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Risk-informed approach (RIA) used to support decision-making related to in-
service inspections was considered in order to identify ways for establishing in-
spection and control priorities. The in-service inspection of piping in the Ignalina
NPP has been selected as the object for research application. The inspection
process studied was modelled using the integration of deterministic and probabi-
listic analysis methods. In order to optimise the inspection process, the focus was
set on the highest risk measured as the conditional core damage frequency. It was
produced by quantitatively estimated probabilities of different degradation states
and conditional failure consequence probabilities. Comprehensive databases for
calculation of such indicators (measures) were collected and analysed. The failure
statistical analysis as well as the evaluation of inspection efficiency expressed by
the probability of defect detection was also used. The databases were further
investigated with a closer attention to the data variation and comparison of risk
measures using the developed software. The developed software was used to
perform and administrate all the risk evaluations and ensure the possibilities to
compare different options and perform sensitivity analysis. The risk measures
helped to define an adequate inspection program and to focus inspections on the
more important locations of the study systems. This approach allowed an
optimisation of the inspection program while the probabilistic and fundamental
deterministic safety requirements were maintained. The approaches to define an
acceptable level of the inspection program were also considered. These approaches
to define an acceptable risk were considered together with the means to reduce
the number of inspection sites and the cumulative radiation exposure to the NPP
inspection personnel with a reduction of overall risk. The investigated issues
provided a good basis for drawing conclusions about the inspection priorities, to
evaluate the influence of inspection interval and to compare alternative inspec-
tion programs. The developed risk modelling methodology, the risk measures
application cases and requirements were used as an initial approach to investiga-
tion of other risk-informed models of the inspection process and risk control.
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1. INTRODUCTION

according to their risk significance and developing
the inspection priorities. It provides a framework

Equipment at nuclear power plants (NPPs) is in-
spected periodically during service by non-destruc-
tive examination (NDE) in order to provide infor-
mation on its current conditions and any damage,
defects or degradation that may be present. In-ser-
vice inspection (ISI) is a key tool in the manage-
ment of NPP safety and is an important process to
assure the integrity and the avoidance of failure.
The incorporation of risk insights in the ISI
programs can help focus inspections on the more
important locations. The RIA-supported ISI broadly
consists of ranking the elements for inspection
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for allocating inspection resources in cost-effective
manner and helps focus the activities where they
are most needed.

For this purpose, the RIA can be applied as a
tool for decision-making. The RIA can be used to
support a new ISI program, taking into account the
relative risk of the components or locations. It also
can be used to optimize the level of inspection and
maintenance activities corresponding to risk. The use
of risk information in the optimization of the ISI
program can help focus and allocate limited re-
sources. In addition, one of the outcomes of the
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optimization process may be a reduction in overall
operational and maintenance costs while maintain-
ing a high level of safety.

The definition of risk is generally accepted as
the product of the measure of the undesirable con-
sequence resulting from an initiating event and the
probability of that event occurring with a given
period of time. In an NPP, failure or degradation of
a component is clearly an initiating event that can
give rise to risk.

Practical experience indicates that Inter-granular
Stress Corrosion Cracking (IGSCC) is one of the
most important degradation mechanisms in various
NPPs. In 2000-2001, a project with the acronym
IRBIS (Ignalina Risk Based Inspection pilot Study)
has been implemented with the objective to per-
form a quantitative risk analysis and to define a
new inspection priorities for some stainless steel
welds in the Ignalina NPP Unit 2 [1, 2].

2. OBJECTIVES OF THE NEW INSPECTION
PROGRAM

The main objectives of the RIA-supported ISI pro-
gram are usually related to the estimation of the
likelihood of severe damage (e.g., core damage) and
consequences (e.g., large release of radio nuclides)
and application of this information in order to se-
lect most risky components and locations for ISI
and maintenance.

