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ADAPTATION OF THE HIGH-PRESSURE ELECTROLYZER
IN THE CONDITIONS OF JOINT OPERATION WITH TPP
AND NPP POWER-GENERATING UNITS

Purpose. To substantiate the need to adapt the high pressure electrolyzer (HPE) to the conditions of joint operation with TPP
and NPP power generating units to solve the problem of operating power generating units in the basic mode and to ensure the use
of excess electrical power produced during periods of its minimal consumption for generating hydrogen and oxygen with their
subsequent use during the electrical power peak consumption. This will allow reducing the number of “start — stop” modes caused
by unevenness of the of electrical consumption schedule.

Methodology. Studying of electrochemical process of hydrogen and oxygen generation for their subsequent use in the techno-
logical schemes of TPP and NPP power generating units is based on the laws of mass conservation, thermodynamics, electrical
engineering and electrochemistry when applying the data obtained from simulation and physical modeling methods.

Findings. We have studied the peculiarities of the use of hydrogen as a fuel under electrical energy production. The product of
hydrogen combustion in oxygen is superheated water vapor — the working substance of modern steam turbines. The steam can be
sent to a steam turbine where it performs an operation expanding. There were analyzed prospects of joint operating the power
generating units with a high-pressure electrolyzer under the basic mode when the excess electricity produced in the minimal con-
sumption periods was used for generating hydrogen and oxygen. Ways for modernization of the existing steam turbine installations
were offered for work on variable modes (including the peak electrical energy consumption). Technological schemes of TPP and
NPP power generating units have been improved and thermodynamic parameters of the cycles have been increased.

Originality. The calculated data show that when a steam turbine cycle is carried out with hydrogen superheated steam at
o < 10', the thermodynamic efficiency of the hydrogen fuel use can be 1.5—2 times higher than efficiency of the natural gas use in
gas turbines, and the coefficient of electrical power regeneration can be from 40 to 50 %.

Practical value. A scheme for arranging the block of four electrolysis cells modules and a schematic diagrams of the basic types
of hydrogen-oxygen steam generators have been developed; a set of works was completed aimed at developing scientific and techni-
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cal principles for creating the new highly economic power generating units of increased maneuverability.
Keywords: electrolyzer, hydrogen, oxygen, steam generator, steam-gas turbine

Introduction. The most important feature of hydrogen as a
fuel for energetics is that the product of its combustion in oxy-
gen is superheated water vapor — the working fluid of the mod-
ern steam turbines. This water vapor can be directed to a steam
turbine, where it does its job when expanding.

It is possible to use the excess electrical energy produced
during the low consumption periods to generate hydrogen and
oxygen. And it is one of the promising directions to solve the
problem of ensuring of the power plant operation in the basic
mode.

Gas generation under high pressure (up to 70.0 MPa)
makes it possible to store them in storage under high pressure
without using intermediate compressor equipment. As a re-
sult, it is possible to use them later during the electrical net
peak loads directing them to the hydrogen-oxygen steam gen-
erator. And then superheated steam enters the turbine.

The studies in this area pay special attention to the organi-
zational and technical measures to reduce the number of the
power plant’s “start—stop” modes. These modes are the forced
ones due to the growing unevenness of the daily electric load
schedule. There are many power plants where the number of
such modes significantly exceeds the regulated one. The aver-
age monthly values of the daily range regulation of 200—
300 MW capacity power plants are of 21 to 29 % [1].

Such operation causes low-cycle fatigue of rotors and oth-
er details and their premature failure earlier than the desig-
nated service life. This negative effect is increased by aging of
the materials at high temperatures and reducing their plastic
properties. The problem of increasing the number of the
“start—stop” modes is particularly acute in the summer peri-
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ods. The reason for this is the electrical power excess — its low
consumption.

It is possible to use the excess electrical energy produced
during the low consumption periods to generate hydrogen and
oxygen. And it is one of the promising directions to solve the
problem of ensuring the power plants operation in the basic
mode.

To realize this aim we propose creating the shops for elec-
trolysis hydrogen production at the power plants [2].

In this case, a part of the generated hydrogen is used as a
“candlestick” gas at solid fuel thermal power plants (TPP),
and the other part is delivered to the existing gas transmission
network, which can be used as a hydrogen accumulator of
large capacity [3].

The content of hydrogen in the mixture with natural gas at
the level of 3—5 % by volume does not require changing the
technology of this mixture use in the municipal and industrial
economy sectors.

