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Abstract. To substantiate the new definition of an opencast development system of minerals, the standard
approaches of the systems analysis are used. The patterns of moving of the mine workings in the quarry field are
expressed through the analytically found velocities of moving the bench face, moving of the bench slope and the
deepening of the quarry bottom. These kinematic characteristics of the moving of mine workings are the basis for the
classification of the opencast development systems.

A new well-reasoned definition of an opencast development system is given. The properties inherent in it as in
any system are disclosed: organization, structure, connections and functions. A new classification of the minerals
opencast development systems has been created. The velocities of the bench face moving, the bench slope moving
and the quarry bottom deepening were found analytically. These kinematic characteristics of the moving of the
development system elements are successfully correlated their parameters with the productivity of the excavating and
loading equipment.

It is substantiated for the first time that the complex of the interdependent and interconnected with each other
the development, stripping and excavating workings, moving at the quarry field by time for rock extraction from the
Earth bowels, is a system of the minerals opencast development. For the first time in the mining science, the
kinematic characteristics of the moving of mine workings in a quarry field have been theoretically found. The format
of the new classification of the minerals opencast development systems is substantiated.

The proposed new classification of minerals opencast development systems and the kinematic characteristics of
moving of the mine workings in the quarry field make it possible to reasonably choose the development subsystems,
their parameters and indicators in relation to the working dimensions of excavating and loading equipment, transport,
and opencast mining technology. This solution provides a safe, high-performance, economical mining operation in
the quarry.

Key words: quarry field, minerals opencast development, systems of the minerals opencast development, their
classification, velocities of the mine workings moving at the quarry field, regulation of these velocities.

Problem statement. There are many definitions of the concept “system of opencast development of
the deposit” and their classifications [1-8].

In the above definitions, as the system of opencast development of the deposit in the various
interpretations the order and sequence of development and stripping operations at the quarry field are
understood. They do not reflect the essence of the generally accepted concept of “system”. They do not
pay attention to the role of development, stripping and excavating workings designed to extract rocks
(minerals) from the Earth bowels in creating a system for mineral resources developing. Meanwhile, in the
deposit development projects, the key task is to establish rational parameters for working benches,
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extracting blocks, and a quarry as a whole, ensuring the achievement of the necessary productivity in
minerals, stripping and rock mass. Therefore, the development and stope workings (benches), containing
these parameters, should be considered as the determining components of the system of minerals opencast
development.

New definition of the system of minerals opencast development. To formulate the desired
definition, we pay attention to the concept of “system”. As is known, “the system (from the Greek
“systema” - the whole, consisting of the parts; combination) is a great number (the whole complex) ofthe
elements, being in relationship and connections with each other, which forms the certain integrity, unity.
Only within the framework of such a family of definitions it is possible to express the basic system
principles: integrity, structure, interdependence of the system and the environment, hierarchy, plurality of
descriptions of each system, etc. [9].

In accordance with these requirements, we consider the development of minerals as the extraction of
rocks (minerals, including oil, gas, water) from the Earth bowels in the various ways (opencast,
underground, borehole, underwater and combined) after the deposit stripping [11]. When the opencast
method of development, this process is realized by carrying out of the working trenches (foundation pits)
from the passed permanent mine workings and extraction, loading of stripping rocks and minerals from
the working trench and the formed stope workings [11].

Thus, minerals opencast development is excavation of rocks (minerals) from the Earth bowels by
some given complex of the development, stripping and excavating workings, moving at the quarry field
within time.

Taking into account the listed system principles and, based on a new definition of the minerals
opencast development, one can give the following definition of an opencast development system.

A system of the minerals opencast development is a complex of interdependent and interconnected
with each other the development, stripping and excavating workings, moving in the quarry field within
time to extract rocks (minerals)from the bowels o fthe Earth.

Elements of the development system: development workings - working trenches (foundation pits),
stripping and excavating benches are in constant motion until they reach their limit (or intermediate)
position stipulated by the project for the deposit development. Consequently, the development system is a
moving, dynamic object ofa quarry.

