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Abstract: The work considers the technology of joining with a hot melt adhesive to establish
rational technological modes of the joining process to achieve the necessary strength and tightness
of the joint. Researches on the strength during delamination of the hot melt adhesive showed that
with an increase in the flow of hot melt adhesive, the strength of the joint first increases, at a rate of
0.004-0.0055 g/mm, it acquires maximum strength and then decreases. This can be explained by the
fact that the strength of hot melt adhesive is less than the strength of its adhesive bond with paper.

Keywords: flexible packaging, hot melt adhesive,; polymer; delamination, jointing strength.

Introduction.

Today, flexible cardboard, paper, and polymer packaging are widely used in the
packaging of chemical products, household chemicals, and food products. However,
to increase competitiveness in comparison with other types of packaging, it is
necessary to increase the productivity and safety of the processes of its formation and
corking while providing the necessary level of its strength and ease of use. For this,
various types of adhesives are widely used in the industry.

Adhesives can be divided into two main types: water-based (dextrins, starch,
emulsion adhesives) and hot melt adhesives [1]. When choosing an adhesive, it is
necessary to take into account the type of material to be jointed, the type of product to
be packaged, the type of production equipment and the consumer of the requirement
to the quality of the connection. Both types of adhesives contain a polymer that is
responsible for the cohesion or internal strength of the adhesive. The necessary
wetting and penetration are achieved by dissolving or dispersing the polymer in water
or by melting hot melt adhesive. The adhesives are returned to a solid-state by
removing the solvent by evaporation or cooling of the melt. In both cases, this is a
physical process that is responsible for increasing the strength in the compound [2].

The traditionally used adhesive joints require considerable time to acquire the
necessary strength, create evaporation of solvents in the working area and the danger
of interaction with the packaged product. The listed disadvantages are absent when
connecting the elements of flexible packaging with hot melt adhesive.

Hot melt adhesive is an adhesive that, under the influence of temperature, passes
from a solid to a liquid state and hardens again upon cooling, which ensures strong
adhesion [3]. Hot melt adhesive is used in the molten state at temperatures that range
from 120 °C to 210 °C, depending on the application and the materials to be jointed.

ISSN 2567-5273 5 www.moderntechno.de
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The process of melting hot melt adhesive was considered in [4].

The work aimed to study the influence of various factors on the strength of a hot
melt adhesive. An experimental setup was created to conduct jointing studies with hot
melt adhesive. In fig. 1 shows its structural scheme.

|

=1

=1
|
|
|

1 — hot melt adhesive supply system, 2 — adhesive stick; 3 — heating channel;
4 — nozzle; 5 — hot melt; 6 — broach system of the jointed packing material;

7 — transport roller; 8 — rubber driven roller; 9 — control system of hold-down;
10 — guide rollers; 11 — rolls of packaging material; 12 — driving of broach system;
13 — jointed packaging material
Fig. 1. The scheme of the device for jointing by hot melt adhesive

To obtain an integral connection, it is necessary to install the adhesive stick 2
into the heating channel 3. Using a screw pair, the supply system 1 pushes the
adhesive stick 2 to the heating channel 3. In the heating channel 3, the adhesive stick
2 starts to melt under the action of heat from the heating block. The heating channel 3
ends with a nozzle 4, through which the melt of adhesive 5 is fed between the rolls of
packaging material 11, where the connection will occur using the pressing force of
the rollers 7 and 8. The transport roller 7 is driven by the broach system 12.

ISSN 2567-5273 6 www.moderntechno.de

Y



Modern engineering and innovative technologies Issue 11 /Part 1

The described installation allows you to adjust the values of the clamping force
and the feed rate of the adhesive stick.

To assess the qualitative characteristics of the compound thus obtained, a study
was carried out on the strength during the delamination of the hot melt adhesive. The
technique of such a study is described in [5]. Tensile tests of the jointed samples were
carried out on the device shown in Fig. 2.

=Y,

@lﬁ_ O
O ﬂ% [ ]

00O

"\3 S [ /“
e
£[]
I}
LJN'\

1 — piece; 2 — bedplate; 3 — pull mechanism; 4 — lower clamping jaws;
5 — upper clamping jaws; 6 — electronic dynamometer,
7 — control module; 8§ — drive group
Fig. 2. Experimental device for samples tensile testing

The experimental device works as follows: the test sample (piece) 1 is fixed
between the lower 4 and upper 5 clamping jaws. On the control module 7, a
predetermined tensile speed is set. After turning on the device, the lower jaw 4 moves
down at a constant speed, and the electronic dynamometer 6 captures the value of the
effective force. The value of the stroke of the sponge is displayed on the indicator of
the control module 7.

The calculated value of the tensile strength of the sample jointed by hot melt
adhesive at the time of its rupture is determined as the ratio of the breaking load to
the width of the sample.

In fig. 3 shows a graph of the dependence of the tensile strength of the hot melt
adhesive joint P on the consumption of thermoplastic adhesive material m.

From fig. 3 shows that the joint acquires the greatest strength at the consumption
of thermoplastic adhesive material in the range of 0.004-0.0055 g/mm. The difference
in joint strength between the largest and the smallest reaches 36%.

The relationship between the tensile strength of the joint and the consumption of
hot melt adhesive can be approximated by the dependence

ISSN 2567-5273 7 www.moderntechno.de
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Fig. 3. Graph of tensile strength versus consumption of hot melt adhesive

It was found that the strength of the hot melt adhesive does not depend on the
time interval between the joint and the tensile test, that is, it acquires the adhesive
strength corresponding to the consumption almost immediately after the hot melt has
solidified.

Summary and conclusions.

The study of the dependence of the tensile strength of the hot melt adhesive on
the its consumption showed that with an increase in the melt flow of hot melt
adhesive, the strength of the joint first increases, at a rate of 0.004-0.0055 g/mm, it
acquires maximum strength and then decreases. After analyzing the result, we can
conclude that the strength of the hot melt adhesive is less than the strength of its
adhesive joint with paper.
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Abstract: The impact of parameters of a 3D printing process on a physical and mechanical
properties of the obtained products from thermoplastic polymeric materials is studied, which allows
us to evaluate the possibility of using this technology in various industries and take into account the
results obtained when modeling and creating new units and mechanisms made with using 3D
printing. The strength of the samples in the direction transverse to the layers is approximately 25%
less than the strength along the layers and 30% less than the strength of the samples made by
injection molding.

Keywords: 3D printer, mechanical properties, thermoplastic materials, tensile test, layer
thickness

Introduction. Additive printing technology is one of the fastest growing in the
field of machine, aircraft, shipbuilding, pharmaceuticals and other industries. The
reason is a simplicity of the manufacturing process of polymer products in
comparison with traditional methods, the acceleration of the manufacturing process
of prototype parts, etc.

A large number of polymer companies, scientists and enthusiasts made a great
contribution to the study of additive technologies, promising areas of development
and their further implementation in various enterprises. However, the imperfection of
the technology, the low speed of manufacturing finished products, low rates of
physical, mechanical and operational properties of parts compared to parts made by
traditional methods, the limited choice of suitable feedstock for manufacturing
imposes a number of restrictions on the use of this method of manufacturing final
products.

One of the main obstacles to the introduction of additive technologies in the
engineering industry is the lack of research into the properties of finished products,
their physical, mechanical, thermal, chemical and other characteristics, as well as the
influence of structural and technological characteristics of forming devices on the
final properties of these products.

Analysis of previous studies. Similar studies on additive printing technology
have been conducted by scientists from the University of Florida and the College of
Engineering at the University of California at Berkeley [1].

ISSN 2567-5273 9 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 /Part 1

Using CoreXY-type Ultimaker 2 and Stratasys Fortus 360 mc printers,
researchers conducted tensile and shear tests on ABS (Acrylonitrile Butadiene
Styrene) samples on Ultimaker 2 and PC (Polycarbonate) made on Stratasys Fortus
360 mc. The main differences between research [1] and this research are the different
materials used in the study, various printer parameters (different nozzle diameters of
the print head 0.4 mm versus 0.5 mm and 1 mm) and studies of only one parameter,
namely the layers orientation, which affects the physical and mechanical properties of
the samples.

There was no analysis of factors affecting the anisotropy of the properties of the
finished products and no methods for solving this problem were proposed. Also,
according to the results of the study, we can conclude that the anisotropy of
properties between stretching along the fibers and the transverse direction varies
within 25%.

A direct analogue of this study is the study of John J. Luerto and Joshua M.
Pearce [2], where the difference is the type of printer design, the diameter of the print
head and print speed. These factors significantly affect the final result, but the
research [2] can be used for comparative analysis and serve as confirmation of the
correctness of the choice of the method of the experiment and the processing of the
obtained data.

The aim of the research is to determine the effect of the printing parameters of
3D printers, such as layer thickness, printing temperature and speed print head
movement, on the physical and mechanical characteristics of finished products from
thermoplastic polymeric materials.

Statement of the main material. ASTM D638 standard was used for tensile
test. According to the standard, the type and dimensions of the samples were selected,
as shown in Fig. 1. For the study, similar types and sizes of samples were selected.
Previously, tensile tests of samples along the print fibers were carried out in
accordance with the recommendations [4].

Note that the static tensile test methods are standardized. These standards give
typical shapes and sizes of samples, describe methods for determining the
characteristics that are evaluated during the experiment, the basic requirements for
experimental equipment, methods of conducting the experiment and processing the
final results.

115
e I 33 ]l
19 6
|t < [ T—
S ‘\—RM
25 |

Fig. 1. Type and size of samples used in this work

For the experiment, a tensile testing machine was developed and manufactured
(Fig. 2), which provides loading and unloading with a known rate of change in the
loading of the experimental sample.
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1 — electric motor; 2 — belting; 3 — gearbox, 4 — screw pair; 5 — sample; 6 — clamp,
7 — strain gauge; 8 — frame
Fig. 2. Scheme of tensile testing machine

The physical and mechanical properties that are determined during a tensile test
are used to control the manufacturing technology and quality of the raw materials, to
select materials for design, to assess the strength, stiffness and reliability of structural
elements.

Methods of static tensile tests at room temperature were used during the
experiment [5].

The shape and main dimensions are presented in Fig. 3. and Table 1.

do

A

D

Fig. 3. Tensile test sample
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Table 1.
Sample dimensions
Dimension Value, mm
Total length L, no less 100
Working length, [y 50+1
Working width dj 10+1
Fixing length C 2545
Fixing width D 25+1
Sample thickness, ¢, not shown 2 +0,2
Layer thickness, A 0,05—0.4

Test conditions. Samples were printed on H-Bot type 3D printer with a nozzle
diameter 0.5 mm and 1 mm. The main printing options for a 3D printer that can be
changed:

1) Extruder temperature (from 170 °C to 260 °C);
2) Print head speed (from 10 mm/s to 140 mm/s);
3) Layer thickness (from 0.1 mm to 0,6 mm);

4) Cooling (from 0 1o 100%);

5) Infill of the model (from 5 % g0 100 %);

6) Support angle (from 50 ° to 90 °).

All parameters that theoretically cannot affect the strength of the finished part
were excluded.

“Support” is not available because the sample shape does not need this option.
“Infill” directly affects the physical and mechanical properties, but in this case, a
rational solution was to use 100% filling for further comparison with samples
obtained by injection molding.

"Cooling" directly depends on the structure of the print head. Therefore, this
value was taken as unchanged for each sample.

Therefore, three basic print parameters were changed in the study: print
temperature, layer thickness, and print speed.

Results

The nozzle diameter is 0.5 mm. Breaking force transverse to the direction of
the layers.

Fig. 4 shows a histogram of the obtained data from the tension of printed
samples with a layer thickness of 0.05 mm to 0.35 mm in 0.05 mm increments.

The choice of values for the layer thickness is explained by the following. 3D
printing with a layer thickness of less than 0.05 mm is low productivity and
efficiency. Printing time is growing and the quality of the product is almost
unchanged. Having a layer thickness of more than 0.35 mm, printing with a nozzle
with a diameter of 0.5 mm becomes almost impossible, because the contact area
between the layers tends to zero.

Based on the data obtained, it can be seen that the value of tensile forces is
almost the same for the layer thickness values from 0.1 to 0.2 mm. Obviously, the
most rational is the layer thickness of 0.2 mm. With this value, better print strength
and performance are achieved.

ISSN 2567-5273 12 www.moderntechno.de
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Fig. 4 — The dependence of tensile stress on layer thickness.

Nozzle diameter 0.5 mm

Fig. 5 shows a histogram of the obtained data from the tension of printed
samples at a print temperature of 190 °C to 250 °C in increments of 10 °C. These
values cover print temperatures recommended by filament manufacturers [6, 7, 8].
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Fig. 5 — The dependence of tensile stress on print temperature.

Nozzle diameter 0.5 mm

Based on the data obtained, it is seen that the value of tensile forces is the
highest for a temperature of 220 °C, which is slightly higher than the average
recommended values.

Fig. 6 shows a histogram of the obtained data on the tension of printed samples
at printing speeds from 10 m /s to 70 m / s in increments of 10 m / s. Larger values
are not valid for 3D printers [6, 7, 8].

Based on the obtained in Fig. 6 data, it can be seen that the value of tensile
forces are almost the same for speed between 10 mm/s to 40 mm/s. Obviously, the
most rational is a speed between 30 mm/s to 40 mm/s. With this range of values, the
best strength (34-35 MPa) and print performance (average 12-16 g/h) are achieved.

The results obtained for samples printed with a nozzle of 0.5 mm showed that
the highest strength of samples printed with a layer thickness of 0.2 mm, a
temperature of 220 °C and a printing speed of 30 mm/s is 35 MPa. The value of the
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maximum breaking stress is 25% less when the samples are loaded along the print
direction and 30% less for samples made by injection molding.

40

[*5]
L

[*5]
=]
i

S
|

=]
[=]
i

=
L
i

=
=]
i

Tensile strength, MPa

%,
i

=]

10 20 30 40 50 60 70

Print speed, mm/s
Fig. 6 — The dependence of tensile stress on print speed. Nozzle diameter 0.5 mm

The nozzle diameter is 1 mm. Breaking force transverse to the direction of the
layers.

Fig. 7 shows a histogram of the obtained data from the tension of printed
samples with a layer thickness of 0.1 mm to 0.4 mm in 0.05 mm increments.

The choice of values for the layer thickness is explained by the following.
Having a layer thickness of less than 0.1 mm, 3D printing with a nozzle of 1 mm is
low productivity and efficiency. Printing time is growing and the quality of the
product is almost unchanged. With a layer thickness of more than 0.4 mm, printing
with a nozzle with a diameter of 0.5 mm becomes almost impossible, because the
contact area between the layers tends to zero.
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Fig. 7 — The dependence of tensile stress on layer thickness.
Nozzle diameter 1 mm

Based on the data obtained, it can be seen that the value of tensile forces is
almost the same for the layer thickness values from 0.1 mm to 0.2 mm. Obviously,
the most rational is the layer thickness of 0.2 mm. With this value, better print
strength and performance are achieved.
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Fig. 8 shows a histogram of the obtained data from the tension of printed
samples at a print temperature of 180 °C to 240 °C in increments of 10 °C. These
values cover print temperatures recommended by filament manufacturers. It is also
recommended that the print temperature for the 1 mm nozzle be slightly reduced.

45

40

35

30

25 |

20 +—

15 +—

10 — -

Tensile strength, MPa

5__ —

G T T T T T T
180 130 200 210 220 230 240

Temperature ,C
Fig. 8 — The dependence of tensile stress on print temperature.
Nozzle diameter 1 mm

Based on the data obtained, it is seen that the value of tensile forces is the
highest for a temperature of 220 ° C, which corresponds to the average recommended
value [6, 7, 8].

Fig. 9 shows a histogram of the obtained data on the tension of printed samples
at printing speeds from 10 m/s to 70 m/s in increments of 10 m/s. Larger values are
not valid for 3D printers.
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Fig. 9 — The dependence of tensile stress on print speed. Nozzle diameter 1 mm

The results obtained for samples printed with a nozzle of 0.5 mm showed that
the highest strength of samples printed with a layer thickness of 0.2 mm, a
temperature of 210 °C and a printing speed of 30 mm/s is 37 MPa. The value of the
maximum breaking stress is 22% less when the samples are loaded along the print
direction and 28% less for samples made by injection molding.

Conclusions.

For a nozzle diameter of 1 mm and with a breaking force that is perpendicular to
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the direction of application of the layers, the values of breaking forces are almost the
same for values of the layer thickness from 0.1 mm to 0.2 mm, which makes it
possible to recommend the most rational layer thickness of 0.2 mm.

It was also found that samples printed with a nozzle with a diameter of 1 mm
have a slightly higher (7-10%) tensile strength compared to the maximum strength of
samples printed with a nozzle of 0.5 mm.

At the same time, more durable samples printed with a 1 mm nozzle, obtained at
slightly lower printing temperatures (200-210) °C. This is explained by the high heat
capacity of the polymer material and, therefore, the greater internal energy of the
polymer layer deposited by a nozzle with a diameter of 1 mm.

Studies of the effect of printing parameters of 3D printers such as layer
thickness, printing temperature and speed, nozzle diameter on the physical and
mechanical characteristics of products made of thermoplastic polymeric materials
have established that the greatest strength of the samples is achieved with such
printing parameters: temperature within (200-210) °C, nozzle diameter 1 mm, layer
thickness 0.2 mm, printing speed (30-40) mm/s.

At the same time, the strength of the samples in the direction transverse to the
layers is approximately 25% less than the strength along the layers and 30% less than
the strength of the samples made by injection molding. However, the 3D printing
method allows, in comparison with the injection molding method, to create the
necessary parts much faster and without the use of expensive equipment.
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Anomauia. B pobomi pozensioaemvcsi O0OCHIONCEHH memnepamypu nio 4ac wiiighyearHs
NnOBEPXoHb 00epMAHHS 308HIUHIX Kileyb POIUKONIOWUNHUKIE MA BUKOPUCIAHHA Nepepusyacmux
winighy8anbHUX Kpy2eie 8 mexHON02IUHOMY YUKIE 0OpOOIeHH s Kileyb NiOUUNHUKIG.

Kniouoegi cnosa: memnepamypa, winighysanms, niOWUNHUK, Kiibye, Yuki.

Beryn.

VY nmpakTtuili CBITOBOI0O MalllMHOOYyBaHHS B1I0YBA€ThCS MOCTIMHE MiBUILICHHS
BHUMOT JI0 SIKOCT1 Ta KOHKYPEHTOCIIPOMOKHOCTI BUp0OiB. [IuTaHHS KepyBaHHS SKICTIO
MIOBEPXHEBOr0 Iapy JeTajed MaluH i Yac NUlidyBaHHS —3aJIUIIAEThCS
aKTyaJIbHOIO MPOOJIEMOI0 CY4aCHOTO MIAMUITHUKOBOTO BUPOOHUIITBA.

OCKIJIbKH, HAmIHHICT, Ta AOBIOBIYHICTH MAIIMH 1 MEXaHI3MIB BH3HAYA€THCS
HAJIWHICTIO OMOp KOYEHHS, TO OCOOJMBO AaKTyaJlbHOIO CTa€ Tpobiema
TEXHOJIOTIYHOTO 3a0€3MEeUeHHs eKCIUTyaTallliHUX XapaKTePUCTUK MiIITUITHUKIB
KOYEHHS, SIKI BUPIIIAJIBHUM YUHOM 3aJIeKaTh BiJ] TOYHOCTI T€OMETPUYHOI (hopMH
MOBEPXOHb 00epTaHHs, 0 (POPMYIOTHCS HA OTEpallisiX NuTihyBaHHS.

B migmmnHuKax KOYCHHS KOB3JIBHMA KOHTAaKT 3MIHIOETBCS KOHTAKTOM
KOYEHHS, 3aBJIIKH YOMY 3MCHIIIYIOTHCS BUTPATH €HEPTii Ha TepTs. Ajie KOHCTPYKIIis
MIIIIMITHAKA KOYEHHS TaKa, IO HE J03BOJIS€ IMMOBHICTIO 3BUILHUTHUCH BlJ €JIEMEHTIB,
SKi 3yMOBJIOIOTH HAsSBHICTh HE3HAYHOTO KOHTAaKTy KoOB3aHHA. Tomy pobota
MIITUITHAKA KOYCHHS CYITPOBOKYETHCS CKJIQJHUM 3MiHAMH, KOTpPi BIUIMBAIOTh Ha
JMHAMIYH1 XapaKTePUCTUKH MigmunHuKa [1].

Jlo TAMIMIHUKIB 3arajibHOTO Ta CIHEMIalbHOTO MPU3HAYEHHS BUCYBAETHCS
0arato BUMOT, K1 MOKHA KJIaCU(IKyBaTH Ha 3arajbHi Ta crerudiyHi:

- JIo 3arajgpbHUX BUMOT BIJTHOCATHCS TaKl SIK, 3SMEHIIICHHS IITyMHOCTI Ta BiOpaliii,
MOMEHTY OIIOpYy OOEpTaHHs, MiABUINCHHS TOYHOCTI BUKOHAHHS TE€OMETPUYHUX
PO3MipiB, 30UIBIICHHS TOBrOBIYHOCTI, HAIMHOCTI, 3HOCOCTIUKOCTI.

- Jlo cnenudigyHUX BHMOT BIJIHOCATH TEIUIOCTIMKICTh, KOPO3iHA CTIMKICTD,
aHTUHAMArHidyyBaHICTh Ta PsAJ I1HIIMX BHUMOT, OCOOJHMBO JIO MIIIIMIHUKIB, IO
MPAIIOI0Th B CHENU(PIYHUX EKCIUTyaTalliiHIX yMOBaX.

[Tporpama excriepuMeHTAIBLHUX JOCIIKEHb 3B S3KIB TEXHOJIOTTYHUX YHMHHUKIB
3 TEeMIEpaTypor B 30HI LUIIQYBaHHA Ta 3 SKICTIO HUNI(OBAHUX TMOBEPXOHb,
nependayae:

» OCTIDKEHHSI TEeMIIepaTypu TiJ 4ac NDTipyBaHHS MOBEPXOHb OOEpTaHHS
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30BHIIIHIX KUICIb POJUKOITIAIIUITHUKIB;
» 3aCTOCYBaHHS IEPEPUBYACTHX INLTIPYBaTbHUX KPYriB B TEXHOJIOTTYHOMY
IIUKJII 0OPOOJICHHS KUTEIh I IIIUITHUKIB.

[Ticast mpoBeneHHs1 aHali3y MPUYUH IMOSBU T€OMETPUYHHUX HE BiAMOBIIHOCTEH
MOKHa CTBEpJDKYBaTH, IIO0 YCYHEHHsSI TaKWX HEIOJIKIB MUIAXOM HampaBiIe€HOTO
TEXHOJIOTIYHOTO BIUIMBY € KIIOYOBUM HANpSIMKOM IIOKpAIIeHHS Ta cTradimi3alii
eKCIUTyaTaI[lfHUX MMOKa3HUKIB TOBEPXOHb 00EPTaHHS POJUKOBUX T IIUITHUKIB [3].

OCHOBHHUI TEKCT.

TeruioBi siBUINA, IO CYNIPOBOIXKYIOTh IpoLieC NUTIPYBaHHS, 3HAYHO BILJIMBAIOTh
Ha dKiCTh [UTiGOBAaHMX TOBEpXOHb. [linBHIeHI TemnepaTrypu HUTi(QyBaHHS
BUKJIMKAIOTh JePEKTH B TMOBEpPXHEBOMY Iapi murioBaHoi Jertani (mpuman,
TPILIMHU, MIKPOCTPYKTYPHI A€(DEKTH ), 0 3HUKYIOTh AKICTh JI€Tall, Y 3B'A3KY 13 UMM
TEMIEpAaTypHUN YUHHUK HAOyBa€ 3HAUEHHS OJHOTO 3 OCHOBHHMX YHMHHHKIB IPOIIECY
nutigyBaHHs [2].

OcCHOBHI YMHHUKH, IO BIUIMBAIOTh Ha TEMIEpaTypy pi3aHHA IIiJI dac
nutipyBaHHS 3arOTOBKH, 3aJIeXkKaTh BiJl TJIMOMHU pi3aHHS ¢ , IIBUAKOCTI 3aTOTOBKH V3

, YMCJIa KaHABOK MepepuBYACTOro NUTI(YyBaILHOTO KPYTa £.

0 =71t Vs €) (1)

VY nepmomy HaOamxeHH1 ¢QyHKIi0 (1) MOXHA MPEACTaBUTH y HACTYITHOMY
BUTIISAAL [4]:
8=C-t%-VP-e° )

ne C - xoedilieHT, MO0 BpaxoBye (Pi3MKO-MEXaHIYHI BIACTUBOCTI 0OpOOIIOBAHOTO
MmaTtepiaiy ¥ ymMoBH OOpoOJeHHs; ¢ - rauOuHa pi3zaHHsA, MM; V3 - HIBUAKICTH

3aroToOBKH, M/XB; ~ YHUCJIO KaHAaBOK &.

B norapudmiunomy mnpencraBieHH1 piBHSHHS (2) Oyae MOJIHOMOM MEPIIOro
CTETICHS:
In@=InC+a-Int+b-InV; +c-lne 3)

[Tix yac nepexoay a0 0€3pO3MIpHUX BEJIIMYUH Y 3arajlbHOMY BHTJISJII PIBHSHHS
(3) 3anumemo:
_}’ = bu +b1X1+b2X2 +.EJ3I3 (4)

ExcriepuMeHTH MPOBOJIWIM BUKOPUCTOBYIOUM METOJUKY MOBHOTO (PAKTOPHOIO
aHaiizy, TOOTO  OJHOYACHOTO  BapilOBaHHA  yCiX  3MIHHUX  YUHHHKIB,
x, (£),%,(V), x5 (). Koxna 3 1UX 3MiHHHX BapiloeThcsl HA JBOX piBHAX (2%), ne k —

yucyo 3MiHHUX. BusHauwim HeBigomi b0 1 koeditientu bl, b2, b3.

Bubip pexumiB 00poOJCHHS MPOBOAMBCA 13 BpaxyBaHHAM MOKIHUBOCTEH
00J1aTHaHHS Ta TPAHUYHHUX PEKUMIB 00pOOJICHHS, SK 1€ TTOKa3aHo B Tad. 1.

3a MaHUMHU EKCIEPUMEHTaJIbHHUX JOCTI/DKEHb 1 HACTYMHOTO CTaTHCTUYHOTO
0o0poOJIeHHST pe3yibTaTiB Oyja oOTpuUMaHa MaTeMaTU4YHa MOJIElIb TeMIlepaTypu
pizaHHsi. MaremaTuyHa MOJENb JMiMCHA JIMIIE B MEXaxX IHTEPBAJIIB BapiIOBAHHS
TEXHOJIOTIYHUX TapaMeTpiB. AHaNI3 OTPUMAHOT MAaTEMaTUYHOI 3aJI€KHOCTI TTOKAa3aB,
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0 HAWMOUIBIIMKI BIUIMB Ha 30UIBIICHHS TEMIIEpATypu pi3aHHS Ma€e 30UIbIICHHS
INIMOWMHU PI3aHHS ¥ MEHILOI0 MIpOI0 — YKCIO KaHABOK HUTI(yBadbHOrO Kpyra (&).

[Buakicte 3arotoBku (1) BIIMBae Ha TemMmnepaTypy pi3aHHs mija yac nutidyBaHHS,

il 30UIbLICHHS] MPU3BOAUTH 1O 3HI)KEHHS TEMIIEPaTypHOrO BIUIMBY Ha MOBEPXHIO,
AKy 00pOOJISIOTH.

Taoauua 1
Pexume mmdyeaHHS 1 KOJOBL IO3HATEHHA
Pexmvu mmdyveanns Kogoei mozgadenns
PieeHE S
f MM V.. M/xB £ X X X3
Bepxmii 0.4 40 36 1 1 1
Cepemmiii 0.3 30 24 0 0 0
Hiscmiit 0.2 20 12 -1 -1 -1

Haiibipin Bucoki 3HaueHHs koedirienta kopensmii (y mexax ao 0,95) Oynu
OTpUMaH1 MK TEMIIEPATypOIO pi3aHHS ¥ TIMOWHOI pi3aHHS 0O0pPOOIIOBAHOI JAeTal.
Ha ocHOBI pe3ynbTaTiB J0CIiHKeHb, BUKOPUCTOBYIOUH METO]] HAMEHIIINX KBapaTiB
1 BJIACTUBOCTI CKaJIPHOTO JOOYTKY OCHOBHHMX BEKTOpIB, KiHIIeBa (opmysa s
BU3HAYCHHS TEMIIEpaTypH pi3aHHs B Mporieci NuTihyBaHHS Ma€ BUTJISL:

6 =611.8-t034.y,7005. ;028 (5)

Jlucnepcito afeKBaTHOCTI MOJIEITI BU3HAYAIIN 32 (POPMYIIOHO:
N
g2 _ Lj=1(Vej—¥pj)®
ac N-I

(6)

ne Yi — oTpumaHe 3HAa4yeHHs MapaMeTpa ONTUMI3alli; Yc — cepelHe 3HAYEHHS
rapaMeTpa ONTHUMI3allil; # — KUTBbKICTh TapajeIbHUX JTO0CHIIIB.

BrnuiuB TemnepaTypu Ha SIKICTh IIOBEPXHEBOTO IIapy JeTalll Mmija yac oOpoOIeHHS
3arOoTOBOK 3MIHIOETHCSI B 3aJIEKHOCTI BiJl KUIBKOCTI KaHABOK IUII(YBaIbHOIO Kpyra.
Bnacioigok ~ HEeBHCOKOI  TemIONpoBigHOCTI  (puc.l)  BINIUB  TeMmmepaTypu
PO3IOBCIOJIKYETHCS Ha IOBEPXHEBI IIapH JICTAII.

Jlo ocobmmBocTei mporiecy nutihyBaHHS 3arOTOBOK BITHOCUTBCS OOMEXKEHE
BUKOPUCTAHHS MAaCTUJILHO-OXOJIO/DKYBAJIBHOT  PIIUHU, SKAa TOTPAIUISIOYH B
MIKPOTPIIIMHY 3arOTOBKH 3MIHIOE (DI3MKO-MEXaHIYHI XapaKTEePUCTUKU TTOBEPXHEBOTO
HIapy mMarepiainy.

PesynbTaTi BUMIpIOBaHHS TEMIIEpaTypHy pi3aHHS 3aJI€KHO B TIIMOWHU pl3aHHS
MoKa3aHo Ha puc. 2. bymo BcTaHOBIEHO, IO 13 3POCTAHHAM 4YHCIAa KaHABOK
3MEHIIYIOTBCSI TeMIIeparypa pi3aHHsA, TOMY 110 30UIBIIYETHCA KOE(DIIIe€HT
TEIJIONPOBITHOCTI, MOKPAIIYIOTbCS YMOBH TEIUIOBIABOAY, LIO HE JAa€ TeMIeparypi
PIBHOMIPHO PO3MOAUIUTUCS 110 BCbOMY 00’ €My J€Tali.

PesynbraTn, mo Oyau OTpuUMaHi B XOJ1 EKCIEPUMEHTY CHIBMNAJal0Th 3
pe3yabTaTamMu poOIT, 10 BITHOCATHCS J0 JOCTIIKEHHS TOBEPXOHL 00epTaHHs [2].
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BucHoBkwM.

1. Po3pobieno 1aH eKCIIepUMEHTATbHUX JOCIIIKEHB 3B’SI3KIB
KOHCTPYKTOPCHKO-TEXHOJIOTIYHMX  YMHHUKIB Ta  TOKA3HUKIB  OE3LEHTPOBO-
nutihyBaJIbHUX — Omepaliid 3 TMapaMeTpaMu SKOCTI HUTI(OBAaHUX IMOBEPXOHb,
TeMIrepaTyporo npolecy nutidyBaHHs MepepruBUYaCTUMU NUTI(QYBAIbHUMU KpyraMu Ta
KOHCTPYKTUBHHUMH ITapaMeTpaMu KPYTiB.

2. EkciepuMEeHTaJIbHO Ta TEOPETUYHO MOCIHIHPKEHO BIUIMB TIUOMHMU pi3aHHA,
YUCia KaHaBOK NUIN(YBAIBHOTO Kpyra, IMBHUJIKOCTI pi3aHHA Ta BEIUYUHH
MOB3/I0BXKHBO1 110/1a4l Ha TEMIIEpaTypy HuTihyBaHHS.
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Mapuyk Biktop [BanoBuY ; Jlyubkuii nepx. TexHiyHUN yH-T. - Jlymbk, 2004. - 458
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Abstract. In the world of mechanical engineering there is a constant increase of
requirements for quality and competitiveness of products. The question of quality control of the
surface layer of machine parts during grinding remains an urgent problem in modern bearing
production. The program of experimental studies of the relationship of technological factors with
the temperature in the grinding zone and the quality of the sanded surfaces, provides:

- study of temperature during grinding of surfaces of rotation of outer rings of roller
bearings,

- the use of intermittent grinding wheels in the technological cycle of processing the bearing
rings.

After analyzing the reasons for the appearance of geometric mismatches, it can be argued
that the elimination of such deficiencies by directing technological impact is a key direction for
improving and stabilizing the performance of the roller bearing rotation surfaces

The thermal phenomena that accompany the grinding process significantly affect the quality
of the grinding surfaces. Increased grinding temperatures cause defects in the surface layer of the
grinding workpiece (hot spots, cracks, microstructural defects), which reduce the quality of the
workpiece, and therefore the temperature factor becomes one of the main factors in the grinding
process.

According to experimental studies and subsequent statistical processing of results, a
mathematical model of cutting temperature was obtained. The mathematical model is valid only
within the intervals of variation of technological parameters. The analysis of the obtained
mathematical dependence showed that the greatest influence on the increase in the cutting
temperature has an increase in the cutting depth and, to a lesser extent, the number of grooves of
the grinding wheel (¢). The workpiece speed (VO) affects the cutting temperature during grinding,
increasing it leads to a decrease in the thermal effect on the surface being treated.

Key words: temperature, grinding, bearing, ring, cycle.

Crartts Binnpasiena 04.03.2020p.
© I'punrok C.B.
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RESTORATION OF HYBRID SUCKER RODS TECHNICAL

CHARACTERISTICS
BIZTHOBJIEHHSA TEXHIYHUX XAPAKTEPUCTHUK I'lBPUJHUX HACOCHUX
IITAHI'

Stefanyshyn A.B. / Crepanumun A.b.

doktorant / acnipanm

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Karpatska 15, 76019

Isano-Dpankiecokuii HAYIOHATLHUL MEXHIYHUL YHIgGepcumem Hagdmu i 2azy,
m.leano-Dpanxiscok, syn. Kapnamcoxa 15, 76019

Anomauia. B pobomi po3zensioaromuvcs nepcneKmusu 3acmocy8anHs — 2IOPUOHUX HACOCHUX
wmaHne ma npogedeHa OYIHKA iX 8MOMHOI MIYHOCMI Npu YukiiyHomy 3euHi. IIposedeno ananiz
NOWKOOIHCEHb 2IOPUOHUX HACOCHUX WMAHE MA PO3POOIEHA MeMOOUKA 3AIIKOBYBAHHS MPIUUH.

Jna  oocniooscennss 6mMomMHOI MiyHOCMi OVIO GUKOPUCMAHO 3PA3KU 2IOPUOHUX WMAH2
(6yenennacmux 3i cxknonaacmuxom) oiamempom 19um i Oosdxcunoro 0o 320 mm. 3pasku
00CnI0ACYBANUC NPU  PISHOMY HABAHMAdCEHHI ma HanpyxycenHi Ha cmendi 3KII-25 npu
KOHCONbHOMY 32uHi yacmomoro n=950xe".

Iicnsa ompumanux pezyiomamis npogeoeHo 3aniKy8anus mpiwun 3pasxie Nel,3 i 4 banoadicem
i3 cknogonokna (1=50cm, B=10cm — 6 wapis no Konmypy wmaHeu 8 Micyi BUHUKHEHHs MPIiuH) ma
enoKkcuoHoi cmonu. Bnepuie 6cmano8n1eHO, W0 HaAHECEHHs CKIONIACMUKO08020 Oanoaxca Ha
2IOPUOHT wmanau 3 BMOMHUMU MPIYUHAMU NOO008XCYE ix pecypc Ha 15-20 %.

Ompumani  pesyromamu npeoCmasiIAlOmyb NPAKMUYHULL iHmepec O OYIHKU 3andacie
MIYHOCMI WMAH208UX KOJIOH 1 MOXNCYMb OYMU GUKOPUCMAHI O/l NPOSHO3VE8AHHS pecypcy 3a
bazamoyuxosoi smomu.

Knrwwuosi cnoea: ciopuona macocua wmanea, Oaumoadic, odiazpama 6MOMHOI MIYHOCHI,
HANPYAHCEHHS, SPAHUYS 8MOMU, YUKATYHUL 32UH.

Beryn

HacocHl mTanru € OCHOBHOIO CKJIQJJOBOIO YCTAHOBKHM, @ TOMY IXHS IOJIOMKa
npu3Bese A0 30010 Bciel cucteMu. KpiM TOro, BOHM MpaliolOTh B JUHAMIYHOMY
pexumi, TOOTO TepedyBalOTh y MOCTIMHOMY MPUCKOpeHOMY pyci. BoHu Takox
MOXXYTh (YHKIIIOHYBaTH Yy CYBOPHX YMOBax 3 BHCOKHMH TeMIIEpaTypamu, B
IPUCYTHOCTI KOPO3iHHO-aKTUBHUX PEYOBMH Ta 3a MaKCUMAJIbHMX HaBaHTa)KCHb.
Cy1inpHI cTajeBl MTAaHTH BIAHOCHO BaXKI - iXHS Maca 0e3 My()T MOXE CTAaHOBUTH
Bix 1,08 1o 5,4 kr/m (3a 3araJIbHONPUIHATAMU po3Mipamiu). Bara crajgeBux mTaHr
NIEPEBUIIY€ Bary pPiIUHU, Ky BOHA MigHIMAE, y 2-3 pazu. Ctanbs 4yTiauBa A0 KOpPO3ii,
3HOIITYBaHHS Ta TPINIMHOYTBOPEHHsI BIJ KOPO3iiHOT BTOMHU. ['10pwaHI HACOCHI
MITAHTA TPUOIM3HO YTPUYl JIETII 3a CTaJIeBl, Kpallle MEPEeHOCATh KOPO3iHY i,
IpoTe iX MOJIYNh MOTYXXKHOCTI CKjiadae 1/4 Bii cTalleBUX, IO BUKJIMKAE 3HAYHE iX
BUJIOBXKEHHS TIpU pO3TATY. BOHM TakoXk MawTh CTPYKTYPHY BpaslUBICTh 0
HaIpy>K€Hb CTUCKYBAaHHS 3a BTpAaTH CTIMKOCTi. be3nocepenHiM pe3ysibTaToM YcixX
[IUX YUHHUKIB € T€, 1110 BIIMOBU Y POOOTI HACOCHUX IIITAHT € TOJIOBHUMHU MPUUUHAMHU
IIPOCTOIB HACOCHUX YCTAaHOBOK. ICHYe MOXIHMBICTH 3aCTOCYBaTH YIOCKOHAJICHI
MaTepiaid B Trajly3l BUKOPUCTAHHA HACOCHUX IUTAHT JJI1 BUPIIIEHHS LHUX MpoOsieM

[1-3].
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OcCHOBHMH TEKCT

JlociKeHo 3rMHaIbHy BTOMHY MOBEIIHKY T1OpUAHUX KOMIO3UTHUX CTPHXKHIB,
IO CKJIAJal0ThCA 3 OJHOCTIPSMOBAHUX BYTJICIIEBUX BOJIOKOH B OCEpJi 1 CKISHUX B
oOosoHti. [TomkomkeHHsT OLIHIOBAJIM, KOHTPOJIOIOYU BTPATy >KOPCTKOCTI 3aJIEKHO
BiJl KUIBKOCTI LIUKJIIB, @ 3rMHAJIbHY BTOMHY MIIHICTh BU3HAYaJIM 3 TOYKU 30py MOSBU
TPIIIKH 1 pyHHYBaHHsSI. MeToIMKa aKyCTHYHO1 eMICii 1 MIKPOCKOITIYHE JTOCIIIKEHHS
BUKOPUCTOBYBAJIMCS JJISl  XapaKTEPUCTHKU MPOrPEeCyBaHHS MOIIKO/DKEHHS 1
MEXaHI3MIB pyiHYBaHHS. UMCIO LMKIIIB 10 BIJIMOBU 3aJI€Kajio BiJ MPHUKIAAEHOTO
PIBHSI HaNpY>KEHHs, JBONapaMeTpUYHHUI aHani3 BeliOyna BUKOpPHCTOBYBaBCS IS
BU3HAYEHHS HMOBIPHOCTI BIAMOBU 3riIHO KpuBOi o-N. IlomkomkeHHs Oymo
1HILIMOBaHE 1 PO3MOBCIOKYBAJIOCS B PE3YJbTaTi PO3TPICKYBaHHS MATPHUI 1
pYHHYBaHHS B 3B’SI3L1 CKJSHUX BOJOKOH B 00oisioHuI (puc. 1). Broma mpu 3runi
MOYMHAETHCS TUIBKA TOJI, KOJW TiOpUJIHA IITaHra IIiJJA€ThCS TMPOTUHY, IO
nepeBunrye 42 % MIIHOCTI Ha BUTHH. [IOMIKOJKEHHS MOCATIIO TOYKHM HACHYCHHS
Y3I0BK KOHTAKTY CKJIOBOJIOKHO/BYTJIEBOJIOKHO 4Y€pe3 KOHIIEHTpPALI0 HaIpyXEHb,
gKa BUHUKJIA MDK JBOMa MaTepialbHUMHU CHCTEMaMH, 110 MpPHU3BEIO JI0
ACUMIITOTHUYHOI TTOBEIHKHA BTPATH KOPCTKOCTI.

OCKIJIbKY TOIIKOJKEHHSI HE MOUIMPIOBAJIOCS Ha SAPO BYTJIEBOJOKHA, CTATUYHI
MeXaHI4YH1 BJAaCTUBOCTI 30epiranucs 10 ~85% Mexi MIITHOCTI abo Oiblie.

Jlns  mochipkeHHS BTOMHOI MIIMHOCTI OyJI0O BHUKOPHCTaHO YOTHPH 3pa3Ku
rOpUAHUX IITAHT (BYTJIEIJIACTUK 31 CKJIOIUIACTUKOM) AlaMeTpoM 19MM 1 TOBKHUHOIO
10 320 mM. 3pa3Ku JOCHIKYBAIKUCS MPU PI3HOMY HAaBAHTAXKEHHI Ta HAIIPYXKEHHI Ha
crenai 3KII-25 npu KOHCOIBHOMY 3rHHI 4acTOTO N=950xB!.

Puc. 1. Ilonepeunnii nepepi3 riOpuaHoOi HACOCHOI ITAHTH 3 TPIIIMHOIO, AKA
YTBOPWJIACS B BYIVICIUIACTHKOBIN cepueBuHI (3/1iBa) Ta po3uIapyBaHHS
CKJIOILUIACTUKOBOI 000JIOHKH TOPUIHOI HACOCHOI IITAHTH, SIKE YTBOPUJIOCS
nmicys ekcniyaranii B CBepJIOBHHI (cipaBa)

[Ticast oTpuMaHUX pe3yNbTaTiB MPOBEICHO 3aJIIKOBYBaHHS YTBOPEHUX BTOMHHX
TpituH 3pa3kiB Ne 1,3 1 4 6annaxem 13 ckioBosiokHa (1=50cM, B=10cm — 6 mapiB 1o
KOHTYpY IITaHTU B MICI[i BHHUKHEHHS TPIIMH) Ta €MOKCUIHOI CMOJH (pHC. 2).

3rifHO OTpPUMaHMX pe3yNibTaTiB MoOyJAOBaHA JiarpaMa BTOMHOI MIIIHOCTI
riOpUIHMX HACOCHUX WITAHT MNpPU IUKIIYHOMY 3ruHi (I — MmoYaTtok 3apoaKeHHs
TPIIMH, 2 — KIHLIEBUH 37aM IITaHTM) B TMOPIBHSAHHI 13 CKJIOIUIACTUKOBUMU
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HAaCOCHHMMH ITaHTamu (puc.3).

Puc. 2. 3aranbHuii BUIJIsIA 3pa3Ka riOpuIHOI IITAHTH 3 MOB3A0BKHIM
po3mapyBaHHAM (3 TPIlIMHU JOBKUHOKO0 10 32 MM) Ta CKJIOIJIACTUKOBHM
O0aHaaxkeM Uil BUIPOOYBaHb HA BTOMY IIPH 3TMHI

B nporieci nmpoBeaeHHsI HOBTOPHUX BUIIPOOYBaHb OTPUMAHO TaKi pe3yabTaTu:

3pazok Nel ycmimmHo mporpairoBaB 9,4 MiTH. 1TUKIIB; 3pa3ok Ne 3 - 1,854 muH.
1uKIiB; 3pa3ok Ned - 1.983 murH. mukiiB. OTpumani gadi 3B0AuMO B TabmuIio 1.

Ha 3pa3skax, 1o npairoBany npu HanpyskeHHsx 3ruay 120, 140, 150 1 160 MIIa
OyiM BUSIBJICHI TPIIIMHU Pi3HUX JOBXKHUH, 1110 HaBeAEHI B Tabuuii 1.

Taoauusa 1
Pe3yabTaTu po3paxyHKy Ta OTPUMAHMX J0CJi/I’KEHb
K-c1b
BIJIIIP.
3pa3zok | Hampyxenns Bara III/IKJIi]f o | K-c1pb HapaMeTp :
No 3runy o, Mlla BaFTaRy MOSIBH | TPIIIUH Tpiyi | HpuMiTkn
’ Ps, H . 1, MM
TPIIIVH,
MUTH.
1 120 290 7,34 3 32,30,5 He
371aMaBCs
1 micns 120 290 9.4 - - He
PEMOHTY 371aMaBCs
2 160 3942 0,0812 6 27,25,25 | 3namaBcs
20,17,5
2 micis 160 3942 - - - -
PEMOHTY
3 140 350 1,4372 6 74,73, 35 He
33,33, 30 | 3mamaBcs
3 micas 140 350 1,854 - - 31amaBcs
PEMOHTY
4 150 368,3 1,185 3 10, 10, 12 He
371aMaBCsI
4 mmicns 150 368.3 1.983 - - 3namaBcs
PEMOHTY
ISSN 2567-5273 www.moderntechno.de
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Puc. 3. liarpama BTOMHOI MilTHOCTI ri0pUIHUX HACOCHUX IITAHT (KpuBa I,
1 — nouamox 3apooicenHss mpiwun, 2 — Kinyegutl 31am wmarau 3 banoaxdcem ) Ta
CKJIOIJIACTMKOBHMX HACOCHMX IITAHT (KpuBa II) npy nMKJIiYHOMY 3rHHI

BucHoBku

[Ipu nampyxenni B 140, 150, 160 MIla BunpoOyBambHM 3pa3oK TiOpUIHOT
HACOCHOI INTaHTH 3JaMaBcs B MICII 3’€JHAHHS CTaJeBOI I'OJIOBKH 3 TIJIOM IIITAHTH,
BUTpUMaBIIK Tipu 1omy 1.4372, 1,185, 0,0812 wmaH. mukiiB BiamnoBiaHo. OTxe,
riOpyIHI HAaCOCHI IUTAHTH B 3MO31 BUTPUMYBATH HampykeHHs 3ruHy g0 130-140
MlIa, He BuIIE.

[Ipu Hampyxenni 3runy B 120 Mlla gocmimxyBaibHHIM 3pa3ok 0e3 OaHgaxa
npoimoB 7,34 MJIH. IIUKIIB 1 HE 37aMaBcsl, MPOTE 3 SIBWJIKCS BTOMHI TpiuuHu. Lle
CBiT4aTh MPO T€, IO IITAHTH MOXXYTh BUTPUMYBATH HaNpyXeHHS 3ruHy 10 120
MIla.

Bignosnenuii 3pazok Nel npu HanpysxeHHi 3runy B 120 MIla npoiimios 9,4 miH.
IIUKJIIB BIJMOBITHO HE 3JIaMaBCsS Ta HE BUABJICHO YKOAHOI TpiuHU. Taki pe3ynbTaTh
CBITYaTh MPO T€, 3TAHO 3aMPOTIOHOBAHOI METOJUKHU BIAHOBJICHI TIOpUIHI IITAHTH
npu HanpyxeHH1 120 MIla npairoroTs 3Ha4HO O1IbIIIE Yacy S0 MOSBH TPIIIUH.

Bignosneni 3pazku Ne3 ta 4 npoitnum BianosigHo 1,854 Tta 1,983 MiH. nukIiB
Ta 371aMajucs B MICII1 3 €JJHAHHS CTaJeBOi I'OJIOBKU 3 TUIOM ITaHru. OTxe, riopuaHi
HAaCOCHI INTAHTM B 3MO31 BUTPUMYBAaTH BHCOKI HAINPYKEHHS 3TMHY MICHA 1X
BIJIHOBJIEHH:. Briepiiie BCTaHOBJIEHO, 1110 HAHECEHHS CKJIOIJIACTUKOBOIO OaHa)ka Ha
riOpuIH1 IITAaHTYU 3 BTOMHUMHU TPILIMHAMU MOAOBXKYE iX pecypc Ha 15-20 %.

Jlitepatypa:

1. Koneit b.B. Hacocui mranru 1 TpyOM 3 TIOJIMEPHUX KOMITO3HUTIB:
MPOEKTYBaHHS, pO3paxyHoOK, BumpoOyBanns./ Komeir b.B., Makcumyk O.B.,
[ep6una H.M. Ta inm. JIsBiB: ITIIIMM im. A. C. Iliactpurava HAH Ykpainu, 2003
p.—352c.
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2. Komeit b.B., Koneit B.b., Komneit 1.b. HacocHi mrtanru cBepaiOBUHHUX
YCTaHOBOK JJisi BUI0OyBaHHA HapTu. Monorpadisa. IBano-®pankiscsk, IOHTYHT,
2009, - 406c.

3 Komeit b. B., Crebanumun A. b., Benrpuntok T. II. BromHa MilHICTB

riOpuaAHUX HacoCHUX mTaHr. Pi3uKo-xiMiyHa MexaHika marepiamiB — 2018. — Ne 4 -
c.117-122.

Abstract. The prospects for the use of hybrid sucker rods are considered and the estimation of
their fatigue strength during cyclic bending is evaluated. Damage analysis of hybrid sucker rods
was carried out and a method of crack slowing down (braking) was developed.
For the study of fatigue strength, we used specimens of hybrid rods (carbon fiber with fiberglass) by
diameter of 19 mm and a length of up to 320 mm. The specimens were examined under different
loading and stresses at the ZKSH-25 stand with cantilever bending at a frequency of n = 950 min™.
After the obtained results, the fractures of samples No. 1,3 and 4 were treated by fiberglass
bandage (I = 50 cm, B = 10 cm , 6 layers along the contour of the rod body at the cracks location)
and by use of epoxy resin.

