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Abstract. Purpose. To determine and substantiate the rational parameters of drilling and blasting operations using
emulsion explosives such as Ukrainit PP-2B and to develop a methodology for their determination for the effective
development of mineral deposits underground mining method.

Methodology. To achieve this goal, a set of modern research methods was used, including an analysis of literature
sources, design documentation and the practice of mining iron ore deposits at great depths, theoretical generalization of
laboratory and industrial experiments, methods and techniques of technical and economic, graphic-analytical, correlation
analysis.

Results. The regularities of the change in the value of least resistance line from the ultimate strength of the ore to
uniaxial compression and the diameter of blast holes were established. The obtained regularities made it possible to
develop a methodology for calculating the rational parameters of drilling and blasting operations using an emulsion
explosive of the Ukrainit PP-2B type in the deep horizons of the Kryvbas mines. Dependences of the technical and
economic indicators of the use of the emulsion explosive of the Ukrainit PP-2B type in ore breaking on mining-geological
and mining-technical factors were established. On the basis of the established rational parameters of drilling and blasting
operations, a variant of the technological scheme for breaking iron ores by using an emulsion explosive of the Ukrainit
PP-2B type with loading of ascending fans of deep wells using a self-propelled charging module RTCh-23 was
proposed and economically justified.

Originality. Power-law dependences of the least resistance line on the ultimate strength of the ore for uniaxial
compression and the diameter of blast holes were established when using an emulsion explosive of the Ukrainit PP-2B
type.

Practical value. The method is developed for calculating the parameters of drilling and blasting operations with
using an emulsion explosive of the Ukrainit PP-2B type in the deep horizons of the Kryvbas mines. The economically
justified version of the technological scheme for breaking off iron ores with using an emulsion explosive of the Ukrainit
PP-2B type, which will make it possible to achieve an annual economic effect in the amount of UAH 11.9 million.

Conclusions. It is established that the use of an emulsion explosive of the Ukrainit PP-2B type is a non-alternative
direction in the further development of minerals at great depths, which will make it possible to reduce the cost of the
technological process of breaking by 21% and reduce the harmful environmental impact on the world by 2,6-3,9 times.

Keywords: drilling and blasting operations, TNT containing explosive, emulsion explosive, least resistance line,
well diameter.

Introduction. The development of the Ukrainian economy is largely determined
by the efficiency of the mining and metallurgical complex [1].
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One of the main processes of mining of ore raw materials is drilling and blasting
operations, which significantly affect the completeness of extraction of ore from the
bowels of the earth, the quality of the extracted ore mass and its cost [2], as well as
the state of the environment and health of miners [3].

Drilling and blasting operations by using deep wells, when mining rich iron ores
in the underground Kryvbas and Zaporizhzhia Iron Ore Plant, is one of the main
technological processes [4]. Blast hole drilling is carried out by the KBU-80 drilling
rig and Simba—H1352 and NKR-100MPa rigs, which drill deep holes with a diameter
of 85 to 130 mm [5].

At the underground mines of Kryvbas, during ore breaking, TNT containing
explosives is mostly used (91%), whose toxicity and environmental hazard, as well
as the high cost and hazard increasingly limits their use [6]. It is known that TNT is
not only dangerous to use due to its explosive properties, but it is also toxic and cause
up to thirty different diseases in the human body [6]. On the basis of the studies
carried out by the KIEBC and KNU employees at the Kryvbas mines, it was found
that the gas content in explosives of the Grammonit 79/21 type in terms of
conventional carbon monoxide is in the range of 40-80 l/kg [7]. The content of gases
in domestic emulsion explosives, such as “Ukrainit” and “ERA”, which do not
contain TNT, is, respectively, 20-25 1/kg and 7-21 1/kg [8].

