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Introduction

An integral part of Ukraine's strategic goal of joining the EU is the integration of the Ukrainian en-
ergy system into the European one. By the way, our country, unlike the countries of the new wave of EU
enlargement, has a strong and developed gas and oil transport networks, as well as electricity networks,
combined with the transport networks of the EU and CIS countries, which allows it to participate in shaping
European energy policy and common energy market, play an important role in energy cooperation between
CIS and EU countries.

According to the results of 2000-2022, the structure of power generating capacities of Ukrainian
power plants tends to increase due to the launched capacities at NPPs [1]. In the overall structure of the in-
stalled capacity of the energy system (hereinafter — ES) of Ukraine, the maximum share, more precisely
about 54%, belongs to TPPs and CHPs, followed by (with the indicator of about 25%) NPPs, followed by
(with a share of about 10%) HPPs and PSPSs. The last place in the general structure of the installed capaci-
ties belongs to block-stations and power plants on alternative sources (wind farms, seismic stations, bio-
mass), the share of which is almost 10%.

According to statistics in 10 months of 2021, the volume of electricity production by power plants
that are part of the Integrated Power System of Ukraine reached 127,722.1 million kWh, which is
7,855.7 million kWh, or 6.6%, more than in the corresponding period of 2020. At the same time, TPPs and
CHPs generated 37,178.6 million kWh of electricity, which is 2,154.4 million kWh (5.5%) less than in the
corresponding period of 2020. On the other hand, nuclear power plants generated 69,183.3 million kWh of
electricity in 10 months of 2021, which is 6,155.6 million kWh, or 9.8%, more than in 2020. The installed
capacity usage rate from the beginning of 2021 was 68.5% (for the corresponding period of 2020 — 62.2%).
Electricity production of HPPs and PSPSs increased by 2,732.0 million kWh (43.8%) compared to last year
and amounted to 8,972.5 million kWh. It should be noted that compared to the corresponding period of 2020,
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the production of electricity by renewable energy sources (wind farms, seismic stations, biomass) in 10
months of 2021 increased by 1,358.4 million kWh, or 14.0%, and amounted to 11,048.0 million kWh, and by
power plants of other types (block-stations and other sources) decreased by 235.9 million kWh (by 15.0%)
and amounted to 1,339.8 million kWh. In addition, TPP and NPP and district boilers in 10 months of 2021
released 16,004.1 thousand Gcal of heat, which is 1,692.6 thousand Gceal (or 11.8%) more than in the corre-
sponding period of 2020.

However, wind farms and seismic stations are characterized by instability of electricity generation (this
is due to such factors as seasonality, daily irregularities, weather conditions, etc.) and create imbalances. At the
same time, the increase in renewable energy production (wind farms, seismic stations) and the lack of shunting
capacity in Ukraine's energy system will cause forced systemic constraints for wind farms and seismic stations,
consisting in limiting the intake of 8—10% of the generated electricity into the power system.

One should not forget about the fact that pulverized coal units with capacity of 200-300 MW were
designed to work in basic modes. According to the analysis of technical solutions of power equipment manu-
facturers and decisions of design organizations on start-up schemes of units from 150 to 300 MW, such a
task as the implementation of shunting modes in the design of power units of 200-300 MW was not set. Al-
though the mentioned mode significantly affects the operation of boilers and turbines, which are one of the
dangerous elements of TPPs.

No less important is the fact that about half of the consumed electricity is produced by nuclear power
plants. It is nuclear energy that occupies a leading position in meeting the energy needs of the national econ-
omy in Ukraine, and the reliability of its work has a positive impact on the socio-economic development of
our country. However, the service life of power units no. 3 of Rivne NPP, no. 3, 4 of Zaporizhzhia NPP and
no. 1 of Khmelnytskyi NPP expired in 2017-2018, and the project operation of nuclear power units no. 3 of
South-Ukrainian NPP and no. 5 of Zaporizhzhia NPP expired in 2020. By the way, about 80% of nuclear
power units in the world nuclear energy sector have exhausted the project resource during 2020.

As world experience shows, extending the life of NPP units after expiration of project operation time
is potentially possible, and, provided compliance with nuclear and radiation safety standards, becomes one of
the most effective ways to partially solve the problem of generating capacity replacement [2, 3]. Of course,
in the conditions of gradual depletion of the power equipment resource and deficiency of fossil fuels at ther-
mal power plants, all of the above acquires special value.

