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The approach to solving the applied problem of modernization of the
300 MW series power units produced by JSC "Ukrainian Energy Machines"
by converting them from supercritical to ultra-supercritical steam parame-
ters, provided that regenerative feed water heating system is preserved as
much as possible, which will lead to an increase in the energy efficiency of
the TPP with minimal conversion, is analyzed in the paper. The conversion
of the K-300-240-2 power unit to the parameters of fresh steam
650 °C/30 MPa and intermediate superheated steam 650 °C/7 MPa, deter-
mined as optimal as a result of previous studies, can be carried out by com-
pletely replacing the high-pressure cylinder of the existing unit for a new
high-pressure cylinder with ultra-supercritical steam parameters and super-
structure with an additional intermediate-pressure cylinder while fully pre-
serving the parameters and designs of the intermediate- and low-pressure
output parts. Two options for modernization of the 300 MW series power unit
thermal circuit structure were considered, and the scale of conversion of the
regenerative feed water heating system was evaluated. In the first option of
the thermal scheme, the Ist steam selection is organized from the cold
threads of the modernized high-pressure cylinder with ultra-supercritical
steam parameters, and the 2nd one — from the cold threads of the additional
intermediate-pressure cylinder. In this case, two high-pressure heaters and a
turbo drive of the feed pump are subject to replacement. The disadvantage of
this option is that due to a significant increase in steam parameters, it is im-
possible to choose high-pressure heaters from the existing model range, and
a new design must be developed. The electrical efficiency for this moderniza-
tion option increases from 36.5% (the initial thermal circuit of the K-300-
240-2 turbine) to 42.5%. In the second option, it is proposed to install an
additional turbine with a capacity of 3 MW, to the input of which a steam
from cold threads of the high-pressure cylinder with ultra-supercritical
steam parameters is supplied with a loss equal to the sum of the Ist and 2nd
selections of the original version of the turbine, on the same shaft with a
turbo drive of the feed pump for the sake of preserving the existing high-
pressure heater. The steam from the additional turbine selections goes to
high-pressure heaters HPHY9 and HPHS8 with parameters corresponding to
the output data of the existing turbine. Taking this into account, high-
pressure heaters will not be replaceable. In addition, the power of the addi-
tional turbine is sufficient to ensure the operation of the feed pump together
with the turbo drive of the feed pump to obtain a water pressure of 34 MPa.

In view of this, the turbo drive of the feed pump also remains unchanged,

except for the additional turbine installation. The electrical efficiency for the
second option of the modernization scheme of the K-300-240-2 power unit is
42.4%. It was determined that the payback period of the modernization ac-

cording to the first option is 5 years, taking into account the modernization of
the boiler unit, and according to the second one — 4.5 years. It is proposed to
choose the option of the thermal scheme with an additional turbine, since in

this case it is possible to modernize the K-300-240-2 power unit with the
maximum possible preservation of the regenerative feed water heating sys-

tem while increasing its energy efficiency by almost 14%.

Keywords: ultra-supercritical steam parameters, thermal power plant,
energy efficiency, regenerative feed water heating system.
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Introduction

One of the urgent problems of the modern energy industry, both in Ukraine and around the world, is
the conversion of the current power generating capacities of TPPs to ultra-supercritical steam parameters.
Modernization of thermal power plants can extend the service life of existing steam generators, improve en-
vironmental and economic indicators. Currently, the typical range of supercritical steam parameters is from
24 MPa to 28.5 MPa at a temperature from 540 °C to 596 °C [1-5]. The energy efficiency of such power
units is about 37%. It is known that the higher the initial temperature and pressure of fresh steam at the input
to the high-pressure turbine is, the greater is thermal efficiency of the power unit thermodynamic cycle. Over
the last decade, studies on the justification of modernization of existing coal-fired power plants by using en-
ergy-preserving units with higher steam parameters have been conducted [6-9].

Such thermal power plants should be even more energy efficient and cause less pollution to the envi-
ronment. According to experts [10], thermal power of power units when they are converted to work at the
supercritical parameters of the cycle can increase by almost 6—7% (relative), which is very significant. In
papers [1, 4], it is shown that at a pressure of fresh steam of 30 MPa and temperatures of fresh steam and
intermediate superheat of 610/620 °C, the energy efficiency of power plants reaches 47%. Such parameters
of the live steam are classified as ultra-supercritical.