An effective area of application of emulsion explosives in mines with
underground mining is non-watered rocks of medium and below medium strength
[9]. At the same time, they are distinguished by very low physical stability and they
are considered as “one-day” explosives [9]. This, most likely, can explain the
minimum volumes of use of the simplest explosives for breaking rocks with a
strength coefficient /= 12-20 points by the scale of prof. MM Protodyakonov, 80-
90% of which are watered [9]. The overwhelming majority of emulsion explosives
are characterized by low sensitivity to mechanical, thermal and electrical influences,
the relative simplicity of the technology for their manufacture on specially designed
complexes, many of which can be placed even in underground conditions [10].

The use of emulsion explosives at the “Saint-Lime” Mine (USA) during
excavation made it possible to reduce the cost of penetration by 15-20%. The
technology of ore breaking with emulsion explosives in combination with non-
electric initiation systems at the underground mines of OJSC ‘“Apatit” has proven
itself well, where their use has made it possible to significantly reduce the output of
oversized material, intensify the production process and increase the technical and
economic indicators of ore mining in general [11]. The experience of using granular
TNT—free explosives of local preparation at the “Zapolyarny” Mine of the “Norilsk
Nickel” OJSC branch is described in sufficient detail [11]. Confirmation of the high
efficiency of these explosives, both when driving workings and at a stope, is the
almost complete transition of all its mines (“Komsomolsky”, “Taimyrsky” and
“Zhovtnevy”) to these explosives with their preparation at underground stationary
points [12].
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Under the conditions of underground mining, high performance was obtained
through the using of emulsion explosive Ukrainit PP-2B (Ukraine), the detonation
velocity of which is 5211 m/s at a loading density of 1.27 kg/dm?, which made it
possible to ensure an efficiency factor of 1.2 in relation to explosives of the
Grammonite 79/21 type [13]. But there is no unified methodology for determining the
rational parameters of drilling and blasting operations when using emulsion
explosives of the Ukrainit PP-2B type.

Purpose. The aim of the study is to determine and substantiate the rational
parameters of drilling and blasting operations when using emulsion explosives of the
Ukrainit PP-2B type and to develop a methodology for their determination for the
effective development of mineral deposits by the underground mining method.

To achieve this goal, the following tasks were put in the work:

1. To analyze the methods for determining the parameters of drilling and blasting
operations.

2. To develop and substantiate a method for determining the least resistance line
when using emulsion explosives of the Ukrainit PP-2B type.

3. To determine the volume of formation of harmful gases from the detonation of
granular TNT-containing and emulsion explosives.

4. To select equipment for charging the ascending fans of deep wells of explosive
of Ukrainit PP-2B type.

5. To determine the main technical and economic indicators when using granular
TNT-containing and emulsion explosives and to compare them.

Methods. There are many methods for determining the parameters of drilling and
blasting operations taking into account the energy of the explosion to destroy a
certain volume of rocks and their physical and mechanical properties [14], of which
the main one, for use in the underground Kryvbas and the “Zaporozhye Iron Ore
Plant”, is the method of Yu.P. Kaplenko. This technique separately takes into account
the charging density of the explosives and the efficiency factor in comparison with
the reference explosives of the Ammonit No. 6ZhV type. Therefore, when using
emulsion explosives of the Ukrainit PP-2B type, the generally accepted technique
requires clarification.

To develop a methodology for determining the parameters of drilling and blasting
operations when using emulsion explosives, as well as a comparative calculation of
the volume of drilling deep wells, unit costs for breaking ore and the volume of
emission of harmful gases when blasting charges, a cleaning panel in the rock floor
was adopted as standard for the conditions of underground Kryvbas 1350-1270 m
with the following parameters: panel height Hx = 40 m; panel width b, = 60 m; the
length of the panel in the strike cross (more often the thickness of the ore deposit)
L. =25 m; dip angle of the ore deposit a = 55°; the ultimate strength of the ore mass
for uniaxial compression is taken for a wide range of rich and poor iron ore deposits
in Kryvbas within [c] = 50-200 MPa; volumetric weight of ore in the massif y, = 3.7
t/m3. The width of the vertical cutting slot is by, = 6 m. Grammonit 79/21 and
Ukrainit PP-2B are used as explosives. The diameter of the blast holes is taken in the
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range of 85-130 mm. Drilling of wells with diameters of: 85 mm is carried out by the
KBU-80 core drilling rig; 89 mm and 102 mm — by the Simba—H1352 self-propelled
rotary drilling rig; 105 mm and 130 mm — by the NKR—-100MPa impact-rotary
machine. The charging of the ascending fans of deep wells is carried out using a self-
propelled charging module RTCh-23 [4].