Given the above, Ukraine is currently implementing a program to extend the life of nuclear power plant
equipment. Thus, out of fifteen power units operating in our country, the operation of units no. 1,2 of
Rivne NPP, no. 1, 2 of Zaporizhzhia NPP and no. 1, 2 of South-Ukrainian NPP was prolonged by 10-20 years.
Experience has shown that the specific financial costs for complying with the requirements of regulatory
documents that provide the opportunity to obtain a license to operate power units during the additional service
life, are much less than the cost of construction of new power units [1].

Research of individual resource of high-pressure rotors of nuclear power plants steam turbines

The calculated study of the resource parameters of the high-pressure cylinder rotor (HPR) of the K-
1000-60/3000 steam turbine 1000 MW unit of the state enterprise NNEGC "Energoatom" that was carried
out during operation, was performed in accordance with regulations [4, 5]. Based on this, a comprehensive
approach to the study of individual life of steam turbines and prolongation of power equipment operation,
which involves: analysis of individual life and the allowable number of starts from different thermal states
with cyclic loading of K-1000-60/3000 steam turbine HPR; calculated study of individual operating time at
static load of K-1000-60/3000 steam turbine HPR; assessment of the possibility of further continuation of
operation of K-1000-60/3000 steam turbine HPR over the equipment resource.

The purpose of the analysis of technical (operational, design and repair) documentation of the in-
spected equipment is to identify elements of structures and areas operating in the most stressful conditions
and/or affected by negative factors that may cause accidents or failure; identification of modes in which
changes in the structure and properties of materials are possible; determination of the dynamics of defects
development; development of an expert examination program.
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Tracking of wear out of the power unit equipment is carried out at all stages of the life cycle. This
involves the development of station programs for wear out control of the power unit elements and structures;
compiling a list of the power unit elements and structures that need repair or replacement; detection and
study of wear out processes of the power unit elements and structures (understanding of wear out); taking
measures to monitor the wear out of the power unit elements and structures (metal control) and degradation
mitigation; assessment of the current technical condition of the power equipment elements and forecasting its
replacement due to wear out; optimization of programs for maintenance, control and repair of power equip-
ment of the power unit; introduction of additional means of control and diagnostics of the current technical
condition of the elements and structures of the power plant power unit; analysis of resource and reliability
indicators of structures, systems and elements, performance of work on reassignment of resource elements,
replacement of those that have reached the limit of technical condition; development of technical and organ-
izational measures for modernization and reconstruction of power equipment of the power plant, as well as
minimization of degradation of elements and management of their wear out; continuous improvement of the
wear out management program, taking into account operational experience and research results, as well as
self-assessment and expert assessments (development and implementation of additional measures to monitor
and mitigate degradation); documentation of activity as well as creation and maintenance of the database of
technical condition of the power equipment elements and the revealed defects on the basis of the generaliza-
tion of the information on manufacturing, operation, maintenance, repairs, etc.

Thus, when estimating the residual life of high-power steam turbine elements that have used up the
equipment resource, it is necessary to perform a calibration strength calculation for power equipment elements
that change the structure and properties of metal and accumulate damage from creep and low-cycle fatigue [6-8].

In case of NPP steam turbine rotors, when estimating their residual life, a calculated study of thermal
and stress-strain state, low-cycle fatigue, static damage and individual life is performed, taking into the ac-
count actual data on NPP high-power steam turbine operating modes and the properties of the metal of its
main elements, as well as repair and restoration measures for the main elements of the equipment [9, 10].

The calculated assessment of the thermal and stress-strain state of the high-pressure rotor involves
solving the boundary value problem of unsteady thermal conductivity with boundary conditions of heat ex-
change on the rotor surfaces in accordance with the developed software [11]. The schemes of steam leaks in
the flow part and in the seals, as well as real graphs of work under typical operating modes, namely station-
ary and starts from cold, uncooled and hot states were taken into account. For a structurally complex high-
pressure rotor, the geometric model is made in a three-dimensional formulation, taking into account the main
structural elements based on the passport drawing of the K-1000-60/3000 turbine.