The optimal organization of these processes by introduc-
ing the innovative hydrogen technologies is impossible with-
out taking into account the peculiarities of the modes of joint
operation of TPPs and NPPs with electrochemical generators
of high pressure hydrogen and oxygen.

Purpose. The aim of this study is to develop the concept of
a new electrochemical method for high pressure hydrogen and
oxygen generation with high thermodynamic efficiency that
provides adaptation of a high pressure electrolyzer (HPE) to
joint operation with TPP and NPP.

In accordance with this aim, the following tasks are de-
fined to be solved:

- to analyze the industrial methods of hydrogen generation
and justify the effectiveness of HPE application for transfor-
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mation of the network excess electricity produced in the peri-
ods of low energy consumption;

- to study the ways for increasing the efficiency of the TPP
and NPP power-generating units using the hydrogen genera-
tion technologies.

To solve these tasks we completed a set of studies by the
directions:

- developing the scientific and technical principles of cre-
ating the new highly economy and maneuverable power units;

- providing the existing steam turbines’ operation under
variable modes (including “coverage” of the peak loads) by
improving the technological schemes of TPP and TEC power-
generating units and by increasing the cycles thermodynamic
parameters.

Industrial samples and perspective developments of the elec-
trochemical hydrogen generators. The electrolytic technologies
of hydrogen generation have been widely used in various mod-
ern technological processes due to electrochemical decompo-
sition of liquid alkaline electrolyte [4]. A significant disadvan-
tage of this method is its high energy consumption. Therefore,
minimization of electricity consumption is currently a relevant
task for hydrogen energetics in general. The scientists and en-
gineers in many countries are solving this problem.

As to the modern technological schemes of hydrogen and
oxygen generation by electrolysis, electrolyzers of the filter-
press type are used. The well-known manufacturers are the
following: “Uralkhimmash” firm [5]; TELEDYNE TITAN™
[6]; HYSTATTM [7]; Water project Flughafen Munich. Ge-
sellschaft fiir Hochleistungselektrolyse — GHW [8]; Smart
Hydrogen Station (SHS) [9]; HOGEN® [10]. Electrolyzers
produced by these manufacturers have the following working
characteristics: range of working pressures from 0.05—
2.6 MPa; operating temperature from 333 to 353 K; current
density of 1200 —2500 A/m?>.

The energy consumption depends on a number of factors,
such as the process temperature, operating pressure of the gen-
erated gases, electrodes material, electrolyzer design, and can
vary from 4.3 to 5.8 kWh to produce 1m® of hydrogen and
0.5 m? of oxygen.

A promising direction of electrolysis technology develop-
ment is to use the filter-press type electrolyzers with proton
exchange membranes (PEM). According to publications [11,
12], such electrolyzers generate hydrogen under relatively high
pressure from 1.0 to 5.0 MPa.

The energy efficiency of the above-mentioned electrolyz-
ers is achieved due to increasing the operating temperature up
to 360 K and due to galvanic deposition of platinum or rare
earth metals of the platinum group on the electrodes surface to
play role of an electrochemical catalyst for the process. It
causes a significant increase in electrolyzer price and compli-
cation of the technological scheme of electrode production as
well as increasing the requirements for the accompanying
maintenance processes, reducing the electrolyzer resource,
and the most importantly, reducing its reliability through the
use of distributing membranes.

One of the problems of the ion exchange membrane elec-
trolyzer operation is significant pressure drop between the vol-
umes of hydrogen and oxygen generation that may cause the
membrane destruction.

This phenomenon is a major factor for limiting the operat-
ing pressure in such electrolyzers under hydrogen and oxygen
generation.

The basic principles of the high-pressure membraneless
electrolyzer operation. The scientists of the A.M. Pidhirny In-
stitute of Mechanical Engineering Problems of National
Academy of Sciences of Ukraine (IPMash NAS of Ukraine)
have developed and tested the laboratory electrolyzer samples
providing the innovative technology of membraneless high
pressure hydrogen and oxygen generation [13].

This technology involves two cyclic redox reactions of the
active mass of the gas-absorbing electrode.

The process of hydrogen generation begins with supplying
the negative potential to the passive (gas-generating) elec-
trode. At this stage, the active (gas-absorbing) electrode acts as
an anode. The water decomposition reaction occurs with the
simultaneous release of H, and O,, but hydrogen is released at
the gas-generating electrode in gaseous form and oxygen is
chemically bound by a gas-absorbing electrode (it accumu-
lates as a chemical compound) [14].

The electrolyzer power supply is synchronized with the
electromechanical flow switch. And, as a result, hydrogen is
released and fills only the hydrogen line, not mixing with oxy-
gen.

