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Pedepar:

1. Inceprarist npucBsYeHa po3po6b1ii MeTO Iy IPOrHO3yBaHHS 30HU XiMiYHOTO 3a0pyIHEHHS IIPYU BUKU{ BaKKUX
He6e3MeYHUX ra3iB 3 MeTOI0 MiJiBUIIEHHS TOYHOCT BU3HAY€HHS [TapaMeTpPiB 30HU 3a0pyAHEHHS IJIIXOM
MOJIEJIIOBAaHHS PO3IOBCIOMIKEHHS XMapU BUKUAY Ta ii 0CaIpKEHHs APiOHOINCIIEPCHUM PiIMHHUM IIOTOKOM.
[IpoaHasnizoBaHO YMHHY HOPMAaTMBHY 06a3y YKpaiHM 010 IPOrHO3YBaHHS 30H XiMIi4HOTO 3a6pyAHEHHS, (i3UKO-
XiMiYHi BJIACTMBOCTI BaKKUX HEOe3[eYHUX Ira3iB — XJIOpY, AiOKCULY CipKHU, COJITHOI KUCJIOTU Ta POCreHy, — a TaKoX
BiZJOMi TEXHOT€HHi KaTacTpo(u 3 BUKAJAMU BaKKUX ra3iB Ta iCHyI0Ui HalliOHa/IbHI 1 3aKOPJOHHI aJIrOpPUTMU
IIPOTHO3yBaHHS. PO3p06s1eHO KOMILJIEKCHY MOJI€/ b COPOLIil BAXKKMX HeOe3[eUHUX TrasiB IpiOHOAUCIIEPCHUM
PiIAMHHUM IIOTOKOM, SIKAa BPAaXOBYe€ IapamMeTpy copolLiii, yMOBM HaBKOJIMIIHBOTO cepenoBula Ta (pisnko-ximiui
BJIACTMBOCTI piguHu. YrcesibHe MOJIe/II0BaHHS Ha NIPUKJIAJLi Fa300i6HOrO XJI0PY BUSIBUJIO, 1110 BU3HAYAJIbHUM
IIapaMeTpoM HOro OCaJKEHHS € KOHCTaHTa ['eHpi, a He IHT€HCHBHICTb NI0J1a4i PiAMHHOTO MIOTOKY, K BBAKAJIOCS
paHime. lle ninTBepKye HEOOXiTHICTh 3aCTOCYBaHHS XiMiYHMX HEUTpasizaTopiB Mmif, yac JikBifgarii aBapii.

MaremaTtryHa MozeJb 0Oy I0BaHa IIJISIXOM PO3B's13aHHS piBHSIHb Hap'e-CToKca 3 Bif[IOBiIHUMYU rPaHUYHUMU



YMOBAaMU Ta BPAaxOBYy€ COPOLiI0 ra3y KpalVIMHAMY PiJUHU Pi3HOI iIHTEHCUBHOCTI B IPOLiECi aTMOC(EPHOTO
POBIIOBCIOIIKEHHS. BcTaHOB/IEHO, 1[0 HAMOIIbLT NOLiNILBHUMY HENTPasli3aTopaMu XJIOPY € TiIpoKcu HaTpio Ta
rigpoxcup, Kanblito. Po3po6seHnii MeTo IPOrHo3yBaHHs 30HU XiMiYHOTO 3a0pyIHEHHS iITBEPIKEHO
eKCIIEpMMEHTAJIBHO 3 [0BipYolo HMOBipHicTIO 0,95 3a kputepiem dimepa. BctaHOBIEHO, [0 Yepe3 HU3bKe
3HaueHHs KoedinienTy nudysii X70py y HOBITPi MBUAKICT HOT0 PO3NOBCIOAKEHHS € Ha 65% MEHIIOIO ITOPIBHSHO 3
amiakoM. OcapKeHHS XJIOPY BOJIOIO 3MEHIIYE PO3Mip 30HM yYpakeHHs Ha 38%, TOAi K 3a aHAJIOTIYHUX YMOB XMapa
amiaKy CKOpoYyeThC y 2,6 pasu. MeTo peasi3oBaHO y BUIJIALI KOMIT'IOTEPHOI Iporpamu «IIporHo3 BaxkKux
He6e3NevYHUX ra3ipy. Po3paxoBaHO Ta MiATBEPIKEHO 3HAYHUI €KOHOMIYHUI €(EKT Bif] BIPOBAIKEHHS
3aMpONOHOBAHOro Metony. Ha mpukiazi peanicTUYHOro cleHapio BUKUy 20 TOHH XJIOpY IIpSIMa eKOHOMIYHa
BUT'0JIa Bifl 3aCTOCYBaHHS TEXHOJIOTII MoXe nocsaraty 61u3bko 40 870 y.o., 6e3 ypaxyBaHHS 3a1100iraHHs
€KOJIOTIYHMM 30MTKaM Ta IIKOZi 30POB'10 HACEJIEHHS, SIKi 6araTopa3oBo NEPEBULIYIOTH L0 CYyMy. PO3p0o06yeHO
IIPAKTUYHI pEKOMEHJALII 1010 3aCTOCYBAHHS METOAY B YMOBAx BOEHHOTO 4acCy, SIKi BpaxOBYIOTb IIO[BINMHY 3arpoO3y
— xiMiYHOTrO 3a0pyJHEHHSI Ta BOPOKUX OOCTPisiB JpoHaMU i pakeTamu. MeTon QyHKLiOHye Ha OCHOBI TPbOX OJIOKIB:
MOHITOPUHT 30HU aBapii 3 OLiHKOIO 3arpo3 00CTPisy, NPOrHO3yBaHHS HACJIIKiB IPYU 3aCTOCYBAaHHI aKTUBHOI
HenTpasisalii Ta miaTpyuMKa ypasiHCbKUX PilleHb 3 ypaXyBaHHAM PU3MKIB [TIOBTOPHUX yAapiB. HaykoBa HOBU3HA
II0JISITa€ y IEPIIOMY PO3PO6JIEHHI MaTeMaTUYHOI MOZeJIi JUHAaMIKU PO3IIOBCIONKEHHS BaKKUX rasiB 3 napajieJlbHUM
IIPOLIECOM IX OCaI)KEHHS IUCIIEPCHUM PifMHHUM IIOTOKOM, IE€PIIiN TPOrpamMHill peasnisalii METOAY IIPOTHO3yBaHHS
3 ypaxyBaHHSIM YMOB BOEHHOTO 4acy, a TAKOX y BL,OCKOHAJIEHH] eKCIIepUMeHTaIbHOI 1a60paTOPHOI YCTAaHOBKU [171s1
IOCJIiIKeHHS KiHeTUKY cop61iii, 3axuineHoi naTeHToM YKpaiHu Ha KOpUCHY Mofesb N2159622. Pesynbratu
Iycepralii BIpOBaJiKeHO B aBapiiHO-psTyBasibHUX nigposainax JCHC Ykpainu B XapkiBcbhKill 06J1acTi, BillCbKOBIi
yactuHi A0998 36poiiHnx Cui YkpaiHu Ta B HaBYasIbHUI Npolec HallioHaIbHOTO YHIBEPCUTETY LIUBIJIBHOTO
3aXUCTY YKpaiHuU.