For the first time, it is found that applying fiberglass bandage on hybrid rods with fatigue
cracks extends their life by 15-20%.

The results obtained are of practical interest for the assessment of the strength of the bar
columns and can be used to predict the resource for multi-cycle fatigue.

Keywords: hybrid sucker rods, bandage, fatigue strength curves, stress, fatigue limit, cyclic
bending.

Haykoesuii kepienuk: n.7.1., npod. Koneii b.B.
Crarts Bignpasiena: 06.03.2020 p.
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DEVELOPMENT OF A VARIANT OF MATHEMATICAL THEORY

OF THICK TRANSVERSAL-ISOTROPIC PLATES
PO3BUTOK BAPIAHTA MATEMATHYHOI TEOPIi TOBCTHUX TPAHCBEPCAJIBHO-
I3OTPOINHUX IIJIACTUH
Zelensky A. G./ 3enencokuit A.I'.
Candidate of Physical and Mathematical Sciences, Associate Professor
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State Higher Educational Institution "Prydniprovs'ka State Academy of Civil Engineering and
Architecture”,24a, Chernyshevskogo street, Dnipro city, Ukraine, 49600
Ipuoninposcvra deporcasna axademis 0yOieHuymMea i apximexmypu

Abstract. The urgency of the research problem lies in the need to develop and build new
versions of mathematical theory and develop effective methods to determine with high accuracy all
the components of the stress-strain state (SSS) of plates and shells taking into account boundary
effects, as well as to facilitate the solution of boundary value problems for these structural elements
in comparison with solving the corresponding three-dimensional problems of the theory of
elasticity. The purpose of the study is to develop a variant of mathematical theory of transversally
isotropic plates of arbitrary thickness at static load, which is based on a three-dimensional theory
of elasticity. All components of the SSS are taken into account as a function of three coordinates.
The three-dimensional problem is reduced to a two-dimensional problem by decomposing all the
SSS components into infinite rows by Legendre polynomials in the transverse coordinate, exact
satisfaction of boundary conditions on the face planes, and applying the Reisner variational
principle. This method of theory construction makes it possible to apply it to the calculation of
plates with high accuracy. The method of the operator obtained the determining differential
equations of internal SSS, potential and eddy edge effects. Forms of common solutions are
displayed. The analytical and numerical results obtained are analyzed. The limits of using the
theories of Tymoshenko-Reisner type are investigated. It is found that the internal SSS of the plates
depends most on the thickness, transverse displacement, variability and locality of the transverse
load. The impact of transverse crimping on SSS can be quite significant. The convergence of results
improves with decreasing thickness and transverse shear. Increasing load variability reduces the
accuracy of the results. For large load changes, higher approximations should be considered.

Key words: variant of mathematical theory, transversal isotropic plate of arbitrary thickness
at transverse loading, operator transformations, forms of general solutions, Legendre polynomials.

1. Introduction.

Approaches to the calculation of plates and shells can be divided into three main
areas. The first direction is to use different hypotheses. Famous classical and
numerous clarifying theories, in particular [1; 2; 4, 7; 10; 11; 14; 17; 20; 22; 24].
The accuracy of the calculation depends on the class of boundary value problems and
the correspondence of the hypotheses adopted for the mechanics of deformation of
the specified elements. At the same time, hypothesis adequacy can only be
established on the basis of the solution of boundary value problems from the
standpoint of three-dimensional elasticity theory or on the basis of high-precision
theories. Therefore, we need to know the classes of problems that can be solved with
sufficient accuracy within these theories. Such studies are relevant today. All theories
based on assumptions have a major drawback: the accuracy of these theories cannot
be improved; it is limited by accepted hypotheses. The order of the systems of
differential equations (DE) in these theories is usually low. The second direction — is
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the use of DE three-dimensional theory of elasticity. All SSS components are
considered as functions of three variables. Problems are analytically reduced to
complex problems of mathematical physics, the solution of which is associated with
excessive mathematical difficulties. One is to satisfy the boundary conditions on the
entire surface of the plate or shell. In addition, numerous methods must be applied at
the final stages of the solution.Only in limited cases do three-dimensional problems
for plates and shells allow the analytic solution to be found /5; 15].

The third direction is based on a mathematical approach without accepting
physico-geometric hypotheses. All the SSS components of the considered elements
are considered to be functions of three coordinates. They are decomposed in
thickness by mathematical series: tensor ones //2] using Legendre polynomials /3, 6;
8, 18; 19; 25] and others [16]. Three-dimensional problems are reduced to two-
dimensional using projection methods /25/, variational /8; 18, 19, 21, 26-28].

The development of plate and shell theories and the exact solutions of problems
are investigated in /5, 9, 15, 16].

This article is a development of a version of the mathematical theory (MT) of
transversely isotropic plates of arbitrary thickness, proposed in the approach /27] and
generalized in [26-28].

2. Problem statement.

From the standpoint of the three-dimensional theory of elasticity, we consider a
transtropic plate of arbitrary constant thickness h in a rectangular coordinate system
x,y,z. The axes x,y lie in the median plane, the : axis is perpendicular to it and

directed upwards (—/4/2<z<h/2). On the horizontal faces of the plate are applied
static transverse loads ¢,(x,y) and g,(x,y), which are directed downwards. All SSS

components are functions of three coordinates. Boundary conditions on the face
planes of the plate:
o.(z=h/2)=-q,(x,y); 0.(z=-h/2)=q,(x,y); 0. (z=%h/2)=0 . (z=%h/2)=0. (1)

The transverse load on the horizontal faces is represented by the sum of the
skew symmetric ¢/2 and symmetric p/2 loads relative to the median plane. Then:
o.(z= ig) = %(iq(x,y) —p(x,3), p(x,¥) = 4,(x, ) = 4,(x, ), 4(x, y) = ¢, (x, ) + ¢, (%, y) .

The conditions on the side surface of the plate may be static, kinematic or
mixed. Tension and displacement on the lateral surface - known functions of three
coordinates.

Deformations depend on displacements based on the Cauchy relations of the
spatial theory of elasticity. The relations between deformations and stresses for the
transtropic plate, whose isotropy plane is parallel to the median plane, have the
following form:

Vo o, o 1 , o
T;Z;yzxzﬁayzy:%;82:E(O-Z_v(o-x-"o-y));yyx:%' (2)
We reduce the three-dimensional problem to a two-dimensional problem,
expanding all SSS components into mathematical series along the transverse
coordinate, using Legendre polynomials and the Reissner variational principle (VP)

[23]. To obtain the basic equations and boundary conditions, we apply the of

1
&y ZE(O'X —-vo,)-
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interrelated equations method /[27]/, which takes into account all terms in the
components of the partial sum SSS. With the increase in the number of members
taken into account, the order of DE systems and the accuracy of solving problems
increase.

3. Basic equations.

3.1. Approximation of displacements, strains and transverse stresses.

We represent the components of displacements by infinite rows of Fourier-
Legendre with z:

U(x,y.2) = émzz/h)uk @), (Ut = V) W (x,y,2) = ZP Qz/Ww, (%), ()

where u;,v,,w, 1S unknown functions that must satisfy the system of DE of

equilibrium and boundary conditions. The displacement components can also be
decomposed into other orthogonal polynomials. Legendre polynomials are shown to
be the most acceptable. The constituent displacements (3) for £ =0,1 determine the

non-equilibrium and for & > 2 the self-equilibrium SSS.

If we consider components u,, v, , u;, v, W, ..., u,, v,, w, in (3), then we say
that the boundary value problem for plates is solved in the approximation KO-n. The
paper [21] considered the skew-symmetric deformation of the plate in the
approximation of K13.

The deformations in the plate are determined by the Cauchy ratios:

£, = ;)P] Ou ;| ox, (x,y;u,v); &, = ;P]'fl w;s
. g . " )
Vyx = ZPJ (Ou,;/dy+ov,/dx), 7, = Z(ijuj + P, 0w, /0x), (x,y;u,v).

Jj=0 j=1

To approximate the component of stresses o

xz 2

o,.,0,., let us summarize the

yz?
approach initiated in the approximation K13 /2], giving reasons that were not in the
mentioned work. From our numerical-analytical studies based on three-dimensional
elasticity equations, it follows that the influence of constant v’ on the transverse
stresses can be almost neglected. For plates of average thickness, the differences do
not exceed 0.38%. This is further used in the approximation of the stresses o, o

xz vz

o.. Letus represent o, _(x,y,2), o,.(x,y,2) in the form of series:

0
O-xz(‘x’y’z) = Zo-xzk; Oxzk = ak(Z)Qkx(x’y)’ (ze - GyZDO-xzk - Gyzk;Qkx - Qky) ’ (5)
k=1

where the functions ¢, (z) are determined from the first equilibrium equation of the

plate element when deforming it on a cylindrical surface at v'=0. Lowering the
calculations, we get:
0, (2) =3(By — B ((Q2k + D), (k =12...). (6)
The members of the series (5) for £ >2 are self-equilibrium for the thickness of
the plate.
The normal stresses o, (x, y,z) are also represented as series:

0, (x,y,2)=2,0,, 0,,=-05p(x,y); 0, =120, (x,),k>1; &(x,y)=q(x,y). (7)
k=0
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In (5) and (7) O (x,¥), O, (x,»),(k=12,..); & (x,y), (k=2,3,..) - unknown functions.
Taking into account the boundary conditions (1) on the horizontal faces of the
plate, we obtain:
0,(z=xh/2)=50,5¢(x,y); 0,(z=1h/2)=0, (k=2,3,...). (8)
From the third equation of equilibrium of the spatial theory of elasticity and (5)—
(8), we obtain:
3R B 3( AL, 2R, Pos
(@)= g @ = [(21( kD) h-n2k+3)  @kan@iay ) O
Similar expressions for «,(z), y,(z) were obtained in //9/, using the Castigliano VP

and the method of undetermined Lagrange multipliers.

3.2. Reisner's variational equation. Relationships between stresses and
displacements.

The variation of the Reisner equation for elastic bodies excluding volumetric
forces is:

[[[(c.8¢, + 0,06, + 0.06. + 0,07, + 0.6y, + 0.0y, + (&, —£,(0,))50, +
+(7,. —7,.(0,))00, tdxdydz —”(XﬁU +Y0V+Z,6W)dA=0,
A

where A is the area of the entire surface of the plate; X ,Y ,Z - projections of the

intensity of surface forces on the coordinate axis; ¢ indicates variations; the
components of stresses and strains depend on the components of displacements;
Integration in the triple integral is performed over the entire volume and in the double
over the entire surface of the plate.

Given that the variations of do,, do,, do,, are arbitrary, we obtain from (10) the

dependence:
o, =dy(&, +ve,)+d,0o,, x »); 0, =Gr,, (1)
d,=E/(1-v*), d,,=EV/(E'(1-v);d,,d,,E,E,G,v,v —const.
Considering the integrals from do,_, do,.,00, in (10), and taking into account
(2), (4)—(9), we obtain a system of linear algebraic equations with respect to O, (x,y),
0,,(x,y) and independently of it a system of equations with respect to @, (x,y). In the
approximation K0-5 we get:
O, (x,y) =h, 0w,/ Ox + h 0w, / Ox + h, ;0w / Ox + [, uy, + [ juy + 1 sus, (K =1,3,5);
O (x,¥) =h,0w, / Ox + b ,Ow, / Ox + | yuy + 1, u,,(k=2,4), (x> y;u—>v);
@y (%, 1) = q(x,1); 0 (X, V) = Gi3W3 + Gy sWs + €@, + €305 + €505 + e, q, (k =3.5);
O (X, 1) = oWy + QuaWy + €@y + €@ + €404 + €, p, (k =2,4),¢, = Ou, / Ox + v, / 0y,
where h,l,q,e with indexes are mechanical-geometric parameters (MGP).
Functions O, .,0, ,,®, also have a similar structure in higher approximations.

The stresses are represented by mathematical series according to (4)—(9), (11)—

(13):
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o,.(x,y.2) = ilaan,,x(x,y) = ila(zz/h)z”(x,yx (x.7); (12)
&.(%,y,2) = ~0,5p(x,7) + z 220 (x.y) = ZP @22/ h) s, (%) (13)
0 (5,3,2) = Y P22/ 1)8 3 (5, 0 (0810 = 508, )0 (5,3, 2) = X P (221 )t (5, ) (14)

The SSS components in the approximation K0-5 based on (3), (12)—-(14) have
the form:

5 5 4
Ux,y,2)= Y. B.QRz/hyu,; V(x,y,2z) =Y. B.2z/h)yv; W(x,y,2)= D P,(2z/ h)w,,, ; (15)
k=0 k=0 =0

6 7
o..= 2P Qz/Mt,(x,y),(0..t, >0,..t,);0.= > PQ2z/h)s_,(x,); (16)

n=0,1 n=0,1

7 5
o,= 2 PQ2z/hs,,(x,),(0,,5, = 0,,8,,);0,,= > FQ2z/h)t,, (x,y); (17)

n=0,1 n=0,1
Lo Y) =0 /s 14(x,y) =30, /(5h); 1,(x,y)==0,,/h+305, /(Th);
13(%,¥)==30,,/(5h)+ Q4 /(3h); 1.,(x,y)==305, /(Th)+30s, /(11h);
1is(x, ) ==0,, /Bh); t,6(x,y)=-30s5,/(A1h), (ty >ty O = Oy
S,0(X, ) =—(p+@,/5)/2; 5,,(x,y)==3(q+ @3 /14)/5; s,,(x,y) = (0, — @, /6)/T;
S5(x,)=q/10+ @, /15-w,/66; s_,(x,y)=-3(®,/10-w,/11)/7,
s.s(x,y)=—(;/14—w5/13)/3; s_((x,y)=—w,/66; s_,(x,y)=-3w;/286;
sa(x,y)=d, (6uk /Ox+Vvov, /8y)+ dos,, (k=012345); s,(x,y)=d,s,,(k=67),
(S = Sys Uy =V, 0/0x,0/0y); t,(x,y)=G(0u, /3y +0v, / ox).

The transverse stresses exactly satisfy the conditions (1) on the horizontal faces
of the plate.

3.3. Differential equilibrium equations.

Substituting stresses (12)—(14) and variations of deformations (4) into the
Reisner equation (10), and converting the integral, we obtain infinite systems of
equations of equilibrium and boundary conditions on the lateral surface. The system
of equilibrium equations is inhomogeneous with partial derivatives with respect to the
sought components in displacements. The resulting system is divided into two
independent. One system describes the SSS of the plate in symmetrical deformation
relative to the median plane. Another system describes the SSS at skew symmetry
(with purely bending deformation without transverse crimping). In all dependencies
and equations, the components of the displacements taken into account in the partial
sums of the series (3) must be taken into account. It is established that in the
approximation KO-n, where » is an odd integer, the DE system at an obliquely
symmetric deformation has an order 3(n+1), and at symmetric one - 3n+1).

The systems of DE of equilibrium in the approximation K01 (tenth order) have
the following form:
with symmetric deformation (approximation KO, fourth order DE system)

My +M vy =M, p, (i=12);
with skew symmetric deformation (approximation K1, sixth order DE system)
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Lu +Lv+Lw=Lgqg, (i=1, 2, 3).
In the approximation K0-3 (twenty-second order DE system):

with symmetric deformation (approximation of K02, tenth order DE system)
Muug+ M vy + Mauy, + M, yv, + M,sw, =M, p, (i=1,2,..,5);

at skew symmetric deformation (approximation K13, twelfth order DE system)
Ly, +L,v, + Lyuy +L,vy+Low +Leow, =L, q, (i=1,2,...,6).
In the approximation K0-5 (thirty-fourth order DE system):
in symmetrical deformation (approximation K024, 16th order DE system)
M. uy+M. vy +Mu, + M. v, + M, + M, v, + M. w, + M w, =Mp,(i=1,..,8); (18)

with skew symmetric deformation (approximation K135, eighteenth-order DE
system)
Ly + Ly, + Ly, +Lv,+Lus+Lvs+Lw+Low,+Low,=Lgq, (i=1..9). (19)

In the given systems L and M with double indices — the first and second order
differential operators with respect to x,y; L and M with single indices — zero and

first order differential operators. Equally marked operators in different
approximations are different.

It is shown that the differential matrices of these systems are symmetric.

The systems of DE in other higher approximations have a similar structure.

3.4. Boundary conditions on the lateral surface. By decomposing known
loads on the lateral surface of the X .Y ,Z plate into series with the help of Legendre

v Ty

polynomials in the transverse coordinate, we obtain:

X,(z,8) = X P22/ h)x, (s), (20)
i=0
where
hi/2

X, (6,0) = Qi+ D)( [X,(x,0,2)PQ2z/dz)/h, (X, =Y, >Z,; x; > v, = 2,), (21)
—h/2
moreover, the component on the side surface must balance the transverse load on the

horizontal faces. Then the boundary conditions are represented as follows:

> h
(,E) {12_;)2] 1] [(Sxilx +tyxily N XSJ)5MJ + (tyxilx + Syily N ySJ)dv.i + 22)
+(@l +i,l,—z;)0w,, ]}ds =0,

where /.l is the directing cosines of the angles to the surface. In symmetric

deformation, members with even indices in variations are taken, and in oblique
symmetry, with odd ones.

By decomposing known U, (x,y,z), V,-(x,y,2z), W.(x,y,z),components that are
given on the lateral surface I" of the plate into series by Legendre polynomials in the
coordinate z, we obtain

Ur(x,y,z)= Z})j(z)ujf(x)y)9 (Ura”jr - Vravjr); Wr(x,y,2) = ij—l(z)wjr(xay)- (23)
Jj=0 j=1

The functions u-(x,y), v,-(x,y), w,-(x,y) are defined at the edge S of the plate

as follows:
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“_jr(xay) = (2j+1)(IUr(xays Z)P_,-(ZZ/h)dZ)/ha (qu _)er;UF —>Vr), (j=0.12,..);

wir(x,y)=(02j- l)(J Wr(x,y,2)P,_(2z/ h)dz)/ h, (j =1,2,...).

Here are some boundary conditions in the approximation KO-n.

1). If displacement (23) U, (x,y,z), V;(x,y,2z), W-(x,y,z), i1s known on the
lateral surface, then the boundary conditions for u;(x,y), v;(x,y), w,(x,),(x,y€S)
are written as follows:

u;(x,y)=u;p(x,»), v;(x6)=v,(x,),(j=0L...n); w,(x,y) =w; (x,y),(j =12,..n).

2). If only the external loads (20) are acting on the lateral surface, and therefore
the known functions x, y,z; (21) are known, then (22) yields the following
boundary conditions:

s+t (), =x; (%) 8 ()L +s (), = (x, ) (7 =0,1,...,n) 5
ti( L+t (), =2,(x,9), (=0,1,..,n=1); (x,y€S),
where functions s, s, ¢, t; t, are expressed by the constituents in the
displacements.

4. The transformation of DE in the approximation K0-5. Forms of common
solutions.

4.1. Symmetrical deformation (approximation K024).

Performing algebraic and differential transformations of system (18), we obtain
two systems. One system (homogeneous fourth order system) describes the eddy
edge effect:

VsssWo + 7/552V2‘//2 + VsoaW4 =05

VsoaWa + VoosWa + Voo VW4 =0,
where  y,=0u,/dy—0v,/ox—vortex functions; V*=0>/0x"+0°/0y*—Laplace

(24)

operator; y with indexes -MGP. The indices in MGP correspond to the notation in

the initial systems of DE.
Another DE system (heterogeneous twelfth order system) describes the internal
SSS and the potential boundary effect with respect to functions u,,v,,w,,w,:

Ty +T,vy + Tiswy + Tyw, =T, p, (i =1,...,4; T, ,- differential operators ). (25)
We give the forms of the general solutions of the DE of the vortex boundary
effect (24) in the form:

Wy (%, 0) = (90 V2 + Voo W5 Wy = Vsl
where y (x,y) is the fourth-order DE of S,y (x,y) =0, in which s, is the differential

determinant of system (24): S,=N,,V*'+N,,V>+N,,; (Nwith indexes - MGP).
Let's transform (25) by introducing new F,(x,y) (j =1,...,4) functions as follows:

4 4
uy(x, ) = 2 THF,(x,9); vo(x, ) = X THF, (%, p);

le /:: (26)
wy(X,3) = X TAF (x,p); w(x,3) = X T F(x, ),

= =1
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where T/.Om is the adjuncts of system (25).
We obtain the determining system of DE with respect to F;(x, y):
TOFj = Tijﬂ (.] = 1:29394)9 (27)

8 .
where T, is the determinant of the system of DE (25): T,=V*> N,V

i=0,2

(Nyjsees Ny g —MGP).

The forms of the general solutions of the DE system (27) are as follows:

F(x,y)=F (0, 0)+ F () + F.(x,p); Fi(x,y)=F.(x,p), (52,3,4),  (28)

where F,(x,y) is the general solution of the equation V*F, =0; F,.(x,y) are partial
solutions of four heterogeneous twelfth order DE (26); F,(x,y) is the general
solution of the eighth-order homogeneous DE
(Ng VP + Ng Ve + N,V + N, V2 + Ny )F, = 0. Functions F, and F,, determine the
internal SSS, and F; the potential marginal effect.

Based on (26) and (28), we obtain u,, v,, w,, w, in the form:

4 4
uy(x,3) =T\ (Fg + F ) + 27}'01];}; vo(x, y) = T35 (Fg + Fpp) + Z]TjozF}r;
j= J=

Jr?

4 4
wy(x,3) = T5(Fp + F ) + Z]TJOsF s w6, y) = Ty(Fp + Fp)+ leﬁtFjr-
J= j=

The components in displacements u,(x,y), v,(x,y), u,(x,y), v,(x,y) are from
system (18):

4
u (x,y)= Y. (AP T Ay Vo + AyaWay + AaWa o + AppaWa o + 4,00
20,2

4
vi(x,y) = _20:2 (Aeg®iy = ey 2Was = yaW i + AanWay + ApaWa, + A, ), (K =2,4);
@ (X, ¥)=ap;, P+ a,00 + (bgoi2vz +D,0)W, + (C¢i2V2 +Cpig)Ws, (1 =2,4);
@o(x,y)=0u,/0x+0v,/0y;
where A,a,b,c with indexes—MGP.

4.2. The deformation is skew symmetric (approximation K135).

After algebraic and differential transformations of system (19), we obtain two
systems of DE. One system (homogeneous sixth-order system) describes the vortex
boundary effect:

Hyy, +Hyys+Hys=0; (i=1,3,5), (29)
where H,, (j=13,5) is the differential operators of zero and second order.

Another system of DE (inhomogeneous twelfth order system) describes the
internal  SSS and the potential boundary effect with respect to
Wi (x’ y)a W3 (xa y)a Ws (.X', Y) funCtionS:

ILyw + 1wy + Isws = 11, q (i=13.5), (30)
where
I, = 1,V + 141,V I = :Ul34V4 + :‘1132Vz + M35 Ilys = :‘1154V4 + :Ulszvz * Hisos
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11, = :ulzv2 + thos 113, = :‘1314V4 + ﬂ3]2v2; II; = ,‘1334V4 + ,11332V2 + M35
4 2.
Il = 1135,V + 1135,V + 1350 ey = 13,V + pg; Ty = g5,V + 1151,V

I, = ,U534V4 + y532V2 + Uszos 55 = #554V4 + /Usszv2 + Ussos 15, = y52V2 + HUso»
(u# with indexes—MGP).
General solutions of the system of DE of vortex boundary effect (29) are given
in the form:
vy (x,0) = Hyw (x,0) 5 w3 (6, 0) = Hiyyp (x,9)5 ws(x,y) = Hip(x, ),
where H),...,H}, is the adjuncts of the determinant of H, of the system (29); w (x, y)

6 .
is determined from the sixth-order DE Hy(x,y)=0; H,= > K;;V' (K with

i=0,2
indexes—MGP).
The general solutions of system (30) are obtained by the operator method and
have the form:
w(x,y) = Hlokcpl (x,y)+ H30k@3(an’) + Hsok(ps(an’)a(k =13, 5), (3 1)
where Hg is the adjuncts of the determinant of the 77, system (30), @, (x,y) is the

new sought-after function. Based on (30) and (31), we obtain the system of equations
with respect to functions @, :
8 .
H0®i(x9 y) = Hiqq: (l = 1:3:5)9 HO = V4 ZKZ'HVI H (Kz'H_ MGP) (32)
i=0,2
The system of DE (32) is more convenient than (30), since the left-hand sides
are identical.
Forms of general solutions of system (32) are given in the form:
@1(36,)/) :®13(x9y)+®1H(x9y)+@lr(x9y); ®k(x:y) = @kr(x:y)a (k = 39 5)7 (33)
where @, ,®, ,®;, is partial solutions of inhomogeneous DE (32); @&,, is the general

1r> % 3r»
8 ,
solution of equation V*®, =0; @,,, is the general solution of DE Y K,,V'®d =0.
i=0,2

The potential boundary effect is described by common solution @,,. The
general solution @,, of equation V*® =0 together with the partial solutions
D,,,D,,,D,, of three nonuniform DE of twelfth order (32) describe the internal SSS of
the plates.

The solution forms for w,(x,y),w;(x, ), ws(x,y) based on (31) and (33) take the
form:

5
Wi (%, ) = I (P (%, ) + Dy (6, )+ AP, (x, ), (k=1,3,5).
i=1,3

The u,,v,, (k=13,5) components are determined from the transformed DE of

equilibrium:
5
uk (xa y) = Z(/lk(piwi,x + ﬂ’kl//il//i,y + ﬂ’kwiwi,x) + ﬂ‘qu,x’(uk’(o,x’l//,yﬂw,x’q,x - vk’w,y ’_l//,x’ W,y’q,y)’
i=1,3
where
0,(x,9) = 3, VW, + Aows + AV, + A, ws + A V2w + A.q (A with indexes—MGP).
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5. Numerical results.

Here we present new numerical results for the components of the internal SSS
(15)—(17) of transversely isotropic square plates, freely supported at the edges, under
the action of the transverse load:

q(x,y)=gq,, sinmzx/asinnz y/b; p(x,y)=p, sinmzx/asinnzxyl/b,(q,, ,p,,—const).

All SSS components (3), (12)-(17) were found for a wide class of change MGP
under skew symmetry load ( p,,, /¢, =0 ) in approximations K1, K13, K135, with load

only on the upper horizontal face (p,, /q,, =1;bend with cross compression) in

approximations K01, K0-3, KO-5 and according to the exact solution of the theory of
elasticity. Numerical results were obtained using the developed software package.
The dimensionless SSS components were denoted by the wave:

0. (x,y,2)=0,/q(x,y); W(x,y,2) =W(x,y,2) E(qh) .

To determine the accuracy of the constructed variant of MT, numerical studies
of the SSS of a thick isotropic plate-cube (h/a=1; v=0,3; m=n=1) were performed
on the exact three-dimensional theory and in the approximations K1, K13, K135. The
largest difference in the approximation of K13 with exact (at z/h=-0,5) stresses is

observed for &, and is 6.72%, and for displacements W —7.04%. In the K135

approximation (19), the MT variant almost accurately describes the SSS of the cube.
The results obtained were compared in the approximation of K13 with the Hu-
Vashitsu and Lagrange VP [21]. The analysis shows that the results of the MT
variant are broadly comparable to those based on the Hu-Vashitsu VP and more
accurate than those obtained from the Lagrange VP. The results of Table 1 for
isotropic plates (h/a=1/3;v=03; m=n=1;p, /q, =1) show that the SSS is
already more accurate in the K0-3 approximation than the other theories [1; 14; 17;
20]. The discrepancy with the exact values does not exceed 0.19%.

The MT variant in the approximations K13 and KO0-3 for slowly varying loads
(m=n=1) with high accuracy describes the internal SSS of thick plates and almost
exactly - the plates of medium thickness. The solution in the approximations K135
and KO-5 is actually accurate. This indicates the high accuracy of MT in the first
approximations, which is the justification of the developed MT variant for the study
of SSS plates. Table 1 shows the results for monoharmonic, and Table 2 — for
polyharmonic loading.

Table 1
SSS components of the transversal isotropic square plate
(h/la=05; G'/G=0,E'/E=01;V'=0;v=03;, m=n=1;p, /q, =0/p, /q, =1)

z o, W
h K1 K13 K135 Exact K1 K13 K135 Exact
K01 KO0-3 KO0-5 solution K01 KO0-3 KO0-5 solution
0,5 | -1,239 | -1,837 2,172 -2,235 -6,621 -6,944 -6,767 -6,699
-1,814 | -2,366 -2,892 -3,011 -6,621 -9,040 -8,866 -8,770
0 0 0 0 0 -6,621 -5,777 -5,740 -5,743
0,5750 | -0,0626 | -0,126 | 0,1111 -6,621 -5,777 -5,740 -5,743
-0,5 | 1,239 1,837 2,172 2,235 -6,621 -6,944 -6,767 -6,699
0,6643 | 1,308 1,451 1,459 -6,621 -4,849 -4,669 -4,627
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SSS components of the transversal isotropic square plate

(h/a=01; G'/G=0LE"/E=1;v'=v=03,m=n=9; p,../ 4, =0/ P/ @pn =1)

z o, W

h K1 K13 K135 Exact K1 K13 K135 Exact
K01 KO0-3 KO0-5 solution K01 KO0-3 KO0-5 | solution
0,5 -0,3786 | -0,6304 | -0,8975 -1,057 -1,980 -1,881 | -1,847 | -1,831
-0,5511 | -0,7395 | -1,0674 -1,240 -1,980 -2,102 | -2,076 | -2,050
0 0 0 0 0 -1,980 -1,761 | -1,737 | -1,735
-0,1725 | -0,0522 | -0,0647 | -0,0597 -1,980 -1,761 | -1,737 | -1,735
-0,5 0,3786 | 0,6304 | 0,8975 1,057 -1,980 -1,881 | -1,847 | -1,831
0,2061 | 0,5212 0,7276 0,8745 -1,980 -1,660 | -1,618 | -1,611
Table 3

Value of &, for square plate (E'/E=1,V=v=0,3;m=n=1,p,,/q,,=0; z/h=0,5;

in the numerator—in the approximation of K13; in the denominator—exact)

h G_, | A% G _1 A% | G 1 A% G 1 A%
a G G 2 G 10 G 50

1 -1,013 | 0,59 -1,139 2,40 -1,587 18,7 -1,910 50,7

5 -1,019 -1,167 -1,951 -3,877

1 -5,148 | 0,04 -5,322 0,09 -6,466 1,93 -9,121 15,8

5 -5,150 -5,327 -6,593 -10,83

1 -19,96 | 0,00 -20,15 0,00 21,53 0,19 -26,87 2,86
10 | 1996 20,15 21,57 27,66

Table 4

Value of &_for square plate (E'/E=1; v'=v=03; m=n=1; p,/q, =1;
in the numerator - in the approximation of K0-3; in the denominator - exact)

h z G | A% | G_1 | A% | G'_1 | A% | G'_1 | A%
a n G G 2 G 10 G 50
1 05 | -1,190 | 133 | -1,296 | 3,14 | -1,692 | 188 | -1,993 | 49,7
2 -1,206 -1,338 -2,083 -3,959
-0,5 [ 08350 | 0,37 | 09828 | 1,22 1,481 186 | 15828 | 513
0,8319 0,9949 1,820 3,754
1 0,5 | 5243 | 004 | -5417 | 009 | -6555 | 194 | -9202 | 157
5 -5,245 -5,422 -6,685 -10,91
05 [ 5052 | 004 | 5228 | 008 | 6377 1,92 | 9,041 15,8
5,054 5,232 6,502 10,74
1 0,5 | -2005 |000 | -2023 | 000 | -2161 | 0,18 | -2695 | 281
10 -20,05 -20,23 -21,65 -27,73
05 [ 19.88 | 0,00 | 20,07 | 000 | 2145 | 019 | 2679 | 2.6
19,88 20,07 21,49 27,58

Tables 3, 4 show the values of A on the horizontal faces, A is the percentage
difference between the exact values and the approximations K13, KO0-3. The K0-3
approximation gives highly accurate results for a wide class of MGP plates. Bold text
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highlights those values that differ from the exact values by more than 3%. The largest
difference between the exact values of w and in the approximations K13 and K0-3
for the same MGP as in tables 3, 4, is 2.27% (for p, /q,, =1; hla=1/2;
G'/G=1/50; z/h=-0,5).

6. Summary and conclusions.

The following conclusions can be drawn from the described and extensive
additional studies.

An efficient variant of MT is constructed, which allows to describe with any
high accuracy the SSS of transversally isotropic plates of arbitrary thickness at static
transverse loads within wide limits of variation of MGP. Systems of DE of
equilibrium in all approximations are divided into two independent systems: one
describes the SSS at symmetric deformation relative to the median plane, and the
other at oblique symmetry. From them, homogeneous systems of vortex boundary
effect DE and inhomogeneous ones, which describe the internal SSS with a potential
boundary layer, are obtained. DE, which determine the internal SSS, and separately
the potential boundary effect are derived from inhomogeneous systems by the
operator method. This makes it possible to investigate separately the vortex, potential
boundary effects and internal SSS. Forms of general solutions of systems of
equations were obtained.

It is found that the internal SSS of the plates depends most on the thickness,
transverse displacement, variability and locality of the transverse load. The impact of
transverse crimping on SSS can be quite significant. The convergence of results
improves with decreasing thickness and transverse shear. Increasing load variability
reduces the accuracy of the results. For isotropic plates, the high-precision results for
the SSS under skew-symmetric loading give an approximation of K13 at a/m >1,8h,

and for bending-crimping deformation, an approximation of KO0-3 at a/m>2h
(difference with an exact solution of less than 3%). For large load changes, higher
approximations should be considered. The K135 and KO0-5 approximations describe
the transverse displacements with high accuracy, and the stress state needs
clarification.
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Abstract. AxmyanvHicme npooaemu OOCHIONCEHHs. NOJA2AE Y He0OXIOHOCMI pPO3BUHEHHS |
no6y0o6u HOBUX 8aApPIaHMi6 MaAMeMamuyHoi meopii i po3pooOKU ehekmusHUx Memoois, sKi 6 dasanu
MONCIUBICMG BUBHAYAMU 3 BUCOKOIO MOYHICMIO 6Ci KOMNOHEHMU HANPYHCEHO-0ePOPMOBAHO20
cmany (H/C) nnacmumn i 00010HOK 3 YpaxysaHHaM Kpatosux egexkmis, i wod po3e’s3)6aHHs.
CPAHUYHUX 3aA0ay ON 6KA3AHUX elleMeHmi6 KOHCMPYKYil Oy1o Hnpocmiuum 6i0 pOo3643Ky
BI0ONOBIOHUX MPUBUMIDHUX 3a0ay meopii npyxicHocmi. Memow 00CniodxicenHs € pO36UHEHHS
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sapianmy mMamemamuyHoi meopii mpaHceepcaIbHO-I30MPONHUX NIACIUH O08LIbHOI MOBWUHU NPU
CMamuyHoMy HABAHMANCEHHI, SKUL OCHOBYEMbCSA HA MPUBUMIDHILL Meopii  NPYHCHOCHI.
Ypaxosyromwscs eci komnonenmu H/[C sk ¢pynxyii mpvox koopounam. Tpusumipna 3adaua 36edeHa
00 0608uMipHOi poskiadauuam ycix xomnonenm HJIC 6 HecKiHYeHHI psaou 3a NOAIHOMAMU
Jlexcanopa no nonepeumiii KOOpOUHAmMI, MOYHUM 3A00B0JICHHAM ZSPAHUYHUX YMO8 HA JUYEBUX
NIOWUHAX | 3ACMOCY8anHaAM 8apiayitinozo npunyuny Peiticnepa. Taxuii memoo no6yoosu meopii
0ae MOAHCIUBICMb i1 NPUKIAOHO20 BUKOPUCIAHHSA 01 PO3PAXYHKY HAACMUH 3 8UCOKOIO MOYHICIIO.
Onepamopnum memooom ompumMaui 8UsHaA4aibHi ougepenyianvhi piensanus enympiunvozo HJ[C,
NOMEHYIAIbHO20 | BUXP0OB020 Kpatiosux egekmis. Busedeni ¢hopmu 3a2anvHux po3e s3Kis.
Ilposedeno amaniz ompumanux auHaliMuyHUX i 4YucerbHux pezyrbmamis. Jlocniodxceni medxci
sukopucmanui meopiu muny Tumowenka-Peucnepa. Ycmanoeneno, wo enympiwniu H/[C niacmun
Haubinbwe 3anedcums 60 MOBWUHU, NONEPEYHO20 3CY8Y, 3MIHIOBAHOCMI MA JOKATbHOCHII
nonepeuno2o Hasawmasicenus. Bnaue nonepeunozco oomuckaunsa na H/[C moowce bOymu docmamubo
cymmegum. 30idcHicmb pe3yibmamis NOKpauyemuvcs i3 3MeHUEeHHIM MOSWUHU | NOOAMAUBOCT
Ha nonepevnull 3¢y8. 3poCmanHs 3IMIHIO8AHOCMIT HABAHMAICEHHS 3SMEHULYE MOYHICIb PE3YIbMamis.
Ilpu senuxux 3mMiHeHHAX HABAHMANCEHHSI NOMPIOHO YPAX08Y8AMU BUI HAOIUIHCEHHSL.

Key words: eapiaum mamemamuunoi meopii, mpanceepcanrbHo-i30MponHa NAACMUHA
008INbHOI MOBGWUHU NPU NONEPEYHOMY HABAHMANCEHHI, ONEepPaAmOpHi NnepemeopeHHs, hopmu
3a2anvbHUX po3e6 a3Kis, noainomu Jlexcanopa.
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Anomauin. B pobomi nokazana HeobOXiOHICMb PAHHBLOI OIACHOCMUKU 2TUOUHU MEPMIYHUX
ypadicenv. Pezynomamu ananizy rimepamypHux 0xcepen nOKa3aiu, Wo y 8imuyusHaHil i 3apy0idcHitl
MEeOUYHIL NPAKMUYi He 3aCMOCO8YIOMbCs CReYianiz08aHi UMIPIOBATIbHI NPUIAOU 05l OiAeHOCMUKU
MmepMIiYHUX ypaxceusb. Y pobomi oOIpYHMOBAHO MONCIUBICINb GUKOPUCIAHHA Ol OYIHKU 2IUOUHU
MEPMIYHUX YPAINCEHb 6AACHO20 HAOBUCOKOUACHOMHO20 eNeKMPOMACHIMHO20 GUNPOMIHIOBANHS
HCUBOT OI0N02IUHOT MKAHUHU. 3aNPONOHOBAHO CcXeMy Npunady, wjo 00360JA€ 30IUCHIO8AMU MAKI
BUMIPU, ONUCAHULL ATI2OPUMM i1 pobomu.

Knrwuoei cnosa: 6ionoziuna mkanuHa, mepmiyHe YpadiCeHHs, 2AUOUHA, PAOiOMempUYHULL
Memoo, eeKMmpoMAazHImHe UNPOMIHIOBAHHS.

Beryn

Onniero 3 nomupeHux GopM TpaBMaTU3My Y BUPOOHHYMX 1 MOOYTOBUX YMOBaX
€ TepMiuHi ypakeHHs (omiku). 3a MaTepialaMd BCECBITHBOI OpraHizailli OXOpoHH
3I0POB'SE B CBITOBIM MPAaKTHIl TEPMIUHI Ypa)KCHHS IMOCIIAIOTh TPETE MICIe Cepell
IHIIMX TpaBM, a B Jep)KaBaxX MOCTPAASHCHKOTO MEpiofy Ha iX 4YacTKy Mpumaiaec
nonax 10% B 3aranmbHilt cTpykTypl TpaBmatusmy [1]. JlikyBaHHS OIIKOBHUX TpPaBM
CHOTOHI 3QJMINAETHCA OJIHIEI0 3 HAWOUIBII CKIAAHUX mpooseMm Xipyprii. [lpwu
OMIKOBOMY WIOI TPOTATOM 6-8 TOAWH TICIAS OTPUMAHHS TEPMIYHOI TpPaBMH
B1I0yBalOTHCSI HEOOOPOTHI MATOJOTIYHI TMPOIECH, SKI CYTTEBO MOTIPIIYIOTH CTaH
nocTpaxkaanoro. ToMy paHHIN MOYATOK JIKYBaJbHUX 3aXOJ1B, IO MOMEPEKAIOTH Ta
KOMIICHCYIOTh X, TMIJBUIIYE WMOBIPHICTH YCIIIIIIHOTO Mepebiry OmKOBOI XBOPOOH i
3HIDKYE OTPUMAaHHS BaXXKUX YCKIagHEHb. Aue, st (OpMyBaHHS METOAUKH
JIKyBaHHS Ta TWPOBEJICHHS JIKYBAIbHUX 3aXOJiB HEOOXIIHO 3HATH CTYIIHb
TEPMIYHOTO YpakKeHHs, 30KpemMa, HOTo TIUOUHY.

Cran npo6;1eMu BUMipIOBAaHHA IIMOMHU TEPMIYHHX YPaKEeHb

Metonu OLIHKK MHUOWHHU TEPMIYHOTO YPAKEHHS MOJAUIAIOTh Ha (Di3MKaJIbHI Ta
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1HCTpyMeHTaJIbHI. [lepmii nmpumnyckaroTh BUKOPUCTAHHS PI3HOTO POAY MEXaHIYHUX,
XIMIYHUX Ta IHIIMX BIUIMBIB HAa YpaXeHy TKAHMHY 3 HACTYIIHUM OLIHIOBaHHSIM
ITIMOMHN  YpasKeHHS, PE3yNbTaT SIKOTO HOCHTH cy0’exTuBHUI XapakTep. binpmmii
IHTepeC TMpPEACTaBISAIOTh 1HCTPYMEHTalIbHI METOMM, SKI  JIO3BOJSIOTH  0e3
0e31mocepeIHbOr0 KOHTAKTY 3 TPABMOBAHOIO TKAHMHOIO OL[IHUTH TTMOUHY ypaXKeHHS.
[HpopmMaTUBHUM MapaMeTpOM Ui HUX € LUPKYIISLIS KPOB1 B KDOBOHOCHHUX CYJIMHAX,
SIKa TIOPYIIYETHCS TIPU TEPMIYHUX ypaKeHHSX [2].

J1o IHCTpyMEHTaIbHUX BIJHOCITH METO/IM JIA3€PHO1 JOMIUIEPIBChKOI (hioymeTpii
[3, 4], monmieporpadiyHoro i exacTorpadiqyHoOro yiabTpa3ByKOBHUX JOCIIKEHb [5],
METOU ToMOTpadigHOro Ta peHTreHorpadiuHoro A0CiIKEeHb [6] Ta 1H.

[IpoBenenuii  aHami3 A03BOJIsIE  3pOOUTH  JEeKiIbKa BHCHOBKIB, IIIOJIO
BUKOPUCTAHHS amnapatypu JUisi IHCTPYMEHTAJIbHOI OLIHKKA TJIUOMHU TEPMIYHUX
ypaxeHb. [lo-nepie, y BITYM3HAHIN 1 3apyOiXKHIN JiTEpaTypl BiACYTHS 1HPOpMALis
IpO 3acCTOCYBaHHS B TMPAKTUIl JIarHOCTUKH TJIUOWHU TEPMIUYHUX YPAKEHb
CHeI1ali30BaHUX BUMIPIOBAIBHUX CUCTEM. 37€01IBIIOTO JJIsi IIaTHOCTUKU TIUOWHU
TEPMIYHUX ypaK€Hb BUKOPUCTOBYETHCS amaparypa IHIIOTO (YHKIIOHATHHOTO
npusHadeHHs. [lo-mpyre, BUKOPUCTaHHS PO3TIASHYTHX METOMIB 4YacTo Tmependavae
HEOOXITHICTh BBEJACHHS B OpraHi3M JOJAaTKOBUX TpEmapaTiB 1 TPOBEICHHS
XIpypriuHUX BTpPYy4YaHb, 110 HE CIpHUAE MPUCKOPEHHIO JiKyBaHHA. [lo-Tpere, mesiki
METOJIM JI03BOJISIIOTH OIIIHUTH CTYIIHb TEPMIYHOTO YPAKECHHSI JIUIIE Yepe3 JCKUTbKa
110 micyst OTPUMaHHS TPaBMHU, 1110 B OUIBIIOCTI BUIAJIKIB HEMTPUITYCTUMO.

Takum ymHOM, Oepydud 1O yBaru CTaH MPOOJIEMU OLIHKH TIMOWHHU YpPaKEeHHS
TKAaHUH TPU TEPMIYHUX BIUIMBAX, BKpail Ba)JIMBUM € po3poOKa HOBHUX METOAIB 1
3aco0iB, MO [IO3BOJIAIOTh HAa paHHIX CTaAisiX HEIHBa3UBHO 1 OE3KOHTAKTHO
3/I1ICHIOBATH TaKy OI[IHKY.

PagiomeTrpryHuii MeTol BUMIPHOBAHHS INIMOMHU TEPMIiYHUX YPasKeHb

OgHuM 3 MEpPCHeKTHUBHUX METOJIB, IO JO3BOJSIOTH OIIHIOBATH TJIMOUHY
ypaKeHHS 010JIOTTYHUX TKAHHUH, € PaJlOMETPUYHHUI METO/I.

Bigomo [7], mo oaHuMM 3 TPOSBIB aKTUBHOCTI JKMBUX KIITHH OPraHi3MiB €
BJIacCHE eyieKTpomarHiTHe BuripomiHioBaHHS (EMB) mansucokoudacrornoro (HBY)
nmianazony. IuTencuBHicTh BiiacHoro HBY  BumpoMiHiOBaHHS  BHU3HAYA€ETHCS
AKTUBHICTIO METa0OJIYHMX IIPOIeCiB B OI0JOTIYHUX TKaHMHAX. PiBeHb IHOTO
BUIIPOMiHIOBaHHs ayxe Maiaumii (10714..10"° Br) i BoHO mopiBHAHO 3 piBHEM
PaIOTENIOBOTO BUMIPOMIHIOBAHHS JI1€JIEKTPUKIB.

BunpomintoBagpHa ~ 37aTHICTH OyIb-SIKUX  HarpiTux  OO0’€KTIB B
MIKpPOXBHJILOBOMY Jlialla30HI MiAKOPSAEThCA 3aKoHy Penes-/>kunca

B=2f*kTB/ C?,
ne: f - yacrorta, k - moctiiHa bomelimana, 7 - Temmeparypa, B - KOe(DIIieHT
BUNPOMIHIOBaHHS, C - MIBUIKICTH CBITJIA Y BaKyyMi.

KuBum OionoriynuM TkaHuHaMm BiactuBe EMB HeremnoBoro xapakrepy B
miamazoni 30...500 I'Tu. JIxepenom EMB € akycToenekTpu4Hi MpOIECH, 10
BiOyBalOTbCA B MeMOpaHaX KIITHH. IX iHTEHCHBHICTH XapaKTepH3ye B3a€MOIiI0
O1IKOBHX MOJIEKYJI 1 BHYTPITHBOKIITUHHUX CTPYKTYp. LLinbHICTh BUTIPOMIHIOBAHUX
KJIITUHAMUA KOTE€PEHTHUX €JICKTPOMATrHITHUX XBWUJIb BXKE€ HA Malliil BiJCTaH1 BijJ iX
MOBEPXHI 3HIXKYEThCS B Oarato pasiB. llpuuomy 1ie 3HMKEHHS CYMPOBOJIKYETHCS
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CTOXACTH3AaIll€l0 BUIPOMIHIOBAaHHA. B pe3ylnpTaTi KOTepeHTHE BUIIPOMIHIOBAHHS
OKpeMHX KIITHH IIepeTBOPIOEThC B mymoBe EMB, sKke nomaeTscs 10
pamoTterioBoro EMB, mo Takox Mae IITyMOBHIT XapaKTep.

Tomy g Bu3HAaYeHHSA IIMOMHU ypa)keHHS O10JIOTTYHOI TKAHMHI HEOOX1THO
BuMIproBaTH crnabke OloiHpopmamiiine EMB B HBU miamazoHi Ha Tm Ouremr
HOTYXKHOTO Pal0TEIIOBOTO BUIIPOMIHIOBAHHS.

IIpucTpiii 1151 BUMipIOBaHHS [JIMOMHA TEPMIYHHX YpaKeHb

3amada BUMIpIOBaHHA cradkoro 6ioiHdopmamiitnoro EMB B HBY miama3oni Ha
TI1 OUIBII TOTY)KHOTO PAaIIOTEIIOBOTO BHUIIPOMIHIOBAHHSA € JOCHTH CKJIQJHOIO.
JlonaTtkoBoro Ipo0GieMor0 € Te, IO CyMapHa IIOTYKHICTh TEIUIOBOIO 1
0101H(OpMAIITHOTO BUIPOMIHIOBAaHHA Ha KUIbKA IOPSJIKIB MEHIIE ITOTYXKHOCTI
BJIACHHX IIYMIB Cy4acHOI eIeKTPOHHOI BUMIPIOBATIBHOI anapaTypu.

Ha puc. 1 mnpencraBneHa po3poGieHa aBTopamMm (YHKIIOHATbHA CXeMa
OPUCTPOIO IS BUMIPIOBAHHS TTHOUHHI TEPMIUHIX YpaXKeHb 3a PIBHEM BIIACHOTO
€IeKTPOMArHITHOTO BUIIPOMIHIOBAHHSA O10JI0TIYHUX TKAHIH.

6
G
I
v 3 4 5 7 8 9 1 12 13 4 15
~ N_)D”_)l_*_)l_;__)l n =" =\ ] 2 000
T s 0
1 S = S
& —

Puc. 1. ®yHknioHa1bHa cXeMa NPHCTPOIO /15l BAMipIOBaHHS INTHOHHH
TepMIYHHX ypa’keHb 32 piBHeM BJIACHOI'0 eJ1IeKTPOMATrHITHOI0 BHIIPOMiHIOBAHHS
0i0/10TiYHHAX TKAHHH.

Ha cxemi no3nauent: 1, 2 - 6uMipto6anvHa i ONOPHA NPULIMATLHI GHMEHU;

3 - kepoeanuti HBY 6iobueay; 4 - yupkynamop, 5 - smiutyeay, 6 - HBY eemepooun;
7 - niocun06ay NPOMIdHCHoT yacmomu,; 8 - amnaimyouuti oemexmop, 9 — npucmpiii,
wjo peanizye yukyiro 6ioHimarHs, 10 - 0dxcepeno nocmitiHoi Hanpyeu,

11 - noeapugpmamop; 12 - niocunosay Hu3vkoi yacmomu, 13 - CUHXPOHHULI
oemexmop, 14 - pinomp HudicHix yacmom, 15 - onemmemp; 16 — HU3LKOUACMOMHUII
Mmynomueiopamop, 17 - ananizoeanuii opazmenm ypaxceHoi mKaHuHu,;

18 - gppaemenm 300po6oT mraHuHu.