The above definition of the system fully discloses the essence of opencast development of minerals -
the extraction of rocks (minerals) from the Earth bowels in an open way. For it, as for any system in the
generally accepted sense, the organization, structure, connections and functions are inherent [10-12].

As is known, “organization” expresses the complex of properties, characterizing certain ordering of
the elements in system and their interaction. For example, the development workings precede the stripping
and excavating workings and are placed in the quarry field in accordance with the established rules and
norms. The stripping workings in a certain way get ahead the excavating workings. This relationship
between the elements ensures the normal functioning ofthe system of opencast development of minerals.

“Structure” is comprehended as the complex ofthe elements and the methods of their unification in a
single whole (it is mechanical connection between the elements). In the mineral development system, the
benches working platforms act as such, since they join the benches into a single whole - the system (see
figure 1). On all the working benches, their sizes should be not less than some of their minimum value,
necessary to ensure the normal functioning ofthe system.

Figure 1- Structural model of the system of minerals development
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In the broad sense, “connection” is understood as what unites individual elements into a system.
Connections are diverse in their forms, meaning, and content. Usually the energetic, information and
material connections are selected. In our case, individual elements (working benches) are integrated into
the development system by a material connection, i.e. the required amount of rock mass ofa given quality,
extracted from each working horizon (bench). This connection is flexible and changing in the process of
the system functioning.

Each system performs some functions - it simply exists, serves as the habitat of another system,
serves a system of a higher level, etc. The mineral development system is designed to provide the
sustainable extraction of rocks of a given amount and required quality from the Earth bowels for a certain
period oftime. It serves a higher-level system “the exploitation of a mineral deposit” and at the same time
serves as a habitat for another system “the mining technology”.

A mineral development system, like any system, can be represented by a structural model that
displays only the construction, the system structure and the relative position of elements in space. In the
model shown at the figure 1, the elements (the working benches) 1, 2, .., N form the development system
S, which is part of the environment (quarry field) Q. Another system lives in the S system - “the mining
technology” with the elements 1°,2°, ..., T (the working faces ofthe benches).

Thus, in the proposed definition of a system of minerals opencast development, the assignment ofthe
interconnected with each other development and stripping workings is clearly indicated, all basic system
principles are observed: integrity, hierarchy, structure, interdependence of the system elements. It is
reasoned and in tune with the generally accepted concept of "the system". The new definition of the system
ofminerals opencast development is fundamentally different from the previously known ones [1-8].

New classification ofthe minerals opencast development systems. Mining operations mentioned in
[1-3] are a technological process by which purposeful movement of the development, stripping and
excavating workings in a quarry field is carried out to extract rocks from the Earth bowels. The general
nature ofthe moving of the system elements in plan and into the depth ofthe quarry is determined by the
mining-geological conditions of minerals bedding, the type of deposits being developed and the tasks of
shipment to the consumer the required amount of rock mass ofthe required quality [3].

When developing the horizontal and gentle beddings with a thickness of up to 50 m during the
deposit’s exploitation, the slopes of the working benches of almost constant height make plane-parallel or
fan-shape motion relative to their initial position. This moving of the mine workings characterizes
a continuous development system.

When developing the inclined, steep, as well as powerful gentle-dipping beddings, the development
workings are carried out both during the construction period and during the quarry exploitation. At the
same time, the bottom of the development working makes a discrete vertical moving into the depth of the
quarry relative to the previous horizon, and the slopes of all the working benches make horizontal moving.
In general, the totality of the mine workings in this case makes a mixed (vertical, horizontal) moving and
characterizes the deepening development system.

When developing the deposits that are complex in terms of topographic and mining-geological
conditions within the same quarry field at different periods of exploitation, both varieties of moving of
mine workings totalities can be used. For example, the upper part of the stripping rocks and minerals can
be extracted with the regular vertical and then horizontal moving ofthe workings, the lower part - with the
horizontal moving of the workings; or the upper part of the deposit can be extracted with the horizontal
moving ofthe workings, and the lower part - with the vertical, then horizontal moving of the workings. In
general, the deposit exploitation in this case can be carried out by a combination of the vertical and
horizontal moving of the mine workings. These movements characterize the combined development
system.

