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1. IndopmaliiiiHa TeXHOJIOTis BUBHAUYEHHSI I0YaTKOBUX YMOB (POPMYBaHHS aBapillHUX CUTYyallill IPX BUKUZAX
HeOe3MeYHNX PEYOBUH

2. Information technology for determining the initial conditions of the formation of emergency situations due to
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Pedepar:

1. Incepraris NpUCBsAY€HA BUPIIIEHHIO aKTyaJbHOTO HAYKOBOTO 3aBJAHHS, CYTHICTb SKOTO [OJISITA€ Y CTBOPEHHI Y
BiZIITIOBIAHOCTI 110 AiI04MX €BPOIENCHKUX | MDKHAPOJIHUX CTaHIAPTIB HOBUX MOJEJIEN, METOLIB Ta IIPOrPAMHOTO
3a0e31e4yeHHs OLiHKY IlapaMeTpiB 104aTKOBUX YMOB (OPMYBaHHS aBapiflHUX CUTYyaLili, SIK HEBiJl€MHOI YaCTUHU
iHpopMaliiiHoi TexHOoOTii 6e3neku, 471 MiHiMi3allii TOXMOKY KisIbKiCHOI OI[iHKY HACiAKIB peanizaliii aBapiitHux

cuTyaliil Ha BUPOOHUIITBI, 110 JO3BOJIUTD 6i/blll €(PEKTUBHO PO3MOLINATHA PECYPCU HA €JIEMEHTH CUCTEMU O€3TEKU



IIPOMUCJIOBOTrO 00'eKTa. XimMiuHa i HadTOXiMiYHA TPOMUCIIOBICTD BiIPi3HSAETHCSI BUCOKMM PiBHEM CKJIQLHOCTI
apXiTeKTypu CUCTEM i CTBOPIOBAaHMX HMMU 3arpo3, 110 3yMOBJIIOE HarajbHy NMNOTpedy y epeKTUBHOMY BUpIilIeHH]
3aBZaHb 3 MiHiMi3alji SIK MOTeHUiHUX 36MTKIB, TaK i BUTPAT Ha CUCTEMH O€3I1eKU (32 YMOBU OTPUMaHHS
IIPUIHSATHOrO PiBHS PU3KMKY) 32 JOIIOMOTOI0 Cy4aCHUX iH(POpMaLiiHMX TEXHOJIOTiH 6€3I1€KH, 5IKi JO3BOJISIIOTH B
aBTOMATM30BAaHOMY PEXXMMI 37ilICHIOBATY JIOTIKO-IMOBIpHICHE MOJI€/II0BAHHS BUHVMKHEHHS aBapii, a TAKOX
o6yncaeHHs 6araTbox (Pi3nKo-XiMIiYHUX SIBUIL, SIKi CYyIIPOBOPKYIOTh aBapiliHUi cueHapiil. OTpuMaHa TakKuM
METOJIOM iHpopMalisi Ipo 6e3MeKy XiMiYyHOro BUPOOHUIITBA [JO3BOJIsIE MPUMMATHU YIIPABJIiHCHKI PillIEeHHSI CTOCOBHO
piBHIB pU3KKy Ha 00'€KTi nifBUIIeHOI HeGe3neKku. JKeperamu He6e3NeKu XiMiKO-TeXHOJIOTTYHUX CUCTEM SIK
MPaBUJIO CTAIOTh EMHICHI anapatu — peakTopu, abcopbepu, pedIIOKCHI EMHOCTI, EMHOCTI 36epiraHHsl, Teri000MiHHi
arapary, KoJIOHHU Ta iH. Taki anapaTu xapakTepu3ylTbCs CKIIAIHO IlepedadyBaHoIO [TOBEiHKOIO Y pasi BilXUJIeHHs
napaMeTpa IIpoLeCy Bif il IPOEKTY, i 0COOIMBO Mif 4ac po3repmeru3alii. [IpakTHYHO HEMOKJIMBO BCTAHOBUTU
TaKy MOBEJIHKY Ha MiICTaBi IyMKU €KCIIEPTA, HE MiIKPiNJIeHy pO3paxyHKaMU. BUCOKUM piBEHb CKIALHOCTI
IIpOLIeCiB y XiMiYHOMY 006JIaJlHaHHI 3yMOBJIIO€ BiJICyTHICTb BiZIIOBiZHMX MOiejlell, MeTOJiB cepe], HallilOHaJIbHUX, a Y
IeSIKUX BUIAJKax i MKHApOAHUX CTaHAAPTIB. TakoxX criocTepiraeTbCs 0OMEXKEHICTh HassBHUX Ha PUHKY
IIPOrpaMHOro 3a6e3neyeHHs iHPOpMaILitHUX TEXHOJIOTi 6e3IeKy, sIKi MOriv 6 y oCcTaTHil Mipi 3ab6e3nevyBaru
[oTpeby ekcrepTa y aleKBaTHOMY i aBTOMaTU30BaHOMY MOJIEJII0BaHHI I0YaTKOBUX YMOB (POPMYBaHHSI aBapifHUX
cutyauiil. HaBeneHni Buine pakTopu yCKIIQIHIOIOTh pO3pOOKY iHpOpMaliiiHMX TEXHOJIOTiH 6e3leKu AJ1s ranysi