Using the Risk-informed Approach presented in
this paper, it is possible to estimate and compare
the existing ISI program with a set of new possible
RIA-supported programs, and according to the safety
and acceptability requirements and the optimization
criteria to suggest the ISI program improvements.

In general, the risk-informed objectives and as-
sessment steps of the new inspection program can
be expressed using the following list:

* to analyze the dynamic degradation and fail-
ure mechanism;

* estimate the probabilities (P) of degradation
per year (e.g., estimation of pipe leak and rupture
frequency);

* assess the consequences of different degrada-
tion cases and evaluate their severity according to
the conditional probabilities (C) of the worst conse-
quence due to degradation;

* formulate risk indicators (measures) (R) by
the probabilities P of degradations per year and
probabilities C of consequences;

e perform the risk ranking for each component
or location;

* define the frequency and sites of new inspec-
tion program based on the components with the
highest risks;
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 estimate risk changes (e.g., a new risk case —
an old risk case);

* estimate costs and positive effects of the new
ISI program relative to the present ISI program;

* make the appropriate recommendations to
improve the operation and maintenance.

Moreover, the ISI with RIA should be consid-
ered as a living program and therefore, as part of
its implementation process, the performance moni-
toring, periodic updating and corrective action pro-
gram need to be established.

3. RISK-INFORMED ASSESSMENT

The first task for the RIA-supported ISI program is
determination of the high-risk components or loca-
tions. The procedure for ISI selection can be based
on the division of the overall system risk into so-
called components risks, which can be expressed as
the product of each component degradation fre-
quency and a consequence expressed as the pro-
bability to degrade the overall safety.

If there are some degradation states k (e.g., crack
with a small leak, crack with a large leak) up to the
maximum degradation state D — failure (e.g., pipe
rupture), the total conditional risk due to the influ-
ence of component i degradation on the main sys-
tem can be expressed as a sum:

D
R =|Zlni B, [T - (1)

Here each summand reflects the conditional risks
due to the influence of the component i degradation
state k on the main system, and they are assumed
mutually exclusive. In fact, the risk R, reflects the risk
of a single (n, = 1) component i or the risk of similar
group i components with 7, components to influence
the overall risk to degrade the safety of the system. As
an example, in nuclear industry the influence of the
overall risk can be expressed as Conditional Core
Damage Frequency (CCDF), where the overall system
risk reflects the total Core Damage Frequency (CDF).
The conditional risk due to some subsystem S specific
degradation states influence the overall system safety
and can be expressed as follows:

Rf%R:%Eni B iy - (2)
i=1 k=1

1=1k=

In practice, the conditional probability to degrade
the safety of a system (consequence C,) can be
assessed as the safety barrier. As an example, the
CCDF for different postulated Loss of Coolant
Accident (LOCA) events can be used as such a
safety barrier. These safety barriers in most cases
can be taken from PSA evaluations. The calculation
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of degradation state occurrence frequencies (prob-
abilities of occurrence per time unit) usually needs
a separate model, which includes the information
and assumptions related to inspection procedure and
reliability.

In most cases, the probability of failure per year is
considerably less than other degradation state pro-
bability: P, , < P, , where k < D. However, the risk is
not so predictable, because it also depends on the
consequences, for which a corresponding comparison
usually gives the opposite inequality: C,,, > C, , where
k <D.

As an example, the CCDF profile per weld, for
two degradation states (weld leak and rupture) of
ISI case before 2001 in the Ignalina NPP are pre-
sented in Fig. 1.
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This general model of risk-informed assessment
and result visualization can be used in modeling
various complex inspection processes. As examples
of the partial case with additional assumptions for
assessment of the frequencies of inspected pipe leak
and rupture, references [1, 3] can be used.
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Fig. 1. Conditional Core Damage Frequency

The C and P values are estimated for each state of
degradation for each similar weld in a pipe subsystem.
In order to simplify the CCDF chart interpretation
according to the predominant risk, it can be defined
only by two generalized values, C,, and P, (only
one point coordinate), for each component.

