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YIIPABJIIHHSI PUBUKAMHU B HA®TOJJOBYBHIN
HNPOMUCITOBOCTI 3A JOIMTOMOI'OIO CUCTEMH KIBANA

Beryn. YnpapiiHHA pr3UKaMHu — 1€ T0Ope BioMa KOHIICTIIiSA B Taly3sX 3 IiJBUIICHAM PiBHEM HEOC3MEKH, TAKUX SIK
Ha(Torazosa Ta XiMiuHa IpoOMHCIOBICT. OMHaK MeXi BUHMKHEHHS PU3MKIB HewiTki. Ha miactd, 3a ocraHHi KilbKa POKiB
HOSIBIIIOCS OLIbIIIE TOCHIKEHB 1 cTateid npo Barrier Management (Yipapiinas Oap’epamu). OHHM 13 KITFOYOBUX aCIEKTiB
X OCTaHHIX CTared € Te, IO iX aBTOpH HaMararoThCs BH3HauuTH Barrier Management 1iono Toro, 1o JaHe mporpamHe
3a0e3neveHHs! TOBUHHO poouTy. KoHilenTyansHo, yrpapiniHHS 0ap’epaMyl € YaCTUHOIO YIPaBIiHHS OE3M1EKOI0 MPOIIECIB, sIKE €
YaCTHHOIO KOPIIOPaTHBHOIO YIIPAaBIiHHS, OCKUIBKM BCSl OpraHizaiis Mae OyTd 3amydeHa 10 mporecy 3 e(eKTHBHOro
YIIpaBJIHHS 0ap’epamu.

JluHamiuHe pillleHHs 3 yIpaBJiHHs Oap’epamMul BUPINIye BUIIEBKa3aHI IPOOJIEMH Ta JIa€ 3MOT'Y B PEXHMI peaibHOTO
Yyacy meperjsiiaTd KyMYJISATHBHUH PH3MK Yy PI3HHX OOJIACTSX Ta aKTHBaX, 3a0e3Neuyloud MpH IbOMY YIpaBIliHHS
0ap’e€pHUM TOPOTr'OM 3a JOIIOMOTOI0 €IMHOTO, TIPOCTOTO Y BUKOPUCTaHHI iHTepdeiicy.

ChoroiHi Kijlbka KOMIaHii BUKOPHCTOBYIOTh Bi3yali3alilo JIaHHUX JUIs CIUIKYBAHHS 3 KIIIEHTAMH Ta 1HBECTOPAMHU.
Bonu poOusith 1ie, 1100 BHUPIIIUTH MPOOJEMH KIIEHTIB 1 3aly4WTH KariTaj Jyis HPOEKTIB PO3LIMPEHHs Oi3Hecy.
Bisyauizaliist JaHUX TaKoX JoroMarae HaTOBUM KOMIIAHIsSIM 3HAXOANTH HOB1 MiCIS JUTS PO3BIJKH Ta PO3POOJISITH HOBI
MPOJYKTH JUIS PUHKY. Xoua Bidyani3aiis JaHHX Ille He CTaHJapTH30BaHA, BOHA € IIKABOKO NMPAKTHUKOIO, sika HaOupae
00epTiB y GaraThox ramys3sx. Moro MoxyTh BUKOPHCTOBYBATH iHXKEHEPH, HAYKOBIIi, T€OJIOTH Ta BCi 1HII, XTO TIPAITIOE 3
YUCTOBUMH 260 (Bi3HIHUMH JaHUME. JIOr0 TaKOX MOXKYTh BHKOPHCTOBYBATH MPO(pECIOHANN 3 MAPKETHHTY, SIKi XO4yTh
CIIJIKYBATUCS 3 KIIIEHTAMU 200 3aJTy9UTH KaliTal Jyisl POSKTIB PO3IIUPEHHs Oi3HeCy.

Mera i 3axaui goctinkennst. Metoro poOOTH € po3pOOJICHHS METO/IB IHTEPAKTUBHOTO YIPABIIHHS 13 3a1100iraHHs
aBapiiiHUM CUTYallisM B HAQTOJO0YBHIN MPOMHCIIOBOCTI. 3a1a4i JOCIIKEHHS € TAKUMH:

1. TlpoananizyBaTu iCHYIO4Yi METOJIM aHaJi3y PU3UKIB.

2. 3abe3meunty 36ip iMKEHEPHUX JaHHUX 3a JOMOMOToI0 cuctemu Elasticsearch ta o3HalioMuTHCS 3 0COOIHBOCTAMHA
OTPUMAHHS TaKHUX JaHHX.

3. BizyamizyBatu 3a jonomMoror Vega CKpUNTOBaHHMX Bi3yanizaliii Ha iHopMmaniiiHuX nanensx 3i0paHi gaHi 3a
HEOOX1THUMHU KPUTEPISIMHU.

4. Po3pobutu iHpoOpMaliiHy NaHEeb IS 3aralibHOro TIOPIBHSHHS Ta aHajli3y OTPUMaHUX Pe3yJIbTaTiB.

OcHoBHI pe3yJabTaTH AOCTiAKeHb. 3a [IOMOMOrOI0 METONY KpaBaTKa-METEINK pPEealTi30BaHO BiAMOBIAHY
IHTEpaKTHBHY Aiarpamy Juis 300py JaHHUX Ta aHami3y pU3uKiB B HadTomoOyBHINM mpomucnoBocti. s ii moOynoBu
3amisHo cucrtemy Kibana Ta rpamatuky Vega. Jlnst iHTEpakTUBHOTO yIpaBiiHHs pusukamu marid Kibana 3py4nuit y
BUKOPHCTaHHI, OCKUIBKH MPH 3MiHI JaHUX B iH()OpMaIiiHiii 6a3i, BOHM OyayTh aBTOMAaTHYHO BioOpaXkaTu Ha rpadiky,
10 1a€ 3MOT'y IIPOAHAITI3yBaTH TAKUM YNHOM TEXHOTEHHY CHTYaIlif0 B peaJbHOMY daci.

