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CHEMICAL SCIENCES

INFLUENCE OF INORGANIC ADDITIVES ON THE BASIC PROPERTIES OF AMMONIUM
NITRATE

Kodirov B.
Assistant, Department of Technology of Building Materials, Products and Structures,
Fergana Polytechnic Institute, Fergana, Uzbekistan

Abstract

Ammonium nitrate (AN) “is a chemical compound obtained in both solid and liquid form, which is commonly
used in fertilizers”. The combustion rate of the technical prill meets the criteria for a Class 2 oxidizer in Appendix
G of NFPA 400, 2016. The loss history also indicates the possibility of unstable reactive hazards, uncontrolled
decomposition and / or detonation under circumstances not fully understood. In the latest revision of NFPA 400,
the Code of Hazardous Materials, the Technical Committee (TC) classified ammonium nitrate as a Class 2 oxidant.
However, recent incidents with hazardous materials involving AN have led to differences of opinion regarding the
reactivity of the compound and whether it should be considered an unstable reagent in NFPA 400. The different
behavior of AN in different fire situations makes it difficult to determine the proper safe storage and handling
methods. There are also discrepancies between the NFPA ammonium nitrate classifications and the International
Fire Code (IFC). As a result, there is a need for additional data to aid in the proper classification / treatment of
AN. Examination of existing data regarding AN reactivity will assist NFPA 400 TC in determining the appropriate
classification for ammonium nitrate and possibly indicate the need for future testing of ammonium nitrate. The
aim of this project is to summarize the available information on the various forms of ammonium nitrate and how
they are classified. This will be achieved through a two-step literature review: summarizing available classification
information from chemical and code documentation and identifying the variables that led to instability based on
existing data and test results.

1. Improvement of the physicochemical, mechanical and agrochemical properties of ammonium seltera by
introducing modifying additives (NaX zeolite, mordenite, calcium carbonate (Ca?*) and phosphorite).

2. Powder X-ray, thermoanalytical method, differential scanning calorimetry method, mechanical and visual
method.

3. Modified samples have increased strength in comparison with analogues: AN chemically pure and AN
GOST 2-85, which is confirmed by the results of the above analyzes.

4. a). The use of available calcium-containing additives for modifying ammonium nitrate in order to improve
its consumer properties has shown the effectiveness of a number of additives, primarily calcium carbonate (Ca?*).

b). For the modified samples, the intervals were established and the mechanism of polymorphic transitions
AN IV-lll-=ll-1 and IV-Il in the processes of heating and cooling was interpreted.

c). It was determined that among the studied additives the best results were shown by calcium carbonate
(Ca?"), the optimal concentration of which is 1.0-1.5% of the mass. The additive used (calcium carbonate) is avail-
able on the territory of JSC “Farg’onaazot”, is formed during chemical neutralization of wastewater, which ensures
the economic feasibility of its use in the production of nuclear power plants.

d). The revealed absence of modification III of AN and direct polymorphic transition IV <— II in the presence
of calcium carbonate (Ca?*) additives leads to stable behavior of AN at temperatures of 20-55°C, in contrast to
unmodified AN, which is especially important for storage and transportation product.

e). Studies have established that of the three possible ways of introducing additives into the AU, the best for
the properties of the product is their introduction into the melt before the granulation stage.

Keywords: ammonium nitrate, ammonium nitrate, phosphorite, calcium carbonate, mordenite, synthetic ze-
olite, caking, hygroscopicity.

ABBREVIATIONS fertilizers. The absorption of moisture from the air by

AN - ammonium nitrate;

AN ch.p. - chemically pure ammonium nitrate
(GOST 22867-77) or ammonium nitrate without addi-
tive - reference sample;

P - phosphorite;

MT - mordenite;

NaX - synthetic zeolite, NaX brand;

Surfactant - surfactant;

DTA (DTA) - differential thermal analysis;

TG - thermogravimetry;

TGA (DTG) - thermogravimetric analysis;

INTRODUCTION

Hygroscopicity of experimental samples.

Ammonium nitrate is highly hygroscopic, which
is the reason for the caking of the finished product and
is accompanied by technical difficulties when applying

the granule of ammonium nitrate, which is a capillary-
porous body, can be reduced by reducing the total po-
rosity of the granules or by changing the ratio between
the volumes of the transitional, micro- and macro pores
of the granule. In the work, the study of the effect of
calcium-containing additives on the hygroscopic prop-
erties of the samples was carried out (Figure 1). The
experimental results in the form of the given depend-
ences show that a relatively small content of additives
(0.5-1.5% by weight) insignificantly decreases the
value of the hygroscopic point of chemically pure ND.
(h=66.9% RH at 20°C). Thus, samples AN + calcium
carbonate (Ca?*), AN + NaX, AN + FT; AN + MT
(1.5% additive) have values of 54-61%.
MATERIALS AND METHODS
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Figure 1. Influence of inorganic additives on the hygroscopic point of experimental samples.

An increase in the content of the addition of zeolite
NaX in experimental samples to 20% leads to a de-
crease in the value of h to 43%, which leads to the loss
of the positive effect of modification. With an increase
in the content of mordenite, bentonite and phosphorite
additives up to 5% by weight, a monotonic decrease in
the value of hygroscopic points of the samples to 49-
55% is observed, after which a further increase in the
content of the additive to 20% by weight does not lead
to a significant change in the hygroscopic points of the
samples and h stabilizes at level 47 - 54%. From the
results obtained, it can be concluded that the introduc-
tion of silicon-containing natural additives in an
amount exceeding 1.5% is inappropriate, because leads
to a deterioration in the quality of the finished product.

Experimental specimen strength

It is known from the literature that the addition of
phosphorite leads to the formation of a double salt
NHsNOz-Ca(H2 POs), , which significantly increases
the strength of the granules. It was of interest to evalu-
ate the effect on the strength of the granules of other

additives used in the work. Because the additives we
have chosen can serve as centers of crystallization of
the basic substance, then their introduction into the melt
of the AS, in our opinion, should contribute to a de-
crease in the pore size or a change in the ratio between
open and closed pores, which in turn should lead to an
increase in the pANKking density of the crystallizing
substance in the granule, and, consequently, to increase
the strength of the latter.

Determination of the strength of experimental
samples was carried out on spherical granules with a
diameter of ~ 2.0-3.0 mm. by crushing them on the IPG
device. Figure 10, which shows the experimental data
obtained, shows that the introduction of the investi-
gated additives up to 4% into the AS melt leads to an
increase in the strength of the granules, an increase in
their content over 5.0% by weight is already ineffec-
tive, the AN granules modified by the additive calcium
carbonate (Ca?*).
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Figure 2. Dependence of the strength of the granules on the amount of additive.

Using powder X-ray diffraction on a diffractome-
ter Dron-3 CuK a radiation in the range of 10-70° was
measured the dispersion of the reference sample AN

without additive and experimental samples of AN with
the addition of calcium carbonate (Ca?*).

It was determined that the size of the AN micro-
crystals is "2000A (2:10" m), and the samples modified
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with the addition of calcium carbonate (Ca?*) (0.5-
20%) is -1900 A.
Polymorphic transformations of ammonium
nitrate and modified ammonium nitrate

As already mentioned above, polymorphic trans-
formations of the AU, depending on the conditions of
production, storage and transportation, can adversely
affect its properties during receipt and storage.

Thermoanalytical methods were used to study the
process of polymorphic transitions, modified samples
of ammonium nitrate and reference samples under non-
isothermal conditions. The aim of the study was to es-
tablish the influence of various factors (the nature and
amount of inorganic additives, the moisture content of
the samples and the heating rate). The heating (cooling)
rates of the samples were 2.5; 5.0 and 10 deg / min. The
mass of the samples under the conditions of DTA/TGA,
DSC/TGA, was chosen at the level of 0.01-0.50 mg.
The measurements were carried out on spherical gran-
ules with a diameter of ~ 2.0-3.0 mm and on pressed
samples (tablets). The pressing pressure in the manu-
facture of tablets is 300-600 MPa.

The achieved pressing density was 0.90-0.95 of
the maximum value characteristic of an ND single crys-
tal.

Solid ammonium nitrate in the temperature range
from -17 to 169.6°C exists in five crystalline modifica-
tions, stable in a certain temperature range: cubic (1)
from 169.6 to 125.2°C; tetragonal (II) from 125.2 to
84.2°C; rhombic or monoclinic (I11) from 84.2 to
32.3°C; rhombic bipyramidal (IV) from +32.3 to -
16.9°C tetragonal (V) below -16.9°C. The transition
from one modification to another (polymorphic transi-
tion) is accompanied by a change in the crystal structure
and volume of the crystal. In particular, the transition

-1V (32.3°C) leads to a decrease in the specific vol-
ume of the crystal lattice by 3.7%.

It is known that it is possible to change the tem-
peratures of modification transformations of ammo-
nium nitrate, as well as to minimize the undesirable pol-
ymorphic transition 1V«<IIl by reducing the residual
moisture content of the granules, conditioning the AN
with additives that hydrophobize the granule surface,
and introducing inorganic salt additives into the melt
that change the crystal structure of ammonium nitrate.

Using the method of differential thermal analysis,
thermograms of granular test samples of AN with inor-
ganic additives were recorded (Figure 3). The diameter
of the granules was 1.0 - 4.0 mm, the weight of the sam-
ple was 0.5000 £ 0.0002 g, and the heating rate was
10.0°C / min. In the presented thermograms, the endo-
thermic effects on the DTA curves correspond to poly-
morphic and phase transitions of experimental samples.

As can be seen from the results of thermal analy-
sis, the number and temperatures of polymorphic trans-
formations depend on the nature of the additive intro-
duced. Sample AS without additive (ND of chemistry
grade GOST 22867-77), (thermogram 1) has polymor-
phic transitions at temperatures T =57°C, T=91°C and
T = 129°C, a phase transition corresponding to melting
of ND at Tm = 169°C. For samples 1, 2, 3, 4, three suc-
cessive modification transformations, characteristic of
ammonium nitrate, were revealed: IV-lIII, -1l [1-]
and melting, which, with the addition of phosphorite
and zeolite NaX, is small, but in different directions,
shift in temperature. In samples 5, 6, the indicated se-
quence is violated, modification 111 is absent and tran-
sition IV—II is stabilized, which provides less defor-
mation of the crystal lattice of the samples, greater me-
chanical strength of granules and promotes longer
storage of modified ammonium nitrate in the tempera-
ture range 20-50 ° C.

I~ II
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Figure 3. Thermograms of ammonium nitrate samples: 1. AN chemically pure. GOST 22867-77; 2. AN GOST 2-
85; 3. AN + FT 1.5%; 4. AN + NaX 1.5%; 5.4N + MT 1.5%; 6.4N + calcium carbonate (Ca 2*) 1.5%.

The introduction of the additives under study also
leads to a decrease in the melting temperature of the
samples by 4-7°C in comparison with the AN (GOST
2-85), which opens up the possibility of some energy
savings during granulation. Among the additives of cal-
cium carbonate (Ca 2*) studied by us, it is one of the

most accessible and cheap modifiers, and its efficiency
is slightly higher than that of synthetic zeolite such as
NaX and natural mordenite; therefore, further studies
were carried out with calcium carbonate (Ca ).
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Figure 4. Thermograms of the ND sample of chemically pure grade. in a cycle heating-cooling heating.

By the method of differential scanning calorimetry
(DSC1/TGA instrument of Mettler Toledo system),
modification transformations of experimental AN sam-
ples were studied without additive (Figure 4) and with
the addition of calcium carbonate (Ca?*) (Figure 5). De-
pendencies 1, 2, 3 in Figure 4 correspond to the sections
of the thermograms of the AS, displaying the heating-
cooling cycle of heating the sample with the fixation of
the effect of its modification transformations, and the
corresponding values of the heat capacity and thermal
effect. The research technique consisted in the follow-
ing: the initial sample of ND of chemically pure grade.
(AN without additive) at a constant rate of 5°C / min

was heated to Tm.-thermogram 1 (Figure 4), which
showed all 4 modifications and their successive trans-
formations IV-lIl, -1, 1l-1 and float; then the
sample was cooled to T=25°C and again heated to
Tmelt. (thermograms 2 and 3, in which modification I11
was not found and the polymorphic transition IV - I11 is
absent).

We definitely associate this phenomenon with the
absence of moisture in the sample in the last two cases,
which is consistent with the literature data. On an in-
dustrial scale, this effect is very difficult to achieve.

1
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Figure 5. Thermograms of ammonium nitrate samples:
1. AN + calcium carbonate (Ca?*) 1.0%; 2.4N + calcium carbonate (Ca?*) 1.5%.

However, the use of calcium carbonate (Ca®*) and
mordenite - aluminosilicates of natural origin, leads to
the adsorptive binding of residual moisture in the AL,
which manifests itself in the effects similar to those for
deeply dried ammonium nitrate (Figure 4, thermograms

5 and 6, Figure 6, thermograms 1 and 2 - AN with the
addition of calcium carbonate (Ca?*) 1.0 and 1.5%, re-
spectively), and is undoubtedly a positive phenomenon
for the technology.
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Figure 6. Thermograms of ammonium nitrate samples:
1. AN + calcium carbonate (Ca?*) 1.5%, alloy; 2. AN + calcium carbonate (Ca?*) 10%, alloy.

At the same time, in the studied temperature range,
thermogram 1 has serious differences from thermogram
2 (Figure 6) of the AN sample with the addition of cal-
cium carbonate (Ca?*) 10%, on which the 111 modifica-
tion is manifested, and the endoeffects corresponding
to the modification transformations and the process in-
crease. melting. The double endothermic effect at
278.45 and 304.19°C (thermogram 1), corresponding to
the decomposition of the AN sample with an addition

of 1.5%, is converted into a triple endothermic effect at
257.36, 272.51, and 300.00°C (thermogram 2), corre-
sponding to the decomposition of the sample with the
addition of calcium carbonate (Ca?*) 10%, which pos-
sibly corresponds to the melting of the formed solid so-
lution based on ammonium nitrate. It should be noted
that a thermogram with a double thermoelectric effect
is characteristic of a chemically pure ND.
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Figure 7. Dependence of the heat capacity of samples on temperature

Daily temperature fluctuations in conditions of
long-term storage of ammonium nitrate cause transfor-
mations V-1l and 111-1V, which leads to a deterio-
ration in the properties of granular nitrate: loosening of
the granule surface, a decrease in their mechanical
strength and an increase in caking.

The values of the crystal lattice constants of vari-
ous modifications of ammonium nitrate given in the lit-
erature review indicate that significant changes in the
crystal structure of the salt occur during transitions
IVelllell. Moreover, the transition IV—I11 is accom-
panied by a decrease in the coordination number from
8 to 6, and the transformation Il -" 11, on the contrary,
is a transition from the rhombic structure with the co-
ordination number 6 to the tetragonal structure with the
coordination number 8. Such transformations, coupled

with a change coordination numbers, entail an increase
or decrease in interionic distances and, consequently,
an increase or decrease in the volume of the substance.

The advantages of the metastable transformation
I1-1V over the stable transitions [1=111-1V lie in the
proximity of some of the structural characteristics of
phase Il and phase IV. The difference between these
two crystal structures lies mainly in the orientation of
the planes of the nitrate ions.

It is known from the literature that when the ND is
cooled, the l1=1V transition occurs by a simple rotation
of the nitrate ions by 45 ° and an insignificant defor-
mation of the crystals. After the formation of modifica-
tion 1V, all nitrate ions become rigidly oriented, and the
diffusion of ammonium ions completely stops.
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In the samples with calcium carbonate (Ca%*), the
stabilization of the IV—II transition appears to be a di-
rect transition of the rhombic bipyramidal modification
to the tetragonal one, bypassing the rhombic mono-
clinic (111), which provides less deformation of the crys-
tal lattice of the samples and greater mechanical
strength of the granules.

Daily temperature fluctuations in conditions of
long-term storage of ammonium nitrate cause frequent
transformations IV—I1l and I11-1V, which leads to a
deterioration in the properties of granular nitrate: loos-
ening of the granule surface, a decrease in their me-
chanical strength and an increase in caking [3].

The phenomenon of stabilization of the phase tran-
sition IV—Il discovered by us will contribute to a
longer storage of modified ammonium nitrate at daily
temperature fluctuations (25-55°C) without destroying
the granules.

Mechanical (Figure 8) and visual (Figure 9) meth-
ods were used to assess the effect of additives on the
stability of the spherical shape of experimental sam-
ples. At the same time intervals of storage of the sam-
ples with daily temperature fluctuations of 20-50°C, the
fraction of destroyed granules in the sample was deter-
mined and the strength of the remaining intact granules
was measured (Figure 8).

|

\ 100 -

97%

o
o
—y
(=21

0
o
1

o))
(=)
L

A

IS
o

el
o
O
o

PaspyieHHbIX rp aHyI1, % Macc.
N
(@}

2 3 4

OG6pasusl

=
| S

n= 10 HHKIOB

o™
=
e
5

1 ACTOCT 2-85 |
HA xxTOCT 2286777/ |
AC+MT 1,5% |
AC+NaX 1,5% |
AC+®T 1,5% |
AC+Ca¥ 1,5% §

]

(o NV T S 3 |

por-J

o~
-t
'S
6

Figure 8. Influence of the additive on the strength of samples at cyclic temperature change (20 - 50°C)

The histogram (Figure 8) shows the relative char-
acteristic of the strength index of the granules of exper-
imental samples with modifying additives (1.5%) after
10 heating-cooling cycles in the range of daily temper-
ature drops. From the results obtained, it can be seen
that the granules of the reference sample (ammonium
nitrate without additive (AN chemically pure)) practi-
cally did not withstand the tests, as a result, after 10
heating-cooling cycles - 3% of intact granules versus
97% of destroyed ones. The result obtained by us is
confirmed by the literature data, according to which,
granular ammonium nitrate without additives is able to
withstand only 4-5 heating-cooling cycles in the stud-

ied temperature range before the destruction of gran-
ules begins. A comparison sample - ammonium nitrate
GOST 2-85 showed 9% of intact granules versus 91%
destroyed. A somewhat better indicator of the strength
of an industrial sample of ammonium nitrate relative to
the reference sample is explained by the conditioning
of AN GOST 2-85 at the final stage, provided for by
the technology. Samples of granules of ammonium ni-
trate with additives of natural silicon-containing miner-
als have significantly better indicators of the ratio of
whole granules against destroyed ones: AN + FT -
63%: 37% , AN + MT - 74%: 26 % , AN + calcium
carbonate (Ca?*) - 79 %: 21% AN + NaX - 89%: 11%.
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Figure 9 (a).
Photos of modified samples under conditions long-term storage at cyclic temperature changes (20-50°C).
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Figure 9 (b).
Photos of modified samples under conditions long-term storage at cyclic temperature changes (20-50°C).

RESULTS

1. With an increase in the content of mordenite,
calcium carbonate (Ca?*) and phosphorite additives up
to 5% of the mass, a monotonic decrease in the value of
the hygroscopic points of the samples to 49-55% is ob-
served, after which a further increase in the content of
the additive to 20% of the mass does not lead to a sig-
nificant change in the hygroscopic sample points and h
is stabilized at the level of 47-54%.

2. The introduction of the investigated additives
up to 4% into the AS melt leads to an increase in the
strength of the granules, an increase in their content
over 5.0% by weight is already ineffective, the AN

granules modified with the addition of calcium car-
bonate (Ca?*) have the maximum strength .

3. The crystal lattice parameters (table 3) of var-
ious modifications of ammonium nitrate are evidence
that transitions IVelllell lead to significant changes
in the crystal structure of the salt, accompanied by an
increase or decrease in interionic distances and, accord-
ingly, an increase or decrease in the volume of the sub-
stance.

4. With a general tendency to change the shape
(enlargement, partial destruction) of modified ammo-
nium nitrate granules, the best results after 60 days of
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storage (preservation of the spherical shape of the gran-
ules) are observed with the addition of NaX zeolite
(1.5%), calcium carbonate (Ca?*) (1.5 %) and phospho-
rite (1.5%).

5. An increase in the additive content increases
the dispersion of the substance, which leads to its com-
paction in the granule. Thus, it seems that our assump-
tion about the hardening of granules upon the introduc-
tion of the studied additives is correct.

DISCUSSION

Some researchers argue that AN could be replaced
with inherently safer alternatives. However, other nitro-
gen-rich fertilizers have their drawbacks that prevent
them from being replaced. For example, anhydrous am-
monia [17, 18] is difficult to handle, easily volatilizes
and costs more than one per tonne. Urea [17] has a risk
of nitrogen loss and volatilization problems. In addi-
tion, urea can lead to poor crop yields. The nitrogen
content of ammonium sulfate [17-19] (21% N) is low
compared to, and its high acidity limits its use in some
areas. Liquid nitrogen (half urea and half nitrogen) [17,
20] is corrosive and destroys brass, bronze and zinc fit-
tings. At the moment, there is no good universal alter-
native or replacement for the speaker. Speaker use can
be somewhat reduced, but not eliminated. When
properly handled and stored in accordance with all reg-
ulations, using safer structures such as the addition of
stabilizers, AN incidents can be prevented or mitigated.

It is not considered a flammable chemical or com-
bustible material at ambient temperature [1, 2]. How-
ever, it is a strong oxidant that can detonate [21] under
certain conditions, which include elevated temperature,
the presence of impurities [22] and limitation [3, 4]. AN
is classified as a strong oxidizing agent globally.

The quality control of the obtained samples was
carried out according to the following parameters: ni-
trogen content, pH of a 10% solution, hygroscopic
point, humidity, strength and thermal stability of the
samples.

Under conditions of daily fluctuations in tempera-
ture, samples of ammonium nitrate containing 0.5-20%
by weight, phosphorite, mordenite, calcium carbonate
withstand up to 20-50, 30-60, 40-70 cycles, respec-
tively. Samples with the addition of synthetic zeolite
NaX have the highest strength indicators, which can
withstand up to 60-190 cycles. However, the lack of
production of synthetic zeolites on the territory of Uz-
bekistan and the high price, all other things being equal,
reduce the attractiveness of the additive, because this
will lead to an increase in the cost of production.

CONCLUSION

In terms of physicochemical and physicomechan-
ical characteristics, modified specimens are superior to
AS GOST 2-85, specimens with various additives have
the best properties in terms of the totality of character-
istics, especially for an acidic environment it is recom-
mended with the addition of calcium carbonate (Ca?*).

Analysis of the thermograms of the samples ob-
tained by differential scanning calorimetry combined
with thermogravimetric analysis showed that in the
samples obtained by the co-crystallization method, the
degree of decomposition is higher than that of the sam-
ple obtained by alloying the components.
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AHHOTALUA

HpOI/IBBC,I[CH CHHTC3 CMCHIAHHBIX IMPOIUJICHITTMKOJICBbIX ,Z[I/IB(I)I/II)OB Ha ocHoBe ITHK n JKUPHBIX KHUCJIOT B
MNPpUCYTCTBUM KaTajIn3aTopa ZnO u OCYHICCTBJICHA IIPpE/IBApUTEIIbHAA OLICHKA BO3MOKHOCTU IPUMCHCHUA CUHTC-
3UPOBAHHBIX I[I/IS(I)I/IPOB B Ka4€CTBEC HJ'IaCTI/I(l)I/IKaTOpa MNOJMBUHUJIXJIOpHJA U aHTUOKCHUAAHTA AJIs JU3CIIbHOT'O TOII-
nuBa. HalineHs!l onTuMasibHble YCIOBHS MPOBENEHUS dTepUPUKAIINU: COOTHOIICHHE KUCIOT U CIUpTa - 2,0:1,3,
KOJIMYECTBO Karanu3zaropa - 1,2-1,6 mac.%, temneparypa - 110-120°C, mpoaomkuTebHOCTh peaknuu 3,5-4 4. B
3aBHCHMOCTH OT B3SATON JKHPHOW KHCJIOTHI BBIXOJBI CMEIIAHHBIX AMAI()UPOB Kosebamuch B mpeaenax 88-90%.
CTpyKTypHO-TPYIIIOBOH COCTaB MOJIYYECHHBIX CMENIAHHBIX nuddupos Obi1 onpeneneH Ha UK-Oyprse cexrpo-
Mmetpe «ALPHA» 1 Ha ocHOBaHMM naHHBIX IMP-ciekTpockonuy.

Abstract

Synthesis of the mixed propylene glycol diesters based on NPA and fatty acids in the presence of the ZnO
catalyst was carried out and a preliminary assessment of the possibility of using the synthesized diesters as a
plasticizer of polyvinyl chloride and antioxidant for diesel fuel was carried out. There has found the optimal con-
ditions of esterification ratio of acids and alcohol = 2.0: 1.3, amount of the catalyst = 1.2-1.6 wt.%, temperature
110-120°C, reaction time 3.5-4 hours. Yields of the mixed diesters ranged from 88 to 90%, depending of the fatty
acids. Group structure composition of the obtained mixed diesters was determined on «ALPHA IR-Furye» spec-
trometer and on the basis of NMR spectroscopy data.

KuioueBble cioBa: stepudukaius, NpUpoaHas He(TsHAS KHUCIOTa, >KUPHBIE KHUCIOTHI, CMEIIaHHbBIE JH-
3¢HPHL, TOMUBUHIWIXIOPHU, TIACTH(HUKATOP, AHTHOKCHIAHT, AU3EIHHOE TOTUTUBO.
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Keywords: esterification, natural petroleum acid, fatty acids, mixed diesters, polyvinyl chloride, plasticizer,

antioxidant, diesel fuel.

Beenenne

Oc¢uper npuponHeix HedrsaHbXx Kucior (ITHK)
CHUHTE3UPYIOT, KaK MPaBUIIO, MO KIACCHUECKUM KaHO-
HaM 3TepU(UKALNH B IPUCYTCTBUU KHUCIOTHBIX KaTa-
nu3aTopoB. C LENbI0 YCOBEPIIEHCTBOBAHMS Mpoliecca
3Tepu(UKaINN NPUMEHSIOT pa3IMdHbIE BapHaHTBI U
KOMOHMHAIINY KaTalIn3aTOpPOB, & TAKXKE METOJIBI JOIIOJI-
HUTEJILHOTO Bo3aekcTBus [ 1,2].

Kak wn3BecTHO, CIOXHBIE 3(QUPHI PHUPOITHBIX
HE(TAHBIX KUCIIOT SABISFOTCS [IEHHBIMH COETUHEHUSIMHU
B KauecTBe IUIACTH()UKATOPOB psija MOIMMEPHBIX Ma-
TEPUaNoB, B YACTHOCTH AJIs HOJIMBUHUIXJIOPUAA U LIEN-
JIFOJIO3HBIX IUIACTMACC, KaK PACTBOPUTENH U aHTUOKCH-
JauThI [3-5].

VYuuThiBask akTyallbHOCTh ITPOOJIEMBI U HEepCIIeK-
THBHOCTb CIJIOXHBIX 3(UpPOB, OBUIM CHHTE3HPOBAHbI
CMEIIaHHbIe TPOIMIICHITTUKOIEBbIC 3(UPBI HA OCHOBE
[MHK, nonryuennsix u3 HedrenepepabdatsiBaromiero 3a-
Boza uM. I A. AnueBa U OYHUIIEHHBIX B Ja0OPaTOpPUU
OT «HEOMBIIIEMBIX» KOMIIOHEHTOB, XHPHBIE KHCIOTHI
(xampoHOBast, HSHAHTOBAs, KAaNpHWJIOBas) M IIPOIH-
nerraakos (I10).

JKcnepuMeHTAJbHAA YaCTh

CuHTe3 CMEUIaHHBIX IPOMIICHITINKOIEBBIX /-
s¢upor Ha ocHoBe ITHK u sxupnbix kucior (Ce-Cg)
IPOTEKaeT 110 CIeNYIoIel cxeMme:

O
/
RV
T°C, kat
-2 H,0
O
| /
CH,OH CH,—0 -C{
R
rae R — pagukan [THK; R™- CsHi1 -, C¢Hiz -, C7H15— pamukais.
[Noxazatenn obpadoranuex [IHK nmpuBeneHs! B Tabmuie.
IMoxa3zareau ITHK
IToxkazarean ITHK
Temneparypa kunenus, °C npu P=6,65-10"* Mna 90-170
Kucnorrnoe gncio (x.4.), mr KOH/r 250
CpenHsisi MOJIEKYIISIpHas Macca, paccunTanHas o K.4. [THK, r/mMois 224
OTHOCHTENbHAS IIOTHOCTD, Ps°° 0,9715
Iokazarens npenomieHus, Np” 1,4957

PykoBoACTBYsICH paHee NPOBEAECHHBIMU HCCIEO0-
BaHUSMH [5], HOCBSAILIEHHBIX MOJYUYEHHUIO CJIOKHBIX JIU-
3(pUPOB HEDTIHBIX KUCIIOT, PEAKLUIO dTepUPUKALNT
MPOBOIMIN B MOJIBHOM COOTHOIIEHHH KHCIOTHI U
cnupra — 2,0:1,3, remneparype 110-120°C (B xauecTBe
a3e0TPoII00Opa3oBaTelIs MPUMEHSIICS TOYOI, B3STHII
B KosruecTBe 70% OT o061mielt cMecu KOMIIOHEHTOB) U B
OPHUCYTCTBHM Katanuzatopa ZNO (TEeXHHYECKHA) B KO-
muectse 1,2-1,6 mac. % Ha B34TyI0 KHCIOTY.

Hwkxe mpuBoanTesl CHHTE3 M MaTepHAaIbHBIN Oa-
JIAHC TIOJyYEHUS! CMEMIAHHBIX HPOITMJICHITIUKOIEBBIX
nmmadupos Ha ocHoBe [THK 1 sKHpHBIX KUCITOT.

Cunmes cmMeuwanno2o nponUIeH2IUKONIe8020 OU-
agupa na ocnose INHK u kanponogotl xuciomuol

s cuaTe3a nuadupa, B peakMoHHYI0 KOJI0y 1o-
memaroT 49,4 t (0,65 monb) nponmteHrauKos, 112,2
r (0,5 mous) TTHK, 58 r (0,5 Mob) KanpoOHOBO# KHC-

70THI, 2,55 1 (0,03 Moas) ZnO u 155,5 r (1,7 Moutb) TO-
nmyona. Ilpy WHTEHCHBHOM TI€peMEIINBaHUN CMECh
HarpesatoT 70 110-120°C u mpoaoKUTENEHOCTD pe-
aknuu coctasisieT 3,5 — 4 4. [Tocne o6paboTku u nepe-
TOHKH PacTBOPHTENS, HOIYYESHHBIH 3(pUp-ChIpeI] MOoA-
BEpraroT BakyyMHOH neperonke. [Tomydennsiii qumadup
UMeeT cieaytonye QU3NKO-XUMHYECKUE MTOKA3aATeIH:
T xun. — 190-240°C pu P = 6,65°107* MIla, ps?° —
0,9825 r/em®, np?® — 1,4572, xucnorroe yncio (K.4.) —
0,58 mr KOH/r, HalineHHOE YUCII0O OMBUTICHHUS (4.0.). —
302 mr KOH/r, a¢uproe umcno (3.4.) — 301,42 mr
KOH/r, xuHeMaTHuecKast BI3KOCTh — 16 MM%/c, MoTe-
KymsipHas macca (My) — 380,4. Boixon auadupa co-
crasisieT 90,2 %.

MarepuaipHbIil 0ajaHC MPONMICHTIUKOJIEBOTO
cMmerranHoro amdupa Ha ocHoBe [THK n kanponoBoit
KHCJIOTHI IPUBE/ICH HIXKE:
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CsH11COOH. ...
TIPOTUIEHIIIMKOIIB ...t
ZNO i

ZNO

Cunmes cMewanH020 NPONUNIEH2IUKONE8020 OU-
agpupa na ocrose ITHK u snanmogoui kuciomul

Hns mpoBeneHus peakuuu B3aro 49,4 t (0,65
Moib) mporeHrmkons, 112,2 v (0,5 monp) ITHK u
65 r (0,5 MOJb) SHAHTOBOW KHUCJIOTHL. 3aTeM K CMECH
npubasisitot 2,66 1 (0,03 mMonb) karanuzaropa ZnO u
160,48 r (1,75 monb) Tonyosna. CMech IepeMenInBaoT
u HarpepatoT g0 110-120°C B teuenue 3,5-4 4. Ilo
OKOHYAHUH PEaKINH, COAECP)KUMOE KOJIOBI OXJIAXKIAI0T
JI0 KOMHATHOH TeMIlepaTypsl U OTHEISAIOT KaTaiau3a-

CoHIZCOOH. ..o
HpOHI/IJ‘IGHFJ‘II/IKOJ‘IL ..........................................................
ZNO e

ZNO

Cunme3 cMewanHo20 NPONUIEH2IUKONEB020 OU-
agupa na ocnose INHK u kanpunosoti xcuromuol

CMeIIanHbIil MPONMICHIIMKOJICBBIH TUIQHUP Ha
ocHoge [THK u xanpuioBoii KHCIOTH ObUT CHHTE3UPO-
BaH aHAJIOTHYHBIM CIIOCOOOM, KaK B clIydae KalpoHO-
BO M DHAHTOBO KUCJIOT.

Hns mpoBenenus peakuuu B3sito 494 1 (0,65
MoJib) mporieHrukois, 112,2 v (0,5 monp) I[THK u
72 1 (0,5 MOMNB) KapHUIOBOH KUCIOTHL. 3aTeM K CMECH
npubdasisttor 2,76 T (0,03 mMonb) karanuzaropa ZnO u
165,60 r (1,8 Moup) Tonmyosa. CMech epeMennBaloT 1
HarpesaioT 10 110-120°C B reuenue 3,5-4 4. 1o okoH-
YaHWW PEaKINH, COACPKUMOE KOJOBI OXJIaXXKTAr0T IO

/MOJIb

top. [Tocie oTronku pacTBOpUTEIIs, FPHUP-CHIPEI] TO-
BEpraloT BaKyyMHOW pasronke. [lomydeHHBIH >Qup
AMEeT Ccleyrone (pU3nKo-XUMHUECKUE TTOKa3aTeIH:
Tkun. — 195-245°C npu P = 2,66°10* MIla, ps° —
0,9838 r/m®, np?®— 1,4576, k4. — 0,63 mr KOH/T, 4.0.
—290,05 mr KOH/r, 5.4. — 289,42 mr KOH/r, xunema-
THYecKasl BAI3KocTh — 17,14 mm?/c, My — 394,4, BeIXOA
—89,5 %.

MarepuanbHbelii  0ajJaHC CMEIIAHHOTO IPOIH-
JICHIJTHKOJIeBoro nuddupa Ha ocHoBe [THK u sHanTO-
BOM KUCIJIOTBI IPUBEAEH HUXKE:

T/MOJb

KOMHATHOH TeMIIepaTyphsl U OTIENIAIOT KaTalu3aTop.
[ocne oTroHku pactBOpuTENs, 3up-chiper; NoaBep-
raloT BakyyMHoit pasronke. [Tonyuennsiii apup nmeer
cienyonme QU3NKO-XUMHUYECKUE Moka3aresin: Tkuil.
—200-250°C npu P =2,66-10" MT1a, ps?°— 0,9850 r/m®,
np?° — 1,4580, k.u. — 0,54 mr KOH/r, u.0. 280,06 mT
KOH/r, 5.4. — 279,52 mr KOH/r, kunemaTuueckas Bsi3-
kocThb — 19,34 Mm?/c, M, — 408,4, Brixon — 88,7 %.

MarepuanbHeli  0ajJaHC CMEIIAHHOTO IPOIIH-
JIeHTTIKoeBoro auma¢upa Ha ocHose [THK n kanpuito-
BOM KHCJIOTHI IPUBE/IECH HIKE!
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B3zamo /MOJIb
5105 0
C7H15COOH
TIDOTIHIICHTIIHIKOIIB ..ottt e sttt e et e st et e ssb et e e st e et e e hb e et e e e sk eeab e e oAb e e e ab e e e R b e e e ab e e e s b e e embe e e sb e e enbeeasbeeeneeebeas 494
4 [ TR 2,76
B K001 401 ST TP PP PO VRTPPPPTOUPPUUPRTPN 165,60
o) X0 T TRPTRPPPRRPRS 401,86
Tlonyueno r/MOJb
510 1 ;1R 17,0
0010000781 32110112 00 3 1TSS PPORPRPRPTN 11,0
74 11 2,21
B0 1o PRSPPI 158,0
B 7 T11) 7 1o ST PR TSP POP PR 204,2
L 03 1S] o) ST OO TP P PP UUP T PPRTOPRP 9,45
o) X0 TR PTRRPPRPPIRS 401,86

Jliist TIOATBEPYKAEHHs COCTaBa CMHTe3upoBanHoro  «Bruker» B o6mactu yactor 3500-500 cm™ u cooTseT-
COEIMHEHUs MPOBEJCHO HCCJEOBaHWE HAa CHEKTPO-  CTBYIOLIHME CIIEKTPHI IPEJICTAaBICHbI Ha puC. 1.
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Pucynox 1. HK—cneKmp CMEeUaAHH020 NPONUNIEHSTIUKONEB8020 ()uaqbupa Ha ocnose ITHK u Kanpuﬂoeozi Kuciomol

B cniekTpax ¢ 60JbIIOH HHTEHCUBHOCTRIO NPOsiB- - crekTpockonuu. Crektpsl *H u BC-AMP (puc.2,3)
JISTFOTCS TIOJIOCHI TIOTJIONICHNS KapOOHMIBHBIX Tpynn B m3Mmepsuin npu 20°C Ha cnexktpomerpe BRUKER-
obnacrsx 1737 em™, Fourier (300 MI't) ¢ TeTpaMeTHJICHIAHOM B KauecTBE

CTpyKTypa CHHTE3HPOBAHHOTO CMEIIAHHOTO MPO-  BHYTPEHHEro cTaHaapTta u aeirepuit 6ersonom (CeDs)
MWICHTIMKosIeBoro auadupa Ha ocHoBe [THK m karpu- B KauecTBe pacTBOPUTEIIS.