When the limit voltage is reached, the polarity is switched
with simultaneous powering of the electromechanical gas-lig-
uid flow switch. As a result, the passive electrode becomes the
anode and the active electrode becomes the cathode. Thus,
only one gas is released — hydrogen or oxygen. There is no
need to use the ion exchange membranes. The electrolysis
process can take place at any pressure, limited only by the
strength of the lectrolyzer’s vessels and gas storage tanks.

The main advantages of the electrolysis equipment devel-
oped at IPMash of the NAS of Ukraine are its ability to oper-
ate with high energy efficiency feeding the power from the re-
newable energy sources [15]. Generating 1 m? of hydrogen and
0.5 m® of oxygen requires 3.9—4.0 kWh [16] (Fig. 1).

This diagram shows that electricity consumption by IP-
Mash’s electrolyzer is 20—25 % lower than that of existing an-
alogues. In addition, gases are generated at high operating
pressures (from 15.0 to 70.0 MPa) [16] (Fig. 2).

The IPMash NASU electrolyzer provides the possibility
for gas generation under operating pressure up to 70.0 MPa.

And this is the best indicator among the low-temperature
alkaline electrolyzers. So, there are wide prospects for its ap-
plication in the compressor-less hydrogen storage systems and
subsequent to use hydrogen in the energy-technological com-
plexes — Fig. 2.

To make a correct comparison of the energy efficiency of
the membraneless high pressure hydrogen and oxygen gener-
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Fig. 1. Electricity consumption to generate 1 m* of hydrogen and
0.5 m? of oxygen by electrolyzers of various types
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Fig. 2. Working pressure of the gases generated by the electroly-
sis equipment of various types
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Table 1

Industrial electrolyzers and perspective electrolyzer developments

) Capacity H, pressure Electrical energy )
Model Htfe fﬁﬁf)rlztgl;lg nm’/h kg/h (eﬁ(;;ss) consumption Pl}J{rzl’tX% of
max max a KWh/m® | KkWh/kg
Norsk HPE 10 Bipolar alkaline cell 10 0.9 1.6 4.8 534 99.8
TELEDYNE TITAN™ EC-500 | Bipolar alkaline cell 28 2.5 0.4-0.7 5.6 62.3 99.9998
HySTAT-A1000Q-40-10 Bipolar alkaline cell 40 3.6 1.0 4.8 53.3 99.98
GHW Bipolar alkaline cell 110 9.9 3.0 4.5 55.5 99.7
RNC “Kurchatov Institute” PEM 10 0.9 5.0 43 47.7 99.98
Treadwell Corporation PEM 10.2 0.92 7.5 99.999
(EHP) IPMash NASU Monopolar alkaline cell 1.0 0.09 15.0-70.0 3.9-4.1 45.2 99.98

ating technology and existing industrial electrolysis technolo-
gies, it is necessary to summarize the energy consumption for
electrolytic hydrogen production using the above-mentioned
industrial methods and its subsequent compression.

Table 1 shows the technical characteristics of existing and
promising alkaline electrolyzers.

The design of the electrolyzer, implementing the proposed
technology, includes an electrolysis unit, a system for separat-
ing gas-liquid streams, an electronic unit to manage and con-
trol the electrolyzer operation modes and the power supply
unit.

Serial electrical connecting of the electrolysis cells gives
the possibility to reduce the line current and, consequently, to
reduce the copper consumption for the bus bars supplying
power to the cells significantly. Fig. 3 represents the layout of
the blocks and modules of four series-connected electrolysis
cells (there should be ten cells altogether).

It is also promising to create powerful electrolysis plants
that consume 25—30 % of the network electricity and operate
in buffer mode consuming the excess electricity in the periods
of its low consumption by consumers.

Commissioning of such plants will ensure operating of the
power-generating equipment of thermal power plants and nu-
clear power plants in the most economical and safe basic
mode. Implementing such a project will require more than
1 000 high-performance electrolyzers (up to 3 000—5 000 m3/h
of hydrogen productivity).

For successful realization of this technological scheme, it
is necessary to provide the technical conditions for balance of
the generated and consumed hydrogen and oxygen quantity
under joint operation of the TPP and NPP power-generating
units and the hydrogen and oxygen electrochemical generators
as early as at the stage of this scheme development.

