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Introduction

As a result of shelling of energy facilities of Ukraine by the enemy, there is emergency damage to
the working blades of the rotors and the stators of the turbines. Papers related to the determination of the
thermal and stress-strain states of elements of power equipment, which have a significant impact in the con-
ditions of operation of the CHPP after its damage, are quite relevant.

The main causes of emergency shutdowns of steam turbines can also be vibration fatigue of the
blades’ material, erosive damage to the body of the blades, and resonance problems during the operation of
power equipment in variable modes [1]. Real damage can occur in the process of simultaneous action of ero-
sive damage of the blade body from moisture, cavitation, and the interaction between Coriolis centrifugal
forces on the working blade surface [2—4].

Despite all the challenges and threats, the Ukrainian energy system is currently being integrated into
the European one, which, of course, is part of Ukraine's strategic goal of joining the EU. At the same time,
unlike the countries of the new wave of EU expansion, our state had sufficiently powerful and developed
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gas, oil transport and electricity networks connected to the EU transport networks, which allowed it to par-
ticipate in the formation of the European energy policy and the common energy market, to play an important
role in energy cooperation of EU countries.

Therefore, in order to extend the service life of 100 MW power units, especially after emergency damage
to the rotor blades and turbine stators, it is necessary to carry out an assessment of the individual resource of the T-
100/120-130 steam turbine with a capacity of 100 MW of the CHPP power unit based on an integrated approach
that combines the results of non-destructive metal testing with strength and durability calculations, as well as a
detailed study of the individual operation history of each power unit [5—6]. At the first stage, the thermal and
stress-strain states of the medium-pressure rotor (MPR) of the T-100/120-130 turbine should be determined.

Research purpose

The purpose of the paper is to determine the thermal and stress-strain states of the T-100/120-130 tur-
bine MPR of the CHPP power unit for prolonging operation under the conditions of the stressed state of the
power system. In order to achieve the goal, the mathematical model of the thermal and stress-strain state of the
MPR of the steam turbine after emergency damage was improved and relevant research was carried out.

Main material

A calculated study of the thermal and stress-strain states of the MPR of the T-100/120-130 steam tur-
bine with a capacity of 100 MW of the CHPP power unit of the Ukrainian power system was carried out to es-
tablish the possibility of further operation. In the process of achieving the set goal, studies were conducted tak-
ing into account the available repairs and restorations of energy equipment according to technical audit data.

Operating modes, technical audit and geometric model of the T-100/120-130 steam turbine MPR

The start-up modes of the CHPP power unit are determined depending on the temperature of the
outer surface of the high-pressure cylinder (HPC) flange in the steam inlet area. According to the operating
instructions for the T-100/120-130 steam turbine of the CHPP power unit, start-up from the cold state is dis-
tinguished at the temperature of the metal of the outer surface of the HPC flange in the steam start-up zone
T4 ypc=100—150 °C; start-up from an uncooled state — at a temperature of T°"q ypc=200-240 °C; start-up
from a hot state — at a temperature of 7°" ;;pc>380 °C. Charts of start-ups from cold and uncooled states like
uncooled and hot states are taken separately for HPC. The charts are constructed in accordance with the data
of the recorders of the T-100/120-130 power unit, provided by the boiler-turbine shop and given for start-up
from the cold state on Fig. 1.

When calculating the thermal state of the MPR e

during start-up modes, the non-stationary problem of =T
thermal conductivity is solved. This requires establishing
the boundary conditions of heat exchange of I-IV type,
which must necessarily correspond to the charts of the T-
100/120-130 turbine start-ups from different thermal
states. The power load from the steam pressure in the
nominal and variable operating modes was also taken
into account. Heat transfer coefficients o were calculated
according to criterion dependencies [7,8]. On other
surfaces and edges of the model, boundary conditions of
the Il type were found using linear interpolation.
Conditions of absence of heat exchange were set on the
surface of the axial groove. For the idle mode of the | . |
turbine unit, thermal insulation conditions were also set | -
for the entire flow part. P2MA alloy steel (25KhIMIF) | "~ ; — S : ~
was chosen as the MPR material. Thermophysical and i

physico-mechanical characteristics of P2MA steel Fig. 1. Chart of the T-100/120-130 turbine
depending on temperature were set on the basis of these start-up from a cold state
regulatory documents [7, 8].
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The results of the MPR metal testing of the T-100/120-130 steam turbine with a capacity of 100 MW of the
CHPP power unit