The stress-strain state of the high-pressure rotor was evaluated in the elastic-plastic formulation us-
ing the finite element sampling method of the calculation area. Significance was given to the main types of
stresses, namely temperature, non-uniformity of temperature fields, stresses from pressure and centrifugal
forces. The results of the calculation of the thermal and stress-strain states of the high-pressure rotor under
typical operating modes are given in [11].

In addition, according to the normative documents [5—8], the estimated assessment of the accumu-
lated cyclic and static damage of turbine equipment is realized according to the allowable number of start-up
cycles from different thermal states. Experimental curves of low-cycle fatigue and long-term strength of steel
are used for this purpose. A key feature of the calculation model is that the experimental curves of low-cycle
fatigue for steel 30HN3MI1FA, from which the rotor is made, are absent in the literature, so it is proposed to
calculate the allowable number of cycles by correlation dependences of low-cycle fatigue [9].

The thermal and stress-strain state for the stationary operating mode is performed in a quasi-
stationary formulation [10]. The temperature level is 165-270 °C. The maximum stress intensity is observed
in the axial and unloading holes of the disks of all five stages and is equal to 158 MPa, due to the large val-
ues of centrifugal forces acting on the pressure disks and blades. The highest level of stress is observed in the
area of the fifth stage, which is the most massive and covered with the heaviest blades.

Start-up modes are considered in unsteady formulation. Information on the non-uniformity of tem-
perature fields over time, depicted in the form of the dynamics of changes in the temperature gradient for the
most characteristic areas, is of particular interest in the variable operating modes [10]. For cold start-up, the
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temperature gradient at the initial stages of start-up reaches 1,200—1,300 K/m, which indicates the existing
temperature non-uniformity.

The highest values of stress intensity are observed in the initial stages of start-up from the cold state
and are equal to 231 MPa for unloading holes of the disk of the first stage. They remain unchanged until
6,800 s, when the turbine speed reaches the nominal value (3,000 rpm). In this case, the high-stress zones are
the load transitions of the stage disks and the axial hole of the rotor, where the stress intensities are 168 MPa.
Similar data were obtained for the start-up mode from hot and uncooled states [10].

The calculations allow to estimate the long-term strength and resistance to low-cycle fatigue of the
base metal of the high-pressure rotors of NPP steam turbines with a capacity of 1000 MW.

According to NNEGC "Energoatom", the allowable equipment service life of the K-1000-60/3000
turbine is at least 30 years, which corresponds to the duration of operation for basic power units (220 thou-
sand hours), the allowable equipment number of starts — 600, the number of starts during the year — 20. The
service life is designed to reach the limit state, based on ensuring the maximum number of cycles per year.

In particular, during the planned and preventive repairs at unit no. 3 of Rivne NPP in 2014, the operating
indicators for the period of operation were (as of 01.07.2014): the total number of starts — 230, the number of cold
starts (CS) — 49, the number of starts from the hot state (HS) — 181, operating time — 177,919 hours. Thus, in per-
centage terms, the number of cold starts is 21.3%, the number of hot starts is 78.7%. Assuming that the power unit
was operated in the same mode for the next five years, as of July 2019, the operating time should have been
209,690 hours, the total number of starts — 271, the number of cold starts — 58, the number of hot starts — 213.

The safety margins in the calculations are as follows: 10 — by the number of cycles and 1.5 — by de-
formations in accordance with regulations, respectively [10].

The results of the calculated study of the resource characteristics of the high-pressure rotor of the
K-1000-60/3000 turbine unit no. 3 of Rivne NPP are given below. Low-cycle fatigue was assessed by the al-
lowable values of the start-up numbers from different thermal states, which were calculated using the correla-
tion dependences of fatigue of steel 30HN3M1FA, from which HPR is made [9]. The calculated cyclic damage
of the base metal is 11%, while static one is equal to 95% (Table 1). This indicates a less significant effect of
low-cycle fatigue as a mechanism of destruction of the rotor compared to the depletion of long-term strength.

Static damage is estimated at the equipment resource of 220 thousand hours, according to regulations
[10], it was found that it is 95%. The total damage of the base metal is 107%, i.e. it is more than 100%. This
indicates the depletion of the HPR resource of the K-1000-60/3000 turbine with an equipment operating time
of 220 thousand hours (Table 1).

Experimental studies of long-term strength of 2SH1M1FA steel at a temperature of 500 °C, which is
used in the manufacturing of high- and medium-pressure rotors of K-200-130 turbines, were conducted [12].
According to the results of research, the possibility of increasing the allowable number of working hours to
370 thousand hours was found.

