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The quality and safety of operation of the main circulating pipeline of the nuclear power plant is being studied in
order to extend the life of the pipelines of the reactor unit of the NPP on the basis of the development of a
scientifically sound mathematical model and algorithm for their technical diagnostics. The complex estimation of
the quality of operation of pipeline systems is proposed, taking into account the peculiarities of their stress-strain
state and seismic stability. The purpose of the article is to substantiate the integrated assessment of the quality and
safety of operation of pipelines of the reactor unit of the NPP on the basis of the development of a scientifically
sound mathematical model and algorithm for their technical diagnostics in order to extend the life of the operation.
Research methods: calculations by mathematical model, comparison of results of calculation, forecasting of
boundary parameters of technical condition and monitoring of mechanical properties of main pipeline material,
inspection, qualification, determination of residual resource of buildings, structures, foundations and metal
structures taking into account geotechnical and seismotectonic conditions. It is determined that in the initial period
of existence of the projected residual resource seismic activity in the zone 300...500 km from the location of the
NPP is less safe than seismic activity, which takes place in the final period of the projected residual resource, as a
sharp increase in the level of damage from seismic activity leads to exceeding the limit of permissible the level of

damage to the material of the main pipeline.

INTRODUCTION

The problem of improving the quality, safety and
lifetime of NPP power units is one of the most
important and acute problems not only of nuclear power
engineering but also of the whole fuel and energy
complex of Ukraine. This problem can be solved only in
complex, with joint and parallel solution of the tasks of
extending the resource of individual elements of the
equipment, taking into account their mutual influence
on the reliability and durability of power units. In order
to ensure safety over the project life and the quality of
operation of the power unit, it is necessary to create an
effective mechanism for inspection of the technical state
of the base metal and welded joints of the pipeline,
which would optimize the process of its operation,
based on a favorable balance of economic indicators and
safety. In particular, such a mechanism will enable the
smooth transition to the operation of the power unit,
without its long-term stop and economic losses which
are associated with this, in time out of the project [1].

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Many of the native and foreign scientists are
engaged in theoretical and experimental issues of
forecasting the resource and assessing the quality of
operation. In the works of native and foreign authors
such as I. Fursov, G. Belkin, Y. Golodnov, S. Lizunov,
V. Strelnikov, P. Svi, S. Polischuk, G. Kanyuk,
M. Girya, R. Hall, J.H. Taylor, J.I. Boccio, on the basis
of research and own experience, is recommended to use
modern methods and methods of control and diagnostics
to assess the technical condition, but the estimates are
considered outside the context of the continuation of the
resource of mechanical equipment. The existing
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regulatory framework for the safe operation of NPP,
including design standards (DS) 306.2.099-2004, DS
306.2.106-2005, DS 306.2.141-2008 etc. They contain
the basic criteria and requirements for safety of
equipment of the NPP in the established period of
operation, but does not regulate the conduct of complex
analysis of the quality of equipment, because they do
not take into account changes in technical
characteristics and parameters during its operation,
different degrees of lifetime due to the influence of
operational and regime conditions [2].

SELECTION OF PREVIOUSLY
UNSETTLED PARTS OF THE GENERAL
PROBLEM

Further scientific and mathematical reasoning
requires an assessment of the quality of operation and
technical condition of the equipment, namely: analysis
of technical documentation, expert examination,
analysis of the aging mechanism, refinement of the
boundary states and their criteria, calculation of
stressed-deformed state, calculation of strength, which
will allow the extension of the term service of NPP
power units.

The purpose of the article is to substantiate the
integrated assessment of the quality and safety of
operation of pipelines of the reactor unit of the NPP on
the basis of the development of a scientifically sound
mathematical model and algorithm for their technical
diagnostics in order to extend the life of the operation.
To offer a comprehensive assessment of the quality of
operation of pipeline systems, taking into account the
features of their stress-strain state and seismic
resistance.
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In order to achieve this goal, it is necessary to create
an algorithm for a comprehensive assessment of the
quality and safety of operation, in the presence of
accelerated processes of wear of pipelines of the reactor
unit of the NPP based on the following mechanisms of
accumulation of damage:

1) to analyze the statistical data on the reliability and
efficiency of the equipment;

2) to create data bases of groups and equipment
elements, their ranking according to the degree of
criticality;

3) to develop quality criteria and methods for
determining the residual resource;

4) to examine, qualify, determine the residual life of
buildings, structures, foundations and metal structures
taking into account geotechnical and seismotectonic
conditions;

5) to develop methods for optimizing operating
modes of equipment in order to reduce the rate of
damage (resource consumption rate) of critical elements
of equipment;

6) to develop methods of technical diagnostics,
control and monitoring of the technical condition and
equipment remaining equipment.

