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INFLUENCE OF THE OPERATING AND GEOMETRIC
CHARACTERISTICS ON THE EFFICIENCY OF A POWERFUL STEAM
TURBINE HPC FLOW PART

Abstract. The results of a research of the various operating and geometric parameters influence on the
efficiency of the high-power steam turbine high-pressure cylinder flow part for nuclear power plants is
presented in the paper. The purpose of the research is to determine the rational characteristics of the high-
pressure cylinder flow part to ensure its high gas-dynamic efficiency. Seven options of a high-pressure
cylinder with different numbers of stages, designed for the characteristics of the promising AP1000 nuclear
reactor, were considered. The research was caried out using modern methods of gas-dynamic calculation
and designing of turbomachine flow parts, implemented in the IPMFlow software package. As a result of
the analysis, rational values of the main characteristics of the stages, such as the dimensionless conditional
rate of thermal drop, the ratio of the circular velocity of the rotor grid to the conditional thermal drop rate,
and the effective angle of the stator in absolute motion, at which the greatest gas-dynamic efficiency is
achieved, were established. The influence of the "diffusivity” of the meridional contours between the
penultimate and last stages on the flow structure and gas-dynamic efficiency was analyzed. Among the
considered options, the five-stage high-pressure cylinder has the lowest total kinetic energy losses and
outlet velocity losses, which provides it with the highest total gas-dynamic efficiency. High-pressure
cylinder with four stages has slightly worse gas-dynamic efficiency compared to the five-stage flow part,
but, due to the smaller number of stages, it has lower metal consumption and cost. The results of the
research can be used in the designing and modernization of domestically produced steam turbine
equipment, which will contribute to increasing the competitiveness and energy security of Ukraine.
Keywords: nuclear power plant, steam turbine, high-pressure cylinder, gas-dynamic efficiency, stage
characteristics.

1. Introduction

Nowadays, all signs of the renaissance of nuclear power can be seen [1]. Even in Germany, which
decided to “completely” abandon this type of generation in 2011 [2] and stopped the operation of its last three
nuclear reactors on April 15, 2023 [3], discussions about at least restarting the recently stopped nuclear power
units are developing with renewed vigor [4], even the head of the IAEA called this idea “logical.” [5]. The
thoughts on the need to develop nuclear energy are supported not only by its cheapness, stability and large
volumes of electricity generation, but also by its classification as a "green" energy source [6]. Another reason
for the renewed interest in this issue is the great difficulties faced by “classic” green energy, such as wind and
solar [7]. Very big problems have emerged in ensuring its profitability, stability and the ability to function
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effectively in the unified energy system [8]. There are great doubts about the prospects for overcoming these
obstacles. Some countries, such as China, have instead opted to transition primarily to nuclear power
generation. In the PRC, 8—10 new nuclear power units with a capacity of 1000+ MW are commissioned every
year [9]. By 2050, it is planned to convert over 95 % of all generation to nuclear. In addition, development of
power units based on small modular reactors [10] is a new direction in this field, which is developing very
actively. This technology corresponds to the distributed generation paradigm and can be used as a shunting
system for daily and seasonal dips and peaks in electricity consumption [11]. Additionally, developments
aimed to modernize existing coal-fired power plants into nuclear power plants, including using IV generation
nuclear reactors, are underway [12].

A significant problem associated with nuclear energy is the high cost of building and equipping the
nuclear power plant (NPP) units [13]. One of the directions for solving this issue is to create less metal-
intensive and, accordingly, less expensive and at the same time highly efficient and reliable steam turbine
equipment [14, 15]. For this purpose, new steam turbine layouts are being developed. One of the options of
such layout is shown in Fig. 1.

Fig. 1. View of a steam turbine for a nuclear power plant of the latest layout [15]

This layout, unlike most similar turbines, has three cylinders instead of four, and the low-pressure
cylinder (LPC) is reduced by one (two instead of three). This is achieved by increasing the last stage rotor
blade length. In addition, instead of a high-pressure cylinder (HPC) with two flows, one common high- and
intermediate-pressure cylinder (HIPC) is implemented in this turbine. The HIPC has a lower metal content
than the two-flow HPC and, in addition, allows for a more rational distribution of the thermal drop between
the cylinders and a more efficient organization of the gas-dynamic process in the flow part.

