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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. The current methodological framework for substantiating the main
technical and economic indicators of geotechnological systems performance,
applied during both the design and operational stages, differs significantly. During
the design phase, generalized and simplified methods and approaches are used in
calculating the main indicators and substantiating choices regarding key mining and
transport equipment, as well as schemes and sequences for deposit development.
This often leads to substantial imbalances during the operational stage, increased
costs of mining and transport operations, and reduced profitability of resource
development overall.

At the operational stage, more effective methods of analysis, evaluation, and
optimization of functioning geotechnological systems are increasingly applied.
These methods are based on a process-oriented approach and include adapted tools
such as simulation modeling, which enable the step-by-step analysis and study
of subsystem and element interactions—even in complex, large-scale systems. A
critically important shortcoming in this area is the lack of capacity for dynamic
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accounting of such a key characteristic of the extracted rock mass as its degree and
quality of readiness for excavation. This results in a loss of the dynamic interrelation
between two sequential processes involved in rock mass extraction: drilling and
blasting, and mining and transport.

Keywords: geotechnological complex, energy efficiency, process management,
process management economics, efficiency, simulation modeling, environmental
friendliness
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AnnoTtamus. Kasipri 3aMaHFbl T'€OTEXHOJNOTHSUIBIK KEIICHACPIH KYMBIC
iCTeyiHIH HETi3Tl TEeXHHKAIBIK-3KOHOMHKAIIBIK KOPCETKIIITEepiH HETi3iey YIIiH
KOJITAHBUTATBIH OMIICHAMANBIK 0a3achl OJapAbIH jkobanay >koHE NaiganaHy
Ke3eHJepiHae auTapiblkTail epekmieneHeni. JKoOamay Ke3eHiHIE HeTisTi
KOPCETKIMITEP/Ii eCenTey JKoHE HETi3Ti Tay-KeH )KoHEe TaChIMaN/Iay KaOIbIKTaphIH,
KeH OpHBIH amry cynOenepi MeH TopTiOiH TaHAayAblH OpPTYPJi HYCKaIapbIH
HETI3/Iey/IC YIFANTBIIFAH KOHE KapanaibiM 9JIiCTep MEH TOCUTICP KOJAaHbLIAbI,
OYJT ONapbIH Maiiiagany Ke3eHiHe eeyli nucOanancTapra, Tay-KeH TachiMaiay
JKYMBICTaPBIHBIH ©31HAIK KYHBIHBIH apTyblHA JKOHE UTEPYIiH JKaIIbl THIMIUTITIH
TOMEHJIeyiHe oKem corajpl. llalianany Ke3eHIEpiHAe THIMIIPEK Taijaay,
Oaranay *oHE JKYMBIC iICTEHTIH T€0TEXHOJOTHSIIBIK KEeIISHACP/iH mapaMeTpiepin
OHTaWIaHIBIPY OIiCTEepi KeHiHeH KOJJaHBLTyNa, OJ TMPOIECTIK Tociiaepre
HETI3JIENITeH, OChIHAAN TarnchlpManap/sl IIelmyre OeHiMIenTeH HMHUTAIUSIIBIK
MOJIENZICY CHUSIKTBI OJICTEp KOJMAHBUIAABI, OYJI KYpHAETi JKOHE ayKbIMIIbI
KYHENepAiH iIIKi XKyHeraepi MeH 3JIEMeHTTEPiHIH 63apa SPeKETTEeCyiH ornepanusiap
OolbIHIIIA 3epTTeyre MYMKiHIIK Oepeni. Ochbl OAaFBITTaFbl MPUHIIUITI MaHBI3/IbI
KeMIIUTIKTepAiH Oipi — aJbIHATHIH Tay-KEH MaCcCaChIHBIH YKCKABAIIUSAFa JAbIHIBIK
IIamMachl MEH CalachblH TUHAMHUKAIBIK TYPAE €CKepyIiH MYMKiH €MeCTiri OOJbII
TaObIaAbL. by eki: OYpreiIay jKapy *KoHE Tay-KeH TachIMalay Ke3eH K Tay-KeH
MaccachlH OHJICY IPOIIECiHiH e3apa 0ipi3IimiK OaiTaHBICHIH KOFAITAIbI.