At the base of the carried analysis of the moving of the stope workings in the quarry field and the
concept of acad. V. V. Rzhevsky, a new classification was designed of the systems of minerals opencast
development (see table). It is based on the nature of the moving of the development, stripping and
excavating workings in the quarry field - the kinematic characteristics of moving of the elements of an
opencast development system. This approach has been used in the theory of opencast mining for the first
time.



ISSN 1991-3494 2. 2020

New classification ofthe systems of mineral opencast development

Development systems Development subsystems

Continuous longitudinal one-board or two-board
Continuous transversal one-board or two-board
Continuous fan-shaped central or dispersed
Continuous ring-shape central or peripheral
Deepening longitudinal one-board or two-board
Deepening transversal one-board or two-board
Deepening fan-shaped dispersed

Deepening ring-shape central

Combined The same, in different combinations

Continuous

Deepening

In the new classification, only three opencast development systems are accepted: continuous,
deepening and combined, which are named in [3] as the groups of systems. Further, by analogy with [3],
they are divided into subsystems in the direction of moving of the slopes of the working benches relative
to the axes and the contour ofthe quarry field: longitudinal, transverse, fan-shape, ring-shape, in addition
to the one-board, two-board, etc. There are only 12. These subsystems in [3] are called the development
systems, there are 18 ofthem.

As is seen, the new classification in essence, form and structure compares favorably with the classi-
fication of acad. V. V. Rzhevsky. It is based on the kinematic characteristics ofthe moving of the elements
ofthe development system, more compact, specific and contains only 3 systems and 12 subsystems.

Development systems are predetermined by the specified specific mining and geological conditions
of the minerals bedding and the nature of the moving of the stripping workings in the quarry field.
Development subsystems are selected based on the form, parameters of mineral bedding, physical and
technical properties of rocks, the required quality of marketable products and economic indices of the
enterprise.

The main parameters ofthe development system are the height ofthe bench, the width ofthe working
trench (pit dimensions), the slope angles ofthe working benches, the stope width, the width ofthe working
platform, the length ofthe excavator block, the length ofthe excavating and stripping blocks on the bench,
the number of working benches, the height and width of the working zone, slope angle of the working
board ofthe quarry.

Methods for determining the parameters and indicators of the development system are constantly
being improved, as evidenced by the data of papers [13-18]. The selected development subsystem in
specific mining-geological and mining-technical conditions with the best parameters and environmentally
friendly development of the deposit with the complete extraction of all reserves from the subsoil, useful
components from mineral raw materials.

Kinematic characteristics of moving velocities of the elements of development systems. The
passing velocity of working trench, the velocity of the face moving, the moving velocity of the working
bench slope, the velocity ofthe quarry bottom deepening are usually calculated according to the empirical
formulas given in [1-6]. Analytical solution of the problem is adduced below. Naturally, the theoretical
definition of these quantities is more universal. To derive the desired equations, the volume of the
extracted rock mass from the massif can be represented as a rectangular parallelepiped (see figure 2):

V = ABC, 1)

where A, B, C are the length, width and height (thickness) of the parallelepiped, respectively. In the
general case, all ofthese quantities are variables.

Figure 2 - Schemes to determination of moving velocities of the mine workings
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Dividing both sides of equation (1) by the developing time t ofthe considering volume, it is possible
to obtain the dependences for the desired characteristics. In this case, the expression V/t will represent the
productivity of excavating and loading equipment in time t, and the number on the right side divided by t
is the velocity of moving ofthe mine working in this direction.

For example, in the expression

V/t = A/t «BC

the variable V/t represents the productivity of the excavating and loading equipment (ELE) during
developing of the excavator block layer, and the variable A/t is the velocity of the face shift along the
slope line ofthe bench (see fig. 2a). B and C are the constants.

Thus, velocity ofthe bench face shift is determined by the formula:

U = QJBC =QJSry, )

where U3is the face shift velocity within the time t (usually a shift, day, month); Qtis the ELE productivity
when the block’s layer developing within the same time; B C =Sny (Sryis the cross-sectional area of the
bench (entry) panel); B=B3 (B3 is the width ofthe panel (entry)); C=h (h is the bench height).

