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PE3IOME

B matepuana ce npeactaBs TeOpeTMYHUS (DyHOAMEHT M CTPYKTypa Ha WHTENWreHTHa CUCTEMA 3a HerpekbCHaTa OLieHKa Ha PUCKOBETE M NOALbpXaHe Ha
ynpaBneHneTo Ha BesonacHocTTa B MUHHW npeanpusTus. Cuctemata e basnpaHa Ha [joBepuTenHa Mpexa Ha beits KoHCTpyupaHa 3a M3BMMYaHe Ha M3BOAM 3a
HMBOTO Ha BesonacHocT. 3a OLeHka Ha BapuaHTW Ha pelueHns 3a nopobpsiBaHe Ha 6esonacHocTTa MpeanoxeHata Mpexa Ha beits e passuTa 4o Avarpama Ha
Bb3gencTBusATa. [InckyTvpa ce Bpb3kaTa Ha cucTemata ¢ BbHLLUHW 0a3u JaHHK, pe3ynTaTi OT TeCTBaHe Ha CUCTemaTa C pearnHi AaHHW, HeltHaTa paboTocnocobHoCT

W Bb3MOXHOCTH 3a o6yquV|e B YCNoBKATa Ha HeonpeaeneHocT.

BBbBEJEHME

WHdOpMaLMOHHOTO OCUrypsiBaHe Ha ynpaBfieHMEeTO Ha
BesonacHocTTa usnckea obpaboTka Ha ronsam 06em gaHHM OT
Ka4ecTBEH W KONMYeCcTBeH xapaktep. MpakTukaTa e nokasana,
Ye OTYMTAHETO CamMO Ha KOMMYECTBEHWUTE MNOKa3aTen, Kato
YecToTa Ha WHUWAEHTUTE, KOeUUMEHTW W MHAEKCH Ha
4ecToTa W TEXECT U CPeAHUTE OLEHKM He ca JOCTaTb4yHW 3a
XapakTepuaupaHe Ha HMBOTO Ha 6e30MacHOCT B MpeanpusaTUS
W TexHn nogenexust u obektn. 3a Bopba c onacHocTUTe €
HeoDxomyMa 1 Ka4yecTBeHa CUCTEMA 3a OLEHKA Ha PUCKOBETE.
3a BaxHocTTa Ha npobremMa  KPacHOPEYMBO  TOBOPM
nHmumaTuBata Ha ISO pga paspabot HoBa Cepust pogoBu
CTaHAAPTM 3a KauyecTBEHO ynpaBneHne Ha GesomacHocTTa
ISO 18000. [iHec, pa3crneaBaHeTo M PErMCTpUMpaHeTo camo Ha
€0MH WHUWAEHT ce JOKyMeHTMpa B MuHUMYM B 60 noneta ¢
[aHHWU OT pasnuyeH chopmart. M3cnenBaHeTo Ha puckoBeTe B
ronemMuTe MUHHU NPeanpuaTUS HopmanHo obxaalla Hag 3000
MacuBa OT JaHHW 3a onucaHue Ha 50 1 noBeye MHUMAEHTa Ha
roguHa. M NpeMuHaBa Mpe3 KnacuuUMpaHeTO Ha BCEKM
nHUmgeHT B 21 (1ab. 1) mokasaTens BCEKM OT KOMTO Ce
onpegens ¢ 2 po 26 rpynu xapaktepuctuku (Muxadnos u
Mempos, (1997), Muxatnos (2001)). OT ncuxonorusta u
KOTHWTMBHATA Hayka € U3BECTHO, Y€ YOBELLKOTO Cb3HaHWe He
e npurogeHo aa obpaboTBa TakMBa CTPYKTYpW a nogxoxaa
ype3 abCTpakums M epapXuYHO MOApEXAaHe Ha HanmnyHata
WHOpMaLMs, KaTto Cpelja Cepuo3HM 3aTpygHEHWs npu
0bXBalLiaHeTo Ha NOBEYe OT TPU anTEpPHATUBM NpK B3eMaHe Ha
pewenne. [MogobHO MHDOPMALUMOHHO NpeToBapBaHe Ha
Cb3HAHWETO BOAM [0 BKMKYBAHE Ha MEXaHWU3Ma Ha
WrHopupaHe Ha WHAOPMaLMs W EBPUCTUYHO OTCUYaHe Ha
BapMaHTK, KOETO 3HAYNTENHO NOBULLABA PUCKa OT HEMPaBUITHM
PELLEHNs U MOXE [a JOBEAEe O OMacHU OENCTBUS C TEXKM
nocneaumuu. MpobnembT e 0coBeHO akTyaneH npu KpUTUYHM
no Bpeme cuTyauuw. [lpyra CbllecTBeHa XapaKTepucTuka Ha
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[efHOCTTa MO OUeHKa W YNpaBMeHWe Ha pPUCKOBETE 3a
fe30macHoCT, e 4Ye pelleHusiTa ce B3MMaT B YCNOBUS Ha
BEPOSTHOCTHA W pa3MuTa HEOMpefeneHocT, KOoeTo Ha
NpakThKa o3Ha4aea, Y€ O4YakBaHuUTe e(*)EKTI/I OT NPUNOXeHnTe
MeponpuUsTUS CbLLO Lie MMa BEPOSITHOCTEH XapakTep. Taka
CblO OTYMTAHETO Ha EKCMEPTHW MHEHUS e eXedHeBue B
peiHocTTa Ha  cneuuanuctute no  GesomacHocT W
€(heKTUBHOTO MMMNEMEHTUPAHE Ha eKCMEepTHUS OnuT B
YNpaBneHNeTo € OT CbLUECTBEHO 3HauyeHue. TUMMYHO
npunaraHus NOAXOL Ha W3CNedBaHe Ha pPUCKOBETE, u4pes3
CaMOCTOSITENIHOTO W3y4aBaHE Ha BMMSHUETO Ha OTAENHM
(haKTOPHM rPYNM e CBbp3aH HEMMHYEMO Cbe 3aryba Ha LieHHa
WHOpMaLmMs  3a  B3aMMOBPb3KWTE B CuUCTeMaTa 3a
GesonacHocT.  TakoBa  “pasrnobsiBaHe”  npeAcTaBnsea
HeoBpaTum npoLec OT MHGOPMALMOHHA FTeHa TouKa.

B cBeTnuHaTa Ha ka3aHOTO M3mbkea HeobxogumocTTa OT
NpuraraHeTo Ha CUHEpPreTUYeH NoaxXod Npu U3crneasaHeTo Ha
puckoBeTe 3a Oe3omacHOCT, KOWTO Aa AbpkW CMeTka 3a
cneyndmknTe Ha uacnensaHus obekT. PeanusaunsTta Ha
NoAxoAa BbB BuA yaobeH 3a NpakTU4ecko 13nonasaqe Tpsibea
Ja CTbM BBPXY WHTENMreHTHa KOMMIOTbPHA CuUCTeMa.
WHTENUreHTHUTE KOMMIOTBPHM cucTemu pabotar ¢ 6aauw
3HaHWs. YcnewHo opmanuaupaHe Ha 6asa 3HaHus 3a
BesonacHOCT MOXe [a Ce OCHLUECTBM Camo 3a creuudunyHa
npegmeTHa obnact - gomenH. [pakTukaTta e nokasana, ue
BCWYKW YCMELIHN WHTENUIEHTHU CUCTEMU, ca paspaboTeHu 3a
oTgenHu pomenHu. [pumep 3a TakuBa ca  eKCnepTHUTE
CUCTEMM 33 MeduUMHCKa OMarHocTMka olwe B 3opata Ha
U3KYCTBEHWS HTENEKT Npe3 70-Te rognHu.

3a peanusvpaHe Ha TO3W nogxod e paspaboteHa
WHTENUreHTHa komnioTbpHa cuctema MAR.NET (My Accident
Risk dot Net).
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Mempos T. UHTEJINTEHTHA KOMIKOTBPHA CMCTEMA 3A

MOKASATEN XAPAKTEPU3UPALL PUCKOBETE 3A
BE3OMACHOCT 3MON3BAHM B MAR.NET

B Han-gobpata cBeToBHa npakTuka no 6GesonacHocT
CbLUECTBYBA CTPEMEX KbM Cb3[jaBaHe Ha efnHHa cuctema ot
nokasaTenu xapakTepusupalyn puckoeTe. TakaBa cuctema e
npearioxeHa 3a MWHHUTE npednpuatus B Muxadinos u
konekmus (2002 ) v e npeacTaBeHa B Tabnmua 1.

Tabnuua 1. MokasaTenu xapakTepuanpaLLy pUckoBeTe.

' HaumeHoBaHue " ETuket \
| Mepvo B AgHOHOLMETO (4ac) | 01.Hour \
| [pyny paBoTHMLM — Npocpecus || 02.0ccupation \
| CTeneH Ha 06pa3oBaHve || 03.Education \
| O6LY TpyAOB CTax || 04.Practice \

|

05.Practice_Co
06.Practice_Pro

| Tpynos CTax B NpeAnpusTETO |

Tpynos cTax no nocoyeHata
npocecusi

MopeneH paboTeH aeH cneq
nocnegHata no4nBka

BpeMme creq 3anouBaHe Ha pabotata |

07.Day_after

08.Hour_after \

| MsicTo Ha 3nononykata || 09.Place |
Bua Ha nsebpiBaHaTa pabota ot 10.Job
nocTpaganvst
Bwnp Ha npou3LuecTBMeTo LoBENO A0 11.Incident
3nononykara
YogeLLku hakTop B NPUYMHUATE 3a 12.Human_Factor
3nononykara
MatepuaneH akTop B npu4mHuTE 3a 13.Material_Factor
3nononykara

OnacHocTu Ha OKomnHaTa cpefa 14.Environment

OoKasanu BnungaHune

OTKnoHeHue oT HOpManHuTe AeincTeus
M ycnosu4a

15.1.Deviation_A
15.2.Deviation_E

| TexecT Ha 3nonomnykata || 16.Sevirity \
| YBpeneHun yacti 1 cuctemu Ha Tanoto || 17.Body \
| Bug Ha yBpexXaaHeTo || 18.Injure \
| Mepvog Ha Bb3CTAHOBSBaHE || 19.Recover_Period |
| Mepkv 3a pefyLipaHe Ha p1cka || 20.Measure \

21.Machinery

Malumnm MMaLLM OTHOLLEHME KbM
3nononykata

XapaKTepMCTVIKVITe Ha npeanoXeHuTe nokasartesnu, He ca
npencraBeHn B Matepuana nopagun nunca Ha MAcTo.