In case of two degradation states,
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In case of D degradation states

is an engineering estimate of the likeli-
hood of failure. The consequence ca-
tegory is based on the margin in system
capacities to mitigate the component
failure and the margin in safety-important systems
to reach a critical level. The consequence severity
can be used to classify the component failures in
different categories of safety significance. The like-
lihood of failure allows to focus the inspection on
the most critical parts or the subsystems. If it is
important to determine risk significance, the risk
categories and risk ranking can be used to guide
the ISI selection, without separate ranking accord-
ing to the categories of failure and consequence.
As an example, the five risk levels (categories) de-
fined according to the profile (see Fig. 3) of CCDF
values of different welds at the Ignalina NPP are
presented in Table 2. The risk ranking and sugges-
tion for a new program was based on the CCDF
for only earlier inspections in the P-plot versus
C-plot format.
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Table 1. Risk levels defined according to CCDF
Relatively Very High Risk | 1E-08 < CCDF
Relatively High Risk 1E-09 < CCDF < 1E-08
Relatively Medium Risk 1E-10 = CCDF < 1E-09
Relatively Low Risk 1E-11 < CCDF < 1E-10
Relatively Very Low Risk | CCDF < 1E-11

The relative risk levels are specified so that the
very high-risk level always contains the most signifi-
cant risk component. The application of such risk
levels can be also related to a specific risk profile
(see Fig. 3) of each subsystem. As an example, the
different amount of welds can be selected, if the
inspection extent less than 100% is used for any
risk level in the whole risk profile and separately in
each subsystem. The selection according to each
subsystem is more conservative (e.g., Fig. 3).

risk management efforts on the highest-ranked risks
without considering the more uncertain absolute
values of risk.

5. INSPECTION INFORMATION RELIABILITY

The probability of not detecting a degradation is
only one of the many functions in the risk model,
which can be improved in the new inspection pro-
gram. The determination of this function usually is
a complex task, however, separation of controllable
parameters and construction of at least a relatively
representative model are very useful for risk manag-
ing. The probability of not detecting a consequence
of degradation (e.g., leak) typically is not managed,
as this is related to some features of detection tech-
niques and assumptions (e.g., leak before break),
which are related rather to the physical characteris-
tics of the equipment and system.
One clearly important factor which affects other
factors of the reliability of in-
spection is inspection availabi-
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Fig. 2. CCDF value profile for different pipe subsystems

The number of risk levels and the risk interval
assigned to each level are the subject of global
optimization. Typically, the interval of each risk level
is of the same length. The equal intervals are more
effective for the management with a relative risk.
The amount of intervals is directly proportional to
the possibilities of inspection management and is
inversely proportional to the complexity and amount
of different combinations.

It should be noted that expressions concerning
risk levels are used only in a relative sense. In the
risk-informed methodologies, it is recognized that
there are many variables in calculating the risk, and
the determination of absolute risk numbers is often
not cost-effective. Risk-informed inspections are
more focused on a systematic determination of rela-
tive risks. In this way, facilities, units, systems, equip-
ment, or components can be ranked based on the
relative risk. The relative risk serves to focus the

3 — poor accessibility (ma-
nual inspection with difficul-
ties).

This index can be used for
classification of inspection effectiveness. In order to
define the quantitative values showing inspection
effectiveness, the model of Probability of Detection
(POD) can be used. Then the probability of not
detection degradation is
=1-P,

Pndd d? (7)
where for definition of the detection probability P,
a suitable lognormal or logit models can be applied.
The P, in the case of the lognormal distribution
model has the following form:

Ps(s) =P(c, +c¢, On(s)),c, OR,c, 0. 8)

The P, in the case of the logit distribution model
is as follows:

P<(s) =®(c, +c, Eﬂn(rss)) ¢ 0R,c, 20. (9)
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Fig. 3. Probability of detection versus relative size

Here @ denotes the normalized Gauss distribu-
tion function, ¢, and c, are the parameters of the
corresponding regression model and represent the
appropriate inspection effectiveness. It should be also
noted that in the case when the degradation sizing
s is N-dimensional, these models can be extended.
When the detection probability is determined from
“hit / miss” data, the probability of detection as a
function of the relative degradation size P,(s), is
estimated from the binary information. If there is
no such information, the relative and robust expert
estimations can be used. As examples, in Fig. 4 and
Table 3 are presented the estimations used for mod-
eling IGSCC cracks’ ISI at the Ignalina NPP.

