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Abstract: The article presents a pilot project to automate the process of
blasthole charging using modern charge loaders at mining enterprises. It
examines the key challenges encountered in blasthole charging, including
inaccuracies in charge dosing, extended pre-charging operations,
significant human factor influence, and personnel safety risks. Taking into
account the urgent needs in well charging, the authors proposed an
integrated solution that combines the K-MINE geographic information
system for automated charge parameter calculations and automatic data
transfer to the server and via GSM/LTE connection to the KBlast Android
application installed on the on-board computer of the mixing and charging
machine in real time. The article describes the process of reverse
information exchange after charging wells and presents the main
advantages of using this technology, namely: obtaining detailed
information about charging, adjustments and prompt transfer of actual
data on the work performed. The use of this technology is aimed at
optimising production processes, improving charging accuracy,
minimising the impact of the human factor and responding quickly in the
event of force majeure during the charging process. The article presents
the architecture of the proposed solution and the application functionality,
and the results of its testing within the pilot implementation. The results
of the research showed that the implementation of the automated system
reduces the time for charging wells by 10-15%, reduces the consumption
of explosives by 0.3-0.5% per hole and increases the dosing accuracy to 1
kg. This helps reduce mining costs and improve the efficiency of mining
operations. The results of the technology implementation demonstrate its
prospects for blasting optimisation at open-pit mines and its prospects for
broader application.

