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Increasing the efficiency of the drum type machine for forming
burger products

author: Volodymyr Vasylkov
scientific adviser: assoc. prof. Oleksand Chepeliuk

Abstract: It was proposed to improve the efficiency of the minced meat feeding mechanism of the
drum type burger machine by changing its design and using blades with horizontal sections. They make it
possible to hold the minced meat for a longer time under pressure, which provides a better forming. To
create a directional product flow into the forming zone and to limit the unproductive minced meat movement
it is advisable to install the counterblades. Minced meat completely filled the feeding channel chamber and
has been evenly compacted with a rotational speed of the blades feeding mechanism at 22 rpm.

Key words: burger, forming, minced meat, feeding mechanism.

INTRODUCTION

In the meat product market a significant part is occupied by semi-finished products.
Burger products are treated to the chopped semi-finished products that are formed from
homogeneous or multicomponent minced meats. They can be homogeneous or multi-
layered, without external coating or coated with breading.

In the scientific literature the research results of the effect of minced meat
components on consumer properties of burgers are presented [1-4]. However, the
information about the influence of the forming equipment design parameters on the
products quality is limited.

Cutlets forming is an important stage of production, which determines the
appearance of products and their subsequent processing. At the modern enterprises a
variety of equipment: with cylindrical forming drums, with forming plates; with carousel
molding tables are used. At the meat processing enterprises of small and medium
productivity, the equipment with a cylindrical forming drum became very popular.

Nowadays, the development and modernization of the machines design for burger
forming is carried out, as a rule, experimentally, without taking into account the change in
the structural and mechanical properties of minced meat in conditions of forming in a
closed volume. However, the design decisions of forming machines must be completely
determined by the technological properties of the corresponding medium. The minced
meat consistency and the rational pressure level during forming should ensure the
preservation of the semi-finished product shape during its further transportation or during
heat treatment. Therefore, the determination and justification of rational design parameters
of the equipment for burger products forming and its operating modes is an urgent task,
the solution of which will increase the productivity of the corresponding equipment and
improve the products quality.

MATERIALS AND METHODS

The object of the study is the process of burger products forming in a drum-type
machine (fig. 1).

The rheological properties of minced meat with a moisture content of 60%, cooked on
the basis of chicken and pork meat, were determined on a rotational viscosimeter
"Rheotest-2" at the temperature of the test samples of 10 £ 0.5 °C.


http://www.lingvo.ua/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%ba%d0%be%d1%82%d0%bb%d0%b5%d1%82%d0%b0&translation=cutlet&srcLang=ru&destLang=en
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The burger forming process is considered as two separate — the minced meat forcing
from the hopper into the forming zone by the blades feeding mechanism and the direct
products forming.

a b
Fig.1 Drum-type machine for forming cutlets:
a — general view, b — forming drum,;
1 - housing, 2 — motor-reducer, 3 — hopper, 4 — feeding mechanism, 5 — drum,
6 — mechanism for burgers removing, 7 — conveyor, 8 — the piston

A conducting of physical experiments is quite a complicated and expensive method,
therefore, computational experiments were performed in the software package FlowVision.
Geometric models of the hopper and the feeding mechanism of minced meat were created
in the SolidWorks program.

The process of minced meat feeding into the forming drum chamber of the burger
machine affects the quality of the finished products, so it was important to determine the
geometric parameters of the blades feeding mechanism and its rational operating
conditions. When modeling the process of minced meat feeding into the cavity of the
forming drum, such configurations of the blades feeding mechanisms were used: with a
blades inclination angle of 30 °, 45 ° and a blade with horizontal sections (fig. 2).

The rotational speed of the blade supercharger from 18 to 28 rpm with an interval of
2 rpm is considered.

a
Fig.2 Models of the feeding blades: a - the blade with an inclination angle of 45 ;
b — the blade with an inclination angle of 30 °; ¢ — the blade with horizontal sections
For modeling, the model "Incompressible fluid® was chosen. The Navier-Stokes
equations (1) and the continuity of the flow equation (2) are used:

-8-
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N +V(V®V)= _vP +£V((,u+,ut )(VV +(VV)' ))+[ —'Dh—ydjg

ot p P P (1)

VV =0, 2

where V — relative velocity vector, m/s; t — time, s; P — relative pressure, Pa; p — density,
kg/m?®; u — dynamic viscosity,Pas; . — turbulent viscosity, Pa-s; g — vector of gravity, m/s?.

Properties of the minced meat which are used in calculations: molecular weight —
23520 amu, density — 1050 kg/m?; viscosity was determined with a rotary viscometer, is
specified by the dependence 401/GRAD_MOD (Mod. Speed) * 0.76.

To load the geometry of the feeding unit, the "Moving body in Geometry template”
filter was used, in which the mass of the feeding mechanism (2.79 kg), the inertia matrix,
the angular velocity and its original location were set.

The boundary conditions “inlet”, “free outlet” of the minced meat and the hopper wall
and the feeding mechanism are given (fig. 3).

wall

wall

outlet
Fig. 3 Schematic representation of the setting of boundary conditions

To visualize the results, 9 points are set in the discharge channel (see fig. 3), in
which the values of the pressure and the speed of the minced meat were recorded.
Three problems with three different geometries of the blades were solved.

RESULTS AND DISCUSSION

For the qualitative burger forming, it is necessary that the minced meat completely
filled the feeding channel chamber and has been evenly compacted. However, the basic
variants of the feeding blades have been made at an angle of 30 ° and 45 ° do not fulffill
this condition (fig.4), demonstrating a significant pressure drop at the opposite ends of the
feeding channel.

P, Pa
% 1
3200 H‘““*——-‘{ B
k..—-'"""-—
3000 ./4-""' ."\
2
2800 //’
2600 N
I 3
2400
0,22 0.23 0.24 0.25 I, m

Fig.4 Pressure distribution along the channel length for different blade geometry:
1 - with horizontal sections, 2 - with an angle of 45 °, 3 - with an angle of 30 °

-9-
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For the blade with horizontal sections, the pressure in the channel is distributed more
evenly, which makes it possible to produce better products.

The pressure distribution along the section of the feeding channel for each type of
blades was investigated at rotational speeds of 18 ... 28 rpm. This parameter also
significantly affects the results of forming. Thus, the most uneven distribution of pressure
was observed at a rotational speed of the blades feeding mechanism at 18 rpm, the range
of values was from 3198 to 2638 Pa, or 21% (fig. 5a). For the blade with an inclination
angle of 45 °, the values pressures of the order of 3400 ... 3700 Pa predominate, the
discrepancy is 8%. The most uniform pressure distribution is typical for the feeding
mechanism with blades having horizontal sections, when using which the difference
between the maximum and minimum pressure is 1.3%. At the same time, the pressure
values are the maximum of the three versions considered.

Fig.5 Pressure distribution at the rotational speed of the blades feeding mechanism,
rom:a—-18,b—-22,c—28

The presence of the lower horizontal section does not allow the minced meat from
the canal to move upward (this motion exists when using conventional blades due to the
pressure difference before and after the blade). The upper horizontal section of the blade
provides for the capturing of minced meat from the hopper, permits the necessary
pressure to be created by preventing a free flow of the minced meat around the blade in
the upper part. Using a blade with horizontal sections makes it possible to hold the minced
meat for a longer time under pressure, which provides a better forming.

To create a directional product flow into the forming zone and to limit the
unproductive minced meat movement it is advisable to install the counterblades.

A rotational speed of the feeding blades significantly affects the speed of the minced
meat movement in the feeding channel. An increase of the rotation speed from 18 to 28
rpm leads to an increase of the speed from 1.3 times for the blade with horizontal sections
to 1.5 times for the blade with an angle of 45 ° (fig. 6).

-10 -
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L, M/s 3

0,12 .

0,10 —e———
0,08 *

0,06 E— 2
0,04 1

18 20 22 24 26 n, rpm
Fig.6 Dependence of the minced meat speed on the blades rotational speed with

different blade's geometry:
1 — with horizontal sections, 2 — with an angle of 45 °, 3 — with an angle of 30 °

With an increase of the blades rotational speed, the movement speed of the minced
meat, which is near the blade, is increased and the zone of increased velocities expands.

However, the burger quality depends on not only by the state of the minced meat at
the inlet to the feeding channel, but, to a significant extent, also by its state directly in this
channel. Using the results obtained during simulation of the minced meat feeding process
for the blades with horizontal sections, the condition of the minced meat in the feeding
channel, which connects the hopper to the shape on the drum, was analyzed for various
blades rotational speeds. It is established that at a blade rotational speed with horizontal
sections of n = 22 rpm, this channel is completely filled and the pressure uniformly affects
throughout the volume. This value of the rotational speed of the blades feeding
mechanism is recommended for the considered design of the burger machine.

Using the method of least squares, the dependences characterizing the velocity v (3)
and the pressure P (4) along the channel length for the blade with horizontal sections
which rotating with a frequency of 22 rpm were obtained:

v=0,2486-In(l) + 0,4241 3)
P=-6420-1+4755.5 4)

CONCLUSION

To obtain high-quality products - burgers - it is necessary to ensure uniform feeding
of the minced meat into the forming zone. This is ensured by the establishment of a
feeding mechanism with blades that have horizontal sections. Such design allows a longer
time to retain the minced meat under pressure, thus ensuring its uniform feeding and
guality products forming. The rational rotational speed of the blades feeding mechanism is
22 rpm.
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Carotenoids: structure, biological functions and methods for
determination of them

authors: Polina Starkova, Ksenia lvanova, Anastasia Chencova
scientific advisers: assistant professor Gjore Nakov

Abstract: In recent decades, there is a rapid increase in morbidity and mortality. Important factors for
maintaining health are the quality of water, air and food. However, the development of civilization is
accompanied by catastrophic pollution of the environment, harmful habits, as well as the industrialization of
the food (refining, preserving, long-term storage). All these facts lead to the loss of bioactive substances in
the processing of natural products.

Nowadays the need for a bioactive substances is increasing, but their containing in food are
decreasing. As a result, the population suffer more and more from the scarcity of vitamins, carotenoids and
microelements. Plenty of experimental researches have shown that bioactive-carotenoids have antioxidant,
antimutagenic, anticarcinogenic, immunomodulating, radioprotective, antisclerotic, anti-inflammatory and
antitoxic properties. Carotenoids increase a resistance of the organism to the action of mutagens and
carcinogens. Another benefit is inverse correlation between the concentration of B-carotene in the blood
plasma and the risk of cancer. Aim of this work is demonstrate structure, biological function and methods for
determination.

Key words: carotenoids, antioxidant activity, Geno regulation, cancer prevention, methods

INTRODUCTION

General characteristic

Carotenoids are natural yellow and orange pigments. It is found in all of higher
plants, some seaweeds, phototrophic bacteria, certain species of non phototrophic
bacteria and lower fungi. Only plants and bacteria during metabolism are able to
synthesize the carotenoids. Animals and humans aren't able to synthesize it, because of
scarcity of some dehydrogenation enzymes. Therefore, humans and animals consume
carotenoids from plant foods. It can be only negligible modification of carotenoids in their
body. According to experts appreciate, approximately 100 million tons of carotenoids
obtain annually in nature[l]. Carotenoids are built in the thylakoid membrane, like
chlorophyll, in the form of globules, crystals, water-insoluble protein carotenoid complexes

[2].

From an organic point of view, carotenoids are polyene hydrocarbons with a
structure of isoprene units (Cs-compounds). Due to the large number of conjugated
double bonds, these compounds absorb the light in a visible region of the spectrum. This
property gives them a color from yellow to red. The larger a number of conjugated double
bonds in the molecule, the greater a wavelength of the absorbed light and the brighter the
color of the pigment [2].

Some have six-membered rings at the ends of the molecule, others have five-
membered rings or aliphatic hydrocarbons, hydroxyl, aldehyde, carboxyl, epoxy groups,
etc. [1]. Carotenoids are divided in depends on oxidation level into carotenes (orange
pigment) - unsaturated hydrocarbons and xanthophylls (yellow pigment) - oxygenated
carotenoids. Carotenoids have geometric isomerism (fig. 1). The configuration of the
molecule significantly affects to physical and biological properties of carotenoids.
Nowadays more than 600 natural kinds of carotenoids have been isolated and explored

3].
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trans--carotene 13-cis-B-carotene

9-cis-B-carotene 15-cis-B-carotene
| |

Fig. 1 The structure of trans-, mono-, cis-isomers of -carotene [1]

Biosynthesis

The hydrocarbon base of carotenoids synthesize in plants and seaweed chloroplasts
according to the general scheme which goes through main isoprene group (Cs): from
glucose or acetate to mevalonate with following inversion, desaturation and cyclization.
Biosynthesis is limited by formation of benzene ring at one or both ends of the acyclic
molecule. If the desaturation is completed before the beginning of cyclization, the acceptor
of mono- and bicyclic carotenoids (a-, B-carotene) is lycopene. Other kinds of carotenoids
synthesize by following modification. Hydroxylation of carotenoid hydrocarbons goes
enzymatically with the participation of molecular oxygen. Other factors have influence on
the biosynthesis of carotenoids: aeration, pH, temperature, sources of carbon and
hydrogen [3].

Functions

» Pigmenting function

Carotenoids give color to vegetables and fruits, to cover of animals, to feathers of
many species of birds. They absorb blue-green light and pass this energy to chlorophylis,
which capable to absorb the light only in a red region of spectrum. This function is
especially important for seaweed, because blue-green light penetrates into the water much
deeper than a red one. Carotenoids of marine animals are in a complex with proteins (lipo-
and glycoproteins). Complexes of carotene-proteins have a purple, blue or green color,
probable, because of the electronic shift during complexation [1].

» Photo-protection function

Carotenoids protect vital tissues against photo-oxidative damage. They allow photo
systems to transfer extra energy into heat, because light overloads can lead to super
excitation and malfunctions in the process of photosystems. It can be achieved by
removing extra light energy, by removing energy from super excited chlorophyll or by
cyclic chemical reactions where some carotenoids turn into the others [2].
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» Antioxidant function

Carotenoids and chlorophylls prevent a damage of photosynthetic cell membranes
by singlet oxygen. They able to convert O, into a normal triplet state due to delocalization
of the electron by a conjugate system of bonds with following dispersion of extra energy of
excitation. One (3-carotene molecule capable to “capture” up to 1000 molecules of singlet
oxygen [1].

» Structural function

Carotenoids are compulsory structural components of photosynthetic membranes.
Experiments have shown that photosystems become unstable without carotenoids and the
whole construction of photosystems breaks down. They provide the safety of cell
membranes from damage effect of any types of radiation [1].

» Function of A-vitamin

Carotenoids are the main, safe and only source of natural vitamin A. In human's and
animal's body it form during the enzymatic metabolism of carotenoids. Carotenoids aren't
toxic, the formation of vitamin A is enzymatically limited, so receiving the vitamin A
overdose by consuming carotenoids is impossible [1].

Vitamin A (retinol, retinal) is used for:

- normalization of cell differentiation, especially epithelial cells;

- safety and functioning of the immune system;

- reproductions of embryonic development;

- support of the functioning of vision and skin [1].

B-carotene is a unique source of vitamin A. Bioconversion of B-carotene to vitamin A
occurs by oxidative metabolism of the molecule along the central 15-15 r-bond with the
influence of the enzyme [(-carotene-15-15 dioxygenase (DOG) [4]. The main product is
retinal, which enzymatically convert to retinol (fig. 2). Retinol is esterified, then deposited in
the liver or oxidized through retinal to retinoic acids [1].

H;CCH; CH;

B-carotene

H;CCH;  CHs CH;:

H; B-apo-8-carotenal (Cz0)
H;,CCH;  CH: CH; @

'H- 343
@ © B-apo-10'-carotenal (Cz7)

H;CCH, @ CH; H;CCH; CH
@:\AM\/\Q
CH; H;
B-apo-15-carotenal (C20) = retinal retinol - vitamin A

Fig. 2 Oxidative splitting of B-carotene [5]
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The plants don't have such enzyme, therefore plants don't contain the vitamin A. If
blood plasma has a high level of vitamin A, the activity of DOG decreases and the
bioconversion of B-carotene to vitamin A stops. If blood plasma has a low level, it rises
again. Other carotenoids, which have at least one B-ion ring without keto- and hydroxy
groups (a-carotene, B-cryptoxanthin, etc.), are metabolized into vitamin A too [6].

» Participation in the regulation of enzymatic activity and gene regulation

Carotenoids are able to activate the gene expression, which encode the production
of protein connexin-43 [7,8]. This protein is a compulsory component of the intercellular
interaction. Most of organs are connected with each other by water-filled pore. Cells can
interchange by nutrients, metabolic products, signaling molecules through pores. But
intercellular contacts broke down during neoplastic transformation. In vitro experiments
have shown that if tumor cells are separated and have a weak contact with each other,
there is their un control division and tumorous growth. The carotenoids ability to improve
intercellular communications by increasing the production of connexin-43 as a
transmembrane protein has an inhibitory effect of carotenoids on the tumor process [1].

Type and source of Carotenoids

The most biologically important hydrocarbon carotenoids are B-carotene, lycopene,
a-carotene, and xanthophyll are lutein, zeaxanthin, astaxanthin, canthaxanthin, [-
cryptoxanthin their structural forms is given in fig. 3 [8].

lycopene
CH CH He
N)c C”) 3 g
E I l l H,C CH
CH, CH, CH, 2 :
a-carotene lutein
HO

[B-carotene B-cryptoxanthin

O S e

HO

zeaxanthin OH

HO
o) F o
canthaxanthine astaxanthin ”
; HO ;
o o)

Fig. 3 The structure of a-carotene, B-carotene, canthaxanthine, lycopene, lutein, 3-
cryptoxanthin, zeaxanthin, astaxanthin (transconfiguration by all 1T-bonds) [1]

Regarding tissues, carotenoids are concentrated in the lipid bilayer, where they

participate together with vitamin E in the deactivation of free radicals. Some carotenoid
biosynthesis products and their content in different plants can be obtained from table 1.
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Regarding tissues, carotenoids are concentrated in the lipid bilayer, where they
participate together with vitamin E in the deactivation of free radicals. Some carotenoid
biosynthesis products and their content in different plants can be obtained from table 1.

Table 1. The main carotenoids of some vegetables and fruits [5]

Carotenoid containing, ug in 1g

Vegetabl o . . -
egetable Have vitamin activity Don't have vitamin activity
. lutein +

Broccoli B-carotene (30+8) violaxanthin (48+8)
Zucchini B-carotene (0.8 — 2.5) lutein (0.7 — 7.4)
Pumokin B-carotene (to 294), lutein (to 129),

P a-carotene (to 82) zeaxanthin (to 9.7)
Tomato B-carotene (to 22) lycopene (to 40),

lutein (to 1.5)

Orange pepper

B-carotene (6.4),
B-cryptoxanthin (7.8)

zeaxanthin (to 85),
lutein (to 25)

Grapefruit B-carotene (to 9.6) lycopene (to 33)
Mango B-carotene (15) violaxanthin (21)
Papaya B-cryptoxanthin (to 9.7), lycopene (to 40),

B-carotene (10 6.1) anteraxanthin (to 4)

Firstly B-carotene was obtained by Wackenroder (1831) from carrots, what is
reflected in the name of the substance, but its empirical formula and structure were
established 100 years after the discovery [5]. B-carotene accounts for 20-30% of plant
carotenoids [5].

In many countries the main natural source of [-carotene is carrot. In tropical
countries the main sources are mango, papaya and red palm oil. The central storage of [3-
carotene in the body are the liver and fatty tissue. The concentration of 3-carotene in blood
plasma is an indicator of the health and lifestyle of a person [1].

Lycopene is mainly found in tomatoes. It contributes to reducing the oxidative stress
and, as a result, protects against cancer [9,10]. It doesn't have an A-vitamin activity, but it
is a powerful antioxidant. Cis-isomers of lycopene are better absorbed by the body than
trans-isomers, i.e. it has bigger bioavailability [11].

Methods of determination

Earlier, method to identify carotenoids was not so sensitive. The product which
contain a carotene was boiled with alkali and if the yellow color is disappeared, it means
that the product contain a natural dye [1].

The most convenient determination method is a normal-phase high performance
liquid chromatography (HPLC), because carotene and oxidation products are thermally
unstable, intensively absorb the light in the visible region of the spectrum, poorly soluble in
a water-containing solvents, and the extraction and the mobile phase may consist of the
same solvents. This method combines chromatographic separation and
spectrophotometric determination of the content of carotenoid fractions. Carotenoid
compounds have electronic absorption spectrum with a maximum at 422-428, 444-450
and 472-484 nm. Each product has a personal chromatogram profile, which is
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characterized by the retention times of individual peaks and the correlations of heights
[12].

Soft oxidation of carotenoids of carrot and pumpkin with heating and following
extraction leads to the obtaining of xanthophylls. They have very close carotenoid content
to the sea buckthorn carotenoids (this fact is often used for falsification of sea buckthorn
oil) [13]. The chromatogram of sea-buckthorn carotenoids shows that xanthophyll's are
grouped into several peaks which contain from O to 4 oxygen groups (fig. 4, 5) [12].

I
ML . — N A min
min A ” . A
10 0 20 10 o
Fig.4 Fig.5

Fig. 4 Chromatography of pigments of ethanol pumpkin extract [12]

Fig. 5 Chromatogram of extract of sea buckthorn [12]
Mass spectroscopy is used for the qualitative determination of carotenoids. It helps
to identify the carotenoids in a total amount without separation into components. As a
result, you receive a spectrum with an intense peak of some ions. For instance, the charge
m / z = 536.515 corresponds to some isomeric forms of carotenoids (a, 8, y) and charge m
/ z = 568.219 corresponds to the molecular mass of oxygen derivatives of carotenoids
(lutein, zeaxanthin, etc.) (fig. 6) [12].

“ | ‘ l 'l [ ’
MW\ \M" i Wil "'1*\%# (AT

F|g.6 Mass spectrum of carotenoids [12]
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Regarding current example, ultraviolet spectroscopy of hexane extraction fix three
absorption maximums at 425, 450 and 480 nm, which correspond to absorption maximum
of B-carotene and lutein (fig. 7) [12].

I ) L] L] T I L I ' L] l I L L ] I L i T L} I

Fig. 7 Ultraviolet spectrum of Rosa canina [12]

CONCLUSION

Carotenoids and their metabolites have a significant meaning in biological systems,
because of their unique characteristics. On the one hand, in the presence of oxygen and
light carotenoids are unstable and very quickly destroyed. On the other hand, in the
absence of destabilizing factors they are highly stable and protect cells from harmful
factors.

Control of the total containing and determination the oxidation level of carotene
realize by the method of mass spectrometry, UV spectroscopy and high performance liquid
chromatography HPLC. All this methods allow to reliably identify carotenoids in the plant
raw materials.

Nowadays a biotechnological scheme of the production of various carotenoids by
using plants, fungi and bacteria is developing. Drugs based on carotenoids are perspective
for prophylaxis of cancer, reducing the risk of general morbidity, and antioxidant treatment
and genoregulator. However, the purpose of modern society is to provide the population
by products enriched by carotenoids.
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package forming machines
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Abstract: In this work considered and implemented computational and theoretical studies of the
characteristics of the linear induction motor (LIM) based on the basic design data package forming
machines, articulated sequence of rational choice of their values. The object of research: the work is a linear
induction motor of the electric vehicle as part of the module package forming machines. The results of
computational and theoretical studies allow you to select parameters in the design of low-speed transport
system with a linear induction motor. The results may be useful for other technological machines and
industrial complex lines.

Key words: linear induction motor, the design parameters of the model, rational values

INTRODUCTION

The widespread use of automated electric drive will improve the productivity and
competitiveness of domestic system package forming systems. An increase in the areas of
industrial process systems require a comprehensive mechanization and electrification of
technological processes with the introduction of modern equipment. [1,3,7]. The transport
system in package forming machines is a major influencing the performance of the
technological industrial complex as a whole. Currently, there is an opportunity to increase
productivity by 1.5-2 times [1,2,8], but it is necessary to solve the task of creating a
modern transport system that would be able to cope with the increased volume of
production. The transport system package forming machines with electric drive on the
basis of a linear induction motor to simplify the kinematic scheme and improve reliability.

Materials and methods. The material of the study were towing power indicators LIM,
depending on the design parameters of package forming machines. As a research method
set out in the present work tasks, the methodology of calculation of the characteristics of
LIM [3], based on the consideration of three-dimensional magnetic field in the gap, and the
operators of MathCAD software.

An alternative type of electric monorail transport systems can be asynchronous drive
on the basis of the linear motor. The advantages of such a system: the lack of traction link
"wheel - shelf I-beam" that is, the simplification of the kinematic scheme; no moving parts,
thus increasing reliability; for more accurate speed control and positioning; use the normal
force to unload the support rollers; in the event of a power failure transport platform can be
readily delivered to the desired location (without a clutch).

Depending on the assumptions made in the solution, ie the degree of idealization,
the calculated LIM model is divided into one-dimensional, two-dimensional and three-
dimensional. The most accurate are the three-dimensional model, which takes into
account the distribution of the electromagnetic field in all three coordinates, Fig. 1. The
method of calculating the characteristics based on these models give the most reliable
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Fig. 1. Three-dimensional design model. Geometrical model of the linear induction motor:
1-mobile plate armature; 2- inductors; 3-windings; 4- yoke.

LAYOUT

He assumptions in the preparation of the model:

1. The model-linear, ie the magnetic permeability of iron core or permanent (U3 =
const for a continuous OM) or p; >> [y (for stratified core inductor).

2. The winding distribution is not taken into account, consider the structure without
grooves with a traveling sine wave linear current density.. The presence of the slots taken
into account by the Carter factor, =0 K&

3. The edge effects in the longitudinal and transverse directions into account the
finite magnetizing forces but not cores. The end effect is at speeds up to 3 m/s ,(Reynolds
magnetic number €, <5) may not be taken into account [4,5].

4. Solution of the problem in most methods performed with a constant current in the
winding I1 = const. Obviously, in this case a so-called inner solved task, only processes
characterized in the gap and the secondary structure. This voltage will vary depending on
the characteristics of the slip s and U (s) can be obtained by entering into account external
scattering (winding resistance) . Also consider new systems of frequency control induction
motor using the correction and direct torque control blocks. The control system maintains
the motor torque at a critical level, i.e. engine as the control object is in an unstable state,
and the control system it must have time to keep it unstable state. Three-dimensional
computational model for rice. 2, based on the basis of its program and methods of
calculating the integral and local characteristics have been developed by the authors of
[4,5]. In formulating our problem taken the above assumptions and the winding current is
laid on 2pT1 length, concentrated in an infinitely thin current sheets and creates a pure
sinusoidal traveling wave magnetomotive force (MMF). (fig.2)

F=Fm-f(z)exp j(wt-x). (2)

MMF associated amplitude known [1] ratio with linear current load,
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F, = In? _ xEAiko, )
T T
WhereA:miWI - linear current-carrying capacity - winding coefficient 1st harmonic, the
pr

primary field is approximated by an exponential function [6] in the field of the coil ends.

Considering Fig. 2 shows the distribution of MMF longitudinal and transverse axes.
c-Z

f(z)=083% 4 (3)

Getting a fixed coordinate system X, y, z in the early part of the wound inductor,
Figure 2. MMF in the form of a double Fourier series :

f'/\ /\ fx,0) = re"’/\ .
=N/ \/ A

—/ —/
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L
1

Fig. 2. Magnetomotive force of motor windings,
along the longitudinal and transverse axes
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Initial areas for clearance 6, SRT (layers d2, d3) are the equations of the
electromagnetic field [7]:
rotH = J; roth—g;
ot
divB =0; divJ =0; (5)
J=yE; B=uH,

where J - current density; E - electric field intensity; y - conductivity material.
Reactive bus consists of two layers of thickness d, and ds for a linear induction motor
(LIM) with parameters y,, U2 , y3, M3 = const. Lack of experience in the creation and
operation of industrial low-speed transportation systems to LIM and massive reverse
magnetic circuit eliminates the possibility of using a single universal criterion LIM
assessment as part of the system, so in the future as the analyzed indicators adopted by
the main traction and energy characteristics Fx, efficiency n, the power factor cos@. When
this pulling force indirectly through the induction and flow in the gap, the core dimensions
reflect capital costs and efficiency, and cos¢ — operating costs. power factor at the
terminals of the network (or inverter) is close to the value (0,9 + 0,95) [7] for selecting
respective capacitance Cg, however, this figure does not reflect the economy is
consumption of active power from the network, and only affects the losses in the winding
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way. These characteristics are not only the design parameters of the functions, but also
slip, so you should decide on the operating mode, with the determination of the nominal
slip and surge capacity at LIM, U=const. It is important to know how the relative magnitude
of s, and secondary currents frequency f,. For nominal value characteristics should be
taken when sH=sm, where the driving force reaches its maximum value Fx=Fxm when
A=const (and l,=const): Fxm, efficiency nH, cosgH, U=UH.
Conversion to U = const regime confirms (1,5 + 2) times the overload capacity of the
LIM for traction power. Thus, the computational and theoretical studies were performed for
the following parameters at A=const:slip sm;; specific traction Fxm=FxmSi; public and
electromagnetic efficiency: n, nem, electromagnetic and total power factor cos¢e, cos@en for
s=sm . additionally calculated (for control) values Bdy induction in the gap, the normal
force Fy. LIM test performance according to the model in Figure 1 is recorded in the form
of functional dependencies:
FX

F }: f(é‘,zp,r,fl,ZC, L,dz,d3,]/2,7/3,/,l3,A),

y

n
M }=f(5’2p17’f1,201 L,d;,d3,72, 73, 443), (6)
COS(03M

n

}= f(0,2p,z,f; 2c, L’d21d3'72173’ﬂ3"]1’rlvxal)v
cosQ
The air gap delta & and the
! R thickness d, SRT form a common
08 - RS non-magneticgap A/2=3+d2/
P 310° > 2, (Fig.1), which, by analogy with
K - - rotating asynchronous machine
22 =T e e should be minimized. Obviously,
the condition must be satisfied:
02 S BT St S & = dmin, and dmin = (2 + 4)
0 0 . T a— mm, depending on external
. . @ e ee o factors. Therefore, the minimum
% possible and shall be the value
" PR d..
However, for specific values of
o ‘ ‘E conductivity yz, d» value SRT
_ | d=3mm ‘ determines the overall
T e e ; conductivity, hence the
Zob  d=smm——Z5 | magnitude sliding loss. APem.;
20 { = s-Pem and efficiency.
We are see on the Fig. 3
shows the characteristics of LIM
V=155 ms —» ‘ for two values of the gap 6 = (2 +
R N I T 4) mm, other parameters remain
PP unchanged (d, = const).

60 d=2mm

Fig. 3. Dependence of traction-energy indicators
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CONCLUSIONS AND FUTURE WORK

Increasing the thickness of RSH on the one hand leads to an increase in non-
magnetic gap with all its consequences, and on the other increases the G,, reduces slip
sm. The value of the integral conductivity G,=y.d, can be achieved by selecting the
material, - y, (Practically the same may be copper or aluminum). Therefore y, accepted for
one of the independent variables. Perhaps the performance of the tire, as a combination of
copper and aluminum tires of different thicknesses for the intermediate values G, and vy,

In particular thickness d, SRT variation layers d,al aluminum and d,cu copper is
possible to achieve change interval y,=(3,5+5,7) 107 sm/m. Thus, it solved the problem
reduces to the study of functions of three independent variables: pole pitch T, the air gap &
and conductivity SRT y,. Other parameters are assumed to be constant or dependent.
Further research is planned to conduct an experiment, with regard to the task at hand, and
the calculation for the three-dimensional characteristics of the three-dimensional method
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Chemical and Nutritional Characteristics of Pumpkin “Golica”
(Cucurbita pepo L.) and its Processing
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Abstract: By raising the awareness among people about healthy lifestyle, the interest in the
consumption of vegetable oils which are rich source of essential fatty acids and bioactive ingredients such as
tocopherols, sterols, phenolic compounds, squalene, carotenoids and others has increased. Refined oils
prevail in the feeding of humans, but the demand for specific, delicatessen, cold pressed oils that despite
enriching, complement and harmonize the taste of food, positively affect the health of the human body.

Pumpkin (Cucurbita pepo L.) is an alternative plant species that is characterised by high nutrition and
low calories. It is cultivated primarily for the seeds which produce high quality oil.

Key words: pumpkin, chemical characteristic, processing

INTRODUCTION
Main features of pumpking “Golica”

The term Pumpkin is a general term for a variety of plant species belonging to the
family Cucurbitaceae. Family of Cucurbitaceae comprises a group of plants consisting of
at least 125 generes and over 960 species. They are adaptable to different climatic
conditions and can be grown both in the tropical and in subtropical areas. The group of
grown pumpkins includes: Cucurbita pepo L., C.maxima Duchesne, C.moshata Duchesne,
C.ficifolia Bouche, C.argyrosperma Huber, Lagenaria siceraria (Molina) Standl, which are
classified according to the appearance of leaves, fruits and seeds [1]. Ordinary pumpkin
(Cucurbita pepo L.) is the most abundant form of pumpkins and features a number of
varieties and forms, between which the most famous are: pumpkin oil, pumpkin feed,
eatable pumpkin, decorative pumpkin and more [2].

Pumpking “Golica” is grown primarily because the seed is rich in oil and the flesh of
the fruit is a by-product [2]. The appearance of the fruit can have the form of a ball but it is
rarely slim. The rind of the fruit of all known varieties of pumpkin is smooth or slightly
wrinkled. The colour of the bark of the young fruit is green, and ripe fruits are painted in
various shades of yellow, orange and green colours, monochrome, or striped with lines

(Fig. 1) [1].

Fig. 1 Variable appearance of the fruit of the pumpkin
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Chemical and nutritional characteristics of

processing

Seed of the pumpkin ,,Golica“

According to the group of authors cited Milovanovi¢ . (2014), these seeds are an
excellent source of protein (25-37%) and oil (37-45%), the total amount of carbohydrates
ranges from 10% to 20%, while the moisture is =5. In addition, seed contains significant
amounts of minerals such as magnesium, manganese and calcium, but contains only a
small amount of copper. The presence of vitamin B, D, K, and high level of vitamin A and
C are also found [3].

The most important component of pumpkin seed is oil. The seeds are packed with
high oil content (42-54%). Another important ingredient in the seeds is protein and it's
content is 35-45%. Protein pumpkin seeds include: arginine, citrulline, essential amino acid
which are therapeutic used in detoxification of ammonia (decomposition product of
protein), and moreover, they stimulate the immune system [4].

The chemical composition of the seeds of C. maxima D. and C. pepo L. grown in the
country, as well as physical-chemical properties, profiles of fatty acids and the content of
sterols and tocopherols in the extracts of pumpkin seeds have been determined by
Srbinoska et al. (2012) (Table 1.) [5].

pumpkin “golica” and its

Table 1. Chemical composition of pumpkin seeds (g/kg) [5]

C. Maxima C. pepo
Characteristics Whole Kernel Shell Whole Kernel Shell
seed seed
Dry matter 948 974 947 940 955 945
Moisture 52 23 53 60 45 55
Ash * 37.1 10.0 10.5 46.9 63.5 32.1
Total nitrogen * 45.2 58.6 31.3 50.9 55.6 34.7
Proteins * 247.8 375.9 191.6 244.8 395.4 211.6
Fibre* 151.2 25.0 69.6 128.8 345 55.4
Total sugar* 24.9 27.7 4.1 26.7 32.1 5.0
Reducing 11.0 13.3 5.0 16.5 21.8 3.3
sugars

* Calculated on the appropriate weight of dry matter.

Oil from pumpkin seed

The production of oil form pumpkin seed is specific and different from the way of
producing other types of oils. The production of crude oil from the seeds of the pumpkin oil
is of particular interest [1].

Vujasinovi¢ (2011), emphasizes the production of oil by pressing the roasted or
unroasted seed. She cites two types of crude oils that are edible, and depending on the
technological process of production shares of: cold pressed (pressed) and virgin oils [3].
Such a division is made by Rabrenovi¢ (2011) and Rado¢aj (2011) [1.2].

The oil from pumpkin seeds (Fig. 2) belongs to the group of oils with high nutritional
value due to the favourable composition of fatty acids and various bioactive components
(tocopherols, phenols, phospholipids, phytosterols etc.) That shows positive effects in the
body such as: anti-inflammatory, diuretic, antimicrobial, blocking free radicals mitigate
adverse symptoms of benign hyperplasia simple beneficial effect on the cardiovascular
system etc. Due to the high content of unsaturated and Omega 3 fatty acids, pumpkin oil is
recomended to increase the physical and intellectual effects on the human organism [6,7]
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Fig. 2 Pumpkin seed oil

Vitamins. Pumpkin oil is a rich source of tocopherols. Tocopherols belong to the
group of natural antioxidants. Outstanding activity indicates vitamin a-tocopherol (vitamin
E), while the strongest antioxidant activity has a and y- tocopherol [7]. Rabrenovic¢ (2011),
presents the results gathered by various authors in their research [2]. Karleskind (1996)
found that the content of total tocopherols in the oil of the pumpkin ,Golica“ is 840 mg/kg,
Karlovi¢ et al. (2001) found it to have 650 mg/kg, and Vuks$a et al. (2003) concluded total
content of tocopherols contain 766 mg/kg [2].

Pigments. Despite derivatives of vitamin E and vitamin A, as well as various
carotenoids were detected in the seed and seed oil pumpkin. As the predominant
carotenoid in oil from the seed of pumpkin “Golica” is lutein (71%), followed by (3-carotene
(12%) and cryptoxanthin (5.3%) [6].

Phenolic compounds. They are very common and are products of secondary
metabolism of plants. A number of phenolic compounds, polyphenols are known, which by
the structure are very different from simple molecules such as phenolic acids, to highly
polycondensate in compound, such as tannins. Antioxidant activity of polyphenols is
attributed to the existence of o-dihydroxy phenolic structure, which has great ability to form
chelates with metal ions and thus inhibits the occurrence of oxygen radicals. It has been
proven that refined oils lead to reduced anti-oxidative capacity, so unrefined virgin oils are
richer in these compounds and have significantly greater value in terms of refined oils [6].

Vujasinovi¢ (2011) states that the total phenolic is present in an amount of 24.71 to
50.93 mg/kg, and these data are consistent in the findings to which it came as Rabrenovi¢
specifies (2011) [2.6].

Sterols. The total content of phytosterols in the oil from the seeds of the pumpkin is
2-3 times higher than in the seed. Analysis of sterols in oil is used to identify the oil and
detect the presence of added (inexpensive) oils and expensive oils. In the case of pumpkin
oil, forged product (pumpkin oil which is added to another cheaper oil, such as sunflower
oil or grape) of pure pumpkin oil may vary based on the composition of phytosterols [1].

The seeds of pumpkin “Golica” contain about 1,5-1,9 mg/g phytosterols, while their
content in the appropriate oil is 3.5-4.0 mg/g. The oil from the seeds of pumpkin “Golica”
especially regard delta (A) 7 sterols [6].

2.3 Pumpkin press cake and flour form pumpkin press cake

In the process of processing pumpkin “Golica”, yield is achieved in both cases of oil
at about 1/3 of the initial seed weight, while 2/3 of the seed ends up as bread which is a
by-product in the production of oil to be obtained in the phase of pressing. [8].

-28-



PYCEHCKW YHUBEPCWUTET CTYOEHTCKA HAYYHA CECUA - CHC’17

Depending on the method of extraction from the pumpkin seeds, which contain a
certain amount of oil, a significant percentage of oil remains in the pumpkin press cake.
The press cake contains a high percentage of oil and a high percentage of protein, a
valuable nutrient byproduct. According to Rabrenovi¢ (2011), the moisture content of the
pumpkin press cakes ranges from 7.63 to 8.80%, and the amount of remained oil ranges
from 11.0 to 16.2%. In terms of nutritional values, Rabrenovi¢ (2011) states that the total
tocopherol content ranges from 28.76 to 64.53 mg/100 g, a phenolic compound of 3.11 to
6.49 mg / CAE /100 g [2].

Fig. 3. Pumpkin press cake

As a by-product the pumpkin press cake was found to be rich in protein (about 55%).
The content of crude protein in the press cake is 598 g/kg dry matter [7].

As an added product derived from the press cake we can mention the pumpkin flour,
which is used for testing the change in the quality of the bread, and it was determined that
adding pumpkin flour in an amount of 5-10% increases the amount of protein, calcium,
sodium, potassium, and phosphorus, whereas the richer bread wheat flour obtained in this
way has a superior nutritional characteristics compared to the bread made of wheat flour
100%. Nutritionally enriched bread has enrichment in amino acids and can improve
proteins [1].

Conducted research of flour pumpkin “Golica” by the company Pan-UNION Novi Sad
[8]. In the survey flour pumpkin “Golica” is used as a substitute for wheat flour T-500 in the
production of bakery products. As additional resources are used: salt, sugar, fresh butter.
The flour is characterized by a basic chemical composition given in Table 2.

Table 2. Basic chemical composition of flour pumpkin obtained in the production of
cold pressed oil from the pumpkin “Golica” compared with wheat flour

Parameter of flour of Wheat flour
Parameter press cake pumpkin type 500
“Golica”

Moisture content % 7.42+0.51 11.98+0.21
Protein content % 53.97+010 9.36+0.26
Mineral content % 6.96+0.06 0.45+0.01
Starch content % 4.6+0.23 76.2+1.36

Cellulose content % 8.15+0.04 0.15+0.01

Fat content % 15.34+0.88 0.92+0.13

From Table 2 we can see that flour pumpkin “Golica” nutritionally differs in terms of
wheat flour as the main raw material for the production of bakery products.

CONCLUSION

Based on the presented data and literary knowledge of the pumpkin “Golica”
(Cucurbita pepo L.) and its preparations the following conclusions can be made:

+ The pumpkin “Golica” significantly differs from other types of pumpkins, both in
terms of appearance and in terms of nutritional quality.
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+ Pharmacological and nutritional value of pumpkin seed “Golica” mainly based
on phytosterols present, the specific amino acid and vitamin E.

+ Golica pumpkin seed is used for different processing, but mostly for the
preparation of pumpkin oil which has a rich nutritional composition,

+ Oil from the pumpkin “Golica” contains a wealth of biological components that
contribute to the improvement of human health, providing a greater amount of energy,
protective act various health disorders. Large number of fatty acids, phospholipids,
tocopherols, phenolic compounds, sterols have a significant role here.

+ As a by-product of the process of getting the oil is the press cake. The press
cake that has a high percentage of oil and a high percentage of protein is a valuable
nutrient by-product.

+ Press cake of pumpkin in the form of flour has lately been used as an additive in
bread and baked goods due to preserve the freshness of the bread longer improving the
taste and appearance, and increasing the nutritional value.
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The continuous dough kneading at various working elements
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Abstract: The process of mixing, dough is considered in scientific article. Experiments and studies
of the process of kneading dough with screw and cam working elements of different configurations were
conducted. The indicators of specific weight for mixing dough were determined. Defined porosity of the
finished products after mixing screw and cam operating member. The screw and cam operating elements
were analyzed comparatively.

Key words: continuous mixing, cam element, screw element, yeast dough, specific work,
productivity, porosity, working camera

INTRODUCTION

There is a wide range of bakery products at the food industry. The product quality is
on the top of the key features, which depends on the manufacturing process and
equipment. The process of kneading, an important manufacturing operation, on which the
further course of the process and the quality of the finished product as a whole depends.

The purpose of kneading wheat dough is smooth with specific structural and
mechanical properties. To improve the quality is necessary to use high-tech equipment for
bakery workers with progressive elements that can provide quality-training test. Kneading
machines enhance the quality of bakery and confectionery pastry. Regarding this, the
development and introduction of new technologies, design of work (work items work
element), increasing productivity and improvement product quality are appropriate.

Today one of the most important problem is improving processes and creating new
high-performance equipment capable of producing competitive products.

One of the solution may be developing new work items and, as a result, of the new
high-performance equipment, enabling high-quality kneading dough. The using of such
equipment can significantly improve product quality and reduce cooking time, which is
spent a lot.

To reduce the duration of the dough, there are many different solutions, one of
these is to use the intensive mechanical dough processing and new high-speed kneading
machines, which contribute to the reduction of process time.

The implementation of accelerated technology requires extensive research of
mixing process, impact of machining test intensity, humidity changes in the process and
duration of kneading stages: mixing components, kneading and plasticizing according to
modern concepts of the theoretical foundations of the process of kneading wheat dough.

At the today's production there are problems of new high working bodies improving
and creating that can provide the intensity of the process and produce high-quality semi-
finished product for a given technological process conditions.

The solving problem of the mixing process intensity and high quality production in
terms of continuous dough mixing is possible, using the cam working bodies.

METHODOLOGY

Studies were conducted by dint experimental setup with two shafts (Figure 1) using
a different configuration work items.

The object of research is the process of kneading dough. Dough is regarded as a
complex colloidal system consisting of several continuous and periodic phases
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A solid and liquid (gluten and water) are continuous phases in the dough, corn
starch and gas that formed during the fermentation of dough - periodic phase. As a result,
the physical properties of dough are characterized by solids, liquids and gases
parameters and indicators arising from the interaction of these phases.

The dough was prepared by sponge method.

5 z b 4

!

Fig. 1. Scheme of the experimental setup with Fig.2. 3D model of experimental setup
screw Workspace with cam-operated work elements
1 - drive; 2 - operating element; 3 - the case; inside.
4 - stabilizing grating; 5 - a device for
measuring electric power
The solving problem of the mixing process intensity and high quality production in
terms of continuous dough mixing is possible, using the cam and screw working elements.
Cam (Figure 3) and screw working elements (Figure 4) and their influence to the
guality of mixing and semi-finished products in general were studied. The step has being
changed for both work and screw cam elements.

Fig.3. Cam-operated working element Fig.4. Screw working element

To adjust the setup performance a stabilizing
grid was used (Figure 5). The productivity has
being changed through the blocking holes and
changing a mixing dough in the stabilizing grid.
While kneading, the energy expenditure
required for the batch, humidity, time,
temperature and structure of the dough have
being determined. For the finished product
defined parameters were porosity and the
structure of the product.

Fig.5. Stabilizing grid
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RESULTS AND DISCUSSION

The intensity of the mechanical processing of dough is characterized by the specific
work consumed during kneading and is expressed in J / g dough. Mechanical processing
of the dough during batching and transportation is one of the main ways of regulating its
rheological properties. To mix the bread dough different types of machines are used with
different working elements, which depending on the type of flour, formulation composition
and assortment features carry out a different mechanical effect on the dough.

The quality indicators of the finished products determine the quality of the work of
kneaders. We investigated the changing of the specific work required for dough kneading,
depending on the configuration of the working element and the available square of the
stabilizing grate. There were compared the cam-operated working element (C marked
histogram) and the screw working element (S marked histogram) with different steps from
the smaller step (1) to the larger (3) with different throughput stabilizing grid 7.6% (Fig.6)
and 2.5% (Fig.7)
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Fig. 6. Specific work dependence of the work elements step, with a sectional area 7.6%
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Fig. 7. Specific work Dependence of the work elements step, with a sectional area 2.5%
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While intensive mechanical processing by cam-operated element, is spent more
energy. As a result, the quality of dough is being improved. This is because of the gluten
macromolecules. being under the stress from the dough, are partially destroyed. Because
of internal restructuring newly one are restored and gluten acquires flexibility and elasticity.

We investigated the productivity of the cam-operated working element (C marked
histogram) and the screw working element (S marked histogram) with different steps from
the smaller step (1) to the larger (3) with different throughput stabilizing grid 7.6% (Fig.8)
and 2.5% (Fig.9)
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Fig. 8. Productivity dependence of the work elements step, with a sectional area 7.6%
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Fig. 9. Productivity dependence of the work elements step, with a sectional area 2.5%

The best productivity was observed at the work of the screw-working element, as
due to its design parameters, they can implement more quickly transportation of the
semifinished products. Also with a small (1) and medium (2) steps with the lattice square
of the stabilizing grid 2.5% (Fig.9) the cam-operated working element productivity is much
more better.
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To assess the porosity of the finished products wiring was cutting, and
photographed via “ImageJ”. Then porosity of the finished product were calculated through
the found and counting the number of pores.

‘Imaged" - the image processing software, which can calculate the area and degree
of image details, user-defined election statistic, measure distances and angles, a

histogram density and line profile plots.
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Fig.10 Finished good’s porosity

The optimal indicator for the dough is the porosity in range 50-58%. Porosity after
mixing by cam-operated elements is 58%, after mixing by screw elements - 47%.
Comparing the porosity of the finished product, it can be argued that after mixing by cam-
operated elements the porosity is even, fine-grained and after mixing by screw element
porosity is uneven.

CONCLUSION

The dough kneading is the important technological operation. That is why it should
be adapted to process, depending on the type of products. It is offered to use cam-
operated working elements for dough kneading, as they have shown a beneficial effect on
processing of semi-finished and the finished product’s final quality.
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Abstract: It was established that the cutting force of homogeneous and multilayer products rises at
the beginning of cutting. This is due to deformation of the product under the edge of the knife. Then the force
reduced and remained the constant. For multilayer products in such of cutting thin durable layer latest the
cutting force grows rapidly approaching the time of the knife to thin durable layer. But cutting force of this
layer so small that is not fixed the devices. This is because a thin solid layer prevents product deformed
during the movement of the knifes and creates values specific load on the surface of the knife, and therefore
the friction force increases. Recommended thin solid layer to cut at the beginning of cutting, it significantly
reduces the energy consumption.

Key words: cutting, multilayer, force, quality, friction

INTRODUCTION

In the food industry the majority of food products and some packing materials are
multilayered or have blotches, which are different structural and mechanical properties
(figure 1). For example, it is meat products, which have segments of sinewy tissues, skin
and bones; vegetables, which have strong external shell; bread products, which consist of
pulp and strong crust; packing materials. Feature cutting such products is a increase of the
forces of the resistance movement of the knife at approaching to a certain layer. Layers of
these products bound between yourself and have different strength.

I 4 1

Figure 1. Cutting products with patchy structure:
a — product with shell; b — product with blotches;
1 - product, 2 - shell; 3 - blotches; 4 — knife.

Purpose of researches — improve the cutting process multilayer food products and
model materials.

Analytical exploration existing models of cutting show that presence blotches or shell
in the product were not considered at the modeling and optimization cutting process:
choosing regime options of the process, developing cutting equipment. Basing on a
analysis current literature source it were the set issues, that need additional exploration:

1. Cutting process of multilayer products with constant speed.

2. Decision dependence force cutting during approach and distance knife of shell
(thin strong layer multilayer product).

3. Development recommendations for rational cutting multilayer food products and
packing materials to reduce energy consumption and increasing the time of work cutting
tool.
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MATERIALS AND METHODS

Materials

Researched cutting homogeneous and multilayer food materials: sinewy meat
(temperature 5 °C); meat without sinewy; potato; carrot; cooking beet.