Taka geduHupaHa cuctemata OT nokasaTenu Moxe fa ce
n3non3Ba 3a KayeCcTBEHO M3credBaHe Ha pUCKOBETe 3a
Ge3onacHOCT W BbB  BCWYKM Apyrn OpaHwose. 3a
n3cnenBaHeTo Ha puckoseTe obave, pasyMHUs KOMNPOMUC €
fa Ce CTpOST edWHHM CUCTeMM OT fokasatenu W
XapakTepucTMkM Ha HuBO OpaHw. KoHBepreHuusTa Ha
cUCTEMUTE Ha rnobarnHo HWUBO e CneaBalla CTbIKa.

N3BNNYAHE HA N3BOAM 3A HMBOTO HA BE3OIMACHOCT

13BnnyaHeTo Ha 3akrioyeHus 3a HUBOTO Ha 6e3onacHocTTa
B OadeH obekT, npeanpuatue unn 6paHLIJ € Ha npakTuka
npouec Ha cbopMMpaHe Ha CTaTtucTh4yeckn u3Bod 3a
CUHEPreTn4yHoTOo Bb3AENCTBME HA OTYETEHUTE cbalcropm BbpXy
TEXeCTTa Ha MHUMOEHTUTE B YCINOBMA Ha HEONpeAeneHoOCT.

HuBoTO Ha Ge3onacHOCT e MPsiKo CBBP3aHO C OMPEAensHETO
Ha pucka OT WHUMAeHTW. Knacueckata AedMHULMS HA pucka
B 6e3onacHoCTTa e Npou3BeAEHUETO:

PUCK = BEPOATHOCT x MOCNEANLIN

Mpn onmMcaHWETO Ha puckoBeTe 3a Ge30macHOCT B AafeH
obekT TpsbBa Oa BNA3aT BCWYKM Bb3MOXHM puckose. Cnen
W3MbMHEHWe Ha nporpamuTe no 6e30nacHOCT 0BEKT Ha OLeHKa

e TeKyLms - ocTaTbyeH puck K. . Korato ce roopu 3a HuBo

Ha GesomacHocT 0bMKHOBEHO ce uma B npegsua Oasa 3a
CpaBHEHME Ha TEKYLIO HMBO C AOMYCTUMO HMBO — COLMAmnHO
XYMaHHO, WKOHOMUYECKO. KaTo konmyecTBeHa Bpb3ka Mexay
COLMarHo XyMaHHUTe U UKOHOMUYECKUTE NOCNEAMLM MOXe Aa
ce nocous OposT Ha w3rybeHuTe 4oBeko OHW. [Mokasatens
19.Recover_Period xapaktepuaupa puUckoBeTe 3a
6€30MacHOCT Ype3 AUCKPETHO BEPOSITHOCTHO pasnpepdeneHue
WHUMOEHTUTE [a NpuymHAT 3arybu nonagawm B 10
MHTepBaTHN MHOXeCTBa 3aryberun voBekogHn — “A. [1o 3 gHu’,
“B. 4 po 17 puv’, ..., “J. 6000 gHM (HEBB3CTAHOBMMM
3rononyku)”.

HuBoTo Ha OesonacHocTTa cregea [fda Cryxu, Kato
KonnyecteeHa MAPKa Ha TEKYLLUTE PUCKOBETE.

AKO Ce OLEHM MWUHUMAmHWA MparoB PUCK, Mof KOWTO
cucTemata 3a 6e30MacHoOCT He MpaBy OTYETW NMpK BEPOSTHOCT

1/10° v nocneauuy — 00 3 AHM Ha R, = 3,107° T0 HMBOTO Ha
BesonacHocT Moxe fa ce fedmHnpa cbe 3aBucumoctTa (1).

(1)

Ta npuTtexaBa HsKOW CBOWCTBA, KOMTO 51 MpaBsT yaobHa 3a
OlleHsiIBaHe Ha HUBO. [MTbpBO, Tb KaTO PUCKOBETE Ca BUHAru

nonoxutenHn Benmunn R 2 R, > 0,  croitHocTTa  Ha
norapuUTbMa BUHarK Le Moxe Aa Gbae UsuncneHa u e bbae
nonoxuTenHa BsemuunHa L, > 0. BTopo, Korato TekywmsT

PUCK CTaHe paBeH Ha nparosuat R, = R, wmsoto L, = 0. U
He Ha MocregHo MSCTO, OT meuxodmsndyecka rnegHa Touka
Bb3NPUATUSATA 33 HUBO Ca CBbP3aHW UMEHHO C NOrapuTMUYHA
3aBncumocT 06obLleHa oT 3akoHa Ha Bebep n ®exnep. OT
Te3n cbobpaxeHns ce npenopbyea noraputbMa B (1) aa 6bae
[ECETUYEH.

Lx = log(Rc /RO)

OcBeH OT MHGopmauusTa 3a HMBOTO Ha Ge3onacHocTTa,
YNPaBNEHNETO CE Hykdae W OT [eTailHO KavyeCTBEHO
n3cregBaHe Ha puckoBeTe. HaTpynmBaHeTo Ha 3HaHus 3a
paboTaTa Ha cuctemarta 3a ocurypsisaHe Ha besonmacHocT ce
fasMpa Ha W3CnNeABaHETO Ha M3BaAkoBa MHopmauws
(perucTbp Ha TPYZoOBWTE 3MOMONYKW, KHWra 3a aBapuuTe,
NPOTOKOMNM OT WHCMEKUMM M ap.). ToBa BOAW HEYMONMMO A0
HeobX0AMMOCTTa OT CTAaTUCTMYECKa OLiEHKa Ha UM3BOAWUTE 3a
pearHaTta cuctema, KOSiTo 04eBMAHO € no Borata Ha CBOMCTBA
oT Habniogaemata (Hines, (2000); Benmuenb (2001)).
HenuHenHus xapaktep Ha AuHamukata Ha OMacHOCTUTE U
Bb3MOXHOCTTa CUCTEMaTa Aa M3nagHe B XaOTUYEH PEXMM
(Guastello (1997);Stengers, Prigogine (1997);llempoe (1999))
noctaBaT npobnema M3BbLH 0bnacTTa Ha NpUNOXeHWe Ha
nobpe  paspaboTeHu MeToaM 3@ HamansBaHe  Ha
pasMepHOCTTa Ha 3ajayata, kaTto [AETePMUHUCTUYHMS

TOOWILHYIK Ha MunHo-2e0moxkust yHusepcumem “Ce. MeaH Puncku”, mom 46(2003), cs. Il, JOBUB U NTPEPABOTKA HA MMHEPAJTHW CYPOBUHN
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(haKTOPeH aHanM3 W KnacuyeckuTe CTaTUCTUYECKU CPEOHM
oueHku (Tpyxaes, Nopwkos (1985)).

Mopaxoa Ha Beli3 3a n3BnNUYaHe Ha U3BOA,

Pucka B BesonacHocTTa ce aedmHupa kaTo NpoussedeHue
OT BEPOSITHOCT N0 Nocneauuu. YectoTHaTa MHTEpnpeTaums Ha
BEPOSITHOCTTA YECTO Ce Hapiya obekmugHa WNn Kracudecka
2nedHa moyka. B cTatuctudeckara Teopusi nogxonbT Ha bens
3a M3BMMYaAHE Ha M3BOA Mpefnara pasnuyHa WHTEpnpeTauus
Ha BeposATHOCTTA, HapeyeHa cybekmugHa anedHa moyka.
OcHoBHO MACTO B nofxoja 3aema wiesTa 3a YcrioBHaTa
BeposiTHOCT. MoaxoabT Ha Beis uanckBa OT w3cnemoBatens
pa w3non3ea CyOekTMBHA BEPOSTHOCT, KaTo Mspka 3a
HeroBata CTeMeH Ha YBEPEHOCT 3a CbCTOSHMETO Ha
HabniogaBaHus  obekT. CTeneHTa Ha  yBEpPeHOCT ce
cneunduumMpa ¢ BEpOSITHOCTHO pasnpedeneHne 3a AafeH
HernosHaT napameTbp. Tasu Npoueaypa € Hamb/IHO pasfnyHa
OT BCWYKM [JpyrM CcTaTucTudeckn nogxogu. B gpyrute
CTaTUCTUYECKM MOAXOAM, HEMo3HaTUTE napameTpute ce
TpeTupat, kato HenosHaTu KoHcTaHTU. [logxoabT Ha Beits
M3WCKBA OT HAC Aa MUCIMM 3a HEMO3HATUTE NapameTpu, kaTo
3a CnyyailHi NPOMEHNNBM.

3akoH 3a nb1Hama eeposimHocm u meopema Ha beiis

OueHkaTa Ha CbBMECTHOTO BNUSIHME HA CbOUTUSITA AOBENN
[0 WHUMOEHT € B OCHOBaTa Ha AETalNHOTO W3crnedBaHe Ha
puckoeeTe. OCHOBHWTE 3aBMCMMOCTM Ha KOWTO € MOCTPOEH
mogena MAR.NET moraT fa ce aedwuHWpaT kakTo crejsa.
Heka A1, A2, ... e u3bpouma Konekuusi oT CcbbuTus, KosATO
nodenst egHo W CbLO MPOCTPAHCTBO Ha peanu3auuute — S
Taka, 4ye CbbOuTUATa Ca B3aWMHO HE3aBUCUMW U TSXHOTO
obenuHenne e S. Heka B e gpyro cvbutie u fa gonycHem, Ye
HU e nsectHo P(4) n P(B|A4;) sa il I.