XiMIYHOI IIPOMUCJIOBOCTI i 3yMOBJIIOIOTh HM3KY HAYKOBO-TEXHIYHUX 3a1a4, IKi CTOCYIOTLCS: ®* CTBOPEHHA
BepH1(piKOBAaHOI METOMYHOI OCHOBU ITPOTHO3YyBaHHS 1I0YATKOBUX YMOB (POPMYBaHHS aBapiliHUX CUTYallill, sIKa 61
BiZIITOBifjaja mapagyurmi Cy4aCHOro KiJIbKiCHOTO aHali3y i OL[iHKM PU3UKY 3 YPaxyBaHHSIM PEKOMEHALiN
MI)KHapOJHOI HOPMaTUBHO-IIPABOBOI JOKYMEHTALlii; ®* CTBOPEHHS BiJJ[TIOBIJHUX MOJEJIEN, IIPOTPAMHUX MOLYJIIB, SIK
yacTUHU iHPOPMaLIITHOI TEXHOJIOTI] MPOMUCIIOBOI 6e3MeKu 3 HeOOXiTHMX piBHEM aBTOMAaTU3allil nepeadi
indopmauii i rHyukocTi 3acTocyBanHs. OTKe, I0CTa€ HEOOXiIHICTb CTBOPEHHS Y BiANOBITHOCTI 10 Iilounx
€BPONENCHhKUX | MDKHAPOJHUX CTaHJIapPTiB HOBUX MOJieJell, METO/IiB Ta aJIFOPUTMIB (SIK YaCTUMHU iHPOpMaLiliHO]
TEXHOJIOTi 6e311eKN) [J1s1 OL[iHKY [TapaMeTpiB IPaHUYHOTrO CTAaHy HACTAaHHS aBapii Ta aBapillHOTrO BUKUIY, SIKi
peasicTUYHO Bifo6PaskaloTh AIMICHUI IPOLieC po3repMeTn3allii eMHiCHOro 06J1affHaHHS XiMIYHOTO Ta
Ha(TOXiMIYHOTO CEKTOpPY i 1aloTh 3MOr'y TOUHIlIE i WBUAIE 3[[iiCHIOBATH OLiHKY PO3IIOBCIO/I>)KEHHS HEOe3IeYHNX
Pe4yoBUH, (POPMYBaHHS Ta BIUIMBY ypaKauux (akTOpiB Ha peLuMnieHTiB. MeTolo AaHoi AucepTaliiiHoi poboTH €
YTOYHEHHS PO3PaxXyHKOBUX NTAPAMETPIB IIPOLIECY aBaPifHOI pO3repMeTu3alil TEXHOJIOTIYHOTIO YCTAaTKYBaHH S
XiMigHOTO Ta HAPTOXIMIYHOTrO CEKTOPY IIJISIXOM PO3PO6IeHHS iHTerpoBaHoi iHpopmaniitHoi TexHoIorii, 0 MiCTUTh
Habip HEOOXiTHUX [J1s1 MOJIEeJII0BaHHS po3repMeTu3allii Mogesieil (porpaMHUX MOJYJIiB) i 3abe3neuye
aBTOMAaTM30BaHE N€pPeJaBaHHS JaHUX MK MOIYJIIMU. Y BilIOBIAHOCTI 1O C(POPMOBAHOI METH [1J11 BUPIlI€HHS
3a3HAYE€HOI0 HAYKOBO-TIPUKJIAJHOTO 3aBIAHHS [iIBUIIEHHS TOYHOCTI i aBTOMATU3aLil MOJEIIOBAHHS [10YaTKOBUX
yMOB (POPMYBaHHSI aBapilHUX CUTYallill IpY BUKUaX HeGe3IeYHUX PEYOBUH, y POOOTi OysiM OTpUMaHi Taki HayKOBi
pesyabTaTi: 1. Biepie po3po6sieHO B3aeMOIIOB's13aHi [MHaMiuHi MOJieJli IpoLiecy aBapiiHOi po3repMeTu3allii
arapara 3 6araTOKOMIIOHEHTHOIO XiMIiYHOIO CYMIIIIIO, SIKi O3BOJISIIOTh OPraHi3yBaTH BiAIOBINHICTD i
aBTOMAaTHM3aliio nnepenayi faHux Mixk Mozessamu. 2. Briepuie po3po6sieHo iHpopmMauiiiHy TEXHOJIOT0 AUHAMIKN
npoliecy aBapiliHoi po3repmeTu3sallii anapata, 1[0 MiCTUTb 6araTOKOMIIOHEHTHY XiMiYHY CyMilll, 17151 ABOX ClLieHapiiB:
PO3pHUB 000JIOHKM anapary i BUTIK 4yepe3 aBapiiiHuii oTeip. 3. [loganpmoro po3BUTKy Habysa npouenypa HAZOP-
IOCJIiIKEHHS, sIKa 3aBAsSKY popMartizawii i aHasizy mogesi inpopmaniiHux noTokis npouenypu HAZOP Tta
iHTerpauii fruHamiyHOI Mogei anapary 3 6araTOKOMIIOHEHTHOIO XiMiYHOIO cyMinio i ¢pazoBoio piBHOBArow,
[03BOJIMJIA KBAaHTU(DIKYBaTH BiIXWJIEHHS i iX BIUIMB Ha IapaMeTpu (pa3oBoi piBHOBAru B ariapari, @ TaKO>XX BU3HAYUTU