With purpose to set-up experimental apparatus and accumulation of data for cutting
multilayer materials used available cheap multilayer materials - foam with shell of pellicle
PVC.

Methods
For research cutting process it was created the experimental installation (figure 2).
Except cutting, apparatus also allows explore the process of cutting-out (stamping).

S
= o N
..

Figure 2. Installation for definition of cutting force:
1 — frame; 2 — engine; 3, 5 — gear transfer; 4 — reducer; 6 — rail transfer; 7 — knife clamp; 8
— knife; 9 — punch clamp; 10 — punch;
11 — holder product;12 — strain gauge.

On the frame 1 it was fixed: engine 2; gear transfer 3, 5 and reducer, which transmit
motion to rail transfer 6, which converts rotary motion in onward. On the bottom rail end it
is located knife clamp 7 (punch clamp 9), in which fixed the knife 8 (punch 10).
Researching sample is fixed by using holder product 11, which coupled with strain gauge
12, which fix force cutting (cutting-out). Speed of the knife motion — 0.05 mm/s.

Thickness of the knife — 0.7 mm. Sharpening angle — 23°. Roughness of the surface
knife — 3.2.

Exploration conducted in such order:

1. It was cut out researching sample of product a certain thickness and installed in
holder 11 (figure 2.1).

2. Holder with researching sample was installed on strain gauge 12, which was
connected to a computer [8].

3. It was activated a serving knife and at the beginning of load knife on researching
sample it was begun a countdown. Every 10 seconds it was fixed force, which acts on
sample.
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RESULTS AND DISCUSSION
Received results of cutting of different by structure products and model materials is
shown in the figure 3.

250
R

200 / i

150

100

50

0 50 100 lF»O,S

Figure 3. Change force cutting in time for different products:
1- sinewy meat. Sinew — output knife; 2- sinewy meat. Sinew — inlet knife; 3 —meat without
sinew; 4 — foam with shell. Shell — output knife; 5 — foam with shell. Shell — inlet knife; 6 —
foam without shell; 7— potato; 8 — carrot; 9 — cooking beet.

On the results we seen complex law of change of force cutting.

If for homogeneous products a force cutting is approximately constant, then for
multilayer products we have more complex regularity.

If thin strong layer of multilayer products is cut at the beginning, then thin strong layer
slightly influences on force cutting, changing a force during passing the knife through thin
layer slightly and not registered by devices.

If thin strong layer is cut at the end of cutting, then it is got another regularity — rapid
increase force cutting in the moment of approximation to shell.

By placing shell in the end of motion knife a force cutting increases in 4 times.

At the beginning of cutting in products a force increases, because in the first comes
punching of product to the moment of this product incision and only through some time the
product is cut.

Received data allow describe them as mathematical dependence. But, data on
graphs are different, because there are areas with linear, almost permanent force cutting
and rapid increase.

So rationally to separate received results in two parts and for each of them to got
mathematical dependence (figure 3).

Using the software package Excel it is led out the mathematical dependences on
cutting interval time, s:
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Linear dependence: from 40 to 100; Quadratic dependence: from 100 to 130.

L
y = 0,170x2 - 35,09x + 1888

R? = 0,986 ) B3

200

150
y = -0,445x + 129,5
R? = 0,784 : /4 1

100 —‘\&*\
S )4
10,194 + 46,16
50 — _R*=0,401 A

y= i
— ! . 4
y= 0,1QS8X2 -22,246x +1171,7
' R2=0,94
0 . | — | |
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Figure 3. Mathematical-static processing of the results:
1 — results of cutting of model material — foam with shell;
2 - results of cutting of sinewy meat.

Received mathematical dependence describe real process with maximum relative
mistake 29 %. In most cases the mistake is lower than 10 %.

EXPLANATION OF RESULTS

If at output of knife it is placed strong layer of another material, it is not allows to
deform the surrounding layers. Because knife deforms material in anyway on the size of
own thickness, than a force of compression of knife on the limit of contact layers increases
greatly. In accordance the force friction increases and general resistance of knife motion.

On the side surfaces of the knife at passing through product act normal loads, which
arise owing to compression of a product by a knife. From normal loads arise friction force,
which is directed opposite motion of the knife. If shell missing than product free deforms by
knife and pressure of product on the side surfaces of the knife is small. If there is a shell -
it keeps the product and prevented its deformation. The closer a layer product to a shell -
that more it is done resistance deformation, creating great frictional powers, which done
great resistance to progression of a knife.

The phenomenon of increasing the cutting force at approaching of a knife to a thin
strong layer of multilayered product was observed by other researchers [ ]. This confirms
the received results and conclusions.

CONCLUSIONS AND RECOMMENDATIONS
To reduce cutting force we recommend the rational placing of layers of multilayer
product relativing a motion of a knife.
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For all cases, at the first it needs to cut a thin strong layer.

If the shell or another strong layer is placed at the entry of the knife into material, so
knife easy cuts it. Next layer not significant resistances the deformation of material.

So, at cutting a knife must at the first to cut a thin strong layer and then - the main
layer of material. This will ensure lower energy consumption in the process of cutting and
high cut surface quality.

At cutting by disc knife, when the axis of rotation is placed over material, the first is
cut a thin strong layer. When the axis of rotation placing below a thin layer - there is an
additional friction.

Similarly, it is selected the orientation of the material at the cutting by tape notched
knife.

At a cutting by disc or tape knife it arises an additional slip of material on their
surfaces. A Increasing of side pressure on the knife on the limit of layers contact more
negative influence on the process of cutting, because the power of friction increases
repeatedly comparing with the chopping cutting.

Thus, at the cutting the product with shell at the first it needs to cut a shell, then - the
main part of the product. So we save energy recourses for a cutting and provide the
highest quality of a product, without the distortions and deformations; maintain long
workability of cutting tool.
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AHTMOKCUMAAHTHAA aKTUBHOCTb U aHTUOKCUAAHTHAA €MKOCTb B HanmuTKax
pacTuTesibHOro NponcxoxneHus

aBTopbl: AHacTacus YeHuoBa, Kcenus iBaHoBa, NonnHa Ctapkosa
Hay4YHbIN pykoBoauTenb: ac. [bope Hakos

Antioxidant Activity and antioxidant capacity in the origigin drinks: In the plant all that we consume
food affects our body, longevity and health of offspring. The issue of balanced nutrition is very important; this
examines many of the products for its usefulness and benefit to people.

Oxidative stress causes the accumulation in the human body free radicals, it leads to diseases of the
cardiovascular and a nervous system, lungs, eyes, blood, accelerates aging and increase the chance of
cancer. But there are antioxidants - substances that reduce the amount of free radicals. As a source of
antioxidants are foods and drinks of plant origin such as fruits and vegetables, tea, wine and beer.

Key words: free radicals, antioxidant activity, antioxidant capacity, tea, wine

BBEOEHUE

CBobGoaHble pagukanbl, aHTUOKCUAAHTHAA aKTUBHOCTb

CeoboaHble pagukansl NpeacTaBnAT cobor MoneKyrbl C OOHUM NN HECKOMbKUMMU
HecnapeHHbIMW 3NeKTpoHaMn. HecnapeHHbIW SNEeKTPoOH Aenaet Monekyny 6onee
XMMmyeckn aktmeHon. CBoboaHble pagukanbl MMET OBLWMPHBIA AnanasoH peakuun. [1ea
LUMPOKMX Kracca peakuuni npeacTtaBnsAloT cobon peakumm nepeHoca u npucoeanHeHus
3MEeKTpOHa, npuBoAswmMe K obpasoBaHWMio KoBaneHTHou cBsA3n. CBoboaHble pagukansi
MOXHO KIlaccuuumpoBaTb Kak BOCCTaHaBNuBaroLwme (QOHOPCTBO AfEKTPOHa akuenTopy)
unu okucngalwme (npueMm 9nekTpoHa OT JAoHopa). W3-3a wwupokoro AwnanasoHa
pPeaKkTMBHOCTM  paguKkanoB  CyllecTByeT  TepMOAMHAMUYEcKass  mMepapxums  Unu
nepapxmyecknin nopsiAoK peakuun nepeHoca anektpoHa . B tabnuue 1 cBepxy BHU3
pacnosioXXeHbl NpUMepPbl paguvkanoB OT Haubonee OKUCHUTENbHbIX K Hambonee
BOCCTAHOBUTENbHbLIM. OTa TEpMOANHAMUYECKAs nepapxmst NnoMoraeT npeackasaTtb, Kakve
BMAObl MOryT pearMpoBaTb ApYyr C Apyrom. To ecTb, paguKkarbl, pacrnofioXXeHHble Bbille B
nepapxumn 3abupatoT ANEeKTPOHbl OT BOCCTAHOBMEHHbLIX (POPM, PacrnonOXeHHbIX HWXe B
nepapxum [1].

Tabnuua 1. One electron reduction potentials at pH 7.0 for selected radical couples [1]

OKkucnuTenbHO-BOCCTaHOBUTENbHasA nNapa E”ImV
HO™, H/H20 +2310

RO”, H'/ROH (aliphatic alkoxyl radical) +1600

ROO", H'/ROOH (alkyl peroxyl radical) + 1000
TO™,H*/TOH (Tocopherol) +480
H202,H'/H,0,HO™ +320
Ascorbate™ ,H'/Ascorbate monoanion +282
Fe(lIEDTA/Fe(IEDTA +120
02/0,"" - 330
Paraquat®*/Paraquat™* - 448
Fe(ll\DFO/ Fe(ll)DFO (Desferal) - 450

- 1500

RSSR/ RSSR™ ™ (GSH)
H.Ole’aq - 2870
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Cenyac  aHTMoOKcugaHTHaa  aktmBHocTb  (AOA)  aBngetcs  Heobxogumown
XapaKTepUCTUKON, ecrnv Aeno KacaeTcsa udydeHuns bruonornyeckn aktneHbix Bewlects. AOA
— 3TO KOHCTaHTa CKOPOCTWN peakumm aHTUOKCMAaHTa co cBOBOAHLIM paankanom. maBHas
3aflaya aHTUOKCUAAHTa — nepexsaT CBOOOAHbLIX paguKaroB, BO3HMKAOWNX B pe3ynbtate
HEKOTOPbIX NPOLECCOB B KMNETKe XXMBOrO OpraHMaMa M CnoCOBHbIX aTakoBaTb >XM3HEHHO
BaXHble MWLLUEHW, €CMNN €eCTEeCTBEHHbI MeXaHM3M WX HenTpanu3auum okasblBaeTcs
HecnocobHbIM cnpaBuTbCA [3].

lMiweBble aHTUOKCUMAAHTLI, (YEPMEHTHblE aHTUOKCUAAHTbl U UX  KO(haKTopbl
AOIMKHbI HaxoauTbes B GanaHce. Hanpumep, nogaeBnsowiee 6GONbLUMHCTBO PaKoBbIX
KneTok obnagaeTr OYeHb HMU3KOW aKTUBHOCTbLIO CynepokcuaaMcMyTasbl MapraHua no
CPaBHEHMIO C TakMMW e HOopMalibHbIMU KneTkamu [2]. YBenuveHne konmnyecTBa 3TOro
depMeHTa B pakoBbIX KreTkax NPUBOAUT K MPUHATUIO UMW HOPMasbHbIX KNEeTOYHbIX
xapakTepucTtuK [3]. AHaANOrMYHBLIM MPUMEPOM ABNAETCA CHUXKEHUE riyTaTuoHa, Kodakropa
dhepmeHTa rnyTaTMOHNEepoKcMaasbl, OHO MPUBOAUT K MOBBILUEHUIO YYBCTBUTENBHOCTU K
okucnutenbHoMy cTpeccy. [aHHbin 6anaHC MOXeT YyCTaHaBnMBaTbCA C MOMOLLbHO
nULLEBbIX NPOAYKTOB, KOTOPbIE CoAepXaT aHTUOKCHMAaHTbl U 06naaatoT aHTUOKCMAAHTHON
aKTUBHOCTbIO, YTO ByaeT nokasaHo ganee [3].

N3BECTHO MHOXeCTBO pasfnU4YHbiX METOLOB, MCMOMb3yeMbliX ONs onpeaeneHuns
aHTMOKCMOAHTOM aKTMBHOCTU [4-7]. OAMH M3 caMbIX MPOCTbIX B  WUCMOSMIHEHUM -
cnekTpodoTomMeTpuyeckmn — Meton. Hanpumep, B Tak  HasblBaeMblX  Xeneso-
BOCCTaHaBNuBawLWmMx MeTodax WOHbl (MoHbl-pagukansl) Fe (Ill) moryt okucnate
aHTMokenaaHT (Ao), BoccTaHaBnueasch 4o noHoB Fe (I1),4To nokasaHo B gopmyne (1):

Fe¥* + Ay — Fe?* + A1, (1)
raoe A; - NpoaykT okucneHust Ap, KOTOPbIN Takke MOXeT obnagaTb aHTUOKCUAAHTHbLIMM
cBOMCTBaMMW.

KoHTponb B 3TOM cnyyae, BO3MOXHO, BECTU ABYyMsi cnocobamu: rno ybbinv MOHOB
Fe (lll) vnn no yeenunyeHno koHueHTpauun wnoHoB Fe (Il). B pabote ucnonbayroTtca
BCNomoraTesibHble BellecTBa, 0bpasytoLne oKpaLlleHHbIe KOMMNIIEKCbl C OAHUM N3 NOHOB.
Ha aToM npuHuMne ocHOBaHa MHTErpMpoBaHHas aHanuTU4eckas cuctema onpeneneHuns
ypoBHEN CBOOOAHbIX pagukanoB M OGUONOMMYECKOro aHTUOKCMAAHTHOro MoTeHuuana B
KpOBW 4enoBeka, AocTynHas B npubopHom ocdopmneHun. [Hencteue npubopa
OCHOBbIBAeTC Ha wu3amMepeHun abcopbumm OKpaleHHbIX pPOAaHUAHBIX KOMMMEKCOB
xenesa () [5].

EMKOCTHasi oueHKa aHTUOKCUAAHTHON aKTUBHOCTU

[Ona  HeKoTOopbIX  aHTMOKCMAAHTOB  MOXHO  ONpefensiTb  XapakTepucTuKy,
NPUHLMNMANBHO OTIMYatoLLytoCS oT KMHETMYECKON, MOXHO Ha3BaTb
NCeBOOSKCTEHCUBHON. JTa XapaKTepuUCTUKa, Ha3blBaeMass €MKOCTHOW, MOXeT ObITb
onpegerieHa 4YnCrioM 3MEeKTPOHOB, KOTOpble MOXeT OTAaBaTb WMCXOLHOE BeELLECTBO B
nocregoBaTeNbHbIX peakumax ¢ n3bpaHHbIM okucnutenem. [MoHATUA aHTMOKCMAAHTHON
aktmBHocTU (AOA) 1 aHTnokcmaaHTHo emkocTu (AOE) He TOXOECTBEHHbl U OOMOMHSAIT
apyr gpyra. Hanpumep, BewectBo MoXeT ObiTb Gonee cnabbiM aHTMOKCMAAHTOM B
€MKOCTHOM CMbICrie, HO ©onee cunbHbIM — B KWHETMYeckoM. [loaTomy BbIBO4 O
COOTHOLUEHNN aHTUOKCUOAHTHBLIX aKTUBHOCTEN BELLECTB 3aBUCUT OT crocoba HaxoxaeHuns
AaHHbIX NapameTpoB. Hanpumep, npeacTtaBnsieMoe B KayecTBe aHTUOKCUAOAHTA,
BellecTBo — aurmapokeepueTuH, no AOE (no gaHHbim ansa okucnutenen - Fe3+ n DPPH)
B 4-5 pa3 cnabee, Hexenu keBepueTuH. Ho npu mcnonb3oBaHum okucnutens Cu2+ u
BblOAepXXke peakumoHHon cmecn B TeveHne 120 muH, AOE kBepueTuHa, kaTexvHa WU
ANrMOPOKBEPLIETMHA, MPeACcTaBnsaeTca MNPUMEPHO OOWHAKOBbIM  (4yTb ©Gonbwe 9
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3MEeKTPOHOB Ha oauvH Mornb  dnasoHouaa) [8]. B wuccnegoBaHmax no  xeneso-
BOCCTaHaBNuBaLLlen MeToauKe aHTUOKCUOAHTHAs aKTMBHOCTb OUrnapokBepLeTvHa B
HayanbHbIN Nepuon Takke NpPUMepHO B 5 pa3 MeHblle, Yem Ansa keepueTtuHa. YToObl
nonyynte 6onee craburnbHble 3HAYEHUS €MKOCTHbIX xapaktepuctuk AOA yCKOpEeHUIOT
peakumto, 3TOro MOXXHO A0BUTBCA C NOMOLLLIO YBENUYEHUSI TEMNepaTypbl U C MOMOLLbHO
yBeSIM4YeHNs KOHLEeHTpaunmn okcuaganTa [8].

Takum ob6pasom, aHTuokcuaaHTHas emkocTb (AOE) daBnseTca Mepon OueHKU
adpdekTnBHocTU. Ee MOXHO onpenenats MeTOAOM KYNOHOMETPUYECKOro TUTPOBaHMUS
3NEeKTpPOoreHepMpoBaHHbIMU  coeanHeHussMn  Bpoma. KonmyecTBo anekTpuyecTsa B
KyrioHax, 3aTpaynBaemMoe Ha TUTPOBaHue, paccymTbiBaeTcs no gopmyrne (2) cnegyowmm
obpasowm:

Q = (100xIxt) / Van, (2)
roe | — cuna Toka, a; t — BpeMsa OOCTMXKEHUS KOHEYHOW TOYKM TUTPOBaHUA, cek; Van —
obbem anukBoTbl, MNn. EanHnubl namepenus AOE: kKn/100 mn ana BOAHbLIX HACTOEB
pacTuTenbHOro cblpbsd W HanutkoB, KKM/100 r ana 2%-Hbix BOOHbLIX pPacTBOPOB
MHOMBMAYaNbHbIX BewecTs [9].

AHTMOKCMAAHTHaA aKTUBHOCTb Pa3fiu4HbIX COPTOB Yasi

B Tabnvuax 2 u 3 npeacTtaBrieHbl pes3ynbTaTtbhl U3MEPEeHUst aHTMOKCUOAHTHOM
€MKOCTU HaCTOeB pa3finyHbiX COPTOB YEpPHOro, 3efieHOro, TpaBAHbIX YaeB W BOAOHbIX
HacTOEeK pacTUTESIbHOro Cblpbs. PasnuyaloT NOHATUMS «aHTUMOKCUOAHTHOW €MKOCTU» W
«aHTUOKCMOAHTHOW aKTUBHOCTWUY, MEepBOE - 3TO «KONNYECTBO MOJIEeN NOBYLUEK pagnKanos
B uccrnegyemMom obpasue», aHTUOKCMAAHTHAA akKTUBHOCTb XXe — 3TO KOHCTaHTa CKOpPOCTU
AENCTBUSA aHTMOKCMAaHTa nNpoTmB cBOOOAHbLIX paaukanos [10]. Kak nokasbiBaeT aHanus
pes3ynbTaTtoB, HauMMeHbLwMK nokasatenamm AOE obnagatot obpasubl YepHoro 4Yasa (AOE
< 0,4 kKn/100 mn) [11].YepHble 4an obnagatoT Gonee HU3KUMKU aHTUOKCUOAHTHbLIMU
Xapaktepuctnkamm, 4yem TpaesaHble. MakcumanbHbln nokaszatens AOE - 1,8 kKn/n
yCTaHOBMeH Ans obpasua 3eneHoro Yyas. 3TN faHHble rOBOPSAT O TOM, YTO MO BENUYMHE
AOE nouyTu Bce 3efeHble N TpaBsiHble Yau nNpeBocXogaT copta yYepHoro yas. AOA 4as
3aBMCUT OT CTeneHn pepmeHTaumm YanuHOro IvcTa, OT YPOBHSA WU3MErNbYeHus nucta u
KayecTBa uccrnegyemoro cblpbs. BogHble HacToum (3KCTpakTbl) U3 pasfIMYHOro
pacTUTENbHOro cbipbsi B Poccum HasbiBalOT «B3Bapamuy». Mcxoas wn3 pesynbTtaToB
nccrnegoBaHnd, oTpaxXeHHbIX B Tabnuue 2, BUAHO, YTO HaAcTon nabasHuka BA3OSIMCTHOMO
obnagaeT O4YeHb BbICOKMM 3HAYE€HMEM aHTUOKCUOAHTHOW €MKOCTW, NpeBblllalolnm Bce
nccrnegoBaHHbIe 3efeHble, YepHble U TpaBsHble Yan. Ho Tak Kak HacTon SBSIETCA CMECHIO
MHOIMX KOMMOHEHTOB, MOXXHO FOBOPUTbL N1LLIb O HEKOTOpPOWN adhdpekTnBHoM BenmyunHe AOE
pacTUTENbHbIX HACTOEB, TaK Kak BblAENUTb BKMag Ka)XXOoro KOMMOHEHTA OYeHb TSHKeno.
CywecTtBeHHbI Bknag B obwyto AOE 4aeB BHOCAT TaHWHbl. Hapsaay ¢ nonudeHonamu B
Yae, BOAHbIX 9KCTpaKTax PacCTUTENIbHOIO CbIpbsi U HanNUTKax TakkKe MNPUCYTCTBYIOT W
MOHOMEpHble (peHonbl — ranfnoBad, canuuunoBad, npoTokaTexoBad W MNPOU3BOAHbLIE
KOpPUYHOM KUCIOTbl. KpomMe Toro, B BOAHbIN 3KCTPAKT nepexonst KOewnH, TeoUNnH n
TeobpoMuH, a Takke BuTamuHbl B1, B2, B3, PP, pactBopumbie caxapa, waseneBas u
NMMOHHAsE KMCNOTbl. CrOXHBbIN Ka4YeCTBEHHbBIA U KONIMYECTBEHHbBIA COCTaB pPasfinyHbIX
YaeB, HACTOEB M HarMUTKOB Ha OCHOBE MPUPOAHOIO0 PaCcTUTENLHOMO Cbipbs 3aTPYAHAET UX
CpaBHUTENbHbLIN  aHann3 no BenuvduHe obwen AOE ¢ BogopacTBOpMMbIMU
nHanBuOyanbHblMU coeanHeHnamm [11].
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Tabnuua 2. AHTMokcugaHTHasa emkocTb (AOE) pasnuyHbix copToB Yas, kKKn/100 mn. [11]

Yan yepHbIN AOE
«Jlncma» 0,39+0,01
«Ahmad Tea» 0,32+0,01
«Dilmah» 0,21+0,04
«Lipton» 0,15+0,01
Yaun 3eneHbIn AOE
«Fpy3vHCKUI» 1.840.03
«Amnepatopckun»  1,5+0,03
«Ahmad Tea» 1,2+0,03
«China Green» 1,1£0,03
Yan TpaBsiHOMN
NakpuyHbIN Yan,
OBOO«TpaBbI 0,94+0,03
aWKupmmn»
dutouyam aokKTopa
Toxupu Ne2, 0,79+0,02
cepaeyHbIn
dutouam aokKTopa
UGl b 0,7240,0
noYeYHbIn
Ernnerckun
hapao, 0,3420,01

OAO «YaunHasn
komnaHusa Nel»

Tabnuua 3. AHTMOKcMAaHTHas emkocTb (AOE) BOAHbIX HaCToOeB pPacTUTESIbHOMO

cbipbs, KKn/100 mn [11]

PactutenbHoe

AOE
Cbipbe
Na6a3Huk 4.51+0,01
BA3ONUCTHbIN
EATEMI 1,7540,02
NeKapCTBEHHbIN
dBKanunT 1,62+0,06
3Bepobon ) 1.3840.04
NPoAbIPABNEHHbIN
Yabpey 1,2910,06

AHTMOKCMAAHTHAA aKTUBHOCTb pPa3fiM4yHbIX BUAOB BUHA

Bbicokmii uHTepec npeacTaBnseTr u3y4yeHUe aHTUOKCUOAHTHbIX CBOWCTB BUH,
NMOSTYYEHHbIX M3 pPasfU4YHbIX COPTOB KpacHoro u 6enoro BuHorpaga. Kak wn3BecCTHO,
KpaCHbIM BMHaM NpUNMCbIBaeTCs Hanuume LenebHoro agpdekTa, KOTopbi CBA3bIBAETCS C
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npucyTcTBMeM driaBaHoMaoB, OOMagatoWmMx aHTMOKCMAAHTHbIMW, aHTUBUMPYCHBIMM,
aHTUKaApPUECHbIMW, aHTUanmnepryyeckKuMn K aHTUKaHUEepPOreHHbIMn cBoncteamu [12].
Bernble BMHa cogepxaTt MeHblUe (hniaBaHOMAOB, TaK Kak B NpoLecce U3roTOBMEHNSA KOXNLY
BMHOrpaga yganswoT nubo B Havane, nnbo Ang ynyyueHnsa nokasartenen npo3payvyHoCTu
nocrne cbpaxuBaHne, a Koxuua Kak pa3 wn Oorata dnaBoHomgamu. [aHHbIe
nccnefoBaHus, npueefeHHble B Tabnuue 4, nokasbiBatoT, 4To AOE KpacHbIX BUMH Ha
nopsiaok 6onblue, yem y 6enbix. BepoaTHO, 3TO CBA3@HO C OTNIMYUAMM B KONIMYECTBEHHOM
cogepxaHun pnaBoHOMOOB B pasfiMyHbIX COpTax BUHOrpaga, a Takke C TeXHONornen
narotoerneHmss n obpaboTtkn. Cpeanm KpacHbiXx BUH Hambonbwunm nokasatens AOE y
aecepTHoro copta «Karop», Tak Kak TEXHOMOrMA ctaguu NpUroToBeHUs HanpasrieHa
MakcuMarbHOe M3Brie4YeHne aKCTPaKTUBHbLIX BELLECTB U3 TBePAbIX arieMeHToB rpo3au [11].

Tabnuua 4. AHTnokengaHtTHas emkoctb (AOE) pasnuyHbix copTtoB BuH, KKn/100 mn [11]

BuHoO BMHOrpagHoe «Anana», 3A0

aecepTHoe «Karop 702,521 «Mo6epa», cTaHUua 9612

Pouwe e OecepT»
D‘J‘D‘ pT», BbiwecTebnueBcKas
KasaHckun BUH3aBoA

«lWappoHey,

BuHO BMHOrpagHoe BUHCOBXO03
necepTtHoe «Karopy, 667+40 3aBopg 6518

CTaBponosnbCKUM Kpaun «AXTaHU30OBCKUNY,
TeMpOKCKUN p-H

Rosso Conero, 1999 r. 53743 Galestro, 2001 r. 5312
Merrot Trentino, 2000 r. 432413 Prosecco Voneto 40+1
Chianti, 2000 r. 37313 Chardonnay, 2000 r. 34+1

BbIBOObI

OcHoBbIBasicb Ha  UM3y4YeHHoOW nutepatype 06 aHTMOKCMAAHTHOW aKTUBHOCTU U
€MKOCTM, a TaK >e Ha uccrnegoBaHusx, Kacawwmxcsa wudydeHns AOE  HanuTkoB
pacTUTENbHOro NPOMCXOXAEHUS, MOXHO caenaTb crneayouime BbiBOAbI:

e AHTMOKCMAAQHTHAsi aKTMBHOCTb — 9TO KOHCTAHTa CKOPOCTU AencTBUS
aHTUOKCHOaHTa NPoTMB CBOOOAHbLIX paaMKanoB.

e 3apada aHTMOKCMAaAHTa — nepexeaT CBOOOAHLIX pagukanoB, BO3HUKAKOLWMX B
pesynbTate HEKOTOPbIX MPOLIECCOB B KMETKE XXMBOrO OpraHmMama M CrnocobHbIX aTakoBaTb
XXWU3HEHHO BaXHble MULLIEHM.

e [lnweBble aHTUOKCUMAOAHTI, depmMeHTHbIE aHTUOKCUOAHTbI n
NX KOdaKTOpPbl AOMKHbI HAXOANTLCA B GanaHce.

e XapakTepucTuka, HasbiBaemasi eMKOCTHOW, MOXeT ObITb onpegeneHa 4Yucriom
3MIEKTPOHOB, KOTOPbIE MOXET OThaBaTb MCXOOQHOE BELLECTBO B MocrnegoBaTersibHbIX
peakumsix ¢ M30paHHbIM OKUCNIUTENEM.

e MakcumanbHbin nokasatens AOE - 1,8 kKn/n ycrtaHoBneH pgnsi obpasua
3€NeHOro Yas, OH NpeBbILLIaeT NoKasaTenn TPaBsAHbIX U YEPHbLIX YaeB.

e AOE BOOHbIX HACTOEB PACTUTENBHOINO ChipbsA MPEBbLILAET NokasaTenu MHOrMX
COpPTOB YEPHOr0 U TPaBSAHOrO 4asi, HO MOYTM HapaBHE C 3erfieHbIM 4YaeM, He cuuTas,
nabasHuka BA30AUCTHOro. Ho Tak kKak nogobHble HacTou ABMNAKTCA CMECAMMU TSHKero
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roeoputb 06 adpcpektnBHon BenmumHe AOE pacTuTenbHbiX HaAcToeB, Bedb TPYOHO
nccnepoBaTtbh BKNag KaXagoro KOMMOHEHTA.

e Hanbonbwmnmun nokaszatenamm AOE obnagatoT copTa BMHA U3 KpacHOro
BMHOrpaaa, Tak kak 6enble BUHa coaepXaTt MeHbLUe hbnaBaHOMAOB, yaansemblX B
npouecce U3roToBneHns BUHa.
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PactutenbHble nonudgeHonbl: CTPYKTypHas opraHM3auus, CBOMCTBa U
npuMeHeHue B cocTaBe (PyHKLMOHANbHbIX NPOAYKTOB NUTAHUA

aBTopbl: KceHuns MiBaHoBa, NonnHa CtapkoBa, AHacTacus YeHuoBa
Hay4HbIN PyKOBOOUTENb: accucTeHT 'bope HakoB

Plant Polyphenols: structural organization, properties and application in functional food
products. For now, polyphenols are one of the most discussed phytochemical groups. These substances
acquired vogue because of their potential preventive, therapeutic and antioxidant activity. They inhibit the
processes of lipid peroxidation, platelet aggregation, improve capillary function, and affect various enzyme
systems. A lot of works are devoted to polyphenols in order to find compounds can protect our body from
diseases associated with excess free radicals in the body (cardiovascular and neurodegenerative diseases,
cancer, diabetes) caused by oxidative stress and inflammatory processes.

Key words: polyphenols, phytochemical characterization, antioxidant activity, assays.

N3NOXEHUE
BuocuHTe3s n knaccucpukauums
MonndeHonbl — 3TO OrpOMHbIA  KNacCc OWOMOrMYEecKNn akTUBHbIX COEOUHEHUN

pacTUTENbHOrO NPOUCXOXOEHUS, XapakTepusyrLwuecs npucytcTemeMm bonee yem ogHoM
deHonbHOM rpynnbl B Moriekyne. ®eHomnbHble COeAUHEHUS MOXHO HalTu BO MHOIMMUX
pacTeHusax, OfHaKo WX pacnpefeneHne HepaBHOMEPHO: HepacTBOpUMble OEHOIbI
BCTPEYaKTCHA B KIIETOYHOW CTEHKe, B TO BPEMS Kak pacTBopuMble - B Bakyonsx. U Te, un
apyrme Heobxoaumbl ANA NpPaBUibHOW (PU3MOMOrMKM opraHMama — [Ans CTPYKTYpbl,
NUrMeHTaumn, onbifieHns, YCTOMYMBOCTM K NaToreHaMm M TpaBOsiAHbIM, a Takke pocta u
passutns [1].

BewectBa paHHOM rpynnbl 06pasyoTcsa B pacTeHUAX B npouecce BTOPUYHOIO
MeTabonMsama npeuMMyLLeCTBEHHO MO LWMKMMAaTHOMY nyTn 6uocuHTesa. LUunkumoas
KMcrnoTta MMeeT LEeCTUYNEHHOE KOMbLO N OOHY ABOVHYHO CBS3b, MO3TOMY €€ JOCTaTOYHO
Nerko NepeBecTu B COEOQVHEHMSI apoMaTuyeckoro psiga. B pactutensHom M MUKPOGHOM
KneTke npesBpalieHne LWNUKMMOBOM KUCNOTbI B apoMaTUyeckne COoeAnHEHus umeet
HECKOSbKO CcTyneHen: ¢ yyactmem AT® obpasyeTcs 5-pocdo-LnKMMOBas KMCMNOTa, 3aTeEM
yepe3 HeCKONbKO CcTagunh obpasyeTcsi HeycTondmBoe coeauHeHne - npecdbeHoBasi
kucrnoTta. Ha aton ctagum nytm GBuocmHTe3a pacxoasTcs: no nepBomy nytn obpasyeTcs
eHMNNMpoBMHOrpagHas KMcnoTa, a no Apyromy — N-oKCUNMpoBUHOrpagHas kucnota. MNpu
aMVHMPOBaHUN OBYX MOCNEOHUX coeanHeHu obpasyetca deHunanaHuH u L-TMpOo3uH
COOTBETCTBEHHO. [lpy MX [e3aMUHUPOBAHUM MNOSy4aeTCa TPaHC-KOPUYHas KUCIoTa,
KOTOpPYKO 3aTeM C MOMOLWbio 4-rmapokcunasbl MOAEPHUIUPYIOT 00 MMAPOKCUKOPUYHOW
KMCNoTbl (M-KyMapuHOBOW KUCIOThI), NErko npespaLlatLlencs B OKCUKOPUYHbBIE KUCMOTbI.
Uepe3 mnx cnupTbl 0bpasyoTcsa rmmko3nabl, 3upbl, 6EH30MHON KUCNOTbI, KyMapuHbl U
dnasoHonab! [2].

CyuwiectByeT 1 gpyras BO3MOXHOCTb MOMyYEHUS apOMaTUYECKUX COEANHEHUA —
aueTtaTtHo-manoHatHblM nyTb. WcxogHbin npogykt — auetun-CoA — obpasyetca B
pesynbTate rnukonusa wu ¢ nomowbto kapbokcunasel, AT® un wnoHoB Mn(2+)
npespawtaeTcs B ManoHun-auetun-CoA. Takum obpasom, Npu HapalwmBaHuUmM yrinepogHon
uenun obpasyeTcsa Nonn-2-keTomeTuneHoBas Lenoyka, ganbHenwas LMKnm3aumsa KoTopon
NpUBOAMUT K 00pa3oBaHMIO pasfiMyHbIX EHOSMbHbBIX COeanHEHUN [2].
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Bce nonudeHonbl MOXHO pa3genuTb Ha YeTblpe OCHOBHbIE rpynnbl: (ofiaBoHOUAbI,
eHOomMbHbIE KUCNOTbI, CTUNGeHoMabl WU nuUrHaHbl. Hambonee un3yyeHHbIM noaknacc —
dnasoHomapbl [3]. dnaBoHouabl cogepxaT OABa unu Oonee apomMaTU4ecKMX Konbua,
KaXkgoe M3 KOTOpPbIX HeceT ofHy unu Gonee rmapoKUCIbHbBIX TPYMM, U CBSA3aHHbI MeXay
cobon yrnepoaHbiM MocTtukoM (CeC3Ce). OTa ueHTpanbHas uenb 0b6blMHO obpasyeT

3aMKHyTOE€ nuMpaHoBoe kKombLo (Konbuo C) ¢ ogHuM K3 OeH30mMbHbIX koneu. B
3aBMCMMOCTW OT TuUNa reTepoumkna Bce (iaBOHOMObI MOXHO pasfenuTb Ha LWeCTb
nogkraccoB: (riaBoHbl, (rIaBOHOMbI, (pnaBaHOHbLI, (pnaBaHOMbl, aHTOUMAHUOMHBI W
nsodnasoHomabl (Puc.1). B ocHOBHOM, 3TO noapasgeneHne CBs3aHO C HanuvymMem (Mnm
OTCYTCTBMEM) OBOWHOW CBA3W B no3vuumn 4 konbua C, OBOMHOM CBA3M MeXay aTtoMamu
yrnepoga 2 n 3 konbua C 1 ruapokcunbHbIX rpynn B konbue B [4].

OgHon wmn3 BaxHenwmnx rpynn ¢naBoHOMAOB, KOTOPbIM B HacTosillee BpeMms
yAeneHo MHOro BHUMaHUSA No NpuynMHe pasHOCTOPOHHEWN (hapMaKkonormyeckon akTMBHOCTH
ABNAOTCA aHToumaHbl. AHTOUMAHWOWHBI — 3TO MPOU3BOAHbLIE KaTWOHa bnasunus (2-
deHnnbeHsonupunng). OCobeHHOCTbID CTPOEHUS aHTOUWAHUANHOB ABNSAETCS Hanvyue B
reTepoLMKIINYECKOM KOSbLe YeTblpexBanieHTHOro kucrnopoga (OKCoHusl) M cBobGoaHom
NOSTIOXUTENBbHON BaneHTHOCTU. AHTOLMAaHblI OTBEYalT 3a OKpacKy NnodoB, LIBETKOB WU
ApYyrnx YyacTten pacTeHun B LiBeTa OT OpaHXeBOro 4o cuHero [5].

PasHoobpa3Haga buonornyeckasa akTMBHOCTb (pflaBoHOMAOB 06ycnoBreHa Hanmynem
B MX MOMeKynax peakTUBHbIX MMOPOKCUIbHbIX U KapboHWNbHbIX rpynn. [peBpallasch B
BMonorM4ecknx cuctemax B pasfnunyHble XMHOHbI, (oriaBOHOMAbLI MOTYT B3aUMOAENCTBOBaTb
CO cneunduyeckMMn QyHKUMOHaNbHbIMK rpynnaMmm 6enkoB-pepMeHTOB, U3MEHSAS KX
TPETUYHYIO CTPYKTYPY W KaTanuTudeckne csoncTea. PnaBoHouabl, B OTNM4Me OT
PEHONbHbIX aHTMOKCMAAHTOB (TOKOGEPOsioB), KpOMe MpSAMOro aHTupagukanbHOro
AEeNcTBuUs, CNOCOBHbLI CBA3bIBATb MOHbLI METAsNOB C NepeMEHHON BaneHTHOCTbI0, 0bpasysi
cTabunbHble xenaTHble KOMMMeEKcbl. W3BecTHO, 4TO ob6pasoBaHMe Takoro popaa
KOMMMEKCOB MPUBOANUT K MHIIMOMpoBaHM0 cBOBoAHOpaguKanbHbIX npoueccoB. OgHon u3
ocobeHHocTen BGuonornyeckoro AencTemnsa (oraBoOHOMOOB TaKKE SBMSETCHA 4YpPe3BblHANHO
LUMPOKNI CMNEKTP MOTEHLManbHbIX MULLEHEN, HAa KOTOpble OHWM MOryT BO34eNCTBOBaTb B
opraHusme [5].

dnaBoHOMAbI BCTPEYaTCA Kak B CBOOOAHOW dhopMe, Tak U B hopMe rMKo3naoB (o-
rMUKo3nabl U C-rnnko3uabl). O-rnuMko3nabl UMeKT caxapHble 3aMecTUTenu, CBA3aHHbIe C
rMMOPOKMUCIIbLHOM rpynnon arnukoHa B nonoxeHun C3 wnmn C7, a c-rmuko3vabl — B

nonoxeHnn Cé mnn C8. B otnuumne oT Apyrux PeHONbHbIX COeAMHEHUN, donaBoOHOMAbI

06pa3y+0Tc9| C MNOMOLWbID KOMOMHaUMK nyTe|7| LUNKMUMOBOW KUCIMOTblI W  aueTaTHO-
MarnoHaTtHoro. OnbiTbl C MEYEeHHbIM Mo yrrnepoay C14 npoAaykramMmun rokKasalrnun, 4To

dpeHMnnponaHoBbIi ckeneT (Konblo B) npoucxoguTt OT MN-KymMapoOBOM KUCIOTbl, KOTOpas
nony4yaeTcs LWMKMMATHbIM NMyTeM, a KOfbLO A CUHTE3NpYeTCs Mo aueTaTHO-ManoHaTHOMY
nyTn n3 Tpex monekyn manoHun-CoA [6].

®eHornbHbIe KACIOTbl 00bIYHO AENAT Ha ABe rpynnbl: O4HW NOny4veHbl N3 GEH30MHOM
KACMOTbI, cogepxalen cemb yrnepogHbix atomoB (C6C1l) , gpyrme — u3 KOPUYHOW,

copgepxaiwlen peBsatb atomoB yrnepoga (C6C3). CambiMM U3yYEHHbIMU Cpeau HUX

ABMAIOTCA rannoBasi, XfoporeHoBad, depynoBas W M-KymapoBasi KUCIOTbl. TONbKO
He3HauuTernbHas 4YacTb (EHOSbHbIX KUCMOT HaxogaTcs B CBOOOAHOM cCOCTOSIHMM. B
OCHOBHOM, BC€ OHW CBA3aHbl 3UPHbIMU UMK aueTanbHbIMU CBA3SAMU, NMMBO HaxoaaTcsa B
CBSI31 CO CTPYKTYPHbLIMU KOMMOHEHTamu [7].
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Ctnnbenbl (1,2-ganpuaTaHbl) NpeacTaBnsioT cobon CpaBHUTENbHO HEBONbLUON
Knacc dpeHornbHbIX coegmHeHnin. Konblo A 06bIMHO MMEET ABE rMAPOKCUMbHbIE TPYMMbl B
M-M03MLMN, a KOMbLO B MOXeT ObITb 3aMeLLEHO MTMAPOKCUIIOM UM METOKCUIBHOW rpynnon
B ntobom nonoxeHnn. CTUnbeHbl CyLLLECTBYIOT Kak CTEPEON30OMEPLI U B OCHOBHOM UMEKOT
TpaHc-popmy. OHM HaxogsaTcss B CBOOOAHbBIX M [NMKO3MPOBaHHbLIX (hopmax B Buae
ANMEepPOoB, TPUMEPOB U MNONMUMEPOB, HasblBaeMbiX BUHUMepuHamn. OOHUM U3 caMbiX
N3y4eHHbIX CTUNGEHOB SABNAETCS TpaHC-pecBepaTpos, 0bHapy>XeHHbIN B BUHorpaae [8].

JlvurHanbl Takke npeacTaBnalT cobon knacc HednaBoOHOMAHbLIX (PEeHONOoB U
XapakTepuayeTcsl CoeauHeHneM ABYX (PeHUNNPOnaHOUAHbIX 3BEHLEB, CBA3AHHbLIX Mexay
cobon C-C cBaAsbio mexay cpegHumu GeTa-atomamm yrnepoga 6okoBbix uenen. B
OCHOBHOM, FNUrHaHbl HaxogAaTcs B cBOGOAHOM hopme, a UX KONMUYECTBO [MUKO3UAHbIX
3aMecTuUTenen CpaBHUTENBHO MeHbLLE, YeM Y OCTarbHbIX Krnaccos [9].

¥ Wildb

¥
aHon ¢
bl Q
. o -
L%
OH

diaB

AHTOUM
aHu-
OVHbI

dnagq

®nasajoHbl ¢ [WN3odnas
o O HouAabI

Puc.1 Knaccudumkaumna pnasoHonaos [4]

PuToXMMmMUyecKkas xapakrepmcTuka nonudgeHonos

Buonornyeckne ceBoncTBa MNoOnMEEHONOB U UX MoOMb3a AN 340POBbSA YCUIUN
nccnegoBaHns B 9TOM HanpasrieHuun. [1osBMnocs MHOXeCTBa METOA0B AN1S U3BNEYeHUs,
pasgeneHus U naeHtudukauun nonudeHonos. OgHako uccnegoBaTb 3TU COeAUHEHUS
oKasanocb AOCTATOYHO CIMOXHO U3-3a UX PasnUYyHOM CTPYKTYPbl, XMMUYECKOW NPUPOabl U
cnoco6os 9KCTpaKUmK. Ha CEroaHsILLHNI AEeHb cyliecTByet psag
CNEeKTPOPOTOMETPUYECKNX METOAOB AN KONIMYECTBEHHOM OLEHKM NonndeHoNnoB B
pacTeHusx. 3T MeToAbl MOXHO pasfenuTb Ha 2 rpynnbl: K NEPBON rpynne OTHOCATCSA
MEeTOoAbl, KOTOpble onpedensalT obuwee KOnMMYecTBO MNONMMAEHONOB, KO BTOPON —
crneumdundeckne rpynmnbl PeHONbHbIX coeanHeHni [10].

The Folin—Ciocalteu aHanua wWMpoko wucnonb3yetca Ana onpegeneHnsa obuuero
konmyecTBa (PeHomnoB. OTOT aHanM3 OCHOBaH Ha MepeHOoCe 3NEKTPOHOB B LLEMOYHOM
cpene oT dPeHOMbHbIX coeuHeHumn o dpochomonnbaeHoBoM
(dpochopHOBONBGMPaAMOBON) KUCMOTbI C OBpa3oBaHMEM KOMMMEKCOB ronyboro LuBeTa,
KOoTopble onpegenatlTca cnektpodoTomeTpudeckn npu A = 760 Hm [11]. OOGwee
KOMMYECTBO (PEHONMOB MOXHO OMNpedenuTb Takke CrnekTpoOTOMETPUYECKM MpU
komnnekcoobpasoBaHum ¢eHonoB ¢ Al(lll) [12]. PeHonbHbIE KUACNOTbI MOryT ObITh
onpeaeneHbl, C NOMOLLbI HUTPUT-MoNubaaTHOro peareHTa ApHOBa, KOTOpbI oGpasyeT
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KOMMMekc ¢ opToaudeHonamn, a npeneneHne aHTouMmaHuWaoB OCHOBaHO Ha UX
CNocoBHOCTK B KNCoOW cpeae obpas3oBbiBaTh KATUOHbLI KpacHoro dpnasunus [13].

PasgeneHue n naeHTumkauma otaenbHbIX (PEHOSMbHbIX COeANHEHUN 4Yalle Bcero
NpoBOAAT Xpomartorpauyeckumm metogamu. ToHKocnomHasa xpomatorpadus (TCX)
noaxoauT Kak Ans ObICTPOro CKPUHWHra 3KCTPAKTOB PaCTEHWMW, Tak U ANna AeTarnbHOoro
aHanmsa (Puc. 2). PasgeneHve eHONbHbIX COeAMHEHUA MNPOUCXOAUT C  y4YacTUEM
cunukarenss B KayecTBe CTauuMoHapHOW asbl M pasfnyHbiX MOABWXKHBIX a3 C
ynbTpadunoneToBbiM KoHTposneM. OaHMMW K3 caMblX 3(PEEKTUBHLIX METOLOB TaKkKe
ABMAOTCA  BbICOKOA(P(PEKTMBHAA XMAOKOCTHaAs Xxpomatorpadpmsa (BOXKX) wu  macc-
cnekTpomeTpus [14].

— Front

bl

— Start

La Lal Ts So Ov RoMo Mp F PhA Ss Sss Tl AaTm MgMt Mc
Puc.2 HPTLC-XpomaTorpaMma CbJ'IaBOHOI/I}J,OB n (beHOJ'IbeIX KUCITIOT B MEeTaHOJ1bHbIX
aKcTpakTax [14]

AHTNOKCMAAHTHaA aKTUBHOCTb pacTUTErNbHbIX NonudégeHonos

MHorne nonudeHonsl Obinn BblgeneHbl U3 NNoaoB (arogbl, S6N0KK, LNTPYCOBbIE,
BULLIHM), OBOLUEW (NyK, cenbaepen, XMenb, coeBble 600bl), 3eNIEHOr0 U YEpPHOro 4as,
BMHA. MN3BeCTHO, 4YTO noTpebneHme GoraTbix hnaBoHOMAAMU NPOAYKTOB MOMOXUTENBHO
CKasblBaeTCA Ha 3gopoBbe 4venoBeka. OCHOBHOW MPUUYMHOM TaKOro OEWCTBUA ABNSETCS
aHTMOKCMOAHTHasi  aKTMBHOCTb  MONMMAEHONOB  —  CNOCOOHOCTbL  MHrMbupoBaTtb
oKMCnuTenbHoe pAencteBne cBoboaHbIX paaukanoB. OKUCNUTENbHbIA CTPEecC — 3TO
ancbanaHc mexay obpasoBaHMeM CBOOOAHBLIX paanKanoB U X YCTPaHEHNEM 3alLUUTHBIMU
MexaHu3Mamu. JToT aucbanaHc NpMBOOUT K MOBPEXOAEHUIO BaXHbIX OuMOMOMEKyn wu
KNeTok, C noTeHuuanbHbiIM AOEeNCTBMEM Ha BecCcb opraHMam. Hambonee noaBepkeHbl
AENCTBYI0 aKTMBHbLIX DOPM KMUCIIOPOAa - XXMPHbIE KMCMOTbI, CoaepXalume ABOVHbIE CBSA3M,
pacnonoxeHHble 4yepe3d —CH2 rpynnbl. MIMEHHO OT 3TOW rpynnbl CBOOOAHbLIN pagukan

nerko OTHUMaeT JNEKTPOH, npesBpallas nunug B CBOOOAHbIV paguvkarn, paspyLlatoLmi
CTPYKTYPY MHOIMX KneTok [15].

[ns 6opbbbl ¢ HenTpanusauuen BpeaHbiX 3pdeKTOB OT CBOOGOAHBLIX paguKkanos,
NPOBOASATCS pasfnUyHble aKTUOKCWOAHTHbIE CTpaTernn, BKN4vawwme nubo yBennyeHue
BHYTPEHHEN aHTMOKUCIUTENBbHON )epMEHTaTUBHOM 3aluTbl (CynepokcuaomcmyTasa,
Katanasa, rnyraTMoHnepokcugasa), nubo ycuneHme HedepMeHTaTUBHOMN 3alyuThbl
(BUTaMMHbI) C MOMOLLBIO MPOAYKTOB, MOCTYNaWWMX C NUWENn Unn apMakoriorm4eckmnx
cpenctB. WccnepoBaHua nokasanu, 4YTO  NOnM@EHOnbl  CNOCOBHbI  perynvpoBaTtb
aKTMBHOCTb (PEPMEHTOB, Y4YacTBYWOLMX B 3aWuTe OpraHn3ma oOT paguKkanbHOM
aKTMBHOCTW, M CneguTb 3a XenaTupylowyMMn WMOHaMM MeTansnoB, Yy4YacTBYHLWMMU B
obpasoBaHun paagukanoB. Taknm obpa3om, B MOMEHT 3aboneBaHusi, koraa cobcTBeHHas

-51 -



PYCEHCKW YHUBEPCWUTET CTYOEHTCKA HAYYHA CECUA - CHC’17

3awmuTa opraHmama ocnabneHa, nonudeHonbl MOryT ObiTb MCMNONb30BaHbI Kak
noTeHuManbHbIi MexaHn3am cBobogHopaanKkanbHOM OTYNCTKM [16].