Fig. 3. Layout of the block of modules of four electrolysis cells:

1 — aframe of an electrolysis cell; 2 — electrolysis cells; 3 — gas line
under operating pressure up to 70.0 MPa s; 4 — gas-liquid flow
switch unit; 5 — hydrogen and oxygen separators; 6 — electrolyte
supply lines; 7 — containers with electrolyte; 8§ — control and man-
agement system; 9 — pressure sensor

Optimization of gas and steam turbines working modes up to
the needs of power consumption from the external power supply
network. The idea to use the network excess of electrical ener-
gy requires developing of the new effective electrochemical
methods of hydrogen generation. The most important hydro-
gen peculiarity as a fuel is that the product of its interaction
with oxygen is the superheated water vapor — the working fluid
of the steam turbines.

Entering the steam turbine, this vapor expands and per-
forms the work. But its temperature is very high. Technologi-
cally, such vapor cannot be used directly in the turbine. The
steam turbines operate at supercritical temperature values
from 913 to 923 K. Therefore, to reduce the water vapor tem-
perature, it is necessary to add some water (» moles per 1 mole
of H,). Then the work to be done by the water vapor per Imole
of H, is

Lypne =(AH gy —nH )

‘turbine — “Neurbines

where AHy; =286 kJ per 1 mole of H,; H#* is the enthalpy of
the dry saturated steam at the pressure that is at the turbine
outlet (it is assumed that after expansion in the turbine the va-
por will be dry and saturated); n,,,, is the internal efficiency of
the steam turbine.

To use hydrogen more efficiently, it is necessary to deliver
the high-temperature water vapor into the operating steam
turbine.

In this case, the high-temperature water vapor is mixed
with slightly superheated or dry saturated steam in the turbine
and, as a result, the temperature of the working substance in-
creases resulting in the higher efficiency of the entire steam
turbine cycle. The energy advisability of this method of hydro-
gen application is that the heat supplied by the high-tempera-
ture water vapor is realized in the cycle at the maximum allow-
able temperatures.

To realize this concept, it is proposed to implement the
hydrogen-oxygen steam generators (HSG) in the power plants
having the hydrogen-oxygen cycle or gas-turbine and steam-
turbine cycles, which include the combustion chambers and
mixing chambers. Fig. 4 shows three main types of the hydro-
gen-oxygen steam generators.

Fig. 4, a represents water vapor and water supply to the
mixing chamber in the amount sufficient to provide the super-
heated steam with the specified parameters as a result of water
evaporation and mixing it with the hydrogen combustion
products.

Fig. 4, b represents the process of water entering the mix-
ing chamber. Fig. 4, c represents the process of only steam en-
tering the mixing chamber. Fig. 5 shows a diagram of the steam
turbine power complex, where an electrolyzer is used to equal-
ize the schedule of electricity consumption.

This scheme is implemented in the hours of “load fail-
ure” — low energy consumption. Hydrogen and oxygen are
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Fig. 4. Schemes of the main types of hydrogen-oxygen steam
generarors:

a — with injection of water and water vapor; b — with water vapor
injection; ¢ — with water injection

Fig. 5. The scheme of the power complex of the steam turbine
with electrolyzer:
1 — boiler; 2 — turbine; 3 — HSG; 4 — hydrogen storage; 5 — oxy-
gen storage,; 6 — electrolyzer, 7 — air-drop heat exchanger (cooling
tower); 8 — pump to supply distillate to the electrolyzer; 9 — reserve
storage of distilled water; 10 — pump to supply hot water to the
cooling tower; 11 — distiller; 12 — conversion substation; 13 —
valve to supply steam to the distiller; 14 — electrogenerator; 15 —
condenser; 16 — water supply pump to the boiler

generated by water electrolysis with an initial pressure of p,,.
The gases are compressed to the operating pressure p during
electrolyzer operation and sent to the hydrogen and oxygen
storage. When the electrical load reaches its peak value, hydro-
gen and oxygen enter the combustion chamber of HSG under
D) pressure.

The superheated high-temperature steam, formed in the
combustion chamber, is mixed in a mixing chamber with water
vapor having 7|, temperature and p, pressure. As a result, the
steam overheats, while its parameters vary from p,, 7;to p,, T}.
Superheated steam enters the turbine, where it expands. Its
parameters take the values of p, and 7).

Due to the use of hydrogen, the operating cycle of a power
plant operating without hydrogen superheating of steam (cy-
cle A) will be converted into cycle 4 + D, with additional work
W equal to the area D highlighted in red on the 7§ diagram
(Fig. 6).