JIOBO KHCJIOTHI JOKAa3aHA HA OCHOBaHUM AaHHBIX SIMP
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Current Data Parameters
NAME

13C  lab 6.TNT+C8+PQ
838

EXPNO
PROCNO 1
F2 - Acquisition Parameters
pate_ 20210920
Time .59
INSTRUM FOURIER300
PROBHD S mm DUL 13C-1
PULPROG 2gpg30
ESS €5536
SOLVENT CcéDé
NS 76
- -0 Ds o
) a8 nooe avoNnen o s 24414.063 Hz
~ = w e it Bl FIDRES 0.372529 Hz
5
5 8% 2238 g38838g o 22 1.3421773 sec
I \ , \\’/ oW 20.480 usec
DE 6.50 usec
TE 1033.1 K
| b1 2.00000000 sec
| D11 0.03000000 sec
| D31 0200000900 sec
] pao 0.02898005 sec
La a0
| LS 57
l P32 90.00 usec
| TDO 1
mmmm==== CHANNEL f1 wemmsm==
sFo1 75.4878687 Mz
NUC1 13¢
P1 $.00 usec
PLW1 56.00000000 W
........ MANNEL £2 smmmm—=
sFo2z 300.1812007 MHz
Nuc2 1H
CPDPRG([2 waltzlé
PCPD2Z 30.00 usec
PLW2 20.00000000 W
PLW12 0.24691001 W
PLW13 0.20000000 W
F2 - Processing parameters
s1 32768
SF 75.4803210 MHz
wWDW BeM
ssB o
T T T T T T T T = o SO0 HE
140 120 100 80 60 40 20 ppm ¢ 1:.40

Pucynox 2.
AMPYC cnexmp cmewannozo nponunenznuxone6ozo oudgupa na ocrnose ITHK u xanpunosoii kuciomol

—7.100
~~6.995
—4.033
—3.559

nl

/’,/ P1

I o o~ =

= o - N

— - ~ ©

T T TT B R
Current Data Parameters

Fs N 1H lab 6.TNT+C8+PQ
EXPNO 1259
PROCNO 1
F2 - Acquisition Parameters
Date_ 202109:
Time 10.58
INSTRUM FOURIER300
PROBHD S5 mm DUL 13C-1
PULPROG 2g30
TD 32768
SOLVENT C6D6
NS 3
DS 0
St 6103.516 Hz
FIDRES 0.186265 Hz
2.6843545 sec

RG 1.97144
DW 81.920 usec
DE 6.50 usec
TE 1033.1 K
D1 1.00000000 sec
TDO 1

======== CHANNEL fl ==s======
SFO1 300.1818537 MHz
NUC1 1H

10.00 usec

PLW1 20.00000000 W

F2 - Processing parameters
ST 65536

SF 300.1800000 MHz
WOW EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00

v T

T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

Pucynox 3.
SAMP H cnexmp cmeuanto2o nponuieHziuxoneeozo ousgupa na ocnose IHK u kanpunosoii Kuciomul

B criekTpe CHHTE3UPOBaHHOTO CMELIAHHOTO M-
a¢upa ObUIH BBIIBICHH curHais! pu & = 0.78-0.95 n
& = 1.05-1.40 ppm, cootBerctByronmx -CHz u -CH>
rpyImnaM COOTBETCTBEHHO. B o0macTsix XMMHUECKOro
casura § = 1.45-1.60 ppm nposiBUIKCH CUTHAIBI Hag-
TEHOBBIX YTJIEBOAOPOJIOB. P€30HAHCHBIN CHrHAN ITpH &

=2.03-2.20 ppm otHocuTcs k -CHa-rpymite, cBsi3aHHON
¢ KapOoKCIIBHBIM (hparmeHToM. B obmactsax 6 = 3.55
n 4.03 ppm o6napysxensl curtansl -CHa-dpparmenTos
I ¢upHBIX rpynn. [IpucyrcTBue curHaia B ciabom
rose mpu & = 6.94-7.17 ppm nokaseIBaeT, 4YTO UMEIOTCS
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CJICIOBBIE KOJIMYECTBA apOMATHYECKUX YIIIEBOMOPO-
JnoB. Hammuane KapOOKCHIIBHBIX TPYII IOATBEPXKIA-
eTcsl IPUCYTCTBUEM curHaia mpu & = 172.63 u 173.28
ppm B ciiektpe IMP3C.

CunresupoBaHHble cMemannble anddupsr [THK
MPEJICTABIISIFOT COO0H CBETIO-KENTYI0 MACISIHUCTYIO
JKUJKOCTh CO CIIEU(UYECKUM 3araxoM, HepacTBOPH-
MBIE B BOJIE, HO XOPOILIO PACTBOPUMBIE B OPraHUUECKUX
pactBopuTemsix. Ilo KauecTBEHHBIM XapaKTEPUCTHKAM
U (PU3UKO-XMMUYECKIM TOKA3aTENsIM CMEIIaHHbIC IH-
3(hUpHl TOAXOIAT B KauecTBE IUIACTH(HUKATOPOB, H K
MPUMEHSIEMBIM IIIACTU(PHUKATOPAM TPEIBABIACTCS P
ocobbrx TpeboBanmit (TOCT 8728-77). B wacTtHOCTH,
IUIaCTU(HUKATOP JOIDKEH XOPOIIO COBMEINATHCS C MO-
JUMEpOM, OBITh HENeTyYHM, CTOHKUM K JEHCTBHUIO
arpeccHBHBIX cpell, 001a1aTh BRICOKOH TeMIepaTypoii
BCTIBIIIKY, MTPUAABATh MMOJMMEPHBIM U3JEJIUSM MOPO-
30CTOMKOCTB, BEICOKHE IPOYHOCTHEIE, Ae(hOpPMaIHOH-
HblE, TUIJIEKTPUUECKHE U Apyrue cBoiictBa. [Tomumo
3TOr0 IIAcTU(UKATOP NODKEH OBITh OCCIBETEH, JIH-
IIeH 3amaxa, HeTOKCHYCH, HE BBIMBIBAThCS BOAOH M3
u3aenui u T.4. [5].

B nabopatopHbIX ycnoBusX Oblia oCyIecTBICHA
IpeBapuTEIbHAS OIEHKa BO3MOXXHOCTH IPHUMEHECHUS
CHHTE3MPOBAaHHOTO AM3(Hpa B KauyecTBE TUIacTU(HKa-
Topa nonuBuHIWIXIopuaa (IIBX), myrem wusydenus
WIACTH(GUIUPYIOIIUX CBOHCTB CMEIIAHHBIX JH3()UPOB,
KOTOPBIE U SIBJISAIOTCS TJIaBHBIM ITOKA3aTeNieM, XapaKkTe-
pusytomuM coBMectumocts auddupa ¢ [IBX. O cre-
MIEHW COBMECTUMOCTH OIBITHOTO IIacTH(UKaTOpa Cy-
AT TI0 BpeMeHHN HaOyxaHus B Hux [IBX. s sToit
Henu ObUTH MPUTOTOBJICHBI KOMITO3HIIMH, COCTOSIINE
3 100 m.u. [IBX, 40 m.4. onbITHRIX 3¢HUpoB 1 1 M.4.
crabunmzaropa. KoHTpombHEIMI 00pa3liaMy CITy>KHITH
TUIACTUKATHI, IPUTOTOBJIEHHbBIE HA OCHOBE JTHOKTHI(a-
tanata, quoktunaaumuHara (JO®d, JJOA). Habyxanue
MpOBOIMWIIOCH MpH Temmeparypax 65°C, 75°C, 85°C
MyTEM BBIJICPXKKU MX B T€YEHHE 6 4acoB B TEpMOCTaTe
JIO ONITUMAJILHOTO BPEMEHH MOJHOTO HaOyXaHUsI KOM-
no3unuu [1BX B miactudukaTtope, u ObUIO yCTaHOB-
JICHO, 4TO HCCJENOBaHHBIA 3(Up XOpOoUIO coBMela-
ercs ¢ [IBX [6].

Cwmemannbii nuadup Ha ocHoBe [THK n xanpwuio-
BOI1 KUCIIOTHI, TaK)Ke OBLT HCITBITAH B KAYECTBE aHTHOK-
CHUJIAaHTa JJIsl JU3CJILHOI'O TOIUIMBA Ha J1aOOpaTOPHOM
ycranoBke JICAPT mpu 120°C B xommuectse 0,004
mac.% B TeueHun 4 yacoB. OcaJoOK, XapaKTepU3ylo-
LIAHCS TEPMOOKCHITUTENEHON CTa0MIIbHOCTBIO, YMEHb-
muies ¢ 4,6 mr/ 100 mt g0 1,4 mr/100 mia, 4TO OTOXK-
JICCTBIISIET MIPUEMIIEMOCTh CHHTE3WPOBAHHOT'O MPOIH-
JICHTJIMKOJIEBOTO CMEMIAHHOTO Imd(upa Ha OCHOBE
[THK u kanpunoBoil KUCIOTBHI.
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APPLICATION OF A TIME-DELAY MODEL OF THE PLYKIN - NEWHOUSE ATTRACTOR TO
STUDY THE DYNAMICS OF NEURO - DEGENERATION BY ELECTROENCEPHALOGRAPHY OF
THE BRAIN

Abstract
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Neurodegeneration is the progressive loss of structure or function of neurons, which may ultimately involve
cell death. Many neurodegenerative diseases-such as amyotrophic lateral sclerosis, multiple sclerosis, Parkinson's
disease, Alzheimer's disease, Huntington's disease, and prion diseases-occur as a result of neurodegenerative pro-
cesses. Neurodegeneration can be found in the brain at many different levels of neuronal circuitry, ranging from
molecular to systemic. Because there is no known way to reverse the progressive degeneration of neurons, these
diseases are considered to be incurable. Biomedical research has revealed many similarities between these diseases
at the sub-cellular level, including atypical protein assemblies (like proteopathy) and induced cell death. These
similarities suggest that therapeutic advances against one neurodegenerative disease might ameliorate other dis-
eases as well. In this report, an autonomous physical system is used, which is represented by a Smale Williams
hyperbolic type attractor. Dynamics and evolution of neurodegeneration The Plykin-Newkhoz attractor model

with the Piragas method is applied [1-10].

Keywords: Neurodegeneration, neurons, chaotic dynamic, the attractor of the Plykin - Newhouse, method of

Pyragas, hyperbolicity.

1. Introduction

In mathematical theory of dynamical systems a
class of uniformly hyperbolic strange attractors is
known. In such an attractor all orbits are of the same
saddle type, they manifest strong stochastic properties
and allow detailed theoretical analysis. In textbooks
and reviews, examples of these attractors are tradition-
ally represented by abstract artificial constructions like
the Plykin attractor and the Smale - Williams attractor.
The simplest attractor of Plykin type is constructed with
mapping of a domain of a plane with holes into itself.
To construct a system with the Plykin attractor let us
start with a map of a unit sphere defined as a sequence
of four periodically repeating stages of continuous
transformations. Duration of each stage is taken to be

equal to a unit time interval. The holes will correspond
to neighborhoods of four points A, B, C, D on the spere.
Let us define the first stage as a flow of the representa-
tive points along circles of lattitude away from the me-
ridians AB and DC. The second stage is differential ro-
tation around z-axis with angular velocity depending on
z linearly, in such way that the points B and C do not
move, while the points A and D exchange their loca-
tion. The third and the fourth stages are similar to the
prevous two, but differ in the spatial orientation: the
axes x and z exchange their roles. The fig.1 illustrates
the the transformations geometrically, and differential
equations for all the stages are written down [11].

(1) Flow down along (2) Differential rotation (3) Flow down to the (4) Differential rotation
circles of latitude around z-axis equator around x-axis
1 Z vz ' Z; W Z
ST, P
A //' ‘ \ foa N \\ \ A ‘
4 o / \‘ “‘/ y S ~ ; \ ' g
[ . { \ \\'. \ 1 [
\ ] N s ‘ ' / ‘,. \.‘
| ~ 2 R Y = \\ ' \ <1 X W/ J
& \- ‘ . R /. -‘. / Y/ \v;/ ¥
B" e ~—— : = . / / =
% = —&x)” x=7(z/~2+1/2)y x=0 x=0
j = ex?) $=—n(z/2 +1/2)x y=eyz’ y=-n(x/2+1/2)z
z= Z= 2=—gy’z ::n(.v/ﬁ+1/2)_1~

Fig.1. Implementation of an Smale - Williams attractor on a sphere, the Plykin - Newhouse attractor.
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2. Hyperbolic Plykin - Newhouse attractor on a
spherical surface

The realization of an Hyperbolic Plykin -
Newhouse attractor on a sphere is represented by the
equation [12] (1).

IR Ty

X=7zy(%z+%)—gxy2,
y:_\/ﬁﬁzx—%ﬁ(x+z)+3y(x2+zz), "
1
2
zzny(§x+%)—gzy :
1=x*+y? +7°
The realization of an Hyperbolic Plykin -

Newhouse attractor on a sphere is represented by fig.2,
fig.3.

U 1

i

Fig.2. Presents the temporal dynamics of x(t),y(t) & z(t) of hyperbolic Plykin - Newhouse attractor on a
spherical surface if e = 0.72.

. i g/
=t

g N
=

spherical surface if ¢ = 0.72.

Fig.2 shows the temporal dynamics of y(t) of hy-
perbolic Plykin - Newhouse attractor on a spherical sur-
face if ¢ = 0.72. Fig.3 left shows temporal dynamics of
y(t) and the Fourier spectrum on the right presents the
temporal dynamics of y(t) and wavelet transform hy-
perbolic Plykin - Newhouse attractor on a spherical sur-
face if ¢ = 0.72. Hyperbolic Plykin - Newhouse attractor

on a spherical surface in figurel. and fig.3 show the bi-
furcation and chaotic.

3. We apply the method of Pyragas for hyper-
bolic Plykin - Newhouse attractor on a spherical
surface

For control and synchronization of hyperbolic
Plykin - Newhouse attractor on a spherical surface we
apply the method of Pyragas [13] by the equation (2).

X :ﬁy(gz +%)—gxy2,

y=—2rix—3x(x+2)+ey (X" +2°)+ 2auly(t-7) - y(©)],

O]

2=ry(Lx+3)-ezy,

1=x*+y*+7°
For dynamics (u/t) of hyperbolic Plykin -

Newhouse attractor on a spherical surface we apply the
method of Pyragas by fig.4. The right graphs show the

dynamics with positive parameters u. Blue color is sta-
ble dynamics, yellow color is not stable dynamics, red
color is chaotic dynamics.
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Fig.4. The left graph shows the dynamics with negative parameters .

4. Displaying analogies between a mathematical model and waves on the surface of the brain
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Fig.5. Milestone charts Timeline y(t) and phase portraits y(x) of the attractor Plykin - Newhouse. Lower graphs
Electroencephalogram and Brain Perfusion.

Fig.6 shows on the left the temporal scale ampli- When using the method of Pyragas x = 0.1—1.0,
tude y(t), to the right of the phase portrait of y(x), inthe ¢ =0.72, 7= 1.9 is observed evolutionary dynamics of
absence of external influence on the attractor. It iseasy  phase portraits of the system shown in Fig.6.
to see that, at these parameter values the attractor has
strong chaotic properties.
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Fig.6. Phase portraits of y(x) of the I5kain - Newhouse attractor v-vhen ©=0.1-10¢e= 0.72,- 7=109.

A positive impact on the attractor the attractor
translates the pole on the positive sector of the equator.
Attractor points A, B, C and D closer together forming
a stable periodic attractor.

For transformation of flat system back to the
spherical model we use the system of equations (2).
Fig.7 shows on the left the temporal scale amplitude
y(t), to the right of the phase portrait of y(x), in the ab-
sence of external influence on the attractor. It is easy to
see that, at these parameter values the attractor has
strong chaotic properties.

When using the method of Pyragas x=—0.1— —
1.0,£=0.72, 7= 1.9 is observed evolutionary dynamics
of phase portraits of the system shown in Fig.7.

In case of positive or negative impact (+ K), the
change of state from not stable to stable state is made
by a jump.

And the hyperbolic attractor degenerates into the
limiting cycle, and the continuous spectrum corre-
sponding to chaotic oscillations changes into an equi-
distant one with the frequencies corresponding to the
basic frequency and its harmonics. Thus, the applica-
tion of the method of Pyragas at a constant time delay,
gives the opportunity to observe the evolutionary dy-
namics of systems of hyperbolic Plykin - Newhouse at-
tractor [13].
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Fig.7. Phase portraits of y(x) of the Plykin — Newhouse attractor when yu = — 0.1— — 1.0, e=0.72,7=1.09.

5. Result
In case of positive or negative impact (+ 1), the change of state from not stable to stable state is made evolutionarily.

2 | ﬁ%
(' .

Negative scan Positive scan
Fig.8. Neurodegenerative and healthy state of the human brain.

The right graph of Fig.8 of the positive scan corresponds to the first graph of Fig.3. The negative scan of the
left Fig.8 where the red spots are located corresponds to the fifth graphs of Fig.(6,7).
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Cortical grey matter used to compute GMV I

34 cortical areas per hemisphere

Probabilistic fibre tracking

Structural network used to compute NET

struc

T

8 subcortical areas per hemisphere

1. Brain segmentation (Desikan-Killiany)

Average BOLD signal correlation

Functional network used to compute NET,

2. Network definition, pruning and analysis
Fig.9. 3D visualization of the brain and its computer processing of data arrays of neural networks.

Currently, it has become fashionable to identify the human brain with an array of neural network databases
Fig.9 [14], although real networks look much more complicated Fig.10 [15].

6. Conclusions

The hyperbolic attractor degenerates into a limit-
ing cycle, and the continuous spectrum corresponding
to chaotic oscillations changes to equidistant with fre-
quencies corresponding to the fundamental frequency
and its harmonics. Thus, the application of the Piragas
method with a constant time delay makes it possible to
observe the evolutionary dynamics of neurodegenera-
tion using this mathematical model.
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B crarTi i3 3acTocyBaHHIM 0a30BHX AITOPUTMIB MATEMATHYHOI CTATUCTUKH Ta IPUKJIAJHOT MATEMATHKH 3a-
MPOTIOHOBAHO CITOCi0 BCTaHOBJICHHS (TIiATBEPKEHHS) aBTOPCTBA BEIUKHUX TEKCTIiB Ha OCHOBI ITOPIBHSHHS CTBO-
PEHOTO0 332 KOHTPOJILHOIO BUOIPKOIO aBTOPCHKHUX TEKCTIB «4aCTOTHOTO ABTOPCHKOIO MOPTPETY» 3 «IACTOTHUM TIOP-

TPETOM» TEKCTY, IO noTpedye ineHTudikarii.

B ocHOBY crioco0y nokiajieHo iieto i1eHTudikaii aBTopa 3iCTaBIeHHSIM YaCTOTHUX XapaKTEPUCTHK TEKCTY,
110 mijyrarae igeHTrdikaiii, 3 aBTOpCbKUM «opTpetoM». [IpoBeieHo npakTHYHE JOCIIIKEHHS JeKUIBKOX i IX0-
JB, X e()eKTHUBHOCTI Ta OOIPYHTOBAHO BUCHOBOK IPO MOJKJIMBICTh BCTAHOBJICHHSI aBTOPCTBA TEKCTY HA OCHOBI

3aMpONOHOBAHOTO CIOCO0Y.
Abstract

The technique of the establishing (confirming) of the authorship of the large texts which is based on the
mathematical statistics and applied mathematics algorithms has been given in the article. This technique is based
on the comparison of "frequency author's portrait" created by the control sample of the author's texts, with the
"frequency portrait" of the text which is under the identification.

The method is based on the idea of the identification of the author using the comparison of the frequency
characteristics of the text with the author's "portrait”. The practical study of the effectiveness of several approaches
has been performed. The conclusion about the possibility of the establishing the authorship of the text with the

help of the proposed method has been justified.

Kiro4oBi cjioBa: MeTos, alropuT™, YaCTOTHUI aHaJIi3, YACTOTHHUN CIOBHHK TEKCTYy, KOHTPOJbHA BHOIpKa,

aBTOPCHKUI IOPTPET, aBTOPCTBO.

Keywords: method, algorithm, frequency analysis, frequency dictionary of the text, control sampling, au-

thor's portrait, authorship.

HocTranoBka mpo6iaemu. 3amgava imeHTH IKAIIT
ABTOPCTBA TEKCTIB, 30KpEMa BEIIMKHX, 3yCTPIYa€THCS B
pi3HOMaHITHUX cepax IiSUIBHOCTI JIFOAWHM, HarpH-
Kiazn, y ¢inonorii, icropii, opucnpynenuii. Criemia-
JBHI €KCIIEPTH MOXYTh 1/IeHTH(IKyBaTH aBTOpa HEBi-
JIOMOTO TEKCTY 3a JOIOMOTOI0 XapaKTePHUX JUIS aB-
TOpa oco0nHMBOCTEH, aBTOPCHKOTO CTHJTIO,
cnenn(iYHUX MOBHHMX KOHCTPYKHiHA. 3 OJHOTO OOKY,

TIPOLIEC EKCIEPTH3H € JIOCTATHBO TPYAOMICTKHM 1 3a-
TPaTHUM Y 4Yaci, a 3 iHIoro 60Ky KUIBKICTb 3a1ad, 110
MOTPeOYIOTh TaKMX EKCIEePTH3, OCTAaHHIM YacoM I10C-
TiifHO 3pocrae. ToMy peaizamisi TaKUX €KCIEPTU3 aB-
TOMAaTH30BaHUMHU Ta (POpPMaTi30BaHUMH METOIAMH, PO-
3po0Ka HOBMX Ta BIOCKOHAJICHHS TAKUX aJTOPUTMIB
CTa€ aKTyaJIbHAM 3aBJIaHHAM CYYacHOCTI.


https://istina.msu.ru/journals/329598601/
https://istina.msu.ru/journals/329598601/
https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/PhD+in+Physics+and+Mathematics
https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/PhD+in+Physics+and+Mathematics
https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/which+is+based
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AHani3 ocrannix my0Jikaniii. B crarti batypn
T. B. «MeToibl OIIpeeaeH s] aBTOPCKOTO CTHJIISL TEKC-
TOB U MX IIPOTrPaMMHAsl peajn3alysa» HaBeJIeHO O0CTa-
THBO JOKJIQJIHUH MEpetiK Ta onuc GopMabHUX METO-
JiB, aBTOMaTW30BaHMX IIporpaM aTpuOyLii TEKCTIB
(«JlinrBoananizatop», «ATpioyTop», «Cmant», «AHTI-
iariat», «ABTopoBen») [1].

“ATpuOYIisl TEKCTY — AOCIIJKEHHS TEKCTY 3 Me-
TOI0 BCTaHOBJICHHS aBTOPCTBA YM OTPHUMAaHHS OyIb-
SKUX BIJOMOCTEH PO aBTOpa Ta YMOBHU CTBOPEHHS Te-
KCTOBOTO OKYMEHTY. 3aaadi aTpuOyLii MOIUIAIOTECS
Ha ineHTH(iKaniifHi Ta JiarHOCTUYHI.

ImenTHdikamiifHi 3amadi TO3BOJSAIOTH 3MIHCHUTH
NepeBipKy aBTOPCTBA: MiATBEPAUTH aBTOPCTBO MEBHOT
0co0H; BUKJIIOYHTH aBTOPCTBO TEBHOI 0COOH; IepeBi-
pUTH TOH (aKT, 10 aBTOPOM YCHOTO TEKCTy Oyna Ta
cama JIFOJIMHA; TICPEBIPUTH TOH (hakT, U0 HATHCAHUIMA
TEKCT HAJIEKHUTh aBTOPY, IO 3asBICHHH.

Inentndikaniiini 3a1a4i BUPILIYIOTBCS 32 MPUILY-
MICHHS, 0 aBTOP TEKCTY Bimommid” [1].

Bci ¢opmanpHi MeTOIM MOXKHA TIOAUTITH HA CTa-
THCTHYHI Ta METOJM MAIIMHHOTO HABYaHHSI.

dopmanpHi METOAM HaWdacTime 0a3yloThCS Ha
MOPIBHAHHI OOYMCIIOBAHUX XapaKTEPHCTUK TEKCTIB,
110 IPEICTABIAIOTECS BEKTOPAMH MapaMeTpiB, KOXKEH
3 SIKMX 00'€KTHBHO XapakTepH3ye MeBHUN HaOip 0co0-
JIMBOCTEN TEKCTY.

[Tpu Taxiit popmaizawii aBTOp TaKoX MOXke OyTH
MPEJICTAaBICHUIN K MOMIOHUN BEKTOp IMapaMeTpiB, MO-

Erasnonnuii Habip (aBTop 1)

Bexrop napamerpis
P = (ps; p2; - Pw)

B'A3aHMX 3 TEKCTAMH, II[0 HAITMCaHi aBTOPOM. Y Oiib-
IIOCTi BUTIAJIKIB CTATHCTHYHI XapaKTEPUCTHKH TEKCTY
BUOMPAIOTHCS SIK TaKi, 0 XapaKTEePU3yIOTh TEKCT KiJb-
KICHO a00 SKICHO: KiJIbKICTh 3aCTOCYBaHb OKPEMHUX Ya-
CTHH MOBH, IIEBHI crieluivyHi CI0Ba, PO3/IJI0BI 3HAKH,
(pazeoorii, pifKicHi Ta 3apyOixkHi CIIOBa, 00CAT CIIOB-
HUKa, CEPEIHS JOBKUHA PEUYEHHS TOILO.

OcHOBHOIO TIpoOJIEMOIO (DOPMaJIbHUX METOJIB
aHaJIi3y aBTOPCTBA € BUOip mapameTpiB. B skocTi Takux
rmapaMeTpiB MOKHa 0OpaTH BiZCOTOK BMICTY OGiIliii-
HUX CJIB B TEKCTi; XapaKTEPUCTHKH, SIKi IOTAHO KOHT-
POIIOIOTHCSI aBTOPOM Ha CBIJOMOMY PiBHi; XapaKTepH-
CTHKa, II0 Ma€ YMOBHO TOCTii{HE (MOXKJIMBI HE3HAYHI
BIIXWJICHHS) 3HAYEHHS JUIA OIHOTO aBTOopa. [lapame-
TpY MOBUHHI TPUHAMATH ICTOTHO Pi3HI 3HAYEHHS VIS Pi-
3HUX aBTOPIB.

Cuizt 3a3HAYUTH, IO 32 OJHUM IapaMeTpOM 3aB-
KIA € HMOBIPHICTH, IO JCKTbKA aBTOPIB OYIYTh
«Omu3pKUMMY). ToMy Ha MpakTHLi BBAXKAIOTh JOCTAT-
HiM, III0 TTapaMeTp I03BOJISIE BIIEBHEHO PO3PI3HATH pi-
3Hi TPYIIH aBTOPiB, TOOTO IO3BOJISIE BIIEBHEHO PO3Pi3-
HATH TEKCTH aBTOPIB, SAKi MOTPAMIH B Pi3HI TPYIIH.

[Tpobnema Kmacudikarii TEKCTiB 9aCTO 3BOTUTHCS
JI0 TIOPiBHSAHHS ABOX KOJIEKI[iHi: TEKCTiB, aBTOP SAKHX Bi-
noMuil (eTaloHHHH Halip TEKCTIB), 1 TEKCTIB HEBINO-
MOTO aBTOpa (EKCIEPUMEHTAIbHUI HA0Ip TEKCTiB). Y
3araJbHOMY BHIIIS, 3a/1a4a ineHTu(ikamii aBropcraa
MOJKe OyTH TpesicTaBiIeHa cxemMoro (puc. 1).

ExcriepumenTansauii Habip (aB-
TOD 2)

Bexrop napamerpis
P'=(ps p2' o ion")

Puc. 1. Cxema ioenmuixayii asmopcmea nopigHAHHAM 6eKMOPI6 napamempis

BBonuthcsi HeBin'eMHa MeTpHKa p(ﬁ,p') «BijC-
TaHi» MK BEKTOpaMH MapaMeTpiB, SIKa BUCTYIIAE Xapa-
KTEPUCTHKOIO BIIMIHHOCTEH MK TeKCTaMH. SIKIIIO BijI-
CTaHb BEJIMKa (p > prm), BBa)KaEMO, 1110 aBTOPH TEK-
CTiB pi3Hi. SIKIIO BiICTaHb HEBEIMKA, TO aBTOP TEKCTIB
eIUHUN.

Cuctema atpubyii Tekctie «CMAJIT» (Cratuc-
THUYHI METOAM aHANI3y JITEPaTypHOTO TEKCTY) 3aCHO-
BaHa Ha aJITOPUTMAaxX aBTOMAaTH3alii MOp(OIOTIYHOTO 1
CHHTaKCHYHOTO aHalli3y TekcTiB [2]. OOpobka mpoBo-
JIUTHCS B JIEKUIbKA €TalliB: Ha MEPIIOMY BHKOHYETHCS
ABTOMATH30BaHE PO3OUTTS BUXIJHOTO TEKCTY Ha JICK-
CUYHI OJTMHHIII, Cepe]l IKUX BHIUISIOTHECS PO3IiNH, ad-
3alld, PEUYEHHs, CJI0Ba; HA JPYrOMYy 3/AIHCHIOETHCS aB-
TOMaTHYHA 00pPOOKa TEKCTY 1 HOro MopQoIOTiuHHIA PO-
30ip; TpeTiil eTan — CHHTAKCUYHHWNA aHalli3 Ha OCHOBI
o0y 10BaHOTO MOP(OJIOTIYHOTO aHami3y. [3]

ITigxin 70 BU3HAUEHHS aBTOPCTBA i3 BUKOPUCTAH-
HSIM JIAaHIIOTiB MapKoBa Mepioro NopsaKy Ta ajiropy-
TMIB CTHCHEHHs JaHMX OyB peaii3oBaHUi y cuctemi
«JlinrBoanamizarop» [4].

3acTocyBaHHSI HEHPOHHHMX MEPEX y MOETHAHHI 3
METOJIOM OTIOPHHMX BEKTOPIB ITOKJIaJIECHO B OCHOBY pO-

60Tn cucteMu «ABTOPOBERY. SIK IHCTpYMEHTH IS at-
puOyIil TeKcTiB OOMparOThCS IMITY4YHI HEHpPOHHI Me-
Pexi, MepeKi KacKaHOi KOpeJIsLii Ta anapat OHOpHUX
BeKTOpiB [5, 6]. IligcymMKoBe pillleHHs ITPO aBTOPCTBO
npuiiMaeTbes ancamOuieM KinacudikaTopiB 3a IPHHIM-
[IOM Ma)KOPUTapHOI'0 TOJIOCYBAHHSI.

B poGoti [7] HaBeneHO pe3ysbTaTH JOCTIIKEHD
MpOLIECiB NepeTBOPEeHHs iHpopMaii Bij popMu Tekc-
TOBOTO TOBIIOMJICHHS 10 (POPMH IBOBHUMIPHOTO Ma-
CHBY YHCJIOBHUX XapaKTEpUCTHK, SKHH BHKOPHUCTOBY-
FOTHCS IK MACHB BXiTHUX JaHUX TPU CHHTE31 MOJIENi-
Kiacudikaropa 0araToOpsIHUM AITOPUTMOM METOAY
IpYyNOBOrO ypaxyBaHHS apr'yMEHTIB.

OjiHaK 3aJIMIIAETHCS TUTaHHS (POPMyBaHHS IPOC-
TUX CII0CO0IB BCTAHOBJICHHS aBTOPCTBA BEJIMKUX TEKC-
TiB.

Meta pociinkenb. Po3rnsHyta 6a30Bi anropu-
TMH MaTeMaTH4YHOI CTaTUCTHUKH, NPUKIAJHOI MaTeMa-
THKH II0J0 YaCTOTHOTO aHai3y; 3alPOIIOHYBATH CIIO-
coOM Y4aCTOTHOTO aHali3y BETUKUX TEKCTiB; MPOBECTH
MIPaKTHYHY anpooariro c)opMyJIbOBAaHUX aJITOPUTMIB;
PO3MIISTHYTH OKpPEMi TBOPH BiJJOMHX ITMCbMEHHHUKIB Ta
CTBOPHTH JUISl IMX TEKCTIB YACTOTHI TAOJIMIII — «4acTo-
THI aBTOPCBHKI IMOPTPETH»; 3pOOUTH BUCHOBOK IIPO MO-
XKITUBICTh BCTAHOBJICHHS aBTOPCTBA TEKCTY.
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Marepianu i MmeToau. 3po3yMiuM € Te, 110 KO-
JKHA JIoAWHA (MMMCBMEHHUK) Ma€ CBill CIIOBapHUH 3a-
nac, Habip ¢pas, 000pOTIB, XapaKTEepHUX IS HEl, yac-
TOTY BHKOpHCTaHHS ciioBodopM. PosrisHemo neki-
JbKa MigXoXiB (TiNOTE3) Ha OCHOBI YacTOTHOTO
CTaTUCTHYHOTO aHANI3y MIOJ0 imeHTH(iKalii aBTOpC-
TBa: iMeHTH(DIKALISA 32 XapaKTepOM PO3MOJIiTy (3aKo-
HOM) BHI3/IKOBOi BEIMYHMHH (BHOiIpKa BITHOCHUX Hac-
TOT TIOSIBU CJiB TIEBHOI JOBXXHHHU B TEKCTi); iMeHTH(DI-
Kamisgs 3a onHicro abo JEKUTBKOMa OCHOBHHMH
CTAaTUCTHYHIMH XapaKTepHCTUKaMH BHOIpOK (cepenHe
BHOIpKOBE, CTaHAAapTHA MOXMOKa, MeAiaHa, MOJa, CTa-
HIapTHE BIAXWICHHA, TUCTEpCis BHOIpKH, eKciec, iH-
TepBaJl PO3KHAY); iAeHTU(IKALIA 32 3HAUCHHIMH KOe-
(ilieHTIB KOpesiiii Ta AeTepMiHaLii; iAeHTU(IKAISL
3a BJIACHOIO O3HAKOIO.

BinmoBigHO 70 KOKHOTO Migxony chopMyibo-
BaHO aJITOPUTM HOTo peajizarii.

B ocHOBY Bcix miIxo/1iB 3aKJIaJeHO TIOPIBHSIHHS 13
«KOHTPOJILHOIO BUOIPKOIO» — BiJ TPHOX JIO JACCSITU TBO-
piB aBTOpa (06csar koxHOTO He MeHtne 40 000 ciiB).

Ioenmudgbixayia 3a xapakmepom po3nodiny (3axo-
HOM) 86unaokogoi geauyunu (BUOipKa BiTHOCHUX YaCTOT
MTOSIBH CJTIB ITIEBHOT JIOBXKUHH B TEKCT1).

AJropuTM peaizarii.

1) TIliaroTroBKa KOXHOTO TEKCTY (KOHTPOJBHOI
IPYITY Ta TECTOBOT'O — TOTO, IKHH NEpPEBIPSAETHCS HA aB-
TOPCTBO): CKJIaJIaHHS CIIOBHHKA TEKCTY — HEPEJiK BCiX
CJIIB TEKCTY; MiIpaXyHOK YaCTOT BXOJPKCHHS KOKHOTO
CJIOBa CIIOBHUKA B TEKCT B NEpepaxyHKy Ha YMOBHI
1000 cxis.

2) JIi1s KOHTPOJBHOI rPYITH BU3HAYAETHCS CIIiJIb-
HUI CIIOBHHK (CJIOBA, IPUCYTHI B KO)KHOMY TEKCTi KO-
HTPOJILHOI TPYIH), A KOXKHOTO CJIOBa BU3HAYA€ETHCS
4acToTa, IO OPIBHIOE CePeIHBOMY apH(PMETHIHOMY
YacTOT [JbOTO CJIOBA B KOYKHOMY TEKCTi; OTPUMAHHIT ya-
CTOTHHI1 CIIOBHHK € «IIOPTPETOM) aBTOPA.

3) ®dopmyeThesi CHNBHUA CIOBHUK «IIOPTPETY
Ta TECTOBOT'O TEKCTY.

4) Jlnst KOXKHOI 3 OTPUMaHHUX BUOIPOK OyIyeThCs
3aKOH pO3MOJUTYy (BHUIAJKOBa BEIMYHMHA — JIOBXKHHA
CJIOBA, SIKIH CITIBCTABIIETHCS BITHOCHA YacTOTa MOSBH
B TeKCTi B nepepaxyHky Ha 1000 ciiB).

5) TIpoBOAUTKCS MOPIBHSAHHS 3aKOHIB PO3MOILTY
rpadignao (puc. 2) abo mepeBipKOIO TilmoTe3.

10
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Puc. 2. I'paghixu po3nodiny eunadxkogoi seauyunu 01 OMpUMarux udipox

loenmupixayia 3a 0OCHOSHUMU CMATMUCIUYHUMU
Xapaxmepucmuxamu eubIipox.

AJropuT™ peairizarii.

1) ®opmyBaHHS BIOPSIKOBAHUX 3a al(aBiTOM
CIIOBHHIKIB «IIOPTPETY» Ta TECTOBOTO TEKCTY (TEKCTIB)

y Gopmati «cI0BO — yacToTa y TeKCTi 1 — gacrora y
TEKCTi 2 — ... — 4aCTOTa KOHTPOJIBbHOI BUOIPKI.

2) Jlis KOXHOI 3 OTpUMAaHUX BHOIPOK (CTOBII-
YHMKa 4acTOT) OOUUCIIIOIOTHCS CTATUCTUYHI XapaKTepH-
cTuku (Harpukiag tadm.1).

Taommms 1
CTaTHCTUYHI XapaKTEPUCTUKH BHOIPOK
KonTponbHa rpyna I'pyna mopiBHSIHHS
Ilenensubiit | Ienensnas HOpHVB ITenenbHoe YepHblii PBILIapE YepHble Mactep u
cepoun B CE€poU
paccser 3eMII HEOO TIPOBOJHUK Kkynona | Maprapura
IIIHUHECIIN IMHUHECIIN
Cepente 0,279665 0,34563 | 0,338484 | 0,339046 | 0,320442 | 0,340053 | 0,342404 | 0,343385
Crannapre 1,593439 | 1,767665 | 1,802989 | 1,490057 | 1,459538 | 1,525142 | 1,957514 | 1,770491
BIAXUJICHHSA
Bﬂ;ggii‘”“ 2,539049 | 3,124638 | 3,250771 | 2,220271 | 2,130251 | 2,326059 | 3,831861 | 3,134637
Ttepsal 41,27029 | 50,77533 | 52,91544 | 37,28896 | 31,92854 | 36,21849 | 4529032 | 50,29909
MiHiMym 0,015544 | 0,015308 | 0,014982 | 0,018738 | 0,014573 | 0,015531 | 0,008481 | 0,014554
Makcumym 41,28583 | 50,79064 | 52,93042 37,3077 | 31,94311 | 36,23402 | 45,2988 | 50,31364
PiBeHr Ha-
mittHOCTI 0,070211 | 0,077888 | 0,079445 | 0,065656 | 0,064311 | 0,067202 | 0,094207 | 0,078013
(95,0%)
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3) Awmnaii3 Ta OIiHKa OJU3BKOCTI OTPUMAaHMX pe-
3yJbTATIB.