[Ons  aHTMOKCWMOAHTHOrO  CKPUHWHra B HacTosllee BpemMs  UCMOMb3YyHT
KanopumeTpudeckme metoabl. Cpean Hux ctouT Bbligenntb DPPH-tect n ABTS+ |
OCHOBaHHbIe Ha onpegeneHum cnocobHocTn NHOYUMPOBaTb yCTONYUBbIE
HeBuonornyeckne pagukanbel. Takke cywecTByoT metoabl (Hanpumep, FRAP-meton),
noaTeepxgatowme CnocobHOCTb  NONMMAEHONOB  Npekpallatb  LEMHY  peakuuio,
Bbl3BaHHy0 CBOOOAHLIMM pagukanamu, TpaHcdopmaumen Fe(lll) — Fe(ll). O6wyto
AHTUOKCUOAHTHYIO aKTMBHOCTb MOXHO onpefenutb (ochomMonmbaeHOBbIM aHanmM3oMm,
OCHOBaHHbIM Ha BoccTaHoBneHun Mo(VI) go Mo(V) vnn metogamu, onpenensitowmmm
XenaTupyloLwy  akTUBHOCTb  MOMM(EHONOB,  CBA3@HHYKO C  WHrMBMpoBaHMeEM
dopmunpoBaHusa peppounsmnH-Fe(2+)-komnnekca [17].

o OO0 W

w9

&

Puc. 3 lNpnumeHeHne aHanisa DPPH Ha akcTtpakte Micromeria croatica [21]

Cpean HOBbIX TECTOB CTOMT BbIAENWUTb aHanmM3 KNeTOYHOW aHTUOKCUOAHTHOW
akTuBHocTh (CAA), paspaboTaHHbin Wolfe&Lui B 2007 r. OTOT MeTO4 OCHOBbLIBAETCH Ha
AencTBun anxrnopdriyopecunHa — 30HA4a, CNoCOBHOro 3aaepXnBaTbCs BHYTPU KIETKU U
Nerko oKucnATbCa A0 donyopecueHTHoro auxnopdnyopecuenHa (DCF). 3t1oT meTon
n3mepsieT CnocobHOCTb COeauHEeHWn npepoTBpawate obpasoBaHme DCF npu nomowym
reHepupyembix 2,2°-azobuc (2-ammguHonponaH) OuMrMapoxropuaoMm  NEePOKCUNbHBIX
pagukanoB B knetkax HepG2 yenoBedeckon renaTtokapumHOMbl. CHMXKEHWE KNeTO4YHOWN
dnyopecueHuMn N0  CPaBHEHUKD C  KOHTPOSIbHbIMW  KNeTkaMu  yKasblBaeT Ha
aHTMOKCMOAHTHY CnocobHOCTb coeamHeHnn [18].

HecmoTps Ha TO, YTO OCHOBHOE BHUMaHue Npu U3ydeHnn nonndeHonoB yaensercs
MX aAHTUOKCWMOAHTHOW aKTMBHOCTW, MNOSBASKOTCS MHEHMUS, 4YTO (oniaBoHOMAObI W Opyrue
nonugeHonbl, a Takke uX MeTabonuTbl MNPOSABAAIT MOAYNUpyKOLIMe LEWCTBUA Ha
CUrHanbHble NYyTU MPOTEMHKMHA3 W nunuakMHas. [lonudeHonbl M3 3eneHoro 4as
OKa3blBalOT BIIMSIHWE HA HECKOSbKO CUrHambHbIX NyTEen U perynupyoT 6enkmn KneTtovHoro
uyukna (Hanpumep, Cyclin D1), npotenHknHasbl (IKK, MAPK), daktopbl pocta (EGF, HER-
2), TpaHckpunumoHHble dakTtopbl (PPAR, p53), npo-anonto3Hble G6enku (Bax, Bak) un
aHTnanontoTuyeckune 6enkn (Bcl-2, TRAF1) [19].

OK30reHHo 6bINo yCTaHOBMNEHO, YTO MONMEEHONblI CNOCOOHbLI 3aWMTUTL NeYeHb OT
KNEeTOYHOro OKUCAUTENbHOIO NOBPEXOeHUs noa [LOEeWCTBMEM TrenaTtOTOKCUHOB (B
nccrnegoBaHMM UCMONb30Bany YeThIPEXXITOPUCTLIM yrnepon, obpasylwmin cBoboaHble
pagukanbl). HenposawmTHble CcBOMCTBA NONMMAEHONoB 6blnn  YyCTAHOBMNEHbI  MpU
nccnepgoBaHum  KypkymmHoB.  Okasanocb, 4YTO OHM  CMOCOOHbI  MHMMBUpoBaTb
HEMPOTOKCUYHOCTb romoumctenHa (Hey) n Hey-mHayumpoBaHHOE NMUPOKCUMAHOE OKUCTEHME
NMNWAOB B MMMNMOKaMne >XUBOTHbIX. MiccnegoBaHnsl, NpoBeAeHHble Hag anonunpoTenHa
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E-peduumMTHbIMM - MbIlLAMKW  NOKa3anu, 4TO0 nonudeHonbl U3 BUHA W 4ad MOryT
npegoTBpaTUTb pa3sBuTue atepockreposa [20].

lNMepcnekTMBbI UCNOMb30OBaHUA MNOSMIMPEHONIOB U UX MNPUMEHEHWe B

(pyHKLUMOHaNbHbIX NPOAYKTaxX NUTaHusA

BbINo BbLISBMEHO, YTO CyMMapHbI NONUAEHOSNbHBIN KOMMMEKC, BblAENEHHbIN U3
oTxogoB oT nepepaboTkmn kanuHbl (Viburnum sargentii Koehne) obnagaet mem6paHo- u
renaTtonpoTeKTOPHbIM, aHTUOKCUOAHTHBIM U aHTUpaauKanbHbIM OEACTBMEM B YCIOBUAX
aKCnepuMeHTanbHoro crpecc-sosaenctana [21]. Ha ocHoBe aTux AaHHbIX Gbina co3gaHa
ouonornyeckn aktneHas gobaska k nuwe “Kanndpen”. BALl BKnoYaeT WNMPOKNIA AnanasoH
NONNMEHONbHBLIX COEAUHEHWUA, OpraHM4Yeckne KUCNoTbl, CBOOOAHbLIE AMWMHOKUCOTHI,
caxapa W psag  Apyrux  opraHuMyeckmx — coegmHeHun.  “KanudeH”  noBbilaeT
Hecneundu4eckyto  COMPOTMBIISAIEMOCTb  OpraHMaMa K BIIMSIHWIO  PasfyYHbIX
3KCTpeMarsnbHbIX (PakToOpoB, B TOM 4MUCME KAMMATUYECKMX, Yy4yebHOm u duanyeckon
Harpysku. [Ona a3Toro ObIIO MNpoBedeHO KOMMMEKCHOe UccrnedoBaHne COCTOSHUS
opraHusma CTYAEeHTOB MIafllnX KypcoB, a B KadecTBe (YHKLMOHANbHOrO MULLEBOro
npodykTa MCnonb3oBasncs MapMmenag >XenewHbll, B COCTaB KOTOPOro Obin BBedeH
“‘KanndeH”. KccnepoBaHHble OMOXMMWYECKMX MapamMeTpoB KPOBW MNokasano, 4To noA
AencTtBnem y4yebHOM HarpyskM B OpraHmame CTyOeHTOB aKTMBMPYKOTCA CBOBOAHO-
pagukanbHble NPoLEeCcChl, KOTOPble UCTOLLAKT aHTUOKCMAAHTHY CUCTEMY OpraHu3ma, YTo
obycnosnueaeT nosbiweHune MNOJ1 u npoHnyaemoctn membpaH. lNpumeHeHne mapmenaga
COMpoBOXAanochb BOCCTaHOBMNEHNEM aKTUBHOCTU cynepokcuaanucmyTassbl,
rnyTaTMOHNEPOKCHAA3bl, yBenMymBancs obuen ypoBeHb aHTMpaguKarbHOW akTMBHOCTW.
Bbina BbisBNeHa aktuBaumsa cuHTe3a ¢oconMnMaoB M3 TpUaUUIMUEPUHOB AN
BOCCTAHOBNEHUA  CTPYKTYpbl MemOpaH, 4TO CBMAETENbCTBYET O  CTUMYNAUUK
aTepuuuMpyoen yHKUMKM NedYeHu, nogdasBfieHHOW cTpeccoM [22]. Takke npenapart
‘KanudpeHn” 6bIn M3yyeH B KavecTBe BOCCTAHOBUTENS QYHKUMA MedYeHn Yy OOorbHbIX
ankoronnMamMom. bbifio nokasaHo, YTO OAHOKPaTHbI NPUMEM BOOHOrO pactBopa AaHHOro
npenapata npuBen K HoOpManu3auuMuM M3Y4YeHHbIX B [OAHHOM  MCCReaoBaHUu
Brmoxummyecknx napameTpos [23].

OKCTpakTbl TpyTOBOro rpnba yarum (Inonotus obliquus) NPUMEHSOT B 0punumansHOM n
HapoOHOW MeauUMHE B KaYecTBe NPOTMBOPAKOBOIo, TOHU3UPYHOLLEro, OYULLAoLLEro KPOBb
n GoneyTonsalLLEro fiekapcTBeHHOro cpeacrea. JleuebHoe gencteme yarm obycroBneHo
NPUCYTCTBMEM B €€ cocTaBe nonudeHonokcnkapboHoBoro komnnekca (MOK), nommmo
KOTOPOro BOAOW W3BMEKalTCss Takke MNpou3BogHble (PEeHOSbHbIX — anbaernaos,
cTepovaHble, NTEPUHOBbLIE COEAMHEHUS, 30flbHble 3NeMEeHTbl. JOTU  KOMMOHEHTHI
CTUMYIMPYIKOT YCWUMIEHWE WMMYyHUTETa OpraHnama Ha BO34encTBMEe HebnaronpuATHbIX
haKkTOPOB OKpY>KatoLLEN cpeapbl, B YaCTHOCTU, pagnaumoHHOro obnyyvexus [24].

Mo gaHHbiM BO3 Takue Tskenble MeTansbl, Kak KagMUW N CBUHEL, OTHOCATCS K
rnobanbHbIM aHTPOMOreHHbIM 3arpsi3HUTENAM OKpyXatoLlen cpeabl. B ¢BA3n ¢ aTum 6bIno
npoBegeHo uccnegosaHMe  GUONPOTEKTOPHbLIX CBOWCTB  MULLEBOrO  KOHLIEHTpaTa
NONNMEHONOB YEPHUKM MPU IKCMO3MLUMM TSHXKENbIMUA MeTannamu. M3BeCcTHO, YTo YepHuKa
crnocobCTByeT MNOBLILWEHNIO YPOBHS [MOTaTMOHA B OpraHuM3mMe, KOTOpbIA SABMSIETCS
Hanbonee BaXXHbIM aHTUOKCUOAHTOM, a TaKKe COAEepPXUT BOoNbLIOE KONMMYECTBO Makpo- 1
MUKPO3NIEMEHTOB. JKCNepuMeHTanbHoe uccrnegoBaHne Obino nNpoBefeHO Ha Kpblcax-
camuax 1 BbISIBUMO, YTO MPU SKCMO3ULMKN XMBOTHbIX aLeTaToM CBMHLA Hanbornbluee ero
KONMYECTBO HakannuBasnocb B MOYKax M FOMIOBHOM Mo3re: cogepxaHuve Pb B no4vkax
BO3pocno npaktudeckn B 10 pas, a B ronoBHoM mo3re — 6onee 4em B 3 pasa no
OTHOLLUEHMKO K KOHTPOMK. Y J>KMBOTHbIX, 9SKCMOHMPOBAHHbLIX aLeTaToOM CBUHUA U
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nonyyaBlIMX Ha MNPOTSKEHUN IKCMEPUMEHTA MNULLEBOM KOHUEHTpaAT nonmdeHonoB
YepHUKK, cogepxaHne Pb B neyeHn GbINo 4OCTOBEPHO CHMXEHO Ha 17,1, B MoYkax — Ha
17,3, B ronoBHOM Mo3re — Ha 65,7% no OTHOWEHMIO K rpynne >XMBOTHbIX, KOTOPbIM
BBOAWIMN TOMNbKO CBUHeL. B rpynne, aKCNOHMPOBaHHOW XMOPUAOM KaaMUs U nofyvasLlen
MKMY, Takke Habnoganocb AOCTOBEPHOE CHMKEHME coaepXaHusa kagmus [25].

HepaBHue mnccnegoBaHMs yCTaHOBWUNW HanuymMe renatonpoTEeKTUBHOW aKTUBHOCTU
3TaHOMbHOIO 3KCTpakTa KopHen Artemisia santolinifolia Ha ocHOBaHMM rekceHanoBou
npobbl. C uenbto onpegeneHns TSHXKeCTU renatuTa, O KOTOPON MOXHO CyAMTb MO CTENEHU
XWPOBOM WHMUNbTPaLMM NeyvyeHn, NonydeHbl npenapaTtbl MeYeHW Mbien U caenaHbl
cpe3bl. OKpacKky cpe3oB OCYLLEeCTBNANM C NOMOLLBIO Kpacutenen cygaHa-3 u cygaHa-4. B
3aBUCMMOCTW OT UCMbITYEMOW [pyrnnbl OTMEYEHO pasnuyMe B WHTEHCUBHOCTSX
OKpalLUMBaHUA Cpe30B, YTO CBMOETENbCTBYET O renaTonpOTEKTUBHOW aKTUBHOCTM.
N3BecTHO, 4YTO yBenunyeHue akTMBHbIX OPM KUcropoda crnocobCTByeT aTeporeHesy,
rmnepToHmMn u nporpeccupoBaHmm apyrnx CC3. KnnHnyeckue nccneqoBaHUsa akTUBHOCTU
NnonngeHoNoB ONMBKOBOrO Macria nokasanu, YTO OHW MOBbLILAKT YPOBEHb OKUCHEHUS
LDL-ayToaHTUTEN, KOTOPbIE UIPatoT 3aLUTHYIO POSib NPU aTepocknepose [26].

3AKINKOYEHUE

Ha 300poBbe COBpPEMEHHOrO YenoBeKa BIMAKT MHOXECTBO (aKTopoB, HO
onpegensaiLyo ponb B obecneyeHun 340poBoro obpasa KU3HW 3aHMMaeT MnUTaHue.
Otciopga 6Gonbwon wuHTEpec K nonudeHonam B kadectBe BA[, noBbiLLAOLWLne
PE3NCTEHTHOCTb OpraHuamMa K pasnnyHbiM 3aboneBaHnam u©  crtabunuanpyrome
meTabonuyeckne npoueccobl. WHTepec K nonudeHonam, BXOAAWMX B COCTaB
pacTuUTenbHbIX NPOAYKTOB, OOYCNOBNEH M WX MPUPOAHLIM MPOUCXOXKAEHUEM - OHU
SABMSAOTCA 3BOJSIOLMOHHO-a4anTMPOBaHHbIMU ON151 YENOBEYECKOro opraHMama, B OTnun4dme
OT CUHTE3UPOBaHHbIX BelwecTB. B cBsA3M ¢ TemM, 4yTo OGONbLLUMHCTBO WCCNEAOBaHUA MO
AaHHOM TemaTuke ObiM NpoBedeHbl TOMbKO Ha XMBOTHBIX W in Vitro, OencTeue
nonMdeHONoOB Ha 340POBbE 4YenoBeka Moka 4To A0 koHua He onpegeneHo. OaHako,
noeanbHas CTPYKTypa MONMMEHONOB Ans HenTpanusauun pagukanoB (PeHorbHble
rMOPOKCUIbHBIE TPYMMbl CKMOHHbI K OTAade MNpOTOHAa WM 3NeKTpoHa K cBoGOgHOMY
pagvkany) u 6onbLUO CnekTp MX GMONOrMYEecKorm akTMBHOCTW FOBOPUT O TOM, YTO OHU
SABMNATCA OTNNYHBbIMM 0O bEKTaMU ANt HOBbIX MCCNeAoBaHUN.
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HaHOTp'bGVI'-IKVI — CBbLHOCT, BUAOBEe U NpunoxeHume

aBTop: AtaHac AtaHacoB
HayyeH pbkoBoguTen: gou. A-p LisetaH Aumntpos

Nanotubes - definition, types and applications: A nanotube is a nanometer-scale tube-like
structure. A nanotube is a kind of nanoparticle, and may be large enough to serve as a pipe through which
other nanoparticles can be channeled, or, depending on the material, may be used as an electrical conductor
or an electrical insulator

Key words: nanotube, nanoelectronics, carbon nanotubes, noncarbonic nanotubes

BbBEOEHUE

MpuctaBkaTa ,HaHO“ O3Ha4YaBa egHa MunMapgHa oT MeTbpa. HaHoTexHonorumuTe
BKMNIOYBAT Cb3daBaHETO M U3NOM3BaHETO Ha MaTepuanu, YCTPOMUCTBaA U TEeXHUYECKM
cucTteMn, (OYHKLMOHMPAHETO Ha KOUTO Ce onpenenst OT HanMunMeTo Ha HaHOCTPYKTypa C
pasmepn oT 1 go 100 nm (egMH HaHOMeTbp = efHa MuIMapgHa 4YacT OT MeTbpa).
HaHomaTepmanuTe u B 4YaCTHOCT HAHOTPBLOMYKUTE UMAT yHUKANHU N NO-400pe nspaseHun
XapaKTepUCTUKM B CpaBHEHME CbC Cbluna MaTepuan 6e3 HaHomawabHu CBOWCTBA.
XopaTa ca n3nonssanu HaHOTPBLOUYKNTE OT AbnboKa APEBHOCT — TOBA Ca Me4yoBe 1 cabu
OT AamackaTta cTomaHa. EBponenunte ce cbnbCcKkBaT C TX MHOMO paHo — oLle nNpu noxoga
Ha AnekcaHabp MakepoHckn B WHama. Te ca npuTexaBann HeobOMYanHW MeXaHW4HU
CBOMCTBA — TBbPAOCT U MbBKABOCT, N BUNY U3KMIOYUTENHO OCTPWU, Nopaau HanuyineTo Ha
BbrnepoaHn HaHOTpbOUYkM. KoraTto npu aHanmsa Ha npobuTe yvyeHuTe M3nona3saT COSHa
KMcenuHa, yctaHoBABaT HannMuneTo Ha BbrnepoaHn HaHOTPBOMYKkK. Te ce nonyyasaT npu
HarpsisaHeTo o 800 rpagyca no Llenauni Ha BbrneBogopoga B MUKPOMOpUTE M KaTto
KaTanusatopy Moxe [da Cce W3Nnosi3aBaT BaHaguu, XpOM, MaHraH, KobanT, HUKes U HSAKOM
penku MeTanu, CbabpKalm ce B pyaara.

U3NOXEHUE
> HeBbrnepoaHn HaHOTPBHLOUYKKU
B HayyHaTa nuTtepaTypa ce cpeliat cbobLLeHnsa 1 cTaTum 3a CUHTE3a 1 CBOMCTBaTa
Ha BbrMNepoaHNTE HAHOTPBOUYKN. 3HAYMTENHO NO-Marko Ce 3Hae 3a HaHOTPBLOMYKUTE OT
APy HeopraHnyHu cbeanHeHns. Ha cour 1 ca npeacraBeHn HAHOTPBOUYKM OT pasnUyYHK
OKCUOHW CbeANHEHUS.
Y

L —

@ur. 1. PasHoobpasne oT MOponornyHn Moangukaumm Ha OKCMgHU HaHOTPBLONYKK:
a-TiOy, 6-VOy, B-2ZnO, - MnO.,.
[MbpBUTE HEBBIMNEPOOHM HAHOTPBOUYKM (MOS,; 1 WS;) ca Bunn cnHTesnpaHu npes
1992 r. oT nspaenckus ydeH P. TeHHe. Xumudecknat cnocob Ha cuHTe3 n obpasyBaHe Ha
HaHOTPBLOMYKNTE Ce MonyyaBa B pe3ynTtaT Ha B3aMMOAENCTBME Ha M3XOOHUTE BellecTBa
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BbB BOJHa uUnn BbB BOAHO-OpraHn4yHa cpefa, B TBbpAa unu rasosa dasa, B pesynraT Ha
Tepmonusa Ha conute. Metoaute 3a oopmMupaHe Ha HaHOTPBLOUYKKM Ce xapakTepusnpar C
yTagBaHe Ha HaHo4yacTUuuTe Mo MOBBLPXHOCTTA Ha TBbpPAUTE Be4vecTBa, KaTto Mo TO3u
HauyvH Te 3ajaBaT onpegeneHa gopma M pasMep Ha HaHoOMpoAykTa, KaTto npu ToBa
wabnoHn moraT ga 6bAaT U MOMEKYNN Ha OpraHnMYHM BewecTBa. [1]

Hanpumep, mMogen Ha obpasyBaHeTO Ha HaHOTPbLOMYkM OT TiO, MoxeMm naa
npeacrtaBum cbc cxemata 3D->2D->1D. TpumepHusa (3D) kpuctan Ha TUTaAHUEBMS
anokena, pearmpa ¢ ocHoBata oT NaOH, obpasyBa ce nammHapHa asymepHa (2D)
CTPYKTYpa, KOSATO Taka 3aBuBa, Ye [a Ce CbeUHU C HEHAaCUTEHUTE BPBL3KU Ha KpanHuTe
atomun. [lpM NO HaTaTbLWHO 3aTdaraHe ce nMoflyyaBa CTPYKTypa, npeacTasBnsBalla
HaHOTYOyneH CBUTBLK, M3rnexgall Kato porika TaneTn, WM HaAHHOTPBOWYKM BRNETEHU
e[0HN B OPYrN B KOHUEHTPUYHM umnuHapu. NogobHu obpasyBaHuMst HA HaHOTPBLOUYKKM ce
nony4aeart M OT APYrY OKCUOHWN CbeaUHEHNs, Hanpumep oT BaHaaun (V,0s) (dur.2).

®ur. 2. Cxema Ha ob6pasyBaHe Ha HaHOTPBLOUYKM V205, HA OCHOBaTa Ha Cbe4MHEHNETO
BaV;016.nH,0 : a — nsBmBawm ce cnoese, 6 — morat ga obpasyBaTt HaHOKaHan4yeta, B,I —
MoraT fa obpasyBaT HAHOTPBLOMYKN.

MHoOro ot pyHKUMOHaNHUTE CBOWCTBa 3aBUCAT OT MoOposiorusata, oTHocuTernHara
NMOBBLPXHOCT M OCOBEHOCTUTE Ha KpUCTanHaTa M enekTPoHHa CTPYKTypa Ha matepuanure.
Taka Hanpumep B 6aTepunte HaMMpaLLUUTE Ce OKCUOHM HAaHOTPBLOMYKN VO, MnOy, CoOy
cnomarar 3a nogobpsiBaHe Ha KaTOOHWUTE XapakKTepUCTMKW, BCNEeACTBME Ha rofieMust Um
BMbKBALL, KanauuTeT N XMMnyecka akTUBHOCT. HaHOCTpyKTypuTe Ha ocHoBaTa Ha ZnO ca
nepecneKkTMBHUN 3a Cb3gaBaHe Ha POTO- N eNeKkTpo- NyMUHOGOPK, CBETNOBBL3OYKaALLM ce
U nasepHu guogu, yntpabbp3u HaHonasepu, B OMNTUYHO-ENEKTPOHHUTE YCTPOWCTBA, B
cnbHYyeBuTE BaTepumn u T.H. [Npn n3cnegBaHe Ha poToKaTanMTMYHATa akTUBHOCT Ha TiO;
BbB BN HA OUIM UK C HAHOTPBOUYKK, B peakuunsa Ha okucrneHne ¢ NO, Ta ce yBenuyasa
NoYTM OBONHO TOraea, KoraTo M3nons3same HaHOTPbLOMYKUTE. [2]

» EQHOCTEHHU HAHOTPBLOUYKK
Mpe3 1993 r. yyeHnTe OTKPUAN €4HN OT Hal-MarnkuTe BbrnepoaHn HaHOTPBbOUYKM C
Anametbp 1 nm. [lopasuTenHuTe CBOWCTBA Ha Te3W CTPYKTYpu, paskpunv cToTULM
NCTOPUYECKN MOEWN 3a NPUITOXKEHMETO UM B HaykaTa M TexHukata, B TOBa 4YUCMO U B
HAHOTEXHONOMMNTE N HAHOENEKTPOHMKaTa U BABbXHOBMMA M3cnegoBaTenuTe Aa TbpPCcaT U
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OTKpMBaT HOBW HEBbBIMEPOAHM HAHOTPBLOMYKM cpen Apyrute KnacoBe HeopraHw4yHu
cbeavHeHus. MNMpoeeaeHn ca peavua TEOPETUYHU U MPaKTUYHU eKCNEPUMEHTU, C KOUTO B
Ha4yanoTo ce npeackasBanu, a cref ToBa ce CUHTe3npann €AHOCTEHHN HAHOTPBOMYKN OT
M30eneKTpoOHeH aHanoroB Bbrrnepon — xekcaroHanHute BN, ByCyNy, cCblo Taka
HaAHOCTPYKTYpW, MOMy4YeHM 4pe3 3aMsaHa Ha aToOMUTE Ha Bbrnepoga B €4HOCTEHHUTE
HaHOTPBLOMYKM C aTomMuTe Ha as3oTa u 6opa (BCy, CN,). Cnegsa ga otbenexum, 4ye
TPBOUYKMTE, NOMYyYEHN OT HABUBAHETO Ha M3OCTPYKTYPEH aHarnoros rpaduT, kKato TO3M Ha
6opeH HUTpuag BN, ca MHOro No TEXHOMOIMYHU OT BbIMEepOaHNTE HaHOTPBOUYKK, U umat
AnameTbp B TeceH gmanasoH — o1 0,5 nm go 3 nm. [2]

Te wMmaT WHTEPECHW EeneKTPOHHW XapakKTepUCTUKU W ca MOMynpoOBOAHMULM,
He3aBMCMMO OT [uMamMeTbpa Ha Tpbbuukata. EkcnepvmeHTanHo e pgokasaHo, 4Ye BN-
HaHOTPBOMYKNTE Cca MO 34paBuM U JiekKM OT CTOMaHaTa, a MnofMMEpPHUTE MaTpuLMm,
CbAbpXalyn TakmBa HaAHOTPBLOMYKM MOraT Aa ce M3nons3BaT 3a 3akansgBaHe Ha MeTalHu
NOBBPXHOCTU U 3a NpeMaxBaHe Ha YNOpUTU Ha OKUCIIEHNE MOKPUTUS.

Haln-nHtepecHn npeacrtaBuTENN OT HEOPraHWYHUTE €AHOCTEHHW HAHOTPBLOWYKKM ce
aaBaT BC,N-Tpbbuykun, MHOro 6rnmskn 4o CTpyKTypaTa Ha BbIMepoaHUTE HAHOTPBOMYKY,
KOUTO MOXeM [a MofydYMm C YacTu4Ha 3aMsiHa Ha aToMuTe Ha Bbrnepoga C aToMu Ha
asoTta u 6opa. bnarogapeHne Ha 3aBMBaHETO Ha GOPHUS KAapOOHUTPMA B LMINHOPUYHU
cnvpanu B HaHOTpbOUYkMTE Ha BC,N ce obGpasyBaT AKOCTHM TOYKM, KOETO NO3BONSABA Aa
M pasrnexgame kato cBoeobpasHuM HaHocoreHouau. B 3aBUCUMMOCT OT AvameTbpa U
xvpanHoctta Ha BC,;N B HaHOTpbOMukute ce obycnaeBa meTaneH Tun NpoBOAUMOCT
(nonynpoBoaHMKOBa), KOETO OTKpuBa 6asa 3a WMPOKOTO MM M3MNoSi3BaHe B obnacTtta Ha
HaHoOeneKTpoHMKaTa. He TonkoBa oTaaBHa ca OTKPUTW HAHOTPBLOWMYKKM OT ronsimarta rpyna
Ha xanoreHngnute d-enemeHtn — MX, (M=Ti, Zn, Nb, Bi, Mo, Cd, W, Ag, Ta; X=S, Se)n e
n3nNbfHEHa TeopeTMyHaTa NporHo3aTta 3a HaHOTPBLOUYKM ¢ HOBK cbeTaeun — SiC, TiO, BeO

(cowr.3).

®ur. 3. Mogen Ha HaHOTPpBOWYKK OT BeO (benu atomu — Be, YyepBeHu — O).
CsoncTBata Ha BbIMepoAHUTE U HEeBbLIMEepoaHUTEe HaAHOTPBLOWMYKKM BCe olle He ca
N3y4yeHn no-3aabnbovYeHo, HO u3crnegoBaTeniTe Beye ca HaMepunu HaunH aa paswmnpar
TEeXHUTE rpynu n ga ru mognduumnpar.

» BbrnepoaHu HaHOTPBLOUYKK
3a nNbpBM NbT BbIMEPOLHM HAHOTPBLOMYKM ca cuHTe3uMpaHn npe3 1991 r. B
nabopatopunTe Ha sanoHckata komnaHus NEC ypes pasnag Ha rpaduT noa enekTpuyecka
avbra. [lo KbCHO nscnegoBaTenuTe paspaboTunn pasnuyHn MeToam 3a CUMHTE3MPAHETO UM
- OT rpadouT M BbIMNepond, 4Ype3 XMMUYECKOTO UM OTfiaraHe OT napoBaTta UM asa B
NPUCBHCTBMETO Ha KaTanusaTopu, N0 MeToda Ha nasepHaTta obpaboTtka. B 3aBMCUMMOCT OT
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yCrioBUsiTa Ha CUHTE3 € Bb3MOXHO Aa ce noryyaT, KakTo €OHOCTEHHW BbIMepoaHu
HaHOTPBOWMYKM, KOUTO MPUIMYAT Ha MHOMO TbHBK M AbNAbr LMNUHABLP (dur. 4), Taka u
MHOTrOCTEHHW BbrepoaHn HAHOTPBOUYKN. [3]

®ur. 4. N'pauUTHU NSIOCKOCTU, MHOFOCTEHHA U €AHOCTEHHA
BbIMEPOAHN HAHOTPBONYKK

MocnegHuTe ca oopMeHn KaTo NakeT KaTo XapTUeH CBUTbK CbCTaBEH OT KOMMIEKT
€4HOCTEHHM BBbIMEPOAHN HAHOTPBOMYKN NOCTaBeHU eaHa B gpyra (gwur. 5).

®ur. 5 KoMmnnekT e4HOCTEHHN BbIMepoaHN HaHOTPBOWYKM NOCTaBeHN eaHa B Apyra

B 3aBucuMOCT OT TOBa, Kak OT rpadouTHaTa MNOCKOCT ,u3ps3BamMe NIeHTU" U Kak
orbBame (3aBvMBaMe), AMaMeTbpa Ha BbrnepoaHMTe HaHOTPBLOMYKKM Bapupa oT 0,4 go 100
nm, a gbimkmHata um — ot 1 go 100 ym. BvrnepogHute HaHOTPBLOMYKM NpuTEXXaBaT MHOIO
pa3HoobpasHM CBOMCTBA, BbMNPEKN CBOSTA YyNiMBOCT M OENUKATHOCT Te AeMOHCTpupaT
BMCOKA cCuna M 34paBuvHA Ha pasTaraHe M orbBaHe, yAMBUTESNHA CrNOCOBHOCT Ada ce
Bb3CTaHOBSABAT Cred Bb3OENCTBMETO Ha MexXaHW4yHa cuna M HanpexeHue, BUCOKa
NpOBOAMMOCT, Heobu4yarHU MarHUTHU U ONTUYHM cBOMCTBa (Tabn. 1).

YoumeBuTtenHata CnOCOGHOCT Ha Te3uM CTPYKTypu € B nMpsika 3aBMCUMOCT Ha
cBoyvcTBaTa OT CTPYKTypuUTe€ B HaHOTPBLOMYKMTE OT KOUTO ca usrpageHu. [lopasssat
BbOOPBXKEHMETO pasHOOOpa3HUTE MPUMNOXKEHUS HA BbIMEPOOHUTE HaHOTPBHLOUYKM, HAKOM
OT KOUTO Ca W3MUCIIEHW CaMO Ha ,XapTus“ W Jpyru, KOUTO ca peanuavmpaHM B
AencTBMTENHOCT. [3]

BbvrnepogHute HaHOTPBOWMYKM MoraT [a ce W3non3BaT KaTto MHOMo TpaunHu
MUKPOCKOMWYHM MNPBbTOBE W HULWIKWA: CbIMACHO u3dncreHnaTa mogyna Ha HOHr Ha
efHoOCMoOHa BbrnepogHa Tpbbuuka goctura go 10° GPa, KOeTo e Mo-BUCOKO OT
cTOMaHata Ha eguH nopsabk. EQWMH OT rpaHamMosHuMTe npoektM Ha Obaeweto e
NOCTPOSIBAHETO Ha KOCMWYECKM acaHCbop, KONTO Ce OCHOBaBa Ha YyHMKanHaTta
MeXaHW4YHa AKOCT Ha BbIMepoaHUTe HAHOTPBLOUYKN.
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Tabn. 1. CBOMCTBA,XxapakTePUCTUKN N NPUNOXKEHNE HA BbIMEPOOHUTE HAHOTPBHLOMYKM

CsowcTea XapaKkTepucTukmn Ha Bb3MOXHN NnpunoxeHuna
BbrnepogHuTe
HaAHOTPBOMYKM
100 nbTM No-3gpasu 1 6 NbTU | CBPbX 34paBU HULLKW, Cb3JaBaHe
no-riekn oT cToMaHa Ha KOMMO3UTHU mMaTepuanu,
MexaHu4HK KOCMUYECKMN acaHCbop
['onsima roBKaBOCT HaHoaktnBatopu
Bucoka enactnyHocT Mrmm un ocTtpueta 3a aTOMHO-

curioBata MMUKPOCKOTINA

Bapvauun Ha enektpoHHuTe | KOMNOHEHTHN 3@ HAHOENEKTPOHMKaTa
CBOMCTBA B 3aBWCUMOCT OT | — AUOAM, TPAH3UCTOPWU U Op.
AnameTtbpa Ha Tpbbuukata -
npexogn OT MeTan KbM
EnekTpoHHM | nonynpoBOaHMK

Bucoka npoBoaumocT Ha | Bucokonposogmmu npo3payvHn
MeTanHuTe TPBHLOMYKK NIacTUHKN, UMW 3a COoHAMpaLLn
MMKPOCKOMK
Bucoka nonapHa emucus EnektpoHHa nyLuka, auncnneu,
namnn, PEHTreHoBU TPboMU
®unsuko - | Bucoka oTHocuTenHa Hocutenun 3a katanusatopu

XMUMUYHM | noBbpxHOCT /100—1000 m?/g

Bucoka nopectocT, o6em u | Kancynu 3a akTMBHM MOMEKynu,
dopma Ha kaHanute 3awmTa Ha KancynupaHu
mMaTtepuanm, CbXpaHsiBaHe  Ha
BOOOPOA, MeTanM U rasose,
HaHoNUNeTW, HaHoGaTepum

KbM HacTosawuaT MOMEHT eKCnepuMeHTanHoO e MoTBbpAeHO, Ye MUKpokaben oT
BbINepoaHn HaHOTPBLOUYKM C aebennHaTa Ha YOBELLUKM KOCbM € CnocobeH Aa yaobpXu
HaTOBapBaHe OT CTOTULM Kunorpamu ( cour 6).

50 um SN

dur. 6 Kocmumyeckn acaHCbop — MUKpoKaGen oT BbrMepoaHN HaHOTPBbOMYKM.

HeobuyaiHute enekTpuyeckn CBOMCTBa Ha BbIEpPoaHUTE HAHOTPBLOWUYKM M NpaBsaT
eanH OT Hal-NepcrnekTUBHUTE MaTepuanu B HaHOEeNekTpoHukaTa. Ha TsaxHa ocHoBa ca
Cb3[afeHN MONSIPHU TPaH3UCTOPU M MNOSYNPOBOAHUKOBM XETEPOCTPYKTYPWU, MPU KOUTO
npexoaa MeTan/monynpoBOAHMK Ce M3BbpLUBa B Mpedenite Ha eduHWYHa BbrepoaHa
HaHOTPBbOMYKA, Ype3 NbT MO KOWTO MOXEM Aa perynupame cb3gaBaHeTo Ha gedekTv B
CTpyKTypaTa M. BbrnepogHute HaHOTPBLOMYKM HE camo MoraT ga GbaaT u3crnensaHu, Ho
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W MoraT ga nocnyxaTt KaTO MHCTPYMEHT 3a u3crneaBaHusa. Ha TaxHa ocHOBa MOXeM da
Cb3aageM MUKPOCKOMUYHU HaHOBE3HW, HAHOTEPMOMETPW, HaHocKannenu (dwur. 7) n apyru
HaHOMHCTPYMEHTN. AKO ,MMMnaHTupame® BbLIMEpPOAHM HaHOTPBLOMYKM Ha Bbpxa Ha
CKaHMpaLl, eneKTPoOHEeH MUKPOCKON, TO e NofnyYynm ngeanHa MMKpPOCOHAA C AuamMeTbp He
No-ronsiM OT HAKOMKo atoma (cpur 8). [3‘]'?’

dur.7 HaHockannen Ha ocHoBaTa Ha eQHOCTEHHAa BbrnepoaHa Tpbbuyka

@ur.8. Octpmne Ha ATOMHO — CMNOB MUKPOCKOM, C NpUKpeneHa KbM HEro
HaHOTpBOMYKa.

Mpunarankn onpeneneHo HanpexeHme C NnomoulTa Ha TakaBa WUrfa € Bb3MOXHO
3axBallaHeTo Ha aTOMM U MOSEKYM — MOXEM U Aa M pasmecTBaMe OT €4HO MSCTO Ha
apyro. C BMCOKa TOYHOCT U MPELUU3HOCT MOXEM [a Bb3NpomsBedeM 3anuc uim npoyunT Ha
WHOPMaLWMst ¢ MITLTHOCT Ao 250 Gbit/cm?. Be3ycrnoBHO TENEeBU3NOHHATA U KOMMIOTbPHA
WHOYCTPUS HE € nponycHana ga oObpHe BHMMaHWE Ha BbIMEepogHUTe HaHOTPBLOWYKM,
Cb34aBankn 1 YCMNeLIHO N3NNTBANKM NPOTOTUMN HA NbPBUTE NIIOCKM aucnnen, padoTteLwm ¢
BbrnepoaHa HaHoTpbOHa maTtpuua (cur.9).

da.ﬁ
dur. 9 npOTOTVII'I Ha MNMJ10CbK ,u,mcnnem C KaTtoa Ha ocHOBaTa Ha B'brﬂepO,El,HM HaHOTp'bGW-IKVI

(Samsung) n mukpodoTorpacumsi Ha NOKPUTUETO
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B Te3n gucnneun noa AeNCTBMETO Ha HaMNpeXeHWeTo NPUOXEHO KbM eAuHUSA Kpau
Ha BbrrnepogHata HaHOTPbOMYKa, Ce U3nyckaT enekTPOHW OT APYrMAT M Kpan, KOUTO
nonagat Ha coccopecumpalums ekpaH obpasyBanikm cBeTelm nukcenu. B pesyntart Ha
TOBa pasMepaHa u300paxeHMeTo ce onpefens oT AnameTbpa Ha BbINEepoaHUTe
HaAHOTPBOMYKM, TOECT MMa MHOIO Marnku pa3mepu — OKosio 1 MUKPOH.[4]

3AKITKOYEHUE

KakBn nv He BbrnepogHM HaHOTPBOWYKM cCa CUHTE3upaHu npes3 nocrnegHute 15
roauHn : X-sugHw, Y-BuaHW, nog dopmMa Ha paswunpsBaliyM ce OT efuHUsS KbM ApYrus
Kpawn, NOoKpuUTn ¢ amopdeH Bbrrnepoa u ap. CbhuecTsyBaT OWe MHOIO Bb3MOXHOCTU 3a
NPUNOXeHNe Ha HaHOTexHonormMTe: Bce no-6bp3nM KOMMIOTPW, AUCMNEM C  HOBU
Bb3MOXHOCTK, Obp30 3apexgawm ce Gatepum unmM aBTOMOOWMHW NakoBE C BMCOKa
YCTONYMBOCT Ha aTMocdepHun BrmaHusa. Moxe 6u B 6nn3ko 6baelle Beve Lie nekyBame u
TYMOPU C noMoOLTa Ha HanpegHanun MeToAM 3a JleYeHMe Ha oOcHoBaTa Ha
HaHoTexHonoruu. MNbpBo TpsibBa obaye OCHOBHO Aa 6baaT NPoyYeHU N KOHTPONMpaHU
pUCKOBETE HaW-Be4Ye 3a YOBELWKOTO 3ApaBe. A KOMKO N HOBU BbINEPOLHM
HaHOaPXUTEKTYpU We ObaaT nsobpeteHn n cuHTesnpaHu B 6baeLle?
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XumMmuyeH enemeHT Bapuin — nony4vyaBaHe, CBOMCTBA U NPUIIOXKEHUE

aBTop: Teogopa Aumntposa
HayyeH pbkoBoguTen: gou. a-p Munyeska CtaH4eBa

Chemical element barium — obtaining characteristics application: Barium is a chemical element
from the alkaline earth group. Because of its high chemical reactivity, barium is never found in nature as a
free element but can occur as different minerals. | was motivated to study the properties of this element by its
influence over the functions of the human body.

In this article Barium is characterized according to its place in the periodic table and the following:
electron configuration, physical and chemical properties of the simple element, physical and chemical
properties of its combinations. Here are shown interesting applications of Barium and its compounds. A
significant place in this article is taken by the information about the role of Barium for the people’s organisms.

Key words: Barium, Barium salt, Barium sulphate, alkaline earth elements

BbBEOEHUE

Il A rpyna BkntoYBa enemMeHTuTe Oepunuin, marHesvin, Kanuun, CTpPoHuun, Bapun,
pagun. Becnykn Te ce xapaktepusupaTr C HanMyunMeTo Ha OBa S-efNeKkTpoHa B MNOCreaHus
eneKTPOHEH CroM Ha enekTpoHHaTa obBuBKka Ha cBouTe atomu. [lpegnocnegHus
€eneKTPOHEH cnon obaye nokasBa WU3BECTHU pasnuuus. [Npyn Gepunna Tonm € 3aBbpLLEH C
[ABa efieKkTpoHa, a Npu marHesusi ¢ oceMm. [pn aToMmnTe Ha ankano3emMHUTe MeTanu Ton e ¢
yCTOMYMBA, HO He3aBbplleHa KOHurypaumss Ha uHepTeH ras. Kanumnm (Ca), cTpoHumin
(Sr), 6apuin (Ba) nmat MHoro 6nmu3ku ceorcTBa. Ham TexkusaTt enemeHT B rpynarta (Ra)
HAMa CTaburiHM M30TOMU U Ce NpeyncnsaBaa KbM rpynarta Ha paguoakTUBHUTE efneMeHTH,
HO XMMWUYHOTO C/ NOBEAEHNE TOW € aHarnor Ha ankano3emMHuTe enemMeHTu.[1]

B mHoro otHoweHus Ca, Sr, Ba npunuyaTt Ha ankanHute metanun. Te obpasysar
NOHHU XNOpuan, a XmapokcuanTe UM ca CUITHU OCHOBW. W ankanHuTe, u ankano3eMHuTe
MeTanu He NPosiBABaT CKIOHHOCT fa obpa3syBaT KOOPANHALNOHHN CbeANHEHNS.

KaTo usino ot Ca kbMm Ba xuMmnyHaTa akTMBHOCT Ha enieMeHTuTe cnabo HapacTea.

XUMUYHMAT eneMeHT Gapusa e OTKpUT B MUHepana MarHesveB Guokcua o1 Kapn
Bunxem Weene (wBenckn xmmuk — Hemew, no npomsxof) npes 1774 r. N3onupaH e B 1808
r. oT XbMcppwu [ernBu (QHIMUACKN XUMKK).

MmeTo Ha Bapua nma rpbLKM Npom3xos U 03Ha4vaBa ,TeXbK".

Bapuar uma 22 nsotona, NOBEYETO OT KOUTO ca pagnoaktueHu. imaT nepuopn Ha
nonypasbag OT HSAKONKO MWIIMMUHYTU OO0 HSKOMKO MUHYTWU. U3KniyeHue npasu M30Ton
133, konTo uma pasnag 10,5 rognHu.

BapuaTt uma cegem ctabunHm nsotona:

13083., 13253, 134Ba, 13588., l368a1 137Ba, 1388a

N3NOXEHUE
MecTononoxeHue B nepunoanyHaTa cuctema. EnektpoHHa koHcpurypaums.

BapuaT e xumunyeH enemeHT oT: 6-TK ronsm nepuog; 2- pa ,A” rpyna Ha
nepuoanyHata cuctema. lNopeaeH Homep (Z) Ha (Ba) e 56. [2]
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ot

THbi KATO aTOMHUAT HOMEP HA XUMUYHUS €IEMEHT CbOTBETCTBA Ha NPOTOHUTE “p™ “ B
aTOMHOTO A4p0, cneaea, Ye uma 56 npotoHa. bpoAT Ha NPOTOHUTE BMHArKM CbLOTBETCTBA
Ha Oposi Ha enekTpoHMTE B eneKkTpoHHaTa OO6BMBKA, NOpaan enekTpoHeyTpanHus
Xxapaktep Ha artoma. CrnepoBaTenHO B €fleKTpOHHaTa oOBMBKa Ha atoma uma 56
eneKkTpoHa, pasnpegeneHn B 6 €neKTPOHHW Crosi, Crnoped €HEPrumHOTO CUM HUBO MO
cnegHust HauuH: 1-8u /K/ cnon - 2e™ ; 2-pn /L/ cnon - 8¢ ; 3-tn /M/ cnown - 18e™ ; 4-tn /N/
criovt - 18e™; 5-tn /O/ crnon - 8e™ ' 6-Tn /P/ cnon - 2e’. Ha cur.1 e nokasaH mogen Ha
enekTpoHHaTa ob6BMBKa Ha enieMeHTa 6apun.

: 5o
®ur.1. Mogen Ha enekTpoHHa obBuMBKa Ha enemeHTa bapui
Mpn XMMNYHNTE CN B3aMMOAENCTBUSA y4acTBa C 2 €- OT BbHLUHUSA €NEeKTPOHEH CIOMN.
Mma cnocobHOCT ga rM oTaaBa M Aa ce npeBpbllua B MOMNOXUTENEH MOH /KaTUNOH/.
MposiBABa BTOpa CTeneH Ha okucneHue (2°).
AToMUTE Ha enemeHTa Dapun umsrpaxgaT NPOCTOTO BelwectBo — HGapun. Ton e
meTtan./cowur.2./

®dur.2. CHAMKA HA XUMUYHUA enemMeHT Bapui

PuU3nYHM cBOUCTBA

Mpn obukHOBeHM ycnoBusa BapusaTt e meTan cbe cpebpuctobsan ussat. ObpasyBaHeTo
Ha 4BYaTOMHM MOJIEKYNN B ra3000pa3HO CbLCTOSIHME HE € TUNUYHO 3a 6apus.[3]

®Pun3nYHN NapameTpu:

ArperaTtHO CbCTOsIHME - TBbpPAO BELLECTBO

MnbTHOCT - 3510 kg/m?

Temnepatypa Ha ToneHe - 1000 K (727 °C)

TemnepaTtypa Ha kuneHe - 2170 K (1897 °C)

MonapeH obem - 38,16%10-6 m3*/mol

Cneuund. TonnunHa Ha ToneHe - 7,75 kJ/mol

Cneuund. TonnmHa Ha usnapexue - 142 kJ/mol

EnekrpooTtpuuaTtenHocTt - 0,89 (ckana Ha NonuHr)

Cneumnd. TonnuHeH kanaumteT - 204 J/(kg-K)

TonnonposoaumocT - 18,4 W/(m-K)

MoHusaumoHeH noteHuman - 502,9 kJ/mol

AHanorm4yHo Ha ankanHute metanu 6apus 6arpm Nnnambka B 3€MeHO.
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NonyyaBaHe Ha enemeHTa 6apun

Bapun ce nonyyaBa ot GaputoBu pyau (BaSO,) /6aputoBa pyaa — ¢ur.3/. Cnea
oboratsiBaHe, 6apuUTOBUAT KOHUEHTpAT ce npepaboTea Ao 6apues okcug (BaO), a Ton ce
npeBpbLya B MeTan 4Ypes anyMmmHoTepMmmnyHa peaykumsa Ha BaO.

4Ba0 + Al = 3Ba + BaO.Al,O3

Baaumopencrtemneto npotmya npu 1100-1200°C B atmoccepa Ha Ar unm BbB
BaKyym. [4]

Unctmatr meTtan ce nonyyaBa npu gectunaumsi BbB Bakyym. bapuat  uma
orpaHuyeHa ynotpeba B HsKOW CnnaBu.

our.3. bapuToBa pyaa

XMMUYHM cBOMCTBA Ha Gapun

Bapuat e gocta akTMBeH B XMMWYHO OTHOLIEHMEe ernemeHT. [lopagn ToBa TOM ce
CbxpaHdaBa nog nMeTpon wunMm B 3anoeHn cbaoBe. Bsaumogenctsa ¢ kucnopoga
XanoreHHUTE enemMeHTH, capara OLle Npu cTanHa Temnepartypa. [pu 3arpsiBaHe pearupa c
asoTa, Bogopoda, Bbrnepoda. Ha dur. 4 ca nokasaHM HSAKOW OT TUMUYHUTE XUMWUYHMK
OoTHacsiHUs Ha Bapus. [5]

Bapuit — ankanosemeH meTtan

BapuAT MMa OCHOBEH XapaKTep 1 B3avMoAeincTea:

Ba/OH/,+H,
BaCl, + H,

®ur.4. XuMnyHM B3amMmogencTans Ha bapus

XUMNUYHUN CBEOUHEHUA:

Okcuam Ha 6apus

Okucnsasat ce 6bp30. lNpu HarpsiBaHe Ha Bb3gyxa ce 3ananeaT U U3rapsaT CbC
3eneHukaB nnambk. MonyyaBaT ce HenocpeacTBEHO Ype3 3arpsiBaHe Ha 6apues kapboHaT
no 6sina xap. O6pa3ysaT ce 6e3LBeTHU KpucTanu, kouto ce ctanst npu 1923 °C. Mog
penctene Ha BbrnepogeH amokcnpg (CO,) Ha Bb3gyxa GapueB okcug (BaO) necHo
npemvHaBa B kapboHaT. Bsaumopenctsa ¢ Bogata u ce obpasyBa GapueB xuapokcug,
Ba(OH), wnu owe 6aputHa BoAa.
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Mepokcunan

O6pasysa ce oT 6apues okcua (BaO) npu sarpsBaHe Ha Bbadyxa npu 500°C. Mpw
06MKHOBEHM ycroBusa ce nonyyasat 6e3uBeTHU kpuctanu ot Ba0,.8H,0 [Mpu HarpsBaHe
Ha GapueB nepokcug (BaO;) B kucnopon nop BMCOKO HansiraHe ce obpasyBa BUCLUUAT
okcua BaQy, KOMTO MMa XbNT UBAT. TOM e HeycToWuMB M ce pasnaga npu 50-60°C c
otaensHe Ha O,

Xuapvam

O6pa3syBaT ce 4pes HEMOCPEeACTBEHO CbeAMHSABaHe Ha eNleMeHTUTe.

