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B pamkax ¢akTopHOrO TApaMETPHUECKOTO
MOJCJIUPOBAHUS pa3paboTaH U anpoOUpoBaH
QITOPUTM  pacueTra BEPOSTHOCTHOM  MeEphI
BO3HUMKHOBEHMSI TPOUCLIECTBUS Ha YpPOBHE
BEJIMYUHBI ~ HUXE  JOJMW  TMpOIEHTa B
CTaTUCTUYECKH IIJIOXO M3YYEHHOM TEXHUYECKOU
CHUCTEME «3allluTa 00BEKT
[lonyyensl aHanUTHYECKHUE U
TaOJIMYHBIC 3aBUCUMOCTH BEPOSITHOCTH
HAaCTYIUICHHS ~ TPOMCIIECTBUSI HA  ypOBHE
3HaueHui ot 10—7 B GyHKIIMU OT MPUBEACHHOTO
napaMeTpru4eckoro 3amaca 0Oe30MacHOCTH Ha
WHTEpBaje u3MeHeHus oT —5 a0 +5. Caemansl
YHCJICHHBIC OIICHKH T0Ka3aTesiel 0e30macHOCTH

cpeaar.
paCUYCTHBIC

Ha MPaKTHUYCCKHU 3HAYUMOI O0O0JIaCTH aHalIu3a:

MaTeMaTHYeCKoe  OXKUIAHWE  BO3JEHCTBUSA
«MEHBIIIEY WITH «HAMHOTO MEHBIIIE)
BOCIIPUUMYHUBOCTH, Ha  KOTOpOM  pa3dpoc

3HAUEHUN NPUBEIEHHOIO IapaMeTPUUYECKOro
3amaca Oe3zomacHocTH U > 1. Jlnsg BapuaHTa

BO3JEUCTBUS  «0OJbIIE»  HWIA  «HAMHOTO
OoubIIe) BOCITPUUMYHUBOCTH TTOJTY4CHBI
pacyeTHbIe 3HAYEHMS BEPOSITHOCTH
MIPOUCIIECTBHSI, KOTOPhIE MOTYT OBITH IMOJIE3HBI
JUIS MPOTHO32 CHCTEMBI c y4eTOM
AKCTPEMAJbHBIX  BO3JICUCTBUU. IIpoBenena
JEMOHCTpPALMSI ~ BO3MOXHOCTH  IPUMEHEHUS
napaMeTpu4eckoll MoJeNnu «BO3JIEUCTBHE —
BOCITPUUMYHUBOCTH)» B JHaIIa30He
BO3HUKHOBEHMSI  BEpPIIMHHBIX  HCXOJIOB  OT

TpaBMbl (3a00JIeBaHUS) 1O KPUTUYECKOTO WU
JIETAJIBHOTO UCXO0/a.

ALGORITHM OF THE PROBABILITY
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In the framework of factorial parametric
modeling the authors have developed and
tested the algorithm for calculating the
probability of incident occurrence on the level
which is below one percent in statistically not
enough studied technical system "protection

— object — environment”. The authors
produced analytical and calculation table
dependencies  of incidents  occurrence

probability at the level of values from 10-7 in
the function from the parametric safety margin
in the interval changes from — 5 to + 5.
Numerical evaluation of safety indicators on
the practically important region of analysis
was made: the mathematical expectation of
the impact is "less" or "much less" than the
susceptibility, the spread of the given values
for parametric safety margin is u > 1. For the
option where the impact is "more™ or "much
more" than the susceptibility the authors
calculated the values of incidents occurrence
probability, which may be useful for system
forecast with regard to extreme impacts. The
authors performed the demonstration of the
possible use of the parametric model
"influence — susceptibility” in the range of
occurrence of apical outcomes from injury
(disease) to a critical one, or death.
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KiaioueBble cjaoBa: 0€30MaCHOCTh, CHCTEMA
«3amuTa — 00BEKT — cpeiay, MPOUCIISCTBHE,
BEPOSTHOCTHAsI Mepa, mapamMeTpuieckas MoJIeib
((BO3Z[€I>'ICTBPIG — BOCHpI/II/IM‘II/IBOCTB)).

BBenenue. OnHONW U3 aKTyalbHBIX 3a7a4
SBIISICTCA perieHue poOIeMbI
MPEACKa3yeMOCTH U (WJIM) OLIEHKH BEPOATHOCTHU
BO3HHUKHOBEHHUS MPOUCIIECTBUS (3aboieBaHue,
HECYACTHBIM ciydaid, aBapusi, karactpoda) Ha
YPOBHE BEIWYUHBI HIKE JOJIU MPOILEHTa B
CTaTUCTUYECKH IIJIOXO M3YYEHHOM TEXHUYECKOU
cucreme [1-4].

Bcenen 3a GonMbIIMHCTBOM HccleqoBareneit
ompeneauM  0€30MacHOCTb  Kak  CBOMCTBO
TEXHUYECKOM M TEXHOJOTHYECKOM CUCTEMBI HE
JNOMYCTUTh €  HEKOTOPOHW  BEpPOSTHOCTBIO
BO3HUKHOBEHMS B HEM MpouciiecTBui [3, 5, 6].

OneHka ¥ MPOrHO3 0E30MaCHOCTH CHCTEMBI
3aBUCAT OT TJIYOWHBI JI€TaJU3AlMH PACKPBITHS
KOMITOHEHTOB CHCTEMBI «3allluTa — OOBEKT —
cpena», a TakXkKe OT CTENeHU H3YyYEHHOCTH,
MOJIHOTBl W JOCTOBEPHOCTH WHpOpMAMH O
MPEAIOCHIIKAX MPOUCIIECTBHMA, (paKTOpax W HX
CBA3SIX OTHOCUTEIIBHO  PacCMaTpUBAEMBbIX
BEpPUIMHHBIX UCX010B [7, 8, 9].

N3navanbHO KOJIMYECTBEHHAs OIICHKA
0€30MacCHOCTH  CJIO)KHOW  CHUCTEMBI  Oblia
OCHOBaHa Ha MPUMEHEHUHU JIOTUKH Kay3aJlbHOU
(npenomnpenenennocts) (Kmup, IocnenoB) umm
JIOTUKU  Ka3yaJdbHOM (CTOXAaCTUYHOCTh WIIU
HEMNpPeICKa3yeMOCTbh) (Ps16unuH,
OctpeiikoBckuii). [Ipu 3TOM OlLIeHHBaTh Mepy
peanu3anuy MpOHMCIIECTBUSL B cHUcTeMe OepyTcs
00 MO MPEAONPENEICHHO B3SITHIM B CHCTEME
COCTaBy 2JIEMEHTOB, (haKTOpaM U CBS3SIM, JTHOO
10  BapuWaHTaM  IUIOXO  TPEICKa3yeMBbIX
cuenapues [10-12].

