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ABSTRACT

The unique properties of epoxy polymers have led to their wide application
in various fields of modern technology. The influence of the structure of
bisphenols on the properties of epoxy polymers, especially thermal ones, is
known. However, the chemical structure of the hardener also affects the
properties of cured epoxy polymers. As hardeners, we used acid hardeners of
various  structures: anhydrides of maleic, phthalic, pyromellite,
methyltetrahydrophthalic and other acids. The following hardeners give high
results in heat resistance: pyromellite and methyltetrahydrophthalic
anhydrides. Polymers obtained by curing with these hardeners are deformed
in the temperature range of 220-245°C. The use of these hardeners gives
high results in terms of thermal stability. These polymers are formed by
curing these components.

It is known that the properties of epoxy polymers depend on the chemical
structure of the glycide ether. There was some interest in investigating the
influence on the properties of epoxy polymers as a chemical structure, as
well as the nature of hardeners. For this purpose, diglycidal esters based on
bisphenols were synthesized.
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It is known that the properties of epoxy polymers depend on the chemical structure of the
glycide ether [1-7]. There was some interest in investigating the influence on the properties of epoxy
polymers as a chemical structure, as well as the nature of hardeners. For this purpose, diglycidal esters

based on bisphenols were synthesized. Table 1 shows the characteristics of diglycidal esters.

Table 1. Characteristics of diglycidal esters of bisphenols

Ne Structure of glycide ether Temperature|  Content of epoxy Molecular weight
softening, °C groups, %
calculated | found Intheory | Determine
dbyebullios
copy
1 - 61 21.23 19.00 405 424
—CH—| —OCH,— CH— CH
=
2
2 _ s 69 20.04 18.86 429 406
—CH—| \—OCH —CH—CH
Ot
2
3 - 71 20.62 20.02 419 422
—CH— —OCH,— CH—CH
| <\ /> A >
\CH3 2
4 S 75 19.23 18.6 449 505
—CH—| \ \—OCHQ— CQ_/CH2>
e |
\CH3
5 - 55 21.9 17.0 392 480
— —OCH,— CH—CH,
\ / NV
° 2
6 o 75 20.4 17.5 420 505
— —OCH,— CH— CH,
@I
2
7 - 65 19.9 15.1 432 612
N —OCH,— CH—CH,
w01
2
8 O 65 18.6 17.4 460 472
w1V
2
9 — 83 18.7 14.0 458 508
- —OCH,— CH™ CH,
Qb=
2
10 /% 75 17.9 15.3 486 530
- —OCH,— CH— CH,
OO =)
2

Table 2 and Figures 1 - 3, as an example, show the properties of polymers obtained on the
basis of the glycide ether 4,4’-(2-norbornylmethylene)diphenol and various acid hardeners.
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Table 1. Properties of structured polymers obtained on the basis of
4,4'-(2-norbornylmethylene)diphenol glycide ether and various acid hardeners
Ne |Structure of the hardener Name of the hardener The 10% deformation The
amount of | according to the |temperature
hardener |thermomechanical | of mass
per 100 curve, °C reduction
glycide by 10%,
ether, is oCH*
prepared
1 |2 3 4 5 6
1 CH—CO~_ Maleic anhydride 39,2 322 270
@]
CH—CO~~
2 _CO\O Phthalicanhydride 54,0 170 310
-co~
3 _Co- -CO~ Pyromelliteanhydride 83,5 215 410
O co -co”
4 CH, Methyltetrahydrophthalicanhydride| 62,2 200 320
(Crarees
HC™
CH,

*Here and in the following tables] the conditions for curing glycide ether are as follows:
120°C-2 hours, 160°C-3 hours, 180°C-3 hours, 200°C-5 hours.
** Here and in the following table, the temperature of mass reduction by 10% is determined
from the thermogravimetric curve at a temperature rise rate of 4.50 S/min.
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Fig. 1. Thermomechanical curves of epoxy polymers based on glycide
4,4'-(2norbornylmethylene)diphenol ether, hardeners:
1. methyltetrahydrophthalic anhydride, 2. pyromellite anhydride,
3. Phthalic anhydride, 4. maleic anhydride.
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Fig. 2. Thermomechanical curve of an epoxy polymer based on glycide ether
4,4"-(3-methyl-2-norbornylmethylene)diphenol. The hardener is methyltetrahydrophthalic anhydride.
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—r 7
0 100 200 300 400 500 600 700
Temperature, 0C

Fig. 3. Thermogravimetric curve of an epoxy polymer based on the glycide ether of
4,4'-(3-methyl-2-norbornylmethylene)diphenol. The hardener is methyl tetrahydrophthalic anhydride.

As can be seen from the data in the table and figures, cured epoxy polymers are characterized
by a fairly high heat resistance. High results in heat resistance are given by the following
hardeners:pyromellite and methyltetra-hydrophthalic anhydrides. Polymers obtained by curing with
these hardeners are deformed in the temperature range of 220-245°C. It should be particularly noted
that the polymers formed during curing with maleic anhydride are deformed at 310°C. This can
obviously be explained by the formation of additional crosslinking due to the disclosure of the double
bonds present in maleic anhydride.

The use of the hardeners listed in Table 2 gives high results in terms of heat resistance. In all
cases, the polymers formed by curing these components decrease in mass by 10% in the temperature
range of 340-400°C.

From the hardeners listed in Table 2, based on the results obtained by us, some were selected
for the purpose of curing the glycide esters of 4,4’-(2-norbornylmethylene)diphenol and 4,4'-(3-
methyl-2-norbornylmethylene)diphenol. Table 3 and Figures 2 and 3 show the properties of polymers
obtained by curing the above glycide esters with methyltetrahydrophthalic anhydride.
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Based on these data, the thermal heat resistance of the cured polymers does not change
significantly compared to the polymers obtained by curing the glycide ether of 4,4-(3-methyl-2-
norbornylmethylene)diphenol. Obviously, the change in the structure of the cyclic group does not
affect these indicators.

As the study showed, the epoxy polymers obtained by curing the glycide esters listed in Table 1 of
cyclic bisphenols with these hardeners are characterized by high heat and heat resistance, which causes
some practical interest. It is only necessary to pay attention to the fact, the ester of 4,4'-(3-methyl-2-
norbornylmethylene)diphenol is slightly higher than that of polymers based on other bisphenols.

REFERENCES

1. Zedlinski Z. Kem. Kore, 27, 3, 273 (1967).

2. Krylova L. V., Molotkov R. V., Gonor E. S., Kazanskaya V. F., GwintzE. M. Plast. Masses, 10, 13 (1960)

3. Budnowski M. Kuststoffe 55, 8, 641 (1945).

4. 4. Nikolaev A. F., Van Er-Shadow Van, Zyryanova G. A., Balaeva G. A., Lebedeva E. V., Afanasyeva K. S.
Plast. Masses, 3, 17 (1966).

5.  Korshak V. V., Solovyova L. K., Kamensky I. V. High-molecular compounds, XIII, I, 150 (1971)

6.  Dokhturishvili N. S., Popova G. Sh., Tsiskarishvili P. D., Solovyova L. K., Vinogradova S. V., Korshak I. I.

Synthesis and properties of some new polymer materials, Metsniereba Publishing house, Collection, 66, 1974.
7. Solovyova L. K. Candidate's dissertation, Moscow Art Institute named after D. I. Mendeleev, 1969.

8 7(68), July 2021 RS Global



WORLD SCIENCE ISSN 2413-1032

SYNTHESIS OF POLYESTERS BY THE METHOD OF
EQUILIBRIUM POLYCONDENSATION

Givi Papava, Professor, Doctor, Chief Scientific researcher, Petre Melikishvili Institute of Physical
and Organic Chemistry of lvane Javakhishvili Thilisi State University, Thilisi, Georgia,

ORCID ID: https://orcid.org/0000-0002-8837-4909

la Chitrekashvi, Doctor, Senior researcher, Petre Melikishvili Institute of Physical and Organic
Chemistry of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia,

ORCID ID: https://orcid.org/0000-0002-6673-191X

Nazi Gelashvili, Doctor, Research worker, Petre Melikishvili Institute of Physical and Organic
Chemistry of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

Marina Gurgenishvili, Doctor, Chief Scientific researcher, Petre Melikishvili Institute of Physical and
Organic Chemistry of lvane Javakhishvili Thilisi State University, Thilisi, Georgia

Eter Gavashelidze, Doctor, Senior researcher, Petre Melikishvili Institute of Physical and Organic
Chemistry of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

Nora Dokhturishvili, Doctor, Research worker, Petre Melikishvili Institute of Physical and Organic
Chemistry of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia,

ORCID ID: https://orcid.org/0000-0002-6021-1120

DOI: https://doi.org/10.31435/rsglobal_ws/30072021/7632

ARTICLE INFO ABSTRACT

Received: 05 May 2021 Aromatic polyesthers were synthesized on the base of policiclicbisphenols

Accepted: 23 June 2021 and dichloroanhydride of aromatic dicarboxylic acid by the method of

Published: 30 July 2021 equilibrium polycondensation in solvent. The obtained polymers are
characterized by high heat-and thermal stability, are well soluble in

KEYWORDS chlorinated hydrocarbons and they form transparent films from solutions

aromatic, polyester, bisphenol, which are characterized by good mechanical and dielectric properties.

dichloroanhydride,
polycondensation, macromolecule,
films, fibres, plasticity, flexibility.

Citation: Givi Papava, la Chitrekashvi, Nazi Gelashvili, Marina Gurgenishvili, Eter Gavashelidze, Nora
Doknhturishvili. (2021) Synthesis of Polyesters by the Method of Equilibrium Polycondensation. World Science. 7(68).
doi: 10.31435/rsglobal_ws/30072021/7632

Copyright: © 2021 Givi Papava, la Chitrekashvi, Nazi Gelashvili, Marina Gurgenishvili, Eter
Gavashelidze, Nora Dokhturishvili. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Introduction. Development of a series of branches of new technology, such as space
engineering, aviation, rocket technology, radio electronics and others ask for the creation of new type
materials, which should preserve high strength at strict conditions of exploitation at high temperature,
at high mechanical charges. With this in view the polymers, which are characterized by high heat- and
thermal resistance, high strength and other significant indices are most interesting.

As has been shown by the researches, with the view of heat- and thermal stability, the
polymers with macromolecules which contain aromatic and heterocyclic rings are most perspective
materials, but because of high rigidity of recurrent cycles of such polymers, often it becomes
impossible to use them for obtaining films, fibres and other articles, where materials must possess high
plasticity, flexibility, high dielectric and other specific properties. General method to obtain such
polymers is creation of the polymers, macromolecules of which, together with aromatic and
heterocyclic rings would contain relatively more flexible groups such as ester, ether and the like
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bonds; creation of such macromolecules can be achieved either in the process of polymer synthesis,
when such bonds are formed in the reaction process, e.g. polyarylates, polyimides, epoxy, silicium-
containing or other polymers, or by inculcation of such fragments into polymer chain by the use of the
monomers, which contain such groups. With this in view the so-called card-type polymers are
perspective polymers, which in their recurrent ring contain side cyclic groups, one of the atoms of
which simultaneously is in the composition of a macromolecule structure. Presence of such groups
grants specific properties to the polymers, when high thermal stability of a polymer is fused with its
good solubility [1-4]. It is especially important for aromatic heterocyclic polymers of rigid structure,
when softening temperature of such polymers is close, or even is higher than polymer destruction
temperature, which, of course complicates the process of obtaining articles from such materials.

Considering the above stated the card-type polymers, aromatic polyimides, polyamides,
polyoxazoles, which in their polymer chain contain phthalide, norbornane and the like card-type
groups they become important [5, 6].

In special literature there are rather scarce data about the polymers, which contain norbornane
type card groups, which are very interesting because of their original spatial structure, creating closed
three dimensional, volumetric cycles. Such structure distinguishes them from other card groups. This
is why it was expected that for building macromolecules, it would be interesting and perspective to use
the monomers, which as substituted groups contain norbornane type and other cyclic groups
characterised by non -coplanar structure.

Materials and Methods.

For obtaining of heterochain polymers we used the norbornane type monomers, which contain
biatomic phenols in which phenol hydroxyl groups were in various nuclei of benzol. In their synthesis
we used the easily accessible material such as wastes of gas and petroleum treatment.

For the synthesis of polymers we used the following norbornane type polycyclic
bisphenols: 4,4*-(2-norbornyliden)diphenol; 4,41-(2-norbornyliden)di-ortho-cresol;
4,4'-(-(2-norbornyliden)bis-2-chlorophenol;  4,4!-(hexahydro-4,7-methylenindan-5-yliden)diphenol;
4,41-(hexahydro-4,7-methylenindan-5-yliden)-di-ortho-cresol; 4,4'-(hexahydro-4,7-methylen-indan-5-
yliden)bis-2-chlorophenol,; 4,4'-(decahydro-1,4,5,8-dimethylennaft-2-yliden)-di-ortho-cresol;
4,4'-(decahydro-1,4,5,8-dimethylennaft-2-yliden)-bis-2-chlorophenol.

As an acid component we used 4,4-(diphenyldicarboxylic acid dichloroanhydride. Synthesis
of polymers was performed by the method of equilibrium polycondensation in ditolylmethane.
Properties of the synthesized polymers are given in Table 1.

Results and Discussion.

IR- spectroscopic studies of the synthesized polymers showed an absorption band in the 1770
cm? zone in IR spectrum, which is characteristic for polymer ester groups and an absorption band in
the 1460 cm zone, which is characteristic for bisphenolCH; groups.

As is seen from the data of Table #1 the polymers obtained on the base of polycyclic bisphenols
and aromatic dicarboxylic acid are characterized by high thermal stability. High softening temperature of
the polymers is explained by high rigidity of polymer chain, which is conditioned by non-coplanarity of
norbornane type cycles. These cycles have significant dimensions in all directions. This is why these
groups are not capable to orientate in any definite direction, hence they can’t move in a small space
between macromolecules similar to that taking place in case of alkyl or phenyl groups. By the same reason
free circulation of two phenyl groups which are linked to norbornane cycle carbon atom is complicated.
Due to the fact that the polymer softening and melting temperatures are associated with movement of
certain definite zones of macromolecules towards each other, presence of non-coplanar polycyclic structure
in polymer recurring ring conditions high softening temperature of polymers.

Polymer thermal stability was investigated by the method of thermogravimetric analysis, at
heating on air (sample heating velocity — 4,5°/min). As is seen from the data of Table #1, polymers are
characterized by high thermal stability. Decrease of their mass at heating on air commences above
300-400°C. Especially high heat resistance is inherent to the polymers obtained on the base of chlorine
substituted bisphenols, destruction of which commences only at 470-480°C.
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Table 1. Properties of polyesters obtained in solvent by equilibrium polycondensation.

# Structure of polymer recurring ring Decrease of |Yield,| 0.5% Softening Polymer
polymer mass | % | polymer | temperature, | structure
at heating on solution in °C according

air chloroform to X-ray
0Pnished, | > |© | diffraction
- | s dl./ 8 [@9.2 9| analysis
5 |8|8 Yz gEsg Y
> 1z & 8 8£g3
£ g £
1 2 3 1415 6 7 8 9 10
' ’°°’\/ \/’\/ \/CO"Q /_\\/ /"°7 |366 |410(535| 80 | 0,65 [330-| 220 |Amorphous
— = = %= ' 345
—
J
!
2 & L
oo N\ N/ \ / \___ |360(380(510| 80 | 050 [339- 227 |Amorphous
N/ N\ \— 340
/\
.
\
3/ \/ \ /\@
—oc- - —C00— —-0-—
N/ N\ / o / o 365 |400|525| 80 0,65 334(;% 235 |Amorphous
/\/CH3
0=
—
4 & ik
cord N N\ o/ \ / >,o, 360 365|510 70 0,70  [340-| 245 |Amorphous
\—r/ \—/ —/ \{, = 352
\
SN
0=
\
L L L L 370 {415|540| 90 0,52 334556 250 |Amorphous
6 C
s 370 {400|515| 70 0,55 [320-| 290 |Amorphous
= — = 7\
Sl
7./ \/ \\COOQ /N .. i
NN\ / . L 450 [480|560| 85 0,48 335650 305 |Amorphous
8
i 435 |440|500| 94 0,40 |345-| 300 |Amorphous
NIANVA W VA
g CHs
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Continuation of table 1.