BucHoBKH. [HTepakTHBHE yNpaBliHHSA pU3HKaMH 3a JornoMoror cucremu Kibana nmae 3Mory ompamoBaTH
IIMPOKHUN CIIEKTP JAHUX [UIA MPOrHO3YBaHHSI ManOyTHIX TpoOIieM, 0 KOPUCHO IS CBOEYACHOTO IMPUHHATTS PillleHb 1
YHUKHEHHS HemoTpiOHumx BTpaT. Llei Tum mporpamHoOro 3a0e3medeHHs M YHpPaBIiHHA PHU3UKAMU BUKOPHCTOBYE
iHTepakTHBHUHN Tpadik IS Bizyanizallil pe3yabTaTiB aHANI3Y, IO Ja€ 3MOT'y BUCBITIIIOBATH IPOOIEMH A0 TOTO, SIK BOHH
cTaHyTh HanTo cepitosammu. Ilmarin Kibana mpamtoe Ha Oyap-sSIKOMY KOMITIOTEpi 3 MigKIIOUEHHAM 10 [HTEepHeTy.
Bim mae 3Mory aBTOMAaTHYHO BimoOpa’kaTH pe3ylbTaTH ICIsl BHECEHHS Oyap-SKWX 3MiH 10 0a3W JaHWX.
[lmarin, sxuit 6yB oOpanmit ans 1ie€i pobotn, OyB HAWMOMYNSPHIIIAM i3 CHCTEM, SIKi MH PO3TIIANANH, TO3BOJISIOUN
BimoOpakaTh JaHi B peaJbHOMY Yaci, IIBUAKO BHUABIISATH ITOMIUTKH i/ 9ac aHAI3Y JaHUX i MPABIJIBHO iX BiIOOpaskaTH.
Jis KITi€HTIB Taka MaHed b € BiAMIHHAM ITOMIYHIKOM JUTA aHATi3y BEJMKHX MacHBIB JHaHUX. Ha OCHOBI Takmx maHemneit
MOXKHA Biipa3y BUNIPABIATH TMOMWIKH B TOOYHOBI KOHCTPYKIii oOmamHaHHS HadTOMEepepoOHOI MPOMHCIOBOCTI.
VY pamxax mi€ei pobotu Oyna moOyqoBaHa cucreMa iHQOpMAIIMHUX ITaHeNeH, 0 J03BOJIsE 3MIHCHIOBATH IHTEPAKTUBHE
YIpaBiiHHA pU3UKaMH, aBapiifHi TONepeUKeHHsT Ta MOHITOPUHI OOJaJHAHHA, SKE& € Ha O00CIyroByBaHHI.
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Takox po3po0IIeHO Ta BIPOBA/HKEHO HOBUI METOJI iIHTEpaKTHBHOI'O MOHITOPHHTY PH3HKIB 3a JJOIOMOroto bowtie charts
Ta cucreMu Azenzus.

Karouosi ciioBa: Barrier Management, yripaBiiHHS 6e31eKol0 IpolieciB, rpaMaTika Vega, marid Kibana, pusuk,
KpaBaTKa-MeTEeNHK.
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BARRIER MANAGEMENT IN THE PETROLEUM INDUSTRY
WITH THE HELP OF THE KIBANA SYSTEM

Introduction. Risk management is a well-known concept in dangerous branches of industry such as the petroleum
and gas and chemical industries. However, the boundaries of the occurrence of risks are inaccurate. Fortunately, more
studies and articles on Barrier Management have appeared in the past few years. One of the key aspects of these articles
is that they propose to define Barrier Management in terms of its functioning. Conceptually, barrier management is part
of process safety management, which is part of corporate governance, as the entire organisation must be involved in the
process of effective barrier management. Conceptually, barrier management is part of process security and is part of
corporate management. Because the entire organisation must be involved in the process of effective barrier management.

A dynamic barrier management solution addresses the above problems and enables a real-time view of cumulative
risk across domains and assets. At the same time, the control of the barrier threshold is ensured using a single and
easy-to-use interface. Today, several companies are using data visualisation to communicate with customers and
investors. They do this to solve customer problems and raise capital for business expansion projects. Data visualisation
also helps petroleum companies find new places to explore and develop new products for the market. Although data
visualisation is not yet standardised, it is an interesting practice that is spreading across many industries. Engineers,
scientists, geologists, and anyone else who works with numerical or physical data can use it. It can also be used by
marketing professionals who want to communicate with customers or raise capital for business expansion projects.

Purpose. The purpose of the work is to develop methods of interactive management to prevent emergencies in the
petroleum industry. The research objectives are as follows:

1. To analyse the existing methods of risk analysis.

2. To ensure the collection of engineering data using the Elasticsearch system and familiarise yourself with the
features of obtaining such data

3. To visualize the collected data according to the necessary criteria using Vega scripted visualisations on information panels.

4. To develop an information panel for general comparison and analysis of the obtained results.

Results. With the help of the bowtie method, a corresponding interactive diagram was implemented for data
collection and risk analysis in the petroleum industry. It was built using the Kibana system and the Vega grammar. For
interactive risk management, the Kibana plugin is convenient to use. Because when the data changes in the information
base, they will be automatically displayed on the graph. This allows us to analyse the man-made situation in real-time.

Conclusions. Interactive risk management using the Kibana system allows processing of a wide range of data to
predict future problems. This is useful for making timely decisions and avoiding unnecessary losses. This type of risk
management software uses an interactive graph to visualize the results of the analysis, allowing you to highlight problems
before they become too serious. The Kibana plugin works on any computer with an internet connection. It allows you to
automatically display the results after making any changes to the database. The plugin chosen for this work was the most
popular of the systems we looked at, allowing for real-time data display, quickly identifying errors during data analysis,
and displaying them correctly. For customers, such a panel is an excellent assistant for the analysis of large data sets.
Based on such panels, it is possible to immediately correct errors in the construction of the equipment of the petroleum
refining industry. In this work, a system of information panels was built, which allows for interactive risk management,
emergency warnings and monitoring of equipment under maintenance. A new method of interactive risk monitoring using
bowtie charts and the Azenzus system was also developed and implemented.

Keywords: Barrier Management, process security management, Vega grammar, Kibana plugin, risk, Bowtie

IHocranoBka npodsemu. Ha mouatky 1900-x
POKIB iH)KEHEpM Ta BUYEHI BHKOPHCTOBYBAIU
Bi3yasizalliro JaHux Juig 300py, aHalizy Ta nepenadi
iHpopmMarlii npo HadTOBYy NIpPOMHCIOBiCTh. BoHH
BHKOPHCTOBYBAIH Jliarpamu, rpadiku Ta TabIuIi 1s
oOMiHy HaHMMU oOauMH 3 oaHuM. Lo npakTHKy
Briepire 3anpoBaauB ['epman [Nomnepit y 1890 porti
M7, Yac BIPOBA/PKEHHS TMepmoi TaOyNismiiHOT
CUCTEMHU JIJIs TaONHIl 3anKciB nepenucy. [li3Himre me
CTaJIo BiIOMO fK «Bi3yaji3allis JaHUX».

CporomHi Kilbka KOMIAHI BHKOPHCTOBYIOTH
Bi3yaJTizalliro JaHUX JUTsl CHUTKYBAHHS 3 KIIIEHTaMH Ta
iHBecTopamMu. BoHUM poONATH 1ie, MO0 BUPIMIUTH
mpoONeMH KITIEHTIB 1 3allydduTH Karmitanm s
MPOEKTIB po3mmpeHHs Oi3Hecy. Bizyamizaris gaHux
TaKOX J0MoMarae HaTOBUM KOMITaHISIM 3HAXOUTH
HOBI Micusl Ui PO3BIAKH Ta pPO3POONATH HOBI
MpOAYKTH Il  puHKY. B HadTOoBHIOOYBHIH
IPOMHUCIIOBOCTI Taka Bisyalizalisi JaHUX Ja€
MOXJIUBICTb HOPMYBaTH JaHi 3a KPUTHYHICTIO
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MEBHUX IIOKA3HUKIB, SKI € HEOOXIJHUMH s
HOPMAaJILHOTO (DYHKIIOHYBaHHS TaiTy3i.