The rationale for the expediency of switching to emulsion explosives in the
conditions of the Kryvbas mines was made on the example of the “Yubileyna” Mine
of the “Sukha Balka PJSC”. For this, the “Nest” deposit was selected in axes 25-31,
which is a sheet-like ore body of complex configuration, which lies in the productive
strata of the VI ferruginous horizon. The morphology of the ore body is very variable,
the ore deposit has inclusions of dense martite hornfels, which is characterized by a
thickness of 2 to 6 m and a fortress coefficient from 11-13 to 14—16 points.

An ore deposit with a thickness of 25 m and a dip angle of 52-57°, which is
represented by martites with an average fortress coefficient of 7 points. The specific
gravity of the ore is 3.7 t/m?, the Fe content is 61.4%. The enclosing rocks of the
recumbent side are hornfelses with a fortress of 9—11 points, medium fracturing,
medium and below medium stability. The host rocks of the hanging wall are
represented by martite hornfelses with a hardness factor of 6—8 points of low stability
and high fracturing. The specific gravity of the enclosing side rocks is 2.7 t/m?, and
the average Fe content in them is 32.8%. Development of the block is carried out on
the floor of 1350—-1270 m.

Geometrical parameters of the block and its constituent elements: floor height —
80 m, sublevel height — 40 m; the length of the treatment block along the strike — 60
m; rear sight width — 10 m; the width of the compensation chamber is 20 m, the
length of the compensation chamber is 25 m, the height of the compensation chamber
from the horizon of the outlet funnels is 8 m.

Ukrainit PP-2B and Grammonit 79/21 were used as explosives in the
calculations. For drilling vertical fans of deep wells, a deep drilling machine NKR—
100MPa was adopted. The charging of the ascending fans of deep wells with
emulsion explosives is carried out using a self-propelled charging module RTCh-23
[4], granular TNT containing explosives — MTZ-3.

Results. Calculations were made of the LPS value when using the emulsion
explosive of the Ukrainit PP-2B type, on the basis of which the graphs of the LPS
dependence on the borehole diameter and the ultimate strength of the ore mass for
uniaxial compression were built (Fig. 1).

Having carried out an approximation by Microsoft Excel 2010, the dependences
of the LPS on the borehole diameter were obtained for various ultimate strength of
the ore for uniaxial compression, which are generally expressed in power-law form

W=a-d," m, (1)

wd

where a 1 b — numerical values that have specific values; d..« — well diameter, m.
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Figure 1 — Graphs of the dependence of the least resistance line on the borehole diameter and the
ultimate strength of the ore mass for uniaxial compression when using explosives of the Ukrainit
PP-2B type

Each of these values varies depending on the ultimate strength of the ore for
uniaxial compression [6] according to the following laws:

a=1475-[c]", )
b =0,0006 - [c]+ 0,96, (3)

where [6] — ultimate strength of the ore for uniaxial compression, MPa.

By substituting equation (2) and (3) into equation (1), we obtain an analytical
expression according to which the LNS value is determined when using emulsion
explosive of the Ukrainit PP-2B type

W =1475- [O_]—0,335 -de 0,0006-[o ]+0,96 . m,

the deterministic coefficient is R> = 0,97.

The next step was to determine dependence of volume of drilling deep wells on
their diameter (Fig. 2), specific costs for ore breaking (Fig. 3) and the amount of
harmful substances generated by detonating charges (Fig. 4) from the ultimate
strength of the ore mass for uniaxial compression at the use of various types of
explosives.