Ou4eBUIHO, YTO KOHIENIUS MNPUEMIEMOIO

pI/ICKa YHI/IKaJ'II)HI)IX CUCTEM npezmon aract
METOINYECKOE 00bEeINHEHNE
MPEIONPECIICHHOCTH  CTPYKTYPHBIX  CBs3ei

KOMIIOHEHTOB W HEMOJHOW MpeacKa3yeMOCTH
oOyactell BappUpOBaHUs MapaMeTPoB (PaKkTOPOB
M XapaKTEepUCTHK 00beKTa cucteMsl [9, 13, 14—
16]. BcenencrtBue 3TOTO KOHIIETIIINS
MPUEMIIEMOTO pHUCKa TIONy4YWia JanbHeIiee
pa3BHUTHE Ha OCHOBE pa3pabOTKU M MPUMEHEHUS

[T

Keywords: Safety, “protection — object —
environment™ system, incident, probability
measure, parametric model "influence -
susceptibility ".

Introduction. One of the urgent tasks is to
solve the problem of predictability and (or)
assessment of the probability of occurrence of
the incident (illness, accident, crash, disaster)
at the level of magnitude below the fraction of
a percent in a statistically poorly studied
technical system [1-4].

Following the majority of researchers we
define safety as a property of technical and
technological system to avoid a chance of
occurrence of incidents in it [3, 5, 6].

Assessment and prediction of system
security depend on the depth of detailed
understanding of the components of the
system "protection — object — environment”,
as well as the degree of knowledge,
completeness and accuracy of the information
on the preconditions of accident, factors and
their relationship with respect to the
considered apical outcomes [7, 8, 9].

Initially, quantitative safety assessment of a
complex system was based on the application
of causal logic (determinism) (Klir, Pospelov)
or casual logic (randomness or
unpredictability) (Ryabinin, Ostreykovskiy).
The possibility of incidents in the system is
assessed either according to pre-determined in
the system set of elements, factors and
relations, or according to the options of not
predictable scenarios [10-12].

It is obvious that the concept of acceptable
risk of unique systems involves methodical
combination of predetermination of the
structural relationships of the components and
the incomplete predictability of the variation
ranges of parameters of the factors and
characteristics of the object system [9, 13, 14-
16]. As a result, the concept of acceptable risk
was  further  developed through the
development and application of two
complementary methods:
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JBYX B3aUMOJOTIOIHSOIINUX METO/IOB:

1) 1OruKo-BEpPOATHOCTHOTO METOJla aHAIM3a
Y OLIEHKU 0€30MaCHOCTH TUIIOBBIX CUCTEM;

2) JIOTUKO-BO3MOKHOCTHOI'O MeTo/a
JKCIPECC-OLIEHKH YHUKAJIBHBIX CUCTEM.

@®opMyIMPOBKA 3aga4uM. /[ KOHKPETHOMN

TEXHUYCCKOM CHCTEMBI «3aIlluTa — 00BEKT —
cpeaa» AJIrOpUT™M OIIpCACIICHHUA n
IMOCJICAYIOIICTO pacycTa nokasarelei

0€30MaCHOCTH COCTOUT M3 CIEIYIOIIMX STaroB
w 3aza4 [13, 17-21]:

1) BBIOpaTh BEPIIMHHBIA UCXO/I,

2) yCTaHOBUTH €T0 MPEINOCHUIKH,

3) MOCTPOHUTH JHMHTBUCTHYECKYID MOJECIb
peanu3aiy BEpIIMHHOTO UCX0/1a,

4) NOCTPOUTH JOTHUECKYIO MOJEIIb C YUETOM,
M0 BO3MOXHOCTH, TIOJHOrOo Habopa cBs3ei
MIPEANOCHIIOK,

5) Ans Kaxaoi TPEANOCBUIKH TIOCTPOUTH
[apaMeTpUUECKyl0 MOJENb €€ peaju3aluu Ha

OCHOBE MOJICNIN «BO3ACUCTBUE — oOcaliIeHne
— BOCIIPHHMYHBOCTbY,

6) Ha OCHOBE BBIOOpA (0OOCHOBaHMS) JIs HEE
MPOU3BOJMHBIX  TApaMEeTpoOB, C  Y4ETOM
MIPOBEICHUS WHKEHEPHOM JKCIIEPTHU3BI

KOHKPETHO B35TOM TexHuueckoil cucremsl TC1
B paMKax (TepMHHaX) MOJIETU «BO3ACHCTBHUE —
ocnabieHue — BOCIPUUMYHMBOCTH)» COCTaBUTh
TAaOMUIBl 3HAYEHUH «siep» U MHTEPBAJIOB
«Pa3MBITOCTH,

7) paccuMTarth BEPOSATHOCTHBIE U (WMJIN)
BO3MOXXHOCTHbIE Mepbl (BM)  peanuzanuun
2JIEMEHTAPHBIX NPEATIOCHIIOK,

8) MOCTpOUTH BEPOSATHOCTHYIO M (WIN)
BO3MOXXHOCTHYIO (popMy (pyHKUMH peanuzanuu
BEPIIMHHOTO UCX0/a,

9) moxcTaBUTh B HEE BEPOSITHOCTHBIEC U (MIJIH)

BO3MOXXHOCTHBIC MCEPbI pcan3anuu
QJICMCHTAPHBIX  MOPCANOCBUIOK W MOJYYUTH
HTOTOBBIM pe3yiabTaT B BUJC 3HA4YCHUA

BEPOSATHOCTH W (WJIHM) BO3MOXXHOCTHOH MepbI
peanuzanuu BEpPLIMHHOTO nucxonaa B
paccmatpuBaemoit TC1.

Kak mnpaBwio, 3amaum 1, 2 m 3 HocAr
UCCIIEIOBATENILCKUI XapakTep M MOTYT OBITh
pelieHbl  AKCHEPTOM WM UCKYCCTBEHHOMU
uHTemekTyanbHon cuctemont (MM C) Ha ocHOBe
MOJIHOTO ¥ TOYHOI'O AaHaJIW3a KOHKPETHOU

1) logical-and-probabilistic method of
analysis and safety assessment of typical
systems;

2) logical-and-possibility method of rapid
assessment of unique systems.

