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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Raise workings play a key role in the development of ore deposits
by ensuring efficient ore transfer, drainage, block preparation, and ventilation. This
paper examines the features of driving slot raises for the formation of a slot during
drilling and blasting and stoping operations, which are essential for effective ore
breakage. At mines in Kazakhstan, raise workings constitute a significant portion
of underground excavations; however, traditional methods employing KPV-type
raise complexes (Soviet-designed raise excavation systems) and Alimak systems

332



ISSN 2224-5278 1.2026

often require substantial time and labor inputs and create increased safety risks for
miners.

The objective of this study is to assess and substantiate the efficiency of using
self-propelled drilling rigs to improve the productivity and safety of drilling and
blasting operations in sublevel mining systems.

This study presents a comparative techno-economic analysis of the efficiency
of using the Sandvik DL210 electro-hydraulic self-propelled drilling rig and the
Alimak system for the development of slot raises. The research methodology is
based on analytical calculations, mathematical modeling, and comparison of key
performance indicators, including drilling rate, equipment setup time, operating
costs, number of sublevels, and volumes of mine development workings.

The results show that the application of the Sandvik DL210 drilling rig provides
a significant increase in drilling rate and a reduction in equipment setup time
compared with the Alimak system. It has been established that the efficiency of
using the Sandvik DL210 is higher by 27 %, while increasing the sublevel height
from 10 m to 20 m allows the volume of mine development workings to be reduced
by approximately 50 %.

The practical significance of the obtained results lies in their applicability
for selecting equipment for raise development at deep horizons of ore deposits,
including the Akbakay deposit, with the aim of improving productivity, safety, and
economic efficiency of underground mining operations.

Keywords: sublevel mining system, drill and blast operations, drilling rigs,
raise, drilling, mine development work

For citations: Suiintayeva S.Ye., Bakhtybayev N.B., Imangazin M K., Andagulov
D.T, Atageldiyev K.T. Experience in the Use of Self-Propelled Drilling Rigs to
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AnHOTaumus. OpreMe Kaz0amap KCHII THIMAL TYCipy, OpeHaX, ONOKTapabl
nasipiay KoHE KeIJASTyMEeH KaMTaMachl3 €Te OTBIPHIT, KeHI KeH OPBIHIAPbIH Ka3y
YAepiciHae MaHBI3IbI POl aTKapaibl. byl Makanaga OypreI-KapbUIbIC )KOHE OHAIPY
KYMBICTapbl Ke3iHJEe TUIMENIK CaHbUIdy KaJbIITACTBIPyFa apHaJIFaH TiAMETIK
epreMe Kaz0alapAbl YHTUICYIIH epeKHIeTKTepl KapacThIpbUIaabl, olap KeHIl
yary yzAepiciH Tikeled KamMTamachl3 eTeii. KasakcraH KeHilTepiHae epiemelep
JKepacThl Ka30amapbIHbIH eoyip Oeirin Kypaiisl, anaiiga KI1B xxone Alimak Tumri
KeIeHAep i KOIIaHAThIH TOCTYPIIl YHTIICY 9IicTepi KoOiHece yaKbIT IeH eHOCK
IIBIFBIHAAPBIHBIH KOTT OOTyBIH TaJall eTe/ll )KoHEe YHTIIeYIIIepAiH Kayinci3airine
KATBICTBI TOYEKeNACP/IiH apTybIHa OKeJe .

KyMBICTBIH MakcaTbl — Ka0aTTBIK Kaszy KyHelepiHae OypFbI-KapblUIbIC
YKYMBICTapBIHBIH OHIMIIITT MEH KayilCI3iriH apTThIpy YIIIH ©3DKYpri Oyprbuiay
KOHJIBIPFBIIAPBIH KOJJIaHy THIMAUTITIH O6araay jKoHe Heri3zey.