Table 2. Lognormal model coefficients

Type of inspection efficiency | c, | A

Good efficiency (good accessibility) 1.526  0.533
Normal efficiency (normal accessibility) 0.600  0.560
Poor efficiency (poor accessibility) 0.240  1.485

In the case when the empirical data are avail-
able, the information can be analyzed statistically.
The empirical or experimental degradation sizing
data consist of the measured degradation sizes and
the corresponding true degradation sizes. Often the
simplest form of the statistical models applied to
the measured size versus true size data is a linear
regression. Instead, the more precise Bayes’ prob-
ability updating approach can be used [4].

6. REQUIREMENTS FOR INSPECTION
PROGRAMS

The inspection program can be defined by using RIA
to solve the problems presented in Fig. 1. A good ISI

The possible new ISI program can be
based on different locations of inspection,
on intervals between inspection, and on

inspection techniques. The additional inspection
activities on high-risk locations in separate sub-
systems causes ACCDF < 0 and, at the same time,
ACDF < 0 and ALEREF < 0. In addition, if very low
risk locations from the ISI program will be removed,
the total inspection activities and unnecessary radia-
tion exposure to the plant personnel can be reduced
with possibly only a small increase in ACDF and
ALERFE For different combination of inspection
activities, it is possible to evaluate the ACCDEF. In
this way, the benefit of the new ISI supported by
RIA can be quantified in relation to the current
ISI program.

The Lithuanian Nuclear Regulation requires: “In
order to avoid the necessity of evacuating the popu-
lation to distances beyond the limits laid down in
the standards for nuclear plant sitting, an effort
should be made to ensure that the probability of
the worst possible emergency release of radioactive
materials specified in the standards does not exceed
107 per reactor year”. In addition, there is stated
that the target CDF per reactor year is less than
10-. However, in Lithuania as well as in the majo-
rity of IJAEA member countries there are still no
formal requirements for ACCDF evaluated for PSA-
supported ISI.

The USNRC has adopted Probabilistic Safety
Criteria (PSC) for assessing changes in the plant
design or operational practices. In the regulatory
guide RG 1.174 [3], PSC have been established that
can be used to justify changes in the plant’s licens-
ing basis, taking into consideration the impact on
plant risk to assess when changes in plant risk might
be acceptable.

Based on the mentioned practice, the following
acceptable guidelines for changes in risk measures
can be proposed:

* If ACDF < 0 or ALERF < 0, then the change
is acceptable.
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e If ACDF > 0, then the change should be 10
times smaller than the absolute CDF (similar crite-
ria can be used for LERF).

The second statement above differs from the
NRC guidelines, in order to have a more conserva-
tive acceptance criterion, which is based not on an
absolute measure of risk. Depending on the chosen
PRA procedure, there will always be a certain de-
gree of uncertainty in the absolute CDF values. The
alternative criterion based on relative risk values can
be as follows:

ACDF / CDF < 0.1. (11)

This means to require that the increase of
CDF in a relative sense should be small or nega-
tive. In practice, a combination of absolute and
relative acceptance criteria is probably the best.
A criterion based on an absolute measure of the
CDF can still be desirable to achieve as a gene-
ral objective to reach a sufficiently small total
CDF for the plant.

The new ISI program can be regarded as a very
good inspection program where the CCDF for an
inspected system, the total CDF together with the
number of future inspections and radiation expo-
sure are reduced compared to the currently planned
inspection program. The RIA is a systematic evalu-
ation approach, which can be used to satisfy the
defined requirements and to optimize the inspec-
tion program.