However, the real technical capabilities of mechanical engineering impose restrictions on steam pa-
rameters. Thus, the temperature of fresh steam is limited by the capabilities of steel pipes (heating surfaces,
steam pipes) and the metal of turbine rotors (primarily the rotor of an intermediate-pressure cylinder) [10].
Therefore, a crucial task for creating a power unit based on supercritical steam parameters is to develop a line
of materials with the necessary characteristics of long-term strength and low-cycle fatigue [11]. An increase in
the pressure of fresh steam is also associated with an increase in the walls thickness of the power equipment
pipes. This leads to an increase in the boilers mass and a decrease in maneuverability (the ability to quickly
perceive load changes). However, despite these shortcomings, supercritical boiler units have a relatively high
efficiency (93.75%), a lower level of emissions into the environment and a smaller amount of ash [12]. Among
the considered methods of modernization of thermal schemes, the introduction of flare boiler units and boiler
units with a circulating fluidized bed designed for ultra-supercritical parameters of steam with two-stage over-
heating should be pointed out [13, 14].

Today, the global thermal power industry has already taken real steps towards a mass transition to
power units that operate at supercritical steam parameters (30 MPa/600 °C, and even up to 35 MPa/650 °C).
In literary sources, there are reports on works on the design of power units operating at an initial steam tem-
perature of more than 700 °C [5, 10].

An analysis of the performance of the planned future advanced ultra-supercritical (A-USC) coal-
fired power plant with a capacity of 700 MW, equipped with post-combustion carbon capture and storage
(CCS) technology is shown in paper [15]. The A-USC reference plant without CCS achieves a net efficiency
of 47.6% with CO, emissions of 700 kg CO,/MWh. Compared to subcritical plants, the net efficiency of A-
USC is 8% higher and CO, emissions are 16.5% lower.

Papers [16-18] provide data on the possible saving of the specific consumption of heat energy of a
power unit at various parameters of its thermodynamic cycle. Thus, with fresh steam and intermediate super-
heat parameters of 600/620 °C and 28.5/6 MPa, the net energy efficiency is almost 45.5% [16], with steam
parameters of 650/670 °C and 30/7 MPa — 47.58 % [17], and at 590/610 °C and 30/5.7 MPa — 43.84% [18].
The highest efficiency of the power plant in paper [17] is achieved due to the use of the Shevalsky cycle with
a waste heat utilization system.

However, the increase in the ranges of operating modes requires a radical revision of approaches to
the quality of thermal circuits designing due to the introduction of new technologies and types of power
equipment. It is known that huge funds are spent on the development of thermal power plants, therefore, in
modern economic conditions, it is necessary to develop and improve progressive methods of analysis and
decision-making when designing thermal schemes of energy systems [17, 19-21]. At the same time, when
analyzing the expediency of modernizing the TPP thermal scheme, it should be taken into account that the
operation of the replacement equipment is determined by the efficiency of not only the main ones, but also
the auxiliary elements of the power unit. Power units consist of a large number of elements, the dependencies
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between which are always complex. At the same time, not only the parameters inside the power unit are im-
portant, but also the analysis of all possible types of interaction of energy flows at the system boundaries.

A thermodynamic analysis of the supercritical Rankine cycle with single and double intermediate su-
perheat for a modern steam power plant with a capacity of 1200 MW was carried out in [22]. With the help of
variable calculations, it was determined that the increase in its electrical efficiency is more significantly af-
fected by the increase in temperature than the increase in pressure. So, with fresh steam parameters of
32.5 MPa/700 °C, the efficiency of the single / double intermediate heating cycle is 46.45% / 49.4%, and at
35 MPa/650 °C, the efficiency of the cycle with one and two intermediate superheats is 45.40% and 47.92%,
respectively. However, the authors did not consider the influence of the parameters of the intermediate super-
heated steam and did not define the limits to which it makes sense to increase the parameters of the fresh steam.

