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1. O6rpyHTYBaHHS peLenTypy Ta BU3HAYEHHS XapaKTePUCTHK JOCIIIHMX 3pa3KiB IaTPOHOBAHUX 3aII06DKHUX
€MYJIbCITHMX BUOYXOBUX Pe4oBuH IV Kiacy

2. Composition substantiation and determination characteristics of the packaged permissible emulsion explosive
prototypes of class IV.
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«JJoHEbKMI HAYKOBO-NOCIIiHNAN BYTiJIbHAN IHCTUTYT», Jlep>kaBHOrO HayKOBO-AOCJIHOTO iIHCTUTYTY OpraHisauii i
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3aiiMaHHs MeTaHonoBiTpsiHoi cymimi (MIIC) ta nunonosiTpsiHoi cymimi (TITIC) B maxTax, 0 He6e3neyHi 3a ra3oMm i
MJI0OM. BpaxoBylouu IOCBif, TOCTiIKeHHS MTPOLieCy BUTOPSIHHS, OYJI0 BCTAHOBJIEHO, 1110 3al106iHI TPOTUJIOBMIiCHI
BP Ma1oTh BUCOKY CXUJIbHICTD [IO BUTOPSIHHS Ta CYIIPOBOIKYIOTHCS BEJIMKUM THCKOM IPOJYKTIB TOPiHHS, a TAKOX
3BP, gKi 3aCTOCOBYIOTHCS B YKPAiHi, € €EKOJIOTIYHO HEGE3IIEYHMMU Ta MAIOTh Y CBOEMY CKJIa/li TOKCUYHI PEYOBUHU —
TPOTuUI i HiTpoedipu. AHai3 CBITOBOro AOCBiAy 3acTocyBaHHS 3BP NoBiB, 110 Nofanbmnii PO3BUTOK Ta
BIockoHasneHHs 3BP B Ykpaini noBuHHO 6a3yBatucs Ha EBP. 1]i Bu6yxoBi peuoBrHY, HA BiIMiHY Bil aMOHITY Ta
VIJIEHITY, HE MICTATh Y CBOEMY CKJIaJi Opu3aHTHUX BP (TpoTui i HiTporyinepuH). B YkpaiHi Hakonu4eHo 3Ha4YHMN
IOCBiJ] CTBOPEHHS TEXHOJIOTiH BUpOOHULTBA EBP, 1110 3aCTOCOBYIOTHCS Ha BiIKPUTUX PO3POOKAX POJLOBUIL
KOPHMCHUX KOIAJIMH, Ta MOXKe OyTH BUKOPUCTAaHUI IPY CTBOPEHHI 3anobixxHux EBP. Ykpaina He mae B
PO3IOpPsIyKEHH] BITYM3HIHUX 3a11000kHUX EBP, y 1boMy HanpsiMi poO0TH 3HAaXOIsThCS Ha eTalli HAayKOBUX
TocimxeHb. 715 npukiany 6yJ10 po3ryISHYTO XapaKTE€PUCTUKHU 3all00KHMX TOPeMiTiB BuUpooHuLTBa Pocii Ta
emyJiiniTa Bupo6HuuTBa [Tonbwi. HaBeneHi nepesaru 3ano6ixxuux EBP nopiBHSIHO 3 NTaTpOHOBAaHUMU
TpoTuoBMicCHUMU 3BP. Po3riisiHyTO LOCBIi AOCSITHEHHS 3al100DKHUX BiacTuBocTel aJist BP. Orsispn jgiteparypHux
I)KepeJ OBiB, 110 HalbibIl sIKicHe 3a6e31e4eHHs 3a100iKHUX BiacTMBocTel BP BinbyBaeThcs pu gonaBaHHi go
ckyany BP y poni nonym’siracHuka NacCl, sKuii OTpMMaHO BHACJIIOK TPOXOIKeHHS i0HOOOMIHHOI XiMiuHOI peakiiii.
BpaxoByio4u [OCTiIKeHHS 010 BUKOPUCTaHHS CEHCUOii3aTOPiB BCTAHOBJIEHO, 110 CeHCUOii3aliio 3an06KHIX

EBP HeoOXimHO TPOBOAUTH 32 IOITIOMOT'0I0 CKJISIHUX MiKpocdep.

2. Section 1 includes an analysis of the current assortment of permissive explosives (PE) in Ukraine and the
prospects for improving the PE composition. It has been established that the PE development and improvement is
an important urgent problem aimed at improving safety during blasting process. The disadvantages of regular PE
were considered for a better understanding of the PE use issue. This section also presents an analysis of the
research results by Makeevka Research Institute for Mining Safety, Donbass Scientific Research and Design Coal
Institute, Donetsk Scientific Research Coal Institute, Dondiprovuhlemash Donetsk State Research, Design and
Experiment Institute for Complex Mine Mechanization State Enterprise , State Scientific and Research Institute of
Organization and Mechanization of Mining, Institute of Geotechnical Mechanics named by N. Poljakov of National
Academy of Sciences of Ukraine that described the causes of methane-air mixture (MAM) and dust-air mixture
(DAM) ignition in hazardous mine workings. As the result of the combustion process experience analysis, it was
found that permissible TNT-containing explosives have a high tendency to burn out and a high combustion
pressure. In addition, PE used in Ukraine, are environmentally hazardous and contain toxic substances such as
TNT and nitrate ester. It was found that the further PE development and improvement in Ukraine should be based
on the EE experience. Moreover, it is necessary to consider the experience of the PE use in the world. These
explosives do not contain brisant explosives (TNT and nitroglycerin), unlike ammonite and carbonite. Ukraine has
accumulated considerable experience in the technology development for the production of EE that are used in
open-pit mining and that can be used in the permissible EE development. There are no permissible EE available in
Ukraine, but work in this direction is at the stage of scientific research. The characteristics of permissible poremite
made in Russia and emulinite produced in Poland were given as an example. The advantages of permissible EE
comparing with packaged TNT-containing PE are given. The experience of achieving permissible properties for EE
was considered. Based on the references, it was found that the best permissible properties of explosives occur
when NacCl obtained by ion exchange reaction is added to the composition of explosives as a flame retardant.
Considering the research on the use of sensitizers, it is established that sensitization of permissible EE must be
conducted using microspheres. The theoretical research on properties and characteristics of spermissible EE is
presented in the section 2. The permissible EE of IV class composition was selected in the course of research. The
emulsion composition of the was determined as the main component for development of the basic permissible EE.
The emulsion consisted of an oxidizing phase (OP) that included ammonium nitrate, sodium nitrate, water and of a
combustible phase (CP) that included a mixture of emulsifier and industrial oil. Glass microspheres were selected
as sensitizers. Two methods of ion exchange salt injection were used during permissible EE composition
calculation. The first method involved injection of NaNO3 and NH4Cl ion 10 exchange salts into the EE emulsion
base. The second method involved injection of NaNO3 and NH4Cl ion exchange salts with the addition of KCl to



the EE emulsion base. Thermochemical calculations of two compositions were conducted using the Lethal force
program. After comparing the obtained thermochemical parameters (explosion heat, explosion temperature, total
gas volume, oxygen balance (OB)) between the two compounds and with similar thermochemical parameters of
standard TNT-containing explosives, the proper permissible EE composition was selected. It contains NaNO3 that
interacts with NH4CI to form the required amount of NaCl flame retardant. The explosion heat of the selected
formulation of permissible EE composition is 2305 kJ /kg, OB is -0.67% and, according to these indicators, is larger
the TNT-containing PE.
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