Torasa Moxe Aa Ce nokaxe, 4e:
P(B)= P(B| 4)P(4)+ P(B| 4,)P(4,)* ...,

pe3yntat U3BECTEH KaTO 3aKOH 3a MbJIHATa BEPOATHOCT,

P(B|A4;)P(4,)
P B APy PGB AP O

pe3yntat U3BECTEH KaTto TeopemMa Ha bens;

P(A4,4,,...,4,)= P(4 | 4,,4;,...4,)P(4, | 4;, 4,,...., 4,)

4
P(4,.,| 4,)P(4,) @
pe3ynTaT 13BECTEH, KaTo BEPVKHO NPaBMIO, 0COBEHO BaXHO
npu MpexuTe Ha bens.

Bei3oBu goBepuTenHu mpexu - BAM

Mpexata Ha beit3 ce npefcTaBs C HaCOYeH aumuKnuyeH rpadg
CbC CrNeJHWTE CBOWCTBA: BB3NUTE MPEACTaBAT Cly4anHu
NPOMEHNMBM W CE HapuyaT ole LwaHcoBM, pebpaTa npeg-
CTaBAT BEPOSTHOCTHW 3aBUCHMOCTU MEXY NpoMeHnuBuTe. Ha
Te3n 3aBUCUMOCTM Ce [aBa KOMWYECTBEH M3pa3 upes
MHOXECTBO OT YCMOBHW BEPOSTHOCTHM Tabnuuu (yBT). 3a
npomeHnuBn Ge3 poautenu pasnpegeneHneTo e BesycnoBHO
HapuyaHo ouwe nepudepHo. OCHOBHOTO MPEeAMMCTBO npen
“KnacuyeckuTe CTaTUCTUYECKU 3akmioyeHus” (kouto paboTsT
MO-CKOPO C [OBEPUTEITHW MHTEPBAIH, OT KOJTKOTO C U3SIBNIEHMS
Ha BEPOSITHOCTH) e, Ye Beil30BOTO 3aKioyeHme MbHO OMMCBa
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(baKTbT, Y€ O4YaKBAHETO CaMO He MOXe [a Mpeackaxe
BEpOSITHOCTTA OT HEOYakBaHM CbOuTUSI, 6e3 npeaBapuTENHO
cbliecTByBaWa MHdopMauns 3a nocnegHute. Heobxoaw-
MOCTTa fa Ce MpueMe MPUOPHO MHEHWE e KMo4oBa YacT OT
BeisoBoto 3aknioueHne. Pasbupa ce TOBa M3uCKBaHE €
cnaboct. He BuHarM € necHo ga ce Mnomyyus npuopHa
BEPOSITHOCT, OCBEH OT EKCMEPTH.

UzenuyaHe Ha 3akno4eHue e mpexxume Ha betis /13sogbT
WM 3aKNiYeHneTo B Mpexute Ha bBeis  o3HavaBa
W3YNCNISIBAHETO HA  YCMOBHATa BEPOSITHOCT 32  HSIKOM
NMPOMEHNMBN [a e JafieHa MHopMaLus (ykasaHue) oT apyru
NpoMeHnuBK. ToBa € NECHO, KoraTo BCUYKM yKasaHusi ca oT
NPOMEHNMBY, NPEALIECTBEHNLUM HA NPOMEHIMBUTE, KOUTO HU

uutepecysar (B, - A, dur. 1) Ho korato ykasaue ce

fafe OT NOTOMBbK KbM MPOMEHMNMBA OT WHTEPEC, HWe Tpsibea
[ia U3BNIEYEM M3BOA CpeLly nocokuTe Ha pebparta. 3a uenta
u3nonasame Teopemata Ha beis (3).

[Ovarpamu Ha Bb3AEeNCTBUATA M B3EMaHe Ha peLeHnst

Mogen 3a noaabpxaHe B3EMaHETO Ha PeLUeHUs MOXe Ja ce
KOHCTpyMpa 1 Ha 6asata Ha uucta BAM, HO KoHUenuuuTe 3a
(PYHKLMS Ha nonaaTta W peLleHnsiTa He ca ICHO popMynupaHu
W HambiHO noKpuTW. Paswupenneto Ha BIM ¢ gsa Ttuna
Bb3NM — NpeLCTaBAlLM pelleHusTa U nonaute npeacrasnssa
Auarpama Ha Bb3geicTeusita (dur. 2). [uarpamute Ha
Bb3JENCTBMATA Ce W3NOM3BaT 3@ OLUEHKA Ha PasnuyHu
BapUaHTW Ha pELeHUs 4Ype3 M3YMCrsBaHe Ha O4vaKBaHUTE
non3un oT NpeanpueTUTe AeNCTBMS.

Queypa 1. lMpumepHa mpexa Ha pazsuma Ao duazpama Ha
eb3delicmeusima C 8b3/1efI-pewieHUe U 8b3eN1-NoM3a

PELLE
HUE

ons >

A

PelueHnsiTa B Mpexarta TpsibBa aa ca CBbp3aHu BEPUKHO B
florMYHa NOCneaoBaTenHocT. Bwanute OT KOMTO 3aBuCAT
pelleHusiTa, TpsibBa fa Ca C W3BECTHW CbCTOSHUS Npeau
peLueHueTo Aa Obae B3eTo.

CTPYKTYPA HA MAR.NET

MAR.NET e nsrpageHa kato foBeputenHa mMpexa Ha bens
passuTa 4o Auarpama Ha Bb3aencTausTa. HeltHaTa cTpykTypa
€ [fageHa Ha ¢wmr. 2. OCHOBHOTO npegHasHayeHne Ha
MAR.NET cuctemata e noagbpxaHe Ha peleHns 3a
NoBMLLIABAHE HA HMBOTO Ha 6e30macHOCTTa B MHOYCTpUarneH
00ekT, nofenexue, npeanpusatie u uan GpaHi. CbetosHusTa
Ha BBb3NWTE ca afjanTupaHu 3a cneuyudukata Ha MUHHMS
OpaHw. MpexaTta ce CbCTOM OT LIAHCOBW Bb3MM, KOUTO MoraT
[a npuemat CbCTOSHWS, Taka KakTO XapaKTepucTUKWUTE Ha
nokasatenute fapeHn B Tabnm. 1. YcrnoBHaTa 3aBUCMMOCT
MeXOy MPOMEHNMBUTE MOXE OWPEKTHO fa ce npoyeTe OT
rpacba Ha ur. 2. BeposaTHOCTUTE Ha OTAEMHUTE ChCTOAHUS Ha
Bb3NUTE B MpexaTa onpegensT 6ens3osara yBepeHoCT Aa ce
CNY4Yu WHUMOEHT Npu 3agafgeHuTe OT POOMTENCKUTE  Bb3MN
yCroBus.
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qEnviron

09.Place

15.1.Deviati 15.2.Deviati

@47 20.Measure

16.Sevirity

3

11.Incident

—» RISK EVAL

Queypa 2. Modena - MAR.NET 3a oueHka Ha peuweHusi 3a nodobpsisaHe Ha bezonacHocmma
peanuaupaH Ha 6asama Ha belisosa 0ogepumenHa Mpexa pazguma Ao duaepama Ha ebadelicmgusma

MkoHOMMYeCKns puck OT MocneguunTe Ce OueHsBa OT
Bb3ena “Loses”. PUCKLT M3MepeH B 13rybeHun paboTHu oHK ce
oueHsiBa 0T Bb3ena 19.Recover_Period. Counanto xymaHHata
TEXECT Ha MHUMAEHTa ce oueHsBa OT Bb3ena 16.Sevirity. U
TpUTE BbB3ENA Ca HacnegHUuM Ha POAMTENCKM Bb3NM U
CBbP3aHUTE C TSX BEPOSATHOCTHM pa3npeseneHus ca yCnoBHM.

MepucbepHnTe BBL3NM B KOpPEHa Ha Mpexata ca
14.Environment, 10.Job  n  02.0ccupation. Mpn
WHUUMANu3MpaHe Ha  Mpexata  BEpOATHOCTUTE  Ha
CbCTOSHMSITA Ce  pasnpedensTt  yHudopmeHo. Hynesute
CTU NPUCBOEHU Ha CLCTOSIHWS HA Bb3NKU 03HavaBar
@ Bb3MOXHOCTTa OT M35Ba Ha Te3 ChCTOSHUA.
Buna Ha BeposTROCTHUTE Tabnuuw Ha nepudepHUTe Bb3NK ca
OT BuAa Ha Tabn. 2.

Tabnuua 2. BepostHocTHa Tabnuua Ha Bb3en 10.Job.

CbCTosHMe BeposTHocT
A. TpaHCnopTHY 1 TOBapHW paboTu 0.2
B. HopmanHa ekcnnoaraums 0.2
E. lpyrv 0.2

Bnusnmeto Ha Bb3nute  01.Hower-‘Tlepuog B
peHoHowweto”,  07.Day_after-“fleH cneg nouuBka” 1,
08.Hower_after-“Bpeme cnep 3anoysaHe Ha paborta” (tab. 1)
ca 00eKT Ha JOMbIHUTENHO M3CNeABaHE U Ha TO3W eTan He ca
CBbp3aHM B Mpexata. OcTaHanuTe Bb3MM B Mpexata ce

XapakTepuanpaT C YCIOBHW BEPOSITHOCTHW pasnpenesnieHus
(tab. 3). Taka Hanpumep Bb3en 17.Body e HacnegHuk Ha
Bb3en 18.Injure 1 ce sBABa poauTEN Ha OLe ABa LIAHCOBM
Bb3ena: 16.Sevirity, 19.Recovery_Period u Ha Bb3ena Ha
3arybute - Loses.

CobCTosHMATa Ha NPOMEHNMBUTE Ha Bb3nuUTe obpasysat
Hes3aBuCUMa rpyna ¢ MbiiHa BEPOATHOCT 1.