Cranat ce npu 675°C. Baaumogeicteat ¢ Bofa - obpasysat GapueB Xuapokcua -
Ba(OH),. Bsaumogencreat ¢ KucenuHu.

Xupgpokeunam /cpur.5./

®ur. 5. bapues Xuagpokeua OktaxmapaT
MonekynHa ¢opmyna: Ba(OH),.8H,0
Ob6pa3sysaT ce npu B3anmopgenctave ¢ Boga H,O. ObpasyBaT poMOU4HM kpucTtanu,
kouto ce ctanat npu 780 C. lNpn no-Bucoka Temnepartypa ce pasnaga Ha 6apueB okcua
(BaO) n Boga (H.O). N3nonasa ce npu nonuMepusauMoHHM NPOLECU U XpaHUTEnHaTa
NPOMMWLLSIEHOCT.

Hutpuam
ObpagyBaT ce B cpeaa npu HarpsisaHe Ha Gapui (Ba) n B cpega c a3ot (N2) ot
260 go 600 C. Ctanar ce npu okono 1000°C

Kapouan
O6pasysaT ce npu 3arpsaBaHe Ha 6apues okcug (BaO) m Bbrnepog (C) B avbrosa
enekTponeLy.

Pochunan

MonyyaBaT ce npu peaykuns Ha GapueB docdart (Baz(PO,), ¢ Bbrnepog (C) B
AbroBa enekTpuyHa neLw.

Bag(PO4)2 +4C — BasP, +4CO,

Cyndoman
MonyyasaT ce o1 6apues cyndgat (BaSO,) u Bbrnepog (C).

KapboHaTtu

O6pasyBat ce npu B3aumopencTesne Ha GapueB cyndwug (BaS) u BbrnepoaeH
anokeng (CO2) n Boga (H20). .

O6pasyBaT 6e3uBeTHM poMOUYHM KpUcTanu ¢ Temnepatypa Ha crtanaHe — 1740 C.
[6]

Cyndpatu /cpur.6/
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-
®ur.6. bapues cyndgaTt

O6pa3syBaT 6e3sLBeTHM POMOWYHM KpucTanu, kouto ce ctanat npu 1580°C. BbB
BOAA € npakTuyeckn HepasTBopuMm. Bnmsa B cbctaBa Ha 6sanata 60a — nUTOMOH
(ZnS.BaS0O,). WManonsea ce B OosmKunckata TEXHWKA, KaydyKOBOTO W KepaMUYHO
NPOU3BOACTBO.

Mopagn cnocobHocTTa Aa nornblia CUNHO PEHTreHOBWUTE MbYKM ce npunara npwm
pPEeHTreHoBW n3cneaBaHus Ha ctomaxa. /dwur. 7/

odur.7. PeHTreHOBKM n3cneaBaHusa Ha cTomMaxa

HutpaTtu /our.8/.

O6pasysaT 6e3uBeTHM pOMOUYHM KpucTanm, KouTto ce ctanat npu 595°C. MNMonyyaea
ce npn obmeHHa peakuuna mexay 6apues guxnopua (BaCly) n HatpmeB HutpaTt (NaNOs;).
Mpu 3arpsiBaHe B NPUCHCTBUE HA peayKTopu ce pasnaja

Ba(NO3), — 2BaO+ 2N, + 50,

Xnopatu

CobliectByBaT Npy OOMKHOBEHM YCIMOBUS KaTto XuapaTu BbB BuA Ha 0Ge3uBETHU
MOHOKITMHHU KpUCTanu, KoUTo npwu 120°C ryésT KpuctanumsauuoHHaTta Boga. CtansaT ce
npv 414°C ¢ pa3napaHe.

Ba(C|O3)2.H20 — BaCl, + 30,

Mpn TpueHe, yoap wnu HarpsiBaHe Ha cMec OT BapumeB xnopaTt M OKUCNSBALLW ce
BellecTBa ce nornyvasa B3puB. [lonydyaBa ce, ype3 obMeHHa peakuusi Mexay BOAHU
pa3TBopu Ha GapueB xropug W HaTpUeB XNopaTt, WK 4Ype3 efeKkTponu3a Ha HacuTeH
pa3TBop Ha Bapues xnopua. Hammpa npunoXxeHue B NMPOTEXHUKATA.

MpunoxeHne Ha 6apueBun cbeaUHEHUs

- bapueB cyndatr — B xapTueHa npomuwineHocTt, B bosmpKuinckaTa TeXHWKa, B
Kay4yKOBOTO M KEpaMU4YHOTO NPON3BOLACTBO, B MeanumMHaTa,

- bapwueB HuTpaT — B nupoTexHukaTa, CTbknapckata NpOMULLSIEHOCT;

- bapueBo HaTpueB HMOBaT — B nasepHaTta TeXHUKa;
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- bapueB xugpokcug — [lpu nonvmepasaumMoOHHM MpoUecu B XpaHuTenHaTta
NPOMMULLSIEHOCT;

- bapwueB kapboHat — CTbknapcka NPOMULLSIEHOCT, 3a NPUroTBAHE Ha rnasypu u
eMannu;

- bapues cyndug — Koxapcka npomuineHoct, 6opba ¢ Bpeantenn B CENCKOTO
CTONAaHCTBO;

- bapwues xnopat — lNupoTexHuka;

- bapwues TutaHaT — PagnoenekTpoHuka.

3Ha4yeHue Ha bapus

BapuaTt nma ronamMo 3HavyeHue 3a YOBELUKUAT opraHnsbM. Cbabpxa ce B rMaBHUA
MO3bK, Aanaka, MycKynuTe, O4HUTE neLim, KoctuTe, 3bbute.

KonnyecTtBOoTO Ha enemeHTa B TAMOTO Ce NOHWXKaBa Mpu Hanuvyune Ha 3abonaBaHus
Ha XpaHocMunartenHaTa cuctemMa u Npu HAKOU CbpAeYHO-CbA0BM 3abonaBaHus.

B Tanoto Ha Bb3pacteH ¢ TenecHo Terno okono 70 kr. Ce cbaobpxat 20-22
Munurpama 6apun.

PastBopumuTe My conu ce abcopbupaTt B YepBaTa B Masnku Konu4ecTsa.

MNMpeno3unpaHe ¢ 6apun

Heobxoanma aHeBHa o3a e onpegeneHa B pamkute Ha 0,3-0,9 mg.

Moxe Aa 3aMecTu Kanuus B opraHuama, Tbih KaTto € 6nmn3bk O BUOXMMUYHUTE MYy
CBOWCTBA.

Mpn HaTpynBaHe Ha NPEKOMEPHN KONMYecTBa Ce HapylaBa obMsiHaTa Ha Kanuun u
TOBa MOXe Ada gosefe 40 pas3BUTUETO Ha bonecT Ha KawunH-bek, npu koaTo ce 3abaBar
npouecute Ha ocudukauma /BkoctaBaHe/, obpasyBaHe Ha KOCTHA TbKaH, a OMOPHO-
ABuraTtenHus anapar ce u3Hocsa 6bp30.

Mpn HaTpaBsaHe ¢ Bapui ce nosiBABa MycKynHa crnabocTt n cnasmu. Npyn noBULLEHO
CbAbpXaHue Ha enemeHTa B opraHnama ce yBpexaar KPbBHUTE
KNeTKN,HEBPOHUTE,CbpAEYHNTE N OPYTN TbKaHW.

TokcuyHaTa Ao3a 3a YoBeka e 200mg.

XpaHUTenHu npoayKTH

Bapui noctbnea Ypes BogaTta 1 xpaHara.

Cbabpxa ce B MOPCKU MPOAYKTU.

Cbabpka ce B JoOMaTn, COS U Ap.XPaHUTENHU NPOAYKTH

Ponsta Ha metana Gapui He € gocTaTbyHO U3ACHeHa. PastBopumuTe Gapuesu

COJiIn Ca CUITHO OTPOBHMN.

3AKINKOYEHUE

BapuaTt e xumnueH enemeHT ot |l rpyna Ha nepuogmyHaTa cuctema; cpebpuctobsan
MeK ankanosemeH meTan. XUMMYECKM aKTMBEH, MpU HarpsiBaHe Cce Bb3MNSlaMeHsBa;
€HEepPrMyHo B3aMMOAEWNCTBa C Boda — OTAens ce Bogopoa u ce obpasyBa Gapues
xuapokeng. Fopu ¢ xbnTo-3eneH nnambk. MuHepanun — 6aput n suteput. lNpunoxeHne —
B eneKTpoBaKyyMHaTa TEXHWKa KaTo retep u kato gobaska B CnnaBu; CbeAUHEHUATa —
npy npou3BoACTBO Ha 6ou, CTbkNa, emannu, MarHUTHU maTepuanu, OUenekTpuum,
CBPBbXNPOBOAHMLN, B MMPOTEXHMKATa K Op.

-69 -


http://www.znam.bg/com/action/showArticle;jsessionid=E4EB2992C16FA16E5F3C4C93B540F48C?encID=1&article=1203552961

PYCEHCKW YHUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’17

NMIWTEPATYPA

[1] Nasapos [I., HeopraHnyHa xumus, YHUBEpCUTETCKO uagatencteo ,Cs. KnumeHT
Oxpuackn®, Codouns, 1993

[2] KnpkoBa E., XumMusi Ha enemMeHTUTE N TeXHUTE cbeauHeHus, YHuuB. U3g., Codus,
1990

[3] Yram A. A., Obwasn xmumus, Beiclwas wkona, Mocksa, 1984

[4] OykoB W., HeoprannyHa xumus. Xumus Ha enemeHtute. Ec npuHTt, Cocpunga, 2007

[5] KotoH @. A., [X. YUnkvMHCbH, CbBpeMeHHa HeopraHuyHa xumus, Hayka u
n3kyctBo, Cocoms, 1977

[6] M'eHoB J1., M. MaHeBa — NeTpoBa, HeopraHndHa xumus Il 4acT, Hayka n nskycrso,
Codus, 1990

3a KOHTaKTu:
Teopopa Oumutposa, ctyaeHT | kypc, XT, PY ,A.KbH4yeB” — dunnan Pasrpag e-mail:

teodora_g_d@abv.bg
pou. o-p M.Cranuesa, PY ,A.KbHueB” — ®ununan Pasrpag
e-mail: miluvka_stancheva@abv.bg

-70 -


mailto:teodora_g_d@abv.bg
mailto:miluvka_stancheva@abv.bg

PYCEHCKW YHUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’17

CuHTe3 Ha cnupo(nHpono-1,5-6eH3oanasenuHun) ot 3-auetun-1,3-
Anasacnupol4,4]u[4,5] nekaH-2,4-ANOHMU

aBTop: MBa KoctoBa
HayyeH pbkoBoguTen: npod. a-p Henko CtosHOB

Synthesis of 3-(3'-hydroxy-2'-oxo indolo) acetyl spirohidatoins: 3-Acetyl-spirohidantoins(l) when
allowed react with isatin(ll) gave corresponding 3-(3'-hydroxy-2'-oxo indolo) acetyl spirohidatoins(lll) whitch
on dehydration afforded the corresponding a,-unsaturated ketones(IV). Cyclocondensation of(IV) whit
substituted o-phenylene diamines resylted in uovel 3-acetyl spiro[indoli-1,5-benzodiazepines](V). Structures
of all the conpounds have been established on the basis of their IR spectral data elemental analisis.

Key words: 1,5-benzodiazepines, spirohidantoins, psychopharmaca

BbBEOEHUE

1,5-6eH30amasennHNTe nNpeacTaBnsiBaT BaXeH Krac MNCUXOTPOMHU NeKapCTBEHU
cpenctea[1] no-cneumanHo Kato TPaHKBWUIIAHTM U MOLUHM BeLLecTBa, KOUTO UHXMbupaTt
pasBuUTUE Ha BUPYCUTE U HeHykrneysngata B 6opbarta ¢ HIV-1 n obpaTtHOTO AencTeue Ha
TpaHckpuntasaTta[2]. 1,5-6eH3oguasenuHUMTe nokasBaT oOuwe MNpPOTUBOrbOMYHO U
QYyHrMUMOHO[3], nNpPOTMBOBBL3NANUTENHO W  aHanreTudyHo[4] u  aHTUKOHBYIICMBHO
pencteue[5]. KaTto katapakT, HeBponatma unu peTtuHonaTtusa[6-9]. CnegosaTtesiHo,
angopeayktasHuTe MHXMbUTopu ce siBaBaT MNOTEHUMANHW feKapCTBEHUM cpeacBa nNpu
neyeHne Ha anaber.

CnuBaHeToO Ha XxeTepouuknuyHata cuctema Ha 6eH30aMasenuMHOBMS NPBLCTEH CbC
CMMPOXMAAHTONHOBUA M3rnexaa gocrta obewasaulo 3a CUHTE3 Ha MNPOU3BOOHU C MO-
rofiiMa akTMBHOCT M CNELNdUYHOCT, OLLE MO-BeYve, Ye CNUPOXMOaaHTOMHUTE NpuUTexaear,
cnocobHOCTTa fa MHXMbupaT akTUBHOCTTa Ha angosopegykrasaTta. AngosopeaykrasaTa
npeacTaBnsiBa €H3NM, KOUTO KaTanuanpa PyHKLMOHMPAHETO Ha copbuTon OT rnwko3ara,
a HaTpynBaHeToO Ha copbuTon B TakMBa TbKaHW, KaTO OYHa nella, HepBUM UM peTuHa
AOonNpuHacs 3a pasBUTUE Ha pPasnMYHMU XPOHUYHN 3abonsaBaHus.

N3NOXEHUE

3-aueTun-cnMpoXnaaHToOMHUTE Ce Nony4YyaBaT OT CbOTBETHUTE CMMPOXUAAHTOMHN NpK
B3aMMOJENCTBMETO UM C NUPUOUH N OLETEeH aHXuapua npu B3aMOAENCTBMETO UM Mpu
obVKHOBEHa TemnepaTtypa no cxemaTa:

H
N\{x
NH H.C
H,C 6/ @ (CH,C0),0 ,:{

(1
MeTuneHoBuTe rpynun morat ga 6baat n 5 Ha 6pon
Mony4yeHuTe aueTun NpoM3BOAHM Ce nopnaraT Ha B3aumopenctsme ¢ u3otuH(ll) B
ankoxorHa cpefa M kKatanusaTtop nunepuguH, npu KoeTo ce nony4vasa npoaykrta Il no
peakuuaTa:

H
0 N W#D
N

O

H,C
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Ho o
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MpoaykTbT(lll) ce obpaborea ¢ HCI B oueTHa Kucena cpega no cxemaTa, BoaeLumst
A0 rnoryvyaBaHeTo Ha CbOTBETHUA XankoH(lV), konto npu B3aumonencTsneTo cu ¢ 1,2-
AnammHobeHseH B etaHon v nogkucnasaHe ¢ n.CH3;COOH Boan 0o nonyyaBaHeToO Ha
cnupo(nHgono-1,5-6eHsoguasenuHu)(V).
H

(]

A

HCL Y o
% i
1 CH.COOH W
(1) (V)
H
(0]
N\‘/
UQ NH
N
/A S WA
(0] o]
NH, HN NH
C,H,OH; ©;.H —
1.CH,COOH
V)

MonyyeHnTe nNpoaykTU ca AOKa3aHM C enemeHTeH aHanm3 u  IR-cnekTpockonus,
rnocoYyeHu B Tabn.1

cveq. | Mon. Oobus | T.T. Rf EnemeHTeH aHanus IR

Ne maca % oc %C %H %N Vou ViH Vaiit Ve-o Ve-c

Illa 343,399 67 147- 0,48 | 59,47% 4,99% 12,24% | 3485 3207 2931 1738;1715
C17H17N30s 8 3152 1701;1688

6 357,366 72 152- 0,51 | 60,50% 5,36% 11,76% | 3492 3227 2908 1741;1718
C18H19N30s 3 3135 1705;1692

IVa 325,324 58 188- 0,50 | 62,76% 4,65% 12,92% 3189 2955 1721;1700 | 1586
C17H15N304 9 3122 1661,1602

6 339,351 61 195- 0,54 | 63,71% 5,05% 12,38% 3195 2936 1725;1706 | 1591
C1gH17N304 6 3133 1671;1608

Va 431,487 88 243- 0,61 | 66,81% 5,84% 16,23% 3435;3268 | 2882 1716;1673
C24H25N503 4 3180 1658

6 445,513 90 270- 0,65 | 67,40% 6,11% 15,80% 3460;3250 | 2893 172;1675
CasH27NsO3 1 3186 1661
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EkcnepumeHTanHa yact: Misnon3saHute peakTusu ca Keanuduumpanu ,p-a’.
TemnepaTtypuTe Ha ToneHe ca onpeeneHn Ha anapat SPM-10. IR-cnekTpuTe ca CHeTU Ha
cnekTpocpotomeTbp ,Bruker-113” B Tabnetn KBr. EnemMeHTHMs aHanu3 e HanpaBeH C
npenapart ,Carlo-Erba-1106".

XOMOreHHoCTa Ha cuctemara e nposegeHa ype3 TCX Ha nnoyva DC-Alnfolien kieselgel
60 Fas4(Merck) B cuctemu: EtAC:MNME=1:2;CHCI3:mMeTH.=9:1 n C¢Hs:EtOH=1:5

MonyyaBaHe Ha npogykTu(lll)

Kbm cmec ot 3-auetuncnupoxmgaHtomH(0,04mol), ryatmH(0,04mol) B 100mL
abcontoTeH ankoxon ce NpubaBAT 2 Kanku nunepuavH u ce pasbbpkBa 1h npu cranHa
TemnepaTypa 1 ce ocTaBs Aa npeHollysa. [1lgaHanuaT KpuctaneH npoaykT ce omntpysa u
npekpuctanuanpa u3 ankoxosn/anokcaH. OUINKOXMMUYHUTE CrekTpanHu napamMeTpu wu
cBegeHusaTa ca gagexHun B Tabn.Ne1

CwuHTes Ha npogyktu(lV)

Kbm pastBop Ha xmpgpokco-npomsBogHoTo(ll)-0,04mol B 25mL n.CH3COOH, ce
npubaeat 0,5mL k.HCl. PeakymoHHaTa cmec ce HarpsiBa 1 4ac Ha Kunsiwa BogHa GaHa n
ce oxnaxga [o cTarvHa Temnepatypa. [lagHanute >XbNTO OUBETEHW NPOAYKTU ce
dunTpysart, cywart n3 cmec ot EtOH/guokcaH usnKo-XMMUYHUTE U CNEKTpasiHM AaHHN Ha
nosly4YeHnMTe cCbeamMHeHNa ca gageHn B Tabn.Net

CuHTes Ha 1,5-OeH3oauasennuu.

Kbm pastBop Ha xankoH()-0,005mol B EtOH-20mL ce npubasat 0,0055mol-o-
deHuneHgnamuH 1 0,5mL n.CH3;COOH. PeakumoHHaTa CMec ce HarpsiBa npu KuneHe
104ac n ce oxnaxga [0 CcTaMHa TemnepaTtypa. [lagHanuaT KpuctaneH npoaykT ce
duntpyBa W npekpuctanuaumpa u3 cmec oT EtOH/anakcoH GU3MKOXUMUYHUTE W
CrneKTpanHu gaHHu ca gageHun B Tabn.Net

3AKINIOYEHUE

OnucaHo e B3aMmogencTBneTo Ha 3-aueTuicnMpoXMHAAHTOUHU ¢ MPOTUMH Npy KOeTo,
KaTo KpanHu NpoaykTu ca nonydeHn 1,5-6eH3ogmnasenuHyu HeonmcaHu B nuTepartypaTa.
CuHTe3upaHnTe MNpOM3BOAHM Ca OXapakTepusnpaHu 4pes3 enemeHTeH aHanm3 un IR-
crnekTpasnHu JaHHW.
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CuHTe3 Ha 4-meTokcu-N-(2-xuapokcmeTun)
-HacpTanumunp,

aBTop: MckpeHa MBaHoBa
HayyeH pbkoBoguTen: npod. a-p Henko CtoaHOB

Synthesis of the 4-methoxy-N-(2-hydroxyethyl)- naphthalimide: The aim of the present work is to
be synthesized some derivatives of the 4-methoxy-N-(2-hydroxyethyl)- naphthalimide by introduction of
hydroxyl group in order to be tested for optical bleeching and dyeing of synthetic textile materials and epoxy
resin. The hydroxyl croup increases the hydrophobic effect this facilitating the disperse dyeing of polyamide
synthetic materials.

Key words: synthesis, naphthalimide, hydrophobic effect, polyamide.

BbBEOEHUE

Umngute Ha 1,8-HadpTaneHoBata KucenvHa HamupaT LUMPOKO MNPUITOXKEHME KaTo
nonynpoaykTu B CUHTE3a Ha NymMunHedopHM BellecTBa,oTbensaluyM NpoaykTu, 3oounaum,
Oarpyna v gpyrm Ham-pasnuyHn cbeauHeHus[1-6].B To3an acnekTt,Hue ce cnpsixme Ha
CUHTE3 Ha 4- meTokcn- N-(2-xmgpokcumeTun)- HadpTanummng.3a B3auMoaencTBmeTo Ha 4-
GpoMoHahTanNneHoOBUAT aHXMAPUA C apOMaTHM aMUHK B niTepaTypaTa MMa Manko AaHHMW.
Hsikom ot N-3amecTteHuTe 4-6pomoHadTannmMman ca nonyyYyeHn npu B3aMmoaencTBNeTo Ha
npogykta lll cbCc cboTBETHUTE apoMaTHM aMUHM BbB BOAHaA cpeda [7], B cpefa oT camus
aMmuH [8], B paspefeHa oueTHa KucenunHa B aBToknas [9], a B noBeyeTo criydam B fnefeHa
oueTHa kucenuHa [10], HO focera He e 3aMmecTBaH OpOMeH aToM B Ha(pTaneHoBOTO A4PO0 C
MEeTOKCU rpyna.

N3JTOXEHUE

3a cuHTe3a Ha 4-meTokcu-N-(2-xugpokecueTun)-HapTanummng, HM € Heobxoaum 4-
OpomoHadTaneHoB aHXnapua, KOUTO NONy4Ynxme no cxemaTta, npu Koato aueHadTeHa (1)
ce 6pomupa go 4-Br aueHadpTeH (ll), konTOo ce noagnara Ha okucnsiBaHe o 4-6Gpomo-
HadpTaneHoB aHxugpug (lll) ¢ Na,Cr,O; B oueTHOKMcena cpeaa.

0

0 CICH2CH2CI Br 0 Naz2Cr207 Br O |
+ Br2 - = o

O O 11.CH3COOH O |

o

CuHTE3bT Ha KpanHusa npoaykT (V) ocbluecTBMXME Npyu B3aMMOLENCTBUETO Ha 4-
OpomoHapTaneHoB aHxugpug B AOuMmeTundopmammugHa cpefja  MnpyU UHTEH3UBHO
pa3bbpkBaHe 1 6aBHO NpukanBaHe Ha 2-amnHoeTaHon. Cnea eqHOYacoBO HarpsiBaHe npu
KnneHe W u3MMBaHe CbC cCTygeHa Boga ce nonydyaBa  N-(2-okcueTtun)-4-
6pomoHadTanumng (1V). OT npoaykta (IV),npu B3anmogenctane ¢ NaOH B cyx meTaHon
N HarpsiaHe npu kuneHe 4h ce nonyyasa 4-meTokcu-N-(2-XxngpoKCUMeTUN)- HadpTanumung,

(V).
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No cxemarTa:

? i
Br O | Br O NaOH/CH3OH
O 4 H2NCH2CH20H ——= . NCHz2CH20H ——
' -NaBr;-H20
C; -H20 o

1l v

(@]
oo )
—_— =
NCHzCHzOH
Ua
0]

v

Monyyenuat wmug (V) e 6e3uBeTHO KpuCTanHO BELLECTBO pas3TBOPUMO B
xnopodopm, AMOKcaH, eTunauertart, 6eH3eH, eTaHom, Hepa3TBOPUMO B OUETUIIOB eTep,
neTpones eTep n Boa.

UR-cnekTbp ce xapakTtepuanpa ¢ ABE MBMLUM Ha NOrnblaHe Ha KapboHUHMUTE rpynu
epHaTanpn 1712cm 1, a apyrata npm 1686¢cm "L Von ce nosiesiza npn 3392cm
M3nonssaHuTe peakTnem ca ¢ ksanudgukauusa "p.a".

TemnepaTtypuTe Ha TOMNeHe ca onpeaeneHn Ha anapat SMP-10.

IR - cnektpuTe ca cHeTn Ha cnektpodoTtomeTbp " Perkin-Elmer FPIR 1600 " B
Tabnetn KBr. EnemeHTapHuAT aHanu3 e HanpaseH ¢ anapat "Carlo Erba-1106 ".

XOMOreHHOCTTa Ha cbeanHeHusTa e nposepeHa 4pe3 TCX Ha nnoyn DC-Alufolien
Kieselgel 60 F 254 ( Merck) B cuctema: n-xentaH:aueTtoH = 1:1.

» T[lony4aBaHe Ha 4-6pomoaueHadTeH.
CwuHTe3sa ce n3pbpiBa no metoaa Ha Hdawesckun [11].

» CuHTes Ha 4-6pomoHadTaneHoB aHxuapug (I).

0,2 mol 4-6pomoaueHadTeH [II] n 0,4 mol 6e3BoneH HaTpMeEB aueTaT ce paspexaar
npu HarpssaHe B 250mL n.CH3COOH, Ha nopunn B NnpogbinkeHne Ha 1 h ce npnbasat 0,4
mol K,;Cr,O; M cmecTTa ce HarpsiBa Npu KUMNEHe Mnpu MOCTOAHHO pa3dbpkBaHe B
npoab/mkeHne Ha 5 h. CbvabpkaHmeTo B konbaTta ce paspexaa ¢ 1L ropewa Boga n ce
duntpyBa. CypoBuat npoaykt ce pastBapa B 1L 5% HatpueBa ocHoBa. Cnep
nogkucnasaHe Ha duntpata ¢ k.HCI ce nonyyaBa 4-6GpomMoHadTaneHoB aHxuapug C
ao6vs 65% u 1.1.214-216°C. MpekpucTtanuampa ce u3 kK.HNO3z 1 nokassa T.1. 222-223°C.

» [Mony4aBaHe Ha N-(2- okcnetnn)-4- 6pomoHadptanmg (1V).
Kbm cynceHsns ot 0,01 mol 4-6pomoHadTaneHoB aHxugpug B 15mL
anmeTtundgopmMmammng npu UHTEH3NBHO pas3bbpkBaHe 6aBHO ce npwukanesa 0,01 mol 2-
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amuHoeTaHorn. PeakunoHHata cMmec ce HarpsiBa Ha kunsiwa BogHa 6aHa u ce nsnuea B
200 mL Boga. MagHanuaT KpucTaneH NpoaykT ce unTpysa, nokasea T.T. 196-198°C u
pobus Hag 95%. Cnen npekpucTanuanpaHe u3 eTaHON BeLwecTBOTO noka3ea T.T. 203-
204°C.

» CuHTes Ha 4- meToKcu- N-(2- xuagpokeueTtun)- HadpTanumug (V).

0,6g NaOH, 0,01 mol(3,2g) ot IV B 50mL meTaHon ce HarpsBaTt npu KuneHe 4 h.
PeakunoHHaTa cMec ce KOHLUEeHTpupa C NoMowTa Ha BakKyymM POTaLMOHEH uanapurten
HanonosmHa. OcTaBa ga ce oxnagn W KpUCTanHusa NpoaykT ce OoTunTpyea, Mue ce C
BoZa v ce cywu. [lo6rnea Ha nonyyeHns npoaykT e 92%, a 1.1 185-186°C.

3AKITIOYEHUE

PaspaboteH e MeTog 3a cuHTEe3a Ha 4-meTokcu-N-(2-xmgpokcueTun)-
HadpTanMMua,a CUHTE3MPaHUTE MEXAWHHU NPOAYKTWU, KAKTO U KpamHWSA NpPOOyKT ca
oxapakTtepuaupaHu Ypes enemeHTeH aHanns, TCXu IR-cnekTpanHu gaHHu.

JINTEPATYPA

[1] Kpacosuukuin b., bonotnH b, OpraHnyeckne nommHodopblJ1.:Xumna 1976,176-
199

[2] Karg I.,Patsch M.,Himmele W.,lMaT1.®PI" Ne2753152;1980

[3] Roldah C.M.,Brana M.F.,Beflang |.M.,ABcTpan.naTt.Ne483587;1977

[4] PoxnHoB B.W.,Cneuko I.®.,CepaeydHasa T.A.,ABT.cBua.CCCP Ne703612,1979

[5] Hohe K.,Papenfuhs T.,lNaT.®PI" Ne2423547,1976

[6] Filipova P.,Comp.ren.Acad.bulg.Sci.,47,Ne4,1944

[7] KpacoBuukun 6.M.,XoTuHckas E.E., XI'Y, 1965, 1.14, 145-154

[8] Nightingale D.V., Nagner W.S., J.Org.Chem., 1960,v.25, 32-34

[9] PaPenfua T., Pat. FRG Ne2423546

[10] Goto N.,Nagai I., Kogyo Kagaku Zasshi, 1967, v.67, 152-155

[11] Oawesckun M.M.,B kH.AueHadpTeH.M.:Xnmuns,1966,66-68

3a KOHTaKTu:

Nckpena CraHuyeBa MWBaHoBa, PyceHckn yHuBepcutetr “AHren KbHuer’,
CneuunanHocTt ,XumnyHn texHonornn”, e-mail: iskrenaivanova@abv.bg

Mpod. ao-p Henko CrtosaHoB, PyceHckn yHuBepcuteT “AHren KbHues®, Katepgpa
~XUMNYHM TexHornormn”, e-mail: nstoianov@ru.acad.bg

-76 -


mailto:iskrenaivanova@abv.bg

PYCEHCKW YHUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’17

TpeTupaHe Ha TBbLpPAK OTNAABLLUM

asTopu: [naHa LloHesa, Mapusa CtedaHoBa
Hay4yeH pbKkoBoauTen: gou. a-p LisetaH Aumntpos

Solid waste treatment: Treatment of the waste is the gathering, storage, utilization or disposal of the
waste and all the intermediate operations, as well as its re-usage, recycling, recovery or the production of
energy and materials from waste. “Waste management” is an activity which changes the properties or the
composition of the waste by transforming it into raw materials for the production of finished products or into
finished products.

Key words: system for waste management; methods for utilization; recycling.

BbBEOEHUE

Mo cmucbna Ha 3akoHa 3a orpaHM4yaBaHe Ha BpedHOTO Bb3AeNCTBME Ha
oTNagbuuTe BbPXYy OKOMHaTa cpeda OTNagbk € BeLecTBo, npegMeT WM 4act oT
npegmeT, 3a KOMTO HAMa NpeaBapuTENHO HEMOCPEACTBEHO MPUMOXEHUE UM OT KOWTO
npuTeXaTenaT Xenae unu e AnbXeH aa ce ocesoboau. BellecTtsa, npegmeTv unm yactm
OT npegMeTn, NpedadeHn Ha cneuvanuavpaHnTe doupmMm 3a TpeTMpaHe Ha oTnagbuun OT
COOCTBEHMKA NN YMTBIHOMOLLIEHN OT HEro fmua, CbLUO Ce onpeaendart Kato oTnagbuu 4o
MOMEHTa, B KOWTO Bb3CTAHOBEHUTE OT THAX MaTepuanu unu npom3BedeHatra OT TAX
eHeprust 6baaT BKNIOYEHN B NPON3BOACTBEHMS LUMKBA [1].

Han-mMHOro  npou3BOACTBEHW  OTMagbuM  OCTaBaT  KaTto  pesyntar  oOT
MWHHOZOOMBHaTa NPOMULLIEHOCT, eHepreTukara, meTanyprusaTa, XMMusTa,
NPOM3BOACTBOTO Ha CTPOUTENHW MaTtepuanu, XpaHUTENHO-BKycOBaTa MNPOMMLLISIEHOCT,
MaLLMHOCTPOEHETO, ENEKTPOHMKATA.

Mo cBosAiTa CbLUHOCT OTNaAbLMTE Ca CTPaHUYHM NPOAYKTM Ha YoBellKaTa OEeNHOCT,
KOUTO HAMAT MMM MMaT 4aCcTUYHO MNpunoxeHue. Te ca BpeaHW 3a OKonHaTta cpepa.
Bb3HuKkBaT rmaBHO Ha ABa eTana:

> [Npu NpoM3BOACTBO HA NPOAYKTU — NPOMULLINIEHN OTNAAbUY;
> Cnepg nanons3BaHeTO Ha NPOAYKTUTE — JOMaKUHCKWN, KOMyHaIHU U Ap. oTnagbuum.

BcekvgHeBHO, OOMakvHCTBaTa M upMUTE NPOM3BEXZAT TrONeMU  KONM4ecTBa
oTnagbun. Ypes coptupaHe n TpetupaHe, oTnagbLuuTe MoraTt Aa ce NpeBbpHAT B LIEHHM
mMartepuanu (BTOPUYHN CYPOBUHN).

CbbpaHuTe oTnagbum ce copTupaT PbYHO WU aBTOMATUYHO YpPe3 CbBPEMEHHU
copTupawm nuHun. PpakummTe COpTUpPaHM NO TO3M HauMH ce npecoBaTt B Ganu u
n3npawiar 3a NOBTOPHO U3MOM3BaHe Unu no-HaTaTbluHa obpaboTka.

TpeTMpaHeTo Ha TBbpAMTE OMTOBM OTNaabLM Ce CBbp3Ba C NpunaraHeTo Ha
WHTErpMpaHa cuctema 3a TSAXHOTO e(EeKTMBHO YyrnpaBfeHne M Onon3oTBOpsiBaHe Ha
€HEPrMnHUA UM NoTeHuman.

Cuctemata 3a ynpaBneHve Ha oTnagbuuTe BKMOYBa CbOupaHe, TpaHCnopTupaHe,
copTupaHe, obesBpexaaHe, npepaboTBaHe U ONON30TBOPSIBAHETO UM Ype3 peLuknupaHe,
AenoHupaHe, 6MoONOrMyYHO TpeTupaHe, TePMUYHO TpeTUpaHe 1 ap.

N3JTOXEHUE

. TepMu4YHM MeTOAM 3a TPEeTUPaHE Ha TBLPAU OTNaABbLUM.

U3rapsHe

N3rapsHeTo e MeTod 3a OTCTpaHsiBaHe, B KOUTO TBbPAW OpraHM4yHuM oTnagbuu ce
nognarart Ha uarapsiHe, 3a a ce npeBbpHaT B OTNagb4YHU U ra3oobpasHn NpoayKTy.
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To3n meToq e noneseH 3a N3XBbprsiHE Ha OCTaTbKa, KakTo nNpyu obpaboTBaHeTo Ha
TBbpPAMTE OTNaabLUM, Taka M Ha TBbPAMS OCTATbK OT NPEYMCTBAHETO Ha OTNaAbyYHUTE
BOAMW.

a) O6Lo n3rapsiHe Ha HeCOpPTMPaHM OTNaAbLUM UMK U3rapsiHe Ha OTAENHU bpakuuu,
3a nony4YyaBaHe Ha ropmBo, enekTpoeHeprusa n TonnuHa. MNpy NnpegBapuTenHO cenapupaHe
Ha Heropumarta 4acT Ha TBO (meTanu, CTbKNO, MHEPTHM KOMMOHEHTU OT NACHLM U FNHA U
Ap.) wn npepaboTBaHe Ha oOcCTaHanata 4acT 4pe3 cyweHe wnn 6pukeTupaHe,
Kanopu4HoCTTa HapacTtBa 2-3 NbTN N Hamansaea obLwms o6em 3a TEPMUYHO TpeTUpaHe.

B 3aBucMMOCT OT BMAa U CbCTaBa Ha OTNaabUUTE U CbAbPXAHMETO Ha ONacHU
BellecTBa ce npegnarat chneuuManuanpaHu MWHCMHepaTopu 3a: OOMHMYHW OTNaabLUM;
HUCKOpPAAMOAKTMBHM  OTNaabUM OT  AgpeHata eHepretuka; OMTOBM  OTnagbuy;
MHOYCTpManHu otTnaabuu; cneumduyHn otnagbum OT kKopabonnaBaHeTo; NaTONOrMYHM
oTNaabLUu; KpeMaTopuymu; pasnmyHn BUOOBE APYrM OTNaabLm.

6) BucokotemnepaTypHOTO M3rapsiHe (MHCMHEpaumMsi) € foka3aHa TEXHOMOMS, KOSITO
OCBEH 3a TpeTupaHe Ha TBO uyecto ce m3nonssa 3a obe3BpexaaHe Ha necTuunamn,
3aMbpCeHM C NecTUUnan NoOYBU U Apyri onacHu BellecTsa. [2].

Muponu3aa

Apyr HauuH 3a M3BMMYaHE Ha EHEeprunHua noTeHuuan oT oTnaabuuTe e u4pes
nuponusa. ToBa e Mpouec Ha pasrpaxgaHe Ha CIMOXHU XUMWYHU CbeAWHEHUSA OO0 MNOo-
npocTn cybcTaHuum 4pes3 HarpsiBaHe B OTCbCTBME Ha kucnopon. Kato pesynrtat oT
oTnagbuuTe ce norfyvaBa TBbPAO OCTaTbK — Menen M KOKC; TeYHU BbINeBoAopoan —
NMMPONN3HO Macso; Boda, 3aMbpCeHa C OpraHN4yHU BellecTBa; ropmBeH ras. Ta Moxe ga
6boe HuckoTemnepaTypHa, CcpedHoTemnepaTypHa, BUCOKOTEMMepaTypHa (TeXHOnorus
Hoval) [2];

Masudmkauma

MasngukauyuaTa npegcraBngsa YacTUYHO M3rapsiHe C Len nosflydaBaHe Ha rasose,
KouTO Morat Aa 6baaTt M3nonsBaHn KaTto 3axpaHBalla CMeC UK KaTto ropuso.

3a rasudukaums ce u3nonseaT pasnuyeH Tun peaktopu (dwur.1): ¢ donyngmsmpan
CMNOW, BKITHOYUTENHO UUKNOHEH TWUM; BbPTALWM MEWu; peaktopyu C MbifHeX; C ,NeTawo
cbCTOsIHNE” .-(MeToan Apnuc, Brookes);

Guoras

owecenras
(BHOraz+ropuanm razose)

rOpHINM

(H,, Co. CH,,uap) "****¢

OKMCARBANE Ha
» armocdepara HACTMUNO FOpene

" 4

HAMaANABIHE HA
« armocpepara

¥ MIBNAHNANE N2
eHepiua

Cyposia sa TOPHEHK

marepuann

MATEPHAN 13 Chon
(nacox, u 4p.)

omagsymM o1
ra3MPuRaumMaTa
(kavpan, suranua, u
Ap.)
napa BB3IAYX
(23 paymaminpane (32 daymaminpane wa
HA FAINPUKALMORHAT TOPUBHATA KAMEPa W
Kamepa) KATO MITOUHME HA
KMcnopog, 14
ropexero)

CyposHna 33
ramunaun
(buomaca, m ap.)

MATEPHAN 33 ChON
(nacex, w ap.)

oTNaALUM OF
rasuduraymuara

y Xy
i ﬂ

(xaTpan, svrnnua, w
HEIANANHMN MATEPHANK
BBIRYX MK

napa +
(Empaspeins UHET KHENOPOR

MITOUMME M3 K0 »a
B newra) ( oPOA

UACTHNHO ropene)

®ur. 1. MNasndukaTop ¢ ynnbTHEH CON.
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Cuctemata APJINC ononsoTtBopsiBa 80-90% oT obwaTta eHeprua Ha oTnagbuuTe,
KaTo s npeobpasyBa B CMHTE3-ra3, KOUTO He Cbabpxa 3ambpcutenu. ObpasyBaHUAT
CUHTEe3-ra3 oT npoueca ce oxnaxaga oo 40°C u ce Tpetunpa 3a otaensaHe Ha capata. Cneq
TO3M Npouec, Ton Moxe fa 6bae M3non3BaH 3a pasnUYHN LIEeNn: eneKkTponpon3BoacTBo,
Npoun3BoACTBO Ha Napa u npounssoncTeo Ha CH3OH, H, unu NHs. [2]

MNnasmeHu TexHonornu

MnasmeHaTta TexHomnorMs ce CbCTOM B MNpPeodoNnsABaHETO Ha HAKOU  OT
HeJoCTaTbUUTE Ha CbLUECTBYBALLUMTE CUCTEMU 3a TEPMUYHO TpeTMpaHe Ha oTnagbuuTe.
C Heqa moraTt ga ce npepaboTtsaT pasnuyHu BUAOBE OTNagbuUM NpU MakcuManHa 3awmra
Ha oOkonHata cpepa. B ocHoBata Ha npoueca e reHepupaHeTO Ha [MOCTOsSIHHA
erekTpuyecka gbra B nrasMeHuss dpaken, OT KOATO Ce MpeHacsi OrpOMHO KONMMYeCTBO
eHepruss BbpXy OTnagbuuTe, KaTo MO TO3M HaYUH ce npeamsBUKBa MOJSIEKYIHa
ancoumanuma n HeobpaTMMOTO UM pasrpaxgaHe. Kato pesyntat Ha msxoga ce nonydasa
CUHTE3-ra3 un rpaHynupaHa wnaka (cwr.2). [2

dur.2. MHcTanauums 3a TpeTMpaHe Ha BUTOBM OTNaabum Ypes nnasmeHa rasmdpukauus.

XuapupaHe (aBTOKNaBHMU CbOPBXKEHUS)

XvapoTepMu4yHMTE METOAM ce npunaraT rnaBHO 3a BOMHMYHWM OTNaabuM, HO MoraT
Aa 6baaT M3non3BaHu U 3a TpeTupaHe Ha DUTOBUTE OpPraHMYHU OTNaabUU. TexHosnorusTa
BKIMIOYBA 3arpsBaHe Ha OTNagbyHUA MaTepuarn ¢ napa B 3aTBOPEH KOHTENHEP Npu BUCOKO
HansiraHe.

Mpn TO3M TMN TpeTupaHe Ha oOTnagbuMTe Cce nonydyaBa Ao6bp pesynTtaT npwu
YHULLIOXXaBaHEe Ha WHMPEKUMO3HN OpraHn3mMu, KOeTO He MOo3BofisiBa 3aMbpcsABaHe Ha
OoKonHaTta cpefa .

MuKpoBBLNHOBU MHCTanauum

MWKPOBBIHOBUTE MHCTANaUUM ca KOMNAKTHU CbOPBbXEeHUs 3a 6bpP30 N UIKOHOMUYHO
TpeTupaHe Ha oTnagbun. Te CbLWO Ce n3nona3eaT NPeanMHO 3a 6ONHMYHK OTNaabLun, HO
MoraT ga 6baaT npunaraHm n 3a opraHMyYHM TBbpau GuToBM oTNaabLUM.

TBbW KaTo TEXHOMOMMATA He BKOYBA M3MOSI3BaHe Ha napa, oTnagbyHata Boda € B
Mankm KonmyectBa M € nogxogsiwa npepaboTka Mmoxe Aa Obae ua3nonssaHa OTHOBO B
cuctemara. [2]

Il. BAOTEXHONOrMYHO TpeTUpaHe Ha TBbLPAU OMTOBU OoTNaabLUM.

OpraHnmyHaTta Maca B TBbpauTe OTNagbuM Cce pasrpaxga 4pe3  YCKOpeHu
BMoxMMn4HM npouecn. BMONOrMYHOTO TpeTMpaHe Ha TBbpAMTE OTnadbUW BKIKOYBA ABa
BMAa NpoLecu:

1. AepobHu npouecu (C y4acTve Ha KUCOPOA) — KOMMOCTUPaHe;
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2. AHaepobHu npouecu (B OTCbCTBME Ha KMCNOPOA) — buorasndumkauma (aHaepobHa
depMeHTaums, aHaepobHO pasrpaxgaHe, rHUeHe).

AHaepobHOTO pasnaraHe ce u3BbpwBa B cuctemn, HGasmpaHm Ha ecTecTBeHaTa
yHKUMA Ha aHaepobHN MUKPOOPraHM3mMK, B KOUTO B OTCHCTBME HA KACMNOPOA ce pasnarat
BGuopasrpagmMmMmMTe KOMMOHEHTU Ha OTNaabLUMUTE N ce npoussexaaT buoras n nogobpuTenu
3a noyea.

Mpun BrnorasmdukaunaTa ce otTgens no- ronamo KoNM4ecTBo OTnagbyeH BbriepoaeH
ANOKCUA, OTKOMKOTO Mpu KomnoctupaHeTo. W npwu gBata Buaa npouecu ce noctura
HamansaBaHe Ha macaTta n obema Ha TBbpAMTe OTNaabLUU, KakTo 1 TxXHaTa cTabunusaums
OT rnefgHa TOYKa Ha CnNupaHe Wunu orpaHuYyaBaHe Ha MNO-HaTaTbLWWHOTO NPOTUYaHe Ha
OMOXMMMYHM NpOLIECH.

Mpn BMONOrMYHOTO pasrpaxkaaHe Ha TBbpPAMTE OTNagbUM ce nonydaBaT M NOSe3HN
LeneBsun NpoayKTu — KOMMOCT MM KOMMOCT M Buoras, cbabpkall, MeTaH.

[ll. Onon3oTBOpSAABaHE Ha eHeprusTa.

EHeprmnHoTO cbabpXaHWe Ha oTnagbyHMTE MPOAYKTM MOXe Aa Obae M3non3BaHo
NPSIKO- KAaTO AUPEKTHO FOPUBO 3a U3rapsiHe, UM KOCBEHO -4pe3 npepaboTkaTa um B apyr
BWUA ropu1Bo.

fopnBOTO, NOnMy4eHO OT OTMaAbUM Ce pasrnexna Kato eBTUH 3aMecTuTen Ha
TpaguuMoHHMUTE ropuea. Te3n ropmea, CbC CpedHO CbAbpXXaHWe Ha OMOreHHU BelecTBa
50-60%, moraT 3HauuTenHo fa ponpuHecaT 3a HamansiBaHe emucumte Ha CO;, wu
yABOsiBaHe OenbT Ha Bb30OHOBAEMaTa eHeprus.

B 3aBMCMMOCT OT NpunaraHMTe TEXHOMOrMM ce nony4aesaT ABa Buga ropmeo:

a) d-RDF- ynnbTHEHO rOpMBO- TO € NO-BMCOKOKAYECTBEHUAT NPOAYKT.

Cxemarta 3a nony4daBaHe Ha d-RDF e no- cnoxHa, ¢ no-ronemu pasxoaun n Bknoyea
rnoBeye npouecu Ha M3cyllaBaHe M nenetusaumsa. ToBa Mno3BonsBa NPOAYKTbT Aa €
cTabuneH ¢ Bb3aMOXHOCTU 3a TPAHCMNOPT U CbXpaHEHNe KaTo ApyrnTe gobusaHu ropmea.

0) c-RDF- e HeobpaboTeHO (CypoBO, HEYMITBTHEHO) rOPUBO.

To3an Bng ropuMBO He Ce M3CyllaBa M HE € Bb3MOXHO Ja Ce CbXpaHsiBa Mo-O4bJIro
Bpeme. TpabBa ga ce uarapsa BefgHara B MHCTanauusi Ha CbLIOTO MSCTO (nnowiagka) B
3aB0oAa, B KOETO Ce U3BbPLLBA LIEHTPANHOTO cenapupaHe.

I\V. lenoHupaHe.

~JEenoHnpaHe Ha oTnagbun“ e MeTod, NpPU KOUTO HE ce npeaBwkaa nocnegsallo
TpeTMpaHe Ha oTnagbuMTE U NPeacTaBnsiBa CKragMpaHe Ha oTnagbum 3a CPOK, MNO-Abbr
OT TpW roavHn — 3a oTnagbuu, NpegHa3HadYeHn 3a Onon3oTBOpsBaHe, U edHa roguHa —
3a oTnagbum, npegHasHavyeHn 3a obes3BpexaaHe, Mo HauyuH, KOMTO He npeacTaBnsiBa
OMacHOCT 3a Y0BELIKOTO 34paBe W okonHaTa cpeda. 3acera ToBa € HaW-npunaraHusT
MeTof 3a TpeTupaHe[2].

B bbnrapusi genoHuMpaHeTo € edMHCTBEH MeTon 3a obesBpexgaHe Ha OuMToBMU
oTnagbLuM M OCHOBEH METO/ 3a BCUYKM OCTaHann BUAOBE OTnaabuM.

[lenoHnpaHeTo ce pasrnexga KaTo onuusi 3a KpanHO CbxpaHeHue. [penopbyBa ce
npeaBapuTenHo TpeTupaHe Ha BCUYKM OTnagbUM npean OernoHMpaHeTo U caMo
WHEPTHUTE OTNagbuM U Te3n, KOUTO He noanexat Ha Onofi3oTBopsiBaHe 6u Tpssbeano aa
6boaT 4enoHUpaHu.

M3xBbpnaHETO Ha oTnagbuM B Oeno BKMAYBA 3apaBsHETO WM KaTto ToBa
npogbmkaea Aa 6baoe obuyanHa npakTuka B NoBe4veTo cTpaHu. [Jenata 3a oTnagbum
4YecTo ca Cb3daBaHW B U30CTaBEHU UM HEU3MNOM3BAHU KAMEHONOMHWN, MUHHU LLIAXTU UNn
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amu. EgHo gobpe npoektupaHo n gobpe ynpaesnsiBaHo 4eno Moxe Aa 6bae XMrmeHnYeH u
CPaBHUTENHO EBTUH METOA 3a 0be3BpexaaHe Ha oTNagbYyHu MaTepuanm.

