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INFLUENCE OF EXTERNAL FACTORS

ON THE PROCESS OF HYDRATES
DEVELOPMENT IN LABORATORY
CONDITIONS

06’ exkmom docaioxcenv € 6NAUG PISHOMAHIMHUX PAKMOPIE HA NPOUeC cCunmesy 2iopamy nponany y 1abopamop-
Hux ymosax. Bidomo, w0 cunmeszosanuil 2azouil 2i0pam moxce MiCmumu 3HauHy KioKicmy 1b00Yy, SKa SHUNCYE
71020 2azoemicm. Ha sikicmo ziopamy eéniusaiomo: muck 2asy, memnepamypa 600u, 4ac npogedents Jociioy ma
KOHUEHMPAUisi NOBEPXHEB0-AKMUBHUX PEUOBUN.

Jlnst Qocnioncenist KOMNACKCHO20 BNAUBY UUX (PaKMOpie Ha AKICMb ompumanozo ziopamy Oyia po3podiena
excnepumenmanvia ycmauosxka. Ilicis cunmesy 2azo060zo zidpamy 10zo 2a306Micm 6USHAYUABCS 3a 00NOMOZ0H0
cneuianvHo po3pobienozo cmendy. B x00i docrioxceny sukopucmosyeaiucs pisHOMAnimui UMipo8aivii Npuia-
Ou: Manomempu, mepmMoMempu, MipHuil nocyd, eleKmporHi 6azu ma it., SKi 00360IULU OMPUMATIU OOCTNOGIPHY
inghopmayito npo menioPisuuni xapaxmepucmuky npoyecy cunmesy ma oucouiauii 2a306020 ziopamy.

B pesynomami suxonanms 6azamopaxmopnozo excnepumenmy ompumMano Macué 0anux Ois AHaiizy Memooamu
mamemamuyunoi cmamucmuxy. Busnaueno koeiyienmu xopensiyii i 6cmanogieno, wo 0OMiHyuuUMU pakmopamu
MUCK 2a3Y | KOHUECHMPAUist NOBEPXHEBO-AKMUBHUX peuosun. Temnepamypa 600u nosurna dymu 6 mexnxcax pobowozo
dianasony 1-5 °C. Yac ymeopenns 2iopamy y 6apbomaxcromy pexcumi y mexcax 0,5—5 200 meaxc ne 30iicnioe
icmomuozo 6naUGYy Ha AKicMy ompumanozo ziopamy. /lns ycix paxmopie nodydosano pezpeciiini 3aiexncnocmi ma
epagixu. Bemanosneno, wo 0ist cmandapmuux peepeciinux sarexncnocmeii (HHitHa, eKCnoHeHyiina, iozapudg-
MiuHA Ma NOIHOMIANLHA) Koeiuienmu MHONCUHNOT Kopeisuil snaxodsmocs ¢ mexcax 0,19—0,46. Ile osnauae,
w0 cmandapmui pezpecitini 3arexncnocmi He 00360LI0Mb YPAXYSamu yci 0COGAUBOCTNT OMPUMAHUX PESYLLIMAMIE.
Tomy nid6ip onmumarvHoi 3aieHHOCMI BUKOHANO Memodom eapiauii Koegiuienmic ma munie QyuKuionaivHux
3aeHCHOCMEN | OMPUMAHO ANPOKCUMAUITIHY POPMYIY NSl BUSHAYEHHSL NPOZHO308AH020 24308Micmy Zidpamy.

Pesynvmamu docuioncenv noxazaiu, wo 3a80aKu KOMNIEKCHOMY YPAXYBAHHIO PIZHUX (PAKMOPI6 MOMCHA BUIHA-
yumu 0ianason ONMUMATGHUX 3HAYECHD MUCKY, MEMNePaAmypPu Ma KOHUEHMPauyii n08epxHe6o-aKmueHUX PeUOBUH,
w0 0036056 WEUOKO OMPUMYBAMU 2i0PAM BUCOKOT AKOCMI.

Kmeouosi cnosa: 2a306i ziopamu, zasoemicm 2idpamy, 306HiIWHT PAKMOPU, CMAMUCTIUYHUL AHATI3.