1 2 3]4]5] 6 7 (8] o 10
o TN/ N_ 7N 7\
N SN AN A 450 |510(580| 94 | 040 |360-| 325 |Amorphous
365
10 T
od \/ \\COOQ / N\ . |445|490|500| 80 | 088 [340- 320 |Amorphous
VANV A VAN 345

As has been shown by the studies polyarylates which contain the polycyclic bisphenols are
characterized by high resistance to water. Films prepared on the base of these polymers are
characterized also by high resistance to 20% sodium alkaline solution and to ultraviolet rays. At the
long-term impact of ultraviolet rays polymers factually remain unchanged. Chlorine containing
polymers are characterized also by refractory properties.

Conclusions. Heterochain polyesters were synthesized on the base of polycyclicbishenols and
dichloroanhydride of dicarboxylic acid by the use of equilibriumpolycondensation method. The
obtained polymers are characterized by high heat and thermal stability, are well soluble in chlorinated
hydrocarbons. In solutions they form transparent films, which are characterized by good mechanical
and dielectric properties.
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ABSTRACT

The effect of hardeners on the properties of cured epoxy polymers is studied.
For the purpose of synthesis of polymers with increased thermal properties.
Theglycide esters of polycyclic bisphenols synthesized by us were used as a
diol component. Since the thermal and heat resistance of polymers, in
addition to the chemical structure of bisphenols, also depend on the structure
of the hardener used, amine hardeners of different chemical structure are
used to improve the thermal parameters of polymers, both heat resistance
and heat resistance. The influence of the chemical structure of these
hardeners on the properties of epoxy polymers is studied.

Cured epoxy polymers are characterized by high heat resistance. High heat
resistance results are obtained by 4,4’-diaminodiphenylsulfone, benzidine,
4 4'-diaminodiphenyloxide and other aromatic diamines.

Polymers obtained by curing with these hardeners are deformed in the
temperature range of 220-245°C.

The use of the above hardeners gives high results in terms of heat resistance.
In all cases, the polymers obtained on the basis of these hardeners decrease
in weight by 10% in the temperature range of 340-400°C.
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In works [1-7], epoxy polymers based on various bisphenols are described. Continuing
research in the field of this interesting, practically important class of polymers, it was considered
interesting to synthesize polymers with increased thermal properties. It was found that the presence of
cyclic groups in the diol component, both aromatic and alicyclic in nature, largely determines the
properties of the structured polymer, contributing to the growth of thermal parameters of polymers.
Components containing various cyclic groups were used as hardeners. Since the thermal and heat
resistance of polymers, in addition to the chemical structure of bisphenols, also depend on the
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structure of the hardener used, amine hardeners of different chemical structure were used to improve
the thermal properties of polymers, both heat resistance and heat resistance. The influence of the
chemical structure of hardeners on the properties of epoxy polymers was studied.
The structure of the final product obtained by curing the glycide ester of bisphenol with amine

can be represented as follows:

+ “OATOCH, "GH™CHz + HN —Ar'—NH,

—_—

—> ...— OATOCH,~ CH —CH,~N—Ar—N —CH, = CH= CH; ~OAr =
|

+ A0 =~ CH, — CH — CH,

OH

OH

Where Ar! - is a residue of a diamine molecule,

Ar - is the remainder of the bisphenol molecule.
Table 1 and Figures 1 - 3, as an example, show the properties of polymers obtained on the
basis of the glycide ether 4,4'-(2-norbornylmethylene)diphenol and various amine hardeners.

OH

OH

CH, — (|3H — CH,~ OAr =

Table 1. Properties of structured polymers based on glycide ether
4,4'-(2-norbornylmethylene)diphenol and various amine hardeners.
Ne | Structure of the hardener Name of the hardener The amount of | 10% deformation The
hardener per | according to the |temperature
100 glycide [thermomechanical| of mass
ether, is curve, °C reduction by
prepared 10%, °C**
1 |T1IO - 300 PolyethylenePolyamine 27.1 - 250
2| N M-phenylenediamine 13.0 210 360
A
| _A-NH,
3| \H P-phenylenediamine 14.0 170 220
@
-
NH,
4 NH2_/ \\_CHZ_<;>_NH2 4,4' - diaminophenylmethane 19.0 145 390
5 QCH; ~OCHs |4 4'-diamino-3,3" - 25.0 150 340
HzN‘/ \‘CHz'Q-NHz dimethoxydiphenylmethane
6 R\ 4.,4' - diaminodiphenylsulfone 24.8 235 400
H,N —S0,~ - NH,
7 7/ \ @ 4,4' - diaminodiphenyloxide 215 205 330
H N~ -0- -NH,
\—/
8 7\ benzidine 18.1 195 325
H2N—\/ \,—</ \>—NH2
9 AnilineFluorene 17.1 200 295

0

*Here and in the following table, the conditions for curing glycide ether are as follows: 120°C-2 hours,
160°C-3 hours, 180°C-3 hours, 200°C-5 hours.
** Here and in the following table, the temperature of mass reduction by 10% is determined from the
thermogravimetric curve at a temperature rise rate of 4.50 S/min.
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Fig. 1. Thermomechanical curves of epoxy polymers based on 4,4'-(2-norbornylmethylene)diphenol.
Hardeners: 1.4,4'-diaminodiphenylsulfone, 2. Benzidine, 3. 4,4"-diaminodiphenylmethane, 4. Aniline
fluorene, 5. M-phenylenediamine, 6. P-phenylenediamine

o

weight reduction, %

100 T T T T T T
0 100 200 300 400 500 600

Temperature, 0C
Fig. 2. Thermogravimetric curves of epoxy polymers based on the glycide ether 4,4'-(2-
norbornylmethylene)diphenol. Hardeners: 1. 4,4'-diaminodiphenylsulfone,
2. Benzidine, 3. Aniline fluorene, 4. Polyethylene polyamine.
100 4
80

60 1

40 1

Deformation, %

20 1

0 1(I)0 2(I)0 3(I)0 4(I)0 5(I)0
Temperature, "C
Fig. 3. Thermomechanical curves of epoxy polymers based on
4,4-(3-methyl-2-norbornylmethylene)diphenol.
Hardeners: 1. 4,4'-diaminodiphenylsulfone, 2. 4,4"-diaminodiphenyloxide, 3. Benzidine

As can be seen from the data in the table and figures, cured epoxy polymers are characterized
by a fairly high heat resistance. The exception is polymers obtained by curing 4,4'-diamino-3,3'-
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dimethoxydiphenylmethane and 4,4’-diaminodiphenyl-methane, whose heat resistance is equal to 145
and 150°C. This is obviously due to the structure of the above - mentioned diamines, namely, the
presence of methoxy-and methylene groups in their molecules. 4,4’-diaminodiphenylsulfone gives
high results in heat resistance. Polymers obtained by curing with these hardeners are deformed in the
temperature range of 220-245°C.

The use of the hardeners listed in Table 1 gives high results in terms of heat resistance. In all
cases, the polymers formed by curing these components decrease in mass by 10% in the temperature
range 340-400°C. The only exception is the polymer obtained by curing the glycide ether with
polyethylene polyamine. The temperature of reduction in mass by 10% for it is 260°C. The use of 4,4'-
diaminodiphenylsulfone for curing glycide ether gives a high result. The temperature of the mass
reduction by 10% at the same time increases to 400°C.

o

weight reduction, %

2

100

T T
600 700

Temperature, 0C

T T T T T
0 100 200 300 400 500

Fig. 4. Thermogravimetric curves of epoxy polymers based on the glycide ether
4,4'-(3-methyl-2-norbornylmethylene)diphenol.
Hardeners: 1. 4,4"-diaminodiphenylisulfone, 3. 4,4'-diaminodiphenyloxide, 4. Benzidine

Table 2. Properties

of  structured

compounds

based

on glycide esters

4,4'-(2-norbornylmethylene)diphenol (1) and 4,4'-(3-methyl-2-norbornylmethylene)diphenol (2).

Ne Structure of the hardener The amount of 10% deformation | The temperature of
hardener per 100 according to the | mass reduction by
glycide ether, is | thermomechanical 10%, °C**

prepared curve, °C
1 2 1 2 1 2
1 J\ 20,0 17,3 195 260 325 300
H2N—\/ \,—/ . NH,
2 J\ 19,7 16,2 205 210 330 300
H2N—\/ \,— o-@— NH,
3 7\ 24,5 25,9 225 235 400 280
HZN—\/ \,—SOZ-Q— NH,

Based on the results obtained, some of the hardeners listed in Table 1 were selected for the
purpose of curing the glycide esters of 4,4'-(2-norbornylmethylene)diphenol and 4,4'-(3-methyl-2-
norbornylmethylene)diphenol. Table 2 and Figures 4 show the properties of polymers obtained by
curing the above glycide esters with the following hardeners: 4,4’-diaminodiphenyl-sulfone, benzidine
and 4,4'-diaminodipheny| oxide.

Based on these data, the thermal heat resistance of the cured polymers does not change
significantly compared to the polymers obtained by curing the glycide ether of 4,4’-(3-methyl-2-
norbornylmethylene)diphenol. Obviously, the change in the structure of the cyclic group does not
affect these indicators.
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Epoxy polymers obtained by curing glycide esters of cyclic bisphenols with these hardeners
are characterized by high heat and heat resistance, which causes some practical interest. You should
only pay attention that the heat and heat resistance of ester of 4,4'-(3-methyl-2-
norbornylmethylene)diphenol is slightly higher than polymers based on other bisphenols.
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JIbBiBCHKMIT HalliOHANTPHUN MenuuHuK yHiBepcuTeT imeni Jlammma [ammiekoro, kadenpa
HOpPMaJIbHOT aHaToMmii, M. JIbBiB. Pe3ynbTaTu crari BIANOBIZAIOTH IIaHY HAYKOBUX JOCIIIKECHb
JIBBiBCHKOTO HAITIOHAILHOTO METUYHOTO YHiBepcuTeTY iMeHi Jlanwna ["anuipKoro i € 4acTHHOI HayKOBO
— nmociigHoi TeMu Kadenpu HopMaibHOI aHaTomii «MopdodyHKIiOHAIEHI 0COOIMBOCTI OpraHiB y Mpe —
Ta TIOCTHATATLHOMY TIepioJjax OHTOT'€HE3Y, MPU BILUIMBI OMIOI/iB, XapUOBHX J00aBOK, PEKOHCTPYKTUBHUX
oriepaltisix Ta okupiaHi» (Homep aepxkpeectpartii 0120U002129) Bnpomosx 2020 — 2024 pp.

Beryn. IIpyunHM 3710BXHMBaHHS HAapKOTHYHMMHU PEUYOBMHAMH Ta (OpMyBaHHS HApPKOTHYHOI
3aJIeKHOCTI CKJIaAHI W pisHOoMaHiTHI [1]. HapkoTWuHa 3amexHicTh CTajla 3HAYYMIO MPHUYUHOIO
PO3BUTKY MHOXMHHOT HOJIIOPTaHHOI ITaTOJIOTI T, 110 Pa30M i3 BEJIMKMMUA €KOHOMIYHUMHU 1 MOpPaJIbHUMHU
30WTKaMU CTaBJISITH MPOOJIEMY HapKOMaHil B Psii HAHBAXKIIMBIIIMX MPOOJIeM y 0aratbox KpaiHaxX CBITY
[2, 3]. Cepen mnpemapariB, 37IOBKMBaHHS SKHMU MAa€ BEJIMKE COLianbHE 3HAYEHHS, HaWOUIbII
BROXIMBUMHU € TIpErapaTH OIMIOIMHOTO PSY, OCKUIBKA BHKOPHCTOBYIOThCS y JIKYBaHHI XPOHIYHOTO
0ompoBOTO CHHIpOMY [4, 5].

Buesasnadene okpecnesno MeTy Hamoi poOOTH, IO MOJsrana y BHBYEHHI OCOOJIMBOCTEH
VIILTPACTPYKTYPHOI OpraHizamii CIM30BOI Ta XpANIB TOPTaHi B HOPMiI 3 METOI B MOJAIBIIOMY
CIIBCTaBUTH IOSIBY TOYATKOBHX MAaTOMOPQOJIOTIYHUX 3MIiH MPH E€KCIEPUMEHTATFHOMY OIMiOITHOMY
BIUIMBI Yy TOCTPHiA, CyOXpOHIYHUH Ta XPOHIYHUM TEPMiHH.

Merta. MeTol0 NpOBEACHOrO HAMU JAOCHKEHHS Oylo BHUBYHUTH YIBTPACTPYKTYPHY
opraHizalliro cIu30Boi Ta XpsIIiB rOPTaHi B HOPMI.

Marepiaau Ta MeTOaHM AOCTIIKeHHs. MartepialioM TOCIiPKEHHS CIYTYBAJIH CTaTeBO 3pii,
0e3nopoHi mypu — camili B KinbkocTi 15- Tu TBapuH, mMacor 80 T, BikoM 4,5 micsiiB. Yci TBapuHH
3HaXOMJIMCh B YMOBAX BiBapito i poO0Ta, 1110 CTOCYBaiacs MUTaHb YTPUMAaHHS, IOTJISY, MapKyBaHHS
Ta BCl 1HIN MaHIMYJAII MPOBOIUINCS 13 MTOTPUMAHHSAM ITOJOKEHb “CBPOIEHCHKOI KOHBEHINT PO
3axXMCT XpeOSTHUX TBapUH, SIKIi BUKOPHUCTOBYIOTBHCS AJISI €KCIIEPUMEHTAJIbHUX Ta 1HBIIMX HAYKOBUX
mimeir” [CrpaszOypr, 1985], “3aranpbHMX €THYHWX NPHUHIMITB EKCIIEPUMCEHTIB Ha TBapwHAX
yxBaneanx [lepmmmM HarionanmsauM koHrpecoM 3 Oioetuku [Kui, 2001]. Kowmiciero 3 OioeTHKH
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JIbBIBCHKOTO HALlIOHATBHOTO MEIUYHOTO yHiBepcuTeTy iMeHi [annna ["anuipKkoro BCTaHOBICHO, L0
MPOBEJIeHI HAYKOBI JOCHIKEHHA BIAMOBINAIOTh €TUYHWM BHMOTaM 3rigHO Hakazy MO3 VYkpainu
Ne 231 Big 01. 11.2000 poky ( mpotoxoin Ne 10 Big 26.12.2011 poky).

[lepen mpoBeneHHAM 3a00py HEKpPOIICIHHOTO MaTepially TBapWHY BUBOAMIIM 3 CKCIICPUMEHTY
3a JomoMoror auOyTwioBoro edipy. Sk wmarepianm sl yIBTPACTPYKTYPHOTO  TOCIIKEHHS
BUKOPUCTAJIM CIU30BY Ta XpSIIli TOPTaHI IMypiB. YABTPACTPYKTYpHI TpenapaTd TOTyBald 3a
3arajJbHONPUUHATOI0 METOUKOIO [6-8].