The authors carried out a research «Analysis of the influence of operating and geometric characteristics
on the efficiency of the axial turbine stages profile grids» [16] (hereinafter — "profile research"), which gives
reasons to assume that modern flow parts of steam turbines have large reserves for their further improvement
both in terms of increasing gas-dynamic efficiency and reducing metal consumption.

The results of a research of the influence of operating and geometric characteristics on the powerful
steam turbine HPC flow part efficiency are presented in the paper. Several options of the HPC with different
numbers of stages were considered for the characteristics of the promising AP1000 nuclear reactor.

The research was carried out based on the use of modern methods of gas-dynamic calculations and
designing of turbomachine flow parts.

Ukraine has the industrial infrastructure, engineering, technical and scientific potential to organize the
production of the newest steam turbines for nuclear power plants [15]. This makes the research results
extremely important for increasing the competitiveness, economic and energy security of the country.

CuctemHi gocniaskeHHsn B eHepreTumui. 2025. 2(82) 30



2. Methods of gas-dynamic calculation and profile grids designing

The design of the flow parts of an axial turbine is carried out according to the algorithm implemented
in the [IPMFlow software package using methods and models of various levels of complexity, from the one-
dimensional method of selecting the main characteristics of the turbine stage [17], methods of analytical
profiling of axial stages [18], to methods of three-dimensional viscous flows calculating in the turbine flow
parts [19].

3. Problem statement
The object of the research was considered to be the powerful steam turbine HPC for a nuclear power
plant of the newest layout (Fig. 2).

Fig. 2. View of steam turbine HIPC for NPP

The HPC flow part (Fig. 2, left) is located in the same housing as the intermediate-pressure cylinder
(Fig. 2, right). Together they form the HIPC.

The HIPC flow part shown in Fig. 2 was designed with the participation of the authors for a promising
low-speed (1500 rpm) steam turbine with a capacity of 1200 MW for NPP. This HPC (Fig. 2, left) is considered
as the initial one. Its operating conditions are somewhat different from those under which the new HPC options
are calculated in the research, but this does not affect the comparative analysis of the obtained results.

The operating conditions of the studied HPCs correspond to the characteristics of the newest AP1000
nuclear unit [20]:

e mass flow rate of steam at the inlet — 1765.27 kg/s;

e pressure at the inlet — 5.5831 MPa;

e temperature at the inlet —270.9° C;

e enthalpy at the inlet — 2768.26 kJ/kg;

e pressure at the outlet — 1.1331 MPa;

emass flow rate of steam in extraction 1 — 140.43 kg/s;
e mass flow rate of steam in extraction 2 — 77.558 kg/s.

The authors performed a "profile research", in which the influence of the main geometric and operating
characteristics on the efficiency of profile grids (two-dimensional geometry) of axial turbine stages was
analyzed and appropriate recommendations were provided. The results of the research showed that the value
of the kinetic energy loss is significantly affected by Ao (dimensionless conditional rate of thermal drop across
the stage), and its optimal value is approximately equal to 1. This indicator actually determines the
dimensionless thermal drop. Also, for the not last stage, better results are achieved at angles ajcr= 69—71°
(effective stator angle in absolute motion). In modern HPCs, the parameter Ao: and ouer values, unlike a

CuctemHi gocniaskeHHsn B eHepreTumui. 2025. 2(82) 31



dimensionless quantity u/co; (Where u — circular speed of the rotor grid, co — conditional rate of thermal drop
in the stage), are typically significantly different from the given ones.

Based on the results obtained for profile grids, research on the influence on the stages and the HPC as a
whole (taking into account the spatial shape) was conducted for the following characteristics: u/cot, Oier, Coc and
Aor. The main difference of this research from the one conducted with the profile grids stages is that all losses
are taken into account, such as profile, outlet, secondary, associated with the three-dimensionality of the flow
and others, and not only profile and edge losses.

