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The paper presents an analysis of the postulated blocking of coolant flow
rate in Group Distribution Header event at the Ignalina NPP. Two types
of analysis — best estimate and partially-conservative — are performed.
The best-estimate approach is based on the best-estimate codes with
realistic boundary and initial conditions plus uncertainty analysis, while
partially-conservative approach is based on the best estimate codes with
conservative boundary and initial conditions plus conservative assump-
tions. A comparison of both calculations showed that the peak fuel cladd-
ing temperatures for best-estimate calculation, taking into account the
uncertainty analysis, is slightly lower in comparison with partially-conser-
vative calculation. The partially-conservative approach requires consider-
ably less computational time. However, when with this methodology
obtained results do not meet acceptance criteria (as it was in this par-
ticular case), a complete analysis employing the best-estimate approach
is necessary.
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1. INTRODUCTION

Different methodologies are used in the safety jus-
tification process of the NPP. Twenty or thirty years
ago only conservative codes RELAP2, RELAP4 and
conservative boundary & initial conditions plus
conservative assumptions were used. Such approach
is called conservative. Later, when best-estimate
codes (RELAPS5, ATHLET, CATHARE) were de-
veloped, they began to replace the conservative
codes. In many countries the accident analysis is
performed by using best estimate codes, however,
the boundary & initial conditions and assumptions
remain conservative. This approach is called par-
tially-conservative.

Since the best-estimate code predictions are
uncertain due to a number of uncertainty sources
(code models, initial and boundary conditions, plant
state, scaling and numerical solutions algorithm), at
present it is agreed that the code and model uncer-
tainty should be evaluated. The approach when in
the modeling process the best-estimate code is used
and uncertainty evaluation is performed is called
best-estimate.

The methodologies of uncertainty analysis have
been developed at Pisa University (Italy) [6-9], GRS
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(Germany) [3-5], NRC (USA) [10, 11], IPSN
(France) [12, 13], to name a few. The main groups
of uncertainty methodologies are described below:

* Uncertainty Method based on Accuracy Ex-
trapolation (UMAE) is based on the accuracy ex-
trapolation of the modeling of thermal hydraulic
experiments towards the modeling of postulated
accidents.

* Method used in Great Britain is based on defi-
nition by experts of initial uncertainties in some
confidence boundaries, and the impact of these
uncertainties is further investigated in terms of cal-
culations with variations of limiting parameters.

* GRS, IPSN and ENUSA (Spain) uncertainty
and sensitivity analysis methodologies are based on
statistical (probabilistic) uncertainty extrapolations,
when uncertainties are assumed in terms of random
values with selected distributions.

A comparison of uncertainty methodologies is
presented in a joint work of experts from different
scientific centers [14]. It has shown that all metho-
dologies provide similar results. However, when the
methodologies themselves are compared, one can
see that the methodology based on statistical (proba-
bilistic) approach enables to evaluate more of un-
certainty sources, including the user’s effect, and in
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some cases enables to compensate the lack of mea-
surement data or experience.

Since there is a lack of experimental data and
experience in empoying the Western codes for
RBMK:-type reactors, the GRS method for the de-
termination of uncertainties [4] was selected for
accident analysis of the Ignalina NPP Unit 2.

The paper demonstrates a deterministic best-esti-
mate analysis of coolant flow rate in GDH event us-
ing the best-estimate code RELAP5/MOD3 and un-
certainty analysis by employing the GRS (Germany)
System for Uncertainty and Sensitivity Analysis
(SUSA) [3]. For that purpose, a RELAPS Ignalina
NPP model with the realistic boundary and initial
conditions of RBMK-1500 was developed and the main
contributors to the uncertainty of the results were
identified. Since the selected uncertainty analysis
methodology is a statistics-based methodology, a cer-
tain number of calculations were performed. The re-
sults showed a dependence on the initial and bound-
ary conditions and code selected models. This mod-
ern approach applying these two types of analysis,
which complement each other, is used in the Ignalina
NPP Unit 2 safety analysis report.

The results obtained by this methodology are
compared to ones obtained by employing the par-
tially-conservative approach. This kind of compari-
son enables to evaluate both methodologies.