[Ipuctpiit mparroe HacTymHHIM uynmHOM. PanioreruioBe 1 O1omoriune EMB Bix
BIMIPIOBAIILHOI MPUITMaIbHOI aHTEHH 1, SKa B3a€MOJII€ 3 aHATI30BaHUX (parMeHTOM
ypaxkeHoi 6107I0T1YHOI TKAaHHHU, HAJAXOAUTH Ha BX11 kepoBaHoro HBU Biz6mBauga 3.
Buxinx kepoBaHOro BIAOMBaYa MIJKTIOUEHHII 0 OJHOTO 3 BXOJIB HUPKYJIATOpa 4.
PamioTenioBe BUIIPOMIHIOBAHHS B1J OTIOPHOI IMPHITMAIBHOI aHTEHH 2, IO B3a€MOJIIE
3 HEYIIKO/KEHIM (parMeHTOM O10JIOTTYHOI TKaHUHN 18, HaIXOaUTh Ge3MmocepeIHbO
Ha APYTHil BX1I HUPKYISATOpa 4.

HBUY Bix6uBau 3 Ha p-1-n AioJaxX IpaIfoe€ 3a MPUHIINIIOM IOBHOTO BITOWTTSA,
KOIM Ha ioro Kepyroumii BXIJ IOJaHO Hampyry. llepioandyHa 3MIHA PEKUMY
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Bii0MBava (BiIOMBAE - TPOMYCKAE) 3AIMCHIOETHCS MPSIMOKYTHUMH IMITYJIbCAMHU
HAIPyTru MOAYJISIIT, IKa (OPMY€ETHCS HU3bKOYACTOTHUX MYJIbTUBIOpaTOpoM 16.

B oaun nHamiBnepioa Hanpyru MoayJiAiii HU3pK01 yactoTH, koau HBY BigOuBau
3 mporycKae BUMPOMIHIOBAHHS, Ha BX1J1 3MIITyBa4ya 5 HAJAXOJUTh IITYMOBUW CUTHAT 3
TUCTIEPCIEIO

UIZIZKI(UZZI+U32+U42)’ (1)
ne U, - aucrepcis paaioTEIUIOBOTO BUIIPOMIHIOBAHHS aHaJi30BaHOrO (hparMeHTa
TKaHUHHW, U; - naucrepcis 0i10iHGOpPMAIifHOTO BHIIPOMIHIOBAHHS JKUTTE3MATHHX
KJITITHH aHajIi30BaHOTO ()parMeHTy O10JIOTiYHOI TKaHWHUW; U, - IUCIEPCis BIACHUX
IIyMIB 3MilllyBauya, MPUBEJIECHUX OO0 Horo Bxoay; K, - koedimienT nepemaui HBY
TPaKTy.

B inmiit maniBnepion Hampyru moaysnsauii, konu HBY BigOusau 3 3akputwuii i
MOBHICTIO B1JIOMBAa€ BUIIPOMIHIOBAHHSI, IIyMOBUM CHUTHAJ 3 BUXOJY BHMIPIOBAJILHOI
anTeHn | BimOuUBaeTbca. Y TOW >K€ 4Yac BHUXIJIHMM CHUTHaJI OINOPHOI AHTCHH 2
IPOXOJUTH Yepe3 IUPKyIATop 4, BimOuBaeThes Bij 3akputoro HBY BigOuBaua 3 i
3HOBY 4epe3 IUPKYIATOP 4 HaAXOAUTh Ha BXija 3MmilryBada 5. Jlucmepciss BXigHOTO
CUTHaJy 3MilllyBaya B IIbOMY HaIMiBIEPio/l MpUAMAaE 3HAYEHHS

l7122 =K]((7222 +Uj)a (2)
ae U, - JHCIEpCis paioTeriOBOrO BUIIPOMIHIOBAaHHS JKMBOTO (parMeHTy
010J10T19HOT TKAHWHH.

[Tpu nepiognuniii po6oti HBY BimbuBaua 3 Ha BXoAl 3minryBada 5 GpopmMyeThest
MOAYJTHOBAHUHN MO aMILTITYJ[I CUTHAJ, IO CKIAJAAETHCS 3 TTAKETIB IITyMOBUX CUTHAIIIB
3 mucnepcismu (1) 1 (2). YacTtora Momymsmii 3aJa€ThbCsi 4acCTOTOIO TMEPEMUKAHHS
MyJnbTUBIOpaTopa (2.

3 ypaxyBaHHSM peajibHOT'O CITIBBITHOIIIEHHS CKJIaAoBuX curHaiiB (1) 1 (2), koau
U WU} =U,)U;, rimbuna Monynauii M BXiZHOro curHany 3millyBadya 5 mana i
MPEICTaBISETHCS BUPA30OM
— U121 — Ulz2 — Usz (3)

Uu:+U; 2((742 + Ufl)'

3a nmomomorow curHary HBY rereponuna 6 cnexktp HBUY BumpomiHroBaHHS
NEPEHOCUTHCSI Ha MPOMDKHY pI3HUIEBY YacToTy ,. Came Ha 110 YacToTy
HAJTAIITOBAaHUM BHOIPKOBUH miacuiaoBay 7 mpomikHoi yactotu. lupuna crekrpy
Aw, T1I0 TEPEHOCUTHCS, BHU3HAYAETHCA CMYIOI0 TMPOIMYCKAaHHS MiACHIIOBaya
MIPOMIKHOI 9aCTOTHU 3 IEHTPATBHOIO YaCTOTOK w,))Q2. B oauH HamiBnepiox poOoTH

1

BijiOMBayva 3 (%)) % 0) JIUCIIEPCisl BY3bKOCMYT'OBOTO IITYMOBOT'O CUTHAJTy Ha BUXO/II
HiJICHIIIOBayYa 7 MPOMIXKHOI 4aCTOTH
17521=K1S1K2[l7221(a)0)+(732(a)0)+Uf(a)o)]. 4)
B inmmiif HamiBoepio
ug =K1S2K2[(7222(a)0)+l7f(a)0)]. (5)
[lakeTn curHamiB MPOMIKHOI 4acTOTH w, 3 aucnepciamu (4) 1 (5) mo uyepsi
HAJIXOJATh HA AMIUNITYIHUN JETEKTOp 8 3 KBaIPAaTHYHOI XapaKTepUCTHKOor. Ha
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BUXOJ1 JETEKTOpa (POPMYIOTHCA BIACOIMIYJIBCH 3 aMIUTITYJaMM, K1 IPOMOPIIIHHI
JUCTIEPCiT TEeTEeKTOBAaHNX CUTHAIIB
Ug =K STKS, [T (00) + T3 (@,) + T (@,)] (6)
Ug = K} STKSS,[US (0,) + U (@,)]5 (7)
ae S, - KpyTiCTh MepEeTBOPEHHS KBaIpaTHYHOTO JIETEKTOPA.

Bigeoimnynscu U,, i U, 01O 4ep3l HAAXOASITb HA OJUH BXIJl MPUCTPOIO
BiHIMaHHS 9, IHIIUK BXiJ SKOTO MIAKIIOYEHO 10 JpKepena mocTiiHoi Hampyru 10.
[TocriifHa Hampyra BCTAHOBJIIOETHCSI 3 YMOBH KOMIICHCAIll BIACHUX NIyMiB
3MilTyBaya 5, 110 BIUIMBAIOTh HAa TIIMOWHY MOyl (3)

U,=K!SIK;8,U} (w,). (8)

[Ipu BukoHaHHI yMOBHU (8) aMIUTITyIM BUICOIMITYJIbCIB Ha BUXOJl MPUCTPOIO,
o peanizye QPyHKIIiI0 BiAHIMAHHS, TPUUMAIOTh 3HAYCHHS

Ug :K12S12K22S2K3[U221(a)0)+U32(a)0)]’ (9)
Uy, =K12S12K2252K3l7222(a)0), (10)
ae K, - Koe(ilieHT nepeaadi NpuCTPoIo, 10 peanidye QyHKIII0 BITHIMAHHSI.

[Ticnst pyHKIIOHAIBHOTO MEPETBOPEHHS BICOIMITYJILCIB B Jiorapidmartopi 11 ix
aMILTITYIM IPUHAMAIOTh OCTATOYHUI BUTIISI

Uy =S, In{K; ST K3 S, KU (@) + U3 (@)} (11)
Uy, =85 In[K}SI K S, K U, (0,)], (12)
ae S, - KpYTICTh JIOTapu(MIYHOTO MEPETBOPEHHS.

['mubuHa aMIUTITYyTHOT MOYJIALIT TIOCIIIOBHOCTI BiICOIMITYJIBCIB 301JIBIITYETHCS
13 ypaxyBaHHSAM PIBHOCTI U,, = U,, IpuiMae 3Ha4YEHHs

ln[mwo)mﬂwo)}

_ U91 B U92 _ Uzzl (0)0)
= _ .
Uy, + U, 1n{(K12S12K22S2K3)2[U221 (@,) + (732(600)](7221(600)}

(13)

[TincumoBauem 12 HH3BKOI YacTOTH 3 TMOCHIJOBHOCTI  BIJCOIMITYJIBCIB
BUJIJISIETHCSA 1 MIJCHITIOETHCS 3MIHHA CKIIaJ0Ba 4acTOTH ) 3 aMIUTITY00
Uy —U, 1 U, +U; (e
Uy=K,—2—2=—8,K, In—— | 0). (14)
2 2 Us(@,)
ne K, - Koe(iieHT miaCuIeHHs MiICUITI0Ba4Ya HU3bKO1 YaCTOTH.
Bupas (14) MoxHa NpeCTaBUTH Y BUTJISA I
1 U; (@,)
UIOZ—S3K4 11’1[1+_— . (15)
2 Us(@,) ]
[Ticns posknaganus (15) B cTaTe4HOT psijl, OTPUMYEMO
1 Ul Ul
Uy, ==8:K,[ _32( o) _34( o) +..]. (16)
2 UZI(a)O) 2U21(a’0)
[ToTyxHicTh 6101H(DOPMALIIITHOTO BUITPOMIHIOBAHHS 3HAYHO MEHIIIE MOTY>KHOCTI
pPaAIoTEINIOBOTO BUNPOMIHIOBAaHHA (U (U ). ToMy apyruMm i HacTyImHUM YjieHaMHU
psaay (16) moxkna 3uexTyBatu. Toal Hanmpyra Ha BUXO/1 MiACKHIIIOBaYa
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1 Uy (“’0)
U,==S,K, ——=~. (17)
2 Us(@,)
Hanpyra U,, BUIpAMIISIETECA CHHXPOHHUM JETEKTOPOM 13, SIKUid yIpaBIlIs€ThCS

NPSIMOKYTHUM HamNpyroro MysbTuBiOpaTopa 16, 1 3rmamxkyerbes GpinbTpoM 14 HIKHIX
yacToT. BuxigHa noctiiiHa Hanpyra BUMIPIOETHCSI BOTBTMETPOM 15.

3 Bupa3y (17) BumumBae, o mokasu BoJbTMETpa 15 npomnopiiiiHi BiTHOMIECHHIO
MOTYXHOCTI 6101H()OPMALIIHHOTO 1 paJl0TENIIOBOIO BUITPOMIHIOBAHHS
772
U; (@)
o= KO = >
U, (a)o)

(18)

1 .. - .
1€ a - OKa3u BoJibT™MeTpa 15; K, = 5S3K , - KOeIIIe€HT TPOMOPILIITHOCTI.

CriBBIAHOIIEHHS MOTYXXHOCTI 1 € Mipoto piBHI EMB XuUTT€3maTHUX KIITUH
0io0riyHOi TKaHWHU. OTpHUMaHE CIIBBIAHOIICHHS BU3HAYA€THCS 1HTEHCUBHICTIO
010XIMIYHUX MPOIECIB B )KMBUX TKAHWUHAX 1 JIO3BOJISE OIIHUTH IITUOMHY TEPMIYHOTO
ypaXKE€HHS.

MOXJIMBICTh BUKOPHUCTAHHS MPUUMAJIbHUX aHTEH 3 pI3HOI TIEeOMETPIEr0
J03BOJISIE JIOKAII3yBaTH IJIOINLY JOCIHIKYBAaHOTO (PparMEHTy TKaHUHHU B MEXax Bij
JEKUIbKOX KBaJPAaTHUX MUTIMETPIB JI0 ACKUJIBKOX JECITKIB CAHTUMETPIB.

Hezanexuicth koedirieHTa 7 BiJi MacH MOSCHIOETHCS TUM, IO MOTYXKHICTh K
0ioiHopmaniifHOrO Tak 1 paAlOTEIUVIOBOTO BHUIIPOMIHIOBAHHS — IPOMOpIIiiiHA
e(eKTUBHOI IO MpUMaNnbHUX aHTeH. KpiM TOro, BiTHOIIEHHS MOTY>KHOCTEH, 110
BUMIPIOETHCS, HE 3aJICKHUTh B TEpPEeIaBAIbHUX BJIACTUBOCTEH 3’€IHYBAIHHUX
XBUJICBOMIB (K,), MIHJIMBOCTI KpPYTOCTI TETEPOJWHHOTO TEPETBOPEHHS CIEKTpa
MOPIBHIOBAaHUX CUTHAMIB (S,), HECTAOLIBHOCTI KOe(ili€HTa MiICUIIEHHS BUOIPKOBOTO
MIJCUIIIOBaYa MPOMIXKHOT 4acTOTH ( K, ), YyTJIMBOCTI aMIUNITYAHOTO AeTekropa (S, )
Ta KoedilieHTa nepenayl NpucTpii, mio peanizye QyHkiito BigHiMaHHS ( K,).

BucHoBku

B pesynbrari aHamizy crtaHy nOpoOjeMd AIarHOCTUKH TJIMOMHU TEPMIYHUX
ypaKeHb O10JIOTIYHUX TKaHUH 3pOOJIEHO BHCHOBOK IPO HEOOXIAHICTH PO3pPOOKHU
CIeliali30BaHol J1arHOCTUYHO1 amapaTypu. [lokazaHa NpUHITUIIOBA MOYKJIUBICTH 1
MEePCIICKTUBHICT, BUKOPHUCTaHHSA JUI [UX LUIEH pagiOMETpUYHUX METOJIB
BUMIPIOBAaHHS, 110  JO3BOJISIIOTH  3IACHIOBATH  OIIIHKY  PIBHSA  BJIACHOTO
€JIEKTPOMArHITHOTO BHUIPOMIHIOBAaHHS JKMBUX TKAHWH B HAJBUCOKOYACTOTHOMY
niana3oni. HaBeneHo ¢yHKIIIOHATBHY CXE€MY MPUCTPOIO, IO 3a0e3Meuye MOKIUBICTD
peanizainii Takux BUMIpIOBaHb. BUKOpUCTAaHHS IBOX MPUHUOMHHX aHTEH 3a0e3medye
MIHIMI3aIlil0 BIUIMBY pPaJiOTEILIOBOT CKJIaJ0BOi BUIIPOMIHIOBAHHS 1 BHJIUICHHS
6101H(pOpMAIIIITHOI CKIIaI0BOT, 3yMOBJIEHOT aKTUBHICTIO KIIITHH 010JI0T1YHOT TKAHWHH.
A 3ictaBieHHs OioiH(GoOpMaIlIfHOT 1 PaaIOTENIOBOI CKJIAJIOBUX JI03BOJISIE€ OIIHUTH
INIMOWHY TEPMIYHOTO YPayKEHHS.
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Abstract. The need for early diagnosis of the depth of thermal burns is shown in the paper.
Thermal burn injuries represent more than 10% of the total number of injuries. Modern methods
for estimating the depth of thermal injuries are analyzed. Nowadays, laser and ultrasound, X-ray
and tomographic methods are the most widely used methods of assessing the depth of thermal
damage. It is concluded that in medical practice do not use specialized measuring systems for the
diagnosis of burn injuries. This makes the development and creation of such equipment relevant.
Therefore, the purpose of the article is to develop a new method and device for non-invasive and
non-contact evaluation of the depth of burns of biological tissues. The mechanism of origin of own
electromagnetic radiation of biological tissues is disclosed. The difference between radio thermal
and bioinformatics component of biological electromagnetic radiation of biological tissues is
shown. The possibility of using own microwave electromagnetic radiation to estimate the depth of
burns of biological tissues is substantiated in the article. Functional scheme of the device for
measuring the depth of burns of biological tissues is considered. Algorithm of operation of the
device is described. The possibility of minimizing measurement errors from the instability of the
parameters of the transform elements of the circuit is shown.

Key words: biological tissue, thermal damage, depth, radiometric method, electromagnetic
radiation.
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USE OF PLANT RAW MATERIALS FOR THE ENRICHMENT OF

COTTAGE CHEESES OF ANTIOXIDANT ACTION
BUKOPUCTAHHS POCJIMHHOI CHPOBUHH 1151 3BATAYEHHS
KHCJIOMOJIOYHUX CUPIB AHTUOKCHIAHTHOI Ii
Goiko I. Yu. / T'oiixo LIO.
c.t.s., as.prof. / K.m.H., ooy.
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National University of Food Technologies, Kyiv, Volodymyrska str. 68, 01601
Hayionanonuii ynieepcumem xapuoeux mexsonoeii, Kuie, eyn. Borooumupcoxa 68, 01601

Anomauin. B pobomi oOIPYHMOGAHO NePCNeKmue GUKOPUCIAHHSA POCTIUHHOT CUPOGUHU, A
came excmpaxmie Kponueu 0eooomwoi (Urtica dioica L.), wiaenii nikapcokoi (Salvia officinalis),
yepeou mpupo3oineHoi (Bidens tripartita L.), uabpeyro 36uyaiinozo (Thymu), 36ipo6oro 36uyaiiHo2o
(Hypericum perforatum L.), 3eneni nempyuiku (Petroselinum crispum), Kkpiny 3anauirnozo (Anethum
graveolens) y 6upobHUYmMEi KUCTOMOIOUHUX CUPI@ AHMUOKCUOAHMHOT 0ii. JJocniodxceHo GioXimiuHuil
CcK1a0 eiccmpmcmie ma ix (UIIIIIIOKCI(()GH"IH_V akmueHicmo. 3a opeaHoIenMmuYHUMU NOKA3ZHUKamMu ma
Xapuo600 KOMOIHAMOPUKOIO PO3POOIEHO imOKOMNO3UYii POCTUHHUX eKCIMPAKMIG.

Knrouosi cnosa: POCIUHHA CUPOBUHA, KUCTIOMOJIOYH UL cup, AHMUOKCUOAHMHA AKmuUeHicmo,
gimoxomno3zuyii.

Beryn. KucnoMomnouHi HpOAyKTH AyXke JeTKO 3acBOIOIOTHCS OpraHI3MOM
TIOANHH, CHOPUSIOTH TPAaBJIEHHIO, a TOJIOBHE — pPEryII0Th CKIaJ 1 aKTHBHICTH
MiKpodopn KHMIEYHHKY, ©O0 B HIf 3HAXOAUTHCA BeIMYE3HA KUIBKICTh
MIKPOOPTaHI3MIB, SIKI BUK/INKAIOTH PO3MA/I 3aIUIIKIB OLTKOBOT 1K1.

Bimomo, mo ama HOpManbHOrOo (DYHKIIOHYBAaHHS OpraHi3My HOTPIOHO
3a0e3MeueHHd 1loro HEOOXITHOK KUIBKICTIO €Heprii, OUIKIB 1 He3aMIHHHIX
KOMITOHEHTIB k1. [[iM BuMoram Haifkpaime BIIITOBIIAIOTH KIICTIOMOJIOUHI IMIPOIYKTH,
30araueHl CHUPOBHHOIO POCIMHHOTO MOXO/KEHHS. POCINHU € 1CTOPUYHO HEepHInM 1
HallcTapoJaBHIIIIM JKepelaoM Oiomoriudo akTmBHHX pedoBuH (BAP). Ix mis
MPOSBIAETECS B aKTHBI3AIIl IMYHHOI CHCTEMHI OpraHI3My, 3alo0IraHH1 3arajbHIX
IIPOIIECIB, B 3MEHIIEHHI 0O0JIHOBHUX BLIYYTTIB TOH[O. TOMY TOIUIBHHM € IO€THAHHA
MOJIOYHO1 OCHOBH 3 POCINHHOIO CHPOBHHOIO, SIKa € MPHPOJIHIM KEPETIOM BITaMIHIB,
MIHEPAIIB, IyKpPIB, KPOXMAIII0, OPraHIYHIX KICIOT Ta IEKTHHOBHX PEYOBIH.

Mera crarTi — OOIpyHTYBaTH JONUIBHICTh BHKOPUCTAHHSI HETPAJAHINITHOL
POCIMHHOI CHpPOBMHHM Ta MIIIOpatu cKiaag (iTtokoMmosumiii it 30aradyeHHs
KICJIOMOJIOYHIX CHPIB.

IIpenmern Ta MeTOIH AOCTIIKeHb. 3a MiTepaTypHuMu naHumu [1 — 2] O6yna
o0paHa pOCINHHA CHpPOBHMHA, IO MICTUTH 3HAYHY KUIBKICTh BAP, sika jocTymHa 1
IEepCIeKTHBHA /I BHKOPHCTAaHHS Yy BHPOOHHIITBI HOBHX BH/IB IIPOJYKTIB
03/10poBUOi 1ii, a came — KpomnuBa aBogoMHa (Urtica dioica L.), maBiia TiKapchKa
(Salvia officinalis), uepena Tpupo3auibHa (Bidens tripartita L.), daGpers 3BHUaliHIIT
(Thymu), 3BipoO1it 3Buyaitiuit (Hypericum perforatum L.), 3eleHb NETPYIIKU
(Petroselinum crispum), xpin 3anamuuii (4nethum graveolens).

Oo6pana cupoBuHa MicTuTh BiTaminn rpynu B, K, E, C, xmopodin, kapoTnHoinn,
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3aJ1130, KyMapuHH, (pyiaBoHOiIM (KpomrBa JBOJOMHA), TEPIIEHH, TyOUIbHI PEUOBUHH,
TPUTEPIEHOIIM, OPraHiuyHl KHCIOTH, BiTamiHM rpynu B, ¢unaBonoinu (mmasmis
mikapcbka), (maBonoinm, Bitamin C, ayOwiapbHI pEUOBMHHU, MapraHip (depena
TPUPO3AUIBbHA), edipHYy OJit0, JIHAI0I, OOPHEOJ, OpPTraHiuHI KUCJIOTH, (IaBOHOIH,
AyOWnbHI peyoBMHHM (Yabpelpb 3BUYAHMI), IyOWJIbHI pPEUYOBUHH, (IABOHOIIM,
caroHiHU, OapBHUKH, eipHY OJit0, KapoTuH, BitTamiH C (3Bipo0iii 3BHuaiiHuii), OeTa-
KapOTHWH, KaJlii, KaibIii, maraii, mias, Bitamiau: C, K, PP, E, B1, B2, domieBa
KHCJIOTa, O10THH, XOJIIH, 3aJ1i30, MapraHellb, IIUHK, CEJIeH, HaTpid, dochop (3eneHb
NEeTPYIIKH), XJ0po(diJl, KAPOTHUH, MEKTUHOB1 PEUYOBUHH, (DJIABOHOIIH, KaJlli, KaJIbIIiH,
dbocdop, 3amizo, Bitamiau A, B2, B6, C, PP (kpin 3anamuuii) [1, 2].

J7ist mpoBeieHHs TOCIII)KEHb POCIIMHHY CUPOBUHY BUKOPUCTOBYBAJIM Y BUTJISIAI
excTpakTiB. KiHueBuid pe3ylbTar eKCTparyBaHHs BU3HAa4Yaldu pedpakTOMETPUYHUM
METOJIOM, KUIbKICHUM BMICT (DJIABOHOIJIIB BU3HAYAIM CIEKTPOPOTOMETPUYHO, a
acKOpOIHOBOI KUCIOTH — TUTPUMETPUYHUM MeTooM [3]. [loxubka BUMiproBaHHS HE
nepeBuiyBaia 5%, qoBipuMii IHTEpBaJI BUPAXOBYBAIIU 32 CTAHAAPTHOIO MPOIIETYPOIO
3 BUKOpUCTaHHAM Koedinienta CTbioieHTa (A0Bipya MMOBIpHICTH cTaHOBUTH 0,95).
JIJist OIIHKKM aHTHOKCHAAHTHOI akTUBHOCTI (AOA) BUKOPHCTOBYBAJIM METOJ, SKHIA
IPYHTYETHCS Ha PI3HUIII OKUCHO-BITHOBIIOBaIbHOTO TIoTeHmiany (OBI) [4].

Pe3yabTraTtH Ta iX 00roBopeHHsi. EkcTparyBaHHsS pPOCIMHHOI CUPOBUHU €
CKJIaTHUM (I3UKO-XIMIYHUM TIPOIIECOM, Ha TMEpeOir SKOro BIUIMBAE PNl YNHHUKIB,
TaKUX SK: MPUPOJA EKCTPAreHTy, CTYMiHb MOAPIOHEHHS POCIMHHOIO MaTepialy,
TeMreparypa 1 TPUBaJIICTh MPOIIECY, CIHIBBIIHOIIECHHS CUPOBUHA-EKCTpareHT. BojHi
€KCTPAaKTH POCIMHHOI CHUPOBHHU OTPUMYBAJIM MAallepalli€lo (HACTOIOBAHHAM), IS
YOT0 CyXy POCJIMHHY CHPOBHUHY IMOJIPIOHIOBAIU 10 PO3MIPY YacTOUOK 2...3 MM.
[TapameTpu excTparyBaHHs BapiioBajId B Mexax: rigpomoayis — Bix 1 : 10 go 1 : 30,
temmneparypa — 40... 80° C npotsirom 15...40 XBUJIMH 3aJI€KHO BiJl BUYy CUPOBHUHHU.
Bwmict excrpaktuBaux pedoBuH (EP) Busnauamm koxni 15 xB. Ilporec BBaxamu
3aBepuienuM, ko BmicT EP He 3MminroBaBcs BrpomoBxk 15...30 xB. ExcrpakTu
OXOJIOJKYBAIA JIO KIMHATHO1 TEMIIEpaTypH Ta BiADIITPYBAJIH.

ExcniepuMenTansHo OyJio BCTAHOBJICHO ONTHUMANIbHI MApaMETPU €KCTparyBaHHs
POCIIMHHOI CUpOBUHU: Timpomonaynb — 1 : 10, temneparypa 60 — 65°C, TpuBamicTh
exkcrparyBaHHs — 40 XxB.

[Ipu opra”onenTU4HIN OLIHII BOJHUX EKCTPAaKTIB BU3HAYAIM CMaK, KOJIIp,
npo3opicTh. 110 30BHINIHBOMY BUIJIAY €KCTPAKTH MPO30pPi, MAIOTh KOJIIpP, CMaK Ta
apomar, IpUTaMaHHi JIaH1il CHPOBUHI.

B oTpumaHmMX ekcTpakTax IOCHIKYBald KIUIBKICTh (DIaBOHOIMIB Ta BMICT
Bitaminy C. OTpumani faHi HaBeAeHO B Ta0m. 1.

Sk BugHO 3 Tabn. 1 cyma prmaBoHOINIB B eKCTpakTax BapitoeThes Bin 1,24 mo 4,4
mMr%. Haitbinpimmii BMicT cymMu (pr1aBOHOIIB Ma€e €KCTPAKT 3Bip000I0, HAWMEHIIIHIA —
€KCTPaKT yadpelto.

Bwmict ackopOiHOBOT KUCIIOTH B eKCTpakTax 3MmiHoeThes Bif 0,07 mo 2,55 % mac.
Hait6inpmmii BMicT acKOpOIHOBOT KUCIIOTH CIIOCTEPITAEThCSA Y €KCTPAKTI KPOIUBH, a
HaWMEHIINN — Yy €KCTPAKTI Yepeu.

JocnipkyBain okucHO-BiAHOBHUHN noTeHItian (OBII) B pocIMHHUX €KCTpaKTax.
SAxmo OBII mo3utuBHUM, TO 1Ie BKa3ye€ Ha OKUCIIOBAIbHY 3JaTHICTh PO3YUHY, a
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HEraTUBHUN — Ha BiAHOBHY. Tum camum BenuuuHa OBII 1o3Bosisie OLIHUTH
€HEepreTUKY MpOLEeCciB, TOOTO XapaKTepU3ye€ aKTHBHICTh 10HIB B OKHMCHO-BIJIHOBHUX
peakuisx. Pe3ynbratu ekcniepuMeHTalIbHUX AociimkeHb AOA eKCTpakTiB, a came
BITHOBHOI 371aTHOCTI (B3), poCcaMHHOT CHPOBHMHU HaBEIEHO B Ta0IMI. 2.

Taoauns 1
BioxiMiuHmMii CKJIa] eKCTPAKTIB
Excrpaktu [Toka3Huk BMICTY, MT %
cyma (hJIaBOHOI 1B aCKOpO1HOBOI KUCJIOTH
IIaBJIi 2,8+0,012 0,08 +0,02
qaOpeIro 1,24+ 0,05 1,064 £ 0,03
yepeau 2,4+0,013 0,07 £0,03
3Bip000I0 4,4+0,010 0,2+0,01
MEeTPYLIKU 2,22 +£0,04 1,25+ 0,02
KPOIMBH 2,3+0,03 2,55+0,01
KpoIy 3,12+ 0,01 0,51 +£0,03
Asmopcovka po3pobka
Taoauuga 2
AHTHOKCHIAHTHA AKTUBHICTh BOJJHUX €KCTPAKTIB

Neni/mt EkcTpakTu Cepenne 3nauenns B3, mB

1 HIaBJjii 69,5+ 1,8

2 qaopeIrro 1946 + 1,4

3 yepeau 138,4+1,9

4 3BIp000I0 133,8 £5,0

5 | meTpymku 132,8 £4,5

6 KpOITy 106,3 +4,0

7 KpOIUBHU 193,6 £4,9
Aemopcovka po3pobka

Sk BumHO 3 Tabn. 2, BCA POCIMHHA CHUPOBHMHA MICTHTh aHTHOKCHIAHTHI
croyiykd. BenmnuwHa BITHOBHOT 37aTHOCTI BCIX JOCHIDKYBAaHHX EKCTPAKTIB €
MO3UTHBHOIO 1 3HAXOJNUTHLCI B MeKax BiJ 69,5 no 194,6 mB.

Ha#iGinpiry aHTHOKHCITIOBAIBHY BIIACTHUBICTH MAIOTh E€KCTPAKTH YaOperr Ta
KponuBU. EKCTpakTy 13 cepeHbOI0 aKTHUBHICTIO MAIOTh Yepena, 3Bipo0ill, meTpymika
Ta Kpin. EkcTpakT maBsii Mae HU3bKY aKTUBHICTb.

OTpumMaHi JaHl TOKa3ylOTh MEPCHEKTUBHICTh BUKOPUCTAHHS POCIUHHOI
CHUPOBHHH B SIKOCTI 30araduyBauiB KMCJIOMOJOYHUX CUPIB aHTUOKCHIAHTHOT 1ii.

3a OpraHoJeNTUYHUMH TOKa3HUKAMHU Ta XapyOBOK KOMOIHATOPHUKOIO, @ TAKOXK
3a O010XIMIYHHUM, MIHEPAJbHUM CKJIaJOM Ta AaHTHOKCHUJIAHTHUMHU BJIACTUBOCTSIMU
PO3p00JICHO GbITOKOMMO3UIIII  POCIMHHUX EKCTPAKTIB y HACTYITHUX
CHIBBIIHOIIECHHAX:

Nel — kponuBa, kpit, 3Bipo6iil y criBBigHOmIEHH] 1 : 1 : 0,5, BiANOBIIHO.

Ne 2 — meTpymika, maBmisi, uepeaa y criBBigHomenHi 1 : 0,5 : 1, BigmoBigHO.

Ne 3 — gabperns, kpin, neTpymika y cruiBBignomensi 0,5 : 1: 1, BignosigHO.

JI1st OCHIIKEHHS CYMICHOCTI KOMIO3UIIIN y TTOEHAHH] 3 MOJIOYHOIO OCHOBOTO
BUTOTOBJISITA MOJIEJIbHI 3pa3KH Ha OCHOBI JIIETUYHOTO HEXHPHOTO KHCIOMOJIOYHOTO
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cupy. [nst HagaHHS HEOOXITHUX CMAaKOBHUX SIKOCTEM 1O 3pa3KiB BBOAMWIN KyXOHHY
ciib y kutbkocti 0,4 — 0,6%.

3a OpraHoOJENTUYHUMHU MOKA3HUKAMHU BHU3HAYAIU PAIllOHANBHY 103y BBEICHHS
70 CKJIaAy KHCIOMOJOYHOI OCHOBH PO3pOOJIEHUX (PITOKOMIO3UIIH, 110 CTaHOBUIIA
5...7 %. Bci 3pa3ku MarOThb XapakTepHUU IS CUPY KHUCIOMOJOYHOTO CMaK,
OJTHOPIHY, HIKHY, IUIACTUYHY, MOMIPHO Ma3Ky KOHCHCTEHIIIO, IPUEMHHI apomar,
pUTaMaHHUHN POCIMHHINA CUPOBHHI.

3akia04yeHHs1 Ta BHCHOBKH. OOIPYHTOBAaHO TEPCIEKTHBH BHUKOPHUCTAHHS
POCTUHHOI CHPOBHUHU AJis1 30araueHHs KUCJIOMOJIOYHHUX CHPIB.

Po3pobiieHo piToKOMIO3UIT pOCIMHHOI CUPOBHHM, SIKI MOKHA PEKOMEHyBaTH
JUIS BUKOPHUCTAHHS Yy CKJIaJl pEelenTyp XapyoBHX MPOAYKTIB, a caMe€ CHPKOBHUX
BUPOOiB, M0 JacTh 3MOTY PO3MIMPUTH ACOPTUMEHT KHCIOMOJOYHUX TPOAYKTIB
AHTUOKCHUIAHTHOI Jii.
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Abstract. The prospects for the use of plant raw materials, namely, extracts of nettle (Urtica
dioica L.), sage (Salvia officinalis), herb tripartite (Bidens tripartita L.), thyme (Thymu), St. John's wort
(Hypericum perforatum L.), parsley (Petroselinum crispum), fragrant dill (Anethum graveolens) are
substantiated for the production of cottage cheeses with antioxidant action. The biochemical
composition of the extracts and their antioxidant activity were investigated. Phytocompositions of plant
extracts were developed by organoleptic characteristics and food combinatorics.

Keywords: plant raw materials, cottage cheese, antioxidant activity, phytocompositions.

Crattsa Bignpasnena: 04.03.2020 p.
© T'oiiko 1.YO., Crenenko H.O.

ISSN 2567-5273 52 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 /Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit1 1-02-027
DOI: 10.30890/2567-5273.2020-11-02-027

YK 664.859.2
PROSPECTS FOR THE PRODUCTION OF CHERRY-BEET PUREE SEMI-

FINISHED FOR RESTAURANT ESTABLISHMENTS
HNEPCIIEKTUBU BUPOBHUIITBA BUIIHEBO-BYPSKOBOI'O ITIOPE
HAINIBO®ABPUKATY JJISA 3AKJIAJIIB PECTOPAHHOI'O 'OCIIOJAPCTBA
Ushchapovskyi A.O./ Ymanoscskuii A.O.

assistant/ acucmenm

ORCID: 0000-0001-7853-5070
National University of Food Technologies, Kyiv, Volodymyrska str. 68, 01601
Hayionanvnuii ynisepcumem xapuoeux mexuonoeiu, Kuie, gyn.. Bonooumupcora 68, 01601

Anomayia. B pobomi 00TpyHmo8ano nepcnekmusu upoOHUYmMea UUHeB0-0ypaK08020 niope
Hanieghabpuxamy 015 3aK1a0i8 pecmopannoz2o cocnooapcmea. Ha ocnosi ananizy nimepamypnux
ooicepenl ma BNACHUX OO0CAI0NCEHb PO32NAHYMO 6MICM 0I002IYHO AKMUBHUX CHONYK ) CEIHCUX
A200aX BUWHI, MA KOPEHEen100ax OYpAKYy CMON08020 Ma 20MOB0OMY Niope-Hanispaopuxami.
3anpononosano cnocib ompumanHs niope-Hanispadbpuxkamy uUUHe80-0yPAK08020, OO0CTIONHCEHO
11020 OpeanonenmuyHi ma QizuKo-ximiuni eracmusocmi. Jlanuili niope-nanisghabpuxam euuiHeso-
OYPAKOBULL PEKOMEHOYEMBCA BUKOPUCIOBY8AMU OJIsl BUPOOHUYMEA CONOOKUX CIMPA8 Ma 0ecepmHoi
npOOYKYIi' y 3aK1A0ax pecmopaHHo20 20Cno0apcmad.

Kniouogi cnosa: 5200u suwini, Kopenenioou OypsKy CmoN08020, niope, Hanieghabpuxam,
CONOOKI cmpasu, decepm, 0300PO8HUUL NPOOYKM.

Berym.

[IpoTsrom ocTaHHIX POKiB BUPOOHHUIITBO COJIOJKUX CTPAB Ta JIECEPTIB CTa0IHHO
PO3BUBAETHCS:  LIOPIYHO  3pOCTAIOTh  OOCATHM  BUPOOHHUIITBA MPOAYKLII Ta
PO3IIUPIOETHCS i1 acopTUMEHT. [lonmynspHICTIO y HAaceNeHHs 0araThbOX KpaiH CBITY, B
TOMy 4Yucal U YKpaiHHu, KOPUCTYIOThbCs AecepTHi ctpaBu [1]. Cepen HHX ocoOiuBe
MicCII€ 3aiiMalOTh JIECEPTH Ha OCHOBI TJIOJIOBO-SIT1THOT CHPOBUHHU.

B nmanuit yac icHye cTifika TEHJEHIlS PO3UIMPEHHS TPYNH O3A0POBUMX Ta
(YHKLIOHATBHUX TPOAYKTIB XapyyBaHHS MIABUIIEHOI XapuyoBOi Ta O10JOTTYHOI
1iHHOCTI. HeoOX1IHUM € TOIIyK HOBUX HEIOPOTUX JXKEepes CUPOBUHH, CIOCOOIB X
nepepoOsIeHHs], 3HUKEHHS BTPAT 010JI0T1YHO aKTUBHUX pedoBHH. OCOOIMBUH 1HTEpEC
BUKJIMKA€ BHUKOPHUCTAHHS IUIOJOBO-SITITHOT Ta OBOYEBOI CHUPOBUHH, O10XIMIYHMIMA
CKJIaJ AKOi Hajae 3Mory misg (OopMyBaHHS Ta 3MIHM CMaky, apomarty, KOJIbOPY
Xap4yoBO1 OCHOBHU IPU BUPOOHUIITBI COJIOJIKMX CTPaB 037J0POBYOTO MPU3HAYCHHS [2].

3aBASKA HASBHOCTI IIMPOKOTO CIEKTPY OIOJOTIYHO AaKTUBHUX PEYOBHUH
(BiTaMiHM, MaKpoO-, MIKpOEJIeMEHTH, 010()IaBOHOINMU, Xap4yOBl BOJOKHA, OpPraHivHi
KHCJIOTH TOIIIO) SITOJM BHUIITHI Ta KOPEHEIUIOIU CTOJIOBOTO OYpSKY MAarOTh 3/1aTHICTh
M1JBUILYBAaTH aHTUOKCUJAHTHHUM 3aXUCT OPraHi3My JIFOIUHU.

Meta crarTti — po3poOieHHsT CcrmocoOy BUPOOHUIITBA BHIIHEBO-OYpPSIKOBOTO
nope-HamniBpadpukary s 3akKJaJiB  PEeCTOPaAaHHOTO TocrmojapcTBa Ta HOro
BUKOPUCTAaHHA B TEXHOJOTISX COJIOAKMX CTpaB Ta JECePTHOI MPOIYKIIii,
JOCIIKEHHS HOro (pi3MKO-XIMIYHUX Ta OPTaHOJENTUYHHUX MTOKAa3HUKIB SIKOCTI.

IIpeameru Ta MeTOAM AOCTIAKEHHS.

Kopenemnogu Oypsika CTOJOBOTO MaroTh OaraTuid XIMIYHMN ckiaa. Bonwu
MicTaTh 10 10 % caxaposu, 1% uentonosu, 10 2% MNEKTUHOBUX PEUYOBUH, BITaMIHU
rpynu B ta 6au3bko 20 mr/% Bitaminy C. MiHepanbHi pe4OBHHH OYpSIKY CTOJIOBOTO
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NpeACTaBiIeHl TaKUMH MAaKpOeJeMEHTaMHu SK: HaTpid, Kajii, Kajblllid, MarHiu,
docdop, cipka, XJIOp Ta MIKpOEJIEMEHTaMH: 3aii30, Hoxa, KoOambT, MapraHellb,
KYIIpYM, KOOAJIbT, XPOM.

3aBasiku BMICTY O€TaHiHy, SIKMi aKTUBYE pOOOTY IeMaTOLMTIB 1 MOMEepeIKae ix
KUPOBE TMEPEPOKEHHs, OypsAK IMOBMHEH BKIIOYATUCSA [0 pAallioHy JIoAeH, sKi
CTPaXX1at0Th 3aXBOPIOBAHHSAM MEUiHKH [3].

[[nomu BUIIHI € KEPEeIOM OpraHIYHUX KHUCJIOT (JIMMOHHA, s0Ty4Ha,
OypmTHHOBa, (QoJli€Ba, CaATIIUIOBA), MIKPOEJIEMEHTIB (Miab, 3aji30, LHUHK, WO,
Maprasenpb, Xxpom, ¢Top, MoJi0aeH, Oop,BaHaAil, KOOadbT, HIKENb, PyOiii),
MakpoesJeMeHTIB (Kalii, Kanblii, pochop, MarHiii), a TakoXX MEKTUHOBUX PEYOBUH,
IyKpiB, BiTamiHiB. [lnoaM BHIIHI MOKpAaIlyIOTh MPOLIECH TPABICHHS Ta OOMIHY
PEYOBHH, CIIPUSAIOTH PO3ILIEILICHHIO )KUPOBOI1 TKAaHUHU [4].

[Ipyu mpoBeAeHHI EKCHEPUMEHTAIbHUX JOCHIKEHb Oylid BUKOPHUCTaHI
CTaHJAPTHI  METOJM  BHU3HAYCHHS  OPraHOJIENTUYHUX Ta  (PI3UKO-XIMIYHHUX
BJIACTUBOCTEH  POCIUHHOI CHPOBUHHM 3TIJJHO BUMOT YHMHHOI HOPMATHBHOI
JIOKyMEHTaIlli, BMICT O€TaHiIHy Y KOpEeHerioax OypsiKy CTOJIOBOTO Ta IMOPE 3 HHOTO
IPOBOAWIN  CHEKTPO(POTEMETPUYHUM  METOJOM, AHTUOKCHUIAHTHY aKTHUBHICTb
BUIITHEBO-OYPSKOBOTO  MiOpe-HamiBpaOpukaTy BHU3HAYaIM METOAOM  OpOMHOI
KYJIOHOMETPIi.

Pe3ysabTaTi Ta iX 00roBOpeHHs.

Jlist 30arayeHHsi COJIOJKHUX CTPaB Ta JIECEPTIB MPU CTBOPEHHI O310POBYMX Ta
(YHKIIIOHaTBHUX XapyOBHX MPOIYKTIB MPOMOHYETHCS BUKOPHCTOBYBATH IIOpPE-
HamiBpaOpUKaT, 10 CKJIaay SKOrO0 BXOAWTH MIOPE 3 BUIIHI Ta MIOpe 3 OypsKy
CTOJIOBOTO (CHiBBigHOIICHHS 2:1).

s OJIep’KaHHS nrope-HamniBpadpukaTy BUILTHEBOT'0-0ypSIKOBOIO
BUKOPHCTOBYIOThH CBIXKI SITOAM BUIIHI Ta MONEPEAHBO BIABAPEHI KOPEHEIUTOAH OypSIKY
CTOJIOBOTO.

TexHnonoriyna cxema BUPOOHHUIITBA MIOpe-HamiB)aOpUKaTy  BUIITHEBO-
OYpSKOBOTO CKJIQJAEThCS 3 ICKIJILKOX eTarriB [5, 6].

Ha mnepmiomy etami roTyeTbesi miope 3 BHUIIHI. TeXHOJIOTIS BHPOOHHUIITBA
BUIIIHEBOTO TIOpe Tiepeadavae IHCHEKII0 CHPOBHHU, MUTTS, KamiOpyBaHHS,
OJTaHIITyBaHHS, TOAPIOHEHHS, IEPETUPAHHS Ta CTEPHUITI3ALIIO TPOAYKTY.

Ha npyromy erami roTyeTbcs MiOpe 3 KOPEHEIUIONIB OypsiKy CTOJIOBOTO.
Texnosnorist BUpoOHMIITBA OypsSKOBOTO IMOpe Mepeadadae HACTYIHI TEXHOJOTIUHI
omeparii: 1HCIEKI[I0O CHPOBHUHH, MUTTS, KaliOpyBaHHS, BapiHHSA B IONEPETHBO
MiATOTOBJICHIA MOJIOUHIN CcupoBarmi 3 AoJAaBaHHsIM 1% JHUMOHHOT KHCIOTH
(t=95...100°C, 1=45...60 xB.), OXOJOIXEHHS, MOAPIOHCHHS, TEPETUPAHHS Ta
CTepuIIi3alliio.

Ha tpetboMy eTamni BUpOOHHUIITBA BUIIIHEBO-OYPSIKOBOTO MIOpe HamiBhaOpukary
B1IOYBa€ThCS TPOIIEC 3MIIIYyBaHHS pEUENTYpHUX iHrpemieHTiB. Crepumizaiis
roToBOro Imrope-HamiBpadbpukary BinOyBaeTbcss Tmipu Temmeparypi 105°C  nms
3amo0iraHHss  MIKpOOIOJIOTIYHOTO  TCyBaHHSA MpoaAykTy. OTpumaHuii Imrope-
HamiBdaOpukaT 30epiraroTh npu Temmeparypi 4...6°C.

Hamu Oyno BU3HAY€HO BOJIOTICTh, aKTUBHY Ta TUTPOBAHY KUCJIOTHOCTI, OpOMHY
AHTUOKCUJIAHTY aKTUBHICTb MIOpe-HariBhaOpHUKaTy BUILIHEBO-0ypsaKoBoro (Tadi. 1).
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OpranonenTuuHi Ta

MIKpOO10JI0T14H1

MOKAa3HUKU TIOpe-HamiBpadpuKary

BUIITHEBO-OYPSKOBOTO HaBEACHO y Tabi. 2. Ta Tabi1. 3. BIANOBIAHO.

Taoauusa 1

Di3nko-XiMivyHi NOKa3HUKH HaNiBGadpUKATy BUIIHEBO-0YPSIKOBOI0

[Tokaznuk [Trope-HamiBhabpukaT BUIITHEBO-OYPSIKOBUN
Aronu BumiHi | bypsik cronoBuii | [Trope-HamniBhaOpukaT
Bomoricts, % 78,0+1,1 82,4+1,2 76,4+0,9
AKTHBHA KUCJIOTHICTb, 3,75+0,1 3,56+0,1 3,9+0,2
pH
TuTpoBaHa KUCIOTHICTH 1,49+0,1 1,23+0,1 1,38+0,1
(y nmepepaxyHKy Ha
sIOJTy4HY KHUCIIOTY), Y0
bpomua AOA, Ki/100 T 94,7 168,7 184,2
Asmopcovka po3pobka
Taoauusa 2

OpraHosienTHYHI MOKA3HUKH NMIOPe-HANIB(PaOpuKaTy BUIIHEBO-0YPAKOBOI0

Iloka3zauk

[Trope-HamiBpabpukaT BUIITHEBO-OYPSIKOBUN

Cwmak 1 3amax

[IpreMHMI KUCITO-COJIOKHUM MPUCMaK 3 TApMOHIHHUM
MO€EIHAHHSM MIOPE 3 BUIIHI Ta MIOpe 3 OYpsIKY CTOJIOBOrO, 0€3

CTOPOHHIX MPHUCMAKIB 1 3aMmaxiB

Kouip

Bopnosuii kotip 1o Bciit Maci MPOAYKTY, IPUTAMaHHUN TS
JTAHO1 CUPOBHUHU

30BHIMLIHII BATIAL
Ta KOHCUCTEHIIS

OpHopigHa, TUTACTUYHA, KPEMOTIOIIOHA Maca

Aemopcwvka pospodka

Taoanuda 3

Mikpo0ios10riuyHi NOKa3HUKHU MOpe-HaniBpadpukary

IHoka3uuk

Bumorn HJJ

Pe3ynbpratu 1OCHIIKEHb

Me3zodinbHI aepoOHI Ta

(bakynpTaTUBHO-aHAEPOOHI
Mmikpoopranizmu, KYOB I r

He 6inpmre 5-10%

Cmian

[{BiseBI MIKCOMIIIETH

He nonyckaroTrbcs

He BusBneni

Hpixmki, KYOB 1 T

He nonyckaroTrbcs

He BusBneni

Momnounokucai 6akrepii, KYO B It

He nonyckaroTrbcs

He BusBneni

bakrepii rpynu KAIIKOBO1
mamnuku, KYOB 11

He nomyckarorbcs

He Busasneni

Aemopcvka po3pobka

Takoxx Hamu Oyno AOCHIKEHO BMICT AaHTOLIAHIB, (DEHOJBHUX CIHOJYK Ta
OeranaiHiB y BULTHEBO-OypsKOBOMY Iope HamiB(haOdpukari, 1o HaBeAeH1 B Ta01.4.

Po3risitHyTo  MOXJIMBICTE ~ BUKOPUCTAaHHS  BHUIIIHEBO-OYpSKOBOTO  IIOpe-
HamiBaOpukaTy Uil BUPOOHMIITBA COJIOJAKUX CTpaB Ta JECEPTIB Yy 3aKiajaax
PECTOPAHHOTO TrOCHOJApPCTBA. BCTaHOBIEHO, 110 BUKOPUCTAHHS  BUIIHEBO-
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OypSAKOBOTO MIOPE Y CKJIAJl COJOJKUX CTPAB Ta JIECEPTIB JO3BOJISE MiABUILIUTA BMICT
010JIOTIYHO aKTHBHHMX PEYOBHH, 30KpE€Ma 3a PaxyHOK BHCOKOIO BMICTYy OeTaiHy,
aHTOL1aHIB, NMEKTUHOBUX DPEUYOBHH (NMEKTUHY 1 MPOTOMEKTHHY), LIO0 MICTATHCA Y
CHUPOBHHI Ta HaJa€ 3MOTY 3MEHIIMTU 3arajibHy KUIbKICTh IIYKpPY MpPH BHUPOOHHUIITBI
rOTOBOI MPOIYKIIi.