Non-destructive testing was carried out by the structural division of the Metals Laboratory of the
CHPP. According to the testing results for the MPR of the T-100/120-130 steam turbine with a capacity of
100 MW of the CHPP power unit, the following should be noted. The Metals Laboratory conducted a visual
inspection of the MPR of the disk flanges, riveting and unloading holes, rims, ridges, webs and blades of the
MPR blade device. Partial damage to the tape bandage of the blade feather was revealed (tears, signs of snag-
ging) in the working blades of the 17th stage. In the working blades of the 18th stage, a partial absence of the
tape bandage of the blades feather was found (20%), there are signs of the tape bandage snagging, and in the
working blades of the 19" stage — a partial absence of the tape bandage of the blades feather (50%), there are
mechanical dents with maximum dimensions length — width (2525 mm) in the upper part of the feather of sin-
gle blades. Also, partial damage to the tape bandage of the blade feather (rubbing, signs of snagging) was found
in the working blades of the 20™ stage. There is mechanical deformation of the edge of the blade feathers, a
change in their shape (100%); traces of snagging and grinding of the end part of the blades in the working
blades of 21-23"™ stages. Corrosion damage, signs of snagging and mechanical damage and other deviations
from the requirements of the regulatory documents were not found on the working blades of 10-16™ stages.

The outer surface of MPR elements is prone to uniform gas corrosion and is covered with scale that is
tightly bonded to the base metal. Signs of corrosion, traces of erosive wear, traces of contact and mechanical
damage, traces of electrical corrosion on the surface elements of the MPR were not detected. According to the
results of a visual inspection of the blade apparatus of the 17-23" stages of the T-100/120-130 steam turbine
MPR of the CHPP power unit, defects that do not comply with regulatory documents were found.

The Metals Laboratory performed color defectoscopy for MPR of the T-100/120-130 steam turbine
with penetrating substances. The working blades of 10-23" stages (the trailing edge of the blade feather)
were monitored in accessible places. On the trailing edges of the blade of the MPR of 10-19" and 21-23™
stages, defects exceeding the permissible norms of regulatory documents, were not detected. Cracks with a
length of 20 mm and 15 mm were found on the trailing edges of the 20" stage of MPR blade. The MPR and
disks of 18-23™ stages were tested (sheets with riveting and unloading holes, disk fillets, ridges and covering
bandage of 10—16™ stages), no defects were found.

When calculating the thermal and stress-strain state of the MPR and taking into account the data of the
technical audit, a geometric model of the MPR was created. For a structurally complex MPR, the geometric
model is made in a three-dimensional setting, taking into account the main structural elements, based on the
passport drawing of the T-100/120-130 turbine (Fig. 2), taking into account the technological samples of the ma-
terial of the equipment elements that were formed during mechanical processing cracks, fissures and grooves on
the surfaces of the rotors. Technological samples of the material of equipment elements are obtained from ex-
perimental data of visual control and magnetic powder diagnostics, provided by operating organizations and the
metal laboratory of the power station. Changing the project design of the main high-temperature elements of the
steam turbine to the actual design in accordance with the repair and restoration works carried out during the pe-
riod of operation will cause corresponding changes in the thermal, stress-strain states of the high-temperature
elements of the steam turbine and will affect the overall period of operation. At the same time, such influence
will not always be directed towards the deterioration of individual resources. Thus, the flow of the rotors grooves
for the purpose of removing cracks with an increase in the size of the grooves causes a decrease in the stress
level and an increase in the service life of the equipment. The geometric model of MPR is show in Fig. 2 for the
part of the rotor from the axis of the front bearing bush to the disk of the 14™ stage of pressure.

The MPR calculation model in a three-dimensional setting (Fig. 3) was discretized by 4—5 million fi-
nite elements with thickening of the grid in the radial direction and, especially, in zones that are stress concen-
trators. These include the root zones of the thermal grooves of the seals, the near-disk annular grooves of the
rotor, etc. The grid of finite elements thickens to the top of the grooves according to the law of geometric pro-
gression, when each finite element closer to the top of the groove is 1.4 times smaller than the previous one.
The size of the smallest element at the top of the crack samples is 0.2 mm.
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Fig. 2. Geometric model of the MPR Fig. 3. Finite element model of the MPR
of the T-100/120-130 turbine of the T-100/120-130 turbine

Study of thermal and stress-strain states of MPRs of steam turbines of CHPPs

The calculated assessment of the thermal and stress-strain states of the MPR contains equations of
unsteady thermal conductivity with boundary conditions of heat exchange on the rotor surfaces according to
the developed software complex [1].