The research in [23] is devoted to the development of a computer model of an ultra-supercritical
power plant. The authors performed a thermodynamic analysis, calculated losses of exergy flows in the main
elements of the power plant. It was established that the maximum values of energy dissipation, almost 86%
of the total exergy losses, take place in the boiler unit and amount to 615 MW for the considered station. At
the same time, exergy losses in the condenser amount to only 15 MW. Based on this, the authors made an
attempt to reduce exergy losses in the boiler, but at the same time they did not study the effect of the irre-
versibility of thermodynamic processes in other elements on the destruction of exergy in the boiler.

It should be noted that papers [4-—23] are devoted to the creation of new power units, substantiation of
research into new cycles and thermal schemes using modern methods of applied thermodynamics, and the design
of new boiler equipment, etc. However, today in Ukraine there is an acute question regarding the conversion of
existing power units to higher parameters of fresh steam, the determination of possible ways to modernize ther-
mal plants with the lowest capital costs and time in the conditions of a difficult economic and military situation.

Study problem statement

This paper is a continuation of work on the conversion of power units of the 300 MW series produced
by JSC "Ukrainian Energy Machines" from supercritical steam parameters (pressure 23.5 MPa; temperature
540 °C) to ultra-supercritical ones.

A design search for the optimal value of the ultra-supercritical parameters of fresh steam, as well as
for the structure of the thermal circuit, which would meet energy and economic requirements, was carried
out in paper [1, 2].

The paper [3] presents a thermodynamic and exergetic analysis of the operation of the TPP power unit when
varying the parameters of fresh steam, which were chosen as follows: the temperature of fresh steam was succes-
sively taken to be equal to 540 °C, 650 °C and 700 °C, and its pressure was 24 MPa, 30 MPa and 35 MPa. As fixed
parameters, the followings were taken: pressure and temperature of steam before the low-pressure part 75=540 °C,
P;=3.6 MPa; pressure and temperature of the steam behind the low- pressure part 7,=26.68 °C, P;=0.0035 MPa;
boiler efficiency Mpoi=0.93; internal relative efficiency of the high-pressure part n;‘;" =0.9; internal relative effi-
turb

ciency of the low-pressure part n " =0.9; electrical efficiency of the generator n:en =0.98; pumps efficiency — 0.85.

Regression equations of the relation between e, 46.0
the exergetic efficiency of the entire system and the % 455
exergetic efficiency of elements of the TPP thermal 45.0
circuit are obtained in paper [24]. The dependencies of 44.5
exergetic efficiency on the controlled parameters of the 440 |
equipment (for example, pressure, temperature), as _—
well as indicators of thermal and isentropic efficiency 30 4 . T
of the equipment, were established. According to the soeC 6500 000 756°C
exergetic indicators and capital costs for the imple- 3,6MPa 7.6MPa 10,6MPa 15MPa
mentation of the project, as well as taking into account | Fig. 1. Dependence of the internal efficiency of turbine
the real technical capabilities of mechanical engineer- unit from the steam parameters after intermediate
ing, the parameters of fresh steam of 30 MPa and | superheat with different parameters of the live steam:
650 °C were chosen as optimal ones, after intermediate O _ 590 °C/30 MPa; B — 650 °C/30 MPa;
overheating — 7 MPa and 650 °C (Fig. 1). L —700 °C/30 MPa
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In paper [1], it is shown that the conversion of the K-300-240-2 turbine to such parameters of live
steam and intermediate steam superheat can be carried out by completely replacing the high-pressure cylinder
of the existing unit with the high-pressure cylinder with ultra-supercritical steam parameters (HPC USCP) and
superstructure with an additional intermediate-pressure cylinder (AIPC) while fully preserving the parameters
and structures of output parts of medium- and low-pressure.

Thus, taking into account the previous studies, it is possible to formulate the next goal of the paper,
which consists in solving the applied problem of modernization of the 300 MW series power units produced by
JSC "Ukrainian Energy Machines" by converting them from supercritical to ultra-supercritical steam parameters
(650 °C/30 MPa and 650 °C/7 MPa) provided that the regenerative feed water heating system is preserved as
much as possible, which will increase the energy efficiency of the thermal power plant with minimal conversion.

To achieve this goal, it is needed to:

1) develop options of the 300 MW series power unit thermal scheme structure when converting it to ultra-
supercritical steam parameters (650 °C/30 MPa and 650 °C/7 MPa) and choose the most rational scheme in
terms of energy indicators;

2) justify the choice of the scheme taking into account the minimum conversion of the power unit of
the 300 MW series, subject to the reduction of emissions CO,.