THE PRESENTATION OF THE MAIN
MATERIAL

The quality and safety of the power unit depends on
the technical condition of all its power systems, both
main and backup. One of the main power unit systems
is piping systems, the technical condition of which is
determined by the quality of all elements, namely the
linear part, the pump equipment and the spare part. The
most important factors determining the technical
condition are: duration of operation, steel stamp of the
pipeline, actual operating regimes, corrosion activity of
the coolant (water, steam), frequency of periodic tests
with high pressure, internal pressure in the pipeline,
temperature and composition of the coolant, weight load
(supports, fasteners), vibration load.

Changing the technical state of the metal pipelines
as a result of deterioration of mechanical properties
arises due to:

— the appearance and development of corrosion
defects in the metal pipeling;

— nucleation and growth of tidal cracks in places of
concentration of voltage, defects from tidal and low
cyclic loading;

— extinction and cracking of metal pipelines as a
result of vibration load.

According to the purpose of the work, the
mechanisms of accumulation of damage are factors that
arise as separate mechanisms of accumulation of
damage, but, as a rule, they are mixed. The presence of
one of the destructive factors leads to the strengthening
of others. Thus, for assessing the technical condition
and forecasting of the resource of piping systems, an
algorithm for a comprehensive assessment of the quality
and safety of operation is proposed, taking into account
a complex of mechanisms of accumulation of damage,
which consists of several stages.

The first stage. It is necessary to construct a three
dimensional (shell) model of the pipeline and define the

control areas of the metal on straight and bent sections.
This makes it possible to determine the stresses arising
from the external and internal sides of the pipeline walls

(Fig. 1).
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Fig. 1. Model of the main circulating pipeline
and control circuits for typical pipeline sections

The second stage. Determine the actual load under
different operating conditions: NOC — normal operating
conditions; VNOC - violation of normal operating
conditions; HT — hydraulic tests. The construction of the
load unit, taking into account the low cycle and
vibration load, allows us to estimate the stress-strain
state of the pipeline and is the starting point for
calculating the actual cyclic loads of N; over the
lifetime. According to the load diagram, the cyclic
strength of the main circulating pipeline is considered to
be secured if, in the presence of various cyclic loads N;,

the condition:
k N
Z[NI] =a<[a,]. 1)
0 Ji

i=1

where a is an accumulated fatigue damage to equipment
and pipelines from load operation cycles; [ay] is a
permissible value of accumulated fatigue damage,

[an]=1; [No]i is allowable number of load cycles. The

actual number of cycles is determined by constructing a
load block with a note of the operating parameters of the
pressure P; and the corresponding pressure differences
AP;. If there are several modes, then the accumulated
fatal damage to the equipment and pipelines from load
operation cycles is determined by:

a = Nno + Nyno + NHT @)

[Nolvo = [Nolvno  [Nolur’

where [Nolyo. [Nolvno, [Nolyr — the number of
cycles that can withstand the pipeline in load mode NO,

VNO, HT, respectively; [Nolyo, [Nolvno, [Nolur-




The combination of the main cyclic load with amplitude
(oa) frequency f, and frequency f, which is imposed
with the amplitude <o,>, causes a decrease in the
admissible number of basic low frequency load cycles,
which is proposed to take into account the input
coefficient N — the coefficient of reduction of durability
in the application of high frequency cycles. The
coefficient X is determined by the formula:
()

f\'()
s[4 ©
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where fo = 1/(t;+t,) is the frequency of the main cycle of
variable stresses, which is determined without taking
into account the period of time during which there is an
overlay of additional stresses on the constant, hz; t; is
transition time, hours; t, is fixed working time, hours;
<o,> is amplitude of the given stresses of the vibrational
component of the cycle, MPa (kgf/mm?); (c,) is
amplitude of the given stresses of the main cycle
without the concentration of stress, MPa (kgf/mm?); 1 is
a coefficient depending on the material (normative
parameter is chosen according to Rules and norms in
atomic energy 7-002-86) [3]. The main load cycle of the

damage a; is determined by the formula:

(&), =% N /[N, ] @

To verify the fulfillment of this condition, it is
necessary to determine how the permissible number of

load cycles [No]i when mechanical properties change,
and the actual cyclic loads of different types of N;. The

total (permissible) number of cycles [NO]i to fracture

consists of two terms: N, is the number of cycles to the
origin of the defect, N, is the number of cycles at the
stage of development of the defect.

[No]i =N, +N,. ®)

The number of cycles before the defect is generated
by the Coffin-Manson equation. With the help of this
equation, we establish the relationship between the
amplitude of the deflection deformation, the mechanical
properties of the metal and the number of cycles N.,.

Third stage. To determine the actual mechanical
properties of the metal pipeline and its geometric
dimensions to determine the most dangerous from the
point of view of the integrity of the pipelines, for which
the greatest loads and impacts are possible. The
minimum values of current mechanical properties and
their values of wall thickness were determined by the
results of thickness measurement, and the radii of
curvature were selected according to the executive
diagrams and work drawings. Since there are two load
modes, a rigid (with a constant magnitude of
deformation values) and a soft (with a constant
magnitude of voltage values), then this fact needs to be
taken into account when determining N,. Also, load
modes are distinguished by symmetry, which is
proposed to be taken into account by means of
determining the coefficient of asymmetry: by stress

R_=o, /o, and deformation R, =¢ . /e, .. thatis,

the ratio of the corresponding indicators at minimum
and maximum loads in the cycle. For a rigid symmetric
loading regime, the number of cycles before the defect
is generated is determined from the equation:

(6)

where €, — the amplitude of the actual deformations at
the top of the defect, MPa (kgf/mm?); Z is relative
narrowing, %; J%; is rigid cyclic load index; O_; is
limit of fatigue of a metal with symmetrical loading,
MPa (kgfimm®): & =0.4R_; E is modulus of
elasticity, MPa (kgf/mm?). Indicator y, is determined
depending on the strength of the metal:
x1=0.5at R <700 MPa;
7, =05+0.0002(R,, —700) at R > 700 MPa. @)

For a soft symmetric loading regime, the number of
cycles is determined from the equation:

(8)

where J, isis the index of soft cyclic loading, which is
determined by the formula:

R
7, =12-22-0.35 )
Rm
In order to determine the number of cycles with
asymmetric load it is proposed to take into account the
asymmetry of the cycle by deformation by determining
an equivalent load:
8y = —2
a 1-eqv/ex’
where €, is maximum deformation to crack formation

at the top of the defect, MPa (kgf/mm?); e, is amplitude
of deformation at the peak of the defect, MPa
(kgf/mm?); ey, is average deformation at the same point,
MPa (kgf/mm?). The values of ¢, and e, for formula (7)
are determined as follows:

(10)

€av = €max + emin/Z; €q = (emax - emin)/z ' (11)

where €__ , €, — respectively, the smallest and largest

deformation in the process of cyclic change in pressure
(voltage), MPa (kgf/mm?). On the basis of the definition

€, and by adding its value, instead of the value of the

amplitude of the actual deformations at the vertex of the
defect (e,), by formulas (5) and (7), we determine the
number of cycles for hard (9) and soft (10) asymmetric
loaded, respectively:
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The number of cycles at the stage of development of
a defect with cyclic loaded N, is determined by the
formula:

Ic
Np :I da ,
) Ce(KIe)ne
where I¢ is the critical depth of the defect satisfying the
condition Kj, = 0.8Kj.c, m; [y K, =0.8-K,., lo— initial
data of the depth of the defect, m; da is growth rate of
the crack, m/cycle; C,,n, — parameters of fracture

(14)

resistance of the metal pipeline; K, is intensity of

stresses, MPa (kgf/mm?). The intensity of the stresses is
proposed to be calculated taking into account the
geometry of the defect [4]. The calculation of the stress
intensity factor for an elliptic surface crack (Fig. 2) at
points A and B is determined by the following formulas:

Kia = MANASA\/%! (15)
KIB = MBNBSB\/§7 (16)
Q=1+1.464 o', (17)

-3.25
where N, = [1—(0.89—0.57«/;)3 2'1'5:| ,

Mp=1.12—-0.08c is a crack parameter at
point A, m; N, = (1+0.32¢°)N,; M, =(1.23-009 ) \/ar

is a crack parameter at point B; | is a crack depth, m; ¢
is a width of the crack, m; a=1l/c at I<¢; r = I/t at
1<0.7t.