4. Results and discussion

Seven options of the HPC flow parts are considered. Their view is shown in Figs. 3-9, and some of their
geometric and gas-dynamic characteristics are given in Table 1, where Dmax — maximum diameter, ¢ — kinetic
energy losses, &, — kinetic energy losses with outlet velocity, & — total losses.
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Fig. 6. HPC flow part, option 4
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Fig. 7. HPC flow part, option 5
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Fig. 8. HPC flow part, option 6
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Fig. 9. HPC flow part, option 7

Table 1. Geometric and gas-dynamic characteristics of the HPC

Ne Number of stages aef, °stage Ne 1 —n-1 Dmax, m & % Eov, %0 Erot, %0
1 8 77 2.770 3.71 0.76 4.47
2 8 74 2.852 3.66 0.64 4.30
3 8 71 2.852 3.48 0.64 4.12
4 6 71 2.924 2.97 0.46 3.43
5 6 71 2.924 2.85 0.48 3.33
6 5 71 2.924 2.66 0.49 3.15
7 4 71 2.924 2.87 0.49 3.36

In Table 1, angle aicr applies to all stages except the last one. The value a,.r presented in the table is
given for an "equivalent” stage. An "equivalent" stage to the real one is a stage in which the height of the
channel behind the rotor and constant meridional contours are the same as the real one. In addition, for an
"equivalent" stage, other geometric characteristics are those that provide similar gas-dynamic characteristics
(mass flow rate, power, etc.) under the same boundary conditions.

The first option of the flow part is the initial one (Figs. 2, 3), which is designed according to sustainable
approaches in turbine designing. The meridional contours of this flow part are made with so-called "overlaps",
which is also a classic approach.

The main geometric and gas-dynamic characteristics of the HPC option 1 stages, where Dm — diameter
of the average cross-section of the blade, L — blade height, & — losses in the stage, C, — flow velocity in
absolute motion at the stage outlet, Re; — Reynolds number at the stage outlet, ro — reactivity degree, are shown
in Table 2.
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Table 2. Geometric and gas-dynamic characteristics of the HPC, option 1

stage Ne Olef, © Dm/L Est, %0 C2, m/s u/cCot Aot Re2 o

1 76.9 11.37 3.07 57.01 0.525 0.635 6208181 0.159
2 76.2 9.54 3.20 56.29 0.541 0.635 5108035 0.206
3 75.8 8.16 3.71 55.67 0.560 0.633 4215213 0.223
4 75.1 7.27 3.89 57.85 0.572 0.637 3675643 0.252
5 75.7 6.53 4.13 57.60 0.577 0.650 3260577 0.245
6 75.2 5.78 4.20 59.50 0.578 0.673 2953007 0.269
7 74.3 5.27 3.96 62.89 0.5889 0.682 2771374 0.305
8 72 4.62 4.33 68.12 0.633 0.665 2850007 0.409

In general, the stages and HPC option 1 as whole have high gas-dynamic efficiency. Taking into account
the fact that in paper [21] it was concluded that it is inappropriate to make “overlaps” of meridional contours,
all subsequent options of flow parts were developed without “overlaps”.

The second option of HPC flow part (Table 1, Fig. 4) is designed with a smaller o= 74°, and also with
bigger Dmax. In this and subsequent HPC options, Dmax value was set so as not to exceed the design
limitations. Despite the fact that this option does not have "overlaps", a generally sustainable approach to the
designing of meridional section of the flow parts was followed. The value of the hub diameter is taken as
constant.

The main geometric and gas-dynamic characteristics of the stages of the second HPC option are shown
in Table 3.

Table 3. Geometric and gas-dynamic characteristics of the HPC, option 2

stage Ne olef, ° Dm/L Est, % Ca, m/s u/cot Aot Rex 1o

1 74.1 10.89 3.05 68.35 0.538 0.616 7253412 0.251
2 72 8.671 3.22 60.81 0.606 0.568 5437531 0.33
3 72.5 7.36 3.26 57.47 0.632 0.562 4571824 0.388
4 73 6.78 3.57 56.67 0.617 0.589 3686808 0.384
5 73.5 6.09 3.70 57.70 0.629 0.595 3204831 0.417
6 73.3 5.73 393 61.23 0.608 0.630 2781944 0.394
7 73.3 5.28 3.88 67.16 0.589 0.669 2775514 0.385
8 73.7 4.32 4.70 60.15 0.652 0.645 1982027 0.448

The gas-dynamic efficiency of stages and HPC option 2 is slightly higher compared to option 1, and
losses with the outlet velocity have decreased the most (Table 1). Due to the fact that the boundary conditions
of first and second HPC options are somewhat different, it is not possible to reliably state which parameters
had a significant impact.