As can be seen from the given graphs of dependence (Fig. 2), the volume of deep
well drilling is in power-law dependence on the diameter of the well and when using
explosives like Ukrainit PP-2B is 21% lower than when using VR type Grammonit
79/21.
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Figure 3 — Graphs of the dependence of the unit costs for breaking 1 ton of ore on the ultimate

As can be seen from the given graphs of dependence (Fig. 3), that the unit costs

for ore breaking is linearly dependent on the ultimate strength of the ore for uniaxial
compression and when breaking 1 ton of ore with using explosives of the Ukrainit
PP-2B type is 1.7-2.4 times lower than when using explosives of the Grammonite
79/21 type.
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Figure 4 — Graphs of the dependence of the volumes of emission of harmful gases during blasting of
explosives on the ultimate strength of the ore for uniaxial compression

As can be seen from the given graphs of dependence (Fig. 4), the volume of
emission of harmful gases is linearly dependent on the ultimate strength of the ore for
uniaxial compression, and when breaking 1 ton of ore with using explosives of the
Ukrainit PP-2B type, is 2.6-3 9 times lower than when using explosives of the
Grammonite 79/21 type.

To substantiate the feasibility of switching to emulsion explosives of the Ukrainit
PP-2B type in the conditions of the Kryvbas mines, technological schemes of ore
breaking when using various types of explosives are given below (Fig. 5 and 6).
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Figure 5 — Scheme of breaking the ore massif by vertical fans of deep wells with using explosives
of the Grammonite 79/21 type
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Figure 6 — Scheme of breaking the ore massif with vertical fans of deep wells with using explosives

Ukrainit PP-2B type

The results of the calculations of drilling and blasting operations when using
explosives of the Grammonit 79/21 and Ukrainit PP-2B types are presented in

table 1.

Table 1 — Main technical and economic indicators for ore recovery schemes

Ore breaking scheme with using the explosive

Grammonit 79/21 Ukrainit PP-2B
Name
Numb Total cost, Numb Total cost,
umber UAH umber UAH

Ore reserve in the panel, t 200725 — 200725 —
Total length of wells, m 4346 — 3162 —
Ore output from 1 m of the borehole when 462 B 63.5 B
breaking the main stock of the panel, t/m ) )
Number of shifts for drilling wells, shifts 19 — 14 —
Labor intensity of well drilling, people/shift 19 15832.7 14 11666.2
Labor intensity of work on loading wells, 2 18332.6 13 10832.9
people/shift
Specific explosive consumption, kg/t 0.14 1178015 0.102 521676.3
sgs/ilﬁc consumption of electric detonators, 0.002 2393 3 0.00145 6038.8
Specific consumption of detonating cord, m/t 0.0541 107506.3 0.0394 | 78294.79
Specific compressed air consumption, m>/t 3.68 125573.6 2.67 91109.08
Unit costs for depreciation of drilling
equipment, UAF/t — 6653.93 — 4902.89
Specific consumption of drill bits, pcs/t 0.00037 | 658031.6 | 0.00027 | 480185.18
Specific consumption of drill steel, kg /t 0.001 0.78 0.00072 0.56
8111\1;{ (/:;)sts for other materials and equipment, 1212 | 24327870 11.91 2390634.8
Total costs for ore breaking, UAH — 4551132.0 — 3595391.4
Cost of ore breaking, UAH/t — 22.67 — 17.91
Economic efficiency, % 21
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Conclusions.

1. The method has been developed for calculating the parameters of drilling and
blasting operations when using emulsion explosives of the Ukrainit PP-2B type in
the conditions of deep horizons of Kryvbas mines.

2. Dependences of technical and economic indicators of the use of emulsion
explosives of the Ukrainit PP-2B type in ore breaking on mining-geological and
mining-technical factors are established.