Formulation of the problem. For specific
technical systems “protection — object —
environment” the detection algorithm and the
subsequent calculation of safety indicators
consist of the following steps or tasks [13, 17-
21]:

1) to choose an apical outcome,

2) to determine its preconditions,

3) to build a linguistic model of
implementation of the apical outcome,

4) to build a logical model, taking into
account, if possible, a complete set of relations
preconditions,

5) for each of the precondition to build a
parametric model of its implementation on the
basis of “effects weakening -
susceptibility”,

6) to make a table of values of “cores” and
"blur" intervals basing on the selection
(justification) of the arbitrary parameters for
it, taking into account the engineering
expertise of the particular technical system
TS1 in the framework of (terminology) of the
model  "impact weakening
susceptibility”,

7) to calculate the probability and (or)
possibility measures (PM) of realization of the
basic preconditions,

8) to build a probability and (or) possibility
shape of realization functions of the apical
outcome,

9) to substitute it into the probabilistic and
(or) possibility measures of realization of the
basic preconditions and to obtain the final
result in the form of value of probability and
(or) possibility measures of realization of the
apical outcome in the considered TS1.

Typically, tasks 1, 2 and 3 are exploratory
in nature and can be solved by an expert or
artificial intelligent system (AIS) on the basis

of full and accurate analysis of a specific
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TEXHUYECKOH  CHUCTeMbl C  TO3UIUH €€
MOTEHIMAJILHON OMACHOCTH caMO# ce0e, IPyrum
MOACUCTEMAM (Hazcucremam) W
OKpY>Karollen cpene.

[locne mnpoBeaeHHs STUX OTANoOB Jaliee
TEXHUYECKass CHCTEMa paccMaTpuBaeTcs B
CIICAYIOIIEM BHJIE: «IIOTCHIUAIBHO OIACHBIN
O0BEKT KaK KOHCTPYKIHUS U (PYHKIHOHAIBHOE
yCTPOMCTBO, coJieprkariee COBOKYITHOCTb
MOTEHIMAJIFHO OMACHBIX 3JIEMEHTOB Pa3IMYHOU
(U3UKO-XMMHYECKON MPUPOIBl — BHEIIHUE U
BHYTpPEHHUE (BTOPWUYHBIC) OMacHbIe W (WIJIH)
BpEIHbIE dakTopbl — MIPaBOBbIE,
OpraHu3aIMOHHbIE, TEXHHYECKUE "
KOHCTPYKTHUBHBIE CITOCOOBI M CPEICTBA 3aIUTHI
— UCTIOJTHUTEIIN.

B pamkax nanHoil paOoThl paccMaTpuBaeTCs
XOJI ¥ pe3yNbTaThl PelIeHus 3a1a4 S5 u 7.

YcraHoB/IeHHe Mepbl  OINpeaeTeHHOCTH
BEPIIMHHOTO nucxoaa Ha OCHOBe
napaMeTpu4ecKoro KpuTepusi «Bo3jeiicTBue
00Jib1IIe BOCTIPMUMYHBOCTH». MoieTupoBaHue
u MIPUYUHHO-CJIEICTBEHHBII
HACTYIUJICHHUS] BEPIIMHHOTO HCXOJa B CHCTEME

MOXKHO OImMcaTb Ha OCHOBC

aHaJInu3

CUCTEMHO-
TEXHUYECKOT0 H3Y4YEeHUS (PU3UKO-XUMUYECKUX
€ro MpeArnoChUIOK IYTEM BbIOOpA U OIMUCAHUS
(aKkTOpHBIX TapaMeTpUYECKUX Mojeneill Buaa
«Harpyska —  Hecymias  CIIOCOOHOCTbHY,
«BO3JIEHCTBUE — BOCIPUUMYMBOCTHY». [lpn
9TOM 4Yallle BCEro peaju3alyi0 BEPLIMHHOIO
HCXO0Jla OLICHUBAIOT II0 YCIIOBHUIO IIPEBBILICHUS
napaMeTrpa WIM BEIMYMHBI BO3ACUCTBHS S Hal
BOCIIPUUMYHUBOCTBIO I (S > r). B 3aBucumocTH
OT TOYHOCTH,

IOJIHOTBI MW  JOCTOBCPHOCTH

nHpOpMAIIUd O BO3MOXKHBIX  peaTu3aIusIx
BEJIMYMH S M I B paccMaTpuBaeMoOM CHUCTEME
«ammra  — O00BEeKT — cpema» Mepa
OMPENICICHHOCTH  peajiu3allid  BEPIIMHHOTO
MCXOJIa WM YCIIOBHS MPEBBIIICHUS MOXKET OBITh
MpelcTaBiIeHa Kak Mepa HeoOXOJuMOCTH N
= Nec (t), unu mepa BepositHoctu P =Pro (t),
Wi Mepa Bo3MokHoctH 7 = Pos (t). Ilpum
HOPMHPOBKE Ha WHTEpBaJe BEIIECTBEHHBIX
yucen [0, 1] anda OgHOTO OTAENBHO B3ATOTO

KpUTEpUs 3TH MEPbI HAXOAATCS B CIEAYIOLIEM

[T

technical system from the viewpoint of its
potential danger to itself, other subsystems
(super-systems) or the environment.

After carrying out these stages the technical
system is considered in the following form:
"potentially dangerous object as a structure
and functional device that contains a set of
potentially dangerous items of different
physical and chemical nature — external and
internal  (secondary) hazardous and (or)
harmful factors — legal, organizational,
technical, and constructive ways and means of
protection — performers”.

In this work the authors discuss the progress
and results of solving tasks 5 and 7.

Determination of measures of certainty of
the apical outcome based on parametric
criterion  "impact is more than
susceptibility**. Modeling and causal analysis
of the occurrence of the apical outcome in the
system can be described on the basis of
system-technical study of its physical and
chemical preconditions by selection and
descriptions of factor parametric models of the
"load - bearing capacity”, "impact —
susceptibility”. The realization of the apical
outcome is usually estimated by the condition
of exceeding the parameter or the magnitude
of the impact s on the susceptibility r: (s > r).
Depending on the accuracy, completeness and
reliability of information about possible
realizations of the quantities s and r in the
system "protection — object — environment”
certainty measure of realization of the apical
outcome or the excess condition can be
represented as a measure of necessity
n = Nec (t), or a measure of probability p =Pro
(t), or a measure of possibility 7z = Pos (t).
When normalized on the interval of real
numbers [0, 1] for a single criterion these
measures are in the following relation [2, 9,

b /8
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(N=

oTHomeHuu [2, 9, 11]:
Nec (s>r)<Pro(s>r)<Pos(s>r) (1)
371ech O S, T COOTBETCTBEHHO MOHUMAIOTCS
BEJIMYMHBI  (TIapaMeTpbl)

MOZCIIM peajin3alluid BCPIIMHHOTO HCXOJA: B

MapaMeTPUIECKON

oneparope Nec — neTepMUHUPOBAHHBIC, B
onepartope Pro — cnyudaiinsie; B oneparope Pos
— HEYCTKHUE BEITMYHUHBI (TTapaMeTphI).