(174

Fig. 2. The scheme of a surface semi-elliptic fracture
with a curvature on the surface:
a —along the axis Z; b —along the Y axis

Changes in the mechanical properties of the metal
pipeline were taken into account with the help of the
following functions:

Ry, = fo, (1) R, =, (t)
A=f(1); Z=1,()
m=f(t); a,, = f, ()

R, = f,(t); & =f.(t)

o (18)

where is operating time, years; fo.z---fm is empirical
function.

Mechanical properties of the metal of the main circulation pipe

o R, | RT 7" Thickn Radius of
Pipeline area Hardness MPnz]a Mplg';’ % A", % ﬁqmess, curvature,
mm
Main circulating pipeline 167.6 | 55.10 | 41.79 | 66.67 | 27.64 |  78.29 495.0
(“hot” thread)
The main church pipeline
(«cold» thread, section from Steam 168.0 55.28 | 41.91 | 66.60 | 27.55 78.45 495.0
Generator till Cerculating pump
Main circulating pipeline (“cold”
thread), section from main Cerculating 181.0 61.26 | 46.01 | 64.33 | 24.92 108.2 495.0
pump till hydraulic pump)
Pipeline connection collector with hot
thread of a loop No.4 Main 168.4 55.46 | 42.04 | 66.53 | 27.46 39.98 213.0
Circulation Circuit




In Table provided mechanical properties of the HCT
metal and the communication line collector with the
“hot” thread loop No.4 Main Circulation Circuit and
geometric sizes of sites.

SMAXTAU[HMM*2]
200.5

186.2
175.9
163.6
151.4
139.1
126.8
114.5
102.2
[69.94
77.66
65.37
53.09

40.81
28.53
16.24
'3.963

Fig. 3. Distribution of stresses o3 at the section of
the pipeline Main circulating pipeline, “hot” thread.
(Mode —NO, load —internal pressure)

Fourth stage. To conduct a calculation of stress
distribution in the pipeline (Fig. 3) depending on the
operating mode: NO, HT [5].

The fifth stage. To establish the correspondence
between the parameters of the technical condition and
the strength conditions [P] of the pipelines in
accordance with the rules Norms of strength calculation
equipment [3].

The sixth stage. To determine the regularities of
changing the properties of the metal pipeline during
operation using the analysis of operational changes in
mechanical properties of the metal R"y, Rz Z', AT,
Kic, and so on (see Fig. 3). To conduct a calculation on
the resistance to brittle fracture of the elements. The
mathematical models of the accumulation of fatigue
damage of equipment and pipelines from load operation
cycles in hard (19) and soft (20) symmetrical loading
modes, in hard (21) and soft (22) asymmetric loading
modes are proposed, taking into account the geometry
of the defect and changes in the mechanical properties
of the metal pipeline:
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The seventh stage. Forecasting of the limit
parameters of the technical state of the pipelines under
which the conditions of durability are not violated P, =
[Plim- At this stage, data from the results of stages 5 and
6 and dependency forecasting are used [P](t) and P(t)
taking into account the requirements of normative
documents [6] to the limit parameters of the pipelines
(Fig. 4).

To take into account the results of stages 5 and 6 and
forecast dependencies [P](t) and P(t) it is necessary to
add a condition. The figure follows the following. The
design documentation was planned at the level with the
loads, as well as the levels of radiation exposure and
vibration of the mechanisms and machines of the
nuclear power plant. This aggregate level of coercive

i

damage was introduced at design (dependence 1), which
was supposed to reduce the strength of the material of
the main pipeline by the dependence 2 over a period of
time from t, till t; from mark A to mark B; ie up to level
Piim = [P]"m line 3.