2024-2026 xwuaapra apHairad KP FeutbiM skoHe sxoFapbl 011iM MUHUCTPITITIHIH
FoutbiM KOMHTETI TapamnblHAH KapXKbUIAHABIPHIIATEIH MAaKCATThl OaFaapiaMachl
asichiHa, «MUHepanabl OHE TEXHOTCHJIK INIUKI3aTThl OHIIPY MEH KelleHIl
KalTa OHJCYAIH HHHOBAIUSUIBIK PECYPCThl YHEMICHTIH TEXHONOTHSIIAPBIH KYPY»
OarmapmaMacel OoOibIHIIA, 3epTTeymiH Makcarbl MeH MiHgeTi — F3XK xobackr
asiceiHga  «Kapbepnep/iH T'eOTeXHOJOTHSUIBIK KEUMICHASPIHIH KYMBIC iCTeyiH
ay[IUTTey aKMaparThIK KYHECIH KYPYy» TaKbIphIObI OOWBIHINA FHIIBIMH 3EPTTEY
JKYMBICBI JKY3€Te achIpbUTyIA.

Tyitin ce3mep: reOTEXHOJOTHSIIBIK KEIICH, Kapbhep, SHEPTHSIIBIK THIMLTIK,
YyAepicTik 0ackapy, yepicTik bacKapyabIH YKOHOMHUKACHI, THIMILTIK, IMATAIUSITBIK
YIITiIey, 9KOJIOTUSITBIFBI
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Annotanus. CoBpeMeHHasi METOA0JIOTHIECKas: 6a3za 000CHOBaHUS OCHOBHBIX
TEXHUKO-I)KOHOMHYECKHX MOKa3aTesiel (PyHKIIMOHUPOBAHUS T€0TEXHOIOTHYECKUX
KOMIIJIEKCOB, IIPUMEHseMasi Ha CTaJusX UX MPOCKTHPOBAHUS M SKCIUIyaTallH,
CYILIECTBEHHO pasiauyaercs. Ha cragum OpPOEKTHPOBaHMA HCHOJb3YIOTCS
YKPYINHEHHBIE M YIpPOIIEHHBIE METONBl pacuéTa OCHOBHBIX IIOKa3zaTened u
000CHOBaHMsI BAPHAHTOB BEIOOPA TOPHOTO M TPAHCIIOPTHOTO 000pYJOBaHUSI, CXEM
W TIOPSIIKA BCKPBITHSI MECTOPOXKICHHN. JTO MPUBOAUT K JucOanaHcaM Ha CTauu
JKCIUTyaTallly, POCTy Ce0ECTOMMOCTH TOPHOTPAHCIIOPTHBIX PabOT M CHIKEHHUIO
PEeHTa0EIbHOCTH OCBOEHUS MECTOPOKAeHul B 1esoM. Ha cranum skcruryaranun
npuMeHstoTes: 6osiee 3(hHEeKTUBHBIE METOIBl aHAJIM3a, OLEHKHM M ONTUMHU3ALMU
napameTpoB (QyHKIHOHUPYIOIINX T€OTEXHOJIOIMYECKUX KOMIUIEKCOB. Bcé Oonee
BOCTPEOOBAaHHBIMH CTaHOBSTCS MOAXO/bI, OCHOBAaHHBIE Ha MPOLIECCHOM aHaIN3e,
BKJIIOYAs alaliTHPOBAHHBIE METO/Abl MMHUTAIMOHHOTO MOJAETHPOBAHHS, KOTOpHIE
MO3BOJISIIOT IIOONEPALMOHHO PacCMaTpUBaTh M HUCCIENOBATh B3aUMOJAEHCTBHE
MOJCUCTEM M D3JIEMEHTOB [JaK€ CJIOXHBIX M MaclTaOHbIX cucteM. OIHUM
W3 MNPUHOUIUAIBHO BaXKHBIX HEJOCTAaTKOB MJAaHHOTO HampaBiCHHS OCTaércs
OTCYTCTBHE BO3MOXHOCTH JUHAMHUYECKOTO YYE€Ta TaKOW XapaKTEpUCTHKHU
M3BJIEKaeMOM rOpHOH Macchl, KaK CTENEHb U KaUYeCTBO €€ TOTOBHOCTH K KCKaBaIl|H.
B pesynbprate Tepsercs nuHaMHuYecKas B3aMMOCBS3b JBYX IOCIEIOBATEIIbHBIX
MPOIIECCOB TOATOTOBKHA M TEPEMENIECHHs] TOPHOH Macchl - OypOB3pPBIBHOTO W
TOpPHOTpaHcHOPTHOTO. Llens 1 3aaua uccieaoBaHus - Co3AaHue MH(OPMAaLMOHHON
CHCTEMBI ayAnTa (PyHKIMOHUPOBAHHS F€OTEXHOJIOTHIECKUX KOMIIJIEKCOB KapbepOB
B paMkax mnporpammbl «Co3laHHE€ WHHOBALMOHHBIX pecypcocOeperarommx
TEXHOJIOTHi JOOBIUY M KOMITJIEKCHOM MepepadOoTKH MUHEPAILHOT'O M TEXHOTEHHOTO
CBIPbsI», peau3yeMoil Mo Tporpamme IejeBoro (uHaHcuposanusi KomureTom
HayKl MUHUCTEpCTBa HayKH M BbIcIIero oOpasoBanus Pecny6muku Kasaxcran Ha
2024-2026 rr.

