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METHOD OF THE SAFETY MARGINS MANAGEMENT OF NUCLEAR POWER PLANTS

Background. Nowadays, there is widely used only one methodology that allows numerically measure NPP safety level
and ensures safety optimization. This is Probabilistic Safety Assessment. Therefore, NPP safety is still justified using
deterministic approach. As a main tool for deterministic approach Design Basis Accident Analysis is used for NPP
designing and safety justification. It has widely recognized and sustainable methodology, procedure and experience of
application. Thus, there is contradiction between safety measurement and safety justification.

Objective. Article provides concept of the method that on a basis of deterministic approach allows evaluate and man-
age safety margins for Nuclear Power Plant for safety and expenses optimization purposes.

Methods. As a main tool for deterministic approach and safety margins calculation the Design Basis Accident (DBA)
Analysis was applied. The main objective of DBA analysis is to demonstrate based on conservative approach exceed-
ing or non-exceeding of so called acceptance criteria that are established and justified in the NPP design. Since, ac-
ceptance criteria have different physical background, dimensions and numerical values it is proposed to transform
them into dimensionless form by dividing value of corresponded calculated parameter on value of acceptance crite-
rion. The result of ratio is the dimensionless safety deficit while difference between the dimensionless acceptance cri-
terion (that is always equal to 1) and safety deficit is the dimensionless safety margin. Also, it is proposed to establish
for each acceptance criterion a 10% zone (its lower boundary corresponds to 0.9 — value of limiting safety deficit) as
a deterministic safety criterion and apply it in the nuclear regulations. If calculated value of safety deficit is within
this zone than it is proposed to use time limitation and recognize necessity to develop and apply safety measures on
decreasing of a safety deficit. Such method allows reveal as safety deficiencies so excessive safety margins.

Results. The proposed method was applied for DBA Analysis of Zaporizhzhya NPP unit 5. Safety deficits were evalu-
ated for each initiating event and corresponding safety profiles were drawn for each acceptance criterion.

Conclusions. Methodol is recommended for usage in regulatory activity, during the NPP designing and operation,
and, for justification of the safety systems maintenance and repair activity at reactor power operation.

Keywords: safety deficit; average safety deficit; dimensionless safety margin; deterministic safety criteria.

Introduction

At present time, the nuclear industry is under
big constant pressure, especially, after the Fu-
kusima accident. This leads to highly cost require-
ments that are demanded to be applied as by tradi-
tional international organizations like IAEA, so by
public organizations like Greenpeace. Meanwhile,
Ukrainian nuclear law [1] and TAEA [2] policy still
state that there should be no any unduly limiting of
nuclear power utilization.

Such situation requires establishing of the bal-
ance between high safety level of Nuclear Power
Plants (NPPs) and expenses needed for its support.
Currently, the most applicable approach for estab-
lishing of the balance is the Integrated Risk-
Informed Decision Making (IRIDM) [3]. IRIDM
is widely applied at US NPPs and IAEA encourage
its application by other countries, for example, in
publication INSAG-25 [4]. This approach is based
on evaluation of multiple safety factors like de-
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fense-in-depth, safety culture, risk, deterministic
safety margin, nuclear security, etc. Meanwhile, all
these factors are qualitative except of probabilistic
one. This creates cases when safety decisions are
made based mainly on risk considerations. There-
fore, it is generally accepted to justify safety using
deterministic approaches that is complemented by
probabilistic safety assessment. Other words, there
is a lack of quantitative deterministic factor in
IRIDM that is capable to provide numerical meas-
urement of safety level and allows manage the
safety and thus, establishing more justified and bal-
anced decision making on NPPs safe and reliable
operation.

Problem Statement

As it is demonstrated above there is a need in
development of deterministic method and criteria
that capable as complement existing NPP safety
management approach, so for standalone application.



18

KPI Science News

2018174

Thus, the purpose of the article is to de-
monstrate deterministic method that on a basis of
existing methodology of deterministic safety analy-
sis allows numerically evaluate safety and safety
level as for Nuclear Power Plant (NPP), so for
each physical safety barrier. It should satisfy provi-
sions of the fundamental safety principle — “Opti-
mization of Protection” [2]. Above capabilities
could be realized as by independent implementa-
tion of the method or in the framework of Inte-
grated Risk-Informed Decision Making.