Taoaunga 4

BioximiuHuii cky1ax NJI0AIB BUIIIHI, KOPEHEILI0iB OYpPAKY CTOBOI0 TA MIOpe-
HaniBgadpuKaTy BUIIHEBO-0YPSAKOBOI0

CupoBuHa 3arajbHUN BMICT 3araJibHUN BMICT Bwmicr
(hEeHOIBHUX CIIONYK, | aHTouiaHiB, Mr/100 r OeTaHIHY,
MT TaJIOHOBOI K-TH/ mr/100 r
100 r cupoBuHU
Slronn BuIIHI 590 802 -
Bypsik cTonoBuit 320 490 129
[Trope- 472 750 45
HaniB(padpukat
BUIITHEBO-
OYpAKOBUI
A@I’I’lOpCbKa p03p067<a

3aK/Il04YeHHs TA BUCHOBKH.

B poboti Oyno mpoBedeHO aHami3 0l10XIMIYHOTO CKJIaQy IUTIOAIB BHUIIHI Ta
KOPEHEIUIONIB OypsKy CTOJIOBOTO, SKI 3aBASKA BEJIMKOMY BMICTY O10J0T14HO
aKTUBHUX PEUOBUH MOXYTh OyTH JKeperaaMu (YHKIIOHAJIBHUX 1HTPEIIEHTIB Y
TEXHOJIOT1SIX COJIOJKUX CTPaB Ta JIECEPTIB 03J0POBYOTO MPU3HAUCHHS.

Y po0oTi 3amponoHOBaHO CHOCIO OTpPUMAaHHS BHIIHEBO-OYpPSKOBOTO IIOpeE-
HamiBpabpukaTy. Takoxk Oyno BuU3HAaueHO HOro (hi3UKO-XIMIUHI, OpraHOJEHTUYHI
MOKAa3HUKA Ta AaHTHOKCHJIAHTHY aKTHBHICTh. BCTaHOBIIEHO, IO I OTPHUMAaHHS
BUIITHEBO-OYPSKOBOTO MIOPE 13 3aJ0BUIBHHUMH TEXHOJOTIYHUMHU TMOKa3HUKAMH
CHIBBIHOIIEHHS MI>K BUIITHEBHUM 1 OYPSIKOBUM IMIOPE Ma€ CTAaHOBUTH 2:1.

BuiineBo-0ypsikoBuii mope-HamniBhpadbpukaT peKOMEeHIyEThCsI BUKOPUCTOBYBATH
y 3aKiajaXx PEeCTOPAHHOTO TOCIOJApCTBA JUIsi BUPOOHUIITBA COJIOAKUX CTpPaB Ta
necepriB. lle HagacTh 3MOry OTpUMATH TOTOBY MPOAYKIIIO 3 MIBUIIEHUM BMICTOM
010JI0T1YHO aKTUBHUX PEUYOBUH Ta HAJATH MPOAYKTY 03/0POBUOTO €EKTY.
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Abstract. The prospects of production of semi-finished cherry-beet puree for restaurants are
substantiated in the work. The content of biologically active compounds in fresh cherry berries, as
well as table beet root and semi-finished puree are examined on the basis of literature analysis and
own research. A method of obtaining a cherry-beet puree is proposed, and its organoleptic and
physicochemical properties are investigated. This cherry-beet puree is recommended for the
production of sweet dishes and dessert products in restaurants.

Key words: cherry berries, beet root, puree, semi-finished product, sweet dishes, dessert,
wellness product.
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Anomauia. B pooomi poszensioaromvcs pizHi cnocoobu 8HeceHHs KOMNO3UYIUHOI cymiuti Ha
OCHOBI ODOPOWHA ONIUHUX KYIbMYP, MEAPUHHO20 DIIKY Ma KYNANCY MEAPUHHOO HCUPY 3 POCTUHHOINO
oniero y ¢hapwesi cucmemu nociveHux Haniegpabpuxamie. 3anponoHo8aHo cnocibd po30ilbHO2O
BHeCeHHsl IHepedicHmMi8, Cnocib 6HeceHHs. NONepeOHbO NPULOMOBAHOI NACMONOOIOHOT eMYNbCIUHOT
cucmemu Ha OCHOBL KOMNOZUYIUHOI CYyMIWi, a MAaKoic Cnocib 8HeCeHHs eMYNbCillHOI cucmemu y
3aMOpOHCEHOMY MaA NOOpiOHeHOMY 6uensdi. Po3pobreno mexnono2iuny cxemy 6UCOMOBGIEHHS
NOCIYeHUX Hanisadpuxamis 3 po30iIbHUM BHECEHHAM IHSPEOIEHMI8 KOMNOUYIUHOI cymiwi ma
cxXemy HNpUeOmy8aHHsA eMyabCiunoi cucmemu. JlocniodceHo Mmodcausicmy 36epicanus 6opouina
ONIUHUX KYIbMYP Ma MEAPUHHO20 OLIKY V 8UeIA0l CYX0i KOMNAEKCHOI CYMIWi Npomseom uecmu
Micayis.

Knrowuosi cnoea: nociueni nanisgpabpuxamu, 0Oi1K080-8y2ne800HA CYMiut, AN08UYUL OIIOK,
KYNAAC HCUPIB, CNOCOOU BHECeHHS IHePediEHMIE

Beryn.

AHani3 cy4acHUX TEHJICHLIM PO3BUTKY M'SICHOI MPOMHUCIOBOCTI CBIAYUTH PO
MIJIBUIIICHHS TOMUTY CIIOKMBaya Ha M'sICHI BUpOOM y BUTJIA1 HamiBpaOpHUKaTiB, 110
MOTPeOYIOTh MIHIMYM Yacy Ha MPUTOTYBaHHs, SIK Yy JIOMAIllHIX YMOBaX, TaK 1 y
3aKiagax TpPOMAZChKOTO  XapuyBaHHSA. 3pocTaioua moTrpeda y  M'SICHUX
HamiB(abpukaTax, B CBOIO 4epry, CTUMYJIOE BUPOOHUKIB 0 301JIbIIECHHS OOCSTIB
BUPOOHMIITBA 1 PO3LIMPEHHS ACOPTUMEHTY Ii€l Tpynu Npoaykuii. Bukopucranhs
TPaAUIIHOT CUPOBHMHU B PI3HUX TMOEJHAHHSAX, KOMOIHYBaHHS M'SICHOTO (apiry 3
CUPOBHHOIO TBAapUHHOTO 1 POCIMHHOTO TIOXO/KEHHS, BUKOPHCTAHHSI Xap4YOBHUX
7100aBOK, 3aCTOCYBAaHHS Cy4aCHOTO OOJIaHAHHS Ta MPOTPECHUBHUX TEXHOJOTIH Jae
MOJIUBICTh HE JIMIIE YPI3HOMAHITHUTH aCOPTHUMEHT BUPOOIB, IO BUITYCKAIOTHCH,
HAJaTH TPOJYKTY PI3HUX CMAKOBUX BIATIHKIB, ajie ¥ MONIMIIATHA (DYHKIIIOHAIBHO-
TEXHOJIOT14HI BIIACTUBOCTI (hapIry, MIIBUIUTH HOTO 610J0T1YHY HIHHICTH [1].

B pesynbrari nmomepenHix JOCHIKEHb HaMu OyJsia po3poOiieHa KOMIIO3HUIliitHa
01nkoBo-ByriIeBoIHOT cyMiml (KBBC) Ha ocHOBI cywmilll HACiHHS OJIMHUX KYJIBTYp
[2], TBapUHHOTO OUIKY Ta KYMaXy SJIOBUYOTO KHPY 3 JUITHOIO ONIEID 3 METOIO
30ajlaHCyBaHHs pELENTypu MNOocCidyeHUuX HamiB(aOpuKaTIiB 3a aMIHOKHCJIOTHUM Ta
KUPHOKHUCIIOTHUM CKJIAJIOM, a TAKOK PO3IIUPEHHS aCOPTUMEHTY TPATUIIIHHUX CTPAB,
10 HE MICTATh ToTeH. OJTHAK, 3 TEXHOJOTIYHOT TOUKH 30Dy, BAXKIMBE 3HAUCHHS Ma€
HE JIMIIE IHTPEIIEHTHUM CKJIaJl Xap4yoBoi J00aBKH, ajne i croci0 BHECEHHs ii y
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(dapieBi cucteMu. 3 METOI0 3a0e3MeUeHHs] MAKCUMaJIbHOTO TEXHOJIOTTYHOTO e(PeKTy,
JAOULIBHO TOCHITUTH Pi3HI CIOCOOM BHECEHHSI pO3pPOO0ICHOT KOMITO3UIIIHOT CyMIMIi y
¢apiesi cucteMu nocidyeHux HamiBhadpukaris [3].

Marepiajam i MeTOaH I0C/IIIKEeHb.

[lin dvac mpoBeneHHsS JOCHIIKEHb BHKOPHUCTOBYBAJIM CYMIII YacTKOBO
3HEKUPEHOro OOpOIlIHAa YOTHPHbOX BHUAIB HACIHHA OJIMHUX KYyJIbTYyp, a CaMe:
KYH)XYTY, JIbOHY, COHSILIHUKY Ta rapOy3a TopriBeiabHOi Mapku «CTo my[iB», OLI0K
ANOBUYMN KoslareHOoBUHM «l'emioc-11», &up sAI0BHUMM BUPOOHMYMMN, OJIIO JUIAHY
XOJIOZIHOTO BIDKUMY, M’ICO KypuaT OpOMJepiB Ta CBUHHMHY >KWJIOBAHY HEXHPHY.
BusHnaueHHsT MiKpOOI1OJIOTIYHUX TOKA3HUKIB, KUCJIOTHOTO Ta IMEPEKHCHOIO YHUCEN
MIPOBOAMIIN 32 TPATUIIHTHIMHI METOUKAMH.

Pe3yabTaTH 10CaiIKeHb.

Ha ocHOBI pe3ynbTaTiB MONEpPEIHIX AOCIIKeHh 3 METOH 30ajaHCyBaHHS
HYTPIEHTHOTO CKJIaay IMOCIYeHUX HamiBpaOpuKaTiB, 1 pa3oM 3 THM PO3IIHUPECHHS
ACOPTUMEHTY TpPAJUIIMHUX cTpaB 0e3 TIIOTeHY, HaMu OyJIo MiAiOpaHO CKIIaJI0Bi
KoMIo3uIiitHoi  OunkoBo-ByrieBoanoi  cymimi  (KbBBC) 'y HactymHomy
CHIBBIHOIIEHHI: CyMIIll OOpOIIIHA YOTHUPHOX BHUJIIB OJIHHUX KYJIbTYpP y PIBHOMY
criBBigHoImeHHI 60%, cyxuit smoBuuunii 6110k «I'emoc-11» 15%, Kymax sutoBHYOTO
KUPY 3 JUIIHOWO omieto 25%. PenentypHuil ckiaj mociueHux HamiB()aOpUKaTiB
HaBeIeHUH B TaOmum 1.

Taoauus 1
PenentypHuii ckiaja nociyeHux HaniBgaodpukaris
Inepeoienmu Kinvxicmo, %
CBHHMHA HE)KUpPHA 25
M’sco kypsaue 25
KBBC, B T.4. 35
OOpPOIITHO KYHXKYTY 1,4
OOPOIIHO JTHOHY 1,4
OOPOITHO COHSIIITHUKY 1,4
O6oporntHo rap0ysa 1,4
01JI0K TBapUHHHI 1,4
BOJA 21
KyHaX SJIOBHYOTO JKUPY 3 JUISTHOIO OJIIEI0 7
[{ubyns pimyacta cBiXa 4
MopkBa 5
BoporiHo JiisiHe 115 TaHipyBaHHS 4,75
Ci1b KyXOHHA 1,2
[lepeub YOpHU MeJICHUI 0,05

Aemopcwvka pospodka

[Tin yac TEXHOJOTIYHMX BIiAMPAIIOBaHb HAaMH BCTAHOBJICHO TPH MOXKIMBUX
criocoou BHeceHHs1 KBBC no dapiy nociuenux HamiBdadpukaris. [lepmmii criocio
(cnoci6 1) mepenbavyae BHECEHHs CKJIAMOBUX CyMiln J0 ¢apiry OKpeMoO OjHa Bif
onHoi. ToOTo, CKkIamoOBl HE SABISAIOTH COOOIO0 CyMilll, SIK TaKy, 1 KOXKEH IHIPEIIEHT
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MICTUTBCS B OKpEMid Tapi/ymakoBIll Ta HE € KOMIUIEKCHOI go0aBkoro. Cywiln
OopoIlHa OMMHUX KYJIBTYpP Ta sUIOBHYUN O1JI0K 3alPOTIOHOBAHO BHOCUTH Y BUTJISII
refif0 3 MONEPETHBOI0 TiApaTalli€elo B KyTepl. TeXHONOriuHa cxemMa BHUTOTOBJICHHS
nociyeHux HariBhadpukaTiB 3a criocoooMm | HaBeneHa Ha pUCyHKY 1.

[IpoTe, BUKOpPHUCTaHHS XapuyoOBUX J00ABOK y BUIJISAI OKPEMHX IHTPEIEHTIB
BUMarae OUIbII BUCOKOI KBamiikallli TEXHOJOTIB, SKI IpU pO3poOLl TEXHOIOTTUHUX
KapT TOTO YW IHIIOTO BHUPOOY 3MYIICHI TPUAMATH PINICHHS PO PErIaMeHT
BHECEHHS, KUIBKICTh 1 CKJIaJ HUX 1HrpeaieHTiB. lle Takox ycCKiIaaHi€e poOoTy
dapuieckianayiB, SKAM JOBOJUTHCS J103yBaTW 100aBKM B (apii, 1, KpiM TOrO,
YCKJIAIHIOE CHUCTEMY CKJIAJCHKOTO TOCTOJapCTBa MiAMPUEMCTBA, MO 3abe3nedye
YMOBHU X HaJEKHOTO 30epiranss, (hacyBaHHs 1 TPAHCIIOPTYBAaHHS. Y I[bOMY IOJIATAE
HEJIOJIIK JJAaHOT'O CIOCO0Yy.

Einok Boga Faup
M'acua cupoeuHa oK bopommo OHTHA ATORHYHH
ATOBHEIHH - o=
t=10..12°C t=20.25°C
U U ! 1 U
Posmopoxyeauns : . : .
t=16..20°C, IIpo CLEOBAHHIA. HPDG}QBEH:HH' Jozveanns
o an Oere = 1. 2-107 3t Oern = 1. 2-10¢* 3t -
1=20.30=xs
U U U
Obpamopanna Hosveanua Hozveauna Jlnana omsa
- Tlepemimveanna o piEHOMIpHOTO
Ammveanns P S AOP P Jozveanus
PO3MTOAUTY KOMITOHEHTIE
Ilogpionenns: [MepeMinryeaHHA 0 0 HOPITHOT CHCTEMH
dome = 2.3 t=10_12°C. t= 30(=1)=60c
U U
Crmagauns dapory:
t=12_14°C, 1=4 Exe, N=050b.c
i} U 1l
Tlogpibnenns: Jozveannd Ta GoOpMyBAHHT 3pacKVBAHHA COMI
dere=12...16 noa m=50_75 100r Ta CHelid
i} U
| Ouumenns | | Ilanipyeanus |
]
Myrrra: 3aMOpOEVEAHET
10 Tﬂﬁc t=-18.20°C, 1=90..120 xx,
T Unee= 0.1...0.2 n/'c
Ml U
ubvaa Ta 5
- IMagveapsua: mo 2, 4, 6 mT
MOpKEA

U
J0epiramus:
2at=-18°C, 1< 60 mib, zat=-10°C, 1= 30
oo, zat=-3"C. 1= 48 rozg

Puc.1. TexHosioriuna cxema BUroTOBJIEHHSI MOCiYeHUX HaniBpadpukaris
(cmociod I)

Aemopcvka po3pooka
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Jlns Toro, moO0 COPOCTUTH 1 MOKPAIIUTH CMocid pO3AiIBHOTO BHECEHHS
iurpeaientie. KbBC, namu Oyno [IOCHIIKEHO MOKJIMBICTh 30€epiraHHs TaKuX
KOMIIOHEHTIB, SIK YOTHPU BHUAU OOpOIIHA OJIHHUX KYyJIbTYyp Ta CYXHil TBapHHHHN
outoK y BUTIAAL cyxoi komiuiekcHoi cymimnti (CKC). BusHadueHHsT MiKpoO10IOTYHIX
MOKA3HUKIB CyMIIll TPOBOAMIIN OJIpa3y Micis ii MPUTrOTYBaHHS Ta MICis 30epiraHHs
BripoioBx 30, 90 ta 180 110 y HerepmeTuuHiil Tapi 3a TeMieparypu He Buie 20 °C 'y
CyXOMY YHCTOMY MpPHUMIIIEHHI 3@ BIJHOCHOI BOJOrocTi mnpuMinieHHsS < 75%.
Pe3ynbTaTu HaBeneHo y TabMI 2.

Ta0auusa 2
3minu mikpooOioaoriuaux nokasuukiB CKC B mpoueci 30epiranus
Tpusaiicts 36epiranusi, 1i6 HomycTuma
KUIBKICTh
Ha3ga nokasHuka D06
0 30 90 180 MIKpOOHHX
KJIITHH

MA®AEM, KYO B

. 0,01 x10°{0,02x 10°| 0,04 x 10° | 0,31 x 10° 1,0x 10°
1 r, He OlIbIIIE

Baxrepii rpynu
KUIITKOBUX MaJTMIOK
(xomidopmu), 0,01 r

He He He He He
BUSBJIEHO | BUSABJIEHO | BUABJICHO | BUSBJIEHO | JIO3BOJICHO

[TnicHsBI rpuoH,

KYOB I, HE 0,01 x 10° | 0,01 x 10° | 0,01 x 10° | 0,04 x 10° 1x10°
OisibliIe

I[pl)KI[?KI, KYOsB1 He He 10 75 100

T, HE OlIbLIe BUSIBJICHO | BUSIBJICHO

[TaTorenHi

MIKpOOpPTaHi3MH, B He He He He He
T.4. OaKTepii poxy BUSIBJICHO | BUSIBJICHO | BUSIBJICHO | BHSIBJICHO | JI03BOJICHO
Salmonella B 251

A@I’I’lOpCbKa p03p067<a

Pesynbratu nocmimxenHs mikpoOionoriunux mnokaszHukiB CKC mokasanu, mio
OpPOTATOM  JIOCHIAHOTO Tepiofy 30epiraHHd JaHa CyMIOlI HE Ma€ O3HakK
MikpoOionoriunoro mncyBaHHsA. A, ockiibkn CKC MICTUTH 4YacTKOBO 3HEKUpPEHE
OOpOLIHO OJIMHUX KYJIbTYp, AOCTIAWIM TaKOX CTIHKICTh CyMilll O OKHCHEHHS
(puc.2.).

[Toxasnuku okucHeHHs dinigiB CKC Bka3zyloTh Ha Te, 110 BIPOJIOBK 30epiraHHs
CYMIillll OKMCHIOBaJIbHI MPOLIECH HE BIAPI3ZHSUIMCS 1HTEHCUBHICTIO, PO IO CBIAYATH
BCTAQHOBJICHI 3HA4YEHHS KHUCIOTHOTO Ta TMEPEKUCHOTO 4YHCEN. TakuM YHWHOM,
MIATBEPAKEHA MOXKJIMBICTh 30€piraHHsl YOTUPbOX BUAIB OOpOIIHA OJIHHUX KYJBTYP
Ta CyXOro TBapUHHOTO OUIKY (yCl II'SITh KOMIIOHEHTIB Y pIBHOMY CHIBBIJIHOLIEHH1) Y
BUTJISAJII CyXOi KOMIUIEKCHOI CyMIIIl TPOTSITOM IIECTH MICAIIB, 10 JA03BOJHUTH
CKOPOTUTH Yac Ha MIJATOTOBKY Ta CHPOCTUTH IMPOIIEC BHECEHHS ITUX IHTPEIIEHTIB Y
pelenTypy nocidyeHux HarmiBpaOpHKaTiB 3a crrocooom 1.
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Puc.2. 3mina kucj10THOTO Ta nmepekucHoro yuceJ ;kupy CKC B npoueci

30epiraHHs
Aemopcovka po3pobka

B ocnoBy cniocoOy Il moknaneno nomnepeanto niaroroBky KbBC — rigpartartiiro
Ta eMyJbI'YBaHHS, 3 OTPUMAHHSM TIACTOMOMIOHOI €eMYyJIbCIMHOI CHCTEeMH Ta
MoJaJIBIIIMM BHECEHHSIM 11 10 (papiry mocidyeHux HamiBdaOpukaris (puc.3.).

TexHosoriyHUM TIpoIeC OJIep)KaHHS eMYJbCiiHOiI cuctemMu Ha ocHOBI KBBC
BKJIIOYA€ MEXAHIUHY KyJIiHapHY 00OpOOKY CUITy4YHMX KOMITIOHEHTIB — TBAPUHHOTO OUIKY
Ta CcyMmiII OOpOIIHA OMINHUX KYJbTYp, 3 METOIO BUIAJICHHS CTOPOHHIX JOMIIIOK Ta
JiearsoMepariii 4acTo4oK, M0 YTBOPIOIOTHCS IMMij Yac 30epiraHHs cupoBUHU. Ha
HACTyTHOMY €Talll BHWIIE Ha3BaHI KOMIIOHEHTH 3 €JHYIOTh, NEPEMINIYIOTh Ta
N0Jal0Th NUTHY Boxy 3 Temieparyporo 10-12°C. CucteMy BUTPUMYIOTH JJIs
Bi/THOBJIEHHs TBapMHHOro OinKy mpotarom 30(£1)x60c 3a Temnepatypu 10-12°C.
SInoBuumii kKup 3BaXKyIOTh Ta MiAirpiBaroTh 10 Temneparypu 42-49°C, 3a sxoi xup
HaOyBa€ pIJKOrO CTaHy, MICIAS 4YOro MHOro 3MIiIIyIOTh 3 IOINEPEIHbO 3BAXKEHOIO
JUISTHOIO OJII€I0 1 YTBOPEHY OJIIMHY CyMIlI BBOJASITh Y PaHIIIE MiArOTOBIIEHY OLIKOBO-
BYIJIEBOJHY cucTeMy. Emynberyiote y Kytepit mnpotsrom 10-15 xBunuH 3a
temrepatypu 12...18°C 3 yactororo 06eptiB N=5000./c.

Ha HactynHOoMYy etami A0CTiI)KEeHb OYyJI0 BCTAHOBJIEHO, L0 €MYJIbCIHHA CHCTEMa
Ha ocHOBI KBBC mose 30epiratucs 3a TeMmiepaTypud He Ouiblie IBOX A10, MIiCs
3aKIHYEHHS I[bOTO TEPMIHY CHOCTEPIraloThCAd O3HAKM MIKPOOIOJIOrIYHOTO MCYBaHHS
HamiBpadpukaty. KopoTkuii TepMiH 30€piraHHs € OCHOBHUM HeIOJI1KOM criocoOy II.

Crnoci6 III rpyHTY€eTBhCS Ha MOIMEPEIHBOMY CIOCOO0I, ajieé JOAATKOBO BKIIIOYAE
MIPOIIEAYPY 3aMOPOKYBaHHS eMyJibciitHO1 cuctemMu Ha ocHOBI KBBC 3 moganbiiuMm 1i
BUKOPUCTAHHAM Mija yac (papuieckiaganHs y nmojapioHeHoMmy BUrisil. Takuii crocio
MOXe OyTH BHUKOPUCTAHUM TaKOX [JIS IHIIMX TPYN M SICHUX NPOAYKTIB, B T.4.
KOBOACHUX BHPOOIB TEXHOJIOTISl SIKUX TMepeadavae TOHKE MOAPIOHEHHS OCHOBHOI
CUPOBHMHHM 1 BUKOPUCTAHHS JIYCKOIIOA1IOHOTO JILOTY.
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Bitok
" bopomHo
ATOBHIHH
TIpociroBaHHA: TTpociroBaHHA: Awp
dors = 1...2-107 a1m dors = 1...2-107 a1 ATOBHIHH
Ho3veaHHA Jo3vBaHHA Jo3vBaHHA OmiA n1sgHA
TlepemMimyBaHHA 0O PiBHOMIPHOTO Boza TligirpiBaHes
: : TIHTHA Jo3yBaHHA
PO3MOILTY KOMIIOHEHTIB 10, 12°C t=42.49°C
TMepeMinryBaHHA 10 OJHOPiTHOI CHCTEMH Tlepemimysa
t=10...12°C, 1 = 30(x1)x60c
EMynIeryBaHHa:
t=12..18°C, t=(10...15)x60c, N=50086./c

Hamiedadpurat «EMyIbciHHA cHCTeMAa Ha ocHoBi KBBC»

Puc.3. Texnosioriuna cxema BupoOHuITBAa HaniBpadbpukary « EmyJibciiina

cucrema Ha ocHOBi KBBC» (cmocio II)
Asmopcbka po3pobka

BucHoBkmu.

Takum YuHOM, HaMu OyJM 3alpONOHOBaHI Ta JOCTIHKEHI TPU CIOCOOH
BHECEHHS KOMIIO3UIIINHOT O17KOBO-BYIJIEBOAHOI CyMmiln y QapiieBi CHUCTEMHU
nociueHux HamiBpabpukartiB. BcTaHoBieHO, 1m0 CMoci0 pO3AUIBHOTO BHECEHHS
iHrpeaieHTiB (cnocid I) Bipi3HAEThCS CKIAAHICTIO X 30epiraHHs Ta 103yBaHHs. byso
3alpPOMOHOBAHO Ta JIOBEJICHO MOXKJIMBICTh 30€pIiraHHs TaKUX KOMIIOHEHTIB, K
YOTHUPHU BUIU OOPOIIIHA OMIMHUX KYJIBTYp Ta CyXUW TBAPUHHUMN O110K Y BUTJISIAL CYyXOi
KOMIUIEKCHOI cyMimii mpoTsiroM mectd MicsiiB. Crnocid II Buecennss KBBC y
(dapieBi CUCTEMU TOJISATAE Y IPUTOTYyBaHH1 HamiBpabpukaty «EMymbciiiHa cucteMa
Ha ocHoBi KBBCy». Hemomikom maHoro cmoco0y € KOpPOTKH TepMiH 30epiraHHs
emyJbcii. BupimeHHsM 1iei npobiemMu Moxke OyTH 3aMOpOKyBaHHS €MYJIbClHHOT
CUCTEMHU 1 BUKOPUCTAHHA ii y ckiIaal gapiry y noapioneHomy Burisizi (croci6d I11).
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Abstract. The paper discusses various ways of introducing a composite mixture based on
oilseed flour, animal protein and animal fat blend with vegetable oil into the minced systems of
chopped semi-finished products. A method for separately introducing ingredients, a method for
introducing a previously prepared pasty emulsion system based on a composite mixture, and a
method for introducing an emulsion system in frozen and ground form are proposed. A
technological scheme has been developed for the manufacture of chopped semi-finished products
with separate introduction of the ingredients of the composite mixture and a scheme for preparing
the emulsion system. The possibility of storage of oilseed flour and animal protein in the form of a
dry complex mixture for six months was investigated.

Key words: chopped semi-finished products, protein-carbohydrate mixture, beef protein, fat
blend, methods of making ingredients
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Abstract. Bread products are traditional daily foods. However, their chemical composition is
rather imbalanced. First of all, it’s because of deficiency of protein which is one of the most
important components of nutrition. The problem is particularly acute for people with increased
need in protein consumption (people of hard physical labor, athletes, tourists, etc.). The study
proposes to use vegetable protein isolates to increase nutritional and biological value of various
groups of bread products. Recipes of high-protein breads and bread sticks (balls), and an
innovative product — crumb briquette — were developed based on technological research.
Information on nutritional, biological and energy value of the developed products are given. The
study shows that protein content in the final products increased by 1.5...2.5 times, and their
biological value also rose due to greater quantity of lysine. It will allow to label such bread
products as high-protein products. These products are also suitable for use in tourist nutrition and
may be included in dry rations of servicemen.

Key words: bread, vegetable protein, nutritional value, biological value.

Introduction.

Nutrition largely determines people’s state of health and ability to work. Protein
is one of the most important nutrients. Consumption of sufficient quantity of protein
(subject to its high biological value) is one of the most important signs of a balanced
diet. So, many countries developed protein consumption standards for people of
various age, sex, and level of physical activity based on recommendations proposed
by FAO/WHO. Developers of traditional foods mainly focus on young people of
middle age and low level of physical loads. But for consumers with higher levels of
physical activity, as well as strength athletes, tourists and servicemen, protein
consumption norms are 1.5-2.5 times greater than average values [1]. That is why
these consumer groups need customized high-protein products, in particular, and
bakery products, as traditional everyday foods.

Main text.

Based on analysis of protein enrichers of bread products available on the market,
it was proposed to use high-protein vegetable raw materials (HVRMs) in baking
technology, namely, vegetable protein isolates which have high (approximately 90%)
protein content and no anti-nutritional substances. They include dry wheat gluten and
the following protein isolates: soy (SPI), rice (RPI) and pea (PPI).

Based on the technological research of how addition of selected types of raw
materials influence the process and the quality of dough and bread making, it was
proposed to use the following ratios between these recipe components and dry wheat
gluten (DWG): SPL:DWG = 10:17, PPL.DWG = 10:11, RP:DWG = 9:12 % instead
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of flour portion. It was established that the two-stage method of preparing dough with
addition of HVRMs at the dough kneading stage is efficient. The main indicators of
nutritional and biological value of the developed types of bread compared to wheat
control (without HVRMs) and protein control (with only 21% of DWG in the recipe)
are given in table 1. The calculation was made according to the generally accepted
methods [2].

Table 1
Nutritional and biological value of products (per 100 g)
Content, g Energy Protein | Quantity of
Product protei fats carbohy| value/caloric | utilization, | digested
ns drates | value, kJ/kcal % protein, g
Control (wheat | 56| 7 | 546 | 1018243 44.5 3.5
bread)
Protein control 188 | 2.9 | 413 1077/257 34.0 6.4
SP:DWG=10:17 | 20.0 | 3.5 | 334 960/229 51.5 10.3
PP.DWG=10:11] 16.8 | 3.0 | 38.9 1006/240 62.3 10.5
RPLDWG=9:12 | 17.8 | 2.63 | 38.1 997/238 38.0 6.8
Authoring

It was established that the total quantity of protein increased by 2...2.5 times
and lysine content — by 21...60%, which caused increase of the quantity of digested
protein in all the developed bread samples by 0.4...4.0 g, and growth of biological
value of the proposed products by 8...14%. According to the international labeling
requirements [3], all the developed types of bread may be called high-protein
products, and consuming daily norm of them (about 200 g) can satisfy needs of
consumers’ bodies with high level of physical activity for vegetable proteins by
47...61%.

The use of DWG as a recipe component ensures better structural and mechanical
properties of dough and better quality of finished products; however, it but has
negative effect on their biological value. After all, DWG has less content of the
limiting amino acid lysine than even wheat flour does. So, it is proposed to use
HVRMs in the bread production technology where negative effect of their addition
would not be so noticeable. Bread sticks and bread balls are best to meet these
requirements. Their production technology provides for shorter fermentation process
and adding more yeast and fat. The presence of flavors (caraway-seeds, vanillin,
citrus essence) in these products’ recipes will help to mask unusual taste and aroma
due to the addition of legume isolates, and a lesser mass fraction of moisture (up to
10%) will ensure high concentration of protein in the finished product.

PPI and SPI are selected as protein enrichers because of their high biological
value and affordable price. The following optimal HVRMs dosage was established
based on the range of studies: PPI — 5%, SPI — 12% instead of flour portion. The
products made under the proposed recipes have necessary consumer values, by 66.5%

greater protein content (Table 2), and balanced protein-carbohydrate component
(1:3.5).
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Table 2
Comparison of chemical composition, biological and energy values of control
sample and the developed products

Bread sticks Bread )
Component “Aromatic” | sticks with Br ed d balls
(control) PPI with SPI
Proteins, /100 g 10.8 13.9 18.0
Fats, g/100 g 44 4.3 3.9
Carbohydrates, g/100 g 76.9 71.5 62.9
Essential amino acids, mg:
valine 526 653 877
histidine 227 293 508
1soleucine 547 661 885
leucine 826 1047 1388
lysine 305 536 849
methionine + cystine 340 395 468
threonine 340 447 682
tryptophan 124 145 221
phenylalanine + tyrosine 462 739 1096
Energy value/caloric value, kJ/kcal | 1635/390.3 | 1594/380.4| 1504/358.9
Authoring

Almost three-fold growth of lysine content caused increase of its amino acid rate
to 98.3% (bringing thereby the product closer to the reference protein by lysine
content), and 1.5-fold increase of amino acid utilization. The consumption of the
proposed bread sticks and bread balls doubles (from 25 to 50%, abs.) satisfaction of
body’s physiological needs for vegetable protein which indicates high efficiency and
prospects of using the developed low-moisture-content bread products with HVRMs
as elements of nutrition in hiking and as a part of dry rations of servicemen.

The studies show that one of the factors that limit the quantity of the added
HVRMs i1s the technology. So, requirements for “ideal” high-protein product were
formulated. According to these criteria, a product that meets all the requirements was
selected — 1t’s crumb briquettes made by pressing dried bread crumbs with additional
raw materials. The absence of fermentation stage allows to pick up the ratio of recipe
components based on the researcher’s target. And the absence of baking stage will
ensure maximum preservation of the added protein substances and will not affect
their biological value. The following dosages were found optimal for the crumb
briquette recipe: SPI — 12%, the quantity of maltodextrin — 11.6% to crumbs mass
[4]. Calculation of nutritional value of the developed briquettes showed increase
(Table 3) of both the total quantity of protein in the finished products (by more than
twice) and the content of the amino acid lysine, limiting for wheat flour products (by
3.5 times).

The developed crumb briquettes have by 35% (abs.) greater biological value,
even compared to the high-protein breads developed by us, and also have necessary
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organoleptic, physical and chemical properties that meet the main requirements for
“pocket” nutrition of tourists and servicemen: low weight and volume, necessary
strength, sufficient shelf life, high concentration of easily digestible carbohydrates
and biologically complete protein due to the low mass fraction of moisture.

Table 3

Nutritional and biological value of the developed crumb briquettes

Cream High-protein Deviation
Element of chemical composition biscuits crumb o ’
. 0
(control) briquettes
Proteins, g/100 g 8.5 17.6 +107,2
Fats, g/100 g 10,83 1.2 -88.9
Carbohydrates, g/100 g 69.6 67,9 2.4
Energy value/caloric value, kJ/kcal 1717/409.9 1478/352.8 -13.9
Amino acids, mg/100 g of product:
valine 393 852 +116.8
1soleucine 359 860 +139 4
leucine 668 1355 +102.9
lysine 226 792 +250.3
methionine + cystine 302 516 +70,8
threonine 269 650 +141.8
tryptophan 85 214 +151.9
phenylalanine + tyrosine 628 1414 +125.2

Authoring

Summary and conclusions.

Considering the requirements for chemical composition of bread products and
the increased protein needs of bodies of consumers with high levels of physical
activity (people of hard physical labor, tourists, strength athletes, etc.), it was
proposed to use vegetable protein isolates in baking technology. It was shown that
adding up to 10% of these raw materials together with 11...17% of dry wheat gluten
(as a technological additive) allows to increase protein content in bakery products by
2...2.5 times with simultaneous increase of its biological value by 8...14%. Adding
vegetable protein 1solates (5...12%) to decreased moisture content products (bread
sticks and bread balls) increases the quantity of protein by 65% and improves the
protein-carbohydrate balance of the chemical composition. The developed high-
protein crumb briquettes contain more than twice as much protein as traditional
crumb products, and their biological value 1s close to the reference protein. It
indicates that the purpose of the work — creating bread products of higher nutritional
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Anomauia. Y cmammi 00cniosxiceno 3miny émicmy OI0102TYHO AKMUBHUX PeYOBUH M'amu, d
came emicmy eimaminy C, emicmy rasanoidie ma aHMUOKCUOAHMHOI AKMUBHOCMI 30 PI3HUX
memnepamyp 8UCyuly8auHs. JJocnioxceno Kinemuky npoyecy cyulinus. [looyoosano kpuei cyuinns
3a pi3Hux memnepamyp sucyulyganus. Onucano mamemamuiny Mooeib NPoyecy CyuinHs M amu.

Knrwwuosi cnosa: pociunua cuposuma, m'sma, CYWIiHHA, SIMAMIHU, OION02IYHO AKMUBHI
PEUOBUHU.

Beryn Ha chorogi BaXJIMBUM € YCBIJIOMJIEHHS HEOOXITTHOCTI BUKOPHUCTAHHS
NpOQUIAKTUYHOTO XapyyBaHHSA, TOOTO BXUBATH XapyoBi MPOIYKTH J1OAATKOBO
30aradeHi I[IHHUMH Ta O10JIOTIYHO AaKTUBHUMH pPEUYOBHMHAMHU. BHCOKHII BMICT Yy
POCIMHHIA CHPOBHHI KOMIUIEKCY I[IHHMX KOMIIOHEHTIB CIIpUsA€ HOpMasi3allli
KUTTEBO BAXKJIMBUX TMPOIECIB Yy Opra”i3mi JIIOJUHU, 3a0e3nedyroud Horo
MiHEpaJIbHUMHU PEYOBHHAMHM Ta BITaMiHAMU, CTa01113yI0ud OOMIH PEUOBHUH.

OCHOBHHUI TEKCT

OpHi€r0 3 TOJIOBHUX YMOB (DYHKILIOHYBAHHSI OpPraHi3My JIOJAMHU € HAsBHICTH y
parioHi O10JIOTIYHO aKTHUBHUX pe4yoBUH. [l mpobOrnema moTpeOye NPUIAHATTS
ITUPOKOMACIITAOHUX 3aXOIB /sl €PEKTUBHOI KOPEKIIiT XapuOBHUX PAITiOHIB.

VY 3aranbHOMY TEXHOJIOTIYHOMY JIAHITI031 CYIIIHHS POCIUHHOT CUPOBHHHU € JTYKE
BIJINOBIJIaJIbHA 1 BAXJIMBA OMEpallisl. 3a HENPABUIBHOTO CYIIIHHS MOXXHA HE TIIbKH
3HAYHO 3MEHIIWTH, a ¥ 30BCIM 3HHIIWATH I[IHHI KOMIIOHCHTH, III0 MICTITBECSI B
CHUPOBHHI.
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3aBAaHHS MPaBUJIBHOTO CYIIIHHS - SIKOMOTA IIBHJIIE 3YNMUHUTU AKTUBHICTD
(dhepMeHTIB, IO MICTATHCA Y POCIWHHIA CHPOBHUHI, aje Tak, o0 irodi 010710T14HO
AKTUBHI PEUYOBUHU 3ATUIITMINCH B MAKCUMAJIbHIN KIJTBKOCTI.

Jlani pocaiaxeHb

ABTOpamMH OyiM TPOBEIEHI OCHIPKEHHS 3 BUBYEHHS 1 MOPIBHAHHSA 3MIHU
€JIEMEHTHOT'0 CKJIaJy Ta 010J0TIYHO aKTUBHUX PEUYOBUH CBIXKOI Ta BUCYIIECHOI M'ATH
copty «6myanay [1-5].

Cymiinns BukoHyBanmu 3a Temrepatypu 30°C, 50°C, 70°C vy dxocTi
KOHTPOJBHOTO 3pa3ka BHUKOPHCTOBYBAJIM CBIXKO310paHy cupoBuHy. CHPOBHUHY
BUCYIIYBaJIM B Ja0OpATOPHI aBTOMAaTUYHIN CyIIapIl A0 MOCTIHHOT MacH.

ExcriepuMeHT MpOBOAMIIM 332 TaKOK HACTYIHOIO METOAMKOI0. Temmeparypy B
JOBOAWIM 10 HEOOX1AHOI, MICIAs YOro B MPUUOMHHK (CITUYATUM KOIIMK) MOMIIIAIN
OlOKCy 3 MarepiaioM. 3a TOCTIHOI TeMmmepaTypd Yepe3 piBHI MPOMDKKU dYacy
3HIMAJIM TOKa3aHHS TEPMOMETpa 1 eNeKTpOHHUX Bar. Jlocmiag TpuBaB TOTH, MOKH
pI3HULS Barl MDK TONEPEeIHIM 1 TOTOYHUM 3HAYEHHSIM BIIPOJIOBXK JEKUIBKOX
JOCTI/IIB HE CTaBaja IMOCTIHHOIO.

CymunpHa ycTtaHoBKa (puc. 1) siBiIse co0O00 TEII0i30JIbOBAaHUM MeETaJCBHM
MUPKYJIAIIAHUNA KOHTYp 1, y SIKOMY TOTIK TOBITPSI CTBOPIOETHCS BEHTHIIATOPOM 2,
MIPOXOJIUTH MOCTIAOBHO Yepe3 eNeKTpUYHUN Kamopudep 3 1 CylmImibHy Kamepy 4, y
K1 KOHTaKTy€ 3 MaTeplajoMm, MiIBOJSYN 10 HbOTO TEIUIOTY 1 BiBOASIYM BUMAPEHY
Bosiory. Jlami 3 CylIMJIbHOI KamMepu BIANPallbOBAHE IMOBITPS MEPEMIILIYETHCS Yepes3
IIUKJIOH 15, e BUAANSIOTHCS 3aXOMICHI YaCTUHKH MPOAYKTY, Ha BX1J] BEHTHIIATOpA 2,
AKUW 3a0e3nedye LUPKYJSLII0 TOBITPS Y LUPKYJSALIAHOMY KOHTYpl CyLIapKu.
BucymyBanuii matepiall po3MIIIEHO Y KOpOOYacTOMy CITYACTOMY KOMIMKY 5 (y
BHYTPIIIHBOMY IPOCTOPl CYIIMJIBHOI KamMepH), CIOJYyYEHOMY 4Yepe3 IUTaHry 6 3
eNeKTpUuYHUMH Tepe3amu 7. CiT4acThil KOWIMK 5 3HIMHUN, HOTO MOXHA BiJ €IHATH
BiJI IITAHTH 1 BUHHATHU 13 CYIIMJIBHOI KaMepu 4yepe3 OOKOBUM JIIOK-OTBIpP, 3aKpUTHIA
pyXoMuM ckiioM-1rdepom. Uepes et mubep mija yac CynriHHsS MOKHA CIIOCTepIraTH
3a CTaHOM MaTepiany. Burparu 1 BIAMOBIIHY IIBUJKICTh PyXy HarpiToro ImoBiTps B
CYIIWJIBHIA KaMmepi peryaiTh mudepoM 8 1 KOHTPOIIOIOTH aHEMOMETPOM;
TeMIiepaTypy MoBiTps 10 kaigopudepa t0, micis kanopudepa tl 1 micas CymuiabHOI
KaMmepu t2 KOHTpOIIoI0Th TepmMoMeTpamu 9, 10, 11. 3anany (motpiOHy) Temneparypy
noBiTps t1 Ha BXOA1 B KaMepy PEryJiioloTh €IeKTPOKOHTAKTHUM TepMoMeTpoM 12 3a
nomoMoror 07o0ka pene 13, 3’eqHaHOrO 3 eneKkTpoHarpiBHUKOM 14 kamopudepa 3.
YacTtuHa BiANpaIbOBAHOTO TETIOHOCIS BBIIBOAUTLCS Yepe3 MaTpyOook 3 mmbepom 17.
CBixke TOBITpA MIJBOAUTHCA Yepe3 maTpyOok 3 mmbepom 18. Maca mponaykrty B
KOIIMKY BHUMIPIOETBCS HA Tepe3ax Ta PEECTPYETbCS Ha KOMIT I0Tepi 16 uepes 3amaHi
MPOMDXKKH Yacy.

3a pesynbTaTaMu €KCIEPUMEHTIB Oyl PO3paxoBaHi MOTOYHHI BOJOTOBMICT
Matepianmy W i mBuakicts cymiaas A W/AT | no6ymnosani rpadiku 3anesxnocti W =
f(7)i AW/AT =f(W)).

Ha puc. 2, 3 HaBeneH1 ekcriepUMEeHTalIbHI JaHl: pO3paxyHKOBI KpUBI CYIIIHHSA 1
IIIBUIKOCTI CYTIIIHHSL.

S0 B mepuoMy nepioii MBHUIKICTh NPOIECY 3YMOBIIIOETHCS TEMIEPATYPOIO 1
HIBUJAKICTIO pyXy (00’€MHMMHM THMTOMHUMH BHUTpaTaMH) CYIIWJIBHOIO areHTa B
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CYIIWJIbHIN KaMepl, TO B APYromMy Hepioji BOHA 3aJEKUTh BiJl KUTBKOCTI Ta MacOBOTO
CHIBBITHOIIEHHS P13HUX (OpM (i3UKO-XIMIYHO 3B’S13aHOI BOJIOTH B MaTepialil Ta Bij
BIUTUBY TepMmoaudysii. [IIBuaKiCTs mpoiecy CymIiHHS B KOXKHOMY 3 JBOX MEpIOJiB
BH3HAUYAIOTh OJIHUM 3 JOCTYIHUX METOJIB — rpadiuHuM AU(EpeHLIIOBaHHIM KPUBOT
CYLIIHHSI.

%ﬁﬂﬂ
WV Vo

14 3

Puc. 1 Cxema ekcniepuMeHTAIbHOI YCTAHOBKH AJIs JOCTII’KEHHS IPoLecy
KOHBEKTHBHOI'0 CyLIiHHS

w, %
80 (
\:‘
70

Ny
50 s

40
30
20
10

0 50 100 150 200 T, XB

Puc. 2 Kpusa cyminnsi: / — memnepamypa cywinnsa 30°C; 2 — memnepamypa
cywinta 50°C; 3 — memnepamypa cywinns 70°C.

Takoxx OyJlo OTpUMaHO MaTEMAaTHUYHHM OIMUC TMPOIECY CYIIHHSA POCIMHHOI
cupoBuHU. CriouaTKy M1l HaOJIMKEHOTO OIMKCY KPUBOI CYIIiHHI BUKOPHCTOBYBAIU
hopmyry.

W(7)=W,+(Wip-Wp) exp (-2,3Ki 7), (1)
ne W(r) — nortouHuil BosoroBmict, W, — pIBHOBaXHUI BOJOTOBMICT, Wy,
KPUTHUYHA BOJIOTOBMICT, 7 - 4ac, K; — koedimieHT cynraHs.
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Puc. 3 KpuBa mBHAKOCTI CyIIiHHSA

JIi1s MaTeMaTUIHOTO aHATI3Y JaHol (YHKINI 3HAUYIII TapaMeTpu OYy/IN 3aMIHEHI
Ha BapialliiiHi koedireHTn (a, ¢, d), a dyHKIs Oyi1a nmepeTBopeHa J0 BUIY
W(r)=c+dexp(-ar), (2)

3 ormAny Ha Te, mo ¢opMyna (2) onucye TUIBKH IPYTHIl Iep10,1 CYIIIHHA, BBEIN
JOTaTKOBHIl cTenmeHeBMil KoedimieHT b 3a mapamerpy udacy 7. BBeaeHHsA IBOTO
Koe(IIIE€HTY JO3BOMIUIO OMICATH S-T0I0HY KPUBY CYIIIHHS Ha BCHOMY 1HTEpBal

W(r)=c+dexp (-ar?). (3)

Ha nactymHOMy eTami MeToJaaMH BaplalllifHOTO aHami3y 31ICHIOBAIN IONIYK
BUPINIEHHS pIBHAHHA (3), mo 3a6e3neunio 6 HaiiMeHIe BIAXIUICHHS PO3PaXyHKOBHX
1 eKCIEepUMEHTATbHIX JaHUX [0 KIHETHINl CYIIHHS. BapiioBaHHIO MiIaBall BCl
Koe(IIeHTH MOCTIOBHO, ITOMApHO a00 OTHOYACHO.

ITicns nocmpkeHHS OTPUMAHUX SBHHX MaTeMaTHYHHX —3aleXHOCTell 1
HOPIBHAHHS X 3 NOYATKOBUMH 1 TPAHWYHHUMH 3HAYEHHSAMH 3MIHH BOJIOTOCTI OYyJ0
BCTAHOBIIEHO, IO KOE(]IIIEHT ¢ BIIMOBIAA€ PIBHOBAXHII BOJOIOCTI BUCYIITYBAaHOTO
Mmatepiany W, , a koedimieHT d Moke OyTH BH3HAUEHHUII SIK PI3HHUIA IMOYATKOBOI 1
p1BHOBa)KHOI BOIOTocTl Wy-Wi.

BiamoBiaHO Bupa3, mo omucye S-moai0H1 KPHB1 CYIIIHHS POCTIHHOI CHPOBUHI
HaOyae BUTTIANY

W(7) =WpH(Wa-Wp) exp (-az®), 4
PiBHsHHSA (4) MOJKHA IEPETBOPUTH
7 exp (ar®) )
=exp (-ar®),
W,

3a CymIIHHI POCTHHHOI CHPOBHUHH Ha PI3HNX TeMIIEPAaTypPHUX PEXIMaxX KOXKHII
S-mom16H1i KpHUBI BIJIIIOB1IAIOTh CBOL BaplaIliiti KOe(IIIEHTH.
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CepeHbOKBaIpaTUYHE BIIXUJICHHS PO3PAXyHKOBUX 1 €KCIIEPUMEHTAIBHUX JTAHUX HE
nepesuinye 1,8%. OTpumaHi eKCIEpUMEHTAIbHI pe3yJbTaTH CIYyTyBald IS
OTPUMAaHHs y3arajJbHEHUX KPUBUX U JOCHIIKYBAaHOI POCIMHHOI CHPOBHHH, IX
MO>KHA 3aCTOCOBYBATH MPHU OY/Ib SKUX TEMIIEPATyPHUX PEKUMAX CYIITIHHS.
= exp (KN ), (©)
7 P

ne K. — xoedimieHT cymriHHsa, N — IIBUAKICTh CYUIIHHS B nepmuid nepiog, Nz —
IpPUBEJICHA BUAKICTh CYIIIHHS.

JI1 KOXKHOI y3arajabHEHOI KpUBOi Oyiu 3HaiiieH1 BiANoBiaHI KoedimieHTH K 1
b, 1m0 HaBeAeH1 y Tabauii 1.

Taoauus 1.
KoedinienTn 1iis y3arajJbHeHUX KPUBHX CYIIiHHS
BHcymygaHHH Wo-W, Koediuientn
Marepian Kpe b
M’sita 80,8 0,0104 1,0970

Taxum unHOM OyJa OTpUMaHa MaTeMaTHUYHA 3aJIeKHICTh, 1O JI03BOJISIE OMUCATH
KpUBI CYIIIHHA POCIMHHOI CHPOBHHU 1 MOXKE€ OyTH BHUKOpHCTaHa ISl OOpOOKHU
KPUBHUX CYIIIHHS 32 YMOB MOCTIHHOI TEMIIEpATypH.