Ki1roueBble cj10Ba: re0TeXHOIOTHYECKUN KOMIUIEKC, S3HEProd3((HEeKTUBHOCTS,
ynpasiieHHE POoLeccaMi, SJKOHOMHUKA YIPaBJICHUs npoleccaMu, 3Q(HEeKTUBHOCTD,
MMUTAIlMOHHOE MOJIENIMPOBAHUE, IKOJIOTHYHOCTh

Introduction. One of the key challenges in improving the quality of design,
as well as in evaluating the effectiveness of mining and transport operations and
the functioning of geotechnological complexes in open-pit mining, is the adequate
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accounting of energy consumption based on the quality of the rock mass preparation
for excavation. This impacts the efficiency of open-pit mining complexes and the
profitability of developing hard mineral deposits.

The existing methodological framework does not fully allow for the accounting
of the relationship between key technical and economic performance indicators
of excavators and the degree of loosening of the rock masses they excavate. This
shortcoming reduces the quality of scientific and practical research aimed at
improving economic efficiency, energy efficiency, and at reducing the environmental
impact of mining and transport operations on the surrounding environment. In this
regard, one effective solution to this pressing issue is the application of dynamic
approaches implemented through simulation modeling, which are based on process-
oriented management approaches in the operation of geotechnological complexes.

Literary review. Currently, within the methodology used for the design and
planning of mining operations, excavator productivity is calculated in a highly
generalized manner. This is due to the complexity of mathematically or analytically
reproducing the mechanisms of energy transfer during excavation operations. To
simplify the process of accounting for the energy costs of excavator operation, the
following types of calculations are applied to the main technical and technological
indicators of excavation and loading equipment (see Table 1). In this case, correction
factors—typically determined empirically—such as the time and speed of filling
the bucket with rock, are of particular interest.