Ioenmudbikayis 3a 3nauennsamu Koe@iyieHmis Ko-
pensiyii ma demepminayil.

AuropuT™ pearizamii.

1) ®opmyBaHHS BIOPSAKOBAHUX 3a al(aBiTOM
CJIOBHUKIB «IIOPTPETY» Ta TECTOBOT'O TEKCTY (TEKCTIB)
y (opMaTi «cIOBO — YacToTa y TEKCTI | — vacTora y
TEKCTi 2 — ... — 9aCTOTa KOHTPOJIBHOT BHOIPKII»;

2) st koxHOI apu (KOHTPOJIbHA BHOipKa — Te-
CTOBHU TEKCT) OOYHCIIOIOTHCS 3HAYCHHS KOe(ilieHTiB
KOpeJmii Ta JeTepMiHarii.

3) 3a oTpUMaHWMH pe3yJIbTATAMH BCTAHOBIO-
€TBCSI XapakTep 3B’SI3Ky MK BUOIpKaMu JTaHUX KOHT-
POJIBHOI Ta TECTOBOI TPYII.

I0enmudbikayis nopieHAHHAM 3 KOHMPOILHOIO BU-
OIpKOI0 30 61ACHOIO O3HAKOIO.

BizbMeMO B SKOCTi BJacHOI OLIHKH HACTYIHY
cymy

1000 Ni |x; — x| 1
N; Zi:l min(x; x;) ) (1)

KoxHuil TOMAHOK IiE]l CyMH XapaKTepHU3ye Bij-
MIHHICTh 3HAU€HHsl EKCIIEPUMEHTaJbHOI BHUOIPKH BiJ
BIJITIOBIJTHOTO 3HAYCHHS KOHTPOJILHOI BUOIPKH aBTOpa
— «4acTOTHOTo mopTpery». Ilpu 1bomMy BUOIp MiHIMa-
JHHOTO 3HAYCHHA 3a0e3redye 30UTBIICHHS OKpPeMOi
OWIHKA (U1 ONM3PKUX 3HAYCHHb MPAKTUYIHO HECYTTE-
BUI BIUTUB, ajie TIPH CYTTEBUX BIAMIHHOCTSX A€ CyT-
TEBUU BIUTHB).

ANTOpPUTM peai3arii.

1) ®dopmyBaHHS BIOPSIKOBaHHX 3a ajdaBiToM
CJIOBHHUKIB «IIOPTPETY» Ta TECTOBOT'O TEKCTY (TEKCTIB)
y (opMaTi «cJI0BO — YacToTa y TEKCTI | — vacToTta y

2) Jis koxHOI mapu (KOHTPOJIbHA BUGIpKa — Te-
CTOBHI TEKCT + KOHTPOJbHA BHOIpKa — TEKCT i3 KOHT-
posbHOT BUOIpkn) 3a (1) 3HaXOATHCS OLIHKH.

3) TlopiBHSIHHS OTPUMAHHX OLIHOK.

PesyabraTu gocaizkennb. [yl TECTOBOTO MpPUK-
Jaxy — HOOYIOBH «4acTOTHOTO MOPTPETY» Ta MOPiB-
HsIHHS Oys10 00paHo BiciM TBOPIB MUCbMEHHUKA — (haH-
tacta KonrtopoBuya Onekcannpa CepriiioBuya. s
KOHTPOJIHHOI BHOIpKH Oyn0 0OpaHO TBOpH, IO HAIH-
CaHO B OJHOMY YacoBoMy nmiama3zoni 3 2010 mo 2015
POKH, i3 HOTHPHOX aBTOPCHKHX cepiit: «UepHble OymI-
nate» («YEPHBIA IPOBOIHHKY), « BRDIOKEHHAS 3eMILS»
(«Yepuee uéproroy, «[lenensHbIi paccBeT», «[lenens-
Hast 3emus», «llemensHoe HEOO»), «PwIlapp B cepoit
muHenn» («Pwlnaps B cepoii muHenn», «Jlopa B cepoit
LIHHEINY).

J1nist mopiBHSHHS 0yi10 00paHO TBOPH LILOTO XK aB-
Topa 3 IiHmMX cepiii «/luBepcaHt U3 Oymyero»
(Yépusle kymona. BeicTpen B npomnuioe) Ta «ZoHa—51»
(Kymerr), Ta inmmx aBTopiB: bynrakoB Muxaitno Oma-
HacoBn4 «Macrtep u Maprapuray, Xroms ['abpiens
Bepn «/letn xanmtana ['panray, @enip Muxaitmosuy
JocroeBchkuii «AanoTy.

Jns obpanoi rpymu TBOpiB OyII0 IPOBEIEHO JOC-
JDKEHHS 110 KOKHOMY i3 BapiaHTIB MOJKITMBOI 1I€HTH-
¢ikarii.

’Konna 3 cTaTUCTUYHUX XapaKTEPUCTHK HE Ja€ pi-
3KMX BIIMIHHOCTEH, L0 AaBajo O 3MOTY BHAUINTH
OJIHY BHUOIPKY Bi/l KOHTPOJIBHOI IPYIIH.

BpaxoBytoun xapakrep 3B’s13Ky psiB JaHUX 32 Ti-
CHOTOIO MOJKHA CKa3aTH, 110 3B'SI30K i3 CEpeTHbOIO BU-
0ipKOTO BCiX TBOPIB € Ay>Ke BUCOKHUI (3HAUCHHS Koei-
mierTa kopemsmii ¥ > 0,91, koedimieHTa neTepminarii
R? > 0,8) 3a BunsaTkoM «UepHee uepHOro» (Xapakrep

TEKCTi 2 — ... — 9aCTOTa KOHTPOJIBHOI BUOIPKH».
3B’s13Ky Bucokuil 0,71 <r < 0,91, 0,6 < R? < 0,8).
Tabmuus 2
PesyneTatn po3paxyHKiB OLiHOK 3a Gopmyioro (1)

OriHKa

YepHee 4epHOTO 2671,51
[lenensHas 3eMits 612,35
Jlopx B cepoii muHeIn 796,53
[enenbHoOe HEOO 535,03
YepHbIi IPOBOJHUK 733,30
PrImtaps B cepoil muHenu 662,77
YepHble Kynosa 637,57
Mactep u Maprapura 1982,87
UYepHble Kynona 599,75
Jetn xanmrana ['panTa 2602,67

Kymnen 1209,406

Wnnot 3212,962

B pesynbrari 4ncenbHHX EKCHEPHMEHTIB OyIo
JIOCIIIDKEHO JEKIJIbKa MIAXOAIB 10 MOXKIHBOI 1€HTH-
(ikamii aBTopa BEJIMKOTO TEKCTY, a came, 3a XapakTe-
POM PO3MOALTY (3aKOHOM) BHUIAIKOBOT BETUIHHU (BH-
Oipka BiIHOCHHMX YaCTOT TOSIBH CJIiB MEBHOI JOBKUHU
B TEKCTi); 32 OJIHi€I0 a00 EeKIJIbKOMa OCHOBHHMH CTa-
TUCTHYHUMH XapaKTEPUCTUKAMHU BHOIPOK; 32 3HAYCH-
HSAMH KoeilieHTIB KOpeIii Ta [eTepMinanii; 3a Bia-
CHOIO 03HAKOIO.

Haiikpamiiif pe3yabTaT OTpUMaHO 3a yMOBH BHKO-
PHCTaHHS BIACHOI O3HAKH.

BucnoBku. B po6oTi 3anponioHoBaHo c1ioci6 aHa-
N3y  BENMKHX  TEKCTiB;  po3polieHa  BiacHa
KOMIT FOTE€pHA MPOrpaMa 4acTOTHOTO aHaNi3y BEJIMKHX
TEKCTiB; HA OCHOBI OTPUMaHHUX CTAaTHCTUYHUX BHOIPOK
CKJIQJICHO «YaCTOTHHUH aBTOPCHKUI MOPTpeT». 3ampo-
TOHOBAHMUHU TIAXiZ MOXKE CIIY)KHTH OCHOBOIO IS TIEP-
BHHHOTO aHaJi3y 3ajad BCTaHOBIEHHS (IMiATBEp-
JOUKCHHSI) aBTOPCTBA BEIUKHUX TEKCTiB Ta BUPIIICHHS
mpobJieMH MOPYIICHHS NpaB iHTENEeKTyaJbHO{ Biac-
HOCTI.


https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%81%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BD%D1%82%D0%B0%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BD%D1%82%D0%B0%D1%81%D1%82
https://fantasy-worlds.net/series/id2006/
https://fantasy-worlds.net/series/id2637/
https://fantasy-worlds.net/series/id2006/
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%82%D0%B5%D1%80_%D0%B8_%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D1%80%D0%B8%D1%82%D0%B0
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COMPARATIVE ANALYSIS OF THE FREQUENCY OF RS1801394 POLYMORPHISM (GENE
LOCALIZATION ON CHROMOSOME 5P15.31) 66A> G IN THE MTR GENE IN THE GROUP OF
PATIENTS WITH POSTCOVID COMPLICATIONS OF THE MAXILLOFACIAL AREA
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Abstract

In the article of genetic studies of patients with post-covid maxillofacial complications. The condition after
COVID-19 is considered a life-threatening disease, ranging from mild symptoms to serious complications. Can-
didiasis is the most common type of superficial purulent infection. The Candida species is a frequent inhabitant of
the oral mucosa, but its growth is inhibited by other organisms in the body, which prevents any pathological change
in the mucous membrane of this fungus. Candida albicans is the most common yeast, followed by Candida gla-
brata, Candida krusei, Candida tropicalis and Candida stellatoidea. According to this systematic review, 57 cases
of oral candidiasis and one case of retinitis candidiasis were reported in patients undergoing treatment for COVID-
19. Single-cell RNA-seq analysis of angiotensin-converting enzyme Il (ACE2) expression and serologic exami-
nation of samples indicates that ACE2 may be the cellular receptor for SARS-CoV-2, suggesting that ACE2-
expressing cells are likely to be the main target cell type that vulnerable to SARS-CoV-2 infection. As a rule, there
is a high expression of ACE2 r on the epithelial cells of the oral mucosa, enrichment is enriched in epithelial cells
of the tongue. There were few reports prior to this study.

Keywords: post-covid maxillofacial complications, COVID-19, oral mucosa, allele.

Introduction.

The post-COVID-19 condition is considered a
life-threatening illness, ranging from mild symptoms to
serious complications [1-4]. COVID-19 has now been
declared a multi-organ disease with a wide range of
manifestations [2]. The pathogen that caused the pan-
demic is Severe Acute Respiratory Syndrome Corona-
virus 2 (SARSCoV?2), which caused a global medical
crisis and drained health resources [6].

The main problems with the Covid-19 pandemic
are that the symptoms of the disease are varied and ap-
pear in different patients [9]. Some develop severe
symptoms, others asymptomatic. In severe cases, a typ-
ical picture is observed [5]. Most symptoms appear
about 2-14 days after exposure to the virus, including
fever, muscle pain, headache, cough, sore throat, loss
of taste or smell [7-10]. In severe cases, there is severe
lung infection, breathing difficulties due to pneumonia,
and the development of ARDS, which can be fatal in
40% of patients [4]. It can progress to the terminal stage
of multiple organ failure. This can cause neurodegener-
ative changes, neurological deficits and damage to the
BBB. Patients may present with anxiety, impaired at-
tention, memory impairment, depressed mood, and
PTSD.

The current situation of the researchers shows that
the coronavirus enters human cells through the angio-
tensin-converting enzyme receptor 2 (ACE2) via
scRNAseq, observed when analyzing the data. Re-
searchers have identified several organs at increased
risk of injury and susceptibility to SARSCoV2 [11].

Thus, organs with abundant distribution of ACE2
receptors can become viral host cells, causing inflam-
mation in associated tissues such as the tongue and sal-
ivary glands. Intraoral signs and symptoms associated
with COVID-19 include taste changes, recurrent mouth

ulcers, desquamative gingivitis, petechiae, and con-
comitant infections such as the growth of a fungus
called candidiasis [12-14].

Osteomyelitis is an inflammation of the cortex and
bone marrow that usually occurs on the chin after a
chronic infection [13]. Local conditions that negatively
affect blood supply or cause tissue necrosis can also
render the host susceptible to bone infections or local
osteomyelitis [10]. Osteomyelitis is diagnosed based on
the patient's medical history, clinical examination, and
the results of surgical and X-ray examination. Histo-
pathological examination may be consistent with the
diagnosis, and microbiological examination is also
helpful [15].

Osteomyelitis has a number of clinical manifesta-
tions that depend on the virulence of the infectious or-
ganism, the resistance of the host and the response of
the periosteum to inflammation [16].

There are few reports in the literature on osteomy-
elitis of the mandible after conventional dental treat-
ment [17].

Since the prevalence of clinical complications is
not yet sufficiently understood and is not known, the
spectrum of manifestations of COVID-19 in the oral
cavity can be very wide and manifest in different ways
[12]. The purpose of this case is to study about a defect
in the soft tissues of the face and oral cavity, which can
be a consequence of infection with COVID-19.

Material and methods. From 2020 to 2021, we
carried out a comprehensive examination and treatment
of 118 patients with COVID-19 and its purulent-ne-
crotic complications in the maxillofacial area, who
were being treated at the post-COVID center of the
Multidisciplinary Clinic of the Tashkent Medical Acad-
emy.
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Molecular genetic studies were performed in the 2. Isolation of DNA from peripheral blood lym-
Hematology Department of the TMA Multidisciplinary ~ phocytes.
Clinic. 3. Carrying out PCR.
This part of the work consisted of several stages: 4. Carrying out electrophoresis and visualization
1. Blood sampling (Figure 1). of results.

Figure 1. Blood sampling

In the course of the work, 4 polymorphic variants of genes were investigated (table 1).

Table 1
List of studied gene polymorphisms
Gene (abbreviation) Localization Polymorphism A source
MTHFR 1p36.22, 677 C>T rs1801133 Morrison N.A. et all. 1992
MTHFR 1p36.22, 1298 A>C rs1801131 Braun N. et all 1996
MTR 1943, 2756 A>G rs1805087 Um J.Y., et all. 2004; 50: 647-650.40
MTR 5p15.31, 66 A>G rs1801394 Vincenti V. et all. 1996

Results and discussion. The study of the frequen-  presence of differences in their distribution between 1-
cies of detection of alleles and genotypes of polymor- 2 and control groups (Table 2).
phism 66A> G rs1801394 in the MTR gene showed the
Table 2
Frequency of distribution of alleles and genotypes of rs1801394 polymorphism (gene localization on chromo-
some 5p15.31) 66A> G in the MTR gene in patient and control groups

Allele frequency Genotype distribution frequency
Num Groups A G AlA AlG G/ G
n % n % n % n % n %
1 Main group (n =70) 75 | 53,57 | 65| 46,43 | 10 | 1429 | 36 | 51,43 | 24 | 34,29
2 Control group (n = 41) 73 189,02 | 9 | 1098 |32 | 7805 | 7 | 1707 | 2 4,88

During the study, it was possible to establish the ~ Genotype A / A in group 1, in comparison with geno-
frequency of detection of the A allele, which was 1.15  types A/ G and G / G, was detected less often 6.99
times higher than the frequency of detection of the G times, respectively, in the population sample 4.57 times
allele in group 1, and 8.1 times in the control group.  more often (Table 2).
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Diagram. 4.3. Frequency of distribution of alleles and genotypes rs1801394 (gene localization on chromosome
5p15.31) 66A> G in the MTR gene in patient and control groups

The results of a comparative analysis of the frequencies of detection of alleles and genotypes of polymorphism
66A> G rs1801394 in the MTR gene of group 1 and in the population, sample are presented in Table 3

Table 3

Differences in the frequency of allelic and genotypic variants of the rs1801394 polymorphism (Localization of
the gene on chromosome 5p15.31) 66A> G in the MTR gene in patient groups

Number of examined al-
Alleles leles and genotypes
and Main Control Xi2 RR 95%CI OR 95%ClI
genotypes group group
n % n %
A 75 | 53,57 | 73| 89,02 | 29,25 | 0,00 | 0,60 | 0,423 -0,857 0,14 0,07 - 0,288
G 65 | 46,43 | 9 | 10,98 | 29,25 | 0,00 | 1,66 0,48 - 5,754 7,03 | 3,467 - 14,253
AlA 10 | 14,29 | 32 | 78,05 | 44,694 | 0,001 | 0,183 | 0,062-0,536 | 0,047 | 0,019 -0,115
AlG 36 | 51,43 | 7 | 17,07 | 12,859 | 0,001 | 3,012 | 1,768-5,131 | 5,143 | 2,101 - 12,588
G/ G 24 13429 | 2 | 488 | 12,466 | 0,001 | 7,029 | 4,523 -10,924 | 10,174 | 2,807 - 36,879

As can be seen from table 4.8, in the control group,
the prevalence of allele A was noted compared to allele
G, the frequencies of which were 89.02% versus
10.98%, respectively. In the main group, the frequency
of the A allele, which was 53.57%, also prevailed, com-
pared with the frequency of the G allele, which was
46.43%. In general, the severity of differences was at a
high level in practically healthy individuals, there is a
pronounced difference between alleles A and G in pa-
tients with postcoid complications of MFA was 1.15
(x2 =29.25; p=0.00; RR = 0.60; OR = 0.14; 95% CI:
0.423 - 0.857). It was also noted a more significant, sta-
tistically significant, 4.22 times, excess of the fre-
quency of genotype G, among patients with postcoid
complications of MCL, relative to the frequency of de-
tection of this genotype in the control. The frequency
of detection of genotype A / G polymorphism was re-
vealed more than 3.01 times, it prevailed in group 1,
relative to its values in the control group (¥2 = 12.859;
p = 0.001; RR = 3.012; OR = 5.143; 95% CI: 1.768 -

5.131). The frequency of occurrence of the G / G gen-
otype differed among patients with postcoid complica-
tions of MFA exceeding 7.02 times, in the control
group among conventionally healthy individuals,
amounting to 34.29 and 4.88%, respectively (2 =
12.466; p = 0.001; RR =7.029 ; OR = 10.174; 95% Cl:
4.523 - 10.924).

Thus, we have found that in patients with postcoid
complications of the MFA, the unfavorable G allele of
the 66 A> G rs1801394 polymorphism in the MTR gene
is more common than in healthy individuals. There is a
high frequency of occurrence of this allele with a pre-
dominance of the homozygous variant G / G (from 2.3
to 7.02 times). At the same time, the differences be-
tween group 1 and the control sample were noted at the
level of the trend, and the trend had a borderline level
of statistical significance. These data allow us to con-
clude that the G allele and the G / G genotype of the
66A> G rs1801394 polymorphism in the MTR gene
have a predisposing effect on the risk of development
and severe clinical course of postcoid complications of
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MCL. Since this polymorphism is located in the pro-
moter region of the gene and refers to functional poly-
morphisms. The presence of the G allele in patients
with postcoid complications of the MFA is accompa-
nied by a decrease in the production of the MTR gene
in the presence of the G / G genotype. The pattern of
the inflammatory response gene is capable of modify-
ing the implementation of the immune and inflamma-
tory response in the direction of an inadequate hyperin-
flammatory response, leading to the progression and
development of a more severe form of postcoid com-
plications of MCL.

Conclusion:

Thus, our data confirm the complexity of the ge-
netic mechanism for the development of polyposis pro-
cesses in patients with postcoid complications of PCO
and indicate the need and importance of understanding
complex gene interactions in the analysis of the devel-
opment and clinical stage of the studied pathology. An-
alyzing the prevalence of genotypic variants of this pol-
ymorphism, we revealed a direct association of the T /
T monogenotype of the 677C> T rs1801133 polymor-
phism in the MTHFR gene, the C / C monogenotype of
the 66A> G rs1801394 polymorphism in the MTR gene
with the development of postcoid complications of the
PLC.

Our results confirm the hypothesis that the pres-
ence of an unfavorable genotypic variant of the
MTHFR and MTR gene can lead to a violation of the
synthesis (expression) in the conversion of homocyste-
ine to methionine in the presence of cofactors - pyri-
doxine (vitamin B6) and cyanocobalamin (vitamin
B12) - and the substrate - folic acid and causes a re-
duced resistance of the vessels of the body, the activity
of the enzyme may decrease as a result of nucleotide
substitutions in the gene encoding it. As a result, the
metabolic pathway of homocysteine conversion is dis-
rupted and its content in the blood plasma increases,
and leads to an increase in the risk of postcoid compli-
cations of MCL.

The absence of significant differences in the prev-
alence of genotypes of genes 2756A> G in the MTR
gene and 1298 A> C in the MTHFR gene among con-
ditionally healthy donors and patients with postcoid
complications of MFA may be explained by the fact
that the presence of unfavorable polymorphism, in it-
self, is still insufficient for the development of this dis-
ease. In genetically predisposed persons, postcoid com-
plications of the MFA will develop according to the in-
teraction scheme in the "genotype-phenotype™ system
(genetic-environmental). Moreover, the presence of un-
favorable genotypic variants can affect the clinical
course of the disease.
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Abstract

This article presents the complex treatment of patients with acute sensorineural hearing loss of various origins.
Actually, the very diversity and multiplicity of the ingredients of the proposed complexes indicate that the
development of therapeutic measures for patients with sensorineural hearing loss did not go beyond the search and
tests, and the absence of noticeable positive results indicates the irrationality of the empirical approach to the
problem. In any case, it is hardly possible to consider the observance of the pathogenetic principle, the use of drugs
on the basis of properties so general and far from the specificity of auditory processes as the effect on metabolic
activity, blood circulation dynamics, excitability and conductivity of nerve formations and other manifestations of
the body's vital activity. Treatment of various forms of acute and sudden sensorineural hearing loss should be
etiopathogenetic, complex and timely (emergency), which allows to achieve an objective improvement in auditory

function in 86% of patients.
Keywords: acute sensorineural hearing loss,

Introduction

One of the main problems of modern clinical au-
diolopsis is sensorineural hearing loss - a hearing pa-
thology associated with damage to the sound-receiving
apparatus, when, for one reason or another, the process
of converting mechanical vibrations into the energy of
nerve impulses and its further transportation from the
auditory receptors to the corresponding centers of the
cerebral cortex is disrupted [1,2].

As evidenced by numerous publications in the
world and domestic literature, sensorineural hearing
loss occurs quite often and occupies a rather large pro-
portion among diseases of the ENT organs [3]. Accord-
ing to the World Health Organization, the population
with socially significant hearing impairments in 2018.
is from 0.9 to 23%, in particular in Europe the number
of such patients is close to 13 million, of which 800
thousand are children, and in Asia sensorineural hear-
ing loss is up to 42.8% of the pathology of the organ of
hearing [4].

Despite the intensive development of the problem
and the significant results obtained, the issues related to
the etiology, pathogenesis, diagnosis, nature and topic
of lesions in the auditory system are still unclear; there
are no pathogenetic agents for the treatment of sensori-
neural hearing loss, and the clinical classification of
sensorineural hearing loss remains imperfect and
largely unclear [5]. It should be noted that the discus-
sion and intensive study of these issues especially in-
creased at the end of the last century, and now the in-
terest in this problem in scientific publications is grow-
ing, which reflects its relevance [6,7].

Of particular importance, both medical and social,
is the problem of acute sensorineural hearing loss, since
the latter is a widespread disease that disables people of
young and most working age [8,9]. Modern statistical
data indicate a steady trend towards an increase in the
incidence of acute sensorineural hearing loss through-
out the world [9].

According to the data of the population seeking
medical care, the incidence of acute sensorineural hear-
ing loss varies depending on the age of patients and
amounts to 0.8% of the total number of patients with
hearing pathology [10].

Acute sensorineural hearing loss requires immedi-
ate treatment, which is sometimes only etiological, and
most often empirical, polypragmatic in nature, without
sufficient scientific evidence and theoretical prerequi-
sites [11]. First of all, this is due to the fact that the
search for pathogenetic therapy is carried out in relation
to polyetiological and heterogeneous in clinical mani-
festations of the disease [12]. In this regard, there is a
need for a more specific and substantiated identifica-
tion of individual forms of acute sensorineural hearing
loss as independent nosological units according to eti-
ological, anamnestic, clinical and audiological, im-
muno-allergological and other characteristics. An im-
portant place in solving the problem of sensorineural
hearing loss is occupied by the development of a clas-
sification based on specific clinical and etiopathoge-
netic approaches [13,14]. The above would make it
possible not only to determine the nature of the lesion
of the auditory analyzer, but also to establish the cause
of the occurrence of certain disorders of the auditory
function, the mechanism of their development, and also
to develop pathogenetic therapy for acute sensorineural
hearing loss.

The aim of this work is to study the increase in
the effectiveness of complex treatment of patients with
acute sensorineural hearing loss of various origins.

In accordance with the purpose of the study and to
fulfill the assigned tasks, clinical studies were carried
out in 40 patients with acute sensorineural hearing loss
of various origins who were hospitalized in the ENT
department of the TMA multidisciplinary clinic in
2018-2020. All patients underwent a comprehensive
examination, including the collection of complaints,
examination of the ENT organs, otomicroscopy of the
ear and audiological studies.
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Results.

Analyzing the clinical-audiological, vestibulo-
metric and immuno-allergological data, we have estab-
lished that with ASHL and SSHL of various etiologies,
profound changes occur in the auditory and vestibular
analyzer. Various options for complex treatment in
these patients are described in the available literature,
and this leads to the unjustified prescription of most
drugs, and often the authors treat ASHL and SSHL with
the same drugs, regardless of the characteristics of the
onset of the disease. In this regard, we have set our-
selves the goal of developing a comprehensive patho-
genetic treatment of patients with ASHL and SSHL
based on the analysis of the features of clinical-audio-
logical, vestibulometric and immuno-allergological
studies.

For the period 2018-2020. in the ENT department
of the TMA multidisciplinary clinic, we examined and
treated 40 patients with various forms of ASHL and
SSHL.

The results of treatment of 246 patients with
ASHL and SSHL showed that improvement occurred
in 215 (86%) patients. In 19 (9%) patients, the improve-
ment was subjective, patients noted a decrease in the
intensity of ear noise, a slight improvement in auditory
function, although threshold tone audiometry did not
reflect this, patients indicated an improvement in
speech intelligibility, as well as an improvement in gen-
eral condition. Hearing research deserves special atten-
tion. Threshold tone audiometry indices normalized in

138 (55.2%), improved in 79 (31.6%), remained at the
initial level in 33 (13.2%) (tab. 1,2,3).

Patients with ASHL and TSA of infectious etiol-
ogy were prescribed antibiotics, excluding ototoxic and
sulfa drugs. In addition, vitamins of group B, cocarbox-
ylase, ATP were used for treatment. Along with this,
intravenous infusions of hemodez, reopolyglucin,
which have a detoxifying effect, were prescribed, as
well as antihistamines (suprastin, tavegil, diazolin,
fenkarol). Diuretics (hypothiazide, diacarb, verosh-
piron) were recommended as dehydration. To improve
the microcirculation of the inner ear and brain, Cavin-
ton was administered intravenously as a drop infusion;
on the first day 2 ml (10 mg), on the second day 4 ml
(20 mg), on the remaining days, 6 ml. (60 mg) in saline
(0.9%) - 200.0 or glucose solution (5% - 200.0), di-
phenhydramine 1% - 1.0, ascorbic acid solution 5% -
4.0, ATP 1% - 2.0. The expediency of intravenous ad-
ministration of ATP is justified by the fact that this
drug, when administered intramuscularly, is rapidly ab-
sorbed in the muscles and therefore is not effective. In-
travenous infusion was prescribed 8 to 12 times, then
Cavinton was prescribed for 30 days, 1 tablet 3 times a
day, or Betaserc, 8 mg, 3 times a day for 3 weeks. Every
day, patients were prescribed anemization of the nasal
passages, blowing the ears according to the Police, as
well as vibrating the tympanic membranes and ionto-
phoresis with potassium iodide on the area of the mas-
toid processes 8-10 times per course of treatment.

Table 1
The use of drugs in patients with ASHL and SSHL of various etiologies
Vascular, except Hearing loss due to os-
Ne Medications Infectious| for cheetah and |AllergyMedicamentous(Traumatic| teochondrosis of the
independent cervical vertebra
1. |Cavinton + + + + + +
2. |Vitamins B + + + + + +
IAdenosine triphos-
3. |phoric acid or cocar- + + + + + +
bonylase
4. |Vitamin C + + + + + +
/Aloe or FiBS vitreous
5. |humor, placenta ex- + + + + + +
tract
6 Anemization of the 4 + + + + +
nose
. Physiotherapy proce- 4 + + + + +
dures
Meatotimpanic
8. |blockade according + + + + + +
to 1.B. Soldatov
9. I-_|yperbaric oxygena- + + + + + +
tion
10. |Desensitizing therapy| + + + + + +
11.|Antibiotics + - - - - -
Glucose 5% or saline
12. 0.9% + + + + + +
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Table 2

The effectiveness of the treatment of subjective ear noise in patients with ASHL and SSHL of various etiology
according to noise measurement data

No Etiology Total The number of patients | Convalescence in-| Improve- | Without
i OST and SSHL with subjective noise dolence ment changes
1. [Infectious 86 (34,4%) 72 (83%) 36 (50%) 30 (42%) (82/0 )
2.|Vascular 55 (22%) 52 (95%) 33 (63%) 14 (27%) (QEA) )
3. |Allergic 52 (20,8%) 46 (88%) 19 (41%) 25 (54%) ( 4§/O )
L 4 2
0, 0, 0,

4. Medication 25 (10%) 16 (64%) 10 (62,5%) (25%) (12,5%)
5. [Traumatic 22 (8,85%) 19 (86%) 7 (36%) 10(53%) (112% )
On the basis of osteochon- 0 0 2 6 2
. drosis of the cervical spine 10 (4%) 10 (4%) (20%) (60%) (20%)

Total: 250 215 (86%) 107 (50%) 89 (41%) | 19 (9%)
Table 3

The effectiveness of treatment of patients with ASHL and SSHL of various etiology according to the data of
threshold tone audiometr

No Ethiology OST and SSHL Total Recovery |Improvement|Without changes

1. [Infectious 86 (34,4%)| 50 (58%) | 25 (29%) 11 (13%)

2. Mascular 55 (22%) | 36 (65%) | 14 (25%) 5 (9%)

3. |Allergic 52(20,8%) | 32(61,5%) | 17 (33%) 3 (5,5%)

4. Medication 25(10%) | 6 (36%) 10(40%) 6 (24%)

5. [Traumatic 22 (8,85%)| 6 (26%) 9 (39%) 7 (35%)

6. |On the basis of osteochondrosis of the cervical spine | 10(4%) 5 (50%) 4 (40%) 1 (10%)
Total: 250(100%)|138 (55,2%)| 79 (31,8%) 33 (13%)

In case of sensorineural hearing loss of vascular
origin, in addition, substances that normalize blood
pressure, vasodilator drugs, and anti-coagulants were
prescribed. The most severe pathology of lesions of the
auditory and vestibular analyzers of vascular origin is
labyrinth artery thrombosis. At the same time, patients
usually, against the background of a stressful situation
and an increase in blood pressure, suddenly develop
unilateral deafness, accompanied by sharp dizziness,
vomiting, spontaneous nystagmus. Such patients with
dizziness and sudden hearing loss were hospitalized
and timely prescribed complex pathogenetic treatment,
which in the majority led to the restoration of auditory
and vestibular functions.

In case of sudden hearing loss due to circulatory
disorders in the vertebrobasilar system due to cervical
ostechondrosis of the spine, in addition to the above-
described therapy used for vascular disorders, massage
of the cervical spine, water massage, swimming, elec-
trophoresis along the spine with 2.4% euphilin solution
were recommended.

In ASHL of traumatic etiology, which were ac-
companied by rupture of the tympanic membranes, in
order to avoid infection in the initial period, antibiotics
(not ototoxic), sulfonamides, vasodilators, vitamin
therapy, and dehydration were prescribed. Patients with
mine-explosive injuries, which were accompanied by
damage to the tympanic membranes, along with anti-
neuritic treatment, underwent a hearing-improving
sparing operation.

Separately, it is necessary to highlight the issues
of treatment of acute and sudden sensorineural hearing
loss of allergic genesis.

As can be seen from the literature review, the au-
thors of many scientific works analyze the results of au-
diological studies in great detail, however, a thorough
collection of allergological anamnesis is rarely carried
out, which play an important role in the diagnosis of the
allergic nature of this disease in some patients.

We initially divided patients with acute sensori-
neural hearing loss of an allergic nature into two
groups. The first group included 246 patients. Along
with anti-neuritic treatment, they received antiallergic
therapy, which made it possible to obtain positive re-
sults in 32 (80%) patients.

The second group consisted of 12 people who un-
derwent complex specific hyposensitizing therapy with
pollen, household and food allergens using antiallergic
drugs according to the scheme developed by JILA.
Goryachkina et al (1983). Positive results were ob-
tained in 83% of cases.

Reduction or disappearance of subjective ear noise
occurred in 80% of cases in patients of the first group
and in 83% - in the second group.

It should be especially noted that the main princi-
ple of treatment of patients with acute sensorineural
hearing loss of an allergic nature, like other forms of
ASHL, is that it should be complex, that is, include lo-
cal therapeutic measures in combination with general
means of influencing the body. The main conditions
that must be met are as follows:
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1. Urgency (the earlier the medication is
started, the more chances of its effectiveness).
2. Improving blood circulation in the inner
ear.
Dehydration.
Detoxification.
Desensitization.
Stimulation and vitaminization.
. Complex nonspecific immunotherapy.

8. Specific hyposensitization.

The initial stage of treatment includes urgent hos-
pitalization, complete rest of the patient, bed rest, ex-
clusion of contact with the allergen, limitation of fluid
and salt intake.

Medication is aimed at improving blood flow to
the brain and inner ear. Since cerebral circulation to
some extent has autonomous regulation, drugs should
be used that mainly act on cerebral vessels and periph-
eral circulation. The drugs used were cinnarizine
(stugerone), cavinton. Patients with acute sensorineural
hearing loss of an allergic nature received Cavinton

Nookow

from the moment they were admitted to the hospital ac-
cording to the scheme: Cavinton solution was injected
intravenously on the first day of 2 ml and on the fol-
lowing days - 4 ml (20 mg) in saline or glucose 200 ml,
with 5% ascorbic acid - 5.0 ml, cocarboxylase 100 mg.

Along with this, desensitizing therapy with anti-
histamines was carried out: diphenhydramine, 1 tablet
3 times a day, or tavegil, suprastin, diazolin, pipolfen,
and fenkarol orally. These drugs are derived from vari-
ous groups of chemicals and block the effect of hista-
mine on tissue cells.

Patients with acute sensorineural hearing loss of
an allergic nature who were individually prescribed a
separate group of antihistamines, the duration of treat-
ment ranged from one week to three (7-21 days) and a
positive effect was achieved. No addiction to these
drugs was observed, and no complications were noted.

The results of treatment of patients with acute sen-
sorineural hearing loss of an allergic nature are shown
in Table 4..

Table 4
Results of treatment of patients with acute and sudden sensorineural hearing loss of an allergic nature
_ Stage Treatment resuIFs
Patient groups diseasesexcellent  good Without Total
changes

22 10 8 40
1st (using non-specific therapy) Acute (55%) | (25%) (20%) (100%)

Total: 22 10 8 40
(33%) | (25%) (20%) (100%)

2nd (using Specific hyposensitizing therapy using immuno- Acute 8 2 2 12
modulatory drugs) (66,8%)|(16,6%) (16,6%)  [(100%)

Total: 8 2 2 12
(66,8%)((16,6%)  (16,6%)  |(100%)

The table shows that hearing improvement oc-
curred in 40 patients, including excellent results with
nonspecific therapy were noted in 22 (55%), good - in
10 (25%), no changes - in 8 (20%) patients.

During the audiometric examination in patients of
the first group on the 14-21st day of treatment, an in-
crease in tonal hearing was recorded in 4 patients up to
15dB, in 24 - from 11 to 35 dB. In 18 out of 24 patients
with a decrease in the level of bone conduction, there
was a complete restoration of auditory function. In 6
patients in this group, there was an improvement in
hearing from 20 to 30 dB. In 8 (20%) patients in this
group, treatment was ineffective. Upon discharge from
the hospital, auditory function fully recovered in 55%
of patients. In 25% of patients, there was an improve-
ment in auditory function from 10 to 35 dB, only in 8
(20%) patients the treatment was ineffective.

Upon discharge from the hospital, the majority of
patients in group 2 (10 out of 12 examined) showed a
complete restoration of auditory function, subjective
ear noise stopped, and the tonal threshold audiogram
returned to normal in all frequency ranges. In 2 patients,
there was an improvement in auditory function from 10
to 30 dB. Only two patients had no positive effect, but
they noted a decrease in the intensity of subjective ear
noise.

In addition, as a result of the treatment, the con-
ductive component of the hearing loss was removed
from the patients due to the removal of exudate, with
the normalization of the tympanometric curve.

During the examination in dynamics (from 1 to 3
years) in patients with acute sensorineural hearing loss
of an allergic nature, complete restoration of auditory
function was noted in 67%, improvement - in 29% of
patients.

Specific hyposensitizing treatment using pollen,
household and food allergens in combination with im-
munomodulatory drugs, significantly increases the ef-
fectiveness of treatment in patients of this group.

Thus, it becomes obvious that acute and sudden
sensorineural hearing loss are different nosological
forms of the indicated pathology of the hearing organ
in the presence of a common etiopathogenesis of the
indicated disease, which should be taken into account
in clinical practice when treating it.

Discussion.

Considering that with OST and SSHL there are
profound changes in the auditory and vestibular
analyzer, there is an urgent need to find new aspects of
rational therapy for this pathology. From these
positions, the study of the drug cavinton attracts the
attention of many scientists. The drug Cavinton is a
white crystalline powder, used parenterally in the form
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of tablets (5 mg and vinpocetine in each tablet) and in
solution (10 mg of vinpocetine in 20 mg of solution).
According to the numerous observations available,
Cavinton does not interact with other drugs, therefore it
is also suitable for combined treatment. The injection
solution is incompatible with heparin. Contraindica-
tions: severe heart disease (ischemic), severe heart
rhythm disorders, pregnancy.

Our goal was to study the therapeutic activity of
the vasoactive drug Cavinton in ASHL and SSHL of
various etiologies based on the analysis of clinical, au-
diological, vestibulometric, and allergological studies.