Tabnuua 3. YcnosHa BeposiTHoCTHa Tabmuya P(17.Body|
18.Injure) nHMUManuaupaHa ¢ yHUPOPMEHO pasnpeaeneHmne

18.Injure
A B Z
17.Body
A.TnaBa 0.25 0.25 0.25 0.25
B. Poue 0.25 0.25 0.25 0.25
C. Kpaka 0.25 0.25 0.25 0.25
D. dpyru 0.25 0.25 0.25 0.25
Cyma 1 1 1 1

B cbpueTo Ha MpexaTa e waHcosus Bb3en 11.Incident —
“Bug Ha npouswecTBMETO AO0BENO A0 3nononykata’. B
peanu3auusTa Ha Mpexara, Bb3ebT e Npsik HacnegHUK Ha
neT poAUTens - YETWPU LUAHCOBM Bb3ena M €auH-Bb3EN
pelweHne cboTBeTHO 12,13, 151, 152 un 20 (1ab. 1).
CBbp3aHaTa C Hero YCMOBHA BEPOSTHOCTHA Tabnuua
npeacTansBa MHOTOMEPEH MacuB 3ajafieH OT YCIOBHOTO
BEPOSITHOCTHO pa3npeaernexme:
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P(11.Incident |12.Human _ Factor,13.Material _Factor,
15.1.Deviation _ Environment,15.2.Deviatin _ Action, (5)
20.Measure)

Pa3smepHocTTa Ha Macusa e 18*14*15*5*2 = 37800.

Bw3ensbt “Loses” ovakeaHuTe 3arybu P(Loses|Injure,Body)
NPV Penn3aLmns Ha pasnniHn KOHGUrypaLum oT CbCTOSHUS
Ha npomeHnuBuTE “Bug Ha yBpexgaHeTo” 1 “YBpeaeHu YacTi’
Ha TanoTo (tabn. 4). 3a no-ronsiMa NPeL3HOCT, B YCIOBHOTO
pasnpegerneHMe Moxe fa ce [fobasu M nepuoga Ha
Bb3cTaHoBsBaHe - P(Loses|18.Injure,17.Body,19.Recovery_Period).

Tabnuua 4. Tabnuua Ha nonauTte Ha Bb3ena “Loses”

Body A B..
Injure A P A
Loses -90 -100000 -150

lMocTosiHHATA OLUEeHka Ha edekTa OT M3MbIHEHWETO Ha
nporpamuTe no 6e30MacHOCT Ce M3BBPLUBA Ype3 CBbP3BAHETO
Ha Bb3ena peleHue — 20. Measure — “Mepku 3a pegyumpaHe
Ha pucka’. 3a KOHKPETHWUS NPUMEP € NPUETO Bb3EMbT Aa uma
camo e cwcrosHus: Action 0 u Safety Program. Tosa
OTroBapsl Ha B3eMaHe Ha pelleHve [a He ce npeanpuemar
LEfCTBUS UMK [a Ce NMpUBEAE B W3MbIIHEHWe mporpama o
BesonacHocT. OyakBaHus ehekT OT peLLeHusITa Le ce oTyeTe
ype3 pasnpoCTpaHeHWe Ha BEpOSTHOCTUTE BBPXY CbC-
TosHMATa Ha Bb3ena 11.Incident. M3mbnHeHneto Ha
PELLEHMSTAa € CBbP3aHO C pasxogu. Te3n pa3xogn ca
oTpaseHn BbB Bbaena Ha nonaute “M.Cost” (1ab. 5), komTo e
HacnegHuk Ha Bbanute “09.Place” — MscTo Ha MHUMaeHTa U
20.Measure.

Tabnuua 5. Tabnuua Ha nonaute Ha Bb3en “M.Cost”

Place A B C
Measure | Action 0 Safety Action gafety
rogra
Program 0 m
M.Cost 0 -5000 0 -10000

B Mpexarta e BKMoyeH 1 Bbaen-pelleHmne “RISK EVALUATION”
C YMATO NOMOW, [a Ce OUEHAT O4akBaHUTE MOM3n OT
W3MbIHEHWE Ha NpoLeaypy Mo OLeHKa Ha pucka. B gageHus
mMoaen ToM uma aBe cbetosHus: “fa” u “He”. Hatuck 3a
CTapTMpaHeTO Ha npoLenypuTe NO OLEHKa Ha pucka okasea
pasnpefeneHneTo Ha usrybeHute paboTHu OHU OTpa3eHu BbB
Bb3ena 19.Recovery Period. HapactBaHeTo Ha yecToTata u
TEXECTTa Ha MHUMOEHTUTE Lie M3MEecTBa BepOSTHOCTHOTO
pasrnpefeneHue Ha nepuoaa Ha Bb3CTaHOBSBaHE “HafsfCHO”
KbM NO-ObArUTe WHTEpBanNW. Ha Hai-Texkute 3nononyku
oTroBapst cbcTosHneTo ‘6000 3arybenu uvosekogHu”. ToBa
BOAM 00 HeobXoaMMOCTTa Aa Ce B3eMe peLleHne 3a OLEHKa
Ha puckoseTe. OT Jpyra CTpaHa OLeHkaTa Ha pucka BUHaru e
CBbp3aHa ¢ TMnoBe paboTHW MecTa. B npepnoxenns mopen
Bb3enbT Ha pelleHneTo “RISK EVALUATION” e HacnegHuk Ha
waHcosus Bb3en 19.Recovery_Period. Pa3xogute cBbp3anm ¢
npoLeaypuTe Ha oOUeHKaTa Ca NpefcTaBeHU C Bb3en Ha
nonsute “RE.Cost’, uMeTo BEpOSTHOCTHO pasnpefeneHue e
YCNOBHO Ha poguTenckute Bb3nu “RISK EVALUATION" u
“09.Place” (cur. 2, Tab. 6.
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Tabnuua 6. Tabnuua Ha nonsute Ha Bb3en “RE.Cost”

Place A B C
Risk
Evaluation I HE oA HE
RE.Cost -1000 0 -2500 0

A360pbT Ha anTepHATMBHO PeLLieHNe CTaBa Ha NpuHLMNa Ha
MakcuManHaTa odakeaHa nonsa. moGanHaTa yHKUMS Ha
nonaute U e cyma OT BCWYKM NokanHi nosu (5). NokanHata

nomsa U,
BEPOSATHOCTHOTO pasnpeseneHme

OT anTepHaTWBa Ha pelleHne 3aBucU OT
Ha CBbP3aHUTE C HEro
KOHGurypauum C; 0T CbCTOAHNA Ha npomeHnuei (6). Taka

HarpuMep YCIIOBHOTO BEPOSITHOCTHO —pasrnpederieHne Ha
nornaute BbB Bb3ena Loses cbabpxa j = 104 BeposTHOCTU.
Ho npu usuncnenneto Ha U nonsa ce oT4yuTaT U noKanHuTe
nonav u3sneyexn ot BbanuTte RE.Cost u M.Cost, 1.e. i = 3.

U=Zui

u;= Z pjuj
J

(%)
(6)

KbAeTo p,-e yCnoBHaTa BEpPOATHOCT 3a peanusuMpaHe Ha

KOHGmrypaumsta C;, a U;- e CTOAHOCTTa Ha nonaata

CBbp3aHa C Ta3n peanu3auna CbrnacHo Ta6J'IVILI|MTe Ha
nonsure.

M3BIMNYAHE HA 3AKITIOYEHWA 3A HUBOTO HA
BE3OMNACHOCT C MAR.NET

[pn nornyyaBaHeTO Ha HOBa MPUMOPHA WHGOpMauus B
MpexaTta 3a 4acT OT CbCTOSHWSITA Ha Bb3nUTe cneasa fa ce
CTapTupa npouegypaTta 3a M3BMMYaHe Ha u3Bofg. MsBbpuiBa
Ce pasnpocTpaHeHWe Ha BEPOSTHOCTUTE MO AbrUTE Ha rpada
kaTo Ce W34ucnsiBa NOCTEPUOPHOTO pasnpefeneHue Ha
usnata Mmpexa. B pesyntar moxe ja ce Habniogasat
BEPOSITHOCTUTE Ha BCAKO CbCTOSIHUE HA BbL3NWUTE M OLieHKaTa
Ha BCAKA arnTepHaTMBa Ha ONMCAHUTE B Mpexara pelleHns B
TEPMUHUTE Ha (DyHKUMS Ha nonsute. EAMH nmpumepeH
pesyntar 3a Bb3ena 10.Job-‘Bug Ha usBbpluBaHaTa paboTa” e
JadeH Ha dur. 3.

A 10.07

0.03
Al —

]0.12

E. [ 004

Queypa 3. [NocmepuopHO 8epOSIMHOCMHO pa3npedeneHue Ha
npomexnusama 10.Job 6).



Mempos T. UHTEJINTEHTHA KOMIKOTBPHA CMCTEMA 3A

OBYYEHWE HA MAR.NET

OByuyeHneTo Ha MpexaTa Moxe Aa CTaBa Mo 6 pasnnyHu
HaunHa. [MTbpBUST HAYMH € PbYHO BbBEXOAHE Ha BEpPOST-
HOCTUTE 3a OTAENHUTE CbCTOSHUS Ha Bb3UTe. OT4nTalKK
pa3MepHOCTTa Ha OWUCKPETHUTE pa3npedeneHus, ToBa e Texka
3afava. 3a UenTa ca pa3paboTeHn cneuuantu anroputMm 3a
obyyeHne w apanTupaHe. BepgHara crep cb3gaBaHe Ha
MpexaTa Ca Bb3MOXHM ABE HavanHu CbCTOSHUSI — BCUYKM
BEPOATHOCTW Aa 6baat Hyna unu YHMGOpMEHO pa3npeseneHu
3a Bcekn oT Bb3anuTe. OT rMedHa Touka Ha OUeHkata Ha
BesonacHoCTTa MO-NOAXOAAWO € Aa Ce [OMyCHe HayanHo
CbCTOsHME C yHUOpMeHu pasnpepentus. C apyrv gymu He
Ce W3KTYBa W He Ce MpUOpUTM3Mpa HWTO edHo OT
Bb3MOXHUTE CbCTOSHUS. B cneppawmrte ¢hasn Ha obyuyeHue
HayanHWTe BEPOSITHOCTM LUe MNpeTbpnsBaT MpOMEHN B
CbOTBETCTBME C  HOBOMOMyyeHaTa  MHGopMmauus  3a
cneundukata Ha BesonacHocTTa B 0bekTa, 3a KOWTO ce
agantupa MARNET. AnTepHaTuBeH MeTOA4 3a WHMUMa-
nu3npaHe Ha BEPOSTHOCTHUTE pasmnpefenieHns Ha Bb3nuTe B
MAR.NET e upe3 obeauHeHne ot SQL 3anuTBaHWs KbM
Gasute gaHHm Ha MAR. 3a uenTa, CTpyKTypaTa Ha Mpexara ce
OonucBa BbB BUAA 5 OT KopeHuTe KbM nepudepusiTa Ha rpada.
SQL 3anuTBaHuATa B 0DedMHEHMETO crniegBar  Tasu
nocnegoBaTenHocT. B pesynTat ce dopmupat Tabnuunte
YCIOBHUTE BEPOSTHOCTHU pasnpedeneHnsl Ha Bb3nuTe B
Mpexara.