NapaMeTpy IPaHUYHOTrO CTaHYy, L0 IIepeye aBapii.

2. The dissertation is devoted to solving an urgent scientific problem, the essence of which is to create, in
accordance with the latest European and international standards, new models, methods and software for assessing
the parameters of the initial conditions for the formation of emergencies, as an integral part of safety information
technology, to minimise the error in quantifying the consequences of the occurences of emergencies in
production which allows more efficient allocation of resources to the elements of the industrial facility safety



system. The chemical and petrochemical industry is characterised by high level of complexity in the architecture
of systems and the threats they pose, which creates an urgent need to effectively address the challenges of
minimising both potential losses and the costs of security systems (subject to an acceptable level of risk) using
modern safety information technologies that allow an automated logical and probabilistic modelling of accidents,
as well as the calculation of many physical and chemical phenomena that accompany an emergency scenario. The
information on chemical production safety obtained in this way allows making managerial decisions on risk levels
at a high-risk facility. The sources of hazards in chemical and technological systems are usually capacitive devices
such as reactors, absorbers, reflux tanks, storage tanks, heat exchangers, columns, etc. Such vessels are
characterised by difficult to predict behaviour in case of deviation of the process parameter from the design
intent, and especially during depressurisation. It is virtually impossible to establish such behaviour on the basis of
an expert opinion that is not supported by calculations. The high level of complexity of processes in chemical
equipment results in the absence of appropriate models and methods among national and, in some cases,
international standards. There is also a limited number of safety information technologies available on the software
market that could sufficiently meet the needs of an expert in adequate and automated modelling of the initial
conditions for the formation of emergencies. The above factors complicate the development of safety information
technologies for the chemical industry and cause a number of scientific and technical problems related to: ¢
creation of a verified methodological basis for forecasting the initial conditions for the formation of emergency
situations, which would correspond to the paradigm of modern quantitative analysis and risk assessment, taking
into account the recommendations of international regulatory documents; * creation of appropriate models and
software modules as part of industrial safety information technology with the required level of automation of
information transfer and flexibility of application. Thus, there is a need to create new models, methods and
algorithms (as part of the safety information technology) in accordance with the latest European and international
standards to assess the parameters of the accident limit state and accidental release, which realistically reflect the
actual process of depressurisation of the chemical and petrochemical sector's tank equipment and allow for a
more accurate and faster assessment of the spread of hazardous substances, the formation and impact of
damaging factors on recipients. The aim of this thesis is to clarify the design parameters of the process of
emergency depressurisation of technological equipment in the chemical and petrochemical sector by developing
an integrated information technology containing a set of models (software modules) necessary for modelling
depressurisation and providing automated data transfer between modules. In accordance with the stated goal, to
solve this scientific and applied problem of improving the accuracy of modelling the initial conditions for the
formation of emergencies during the release of hazardous substances from the mass and heat exchange
equipment of chemical production, the following scientific results were obtained: 1. For the first time,
interconnected dynamic models of emergency depressurization process of an apparatus with a multicomponent
chemical mixture were developed, which allow organizing the correspondence and automation of data transfer
between models. 2. For the first time, an information technology for the dynamics of the process of emergency
depressurization of an apparatus containing a multicomponent chemical mixture was developed for two scenarios:
shell rupture and leakage throughout an emergency hole. 3. The HAZOP study procedure was further developed,
which, due to the formalization and analysis of the information flow model of the HAZOP procedure and the
integration of the dynamic model of the apparatus with a multicomponent chemical mixture and phase
equilibrium, made it possible to
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