Ecnu cucrema «3ammura — o0BEKT — cpeaar»
JIEeTepMUHUPOBaHA, TO Mepa IPUHUMAET OJIHO U3
nByx 3HaueHuit: O umu 1.

Ecnu cucrema «3ammra — 00beKT — cpenay
ciy4aiiHa u W3BECTHBI IJIOTHOCTH
pacnpezesneHusi BepositHoctd @ (S) u @ (I)
CIIy4allHbIX BEJIMYMH S U I, TO BEPOSITHOCTh
peaniMzauuu ycioBus (S = ) HaxoAdaT Ha

OCHOBAaHUU IMMOCTPOCHUA BepOﬂTHOCTHOfI

[apaMeTpUuecKOl MOJENHU «BO3JEUCTBUE S —

BOCIIpUUMYUBOCTD N C HCITIOJIB30BaAHHEM

MOACIHN IMPCBLIICHUA BOSHCﬁCTBHﬂ Haxqg

BOCIPUUMYHUBOCTHIO (pHC. 1).

g PO
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11]:
Nec (s>r)<Pro(s>r)<Pos(s>r) (1)

Here s and r respectively refer to the
variables (parameters) of parametric model of
the realization of the apical outcome: in the
operator Nec — determinate; in the operator
Pro — random; in the operator Pos — fuzzy
variables (parameters).

If the system “protection — object —
environment™ is determined, the measure takes
one of the two values: 0 or 1.

If the system “protection — object —
environment” is random and we know
probability density functions ¢ (s) and ¢ (r) of
random variables s and r, the probability of the
condition realization (s > r) is determined
basing on constructing of a probabilistic
parametric model “"the impact s
susceptibility r" using a model when impact is
more than susceptibility (Fig. 1).

v

v

v

Ins
p>0
|
p=7
p=1 " o)
my

v

mg

Puc. 1. I/IJ'IJ'IIOCTpaI_[I/Iﬂ OCHOBHBIX BAPUAHTOB COOTHOILIICHUA CHy‘laﬁHBIX rnapamMeTpoB
B03)1€I7ICTBI/ISI " BOCIIPUUMYUBOCTHU

Fig. 1. llustration of the main types of ratios of random parameters of impact and susceptibility

Ha puc. 1 npezacraBineHbl 4eThIpe OCHOBHBIX
BapuUaHTa COOTHOUICHUS BENMYUH. BepxHsis
JMHUSL JICMOHCTPUPYET BapHaHT: BO3JCHCTBUE
HAMHOTO  MEHBIIE  BOCHPUUMYHUBOCTH, |
nepecedeHue KpuBbIX @ (S) u ¢ () HEBO3MOXKHO;
BEPOSITHOCTh BO3HHKHOBEHHUS HEXENIATEIHHOTO
UCXO0JIa, TO €CTh peajH3alud MPOUCIICCTBHS,
paBHa Hymo, p = 0. Caexyromas guuus (p > 0)
JIEMOHCTPHUPYET

BapUaHT  «IIPUOIMKEHUS

Fig. 1 shows the four main options of values
ratio. The top line shows the option: the
impact is far less than the susceptibility, and
the intersection of the curves ¢ (S) and ¢ (r) is
impossible; the probability of an undesirable
outcome, i.e. the realization of incident is
zero, p = 0. The next line (p > 0) is a variation
of "approximation from below" of probable

http://bps-journal.ru/
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3Ha4YECHU I

CHU3Y»  BEPOSATHBIX
BO3JICUCTBUSI S K

mapamerpa
BCPOSATHBIM ~ 3HAYCHHSIM
nmapamMeTpa BOCIHIPUHUMYUBOCTHU r. TpeTBH JIMHUA
(p=0.,5 clyyait

MaTEMATUYECKUX OXKHUIAHUU BO3AEHUCTBUSA Ms U

OIIMCBhIBACT paBCHCTBA

BocripuuM4uBOCTH My. IlomyTHO 31€CH CienyeT

3aMCTUTD, qTo CPECAHCKBAAPAaTHYCCKUEC
OTKJIIOHECHUA BOSHGﬁCTBHH S n
BOCOOPUMMYHMBOCTH I MOI'yT HE€ COBIAJaTh.

HakoHern, HWKHSIS JMHHS OIKMCHIBACT CIIyYai,
KOT'Ja MaTEMAaTHYECKOE OKHUOAHNE BO3AECHCTBUS
Ms HaMHOro  Oojbllle  MaTeMaTHYECKOIO
OXHUOaHUA BOCHpI/II/IMLII/IBOCTI/I mr, nu HpI/I JHO6I)IX
3HAYCHUAX CpeI[HeKBaIIpaTI/I‘ICCKI/IX OTKJIOHCHI/IfI
BO3I[€I\/JICTBI/I$I S nu BOCHpI/II/IM‘II/IBOCTI/I r
nepeceueHne KpuBbIX @ (S) U ¢ () HEBO3MOKHO.
PaccMoTpenHble  BapHaHTBI
apaMeTpPOB BO3ACHCTBHS M BOCIHPUUMYHBOCTH

MO3BOJIAKOT HAIJIAAHO U YCKOPCHHO OLICHUBATH

COOTHOLICHHUA

BEPOSITHOCTh ~ peaIM3alldd  MapaMeTPUUYECKON
MPEIIOCHIIKH JIF0O0T0 BEPITMHHOTO UCXO/A.

Ha ocHoBe paccmoTrpenHoit Ha puc. 1
rapamMeTpUIeCKOM MOJIENH ornpeaenuM
BEPOSITHOCTh TMPEBBILIEHUSI BO3JEUCTBHUS S Haj

BOCIIPUHUMYHUBOCTBIO I': Pro (s >r).