Jns Bidyamizamii Ta aHamizy JaHUX CydacHi
KOMIIaHil BHUKOPHUCTOBYIOTH PI3HI CTaHAApTU30BaHi
CHCTEMH 3 pO3pO0KH MporpaMHoro 3adesneueHHs: SAP,
IFS, Oracle, Intentia Ta inmi. HadroBumoOysHa
ITPOMHCJIIOBICTh, SIK 1 BCI 1HIII MPOMKCIOBOCTI, MatOTh
JOTPUMYBATUCh X04a O onHi€eT 3 nux cucreM. Kommanii,
SKi pOCTyTh Ta pO3BHBAIOTHCS, HaMararoThes
BUKOPHCTOBYBAaTH TaKi CTAHAAPTU30BaHi cucTeMu. Tomy
iM moTpiOHO 3a0e3MednTH MIrpaiilo JAaHuX 13 CBO€i
CHCTEMH B OJIHY i3 CTAaHJapTU30BaHMX. Y BCIX BUMAIKAX
i yac Mirparlii JaHuX HEOOXIIHO MPOBOIWTH aHAII3
[IUX JaHUX, OUMIICHHS Ta HOPMYBaHHSL.

Hani mpo  oOmagHanHs — HapTOBHIOOYBHOL
ITPOMHUCIIOBOCTI MalOTh B COO1 TEXHIYHI MapamMeTpu
00’eKTa, Horo PyHKI[IOHAJILHUMN Ta JIOKAI[IMHUM aCIIeKT,
YHIKaIbHI HOMEpH, OMHC oONaJHaHHs, TPOBEICHOL
po0OTH Ha 1IBOMY O0JAHAHHI, KPUTUYHICTh TTOJIOMKH
ToI0. TakoX iICHYIOTh BIACTHBOCTI, SIKi JEKIAPYIOTHCS
CTaHJapTaMHd Ta 3allOBHIOIOTHCS HA OCHOBI IHIIHMX
BXIJIHUX BJIACTUBOCTEH ITiJ] 4aC OYUIICHHS CTPYKTYPH.

Ilepen cTBOpeHHsSM  Bidyamizamiii  MoTpiOHO
3HAaMOMHUTHCH 31 BCIMa HEOOX1JHUMH BIIACTUBOCTSIMH Ta
IXHIMHM 3HAUCHHSIMHU, TAKOK TOTPIOHO B3SITH JIO yBaru
Taki CHCTEMHI BJIACTHBOCTI, SK: IIEHTU(IKATOp, TET,
Ha3Ba 00’€KTa, IUIAX 3a SKUM PO3MIIIEHHH 00’€KT,
3B’S3KM 3 IHIMMMH O0’€KTaMd Ta KoMmeHTapi. Ha
(hyHKITIOHATTFHOMY PIiBHI TaKOK 3HAXOIWUTHCS Oararto
IHIMX BIIACTUBOCTEH, HAMpHUKIAL IHOpMAIlS TIpo
BUPOOHMKA, KOIH II¢ OOJafHAHHSA BBIHILIO B
eKCIDTyaTallifo, KOIM IIPOBOMMBCS OCTAHHINA OIS
Tol110. bararo 3 BIacTUBOCTEN CTBOPIOIOTHCS JIUIIIE AJISt
BHYTpPIIIHROTO TPYITYBaHHSA 1 HE BIUIMBAIOTh Ha
MaiiOyTHE PO3MIMIEHHS B CTPYKTYpi Ta PO3PaxXyHOK
CTaHIAPTH30BAHUX BIACTHBOCTEH. Iy BHPpIIICHHS
TakuX 3a7ad TOTPIOHO 3aCTOCOBYBAaTH BIAIOBiAHI
CHCTEMU TS YIPABIIHHS JaHUMUL.

AHai3 ocTaHHIX JOcATHeHb i myOmikamiii. B
Ha(TOBUIO0YBHIM TIPOMUCIIOBOCTI OIEPYIOTh BEJIHKOIO
KUTBKICTIO TAHUX TPO 00MaqHaHHS HaTOBHUX OypOBHX
mwiardgopM um cyfeH. Lli maHi CKITamaroTeCca 3 OMHCY
00aJTHaHHS, I0ro PO3MIIIEHHS 1 BaXKIHBUX TOKA3HUKIB
IUTs cTaOlIbHOTO (DYHKIIOHYBaHHS oOnmaHaHHs [1, 2].

Bce oOmammanas Ha HadTOBHX  OypOBHX
mwratgopMax Ta CymHax TONULIEThCS Ha OONIaJTHAHHS
sl 1oOyBaHHSA, OOpOONEHHS Ta TPaHCIIOPTYBaHHS
HadTH, OOCTyroByrode oONajHAHHS, 3alacHi Ta
JONOMDKHI YaCTHHH. BUTBIIICTh 3 HUX MAlOTh BHUCOKY
KPUTHYHICTh MTOJIOMKH, TOMY 32 TIOKa3HHKaMH JIaHUX 3
o0OajHaHHs ToTpiOHO croctepiratn. Halimerra 3mina
MOKA3HUKIB OO JHAHHSA MOXE CIIPUYHHUTU TOJIOMKY
Bciei mmardopMu UM cymHa, TEPMIHOBY €BaKyallito
BCBOTO TIEPCOHATY 1 BINMOBIMHO JEKUTbKA JHIB BCS
Ha(TOBHAOOYBHA CHICTEMA He OyJie MPaIfoBaTH.

IcHye ©Oararo mnpOTOKOMIB, SIKMX HEOOXiTHO
JOTPUMATHUChH Tepe]] 3aIlyCKOM IJIaTGOpMH UM CyTHA

3HOBY, OCKUIBKH KaracTpodu, CIIPUUUHEHI TOJIOMKaMU
Ha OypoBUX miatpopmax, BBaXKAFOTHCS
HaliMacTaOHIIIUMKA 1 COPHYMHSIOTH  3HAYHi
(hinaHCOBI 1 ekonoriuHi BTpatu. BinmoBigHO Take
obnamHaHHs ToTpeOye Oe3nepepBHOr0 HaIALy Ta
KOHTPOJIIO TOKa3HWKIB sSK Ha camMux OypoBHX
iaropMax, TaK i iHKeHepaMH, SIKi aHaNi3yIoTh JIaHi
3 oONaHaHHS BiJIaICHO.

CaMe TOMYy TIOMHJIKH B JCIKUX JAHUX 3
00JaiHaHHs Ha OypOBHMX CUCTEMaX IMOTPIOHO BUSBIISTH
e Ha TOYaTKOBOMY e€Tali aHamidy Ta 3HaXOOWUTU
HaliMEHIIIC  BIIXWJICHHSA Bil HOPMU.  3aBISKU
Bi3yasizalisM Ta iHQopMaliitHUM MaHeIsIM 3HAXOIUTH
TIOMUJIKH Ta OJAMHUYHI BUITJIKK HA0araTo MmpoCTillle.