7. NEW INSPECTION PROGRAM OPTIMIZATION

The RIA methodology involves a systematic and
quantitative risk consideration for components, sub-
systems, and systems. Risk assessment is used to
address the severity of consequences and the likeli-
hood of degradation. The combination of these two
parameters allow determination of the risk signifi-
cance of the different components (e.g., pipe welds)
to be considered for the inspection programs. The
relation between risk and inspection activities can
help determine an adequate and optimum inspec-
tion program. The following target function for
optimization of risk and inspection activities can be
proposed:

Fie(1) =412 (Activities) + R? (Risk) , (12)
where I, and R, are normalized measures of in-
spection activities and risk (corresponding to a nor-
malized ISI amount and normalized CCDF). The
notation I represents a set of parameters specific of
the concerned inspection program.

Then the task of optimization, developing of a
new ISI program, can be defined by minimization
of this target function F, and satisfying the require-
ments mentioned in the previous section. The opti-
mal ISI program can be defined as follows:

" =arg
(13)

where I(p, e) is interpreted as an ISI program with
the following parameters: p — the period between
inspections for risk level, r and e, — the extent of
each inspection for risk level . The highest risk
lever index r = 1. The amount of risk levels is
denoted as L. In general, the minimization should
be performed according to all possible p and e, on
each risk level r. The number of such combinations
can be very huge. In order to decrease the number
of unnecessary combinations, the additional condi-
tions can be used [2]. The automatic optimization
typically use the conditions that are more formal
and require less man recourses, so there are more
possibilities to find a most optimal solution and to
confirm that with a given precision it is the best.
The developed software can perform and adminis-
trate all risk evaluations, ensure the possibilities to
compare different options and find the most opti-
mal one.

8. CONCLUSIONS

An overview of the objectives and needs for inspec-
tion and maintenance programs was presented to-
gether with Risk-Informed Approach (RIA). For
risk-related systems, the RIA-based model with a
range of risk measures is an efficient tool to iden-
tify the relative importance of the system compo-
nents. Therefore, a RIA-supported deterministic
assessment can be used in connection with PSA in
order to identify the safety significance of inspec-
tion activities, to focus the analysis and activities on
the key components, and to optimize inspection and
maintenance both from the safety and the economic
standpoint.

The total amount of inspection sites and the
cumulative radiation exposure to the NPP inspec-
tion personnel can be reduced together with total
risk. This was demonstrated by presenting RIA-based
formal models, using assumptions and requirements
proposed criteria of acceptability, optimization ap-
proach, some examples related to the Ignalina
Nuclear Power Plant (RBMK-1500) piping compo-
nents and developed software.

Using the above approach, a new efficient risk-
informed inspection and maintenance program can
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be suggested and compared with other alternatives.
The proposed integrated modeling method and the
general model of inspection process can be used as
a base for other risk-informed models of inspection
process control and risk monitors of complex dy-
namic systems.
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RIZIKOS RODIKLIU PANAUDOJIMAS NUSTATANT
KONTROLES IR VALDYMO PRIORITETUS

Santrauka

I rizika atsizvelgianti metodika naudojama priimant spren-
dimus, susijusius su eksploatacine kontrole. Straipsnyje
nagrin¢jami kontrolés ir valdymo prioritety nustatymo bi-
dai, panaudojant $ig metodikg. Tyrimy taikymo objektas —
Ignalinos AE vamzdyny eksploatacijos kontrolé. Tiria-
majam kontrolés procesui modeliuoti naudota metodika,
jungianti deterministinés ir tikimybinés analizés metodus.
Kontrolés procesas optimizuotas atsizvelgiant | didziausia