BBeneM HOBYyIO mepeMeHHyl0 Z=S-T,
KOTOpasi  paclpezeiieHa 10  HOPMaJIbHOMY
3aKOHY €  MaTeMaTU4YeCKUM  OXHJIaHUEM

Mz = Ms— My, U PEJICTABUM 337a4y B BUJIE

Pros—r>0)=["_ o @[ ¢ (s)ds]dr. (2)
CHavasla pacCMOTpPUM  NEPBBIN
yCJ'IOBI/ISI 3aJauyu. MaAaTeMaTHu4dYeCKOC OXHUAAHUC

BapHuaHT

CIIy4aifHOTO BO3JCUCTBUS MEHBIIIE

MaTeMaTUYECKOr 0o 0KUJAHUS CIIy4alHOM1

BOCITPUUMYHUBOCTH (CM. BTOPYIO JIMHUIO Ha PUC.
1):
ms<mr— m;=ms—my<0. (3)
Beenem GYHKITUIO pacrpeaeneHus
BEPOSATHOCTH @, (Z) W HA OCHOBaHHH
TaOyTHMpPOBAaHHOTO HHTErpaiga BEPOSTHOCTEH
@ (X) [22] c¢ yuerom (3) BeIpaxkeHue (2)
MPEACTaBUM B BHJIC:
p1(u) =Pro(z>0)=05-d(mr—ms)/
(6% + 6%)%°) = 0,5 - @ (u), (4)

riae napameTp u = (mr — ms)/(c2 + 6%)°°

values of the impact parameter s to the
probable values of the parameter of the
susceptibility r. The third line (p = 0,5)
describes the case of equality of mathematical
expectations of the impact of ms and the
susceptibility m;. At the same time it should be
noted that the standard deviation of impact s
and susceptibility r may not coincide. Finally,
the bottom line describes the case when the
mathematical expectation of the impact ms is
much more than the mathematical expectation
of the susceptibility m;, and at any values of
standard deviations of impact s and
susceptibility r the intersection of the curves ¢
(s) and ¢ (r) is impossible. The considered
options of parameters correlation of impact
and susceptibility make it possible to assess
the probability of parametric preconditions for
any apical outcome.

According to the described in Fig. 1
parametric model we define the probability of
the impact s exceeding the susceptibility r:
Pro (s>r).

We introduce a new variable z = s — r which
is normally distributed by normal law with
mathematical expectation mz = ms — mr, and
we present the task as
Pro(s—r>0)=[" o [, ¢ (s)ds]dr. (2)

First, let’s consider the first option of the
problem  condition: the  mathematical
expectation of the random impact is less than
the mathematical expectation of the random
susceptibility (see second line in Fig. 1):

Mms<mr— m;=ms—m;<0. 3

We introduce the probability distribution
function ¢, (z) and on the basis of the
tabulated probability integral @ (x) [22] taking
into account (3) the expression (2) will be as
follows:

pi(u) =Pro(z>0)=05-d(Mr—ms)/

(0% + 6%)*°) = 0,5 - @ (u), (4)

where the u = (mr — ms)/(c2r + 0%)°° represents

http://bps-journal.ru/
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MPEJCTaBIISIET coboit BEPOATHOCTHBIIN
«IIpUBEICHHBII apaMeTpUUECKUM 3amac
6esonacaoctu»  (III13B) kak  oOTHOUIEHHE
Pa3HOCTH MaTEeMaTHYECKUX OKUJaHUH
BO3JICHCTBUS U  BOCIHPHUMMYMBOCTH K HX
CYMMapHOMY CpEIHEKBAIpaTUUECKOMY
OTKJIOHEHHMIO.

PaccmoTpuM  BTOpOH BapuaHT pelleHUs
3amaun (2), Korjga MaTeMaTHYecKOoe OXKHJIaHue

Cily4aitHOro BO3JICUCTBUS OoJbIe
MaTeMaTU4eCKOro O0XKUJAHUS CIly4anHOM1
BOCIIPUMMYHUBOCTH:

ms > mr — mz = ms —mr > 0. (5)

C yueroM (5) BbpaxkeHue (2) MOIy4yUM B
BUJIE:
p2(u) =Pro(z>0)=0,5+ ®((ms—my) /
(6% + 6%)%°) = 0,5 + @ (u). (6)
3aMeTHuM, Y4TO 3aMEHA YCJIOBHSI «MCHBIIIE» Ha
«bompmey» B BepaxeHusx (3) u  (5)
COIIPOBOXKIAETCS 3aMEHOM 3HaKa:
(Mms—my) / (o2 + 6%)%° =

— (mr_ ms) / ((52r + (525)0’5 =—Uu. (7)
IIpn 3TOM OYEBU/HO, 4TO ecinu
MIOJIOXKUTEIbHAS BEIUYMHA (+u) €CThb

XapaKTepUCTHKa «3amaca Oe30MacHOCTH», TO
oTpulaTeNbHas BeaWuuHAa (—U)  BBIpaskaer
HaJIMYME ¥ HAPACTAHHE «OMACHOCTH» IPHU
JalbHEUIIeM pocTe BEIMYMHBI BO3JIECHCTBUS
[23].

Haiinem BepostHoctn  p1(u) u  p2(u)
guciaeHHo. [l 3Toro m3 Tabmumbl 3HAYCHUH
uHTerpaia BeposTHocTed (¢pynkuuu Jlammaca)
MOCTIeTIOBATEIHHO BEIOHMpacM 3HAYCHUS
MPUBEJACHHOTO  MapaMeTPUYecKoro  3armaca
OesomacHoct U=0; 1; 2; 3; 4; 5. 3arem
HaxoauM 3HadeHus: O(X = U), KOTOpbIe CBEAEM B
tabs. 1.

the probability of "given parametric safety
margin” as the ratio of the difference of
mathematical expectations of the impact and
susceptibility to their combined standard
deviation

Let’s consider the second solution to the
problem (2) when the mathematical
expectation of a random impact is more than
the mathematical expectation of a random
susceptibility:

ms > mr — mz = ms —mr > 0. (5)

Taking into account (5) the expression (2)

will become:
p2(u) =Pro(z>0) =0,5+ ®((ms—my) /
(6% + 6%)*°) = 0,5 + @ (u). (6)

It should be noted that the replacement of
"less" to "more" in the expressions (3) and (5)
is followed by the replacement of the sign:

(Mms—my) / (62 + 6%)%° =
— (Mr—ms) / (6% + %) =—u. (7)

It is obvious that if the positive value (+u)
is a characteristic of a "safety margin", then
the negative value (—u) expresses the presence
and growth of "danger"” with a further increase
of the impact value [23].