MpobnemuTe ca cBbp3aHU C OTAENEHUTE ra3oBe N 3aMbpcsaBaHe Ha NOANOYBEHUTE
BOAM OT oTgenunute ce OT genata oTnagbyHu Boau. OTaoeneHnTe OT CbBpPEMEHHUTE
n3onupaHu gena oTnagbyHyM BOAM MOra Aa ce TpeTupart no ABa HaduHa:

1) Peuupkynauusa Ha oTnagbyHUTE BOAM U BpblUaHe 3a OpoCsBaHe Ha AenoTo,
Korato uma Banexu.

2) lNpeunctBaHe Ha OTNAgbYHUTE BOAW, KATO Ce MofaBaT B KaHanM3aumoHHaTa
Mpexa 1 TpeTupaHe B NpevncTBaTenHu ctaHumm 3a 6GutoBm oTnagbyHn Boam (dwur.3).

Aok
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O

I'Inculclri
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[
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Macuk ii
@

Oopabamka
akmubka ymadka [ —
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@ur.3. NpeuncteaHe Ha OTNagHu BOAM.

V. PeuuknupaHe.

MNMoBTOpHaTa ynotpeba Ha M3genus , MUHaNM XW3HEHUS CU UUKbLIT JONPUHAcCAT B
Han-ronsgMa cTeneH 3a ocurypsiBaHe Ha yCTOMYMBO pa3BUTWE U Ornas3BaHe Ha OKoriHaTa
cpefja nopagu Bb3MOXHOCT 3a AOMbIHUTENEH CYpPOBMHEH pecypc, CbKpallaBaHe Ha
npouecuTe 3a NPOU3BOACTBO Ha nsgenueTo. [2].

PeuunknupaHeTo e npakTuka 3a Bb3CTaHOBSBaHe Ha pecypcuTe, KOATO ce OTHacs A0
cbOMpaHeTo 1 NOBTOPHOTO U3MNOMN3BaHe Ha OTNaAbYyHU MaTepuany KaTo Hanpumep npasHu
KyTuM 3a Hanutkn. MaTepuanure, OT KOUTO ca n3paboTeHu enemeHTUTe, MoraT ga ce
npepaboTeaT 1 NpeBpbLLAT B HOBU NPOAyKTU. MaTepuansbT 3a peuuknupaHe Moxe ga ce
cbbupa OTAENHO OT oCcTaHanuTe oTnagbLUy, M3NON3BaNKK creunanHn KOHTENHepW.

Han-4yecTo cpelwaHnTe npoaykTu, KOUTO Ce peuunknupaT, BKYBaT anyMUHUIA KaTo
Hanpumep KyTUNKW 3a HanuTku, Meq nod dopmaTta Ha Tern, CTOMaHeHU KyTUK 3a XpaHu U
dnakoHn, ctapy ctomaHeHu mebenn unn obopyasaHe, NONUETUNEHOBU U NNacTMacoBu
OYTUNKN, CTBKNEHN BYTUNKM 1 BypKaHW, KapTOHEHW KallOHW, BECTHULUM, CrMCaHusA, reka
XapTus M KyTUKM OT BbIHOOBOpasHu nrockocTu (dur.4).
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dur.4. PeuuknupaHm oTnagbum OoT ONakoBku, %.
NMBL, maTepmnanute, nNOAMETUNEHBT C HUCKA MABLTHOCT, MONUMPOMNUIIEHDT,
NOSIMCTUPONBT CbLIO Ce peunknupaT. PeuuknupaHeTo Ha CroXHW nNpoayktn (kato
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KOMMIOTPU N enekTPoOHHO obopyasaHe) e No-TPpyAHO, Nopaan AOMbIHUTENHUS OEMOHTaX U
pasfensiHe, KOMTO Ce N3NUCKBaT.

B nonutukata no ynpaeneHue Ha oTnagbumMTe KaTo OCHOBHA LeEST € 3anoXeHo
HamansiBaHe [enoHnpaHeTo Ha BuopasrpagMmn oTnaabLM, KOETO ce OTpassiBa AUPEKTHO
BbpXy MonyyaBaHeTO Ha ropvBa OT oTnagbun. CblO Taka, BWUCOKATE Takcu 3a
AernoHnpaHe ca [ABMXell, MexaHW3bM B cTpaHuTe uneHkn Ha EC. MNpoTnBononoxHo Ha
HanoxeHute npeau 30 roavHM NPOMEHW, CBbBP3aHM C rMeTporiHata Kpuaa,
Npoun3BOAUTENUTE Ha rOPMBO OT OTNAAbUM ca Noenu nHuumatMeaTa 3a ocurypsiBaHe Ha
KayecTBeHa CUCTEMa, KOATO Aa rapaHTupa ekornorocbobpasHoTO U3nonsyBaHe Ha ropuea,
nonyyerHu ot TbO v ga rv Hanpasw No-HageXaeH M xenaH npoaykr [2,3].

3AKITIOYEHUE

Ha ocHoBaTa Ha fJaHHUTe 3a npunaraHeTo Ha pasfuMyHU MeToaW 3a TpeTupaHe Ha
GuToBUTE OTNaAbLM MOraT Aa ce HanpaBAT CNneaHUTE KOHCTaTauum:

1) AHann3bT Ha CBETOBHATa NpakTUKa Mo Onosi3oTBOpsiBaHe U obe3BpexaaHe Ha
TBO u npenopbyaHuTe B NOYTU BCUYKK cTpaHu HOHT, noka3sa 4Ye OT ekonornyHa rnegHa
TOYKa Har— NpUemMnnBM ca TEPMOXUMUYHUTE MeTOOM;

2) lNpu B3emMaHeTOo Ha KpanHo pelueHne 3a n3bop Ha KOHKpeTHa TeXHOSorus crnegsa
Aa ce npunarat metoauTe Ha 6asata Ha KOHKPETHW nokasaTenu KaTo Bb3MOXHOCTTa 3a
N3nosi3BaHeHa NPOAYKTUTE Ha TEPMOXMMUYHOTO pasrpaxjaHe, Bb3MOXHUTE Bb34eNCTBUA
BbpXYy OKOMHaTa cpefa, 3gpaBeTo Ha xopaTta U YCTONYMBOTO passuTue. [4].
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KBapLI,OB NACDHK 3a CTbhbKapcKata NpoOMULIIIeHOCT

aBTop: HnHa bouesa-Konesa
HayyeH pbkoBoguTen: gou A-p Munyeska CtaHyeBa

Quartz sand for the glass industry: Raw materials for glass production are two types — main and
subsidiary.

The main raw materials are used to provide the glass mass in glass forming oxides. Silicon dioxide is
the most important component of glass. Quartz sand is used mostly in the form of sand whose grains vary in
size between 0,2-0,5 mm. Usually it should have high purity. The most detrimental impurity is iron that has
the property of colouring the glass. The needs of glass industry for getting different brands of quartz sand
constantly increase. The requirements regarding the quality of those sands also increase. This demands the
need for using different methods for enriching the quartz sands in view of increasing their qualities and
allowing their use in various areas of glass production.

Key words: quartz, quartz sands, kaolin sands, enrichment of kaolin raw material.

BBbBEOEHUE

Haxoauwa Ha KBapuoB NACcHK B bbnrapus

B Hawarta cTpaHa OCHOBEH M3TOYHMK Ha KBapuoBa CypOBMHA 3a CTbKnapckaTta
NMPOMULLMIEHOCT Ca KaofMHOBUTE MACHbUM, KOUTO nNpeactaBnsBat NpuUpogHa CMec OT
rMWHECTN MUHEpPAiM U BUCOKOKaYeCTBEHM KBapLIOBM Nsacbum [1].

KaonuH-kBapuoBute nscbum ot CeBepoustoyHa bbnrapus ca pasnpocTpaHeHu
mMexay rpagosete Pyce un Tepsen Ha nnow 3000 km?, kosiTo e KapTMpaHa B mawab 1:
25000 n npoydeHa. Kato nonesHo u3kornaemo cera ce npuemaT KaoSIMH-KBapuoBUTE
naAcbuUM, KOUTO obOpasyBaT reonoXkuM Tena, OTroBapsaliM Ha cnegHuTe W3UCKBaHUS:
CbAbpxaHue Ha kaonuH (cppakumusa nog 10 um) - Hag 12-13 % ¢ xummyeH cbetas: AlL,O3 +
TiO, - Hap 29,5 %; Fe,03 —noag 1,7 %.

MnHecTUTEe MMHEpanun ca NpeacTaBeHU MaBHO OT KAOSIMHUT, KAaTO Ha MecTa ce
cpelat MOHTMOPUMOHUT M Xuapocngu. BTopocTeneHHM MuHepanu ca Ksapu, WNuT,
MYCKOBUT. MuHepanHu npumecu ca: rboTUT, XemaTuT, AMacnop, XAopuT, KanuuT, aHaTas,
OpyKUT, NUPONY3NUT, CTUMNMNHOMENAaH, NenuMAoKPoKUT [2]. Haxoguwata Ha KaosivH-
KBapLoBUTE MNACbLM ca 060CcOBEHM B TP MUHEpPareHHW panoHa, KOMTO ce OTnmyaBart C
npocTpaHcTBeHa 3acebeHocT, cneunduyHn: MopdonorMs Ha rHesgaTta, BeLecTBeH
CbCTaB U MPUMOXHM CBOMCTBA Ha MOME3HOTO U3Konaemo (KaosiMH U KBapuoBKU MACHUM).
TpuTe MunHepareHHn panoHa - BetoBo-CeHoBcku, KaonuHoBcku n [lynoscku, obpasysar
MUHepareHHa obnact. 3anexuTe Ha KaoNIMH-KBapLOBU MACHUM Ca OTMOXKEHU BbPXY
AONHOKpeaHa 6apem-arncka BapoOBMKOBA MOAMOXKA, KAaTO KAONWHBLT 3anbiiBa HEraTUBHU
KapcToBU OOPMU N MOHUXKEHUSI.

KaonuHute oT oTAenHUTE MUHEepareHHW pavoHu ce oTnvyaBat, Makap n cnabo, no
KONIMYECTBEHUTE CbOTHOLLEHUS Ha CbCTaBALLINTE M MUHEPAnW, Han-BeYe Ha KaonvHuUTa U
kBapua. Han-gpobpe wu3paseHo € TOBa 3a kaonvHa OT BetoBo-CeHOBCKM payioH,
Xapaktepuaupaw, ce Han-obLo C MO-BMCOKO CbAbpXaHMe Ha KBapL W MO-HUCKO
CbAbpXXaHWe Ha KaonnHUT B cpaBHeHue ¢ KaonnHoBcku 1 [1yrnoBCK/ panoH.

Hocuten Ha SiO; ca cunukatHUTe MUHepann (OCHOBHO KaONWHUT, UUT, MYCKOBWT,
dengwnatn) un kBapubT. [locneaHnsT urpae CbLECTBEHA POMS BbPXY XMMUYHUS CbCTaB
Ha KaonvHa nopagu ronemuTe konebaHusa B CbabpXXaHNETo My — oT 2 40 25 %. KBapubT e
KOHLUEHTpMpaH B Mo-efgpaTta KaonuHoBa dpakuusa. 3a kaonuHa ot BetoBo-CeHOBCKM
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panoH ToBa e (ppakumaTa Hag 6 um, a 3a To3uM oT KaonnHoBcku u [1yrnOBCKM pauvioH -
dpakumnaTa Hag 6-9 pm.

B kaonnHute ot BeToBO-CeHOBCKM paliOH CbAbpXaHMeTo Ha Fe OT XuapOoKCUOHU
MUHepanu e Han-sucoko — 0,18-0,24 %, a cBbP3aHOTO C KaonMHUTa — Han-Hucko — 0,01-
0,03 %.

B kaonuHute Ha KaonnHoBckn 1 [lynoBCKM panoH KONMYECTBOTO Ha Fe oT oTaenHuTe
dasn e NPOMEHNMBO.

Mpn npoyyBaHeTO Ha npeobragjaBawiata 4yacT OT Haxoauwarta KaTo MPOMWLLISIEHU
KBapLoBM NAcbUM ce npuema dpakums ¢ pasmepu: 0,1 + 1 mm. “KaonuH” ALl nponssexaa
NACHbUM 3a nesipckata NpoMuLLINEHoCT oT Hakonko rpynu: 0315, 025, 016, 010; nacbum 3a
CTbKnapckaTta npomuwineHocT: ppakummna 0,1 + 0,8 mm m nacsvum 3a ouUNTpn — hpakums
Hag 0,8 mm.

CbabpXaHMeTo Ha NPOMULLSIEHNTE KBapLIOBU MACHLUM B CypOBMHATa OT OTAEeNHUTe
rHesga ce pasnuyaBa CbLUECTBEHO, HO ce Habntogasa obla TeHAeHUMA Ha HapacTBaHe B
Nnocoka OT U3TOK Ha 3anag — oT [ynoBckun kbM BeToBo-CeHOBCKM panoH.

Llenta Ha HacToswarta paspaboTka e npeactaBsHe Ha TexHonorus 3a
obeaxenessBaHe Ha KBapLOBM MNACbUM C Orfed MosflydaBaHe Ha BUCOKOAYEeCTBEHU
NPOAYKTM 3a CTbKapckaTta NpoOMULLIIEHOCT.

M3NOXEHUE

KeapuoBu nacbuu. NMpumecu n sambpcutenm B TAX

Mopagn WKMPOKOTO pasnpoCTpaHEHWe Ha KBapuoBUTE MNACBbUM U rONAMOTO
CbAbpXXaHWe Ha KBapL B TAX, Te Ce M3Mnon3BaT KaTo OCHOBHA CYpOBWMHAa 3a CTbKIlapckaTa
npomuineHocT. MacbkbT cbabpxaw, Hag 98 mac.% SiO, ce Hapuya UCTUHCKM KBapLOB
nacbk. Ako cbabpxaHueTto Ha Al,O3 e Hag 2 mac.%, Han-4yecTo MACBLKLT Ce Hapuuya
KaosimHoB.[3]

CbabpxaHmeto Ha Al,O3; e nokasaten 3a CbAbpXaHMETO Ha anymMoCunvMkaTu B
nscbka.

denawnatHUAT NACbK € CpoAeH Ha [NIMHEeCTMSs NOo CBOS XMMMUYEH CbCTas.
KBapuoBute nAcCbuM, Hamupawy ce B €CTECTBEHO CbCTOSHME WM MOMyYeHn u4pes
oboraTtsiBaHe ca LEHHA CypOBMHA, HamMupalla npsiko NPUIOXEHWEe B CTbKrapckaTa
npomuwneHoct. C pasBUTUETO Ha Tasn MPOMMULLNEHOCT 3anacute OT BUCOKOKAYECTBEHM
nacbUM, n3nonssaHu 6e3 oboraTtsaBaHe B NPOMMULLIIEHOCTTa BCe NOBeYe Hamansasart. Tosa
Hanara 3a HyXguTe Ha CTbKlapckaTta NpoOMULLIIEHOCT B MOBEYETO CTPaHU M y Hac ga ce
oboraTsiBaT KBapLOBM NACHLUN YPE3 U3MON3BAHETO HA Pa3NNYHN METOAMN.

B kBapuoBute nsicbunm ce cpewat okono 30 Buga npumecn m okono 100
MuHepana.[4]

Mpumecute Gueart:

- HeM3BeTpenu MWHepanu OT MbpBMYHATA CKana, OCHOBHO anyMOCUNMKaTW,
dengwinat n cnoau

- MWHepanu C BUCOKA CTEMEeH Ha WU3BETPSHE — [MIMHECTU MWHepanun: OCHOBHO
KaONNHUT, MOHTMOPUIIOHUT, XMAPOCIOAMN.

BbB (hpasoBus cbCTaB Ha Te3n U3BETpPenu MUHepanu BNu3aTt: anyMUHUEB OKCUA,
ankano3eMHW 1 ankanHu oKkCuaun.

Hocutenn Ha ankanosemMHUTe OKCMOW, KOMTO ca TUMNUYHKM 3a BapoBUUUTE W
AonoMnTUTE ca KanuueBus n marHesmeB kapboHat. lNMpumecn kato Al,Os, KO, NaO,
CaO, MgO He okasBaT BpedHO BNusAHWe npu ynotpebarta um kaTo CypoB maTepuan B
CTbKnonponseoacTBoTo. CTbknapckata NPOMULLNEHOCT M3UCKBA TOYHOTO MM A03MpaHe.
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Mopaawn ToBa, Ye B NPUPOAHUTE NACHUM CbAbPXAHMETO Ha Te3n NpMMecK Bapupa B No-
LUMPOKKN FPaHnLM, @ CTbKNApCKOTO NPOU3BOACTBO U3NCKBA TOYHU KONMUYECTBA, CTPEMEXbT
e Npu NoAroTBMTENHUTE onepaunn Te3m npuMmecu aa 6baaT OTCTPaHEHN.

LlenTta e ga ce nonyyaT Bb3MOXHO Hanl-4MCTU KBapLIOBU NPOOYKTH.

Han-BpegHn 3a CTbKNpackoTo MpOM3BOACTBO Ca MWHepanute, CbAbpXalim
XenesHun, TMTaAHOBU, MaHIraHOBU, XPOMHU CbeANHEHWS, KOUTO MPUYNHABAT OUBETABaHE Ha
CTBKMOTO.[5]

Cxemnte 3a oboratdBaHe Ha CTbKIIapCKUTE NSACbLUM Ca M3BBbHPEAHO pa3HOOOpasHu,
B 3aBMCMMOCT OT XapakTepa Ha nacbuuTe 1 BUga Ha BpeaHute npumecn. KayectBoTo Ha
NACbUUTE 3@ CTHKIIONPOU3BOACTBOTO Ce OLUEHSABA NO TEXHUA XUMUYEH U 3bPHOMETPUYEH
cbCTaB. [NTaBHOTO M3NCKBaHE KbM KBApLOBUTE MACHUM € MUHUMANHOTO CbAbpXaHWe Ha
3aMbpcuUTeNn N NPUMECU U Bb3MOXHO MaKCUManHOTO Ha CUNUUMEB ANOKCUA,.

3a CTbKNONPOM3BOACTBOTO CE€ M3MNOon3BaT NACbUM C MUHMMAnHO CbAbpXXaHue Ha
SiO; 95 % wn cTporo pernameHTUpaHoO KONMUMYECTBO Ha ouBeTaABaluTe npumecu. Tesu
N3NCKBaAHWS Ca 3arnerHanu npu onpegensiHe Ha TEXHUYECKUTe U3NCKBaHMA KbM NACbuuTe
N paspaboTBaHETO Ha CbOTBETHWUTE CTaHOapTW. [0NAMO 3HayeHWe uma U eauvH Opyr
rnokasaTen: CTeneH Ha MOCTOSIHCTBO Ha CbCTaBa Ha nsacbka. KonebaHuaTa B cbCTaBa Ha
OTAENHUTE NapTUAM KBApLOB NACHK He TpsbBa aa npesuwasa: 3a SiO; - £0,15+0,5 %, 3a
Al;O3 - £0,05 %, Fe,O3- +£0,01+0,005 %, B npOoTMBEH Cry4an ce HapyluasaT npouecuTe B
CTbKNnapckaTa newy - eqHOpPO4HOCTTa Ha CTbKomacaTa, opMyBaHeTO, TEMMNEPMPaHETO U
T.H.

3a HapacTBawmTe HYXOW Ha CTbKnapckata npoOMULLIIEHOCT € Heobxoaumo
OYNCTBAHETO Ha NSACHKA, Har-BeYe OT XKene3Hn, TMTaHOBW, MaHraHOBU CbeMHEeHUSs1, KOUTO
1 NpY MUHUMATTHM KONMYeCcTBa NPean3BUKBAT OLBETABaHE Ha CTHKIOTO.

MaBHMUTE MWHEpanu, HOCUTENW Ha Xena3oTo ca xematnt - Fe,Oz, marHeTut —
Fe3O04, NMUMOHUT - Fe;03.H,0, rbotut - FeOOH, unmenut - FeTiOsz, pytun — TiO,,
TypMarsnuH.

B HawwuTe CypoBWHM CbeauHeHusTa Ha Xensa30To M TUTaHa ce cpellat nog
dopmaTa Ha OTAENHM MUHEpPanHW 3bpHa, KaTo BKMOYEHMS B [MMHEcCTaTa 4YacT Ha
anymocunukatute. OT TSIX KaTo OTAENHN 3bpHA U MUHEpanHu asmn ce cpeLwaTt MarHeTurT,
WUNIMEHUT, TYPManuH, NMMpUT, TbOTUT, IMMOHUT, XeMaTuT.[6]

KaTo nonbnHeHMs Ha KyXnHWUTE B KBaApLOBWUTE KpucTanu u obBMBKa Ha 3bpHaTa OT
rMUHECTU MUHEpanu ce cpeLlaT Han-Beve rboTUT, IMMOHUT, XEMaTUT, NENUAOKPOKNT.

U3nckBaHUs KbM 3bPHOMETPUYHUA CbCTaB Ha KBapLoOBUTE NACHUMU

3a uenuTe Ha CTbKNONPOM3BOACTBOTO FONAMO 3HaYEHWEe OKasBaT, KaKTO XUMUYHUAT
CbCTaB Ha NACHKa, Taka U HEroBUAT 3bPHOMETPUYEH CbCTaB.

[MoHATMeTO 3bpHOMETPUYEH CbCTaB [JaBa MpeacTaBa 3a pasnpeferieHMeTo Ha
3bpHaTa B JafleH maTepuarn no pasmepu UnM CbOTHOLLIEHMETO MeXay KonuyecrtBaTta Ha
3bpHaTa C pasnuyHu pasmepu B TO3U NACHK.

Mo BbMApoca 3a onTUManHuTe pasmMepu Ha KBapLOBUTE MNSACHUM 3a CTbKrapckaTa
NPOMMULLINIEHOCT HAMa eAMHHO MHeHue. [10-eapo3bpHECTUS NACHK 3aTpyaHABA npoueca Ha
TOMeHe 1 ocTaBs AedeKTU B CTHKMOTO.[7]

MHoro apebHuTe dpakumm, KOMTO OBMKHOBEHO Ce CMATAT 3a XKEMNs30HOCHM CbLLO ca
HexenaTenHu, TbW KaTo 3aTpydHaBaT npouecute Ha Maco- UM TonnoobmeH B
CTbKnapckaTa newy n Tpsibea ga ce oTCTpaHsaBar.

OBMKHOBEHO KaTO Han-400BLP CTHKIAPCKM MSCHK Ce cYMTa TO3U, YUATO rNaBHa YacT
Bapupa B rpaHuumte Ha dpakumsara 0,1+0,4 mm. ToBa crnomara 3a nosiydaBaHeTO Ha
XxomoreHHa wuxrta. OT 3HayeHne e n popmarta Ha 3bpHara.
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CbrnacHo npuetute ctaHgapTu, opmarta Ha KBapLoBUTE 3bpHa MOxXe Aa Obae
pasnuyHa CbrnacHo Npomsxoda Ha NACbKa MM HEroBoTO MnoflydaBaHe. B 3aBucMMOCT OT
dopmaTa Ha 3bpHaTa NACHUUTE Ce pas3fensT Ha YeTUMpu Tpynu: KPbIKW, NOMAYKPbInu,
OCTPOBIbIIHU U NTIOMEH.

lMpegnoynTta ce MNACBbK C HenpaBWSTHM OCTPOBLIbIHU 3bpHA, MOHEXe Te umaT Mo-
ronsgiMa noBbPXHOCT OT KpbrnuTe. ToBa ynecHsABa TONEHETO Ha CTbKMNOTO. 3a ONTUYECKO,
ynTpaBMONeTOBO, KBapLOBO W ApPYyrn no-crneuuanHu BUAOBE CTbKra ce rnpeanoyuta
KBapLOBOTO GpaLLHO.

3a ga MOXe Ja ce ynpaensiBa 3bPHOMETPUYHUS CbCTaB € Heobxoaumo da ce
cbbupa nHopmaumnsa 3a BCekM cTagui OT npoueca Ha npepaboTka. Tasn nHdopmaums
MOXe [a [OCTaBW 3bPHOMETPUYHUS aHanm3. ToW ce ocbluecTBsiBAa MO TPU OCHOBHU
mMeToaa:

- CUTOB aHanu3

- ceAMMeHTauUNoHeH aHanms

- MUKPOCKOMCKN aHanms

B npaktukaTta ce e Hanoxwun npeauMHO CUTOBUS aHanms, Kato Han-6bP30 M NecHo
ocblyecTBsABaL, ce. CUTOBUAT aHanNu3 ce OCbLUEeCTBSABa Ype3 npecsABaHe Ha martepuana
npes cuta C pasfnnyeH pasmep Ha OTBOpUTE.

Tabnuuya 1
CtaHpapT 3a KBapLOB MACHK 3a CTbKNapckaTa NPOMULLSIEHOCT — NPOU3BOACTBO Ha
dupma “Kaonud” ALl -CeHoBo

XumMmunyeH aHanus, %

CbabpKaHue Ha A B

- SiO, MUH. 99,0 MWH. 98,5
- Fe,03 0,03 £ 0,01 0,05 £ 0,01
- Al,O3 makc.0,3 makc.0,4
- CaO + MgO mMakc.0,5 makc.0,5
- TiO, makc.0,06 makc.0,10
3arybu npu HakansaBaHe makc.0,5 makc.0,5
['paHynomMeTpuyeH cbCTas

OcTtaTtbk Ha cuto 0,63 mm makc. 1,6 makc. 1,6
CovabpxaHue Ha Yactuum nog 0,071 mm makc. 1,5 makc. 2,0
Bnara, % Makc. 5 Makc. 5
MwuHepanornyeH cbctaB, %

- KBapy, MuH. 99,0 MuH. 98,0
-Opyrn MuHepanu makc. 1,0 makc. 2,0

OnakoBka: HacunHo

M3NON3BAHU MATEPUATTUN

KBapuoB nfcbk

Kato nomne3Ho Wu3KoNmaemMo KaofMHOBWUTE MACbUM MpeAacTaBnsiBaT 3eMIecTa,
cnabocnoeHa ckana ¢ MacuBEH M3rnea M Wupoka rama oT uBeTHM ToHoBe. MuHepaneH
CbCTaB — rMaBHN ckanoobpasyBally MUHepanu ca KBapubT M KaoNMHUTA.

maBeH NpoayKT Ha oborataBaHETO Ha KAOMMHOBUTE NACHLUM € KAONMHBT — rMMHEecCTa
cybectaHumusa ¢ ronemmnHa Ha dactuuyute nog 10 pk /nog 0,01 mm/. ToBa e mMasHa Ha
nunaHe maca, YMeTo ouBeTsiBaHe OT 0sM0 40 XbNTO 3aBUCKM B HaW-ronisima CTerneH oT
LBETa Ha n3xogHarta CypoBMHA M MO KOHKPETHO OT HaNMYMETO Ha OLBeTABaLLM NPUMECH.
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KBapuosute nacbum /dppakums Hag 0,01 ym/ ca BTopaTta CbCTaBka Ha KaONMHOBUTE
nacbun. Te umaT MOHOMUHepaneH KBapLoB cbCTaB. [Mpeobnagasawnar um UBAT e 65an
Ao kpemaBo-65n.[8,9]

B HacToawoTo n3cneasaHe e paboTeHo ¢ Npobu KBapLOB MACHK, CTbKIApPCKM OT
peaoBHOTO Npon3BoAcTBO Ha dupma “KaonuH” ALl, panoH CeHoBo:

MapTtnaa 1. XapaktepucTuku._3BbpLUEH e NbfieH cunnkaTeH aHanus U CUTOB aHasnm3 Ha
kBapuoBusa NAcbK.[10,11]
Tabnnuya 2 XrMryeH CbCTaB Ha KBapLOB NSACHK naptmnaa 1

lMokasartenu SiO, | Fe;0O3 | CaO+MgO | TiO, Al,O3 3H . B-BO
mac.% 98,82 | 0,040 0,33 0,06 0,24 0,33 0,30
Tabnuuya 3 CuToB aHann3 Ha KBapLoB NACHK napTnaa 1
Cwuro, -1,00 1,00- |0,80- | 0,63- |0,40- |0,315-|0,25- |0,16- | 0,10-
mm 0,80 |0,63 |040 |0,315 |0,25 0,16 |0,10 | 0,63
mac.% 0,1 0,1 1,9 6,8 21,7 24,7 | 29,0 | 144 1,3

TexHonorusi Ha KACENIMHHOTO U3nyreaHe

KakTo 6e oTGenasaHo no-rope rnaBHUTE HOCUTENM Ha XeNA30 B KBapLOBUTE MSACHLUM
OT KaONMHOBUTE Haxoauvlla ca OKUOHUTE U XUOPOOKCUAHUTE MuHepanu. Te ce cpewaTt
CaMOCTOATENHO, CbAbpXaT ce B [NMHecTaTa KOMMOHEHTa WM KaTo MNOBBbPXHOCTHA
0o6BMBKa Ha KBapLOBUTE 3bpHA.

Mpn TpeTtupaHe Ha nacbka cbC HCI:H,O=1:1 NpoUeHTbT Ha M3BIEKAEMOTO Xena3o
ce aBwxu B rpaHmumte ot 20 oo 60 %. lMNo-Bncoka cTeneH Ha M3BnM4aHe ce nocTura c
KOMOMHaUUA OT MUHEpanHU U OpraHuYHM KucenuHwu. JlabopaTopHuTe m3cregBaHusa ca
N3BbpPLLEHN MO criegHaTa cxema:[12]

B cTbkneHn peaktopu cHabgeHn ¢ 6bpkanka u noctaBeHW BbB BoaHa bGaHsa ce
npeternat 300 g KBapLUOB MNACHK U Ce yCTaHOBSIBA CbOTHOLLEHNE TB..Ted. = 1:1. Npnbassa
ce HCI 3a nogabpxaHe Ha pH<2 1 cbOTBETHUS U3NYrBaLy peareHT /okcanoBa KucenmHa B
Pa3NUYHN KOHLEHTPaUMN. MIHTeH3UBHOCTTa Ha pa3bbpksaHe e 700 min™. Temnepatypata
ce nogabpxa MOCTOsIHHA B onpegeneHn rpaHvun. Cneq v3BbpllBaHe Ha U3rNyrBaHeTo
npobarta ce npomuBa C BOAa OO0 HeyTpanHa cpefa. NpexBbpnsa ce B nopuenaHoso 6noao
n ce cywm npum TemnepaTtypa 110°C B enektpuyecka cywunHs. Bb3 ocHoBa Ha
npegBapuTenHUTe AaHHUM OT nuTepaTypHus o063op usbupame cnegHuTe ynpaBngemmu
napamMmeTpwu Ha npoueca:

= KOHUEHTpauma Ha kucenvHata
= TemnepaTypa Ha obpaboTka

= Bpeme Ha uanyreaHe

= CbOTHOLLEHME TB.:Teu.

= e[lpMHa Ha NACbKa

OBCBHXOAHE HA PE3YJNITATUTE

CepusATa onNUTU B MbPBUAT eTan Ha HacTOALWOTO M3creasaHe MMmaT 3a uen ga ce
YCTAHOBAT OMNTMManHWTE YCINOBUS 3a MpoBeXAaHe Ha [ObMGOYMHHO W3nyrBaHe Ha
nscrnenBaHvTe NapTUaM OT KBApPLOB NACHK.

OT nbpBaTa cepusi ONUTU Ce YCTaHOBSIBA 3aBMCUMOCTTa MEXAY KOHLEHTpaumsaTa Ha
oKcarnoBsara KUCEeNnMHa U 0CTaTbYyHOTO CbabpXKaHue Ha Fe;O3 B 06paboTBaHMTe NACHLM.

N3meHeHMsiTa Ha KOHLUEHTpauusaTa Ha oKcarnoBaTa KWUCENMUMHA W OCTaTb4HOTO
CcbAbpxaHue Ha Fe;Oz He ce NpoMeHs 3HaunTenHo. Toan peayntaT Moxe Aa ce 0BGACHM ¢
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dakTa, Yye n3cneaBaHUAaT 0BeKT OT KBapLOB NACHK € C OTHOCUMTESNTHO HUCKO CbAbpXaHue
Ha Fe,0O3 — 0,035-0,045 mac.%. lpn TOBa, M3NON3BaHUTE KOHLIEHTpAUUKM OKcanosa
KMCenuHa rapaHTMpaT U3NUWBK OT TO3WM peareHT B pasTBopa W [O0OpU HaW-HUCKUTE
3afilafieHn OT Hac KOHUEeHTpauuu ca AoCTaTbyHU 3@ LOCTUraHe Ha yCcnewHu pesynrtaTtu oT
npoueca.

Bropuatr onut OT nbpBata cepusd eKCNepMMEHTU HW [aBa BAUSHUETO OT
KOHUEHTpaumMsTa Ha conHata KuiCeNnuHa BbpXy CTeneHta Ha obesxenessBaHe.
YCTaHOBEHO €, 4Ye UW3MEHEeHMEeTO Ha KOHUEHTpauusiTa Ha cofnHaTa KucenuHa B
n3nyreawinute pasTBoOpu BIiMsie CbLECTBEHO BbpXy nornyvyeHuTe pesyntatu. 3a
nonyyaBaHe Ha KBapLOB MACbK CbC CbabpXaHune Ha Fe,O3 — 0,012 wmac.%
KOHLUEHTpaumsaTa Ha cofiHata KucenuHa TpsibBa ga 6bae noHe 2 mac.%, kato pH Ha
pasTBopa npu Te3u yCroBus € NpakTU4ecku no-marska ot 1,2.

3a ycTtaHoBsIBaHe Ha ONTUMAanHOTO BpeMe Ha BOAEHE Ha npoueca B To3n Mawab Ha
nacnegBaHe e nposefeHa cepus nsnyreaHus B onut 3. M3nMckBaHusATa Ha cTaHgapTa Ha
KBapLOB MACHK 3a KPUCTANHO CTBLKNO Ce NocTUraT B MHTepBana Ha nanyresaHe 90-120 min.

Cepusata ekcnepMmeHTn B onNnUT 4 MNOKasBa, Ye Xernes3HuTe MuHepanu ce usnyrsaT
Han-necHo B cpeaHuUTe 3bpHOMEeTpUYHU knacu 0,45-0,25 mm. CbvabpkaHmeTo Ha Fe,O3 B
No-CUTHUTE Knacu e No-BMCOKO M NO-TPYAHO ce oTcTpaHsBa. [lpuynHa 3a ToBa MoXe Aa
ObOe B CbAbpXKaHMETO Ha [NIMHECTUTE MUHepanu B Te3W Kracu, KOeTo W Makap U
MUWHUMAarHO 3aMbpcCsBa CUTHUTE (PpakuuK, Tbi KaTo CbabpXaHNeTo Ha Fe,O3 B KaonunHa
rnoHayarno e ¢ eanH Ao ABa nopsabka Mo-BUCOKO.

ChblUeCcTBEHO Bnusde BbPXY NpoLecuTe Ha pasTBapsiHE Ha XenasocbAbpXaluTe
MUHeparnu okassa NnoBuLLIaBaHETO Ha TeMnepaTtypaTta Ha npoueca. ToBa ce NoTBbPXAaBa
OT cepusiTa eKCnepMMeHTM B onuT 5, OT KbAEeTO € BWOHO, 4Ye MNpu peakunoHHa
TemnepaTypa no-Hucka ot 70°C pasTBapsiHe Ha XeNne3HnTe MMHepanu NpakTU4ecKkn He ce
ocbllecTBABa. Bcsko cneagBawo nosuweHWe Ha TemnepaTypata BoAM OO NO-400bp
pesyntaT. Npn npoBegeHUTE eKCNepuMEHTU ONTUMU3MPAHETO Ha pesynTaTute B TO3U
cmucbn 6e orpaHM4yeHO OT peakuuoHHaTa anapaTtypa, paboTtewa npu aTtMocgepHo
HansraHe.

Ha obpaboTeHuTe kBapuoBuM nAcbUM napTuga 1 e HanpaBeH NbfieH CUMMKaTEeH
aHanus. MNonyyeHnTe pe3ynrtat ca NnoMecTeHu B Tabnuua 4.

Tabnuua 4
XumMu4eH cbCTaB Ha obe3xeneseHnTe KBapLoOBU NACHUY
MokasaTenu SiO, Al,O3 Fe,03 TiO, CaO+MgO 3H
Maptnga 1 99,23 0,16 0,012 0,03 0,24 0,32

B pestome Mmoxe ga ce 0600wm: oboratsiBaHETO Ha KBapLOBMK NSCHLN, MPU KOETO ce
noctura gobbp edekT Ha obeaxenessiBaHe ce peanuavpa MNpu crnegHuTe OnTUMaIHu
napameTpu: KOHLEHTpaumsl Ha okcanosarta kucenuHa Hag 15 g/l , koHueHTpaumsa Ha HCl —
2 mac.%, TemnepaTypa — TpsibBa Aa ce nogabpxa Nno Bb3MOXHOCT No-BUcoka. BpemeTto
Ha wu3nyreaHe e Hau-manko 90 min, koeTo TpsaAbBa pga ce wu3bepe cbobpasHo
HeobxogumaTta cTeneH Ha obe3xenessiBaHe Ha KBapuaBusA MACHK U NPOM3BOACTBEHUTE
pasxoau.
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n3soau

» W3yyeHn ca ycnoBusTa 3a obesxenessiBaHe Ha KBapLOBUTE MNACbUU OT
KaONMHOBOTO MPOM3BOACTBO 4Ype3 W3MNoNn3BaHe Ha KOMOMHAUMA OT MUHEpanHu U
OpraHN4yHU KUCENUHMW.

» OnpepgeneHu ca onTMManHUTe NnapaMmeTpu Ha npoueca.

» YCTaHOBEHO, € 4Ye KBapuoBW MACbUM CbC CbAabpXaHue Ha Fe,Oz nog 0,012
mac.% ce nony4aBaT Npu U3non3BaHe Ha: okcanosa kucenumHa — 9-15 g/l; conHa kucenuHa
- 2 mac.% v napameTpu Ha npoueca: BpeMe Ha uanyreaHe - 90 min, Temnepatypa - 90°C,
CbOTHOLIEHME TBbPAO:TEeYHO=1:1, egpuHa Ha nAcbka - 0,8-0,1 mm, MHTEH3NBHOCT Ha
pa3bbpkeaHe - 300 min™.

> [lonyyeHnsT nAcbK, YAOBMETBOPSIBA W3UCKBaHMATaA 3a MNPOU3BOACTBO Ha
KBapLOBO U ONTUYHO CTBHKIO.
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YoBeLKOTO OKO — OCHOBEH U3TOYHUK Ha nHchopmauma 3a
OoKpbXaBaLliaTa cpefa

aBTop: Hatanusa NeTkoBa
Hay4yeH pbKkoBoauTen: gou. a-p TemeHyxka XapanaHoBsa

The human eyes - the main source of information about the surrounding environment: The
vision has the following aspects: light sensitivity to low light, color sensation - response of different colors,
ability to distinguish two objects at a distance, reliability of the visual perception of depth. The human eye
reacts to the light and sends signals to the brain. The basis of its action is the visual analyzer and physical
principles.

Key words: human eyes, light sensitivity, low light, color sensation

BbBEOEHUE

3peHneTo nma cnegHUTE acnekTu: CBETNOYYBCTBMTENHOCT KbM cnaba cBeTnvHa,
uBeToycellaHe — peakuus Ha pasnuyHu LUBeToBe, CMOCOBHOCT 3a pasnuyaBaHe Ha [Ba
obekTa Ha pasCTosiHMe, HaOEeXHOCT Ha 3pUTESNHOTO BbBL3NPUATUE 3a AblboYuHa.
YoBeLIKOTO OKO pearmpa Ha CBeTnMHaTa M u3npailia curHanum B Mo3bka. B ocHoBaTa Ha
AEeNCTBMETO MY Ca 3pUTENHNA aHanuMsaTop 1 pusndHmute npuHumnu.(dpur. 1)

"W/"

|
®dur.1 HopmanHo YoBELLKO OKO
YoBELLIKOTO OKO € MbBKaBa OMNTMYHa cuctema. HerosaTta 4yBCTBMTENHOCT € TONKOBA
BMCOKa, 4Ye MOXe [Ja peructpypa OTAeNHU CBETAMHHM (POTOHW, HO 3puTenHaTa
nHdopmauus ce obpaboTBa camo Toraea, Korato ce permcrpupa HeobxoaumMuaTt 3a

Bb3npounssexgaHe Ha 3puTenHus obpas 6pon oToHM.

N3NOXEHUE

Mo cBoATa  OCHOBHAa  (QYHKUMS  YOBELUKOTO OKO €  aHanor Ha
doToanaparta(dpur.2).OkoTo € onTu4yHa cucTtemMa C ABe (PyHKUMU: CBeTonpedynsaHe U
cseToBb3npuemaHe. O6BMBKaTa, KOATO 3aLiMTaBa OKOTO OTBbBH, Ce Hapuya cknepa . Ta e
Henpo3payHa M Npornycka CBETIMHHUTE NbYM CaMO B npedHaTa CU MNO-TbHKa 4acT -
poroBuua. 3ag poroBuuaTta ce Hammpa ovHaTa 1 e W a (KPUCTanuHbBbT) - CThKIoNnogo6HO
TANo ¢ oopma Ha ABOMHO M3nbkHana newa. OTnpea newara € NokpuTa C HeENpo3payHa
pas3nMyHoO ouBeTeHa TbkaH - upuc. [NpocTpaHCTBOTO Mexay poroBuuata U upuca e
3anbfHEHO C Mpo3pavHa TEYHOCT M Ce Hapuya npegHa kamepa. 3ag oyHaTta newa ce
Hamupa T. Hap. CTbKNOBUAHO TANO (cur. 2).
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1 -poroBuna

2 - MyCKyJI4

3- upuc

3'- 3eHUna
4- 3puTesIHa OC

5- CTBKJIOBU/HO TAJIO
6- K'bJITO IIETHO

7- C/IANOTO NIETHO

8- peTuHa

9- cbaAOBaTa 06BMBKA
10- cki1epa

11- 0O9YHOTO ABHO

12- onTH4YHA OC

13- KpUcTa/IMH

14- npegHa Kamepa
15 -3puTeJsieH HepB

®ur.2.Cxema Ha YOBELLKOTO OKO B pa3pes

OnTuyHaTta cnuctema Ha OKOTO Ce CbCTOM OT YEeTUPU NpeYynBaLln CUCTEMN:
1) poroBuua (Npeyynealla n3nbkHana cpepuyHa NoBbPXHOCT);

2) BOOHMCTa TEYHOCT B NpeaHaTta kamepa;

3) KpucTanuH (o4Ha newa);

4) CTBHKNOBMAHO TAMO B 3aHaTa Kamepa

B ueHTbpa Ha wupuca vma OTBOpP, HapeyeH 3eHuuUa. TS MOXe ga NpoMeHd
NOBbPXHOCTTA CU WM nogobHo Ha 6rneHaa ce paswwumpsBa (4o 6-8 mm npu cnaba
OCBETEHOCT ) unu ctecHsBa (2-3 mm npu cunHa ceeTnuHa). o To3nm HauyuH cTaea
perynupaHe Ha nonagalimsi B OKOTO CBETNMHEH noTok. CpaBHeHMeTo ¢ Gnenga Ha
doToanapat e camo no aHanorns. B oencTtBuTenHoOCT nsmMeHeHuaTa B 3eHunuarta ca o 20
NbTW, @ Ha NonagawaTta CBEeTNNHA - XUNaan U gaxe MUMMOHU NbTU. ABHO B npoLeca Ha
agantauusiTa Ha OKOTO KbM pasfnUYHM MHTEH3UTETU Ha CBETNMHATa yvacTeBaT U OpYyru
3BEHa - pPeuenTOpHUTE W HEPBHUTE KINETKM Ha peTMHata M MOo3buyHuTe KneTtkn.OT
npakTu4ecka rnegHa Touyka BaeH € (pakTbT, Y€ paslunpsiBaHETO Ha 3eHuuaTa cTasa
MHOro no-6aBHO OT cTecHsiBaHeTO W. [dokato nocnegHoTto 3anoyea 0,2 - 0,5 s cnen
yBenunyaBaHe Ha OCBETEHOCTTa U nNpoabikaesa 2 - 5 s, TO paswmpsiBaHETO 3ano4vsa cnepg
OKOJ0 2 S M U3McKBa Bpeme 40 3 min.

£BHO, Ye pA3kaTa NPOMsiHa Ha SPKOCTTa Ha eKpaHa MOXe Aa npeaus3Buka 3aryba Ha
Bb3npvemaHata MHdopMauMsa O0KaTO OKOTO HanmbiHO ce agantupa.flewata Ha OKOTO
(KpUCTanMHBLT) CbLLO MOXe Aa NpoMeHda dhopmaTa cu. B 3aBMCMMOCT OT pas3CTOAHMETO A0
HabnogaBaHua 006ekT obxBawawmte S MYCKYNM U3MEHAT U3NbKHANOCTTa Ha newiarta
Taka, Ye npevyneHuTe CBETNIMHHU NbyM a ¢oKycupaT obpasa TOYHO B MMOCKOCTTA Ha
OYHOTO AbHO.CBETOBBL3NPUEMAHETO CE OCBLLECTBSIBA OT peTMHATa - CBETNIOYYBCTBUTENHA
TbKaH, HamMMpalla ce BbB BbTpelUHaTa YacT Ha o4yHOTO AbHO. OT peTMHaTta, B 3agHaTa
YacT Ha OKOTO, 3anodBa 3puTenHus Heps.[lpu HabngaBaHETO Ha €dHW UNU Opyru
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npegMeTn YOBELLKOTO OKO KaTo, Ye N OnurnBa BCUYKW KOHTYPU, KaTo nocneaoBaTesnHo
A0BeXaa B LIEHTbpa Ha XbATOTO NETHO.

UoBELWKOTO OKO MpuTexaBa CBOWMCTBOTO akomMoodauusi, KOETO Cce CbCTou B
cnocobHoCcTTa My pfga ce npucrnocobsiBa KbM $CHO HabniogaBaHe Ha pasfiMyHO
oTAanedyeHn npegmeTu. ToBa ce noctura ypes3 npomsiHa dopmarta Ha KpuctanuHa.B
pesyntaT Ha akoMoauusTa YOBELLKOTO OKO MOXe Oa MPOMEHs onTu4HaTta cu cuna B
rpaHnuuTe ot 58.64 go 70.57 guontbpa. PascTtosHMETO Ha Han-ACHO BMWXKOAHE Ha OKOTO €
25cT. KpanHute TO4ku, MeXay KOUTO € Bb3MOXHa akoMoauus ce HapudaTt gareyHa u
6nmska Touka.

LaneyHa moyka - B 6€3KpanHocCT.

bnuska mouka - Ha okono 20cm oT okoTo. B no-mnaga Bb3pact e (10-15) cm. C
Bb3pacTTa CcrnocobHocTTa KbM akomogaumsa (dokycupaHe) Ha 6nusku npegmeTu
HamansBea.

OcBeH akoMopaumsaTa 3a YOBELUKOTO OKO € XapaKTepHa U adanmmauyusma, KosTo
npeacraeBnsiBa cnocobHOCTTa Ha OKOTO Aa ce npucnocobsiBa KbM pasfnUYHN YCrOBUS Ha
ocBeTeHOCT. [oTOKbT CBETNMHA KbM OKOTO Ce perynupa, Ypes oTBapsiHe U 3aTBapsiHE Ha
KnenadmTe u Ypes upuca, KONTo NPpoOMeHsl AnaMmeTbpa Ha 3eHunuaTa ot 2mm go 8mm.

[anekornegctBo € AedeKkT Ha OKOTO, MpW KOWTO He ce BuMXOaT SCHO 6nm3ku
npegMmeTn n obpasbT ce oKkycmpa 3ag peTvHata. To ce kopurmpa cbC CbbupaTenHu
(n3nbkHann) newm. Mo TO3M HayunH cbbupaTenHata newa Bce eAHO oOTAanedasa
npegmeTa oT 6bnm3kaTta Touka 3a HOpMarHOTO OKO B 6riM3kaTta Touka 3a JanekorneacrsoTo
OKO, OTKbETO TOM SICHO ce BMxaa.

[anekorneocTBoto € pedpakTMBHO W3MEHEHWE, KOETO € B ClNeacTBue Ha
HapylweHue, a He Ha bonect. PedpakTMBHOTO M3MeHeHWe O3Ha4yaBa, Yye (popmaTta Ha
OKOTO He npeyynBa npaBunHO ceBeTnuHata(gur.4).CeetnuHata ce OTKMOHABA 3ag
peTuHaTa, 3aloTO OKOTO € MO-KbCO OT HOPMAasrHOTO MMM 3aW0To poroBuuaTa e TBbpae
Nnfocka, KOeTo BOAMN 40 3aMblfIEHO BMXAAHE U TPYAHOCTM Npu rnegaHe Ha 6nmM3km obekTw.

KbcornegoTto oko e cunHo npedynsaldo. Mpyn Hero gokyCcbT Ha OnNTUYHATa cucTemMa
ce pasnonara npepg petuHaTta, T.e. ycrnopeaHuTe fbyu, nonagHann BbpXy TakoBa OKO, Ce
npedyneat OT fnewata W nonagat B CTbKAOBMAHOTO TAMO, Crnen KOeTo AuBeprupat u
BbPXY peTMHaTa ce nosy4daBa HesiceH obpaas. MNpuunHnTe 3a ToBa Morat ga ce ABe:

«[lo-ronsima npedyynsatlla cuna Ha onTUYHaTa CUTEMa Ha OKOTO;

e[lo-ronsim npegHoO-3agHa OC Ha OKOTO — MHOMO NO-4YECTO CPELLaHO.