3. The proposed and substantiated, on the basis of technical and economic
calculations, variant of technological scheme for breaking rich iron ores of Kryvbas
using emulsion explosives of the Ukrainit PP-2B type and charging ascending fans of
deep wells with using a self-propelled charging module RTCh-23, which is used in
practical conditions will allow: to reduce the cost of breaking out by 4.77 UAH;
increase economic efficiency by 21%; to increase labor productivity in the
technological process of breaking by 1.4 times; to reduce the volume of deep well
drilling by 20%; to reduce the volume of formation of harmful gases 2.6-3.9 times —
in comparison with the scheme of stripping using explosives of the Grammonite
79/21 type.

4. The annual economic effect from the implementation of the emulsion explosive
of Ukrainit PP-2B type in the conditions of the “Yubileyna” Mine of ZAO “Sukha
Balka™ is expected in amount of UAH 11.9 million.
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AHotauis. Meta. BusHauutn Ta obrpyHTYBaTU paLioHanbHi napameTpu GyponigpueHuX pobiT Mpu 3acTOCyBaHHi
eMyNbCiHOI BMOYXOBOI peyoBuHM Tvny YkpaiHiT MMN-26 i po3pobutn mMeToamky 3 iX BM3HAYEHHs Anst edheKTUBHOI
PO3POBKM POAOBHLL KOPUCHMX KONAmMH Mig3eMHUM Cnocobom.

Metoauka. [1ns [LOCATHEHHS MOCTABMNEHOI METU BUKOPUCTAHO KOMMMEKC Cy4acHUX METOLIB AOCMimKeHb, Lo
BKMIOYAE aHania nitepaTypHUX [HKepen, MPOEKTHO-KOHCTPYKTOPCHKOI [JOKYMEHTAUil Ta NpakTUKM BignpaLtoBaHHS
3ani3opygHMX  pOdOBWL, HA 3HAYHMX rnMbMHAX, TEOPEeTWYHi Yy3aranbHeHHs nabopaTopHWX W NPOMWUCAOBUX
eKCMepUMEHTIB, METOAM i MPUINOMM TEXHIKO-KOHOMIYHOrO, rpacpoaHaniTYHOro i KOpPENALNHOro aHanisy.

PesynbTtatih. BCTaHOBNEH 3aKOHOMIPHOCTI 3MiHW BENWYUHW NiHIl HAMMEHLLOrO OMopy BiA MEeXi MILHOCTI pyan Ha
OLHOBICHE CTUCKaHHS Ta fiameTpy BUOYX0BUX cBEPANOBMH. OTpUMaHi 3aKOHOMIPHOCTI Aanu 3Mory po3pobuti MeToauky
PO3paxyHKy paLioHarnbHMX napameTpie OyponigpuBHIUX POBIT Npy BUKOPUCTAHHI eMYNbCINHOI BUOYXOBOI PEYOBUHU TUMY
YkpaiHit MMN-26 B ymoBax rnubokux ropu3oHTiB WwaxT Kpusbacy. BcTaHOBREHi 3aneXHOCTi TEXHIKO-EKOHOMIYHMX
MOKa3HWUKIB 3aCTOCyBaHHSI emynbeiiHoi BP tuny Ykpaiit MMM-26 npn BigbuBaHHi pyan Big ripHUYO-TeONOriyHUX Ta
FiPHUYOTEXHIYHNX YMHHWKIB. Ha OCHOBI BCTAHOBMEHMX paLlioHanbHKUX napameTpis 6yponigaprueHuX pobiT 3anponoHoBaHO
Ta €KOHOMIYHO OOFpYHTOBAHO BapiaHT TEXHONOrYHOI CXeMW BiAOWMBaHHA 3ani3HWX pyd 3a AOMOMOrOK eMyNbCiiHOI
BMOYX0BOi peyoBuHK Tuny YkpaiiT MMN-26 i3 3apsmkaHHAM BMCXiQHUX Bisn rMOOKMX CBEPASIOBMH 3@ LOMOMOrOH
camoxigHoro 3apsigHoro mogynio RTCh-23.
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HaykoBa HoBM3Ha. BCTaHOBMEHI CTeneHeBi 3anexHOCTI NiHii HAaMMEHLIOro onopy Big Mexi MiLHOCTI pyau Ha
O[HOBICHE CTUCKAHHSI Ta OiaMeTpy BUOYXOBMX CBEPANOBMH MPW 3aCTOCYBaHHI EMYNbCIAHOI BUOYXOBOI peYOBUHN TUMY
Ykpainit MM-26.