Keywords: drilling and blasting operations, massive explosion, K-MINE,
charge loaders, Android, transfer data.
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Abstract: The article presents a pilot project to automate the process of blasthole charging using
modern charge loaders at mining enterprises. It examines the key challenges encountered in blasthole
charging, including inaccuracies in charge dosing, extended pre-charging operations, significant
human factor influence, and personnel safety risks. Taking into account the urgent needs in well
charging, the authors proposed an integrated solution that combines the K-MINE geographic
information system for automated charge parameter calculations and automatic data transfer to the
server and via GSM/LTE connection to the KBlast Android application installed on the on-board
computer of the mixing and charging machine in real time. The article describes the process of reverse
information exchange after charging wells and presents the main advantages of using this technology,
namely: obtaining detailed information about charging, adjustments and prompt transfer of actual
data on the work performed. The use of this technology is aimed at optimising production processes,
improving charging accuracy, minimising the impact of the human factor and responding quickly in
the event of force majeure during the charging process. The article presents the architecture of the
proposed solution and the application functionality, and the results of its testing within the pilot
implementation. The results of the research showed that the implementation of the automated system
reduces the time for charging wells by 10-15%, reduces the consumption of explosives by 0.3-0.5%
per hole and increases the dosing accuracy to 1 kg. This helps reduce mining costs and improve the
efficiency of mining operations. The results of the technology implementation demonstrate its
prospects for blasting optimisation at open-pit mines and its prospects for broader application.
Keywords: drilling and blasting operations, massive explosion, K-MINE, charge loaders, Android,
transfer data.
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AHoOTaNig: Y cTaTTi MPeACTaBICHO MIJIOTHUI MPOEKT aBTOMATHU3AIl NpoIecy 3apsKaHHs Oypo-
BUOYXOBUX CBEP/JIOBUH 13 BUKOPUCTAHHAM CYYaCHUX 3MIIIyBaJbHO-3apsIHUX MAIIMH HA TIpHUYUX
nianpueMcTBax. [IpoaHani3oBaHO OCHOBHI MpOOJIEMH, SKI BHHHMKAIOTH Y TPOLECI 3apsKaHHS
CBEpIUIOBHH, 30KpeMa HETOYHOCTI JI03yBaHHS BHMOYXOBHMX pPEYOBMH, TPUBAIICTH IirOTOBYMX
orepauii, 3HAaYHUH BIUIMB JIFOACHKOTO (PaKTOPY Ta PU3MKH Ui Oe3Meku nepcoHaity. BpaxoByroun
HarajbHi MOTpeOU MpH 3aps/PKaHHI CBEPUIOBMH Y LbOMY HUTAaHHI aBTOPaMH 3alpOIIOHOBAHO
iHTEerpoBaHe pilIeHHs, sKe MoenHye reoindopmaniiiny cucremy K-MINE s aBTomMaTn30BaHOro
PO3paxyHKy napaMeTpiB BHOYXOBHX 3apsiliB Ta aBTOMaTHUYHY Iepenady IMX JaHUX Ha CepBep Ta
yepe3 GSM/LTE 3’s30k 10 Android-3actocynky KBlast BcTanoBieHOro Ha OOpTOBHI KOMIT IOTEP
3MIITYBaJbHO-3apsHOT MAIIMHKU B PEXKUMI peanbHOro yacy. OmucaHuii nporec 3B0poTHOr0 0OMiHY
iH(pOpMali€ro TicIs 3apsaHKaHHs CBEpAJIOBUH Ta HaBE/IEHI OCHOBHI NIEpeBaru Npy 3aCTOCYBaHHI i€l
TEXHOJIOTIi, a caMe: OTpUMaHHS JAeTaibHOi iH(opMamii Npo 3apsKaHHS, KOPUTYBAaHHS Ta
orepaTHBHY nepefady (akTUYHUX JaHUX NP0 BUKOHAHI poOOTH. 3aCTOCYBaHHS TaKOi TEXHOJOTIi
CIpSMOBAaHE Ha ONTUMI3allil0 BUPOOHMYUX TMPOLECIB, IIJABUIICHHS TOYHOCTI 3apsKaHHS,
MiHIMI3allil0 BIUTUBY JIIOJICBKOTO (haKTOpy Ta ONEPaTHBHOTO pearyBaHHS NMPH BUHUKHEHHI (opc-
Ma)XOpPHUX OOCTaBMH B THpoleci 3apsmkanHsA. IIpeacraBneHO apXiTEKTypy 3alpOIOHOBAHOTO
pileHHs Ta (QYHKILIOHAT 3aCTOCYHKY, @ TaKOX PE3yJbTaTH HOro TECTYBaHHS B MEXax IUIOTHOTO
BIIPOBAKEHHs. Pe3ynbraTy JOCiKEHHS TIOKa3alli, 10 BIPOBAXKCHHS aBTOMAaTH30BAHOT CUCTEMH
CKOpOUYY€ uac 3apspkaHHs cBepaioBuH Ha 10—-15%, 3meHIye BuTpaT BUOYX0BUX peuoBuH Ha 0,3—
0,5% Ha KOXHIi CBepAJOBHHI Ta MiJABHILY€E TOYHICTH 103yBaHHA 70 1 kr. Lle crpuse 3HMKEHHIO
co0iBapTOCTi TIpHUYUX POOIT 1 MiABUILEHHIO €(PEKTUBHOCTI MPOLECIB MiATOTOBKU TipPHUYOT MacH.
PesynbraTi BIPOBA/KEHHS TEXHOJOTIi JEMOHCTPYIOTH ii MEpCHEKTHBHICTH JJIS ONTHMi3amii
BUOYXOBUX pOOIT Ha Kap’epax i MOKIUBICTH MMOJATBIIOTO MacIITaOyBaHHS.

KarouoBi caoBa: Oypo-BuOyxoBi pobotn, macoBuii BuOyx, K-MINE, 3minryBanbsHO-3apsaHi
maman, Android, mepegaua gaHux.

Beryn (Introduction)