Pe3ysabTaTu AociaigkeHHsl. Y pe3ynbTaTi yAbTPacTPYKTYpHOTO IOCTIKEHHS HaMu Oyiio
BCTAHOBJIEHO, 110 IUISHKH CIM30BOI OOOJIOHKHM, SKI 3a3HAIOTh MeXaHIYHMX HaBaHTa)KEHb BHCTEJICHI
0araTolmapoBUM TUIOCKHMM EMiTeieM, 0 YTBOpeHHi 3 3-4 mapiB KIiTHH. EmitenionnT 6a3ambHOTO
1Iapy HU3bKOI MpU3MaTH4YHOI (JOpMH, pO3TalloBaHi Ha HeMepepBHil Oa3anbHili MeMOpaHi MOMipHOI
€JIEKTPOHHOI MIUTBHOCTI. Jlemo posmmupena Oa3aiibHa YacTHHA ITMX KIITHH IIHPOKA, ITHTOILIa3Ma
MICTUTHh HEBEIWKI MITOXOHAPil, KOPOTKi MOOAMHOKI MPOo(diyi TpaHySIPHOI €HAOIUIa3MaTHYHOI CITKH,
BUTBHI pubocomu. O0’eMHI sjipa SIiTENIONUTIB 0a3aIbHOTO IIapy HEMPaBWILHOI (POPMH, 3MIIlEH] 10
0a3apHOro MONMI0Ca KITITHH, MICTATh 3HAYHY KUTBKICTh TETEPOXPOMATHHY Ta J00Ope BHPaKEH] siIepIs.
Mix xriTHHaMU 06a3abHOTO APy HASBHI MIUTHHI KOHTaKTH Ta fecMocoMmu. Hax GazanpHUM miapom, y
2-3 psaayM, PO3TallOBYIOTHCS MOJIrOHANBbHOI (POPMH EHITETIONUTH MPOMDKHOI 30HU. Slapa KIiTHH
NPOMIDKHOI 30HM HENpaBWJILHOI BHJOBXKEHOI (OpMH, Kapiomjga3ma MICTHTh 3HA4HY KIUIBKICTb
€yXpOMaTHHY, a TeTEepPOXPOMATHH PO3TAIIOBYEThCS TMEPEBAKHO OIS BHYTPIIIHBOI IMOBEPXHI
KapioieMH. Y MHTOIIIa3Mi, OKpIM IOOJWHOKHX MITOXOHAPIH, KaHANBI[B TJIaaKol Ta TpaHyJSpHOL
SHJIOMIA3MAaTUYHOI ~ CITKM  3yCTPIiYarOTbCS  YHMCENbHI  BE3WKYJIM, 1[0 OyiaM  3aloOBHEHi
EJIEKTPOHHOCBITIIM BMICTOM 1 30CEpEIKYIOTbCS B OCHOBHOMY y JIOMIHANBHIN YacTHWHI KIITHH,
nmo0an3y nurormazMaTuaHoi MmeMOpanu. [loBepXHEBiI KIITHHU TIIOCKOT BUAOBXKEHOI (DOPMH, MICTITH
HE3HauHy KUIBKICTh JecMOcoM. KibKICTh OpraHen y HUTOIUIa3Mi MOBEPXHEBUX KIIITHH HE3HAYHA.
BinbuicTh emiTeNnionUTIB MOBEPXHEBOrO IIAapy MICTATH ApiOHI sApa, MIO PO3TalloBaHi B LEHTPI
kIiTuHU. [[oOMWHOKI emiTeTionuTH 3MyIIyloThes y TpocBiT roprai. Ilix 6azampHOO MeMOpaHOIO,
piamie MiX emiTeTionuTaMi MiCISIMU Bi3yalli3yOThCS TIOOAMHOKI JIEHKOIUTH.

Enitenianpuuii  1utacT OLIbIIOT YAaCTMHM TOJOCOBHMX CKJIQJIOK TPEACTABICHHUN JBOMA
KITHHHUMH [IapaMu: Oa3aJlbHUM Ta TOBEPXHEBHM. SIpa KIIITHH TMOBEPXHEBOTO MIApYy MICTATH
rOOoKi iHBariHaIii KapionemMu. ['eTepoxXpoMaTHH JIOKali3yeThCs TNEPEBAXHO B IMEPUPEPUIHHX
JUITHKAX spa, Mo0Iu3y BHYTPIIIHBOI MOBEPXHI KapioleMH. Y HUTOIUIA3Mi JIOKaJi3yIOThCsl TIOMipHA
KUTBKICTh MITOXOHAPiH, KOPOTKI IIUCTEPHH TPaHYIIAPHOI €HAOTUIa3MaTUYHOI CITKH, BITbHI pUOOCOMHU.
[uTorazma JIFOMiHATBHOT HOBerHi HEOJTHOPITHO TIPOCBITIIEHA, MICTUTh HEBEIWKiI BHUCTYIH, IO
Hara/lyl0Tb MIKPOBOPCHHKH. SIapa KiIiTHH 6a3abHOrO LIapy HEeNpPaBHIIbHOI (OPMH, MICTATH IIHOOKI
inBarinanii kapionemu. Ix nuTONIa3MaTHUHKI MATPUKC MICTUTH OCMiOMiTbHI BKIIOUEHHS, TOOAUHOKI
MITOXOH/PIi Ta LUCTEPHM TPaHYJSAPHOI EHIOIUIA3MATHUYHOI CITKH. MDKKIITHHHI TIPOCTOpH Y
0a3abHOMY MIApi TOCHTH HIMPOKi, MIiCTATh HEOAHOPITHY OCMiO(hiTbHY Macy.

JinstHKY TOpTaHi, SIKi BKPUTI OJTHOIIAPOBUM OaraToOpsIHUM BiHUaCTHM emiTelNlieM BKIIIOYArOTh
BiiYacTi, MPOMIXKHI EIITENIONUTH, CEPO3HI, KENUXOMoMiOHi, Oa3anbHI KIITHUHH Ta KIITHHH
Kynpunnpkoro. OKpiM IbOTO, MK eMiTENialbHUMH KIITHHAMH TaKOX 3yCTPIYaroTbCci MOOTUHOKI
MIECH3JIMKOBI €I TETOUTH, JTIM(POIUTH Ta JASHAPUTHI KIITUHH.

BiifuacTi emiTeionUTH MPOCTATAOThCA Bij 6a3aabHOI MeMOpaHH 10 MOBEPXHI emiTeniio. Ix
OBaJIbHE SAPO PO3TALIOBYETHCS B Oa3aIbHIN YaCTHHI KIITHHH, MICTUTB 3HAUHY KUIBKICTh €yXPOMaTHHOBHX
JULTHOK. ATKanbHa TIOBEpXHs BIMYACTUX KIITHH BKPHUTa YWCEILHUMH JIOBTHMH IapajielibHO
pO3TAIIOBAaHUMH BiiKamMH, 1110 HECYTh KOMIUIEKC MIKpOTPYOOYOK Ta OazajbHi TUNBIS IHTIHAPHIHOL
¢dopmu. Y 1mmromnasMi BIHYACTHX EMITENIOLMTIB 3yCTPIYalOThCS JI30COMH DI3HOTO PO3MIpy, 3HAYHA
KUTBKICTh BUIBHUX PHOOCOM, IIO pO3CisHI MO Bcill muTomasmi. ['paHynsipHa eHIOIIa3MaThyHa CiTKa
BUpaXkeHa CJ1a0o0, MPEICTaBICHA MOOJMHOKMMHU KAaHAIBIIMH Ta UCTEPHAMH, 10 MICTSATH MPUKPIILICHI
pubocomu. MiToxoHnpii ApiOHI, MOOJMHOKI, 3 IHTEHCMBHOOCMIOMUIFPHHM MAaTpPUKCOM Ta JApiOHUMH
HapaieIbHIMU KPHUCTaMH, IO PO3TAILIOBYIOTHCS NEPIICHANKYIAPHO JI0 TIOB3JOBXKHBOI BiCi MITOXOHIpII.

KenuxomomniOni  kmituau  (puc. 1), BHIOBKEHOT (GOPMH, CBOEI 3BYKEHOKW OCHOBOIO
MPWIATaloTh 10 0a3anbHOI MeMOpaHu. DPopMa KeIUXOMOAIOHUX KIITHH 3aJICKHUTh Bix (a3 cekperil
Ta 3alOBHEHHS iX UUTOIUIa3MH TpaHyJIaMH, IO MICTATh MyLHMHOTCHH. SIIPO KEIMXOMOAIOHUX KIITHH
OoKpyrJ10i a00 OBasIbHOT (POPMH, IICHTpalIbHA YaCTHHA HOr0 3allOBHEHA €yXPOMATHHOM.
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Puc. 1. Ynompacmpykmypa xenuxonodionoi kiimunu wiypa 6 Hopmi. 36. x 4000.
1 — anixanvna yacmuna yumMonazmu KeuxonooioHoOl KIimuHU, 2 — CeKpemopHi epanyiu 3 MyyuHO2EHOM.

Kommnexkc Tompmki posramoByeTscsi moOiam3y sapa, B OTOYEHI CEKPETOPHHUX TIpaHyll.
CekpeTopHi TpaHyJu PI3HOTO po3Mipy: ApiOHI, a Hamaidl 30MpPalOThCSA MayKaMH Ta 3alOBHIOOTH
amikajabHy 4acTUHY LUTOIDIa3MH. [ paHyispHa eHjoIuIa3MaTH4Ha CiTka qo00pe po3BuHEHa. KinbKicTh
MPUKPIIJICHUX Ta BITBHUX pHUOOCOM 3HauHA. MITOXOHAPIT B IHTOIUIA3Mi 3yCTpidaroThCs pimko. B
OCHOBI KIITHH 3YyCTPIiYalOThCS MOOMWHOKI TOHO(IOpmIn. AmikalbHa TOBEPXHS KEIHXOMOAiOHMX
KIIITUH HEepiBHA, MICI[IMU TpiOHOBOPCUHYACTA.

BazanbHi kniTHHE GaraTokyTHOi 00 BUJOBXKEHOI (DOPMH, KOHTAKTYIOTh MiXK COOOIO 3aBISTKU
HasBHOCTI JlecMOcOoM. Snpo 6a3abHUX KIITHH 00’ €MHE, 3alI0OBHEHE MEPEBaXHO FeTEPOXPOMATHHOM, B
OUTOIUIa3Mi  JIOKAi3yIOThCS ~ YMCENbHI  MITOXOHApil, mpodimi  KaHAIBIIB  TpaHyJIsSpHOL
eH/IOTIA3MATHYHOI CiTKH, 3HAYHA KilbKiCTh BUIBHMX PHOOCOM, a Takoxk ToHO(MiOpuHHM. IX amikambHa
YaCTHHA 3BY)KCHA, HE JTOCATAE MMOBEPXHI EMiTeTaTbHOTO TUIACTY.

[IpoMixHI emiTemionuTH 3yCTpidanuch PiAKO, iX IHUTOIUIa3Ma HENpPaBUIBHOI, BUIOBKEHOI
thopmu, IHTEeHCUBHOOCMIiO(DiIbHA, MICTHTh KOMILIEKC Tonb ki, MITOXOHPIT 3
IHTEHCUBHOOCMiO(ITLHIM MaTPUKCOM, KaHAIIBII Ta HUCTEPHU TPAHYJISPHOI €HA0IIa3MaTUYHOI CiTKH,
3 (ikcoBaHMMH puOOCOMaMy, a TaKOoX BUIBHI PHOOCOMHM Ta TMOJICOMH. Sapa TPOMIKHHX
EIITEeNIOINTIB OBATBHOT 200 BHIOBKEHOI (POPMH, 3aITOBHEHI MEPEBAYKHO TE€TEPOXPOMATHHOM.

Cepo3Hi KIIITMHM pPO3TAlIOBYIOTbCS TpyHaMd, y IX LUTOIUIa3Mi HarpOMaKyIOThCS
SJICKTPOHHOIIUIBHI CEKPETOPHI TPaHyJIH, 3HaUYHa KUIBKICTh IIUCTEPH I'PaHyJISPHOI €HI0IIa3MaTHYHOI
CITKM, MITOXOHJIpII Ta JIi30COMHU, KOMIUIEKC ['0JbIKI, IUCTEPHU, APIOHI IMyXUPI Ta BaKyoOJli SIKOTO
PO3TaIOBYIOTECS IOONU3Y sipa. LleHTpanpHa yacTHHA siiep CEpO3HHUX KIIITHH 3allOBHEHA IEPEBAXKHO
€yXpPOMAaTHHOM, a KapiojieMa MiCIlISIMUA YTBOPIOE iHBAriHaIIii.

Kiitnan KynpuumpKkoro nekarh ITOOJMHOKO, IX alliKallbHI BIIPOCTKH BUXOASTH 32 MEXI
eMiTeNaabHOTO IUIACTY, a B Oa3albHIM YacTWHI KIITHHA HArpoOMajpKyHOThCS YHUCENbHI ApiOHI
TOPMOHOBMICHI TpaHylnd 3 HEOJHOPIIHWUM, II€PEBAKHO IHTEHCHBHOOCMIO(IIHHUM, BMICTOM.
[luTonnazmMaTHYHUN MaTPUKC y TUITHKAX, 10 HE MICTUTh TOPMOHOBMICHHX TPAaHYJl CBITIIHA, BKIIFOUAE
MOOJIMHOKI KaHaJIbIll FPaHYJIAPHOT €HIOIIa3MAaTHYHOT CITKH.

KicroukoBi emiTenionuTH 3yCTpi4alOThCs piAKo, iX (opMa BHUTATHYTa, Ha alliKaibHiH
MOBEPXHI MICTATH OBI1 MIKPOBOPCHUHKH, Ol OCHOBH SIKMX PO3TalIOBYBaJIHMCh APIOHI BE3UKYIH 3
MPOCBITIICHUM BMICTOM. Y iHTEHCUBHOOCMIO(MIIBHIM IUTOIUIa3MiI KiCTOYKOBUX EIITENiOIHTIB
PO3TAIIOBYIOTECSI KaHANbBLI TPaHyJSIPHOI €HAOIUIa3MaTUYHOI CiTKM, 3 (IKCOBaHMMH PHUOOCOMaMH,
MICISIMA 3yCTpiYarOThcsl BUIbHI pubocomu, TOHOGIOpHIU. Sapo, WO 3alOBHEHE IEePEeBaXKHO
reTePOXPOMATHHOM, 3MillleHe 10 0a3aJbHOI YaCTUHHU KIIITUHHU.

BrnacHa mmacTmHKa CiIHM30BOi OOOJIOHKH Ta IMiJCIM30BAa OCHOBAa TOPTaHI yTBOpEHA ITyXKOIO
BOJIOKHHCTOIO CIOJYYHOIO TKaHMHOIO, [0 MICTHTh YHCENIbHI CYAMHM Ta 3HAa4YHy KUIBKICTh
KOJIATEHOBHX, €JIACTHYHHX Ta PETUKYJIIPHUX BOJIOKOH, HEPBOBI 3aKiHUCHHSI.

