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1. PO3BUTOK HayKOBHX OCHOB TOIE€PeKEHHS 1I0XKEKOBUOYXOHEOE3IIEYHOr0 3aliIMaHHS MiPOTEXHIYHUX
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2. Development of scientific foundations for preventing fire and explosion ignition of pyrotechnic multicomponent
nitrate-metallized mixtures under conditions of external thermal action

Pedepar:

1. Incepraiiio NpUCBsYE€HO BUPIIEHHIO aKTyalbHOI HAYKOBOi IPOGJIEMH Y raly3i MOKeXHOi 6e311eKH, sIKa M0JISIrae B
PO3BUTKY HAyKOBUX OCHOB 3a1006iraHHS MOXKEXKOBUOYXOHEOE31eUHUM 3arOPSIHHSM IipOTEXHIYHUX BUPOOiB Ha
OCHOBi 6araTOKOMIIOHEHTHHUX HITPaTHO-METaJli30BaHUX CyMillleil MIJIIXOM BCTAHOBJIEHHS] KDUTUYHUX PEKUMIB
iXHBOT'O HArpiBy, 3aiIMaHHS Ta PO3BUTKY F'OPiHHA B YMOBAX 30BHIIIHIX TEPMIYHUX [ill, IK OCHOBU 114
nornepeyKeHHs! BAHMKHEHHIO Ta MOMMPEHHIO [TOXKEXi Iifl 4ac 36epiraHHs, TPaHCIIOPTYBAaHHS Ta 3aCTOCYBAaHHS
BUPOO6iB. PO3p06s1eHO MaTeMaTUYHi MOJieJli Ta METOJ M PO3PaxXyHKy PO3IIOLiliB TEMIIEPATYP B3[I0BXK I10BEPXHI

3apsfiB cymillei pisHOI reOMETPUYHOI (POPMU Ta MO TOBIIMHI IXHIX MeTaseBUX 0O0JIOHOK 3aJIEXKHO Bif TapaMeTpiB