Dependence (2) is also valid for velocity of the working trench passing. In this case, the trench
transverse section is trapezium, therefore

S = ng_T +hctga)h.

ny

Here Bp T is the width of the working trench in the bottom, a is a slope angle of the working trench
flank.
In expression

V/it =A-B/t-C

the variable V /t represents the productivity of ELE during developing of the bench panel, the values A
and C are constant, the variable B/t is the velocity ofthe bench slope into the panel cross (see fig.2b). It is
determined by the formula:

o =Q, /AC =Q,/Sy 3)

where ug is moving velocity of the bench slope during the time t (usually a month, a year); Qt is the
productivity of ELE when developing of the bench part with the width B during the same time; A C =SBy
(SBy is the area ofthe longitudinal vertical section ofthe bench panel); A=b¢ ¢ is the length ofthe bench
front); C=h (h is the bench height).

In expression

V/t = AB +C/t
the variable V/t represents the productivity of during (ELE) developing of rocks of the bottom horizon,

the values of A and B are constant, the variable C/t is the velocity (pace) of the quarry bottom deepening
(see fig.2b). It is determined by the formula:

u =Qt/AB =Qt/Sr, 4)

where Uy is the deepening velocity of the quarry bottom during the time t (usually a year); Qt is the
productivity of ELE when developing of the rocks of the current lower bench within the same time;
AB=Src (Src is the area of the middle horizontal section of the current lower horizon); A=bt ~¢ is the

length of the work front at the current lower bench); B = B@( 6~ is the width of the middle horizontal

section ofthe lower bench) (see figure 3).
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Figure 3 - Schemes to determination of the minimum values of Sr

For the normal development of mining operations in the quarry, which provides creation of
conditions for stripping the next underlying horizon, the current lower bench should have the necessary
working platform. Its dimensions are determined by the length ofthe work front Lj, and the total width B.

The minimum size ofthis platform S ” is different for the different subsystems of opencast development.

When the one-board development subsystem (figure 3a):
S T i +Bpm+B,n+\5(ctgx'+Ctgxg b , (5)

When the two-board development subsystem (figure 3b):
S*' z (b pT+2Bpn+3hctga)bd, (6)

where Bris the width ofthe transport (safety) berm; Bp.T is the width ofthe working trench on the stripping
horizon; Bp.nis the width ofthe working platform ofthe current lower bench; h is the height ofthe bench;
a', a is the slope angle ofthe non-working and working benches, respectively.

Thus, the maximum velocity (pace) ofthe quarry bottom deepening when the one-board development
subsystem is determined by the dependence:

N ™
\em +Bpm +Bpn +1,5h(ct«' +ctg« L
when the two-board development subsystem by the dependence:
n = Feemmemee- Qt . (8)
K] 1B, +2B  +3hctga \L

As is seen from (3), at a given height of the bench, Ep is regulated by changing the productivity of

excavating and loading equipment Qt and the length of the work front k¢ . Ifthe total length of the bench

front is fixed, which usually takes place in practice, the set goal is achieved by choosing the appropriate
type of ELE and a clear organization of its work.
When the deepening development system, to ensure the quarry’s set productivity in minerals and

stripping, it is necessary to control the value of both i, and v , i.e. maintain them on the appropriate
level. The values on each working horizon should provide that conditions (5-6) are met, and the values
uy should provide the development of mining operations into the depth (7, 8).

To increase the deepening pace ofthe quarry bottom Uy, as can be seen from (7, 8), it is necessary to

increase the productivity of ELE on the lower horizon using the methods mentioned above and to
minimize the area value Sc (see (5) and (6)). Moreover, the shorter the length ofthe developing block, the

higher the deepening pace vy.
Regulation ofthe values Eb and vy is dictated by the need for the planned execution of a set amount

of stripping and excavating operations. This should be reflected in the development project for a specific
deposit.
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Conclusions. The analysis of existing systems of the deposit development and their classifications is
carried out. It is noted that they do not explicitly reflect the essence of the generally accepted concept of
“system”.