At insignificant mass fractions of hydrogen combustion
products (o — the ratio of the mass of hydrogen and oxygen
combustion products to the total mass of steam entering into

Fig. 6. TS-diagrams of the steam turbine cycle with water ac-
cumulators of energy [16]

the turbine) we obtain an analytical expression for the efficien-
cy of hydrogen use in the cycle taking the heat capacity of
steam C, = const [17]

My, =AW/(aqf,z),

where qf'z. is the lower heat of hydrogen combustion per 1 kg of
the stoichiometric mixture combustion products. At oo — 0, the
heat of hydrogen combustion in oxygen will be converted into
work with an efficiency closed to the efficiency of the Carno
cycle at the former values of temperature 7'= T, and the relative
internal efficiency of the turbine n,, which is quite natural.

On this basis, we can assess the efficiency of electricity ac-
cumulation n,, (recovery factor — the ratio of Aw to electricity
consumed to produce hydrogen)

T‘lef = nHz ' T]el ' nvﬂ

where 1, is the electrolyzer efficiency; n,, is the storage effi-
ciency, taking into account the work spent on the hydrogen
and oxygen compression to the pressure in the combustion
chamber. For approximate estimates of N, and n,, the values
given in Table 2 were used.

The results of the calculation of the efficiency of the use of
hydrogen obtained in the electrolyzer under pressure at 1, = 1
(Fig. 7).

High-efficiency high-pressure electrolyzers, developed at
IPMash NASU, provide the excess network energy storage in
the form of hydrogen and oxygen with their subsequent appli-
cation of this energy during a power shortage period. The en-
ergy effect from application of hydrogen and oxygen is achieved
due to increasing the steam turbine cycle temperatures, up to
972 K, by the superheated water vapor. That results in increas-
ing the power-generating plant efficiency and power output to
cover uneven loads.

The use of modern heat-resistant materials in the turbine
construction gives the possibility for increasing the initial cycle
temperature from 850 to 1270 K. Supplying hydrogen-oxygen
mixture directly into the flowing part of the additional turbine,
it may be possible to implement the process of steam expansion
here that is to the uttermost closed to isothermal one. The effi-
ciency of the power-generating unit will be 45—47 %, which is
close to the performance of modern power-generating units,
which are designed to operate at supercritical steam parameters.

The limit values do not exceed 10" and are determined by
the maximum steam temperature allowed for turbines [18]
(Fig. 8).

Table 2
Thermodynamic quantities and their numerical values
. 9 r o, T H, T T
Size P , Yo H, ’ » » 5 Ner Mot
kl/kg- K kJ K K K ¢
value 2 2.4-10° 0.15 1.3-10° 650 5.2 10? 600 300 0.75 0.85
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oxygen combustion products to the total mass of steam en-
tering into the turbine from the steam temperature

Under using intermediate hydrogen superheating of steam
in HSG and under corresponding modernization of the steam
turbines, further growth of Ny, and nel can be achieved. The
calculated data show that when performing a steam turbine
cycle with hydrogen superheated steam at o < 10, the thermo-
dynamic efficiency of hydrogen application as a fuel can be
1.5—2 times higher than the efficiency of using the natural gas
in the gas turbine plants. The coefficient of electricity recovery
can be from 40 to 50 % with increasing a: Ny, and 1.

If the steam generator operates in the stationary mode and
its productivity does not change, then the better regulation of
power generating equipment is achieved through the use of the
two turbines in the power plant — the main and additional
ones, when the steam from the steam generator is redistributed
between them with varying degrees of overheating.

For this type of the steam turbine plants, the increase in
efficiency of hydrogen use is provided not only due to increas-
ing the average thermodynamic temperature at which heat is
supplied during a cycle, but also due to reducing the steam
humidity at the turbine exhaust (increase 1) as well as due to
reducing the consumption of the superheated steam for inter-

mediate overheating and reduction of regenerative bleed-off
at use of the additional turbine. The decrease in the values of
Ny, incomparison with the theoretical efficiency is explained
by taking into account the exergic losses, energy consumption
for hydrogen compression and the peculiarities of the pro-
cesses realized in the modern turbines of the specific types
(Fig. 9).

So, the results of the thermodynamic analysis of idealized
schemes show that hydrogen energy storage, when hydrogen is
used for steam superheating in the steam turbine cycle, can be
a very effective method for balancing the electrical network
power consumption schedule. And it is quite available method
to put it into practice on the basis of existing equipment at the
modern TPPs and NPPs [19].

Conclusions. As a promising direction of electrolysis tech-
niques development, improvement of the membraneless tech-
nology should be considered for high pressure electrochemical
generation of hydrogen and oxygen where the electrolyzer in-
volves electrodes manufactured from the metals with variable
valence. Such an electrolyzer is adapted to the use of the elec-
tricity from the renewable energy sources.