Development of the structure of the 300 MW series power unit thermal circuit when converting it to
ultra-supercritical steam parameters

The condensing steam turbine without adjustable steam selections with one reheat and a nominal
power of 300 MW at 3000 rpm is equipped with a regenerative feed water heating system, it provides selec-
tion for the turbo drive of the feed pump (TDFP).

Fig. 2 shows the initial thermal scheme of the K-300-240-2 turbine with the main parameters (pres-
sure, temperature, enthalpy), and Fig. 3 — diagram of heat transfer in high-pressure heaters (HPH) A-scheme
with a difference in the temperature of the feed water at the inlet and the saturation temperature of the heat-
ing steam condensate A=3 °C.

| EG
HPC . . :
BU % i A ._.@
\
1
< || pro
L L i
%, || rpHs
CP,
| LPHI
M

Fig. 2. The thermal scheme of the K-300-240-2 power unit (original A-scheme):
BU — boiler unit; D — deaerator; HPC, IPC, LPC — high-, intermediate- and low-pressure cylinders;
1 — 9 — steam extraction; CP — condensate pump; DP — drainage pump; C — condenser; HPH, LPH — high- and low-
pressure heaters; EG — electric generator; BFP — boiler feed pump; TDFP - turbo drive of the feed pump
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The regenerative system for steam
heating of the feed water entering the boiler
from the intermediate unregulated turbine
intakes is designed for the K-300-240-2 tur-
bine with a single thread in the low- and
high-pressure parts [25].

Fig. 3 shows the diagram of heat
transfer in the HPH of A4-scheme, and the
parameters of live steam and steam from re-
generative selections for the original option
of the scheme (Fig. 2) are given in Table 1.
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Fig. 3. Diagram of heat transfer in the HPH A-scheme (At=3 C):
1 — nutrient water; 2 — a pair of selections

Table 1. Parameters of live steam and steam on regenerative selections (original A-scheme)

Process point Pressure, Temperature, Enthalpy, Entropy, Losses, Selection on

p, MPa t, °C kJ/kg kJ/(kg-K) kg/s equipment
Before HPC 23.5000 540.00 3324.800 6.187900 266.70
First steam selection 5.6000 350.00 3054.200 6.380500 17.50 HPH no. 9
Second selection 4.0000 310.00 2964.794 6.328100 23.30 HPH no. 8
Before IPC 3.7000 540.00 3540.400 7.246200 217.80

10.00 HPH no. 7

Third selection 1.5600 445.00 3353.100 7.392200 30.47 Turbo drive
5.14 Deaerator

Fourth selection 0.6100 323.00 3109.600 7.447900 7.50 HPH no. 6
Fifth selection 0.3600 262.00 2990.400 7.477300 5.40 HPH no. 5
Sixth selection 0.2100 205.00 2880.300 7.506000 7.50 HPH no. 4

Before LPC 0.2600 192.00 2851.500 7.347500
Seventh selection 0.1180 150.00 2775.300 7.535900 6.10 HPH no. 3
Eighth selection 0.0540 90.00 2662.000 7.604600 2.80 HPH no. 2
Ninth selection 0.0226 62.72 2508.900 7.553285 5.30 HPH no. 1
e
! LPC E(@
—_
7

Yy

+LPHS | LPH4

lLPr3 (P2 (rPHI

CP

N

e e s o e
L S I S W

—
DP’—@I)—"

Fig. 4. The thermal scheme of modernization of the K-300-240-2 power unit (B-scheme)
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Calculation studies were carried out with the help of a software package developed at the Anato-
lii Pidhornyi Institute of Mechanical Engineering Problems of the National Academy of Sciences of Ukraine
[26]. Mathematical support of the complex allows to calculate stationary regimes of thermal power plants and
is easily adapted for researching new structures of their thermal schemes. As a result of the calculations of the
thermal circuit (Fig. 2), the electrical efficiency of the original power unit, which is 36.5%, was obtained.

Fig. 4 shows the first option of the circuit modernization, which was chosen as a result of thermody-
namic analysis of circuit solutions when varying the parameters of live steam and intermediate overheating
in previous studies [1], and is proposed as the most rational.