Based on system analysis, a new definition of the system of the minerals opencast development is
given. It is justified that the system of the minerals opencast development is a complex of interdependent
and interconnected with each other the development, stripping and excavating workings, moving in the
quarry field within time, to extract rocks from the Earth bowels.

A new classification was designed of the systems of minerals opencast development. It is based on
the nature ofthe moving of the development, stripping and excavating workings in the quarry field - the
kinematic characteristics of moving of the elements of an opencast development system. This approach
has been used in the theory of opencast mining for the first time.

In the new classification, only three opencast development systems are accepted: continuous,
deepening and combined. In the direction of moving of the slopes of the working benches relative to the
axes and the contour of the quarry field, they are divided into subsystems: longitudinal, transverse, fan-
shape, ring-shape, in addition to the one-board, two-board, etc.

For the first time in mining science, analytical dependencies were derived to determine the velocities
of the working trench passing, of the bench face moving, the bench slope moving and the quarry bottom
deepening.

This work was carried out within the framework of the target program 2018 / BR05235618 “Moderni-
zation oftechnologies andproduction in the mining andprocessing industries o f the Republic o fKazakhstan”,
funded by the Ministry ofScience and Education ofthe Republic o fKazakhstan in 2018-2020.

b. PakbiweB
Satbayev University, Anmatbl, KasaxcTaH

MNAVAANBLI LA3BANAPAbLI ALLbLL NTEPY XXYWENEPIH HEM134EY
X3HE OJTAPAbLL XXAHA X1KTE/Y1

AHHOTaLMsa. TepMUHOMOIKA - ThiIbIM MEH TEXHMKaHbLL, 3p casacbiHAarbl NAAL, epekile Maubi3abl Kypamaac
6enw. TepMuHaepa”™ ybimgapabl 6ip MarbiHanbl aHbLTay YXKIHe TYCIHAIPY 3p TYPAi TEOPUANbL, XKIHE MPaKTUKaTbLL
MiHAeTrepai kapay Keswge LWbIHALIKTLI AypbIC Kabblngayra XaHe Aypbic WeLiM Kabbligayra biknan etear Hensas
aHbIKTaManap Tepk canjapnapra sken coragsl. Onap YVleni Tacingi mbicanbl, «maiifansl ka36anap KeH OpHBbIH
nrepy», «naiifansl kasbanapasl Urepy», «naiifans kas6anapabl urepy XYW enepi» aHe T.6. ybiMAapabl aHbIKTay
Ke3Bfe NaijanaHy Ken KTbIHAbIKTApAbl LUeLLesi.

OcblIraH bainaHbICTbl Naigansl Kazbanapfbl allblK Urepy Xynecll XaHa aiiKbliHAayAbl Herizgey YLUiH Xyieniw
TangayfblH CTaHAapTTbl Tacingepi nainganaHbingbl. Onap >Kep KolHayblHaH Tay >XbIHbICTapblH (nNaingansl Kasba-
nappbl) anyra apHanraH X3sHe 6ip-6ipimeH 6enrini 6ip KapbiM-KaTblHacTa 60MaTbiH Tay-KeH Ka3banapblHbIH Keinbip
XUbIHTbITbIHAH TypaTblH Kapbep O0ObBEKTICi PeTiHAe urepy >Xyhecll KapacTblpyra MyMKLWArkK 6epgi. OCbIHbIH
apKacblHAa Maiifansl Kasbanapfpl awbik urepy xYWeciH aHa fanengi aHblkTay TyXblpbiMganraH. Kes kenre
Xylere T3H KacueTTep: YibIM, KypbliablM, 6aiinaHbIC X3He (yHKUuMsAnap aHblKTanbiHraH. Maigansl kasbanapgbl
allblK Urepy >XynenepLuLl >aHa Xiktenyi xacangsl. Kemep KeHXapblHbIH KO3rany >blAaMAbIrbl, KEMep eHICiHiH
XbIDKYbI X3He Kapbep TY6iHiH TepeHgeyi aHannTukanbik TYPae Tabbingsl. OHgey xYWeci anemMeHTTepLly opbIiH
aybICTbIPYbIHbIH OCbl KWHEMATWKA/IbIK CUMaTTamanapbl OHbIH NapaMeTpepiH any - TUey XabAbIKTapbIHbIH €L ML -
riMmeH esapa 6aiinaHbiCTbipagbl.