CriHka reMOKanisipiB yTBOpeHa €HAOTENIONUTAMH, 10 OTOYEHI 30epeKeHOI0 I1a3MOJIEMOIO,
0a3abHOI0 MEMOpAHOIO, [0 30BHIINIHBOI IOBEPXHI SKOT MPHISATAIOTh INEPUIMTH. B KOXKHOMY
EHJIOTEJIOINTI BUAUISIOTh YOTUPU 30HH: SJEPHY, 30Hy OpraHed, nepudepiiHy Ta HaBKOJIOKOHTaKTHY.
Snpa B eHIOTEIIONMTAX OBAajJbHOI, JCIIO BHUIOBKEHOI (OPMHU 3 UITKO PO3ALICHUMH IIJITHKAMH
XPOMAaTHHY: €yXPOMaTHH JIOKJIi3ye€ThCSl B LIEHTPI s/Ipa, a TeTEPOXPOMATHH B NepU(PEpHUIHUX 30HAX,
NEPEeBAXHO Y BHUIVIAAI 1HTEHCHBHOOCMIO(MIIBHOI CMYXKKH, MOONHM3Yy BHYTPIIIHBOI MOBEPXHIi
HykJeoneMu. [1o0au3y saep eHa0TeNiOUUTIB Bi3yasi3y€eThcst KOMIUIEKC [ 0B 1K1, LEeHTPiol, KaHAIbL1
TPaHyJSIPHOI CHIOIUIA3MATHYHOI CITKM, MITOXOHApPIi, a TaKoX IpiOHI BE3WKYIH. Y IHUTOILIA3Mi
nepudepiitHoi Ta HaBKOJOKOHTAKTHOI 30HH TaKOXK BHSBIIAIOTH APiOHI MIHOIMTO3HI MIXypIli, KaBEOJIH
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Ta 4YucenbHI (QeHecTpw, IO BKa3ye HA Y4YacTh LUX CTPYKTYpPHUX KOMIIOHEHTIB Yy
TPaHCEHIOTENNIANbHOMY IIEpEHECEHHI MaKpOMOJIEKYIT 3 KPOBI B TKAHWHH Ta Y 3BOPOTHOMY HAmpsIMKY.

bazanpHa mMeMOpaHa, Ha fAKi PO3TAIIOBYIOTHCS €HIOTENIOIWTH, HECYIiJbHA, CKIaTa€ThC 3
TOMOTEHHOTO MaTpUKCy Ta (PpiOpHIsIpHIX KOMITOHEHTIB. [0 30BHINIHBOI MOBEPXHI TEMOKAILIKAITIISPIB
NPUISTAIOTh NEPULIUTH, LUTOIUIa3Ma SIKMX YTBOPIOE BIAPOCTKH. Y nimsHKax e Oa3anbHa mMeMOpaHa
MICTHTB TIOPH TIEPUIIUTH KOHTAKTYIOTh 3 €HIOTETaIbHAIMH KIIITHHAMU. S1Ipo B IEPUITUTIB OBAITFHOI 200
yuiineHeHoi ¢opmu, 3aliMae OUIbIIy YacTWHY LMTOIUIA3MHM KIITHHH, Kapioluia3Ma 3aloBHEHA
31e0UTBIIIOTO TeTEpOXpoMaTHHOM. L{uTomma3zma mepruiuTiB 3aiiMae He3HAYHMI 00’ €M, MICTHTh HEBEITHKY
KUJIBKICTh ~ OpraHei: TOOAWHOKI MITOXOHJpii, HeYHcenbHI pUOOCOMHM Ta IMOJICOMH, KOPOTKIi
MIKpOTpyOOUKH Ta MiodiTaMeHTH, 3epHa TIIIKOTeHy, ApiOHI Be3nkymu. lluTorurasmMaTidHi BiAPOCTKH
MIEPUILIMTIB, 0 OTOYYIOTh KalIsipH (GOpMYIOTh PO3IIUpeHHS. MiXX epUIUTaMy Ta EHI0TEeTIONUTaMu, Y
IungHKax e OazanpHa MeMOpaHa IepepruBYacTa, 3yCTpi4atoThCs pi3HOMaHITHI KOHTaKTH. | eMoKamisapu
TaKO OTOYYE OCHOBHA PEUOBHMHA ITyXKOi CIOJIYYHOI TKAHUHA, IO MICTUTh KIITHHHI €JIEMEHTH, Cepel
SIKUX TIEPEBaXAIOTh KIiTHHE (hibpobractiuyroro mudepony (puc. 2), KoJareHoBi Ta eIacTHYHI BOJIOKHA,
HEpBOBI 3aKiHUeHHs. 3pini akTUBHI (PiOpoOIacTi 06’eMHi, BipocUacTi, X SAPO MEPEBAKHO OBATHHOI
(hopMH, OKpIM TPYIOUYOK TETEPOXPOMATHHY MICTHTh 3HAYHY KUIBKICTH €yXpOMaTHWHY, y Kapioliemi
BI3yalli3ylOTh TOpPH. Y IUTOIUIa3Mi aKkTUBHUX (iOpoOsacTiB J100Ope BUPAKEHI OpPraHeSd CUHTE3Y:
IMCTEPHH TPAHYJSIPHOI SHIOIUIa3MAaTHYHOI CITKH, SIKi MICIIMH KOHTaKTYIOTh 3 Iutasmoiemoro. Ha
MOBEPXHI LHUCTEpH TPaHYJISPHOI EHJOIUIA3MaTHYHOI CITKM JIOKATI3yIOTBCSI YHCENbHI PHUOOCOMHU.
CTpyKTypHI KOMIIOHEHTH KOMIUIEKCY [ ombmki (IMCTEpHH Ta MyXHpIi) JIOKATI3yIOTECA B PI3HHX
JUISHKaX [UTOIUIa3MH 3 YHCENbHHMH pHOOCOMaMu Ha ii moBepxHi. Tako 3yCTpiUarOoThCS BENHKi
MITOXOH/IPii, TOOAMHOKI Ji30coMHU. HaBKoio rra3mMoneMu akTHBHUX (iOpOOIIACTiB HArpOMaKy€EThCS
JpiOHO3EepPHUCTA PSYOBHHA T4 HOBOYTBOPEHI (hiOpHIIM KOJareHOBUX BOJIOKOH.

<,

: 3
g i P At s
Puc. 2. Ynompacmpyxmypa giopodoracma wypa 6 nopmi. 36. x 6000.
1 — ¢ghibpodracm; 2 — ¢ibpunu xKoraceHo8UX 0IOKOH.

3HayHa KiIBKICTh My4KiB 3 (hiOpUII KOJAreHOBHUX BOJIOKOH (puc. 3), Bi3yali3y€eThes y 3B s3Kax
roprasi. ¥ Takux JUISHKax (piOpWIM KOJIAreHOBHUX BOJOKOH PO3TAIlOBaHI BIOPSJIKOBAHO, LIIBHO, B
HHX BI3yali3yeThCs IMONEPeYHa MOCMYTOBaHICTh. TakoXK 3yCTpi4arOThCsl €NaCTUYHI BOJIOKHA, IO HE
BOJIOJIIOTh TIOMIEPEYHOI0 TIOCMYTOBaHicTiO. LleHTpaigbHa yacTWHA ENACTHYHHMX BOJIOKOH BKITIOYAE
LHEHTPaJIbHO PO3TALIOBAaHUKA aMOP(QHUI TOMOTEHHMH KOMIIOHEHT Ta NepU(EepHUuHO pPO3TaIlOBaHi
¢biopwsipai  cTpykTypu. [lpucyTHI JiNSHKM B CTpOMI TOpPTaHi Jie 3yCTPIYarOThCsS TTOOHHOKI
Makpodaru, JTiMQOIUTH, TKaHWHHI 0a3zodinay, MIasMouuau, €o3uHO(IIM. SIpo cereMeHTOsAepHUX
(3pinux) eo3uHO(DIIIB BKIIOYAE ABAa 00 €MHHUX CErMEHTH, IO 3’€IHaHI MK CO00I0 NMEPETHHKOM, 3
NepeBaXaHHSIM B Kapiomjiasmi reTepoxXpoMaTrHy.

Puc. 3. Ynompacmpykmypa xonazenogozo éonokna wiypa é nopmi. 30. x 6000.
1 — nyuku @ibpun xonazenosux 6010KOH.
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VY mutomnazmi €03MHOQINIB JOKATI3yIOThCS cHeuu@iuHi TpaHyJdH BHUIOBXKEHOI OKPYTJIO
OBaJIbHOT (hOpMH, B €KBATOpPialIbHIM IJIOMIMHI SKUX JIOKATI3YIOTHCSA IHTEHCHBHOOCMIO(ITBHI IIiIHHI
KPHUCTANOIIHI CTPYKTYPH y BUTJISII TNIACTUHYACTOTO TiJIa, MO pO3TalloBaHEe B aMOpGHOMY MaTpUKCi
(puc. 4). OcHOBHA pe4OBHHA CIONYYHOT TKAHMHU Ha OLIBLIOCTI AUISTHOK BJIACHOI IJIACTHHKU CITM30BOI
OOOJIOHKM Ta TIJCIA30BOI OCHOBH HH3BKOI €NEKTPOHHOI MIUIBHOCTI. Y CTpOMi TropTaHi
PO3TaIIOBYIOTECS YHCETbHI HEPBOBI BOJIOKHA. be3aMieTiHOBI HEPBOBI BOJIOKHA MMOOYAOBaHi 3 JEKITHKOX
OCBbOBHMX IIWJIIHIpiB, HeHponemu 1 OazanpHoi MemOpanu. OcbOBHH IWIIHAP TNPEACTaBICHUN
BiZJpOCTKOM HelpouunTa. Heliponema ckiianaeTbest 3 TAKIB HEHPOJIEMOLUTIB, TIa3MOJIeMa SIKUX 0TOYYE
OChOBHH LWJIIHIAP, YTBOPIOIOYM Me3aKCOH. be3MieaiHOBE HEpPBOBE BOJIOKHO BKPHUTE 0Oa3albHOIO
MeMOpaHoro. Mi€eTiHOBE HEPBOBE BOJIOKHO, OKPIM OCHOBOTO IMIIIHApPA, MICTUTH J0OpE PO3BHHEHY
MI€JTIHOBY OOOJIOHKY, HelipoieMy i 0a3aibHy MeMOpany. OChOBHI HUJIIHAP OTOYYE aKCcoJieMa, 110 €
IPOJOBKEHHSM IUTOJIEMH Tija HEHPOHa.

Puc. 4. Ynompacmpyxmypa eosunoghina wypa 6 nopmi. 36. x 6000.
1 — eosunoin; 2 — uucenvui yumoniazmMamudti 2paryiu 6 eKeamopiaibHill NIOWUHI AKUX
8I3yanizyromucs 0CMIOQDINbHI WinbHI KPUCMAL0IOHT CIPYKmMYpU.

MieniHoBa 000JIOHKAa YTBOPIOETHCS YHACTIJIOK HallapyBaHb MOJBIHHOT CKIAJIKU IIA30JeMU
HEHpOJEeMUIIUTa HABKOJIO BIJIPOCTKA HEWpOHA, MICTHTh JIMJM B KOHIEHTPUYHO HANIAPOBAHHX
BIZIPOCTKaX ME3aKCOHAa, BHCOKOI EJIEKTPOHHOI INIBHOCTI, BUpa3sHO ocmiodinsHa (puc. 5, 6).
uromnasma i sapo HeHpoJeMOLUTa JIOKATI3yI0ThCs Ha nepudepii, yrBoproroun HeliposieMy. 330BHI
MI€JTIHOBE BOJIOKHO TaKOX OropTae 0a3ajibHa MeMOpaHa.

- -

Puc. 6. Ynompacmpyxmypa nepsosux 6onokon wiypa 6 nopmi. 30. x 6000.
1 — inmencusrnoocmioghinbna Mienino6a 0O0JIOHKA HEB08020 BOJIOKHA.
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Bonokna cronmy9yHOi TKaHWHU BIIACHOI IDIACTWHKA CIM30BOI OOOJOHKW 1 MIICIM30BOi OCHOBH
NEPEXOAATh B OXPACTS XpSILiB TOPTaHi, a TaKOX 3alArar0Th MDK M'A3aMH TOpTaHi, MOMEPEYHO-
MOCMYTOBaHI M’SI30Bi BOJIOKHA SIKAX 30epekeHi, KO)KHE 3 BOJIOKOH OTOYEHE CapKOJIEMOIO, IO
CKJIQIA€ThCS 3 30BHIIIHBOI 0a3aibHOI MEMOpaHHM Ta IUIa3MOoJIeMH MiocumIuiacta (puc. 7). 30BHIIIHS
00O0JIOHKa CHMIUIACTA TIOB’S3aHAa 3 KOJAr€HOBHMH Ta PETHKYJIAPHHUMH BOJOKHaMH. UmncenbHI sapa
nexats 0e3nocepeHbO i TIa3MOJIeMO0, BUIOBKEHO-OBAILHOT (POPMH, MICTATh HE3HAUHY KIIBKICTh
TeTepoOXpOMAaTHHY Ta JOOPE MOMITHI SAEPIIS.

Puc. 1. Yiompacmpykmypa nonepeuno-nocmy208aHux m s306ux 60J10KOH 20pMari wjypa 6 HopMi.
36. X 4000. 1 — mioghiopunu nonepeuHo-nocmy208anux M s1308UxX 60J10KOH 2OPMAH.

bing moxrociB simep pO3TalIOBYIOTHCS CTPYKTYpPHI elleMeHTH Komiulekcy [ompmxi Ta
MiTOXOHApil. ['paHynspHa eHAOMIa3MaTH4HA CiTKa pO3BHHEHa cnab0o. Y TOH e dac TIiaaka
eH/I0TUTa3MaTHYHa CiTKa (CapKolUla3MaTH4YHA CiTKa) JHoOpe BHUpa)KeHa, MPEACTaBIeHA YHCETbHUMH
TUIOCKUMH TPyOOUYKaMH Ta IUCTEPHAMH. BiNbIly 4acTHHY CapKOIUIa3MHU 3aloOBHIOIOTH MiodiOpwmiy,
mo TOOYyJOBaHI 3 TOHKHX Ta TOBCTHX MIKpO(iTaMEHTIB, MAalOTh XapakTepHy IOCMYTOBaHICThH
3yMOBJICHY YEpTyBaHHSM TEMHHX aHI30TPONMHHUX Ta CBITIUX i30TPOMHHUX cMyr. Temodparmu, mo
MaloTh BUTJIS TEMHHUX JiHIA YITKO OKOHTYpOBaHi, IimicHi. CapkoMepw, IO JIOKANi3yIOThCA MK
JBOMa TenodparmMamu 30epekeHi. Y capkoMepax iIeHTH(IKYIOTbCS TIOB3JOBXKHI HHTKH Ta
MiodiTaMeHTH ABOX THUMIB: TOHKI i TOBCTi. TOBCTI MiodiTaMEeHTH JOKai3yIOThCS JIUIIE y CepeaHii
YaCTHHI capkoMepa. Mix MiohiOpuaaMu JIOKai3yIOThCS IIUCTEPHH CAPKOILIa3MaTHYHOI CITKH Ta
MITOXOHJIPii BUIOBXKEHOT popMu. MICIIIMHU Y capKOIUIa3Mi 3yCTPi4aloThCs MOOAMHOKI Kparuti XKupy,
IpaHyJIv TIIKOreHy. Mix 0a3ajibHOI0 MEMOPAHOIO Ta MIa3MOJIEMOIO Bi3yali3yrThCs APiOHI KIIITHHYA —
miocatenmionuTn. KojkeH MiocaTemionuT MICTHTh OJIHE SIPO, IO 3allOBHEHE MEPEBAXKHO CBITIMMHU
€yXpOMAaTHHOBUMH JUISTHKAMU Ta OPTaHE 3arallbHOro MPHU3HAYCHHSI.

Di6po3HO-XpsIIOBa 00OJIOHKA TOPTAHI OKPIM YHUCENBHUX MMOTIEPEYHO-TIOCMYTOBAHUX M SI31B Ta
BOJIOKHHCTOI CIIOJIyYHOI TKAHWHHU MICTHTh €JIaCTUYHY Ta TialliHOBY XPAIIOBY TKAHHUHY.

XOHAPOINUTH TiATIHOBUX XPSIIiB PO3TAIIOBaHI B JIaKyHaX, iX IHATOIDIa3Ma MiCTUTh J00pe
BUPaXCHY TPaHYJSIPHY €HJIOIUIA3MAaTUYHY CITKY, 13 3HAYHOK KiJIbKICTIO pHOOCOM Ha ii KaHaJbIIX.
Takoxx y IUTOIUIa3Mi XOHAPOIUTIB 3yCTPIYA€ThCS 3HAYHA KIBKICTh BUTBHHX PHOOCOM Ta TOIICOM,
rpanyyu riaikoreHy. [lopyd 3 sApoM poO3TalloOBYEThCS CKJIAJHO OpPraHi30BaHUN KOMILICKC [ oJbixKi,
OUCTEPHU SIKOTO INUPOKi, MICTATh 3HAYHy KUIBKICTh CHHTE30BAHUX PEYOBHMH, PI3HOMAaHITHI
CEKpeTepoHi MIXypIl 3 TpaHylamu. [[HTOIITa3MaTHYHI HIXKH XOHJPOIMTIB BUpaXeHi Jobpe, Oe3
JECTPYKTYpHUX 3MiH. Marpukc, IO OTOYy€e XOHIPOLUMTH TPOCBiTIeHUH (puc.8), yHacTinok
HEOJITHOPIHOTO HArPOMADKEHHS CHHTE30BaHUX OIIKIB Ta IJIIKO3aMiHOTIIKaHIB, TAKOX MICTHTh JApPiOHI
BOJIOKHHCTI CTPYKTYpPH Ta IPOTEOTIIIKaHH.

