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OKCHUJIiB MeTaJliB

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

Pedepar:

1. BaskiBe MpakTU4HE 3HAYEHHS Ma€ 3al00iraHHs BUMYLIEHUX [TepeJ4aCHUX MOKeXOHeOe31eYHNX PyHyBaHb
BHPOOIB y BUIIQ/IKY BIUIUBY 30BHIllIHIX TepMiuyHUX Zill. BOHU [TOBHUHHI I'PYHTYBaTUCh Ha HAYKOBO-OOI'PYHTOBAHUX
METOJIaX BU3HAUYEHHSI KPUTUYHUX 3HAYEHb [1apaMeTpiB TePMiYHUX BIJIMBIB HA BUPOOU Ta TEXHOJIOTTYHUX
IapaMeTpiB 3aps[liB CyMilllell, IEPEBUIIEHHS IKMX IPU3BOAUTH [0 IEPeNYaCHUX M1OKEKOHEOE3NeYHNX PYHHYBAaHb
BUPOOGIB. [I7151 pO3pOOKM TaKUX METO/IiB HEOOXiJHO MaTH pe3yJIbTaTH TEOPETUYHUX Ta €KCIIEPUMEHTAJIBHUX
IOCJiI)KeHb IIPOLIECiB HarpiBy KOpIlyCiB BUPOOIB /1J1s Pi3HUX 3HAYE€Hb 30BHIIIHIX TEIJIOBUX MTOTOKIB Ta 4YaciB ix [iii, a
TaKOX I[IPOLECIB 3aiIMaHHs Ta PO3BUTKY I'OPiHHS 3apsifiB CyMilllel TP Pi3HUX 30BHIIIHIX yMOBax (IiJBUIIEHi
TeMIIepaTypU HarpiBy, 30BHIllHI TUCKM). [1es1 po60TU BU3HAYAETHCS BUPIIIEHHSIM aKTyaJlbHOI HAyKOBO-TIPUKJIAAHOI

3a/1aui, O M0JIsAra€e y PO3BUTKY HAYKOBUX OCHOB IIiZIBUIIIEHHSI TI0’KEKHOI 6e3I1eKu MipOTeXHIYHMX BUPOOiB Ha OCHOBI