A method of solving the boundary value problem of non-stationary thermal conductivity with the
setting of the boundary conditions of heat exchange on MPR surfaces based on the created geometric 3D
models using Solidworks software complexes is proposed. The boundary conditions corresponded to such
operating modes as starts from cold, hot and uncooled states, as well as stationary operating mode.

Characteristic points for MPR, in which boundary conditions were set in accordance with the recom-
mendations of regulatory documents [7, 8], are shown in Fig. 4.

When determining the boundary conditions of heat exchange, the patterns of steam leaks in the seals,
real charts of start-ups from different thermal states (cold, hot and uncooled) were taken into account.

The equation of non-stationary thermal conductivity has the form [7, 8]
VAT -grad (D))= (1) A1)+
T

where A, ¢, v are functions of temperature and coordinates under the initial condition 7o=T(x, y, z, 0)=f(x, y, z)
and boundary conditions of the [-IV type.
Boundary conditions of the I-IV type have the form

T,=f(x%y.27;
oT
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or 4567
N — :a(tmed_tw); L
on
Twl = TwZ |
oT oT Fig. 4. Characteristic points of heat exchange boundary conditions
-, (_j =N, (_j ’ for the MPR of the T-100/120-130 turbine
on ), on ),

When determining the boundary conditions of MPR heat exchange, it is necessary to have informa-
tion about its characteristic dimensions and to perform a detailed calculation of the flow part at the nominal
operating mode. In the course of a detailed calculation of the compartment, the main thermodynamic pa-
rameters of the steam (pressure, temperature, specific volume), enthalpy differences, loss values, and veloc-
ity values on the average cross-section for the nozzle and working blades of each studied stage are deter-
mined. In non-stationary operating modes, the calculated estimate of the above parameters of the steam is
used for losses corresponding to the start-up charts of the MPR power unit (Fig. 1).

After determining the main parameters of the steam at the nominal and variable operating modes, the
boundary conditions were determined in accordance with the regulatory document [7, 8].
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The following criterion equations were used:
— from the steam to the interscapular surfaces of the MPR

Nu =0.206-Re*%. 570
_sinp, | 2b,

S, ==
SmBz\/r‘-l-sin(BﬁBz)""’s (Bl sz

The length of the surface in the direction of the blade was used to determine the Reynolds and
Prandtl similarity criteria. In this case, the velocity is the arithmetic mean value of the relative velocity at the
inlet and outlet of the working blade, and the temperature is the arithmetic mean temperature of the medium
at the inlet and outlet of the working blade;

— similarity equation for rotor stage disks rotating in a large volume
Nu=0.0197-(n+2.6)"*-Re®. Pr’¢,
where 7 is the exponent in the equation of temperature pressure change along the disk radius

’

tw _tmed = c,r” 5
— for disks of rotor stages rotating in the casing between adjacent diaphragms

025
Nu =0.0256-(1- Z(P)0.75 .Re%75. Pro'ﬁ-(iJ :
r

— for sections of the rotor with direct-flow seals, the equation of convective heat exchange
0.256-Re’®. Pr’*

- (SJO.OSS '(hj0.075 ?
o )

_0.0454- Re%®. pr4

GG

where s is the step between the ridges of the seals; / is the distance between the surface of the rotor and the
cylinder body; 0 is the clearance between the rotor surface and the ridges of the seals;
— for stepped seals

atRe=2.4-10°...8.7-10°

b

,atRe=8.7-10°...1.7-10°

-0.56
Nu =2.04- Re“-[gj Pr®* atRe<1-10*

b

-0.56
Nu = 0.476-Re°'7-(§j Pr’®,at6-10° <Re<1.2:10°

— for diaphragm and intermediate seals with straight-flow or stepped labyrinths

0.7
Nu = 0?{52 -Re”’ (%) Pr’®,at3.5-10° <Re<2.5-10%,

where z is the number of seal ridges; p;, p, are full pressure before and after the labyrinth; & is the flow rate

for a given type of seal, determined by equation

I glpi —p3)
z-R-T

— for surfaces of the rotor shaft in contact with air
Nu=0.11-(0.5-Re*+ Gr)*;
— for the part of the rotor surface located in the bearings
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Nu=6-(Re,-Pr, )" A ,
where d, is the diameter of the neck of the rotor shaft; /, is the the length of the oil-washed surface of the
neck of the rotor shatft.