The ampouled drug was prescribed parenterally,
only in drip infusion as a combination treatment with
other drugs. Treatment with Cavinton was carried out
taking into account the individual characteristics of the
patient strictly according to the scheme proposed by
Hungarian specialists.

All patients were hospitalized in the department
and pathogenetic drug treatment began in a timely man-
ner. Before, during and at the end of the course of treat-
ment, audiologic, vestibulometric, otoneurological, al-
lergic and general somatic examinations of patients
were carried out. It should be especially noted that the
main principle of treatment of patients with ASHL and
SSHL is that it should be comprehensive, that is, in-
clude local therapeutic measures with general means of
influencing the body.

The initial stage of treatment includes urgent hos-
pitalization, complete rest of the patient, bed rest, ex-
clusion of contact with allergens, restriction of fluid
and salt intake. Drug treatment is aimed at improving
the blood flow to the brain and inner ear, that is, drugs
are prescribed that act on the cerebral vessels and pe-
ripheral circulation. The course of treatment with
Cavinton lasted in most cases one month. If necessary,
the course of treatment was repeated every 3 months,
29 patients underwent 2 courses, 12 - 3 courses each.
Patients with ASHL and SSHL were treated for a
month, regardless of whether there was vestibular dys-
function or not. Depending on the etiopathogenesis of
the disease, along with other drugs, Cavinton was ad-
ministered intravenously as a drop infusion in physio-
logical saline or 5% glucose solution - 200 ml. On the
first day, 2 ml (10 mg), on the following days, 4 ml (20
mg) with a solution of ascorbic acid 5% - 4 ml, ATP
1% - 2.0, a solution of diphenhydramine 1% - 1.0. once
a day 8 to 12 intravenous infusions. Subsequently,
Cavinton continued to be administered orally, 2 tablets
(10 mg) three times a day for 20 days. Before the ap-
pointment of Cavinton, all patients underwent a blood
test for Shelley's test and leukocyte lysis for Cavinton.
Those patients who had positive reactions were not pre-
scribed Cavinton. No side effects were observed.

Along with the use of Cavinton, patients with
ASHL and SSHL, depending on the etiological factor,
were usually prescribed other drugs: B vitamins, ATP
or cocarboxylase, ascorbic acid, aloe or FiBS, vitreous
body, antibiotics, diphenhydramine, glucose 5% or sa-
line 0.9%. In addition, the following were carried out:
anemization of the nose, blowing out the ears, physio-
therapeutic procedures: electrophoresis with KJ and
2.4% aminophylline solution in the area of the mastoid

processes; meato-tympanic blockade according to 1.B.
Soldatov, massage of the neck-collar zone, hyperbaric
oxygenation, desensitizing therapy, acupuncture.

The result of treatment of 250 patients with ASHL
and SSHL with Cavinton showed that complete hearing
recovery occurred in 217 (86.8%) patients and 33
(13.2%) patients, the improvement was subjective, pa-
tients noted a decrease in the intensity of ear noise, in-
significant improvement of auditory function, although
this was not noted with tone-threshold audiometry. Pa-
tients reported an improvement in speech intelligibility
and an improvement in their general condition. Special
attention is drawn to the study of hearing with tone-
threshold audiometry, which showed excellent results
in 138 (55.2%), good - in 19 (31.8%), no changes - in
33 (13%) patients.

In 208 (83.2%), subjective ear noise of various na-
ture and intensity was revealed. After the treatment, in
107 (51.4%) patients, tinnitus completely stopped, and
in 99 (47.5%) patients, the noise intensity decreased
from 50-60 dB to 10-15 dB, with a second course of
treatment after a month, the noise completely stopped,
19 (9%) patients showed a slight decrease in noise in-
tensity. Speech audiometry in 220 (88%) of 250 pa-
tients normalized speech intelligibility and perception
of ultrasound to normal numbers - 1-2 volts in 30 (12%)
patients.

Along with hearing impairment in patients with
ASHL and SSHL, we revealed dysfunction of the ves-
tibular analyzer of varying degrees in the form of diz-
ziness, nausea, vomiting, nystagmus, impaired statoki-
netic function, coordination of movements and auto-
nomic disorders in 156 (91.7%) of 170 examined
patients. vestibular disorders.

As a result of the course of pathogenetic therapy
in these patients, positive results were obtained, which
was confirmed by the normalization of the functions of
the vestibular apparatus.

Thus, in conclusion, let us state the conviction that
acute and sudden sensorineural hearing loss are inde-
pendent nosological forms of cochlear analyzer pathol-
ogy and, depending on the etiopathogenesis, have their
own clinical course, presenting an important problem
of modern clinical audiology, which has great prospects
for further study..

Conclusion.

For the treatment of patients with sudden and
acute sensorineural hearing loss with a burdened aller-
gic history, dehydrating and hyposensitizing medica-
tions must be included in the complex of anti-neuritic
therapy. Treatment of various forms of acute and sud-
den sensorineural hearing loss should be etiopathoge-
netic, complex and timely (emergency), which allows
to achieve an objective improvement in auditory func-
tion in 86% of patients.
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B craTtpe IIPOBCACH aHAJIN3 0COOEHHOCTEH TEUEeHHS 6ep€M€HHOCTI/I y 110 JKCHIINH, TOCIIUTAJIM3UPOBAHHBIX

B Y3 «6 'oponckas xinHUYEcKas 0opHUIIA» T'. MIUHCKA IO IOBOY KopoHaBupycHoi nHdpekmmu SARS CoV-2 B
anpene-oktsa6pe 2020r. ABTopamMu U3ydeHbI aHAMHECTHUECKUE JaHHbIe OEPEeMEHHBIX KEHIIUH, IPOaHAIN3NUPO-
BaHbl KIMHUYCCKUE TAHHBIC U TaHHBIC HHCTPYMCHTAJIBHBIX U na6opaTopH1;1x 06CH€L[OB&HPII>’I 6epeMeHHLIX C KO-
ponasupycuo#t nndexun SARS CoV-2 B Pecniyosnke bemapycs. IIpoBeneH cpaBHUTEIbHbBIN aHAIN3 JICUCHHUS
O6epeMeHHbIX KopoHaBupycHOit nHpekuun SARS CoV-2 B ycroBusix cTaiioHapa.

Abstract

The article analyzes the features of the course of pregnancy in 110 women hospitalized at the Healthcare
Institution "6 City Clinical Hospital" in Minsk due to SARS CoV-2 coronavirus infection in April-October 2020.
The authors studied the anamnestic data of pregnant women, analyzed clinical data and data from instrumental
and laboratory examinations of pregnant women with SARS CoV-2 coronavirus infection in the Republic of Bel-
arus. A comparative analysis of the treatment of pregnant women for coronavirus infection with SARS CoV-2 in
a hospital setting was carried out.

KiroueBble cjioBa: GepeMeHHbIe ¢ KOpoHaBupycHOU nHbpekun SARS CoV-2, nHeBMOHUS, aHATH3 KPOBH,
KoaryJjorpaMmma.

Keywords: pregnant women with coronavirus infection SARS CoV-2, pneumonia, blood test, coagulogram.
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BBenenne: KoponaBupycHass wuHpeKus —
0CTpOE BUPYCHOE 3a00/IeBaHNE C IPEUMYIIECTBEHHBIM
MOpaXEHHEM BEPXHHX IbIXaTEIbHBIX IyTel, BhI3bIBaC-
Moe PHK-conepxamiium BUPYCOM poxna
Betacoronavirus cemeiicra Coronaviridae. Koponasu-
pycol (nar. Coronaviridae) — ceMelCTBO, BKIIOYAI0-
mee Ha stHBapb 2020 roga 40 BugoB PHK- comepxa-
MIMX CJIO)KHO OPraHWU30BAaHHBIX BHPYCOB, WMEIOLIUX
JOTIONTHUTEIbHYI0 0005104Ky. OOBETUHEHHI B 1BA TIO/I-
ceMeicTBa, KOTOpPBIE TMOPAXKAIOT 4YEJIOBEKa M KHUBOT-
HbIX. Ha3BaHue CBA3aHO CO CTPOCHHEM BHpPYCA: U3 Cy-
1epoOO0IOYKH BBIIAIOTCS OOJNBIINE IIMITOBUIHBIE OT-
POCTKH B BUzie OyJ1aBbl, KOTOPbIE HAIIOMUHAIOT KOPOHY.
HasHaueHune «KOpOHBI» y KOPOHABUPYCOB CBSI3aHO CO
crenupUIecKuM MEXaHHM3MOM IPOHUKHOBEHUS 4epe3
MeMOpaHy KJIETKH MyTEM MMHTAIMU MOJIEKYJ, Ha KO-
TOpBIE pearupyroT TpaHCMEMOPaHHBIE PELENTOPHI Kile-
TOK.

B Hacrosimee BpeMsi M3BECTHO O LUPKYJISILUU
cpenn HaceJeHHs 4YeThIpEX KopoHaBupycoB (HCoV-
229E, -OC43, -NL63, -HKU1), koTopble KpyTioro-
JIUYHO NMPUCYTCTBYIOT B cTpykType OPBU. Becemupnas
opraHm3amus 3apaBooxpanenus 11 ¢despans 2020 r.
npucBomiIa Oo(uIManbHOe Ha3BaHWE WHQEKIHH, BBI-
3BaHHOW HOBBIM KOPOHABHPYCOM, COVID-19
(«Coronavirus disease 2019») [1]. MexayHapoHblit
KOMHTET O TakcoHOMHH BuUpycoB 11 ¢espainst 2020 r
MPUCBOMJI COOCTBEHHOE Ha3BaHWE BO30YAWTEIIO HMH-
¢dexiuun COVID-19 — SARS-CoV-2.

Bnusiaune COVID -19 Ha GepeMEeHHBIX JKEHIIUH U
JeTeil HOBOPOXKJCHHBIX B HACTOAIIEE BPEMS MO U3Y-
YEeHO, M3-3a HEOOJBLIOr0 Marepuaina A HCCIIeHoBa-
HUHA. VIMeeTcst cBeAeHN, YTO PUCK 3apa’keHUS Cpelu
OepeMEeHHBIX He sBIsETCA OoJjiee BBICOKAM, YE€M B OC-
HOBHOH IIOIYJISILIMY JIIOAEH, B TOKE BPEMsI U3BECTHO,
YTO MMEHHO cpelu OEpeMEHHBIX PUCK CMEPTHOCTH U
Tskesoro teueHus rpunna u SARS CoV-2 Beime[2].
bbbl Tak ke 3aperucTpUpOBaHbl CUHUYHBIE CITydau
HeOJIaronpHsTHBIX MCXOJI0B Y HOBOPOXKACHHBIX, POXK-
JICHHBIX OT Matepel, mojoxureiapubx mo COVID -19
BO BpeMs OepeMeHHOCTH. B He1aBHO Oy OJIMKOBaHHBIX
JIMTEPATYPHBIX JaHHBIX, UMEIOTCS JIaHHBIE, YTO BHPYC
He ObUT OOHApY)XK€H HM B aMHHOTHYECKOW JKUAKOCTH,
HH B TPY/THOM MOJIOKE.

Ilean uccaeaoBaHus: IPOBECTH aHAIU3 OCOOCH-
HoCTel TeueHns OepemeHHOCTH Y 110 sxeHInH, rocmu-
TaJU3UpoOBaHHBIX B Y3 «6 ['opoackas KIMHHYECKas
GosibHMIIa» T. MHHCKA TO IMOBOJXYy KOPOHAaBHUPYCHOMH
ek SARS CoV-2 B anpene-oktaope 2020r. A-
TOpaMH M3yueHbl aHAMHECTHUECKHE JIaHHbIe OepeMeH-
HBIX JKCHIIIMH, POaHaIN3UPOBAHbl KIIMHUYECKHE JIaH-
Hble ¥ JIJaHHbIE WHCTPYMEHTAIBHBIX M Ja0OPaTOPHBIX
oOcnenoBaHNii OepeMeHHBIX C KOPOHABHPYCHOW HH-
ek SARS CoV-2. PaccMoTpeHs! ClocoObl U KpH-
Tepun 3G PEeKTHBHOCTH NPOBOANMOTO JIEHEHHs y Oepe-
meHHbIX ¢ SARS CoV-2.

Matepuansl u Metoabl: [IpoBeneH perpocnek-
TUBHBIH aHAJIM3 0COOEHHOCTEH TeueHHs: OepeMEHHOCTH
y 110 >xeHIUH, roCOUTaIU3UPOBaHHBIX B Y3 «6 T'o-
poacKasi KIMHUYecKas OoipHHMIA» . MHHCKa MO MO-
Boly kopoHoBupycHoi uudexipn SARS CoV-2 B an-
pene-okTsiope 2020r. J{ns cratuctudeckoir 06padboTku
MOJIYYSHHBIX JIAHHBIX HCIIOJb30BAJIACh IPOrpaMma

«Microsoft Excel 2010». JIocTOBEpHOCTh pa3HUuUit
oLeHnBaIH 110 t — Kputeputo CThIOJICHTA.

PesysbTaTsl HecieioBaHusA U 06cyxaeHue: Vc-
clietyeMble OepeMeHHbIe ObLIH B Bo3pacTe oT 19 o 40
net, 97 (88%) u3 Hux cocrosumu B Opake. [Ipodeccno-
HaJIbHBIX BPEIHOCTEH M BPEIHBIX NMPHUBBIYEK HU OJIHA
U3 KEHIIWH He oTMedanu. MHaekc macchl Tena y 83
(76%) 6epeMEHHBIX B TIpeieiiaX HOPMEI.

ITepBast OepemenHocTs Obuta y 51 (46%) xeH-
muHbL, y 59 — noBTopHasA. Y 37 (34%) GepeMeHHBIX B
aHaMHE3€¢ HMEIHNCh CAMOINPOM3BOJIBHBIN BBIKHIBIII
WK 3aMepiast 0epeMEeHHOCTb.

W3 mepeHeceHHBIX TMHEKOJIOTHIECKUX 3a00ieBa-
HUH KEHIIWHBI OTMEYaIN HecTlen(PUUECKUN KOJIBITUT
u uepBunut (31 xeHmHa, 28%), SKTONMUIO MICHKU
MatkH (24 xeHmuHbl, 22%), MuoMy Matku (7 )KEHILHH,
6%), OTIyXOJIH SIMYHKKA (4 )KeHIUHBL, 4%), TUCILIA3HIO
LICWKHU MAaTKHU JICTKOH cTeneHu (4 )KeHIUHbL, 4%), uep-
BUIMT XJIaMUJIUHHONW 3THOJOTUH OBUI B aHAMHeE3e Y
IBYX JKeHIIMH (2%), MONMI HEpPBUKAIBHOTO KaHaila
TaKKe y IByX OEpEeMEHHBIX, aHOMAJIUS PA3BUTHS T10JIO-
BBIX OPTaHOB —Y 2 KEHIIHH.

ITepenecennslie oneparun: y 33 sxeHmuHbI (30%)
B aHAMHE3€ MMETach Olepanus KecapeBo cedeHue, y 4
(4%)-koHu3anust meiiku MaTky, y 2(2%)-yaanenue mo-
nuna medkn matku, 2(2%)-ynajeHue Neperopoaku
MIOJIOCTH MAaTKH, 4 (4%)-pe3eKIyst SUIHUKA [0 TOBOLY
CIIKA, xonermcetakToMus (1 sxeHIuHSL, 2%), anmneH -
skToMus (8 uenosek, 8%).

XpOHHYECKUE SKCTparcHUTaIbHbIE 3a00JIEBaHUS
BeIsABICHB! y 77(70%) Oepemenubix. Hanbonee wacto
KEHIIMHBI OTMEYaIN 3a00JeBaHMS O KEITyIOYHO-KH-
mIeqHoro TpakTa (27 uenoBek, 35%), XpOHHUYECKHI
TOH3WUIUT W XpOHWYeckuidt OponxuT (17 denosek,
23%), Oone3HHm cepAaedHO-COCymUcToi cuctemsl (13
4eJoBek, 17%). Pexe oTMeueHbI 00J1€3HN MOYEBBIX ITy-
teit (7 xeHmuH, 9%), runorupeos (5 >keHuH, 6%),
00JIe3HN ONOPHO-JBUTATENBHOrO ammapara (4 KeH-
muHHb, 5%), oxupenne (4 sxeHIuHsI, 5%). XpoHuye-
CcKas kese30/1e(pUITHAS aHEMUs OTMEUeHa Yy Tpex Oe-
PEMEHHBIX.

JKeHIMHBI HaXOAMINCH B CTallMOHApPE B CPOKAX
6epemenHocTH oT 42 1o 240 gael. JMUTeIH-HOCTD TIpe-
ObIBaHMs B OOJILHMIIE OT 5 10 24 IHEN.

Hawnbosee yacTeIM OCIIO’KHEHHEM HacTosmeH Oe-
peMeHHOCTH OblJIa yrpo3a ee IpephIBanust (55 4enoBex,
50%), B TOM 4HCII€ YrpOXKaIOLINE MPEXIeBpEMEHHbIE
poap! Obun y 22 6epemeHHBIX (20%), a Takke aHeMus
o6epemennbix (30 yenosek, 28%). Takue 3a0oaeBaHMs
OCpeMEHHBIX KaK TeCTAIMOHHBIN caxapHbIi auaderT,
recTalioHHas apTepHaibHas THUIIEPTEH3US OTMeda-
ek penxo (7% GepeMennsix). [InanenrapHsie Hapy-
meHus BIsABIEHBI Yy 17 sxenmmH (15%).

ONUAEMUOIOrMUECKU aHaMHe3: KOHTAaKTaMu 1
ypoBHS okazaiuch 42 sxeHmwH (38%), y ocTalbHBIX-
SMHAEMHUOJIOTHUECKNH aHaMHe3 HesceH. Bcem Oepe-
MeHHBIM BhIoHeH TecT Ha PHK xoponaBupyca SARS
CoV-2, y Bcex HH(EKIHS MOITBEPKICHA.

[TpumepHO MOJIOBHHA >KSHIIHH MPH HOCTYIIIICHUH
JKaJIOBaJIMCh Ha Kameb (55 yenosek, 50%) 1 aHOCMUIO
(48 genmomek, 44%). O6myro cnabocTh oTmMmedasn 35 Oe-
pemMeHHbIX (32%), 3a710KEeHHOCTh HOCA WJIM HACMOPK -
30 uenosex (28%), ompimiky- 15 Gepemennnix (14%),
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JIUCTICTICUYECKHE SBICHUS - 9 yenoBek (8%), TOIOBHYIO
60116 TONBKO 2 skeHMHHH (2%). [loBBIIIEHHAs TemITe-
parypa Tena ji0 37,5- 39°C ormeuena y 50 6epeMeHHBIX
(46%).

CocrostHre OepeMEeHHBIX MPH MOCTYIUICHUH B OC-
HOBHOM OIICHEHO Kak yaoBieTBoputensHoe (90 sxeH-
mMH, 82%), y OCTaNbHBIX - CPEAHEH CTETIEHU TAXKECTH.

JlpIxarenbHast HEIOCTATOYHOCTh | CTEIIeHH BBISIB-
nena y 17 6epemennsix (16%), 3 crenernn - y 2 (2%).
Catypamus menbiie 95% otrmeueHa y 4 GepeMeHHBIX
(4%), Taxukapaus y 15 (14%).

Kommsrorepras TomMorpadus JIerkux BBITOIHEHA
81 6epemenHoi (74%). [ITneBMOHMS BEIsIBICHA y 55 Oe-
pemenHoit (50%), npudeM y 46 U3 HUX JBYCTOPOHHSAA
(42%), mneput y 2 6epemenHoi (2%). TsokecTh MHEB-
MOHHH TIO JIaHHBIM KOMIIBIOTEPHOI TOMorpaduu Jer-
KHX OIIeHeHa Kak cpefHsas y 31 xenuiunsl (28%), jier-
kag —y 13 (12%), tsxenas -y 11 (10%).

Bcem OepeMEHHBIM TPH TOCTYIUIEHHH BBIIIOJI-
HEHO J1abopaTopHOE 00CIeI0BaHuUE, IIPU KOTOPOM BBHI-
SBJICHBI CIEyIOINe JabopaTopHble 0COOEHHOCTH. B
o0IeM aHau3e KPOBHU MPH MOCTYIUICHUH JICHKOIIUTO3
BBIABJIEH y 52 6epeMeHHBIX (48%), KOIMUECTBO JICHKO-
UTOB Konebanock oT 9,2 no 17 *10° Ha 5-10 CYTKH
neiixonuTos ot 9,1 10 15*10° BeisBIEH Y 26 GepeMeH-
HOH (24%). Ilpu BeImuCke medxoruro3d ot 9,3 mo
14,2*10° coxpansics y 46 6epemenHoii (42%), oqHAKO
MaKCHUMAaJbHOE YHCIO JICHKOLMTOB COOTBETCTBOBAJIO
HOpMe JiIst OepeMeHHbIX. JISHKOIUTONEHHY BBISBICHO
He OBLI0.

B o0mem aHanmm3e KpoBH MpH MOCTYIUICHNH Y §1
(74%) >XeHIWH BBISBICHA OTHOCHUTENBHAS JTHM(OIIH-
ToneHus B auanaszone 6 - 20%. K 7 cyrkam nedeHus
muMpornuroneHus B quamazoHe 11 - 20% coxpassiack
y 68 6epemennoit (62%). Ilpu BbIMCKE OTHOCUTENb-
Hast TUMQOIUTOTICHHUS B amanazone 11-20% co-
xpaHmiack y 35 sxenmuH (32%).

B o61mmem aHanm3e KpoBH IIPHU MOCTYIICHUN OTHO-
CUTETIBHBII MOHOITNTO3 B Anana3one 11-16% BoisBiIeH
y 9 (8%) GepeMeHHBIX, OTHOCUTENIbHAS MOHOIIUTOTIE-
Hus (2%) y 2 6epemennoit. K 7 cyTkam yiedeHust MOHO-
IIUTO3 COXpaHuica y 1 OepeMeHHO, MOHOIIUTOTICHUS -
y 3. IIpu BeIHCKE Y BceX O€peMEHHBIX YPOBEHb MOHO-
IIUTOB HaXOIWJICS B IpeJesiax HOPMBI.

B OnoxnmudeckoM aHanm3e KpoBH ypoBeHb C-pe-
aKTUBHOTO Oenika OBLT MOBBIIICH B mpenenax 5,1 -106
r/ny 55 6epemennsix (50%), k 7 cyTKam JiedeHUs ypo-
BeHb C-peakTHBHOTO Oenka HopMaim3oBaics y 43
(78%) »xenmun, y 20 (18%) 6epeMeHHBIX CHUZHIICS TIO
CPaBHEHHUIO C IEpPBOHAYAJbHBIM, XOTS M ObUI BbIIIE
HOpMHI (5,96 — 81 1/m). [Ipu BeIMCKE TaHHBII MOKa3a-
TeJb OCTaBaJICS HECKOJHKO TMOBBIMICHHBIM (6,73
12r/m) mums y 7 6epeMeHHbIX (6%).

VYposenb neuenounsix ¢epmenros (ACT, AJIT)
ObUT HE3HAYUTEIBHO TOBBIIIEH ITPH MOCTYIICHHH y 11
6epemennoi (10%), npu BeinHCcKe y 4 >xeHuyH (4%).

VYpoBeHb (eppUTHHA Ha NPOTSHKEHUH NpeObIBa-
HUS B CTaloHape ObU1 CHIDKEH y 21 OepeMeHHOH c
anemuedd 10 20ur/™Mia. Tonbko y 2 GepeMeHHBIX ypo-
BeHb (peppuTHHa oX0AWT 10 321 HIr/MII.

OcranpHble MOKa3aTeIH OMOXHMHYECKOTO aHa-
JII3a KPOBH OBUIH B TIpEAETax HOPMBI.

Koarynorpamma y 6epeMeHHBIX ¢ KOpOHaBHPYC-
HOH nH(pEKIMel He uMela CyIMECTBEHHBIX 0COOSHHO-
creil. Ilpu mocTymieHuH B CTallMOHAP MMEJIO MECTO
CHI)KEHHE TI0Ka3aTels aKTHBUPOBAHHOTO YaCTHYHOTO
TpoMmOHuHOBOrO BpemeHnu (AUTB) B mpenenax 21-22,4
cek y 7 sxeHmuH (6%), npu Beimucke y 2 (2%). [-au-
Mephbl ObUTH TIOBBIILIEHBI B fuano3ene ot 700- 1o 2000
HI/MII y 66 OGepeMeHHON.

ITpn nccaenoBaHNM KPOBY HAa aHTHTENA K KOPOHA-
Bupycy SARS CoV-2 Ig M BrisiBiens! y 30 6epemen-
HBIX (28%), Ig G y 22 (20%).

ITpn ynpTpa3ByKOBOM HCCIICOBAHUH ITIIOAA Ma-
noBoue BeIsiBIEeHO y 10 Oepemennsix (9%), MHOTOBO-
e y 10 (9%). Ilpu nonmiepoMeTpruyeckoM HCCIIe0-
BaHMM MaTOYHO-IIJIALEHTApHOTO KpoBoTOKa yl1 Gepe-
MeHHBIX (10%) BbIsIBIEHO HapynieHue 1A cTerneHu.

Yto kacaercsl JieueHHsi, UMeeTcsi OoJpIuasi pas-
HUIIa MEXy JICYeHHEeM B ampesie u B ceHTs10pe 2020
rozaa. [IpuHIMNMANIEHO W3MEHWINCH TOAXOMBI K JIede-
HUIO KOBHIA y OepeMeHHbIX >keHIuH. Ecnu B anperne
MecCsIe MBI TBITAINCH BO3JCHCTBOBATH NperapaTaMu
Ha caM BHPYC,B CEHTAOpE BBICTPOMIJIOCH IOHHMaHHE
TOTO, 9TO METOABI BO3ZCHCTBHS JJOJDKHBI OBITH HAIIPaB-
JICHBI Ha MATOJOTHYECKHE NMMYHHBIE PEaknnuH, KOTO-
pHIe BEI3BIBAET caM Bupyc. [losTomy, B anpere npu je-
4yeHun OepeMeHHbIX ¢ KopoHaBupycom SARS CoV-2
UCIIOJIb30BAJINCh AaHTUOMOTUKH B BUJIC MOHOTEPAIIUU U
B KOMOMHAIUSX B CPEJHUX TEPANEeBTHUECKHX J03aX.
Tak MOHOTepamnus a3UuTPOMUIITHOM HUCIIOIB30BAIaCh y
28% OepeMeHHBIX, 1ieanocrnopunamu y 12%. Komou-
Hanuio nedagoCIopuHOB ¢ a3UTPOMHIIHOM TI0JTydasa
50% OepeMeHHbBIX. J[MUTETbHOCTh aHTHOAKTEPHAIIb-
HOH Tepanuu mooupasach HHAUBUAYaIbHO B COOTBET-
CTBHH C KIIMHUKO-TIA00PaTOPHBIMHU JAHHBIMU U COCTAB-
ssina ot 10 go 20 gueit. Tonbko 10% He nmostyyanu aH-
THOMOTHKHM. Y  TOJOBMHBI ~ OEpeMEHHBIX K
aHTHOAKTEPHATFHON Tepanmuu J00aBICHO JICUEHHUE
ocerbTaMUBHpOM. [lapaneramon Ha3HaJajcs KaxIou
BTOPOi OEPEeMEHHOM MPH MOBBIIIEHUH TEMIIEPATYPBHI.

B centsa6pe yxe 50 % GepeMeHHbBIX HE MOIydaln
aHTHONOTHKOTepanuio. OceNbTaMUBUP HE HCIIOJIB30-
BaJCs B CEHTS0pe HEe OIHOM MalMeHTKEe ¢ KOPOHABH-
pycHoii uHpekuel. B cenTs0pe mis yraHeTeHus marto-
JIOTHYEeCKOT0 MMMYHHOTO OTBETa, BBI3BAHHOTO KOPO-
HaBUPYCOM  aKTHBHO  Hadajll  HCIOJIb30BATh
KOPTHKOCTEPOHIBI(IEKCaMETA30H) LIS JIeUeHusT Oepe-
MeHHBIX. YacToTa NCIIOJIb30BAHUS IEKCAMETO30HA CO-
cTaBwia B HameuMm uccienoBanue 20%. I'mapox-
CHXJIOPOXHH 100aBiieH K JieueHHIo 17 OGepeMeHHbIM
(16%). AXTUBHO HWCTHOIB30BaNacCh OKCHTE€HOTEPAIIHS
(38%) B OCHOBHOM TaI[UEHTKaM C ITHEBMOHUSMHU.

60 6epeMeHHBIX (55%) MOMyYaTu HU3KOMOJIEKY-
JISIPHBIE TETIAPUHBI B MPOQIIAKTHIECKON 1 IedeOHON
J03€.

Ham npezncraBuiioch MHTEPECHBIM CPaBHHUTH IO-
JIy4eHHbIE JaHHble OEpPEMEHHBIX )KEHIIMH C KOPOHABH-
pycHoit umnpexnmeit SARS CoV-2 ¢ mnHeBMOHHEH
(rpymma 1, 21 venosek) u 0e3 MHeBMOHMH (Tpynna 2,
29 4yenoBek). BuIsBIIEH OCTOBEpHBIE Pa3iInuyus IO t-
kputepuro CteiofenTa (p<0,05) mo ciexyromuM napa-
MerpaMm. Tak manueHTsl ¢ MHEBMOHUEN Yallle ’KajaoBa-
nmuchk Ha kamens (1 rpynma-16 genosek (76+9,5%), 2



42

POLISH JOURNAL OF SCIENCE Ne 47, 2022

rpymma 9 genosek (31+8,7%), ogprmky (1 rpymma-7 ge-
nosek (33+10,5%), 2 rpymma 2 genosek (6,9+4,8%),
o61yto cinabocts (1 rpymma-12 yenosek (57,4+11%), 2
rpymnna 4 uenosek (13,8+6,5%). B obmem ananuze
KpPOBH y OEpEeMEHHBIX C KOPOHABUPYCHOW MH(EKINEH
SARS CoV-2 n nHeBMOHHME# TPH TOCTYTIJICHUH B CTa-
IIMOHAp JOCTOBEPHO Yalle OTMEYEeHa OTHOCUTEJIbHAs
mumoonuronenus (1 rpynma-19 genosek (90,5+6,5%),
2 rpynmna 17 4genosek (56,+9,3%), npu OGmoxmmMmnde-
CKOM aHaJn3e KpoBH ypoBeHb C-peakTHBHOTO Oeika
TaKXe BhIIe y )xeHmuH | rpymmsr (1 rpymma-18 gemo-
Bek (85,7+7,8%), 2 rpynma 7 wenosek (24,4+8%). B
TOXE BPEMs KaJI00bl Ha aHOCMHIO, 3aJI0KEHHOCTh HOCA
Y HaCMODK, MOBBILIEHHAs1 TeMIleparypa Tena (cyogeo-
pwibHas U (eOpuibHast), JEHKOUUTO3 B O0IeM aHa-
JIM3€ KPOBH BCTPEUAIMCH OJJMHAKOBO YacTO y JKECHIINH
o0enx rpym.

4 6epemenHbIe B cpoke oT 211 u 250 mueit Obun
poaOpa3pelIeHs! IyTeM ONepanny KecapeBo CEUeHUE B
CBSI3M C HapacTaHWEM JbIXaTeIbHONW HEJOCTATOYHOCTH
Ha (DOHE MTHEBMOHHMHU Y OEpEeMEHHON M NPHCOETUHUB-
mreiica runokcuer mwioga. M3 oOciaenoBaHHBIX HOBO-
POXICHHBIX (Cpa3y IIOCNIE POXKICHHS INPOBOIMIACH
[P muaraocTika Ha KOPOHABUPYC), TOIBKO y OTHOTO
HOBOPOXKIEHHOTO HMEJCS MonoxutenbHeid TP -
TecT. [IpolieHT kecapeBoro ceueHus coctaBui 42%, HO
HYKHO YYUTBIBATh, 4TO 30% >KCHIIIH UMENH pyOIIsl Ha
MaTKe B aHaMHe3e.

3akioueHue:

[To naHHBIM HAILIETO MCCIIEAOBAHUS KaJOObI IPH
nocTyIieHnu Obuma y 2/3 3a6omeBmmx SARS CoV-2
OGepeMEeHHBIX, OCHOBHBIE )KaI00bI OBLIN HA KallIeb, [0-
BBIIIIEHHUE TEMIICPaTyphI Tella K aHOCMHIO, OepEMEHHBIC
¢ xkopoHaBupycHoi nHpeknueit SARS CoV-2 ¢ mHeB-
MOHHEH IOCTOBEPHO dHallle >KAJTOBAJHCh Ha Kallelb,
OJIBIIIKY, OOIIYO CIT1a00CTh.

B nonasnsironieM GONBIIMHCTBE COCTOsIHUE Oepe-
MEHHBIX ¢ KOpoHaBupycHo uHpexiueit SARS CoV-2
0CTaBaJIOCh YIOBIIETBOPHUTEIBHBIM (82%), HEecMOTps
Ha TO, 4TO y 42% W3 HUX BBIABICHA IBYCTOPOHHSISI
ITHEBMOHMUS.

BocrnanurenbHble U3MEHEHHSI B aHAIM3aX KPOBH
(yMepeHHBIH TeHKOIMTO3, MOBEIIeHIe YpoBHSI C-pe-
aKTHBHOTO 0€JKa) NpH MOCTYIUIEHNH B CTAllHOHAP OT-

MEUEHBI JINIIb y MOJIOBUHBI OEPEMEHHBIX C KOPOHABH-
pycHoit nuadekiueir SARS CoV-2, mis Hux Oosee xa-
paKTepHa OTHOCHTENbHAs JMMQouuToneHust (oTMme-
4yeHa 'y 74% xeHiuH). B Toxxe Bpemst HE0OX0IUMO OT-
METUTh, YTO OTHOCHUTENbHAas JUM(OLUTONCHUS |
noBbIlIeHNe ypoBHs C-peakTHBHOTO OejKa J0CTO-
BEPHO Yalle BBLABIICHBI Y OEpeMEHHBIX C KOPOHABUPYC-
Holt nndpekuueit SARS CoV-2 ¢ nHeBMOHHMEH.

Bepemennsim ¢ COVID-unpexuneir mpoBou-
JIOCh JICYEHHE OJHUM WM HECKOJIbKHMH aHTHOMOTH-
KaMH B CpeHUX TepaneBTHIecKuX no3ax. [lo aBrycra
2020 r. Tonpko 10 % OepeMeHHBIX HE MOTydYaId aHTH-
OouoTHkH I JedeHus KoBuA-MH(peknun. C aBrycra
NIPUMEHEHNE aHTHOMOTHUKOB JUISl JICUEHUS! KOBUJ-MH-
(exnnn y 6epeMeHHBIX pe3Ko CHU3MIoch. HazHaueHue
THJPOKCUXJIOPOXHHA MOHAA00MII0CH 17 OepeMEHHBIM.

[Tpu nonmuepoMeTpuYeckOM HCCIEOBaHUU Ma-
TOYHO-IUIALIEHTAPHOTO KPOBOTOKA HapylieHue 1A cre-
NeHn BBIABIEHBI y Kaxnaoid 10 Oepemennoir SARS
CoV-2, Taxxe KaKk 1 Majio- MJIM1 MHOTOBOJHE.

ITo HamMM TaHHBIM YCTICIIHBIM JICUCHHNE KOPOHa-
BupycHoit mHpexmmn SARS CoV-2 y GepeMeHHBIX
OBUIO y MOJABIIFONIET0 OOJIBIIMHCTBA KECHIIMH: JIMIIb
getbIpeM u3 110 OepeMeHHBIX TOTPeOOBAIOCH JOCPOU-
HOE pOJ0pa3pelIeHHE.
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AHoTAaNis

PosrnsHyTa TinpaBiIivHa MIPHHITAIIOBA CXeMa JBOXIIMIIHAPOBOTO 00 €MHOTO TiJPOIPUBOJA CTPLITH MOOITB-
HOTO TiAHOMHHKA 3 po00Y0t0 TuIaThopMoro. Ha ocCHOBI MaTeMaTHYHOT MOJIEITi IPOCEIEHOTO KepyBaHHS IIBUIKI-
CTIO T1IPOIIITIHAPAMH CKIIQJICHUH PO3PaxXyHKOBHUH allTOPUTM pillleHHs Au(epeHIialbHIX PIBHAHD 32 JOTOMOT OO
nakera MpHUKJIaJHUX IporpaM VisSim. AHaii3 pe3ysbTaTiB pO3paxyHKIB JJaB MOXKJIMBICTb OLIIHUTH 3MiHY THCKIB
B MOPOXKHHUHAX T1APOIMIIHAPIB Ta iX MIBUAKOCTI Ta nepeMimreHHst. i iMiTaniiHOro MO/Ie/IFOBaHHs poOOTH Tif-
PONPHUBO/A BPaXOBYBaJIM 3MiHHI 3HAUEHHS 00’ €My poO0UOi piZIMHK Ta MOTYJIs i MO/IYJISl TPY>KHOCTI B IIOPOXKHU-
HaX TIAPOIMIIHIPIB BiJ IX HEepEMilllCHHS.

Abstract

The hydraulic schematic diagram of a two-cylinder of the hydraulic fluid power boom drive of a mobile lift
with a working platform is considered. Based on the mathematical model of throttle speed control of hydraulic
cylinders, a computational algorithm for solving differential equations using the VisSim software package has
been developed. Analysis of the calculation results made it possible to assess the change in pressure in the cavities
of hydraulic cylinders and their speed and mixing. To simulate the operation of the hydraulic drive, variable values
of the volume of the working fluid and the modulus of its modulus of elasticity in the cavities of the hydraulic
cylinders from their movement were taken into account.

KuiouoBi cjioBa: 00’eMHHUH TigponpuBojl, MOOUIBHIH TiAHOMHUK 3 po60d0t0 TIaTHOpPMOI0, HacoC, Tiapo-
PO3TOIUTBEHHUK, APOCEID, TipaBIiuyHa MPUHIIUIIOBA CXeMa, akeT mporpaM VisSim.

Keywords: hydraulic fluid power, mobile lift with a working platform, pump, valve, throttle, hydraulic circuit
diagram, VisSim software package.

