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3aCTOCYBAaHHSIM €MYJIbCITHMX BUOYXOBUX PEYOBUH

2. Geomechanical substantiation of underground infrastructure parameters during iron-ore mining with the
application of emulsion explosives

Pedepar:

1. Inceprauifina po60Ta IPUCBIYEHA BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TIPAKTUYHOI IIPOOJIEMU 3 TEOMEXAHIYHOTO
OOrpyHTYBaHHS IIapaMeTpiB Mif3eMHOI iHppacTpyKTypu Ipy BULOOYBaHHI 3a1i3HUX PYZ, i3 3aCTOCYBaHHSIM
€MYJIbCITHUX BUOYXOBUX PEYOBMH Ha OCHOBI BCTAHOBJIEHMX 3aKOHOMiPHOCTEH (POPMYBaHHS 30H 3MUHAHHS,
iHTEHCHBHOrO NOAPIOHEHHS Ta TPIIIMHOYTBOPEHHS HABKOJIO 3aPsIHOI IOPO>KHUHY, 1[0 YTBOPIOIOTHCS B MACUBI
nopig iz gieto BUOyXy B 3aJ1€5KHOCTI Bil liaMeTpiB MOPOKHUHU Ta 3apsiay, JeTOHALiMHNAX XapaKTEePUCTUK

BHUOYXOBOi PEYOBMHMU, M€Ki MiLIHOCTI I1OpPif, Ha PO3TSAraHHS-CTUCKAaHHS, iX TPIIIMHYBATOCTI i yIIiIbHEHHS Mif Aiero



ripCbKOTO TUCKY Ta BUOYXY, @ TAKOXX BCTAHOBJIEHUX 3aKOHOMIPHOCTEN 3MiHM I'YCTUHU Ta MIBUIKOCTI A€TOHALL]
€MYJIbCITHMX BUOYXOBUX PEYOBUH 32 JOBXUHOIO CPOPMOBAHOI KOJIOHKU 3apsily PU Pi3HUX KyTaX HAXUITY
CBEp[JIOBUH. Bu3HaveHi 3aKOHOMIPHOCTI NIOKJIa/ieHi B OCHOBY METOIUK PO3PaxXyHKy ITapaMeTpiB 6yponiipuBHUX
POOIT 17151 CTBOPEHHS MiA3eMHOI iHQPaCTPYKTypy NpU BUA0O0YBAHHI Py, a TAKOX PO3PaxyHKY NPaLe3naTHOCTI SIK
€MYJIbCIIIHUX, TaK i iHIINMX IPOMUCIIOBUX BUOYXOBUX PEUYOBMH 3a CTyII€HEM peasisalii BUAKOCTI JeToHaii. 3a
3MiHOIO I'YCTUHMU Ta MIBUJIKOCTI IeTOHALlii eMyJibCiliHOI BUOYX0BOoi peyoBuHu YKpainitT-I1I1-2 B3noBx cpopmoBaHOi
KOJIOHKU 3apsly po3p00J1€eHO KOHCTPYKIIO 3apsiiB y BUCXIIHUX i HUBXIJTHNAX CBEPAJIOBUHAX JOBXUHOIO 10 15 i
6inbe meTpiB. s BiiOMBaHHS MAaCUBY OOI'PYHTOBAHI TEXHOJIOTIYHI CX€MHU BEJ€HHSI OYMCHUX POOIT i3
BHUKOPHCTaHHIM eMYJIbCIHHUX BUOYXOBHX PEYOBUH 32 IOITOMOTOI0 HU3XITHUX Bisi/1 CBEPAJIOBYH IIpY BinnpaltoBaHHi
IOKJIaZliB MOTY>KHICTIO 6ibllle 5 M. BUKOpHCTaHHS po3p0o6siIeHUX METOAUK IIPY PO3PaXyHKy IapaMeTpiB
OyponigpuBHUX POOIT AJ1s1 NPOBEIEHHS TiPHUYMX BUPOOOK JO3BOJIUTb 3HU3UTU COOIBApPTICTh NPOX0oAKy 1 M3

BUpOOKU 10 18%, a ning Bigbusanus 1 M3 pyau — 1o 50%.

2. The dissertation is dedicated to the solution of the actual scientific-and-practical issue of geomechanical
substantiation of the underground infrastructure parameters during the iron-ore mining with the application of
emulsion explosives based on the established patterns of crushing zones formation, intensive crumpling and
cracking around the charging cavity, which are formed in the rock mass under the action of the explosion, and as
well as establishing patterns of changes in the density and detonation velocity of emulsion explosives along the
length of the formed column of charge at different angles of inclination of the boreholes. The analytical models of
the crushing zones radius, intensive crumpling and cracking formed in the rock mass around the charging cavity
under explosive loading have been developed for the first time, which comprehensively taking into account the
diameter of the charging cavity, the detonation characteristics of the explosive substance, the strength of the
rocks, as well as their cracking and compaction under the action of rock pressure and explosion, as well as the
diameter of the explosive charge. The finite-element analysis of the destruction of model mass around the
charging cavity under the action of the explosion energy established the power dependence of the change in the
radius of the crumpling zones, intensive grinding and cracking on the diameter of the charging cavity, the
detonation characteristics of the explosive substance, and the tensile-compressive strength limit of the rocks. The
suitability of the analytical models for determining the radius of the specified zones was established by comparing
the results of the research of the mathematical models of the radius of these zones with the results of numerical
modeling for the boundary conditions of a monolithic non-cracked mass. The power-law dependence of the
change in the line of least resistance on the diameter of the charging cavity, the density and detonation velocity of
the explosive substance, and the limit of tensile-compressive strength of rocks was obtained by modeling the
process of formation of the ejection funnel with application of the finite element method based on the main tensile
stress of the model. Further research revealed the most accurate formula for calculating the line of least
resistance, which is an analytical dependence on the zone of intensive grinding. The methodology for calculating
the redistribution of the density of the emulsion explosive in charging cavities with different angles of inclination
has been developed. The power dependence of the change in the density of the bulk emulsion explosive Ukrainit-
PP-2 along the length of the formed charge column up to 55 m, depending on its initial density and the angle of
inclination of the borehole from 0 to 90° has been established. The power dependence of the change in the
detonation velocity of the bulk emulsion explosive Ukrainit-PP-2 on the charge diameter and density have been
performed by using the rheostat method and established by natural experiments. The rational initial density of the
emulsion explosive Ukrainit-PP-2 was determined with taking into account these dependencies, which varies
within the range of 800-1000 kg /cu.m and at the same time the uniform detonation velocity is maintained along
the length of the charge column up to 35 m at different angles of inclination of the boreholes. The resulting
dependencies became the basis for the development and implementation of the software product “Density and
Velocity of Detonation”, which allows you to calculate the density and velocity of detonation along the formed
charge column for bulk emulsion explosive Ukrainit-PP-2 in both ascending and descending boreholes with
different angles of their inclination. Also, taking into account these dependencies made it possible to develop a
methodology for calculating the performance factor based on the degree of realization of the detonation velocity



for all industrial explosives, which allows comprehensive consideration of the heat and volume of explosion gases,
their density and detonation velocity.
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