2. THE IGNALINA NPP RELAP5 MODEL

The RBMK-1500 is a graphite-moderated, boiling
water, multichannel reactor. It is designed to pro-
vide a saturated steam at a pressure of 7.0 MPa.
The design reactor power is 1500 MW_ and
4800 MW . The currently allowed thermal power is
4200 MW. The main distinguishing characteristic of
an RBMK-type reactor is that each core fuel as-
sembly is housed in an individual pressure tube [1].
The RBMK-1500 core contains 1661 fuelled chan-
nels separated from the nearest neighbors by the
walls of the pressure tubes and graphite blocks. The
Main Circulation Circuit is divided into two halves —
left and right loops. In Fig. 1 only one loop of
MCC is presented. Each loop has two drum se-
parators (1), which separate the steam from the
steam-water mixture exiting from the core block.
For the cooling water forced circulation through the
RBMK-1500 reactor, at the Ignalina NPP eight Main
Circulation Pumps are employed. The MCPs (4) are
joined in groups of four pumps each (three for
normal operation and one on standby). The MCPs
feed common pressure headers (5) on each side of
the reactor. Each pressure header provides the cool-
ant to 20 Group Distribution Headers (9), each of
which in turn feeds from 38 to 43 fuel channels

(14) (pressure tubes which contain fuel assembly
inside). The flow in each pipe is set by isolation
and control valves and is measured by a ball flow
meter (12). The coolant is forced upwards through
the reactor core block. Following through the core
it acquires about 95% of the total energy emitted
by the fuel elements. The steam-water mixture gene-
rated in the fuel channel flows through the steam-
water pipes (15) to the Drum Separators.

The RELAP5 computer code was developed by
Idaho National Engineering Laboratory [2]. It is a
one-dimensional non-equilibrium two-phase thermal-
hydraulic system code. The RELAPS code has been
successfully applied to PWR and BWR reactors.
Since 1989 the RELAPS model of the Ignalina NPP
was used at the Lithuanian Energy Institute for
analysis of the thermal-hydraulic response of the
plant to various transients. The key features of the
RELAP5/MOD3.2 model of the Ignalina plant are
as follows:

* Both loops of the MCC are represented. Flow
paths within a loop are modeled by one or more
passes. In turn, a core pass model uses one or more
equivalent fuel channels. The equivalent fuel chan-
nels modify heat generation in a group of real chan-
nels, as well as the hydraulic properties of this group.

e Heat structures of the equivalent FC are
modelled by multiple axial and radial control vo-
lumes.
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Fig. 1. Ignalina NPP circulation circuit scheme (only one
half is presented): 1 — DS, 2 — downcomer, 3 — MCP suc-
tion header, 4 — MCP, 5 — MCP pressure header, 6 — filter
inside pressure header, 7 — valve, 8§ — check valves, 9 —
GDHs, 10 - ECCS bypass line, 11 — water supply from
ECCS, 12 - isolation and control valve and ball-type flow
meter, /3 — lower water communication line, /4 — fuel chan-
nels, 15 — steam-water pipes

15



Rolandas Urbonas, Algirdas Kaliatka, Eugenijus USpuras

* Heat transfer among the equivalent fuel chan-
nels is approximated by means of heat exchange
through the graphite moderator gaps to the reactor
cavity gas circuit.

* Steam paths that remove the
vapor from DSs are represented

the affected fuel channels decreases, the fuel chan-
nel cooling mode from the post-CHF returns back
to the bubbly mode, and this leads to a stabiliza-
tion of the coolant flow rate (Fig.?2).

explicitly, including steam lines, 0

steam relief valves, etc.

* The feed water system and ]

ECCS are represented explicitly.
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3. DESCRIPTION OF GDH
BLOCKING EVENT

Flow rate m¥h
[8)]

In the model it was assumed
that up to the beginning of the
accident process (before GDH 0