The third option of HPC flow part (Table 1, Fig. 5) is designed with an even smaller a.r= 71°, and Dmax
is preserved as in HPC option 2. The value of the hub diameter is taken as constant.

The main geometric and gas-dynamic characteristics of the stages of the third HPC option are shown in
Table 4.

Table 4. Geometric and gas-dynamic characteristics of the HPC, option 3

stage No olef, ° Dm/L Est, % Ca, m/s u/cot Aot Rex 1o

1 72 1241 2.88 79.06 0.530 0.618 8449271 0.236
2 70 9.90 3.02 70.92 0.591 0.572 64622717 0.318
3 70 8.42 3.06 68.13 0.610 0.572 5406274 0.378
4 70.5 7.74 3.26 66.53 0.600 0.593 4320647 0.361
5 71 6.93 3.31 68.72 0.608 0.601 3810737 0.405
6 71 6.53 3.49 72.48 0.584 0.638 3281128 0.347
7 71 6 3.47 80.02 0.563 0.681 3281141 0.330
8 73.5 4.32 491 60.20 0.657 0.640 1984842 0.449

The gas-dynamic efficiency of stages and HPC option 3 have increased more significantly compared to
options 1 and 2 (Table 1). Values u/co and Ao have not changed much. Due to increased Dm/L and smaller
angles a..r, velocity C, and as a consequence Re; have increased. In turn, the Re; increase led to a reduction in
kinetic energy losses & except for the last stage. The last stage is almost the same for options 2 and 3. The task
of the last stage is to ensure minimal losses with an outlet velocity &, which make the greatest contribution.
So, the principles of the last stage developing are different from those located before it.
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The fourth option of HPC flow part (Table 1, Fig. 6) is designed with six stages. The purpose of this was
to increase the thermal drop in the first stages and, accordingly, increase Aq. In order to ensure acceptable u/co
values, the average diameters at the first stages were increased, respectively the hub diameter became variable.
Angles aj.r= 71° were set as in the previous HPC, this value was maintained in subsequent HPC options. To
enable an increase in the last stage outlet area and, accordingly, a reduction in losses with the outlet velocity,
the value of Dmax was slightly increased (within the permissible limits).

The main geometric and gas-dynamic characteristics of the stages of the fourth HPC option are shown
in Table 5.

Table 5. Geometric and gas-dynamic characteristics of the HPC, option 4

stage Ne Ollef, © Dm/L Est, % Cz, m/s u/Cot Aot Rez o

1 71 21.24 2.30 90.79 0.585 0.705 9334614 0.415
2 69 16.90 2.52 93.72 0.571 0.732 7500807 0.385
3 68.5 13.16 2.88 86.06 0.580 0.730 5126993 0.381
4 69.5 11.09 2.82 90.82 0.584 0.736 4173665 0.374
5 69 8.53 3.18 78.35 0.578 0.754 3125087 0.340
6 74.3 3.61 4.37 50.90 0.741 0.563 1541235 0.494

In the fourth HPC option the increase in gas-dynamic efficiency is even more significant. In addition,
due to the increase in the outlet area, losses with outlet velocity decreased. In the first stages, the thermal drop,
Dm/L and A have increased. The result was an increase in velocity and Re; values. These factors have become
decisive in reducing kinetic energy losses & in first stages and HPC as whole.

The fifth HPC option flow part (Table 1, Fig. 7) was developed on the basis of the fourth option with an
orientation towards increasing of u/co and reactivity degree (ro) in first stages. For this purpose, the shroud
diameter of the meridional contours was set to the maximum possible. At the same time, the last stage of the
fifth option is practically identical to the fourth one.

The main geometric and gas-dynamic characteristics of the stages of the fifth HPC option are shown in
Table 6.