Modernization measures in 7, 600 1= :
this option consist in the organization oC 550 1
of the Ist selection of steam from the 300 1+
modernized HPC USCP, and the 2nd - 450 1 | |
400 41 :
at the output from the AIPC. 350 \ ; \
Fig. 5 shows the diagram of 300 4\ P2
. o 7 1
heat transfer in the HPH B-scheme, 250 4 ==

which was obtained taking into ac- 200 4+ T S

count the new steam parameters in 150 HPH9 5]—[PH8 HPH7 =
selections 1 and 2. Table 2 shows the Bl A S S

) . 0 20 40 60 80 100 120 140 160
calculated parameters of live steam 0. MW
and steam from regenerative selections N
in the high-pressure part.

Fig. 5. Diagram of heat transfer in the HPH B-scheme (4t=3 °C):
1 — nutrient water; 2 — a pair of selections

Table 2. Parameters of live steam and steam from regenerative selections in the high-pressure part (B-scheme)

Process point p, MPa | ¢ °C | Enthalpy, kl/kg | Entropy, kJ/(kg-K) | Losses, kg/s
Before HPC USCP 30.00 | 650.00 3599.4 6.4074 266.70
First steam selection 7.19 | 405.95 31714 6.4572 17.50
Before AIPC 6.79 | 650.00 3770.7 7.2384 249.20
Second selection (modernized) | 3.70 | 540.00 3540.4 7.2462 23.30

It was determined that the electrical efficiency for the option of B-scheme of the modernization of
the K-300-240-2 power unit increases from 36.5% (A4-scheme) to 42.5%.

For this option of modernization (Fig. 4), two HPHs and a TDFP are subject to replacement. In addition,
the 3rd selection from the medium pressure cylinder is subject to replacement due to an increase in the steam con-
sumption going to the TDFP. The disadvantage of this option is that due to a significant increase in steam parame-
ters, it is impossible to choose a HPH from the existing model range, it is necessary to develop a new design.

Based on the above, in order to preserve the existing HPH, as well as the TDFP, a second option of
the scheme for the modernization of the power unit, which is based on a schematic solution known as the
"Master Cycle" [21], is proposed. Thus, in C-scheme (Fig. 6), it is proposed to install an additional turbine
with a capacity of 3 MW, at the input of which steam is supplied from the cold threads of the HPC USCP
with a flow rate equal to the sum of the 1st and 2nd selections of the original version of the K-300-240-2 tur-
bine, on the same shaft with a TDFP. From the selections of the additional turbine, steam enters the HPH
with parameters corresponding to the output data of the existing turbine (Table 3). In view of this, HPHs are
not replaceable. In addition, the power of the additional turbine is sufficient to ensure the operation of the
feed pump together with the TDFP to obtain a water pressure of 34 MPa. Therefore, the TDFP also remains
unchanged, except for the installation of the additional turbine.

The electrical efficiency of the modernized power unit (C-scheme) in this case is 42.4%.

Using the method given in [2], a technical and economic calculation was carried out and the payback
period of the power unit modernization was determined according to two options: according to the first op-
tion, the payback period of the modernization is 5 years taking into account the modernization of the boiler
unit, and according to the second one — 4.5 years at the approximate cost of coal as of September 2021 —
5.500 UAH/t and electricity — 3 UAH/(kW-h) also taking into account the modernization of the boiler unit.
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Fig. 6. The thermal scheme of modernization of the K-300-240-2 power unit with an additional turbine: (C-scheme):
AT — additional turbine; A — mechanical connection of the additional turbine shaft with the TDFP shaft

Table 3. Parameters of superheated steam and steam from regenerative selections in the high-pressure part (C-scheme)

Process point p, MPa | ¢ °C | Enthalpy, kl/kg | Entropy, kJ/(kg-K) | Losses, kg/s
Before HPC USCP 30.00 650.00 3599.4 6.4074 266.70
Before additional turbine 7.19 405.95 3171.4 6.4572 40.80
First steam selection 5.60 369.40 3106.7 6.4634 17.50
Before AIPC 6.79 650.00 3770.7 7.2384 241.10
Second selection (modernized) | 4.00 324.70 3028.7 6.4784 23.30

Conclusions

1. Two options of the structure of the thermal circuit of the 300 MW series power unit were consid-
ered when converting it to ultra-supercritical steam parameters, and the scale of conversion of the regenera-
tive feed water heating system was evaluated.