Such method would allow eliminate contra-
diction between the deterministic safety justifica-
tion of NPPs and safety improvement that cur-
rently is based entirely on Probabilistic Safety As-
sessment (PSA).

Theoretical Basis of the Method

The main objective of DBA analysis is to
demonstrate based on conservative approach ex-
ceeding or non-exceeding of so called acceptance
criteria (or safety limits) that are established in the
NPP design or in the norms, rules and standards
on nuclear and radiation safety. In general, accep-
tance criteria are characterized by a certain reactor
parameters and established to protect physical
safety barriers (fuel, fuel rod cladding, boundaries
of reactor coolant system, containment). These pa-
rameters are calculated in DBA and characterize
effectiveness of the safety systems. Relations be-
tween safety barrier, acceptance criteria and calcu-
lated conservative parameter are demonstrated on
Fig. 1.

[ Safety Limit

o

Margin

(can be equal to “0”)

It is evident that, then larger is safety margin
then safer is the reactor facility. Given that, it is
proposed do not limit the efforts by calculation of
exceeding or non-exceeding of acceptance criteria.
It is proposed to go further: to calculate differences
between the acceptance criteria and calculated
value in DBA that is to evaluate the margin or
other words — safety margin.

Therefore, acceptance criteria have different
physical background, dimensions and numerical
values and cannot be manipulated in such form. It
is proposed to transform them into dimensionless
form by dividing value of corresponded calculated
parameter on value of acceptance criterion in order
to establish the basis for the possibility of compara-
tive analysis. The result of ratio is the dimen-
sionless safety deficit while difference between the
dimensionless acceptance criterion (that is always
equal to 1) and safety deficit is the dimensionless
safety margin.

Mathematically,
pressed like:

safety deficit can be ex-

1

where D; — safety deficit for acceptance criterion
number i; R; — calculated conservative value of a
parameter for acceptance criterion number i; K; —
value of acceptance criterion number i.

As it follows from the above definition dimen-
sionless acceptance criterion is always equal to 1.
Dimensionless safety margin is calculated as:
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Fig. 1. Relations between safety barrier, acceptance criteria and calculated conservative parameter
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Z,=1-D;.

Definitions of safety deficit (SD) and dimen-
sionless safety margin are demonstrated on Fig. 2.

Safety Deficit

Unitless Acceptance Criterion

Unitless Safety Margin

Unitless Safety Deficit

0 1 2 SDi

Fig. 2. Relations between safety deficit, dimensionless safety mar-

gin and dimensionless acceptance criterion

Introducing of dimensionless approach allows
develop a method for safety margin management
since it is possible now to compare impact of dif-

ferent initiating events, safety barriers, reactor fa-
cilities on safety margins as well as to establish new
regulatory requirement in a form of dimensionless
deterministic 10% safety criterion. Some additional
definition might be also useful and are provided
below.

Average Value of Safety Deficit could be de-
fined for an initiating event, safety barrier or ac-
ceptance criterion:

Dver = D;/N[j 2)

where N; — number of initiation event for which

acceptance criterion i was calculated; Dl.’ is calcu-
lated as:

D/=33D;, 3)
i — acceptance criterion index; j — initiating event
index.

Safety profile — safety deficit values reflected
on a single scale. It allows perform visual evalua-
tion of safety deficits and dimensionless safety
margins that are subject of the lack of the safety or
demonstrate excessive safety.

Deterministic Safety Criterion — minimal mar-
gin to acceptance criterion that is established in the
norms, rules and standards on nuclear and radia-
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Fig. 3. Illustration of the definitions



20

KPI Science News

2018174

tion safety. It is proposed to use 10 % margin (see
Fig. 3). If conservative calculated value is within
the 10 % margin then special safety measures
should be undertaken.

Practical Demonstration of the Method

According to the DBA methodology [5] ac-
ceptance criteria are established separately for tran-
sients (frequency of these Initiating Events (IE) is
more than once per 100 years) with and postulated
accident (frequency of these IEs is less than once
per 100 years). Totally, there are 7 acceptance cri-
teria that are established in the Design of NPP and
in the norms, rules and standards on nuclear and
radiation safety for WWER-1000:

1. Departure from Nuclear Boiling Ratio
should be more than 1.

2. Maximum fresh fuel temperature should be
Iess than 2840 °C and — 2570 °C for spent fuel.

3. Maximal fresh fuel enthalpy should be less
than 963 kDj/kg and — 840 kDj/kg for spent fuel.

4. Pressure in equipment and piping should
not exceed operational one on 15 %:

e for reactor coolant system it is 207 kg/cm?;

e for steam generators — 92 kg/cm?.

e Maximal containment pressure and tem-
perature should be less than:

e 150 °C;

e 5kg/cm?.