1. Introduction

Gas hydrates are the only non-cryogenic source of natural
gas on Earth, which can constitute a real competition to
traditional deposits. Significant potential gas resources in
hydrate deposits for a long time will provide humanity
with high-quality energy raw materials.

The development of gas hydrate deposits requires the
development of new technologies for exploration, produc-
tion, transportation and storage of gas, more efficient than

existing ones. With their help, traditional gas fields can be
used, as well as those which development is now unpro-
fitable. Extraction of gas from hydrate deposits can very
quickly change the situation in the gas market, which can
affect the export opportunities of Ukraine.

Due to the thermodynamic properties of gas hydrates,
the possibility to realize the processes of their formation
and decomposition for relatively low pressures and tem-
peratures makes it possible to perform a number of tech-
nological processes with greater efficiency than existing
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industrial technologies. In this direction, it is promising
to compress natural or other hydrate-forming gases, by
transferring them to the hydrate state. Also an urgent
issue is the study of the separation of gas mixtures in the
process of hydrate formation, storage and transportation
of gas in the gas hydrate state.

2. The ohject of research
and its technological audit

The object of research is the influence of various fac-
tors on the process of hydrate synthesis. Usually hydrate
synthesis occurs under conditions of intensive mixing of
gas-hydrate former and water at the appropriate tempera-
ture and pressure. A necessary condition for the hydrate
formation process is the constant removal of heat from
the reaction region.

It is known that a synthesized gas hydrate can con-
tain a significant amount of ice, reduces its gas content.
The quality of the hydrate obtained is influenced by:
gas pressure, water temperature, time of the experiment
and concentration of surfactants. This work is devoted
to a laboratory study of the effect of these parameters
on the quality of propane hydrate.

3. The aim and ohjectives of research

The aim of research is establishment how the gas con-
tent of the hydrate depends on time, temperature, pressure
and concentration of surfactants. To achieve this aim, it
is necessary to perform the following tasks:

1. To develop a laboratory unit for studying the influ-
ence of various factors on the gas content of the obtained
hydrate.

2. To conduct an experiment and obtain reliable data
in a wide range of thermobaric conditions.

3. To perform statistical processing of the obtained data
in order to reveal the quantitative relationships between
the gas content of the hydrate and the factors of influence.

4. Research of existing solutions
of the prohlem

Gas hydrates began to be considered in geological li-
terature relatively recently. Most natural gas components
(except for Hy, He, Ne, n-C4Hyy and heavy alkanes) are
capable of forming individual hydrates. Water molecules
form a polyhedric frame (polyhedral) in hydrates, with
cavities in which gas molecules can be located. The equi-
librium parameters of hydrates of different compositions
differ, but for the formation of any hydrate at a higher
temperature, a higher equilibrium concentration (pressure)
of the hydrate-forming gas is required [1, 2].

Relatively low temperature at a sufficiently high hydro-
static pressure on the seabed, with water depths ranging
from 300-400 m and more, predetermines the possibility
of the existence of gas hydrates in the upper part of the
bottom section. These conditions caused a special interest
of geologists to submarine hydrates immediately after regis-
tration in the Soviet Union in 1969. The discovery of the
properties of natural gases is in the earth’s crust in a solid
state and forms gas hydrate deposits [3, 4]. Excessive at-
tention to submarine gas hydrates is due, first of all, to the
fact that they are considered as a reserve of hydrocarbon

raw materials. The study of the formation of carbon dioxide
hydrate in a schistose medium was considered in [5]. The
method of substitution of methane in hydrate for hydrogen
sulphide was considered in [6]. Economic analysis of the
application of gas hydrate technologies in comparison with
traditional methods of gas supply was carried out in [7].
However, it should be noted that the approximating functions
in which the hydrate formation processes are described are
not given in the known papers. The struggle with hydrates
by various methods is also investigated by many scientists,
for example, scientists [8], but they remain either very
energy-consuming, or environmentally harmful. Tt should be
noted that scientists of the Poltava National Technical Yuri
Kondratyuk University (Ukraine) also carried out theoretical
studies in this direction [9, 10]. In particular, the hydro-
dynamic regime of a single gas bubble is considered in [9],
which is under hydrate formation conditions. In [10], calcu-
lations of phase-reversal processes in the liquid surrounding
the gas bubble were performed. However, the unresolved
question remained the comparison of theoretical calculations
with experimental data. In [11], for enclosing structures
and in [12] for interstitial materials, separate experimental
studies are presented, in which methods of mathematical
statistics are widely used. These methods can be used to
analyze the results of field experiments on the synthesis
of gas hydrates.