rizika, iSreiksta salyginiu aktyviosios zonos pazeidimo daz-
niu. Jis gautas kiekybiSkai ivertinus skirtingy degradacijos
biiseny bei salygines gedimy pasekmiy tikimybes. Siems
rodikliams skaiciuoti buvo sukurtos ir iSanalizuotos iSsamios
duomeny bazes, atlikta statistiné gedimy analizé bei jver-
tintas kontrolés efektyvumas, iSreikstas defekto aptikimo
tikimybe. Sios duomeny bazés véliau buvo iSanalizuotos
naudojant sudarytg programing iranga, atkreipiant démesj
i duomeny kitima ir lyginant rizikos rodiklius. Sudaryta
programin¢ jranga buvo naudojama rizikai jvertinti ir
patikrinti, taip pat skirtingoms alternatyvoms palyginti ir
jautrumui analizuoti. Remiantis rizikos rodikliais, buvo
sudaryta kontrolés programa, akcentuojanti svarbiausiy
nagrinéjamos sistemos viety kontrole. Si metodika jgalina
optimizuoti kontrolés programa, atsizvelgiant j tikimybinius
ir fundamentalius deterministinius reikalavimus. Greta
priimtinos rizikos nustatymo bidy buvo nagrinéjamos
inspektuojamy viety skaiCiaus ir spinduliuotés doziy kon-
troliuojanciam personalui mazinimo priemonés, kartu mazi-
nant bendraja rizika. IStyrinétos problemos pagrindzia iSva-
das apie kontrolés prioritetus, kontrolés intervaly jtakos
jvertinima ir alternatyviy kontrolés programy palyginima.
Tirtoji rizikos modeliavimo metodika, rizikos rodikliy taiky-
mas ir reikalavimai buvo panaudoti kaip pradiné metodika
kity i rizika atsizvelgianciy kontrolés procesy ir rizikos
valdymo modeliy tyrimams.

Raktazodziai: i rizika atsizvelgianti metodika, eksploa-
tacijos kontrol¢, rizikos jvertis, kontrolés ir valdymo pla-
navimas

PoGeprac Anzoyrac, Aprypac Kiumamayckac,
JInnac Henzuuckac

MPUMEHEHUE MOKA3ATEJEN PUCKA /I
YCTAHOBIIEHUS ITPUOPUTETOB KOHTPO.JIA
N YIIPABJIEHUS

Peswowme

OCHOBaHHBIM Ha PHCKE TMOIXOJ NMPUMEHSETCS UTS TPHHS-
THS pEIIEHWH, CBA3aHHBIX C JKCIUIyaTallMOHHBIM KOHTPO-
neM. B Hacrosiel craTbe UCCIeNYIOTCs CIIOCOObI yCTaHOB-
JIEHUs] NIPUOPUTETOB KOHTPOJS U YIPABIEHUS C UCIOJb-
30BaHMEM AaHHOW MeToamku. OOBEKTOM NPUMEHEHUS
HCCIIEIOBAaHUH OTOOpaH 3KCIUTyaTAallMOHHBIH KOHTPOIb
TpybonpoBonoB Mruamunckoir ADC. st MonenupoBaHus
HCCIIEAYEMOT0O Ipoliecca KOHTPOJI Oblla MCHOJIb30BaHA
METOJINKA, OOBEIUHSIIOMASI METOIBI IETEPMUHICTHIECKOTO
U BEPOSTHOCTHOTO aHanm3a. MHCIEKIIMOHHBIN Mpolecc OI-
TUMU3UPOBAH OTHOCHUTEIBHO HAUBBICIIEO pHCKA, BbIPaA-
JKEHHOT'O YCIIOBHOM 4aCTOTOM IOBPEXKIEHUS aKTUBHOH 30-
Hbl. OHa TONTyYeHa KOJMYECTBEHHO OIICHWB BEPOSTHOCTU
Pa3IHUYHBIX JETPaJallHOHHBIX COCTOSHHN U YCIOBHBIE
BEPOSITHOCTU TOCNIEACTBUM OTKa30B. JIJI1 BBIUUCIEHUS 3TUX
Mep OBUTH MPOU3BEAEHBI U MIPOAHATIUZUPOBAHBI OOLINPHBIE
6a3pl maHHBIX. Taxke OBUT MPOBEICH CTATHCTUYECKUH aHa-
JIU3 OTKA30B U oOlleHeHa 3((eKTUBHOCTh KOHTPOJIS, BIpa-
JKEHHasi BEPOSITHOCTbIO OOHapyxeHus aedexra. baspl nan-
HBIX Jajiee ObUTM HCCIENOBaHbl, UCIIONb3Ys pa3paboTaHHOE
IporpaMMHoe oOeclieyeHue, IpUBJIeKas BHUMAHUE HA M3-
MEHEHME JaHHBIX U CpaBHUBas Mepbl pHucka. Pazpaboran-
HO€ MPOTrpaMMHOE OO0ECIeueHUEe MCIOIb30BAIOCh A
OIICHKH PUCKa M NPOBEPKH, a TAKXKe IS CPAaBHEHHS pas-
JINYHBIX BApHAHTOB M aHAIM3a YyBCTBUTEIHHOCTH.