Hopuanko oko Kscornego oko Jlanexorneno oko

dur.3 HepgoctaTtbLUM Ha OKOTO
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KbcorneacTBoTo Bb3HMKBA MMaBHO Crief Bb3AeWUCTBMETO Ha (hakTopu Ha OKosHaTta
cpega — Hanpumep pabota oTbnmM3o ¢ onpegeneHn npeameTn. KbcorneacrtBoTo e
CbCTOsIHME, NPU KOETO ce HabnwaaBa HecbpasMepHa, CUMHO npedynsBalia pedpakums,
npu KOATO crnepg npeyynBaHeTo CU ycnopeaHuTe Nbun ce cbbupaT npeq petuHaTta. ToBa
BOAM OO0 SICHO BWXOaHe Ha GrmM3ko pasnonoXeHm ob6ekTM M HapyleHo OoKycupaHe Ha
00eKTn, pasnofnoXxeHn Ha pascTtodHne. MeavuMHCKUMAT TEePMUH 3a KbCOrMeacTBO €
muonua.Mnonnata € Han-4ecTo CpellaHOTO HapyleHuve Ha pedpakuuaTta. HenHoTo
Bb3HWKBaHE ce 06sICHsIBa C B3aMMOLEWNCTBMETO Ha FEHETUYHU (hakTopu K hakTopn Ha
okonHata cpepa. KwbcornmeactBoto e 3abonsiBaHe, 3acarawo ronsiMa  4act  OT
HaceneHneTo B pas3Butute ctpaHu. OT KbCorneacTBo mMoraT fga ObaaTt 3acerHatu KakTo
Marnku geua, Taka U Bb3pacTHU UHANBUOMW.

el S
: aé- e

®ur.4 HapyweHue Ha pedpakumnata

3AKNKOYEHUE

AKo ce B3emaT npeanasHy Mepku HaBpeme, YOBEK MOXe Aa Hamanu CTeneHTa Ha
yBpexaaHe Ha ounte cu.llpn yeteTe, paboTa Ha KOMMNIOTHLP UK Apyra nucmeHa paboTa, e
XenatenHo Ha Bcekn 30 MMHYTKM Oa ce rmeda B ganedunHarta.llpu yeteHe m npu paboTta
npen ekpaHa ce HOCAT ouuna ¢ nNo-HUCKM gmonTtpu.YeTteHeTo Tpsabea Aa e camo Ha gobpa
cBeTnvMHa. PegoBHUTE ynpaXKHEHNSA Ha ouMTe MoraT Nieko Aa NogobpaT NONOXKEHNETO.

NIUTEPATYPA

[1]3naTtkoB M.B., www.referati.org

[2] MakcmoB M.,OcHoBu Ha dmaukaTta, Codus, 2006.
[3] Bg.m.wikipedia.org

3a KOHTaKTK:

Hatanua AnkoBa [leTkoBa, CneumanHocT ,TexHonorus Ha XxpaHute®, PyceHcku
yHuBepcuteT ,AHren KbHueB® dunuan- Pasrpag,
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Xnumusa Ha XyugpasriniyHmTte cBbp3BallM BewecTBa - HLMUMEHTU

aBTop: Anncen MexmepgoBa
Hay4eH pbkoBoauTen: gouy. o-p Munyska CtaH4yeBa

Chemistry of hydraulic binders — cements. Cement is the most common bonding material used to
produce articles and structures with high sustainability and durability. There is a wide variety of cements -
ordinary and special (low-temperature, sulphate-resistant, seawater resistant, low-alkali, calcium-aluminate,
cement for masonry and other). Portland cements are used for concrete and reinforced, concrete
overground, underground and underwater constructions, including those subject to variable water and frost.
Portland cement is a gray powder product obtained by co-grinding Portland cement clinker, raw gypsum (3-
5% by mass) and corrective additives. The main chemical components in its composition are: CaO, SiO»,
A|203, Fe,O;

Key words: Inorganic binders, portland cement, hydraulic binders.

BBbBEOEHUE
BuaoBe cTpouTenHu matepuanu
B cTpoutenctBoTo ce wu3nonseat [ABa Buaoa Martepuanu  —  UHEPTHM

mMatepmanu(Tyxnu, nAcbK, KambHU, ObPBO, MeTan W Ap.) U CBbp3Baly BeLLECTBa.
NHepTHUTE MaTepuanu ca CbLLHOCTTA Ha CTpouTenHaTta KOHCTPYKUMS M 9 uarpaxgart
n3uAno, a KOMKOTO OO0 CBbp3BalUuTe BeELLeCcTBa, T€ crnodABaT NbpBUTE B €4HO U0 U
npeBpbLLAT NOCTPOMKUTE B CTAbOUIHM 1 6e3onacHn NHXEHEPHU CbOPBbXXEHUS.

Cebp3Bawmte BewlecTBa nNpeacTaBnaBaT npaxoobpasHn maTepuanu, KOUTO ce
cmecBaT ¢ Boda M obpasyBaT nnacTtuyHa maca, KOSiTO OT CBOS CTpaHa, cref onpeaenex
nepuog OT BpeMe ce BTBbpAsiBa. Te MoraTt ga ce CcMecBaT C MbiHWUTENu (arperat oT
MACHK, Yakb/l M Ap.) U BOAa, KaTo Mo TO3U HaYMH ce noslydaBaT pasfnnyHM CTPOUTENHM
cmecn. [pyu BTBLPASIBAHETO Ha CTpouTenHata CMEeC, 4YacTMumMTe Ha CBbP3BaLLOTO
BELLECTBO W Te3n Ha arperata ce cnosieaT U ce noriydaBa maTtepuwan ¢ Jobpu sIKOCTHU
kayecTBa.[1]

Cebp3BaluMTe BeLLeCTBa Ce OeNAT Ha ABE rofieMun rpynn: Bb34yLHO CBbP3BalLy U
BOOHO CBbp3BaWM (XMapaBfMYHO CBbp3BawM). Bb3gywHO cBb3BalM BewecTBa ca
XOpOCaHbT (Bap) U CTPOUTENHUAT runc. XopocaHbT € CMec OT raceHa Bap (kanuues
xngpokeng Ca(OH),), kBapuoB NSACbK M Boda. [MNCBLT € KpucTanoxmgpaT Ha KanumeBusT
cyngatr (CaS04.2H,O) M npomMeHs crnovBawuMTe CWU KadecTBa creq HarpsisaHe npwu
pasnuyHM TemnepaTtypu. BoaHOTO CTbKO € Aobpo cBbp3BaLLO BELECTBO, KOrato CTaBa
AyMa 3a crnosiBaHe Ha CMecu C pasnuyeH cbeTaB. C U3KMYeHne Ha XuapasnuyHaTta Bap,
KOATO MOYTM BEYE HE Ce M3Mon3Ba, TOBa Ca BeWecTBa, KOUTO 3aabiDKUTENHO Cce
BTBbpASBAT BbB Bb3gylwHa cpeda. XugpaBnuYHO CBbp3BallM BewecTtBa ca
NnopTNaHAUMMEHTBT N OpYyrnTe BUOOBE LMMEHT. Te mMorat ga ce BTBbpASABAT KAKTO Ha
Bb34yX, Taka 1 BbB BOAHa cpeaa.

MN3NOXEHUE
Mpon3BoaCTBOTO HaA NOPTNAHOUMMEHT BKIKOYBA CregHUTE OCHOBHUM eTana:
e [logrotoBka Ha CypOBMHATa;
e [lonyyaBaHe Ha LUMMEHTOBUS KIMHKEP YPE3 U3NUYaHE;
e CmMunaHe Ha KnnHkepa ¢ gobaBkuTe 3a Nosly4aBaHe Ha roTOB MPOAYKT.
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| Hsxoana cmec

CaCO; [IMHECTH MaTepHany KOpUrupan no6asku
(BapoBMK, Mepren, Kpeaa) (rIHHEH, IIHCTH, NACHK, KeId3Ha (menems ot TELL m muaxm ot

pyaa, GOKCHT, BYJIKAHHYHA TIETIE) YEepHATa METANyprus)

l )

Moxksp meToa Cyx merTon
{ 1
[ HO M cMecsane I | TTAB I—P{ cMunane |
XOMOTrEHH3UPaHe XOMOTEeHU3HpaHe

| OXJIQaXKAaHe HA KJIHHKEDa ]

|
cMuIaHe ]4‘—‘{ CaS0..2H,0 ]

JloGaBku, KOPUIHpAIIH CKOPOCTTa I

Ha BTBBPAABAHEC

TOTOB NMOPTIAAHAUMMCHT

dur.1. TexHonornyHa cxema Ha nojiydaBaHe Ha nopTnaHaunMMeHT

NMoaroToBka Ha cypoBUHUTE

N3xogHuAT maTtepuan 3a Npon3BoACTBOTO Ha LIMUMEHT € CMEC OT CKalHU MaTepwuanu,
B KouTo okosno 80 % e saposuk (6orat Ha CaCO3z) n 20 % rnnHa nnn WMCTN (M3TOYHKK Ha
SiO,, Al,O3, Fe,03). Tean cypoBuHM ce pasTpollaBaTt U Ce CbXpaHsBaT nooTaenHo. Ypes
A03MpaLLm YCTPOMCTBA BCUYKM CYPOBUHM Ce nodaBaTt ce nogasaT B TONKOBM MENHWULUM 3a
cMunaHe. CMUNaHeTo MoOXe Aa ce M3BBLbPLUM NO [Ba Ha4yMHa: MOKbP U cyx. Mpu mMokpus
MeTo KbM M3xogHaTa cMec ce gobass Boda M ce XOMOreHnsmpa ¢ nomnun 4o nosyvyaBaHe
Ha CyCcneH3us.

To3n meToa ce oTnM4yaBa C ronsiM pasxod Ha eHeprusi, B cpaBHeHUe cbe cyxus. MNpu
Cyxusi MeTof, CypOBMHHATa CMEC Ce CMula W XOMOreHusnpa B MNPUCBHCTBME Ha
NMOBBPXHOCTHO aKTUBHM BellecTBa.[2]

MNonyyaBaHe Ha LUMEHTOB KIIMHKepP

LIMMEHTOBMAT KNUHKEP ce nosflydyaBa MNpu WM3NUYaHe Ha CypoBMHHATa CMec B
HaknoHeHa BbPTALLA Ce nell, nokasaHa Ha dwur.2. B Hes TemnepaTypaTta gocTtura Ao
1450°C.

wuxra

Kanak nnambK (cypoBuHa)
ropusHa Tpbba X Il 3oHa
—
. oTAenexu
— = rasose
| 30Ha
Il 3oHa
IV 30Ha
roped) l CTOMaHeHa
Bb3AyX OT KnuHkep obwmeka

oxnagurenute 3a oxnaxaaHe

®ur.2. CxeMaTU4HO NpeAcTaBsHe Ha neLy 3a U3nu4yaHe Ha LMMEHTOB KITMHKEP
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PasnunyaBaT ce HSKOMNKO OCHOBHUM eTana:[3]

» 100-250°C — Cwmecta ce cywmn, ocBoboxgaBa ce OT cBobogHaTa WM
agcopbupaHarta Boaa.
» 600-800°C — OrtTpens ce kpucTanusaumoHHaTa Boja. MWMsBbpwBa ce

aexugpaTtauma u pasnaraHe Ha rmUMHECTUTe MUHepanu, KOUTO npeMuHaBaT B amopdHa
dopma ¢ ronsima NOBBbPXHOCT M NOBULLIEHA PeaKLMOHOCNOCOBHOCT:

Al,03.2S5i0,.2H,0 = Al;,03.2Si0, + 2H,0

Al,03.2Si0;, = Al,O3 + 2Si0,

» 600-800°C —[lekapboHun3aunsa Ha BapoBuka ¢ obpasyBaHe Ha CaO

CaCO; = Cal + CO,t

» (O6pasyBa ce n Fe,03, 3a cmeTka Ha okucnasaHe Ha Fe(ll) B rmuHaTta. Okengute
— CaO0, SiO,, Al,O3, Fe,03 ca N3KNUYNTENHO peakunoHOCnocobHu. Te pearnpat nomexay
cu ¢ obpasyBaHe Ha conu.

» 1000-1300°C . 3aBbpwBaT peakummte B TBbpAa (pasa ¢ obpasyBaHe Ha
Kanuuesn cunukatn, anyMmmHaTn u eputn. Hakon Bb3MOXHM peakuuu ca:

1) 2CaO + SiO, = 2Ca0.SiO, (Aukanumes cunukar)

2) 3CaO + Al,03 = 3Ca0.Al,03 (TpukanumeB anymmHar)

3) 2Ca0 + Fe,03 =2Ca0.Fe,03 (avkanuues depuT)

Peakuns 2) mmHaBa npes pasnuyHu etanu ¢ obpasyBaHe Ha MEXOMHHU CbegMHEHUS
or tTmna CaO.AlLOzn 2Ca0.Al,O3. Ha T03M etan ce ob6pasyBa M TeTpakanuues
anymodepur.[4]

4) 2C8.0A|203 + 2Ca0.Fe, 03 = 4CaO.AI203.Fe203

» 1300-1450°C — 1/3 o1 obwaTta maca ce ctand. Ctonunkata ce CbCTOU IMaBHO OT
3Ca0.Al,03 1 4Ca0.Al,03.Fe;03. B npucbcTBME Ha Tasm cTonuska ce u3sbpLuBa Ham-
Ba)XkHaTa peakums :

Ca0.SiO,+ Ca0 = 3Ca0.SiO, (Tpukanuues cunukar).

B kpas Ha To3un eTan He ocTtaBa cBoboaeH CaO.

» 1450-1100°C —baBHO oxnaxgaHe, NpM KOETO KpuUCTanuampat MuHepanute oT
cTonunkaTa un obpasyBaTt 3bpPHECTM KbCOBE CrieyeHa Maca — NopTNaHALUUMEHTOB KIMHKEP.

» 1100-150°C — bbp3o oxnaxgaHe.

CmMmunaHe Ha KnunHKepa ¢ oo6aBKu

OxnageHnunaT KNUHKep ce cknagupa u ce octaes Aa npectom okono 20 aHu. Toea ce
npaBnm C LEN Aa ce MOHWKM CbAbpXaHMeTo Ha cBobogHa Bap. CmunaHeTto  Ha
LUMMEHTOBUSA KITMHKEP CE M3BbPLUBA B TOMKOBM MEMNHULM, €OHOBPEMEHHO C MPECSABAHETO
my. [lpean p[a 3aBbpwn cMunaHeTo ce pJobaBa cypoB runc (perynatop Ha
BTBbpASABAHETO) 1 A06aBKM.

MMHepaneH CbCTaB Ha NopTnaHOUMMEHTOB KITMHKEP

nOpTJ'IaHLI,LI,I/IMeHTOBI/IFIT KIMMHKep € C noJfinMnHeparieH CbCTaB. B 1abn. 1 ca
NoKa3aHM OCHOBHUTE KPUCTAITHUN KIMMHKEPHU MUHEpana.
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Tabn.1
OCHOBHW KINMMHKEPHU MUHEpPanu
HanmeHoBaHwue dopmyna Mpunbnnantenex
MbJIHO YCINOBHO cTexMomMeTpuyHa | KpaTka | % cbcTaB
Tpukanumes cunukar annt 3Ca0.SiO, CsS 40-65
[OukanuueB cunukat oenut 2Ca0.Sio, C,S 15-40
Tpukanumes anymvHaTt uenuTt 3Ca0.Al,O3 CsA 5-15
TeTpakanunes deput 4Ca0.Al,03.Fe, 03 | CLAF 10-20
anymodgeput

OcBeH Te3M KOMMNOHEHTU, B CbCTaBa Ha KINMHKepa ce CbabpXKaT U APYrN KPpUCTanHu
MuUHepanu , kato u o 15 % cTbknogasa (OCHOBHO KanuueBW CUNMKaTW, Kanunesu
anyMOoCUnuKaTu, MarHe3umn, Kanuin, HaTpum v ap.)

B3aumoldelicmeue Ha KIUHKepHUMe MuHepasiu C 800a —CIIOXEH KOMMSeKC OT
B3anMMOAENCTBUS, BKIOYBALL, XMAPONU3a N xuagpatauma u Bogely 4o obpasyBaHe Ha HOBU
dasn: Kanuuesu XuOpocuUNUKaTW, XuapoanymuHaTtv, XxugpodepuTtu, nopTraHang
(kanuues xMapokcua).

e Anut - 3Ca0.SiO;

Kato con Ha cunHa ocHoBa W cnaba kucenuHa, C3S xuagponuampa cC
ocBoboxaasaHe Ha Ca(OH), n nonyyaBaHe MbpBOHAYarHO Ha HWUCKO OCHOBEH Kanuues
xngpocunumkat C-S-H (l) 1 No-kbCHO — HA BMCOKOOCHOBEH KanuueB xuapocunukat Co-S-
Honnn C-S-H (11):[5]

3Ca0.SiOy+ 3H,0 = 2Ca(OH), + Ca0.Si0,.H,0 nnn C-S-H (1)

3Ca0.SiO,+ 3H,0 = Ca(OH), + 2Ca0.Si0,.2H,0 nnu C-S-H (1)

e benut - 2Ca0.SiO;
Mo nogobeH HauvH ce M3BbPLUBA M xugponusata Ha C,S, HO C OTAensiHe Ha MNo-marko
konuyectso Ca(OH),:
2Ca0.SiO,+ 2H,0 = Ca(OH), + Ca0.Si03.H,0 mnm C-S-H (1)
Ca0.SiO,+ 2H,0 = 2Ca0.Si0,.2H,0 unun C-S-H (II)

e Tpukanumes anymuHat - C3A
B3aMOD,e|7|CTBV|eTO MYy C BOAa Ce cBeXda CaMo A0 Xxmapartauud:
3Ca0.Al,O3 + 6H,0 = 3Ca0.Al,03.6H,0
e TeTtpakanuues anymodeput - C4,AF
4Ca0.Al,03.Fe, 05 + (6+X)H20 = 3Ca0.Al,03.6H,0 + Ca0.Fe»,03.xH,O
B 3aBWCMMOCT OT CKOpPOCTTa Ha B3aMMoZelcTBMe C BoAaTa, KakTo u ocsobogeHata
Mpv ToBa eHeprus (TONMMHa), KNMHKEPHUTE MUHEpanu ce noapexaart B peaa:
C3A>>CL,AF>C3S>C,S
B 3aBUCMMOCT OTAKOCTTa Ha npoAykKTUTE Ha BTBbpAdABaHeE, peabT €:
C3S>C,S>>C3A>CLAF
lonamarta ckopocT Ha xugpataumss Ha CsA n C,AF e npuuvHa 3a paHHOTO
CBbp3BaHE Ha LLIMMEHTa B OTCbCTBUE Ha TUIC.

CB'bp3BaHe n BTBbLpAABaHe Ha NOpTNaHAUMMEHT
M3BbpiBa ce Mo MexaHM3Ma — HaculaHe, Kosrionamsauus, renoo6paayBaHe n
Kpuctanmsauma C Ta3u ocobeHocT, uye pas3ninyHnTe KOMMOHEHTU Ha KIIMHKepa ce
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xvapatmpat n xugponuampaT ¢ pasnumyHa ckopocT. TpsbBa ga ce otuuTta M akta, 4ye
MNCbT € HaW-pa3TBOPUMUSA KOMMOHEHT M 6bp30 Hacuwa BopaTta, M3nonssBaHa 3a
nony4yaBsaHe Ha LMMEHTOBOTO TeCTO.[6]

Han-aktBeH no oTHoweHue Ha BogaTta e CsA, eTo 3allo eTanbT Ha Konouamsaums
e CBbp3aH ¢ y4acTtue Ha C3A u rmnca:

3Ca0.Al,03 + 3(CaS04.2H,0) + 26H,0 = 3Ca0.Al;03.3CaS04.32H,0

Mpn Tasn peakums ce nofyvaBa Manko pasTBOpPUMUSA Xuapocyndokanumes
anymMmuHaTt, nos3HaT B npupoAata kaTo MuHepana empuHeum. Ton ce oTnara BbpXy
NMOBBPXHOCTTA HA YacTUUMUTE Ha LUMMEHTA M NO TO3W HayeH 3aTopMo3sBa XuapartauusTa
Ha gpyrute MuHepanu. Cnep 3-4 yaca, USNOTO KONMUYECTBO MUMNC BCTbMNBA B peakuusi u
Konn4ecTBOoTO cBOBOAHA BOAA B TECTOTO HamansBea. 3anoyBa xugpartauus U xugponusa
Ha apyrute MuHepanm (CsS, C,S, C4AF), KOATO Ha TO3M eTan ce akTtueBupa oOT
KpucTtanuaauusata Ha eTpuHruTa.

B pesyntaT Ha xugponmsata M Xxugpataumsita Ha KanuuesuTe cunukaTtu, ce
obpasyBa cunukateH ren (C-S-H) cbc cpegHo monHo oTHoweHue CaO/SiO, = 1,5-1,8 u
CaO/H,0 = 1-1,5. Otgenenuat Ca(OH),, nssecteH KaTo MUHepana nopTnaHaua, 6bp3o
Hacuvllia BogaTa W npegoTBpaTaBa xuaponusartaHa gpyrute gsa muHepana CsA u C4AF,
KOUTO camo ce xuapaTupar.

ETanbT Ha KpucTanusaumsa Ha nopTnaHguMMeHTa npoTuda npoTuda rmagko nopagu
BMCOKaTa CKOpPOCT Ha obpasyBaHe Ha KpUCTanHW KanuueBun XuapoCUnMKaTw,
XvapoanyMmHatM u xugpodepuTtun, Kakto u nopagu sarybata Ha Boga B pesynTtaT Ha
nony4YaBaHETO Ha Te3n NPOAYKTW.

Cnep xuapaTtauMoOHHOTO BTBbpAsiBaHE, B CbCTaBa Ha nopTnaHAUMMEHTa ce
CbAbpPXaT YeTUPU OCHOBHM Ghasu:

o Moptnanant — Ca(OH),;

o XngpocunukatHa dasa - C-S-H;

o XngpoanymuvHaTHa (pasa, BKNoYBalLla rnaBHo:

3C&O.A|203.6H20; 4C8.0A|20313H20 n CaO.F9203.XH20

o XngpocyndoanymmHaTtHa asa OT eTPUHIUT, KOMTO Ha MOo-KbCeH eTan

yacTuyHo ce obespogHsaBa 3Ca0.Al,03.3CaS0,4.12H-,0

BuooBe uumeHTH:

MopTnaHAUMMEHTBT OT PedoBHOTO MPOU3BOACTBO HA LMMEHTOBUTE 3aBOAN He
BMHarM Moxe [[a YOOBNEeTBOPUM MW3UCKBaAHWATA MpUM MPOM3BOACTBO Ha U3genus U
KOHCTPYKUMKN OT 6eTOH n ctomaHobeToH. Nopaamn Te3n no-cneunuyHmTe N3NCKBaHUS KbM
CBOWCTBAaTa Ha M3MON3BaHUTE LMMEHTM 3a Hanpasa Ha 6eToH ce nobaBAaT v cneynanHu
CBOMCTBA C NMOMOLLTA Ha pa3nnyHu Aobaskn.[7]

MyuonaHoB nopTnaHauumMmeHT. [lonyyaBa ce nNpu CbLBMECTHOTO CMUMaHe Ha
nopTnaHaunMMeHTOoB KnunHkep, Tpac (20-40%) n npupoaeH runc. OTnnyaea ce ¢: no-ronsmMa
BogonoTpebHocT oT nopTtnaHgummeHTa (28-35%); no-ronsiMo CbCbxBaHe; Mo-6aBHO
HapacTBaHe Ha HKOCTUTE B paHHa Bb3pPacCT; rondma BOOOYCTOMYMBOCT MU
BOAOHENPOMNYCKNMBOCT; NO-Marnika MpasoycTonumBocT. Manon3ea ce 3a OGETOHHM WU
CTOMaHOBETOHHM enemMeHTn, Hamupalm ce nog Boga WUnv npu ronama BIIAXHOCT, KOUTO
obaye He ca NoANOXEHN Ha 3amMpb3BaHe.
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LLinakonopTnaHAUNUMEHT. MpoaykT Ha CbBMECTHOTO cCMuUnaHe Ha
nopTNaHaUMMEHTOB KIWMHKepP, rpaHynupaHa goMeHHa wraka (20-50%) v npupoaeH runc.
3a LnakonopTnaHaumMMmeHTa ca XapaKkTepHU ronama BOAOYCTONYMNBOCT,
BOAOHENPOMNYCKIMBOCT M MPa30yCTOMYMBOCT. TO3M BUA LMMEHT CbLLO UMa MPUNOXEHMe
npn 6eTOHHUTE N CTOMAHOOETOHHUTE KOHCTPYKLUUKW, Hamupalim ce nog Boda wnn npu
rofisiMa BM@XHOCT, HO 3a pasnuka OT MyLOMaHOBMSA LUNAKONOPTNAHAUMMEHTBLT €
noaxo4sL, U 3a KOHCTPYKUMW, NOANOXEHN 3a 3aMpb3BaHe.

Bbp3oBTBbLpAABaLY Ce LUMMEHT. Ta3n pasHOBMOHOCT Ha LUMMEHTa ce noryyasa
MPU MHOFO CUTHO CMWUIIaHe Ha NOPTHaHAUMMEHTOB KIUMHKEP, akTUBHA MUHepanHa fgobaeka
n rmnc. CbOobpKaHUETO Ha TpUKanuMeB anyMUHAT € Marko Mo-BMCOKO B CpaBHEHME C
nopTrnaHauMmeHTa. To3n UMMEHT BTBbpAsiBa Obp30 B paHHa Bb3pacT M OTAens noseye
TONNMHa OT nopTnaHauumeHTa. Moaxoasiw, e 3a 6eTOHHM U CTOMAHOGETOHHU erneMeHTH
3a crnobsieMoTo CTPOUTENcTBO, 3a OeToHMpaHe Npu 3MMHM YCMOBMS, a CbLO WU 3a
YKpenuTenHu paboTw.

FMuHosemMeH uMMeHT. HapuyaH owe anymumHueB uumeHT. CypoBuMHUTE 3a
NPON3BOACTBOTO MYy Ca BapoBUK MU OokcuT (anymunHueBa pyaa). OCHOBHUAT MuHepan,
KOUTO ce nonyyYaBa e egHokanumeB anymumHat. BTBbpasiBa MHoro 6bp3o, KaTo
cTaHgapTHaTa sIKocT gobmBa Ha TpeTusa AeH.Cblluo KakTo npu 6bp3oTBbpAsBaLLUA Ce
LUMMEHT Npu CBbP3BaHETO Ha BeTOHHaTa CMeC ce OTAenst 3Ha4YMTErNHO NoBeYe KONMMYeCTBO
TonnvHa. [lopaguM TasuM npuyMHa ce npenopbyYyBa M 3a pabota npe3 3umara.
MWHO3EMHUNAT LUMMEHT Ce M3MOoMn3Ba rMaBHO 3a Bb3CTAaHOBUTENHU paboTn B aBapuinHu
cuTyaumn — cred npupoaHu 6eacTBus.

Bsin u uBeTHM uumeHTU. Cpea M3MCKBAHMATA MpU NPOU3BOACTBOTO Ha 6sn
LUMMEHT ca CypoBUHUTE 3a Genusi UUMEHT Aa He cbAabpXkaT ronemu konmyectea Fe,Os u
MnO 1 cmunaHeTo Ha KNuMHKepa da ce U3BbpLUBa C MHOrO TBbPAW Tena OT nerupaHa
cTomaHa. L|BeTHUTEe UMMEHTM ce norlyYyaBaT yYpe3 OUBeTsBaHe Ha 6envs LUMMEHT wunu
noptnaHguumeHTa. [punoXeHWeTo Ha Te3W UMMEHTM € 3a MO3alku, AeKopaTUBHU
MasuIKu, naHa, obnmMLUoOBBYHN NMOYMN.

CyndaToycTonums noptnaHaumMMeHT. [lonyyaBa ce ype3 CbBMECTHOTO CMUaHe
Ha MOpPTNaHOUMMEHTOB KIWHKEP C onpeaeneH muHepaneH cbctaB M rmnc (SO3<3,5%).
CyndaToyCTONYMBUAT MOPTNaHAUMMEHT Ce npunara 3a HanpaBa Ha O6EeTOHHWM U
CTOMaHOOETOHHN KOHCTPYKLUUKM, NOANMOXEHN HA NOBULLEHA CyndaTHN MOHM B arpecuBHaTa
cpega ot 250 go 3000mg/dm®. MpenopbyBa ce U 3a GETOHW, Hamupaly ce npu
yCrnoBMsiTa Ha NPOMEHNNBaTa 30Ha Ha XMOPOTEXHUYECKN U APYrN CbOPBXEHUS, KbAETO Ca
noasioXXeHn Ha nepuoauyHO MOKPEHEe M CbXHEeHe, 3aMpassiBaHe M pasmpassiBaHe.
Mpoussexpatr ce owe cyngaTtoycTonums LINAAKONOPTAAHAUMMEHT W NyLONaHOB
noptnaHauumMeHT. Te ce npunarat 3a HanpaBa Ha MOABOAHM YacTM Ha CbOPbBXEHMS
(apmupaHn n HeapMmpaHm), KOUTO Ce Hammupar Npu YCrioBus Ha cyndaTtHa Kopo3usi.

HuckotepmuyeH uumMmeHT. [lonyyaBa ce 4pe3 CbBMECTHO CMUNaHe Ha
NnopTNaHAUMMEHTOB KINUHKEpP C onpederneH MuUHepaneH CbCTaB, MUHepanHu gobaBku u
mnc (SO3<3,5%). MN3anckBaHeTo KbM MWHEpanHMa CbCTaB Ha MOPTNaHAUMMEHTOBUS
KNUHKEP € CbAbpXaHMEeTO Ha anuT aa He HagBuwasa 50%, a cbAbpXaHMETo Ha
TpykanuueB anymuHat — 5%. HWCKOTEPMUYHMAT UMMEHT OCBEH C HamareHo
TonnooTaensiHe (eK30TepMusi) ce xapaktepuaupa u ¢ 6aBHO HapacTBaHe Ha SIKOCTTa B
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paHHaTa Bb3pacT, C NoBULLIEHA CyndaToyCTOMYNBOCT N MOHMXKEHA MpPa30yCTOMYMBOCT.
Ynotpebata My ce npenopbyBa Npu HanpaBa Ha efpopasmepHu (MacuBHU) GETOHHU U
CTOMaHOBETOHHM 4aCTU U CbOPBXKEHUA KaTo edpopasMepHuM (pyHOAMEHTM Ha BUCOKM
crpaaun, 6eTOHHM A30BUPHU CTEHU U APYTN.

3AKINKOYEHUE

B pesyntat Ha pasrnegaHns TEeXHONMOrMYEH perfameHT ca YTOYHEHW cnegHuTe
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noBMLIaBaLLMSA Ce TEMMNEPATYPEH PEXUM;

2. PasrnegaHu ca OCHOBHUTE MUHEpPanu Ha NOpThaHAUUMEHTA.
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Bupose Kopo3usa n metoaum 3a aHTUKOPO3NMOHHa 3alluUTa

aBTop: [unek XtoceunH
Hay4yeH pbKoBoauTen: gou. A-p TemeHyxka XapanaHoBa

Types of corrosion and methods for corrosion protection.Corrosion losses are enormous.
However, studies have shown that corrosion losses can be significantly reduced (by 25-30%) if existing
knowledge and technologies for corrosion protection are applied. It is for this reason that importance is given
to the study and information on corrosion phenomena in all industrialized countries.

Keywords: corrosion, corrosion protection,corrosion losses

BbBEOEHUE

Koposuata e camonpou3BOMHO paspylaBaHe Ha MeTanuTe B pesyntaT Ha
PU3MKOXUMUYHOTO MM B3aMMOAENCTBME CbC 3aobukansdwarta rm cpepa.llo cBosTa
CbLIHOCT € XeTeporeHHa XMMW4YHa WNU erneKkTPOXMMUYHA peakuus, npoTuyawa Ha
dasoBarta rpaHvua mMeTan-zaobukansiwia ro TeyHa wunu rasoBsa cpefa, B pesyntar Ha
KOSITO MeTanbT ce okucnsea (cwur. 1)

®ur.1 ATmMocdepHa Kopo3us

lMprynHa 3a KOpPO3uATa Ha MeTanuTe e TaxHaTa TepMoANHAMUYHA HEYCTOMYNBOCT B
pasnuyHu cpeam npu onpegerieH BbHLHKU YCoBUS.

CnocobHocTTa Ha MeTanuTe a ce CbNpOTMBASBAT Ha Pa3pyLUMTENHOTO OENCTBME
Ha onpefeneHa KOPO3MOHHA cpefa ce Hapuya KOPO3MOHHA YCTOMYMBOCT. TS 3aBUCU He
camo OT npupodarta, CbCTaBa M CTPyKTypaTta Ha MeTana, HO CbLO M OT CbCTaBa,
KOHUEeHTpauusaTa, TemnepaTyparta, HansraHeTto, CKOpOCTTa Ha [ABWXeHue W Jpyru
napameTpu Ha KOPO3NOHHaTa cpeaa.

U3NOXEHUE

Knacudumkauma Ha KOpO3MOHHUTE NpoLecu

Ha dour.2 ca npencraBeHn BugoBeTe KOpO3nda cnopes MexaHnsmMa Ha npoueca un B
3aBMCUMOCT OT YCIOBUSATa Ha NPOTMYaHE Ha KOpPO3usTa.

Mo mexaHn3ama Ha npoueca ce pasnuyasaT ABa TuMNa KOpOo3ns Ha MeTanuTe:

» XUMWYHA KOpPO3Us-B3aMMOAENCTBMETO Ha MeTana C KOpO3MoHHaTa cpeda ce
N3BbpPLLBA MO MMEXaHU3Ma Ha XeTEPOreHHNTE XUMNYHU peakuuu;

» EnekTpoxumunyHa-BbanMoLeNCTBMETO HA MeTana CbC 3aobukansdwiata ro TeyHa
enekTpoNnTHa cpefa NpoTuya no enekTPOXMMMUYEH MEXAHU3BM.
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dur.2 Bugose Koposusi

B 3aBncuMOCT OT ycnoBusita Ha NpoTU4aHe KoposnsaTta buea:

» [a3oBa KOPO3USA-KOPO3NSA Ha MeTanuTe B ra3oBu cpeau Npu NbHO OTCHCTBUE HA
KOHAEH3MpaHa Briara Ha NoBbPXHOCTTA;

> Koposusi B HeenekTponuMTU-Kopo3unsi B TEYHN HEMNPOBOASLLN OPraHNYHN Cpeau;

» ATMoccepHa KOpO3us-Kopo3uMss Ha MeTanute B aTtmocdepaTta.ToBa € Han-
pa3npoCTPaHEHUST BUA KOPO3WS;

> [louyBeHa KOpPO3MA-KOPO3USA HA MeTanuTe B NOYBATA;

> Kopo3susi B eNeKTponmTr-Kopo3ns Ha MeTanuTe B TeYHM NPOBOASLLM cpeau;

> EnekTpoKkopo3uMs-Kopo3us B €MeKTPONUTHU Cpean Mo Bb3ABWCTBME HA BBHLUHO
NPUNOXEH TOK;

> KoHTaKTHa KOopo3usi-eNeKkTpoOXMMMYHA KOpPO3us, npeaus3BrkaHa OT KOHTaKTa Ha
pPa3HOPOAHM(C pasnuyeH noTeHuman) metanu;

> Koposuss nog HanpexeHue-koposusi Ha MeTanuTe npu  egHOBPEMEHHO
Bb34ENCTBME Ha KOPO3MOHHA Cpeda N Ha MeXaHUYHW HanpexXeHus:;

> Kopo3noHHa epo3unsa-npu eaHOBPEMEHHO TpMELLO Bb3OEeNCTBME Ha camaTta
KOpPO3MOHHa cpeaa Unv Ha apyru TBbpav Tena;

> Kopo3nmoHHa KkaBuTauus - nNpu €OHOBPEMEHHO YyAapHO Bb3AENCTBME Ha
KOpO3MOHHaTa cpeaa;

> Koposusi B LEMHAaTUHUTE-KOPO3MOHHO paspyllaBaHe Ha MeTanuTe B TECHMU
LenHaTUHU U NYKHaTUHW, U3NMbIHEHN C eNEKTPONTUTHN TEYHOCTH;

> bBuokoposus-kopo3msa Ha MeTanuTe B no4yBaTa WNM BbB BOOHM Ccpean C
y4acTMeTO Ha NPOAYKTU, OTAENEHN OT MUKPOOPraHU3MM.

MeToau 3a 3awumTta OT KOpO3uA

MeToante 3a aHTUKOPO3MOHHA 3alUMTa He ca YHMBEPCANHO MPUMOXUMU U TEXHUAT
n36op 3aBuUCK KakTo OT 0cOBeHOCTUTE Ha camusa MeTar, Taka 1 OT YCroBuUsiTa Ha cpefaTa,
a B MHOrO Criy4yaum 1 OT MKOHOMUYECKM CbOBpaXkeHus.

M3nonsBaHuTe B npakTukata MeToau 3a 3alimMta Ha MeTanute OT KOpo3usa morat ga
ce knacudpmumpart B criegHnTe rpynu:
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1. KOpO3MOHHOYCTOMYMBO NernpaHe.
2. ObpaboTka Ha KOpO3NOHHaTa cpeaa.
3. 3awmuTHM NOKPUTUS.

4. EnekTpoxMmunyHa salumuTa.

INernpaHe Ha meTanurte

JlernpaHeTo Ha mMeTanuTe C ApyrM MeTanu UM HemeTanu ce U3BbpLLBA MAaBHO 3a
nosvwaBaHe Ha obwara MM KOPO3MOHHA YCTOMYMBOCT WM HamansBaHeTo Ha
Bb3MOXHOCTUTE 3a pa3BUTME Ha OnacHM OpPMM Ha flOoKanHa KOpo3us , KakTo M 3a
nogobpsiBaHe Ha TEXHUTE MEXaHUYHU U TEXHOSOrMYHKM cBoncTBa (cpur.3).

KOPO3WOHHA).

@

_ MalWHHa

oSpa\So-reaemoc'r YCTORUMBOCT

Ha U3HOCBaHe

@ur.3 JlermpaHe Ha meTanuTe

O6paboTka Ha KOpO3MOHHaTa cpeaa

ObpaboTkaTa Ha KOPO3MOHHATa cpeda C Len HamanssaHe Ha HEeWHOTO arpecuBHO
AENCTBME BbPXY METanute € noryyuna ronsmMo pasnpocTpaHeHUe B MPOMMLUIIEHOCTTA
KaTo MeTo4 3a 3alumTa OT Kopo3us. Tasm obpaboTka e uenecbobpasHa nNpu orpaHUYeH
obem Ha cpepaTa. [MoHWkaBaHe Ha KOPO3MOHHATa akTMBHOCT Ha cpefata npu
enekTPoOXMMMYHa KOpo3unsi MOXKe Aa ce NOCTUrHe NoCpenCTBOM:

1. HamansiBaHe Ha CbObpXXaHMETO Ha Aenonsipu3aTopa;

2. BbBexpgaHe Ha UHXMOUTOPKM Ha KOPO3UATa;

3. OcBeH TOBa OnaronpusitTHa B KOPO3MOHHO OTHOLUEHWE MpPOMSHA Ha cpefarta
MOXe€e [a Cce MOCTUrHe N Ypes3 NoHWXKaBaHe Ha TemnepaTtypara, CKOPOCTTa Ha OBWXKEHUE U
KOHLeHTpaumaTa Ha cpefaTa.

3aWwmTHN NOKPUTHUA

Hawn — pasnpocTpaHeHust MeToA 3a 3aluTa Ha MeTannte OT KOpPo3usi € HaHACSAHeTO
Ha nokpuTus.Ponsta Ha NOKPUTMETO KaTo CPEeACTBO 3a 3awmTa OT KOpOo3us ce cBexaa
rmaBHO A0 M30Naums Ha MeTana oT KOpo3noHHaTa cpeaa.

B 3aBucumocT OT npupogarta Ha mMartepuana 3alWuTHUTE MOKPUTUS ca METanHu U
HemeTanHu. lNMocnegHUTe OT CBOS CTpaHa Ce pas3fensiT Ha OBe rPynu-HEOPraHU4yHu U
OpraHuyHu.

N30opbT Ha NOKpUTME 3aBUCM Npean BCUYKO OT YCNOBUSITA, MpPU KOUTO Cce
eKkcnroatTupa 3aluTaBaHOTO CbLOPBLXEHME, npupogaTta Ha MeTana, CbCTOSHMETO Ha
HeroBaTa NOBbPXHOCT, pa3MepUTE Ha AeTaNNNTe UMM CbOpPbXeHusTa.
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EnekTpoxumuyHa 3awmra

EnekTtpoxumuyHaTa 3awimrta ce ocHOBaBa Ha Bb3MOXHOCTTa 3a Bb3[1eNCTBUE BbPXY
CKOPOCTTa Ha KOpo3us 4pe3 M3MeHeHue Ha rnoTeHumana Ha metana. OcbliecTBsBa ce
nocpeacTBOM:

% V3amecTBaHe Ha noTeHumana Ha 3alMTaBaHOTO CbOPBXEHME B OoTpuuaTtenHa
nocoka(katogHa nonapusauvsl) OO CTOWMHOCTM, NPW KOUTO CKOPOCTTa Ha aHogHaTta
peakunsi ce Hamarnsisa CUITHO UM HENHOTO NPOTUYaHe e TEPMOAUHAMUYHO HEBB3MOXHO,
T. Hap. KatogHa 3awumTa (cpur.4);

% W3mecTBaHe Ha noTeHuMana Ha CbOPBLXEHNETO B NOMOXUTENHA Nocoka(aHoaHa
nonspusauns) 4O CTOMHOCTU, MPU KOUTO MeTanbT ce nacusupa, T. Hap. aHoAHa 3awuTa.

TPAGUUUOHHA 3ALUMA ¢ o v ssuuns ——> KAMOGHA 3aujuma
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3AKINKOYEHUE

3arybuTte OT KOpO3usi ca OrpoOMHWU-CPeaHO OKono 5% OT HauuoHanHua OOXO4 Ha
BCsika CTpaHa. HanpaBeHuTe npoyyBaHus nokaseat obaye, Ye KOpo3NOHHUTE 3arybm Moxe
Aa ce Hamanart yyBcTBUTENHO( € 25-30 %), ako ce Npunoxar CbLeCTBYBaLLUTE 3HAHNUA U
TEXHOMOIMM 3a aHTUKOPO3WOHHa 3awmTa. VIMeHHoO nopaguM ToBa Ce OTAaBa ronsiMo
3Ha4YeHne Ha M3y4yaBaHETO W WHGopmMauuaTa 3a KOPO3UOHHUTE SABMEHUSI BbB BCUYKM
NPOMULLIIEHO Pa3BUTU CTPAHMW.
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AﬂTepHaTMBHVI MeToAau 3a CbXpaHeHune Ha XpaHUTenHun NnpoaykKTu

aBTOp: Enena BennHcka
Hay4yeH pbkoBoauTen: gou. a-p MnuaHa Koctosa

Alternative methods of storing food products: Progressive studies by global food and nutrition
organizations show that over 25% of all food products in the world are lost as a result of bacterial spoilage,
insect activity, rodents, mold development, and more. Diseases caused by poor quality foods pose a great
threat to people's health. Much of these problems can be solved by applying different food processing
technologies. Part of these new technologies are the processing of foods with high hydrostatic pressure, UV
rays, ozone, pulsating electromagnetic field, pulsing light.

Key words: Modified Atmosphere Packaging, Cool plasma, UV rays, Ozone

BBbBELOLEHUE

BescrnopeH akT e, Yye B HaWwWM AHM CBETLT M3NUTBA KpPeLlUsll HeooCTUr Ha
XpaHuTenHu npoayktu. Mo aaHHn Ha OOH Bcekn WeCTM YOBEK Ha NnaHeTaTa rnagysa unm
TbPMM CEPUO3HN NnuwieHus. MporHo3nTe ca B GnNuskuTe enHo-ABe AeCeTUneTus Tasu
HeoNnTUMUCTUYHA KapTUHa Aa nNpuaobue olle No-TbMHU Kpacku. Ha doHa Ha ToBa hakTbT,
Yye rnopagu U3Tu4aHe Ha Cpoka Ha ro4HOCT 3HAYMTENHa YacT OT NPOM3BEAEHUTE XpaHU ce
pasBanAT U U3XBBLPNAT, € noBeye OT TpeBoXeH. CmaATa ce, 4ye npu NroaoBeTe U
3eneHYyuMTe B CBETOBEH Mallab 3arybuTte cbCTaBnsiBaT NorioBMHaTa OT npou3BeaeHaTa
npoaykums! Camo B AHMMUS roauvlIHUTE 3aryby OT YHULLIOXEHWUTe ropagn HerogHocT
XpaHU Bb3Nn3aT Ha noeeYe oT NeT Munuapaa nupu.

3aToBa B yAb/KaBaHETO Ha CpoOKa Ha FOAHOCT Ha XpaHWUTe Ce KPUSAT OrpPOMHM
pe3epBu, YMETO U3MON3BaHe B 3HAYUTENHa CTeneH OW CnomorHano 3a CMek4yaBaHe Ha
Ha[BWCHanaTa CBETOBHa XyMaHUTapHa Kpusa.

N3NOXEHUE

PasBanaTta Ha XxpaHUTENHUTE NPOAYKTU € pe3ynTaT OT akTUBHaTa XXM3HeHa AeNHOCT
Ha pasnuyHu rpynu OT MUKpoopraHuamu. MukpobuornornyHata o6CEMEHEHOCT Ha eauvH
NPoaYKT 3aBWUCKM OT HEroBUTE XapakTepucTuku (pH, XMmMuyeH cbeTaB, BraXHOCT). Tesu
dakTopu npaBAaT xpaHuTe OnaronpusiTHa cpeda 3a pasBUTME Ha pPasnUyHU  rpynu
MUKPOOpPraHn3mMmn 1 ca OCHOBHa MpeAnocTaBka 3a HabniogaBaHOTO pa3BansHe B npoleca
Ha npepaboTka M CcbxpaHeHue. [lo-ronsiMa 4YacT OT MMKPOOPraHu3MuMTe nonagat B
XpaHUTENHUTE MPOAYKTU OLle B CypoBO CbCTosiHMe [1]. MNpu HanuumMe Ha GnaronpusTHU
ycrioBusi (Temnepartypa, BMaXXHOCT WM Op.) 3anoyBa TAXHOTO pasBUTME, MPU KOETO Te
OTAENAT eK30eH3UMU, HapyllaBally 3alUMTHUTE NMOBbPXHOCTHM CMOEBE Ha MpoayKTUTe U
cb3faBaT Bb3MOXHOCT 3a YyBefM4aBaHe CTerneHTa M CKOpocTTa Ha pasBanarta. Tosa
Hanara npoayKTUTe Aa Ce CbXpaHsiBaT Npu ONpeaeneHn yCrnoBus, kato cTpemexa e aa ce
3anassT XpaHUTENHUTE UM KadyecTBa 1 MUKpobuonormyHaTa MM 6e3onacHoCT.

CbluecTByBaT peduua HauvHM 3a 3anasBaHe Ha XpaHUTenHuTe npoaykTu W
yObikaBaHe Ha TsixHaTa roOOHOCT, OCHOBHaTa 3ajada Ha KoWTO ce cBexaa Q.o
npenoTBpaTsiBaHE WM OrpaHMYaBaHe Ha NpoTUYalLMTE B NPOAYKTUTE HeXenaTenHu
npouecu. MNpunaraHeTo Ha onpegerieHa TEeXHONOorMs 3a KOHCEpBMPaHe € CBbpP3aHo C
ocobeHoCTUTe, KOUTO NpuTexaBaT NPOAYKTUTE U XapakTepuUcTUKuTe, kouto TpsibBa Aa
nNpuaobuaT KaTo KpaeH NpoayKT
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Knacu4yeckn metoam 3a CbXpaHeHMe Ha XpaHUTENTHU NPOAYKTH

B npaktukaTa Han-4ecto ce U3non3eart MeToauTe, OCHOBaBalLM Ce Ha NpUHUUNa Ha
aHabwo3a, T.e. C nomowTa Ha pasNMYHM BbBHLHU BbB3LEWCTBMA MakCMMasnHo ce
orpaHuYaBaT KU3HEHUTE YHKUMM Ha MUKpoopraHuMamute. TakuBa MeToau ca
TepmoaHabuosa  (oxnaxpaHe,  3ampassiBaHe), KcepoaHabuosa  (M3cyluaBaHe).
Heyno6cTBOTO Npw Te3n MeToam €, Ye CPOKbT Ha rOQHOCT € CPaBHUTENHO KpaTbK, Npu no-
ABbIro CbXpaHsABaHe ce NPOMEHAT KayecTBaTa Ha XpaHUTe.

Adpyrn meToon OCHOBaBalM Ce Ha TO3U MPUHLMIM Ca KOHCEPBUMPAHETO C KUCESNUHM
(aumpoaHabuosa), KoHCcepBupaHe C BbrnepodeH Aauvokeng (HapkoaHabuosa) wu
ueHoaHabuosa. lMpu NbpBUA METOA4 MUKPOOPraHM3MMTE HEe MOoraT Aa MOHAcAT CUITHO
Kucena cpefa, npeMmnHasaT B aHabunosa, a Hakon ymupart. 3a KOHcepBMpaHe Han-4ecTo ce
n3nons3eaT oueTHa, cepHuUcTa, BeH30eHa, canuumnoBa KMCENWHU U TeXHU conu. Brtopusat
MEeTOo[ U3MNon3Ba BbrNepoaHna ANOKCUA 3a 3a4bpXKaHe Ha AWaHeTo, a cnefosaTesiHo U
pasBMTMETO Ha MUKpoopraHnamuTe. CbXxpaHsaBaHETO Ha MPOAYKTM MO TO3M HA4YMH CTaBa,
KaTo Te Ce MNOCTaBAT B XEepPMETUYHW Kamepu, B KOUTO ce BKapBa HeobXoaMmoTo
KONn4yecTBO BbIMepodeH anokcna. [daBa [obpu pesyntaTu, CbyeTaH C oxnaxaaHe.
M3nonaBa ce 3a meco, punba, sanua, NpecHn Nio4oBE N 3eNEHYYLN.

Mpn ueHoaHabnosaTa MMKPOOPraHn3mMmuTe ce NpueexaaT B aHabMOTUYHO CbCTOSAHNE
- ypes3 aHTaroHM3Ma Ha gpyry MUKPOOPraHm3mu, Hanpumep MIleYHokucenu Gakrtepuu,
Kouto obpasyBavkM MIledHa KUCenuHa noTuckaT pasBMTMETO Ha BpeaHuTe
MUKPOOPraHN3MMn.

Wnpoko npunoxeHne wumat wn nactbopusaumatra (3arpsisaHe go 100°C), wu
TepmoctepunuaaumsaTta (3arpsasaHe Hag 100°C), ocHoBaBalum ce Ha npuHumMna abuosa
(MMnca Ha >KMBOT) MUKPOOPraHM3MUTE Ce YHULLOXaBaT, B pe3yntaT Ha KoeTo ce
nony4yaBsaT CTEPUIHN MPOAYKTU.