Let’s find the probability pi(u) and pz(u)
numerically. To do this from the table values
of the probability integral (Laplace's function)
we subsequently choose the given parametric
values of safety margin, u = 0; 1; 2; 3; 4, 5.
Then we find the values ®(x = u), which are
summarized in table. 1.

Tabmuna 1
Table 1

BeposiTHOCTh peanu3aiiuu BepimHHOro ucxonaa Pro (s > r)
Probability of the apical outcome realization Pro (s >r)

u P (W)[(mr>ms) | p2 (W)|(ms>mr)
0 05 05

1 0,15866 0,84134

2 0,02275 0,97725

3 0,00145 0,99865

4 0,0000317 0,999683

5 0,0000001867 | 0,9999997133
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B T1abn. 1 mpencraBieHbl  pe3yJabTaThI
pacuera 3HAYCHHUH BEPOSITHOCTH pealn3aluu
BEPUIMHHOTO ucxona Pro (S >r) B ¢yHkuuu ot
IIPUBECHHOIO  IApaMETPUYECKOro  3araca
O6e3omacHOCTH U JJI JIBYX Pa3iIHYaONIMXCS
BapUAaHTOB  COOTHOIIEHHH  MaTeMaTHYECKHX
OXKUJAHUM BO3JCHCTBUS U BOCIPUUMYHUBOCTH
(1): (me>ms) 1 (2): (Ms> my).

C yuerom 3aBucumoctu (7) 1 1aHHBIX TabI. |
MOJIy4eHO TabIMYHOE BBIPAKEHHE BEPOSITHOCTU
P(u) B

(GyHKIMK OT TPUBEACHHOTO mapamerpa U Ha

pam3anun  BCPHIMHHOI'0  HCXOJa

MHTEpBajJe €ro MU3MEHEeHus OoT -5 a0 +5
(Tabu. 2).

Safety of Technogenic and Natural Systems 4 2017

Table. 1 shows the results of calculation of
probability values of the apical outcome
realization Pro (s > r) in the form of the
function of the parametric safety margin u for
two different options of ratio of mathematical
expectations of impact and susceptibility (1):
(mr>ms) u (2): (Ms> my).

Taking into account the dependence (7) and
table 1 data we got the table expression of the
probability of the apical outcome P(u) as a
function of the given parameter u in the
interval of its changes from -5 to +5 (table. 2).

Tabmnuua 2
Table 2

BepOHTHOCTB HACTYIUICHUS NPOUCHICCTBUS B (bYHKHI/II/I OT IMPUBCACHHOI'O MapaMCTPHUICCKOTO

3araca 6e301acHOCTH U IIPUHATOM YCJIOBHUU NPCBLIIICHUA ((BO3I[CIZCTBI/I€ OosbIIIe BOCIIPUUMYHNBOCTH

The probability of incidents occurrence as a function of the given parametric safety margin and the
accepted condition of exceeding "the impact is more than susceptibility"

Z
c

P(u)

0,9999997133

0,999683

0,99865

0,97725

0,84134

0,5

0,15866

0,02275

OO |NO|O|B[WIN|F-
|
[HEN

0,00145

=
o

0,0000317

11

0,0000001867

Ha ocHoBanuu Ta6i1. 2 myTeM WHTEPHOIAINU

JIETKO MOJIYYUTh YUCJICHHBIC OIICHKHU
nmokasareiel 0e30macHOCTH Ha MPaKTUYECKU
3HAUYUMOU obnactu aHaiamza [24]:
MaTeMaTU4ecKoe  OXKUJAHUE
«MEHBIIIEY W «HaMHOTO
BOCIIPUUMYHUBOCTH, a pa3dpoc  3HaYCHUH
MPUBEJIEHHOTO  MapaMeTPUYECKOro  3amaca
6e3omacHoct U > 1. [IpuMeHeHue pe3ynbTaToB
BapuaHta (2): BO3AEWCTBUE «OOMBIIE» WU
«HaMHOTO 0OJIIBIIIE» BOCIIPUUMYHUBOCTH MOJIE3HO
JUTSL TIPOBEACHUS MPOTHO3a CUCTEMBI C YYETOM
AKCTpEMaJIbHBIX BO3AeHCTBUH [25].

Wcnone3ys mar pacuera U = 0,1, Ha

BO3JICUCTBUA
MEHBIIIEY

On the basis of table 2 by interpolation it is
easy to obtain a numerical assessment of
safety performance for the practically
important ~ region of analysis  [24]:
mathematical expectation of the impact is
"less™ or "much less" than susceptibility, and
the spread of values of the given parametric
safety margin is u>1. Application of the
option results (2): the impact is "more" or
"much higher" than susceptibility helps to
conduct a forecast of a system with regard to
extreme impacts [25].

Using the calculation step u = 0,1, based on

http://bps-journal.ru/

7 j




|

—ﬁﬂ—mm&mmﬁﬁﬂmﬁm—wl—_

=l
(N=

OCHOBAaHUHU OINMCAHHOTO TOAXOJa TOJYyYUM
YHCIIEHHOE 3HAY€HHE BEPOATHOCTH peau3aluu
P(u) =na
u3MeHeHus napamerpa U ot 0 mo 1, Kotopbii
WCIIONB3YETCS Il  OLIEHKM BO3MOXXHOCTHOM
Mepsl pouciiecTBud. [Ipu 3Tom a1 cpaBHeHUs

BCPIIMHHOIO HCXOJa HHTCPBAJIC

u pacueta
HOPMaJIbHOU

UCIIONIb3YEM
an(u) wu
aIMnpoOKCUMAIIMKM BO3MOKHOCTHOUM Mephl [9]:

3aBUCUMOCTH
JIMHEWHON L

h—Sh

2
(o) 2
Tcna =e aStAgr :e_ke(ZbOL) , (8)

rae Ke = k/2, a 3Hadenus koaddunuenta ke = 4,
5; 8 12, 5 COOTBETCTBYIOT 3HAUYCHUSIM
ko3 durmenta K= 3;4; 5 B QyHkumun ommobOK
(tabi. 3).

Safety of Technogenic and Natural Systems | 2017

the described approach we get the numerical
value of the probability of the apical outcome
P(u) on the parameter space u from 0 to 1,
which is used to evaluate possible measures of
the accident. In addition, for comparison and
calculation we use dependencies of the normal
ain(u) and wL linear approximation of possible
measures [9]:
_ ( 1 —=Sh ]2
nn, =e L ALSHALY _ e—ke~(zb&)2 , (8)

where ke = k/2, and the values of the
coefficient ke = 4, 5; 8; 12, 5 correspond to the
values of the coefficient k = 3; 4; 5 as a
function of the errors (table. 3).