30BHIIIHIX TePMiUHUX [l (TEIJIOBUX IIOTOKIB, MIBUAKOCTE! 00yBY IOTOKOM IOBITPSI 17151 Pi3HUX PEXKUMIB
00TiKaHHS, TPUBAJIOCTI iXHbOI Aii). BcTaHOBJIEHO HOBi 3aKOHOMIPHOCTI BIJINBY PE>KMMiB OOTiKaHHS (J1TaMiHapHUH,
TypOyJIEHTHUI) IOBITPSIHUM [I0TOKOM METaJIeBUX 0O0JIOHOK 3apsifiB cyMmilleil pisHoi reoMeTpUyHOi popmu
(umniHgpUYHOI, HaniBcpepruYHOi) Ta pO3MipiB Ha MiCIsl pO3TalllyBaHHS JiISTHOK Ha iXHiX IOBEPXHSX i3
MaKCHMMaJIbHIMHU 30BHILIHIMU TEPMOIiIMHU, IO PU3BOAUTH IO BUOYXOHEOE3eYHNX PyHHYyBaHb BUPOOiB BHACTITOK
IeperyacHoOro 3aliMaHHs CcyMileil mif 060JI0HKaMH Y BKasaHuX Micugx. [IpoBefieHO TepMOIMHAMIYHI po3paxyHKU
BIIJIMBY CIIiBBiJHOLIEHHS KOMIIOHEHTIB Y CYMillli Ta 30BHIIIHLOTO TUCKY Ha TEMIIEPATYPY Ii IPOAYKTIB 3rOpsIHHA, a
TaKOX BMiCTy y HUX BUCOKOTEMIIEPATYPHOrO KOHIIEHCATy Ta HEOKAUCHEHOTO METajly. BCTaHOBJIEHO MEXaHi3M Ta
PO3p06JIEHO HOBI MaTeMaTU4YHi MOeJli IIPOLeCy TOPiHHS 6araTOKOMITIOHEHTHHUX YIIiJIbBHEHUX CyMileil (MeTanese
najibHe + HiTPATOBMICHUI OKMCHIOBAY + J0OABKU OPraHiYHUX Ta HEOPraHiYHUX PEYOBUH), SIKi 1al0Th 3MOTY
PO3paxoByBaTU MIBUMIKICTb PO3BUTKY iXHBOT'O NIPOLECY FOPiHHA Ta BUOYXOHEOE3eYHi peKMMHU MOro NPOTiKaHHS B
YMOBax IiJBULEHUX TEMIIEPATYD HArpiBy Ta 30BHIIIHIX TUCKiB. OTPYMMaHO HOBi €EKCIIEpUMEHTAJIbHI JaHi, 0 Ja0Th
3Mory (pOpMyBaTHU HayKOBO-TEXHiYHY 6a3y JaHUX i3 ypaXyBaHHSIM 3aJI€>KHOCTE MIBUIKOCTI TOPiHHS CyMilei Bif
TEXHOJIOTIYHMX [TapaMeTPiB X 3apsiB i3 BpaxyBaHHAM BIUIMBY ITiJBULIEHUX TEMIIEPATYP HArpiBy Ta 30BHILIHIX
TUCKiB. CTBOPEHO HOBi HAyKOBO OOI'PYHTOBAHi METOIM [71s1 BU3HAUEHHS KpDUTUYHUX Jialla30HiB 3MiHY TapaMeTpiB
30BHIIIHIX TEPMIUYHUX [ill HA 3apsAU CYMillIeH, a TAKOXK IBUIKOCTEN PO3BUTKY IIPOLIECY iIXHBOTO FTOPIiHHS B YMOBax
MiBUILIEHUX TEMIIEPATYP HArpiBy Ta 30BHILIHIX TUCKIB [JIS1 PI3HUX TEXHOJIOTIYHMX [TapaMETPIB CyMilllel, 110 AAI0Th
3MOTY 3aI106irTy NepeIyacHOMY IIO>KE>KOBUOYXOHEOE3[1eUHOMY PYHHYBaHHIO BUPO6iB. Po3po6iieHi meTonu Ta
CTBOpE€HA 6a3a €KCIIepUMEHTANIbHUX JAHMX 3HANIIJIM [IPAaKTU4YHE BUKOPUCTAHHS Ta BIIPOBA/KEHI B OpraHisallisix Ta
Ha MifnprueMcTBax YKpaiHu 1010 3HWKeHHSI Hebe3IeKU BIJIMBY MOXKeX a00 yoapHUX TePMIiUHUX Jill Ha cepiliHi
BHMPOOY Ha OCHOBI 6araTOKOMIIOHEHTHUX HITPATHO-METAJIi30BaHMX CyMilllell B yMOBax ix 30epiraHHs,

TPaAHCIIOPTYBaHHS Ta 3aCTOCYBaHHS. PO3p06JIeHO 3MiHM Ta NOMOBHEHHs 10 HallioHanbHUX CTaHAAPTIB YKpaiHu.

2. The dissertation is devoted to the solution of an actual scientific problem in the field of fire safety, which
consists in the development of the scientific foundations of prevention of fire-explosive ignition of pyrotechnic
products based on multi-component nitrate-metallized mixtures by establishing critical modes of their heating,
ignition and development of combustion in conditions of external thermal actions, as a basis for preventing the
occurrence and spread of fire during storage, transportation and application of products. Mathematical models
and methods for calculating temperature distributions along the surface of charges of mixtures of various
geometric shapes and along the thickness of their metal shells have been developed depending on the parameters
of external thermal effects (heat flows, air flow speeds for different flow modes, their action times). New patterns
of the influence of the flow regimes (laminar, turbulent) of the air flow around metal shells of charges of mixtures
of various geometric shapes (cylindrical, hemispherical) and sizes on the locations of areas on their surfaces with
maximum external thermal effects, which lead to explosive destruction of products as a result of premature
ignition of mixtures under the shells in the specified places, have been established. Thermodynamic calculations of
the influence of the ratio of components in the mixture and external pressure on the temperature of its
combustion products, as well as the content of high-temperature condensate and unoxidized metal in them have
been carried out. The mechanism has been established and new mathematical models of the combustion process
of multicomponent compacted mixtures of metallic fuel + nitrate-containing oxidizer + additives of organic and
inorganic substances have been developed, which allow calculating the rate of development of their combustion
process and explosive regimes of its course under conditions of elevated heating temperatures and external
pressures. New experimental data have been obtained, which allow forming a scientific and technical database
taking into account the dependences of the combustion rate of mixtures on the technological parameters of their
charges, taking into account the influence of elevated heating temperatures and external pressures. New
scientifically based methods have been developed to determine the critical ranges of changes in the parameters of
external thermal effects on the charges of mixtures, as well as the rates of development of their combustion
process under conditions of elevated heating temperatures and external pressures for various technological
parameters of mixtures, which allow preventing premature fire-explosive destruction of products. The developed
methods and the created experimental data base have found practical use and implementation in organizations