by sxymbIcTa TiNMEITiK epiieMe Kaz0amapasl YHTIeY kezinae Sandvik DL210
AIIEKTPOTHIPABINKAJIBIK ©31KYpri OyprbiIay KOHIBIPFRICKI MeH Alimak kemreHiH
KOJIJITaHY TUIMJIUTITIHE CaJIbICTHIPMAITbI TEXHUKO-AKOHOMUKAJIBIK TAJJIAY KYPTi3ijii.
3eprTey omicTeMeci aHATUTHKAIBIK ecenTeyiepre, MaTeMaTHKaJIbIK MOAETbICYTe
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JKOHE HETi3ri KOpCEeTKIITepHi CaJbICThIpyFa HEri3/elreH, OHBIH IIIiHIe
OypFbUIay JKBULIAM/IBIFBI, JKAOBIKTHI OanTay yakbIThI, IMaliJJaiaHy IbIFBIHAAPHI,
KabaTapaJibIKTap CaHbl XKOHE KeH Ka30aiap/IblH KeJIeMi KaMThUIIbI.

3eprrey Hotmkenepi Sandvik DL210 Oypreiiay KOHIBIPFBICHIH Kolmany Alimak
KEIICHIMEH CalbICTBIPFaH/a OYpFbUIAY KbUIJAMJIBIFBIHBIH aiTapiabIKTall apTybIH
YKOHE KaOBIKTHI OanTay yaKbITHIHBIH KbICKAPYBIH KAMTaMacChI3 €TETiHIH KOPCETTI.
Sandvik DL210 Oyprbutay KOHABIPFBICHIH KONAaHy THIMILTIri 27 %-fa KOFapsl
eKeHI aHBIKTaJ/IbL, a1 Kabatapanblk OuikTiria 10 M-gen 20 M-re neiin apTThIpy KeH
Kaz0anapbH KeseMiH mamameH 50 %-ra KbICKapTyFa MyMKIHJIIK Oepe/i.

AJIBIHFaH  HOTHMDKEJICPMAIH  MPAaKTHKAIBIK  MAaHBI3ABUIBIFBI  OJapabl  KEH
OPBIHAAPBIHBIH TEpeH MACHTeIDKUEKTEpiHAe eopiieMe Kaz0ajmapiasl YHTIEyTe
apHaJFaH )KaOIbIKTHI TaH1ay/1a, OHBIH ilTiHae AKOaKail KeH OpHBIHA, KEePaCTHI Tay-
KEH KYMBICTApPBIHBIH OHIMJIIIITIH, KaYINICI3/ITiH %KoHEe SKOHOMHUKAIBIK THIMIUTITIH
apTTHIPY MaKcaThIHAA KOJAaHy MYMKIHAITiHAE OOJBIN Ta0bLIAIbI.

Tyiiin ce3nep: KabATTHIK Ka3y kKyleci, OypFbI-)KapbLIbIC )KYMBICTApPbI, OYPFbLIAY
KOHJIBIPFBLIIAP, OpiieMe, OYPFbUIaY, Tay-KeH YHIUICY )KYMBICTaphI
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AnHoTanus. Boccraromue BEIpabOTKH UTPAIOT KITFOYEBYIO POJIb B Pa3padOTKe
PYIHBIX MECTOPOXKACHH, 00eCIIeunBasi CITyCK PY/Ibl, IPCHAXK, IOATOTOBKY OJIOKOB
Y BeHTWIAIHIO. B cTarhe paccMarpuBaroTCs 0COOCHHOCTH MTPOBEACHNUS Pa3pe3HbIX
BOCCTAIOIIUX BBIPAOOTOK sl 00pa30BaHUs Pa3pe3HOM IENH MPH BBITIOTHEHUN
OypOB3PBIBHBIX M OYMCTHBIX Pa0OT, HEMOCPEACTBEHHO 00ECIICUNBAIOIINX MPOLIECC
otOoiiku pynbl. Ha pynankax Kazaxcrana BoccTaromue COCTABIMIOT 3SHATUTEIEHYIO
4acTh TOPHBIX BBIPAOOTOK, OJHAKO TPAJAMIIMOHHBIE METOJbl WX IMPOBEACHUS C
npumenennem komiuiekcoB tuna KIIB m Alimak vacto TpeOyroT 3HauMTEIBHBIX
BPEMEHHBIX W TPYIOBBIX 3aTpar, a TaKKe COMPOBOXKIAIOTCS TOBBIIIEHHBIMU
pUCKaMHU ISt 0€301TaCHOCTH MTPOXOAYHKOB.