OO6yu4eHue OT JaHHU 3a perucTpupaHu crnyyaum

To3u Tmn obyyeHne e NOAXOAALO 3@ MHULManuanupaHe Ha
BEPOSTHOCTHUTE  pasnpefeneHns, cnep AeduHupaHe Ha
CTpyKTypaTta Ha Mpexata. Onpefens ce MHOXECTBO OT Bb3f,
3a KOUTO Ce pasnonara C npuopHa WHgopmaums. Ha Bceku
Bb3eN OT MHOXeCTBOTO Ce npucBosBa Tabnuua Ha onuTa
oTynTala OposT Ha peanu3auuuTe Ha BCAKO CbCTOsHME. B
0byyeHneto Ha MAR.NET yyacTeat Bcuuku Bb3nm (1ab. 7)

Tabnuua 7. O6yyaBaLua cbekynHocT 3a MARNET

NO1 NO2 NO3 | NO4 [ NO5 | NO6 N21
A A D Q A B N/A
C I D D NA | C C

Korato nuncea MH(popmaumst 3a peructpupaHus cryyan,
CbOTBETHOTO Mone ce Genexu ¢ “N/A”. bykBeHuTe KopmoBe
OTFOBApsAT Ha MMeHaTa Ha CbCTOSHWATA Ha MPOMEHNMBUTE
OTpa3eHM B Mpexata. YoobeH HauvH 3a M3BMMYaHe Ha
obyyaBall npumep € fa ce W3nonaeat cbagafeHn Beye 6asu
paHHn. MAR.NET e paspaboTeHa cbBmecTuMO C 6Hasute
[aHHW Ha COTYEPHUST MPOJYKT 3a OTYMTAHE M aHanu3 Ha
puckoeeTe 3a GesonmacHocT B muHuTe Mine Accident Risk
Bepcus 2002 (MAR). TMpopykTbT ce passuea ot 1995 roguHa
B kategpa “PyoHuyHa  BeHTMnaums u TexHuyecka
besonacHocT” npu MuHHo-T'eonoxkn YuusepcuteT “Cs. WBaH
Pucnkun”.

MeToabT u3nonasaH 3a obyyeHne Ha MAR.NET e 0CHOBHO
uanonssaHns npu 6Gensosute Mpexn EM-anroputbm 3a
rpacyHo acouumpaHu mogenu ¢ nunceawm ganHm (Cowell
and Dawid, 1992; Lauritzen, 1995). Lienta Ha anroputbma €
MOMbIIBAHETO HA YCMOBHUTE BEPOSTHOCTHM TabnmLm CBbP3aHu
C Bb3NWUTe B Mpexara. 3a Ta3u Len anropurbMa W3mbiHsea
onpegeneH ©Opol wuTepauun. [lpu BcAka uTepauus ce

M3YnCrsiBa  NOrapUTbM  OT  BEPOSATHOCTTAa  3afafeHusT
obyyaBaw, npumep pJa 3agaBa  TEKYWOTO CbBMECTHO
BEPOATHOCTHO pa3npefenenue. EM-anroputbMa ce onuTBa aa
MakCcUMW3Mpa Tasu NorapuTMUMYHa BEPOSITHOCT. WTepauumute
cruMpat, Korato pasnukata Mexay nonyyYeHute OT [ABe
uTepaLuu NOrapuUTMUYHU BEPOSTHOCTM CTaHe AO0CTaTbyHO
Manka (Hanpumep OT nopsigbka Ha 10). ANroputbMbT He
Moxe [pda obyyaBa YCnoBHWTE  pasnpegeneHus  3a
HenpeKbCHaTU Bb3MN.
ApantupaHe Ha 6a3ata Ha peanu3upanu crnyvyau
AznanTupaHeTo Ce U3BbPLUBA MpU CTPYKTYPHO ONpeseneHa W
Ha4anHo obyyeHa mpexa. To ce M3BbLPLIBA Ype3 nocrneno-
BaTENTHO OMpPECHSIBaHE Ha BEPOSTHOCTHUTE pasnpefeneHns B
BOM Ha 0asaTa Ha HanMWM4HMA ONMT W Ype3 BbBEXOAHE W
pasnpocTpaHsBaHe Ha hakth. AganatupaHe Ha MARNET e
Heobx0OMMO Aa ce M3BbPLUBA Cried BCSKO perucTpupaHe Ha
WHUMOEHT Wnn nonyvaBaHe Ha MHOpMauwst OT npoBepka,
uscneaBaHe unu HabnaeHue.

OnuTbT 3a JageH OMCKPETeH Bb3en ce NPeAcTaBs kato
MHOXeCTBO OT 6poit cdaktu Alphay,...,Alpha,., kbaeTo n e
BposT KoH(UMrypauuu Ha pogutenute Ha Bb3ena. Alpha; > 0
3a BCAKo I . Alpha; 03HayaBa GpoST MbTW POANTENCKUST Bb3en

pa e bun B cbeTosiHMe Ha ™ KoHurypaums. bposit e cbe

3HaYEHMe Ha 4YecToTa M e HeoTPULATENIHO PeanHo Yucro.
Alpha; ce cbxpaHsBa B Tabnuuu Ha OnMWTa MPUCBOEHM Ha
Bb3NUTE onpepeneHun 3a obyyenue. OcTaHanute BB3NW ce
aganTupat no npaBunata 3a  pasnpocTpaHeHue  Ha
BeposTHocTH B BM.

BbBexpaHe Ha ekcnepTeH onuT

MoHsATHETO 3a ekcnepTeH onuT B OEN30BUTE MPEXN MOXE Aa
Ce MpefcTaBu KaTo KOMWYECTBEHA MaMeT, KOATO MOXe Aa
fa3npa KakTo Ha KONM4YECTBEHA eKCnepTHa OLEHKa Taka 1 Ha
CTaHanm crnyyaum. PasnpocTpaHsiBaHETO Ha OnuTa € CBbP3aHo
C TMpOLEC Ha W34NCTIsIBAHE HA MPUOPHOTO  YCIOBHO
pasnpepeneHne 3a npomexnuenTe B Mpexara. ObpaboTkata
Ha OnWTa € CBbp3aHa C MPOLUEC Ha W34UCrsBaHe Ha
NPOMEHEHUTEe  pa3npedeneHns 3a napameTpute, KOWTO
ONpeSensaT YCrOBHUTE pasnpefeneHns Ha NpoOMeHNMBUTE B
Mpexata. Msnonssahus 3a apantupaHe Ha MARNET
anropuTbM MMa Bb3MOXHOCT 3@ YNpaBlieHUe Ha aKTyanHoCTTa
Ha YCBOEHUS OMWT MOCPELCTBOM cCrieumanHn  Tabnuum
pegyumpalyy ecekta Ha MuHanoTo. C TaxHa NoMmoLy ekcnepTa
MOXe [a ajantupa MoAena KbM NpoMeHWTe B 0bekta u
cuctemata My 3a ympaBnieHue Ha BesomacHoctta. ToBa ce
nocTura 4pes3 HamansBaHe Ha onuTHWs Gpon  Alpha; ¢
penyuupaly caktop Delfa;, KOWTO e HeoTpuLATENHO peanHo
uncno mexgy 0 m 1 Ho obukHoBeHO 6nm3ko o 1. MoppobHo
MaTeMaTW4Yecko OMWCaHWe Ha anropuTbMa € [afeHo B
Spiegelhalter and. Lauritzen, (1990).

CTpYKTypHO 00yyeHue

EQHa M3KNOYMTENHO WMHTEpecHa Bb3MOXHOCT Ha BIM e
Bb3MOXHOCTTa [a Ce M3BNeye CTPYKTypa Ha mpexata OT
onucaHn cnyyau. [laHHUTe ce CTpyKTypupaT kakto B Tab. 7.
TakuBa anroputMu 3a CTPYKTYpHO 0OyyeHue ca onucaHu B
(Spirtes, C. Glymour and. Scheines (2000) u Pearl (2000)) v ca
n3secTHu kato PC anroputmun. Te ce 6a3npat Ha TecToBe 3a
HE3aBUCUMOCT Ha NPOMEHNMMBUTE B Mogena. TecToBaTa

CTaTUCTUKA, KOATO € ﬂpl/l6ﬂ|/|3I/ITeﬂHO X zpasnpep,eneHa no-
nycka ycCnoBHa He3aBMCUMOCT. anI rofieMn CTOMHOCTM Ha

TOOWILHYIK Ha MunHo-2e0moxkust yHusepcumem “Ce. MeaH Puncku”, mom 46(2003), cs. Il, JOBUB U NTPEPABOTKA HA MMHEPAJTHW CYPOBUHN
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TecTa Ce OTXBbpJIs XunoTe3ata 3a He3aBUCMMOCT. HMBOTO Ha
3Haummoct LC e croitHoct mexagy 0 u 1 onpegens
BEPOSITHOCTTA 3a OTXBbPSISIHE Ha BsApHA XuWnotesa 3a
HesaBucumocT. pu yBennyaBaHe Ha LC we ce nonyyat
noseYve yCroBHWN BEPOATHOCTHU BPB3KKM MeEXOY NPOMeHNnBuUTe
B Mogena. MpenopbysaHata croitHocT Ha LC e 0.05.