Tabmuua 3
Table 3

CBoHas TabnuIa 3HaYCHHUI BEPOSITHOCTH BEPIIMHHOTO ncxona P(U) 1 BO3MOXKHOCTHON MephI B

HopMaibHOU 7tN(U) U TuHEelHOM L. anmpokcumanuu

Summary table of probability values of the apical outcome P(u) and possible measures in normal
zn(u) and zL linear approximation

n nL

1 1
0,956 0,9
0,835 0,8
0,666 0,7
0,486 0,6
0,324 0,5
0,197 0,4
0,110 0,3
0,056 0,2
0,026 0,1
0,011 0

u P(u)
0 0,5
0,1 0,46
0,2 0,42
0,3 0,38
0,4 0,34
0,5 0,32
0,6 0,30
0,7 0,26
0,8 0,21
0,9 0,19
1,0 0,156

Yame Bcero okcmepTtu3a 0€30MacHOCTH

MPOBOJUTCS B YCIOBHUSIX OTCYTCTBUSI TOYHOU U
(unu) mosHOM WHGOPMAIMK O TMPEAMOCHUTKAX
BO3HUKHOBEHMSI TPOUCIIECTBUM B TEXHUYECKOU
cucreme. 11oCckonbKy «mapamMeTp BO3AECHUCTBUS
— DTO XapAKTEPUCTHKA «CPEAbD», TO IKCHEPT
JUIL €r0 HaxXOXKJICHUS HCIOJIb3YyET PACUYETHO-
aHATMTHYECKHE CrocoObl. Torma Kak «mapaMeTp

BOCIIPUUMYUBOCTU» — BbIpAKCHHAA B
TEPMHUHaX u BCJIIMYHNHAaX napamMeTpoB
BOSHeﬁCTBHH XapaKTCPUCTHUKA CIIOCOOHOCTH

o0bekTa (MU cyObeKTa) K BO3HHUKHOBEHHUIO B

Often the examination of safety is carried
out without any accurate and (or) complete
information on the occurrence preconditions
of accidents in a technical system. As the
"Impact parameter" is characteristic of the
"environment”, to find it the expert uses
computational and analytical methods. And
the "sensitivity parameter" is the characteristic
of the possibility of the object (or subject) to
incidents occurrence in the system (apical

http://bps-journal.ru/ :f 83 1
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CHCTEME TPOMCIICCTBUS (BEPIIMHHOTO MCXO/a). outcome) expressed in terms of values and
[Ipuyem HHapaMCTpel BOCIIPUMMYUBOCTH impact  parameters. The  susceptibility
yCTaHaBIHBatoL, KaK MPABIIO, — harameters are set, as a rule, experimentally.
OKCIICPUMCEHTAJIBHO.

B kadecTBe mapamMeTpoB BOCIPUUMYHBOCTH
AKCIIEPTHI MPUHUMAIOT CJIEIYIONINE TOKA3aTeN:

1) mpegenbHO AONMyCTUMAas KOHIICHTPAIUS
BpenHOro rasa (I/M°), MIM 1033 M3TydeHHs
(JIx/kr mnu PeHTren), niM npoaoKUTEIIbHOCTh
npeObIBaHUS (C WM Yac);

2) TATUACCATUIIPOIICHTHBIA  KPUTHYCCKHUI
MOPOT BO3JICHCTBUS (Pa3MEpPHOCTh 0 aHAJIOTUU
C MPEABIAYIIIMH MOKA3aTeNsIMu );

3) cpenHee GUOPWIUISIIMOHHOE 3HAYCHUE
ToKa (MA);

4) HanpsbKeHUe Havajla TeKy4ecTH MaTepuana
tBepaoro tena (I1a).

Cnenyer
JKCIIEPT CMOCOOEH YCTAaHOBHUTH TAaKOro pojia
napaMeTpsl BO3JACHCTBUS U BOCIPUUMYUBOCTH B
BHJIE HEYCTKUX WHTEPBAIOB C

3aMCTUTb, YTO, KaK IIpaBHIIO,

yKa3aHUueM
YPOBHS Pa3IMYUMOCTH.

Pacuimmpenne u yHudukauus odgaacTu
NPUMEHEHHUs]  NapaMeTPUYeCKO  MOJeJH
«BO31eficTBHE — ocsalJieHne —
BOCIIPUUMYHUBOCTB». JlJIsI  IeMOHCTpauuu
JIOCTUKUMOCTH YHUPUKAITUT OLICHKHU
0€301acHOCTH MPOBEIEM COBMEIIICHUE

[IapaMEeTPUUECKON MOJEIN «BO3JEHCTBUE —
BOCIPUUMYHUBOCTH» Ha JABYX (U OoJsiee) ypOBHSX
(51< s2) mim (51<<S2):
(s1—r1), (52— 12). 9)

31ech  ypoBEeHb 1 —  «OILIyTHUMasH
BOCIIPUUMYHUBOCTh WJIM TOPOT 3a00JieBaHUs
BBIPAKECHHBII nmapaMeTpom
YpOBEHb [2 — KpUTHYECKas
«BHYTPEHHEMY»
(ocabneHHOMY 3alIUTO ) BO3AEHCTBUIO.
s=f-wv (10)
3aJlaHHas  Ha
gucen [0, 1]
ocnalbiaeHust

JeJI0BeKa,
BO3JICHCTBUS;
BOCHpI/II/IM'-II/IBOCTI) K

3mecs f —
BEIIECTBEHHBIX
(k03 purrient)
BO3/ICHCTBUS V Ha JBYX YPOBHSIX 3allIHTHI, TIE,
Hanpumep, f1= 0,001 — npakTHYecKH MOTHOE
ocnabeHne =001 —
ocnabnenue Bo3nedcTBUs 10 ypoBHA 1 %
(ymoBnerBoputenbHas 3ammuta); f2=0,1

WHTEpBaJe

byHKIISA
«BHEIITHETO»

BO3/CHUCTBUS,

The experts take the following indicators as
the parameters of the susceptibility:

1) maximum permissible concentration of
harmful gas (g/m3) or dose (j/kg or Roentgen)
or the duration (seconds or hours);

2) fifty percent critical threshold of impact
(the dimension in analogy with the previous
figures);

3) average fibrilation current value (mA).

4) voltage of the material fluidity start of the
solid body (PA).