Elasticsearch € opmiero 3 cucreM, fAka jae
MOJIMBICTh ~MaHinysaroBaTtd jgaHumu. Cucrema
JI03BOJISIE BHKOPHCTOBYBATH THYYKHH TMOIIYK Y
JaHuX, a cucrema Bizyamizaiii “Kibana” mo3Boisie
OTPUMYBATU JOCTYI JO JaHUX 3a JIOIIOMOI'OO
Lucene, 3acTocoByBaTH THYYKi TOITYKOB1 (DLIBTpH T
Bi3yamisyBaTd JaHi pisHHMH crmocobamu  [3-5].
Amnanoramu miarigiB “Kibana” € Roistat, Calltouch i
Tableau Online. BuapLIicTh 13 IUX CUCTEM JIOTH SIK
CUCTEMHU-aHATITUKN (mackpizHa aHAJITHKA,
OaraTokaHallbHa aHaJiITHKAa ToOmO). [lopiBHIOIOYH

miarin “Kibana” 3 aHaJIOrYHUMH CHCTEMaMH,
MOYKHA  CTBEp/DKYyBaTH, 10 I[ed IJiariH - €
HaWUTIOMYJSAPHIMIAM ~ Cepelx  PO3TIAHYTHUX  HAMH

cucreM. BiH mae MOXIMBICTH BioOpa’kaTh NaHI B
peTbHOMY Yaci, MBUIKO 3HAXOMUTH TTOMUJIKH TIif
Jac aHaji3y JaHuX 1 KOpEKTHO iX BimoOpaxartu. IIpu
oMy  O€3JoraHHO  IHTETpyeThCs y  Balry
IHQPACTPYKTYPy 3 MOXKIMBICTIO BMHKATH BIIKPHUTI
API y1st pi3HHX CTOPOHHIX CHCTEM.

Kpim Toro, Halikpalie y CBOEMY KJIaci IporpamMHe
3abesredeHHst Barrier Management € TOBHICTIO
IHTErpoBaHe 3 mporpaMHnM 3ade3nedeHHsM Control of
Work, cucremoro, sika € Opyror 3a KUIBKICTIO
BUKOPHCTOBYBAHMX OIEpaIliif ICIISl  eIeKTPOHHOT
nomty. lle Jomomarae mepeHecTH — yIpaBJliHHS
pH3HKAMH TYIH, JIe TOTPIOHO OaunTH MEHemKepaM
3araJbHUN cTaH 00’€kTa. [HTErparis 3 mporpaMHHM
3abesmedeHHsM Permit to Work mosBomse mporpam-
HOMY 320€3IIe9YEHHIO 3 YIIPABIIHHS Ta aHAJII30M PU3HKIB
Barrier Management 3aimiiaTrcs Ha IepeIoBiil.

Hdus  peamizamii  Takoro  iHQoOpMamiiHOTO
3a0e3MeveHH s Ui YIPaBIiHHS Ta aHAII3Y PU3HKIB
JOLUTBPHO  3aCTOCOBYBaTH  METON  ‘KpaBaTKa-

Merenuk”. Meron “kpaBarka-merenuk” (Bowtie)
BUHMK, SIK METOJ  OLIHKM  HeOe3mek Ta
eKkcrutyaTaniiaux pusukis. Royal Dutch/Shell Group
— Oyra TmepIIol BEIMKOK KOMIIAHIE, —sKa
IHTEerpyBaja meil METoa y CBOIO JUIOBY IPAKTHKY, 1
il MPUMHICYIOTH PO3POOKY Mi€T TEXHIKH, SIKa MIHPOKO
BUKOPUCTOBYETBCS ChOrONHI. Barommii BHecok y
JOCIHIPKEHHS YNPaBJIiHHSA PH3UKAMH BHECIH TaKi
BITUM3HSHI Ta 3apyOibkHi BueHi: ['epenuesa lO.B.,
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Paimor A.U., Ponanen Maxkneon, Kapaesa H.B. ta
iHmi [5-10]. MeTtoau, siki BOHM BUKOPHCTOBYBAIIH TiJl
qac aHajily  pH3HKIB, Oymu  SAKiCHHUMH,
HAMIBKUIBKICHUMH 4Yd KIIbKICHUMH. HeoOxigHuit
CTYMiHb JAOKIAJHOCTI 3alI&KUTh BiJ KOHKPETHOTO
BHUIIa/IKY 3aCTOCYBaHHS, HASIBHOCTI BIpOT'1THIX JaHUX
i morped opranizamii WMOAO NPUHHATTS pIllICHb.
OpHak, y OUTBIIOCTI BUMAAKIB MOTPIOHO 3ajiFOBATH
METOJIM Ta CTYIIHb JIOKJIAJHOCTI B aHaJi3l PU3MKIB,
sKi TpornucaHi B 3akoHomaBcTBi [11]. Omuum i3
Cy4acHHX IHCTPYMEHTIB YNpPaBIiHHS PH3UKAMU
Barrier Management B nporieci ynpaBitiHHS € TEXHIKa
“KpaBaTKa-MeTeNUK’, Ky MOXXHa BUKOPHCTOBYBATH
Ui Bizyamizamii, OLIHKK Ta  Oe3moceperHbo
YIpaBJIiHHS  pU3MKaMHU. 3aCTOCYBaHHS  METOIY
«KpaBaTKa-METEINK»  KOMIAHISIMH,  Taly3sMH,
KpalHaMH MIBHJKO TOIIMPIOETECS HAa BCI PHU3UKH,
BKIIOYatoun  (iHAHCOBi, CTpaTeriuHi, pPHU3HKH
Oe3reku, SKOCTI, IepepuBaHHs Oi3HeCy, MOJITUYHI,
JIFOJICBKI pecypcH, An3aifH Ta MpoeKTHI pu3nku [5-8].
Mera i 3aga4i nocaimkeHHst

Meroo poOOTH € PO3POOJICHHS METOJIB
IHTEPaKTUBHOTO  YIPaBIiHHSA 13  3amo0iraHHs
aBapiiHIM CUTYaIIisSIM B HaTOMOOYBHIH

MIPOMUCIIOBOCTI. 3a/1a4i JOCITIPKEHHS € TAKMMH:

1. TIpoanamizyBaTH iCHYIOYI METOIU aHATi3y
PH3HKIB.

2. 3abe3meuyntH 30ip IHXKCHEPHUX JaHUX 3a
nomomoroto cucremu Elasticsearch ta o3naiiomutics
3 0COOTMBOCTSAMU OTPUMAHHS TaKUX JTAHUX.

Bubip puzuky mna
aHamizy

!

Crnapanns nepemsy
TIPHHIE oAl

v

InenTidikaria
MEeXAHIIMY POIBUTEY
Hebeanex 7o
KpPHTHYHOI [Tomil

BinoxpemeH T
TIPMYMH BiT omil

v

Hanecenns bap'epis
11 KOKHOL TIPHEHHI

InenTidixaria

3. BigyamisyBatm 3a gomomorol Vega
CKpUIITOBAaHUX Bi3yamizauiii Ha iH(opmariiiHuX
naHensx 3i0paHi AaHi 32 HEOOXiAHUMH KPUTEPISMHU.