To determine the hourly technical productivity of the excavator, factors such as
bucket capacity (Ex), cycle time (t°), and the excavation coefficient (K.) are taken
into account. The excavation coefficient expresses the ratio of the bucket filling
coefficient (K,) to the rock loosening coefficient (K;). This indicator allows for an
assessment of the impact of the degree of rock loosening on technical productivity,
but does not reflect the energy intensity of this process. Additionally, this approach
does not adequately establish the productivity of the excavator under specific
mining, geological, organizational, and economic conditions. In simplified terms,
this issue is addressed using the shift time utilization coefficient of the excavator,
which makes this approach applicable at the stage of generalized calculations
during the design phase. However, this method leads to significant errors (up to 10-
15% or more), which is a substantial drawback in the process of optimizing mining
and transport operations. The other formulas represent similar calculations over
larger time periods of excavator operation.

Table 1. - Parameters of excavator performance indicators: for ore and overburden

NeNe | Parameters of excavator performance indicators: for ore and overburden

3600
E X ti X Ka

1 Technical productivity of the excavator, m3 Qrex. =

3\ —
Hourly productivity considering effective Quac. (w7) = Ku.5 X Qrex.

excavator operation, M3/T Quac. (1) =

Qhours. (M) X Tcm
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Quac. (M®) = Ku.s X Qrex.
3 Shift productivity, M*/T Quac. (1) =

Qhours. (M%) x Tcm

Qcyt. (M*) = 2 X Qcm.

. .. 5
4 Daily productivity, Mm%/t QcyT. (1) = 2 X Qcm (1),
3
Qop.m. o) = L2
5 Average monthly productivity, M/t 12
_ Qep.r.(1)
Qcp.M.(T) = 12

Qcp.r. (M*) = 355 X Kr. T X QcyT. (M%)

.. 5
6 Average annual productivity, M3/T 0cp.t. (1) = 355 x Kr.T X Ocyr. (T)
7 Average monthly operating, m/hours Ecp.m.= Ecp.r

12
8 Average annual operating, m/hours Ecp.r.= 355X 24 X Kr.T X Ku.c

where E_- nominal bucket capacity, m?;

1,- average time of the excavator working cycle, sec;

K - bucket filling factor;

K - rock loosening factor in the excavator bucket;

K, - excavation factor;

K - factor of utilization of the excavator working time during effective work
during an hour;

K ., - factor of utilization of the excavator during a shift;

K'm;, - factor of technical support of equipment;

T C/\-/I - shift duration, hour;

y - specific gravity of the rock mass, m3/t.

Clearly, in the context of a dynamic approach to studying the interdependence
of excavator operational parameters and the degree of rock mass loosening, a
corresponding calculation method is required that ensures adequate accounting
of the energy costs of this process in the relevant mining, geological, economic,
organizational, and geo-technical situations.

Materials and methods. One of the directions for the dynamic approach to
accounting for the degree of loosening of the excavated rock mass is the dynamic
approach to forming the total excavator cycle time (T u), which is calculated by
summing the time of all operations:

T =t +t,+t,+1,+1, )

where ¢, — time to fill the bucket with rock from the face, sec.;
t, - time to rotate the bucket to the unloading location, sec.;
t,— time to unload the rock mass, sec.;

t, - time to rotate the bucket back to the digging location, sec.;
t, — time to lower the bucket into the face, sec.
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For single-bucket excavators used in open-pit mining, the bucket filling operation
is one of the most complex of all the excavator cycle operations. In equation (9),
the most sensitive part to the degree of loosening of the extracted rock mass is the
time required to fill the excavator bucket during excavation (¢ ). This dependence is
determined by the excavation resistance forces, the physicochemical properties of
the excavated rock mass, the parameters of the excavator, the height of the working
bench (the height of the rock pile after blasting operations), and other factors.
According to scientific and practical studies, this operation time accounts for a
significant portion (up to 30-40%) of the total excavator cycle time, which depends
on the rock loosening coefficient, the bucket filling coefficient, climatic conditions,
equipment condition, bench height, etc. (Dodis et al., 2007; Komissarov et al.,
2022; Khoroshavin et al., 2023; Letnev et al., 2023).