Thus, the results of the analysis of literature data show
that the mechanisms of complex influence of such factors
as temperature, pressure, time, the presence of surfactants
on the synthesis of gas hydrates are insufficiently studied.

Methods of research

The laboratory unit (Fig. 1) consists of a transparent
bulb, which is used to observe the hydrate formation pro-
cess. It allows to take photos and videos of formation and
dissociation from any angle. A gas cylinder with a gas
volume of 20 liters was used for the gas supply of the
unit. To stabilize the gas pressure, a gas reducer and
a pressure gauge with gas pressure measurement limits
from 0 to 6 atm are used. To obtain the gas hydrate, the
gas is fed to a transparent flask through the interstitial
nozzle, which is located at the bottom of the bulb.

11
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Fig. 1. Scheme of a laboratory unit for the production of hydrates
in laboratory conditions: 1 — cylinder with gas; 2 — valve 3 — auxiliary
gas reducer; 4 — gauge of excess pressure; 5 — gas hose; 6 — ball valve
7 — water drain hose; 8 — water tank; 9 — porous nozzle;
10 — copper tube; 11 — transparent bulb; 12 — gas outlet; 13 — valve for
regulation and release of gas

The exhaust gas is removed from the top of the flask
using a copper tube. To regulate the exhaust gas flow,
a crane is provided.

40

TEXHONOTTYHHIA AYAMT TA PE3EPBM BHPOEHMLTBA — N 4/1(42), 2018



I55N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
TECHNODLOGY AND SYSTEM OF POWER SUPPLY

To discharge water from the bulb a hose and a ball valve
are used. The waste water is drained into a separate tank.

During the laboratory studies, parameters such as water
temperature, pressure, surfactant concentration, time, gas
volume were changed, and a relationship was established
between these parameters.

After the hydrate was obtained, a comparative analysis
of the amount of gas in it was carried out with the aid
of an apparatus, a diagram and a general view of which
are shown in Fig. 2, 3 respectively.

To determine the gas content of the hydrate, the fol-
lowing procedure was used. Let’s fill the flask 9 and the
container 11 with water, attach the gas hose 5 to it, and
then fill the tube 3 with the suspended hydrate (mg),
close it tightly with a cover 4. In the test tubes, attach
the gas hose 5 and pour warm water 2 into the container
1 to accelerate the decomposition process hydrate. After
a while, as a result of the dissociation of the hydrate,
a gas begins to escape from the test tube, which enters the
volumetric flask 9 through the gas hose, while displacing
the water that is in the flask. Using the scale on the flask,
determine the amount of gas (V;). The gas content of the
hydrate was determined by the formula, 1/kg:

Vg

Q=1= )

The results are listed in Table 1.

Fig. 2. Scheme of a laboratory unit for determining the amount of gas
in the formed hydrate: 1 — container for water; 2 — warm water; 3 — test
tube; 4 — cover; 5— gas hose; 6 — hydrate; 7 — volume of gas in the flask;