6. Maximal design limit should be less than:

SD

o fuel cladding temperature 1200 °C.

e depth of cladding oxidation 18 %;

e portion of 1 % of the reacted zirconium of
its mass in the fuel claddings.

7. Maximal value of radioactive
should be limited by:

e (.3 Zv on Ha thyroid gland due to inhalation;

e (.1 Zv for all body due to external irradiation.

The first acceptance criterion is valid only for
transients. The forth acceptance criterion is applied
for both transients and postulated accident. The
rest ones are used for postulated accidents only. It
should be noted that acceptance criteria for tran-
sients are stricter than for postulated accident (PA)
since prevention of accidents is of more concern
than mitigation.

Based on documentation of Design Basis Ac-
cident Analysis for Zaporizhzhya NPP Unit 5 [6]
with the WWER-1000/320 reactor (totally, there
are 11 such reactors in Ukraine) calculated values
of parameters that correspond to relevant accep-
tance criteria were transferred to dimensionless
form using equation (1). Equations (2) and (3)
were used to quantify average values for Safety
Deficits (SD). These data were used to draw dia-
grams for each acceptance criterion and each initi-
ating events. Results of this effort are provided on
Figs. 4—13.

Also, it should be noted that in DBA analysis
different sets of acceptance criteria are applied for
different initiating events.
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Fig. 4. Safety deficits for acceptance criterion #1 for transients
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Fig. 7. Safety deficits for acceptance criterion #4-1 for all 1Es
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Fig. 8. Safety deficits for acceptance criterion #4-2 for all 1Es
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Figs. 4, 5 and 6 demonstrate significant safety
margins for acceptance criteria #1, 2 and 3 calcu-
lated for transients (acceptance criterion #1) and
postulated accidents (acceptance criteria #2 and 3).
That is there are excessive safety margins. This fact
shows significant potential for expenses optimization
dealt with the systems involved into these initiating
events while preserving high level of the safety.

As it can be seen from Figs. 7 and 8 for the
acceptance criterion #4 on primary and secondary
pressures the deterministic safety criterion (10 %
zone) is violated for a number of initiating events
both transients and postulated accidents. This
means that initially hidden safety deficits are re-
vealed and corresponded safety measures shall be
developed and implemented in this respect. This
involves an analysis of the reasons resulted in such
results and search of effective measures that are
able to decrease level of safety deficits.

SD
1
10%
10%
0.76 Average
10%
0.5
0 IE1 IE8 IE 33 IE

Fig. 9. Safety deficits for acceptance criterion #5-1 for postu-
lated accidents

SD

For acceptance criteria on containment boun-
daries violation of deterministic criterion is also
observed (see Figs. 9 and 10). Comparing with the
violation of acceptance criterion #4 it can be seen
that safety margins for containment boundaries are
larger. Meanwhile, relevant safety measures shall
be developed and implemented too.

Significant safety margins are observed for ac-
ceptance criterion on radioactive exposure. This
does not explicitly means that excessive safety mar-
gins allow implement measures on decrease of as-
sociated expenses, since the relevant initiating
events are dealt with the containment bypass via
failed steam generator. This is a good example of
the fact that any methodology should be applied
very carefully and any decision based on a meth-
odology should be well justified.
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Fig. 10. Safety deficits for acceptance criterion #5-2 for PAs
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Fig. 11. Safety deficits for acceptance criterion #6 for PAs
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Fig. 12. Safety deficits for acceptance criterion #7-1 for PAs

Conclusions

Developed method allows evaluate for each
initiating event (transient or anticipated accident)
the safety deficits and excessive safety margins for
each acceptance criterion. Introduction of the av-
erage and integrated safety deficit makes possible
to perform comparative analysis between different
initiating events, acceptance criteria, physical pro-
tection barriers and types of nuclear reactors.

Also, it is proposed to establish for each ac-
ceptance criterion a 10 % zone (corresponds to 0.9
value limiting safety deficit) as a deterministic
safety criterion and apply it in the norms, rules and
standards on nuclear and radiation safety.