HeBin’eMHOIO CKJIaOBOIO TEXHOJOTIYHOTO TMPOIEeCy BHUAOOYTKY pya IS TipHUYHX
MIIIPUEMCTB € Oypo-BUOYXOBI pPOOOTH, BiJ SKHX 3alIe)KHTh SIKICTh TOTOBOI MPOAYKIi Ta
TEXHOJIOTIYHMIA Tporiec 3aranoM (Nazarenko, Khomenko, 2015). B motounwmii 4ac npu BIAKPUTOMY
BIJIMTPAIIOBAaHHI KOPUCHUX KOMAJIWH OUIBIIICTh MIAMPUEMCTB TipHUYO-BUAOOYBHOI ramysi
BUKOPHUCTOBYIOTh TpPAIUIIAHI CIMOCOOM BUAOOYTKY pYId 3 BHKOPUCTAHHSIM €Heprii BUOYXY
(Nazarenko, Khomenko, 2014). OTpumaHHS HAJEXKHOI SKOCTI TIpHMYOI Macu TMicis BHOyXY
3a0e3neuyeThCsl BpaxyBaHHIM IeoJIoriuHUX (PaKTOPiB 1, SIK HACTIIOK, (PI3UYHUX BIACTUBOCTEH Py 1
nopin (Tikhlivets, S., 2021; Tikhlivets, Sg., Tikhlivets, S., 2021) Ta BpaxyBaHHSM iX IIPH IIPOBEICHHI
MIPOEKTYBAHHS 3aps/iB Ta BUKOHAHHS BUOYXOBUX po0iT (Nazarenko, Khomenko, 2015). BpaxoByroun
MIHJIMBICTh IMX IOKA3HUKIB, MiJ0ip ONTHMAJIBbHOIO PEKHUMY IiJAPHUBAHHS B MEXKax OIHOro abo
JEKITBbKOX OJIOKIB YCKIAIHIEThC. TakuM YMHOM, aBTOMATH3AIIisI IPOIiecy OypiHHS, POCKTYBAHHS,
3apsiKaHHA Ta MiAPUBAaHHI KOPUCHHUX KOTIAJUH € BaYKJIMBUM IIPIOPUTETHUM HAMIPSIMKOM ONTHUMI3aLlii
TipHUYOTO BUPOOHMIITBA.
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ABTOMaTH3allis UX MPOIIECIB CIPHE MiABUIICHHIO MPOAYKTHUBHOCTI, TOYHOCTI Ta Oe3MeKku
BHUKOHAHHS poO0iT. OHUM 13 KIIFOYOBHUX aCIMEKTiB BUOYXOBHX POOIT € 3apsKaHHs Oypo-BHOYXOBUX
CBEPJUJIOBHH, IO BUMAara€ peTeIbHOr0 IOTPUMAHHS MPOEKTHUX IMapaMETPiB Mach BUOYXOBHX
pedoBuH (BP) mpu 3apsmxanni. Y TpaaulidHUX METOAAX Mepenadya MUX JaHUX J0 3MIllyBaJIbHO-
3apsaHux MamuH (33M) pu 3apskanHi 0ypo-BuOyX0oBUX cBepiioBUH (Kuprin, 2012) BUKOHY€ETbCS
Bpy4YHY a00 3a JIOIIOMOTOI0 YaCTKOBO aBTOMATHM30BaHUX CHCTEM, IO 30UIBIIYE PH3UK JIFOJICHKOT
MMOMUJIKH, TPUBAIICT MIATOTOBYUX OMEpalliil Ta CKJIATHICTh TOTPUMAaHHS TEXHIKH O€3MeKH.

OpHrM 3 NISXIB BHPIMICHHS [HOTO MUTAHHS € BUKOPUCTAHHS CydYacHUX 1H(OpMAaIiiHUX
TEXHOJIOTI B HAaNpsMKYy BeIeHHS Oypo-BHOYXOBHUX poOIT, HmporpaMmyBaHHs Ta aBTOMATHU3ALIIO
obnannanus 33M.