Puc. 8. Ynompacmpyxmypa xonopoyuma eianinoeozo xpsiuwia copmani wiypa 6 Hopmi. 36. x 4000.
1 — xondpoyum eianinosoeo xpsawa copmaui, 2 — YuMonia3Mamuyti HiJCKu;
3 — OinAHKYU NPOCBIMACHO20 NePU YETIONSAPHO20 MATMPUKCY.
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MUDKKIITHHHY pPEYOBHMHY €NaCTUYHUX XpSIIiB OKpiM (iOpHa KONAareHOBHX BOJIOKOH
MPOHU3YIOTh YHCENbHI €TaCTHYHI BOJOKHA, $Ki HABKOJO XOHAPOUIHMTIB (POPMYIOTH KarlCyiu.
XOH/IPOIIMTH B €IACTUYHHX XPAIIAX PO3TAIIOBYIOTHCS TPYIaMH I10 /1B a00 4OTUPHU KITHHH. JJocuTh
YacTO CYCiZIHI XOHAPOLUTH PO3MEKOBAaHI OCHOBHOIO PEUOBHHOKO CIOJMYYHOI TKaHWHH Ta CITKOIO
€JIaCTUYHHUX BOJIOKOH. BUTBITICTE XOHIPOIIMTIB €IACTUYHUX XPAIIB JOCUTH 00’ €MHI, TiepTpodoBaHi,
B IX IMUTOIUIa3Mi JIOKAJI3YIOTHCS KaHAJBI TPaHyISAPHOI €HIOIIa3MAaTHYHOI CITKH, 3 YHCETHHUMH
pubocoMaMu, CTPYKTYPHI KOMIIOHEHTH KOMIUIEKCY [ '0JbKi, MITOXOH/PIi, BKIIFOUCHHSI TITIKOTEHY Ta
BaKyOJIi, 10 MiCTSITh 3alIOBHEHI MPOCBITICHUM BMiCTOM, HEPIJIKO MIiCTSTb JiITiAH.

BucHoBku.

1. EmitenionuTy 6a3zaidpHOrO Mmapy HHU3BKOI MpH3MaTHyHOi (OpMH, pO3TAlIOBaHI Ha
HemepepBHiil 0azanbHii MeMOpaHi MOMipHOI eNneKTpoHHOI miinkHOCTI. [emo po3mmpena OazanbHa
YacTHHA IMMX KIITHH IMHPOKAa, ITUTOINIa3Ma MICTHTh HEBEIWKI MITOXOHIPii, KOPOTKI ITOOIWHOKI
mpo(isi rpaHyISIPHOI €HA0IUTa3MATUYHOI CITKH, BUTEHI pHOOCOMHL.

2. Han 6a3zanbpHuM mapom, y 2-3 psiid, po3TalloOBYIOTCS MOJIITOHATIBHOT (JOPMHU EeMiTENiOLIUTH
NPOMIDKHOI 30HH. flipa KIITHH MPOMDKHOI 30HM HEMpaBWIBHOI BHUIOBKEHOI (QOpMH, Kapiomiazma
MICTUTh 3HAYHY KiJIBKICTh €YXPOMAaTHHY, a TeTepOXPOMATHH PO3TAIIOBYETHCSH TEPEBAXKHO OLIA
BHYTPIIIHBOT MIOBEPXHI KapioJeMH.

3. EnitenianpHuii  mact OiIbIIOi YacTUHM TOJIOCOBUX CKJIQJIOK IPEJICTABJICHUN JBOMA
KIITUHHAMH IIapamu: 0a3aJlbHAM Ta TIOBEPXHEBHM. Slipa KIITHH IOBEPXHEBOTO IIApy MICTSThH
rIMOOKI 1HBariHaI1 KapioleMu.

4. JIinHKW TOpTaHi, SKi BKPUTI OJHOUIAPOBUM OaraTOpSOHUM BiffuacTUM eIliTeNieM
BKITFOYAIOTh BIYACTi, MPOMIXKHI EMITEeNIOMHUTH, CEPO3Hi, KEMTUXONOi0HI, O0a3abHI KIITHHY Ta KIITHHA
Kynpuuiskoro.

5.CriHKka TeMOKamiisipiB yTBOpEHa CHIOTENIOUUTaMH, IO OTOYeHI 30epeKeHOI0
TUIa3MOJIEMOI0, 0a3albHOI MEMOpaHOIO, 10 30BHIIIHBOI MOBEPXHI SKOI NPUIATAIOTH MEpUIHUTH. B
KOXKHOMY €HIOTETIONUTI BUIUISIOTh YOTHPH 30HHU: SACpHY, 30HY OpraHen, mepudepiiHy Ta
HABKOJIOKOHTaKTHY.

6. ®i6po3HO-XpsiIIoBa 0OOJIOHKA FOPTaHI OKPIM YHCENBHHUX MONEPEYHO-IOCMYTOBAHUX M SI31B Ta
BOJIOKHHCTOI CIIOYYHOI TKAHWHHM MICTHTH €JACTUYHY Ta TIAIHOBY XPSIIOBY TKaHHHY. XOHIPOLUTH
TiaJTiHOBUX XPSIIiB PO3TAIllOBaHI B JIAKyHAX, iX IUTOIDIa3Ma MICTHTh JI0OpE BHUPaXEHY TPaHYJSPHY
SHJIOIJIa3MaTHYHy CiTKY, i3 3HAYHOIO KUIBKICTIO pHOOCOM Ha ii KaHalbIIX. TakoX y IHMTOIUIa3Mi
XOHJIPOIIUTIB 3yCTPIYAETHCS 3HAYHA KUTBKICTh BUTHBHUX pHOOCOM Ta ITOJIICOM, TPaHYJIH TIIIKOTEHY.
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BBenenue. B nporniecce xu3HU ro/iel B 11000# cdepe, TOMUMO MaTepHaIbHBIX Olar U yCiyr,
ecTh emie U orxoAbl. OTXOOBl — 3TO HCTOYHHMK CEPHhE3HOW YIpO3bl Ui 370POBbSI YENIOBEKA H
OKpy)XarIeld cpempl, C OIHOH CTOPOHBI, ¥ HMCTOYHHK TIOCTOSSHHO BO300HOBIISIEMOTO
(aJIbTEpHATUBHOTO) CHIPbS W TEIUIOBOW SHEPruu (BO30OHOBISIEMBbIE MaTepHAalIbHBIE PECYPCHI) C
npyroii. OHH SBISIOTCS OCTATKaMH CHIPbs, MMONy()aOpUKaTOB, APYTHX MPOJYKTOB WM MPOAYKTOB,
o0pa3oBaBIIKecs B TpoIiecce MPOU3BOJACTBA M MOTPeOIeHNS, TNOO0 TOBAphl U MPOAYKTHI, YTPATHUBIINE
CBOM IOTpeOUTENbCKUE CBOMCTBA [1-4].

YTuimzanus 3MeKTPHYECKOro U 3JIEKTPOHHOTO 000PYI0BaHUS, KOTOPHIE SIBISIOTCS OJHUM U3
CaMBIX OBICTPOPACTYIINX IMTOTOKOB OTXOJIOB B MHpE, MIMEET JABE XapaKTEPUCTHUKH, OTIUYAIONINECS OT
JPYTUX BUIOB MYHHUIMIIAIBHBIX OTXOJOB. BO-TIepBBIX, 3TO OBICTpBIE TEMIBI POCTa M CBA3aHHOE C
9THM YBEJIMYEHHE TIPOU3BOJCTBA PA3JIMYHBIX ONACHBIX MATEPHAJIOB, KOTOPHIE MPEACTABISIOT COOOM
ceppe3Hyto npobiema. Otuer, BoimymieHHbIH Opranmsanueld O0bpenuHenHpx Haruit 8 2019 rony,
MOKa3aJl, YTO €KETOAHbIE TEMIBI POCTa AMEKTPOHHBIX 0TX0A0B (D0) BhIpocan n0 50 MIH. TOHH C
©KErogHON TeHJAeHUUe K pOocTy. Bo-BTOpBIX, 3JIEKTPOHHBIE OTXOABI 00JaJAIOT 3HAYUTEIILHBIM
9KOHOMHUYECKHUM MMOTSHIINATIOM, YIUThIBasI BBICOKOE 3Ha4YeHue [5-7].

[IpoBeneHHBI HIKOHOMHUYECKHHA aHANW3 TOATBEPAMSI 3HAYUTENBHYI0 MOTEHIHAIBHYIO
LHEHHOCTh MepepadOTKU 3JIEKTPOHHBIX OTX0A0B. OIHAKO CTENEHb YTWIM3ALMHA B MPOMBIIIJICHHBIX
Maciitabax ocTaeTcsi OTHOCUTEIbHO HU3KOM. B omgHOM n3 nccnenoBanuii [8] Obuia mHpOpMAaIHs, 4TO
coOupaercs u nepepadarreiBaeTcs TONbKO 20% 3IEKTPOHHBIX OTXOIOB, O0Pa3yIOIINXCS BO BCEM MUpE,
a OCTaJIbHAs YaCTh COKUTACTCS WIH BEIOPACHIBACTCS B CBAJIKU.

Mo mamnabmM [Iporpammer Opranmzanum OObenuHEHHBIX Hammii mo okpyxaromiei cpene
(KOHEII), exeroauo B Mupe oopasyetcs 150 Map/. TOHH pa3TUIHBIX BUIOB OTXOA0B, B TOM 4yucie 60

RS Global 7(68), July 2021 25



WORLD SCIENCE ISSN 2413-1032

MJIpA. TOHH DBJIEKTPOHHBIX OTXOJOB, KOTOPBIE CUUTAIOTCS TJIOOAIBHOW yrpo3oil sl 3A0POBBS
YeJI0BeKa M OKpyxarowien cpensl. [loaToMy perienue npobiieM ¢ 0TXOAaMu — OJlHA U3 aKTyalbHbIX U
BAXKHBIX 3a/1a4, CTOSIIUX TIEPE] KaXI0U CTpaHOM.

[lo nanueiM Bceemupnoit Oprannszanuu 371paBOOXpaHEHUs, M3-3a 3TUX OTXOJOB BO MHOTHX
paiioHax Mupa BCTPEYAIOTCS CEPACYHO-COCYIUCTHIC, JIETOYHbIE, 3JI0KAUECTBEHHBIEC OIYXOJIM W Jp.
3a0omeBannii B 4-7 pa3 Beimie cpeanero. [lo cratucTuke 5 MITH. 9eTOBEK €XEroJHO YMHUPAIOT M3-3a
3arpsisHeHHs Bosayxa [9].

Pemenne sTux mpobieM 3aBUCUT OT 9SKOJOTHYECKUX, IKOHOMUYECKHX, COLUAIBHBIX,
KyJIbTYPHBIX YCIOBHH KaKIOW CTpaHbl. B 3aBHUCHMOCTHM OT HAIMOHAIBHBIX OCOOCHHOCTEH OHa
pemaercsi myTeM co3maHus S(PQPEKTUBHOW CHCTEMBI YNPaBICHHA. OTa CHUCTEMa CIOXKHAa |
MHOTOTPaHHA, OXBaTBIBAET BCE TEXHOJOTMYECKHE MPOLECCHl ¢ MOMEHTa co3faHusi (BeIOOp, cOop,
XpaHeHue, epepadboTka, IepBUYHAs U BTOPUYHAst 00paboTKa, yTHIN3aLus, TPAHCIOPTHPOBKA H T.]1.).

XoTs B 3aKOHOJATeNbCcTBE AsepOail[pkaHe HET IIOHATHS OTXOJOB 3JIEKTPUUECKOTO
000pyI0BaHMsI, B €r0 TEKCTe MEXAyHApOJHbIE TEPMHUHBI UCTIONB3YIoTcs B JJupexTuBe EBporeiickoro
Coroza (EC) mo oamexktpoHHbIM oTxomam B 1998/19 EC/EP 1998/2006/2012r. B »sT1oM
3aKoHoAatenbHOM akTe 3a D0 3akpemieHo 600 HaMMEHOBAaHUU OTKIOHEHWH 3JEKTPUYECKOTO U
9JIEKTPOHHOTO 00OpyAoBaHus, crpynnupoBaHHbiXx B 10 rpymm. OOopynoBanue HH(GOPMAIUOHHO-
KOMMyHHUKannoHHbe TexHojoruu (MKT) — tpeTbs rpynmna B kinaccupukanuu 3Tux TepMutos [ 10].

B tabmume 1 mokasaHo KOIMM4ecTBO 00Pa30BaBIINXCS OTXOI0OB IPOU3BOICTBA U OTPEOICHMS,
a TaKKe KOJMYECTBO HCIOIb30BAHHBIX, 00E3BPEKEHHBIX OTXOA0OB IMPOMU3BOACTBA M MOTPEOICHUS Ha
nyury Hacenenus [11].

Tabmuma 1. O6pa3oBaHue, HCIIOTBE30BaHUE H 00€3BPEKMBAHIE OTXO/IOB
[Tepuon KonuuecTBo 00pa3oBaBIINXCS OTXOI0B KonudecTBo MCIONb30BaHHBIX,
BpEMCHU IMPOU3BOJCTBA U HOTpC6J]CHI/I$1, ThIC. T O6€3Bpe)KCHHI)IX OTXOIO0B MMPONU3BOACTBA
Y IOTPeOJIeHHUS, ThIC. T
3a ToJ - Ha Aymry 3a TOJ - Ha Jymry
HaceJIeHus], KT HaCEJICHHs, KT
2009 2287,6 256 503,1 476,1
2010 22815 252 56 53
2011 2789,6 304 304 62
2012 3096,7 333 665,0 72
2013 2575,6 274 537,2 57
2014 2386 250 497,3 52
2015 24212 251 771,2 80
2016 3019,7 309 796,6 82
2017 2754,5 283 767,3 79
2018 2896,1 295 848,3 85
2019 3276,5 331 712,8 72

B nacrosmiee BpeMs yTHIHM3aIis M mepepadoTKa dJIEKTPOHHBIX OTXOJOB B MHPE OCTAFOTCS
OIHOM u3 TioOANbHBIX TMpoOjaeM. B OonblHIMHCTBE CTpaH, B TOM 4YuCiIe B A3sepOaiipkaHe,
ANEKTPUYECKHE ¥ DJIEKTPOHHBIE OTXOMABI COOMPAIOTCS KOMMYHAIILHBIMH TIPEANPHUATHIMH BMECTE C
OBITOBBIMHU OTXOJIAMH WJIM XPAHATCS Ha CKJIajgax npeanpustuii. MHOTIa cTapbie 3IEKTPOHHBIC OTXOIBI
nepepadaTHIBAIOTCS TIOCIE PEMOHTA WIIH TIEPEIAlOTCs B IPYTHE CTPAHbI B KAYECTBE TEXHUIECKOUW WITH
TyMaHUTAPHOMN IIOMOIIIH.

OpHako HE BCerja OMpaBAaHO WCIOJIb30BAaHHUE CTAPBIX OPEHAOBBIX YCTPOMCTB, MPOIIEAIINX
PEMOHT B CBSI3HM C BBITYCKOM 00Jjiee COBPEMEHHBIX MOJEJICH 3THX ycTpoiicTB. Hanpumep, B Ykpaune
0 95% ycTapeBImMX OJJIEKTPOHHBIX YCTPOHUCTB W OOOPYIOBAaHUS BO3BPAIIECHO JJIS IOBTOPHOTO
WCIIOJIb30BaHUS B TOM MJIM HHOM COCTOSTHUH [12].

H3BectHo, urto Oomee 70 »jIeMEHTOB M MHOTME COEOUHEHHS TaOmuubl MeHaeaeesa
WCIIOJIb3YIOTCS TPH M3TOTOBJICHUH AJIEKTPHUECKOTO M JIEKTPOHHOTO 000pYI0BaHUS. DIEKTPOHHBIE
OTXOJIBI COJIEPIKAT TOKCUYHBIC JOOABKU WM ONACHBIC BEI[ECTBA, BKIIIOUAS TSKEIIBIE METAJLIbI, TAKHEC
KaK PTyTh, KAAMUH U CBUHEI, U XHMHYECKHE BEIECTBA, TAKHE KaK OPOMUPOBAHHBIE aHTUITUPCHEI,
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KOTOpBIE MOTYT 3arpsI3HATH MOYBY, BO3AYX M BOAY W NMPEACTABIATH 3HAUYUTENBHYIO OMACHOCTH IS
3mopoBbs [13].