blockage), the reactor operates at -10
a power of 2900 MW . The cool-
ant is supplied through the core
by two MCPs in each MCC
loop. This state of the reactor
was selected because in such conditions the reac-
tor cooling of the core is most complicated.
2900 MW, is the maximum allowable power level
when four MCPs in both circulation loops are in
operation, ie. the worst power and coolant flow
rate ratio is selected. During this type of accident
this fact has a high effect on the results. In cal-
culations it is also assumed that the coolant flow
rate through the connection pipeline into GDH is
completely stagnated within 0.01 s. The coolant
flow rate stagnation results in a drop of pressure
in the failed GDH. Under the influence of the
pressure difference, the coolant from the MCP
pressure header flows through bypass pipelines (see
(10) in Fig. 1) into the ECCS header and further
through ECCS pipelines is directed into the failed
GDH. The 38-43 fuel channels connected to this
GDH are cooled only by water supplied through
the ECCS bypass pipeline. The calculations per-
formed taking into account the throughput of the
flow limiter in the ECCS mixer show that the
coolant flow rate decreases (Fig. 2). The decreased
coolant flow rate removes a less amount of heat
from the fuel assemblies, thus leading to the criti-
cal heat flux in these fuel channels. The tempera-
ture of the fuel cladding and of the pressure tube
wall sharply increases. The peak of fuel cladding
temperature in the maximum power channel is
close to the acceptance criterion temperature
(700 °C for fuel cladding). CHF in turn initiates
instabilities of the coolant flow rate in the fuel
channels. The protection against coolant flow rate
decrease through GDH initiates the reactor shut-
down. After reactor scram energy generation in
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Fig. 2. Coolant flow rate through fuel channels connected to affected GDH

4. UNCERTAINTY ANALYSIS

4.1. Selection and quantification of uncertainty
parameters

The parameters that may impact the calculation
results, can be divided into two main groups:

1. Initial conditions (coolant pressure, tempera-
ture and flow rate or power. These values may be
impacted by measurement errors).

2. RELAP5 code models, assumptions and cor-
relations (in the RELAPS model different correla-
tions for the calculation of friction loss, critical heat
flux and heat transfer may be used) [2].

For the present postulated accident analysis the
following parameters whose initial values have the
greatest impact on the simulation results are se-
lected:

* pressure in the drum separator;

e coolant flow rate through the MCPs;

* feed water temperature;

e amount of steam for in-house needs;

* reactor thermal power.

From the Ignalina NPP documentation the de-
viation values =p % are known for these param-
eters. In the uncertainty analysis, the maximum and
minimum values of the parameters, taking into ac-
count the possible measure errors of these param-
eters, were determined (Table). The values m of
the realistic initial & boundary conditions, which are
between the maximum and minimum values, are
used in the basic case calculation.

For the analysis, also the following RELAP5 code
modeling parameters were selected:
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* Water packing: it specifies if the volume filling
with water scheme is to be used.

* Vertical stratification: it specifies if the model
of two-phase media vertical stratification is enabled
or disabled.

* Modified PV term in the equations: it speci-
fies if the modified potential pressure energy model
is applied or not.

* CCFL (counter current flow limit): it specifies
if the model is applied or not.

* Thermal front tracking: it specifies if the model
is enabled or disabled.

* Mixture level tracking: it specifies if the model
is enabled or disabled.

Such a wide variation of parameters is assumed
taking into account the possible user effects. The
selected RELAPS code parameters vary in the area
where two-phase flow conditions might occur: in the
vertical section before the heated channels, in the
heated channels, above the heated channels, and in

the steam water communications modeling elements.
The areas with single-phase conditions are excluded
due to the fact that these parameters have no im-
pact on the results in this region. In the basic case
of calculations some of the code models were dis-
abled, as they had no impact on the results. How-
ever, in the uncertainty analysis none of the poten-
tial contributors to the uncertainty of the results
can be excluded.

For uncertainty analysis in the case of coolant
flow blocking through the GDH, additionally one
parameter that might influence the fuel cladding and
fuel channel wall temperatures was selected. It is
reactor protection against the accident initiation sig-
nal (the time when the reactor is shut down in the
BAZ regime). In the modeling the insertion delay
of CPS rods was assumed by 1 second. In the un-
certainty analysis the effect of one-second delay on
the event consequences, i.e. fuel cladding and fuel
channel temperatures, was analyzed.

Table. Selection of the parameters that may impact the uncertainty of calculation results
Width of parameter Value of the Mean
# Parameter élstrlbutlon parameter in the | deviation Probability Note
Min. Max. basic case (s) and error distribution
@) (a) calculation (m) [p%]
Initial conditions
! Pressure in DS, 679-10° 693-10°  686-10°  343-10°[1%]  Normal ~ Micasurement
Pa error
2 Coolant flow rate Measurement
through MCPs, m¥/h 6860 7140 7000 70 [2%] Normal error
3 Feed water 45852 467.78 463.15 2.32 [1%] Norma] ~ Measurement
temperature, K error
4 Resistance of valve
which regulates steam 2977 2323 730 115 [1%] Normal Measurement
flow rate to the error
in-house needs header
5 Reactorthermal g1 400 299.10'  290-10°  45-107[3%]  Normal ~ Mcasurement
power, W error
Modeling parameters
6 . . Model
Water packing 0 (on) 1 (off) 1 (off) - Non parametric R
7 Stratification 0 (on) 1 (off) 0 (on) - Non parametric Mode'l
assumption
8 PV term 0 (off) 1 0 (off) - Non parametric Mode.l
assumption
9 . Model
CCFL 0 (off) 1 (on) 0 (off) — Non parametric assumption
10 Thermal front tracking 0 (off) 1 (on) 0 (off) - Non parametric Mode.l
assumption
11 . . . Model
Mixture level tracking 0 (off) 1 (on) 1 (on) - Non parametric assumption
12 BAZ initiation time 53 6.3 6.0 0.25 Normal , >gualdelay
in logic schemes
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4.2. Uncertainty analysis