CborogHi Ha pHUHKY CIEMiaTi30BaHUX MPOrPaMHUX TMPOJIYKTIB MPEJICTaBICHA HHU3Ka
MIPOTO3UIIIH /111 aBTOMATHU3AIlii IPOIIECIB NIPHIYOTO BUPOOHUIITBA, B TOMY YHCIIi JIJIsl IPOCKTYBAHHS
Oypo-BUOyXOBHX poOIT Ta Tpoluecy 3aps/pkaHHS BHOYXOBUX CBepUloBUH. IlonmepeaHiMu
nocmigaukamu (Nazarenko, Khomenko, 2014) Oynn omnucani poOOTH IO IMPOEKTYBAHHIO Oypo-
BUOYXOBUX poOIT i3 BUKOpHCTaHHsAM mporpamHoro 3adesneueHHs K-MINE: BBP, skxe akTuBHO
BUKOPUCTOBYETHCS Ha TIPHUYUX MIANPUEMCTBA YKpaiHW Ta KOPAOHOM. BuBYAmMCh TakoX pi3Hi
CXEMH MPOEKTYBAaHHS Ta 3aps/KaHHA CBEPAJIOBHH 13 3aCTOCYBAaHHSIM IPOTPAMHOTO MPOIYKTY
MICROMINE (A4nisimov, Cherniaiev, Hurov, 2023). TlporpaMHUX pilllecHh IO aBTOMaTH3aIlii
mpolecy nepenadi maHux 3apsigiB BP pedoBuH 3 poOouoro Micus mpoekTyBaibHHKa Ha 33M Ha
TepuTOpil YKpaiHu Ha JaHUI MOMEHT Hemae. Tomy po3poOHHKH BUpoOHUYOTO mianpuemcTa « KAy
3alpONOHYBAJIM CBOIO TEXHOJIOTIIO Mepeiayi X JaHUX, SKa OMUCaHa y Iii CTaTTi.

Marepiaan Ta metoan (Materials and Methods)

Po3pobka mporpamMHOr0 3acTOCyHKY BigOyBajlach 3 BHUKOPUCTaHHSM IPOTPAMHOTO
cepenoBuiia C#. CTBOpPEHHS NPOEKTY MacOBOrO BHOYXy Ta 3aBaHTAXECHHS HOTro 10 XMapHOTO
cepBepy BUKOHYBajacs y nporpamHomy moxyii K-MINE: BBP. Jlnsg emynsuii po6odoro mnporecy,
nepefayi JAaHuxX Ha OopToBUi KoMmm'toTep 33M BHUKOHAHO pO3pOOKY eMynsaTopa MpPOTrpPaMHOTO
iHTepdeiicy y cepenoBuii C#, 11 TeCTyBaHHSI OCHOBHUX JIAHOK TE€XHOJIOTTYHOTO MPOIIECY.

PesyabTaTn (Results)

Jnst aBToMaTu3aliii npouecy ynpasiinas 33M Ha 6a3i TexHonoriuHoi miardgopmu K-MINE
po3pobieno nomarkoBuit 3actocyHok KBlast na muiatdopmi Android. 3acTocyHOK iHTETpyeThCs B
3arajibHUM JIAHIIOT KOMIUIEKCY B3aeMOJil Moayiisi Oypo-BHOYXOBUX poOiT Ta oOmagHanHsM 33M
(pucyHok 1).

Kaieasta K-MINE

LZ_"JE E:JE Lﬂ-".—’g L:J..g =)
— Cepeep KOMYHIKAITIT
KOMIT FOTEPHOI TEXHIKH Ta
3aCTOCYHKIE IipHHYIOTIO
obrragHaHHA

Cepeep K-MINE

GSM/LTE

SMIIMYBaTBHA-3APALKATEHA MAIMTHHA

Pucynok 1. CtpykTypHa cxema apxiTeKTypu oOMiHOM iH(opmalii B cuctemi
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BuxigHumu ganuMu a7s poOOTH CHCTEMHU € HOMEp OJIOKY, HOMEpP MPOEKTY, TOPU30HT, HOMEP
CBEpUIOBHHHU (3 (DaKTUYHMMHU KOOpJIMHATAMH), INIMOMHA, 3apsn Ta Tun BP, Homep KoHCTpyKmii
3apsay 3a JaHUMHU MacoBoro BuOyxy (MB), mpoekTHa JOBXWHA 3apsay Ta JOBKHWHA HEAKTHBHOI
yactuHH. Llell mepenik JaHUX OTPUMYETHCS 3a JIOMOMOTOI0 aBTOMAaTH30BAHOTO IPOEKTYBAHHS
3apsaiB 3 BukopuctanHsM Mmoayisi K-MINE: BBP (Khomenko, Baranovskyi 2010) 3rigHO
3aTBEP/KCHUX MACIIOPTIB 3apsKaHHs CBEPJIOBHH Ha MiJNPUEMCTBI. B pe3ynbraTi 3ampoexToBaHi
napameTpu nepenaroTbes 10 cepsepy K-MINE Ta cepBepy koMyHikamii KOMIT IOTEpPHOI TEXHIKU Ta
3aCTOCYHKIB TipHUYOro o0NajHaHHs, 3BiIKM 1Mo kKaHaiaMm 3B’s3ky GSM/LTE 3aBaHTa)kyeThCcsi 10
BCTaHOBJIEHOT0 3acTocyHKy KBlast na minanmer 33M (pucyHoK 2).