2. The dissertation addresses the development of a method for predicting chemical contamination zones during
releases of heavy hazardous gases, with the aim of improving accuracy in determining contamination parameters
through modelling of gas cloud dispersion and suppression using fine-dispersed liquid flow. Existing Ukrainian
regulatory frameworks for predicting chemical contamination zones were analysed, along with the
physicochemical properties of heavy hazardous gases including chlorine, sulphur dioxide, hydrochloric acid, and
phosgene. Known technological disasters involving heavy gas releases were examined alongside current national
and international prediction algorithms. A comprehensive model of heavy hazardous gas sorption by fine-
dispersed liquid flow was developed, accounting for sorption parameters, environmental conditions, and
physicochemical properties of the liquid. Numerical modelling conducted on gaseous chlorine revealed that the
determining parameter in its suppression is Henry's constant rather than liquid flow intensity, as previously
assumed. This finding confirms the necessity of using chemical neutralisers during emergency response. The
mathematical model was constructed by solving Navier-Stokes equations with appropriate boundary conditions
and accounts for gas sorption by liquid droplets of varying intensity during atmospheric dispersion. Further
research established that sodium hydroxide and calcium hydroxide are the most practical neutralisers for chlorine.
A prediction method for chemical contamination zones was developed and experimentally validated with a
confidence probability of 0.95 using the Fisher criterion. It was established that due to chlorine's low diffusion
coefficient in air, its spread rate is 65% lower than that of ammonia. Water suppression reduces the chlorine
contamination zone by 38%, while under identical conditions ammonia cloud dimensions decrease 2.6-fold. The
method was implemented as a software application called "Forecast of Heavy Hazardous Gases." A substantial
economic effect from implementing the proposed neutralisation method was calculated and confirmed. Using a
realistic scenario of a 20-tonne chlorine release, the direct economic benefit from applying the technology can
reach the equivalent of approximately 40,870 USD, not including prevention of environmental damage and public
health harm, which would multiply this figure many times over. Practical recommendations were developed for
applying the proposed method under wartime conditions, addressing the dual threat of chemical contamination
and enemy drone and missile strikes. The method incorporates three operational blocks: monitoring the accident
zone with threat assessment, predicting outcomes when active neutralisation is applied, and supporting



management decisions accounting for risks of repeated strikes and concealment of decontamination zones. The
scientific novelty lies in the first-ever development of a mathematical model of heavy gas dispersion with parallel
suppression by dispersed liquid flow, the first software-implemented prediction method accounting for wartime
operational conditions, and an improved experimental laboratory apparatus for studying sorption kinetics,
protected by Ukrainian utility model patent No. 159622. The results have been implemented in emergency rescue
units of the State Emergency Service in Kharkiv Oblast, military unit AO998 of the Armed Forces of Ukraine, and
the educational process of the National University of Civil Protection of Ukraine.
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