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2. Increasing the Fire Safety of Pyrotechnic Products Based on Mixtures of Metal Fuel Powders and Metal Oxides

Pedepar:

1. BakyimBe NpakTUYHE 3HAYEHHS Ma€ 3aro6iraHHs BUMYLIEHUX IIEPeI4aCHUX MOKEKOHEOE31eYHUX PYIHYBaHb
BUPOOIB Y BUIAJIKy BIUIMBY 30BHIIIHIX TEPMiYHUX Jifl. BOHM MOBUHHI I'PYHTYBaTUCh HAa HAYKOBO-OOI'PYHTOBAaHUX
METO/aX BU3HAYEHHS KPUTUYHUX 3HAYEHb [IaPAMETPIB TEPMIYHHUX BIUJIMBIB HA BUDOOY Ta TEXHOJIOTIYHUX
napaMeTpiB 3apsJliB CyMillleli, IePEeBUIEHHS SKUX IPU3BOAUTD JI0 NIEPETYACHUX MOKEKOHEOE3I1EYHUX PYIHYBaHb
BUPOOGIB. [I7151 pO3POOKM TaKUX METO/IiB HEOOXiJJHO MaTH PE3yIbTaTH TEOPETUYHHUX Ta EKCIIEPUMEHTAJILHUX

IOCJIiIKeHb IIPOLIECiB HArpiBy KOPIyCiB BUPOOIB /1J14 Pi3HUX 3HAYEHb 30BHIIIHIX TEIJIOBUX MOTOKIB Ta 4YaciB iX [ii, a