Mpu cTpykTypHO 06yyenne Ha MARNET c paHhm 3a 122
CnyyYas Ha PerucTpupaHn MHUMAEHTM B p-k “BabuHo” u
LC=0.05, 6e3 BbBeXAAHE Ha ApYr ONUT Ca NOJTy4EHW YCIOBHU
BPb3KM Mexay cregHute npomeHnueu: ‘Tpynu paboTHULM —
npocdecns” - "Yac Ha Bb3HWKBAHE Ha WHUMAEHTa”, “Obuy
TpygoB crax’ - “Yosewku aktop”, “CteneH Ha obpaso-
BaHue” - “[leH cnepn nocneaHata nouneka” - "OTKMNOHeHWe
OT HopmanHute aencteusi”. MNpu yBennyasaHe Ha LC Ha 0.1,
ce nosesBa Bpb3Ka Mexdy "4ac Ha Bb3HUKBAHE Ha
WHUMgeHTa” » “TpygoB cTax B npeanpusTueTo’. Tasu
Bb3MOXKHOCT [aBa oOWe edHa Hacoka 3a eBeHTyanHo
npepasrnexnaHe Ha pasbupaHeTo Ha ekcrepTa 3a MexaHu3ma
Ha NposiBreHWe Ha puckoeeTe B obekTa W OTTaM Ha Mofena
MAR.NET.

CumynupaHe Ha cnyyau

MoLuHoO cpeacTBo 3a uacrnefsaHe Ha 6esonacHocTTa ypes
mogena MAR.NET e cumynupaHeTto Ha cnyyau. CrniyyanTe ce
reHepupat BbB Buaa nokasaH B Tab. 7. Cumynauusara ce
Gasupa Ha Bapuauus Ha TEKyLIOTO MPUOPHO pasnpesesnieHue.
leHepupaHuTe OT CUMynauusiTa crydau MmoraT Aa ce us-
nonseat 3a ODy4eHue Ha MpexaTta C €BEHTyarHW CbouTus.
3apjaBaHeTo Ha onpefesnieH MPOLEHT NUNCBALLM CTOAHOCTY B
reHepupaHUTe  Cryyaum  WUMUTMPA  HEOMpedeneHocT B
uHdpopmaumsaTa. CumynupaHu cnyyaii e no-LenecbobpasHo
[a Ce reHepupat OT WMUTALMOHHM MOAEeNM Ha paboTaTa Ha
peanHn nogcuctemu ot obekTa. Mo TO3K HauMH MOXe Aa ce
TECTBA YCTOMYMBOCTTA Ha cucTeMata 3a 6e30MmacHOCT KaTo ce
HabriogaBa MOCTEPUOPHOTO pasnpefeneHne crneg agan-
TMpaHe Ha mMoZena CbC Cryyau, KOWTO A0 MOMEHTa He ca
PErMcTpUpaH/ B MpaKkThkaTa HO MpeAcTaBnsBaT  LEHHA
nHopMaLms 3a ynpasneHueTo Ha besonacHocTTa.

OrpoMHO NpeauMMCTBO Ha MOAEena € Bb3MOXHOCTTa Aa
“3BMneye OT cucTeMaTa MHAGOPMaLMS Ype3 pasnpocTpaHsBaHe
Ha BEPOSITHOCTY CpeLLy NocokuTe Ha pebpata. Taka Moxe da
Ce CUMynMpa yBenuyaBaHe WM HamansiBaHe Ha TEeXecTTa Ha
WHUMOEHTUTE UM [Ja Ce MPOCNEAM MO Mpexata Ko KOHdU-
rypauum OT CbCTOSIHUSI MMaT CbLUECTBEH SN B TOBa. Taka
HanpuMep ako Mpexata e crabo obyyeHa 1 BEPOSTHOCTHUTE
pasnpegenenus ca Ommsku OO0 YHUPOPMEHOTO TO MKOHO-
MWYecknst eeKkT OT W3MbIHEHMETO Ha mporpamMn  3a
Be3onacHoCT ce oLeHsiBa KaTo Mo-Now OT HenpeanpyMaHeTo
Ha peiictens. C obyyenneto Ha MARINET ¢ gaHHu camo 3a
10 cnyvas, KapTWHaTa 3amoyBa fAa M3rMexga CbBCEM
pasnuyHo. Ha npeaeH nnaH uanusa edekta OT MpUOpUTK-
3MpaHeTo npeaBuaeHNTe Nporpamu.

SAKITIOYEHNA

Pa3paboTeHa € MHTENUreHTHa CUCTeMa 3a NMOAAbPXKAHE Ha
ynpaBneneto no 6esomacHoct MAR.NET. Cucremata e
HaCTpOeHa 3a cneumnuKMTE Ha MUHHMS BpaHLL HO MOXe Aa ce
ajantmpa u 3a gpyru GpaHwose. HavyanHoto obyyeHue Ha
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cuctemata, Cce TMpenopbyBa [da CraBa OTAENHO 3a
BbrnenobuBa, OTAENHO 3a pynopobuBa M OTAENHO 3a
HepyaHUTe TMOMe3HW u3komaemu. AJanTupaHeTo OT CBOS
CTpaHa CnedBa Aa Ce M3BbpLUBA 3a KOHKpeTHUTE O6eKTu
Bbpxy ODEKTHO HacnegeHu konus Ha obyyeHa cuctema.
HaumHbT Ha pabotata csc MAR.NET e wusknountentHo
WHTYUTUBEH W ficeH. CTpyKTypaTa Ha Mpexarta 1 CBbp3aHuTe ¢
BB3NUTE N CbCTOSHUS U BEPOSTHOCTU Ca BUHAr Npes norneaa
Ha cneumanucTa. Hama ckpuTu Cnoese, KoUTo fa 3aTpyaHssar
WHTEpNpeTaUmMsaTa Ha M3BMEYEeHUTe OT cuUcTemaTa W3BOAM.
MAR.NET e B CbCTOSIHME Aa M3BMMYA  3aKMIOYEHUS W NpU
BMCOKa CTEMEH Ha HeonpeaeneHocT. MHTYMTUBHUAT HauMH Ha
OnMcaHue e KOMOMHMPaH CbC CTPOMMSt MaTeMaTUyeckn anapar
Ha bensoBata BeposTHOCT. dakTUTe U HeonpedeneHocTTa
pasnpocTpaHsiBaT edekTuTe cu B Mpexata  rnobarHo.
MAR.NET moxe aa ce obyuasa rnobanHo 3a GpaHw 1 ga ce
ajantupa 3a cneuudmknute Ha KoHkpeTeH obekT. OGekT Ha
ajanTupaHe Ca KakTO BEpPOATHOCTUTE Ha  OTAemHuTe
CbCTOSIHMS, Taka W CTpyKTypaTa Ha Mpexata. Tosa
npefocTaBs ABa MbTA 3a OTpassBaHe Ha pa3bupaHeTo Ha
ekcneptute B Mogena. MAR.NET moxe aa ce obyyaBa, KakTo
€KCMepTHO, Taka W OT (haitn C JaHHW 33 PEerucTpupann unm
cumynupanu cnyyait. [obpe obyyeHa mpexa Ha MAR.NET
MOXe fa Cce wu3nonsBa 3a oOyyeHue Ha cneuuanucTy.
Mpexute Ha MARINET agantupann 3a pasnuyHin obekTu
MoraT fja KOMYHUKMPaT N0 MeXZay Cv BKI1. Npe3 MHTepHeT, kaTo
0BpasyBaT MHTENUreHTHa Mpexa OT OLe MO-BUCOKO HMBO C
pasnpedeneHo U3YMCRIeHNe U Bb3MOXKHOCT 3a OOMeH Ha
3HaHus.
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ABSTRACT

The structure and the theoretical basis of Bayesian network - Mine Accident Risk dot Net (MAR.NET) for decision support in mining safety are
presented. The network is composed from 22 nodes described with specific states designed for description of mining risk factors. In the heart of the
network is conditional probability distribution of the chance node “Type of the accident” containing 37800 state configurations. A new formula for
evaluation of safety risk level is proposed. For the purpose of decision making the network is extended to influence diagram. The possibilities of
learning and adoption of MAR.NET to specific object in uncertainty and some application of simulated safety cases are discussed.

INTRODUCTION

The information support of the safety management required
processing of a large amount of data both of quantity and
quality type. It is well known from the practice that taking into
account only quantificators of safety risk like coefficients and
indexes of frequency and weight are not sufficient for
characterizing and control of safety level. The quality system
for risk evaluation is needed. The new generic ISO 18000
series devoted to quality safety management is an eloquent
fact about the importance of the problem.

Today the investigation and registering of an accident are
documented in minimum 60 data fields of different formats.
The scrutinize of safety risks in the large mining companies
ordinary includes more than 3000 massive of data for
description of 50 and more accidents per year. Every one
accident is classified in 21 indicators (tab. 1) any of which
described with 2 up to 26 characteristics (states) (Michaylov
and Petrov (1997), Michaylov and collective (2002)).

The psychology and cognitive science are ascertain the fact
that the human mind cannot effectively manipulate such kind of
data structures and meet serious difficulties to make an
inference when the possible decisions have more than 3
alternatives. Such informational overload of the consciousness
leads to ignorance of information and heuristic deciding of
variants. The risk of bad decisions increasing and the safety
become pursuit rather than achieved purpose. The problem is
of particular interest in time critical decision-making.

Another important feature of safety management is the
probability and fuzzy uncertainty attending decision-making. In
practice this mean that the expected effects of actions for risk
reducing also will be connected with some likelihood. What is
the degree of certainty that one of the expected effects is most
likely is the correct question. Rendering the expert opinions is
everyday activity in safety management. The successive
implementing of acquired data and expert experience in
decision-making is of vital importance.

A typical approach for safety risks investigation by separately
studying of the impact of isolated factor groups inevitably
relevant to loses of information about the mutuality in the
safety system. In terms of information such a “disjoint” is
irreversible process. In other words the model we use to
support our decisions those not reflect the real world because
the interdependences in the safety system are very diligence
removed since on methodological level.
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New synergetic approach should apply for the purposes of risk
investigation and decision support for improvement of safety. A
model representing the mutual influence of dangers, human
and control over the safety is needed.

The structure of intelligent computer system MARNET (My
Accident Risk dot Net) for information fusion of databases and
expert opinion is presented. The system is designed for
practical use from safety managers in mining companies.

