka Ha CPOK
J10 24 4acos.
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