15016 © Sl B> @D 15056 ©

& Projects Projects = Projects

@ Download from K-Mine

X Clear
&} Settings
@ About

Pucynok 2. 300pakxeHHs MPOEKTIB MAacOBOro BUOYXy B 3acTocyHKy KBlast Ha mranmeri 33M

Omneparop 33M oTpuMaHHI AaHi Mepel BHI30M Ha Kap'ep sl 3apsiKaHHS CBEPAJIOBUH
BHBYAE Ta aHANI3y€e KapTy po3TaluryBaHHs 0J0kiB Ha MB Ta nmpokianae onTUMaibHUNA MapUIpyT IJist
MPOi3Ay 3 ypaxyBaHHIM aKTyaJIbHHUX JIOPIT HA OCHOBI aKTyallbHOI MapKIeiaepchkoi 3iiomku. [1pu
HaOIMKEHH] /10 IepIIOYEepProBOro OJIOKY IS 3apsIKd, 3aCTOCYHOK CUTHANI3Yy€e PO HAOIMKEHHS Ta
aBTOMATUYHO MEepexoauTh Ha BKIaaky MAP ne BimoOpaxaeTbest kKapTa OJI0KY (PHCYHOK 3).

15227 @4 se%
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Pucynoxk 3. Iurepdeiic 3actocynky KBlast nns nepernsany indopmariii no 610ky:
(a) — 3aranpHe MONIOKEHHS, (0) — pe’kuM o0epTaHHs, (B) — pEXKUM MacIITaOyBaHHS
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Jnst 3py4HOCTI Ta MOOLIBHOCTI MpPHU NPOBENEHHI 3apskKaHHS BHOYXIBKH, 3aCTOCYHOK
napaerbHO BCTAHOBIIOETHCS HA MOOUThHHII TenedoH oneparopa 33M. ['oioBHE MEHIO 3aCTOCYHKY
Mae sITh po3aimB: Projects, Download from K-Mine, Clear, Settings, About, akTuBallis SKuX
BiIOYBa€THCS Uepe3 HATUCKAHHA.

[Tpu 3apsiaui cBepuioBHH omepatop 33M Mae MOXIUBICTH MeperyiigaTH iH(opMallio mpo
MIPOEKT MAcoBOro BHOyXy 3a SIKMM 3akpilieHa 3araibHa iH(opmaris (Horo HoMmep, JaTra Ta Yac
MIPOBEJICHHS, KUTbKICTh OJIOKIB, 1110 BXOISATH JI0 JAHOTO MacOBOT0 BUOYXY, 3araibHa Maca 3apsay BP,
KUTBKICTh 3aIIPOE€KTOBAHUX Ta 3apAKEHUX OJIOKIB, 3HAUCHHSI B1IOBITHUX CYMapHUX 3apsiiB).

3a HeoOXiIHICTIO oNepaTop MOKE BUKOHYBAaTH 3MiHY NapaMeTpiB BHOYXOBOTro OJIOKY uepes
€KpaH 3a CTOCYHKY, SIKi 3alIUIIYThCS B TPOTOKOJII orepaiiid (pUCYHOK 4).
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Pucynok 4. [lepernsa ta koperyBanHs (aKTHUHUX 3HaYCHb 3apsiiku y 3acTocyHKy KBlast