It should be noted that, as a rule, the expert
is able to set the parameters of influence and
susceptibility in the form of fuzzy intervals,
indicating the level of distinctness.

Extension and unification of the scope of
parametric model ""impact — weakening —
susceptibility”.  To  demonstrate  the
achievability of the harmonization of the
safety assessment we did a combination of
parametric model "influence — susceptibility"
at two (or more) levels (s1 < s2) or (S1<<s2):

(s1—r1), (S2—r2). 9)
Here, the level r: is the "tangible"
sensitivity or threshold of human infection
expressed by the parameter of impact; the
level 2 is the critical sensitivity to "internal”
(protection weakened) effects.
s=f-v. (20)
Here f is defined on interval of real numbers
[0, 1] function (coefficient) of weakening of
"external” impact v at the two levels of
protection, where, for example, f1 = 0,001 is
the almost complete weakening of the impact;
f> = 0.01 is the weakening of the impact to a
level of 1 % (satisfactory protection); f > =0,1

s 84 1
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ocnabnenue BozaeictBus a0 ypoHs 10 %
(Tutoxas 3amuTa).

Ha puc. 2 npexacraBieHa pasBepTka MO OCH
OTHOTO  BO3JACHCTBYyIOmEro  (Qakropa ¢
MPUMEHEHUEM BEPOSITHOCTHON  IMapamMeTpudec-
KOH MOJIETIN «BO3JIEUCTBHUE —
BOCIIPUMMYHUBOCTE» ¥ (DYHKIMH IUIOTHOCTH
BepositHoctt @ (S) uw ¢ ()
apaMeTPOB BO3JCHCTBUS S U BOCHIPUUMYHUBOCTH

CIIy4alHBIX

o(r)
o(s)

Safety of Technogenic and Natural Systems | 2017

is the weakening of the impact to a level 10 %
(poor protection).

Fig. 2 presents an axis scan of one
influencing factor with the use of the
probabilistic parametric model "impact —
susceptibility” and functions of the density
probability ¢ (s) and ¢ (r) of random
parameters of impact s and susceptibility r.

0(s)

Mg My

v

Mg

Puc. 2. JlemoHcTpanys BO3MOKHOCTH IIPUMEHEHUSI TapaMeTPHUECKON MOIeTN «BO3/1eHCTBHE —
BOCIIPHMMYMBOCTE)» B AWANIA30HE BOSHUKHOBEHUSI BEPIIMHHBIX HCXO00B OT TPaBMHI (3a00€BaHMsA) 10
KPUTHYECKOTO WM JIETAIBHOIO UCX0/1a

Fig. 2. Demonstration of the possible use of parametric model "impact susceptibility” in the range of
occurrence of apical outcomes from injury (disease) to a critical or fatal outcome

I[Ippy  sToM  TUpHHUMAETCS, YTO B
paccMarpuBaeMbix 3aBucuMOcTX (9), (10) u Ha
puc. 2 KaxAbld BO3ACHCTBYOIUN  (akTop

0c1a0JIIeTCA MOHOTOHHO.

3akiaouenne. B pamkax  ¢dakropHOrO
MapaMeTPUIeCKOro MOJICITHPOBAHMS pa3padoTaH
u anpoOupoBaH ITOPUTM pacuera
Bep0ﬂTHOCTHOfI MepBI BO3HHUKHOBCHUSA
MPOUCIIECTBHSI HA YPOBHE BEITUYMHBI HUXKE
JIOJTH
M3YYEHHON TEXHUYECKOW CHCTeMe «3aluTa —
00BEKT — cpefiar.

INpoucHTa B IIJIOXO  CTATUCTHYCCKU

HonyquH AHAIIUTUYCCKHUE W  PACUCTHBIC
TaOJINYHbBIE 3aBUCHUMOCTH BCPOATHOCTU
HACTYIJICHUSA IpOUCIICCTBUSA Ha YPOBHE

3HadeHuit ot 1077 B QYHKIMM OT MPUBEIEHHOTO
[apaMeTpUIecKoro 3amaca O€30MacHOCTH Ha
HHTEpBaje u3MeHeHus ot —5 1o +5. Ilpusenensl
YHCJIEHHbIE OLIEHKM IO0Ka3aTeneil 0e30nmacHoCTH
Ha TPAaKTUYECKH 3HAUYMMOM 0O0JacTH aHalu3a:
MaTeMaTHYECKOe

OXXHJIaHHUE BO3JIEUCTBUS

«MEHBIIE W «HaMHOTO MEHBIIIE»
Ha KOTOpOH «pa3dbpoc»
3HaYEHUN MPUBEIEHHOTO0 MapaMeTPUYECKOro
3amaca [Tosryuensl

pe3yabTaThl IS BO3IEHCTBHE

BOCIIPUUMYNBOCTH,

0€30I1aCHOCTH u>1.
BapHaHTa

In this case, it is assumed that in the
considered dependencies (9), (10) and in Fig.
2 each influencer is weakened monotonically.

Conclusion. In the framework of factorial
parametric modeling the authors have
developed and tested the algorithm for
calculating a probability measure of the
occurrence of incident at the level magnitude
below one percent in statistically badly studied

technical system "“protection — object —
environment”.
They have obtained analytical and

calculation table dependencies of the
probability of occurrence of accidents at the
level of values from 107 of the function from
the parametric safety margin in the variation
interval from -5 to +5. The paper provides the
numerical estimation of safety parameters in
practically important region of analysis: the
mathematical expectation of the impact is
"less" or "much less" than the susceptibility,
which "scatter" the values of the given
parametric safety margin u>I. The results
were obtained for the option of the impact of
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«0oJIBLIEY 1501054 «HAMHOTO 0OJIBLIEY
KOTOpBIE  MOTYT  OBITh
TMIOJIC3HBI JJIsl TIPOBECHUS TPOTHO3a CUCTEMBI C

YUYETOM SKCTPEMAIIbHBIX BOSHeﬁCTBHfI.

BOCIIPUUMYUBOCTH,

[IpoBenena ngeMoHCTpanus BO3MOXKHOCTH
MIPUMEHEHUS napaMeTpuyuecKoit MO/JIEH
«BO3JIEUCTBUE  —  BOCIHPHUHMYUBOCTH» B
Juana3oHe BO3HUKHOBEHUS BEPIIMHHBIX

HUCXOJIOB OT TpaBMbl  (3a00jeBaHUs) 1O
KPUTHUYECKOTO WJIH JIETATLHOTO HCXO/1a.
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