In reality, the strength indicators for the time interval
from t, till t; dropped to the level B,. According to the
dependence 4, the reduction of the material strength of
the main pipeline, along the axis of ordinates, from t, till
t; decreased to magnitude AB,. After this, we have a
total residual resource for strength (R,) at the level:

R, =B,-B,. (23)



Strenqgth indikators, MPa
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Fig. 4. Scheme of total impact on the material of the

main pipeline of the NPP, the power of the working

fluid body, radiation and vibration of mechanisms
and machines

The extrapolation of the strength of the material of
the main pipeline has shown that the level of marginal
strength [Pyin], indicated by the straight 3 material will
reach at D. This means that we have a predicted residual
time resource tg, which is defined as follows:

t, =t, -1, (24)
where t3 is projected time when the strength of the main
pipeline material is reduced to a level of ultimate
strength [Pin], MPa; t; is the time at which, according to
the design calculations, should have fallen to the level
of marginal strength [Pyn], MPa. This is likely to
happen only for two reasons, firstly, the actual level of
radiation exposure (see Fig. 4, dependence 5) was
significantly lower than expected, and secondly, the
properties of the resistivity of the main pipeline material
were significantly higher than expected (dependence 4).

Thus, the complex estimation of the calculations we
accept the level of damage (deviation of the size) of the
material of the main pipeline (see Fig. 4, dependence 6).
From Fig. 4 it follows that it is possible to operate a
nuclear power plant because the current value of
damage during the time interval from t; to t; is beyond
the level of the limit values, the boundary of which is on
line 7 (see Fig. 4). The condition for safe subsequent
operation of the NPP is the reduction of the permissible
load on the material of the main pipeline in the time
interval from t, to ts.

The eighth stage. To conduct an assessment and
justification for conducting settlement investigations of
seismic influences on NPP equipment for safe operation
during a project earthquake and a maximum calculated
earthquake [7]. In Ukraine, the seismic environment is
attractive for the construction of a nuclear power plant,
but the earthquakes that took place in Romania and
Moldova in 1986, 1990, and in October 2018, affect the
seismic situation in Ukraine. In addition, the vibration
of mechanisms and machines on the NPP itself
constantly causes a slight but permanent damage to the
main pipeline of the NPP. In addition, at such plants as
the NPP, the material of the main pipeline constantly
has a certain level of radiation exposure. Therefore,
combine the destructive effect of radiation irradiation,
the effect of vibration of mechanisms and machines, and

the effect of liquid pressure on the material of the main
pipeline NPP mean dependence 4 (Fig. 5).

In this work, the mathematical model of the
accumulation of fatigue damage to equipment and
pipelines from load operation cycles during hard (16)
and soft (17) symmetrical loading modes, with hard (18)
and soft (19) asymmetric load modes taking into
account the geometry of the defect and the mechanical
properties of the metal pipeline. According to the results
of the research, the dependence of the damage to the
main pipeline of the NPP during load operating cycles
under conditions of strict symmetric loading regime and
with additional influence of the project earthquake and
with the maximum calculated earthquake were
constructed (see Fig. 5).

1 _E

A =

| SN C B 2 =

S w

g - £
= 6 e
1% =
S @ =
ks ~_ &
= C < <
£ 7 s Cly - £
= — - 4 =
= — N %)
S 3 C: —_ - %
Z - k=
—— ® | B

— a

to ta t2 ts
Time t, years
Fig. 5. Impact of seismic situations
on NPP equipment damage

From Fig. 5, it follows that in other equal conditions
(that is, in the presence of the projected residual
resource for the strength of the material of the main
pipeline), the level of its damage in the rigid mode of
loading, taking into account the average speed of the
defect and the average mechanical properties of the
metal of the pipeline (interval of time from t; to t3) —
dependence 4 (see Fig. 5). Curves 5 and 6 were also
constructed, which show the effect of additional seismic
activity on damage to the material of the main pipeline.
Thus, it was determined that after the first seismic
activity the dependence of the damage from time to time
was changed by the dependence 5, and after the second
seismic activity by the dependence 6. From Fig. 5 also
suggests that less safer seismic activity takes place in
the initial period of existence of the projected residual
resource, and in the final period of the projected residual
resource, seismic activity is dangerous, as a sharp
increase in the level of damage from seismic activity
leads to exceeding the limit of permissible level of
damage to NPP equipment.