Beryn

MoOuTbHI TIAOMHUKA 3 POOOYMMH TUIAT(Op-
mamu (MIIPII) 3Haiinum mmpoke 3acTOCyBaHHS NPH
BUKOHaHHI poOiIT B OYAIBHUIITBI, TEXHOJIOTIYHOMY 00-
CJIyTOBYBaHHI Oy/AMHKIB, CIIOpYJl Ta JIOPIr, NPH JIKBIi-
Janii aBapiif 1 MokeXX y BUCOTHUX OyIMHKax, a TAKOXK
y b6araTbox iHmmx cutyamisx [1]. 3poctaHHs BUCOTHO-
cTi OyziBesb 1 MosiBa BITPOSHEPTETHYHUX YCTAHOBOK

npusenu 1o creoperHst MIIPII 3 Bucororo migiiomy
wiatdopmu 1o 112 M i kopucHor Macoro 10 700 Kr.
[MomepeHiit anami3 mokasas, o 00’ €MHUIA TiIpo-
nipuBo/ (OI'TT) moBcIoJHO BUKOPUCTOBYETHCS IS IPH-
BOJIiB OCHOBHOT'O TE€XHOJIOTiYHOTO (poboyoro) obmaa-
HanHs MITPII, a Taxkox 11 IpUBOy NIEpPeCyBaHHS ca-
MOXIZIHUX 1Iaci KOJiCHOTO Ta TYCEeHHYHOTO THIiB [2], i
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3abe3neuye Oe3MneKy IepcoHally, IO 3HAXOMWUTCS Ha
pobouiii mrardopmi

[IpakTHYHO TIOBHA BIJICYTHICTh CIHEIiAILHOL
HaykoBoi Jiteparypu 3 OI'TI mias MIITPII € mixcraBoro
JUIA HAIIMCAaHHA Li€l CTaTTI.

Oraspg nitepatypu

Crarnunnii po3paxynok OI'Tl MoOiIbHUX MalIMH
PI3HOTO MpPU3HAYEHHS JIOCUTDH AETAbHO PO3MIISTHYTHH
B poboTax [1; 3].

Amnariz po6oru OI'Tl 3 gpocenbHIM KepyBaHHIM,
30KpeMa 3 BUKOPHUCTAHHSIM PETYIATOPIB IOCTIHHOCTI
BUTPATH, PO3TISTHYTHI B poboTax [4; 5].

Maremarnuni  mogmem  guHamikn  OI'Tl 3
BUKOPHCTAaHHSIM ITaKeTiB NpHKIaHUX nporpam SIAM
i momaneire VisSim posrmsHyTi B poborax [6...8].
Cnin BigsHauuTH, mo B podoti [8] B crmami OI'TI
JOMKpaTa OypOBOI YCTaHOBKM PpO3INISIHYTI TaKOX
MaTeMaTHYHI MOJEI OKPEMIB TiIPOIPUCTPOIB.

B pobori [9] posmmsHyTOo  imiTauiiiHe
MonemoBaHHs auHamiku OI'TI pymeoBoro KepyBaHHS
TpaKTOpa 3a JOMOMOTOI0 TiOPOUMIIHIpIB, ane Oe3
ypaxyBaHHs 3MiHH 00’eMiB poboduoi piguau (PP) B ix
MOPO’KHUHAX.

TakuM 9YUHOM, M TPOBEICHHS MOJEIIOBAHHS
podoru OITl migitomy crpimaz MIIPII-XHAY
NPUIHATE pIIIEHHS 3a JONOMOIOI MaTeMaTHYHHX
MoJieJieldl POBECTH PO3PAaXyHKH THUCKY Ta LIBHIKOCTI
TIIPOLMIIHAPIB 3 ypaxyBaHHSAM BIUIMBY 3MiHHHX
3Ha4YeHb 00’eMiB PP B moposkHHMHAX TiAPOLMTIHAPIB,
Moysl mpyxHocTi PP Ta BHKOHATH aHai3 BIUIUBY
TUIY APOCEIIS Ha Yac MepeMilIeHHs TipOIMIIiHIPIB.

Crizx BiAMITHTH, 110 aHAJ3 AHHAMIYHUX XapaKTe-
PHUCTHK, 30KpeMa 3MiHH MBHAKOCTI Ta THCKY B OI'TI Bix
yacy peryJIfoBaHHS BUTPATH Yepe3 IPOCeNb 1 30BHIMI-
HBOTO HaBaHTAXKCHHS, MOAYJIS IPYXKHOCTI 1 00’ eMiB PP
B 1X MOPOXKHMHAX € BAXIMBOIO CKJIAZ0BOI0 YaCTHHOIO
cTBOpeHH: cyyacHux MIIPII.

OcHoOBHaA YacTHHA

Ha puc. 1 300paxkena po3paxynkoBa cxema OI'TI
ninidomy-onyckanns crpiaun MITPITI-XHATY 3a nomno-
Mororo 1Box Tiaponiaapis 11 i 12, sika coBmicTHO 3
rizpozamkom 3M cTBOpioe 6510k A. JIo HaCOCHOT ycTa-
HOBKH BXOJATh IUIACTUHYACTHH Hacoc H 3 mpuBogHNM
enekrpoasuryHoMm E, HamopHwmii ¢pinsTp @ 3i 3BOpOT-
HuM kiamanoMm KO Ta igikaTopom 13 3a6pymHeHOCTI

PP, 3ano6ixnwmit knaman KIT vHenpsimoi il (Mae ocHO-
Bamid KII1 Ta mimotHuit KI12 ximamaHu THCKY), MaHO-
metp MH 3 nepemukauem [IM, eneKTpOKOHTAKTHUM
tepmometp T, moBitpsiauii pinsTp C (camyH), 3arpaBHa
ropiosuna @31 ta rigpobak B. [yis peBepcyBaHHs Ha-
MIPSIMKY TEepEeMIIIeHHs T'IPOLMITIHAPIB BCTAHOBIICHUI
TPUNO3ILIHHUA YOTUPUIIPOBITHUH TiIPOPO3MOIUIEHUK
P 3 enekTpomMarHiTHUM KepyBaHHSIM (€JIEKTPOMAarHiT
no3HaueHi sk Y1 1 Y2). Buxigni otBopu Ai B rin-
poposnozinsHuka P noenHani 3 rizpozamkom 3M py-
kaBamu Brucokoro Tucky PBJI1 i PB/I2. [ns perymo-
BaHHSI LIBUKOCTI MIOPIIHIB BCTAHOBJIEHUH pocens JIP
3 MPONOPIIHHUM eJIeKTpoMarnitoM Y 3. Bucokuii Tuck
HarHiTaHHsa Hacoca H i Tuck micist apocens JIP mo3na-

YeHi K pH i pl , BimnoBigHO. OTBOpH 31HBY PP B

rizpobak b mo3HaueHi OykBMU T , T1iT2.

3 mertoro koHTpOIs podotn OI'TI Ta foro kepy-
BaHHS BCTaHOBIIiHI mepeTBoproBaui Tucky I1J{1 i TI12
B OE3IUTOKOBHX Ta IITOKOBUX OTBOPAX, BiIIOBIHO, TA
NEPETBOPIOBAY CHHXPOHHOTO IEPEMIICHHs IITOKIB
AI1. Brok ympaBmiHHSA Ta CHTHAJIB IEPETBOPIOBAUIB
J03BOJISIE 3a0€3NECUUTH PEBEPCYBAHHA Ta 3MIHIOBATH
LIBHKICT mepemimienHs rigpomwtinapis 11 i 112 3a
JIOTIOMOT 010 eJIeKTpoMarHiTiB Y1... V3.

Ha mroka rizpouminiHApiB TiI0Th CHIIH OIIOpPY 30-

BHIIIHHOTO HABAHTAKEHHS F

3y » TUCKY PP, Hamisey-

XOro F 1 pIIMHHOTO F

p ! PY p.-Tp
MatemaruaHoi mozxeni OI'Tl mpuitmMaeMo HacTyIHI 10O-
MyILEHHs [6]:

— xoedinientn Butpatu L, mineuicts P i mo-

tepts. [Ipu moOymoBi

OyJb E o6 emnoi npyskHocTi PP npuiiMaemo mocTiii-
HUMH, PIBHUMH CEpeTHIM 3HAUCHHSIM;

— HexTyeMo BuTOoKamu B enemeHnTax OI'Tl B mopi-
BHSHHI 31 3HAYEHHSIMH BUTPAT B IOPOXKHUHAX T1APOIH-
TMHApA;

HE BPaXxOBYEMO XBWJIEBI IIPOLIECH B TPyOOIPOBO-
Jlax 3 MPUYUHY TX HEBEJIHMKOI JOBXHHH 1 BEJTUKOTO JIia-
MeTpy;

— THCK Ha BUXOJli Hacoca ), Tpu BKJIKOYEHHI po-

3MOAUTHPHAKA MIPUHMAEMO TTOCTIHHUM, KU HAJIAIITO-
BaHUI1 3211001 XHUM (TIepenBHIM) KinananoM KI1.
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Puc. 1 — Pospaxynrosa cxema ounamixu OI'TI cmpinu MIIPIT-XHALY

BisbMemo 3a ocHOBY maremaTuyny mozenb OI'TI noctynanbHOro pyxy [6] 3 ypaxyBaHHSIM HPHUHSTHX J10-
MYIICHb J1a 3 BBEACHHIM JIOTIOBHEHb, SIKi TIOB’53aHi 3 BUKOPUCTAHHSIM JIBOX MapajieibHUX TiAPOUMITIHIPIB, Iepe-
MIHHUX 3Ha4eHb 00’ €MiIB OPOKHHUH TiPOLMIIHIPIB 1 3aBJAHHSM BUTPATH Ta 30BHIIIHBOIO HABAHTA)XKEHHS B I10-
BHOMY IMKJIi TiIHOMY TiAPOIMIIHIPIB 32 JOMOMOTO0 YHCIOBHX O10KiB Map-VisSim.

BuTtpara B nopurHeBux nopoxxHuHax rigpoumtinapis L1 1 12 mae ¢popmy 3anucy

V.. +2S, -y dp
:28 . 11 il . 1
QHH II V+ E dt

: M)

i B HopManbHii Gopmi Ko BizHOCHO moxigHOT pl 3HaIEMO 3HAUYEHHS TUCKY

t.
dpl_QHH_ZSH'V,E- _ k
dt V, +25,-y pl_gdpldt' ?

sIKe TP 3pYUHIH 71 aHali3a po3MipHOCTI
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—6 2
dpl:QHH—ZSH-V_E:JI/XB—6O-10 - 2(MM -M/C)MHa:
d V_,+2S,-y n+107° - 2(Mm* - M)

1/ xB—60-107-211/xB

— Ml]a,
a1+107-2n
Mae BUITISA
- t
dpl_QHH_6O'1O3'ZSH'V.E- _ d dt
- 3 ’ pl - p1 ’ ®)

dt V,+107.2S, -y 2

ne \Jy; — Butpara PP kpisk apocenb Ha BXOAi B TiAPOLMIMHIPH, JUXB,

S

TiAPOLMITIHAPIB MAEMO ZSH ), MM?,

g — heKTHBHA MIOLA NONEPEYHOTO Nepepisy MOPIIHEBOI IOPOKHUHU AlaMETPOM Dr[ [Mm] (@t oBYX

V — mBuakicts nopusis, m/c,
y — HepeMIllIeHHS IOPIIHIB, M,

VHH — noyartkoBuit 06’eM PP B MOpIIHEBUX MOPOKHUHAX, M,

E - Mozynb npyxHocti PP, MITa.

Butpara PP B mITok0oBHX MOpOKHHHAX T1iPOLMIIIHAPIB AOPIBHIOE

er[ = 28]]]1'[ ) V +VIHH - 2ESHIH . y ' ddF:-z 7 (4)

Yy B HOpMaJIbHIHM (opmi Ko BigHOCHO TTOXiqHOT p2 3HalIeMO 3HaYEeHHS TUCKY

t.
dpz _an_zsnm'v, . _ 7\
&tV + 250y pz_gdpzdt' :

sIKe TIPH 3pYYHIH I aHaji3a pO3MIPHOCTI Ma€e BUTIISL

dp, _60-10°-2S, -v—Q,

t,
- 1. E; p,=|dp,dt. (®)
d VvV, +10°.25 -y ? gpz

ne Qum — Butpara PP kpi3p 1pocens Ha BUXOJI 3 TiAPOLMIUH]PIB, JI/XB,

TUTOIAMH TTOPIITHSA Ta MITOKA (I ABOX T1IPOIFIIiHAPIB MaEMO ZSHJH ), MM?,

o G(I)CKTI/IBHa JI01a NornepeuIHoro nepepi3y MTOKOBO1 NOPOKHUHU J1aMETPOM, SIKa 5 PI3HUIICIO MK

an — IO0YaTKOBU 00°’eM PP B mITOKOBHX MOPOKHUHAX, b ve

PiBHSAHHS pyXy IITOKIB HABAHTAKEHUX TiAPOIIIIHAPIB Ma€ BH]

t, t,
vz%[zsnpl—zsm P, = Fp = Fop—Fop | v=£\7dt, yzi\/dt' @

ne M — maca pyxomMux gacTuH cTpinm, K,
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F. = FTpO : Sign V — cuna maniscyxoro teprs, H,

Tp
FTpO — Moayns Tepts, H,
Fp.Tp = ﬂ -V — cuna pinuasoro teprsa, H,

B — Koe(imieHT PiTUHHOTO TEPTS.

SKmmIo po3B’A3aTH cUcTeMy PIBHAHB (2; 5 Ta 7) BITHOCHO OJHI€T 31 3MIHHAX
pl' p2 , V 1a y , TO OTPUMAEMO HeJIiHilHI, HEOAHOPIIHI AU(EepeHIliabHe PIBHAHHS TPETHOIO HOPSIKY.

JIJ1 0THO3HAYHOTO BHPIMICHHS HEOOXITHO MaTH B pO3MOpsKeHHI moyaTtkoBi ymoBu (I1Y). ITY ymoBH 11 THCKIB
3aa€MO 3 PiBHSHHS CTATUIHOI PiBHOBAr TiPOLMIIHAPIB 3 MAKCHMAIGHIM 30BHIITHIM HABaHTaKESHHSM, 10 TAKOXK
Jla€ MOXJIMBICTH BCTAHOBUTH MaKCHUMaJIbHE 3HAYEHHS THCKY HAa BHXOJI 3 HAcOCY, TOOTO 3HAYCHHS HaJAIITYBaHHSI
3anobixHoro kianaxa KII.

Pimennst piBHSHHS piBHOBaru 0e3 ypaxyBaHHS TiJJpOMEXaHIYHHUX BTPAT B I'IIPOLIIIIHAPAX BIAHOCHO THCKY Ha

X BXO.Ii pl Ma€ BUTJIAL

— F3H _281'[111 ) p2 M

= IIa, 8
P 25, a (8)

Z[CF

A 30BHIIIHE HABAHTAKEHHS (SaSBH‘Iaﬁ 3a1al0Thb MAKCUMaJIbHE CTATHYHC 3HAYCHHA F -
2 H’

3H 3H.MaKC

p2 — TUCK Ha 37BI (BiX0[i) 3 TIAPOLMIIHAPIB, 3HaUeHHS sikoro npuiimaror 0,2...0,5 MITa.

TakuMm YHHOM, B IHTEIpaTOPH BCTAHOBIIIOEMO BiATIOBITHBI 3HAYCHHS pl i p2 .

Juist ITY mIBHIKOCTI BCTAHOBIIIOETHCS 3HAYCHHS BCTAHOBICHOTO PYXY T1IPOIMIIIHAPIB 32 GopMyI1or0

Qun

V =——F— wk. (15)
"~ 0,062,

s ITY nepemimeHHs 3a1aeMo y(O) =0 - nouarox nepeMileHHs.

[oBHMIT Yac mepeMileHHs TiAPOIMITIHAPIB 3 TOBHAM XO/I0M |H BH3HAYAEMO 32 (popMyIIor0

\|/_n:10_3 ,:006-28, (¢ q04h2S, )

I juing T

t=10"°

Jiis konkpetHoro MITPIT-XHAJLY 3 ypaxyBaHHSIM |H =650 mm, ZSH =12717 mm? Ta = 12 1/xB Maemo

MOBHUH Yac MepeMilIeHHs TTOPITHS t- 41,5 c.
CniBBiTHOIIEHHS BUTPAT Yepe3 MOPIIHEBY (OE3IMITOKOBY) MOPOKHUHY QHH Ta WTOKOBY mopoxxuuny J,

3HAHIEMO 3 BiJIOBITHUX PIBHSAHB IS IBUIKIOCTI

Qrm ) Smn
S

I

QHH — QIJ_IH — QI.H]'I
25 25 -2S_ 2S

Q.. = , Tak K V= (17)

Juiies

[ToyaTkoBi 00’€MH B MOPIIHEBHX VHH Ta IITOKOBUX IOPOKHUHAX VHln T1APOIMIIIHAPIB € 3MIHHAMH 3a-

BJISIKI TIEPEMIIIICHHSAM TOPIIHIB 1 KOJIM, HAIPUKIIAJ, CTPiia MiAiHMaeThCs 3 TPOMIXKHOTO TTOJIOKEHHSI, TO TIOTPiOHO
BH3HAYaTH HOBI MOYATKOBI 3HaueHHA 00’eMiB. ToMy U1 BH3HaueHHS 3Ha4eHb 00’eMiB PP, mo 3HaxomsTecs B
TIOPIITHEBIH 1 IITOKOBIH NOPOKHIHAX 3aJISKHO BiJl IepEeMiIIeHHS TOPIITHIB, 3aITUIIEMO
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Vnn.y :VTp +1O_328n Y, VHm.y :Vrp +V (1- 1) , S, (18)

1. MaKce I
o

, . . . . . .
ae VTp — 00’eMm PP B Tpy0OompoBoiax, riApopo3noibHIKY 1 Tipo3aMKax, sIKHH MPUHMaeMO HOCTIHHUM 11
HAIOPHOI Ta 3TUBHOI MaricTpaiet, M3,

Vnm Make — MACHMAalbHU 00°€M WITOKOBUX OPOKHHMH I'APOLMIIHAPIB, KU BIIIOBI1a€ MAKCUMAJIBLHOMY

X0y HOPILHS |H = Y axe e,

Js mpoBeieHHs quHaMiuHOro aHanizy OI'TI ckopuctaeMocs 004YHCITIOBaTbHIME O10KamMu TakeTy VisSim 3
ypaxyBaHHSM BUKOpUCTaHHs OnokiB Variable. JIyist oTpuMaHHS HUX XapaKTePUCTHK CKOPUCTAEMOCS] METOIOM iH-

terpamnii Pyare-Kyrra geTBepTOTO MOpAAKY 3 IMCKPETHICTIO A= O, 001¢C 5 nianasoni no tK = O, 025¢.

AHaNizy OiIATaloTh  3aJICKHOCTI, OTPHMaHi Ha BIJUOBITHUX IUIOTEpax pl (t) p2 (t) Ta

Ap(t) = pl(t)_ p2 (t)B MIla, an(t) B JI/XB, V(t) B M/C, y(t) B MM, Ta FSH(t) B H.

PesynbraTn po3paxyHky 00’emiB PP B TpyOonpoBoiax Ta MOpIIHEBHUX TOPOXKHUHAX NIPUBECHI Ha puUC. 2.

= || = || 23

[ ]
=

Quim, nixe

:

|:| 1 1
0 20 40 60

Time (sec)

Puc. 2. Pospaxynox 06 ’emie PP ¢ mpybonpogodax ma nopunegux
(VHH =2 om®...10,26 0M*) i wimokosux (VIJJH =77 om*...2 om)

NOPOIACHUHAX 2IOPOYUTIHOPIB 3a NOBHULL YAC NePeMILeHHsl NOPUIHIE 3 MAKCUMATLHUM XOO0OM |H =650 mm

[NamiHHA TUCKY B MITOKOBIH MOPOXXHUHI HIDKYE HYIIS, TOYNHAIOUH 3 31 ¢ IepeMileHHs TiIpOIrTiHApPIB (pHC.
3), mpu3BoAUTh 10 HeOe3OeuHmx sBuml Kapitamii B OI'TL. ns MiIBUINCHHS THCKY B INTOKOBHX MOPOKHHHAX
BCTAaHOBJIOIOTH 3a3BUYAi 3BOPOTHI KJIAMlaHH, ITOBITOMIICHI 3 TiqpoOaKoM, a00 BCTAHOBIIOIOTH TiAPOKIIATIaHHA THCKY,
ortperynboBati Ha 3HaueHHs 0,2...1,5 MIla. [Ipuknan po6orn OI'TI 3 miAHATTSM THCKY B IITOKOBHX MOPOKHHHAX
Ha 1,5 MIla HaBeneHo Ha puc. 4. Ciij 3a3Ha4NTH, IO TPH ITYYHOMY ITiJIBUIIEHH] TUCKY B IITOKOBUX MOPOKHUHAX
ABTOMATHUYHO 301IIbLIYETHCSI TUCK B IIOPLIHEBHX MIOPOKHUHAX Ha Take K came 3HauenHs 1,5 MIla.

P pl +
m::@j

\_) m = = | == = | == \_p A = = | =
5 1 = 5.0
= » = of » =
<3k = =25
‘é_ / tg_'l_ I:
1 ! ! -[> 22 ! ! ,§; 0 ! !
0 20 40 60 0 20 40 a0 0 20 40 60
Time (sec) P Time (sec) L Time (sec)

Puc. 3. [1adinna mucky @ wimoKo8iil NOPOICHUHI 2I0OPONPUE0Oa Huicue Hyist, nouunaiouu 3 yacy 31 ¢ nepemiwienns
2I0poyuniHOpie
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Puc. 4. Pesynomamu wimyuno2o niosuuyeHHss mucKy 6 WmoKo8ili NOPON’CHUHL p2 na 1,5 MIla oae 1020 nosumu-

6He 3HAYEHHS, WO 3acmepieae BUHUKHEHH Kasimayii

Ha puc. 5 HaBeneHi ocMIIOrpaMu 3Ha4€Hb TUCKY B
MOPIIHEBUX MOPOKHWHAX TIPH OJHAKOBOMY 3HAUCHHI

30BHIIIHEOIO0 HABAHTAXKEHHS F3H= 50000 H 3a uac

0,05 ¢ Ta mpu pi3HUX 3HAYCHHSIX 00’€MIB MOPITHEBUX
Ta IMITOKOBHUX MOPOXHHH, a TAKOXK MOJYJIS PY>KHOCTI
PP. [Ipu upoMy po3riisiiaiuch Taki pexKUMHU:

1. [oprHi 3HaXOASTHCS MOBHICTIO B TiAPOLMITiH-
Jpax 1 nopurHesi (031 TOKOBI) MOPOXKHIUHU MAIOTh Mi-

HIMAJIBHAH ITOYAaTKOBHH 00’€M Vrm: 2 nM°, a mTo-

KOBi TIOPOKHIUHH MArOTh 00’ €M an =7,71 om®. Tpu
TAKOMY PEKUMI 3pYIITyBaHHS MOPIIHIB TiAPOIIITIHAPIB

1 MOZyJl HpY>XHOCTI E - 1500 MITa macumansmit
THCK He niepeBuiye 4,1 MIla (puc. 5,a). 3HHXKEHHS MO-

JyJIsl TIPYXKHOCTI 10 = 500 MIla nae migBUIICHHS
THcKy 10 8,9 MIla (puc. 5,0), 0 TOCHTH CYTTEBO, TaK

X o || =3 | &=
5
» =
£ 0
=
0 02 04 06
Time (sec)
a
B o || =R
5
» S
=
= 0
|
0 01 .02
Time (sec)
8

SIK BUIIE 3HaYCHHS HanmamrtyBaHHs (6,3 MIla) 3anobi-
sxHoro kiamnaHa KIT nacoca H, mo Bigmosigae #oro Ho-
MiHaJbHOMY THCKY;

2. Kom 3pYIIyBaHHI TiApOIMITiHAPIB
TIOYNHAETHCS TO, KOJIM MOPIIHI 3HAXOIATHCS OJIU3BKO
0 MAaKCHMAaJbHOTO 3HA4YeHHS XOIy, TO IIOYaTKOBI
00’ eMu IpuiitMaroTh 3Hauenn 10,26 av®i 2 amS, Biamo-
BigHO. [Ipy HpOMY IpU MOJYII MIPY>KHOCTI E = 1500
MIla Mmaemo MakcuManbHU# THCK 4,8 Mlla (puc. 5, B),
siki#t Ginbimii Ha 0,7 MITa uum Ha pexuMi 3riTHO pHC.

5,a, a P MOMYJIi TIPY>KHOCTI E = 500 MlIla cyrTeBo
3MmeHIryeTses 3 8,9 MIla no 5,9 MIla (puc. 5,r).
VYpaxyBaHHs 3MIHHUX 3HA4€Hb IIOYaTKOBUX

00’emiB Vnn.y = f(y) i VIHH y = f(y) CyT-

TEBO BIUIMBAE Ha TUCK B JiHIT HargiTanas OI'TI 1 momo-
BHCHHSI MATEeMAaTHYHOI MOJICIIi € TOCUTh KOPEKTHUM U
BaXKJIBHM.

= [@][=]
1 1 1
02 04 06
Time (sec)
6
o || = | =
0
0 1 2
Time (sec)
]

Puc. 5. 3mina mucky 8 ninii HaeHIMaHHs HACOCA 3aNeJCHO 8i0 3HAUEHb NOYamKosux 06 emie PP ¢ nopumesux ma
UIMOKOBUX NOPOICHUHAX 2IOPOYUTIHOPIG NPU IX 3DYULYBAHHI, A MAKOIC 3 YPAXYBAHHAM 3MIHHO20 3HAYEHHs MOOYIIS
npyscrocmi PP
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Jlnst 3aBaHHS BUTPATH Yepe3 Apocelib a00 NPONOpLiiHUHN I'1IpOpO3NOIUIEHUK CKOPUTAEMOCH BiINOBIAHUMHU
PIBHSHHIMU.
Butpatu uepes npocens BU3HAYalOThCS 32 GOPMYIIO0

2Ap

Qup = 60,Ll . Sﬂp , I/XB, (19)

ae M =0,62 — koediuieHT BUTpaTH, sKe € 6€3pO3MIPHUM 3HAYEHHSAM,

S xp — TUIOIIa mepepisy apocens, MM?,

Ap =P, — P, = P, «; — Mepenan THCKiB Ha APOCEN, AKMI 331A€MO SIK 3HAUCHHS HANAITYBAHHS 3aI10-

OixHOTO (TIepenuBHOTO) Kinanana, MI]a,
O — winbhicts PP, kr/m®,

[Tpu 3axaHiii 3riIHO CTATUYHOMY PO3PaxyHKY BHTpPATI Q

p.MaKC 11 n/XB BU3HAEMO MaKCHMAIIbHY IUIO-

IUHY Tepepizy apocess

lep.MaKC

JIp.MaKc -0

o,

S , MM?. (20)

TakuM YMHOM, TIPH 3aBIaHHI mepepisy apocens B 6ioky map-VisSim mMaeMo HOro MakcMManbHe 3HAYEHHS
S = 2,49 MM?.

JIp.MaKc
[Tpu npocenbHOMY peryroBaHHI BUTPATH Ma€ MIiCTO Taka ii 3aJIe)KHICTh BiJl 30BHIIIHBOTO HABAHTaKEHHS

2 2 F +p,2S
=60u-S_ [=Ap, =60u-S_ [=(p,,  ——u "2
Qr[r[ Il’l ap p p;[p Il’l Jp p ( pH.KH 28

I

= ) , /XB, (21)

_ F3H + pZZSmn
2S

I

— mepenaj TUCKiB Ha apocedi, MI1a.

Ae Apz{p = pH.KH

s cripolieHHst bOro PO3paxyHKy NpUHMaeMo p2 = 0,5 MIIa, i Tomi Mmaemo

2 2 F
=060u-S — /A =060u-S — — A , JI/XB, 22
Q. =60u-S,, P JAp,, =60u-S p(pH,KH 28) (22)

I

Sxmo B OI'TI Oyne BukoHaHa 3amiHa npocens AP 3 pydHuM kepyBaHHSIM BHTPATH Ha TiAPOPO3IOAIITEHUK P
3 IPOTIOPLIHHUM KepYBaHHSM, TO 3aJIeKHICTh BUTpaTH PP Mae Burisn (puc. 6)

— i MiH
an,i — “ap.makc I MlIa, (23)

y
Makc I MiH

ae — MakCHMaJlbHa BUTpaTa 3TiIHO CTaTHYHOMY po3pa3xyHKy OI'TI, i1/xB,

JIP . MaKC

Qrm i~ MOTOYHE 3HAUYCHHS BUTPATH, 3aJICIKHE Bi,Z[ 3HA4YCHHSA CTPYMY, J'I/XB,

| j — IOTOYHE 3HAYCHHSI €JIEKTPUYHOTO KEPYBAIbHOIO CUTHANY (CTpyMY), A,

I MAKC - IMiH — Alalla3oH CJICKTPUYHOI'O KEPYBAJIBLHOI'O CUTHAJY HA MMPOMOPHIMHOMY CJICKTPOMATHIT1, A,
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| . — minimanbue 3nauenms €JICKTPUYHOI'0 CUTHAJY, BIJIIOBIHE 30HI HEUYTIUBOCTI MIPOMOPIIHHOTO Tif-

MIH
pOpo3NOAiIbHUKA, A.

[Noni6na 3anmexHICTh MOXe OyTH OTpHUMAaHa MPH PETyIIOBaHHI 3aMiCTh BUTPATH (HaKTUIHUM TEpepi3oM Ii-

JIMHU 30JI0THUKA (IPOCETIS)

Sini = S”p'Ma‘“I ME - /xs, (25)
AU ,u/xs

50 9 pr

40 QMﬂKc A

30

20

10

LA
0 - - - >
02 04 06 08 1,0

:f__x[iin_ Iviaxe _

Puc. 6 — Teopemuuna 3anexcuicmo sumpamu poooyoi piounu 8io0 cmpymy 0Jis BPONOPYIIHUX 2i0pOPOPO3-
nooinvHuka abo opocens

Ha pwuc. 7 Ta puc. 8 mpeacraBieHi 3aJIe)KHOCTI Ta-
pametpiB OI'T] Bix yacy 3a NOBHHIA LIUKII MIEPEMILLICHHS
rizpoumtiHApiB cTpinu. Pexxum Ha puc. 8 mrydHo 3a-
JIaHWil SIK Npu BiACYTHI 3MiHu BuTpatu PP, mo € xapa-
krepHuM 17151 podotu OT'TI 3 perynsitopoM nocTiHHOCTI
Butparu [10]. IIpu 11boMy 4ac MOBHOTO MEpeMileHHS
IITOKY TLAPOLMIIHAPIB ckianae 46 C, a NpH ypaxy-
BaHHI 3MiHM Tomaui PP uepes apocens 3aBasku 3miHi
nepenajy TUCKIB Ha HbOMY BiJl 30BHIITHBOTO HABaHTa-
JKCHHS IOBHUW Yac X0y MOPIIHS 301LTbmmBCsS Ha 16 ¢
i gocsr 62 ¢ (puc. 7), ToOTo mpakTU4HO B 1,34 pasm.
BcraHoBNeHHS PEryaTOpiB BUTPATH Aa€ MOXKIIHUBICTH
MaTH JKOPCTKY (HOCTiiHY) XapaKTepHUCTHKY IIBUAKOCTI
MepEMIIIEHHS TIAPOLMITIHPIB HE3aICKHO BiJl 3HAUCHD
30BHIIIHFOTO HaBAaHTAXXEHHS, 110 CKOPOYYE Yac mepe-
MIIIIeHHS TiaporTiHapiB. [Ipy nboMy Yac 301TbIICHHS

30BHIIIHHOIO HABAHTAXKEHHS 10 an =50000 H oxna-

KOBHH i ckitagae 42 c. b1 KOPEeKTHAM Ma€ IpUKIa,
KOJIM Yac HaBaHTaXeHHs ckopodeHuit mo 0,05 ¢ 1 iMi-
TyeThCsl poO0Ta JOMKpaTa 3 MOCTIHHIM HAaBAaHTAXKCH-
M. [Ipu poMy MaeMo 9ac TIOBHOTO MiZHOMY BaH-
Taxky B 76 ¢ ipu poOoTi 3 ApocerneM (puc. 9), sIKHii CKO-
pouyeThes 10 45 ¢ mpH 3aMiHi APOceNs Ha PEryssiTop
Butparu (puc. 10), TodTo Ha 31 ¢, 10 € pe3ynbTaTOM 3i
CHiBBiHOIIECHHsM B 1,7 pa3u.

Ha puc. 11 npuseneni ociusorpamu podoru OI'TI
[pU BUKOPUCTAHHI MPOMOPIIIHOTO APOCEIIS 3 TUCTaH-
IfHUM KepyBaHHM, 1€ 3MiHa IUIOII Mepepi3y SKOro
nae 3MiHy BUTpat PP, mBuakocTi Ta nepemimieHHs rija-
POUMITIHAPIB.
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Puc. 7. 3anesxcnicmo 308HiUHb020 HABAHMAICEHHS HA YAC NepeMilyeHHs 2i0pOYUNIHOPI8 HA NOGHULL XOO |H =

650 mm (62 ¢) npu sukopucmanni Opocensi 6e3 QyHKyii pe2yismopa nOCMitHOCME UmMpamu
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Puc. 8. 3anescnicmo 308HiUNb020 HABAHMAIICEHHS HA YAC NEPeMIlyeHHA NOPUHSL 2IOPOYUTTHOPA HA NOBHUL XOO

IH =650 mm (45,6 ¢ ) npu suxkopucmanni Opoceins 3 QYHKYIEIo pe2yiamopa noCmiuHoCmi umpamu
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Puc. 9. 3anesxcnicmo 308HIUHBbO20 HABAHMAICEHHS HA YAC NePeMIUeH s 2I0POYUNIHOPI6 HA NOGHUL XOO |H =

650 mm (76 c) npu suxopucmanni Opocenis 6e3 QyHKyii pe2yasimopa noCmitiHoOCmi UMpPamu npu 3pOCMAHHI 306-
HiwHnb020 Haganmasjcenns 3a 0,05 ¢
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Puc. 10. 3anexcuicms 306HiUNb020 HABAHMAIICEHHA HA YAC NepeMiuyeHHs 2I0POYUTIHOPIE HA NOBHUL X0O |H =

650 mm (45 ¢ ) npu suxopucmanni Opocenst ¢ PyHKyicto pe2yasimopa nOCMIUHOCMI UMpamu npu 3pOCMAaHHI 30-
8HIWHbO20 Hasanmadxcents 3a 0,05 ¢
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Puc. 11. Poboma OI'TI npu 3MmiHHUX 3HAYEHHAX NIOWI OPOCEsL 34 OONOMO2010 NPONOPYIUHO20 eNeKmMPOMASHIMAa

BucHoBku

1. PesynbTaTi iMITalliOHHOTO MOJICTIOBAHHS MTOB-
HOTO LMKy NepeMIllIeHHs T1pOLMIIHIPIB CTPUIH MMij-
HOMHHKa Jal0Th MOXKJIMBICTh NPOAHANI3YBaTH Xapak-
Tep 3MiHH THCKY B IOPOXHUHAX T1APOIIUTIHAPIB 1 IpH
BUSBJICHHI 3HIDKCHHS THCKY Ha 3JIMBI IO KaBiTaIlilOHHOI
HeOe3MeKkr BYaCHO BBECTH HEOOXiTHI KOPEKTHBH B PO-
00Ty TimponpuBo/Ia.

2. TlokazaHo, 10 TPH ypaxyBaHHI MepeMiHHHX
3HAYCHb 00’ €MIB MOPIIHEBUX MOPOXKHUH MPH MEPeCy-
BaHHHSX TiJPOLMIIHIPIB CYTTEBO 3MIHIOKOTHCS KOJIHU-
BaJIbHI IIPOLIECH B I'iIPONIPHBO/Ii i TOMY € IPABOMIPHUM
BIAIIOBIIHE JOIIOBHEHHS MaTEMAaTHUYHOI MOJIEIII.

3. BusHaueHH CyTTE€BUI BIUIMB MOIYINS IPY>KHO-
CTi po0OYO0T PiAMHYN HAa KOJWBAHHS THUCKY B TiAPOIpPH-
BO/JIi, IO MiATBEPIKY€E HA HEOOXiTHICTH IPH HOTO eKC-
TUTyaTallii peTeTbHOTO OYHIICHHS P1IWHH BiJl YaCTHHOK
HEPO3YMHSIHOTO MOBITPSI.

4. IlpoBeneHo iMiTalliiiHe MOJEIIIOBaHHS poOOTH
TiponpuBo/a 3 ypaxyBaHHSIM BHKOPHCTaHHS PETYJIs-
TOpa BUTPATH, 1110 JI03BOJISIE 3a0€3IIEUNTH )KOPCTKY Xa-
PaKTEPUCTUKY BUTPATH 1 CKOPOTHUTH MEPEMILIICHHS I10-
PILIHIB HE3aJI)KHO BiJl 3HAUYEHHS 30BHIIIHBOI'O HABaH-
TaXKEHHSI.

5. Ioxa3aHa MOXJIMBICTH AMCTaHIIHHOTO Kepy-
BaHHS POOOTOIO TiAPONPHBOAA IIJIIXOM BUKOPUCTAHHS
MPOTOPLIHHOTO YIPABIIHHS JPOCETBHOIO IIUIMHOKO Ti-
JIPOPO3IIOIITbHAKA 200 peryssTopa BUTTIATH.

6. Ji1s mojanpIIoro yroYHEHHsI MPOBEJCHUX PO3-
PaxyHKIB IUTAaHYETHCSI BBEJCHHS B MaTeMaTHYHY MO-
JIeTb TapaMeTpiB, 10 BPaxOBYIOTh (YHKIIOHYBaHHS
TiAPO3aMKiB MK TiAPOPO3MOAITBHUKOM 1 T1APOLMITIH-
IpaMu, (aKTHYHOI XapaKTePUCTHUKH 3MIHM 30BHIMI-
HBOTO HAaBAaHTAXCHHA, a TAKOXX aHAJli3a 3MiHHA THUCKY B
rigpomnpuBoai mpu oro ransMyBaHHi [11].
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«llosondicckuti 20¢y0apcmeentbill MEXHON02UHEeCKULL YHUBEPCUMEm »

MODERNIZATION OF THE STRUCTURES OF LADDER FISH PASSAGES

AHHOTaLUA

Wwedenskaya C.
master's degree
Volga State University of Technology

[Ipennaraercst penieHue Mo COBEPLUIEHCTBOBAHUIO KOHCTPYKIMHU JIECCTHUYHBIX PHIOOXO/IOB C MOMOIIBIO MPH-
MEHEHHs THIpaBINYecKuX cTpyil. [IpeacraBieHo TeopeTnyeckoe 000CHOBaHUE UCTIONB30BAHHS THAPABIHYECKUX
CTpYH JUIsl IPOIyCKa PHIOBI U3 HU)KHETO Obeda B BEpXHUit Obed.