4. Pozpobutu iHpOpMaUiiHY mNaHedb s
3arajJibHOrO TMOPIBHSHHS Ta aHali3y OTPHUMaHHUX
pe3yNbTaTIB.

Metomn pociaimkenHst. [l mociikeHHs
VIOpaBIiHHSAMH  pHU3HKaMH B HaTOmOOYBHIH
MPOMHUCIIOBOCTI BUKOpHcTaHO 1iarid “Kibana”, o
JO3BOJISIE  OTPUMYBaTH JOCTYNl JI0 JaHUX 32
jornoMororo Lucene Ta rpamatuky Vega st
CTBOpEHHsI BikHA Bi3yaumizamii. [yis peamizamii Takoro
VIpaBIiHHS Ta MOAAJBIIOTO aHaJi3y iHKEHepaMu-
orepaTopaMu  JIOIUIBHO — 3aCTOCOBYBAaTH  METO[
“kpaBaTka-meTenuk”’ [5, 6]. BiH MOBHICTIO pO3KpUBae
CTYIiIHb BHYEPITHOCTI B aHaji3l Ta yNpaBIiHHI
pusukamu B HaTOHOOYBHIM MPOMHCIOBOCTI i He
CyIepeuuTh BiIIOBIAHOMY 3aKOHOIAaBCTBY [11].

Pesynsratn pobotm. [lns peamizamii mMeromy
“kpaBarka-merenuk” (Bowtie) 3 ominku HeOe3mek Ta
EKCIUTyaTallifHAX PHU3MKIB 3a JIOMIOMOIOK) CHCTEMH
“Kibana” B HadTo00yBHIlH TPOMHCIIOBOCTI HEOOXIHO
pO3poOUTH BIAMOBIHY ONOK-cxeMy (puc. 1), sika mae
BKIIIOYaTH TaKi TPOIENypu, M0 MOKYTh OyTH
MOKJIAZICHI B pO3POOKY Jiarpamu “KpaBaTKa-METeInK :

1. Bubip pusuky ams aHamizy.

2. CxnagaHHs TepeiiKy MpUYUH TOoxmil 3a
JIOTIOMOT' 010 JOCTI/PKEHHS JUKEPEIl PU3HKY.

3. Imentudikaiis = MexXaHi3MY
HeOE3MMeKH 10 KPUTHIHOT O

PO3BHUTKY

Hanecenns ngonatkosix
(axTopie i bap epis

HACHIKIE momil

v

3 enHaHHT NiHiZMHI
monii Ta HACTOKIE

obpakenrs Dap epiE-
TIEPEmKON ¥ HAMA MKY
710 HACTIIEY

Binobpaxenna
GVHEII KepyBaHHE

Pucynox 1 — briiok-cxema “kpaBaTka-MeTeIVK JUIsl yIPaBIIiHHSI PU3UKaMU
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4. BigokpemJieHHS TpPUYUH BiX MOMii, IO
no3Boisie  chopmyBaTH  JiBUH OiKk  MeTeiMKa.
HonaTtkoBo MOXyTh OyTH BHU3HAaueHi 1 AoAaHi B
niarpamy (GakTopd, SKI MOXYTh IPH3BECTH [0
eckanaii HeOe3neyHoi noxii Ta ii HacHiAKiB.

5. bap’epu, ski Tpeba po3MISHYTH Ha MEPEIIKOI
KOXKHIM TpPUYMHI, 10 TPU3BOAUTH J0 HEOaKaHUX
HACITI/IKIB, MOYKe OyTH TIOKa3aHO SIK BEepTUKaJIbHI CMYTH,
110 TIEPETUHAIOTH JIiHit0. SIKIIO € YMHHUKH, SKi MOKYTh
CIIPUYMHATH TIOTIpLIEHHSI CHTYyallil, MO)KHa TaKOXK
300pa3uTu Oap’epu moripiieHHo. [led migxin MoxHa
3aCTOCOBYBaTH y pa3i MO3UTUBHHUX HACIIIKIB, IIOJ0
SKAX BEPTUKAJBbHI CMYrd BiIOMBAIOTH  «3acO0H
KOHTPOTFOBAHHS, SIKi CTUMYJTIOIOTh HACTAHHS MOI1.

6. ImeHTudikaiis B mpaBoMy OOl HACTIAKIB
HeOe3Me4HOI Mol 1 MPOBEACHHS JIHIH, 110 3 €/IHYIOTh
HEHTPAJIbHY MO0 3 KOYKHUM MOMITUBHM HACITIIKOM.

7. 300paxxeHHs Oap’€piB MEPEIIKO y HAPSMKY
no Hacmigky. Lled mingxiz MoXHa 3aCTOCOBYBaTH B
pa3i NO3UTUBHUX HACIIJKIB, IIO/I0 AKUX BEPTUKAJIBHI
CMYI'H BiOMBaIOTh «3aCO0M KOHTPOJIFOBAHHSI», SKi
CTHMYJIIOIOTh YTBOPEHHS HACIIJIKIB.

JlKepena pH3HKY

KoHTtpomnp eckanariii

8. BimoOpakeHHs min Aiarpamoro ‘‘KpaBaTka-
METENUK” JOMOMDKHHMX (DYHKUIH yIpaBIiHHSI, IO
HaJeKaTh [0 3aco0iB ymHpaBiiHHA (TakuX, SK
HaBYaHHSI 1 mepeBipKa), MOeAHAHHS 1X i3 BIINOBIAHUM
3ac000M YIpaBIiHHAL.

Peanizamiero meromy “‘kpaBaTka-METENUK’ €
MpocTa jiarpaMa, 10 300pakeHa Ha pHC. 2, sKa
MOKa3ye OCHOBHI NUIAXH HEOE3MEUHUX TMOmid 1
BCTaHOBJIEHI  Oap’epu, sKi  COpsMOBaHi  Ha
3anmobiraHHst abo TMOM’SIKIIEHHS HECHPUSTINBUX
pe3ynbTaTiB Ta/ab0 TOCHICHHS Ta MPUCKOPEHHS
OYiKyBaHUX Pe3yNbTaTiB [5].

Y piarpamax  “KpaBaTkKa-METENUK’  MOXHA
3aCTOCOBYBATH MEBHI TUIH KiJIbKICHOI'O BU3HAYCHHS,
HAIPUKIIAA, KOJIM IUIAXH HE3aJISKHI Ta HMOBIPHICTh
NEBHOrO  HACHIAKY UM  pe3yibTaTy  BijoMa.
Opnak y OaraThOX  BUNAAKaX NUIAXH — Ta
MEPEIKOIM He € He3alekHuMH. KibKicHA OIfiHKa
aHalizy MeTelMKa 3a3BMYail BHKOHYETBCS 32
JIOTIOMOT'O0 aHaJIi3y JiepeBa IMOIIKODKEHb 1 aHallizy
JepeBa rmomiit [6].

