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Hebe3MevHYX rasiB B iHTepecax NiBUlLeHHs e(pEeKTUBHOCTI pearyBaHHs Ha Hai3BUYaliHi CUTyallii 3 BUKUAOM
HeOe3MeYHNX XiMiYHUX PEYOBUH i3 BpaXyBaHHSIM aKTMBHOIO OCAJI)KEHHSI XMapyu HEOE3[IeYHOI PEYOBUHHU 3
atMoc@epHOro nosiTps. MeTor poboTu € po3pobKa METOAMKY IIPOrHO3YBaHHS XiMiYHOI 06CTaHOBKY IIpY aBapisix 3
BUKUJIOM Hebe3le4yHUX rasiB B armocdepHe noBiTps. O6'eKTOM JOCiIKeHHs € nTpoliec GOpMyBaHHS 30HU
XiMiYHOTO 3a6pyIHEHHS [IpY aBapisiX 3 BUKUIOM HeOe3Ne4HUX rasis. [IpeiMeToM IOCIIiIKEHHS € IapaMeTPU 30HU
XiMiYHOT0 3a6pyIHEHHS ITPU aBapisiX 3 BUKUIOM HEOEe3MEeUHNUX rasiB. ¥ BCTYIIi IOAAHO 3arajibHy XapaKTepPUCTUKY
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3aBIAHHS OOCIIKEHHs, I0Ka3aHO 3B’130K pOOOTH 3 HAYKOBMMMU ITporpamamu. HaBeneHo naHi Ipo oco6ucTuii
BHECOK 37100yBaya, anpobariio podboTu Ta myodJikarii. Y nepuiomy poszisi npoBegeHui aHasli3 HOpMaTUBHOI 6a3u
YKpaiHu 3 nuTaHsb JiKBigaLil HaCIiIKIB HaA3BUYANHUX CUTYallil TEXHOT€HHOIO XapaKTepy, Y TOMY YMCJIi HA XiMiYHO
Hebe3MeyHuXx 00'€KTax. AHaJli3 CTATUCTUKY BUHUKHEHHS Ta MPOTiKaHHS MpoLecy JiKBifalii HaA3BUYalHUX CUTYaLlil
[I0Ka3aB, 10 [TePEeBaXXHOI0 MPUYNHOI0 BUHUKHEHHS HC 3 BUKHZOM Hebe3neyHnX XiMiUHNX PEYOBUH € JIIOIChKUM
(daxTOop Ta 3HOLIEHHS 00J1aJJHaHHSI, 3 OCHOBHOIO XapaKTepUCTHUKOIO TAKWX aBapill € WBUAKE PO3IIOBCIOIPKEHHS 30HU
YP2)KE€HHSI Ha BEJIUKY IJIOmy. BUKOHAHO aHaNITUYHUI OIJIsLA, Pi3HUX MiTXOMAiB IO MPOTHO3yBaHHS 30H XiMiuHOTO
3a06pyIHEHHS, 110 3aCTOCOBYETHCS B YKPAiHi Ta iHIMNMX PO3BUHEHUX KPaiHaX CBITY, SIKUI J03BOJIUB BUSIBUTY OCHOBHY
TEHJEHIII€I0 PO3BUTKY CUCTEM IIPOTHO3YBaHHS HacligkiB HC 1o aBToMaTu3alii npouecy po3paxyHKy Ta iHTerparis
KaprorpadiyHUX JOAATKiB O IPOrPaMHOr0 KOMILJIEKCY IIPOrHO3yBaHHs HaciakiB HC. BusHaueHo, 110 Ha JaHui
4ac He iCHye METOJMK IIPOrHO3YBaHHS HACJIIKIB aBapiil 3 BUKMAOM He6E3MeYHUX XiMiUHUX PEYOBUH, SIKUH 30aTEH
BpPaxOBYyBaTH IIPOLIECH OCA/KEHHS Hebe3eyHrX rasiB 3 armocdepu AUCIIepCHUMU IIOTOKaMU. Y IPyromy po3zimi
nposefieHo GopMasizoBaHy IIOCTAaHOBKY 3a7la4i MOZEJIIOBaHHS [IPOLIECiB PO3NOBCIOAKEHHSI ra3iB 3 aTMocdepu 3 ix
napasesjbHUM OCAIPKEHHSIM. BU3Hau€HO NPUIYILEHHS, SIKi BAKOPUCTOBYIOTHCS B IIPOLIECI MOJIEIIOBAHHSL.