Thus, on the heat exchange surfaces of the MPR of the T-100/120-130 turbine, boundary conditions
of the III type were set using hyperbolic interpolation, and on the surface of the axial channel — boundary
conditions of the II type were set. Schemes of steam leaks in the flow part and in the seals were taken into
account, as well as real work charts under typical operating modes, namely stationary and start-ups from
cold, uncooled and hot states.

The stress-strain state of the MPR was evaluated in the elastic-plastic setting using the finite-element
method of discretization of the computational domain. The main types of stress were taken into account,
namely temperature stress, non-uniformity of temperature fields, pressure stress and centrifugal force [7, 8].
The mathematical model included:

— the equilibrium equation in tensometric form

{Gi}j +pXi = O ; iajzl’ 2’ 39 pi = f(xvyazvo)a
where {c;}; are normal and tangential stresses in MPR elements; .X; is the mass force acting in the elements
of the rotor (centrifugal force, gravity, resistance reactions, etc); p; is the external distributed load; p; is the
density of turbine steel;

— equations of the compatibility of deformations and the law of elasticity in matrix form

{e;t=lal{o;j+{B-AT},
where {g;} is the deformation vector; [a] is the matrix of elasticity coefficients; {oc;} is the stress vector;

{B-AT} is the vector of temperature deformations; 3 is the volumetric expansion coefficient; AT is the change in
temperature of MPR elements during operation.

Discussion of results

A numerical study of the thermal and stress-strain state of the MPR of the T-100/120-130 turbine was
performed for the most typical operating modes, namely: nominal heating at an electric power of 100 MW,
start-ups from cold, uncooled and hot state of the metal. The metal temperature of the 10-14" stages disks de-
creases from 356 °C to 254 °C (Fig. 5, a). The temperature of the segments of the rotor seals decreases from
334 °C to 133 °C. The obtained data on the temperature distribution, as well as the non-uniformity of the tem-
perature fields when solving the stress-strain state problem, are initial. In addition, the forces from the pressure
of the steam medium, centrifugal forces, reactions of the supports, concentrated masses of the working blade
apparatus, etc., are taken into account. Variable operating modes are presented in a non-stationary setting, tak-
ing into account the unevenness of temperature fields over time, which is depicted in the form of the dynamics
of the temperature gradient change for the most characteristic areas [9, 10].

The determined stress-strain state shows that for the design structure when working at the nominal pa-
rameters of the steam, the highest stresses 6=147.1 MPa are observed in the fillet rounding of the 10™ stage
disk from the side of the 11" stage disk (Fig. 5, b). The high stress intensity in this area is associated with a
sharp drop in shaft mass in the area of end seals (left) and in the area of diaphragm seals after the disk (right).
Similar high stress intensities 6=118 MPa are visible in the region of the axial opening of the MPR under the
10™ pressure stage.

It should be noted that information on the non-uniformity of temperature fields in the form of non-
stationary temperature gradients is of considerable interest for the start-up modes of power equipment. In the
MPR, 6 characteristic areas of research are chosen. They are shown in Fig. 6: 1 — rotor axial opening in the area
of the 1st pressure stage; 2 — grooves in front of the second clip of the front end seals; 3 — grooves of the first
clip of the front end seals; 4 — fillet behind the 1st stage; 5 — diaphragm sealing according to the 3rd stage;
6 —unloading hole of the 5th stage disk.

The dynamics of changes in temperature gradients and metal temperature during start-up from a cold
state in the characteristic research areas of the MPR of the T-100/120-130 turbine is shown in Fig. 7.
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Fig. 6. Characteristic research areas
a b of the MPR of the T-100/120-130 turbine
Fig. 5. Thermal (a) and stress-strain (b) state at the nominal operating mode with repair restorations
(100 MW) of the MPR of the T-100/120-130 turbine

During start-ups from a cold state for the MPR, the temperature gradients are most significant at the
time points of 16800 s and 228000 s (Fig. 7, a), while the maximum of the temperature gradient occurs in the
zone of the third groove of the diaphragm seals behind the third stage of the MPR. It is at these moments of
time that the stress intensity values reach their greatest values, which indicates the dominant influence of
temperature stresses on the general stress-strain state of MPR.