8 — amount of water in the flask; 9 — flask; 10 — water;
11 — water container

Fig. 3. General view of the unit

Table 1
Results of experimental studies
No of test | Water volume, ml | Temperature, °C | Excessive pressure, bar | Time, h | Mass of hydrate, g | Gas volume, ml | J gas content, I/kg | Surfactant, ml
1 500 0 4 2 16.81 3 0.17 0
2 500 0 3.25 3.5 188.4 49 0.26 0
3 500 0 4 3 106.4 15 0.14 0
4 500 0 3 2 20 0 0 0
5 500 0 0.3 1 40.18 40 0.9 0
B 500 0.2 5 1 22 0 0 0
7 500 0.3 2.75 2.5 87.77 850 6.61 0
8 500 0.3 5 2 18 0 0 0
9 500 0.5 2.5 3 95.75 270 2.81 0
10 500 3 3.75 2 21 0 0 0
11 500 4 4 2 19 0 0 0
12 500 4.3 2.5 2 50.85 75 1.47 0
13 500 0 3.5 4 170.4 210 2.98 0.5
14 500 0 3.5 4.5 41.88 230 5489 0.5
15 500 0 3.5 5 68.7 1000 14.56 0.5
16 500 2.2 2.5 2 172.67 560 3.24 0.5
17 500 2.6 2.5 2 163.05 270 1.66 0.5
18 500 1 2.5 2 19.5 0 0 0.5
19 500 0.2 2.75 4 110 1085 9.95 1
20 500 0.8 2 0.7 20.93 1450 69.28 1
21 500 1 2.75 2.5 24 150 6.25 1
22 500 1 15 2 56.5 3900 69.03 1
23 500 14 0.5 2 16.16 220 13.61 1
24 500 15 1.5 2 9.14 600 65.64 1
25 500 2 1.5 2 46.85 1450 3095 1
26 500 2.3 2.75 2 54.22 1450 26.74 1
27 500 5 15 1 23.24 400 17.21 1
28 500 1.3 1.5 1.5 19.51 70 0.28 5
29 500 0 1.5 1 12.17 230 18.9 5

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/1(42), 2018

41—



BHPOEHHY0-TEXHOJIOI'TYHI CHCTEMM:
TEXHONOTII TA CHCTEMH EHEPTDNOCTAYAHHA

I55N 2226-3780

The water temperature varied between 0+4.3 °C, an over-
pressure of 0.3+5 bar, an experimental time of 0.7+4.5 h,
a surfactant concentration of 0—-5 ml/500 ml (0+1 %)
of water. Thus, an array of initial data is obtained for
subsequent analysis by mathematical statistics methods.

6. Research results

Linear, logarithmic, exponential and polynomial regres-
sions are used as standard methods of regression analysis.
After the regression dependence is determined, the signifi-
cance of both the equation as a whole and its individual
parameters is evaluated. Estimation of the significance of
the regression equation as a whole can be carried out
using various criteria.

Let’s divide the whole set of data into two groups:
x; factors — include such factors as pressure, time, tempera-
ture and the surfactant amount, and the resultant attribute
that is being studied is the gas content of hydrate Y.

Determination of correlation coefficients. For statistical
calculation, it is decided to use multivariate analysis us-
ing the computer program «Statistics 6.0». So, there are
29 observations and a significance level a=0.05.

The initial data for the statistical analysis are given
in Table 2.

Table 2

Initial data for statistical analysis

Linear approximation of the gas content from time is
shown in Fig. 4, and is described by the equation:

Y=22.6778-4.3738Xj. (2)

80

Q, kg
70 .

60

50

40

30

20 \\
10 .
.

. . g T . |

0.0 1.0 2.0 3.0 4.0 Time, h 5.0

Fig. 4. Graph of gas content dependence on time

The correlation coefficient for the dependence (2)
r=0.22. The Fisher criterion F, is 1.41 and the value of
Feir=2.20. Since F,<F,;, obtained regression equation is
assumed to be statistically insignificant.

The hypothesis of the adequacy of the model was not

No Time, | Pressure, | Temperature, | Surfactant, | Gas content confirmed.

: X X, Xy X, gv As it is possible to see, the correlation coefficient
1 2 4 0 0 0.17 is insignificant, hence the probability of this factor is
2 35 | 325 0 0 0.26 only 22 %.