Ocblinaiiia, GipiHWI peT e3apa TayenAi X3He e3apa 6aiiNaHbICTbl, XXep KOWHayblHaH Tay >XbIHbICTApPbIH any
YLWiH yakbIT iWiHAe Kapbep anaHblHAa OpblH aybICTbIpaTbiH AalblHABIK, apLly X3He eHAIpYy Ka3banapblHbIH XUbIH-
ThITbl Maifanbl kazbanapabl alwblK Urepy Xyiec 60nbin TabblnaTbiHbl HEN3A4eNreH. Tay-KeH rbilbIMbIHAA anrawl peT
Tay-KeH Ka3banapblHblH Kapbep anaHblH4a OpblH aybICTbIPYbIHbIH KUHEMATUKANbIK CunaTTamanapbl TeopUsbIK
TyprbifaH Tabbingpl.

YKaHa xoKTeme/e allblK 33ipneyAiH Tek Yi xYVleci raHa KabbingaHraH: TyTac, TepeHAETiNreH XaHe apanac.
Onap ojaH 3pi ocbTepre KaTbICTbl XYMbIC KeMep/epLuLy eHicTepiH aybiCTblpy 6arbiTbl 60MbIHLLA X3HE Kapbep
anaHblHbIH KOHTYPbI iWKi Xylienepre 6enlHreH: 60WNbIK, KeNAEeHEH, Xene, cakuHabl, KOCbiMLWa Tarbl 6ip 60pTThl,
ew 6opTThl X3He T.6.

Benrini agkTepfeH aHa Knaccupukauma KeH KazbanapblHbIH Kapbep anaHblHAa OpbIH aybICTbIpy CUMMNATbIH
€CKepeTLL, OHbIH aHblKTaMacbiHaH Tikefieil naliga 60naTbIHbIMEH epeKLUeneHesi.
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Ka3y xYWenepi naiigansl Kas6anap aTyblHblH HaKTbl Tay-KeH-reonorusbIK XarjaiinapbiMeH aHe Kapbep
anaHblH/Aa Tasanay Ka3banapblHbIH OPbIH aybICTLIPY CUMATbIMEH anabiH ana aHbikTanaael. 03ipneyain Rrni xYenepi
naiganbl kasbanapfblH opHanacy TYpiHe, mapameTprepiHe, XbIHbICTAPAbIH (DU3NKaNbIK-TEXHUKAbIK KacueTTepiHe,
Tayap/iblK eHIMHIH Tanan eTifeTiH canacbiHa >X3HEe K3CLIOPbIH XXYMbICbIHbIH 3KOHOMUKANbIK KepceTKilTepiHe
CYVieHe OTbIpbIN TaHganazei.

Maiiganel kas6anapAbl alblk urepy XYVeCiHiH YCbIHBINTAH XaHa XiKTenyi 3He KeH Ka3banapblH Kapbep
anaHblHa OPbIH aybICTHIPY/AbIH KMHEMATUKaNbIK cunaTTamManapbl KasbaHbiH Kiwi XYVlenepin, onapabliH napameTp-
Nepi MeH KepCeTKILITepPiH KeH any-Tuey XabAbIKTapblHbIH, KeMiK KypangapblHbIH XXYMbIC KeneMAepiMeH, allblK Tay-
KEeH >XYMbICTapbIHbIH TeXHOMOruAnapbiMeH esapa 6alinaHbICTbipa OTbIPbIN, Heri3gi TaHgayra MyMKIWATK 6Gepegi.
MyHfait WwewiMm Kapbep/e Tay-KeH XXYMbICTapblH Kayincis, »orapbl eHiMai, YHeMai opbiHAaYy bl KAMTaMachI3 eTeji.