1.1. In the first option of the thermal scheme, the 1st steam selection is organized from the cold threads
of the modernized HPC USCP, and the 2nd — from the cold threads of the AIPC. In this case, two HPHs and
the TDFP are subject to replacement. In addition, the selection of steam from the IPC changes due to an in-
crease in the flow of steam going to the TDFP. The disadvantage of this option is that due to a significant in-
crease in steam parameters, it is impossible to get a HPH from the existing model range, it is necessary to de-
velop a new design. It was established that the electrical efficiency for this option of the K-300-240-2 power
unit modernization increases from 36.5% (output thermal circuit) to 42.5%.

1.2. In the second option, in order to preserve the existing high-pressure heaters, it is proposed to install
an additional turbine with a capacity of 3 MW, at the input of which steam is supplied from the cold threads of
the HPC USCP with a flow rate equal to the sum of the 1st and 2nd selections of the output option of the K-
300-240-2 turbine, on the same shaft with the TDFP. The steam from the additional turbine selections goes to
HPH9 and HPHS8 with parameters corresponding to the output data of the existing turbine. With this in mind,
HPHs will not be subject to replacement. In addition, the power of the additional turbine is sufficient to ensure
the operation of the feed pump together with the TDFP to obtain a water pressure of 34 MPa. Therefore, the
TDFP also remains unchanged, except for the additional turbine installation. The electrical efficiency for the
second option of the modernization scheme of the K-300-240-2 power unit is 42.4%.

1.3. It was determined that the payback period of the modernization according to the first option is
5 years, taking into account the modernization of the boiler unit, and according to the second one — 4.5 years.
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2. It is proposed to choose an option of the thermal circuit with an additional turbine, which allows
to carry out the modernization of the K-300-240-2 power unit with the maximum possible preservation of the
regenerative feed water heating system while increasing its energy efficiency by almost 14%.
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nsaxu monepHizanii eneprodsnokis TEC npu nepeBeeHHi ix Ha yJbTpacyllepKPUTHYHI MapaMeTpH Napu
A. O. Kocrtikos, O. JI. llly6enxo, B. O. TapacoBa, B. A. SIkoBJieB, A. O. Ma3yp

[acTUTYT IpOOIIeM MamHOOYAyBaHHS iM. A. M. Ilinropaoro HAH Ykpainan,
61046, Ykpaina, M. XapkiB, By [Toxkapcbkoro, 2/10