Abstract

A solution is proposed to improve the designs of ladder fish passages using the use of hydraulic jets. The
theoretical justification of the use of hydraulic jets for the passage of fish from the lower reaches to the upper

reaches is given.

KiroueBble cioBa: BOAOXPAHWIHIIIC, pr6OXO,I[HLIe COOpYKCHHA, HCPECTOBAS MUI'PALIUA pLI6bI.
Keywords: storage pool, fish passes, spawning migration of fish, natural reproduction fish.

B Hacrosimiee BpeMsi BHYTpEHHHE BOJHBIC ITyTH
CTpaHBI, IPEACTaBIAIONINE COO0H TPaIUITHOHHBIE Ty TH
MUTpAU KaK JXHUJIbIX, TaK U IMPOXOAHBIX pBI6, B 3HaA-
YUTEILHON CTEIICHU SBJISIOTCS HNCKYCCTBCHHBIMU (Ka-
HaJIbl, BOJOXPaHMUIINILA U PEKU, PEXKUM KOTOPBIX CYIIIE-
CTBEHHO H3MCHCH BO3BCJIACHUEM THAPOTCXHHUYCCKUX
COOPY>KEHHH) U ITOYTH HE OCTAIOCh €CTECTBEHHBIX, T.€.
CBOOO/IHBIX peK M 03ep. Bo MHOI'MX ciydasx 3To Ipu-
BOJIUT K HApYIICHHUIO YCIOBUI Pa3BUTHS U CYIIECTBO-
BaHMs uxTHo(ayHsl. K TaknM HapynIeHUsIM OTHOCSTCS
MepEeKPBITHE MUTPALOHHBIX IyTeH PbI0 THAPOY3IaMHy,
M3MEHEHHE PeXUMa HEPECTIIINII B BOJOXPAHMIIUIIAX,
3aXBaT MOJIOAU B BOJ03a00pHBIE COOPY)KEHHMsI, TPaB-
MHpOBaHUE €€ pa3IMYHbIMU UHKEHEPHBIMU COOpYXKe-
HUSAMH U CKOPOCTHBIMHU CyJaMU, U3MCHCHUC PEIKUMaA
pacxonoB U YPOBHEW BOJBI B peKax IPU PErysnpoBa-
HuH cToKa [ 1]. Bee 3T0 pe3ko MeHsIeT yCIIoBHSI BOCIIPO-
M3BOJICTBA PBIO, 0COOEHHO MPOXOIHBIX M MOIYIPOXO.I-
HBIX, KOTOpPbIE HAryJIUBalOTCA B MOPE, 03€pe, BOLOXPa-
HUJINILE, HU30BbSAX KPYIMHBIX PEK, a JUI1 Pa3MHOXKEHUS
3aX0MT B PEKU U NOJIOMHBIE cucTeMbl. CoKpalarTcs
apeastsl Ux odbutanus. {1 cHwkeHus ymepoa, npuan-
HSIEMOT'0 TUAPOCTPOUTENBCTBOM Ha peKax, U KOMIICH-
Callny €ro MpaKkTHKa OTEYEeCTBEHHOTO PHIOHOTO XO35H-
CTBa MPEAYCMATPUBACT HCIIOJIB30BAHUEC pPAd MEP 110
BOCIPOM3BOJICTBY PHIOHBIX 3aIIacOB: CTPOSIT PhIOOpPa3-
BOJIHBIE XO3SIICTBA M 3aBOJBI, IPOBOIAT MEIHOPAIIHIO

HEPECTIUTHII, B COCTaBe THAPOY3JIOB YCTPAUBAIOT PBI-
000XpaHHbIE THIPOTEXHHYECKUE coopyxenus. On-
HaKO 3TH Mepbl HE PEUIAIOT B MOJHOW Mepe CTOsIIUe
poOJIEMBI.

OpHoM U3 BaKHEHIEH U TPYIHO peraeMoi Ipo-
61eMoit M3 BCero KOMIUIEKCa 3a7ad, CTOAIMIMX Mepen
PBHIOHBIM XO3SIICTBOM HA COBPEMEHHOM 3TaIe, sBJsi-
eTcs 3a7a4a 00eCIIeYCHHUS IPOITYCKa Yepe3 THIPOY3IIbI
[EHHBIX MOIYJISIIHA PBIO, HAYymKX Ha HepecT. OHa sB-
JSeTCA ICHTPANBHON B Jelie COXpaHEHHS €CTeCTBCH-
HOT'O BOCIIPOHM3BO/ICTBA MMPOXOIHBIX U ITOTYTIPOXOIHBIX
pBI6. HecMOTpst Ha CTONETHIOIO MCTOPHIO MPHMEHE-
HUS PHIOOTIPOITYCKHBIX COOPY)KCHHI B COCTaBE THJ-
pOY3JIOB, BONPOCH MX pa3pabOTKH, MCCIIEIO0BaHUM,
NPOCKTHUPOBAHMS, CTPOUTEIHCTBA M DKCILTyaTallu1 HE
MTOTEPSIIN CBOEH aKTyaJbHOCTH M CETOHS.

CymiecTByIoIye B HACTOSIIEE BpeMs PHIOOIIPO-
MTYCKHBIE COOPY)KEHHUS, KAK U3BECTHO, EJSIT Ha PbIOO-
XOJIBI ¥ pBIOOTIOIbeMHUKH [2]. B ppIOOX01ax peIOkI TIe-
peMermaroTcs Oaroaaps uX akTHBHOMY JBIDKCHUIO Ha
BCEM MPOTSHKCHUHU PHIOONIPOITYCKHOTO YCTPOWCTBA, a B
PBIOOIIOIBEMHUKAX — 332 CYET PabOTHI CAMOTO COOPY-
JKCHUS, TJIe PBIOBI HE 3aTPaYyMBAIOT COOCTBEHHOW JHEP-
THH Ha IIPEOJI0JICHIE BOJHOTO HAIOPA.

Pr16omogseMHUKN 001aIal0T PSIIOM CYIIECTBEH-
HBIX HEIOCTATKOB: IMKIHUYHOCTH ICHCTBHUS; HECOOT-
BETCTBHE OMOJOTHYECKUM OCOOSHHOCTSM PHIO; HAIH-
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YHe ABMKYIIUXCS 3JIEMEHTOB, OTIMYHE YCIOBUII BBI-
ycKa pbI0 B BEPXHUH Obed) OT peUHBIX YCIOBHIA; CIIOK-
HOCTb B dKCILUTyaTauuu u ap. [3, 4, 5]

Pr160x0/1b! SIBIISIIOTCST HAKOOJIEE PACTIPOCTPaHEHHBIM,
WCCIIE/IOBAHHBIM M IIIMPOKO HCIIOJIB3YEeMBbIM Ha MPAaKTHUKE
BHJIOM PBIOOTIPOITYCKHBIX cOOpyKeHuid. OHM TpescTaB-
JSIFOT 000 OTKPBITHIE KaHAJIbI, BBHIIIOJIHEHHBIE C I10-
CTOSIHHBIM WJIM TIEPEMEHHBIM YKJIOHOM IO AJuHe [3, 4,
5]. B cBoeti paboTe prI00X0/IBI HCIIOIB3YIOT €CTECTBEH-
HOE CTPEeMJIEHHUE PBIO MITH HA HEPECT IIPOTUB TCUCHUS.
ITosTomy ycioBus mpoIrycka peid B ppIO0X0oaax OIM3KH
K €CTECTBCHHBIM yCJIOBHAM. B ocHOBE paboTHI eHCTBY-
FOIIMX PHIOOXOIOB JIKUT TEXHOJIOTHS CO3/IaHUS TPAH3UT-
HBIX TEUEHHH C OJaronpUSATHBIM Ui ABHXKEHUS PBIO
THIPABINYECKUM pEeKUMOM. CrielManbHO OpraHu30-
BaHHOE TPAH3UTHOE T€UYEHHE UCTIONIB3YIOT JUIs IPUBJIE-
4eHHs PbIO B ppI00X0/1, OPUCHTANH U CTUMYJISILIMU UX
JIBIDKEHUS TI0 €ro MaplIeBbIM KamepaM, a Takxke ¢ Iie-
JIBIO CO3/1aHMsI YCIIOBHH ISl OTABIXA PHIO B BOZOBOPOT-
HBIX 30HaX, OPMHUPYEMBIX KaK B MapIIEBBIX KaMepax,
TaK ¥ B KaMepax oTasIxa. He cMOTps Ha oueBHIHbIE 10-
CTOMHCTBAa THeEpe] PBHIOONOABEMHUKAMH, PBHIOOXOIBI
MMEIOT OYCHb CYNIECTBEHHBIH HEJOCTATOK, 3HAYH-
TENIBHO, @ B OTJACJIBHBIX CIy4asX U IOJHOCTBIO CHHXKA-
formii 3¢ (HeKTUBHOCTH phIdompoIrrycka. JlaHHbI HeIo-
CTAaTOK 3aKJII0YaeTcs B clienyrouieM. V3BecTHO, 4TO
JUISL BOJJOXPAaHWIIUIL XapaKTePHbI PeryssipHbIe TEXHO-
JIOTUYECKUe KoJeOaHusl yPOBHS BOJBI, IPUBOISIINIE K
M3MEHEHHIO Ha THJPOY3Jie Mepenaga Mexay Obedamu.
OnHAaKO OT IMOCJEIHEro HampsSMyl 3aBUCHT CKOPOCTb
TPaH3UTHOTO TEUEHWS T10 JUTMHE PhI00X0AHOTO TpakTa. [To-
9TOMY OHA TaK K€ MOJBEPIKEHA PETYISIPHBIM KOJICOAHFISIM.
3TO NPUBOAUT K HAPYIICHUIO YCIIOBHI 3()(heKTHBHOTO IpO-
MycKa pbIO, TMOCKOJBKY OOJBIIMI PacuyeTHOTO IIepernan
Mexay Obedamu upeBarT (GOPMHpPOBAHHIO B PHIOOXOJE
HEIpPEOJI0NMMMO BBICOKHX U PBIO CKOPOCTEH TPaH3UTHOTO
TEUEHMsT, MEHBIIIHMI — TIOBJIEUET 3a CO00I cnaboe BhIEIe-
HUE TIPUBJICKAIOIIEro nuieliha U OTCYTCTBHE YCIOBUIA IS
MOCTYTIATEJILHOTO JB)KEHHS PBIO MPOTHB TEUESHHUS BBEPX 110
PpBIOOXOTY.

[pumeHeHne THIPaBIMYECKUX CTPYH B paboTe JiecT-
HUYHBIX PHIOOXOIOB OYy/IET CIIOCOOCTBOBATH CTAOMIT3AIN
TUIIPABINYECKUX YCIIOBUI Il YCHEIIHOTO IPOITYCKa PhIO
13 HIDKHETO Obeha ruipoysia B BepxHuii Obed [4, 5].

Teopernueckoe 00OCHOBaHHE TEXHOJIOTHH HC-
TI0JIb30BaHUS THAPABIMYECKUX CTPYH U NPOIycKa
PBIOBI M3 HIDKHETO Obeda B BepXHHU Obed 3ariioyva-
ercs B crenyromieM (puc. 1). B nonepednoii neperopoyixe
2, pazaersiomme Obehbl THAPOY31a, BRIIOIHSIOT PHIOOTIPO-
myckHoe oteepctre 3. Ilo mepmMerpy maHHOTO pPEIOO-
MIPOITYCKHOTO OTBEPCTHSI 3 CO CTOPOHBI BEPXHETO
Opeda ycTaHABIMBAIOT CTpyeoOpasyromue HACaIKu 4.
[Ipu mctedeHnn BOABI Yepe3 STH Hacagku 4 obOpasy-
I0TCSI JIBa psAJia NapajuIeNIbHBIX THAPABIMYECKUX CTPYH

5, IMEIOINX HEKOTOPYIO0 HayalbHYIO CKOPOCTh VOn'

Ha HexoTOpOM paccTosHUM X; OT TONEPEYHOM mepe-

TOPOJIKK 2 MPOUCXOIUT B3aUMOACIHCTBHE CTPYH BOJIBI,
T.€. IPOUCXOIUT 00pa30BaHKUE CYMMApHOT0 MOTOKa 6 ¢

Ha4yaJIbHOM 0CEBOM CKOPOCTHIO VX o- Bemmunny VX 0

Ha4yaJIbHOM OCEBOM CKOPOCTH CYMMAapHOI'O IOTOKa 6
MOYKHO HAWTH U3 clieaytomiei 3aBucumoct [4, 5]:
2 1

VOndOEnbgn
0= Px
9514(h, —b,)

rae (Py — CKOPOCTHOH Oe3pasMepHbIH Ko3(du-

@)

LIUEHT, ONIpPEAENsAEeMbld OMNBITHBIM IyTEM, VOn —
HayajbHas CKOPOCTb MCTEUEHUs OJUHOYHOU N-il TUa-

PaBIMYECKOH cTpyH, M/C; dOn — anameTp N-To cTpye-

oOpasyromiero Hacamgka, M; b3 — pacCTOSTHUE MEXKIY

OCSIMH CHMMETPHH TapaJUIeTIbHBIX THIAPABINYECKUX
CTpYHi B psinty, M; NN — KONMYECTBO MapauIeNbHBIX TH/I-

paBHuecKkux cTpyii B pay; h 3 — PacCTOSHHE MEXTY

psnamH (TITIOCKOCTSMH pacTpOCTPaHEeHNs) Mapalieib-
HBIX TH/IPABIMYECKUX CTPYH Ha BBIXOJE M3 HACAIKOB,
M.
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Puc. 1. Cxema co30anus 30Hbl «HACMUYHO PAGHBIX 0AGACHUNY OJisL RPONYCKA PblO, UOVWUX HA HepeCm, Yepes
I'TC: 1 — so0ocnusHotl 10mokK (pblb0X00HbLI mpaxkm), 2 — nonepeunas nepecopooka, 3 — pploonponycKHoe om-
sepcmue; 4— cmpyeobpasyrouue Hacaoku, 5— psovl NAPAIIETbHBIX UOPABIUYECKUX CIPYU, 6 — CYMMAPHDbLIL NO-
MOK, 7— 30HA «4ACMUYHO PABHBIX 0ABNeHUlly, 8 — npusnexkarowul nomok, 9— sacpaoumenvuulii Kozvipex;, YHB —
YposeHb HudicHe20 bvea; YBE — yposens sepxuezo bveppa, By — dasnenue na c6oboonoii nosepxnocmu, H —

6EIUNUHA HANOPA CO CMOPOHDL 8epxHe2o bveda, h— enybuna noepysicenus ocu ennvignozo omseepcmus; \p —

CKOpocCmb npusJjiekaroujeco nomoka, VOn — HA4ajJbHas CKOpOCMb UCMe4eHus eudpagﬂuqecmx cmpyﬁ u3 Hacao-

Ko8, VX 0~ HAuyauibHas oceeds CKOpOCmb CYMMApPHO2O NOMOKA, X —ocb pacnpocmpanerus CyMmapHo2o no-

moka, ¥ — paccmosiHue om nonepeyHoll nepe2opooKu 00 30Hbl 63aUMOOCCMEUs. CMPYI 600bl, Xo — PACCMOSL-

HUe 0m NONepeyHoll nepe2opooKU 00 30HbL KYACMUYHO PAGHBIX OABIEHUILY

CyMMapHbIii MOTOK, 0Opa30BaHHBIH IBYMs psi-
JamMu N mapajuleNnbHBIX THAPABIMYECKHX CTPYH,
UMeeT B CBOEM Ha4aJbHOM CEYeHHHU (Ha pPacCTOSHUHU
X{ OT TONEPEYHON MEPETOPOKH) PO MOCTOSHHBIX
OCEBBIX CKOPOCTEN. J/laHHOE 1pO UMEET B IEPBOM IIPHU-
Oommkenun (GopMy TPAMOYTOJIBHHKA M, COOTBET-
CTBEHHO, Ka)/1asl YacTHIA XUIKOCTH sIpa TEUCHUS B

3TOM CE€YeHHH OYJIET UMETh CKOPOCTh, PABHYIO VXo
n3 BeIpakeHus (1). Torma cymmapHBIN TOTOK MOXKHO
paccMaTpuBaTh, KaK IUIOCKOMAPAIENBHYIO CTPYIO C
HavyaJlbHOM CKOPOCTHIO VX 0 3aK0oH U3MEHEHHs Oce-

BOM CKOPOCTH [aHHOHM IUIOCKONApaIeIbHOW CTpyHU
MOXeT OBITh NPE/ICTABIICH CIIEYIOIEH 3aBUCHMOCTBIO

[8]:
_const

VX - \/; Py

Vy gbsn

2
X @)

rae X — PacCCTOSAHUEC OT HAYAJIbHOI'O CCUYCHUS CyM-
MapHOro 1noToka 10 paccMaTpuBacMOIo y4dacTKa IIO-

ToKa, M; Py — K03QOUIKMEHT MPONOPLUUOHAILHOCTH,

OTIpEJIeNIIEMBIN OMBITHBIM ITyTEM.
Kak BumHO U3 BBIpaXeHus (2), Mpu AadbHEHIIEM
pacnpocTpaHEHUH CYMMAapHOTO IOTOKa €ro ocesas

CKOpPOCTh VX OyIeT yMEeHbIIATHCA. DTO MPOU3OUAET
3a CUeT MYJBCA[MOHHBIX CKOpOoCcTeH (oI b MOTOKa

F yBenmumsaercs) u ckopoctn mpoTHBOTEUEHHS, 3a-
BHCAIIEH OT niepenana 6bedoB Ha ruapoysie. Ha Heko-

TOpPOM paccTosHuM Xo (puc. 1) oceBas CKOpPOCTb pac-

NIPOCTPaHEHUsI CYMMapHOI'O IIOTOKa VX IIPUMET 3Ha-
4yeHns ONMU3KKE K HYJIO M IMOTOK B HAIPaBICHHUH OCH

X zaruxner. Takum 06pa3om, IpoM30HAET 06pasoBa-
HUE 30HBbI «4aCTUYHO PABHBIX AABICHUI» 7, KOTOpas
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obecreunT OecTpensaTCTBEHHBIN MPOITYCK PHIO B BEPX-
HUH Obed rmapoysna. Ho mist ycmemrHoro mporycka
pBIO, UayImux Ha HepecT [3 — 5], uepe3 pprooxoa Heoo-
XOJMMO HAJIMYHME YCTONYMBOTO MPUBJICKAIONIETO WA

TPaH3UTHOTO TedeHHs 8. BennumHa ckopocTH Vp

TIPUBJICKAIOIIETO PHIOY TOTOKA 8 3aBHCHUT OT Pa3HHIIBI
JaBICHHI B 30HE «4aCTUYHO DAaBHBIX HaBICHHI 7:

Psp —naBnenne cymmapuoro noroka (ruapasimude-
CKOTO ymHopa II0TOKa) Ha PACCTOSHUU Xo OT IIOIEped-
Hoit neperoponku 2 u Ry — nasnenne cosnaaemoe

nanopoM H co cropons Bepxuero 6beda.
Jasnenne Ry wa ocu priGonponycknoro otsep-
CTHsl, co3maBaeMoe CTonaboM Boasl BeicoToir H co

CTOPOHBI BEpXHETO Obeha MOKHO 3aIHCATh, HCIIONB3YsI
OCHOBHOE ypaBHEHHE THIPOCTATHKH [5], B BHIE:

Rv =pgH +pgh +F, )

rje P — IUIOTHOCTh BOABL, KI/M%;  — yCKopeHHe
cBo6oanoro nagenus, m/c’; H — penmuuuna nanopa co
CcTOpOHBI BepxHero Gbeda, m; N — ray6uua morpyxe-
HHSL OCH PHIGOTIPOITYCKHOTO OTBepeTHs, M; Py — nas-

JICHUE Ha CBOOOJHOM MMOBEpXHOCTH, [1a.

I'mppaBnuueckuii ynop, co3gaBacMblii cymMMmap-
HBIM BOJHBIM ITIOTOKOM MO>KHO BBIYHCIIUTB, HCIOJIB3YS
cienyroliee BeipakeHue [4]:

P'=pFVZ, (@)

rae P — IJIOTHOCTh BOJBI, kr/m®;, F — mromans

CCUCHUA CyMMapHOFO IIOTOKa, M2; VX — OCeBasd CKO-
POCTh CYMMApPHOTO TIOTOKA, M/C.

Torz[a JaBJICHHUC HpOTI/IBOTe‘IeHI/IH PSP , CO3aaBa-

€MOC€ CyMMApHBIM IMOTOKOM, MOXXHO TaK K& OIpeaec-
JIMTh C UCIIOJIb30BAHUEM OCHOBHOI'O YPAaBHCHUSA T'HAPO-
CTAaTHUKHU U 3alIUCATh B CJICAYIOLICM BU/IC:

2
Psp =pVx +pgh+Fy. 5)
ITpu 06pa3oBaHNY 30HBI YACTUYHO PABHBIX JaBJIe-

HUU TaBJICHHE RN CO CTOPOHBI BEPXHETO Obeda cpas-

HACTCA C AaBJICHUEM ITPOTUBOTCHYCHUA PSP , CO3/1aBac-

MbIM CYMMAapHBIM MOTOKOM. J[pyrMMH CIIOBaMH MBI B
TpaBe MPUPABHATH MIPaBbIe YaCTH BEIpakeHuH (4) u (5),
T.€. OIYyYHM

pgH +pgh + R, =pV)% +pgh+PRy.  (6)

[Tocne cokpaimeHuit ¥ TpPUBEICHUS I10JIOOHBIX,
BeIpaxkenue (10) mpumer BuI:

Vx =+/0H , (7)

rae VX — CKOPOCTh CyMMapHOTO (BOJHOTO) TO-
TOKa, M/c; {J — yCKOpeHHe CBOOOJHOTO NaJIeHus, Mm/c?;

H — Bennuuna manopa co ctopons! Bepxuero oneda,
M.

W3noxeHHBIE BBINIE PACCYXKACHUS 00 YCIOBHH
CO3JIaHUs 30HBI «9aCTUYHO PaBHBIX JABIICHHUI) HE YIU-
THIBAIOT BIIUSHUS KEKTHUPYIOIIUX CIIOCOOHOCTEH
CTpY# Ha OOIIYI0 KAPTHHY HEUTPATIH3aIAU BCTPEIHOTO
TedeHus. JlaHHOE BIIHSHUE SBISICTCS CYIIECTBCHHBIM U

MO3TOMY MM TIpeHeOperaTh Helb3s. OHO 3aKI09aeTcs
B cleayromeM [4]: 3aTOIUICHHBIE CTPYH, BUTA’ICH B
Macce KUIKOCTH TeX K¢ (PU3MYCCKUX CBOWCTB, OYIyT
BCAaCBIBaTh, U BOBJICKATh B IBUKCHUC YACTHUIIBI XKUIKO-
CTH OKPYXKaroIleil uX cpefibl. 3a CYeT 3TOro OyAET Mpo-
HCXOJUTh IKEKIHUS HEKOTOPOTO JIOTOJHUTEIHHOTO
00beMa KHUIKOCTH C HIKHETO Obeda B BepXHUit Obed,
yBemmumBas Beicotry H co cropons Bepxnero Gbeda.
3T0 OyneT MpomOIDKATECA 0 TeX HOp, MOKa BETMINHA
nanopa H co cropons! Bepxuero 6peda He nocTUrEEeT

KakKoro-To MakKCHUMaJIbHOTO 3HAa4YCHHUA Hmax- C yBE-

JIMYCHUCM BCIIHNYHHBI H pacCTtossHuEe OO0 30HbI 4a-

CTHYHO PAaBHBIX NaBICHUH Xo OyJET yMEHBIIATHCA U

npu 3Hauenusx H = Hmax paccrosune Xp = Xy,

T.C. HACTYNACT PaBHOBCCUC BCTPCYHBIX MOTOKOB BO/IbI
(HpI/I yCJI0BUH, YTO HaYaJIbHbIC CKOPOCTHU HUCTCUCHUA

THIPaBIMYECKUX CTPYH VOn =CoNnst). B ciyuae ko-

raa H > Hmax (BeJ’II/I‘II/IHa JAaBJICHUS CO CTOPOHBI

BepxHero Obeda OymeT HpeBHINIATh THIPABIMYCCKHHA
yIOp CYMMapHOIO IIOTOKA) NPOHCXOIHMT OOpaTHBIH
nporecc: U30BITOK BOJBI JBHIKETCS CO CTOPOHBI BEPX-
Hero Obeda yepes prIOONPOITyCKHOE OTBEPCTHE B HIK-
Huii Obed. TakuM crocoOOM MOXHO CO34aBaTh NPH-

BJ'IeKa}OH.II/Iﬁ IIOTOK CO CKOPOCTBIO VP Ha BXOAC BO PbI-

6onpomnyckHoe oTBepctHe. ClenoBaTeNibHO, 30HY
«JaCTHYHO PaBHBIX JABJICHHUI» B MEPBOM MPHOIHKE-
HUM MOXHO PacCMAaTPUBATh KaK HAYAIIbHOE CCUCHUE
CYMMAapHOTO TMOTOKa, M Ul Hee OyIyT CIpaBe/IIHBhI
BCE paHee MOJyYCHHBIE COOTHOIICHHS, & MaTeMaTHIe-
CKOE YCIIOBHE OOPa30BaHUS 30HBI «YACTUYHO PABHBIX
JaBIeHMUID» (7) IpUMET BUA:

Vyo=+/gH . (®)

Beipaxkenue (8) Mo cBoeMy BUAY COBNAAALT C U3-
BECTHOU (OpMyYJIOil ISl OTpesieNieHnsi CKOPOCTH IBH-
JKEHUS! )KUJKOCTH P €€ UCTEUEHUH U3 OTBEepCTHS [8].
3TO rOBOPHUT O TOM, YTO TOJydeHHOE ycioBue (§) He
HIPOTHBOPEYHUT N3BECTHBIM IOJIOKECHHUSIM THIPABIUKH.

Taxum 06pazom, U1 CO3aHNs YCTOHUUBOTO MPH-
BJIEKAIONIETO (TPAH3UTHOTO) MOTOKA JOJKHO BBIMOJI-
HUTBCS CIIEAYIOIIEE YCIOBHE!

Vyo<+/gH . 9)

Brimonuenue ycnous (9) MOXXHO JOCTHYB JOCTA-
TOYHO TPOCTBIM CHOCOOOM, U3MEHSSI BEIHYUHY

HadaJIbHOM CKOPOCTH MCTEUCHUS CTPYH VOn , KoTopas

BXOJUT B BbIpakeHue (1) 1u1s onpeneseHust CKOpoCTH
V.

BO3MOXHOCT HMCIIONB30BaHUA —IpeasiaraeMon
TEXHOJIOTHH JUIsi TIPOITyCKa PbIO M3 HIDKHEro Obeda
THJpOY3J1a B BEpXHUH Obed Oblia MpoBepeHa SKCIepH-
MeHTaJIbHO. B ombITHOM OacceiiHe ObIIM IPOBE/ICHBI
HCCIIEIOBAaHMS PaclpOCTpaHEHUs JBYX psgoB N ma-
paJUIeNIbHBIX THPABIUYECKUX CTPYH BO BCTPEUYHOM
noroke. OHM BKIIIOYAIH B Ce051 ONBITHI 110 H3Y4EHHIO:

- BEJIMYMHBI MaKCHMAJIbHO BO3MOXXHOTO Haropa
H co cropons Bepxnero Gbeda, yaepxuBaEMOro
CYMMapHBIM TIOTOKOM BOJIBI;
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- 30HBI YACTUYHO PABHBIX IABICHUI;

- ycioBUH U (DaKTOPOB, BIUSIOIINX HA CO3AaHHE
MPUBJICKAIOIIETO IOTOKA;

- BO3MOXXHOCTH HCIOJIb30BaHUS THAPABIUYECKUX
CTpYH AJIsl TPOIyCKa PhIO, MIYIIMX HA HEpPECT 4epes
THIPOY3€ll, C HCIOJIB30BaHUEM MOJIETBHBIX PHIO.

[IpennoxxeHHass HOBasi TEXHOJIOTHS HCIIOJIb30Ba-
HUS TUAPABIMYECKUX CTPYH IS MPOIycKa pHIOBI M3
HIDKHETO Obeda B BepXHHUK Obe() TT03BONIMIa HAMETUTD
MyTH COBEPIICHCTBOBAHHUSA KOHCTPYKIMH JIECTHHIHBIX
pBI00X0I0B. B HUX ycTaHaBIUBAIOT MOMIEPEYHBIE TIEPE-
TOPOJKH C PHIOOTIPOITYCKHEIM OTBEpCTHEM, paboTaio-
M{E IO TPELIaracMoi TEXHOJIOTHH HCIOJIb30BAHUS
THIPABINYECKUX CTpYH. B o0leM ciydae MOXHO wHc-
TOJIK30BaTh TPH BapHaHTa pa3MeILEeHHs MONePEYHbIX Hepe-
TOPOJIOK:

.

2

HITY

YBb
& min

[
1

g
|\

- OJHOBPEMCEHHOE Da3MCIIEHHE B BEPXHEH M B
HWKHEH yacTH peidoxona (puc. 2);

- B BEPXHEH 4acTH (B BBIXOJHOM OTOJIOBKE) PBIOO-
X0/1a;

- B HIDKHEH 4acTu (BO BXOJHOM OT'OJIOBKE) pBIOO-
xoza.

Ecnu ypoBeHb HIDKHero Obeda mMeeT Makcu-
MaJIbHOE 3Ha4YeHHe, a YpOBEHb BEpXHETro Obeha MUHH-
MaJIeH, TO CUCTEMBI CTPYeoOpa3yomHX HACaIKOB PbI-
OOMPOIYCKHBIX OTBEPCTHH, BHIIIOIHEHHBIX B BEPXHEH
U B HIDKHEHN Hapy>KHOH MONEPEYHOMN NEPErOpPOIKE Phl-
60x0/1a, OTKITFOUEHBI M 0€3IeHCTBYIOT, TOTIa PEIOOXO
OyzmeT (GyHKIMOHHUPOBATH B pecypcocOeperaromem pe-
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Puc. 2. Cxema npoooavrozo paspesa 1eCmHuuHo20 poid0ox00d ¢ HAPYHCHLIMU NONEPEUHBIMU NePecoPOOKaMU,
Pa3MeujeHHbIMU 8 BePXHEll U 8 HUMICHeU yacmsx pvlboxooa. 1 — 6000ciusHol 10moK (PblOOX0OHBIN MpaKm),

2 — HapyoicHble nonepeunvle nepe2opooku, 3 — peibonponyckusie omsepcmus; 4 — cmpyeobpasyoujue HAcaoKu,
5 — Koanexmopul 051 numanus cucmem cmpyeoopasyrowux Hacaokos, 6 — numarowuil Hacoc, 1 — eHympeHHue
nonepeynvle nepe2opooku, 8 — baccetinvl ppiooxoda,; 9 — 06800noU numarowui mpyoonposod, 10 — 3adsusicku;
11 — psaowr napannenvhvix euopagruveckux cmpyi, 12 — 30ne1 «yacmuuno pasuwix oagnenuuy, 13 — nanpasnenue
npugnexaouje2o (MpaH3umHozo) pvloy nomoxa

Ilpu yBenuyeHUH YpOBHS BEpxXHEro Obeda 0
MaKCHMAaJIbHBIX WK ()OPCHPOBAHHBIX 3HAYCHUH BKIIIO-
Yal0T CUCTEMY CTPyeo0pa3yoUX HaCaIKOB PHIOOIIPO-
ITyCKHOTO OTBEPCTHS, BEITIOJTHEHHOTO B BEPXHEH Morre-
pedHol neperopoike peidoxoma. [Ipu nctedeHnn BobI
yepe3 cTpyeoOpa3yloliue HacaJKh Iepes phloomnpo-
IYCKHBIM OTBEPCTHEM CO CTOPOHBI BEpXHEro Obeda
MOJIYYUM 30HY «4aCTHYHO PaBHBIX JIaBJICHHI», KOTO-
past HO3BOJIMT OCYIIECTBUTH OECIPENATCTBEHHBIN TPO-
IYCK NPOU3BOAMTENEH pbIO B BepxHUil Obed ruapo-
y3Ina.

Takum o6pazom, Gmarogapst 00pa3o0BaHUIO «30HBI
YaCTUYHO PABHBIX JABJICHUI» 00ECIEYNBAIOT MPOITYCK
3aJJaHHOTO TPAH3UTHOI'O PAacXoaa BOJBI 4epe3 pPhIoo-
MPOIYCKHOE OTBEPCTHE, BBHIIIOJHEHHOE B BEPXHEH MO-
MIEPEYHON MEePeropoKe prId0Xo0/a, MoAAepKUBAS pac-
YETHBI ypOBEHb BOJIbl B BEPXHEH MapllEBOil KaMepe

pei6oXoa. DTO MO3BOJIUT B Cllydae YBEIHYCHUS
YPOBHS BepxHero Obeda ruapoysina mnoJjiepxarb pac-
Y€THBIN ypOBEHb BOJbI B MOCJIEAYIOIIMX HHXKEpPACIOo-
JIOKEHHBIX KaMmepax pbhI00X0/Ja M COOTBETCTBEHHO
c(OopMHPOBATH ONITUMAJIFHBIE CKOPOCTH T€YECHUS TPH-
BIIEKAIOILEr0 TPAH3UTHOIO TEUEHHUs 10 BCEH ATTUHE PhI-
6oxo/1a, obecrieunBas TeM CaMbIM CO3/1aHHE OJIaromnpu-
SITHBIX YCJIOBHH TPOIYyCKa pbIObI Yepe3 prrooxo. [pu
YaCTHYHOM CHW)KEHHWH YPOBHS BepxHero Obeda, ¢ Imo-
MOIILBIO 33JIBXKEK YMEHbIIasl MOJady pacxoja BOIbI
CHCTEMY CTPYe0oOpa3yIoIiX HACAIKOB PHIOOIPOIYCK-
HOTO OTBEPCTHS, BHITIOJHEHHOTO B BEpXHEH Momeped-
HOW MEepPeropojake prro0xoaa, MOHIKAIOT M CO3/1aBae-
MO€ THJIPAaBIMYECKUMH CTPYSIMH THAPABIMYECKOE CO-
MIPOTHBIICHUE 30HBI «YaCTHYHO DPABHBIX JABJICHUII».
Tem cambIM JOOHMBAIOTCS MOAJACPIKAHUE PACUYETHOTO
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YPOBHS BOABI B TOCIEIYIOMNX HIDKEPACIOI0KEHHBIX
KaMmepax priooxojia.

Pp160X0/1 TOJIBKO C BEepXHEH MONEepeyHoN epero-
poakoit addexTrBeH IS THAPOY3JIOB CO 3HAYUTENb-
HOM aMIUTUTY101 KoJeOaHusl ypOBHS BepXHero Obeda.
OnHako Takasi KOHCTpYKIHs pbIi0oxoja criocoOHa ya-
CTHYHO KOMIICHCHPOBATh M M3MEHEHHE YPOBHS HUX-
Hero Obeda rumpoysia.

[Ipu moHMXEHNN YPOBHS HIDKHETO Obeda BIIOTH
JO MHUHHMAJIbHOTO 3HAYCHHUS BKIIOYAIOT CHCTEMY
CTpyeoOpa3yonIinxX HACAJKOB PBIOOMPOMYCKHOTO OT-
BEPCTUSI, BHIIOJHEHHOI'O B HUXKHEH [TONIepedHON nepe-
roponke peidoxoma. OOpa3oBaHHAs TakuM 0Opa3oM
30Ha «4aCTHYHO PAaBHBIX JABJICHUI» HA HW)KHEH mone-
peyHOil meperopojke phIOOXO/a MO3BOJUT MOJAEP-
JKaTh pacy€THBIN YPOBEHb BOJBI B MPEIIECTBYIOLIHX
BBILIEPACIIONIOKEHHBIX Kamepax pbldoxoaa B o0cTa-
HOBKE M3MEHSIOIIErocsl HIKHEro YpOBHs Obeda rum-
poy3na. OT0 JOCTUTaloT 3a CUéT MPOIYyCKa 3aJaHHOTO
MPUBJICKAIOMIETO TPAH3UTHOTO TEUEHHS BOIBI Uepe3
PBIOOTIPOITYCKHOE OTBEPCTHE, BHITIOIIHEHHOE B HIDKHEH
MIOTIEPEeYHOI Teperoponke prrooxona. Takol pexum
(hYHKIMOHHUPOBAaHUA PHIOOX0Ja 00ECHIEUUT TaKKe CO-
3/1aHne OJArONPHUSTHBIX YCIOBHH MPOITyCKa PHIOBI de-
pe3 peIOOXOA B YCIOBHSIX M3MEHSIOUIETOCS HIDKHETO
ypoBHs Obedha TuApoy3ia myTéM (GOpMHUPOBAHUS ONITH-
MaJIbHBIX CKOPOCTEH TeueHHsl TPaH3UTHOTO TI0TOKA 110
Bcel UTHE pbIboxoa. PrI00X0a TONBKO ¢ HUKHEH To-
MEPEYHON MEPEropoaKoi Ieaeco00pa3Ho MPUMEHSTh
JUTSL CTJIaKUBAHUS KOJICOAHUH yPOBHS HIDKHETO Obeda.
OH MOXET TaKKe YaCTHYHOTO KOMIIGHCHPOBAaTh M
HETaTUBHOE BIIMSHHUE IOBBIMICHUS YPOBHS BEPXHETO
Opeda ruapoy3Ia Ha yCIOBHUS MpoIycka peid. B aTom
Cilydae, MOJKHO OTKa3aTbCsl OT IIPUMEHEHHS Hacoca B
BEpXHEH Hapy>KHOU MOTMEPEYHON MEPEropoOaAKH PHIOO-
X013, 4TO JIeTIaeT IpeularaeMylo CUCTEMY SHeprocoe-
peraroleil, B KOTOpOi OTCYTCTBYIOT 3aTPaThl 3JIEKTPO-
dHEpruu Ha (HOPMHUPOBAHUE THJIPABIMYECKUX CTPYH.
JlaHHYIO KOHCTPYKIMIO PBIOOXO/a M TEXHOJOTHIO €&
paboThI MOXKHO C BBICOKOH 3((EeKTHBHOCTHIO MPUME-
HSATh Ha TUIPOY3Jax, IIe CPEIHUH YPOBEHb BEPXHETO
Obeda nepxurcs B paiioHe HOPCUPOBAHHBIX 3HAUCHHH.