Before the uncertainty analysis,
from the many best estimate
code output quantities only a
few important calculation re-
sults should be selected (usu-
ally the peak fuel cladding and
pressure tube wall surface peak
temperature, pressure inside
the pressure tubes and drum
separator pressure), which can
be compared with acceptance
criteria and for which uncer-
tainties are evaluated. As men-
tioned above, the fuel cladding
temperature peak in the maxi-
mum power channel is close to
the acceptance criterion in the
case of GDH blockage event.
Therefore this code output re-
sult was selected for uncertainty
analysis. Due to the fact that
for the selected case only the
upper limit technological pa-
rameters are of importance, in
the analysis only one-sided tole-
rance limit is used.

For the uncertainty analysis
for one-sided tolerance limits
(with 0.95 probability and 0.95
confidence), according to Wilk’s
formula [4], it is necessary to
perform at least 59 runs. In
this case 60 runs were per-
formed.

The behavior of the most
important RELAPS output re-
sult — the fuel cladding tem-
perature in the location 3.75 m
from the core bottom — for all
60 calculation runs is presented
in Fig. 3. As is seen from the
presented figures, the fuel clad-
ding temperatures do not ex-
ceed the acceptance criterion of
700 °C. In Fig. 4 the maximum
and minimum values of all cal-
culations are compared to the
basic case calculation value.

The analysis showed that
the greatest impact on the cal-
culation results has the selec-
tion of the mixture level track-
ing mixture and thermal front
tracking model selection and
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Fig. 3. Fuel cladding temperatures obtained using SUSA generated runs from

RELAPS calculations
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Fig. 4. Maximum, minimum and mean fuel cladding temperatures obtained using

SUSA generated runs from RELAPS calculations
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Fig. 5. Impact of the parameters 1-6 from Table on the fuel cladding temperature
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Impact to the results

analyzed accident situations can
be acceptable if the values of
the calculated parameters are
below the acceptance criteria.
This comparison enables to ve-
rify the accuracy of the uncer-
tainty calculation.

In the partially-conservative
approach the initial operating
conditions of the plant were set
at their bounding limits (the
conservative boundary & initial
conditions were used):

* The pressure in DS is

5 0 5 10 15 20
Time, s

Fig. 6. Impact of the parameters 7-12 from Table on the

perature

reactor thermal power (see Figs. 5 and 6). Interest-
ingly, some parameters have a positive impact on
the results, while the effect of the others is nega-
tive. The meaning of the positive impact is that the
higher value of the parameter is selected, the higher
temperature value is obtained. In this particular case,
the higher reactor thermal power and mixture level
tracking is initiated, the higher fuel cladding tem-
perature is calculated. On the other hand, when the
thermal front tracking model is initiated the calcu-
lated temperature is lower, because the impact on
the results in Fig. 6 of this parameter has mainly a
negative value.

5. COMPARISON OF BEST ESTIMATE AND
PARTIALLY-CONSERVATIVE CALCULATION
RESULTS

As mentioned above, in the many countries the
accident analysis is performed by using the partially-
conservative approach (best estimate codes, but the
boundary & initial conditions and assumptions re-
main conservative). The conservative initial condi-
tions are assumed to be the worst possible initial
conditions and increased (or decreased, depending
on the value of more conservative results) by pos-
sible measurement errors. According to this meth-
odology, the calculation results should be more
conservative in comparison with the results obtained
in the best estimate approach (using the realistic
boundary & initial conditions plus uncertainty analy-
sis). This section presents a comparison of results
obtained using the best-estimate approach describ-
ed earlier and a calculation obtained by employing
the partially-conservative approach. These two me-
thods can be compared by comparing the margin to
the acceptance criterion. The consequences of the

25 30

equal to 6.95 MPa. It is the ma-
ximum possible pressure in the
DS. This pressure is bounded
by activation of equipment pro-
tecting the MCC from the over-
pressure (the lowest set point of activation of this
equipment is equal to 6.96 MPa).