Robertas Alzbutas, Artiiras KlimaSauskas, Linas Nedzinskas

Hcnonp3oBaHHBIE MEPHI pHCKa IMOMOINIM pa3paboTath
aJIeKBATHYIO S3KCIUIYyaTallUOHHYIO IPOrpaMMy, COCPEHOo-
TOYEHHYIO Ha KOHTPOJIb Oo0Jiee BaXXHBIX MECT PacCMaTpH-
BAaEMBIX cHCTeM. Takoi IMOJIXOJ IO3BOJISET ONTUMH3HPO-
BaTh NMPOTPAMMY JKCIUTyaTaI[IOHHOTO KOHTPOIS, IIPUAEp-
JKUBAsIChb BEPOSITHOCTHBIX U (DYHIAMEHTAJIBHBIX JETEPMH-
HUCTHYECKUX TpeboBaHui. Takxke OBUIM PacCMOTPEHBI
IIO/IXO/IbI OIIpEEIeHUs IIPUEMIIEMOTO YPOBHS IIPOrPaMMBI
9KCIUTyaTallMOHHOTO KOHTpous. MccaenoBaHHbIe OIXO/bI
OTpeJieNieHns] MPUEMIIEMOI'0 PUCKA PACCMOTPEHBI BMECTE
CO CpeACTBAMHM YMEHBIICHUS 4YHCIa HHCHEKTHPYEMBIX
YYaCTKOB M PAaJAMALIMOHHBIX J03 AJIS HMHCIEKTHPYIOIIETO
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MepcoHana, co CHIDKEHHeM obmero pucka. Ilomyuennas
nHdopMmarms obecrednia XOpOoLyo OCHOBY UISl BBIBOJIOB
O TPUOPHTETaX KOHTPOJS, OLICHKH BIMSHUS HHTEpBaya
MEXIy KOHTPOJSIMA W CPaBHEHHS albTEPHATHBHBIX IPO-
rpaMM KoHTponsl. McciaemoBaHHAsh METOMOJIOTUS MOJIEIH-
pOBaHUS pUCKa, CIyyal MPUMEHEHUS] MEp Ha OCHOBE PHCKa
n TpC6OBaHI/Iﬂ OBLIM HCIIOJIb30BAHBI KaK HUCXOOHasT TOYKa
U IPYTUX OCHOBAHHBIX HA PHUCKE MOJeNed MpoLeccoB
KOHTPOJISl PUCKA W YIPABICHUS UM.

KiroueBble ci10Ba: MOIXOX, OCHOBAaHHBIN Ha pHCKe,
3KCHJTyaTaHI/IOHHBIﬁ KOHTpPOJIb, ME€PbI Ha OCHOBC pHUCKA,
IUTAHUPOBAHUE KOHTPOIS M YIPAaBJICHHS