OkasBa ce, 4Ye m3pegeHnTe OOTYK METoAM 3a CbXpaHeHMe He ca Noaxogslm 3a
BCUYKM BUOOBE XPaAHUTENHN NPOAYKTU NN HE ca OCTaTbyHO ePMKaCHM 3a HAKOU OT TAX.

dur.1 XpaHI/ITeJ'IHI/I NpoAOYKTU N HAYNHU 3a TAXHOTO CbXpaHdABaHe

AﬂTepHaTVIBHM MeTOoAM 3a CbXpPaHeHe Ha XpaHUTEeJTHN NPOoAYKTU

MpoabMKUTENHUTE NPOYYBAHUS HA CBETOBHUTE OpraHvM3auuu 3a XpaHu U XpaHeHe
nokasearT, Ye Hag 25% OT BCMYKM XpaHUTENHM NPOAYKTM B cBeTa ce rybsaT B pesynTaT Ha
GakTepuanHoTo UM pasBansiHe, AEMHOCTTa Ha HAaCceKoOMM, rpu3ayn, pasBuThe Ha NIeceHn
MW  npopacTBaHe Ha  KopeHonnogHu.  3abonsiBaHusiTa,  NpeausBuMKaHW  OT
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HegobpokavyeCcTBEHN XpaHW, NpefcTaBnsBaT ronsiMa 3annaxa 3a 34paBeTo Ha xopaTta.
onama yacT oT Te3n npobrnemn morat ga 6baaTt pelweHu ¢ npunaraHeTo Ha pasfvyHn
TexHonormm 3a obpaboTka Ha xpaHu [3]. YacT oT Te3n HoBM TexHonormm ca obpaboTkaTa
Ha XpaHUTESNHU NPOAYKTU C BUCOKO XMAPOCTAaTUYHO HansraHe, YB nbun, 030H, nyncupatio
enekTpoOMarHMTHO none, nyncupaila cBeTNInHa.

PagnaunoHHuTe npouecun 3a obpaboTka Ha xpaHu npeacTtasnsiBaTt obnbyBaHe Ha
NPOAYKTU C NOHU3UPALLN MbYEHNS - raMa U PEHTIEHOBO fTbYEHNE U YCKOPEHWU eNEKTPOHM,
3a MNOCTUraHe Ha pasnMyHK TexHonornvyHu uenu.[5] OcHoBeH napameTbp MNpu Teau
npouecu e norbfHaTata [o3a B o6nbyBaHMA OOEKT M ce 3ajaBa C MWHMMarnHaTa
norbnHata [os3a, AocTaTbyHa 3a MNOCTUraHe Ha TexHoMnormyHata uen M MakcumarnHa
norbnHata [Jos3a, Npu KOATO He HacTbneaT NpoMeHu B xpaHute. [lapameTpute Ha
paguaunoHHUTE npouecu 3aBUCAT OT uenTa Ha obpaboTBaHeTo, BMAA Ha XpaHaTa,
onakoBkata W papyrn daktopu [MpoOMULLINEHO NPUMOXKEHNE Ca HaMepunu crnegHute
TEXHOMNOrMK: paguauuoHHa cTepunmsaums Ha MeOULMHCKM KOHCYMaTuMBM U u3genus 3a
efqHokpaTHa ynoTpeba; paguvaumoHHa o6paboTka Ha XpaHM C uUen Oe3MHCEKUMs,
AEKOHTaMuHauus, yAbipkaBaHe CpoKa Ha rOOHOCT, MNOTUCKaAHe Ha npopacTBaHETO,
KOHTPON Ha naToreHHUTe MuKpoopraHmamum u gp. [4]. PagnaumoHHuMaT meToa 3a
TpeTupaHe Ha XpaHu uma peguua npeamMmcTea npeg TpaguuMoHHUTE MeToaM - TONSIMHHA
obpaboTKa, 3ampassiBaHe, KOHCepBUpaHe U Xummnyecko obessapassBaHe. ObpaboTkaTa ce
N3BBbPLUBA B KpanHaTa OopuUrMHanHa onakoBka Ha NpoAykTa - He CbLUeCcTByBa OMacCHOCT OT
NMOBTOPHO 3aMbpcsiBaHe U He ocTaBaT TOKCMYHM BewlecTtBa. [lpoayktute moraT ga ce
KOHCymupaT BefHara cnepg obpaboTkata. 3ana3Ba ce CBEXUAT WM BUO WU BKYC.
TexHONOrM4YHMAT npouec e JfieceH 3a KOHTponMpaHe UM C BUCOKaA CTeneH Ha
aBTomMaTu3auusa. PasxoabT Ha enekTpoeHeprus € MMHUMarneH U He 3aMbpcsiBa OKONHaTa
cpepa. HesaBucumo oT ronemus 6pon mscnenBaHna Ha NPOMEHUTE, HacTbhBalwn B
pesyntaT Ha pagnaumoHHata obpaboTka B XpaHuUTe M [okasaHata MM 6e3onacHoCT,
notpebutennte ce oTHAcCAT OOCTa pe3epBUPaHO KbM Te3n TexHonormn. ToBa Hanara
BbBEXOAHETO Ha creumaneH pexum npu npunaraHeTo UM, Kakto M NOCTOSIHEH AbpXXaBeH
KOHTPOM Ha NpeanpuaTnaTa 3a pagvaumMoHHa obpaboTka 1 Tbproeus ¢ 061 bYEHM XpaHW.

OnakoBaHeTo B MogudumumpaHa atmocdepa (Modified Atmosphere Packaging) e
MEeTO4 3a yabJhkaBaHe Ha CpoOKa Ha rogHOCT M 3anasBaHe Ha BUCOKOTO KayecTBO Ha
XpaHUTENHUTE NPOAYKTU U TEXHUS A06BP BBbHLUEH BUA, a CbLL0 Taka JaBa Bb3MOXHOCT 3a
nogobpsiBaHe Ha MKOHOMUYecKaTa ePeKTUBHOCT.

dur.2 OnakoBaHe B MmoanduumpaHa atmocdepa
B ocHoBaTa Ha Ta3u TEXHOMOrns 3a onakoBaHe CTOM NOTUCKAHETO Ha XXW3HEHOCTTa
Ha MWKPOOPraHM3MmTe, KOUTO ca nonagHanu B NpPoAyKTa WNW B ONakoBKata U BAUAAT
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BbpPXy HEroBOTO Ka4eCTBO, BOAEWKM [0 pa3pyllaBaHETO My MO BPEME Ha CbXpaHEHue.
[Mpn onakoBaHeToO B MoauduumMpaHa cpefa aTMOCKEPHUAT Bb3AyX Ce OTCTpaHdABa OT
BbTPELUHOCTTa Ha OnakoBKaTa HaMb/fIHO UM Ce 3aMeHs C ra3 Unn cMec OT rasoBe, crej
KOoeTo onakoBkaTa 6vmBa 6bp30 3anevaTaHa. M30opbT Ha onpeaeneH ras unu rasosa cmec
3aBUCK OT pasnuyHM PakTopu KaTo Hanpumep ganu NpoaykTbT € CypoB unn obpaboTeH,
BMAA Ha M3MNON3BaHUA Martepuan 3a naketvpaHe un gpyru. 3a cb3gaBaHeTO Ha 3aliMTHa
aTMocdepa ce U3nons3BaT rasoBe, CbAbpXxalliy ce B aTMocdeparta KaTto a3oT, KUCNopoa,
BbrnepoaeH auokena. Te wmoraT ga 6baar wM3nonsBaHM CaMOCTOATENHO MM B
KoMBUHauusa nop ¢popmata Ha rasoBu cmecu (a3oT U BbIMEpoAeH AUOKCu4 Unu asor,
BbrnepoaeH guokena u kucropon). isnonssaHute 3a 1asu uen as3ot (N2) u kncnopog (O,)
0OMKHOBEHO Ca nonyvyeHn OT Bb3Ayxa, a BbrnepoaHuat auokemg (CO;) OT ecTecTBeHu
N3TOYHMLM UMW KaTO CTPaHWYEH NPOAYKT OT hepMeHTaLNOHHN NpoLecK, Hanpumep, unm
OT NPON3BOACTBOTO Ha aMOHSIK. B HAKOM cnyyan Moxe asoTbT a ce npousBeae Ha MACTO.
OnakoBaHeTO B MoaudumumnpaHa atMmocdepa MoXe e ce npunara 3a pasfvMyHu BUOOBE
NPOAYKTU - KaKTO 3a MPECHU KaTto Meco, JenukaTtecu, nuua, NPOAyKTM Ha NeKapHu U
cnagkapHuUM, HacTbpraH KallkaBari, roTOBU 3efleHYyLn U rOTOBU XpaHKU, Taka U 3a CyXu
NPOAYKTU KaTo OBbCTbLUU, CYXO MIISIKO, Kadbe.

OnakoBaHeTo C moaudumumpaHa aTMocdepa ce u3non3sa B CBeToBeH Maluab.
CunTa ce 3a npupogocbobpasHa TEXHONOMMSA U YECTO € NPeANoYNTaAHOTO peLleHune [2].

CtygoeHaTa nnasma npeacraBnsiBa MOHM3MPaAH ras, CbCTaBEH OT XMMUYECKM
peakTMBHWN BellecTBa, MOHKU, HacodeHn enektpoHn n UV nbum [7, 8]. Han-yecto 19 ce
reHepupa nocpeacTtBOM enekTpuyeckn paspsaun, kato obpaboTtka B 30HaTa Ha paspsa €
AnpekTHa obpaboTka, a M3BbH 30HaTa Ha paspsga ce Hapuda obpaboTka ¢ MHOMPEKTHA
cTyaeHa nnasma [8]. KoMnoHeHTUTE uarpaxgawm nnasmara umaTt CUITHO aHTUMWUKPOOHO
AencTBMe, KaTo npunaraHeTo UM €edHOBPEMEHHO nocTura MynTUnNIMumMpaH edekT.
MHakTuBaumsiTa Ha 3aMbpcuTeNn OT MUKPOBMONOrMYeH NPoun3xon Ce ObJPKM OCHOBHO Ha
NOHUTE, aTOMHUA KMCNOPOo4 U 030Ha B cbCTaBa W [11], KOMTO MMmaT HeECTaOMNEH xapakTep
N ce pasnagaTt CKopoO crief reHepupaHeTo UM, KaTo He HaHAaCAT LWeTn Ha OKonHaTta cpeaa
N He HaTpynBaT XMMUYECKM onacHu otnagbyHu BewectBa [10]. ObpaboTkata npeanara
XOMOreHHa edqeKTMBHOCT MO uaAnaTa NOBbPXHOCT Ha NpoaykTa OO KOSTO MMa AOCTbn
NOHM3NpaHN4A ras.

MHavpekTHaTa cTyaeHa nnasma Moxe [a ce u3nonssa B obema B KOWUTO ce
reHepvpa wnu ga ce TpaHcnopTupa Ao 3oHaTta 3a obpaboTka [9], cTvra ToBa Aa cTaHe
npeau rasa Aa Bb3CTaHOBM MbPBOHAYANHOTO CU CbCTOSHME.

B onakoBbyHaTa uWHOYCTpUS Mexay AadeH amMbuumoseH NpoeKkT U HEroBoTo
OCbLUECTBSABaHE 4YeCTO CblUEeCTByBa Henpeogonuma nponact. HoBuTe wm3nckBaHus 3a
AN3aiiH, Ka4eCTBO U CbBMECTUMOCT C €KOSNTOrMYHUTE CTaHO4apTW Ha OnakoBkaTa U3npasaT
MHOro KOMMNaHuu npeg ronemMu npegusBukatencTea. Hakom ot TpyaHoctute obayve moraT
Aa OboaT npeofoneHu CPaBHUTENHO JIeCHO 4pe3 npunaraHeTo Ha nnasma npu
aTMocdepHOo HansraHe vpes TexHonorusta Openair, paspaboTeHa OT HeMcKaTa KOMMNaHWS
Plasmatreat. [6] HoBaTta TexHonoruss ce u3non3Ba KakTo 3a (PUHO MNOYMCTBaHe Ha
06paboTBaHNTE MOBBLPXHOCTM HA OMAKOBKUTE, Taka U 3a CbLLECTBEHO MOBULLABaHE Ha
Bb3MOXHOCTUTE MM 3a B3aMMOAENCTBUE C APYrM MaTtepuanu.
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& pasmaeal

dur.3 lNMnasmeHa TexHONorMs B ornakoBaHETo

3aWmMTHOTO OnakoBaHe Ha NPOAYKTUTE rapaHTupa TsXHaTta XMrMeHUYHOCT, Ka4eCcTBO
N ObArOTPAaNHOTO MM CbxpaHeHue. [lpeaMmcTBO Ha TexHonormsitTa € HenHaTta
MKOHOMWYHOCT B CPaBHEHWEe C KOHBEHUMOHANHUTE METOAM 3a NpeaBapuUTENHO TpeTupaHe
Ha 06paboTBaHMTE MOBBLPXHOCTMW.
OT npaBunHus n3bop Ha onakoBkaTa M TEXHOMOINMSATa 3a onakoBaHe 40 ronsima
CTeneH 3aBUCK B KaKbB BU U C KaKBW NoKasaTenu XpaHUTENHUTE NPOAYKTU Lie AOCTUrHaT
A0 KOHCcymaTopa.

®ur. 4. OnakoBbyHa mawmnHa ,MULTIVAC” oTroBapsi Ha akTyanHuTe TEHOEHLUMM B
onakoBbYHaTa UHOYCTPUS.

Cpep, Han-CbBpEMEHHUTE TEXHOSIOMMM 3a ONakoBaHEe Ha XPaHWUTESHU MPOAYKTU
npes nocregHuTe JecutuneTus e: acenTUYHOTO OrakoBaHe - CbLEeCTBEeHUTe My
npeguMMmcTBa npen ocTaHanuTe OMakOBBYHW TEXHOSOrMM obaye C nNpaBo ro NOCTaBAT Ha
NMbpPBO MSACTO cpel MHOoBauuuTe B cdoepaTta Ha XpaHUTENHUTE TEXHOSOMMM 3a nocrnegHnTe
50 roguHu. lMpu acenTMYHOTO oOMakoBaHe ce KoMOuHupaT Han-gobpuTe CBOMCTBA Ha
xapTuaTa, nnactMacute W anymMmHUs B e€4Ha MHOrOCMioMHa, BWUCOKOU3APbBXKIMBA
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acenTMyHa OMakoBKa, MNpeanasBawa OT BIAUAHMETO Ha CBETNMHATa M aTtMocdepHUTe
ycnoBus. 10 To3M Ha4uMH NPOAYKTBbT MOXE [Aa OCTaHe He3aMpaseH ¢ mecelm, 6e3 ToBa aa
ce 0Tpa3su BbPXy XpaHUTENHUTE XapakTepUCTUKN U BKYCOBUTE MY KavecTBa. ACENTUYHOTO
onakoBaHe MO3BOMsIBA OMAKOBAHETO Ha HeTpanHM MNPOAYKTM KaTo MIISIKO, COKOBE W
HeKTapu, 3a LeCT W noBevye Meceua, 3anasBamkm OT/IMYHO BKYCOBUTE WM KadecTBa WU
XpaHuTenHa CTomHocT 6e3 HeoBXo0AMMOCT OT 3aMpa3ssiBaHe Unu oxnaxgaHe.

EgoHa ot Han-pobpe nosHatute MAP TexHonorMM € mM3non3BaHeTo Ha Bakyym B
onakoBkaTta. B cbuyeTaHue c Bucoka 6apuepa no OTHOLLIEHME Ha KUCIMOPOA 3a nepuoaa Ha
CbXpaHeHue, XpPaHUTENHUAT NPOAYKT € npednaseH OT OKUCAsiBaHe, a pa3BUTMETO Ha
MUKpOOpraHnammTe ce 3abaBs 3HAYUTENHO, KOETO NpeaoTBpaTsdABa HeroBata pasBana.
M3nonsBaHnTe B XpaHUTenHata MNPOMULLSIEHOCT OMAaKOBbYHM MaLUMHW, BKITHOYUTENHO
Te3n, OonakoBallM BbB BakyyM, € Heobxogumo Aga ca cbobpaseHn C M3ncKBaHuATa 3a
noaxoasi, XurmeHeH ansanH. Heobxoammo e Te Aa He Cb3gaBaT YCroBMs 3a pa3BuMTME Ha
MUKPOOPraHn3Mm, NieCHO da ce no4vucTBaT, MUAT N gesnHgekumpaT. B [dupektnBata 3a
MaLLMHMTE MMa creumanHo oTAEeNeHo MACTO 3a MalMHUTE, U3NON3BaHM B XpaHUTENHaTa
NPOMULLIEHOCT.

®ur. 5. BakyyMH/ ONakoBKW Ha XpaHUTENHW NPOAYKTU

BakyymMHaTa onakoBka Hamupa MpUIOXeHWe Hal-Beve B XpaHUTEINHO-BKycoBaTa
NPOMMULLIFIEHOCT - NMPX OMNakOBaHETO Ha MPECHU M 3amMpaseHn Meca, TparHW, ManoTpanHn
konbacu, penukatecu, CupeHe, Kawkasan, puba, pubHM npoaykTW, SOKW, Kade,
noanpasku, 3eneH4yun, cynu, nonydabpukat n gpyru.

Upe3 npemaxBaHe Bb3OeNCTBMETO Ha OKOMHaTa cpeda ce 3anas3BaT XpaHUTESHO-
BKYCOBMTE KayeCTBa Ha OnakoBaHWUs MNpPOAYKT, 3ana3Ba Ce CBEXWUST My BbHLUEH
BMA, NpedoTBpaTsiBa Ce WU3CbXBAHETO, OBMAXHABAHETO W CMECBAHETO Ha BKyCOBe,
3anasBa Ce CTepuniHOCTTa M ce MOoBMLWAaBa XWUrMeHaTa Ha NpoAayKkra no Bepwurarta ot
NpPoOn3BOACTBOTO MY A0 KparHUs KIMEHT. BakyymHaTa onakoBka crniomara npogykra ga ce
CbXpaHW B MbpBOHA4YanHUs cu nNpy Npon3BoACTBOTO BMA Bb3MOXHO Hal-Abiro BpeMe.

Cb3gaBaHeTO Ha OMTMMaNHW  YCNoBMA B  OMNakoBKata € CBbP3aHO C
XapakTepUCTMKUTE Ha NPoAYyKTa U HAMUPAHETO Ha NOAXOOALM XNaUITHU PEXMMN, ra3oBa
cpea 1 onakoBbYeH MaTepumarn.
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3AKITIOYEHUE

CbBpeMeHHUTE ycrnexu B HaykaTa, B TOBa YMCIIO U B HaykaTa 3a XpaHeHe, BOAAT A0
npomMsiHa B TexHonorusita Ha npepaboTka M KOHCepBMpaHe Ha pPacTUTENHUTE U
KMBOTUHCKM CYpPOBMHM W [0 pasHooOpassiBaHETO Ha acopTUMEHTHaTa CTPYyKTypa.
Cb3gaBaT ce HOBM TexHonoruu, Bogelm [o nogobpsieaHe Ha BKyca, apomarTa,
KOHCUCTEHLMSATA, LBEeTa M CTeneHTa Ha M3non3yBaHe Ha cypoBuHaTta. lNMogobpsiBaT ce
yoobctBaTa Mpu U3NonsyBaHe Ha KOHCEpBUTE 4pe3 NPOM3BOACTBO HA XpaHW, Mmalm
ronsiMa CTeneH Ha TOTOBHOCT, W3Non3yBaHe Ha noaxoasu, ambanax, no3BonsiBaly
NPOU3BOACTBOTO Ha efaHW [03M Ha eauHMUa OnakoBKka W JIeCHO OTBapsiHe Ha
onakoBkaTa. CblUeBpeMeHHO ce nogobpsBaT M MKOHOMWYECKMTE MoKasaTenn Ha
KOHCEepBUPaHUTE XpaHWUTENHW NpoayKTu. ToBa Baxu ¢ ocobeHa cuna 3a cTpaHu, KbaeTo
AbpkaBaTta B peauvua criyyam oTrnycka AoTauuy C orfen NoHWXKaBaHe LieHaTa Ha roToBus
npoayKkT, a OTTYK M Ha WKOHOMMWYECKUTE YCIOBUS 3a MbIHOLEHHO W3XpaHBaHe Ha
HaceneHuneTo.
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XpaHUTenHU XxapakTepucTUKU Ha cycaMbT (Sesamum indicum L.)
M HeroBaTa ynoTtpeba

asTopu: Hypne Axvepnosa, MapusaH bosiHoB
Hay4YHW pbKkoBogMTENN : ac. nHx. Nbope Hakos, gou. a-p.Bukropmnsa CtamaTtoBcka

Nutritional characteristic of Sesame (Sesamum indicum L.) and its use: Sesame (Sesamum
indicum L.) is an important oilseed crop in the world which is used in cooking, traditional medicine due to its
preventive and healing properties. There is yellow and black sesame which are used in different ways.
Sesame is one of the main ingredients in many traditional meals, biscuits, desserts, spreads, bread and
baked goods. Both types of sesame are used to enrich the flavor and healing properties.

Sesame is an important source of phytochemicals, omega-6 fatty acids, flavonoids, phenolic
antioxidants, vitamins and dietary fibers. It has antimicrobial effectiveness, and sesame products also
contribute for certain health effects. Sesame seed and its processed products are subject to a lot of searches
due to the contained components as well as the effect on people’s health. Information available in literature
about the sesame properties and its processed products and their usage are presented in this abstract.

Key words: sesame, chemical characteristic

BbBEOEHUE

CycambT (Sesamum indicum L.) e egHa OT HaW-BaXXHUTE MacnofavHn KynTypu B
cBeTbT. B Kopest oT MHOro roguHn ce oTrnexaa cycam 3a Nnpou3BoACTBO HA TpagULUMOHHN
3[paBOCIIOBHM XpaHU. M3non3Ba ce B NoArotoBkaTa Ha xansa, KakTo U 3a NpOM3BOACTBO
Ha CycaMKW, KerMKoBe, Cnagkuwun u gpyru cnagkapckum n xnebuu msgenus. CbuiectsyBat
ronam 6pon copToBe M BUAOBE Ha CycaM KOMUTO ce OTrnexaaT Npu pasnuyHn KIMMaTuyHu
ycnosus [1].MNpumepHo, B NHANA MOpdonorMyHo mMoraTt ga ce cpewiat cegemM pasrivyHu
reHoTUNoOBe Ha CycaM KOUTO NpeacTaBnsBaT pasnuyHute panoHun B MHaus [2].

CycamMbT € e4HOroguLWHO pacTeHne, YMUTO NNog ce ynoTpsibBa B CyXO CbCTOSIHME.
CamoTo pacTteHne uma gnbboKM KOPEeHU KOMTO MoraT fga ce NpMCnocobBAT Ha pasnuyHun
KnumatuyHn ycnosuda. Moxe pga pacteHa BucoumHa oT 50 go 100 cm. CycambT e
4YyBCTBUTESIEH HA CUITHM BETPOBE, 1 NOpPaan TOBa BUCOKUTE COPTOBE Ha TOBA pacTeHME He
TpsibBa ga Obaart 3acageHun B pamoHu ¢ vectu BeTpoBe. CTbOMOTO cbabpxa ronsimo
KONMMYEeCTBO Ha OKcanoBa KWCENUHA, CYpOBW BIAKHUHW, Kanuui u OpYyrn MUHepanHu
BewlecTBa [3,4]. JluctaTta ca wupokn 0o 5 cm.LiBeToBeTe Ha cycambT ca OT 64n OO ApKo
BT UBAT, HO Ce cpewaT U CbC CUH LUBAT [4].

lMnogbT Ha pacTeEHMETO cycaM € Manbk, paBeH C Kpbrna oopma, C XapakTepeH BKYC
KOUTO noTcewa Ha opexu. lNnogoBete ce pasnuyaBaT No roneMmumHa (0T Manku Ao
ronemm), cnopea LUBeTbT B 3aBMCUMOCT OT copToBeTe (6enu, XXbnTn, cMBu, KadsaBn unum
yepBeHM uBeToBe). [MNoAbT OT CEeBEpPOUCTOYHMSA panioH Ha WNHOua e 4yepeH, To3n oT
WUCTOYHUSA paloH € C KadsiBO O YEepeH UBAT, a AoKaTo MnoabT OT HXHUA PENOH MMma OT
YyepBeH [0 YepBeHo-kadaB uBAT. [nogoseTe oT gpyrute panoHn ca 6enu [2]. benute u
YyepHUTE nNNOAOBE CbabpxaT cpegHo oT 57,8% po 55% wmacno. Macata Ha
npubnmnsntenHo 1000 3bpHa cycam e okono 3g. MNnogoBete KOUTO MMAT NO-CBETHLN UBAT
nmaT no-gobpo KayecTBO 3a Macrio OT cycam B CpaBHEHME C NfogoBeTe KOUTO mmaTt no-
TbMeH UBAT [3].

N3NOXEHUE

XUMUYHM U XPaHUTENTHU XapPaKTe PUCTUKN

HanpaBeHu ca aHanuau Ha pasnunyHM CEMEHa Ha cycama M ca MoJflyYeHu [aHHu 3a
cbCTaBa Ha camute cemeHa. [onyyeHuTe gaHHU ce pasnuyaBaT B 3aBMCMMOCT OT BUAOBT,
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npousxoaa, KnumaTudHUTE YCroBUSl, M3MON3BaHNTE arpapHO MeXaHW4YHW ycnosus u gp. B
Tabnuua 1 u Tabnuua 2 ca nokasaHW AaHHU 3a XUMUYHUAT U MUHEpPanHuUsT CbCTaB B
pasnu4YyHN BMOOBE CEMEHA Ha cycaM MoKasaHu OT pasnnyHu aBTOPW.

Tabnuuyal XMMUYHN XapakTepUCTUKN Ha cycam

ABTOp Macno [MpoTenHn Bbrnexuapatu lMenen
AKINOSO U CbT.
(2010) [%] [5] 42-54 22-25 20-25 4-6
Tunde-Akintubnde
W CbT. (2012)[%)] [5] 50-52 17-19 16-18 /
El Khier u cbT.
(2008)[%] [6] 43,74 — 50,72 32,50 — 40,00 1,03 -2,88 7,50-11,83
Nzikou u cbT.
(2009)[%] [6] 54 20 13,4 3,2
Borchani u cbT.
(2010)[%] [7] 52,67 24,63 / 5,44
Anilakumar v cbT.
(2010)[%] [8] 43,4 - 44,3 18,3-25,4 / 52-6,2
Nweke u cbT.
(2011)[%] [9] 52 -63 3,25-11,27 15,68 — 28,05 1,44 —-5,93
Makinde n Akinoso
(2014) [9/100g] 52,4-62,8 15,4-26,5 11,7- 13,4 3,93-6,78
[10]
Tabnuua 2. MrHepaneH cbCTaB Ha pa3nu4yHM BUAOBE Ha cycam
ABTOp/EnemeHT K Ca Fe P Mg Na
El Khier n cbT. (2008) | 0,1 — 0,44 - | 2,30 - / / /
[mg/100g] [6] 0,27 1,13 3,37
Nzikou 1 cbT.(2009) ggl; 41538+ | | | 64725+ 57953+ 122,50
[mg/100g] [6] 3 4:1 3,14 3,52 0,42 4,21
Borchani n cb1.(2010)
%] [7] 0,17 0,16 0,04 / 0,10 0,01
Makinde n Akinoso 336- 442-
464-567 / 508 399-455 /

(2014) [mg/100g] [10] | 489

CycaMbT CbObpXa MHOIO BaXHW CbeaMHEHUs KaTo: donaBoHoMau, eHonHu
KNCENUHK, ankanouan, TaHWHW, CanoOHUHKW, CTepomnaun, TepneHonaun, NUrHaHn (CesammnH u
ce3amMonuH), rama Tokodepon n neuntuH [8]. CemeHata Ha cycaMbT CbObpXaT: KAPOTUH
60 pg, TvammH 1,01 mg, pubodcdnasnH 0,34 mg, HMauvH 4,4 mg n cdonuesBa KUcenuHa
(cBobogHa) 51 ug [11].

CemeHaTta Ha cycamMbT CbLUO Taka cbabpxaTt oT 50 go 60% macno, KoeTo cbabpxa
nUrHaHm (cesamuH u ce3amonuH). o Bpeme Ha paduHMpaHeTo Ha MacnoTo uaesa [o
Cb3faBaHe Ha (PEHOMHW aHTMOKCUMAAHTK, ce3amosi U ce3amunHon [11]. B cemeHaTa Ha
CycaMbT € YCTaHOBEHO CPeAHOTO KONMMYeCTBO Ha ce3amMuH U cezamonuH1,66 mg/g n 0,73
mg/g, cboTBETHO. ChLlecTBYBaT U JaHHN Ye Ce3aMUHDBT U Ce3aMOSNIMHBT Ca HAMEPEHU B
konuyectso ot 300-400 mg/100g n 300-400 mg/100g, T.e Te ca rmaBHUTE U3TOYHULIN Ha
NUrHaH B cycambT [3].
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MpepaboTkn OT cycam U TeXHUTe XapaKTepUCTUKN

CemeHaTa Ha cycaMbT ce oTrnexaaT 3apagu MacrnoTo OT cycam. TexHonornara 3a
NPOM3BOACTBOTO Ha Macfno OT cycam MpoTU4a B HSAKOSMKO hasu: MexaHU4YHO CMunaHe,
eKCTpakumsa C MoaxoAsll pasTBopuTen (M3noni3BaTt Cce OpraHWyHW pasTBopuUTENU) U
obpaboTka Ha pasTBopuTena ¢ pgectunaumsa. Cynep KpuTUYHaTa eKCcTpakuus e
anTepHaTUBEH METOA MpWU KOMTO Ce M3MNOoN3BaT TEYHOCTWU Mo HandraHe, W npu ToBa ca
HamansBaT pas3xoauTe 3a W3MNon3BaHe Ha opraHnyHus pastBoputen. CemeHata Ha
cycamMbT AaBaT BMCOKO LieHHO Macsio. Cbaobp)KaHMEeTO Ha JIUrHUH B eKCTpakTbT € 32,23%
a npu cynep KpuTuyHaTa ekctpakumsa 1,5 — 3,5% [2].

KoHOuUMOHMpaHETO Ha cemeHaTa Ha CcycaM € MHOro BaxHa onepauus B
NPOM3BOACTBOTO Ha MacsioTo OT cycaMm. ToBa BKIlOYBa:n3nuyaHe, obensaHe, HamansBaHe
Ha ronemuHaTa,TepmudHa obpaboTka,npeaBapuTENHO HansdraHe u cywexe [5]

Macnata OoT cycam umaT MpuUATEH BKYC M Ce cuyuTaT 3a edHuM OT Han-gobpute
pactTutenHun macna. o xpaHuTenHa UEeHHOCT MacnoTo OT cycam e cnej MaclMHOBOTO
mMacno. MacneHute dpakumm ca ctabunHu Ha okcugupaHe. CunTta ce Yye ToBa Ce ObIIKU
Ha NPUCBbCTBMETO Ha Ce3aMMH, CE3aMOSIMH U ce3aMon 3aedHo ¢ TokodeponuTe [6].

MacnoTo OT cycam B CBOSI XpPaHUTENEH CbCTaB BKIIOYBA U ONpeaerieHo KONMYecTBo
Ha MOHOHEHACUTEHN N HACUTEHN MACTHM KMCESMHU, KaKTO U BMOMOrMYHN cbeTaBkm [3].

CbcCTaBa Ha MacTHUTE KUCENWHU B MacnoTo OT Ccycam € NPOMEHSIMB B 3aBUCMMOCT
OT copTa OT KOMTO ce nomny4vaBa macnoto. OcBeH OT copTa, CbCTaBa Ha MacTHUTE
KACESNIMHU 3aBUCU U OT KNMMaTUYHUTE YCMOoBMS, TUMBT Ha nodysata W Ap. hakTopw.
PU3NKO-XMMUYHMNTE CBOMCTBA Ha MacrnaTa ca Npsiko CBbP3aHn C NUMUAHUS U MNULEPUAHNS
cbcTas [6].

Macnoto oT cycam cbabpxa onewHosa (35,9 - 47 %), nuHonHa (35,6 — 47,6%),
nanveTuHosa (8,7 — 13,8%), cteapuHoBa (2,1 — 6,4 %), KakTO N apXManHOBaA KUCENWUHA
(0,2 - 0,7 %) [4,7].

B nctouHnte ctpanu kato AnoHus, Knutam n Kopes, xapakTtepHUST BKYC Ha MacrioTo
OT CycaM Ce AbJIKM Ha NPUCHLCTBMETO Ha Pa3fiMyHN CbefMHEeHUs KOUTO ce Cb3aaBaT Mo
BpemMe Ha npoueca Ha wusnuyaHe. OTKkputn ca 41 pasnuMyHn apoMaTUYHO-aKTUBHU
cbcTaBku [11].

OT cemeHaTa Ha cycama MOXe [a ce nornyym cycamoBo bpalwHo. KasBoTo 1 spko-
KahsiBOTO GpallHO OT cycam MMaT BUCOKO CbAbPXKaHME Ha NPOTEUHW C BUCOKO HMBO Ha
METMOHUH 1 TpuntopaH. ToBa BGpallHO MOXe Aa ce U3Mon3Ba KaTo M3TOYHUK Ha NPOTENHN
UNN KaTo OCHOBHA CbCTaBKa B peLenTypHUsi CbCTaB Ha pasnuyHyn xnebHu 1 criagkapcku
nagenu4a [9,12].

Ali (2006) mn3cnensan BnvsaHWETO Ha fobaBsHe Ha 6Ano 1M yYepBeHO 6pallHO B
pasnUYHO CbOTHOLLEHNE C nweHnYHo BpawHo (5, 10 n 15%), KakTo 1 BIIMSAHNETO BbPXY
KayecTBEeHUTe XxapaKTepuCTukM Ha npounsseaeHus xnab (durypa 1 n 2)[13].

®urypa 1. Xna6 oT nweHn4Ho 6pawiHo (A) n xnsab ¢ pasnnyeH NpoueHT Ha 6ano
6pawHo ot cycam (B,C,D) [13].
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®urypa 2. Xnsb ot nweHn4Ho 6pasiHo (A) n xns6 ¢ pasnuyeH NpPoLEeHT Ha YepBEHO
6pawHo ot cycam (B,C,D) [13].

OT nony4eHuTe pesyntatu e yCTaHOBEHO Y€ € Bb3MOXHO Aa ce npou3sege xnsb ¢
NpPUeMIIMBO Ka4yeCTBO OT MeHWYHo BpaluHo, 6510 n yepBeHo GpallHo oT cycaMm (5% wu
10%). Kato ce cpaBHM xNa6bT KbAeTO 3aMsHaTa Ha nuweHu4yHoTo 6pawHo e 15%,
YCTAHOBEHO € Ye BbIPEeKkn BUCOKUTE XPaHUTESTHU CTOMHOCTU NMoslydyeHus xnsb CeH30pHO e
HEeNpMeMnuB.

MiTa OoT cycam e BTOpPMYEH NPOOYKT B MPOU3BOACTBOTO HAa Macrio OT cycam U e
MHOro BaXkHa Mpu XpaHeHeTo Ha nTuuuTte. OTNMYyaBa ce C CnefHus XpaHUTerneH CbCTas:
8-12% macno, 8 — 25% BnarocbabpxaHue, MuHepanHu sewectea 13% [11].

MHoro nsnceposatenu ca pabotunu 3a nogobpsBaHe Ha Ka4eCTBOTO W CEH30PHUSA
npocmn Ha nNpoaykTUuTe OT cycam. Te ca uscrneaBany U PeosiorMyHUTE U CEH30pHUTE
CBOWCTBa Ha nacta OT ceMeHaTa Ha cycama, KakTo U peosiorMyHuTe CBOMCTBA Ha nacrarta
c aobaBeHa pasnuyHa KOHUEeHTpaums Ha mea [14].

MpunoxeHne Ha cycambT B XpaHutenHo BkycoBaTa lNMpomuwuneHocTt

CycamMbT e KomepcuarnHO AOCTbNeH B pasnuyHm ¢opmu. HerosaTta ynoTtpeba
OCHOBHO € 3a NMpou3BOACTBO Ha Macno OT cycam. Mima xapakTepeH BKyC, KONTO OCTaBsa
no-m3paseH crie, HeroBoTO M3NUYaHe Ha TUX OMbH CaMO 3a HAKOMNKO MWHYTU. benute
CeMeHa Ha CycaMbT Ce M3Mon3BaT 3a MoryvyaBaHe Ha XXenaHata CTPyKTypa Ha pasnnyHu
XNebHN 1 cnagkapcku M3genust ¢ BUCOKa eHeprmmHa CTOMHOCT, KaTto Xnsib n GUCKBUTMW.
CycambT MOXe Aa ce fobaBu M B peuenTypHUs CbCTaB Ha pPasfuyHW BUOOBE CyXxapw.
Mpn cmecBaHeTO Ha cycaM C MeabT UM CbC CUPON ce MnoflydaBaT Cragkulm KoUTO ca
xapakTtepHu 3a HOxHa Asna n 6nmskms N3Tok.

CycambT OM MOrbn ga ce u3nonsea M B MPOM3BOACTBOTO Ha pasnuyHW BUOOBE
MaprapvHu 1 KaTo nognpaska B cnagkuwmTe n 3akyckute. B 3anagHa Adpuka mnagute
nucTa OT cycam NpeacTaBnaBaT BUA 3ereHYyK [4].

CMNAHOTO ceMe Ha cycamMa Hamupa MpuroXeHue B MNPOM3BOLCTBOTO Ha TaxaH,
KOWTO MO-HaTaTbK NpeacTaBrisiBa OCHOBHA CYpOBMHA 3a NPOM3BOLCTBO Ha TaxaH Xansa.
ToBa npeacTasnsaBa BMA cnagkvw ¢ npomusxod oT ApabckuTte cTpaHn, obade ce cumta u ¢
Typcku npomsxod. Kato gecepT Han-mMHOro ce npoussexga B bocHa n XepueroBuHa (OT
cTpaHuTe Ha bankaHckna nonyoctpos), CeBepHa Adpuka u LleHTpanHa Asus [15].

3AKINIOYEHUE

Ha ocHoBaHMe Ha npe3eHTMpaHuTe NnuTepaTypHU OaHHM 3a cycaMbT MoraT ga ce
AanbT criefHUTe U3Boaun:

v' CycambT (Sesamum indicum L.) e egHa OT Hal-BaXHWTE CYpOBMHM 3a
NPOM3BOACTBO Ha Macro B CBeTOBeH mMaLuab.

v' CeMmeHaTta Ha cycama ca Marnku, paBHM U C Kpbrna dopma. Pasnuuysat ce no
ronemMuHa 1 no UBAaT B 3aBUCUMOCT OT copTa (6sna, xbnTa, YepHa, kadsisa n YepBeHa).
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v'  HanpaBeHu ca aHanuaum Ha pasnn4yHU CEMEHa Ha cycam K ca MNOofyYeHn LaHHU
3a XpaHuTenHaTa LEHHOCT Ha cycama (BrarocbabpXaHue, Bbrnexvapatu, NpOoTEeuHM,
MUHEpanHu BeLWecTBa, OfleMHOBA, JIMHOMHA, NanMeTMHOBa WM CTeapuHOBa KUCenuHa
dnasoHoOMAN, EHONHU KUCENWHW, ankanougu, TaHWHW  WUCAMNOHWHW, CTEepOouaMW,
TepneHongn, nurHaHn (cesamMmH W Ce3aMOfnH), rama Tokodeporn, neunuTuH wu ap.
MonyyeHuTe pesyntatm ce pasnuyaBaT B 3aBMCUMOCT OT BMABT, MNPOMU3XOOAbT Ha
cemMeHara, KnMMmaTu4yHuTe YCrnoBusl, arpapHO MeXaHWYHWN YCroBMSA U Ap.

v' CemeHara Ha cycama ce oTrnexaaTt npeamn BCMYKO 3a norlydaBaHe Ha macno. Te
cbabpxaT B cebe cu onpeneneHo KoMy4ecTBO Ha MOHOHEHACUTEHU M HAaCUTEHU MacCTHU
KMCESTMHWN KaKTO 1 BMONOrMYHO akTMBHWN BELLECTBA.

v' OT cycambT MOXe aa ce nony4dm opawHo. KadsBoto u sipko-kacdsaBoTo GpallHo
OT cycama MMaT BUCOKO CbAbp)KaHME Ha MPOTEMHU C BUCOKO HMBO Ha METUOHWUH U
TpunTodaH.

v" MHoro aBTopu ca paboTunu BbpXy U3crensaHe Ha KayecTBOTO Ha nmacrtaTa oT
cycaMm, KakTo 1 HEMHOTO eXeHEBHO KOHCyMUpaHe OTCTpaHa Ha xopara.

v' CycambT ce m3nonsea 3a nofly4yaBaHe Ha Macrno, 3a Npou3BOACTBO Ha TaxaH
Xanesa, MaprapuH, B npou3BOACTBOTO Ha cyxapu, bucksutn, xnsab, kato nognpasBka Ha
pasnuYHu Cnagkuim n gecepTn n apyrn NpoaykTu.
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N360p Ha XxpaHU NOQUYMHEH Ha FPpUXKa 3a 34paBeTo

asTopwu: [NaennHa Togoposa, Teogopa AumutpoBa
Hay4deH pbKoBoauTen: rn. ac. a-p Mapwuinka lNeTtposa

Food choice subordinated to health care: Is the consumer's fear well- grounded caused by variety
of information sources about the used additives in foods, known for their E-numbers. Systematization of
additives used in foods according to their harmful effects on human health. The consumer's opportunity of
buying quality and safe food from the market, predetermined by food labels.

Key words: food additives, human health, food labels

BbBEOEHUE

KauecTtBOTO 1 6e30nacHOCTTa Ha XpaHUTENHUTE NPOAYKTU € MHOro BaXeH hbakTop
3a nogabpxaHe Ha O06pOo 34paBOCHOBHO CbCTOSIHME OT HaceneHueto. ETukeTuTe Ha
XpaHUTeNHUTE CTOKM TpsibBa necHo M ObpP30 Aa opueHTMpaT noTpedbutenute B
npasuiiHaTa Nocoka npu nasapyBaHe.

3abonsaBaHuATa CBbP3aHM C XpaHEHETO ca cepuo3eH npobnem, KOWTO AHEC ce
npuemMa c noBMLLEHA OCTPOTa OT CbBPEMEHHOTO, A06pe MHPOPMMPaAHO 1 MOTUBMPAHO 3a
no-gobpo kayecTBO Ha XmBoTa obuwecTBo [2]. [NocnegHUTe geceTuneTsa nokaseart, ve e
Hanuue sIBHO “nogmnagsiBaHe” B HOCUTESNICTBOTO Ha pPUCKOBWM (bakTopu 3a 3gpaBeTo.
OrpaHnM4yaBaHeTO UM MOXe Aa ce MNOCTUrHEe 4pe3 npunaraHe Ha pasnuyHu OEeVHOCTMW,
HacO4YeHM KbM 30paBOCIIOBHM MPOMEHM B HayMHa Ha XMBOT U OCUTypsiBAHE Ha cpeaa,
yTBbpXgaBala 3gpase. [4].

CpefctBarta 3a MacoBa MHopMaumss HacoyBaT NoTpedbuTennuTe KbM OMNACHOCTUTE,
KOUTO MoraT Aa npeamssukaTt BpeaHuTe 4o6aBku B XPaHUTENHUTE CTOKU:

v' "KOnKOTO U HSAKOW NPOU3BOAMTENWN Aa TBbPAAT, Y€ B Manku 03N pasnuyHuTe
pobaBkn B xpaHuTe ca 6e3BpefHu, UCTUHATA €, Ye ronama 4YacT OT TAX ce HaTpyneaT B
opraHmama. o TOo3n HaudmH, Korato KOHCyMMpaMe MO Karnka OTpOoBa BCEKWM AEH, B €AWH
MOMEHT YaluaTta npenuea”, kKomeHTupa npeg "168 yaca" a-p OrHsaH CumeoHoB [5].

v' AMapaHTbT € onacHo ga ce npuvemMa npu OpemMeHHOCT, Tbi KaTto BOAU
00 yBpexaaHusa B nnoga. Ton ce gobass B XenupaHu NpoaykTn U pasnnyHu MbiHEXN.
3abpaHeH e B MHOro ctpaHu, cpeg kouto Pycna, CALL, Asctpanus n Hopserus [6].

v’ "TpeBoXxM Me QaKkTbT, Ye HUKOM He e M3crnedBan kak BNUSST Ha opraHuama
AobaBkuTe B XpaHUTENHUTE MNPOAYKTM NPU CBPBXKOMOWHMpPAaHE, 3awoTO KOHTPOSHUAT
opraH 3a 6e3onacHoctTa Ha xpaHute B EC, konto ce Hamupa B [lapma, ce npousHacs
camo 3a oTaenHute xummukanu. Cnopen oHkonoau, kato npod. YepHosemcku, 30% oT
pakoBuTe 3abonsBaHMA Bb3HWKBAT BCMEACTBME Ha HenpaBuNHO XpaHeHe. C Tean
BelllecTBa ce 00sicHABa U aKkTbT, Ye Npean y Hac He ce paxaaxa geua ¢ mandopmaumn,
a cera ca pgocturHanu uenu 4%", cnogensa gou. [doHka bankoBa, OBl HauUMOHanNeH
KOHCYNTaHT Mo 34paBOCHIOBHOTO XpaHeHe [5].

[obaBknTe B XxpaHUTE Ca BELLECTBA, KOUTO Ce BriaraT 3a NOCTUraHe Ha onpegerneHa
TEXHOMOIMYHa Len - KaTO KOHCEpPBaHTK, OLUBETUTENN, eMynraTopu, nogcnaguteny n ap.
3akoHogaTenctBoTo Ha EBponenckus cbio3 (EC) rn onpegensa kato "BCSIKO BeLLECTBO,
KOeTO OOMKHOBEHO HE Ce KOHCyMMpa CaMOCTOATESTHO KaTO XpaHa M He ce U3Mnon3ea KaTo
XapakTepHa CbCTaBKka Ha XpaHWUTe, HE3aBMCMMO Aanu nputexaBa XpaHWTENHa CTOMHOCT
UNN He, U YNEeTO LEeneHaco4YeHo BfaraHe C TEXHONOrMYHa Len B XpaHW Ha eTana Ha
TAXHOTO  MpPoM3BOACTBO, npepaboTka, npurotBaHe, o6paboTka, onakoBaHe,
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TpaHCnopTUpaHe UNn CbxpaHeHne BOAU U MOXe [a ce cyuTa, Ye BOAW, 40 NPAKOTO Unum
Henpsiko npeBpblLaHe Ha TOBa BELLECTBO UMW Ha BTOPUYHUTE MY MPOAYKTU B CbCTaBHa
YacT Ha Te3n xpaHu ". OCHOBHUTE 3aKoHOLAaTeNHW W3NUCKBAHUSA MO OTHOLWIEeHME Ha
pobaBkmTe B XpaHuTe, ycroBusTa 3a ynotpeba M eTukeTUpaHe ca YCTaHOBEHW B
PernamenT (EO) Ne 1333/2008 Ha EBponenckus napnameHT n Ha CbBeTa oT 16 gekemBpu
2008 rognHa OoTHOCHO O0BaBKUTE B XpaHUTE.

lMpeansBukaTencrteata B XpaHEHETO Ha HaceneHueto, B 6esonacHocTTa w
KayecTBOTO Ha XpaHuTe, B 3aKOHOAATeNCTBOTO M CTaH4apTu3auuaTa, B cTuna u metoaurte
Ha KOHTPOJ BbPXY XpaHUTE N XpaHEHETO, Ca MHOMO U Pa3HOMOCOYHM [2].

Kato xpanutenHn pobaBku, XuUMUYHUTE BellecTBa yOb/bkaBaT CpoKa Ha
CbXpaHeHMe Ha XpaHuTe, a KaTto Garpuna v nognpasBkyM NpaBAT XpaHaTta no-anetTutHa U
no-npmenekartenHa [3].

U3NOXXEHUE

TeopeTUYHOTO passiCHSIBaHE Ha Bb3MOXHOCTUTE Ha MHGOpMMPaH N3bop Ha XpaHu U
HanNUTKN, KOUTO HE CbAbpXaT BpeaHn gobaBkn, MOXe Aa NognoOMOrHe AOMakMHCTBaTa ga
3aKkynyBaT npaBuiHaTa xpaHa.

bosaTta e HanuTka, KOSITO MHOFO 4YecTO Ce M3nons3ea 3a Aeua M Bb3pacTHU. AKO
BHMMAaTESIHO Ce NpoYeTe CbAbPXXaHMETO Ha HAKOM eTUKeTU oT 603a, KaTo noacnaguTten e
nocoyeHa pgobGaekaTa - acnapTam. AcnapTambT Ce Onpeaens KaTto HWCKOKanopuyeH
n3kyctBeH noacnaguten. CmsaTaH € OT MHOMO y4YeHM 3a XMMUYHa OTpoBa M M306Lo 3a
Han-onacHaTta gobaska KbM XpaHuTe. Hsakon oT 6onecTHUTE NposiBu ca No-nekun, a apyru -
CEpPUO3HN: rnaBobonme, KOETO MOXEe [Ja MMa MUTPEHO3EH XapakTep, Npobnemun ¢ nameTTa
(4ecTo cpewaHo), rageHe, HagaaBaHe Ha Terno, obpusu, genpecus (ocobeHo y xopa C
reHeTU4YHOTO 3abonsiBaHe QeHUnKkeToHypus), G6e3cbHue, nNpobremMn CbC 3PEeEHMETO U
cnyxa, cbpuebueHe, 3aTpygHeHus B AuwaHeTo, 3aryba Ha BKyca, HapylleH roBop,
3aMasiHOCT M BMEHE Ha CBAT, CTaBHM GOMKM M Op., KaTo AOPM MMa CbOOLLEHN CMBPTHU
cny4yau. [locoveHnTe CMMNTOMK ca TOJTKOBA YECTO CpeLLaHn, Ye HAKOW fiekapu roBopAT 3a
»<acnaptamHa 6onect“ [3].

OT pasnuyHn n3touHnumn B MIHTEPHET, MOXe Aa ce OTkpue MHOopMaLms 3a OnacHu
E Ta usnonseaHn B XpaHuTenHu npoayktun (dpurypa 1, durypa 2) [7, 8]. Ha curypa 1 ca
nokasaHu OaHHUTE 3a onacHu obaBku, B3€TU OT MHAOPMALMNOHEH M3TOYHUK, KOMTO LLE
Hapuyame ,nbpBu“. [lobaskuTe onucaHu B Hero ca 106 Ha 6pon n Ha durypa 3 ce Buxaa
TAXHOTO NpeacraBsiHe No Oponkn 3a cboTBeTHUTE 10 KaTeropuun, onpeaensm BpegHoTo
UM Bb3OEeNCTBME BbpXY YOBELLKOTO 3apaBe. Ha dwmrypa 2 ca nokasaHu gobaskuTte OT
ApYyrma M3TOYHUK Ha WHQOpMaUnsa, KOUTO Lie Hapudame ,BTopuM“ M MMa camMo [Be
KaTeropum — kame2opu4Ho 3abpaHeHU N GoKa3aHO 8pPeOdHU, CbOTBETHO 7 1 9 Ha Gpon.