B ciiyuae oHOBpeMEHHOTO M3MEHEHUs YPOBHEH
BEPXHETO ¥ HWKHETO Obeda ruipoysia ¢ yuéToM Beln-
YMHBl OTKJIOHEHHS B CTOPOHY YBEIMUYCHHS YPOBHS
BEpXHETo Obepa 0T MUHNMAJILHOTO 3HAYEHUSI U YPOBHS
HIDKHETo Obeda B CTOPOHY YMEHBIICHHS OT MaKCH-
MaJIbHOTO 3HAU€HMs Ha BEPXHEH M HIKHEH momeped-
HBIX TIEPErOPOIKaX phi00X0aa (HOPMHPYIOT 30HBI «Ya-
CTUYHO paBHBIX JaBieHHi». [loiayueHHbIe 30HBI «4a-
CTHYHO PaBHBIX JIaBICHUI» JIOJDKHBI 00J1a1aTh TAKUMHU
THJPABINYECKHUMU CONPOTHUBJICHUSIMH, 4TO OBl OHH
MOTJIH 00€CIeYNTh OIMHAKOBBIE PACXO/IbI IIPUBJICKAI0-
IIEro TPAaH3UTHOTO TEYEHUS 4Yepe3 PhIOOIPOITYCKHBIE
OTBEPCTHS, BHITNIOJTHEHHBIE B BEPXHEH M HIDKHEH TIo11e-

PEYHBIX MEPETOPOAKAX. DTU ICHCTBHA IO3BOIAT MOA-
JIep>KUBaTh PACUETHBIN ypOBEHb BEpPXHEH MapIieBOi
Kamepsl pbI00X0/a, NpH JIIOOBIX KosieOaHusx ObedoB
THIpOY3a, odecneynBas IpH 3TOM CO3/aHKe OJaro-
TIPUSITHBIX YCJIOBHUIH MPOITyCKa PHIOBI Yepe3 prIO0X0.

BriBoawl. [Ipennaraemblie moaxosl MoJepHU3a-
LM KOHCTPYKIMI JIECTHUYHBIX PHIOOXOJOB U TEXHO-
JIOTHH MX pabOThI B Pa3IMYHBIX BapUaHTaX IT03BOJISIT:

® BO-IICPBBIX, CYIIECTBEHHBIM 00pa3oM YIIPO-
CTUTP 33721y KOMIIEHCAIINN HETATUBHOTO BIIMSHUS U3-
MEHEeHHE YpOBHEH ObeoB ruapoy3ita Ha BEIHIHHY
CKOPOCTH TIPHBJICKAIOMIETO (TPAH3UTHOT'O) TEUCHIS 110 PhI-
0OXOTHOMY TpPaKTY;

® BO-BTOPBIX, BO3MOXXHOCTb IPHUMEHEHHS JaH-
HBIX TEXHOJIOTHH Ha OOJBLIMHCTBE THAPOY3JIOB, Kak
BHOBB CTPOSIIIUXCSI, TAK U YK€ IEHCTBYIOIINX;

®  B-TPETHUX, POCTHIM U HAJIE)KHBIM CIIOCOOOM
peryjMpoBaTh CKOPOCTH IPHBJIEKAIOMIEro (TpaH3UT-
HOTO0) BOJJHOT'O T€UEHHS;

e B-4eTBEPTHIX, OOecmeumBaTh pecypcocOepe-
TaloINe PEKUMBI PabOTBHI;

®  B-IIITHIX, COOJIOIATh BCE SKOJIOTHIECKUE Tpe-
OoBaHUS OXPaHbI IPUPOJIBL.

BBIOOp KOHKpPETHOTO BapHaHTa KOHCTPYKIIUH
NpeAaraeMoro pel00OXoAa 3aBUCHT OT MHOXKECTBA
(aKTOpOB, OCHOBHBIMH CpPEAU KOTOPBIX SIBIISIOTCS:
KOMITIOHOBKA THIpPOY3/a; TpapHK TEXHOJOTHYECKHX
KoyiebaHuil ypoBHEH Obe()OB THIPOY3Jia; BUIOBOM CO-
CTaB TIOJUICXKAIINX HPOITYCKY PbIO; CPOKH U XapakTep
uX MUrpaiuii peid u ap. [losToMy perieHue mo BeIOOpy
TOTO WJIN WHOTO BapuaHTa JOJDKHO NPHHUMATHCS B
Ka)XJJOM KOHKPETHOM CITydJae.
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AHoTanis

VY cTaTTi pO3TISHYTI CyJacHi TEHICHII PO3BUTKY PECTOPAHHOTO TOCIIOIAPCTBA Ta HATOJIOIIEHO, 10 B YKpa-
iHi chepa pecTopanHOrO Oi3HECY mmepedyBae y mpoleci afanTamii uepe3 mpoOIeMl eKOHOMIYHOTO, MO TAYHOTO
CTaHy 1 maHmeMii. 3 METOI0 CTUMYJIIOBaHHS ITiIIPUEMHHIIBKOT aKTHBHOCTI Y c(epi peCTOpaHHOTO TOCHOAapCTBa
JOLUTHHAM € TIOJJANTbIIIe BIPOBA/KCHHS iHHOBAIIITHUX IMiJXOMIB HA MiANPUEMCTBAX XapuyBaHHs, MOTJIHOJICHHS
cremiaiizalii 3aKiagiB peCTOPaHHOTO TOCIIONAPCTBA, PO3IIUPEHH MiXKHAPOTHIX PECTOPAHHUX JIAHITIOTIB, TIPHUC-
KopeHa pobotu3atis. Lle 703BomTh 3aKiIagaM pecTOPaHHOTO rOCIIoNapcTBa €(peKTUBHO peallizyBaTh HOCIYTH Ta
OyTH KOHKYPEHTHUMH Y PUHKOBHUX YMOBaX.

Abstract

This article was discovered the current trends in the development of the restaurant industry and emphasizes
that in Ukraine the restaurant business is in the process of adaptation due to the economic, political, and pandemic
problems. In order to increase the growth of entrepreneurial activity in the restaurant industry would be great to
continue to implement innovations in the restaurants, deepening the specialization of restaurants, expanding inter-
national restaurant chains, accelerating robotics. This will allow restaurants to effectively provide services and be
competitive in the market nowadays.

Kuro4oBi ciioBa: pectopaHHmit Oi3HeC, 3aKiIa]l pEeCTOPAHHOTO TOCTIOAAPCTBA, IHHOBAIIHHI TEXHOJIOTII.

Keywords: restaurant business, restaurant, innovative technologies.

Cdepa rocTUHHOCTI, IO BKITIOYAE 3aKJIa]IU PECTO-
PAHHOTO TOCIOIAPCTBA, € BAXJIMBUM 1 HEOOXITHUM
eleMEeHTOM (YHKI[IOHYBaHHS Meramnojicy. Po3BuTOK
pecTopaHHOro 0i3Hecy B YKpaiHi € OJHHUM i3 MepCreK-
TUBHUX HalpsMiB HalioHaJbHOI ekoHOMiku. Y 2014
poui B Ykpaini Oyso 3apeectpoBano 17 511 3aknanis
PECTOPAaHHOTO TOCIIOAAPCTBA, Yepe3 ik Leil MOKa3HUK
BraB 10 17 059, me gepes pik — 1o 16 661.

2017 pik Big3HAYHMBCS IIEBHUM BiJTHOBIICHHSM pe-
CTOpPaHHOTO Oi3HECY — CTaTHCTHKAa CBiTYUTH Tpo 17
116 3akmaniB xapayBaHHs, Y HACTYITHOMY POIIi IIeH 1o~
Ka3HUK 301mpImBes Ha 650. 3a pik 10 maHgeMii miamn-
PHEMII BIAKPHIN i€ ONM3BKO THCAYI 3aKJIaMiB, aje y
2020 porri 1e# MOKa3HUK 3yMUHKUBCS Ha piBHI 14 786
[1].

Ccdepa roctuHHOCTI Tix wac maHmemii y 2019-
2021 pokax BW)KHBAJIa SIK MOTJIa 1 CyAsiuu 3 (iHAHCO-
BUX MOKAa3HHUKIB 3aKJIa/liB PECTOPAHHOTO TOCHOAapc-
TBa, 1110 3UINIIWINCS Ta 3HOBY BIJAKPHTI IiJIIPHEMCTBA
a/IaNTyIOTECS Ta MOKa3ylOTh NMOCTYIOBHH «pyX BIIe-
pem».

VY 2021 poky B YkpaiHi cdepa ToOcTHHHOCTI MOKa-
3y€ TEHJEHIIO 3POCTaHHS MOPIBHSIHO 3 aHAJIOTIYHUM
nepionom 2020 poky (TepmIoro poxy naHaemii).

3a pesynpTaTamu 3 cigHs 1o BepeceHsb 2021 poky
00CsI TOProBeJIbHUX HaJXO/KEHb PECTOPAHHOTO PH-
HKy B YKpaiHi craHOBHB npuOim3Ho 19,3 mipa. rpH.

a0o O6mm3pKo 695,8 MIH. 70J., MO MPUOIKU3HO Ha 6
MIIpJ. TpH. abo 218,9 muH. nou., moHan 45,9% — nepe-
BUIIY€E aHAIOTI4HI TToka3Huku 2020 poky.

I HaBiTh 3 ypaxyBaHHsIM (akTHyHOT 1HOIALIT Ha
piBHi 10%-12% 3 novarky 2021 poky Ta HE3HauHOI
3MIHM CEPEAHBOPIUYHOIO Kypcy lojapa, 6adnuMo siBHE
3pOCTaHHS MOKA3HHKIB.

BrieBHeHie MouyBaroTHCS 3apa3 MEpPEKeBi CTPY-
KTYpH 3aKJIAiB XapuyBaHHA, SKi BOJOMIFOTH HEOOXi-
HUMH pecypcamu i pesepBamu. HoBi 3akmaam pecro-
PaHHOTO T'OCIIO/APCTBA «XJIiOHOD» excraHcii JmuTpa
3axomskina Ta Anian KociukiHoi, 3pocTarodi MpoeKTH
«bynpao3ep rpym» Bix pecroparopa Onexcanapa Op-
soBa, «Xommuar emotiiit !FEST» Aunpis Xymo ta 3a-
xnaau Jmutpa bopucosa, HOBI mpoekTH Bix «I apsamx
nepiiBy» 3 OxmecH, a Takok 0araThoX iHIIMX — MiATBEP-
JDKYIOTb 1IE.

Sk i B 2020 poui, cuTyanis 3a opMaTaMu HOBHX
MPOEKTIB ICTOTHO HE 3MIHWIIACS, a TUTBKH «3MIIHH-
nacs» 1 BinoOpaxae 6a)kaHHsS pUHKY PYXaTHUCS B [[bOMY
HaIpsIMKY.

IMonan 80% ycix HOBHMX 3aKJIajiB PECTOPAHHOTO
rocrioapeTsa BigkpuBanucs y 2021 poui y dopmari
kade 9u JeMOKPAaTHIHOTO PECTOPAHY, YUM 3aKJIaIH Ii-
JKPECITIOBAIIN CBOIO I[IHOBY JOCTYITHICTB Ta MPUBa0IIH-
BICTB JIJISl TOCTEH HE3aJI€KHO BiJ] TACTPOHOMIYHOT CIIpsI-
MOBAHOCTI Ta alIeHTUKH [2].
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[ToTouna cuTyaris Io10 PO3NOILTY KiJTBKOCTI 3a-
KJIaJiB MK perioHaMu YKpaiHu iCTOTHO HE 3MiHHJIacs

nopiBHsIHO 3 2020 pokoM i Mae Takuit BUTIsA — iHGOP-
MaIifo HaJaHo B TaOJHIII.

Ta0mums
Posmonin 3akiaiiB peCTOPAHHOTO FOCHOAPCTBA Mixk perionaMu Ykpaiuu y 2021 pori
. . KinmbkicTs 3a-
Perionu Ykpainu o
knanais, %

KuiB Ta 061acth 29,2
3axigHuii perion: BonuHcrka, 3akapnaTtchka, [Bano-DpankiBehKa, JIbBiBChKa, PiIBHEHCHKA, 19.5
TepHomninbebka, XMenbHHIbKA Ta UepHiBelbKa 001acTi !

Lenrpaneuuii perion: Binnunbka, J[Hinponerposcbka, KipoBorpancoka, [lonraBchbka, 13.4
Yepkacbka 001acTi !

[TiBHiynwmi perion: XKuromupcrbka, Cymchka Ta YepHiriBcbka o6aacTi 2,3
[TiBpennuii perion: 3anopispka, MukonaiBcbka, Onecbka Ta XepcoHChKa 001acTi 20,6
Cxiguuit perioH — e XapKiBcbka 00J1acTh 15,1

Jxepeno: y3aransHeHo aBTopoM [CTpyKTypa pO3MOALITY PecTOpaHHOro pUHKY B YkpaiHi 3a 2021 pik. URL:
https://horeca-ukraine.com/struktura-raspredelenija-restorannogo-rynka-v-ukraine-za-2021-god/]

Hesnaunwit mpupicT y nmuToMiit Basi KiBKOCTI 3a-
KJIaJliB PECTOPAHHOTO TOCTIOAapCTBa MOPiBHAHO 3 2020
pOKOM ToKa3anu 3axigHuii perioH (6im3pko 0,6%) Ta
Kuis 3 KuiBcbkoro obmactio (6mu3eko 0,5%).

KwuiB Ta 0611aCTh € OCHOBHOIO JIOKALIEIO Ta KOHIIEe-
HTpAIli€0 HaHOIIBIIOI KITbKOCTI 3aKIaJiB PECTOpaH-
Horo rocrnojapcrsa Ykpainu. [TopiBHSHO i3 3aKiH4YeH-
HiaM 2020 poky, MUTOMa Bara perioHy rnoxasaia IMpu-
pict 6m3bko 0,5% i craHoBUTE 29,2% cepen 3arajibHOT
KIJIBKOCTI BCIX YKpaiHCBKHMX HinnpueMctB. Sk 1 pa-
Hillle, OCHOBHA IXHS YaCTHHA 3HAXOIWTHCS B CTONMII
(6mm3pK0 89%).

JwHamika MpHUPOCTY 3araibHOi KUTBKOCTI 3aKia-
IiB Xap4yyBaHHS mopiBHAHO i3 2020 poxom ckiana 0i-
meie 7,5% i B KiTbKICHOMY CIIBBITHOIICHHI, e Haii-
O1NBLIMIA NPUPICT 3aKIIaiB TOPIBHIHO 3 IHIIMMH peri-
OHAMM KpaiHu.

3aranbpHuUil IPUPICT KITBKOCTI 3aKJIa/1iB pECTOPaH-
HOTO TOCIIOAapPCTBA B YKpaiHi 3arajioM CTAaHOM Ha cep-
nenb 2021 poky nopiBusiHO 3 2020 pOKOM CTaHOBHB
npubn3HO 6% abo Oinbiie 28 THCIY 3akiiaaiB 00CITy-
TOBYIOTh CBOIX I'OCTEH Y BCIX perioHax KpaiHH.

Ha sxanp, KiTbKICTh YKPaiHCHKUX 3aKIIA/IiB PECTO-
paHHOTO Oi3HECYy ICTOTHO MeHIIa 3a mokasHukd 2019
POKy, aJle pHHOK IIOCTYTIOBO BiJHOBIIOETHCA 1 3pOCTAE
[3].

B ocTaHHI HecATHIIITTS B pO3BUTKY 3aKIIadiB pec-
TOPAHHOT'0 T'OCIOJIAPCTBA OKPECIIMINCS TaKl TEHICH-
ii:

e 3anpoBaHKEHHS (HOpPMaTy BUCOKOT KyXHi;

e TOMIMOJCHHS CHeliai3aliil 3aKiaaiB pecTo-
PaHHOT'0 IrOCIOIAPCTBA;

® CTBOPEHHsI Ta PO3IIMPEHHS MIXXHAPOJIHHUX pe-
CTOpaHHUX JIAHIIIOT1B;

® ylOCKOHaJeHHs (opM IIpali Ta BIPOBa-
JUKEHHS JIOCATHEHb HAYKOBO-TEXHIYHOTO MPOTpPecCy.

Cy4acHuMun HarpsiMaMH KyJIiHapoJIoTii
€ (BIOXKH 1 MOJIEKYJISIpHA KYyJTiHapis.

CporonHi KyxHS B CTHJII (PBIOKH IOIIMPEHA Y
BChOMY CBiTi. batpkiBmuHa nporo Hanpsamy — CIIA.

OprokH (KyJTiHapis) — IIe aBTOPCHKUI HAIIPSIMOK,
o yBiOpaB y cebe Bce HalKpalle 3 KyJliHapHUX TPaJIn-
i Cxoxy i1 3axomy. ['apMoHiiiHe 3MilIaHHS CMaKiB,
CTHJIIB, IHTPEII€HTIB 1 KyTIHAPHUX TPAAULIH TAaKUX TO-
MYJISIPHUX KyXOHb CBIiTY, SIK ()paHIly3bKa, iTajiiichka,
KUTalChKa, SITMOHChKA, MEKCHKAaHChKa Ta 1HIII.

V mepexnazi 3 aHTIiHCEKOT MOBHU «(BIOKHY» 03HA-
qae GIUTTS, cruaBy. OblokKH — 1e cuM0i03 KITBKOX
KYJNbTYp He TUTBKH B OIHIN KyXHi, aJie i B OHIH CTpaBi.

Oco6mmBocTi (BIOKH KyXHi:

*  TIO€JHAHHS TEXHOJOTIH PI3HUX KYXOHb B OJI-
Hill cTpaBi;

*  3aCTOCYBaHHs CIeLill Ta pi3HOMaHITHUX iX cy-
Mileil y BeIMKUX KUTBKOCTSIX;

*  OpuUTriHaJbHE I10/IaBaHHS CTPaB;

* BHCOKa SKICTh Ta HATYPaJbHICTh YCIX MPOIY-
KTIB;

*  TIO€THAHHS TPATUIIIHUX TEXHOJIOTIH iHO3EeM-
HOI KyXHI Ii/I MiCIIeBHI CMaK;

* HamaHHI TPAAWLIHHIN CTpaBi HE3BHUYANHOI
(dhopmu o1aBaHHA Ta 0(POPMIICHHS.

3acHOBHMKaMH MOJIEKYJSIPHOI KyXHI BBaxa-
1oThes XiMik Epse Tuc Ta ¢isux snepuuk Hikonac Ky-
pti. [Ipo Takuit BuA ractporomii mouysiu mie B 1992 po-
Kax 13 TOro 4acy MOJISKYJIsIpHA KyXHs CTalla HEeBiJ €M-
HOI0 YacTHHOK 0araTbOX BIJOMHX Ta JIOPOTHX
pecTopaHiB.

MornexyisipHa KyXHs — Il KapJIUHAJIbHI 3MiHU B
BUTJISII Ta TEKCTYPi CTPaBH, 11€ MOJIUBICTH 3a JIOMO-
MOTOI0 Cy4acHHX HAHOTEXHOJIOTIH pO3KJIacTH Oyab-
SIKMH TIPOJTYKT Ha MOJIEKYJIH, CTBOPUTH YHIKaJIbHE CMa-
KOBE TO€JHAHHS, ad0 X HaJaTu CTpaBi HEITOBTOPHOI
¢dopmu. Ll ocydacHeHa racTpoHOMIs, HE IPUHECE KO-
JIHOT ILIKOJM JIFOJCBKOMY OpraHi3My, OCKIJIbKH HaBiTh
HE JMBJISTYMCh Ha BEJUUYE3HY KUIBKICTH (i3UKO-XiMid-
HHX TIPOLECIB 1 IEPETBOPEHB 31 CKIIAIOBUMH CTPaBU —
il CMaK 3aJIMIIAETHCSI HE3MIHHHM.

I"onoBHI MpUHOMH MOJIEKYJISIPHOT KyXHi: 00po0OKa
MIPOAYKTIB PIAKAM a30TOM, eMyJbCHU(iKaisa (3Minry-
BaHHA HEPO3YMHHMX PEYOBHH), cdepudikaris (cTBo-
peHHs pinkux cdep), KearoBaHHs, KapOoHizawis abo
30araueHHs BYTJIEKHCIOTO0, BAKYYMHA AUCTHIISALIS.

OcTtaHHIM YacoM TOpsiA 3 TPAIULIHHIMH TTOBHO-
CEpBICHUMHM 3aKJIaZaMH PECTOPAHHOTO T'OCHOAAPCTBA
3'SIBUIIMCS CTIENiajli3oBaHi MiANMpPUEMCTBA 31 CKOpOUe-
HUM Ha0OpOM IPOTIOHOBAHHX HOCHYT i cTpaB. Cremnia-
Jizarist iX € pisHOMaHiTHOI. PecTopaHn MOXYTh CIie-
miamizyBaTHCH, SK IPAaBUIIO, HA IPUTOTYBaHHI HAIliOHA-
JBHUX CTpaB, Beudepb, CHiAaHKiB. llommpeHHs
HaOyBalOTh 3aKjiaJd pPECTOPAHHOTO TOCHOJAPCTBA
LIBHKOTO OOCIIYyrOBYBAHHS, SIKi CIIELIali3yIOThCS Ha
ramOyprepax i cMaxeHiit kapromi (McDonald's), mimi
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(Pizza Hut, Domino, Little Caesar), Oidmrekcax
(Sizzler), mopenponykrax (Red Lobster), cenapigax
(Subway). Oco6nuBO aKTyaJbHUMH € TEMAaTH4YHI pec-
Topanu: ukuit 3axin, pok-H-poi, ¢pyroon tomo. Ile-
PEBaXHO BOHHM MPOINOHYIOTH OOMEXEHY KUJIbKICTh
CTpaB, aje 30CePe/DKYIOThCS Ha CTBOPCHHI BiMOBIJI-
HOTO HacTpoIo Ta aTMochepH.

[MornmubnenHs cnemiamizalii 3aKiaaiB pecTopaH-
HOTO TOCTIOAAPCTBA NOB’s3aHE 31 CTBOPEHHAM MiKHA-
POIHUX JAHIIIOTIB, SIKi BiAIrpalOTh BYKINBY POJIb Y pO-
3po0r1Ii i IpoCcyBaHHI BUCOKUX CTaHIAPTIB 0OCIyTOBY-
BaHHS.

3arajgoM pHHOK PECTOpPaHHOrO Oi3HECY PO3IOJi-
JSIETHCSL HA TPU CETMEHTH: PECTOPAaHU IIBUAKOTO Xap-
gyBaHHs (QSR), memokparuuni pectopanu (casual
dining) u mpemiansHi pecropanu (fine dining). Ocran-
HIM 4acoM, 3a YMOB PO3LIMPEHHS PUHKY i PO3BHUTKY
KOHKYpPEHIi, oYaad BHUAUIATH TakoX cermeHt fast
casual (casual dining 3 popmarom free-flow), sk Giabm
JIeIIEBE BiATaTyKEHHS CETMEHTY IeMOKPaTHIHI pECTO-
panu (casual dining) [4].

[HO3eMHI cucTeMHn Aany MOIITOBX VIS PO3BUTKY
HaIlIOHATFHIX CHCTEM Ha OCHOBI (hpaHyaiizmary. On-
HUM 3 HEPIINX TaKUX MPOEKTIB CTaJo CTBOPEHHS Me-
PEX HaIlOHATBHUX 3aKIAiB PECTOPAHHOTO TOCTIONAP-
CTBa IBHAKOTrO XapuayBaHHs «LIIBuako», «Mak CMmak»,
«domanins kyxus», «Ily3zaTa xaTa» Ta iH.

VY perionax YkpaiHu 3'SBUIHCS CBOI OpUTiIHAIBHI
mianpueMcTBa, Hanpuknaa «/Jomamuiid kyxap» (Yep-
kacu), «Kapro mapro» (Opmeca), Mepexxa pecTopaHiB
«XXI cromitrs» B Kuesi.

OcTtaHHIME pOKaMH B peCTOpaHHOMY Oi3Heci Yk-
painu opMyeThCS HOBHI HalpsIM — JEMOKPATH4HI pe-
CTOpaHH, M0 MOETHYE B co0i TexHoorii pact-pymy i
SKICTh HalliOHATBbHOT (200 3MilmIaHo1) KyXHi, 0 OTpe-
OYIOTh IHIUBIAYAIFHOTO MiIXOMIY.

CTOCOBHO MiANPUEMCTB PECTOPAHHOTO TOCIIONAP-
cTBa «(pi-hiio» — 1e BIIbHUI PyX SIK BiJIBiyBadiB, TaK
i Dxi. O3HaKM TakuX MIANPUEMCTB — IPUTOTYBAaHHS
CTpaB y MPUCYTHOCTI FOCTEH, BIACYTHICTh O(DilliaHTIB,
BIZIKpUTa KyXHsl, IIMPOKUI acOpTUMEHT cTpaB. Lls xe-
MOKpaTHUYHa KOHLEMIis PECTOPAaHHOrO OOCIYroBY-
BaHHS XapaKTepHa JUIT MepeX «ABTOTPHIIbY, «J]Ba ry-
cakm», «['ypme», «Kaszuno», pectopany «['pabmi» Ta
iH.

CyTtb KoHIEMIIIT «ppi-(h10» MOIAITaE B MAKCUMa-
JBHIA JEeMOKPATUYHOCTI CTOCYHKIB 3 TOCTSMH. BoHa
JTa€ MOJJIMBICTH BiJ[BiIyBa4aM CaMOCTIHHO 0OpaTH Mi-
cre, KOM(GOPTHO PO3MICTUTHCS, OYYBATHCS HEBUMY-
meHo. Bee 1e 3a6e3meuyeThesi MOETHAHHSAM «BiJTOKpe-
MJICHHX OCTPOBiB»: KABOBOTO, MUBHOTO, JIiHIi Tapsaux
CTpaB.

B Vkpaini unmano pecropaniB i kade, gki pary-
I0Th TOCTEH HE JIMIIE rapHOI0 KyXHEI0, a W IIKaBUMH
iHTep’epamu. Jlizepom 3a KiIbKicTIO Ta, MaOyTh, i 3a
SKICTIO KOHIENTYJIbHUX 3aKJIaiB PECTOPaHHOTO TOC-
nojapcTea € micto JIbBiB.

Y JIbBOBI ITPaIIOIOTh PECTOPaHN HE3BUUHUX (op-
MariB, 3aIIOPYKOIO YCIIXy SKUX € NPOPHBHA iJIesl 3 HiT-
KM Oi3Hec-TutaHoM. IlixmpremMcTBa BXke yepes MicsIb
TiCIs BiAKPUTTSA NMOBHHHI naBatu npuoyTok. [Ipuxia-
oM Takux 3akianiB € «KpwuiBkay, «Mazox-kadey,

«Crapuii TpamBaii». J[7s 0cTaHHROTO CIEIiabHO BHU-
KYIIWJIM TIPU3HAYEHY I OpYXTY KOJIiCHY 6a3y cTaporo
TpamBasi, 32 CTAPUMH CBITIIMHAMH BiTHOBWJIHM 1 30y1y-
BaJIM BaroH4HMK. lieitHo Temarunka 3aknany «KpuiBka»
moB’si3aHa 3 ictopiero YIIA, a «Mazox-kade» — 3 epo-
TUYHOK TeMaTHkor. Y croketi CNN «Masox-kade»
HA3BaJIM OJTHUM 3 HANO1IbIIl HE3BUYHUX 3aKJIAJIIB CBITY.

Moja Ha 3I0pOBHI CIOCIO JKUTTS TaKOX BILIH-
HyJa Ha KyJIbTypy XapdiyBaHHS YKpPaiHI[IB, BU3HAUH-
BIIH I1I€ OJHY CBITOBY TEHICHIIIFO PO3BUTKY PECTOPaH-
HOTO 0i3HECY — BXKUBAHHSA 3/I0pOBOI 1Ki (TOOTO SKiCHIX
MIPOAYKTIB, 110 TIPOUIILTH MiHIMYM 00pOOKH), III0 CTAIO
BHMOTOI0 9acy. TeHIEeHIs mepexomy Ha eKOJOTiuHi
MIPOJYKTH XapuyBaHHs, HA0yBa€ Bce OUIBIILY MOMYJIsIp-
HICTB. 3pocTarounii iHTepec 0 370pOBOI 1 cMayHOT TKi
BIUIMHYB Ha IOSIBY L€ JEKUILKOX MOIMYJISPHUX HaIps-
MKiB pectopaHHoro Oi3Hecy. Ilo-nepiue, Habupae mo-
myJsipHicTb popmar «penkitchen» kirieHTH X04yTh Oa-
YHTH, K 13 4OTO JUIsl HUX TOTy10Th. [lo-npyre, HaOyBae
MIOITYJIIPHOCTI TAKUH HATIPSAMOK, SK «slow-foody, skuit
TPYHTYETHCS Ha IOBUIPHOMY BXKHBaHHI CMA4HOI 1 370-
POBOi TKi, BUXOBaHHS CMaKy y TOCTEH 1 IOBEpHEHHS Y
HUX ITOBar# 10 1ki. ToMy npu MpUroTyBaHHI CTPaB BH-
KOPHUCTOBYETHCS MiHIMYM MEXaHIYHOI Ta TEIUIOBOi 00-
POOKH: CIOXMBa4i XOUyTh BiJ9yBaTH CMaK MPOIYKTY,
a He YMCIICHHUX CIIelid. A B MEHIO — Bce OlbIle cTpaB
MIPOTIOHYETHCS 3 OBOYIB 1 ()PYKTIB.

3pocTae KiIbKICTh CHEIiali30BaHUuX 3aKIaiB pe-
CTOPAaHHOI'0 TOCHOJApCTBA: Cym-0apiB, camar-0apis,
301IBIIYETHCS YHCIIO BereTapiaHChbKuX pectopaHis [5].

3aknagu XapuyBaHHA HPOIOHYIOTh JUIA TOCTEH
iHHOBaLilHy nocnyry: «I[IpaBunbHE XapayBaHHI»:

® PO3paxyHOK KaJopiii, OiNKiB, )KHUPIB Ta ByTIIe-
BoxiB (KBXYVY), Buxonsuu 3 TOro, sSIKOTO PE3ylIbTaTy
ricTh X0o4ueTe nocsarta (Hadip abo BTpara Mach);

e [OJICHHE NPHUTOTYBAaHHS Ta JIOCTaBKa DKi B
Oynb-siKe, 3pyYHE MICIIE;

e JI0 pallioHy MPOTOHYIOTh IT'SITUPAa30BE Xap4y-
BaHHsI: CHIJIAaHOK, MEPEKyC, 0011, MOIYyJICHOK, BEUEpIo,
a TaKOXK PEeKOMEH/IAII] Ta MOTHBAIIHHI [IUTATH.

Taka pono3ullist € NEPCIIEKTHBHOO JIsl 3aKJIaIiB
PECTOPaHHOI0 rOCHOAAPCTBA, OCKIIBKH JIOTIOMOXKE 3a-
JYYUTH JOAATKOBY KIBKICTh CIIOKHBAadiB, SIKi OMIKY-
I0ThCS 3/I0POB'SIM, ajle HE MalOTh BIJIBHOTO 4acy IUIs
MIPUTOTYBAHHS 340POBOi, 30alaHCOBAHOI 1Ki B JJOMAIII-
HIiX yMOBaXx.

[To3nTHBHI HACHIAKH PO3BUTKY PECTOPAHHOTO TO-
CTHoAapcTBa B YKpaiHi:

® /ae ICTOTHY SKOHOMIIO CYCIIJIBHOI Mparli 3a-
BISKH PaLliOHATBHIIIOMY BUKOPUCTAHHIO TEXHIKH, CH-
pOBUHH, MaTepialis;

e Hajac BifBiAyBayam MpOTATOM poOOYOTo JHS
rapsay XKy, o IMiIBUIIYE IX Ipare3aaTHICTh, 3MIIIHIOE
3/10pOB'S;

® J1ae MOXIIMBICTh OpraHi3aiii 30aJaHCOBaHOTO
panioHAIFHOTO XapuyBaHHs B AMTSAYUX 1 HABYAIBHUX
3aKJajax;

e aBTOMAaTHW3allii MiNPHEMCTB PECTOPAHHOTO
TOCIIOAPCTRA MOJISTTIYE YIPABIiHHS BCiMa aclIeKTaMu
6i3Hecy, BiJI 3aKyIiBIII CHPOBUHH JI0 TNIAHYBaHHS BEJTH-
KHX 3aXO0/iB, OaHKeTiB. HaBiTh AJ11 HEBEIMKHUX ITiIITPH-
€MCTB BHUKOPHCTaHHS aBTOMAaTH30BAaHHX CHCTEM YII-
paBIiHHSA 715 OyXTanTepCchKOTo 00Ky BHIIpaBIaHE.
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B VYkpaiHi 70 MpOrHO30BaHUX TPEH/IIB PO3BUTKY
3aKiIaliB PeCTOpaHHOTO rocmoaapcTa y 2022 porri Mo-
JKHa BiJHECTH:

® IIpPHCKOpEHa poOOTH3ALlis;

e 3aMiHa M’sca POCIMHHUM O1TKOM;

e Oypxuuse 3poctanns dark kitchen;

® 3aMOBJICHHS Ha 0api;

® 3pOCTaHHA MOMYJLIPHOCTI CIab0aTKOTOIBHIX
HAIOiB;

® BHCOKa KyXHS 3aJIUIIAETHCA [6].

3i chepu TOCTHHHOCTI Yepe3 HU3BKI 3apIiiaTd Ta
TIOTaHi YMOBH TIpalli 3BUTFHAETHCS IIEPCOHAN. Y cepen-
HbOMY Ha KYXHSIX PECTOpaHIB HE BHCTaya€ IECTH Ipa-
1iBHUKIB. ToMy pecTopaHn MOYNHAIOTH BUKOPUCTOBY-
BaTH JieAaii Oibiie poOOTiB, OCKITBKHU 32 JOIOMOTOO
po6oTiB MoxkHa rotyBatu 1500 cTpaB Ha TOIUHY.

Kpim Toro, Hectaua Ta BUCOKI IiHU Ha KypSITUHY,
SJOBHYMHY 3MYIIYIOTH PECTOPATOPIB LIYKaTH 3aMiHy
M’sica B MEHIO 1 peaji3yloTh BeraHChKi HareTcu Ta Oyp-
repu B TIIIPHUEMCTBAX XapuyyBaHHsA MicT Kuesa Ta
JIpBOBA.

B 2021 pomi B YkpaiHi yepe3 maHIEMi0 KOPOHa-
BipyCy cepes CIOKHBaUiB KOPUCTYETHCS HOMUTOM (o-
pmar mianpuemcts dark kitchen. Ile miampuemcTa pe-
CTOPaHHOTO TOCIOAAPCTBA, IO TOTYIOTh 1KYy Yy ¢dop-
Marti HAaBHHOC y MIPUMIILIEHHI-1IeXy Ta peati3yIoTb ii OH-
JaiiH — Bce 1e 0e3 mpsaMoi B3aeMOJii 3 CHOKUBaYaMu.
Dark kitchen — 1ie mpogax roToBoi i’i BUKIIFOUHO 3 J10-
CTaBKOIO.

B 3akmagax pecTopaHHOTO Oi3HECY 3’SIBIIAETHCS
Bce Ginbime TabmmuoKk «3aMOBIEHHS Ha Oapi». [xy B
casual pecropaHax BcCe dYacTilleé MOXXHa 3aMOBHTH
npsiMo Ha Oapi. Lle crocyeTsest He uie HarnoiB, a i mo-
BHOIIIHHUX CTpaB. TakuM YHHOM OINTHMI3yIOThCS BH-
TpaTH Ha 3apOOITHY IUIATY ITEPCOHAITY.

B VYkpaiHi crioctepiraeTbcs 3poCTaHHS MOITYJISIP-
HOCTI CJIa00AJIKOTOJIbHUX HAMOiB. JlOCTiJHUIIbKA KOM-
nanist IWSR nporno3ye 3poctanns npojaxy ciaboai-
KOTOJIFHUX HAIlOiB, IepeBaykHO NHBa, Ha 31%. [Ipuann
TOoMy OaraTo: OiJIblI YCBIIOMJICHE CIIOKUBAHHS, KPYTi
YIIaKOBKHM Ta MapKETHHT, TOKPAIIEHHH TPOJYKT 1 Oa-
JKaHHS TocTel BiTHOBUTH (izmuHy dhopmy micist Covid.

B MeHIo pecTopaHiB BCe YacTille 3yCTpidaloThCs Opra-
HiYHI Ta Oi0oAMHAMIYHI BHHA, «Baxxka koMOy4ay. Cepen
rOCTEH 3aIMIIAI0THCS MOMYJISIPHUMH HA CHOTOJIHILITHIN
JICHb PECTOPaHU «BHCOKOT KYXHI».

TakuM 4YMHOM, K TOKa3ye MOPIBHSIBHA OLIHKA
KIJIBKOCTI 3aKJIaJiB pECTOPaHHOTO rOCHOAAPCTBA BCIX
(dopmaTtiB 00cITyroByBaHHs Ta ()OPM BIIACHOCTI CHTYa-
Lisl HA PECTOPaHHOMY PHHKY MOCTYIOBO HOpMai3y-
€TBCS 1 IPUCYTHS MO3UTHBHA AWHAMIKa, 3pOCTaHHS Ki-
JIKOCTI 3aKJIaiB TI0 BCiX perioHax YKpaiHu.

3aranoM cdepa pecTopaHHOTO Oi3HeCy Mae Tepc-
MIEKTUBH PO3BUTKY Ta MOTPeOye OKPEMOTO IMiIXOAY 10
TIOJIITHKY IIPOCYBaHHS 3aKJIAIB.
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Methodology. Since the beginning of the devel-
opment, hydrodynamic studies have been carried out on
the Barremian and Jurassic horizons, in the period from

1999 to 2002, 15 studies were conducted by the pres-
sure recovery method.

During the period 1999-2011, measurements of
reservoir and bottom-hole pressures were carried out at
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the field through the inter-tube space using deep pres-
sure gauges. Most of the measurements were carried
out on inactive and idle wells, during the PRS and cat-
tle, measurements were also carried out in observation
wells [1,2,7].