It should be noted that during excavation, the resistance of the rock mass (F, P)
can depend on several of its properties, such as dryness, viscosity, looseness, density,
moisture capacity, crack formation, etc. A simplified model of the resistance force
of the rock mass can be created by applying the friction law, for example:

F =K .So, (10)
comnp D
where * comn ™ resistance force; K — friction coefficient; § — area of contact

p
between the bucket and the rock mass; c — rock stress.
The formula for excavator productivity considering loosening is as follows:

_VnKyKp
Q=anls (1)
where Q — productivity (m*h); V— nominal (geometric) bucket volume (m?);
n — number of excavator cycles per hour (cycles per hour); Kn — bucket filling
coefficient (typically 0.8-0.95 depending on rock categories). Kp — rock loosening
coefficient (a value < 1, accounting for the increase in volume during excavation).

The productivity of the open-pit excavator is significantly influenced by the
loosening coefficient, as loosened material occupies more volume compared to
dense material. Based on this, the excavator will require more cycles to perform
the same volume of work, which reduces the overall productivity of the excavator.

In mining literature, the subsequent evolution of productivity calculations for
single-bucket open-pit excavators solidified an approach focused on the static
method for accounting for the physical and mechanical properties of the excavated
rocks, creating a set of solutions based on the methodology for determining
calculated loads on the excavator’s working parts.

Methods for determining the calculated loads on the excavator’s working parts
based on the characteristics of the developed face are presented in the works of
A.Ya. Zelinin, N.G. Dombrovsky, R.Kh. Sharipov, and others.

The forces acting on the excavator’s hoisting cable when digging the rock mass
are given by:
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KpE
0,014 Ky 12
F F . Hp'K 5

n = lk+p " € BEp ( )

where Fx+p - force from the weight of the bucket and boom; KF - coefficient
of rock resistance to excavation; £ -bucket capacity; HB - height to the axis of
the excavator’s support shaft; Kp - rock loosening coefficient; Kv - coefficient of
increased stress when changing the bucket lifting speed (the coefficient is equal to
the absolute value of the bucket lifting speed).

It has been established that when excavating rock with a speed greater than 0.55
m/s, the stresses in the boom exceed the allowable limit (Lyashenko et al., 2016).

Example of excavator productivity calculation approach based on the number of
loaded dump trucks per hour, Komatsu Company:

= Tq ;
tT (Bc-K-Ploose) * tc’ (13)

where B_ — excavator bucket capacity (m?); 7| T dump truck payload capacity;
K — bucket filling coefficient (%); ¢, — cycle time (sec); P, — bulk density (loose
state), t/m?; the asterisk (*) indicates that the result in parentheses should be rounded
to the nearest whole number (Litvin et al., 2022). In this case, there is no correction
factor for the physical and technical properties of the rock mass.

An increase in the rock loosening coefficient (K P) typically reduces excavation
resistance but increases the volume of rock that needs to be moved, which in turn
reduces overall productivity.

Let’s establish an inverse proportional relationship between digging time and
the loosening coefficient within a certain range (for example, the higher K, the
lower the digging time), but this will be an approximate assumption requiring
experimental confirmation.

Variant for determining excavator digging time considering loosening coefficient:

Ty = LKP (14)

- Q3kc-Ks’

where O - operational productivity of the excavator (m*/s); T, - digging time
(sec); V - volume of excavated material (m?3); Kp - loosening coefficient; K, bucket
loading coefficient

or

_ 3600

T4 - (Lt re, L. (15)

where n — number of excavator cycles per hour (cycles per hour).
It is known that the loosening coefficient of the rock mass (K P) influences the
digging force (F ), as shown in the formula above. Increasing Kp typically reduces
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excavation resistance (Letnev K. Yu et al., 2016; Poderini R. Yu et al., 2013;
Methodical et al., 2003; Malafeev et al., 2020; Tarasov et al., 2015).