Table 1. Resource characteristics of the high-pressure rotor of the K-1000-60/3000 turbine unit no. 3 of Rivne NPP

Resource characteristics Value

Operating time of the power unit 209,690 hours

Total number of starts 271

Annual operating time 6,354 hours/year

Year of commissioning 1986

The current number of starts CS 58

from different thermal states HS 213

Stress intensity at nominal operating mode 158.5 MPa
Permissible number of start-up cycles | CS 1,945

from different thermal states HS 2,591

Cyclic damage 11.20%
Permissible number of operating hours 220,000 hours | 270,000 hours
Static damage 95.4% 77.66%
Total damage 106.6% 88.86%
Residual resource <0 hours 2,6287 hours
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We will add that similar data concerning 30HN3M1FA steel from which HPR of the K-1000-60/3000
turbine is made, unfortunately, is absent in the literature. It is only clear that due to the difference in physical
and mechanical properties of 2SHIMI1FA and 30HN3M1FA steels, curves of their long-term strength will also
differ. However, given that the operating temperature of the HPR metal of the K-200-130 turbine is 540 °C, and
it of the K-1000-60/3000 turbine is 270 °C, it is proposed to estimate the static damage of the HPR unit no. 3 of
Rivne NPP using long-term strength curves of 2SHIMI1FA steel at temperature 500 °C as a calculation of the
safety margin. In addition, it should be taken into account that NPP turbines have higher requirements for op-
erational reliability. Therefore, a proposal to accept the allowable number of operating hours of HPR of the tur-
bine K-1000-60/3000 steel at the level of 270 thousand hours was made. Then the calculated static damage will
be 78%, and the total damage will be 89%.

If the expert commission, which consists of the representatives of the power plant, specialized and
other organizations in accordance with SOU-N MFE 40.17.401:2004 [4], can accept the allowable operating
time of the metal at 270 thousand hours, the estimated total damage will be 89%, and the residual metal re-
source of the HPR of the turbine unit K-1000-60/3000 power unit no. 3 of Rivne NPP will be 26,287 hours.
This will allow to prolong the operation of the HPR steam turbine K-1000-60/3000 for 25 thousand hours.

The results of the calculated study of the resource characteristics of high-pressure rotors of turbines
of NPP power units operating in Ukraine are given in tables 2—-3. At the same time, low-cycle fatigue was
assumed to be equal for all power units due to low values of temperatures in NPP steam turbines, i.e. the cal-
culated cyclic damage of the base metal was 11%. The calculated static damage was estimated according to
the terms of commissioning of NPP power units. The annual operating time of power units was taken at the
level of 6,200—6,300 hours taking into account the operation of NPP power units in the basic load mode.

Table 2. Resource characteristics of high-pressure rotors of NPP steam turbines power units no. 1-6 of Zaporizhzhia NPP

Resource characteristics no. 1 no. 2 no. 3 no. 4 no. 5 no. 6
Year of commissioning 10.12.1984 | 10.12.1985 | 10.12.1986 | 10.12.1987 | 12.1989 10.1995
Operating tl'me of the power 36 35 34 33 32 25
unit, years
Operating time of the power | )¢ 005 | 250500 | 214200 | 207.900 | 201,600 157,500
unit, hours
Annual operating time, hours 6,300 6,300 6,300 6,300 6,300 6,300
Permissible number 270,000 | 270,000 | 270,000 | 270,000 | 270,000 | 220,000 | 270,000
of working hours, hours
Cyclic damage, % 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Static damage, % 84.0 81.7 79.4 77.0 74.7 71.6 58.4
Total damage, % 95.0 92.7 90.4 88.0 85.7 82.6 69.4
Residual resource, hours 11,668 17,035 22,403 28,004 33,371 | 40,604 | 71,404

Table 3. Resource characteristics of high-pressure rotors of NPP steam turbines power units no. 1-4 of Rivne NPP,
no. 1-2 of Khmelnytskyi NPP, no. 1-3 of South-Ukrainian NPP