3a onmMcaHMX BHUIIE YMOB BUCYUIYBaHHS MPOBEIU JOCTIIKEHHS 3MIHH BMICTY
MIKPOEJIEMEHTIB Ta 010JIOT1YHO-aKTUBHUX PEYOBUH. Y TaOMUII 2 HABEICHO 3MIHY
MakpoeneMeHTHoro ckiany (Bmict ioHiB Ca, K, Na, Mg) m’atu y CBDXKOMY Ta
BUCYILIEHOMY CTaHI.

Ta0anusa 2
3MiHa BMICTY OCHOBHHX MaKpO€JIEMEHTIB y CBI:Kiil Ta BUCYlIEHil M ATi copTy
“s10ayuna”
M’sara copty “S0nyuna”
Hl\;)rﬁ%%n;(’ Chisa Bucymena 3a | Bucymena 3a | Bucymena 3a
t=30°C t=50°C t=70°C
Bwmict Ca™ 742 740 736 733
Bwmict K* 218 216 213 210
Bwmict Na* 51 48 45 43
Bwmict Mg™ 382 381 379 377

AHaJi3 pe3ysbTaTiB JOCHIKCHb IOKa3aB, IO HaMKpalle MiKpOoeJIeMEeHTHHI
CKJIaJl y M'Ti 30epiraeTbcs 3a TeMmreparypu BucymyBanHs 30°C. Hanami
JOCJIJKYBaJIA 3MiHY BMICTY BiTamiHy C (B mepepaxyHKy Ha acKOpOIHOBY KHUCIIOTY),
BMICTY (pJIaBaHOIAIB Ta AaHTUOKCUAAHTHY AaKTHUBHICTh 3a PI3HUX TeMIeparyp
BHUCYIIYBaHHS. Pe3ynbTaTH NOCHIIKEHb MPEACTaBICHO y TadauIl 3.

3a BuUKopucTaHHS TemnepaTypu BucymryBaHHs 30°C cnoctepiraeMo HaiiMeHIe
3HIKEHHS BMICTy BiTamiHy C y MOpPIBHSIHHI 13 CBIKOIO CHPOBHUHOIO. 33 TaKHUX K€
YMOB CIIOCTEpIraEMo 1 HaWOIIbIIHMK BMICT (hJIaBaHOINIB Yy BUCYIIICHIM CHPOBHUHI B
MOPIBHSHHI 13 CBIXKO¥O.
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Taoannga 3
3MiHa BMicTYy 0i0JIOTIYHO-aKTMBHMX PEYOBHH M'ITH Y CBI’KOMY Ta BUCYIICHOMY
CTaHi
Cooci0 ) ) . Bwmict AHTHOI.CCHHaHTH.a
Bwmicr Bitaminy C, . aKTHUBHICTb (3aMip
00po06IeHHS ¢dnaBaHoiAiB (110 .
CHDOBHHMN mr/100 T Tuny), % ITPOBOJIUBCA Y BOJIHIN
P pyTHiy), 7o BuTsK11), MB/100r
Caixka 29 0,76 68
Bucymena 3a
=30°C 21 0,54 52
Bucymena 3a
=50°C 14 0,48 43
Bucymena 3a
=70°C 11 0,45 41
BucHoBxkn

3a pe3ynapTaTaMM JOCHIIPKEHHS BIUIMBY IIPOLIECY BHCYIIyBaHHS OyIio
BCTAHOBJICHO, IO 3a Temmeparypu BucymyBaHHs 30°C BigOyBa€eThCS MEHIIE
pYWHYBaHHS LIHHUX O10JIOTIYHMX €JIEMEHTIB Yy M'STI B MOPIBHSHHI 3 KOHTPOJIEM.
JlocnmipkeHO KIHETHKY CYIIIHHS POCIMHHOI CHPOBMHM Ha €KCHEPUMEHTAIbHIN
CYIIUJIBHIA YCTAaHOBIII Ta BCTAHOBJICHO KOC(MIIIEHTH I y3araJlbHEHUX KPHUBUX
CYUIIHHS, SIKI MOXYTb OyTHM BHUKOPHUCTAaHMMHM JIJIi MaTeMaTHYHOI OOpOOKH KPHUBHX
CYLIIHHS 32 YMOB ITOCTIMHO1 TeMIepaTypHu.
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Abstract. Changes in the content of biologically active substances of mint, namely the content
of vitamin C, the content of flavanoids and antioxidant activity at different drying temperatures, are
investigated in the article. The kinetics of the drying process is investigated. Drying curves at
different drying temperatures were constructed. The mathematical model of the mint drying process
is described.
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Jlocnioocennsn suxonani 32i0no Ne42.00.03.02. @ « Teopemuuri ocnosu

CMBOPEHHSL Xap1080i NpoOYKYii cneyianbHo20 NPUZHA4EeHHs HA OCHOBI POCIUHHOT
cuposunuy (2016-2020 pp.), 6 pamkax I[IH]] Ne42 «Biompancghopmayisn
CIIbCLKO2OCN00APCHKOI CUPOBUHU 8 NPOOYKMU XAPUY0B8020 | MEXHIUH020 NPUSHAYEHHS
8 npoyeci hopmysants HAYiOHANIbHOI NP0O0BobLYOI cucmemuy Hayionanvroi
akaoemii azpapHux Hayk YKpainu.
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Anomauia. IIposedeno xomniekcHuul OiOXiMiyHull [ Oe2ycmayiUHull anani3z Ni00i8 Ni3HIX
AONYK 3 PI3HUX MOP2i6eNbHUX Mepedc. V pe3ynbmami KOMIIEKCHOI OYiHKU GUABNEHO, W0 HAlOINbL
30A1AHCOBAHUMU 34 OOCTIONCYBAHUMU NOKAZHUKAMU, € NA00Uu copmie Yemnion i [{conazono.

Kniouogi cnosa: nnoou sa6aymi, copm, OiOXiMIiuHUL CKIAO, AKICMb.

S6nyHs1 € HAWBaXKJIMBILIOW TJIOJOBOIO KYJIBTYpPOIO B CYy4aCHOMY CaJ[IBHMIITBI
VYkpainy, ii gacTka cepel 1HIIMX IUJI0JIOBUX KYJBTYpP 3a IJIOIICH, CTAHOBUTH MOHA/T
44 %. Caig 3a3HauMTH, 10 3a OcTaHHI 20 pPOKIB IUIOIII HACAJXEHb 3MEHIIUINCH
Maibke y 3,5 pasu, ajie TpOJAyKTUBHICTh MiABUIIMIACK. Ll KyJIbTypa KOPUCTY€EThCS
MMOMUTOM Yy HACEJICHHS 3aBIsSKH CBOIM CMaKOBHM, XapuyoOBHUM, JII€ETUYHUM,
JTIKYBaJIbHUM, KYJIHAPHUM SIKOCTAM Ta MOMIpHiN wiHi. [Tnoau s0myHi € BiAMIHHOIO
CHUPOBUHOIO ISl TEepepOOHOi MPOMUCIOBOCTI, 3aBISKH BHUCOKIM TEXHOJIOTIYHOCTI.
VYkpaina nocinae 13-te Mmicue 3 BUPOOHUITBA A0IYK 1 Ma€ MOTYXHHUM MOTEHIIaN
HapoIlyBaHHA BUPOOHUITBA. Piune cnoxuBanHs (pykTiB 3a octanHi 20 pOKIB
miaBUIMIOCh Ha 60%, ogHak 11e ckianae 58% Big piuHoi HOpMH [2].

XapuyBaHHS € HaWBaXKIUBINMIOW (i3ionoriyHoi mnoTpedoro mroauHu. BoHo
HEOoOX1aHE JJIs1 MOOYAOBH 1 IIOCTIHHOTO OHOBJICHHS KJIITHH 1 TKaHUH. {15 MiATpUMKH
3I0pPOB'Sl 1 TpaIe3AaTHOCTI JIFOJAWHA MOBHHHA TOCTIMHO CIOXKWUBATHU Pi3HI Xap4OBi
npoayKTu. OpyKTU BIIHOCATHCA 1O TAKOi I'PyNU 1 € HAWBAXKIIUBILIUM JHKEPEIOM
BITAMIHIB 1 aMIHOKHCIIOT, Makpo- 1 MIKpPOEJIEMEHTIB, BYIJIEBOJIIB, HaTypajIbHUX
XapyoBUX BOJIOKOH, MOMi(eHONiB, (DITOHIUIAIB TOIO. AMEpPUKAHChKAa acolialis
niabery (ADA) BigHecna s0nyka g0 8-ku HalikopucHimmx ¢pykTiB. HeBenuke
a0myko Macoro 150-200 r Mae 1O0CUTh HU3bKY KaJOPIHHICTh, BMILIY€E BChOTO 77 KKaj
1 21 r ByrneBoaiB (cepeaHbOCTATUCTUYHA HOopMa ByrieBoAiB 150-200 r/moOy),
rinikeMiyHu# iH7eKe (30-45) 1 TOMy € pEeKOMEHI0BaHUM TPOIYKTOM I JIOJIEH, SKi
KOHTPOJIIOIOTH CIIO’KUBAaHHS BYTJIeBOAHIB [1, 5, 6].
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OkpiM Toro, y Ttuojaax siOJyH1 3a0apBlICeHMX COPTIB HAKOTMUYYHOTHCS
KapOTUHOIAM Ta AaHTOILlaHM — TITMEHTH POCIUH, SIKI B OpraHi3Mi JIOAUHH
IpOSBIISIIOTh BUCOKI AHTUOKCHAAHTHI, AHTUKAHIIEPOTEHHI, KaplOMpPOTEKTOPHI,
aHT10MPOTEKTOPHI, PaAIONPOTEKTOPHI, a TaKOXX IMYHOMOIYJIIOIOYi BIACTHBOCTI. Y
IJI0/1aX TaKOX MICTAThCA i iHmm miHH1 HyTpienTu: C, E, K, By, B,, B3, B, PP, 6ioTun
(tabmurs 1) [3].

Xap4doBi BOJIOKHA — HEOOXITHUN KOMIIOHEHT PalliOHYy JIOAMHH. 3a CTIUKICTIO 0
OakTepiaibHOI (epMeHTaIlli BOHM MOAUISIOTHCS Ha Ti, Kl MiAJATAlOTh TOBHIH,
JacTKOBIM pepmenTaliii Ta He GepMEHTYIOThCA B3araii. Jlo mepuioi rpynu HajaeKaTh
MEKTUH, KaMe/ll, CJIU3H, JI0 IPYToi — IeI0103a 1 FeMIIeNio03a, 10 TPEeThOi — JITHIH.
@pyKTH € OCHOBHUM JKEpEJIOM MepuIoi TpynHu XapuyoBUX BOJIOKOH. Lli cromyku
HOPMAJI3YIOTh (PYHKLIOHYBAaHHS KHIIKIBHUKA, CHPUSIIOYM PO3BUTKY KOPHUCHOI
MIKpO(hJIOpU Ta CHOBIILHEHHIO 3aCBOEHHS MIBUIAKUX BYTJIEBOIB. 3a TaHUMH PI3HUX
aBTOpPIB Ae(IIUT LUX CHOIYK Y pallioHi Cy4acHOi MOJIO/1 CTaHOBUTH — 65-70 % [6].

Taoauusa 1
BioxiMiunui ckiIajJ CBIKHX A0JIYK
Bwmict minaux HyTpieHTiB y 100 T cupoi ped4oBUHI
Boma — 84-88 r BITAMIHU MaKpOEJIEeMEHTH MIKPOETIEMEHTH
Binok - 1,0-1,2 T Bitamin A - 9,0 mr 3amizo - 0,7 Mmr | Amominiii - 320 MKr
AMIHOKHUCIIOTH Bitamin B - 0,05 mr | Kauiii - 250mr bop - 205 Mkr
HezaMinHl — 310 mr Bitamin B; - 0,06 mr Kanpwiii - 29 mr | Bananiii - 92 Mxr
AMIHOKHCIIOTH Bitamin Bz - 0,3 mr Marsniii - 38 mr | Mog - 7 Mkr
3aMiHHi - 600 Mr Birawmin Bg - 0,1 mr Hartpiii - 21 mr | Mapranens - 190 mMxr
Mounonykpu - 3,0-5,4 T | Bitamin Bo - 9,0 mxr | Cipka - 4 mMr Minp - 70 MKT
Caxapoza—1,9-2,5r Birawmin C - 5,0 mr ®ocdop - 52 mr | Monibaen - 20 MKr
OpraniuHi KUCJIOTH - Bitamin E - 0,7 mr Hikensp - 6 Mkr
0,18-025r Bitamin H - 0,06 Mkr ®Top - 40 MKT
KmitkoBuna — 2,4 r Bitamin PP - 1,0 mr XpoMm - 3 MKT
Kanopiitnicts - 30 IMunk - 360 MKT
KKaJl

CBixk1 0IyKa Ta IPOIYKTH MEPEPOOJICHHS € BAXKIMBUM KOMIIOHEHTOM pAIliOHY
npoiJaKTUYHOTO 1 JIETUYHOTO XapuyyBaHHS 3a PI3HMX 3aXBOPIOBaHb, 30KpeMa
rifNepToHii, LIyKPOBOMY J1a0€Ti, racTpuUTi, po3iaax TpaBiIeHHs TOIO [5, 6].

Mertoto po6oTu OyJIO OIIHUTH SKICTh, O10XIMIYHUN CKJIQJ Ta JIETUYHY IIHHICTh
IIOIB SI0JTyHI, IPEICTaBIEHUX B TOPTiBEIbHUX Mepexax Micta Kuesa.

Metoau nocaimxennb. Jocmimxenas nposoaunu B HYBill Ykpainu na kadenpi
TEXHOJIOT1i 30epiranHs, MEepepoOKH Ta CTaHAAPTU3AIlll MPOIYKIi POCIMHHUIITBA
iM. b.B. Jlecuka 1 VYIEC VYkpaiau. Ilnomgm nns BunpoOyBaHHS BigOupanun B
TopriBeabHUX Mepexkax Aman, Cineno, ®opa 1 ATh. Ilpoaykiito oIiHIOBaIU
BianoBigHo JACTY 8133:2015. BuznaueHHs1 AOCIIKYBAaHUX MMOKA3HUKIB MPOBOIUIN
3a 3araJIbHONPUMHATAMHU METOIMKamu [2, 3].

Pe3yabTaTtu pociaimxenn. [IpoananizoBaHo O010XIMIYHUHN CKJIaj TUIOJIB sSI0TyHI
PI3HUX COPTIB BITYM3HSAHOIO IMOXOJKEHHS, HAsSBHUX y CylepMapKeTax Yy OCIHHIN
nepiosl (>)koBTeHb-McTOonan) (Tadiu. 2). Bmict cyxux po3unHHuX peuoBuH (CPP) ta
IyKpiB HE3HAYHO KOJUBABCS 3a JIOCIIPKYBAaHUMH COPTaMH, B CEPEIHHOMY CTaHOBUB
— 12,8 1 11,0% BigmoBigHO. 32 BMICTOM THTPOBAHUX KHCIOT JOCIIKYBaHI COPTH
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MOHA PO3AUTMTH Ha 2 TPYNH: HU3BKOKHUCIOTHI — ['onaen Jemimec, [[xoHaromns i

Yemmion (0,4%), pemra — 3 MABUIICHOK KUCIOTHICTIO. [lnomm sOmyHi
JOCIIIKYBaHUX COPTIB BIJIPI3HSUIUCS HU3BKUM BMICTOM ackopOiHOBOT kuciotu (AK)
B cepenubomy — 4,8 mr/100 r cuporo mpoaykry. HaiiBumum mnoka3HHKOM
BiJI3HaYMIIUCH 11041 copty Yemmion (9,8 mr/100 r).
Tadauusa 2
XapakTepuCTHKA BAKJIUBUX CIMOKUBYHUX KOMIIOHEHTIB IUI0JiB A0JIyHi
Bwmict )
s )
BN
o I -2 g E|s
Copr Sz T B =s =  E| S 8
S ¥ E S S| o E TE . < | 8E 5 ©
- = m - o o= = = o = = H o<
A g | &8 ¥| E8/ S £ | gE| 2E
& S| ES| L| £ 5| E R I B | £3| 5E
o| &z | EE| 4| 28 s83F E|[FTE X3
Aiinapen (k) 123 | 11,5 ] 0,7 |56 1,1 128,3 | 36,3 | 16,7 | 4,2
JxonataH (k) 133 1 10,5 0,7 [39] 0,9 | 2224 | 284 | 149 | 44
lonen [lemimec 139 1108 | 04 [42] 1,0 | 166,5 | 39,7 | 27,0 | 4,5
JxoHarosg 149 | 11,2 | 04 [38] 09 | 2052 | 423 | 25,5 | 4,6
Pener Cumupenka 13,6 | 10,6 | 0.87 | 55| 1,2 1784 | 35,1 | 159 | 4,5
UemmioH 148 | 11,71 04 98] 09 | 176,0 | 223 | 29,2 | 4,7

*CPP - cyxi po3unnHi peuoBunu; **AK — ackopOiHOBa KHCIIOTA.

[lekTHHOBI pPEYOBHMHM B OpraHi3Mi JIIOJWHU TMPOSBISAIOTH JIETOCHKYIOUl 1
npoOioTuyHi BiaacTuBOCTi. Cepemniit ix BmicT ckiangae 1,0 %, B TO# e dac BUIIUM
BMICTOM Bif3HauuBcs copT Pener Cumupenka. He MeHII LIHHUMU HYTpl€HTaMH
WIoAIB s0ayHI € (eHONbHI CroNyKu. B opranizmi JIOOUHM 1 TBapuH apOMaTHUYHI
KUIBLISI HE CUHTE3YIOThCA, & HAIXOATh Pa3oM 3 POCIMHHOIO 1KEI0 Ta BKIIIOYAIOTHCS
70 CKJaay OaraThbOoX S>KUTTEBO HEOOXITHUX (PEHONBbHUX CHOJIYK — aJpeHaliHy,
TUPOKCUHY, CEPOTOHIHY Ta 1H. PerynspHe HaaXxo/KeHHS POCIMHHHUX (EHONIB B
OpraHi3M JIIOJIMHU CHpPHsS€ 3MILHEHHIO CTIHOK KamIsipiB, HOpMaii3aiii KpOB SHOTO
TUCKY, MIJABUIICHHIO IMYHITETY. Y JOCHDKYBaHUX COPTaX CyYMapHUH BMICT
(heHONBHUX CMOJYK CKanae B cepeanbomy 175,4 mr/100 r. ITnoau copti IxoHaTaH
1 JI>koHaroy1 BiI3HAYMIIUCS HAWBUIIIOO KOHIIEHTPAII€0 (PEeHONIBHUX CIONYK — 2224
1205,2 mr/100 r BiamoBigHO. BMICT HITpaTIB y mIofax yciX COpPTIB HE MEPEBUIILYBAB
sHaueHb ['JIK (60 Mr/kr), ToMy 1uioau s0MyHI € O€3MeUYHMMHU JJIsl CIOKUBAHHS.
OpranonenTuyHa OIiHKA BimiOpaHUX 3pa3KiB BUsBWIA, 10 copTu ['ogen [lemimiec,
Jl>xonaromy 1 YeMImioH MarOTh OLIbII 30ajJaHCOBAHHMM CMaK (BIOJIO0AHHS CTY/ICHTIB).
Pemra 3pas3kiB BiA3Hauajgach KHUCIYBaTO-COJIOAKMM cMakoM. Kopucryrounch
METOJIOM PpaHXyBaHHsS OIOXIMIYHHUX 1 CHOXKMBYMX IIOKa3HHUKIB 3a BEJIMYMHOIO 1
BaromicTIo HalO1Ib1Ie OaniB HaOpaiu coptu YemmioH 1 [Jxonaron.

BucnoBku. KowmrmiekcHa oIfiHKa COPTHUMEHTY MOMNYJSAPHHUX COPTIB SOIyHI
BHUSIBWJIA, 110 HAWOUIBII TMEPCIEKTUBHUMHU 32 BMICTOM I[IHHMX HYTPIEHTIB € COPTH
Yemmion 1 Jbxonarona. Ilogu s6myHi MicTaTh B cepeanbomy 10 10%
JerkozacBoroBaHux IykpiB, 0,6% opraniuyaux kuciort, 4,8 mr/100r ackopO6iHOBOI
kuciotu, 175,4 mr/100 r — denonbHux cnonyk 1 1,0 % — NEeKTMHOBHX PEYOBHH 1
MarOTh BHCOKI CMakoBi BJIacTUBOCTI. OTpuUMaHi pe3yJbTaTh IOLIJILHO BPaXxOBYBATH
MIPY CKJIa/IaHHI TOBHOIIIHHUX PAIlIOHIB Xap4uyBaHHS B OCIHHIN TIEPio/I.
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Abstract. The comprehensive biochemical and tasting analysis of late apple fruits from
different retail chains was conducted. As a result of a comprehensive evaluation, it was found that
the most balanced for studied indicators are fruits of the varieties - Champion and Jonagold.

Keywords: fruits, apples, chemical content, quality.
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Annotation. The paper substantiates the feasibility of using the NI LabVIEW software
environment in constructing pattern recognition systems for special tasks of automating image
analysis procedures in biomedical research.

Using concrete examples, the basic principles for solving this type of problem, the flexibility
and universality of the resulting systems are demonstrated.

Keywords: pattern recognition, automation, NI LabVIEW, IMAQ Vision.

Introduction.

In biomedical research, the relevant task is to automate analysis procedures of
images obtained in the microscopes field of view. This is due to the extremely high
complexity of such manual work, a significant risk of the influence of subjective
factors, and at the same time, the critical importance of the results in diagnostics and
research.

Most often, such analysis in biomedicine comes down to calculating the relative
number of microobjects characterized by a specific value of some parameter, and this
is one of the varieties of the pattern recognition problem

There are automated workstations for this type of work, however, firstly, they
are very expensive, and secondly, with a huge variety of capabilities, their functions
are still specialized.

The aim of this paper is to illustrate the advantages and prospects of use the NI
LabVIEW workbench for the task of creating fairly universal software systems,
which after receiving the images from the input device and customization of selection
parameters performs so selecting and counting objects in the field of view of the
microscope in automatic mode. The versatility is achieved thanks to the ease use of
this special programming techniques that provides the possibility of flexible
adaptation by personnel processing algorithms for specific conditions and objectives
of research.

Main text. NI LabVIEW was chosen as the software development environment,
because it is currently an informal standard in the biomedical instrument industry and
is easily integrated into most modern software and hardware systems [1]. Especially
useful for these tasks is use of the IMAQ Vision extension [2], which contains rich
libraries of image processing routines for various purposes.

The NI LabVIEW (National Instrument Laboratory Virtual Instrument
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Engineering Workbench) is very convenient for applications, that are created and
used not by classical programmers, but by specialists in the engineering industry, in
particular biomedical engineers. Instead of text programming languages with
complex syntax rules, the graphic language G is used here, which has a more familiar
for engineers form of block diagrams.

Additional advantages of the environment are presence of a large number of
built-in functions and routines, a wealth of developed and convenient elements for
building interfaces, and the ability to interact with other environments and external
devices.

In the context of solving this problem, advantage of the NI LabVIEW
environment over other tools is its almost open source code, which makes it easy to
modify or adapt software tools for different conditions and requirements.

An explanation of the basic principles of the construction and use of such
systems will show on several examples of solving specific problems.

The nature of first example consists in creating a program (virtual instrument in
terms NI LabVIEW), which extracts from image separate self-connected areas — the
objects (in this example, the individual white blood cells) and counts their.

The block diagram of the virtual device is shown at fig.1.

| IMAQ ReadFile IMAQ Threshold

"B o] pouce mege
. @ ||MAQ AutoBThreshold |

I Destination Imagel- IMRO
P Ay W
Grayscale (U8) P I inter-class variance—l—' E

Settings ||MAQ Count Objects| N |IMAQ Overlay Rectangle | _

[Sach \-( Threshold |-1H=m==a
@‘ o St | Bounding Box ﬁ.

bearch Rect (entire image) | <110

- Objects m

3|

Total number of objects
A

[+

mean
MOEL

Number of objects

Std Deviation and Variance.vi after filtering

ool

st. deviation
PDEL
# Population

Fig.1. Block diagram of a virtual device for selecting and counting leukocytes in
the image

Here, the main module is IMAQ Count Objects, which allows not only to find
the number of objects (connected areas) in the image, but also to carry out their initial
selection according to several simple parameters. Selection parameters are set in the
Settings cluster. In our case, for primary selection, only the Threshold parameter is
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used — the brightness threshold, which allows to filter out weakly contrasting objects.
A threshold value is automatically generated in the IMAQ AutoBThreshold module
based on a statistical analysis of the image pixels’ histogram.

The front panel of considered virtual instrument with results of operation is
shown in Fig.2. Here, the original image in the microscope’s field of view is
illustrated on the left, and the processing results — on the right.

However, as can be seen in Fig.2, the value shown on the indicator «Total
number of objects» is 9, i.e. does not correspond to the actual number of leukocytes
in the field of view (7). The reason for this error is perception by the system of some
“noise” objects (top left and bottom left) as leukocytes.

Source Image Destination Image

.
. ® & ﬂ 3 Total number of objects
.

19
& L
. E e i Number of objects
W ® after filtering
r
o : ki

[ecoagvons + ey

Fig.2. The front panel of the virtual instrument for selecting and counting of
leukocytes in the image

To eliminate such errors, it is proposed to use additional filters. In the block
diagram on fig.1 the following algorithm is used for such filtering (lower part of the
block diagram). The ratio of smaller and larger sizes (Aspect Ratio) of an object was
chosen as the filtering parameter. In the array of pre-selected (before filtering)
objects, the mean value of this parameter and the standard deviation are calculated.
Further among pre-selected objects only those are involved in the final calculation, in
which this parameter differs from the mean value no more than the standard deviation
value.

As a result of filtering, correct number of leukocytes (7) on the indicator
«Number of objects after filtering» is obtained.

The second example is somewhat similar to the first, but modules and filters
used are different.

Now suppose you need to count number of objects in the field of view, which
are closed areas of uniform intensity pixels, containing a hole in the middle (for
example, white blood cells).

The block diagram of such a virtual instrument is shown in fig.3.

Here, the image is first binarized by the IMAQ AutoBThreshold and IMAQ
Threshold modules. Then, the IMAQ Particle Analysis module detects closed areas
(particles) and analyzes their parameters, there are available quite a few options, for
example, coordinates of mass centers, area, etc. In this case, as an example, the
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parameter Number of Holes is used. In parallel, the IMAQ Particle Filter 2 module

implements filtering of objects (particles) by the Number of Holes parameter and
leaves only objects with one hole inside.

|IMAQ AutoBThreshold |

Image Original

Image Binary I Pixel Measurements
E’ |H1 ||'Number of Holes —|

Number of objects

—a | IMAQ Label after filtering
ImageOriginal —"] =8
IMAQ h@ IMAQ Particle Analysis |
ImageBinary IMAQ [IMAQ Thresholdl Ly H [Particle Measurements (Pixels) ‘

®

| inter-class variance—|
Grayscale (U8) —

|'Graysca|e U8) IMAQ Label Image Filtered

. . & B o]
Selection Values | h ®
| ERY

Fig.3. Block diagram of the virtual instrument for selecting and counting objects
with holes in the image

Fig.4 shows the results displayed on the front panel of this virtual instrument.

File Path

Number of objects
l:'nlD:\.C\ndrey\KPI\!_I'nymmKaLLM|/|\2020\SW0rld\l'epmava, mapTt | =
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4

Image Original Image Binary Image Filtered

\

Fig.4. The virtual instrument front panel for selecting and counting
objects with holes in the image

Here, on the first screen, the initial image in grayscale mode is shown, on the
second screen, binary images of particles selected by the brightness threshold value
are shown, and on the third screen, result of filtering by the parameter of internal
holes number is shown. Above the third screen there is an indicator of number of
counted filtered particles «Number of objects after filtering». As can be seen from the
results, only objects (particles) were taken into account, in which there is strictly one
hole, moreover, completely located in the particle’s body, i.e. surrounded by pixels of
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the particle’s body.

As a filtering parameter, similarly to the IMAQ Particle Analysis module, the
characteristics of objects from a rather large proposed list could be used.

Conclusion and conclusions.

As follows from the examples considered, the NI LabVIEW programming
environment offers a set of diverse, easy-to-use tools for image processing, which,
with appropriate refinement and adaptation, available to the ordinary engineer, can
replace expensive workplaces of researchers and laboratory assistants. This ensures
the versatility of such tools, based on open source code and the simplicity of creating
and editing software systems.
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Annomauyusn. B pabome 0060cHO8bl8aemcs 4enecoodpa3sHOCmb NPUMEHEHUS NPOSPAMMHOU
cpeovt NI LabVIEW npu nocmpoenuu cucmem pacnosHaganus oopazo8 0is CHeYUdIbHbIX 3a0ay
asmomamuzayuu npoyeoyp aHaIu3a u300patceHull 8 6UOMEOUYUHCKUX UCCAEO08AHUSIX.

Ha xonxpemuwvix npumepax npooemMOHCMPUpPOB8AHbl OCHOBHbIE NPUHYUNBL PEUleHUs MAaKO20
muna 3a0ay, 2UOKOCMb U YHUBEPCALHOCTb NOJYYAEMbIX 8 Pe3)bmame CUCTHEM.

Knroueewie cnosa: pacnosnasanue oopazos, asmomamuszayus, NI LabVIEW, IMAQ Vision.
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MODERN VIEW ON GARDEN-PARK ARCHITECTURE
CYYACHUMM NOTIJISIL HA CAIOBO-ITAPKOBY APXITEKTYPY

Cupnoposa H.B. / Sydorova N.V.,

c.t.s., as.prof / K.m.H., 0oy.

Jonenko FO.B. / Dotsenko J.V.

c.t.s. / K.m.u.

Ooecvka depacasna akademis 6YOiGHUYMEA MA APXIMeEKMYpu,

Ooeca, Miopixcona 9, 65029

Odessa state academy of civil engineering and architecture,

Odessa, Didrikhsona str., 9, 65029

Anomauin. byoisnuymeo nosux pationwie ma 6aazoycmpii ix mepumopii 01 CMBOPEHHS
KOMGOPpmMHO20 ma 3amutHo20 HCUmmsi i000paicaromos CyuacHull pigensb 0)0i8ebHUX MEXHON02TI.
Ilpomsecom cmonims nanowagpmue cadiGHUYME0 BUKOPUCNOBYBANO YABVH, WMYKAMYPKY, Memai,
OemonHi eupobu O NpuKpacu ma 02opodici cadie, napkie ma npudyounxoeux mepimopiu. Lli
demarni He uule CMEOPIOIOMb GiOYYMMIAL KOMPOPMHO20 BIONOYUHKY, aje U 8i0ieparoms 6elUKY pOlb
y 1anowagmi ma ecmemuynomy 306azauenni mepumopii 3aeanom. Y 0yoieenvHiti eany3i npooyKyis,
YV 6uensidi, mak 36aHUX, MAIUX apximexmypHux ¢opm, nabyeac ece 0Oinbui020 3HauenHs. Bonu
BUPOONIAIOMBCSL  BIONOBIOHO 00 NAHOWADMHO-APXIMEKMYPHUX MA  eCMEemMUYHUX 6uMoe, SKIi
nped'saenaomecs 00 00’€kmy  1aHOWAGmMHO20  Ou3auHy, 3 MIYHUX Mamepianie, wo
Xapakmepusylomuscs 6UCOKUM CMYNEHeM CMIUKOCmI 00 (hakmopié HABKOIUWHBO2O Cepedosund.
Cunixamuuii 6emon, Oe3CyMHIBHO, € OOHUM 13 MAKUX Mamepianie, adice NPoOyKyisi HA 1020 OCHOBI
€ eKO02IYHO YUCMOIO MA OOCIYNHOIO CUPOBUHOI.

Kniouogi cnosa: cadoso-napkosa apximexmypa, AaHOWAGmuuil OU3alH, apxXimeKmypHi
Gdopmu, cunikamuuii Oemon, 81aCMUBOCMI CUNIKAMHOIL CYyMIlLi, CYYaACHULL NO27A0.

Beryn. Ha mouyatky TpeThOoro AECATHIITTS HAIIOTO CTOJITTS CaJ0BO-TIAapKOBa
apxiTeKTypa 3ailMae CBOIO HIIIy MK apXITEKTypolO 1 OYJIBHUUTBOM. ApPXITEKTOpU
3aliMalOThCsl HAMOBHIOBAHICTIO MPOCTOPY, 3POOMBIIM OCHOBHUM AaKIIEHT HAa BUAU
cnepeny 1 37iBa, gaHAmadTHI TU3aifHEpU BPaxOBYIOTh BCEOIYHHMM IMOTIIS
croctepiraya, pooJisTuu akIeHT Ha TIEPCIIEKTUBY, a B Oy 1IBEJIbHOMY BUPOOHHIITBI BCE
OUTBIII 3HAYYNIMMU CTAIOTh BUPOOM, TaK 3BaHI Maji apXiTeKTypHi ¢Gopmu, sKi
MOBMHHI OyTHM BWUKOHAHI BIJMOBIIHO JI0 JAHAIIA(PTHO-apXITEKTyPHUX 1 €CTETUYHUX
BHUMOT, IO TMPEA'SBIAIOTHCS 10 O00'€KTy O3€NeHEeHHs, 3 MIIHUX MaTepialiB, IIO0
BIJIPI3HSIOTECS BUCOKHUM CTYIEHEM CTIMKOCTI /10 BIUIMBY (PAKTOPiB 30BHIIIHHOTO
CepeIOBHIIIA.

OcHoBHMI TekCT. Y  CaJ0OBO-NIAPKOBIA  apXIiTEKTypl BXKE  CTOPIYYS
BUKOPUCTOBYIOTH BUPOOM 3 YaBYHY, TiICY, MeTalny, OETOHY MJisi MPUKPAC 1 OrOPOXKi
cajiB, CKBepiB, OynapBapiB abo mapkiB. Ll getam He TUIBKKM CTBOPIOIOTH BIIUYTTS
KOM(OPTHOTO BIAMOYMHKY, a ¥ TPAIOTh BEIUKY POJb B JIaHIMIA(THO-ECTETHUHOMY
30arayeHH1 TEPUTOPIi B IIJIOMY.

Ilin MOHATTSAM «Cy4YacHMM NOIJSA» Ha CaJ0BO-NMIAPKOBE MUCTELTBO BapTO
PO3YMITH 1HAMBIAyallbHE CHPUUHATTS OKpemoro croctepirada. KoskHe MOKOMIHHS
MaJo CBId NOMJSIA Ha Te, SK NOBUHEH BUIVIAATH MapkK, caa abo MpocTo
yIOPSAKOBaHA TEPUTOPIS OLIsl KUTIOBOTO OYJIMHKY, BUPOOJISIO CBOIO MOBY (hopM,
CBO1 CUMBOJIIKY 1 Oau€HHS.
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Axmo moBepHytucs Ha 30-40 pokiB TOMy, TO IJis CIOCTEpiradya TOTO Yacy
OyneHHa IeHTpaIbHa anesl mapKy 3 IiFourM (GOHTAHOM ab0 MaM'sITHUKOM, O1J1s1 IKOTO
pO30MTO KBITKOBY KIyMOY 1 HaBKOJIO CTOSIThb JEPEB'SHI JaBKU 3 ypHaAMU — II€
€CTeTUYUH, TOTJISTHYTUH 1, SIKIIIO XO4YeTe, KPaCUBHUI KPaeBU/I.
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Puc.1. ITapk enoxu Pagsacekoro Coro3y

Ha mouatky XXI cTOmiTTSl 3'SBASIOTBCS HOBI TEHACHIII B JaHAMA(THOMY
AU3aiiHl TEPUTOPIH - OPOPMIICHHS OBEPXHI 3eMJIi 3a JOMOMOTOI0 IIe0IHKH 1 OUTOTO
CKJIa, CTaJIeBUM CKpal, rpy0oi yJaMKHu T1pChbKUX TOPiJA, CMYTH POCIUH 1 JOPIKOK, IO
MEPETUHAIOTHCS. 3€JIEHUM pOCIWHAM HaAalTh (QopMH Kyili, KyOy, Mmipamiiay,
3'IBISAIOTHCS (DOPMOBAHI JiepeBa, 3MillaHl MOCAJKU 3 YarapHUKIB Tpepii, sSKi He
noTpedyrTh 0co0JMBOrO A0rIsay. Ha Teputopii mapkiB 1 cajiiB 3'IBJISIIOTHCS Ca0BI
CKYJIBIITYPH ISl JITEH 1 JOPOCIUX, BUKOHAHI 3 PI3HUX MaTepialiiB, MOYMHAIOUN BiJ]
JiepeBa 1 3aKiHIYHOYH APOTOM 1 KaMIHHSIM (puc.2).

CyyacHuil Temn OYJIBHUIITBA HOBHX PAaMOHIB 1 OiaroycTpit iX TepuTopii aJis
3a0€3MEeUeHHS Cy4acHOr0 Ta KOM(OPTHOTO KUTTS B1I0OpakaroTh Cy4aCHUM MiAXiJ 1
pPIBEHBb TEXHOJIOTIi OYy/1IBEILHOTO BUPOOHMIITBA. Y OYiBEILHOMY BUPOOHHUIITBI 3apa3
BCE OLIBII 3HAYYIIMMHU CTalOTh BUPOOM, IO BIAPI3HAIOTHCS BUCOKUM CTYIICHEM
CTIMKOCTI 70 BIUIMBY (paKTOPIB 3OBHIIIHBOTO cepenoBuia. OgHUM 3 TaKUX
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MmaTepianiB 0e3 CyMHIBY € CHJIIKaTHUWA O€TOH, ajke BUPOOM Ha HOTro OCHOBI
BIJIPI3HAIOTHCS €KOJOTTUHICTIO 1 JOCTYMHICTIO CHPOBUHHHUX MaTepiaiB.

B po6orax [1,2,3] moka3aHo, 110 PETyJIIOI0YN BIACTUBOCTI CUIIKATHOI cyMimi 3
BUKOPHCTAHHSAM 3aNPOMOHOBAHOTO aBTOPAMU KOMILIEKCY PI3HHX BHJIIB aKTHUBAIiH,
3a0e3MeYyeHo  OTpUMAaHHS efbeKTHBHHX 1 YMOBHO- efbeKTHBHHX BUPOOIB
TEIUIOBOJIOTICHOTO TBEPJIHHS 3 MOJIMIICHUMH (DI3UKO-MEXaHIYHUMHU 1 OyIiBEIbHO-
eKCIUTyaTaI[iiHUMU BJIACTUBOCTSIMHU (BpaxoByrO4mn MIIBHICTD, MILHICTb,
MOPO30CTIHKICTh, YCaJKy 3 ypaXyBaHHSM TPIIIMHO-, KapOOHI3AIINHOT CTIMKOCTI 1
3HaYeHb BOJHEBOTO IMOKa3HMKAa CEPEJOBHINA) 3a €HEPro30epirarovyor0 JIUTTHOBOIO
TexHojoriero. Takok aBTOpaMH pPEKOMEHIOBAaHO ONTHMAaJbHI CKJIaaH, SKi
3a0e3MeYy0Th OTPUMAHHS KOMITO3UTIB 3 TOJIMIIEHUMH BIACTUBOCTIMU: epeKTHUBHI
noBHoTT Osokm: R.,—B10, p=1350-1400 xr/m?, F50, 2=0.33Bt/m'K, k,=1;
nomatkosi kpurepii  sxocti:  kie=1,5MIla-m®, W=12%, £=0,3mm/Mm, pH=12.
Iycroriai 6aoku: R.,—B7,5, p=1250kr/M°, F50, A=0.3B1/m'K, k,=1; nomarkosi
kpurepii: ki=1,3MIla-m®, W=12%, £=0,2mm/Mm, pH=I12. YmoBHo-edeKTUBHI
noBHOTLT Omoku: R.,—B12.5-15, p=1450kr/M°, F>35, A=0.38B1/m'K, k,=0.95,
nomatkosi kpurepii: ki=1,2MIla-m°, W=13%, £=0,3mm/m, pH=12 [4,5]. Came
KOMIIO3UTH 3 Kk, =1 MOXyThb OyTHM pEKOMEHJOBaHI JJI €JIEMEHTIB JIEKOpYy CaJ0BO-
MapKOBOi apXITEKTYpH Ta AU3AHY IPUMILIEHb.

OpnuM 3 BapiaHTIB BUKOPUCTAHHS TaKUX KOMIIO3UTIB MOXe OyTH BUTOTOBJICHHS
BUPOOIB JJISI BUKOPUCTAHHA Y SIKOCTI MajuX apXiTeKTypHUX (DOpM — JIEKOPATUBHUX
CIIOPY/, SIK1 HE TUIBKM MPUKpPAIIAIOTh, ajieé 1 BUKOHYIOTh 0araTo KOPUCHUX (yHKIIIH.
JIo HUX BIIHOCATBCS CaJIOBI CKYJBITYpPH, JaBKH, (POHTAHUMUKH, CTABKHU, Ba30HU Ta
Oarato iHIoro. Bee 11e opraHiyHO BIUCYETHCA B 3arajibHY KOHIICMIIIIO 0J1aroycTporo
TepUTOpid, Oyaydd TMpU 1UHBOMY AaKIEHTHUMH TOYKAMHU, B 3aJie)KHOCTI BiJ
MJIaHYBAJIBHOTO PIIIEHHS.

OcTanHiM yacoM B MicTax HaOyJIu TONIMPEHHs, HAMPUKIAJ, CIeliali30BaHi
KBITKOB1 MOJTyJi 200 KBITKApKH, SIK1 BIIMIHHO BIUCYIOTHCS Ha TEPUTOPISIX 3 BUCOKUM
piBHEM OJIaroycTporo JiJIsl BIAMOYMHKY TopoisiH. Lle cremianbhi mpuctpoi abCcomroTHO
pi3HEX (HopM, 3 pI3HUX MaTepialiB, MPU3HAUCHI VISl BUCAIPKYBAHHS 1 3pDOCTAHHS, K
KBlTyLII/IX pPOCIIMH, Tak 1 BIYHO3EJEHUX Haca/keHb (puc.3). Jlo Takux KBITKapoK
NpEeA'sBIASIOTBCS  OCOOJMBI  BUMOTH:  JIOBTOBIUHICTh,  BOJIOTOCTIMKICTH 1
MOPO3OCTIUKICTh, fAKI JIETKO 3IIHCHUMI B BHUpPO0OaX 3 CHJIIKATHUX KOMIIO3UTIB
TEIJIOBOJIOTICHOTO TBEPIHHSA 3 MOJIMNIIEHUMH (P13UKO-MEXaHIYHUMHU 1 OYJ1IBEIbHO-
eKCIUTyaTaI[ifHUMH BIIACTUBOCTSIMH.

3 ornggy Ha Te, IO B raigy3l JaHAmWa@THOrO Au3ailHy MNPUHHATO
BUKOPUCTOBYBATH 3PYYHI 1 OpUTIHAJBHI €JIEMEHTH, TO 10 TAaKMX MOKHA BIJHECTH 1
OCTOHH1 JIaBKM, BUKOHAHI 3 BUILEBKA3aHOI'0 MaTepiaiy, Kl BIIPI3HSIIOTHCS MacCOI0
nepear. lle 1 JeKOpaTUBHICTb, 1 MIIHICTh, 1 €KOJOT1YHICTh, 1 BOTHECTIHKICTb, 1
HECTIPUUHATIMBICT O aTMOC(EPHUX SBHIII, 1 BOJOTOCTIMKICTh, 1 aHTUBAH/IAJIbHICTD,
1 yHIBepcalbHICTh BUKOpUCTaHHSA. Ha puc. 4 HaBeleHO MPpHUKIaa 3aCTOCYBAHHS TaKUX
MaJiuX apXiTeKTypHUX (OpM B MOETHAHHI 3 KBITKapeM, 110 CTBOPIOIOTh KOM(OPTHY
30HY BIAMOYMHKY MPU OJIArOyCTPOi TEPHUTOPIi, K1 MOKIMBO POOUTH 3 CHUIIIKATHOTO
OeToHY.
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Puc.4. Masa apxitekrypHa (popMa B IOEAHAHHI 3 KBITKapeM

BucnoBku. CporormgHi MM He ysBISEMO €001 mapky a0o mnpuOyIUHKOBOI
TEPUTOPIi HOBOTO JKUTIIOBOIO KOMILJIEKCY 0€3 KackagHux (OHTAHIB, JaBOK,
KBITHHMKIB, BUKOHAHUX, SIK IPABUJIO, B OJHOMY CTHJII 1 3 OJTHOTO MaTepiainy (puc.5).

—

Puc.5. CyyacHa caioBo-napkoBa apxiTekrypa
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Kpim mpsmoi QyHKIIT, BOHH IIIe W NPHKpPAIIalOTh, PO3MEKOBYIOTh, 30HYIOTh
TEPUTOPIO 1 OEPyTh y4acThb B CTBOpPEHHI, O0(OPMIIEHHI Ta OJAroyCcTpPO MiCHKOTO
MPOCTOPY, MIJCYMKOBOIO METOIO SKOTO € e()EeKTUBHE 1 e(DEKTHE TOETHAHHS MaJIuX
apXiTeKTYpHUX (OpM Ta JaHAMA(THOTO TU3ANHY.
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Abstract. The construction of new areas and the improvement of their territories to form a
comfortable and cozylife reflect the modern level of construction technology.

For centuries, landscape gardening has been using cast iron, plaster, metal, concrete
products to decorate and enclose a garden, square, boulevard or park. These details don't only
create a feeling of comfortable relaxation, but also they play a large role in the landscape and
aesthetic enrichment of the territory as a whole.

In the construction industry, products, the so-called small architectural forms, are becoming
increasingly important. They must be performed in accordance with the landscape-architectural
and aesthetic requirements that are presented to the landscaping object, from durable materials
that are characterized by a high degree of resistance to environmental factors. Silicate concrete is
undoubtedly one of such materials, because products based on it are environmentally friendly and
affordable raw materials.

Keywords: garden-park architecture, landscaping, architectural forms, silicate concrete,
properties of silicate mixture, modern look.
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DEVELOPMENT OF THE COMPLEX FOR CARDIOPULMONARY

AUTOMATIC RESULTS MECHANICAL CONDUCTING.
PO3POBKA KOMILIEKCY JIJISI MTPOBEJAEHHSI MEXAHIYHOI CEPIIEBO-
JIETEHEBOI PEAHIMALIII AUTOPULS.
Vorobyov A.A. / Bopo6iios O.M.
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Anomauia. Y cmammi posenanymo po3poOKy Komniekcy Ol NpOBeOeHHs MeXAaHIYHOI
cepyeso-necenegoi peanimayii AutoPuls. Taxooic HagoOsmbcs 11020 npesacu neped CXOHCUMU
anapamamu ma 1o2o HeOONiKU 3d2AllOM, HA OCHO8I AKUX PO321A0aAl0MbC sl NePCHEeKMUsU ma cnocoou
11020 YOOCKOHANEHHS.

Knrwowuosi cnosa: peanimayis, meouyuna, CJIP (cepyeso-necenesa peawnimayis), AutoPuls,
nyavc, EKT, enekmpoo, pene.

Beryn. Metoro naHoi cTaTTi € po3po0Ka KOMIUIEKCY JIJIsi MEXaHIYHO1 CEepIIeBO
JIETEHeBOi peaHiMallli B CUIbCHKIM MICIIEBOCTI, JI€ PIBEHb MEIUIIMHU € JIOCHUTh
HU3BKUM Ta XapaKTEPU3YEThCS HECTauero KBajll(pikoBaHUX MEIUYHUX TMPAIIBHUKIB, B
MOJILOBUX YMOBAaX, KOJIM HEOOX1HO MIBUJIKO BUHECTH MOTEPIIIOrO 3 MiCIs 00HOBUX
¥, 10 Ha TaHWH MOMEHT € Jy’K€ aKTyaJIbHHM, a TAaKOK BUSBIICHHI MOYKJIMBOCTEH Ta
HaIpSMKIB OTO PO3BUTKY, BAOCKOHAJIEHHS Ta 3aCTOCYBAaHHS I[bOTO KOMILICKCY.

B crarTi HaBemeHo aHai3 OCTaHHIX JOCHIPKEHb Ta MyOdiKamii B Tramysi
aBTOMATH3allli CEPIICBO-JICTCHEBOI peaHIMaIlii, B SKHUX 3all0YaTKOBAHO PO3B’sS3aHHS
npoOjeM, TMOB’s3aHUX 3 OyJOBOIO amapaTiB  Ta 3ampolOHOBAHO BapiaHTH
BJIOCKOHAJICHHS IOTO KOHCTPYKIIIi.

OcHOBHA YacTHHA.

Ha nanmii MomeHT icHye moTpeba y po3poOili KOMIUIEKCY [JIsi MEXaHIYHOI
CepIIeBO JIETEHEBOI peaHiMallli SKUW 3MOXKE TOJIETIIUTA POOOTY MEIUYHUM
MpaliBHUKaM B CIJIbCBKUX MICIIEBOCTSX JIe¢ PIBEHb MEAMIIMHU € JIOCUTh HU3BKHUM Ta
HECTayero KBai(PIKOBAHUX MEIMYHUX MPAIIBHHUKIB Ta B IMOJbOBUX yMOBaX, KOJH
HEOOX1JHO WIBHUJIKO BMHECTH MOTEPIUIOro 3 Micls OOMOBHUX Jiil, 10 HAa JaHUU
MOMEHT € JIy>K€ aKTyaJbHUM.

CeplieBo-JIeTeHEBO-MO3KOBa  peaHiMarliss  (pecycuuramisi, CJIP,  aHrm.
cardiopulmonary resuscitation, CPR), - 1e HeBiAkIagHa MEAWYHA MPOILEAYpa,
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CIIpsIMOBaHa Ha BIJHOBJICHHS JKUTTEIISUIBHOCTI OpraHi3My Ta BHUBEJEHHS HOro 3i
CTaHy KJIHIYHOI cMepTi. BKiroyae mTydHy BEHTUIISIIO JIETEHIB (INTYYHE AUXAHHS)
Ta KOMIpecii pyAHOT KIITKU (HEIPSMUN Macax cepus).

[Tounratr CJIP moctpaxmamoro HeoOXimHO skomora paxime. [Ipu 1pomy
HAsIBHICTb JIBOX 13 TPHOX O3HAK KJIIHIYHOI CMEPTI - BIICYTHICTh CB1IOMOCTI 1 ITYJIBCY -
JOCTaTHI CBITYEHHs JJIs 11 MOYaTKy. 3aCHOBHUKOM CEpIIEBO-JIETEHEBOI peaHiMallii
BBa)Kae€TbCsl aBCTpiichkuid jikap Ilerep Cadap, iMeHEM SIKOTO Ha3BaHO MOTPIMHHIA
npuiiom Cadapa.