Y pobomi npoananizosano nioxio 00 eupiwentsi npuxkiaonoi npooaemu mooepuizayii enepeoodnoxie cepii 300 MBm
supoonuymea AT « Yxkpaincoki enepeemuyHi MawuHuy Wiaxom nepeseoeHHs ix 3 CynepKpumudHuUx Ha yismpacynepKpumu-
YHi napamempu napu 3a YMosUu MAKCUMATLHO MONCIUBO20 30epedCceHHs cucmemu peceHepayii nidizpigy sHcusUIbHOL 800U,
wo npusede 0o niosuwenns enepeoepexmuenocmi TEC npu minimanvromy nepeooaaouanni. Ilepesedentss mypooycmano-
exu K-300-240-2 na napamempu cgiocoi napu 650 °C/30 MIla it napu npomixcrozo nepegpigy 650 °C/7 MIla, wo eusnaue-
HO K ONMUMATbHI 8 pe3yibmami NONepeoHix O0Ci0NHCeHb, MOJce OYMu 30TUCHEHO ULTAXOM NOBHOL 3aMIHU YUTIHOPY BUCO-
K020 MUCKY HAA8HO20 ONOKY HA HOBUIL YUTNTHOP 8UCOKO20 MUCKY i3 YIbMPACYREPKPUMUYHUMU napamempamu i Hao0yooseu
000amKOBUM YUTTHOPOM CEPEeOHbO2O MUCKY NPU NOBHOMY 30€PedNCeHH] Napamempis i KOHCMPYKYIl BUXIOHUX YACMUN cepe-
OHbO2O U HU3bK020 mucky. Posensnymo o0ea eapianmu moldepuizayii cmpykmypu menniogoi cxemu emepeoonoky cepii
300 MBm i oyineno macuimadbu nepeobaaouanis cucmemu pecenepayii nioiepisy sHcueutbHoi 600u. Y nepuiomy eapianmi
men06oi cxemu 1-1i 6i00Ip napu opeamnizoéamo 3 X0A00HUX HUMOK MOOEPHI306aAH020 YUIHOPA BUCOKO20 MUCKY i3 YIbmpa-
CYNEPKPUMUYHUMU napamempamu, a 2-il — 3 X0J0OHUX HUMOK Ha00y006u yuninopy cepeduboco mucky. Ilpu yvomy 3amini
nionsieaiomsy 08a Nidiepieayi UCOKO20 MUCKY ma mypoOOnpusio HcusuibHo2o Hacocy. Heoonikom yboeo sapianma € me, wjo
yepes cymmese niosUUeH s Napamempis napu HeMoICIUB0 nidiopamu nidiepieadi 8UCOK020 MUCKY 3 ICHYI0U020 MOOETbHO-
20 pAoy, a HeoOXioHo pospobasimu Hogy Koncmpykyiio. Exexmpuunuti KKJ/] ons yboeo eapianma mooepuizayii niosuwyyemo-
ca 3 36,5% (suxiona mennosa cxema mypoinu K-300-240-2) 0o 42,5%. ¥V opyeomy eapianmi npononyemucs 0nsa 30epexcet-
HA HAABHUX NIOizpieauié 8UCOKO20 MUCKY HA OOUH 8] i3 MYypOONPUBIOOM HCUBUTLHOZO HACOCY 8CHAHOBUMU 000AMNKO8Y
myp6iny nomyoicnicmio 3 MBm, na 6xi0 aKkoi nodacmovcs napa 3 X0100HUX HUMOK YUTTHOPA BUCOKO20 MUCKY 13 YIbmMpacy-
NEPKPUMULHUMU NAPAMEMPAMU 3 SUMPAMOI0, WO OPIBHIOE cymi 1-20 ma 2-20 6i0bOpi6 6uxionoeo eapianma mypoiHu.
Tlapa 3 6i060pie dodamioseoi mypobinu Haoxooums 00 nidiepisauie eucoxoeo mucky IIBT9 ma I[IBTS 3 napamempamu, wo
8I0N0GIOAIOMb BUXTOHUM Oanum HA6HOT mypoOinu. Bepyuu ye 0o ysaeu, nidiepieaui UCOKO20 MUCKY He NIOAAAMUMYMb
samini. Kpim moeo, nomyacnocmi 0o0amrosoi mypoinu 0ocmammvo, wob pazom iz mypoonpusioom HcueUIbHO20 HACOCY
3abe3nequmu pooomy HCUBUILHO2O HACOCY OJisl OMPUMAHHSL MUCKY 800u 34 MIla. 3 02nady na ye mypoonpusio HusuibHo-
20 HACOCY MedHC 3anUUaAcmvcsl be3 3MiH, Kpim Moumaicy 0ooamxogoi mypoinu. Erexmpuunuti KK/ ona opyeoeco eapianma
cxemu mooepuizayii mypooycmarnosxu K-300-240-2 oopisnioe 42,4%. Busnauerno, wjo cmpox oKynHOCmi MoOepHizayii 3a
nepuumM 8apiaHmom CKIaode 5 poxie 3 8paxysaHHaAM MOOepHizayii komaoazpezamy, a 3a opyeum — 4,5 poku. 3anpononosa-
HO obpamu eapianm menjiogoi cxemu 3 000amMK0O80I0 MypOIHOI0, OCKIIBKU Y YbOMY BUNAOKY MONCHA NPOBECMU MOOepHi3a-
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yiro mypooycmarosku K-300-240-2 3 MaxcumanbHO MONCIUBUM 30EPENHCEHHAM CUCEMU pe2eHepayii nidiepiey HCUuGUIbHOL
600U npu niosuwenHi it enepeoepexmuernocmi maiiice Ha 14%.

Knrwouoei cnosa: ynompacynepkpumuuni napamempu napu, meniosa eiekmpocmanyis, enepeoepekmusHicmo,
cucmema pe2eHepamueHo20 niicpigy HCUBUILHOL BOOU.
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