Increasing the thermodynamic cycle parameters and im-
proving the technological schemes of TPP and NPP power-
generating units will result in the possibility for their operation
in varied modes (involving “covering” the peak loads). And
these results may be reached after execution of a set of works
aimed at developing the scientific and technical principles of
creating the new highly economical power-generating units of
increased maneuverability.

The main advantages of the IPMash NASU electrolyzers
are their high energy efficiency. The electrolyzer consumes
3.9-4.0 kWh of electricity to obtain 1 m* of hydrogen and
0.5 m® of oxygen. It is 20—25 % lower than electricity con-
sumption by the existing electrolyzer analogues. In addition,
the gases are generated at high pressure (from 15.0 to
70.0 MPa). So, there are wide prospects for their use in the
compressorless hydrogen storage systems. The energy effect
from application of hydrogen and oxygen is achieved due to
increasing the steam turbine cycle temperatures, up to 972 K,
by the superheated water vapor. That results in increasing the
power-generating plant efficiency and power output to cover
uneven loads. Superheating hydrogen steam is especially ef-
fective in the cases where a steam generator produces the satu-
rated steam that is typical for NPP steam generators. The ther-
modynamic efficiency of hydrogen application as a fuel can be
1.5—2 times higher than the efficiency of using the natural gas
in the gas turbine plants. The coefficient of electricity recovery
can be from 40 to 50 %.
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Fig. 9. Schematic diagrams of the steam turbine plants with electrolyzers intended for equalization of the power consumption schedules:

a — plant with an additional turbine; b — plant with the additional turbine realizing an intermediate overheating
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Ananranisi eieKTpoizepa BUCOKOTO
THCKY 10 YMOB CNJIbHOI eKCITyaTamii
3 eneproojokamu TEC i AEC

A. A. lllesuenko, M. M. 3inynnixos, A.JI. Komenio
[HCcTUTYT NIpoGemM MalnMHOOynyBaHHS iMeHi A. M. ITigrop-
Horo HAH VYkpainu, M. XapkiB, YkpaiHa, e-mail:
shevchenko84@ukr.net

MeTta. OOrpyHTYBaHHSI HEOOXiTHOCTI amanTalii eJIeKTpo-
nizepa Bucokoro tucky (EBT) mo yMOB cITiIbHOI eKCIuTyaTa-
1ii 3 eHeproonokamu TEC i AEC pist BupiteHHs mpo6jemMu
eKcrulyaTalii eHeprooJoKiB y 6a30BOMY pexumi il 3abe3re-
YEHHSI BUKOPHMCTAHHSI BUPOOJIEHOI Y «IIPOBaJIbHi» Mepioan
HaUTUIIIKOBOI €JIEKTPUYHOI €Hepril 1151 ofiepKaHHsI BOAHIO i
KUCHIO, 3 TIONAJIBIIUM 1X BUKOPUCTAHHSIM ITiJl 9ac MiKy eJeK-
TPUYHOTO HaBaHTaxkeHHs. Lle M03BOMUTH CKOPOTUTH Kilb-
KiCTh PEXHMIB «ITyCK — 3YIMHKa», OOYMOBJIEHUX 3POCTaH-
HSIM HepiBHOMIpHOCTI Tpadiky eJeKTpUYHOrO HaBaHTa-
SKEHHSI.

Metonuka. [ocCiIKeHHsI TIPOLEeCy eIeKTPOXiMiYHOTO
TreHepyBaHHS BOIHIO il KUCHIO, Ta X MOJAJIbIIIOTO 3a/isSTHHS B
TEXHOJIOTIYHNX cxemax eHepreTuuHux 0j0kiB TEC i AEC,
0a3yeTbcsl Ha 3aKOHaX 30epeXeHHs Macu, TePMOJIUHAMIKU,
€JIEKTPOTEXHIKM, E€JIEKTPOXiMii 3 BUKOPUCTAHHSIM JaHUX,
OTPUMaHMX Ha OCHOBiI METOMiB iMiTaliliHOro i (HizuyHOrO
MOJIETIOBAHHSI.