OTu BellecTBa BBUAY PsAla AHAJOTHYHBIX (DU3MKO-XMMUYECKHX CBOMCTB AEJATCS HA IPYMIIBI
MetaiuioB U ux coeaunenuii — (Fe, Cu, Al u ip.), 6maropomusie Metaiibl (Au, Ag), TSKeIbIe METaJLIbI
(Hg, Pb, Sn, Sh, As) u ap.), peaxosemenbubie Metauisl (Eu, Y, Pm, TM u ap.), MOJTUBHHHIXIOPHUT
(I1BX), kagmuii u OepriTuii.

CpaBuuBas poct cereil u ycinyr KT, HenaBHHME OLEHKH MOKa3bIBAIOT, YTO B HACTOSAIIEE
BpEMsI BO BCEM MHUPE YTHIM3HPYETCS OKOJIO 53,6 MJIH. TOHH 3JEKTPOHHBIX OTXOMIOB, M TONbKO 17,4%
3TUX OTXOJIOB cOOMpaeTcs 1 epepadaTsIBaeTCsl.

B HopMmanbHBIX YCIOBUSX OKCIUIyaTalMd OOJIBIIMHCTBO BELIECTB B JJICKTPUYECKOM U
9JIEKTPOHHOM O0OpYJOBaHHM HE TPEACTABISIOT Yrpo3bl AJsl 3J0POBbSl UENOBEKa M OKpY’Karomei
cpenpl. OqHAaKo 3TH 000pPYJOBAaHUS U BELIECTBA, KOTOPBIE CTAIN OTXOJAMHU, MOTYT CTaTh HCTOYHUKOM
OTIACHOCTH TIPH HETMPaBUIBHON 00paboTke. TepMuH «HEMpaBHWIIFHO 00paOOTaHHEII» 371€Ch OTHOCHUTCS
K TPEM CITyqasiM:

- D0 BBIBO3STCA Ha CBAJIKH KaK TBEPABIC OTXOJIBI H OCTAIOTCS HA OTKPBITOM BO3JyXE€;

- CXKUTal0TCs BMECTE C APYTMMHU OTXOIaMH;

- 3aXOpPOHEHBI METOIOM YTHIH3aLUH (00E3BPEKUBAIOTCS).

Kak mokazano na pucynke 1, obmiee MpoM3BOACTBO DJEKTPOHHBIX OTX0A0B B 2016 romy
cocTaBWiIo nmpuMepHo 44,7 muH. T win 6,1 kr Ha aymy HaceneHus. OXugaercs, YTO KOJIMYECTBO
3JEKTPOHHBIX 0TX0A0B B 2021 roxy yBenuuuTcs 10 52,2 MIIH TOHH U JOCTUTHET €KErOAHbIX TEMIIOB
pocta B 3-4%.

ObLee KONNYECTBO OTXOA0B, M/IH.T
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Puc 2. Obwee xonuvecmeo 31eKmpoHHbIX OMX0008

HenpaBuneHOE ynpaBieHHe SJICKTPOHHBIMH OTXOJAaMH Tak)Ke MOXET CIOCOOCTBOBATH
r100aTbHOMY TIOTETICHHIO.

BoiBoawbl. McciieioBanusi MOKa3bIBalOT, YTO HE CYHIECTBYET KOHKPETHON €IMHOM MpaBOBOM
0a3el i1st co3nanus 3(h(HEKTUBHOW CUCTEMBI YIIPABICHHS I BCEX CTpaH. DTa MOJENb (GOpMUpYeTCs
MO-pa3HOMY B 3aBHCHMOCTH OT 3KOJOTHYECKHX, COLHATBHBIX, 3KOHOMHYECKHX M KYJIBTYPHBIX
yCIoBHH KaxkJoW cTpaHbl. OJHAKO CYIIECTBYET psiji OOIMIMX JUIS BCEX CTpaH (aKTOpOB, HA KOTOPBIX
MOET OCHOBBIBATHCS TOJIUTUKA YIIPABJICHUS 3JICKTPOHHBIMU OTXOAAMH. DTO OCOOCHHO aKTyalbHO
JUISL pa3BUBAIOIINXCS CTPaH.
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Heas pa0doThl. ®cO37aHHE W HUCCIENOBAHWUE TEIMOTEXHOJOTHYECKHX YCTaHOBOK W3
HNOJPYYHBIX U TOCTYIIHBIX CPEACTB AJISI MEIKHX (PEPMEPHBIX U KPECThSIHCKUX XO3SIHMCTB;

e10BbIICHNE 3(P(PEKTUBHOCTH Ipoliecca CYIIKH 33 CYET pa3padOTKU HOBBIX CYIIMJIBHBIX
YCTaHOBOK, 00ECTIEYHBAIOIINX YKOHOMUIO TEIUIOIHEPTETUUIECKUX PECYPCOB MpU TpeOyeMOM KadecTBe
TOTOBOM IIPOAYKIMU;

eobecrneueHre 3(pPeKTHBHOTO MpoIIecca CYIIKH TPUOOB, OaKIaXKaHOB, IIUTTOBHUKA U APYTUX
MPOIYKTOB CEIBCKOTO XO3SIMCTBA (C/X) B TEMOTEXHONIOTHIECKUX CYIIMIBHBIX YCTaHOBKAX;

[lepcnexTrBa MCMONB30BAHUSI COJIHEUHOW YHEPTHH AJIS C/X MPOAYKTOB B TEIMOCYIIMIBHBIX
YCTaHOBKaxX O4YEHb BEJIUKA.

Vcnionb30BaHue NPOCTHIX U HELOPOT'HX COJIHEUHBIX KOIJIEKTOPOB JUISI TOJOIPEBa BO3AyXa IPH
CYLIKE ypoKasl SIBJSICTCSl MEPCIEKTUBHBIM IJIsi CHW)KEHHsSI OTPOMHBIX MOTEPh ypoXkask BO MHOTHX
cTpaHax. OTCyTCTBHE aJEKBaTHBIX YCJIOBMHM XpaHEHWsS NPUBOAUT K 3HAYUTENBHBIM IOTEPSIM
nponoBoibeTBus. [Ipu yOopke yporkas B cagy 4acTh IJIOAOB U Ar0J] BCEIIa OKA3bIBACTCS C BHEIIHUMHU
MOBPEKACHUSIMH W HEKpacuBoi ¢opmbl. OHU HE MOTYT JOJITO XPaHUTHCS B CBEXEM Bujae. Takyro
MPOAYKIIHIO JIy4IIe BEICYIIUTD JJISl 3MMHETO M BECEHHETO CE30HOB.

UroOpl m30exarh TOTEPh C/X TMPOAYKTOB, TMPOU3BOAUTENN OOBIYHO TWIPONAIOT YpOXKai
HEeMeJUIEHHO Tocie coopa 1o HU3KUM IieHaM. CoKpallleHne IoTeph Oaronapst CylniKe CBeXHX IUIOIOB
TpUHECIIO OBbI OOJBIIYIO MOJIB3Y U MPOU3BOAMUTEISIM U MOTPEOUTENSIM. B HEKOTOPBIX pa3BHUBAIOIIMXCS
CTpaHax Uil COXpPAaHEHUs] MPOAOBOJBCTBUSI LIMPOKO HCIHOJIB3YETCS METOX CYIIKH IHOZA OTKPBITHIM
HeOOM. [/ 3TOTO MPOLYKT pacKiIaAblBalOT HA 3eMJile, KaMHIX, Ha 000YMHAX JOPOT WM Ha KpbILIax.
[Tpeumy1iecTBO 3TOr0 METOAA - B MPOCTOTE U AemieBu3He. OHAKO Ka4yeCTBO KOHEYHOTO MPOAYKTa
HHU3KO H3-3a JIOJITOIO BPEMEHHU BBICBIXAHUS, 3arpA3HEHMS, 3apaKCHUS HACEKOMBIMH U MOPYM H3-3a
neperpesa. Kpome Toro, JOCTHKEHHE IOCTATOYHO HHU3KOTO COJEp)KaHUs BIard - AEI0 TPYAHOE, U
3a4acTyl0 KOHYAeTCs MOopueil MpoJyKTa MpH XpaHEeHWH. BBeneHne COMHEYHBIX CYLIMIOK MTOMOXKET
VIIyYIIATh KAY€CTBO BBICYIICHHBIX M3/ICNUN U CHU3HUTH YOBITKH. [1, 5].

OcHoBHasi YacTh. [Ipeanaraercst reJroCyIIIbHOE YCTPOUCTBO (I/C) ¢ MOTMKAPOOHAHTHBIM
HOKpbITHEM. [TOKpBITHE MOKHO MEHSITh Ha MOJHATHIICH, CTEKJIO U Ipyrue marepualsl. [4, 8].

brina pa3paborana u coOpaHa reIuoCyIIMIbHAS yYCTaHOBKA (puc.l u puc. 2), cocrosmas u3
JIBYX KaMep-COJIHEYHOro KojuiekTopa 1 m cymmnbHON kamepwsl 2. B komnektop 1 momemiaercst B
JIEPEBSHHON paMe MeTaJUIM4ecKasl IUIaCTHHA 3, BBIKpAIlEHHAs B YEPHBIM I[BET, KOTOpas NEPEBOAUT
COJIHEYHYIO SHEPTHUI0 B TEIUIOBYIO (BMECTO METAJUIMYECKOH TIACTUHBI MOXKHO HCIIONB30BAaTh TKaHBb
yepHoro usera). Ha gHe komekTopa pacnonaraercs KacceTa 4 ¢ TeIUIOyAep >KUBAIOIIUM MaTepHaIoM
5 (B ncclie10BaHMAX HCIIOIB30BAIACh TOBAPEHHAS COMb). B HIKHEH YacTh KOJUIEKTOpa HUMEETCs BXOJ
Ut atMocepHoro Bo3ayxa 7, a B BepXHEW YacTH CYNIMIBHON KaMephl — BHITsDKHAs TpyOa 8 s
BBIBEJICHUSI BIIAXXHOTO BO3ayXa. CONHEYHBIA KOJIJICKTOP COEIUHSETCS C CYIIMJIBHOHW Kamepoi
HIAPHUPHO O, Al OOJIErdeHUs] TPAHCIOPTHPOBKHM YCTPOMCTBA M YCTAHOBKM OITHMAJIBHOTO YIJia
NajieHus] COJIHEUHBIX Jyded Ha KOJUIeKTOp. JlaHHYI0 TeIHOCYIIMIKY MOXHO IIOBOpPauMBaTh II0
HaINpaBJICHHUIO JIBIKEHHS COTHIIA M3-3a HAJIMYUS MaJIeHbKUX KOJIeC Ha HOXKKax 14.

JIHO ¥ CTeHKM JAaHHOTO CYUIMJIBHOTO YCTPOWCTBAa MOKPHITHL (anepor. [yis Oombreit
TepPMETUYHOCTH HEOOJIBIINE MIEH 3aIOIHAIOTCS CIIEHUAIbHBIM KIEEM WM 3aKpBIBAIOTCS CKOTYEM. Y
JIAHHOTO armapaTta ecTh BO3MOXKHOCTh PEryJIMpoBaTh YroJl HakJOHA COJHEYHOro KoJulektopa 1 K
CYIIMIILHOM Kamepe 2 ¢ TIOMOIIBIO peryaupoBodHoro Mexanusma 12. Hanbonee addexTrBHas paboTta
COJIHEYHBIX CYIIMJIOK MPOHUCXOAUT MPH MNEPHEHIUKYISPHOM NaJCHUM COJIHEYHBIX Jyded Ha
KoJiekTop. M3-3a nBmxkenus 3emiin BOKpyr ColHIA, IPOUCXOAT CE30HHBIE N3MEHEHHUS YTiia MaJeHuUs
COJTHEYHBIX JTy4Yel Ha MOBEPXHOCTH 3eMiu. OOBIYHO MPUHUMAETCS JUTSI BECHBI M OCCHU ONTUMAITBHBIN
yrojl HakjIOHAa paBHBIM 3HAUYEHHWIO IIUPOTHI MecTHOcTH. Hambonee pacmpocTpaHeHHBIH cHoco0
YCTaHOBJICHHSI COJIHEUHBIX KOJUIEKTOPOB sBJIsieTCS yroi 45 rpamycoB. st 3UMMBI K 3TOMY 3HA4ECHUIO
npubasisiercs 10-15 rpagaycos, a 1eToM OT 3TOro 3HaueHust otiumMaercst 10-15 rpamgycos [1-7].

TexHOoNOrMYeckUii Tpolecc CYIMKH TMPOUCXOOUT CIEAYIOMKMM O0pa3oM: B KOJUIEKTOP
YCTaHaBJIMBAETCS METAIMYECKAs TUIACTHHA, a TAKXKE KACCETHI C TEIUIOYAEP)KUBAIOIINM BEILIECTBOM.

B cymmnbpHyI0 kamepy BCTaBJISIFOTCSI CETYaThIe TIOIOHBI C MPEIBAPUTENHHO TTOATOTOBICHHBIM
JUISL CYITKH TIPomyKToM 10, cymmmibHas KaMepa 3akphIBacTcs MUTOM 11, KOMJIEKTOp W CyIIMIbHAS
KaMepa MOKPBIBAIOTCS MoiuKapOoHatoM 13, B ciiyuyae HagOOHOCTH MOXHO TakKKe HCIIOIb30BATh
OKOHHOE CTEKJIO, TO(QPHPOBAHHYIO METAJUIMYECKYI0 IOBEPXHOCTh (C IENbI0  YBEIWYCHHS
006orpeBacMoii IOBEPXHOCTH), (haHepy H T.II.
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Puc. No 1. Cxema ecenuocyutunbHotl ycmano8Ku.
1 - conneunwiil KonreKMOpP, 2 - CywuabHas kamepa, 3 - Memaiiudeckas niacmuna; 4 - kaccema;

5 - mennoydepacusarowuii mamepuan, 6 - wapnup; 1 - 6xoonoe omeepcmue, 8 - YupKYIAYUOHHAS
mpyoa uau BbIMAICHASL (8 BLINPAMIEHHOM U YKOPOUEHHOM UOe); 9 - 61a20y0epicUsaiowuil Mamepua
(6 ciyuae yupxyrsyuonnot mpyowt); 10 - cemuamutii noooou ¢ npooyxmom, 11 - wum;

12 - pecynuposounvlii mexanusm (013 usmeneHus yena Haknoua); 13 - nokpvimue cyuwiunbHol kamepoi,
14 - xoneco ons nepemewjenus.

ATMOchepHBIH BO3yX Hepe3 BXOJ TEIHOCYIIWIKH TOTaJacT B KOJUIEKTOpP, HArpeBaeTcsl OT
COJIHI]a ¥ METAJNINYECKON IUTAaCTUHBI, KOTOPAsk B CBOIO OYEPENb TAKKE MPOTPEBAETCSI OT COTHEUHBIX
Jy4el, najee ABWXKETCS B CYIIWIBHYIO KaMepy H3-3a pPa3HOCTH JABICHMHM M TEMIEpATyp y BXoJa U
BBIXO/Ia TeNMOCYIIUIIFHOTO amnmapara. B KoijiekTope Takke HarpeBaeTcs TeIUIoyIep>KUBaIOLIHA
MaTepuan, HaxoIALuiics Ha JHE KoJUIeKTopa. B BedepHee BpeMs CyTOK MCTOYHMKOM TEIUIa JUIS
HarpeBaHus BO3yXa B I/C SIBJISETCS TEIUIOTA aKKYMYJIHUPOBAaHHAs! TEIUIOYACPKUBAIOIIUM MaTePHAIOM.
Temmblil BO3AyX U3 KOJUIEKTOPAa OMBIBAaET Mep(OpUpPOBaHHBIN MOAJOH C IPOJIYKTOM CHHU3Y, CBEPXYy U
CYLINT IPOJYKT, HArPEThIH TaKKe OT COJIHEUHOI'0 M3JIyUCHUS B CYIIUIBHOM Kamepe.