VIIJIBHEHUX CYMilllEeN 3 ITOPOLIKiB MArHilo, aJIlOMiHiI0 Ta OKCUJIB METAJIiB IIJISIXOM BCTAHOBJIEHHSI OCHOBHUX
3aKOHOMIpHOCTE NpoLieciB iX HArpiBy, 3aliIMaHHS Ta PO3BUTKY TOPIHHS SIK OCHOBHU [IJI51 3aI100iraHHS] BUHUKHEHHIO
ITOXKEXK Yy BUIAJKY 30BHIIIHIX TePMiYHMX Ail. HayKoBa HOBM3HA OTPUMaHUX PE3YJIbTATIB I10JISITA€ Y HACTYIIHOMY:
Briepie: BCTAaHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY TEXHOJIOTIYHMX NIAPAMETPiB CyMillel (CIiBBiIHOIEHHS
KOMIIOHEHTIB, JUCIEPCHOCTI NOpPOLKiB Mg Ta Al, npupoan oKCuay MeTasy) Ha KpUTUYHI 3HaY€eHHSs IapaMeTpiB
30BHIIIHIX TEPMIYHUX [iii (30BHIIIHbOTO TEIJIOBOI'O IIOTOKY, Yacy MOro BIJIMBY), KOHTPOJIb SIKUX 103BOJISIE
nonepepkaTy repefyacHe 3aiiMaHHs cyMilleil Ta noxkexxoHebe3neyHe pyiHyBaHHs BUPOOiB; BCTAHOBIEHO
3aKOHOMIPHOCTI BIUIMBY TEXHOJIOTIYHMX ITapaMeTPiB CyMilllel (CepegHbOro pO3Mipy YaCTMHOK NMOPOLIKiB Mg Ta Al,
BiJHOCHOTO BMiCTy KHCHIO y ITPOAYKTaX PO3KJIaJaHHs OKCUIY MeTaly, KoediljieHTa HaiJInIIKy OKUCHIOBAYa) Ta
30BHIIIHIX YMHHUKIB (TEMIIEpATypy HarpiBy, 30BHIIIHBOI'O THCKY) HA OCHOBHI XapaKTE€PUCTUKHU IPOLECiB 3aliMaHHs
Ta PO3BUTKY TOPiHHS CyMilllell (TeMIIepaTypy 3aliMaHHs Ta 4acy FOPiHHS YaCTMHOK METAaJIeBOro NajbHOTO B
IIPOJYKTaX pO3KJIaZaHHs OKCUy MeTaJly, LIBUIKOCTI TOPiHHA cyMileil). YTOYHeHO, OTpUMaIy NOJaJ b
PO3BUTOK: MATEMATUYHi MOJIEJIi 30BHIIIHBOTO TEPMIYHOTO BIVIMBY Ha 3Pa3KU CYMillleH, SIKi BpaXOBYIOTh
TEeMIIEPATyPHi 3a/1EXKHOCTI TENI0Qi3nYHUX BJIACTUBOCTEN CyMilllell, a TAKOXX MaTepia ix 060JI0HOK, 110 L03BOJISIE
6ibLI TOYHO BU3HAYATH KPUTUYHI NapaMeTpU 30BHIIIHIX TEPMIUHUX [il, Ta, TUM CAMUM, 3a1106iraT pO3BUTKY
[IO>KE>KOHE6e3IIeYHOro CTaHy BUPOOiB; MaTeMaTUYHa MOJEJIb IIPOLieCy F'OPiHHS YIIiIbHEHUX [IBOKOMIIOHEHTHUX
cyMiniei 3 nopoukis Mg, Al Ta okcuIiB MeTasliB, sIKa BpaxoBye: TEMIIEpaTypHIi 3a/1e5KHOCTI TeI10(i3snIHUX
BJIACTUBOCTEN CyMilllel; KIHEeTUYHI XapaKTEPHUCTUKN TEPMIYHOTIO PO3KJIaLAHHS OKCUIIB METAJIIB Ta
BUCOKOTEMIIEPATypHOTO OKMCHEHHSI IOPOLIKiB Mg Ta Al, 1110 103BOJIsi€ GiIbII TOYHO BU3HAYATH BILJIMB
TEXHOJIOTIYHUX ITapaMeTPiB Ha IBUKICTh PO3BUTKY IIPOLIECY TOPIHHS CyMillleil Ta 3arobiraTv HeCTiKoMy Ta
BUOYXOHEOE3[1€UHOMY H1OTO pO3BUTKY. [IpakTUyHEe 3HAaU€HHSI OTPUMAHUX PE3YJIbTATIB [10JIsIra€ B po3poolLii Ta
BIIpoBaKeHHi B gisybHicTh JCHC YKpainu Ta mignpreMcTs i opraHizaniil YKpaiHu: MeTony BU3HaY€HHS KPUTUYHUX
3Ha4Y€Hb [1ApAMETPiB 30BHIIIHIX TEPMIYHUX [ill Ta TEXHOJIOTIYHUX ITapaMEeTPiB CyMilllel, IePEBUIEHHS SIKMX
IIPU3BOJUTS [0 iX [lepeyacHOro 3aiiMaHHs Ta M0XeXXOHe0e3[1eYHOro pyfHYyBaHHs BUPOOiB; 3aC06iB KOHTPOJIIO Ta
TEXHOJIOTIYHMX PEKOMEH AL, 110 BUKOPUCTOBYIOTHCA B OPraHi3alligx Ta Ha MifgIIpUeMCTBax YKpaiHu 14
3HMKEHHS IMOBIpDHOCTI IIOKEXXOHEOe3eYHNX PYHHYBaHb BUPOOIB HA OCHOBI CyMilllel, 10 3aCTOCOBYIOThCS IIPU iX
00iry 3 ypaxyBaHHSIM BILJIMBY 30BHIIIHbOTO HarpiBy, @ TaKOK 3MEHILIEHHS KiJIbKOCTI lepeJyacHuX
BUOYXOHEOE3IeUYHUX PYHMHYBaHb BUPOOIB B yMOBaX TEPMOYAAPHUX BIUIMBIB IIpY iX 3allyCcKax; B OCBITHbOMY IIpOLECi
YepKacbhKOTo iHCTUTYTY MOXKEXKHOI 6e3rneku imeHi 'epoiB YopHobuiis HanionanbHOro yHiBEpCUTETY LIUBIJIBHOTO
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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IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: UepKachKuii iHCTUTYT TOXKEKHOT Geaneku imeni Fepois

YopHobuss HauioHasbHOTO yHIBEPCUTETY LIMBIIBHOTO 3aXUCTy YKpaiHu

Kopg 3a €IPIIOY: 39117736

Micuesnaxomkeunﬂ: ByJ1. OHOIIpieHKa, 6yx. 8, Yepkacu, UepKkacbkuil p-H., 18034, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: JepxaBHa ciay>x6a YKpaiHu 3 HaI3BU4aHUX CUTYalill

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Murasnenko KoctssHTHH IBaHOBUY

2. Kostantyn 1. Myhalenko

KBasigikanis: k.1.u., gou,, 21.06.02
ImenTudikarop ORCID ID: 0000-0002-7125-8442
JoparkoBa iHpopMmawist: ;https://scholar.google.com.ua/citations?user=ailjJO4AAAAJ&hl=uk

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: YepKachkuii iHCTUTYT MOXKEKHOT Geaneku imeni Fepois

YopHobuss HauioHasbHOTO yHIBEPCUTETY LIMBIJIBHOTO 3aXUCTY YKpaiHu

Kopg 3a €IPIIOY: 39117736

MicneSHaxo,erCHHﬂ: ByJ1. OHOIIpieHKa, 6yx. 8, Yepkacu, UepKkacbkuii p-H., 18034, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: JepxaBHa ciayx6a YKpaiHu 3 HaI3BU4aHUX CUTYalill

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

Bsacue Hpi3BHme IM'ss [1o-6aTBKOBI SemnaHcekui Osier MUKOJIaioBUY
rOJIOBH pagu

Bnacue IlpizBuie Im's [10-6aTbKOBI SemnsaHcekuil Osier MuKosiaiiosuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimasbHUI 3a lli,uI‘OTOBKy Buuenko Cepriii MukonanoBuy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