Lenp paboTbl — OIEGHWUTH W 000CHOBaTb AP(PEKTUBHOCTH NPUMEHEHUS
CaMOXOJTHBIX OYypOBBIX YCTAHOBOK JUIS TIOBBIIICHUS TPOU3BOJUTEIHFHOCTH U
0e301macHOCTH OypOB3PBIBHBIX pa0OT MPHU 3TAXKHBIX CUCTEMAX pa3pabOTKH.

BrInosIHEH CpaBHUTEBHBIA TEXHUKO-IKOHOMUYESCKUH aHaN3 3(PPEeKTUBHOCTH
TIPUMEHEHUS JIEKTPOTUAPABINICCKON CaMOXOMHON OypoBoi ycTaHOBKH Sandvik
DL210 n xommuiekca Alimak mpu mpoBeieHUH pa3pe3HbIX BOCCTAIONTUX BEIPAOOTOK.
B kadecTBe METONOB HCCIEAOBAaHMS MCIONB30BaHbl aHATUTHYECKHE PAaCUETHI,
MaTeMaTHYeCKOoe MOJICTMPOBAHNE W COINOCTABJICHHWE KIFOYEBBIX TOKa3aTelew,
BKJTFOYAst CKOPOCTh OypeHHsI, BpeMst HACTPOHKH 000PYIOBaHHUS, DKCILTyaTaIl[HOHHBIS
3aTparkl, KOJIMYECTBO MOJITAXKEH 1 00BEMBI TOPHOIIPOXOTISCKUX PAOOT.

Pe3ynbraTs! mokasanu, 9to mpuMeHeHne OypoBoit ycranoBku Sandvik DL210
00eCreuynBaeT CyIIeCTBEHHBI POCT CKOPOCTH OypeHHUsS W COKpaIleHHE BpPEeMEHHU
HACTPOWKK 00OPYIOBaHMS MO CPaBHEHHUIO ¢ KomruiekcoMm Alimak. YcraHosieHo,
970 3P PeKTUBHOCTD nenonb3oBannsg Sandvik DL.210 Bemme Ha 27 %, a yBenn4eHne
BBICOTBI To13TaXkel ¢ 10 710 20 M ITO3BOISET COKPATHTH 00BEMBI TOPHOITPOXOTIECKIX
pabot npudnu3uTeabHo Ha 50 %.

[IpakTrdeckass 3HAYMMOCTH TIONYYEHHBIX pPE3YyJIbTaTOB 3aKodaeTcs B
BO3MOXXHOCTH WX HCIOJB30BAHUS IMPH BBHIOOPE OOOPYIOBaHUS Il MPOBEICHUS
BOCCTAIOIINX BBIPA0OTOK Ha IITyOOKHUX TOPU30HTAX PYIHBIX MECTOPOXKIACHUH, B TOM
YHclie Ha MECTOPOXKIeHNH AKOaKai, C IeNTbI0 TIOBBIMIEHUS TIPON3BOTUTENFHOCTH,
0e30I1acHOCTH ¥ SKOHOMHUYECKOW A(PPEKTUBHOCTH TIOA3EMHBIX TOPHBIX Pa0OT.

KioueBble ciioBa: sTakHas cucTeMa pa3paOOTKH, OypoB3pHIHBIE palbOTHI,
OypoBBI€ YCTAaHOBKH, BOCCTAIOIIHH, OypeHHe, TOPHOIPOXOAIECKUE paOOTHI

Introduction. Raise workings play a key role in the development of ore deposits,
serving for ore transportation, block preparation, slot cutting, lifting of equipment
and materials to stopes, drainage, and personnel movement. Raises are of particular
importance for ventilation purposes due to the widespread use of self-propelled
mining equipment with high-power diesel engines, as well as simplified blasting
agents in modern underground mines (Ajdarova and Sudarikov, 2012).