and enterprises of Ukraine to reduce the risk of fire or shock thermal effects on serial products based on
multicomponent nitrate-metallized mixtures in the conditions of their storage, transportation and use. Changes
and additions to the National Standards of Ukraine have been developed.
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e Thermodynamic Calculations of the Main Characteristics of the Combustion Process of Pyrotechnic Nitrate-
Metallized Mixtures with Additives of Organic and Inorganic Substances under External Thermal Influences /
N. Koziar et al. Scientific journal «Defect and Diffusion Forum». 2024.Vol. 437. P. 49-59.

¢ Metal-Coordinated Epoxy-Amine Composition with Reduced Fire Risk: Elaboration, Thermal and Ignition
Resistance / N. Koziar et al. Periodica Polytechnica Chemical Engineering. 2024. Vol. 68(3). P. 446-453.

¢ Regulations of the Influence of External Thermal Influences on Speed and Explosive Safe Combustion Modes
of Pyrotechnic NitrateMetallized Mixtures with Metal Fluoride / N. Koziar et al. Key Engineering Materials.
Fire Safety and Applied Materials. 2023. Vol. 952. P. 155-165.

¢ Balanyuk V. M., Kozyar N. M., Garasymuyk O. I. Study of fire-extinguishing efficiency of environmentally
friendly binary aerosol-nitrogen mixtures. Eastern-european journal of enterprise technologies. Technical
science. 2016. Vol. 3 /10 (71). P. 4-12.

e Balanyuk V. M., Kovalyshyn V. V., Kozyar N. M. Effect of ecologically safe gas-aerosol mixtures on the velocity
of explosive combustion of n-heptane. Eastern-European Journal of Enterprise Technologies. Technical
science. 2017. Vol. 4/10 (88). P. 12-18.

e Ko3zap H.M. 3akOHOMIpPHOCTI BILIMBY TEXHOJIOTIYHUX ITaPAMETPIB Ta 30BHIIIHIX YUHHUKIB Ha WBUJKICTb Ta
BHMOYXOHEOE3IEeYHi pE>XKMUMU FOPiHHSA MiPOTEXHIYHUX HITPATHO-METAIi30BaHUX CyMillel 3 To6aBKaMu
OpraHiYHUX peYOBUH. BiCHUK YepKachbKOro nep;kaBHOTO TEXHOJIOTIYHOrO yHiBepcuTety. Yepkacu: YATY, 2023.
Ne 2,/2023. C. 89-99.

o Kossip H. BuaHayeHHs1 KpUTUYHUX 3HaY€Hb [IapaMeTPiB 30BHIlIHIX TEPMOYAAPHUX BILIMBIB HAJ[3BYKOBOTO
IIOTOKY IOBITPSI Ha IOBEPXHIO LMJIiHAPUYHUX METAJIEBUX OOOJIOHOK 3apsiiiB MiPOTEXHIYHUX HITPaTHO-
MeTaJIeBUX CyMilllell B yMOBax iX 3acTocyBaHHS. 36ipHUK HayKOBUX Ipallb YepKacbKOro iHCTUTYTY MTOXKESKHOI
oesneku imeni 'epoiB YopHo6uis HalioHabHOro yHiBEpCUATETY LIMBIJIBHOTO 3aXUCTy YKpaiHu «HajspuyaiiHi
cuTyalii: monepeaKeHHs Ta Jikpigauis». Yepkacu: YIIB im. 'epoiB YopHoouns HYL3Y. 2023. Tom 7, N2 1
(2023). C. 33-44.