Table 6. Geometric and gas-dynamic characteristics of the HPC, option 5

stage Ne olef, ° Dm/L Est, % Ca, m/s u/Cot Aot Re> o
1 71.5 27.34 2.35 87.02 0.657 0.726 8320166 0.449
2 68.5 20.33 2.48 85.74 0.658 0.727 6767526 0.455
3 68.5 15.03 2.66 77.95 0.659 0.724 4725210 0.451
4 70 11.83 2.83 81.09 0.651 0.732 3847650 0.455
5 68.2 8.92 2.97 80.71 0.644 0.733 3207140 0.502
6 74.2 3.61 4.30 51.83 0.699 0.596 1570049 0.493

In the fifth HPC option gas-dynamic efficiency has increased. This was mainly due to the growth of u/co
and ro values in the first stages, which is a consequence of the increase in average diameters. At the same time,
the velocity C; and Re; values have decreased slightly, which negatively affects gas-dynamic efficiency.

To further increase the thermal drop in the first stages, the sixth HPC option flow part (Table 1, Fig. 8)
is designed with six stages. The shroud diameter remained as large as possible, just like in the fifth option. The
last stage is as close as possible to the previous option in terms of geometric and gas-dynamic characteristics.

The main geometric and gas-dynamic characteristics of the stages of the sixth HPC option are shown in
Table 7.

Table 7. Geometric and gas-dynamic characteristics of the HPC, option 6

stage Ne olef, ° Dm/L Est, Yo Co, m/s u/Cot Aot Re> o
1 71 31.68 2.27 108.51 0.582 0.824 9599900 0.397
2 67.5 21.90 2.50 96.10 0.588 0.819 6621729 0.361
3 68.7 16.49 243 102.20 0.592 0.817 5086649 0.38
4 68 11.27 2.70 93.48 0.588 0.817 3452463 0.348
5 74.2 3.61 3.73 52.29 0.697 0.598 1571966 0.497

In the sixth HPC option a further increase in gas-dynamic efficiency is observed. In the first stages, the
thermal drop, Dm/L and Ao have increased. The result was an increase in velocity and Res values. This affected
the reduction in kinetic energy losses & in the first stages. In addition, in the last stage, despite the very similar
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shape of the blades to the previous options, there is a significant reduction in kinetic energy losses. Due to the
above factors, the gas-dynamic efficiency of the HPC as a whole has improved.

The next step was the development of the seventh HPC option (Table 1, Fig. 9) with four stages, which
allowed to further increase the thermal drop in the first stages. The shroud diameter is the same as in HPC
options 5 and 6, and the last stage is as close as possible to the previous three options.

The main geometric and gas-dynamic characteristics of the stages of the seventh HPC option are shown
in Table 8.

Table 8. Geometric and gas-dynamic characteristics of the HPC, option 7

stage Ne Ollef, © Dm/L Est, %o C2, m/s u/Cot Aot Re2 o

1 71 35.79 2.23 135.38 0.509 0.947 10826144 0.227
2 66 24.59 2.65 118.93 0.515 0.946 6495938 0.187
3 67.5 14.56 2.80 116.23 0.517 0.941 4316833 0.198
4 74.2 3.61 4.45 52.42 0.695 0.600 1479518 0.490

In the seventh HPC option the gas-dynamic efficiency is very close to the fifth option, but it is less
compared to the sixth option. In the first stages Ao value is the largest among of all the considered options and
is in the range of 0.94—0.95. From the experience of "profile research", it is known that such Ay values are
close to optimal. On the other hand, the u/c and ro values have decreased compared to previous options, which
leads to increased kinetic energy losses. Compared to the sixth HPC option, kinetic energy losses in the last
stage have increased. All this is the reason for the decrease in the HPC gas-dynamic efficiency compared to
the previous option.

Taking this into account, it can be argued that for a given limitation of the shroud diameter, the sixth
HPC option is the most rational for the first stages (except the last one). Because it optimally combines the
effects of two oppositely acting factors of u/co. and Ag values.