Graphical representation of safety deficits
evaluated for the initiating events, acceptance cri-
teria, and physical protection barriers reflects the
safety profile and demonstrate violation of the de-
terministic safety criterion and deviation from the
average value of safety deficit. This allows reveal as
safety deficiencies so excessive safety margins. If
the first one requires development of the corre-
sponded safety measures then the second one — es-
tablishes the basis on implementation of “Optimi-
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zation of protection” fundamental safety principle
and develop measures aimed on decrease of ex-
penses on reliable and safe NPP operation along
with keeping established high level of safety. Proc-
ess of the achievement of the both purposes estab-
lishes basis of the safety margin management.

The method proposed was applied using De-
sign Basis Accident Analysis of Zaporizhzhya NPP
unit 5. Safety deficits were evaluated for each initi-
ating event and corresponded safety profiles were
draw for each acceptance criterion. As a result, the
violation of acceptance criteria on primary, secon-
dary and containment pressure were revealed. Also,
excessive safety margins were revealed that ensures
possibilities for justified decrease of expenses spent
on safety.

Method is recommended for usage in regula-
tory activity, during the NPP designing and opera-
tion, and, for optimization of the safety systems
maintenance and repair activity and its fulfillment
on operating at power reactor.

Also, method has a good potential for further
development into the complete methodology and
procedure which can be used as for independent
application, so as part of the IRIDM approach.
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C.B. Knesuos

CMOCIB YMPABJIHHA 3ANACAMU BE3MEKW EHEPFOBOKIB ATOMHWX CTAHLIIA

Mpo6nemaTuka. Ha cborogHi icHye Ta LUMPOKO 3aCTOCOBYETLCS TiflbkKM O4HA METOOONOris, ka Aa€e 3MOry KiflbKiICHO BUMIpSATK pi-
BeHb Ge3nekn aToMHux enekTpocTaHuin (AEC) i 3abe3neuntu onTumisadito 3axucTy. Lle imoBipHicHui aHania 6e3neku. MNpoTe 6e3neka
AEC, sk i paHiwe, rpyHTYETbCSA Ha MiACTaBi AETEPMIHICTUYHOrO Nigxoay. Sk OCHOBHWIM IHCTPYMEHT AETEePMIHICTUYMHOMO MiAX04Y BUKOPUC-
TOBYETbCH aHani3 NPOEKTHUX aBapil Ak Ansa npoekTtyBaHHA AEC, Tak i Ana o6rpyHTyBaHHs ii 6e3neku. BiH Mae 3aranbHOBM3HaHYy i ycTa-
neHy MeTofonorio, NpoLeaypy Ta A0CBi4 3acToCyBaHHSA. TakuM YMHOM, BUHUKAE NPOTUPIYYS MiXK BUMIpIOBaHHSIM PiBHS i OOIpyHTYBaH-
HAM 6esneku.

MeTa gocnigKeHHA. Y CTaTTi HAaBOAMTLCA CMOCiO, KU Ha MiACTaBi AeTEPMIHICTUYHOrO Nigxody Aa€ 3MOry OLiHUTK Ta ynpaBnsaTy
3anacamu 6e3nekn AEC 3 meTotlo onTuMisauii 6e3neku Ta BUTpaT Ha NiaBULLEHHS Be3neku.