o Kossp H. 3anobiranss nepegyacHoro noXXe>xKo0BUOyxoHeOe31eYHOro CIpalibOByBaHHS [IPOTEXHIYHUX CyMillei
B YMOBAx IIOCTPiJly Ta MOJIbOTY. 36ipHMK HAYKOBUX Ipalb YEPKaChKOIo iHCTUTYTY MOKEKHOI 6€311eKU iMeHi
I'epoiB YopHo6us HalioHanbHOTO yHiBEpCUTETY LIUBIIBHOTO 3aXUCTy YKpainu «Han3suuaiiHi curyarii:
nonepepKeHHs Ta JikBigauisy. Yepkacu: YIIb im. I'epois Yoproobumst HYLI3Y. 2023. Tom 7, N2 2 (2023). C. 133-
151.

¢ Kossp H. EkcnepuMeHTalbHO-CTaTUCTUYHI MOJIEJIi 1711 OTPUMAHHS 06331 JAHUX 110 BILJIMBY TEXHOJIOTIUHUAX
NapaMeTpiB 3apsiB MIPOTEXHIYHMX HITPATHO-METAII30BaHMX CyMilllel HA 3aJIEXKHOCTI MIBUIKOCTI X TOPiHHSA
Bifl MiZIBUILIEHUX TEMIIepaTyp HarpiBy Ta 30BHIlIHIX TUCKiB. 36ipHUK HAyKOBUX IIpallb YepKacbKOro iHCTUTYTY
NIOKEXKHOI 6e3reku imeHi ['epoiB YopHo6uia HallioHaJIbHOTO YHIBEPCUTETY LMBIJIbHOTO 3aXMCTY YKpaiHu
«HapaBuuaiizi cuTyalii: nonepempkeHHs Ta jikBiganis». Yepkacu: YIITb im. I'epois Yoproobuns HYLI3Y. 2024.
Tom 8, N2 1(2024). C. 23-34.

¢ 3aKOHOMIPHOCTI IIPOLECY FOPiHHSA YACTMHOK METAJIEBOIO NaJIbHOTO Y IPOAYKTaX PO3KIaLAaHHS MPOTEXHIYHUX

6araTOKOMIIOHEHTHUX HiTpaTHO-LMPKOHieBux cymiment / H. M. Koazsp Ta iH. HaykoBuii BicHuk: LluBinbHAN



3aXUCT Ta NnoxeskHa 6e3neka. Kuis: [IYTaH/L13, 2024. N2 1(17) 2024. C. 39-46.

BusHaueHHs nIpoLeciB 3aliMaHHS YaCTMHOK METAJIEBUX NNAIBHYX Y MPOAYKTAX PO3KJIaAaHHS MiPOTEXHIYHUX
0araTOKOMIIOHEHTHUX HiTpaTHO-MeTasnizoBaHux cymimei / H. Kossp ta iH. 36ipHMK HayKOBUX Ipallb
YepKacbKOro iHCTUTYTY MOXKEXKHOI 6e3neku imeHi 'epoiB HopHoOuIsl HallioHaIbHOTO YHIBEPCUTETY
LMBIIBHOTO 3axXUCTy YKpainu «Hazgssuyarini cutyauii: nonepemkenHs Ta jgiksigauis». Yepkacu: YIIIb im.
I'epoiB YopHobumns HYLI3Y, 2024. Tom 8, N2 2 (2024). C. 44-56.

Mathematical modeling of the combustion process of particles of two-component metal alloys in the
decomposition products of pyrotechnic mixtures / N. Kozyar et al. BICTI JIoHe1[bKOTO TripHUYOTO iHCTUTYTY.
Joueupk: IBH3 «THTY», 2024. N2 1(54) /2024. C. 50-62.