.. Rivne NPP Khmelnytskyi NPP South-Ukrainian NPP
Resource characteristics
no. 1 no.2 | no.3 | no.4 no. 1 no. 2 no. 1 no. 2 no. 3
Year of commissioning | 12.1980[12.1981| 1986 | 2004 | 1987 | 2004 |31.12.1982[06.01.1985/20.09.1989
Operating time of the power | 45 | 39 | 35 | 7 3 17 38 35 32
unit, years
Operating tl‘l‘;ﬁ ‘l’lfthe POWET 1 254.160|247,806(222,390| 108,018| 204,600 | 105,400| 237,500 | 218,750 | 200,000
Annual operating time, hours | 6,354 | 6,354 | 6,354 | 6,354 | 6,200 6,200 6,250 6,250 6,250
Permissible number 270,000(270,000(270,000/220,000| 270,000 | 220,000| 270,000 | 270,000 | 270,000
of working hours, hours
Cyclic damage, % 110 | 110 | 11.0 | 11.0 | 11.0 | 110 11.0 11.0 11.0
Static damage, % 942 | 918 | 824 | 491 | 758 | 479 88.0 81.1 74.1
Total damage, % 1052 | 1028 | 934 | 60.1 | 868 | 589 99.0 92.1 85.1
Residual resource, hours <0 <0 15,536 | 93,899 | 30,312 | 94,383 2,319 18,288 34,494
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Discussion of the results

Static damage is estimated at the equipment resource of 220 thousand hours according to regulations [5].
For power units no. 6 of Zaporizhzhia NPP, no. 4 of Rivne NPP, no. 2 of Khmelnytskyi NPP, the total damage of
high-pressure rotors is in the range of 59-83%, and the residual resource will be 40,604-94,383 hours. This will
allow to prolong the operation of high-pressure rotors of NPP steam turbines for 40-50 thousand hours. All other
power units have operating time near the equipment resource and can no longer be operated.

To prolong the operation, it is necessary to conduct experimental studies of 30HN3M1FA steel for
long-term strength and increase the individual resource to 270 thousand hours. If the expert commission al-
lows to accept such admissible time of operation of metal, the total damage of high-pressure rotors of power
units no. 3—5 of Zaporizhzhia NPP, no. 1 of Khmelnytskyi NPP, no. 2, 3 of South-Ukrainian NPP lies within
85-90%, and the residual resource will make 22,403-34,494 hours. This will allow to prolong the operation
of high-pressure rotors of NPP steam turbines for 25 thousand hours.

For power units no. 1, 2 of Zaporizhzhia NPP, no. 3 of Rivne NPP, no. 1 of South-Ukrainian NPP, the
total damage of high-pressure rotors varies between 92-99 %%, and the residual resource will be 2,319—
18,288 hours. For power units no. 1, 2 of Rivne NPP the total damage of high-pressure rotors is 102—105%,
i.e. exceeds 100%. This indicates the depletion of the individual resource of the steam turbines high-pressure
rotors of the NPPs of these power units. Continuation of their operation requires additional calculation and
experimental research, or replacement of high-pressure rotors.

If, according to the results of experimental studies of 30HN3MI1FA steel for long-term strength, an
expert commission consisting of representatives of the power plant, specialized and other organizations ac-
cording to SOU-N MFE 40.17.401: 2004 [4], can accept the allowable operating time of metal at 370 thou-
sand hours, the estimated total damage will be reduced to 64-80%, and the residual metal life of HPR of
NPP units turbines will be 26,287-50,000 hours. This will allow to prolong the operation of high-pressure
rotors for 25 thousand hours.

Conclusions

1. For power units no. 6 of Zaporizhzhia NPP, no. 4 of Rivne NPP, no. 2 of Khmelnytskyi NPP, the
total damage of high-pressure rotors is in the range of 59-83% for the equipment resource of 220 thousand
hours, and the residual resource will be 40,604-94,383 hours. This will allow to prolong the operation of
high-pressure rotors of NPP steam turbines for 40-50 thousand hours.

2. According to the results of calculation studies of resource indicators of high-pressure rotors of
NPP steam turbines, if the expert commission allows to increase the allowable equipment resource to
270 thousand hours, the total damage of high-pressure rotors of power units no. 3—5 of Zaporizhzhia NPP,
no. 1 of Khmelnytskyi NPP, no. 2, 3 of South-Ukrainian NPP fluctuates within 85-90%, and the residual re-
source will make 22,403—-34,494 hours. This will allow to prolong the operation of high-pressure rotors of
NPP steam turbines for 25 thousand hours.