CONCLUSIONS AND PERSPECTIVES
OF FURTHER RESEARCH

As a result of the conducted research, the following
conclusions can be drawn that a comprehensive solution
to the problem of quality improvement and extension of
the lifetime of power units should begin with the
implementation of over-design works in the following
areas: analysis of statistical data on the reliability and
efficiency of equipment operation; creation of databases
of groups and elements of equipment, their ranking
according to the degree of criticality; development of
criteria for quality and methods for determining the



residual resource; examination, qualification, definition
of residual resource of buildings, structures, foundations
and metal structures taking into account geotechnical
and seismotectonic conditions; development of methods
for optimizing operating modes of equipment in order to
reduce the rate of damage (resource consumption rate)
of critical elements of equipment; development of
methods for technical diagnostics, monitoring and
monitoring of the technical condition and the remaining
resource of equipment.
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AJITOPUTM TEXHUYECKOM JUATHOCTUKHA KOMILIEKCA HAKOIIJIEHHBIX TOBPEXK/IEHUI
JJIA TIPOAJIEHUSA PECYPCA HUPKYJIAIINOHHOI'O TPYBOIIPOBOJA A2C

A. I'punuenxo, P. Tpuw, B. Bypoeiinaa, C. Yenuwesa

HccnenyroTes kadecTBO W 0€30MaCHOCTH HKCIUIyaTaIllMK TJIABHOTO IMPKYISAIMOHHOTO TPyOOIIpOBOAa aTOMHOM
NIEKTPOCTAHIIMM C IIETbI0 MPOUICHHUS pecypca TpyOOIpoBOmoB peakTopHOro otaeneHust ADC Ha OCHOBe
pa3paboTKu HaydHO OOOCHOBaHHOW MAaTeMaTHYECKOH MOJENM ¥ alrOpUTMa HMX TEXHHYECKOH AWarHOCTHKH.
IMpennoxeHa KOMIUIEKCHAS OLIEHKA KauyecTBa HKCILIyaTalluy TPyOOIIPOBOAHBIX CHCTEM ITyTEM ydeTa 0COOEHHOCTEH
UX HanpsHKeHHO-Ne(OpMHUPOBAHHOTO COCTOSHUSI M ceiicMocToiikocTH. Llenblo crathu siBisieTcss 0OOCHOBaHUE
KOMIUIEKCHOHM OLIEHKH KauecTBa M 0e30MacHOCTH DKCIUTyaTalluu TpyOorpoBonoB peakropHoro otnenenus ADC Ha
OCHOBE pa3pabOTKH HAYYHO 0OOCHOBAaHHON MaTeMaTHYEeCKON MOENH U aIrOPUTMa UX TEXHHUECKOHW JUArHOCTHKH C
LIEJIBIO TIPOJUIEHUS CPOKA 3KCIUTyaTaluu. MeToAbl HCCIIEA0BAaHMS: PACUEThl C TOMOIIBI0 MaTeMaTHYeCKOH MOJENH;
CpaBHEHHE DPE3yIbTAaTOB BBIYHMCICHHUS, MIPOTHO3UPOBAHMS NPEAETbHBIX IapaMeTPOB TEXHUYECKOTO COCTOSIHHS H
MOHHUTOPHHI' MEXaHHYECKHX CBOWCTB MaTepHaja MarucTpalbHOTO TPyOONpoBoa; oOciaenoBaHNe, KBATH(DUKAINS,
OTIpeJieTIeHHEe OCTaTOYHOTO pecypca 3AaHuH, COOpYKeHHH, (YHIAaMEHTOB M METAIJIOKOHCTPYKLHH C Y4eTOM
TEOTEXHHYECKUX M CEHCMOTEKTOHMYECKMX YCIOBHH. OmpeneneHo, 4To B HAYIBHBIM IEpUOJ CYIIECTBOBAHHS
MIPOTHO3UPYEMOI0 OCTAaTOYHOIO pecypca ceiicmuueckass akTUBHOCTh B 30He 300...500 kM ot pacnosoxxenuss ADC
MeHee Oe3omacHas, YeM celcMHYecKass aKTHBHOCTb, KOTOpas IIPOXOJUT B 3aKIIOYUTEIBHBIA IEpHOA
MIPOTHO3UPYEMOT'0 OCTATOYHOT'O PECypca, TaK KaK Pe3KOe IOBBIIMICHHE YPOBHS MOBPEXKACHHS OT ceiicMHUUYEcKOi
AKTUBHOCTH MPUBOAMT K IPEBBIIICHUIO MIpeJesia AOIMyCTUMOTO YPOBHS MOBPEXKIECHHS MaTepualla MarucTpaabHOTO
TpyOompoBoIa.