MeToguka peanisauii. Ak iHCTpyMEHT AeTepMiHICTUYHOro nigxody i po3paxyHKy 3anaciB 6e3nekv BUKOPUCTOBYBAaBCS aHania
npoekTHux aBapin (AlMNA). Meta AlA nonsrae B Tomy, Wob Ha nigcTasi KOHCEPBATMBHOIO MiAXOAY OLIHWUTY NepeBuLleHHs abo Henepe-
BULLEHHS TaK 3BaHWUX KpUTEPIiB MPUAHATHOCTI, SIKi BCTAHOBIIOKTLCS | 06r'pyHTOBYI0THCS B MpoekTi AEC. Ockinbku KpuTepii NPUNHATHOC-
Ti MatoTb Pi3Hy (hi3ndHy Npupoay, OANHWLI BUMIPY Ta YMCIOBI 3HAYEHHS, TO MPOMOHYETLCA NepeBecTu iX y 6e3po3mipHy dopmy Ainex-
HSIM PO3paxyHKOBOIO 3Ha4YeHHS NapaMeTpa Ha 3Ha4YeHHs KpUTepito NPUHATHOCTI. PedynbTatom 6yae 6e3po3mipHe 3HaveHHs gediunty
6e3neku, a pisHNLA Mixx 6e3p0o3MipHUM 3HAYEHHSIM KPUTEPID NPUIRHATHOCTI (3aBxau gopisHioe 1) i gediuutom 6e3neku 6yne 6e3pos-
MipHMM 3Ha4YeHHsM 3anacy 6esnekn. TakoX NPOMOHYETLCA AN KOXKHOMO KpUTEpito NPUNHATHOCTI BCTAHOBUTU 10 Y%-HY 30HY (HWDKHA Me-
Xa sKkoi gopieHioe 0,9 — rpaHnyHe 3HaYeHHs AediunTty 6e3nekn) SK AeTEPMIHICTUYHUI KpUTepin Gesnekn i BUKOpUCTOBYBaTU Oro Npu
A0epHOMY perynioBaHHi. FKWo po3paxyHKoBe 3HadeHHs1 aediunTy 6e3neku notpannsie B 10 %-Hy 30HY, TO NPOMOHYETLCS BBOAUTU
TMM4YacoBi OOMeXxeHHs Ha ekcnnyaTauito eHeprobnoka i peanizoByBaTy 3axoaum Loao 6esnekun Ans 3HWkKeHHst gediunty 6e3nekn. Taka
KOHLEMNLis Aa€ 3MOry BUSIBUTU Ik AediLnTh, Tak i HAAMMWLLIKOBI 3anacu 6e3neku.

Pe3ynbTatn gocnigxeHHs. 3anponoHoBaHuin crnoci6 3actocoBaHo o AlA eHeprobrnoka Ne 5 3anopisbkoi AEC. [nsi KOXHOI
BUXigHOI noaii 6ynu po3paxoBaHi gediuntn 6e3neku i rpadivHo nobyaoBaHi Npodini 6e3nekn Anst KOKHOro KPUTEPI0 MPUAHSATHOCTI.

BucHoBku. Crocib pekomeHAyeTbCA Ans 3aCTOCYBaHHA B perynioBarnbHii AiSnbHOCTI, Npy NPoekTyBaHHi Ta ekcnnyatauii AEC, y
T.4. AN 06rpyHTyBaHHS peMOHTY obnagHaHHs Ha npaLyoMy eHeprobou.

KniouoBi cnoBa: gediumnt 6e3neku; cepefHe 3Ha4YeHHs gediunTy 6e3nekun; 6e3po3MipHe 3HaYeHHs 3anacy 6e3neku; oeTepMiHic-
TUYHUIA KpUTEpI Geaneku.

C.B. Knesuos

CMNOCOB YMPABMEHWA 3ANACAMY BE3OMNACHOCTU 3HEPIOBNOKOB ATOMHbIX CTAHLUM

Mpo6nemaTtuka. B HacTosiLee BpeMsi CyLLEeCTBYET W LUIMPOKO NPUMEHSIETCS TONbKO OAHA METOAONOrusl, KoTopasi NMo3BONSIET KO-
NMYECTBEHHO M3MepUTb ypoBeHb 6e30nacHOCTU aTOMHbIX anekTpocTaHuuii (ASC) n obecneunTb ONTUMM3ALMIO 3aLLUTbI. ITO BEPOST-
HOCTHbIVi aHanu3 6e3onacHocT. Tem He meHee BesonacHocTb ASC no-npexHeMy 060CHOBLIBAETCA Ha OCHOBaHUW AETEPMUHUCTU-
Yyeckoro noaxofa. B kayectBe OCHOBHOIO MHCTPYMEHTa AeTEPMUHUCTMYECKOrO NOAX0Aa UCNONb3yeTCs aHanm3 NPOEeKTHLIX aBapui Kak
ans npoektupoBanusa AQC, Tak u ans o6ocHoBaHus ee 6e3onacHocTn. OH obnagaeT obLLEeNnpU3HaHHON U YCTOSABLLENCS METOAOMOIMNEN,
npoueaypo 1 ONnbITOM MpUMEHeHWsi. Takum obpasoM, BO3HUKAET NPOTUBOpEeYnEe Mexay n3MepeHuem ypoBHS U obocHoBaHuem 6es-
OMacHoOCTW.