Among the 5th, 6th and 7th HPC options, the smallest kinetic energy losses in the last stage are observed
in the sixth one. As can be seen from Figs. 7-9, between the penultimate and last stages, the “opening” of the
root meridian contour increases as the number of stages decreases. That is, the "diffusivity" of the flow part in
the meridional cross section increases. This leads to increased kinetic energy losses. At the same time, the flow
in such flow parts is significantly spatial and complex, and is influenced by many factors. In particular, the
value and distribution of gas-dynamic parameters before the last stage. The velocity distributions along the
channel height behind the rotor of the penultimate stage (before the last stage) are shown in Fig. 10.

It can be seen that the average velocity and its distribution over height for different HPC options differ
significantly. As it is known, at higher velocity, flow is more resistant to possible separations, i.e. its increasing
can be considered a positive factor. In addition, the largest changes in velocity along the channel height are
observed in the fifth HPC option. In the seventh HPC option, the changes in height are smaller, but the presence
of significant secondary flows (the presence of local extrema) is clearly observed, which negatively affects the
gas-dynamic efficiency. The velocity is most evenly distributed over the height in the sixth HPC option. Based
on this, it can be argued that the set of all factors that affect the gas-dynamic efficiency of the last stage is a
non-monotonic dependence. Moreover, among the considered options, the last stage of the sixth HPC option
is in the zone of the local minimum.

Thus, the sixth HPC option as a whole, based on the totality of the influence of all factors, has the highest
gas-dynamic efficiency. Despite the fact that the seventh HPC option has a lower gas-dynamic efficiency, it
has an advantage over the others, associated with a smaller number of stages, respectively, lower metal
consumption and cost.

Based on the authors' experience in previous research, as well as the results presented in this paper, it
can be stated that for stages other than the last one, the highest gas-dynamic efficiency can be achieved with
the next characteristics: Aot~ 1, u/coc= 0.7 (ro = 0.5), aier= 71°. It should be noted that at smaller o.icr values gas
dynamic efficiency will most likely be higher, but this issue requires additional research.
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Fig. 10. Velocity distributions along the channel height for the penultimate rotor

For the last stages, due to the fact that their efficiency is significantly affected by losses with the outlet
velocity, better performance is achieved with other characteristics. Among the considered options, they were
equal to Ao~ 0.6, u/coc= 0.7 (ro = 0.5), auer~ 74°, but further research is needed to clarify them.

In the future, it is advisable to conduct research of the influence of Dm/L (spatial shape) and Reynolds
numbers on the gas-dynamic efficiency of axial turbine stages.

5. Conclusions

Using modern methods of calculation and designing of turbomachine flow parts, the research of
operating and geometric characteristics influences on the efficiency of the powerful steam turbine HPC flow
part was conducted. Seven options of the HPC flow part were considered, six of which were for the
characteristics of the promising AP1000 nuclear reactor. The considered flow parts have 8, 6, 5 and 4 stages.
According to the results of the research, the following was established:

1. For stages other than the last one, the lowest kinetic energy losses can be achieved with the next
characteristics: Aot= 1, w/co:= 0.7 (ro = 0.5), auer= 71°. Usually, in real stages of flow parts it is impossible to
simultaneously provide these characteristics, therefore it is necessary to choose their rational ratio when Ay < 1
and 0.5 <u/ce< 0.7.

2. Of the considered HPC options, the most rational ratio of Aq, u/co: (ro) and aer corresponds to the
option with five stages.

3. For the last stage, losses with the outlet velocity have a significant impact on the gas-dynamic
efficiency, to reduce which it is necessary to reduce Ao value and increase u/co (ro) and aer values. At the same
time, their rational ratios must be chosen to ensure minimal total kinetic energy losses and losses with outlet
velocity.

4. The gas-dynamic and geometric characteristics of the last stage differ significantly from the others,
which leads to significant "diffusivity" of the flow part in the meridional section ("opening" of the contours)
between the penultimate and last stages, which significantly affects the flow structure and gas-dynamic
efficiency. Additional research is needed to establish the patterns of such influence.

5. Of the considered options for the last stage, the lowest total kinetic energy losses and losses with
outlet velocity are observed in the HPC with five stages. This HPC option has the highest total gas-dynamic
efficiency.