MpakTuyHa 3HauyMMicTb. Po3pobneHo MeToAMKY po3paxyHKy napameTpis ByponigpuBHMX POBIT NpW BUKOPUCTAHHI
emynbcinHoi BP tuny Ykpaiuit MMN-26 B ymoBax rmunbokux ropusoHTiB waxT Kpuebacy. EkoHOMIYHO 0BrpyHTOBaHO
BapiaHT TEXHOIOMYHOT CXeMW BifBMBaHHA 3ani3HWX pyZ 3a AONOMOrOK eMyfbCiNHOT BUOYXOBOI PEYOBUHU TUMY YKpaTHIT
MMMN-2B, Wwo factb 3mMory AOCArTH PIMHOTO eKOHOMIYHOO edoekTy Y poamipi 11,9 MIH rpH.

BucHoBKn. BcTaHoBneHo, WO 3acTOCYBaHHS eMynbCiiHOI BMOYX0BOi pevoBuHM Tuny Ykpainit MN-26 €
Ge3anbTepHaTUBHUM HaNPSMOM MpK NoAanbLLii po3pobLyi KOPUCHUX KOMAaMMH Ha 3HAYHUX rAMOMHAX, KU LO3BONUTBL Ha
21% 30eLeBMTM NPOBEAEHHS! TEXHOMOMYHOrO npouecy BiabuBaHHs i 3HM3UTU y 2,6-3,9 pasu LKILNMBUIA €KOMNOTIYHNIA
BM/IMB Ha HABKOMMULLHE CEPEenOoBMULLE.

KnioyoBi cnosa: 6yponigpveHi pobotu, TpoTunBMicHa BMOyXOBa pevoBuHa, eMynbCiliHa BUOyX0Ba pevyoBuHa, MiHis
HaNMEHLLIOro onopy, diaMmeTp CBepAnoBUHY.

AHHoTaums. Uenb. Onpegenntb 1 0060CHOBaTb pauyoHanbHble napameTpsl OypoB3pbiBHLIX paboT npu
NPUMEHEHUA 3MYNbCUOHHOTO B3pbIBYATOrO BelectBa Tuna Ykpawnut MM-26 n paspabotatb MmeToguky no ux
OnpeaeneHnto ans apgekTBHON paspaboTkin MECTOPOXAEHMI NONE3HbIX UCKOMAEMbIX NOA3EMHbIM CNOCOOOM.

MeToauka. [Ins JOCTWKEHUS NOCTABMNEHHOM Lienn UCMOb30BaH KOMMEKC COBPEMEHHbIX METOLOB UCCIE0BaHUM,
BKNKOYAs aHamu3 NuUTepaTypHbIX MCTOYHMKOB, MPOEKTHO-KOHCTPYKTOPCKOW AOKYMEHTAaUMM U NPakTUKM OTpaboTku
KENe3opyaHbIX MeCTOPOXAEHN Ha BonbLuMX rnybuHax, TeopeTnyeckme 0000LEHNsT NabopaTopHbIX 1 MPOMBILNEHHBIX
3KCMEPUMEHTOB, METOABI U MPUEMbI TEXHUKO-3KOHOMMYECKOTO, rpacpoaHanMTUYECKOTO U KOPPENALMOHHOIO aHanusa.