C HacTosiwarta cratus, Ha 6asaTa Ha NpoBeAEeHN n3cnenBaHust Ha eTukeTn ot 102
B6es3ankoxonHn Hanutkm n 101 eTMKeTM Ha MeCHM MPOOYKTUM Ce NpoBepsiBa, KOJKO OT
KOMEHTMpaHnTe onacHn fobaBkM ca M3NON3BaHW B m3cneaBaHute etuketu. lpaeu ce
aHanmM3 Ha JaHHMTEe OTHOCHO HaTpynBaHETO Ha JobaBkMTE M BPeAHOTO UM BRUSAHWME, ako
YOBEK CM Nnoxanea 1 NuiBa Hewlo 6e3ankoxonHo e AHOBPEMEHHO.
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Mpn cbnocTaBka Ha nocoyeHuTe [oOaBKM B U3TOYHMLMTE, Ce BWXOaA, Ye camMo 5
AobaBkM OT BTOpUS M3TOYHUK HE ca JageHu B nbpBus. Toea ca E128, E132, E200, E217 n
E621.

3a Tax MoXe [a ce Hamepu criegHaTta uHdgopmauus, gageHa B Tabnuua 1 [9]:

Tabn.1 Hdopmauna 3a gobaskn E128, E132, E200, E217 n E621

E128 | Red 2G 3abpaHeH B ABCTpanuss M MHOMO [pyrM CTpaHU C
n3KnyeHve Ha BennkobputaHus .
O6bwnyanHa cbcTaBka Ha TabneTtn u kancynu. Ma3nonsea ce
Indigotine, CbWO B cnagorneau, Cragkiwn, nevYeHu  mnsgenus,
Indigo cnagkapckm u3genus, Gucksutn. [lonyyaBa ce no
E132* | carmine, CMHTETMYEH nNbT OT BbrMWweH katpaH. Moxe paa
FD&C  Blue | MPEAV3BMKA  rajeHe, MoBpbliaHe, MnoBMLIABaHE —Ha
No?2 KPBbBHOTO HansraHe, 3ayepBsiBaHe Ha Koxarta, OuxaTernHu
npobnemn w©n Apyrn aneprudyHuM peakumu. 3abpaHeH B
Hopserus.
CopbuHosa MonyyaBa ce OT nnogoBe (Arogw, ManuHKU, KbMWHW,
E200 KACENMHA OOPOBUHKM) UMK MO CUHTETUYEH NbT. Bb3amoxeH ApasHuten
Ha KoxXara.
HaTpues BeluecTBOTO € KaHLUeporeH, B CbCTOAHWE € Aa npeausBuka
pasnuyHn aneprun. Mma 3abpaHa 3a BHacAHETO Ha
E217 nponun npoayktn, cbabpxawm E217 B EC. Cnopen eBponencku
g'eXHM:gF;?KCM YYEHUN, KOHCEpBaHTbLT MOXe [a [oBede [0 CEepUO3HU
HapyLleHNsl Ha penpoayKTUBHaTa (PyHKUMS.
MoHoHaTpue ApomaTunsatop u 3amectuten Ha conTta. [NonyyaBa ce npu
depmMeHTaumsa Ha Menaca.HexenaHn peakuuu morat ga ce
E621 Eﬂ Tamat nonyyar npu 6onHM OT acTMma. Hawm-yecto ce u3anonsea B
y 3amMpaseHu 3eneHdyuu, 3ampaseHa puba TOH, M MHOro
APpYr1 3ampaseHun XpaHu, B COCOBe.

[aHHnTe OT nacneaBaHuTe GE3aNKOXOSHU HAMUTKU NO TEXHUTE eTUKeTM MOoKasear,
4ye OT MOCOYEHUTE OMacHM OuBETUTENM Ca M3MNON3BaHW, OT nMbpBua 11, a oT BTOpPUSA
n3TouHuk 3 (durypa 4). OT rpadukaTa ce BUxXaa, Ye ABaTa Han-M3non3BaHn OLUBETUTENN
ca NoCOYEeHN camMo B MHOpMaUMOHEH M3TOYHUK 1. Te ca cboTBeTHO E160, noco4veH e
KaTO CbCTaBka B €TUKeTUTEe Ha 24 Oes3ankoxonHu Hanutkm n E122 B etuketute Ha 11
6e3ankoxonHun HanuTku. CneaBawimte ABa HaW-M3MON3BaHM OLBETUTENU Ca NMOCOYEHU U
OT ABata WMHMOPMaUMOHHU M3TOYHMKa — E102, nanonsesaH e 3a npuroTBaHeTo Ha 10
oesankoxonHn Hanutkm un E110, nocoyeH e KaTto cCbCTaBka B eTukeTute Ha 4
©e3ankoXonHN HanuUTKN.

OTHOCHO aHanuamMpaHuTe eTUKETU OT MECHW NMPOAYKTU, N3CreaBaHETO NMoka3ea, Ye
OT MOCoYeHUTE B MbpPBUS MHDOOPMALMOHEH M3TOYHWK OMNACHU OUBETUTENN ca OTKPUTKU
camo gga: E120 B 42 npoaykta n E160 B 2 npogykta (curypa 5). B eTuketute HAma
AaHHW 3a U3MNON3BaHM OLBETUTENN, MOCOYEHN OT BTOPUS MHOOPMALMOHEH U3TOYHUK.

OT MHO20 onacHume 0obaeku Ha WH(pOPMALMNOHEH M3TOYHMK 1 He ca OTKPUTK
AaHHU BbpXY €TUKETUTE Ha MECHMUTE MPOAYKTU N BbPXy eTukeTuTe Ha Ges3ankoxosiHuTte
HanuTkn. OT durypa 6 ce Bmxaa, Ye OT onacHume Aobaseku Ha VHHOOPMAaLMOHEH
N3TOYHMK 1 ca n3nonssaHn 42 B MecHUTE NpoaykTu n 17 B 6e3ankoXOnHUTe HanuTKu.
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Meco 1 MmecHU NpoayKTU

BesankoxonHu HanuTku
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dur. 6 Msanon3BaHn onacHu Ao6aBkn NOCOYEHN B U3TOYHUK 1

3AKNIOYEHUE

3a ga ce HanpaBu 30paBoOCioBEH M360p Ha XpaHUTENHU NpoaykTu e gobpe Aa ce
yeTaT €TMKETMTe Ha NpoaykTUTe 3a u3nonseaHuTe OobaBkym M Oa ce 3Hae, 4ye uma
npoayKTh, NpU KOUTO He ce M3MOon3BaT TakuBa, 3a KOMTO MMa [aHHM, Ye ca onacHU 3a
3apaBeTo.

He ce 3Hae, ako OT HSAKOMKO pasnuyHM NpoaykTa ce NnoemaTt OMacHW OUBETUTENM
Hanpumep, Oann Te HaAMaT HaTpynBawo OeNCTBME M He MoraT Aa oKaxaT BpeaHu
Bb3AENCTBUSA BbPXY YOBELLKMS OpraHn3bM BriocreacTene. ETo 3allo e npenopbYnTenHo,
Aa ce MpoBexaa passiCHUTENHa KaMnaHus 3a WHdopmupaH M36op Ha MNpoAyKTU OT
TbproBckata Mpexa cpe/ pasnuyHUTe CrioeBe Ha HaceneHneTo.
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CuHTe3 n uscnegBaHe Ha CeNIeHUTUTE HA ragoNniuHns

aBTopu: Mapusi MlopgaHosa, MaraganeHa Togoposa
Hay4eH pbkoBoauTen: gou. a-p Munyeka CtaHyeBa

Synthesis and study of the diarrhea of gadolinium: The further development of methods for
obtaining high-temperature semiconductor materials, special alloys, catalysts, luminophores is unthinkable
without the scientific study of the physico-chemical properties of chalcogenides.

Selenium, as a representative of this group of elements, forms a number of oxygen and binary
compounds with different applications.

There is no evidence in the literature of a full study of the preparation and properties of the lanttoid
selenium.

Given the increasingly diverse use of the various selenium compounds as well as the compounds of
the lanttoids, the production and testing of selenides of rare earth elements is a topical issue.

Key words: selenites, rare earth elements, gadolinium, defining-thermal analysis.

BbBEAOEHUE

O6wu xumu4yHU ceolicmea

CeneHbT e xummyeH enemeHT oT VI rmaBHa nogrpyna Ha nepuoguyHata CUCTEMA;
aToMeH Homep 34, aToMmHa Mmaca 78,96, HemeTan [1]. B cbeamHeHndaTa ce sgBsiBa oT 2-pa,
4-Ta n 6-Ta BaneHTHOCT. KoHdurypauusaTa Ha BbHLWIHATa enekTpoHHa obBMBKa Ha atoma
Ha ceneHa e cnegHata: 4s’4p* nBaTa p-enekTpoHa WMaT €[HAKBM CNMHOBE, a
ocTaHanuTe gBa — pas3nuyHu. [Nopagn ToBa aTtoMuTEe Ha ceneHa ca CcnocobHu fa
obpasyBaT [OByaTOMHM Monekynu Se, wunM Bepura OT atomm —  Se.

CerneHosodopo0

H.Se e GesuBeTeH ras ¢ mupusma, nogobHa Ha Tasm Ha cepoBogopopga. JlecHo ce
BTEYHsIBA, BTBbPAsBA M pasnara. [opu cbC CMH NnaMbK, kKato obpasyBa 6sna mbrna oT
SeO,, a Npu HeJoCTUr Ha KUCNopo4 oTaensa YyepBeH ceneH. BbB Boga ce pasTBaps KaTo
obpasyBa CeneHoBOAOPOOHA KUCENMHA, KOATO € Mo-CuiHa OT cepoBogopoAHaTa MU gaBa
ABa BMaa Conu — Kucenu (XMaporeH) ceneHnam M'HSe HopManHu ceneHngm M,Se.

CeneHuou
Conn Ha cepoBogopogHaTta kucenuHa H,Se. [Mo3HaTM ca gBa pega ceneHuaum,
nopagn [OBYOCHOBHOCTTA Ha ceneHoBogopogHaTa KucenvHa — XWMAPOreH ceneHnau

(kvicenu cenennaum) c obwa cdopmyna M'HSe u HeyTpanHu (HopmarnHm) ¢ obLa hopmyna
M,'Se. CenenHugute Ha ankanHWTEe W ankarno3eMHUTE enemMeHTU ca 6e3uBeTHW. Upes
npueMaHe Ha oOlle CeneHoBM aToMu, Te ce MNpeBpblaTt B nonuceneHuanm ¢ obuia
cdopmyna M,'Se,, KOMTO B MOBEYETO Cryvanm ca YepBeHo ouBeTeHn. CeneHuaute Ha
TEXKUTE MeTanu ca Mo Havano MHTEH3MBHO ouBeTeHU. CUMHTETMYHO ce nony4daBaT npu
npekapBaHe Ha CeneHOBOAOPOL Mpe3 pas3TBOpWM OT MeTarHuM CONMvM UMM Hanpaso Mnpwu
cTansHe Ha ceneH ¢ metan. OnosHUAT ceneHng PbSe ce nsnonasa kato nosynpoBOOHUK
B TEPMOENEKTPMUYECKM anapaTypu, UMHKOBUAT ceneHng ZnSe W OBOWMHUAT LUHKOB
ceneHnag — UuuHKoB cyndug ZnSe.ZnS - kaTo cBeTewMm BewlectBa /nymMuHodopu/,
kagmneBuat cenenng CdSe — kato nurmeHT [2,3].

Okcudu

Han-tpanHn okcnmgn Ha ceneHa ca SeO,; u Se0;. CeneHoBuMAT Ouokcug
npeactaensiea 6nectawm 6enn urnectm Kpuctanu ¢ nabTHocT 3,95 g/cm3; necHo
cybnmnmupa. Npn cToeHe Ha BnaxeH Bb3ayX pearnpa ¢ BogaTa, kato obpasyBa ceneHucTa
kncenuHa. MNonyyaBa ce npwu M3rapsiHe Ha ceneH B CTpysa OT kucnopod. CeneHucrata
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kncenuHa H,SeO3 kpuctanuaupa B 6e3uBeTHM NPU3MK, KOMTO Ha Bb3ayxa ce U3BeTpsBarT.
Ta e cnaba gByocHoBHa kucenuHa. CeneHoBuaT Tpuokeng SeO; e TBbpao 6e3uBeTHO
BewecTBo, koeto npu 118°C npemuMHaBa B CUMHO MpedyynBalia CBETAMHATA TEYHOCT,
KOATO fecHo ce npeoxnaxna 6e3 ga ce BTBbpasia. C Boga obpasyBa ceneHosa
kncennHa H,SeO,.

CeneHumu

Conn Ha cenenuctata kucenuHa H,;SeOs. [TbpBUYHMTE (KMCenW) ceneHnTu
M()HSeO3; ca MHOro pasTBOpMMW BbB BOAA, OOKATO OT BTOPUYHUTE (HeyTpanHute)
cenenntn M,SeO3; pas3TBOpUMM Ca caMo Te3u Ha ankanHuTe metanu. BogHuTte pastBopu
Ha cCeneHnTUTe B CNeACTBME Ha Xuaponusa pearvpat ankanHo.[4] Bcuuku ceneHntu ca
6e3uBeTHN. CeneHnTHUTE MOHHO BbB BOAEH pa3TBOp cnopepn bpuHuuMHrep cbuiecTsyBaT
noa popmaTta Ha XeKcaxwuapooKoceneHUTHW oHu [Se(OH)g]*>. Cenenutn ce nonyyasaTt
4ype3 HeyTpanuampaHe Ha CeneHucTa KucenvmHa C MeTanHu XMapokemam mnu kapboHatu.
Hsakon ceneHnT HamupaTt NpUNoXXeHne B CTbKNAPCTBOTO NPy NPOM3BOACTBOTO Ha LIBETHM
eMannm, a Cblo M KaTto cpenctBo 3a 6opba cpelwly BpeautTenute no pacTeHusiTa.

CeneHamu

Conu Ha ceneHoBaTta kucenvHa H,SeOg4. [No3HaTu ca kncenn (XMaporeH) ceneHatu ¢
obwa dopmyna MIHSeO,4 n HeyTpanHu ceneHatn - M,SeQ,. CeneHatnte ca TEPMUYHO
mMankoyctonumeu. lNpun 3arpsBaHe NecHO OTAEenAT OT MofeKynaTa CM Kucnopog 1 ce
nposiBABaT KaTo okucnutenu. [pu HarpsBaHe Hag BbIMEH ce pefyumpat o csoboeH
ceneH. Cenenatnte obpasyBaTt ABOMHM conu. HaTpmeBnAT ceneHaT Hammupa npunoxeHme
B CTBbKNApCTBOTO U NPW NPOU3BOACTBOTO HA LBETHW eMannu, a BOOHUAT My pas3TBoOp ce
ynoTpebsiBa KaTo CpeaCcTBO CpeLly BpeauTenuTe Nno CeriCKOCTONaHCKUTE KynTypu.

Mpernena Ha nuTepaTypaTa Ha CeneHUTUTe Ha ragonvHUs nokasea, Ye Bbrpoca no

nony4aBaHeToO M WU3CNeABaHETO MM He € MNpoydeH cuctemaTuyHo.[5,6]MNybnunkyBaHuTe
METOAM 3a MoriyyaBaHe Ha HOpMasiHW WU XMOPOreHCEeNeHUTW codaTt, vye ce nonyvasaT
npeauMHO KpuctanoxmgpaTn, HO BuAa Ha KpUCTanoxmapaTtute He € W3SACHEH. Teau
HEeMbMHOTM B nuUTepaTtypata HU Haco4dMxa KbM nogbopa Ha obekTute M MeToaumTe Ha
nscneaBaHe.

N3NOXEHUE

M3MNON3BAHU MATEPUAIU

Mony4yaBaHe Ha ceneHUTUTE Ha rafoNIMHUA

KaTo nsxoagHu Bellectsa 6sxa M3non3yBaHn ragofiMHUEB OKCUA CbC CbAbpXKaHWE Ha
OCHOBHO BELLECTBO He Mo- HMUCKo oT 99,99 mac.% u conHa KucenunHa ¢ BUcoka YmcrtoTta. 3a
3apexgaHe Ha npobute B cuctemute Gd,03-Se0,-H,O 6saxa nanonaesaHn Gd,(SeOs)s u
SeO,, nony4yeHn No MeToarka, paspaboTeHa OT Hac:

MonyyaBaHeHaceneHoOB ANOKCUA

YUunct SeO, ce nonyyaBa No MeToda, OCHOBaH Ha OKUCIEHWETO Ha CeneH B a30THa
KucenuHa:

3Se + 4HNO3 = 3SeO; + 4NO + 2H,0

3a uenTta ce u3xoxga OT YMCT MeTaneH ceneH /kBanudukauma B/ v paspegeHa
asoTtHa kucenuHa / HNOs: H,O=1:1/. OkncneHmeTo ce npoBeXxaa Ha ropeLlo, Kato KbM
asoTHaTa kKkucenvHa ce npubaBs Ha nopuMM MeTaneH ceneH [0 npekpaTaBaHe
OTOAENsiHeTO Ha as30THM okcuaun. Pas3TBOpbT cnea OTAekaHTUpaHe un unTpyBaHe ce
n3napsiea 40 Cyxo Ha nsicbYHa GaHsA, C uen NbfAHO OTAEeNsiHE Ha a30THUTE OKCUMAU U
U3KpucTanuanpaHe Ha ceneHoBust guokcug. [lonyyeHMaT ceneHUMT ce noanara Ha
TpuKpaTHa cybnumaums. YictnsaTt ceneHoB guokeua npeacraensea 6sna kpuctanHa maca
C SICHO M3pas3eHn UrnecTn KpucTanm.
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MonyyaBaHeHapeagKO3eMHUCENEHNUTH

CeneHnTnTe Ha peako3eMHUTE efnieMeHTn 6sxa NnonyyYyeHn nNo cnegHaTa MetToamka:[7]
N3xogHnTe okcnan 6s1xa pasTBOPEHN B KOHLIEHTPMpaHa COSfHa KUCENUHA, U3NULWBKBLT OT
KOSITO Ce OTCTpaHsABalle 4pe3 Wu3MnylBaHe Ha BOAHWSA pasTBOpP. Taka nonyyvyeHuTe
6e3BogHKN xnopuaun 6sxa pasTBapsiHM BbB BOAa U KbM THAX ce npubassiwle BOAEH pa3TBOp
Ha HaTPWEB CENEHUT, NOMTYYEH CbLLO OT HAC Ype3 CMeCBaHE Ha EKBUMOSApPHM KOnmnyecTea
BogeH pastBop Ha SeO, n NaOH /99,99 wmac.%/. YTankata cneg npecrtosiBaHe B
MaTepHUs pas3TBop ce UNTpyBa, NPOMMBa 4O HeyTpanHo pH 1 nscywasa Ha Bb3ayxa.

AHAJIN3 HA NMONYYEHUTE N3XOOHU NMPOAOYKTU

OnpepensiHe Ha peAKo3eMHUSs efieMeHT B TBbpAaa ¢asa

OnpepensaHeto Ha Gd kato Gd,O3 ce n3BbpLIBaA Ype3 NPSIKO KOMMNIIEKCOHOMETPUYHO
TuTpyBaHe ¢ 0,05M pa3TtBop Ha kKomnnekcoH Il npu nHankaTop kcuneHonopaHx [8].

OT nscnegBaHaTa cuctema ce npeTernaT Ha aHanuMTUYHa Be3Ha TOYHO onpeaeneHn
konuyectea 0,5-1,0000 g ot TBbpaata ¢asa. ChbwuTe KonNuyectBa ca npeHacart
KonuyectBeHO B MeputenHu konbu ot 100 ml u ce pastBapat B 5-10 ml koHUEHTpupaHa
COnHa kucenuHa. KbM kncennHHmna pasteop, cbabpxal o 100mg Gd ce npmubass manko
KONMMYECTBO KCUIEHONMOPaHX W Ha nopuuMm TBbPA YPOTPOMMH [0 MoflydaBaHe Ha
BMOSETOBO ouBeTaBaHe. Pa3tBopbT ce TutpyBa ¢ 0,05M pastBop Ha komnnekcoH Il go
nosieaTa Ha YMCTO JIMMOHEHOXbIITO OLBETSIBAHE.

OnpegensiHe Ha NaHTaHOMAHM NOHM B Te4Ha hasa

CbabpxaHveTo Ha Gd®* - iloHn B TeuHa dasa ce onpeaenst cnekTPoPOTOMETPUYHO
Ha anapaT "Cnekon-11"- npoussoacteo Ha Kapn-Llaic, Mena-T'epmanna npu nHamkatop
anusapuH S, AbimkMHa Ha BbnHata A=550 nm n pH Ha cpepaTta 4,67 [9].

OnpepgensiHe Ha ceneHOB QUOKCUA

AHanu3bT Ce OCHOBaBa Ha W3MNON3yBaHETO Ha WOAOMETPUYHMTE MeToaM 3a
onpenensHe Ha ceneH [10].

Se(lV) ce pegyumpa ot KJ g0 enemMeHTapHO CbCTOSIHME, KaTo 0CBOBOAEHUAT nog
ce TUTpyBa C TMocyndgar.

Se0Os* + 4J + 6H" = Se + 2J; + 3H,0

Ot nscnegBaHata cuctema ce B3emaT TOYHO onpegenenu konuyectesa 0,5-1,0g ot
TBbpAaTta n 5-10 g oT TeyHaTa pasm M ce NpeTernsaT Ha aHanuMTuMyHa Be3Ha. CoblumTte
KONnMyecTBa Ce MNPEHacAT KONMMYECTBEHO B MepuTenHu konbu ot 100ml, kaTto TedHaTa
dasa ce pasTBaps BbB BoAa, a TBbpaarta B 5-10 ml KkoHUEHTpMpaHa conHa kucenuHa. B
Konba noaHo ymcno ce otmepsa npoda ot 10 ml, npubaeat ce 1-2 g KJ n 10 ml 2M HCI.
KonbaTta ce 3aTtBapsi U npobata npectosiBa Ha TbMHO B npogbibkeHne Ha 20-25min.
OTgenunuat ce 1og ce TUTpyBa cnen BHUMAaTENHO M3MUBAHE Ha CTEHUTE 1 3anywlankaTa
Ha konbata ¢ 0,05M pa3TBOp Ha HaTpueB TMOCYNdaT U MHAnKaTop ckopbsana.

PeHTreHOCTPYKTYpPHU U peHTreHoda3oBu nscneaBaHus

MNMoprotBeHuTe 3a wu3cnegBaHe obpasum ce cTpyvBaT B axaTtoB XaBaH [o
nofyyaBaHETO Ha Bb3MOXHO HauW-puHaTa JAucnepcHa cucTema, YyOoBneTBopsBalla
yCrnoBudaTa 3a noriydaBaHe Ha nNpaxoBu Andpakrorpamu.

Taka npuroTBeHMTe NpaxoBu Npobu Osixa uacnegBaHu Npu cTamHa TemnepaTypa C
anapatn JPOH-3XI1 (Pycusa), cHabaeH ¢ Cu tpbba nnn JPOH-YM1 (Pycus), cHabaeH ¢
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Co Tpbba, kouto paboTaT npu pexmm ot 30mA un 35kV. 3a peHTreHOBOTO NbyeHne oT
Tpbu ¢ Cu unn Co-oBu aHoan ce nsnonsysat cbotBeTHO Kg-Ni nnu Kg-Fe duntpu. 3a
permctpauus Ha gudpaktupanuTte nbyYn ce K3nonsyBa CUMHTMNAUMOHEH 6posid ¢ Nal
cumHTMnaTop. AudpakumMoHHUTE KapTUHK Baxa 3anMcBaHn Ha NULELLO YCTPOMCTBO BbPXY
anarpamHa xaptusa. CkopocTTa Ha roHuomeTbpa 6e 1°/min, a TasuM Ha xaptudarta
12mm/min. 3a oueHka Ha MHTEH3UTETUTE Ha OTAENHUTE OTpaxeHus 6sxa n3nonsysaHu
BMCOYMHUTE Ha perncTpupaHute nukose. lonyyeHuTe ekcnepuMeHTanHu gaHHu (20, 1)
Osixa MHTepnpeTupaHu C nomowiTa Ha nporpama PDI, KoaTto m3nonsyBa TeopeTUYHU
NnpaxoBW peHTreHorpamn, reHepupann c nporpama PWG Ha 6asa MOHOKpuUCTarnHu
CTPYKTYPHU AQHHMW.

TepMnyHu nacneaBaHun

TepmorpaBUMETPUYHUAT aHanmMs3 e npoBefeH Ha gepusartorpad Ha dupmata MOM
(Yrrapusa), tun O[-102. M3nona3BaHM ca KepamMuiHW TUMMK, a KaTto eTanoH o-Al,Os.
Ckopoctta Ha HarpasaHe e 10°C/min B TemnepaTypHusi wuHTepBan 25-1000°C.
N3cnepBaHndaTa ca npoBedeHn BbB Bb3ayLUHa cpeja.

PE3YNTATU U OBCbXOAHUA

PA30BU CBCTOAHUA

U3oTtepma Ha pastBopuMocT Ha cuctemaTta Gd,03-SeO,-H,0 npu 100°C

MonyyeHute aaHHM B cuctemata Gd,03-SeO,-H,O npu 100°C ca npeacrtaBeHu B
Tabn.1 v dwur.1.

CuctemaTta e wuscnegBaHa o 73,68 mac% SeO, B TedyHa pasa. Jlbumte Ha
UlpanHemakepc coyaT, 4Ye B cuUcTemMata KpuctanumsupaTt nABe TBbpaun dasu:
Gd,(Se03)3.4H,0 n GdH(Se03),.2H,0. Han-ronama yact oT guarpamarta 3aema noneTo
Ha kpuctanm3auma Ha GdH(SeOs3),.2H,O /ot 0,52 po 73,68 mac.%/. CbcTaBbT Ha
pasTBoOpUTE B €BTOHMYHATa Touka Mexay Gd,(SeO0s)3.4H,0 n GdH(SeO3),.2H,0 e 0,52
mac.% SeO0, n Gd,03-6,0.10™ mac.%.

Gd,0,

Gdz(Seoa)jLHzO

GdH(SeO3)2.2H20

7o 20 30 40 50 60 70 80 90 Se0,

®ur.1. N3oTtepma Ha pasTBopmMocCT Ha cuctemata Gd,03-SeO,-H,0 npu 100°C.
CbCTaBbT Ha oTAenHUTe TBbpPAW (hasu € NOTBbPAEH KaKTO Ype3 XMMUYEH, Taka U
4ype3 peHTreHoa3oB aHanus.
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Gd,(Se03)3.4H,0 onpegeneH 4ype3 xMMmMyeH aHanm3 uma cbeTtaB B Mac.% Gd,Os-
47,24; SeO, - 43,38 n H,O - 7,38, cpelly TeopeTnyHo nddncnenn: Gd,Oz - 47,35; SeO; -
43,32 n H,0O - 7,35. GdH(Se03),.2H,0 nma cbetas B Mmac.%: Gd,03 - 40,44; SeO, - 49,52;
H,O - 10,04 cpewy TeopeTudHo unauncnenun: Gd,Os- 40,39; SeO, - 49,48 n H,O -
10,08CbnocTaBAHETO Ha peHTreHorpamMmmnTe Ha TBbpauTe hasn NOTBbLPAU pesynTtaTuTte ot
nacnegBaHe guarpamaTta Ha CbCTOSIHMETO 3a Hanuune Ha ABe CbefuMHEHUs B TpoWHaTa
cuctema.

Tabnuua 1. MN3oTepma Ha pa3TtBopuMocT Ha cuctemata Gd,03-SeO,-H,O npn 100°C

TeyHa hasa, mac.% | Tebpaa dasa mac. % dopmMyneH cbCTaB
Ne Gd203 SeOs Gd203 SeO,
1 42.10° 0,14 36,12 33,72 Gd,(Se03)3.4H,0
2 5,0.10” 0,32 39,42 37,05 Gd,(Se03)3.4H,0
3 6,0.10° 0,52 32,59 28,05 Gd,(Se03)3.4H,0
4 6,0.10° 0,52 25,65 32,15 GdH(Se03),.2H,0
5 8,9.10” 4,99 36,90 46,50 GdH(Se03),.2H,0
6 9,2.10° 16,64 30,52 40,27 GdH(Se03),.2H,0
7 9,6.10° 25,75 27,88 41,58 GdH(Se03),.2H,0
8 1,2.10° 36,53 33,23 47,52 GdH(Se03),.2H,0
9 1,8.10° 43,84 29,20 48,51 GdH(Se03),.2H,0
10 |2,1.10° 52,67 30,89 50,40 GdH(Se03),.2H,0
11 |2,0.10° 60,40 28,05 52,63 GdH(Se03),.2H,0
12 |2,1910° |63,92 28,85 53,17 GdH(Se053),.2H,0
13 | 3,2.10° 67,52 34,82 51,90 GdH(Se03),.2H,0
14 |4,0.107 73,68 33,18 53,85 GdH(Se03),.2H,0

PEHTTEHO®A30BU U3CINEABAHUA

3a peHTreHorpadckuTe onpefeneHust ce M3non3Baxa MOHOKPUCTANM Ha HSAKOU
XNOporeHceneHnTn, Ha kKonto Gewe cHeta Jlayerpama, kato Sm, Dy.

N3xoxgankm oT ¢pakta 3a M3oMopmsabM Mexay OUMCENEHUTUTE, 3a U3YUCNABAHETO
Ha napameTpuTe Ha enemeHTapHaTa knetka Ha GdH(Se03),.2H,O Gewe wn3nonsysaH
npaxosus metog Ha [eban-LLepep.

Kpuctanorpagpckute  napamMeTpy Ha  XMOporeHceneHuta ca  ChnegHuTe:
CbeguHeHMETO KpucTanuampa B OPTOPOMOMYHA CUHIOHWSI, MPOCTPaAHCTBEHA rpyna —
P2,2,2,; napameTpute Ha enemMeHTapHaTa knetka ca a=6,625 Ab=6,993 A c=16,384

'V=759,0 A%:z=4;peHTreHorpadcka nbTHOCT - Dx,g/cm®=3,922.
Gd,(Se03)3.4H,0 e peHTreHoamopdeH.

®A30BUN CBbCTOAHUA HA CENNIEHUTUTE HA FAOOJNIMHUA NPU TAXHATA
TEPMOJIN3A

MexaHu3bm Ha TepmMuyHa aucoumaumnsa Ha GdH(SeO;),.2H,0

Ha «d¢wur. 2 e npeacraBeHa pepuBatorpamata  Ha  GdH(SeOs),.2H,0
/Gd,(Se03)3.H,Se03.4H,0/. Conta e TepmuyHo yctomumBa fo 180°C, Hag KodaTo
TemnepaTtypa cbeanHeHneto ryom 4 wmona H,O u ce npeBpbwa B 6e3BoaeH
xmaporeHceneHuT cbe cbeTaB: Gd,(Se03)3.H,SeOs.
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lMo-HaTaTbk B TemnepaTypHus nHtepsan 280-360°C ce otgensa owe eanH mon H,O
M ce nonyyaea ragonuHueB TeTpaceneHnt- Gd,y(Se0s3)3;.Se0,. 3arybata B Maca
cberaBnasa 10,36 cpewy 10,04 mac.% TeopeTnyHO wu3yucneHa. B TemnepatypHus
nHTepBan 430-570°C TeTpaceneHntbT ce pasnara Ao Gd,(SeOs);. 3arybata B maca e
23,30 cpewty 22,42 mac.% TeopeTnyHo m3uucneHa. B TemnepaTypHus uHTepBan 570-
960°C nocnepoBaTenHo ce otaenat 2 mona SeO, n conTta ce nNpeBpbLya B OCHOBHA COJ
Gd;03.Se0,. MbnHOTO pasnaraHe ¢ otaensiHe u Ha cneante ot SeO, ce Habnogasa npu
TemnepaTtypu 1100-1200°C.

GdH(Se0 ), 2H, 0

10{ 09p1Se05)35€0,

207 Ga,(Se04)q

Weight loss (%)

so] T e

®ur. 2. lepuBaTorpama Ha GdH(Se0s3),.2H,0
Bcuukn  Te3anm npeBpbliaHMa  Osfxa  goKaszaHM  Ype3  XMMMYEH aHanuM3  Ha
nocnegoBaTenHoO NonyvyeHuTe Npyu MOAenupaHe ycrioBusiTa Ha pasnaraHe dasu, a Taka
CbLLIO M Ype3 PeHTreHOo(a30B aHanM3 U CpaBHSBaHE Ha PEHTrEHOrpamMuTe Ha MeXANHHUTE
dasu.

MexaHu3bM Ha TepMuyHa ancoumaumna Ha Gd,(Se03)3.4H,0

Mpn HarpsiBaHe Ha Gd,(Se03)3;.4H,0 /dur.3/ TepmmyHaTa gucoumaums npotmya c
oTAensiHe Ha KpucTanmMsaumoHHaTa Boga B TemnepatypHusa uHTepsan 80-460°C.
HecTtpykuyuaTa Boam Ao nosnydyasaHeTo Ha Gd,(SeOs3)s, KOUTO € peHTreHoaMOop(eH.

Ek3oedektbT npu 690°C cbOTBETCTBYBa Ha KpucTanusauusta Ha amopdHus
npoaykt. ToBa Hawe TBbpAEHME € [JoKaszaHO u4pe3 peHTreHodas3oB aHanmi3. Ha
PEHTreHOrpaMmnTe Ha NPOAYKT CrpAT A0 Temnepatypa npeaxoxpawa eK30TepMUYHMSA
edekT He ce HabniogasaT pecdbrniekcn, a npu nNpodbu Harpetn npu TemnepaTtypu Hapg
ek3oedpekTa, Takmpa pednekcu ce permctpupat. be3BogHMAT ragonvHMEB CeneHuT ce
pasnara no-HaTaTbK N0 CXxema, onncaHa npu XxmaporeHceneHuTa.
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®ur. 3. [lepmBaTtorpama Ha Gd,(Se03)3.4H,0

EkcnepMMeHTanHMTe TEPMUYHM U TEPMOrpaBUMETPUYHM  U3CNeaBaHna  Ha
ceneHnTuTe nokaseaT CNneaHoTo:

TepMNYHOTO pasnaraHe Ha CeNneHUTUTE Ha ragonvHUA npoTuya no obwarta cxema:
HdexvapaTtaums - cteneHHo oTaensHe Ha SeO, ¢ obpa3yBaHETO Ha OCHOBHW CESIEHUTU -
obpasyBaHe Ha CbOTBETHUTE OKCcMAM Npu Temnepatypu no-Bucokn ot 1000-1200°C.
HdexvapaTtaumsata Ha amopdHua Gd,(Se0s)s.4H,0 npotnya npu Temnepatypu Hag 120°C
N 3aBbpliBa C obpasyBaHETO Ha peHTreHoamopdHua Gd,(SeOs);. Kpuctanusaumsta Ha
amopdHaTa ¢rasa e ACHO u3paseHa. [TbnHOTO pasfnaraHe nNpoTuva Npu HarpsBaHe Hapg
1000-1200°C.

XngporeHceneHnTbT OTAend kKpucTtanu3aumoHHaTa cu Boga npu 180°C c
nocrnegsawo obpasyBaHe Ha TeTpa- U HOPMAarieH CEneHUT, KOETO € XapaKTepHO M 3a
Apyru cbeguHeHus. MNo-HaTtaTblHOTO pasnaraHe npeMuHaBsa npes cragum Ha obpasyBaHe
Ha OCHOBHM ceneHnTn cbC cbertaB Gd;03.2S5e0; n Gd,03.Se0,.06pa3yBaHeTO Ha
OCHOBHUTE CENEHUTU 3aBUCK OT pasnnyHu akTopu, KaTo CTEMEHTA Ha KpucTannsaumsa Ha
N3XOAHUA NPOAYKT, @ Taka CbWo U Ha 6e3BogHUA Ln,y(SeOs3)s, KAKTO M OT yCrnoBusiTa Ha
onpegensiHeto. BcnegcteBne Ha BUcoKaTta TemnepaTtypa  XuOpOreHceneHuTute ca
n3onupaHn B O006pO KpucTanHO cbCTosdAHMe. [lobGpaTa KpucTanHa CTpPyKTypa Ha
nosly4eHmMTe Conm BOAMU 4O NOBULLEHME HA TEMNEepaTypuTe Ha TepMnYHa aucounaums.

n3Bogu

1. \ayyeHa e usanocTHO anarpamMarta Ha CbCTosiHMeTo Ha cuctemata Gd,O3 - SeO; -
H>O npu 100°. B cuctemata ce obpasyBaT gBa cefneHuTa. YCTaHOBEHM ca nonetaTta Ha
PaBHOBECHO CbLLECTBYBaHE Ha OTAENHUTE CbeAnHeHusi. CbCTaBbT MM € YCTaHOBEH MO
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MeToauTe Ha LlpanHemakepc u 4pe3 XMMUYEH, peHTreHoda3oB U KPUCTanoOMTUYECKU
MeToaum.

2. OnpepgeneHn ca kpuctanorpadgpckute napametTpmn Ha GdH(SeO3),.2H,0.

3. WscnepBaHa e TepmuyHaTa gucoumaumss  Ha o Gd(SeOs3)3.4H,O
GdH(SeO03),.2H,0. MexaHnambT Ha TepMU4Ha AeCTPyKUMA € [OoKasaH 4vpe3 XUMUYeEH
aHanm3 n peHTreHoga3oB aHanms.

4. lMonyyeHUTe CbeQUHEHUS ca C JoKa3aHa BUCOKa 4yMcToTa. Te moraT ga nocryxar,
KaTo M3XOOHM BELLECTBA 3a NOJSlyYaBaHETO HA CbOTBETHUTE CENEHUAMN, 3a MUKPOTOPOBE U
npenapatu 3a 6opba cpeLly BpeaMTenu B pacTeHMEBBbACTBOTO.

5. YcBosiBaHETO Ha ceneHa W pPeaKo3eEMHUTE €eneMeHTM OT LWaMoBeTe Ha
NPOM3BOACTBATa Ha Men W CsApHa KMcenuHa BOAM OO CHUXaBaHe cebGecTOMHOCTTa Ha
nosly4aBaHMTE OCHOBHU CyOCTaHUMM U ObNOOYMHHO M3BMMYaAHE Ha MOME3HM BELLEeCTBaA OT
oTnagbuUUTE Ha Te3n NPOU3BOACTBA.
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TeMnepaTtypaTta - MsipKa 3a HarpsiTocTTa Ha Tenara

aBToOp: Xatngpke Axmenosa
Hay4yeH pbKkoBoauTen: gou. a-p TemeHyxka XapanaHoBsa

The temperature is a measure of body heat. Temperature is a physical magnitude that
characterizes the average kinetic energy of the particles of a macroscopic system in a state of
thermodynamic equilibrium. It is also related to the subjective sensations of warm and cold. The temperature
is quantitatively measured with thermometers that can be calibrated to indicate the temperature in a variety
of temperature ranges.

Keywords: temperature, physical magnitude, thermometer.

BBbBEOEHUE

TemnepatypaTta (03HayaBa ce CbC cumBona T) (Ha naTWHCKK: temperatura —
fpasusiHo cmMeceaHe, HOPMaslHO CbCMOsiHUE) e (U3MYHA Benu4dvHa, Xapakrtepuaunpaia
cpegHata KMHEeTUMYHA €eHeprMst Ha 4YactuuuTe OT [afdeHa MaKpOCKOMMYHa cuctema,
Hamupalla ce B CbCTOsIHME Ha TEPMOAUHAMUYHO paBHOBecue. TS € CBbp3aHa CblLO CbC
cybeKkTMBHUTE ycellaHnsa 3a TONno U cTtygeHo.Bcaka dmsmnyHa BenuumHa e dmsnyecka
XapakTepucTuka Ha obekT unu sBneHne, KOSITo € Bb3MOXHO Aa ce n3Mepu unu npebpou u
pesynTaTbT Aa ce cpaBHWM C nogobHa xapakTepucTvka Ha gpyr obekt (Hanpumep Mmaca,
obem, TemnepaTypa, KOHUeHTpauus n gp.).TemnepartypaTta KONMYEeCTBEHO Ce M3mMepBa C
TepMoMeTpu, KOMTo morat ga 6bvaaT kanubpupaHu ga nokassaT TemnepaTtypaTta B Han-
pasnuyHu TemnepaTypHu ckanu(dgwur..1).

®ur.1 TepmomMeTbp 3a U3MepBaHe Ha TenecHa Temnepartypa

N3NOXEHUE

lMocToaHHMAT Nporpec Ha HaykaTasagblikaBa yYeHuTe aa ce cHabgssart C Bce no-
TOYHU ypean 3a uamepBaHe. HacnegHuk Ha GapomeTbpa, TEPMOMETHPBT € HYXEH Ha
du3nka, Ha XMMuKa UnNn Ha Meauka, HO CbLo M Ha Bcekn oT Hac.Ouwe Ha rbpuute um e
XpyMHana ngesTa 3a ypen, KOMTO MOXe Aa nokassa pasnukute B Temnepartypata. PunoH
BusaHTuickn onucea anapart, 4yBCTBUTENEH KbM pasnvkata B TemnepaTtypaTa, uHade
KaszaHo Tepmockon.Bce nak Tepmockona SICHO ce pasrpaHuyaBa OT TepMOMeTbpa,KOUTO
nokassa TemneparypaTta B UM{ppoBO n3paxkeHne crnopeq cTerneHHa ckana u pearnHo s
namepsa. Ho HMKakbB gpyr 6enexuT onuT 3a TEPMOMETBLP HE € NMpaBeH, 4OKaTO KbM HEero
He nornexga anvnen, ocHoBaTenAT Ha CbBpPeMeHHaTa ekcnepuMmeHTarnHa ousuka.
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Tunoee mepmomempu
s TepmomeTbpbT Ha anuneo MNanunen

Manuneo Nanunen e ntanMaHckn ousnK, MaTemMaTuK, aCTPOHOM U hunocod, KOUTO
€ u3urpan BaxkHa pons 3a pas3BUTUETO Ha HaykaTta npe3 16 Bek.Tom OMN MbpPBUAT,
yCTaHOBWUSI, Ye MMbTHOCTTA Ha [ajeHa TEeYHOCT Cce MNPOMEHA B 3aBUCUMOCT OT
TemnepartypaTta, 4anu ce oxnaxga nnun Harpssa.Cb3gageHusaT OT Hero npeflecTBeHMK Ha
TepMoOMeTbpa (HapeydeH TEPMOCKOMN) € KPbCTEH HAa HEroBO MMe B YECT Ha OTKPUTUATA,
KOUTO € HanpaBui 1 Taka € u3BecTeH u o aHec. N3obpeteHmeTo cu cbagan npes 1592 -
1593 roguHa(dur.2).

®ur.2 TepmomeTbp Ha Manuneo MNanunen

s XunBayHn TepmomeTpun
XKueayHute TepmomeTpn(dur.3) - TAXHOTO AENCTBUE Ce OCHOBaBa Ha CNocobHOCTTa
Ha XMBaK 3a paslmpsiBaHe ¢ Temneparypa. [lo3Bonsea ga ce onpegenu Temneparyparta B
ycTaTa, pekTyma v MuHuLaTa, Ho pesyntatuTte nokaseart, 5-10 MUHYTU, KOETO HE € MHOIO
yoobHo 3a geua. M3non3BaHETO Ha CTbKMEHW TEPMOMETPU, CbAbpXKallM XMUBaK, He ce
npenopbyBa.

®ur.3 XKneayHu TepmomeTpu

¢ ENEeKTPOHHU TEpMOMETPM.
MnactmacoBu nsgenusa BbLB (popmaTta Ha Mmonue ¢ thermoprobes B eanHna kpan 1
Ha gpyrua gucnnen(cgpurd). CbuectByBaT €NeKTPOHHM TEPMOMETPU 3a M3MepBaHE Ha
TemnepaTypata B ycrarta, pekTyma u nogmuwHuuaTa. Te ca Han-necHu 3a ynotpeba u
AasaT 6bp3un pesynTaTtu.
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microlife

®ur.4 EnekTpoHeH TEPMOMETHP

« EpHOKpaTHWM TepMoMeTpu

EnoHokpaTHU TepMmomeTpu(pur.5) - TbHKM NNOYM C MApPKUPOBKM MYHKT MO LBETa U
TemnepaTtypHu CTOMHOCTU B Kpas My. TemneparypaTa ce onpeferns oT LUBETHU TOYKN. Tesun
TEpMOMETPM MoraT Aa 6baaT M3non3BaHu 3a n3mMepBaHe Ha Temnepartypara B yctaTta unm
pektyma. Te moraT ga 6baaT uv3non3sBaHW 3a WM3MepBaHe Ha TemnepaTypaTa Ha
NOBBLPXHOCTTA Ha KOXaTta nNpu KbpMayeta. EQHOKpaTHM TepMoMeTpu ca BesonacHu, HO He
AaBaT TOMHM pes3ynTaTh, KaTo HanpuMmep €eNneKTPOHHU WNKU YLHW TepMOMeTpu. Te He
BKMNIOYBAT CTBLKMO, NnaTtekc u xusak. [lokato 6onectra moxe fa noBTopHa ynoTpeba, 3a
efHoKpaTHa ynotpeba TepMOMETbP, HO cref ToBa Tpsbea Aa ce n3xebpnu.Vima BapnaHTu
3a OTYMTaHe Ha TenecHata Temnepartypa, kakto no Llensui taka n no ®apeHxanT, KoeTo e
oT6ens3aHo Ha BCEKM TEPMOMETBP:

®ur.5 TepmomeTbp 3a egHOKpaTHa ynoTpeba

TepmoMeTbpbT € ¢ gebenuHaTta Ha ocTpure 3a ckanmnen U He 3aemMa NoYTM HUKaKBO
MsicTo. OTYMTaHETO € CbBCEM €EfleMEeHTapHO M He M3UCKBA HSIKaKBU OOMbIHUTENHM
yMeHusi. MpocTo rnegame 4O KakBO HMBO Ca OTYenu Tepmo-ceHsopuTe. He ce Bnusie oT
BbHLUHA TemnepaTtypa npu XepMeTU3npaHo CbCTOSTHUE U UMa Abibr CPOK HA FOAHOCT.

« ®dapose TepMoMETPU
dapoBeTe TepMOMETPUM - U3MepBaT TenecHa Temnepartypa, OTYUTANKM
Temneparypara Ha KoxaTta Ha 4enioto. Hakou oT Tax umaT MeKa Liarnka, YMeTo npunaraHe
KbM 4enoTo Ha aucnned nokasea pesynrtarta. [pyrm ca ooopMeHn nNracTMacoBU JIEHTU C
TemMnepaTtypHM CTOMHOCTWU, KOMTO MPOMEHAT LUBeTa uUnm OnsAchbK B MPUIOXKEHMETO KbM
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4enoTo. Te3n UHCTPYMEHTM He AaBaT TOYHW pe3ynTaTh, KaTo HanpuMep €neKTPOHHWU UMu
YLLHM TepMOMETPU(dur.6).

< bebe TepmomeTbp
Bebe TepmomeTbp (ur.7) -3a mamepBaHe € HeobXxogumMo Aa ce MnocTtaBu CamMo
TepMomeTbpa B KOHTaKT ¢ 6ebeTto kato 3anbranka. Bbnpeku ToBa, pesyntatute oT
ynotpeba M3ncKBaT noBeye BpeMe M He € TONKoBa TOYEH, KOMKOTO ApyrM BuOoOBe
TEPMOMETPM.

®ur.6 dapose TepMmomeTpHU

i
o

S
>
}m'

e

®ur.7 bebe TepMmoMeTLP

% TepmomeTpu 3a yLum
TSAXHOTO OENCTBME Ce OCHOBaBa Ha M3MepBaHe Ha eHeprnaTa Ha MHpPaYepBEHOTO
nanbyBaHe. KOHUYHMAT BpbX Ha TepMomeTbpa Ce MnocTaBA B YXOTO, cnesj ToBa
nHAMKaTopbT OTpasssa Ha aucnnes(dur.8). Pesyntatute ce nosssasaT 3a cekyHaa. Hakou
Mofenu nokasear ovaksaHarta TemrnepaTtypa u B ycTara.
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®ur.8 TepmomeTbp 3a yLn

3AKINKOYEHUE

3a cbXaneHue, Bce olle ce npeanoynTaT XuBadyHuUTe TepmomeTpu. Te ca
oguumanHo 3abpaHeHn B cTpaHute oT EC owe npe3 2007 r. OT egHa cTpaHa,
AENCTBUTENHO TAXHaTa TOYHOCT Ha M3MEpPBaHe € BMCOKA, NIECHUN ca 3a Ae3nHGeKuus, npu
npaBuiHa ekcnroaTauus nmaT NPOAbINKUTENEH XMBOT U HE ca CKbMU. HO BCMYKM Te3u
AOCTOMHCTBA fECHO Ce 3ayepkBaT OT OMACHOCTTAa, KOATO MpPeACTaBnsBa KMBAYHMUSA
TEPMOMETBHP, @ MMEHHO OT CYyrnBaHe Ha CTbKIEHUsI KOPMNyc, KOETO OT CBOSI CTpaHa BOAM
[0 3amMbpcsiBaHe C oOnacHus kuBak. [lapute Ha XvMBaka ca W3KMHOYUTENTHO OTPOBHM
BELLEeCTBa, KOUTO nonagamky B OpraHM3Ma Ha YOBEK HapyllaBaT (PyHKUMUTE Ha YepHus
Apob, 6vbpeunTe, HEpBHATa cuctema.

[MporpechbT Ha YOBEYECTBOTO NpoAbIKaBa M AHeC, B ynoTpeba nma Gorata rama ot
€NEeKTPOHHN TEPMOMETPU, KOUTO NpUTEXaeaT peavua NpeanMcTBa, Kato BUCOKA TOYHOCT
Ha M3MepBaHe, 3anamMeTsiBaHe Ha MNOHe MNocneaHus pesynTtaT, 3Ha4yuMTenHo no-6bp30o
N3MepBaHe Ha TemrnepaTtypata B CPaBHEHUE C XMBAYHUS TEPMOMETHP WM peauua Apyru
ynobcTea.
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