TTonepemKyBaibHi
3aX0AH

3acoGu yIIpaBiHHI

AT BiZTHOBJIEHHST 1
3HMDKEHHS HACJIiJIKiB

Pucynok 2 — Ctpykrypa giarpamu “KpaBaTka-MeTenuK”

IaTepakTBHY giarpamy “KpaBaTKa-METENHK’
JOIITFHO CTBOPIOBATH 32 JIOTIOMOTOK) T'PAMATHKH
. TS TPaBHIBHOTO  BiJ JKEHHS

Vega [3 a oro BimoOpaxe

Coordinates_temp.xlsx

Jiarpamu, HaM TTOTPiIOHO MaTH KOOPAWHATH KOXKHOTO
00’exTa Ha miarpami (puc. 3).

xi

v

12067

44414

0.6763 0.4404 1

12311

4.4163

0.6262 0.2998

0.4909

5.2788

1.9245

4.216

0.6763 0.4404

0.671 02775

26403

4.216

0.671 02775

3.356

4.216

0.671 0.2775

05154

5.2537

1.2088

5.0523

0.6262 0.2998

0.671 02775

1.9245

5.0523

0671 02775

2,6403

5.0523

0.671 02775

3.356

5.0523

0.671 02775

19203

1.0931

0.6763 0.4404

1.9448

1.068

0.6262 0.2998

26381

0.8666

0.671 02775

3.3539

19224

0.8666

19293

0.671 02775

0.6763 0.4404

19469

1.9043

0.6262 0.2998

1.9224

2.7656

0.6763 0.4404

1.9469

2.7405

0.6262 0.2998

1.9224

3.603

1.9469

3.5779

0.6763 0.4404

0.6262 0.2998

2.6403

1.7029

0.671 02775

3.356

17029

0.671 02775
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[Ticnst oTpuMaHHS KOOpAWHAT, HaWKpaIle ojpasy
(hopMyBaTH X B 3aIIMT, IKHI TIOMICTHTHCS B TPAMATHKY
Vega. /lns uporo Bukopucraemo (opmynu Excel 3
00’€THAHHS KOJIOHOK 1 OTPUMA€EMO MAcCHB JaHUX JJIS
kokHoro o0’exra: {"key": "1","x1" : 1.2067,"y1" :
4.001,"w" : 0.6763,"h" : 0.4404, "descr": }.

Hactynmaum kpokom € moOymoBa niarpamu B
cepenosuii Kibana [3]. Ha puc. 4. nmoka3aHo BikKHO

CTBOpEHHsI Bi3yamizalii Ha Tpamatumi Vega.
JOTpUMYIOUHCE CTPYKTYPH TPaMaTHKH CTBOPIOEMO
Taki TUIKM KoAy sK «data», «signals», «marksy.
Ilepen  umMm  TIKaMH ~ 3aJaeMoO  3araijibHi
HalamTyBaHHS Ui Bi3yamizamii. Ha puc. 5
MOXXHa TI00QYUTH BCIO CTPYKTYpy HE0OXimHOT
Bizyaimizarii.

= . Visualize Library Create

[8) ~ Search KQL

®  +Add filter

Event counts from all indexes

Document count
o
o

Inspect  Share ) save
v Last15 years Show dates G Refresh
OR, >
1+ {
2% /%
3
4 uelcome to Vega visualizations. Here you

can design your own dataviz from scratch
using a declarative language called vega,
or its simpler form vega-Lite. In vega,
you have the full control of what data is
loaded, even from multiple sources, how
that data is transformed, and what visual
elements are used to show it. Use help
I icon to view Vega examples, tutorials,
and other docs. Use the wrench icon to
reformat this text, or to remove comments

5

6 This example graph shows the document count
in all indexes in the current time range.
You might need to adjust the time filter
in the upper right corner.

*/

A P N O .Y, S S, S

P

2 G off

Pucynok 4 — BikHo cTBOpeHHS Bi3yasizalii Ha rpamaTuii Vega

Ill

D Ry

"$schema”: "https://vega.github.io

/schema/vega/v5.json",

Pucynok 5 — Ctpykrypa Bizyadmi3zamii

2
3+ config": {
4~ "kibana": {
5 "hideWarnings™: true,
6 "renderer”: "svg
7 h
8 Fs
9r "signals": [B=],
153» “data": [E=],
Il 885
886+ "marks": [E]
1153 }
[Micns 3aJlaHHs BCIX CTPYKTYypPHHUX

ocoOnmBOCTEl 1 3MIHHMX MH OTPUMYEMO TOTOBY
niarpamy, sika BUTATYe aaHi 3 B/, oOpoOmnse ix ta
BinoOpakae 3a 3ajaHMMHM paHilie napamerpamu. Ha

puc. 6 HaBeAeMO NPHUKIAN OTHIET Takol JiarpamMu.
Takox MM MOXEMO 3aJaTh BIIPI30K Yacy 3a SKHH
Oyno pgomaHo OO’€KTM B CHCTEMY, a TaKOX
JIOAaTKOBi QLIBTPH.

Bulletin of Lviv State University of Life Safety, Ne27, 2023

91


https://journal.ldubgd.edu.ua/index.php/index

= . Visualize Library [AZ] H-10 Explosives Inspect  Share

[E) v Search KQL @ v Last 15 years Show dates C Refresh

©  + Add filter

R >
storage area @ %
Storage and
ansportatior - 11 : "updateFilterobj”,
of explosives 12 = ol
H-10 13 = {
P 14 "events": {"source": "scope", "ma
Explosives, hazardous “click"}
torage i of RestrictaBmergency Respor = B S : \n ¢ .
o Work process Aecess | Process 1 update”: “datum.status != @ ? {\n 'bool':
Electrical t [{'term': {'PLANT_ID': 12}}]}}],"should
hterference witf] Prsonnel Impacted D': split{datum D,
Explosives by atum.PATH \n
I \ sl ( i
xplosio ,{'term': {\n 'DOC_PATH.keyword': datum.P
Jettisonof  Control of n the Ri Passive Filimiergency Respo 16}
Explosives Work process pl 17 ]
18 }.
Heat mpact Critica 1 !
Exposure tems / Structire o .
a {
21 "name”: “applyFilterobi”,
22 on": |
tonation of GunsControl of 23 - {
t required DepUNGIK process 24+~ - ts7: {
Running or 2 "signal”: "updateFilterobj"
petrieving Gunj 26 Y

X Discard 5 [ Update C off

Pucynok 6 — [ToOynoBana miarpama Bowtie

Ilicts  crBopenHss  Bi3yamizamii  opmyemo Takox ozmpasy 3 iHpOpMaIiiHOT TaHen MOXHa
iHhopMariiiny nanens. Ll nanens Oyne 00’€AHyBaTH  CTBOPHUTH HOBI Bi3yauizailii. TakiuM YHHOM, CTBOPFOEMO
JeKiTbKa Bidyajizalliifi, a camMe CTBOpeHY BHUIE Bci HeoOXimHI HaMm TaOnwi, BinLIBTPYBaBIIN
Jiarpamy, JIereH;1y JI0 Jiarpamy Ta BUIMOBIIHI TaOMMI[  MONEpenHbo JaHi 3 cucremu (puc. 7) Ta JOTaeMo
3 JIAHUMH, SIKi MH Oy1eMO Bifi(hLTETPOBYBATH. X 710 mamoopmy.