During start-ups from a cold state for the MPR, the thermal state reaches 330 °C in the zone of the first
unregulated stage, and in the zone of the axial hole it is equal to 300 °C at the moment of time of 228000 s
(Fig. 7, b). The thermal state for the MPR reaches 250 °C in the zone of the first unregulated stage, and in the
zone of the diaphragm seal grooves it is equal to 185 °C in the third stage at the moment of time of 16800 s.

000

120000/

110000,

Fig. 7. The dynamics of changes in temperature gradients (a) and temperatures (b) in the characteristic research areas
of the MPR of the T-100/120-130 turbine when starting from a cold state of the metal

The dynamics of changes in temperature gradients and metal temperature during start-up from a hot
state in the characteristic research areas of the MPR of the T-100/120-130 turbine is shown in Fig. 8.

During start-ups from a hot state for the MPR, the temperature gradients are most significant at the
time points of 6400 s and 7000 s (Fig. 8, a), while the maximum temperature gradient occurs in the area of
the front end seals and the first groove of the diaphragm seals behind the first stage of the MPR.

The thermal state during start-ups from a hot state for MPR reaches 360 °C in the zone of the first un-
regulated stage, and in the zone of the axial hole it is equal to 320 °C at the moment of time of 14400 s
(Fig. 8, b). The thermal condition for the MPR reaches 300 °C in the zone of the first unregulated stage, and in
the zone of the diaphragm seal clips it is equal to 280 °C in the third stage at the moment of time of 7000 s.
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Fig. 8. Dynamics of changes in temperature gradients (a) and temperatures (b) in the characteristic research areas
of the MPR of the T-100/120-130 turbine during start-ups from a hot metal state

During start-ups from the cold state of the MPR of the T-100/120-130 turbine, the maximum intensities
of conditional elastic stresses at the time of 16800 s are equal to =127 MPa in the zone of the seal groove of the
third unregulated MPR stage, and 6=125 MPa in the zone of the axial opening (Fig. 9, b). The intensities of
conditional elastic stresses at the moment of time of 22800 s in the zone of the seal groove at the first unregu-
lated stage of MPR =123 MPa, and in the zone of the axial opening 6=120 MPa are also significant.

During start-ups from the hot state of the MPR of the T-100/120-130 turbine, the maximum intensities
of conditional elastic stresses at the moment of time of 6400 s (3000 rpm) in the zone of the first unregulated
stage in the seal groove behind the stage of the MPR to 6,=201 MPa, and in the zone axial hole they are
equal are equal to 6=161 MPa (Fig. 10, b). The intensities of conditional elastic stresses at the moment of
time of 7000 s (3000 rpm) in the zone of the first unregulated stage in the seal groove behind the stage of the
MPR 6,=168 MPa, and in the zone of the axial hole =161 MPa are also significant.

Fig. 9. Thermal (a) and stress-strain (b) states of the MPR of the T-100/120-130 turbine
at the moment of time of 16800 s during start-up from the cold state

Fig. 10. Thermal (a) and stress-strain (b) states of the of the MPR of the T-100/120-130 turbine
at the moment of time of 6400 s during start-up from the hot state
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The dynamics of changes in temperature gradients and metal temperature during start-up from an un-
cooled state in the characteristic research areas of the MPR of the T-100/120-130 turbine is shown in Fig. 11.

During start-up from an uncooled state for the MPR, the temperature gradients are most significant at
the moments of time of 14100 s and 18000 s (Fig. 11, a), while the maximum of the temperature gradient occurs
in the area of the front end seals and the first groove of the diaphragm seals behind the first stage of the MPR.

The thermal state during start-ups from an uncooled state for MPR reaches 340 °C in the zone of the
first unregulated stage, and in the zone of the axial hole it is equal to 295 °C at the moment of time of 18000 s
(Fig. 11, b). The thermal state for the MPR reaches 260 °C in the zone of the first unregulated stage, and in the
zone of the diaphragm seal clips it is equal to 235 °C in the third stage at the time of 14100 s.