[licns BUKOHAHHS 3apsAAHUX POOIT BUKOHYETHhCA 3BOPOTHA TNepenada (aKTUUYHUX JaHUX
po6oyoro 650ky: Homep 33M, HOMep MacoBOrO BUOYXY, TOPU30HT, HOMEP CBEPAJIOBUHH, KIIBKICTh
ta Tun BP, npoektHa kinbkicte BP y 33M asist KoHKpeTHOTO 010Ky, (pakTUYHA 3apsiKeHa KiTbKICTh
BP mns xoHkperHoro 070Ky, noaaTkoBa iHdopMalis 3a HasBHICTIO (HOMepu cepTH]iKaTiB Ha
KOMIIOHEHTH, HOMEP aKTy MepepoOKu Ta BUrotosieHHs BP, mani po6otu obnaaHaHHS) HA cepBep
cucreMu. JlaHi sIKi BiIMPaBISAIOTHCS HA CEPBEP OMEPaATOp MOXKeE MEPerisaaTi y 3aCTOCYHKY abo Ha
TUTAHIIIETI.

Bes indgopmaris sika BiApaBIseTbCs Ha CEPBEP aBTOMATUYHO 30€piraeThbCsi Ta OHOBIIIOETHCS B
MIPOEKTI MO KOXKHOMY OypoBOMY OJIOKY 1 3alHCYETHCS Y BIAMOBIAHI OIS (PAKTUUHUX 3HAYCHb MACH
BP. Ha ocHOBI IMX JaHUX NPOEKTYBAJIBHUK CKJIaga€ 3arajbHUi 3BiT mo MB 3 ypaxyBaHHSM
(aKkTHUHUX MMOKA3HUKIB 3apsAaku. Hakonnueni nani no MB MOXXyTh BUKOPUCTOBYBATHUCH ISl aHAITI3Y
1 OpMyBaHHS CTATUCTUYHUX PO3PAXyHKIB.

Bucnosku (Conclusions)

TakuM 4YMHOM, BHKOpHCTaHHsS iHTerpoBaHuX pimenb komiuiekcy K-MINE: BBP i 33M
JI03BOJISIE 3aKPUTU TOBHUM IMKJI TO MiJPUBAHHIO MOPIA y Kap’epi. 3aBISKH BIPOBAKECHHIO
BiJy1aJIeHO] epeiadi JaHUX Ipo 3apsaau, CKopouyroThes yac Ha 10-15% mpu oTprMaHHI MPOEKTHUX
noka3HHKiB mpo MB omneparopom, B pe3ysibTaTi MPUIIBUALILYETHCSI BAPOOHUYHI MTpoOIIeC.

InrerpyBanns 3actocynky KBlast mHa OoproBuii komm’torep 33M n03BoNs€ TepenaBaTH
MIPOEKTHI JIaH1 3apsA/iB Ha aBTOMATUKY 3apsiIHOI amapaTypu 3 TOYHICTIO A0 1 Kr, 110 B OPIBHSHI 3
MEXaHI30BaHUM CIIOCOOOM 3apsipkaHHs 10 10 Kr mae MOXKIHBICTH ckopoTuTu BuTpatu BP Ha 0,3-
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0,5% Ha KOXHIiH cBep/UIoBHHI. TakuM 4MHOM, B 3araibHOoMy o0csa3i BP ma MB, ne nae 3nauny
€KOHOMIIO KOIITIB Ha Iiif JJaHIli BUPOOHOTO MPOIIECY, 3MEHIITYIOUH CO0IBAPTICTh TOTOBOT MPOIYKIIii.

Bukopucrannas mo6ineHoro 3actocynky KBlast cienianicramMu BiAnOBiJaIBHUMHE 32 3apsAIKY
OJIOKIB J1a€ MOXKJIIMBICTD HIBUJIKOTO KOPUTYBaHHA (DaKTUYHOTO CTaHY BUOYXOBUX CBEPJUIOBUH IIE€pel
3apsDKaHHAM, IO B CBOIO 4epry 3a0esledye MOXJIHMBICTb KOPErYBaHHS Macu 3apsiiiB
MPOEKTYBAITBHUKOM y pealbHOMY Yaci Ta aBTOMATH3aIliI0 MPOLECYy 3apsKaHHA Ha BUOYXOBOMY
Omomi.
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