The raises are driven at an angle of 60-90° to the horizontal plane. Their
length depends on the height of the level and most often reaches 100 m. Some
raises, especially in underground bunker workings, change direction along their
length. The length of the raise is of great importance when choosing the driving
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method. Driving raises with a height of 70-100 m is particularly challenging due
to difficulties in ventilation, lifting materials and equipment, personnel movement,
and other factors (Liu et al., 2019; Xu et al., 2021; An et al., 2024).

The methods of driving raises, based on the principle of separating rock
from the massif, are divided into drill and blast methods and mechanical drilling
(Belogorodtsev et al., 2016; Koltyshev, 2022).

Installations for sinking raises by drilling reduce the time for mining operations
and make them safer. Using these machines is more effective in many situations
than using traditional blasting technology. However, the high price of this type of
equipment limits its demand in the domestic mining industry (Imangazin et al.,
2024; Atageldiyev et al., 2025).

Currently, the driving of slot raises at most ore deposits in Kazakhstan is carried
out using Soviet-era KPV systems or Western analogs like Alimak. Therefore,
driving raises using KPV or Alimak complex requires significant time, labor, and is
generally unsafe. In this regard, we consider it expedient to replace Alimak complex
(and similar KPV-1, KPV-2, etc.) with self-propelled drilling rigs like Sandvik for
driving slot raises, as they improve productivity and safety during drill-and-blast
operations (Neverov et al., 2016; Khuangan et al., 2024).

The Sandvik DL 210 is a compact, maneuverable drilling rig designed for drilling
in confined spaces of underground mine workings. Thanks to its high-precision
control system and automated drilling process, it reduces labor costs, improves
rock fragmentation quality, and allows for more efficient use of explosives. The
implementation of this installation is especially important for mining enterprises
where sublevel caving is carried out, since its use makes it possible to optimize
drilling parameters and reduce the volume of oversized pieces, which greatly
simplifies the process of subsequent mining (Brunton et al., 2010; Power and
Campbell, 2016; Campbell and Power, 2017; Lapcevi¢ et al., 2024).

Materials and methods. Currently, a variety of equipment is used in the drilling
industry, designed for different geological conditions and tasks (Changping et al.,
2017; Changping et al., 2022).

In this work, we focus on comparing the efficiency of two different types of
drilling rigs: the self-propelled Sandvik DL210 and the Alimak complex.

—1 200— - 1810 -—1 195 —1 1000 -

+— 1400 — - 4775
1500 — - 6490
6850

Figure 1 — Sandvik DL210 self-propelled drilling rig
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The aim is to develop a mathematical model that will allow us to evaluate
the efficiency of using the Sandvik DL210 drilling rig compared to the Alimak
complex. This important study aims to identify the advantages and limitations of
each equipment in order to provide decision makers with informed information to
select the appropriate equipment based on the specific conditions of the mining
project.

The model will take into account a number of key parameters, including, but not
limited to, reducing the number of sublevels, drilling speed, setup time, operating
cost, and other factors that are essential to determining equipment efficiency. The
equations and dependencies between these variables will be determined taking into
account the technical characteristics and data on the field, as well as data provided
by manufacturers and equipment operators. The development of this mathematical
model was carried out in the MathCAD and will allow for a more systematic and
objective comparison of the two types of drilling rigs, which will ultimately help
decision makers choose the best option depending on the specific requirements of
the project.