INDICATORS OF SAFETY RISKS IN MAR.NET

In the best practice exist pursuit of an integrated system of
indicators characterizing safety risks. An integrated system of
safety indicators for mining industry was developed in
University of Mining and Geology “St. Ivan Rilsky” in the
beginning of 90 and last updated in Michaylov and collective
(2002) (tab. 1). Every indicator has a set of characteristics
structured in hierarchical groups. The number of groups in
stets are between 2 and 26. Because of lack of space the
characteristic sets are not present in this paper.

The defined indicators in table 1 can be used for quality
investigation of safety risks in any other industrial branch. The
characteristic sets of some of the indicators will be different.
But the principle of studying and data manipulation remains the
same. This is great advantage for implementation in practice
and for software development.

The shown indicator system can be used for risk investigation
in all industries. The worldwide practice shows that successive
computer systems using artificial intelligence methodologies
are developed for a local domain irrespective of some
universality. MAR.NET is developed for investigation of safety
risks in mining industry. The sub domains in knowledge base
for mining branches - coal mining, metal and nonmetal mining
both for underground and open pit, required different sets of
characteristics for some indicators.

Table 1. Safety Risk Indicators.

' Name | Short label \
' Time of occurrence " 01.Hour \
" Occupation groups " 02.0ccupation \
" Degree of education ' 03.Education \
Length of service | 04.Practice \
Length of service in entertainment | 05.Practice_Co \
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Length of service in profession I
' Day after last rest (weekend) I
" Hours after start of job I

06.Practice_Pro
07.Day_after
08.Hour_after

' Place of accident | 09.Place
' Kind of job during the incident " 10.Job
‘ Kind of incident leading the H 11.Incident

accident
' Human factor in cause of accident
" Material factor in cause of accident
" The dangers of the environment

‘ Deviation from ordinary actions and

12.Human_Factor
13.Material_Factor
14 Environment

conditions 15.2.Deviation_C
' Severity of the accident | 16.Severity
' Harmed parts of body ' 17.Body
Kind of injury | 18.Injury

‘ Period of health restore

Safety precautions (risk redusing
measures)

‘ ‘ 19.Recover_Period

‘ ‘ 20.Measure

|
|
|
|
|
|
|
| |
H 15.1.Deviation_A ‘
|
|
|
|

" Machines related with the accident |~ 21.Machinery

Place of accident is a typical indicator for which the
characteristic set needs to be overwritten for the different
mining objects. On the other hand the learning of MAR.NET
system will be much more adequate for specific branch and
adoption — for specific objects. The convergence of the
systems is the next step.

DRAWING OF INFERENCE FOR SAFETY RISKS LEVEL

Reporting the safety risk level is the important end result of risk
evaluation. It is hard to define all the different aspects of risks
in notion of one safety level. For the purpose the following
definitions are accepted:

The drawing of inference for safety risk level is a process of
statistical conclusion for synergetic influence of the risk factors
on the accident severity in uncertainty. The risk factors under
review are shown in table 1.

In the terms of safety a classical definition for risk is the
production:

RISK = PROBABILITY x CONSIQUENCES

In the description of safety level all risks must be take into
account. After execution of safety programs the object of
evaluation is the remaining (current) risk. - R.. The level of
safety can be useful quantificator for comparison of objects
and branches with one value. But the dimension of risk is
specified from the dimension of consequences. Usually the
consequences are classified as economical and human and
social. In capacity of quantitative link can be used the count of
loosed working hours. It is not necessary to be human-hours.
The indicator 19.Recover_Period described the consequences
of the accidents with 10 discrete intervals — “A. Up to 3 days’,
‘B. 4 to 17 days’, ..., “J. 6000 days (means irrecoverable
accidents)’.

The following expression for calculating the safety risk level are
proposed:

If we accept that the threshold for sensitivity of risk evaluation
is in probability of 1/10° and 3 loosed working days as a
consequence, than the minimal safety risk is evaluated on

R, =3,10"°. In that case the level of safety risk L, can be
calculated as a function of current risk - R, and the threshold
risk - R, by (1).

L, = log(R./R,) (1)

The L, posses some properties which makes it useful for
calculating of risk level. First, since the risks are always
positive quantity andR, 2 R, > 0 the value of level will be

always calculable and L, > 0. Second, when the current risk
aligns with the threshold R, = R,, the safety risks level

L =0, And last but not least the human perceptions are

determined from logarithmic levels as stated of generalized
psychophysical low of Veber-Fehner. Take into these
considerations the 10" basis of logarithm is recommended.
Besides the one-value quantification of safety risk the
management is needed of detailed quality investigation based
on the available knowledge. The data collection for risks and
safety level of a specific object is made by excerption (registry
of accidents, failures, protocols of inspections etc.). It leads
inexorable to statistical evaluation of excerpted conclusion for
the real state of the safety system, which obviously is richer of
properties (Bewmuenb  (2001)). Nonlinear dynamics of
manifestation of the incidents with possibility the safety system
to pass in chaotic regime (Guastello (1997); Stengers and
Prigogine (1997); Petrov (1999)) puts the question outside of
the application range of well-developed methodologies for
reducing of the problem dimension like deterministic factor
analysis and classical statistical averages.

(Tpyxaes, [opwkos (1985)).

Bayesian approach for statistical inference

The frequency interpretation of probability is called objective
ore classical point of view in statistic theory. In the statistical
decision theory the Bayesian approach is used to draw of
conclusions in uncertainty. The approach offers a different
interpretation of probability called subjective point of view. The
idea of conditional probability takes a main place in Bayesian
approach. From the investigator is required to use subjective
probability as a measure of belief for the state of observed
object (Hines, (2000)). This is more intuitive perception of
probability, which means rather than chance than frequency.
The level of belief is specified with the probability distribution
for a given unknown parameter. This procedure is completely
different of any other statistical approaches, where the
uncertain parameters are treated as unknown constants. The
Bayes approach required from investigator to think for
unknown parameters as random variables.

The low for complete probability and Bayes Theorem

The evaluation of impact of co incidents on the accidents is in
the base of detailed risk investigation. The mathematical
fundament of the MAR.NET model is based on the following
major dependencies:

Let A;, A, ... is an enumerated collection of events sharing a
space of realization — S. The events in collection are mutually
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independent with union S. Let B is another event. If the
probabilities P(4;) and P(B|4;) are known for 0 I (/s the
set of indexes of events) than it can be shown that:

P(B)= P(B|4)P(4)+ P(B| 4,)P(4,)+ ..., (2)
a result known as low for complete probability;

P(B| 4,)P(4;)
P(B| A)P(A4)+ P(B| 4,)P(4,)+ ...

P(4,|B)= (3)

a result known as Bayes Theorem and;

P(4,4,,.,4)= P(4|4,,4;,....A)P(4, | 4, A4,,...,4,)

(4
P(4, | 4,)P(4,) 9
a result known as chain rule, with significant importance in
Bayesian networks.

Bayesian belief network - BBN

The Bayesian network is presented with directed acyclic graph
with the following elements: the chance nodes representing
random variables and the edges - probability independencies
between the variables. The nodes have conditional probability
tables assigned to describe the independencies. The nodes
without the parent have unconditional (marginal) distribution.
One of most powerful feature of Bayesian network is the global
treatment of local uncertainty. In other words — the changes in
probability distribution in one chance node are propagated to
all the nodes linked with edges following the directions in the
network. The propagation of probability against the directions
is possible due to Bayes Theorem. For statistical description of
net and propagation of probability the results (2, 3 and 4) are
used.

Unlike of classical statistical inferences (which work rather than
with confidence intervals than statement of probability) is, that
the Bayesian inference completely described the fact, that the
expectation alone cannot predict the probability of unexpected
events. Prior informatina for unexpected events is needed. The

Computer models for decision support can be developed on
the base of pure BBN, but the conceptions of utility functions
and the decisions are not clearly formulated and fully cover.
The extension of BBN with two tapes of nodes represents an
influence diagram (fig. 1). The influence diagrams are used
fore evaluation of different variants of decisions by calculating
of expected utility of launched actions.

B

Figure 1. An example of Bayesian network extended to
influence diagram with node “Decision” and node “Utility”

Decision

Utility

The decision nodes must be linked in chain in the logical
consequence of independency between variables in the model.
The nodes from which the decision is depend, must be with
known state before the decision is made.

STRUCTURE OF MAR.NET

MAR.NET is designed as Bayesian belief network extended to
influence diagram (fig. 2). The main purpose of MAR.NET is to
support decisions for increasing of safety level in industrial
objects, entertainment and whole branch. Currently the states
of the nodes are adapted for the specific of coal mining. The
nodes in the model correspond with the indicator variables
described in tab.1. The states of indicators are labeled like the
characteristics of the indicators. The conditional dependency
between the variables can directly be read from the graph on
fig. 2. The probability of different configurations of states in the
net described the subjective point of view to happen an
accident according to conditions given by states of parent
nodes.

Marginal nodes in the root of the net are 14.Environment,
10.Job and 02.Occupation. The initial state of MAR.NET are
uniform distribution of probability of the state configurations.

5 means striking off the possibility of occurrence of this

necessity of pr{_ 14 Environ Jthe key part of Bayesian inferenczero probability assigned to a state or configuration of

Of course, this réqumement is a weakness. Not always is easy
to obtain the prior information, except of experts. ButinTack o
data for safety in an entertainment (newty Created or thirfly
proficient) the opndunity to use experience from similar
objects and fr( oo.piace ) great advantage. A welklearned
Bayesian network—oog ew)y appointed
safety personnel. | i
safety system, eve

when all indications jare lead from predecessors (pa
child variables interests ( ‘
when an indicatio gved from child t
Bayes Theorem (3) is used for such a back propagation of
probability.

Decision-making and Influence diagram

Figure 2. MAR.NET decision support system for improvement of safety level

_ M" distributions.

16.Sevirity

state. The probability tables assigned to the marginal nodes
axe shawn in table 2.
Social-huran severity of accidents is eyaluatad of 16.Sevirity
nodg. Economjcal risk of accident co valuatas
from \tility node™Loses”. The i Q warki

the 3 npdesare child

Table sbjlity table?