£ -'r “% ? ‘li‘i ¥ '“

Puc. 2. I'enuocywunsvroe ycmpoticmeao.
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Brnaxubiii BO3yX yepe3 BHITSHKHYIO TpyOy 8 ynansercs HapyKy. 8 MOKHO HCIIONB30BaTh Kak
BBITSDKHYIO TpyOy (B BBIIPSIMIIGHHOM W YKOPOYEHHOM BHJE) W Kak IHPKYJIANUOHHYIO TpyOy
(cm. puc. 1.). Ilocme okoHYaHWSI TpoIEcca CYIIKH, BBICYIIEHHBIH TNPOIYKT BMECTE C IMOIIOHOM
BBITPY’KaeTcsa U3 KaMephbl uepes3 MIUT.

Kak mokazamu wuccrmemoBaHus, MaKCHUMaJbHOE yBEIMYCHHE TeMIepaTypsl B T/C ¢
MOJTMKapOOHAHTHBIM ITOKPBITHEM COCTaBJISCT B cpemaeM Ha 30-32 rpam Llenascust BhIIIe 110 CpaBHEHHIO
C TeMIepaTypoi Ha COJTHIIE.

PesynpTathl nccnenoBaHui reMMOCYIMIBHON YCTAHOBKH C MOJMKAPOOHAHTHBIM TTOKPBITHEM.

Ha puc. 3. mokazaHo U3MEHEHHE TEMIIEPATYPhI BO3JlyXa B TCUCHUE JTHSI.

80 Temnep.(rpap.Ll.)

60
——1

40
2
20 e . — 3

0 T T T |

10 12 14 16 18 20 Bp.aHa(vace!)

Puc. 3. /[nesnoii xo0 memnepamypuvi Hazpesa 8030yxa:
1 - OnesHOU X00 memnepamypul Hacpesa 6030yXd 6 MeHuU, 2 - OHEeBHOU X00 MeMNepamypbl Hazpesa
6030yxa Ha connye, 3 - OHeBHOU X00 meMnepamypuvl Hazpesd 8030yXa 6 2elUOCYUUIKE C
NOAUKAPOOHAHMHBIM NOKPLINUEM.

JIyis MCTIBITaHUS JAHHOTO arapara Mpou3BOIWIACH OJJHOBPEMEHHAS CYIIKA C/X MPOIYKIUU B
NPE/IJIOKEHHOM YCTPOMCTBE M €CTECTBEHHOW COJHEYHO-BO3AYIIHOW CYIIKOW C IENBI0 CPaBHEHUS
pe3yabTatoB. J{ist 5TOro ObLIM BHICYIIEHBI Pa3Hble BUABI C/X MPOIAYKTOB.

Ha rpaduke nu3o0paskeHbl pe3ysbTaThl CYIIKH OakaaxaHoB (MuHUs 1 —CyIlka MpoayKTa Ha
COJIHIIC, TIUHHS 2 — B TEIHOCYIIUIIKE).

Cymka  TpelBapUTENIbHO MOATOTOBICHHBIX  Oakia)KaHOB  NPOM3BOAMIACHE  Kak B
TeMOCYIIMIIFHOM anmapaTe, Tak U €CTeCTBEHHOW CYMIKOW (e/C) Ha OTKPBITOM BO3AyXe. 3areM
pe3ybTaThl CPAaBHUBAIUCH. JIJI HATJSIMHOCTH PE3yJdbTAThl HCCICAOBAHUN (M3MEHEHHS MACChI
NPOJYyKTa B TENUOCYNIMJIKE W €CTECTBEHHOH CYIIKOW Ha COJHIE B TEUCHHE JIHsI) TNPHUBEICHBI Ha
rpadukax. bpuin BhICymIeHBI OakjaxaHbl, Hape3aHHble IUlacTuHamu [2, 6]. Pe3ynbraTsl
IKCIEPHUMEHTOB TIPUBEIcHBI Ha puc. 4. u 5.

1 neHb cymku

1000 Macca(rp)
800

600 \
400 \‘i\\ww +:|
200 \\ -

0 [ [ [ [ I [
10 12 14 16 18 20 22

Bp.ana(uacei)

Puc. 4. Hzmenenue maccwi coipvsi «baxiasicanviy 6 meueHue OHsi:
1 - usmenenue maccol colpvsi, BLICYUUBAEMO20 €/C HA OMKPLIMOM 8030VXe;
2 - UBMeHeHUe MACChl ChIPbSL, BBICYUUBACMO20 8 2ETUOCYUIUTKE.
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2 1eHb CYLIKHU

250 Macca(rp)
200

150 m

100 -
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10 12 14 16 18 20 22

Puc. 5. Hzmenenue maccwi coipvbs «bakniasicanviy @ meueHue OHA:
1 - usmernenue maccol coipvs, BLICYUUBACMOZ0 €/C HA OMKPLIMOM 8030yXe;
2 - UBMEHEeHUEe MACCHL ChIPLSL, BBICYUUBACMO20 8 2ENUOCYUUTIKE.

AHAJIN3 ONBITHBIX JAHHBIX

Tabnuna 1.
HA3BAHUE ITPOJIVKTA
BAKJIAJKAHBI (mactuaamm)

r/C E/C
HavanpHas macca (Tp) 780 780
KOHEeYHas Macca (Tp) 155 158
yMmeHbieHne macchol (%) 80.1 79.8
JUTATETHHOCTD CYIIKH (Y9ach) 12 35

JmuTenbHOCTh CYHIKH B T/C 3aHsua B 2,92 paza MEHbIIE BPEMEHH, YeM €/C Ha OTKPHITOM
BO3/1yXe. BricymeHnHbple OakyiakaHbl B I/C 0oyiee BBICOKOTO KauyecTBa M XPaHATCS [OJIbIIE, YeM
OaxJyia)kaHbl, BBICYLICHHBIE €CTECTBEHHOW CYIIKOH Ha cojHue. B OaknakaHax, BBICYIIEHHBIX B I/C
MaKCHMAaJbHO COXpaHEeHa MUIleBas IEHHOCTh M BKYCOBBIE CBOMCTBA MPOAYKTA.

BbiBoabI 1 00cyxkAeHHEe Pe3yaIbTaTOB.

e[Ipennoxena opuruHagbHasi KOHCTPYKIHS I/C YCTAHOBKH C TIONUKapOOHAHTHBIM MOKPBITHEM
JUIL CYIIKH CEJbCKOXO3SHCTBEHHOTO CHIPhs, CIIOCOOHAsi OJHOBPEMEHHO BBIYCKAaTh HIMPOKUH
ACCOPTUMEHT HPOIYKIHH.

o[ [po10mKUTENBFHOCTD CYIIKHU AJIsl pa3IMYHbIX HPOIYKTOB HE OJHaKoBa. [loTepn BUTaMHUHOB
00paTHO MPOMOPLMOHAIBHBI JUIMTEIBLHOCTH CyHmKH. l[lpemaraemast TeiaMoCyIIMJIbHAs YCTaHOBKA
CYIIIECTBEHHO COKpAIIaeT BPEeMs CYIIKH, CKOPOCTh CYIIKH 10 CPAaBHEHUIO C TPAJAUIIMOHHON CYIIKOW Ha
OTKPBITOM BO3JlyX€ YBEJIMUMBaeTcs B 2,5 - 4 paza, [IpoayKThl, BEICYIIIEHHBIE B T/C anmapate o0JaalatoT
0osiee BBICOKMMH MOTPEOUTEIHCKMMU CBOMCTBaMHU (M BHUTAMHHHBIA COCTaB M BKYCOBBIE CBOWCTBA),
YeM MpPOAYKIHSA, IMPHUTOTOBIECHHAs €CTECTBEHHOM CymiKoi. Hampumep, mpm cymike HTIMITOBHHUKA
71a00paTOpHBI aHAN3 Ha BUTAaMUH «C)» TOKa3all, 4TO IPH €CTECTBEHHON CYIIKE MOTEPH COCTaBIISIOT
28 % yka3aHHOTO BUTAMUHA, a IIPH UCIIOJIB30BAHNY reJINOCYIIWIKY - 17 %

e [Iporiecc cyIIky B T/c anmapare mo3BoJisieT 00eCeYnTs YUCTOTY POyKInu. I'/c 3akphiTa 1
B TIPOIECCE€ CYIIKM TPOAYKT HE MOJIBEPraeTcsl 3arpsS3HEHHIO IMbUIBI0O W JIOKIEBBIMH OCaJKaMH,
JEHCTBUIO POCHI, HE MOBPEKAACTCS NITUL[AMHU, HACEKOMBIMH, 0OCOOEHHO, OCaMH, a B cllydyae MonaJaHus
B CYIIMJIKY OHH IOTUOAIOT OT BHICOKOH TeMIIEpaTyphl.

® B 1pe/tokeHHON YCTaHOBKE MOXKHO CYLIMTh PA3HYIO CENbCKOXO3SMCTBEHHYIO IIPOAYKIUIO,
MO’KHO MEHSATH HOKPBITHE TEIHOCYIITIIBHON YCTAHOBKY Ha MOJMATHIIEH, CTEKIIO U IPYTHE MaTepHabI.
B 1/c Temneparypa Bo3ayxa ObIBaeT BBINIE, YeM B OKPYXaoLIeH cpene MpHOMU3UTENbHO OT 13 1o
32 rpaxycos llenbcust, B 3aBUCHMOCTH OT ITOTOAHBIX YCIOBHH.

eB 10XIp M B BETPEHHYIO IOrOJly, BBICYLIMBA€MBIH Ha OTKPBITOM BO3IYyX€ IPOAYKT,
yOupaeTcst B 3aKpbITOE MOMELICHUE, TOTIA KaK B I/C MIPOA0IHKAETCS CYIIKa ChIPBSI.
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o CoXpaHseMOCTh C/X TPOAYKTOB, MPUTOTOBIEHHBIX B TI/C JydYlle, YeM Y NPOAYKIUH,

BBICYIIICHHON TEIIOBOM WMCKYCCTBEHHOW M €CTECTBEHHOW CYIIKOH, a Takke OOJEeTrdeHbl yCIOBHS
XpaHEeHHUs IPOIYKLNH, BEICYILICHHOH B TI/cC.

.HaHHOC YCTpOI‘/'ICTBO yIlO6HO AJId TPaHCIIOPTUPOBKHU, B TCEUCHHUE OHA €ro MOXHO H

NEpeABUTaTh, U IOBOPAYUBATH 110 COJIHILY.

oHpeunaraeMaﬂ COJIHCYHas CYIIMJIKa HECJIO)KHA B M3TOTOBJICHUHM U MOXKET HaWTH IIHUPOKOE

MMPUMCHCHUC B KPYIIHBIX U MCJIKUX (bepMepCKI/IX, YaCTHBIX U HOI[CO6HBIX XO3SMCTBaX.

ok w

JINTEPATYPA

O.B. Yarun, H.P. Kokuna, B.B. ITactun. OGopyoBaHue JJisl CYIIKH IHIIEBBIX NPOAyKTOB. M3naTenscTBo:
MBaH. xuM.-TexHo1. YH-T.: IBaHOBO. 2007, - 138 C.

T.®. KuceneBa. TexHonorusi cymku: Y4eOHO-METOAMYECKUH KoMmriuiekc. M3marensctBo: KemepoBckuit
TEXHOJOTHYCCKUI MHCTUTYT MHUIIEBOH MPOMBIIUICHHOCTH. - KemepoBo. 2007, - 117c¢.

I'. B. Cemenos, I'. U. KacesroB. Cymka ChIpbs: MsCO, peiOa, OBOIIH, PPyKTHI, Moioko. 2002. - 112c.

H.M. Yeuérkuna «ToBapHas skcriepTu3a» yueonuk s BY3o0s, PocroB-Ha-{ony: ®ennkc. 2000. — 510 c.
B. U. Buccapuonos, I'. B. [eproruna, B. A. KysnenoBa, H. K. Manunun. ConHeuHasi 3HeEpreTuka.
WUsnarensctBo: MDOU, 2011, - 276 c.

K. T. ApuBamze, U. P. Yauapa "Ouenka 3 QpeKTHBHOCTH HCIIONB30BaHUS TeIHOCYIIIIIFHBIX YCTAHOBOK IIPH
CYIIKE CeIbCKOXO3SMCTBEHHBIX MPOayKTOB". [IpoOaeMbl ynmydmieHus! MUINEBBIX MPOIYKTOB, CTp. 38-42.
MexnyHnapoaHas Hay4qHasi KOHpepeHIus1, nocseHnas 70-netuio ocHoBaHus kadeapsl " O6opyaoBaHue
npeanpusTuil numeBoi npoMsinuieHHocTy" I'TY. Tounucu, 2016.

Ternosnepretuka W TtemnorexHuka: CropaBoyHuk. Ko, 2: TeopeTuueckue OCHOBBI TEIUIOTEXHUKHU.
Tennodpusuueckuit skcrepument: CrpaBounas cepus / Ilog o6m. Pem.A.B. Kiumenko u mpod.
B.M. 3opuna, M.: MBU, 2007. — 564 c.

TenaeHIIMM IPUMEHEHUS MOJIMMEPHBIX MATEPHATIOB JUI TapOyNaKOBOYHBIX m3nenuii // Tapa m ymakoBka.
2003. - Ne3. - C. 42-45.

34

7(68), July 2021 RS Global


https://www.ozon.ru/publisher/mei-857396/

WORLD SCIENCE ISSN 2413-1032

THE SYSTEM OF FORMING THE CONTROL MODE OF THE
ELECTRIC DRIVE DURING THE START-UP OF THE
VIBRATION MACHINE

Nozhenko Viktoriia, Candidate of Technical Sciences, Senior lecturer, Kremenchuk Mykhailo
Ostrohradskyi National University, Kremenchuk, Ukraine,

ORCID ID: https://orcid.org/0000-0003-0126-6970

Bialobrzheskyi Olexii, Candidate of Technical Sciences, Associate Professor, Kremenchuk Mykhailo
Ostrohradskyi National University, Kremenchuk, Ukraine,

ORCID ID: https://orcid.org/0000-0003-1669-4580

Rodkin Dmytro, Doctor of Technical Science, Professor, Kremenchuk Mykhailo Ostrohradskyi
National University, Kremenchuk, Ukraine, ORCID ID: https://orcid.org/0000-0003-2625-3869
Druzhynina Viktoriia, Doctor of Economic Science, Professor, Kremenchuk Mykhailo Ostrohradskyi
National University, Kremenchuk, Ukraine, ORCID ID: https://orcid.org/0000-0001-8776-1408
Yakymets Serhii, Candidate of Technical Sciences, Associate Professor, Kremenchuk Mykhailo
Ostrohradskyi National University, Kremenchuk, Ukraine,

ORCID ID: https://orcid.org/0000-0002-2797-2796

DOI: https://doi.org/10.31435/rsglobal_ws/30072021/7639

ARTICLE INFO ABSTRACT
Received: 23 May 2021 The above resonance vibration machines are widely used in various
Accepted: 21 July 2021 industries, but have a number of shortcomings associated with increasing
Published: 30 July 2021 of the oscillations amplitude when passing the resonance zone during
start-up. It is noted that to reduce the oscillations amplitude and quickly
KEYWORDS pass the resonance zone, it is advisable to use a frequency-controlled
. . electric drive with the formation of additional control effects. Features of
control system, induction motor, frequency start of the electric drive of the vibration machines are noted.
above resonance vibration machine,  The structure of the electric drive control system during passing the
starting mode, resonance zone. resonance zone in the process of starting the above resonance vibration

machine in the form of a block-scheme is proposed. The algorithm of
operation of the control system is given.