IToxazanus no npoeaenns CJIP:

e Bi/ICYyTHICTh CBIJIOMOCTI

e BiacyTHICTh TUXaHHS

eBincyTHICTh mynbcy (epeKTUBHINIE B Takii CHUTyallli MEpeBIpSTH MyJIbC Ha
COHHHX apTepisix)

[lepmi kmiHIYHI BUnpoOyBaHHS MexaHiyHOi xkuietHoi CJIP Oynu mpoBeneHi
H.R. Halperin B 1993 poui. OpHiero 3 TakuxX KOHCTPYKTHUBHUX PO3POOOK €
peaniMamiiina cucrema AutoPulse, mo Bumyckaerbcs ¢ipmoro Zoll, sxa e
Moaudikariero kunetHoi CJIP 3 BUKOpPHUCTaHHSM PO3MOAUTY HABAHTAXKEHHS
KOMITPECIHHOTO PEMEHS.

Cuctema AutoPulse mpusHaueHa Jjist pea”imMaliii 1o0pociaux Jiroaen Big 18 pokis
1 crapmre. AutoPulse sBisie co0010 MPUCTPIM, MO CKIATAETHCSA 3 IIUTA, HA SKOMY
PO3TaIIOBYETHCA MAIlIEHT, 1 OXOIUTIOE TPYAHY KIITKY MAIllEHTAa PEMEHs, SKUW TMpU
3aKpIIUICHH] Ha TAIllEHTa aBTOMATHUYHO CTATYETHCS HABKOJIO TPYAHOT KIITHHHU 1
npoBoauTh Komrmpecii. [Ipamroe sik B OesnepepBHOMY pexuMi (B pa3l MPOTEKIi
TUXaIbHUX MUIAXIB), TaK 1 B criBBigHOIIeHHI 30: 2, 3 1BOMa MOCTIJOBHUMH T1ay3aMu
no 1,5 ¢ ayis mpoBeeHHs TYYHOTO JUXaHHS Y MAIi€eHTIB 0€3 MPOTEKIli TUXalbHUX
nuisixiB. OCHOBHAa 4YacTMHA peaHiMmaliiHoi cucteMu (puc. 1) - posmojaiise
HAaBAHTA)KEHHS KOMIPECIMHUI peMiHb, IO po3noaulsie HaBaHTaxeHHs (LDB -
loaddistributing band) Ta cknagaeTbcs 3 MOKPUBHOI IJIACTUHU 1 JBOX JKTYTIB,
3'eIHAHUX 3 KOMIIPECIMHOI HAKJIAJKOI0 3a JIOMOMOIOK0 3acCTiOKH, 1 € OJTHOPA30BUM.
[Ipuennannii 1o mnargopmu AutoPulse, pemiHb aBTOMAaTHYHO MIATAHAETHCA IIA
po3Mipu TmaiieHTa 1 3abe3nedyye CTHCHEHHS TpyaHol KmTHHH. HamiBkpyxHa
KOMIIpecist TpyaHoi KmTHHH 3a jgonomororo AutoPulse 3a0esmeuye 3HadHe
3MEHIIeHHs ii 00'eMy, Ta, BIJIMOBIIHO, 30UIbIIEHHS BHYTPUIPYIHOTO THCKY 0e€3
HeOe3MeKN TPaBMaTUYHUX MONIKOIKEHb, OCKUIBKH BUKJIIOYAETHCS TOJATOK 3YCHILIS
TUIBKY B OJIHIN TOYIll KOMIIpECii, Ik mpu npoBeeHHi ctanaapTHoi CJIP.

[lepeBaru cucremu:

e MokHa BUKOPHCTOBYBATH Y PYCI.
e Benuka TOUHICTB.
e Jlerkwii Ta HaAIWHUNA Y BUKOPUCTAHHI.

Henomniku cucremu:

e Hewmae cucremu aBromaruunoi LIIBJI (1nTyuHoi BeHTHIALIT JIereHb), 1i
Tpeba MPOBOJAUTH PATYBAIBHUKAM CAMOCTIHHO.

o Jlnsa migkmrouenns AEJ] (aBromatuunuii enexktpoaediopuinsatop) noTpioHo
MOBHICTIO BIAKJIIOYATH CUCTEMY Ta 3HIMATH PEMEHI, Ha BCTAHOBIICHHS SKUX

ISSN 2567-5273 92 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 / Part 1

MOTPIOHO HE MEHIIIE XBUJIUHHU.
e Hewmae cuctemu, 1o perystoe BiTHOBICHHS KUTTEMISUTBHOCTI.

Puc. 1. Peanimaniiiaa cucrema AutoPulse

Ha ocHOBI mpoBeneHOro JOCHiIKEHHS OyJo B3HAWACHO NUISIX PO3pOOKHU
peaniMariiftHoro komriiekey (puc. 4). Tak sk AutoPuls npusHadenwmii ayis peanimartii
y pyci, AyXe BaKJIMBUM € MMOBHA aBTOHOMHICTb CUCTEMH. ToMy, K BapiaHT, MOXHa
BcTanoBuTH B HHOTO cucteMy IIIBJI xommanii TOB "Mencepgic [Tmtoc JITHA" (puc.
2). Ii Tpeba mimkmouaTH OKpeMo, ale 3acTOCYBaHHS Ili€i TEXHOJIOTII JOMOMOKE
miaBuuTH edextuHicTh CJIP.

Puc. 2. Anapar HIBJI

[inpoBot0  QyHKIIEI eIeKTpo(di310MOriyHOI — amapaTypud CJiJi BBa)KaTH
oJepKaHHS BIJOOpaXEHb TMPOIIECIB, IO MPOSBISIOTHCS B 3MiHI EIEKTPUIHUX
napameTpiB — MACUBHUX EJICKTPUYHHUX BJIACTUBOCTEH a00 piBHIB O10MOTEHITIANIB; a00
YHICENIbHUX 3HAUY€Hb JESKUX EJIEKTPUUYHUX BJIACTUBOCTEH O10TKAHWH, OJHO3HAYHO
MOB'SI3aHUX 3 MPOLIECAMHU, 1110 MTPOTIKAIOTh Y 61000’ €KTI.

[Ipu peectpanii O10MOTEHIIATIB BUMIPIOBAIbHI €JIEKTPOAM MIAKIOYAIOTH 10
oOnagHaHHs 3 nepBUHHOI 00poOku (OIIO), mo MICTUTH NIACUIIOBAIBHY YacTHUHY
(ITY) enektpodi3i0NOriyHOrO Npuiagy abo KOMIUIEKCY, OCHOBHI Mpo0jieMu
OPOEKTYBaHHS SKOi TMOB'SI3aHI 3 PO3POOKOI0 TaK 3BAaHMX  IIIJICHUJIIOBAYIB
oionorenuianis (IIBII). CxeMmo-TexHiUHE pIMIEHHS LbOTO BYy3Ja 3aJIEKUTH BIA
XapaKTEPUCTUK CHUTHAY, IO PEECTPYETHCS, MICUA HAKJIAJEHHS €JEeKTpoAa 1 Horo
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B3a€MOBIUINBY 3 IHIINMH e€JIeKTpoJaMu «BiaBeleHHA». Came B 3a0e3ledeHH]
HEOOXITHOTO KOHTAKTy OI0JOTIYHOTO 00'€eKTa 3 €JIeKTPOAOM, SKUH € BXITHIM
€IeMEHTOM IIIJICIUIIOBaya, IOB'S3aHO 0araTo TEXHIYHUX IPOoOIeM IMpOeKTyBaHHA
BX1JTHIIX JIQHITIOT1B MIJCITIOBATBHIX BY31IB IIHOTO BIIY MEINYHOI aapaTypu.

Enextpuunnii curran ceprs gomoMoske 3adiKcyBaTH eIeKTpoKapaiorpama. Y
JaHOMY BHIIQJIKy HaM He moTpiOHa HajackinagHa cucreMa EKID, amke y 3Bs3Ky 3
JaHUM KOMIUIEKCOM HaM HEOOXIIHO JHIIE 3apeecTpyBaTH E€KIeKTHYHUII CUTHAT
cepiyi, mo OyAe CHTHANI3YBaTH IPO BITHOBIEHHSA CaMOCTIHOTO CEPIIEBOIO PHTMY.
Jlna mporo Haiikpamie MITIAAYTH OJHOpa3oBl enekTpoan kommaHii ZOLL (puc. 3).
ITeil enekTpruHMii curHai Oyae nepeaaBaTUCs OO €IeKTPOMAarHITHOIO pele 3 THIIOM
MoHTaxXy Ha DIN-peiiky, skuii y CBOX 4Yepry BHMKHE amapar, IO JIOIIOMOXKeE
3al100ITTH MOPYIIEHHIO BITHOBIEHOTO PUTMY Ta 3aBJaHHS IIOCTpaKIaloMy 3aifBoro
CTpecy Ta 00JIbOBIX BLIUYTTIB.

Puc. 4. 3anpononoBaHNH KOMILIEKC /ISl IPOBeleHHS] MeXaHIYHOL
cepleBo-1ereHeBoi peaHimMaii: / — niamgopma 3 6MOHMOGaHUM pene | peMeHAMU

PeanimamiiHnii KOMIIIEKC OTpUMaHHS €JIeKTPUYHOTO CHTHAITy Ceplis HaBEIECHO
Ha puc. 4.

Otxe, Take yJOCKOHAIIEHHS JOIIOMOJXKE CYTTE€BO YCYHYTH HEJIOIIKU amapaTy Ta
IIOCTAaBUTH IOTO IM03a KOHKYPEHIUI 31 CXOXHMH amapaTaMi, a TaKOX JO3BOJUTH
OIABUOMMTH €(EeKTHBHICTh PEaHIMAIlIHUX 3aXO0JIB Ta 3MEHIINTH PU3HK CMEPTI
IIOCTPaXKAAJIOro.

ISSN 2567-5273 94 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 /Part 1

BucHoBku. Po3poOka KOMIUIEKCY IJIsl MPOBEACHHS aBTOMATUYHOI CEpLEBO-
JIeTeHEeBO1 peaHiMallii CIpsMOBaHa, B MEPILy Yepry, Ha YCYHEHHs TaKMX HEIOJIKIB,
K BIJICYyTHICTb PETYJIOI0UOI CHUCTEMH BIJHOBJICHHS JKUTTEAISUIBHOCTI, WO B
IIMPOKOMY KIIIHIYHOMY 3aCTOCYBaHHI JIO3BOJISE€ MOKPAIIUTH €(EeKTUBHICTH POOOTH
TaKUX amapariB Ta IMOJIETHIUTH pOOOTy pATYBAJbHUKAM, a TaKOX JOMOMOXKE
MIBUIIUATH KUIbKICTh BPSITOBAHUX JKUTTIB.
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Abstract. The article deals with the development of the complex for the mechanical
cardiopulmonary resuscitation AutoPuls. It also outlines its advantages over similar devices and its
disadvantages in general, on the basis of which prospects and ways of its improvement are
considered.

Key words: resuscitation, medicine, CPR (cardiopulmonary resuscitation), AutoPuls, pulse,
ECG, electrode, relay.

Crarts Bignpasiena 03.03.2020
© Bopo6iioB O.M.

ISSN 2567-5273 95 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 /Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit1 1-02-025
DOI: 10.30890/2567-5273.2020-11-02-025

V]IK 615.471
IMPROVEMENT OF THE EXTRACTS OF THE ROBOTIC SURGICAL

SYSTEM

BJIOCKOHAJIEHHSI KTHIIIBOK POBOTHU30BAHOI XIPYPITYHOI CUCTEMHU
Vorobyov A.A. / BopooiioB O.M.
senior Lecturer. /cmapui. GuUKi.
ORCID: 0000-0001-5314-1075
Golova O.A. / T'oa0oBa 0.0.
c.L.s., as.prof. / K.m.H., 0oy.
ORCID: 0000-0002-4903-4450
Lazarchuk-Vorobyova J.V./ Jlazapuyk-Bopoo6iioBa 10.B.
assistant/ acucmenm
ORCID: 0000-0002-7866-3299
Zubritskiy V.0./ 3r00puubkuii B.O
student/cmyoenm
National Technical University of Ukraine «Igor Sikorsky
Kyiv Politechnic Institutey, Kyiv, Prosp. Peremohy 37, 03056
Hayionanvnuu mexuiunuu ynieepcumem Yxpainu
«Kuiscoxuit nonimexuiynuiil incmumym
imeni lzopsa Cikopcwvkozoy, Kuie, np. [lepemozcu 37, 03056

Anomauia. Y cmammi pozensanymo cnocio moougpixayii pobomuzoeano2o Xipypeiunozo
MAHInyIsImopa 3a paxyHox cHYuKux eiemMenmis 6 KOHCMpPYKYii 3 Memoro nio8uwjeHHs moyHocmi ma
c60000u 0ill cneyianicma.

Kniouosi cnosa — xipypeiuna cucmema, eHOOCKONiuHAa Xipypeis, pobomu3zosauna Xipypeis,
CHYYUKUU MAHINYAAMOp, 2HYYKUU BAl.

Beryn. PoGotuzoBana Xipypris [03BOJISIE BHKOHYBAaTH CKJIaAHI 1 JoOcCi
HEMOJKJIMBI OIepaliiiHi BTpy4YaHHS 3a PAXyHOK BHUKOPUCTAaHHS pPOOOTHU30BAHUX
MaHinmynsaTopiB Ta 3D kamep. 3aBasiku poOOTHU30BaHINM €HIOCKOMIUHIN Xipyprii cTaau
MO>KJIMBUMU 3LIMBAaHHS HEPBIB, CYAMH Ta 1HII MEHII TpaBMaTU4Hi onepaiiii. Bce e
PO3UIMPIOE CHEKTP MOKIMBOCTEH JIiKaps, TOMY IO BIH OTPUMaB KOMILIEKC
IHCTPYMEHTIB, SIKI pOOJISITH MOro il TOYHIMIMMHU Ta aKypaTHIIUMU. AJie € KyOau
YAOCKOHAJIIOBATH IIeH Mpuiiaj — 3anpornoHOBaHa y poOOTI Moaudikallis MiABUIILYE
THYYKICTh 1 CTYHiHb CBOOOJM MAaHIMyJISATOpa, IO 3HAYHO MIJBUIIUTH SKICTh
OTIEPaTUBHOTO BTPyUYaHHSI.

dopMmyBaHHA 1JIel (MocTaHOBKA 3aBAaHHs). MoaudikyBaTu eI1eMeHTH, 110
3a0e3MevyyroTh THYYKICTh 1 CBOOOAY KIHIIIBOK MaHIIyJIATOPA.

OcHoBHa 4actuHa. [IpoBigHOIO KOMMaHi€w Yy Tamy3l poOOTU30BAHOI
EHJIOCKOIT € aMmepukaHChka KomraHiero Intuitive Surgical, sika po3pobuia -
pobotu3oBany xipypriuny cucremy Da Vinci Surgical System. Jlns B3aemomii 3
MaIi€eHTOM ISl CHCTEMa BHKOPHCTOBYE KoMmIuiekc i1HCTpyMeHTIiB EndoWrist. Ileit
KOMITJIEKC Ma€ ycl HEoOX1JHI 1HCTPYMEHTH JJid €HIOCKOIIYHOI Xipyprii, Taki, SK
TOJIKOTpUMAYi, CTEIUIEPH, 3AKUMHU, TPUMaUl, HOXKHIII, CKaTbIIEeI.

B Tpanuuiiiniii 1 poboTH30BaH1i XIpyprii iICHYIOTh JBa THUIM €HJOCKOMIB: TPsMi
1 THyuyki. ['Hyyki €HJIOCKONHM 3aCTOCOBYIOTHCA VY CKJIQJHINIMX BTPYYaHHSX, J€
NOTpiOHO OUIbIlIa PYXOMICTh MaHinyJaTopa. OCHOBHOK YaCTUHOIO €HIOCKOMIB YCIX
TUIIIB € pyKa MaHINyJsAaTopa, 0ecrnocepenHbo 10 SKOi 3aKPIILUIOETHCA XIPYpPriUHHMA
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IHCTPYMEHT.

Puc.1 Ilpukiaan iHCTpYMeHTIB XipypriuHol CHCTEeMH:
1- conkompumad; 2-Hoorcuyi; 3-3ascumil; 4-xoazynamopu, S-ckanvhnenb.

Puc.2 ErnockonivyHuil «Iy40K» 3 THYy9YKHMH MaHIMY/JIATOPaAMH.

Puc.3. Po6oua yacTuHa 6a30BOro MaHimy./sitopa:
1-pyka maninynamopa; 2-kucmo ; 3-kopnyc 014 3axéamy ;| 4-uikie; 5-mpoc;
6-3axeam.
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3a paxyHOK 30UIBIIEHHS CTYIIEHIB CBOOOAN PYKH MAHINYJIATOpa MH MOXKEMO
30UTBIIUTI 3PYYHICTH, TOUHICTD, IMBUIKICTh BUKOHAHHSA OTIepAITii.

ViopaBmiHHA MaHIIYIATOPOM 31HCHIOETHCSA 3a PaXyHOK CHCTEMH TPOCIB, SIKI
OpUBOIATH B pPyX poGody YacTHHY 1 MNPHKPILIAIOTECA A0 pobGoYoi YacTHHI,
IPOXO/ISUN Yepe3 BeCh MAHIIIYIIATOP, JI€ IX HATAT PEryII0Th €1eKTPOIBUTYHIL.

Ane Mu GadunmMo Jemio OOMEXKEHMIl CTYyIiHb CBOOOMN, IO, B CBOIO Uepry,
3BY)KY€ MOJMIIMBOCTI JUIA BTpYYaHHS. 3a/UIs MONIMIIEHHS PYXOBHX XapaKTepUCTUK
crcTeMn HaMu OyJI0 3allpOIIOHOBAHO BIPOBAJNUTH B 0a30By KOHCTpYKIIIO (puc. 4)
«THYYKI eJIeMeHT» (puc. 5).

[myuknit Bax (4) 3a JOIOMOTO0 TPOCiB (5) MIATPIMYE CHCTEMY IMTOB3IOBKHIIX
Ta MoIepedyHNX oceil obepTanHA. Bin BOyqoBaHUiT B KOHCTpYKIO 6a3u (1), obeprae
wiathopmy (2), sfka M03BOIsIE OOepTATH HABKOJIO CBO€l OCl KIHIIEBY YacCTUHY

MaHIMyJIATOpa — TpuMad (3) M1 pI3HUMHI KyTaMH 3THHY IHCTPYMEHTA.

Puc.4 lIpukiaaag moaudikoBaHoi Bepcii MaHIimyJIATOpa.

IToB3m0BXHI ITomepeuni oci

Puc.5 BayTpimus 0yaoBa MmoangdikoBaHOro MaHimy/JIsiTopa: cucTeMa oceii

[TopiBHSHO 3 6a30BOIO BEPCIEI0, Y 3aIPOIIOHOBAHOI HAMI KOHCTPYKITIT 3’ IBUIACS
MOJKJIBICTh OOEPTaHHA MaHITYJIATOpa M KyToM OuIbIne Hix + 90°.
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Puc.6 /lemoncTpanis MoxanBocTell MoangikoBaHoOI Bepcii.

BucnoBku. CTaTTs po3risgae OauH 13 coco01B Moaudikamii poOOTH30BaHUX
MaHIyATOPIB 3 METOI IMJIBUINEHHSI TOYHOCTI Ta CBOOOAN MAaHINMYJIAIIITHIX i,
IO MpHU3Bee MO0 IMOJETIIeHHS MPOBEICHHS XIPYPridHOro BTpydaHHs. J[o Toro X,
cucreMa MoXxe OyTH BHKOpHCTaHa He TUIBKH y cdepl MemumumHH, a # Yy
KOCMOHABTHIII, MIKPOEITEKTPOHIII Ta B 1HIINX TaTy35X.

Jlana po6oTa MOJKe CTaTH OCHOBOIO JIUIS IOJAIBINNX BIHAXO/IB 1 TPOEKTIB.

Jliteparypa:

1. Da Vinci Instruments [Enexktponnuii pecype]. — 2018. — Pesxxum qoctymy 10
pecypcy:
https://www.intuitive.com/en-us/products-and-services/da-vincy/instruments##

Abstract. The article deals with the modification of a robotic surgical manipulator by flexible
elements in the structure in order to improve the accuracy and freedom of action of a specialist.

Keywords - surgical system, endoscopic surgery, robotic surgery, flexible manipulator,
[flexible shafft.

CratTsa Biampasiena 05.03.2020
© Bopoo6iioB O.M.
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VIIK 504.064
DETECTION THE BIOLOGICAL EFFECT OF RADIO WAVES FROM

MOBILE PHONES USING THE GROWTH PHYTOTEST
BUSABJIEHHS BIOJIOTTYHOT' O E®EKTY PAJIIOXBUJIBOBOT'O
BUITPOMIHIOBAHHSI BIJI MOBUUIbHUX TEJIE®@OHIB 3 BUKOPUCTAHHSM
POCTOBOI'O ®ITOTECTY
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Ginkovskaya A.S./I'inbkoBcbka A.C.

stud./ cmyo.

Semenyuk S.K./ Cemenwok C.K.

c.b.s., as. prof. / k.6.H., doy.

Akimova M.O./AkimoBa M.O.

assistant/ acucmenm

Kherson State University, Kherson, University str., 27, 73000
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Anomauia. Padioxsunvoee UnpominO8anHsa 6i0 MOOIIbHUX melehonie snausac Ha pooomy
KAIMUH JICUBUX OP2AHIZMIB, WO CMAHOBUMb Hebe3neKy 0Js 300po8 s Kopucmyeadis. B pobomi
docrnidacysanacs modicaugicms sukopucmanus npoepamu « Ultimate EMF Detectory 015 MooOintbHux
menegonis «Androidy i ¢pimomecmy npopocmaroye HACIHHA POCIUH Ol CIMAHOBIEHHS Oe3NeUHOT
8i0CmaMi midic cnodcusaiem i MOOLTbHUM MeNehOHOM 8 PeAHCUMI OYIKYBAHHL.

Ilpoepama «Ultimate EMF Detectory i nopmamueruti mecmep eleKmpoMAacHimHO20 NoJisl
«KKMoon GM 3120» susasuiu nebe3neunuil pideHb padioxsuibo08020 GUNPOMIHIOBAHHS JTuUlUe 8
be3nocepeoHuiil bauzbKocmi 8i0 MoOIILHO20 menehony, AKutl mecmysascs. Boce na giocmani 25 cm
810 npunady npospama 3apeecmpysana auuie npupoone ceomaznimue noie 3emai. Tooi sk ananiz
PpOCmoBuUx napamempie KOpeHis i enikomuiié npopoCmKi6 AUMEHI0 NPU pexcumi npopowysans 12
200uHn ceimno / 12 200un mempssa noxasaé CMamucmudHo OOCMOGIpHUL OionociuHull egpexm
BUNPOMIHIOBAHHS 810 MODOLIbHO20 menedhony Hagimb Ha siocmani 2,0 m 6i0 npunady. Ilpu yvomy
BUSAIBNIEHA POCMOBA BION0BIOb 3aedcand 6i0 8i0cmaHi 8i0 MoOiLIbHO20 menehony i Hocuid
cumycoioanvHull  xapakmep, W0 003601A€ NPUNYCMUMU  HAABHICMb  eeKmy Pe30HAHCY
eNeKMPOMACHIMHUX X8UTb 810 MOOLIbLHO20 menedony. Busenena 6 x00i 00cniodiceH s 3aneHCHicmb
xapaxkmepy pocmogoi 8i0nog8idi MOOeNIbHUX POCAUH 80 NPUCYMHOCII BUOUMO20 C8IMIA C8I0YUMb
Ha KOpUcmo pe2ylisamopHO20, d He MPABMAMUYHO20 6HIUBY BUNPOMIHIOBAHHA 6i0 MOOLILHO20
menegony Ha pO36UMOK NPOPOCMKI AUMEHIO.

B yinomy 6yno nokasano, wo KoHmponowui npuiaou He 00360J10Mb GCMAHOBUMU Oe3NneYHY
8I0CMAaHb MidHC MOOITbHUM MeNeQOHOM 8 pPedHCUMi OUIKYBAHHS [ KOPUCMY8A4eM, OCKIIbKU He
BUABNAIOMb  OI0ON02IYHO  eheKmuBHi  pi6HI  paAdioX6UNTLOBO2O  BUNPOMIHIOBAHHS,  MPUBAIULL
HEKOHMPONbOBAHUI GNIIUS AKUX MOCE MAMU Henepeobayy8ani HacIioKu 0is 300p08 5 TIOOUHU.

Kniwowuosi cnoea: paodioxeunvose SUNPOMIHIOBAHHS, MOOIIbHUL  menedoH, bOesnexa
KOpucmygawnHs, 6iono2iuni epexmu, pocmosuii hpimomecm.

Beryn. IlpoBeneHi HaykoBi JOCHIKEHHS IMOKa3aiM, IO BHCOKOYACTOTHE
PalOXBUILOBE BUIIPOMIHIOBAHHS BiJT MOOLIBHUX TeJIe(OHIB BIUIMBAE Ha POOOTY
T€HEeTUYHOIO amnapary >KHUBUX OpraHi3MiB, BUKIMKA€E B KIITHUHAX OKCHUJATUBHUM
cTpec, MPOBOKYe HakonmuueHHs nomkoxeHs B JHK [4, 11], mo, B cBOW uepry,
JOCTOBIPHO MiJBHUIILY€E PU3UK PO3BUTKY PAKOBHUX Ta I1HIIUX 3aXBOPIOBAHb OPraHizMy
[5, 13]. Ilpu upomy, BUMKHEHHMH TelIeQOH CTBOPIOE HABITh OLIbII I1HTEHCUBHE
€JIEKTPOMATHITHE TI0JI€ TIOPIBHAHO 3 TeNe(hOHOM B PEKUMI «3B'S30K», 110 TOB'SI3aHO 3
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0COOJIMBOCTSIMU POOOTH MOOUTHHUX TeNe(HOHHUX MEPEX: KOJIU TeJIe(OH YBIMKHEHUI
1 He BUKOPUCTOBYETHCSI, BIH HAJCUJIA€ CUTHAIM JJIA 3'€IHAHHS 3 CYCITHIMU BHUIIKAMHU
CTUIBHUKOBOTO 3B'SI3KY 1 LI€¢ CHUTHAJbHE BUIIPOMIHIOBAHHS MOXE OyTH BHILIUM, HIXK
piBEHb BUIIPOMIHIOBaHHS, SIKUI TeHepyeThes Tenedonom mif yac po3mosH [10]. Kpim
TOr0o, OyJ0 BCTaHOBJEHO, IO pIBEHb pPaJIOXBUIBOBOIO BHUIPOMIHIOBAHHS BiJ
MOOUTEHOTO TeNe(OHY 3HAYHOIO MIPOIO 3aJIeXKHUTh BiJ (ipMH, sika BHpPOOJse HaHi
npunaau [10].

[Mopanein mociimkeHHs O10J0TIYHOI i1 PagiOXBUIBLOBOTO BHUIIPOMIHIOBAHHS
BiJl MOOUIBHOTO TeNePOHY MOKa3aiH, IO €PEeKT 3aNeKUTh HE TIIbKU Bl 4acTOTH 1
TPUBAJIOCTI BUKOPUCTAHHS NPTy, ajie i BiJ BIACTaHI Npuiiafy Big opraizmy. [lpu
bOMY BHSBJIEHHS TOro ¢akry, mo B pexumi "Bukimoueno" tenedoH reHepye
IHTEHCUBHI PaJIOXBWJII, MOCTABWJIO NUTaHHS MNpo O€3MeKy HOCIHHS BUMKHEHOIO
TenedOHy B KUIIEHSX OJATY, pO3MilleHHs TenedoHy Ol JikKKa CIUISTYOl JIFOAUHU 1
T.H. [10].

Ha croroanimiHiil eHs HI y KOTO HE BUKIIMKAE CYMHIBY MOTEHIIIHA HeOe3meka
BUKOPUCTAHHA MOOUTbHUX TenedoHiB crnoxuBadyamu. OpHak, TeMI 1 BHUMOTH
CY4YacCHOTO KUTTS HE J1I03BOJISIIOTh BIIMOBHUTHCS BiJ MPUIIAJIIB TAKOTO TUIY. Y 3B'SI3KY
3 BUIICBUKIAJCHUM, AaKTyaJIbHUM € 3JIMCHEHHS KOHTPOJIO IHTEHCHBHOCTI
PaIIOXBUJILOBOTO BHUIIPOMIHIOBaHHS BiJi MOOUIbHUX Tele(OHIB 1 BCTAaHOBJICHHS
0e3neuHrX MPOCTOPOBUX MEXK IiJ] YaC KOPUCTYBAHHS O3HAYEHUM MPUIIAJIOM.

Cnin 3a3HauuTH, 10 NpodeciiiHl BUMIPIOBaIbHI NMPUIaAX KOWTYIOTh JOPOTO 1
HE JIOCTYIHI ISl PSAJ0OBOTO crokuBaya. HemonaBHO B iHTEpHET MeEpexi 3'sIBUBCS
oeskomroBHui gomarok «Ultimate EMF Detector» mis moOubHHX TenedoHiB
«Android», Akuil 103BOJISIE BUMIPIOBATH HAINPYKEHICTh €JIEKTPOMArHiTHOTO IOJIS.
Ockinbku Henpo@eciiiHl BUMIpIOBaJIbHI MPOrpaMH Ha CMApT(OHAX TOCUTH CUIBHO
KPUTUKYIOTBCSI, BHUHUKA€ HEOOXIIHICTh TMEPEBIPKM MOXKIMBOCTI BHKOPUCTAHHS
nporpamu «Ultimate EMF Detector» 151 BCTaHOBIJICHHS PIBHS BUIIPOMIHIOBaHHS Bij
MOOUIbHOTO TenedoHy 1 BHU3HAUCHHsS O€3MeYHOi BIACTaHI MK TeIePOHOM 1
OpraHi3aMOM JIIOJIMHM MiJl Yac KOPUCTYBAaHHsS O3HA4eHUM mpuiagoMm. [lpu 1pomy
KOHTPOJIBHI 3aX0JIM HE TMMOBUHHI 0OMEKYBaTHUCS BCTAHOBJICHHSM BIIMOBIAHOCTI PiBHS
BUIPOMIHIOBaHHS JIIFOYUM HOPMATHBaM, ajie i OyTH MiATBEPPKCHUMHU BIJCYTHICTIO
O1losioriyHUX €(eKTiB Ha )KMBUX CUCTEMaX Ha BU3HAYCHIHN BIJICTaHI.

Crorogni OilojoriyuHa Oe3meka eJIeKTPOMAarHiTHOrO BHUIIPOMIHIOBaHHS Bij
OpWIAAiB OLIHIOETECA Ha KyJIbTYpl KIITHH JIOAWMHH, HA TBAapWUHAX, POCIHHAX,
Oaxtepiax 1 T.H. Cepen 010TECTIB, SIKI BUKOPUCTOBYIOTHCS, HAWOLIBII TOCTYITHUMH €
diToTecTH 3 3aCTOCYBaHHSIM MOJIENbHOI CHUCTEMH MPOPOCTAIOU€ HACIHHS POCIHH.
PocnuHHui opranismM € BUCOKO YYTJIMBUM O €JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS
BHACJIIOK OCOOJMBOCTEH THUIY XapuyBaHHS ((POTOCHHTE3) 1 CHUASYOrO CIOCOOY
xuTTs [21]. [lpu mpoMy citijg 3a3HAYUTH, IO JaHI, OTPUMaHI Ha POCIMHHUX TECT-
CUCTEMAaX, J00pe y3ro/KYIOThCS 3 JaHUMHU, OTPUMaHUMHU Ha TBapUHAX 1 HA KYJIbTYpi
KJIITUH JIIOTUHU.

MeTorw MaHOro MOCTIKEHHS OyJlo MEepPeBIPUTH MOMJIMBICTb BUKOPHUCTAHHS
iaTepHet-tiporpamu «Ultimate EMF Detector» 1 ¢iTorecty mpopocTraioue HaciHHS
POCIHMH JJIsi BCTAHOBJIEHHs O€3IE€YHOI BIJICTaHI MDK CIIOXXHBaeM 1 MOOIIBHUM
TeneOHOM B PEKMMI OUIKYBaHHS.
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Marepiaaum i meroaum aociaigxeHHsi. JIJisi BCTaHOBJIEHHS HaIPy>KEHOCTI
€JIEKTPOMArHITHOTO TOJIsl, CTBOPIOBaHOTO MOOUTEHUM TenedonoM '"Nokia", Hamm
BUKOpHCTOBYBaBcs aonatok «Ultimate EMF Detector» no moOimbHOTO Tenedony
«Android», a TakoX MOpPTaTUBHUN TecTep enekTpomarHiTHoro noist «KKMoon GM
3120», axuil 103BOJIAE peeCTPYBATU MOKA3HUKH E€JIEKTPUYHOTO 1 MAarHiTHOTO MOJIA B
HABKOJIMIIHBOMY C€peloBUIlI B Aiana3zoHi yactot 5 I'ry - 3500 MIw.

3 METOI BUABJICHHS 01070T1YHOTO €(EeKTy PaaiOXBUILOBOTO BUIIPOMIHIOBAHHS
Bii MoOuUIbHOTO TenedoHy, HaciHHS siuMeHio (Hordeum vulgare) mnpopoliyBaiu
npotsaroM 4-x AHIB B 4. [leTpi Ha BOJOMPOBIIHIMN HE KUI'SYEHIH BOJA1 MpPH JIBOX
pe)uMax OCBITIICHHS: a) 12 roauH cBiTio / 12 roauH TempsiBa i 0) MOCTIHA TeMpsIBa.
[{oaHs TPOPOCTKM TMiIJaBAIM BIUIMBY €JIEKTPOMArHITHOIO BUIIPOMIHIOBAHHS BIJ
MoO1IRpHOTO Tenedony "Nokia" mpotsrom 12 roaus y HiYHUN 4yac qo0u (3 20% rox
no 8% rom). Ilpu LBOMY NPOPOCTKH EKCIIOHYBAIMCS HA Ppi3HIM BifgcTaHi Bif
MoOuTbHOTO Tenedony: 0 m, 1,0 M, 1,5 M12,0 m.

Ha 4-y no0y mnpopoinyBaHHS BHUMIPIOBAIA JOBXUHY KOPEHIB (HAMIOBIIOTO
KOpEeHs B MOYKYBaTiii KOpEeHEeBil cucTemi) 1 emiKOTHIIB IpopocTkiB. Ha miacrasi
OTPUMaHMUX JaHUX PO3PAaXOBYBAIHM CEPEAHIO JIOBXKHUHY KOPEHIB 1 CEPEIHIO JTOBKUHY
enikoTuiiB. Bei maHi craTucTiyHO 00poOIIsIHCS.

Pe3yabTaTu gociigkennsi. Bukopucranns intepuer-mporpamu «Ultimate EMF
Detector» miis moOimpHUX TenedoHiB «Android» 103BOJUIO BUSBUTH PaJlI0XBUIHOBE
BUINPOMIHIOBaHHS BiJ MOOUIbHOrO Tenedony "Nokia" B Oe3nocepenHiit OJU3bKOCTI
Bl TenedoHy, SKMM 3HAXOAMBCS B PEXKUMI «BKIIOYEHO, O€3 pPO3MOBWY,
iHTeHCUBHICTIO 87-174 MkTH, B 3aJIe)KHOCT1 BiJl MOJIOKEHHS MOOLIBHOTO TeiaedoHy
BIJIHOCHO PEECTPYIOUOro npuctporo. Bxke Ha BijcTaHi 25 cM Bix TenedoHy mporpama
peecTpyBaja TUIBKM TE€OMarHiTHe mojie 3emui 3 HampyxkeHicTio 44-45 wmkTo.
UyTnauBICTh MOPTATUBHOTO TecTepa enekTpoMarHiTHOro noiisi «KKMoon GM 3120»
710 PaJiOXBHJILOBOT'O BUMPOMIHIOBAHHS BiI MOOLJILHOTO TeJIeOHY BUSABUIIACS 3HAYHO
HIXKYO010, HiX y nogaTka «Ultimate EMF Detector» mo moOinsHUX TenedoHiB.

[IpopomnryBanHs HaciHHA stfaMeHIO 01151 MoOuTbHOTO Tenedony "Nokia" (0 m) B
yYMOBax IMOCTIMHOI TEMpSBU MPHU3BEJIO 10 JOCTOBIPHOTO 3MEHILIEHHS CEepeIHbOI
JOBXXKMHU KOPEHIB MPOPOCTKIB B MOPIBHSHHI 3 KOHTpoJjieM: 3 49,78 + 4,75 MM 10
39,18 £ 3,67 MM, BiANOBIIHO. B SIKOCTI KOHTPOIIO BUKOPUCTOBYBAIUCS MPOPOCTKH,
SIK1 BUPOIIYBAJIUCS B MPUMIIIEHHI 0€3 MOO1IbHOTO Tenedony. 301IbIIeHHS BiJCTaH1
MDK MOOUTBHUM TenedoHoM 1 mpopocTtkamu A0 1,0 M 3HAJIO €deKT TrajbMyBaHHS
POCTY KOPEHIB: POCTOBI IMOKa3HMKU KOpEeHIB Ha Biactani 1,0 M Big MOOIILHOTO
TenedoHy BIANOBIAAIN TAKUM Y KOHTPOJII.

Enikotuni npopocTkiB B 0e3nocepeHii 0JIM3bKOCTI Bl MOOUIBHOTO TenedoHy
(0 M) mokazanu mMeBHE rajabMyBaHHS POCTY, MPOTE, BIAMIHHOCTI BiJl KOHTPOJIIO
BUSIBWINCSI CTaTUCTUYHO He jaoctoBipHUMHU: 50,93 £ 3,98 mm 1 47,88 £ 3,71 mm,
Bi/iMoBiIHO. [{ikaBo Bi/3HAUMTH Ci1a0Ke TalbMyBaHHs POCTY KOpEHIB Ha BijcTaHi 2,0
M BIJ MOOLIBRHOTO TenedOoHy, MOPIBHSHO 3 KOHTPOJIEM, SIKE, OJIHAK, BUSIBUIIOCS
CTATUCTUYHO HE TOCTOBIpHUM (44,94 £ 4,16 MM 149,78 + 4,75 MM, BiZITIOBIJTHO).

[TpoporryBaHHS HaCiHHS SYMEHIO TIPU PEXKUMI OCBITJIICHHS 12 roauH cBiTiio / 12
TOJIMH TeMpsiBa B Oe3rmocepeiHii OJu3bKOCTI Bl MOOLIRHOTO TelaedOHY, MPHU3BEIIO
710 TIEBHOTO MPUTHIYEHHSI POCTY KOPEHIB y MOPIBHSHHI 3 KOoHTposieMm (40,52 + 4,84
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MM 1 44,73 + 3,67 mm, BianoBiaHo). OaHak, 11e 1Hri0yBaHHS HE OyJIO CTAaTUCTUYHO
nocroBipuuM. IIpote Ha Biactani 1,0 M Big MOOUIBHOTO TenedOHY TrajabMyBaHHS
pOCTYy 1 KOpEHIB, 1 EMIKOTWIIB B MOPIBHAHHI 3 KOHTPOJIEM OYJO CTaTUCTHYHO
JIOCTOBIPHUM 1 CKJIAJIO JIJIst KOopeHiB: 32,94 + 2,66 MM B 10oCiAl B mOpiBHAHHI 3 44,73
+ 3,67 MM B KOHTpPOJIi, 1 IJIs1 €MIKOTUIIB: B gochiai 47,72 + 2,58 MM B MOpIBHSIHHI 3
53,21 + 2,39 MM B KOHTPOJI.

AHaJoriuHe CTaTUCTUYHO JIOCTOBIPHE TAIbMYBAaHHS POCTY KOPEHIB 1 €MIKOTHIIIB
AYMEHIO OyJIO 3apeecTpoBaHO Ha BijcTaHi 2,0 M BiJl MOOUTBHOTO Tese(OHy 1 CKIaIo
JUIsl KOpeHiB: B gociii 29,90 + 2,70 MM B nopiBHsHHI 3 44,73 + 3,67 MM B KOHTPOJII;
1 s enmikoTwiiB: B jpociiai 46,81 £ 3,20 mM B mopiBHsiHHL 3 53,21 £ 2,39 MM B
KoHTpoJii. Toai ik Ha BijcTaHl 1,5 M BiJl MOOUIBHOTO TeNEPOHY POCTOBI MapaMeTPH 1

KOPEHIB, 1 EMIKOTUJIIB IPOPOCTKIB SIMMEHIO - BIANOBIAAIM KOHTPOJbHUM 3HAYEHHSIM.

Taoaunsa 1.

BruiuB panioXBU/JIb0BOr0 BUNIPOMIHIOBAHHS BiJl MOOLIBHOTO TeJie(pOHY HA
PICT KOPEHIB i emiKOTWIIB MPOPOCTKIB AYMEHIO IIPH Pe:KUMi BUPOULYBAHHS B

NOCTilHIi TeMpsBI

Biacrans no mobinmeHOTO | CepemHst JOBKUHA KOPEHIB CepenHs 10BXKHUHA
Tenedony, M: + Sx-tst SMIKOTHJIIB + SX-tst
KonTpoJib 49,78 £4,75 50,93 + 3,98
0Om 39,18 £3,67* 47,88 3,71
1,0 m 49,52 +5,51 50,61 £4,16
1,5m 49,36 +£3,16 49,61 + 2,75
2,0m 4494 £4,16 48,50 £+ 3,66
* - pesyromamu  00CMOGIPHO  BGIOPI3HAIOMbBCA i)  KOHMPOIbHUX  3HAYEHD
(npopowy6anHs  HACIHHA YyMO8U  8IOCymHOCMi  MOOIIbHO20 — mened)oHy 8

eKCnepuMeHmanrbHOMy NPUMIWEHHI).

Taoauunga 2.

BruiuB panioXBU/JIb0BOr0 BUNIPOMIHIOBAHHS BiJl MOOLIBHOTO TeJie(pOHY HaA picT
KOPEHiB i eniKOTUJIIB MPOPOCTKIB IYMEHIO MIPU CBITJIOBOMY peKUMi
BUPONIYBaHHA 12 roauH cBitTJ10 / 12 roanH TemMpsiBa

Bincranb 10 Mmob6inpHOTO | CepenHs TOBXKHHA KOPEHIB CepenHs T0BXXUHA
Tenedony, M: + Sx-tst CIIKOTHIIIB £+ Sx-tst
KonTpoisb 4473 £ 3,67 53,21+ 2,39
0wm 40,52 £4,84 52,04 + 3,50
1,0 m 32,94 £2,66* 47,72 +£2,58%*
1,5m 44,58 + 3,55 53,15+2,43
20m 2990 + 2,70* 46,81 + 3,20*
* - pesyibmamu  00CMOBIPHO  GIOPI3ZHAIOMbCA  6i0  KOHMPOIbHUX — 3HAYEHD
(npopowy6anHs  HACIHHA yMo8u  8i0CymHOCmi — MOOILIbHO20 — menegoHy 8

eKCnepuMeHmanibHOMy NPUMILYEHHI).

OOroBopenHsi oTpuMaHux pe3yabTartiB. [IpoBeneHi HaMu JOCHIKEHHS 3
BuKopucTanHsaMm nporpamu «Ultimate EMF Detector» mokasanu, 1o HanpyKeHICThb
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IPUPOAHOTO T€OMArHiTHOTO MOJsi 3eMili B 30H1 AOCTIKeHHs cTaHoBuIIa 44-45 M To.
besnocepennbo 01t MoOimpHOTO Tenedony «Nokiay, SKUH 3HAXOIUBCS B PEXKHUMI
«BKJIIOUYEHO, 0€3 pO3MOBW», OKa3HUKUA MPUCTPOIO PI3KO 3pPOCTAIM 1 KOJUBAIHCS B
Mmexax 87-174 mxTi, B 3a1€KHOCTI BiJ] MOJIOKEHHSI MOOLIBHOTO TeneOoHY BIAHOCHO
PEECTPYIOUOTO MPUCTPOIO. AJle, BKe Ha BifcTaHl 25 cM Bix TenedoHy Hi mporpama
«Ultimate EMF Detector", ni mpmiang «KKMoon GM 3120» He peectpyBaiu
MIEPEBUIIIEHHS HAMPYKEHOCTI T€OMArHiTHOro moJist 3eMii. Toji sk aHali3 pOCTOBUX
napameTpiB MPOPOCTKIB SUYMEHIO MPU PEXUMI TIpopolyBaHHa 12 roaud cBiTio / 12
TOJIMH  TeMpsBa  IIOKa3aB  CTAaTUCTUYHO  JOCTOBIpHUK  POCTOBUM  e(EKT
BUIIPOMIHIOBaHHS BiJl MOOUTBHOTO Tele(OHy HaBITh HA BiAcTaHi 2,0 M B Tenedony.

[Ipu upoMmy, BHSIBIGHA HaMU POCTOBA BIJMOBIAbL 3ajieKajia BijJ BIJICTaH1 BiJ
MOOUTBHOTO TejedoHy 1 HOCWIa CHUHYCOiJaJIbHUN XapakTep, M0 J03BOJISE
OPUIYCTUTU HASIBHICTh €PEKTY PE30HAHCY €JIEKTPOMArHiTHUX XBWJIb B1J MOOLIBHOTO
TenedoHy: TP 3YCTPivl eJIEKTPOMATrHITHUX XBWJIb Pi3HOI JOBXHHHU B OJHINA (a3l 3
KpoKkoM B 0,5 M MOXe CTBOPIOBATHUCS KOJIOPE30HAHCHUM €(PEKT, SIKHI MPOSBIISIETHCA B
3HAYHOMY TaJbMyBaHHI POCTY MpPOpPOCTKiB Ha BiacraHax 1,0 M 1 2,0 M Bix
MOO1IbHOTO TenegoHy. B yMOBax mpHCyTHOCTI BUAMMOTO CBITJIA Iis BIAMOBIAL Oyia
OUTBIII BUPAXKEHOIO TOPIBHSHO 3 PEKMMOM BHUPOIIYBaHHS MPOPOCTKIB B yMOBax
MOCTIMHOT TEMPSIBH.

Cepen ycix oOpraHi3miB - POCIMHHM € HaWOUIbII CHPUHHATIMBUMU JO 3MiH
€JIEKTPOMArHITHOTO MOJISI HABKOJIMIIHBOIO CEPEAOBUINA K BHACTIAOK crenu(iky ix
XapyyBaHHs, TaK 1 cnoco0y kuttd [21]. AHamni3 jiTepaTypHUX AAaHUX CBIAYUTH MPO
T, 10 POCIUHM pearyloTb HE TUIBKM Ha 3MIHM B BHAUMIA YaCTUHU
€JIEKTPOMArHITHOTO CIEKTpa, ajie¢ TAKOXK € BHUCOKOUYTIIMBUMH JI0 PaJlilOXBUIHOBOTO
BUMPOMIHIOBaHHS [2, 8, 12].

Cnij 3a3HaYMTH, 1110 B poOOTaX HA Pi3HUX 00'€EKTAxX 1 4aCTOTaX PajilOXBUILOBOTO
BUIIPOMIHIOBaHHS PI3HUMHU aBTOpaMu OyJlu OTpUMAaHi JilaMEeTpajbHO MPOTHUIIEKHI
pPE3yNbTAaTH: B OJTHAX BHUMAJKaX MOKA3aHO rajJbMyBaHHS, a B 1HIIHUX - CTUMYJIIOBAaHHS
POCTOBHX MPOIIECIB PaAIOXBUILOBUM BUIIPOMiHIOBaHHSM [20], 110 omocepeaKOBaHO
MOXK€ CBIIYUTH HE JIMILIE MPO TpPaBMAaTUUYHUU, aje i npo PEryJATOPHUN BILIVB
BUIPOMIHIOBAHHS 03HAYEHOTO TUITY Ha POCIMHHUN opraH13M B MPUPOJIHHUX YMOBAX
POCIIMHA OTPUMYIOTH KpIM CBITJIOBOTO BHIPOMIHIOBAHHS TaKOX 1 YacCTKOBO
pamioxXBWiIbOBE BUTIpOMiHIOBaHHS COHIISI, OCKITBKH B aTMOC(eEpi € BIKHA TPO30POCTI
JUISL  palOXBWJIbOBOTO BHUIIPOMIHIOBaHHS MEBHUX 4acToT (1 paJlloOXBUIbOBE
BUMPOMIHIOBaHHS BiJI MOOUIBHUX TeJePOHIB BXOAUTh B II€H Jiala3oH BIKOH
npo3opocti) [1, 6]. Takum YUHOM, LJIKOM MOXJIHUBUM € (DOPMYBaHHS Y POCIUH B
IpoIeci  €BOJIIOIIT  PEeryJaTOpHUX  MEXaHi3MiB, 3JIaTHUX  MIJIallITOBYBAaTH
(YHKIIIOHYBAaHHSI POCIMH HE TUIBKM JI0 BUIMMOIO CBITJA, ajieé TaKoX 1 [0
PaIlOXBUIBLOBOIO €JIEKTPOMAarHiTHOro BunpomiHtoBanHs CoHis. PagioxBuii MaroTh
3HAYHY NPOHHMKHY 3JaTHICTh 1 MEHIIE PO3CIIOIOTHCA B IOPIBHSIHHI 3 BHINMHM
ceiTiioM. Tomy, ¢€BOIOMINiHO, TIOsSBa Yy POCIMH 3JaTHOCTI pearyBaTd Ha
pamioXBUILOBEe BUIpOMiHIOBaHHS CoHIlE Mama 3a0e3rmeuynTd iM  IepeBard 1
MIBUIIMTA KOHKYPEHTOCHPOMOKHICTh B TOPIBHSHHI 3 POCIMHAaMH, SIKI HE MajH
TaKUX PEIENnTOPIB.

Kpim Toro, memonasuo Beaubois E. 3 komeramu (2007) [3] Oys0 BCTaHOBJICHO,
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IO JIOKaJbHA [is PaJlOXBUJIBLOBOTO BUIPOMIHIOBaHHS wyacTtoToro 900 M,
1HTEeHCUBHICTIO 5 B/M TpuBamicTio 10 XBIWINH Ha JIUCT POCIMHHN TOMATa JTUKOTO TUITY
BHKJIMKAE B TIPOCTOPOBO BIIJAICHOMY JIMCTI IIBHJIKE 1 3HAYHE HAKOIMHMYCHHS
mosiekysn MPHK dakTopa Tpanckpumnii bZIP, mos's3aHoro 31 crpecom, 3 KIHETHKOIO,
aHAJIOTIYHOIO BIJIMOBII HA PAaHBOBE TOIIKOHKEHHS JUCTA. TaKMM YMHOM, OTPUMAaHi
Beaubois E. 3 komeramu (2007) maHi cBig4aTh Ipo Te, IO CilaOKe 30BHIIIHE
pPanioXBHIIbOBE BUITPOMIHIOBaHHS, napameTpu AKOTO BIJIIIOB11AI0Th
BUMPOMIHIOBAaHHIO BiJ] MOOUIBHOTO TenedoHy, CIPOMOXKHE BUKIUKATH TMepenady
CUTHAJIIB 1 CHCTEMHY €KCIPECiI0 paHbOBHUX I'€HIB Y POCIMH TomaTa [3].