The intensities of conditional elastic stresses at the moment of time of 14100 s in the zone of the seal
groove for the third unregulated MPR stage are =115 MPa, and in the zone of the axial opening they are
6,=110 MPa during start-up from an uncooled state.

The maximum intensities of conditional elastic stresses at the moment of time of 18000 s in the zone
of the seal groove behind the third unregulated stage of MPR are equal to 6,=123 MPa, and in the zone of the
axial opening they are equal to 6=125 MPa (Fig. 12, b).

When analyzing the stress-strain state of the MPR of the T-100/120-130 turbine, it should be noted
that the maximum intensities of conditional elastic stresses occur during start-ups from a hot state at a time
of 7000 s (3000 rpm) in the zone of the first unregulated stage in the seal groove behind the stage of MPR
and are equal to 168 MPa, in the zone of the first unregulated stage in the seal groove behind the stage of
MPR they are 201 MPa, and also in the zone of the axial hole the intensity of conditional elastic stresses they
reach 161 MPa.

1600,00; 360, DD:
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Fig. 11. The dynamics of changes in temperature gradients (a) and temperatures (b) in the characteristic research areas
of the MPR of the T-100/120-130 turbine during start-up from an uncooled state of the metal

Fig. 12. Thermal (a) and stress-strain (b) states of the of the MPR of the T-100/120-130 turbine
at the time of 18000 s during start-up from the uncooled state
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Conclusions

1. When studying the thermal state of the MPR of the T-100/120-130 turbine during operation at
nominal steam parameters, it was established that for the project design when operating at nominal steam pa-
rameters, the highest stresses 6=147.1 MPa are observed in the 10" stage rounding of the disk from the side of
11™ stage disk. The high intensity of stresses in this area is associated with a sharp drop in the mass of the shaft
in the area of end seals and in the area of diaphragm seals after the disk. Similar significant stress intensities
6~118 MPa are visible in the area of the axial opening of the MPR under the 10" pressure stage.

2. During start-ups from a cold state for MPR, the temperature gradients are most significant at the
time points of 16800 s and 228000 s, while the maximum of the temperature gradient occurs in the zone of the
third groove of the diaphragm seals behind the third stage of the MPR. During start-ups from an uncooled state,
the temperature gradients are significantly larger at time points of 14100 s and 18000 s, while the maximum
temperature gradient occurs in the area of the front end seals and the first groove of the diaphragm seals behind
the first stage of the MPR.

During start-ups from a hot state, temperature gradients occur at time points of 6400 s and 7000 s,
while the maximum of the temperature gradient occurs in the area of the front end seals and the first groove
of the diaphragm seals behind the first stage of the MPR. It is at these moments of time that the stress inten-
sity values reach their greatest values, which indicates the dominant influence of temperature stresses on the
general stress-strain state of MPR.

3. The maximum intensities of conditional elastic stresses at the moment of time of 18000 s are
equal to 123 MPa in the zone of the groove seal for the third unregulated stage of the MPR, and 125 MPa in
the zone of the axial hole — during start-ups from an uncooled state. During start-ups from a cold state of the
MPR of the T-100/120-130 turbine, the maximum intensities of conditional elastic stresses at the moment of
time of 16800 s are equal to 127 MPa in the zone of the seal groove behind the third unregulated stage of the
MPR, and 125 MPa in the zone of the axial opening. The greatest intensities of conditional elastic stresses
occur during start-ups from the hot state of the MPR of the T-100/120-130 turbine at the time of 6400 s
(3000 rpm) and are equal to 201 MPa in the zone of the first unregulated stage in the seals groove according
to the stage of the MPR, and in the zone axial opening they are equal to =161 MPa.

4. To increase the reliability of turbine elements, reduce heat loads and improve operating condi-
tions, it is recommended to modernize the control system of the main parameters of the turbine with the reg-
istration of parameters affecting the reliability and resource of the turbine; comply with the charts of the
manufacturing plant; implement systems of testing and technical diagnostics of the thermal and stress-strain
state of the MPR of the T-100/120-130 turbine in real time
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Bu3zHaueHHS TEILUIOBOTO TA HANPY:KeHO-1e(pOPMOBAHOT0 CTAHY POTOPA HHIIHAPA CEPETHBOT0 TUCKY
Typ6inu T-100/120-130 micjia MOMIKOAKEHHS JTONATOK