AJITOPUTM TEXHIYHOI JIATHOCTUKH KOMILUIEKCY HAKOIMMYEHUX HNOIIKO/)KEHb
JIJIS IOJOBXKEHHS PECYPCY HUPKYJISIIMHOIO TPYBOIPOBOJIY AEC
I. I'pinuenxo, P. Tpiuy, B. Bypoeiina, C. Yenuwesa

JlocniKyroTbCsl  SIKICTh Ta Oe3leka eKCIUTyaTalil TOJIOBHOI'O LHUPKYJSIIHHOrO TpyOONpoBOIy aTOMHOI
EJIEKTPOCTAHIIIT 3 METOIO MOJIOBXEHHSI pecypcy TpybonpoBoaiB peakropHoro BifnineHHs AEC Ha ocHOBI po3poOku
HAyKOBO OOIDYHTOBAaHOI MaTeMaTHMYHOI MOJENIi Ta aJIrOpUTMy iX TEXHIYHOI JiarHOCTHKH. 3alpOoIIOHOBAHO
KOMIUIEKCHY OIHKY $IKOCTI eKCIuTyaTalii TpyOONpOBiIHMX CHUCTEM MIISIXOM BpaxyBaHHS OCOONHMBOCTEH iX
Harpy>XeHo-/1e()OPMOBAHOTO CTaHy Ta CEHCMOCTIHKOCTi. MeTolo CcTaTTi € OOIpYyHTYBaHHS KOMILJIEKCHOI OLIHKH
SKOCTI Ta Oe3Nekn ekciuryaTauii TpyOompoBoaiB peakropHoro BiamineHHs AEC Ha oCHOBI po3poOku HayKoOBO
0o0rpyHTOBaHOI MaTeMaTHYHOI MOJEIN Ta ITOPUTMY iX TEXHIYHOI JIarHOCTHKH 3 METOIO IIPOJIOBXEHHS TEPMIHY
eKcIuTyaTarii. MeToau JOCHiKEeHHS: po3paxyHKH 3a JOMOMOTO0 MaTeMaTHYHOI MOJIEN; MOPIBHSIHHS Pe3yNbTaTiB
00YHCIeHHS, POTHO3YBAaHHS TPAaHUYHHX MapaMeTPiB TEXHIYHOTO CTaHy Ta MOHITOPHHT MEXaHIYHUX BIACTHBOCTEH
MaTepialy MariCTpanbHOTO TpPyOOIpoBOLy; OOCTEXEeHHS, KBaii(ikallis, BH3HAUYEHHS 3aJHIIKOBOTO pecypcy
OyniBenb, copyxd, GyHIAMEHTIB 1 METaJIOKOHCTPYKIIHA 3 ypaxyBaHHSIM T€OTEXHIYHMX i CEHCMOTEKTOHIYHUX YMOB.
BusnadeHo, 0 B HaYaIbHUH Mepiof iCHYBaHHS IMPOTHO30BAHOTO 3AMIIKOBOTO PECypCy ceHCMiuHa aKTHBHICThH Y
30H1 300...500 xm Bixg posramyBanHa AEC € MeHm Oe3meyHinia, HiXK CeHCMiYHA aKTHBHICTB, IKa HMPOXOIUTH Y
3aBepLIATBHUN M1epio]] IPOrHO30BAHOTO 3AIMIIKOBOTO PECYPCY, TaK SK pi3Ke IiJIBUIEHHS PIBHS MOIIKOJDKEHHS BiJ
CEMCMIYHOI aKTHBHOCTI NPHU3BOJUTH 10 MEPEBHIIEHHS MEXI JOMyCTHMOTO piBHS IOUIKOKEHHS Marepiary
MaricTpajbHOro TPyOOIpOBOLY.
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