Cnig 3a3HayuTH, 110 PEIENTOPH HA PAJIOXBWII Ha CHOTOJHINIHINA JI€Hh HE
3HaijeHi. OpHaK BCTAaHOBJICHO, IO KWBI OpraHi3aMM 3JaTHI COpUMaTH
BHCOKOYACTOTHE PaJIlOXBUJILOBE BUIIPOMIHIOBaHHS SIK perynsaTopHe. Tak, Friedman J.
3 koseramu (2007) [7] Oyno mokaszaHo, IO PaiOXBUILOBE BUIPOMIHIOBAHHS BiJl
MOOUTFHOTO TeNePOHY aKTUBYE B KIIITHHAX JIOAUHU curHaibHi nuisxu ERK1/2, sxki,
30KpemMa, 3aiisiH1 B iposidepartii KIiTHH, 10 MOXE MOSICHUTH KaHIICPOTeHHUHN e(eKT
BUMPOMIHIOBaHHSI BiJ MOOLTpHOTO Tenedony [7]. YV pociuH OyB BUSIBICHHI
aHAJIOTIYHUHN cUTHANBHUHN nUIX [17], 0 AO3BOJISIE MPUITYCTUTH 3JATHICTH POCIHH
TaKOXX CIPUHAMATH PaJlOXBUIHOBE BUIIPOMIHIOBAHHS BiJ MOOUIBHHX TeNe(OHIB K
perynstopae. [lum MoxHaA TOSCHUTH TOW (haKT, MO CHPSIMOBAHICTH POCTOBOTO
e(deKTy palioXBUIHLOBOTO BHUIIPOMIHIOBAHHS 3aJICKUTh Bl BHIIOBOI MPUHAJIEKHOCTI
POCJIMH, BiJl IHTEHCUBHOCTI, TPUBAJIOCTI 1 YACTOTHOTO J1alla30Hy €JIEKTPOMarHiTHUX
XBWJIb, K1 J10Th Ha pociuHH [20]. V 3B'SI3Ky 3 IIUM IIKaBO BIJ3HAYUTH, IO JIJIs
POCIIMH TIOKa3aHa TMiJBUILIEHA YYTJIMBICTh [0 TMEBHUX YacTOT Pai0XBUIBOBOTO
BUnpoMiHioBaHHs: a) Mk 800 - 1500 MI't (p <0.0001), 6) 1500 - 2400 MI't (p
<0.0001) i B) 3500 - 8000 MTI'1; (p = 0.0161) [8].

Cnig BIAMITUTH, IO B OLIBIIOCTI poOIT OyB BHUSABJICHUN TalIbMYHOUHH €(peKT
PaalOXBWJILOBOTO BUITPOMIHIOBaHHS BiJ MOOUTRHUX Tele(OHIB HA PICT KOPEHIB 1
nmaroHiB pociuH. Tak, mochimpkeHHs, mpoBeneni Hussein R.A. 3 xomeramu (2014)
[10], moka3anu, 1m0 BUMPOMIHIOBAHHS BiJ MOOUIBHOTO TelIe(POHY MPHUTHIUYE PICT
eMOpioHanbHUX KIIITUH mmeHutll. [Ipuaomy iariOyrounii ehexT Ha BigcTani 5 cMm OyB
cmabkimmmM, HiX Ha Biactani 10-15 cm [10]. B iHmmx poGoTtax Takox Oyio
BHSBJICHO, IO PAIIOXBIII MOOLILHUX Tele(OHIB 1 MiACTaHIIIH MOOIIBLHOTO 3B'SI3KY (3
yacToTol0 BumpoMiHioBaHHS 850-1900 MI'1) penykyroTh mpOpOCTaHHS KBITKOBUX
POCJIHH 1 TAJIBMYIOTh PICT KOpPEHiB 1 maroHis [12].

Pscka (Lemna minor L.) IMPOKO BUKOPUCTOBYETHCS K MOJEJIbHA POCIUHA IS
MOHITOPUHTY HaBKOJMIIHBOTO cepenoBumia. Tkalec M. 3 koneramu (2005) [18]
npotaroMm 2-14 roavH MiAJaBald POCIAUMHU PSACKU BIUIMBY PaJiOXBHIBOBOIO
BunpoMiHtoBaHHs yactotoro 400, 900 1 1900 MI'1y 1 inTencuBHicTio 10 B/M, 23 B/M 1
390 B/m. Ha migcTaBi oTpuMaHuX pe3yJbTaTiB aBTOPU POOOTH JINIILIN BUCHOBKY, 110
pOCTOBHI €(EeKT BHCOKOYACTOTHOTO PaIiOXBHJILOBOTO BUIIPOMIHIOBAHHS 3HAYHOIO
MIpOIO 3JICKHUTh BijJl IHTEHCUBHOCTI IOJIS, BT 9YaCTOT, SIKI BUKOPHCTOBYBAJIUCS, 1 BIJI
TPUBAJIOCTI BIUTMBY Ha opraHi3m [18].

Halgamuge M.N. 3 xomeramu (2015) [9] ekcnioHyBany 40TUPHUICHH] TPOPOCTKU
coi (Glycine max) BpoI0BK 2 TOJWH Ha BUIIPOMIHIOBaHHI, K€ BIAIOBIIAI0 YaCTOTI
1 1HTEHCHMBHOCTI BWIPOMIHIOBAHHS BiJ CTaHIli MOOUIRHOTO 3B'SI3Ky Ta BiA
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MoOUTbHOTO Tenedony. IIpoBemeHl JOCHIDKEHHS IOKa3ald, M0 IMIIYJbCHE
BrUCOKoaMIUTiTyiHE (41 B/M) pamioxBuinL0Be BUMPOMIHIOBAHHS (TaKe, IO BiAMOBIAAE
aMILTITYII MOOUTEHOTO TeleoHy), aje He HU3bKOAMIUTITYJHE BUIPOMiHIOBaHHS (7
B/m) (take, mo BIAMOBIZA€ aMIUIITY/I BUIPOMIHIOBAHHS CTaHIi MOOITEHUX
TenedOHiB) 3arajJbMyBajio PICT CMIKOTHIIIB MPOPOCTKIB; MOCTIHHE BUCOKOAMILTITYTHE
BUIIPOMIHIOBAHHS - 3arajlbMyBajlo PICT KOPEHIB; TOMI SIK €KCIO3UIIiSl IPOPOCTKIB COI
IPOTATOM 5 JAHIB HA HU3BKO-IHTEHCUBHOMY PaJlIOXBHJILOBOMY BUNpoMiHIOBaHH1 (900
MI', 0,56 B/mM) mpuszBena g0 peaykiii pocTy EMiKOTHIIB 1 TIMOKOTWJIB, 1 JI0
CTUMYJIALIIT pOCTY KOpeHiB [9].

[Tomanpmn JOCHiPKEHHS TMOKa3ajid, [0 BIUIMB PaTiOXBHJILOBOTO TMOJISA Ha
gacToTax MoOuIbHOro TenedonHoro 3B's3ky (900 MI'm) iHAYKye OKHCITIOBAIBHUN
CTpeC Y POCIIHH, SIKHH CYIPOBOKYEThCS TCHEPYBAaHHSIM PEAKTUBHUX (POPM KHCHIO i
3MiHAMHU aKTUBHOCTI aHTHOKCHUJAHTHUX €H3MMIB, a TAaKOXX BUKIIMKAE HecrenudiuHi
CTPECOBI peaKIlii, o B MiICYMKY MIPU3BOIUTH 10 TPUTHIYEHHS POCTOBUX MPOIIECIB Yy
pociuH [15-16, 19]. Roux D. 3 koneramu (2008) [14] Oys0 BCTaHOBIIEHO, IO CITa0Ki
pamioxBwii dactotoro 900 M, inTeHcuBHicTIO 5 B/M mpm ekcroswuirii pociuH
toMartiB (Lycopersicon esculentum) npotsiroM 10 XBUIMH IPU3BOAITH A0 BiAIOBIIL,
aHAJIOTIYHIN BIJAMOBII HAa paHbOBEe mNOMKOMKeHHS [14]. Takum umHOM, pICT-
raIbMylounii €()eKT pagioOXBHJIHOBOTO BUITPOMIHIOBAHHS HAa YacTOTaX MOOIJIBHOTO
TeneOHHOTO 3B'S3KYy IMOB'S3aHUN 3 PO3BUTKOM B KJIIITHHAX POCIWH OKCHIATHBHOTO
CTpecy 1 3 TPAHCKPHMIIIHOI BiAMOBIIII0, AHAJIOTIYHOIO BIiJIMOBIAI POCIMH Ha
paHbOBE MOIIKOYKCHHSI.

BusiBniena Hamu 3aj€XHICTH POCTOBOI BIAMOBIAI MOACIBHUX POCIHH BiJ
NPUCYTHOCTI BHJAMMOTO CBITJIa CBiIYUTh HA KOPUCTh PETYJISATOPHOTO, a HE
TPaBMaTUYHOTO BIUIMBY BUIIPOMIHIOBAHHS BiJl MOOIIBLHOTO Tele(OHY Ha PO3BUTOK
IpOPOCTKiB stuMeHio. lIpoTe, 00’€KTHBHO, NpUPOJA BIUIMBY PaiOXBHILOBOTO
BUMPOMIHIOBAaHHS B MOOUTRHOTO TenedOHYy Ha TPOPOCTKH MOICIBHOI POCITHHH
MOKe OyTH BH3HA4YE€HA JIUIIE MIJISTXOM MOAAIBIINX IIUTOJIOTIYHUX 1 IIUTOTCHETUYHUX
JIOCTIKEHb. AJie B OyIb SKOMY BHNAAKy HAsSBHICTh OI10JIOTIYHOTO BIUIMBY
(perynsaTopHOro 4 TPAaBMATHYHOI'O) € CBIIYESHHSIM HEOE3IEeKH poOOTH MOOIUIBHOTO
tenedoHy B Oe3mocepenHi OIM3BKOCTI BiJ OpraHi3My JIOAWHU. Tak, TpuBaia
HEKOHTPOJIbOBAHA i PETYISATOPHOTO YMHHUKA MOXE MaTH HemnependadyBaHi
HACTIIKU JUIsi (PYHKIIOHYBaHHS J>KMBOTO OpraHi3My, L0 Mae OyTH BpaxOBaHHUM
30KpeMa, 3 OISy Ha II0JICHHY 0araToroJWHHY MPUCYTHICTh MOOUIBHHUX Tele(OoHIB
B Oe3nocepeiHii OJM3bKOCTI Bijl OpraHi3My JIOJAWHU (B KUILICHI OJATY, OIS JIXKKa 1
T.H.).

B minomy, oTprMaHi HaMU €KCTIEpUMEHTAIbHI J1aHi TO3BOJITIOTh CTBEPKYBaTH,
mo Hi iHTepHer-iporpama «Ultimate EMF Detector» i1  BHUSBIEHHS
PalioXBIWIIBOBOTO BHIPOMIHIOBAHHS, Hi MOPTATUBHUN TECTEp EJIEKTPOMArHITHOTO
moinst «KKMoon GM 3120» He m03BOJISAIOTH BCTAHOBUTH O€3IIEUHY BIACTaHb MIXK
MOOUTHPHUM TeNe(pOHOM 1 KOPHCTyBaueM: BKE€ Ha BiacTani 25 cM Big TenedoHy
mporpama 1 npujiaa He peECTPYBAIH TIEPEBUIICHHS TPUPOJHOTO T€OMArHITHOTO TTOJIS
3eMiIi, TOJIl K POCTOBUM TECT IOKa3aB Olonoriyauid eext HaBiTh Ha BifcTaHi 2,0 M
B1J1 MOOLIIBHOTO TeJIeOHY.

Ha miacraBi pe3ynbTaTiB MpPOBEACHUX HAMHU JAOCTIKEHb, MH MPOMNOHYEMO
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BUKOPHCTOBYBAaTH TECT «IPOPOCTArO¥Me HACIHHSI POCIMH» JJISl  BHSIBJICHHS
MPUCYTHOCTI PalIOXBHJIHOBOTO BHIIPOMIHIOBAHHS BiJT MOOLIBRHOTO TenedoHy 3
IHTCGHCHBHICTIO, JOCTaTHBOIO JIA 1HAYKIi O10JOriYHHX e(eKTiB y IKHUBHUX
oprani3miB. [Ipy 1IbOMyY IOCTOBIpHE BIAXWUJIICHHS POCTOBUX MapaMeTpPiB MOJICITHHUX
POCIIMH B TPUCYTHOCTI MOOITBHOTO TenedOoHy B TOPIBHSHHI 3 KOHTPOJIHLHUMU
BapiaHTaMu OyJle CBITYUTH TPO HASBHICTH (POHOBOTO  PaIOXBUIBOBOTO
BUMPOMIHIOBaHHS, IHTCHCHBHICTh  SIKOTO, TOTEHIIMHO, MOXE€  BHUSBHUTHCS
HeOe3MeuHOI0 ISl KOPUCTyBava TEIePOHOM.
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Abstract.

Introduction. Radio waves from mobile phones affect the living cell functions, which is a
danger to the health of users. The paper explored the possibility of using the Ultimate EMF
Detector software for Android mobile phones and phytotest of growth seedlings to establish a safe
distance between the consumer and the mobile phone in the standby mode.

Results and Discussion. The Ultimate EMF Detector software and the KKMoon GM 3120
portable electromagnetic field tester detected a dangerous level of radio waves only in the vicinity
of the cellphone being tested. Already at a distance of 25 cm from the device, the program
registered only the Earth's natural geomagnetic field. Whereas, the analysis of the growth
parameters of the roots and epicotyls of barley seedlings with a germination mode of 12 hours light
/ 12 hours dark showed a statistically significant biological effect of radiation from a mobile phone
even at a distance of 2.0 m from the device. The detected growth response was dependent on the
distance from the mobile phone and was sinusoidal in nature, which suggests the possibility of the
electromagnetic waves resonance from the mobile phone. The dependence of the growth response of
model plants on the presence of visible light, revealed in the course of the study, demonstrates the
regulatory rather than traumatic influence of radiation from a mobile phone on the development of
barley seedlings.

Conclusions. In general, it has been shown that monitoring devices do not allow the safe
distance between the mobile phone in the standby mode and the user to be detected, since they do
not detect biological effective levels of radio wave radiation, which can cause unintended effects on
human health during long-term uncontrolled influences.

Key words: radio waves, mobile phone, safety, biological effects, growth phytest.

Cratts Bignpasnena: 05.03.2020.
© Kynnenpuyk O.IL.,
I'inekoBebka A.C.,

Cemenrok C.K.,

AximoBa M.O.

ISSN 2567-5273 110 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 / Part 1 (\§

http://www.moderntechno.de/index.php/meit/article/view/meit1 1-02-040
DOI: 10.30890/2567-5273.2020-11-02-040

UDC [621.311.25:551.5](569.5)

METEOROLOGICAL CONDITIONS OF THE BUSHEHR NPP AREA, IRAN
Elokhin A.P. / Exoxun A.Il.

ORCID iD: 0000-0002-7682-8504

ResearcherID: G-9573-2017

Alalem E.A. / Kcenodounron A.H.

ORCID iD: 0000-0002-7207-5939

ResearcherID: G-9489-2017

Ksenofontov A.lL. / Annanem E.A.

ORCID iD: 0000-0002-6864-9805

ResearcherID: H-1833-2017

National Research Nuclear University MEPhI

Moscow Engineering Physics Institute

Hayuonanvnuiii uccneoosamenvcxuii soepuuiil ynusepcumem (HUAY MUDH)

This work addresses the method of assessment of the required and sufficient number of posts
of the automated radiation monitoring system (ARMS) in the sanitary protection zone of the second
unit of Bushehr NPP in Iran arranged around the NPP and justification of their layout.

The method is based on the data of meteorological observations in the specified region that
represent the results of measurement of wind speed and temperature at different heights at the
meteorological tower and methods of gradient observations over these characteristics for each
month during 2006-2010.

The characteristics obtained allow to calculate atmospheric stability as part of the known
model of the ground layer and the meteorological parameters that determine it — air speed,
temperature, turbulence diffusion coefficient and turbulent fluctuation energy as functions of height
by solving the closed equation system describing the condition of the ground layer.

Specifying meteorological parameters of the atmosphere allows to define a problem of
assessing radioactive contamination of environment by solving the equation of turbulence diffusion
in the conditions of a hypothetical radiation accident at Bushehr NPP and determine the required
and sufficient number of ARMS posts and their layout around the NPP that takes into account the
restricted nature of the information as to the radionuclide composition of the radioactive impurity
propagating in the atmosphere in case of an accident.

This work may be of interest to nuclear industry workers engaged in the operation of nuclear
power plants, research officers of design organizations that design automated systems of ARMS
type for enterprises of nuclear, metal and chemical industries, environmental engineers, etc

Keywords: radiation accident, meteorological characteristics, ionization radiation,
radioactive contamination of environment, ionizing-radiation detectors, stable and unstable
atmosphere.

1. Introduction

The authors of [1] studied the main parameters of the location area of Bushehr
NPP in design (unit 1) in Iran with further collation of the data on the main
characteristics of the site intended for the nuclear power plant construction. This
subject has been evolved in the present work, but the main focus is on the study of
meteorological characteristics of the NPP site and justification of the radiation
monitoring system through forecasting of radioactive contamination of environment
in case of a hypothetical radiation accident.

Modelling the travel of radioactive contamination plays an important role in the

design of nuclear facilities (NF), in particular, nuclear power plants. When the degree
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of ecological hazard needs to be minimized, it is important to determine the direction
of possible travel of contaminants, their density and nature of their propagation in the
territory in a timely manner and as precisely as possible.

In the case under consideration, the NF is a stationary object (NPP). Its
peculiarity lies in the fact that radionuclides are normally released into the
atmosphere at high altitude, which causes the propagation of radiation contamination
over vast areas. Gas-aerosol emissions create air-disperse masses in the atmosphere
that remain there for a long time as a result of turbulence and are driven out of the
plant location to a considerable distance with air currents [2]. The speed and distance
of transfer of these masses depend on turbulent flows in the atmosphere, period of
their existence in the air, meteorological conditions as well as the speed and direction
of atmospheric flows and radionuclide half-life.

The physical aspect of the problem under consideration is related to the analysis
of propagation and uptake of radionuclides. However, virtually all the computer
models require regular adjustment of certain data based on ecological and
meteorological observations.

In the work under study, meteorological parameters were preliminarily
measured on a meteorological tower, while the general nature of their dependence as
a height function was analyzed based on the solution of a closed equation system of
the ground layer of the atmosphere [3].

2. Materials and methods

In order to model a hypothetical accident with radioactivity release into the
atmosphere and determine the levels of radioactive contamination of environment
and radiation burden on public and staff, an automated radiation monitoring system
(ARMYS) 1s intended to be used; its general characteristics are provided in detail in [4-
7]. This system is capable of providing current online information about radiation
accident progression to all relevant entities for the timely risk assessment and
decision-making to mitigate accident consequences.

In line with what was said before, one can assume that ARMS is fitted with
relevant devices and equipment intended to gather and process information about
radioactive contamination of environment, assess radiation burden on public and
staff, transmit processed information to the management for the decision-making in
line with the action plan in case of a radiation accident at an NPP [8].

When considering the scenario conditioned by the atmospheric discharge of
radioactive gas-aerosol impurities, this work studies the task of assessment of the
required and sufficient number of y radiation detectors deployed in the NPP sanitary
protection zone as part of ARMS for the purpose of reliable registration of a
radioactive cloud or emission plume transported by the wind in the atmosphere.
Mathematical statement of the problem and its solving procedure are provided.

Considering volumetric activity of a gas-aerosol radioactive impurity that
contaminates the environment, g(x, y, z) (Ci/m*) as a substance, we obtain the
following meteorological parameters of the atmosphere: u(z) — axial air velocity (with
zero transverse velocity), k(z) — turbulence diffusion coefficient and b(z) — turbulent
fluctuation energy (turbulent vortex energy) determined as part of the ground layer
model using the physical and mathematical tools of [3].
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k(z)= gveLky; w(2)=viu,/y; b=vic"b, =4,6625vb,, (1)
where z, = z/L is dimensionless height; L is Monin-Obukhov’s scale (scale of the
surface layer of the atmosphere); b, is dimensionless turbulent fluctuation energy; c is
a constant; u, is dimensionless wind speed; v 1is dynamic velocity; ¥ = 0.4 is

Karman’s constant; 6 is potential temperature 6 = 7(1000/P)"* (T is temperature °K; P
is atmospheric pressure, mbar; 0, is its dimensionless value @, =-y6/6.,
0.=P, /(pcpv*), Py 1s heat flow, p is air density, cp is specific heat); or = kr/k is
turbulence factor ratio for heat and quantity of motion.
z =2/y-2y /13-4/3; (2)
k,=1-y", (3)
where y is a tabulated value for various z,. The following expressions are obtained for
dimensionless u,, b,:

u, :2/y+2arctg(y)+lnu+ G (4)
I+y
b,=y; (5)
1 dZI] .
0= | ©
:_Z(g/To)(Po/pCp)’ (7)

where g is gravitational acceleration; 7j is temperature at the ground level. The
equation (2) with regard to y has Ferrari analytical solution and depends on z, as
follows [6,7]:

2

5 ; Z,,Z—‘y;

y= (&)
JA+ B+ (A+B)—4[A+B— (A+Bj2+3}

~JA+ B+ (A+B)4[A;B (A+Bj2 +3}

2 2

: Dz, <-4,

2 4 5 n
where A:i/%Jr\/MJr%; B:3\/(2+1;SZH) —\/64+(2+le”) '

Dependences of the ground wind speed u(z), turbulence diffusion factor 4(z) and
turbulent fluctuation energy b(z) as functions of height z as part of the surface layer
model may be successfully obtained if the following surface layer parameters are
known: v+« and L. The latter values are obtained using the method of gradient
observations of wind speed and temperature as follows [3,6-7]. Wind speed and
temperature are measured at two levels, for example, z; = 2H, z; = 0.5H (H = 1 m).
Differences Du = u(z1) — u(z2); DO = 0(z1) — 6(z2) are obtained. Py/pcp = —yv« DO/DO, ;
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is obtained using the formula (7) and expression for wind speed and temperature by
means of dimensionless values;

Du=v.Du,/ z;(Duf Du,) =(g/T,)L(D6/ DY,) )
where u,; 0, are tabulated values of the universal functions calculated for various z,
(zn = z/L) [3], Du,; D6, is their difference. Since Du; DO are measurable values and
Du,; DB, depend on the scale of Monin-Obukhov L, the expression (9) is explicit and
implicit function L. To obtain L, a certain value L, 1s set and varied, for example, L;
= DLxi,i=1,2,3,...,N; DL = Luax/N until the difference  or relative error € is minimal

(within the range € — 0, see fig. 1).
. _|(Du/ Du,} ~(e1/1,XD8) D,)

_(Du) e, Do
: ( J "o, °7) (Dul Du, )

Du,) T, DO/[
The obtained value L*, with which X is minimal, will determine the target value
L: L = DLxi". By determining the scale of Monin-Obukhov L and recalculating z,
with fixed z; and z, 1.e. by recalculating D9,; Du,, we will obtain v :
Du
Du

n

‘100% (10)

V=X (1)

or

vt = 7(eL/ T, XD6/ DG, (12)
When ¢ - 0, ¥ > . The method considered is more feasible when

meteorological parameters are calculated on a computer. It should be noted that
presenting € as dependencies (11) and (12), in fact, allows to obtain the scale of the
surface layer L as the expression (10). Since parameter L may be both L >0 and L <0
(with L = 0, the mode of motion loses its turbulent nature [3]), all possible variations
of L;have to follow the formula: ;= DL(N+ 1 —1i),i=1,2,3,....N, N+1, N+2,....2N+1.
The latter allows to consider various atmospheric layer stratifications set by
temperature conditions. It is feasible to use the analytical value y as function z,
determined by the formula (8) instead of tables to calculate u,(z,), ki(z,) after L has
been obtained and the following expressions should be used to estimate the difference
of dimensionless air speed and temperature according to this type of dependencies
determined by the formulas (4), (6):

- —u (2. )= y(ZZn)_y(Zln) +2are 2 Ve arcte(v(z + n |1 ]1+y(zzn)
Du, —”n(zm) n( 2»1) 2( y(ZZn)y(Zln) J 2( tg(y( ln)) g(y( 2n 1 (| _ X Zln)J’

Zl
Do,
z’[ aT ll J

The choice of u,, z, according to the set z, is made as follows: the known z, is
used to obtain y, for which the values corresponding to u, or z, are obtained using the
table. Values for these functions for a different value z, (another level) are obtained
the same way, after which differences Au, , A, are calculated. Once parameters L, v«
have been determined, values u(z), k(z) are obtained by the formulas (1). Constant ¢,
in (4) is obtained with z =z, and U(Z)|FZO =

In order to determine the dependence of atmosphere meteorological parameters
such as ground wind speed u(z) and turbulence diffusion coefficient k(z) as functions
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of height above the underlying surface (z), the parameters obtained from a
meteorological tower located at a distance of about 100 km from the NPP industrial
site were used. The meteorological data of temperature, pressure, speed and wind
direction collected from two levels were averaged monthly.

Table 1
Characteristics of the lower 100 meter atmospheric layer

according to tower measurements in 2006 — 2010 [9]
Months
Heightm | I | 0 [ m [ v ][ v [vi]Jvin[vin] Ix] X | X1 [ x| Year
Air temperature, °C

10 1231 16,9 | 20,5 ] 25,6 ]30,7]32,633,7]339]31,9]280][21,8]199 26,7
45 12,7 | 16,6 | 20,9 | 26,0 | 30,8 | 32,3 | 33,6 | 33,9 | 32,3 |238,9| 22,6 | 21,7 27,0
80 13,0 | 16,9 | 21,6 | 26,6 | 31,4 [ 32,8 [ 33,9 [ 34,0 | 32,5 | 292 | 23,0 | 22,0 27,4
100 13,1 16,9 | 21,9 | 26,8 | 31,6 | 32,8 [ 33,9 | 33,7 | 32,1 | 28,8 | 23,1 | 21,8 27,3
Wind speed, m/s
10 30 |28 |32 (33|32 |361|33]|27]|27]|25]30]29 3,0
45 50 | 50| 50 |49 | 47 | 50 | 46 | 3,7 |39 | 37| 49 | 45 4,5
30 6,0 | 60 | 6,0 | 56 | 55| 58 | 52 39 ] 43| 4158/ 5.1 5.1
100 64 | 65|65 | 60| 60| 64| 57|41 |45 |43 |62 | 54 5,5

The averaged meteorological data with regard to this distribution and estimated
minimum and maximum values are presented in table 1. The air temperature values
on the level of the underlying surface in point z = z, were obtained by way of its
extrapolation requiring continuity of the derivative that ensures a “smooth” curve
based on the meteorological data obtained from the meteorological tower and
smoothed with splines. The meteorological parameters were calculated for the most
typical meteorological conditions from those specified in the table of seasons,

namely, for January (I), February (II), March (I11), July (VII) and August (VIII) [9].

100

90
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&j 50

40

30

20

10

0
1 3 5 7 9 11 13 15 17 19 21

Fig. 1. Value of the index i, with which the minimum relative error &; is observed
(February)

The minimum relative error &(i) determined during the calculation was used to
obtain extreme values of index i, with which the minimum ¢; used for the subsequent
calculation of the scale of Monin-Obukhov L is observed. The values v obtained by
the formula (11) enabled calculation by the formulas (1) of air speed u(z), turbulence
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Fig. 2. Wind speed distribution with the stable atmosphere (authors’

calculation) characterized by parameters L=85m; v* =0.229 (y=1—-z=0;y =
0.72 - z=100 m (February)

diffusion coefficient k(z) and turbulent fluctuation energy bH(z) that are shown in the
corresponding figures for each of the specified months. Analysis of the dependence
shown in fig. 1 shows that when the index i increases, the relative error &(7) drops to
zero with certain i* = 7, thus determining L;," = AL"i", and then rises sharply again
determining the solution divergence.
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Yy
Fig. 3. Dependence of the turbulence coefficient k(z) for the stable
atmosphere L = 85; v¥ = 0.229 (February)

This nature of dependence &(i) is true for almost all the seasons. Fig. 2 shows the
dependence of wind distribution U,(y) as function y (height z) considering that the
dependence y(z,) is determined by the formula (8). Fig. 3 shows the dependence of
turbulence diffusion coefficient k() and fig. 4 shows the dependence on turbulent
fluctuation energy b(y). Similar characteristics for January, March, July and August
are provided in the Annex. The analysis of the values of the ground layer scale
(parameter of Monin-Obukhov) L obtained during the calculation allowed to
conclude that Fig. 1. Value of the index i, with which the minimum relative error ¢; is
observed (February)the air condition in the Bushehr NPP area is generally variable,
i.e. it varies from stable (L = 85) to medium unstable (L = - 8.0). In particular, this is
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evidenced by seasonal variations of the wind speed and temperature range. The
nature of the obtained dependencies of the wind speed u(z) (see fig. 2) and turbulence
diffusion coefficient k(z) (see fig. 3) as functions of height z for the stable atmosphere
correlates well to the reference data for the specified dependencies with the
appropriate air condition [3,6-7,10], which allows to acknowledge that the
calculations were performed correctly.

6
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4.91
4.36
3.82
327
. 4
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1 097 095 092 09 087 085 082 08 077 075 072
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Fig. 4. Dependence of the turbulent fluctuation energy b(z) for the stable
atmosphere L = 85; v* = 0.229 (February)

Speaking of correctness of calculations, it is feasible to specify differences in the
behavior of the functions under consideration with the stable and unstable
atmosphere. An essential feature of the stable and unstable atmosphere is a difference
between dependencies of the airflow wind profile and turbulence diffusion coefficient
as functions of height z with both air conditions. An increase in the air speed with
height and a low turbulence diffusion coefficient are typical of the stable atmosphere.
The unstable atmosphere gives a different picture — weak change of the air speed u(z)
with height and considerable increase in the turbulence diffusion coefficient k(z). The
stable and unstable atmosphere brings about different nature of the turbulent
fluctuation energy dependence: with the stable condition, the dependence b(z)
decreases with the increasing height z, and it goes down with the unstable condition.
Averaged values of these parameters, including the ground layer scale of Monin-
Obukhov L and dynamic velocity V« are presented in table 2.

Table 2
Averaged characteristics of atmosphere meteorological
Month Un /s Kay m?/a bav_m?/s? L.m Vs
Tanuarv 4.87 2.88 0.169 62.5 0.23
Februarv 4.814 3.266 0.183 85 0.229
March 4.814 3.266 0.183 85 0.229
July 4.815 14.187 1.643 -5.556 0.288
August 3.341 8.895 0.577 -8.667 0.198

Radioactive impurity atmospheric transfer is calculated using the turbulence
diffusion coefficient assuming that the impurity is washed out along the Y axis
according to Gauss’ Law. Thus, activity concentration of the impurity is determined
by the following expression:
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Slx

q(x,y,z)=Wexp( /20 l (13)

where o, (x) is a mean-square deviation; S(x, z) function is expressed as follows:

S(x.z)= TQ(x, v.zhy = 2T(1(x, v,z Hy. (14)

Thus, the following equation is obtained for the gas-aerosol impurity volume
concentration:
oS 8S 0 oS
()

Z—:|—GS+(0, (15)
0z

where ¢(x,z) j Sy, 2y = M3(x)(z —h,, ); f = MB(x)8(1)3(z-her) is the source of the

gas-aerosol impurity that pollutes the environment; M is emission efficiency (Bq/s);
her 1s effective emission height; o 1s constant relaxation of the gas-aerosol impurity
that represents the impurity atmospheric washout constant 6o (s), so that ¢ = co; w is
the gravitational impurity deposition rate. As part of the transfer model under
consideration, the value o (x) is presented as: o*(x)=bx*/i*(1+axb/kir), where b, &,
u are averaged by the ground layer with height Hjin = 100 m with a weight of S(x,z)

values of turbulent fluctuation energy b(z), turbulence diffusion coefficient £(z) and
wind speed u(z), a = 0,015.

[ b(z)[]jS(x,z)dedz . i k(z)[]jS(x,z)dx]dz | Hj“u(z)@s(x,z)dx}dz |

N 0 0 0
b =

S|

Hijpy (o0 Hijpy (o0

ju S(x,z)dedz , J‘"(IS(x,z)dedz | ju S(x,z)dedz

0 0 0
Boundary conditions are expressed as follows:

S(x,z) _,=0; (16)
(17)
(18)
2 =Bl (19)

where B is the speed of dry deposition of the gas-aerosol impurity on the underlying
surface; zj is the roughness factor of the underlying surface. The analytical solution
of this partial problem (15) — (19) is expressed as (20); activity concentration of the
gas aerosol radioactive impurity propagating in the air is calculated by the formula

(13).

exp(— [z +h, ]2 ﬁ/4Ex)+ exp(— [Z —h,, ]2 ﬁ/4l;x)_

\/nlgﬁx
M o wx wlz=h, )] (@B-w) [ @B-wlz+h,) (28-wYke] |, (20)
S("’Z)‘Te"pHa Tk 2E¢D_ ki e"p{‘ T *( 2% ]3}

x erfcl:(2[32_;_wj oz + (e+h, 1_)}

2. kx/u
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3. Results

The results of calculations of the specified dependencies u(z), k(z) and b(z) as
functions of height above the underlying surface and their averaged values allow to
obtain axial and transverse distributions of activity concentration depending on the
stability of the ground layer and present its general nature. The dependency given in
fig. 5 gives visual presentation of the general nature of the activity concentration
distribution described by formulas (13), (20). Unfortunately, the distribution accuracy
is not always high enough as a number of parameters describing the distribution
function S(x, z) (see the expression (20)) and dispersion o,(x) contains the data
obtained experimentally, i.e. with a certain error. The latter may result in the
precision of estimate at the distances starting from 10 km to the emission source
exceeding the order of magnitude under consideration [11]. This is why in case of
radiation accidents, one has to, wherever possible, specify atmospheric stability using
more reliable measurement methods and to use unmanned aerial vehicles for
dosimetry monitoring of unmanned radiation monitoring complex (URMC) type [6]
that enable online dosimetry and radiometric monitoring of the air basin and
underlying surface.

Space distribution of volumetric activity Q(x,y,z)
in the ground layer with z=1.5m

Fig .5. Distribution of activity of gas-aerosol radioactive impurity as
function x, y withz=1.,5 m

The value of activity concentration and the nature of its atmospheric distribution
allows to estimate the dose rate of a volume source and surface contamination of the
underlying surface using integral methods [12] or Monte-Carlo method [13-16] near
the emission source or, if activity values have been measured, obtain these estimates
as part of the radial balance concept [17] in the territory located at a distance of 700
to 10,000 m [6,7] to the source.

As part of the task under consideration, fig. 6 presents the results of calculation
of axial distribution of the radioactive impurity for the atmospheric stability values
obtained and fig. 8 gives the results of calculations of transverse distribution of the
radioactive impurity at the border of a sanitary protection zone (SPZ) with radius Ry =
1,200 m. This distribution may be used to assess the required and sufficient number
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Fig. 6. Axial distributions of activity emissions q(x, y =0, z = 1.5) of the gas-
aerosol radioactive impurity with the unstable atmosphere (shown in red) and
with the stable atmosphere (shown in blue) (February)
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Fig. 7. Transverse distribution of activity q(x, y =0, z = 1.5) of the gas-
aerosol radioactive impurity with the unstable atmosphere (shown in red) and
with the stable atmosphere (shown in blue) at a distance to the source of x =
1,200 m (February)

of the control posts arranged around the NPP as follows. According to the regulatory
document [18] (see table 3.1 of the mentioned document), the established annual dose
for the population at the border of the NPP SPZ is 5 mSv. This dose will be
determined by the dose rate of 0.57 uSv/h or 57 pR/h. Considering that the maximum
of one or another distribution provided in fig. 7 matches this value and the ultimate
sensitivity of a standard vy detector is Py, = 10 uR/r, we will use linear interpolation
for each of the given dependencies to find that the value P, for the unstable
atmosphere may be recorded at a distance of 6,,; = 420 m to the emission axis, and
for the stable — 0,5 = 224 m. Next, to assess the required and sufficient number of the
sensors arranged around the NPP, let us use the illustration shown in fig. 8.

We will use the value 6 to determine the distance, at which the y detector
records Py, from the gas-aerosol impurity, the transverse distribution of which is
described by one or another curve in fig. 7 typical of one or another air condition to
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find the length of the arc / intercepted on the circle of radius Ry with a sector, the tangent of
which equals (8/Ro). The arc length is calculated by a simple formula [19, 20]:
Y

Dose rate ‘90' )
distribution N G X
at SPZ boundary C { n, s
in emission direction : v
B “ MPC level
o \ 1
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Fig. 8. Illustration of the choice of the optimal number of ARMS sensors. Axis
X0Y at the SPZ border shows, in the direction of emission, the transverse
distribution of the dose rate created by the gas-aerosol radioactive impurity. R0
is SPZ radius [19]

l= Roarctg(Rij : (21)

0

The required number of the sensors arranged around the NPP with the stable or
unstable atmosphere assuming that any azimuth direction of emission from 2w is
equally possible, ignoring the fixed point part, will be obtained as the ratio

N, =nR,/l = n/arctg(5/R,), (22)
and the minimum sufficient number is No;, = Nyee +1.

By substituting the relevant values o for the stable and unstable atmosphere, we
will obtain: Ny uns= 10, Nen = 18. Choosing the worst option, one may state that the
minimum sufficient number of control posts for Bushehr NPP is 18. The model that
assessed the number of posts assumes their deployment along the SPZ perimeter
evenly distributed in azimuth.

4. Discussion

Economical, ecological and demographic requirements are imposed to the
deployment of control posts in SPZ [19, 20].

Economic requirements are limited to the restriction of a number of posts
(sensors), which is conditioned by the high cost of communications lines, equipment
(sensors, information transmission units, PC systems), operational staff salary, social
needs, etc.

Ecological requirements are limited to the assurance of a high degree of
awareness of the levels of environmental contamination with any direction of
emission, which may be ensured by increasing the number of control posts at the
industrial site and in the SPZ [21].

Demographic requirements are determined by the population size criterion: con-
trol post point combined with a public information display that shows current time,
pressure, air temperature, moisture content and contamination. It is feasible to install
it in a locality with at least N residents, where N value is subject both to social and
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economic conditions of the locality’s population (posts in localities are installed at
the expense of the municipal government) and residents’ willingness to obtain the
information about environmental contamination levels. The discrepancy between
economical and ecological criteria brings about the need to optimize the number of
the sensors arranged around the NPP. This optimization is found to be possible when
the relevant physical and mathematical tools presented above are used. However,
apart from determining the best number of sensors, ARMS also has to meet certain
reliability criteria of the entire system, which leads to the need to increase their
number within the SPZ, for example, by redundant use of some sensors.

Apparently, when radiation monitoring posts were arranged during the
commissioning of Unit 1 of Bushehr NPP shown in fig. 9 [9], demographic criteria
were mostly considered as the posts are represented only with the localities with
distances to the NPP ranging from 1,600 m (Marvarid) to 59,460 m (Hadakan).

This does not enable the use of the results of measurements of the background
radiation recorded by relevant detectors for the adjustment of forecast estimates of
environmental radioactive contamination in case of a radiation accident at Bushehr
NPP. It is needless to say about even azimuth distribution as it does not exist at all.
Orography of the underlying surface (relief of the ground) varies significantly, which
imposes very strict requirements to the software used for forecasting of
environmental
radioactive contamination in case of a radiation accident.

Thus, in case of a radiation accident at Bushehr NPP, the system of radiation
monitoring posts shown in fig. 9 cannot be used to adjust forecast estimates for their
specification, which implies extreme limitation of the ARMS system with this
method of arrangement of radiation monitoring posts.

The above layout of control posts in the SPZ (evenly in azimuth and along the
SPZ border perimeter) is feasible provided only that impurities are emitted from the
NPP vent stacks in normal operation or in case of an accident. In this case, the most
important emission parameters such as initial temperature 7, and pressure Py of the
jet, emission efficiency P., nuclide composition of impurities or spectral inventory of
y-radiation may be measured by special sensors or their aggregate installed in the
vent stack orifice.

The situation is different in case of unauthorized emission of impurities as an
overheated gas jet from openings, valves, leaking vessels, torn holes or cracks
resulting from explosion or break of pressurized vessels under high temperature
[6,7,21,22]. In this case, it is almost impossible to experimentally determine
parameters of the jet emitted from openings or activity concentration of impurities or
their radiative properties as neither the spectrum nor medium energy of y-radiation is
known. Eventually, it is impossible to determine the scale of radioactive
contamination of environment and assess its ecological consequences as such
accidents are extremely rare and unpredictable. Development of the general-purpose
hardware that could be used to determine such parameters and characteristics in any
situation is almost impossible and may also result in dramatic increase in the cost of
NPP.
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Fig. 9. Layout of ARMS posts at Bushehr N, unit 1 [9]

Nevertheless, radioactive contamination of environment in case of a major non-
stationary pulsed emission of impurities through openings may be successfully
assessed using readings of the process sensors installed in vessels that record the
ambient temperature and pressure and readings of the ARMS sensors that determine
the rate of external exposure from a radioactive cloud resulting from the emission.
This said, the arrangement of sensors at the industrial site (IS) and in SPZ has to
follow a certain rule, according to which the distance from a possible source of
radiation hazard (NPP) to any sensor has to be strictly different [11, 21-23].

To assure oneself of it, it suffices to examine, in the general case, the expression
for the dose rate at points P;;x = P(x;, y;, zx) situated on the underlying surface from a
volume source (cloud) with activity concentration distributed in it g(x, y, z):

E gk
D, =D(x.y,.2)= [a(EW, (EW(E)E[ q(x.7.2)\B(E.R)/ R Jexpl- n(E)RYvdE,  (23)
Epin 4
where a(F) is the dependence of detector sensitivity on the energy of v-
radiation of impurities in the cloud; p,(E), W(E) is the coefficient of true absorption

and linear attenuation of y-radiation in the air, correspondingly; B(E,R) = 1 +
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a(E)W(E)Rexp[b(E)W(E)R] is the concentration factor; a(E), b(E) are known energy
functions [24]; @(E) is the differential spectrum of fy-radiation of impurities to be
determined; R =\/(x—xl.)2 +(y-y,) +(z-z,); X, y, z are current coordinates; x;, y;, zx are

coordinates of ARMS sensors; V is the integration domain and dv = dxdydz.
Assuming short duration of the emission, one may ignore its offset in relation to
the reference axis. The requirement of short duration greatly simplifies the method of
assessment of the dose rate created by the cloud, while assessing the dose rate in the
dynamic propagation mode implies consideration of not only cloud deformation, but
also meteorological factors of the atmosphere, especially underlying surface, etc.
We will determine the coordinates of the cloud’s center of mass as follows:

%o = [xq(x,0.2) /0, vy = [ya(x.2.2)dv/0,; z,=[zq(x.3.2)dv/Q; O, =[q(x.y.2)dv.

Assuming that the distance from the point of the center of mass to any ARMS
control post

R, ., =\/(xo —x,.)2 +(y0 —yj)2 +(z0 —Zk)2
1s much bigger than a typical cloud size, we will present volumetric activity g(x,
y, zZ) as
q(x.y.z) = Ord(x — x0)3(y — ¥0)d(z — z0), (24)
where 0(x) is delta function. By making integration by volume with g(x, y, z) of
type (24) in the equation (23), we will obtain as follows:

E

‘max

DR, )=0, [EWw,(ENBE.R, )R lexp[- w(E)R,,  Jp(E)EAE, (25)

Eoin
where i = 1, 2, 3,.., N, Ne, 1s the sufficient number of ARMS sensors. The
equation (25) in relation to @(E) represents a Fredholm equation of the first kind and
is classified as an incorrect problem with the set measuring accuracy of sensors. A
non-trivial solution of the equation (25) is possible if Rjx=R;: R # Ris1# Rina # ...#
Ryen; 1 =1, 2, ..., Nep.

Puc.10. Principle of arrangement of control posts in SPZ [22]
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The equation is solved by substituting ¢(£) with a group spectrum,
approximation of the integral with the finite sum. Thus, with different i, the problem
is reduced to a system of linear algebraic equations, i.e. a system of the type [6, 7] is
solved:

Ap=D, (26)
where 4 is matrix N,, XM (N,, >M) with a matrix element equal to
ai;= a(E j )“a (E j ){1 + a(Ej )“(E/ )Rz' exp[b (Ej )“(Ez )Rj J} exp[— “(Ej )Rz' lE_/AE )
¢ 1s a vector of the desired solution with components ¢;, j = 1, 2, 3, ..., M;

set vector of measurement results with components D; = D(R)R*/Oy, i = 1,
Nen.

the

D is

2,3, ..,
Table 3

Comparison of initial @4 and

reconstructed spectra [6, 7]
@), calculated by the method of

Energy A priori o
priori @ . AN. Inverse
E;(MeV) " |Fabian H.U. Tikhonov matrix
0.37 1.768 1.784 1.851 -0.088
0.748 0.503 0.731 0.671 0.0
1.1216 0.328 0.149 0.137 -0.802
1.496 7.36:102 1.56-102 1.45-102 -1.1-10°
1.87 9.6:10* 2.28-10* 2.13-10* 2.8434

The so-called “paper experiment” method is used to verify ¢; calculation
methods: the initial spectrum ¢,,(E) is set; next, the equation (25) is used to obtain
the values D(R;) that are distorted within the bounds of error of actual sensor readings
(15-25%), after which the inverse problem of ¢; determination is solved. It follows
from the results of solving the equation (26) presented in table 3 that the initial and
recon-structed spectra satisfactorily conform. In addition to the satisfactory solutions,
it also gives the solution of a system of linear algebraic equations obtained by way of

. . .. . . . IS . o . . .
trivial matrix inversion (unsatisfactory solution): q):(A -A) b, where 4" 1s an adjoint

D) ~x =\l . . . . 7 L A
matrix 4 ; (A ~A) 1s an inverse matrix with the size of MXM; b=4"-D 1is a vector.

The condition (Rjx # Rit Ri # Riv1 # Riva #...%# Ryen; 1 = 1, 2, ..., Nep) Imposes
certain requirements on the arrangement of control posts: dose rate sensors (ARMS)
should not have axial and central symmetry because otherwise, the number of
equations (25) or (26) that differ in their right side will be reduced by 2 or 4 times (in
case of axial symmetry) or will result in total degeneracy of the system of linear
algebraic equations (if sensors are arranged along the SPZ perimeter, i.e. in case of
central symmetry). Besides, as we already said, the arrangement of sensors along the
perimeter of the zone enables reliably registration of an emission plume or cloud
propagation with any wind direction.

The result of consideration of these two contradictory requirements is that R; of
control post must increase with an increase in the azimuth angle calculated from any
direction (for example, Archimedean spiral). These line charts are shown in fig. 10
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and they represent either a smooth curve, for which R; is an angle function, R; = R¢0;,
0,=iA0;i=1,2, ..., New; 0 <0 <2m; AO = 21/N,,,, or a multipath star [6].

Table 4

Comparison of initial @, and reconstructed spectra [6]

Spectrum @(E))
Calculated by the method of
Index j |Energy E;,| Apriori Inverse
MeV oj Ea, Y.Su Eu, N. Eu, matrix
MeV MeV |[Scofield] MeV
method
1 0.25 2.359 1.722 1.573 19.285
2 0.364 1.618 1.070 1.332 -33.735
0.458 0.460 0.457
3 0.497 1.178 1.269 1.123 28.269
4 0.605 0.638 0.939 0.972 -8.819

A similar problem was also solved for the most realistic source of radioactive
contamination of environment which is an emission plume, the emission patter of
which is shown in fig. 11, on which the sensors were also arranged around NF by the
Archimedean spiral [6]. In this case, the emission plume was presented as a line
source with uneven density of distribution, on which the center of mass was located.
This yielded a similar equation, but with a more complex nucleus. The equation was
solved
the same way. Table 4 provides the results of the solution.

Fig. 12 shows the results of calculations of photon emission spectrum
reconstruction by the method of N. Scofield. Spectrum bar charts are as follows: 1 —
nitial O(E)apr (Eav = 0.497 MeV); 2 — reconstructed by the method of N. Scofield (a 1s
an increasing spectrum, E,, = 0.5104 MeV, 500 iterations); (b is a “curved” spectrum,
E. =0.4939 MeV, 2,500 iterations); (c is a decreasing spectrum, E,, = 0.3519 MeV,
12,500 iterations).
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@ 7
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=]

1000 -

1 12
-1500
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Distance X, m

Fig. 11. Illustration of the assessment of the spectral composition of gamma
emission from the emission plume approximated by a line source [6]

Reconstructed spectra enable determination of the medium energy of photon
emission of the radioactive impurity that forms a radioactive cloud, which, in its turn,
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enables assessment of the radiation burden on public and staff. Medium energy is
integral quantity expressed as follows

Emax EmFX
b~ Tevtepe | [oteye. @)

4 4 4

3

1
i T
¥ =
1 L E P

: 2 ‘k 1
. 1 5 " -

1 L 5. ) i

T 1 'R 1 .
N A b ‘
1 1
1] 02 04 0.6 1] 02 04 0.6 1]

1]
I & 0 & 0 02 04 L6 0s
E Me¥ E MeV

E, MeV
Fig. 12. Calculation results of reconstruction of spectral composition of

gamma emission from the emission plume approximated by a line source for
three types of gamma emission spectrum: a — increasing; b — “curved”; ¢ —
decreasing spectrum [6]
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Fig. 13. Condition of iteration process convergence when reconstructing
spectral composition of y-radiation from the emission plume approximated by a
line source for three types of y-radiation spectrum: 1 — increasing; 2 — “curved”;

3 — decreasing [6]

It should be noted that the knowledge of this value allows to greatly simplify
estimation of the radiation burden on staff and public because otherwise, these values

ISSN 2567-5273 127 www.moderntechno.de



Modern engineering and innovative technologies Issue 11 /¢

had to be calculated for each radionuclide photon energy considering the decay
scheme for each of them.

Comparison of medium energy of reconstructed and a priori spectra shows
satisfactory concordance with regard to medium energy E,, (table 4). Relative
calculating error is less than 1% [6]. Fig. 13 shows dependencies of the error of the
medium energy of the spectra of y- radiation reconstructed by the method of N.
Scofield as iterative process curves when assessing the convergence of medium
energy Eay.