Pesyabratn. Po3risiHyTi 0COOJIMBOCTI BMKOPUCTAHHS
BOJHIO B SIKOCTi IajiuBa mJist eHepreTuku. [Tponykrom iioro
3rOpsSIHHA B KMCHI € TIeperpita BoAsiHa nmapa — podoye Tijio
CyyacHUX MapoTypOiHHMX yCcTaHOBOK. BonmsHa mapa moxke
OyTHU cripsiMOBaHa 10 MapoBOi TypOiHU, e, PO3IIUPIOIOYNCH,
BUKOHYE poOoty. [IpoaHaizoBaHi INepCHEKTUBMU CITiJIBHOI
eKCIuTyaTallii eHepro0JI0KiB i €JIeKTpoJli3epa BUCOKOTO TUCKY
B 0a30BOMY peXUMi 3 BUKOPHUCTAHHSIM BUPOOJIEHOI y «IIpO-
BaJIbHi» TEPiOAM HAMJUIIKOBOI €JIEKTPUYHOI €Heprii s
oJiep>KaHHS BOJIHIO i KUCHIO. 3arpornoHOBaHi LIJISIXU MOJIep-
Hi3allii iCHYyIOUMX MapoTypOiHHUX YCTAHOBOK JIJIsi pOOOTH Ha
3MIHHUX peXHUMax (BKJIIOUYAIOUU <«ITOKPUTTSI» TIKOBUX Ha-
BaHTAXEHb). Y IOCKOHAJIEHI TEXHOJIOTIYHI CXeMU €HEPreTuy-
Hux 010KkiB TEC i AEC Ta minBuilieHi TepMoaMHaMivHi apa-
METPHU LIUKJIiB.

HaykoBa HoBu3HA. Po3paxyHKOBi JaHi MOKa3yloThb, 1110
MpU 3AiCHEHHI MapoTypOiHHOTO LIMKIY 3 BOJIHEBUM Iepe-
rpisom napu mpu o < 10! TepMoarHaMiuHa edeKTUBHICTD
(KKJ/I) BUKopucTaHHsI BOAZHEBOTO NajrBa Moxe Oyt B 1,5—
2 pasu Buie, HixX KK]I BUKOpUCTaHHS MPUPOTHOTO rasy B
ra3oTypOiHHUX YCTAHOBKAX, a KoedillieHT pekyrepallii eJieK-
TpoeHeprii Moxe cranoButy Bix 40 mo 50 %.

IIpakTyna 3HaymMmicTb. Po3pobiieHa cxemMa KOMITOHY-
BaHHS 0JIOKY MOJYJIiB i3 YOTUPbOX EJEKTPOJII3ZHMX KOMipOK i
TIPUHIIMIIOBA CXeMa OCHOBHUX THITiB BOIEHb-KMCHEBUX Ta-
poreHepaTopiB, BUKOHAHO KOMIUIEKC POOIT, CIIpSIMOBAHUX
Ha po3pOoOKY HAayKOBO-TEXHIYHUX MIPUHIIUITIB CTBOPEHHST HO-
BUX BUCOKOEKOHOMIUYHUX €HEPTro0JIOKiB MiBMILIEHOI MAHEB-
PEHOCTI.

Kuiouosi cioBa: esexmpoanizep, 6odens, Kucehs, napozere-
pamop, hapoza3zoea mypoina
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Ananranys 3JIeKTPoJIM3epa BbICOKOTO
JaBJIEHUS K YCJIOBHSIM COBMECTHO¥
aKcmyaTanun ¢ 3Heprod1okamu TOC u ADC

A. A. lllesuenxo, H. H. 3unynuukos, A.JI. Komenko

WHuctutytr npobsem mammnHoctpoeHusi umenu A. M. Ioxn-
ropHoro HAH VYkpaunbl, r. XapbkoB, YKpauHa, e-mail:
shevchenko84@ukr.net

eas. OGocHOBaHME HEOOXOAMMOCTHU afarTaluy 3JeK-
Tposiu3epa BbICOKOro aapieHust (DB/I) K ycinoBusiM coBMeCT-
Holi paboTsl ¢ sHeprotokamu TOC u ADC mns perreHust
npo0JIeMbl SKCIUTyaTallMi SHEProOJIOKOB B 0a30BOM peKUME
u obecrieueHrs] WCTIOIb30BaHUs TPOU3BENEHHONW B «IIPO-
BaJIbHbIE» MEPUOMbI U3OBITOYHOI 3JIEKTPUUYECKOM DHEPTUU
IUTSI TIOJTyYeHUST BOMOPO/Ia Y KUCIOPOA, C TIOCTEAYIOIINM UX
WCITOJIb30BAHUEM B MUKOBBIE PEXUMBbI 2JIEKTPUYECKON Ha-
TPy3KHd. DTO TO3BOJUT COKPATUTH KOJIWYECTBO PEKUMOB
«ITyCK — OCTaHOBKa», 00YCJIOBJIIEHHbBIX POCTOM HEpaBHOMED-
HOCTU rpauKa JIeKTpUIecKOil Harpy3KH.