PesynbTatbl. YCTaHOBMEHbI 3aKOHOMEPHOCTU M3MEHEHUS BEMWUYMHBI MUHUM HAUMEHbLLEro COMpPOTUBAEHUS OT
npegena NpoYHOCTU PyAbl Ha OJHOOCHOE CXaTue W AMaMeTpa B3pbIBHbIX CKBaXWH. [lonyyeHHble 3aKOHOMEPHOCTU
no3Bonunn paspabotatb METOAMKY pacyeTa pauuoHarbHbIX napameTpoB 6ypoB3pbIBHLIX PaboT Npu MCNONb30BaHMM
9MYNbCUOHHOTO B3pbIBYATOro BeljecTBa Tuna Ykpaunut MM-26 B ycnosusix rmy6okux ropnsoHToB waxt Kpusbacca.
YCTaHOBMEHbI  3aBUCUMOCTW  TEXHUKO-3KOHOMWYECKMX MOKa3aTenen MNPUMEHEHWS 3MYNbCUOHHOTO  B3pPbIBYATOMO
BewecTBa TMna YkpauHut MM-26 npu oTGoiKe pyabl OT rOpPHO-re0NOrnYeckMx U ropHOTEXHUYECKUX (hakTopoB. Ha
OCHOBaHUM YCTaHOBMEHHbIX paLMOHanbHbIX napameTpoB OypoB3pbiBHbIX PabOT NPeafioXeH 1 9KOHOMUYECKH
060CHOBaH BapuaHT TEXHOMOrMYECKOM CXeMbl OTOOWKM XenesHblX Pyh C MOMOLLbK 3MYNbCUOHHOMO B3pbIBYATOrO
BewlectBa Tuna YkpauHut MNMN-26 ¢ 3apskaHuemM BOCXOASALLMX BeepoB rMyBOKMX CKBaXMH MNPy NOMOLLYM CAMOXOAHOrO
3apsigHoro moayns RTCh-23.

HayuyHas HOBM3HA. YCTaHOBMEHbI CTEMEHHbIE 3aBUCUMOCTW JNIMHWW HAUMEHBLLLETO COMPOTWUBIEHWNS OT npeadena
MPOYHOCTM pydbl Ha OOHOOCHOE CxXaTue W AuameTpa B3PbIBHbIX CKBAXWH MPU MPUMEHEHUM 3MYMbCUOHHOTO
B3pbIBYATOrO BelecTBa TUna Ykpaunur MM-26.

MpakTuyeckas 3HaummocTb. PaspaboTaHa MeTtoguka pacyeTa napameTpoB OypoB3pbiBHbIX paboT npu
CNOMb30BaHUN 3MYNBCUOHHOTO B3PbIBYATOrO BelecTa Tuna YkpanHut MM-26 B ycrnosusx rnyBoKnx ropu3oHTOB LaxT
Kpuebacca. SkoHOMMYeCKM OBOCHOBAHHO BapWaHT TEXHONMOMMYECKON CXeMbl OTOOWKW XenesHblX pya npu MOMOLLM
3MYNbCMOHHOTO B3pblBYaTOro Bewectea Tuna YkpauHut [M-2b, YTo NO3BOMMT AOCTMYL FOLOBOTO SKOHOMWYECKOrO
achdekta B pasmepe 11,9 MIH rpH.

BbiBoAbl. YCTaHOBMEHO, YTO MPUMEHEHWE 3SMYNbCUOHHOTO B3pblBYATOrO BelwlecTBa Twuna YkpawHut [M-2b
sBnsetcs 6es3anbTepHaTUBHLIM HanpaBieHWeM Npu JanbHeiwen pa3paboTke MonesHbIX MCKOMaemblx Ha BOnbLUMX
rny6uHax, KoTopblit N03BONUT Ha 21% yaeLeBnTb NPOBEAEHNE TEXHOMOrMYECKOro npoLecca OTOONKM 1 CHU3WTL B 2,6—
3,9 pasa BpeJHOe 3KOSIOrMyYeckoe BO3AENCTBIE Ha OKPYXaIOLLYKO cpeay.

KntoyeBble cnoBa: OypoB3pbiBHblE PaboTbl, TPOTUN COAEPKALlee B3pbIBYATOE BELLECTBO, 3MYIbCUOHHOE
B3pbIBYATOE BELLECTBO, NMUHUS HAUMEHBLLEro CONPOTUBIEHMS, AAMETP CKBAXKWHbI.

The manuscript was submitted 29.06.2021
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