TYWin cesgep: Kapbepnik anaH, naiifansl Kas6anapfbl alwbiK Kasy, naiigansl kasbanapfpl aliblk Kasy xYVeci,
onapAablH MOKTeny”™ KeH Ka3banapbiHblH Kapbep/hK anaHfarbl OPHbIH aybICTbIPY >KblNAamAbirbl, OCbl Xbl14aM-
ObIKTapAbl peTTey.

b. Pakunwes
Satbayev University, Anmatbl, KasaxcTaH

OBOCHOBAHWE CUCTEM OTKPbITOW PA3PABOTKW MONE3HbIX MCKOMAEMbIX
N NMX HOBAA KNTACCNOUNKALINA

AHHOTauus. TepMUHONOIUS - BaXkKHelillash COCTaBMAoLLas CneLutnUYeckoro A3bika 060 0Tpacnn Hayku u
TexXHUKW. OfHO3HAYHOe onpeaeneHne v TONKOBaHWe TEPMUHOB, MOHSTUI CNOCOBCTBYET NPaBUILHOMY BOCMPUATUIO
peasnii U NPUHATUIO BEPHbLIX PEeLleHUii MPU PacCMOTPEHUM PasNMYHbIX TEOPETUYECKUX U MPaKTUUECKMX 3adad.
Heo60CHOBaHHble OMpeeNieHns NPUBOAAT K HeraTUBHLIM MOCNeACTBUAM. OHM MOTyT 6biTb MPefoTBPaLLeHbl Mpu
CMONb30BAHUN CUCTEMHOIO MOAX0AA, Hanpumep, NpW onpeaeneHnn NoHATUI «pa3paboTka MECTOPOXKAEHNS Mones-
HbIX MUCKOMAaeMbIX», «pa3paboTKa MoesHbIX MCKOMaeMbIX», «CUCTEMbI paspaboTKM MOe3HbIX UCKOMaeMbIX» 1 ap.

B cBS3M C 3TUM [/ 060CHOBaHMS HOBOTO OMpeAeneHUsl CUCTEMbl OTKPbITOW Pa3paboTKW MOMe3HbIX MCKO-
MaeMbIX WCMO/b30BaHbl CTaHAAPTHblE MOAXOAbl CUCTEMHOrO aHanu3a. OHKM MO3BOMUAM PACCMOTPETb CUCTEMY
paspaboTKM KakK 06bEKT Kapbepa, COCTOSALMIA U3 HEKOTOPO COBOKYMHOCTU FOPHbIX BbIPaGOTOK, MpegHa3HaueHHbIX
AN N3BNEUYEHUsT TOPHbLIX Mopog (MOMe3HbIX WCKOMAaeMblX) M3 Hedp 3eMAM U HaxoaswWMxcs B ONpefeneHHbIX
OTHOLLEHUSX MeXay co6oil. Ha aToil 6a3e CHOPMyNMpPOBaHO HOBOE apryMeHTWPOBAHHOE OMpefeneHne CUCTEMbI
OTKpbITO pa3paboTKM Mone3HbIX MCKOMaeMblX. PackpbiTbl MPUCYLLVE €if, Kak No6oit cucTeMe, CBOCTBA: OpraHu3a-
UMs, CTPYKTYpa, CBS3M U (yHKuuM. Co3faHa HOBas KfiaccuuKauus CUCTEM OTKPbITOW pa3paboTKM MOMe3HbIX
MCKOMaeMbIX. AHaNMTUYECKM HalifleHbl CKOPOCTM MOABWXEHUS 3a60S ycTyna, NepemelleHns oTKoca ycTyna W
yrny6neHns 4Ha Kapbepa. 3TV KMHEMATWUYECKME XapaKTepUCTUKN MepeMeLieHUs 3N1eEMEHTOB CUCTEMbI pa3paboTKu
Ya4YHO B3aMMOYBSA3bIBAOT €€ NapameTpbl C MPOU3BOAUTENBHOCTLIO BbIEMOYHO - MOFPY304HOr0 060pYA0BaHMS.