* The coolant flow rate through each MCP is
assumed to equal 6500 m*/h. This coolant flow rate
is minimum possible and is limited by the position
of the throttling regulating valves.

* The feed water temperature is assumed to be
pessimistically high and reach 467.78 K. This value
is equal to the maximum possible temperature of
feedwater (463.15 K), taking into account 1% of
measurement error.

* The reactor thermal power is assumed to be
equal to the maximum allowable power level when
four MCPs are in operation (2.90 - 10° W), increased
1.06 times (3% of measurement error and plus 3%
due to the first active control system interaction).

e It is assumed in the modeling that the reactor
scram (BAZ signal) is initiated taking into account
all possible delays and occurs 6.3 s after the GDH
blockage.

For the partially-conservative calculations, the
RELAPS5 code modeling parameters recommended by
user’s manuals and established during the RELAPS
model validation procedure are used. These modeling
parameters are listed in Table, in the column “Value
of the parameter in the basic case calculation”. A com-
parison of partially-conservative calculation and the
upper boundary of best-estimate results (with realistic
boundary & initial conditions plus uncertainty analy-
sis) is presented in Fig. 7. Only the peak fuel cladding
temperatures in the maximum loaded fuel channel are
presented. The results of the best-estimate approach
show that no acceptance criteria are exceeded. As is
seen from Fig. 7, the partially-conservative values of
peak cladding temperatures are approximately 6-8
centigrade higher and the acceptance criterion for fuel
cladding temperature is reached.

fuel cladding tem-
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analysis show that no acceptance
criteria are exceeded. A compa-
rison of both calculations shows
that the peak fuel cladding tem-
peratures for best-estimate cal-
culation taking into account the
uncertainty analysis are slightly
lower in comparison with those
obtained by partially-conservative

calculation. That enables to draw

Time, s

Fig. 7. Comparison of the peak fuel cladding temperature in the maximum loaded
channel in case of “partially-conservative” and best-estimate calculations with

uncertainty analysis
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Fig. 8. Illustration of the margin to the acceptance criterion

The obtained results have shown that the pa-
rameters for best-estimate calculation taking into
account the uncertainty analysis are slightly lower
in comparison with partially-conservative calcula-
tion as shown in Fig. 8. It is also obvious that in
this case it is not possible to use only the par-
tially-conservative methodology, since results obtain-
ed by this methodology do not meet the accep-
tance criterion. With such results it is necessary
to perform a complete analysis using the best-
-estimate approach.

6. CONCLUSIONS

The coolant flow blocking in the piping connecting
MCP pressure header and GDH was analysed using
the best-estimate and partially-conservative approa-
ches. The analysis showed that the calculation re-
sults depend mostly on the selection of the mixture
level tracking and thermal front tracking model and
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a conclusion that in most cases
both approaches, best-estimate
and partially-conservative, can be
applied. The latter approach
looks tempting, since in this case
only one calculation is sufficient,
while in the case of best-esti-
mate approach at least 59 cal-
culations are required. Thus, the
partially-conservative approach
takes considerably less computa-
tional time. However, when the
results obtained by this me-
thodology do not meet the ac-
ceptance criteria (as in this parti-
cular case), a complete analysis
by employing the best-estimate
approach is necessary.
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ABBREVIATIONS

BAZ Fast Acting Scram System

CCFL Counter Courant Flow Limitation

CHF Critical Heat Flux

CPS Control and Protection System

DS Drum Separator

ECCS Emergency Core Cooling System

FC Fuel Channel

GDH Group Distribution Header

MCC Main Circulation Circuit

MCP Main Circulation Pump

NPP Nuclear Power Plant

SAR Safety Analysis Report

SUSA System for Uncertainty and Sensitivity
Analysis

PWR Pressurised Water Reactor

RBMK Russian abbreviation for Large Power

Boiling Reactor
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SIUOLAIKINIU ANALIZES METODU PALYGINIMAS,
REMIANTIS POSTULUOJAMO GPK BLOKADOS
IVYKIU IGNALINOS AE