To calculate the drilling rate (Rate of Penetration, ROP): The drilling rate model
depends on various factors such as the capacity of drilling equipment, rock mass
characteristics, drilling diameter, and others. We use the following equation:

ROP=C-P%-D?.G° (1)
ROP, , ,=1-20kW - 64 mm - 16 =20480
ROP,, ~=1-22kW-40mm - 16 = 1408
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Figure 2 — Calculated rate of penetration (ROP) for the Sandvik DL210 drilling rig and the Alimak
system

Where: ROP — drilling speed, C — coefficient, P — drilling rig capacity, D —
drilling diameter, G — rock mass characteristics, and a, b, ¢ — the coefficients to
be determined based on data and analysis.
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For calculating Setup Time: the setup time depends on various factors such as
the complexity of the installation, the required preparatory work and the experience
of the operator. The setup time model looks like this:

Setup Time=D - E - O 2)

Where: Setup Time — setup time, D — installation complexity (where 10 —
maximum complexity), E — operator’s experience (where 1.0 — full experience,
0.0 — lack of experience), O — other factors affecting the setup time (where 1.0 —
standard conditions),

Setup Time, , ;=3 -0.8-1.3=3.12

Setup Time,,  =7-0.8-15=284

Setup time, mim
N w IS ol » ~ [ee] ©

Sanvik DL 210 Alimak

Figure 3 — Calculated equipment setup time for the Sandvik DL210 drilling rig and the Alimak
system

To calculate the Operating Cost: the cost of operation depends on the cost of
fuel, maintenance and other operating expenses. The cost of operation model is
presented as follows:

Operating Cost = F - (FuelCost + MaintenanceCost) 3)

Where: OperatingCost — cost of operation, F — coefficient that takes into account
other factors, FuelCost — fuel costs, MaintenanceCost — maintenance costs.
Operating Cost, ,,,= 1.2 - (5000 + 3000) = 1.2 - 8000 = $9600 USD
Operating Cost =1.5- (6000 + 4000) = 1.5 - 10000 = $15000 USD

‘Alimak
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Figure 4 — Calculated operating cost of the Sandvik DL210 drilling rig and the Alimak system

To assess the comparative performance of the Sandvik DL210 self-propelled
drilling rig relative to the Alimak system, a relative performance index based on the
drilling rate and borehole diameter was applied:

ROPprsio - DpLoio (4)

Relative performance index =
ROPgtimar - Datimak

Substitution of the calculated values yields:

20480pr 50 - B4pLoig o 233

Relative performance index =
p 14&3.&?[#10?( ""D.&fl'mn?r

The obtained value represents a dimensionless comparative performance index
and characterizes the relative performance advantage of the Sandvik DL210 drilling
rig over the Alimak system in terms of drilling performance parameters.

To quantify the efficiency increase associated with the use of the Sandvik DL210
drilling rig, the following expression was employed:

Efficiency increase =
(RDPBLSLD Oppeie - Volume) — (ROPgtimalk - DAlimalk - Volume) 100 (5)
ROPaiimak - DAlimak - Volume

Efficiency increase =
(20480p70 .0 - B4p1asp - 34438) — (14084)5m ap - 40 diimax - 34438)

120841 imak - *C4limak - 34238

-100=27 %

The depth of the Pologaya-1 vein is 520 meters; when using the Alimak
complex, the distance between sublevel drifts (roof-soil) is 10 meters. By using the
Sandvik DL210 self-propelled drilling rig, the distance between sublevel drifts can
be increased to 20 meters, thereby reducing development work by 50 %.
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For the Pologaya-1 vein, the use of the Sandvik DL210 can halve the number
of sublevels.

To formulate an equation that takes into account the depth of the vein and the
height of sublevels when using drilling rigs, the following data can be used: depth
of the vein: H = 520 meters; height of sublevels for Alimak: S, = = 10 meters;
height of sublevels for Sandvik DL210: S_ =20 meters; the number of sublevels
is denoted as N.

Now we have two situations:

1. Alimak Complex

The depth of the vein is divided by the sublevel height for Alimak and Sandvik
DL210:

DL210

_ H o G20 o
NAlimak_EA;l'mn;( - 10 B 52 (6)
2. Sandvik DL210
— H __ 520 _
NDLZIO a =——=126

Entan 20
. . Nalimal — Nnia.
The decrease in mine development work is calculated as = Z41imak = Nplaso . 1()()

= 53:6 100 & 50 %.

Nalimak

Results and discussions. Thus, the use of the Sandvik DL210 drilling rig instead
of the Alimak complex leads to an approximate 50 % reduction in the number of
sublevels, from 52 sublevels to 26.