Llenb nccnepoBaHms. B ctatbe onncaH cnocob, KOTOPbIA Ha OCHOBaHWN AETEPMUHUCTUYECKOrO NoaxoAa Mo3BONAET OLEHUTb
3anacel 6esonacHocTn ASC Ans uenen onTummnsaumm 6e3onacHoCcT 1 3aTpaT Ha NnoBblLLeHWe 6e30nacHOCTU.

MeToauka peanu3saumm. B kayecTBe MHCTpyMeHTa AeTEPMUHUCTMYECKOrO Noaxoda M pacdeTta 3anacoB 6e30nacHOCTU UCnosb-
30Barcsa aHanu3 npoekTHbix aBapuii (AlMA). Lienb AlNA 3akntoyaeTcs B TOM, YTOObl H2 OCHOBAHMM KOHCEPBATMBHOMO NMOAX04a OLEHUTb
npeBbILLEHNe UMU HenpeBbILLeHUe TaK HasblBaeMblX KpUTEpUeB NPUEeMeMOoCTU, KOTOpble YyCTaHaBnMBalOTCS U 0OOCHOBbLIBAOTCS B
Mpoekte AJC. lNockonbKy KpUTEPUU MPUEMMEMOCTUM UMEKT pPasnuyHylo u3nyeckylo npupoay, eavHULbl U3MEPEHUsT U YUCTIEHHbIE
3Ha4yeHus, TO npeanaraeTcs NepeBecTn nx B 6espasmepHyto hopMy nyTeMm AeneHVs pacyeTHOro 3HayeHUs napameTpa Ha 3HayeHue
KpuTepusa npuemnemocTu. PedynbTaTom Oynet 6espasmepHoe 3HadeHve geduumTta 6esonacHoCTu, a pasHuua mexay 6espa3mepHbIM
3Ha4YeHveMm Kputepusi npuemrnemoctum (Bcerga pasHo 1) u geduuntom 6esonacHocTn byaet 6e3pasmepHbIM 3HavyeHMeM 3anaca bes-
onacHocTu. Takke npeanaraeTcs AN Kaxaoro Kkputepus npuemnemMoct yctaHoBuTb 10 %-Hyto 30HY (HWKHAS rpaHuua KOTOpoW paBHa
0,9 —npepenbHoe 3Ha4eHne AeduunTa 6€30MacHOCTU) B Ka4ecTBe AeTePMUHNCTUYECKOTO KpUTepust 6e30nacHOCTV 1 UCNoNb3oBaTh ero
npu sigepHoM perynuposaHuun. Ecnn pacyeTtHoe 3HadeHune gedwmumuta 6esonacHocTu nonagaet B 10 %-Hyto 30HY, TO npegnaraeTcs
BBOAMTb BPEMEHHbIE OrPaHNYeHNs Ha 3KCnyaTauuilo aHeprobrnoka n peanv3oBbiBaTb MeEpPONPUATUS NO 6e30nacHOCTV AN CHUXKEHWS
Aeduunta 6e3onacHocTy. Takol cnocob No3BoNseT BbISBUTL Kak AedULUMTbI, Tak 1 U3bbITOYHbIE 3anackl 6e3onacHoCTy.

Pe3ynbTaThl uccnegoBaHus. [peanaraembin cnoco® npumeHeH k AlNA aHeprobnoka Ne 5 3anopoxckon ASC. [Ons kaxgoro
NCcXofHoro cobbiTns Bbiny paccuutaHbl AedunumnTbl 6e30MacHoOCTU M rpadmyeckn MOCTpoeHbl Npodunm 6e3onacHOCTV ANs KaX[aoro
KpUTEPUSA NPUEMNEMOCTH.

BbiBogbl. Cnocob pekomeHAyeTcs Ans NMPUMEHEHUs1 B perynvpylowen AesTenbHOCTU, Npu NPOeKTUPOBaHWUKM 1 3KcnyaTauum
AJC, B T.4. N 060CHOBaHUSA peMoHTa 060pyaAoBaHuUst Ha paboTatoLem aHeproboke.

KnioueBble cnoBa: geduumt 6esonacHoctu; 6espasmepHoe 3HayeHue 3anaca 6e30nacHOCTU; 4EeTEPMUHUCTUYECKUIA KPUTEPUIA
6esonacHoCTy.
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