3aKOHOMIPHOCTI POLLECY FOPiHHS YACTUHOK METAJIEBOTO MAJIbHOTO Y IPOAYKTaX PO3KJIaLAaHHS MIPOTEXHIYHUX
6araTOKOMIIOHEHTHUX HiTpaTHO-MeTasizoBaHux cymiment / H. M. Koasp Tta in. BICTI JJoHepkoro rippudoro
inctutyTy. JoHeupk: IBH3 «THTY», 2024. N2 2(55) /2024. C. 92-105.

3aKOHOMIPHOCTI BIJIMBY YMHHUKIB Ha IIBUKICTb PO3BUTKY IIPOLIECY F'OPiHHSA MiPOTEXHIYHUX CyMillleN Ha
OCHOBi KUICHEBMiCHMX OKUCHIOBAaYiB Ta MeTaneBux nanpHux / H. M. Kossp ta in. BicHuk Yepkacbkoro
Jlep>kaBHOTO TEXHOJIOTIYHOTO YHiBepcuTeTy. Yepkacu: YATY, 2023. N2 1/2023. C. 72-81.

Bu3HayeHHS1 KpUTUYHUX 3HaUYE€Hb ITapaMeTPiB 30BHIIIHIX TEPMiYHUX BILJIUBIB HA MTiPOTEXHIYHI BUPOOU Ha
OCHOBI HiTpaTHO-METaJIeBMX CyMilllell B yMOBax ix 36epiranHs Ta TpaHcnoprysaHss / H. M. Kozsp Ta in.
Haykosuit BicHuk: LJuBinbHMI 3aXKCT Ta noxkexHa 6e3neka. Kuis: [IYTaHL3, 2023. N2 2(16) 2023. C. 42-56.
3anobiraHHs MOXKeXOBUOYXOHEO6E3IeUHNM 3aliIMaHHSIM MIPOTEXHIYHMX METali30BaHUX CyMilllell 3 fo6aBKaMu
HeopraHiyHux pedoBuH / H. Kossp Ta iH. 36ipHUK HayKOBUX I1palib YepKaCcbKOTro iHCTUTYTY IOKEKHO]
oesneku imeni 'epoiB YopHobuis HalioHabHOro yHiBEpCUTETY LIMBIJIBHOTO 3aXUCTy YKpainu «HajspuyaiiHi
cuTyaljil: nonepeaKeHHs Ta Jikpigauis». Yepkacu: YIIB im. 'epoiB YopHoouns HYL3Y, 2022. Tom 6, N2 2
(2022). C. 15-26.

Combustion model for burning multicomponent pyrotechnic nitrate-metallized mixtures / N. Kozyar et al.
Bulletin of Cherkasy State Technological University. 2023. Vol. 3 /2023. P. 69-84.

[Tpo6aemu racinng cnupTiB Ta ix cymimeit / H. M. Kossp T1a in. I[Toxxexxna 6esneka. 2018. N2 (33). C. 5-9.
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raciHHs noxex kiuacy A. IloxexxHa 6esnexa. 2014. N2 24. C. 79-84.

Koazsp H. M. IligBuieHHs e(peKTUBHOCTI 06’eMHOTO noskexxoracinHs. IToxxexxHa 6esneka. 2014. N2 25. C. 47-52.
BriyiuB no6aBok CO2 Ha BorHeracHy edeKTHUBHICTh 6iHapHOi aepo30spHO-Ta30B0i cymimti / Kozsp H. M. ta

iH. [ToxxexxHa 6e3nexa. 2016. N@ 28. C. 6-12.

Koszsip H. M. Oco6nBocTi BUOyxiB Ta BUOYXOIIPUTHIYEHHS MJIONOBITPSIHUX cyMimeil. [ToxkesxHa 6esmneka. 2016.
Ne 29. C. 57-65.

l'apacum’iok O. L., Banantok B. M., Kozsip H. M. 3acTocyBaHHsI ra30-a€p0o30J1bHO-TIOPOLIKOBUX BOTHEIaCHUX
cyMillei 1y 3aXMCTy BiJl 3anaoBajbHuX cymiment. Scientific Journal «ScienceRise». 2016. N2 5/2(22)2016.
C.10-14.