If we assume the cost of 1 meter of mine development works to be $3000 USD,
then for the Pologaya-1 vein, the volume of development work amounts to 953
meters, resulting in 3000 - 953 = $2 859 000 USD. When using the Sandvik DL210
drilling rig, the volume of development work is reduced by approximately 50 %,
and in monetary terms, it decreases to $1 429 500 USD.

Drilling speed (ROP): The drilling speed for the Sandvik DL210 drilling rig is
20480 mm/min, while for the Alimak complex it is 1408 mm/min. This indicates a
noticeable superiority in the drilling speed of the Sandvik DL210 rig.

Setup time: the setup time for the Sandvik DL210 drilling rig is 3.12 minutes,
whereas for the Alimak complex it is 8.4 minutes. This indicates a more efficient
setup procedure for the Sandvik DL210 drilling rig.

Efficiency: The comparative analysis indicates that the Sandvik DL210 drilling
rig demonstrates a substantially higher drilling performance than the Alimak system
based on the calculated relative performance index. In addition, the integrated
efficiency assessment shows that replacing the Alimak system with the Sandvik
DL210 drilling rig results in an overall efficiency increase of approximately 27%,
confirming the technical advantage of the Sandvik DL210 under the considered
operating conditions.

In general, based on calculations, it can be argued that the Sandvik DL210
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drilling rig has high productivity, shorter setup time and a significant increase
in efficiency compared to the Alimak complex. These factors are crucial when
choosing equipment for a particular mining project.

The application of the electro-hydraulic self-propelled Sandvik DL210 drilling
rig at the Akbakay deposit is a vivid example of innovative technologies primarily
focused on improving efficiency, accuracy, and environmental safety in the ore
extraction process. Its unique characteristics make this equipment the optimal choice
for enhancing production at deposits like Akbakay and represent a significant step
towards more responsible and efficient extraction of natural resources (Zhakypbek
et al., 2025).

The Sandvik DL210 electrohydraulic self—propelled drilling rig is not just a tool
for mining, it is an innovative solution that defines the future of mining, taking into
account high efficiency, precision and concern for the environment (Abdugaliyeva
et al., 2024).

The application of the Sandvik DL210 electrohydraulic self-propelled drilling
rig at the Akbakai deposit represents an important step in modern mining of ore
resources (Imashev et al., 2021, Tulekov and Arystan, 2024).

Let’s note a few key points.

— Efficiency and Productivity: the use of the Sandvik DL210 significantly
improves production efficiency due to its accuracy, speed of operation and
adaptability to the diverse geological conditions of the field;

— Environmental Safety: thanks to the advanced technology of electrohydraulic
systems, this installation helps to reduce the impact on the environment and
improves the environmental sustainability of mining processes.;

— Precision and Innovation: the Sandvik DL210 has high drilling accuracy,
which significantly affects the quality and quantity of ore production, as well as the
introduction of innovations in the mining industry;

— The future of Resource Extraction: the use of advanced technologies such as
Sandvik DL210 in the Akbakai deposit indicates the evolution of the industry and
the desire for more efficient, accurate and environmentally sustainable mining.

In general, the use of the Sandvik DL210 electrohydraulic self-propelled
drilling rig at the Akbakai deposit opens up new horizons for the modern mining
industry, emphasizing the importance of innovation and technological development
to optimize resource extraction processes and promote the sustainable development
of the industry.

Conclusion. The conducted research and the performed calculations lead to the
following conclusions:

1. The calculated results show that replacing the Alimak system with the
self-propelled Sandvik DL210 drilling rig provides an efficiency increase of
approximately 27% under the considered operating conditions.

2. The application of the Sandvik DL210 drilling rig makes it possible to
increase the spacing between sublevel drifts by up to 20 m, resulting in a reduction
of mine development volumes by approximately 50 %. Overall, the obtained results
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demonstrate the feasibility of applying self-propelled drilling rigs of this type in
projects requiring high drilling efficiency and optimization of underground mining
operations at various depths.
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