State

A. TrangPort.and load
B. Opdinary exploatation
/

5 Diner 02

13.Material_

—D RISK EVAL
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Table 3. Initial conditional probability table P(17.Body|
18.Injure)

AN 18.In
jure A B 7
17.Body
A. Head 0.25 0.25 0.25 0.25
B. Hands 0.25 0.25 0.25 0.25
C. Legs 0.25 0.25 0.25 0.25
D. Others 0.25 0.25 0.25 0.25
Total 1 1 1 1

Every state configuration (column) is an independent group
with complete probability of 1.

In the heart of the MAR.NET is a chance node 11.Incident —
“Kind of incident leading the accident”. In current realization
the node is a child of five predecessors — four chance nodes
and one decision node respectively 12,13, 15.1, 15.2 n 20 (see
tab.1 for full names). The conditional probability table of node
11.Incident is a multidimensional massive given by probability
distribution (5).

P(11.Incident |12.Human _ Factor,13.Material _Factor,
15.1.Deviation _ Environment,15.2.Deviatin _ Action, (5)
20.Measure)

The massive dimension is 18*14*15*5*2 = 37800. It is clear
why for the experts is impossible to take into account all known
configurations of conditional states.

The looses caused by the accident are described in utility node
“Loses” (tab. 4)

The decision node 20.Measure — “Safety precautions (risk
redusing measures)” is used for continuous evaluation of
actions provided in safety programs.

Table 4. Utility table of node “Loses”

Body A B..
Injure A P A
Loses -90 -100000 -150

The effects of actions are propagated in MAR.NET through
chance node 11.Incident. A simple question can be given by
defining of two states of decision node 20.Measure: Action 0
and Safety Program. It means to do nothing or to execute a
safety program. The cost of actions are specified in utility node
“M.Cost” (tab. 5). The conditional independency of the nodes
09.Place and 20.Measure can be read of the graph in fig. 2.

Table 5. Utility table of the node “M.Cost”

Place A B C
Measure | Action 0 Safety Action Safety
rogra
Program 0 m
M.Cost 0 -5000 0 -10000

With the decision node “RISK EVALUATION” the expected utility
of risk evaluation procedures are evaluated. For example if two
state “Yes” and “No” are assigned as the decision the utility
function will calculate expected utility of both actions. The
pressure for starting of risk evaluation renders the increasing
of loosed working days — node 19. The expenses related with
the procedures of evaluation are given from utility function by
node “RE.Cost’ as conditional distribution determined of
predecessor nodes “RISK EVALUATION” u “09.Place” (see fig. 2
and tab. 6).

The choice of alternative decision is make on principle of
maximal expected utility. The global utility function U is a total
of all expected local utility (5).

Table 6. Utility table of the node “RE.Cost”

Place A B C
: Risk YES No | YEs | No
valuation
RE.Cost -1000 0 -2500 0
U-= Z U; (5)
ui: Z pjuj. (6)
J

where P ; is the conditional probability for occurrence of state

configuration €, and U - is the value of utility related with

this realization. For example the distribution of utility node
Loses contains j = 104 probability. But in calculation of U
the local utility expected in nodes RE.Cost and M.Cost are
taking into account, i.e. i = 3.

INFERENCE OF SAFETY LEVEL WITH MAR.NET

If a new prior information is available the procedure for
statistical inference must be started in order to update the
probability distributions in the net. The propagation of known
probability according to the independency between the variable
(given by the edges) is executed. The posterior probability
distribution for all the nodes is as a result. The expert can see
the probability of any configuration of the node states and
evaluated utility of alternative decision actions.

An example for node 10.Job -“ Kind of job during the incident”
is given on figure 3.

A 0,07
B. [ 0,03

Cc. [ o004

D. 0,12

E. 0,04

Figure 3. Posterior probability distribution of node 10.Job.

LEARNINIG OF MAR.NET

The learning of the model can be done by 6 different ways.
The first — imputing the known probability by hand for given
configurations of states. According to dimensions of
distributions this is a hard task. For the purpose of machine
learning the special algorithms are developed. When the
database for safety in the object is accessible, union of SQL
queries can prepare the initialization of probability distributions.
For the purpose of learning, the structure of MAR.NET is
described in manner of (5) from the roots of network to the end
child nodes. The SQL queries in the union follow described
consequence. As a result the probability tables are formed.
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Learning from data cases

This type of learning is appropriate for initializing of probability
distribution after structure defining of the net. A set of variables
for which the prior information is available is specified. For any
of the nodes related to the specified set the experience table is
assigned. The experience tables count the number of
realization of any specified configuration of states in the set.
Learning set of variables (nodes) in MAR.NET envelope all
indicators (tab. 7).

Table 7. Example of learning data cases for MAR.NET

NO1 NO2 NO3 | NO4 [ NO5 | NO6 N21
A A D Q A B N/A
C | D D NA | C C

Where N01..N21 is the internal name of the nodes.

When thee is no information about manifestation of some
variable in the case the missing data is marked with “N/A”
symbol. The codes A, B etc. corresponding with the labels of
states of variables. The nodes represent the indicators (tab.1).
The states are the characteristics of the indicators. The nodes
and states of MAR.NET are compatible with databases of the
software product for registering and analyzing of accidents
Mine Accident Risk version 2002 (MAR). The product Mine
Accident Risk are developed since 1995 in the department of
“‘Mine Ventilation and Labour Safety” in MGU “St Ivan Rilsky”.
The learning metod of MAR.NET is known as EM-algorithm
commonly used in Bayesian network for graphical associated
models with missing data (Cowell and Dawid, 1992; Lauritzen,
1995). The target of algorithm is enriching of conditional
probability tables assigned to the nodes of network. For this
purpose the algorithm performed a number of iteration. In any
iteration logarithm of probability the given example to produce
the current probability distribution is calculated. The EM-
algorithm tries to maximize this log-probability. The iterations
stop when the deferens between log-probabilities obtained of
two successive iterations became sufficiently small (for
example of the order of 10). The EM-algorithm cannot learn
the conditional distributions for continuous nodes. In MAR.NET
there are no continuous nodes.

Learning adoption from data cases

Learning adoption of MAR.NET is necessary when a new
accident is registered or new information from inspection,
investigation or observation is available. The adoption of
knowledge about the safety through consequtively updating of
probability distributions in the net on the base of available
experience is performed. The experience about a given
discrete node is present as a set of counts for evidence
Alpha,...,Alpha,., where n is a count of configurations of the
parent nodes. Alpha; means the number of times a parent
node to fail in ;" state configuration koHdurypauus. The
count has a sense of frequency and is a nonnegative real
number. Alpha; is stored in experience table assigned of the
nodes determined for learning adoption. The nodes for which
there are no experiences are adopted according the rules of
probability propagation in the net as discussed above.

Entering expert opinions

The notion of experience in Bayesian networks can be
introduced as a quantitative memory which can be based both
on quantitative expert judgment and past cases. Dissemination
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of experience refers to the process of computing prior
conditional distributions for the variables in the network.
Retrieval of experience refers to the process of computing
updated distributions for the parameters that determine the
conditional distributions for the variables in the network
(Spiegelhalter and. Lauritzen, (1990)).

The used in MARNET algorithm for entering the expert
opinions allows control of the actuality of learned experience
through special fading tables for reducing the impact of past.
The fading factor Delfa; is used for reducing the experience
count Alpha;  The fading factor Delta;, is a nonnegative real
number between 0 and 1 but typically close to 1. The detailed
description of the algorithm is given in Spiegelhalter and.
Lauritzen, (1990).

Structure learning

A possibility to extract structure of the net from data cases is
an exceptionally interesting feature of BBN. The data cases
are structured in manner shown in tab. 7. The algorithms for
structure learning of BBN are known as PC-algorithms
(Spirtes, C. Glymour and. Scheines (2000); Pearl (2000)). The
independency tests for variables in the model is performed.
The test statistic is approximately x > distributed and allows

conditional independency. The recommended value of level of
confidence in which the zero hypothesis for independence is
rejected is LC = 0.05.

Some interesting results were obtained in structure learning of
MAR.NEY with 122 data cases for registered accidents in coal
mine of “Babino”. The conditional dependency of following
variables where accepted in LC = 0.05: Occupation - Time of
accident occurrence, Length of service ~ Human factor,
Education level -~ Day after weekend -  Deviation from
ordinary actions. In LC=0.1 new dependence between Time of
accident occurrence » Length of service in entertainment is
accepted”.

The structure learning gives an alternative way the experts to
reconsider his conceptions for safety in given object using
artificial intelligence. When the understanding of safety risks
manifestation is changed, the model of MAR.NET on structural
level also can be changed.

Simulation

Three approaches for obtaining simulated experience will be
discussed. The first is by generating of simulated data cases
and learning MAR.NET with EM-algorithm. The simulations are
based on variations of the current prior distribution. The result
of simulations must be in the format given in tab.7 in order to
be useful from the learning algorithm. The simulation can be
set to give a percent of missing data. The missing data imitate
unknown probabilities for configuration of variable states and
simulate uncertainty in the safety system. A more efficient
approach is generating data cases by simulation models of real
subsystems of the object. In both approaches the fixedness of
safety system in case of occurrence of unregistered cases.

The third way of simulation is based on the powerful feature of
Bayesian networks to derive conclusion against the direction of
the edges. It can be simulate increasing of severity of
accidents and after propagation of probability according Byes
Theorem to obtain posterior distribution of the predecessor
nodes of interest.

CONCLUSIONS
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A system for decision support in mining safety MAR.NET is
proposed. The system can be adopted for other branches
saving the type nodes and the proposed structure. The states
of the part the nodes can be different. It is recommended the
learning of MAR.NET to realize on different copy of the system
for open pit and underground coal mining and for metal and
non-metal mining and quarries. Adoption of MAR.NET is
adequate to realize for different objects on the learned
instances of branch models.

There are not hidden layers in the MAR.NET. The structure is
clear and ease to modify according to changes of expert
opinions. The inference of safety level can be done in
uncertainty, which is the usual case in safety management.
The well learned MAR.NET model can be used for education
and training. The contemporary technologies allow the .NET
models learned and adopted for different objects to
communicate each other including via the Internet. Such a
super-BBN in which the nodes are other BBNs can constitute
intelligent net with distributed calculation and possibilities of
knowledge exchange.
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