Takum 06pa3oM, BriepBble 060CHOBAHO, YTO COBOKYMHOCTb B3alIMO3aBUCUMbIX M B3aMMOCBSI3aHHbIX MEXAY
co60i1 NoAroTOBUTENbHbIX, BCKPbILLHbBIX U 406bIYHbIX BbIPAGOTOK, NepeMeLlaloLnXcs B KapbepHOM Mose BO Bpeme-
HU 4N1S1 U3B/IEYEHNS TOPHBIX NMOPOJ M3 Heap 3eMAK NpeAcTaBAseT cob6oi CMCTEMY OTKPbITOW pa3paboTKM MonesHbIX
CKoMaeMblX. BriepBble B FOPHO Hayke TEOPETUYECKM HalifieHbl KMHEMATUUECKUE XapaKTepUCTUKU NepeMeLleHmns
FOPHbIX BbIPA6OTOK B KapbePHOM Mofe.

B HOBOV KnaccuuKaumy MNPUHSATO TOMbKO TPU CUCTEMbI OTKPbITOW paspaboTKW: ChnoLWHas, yrany6ouHas u
KOMGMHMpOBaHHasi. OHW fanee MO HanpaBneHUIO MepeMelleHnst 0TKOCOB pabounx YCTYMNOB OTHOCKUTENbHO OCeli 1
KOHTypa KapbepHOro rnons nogpasfeneHbl Ha MOACUCTEMbl: MPOAO/bHbIE, MOMEpPeYHble, BeepHble, KO/bLEBbIE,
[OMOMHNUTENLHO ellle Ha 04HOGOPTOBbIE, ABYX60OPTOBbIE U T.[.

HoBas Knaccugukauus 0T U3BECTHbIX MPUHLMMMANLHO OTAMYAETCS TeM, YTO Ha3BaHWUsS CMCTEM pPaspaGoTKM
HEenocpeACTBEHHO BbITEKAET M3 €e OMPeAeNeHns, YUMTLIBAIOLLEr0 XapaKTep NepemelleHnsi TOpHbIX BblpaGoToK B
KapbepHOM none.

CucTeMbl pa3paboTKU NpeaonpeaenstoTcs 3afaHHbIMU KOHKPETHbIMU TFOPHO-Fe010rMYeCKUMM  YCNOBUSMU
3aeraHums None3HbIX UCKOMAeMbIX U XapaKTepoM MepeMeLL,eHUst O4UCTHBIX BbipaGoOTOK B KapbepHOM none. Mogcuc-
TeMbl pa3paboTKM NoAGMPaloTCs Mcxoas M3 opMbl, MapaMeTpoB 3aneraHus MoMesHbIX WCKOMaeMblX, (U3UKO-
TEXHUYECKNX CBOICTB NOpof, TPe6yeMoro KayecTa TOBapHOI NPOAYKLMU 1 SKOHOMUYECKMX MoKasaTeneid pa6oTbl
npeanpusTus.

MpeanoXeHHble HOBas  KnacCU(MKaLWs CUCTEM OTKPbITOM pa3paboTKM  MOME3HbIX WCKOMAeMbIX W
KMHEMaTMYeCKMe XapakTepUCTUKN MepemMelL,eHMs TOPHbIX BbipaGOTOK B KapbepHOM Mo/e Mo3BoNSHOT 060CHOBAHHO
BbI6paTb MOACMCTEMbI PaspaboTKM, UX MNapameTpbl M TMoKasaTenun BO B3aWMOCBS3M C PaGouuMMy pasmepamm
BblEMOYHO-MOrPY304HOr0 060PYA0BaHMS, TPAHCMOPTHLIX CPEACTB, TEXHOMOMMM OTKPbITbIX FOPHbIX pa6oT. Takoe
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pelleHne obecrednBaeT 6e30MacHoe, BbICOKOMPOU3BOAUTENbHOE, 3KOHOMUYHOE BbIMOMHEHWE TOPHbLIX Pa6oT B
Kapbepe.

Kniouesble CfoBa: KapbepHoe Mofe, OTKpbITas Pa3paboTKa MofesHbiX MCKOMAaeMbIX, CUCTEMbl OTKPbITO
paspaboTKU MOMe3HbIX UCKOMAEMbIX, UX KNaCCUMUKALMA, CKOPOCTW MEpeMeLLeHUs TOPHbLIX BbIPAaGOTOK B KapbepHOM
none, perynnpoBaHme aTUX CKOPOCTENA.
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