TaKOX [IPOLECIB 3aiIMaHHs Ta PO3BUTKY T'OPiHHS 3apsifiB CyMilllel TP Pi3HUX 30BHIIIHIX yMOBax (IiIBUILIEHI
TeMIlepaTypH HarpiBy, 30BHIIIHI TUCKN). [nest po60TH BU3HAYAETHCS BUPILIEHHSIM aKTyaJIbHOI HAyKOBO-TIPUKJIAAHOI
3a/1aui, 110 MOJIsArae y pO3BUTKY HAYKOBUX OCHOB ITiJIBUIIIEHHSI TIO’KEKHOI 6e3I1eKH TipOTeXHIYHMX BUPOOiB HA OCHOBI
VILIZIPHEHUX CyMillle! 3 [IOPOLIKIB Marxilo, ajJloMiHil0 Ta OKCUJIB METAJIIB IJIIXOM BCTAHOBJIEHHS OCHOBHUX
3aKOHOMIPHOCTEH NPOLIEeCiB iX HATPiBy, 3alIMaHHS Ta PO3BUTKY T'OPiHHS SIK OCHOBH [iJI51 3a1100iraHHS] BUHUKHEHHIO
MOXKEX y BUIAJKY 30BHIIIHIX TePMiYHMX Aill. HayKkoBa HOBM3HA OTPUMaHUX PE3YJIbTATIB IOJISITA€ Y HACTYIIHOMY:
Briepiue: BCTaHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY TEXHOJIOTIYHMX [TAapaMETPiB CyMilllell (CIiBBiIHOIIEHHS
KOMIIOHEHTIB, IMCIIEPCHOCTI NOPOLIKiB Mg Ta Al, Ipupoan OKCULy MeTajly) Ha KPUTUYHI 3HaYEHHsI IapaMETPiB
30BHILIHIX TEpMIYHUX [il (30BHIIIHBOTO TEILJIOBOT'O IIOTOKY, YacCy MOro BILJIMBY), KOHTPOJIb SIKUX 103BOJISIE
nonepepkaTy repeyacHe 3aiiMaHHs cyMileil Ta noxxexxoHebesneyHe pyiHyBaHHs BUPOOiB; BCTAHOBIEHO
3aKOHOMIPHOCTI BIUIMBY TEXHOJIOTIYHMX ITapaMeTpiB CyMilllel (cepegHbOro po3Mipy YaCTUHOK NMOPOLKiB Mg Ta Al,
BiZIHOCHOTO BMICTy KUCHIO Y IPOAYKTAX PO3KJIaaHHS OKCUAY MeTajy, Koe@illieHTa HaZ/InIIKy OKMCHIOBAYa) Ta
30BHIIIHIX YMHHUKIB (TEMIIEpaTypy HarpiBy, 30BHIIIHbOI'O TUCKY) HA OCHOBHI XapaKTe€PUCTUKU IIPOLECiB 3aliIMaHHS
Ta PO3BUTKY TOPiHHS CyMilllell (TeMIlepaTypy 3aliMaHHs Ta 4acy rOpiHHS YaCTMHOK METAaJIeBOro IajJbHOTO B
IIPOJYKTaX PO3KJIaJaHHS OKCUIY MeTajly, MIBUAKOCTI TOPiHHS CyMilleil). YTOYHEHO, OTpUMAaJIU NOLAbIINI
PO3BUTOK: MaTEMATUYHi MOJIEJIi 30BHIIIHBOTO TEPMIYHOTO BIJIMBY Ha 3Pa3KU CYMilllEH, SIKi BpaXOBYIOTh
TeMIIEpPaTypPHi 3aJ1eXKHOCTI TeN0Qi3nYHUX BJIACTUBOCTE CyMillell, a TaKoX MaTepia ix 060JI0HOK, 110 LO3BOJISIE
6i71bII TOYHO BU3HAYATH KPUTHYHI NapaMETPU 30BHILIHIX TEPMIYHUX [Iiil, T4, TUM CAMMM, 3a1100iraTu pO3BUTKY
MIOKEXOHEOE31eYHOr0 CTaHy BUPOO6iB; MaTeMaTUYHa MOEJIb IIPOLeCy FOPiHHS YIIiIbHEHUX JBOKOMIIOHEHTHUX
cyMiniei 3 nopoikis Mg, Al Ta okcuiiB MeTasliB, sIka BpaxoOBye: TeMIIepaTypHi 3aJIe5KHOCT] Ter10(]i3snyHux
BJIACTUBOCTEN CyMilllel; KIHETUYHI XapaKTEPHUCTUKU TEPMIYHOTIO PO3KJIaLAHHS OKCUIIB METAJIIB Ta
BUCOKOTEMIIEPATypHOTO OKMCHEHHSI IOPOLIKiB Mg Ta Al, 1110 103BOJIsi€ GiIbII TOYHO BU3HAYATH BIJIMB
TEXHOJIOTIYHUX ITapaMeTPiB Ha MBUKICTh PO3BUTKY IIPOLIECY TOPIHHS CyMilleil Ta 3arnobiraTv HeCTiKoMy Ta
BUOYXOHEOE3[1eYHOMY H1OT0 po3BUTKY. [IpakTUyHe 3HaU€HHSI OTPUMAaHUX PE3yJIbTaTiB [10JIsIra€e B po3pooLli Ta
BIIpOBaKeHHi B HisybHicTh JCHC YKpainu Ta mifgnpremcTs i opraHizaniil YKpaiHu: MeTOny BU3HAYE€HHS KPUTUYHUX
3Ha4YeHb [1apaMeTpiB 30BHILIHIX TEPMIYHUX [Iii Ta TEXHOJIOTIYHUX IIapaMeTPiB CyMilllel, IEPEBULIIEHHS IKUX
IIPU3BOJUTS [0 iX [lepeyacHOro 3aiiMaHHs Ta M0XeXXOHe0e3[1eYHOro pyHHYBaHHS BUPOOiB; 3aC00iB KOHTPOJIIO Ta
TEXHOJIOTIYHMX PEKOMEHIALIiH, 1110 BUKOPUCTOBYIOTHCS B OPraHi3allisx Ta Ha MifgIIpUeMCTBaxX YKpaiHu 11
3HUKEHHS IMOBIPHOCTI [1OK€e>KOHebe3MeYHUX pyHHYyBaHb BUPOOiB HAa OCHOBI CyMillleH, 1110 3aCTOCOBYIOThCS MPH iX
00iry 3 ypaxyBaHHSIM BILJIMBY 30BHIIIHBOTO HATPiBy, @ TAKOK 3MEHIIEHHS KiJIbKOCTI IlepeJ4acHuX
BUOYyXOHEOE31eYHUX PYHHYBaHb BUPOOiB B yMOBaX TEPMOYAAPHUX BIUIMBIB IIpU iX 3alyCcKax; B OCBITHbOMY IIpOLECi
YepKacbKOro iHCTUTYTY MOXKEXKHOI 6e3neku imeHi 'epoiB HopHobuiis HallioHanbHOTO yHiBEPCUTETY LIMBiJIBHOTO
3aXUCTY YKpaiHu.