5. The principle of arrangement of posts of Automated Radiation
Monitoring System for two and more power units of the NPP

The above method of arrangement of control posts is feasible for one NPP unit,
but is not sufficient in case of two or more units. The reason is that if we arrange the
system of y sensors at each unit using the above method, it may result in duplicating
sensors in a certain direction, which may eventually cause their redundancy or their
number, which is far from being optimal.

Method of placement of gamma sensors
of ARMS for two NPP units

A e S i TR ——
| } | £

Distance, m

Distance, m

Fig. 14. Method of placement of control stations for two power units [6]

To optimize the number of the sensors arranged between NPP units, they are
preliminarily arranged along the Archimedean spiral (curves 1 and 2 in fig. 14) at
each unit and cross points of two families of the lines passing through emission
sources and sensors placed on curves [6] are found.
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Fig. 15. Method of placement of control for two power units: identification
of duplicating ARMS sensors [6]

Next, duplicate points are found in preferred directions. Duplicating sensors
placed on the curves may be ignored in order to save financial and material resources
(see the crossed out points in fig. 15). The points at the crossings of two families of
the lines determine the required number of sensors to be arranged between NPP units
and their coordinates (see the vertical points in fig. 14 and 15).

The family of lines that describe curve 1 (Archimedean spiral) is determined by
the equation:

W =x-1g(0), (28)
where ¢ =iAog, i =1, 2, ..., m; Ap = 21/N;, N; is the sufficient number of ARMS
sensors arranged around one NPP unit so that, with any azimuth angle of atmospheric
emission of the radioactive impurity, the emission plume could be recorded with the
strongly stable meteorological condition of the atmosphere (category F' by Pasquill-
Gifford model) [6] or with a high value of the ground layer parameter L > 0.

Curves 1 and 2 are described by the equation R=R,p. The value of Ry is
selected from the condition Rn.x = Ro-2m. It follows that Ry = Rumax/27. Rmax =
1500.0 m is taken as Rmax — distance to the emission source with total activity O =
5-10° Ci situated at a height of # = 100 m, at which the source creates the rate of
photon emission dose equivalent comparable to the natural background radiation.

The family of lines that describe curve 2 is determined by the equation

# = (3 —x)te (o). (29)
where x¢ is the distance between sources of possible atmospheric emission of the
radioactive impurity at cross points of the family of lines " = 1, and the value of

the absciss of cross points does not depend on ¢ (index 7) and equals to
X = Xxo/2. (30)
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On the opposite, the values of ordinates of cross points of the families of lines
depend on the angle ¢ (index 7) and are expressed as follows
=5 :x—zotg((p)zo,Sxo tg(i-Ag), 31
where, according to fig. 14 and 15,i=+1, 2, 3, 4.
When determining sensor ordinates, the value of index i has to be restricted so
that the following conditions is met

B0V + (055, <Ry, (32)

Once the system of ARMS sensors that meet the requirements to each system
has been built, duplicating sensors may be ignored in order to save financial and
material resources (see the crossed out points in fig. 15).

6. Conclusions

The final layout of ARMS sensors for two NPP units is shown in fig. 16. Arrows
show hypothetical directions of atmospheric emissions of the radioactive impurity
from one of the sources. The large points in preferred directions represent the center
of mass of the nuclear release propagating in this direction. The straight lines that
connect centers of mass with ARMS y sensors show the sensor reading inquiry
system, which readings are further on used to determine the spectrum and medium
energy of photon emission of the radioactive impurity propagating with the wind.

TNV A

Direction of emission

- a ----------- -
* N
S22 |

' 500 e e n e 4 g“?‘ E

VL/;% :

1000 |+ - - -semeeme

Distance, m

500 |-
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-1000 ~
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-1500 -1000 -500 0 500 1000 1500 2000 2500 3000

Distance, m

Fig. 16. Principal layout of y sensors of ARMS radiation monitoring system
for two NPP power units. Arrows show hypothetical directions of atmospheric
emissions of the radioactive impurity at one of the sources. Arge points in preferred
directions represent the center of mass of the nuclear release propagating in this
direction. Lines that connect centers of mass with ARMS vy sensors show the sensor
reading inquiry system, which readings are further on used to determine the spectrum

and medium energy of photon emission of the radioactive impurity propagating with
the wind [6]
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If the ARMS system is built for three! NPP units situated in line (as experience
shows), the similar problem is solved for the second and third NPP units by
translation (displacement) of curve 1 along X axis and the emission source is arranged
at a distance of xo from the second source, etc.

In case of atmospheric emission of the radioactive impurity in the conditions of
a radiation accident at NPP with the set (for example, left or right) directions, ARMS
(according to fig. 16) iquires all the sensors, records their readings and determines the
stability of the atmosphere in order to specify conditions of radioactive impurity
spread, determines its radionuclide composition using readings of spectrometric
equipment or, in case of its failure, readings of ARMS sensors, determines the
spectrum and medium energy of photon emission and forecasts radioactive
contamination of environment and radiation burden on public and staff, thus,
providing the NPP management with the information required to make a relevant
decision to mitigate the radiation accident consequences.

7. Recommendations

This work may be of interest to nuclear industry workers engaged in the
operation of nuclear power plants, research officers of design organizations that
design automated systems of ARMS type for environmental officers of enterprises of
metal and chemical industries, environmental engineers, etc.
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Anomauin. B pobomi 6cmanogneno OCHOBHI  (i3uyHi, XiMiuHi, Oion02iYHI ma
ncuxoghizionociuni Hebe3neyni sUPOOHUYL hakmopu Ha NIONPUEMCMBAX XAPUOBOI NPOMUCTIOBOCHII.
Ilpeocmasneno  npobnemu  nodcedconeOe3neKu  Xapuosux — UPOOHUYME  HA  NPUKIAOi
X7iOONneKapcvKkoi, KOHOUMEpPCvKoi, MAaKapoHHoi, 6poounvHoi eanyzeu. Ilokazano OCHOBHI
MEXHON02IUHI MA MEXHIYHI NPUUUHU NONCEHC HA XaAPYO8UX supobnuymeax. Ilpedcmasieno npuyunu
asapiti npu excnayamayii 06'ekmis, wo npayooms nio muckom. Po3pobreno pexomenoayii 0
CMBOpEHHs Oe3neyHux YMOo8 Npayi ma NoNCeNCHOi Oe3neku Ha NiONPUEMCMBAX Xapuyoeoi
NPOMUCTIOBOCI.

Kniouesvie cnosa: xapuosi seupobrHuymea, Hebe3neuHi SUPOOHUYI GAKMOpPU, NONCEHCHA
besnexa, opeaHizayiiHo-mexHiuHi 3ax00u

Beryn. [Ins cydacHuMX XapuoBUX BHUPOOHHUITB XapakTepHI HIBUAKA 3MiHA
TEXHOJIOT1i, OHOBJICHHS 00JIaJHAHHS, BIPOBA/XKEHHSI HOBUX IPOLIECIB 1 MaTepiais,
K1 HEJOCTaTHhO BHMBUYEHI 3 TOYKM 30py HETaTMBHUX HACIHIJIKIB iX 3aCTOCYBaHHS.
[IpyunHOI0 BHMHUKHEHHsSI aBapiiiHOi cuTyallii Ha BHUPOOHMIITBAX Xap4yOBOI
MPOMHUCIOBOCTI € MOXJIMBI BHOYXHM 1 TOXKEXKl, IX HACHJAKH — pyHHYBaHHS 1
MIOIITKO/IKEHHS OyJlIBeIb 1 CHOPYJ, TEXHIKH 1 OOJIaJlHaHHS; BUXIJ 13 Jaay JiHIA
3B'SI3KYy, CHEPreTUYHHUX Ta KOMYHIKALIMHUX CIIOPY; HEIIACHI Ta CMEpPTEIbHI BUMAIKH
cepesl 00CIyTrOBYIHOUOro MEPCOHATY Ta HaceJleHHs [2].

Ha nignpuemcTBax mo 30epiraHHio i nepepoOKU 3epHa, BUTOTOBIEHHS XJi0a Ta
XJ11I000yJIOUHUX BHUPOOIB MPUCYTHI HECHPUATIUBI (HAKTOpU: 3aAlUJIEHICTH B
MPUMIIIECHHSX, 10 MOB'A3aH1 13 30epiraHHsAM 1 MiJATOTOBKOI OOpOIlHA, LYKpPY Ta
CHUPOBMHU; 3ara3oBaHICTh B IMEKAPHUX 3allaX, TOMKOBHUX BIIIIICHHSX, KOTEIbHSIX;
BUOyXoHeOe3NeKka y 3B'A3Ky 3 BUKOPUCTaHHSIM Ta3y B SKOCTI HalMBa, aMlauyHUX
KOMIIPECOPIB B XOJIOAMJIBHUX YCTAHOBKAaxX, a TaK0XX MOCYAMH, L0 MPaLIOOTh Mij
THCKOM, B TOMY YHCIl KOTJIB 1 TEMJIOOOMIHHUKIB. OCHOBHUMH TNPUYMHAMU
BUHUKHEHHSI BHUOYXOHEOE3NEeYHUX CUTyallli Ha OOpONTHOMENIBHHX 3aBOJaX
BBAXKAIOTh IMOPYIICHHS TEXHOJOTIYHOTO IMpoLecy MIANPUEMCTBA, a TaKOX
MOPYIICHHS! HOPM Ta MPaBUJI €KCIUTyaTallii TEXHOJIOTTYHOTO 00JIaTHAHHS.

Haii0Oinpma KITBKICTH TOXKEXK B €JIEKTPOYCTaHOBKaxX Ha MIANPUEMCTBAX
Xap4oBOi MPOMHCIIOBOCTI BUHUKAE B PE3ylbTaTi KOPOTKUX 3aMHKaHb, CTPYMOBHUX
MEPEBAHTAXEHb, MEPErpiBy KOHTAKTIB 13 BEJIMKUMH NEPEXIJTHUMU OIOpaMHu.
[loxxexxHy HeOe3leKy B CHUCTEMaX BEHTHJIALII CTaHOBIATh (UIBTPH, IUKIOHH,
MUJIOBJIOBIIIOBAYI, /1€ YTBOPIOKOTHCS HEOE3MEeUH1 KOHLIEHTpALli MUTy.

HkinnuBi i HeOe3neuHi BUPOOHUYiI (PAaKTOPH HA XapPYOBHX HiANPHEMCTBAX.
Ha xmiGomekapcbkux, MaKapOHHHUX, KOHAUTEPCHKUX, OPOIMIBHHUX, I[YKPOBHUX
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BUPOOHUIITBAX MPUCYTHI HeOe3meuHl 1 IMKiMBI BUpoOHWYI (akTtopu (¢izuyHi,
xiMi4Hi, 610y10T19HI Ta icuxodizionoriuni). Jlo gisuunux ¢paxmopis Ha xmb03aBoax
1 1HmMMX BUPOOHUIITBAX BIJHOCSATHCSA: TIJIBUINEHA TEMIEparypa 30BHINIHIX
noBepxons neueil (Buie 45 °C), mizBuiieHa Temmeparypa IOBITPS Ha pPOOOYMX
micisx (1o 30-38 °C). ITeui € mxepenom indpadepsoHoi pamianii. CepitosHy 3arposy
MPEACTABISIIOTh YPAKCHHS CIEKTPUYHUM CTPYMOM, HAKOMWYEHHS CTAaTUYHOI
€JEKTPUKHI 10 BUOYXOHEOE3MEeUHOTO 1ICKpOYTBOPEHHS B cucTeMax
MMHEBMOTpPAHCIIOPTY OopoliHa Ta iH. [1].

Jlo ximiunux ¢hakmopie BITHOCSATHCS: BUJUICHHS CIPYUCTOTO Ta3y, OKCHIIB
a30Ty 3 MeYel, TUMy 1 MIKIIJIMBUX PEYOBUH MPU MIATOPSHHI Maciia abo MpOIyKIIii,
TIOKCUY BYIJICLIO TIpW OpOJIIHHI 1 1H., @ TAKOXX MaTepialiB, 0 BUKOPUCTOBYIOTHCS
npu nae3iHdekii obnagHaHHSA (KUCIOTH, JYTH, XJOpHE BamHO 1 iH.). OgHUM 3
HeOe3neyHux 3a0pyaHtoBauiB € akposenH (CH,CHCHO), mo yTBOpPHOEThCS TIpHU
TEPMIYHOMY pO3KIagaHHi Mmaciaa abo »xupy. Ilpum temmeparypi Bume 140 °C
BiJI0YBa€ThCS PO3KIIAJaHHS BEPIIKOBOI, TOIUICHOI OJii Ta TBAPUHHUX >KHUPIB, a NpU
temreparypi nonax 190 °C BimOyBaeTbess pO3KIQJaHHsS pPOCIMHHMX Macel 3
YTBOPEHHSM aKpOJIECIHY.

XapakTepHOI0 OCOOJUBICTIO MHUBOBAPHOTO 1 0€3aJIKOTOJIBHOTO BUPOOHUIITBA €
3HaYHE BUAUIECHHS B OBITPS pOOOYUX 30H HAJIMIIKOBOI TEIJIOTH, BOJIOTH 1 T10KCUTY
BYTJICII0, @& B IMBOBAapHOMY BHpPOOHMIITBI — mumiy Ta amiaky [8]. bponuibhe
BIIUICHHS TMOBUHHE 3a0e3reuyBaTuCs NMpUiaaMy JUIs BU3HAYCHHS KOHIICHTpAIlil
COa,. [lnsa cBoevacHoO1 JTKBiAAIlli aBapiiHOI CUTYaIlli y BCIX 0XOJIO/PKYBaHUX aM1aKoOM
IPUMIILICHHSIX TiepeadadyeHa cucTeMa CUTHaji3allli, sika CHOBIMIAE OOCITYrOBYIOUMIA
MIEPCOHAJI TIPO MOSBY 3aIlaxy aMmiaKy.

['irieHiyHl yMOBHM B BHUPOOHHIITBI XJIOHOTO KBacy, O€3aJIKOTOJIbHUX HAaIlOiB
XapaKTEpU3yIOThCS BIUIMBOM Ha MPAIIOIOYMX HECHPUSTIMBOTO MIKPOKIIMATY (Ha
AUISHIII OTPUMAaHHS cycia 1 HOoro OpoAiHHS, Ha AUISHII OTPUMAHHS IIyKpOBOTO
CUPOIly TIpM BHUKOHAHHI OMEpariii PO3YMHEHHS), MIABUIICHOI TEMIIEpaTyporo i
BIJIHOCHOIO BOJIOTICTIO TOBITPS, a Ha eTamax OXOJIOMKEHHS MOJIOJOr0 KBacy,
caTypaillii — HU3bKa TemMIeparypa MoBiTpsI 1 IMiIBUIIIEHA BOJIOTICTh MOBITPSI.

Ho 6ionociunux ¢haxmopie HaneXarb MIKPOOPTaHI3MH B XJ10OMEKAPCHKUX,
IYKPOBUX 1 OpOJUIBHUX BHPOOHUIITBAX, SKI MOXKYTh CTaTH MPUYHHOIO
3aXBOPIOBAHHS TPALIOIOYUX TPU KOHTAKTI 3 3€pHOM Ta IHIIOK BUXIJTHOIO
CUPOBHMHOIO, MPHU 3a0pyAHEHH] MOBITPSI MIKpOOpPTraHi3MaMHu B BUPOOHUIITBI KOPMOBUX
npixkmkiB. Jlo ncuxoghizionoziunux ¢gpakmopie XapuoBUX BUPOOHUIITB BiIHOCSTHCS
EMOIIIiHI HaBaHTAXKEHHS 1 MOHOTOHHI POOOTH (TTACMBHE CIIOCTEPEKEHHS 3a XOJ0M
BUPOOHMYOTO IIpoLECy Ta 1H.) [6-7].

IHo:xke:xxoHeOe3meka  xap4oBMX  BMPOOHHMUTB. [[ng  xumibomekapchKoi,
KOHJUTEPCbKOI, MaKapOHHOI, OpOAMJIBHOM Trady3l XapyoBOi IPOMHUCIOBOCTI
XapaKTepHE 3HAYHE YHCIIO MOXKEKO- 1 BUOYXOHEOE3NMEeUHUX MICIlb, SKI PO3TAIIOBaHi
B3/IOBXK BCI€T TEXHOJOTIYHOI JiHIT BUpoOHUITBAa. Ha OpoaMIbHUX BHPOOHUIITBAX
MOKYTh YTBOPIOBATHUCA BHOYXOHEOE3MEUHI KOHIIEHTPAIIl TapiB COUPTY 3 MOBITPSM,
Ha 0araThOX Xap4yoBHUX MiJANPUEMCTBAX 3aCTOCOBYIOTHCS BUOYXOHEOE3IEUH1 rasu
(npomnaH, amiak, ameTtwieH 1 1iH.). [IpomacieHi TeKCTUIBHI Martepiaau Tpu
TeMIIEpaTypi HaBKOJIUIIHBLOrO cepenobuina 10-20 °C 3gaTi BULIIATH TaKy KiIbKICTb
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TEIJIOTH, IO MOXE MPUBECTH 10 caMO3aliMaHHs.

Jl>xepenaMy 3amalifOBaHHS Ha XapyoOBUX MIANPUEMCTBAX € BIIKPUTUN BOTOHB
TEXHOJIOTTYHOTO 00JIaHAHHS (TOIKH), a TAKOX HETOTAIICHI HeIONMAIK! Ta CIPHUKH;
TEIUIOBI MPOSBH EJNEKTPUUYHOTO CTPYyMY; ICKpH 1 JOYT'M KOPOTKOTO 3aMUKaHHS,
pO3psIM CTaTUYHOI Ta aTMOC(epHOi ENEeKTPUKH; NEeperpiB MiAIIMIHUKIB Yepes3
BIJICYTHICTb a00 HENPaBUJIBLHOIO 3aCTOCYBAaHHS MACTHJIBHOTO Martepiaiy; iCKpH
MEXaHIYHOTO TOXOJ/DKEHHS, [0 BUHUKAIOTh MpPH 3ITKHEHHI METaJeBUX YAaCTUH
oOnagHaHHs (BEHTWJISITOPH, HOPIT 1 1H.); caMo3aiiMaHHs mpu 30epiraHHl BUX1AHOTO
OpOJAYKTY B CHJOcCax; HeadaJloMy TIOBO/DKEHHI 3 POCIMHHUMH  OJIISIMH,
IPOMACIEHUMU O0THpPAILHUMU MaTepiaiamMu, KHCHEBUMH OaJlOHAMH.

[IpyunHaMU KOPOTKHX 3aMUKaHb € TMOINKOMKEHHS 130JIALii CTPyMOBEIYy4HX
JaCTHH eJIeKTpoOoOJIaTHAHHS, MeEXaHI4H1 MTOIIIKOKEHHS B 00MOTKax
€JIEKTPOJABUTYHIB, BiOpallii, HEMMPAaBUJILHUI MOHTaX €JIEKTPOO0OJIaTHAHHS.

TexHos0oriyHi NPUYMHU TMOXKeXK: POoOOTa HA HECIPABHOMY TEXHOJOTTYHOMY
obOnagHaHHI a00 3 MOPYIIEHHSM PEKUMIB TEXHOJIOTTYHUX MPOIECIB, OCOOIMBO TPH
BUIIIYIl, OOCMa)XyBaHHI, CYIIIHHI Ta IHIIUX CIOCO0ax OOpPOOKH; 3aCTOCYBaHHS
TOPIOYMX  PEUOBMH, SKI HE BIANOBIIAIOTh TEXHIYHUM  XapaKTEPUCTUKAM
TEXHOJIOTIYHUX TeYel, MOPYIICHHS PEXKUMY iX pO3MalOBaHHS, €KCIUTyaTallii Ta
3YMUHKHW; HEMpaBUJIbHE 3alOBHEHHS JIETKO3aHMUCTUMHU pPIAUHAMU 1 TOPHOYUMHU
razaMu €MHOCTEW 1 KOMyHiKkalliii (06e3 monepeaHboro HAMOBHEHHS I1HEPTHUMHU
ra3aMu); 3aCTOCYBaHHs I1HCTPYMEHTY, NpHU yAapax SKOro o0 TBEpAY MNOBEPXHIO
BUHUKAIOTh 1CKPH.

OCHOBHMMH TPUYMHAMH TIOXKEXK, MOB'S3aHUX 3 EJIEKTPUKOIO, € 3aCTOCYyBaHHS
€JIEKTPOYyCTaTKyBaHHS,  SKE€  HE  BIJNOBIAa€  KaTeropii  MOXEXo-  Ta
BHOYXOHEOE3MEUHOCTI BUPOOHUIITBA; MEPEBAHTAKEHHS TEXHOJIOTTYHHUX
TPAHCIIOPTHUX MaricTpajiieil 3 eJIeKTPONPUBOIOM, IHIIOTO EIEKTPOOOIaJHAHHS Ta
MEpEeX; TMOPYLICHHS 130JIsMii, 1HII HECHPAaBHOCTI 1 TOIIKOJKEHHS CIIOKHMBAYiB
CJIEKTPUYHOI €HEpPrii; BIJICYTHICTh 3acO0IB 3aXHCTY BiJi CTaTUYHOI E€JIEKTPUKUA Ha
TEXHOJIOTIYHOMY OOJIaJHAaHHI Ta TMPAIOOYMX; BIJACYTHICTE a00 MOPYyIICHHS
IUJIICHOCTI OJIMCKaBKOB1ABOIIB [9].

OCHOBHI NPUYMHHU aBapii MpH eKcIuTyaTanil 00'€KTiB, 0 NPANKTH i/
THCKOM. XapyoBi HiAMPUEMCTBA CIIOKHBAIOTh 0araTo TEIJIOBOI €Heprii y BUIJISII
TEIJIOTH TIAIrpiTOi BOJW, TOBITpA 1 mapa. Hampuknan, xmi6oOyiouHi BUpoOOU
BHITIKAIOTECA NP TemreparypHomy pexumi 250160 °C nporsrom 10-60 xB. Ha
MakKapoHHUX (adpukax NPOAYKIis CYHIMTHCS B KOHBEEPHUX CyLIapKax 3 BUTPATOIO
nositpa 1o 7000 m/rox., mixirpis B maposux kamopudepu — a0 85 °C. Burpara
TEIJIOTH JJI MPUTOTYBAaHHS MUBHOIO Cycla B 3aTOPHOM 4aHi MICTKicTiO 1650 kr
ctaHoBuUTh 35 400 M/Ix.

IIpu BupoOHULTBI Oynu3bko 22 000 manm Ha 100y OE3aIKOTOJIBLHUX HAIlOiB B
CHUpPONOBAPOYHUX, KyHaXKHUX BIAIIJICHHSX, KBACHOMY 1 MUIHO-(acyBaJIbHUX Li€Xax
BuTpavaetbcsi g0 15 000 kr mapa. [lpum TermoBii 00poOli CUPOBUHU Ha
KOHAUTEPChKUX (padpukax B Komiax obcsrom 100-300 nm® Burpauaetnca 50-150
KI/TOJI. TIapa.

Ha xapuoBux miampueMcTBax yailOuiblly HeOE3NeKy CTaHOBJISATh BUOYXU
napoBUX KOTJiB. PoOounii THCK KOTIIB, SIKI €KCILTyaTyIOThCS Ha XJI100MEKapChKUX
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nignpueMcTBax, ctaHoButh 0,07 Mlla, konautepcekux — 0,3—1,1, mykpoBux — 4,
Oe3ankoronpHux HanoiB — 0,05-0,3 Mma.

OCHOBHMMHM TpPHUYMHAMU BUOYXiB KOTJIB €: MOPYIICHHS MPaBWJI TEXHIYHOI
eKCIUTyaTarlii, pekKuMiB ix poOOTH, a TAaKOXK MOCAJOBUX IHCTPYKIIiH, BUMOT TEXHIKH
0e3neKu; AePEeKTH 1 HeCIIPaBHOCTI KOHCTPYKTOPCHKUX BY3iB KOTIIB [4-5].

Bracniiok 3HMWKEHHS PIiBHS BOAM B KOTJII B MOTO TOMKOBOI YaCTHUHU CTIHU
HArpiBalOThCS BUINE KPUTHYHOI TEMIEPATypH, 3HIDKYETHCS MIIHICTh METaIEeBOI
CTIHKH, I/ TUCKOM I1apa CTIHKM BHIYBAIOThCS, 1[0 MOXE MPU3BECTH /10 BUOYXY. Bci
KoTiu 3 TuckoM mapu Buie 0,07 Mlla 1 npoayktuBHicTio nonaa 0,7 T/roja. MOBUHHI
OyTH OCHallleHI aBTOMAaTUYHUMHK 3BYKOBHUMH CHUTHAJI3aTOpaMU TPAaHUYHOIO
HIDKHBOTO PIBHS BOJIM MOTIABKOBOTO THITY.

Ha  xniOomekapchbKux, KOHIUTEPCHKUX, MAaKapOHHUX 1  OpOJMIIBHUX
H1JIPUEMCTBAX €KCIUTYaTyIOThCsSI TPyOOIPOBOAM TPETHOI 1 YETBEPTOI KATEropii s
mapa 3 temneparyporo He oinbuie 350 °C i Tuckom mene 2,2 MIla, raps4oi Boau 3
temreparyporo Bume 115 °C i Tuckom menme 1,6 MIla, a Ha IyKPOBHX €
TpyOOIIPOBOIM TApH MEPITIOL Ta APYTroi KaTeropii.

TpyOonpoBoan TOprOYMX Ta TOKCHYHMUX Tra3iB MOBMHHI OyTH OCHAIEHI
HMITYLEpAaMU 3 3alipHUMHU MPUCTPOSIMU JIJIsl 3aIIOBHEHHS TPYOOIPOBOJY 1HEPTHUM
razoM 3 MeToro 3a0e3nedyeHHs Oe3NeKH Mpolecy HaMOBHEHHS Moro poOodnm
CEPEIOBHUILIEM.

BucHoBku

1. OcHOBHI 3ax0AM Xap4yOBUX MIAMPUEMCTB, SKI 3amo0irar0Tb BUHUKHEHHIO
MOXKEXK1, MOBUHHI OyTH HaNpaBiIeHI Ha MOMNEPEKEHHS MOKJIMBOCTI YTBOPEHHS
rOpPIOYOT0 CEPEIOBUIIA 1 TIOSIBU JXKEPEN 3arOPSHHS.

2. YV BUpOOHMYMX TPHUMIIIEHHSIX, JI€ YTBOPIOIOThCA BUOYXOHEOE3MEUH1
KOHIIEHTpAIlli, JJi1 MOCTIMHOTO KOHTPOJIIO MOBITPSIHOTO CEpeoBUIla HEOOXI1THO
BUKOPUCTAHHA aBTOMAaTHYHUX CHUCTEMH 13 3aCTOCYBaHHSM pIi3HUX  BHJIIB
razoaHamizatopiB i gaTdukiB. Cucremu OJIOKYIOTbCS 3 aBapiiHOI BUTSHKHOIO
BEHTWIALIEIO I BUAAICHHS TOKCUYHHX MPOIYKTIB 1 UMY TIPH TIOKEXK1. Y CTAHOBKH
aBapiiHOT BEHTWIALII TOBUHHI OyTH BCTAaHOBJIEHI 330BHI OyaiBedb 1 CHOPYI 1
CIPAIbOBYIOTh aBTOMAaTUYHO TP HASBHOCTI B MPUMIMIEHHSAX KOHIIEHTpAIX ra3iB 1
napis, siki nepesuinytoth ['JIK, abo gocsrators 20 % HUKHBOTO CTYTICHS 3aiiMaHHS.

3. Ioxkexny HeOe3IeKy B CUCTEMax BEHTHJIALIT CTAHOBIATH (DUIBTPH, IIUKIIOHH,
MUJIOBJIOBIIIOBAaYl, JI€ YTBOPIOIOThCS HeOE3MeuHl KOHIeHTpauii mwry. s
MONEPE/KEHHsT HaJ[3BUYAHOI cUTyalli HEOOXITHO MPOBOAUTH MOCTIMHUI KOHTPOJIb
BMICTY NWJIy Ta BUKOPUCTATH BIJIOBIJHI CUCTEMHU AaBTOMAaTUYHOTO KOHTPOJIO Ta
CUTHaJTI3a1lli.

4. Kot 3 trickom napwu Butie 0,07 MIIa i mpoaykruBHicTiO moHan 0,7 T/To.
MOBUHHI OYTH OCHAIIIEH] aBTOMAaTUYHUMH 3BYKOBUMH CUTHAII3aTOpaMU IPaAaHUYHOTO
HUKHBOTO PiBHS BOJM MOILIABKOBOTO THITY.
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Abstract. The main physical, chemical, biological and psychophysiological dangerous factors
at the food industry enterprises are established. The cause of the emergency is possible explosions
and fires, their consequences: the destruction and damage of buildings, structures, machinery,
equipment, etc. The largest number of fires in electrical installations results from short circuits,
current overloads, overheating of contacts with large transient resistances. Filters, cyclones, dust
collectors, where dangerous concentrations of dust are formed, are a fire hazard in ventilation
systems. The causes of accidents during the operation of pressurized objects are presented: steam
and hot water boilers, pipelines for various purposes. Recommendations for the creation of safe
working conditions and fire safety at food industry enterprises have been developed.

Key words: food production, dangerous production factors, fire safety, organizational and
technical measures
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Anomauin. B pobomi pozensdaemvcs MoAHCIUBICMb BUKOPUCIAHH Memody OioiHOuKayii —
JIXEHOTHOUKAYii 051 OOCNIONHCEHHST MEXHOSEHH020 HABAHMANCEHH ABMOMOOLILHO20 MPAHCNOPIY
Ha cmaH nosimpsaHo20 cepedosuwja 8 ymoeax micma. Ilpoeedeno amaniz pesynbmami
CMAmMUCMuyHO-pO3PAXYHKOBO2O0 ~ Memody — ma  MemoOVIIXeHOIHOUKAYii — OYiHKU — 6NIUBY
aA6MoOMODIIbHO20 MPAHCNOPMY HA CMAH AMMOCHepHo20 nogimps Ha npukiadi m. Kumomupa.
Bcmanosneno  eynuyi, sxi 3a3Haromv  HAUOLIbWIO20 GNAUBY ABMOMODIILHO2O MPAHCHOPMY.
Busnaueno 3acanvHuil pigeHb MexHO2EHHO20 HABAHMANCEHHS ABMOMPHCHOPMY HA NOBIMPAHUL
npocmip. /[ogedeno eghexmuHicmv 6UKOPUCTNAHHA TUWATIHUKIG 8 AKOCMI Oi0iHOUKamopa.

Kniouogi cnosa: 6Gioinouxayis, nUMAUHUKY, ABMOMOOILIGHUL MPAHCNOPM, 3A0pYOHEeHHs,
nosimpsine cepedosuuye

Beryn. Po3Butok ypOaHi3oBaHMX TEpUTOPIA MNPU3BOIUTH [0 CTPIMKOTO
MOTIPIIEHHSI TOKa3HMUKIB SIKOCTI JIOBKUUIA, 30KpeMa IMOBITPSHOTO CEpeaOBHUIIIA.
OCHOBHOIO TMPUYHHOIO TOTIPUICHHS EKOJIOTIYHOTO CTaHy MICT € HeJAOCKOHae
IUIAaHYBaHHS Ta PO3MILICHHS Y JKUTJIOBIM 30HI MPOMHUCIOBHX MIANPUEMCTB,
BHACIIIJIOK YOr0 BiAOyBaeThcs 3a0pyAHEHHS TOBITPS BUKHIAMH CTalllOHAPHUX 1
NEPECYBHUX JDKEPEN, a TAaKOK HU3bKHM BIJICOTOK 3€JIEHMX HACAIKEHb, IIYMOBE
3a0pynHeHHs. Oco0nuBO HeOEe3MeUHUd BIUIMB Ha €KOJIOTTYHMM cTaH aTMOC(hepHOro
MOBITPS MICTa OCTaHHIMU JECATWIITTSAMHM  CIpaBIs€ 3POCTAHHS  KUIBKOCTI
aBTOMOOUTBHOTO TpaHcnopTy.OKpiM BUKUAIB BiJ] 3rOpaHHs MajuBa, aBTOTPAHCIOPT
OPU3BOAUTH /10 3POCTaHHS HAJAXOJDKEHHS CBHUHII0O B HABKOJIUIIHE CEPEIOBHINE, a
TaKoX 210 cienupiyaux ¢popm 3a0pyaHeHHs noBiTps. [Ipu pyci cTuparoTbes MKUHM, 1
TUCSAYl TOH TYMH Y BUTJISI1 LY TOTPAIIsOTh Y OBITpA [3; 4; 5].

[IpoBeneHHsI IHCTPYMEHTAIBHOTO KOHTPOJIIO BUMAara€ 3HayHHMX 3aTpaT KOIUTIB
Ta 9acy KBaI(hiKOBAHOTO IMEPCOHANY, IMPOTE I1¢ HE 3aBXIU JOLUIBHO. JlocaimKeHHs
(B Topmkos, C. Koumpatiok, B. KyuepsBuii, B. Kpamapenps, O. Memnixona,
I. llIBaguak, M. Miller, T. Nash, C. Gries) [6; 9] cBiguaTh MPO MOXKJIUBICTH OIIHKH
€KOJIOTIYHOTO CTaHy aTMOC(hepHOTrO TOBITPS MiCTa 3a JOMOMOIOK METO/IIB
OloiHUKAIllT, 30KpeMa JIIXCHOIHIMKAIIii.

Metorw Hamoro AOCHIPKEHHSI € BCTAHOBJEHHS €(EeKTUBHOCTI BUKOPHUCTAHHS
METONy JIIXCHOIHJWKAaIlli Tpu BUBYEHI BIUIMBY aBTOTPAHCHOPTY Ha CTaH
aTMOC(EepHOro MoBiTPAB YMOBax M. JKutomupa.

O0’exT nocaimkeHHs— atMocepHe TOoBITps B Mexax M. JKutomupa.

Kutomup — BaXIUBUM E€KOHOMIYHUN 1 HAayKOBO-TEXHIYHHMU IIEHTP PETIOHY.
OCHOBHUM 3a0pyTHIOBA4YE€M IOBITPSHOIO CEPEIOBUIIA € aBTOMOOUTbHUN TPAHCIIOPT.
Ha panuit wac B M. JKutommupi mpamroe 4 cramioHapHI METE€OpOJIOTiYHI MOCTH
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CIIOCTEPEKEHHSI 3a CTaHOM aTrMoc(epHoro mnoBiTps.BoHM 3A1HMCHIOIOTH KOHTPOJIb
BMICTY YOTHPBHOX OCHOBHHX BHJIB AOMIIIOK: muiy, cyasdyp (IV) okcun, HiTporen
(IT) oxcun Tta xapoon (II) oxcum, a Takox cruerudiyaux: OeH3(a)mMpeHy 1 BOCEMU
Bakkux wmetamiB (Fe, Cd, Mn, Cu, Ni, Pb, Cl, Zn) [3; 4]. IIpoTre KIIBbKICThH
aBTOMOOUIBHOTO TPAHCIOPTY HEBIHMHHO 3pOCTa€, IO MOTpedye J0JaTKOBOTO
KOHTPOJITIO.

bararo ykpaiHChKHMX Ta 1HO3eMHUX BUEHUX TakuXx, sik: M. Iliporos, C. BouriH,
C. Conbpko, W. Grant, E. Owens, H. Dobben, C. Braak 3alimaroTbcsi OIIIHKOIO
€KOJIOTTYHOT'0 CTaHy MICTa 3a JIONIOMOT0r0 MeTOA1B OioiHauKartii [ 1; 8].

OcHoBHM#i TekcT.OLIHKY 3a0pyaHEHHsI aTMOochepHOoro nmoBiTps M. JKurtomupa
OyJI0 POBEJIECHO BUKOPUCTOBYIOUM SIK OlOIHAMKATOP JMIIAWHUKU TOMY, 110 BOHH
NOIIMPEH] y BCIX pailoHaX MiCTa, HEBUOATIMBI O YMOB 3pOCTaHHS 1 AyXe Yy TJIHUBI J0
3a0pyHeHb atMocdepHOoTo ToBITps [1; 7].

JIumaiiHuKM pearyloTh Ha 3a0pyAHEHHS HE TakK SK BHUIIl POCIHHU.
JloBroTpuBana disi HU3BKUX KOHIEHTpAIill 3a0pyIHIOIOYNX PEYOBUH BUKIMKAE
HOLIKO/)KEHHSI TaJOMy JIMIIAHUKA, 110 HE 3HUKAIOTh aXX 10 LIUJIKOBUTOTO HOTO
BiMupaHHs. 1{e moB's3aHo 3 TUM, IO JIMIIAWHUKHA BIAHOBIIOIOTHCS Jy>KE MOBLIBHO,
TOAl SIK ypa)K€HI TKAHWHHU BUIIMX POCIWH PETCHEPYIOTHCA MOPIBHAHO MIBUIKO.
Husbka uyTnuBicTh nuiaiiHuKa oOOyMOBJIEHa O€3MEPeliKOHUM MPOHUKHEHHSIM
pa3oM i3 omajaMu He JIMIIE MIHEpaJbHUX, a ¥ HIKIJJIMBUX TOKCUYHUX PEUOBUH. 3a
YYTJAUBICTIO 10 3a0pyJHEHHS TOBITPS JHUIIAMHUKKA TOAUISIIOTh Ha TPyIu.
HaliuyrnuBimunmu 10 3a0pyIHEHHS TOBITpST € MPEICTaBHUKM  KYLIUCTHUX
JUIIAMHUKIB. TOKCUTOJIEPAHTHUMHU € HAKWITHI BUIU, SIKI BUCTYMAIOTh 1HAMKATOPAMHU
KHCJIOTO 3a0pyIHEHHS CepEIOBHUIIIA.

Jlns miaTBep KeHHST €()EKTUBHOCTI 3aCTOCOBAHOTO METOJY JIIXCHOIHAMKAIIiT
JOCIIIJKEHHSI BKJIIOYAJIO JIBa €Talu: CTaTUCTUYHUN (PO3paxXyHKOBUW) METOJ Ta
METO/ JIXECHOIHAUKAI].

Ha nepiomy etami, 10oCiiIKEHHS TPOBOJUIN CTATUCTUYHUM METOA0M. Bymuili
M. JKutomMupa MmoAuIMIM Ha TPYNU 3a PI3HOIO IHTEHCUBHICTIO PyXy TPaHCHOPTHUX
3aco0iB Ta Oyi0 00paHO MO MAEKUIbKAa IIISHOK y KOXHIA 3 Tpymn. Y SKOCTI
KOHTPOJIbHOT OOpaiu AUISHKY, II0 3HAXOJUTHCA 32 MEXAaMU HACEJICHOTO MYHKTY
BCEPEJIMHI JIICOBOTO MAacHUBY, HE OJMKYe HDK 3a 2 KIUJIOMETpPH J0 HalOIMmK4oi
aBTOMAaricTpari.

AHami3 OTpUMaHUX MaHWX BKa3ye, M0 HA OUTBIIOCTI IUISHOK 00’€M MOBITPS,
HEOOX1MHUN A1 po30aBJICHHS, MEPEBUILYE YMOBHHI 00’€M TMOBITPsS, TOMY BOHH €
3a0pyaHeHumH (Bix Byn. KuiBcbkoi 10 Byn. MakcioToBa) (tadm. 1).

Taoauus 1.
Cryninb 3a0pyiHeHOCTi NOBITPA M. ZKNTOMHpPa aBTOTPAHCIIOPTOM
Tpyma Ha3Ba_ TOCITiTHOT V/ Vym, M°
JUISIHKH

[lepmra rpyna - 9ucTe MOBITPs KonTponpHa ninsHka 0,13

[Napomapk 0,22
Jpyra rpyna - BiIHOCHO YUCT€ MOBITPS [Tapk I'arapina 0,4
Tpetst rpyna - 3a0pyaHEHE TOBITPS Byn. MakcroroBa 2,5
YerBepTa rpymna - CUIbHO 3a0pyTHEHE MOBITPS KuiBcbke moce 5,1
[I’sita rpymna - HAATO CUIIBHO 3a0pyIHEHE MOBITPS Byn. KuiBceka 21,8
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Ocranni x, HaBmaku, Ilapk [arapina, ['igpomapk Ta KOHTpOJIbHA MJiISTHKA
BusBmwiInch unctumu.B JKutomupi € 5 Towok Buizgy 3 wmicta (KuiBceke mioce,
npocnekt Mupy, Byl [lokpoBceka, bepanuiBcbke moce, UyaHiBCbKe 1Ioce), came
TyT OyAyTh pailOHU 13 CEpEAHBOI0 IHTEHCHUBHICTIO TPAHCHOPTHUX MOTOKIB. CriA
BIIMITHUTH, W0 B JKUTJIOBUX 30Hax (Byd. Kwubampumua, Bys. MakcroToBa,
ByJ1. llleBueHKa), TaKOX € 3HAYHA KIJIbKICTh aBTOMOOWIIB, K1 MPOIXKIKaIOTh MOB3 YU
napKyoTbes. HaliMeHmmii pyX crocTepiraeThCs y 30HaX BIAMOYMHKY M. JKutomupa
— ue Naponapk, [1apk ["arapina ta nBa ckBepu Ha ByJ. CobopHiii Ta Byi. [1onboBii.

Hactynauuii eranm goCHiKEHHST MPOBOAWIM METOAOM JiiXeHoiHauKaiii. Ha
KOKHIM JisHI oocTexyBanu 10 crapux, ajne 3J0pOBHUX JAEPEB, IO POCTYTh OKPEMO.
Ha xoxxHOMy nepeBi BU3HAYaJIM BHUJ JUIIAWHUKIB. [licis 11bOoro BU3HAYAIM OLIHKY
CTYIIEHS TOKPUTTS IEPEBHOTO CTOBOYpa JIMIIAWHUKOM, 3a 1onomMororo pamku 30x30.
Busnavanu Buj JnumaldHMKa Ta HOTO BIJCOTOK BiJ 3arajbHOi TUIOIIl PaMKH.
OTtpumani fAaHl 3aHOCWIHCS JO TaOJWIll Ta HAHOCWJIUCh Ha KapTy MicTa.
[limpaxoByBanu CTyIiHb TOKPUTTS CTOBOypa JjepeBa JuIIaiHWUKaMu. [loTiMm
3HAXOAWJIA CEPEHE BIJCOTKOBE 3HAYCHHS [0 KOXXHOMY BHJIY JIMIIAWHUKIB 1
3arajJbHUMN BiJICOTOK TIOKPHUTTS CTOBOypa Jiepena.

[Ticns oOpoOku BCix nMaHux, BynuIill M. JKuToMupa pO3NOAUIMIA 32 5-TH
0aNpbHOIO NIKAJIOK, BIAMOBIJIHO 10 MPOSKTUBHOTO TIOKPUTTSA CTOBOypa JjepeBa,
BU3HAYABCS PiBEHb 3a0PYyTHEHOCTI OBITPS 32 KOXKHOIO JUISTHKOO (Tab11.2).

Tadoauus 2.
Cryninb 3a0pyaHeHocTi noBitpst M. 2Kutomupa 3a 5-tu 0a71bHOI0 IIKAJIOK0
NPOEKTHBHOIO MOKPHUTTS CTOBOYpA JAepeBa JUIIAHHUKAMH

3aranbHul CTYMIHB
Po3ramyBanus
ban Ta BenuunHA CTyneHs TOKPUTTS : MIOKPUTTS CTOBOYpa
. TUJISTHKA B MEKax
CTOBOYpa JiepeBa JUIIaAHUKAMU nepeBa
M. JKutomupa . o
JIuaitHukamu, %
1 ©Oan (80-100%) Ilepma 3ona - | KoHTpoJsibHA IIIsSIHKA 90,6
YHCTE MOBITPS ['iaponapk 83,0
2 6am (60-80%) Jpyra 3ona - [Tapk ["arapina 73,4
BIJTHOCHO YHCTE IOBITPS
3 OGamm (40-60%) Tpers 3oma -| Byn MakcioToBa 56,9
3a0py/IHEHE MOBITPS
4 Oamu (20-40%) YerBepra 30Ha - KwuiBcbke moce 20,5
CUJIbHO 3a0pyaHEHE MOBITPSI
5 6amniB (1-20%) IT’ata 30Ha - HAATO Byn. KuiBcbka 11,0
CUJIbHO 3a0pyaHEHE MOBITPSI

Po3paxyBaBmim Ta mnpoaHai3yBaBIIM JaHI MOKHA 3pOOMTH BHUCHOBOK, IO
I'iapomapk BIJHOCUTHCS JO MEPIIOi 30HU, OCKIIBKM BEJIMYMHA CTYINEHS MOKPUTTS
cToBOYypa aepena umaitHukamu 83%, mo BxoauTh B Mexi Big 80 - 100%. KuiBcbke
III0CE BIJIHOCUTBCS JIO YETBEPTOI 30HMU, BEIMYMHA CTYIEHS MOKPUTTA CTOBOypa
nepeBa ymmaiHukamu 20,5%, mo Bxoauth B Mexi Big 20 - 40%. Byn. KuiBcbka
BIIHOCUTHCA JI0 TI'SITOI 30HW, BEIWYMHA CTYINEHs TOKPUTTS CTOBOypa JepeBa
mumaiaukaMu 11 %, mo BxoauTth B Mexi Bij 1 - 20%.
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Buxoasuu 3 oTpuMaHux JaHUX 0a4MMO, 1110 YMCTOIO UISHKOIO € KOHTPOJIbHA Ta
[Mppomapk, sKi MalOTh BEJIUKHM BUIAOBHNA CKIald (IOpH, BIACYTHICTh MPOMHUCIOBUX
HIPUEMCTB Ta BIUIMBY aBTOTPAHCIOPTY.

CraH A0CHKyBaHUX AUISHOK 3a PO3paxyHKaMH BOX METOJIB CIIIBIAaB Ha 5
TEPUTOPISIX, 3 AKHX:

- YUCTI — KOHTPOJIbHA JUISIHKA, ['iAponapk; - BigHOoCcHO uncTi — [lapk ["arapina;
- cuiibHO 3a0pyaHeH1 — KuiBcbke 1moce; - HaATo CHIIbHO 3a0pynHeH1 — Byn. KuiBchka.

OTpuMani fJaHi B KOXXHOMY METOJII JEIIO BIAPiI3HIOTHCA. Tomy Tpeba
BU3HAYUTH TICHOTY KOPEJSALINHOI 3aJ€KHOCTI MK pe3ylibTaramu. MaTemaTuyHa
o0poOKa OTpUMaHUX [AaHUX BKa3ye, M0 KOe(DILIEHT KOpesslii MpH 3acTOCYBaHHI
METOJTy JliXeHO1HAuKaiiictaHoBuTh 0,942, a npu po3paxyHkoBomy metoi — 0,913.11e
0OyMOBJIEHE THM, 110 3a0pyAHEHHS aTMOC(HEPHOro MOBITPSI MICT 3HAYHOIO MIpPOIO
0oOyMOBJIEHE BHUKUAAMHU aBTOTPAHCIOPTY, aje KpIM IbOTO Ha CTaH aTMocdepu
BIUTMBAIOTh TAKOXX 1 1HII (PaKTOpH: BUKUIU MIAMPUEMCTB, 3aBOJIIB, KOMYHAIbHOI
cdepu Ta iH.

BucnoBku. B pe3ynbrari mpoBeeHOTO aHaI3y CTaHy aTMOC(EpHOTO MOBITPS B
Mexax M. JKUTOMHUpamMeTOo10M JIIXCHOIHUKAIII1 OyJI0 BCTAaHOBJICHO:

1. 3arambH I1HTEHCHUBHICTh TPAHCIOPTHOTO TMOTOKY IO BCIM pailoHam
M. JXKutomupa 3a KUIbKICTIO aBTOMOOUTIB MPUOIM3HO OHAKOBa. Jluie B yac mik Ha
JESKUX BYJUISX MICTa MOYKHA CIIOCTEPIraTu AESKE IiJIBUILIEHHS IHTEHCUBHOCTI PyXy
TPAaHCHOPTHUX 3aco0iB. Malike Mo BCIXIOCHIKYBaHUX JUISHKaXOyJio BHUSBIEHO
MEPEBULIEHHS CaHITapHOI HOpMHU. JUIAHKH, SK1 HE MEPEBUILYIOTh CaHITAPHOI HOPMHU
ue: [apk ["arapina, I'igponapk Ta KOHTpOJIbHA AUISHKA.

2. [JocmixyBaHl AUISIHKA PO3MOJIUTMINCS Ha TpPU KaTeropii: 3a0pyAHEH,
CWJIBHO 3a0pyAHEH1 1 HAATO CUJIbHO 3a0pyaHeHl. Jlo OCTaHHIX BIAHOCHUTBHCA
ByJ. KuiBchka, ajpke Ha HiM 3aBaHTaKEHICTh aBTOTPAHCIOPTOM JOCHUTH Benuka. J[o
CWJIbHO 3a0pyIHEeHUX HallexUTh KuiBchke moce. Jlumie Ti JUISTHKY, K1 3HAXOAAThCS
B )KUTJIOBUX pailoHax Ta MalOTh 3HaYHE 03€JICHEHHS € YUCTUMHU.

3. B pe3ynbTaTi NpoBeIeHOTO aHali3y CTaHy aTMOC(HEPHOro MOBITPSI B MEXKax
M. JKuToMupa METOI0M JIXCHOIHAUKAIT BUSBUIIOCS, IO aTMOCc(epHe MOBITPS MicTa
Ma€e cepeliHii piBeHb 3a0pynHeHHs. [Ipo 11e, CBIUMTH, HASBHICTh JUIIAWHHUKIB Ha
BynuIsiX Micta Maibke y 50%. Ha nentpanbhiil Bynuii micta — KuiBcbkiii30BCiM
BIICYTHIM HAaWUYyTIUBIIIUN BUJI TUIIAHHUKIB — KyCTHUCTHUH.

AHaniz 3 pe3yibTaTiB, OTPUMAHUX IiJ 4Yac pO3PaxyHKiB, BKa3ye Ha
e(eKTUBHICTh 3aCTOCYBaHHS METOAYJIIXCHOIHAMKAIIl JJii BHBYEHHS pPIiBHA
3a0pyIHEHHS TTOBITPSL.
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Abstract. The paper considers the possibility of using the method of bioindication -
lichenoindication for the study of technogenic load of road transport on the state of the air
environment in city conditions. The analysis of the results of the statistical calculation method and
the method of lichenoindication of the assessment of the influence of road transport on the state of
atmospheric air in the example of Zhytomyr is conducted. The streets that are most affected by road
transport have been installed. The general level of technogenic loading of motor transport on air
space is determined. The efficiency of using lichens as a bioindicator has been proved.

Key words: bioindication, lichen, road transport, pollution, air environment
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