[IpoBeneHO TEOPETUYHE MOJIE/IIOBAHHS Ta €KCIIEPUMEHTAJIbHA [TePeBipKa COPOLIHUX NPOLECiB He6e3IeYHUX ra3iB
IVCIIEPCHUMU [TIOTOKaMu B aTMocdepi, SIK OGHOTO 3 KJIIOYOBUX €TalliB [IPoLecy 0CaJpKeHHs rasis 3 atmocdepu.
Po3pobseHa MaTeMaTUyHa MOZEJIb PO3IIOBCIONIKEHHS He6e3IIeYHOro ra3dy B arMocdepi Ipyu N0ro akTUBHOMY
OCaJKEHHI BOIHUMU aepO30JIsIMU [O3BOJISIE i BALMTY TOYHICTh PO3PAXyHKIB PO3IIOLiNy KOHLEHTpALLl ra3y B
atMmocdepi npu pobOTi CTaliOHAPHUX Ta NTEPECYBHUX CUCTEM a€PO30JIbHOr0 OCampKeHHs. Po3pobieHa maTeMaTuyHa
MOJI€JIb € CUCTEMOIO i3 TPbOX PiBHSHB. [leplie piBHSHHS ONMCYE MPOLEC BiJIbBHOTO PO3NOBCIOIKEHHS ra3y Micus
BUKUJY i3 TEXHOJIOTIYHOrO obs1aiHaHH. [Ipyre piBHSIHHS ONKCYE NPOLEC 0CaIKEHHS rady i3 armocdepi
IpibHOAMCIIEPCHUM PiMHHUM ITOTOKOM 3 Pi3HOIO iHTEHCUBHICTIO. TpeTe piBHSHHS ONUCYE MPOLEC BiIbHOTO
poO3ciloBaHHS razy B aTMocdepi Imicss ocaikeHHsl. 3a JOIIOMOT00 KOMITIOTEPHOI'O MOZEJIIOBaHHS NlepeBipeHa
IIpaue3aTHiCTb PO3pO6JIEHOI0 MAaTEMATUYHOI MOZieJi. BUKOpUCTaHHS TPU MOJIe/IIOBaHHI METOly CKiH4eHHUX
Pi3HMLB 4O3BOJIIE€ OTPUMYBATU YMCJIOBI PillleHHS IIPOCTOPOBOrO PO3IOiNy KOHLIEHTpaLii ra3dy Ipu MOro 0CaayKeHHi
CTPYMEHEM JIOBiJIbHOI iHTEHCMBHOCTI Ta (POPMU. 3alpONIOHOBAHUI METO]], MATEMATUYHOTO OIKCY IpoLecy copoLii
Hebe3MevyHUX ra3iB 103BoJIsIE OOMPATU JOBLIbHY KiJIbKICTh Ta IPOCTOPOBE PO3MIllleHHS BY3JIOBUX TOYOK, SIKi
3a/10BOJIbHAI0TE YMOBi KypaHTa-®pinpixca-Jlesi. Po3po6eHo Ta 06IrpyHTOBAaHO KEPYIOUMI aJITOPUTM METOIUKU
[IPOTHO3yBaHHS HACJiKIB HAA3BUYANHUX CUTYalliil 3 BUKAIOM HEOE3NeYHUX ra3iB Ta OTro 0CaIP)KEHHS
IVCIIEPCHUMU [TIOTOKaMH, IKMH 6a3y€ThCs Ha MOCIIiTOBHOCTI TPhOX OJIOKIB — MOHITOPUHTY 30HM HaA3BUYANHO]
CUTYyallil, TPOrHO3YBAHHS HACJIIIKIB HaA3BUYANHOI CUTYallii Ta IPUNAHATTS YIIPABJIiHCbKOIO Pill€eHHS i3 BKIIIOYEHHIM
PO3paxyHKy PO3MipiB 30HM XiMIYHOI'0O ypaskeHHS B 3aJI€JKHOCTI Bif] KiJIbKOCTI Ta IIOCJIIOBHOCTI eTariB
PO3MOBCIOJKEHHSI Ta OCAI)KEHHS He6e3M1eYHOI PEYOBUHU. Y TPETbOMY PO3[ijli 3 METOIO IIPOBEI€HHS
€KCIIEpPMMEHTAJIbHUX JIOCTIi/I>)KeHb JUHAMIKY PO3II0BCIOIKEHHS He6e31eYHUX rasiB Iif BIIJIMBOM AUCIIEPCHUX
IIOTOKIB Ta iMiTallii [IOBITPsI po3p006JIeHO 1a60PaTOPHY YCTAaHOBKY Ta METOAMKY ITPOBEIEHHS NOCiIKEHb Ha HEl.