3. For power units no. 1, 2 of Zaporizhzhia NPP, no. 3 of Rivne NPP, no. 1 of South-Ukrainian NPP,
the total damage of high-pressure rotors is in the range of 92-99%, and the residual resource will be 2,319—
18,288 hours. For power units no. 1, 2 of Rivne NPP, the total damage of high-pressure rotors varies between
102—-105%, i.e. exceeds 100%. This indicates the depletion of the individual resource of the steam turbines
high-pressure rotors of the NPPs of these power units.

4. If the expert commission, consisting of representatives of the power plant, specialized and other
organizations in accordance with SOU-N MFE 40.17.401: 2004 [1], can accept the allowable operating time
of the metal at 370 thousand hours, the calculated total damage will decrease to 64—-80%, and the residual
metal resource of HPR turbines of NPP power units will be 26,287-50,000 hours. This will allow to prolong
the operation of high-pressure rotors for 25 thousand hours.
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JMHAMIKA TA MILIHICTb MAIIINH

Iumezpayis ykpaincvroi enepeocucmemu 00 €6PONEUCHKOL € CKIa0080K0 cmpameiuHoi memu Yxpainu — exo-
Oarcennsi 0o €C. Hawa Oeparcasa mae 00cmammubo nOMYIHCHI Ut pO3BUHEHI 2a30-, HADMOMPAHCNOPMHUI U eleKMPUYHi Me-
peoici, noeonari 3 mpancnopmuumu mepexcamu €C i kpain CH/I, wo 0o36ons¢€ it bpamu yuacmo y ghopmysanni €sponeii-
CbKOI eHepeemuyHOl NOIMUKY [ CRIIbHO20 eHeP2eMUYHO20 PUHKY, 6I0iepasamu 8adciugy pojib 6 eHepeemuyHIl cnienpayi
kpain CHJ[ i €C. YV pobomi nposedeno oyiHKy pecypCHUX NOKA3HUKIE pOMOpIE 6UCOK020 MucKy naposux mypoin AEC
nomyacuicmio 220, 1000 MBm. 3acmocoeano KoMRAEKCHULL NIOXIO0 00 OOCHIONCEeHHS THOUBIOYANIbHO2O0 Pecypcy NapOBUx
mypOiH | MONCIUBOCII NPOOOBHCEHHS eKCNIyamayii enepeemuynoeo obnaonanus. [[ns emepeobnoxie Ne 6 3anopizekol
AEC, Ne 4 Pisnencoroi AEC, Ne 2 Xmenvrnuyvkoi AEC cymaprna nowxoodxcysanicms pomopié UCOK020 MUCK)Y OOPIGHIOE
59-83%, a samuwukosuii pecypc cknadae 40604—94383 co0un, wo 0ozeorsie npodosxcumu excnayamayilo Ha 40—
50 mucsau cooun. 3a pesynbmamamu nPoOGEOEHHs. PO3PAXYHKOBUX OOCHIONCEHb PeCYPCHUX NOKAZHUKIE POMOPIE BUCOKO20
mucky mypoin AEC cymapna noutko0xicy8anicmes pomopie 6Ucoko2o mucky enepeoonokie Ne 3—5 3anopizvroi AEC, Ne |
Xuenvnuyvroi AEC, Ne 2, 3 Ilie0enno-Yxpaincokoi AEC konusaemocs y mescax 85—90%, a 3anumkosutl pecypc ckiaoae
22403-34494 200un, skwo nputinamu oonycmumuil naprkosui pecypc 270 mucsu 2odun. Lle 0ozeonums npodossicumu
eKCnIyamayio pomopie ucoxkozo mucky naposux mypoin AC na 25 muc. 200. [ns enepeobnokie Ne 1, 2 3anopizerol
AEC, Ne 1, 2, 3 Pienencoroi AEC, Ne 1 Ilisoenno-Yxpaincokoi AEC iHOusioyanvHull pecypc pomopis UcoK020 Mmucky
myp6in AEC suuepnaro.

Kniouosi cnoea: cmamuuna nowko0dicy8anicms, YUKIUHA NOUKOONCYBAHICTND, 3ATUUKOBULL PeCYpPC, Naposa myp-
OiHa, MATOYUKI08A BMOMA, 00820MPUBAIA MIYHICHb.
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