The dependence of the gas content of the hydrate on
3 3 4 0 0 0.14 . . . . L. .
pressure is shown graphically in Fig. 5, which is described
4 2 3 0 0 0 by the equation:
5 1 0.3 0 0 09
B 1 5 0.2 0 0 Y=33.1302-7.6178X,. 3)
7 2.9 2.75 0.3 0 6.61
8 2 5 0.3 0 0 The correlation coefficient for the dependence (3)
g 3 ot 05 0 281 r=0.43. The Fisher criterion is 6.16 and the value of
10 ” 7e 0 0 F,i;=6.16. Since F,=Fy, obtained regression equation is
- assumed to be statistically significant.
11 2 4 g g The hypothesis of the adequacy of the model was
12 2 2.5 4.3 0 1.47 confirmed.
13 4 3.5 0.5 2.96 As it is possible to see, the correlation coefficient is
14 45 7.5 0.5 5.49 43 %. This indicates that the gas content is inversely
15 5 75 05 1456 proportional to the pressure. As the pressure increases,
16 5 o 90 0s 304 the gas content decreases.
17 2 2.5 2.6 0.5 1.66
80
18 2 2.5 1 0.5 0 Q, ke
19 4 2.75 0.2 1 9.95 70 . °
L]
20 0.7 2 0.8 1 69.28 60
21 2.5 2.75 1 1 6.25 50
22 2 1.5 1 1 69.03 20
23 2 0.5 1.4 1 13.61
24 2 15 15 1 65.64 30
25 2 15 2 1 30.95 20
26 2 2.75 2.3 1 26.74 10
27 1 1.5 5 1 17.21 0
28 15 15 13 5 0.28 0.0 1.0 2.0 3.0 40 p par 50
23 1 15 0 3 183 Fig. 5. Graph of gas content dependence on pressure
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The dependence of the gas content on temperature is
shown graphically in Fig. 6, which is described by the
equation:

Y=11.8935+0.6647X;. (4)
80 ‘
Q, kg
70 o
°
60
50
40
30 .
°
20
° e
10 —e
o ° L]
0 H ° o °
0.0 1.0 2.0 3.0 40 t,°C 5.0

Fig. 6. Graph of gas content dependence on temperature

The correlation coefficient for the dependence (4)
r=0.46. The Fisher criterion is 0.06 and the value of
Feiv=0.06. Since F,=Fy, obtained regression equation is
assumed to be statistically significant. The hypothesis of
the adequacy of the model was confirmed.

As it is possible to see, the correlation coefficient will
be 46 %. This indicates that the gas content of the hyd-
rate depends directly on the temperature change. As the
temperature rises, the gas content increases.

The dependence of the gas content of gas hydrates on
surface-active substances is shown graphically in Fig. 7,
which is described by the equation:

Y=10.282+3.1787X}. ()

80
Q, Vkg
70

60
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20

10 -

Surfactant, ml

o8 ‘ ‘

0.0 1.0 2.0 3.0 4.0 5.0

Fig. 7. Graph of dependence of the gas content of the hydrate
on the number of surfactants

The correlation coefficient for the dependence (5)
r=0.19. As it is possible to see, the correlation coefficient
is insignificant, hence the probability of this equation is
only 19 %. The Fisher criterion is 1.012 and the value of
F,i=2.20. Since F,<Fy, the regression equation obtained
is assumed to be statistically insignificant.

The obtained result of the experiment shows that the
concentration of the surfactant has a sufficiently large
effect on the gas content of the hydrate.

Using the computer program <Statistics 6.0», the co-
efficients of the regression equation (6) are determined:

Y=38.796-0.4X,-0.99X3-7.36X»—-2.13X;. (6)

The correlation coefficient for the dependence (6)
r=0.45. The obtained value of the correlation coefficient
indicates that the probability will be 45 %. The Fisher
criterion is 1.46, and the value of F;;=2.20. Since F,<F;,
the regression equation obtained is assumed to be statisti-
cally insignificant. The hypothesis of the adequacy of the
model was not confirmed.

The obtained experimental studies show that the co-
efficients of multiple correlation according to equations
(2)—(6) are 0.19-0.46. This means that linear regression
does not allow taking into account all the features of the
experimental data. In a similar scheme, with the help of
«Statistics 6.0», coefficients of regression equations are
calculated on the basis of logarithmic, exponential and
polynomial functions. All of them give low correlation
coefficients. Therefore, for the final determination of the
approximating formula, the method of variation of coef-
ficients and types of functional dependences of the regres-
sion equation is applied.