For a more accurate determination of the relationship between digging time
and the loosening coefficient, as well as other factors, it is necessary to apply
approaches based on the results of experimental studies and the use of specialized
software systems for simulating excavator operation, which take into account the
mechanics of rock mass and the dynamics of the machine’s operation. One such
approach involves using the dependence of the excavator’s digging coefficient (K )
on the obtained values of the rock mass loosening coefficient, as shown in Figure 1.
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Figure 1 — Mechanism of simulation modeling of the impact of the rock loosening degree on the
excavator’s digging time.

This approach assumes that indicators such as the bulk density and moisture
content of the rock mass remain constant during specific studies, and that the
loosening degree does not significantly impact the other operations in the
excavation cycle. Therefore, the methodology assumes that the times for other
cycle operations remain constant. The reference to the current situation is based on
three facts: First, for a given rock loosening coefficient in the enterprise or project
for the development of a deposit, the digging coefficient is taken as one - this is the
baseline scenario in the research process; when the loosening coefficient is equal
to 1 (natural rock mass), the digging time tends to infinity, but the starting point
is taken as the case in which excavation is possible (based on the rock strength
coefficient), and maximum loosening is limited by physical capabilities. Another
aspect that allows for maximum consideration of the current situation is taking
the actual or project-based cycle time as the baseline value (usually the passport
specification), which ensures that the considered excavator models align with the
actual excavated rock mass in a specific face. This approach allows for increasing
or decreasing the digging time based on the loosening coefficient of the rock mass
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within technologically acceptable ranges and minimizes the calculation error. In
this case, the loosening coefficient for ore mass and overburden can vary.

Currently, insufficient attention is being paid to the issues of forming the main
parameters of the primary mechanisms and improving the efficiency of open-pit
excavators’ operation (Komissarov et al., 2018).

When the volumetric characteristics of rocks change due to their destruction,
additional loosening of initially loose rocks, changes in moisture content both
in positive and negative temperatures, the time spent in a loose state can reach
considerable values (Yanchenko et al., 2019).

Thus, the proposed approach allows for the adequate consideration of the
impact of the degree of loosening of the rock mass on the efficiency of the operated
or designed geotechnological complex under the given mining, geological,
geometrical, organizational, and economic conditions. This is achieved within the
framework of a process approach using the most effective method of simulation
modeling to solve such dynamic tasks.

One of the remaining drawbacks is the approximate accounting of energy
consumption in such research. The main indicators characterizing the efficiency
of the operation of excavator and truck complexes are the shift productivity of the
complex and fuel consumption. (Zhilinkov et al., 2022).

Conclusion. The research conducted has substantiated and proposed an
approach and mechanism for solving the problem of adequately accounting for
the key parameters of the functioning of geotechnological complexes in open-pit
mining with respect to the quality of the extracted rock mass preparation. This task
is being addressed for the first time within a unified geotechnological complex
framework, focusing on excavation processes, based on a process approach using
simulation logic-statistical modeling methods. In the proposed approach, the cycle
time of excavator operation is calculated dynamically within the context of a mining
transport system under specific mining, geological, geometrical, economic, and
organizational conditions, depending on the loosening coefficient of the rock mass.
For this, a transition coefficient is proposed that ensures the dynamic accounting of
the effect of the excavation operation time within the excavator’s working cycle,
and further, on the entire excavation cycle time, with respect to the loosening
coefficient of the extracted rock mass.

The scientific and practical novelty of the proposed approach lies in the fact that
this task is being solved for the first time within the dynamic consideration of the
geotechnological complex’s functioning as a whole, which allows for designing
the main parameters of its operation at a higher methodological level. This, in turn,
improves the quality of selecting the main mining and transport equipment models
depending on the preparation level of the rock mass for extraction.

Solving this problem is fundamental within the outlined systematic approach
and will allow, in the future, to move towards solving the issue of adequately
accounting for energy consumption in the dynamics of the excavation process
based on the quality of the rock mass preparation for extraction.
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