0. 10. YepHoyceHnko, B. A. Ilemko, /1. B. Punaiox

HamionaneHuii TeXHIYHUHA yHiBepcuTeT YKpaiHu «KuiBChbKHIA MOMITEXHIYHUN 1HCTUTYT
iMmeHi Irops CikopchKoroy
03056, Yxpaina, m. Kuis, np. bepecrelicekuii, 37

Y nepioo eopooicux obcmpinie enepeemuunux 06’exmis Yxpainu maoms micye asapiiiHi NOWKOONCEHHs. pOOOUUX
JIONamoK pomopie i Hanpasnouux anapamie mypoin. Pobomu, nos’szami 3 GUSHAUEHHAM MENI06020 U HANPYICEHO-
Odehopmosanozo cmanie eremenmis enepeemuuno2o 00iaonanHs, ki 6 ymosax excnayamayii TEL] nicis it nowkoooicenns
Maiomp 3HAYHULL GNAUG, € OOCUMb AKMYATbHUMU. A8mopamu UHAYAIOMbCA MENI08ULl MA HANPYICEHO-0ePOPMOBANUL
cmaHu, SIKI Maioms Micye nicisi NOWKOOJCEHHs. pomopa cepednbo2o mucky mypoinu T-100/120-130 enepeobnoky TEL] 6
YMO8AX aBAPIIHUX NOWKOON CeHb. TIpu po3paxyHKoGiu oyinyi meniosozo il HANPyHceHo-0epopMOBaAHO20 CMAKie pomopa
cepeonvozo mucky (PCT), 6epyuu 00 yeacu 0aui mexHiyHo2o ayoumy wooo NOULKOONCEHb, CHBOPEHA 2eOMEMPUYHA MOOeb
PCT, sxa epaxosye 6ci Has16Hi asapiiiHi NOWKOONCEHHSL | 3MIHY KOHCMPYKYIT y NOPIGHAHHI 3 npoekmHoro. Ilpu nyckax 3 xono-
onoeo cmany PCT myp6inu T-100/120-130 maxcumanvHi iHmMeHCUGHOCMI YMOBHUX NPYICHUX HANPYICEHb Y MOMEHM 4acy
16800 ¢ y 30mi kanaeku ywinbHeHs 3a mpemim Hepezynvosanum cmynenem PCT oopienrooms 0;=127 MIla, a 6 30Hi 0cbo6o-
20 omsopy — 0,=125 MIla. Makcumanvui iHMeHCUBHOCE YMOGHUX NPYIHCHUX Hanpydcensb y momenm yacy 18000 ¢ y 30Hi
KAHABKU YWiTbHeHb 3a mpemim Hepeeyivosanum cmynenem PCT Oopisnioroms 0;=123 Mlla, a 6 30ui 0cbo8020 omeopy —
;=125 MIla npu nyckax 3 neocmuenozo cmamy. MakcumanoHi iHMeHCUBHOCE YMOGHUX NPYIHCHUX HANPYIHCEHb NPU NYCKAX 13
eapsivoeo cmarny PCT myp6inu T-100/120-130 y momenm uacy 6400 c (3000 06/x6.) OopigHioroms 6 30Hi neputo2o Hepezyibo-
6ano2o cmynens ¢ kanasyi yujinonensb 3a cmynenem PCT 0,=201 Mlla, a 6 30ni ocbo6o20 omeopy o;=161 MIla. Taxoorc 3na-
YHUMU € THMEHCUBHOCI YMOGHUX NPYHCHUX HanpydiceHs y momenm yacy 7000 ¢ (3000 06/x6.) 6 30Hi nepuioco Hepe2yib0o8a-
Ho20 cmynens 6 kanasyi yujinorens 3a cmynenem PCT 0;=168 Mlla i 6 30mi ocbosoco omeopy o;=161 Mlla.

Knrouosi cnosa: mennogixayitina enexkmpocmanyis, naposa mypoina, T-100/120-130, yunindp cepedrnbo2o mucky,
POMOp cepeOHb020 MUCKY, HOMYIHCHICb, MUCK, MEMREPAMYpPa, 6Mpama, NApKoGUil Pecypc, HeCMAayioOHApHA Menionposio-
HiCMb, MENI08ULl CIMAH, HANPYIHCEHO-0eDOPMOBAHUL CAH.
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