2. The prevention of forced premature fire-hazardous destruction of products in case of exposure to external
thermal actions is of great practical importance. At the same time, they should be based on scientifically based
methods of determining the critical values of parameters of thermal effects on products and technological
parameters of charges of mixtures, the excess of which leads to premature fire-hazardous destruction of products.
To develop such methods, it is necessary to have the results of theoretical and experimental studies of the
processes of heating product bodies for different values of external heat flows and their action times, as well as the
processes of ignition and development of combustion of mixture charges under different external conditions
(elevated heating temperatures, external pressures). The idea of the work is determined by the solution of an
actual scientific and applied problem, which consists in the development of the scientific foundations of increasing
the fire safety of pyrotechnic products based on compacted mixtures of magnesium, aluminum powders and metal
oxides by establishing the basic regularities of their heating, ignition and development of combustion as a basis for
preventing fires in case of external thermal actions. The scientific novelty of the obtained results is as follows. For
the first time: the regularities of influence of technological parameters of mixtures (ratio of components,
dispersion of Mg and Al powders, nature of metal oxide) on critical values of parameters of external thermal
actions (external heat flow, time of its exposure) were established, the control of which allows preventing



premature ignition of mixtures and fire-hazardous destruction of products; regularities of influence of
technological parameters of mixtures have been established (of powder particles Mg and Al of medium size, of the
relative content of oxygen in the decomposition products of the metal oxide, of coefficient of excess oxidant) and
external factors (heating temperature, external pressure) on the main characteristics of the processes of ignition
and the development of the combustion of mixtures (of ignition temperature and time of burning of metal fuel
particles in metal oxide decomposition products, combustion rates of mixtures). Further development was clarified
and received: mathematical models of external thermal influence on samples of mixtures, which take into account
the temperature dependence of the thermophysical properties of mixtures, as well as the material of their shells
(steel, copper, cardboard, etc.), which allows to more accurately determine the critical parameters of external
thermal actions, and thereby prevent the development of a fire hazard state of products; a mathematical model of
the combustion process of compacted two-component mixtures of Mg, Al powders and metal oxides, which takes
into account: temperature dependence of the thermophysical properties of the mixtures; kinetic characteristics of
thermal decomposition of metal oxides and high-temperature oxidation of Mg and Al powders, which allows to
more accurately determine the influence of technological parameters on the rate of development of the
combustion process of mixtures and prevent its unstable and explosive development. The practical significance of
the obtained results lies in the development and implementation in the activities of State Emergency Service of
Ukraine and enterprises and organizations of Ukraine: the method of determining the critical values of parameters
of external thermal actions and technological parameters of mixtures, the excess of which leads to their premature
ignition and fire-hazardous destruction of products; means of control and technological recommendations used in
organizations and enterprises of Ukraine to reduce the probability of fire-hazardous destruction of products based
on the considered mixtures during their circulation, taking into account the influence of external heating, as well
as reducing the number of premature explosive destruction of products in conditions of thermal shock effects
during their launches; in the educational process of Cherkasy Institute of Fire Safety named after Chornobyl
Heroes of the National University of Civil Protection of Ukraine.
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VIII. 3ak/1104Hi BiZOMOCTI



Baache IlpizBuiie Im's ITo-6aTbKOBI BemssiHCbKUIT Osier MUKOJIaii0BUY

TOJIOBH paju

Bisacue I'Ipianme IMm's I10-6aTHLKOBI 3emiastHCbKU OJier MUKOJIallOBUY

TOJIOBYIOYOrO Ha 3acCimaHHi

BignoBizasibHHI 32 IIi,Z;I‘OTOBKy Buuenko Cepriit MukonanoBmuy

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