= . Dashboard [AZ] [Hercules] Bow-tie diagrams H-02 .~ Full screen  Share Clone & Edit

Open CM Work Orders for barrier

CM WO No Area Risk Status Is the SECE System
B WO Description * Location Reference % Code s Physical Location s Assessments % Functioning &

r10505168  12m

ttery capacity/draw 866.UPS2.220: UNINTERRUPTIBLE POWER SUPPLY (UPS) 2, DP SYSTEM - A701 - LOCAL EL. - APFR

dow ctrical test ROOM, NAV. DECK
r10505167  12m battery capacity/draw ~ 866.UPS2.250: UNINTERRUPTIBLE POWER SUPPLY (UPS) 5, IAS - M202 - LIR/VENT PIPE - APPR
down electrical test SYSTEM ROOM, TWEEN DECK
r10505169  12m battery ca fdrav 866.UPS2.480: - MB03 - DP BACKUP - APPR
down electrical test UNINTERRUPTIBLE POWER SUPPLY (UPS) 12, DP BACKUP SYSTEM ROOM, 3RD FLOOR
r10004834  ac unit in cabin must be 362.RGC1: RISER GANTRY CRANE - DO1 - RISER CHUTE 4D-Green APPR YES, FULLY
repaired (synergi 1293092, AREA FUNCTIONAL
27)
0504261 access control synergi 871.SWBD2.110: SWITCHBOARD, 690V- LS1 - FWD PORT - M109 - LOW VOLT. - APPR
1534084 action 18 ROOM, LOWER DECK
Activities References
h- 813.FIW3.110: PUMP 1, MAIN, FIRE WATER MIST SYSTEM
Tag+ Description® Responsible Party 3 02_201_05_barrier
do.01 review seismic and offset well data with client Drilling Section Leader h-01.104_04_barrier 331.BOP1.200: ANNULAR, LOWER, BOP 1
do.01 review seismic and offset well data with client Drilling Section Leader h- 801.BAL1.160: PUMP F, BALLAST WATER SYSTEM
4_202_02_barrie
do.01 review seismic and offset well data with client Drilling Section Leader 04.202.02 barrler

Pucynok 7 — CtBopeHi Ta fozaHi 10 iHdopMmartiiiHol naHesi Tadiuii

Takoxx momamMo JereHAy Uil 3pYYHOCTI  JiarpaM, OCKUIBKM HaM TOTPiOHO B3ATH  BCi
ynuTaHHA giarpamu (puc. 8). i mereHam MoXKHA — €IEMEHTH JiarpamMu Ta mignucatu ix. Jms iiei
BHKOPHCTOBYBATH OYIb-SIKAW OH-JIAH KOHCTPYKTOp  pobotu Oymno oopano LucidChart.

Legend

D Treat I Escalation factor G Consequence l Barriers without open WO D Barriers with open WO but fully functional D Degraded Barriers l Not functicning Barriers

Pucynok 8 — Jlereana miarpamu Bowtie

OcranHs Bisyanizais, SIKy MOTpiOHO nonmaty, —ue  Juisl oxHiel HadTomoOyBHOi mardopmu. Ha puc. 9
MOCWJIaHHA Ha 3arajbHy iH(OpMaLiiiHy NaHenb, sfika  300pa3uMo roToBy iH(GopMaliiiHy naHens, a Ha puc. 10
00’eaHy€e BCi Iiarpamu “‘KpaBaTka-METeNuK’, HOTpiOHI  — 00 eqHaHy iH(opMaliiiHy maHenb BCiX JiarpaM.
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gu—
Escalation factor Consequence Barriers without apen WO
Nl .

Barriers with open WO but fully functional

Pucynok 9 — I'otoBa indopmariiiina naHens 3 Aiarpamoro

= . Dashboard [AZ] [Hercules] Bow-tie diagrams per Ivi_1 Full screen Share Clone & Edit
[~ Seal KaL  [§ v Last15 years Show dates
®  + Add filter
Legend
back to Qverall dashboard
- Count of Barriers without open WO | 2 Count of Bariers with open WO but fully functional [W@  Count of Degraded Barriers -Cnunl of nat functioning Barriers
Hydrocarbons in Hydrocarbons in Hydrocarbons in Structured Floating Unit - Vessel Transit -
Formation during Formation during Sea Floor Vessel - Structural Loss of Stability Loss of Control
Drilling - Loss of Well Testing - Infrastructure - Loss Failure during Transit
Containment Loss of Containment of Containment
L S U RS BN BN U BRI R I R
Floating Unit - Combustible Explosives - Objects Lifted Objects Lifted Air Traffic -
Loss of Station Materials - Fire Explosion on at Height - at Height - Loss of Control
Keeping the Rig Crane / Deck - Derrick / Drill Floor - over Helicopter

Dropped Obiect Dropped Obiect

Pucynok 10 — O6’eiHana iHpopMarliiliHa naHeb

Onrparounch Ha HaBEACHHI BHIIE AaHi, MOXHA
3pOOMTH BHUCHOBOK, IO 30ip Ta Bidyalizaiiro
IHKEHEpHUX JTAHUX B Ha(TOBHIOOYBHIH
MIPOMUCIIOBOCTI ~ HallKkpallle  peami3oByBaTH  3a
nomomororo  marina  “Kibana”.  Iligxin 3
MIPECTABIIEHOIO iH(OopMaIiitHOO ITaHEeJLTIO
JOLUTEHO BHKOPHUCTOBYBATH B  IPOCKTaX, IIO
MOB’3aHI 3 Mirpami€ro JaHuX 1 Jormomarae
oreparopy  3HaxomuTh  moMmiku. [lo it
iHbOopMaIliiiHii naHeni 3py4HO POOUTH 3BITHICTH Ta
MOKa3yBaTH Pe3yIbTaTH POOOTH iHKEHEPIB.

BucHoBkn
1. 30ip Ta Bizyanizauito iH)KEHEpHUX JAHUX B
HaTOBHAOOYBHIA  TPOMHUCIOBOCTI  HaWKpamie

peamizyBatu 3a monomoror rariHa “Kibana”.
[lpoanamizyBaBIIM ~TaKMM YHHOM TEXHOTECHHY
CUTyallil0, MOXHa 3pOOUTH BHCHOBKHM, IO MJIS
IHTEPaKTUBHOTO YOPABIIHHA pU3UKAaMH  IUIATiH

“Kibana” 3py4Hnii y BUKOPUCTaHHI, OCKUTBKHA NPHU

3MiH1 6a3u JaHUX BOHH aBTOMAaTUYHO
BiJOOpaKaTUMYThCS Ha rpadiky.