6. A four-stage HPC has slightly worse gas-dynamic efficiency compared to a five-stage flow part, but
due to the smaller number of stages, it has a lower metal consumption and cost.
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7. In the future, it is planned to conduct more detailed research of the influence of Dm/L (spatial shape)

and Reynolds numbers on the gas-dynamic efficiency of axial turbine stages.
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AHoTanifA. ¥V cmammi npedcmagneno pe3ynomamu OOCAIOMCEHHSA 6NAUBY DISHUX DEHCUMHUX
2eOMemMpUYHUX Napamempis Ha eghekmueHicms npomoyHoi yacmunu yuninopa eucoxozo mucky (L{BT)
naposoi’ mypOinu 6enuKoi NOMYNCHOCMI 0N AMOMHUX eleKkmpocmanyii. Memow Odocniodcenus €
BU3HAUEHHS payionanbHux xapakmepucmuk npomounoi uacmunu I{BT, axi 3abesneuyioms GUCOKy
2a300unamiuny egpekmusHnicmo. Posensinymo cim eapianmis yuninopa 8UcoK020 MucKy 3 pisHo KilbKiCmio
cmynesie, po3poOieHux Ons  Xapakmepucmux —NepcneKmueHoz2o sdepHoco peaxkmopa AP1000.
Hocnioscenns nposoounoce 3 BUKOPUCIAHHAM CYYACHUX MemOoOi8 2a300UHAMIYHO20 DO3PAXYHKY Md
NPOEKMYBAHHSA NPOMOYHUX YACUH MYPOOMAUWIUH, peani3o8anux y npozpamuomy xomnaexci IPMFlow. B
pe3yibmami NPOBe0eH020 aHANI3Y GCMAHOGAEHI PAYiOHANbHI 3HAYEHHS OCHOBHUX XAPAKMEpPUCHUK
CMYnenis, maxKux sK 0e3po3MipHa YMOGHA WEUOKICIb Menjiogoco nepenaoy, GIOHOWEHHS KON060i
WBUOKOCMI PYXY peimKu pomopa 00 YMOGHOI WEUOKOCHE MEeN108020 nepenady ma eQhekmusHull Kym
cmamopa 8 abconomHOMY PyCi, 3a AKUX MOJICIUBO O0CAMU HAUOLIbWLOT 2a300UHAMIYHOT egheKmUBHOCMA.
IIpoananizosano enaue «OuUQy3opHocmiy MepudioHarbHux 00600i6 Midic nepedoCmaHHiM ma OCMAHHIM
CMYREHAMYU HA CMPYKMYPY NOMOKY Ma 2a300UHAMIYHY epekmusHicme. 3 po32naHymux 6apianmis yuninop
BUCOKO20 MUCKY 3 I 'AMbMA CIYNEHAMU MAE HAUMEHWI CYMapHi 6mpamu KinemuyHoi enepeii ma empamu
3 BUXIOHOI0 WBUOKICIMIO, W0 3a0e3neuye 1020 Hatubiibuly CyMapHy 2a300unamiyny egpexmugnicmo. L[BT 3
YOMUPMA CMYNEHAMU MAE 0eWo 2IPULy 2a300UHAMIYHY eheKMUBHICb NOPIBHAHO 3 N SAMUCHIYNEHEBOI0
NPOMOYHOIO YACMUHOIO, ajle 3Aa605KU MEHWIU KIIbKOCMI CHYNeHi6 — MeHWy MemaioeEMHIicCmy |
cobisapmicmy. Pezynomamu 00C1iodceHHs MOdCymb Oymu GUKOPUCHAHI Ni0 Yac NpOEKMYSAHHA Md
MoOdepHuizayii napomypoOiHHo20 00IAOHAHHS GIMYUSHAHO20 BUPOOHUYMEA, WO CHpUsimuUMe NIO8ULYEeHHIO
KOHKYPEHMOCNPOMOICHOCT ma eHepeemuyHoi be3nexu Yipainu.

KirouoBi cioBa: atoMHa eneKkTpoCTaHINs, MapoBa TypOiHA, HMWITIHAP BHCOKOTO THCKY, Ta30JHMHAMiyHA
e(heKTHBHICTh, XapaKTEPUCTHKH CTYIICHIB.
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