KoHcTpykiliHi 0c061BOCTI po3p0o6sieHo0i KaMepu J03BOJISIOTh 3a6€31eYrTH HaJleXkHY 6e31eKy JOCTiIHUKIB MTpU
po6OTi 3 HE6e3eYHUMU ra3aMu. MOXKJIMBOCTI LOCTiI)KeHHSI COPOLiTHMX IIPOLIeCiB 3a6e31evy0ThCs IJ1s1 LIBUAKOCTI

MIOBITPSIHOTO IIOTOKY B Jiana3oHi Big 0 7o 6

2. The dissertation is devoted to solving an important scientific and practical task in the field of civil defense -
forecasting the size of chemical pollution zones in accidents with the release of hazardous gases, taking into
account the active deposition of the hazardous substance cloud from the atmosphere, in order to increase the
efficiency of emergency response at chemically hazardous facilities. The purpose of the work is to develop a
methodology for forecasting the chemical situation in the event of accidents with the release of hazardous gases
into the atmosphere. The object of the study is the process of formation of a chemical pollution zone in such
accidents; the subject is the parameters of this zone. The analysis of the regulatory framework and accident
statistics showed that the main causes of emergencies at chemically hazardous facilities are the human factor and
equipment wear, while their key feature is the rapid spread of the affected area. A review of forecasting
approaches used in Ukraine and abroad revealed a trend toward automation and integration of cartographic



applications, and showed that no existing methods take into account the deposition of hazardous gases from the
atmosphere by dispersed flows. A mathematical model of the spread of dangerous gas in the atmosphere during its
active deposition by water aerosols was developed. It is a system of three equations describing: free diffusion of
gas after release from technological equipment; deposition of gas by a finely dispersed liquid flow of varying
intensity; and free dispersion of gas after deposition. The model is based on the finite difference method using the
Courant-Friedrichs-Lewy condition and allows numerical solutions for jets of arbitrary intensity and shape. A
management algorithm was developed, based on three blocks: monitoring the emergency zone, forecasting the
consequences, and making a management decision. For experimental studies, a laboratory installation was
developed (Patent N® 150432 Ukraine), providing air flow speeds of 0-6 m/s and liquid flow dispersion up to 0.1
mm. Studies of the spatial distribution of ammonia confirmed the high intensity of its sorption by water, reducing
gas concentration 15-17 times; for poorly soluble gases, chemical neutralizers are proposed. The results are reliable
at 0.95 according to the Fisher criterion. The proposed methodology increases the accuracy of forecasting the
chemical damage zone by 16% without deposition and 4 times with active deposition, while minimizing the safe
distance for rescuers and optimizing the dispersed flow supply. A general system for organizing the liquidation of
emergencies at chemically hazardous facilities is proposed, including monitoring, a mathematical apparatus for
calculating gas concentration distributions, and a procedure for practical implementation within the civil
protection system. The technique is applicable to clouds wider than 20 m and higher than 10 m. A multi-level
monitoring system and practical recommendations for emergency response managers were developed, including
an action algorithm covering reconnaissance, localization of the release, rescue, evacuation, and degassing.
Scientific novelty: for the first time, a multi-criteria mathematical model for forecasting the intensity of liquidation
of emergencies with the release of dangerous gases was developed; a forecasting method based on this model,
involving monitoring, forecasting, and decision-making procedures; and a functional scheme of an experimental
installation for studying gas sorption processes. The results can serve as a basis for automated forecasting
software and can be used by operational and rescue services, coordination centers, and civil protection
departments for organizing safe rescue work, evacuation, and developing emergency response plans.
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