Based on the results of the experiments, the main
factors affecting the formation of propane hydrate are
the pressure and concentration of the surfactant. Fig. 8
shows the results of approximating the simultaneous action
of two factors: amount of surfactant and pressure. Using
the method of variation of the coefficients and types of
functional dependencies, an approximation function of the
form is obtained:

1+36P°
Q=14

. m(LOSg_g—MS:)y Q < QT)

(19)

where P — excess gas pressure, bar; z — surfactant concent-
ration; Q7 — the maximum theoretical value of the gas content
of the hydrate. For propane hydrate, the maximum value

of Qr=73 I /kg.

Q, Vkg
80
70
60
50
40

30

20

10 2.5 70-80 = 60-70
0
P, bar m50-60 m40-50
30-40 m20-30
Surfactant, ml 035 = 10-20 m0-10

Fig. 8. Approximation of the gas content of propane gas hydrate
as a function of pressure and concentration of surfactants
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Analysis of time and temperature requires further study.
To do this, let’s analyze the «residues» of the difference
between the obtained values (from the results of the ex-
periments) and the approximation function, the results of
which are reflected in Fig. 9. From the obtained graph,
it can be concluded that the horizontal trend line indi-
cates the independence of the gas content of the hydrate
from the time of the experiment. This is confirmed in
separate experiments, when during the depressurization
of the reactor the hydrate is formed almost immediately.
This conclusion is of great importance for the industrial
production of hydrate. It means that this technology al-
lows to obtain hydrate very quickly.
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Fig. 9. Analysis of the time to form a gas hydrate
(the trend line is shown as a dotted line)

To analyze the effect of water temperature, let’s also
construct a residue diagram with a trend line (Fig. 10).
A small inclination angle of the trend line indicates
a slight influence of the water temperature on the gas
content of the hydrate.

8
6 o

4 o y=-0.2917x-0.0653
R2=0.0195

Residues
S
e,
[ J
L

Water temperature, °C

Fig. 10. Analysis of the effect of water temperature on the hydrate form
(the trend line is shown as a dotted line)

So, it is possible to conclude that within the range
of water temperatures from 0 to +5 °C, its effect on the
gas content of the hydrate can be neglected.

7. SWOT analysis of research resulis

Strengths. The research results show that there is
a range of pressures and concentrations of surfactants,
in which high-quality hydrate of propane can be rapidly

obtained. Application of these parameters in the techno-
logical process will increase the volume of production of
gas hydrate and reduce its cost price.

Weaknesses. The hydrate is always preceded by a
10—15 minute stage of formation of microcrystals. For
industrial production of large amounts of hydrate, this
stage also requires intensification.

Opportunities. Opportunities for further research are the
determination of the influence of other factors on the rate
of formation and the quality of the synthesized hydrate,
such as the dimensions of the bubbles, the intensity of
mixing, the use of attachments of different interstitial
ability to the like. Further research aimed at optimizing
the synthesis of hydrates of other gases or their mixtures,
which are of great importance for introducing gas hydrate
technologies into production.

Threats. To operate the gas hydrate synthesis plant
on an industrial scale, recirculation of the exhaust gas
must be used. The use of recirculation requires the use
of an additional compressor and the corresponding energy
consumption for its operation.

1. Laboratory unit for the synthesis of gas hydrate in
bubbling mode with the possibility of specifying controlled
external factors is constructed. Also, an additional unit
for determining the gas content of the hydrate is col-
lected. Thus, the integrated use of all equipment allows
performing studies of the influence of various factors on
the gas content of the resulting gas hydrate.

2. 29 full-scale experiments are conducted in which
the influence of 4 factors on the gas content of propane
hydrate: gas pressure, water temperature, surfactant con-
centration and the time of the experiment is studied.