Santrauka

Straipsnyje pristatyta Ignalinos AE postuluojamo Silum-
nesio srauto blokados grupiniame paskirstymo kolektoriuje
analizé. Cia pateikti skaiGiavimai, pritaikius dviejy tipy
analizés metodus — geriausio jver¢io bei pusiau konser-
vatyvy. Geriausio jver¢io metodas yra pagristas geriausio
jverc¢io programy pakety naudojimu su realiomis pradi-
némis ir kraStinémis salygomis bei neapibréztumo analize.
Tuo tarpu pusiau konservatyvus metodas — geriausio jver-
¢io programy pakety naudojimu su konservatyviomis
pradinémis ir kraStinémis salygomis bei konservatyviomis
prielaidomis. Abiem metodais gauty rezultaty palyginimas
rodo, kad pikinés kuro apvalkalo temperatiiros, gautos
geriausio jverc¢io metodu, yra truputj Zemesnés, nei gau-
tos pusiau konservatyviu metodu. Skai¢iavimo sanaudos
pusiau konservatyviam metodui yra gerokai mazesnes.
Taciau kai Sia metodika gauti rezultatai netenkina priim-
tinumo kriterijy (kaip parodyta Siame straipsnyje), biitina
atlikti iSsamig geriausio jvercio metodu pagrista analize.
Raktazodziai: grupinis paskirstymo kolektorius, termo-
hidraulika, neapibréztumo ir jautrumo analizé

Ponanpac Ypo6onac, Aasrupaac Kansrka,
Eyrenutoc Ymmypac

CPABHEHUVE COBPEMEHHBIX ITOAXOA0B
AHAJIM3A HA TIPUMEPE ITOCTYJUPYEMOI
BJIOKHUPOBKHU PI'K UTHAJIMHCKOMN ADC

Peswowme

B crathe mpeacTaBieH aHAU3 MOCTYJIUPYEMOTO COOBI-
TSI — OJIOKaIbl TETUIOHOCHUTENSI B PA3AaTOUYHOM T'PYIIIO-
BoM KoJuiekTope Ha WruamuHckoit ADC. Ilpencras-
JIEHBI JBA THUIA aHAJIN3a — HAWIyYIIeld OLEHKH U IOJIy-
KOHCEpBATUBHBIMN. MeTonuka aHanau3za HaWlydllen
OIICHKH OCHOBaHA Ha MCIIOJIb30BAHUU KOJIOB HAMTYYIIIEH
OLICHKM C PEeaJUCTUYECKUMH HAyaJbHBIMH W TpaHUY-
HBIMHU YCIIOBHSIMU M AHAJIM30M HeolpeaeNieHHOCTH. B
TO BpeMsl MOJYKOHCepBATHUBHAS METOJUKA OCHOBaHA Ha
TeX XK€ KOJax HaWIydlleld OLEHKH, HO KOHCEPBATHUBHBIX
HauyaJbHBIX U IPaHUYAIIUX YCIOBUSX, a TaAKXKe KOHCEp-
BAaTUBHBIX MpeAnockliok. CpaBHEHUE pPeE3yJIbTaTOB
000MX METOJOB MOKAa3bIBAET, UYTO MHUKOBBIE TeMIepa-
Typbl OOOJIOYKH TOTUIMBA, TMOJIYYEHHBIC TPU pacueTax
C METOJIMKOM HAWIydlleil OLIEHKH M aHAJIU30M HeoIpe-
JIEJICHHOCTH, HECKOJbKO HHUXE, YeM IIpU pacuerax cC
MOJIYKOHCepBaTUBHON MeToaukol. IlomykoHcepBaTHB-
Has METOIWKAa HEe HYXTAeTcsd B CTOJb OOJBIINX BHI-
YUCIUTENBbHBIX pecypcax. Ho kxorma pesynbraThl, MO-
JIy4eHHBIE C TOMOIIBIO 3TOW METOJWKH, HE YHOBIe-
TBOPSAIOT KPUTEPUU MPUEMIIEMOCTH (KaK 3TO OBLIO
MOKa3aHO B CTaThe), HEOOXOAMMO MPOBECTH ITOTHBIN
aHallu3 MO METOJIUKE HaWyylled OLEHKHU.

KuroueBbie ciioBa: pas3aTOYHBIM TPYMHIOBON KOJI-
JIEKTOP, TEIJIOTUIPABINKA, aHAJIU3 HEeOoIpeaeeHHOCTEH
U 4YyBCTBUTEIBHOCTU
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