Meromuka. VccnenoBaHue mpoliecca 31€KTPO-XUMUYE-
CKOTO TeHEPUPOBAHUS BOMIOPOIA ¥ KUCIOPOA, U MX TaTbHE-
LLIETO 3a1eiCTBOBAHMS B TEXHOJIOTUUECKUX CXEMaX IHEPreTh-
yeckux 0710koB TOC u ADC, 6a3upyercst Ha 3aKOHAX COXpa-
HEHMSI MacChl, TEPMOJMHAMUKHM, NEKTPOTEXHUKH, DIEKTPO-
XMWY C UCTIOJIb30BAHUEM NAaHHBIX, MTOJYYeHHBIX HA OCHOBE
METOI0B UMUTALMOHHOTO 1 (DU3UYECKOTr0 MOJEIUPOBAHUSI.

PesymbraTtnl. PaccMOTpeHBI 0COOEHHOCTH MCTIOTBH30Ba-
HUS BOIOpOJA B KauyecTBe TOIIMBA JUIsi SHepreTuku. [1po-
IYKTOM €TO CTOpaHMsI B KUCJTOPOIE SIBIISIETCST TIEPerpeThiid
BOJISIHOI TMap — pabouee TeJIO COBPEMEHHBIX MapOoTypOUH-

HBIX yCTAaHOBOK. BonstHO#1 TTap MOXKeT OBITh HATIpaBJIeH B Ma-
pOBYIO TYpOWHY, TI€, PacCIIUpPSISICh, BBITIOJIHSIET pPaboTy.
[Mpoananu3npoBaHbI IEPCIIEKTUBBI COBMECTHOM 2KCITTyaTa-
LIUU SHEPTOOJIOKOB U SJEKTPOJIU3epa BbICOKOTO NaBJIeHUs B
0a30BOM peXrMe C WCIOJIb30BaHWEM IPOM3BEICHHON B
«TIPOBAJIbHbIE» IEPUOJIbI U30BITOUHOM JIEKTPUUECKOI IHEP-
UM I TIOJyYeHusl Bomopoaa u kuciaopona. [IpemnoxeHbt
MyTU MOJEPHU3ALUM MapOTypOUHHBIX YCTAHOBOK ST pabo-
THI HA TIEPEMEHHBIX pekuMax (BKITIOUAs «ITOKPBITUS» TTUKO-
BBIX HAarpy3ok). YCOBEpILIEHCTBOBaHbl TEXHOJOTMYECKUE
cxeMbl 3HepreTrndeckux 6J10KoB TOC u ADC 1 MOBBIIIECHBI
TEPMOAMHAMUYECKHUE ITapaMeTpbl LIUKIIOB.

Hayunas noBu3na. PacueTHble 1aHHBIE TTIOKA3BIBAIOT, YTO
MPU OCYILECTBIEHUM MapOTypOMHHOIO LMKJIAa C BOAOPOA-
HBIM IieperpeBoM napa 1pu o, < 10! repmomnHamMnueckas a¢h-
dextuBHoCcTh (KII[) ncronb3oBaHUSI BOOOPOIHOTO TOTUIM-
Ba MOXeT ObITh B 1,5—2 pa3za Bbile, yem KIT ucronab3oBa-
HMSI TIPUPOTHOTO Ta3a B Ta30TyPOMHHBIX YCTAHOBKAX, a KO-
3G dUIMEHT peKyIiepauy JIeKTPOIHEPTMU MOXET COCTaB-
1at1b ot 40 10 50 %.

IIpakTHyeckas 3Ha4uMocThb. Pa3paboTraHa cxeMa KOMIO-
HOBKU 0JI0Ka MOJYJIei U3 YEeThIpEX JEKTPOIU3HBIX STUEeK 1
TIPUHIIMITHATBHASI CXeMa OCHOBHBIX TUTIOB BOIOPOI-KHUCIIO-
POIHBIX MAPOTeHEePaTOPOB, BHIITOJIHEH KOMIUIEKC paboT, Ha-
TpaBJIEHHBIX Ha Pa3paboTKy HAyYHO-TEXHUIECKUX TPUHIIA-
OB CO3JaHUsI HOBBIX BHICOKOOKOHOMUYHBIX HEPTOOIOKOB
TTOBBIIIIEHHO MaHEBPEHHOCTH.

KnroueBbie cnoBa: asnexkmpoausep, 6000pod, Kuciopoo,
napoeenepamop, napoeazosas mypoura
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