For the period 2012-2018, hydrodynamic studies

deposits of the Kenkiyak deposit. The number of per-
formed GDI for the period 2012 - 6 months of 2018 is
presented in Table 1. Measurements of reservoir and
bottom-hole pressures were carried out using deep
pressure gauges such as the method of steady-state se-
lections, KVD studies were carried out by closing wells

covered the objects: I, 11, 11l and VI of the above-salt  from 3.3 to 23 days [1,2,3,4,7].
Table 1
Number of completed GDI for 2012 - 1st half of 2018
Objects
Method Total = 5pectT [ Object Il | Object 11l | Object Vi

the method of steady-state selections 5 - - 5 -
KVD 60 - 1 59 -
Total 65 - 1 64 -

Object I. Based on the available data, the average
value of the productivity coefficient is 0.447
m3/(MPa*day), the permeability is 0.119 mm2.

Object 11. Since the approval of the current pro-
ject document ("Updated Development project ...
2012"), one study of the KVD for well No. 1008 has

been carried out. The well was closed from 05.11.2018
to 15.11.2018, for a period of ten days (240 hours). To
plot the graph, data obtained by measuring with a pres-
sure gauge every 1.5 hours at the bottom of the well
were used. Figure 1 shows the curve of pressure and
temperature dependence on time.
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ture dependence on time in well No. 1008 in 2018



66

POLISH JOURNAL OF SCIENCE Ne 47, 2022

Pressure and temperature measurements were car-
ried out at a depth of 246 m. The duration of the KVD
recording was 240 hours. During this time, the pressure
increased from 0.15 MPa to 1.73 MPa. It is worth not-

ing that the pressure in the well is under-restored to

static, there is no rectilinear horizontal section of the
curve. There is no radial inflow until the last stage of
well closure. Figure 2 shows a diagnostic graph based
on the results of the KVD study.
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Fig. 2 - Diagnostic graph based on the results of the KVD study for well No. 1008 in 2018

On the graph, the burgundy curve represents the
measured pressure, the red curve is its derivative, tak-
ing into account all the data about the reservoir. At the
beginning of time, the influence of the borehole is
noted. The calculated skin factor is 38.8, which indi-
cates contamination of the bottomhole zone. Based on
the available data, the average value of the productivity
coefficient is 0.159 m3/(MPa*day), the permeability
coefficient is 0.04 mm2. [1,7]

Object I11. For the entire period since 2012, six
MUO studies and 59 CVD studies have been performed

on the main facility. Analyzing the research, we will
consider the implementation of the KD on well No.
1147 in dynamics. Studies on this well were conducted
in 2017 and in 2018. In the first case, the well was
closed from 18.09.2012 to 27.09.2012, for a period of
nine days (210 hours). To plot the graph, data obtained
by measuring with a pressure gauge every 1.3 hours at
the bottom of the well were used. Figure 3 shows the
curve of pressure and temperature dependence on time.
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Fig. 3 - The curve of pressure and temperature dependence on time in well No. 1147 in 2018

Pressure and temperature measurements were car-
ried out at a depth of 250 m. The duration of the KVD
recording was 210 hours. In 210 hours, the pressure
changed from 0.13 MPa to 1.36 MPa.

The duration of the KVD recording was 329 hours.
During the entire study period, the pressure changed

from 1.1 MPa to 1.2 MPa, the amplitude of pressure
recovery is relatively small. It is worth noting that after
20 hours of well closure, a radial inflow appeared, the
curve continues to rise, reflecting changes in the filtra-
tion properties of the periphery. Figure 4 shows a diag-
nostic graph based on the results of the KVD study.

N

IIJ.I-_.!r.q

—-— -

T T

Log-Log plat: dp and dp’ [atm] v & [ha]
Fig. 4 - Diagnostic graph based on the results of the KVD study for well No. 1178 in 2019

On the graph, the green curve represents the meas-
ured pressure, the red curve is its derivative. At the be-
ginning of time, the influence of the borehole is noted.
The calculated skin factor is -3.59, which indicates that
the formation near the borehole is not contaminated.
Also, taking into account the available data on the ob-
ject 111 along the horizon (Y2-I11), the average value of
the productivity coefficient is 1.449 m3/(MPa*day), the
permeability coefficient is 0.391 microns, along the
horizon (Y2-111), the average value of the productivity
coefficient is 0.370 m3/(MPa*day), the permeability
coefficient is 0.457 microns.

The range of changes and the average FES esti-
mate for objects, according to which, along the hori-
zons of Y2-I, Y2-11 and Y2-I11, the permeability coef-
ficientis 0.04, 0.391 and 0.457 mm2, the hydroconduc-
tivity is Y2-1 - 0.003; Y2-1l - 0.025; Y2-1Il - 0.009;
mm2-m/(MPacs), respectively.

Figure 5 shows the movement of the well stock for
the period 01.01.2013-01.07.2018 as a whole for the
field.
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Fig. 5 - Distribution of the well stock by year in the field as a whole

There is an increase in the number of operating
wells and, accordingly, a reduction in the number of
wells that are inactive. The number of injection wells is
steadily increasing, which is mainly due to the transfer
of producing wells for water and steam injection.

At the field, producing wells are mainly operated
using SHGN and the swabbing method. According to
the data on the main methods of operating existing
wells, as of the date of the report, the majority of wells
in the field are operated by SHGN (44.0% of the total
operating production fund), by swabbing - 32.25%,
17.53% of wells are equipped with screw pumps (VN)
and 6.3% are in periodic operation. During the period
(from 2014 to 01.07.2018), the share of wells in opera-
tion by the SHGN method decreased by 47 units (from
500 to 453 units), the fund of wells equipped with HV
decreased by 8 units (from 188 to 180 units), the num-
ber of wells operated by the swab method increased by
332 units. (from 0 to 332 units), 65 wells are in periodic
operation, which is 34% less than in 2017. All new
wells are equipped with SHGN installations. The main
method of operation of producing wells of a steep slope
is SHGN, one well is operated by the swabbing method
[1-7].

Results After analyzing [2,3,4,5,6,7] according to
the coefficient of operation at the development sites of
the above-salt deposits of the Kenkiyak field in the pe-
riod from 2014 to 2018, it is clear that the operation of
wells on the Main area is influenced by factors such as
the method of development, waterlogging, GTM, sea-
sonal flooding. In general, it is worth noting that the
operating coefficient is at a low level, which is due to
the actual condition of the well stock and the method of
operation. There is a high coefficient of well operation
in the Steep Slope section.

Conclusions. In order to ensure the development
of the above-salt deposits of the Kenkiyak field in ac-
cordance with the planned project, it is necessary to
choose a rational method for lifting fluids from oil

wells, choose suitable wellhead and borehole equip-
ment in accordance with the geological and physical
characteristics of productive reservoirs at the Kenkiyak
field, as well as the physicochemical properties and en-
ergy state of reservoir fluids of development facilities.
In the process of selecting production methods and
equipment for oil wells, it is necessary to take into ac-
count the field equipment at the field, which is currently
used by JSC "SNPS-Aktobemunaigas”, as well as the
actual operating conditions of this equipment. A feature
of the development of deposits of the Kenkiyak nadsol
deposit is the properties of the extracted products, char-
acterized by high viscosity.
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AHHOTAUMSA

B cBsi3u ¢ HapacTaroluM UCTOLICHUEM He(bTHHLIX MeCTOpO)KI[eHI/IfI 3a MOCJIE€AHUEC IBAa JCCATUIICTHA IIEPBOOYEC-
peIHOM 3a1a4eii TOTUTMBHO-YHEPreTHYECKUX KOMITaHHH SIBJIAETCS MOBBILIeHNe HeTeoTaaun. B HacTosee Bpems cy-
IIECTBYET MHOKECTBO CIIOCOOOB yBENIMUCHHUS He(pTeoTnaun. B maHHOM cTaThe paccMaTPUBAIOTCS TEXHOJIOTHHU TTOBbI-
mCHUA He(l)TeOTI[a‘II/I IUTaCTOB € UCIIOJIb30BAHUEM COBPEMCHHBIX XUMHWYCCKUX PCATCHTOB.

Abstract

Due to the increasing depletion of oil fields over the past two decades, the primary task of fuel and energy com-
panies is to increase oil recovery. Currently, there are many ways to increase oil recovery. This article discusses tech-
nologies for increasing oil recovery using modern chemical reagents.

KioueBble ciioBa: MeCTOpO)K,Z[GHI/IG, HpO,Z[YKTI/IBHBII\/'I 1acT, COJIAHOKHUCIIOTHas O6pa6OTKa, HaCOCHO — KOM-

npeccopHas Tpyoa, 3a00ii.

Keywords: Oil field, productive reservoir, hydrochloric acid treatment, pumping and compressor pipe.

Ilenbio maHHOM CTaThU SIBJSIETCS aHAJIU3 TEXHOJIO-
rUil MOBBIIEHUs] HeTEOTIauM [UIACTOB C MCIIONB30Ba-
HHEM COBPEMEHHBIX XMMHUYECKHX PEareHTOB. 3aaud
CTaThH: XapaKTEePHCTHKA COBPEMEHHBIX TEXHOJIOTHH I10-
BBIIICHUSI HE(PTEOTIAauH ITIACTOB; M3ydeHHEe (haKTOpOB,
BIIUSIIOIIMX HA TTOBBIIIEHHE HEPTEOTauH IUIACTOB; H3Y-
YEeHHE OCHOBHBIX HAlpaBJICHWH TOBBIMICHUS He(TeOoT-
JIa4X TUIACTOB C HCIIOJIb30BAHUEM COBPEMEHHBIX XHUMH-
YECKHX PEarcHTOB.

[IpakTHyeckoe 3HaUCHHE CTaThbU 3aKIIOYAeTCs B
TOM, YTO UCCJIEIOBAHHE MOXKET OBITh UCIIOIH30BAHO A
TIOBBIIIIEHUS HEPTEOTAAUN IUIACTOB C WCIIOIB30BaHUEM
COBPEMEHHBIX XMMHYECKHX PEareHTOB M JUIS PacIpo-
CTpaHEHHS JIOCTATOYHOW MH(OpPMALMH O PONU COBpE-
MEHHBIX XUMHUYECKUX PEAareHTOB B MOBBIIICHUN HedTe-
OTJa4H IJIACTOB.

Beenenne. Mectopoxaenue Kymkonb pacrnosno-
JKEHO B I0XHOM yacTu Typraiickoil HU3MEHHOCTH, aMHU-
HHCTPaTUBHO BXOAUT B cocTaB JKe3auHckoro paiiona XKes-
Ka3-raHckoi oonactr Peciryomiku Kazaxcran (PucyHok 1).

bmpkaiiiuMy  HaceNeHHbIMU ITyHKTaMU  SIBJISIFOTCS
xerne3Hoopokasle crann JKanaram (150 km), JKycamsr
(210 xm), Kapcakmaii (180 km) u moc. CarmaeBo (250 km).
Paccrostans 10 06macTHRIX EeHTPOB T. KeI3pmiopaa u T.

Keskazran cocraBmsitor 160 kM u 290 kM cooTBeT-
ctBeHHO. Ha paccrostaun 230 KM K BOCTOKY OT MeCTO-
poxknenus mpoxomut HedrenpoBos Omck-IlaBnonmap-
IIsmvkenT, a B 20 kM K ceBepo-BocToKy mpoxoaut JIIIT XKy-
carbl-JIeHUHCK.

HerocpecTBeHHO B paifoHe pactioNosKeHHst MECTOPOXK-
JICHVSI MECTHOE HaceJIeHNE B JICTHUI TIEpHOT 3aHUMAETCS OT-
TOHHBIM >KMBOTHOBOZICTBOM (JU1s1 3TOW LNV TUIONIA/b Tepe-
naHa B apeHny KenbuiopamHckoit odmacty). PaiioH sxoHO-
MHMYECKH caboocBoeH. Ha mmomamy MecTopoXkneHus
HMEIOTCSL TOJIBKO TPYHTOBBIE aopord. s oGecreueHus
TPaHCHOPTHOU CBs13U I. KbI3pLIOpAa C MECTOPOXKACHUEM
KymKonb corylacHO yTBEpKIIEHHOM CXeMe pa3BUTHs paii-
OHa, BEJIETCs CTPOUTENBCTBO aBToA0pory Kesbuiopna-Kym-
KOJIb MPOTSHKEHHOCTHIO 190 kM.

B oporpaduueckoM OTHOLIEHMH IUIONIAJb MECTO-
POXK/ICHHS TIPEACTABIISET COOOM CTerb ¢ A0COMOTHBIMK OT-
Metkamu penbeda 106-169 M Hazt ypoBHEM MOPSL.

HemnocpencrBeHHo, TEppUTOpUsl MECTOPOXKACHUS
KyMKonp nprypoueHa K IOBEpXHOCTH OOIIMPHOM ApeB-
HEW 03epHOM KOTJIOBHMHBI B BHJE HENPABUJIBHOIO OBaIA
BBITSHYTOTO B CyOMepHanaHaipHOM HampasneHnn. C ce-
BEPHOM ¥ BOCTOYHOM CTOPOH KOTJIOBHHA OOpamMIieHa Ti1aTo-
00paMJICHHBIMH BO3BBIIIICHHOCTSIMHY C TIOJIOTIMH CKJIOHAMU,
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C CeBepo-3ara/a 1 ¢ 3ama/a IaTo CIIyCKAeTCs B KOTJIOBUHY
B BHJIE KPYIVIOTO YCTyIA.

B 10xH0i1 yacTH, 0COOEHHO B €ro Hro-3amamgHon
YacTH, Pa3BUTa CEpUsl MECUYaHBIX MAacCHBOB DOJIOBOTO
TeHe3Hca, CaMbli KPYIHBIN U3 KOTOPBIX - MECKH ApbIC-
KyM, BO3BBIIIAIOIIMECS HAJl OKPY)KarOIeil MECTHOCTBIO
Ha 10-15 m.

K 1ory oT MecTopoxeHHs pacIoN0oKeHsl Iecya-
HBIi MaccuB ApBICKYM, IOJIy3aKpEIUICHHBIMU TIpsi-
JOBO-OyTPUCTBIMHU MECKAMH, W TTIOYTH MTOJHOCTHIO BBI-
coxuiee cosieHoe 03epo Apbic. B 15 kM k 3anany Haxo-
muTcs  TuK  BeIcoToM  70-90 M, OTHENSIONIHHA
HU3MEHHYIO YaCTh PaBHUHBI OT IIJIATO C OTMETKAMU pe-
apea 200-250 m. K ceBepy OT miomaan HU3MEHHAs
PaBHUHHAS CTETb MOJIOTO B3BIMACTCS 10 OTMETKH pe-
nseda 150-200 M 1 Ha CeBEPO-BOCTOKE PACWICHSIETCS C
TOPHOM CUCTEMOU YIIbITay.

XUMHYECKUe METOJIbl BO3JCUCTBHS Ha IpU3a0oii-
HYIO 30HY TIJIaCTa C LIEJIbI0 MHTEHCU(UKALIUH IIPUTOKOB
0a3upyroTCsl Ha CBOMCTBE FOPHBIX TOPOJ BCTYIATh BO
B3aUMOJICHICTBHE C MHOTMMH XHUMHWYECKHMH BeIlle-
CTBaMH, a TaKXXE Ha CBOICTBaX HEKOTOPHIX XMMHYE-
CKHUX BEIECTB BJIUATH Ha IMOBEPXHOCTHBIC M MOJIEKY-
JSIPHO-KAITMJUIPHBIE CBS3H B TIOPOBOM IIPOCTPAHCTBE
MIOPOJI.

Haubonee pacnpocTpaHeHHbIE METOABI XHMHYE-
CKOT'0 BO3ZECHCTBHSI Ha IJIACT CIIEIYIOIIUE: COITHOKHC-
JI0THAast 00paboTKa IacTa (XJI0PUCTOBOIOPOIHON KHC-
JIOTO¥1); TIIMHOKUCIIOTHAsE 00paboTka IiacTa (XJIopH-
CTOBOJIOPOTHON U (PTOPUCTOBOJOPOTHON KUCIOTAMHK);
00paboTKa IUIACTOB YrOJIBHOH, Cylb(haMIHOBOMH, cep-
HOM KHCIOTaMH; 00pa0oTKa ITACTOB pPacTBOPAMH
ITAB; o06paboTka HHrHOWTOpaMH THAPATOOOpa3OBa-
uust [1,2].

Metoapl XMMHUYECKOTO BO3ICHCTBHS Ha IUIACT
JIAfOT BO3MOJKHOCTB: OYHCTHTh M PACIIMPHUTH KaHAJIbI
JUTSL IBOKCHUS (DITFOMIA U3 TIacTa K CKBaKHHE, 00pa-
30BBIBATh HOBBIE KaHAJbI 32 CUET PACTBOPEHHUS] MUHE-
pajioB, BXOASALIMX B COCTAaB MOPOJBI; U3MEHATh (ha3o-
BYIO MpOHMIIaeMOCTh Iutacta. lllupokoe mpumeHeHue
METOJI0OB XMMHMUYECKOTO BO3JIEHCTBUS B IPOMBICIOBOMI
MPaKTHKE B Pa3HbIX PErHOHAX CHOCOOCTBOBAJIO MOSIB-
JICHUIO TEXHOJIOTMYECKUX CXEM OCYIIECTBICHHS 3THX
npoueccoB. OHM OTIMYAIOTCS] TIPEUMYIIECTBEHHO pe-
LEeNTypaMH, TEMIIaMH 1 00beMaMK HarHETaHUs, 1aBJIe-
HUSIMH, HCIIOJIb30BAaHHEM JOTIOJHUTEILHBIX CPE/ICTB
JUISl CTUMYJIMPOBAHUS BO3IECHCTBHS XMMHUYECKHX Be-
IIECTB.

XUMUYECKOE BO3JCUCTBHE Ha IUIACT SBIIAETCS
HanboJiee pacTpOCTPAaHEHHBIM METOJIOM HHTEHCH(U-
KaIli¥ TIPUTOKA TUTACTOBBIX (IIFOMAOB K 3a00sIM CKBa-
kuH. Hcronp3oBaHHE XHMHYECKHX pPEareéHTOB BO
BpEeMs BCKPBITHS IUIACTOB OypeHHeM H mepdopanuneit
HE TOJIBKO pPAacCIIUpsieT apceHall CPelCcTB 00pabOTKH
IUIACTOB, HO M U3MEHSET pe3yibTaThl BCKphITHA. [Ipa-
BWJIBHBII BEIOODP CBOKMCTB M IapaMeTpOB OYpPOBBIX pac-
TBOPOB BO BPEMs BCKPBITHSI IJIACTOB 3HAYUTEIBHO CO-
KpamaeT 00beMbl XUMHYECKHX 00pabOTOK IPH HCITBI-
TaHWU U JAJIbHEHIIIeH SKCIUTyaTalliH CKBaYKHH.

B mocnegame TOABI paCIIMPHIICS aCCOPTUMEHT pe-
areHTOB, UCTIONB3YEMBIX JJISI XUMUUECKUX 00paboTOK.
[IpumeHeHne cMecH pa3HBIX XUMHYECKHX BEILIECTB
(pacTBOpHTENEH, MOBEPXHOCTHO-AKTUBHBIX BEIECTB,

9JIEKTPOJINTOB) TO3BOJISIET YIYYIIUTH YCIOBHS MpPH-
TOKa (IIIOWAOB U3 IUIACTa B CKBAXHHY. MUIIECTIpPHBIC
JUCTIEPCUU, SABISAIOIIMECS CMECHIO YIJIEBOJOPOIHON
JKUAKOCTHU C BOAOH, npu Hanmuuuu [1AB u snextponura
TOXE UCTIOJNIB3YIOTCS JUISl YBEJIMUEHHSI IPUTOKA (pIrron-
JIOB M3 IJIaCTa B CKBaXUHY [2, 3].

OO0pabOTKH  XJIOPHUCTOBOJOPOJHOW  KHCIOTOU
MIPUMEHSIOT NPEUMYIIECTBEHHO IJIsI BO3/ICHCTBUS Ha
KapOOHATHBIE TIOPOIBI M ITOPOJBI, UMEIOIINE B CBOEM
cocraBe KapOOHaTHBIC IIEeMEHTHI. Peakrmst kapOoHaT-
HBIX IIOPOJ, C COJITHOM KHCIOTOM ONUCHIBAETCA CIEIY-
oIMHA (GOPMYTIaMH: JJIs H3BECTHSAKA [4]:

CaCO3 + 2HC1—CaCl; + H,0O + COy;

JUISL TOJIOMHUTOB
CaC0O3-MgCO3 + 4HC1—CaCl, + MgCl, + 2H,0 +

2CO;.

Comu CaCl, u MgCl, pacTBOopuMSBI B BOJE, MO-
9TOMY UX JIETKO U3BJI€Ub U3 IJIacTa.

Jlnst 00paboTKM MEeCYaHMKOB C HE3HAYUTEIbHBIM
KOJIMYECTBOM KapOOHATHOTO IIEMEHTa HCHOIB3YIOT
TJIMHOKHCIIOTY - CMECh XJIOPHUCTOBOIOPOTHON U (TO-
pucroBogopoanoii kucior (HC1+HF). Peakuuu cos-
HOW KHUCIIOTHI C HEKOTOPHIMH BEIIECCTBAMH SBIITIOTCS
9K30TepMHUUECKUME. Hampumep, B3amMmopeiicTBre
HC1 ¢ Mg ommuceiBaetcs ¢hopMyIoit:

Mg + 2HC1 + H,0O = MgCl; + Hz + H,O +110,2kkan.

Ha xaxnayio rpaMM-MONeKylly MarHusl BbIAEIS-
erca 110,2 xkan Tema. DK30TepMHUYECKOH sBIsAETCA
TaK)Xe peaKklys MEXAY COJISTHOM KHUCJIOTOW U allfOMU-
HUEM, IIpU KOTOPOH Ha KaXIyI0 IpaMM- MOJICKYJTY BBI-
nensgercs 126 kxan teruia. CBOMCTBO BBIAECISATH TEILIO
TIpY B3aUMOJICHCTBUH BEUICCTB UCIIOIB3YETCS IS Tep-
MOXHUMHYECKIX METOIOB BO3ICHCTBUS Ha IUIACT.

CoisiHasi KUCIIOTa B3aWMOJICHCTBYET C IKeIe30M
CIIEAYIOIINM 00pazoM:

Fe(OH)s+ 3HCL1 = FeClz+ 3H0.

K mnopojioo0pa3yromunmM MuHEpaiaM OTHOCHTCS
cyibdar kanpims CaSOs. B3aumoeiicTBue ¢ HUM CO-
JITHOM KUCIIOTBI OMUCKIBAETCSI POPMYIIOM

2HCI + CaSO4= CaCl; + H2SOs.

OO6pazyromascs mpyu 3TOM CepHasi KUCIOTa BCTY-
HaeT B HOBbIE PEAKIINH C TIOPO1000pa3yOLIMMH Bellle-
CTBaMU.

W3 mpuBeIeHHBIX BBIIIC JAaHHBIX BHIHO, YTO CO-
JITHOKHUCJIOTHAasE 00paboTKa TpEencTaBiseT coOou
CIIO)KHBI XUMHYECKHHA IPOIIECC, BO BpeMsi KOTOPOTO
OJTHI MHHEPAJIBI PACTBOPSIOTCS, a APYTHEe 00pa3yroTCs.
PacTBOpeHE MUHEPAIOB CITIOCOOCTBYET PaCITUPEHUIO
CYIIECTBYIOIIMX M BO3HHKHOBEHHIO HOBBIX KaHAJOB
JUTSL IBMOKEHUS TUIACTOBBIX (hiironmoB. OOpasyrormiuecs
MUHEpaJIBl, €CTM OHHU IUIOXO PACTBOPSIOTCS B BOJAE,
YXyIIIalOT COCTOSHHUE Npr3a0oifHON 30HEL [losTomy
TIPH COJISTHOKUCIIOTHBIX 00paboTKaX HEOOXOAMMO TaK
peryjmpoBarth Ipolece, 4To0bl Npeodaana moI0XKH-
TeNnbHbIA 3P deKT OT B3auMoieCTBUSL.

Ha »sddexktuBHOCTS CONSTHOKHCIOTHOH 00pa-
00TKM BIIMSIET HEMAJIO (haKTOPOB, CPEIH KOTOPBIX OC-
HOBHBIMH SIBJIAIOTCSI XMMHKO-MHHEPAIOTHYECKUI Co-
CTaB MOPO/Ibl, CBOIMCTBA JKUIKOCTH, HAChIIaloNIen 1o-
poIy, MIacTOBBIE TEMIIEPATypPhl U JaBJIEHHE, 00bEM U
KOHIIEHTPAIUS KUCIOTHOTO PacTBOPA, BpeMs pearupo-
BaHUs KUCIIOTHI C MOPOJIOH.
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CBolicTBa KHUIKOCTEH, HACHIIIAIONIAX IIJIACTHI,
TOKE€ HEOOXOIUMO YUUTHIBATH TIPH COJSTHOKHUCIOTHBIX
obpabotkax. [1macTsl ¢ BHICOKOBS3KHMH, CMOJIMCTBIMHU
HeTsIMH B3aMMOJEHUCTBYIOT C KHCJIOTOH MeHee 3¢-
(exTHBHO. 3epHa MOPOABI 371eCh OJIOKUPOBAHBI IJICH-
KaMH He()TH, MPEISATCTBYIOMINMH X KOHTaKTy C KHC-
70Toil. OOBOHEHHBIE IJIACTHI BCIIEICTBHE XOPOLIETo
KOHTaKTa MOPOJBI C KUCIOTOHM IMOJBeprarTcs Oonee
WHTEHCUBHOH 00paboTKe.

VYBenndyeHne TeMIepaTyphl MOBBIIIACT AKTHB-
HOCTB KHCJIOTHI HE TOJIFKO TIPH B3aMMOICHCTBHU C Kap-
OOHATHBIMH ITOPO/IaMH, TaK KaK pe3KO BO3pacTaeT Kop-
PO3HMOHHAsT aKTUBHOCTH KHCIOTHI. [loaTOMY IipH KHC-
JOTHBIX 00paboTKax B CKBaXHWHAaX C BBICOKOH
TEMIEPaTypoil HEOOXOJUMO MPEIyCMOTPETh OCOOBIC
MEpOTNPUATHS 10 CHUKEHUIO KOPPO3HOHHOH aKTUBHO-
CTH KHCIOTBI. DTOTO MOKHO JOCTHYb KakK 3a CUET BBe-
JICHUS] UHI'MOUTOPOB, TaK M CHI)KEHHEM TeMIIepaTyphbl
npu3a00HHOM 30HBI.

[TmacToBOE maBNeHHE TaKXKe BIHMSIET HA CKOPOCTh
peaKkHuy COMSTHONW KHCIOTHI ¢ KapOOHATHBIMU ITOPO-
nmamu. VcciaenoBaHus CBUACTEIBCTBYIOT, UTO MIPH TEM-
neparype 100°C u masnenusx 10, 20, 30 u 40 Mlla
BpeMs HEHTpaIM3aIllii KUCIOTHI COCTABIISIET MPHUOIH-
sutenpHo 20, 30, 40 u 60 MuH cooTBeTcTBEHHO. [IpH
JanpHeleM yBenuueHuy qasnenus 10 50 MIla Bpems
HEUTpanu3alyu OCTaeTcs TaKUM ke, Kak u mpu 40
MlI]a.

B nnacToBeIX yCloBHUSAX, IZle BO B3aUMOJACHUCTBUE
BCTYIAIOT KUCJIOTHBIA PacTBOp, IUIACTOBAs KUAKOCTH
U MUHEpAJIbl, PEaKINA MEXIy XUMHUUECKUMH Bellle-
CTBAMH TPOHCXOIAT B YCIOBUSAX, OTIMYAIOIIUXCS OT
nmabopaTopHbIX. [103TOMY MOTHOCTHIO IEPEHOCUTH Ha
MPaKTUKy JaHHBIC JIAOOPAaTOPHBIX HCCICTIOBaHUN He-
nenecooOpa3Ho, HO X HEOOXOAMMO YYUTHIBATH MPHU
TUTAHUPOBAHUU COJITHOKUCIOTHBIX 00paboToK. DTO
JlaeT BO3MOKHOCTh MOBBIMATH 3(P(eKTuBHOCTE 00pa-
00TOK U YMEHBIIATh PACXOBI HA UX MPOBEICHHE.

OOBeM KHCJIOTHOTO pacTBOpa MOAOHPAIOT Ipe-
HMMYIIIECTBEHHO Ha OCHOBAHMH JaHHBIX ombita. O6ocC-
HOBaTh TEOPETUYECKH KOIMYECTBO KHCJIOTHI MOXHO,
HO HE00X0AMMO 00OCHOBAThH JIAHHBIC, HEOOXOJMMbIC
JUTSL pacueTa: paanyc o0padaTeiBaeMoii 30HBI, KOTOPYIO
Ha/l0 00paboTaTh, MOPHUCTOCTH, NMPOHUIIAEMOCTh, XH-
MHUKO-MUHEPAIOTUIECKUI COCTaB TIOPOIBI B IPpHU3a00ii-
HOUW 30HE IUIACTA U T.II.

JJis TOpOBOTO KOJIIEKTOPa 00BbEM KHCIIOTHI MPH-
OMM3UTETFHO MOYKHO OTPEICITUTh U3 BRIpaKeHUS [ 3]
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rae Qx - pacxo.l IpH HArHETAHUU KHCIIOTHOT'O Pac-
TBOpA B IIACT, M°/u;

- BpeMs HelTpanau3auuu pacTBopa, C;

I - paAnyc CKBaXXUHBI, M.

O¢ddekTuBHOCTE 00pPabOTOK M UX CTOMMOCTH
OTOOPaXAIOT YPOBEHb TEXHUKH M TEXHOJIOTHH TPOLIEC-
COB M CTEIEHb M3YUYEHHOCTH KoutekTopa. [lyist obecrie-
YeHUs JKOHOMHUYECKOW 3(ddekTuBHOCTH 00pabOTOK
CTaparoTCs MOTYYUTh OOJIBIITYIO OTAATY IIPH MEHBIINX
o0BEeMax U pacxonax.

PaccmoTpuM HEKOTOpBIE THITBI KHCIOT. VIHTHOH-
poBaHHas cHWHTeTHYecKas coisiHas kucimora (BTY
MXITI 2345-50) cootBerctByetr 'OCT 157, mmeeT KoH-
nentpanuio HC1 19-25 %. UYTtoObl npuaath e aHTH-
KOPPO3HOHHEIC CBOICTBA, K Hel mobasisitor 0,8-0,9 %
unruduropa I16-5 u 0,01-0,015 % x10pUCTOrO MBIMIB-
sIKa.

Wurunbuposannas consiHas kuciora (TY MXII
3354-52) umeet kounentpanuto 18-22 %. K Heit Takke
npubasisitor 0,8-1,0 % uarunbduropa I16-5 1 0,01-0,015
% XJIOPHCTOTO MBIIIbsKa [5].

OOmwM 1111 000MX BHIOB HHTHOUPOBAHHOM KIIC-
JOTHI SIBISIETCA yMeHbIIeHHOoe coxpepkanne HCI (B
cpenneM 20 %). [ToaToMy HEOOXOAMMO ONPENETSTH B
nmabopaTopHBIX ycnoBusax koHIeHTpanuto HC1 mepen
MOCTYNJICHHEM WHTMOMPOBAHHOM KHCJIOTHI Ha IPO-
MBICJIOBBIC OOBEKTHI, YTOOBI HPU KHCIOTHOH 0O0pa-
Ootke miacta koHuenrparus HC1 orBedana pacyer-
HOH. [To TEXHUYECKUM YCIOBHSM JIOMYCKAETCsl 00BEM-
HOE COJICp)KaHMe JKene3a, B HHIHOMPOBAHHBIX
kucinorax coorBercTBeHHO 0,02 m 0,03 % u cepHoit
KHCJIOTBI JJISl MHTHOMPOBAHHON CHHTETHYECKOW - HE
6o1ee 0,005 % ot oObeMa COIAHON KUCIOTHL.

WNHurnbupoBaHHas KUCIOTa MOKET OTPHIATEIHHO
BIMATh Ha NPHU3a0OHHYIO 30HY, OCOOEHHO MOPOBOTO
mwracta. Marubutop I16-5 mocie monHOM HeHTpanmnsa-
I[M KUCIJIOTHI MOXKET OCTAaBaThCSI B IOPOBOM IPOCTPAH-
CTBE IUIACTa B BUE XJIONBEBUAHON 00BEMHOM OpraHu-
yeckoit macchl. [Ipu ucnonb3oBanuu 15-20 % uHrnou-
POBaHHO KUCJIOTBI MOKET BbINACTb 5-7 KI OCajKa Ha
1 m® 3akauaHHOrO B ILUIACT pacTBOpa. Ilpu HemomHOM
HEUTpamu3aluy KUCIIOTHI TaKOM OCaZioOK He H3BIIeKa-
ercst u3 macra. [Ipn o6paboTke MOPOBBIX KOJUICKTO-
POB Helenecoo0pa3Ho BEIAECPKUBATH KUCIIOTY B IUIaCTe
J10 ee noJHOM HeWTpanuzauuu. CepHas KUCIOTa, IpU-
CYTCTBYIOIIasi B WHTHOMPOBAHHOM KHCIIOTE, MOXKET
TIPY B3aMMOJICHCTBUN C KapOOHATHBIMH ITOPOJIAMH 00-
pasosiBaTh THIic CasO42HO, 1 X0Ts 0H pacTBOpsETCS
B COJISTHOM KHCJIOTE, B IIOPOBOM IPOCTPAHCTBE MOTYT
0CTaBaThCs KPUCTAIUIBI THIICA, YXYIIIAIOIIEro MPOHH-
[IaeMOCTH IIacTa. J{JIsi yMEeHbIIECHHS COACPIKAHIS CEPBI
HWHTAOMPOBAHHYIO KHCIIOTY MOXKHO 00pabaThIBaTh XJI0-
pHUCTBIM GapueM.

VYKcycHasi KHCJIOTa, a00aBJIEHHAss B COJITHYIO,
IIPUHUMAET y4JacTHe B Tpoliecce 00paboTKu U BBIION-
HSIET HEKOTOpBIE (PYHKIINU:

3aMeJIseT B3aUMOJEHCTBHE CONSIHON KHCIIOTHI €
MTOPOJION (3aMEUTUTENTH);

HIpeJOTBpallaeT BbINAJEHHE OKCHUIOB JKeje3a
(cTabunmzatop);

B3aMMOJIEHCTBYET C MOPOJIOH, pacTBOpAs ee (ak-
TUBHBIN peareHT).
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DTOPUCTOBOAOPOIHYIO (TUIABUKOBYIO) KHCIIOTY
MIPUMEHSIIOT 711 00paboTKH Mpu3abOHHONM 30HBI TUIa-
CTOB C TEPPUT€HHUMH KOJUIEKTOpaMH (KBapLeBbIe Hec-
YaHUKH, JICBPOJIMTHI) JJIsl PACTBOPEHUS CUIIMKATHBIX U
TJIMHUACTBIX YaCTHYEK, COJAEPKAIIMXCS B TOPOJE WU
MOMAaBILINX B Hee U3 OYPOBOTO pacTBOpa.

Obpabomka 2nuHOKUCI0MOIN 6OJEE BCETO pac-
MPOCTPAHEHBl CIEAYIOIUE COECAUHEHUS TJIMHOKHUC-
JOTHI [6,7]:

8 % HC1 + 4 % HF; 10 % HC1 + (4+5) % HF;
12% HC1 + 6 % HF.

XYUMHYECKOE B3aUMOACHCTBHE TIMHOKHUCIOTHI C
MOPOJJAMH 3aIHCHIBAIOT (HOPMyIIaMHU:

JUIS] U3BECTHSIKOB

CaCO3 + 2HO-CaCl; + H20 + CO2

CaCl; + 2HF= CaF>+ 2HCI,

CaCOs3 + 2HF= 2CaF>+ H,0 + COy;

JUIS TJIMHUCTHIX MIECYaHUKOB
CaAl,SiOg+16HF=2AIF3+2SiF4+8H,0+CaF,

SiOz+ 4HF= 2H,0 + SiF,.

Peakmus B3amMoOIEHCTBHS TIIMHOKHUCIOTHL C W3-
BECTHSKaMH IPOUCXOIUT OYCHb OBICTPO:

3HC1 + AlF; = A1C133HF.

XJIOpUCTBIA aTIOMUHUN PAacTBOPSIETCA B BOJE C
BBIJICJICHUEM OOJIBIIOTO KOJIHYECTBA TEIUIOTHL. BTopas
peaKis IPOUCXOIUT OUYE€Hb MEAJIEHHO. BriieneHHbIi
npu 3toM ra3 SiFsB3aumozeiicTByet ¢ Bomoi u Gpropu-
CTOM KHMCIIOTOM:

3Si4 + 3H,0 = 2H,SiFs+ H2SiO3;

2SiF4 + 4HF=2H,SiFs.

[pu 3TOM 00pa3yroTcs KpeMHHH (PTOPUCTOBOIIO-
ponnast (H2SiFs) u kpemuuesast (H2SiO3) kucmots.

KucnoTHsrit pacTBOp, a Takke KHCIOTHI, 00pa3o-
BaBIIIMECS BO BPeMs XHMHUYECKUX PEaKIUH, BCTYMAIOT
BO B3aMMOJCHCTBHE C APYrUMH BemlecTBamu. Kax
BUIHO U3 IPUBEACHHBIX (POPMYII, Pa3TI0KECHUE CMECHIO
(hTOPHCTOBOIOPOAHON M COJSHON KHUCIOT MOPOI000-
pas3yoNX aJlOMOCHIMKATOB M PACTBOPEHHE KBapla
o0ycioBnmBaeT 00pa3oBaHHE PACTBOPUMBIX COJIEH
KpeMHHUH (hTOPUCTOBOIOPOIHOMN KHCIOTHI, XJIOPHCTHIX

1 (TOPUCTHIX COJIEH METAJIOB, KPEMHUEBOH KUCIIOTHI.
Ilocnennsisi B KUCIIOM cpejie MPEeUMYIIIECTBEHHO HaXo0-
JUTCSI B BUJIE TeJIsl, HO IPU JOCTHXKEHUU OTIPEACTICHHOM
KOHIEHTPAILUK WM BCJEICTBUE MOJHOM HeWTpanuza-
LUK MOXET MPEBPATUTHCS B COCTAB, KPEMKO 3aKyIOPH-
BAaIOLIUH NOPOBOE MIPOCTPAHCTBO IJIACTA.
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