Basnantok B.M., KoanumuH B.B., Kozsip H.M. 3anobiranns 3aiMaHHs ra30BUX CyMilllel H-TernTaHy
KOMOIHOBaHMMU CHCTEMaMU YIapHUX XBUJIb Ta 00'€MHUX BOTHETaCHUX peyoBuH. Scientific Journal
«ScienceRise». 2017. N2 11(40)2017. C. 21-24.

Banauniok B. M., Kossip H. M., KpaBuenko A. B. Crioci6 nifimapoBoro raciHHsi CIMPTiB BOTHETACHUM a€PO30JIEM.
Scientific Journal «ScienceRise». 2019. N21(54)2019. C. 11-15.

TepmonuHamiuHi OCHOBU MOXKEXKHOI 6€3M€KU MiPOTEXHIYHMUX BUPOOIB B yMOBaX HaI3BUYaliHUX CATYallill Ta
BilicbkoBuUx Aiit / H.M. Ko3sp Ta in. Uepkacu: UIIIB imeni I'epoiB YopHo6usst HY1LI3 Vkpainu, 2023. 436 c.
HaykoB0-06rpyHTOBaHi METOIM 3 BUBHAYEHHS! KDUTUYHUX 3HAYEHbD Ta TONepeKeHHS Nepel4acHUX 3aliMaHb
nipoTexHIYHNUX 6araTOKOMIIOHEHTHUX HiTpaTHO-MeTasli30BaHUX CyMilllell B yMOBaXxX 30BHIIIHIX TEPMiUyHUX Iill
IIpU HafA3BUYalHUX cutyauigax / Kossp H. ta in. Hagzsuuaiizi cutyanii: 6e3neka ta 3axuct: Marepianu XIV

BceykpaiHcbKoi HayKOBO-ITPaKTUYHOI KOH(epeHLii 3 MbkHapoHOO y4acTio. Yepkacu, 2024. C. 36-38.



Kozsp H., Kupuuenko O., llikoznsp €. EkcnepuMeHTanbHO-CTaTUCTUYHI MO 1711 CTBOPEHHS 623U JaHUX
IOJI0 BILJIMBY TEXHOJIOTIYHUX NTapaMeTPiB 3apsiB MipOTEXHIYHUX HITPAaTHO-METali30BaHUX CyMillel Ha
3aJI€KHICTb MIBUAKOCTI X TOPIHHA Bif, MiIBUIIEHMX TEMIIEPATYP HArpiBy Ta 30BHILIHIX THCKIB. Teopid i
[IpaKTUKa raciHHg MOXKEXK Ta JIKBigaLii Han3BryanHux cutyanin: Marepianu XV MiKHapoIHOI HAyKOBO-
npakTU4YHOi KOHQepeHLii. Yepkacu, 2024. C. 165-166.

KpuTnyHi 3HaYeHHS apaMeTpiB 30BHINTHIX TEPMiYHUX BIJIMBIB Ha MiPOTEXHIYHi BUPOOU HA OCHOBI HiTPaTHO-
METaJIeBUX CyMilllell B yMoBax TpaHcropTyBaHHs / H. Kossp Ta iH. HagzsuuaiiHi cutyanii: 6e3rneka Ta 3aXucr:
Marepianu XIII BceykpaiHCbKOi HAyKOBO-TIIPAaKTUYHOI KOH(epeHLii 3 MbKHapogHOIO yuacTio. Yepkacuy, 2023. C.
126-127.

Kupnuenko O. B., Kozsap H. M., llIkosisp €. B. BcTaHOB/IEHHS! KpUTUYHUX [1aPaMETPiB 30BHIIIHIX TEPMOYIAPHUX
BIUJIMBIB Ha [IOBEPXHIO LWJIiHIPUYHUX METAJIEBUX OO0JIOHOK 3aps/iB, O CKJIANAIThCS 3 MiPOTEXHIUHUAX
HITpaTHO-MeTaJIeBUX CyMilllell, y KOHTEKCTi ix IpakKTUYHOro BuKopuctanHs. Ways of Science Development in
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