Citation: Nozhenko Viktoriia, Bialobrzheskyi Olexii, Rodkin Dmytro, Druzhynina Viktoriia, Yakymets
Serhii. (2021) The System of Forming the Control Mode of the Electric Drive During the Start-Up of the Vibration
Machine. World Science. 7(68). doi: 10.31435/rsglobal_ws/30072021/7639

Copyright: © 2021 Nozhenko Viktoriia, Bialobrzheskyi Olexii, Rodkin Dmytro, Druzhynina
Viktoriia, Yakymets Serhii. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Introduction. The above resonance vibration machines (VM) are widely used in construction,
mining, engineering, metallurgy and other industries, where the stability of the equipment functioning
is required when changing the load during operations such as transportation of bulk cargo,
compression of concrete mixtures, crushing of rocks, abrasives, etc. [1, 2]. Such VM are usually
equipped with unbalance vibration exciters, are large and powerful. As you know, the main problem of
this type VM is to pass the resonance zone during the start-up, because most of VM shortcomings are
related to this [2-6]. To partially solve this problem, in practice, it is used the unregulated induction
motor drive with 2-5 times high capacity of drive motors. This solution allows you quickly overcome
the resonance zone, but leads to low energy performance compared to the electromagnetic drive of
vibration device [7]. In this regard, a number of ways have been developed to reduce the amplitude of
oscillations of VM actuating device during passing the resonance zone both by upgrading the
mechanical part of VM and with the help of electric drive systems. However, the analysis of existing
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methods, which is given in [8], allowed to identify shortcomings that prevent their widespread use,
namely insufficient reliability, high cost, sensitivity to errors in determining the parameters of the
oscillating system, the possibility of using only to VM start with self-synchronizing, unconnected
among themselves unbalance vibrating exciters, lack of control exit to the resonance mode. In the
writings [8, 9], to reduce the amplitude of oscillations of VM actuating device during passing the
resonance zone, it is offered the use of a frequency-controlled electric drive. This solution allows
turning off the possible “jamming” of the drive motors rotors and reduces the dynamic loads on VM
structural elements when using motors with the power required operating in the technological
operating mode. Therefore, for wide application of this method to the above resonance VM of various
purposes, a timely and urgent task is to build a control system for starting the electric drive of VM,
taking into account the peculiarities of passing the resonance zone.

The objective of the work is to develop the structure of the electric drive control system of the
above resonance vibration machine during passing of the resonance zone during start-up.

Research and results. In designing the structure of the control system of the electric drive of
the above resonance VM, it is important to take into account the peculiarities of the behavior of
oscillating systems during passing the resonance zone during start-up, which include [2—4, 10]:

—the maximum value of the oscillations amplitude is observed a little later than the moment of
compliance of the frequency of forcing oscillations with the natural frequency of the oscillating system;

— the greater the acceleration of the drive affects the oscillating system, the smaller will be its
oscillations amplitude, which corresponds to the resonance value;

—a vibration moment occurs when the actuating device of VM oscillates, which creates the
additional load on the rotors of the drive motors and has a resonance character.

In [8, 9], the studies of VM start-up using frequency-controlled electric drive were carried out
taking into account the above-mentioned features of VM behavior during passing the resonance zone.
The analysis of these researches allowed defining the following requirements to frequency start of VM
electric drive for maintenance of guaranteed passing of the resonance zone without “jamming” of
drive motors rotors:

— starting of drive motors must be carried out with the law of frequency control U/f = const;

—the frequency sweep time should be chosen to ensure that the resonance zone is pass with
maximum acceleration;

—when approaching the resonance zone, the supply voltage of the drive motors must be
increased abruptly to exceed the dynamic torque of the motor over the vibration moment.

To implement the frequency start-up of VM electric drive, taking into account the above
requirements, the structure of the above resonance VM electric drive control system in the form of a
block-scheme is proposed (Fig. 1). In Fig. 1 is defined: VM — vibration machine; IM — induction
motor with short-circuited rotor; QF — circuit breaker; FBR — full bridge rectifier; C — capacitor; | —
inverter; SU — sensor unit, which includes current sensor and voltage sensor; L — choke; IPCU —
instantaneous power calculation unit; APCU - active power calculation unit; PAU — power
approximation unit; EDU — extremum detection unit; EDCU — electric drive control unit; SDU — slip
detection unit; UFTM — unit of formation of a technological mode; VCU — voltage calculation unit;
ICU — inverter control unit; Uasc — amplitude value of supply voltage of IM; we — angular idle
rotation rate of IM; wrer — Set value of angular rotation rate of IM in the technological mode; uasc —
instantaneous values of the stator phase voltage A, B, C of IM; iagc — instantaneous values of the stator
phase current A, B, C of IM; p — instantaneous power; s — slip; P — active power; AP — approximate
active power; AP. — greater extremum of the approximated active power; AU — magnitude of the

supply voltage, which is an abrupt increasing; U[\erC — set amplitude value of the supply voltage of IM;

U, — inverter control pulse voltage. A vibration platform with unbalance vibrating exciters was chosen
as VM, which is used for compression of concrete mixtures in the form of.

The algorithm for controlling the start-up of the electric drive of the above resonance VM is
shown in Fig. 2. The operation of the control system begins with the entry of IM rated values and the
calculation of its replacement scheme. With the help of UFTM unit (Fig. 1) the amplitude value of IM
supply voltage of (Uasc), the angular idle rotation rate of IM (wop) and angular rotation rate of IM in
the technological mode (wrer) are entered. And after that, the start-up of VM IM starts with the
frequency control law U/f = ¢; and the set value of the frequency sweep time.
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Next, the important step in the process of VM start-up is timely determination of the moment
when it is necessary to abruptly increase the supply voltage.

QF
FBR |
Mains — X2 —— C% .|:| I,:L
U;
APe ref
> Unsc
U | EDCU }—— ICU L
B 4
TUABCT(Dref 2% d
UFTM
Moy
s i4BC
| ———— -t L 4
EDU veu [y, SDU | _ uusc su
AP

PAU

Fig. 1. Block-scheme of the control system for starting the electric drive
of the above resonance vibration machine

In the writings [8, 9], it is proposed to perform the abrupt increase in the supply voltage when
IM supply frequency is equal to the resonance frequency of VM. However, it is advisable to apply this
solution to VM with a predetermined resonance frequency. Since in practice, usually the mass of the
treated medium on VM can vary, which will affect the value of the resonance frequency of the entire
oscillating system, so to effectively pass the resonance zone, the moment of abrupt increase in supply
voltage must be determined regardless of VM parameters.

In the proposed control system (Fig. 1), the moment when it is necessary to abruptly increase the
supply voltage is determined by the greater extremum of the active power of 1M, which indicates the
entrance to the resonance zone [4]. To do this, simultaneously with the start-up of IM begins the
measurement of the instantaneous values of voltage (uasc) and current (iasc) of the stator phases A, B, C of
IM in SU (Fig. 1). Next, in IPCU, the instantaneous power (p) is calculated according to the equation:

P=Upi, +Ugig +Ucic. (1)
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Fig. 2. Algorithm for controlling the start-up of the electric drive
of the above resonance vibration machine

The active power is determined in APCU.

1T
pP== t)dt,
T{P()

where T — period; t — time.
After calculating the active power, it is approximation (4P) in PAU (Fig. 1) with a step 4¢ and
the larger extremum of the approximated active power in EDU is measured by comparing the value of
the approximated active power at the point i (4P;) with the value of the approximated active power in

the point i+1 (4Pi+1) (Fig. 2). If the condition AP <A

i+1

(2)

is met, the next step is to determine the

magnitude of the amplitude of the supply voltage (4U), which is necessary to make the abrupt
increase. To do this, the value of the current slip according to the formula is calculated in SDU
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§=——, @)
),
where o — the current value of angular idle rotation rate of IM is determined by the instantaneous values
of voltage (uasc) and current (iasc) of the stator phases A, B, C of IM according to known methods [11].
After calculating the current slip, the value of the amplitude of the supply voltage AU is
determined, by which it is necessary to make the abrupt increase according to the equation:

AU =U"-U_ (4)
where U' — the value of the amplitude of the supply voltage of the IM at start-up current; Uy — the
current value of the amplitude of the supply voltage.

The value of the supply voltage of the induction motor at start-up current is determined by the
equation:

N2
N R ©

where I, — start-up current of IM; ry — stator active resistance of IM; r', — reduced to the stator winding
rotor resistance of IM; x1 — inductive stator resistance of IM; x', — inductive resistance of the rotor of IM
reduced to the stator winding.

The current value of the supply voltage amplitude assuming it is symmetrical is determined by
the equation:

.
TT
Un=5r ! At (6)

where ua — instantaneous value of the voltage of phase A of the stator of IM.

After determining 4U there is the abrupt increase in the supply voltage of IM by the value of
AU and further acceleration of the motor is carried out with the law of frequency control
(U + AU) / f = co. The next step is to compare the current value of angular rotation rate of IM (®) with
its specified value (wrf). If the condition ® = wrer (Fig. 2) is met, then IM goes into operation
technological mode.

The frequency start checking of the electric drive of the above resonance VM according to the
proposed algorithm (Fig. 2) was carried out using mathematical modeling. As the VM considered the
above resonance vibration platform with a load capacity of 9.8 tons of block structure with two-shaft
unbalanced vibration exciters. The mathematical model of the vibration platform consists of two parts:
electrical and mechanical. The electrical part includes a frequency converter and two IM with a short-
circuited rotor. Mathematical description of the frequency converter was carried out according to equations
[12]. The mathematical model of IM was built in a three-phase coordinate system according to [13].

The system of equilibrium equations for the stator and rotor circuits is described as

. dy : dy
Uy =i R, +—2: 0=i.R, +—2&;
A A'TMA dt a a dt
: dy : dy
Ug = igRg + —2; 0=i R, +—2; 7
e =leRe +— bRo = (7)
: dy : dy
U = iRe +—5, 0=i.R, +—=,
C c'‘C dt c''C dt

where ua, Us, Uc — instantaneous voltage values of the stator phases A, B, C, respectively; ia, ig, ic —
currents of three phases of the stator A, B, C, respectively; ia, iy, ic — currents of three phases of the
rotor a, b, c, respectively; Ra, Rs, Rc — active supports of the three phases of the rotor a, b, c,
respectively; Ra, Ry, Rc — active supports of the three phases of the rotor a, b, ¢, respectively; ya, v, Wc
— complete flux couplings of the three phases of the stator A, B, C, respectively; wa, wb, yc — complete
flux couplings of the three phases of the rotor a, b, c, respectively.

The complete flux coupling of the stator and rotor phases is determined by the expressions:
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\VA_( +§L1j iy += Llcos( )|B+§L1cos(2p) ic +
2 2 2 -
+§LHCOS(pyR)Ia+§LHCOS(pyR+p)lb+§LHCOS(pyR—p)lc,
2 . 2 .2 .
szgLicos(p) |A+(I1+§L1J|B+§L1cos(p) ic +
2 . 2 -
+§L“COS(pyR—p)la+§L“COS(pyR)Ib+§LHCOS(pyR+p)lc,
2 .2 . 2 .
\VC:§L1COS(p) IA+§L1COS(p) IB+£|1+§L1JIC+
2 2 2 -
+= L L COS(pYR +p)ly +3L cos(pyg — p)lb+§LuCOS(pyR)lc,

(|2+ '—2] +2L2cos(p) ib+ngcos(2p) i +
3 3 (8)
. 2 .
+3L cos(pyg)i A+3L cos(pyg — p)|B+§Lucos(pyR +p)ic;
2

W :§L ,c0s(p) i, +(I +§L)|b+§chos(2p)ic+
2 2 2 .
+3L cos(pyg +p)i A+3L cos(pvg)ig +3|- cos(pygr —p)ic;
2 .2 . 2 .
v, =§L2 cos(2p) i, +§L2 cos(p) iy +(I2 +§L2j i +

2 .2 .2 .
+§ L, cos(pyg —p)IA+§ L, cos(pyg +p)ig +§LH cos(pyg)ic,
where L;, Lo — inductance of self-induction of the stator and rotor phases, respectively; Iy, o —

N . 2 .
scattering inductance of the stator and rotor phases, respectively; p = ?n — phase shift between the

stator (rotor) windings; L, — the maximum value of the inductance of mutual induction between the
phase of the stator and rotor; y (t) = @(t)dt - rotor rotation angle.

The expression for calculating the electromagnetic moment has the form:

\/_pl_u( (iue e ) +is (e — iuA)+iC(i“A—iHB)), 9)

where p — the number of pole pairs; iya, ius, iuc — Magnetizing currents of the stator phases.
The mechanical part of the VM mathematical model is described by a system of differential
equations, which is given in [14]:

mp,x"+bxx’+cxx:mlr1( {sin¢1+¢12cos¢1)—m2r2( '2'sin¢2+¢’22cos¢2);

" ' " 12 o} " 12 o} .
myy"+byy +c,y= mlrl( 1 COS ¢y — ¢y sm¢1)+m2r2( 5 COS P, — O 5|n¢2), (10)
do.
%: Mo — My, + M, ,i=1,2,
where X, y — relocation of an operating device of the vibration machine along an axis X and Y (vibration
relocation) respectively; X', y" — speed of the vibration machine along an axis X and Y (vibration speed)

‘]Zi
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"

respectively; x", y" — acceleration of the vibration machine along an axis X and Y (vibrational
acceleration) respectively; my — the full reduced mass of the fluctuating parts of the vibration machine with
the form and a concrete compound; ¢x = ¢y = Co — coefficients of horizontal and vertical rigidness of support
of the vibration machine respectively; by =by=ho — coefficients of horizontal and vertical damping
respectively; m: = m, = mo — mass of the first and second unbalances, respectively; r1 = r» = ro — distance of
the first and second unbalances from a spin axis respectively; @1, 92 — turning angles unbalances mass; Jy;

"

— brought to a motor shaft of moment of inertia of i motor respectively; M em — electromagnetic torque of ;

motor respectively; M ¢, —section modulus of i motor; M, vibration moment of i motor respectively.
The section modulus of the motors is determined mainly by the resistance in the bearings of the

exciters and is determined according to the expression:
M e, = 0.5 fmiro’d (11)

where f, — reduced coefficient of friction in bearings; ® — rotational speed of the unbalance; d -

diameter of bearing inner race.
The vibration moment of one motor:

M, =m (X"sin¢+y"cosd+gcosé), (12)
where g = 9.8 m/c? — acceleration of gravity.

To study the proposed system using mathematical modeling adopted the following parameters
of above resonance vibration machine and induction motor, which are shown in table 1.

Table 1. Technical characteristics of the vibrating platform

Parameter name | Parameter value
Constructional parameter of the vibration platform
The full reduced mass of the VM 11000 kg
The mass of the unbalance 22 kg
The distance of the unbalance from a spin axis 0.1m
Rigidness coefficient of the actuating unit 126810 N/m
supports
Damping coefficient 30600 Ns/m
Passport data of an induction motor with a capacity of 11 kW

Rated power 11 kW
Rated voltage 220V
Synchronous speed 1500 rpm
Rated current 2153 A
Stator resistance 0.462 Ohm
Rotor resistance 0.312 Ohm
Stator inductive resistance 0.831 Ohm
Inductive resistance of the rotor 1.262 Ohm
Inductive resistance of the magnetization circle 27.5 Ohm

On the basis of the given mathematical model of the above resonance vibration machine
electric drive time dependences of active power of induction motor (P) during start-up and the
principle of formation of supply voltage of induction motor (U) at overcoming of a resonant zone (fig.
3a), and also dynamic characteristics (fig. 3b) of induction motor without abrupt increase of supply
voltage abrupt increase (w(M1)) and with abrupt increase of supply voltage abrupt increase (w(M.))
during overcoming of a resonant zone.
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Fig. 3. Time dependences of active power and supply voltage
and dynamic characteristics of induction motor

As shown in Fig. 3, the abrupt increase in supply voltage is performed when the oscillations of
the active power are significantly reduced, which indicates the approach to the resonance zone.

The efficiency of the abrupt increase of the supply voltage during passing of the resonance
zone in the process of starting the VM is confirmed by the results of mathematical modelling and
experimental studies, which are given in [9].

Conclusions. The application of frequency-controlled electric drive to the above resonance
VM allows to pass the resonance zone without “jamming” the rotors of the drive motors due to the
abrupt increase in supply voltage when approaching the resonance.
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The proposed structure of the control system for starting the electric drive of the above

resonance VM and the algorithm of its operation allows to determine the moment of abrupt increase of
the supply voltage without previously known parameters of the oscillating system. The proposed
control system should be applied to VM with variable load.
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