3. With the help of statistical analysis it is established
that the pressure and concentration of surfactants have
the greatest influence on the quality of the synthesized
hydrate. The obtained experimental studies show that the
coefficients of multiple correlation are 0.19-0.46. This
means that the standard regression relationships do not
allow to take into account all the features of the obtained
results. Therefore, the search for the optimal approxima-
tion dependence is performed using the method of varia-
tion of coefficients and types of functional dependencies.
An approximate formula is obtained for determining the
predicted gas content of the hydrate.
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O6’ckmom 0anozo dociioxcenis € eleKmpuUHUtl Mpancnopmuutl 3aci6 3 A8MOHOMHUM OHCEPETOM IHCUBTLEHHS.
Ha cv0200m1i nodibni mpancnopmii 3acobu 3aimaioms éce Oiivuly iy na agmomoOiibHOMY PUHKY, BUICHAIOUU
CB0IX KOHKYPEHMIE 3 08UZYHOM SHYMPIUIDO20 320PAHNS 34 PAXYHOK U0i enepzemuunoi egpexmuenocmi. I xoua
Ys nepesaza nad mpancnopmom 3 06UzZYHOM GHYMPIUHDOZO 320PANHI € 0UEBUOHOI0, 3 MOUKU 30PY CACKMPUUHUX
cucmem KK/ exexmpomobinie sanumacmocs 006011 nesucoxum. IIpobemmum micuem, sxe Haxiaoae ui oomexncenms,
€ 0xcepeslo Jeusienms — JMil-ioHHULl AKYMYAIMOP — AKUTL MAE 3HAUHULL 6HYMPTWUHITL ONip.

s ycynenns upozo nedonixy na npukiadi npusoody eaeKmpocKymepa 3 ACUHXPOHHUM OBUZYHOM 3 KOPOMKO3AMKHE-
HUM POMOPOM OOCTIONHCYBALACH CXEMA 3 NIOKTIOUEHHAM NAPATETLHO 00 AKYMYAIMOpa bamapei cynepronoencamopis.
Cyneprondencamopu Maiomy 3HAUHO MEHWUT GHYMPIUHIT onip i momy bepymy na cebe 0CHOBHE MUMMEBE HABAHMA-
HCCHUS NPU NEPEXIOHUX NPOUECAX: PO3ZOHT A 2ATbMYEAHHI, KOIU Yepes 0Hcepeso NPOmiKaomy HaubLibli cmpymid.

Hocnioacenis noxasanu, wo nodibna xoupizypauis nokpawye enepzemuuny eqhexmueHicms mpancnopmiuux 3a-
cobis. [puuomy icnye onmumaivie 3nauenis HeobxXionoi EMHoCmi Cyneprondencamopa 0is 00Csznes Haoiibuol
eexmusrnocmi (naimenuozo cnoycusanis enepezii). Lle nos’ssano 3 mum, wo 6amapes cyneprondencamopis € 0060
eabapummnum 00 €Kmom i Cymmese 30LIbUeHIs EMHOCTIE NPU3BOOUMD 00 3OLILULCHI MACU MPAHCNOPMHOZ0 3AC00Y
i 610n06i010 00 36iIvenHs cnoXcusanis enepeii. /lodamxogo 6yia 00CHIONCEHA NOKPAUCHA CUCTEMA HCUBTCHILS,
8 SAKill CYNePrOHOEeHCAmop NPULLBUOULERO 3aPAONCAEMbCSA N0 YAC NAY3 PYXY MPAHCnopmHozo 3acoby. Bona dosso-
JIUNLA NOKPAUWUMU BICe OMPUMAHT PE3YTbMAMU, Ue SMEHUUBWYU CNONCUBAHNSL eJIeKMPUUHOL eHep2il.

Y nopiensinni 3 nposedenumu paniute 0ocrioxcenmusm 6yio noKA3AH0 SANCIUGICTNG NPABUILHOZO 6UOOPY EMHOC-
mi CYneproHoencamopie ma cucmemu KOHMpPOLo Jcueienns. byra dosedena nassnicmv mouxu onmumymy ma
UUCENLHO NPOOEMOHCMPOBANA PISHULUSL NOKASHUKIE CONCUBAHHS eHepeii 6 Uill Ma 6 THILUX MOUKAX.

Kmiouosi cnosa: cucmema npusody erexmpockymepa, Jmii-ionHuil akyMyisamop, napaieivie 3’ cOnanis cy-
neprondencamopa ma axymyassmopa, Micokuil i3006uil yuK.

1. Introduction veloped recently are gradually displacing their analogs
driven by the internal combustion engine as they are more

Current trend in the transportation industry demon- energy efficient and environmentally friendly. Economic
strates that electric automobiles that have rapidly de- approach when selecting a vehicle shows that the higher
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