2. IATepaKkTHBHE  YHOpAaBIiHHS  PHU3UKAMHU
BUKOPUCTOBYE INUPOKUH  CHEKTp JAHHUX  JUIS
MIPOTHO3yBaHHS MaHOyTHIX mpooiem. e
KOPHUCHO JJISi CBOEYACHOTO MPHUAHATTS pINIeHb 1
VHUKHEHHS  HemoTpiOHmX  BTpar. Leit  tunm
IpOrpaMHOro  3a0e3ledeHHs Uil KepyBaHHS
BUKOPDHCTOBYE  IHTEpPaKTHBHMHA  Tpadik It

Bi3yamizamii pe3yNnbTaTiB aHamildy, M0 Ja€ 3MOTY
BHUCBITJIIOBATH MPOOJIEMH 10 TOTO, SIK BOHU CTaHYTh
HAJITO CEPHO3HUMU.

3. Ilnarim “Kibana” mpaioe Ha Oyab-sKOMY
KOMIT'IOTepi 3 TiAKIIOUeHHsSIM 10 I[HTepHery.|
[Micns BCTAQHOBJICHHS BiH ABTOMATHYHO
BigoOpa)kaTUMe pe3yJIbTaTH IIOAO BHECEHHA Oyab-
SIKMX 3MiH y Bally 0a3y AaHUX.

Bulletin of Lviv State University of Life Safety, Ne27, 2023

93


https://journal.ldubgd.edu.ua/index.php/index

Cnucok Jiteparypu:

1. Norwegian Oil and Gas Association 070
(former OLF 070). Application of IEC 61508 and IEC
61511 in the Norwegian Petroleum Industry. Rev. 03.
Draft version. dated 23.02.2016.

2. NORSOK STANDARD Z-013. Risk and emer-
gency preparedness assessment. Edition 03. October
2010. Rev. 2. ElasticSearch Documentation. URL:
www.academia.edu/36440548/Risk and emergency p
reparedness_assessment (y1ara 3sepHerHs: 06.05.2023).

3. Introduction to Kibana. URL:
www.elastic.co/kibana (nara 3Bepuenns: 08.03.2023).

4. Vega Editor Online. URL:
vega.github.io/editor (nara 3sepuenns: 08.03.2023).

5. Gerentseva Yu.V. Risk analysis using the bow
tie method. PERSPECTIVE-2019. 2019. P. 289-293.

6. Ronald W. McLeod. Bowtie Analysis as a
prospective risk assessment technique in primary
healthcare. Policy and Practice in Health and Safety.
2018. Vol. 16. Iss. 2. P. 177-193. DOI:
https://doi.org/10.1080/14773996.2018.1466460.

7. Kapaea H.B. Exonoro-ekoHOMiYHHH pPU3HK-
MEHE/PKMEHT: METOIM OIIIHIOBaHHS PU3MKIB : HaBY.
noci6. Kuis : KIII im. Irops Cikopcbkoro, 2019. 282 c.

8. Kapaesa H.B., I'ycera LI, Bapannix B.O.,
CaBunpka A.O. Pusuk-MeHeHKMEHT Cy0 €KTIB €Hepre-
TUYHOT'O PHHKY SIK CKJIaJI0Ba MEXaH13My 3a0e3IeueHHsI
ereprerryroi Oe3nexn. Kuis : Codis-A, 2012. 256 c.

9. Maptsakora O.B., Kouypa 1.B. I'ociogapceki
PU3MKH: OIIHKA Ta IPOTHO3YBaHHS : MOHOrpadgis.
Honensk : JIBH3 «TorHTY», 2008. 220 c.

10. Subagyo, E, Kholil, K, Ramli, S. Risk
assessment using bowtie analysis: A case study at gas
exploration industry PT XYZ Gresik East Java
Indonesia. Process Safety Progress. 2021. Vol. 40.
Iss. 2. €12190. DOI: https://doi.org/10.1002/prs.12190.

11. ACTY IEC/ISO 31010:2013 KepyBanHs
pusukoM.  MeToaM  3arajbHOrO  OIiHIOBaHHS
pusuky (IEC/ISO 31010:2009, IDT). [YnaHHK Bix
2014-07-01]. Bug odin. Kuis: MiHeKOHOMpPO3BUTKY
Ykpainm, 2015. 80 c.

References:

1. Norwegian Oil and Gas Association 070

(former OLF 070). Application of IEC 61508 and IEC

© K. K. Konecauk, B. M. OKCeHTIOK,
A. I1. Kymmnip, 2023.
HaykoBo-MeTOoAUYHA CTATTS.
Haniitnora mo penaxii 11.05.2023.
[pwuitasito o myoOmikamii 18.05.2023.

61511 in the Norwegian Petroleum Industry. Rev. 03.
Draft version. dated 23.02.2016.

2. NORSOK STANDARD Z-013. (2010), “Risk
and emergency preparedness assessment”, Edition 03.
October 2010. Rev. 2, available at:
https://academia.edu/36440548/Risk and emergency
preparedness_assessment (accessed May 06, 2023).

3. Introduction to Kibana, available at:
www.elastic.co/kibana (accessed March 08, 2023).

4. Vega Editor Online. URL:
vega.github.io/editor (accessed March 08, 2023).

5. Gerentseva Yu.V. (2019). “Risk analysis
using the bow tie method”. PERSPECTIVE-2019,
pp. 289-293.

6. Ronald W. McLeod. (2018). “Bowtie
Analysis as a prospective risk assessment technique
in primary healthcare”. Policy and Practice in Health
and Safety, vol. 16, iss. 2, pp. 177-193. DOI:
https://doi.org/10.1080/14773996.2018.1466460.

7. Karaieva N.V. (2019). Ekoloho-ekonomichnyi
ryzyk-menedzhment: metody otsiniuvannia ryzykiv
[Environmental and economic risk-management: risk
assessment methods]. KPI im. Thoria Sikorskoho,
Kyiv, Ukraine.

8. Karaieva N.V., Husieva LI., Barannik V.O.,
Savytska A.O. (2012). Ryzyk-menedzhment subiektiv
enerhetychnoho rynku yak skladova mekhanizmu
zabezpechennia enerhetychnoi bezpeky [Risk-manage-
ment of energy market subjects as a component of the
energy security mechanism]. Sofiia-A, Kyiv, Ukraine.

9. Martiakova O.V., Kochura 1.V. (2008).
Hospodarski ryzyky: otsinka ta prohnozuvannia :

monohrafiia [Economic risks: assessment and
forecasting monograph]. DVNZ «DonNTUp,
Donetsk, Ukraine.

10. Subagyo, E, Kholil, K, Ramli, S.

(2021). “Risk assessment using bowtie analysis: A
case study at gas exploration industry PT XYZ Gresik
East Java Indonesia”. Process Safety Progress, vol.
40, iss. 2. €12190. DOI:doi.org/10.1002/prs.12190.

11. DSTU IES / I1SO 31010: 2013. Risk
management. General risk assessment methods
(IES / 1SO31010: 2009, ITD). Kyiv: Ministry of
Economic Development of Ukraine, 80 p.

94

Bicuux JITYBXK, Ne27, 2023


https://www.elastic.co/kibana
https://vega.github.io/editor
https://doi.org/10.1080/14773996.2018.1466460
https://doi.org/10.1002/prs.12190
https://www.elastic.co/kibana
https://vega.github.io/editor
https://doi.org/10.1080/14773996.2018.1466460
https://doi.org/10.1002/prs.12190

