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JUSTIFICATION OF SYSTEMS OF OPEN CAST DEVELOPMENT
OF USEFUL FOSSILS AND THEIR NEW CLASSIFICATION

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) of the
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 of the 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 of a 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 of the system of opencast development of minerals.

“Structure” is comprehended as the complex of the 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 of the 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 of a 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 of time. 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 of the benches).

Thus, in the proposed definition of a system of minerals opencast development, the assignment of the
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
of minerals opencast development is fundamentally different from the previously known ones [1-8].

New classification of the 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 of the moving of the system elements in plan and into the depth of the 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 of the 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 of the 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 of the 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.
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New classification of the 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

Continuous

Deepening

Combined The same, in different combinations

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 of the 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 of them.

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 of the moving of the elements
of the 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 of the development system are the height of the bench, the width of the working
trench (pit dimensions), the slope angles of the working benches, the stope width, the width of the working
platform, the length of the excavator block, the length of the 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 of the 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 of the 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 of these 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 of the 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 of the 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 of the bench (see fig. 2a). B and C are the constants.

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

v, =0/BC=0/, , (2)

where vs is the face shift velocity within the time t (usually a shift, day, month); Q. is the ELE productivity
when the block’s layer developing within the same time; B-C =Syy (S, is the cross-sectional area of the
bench (entry) panel); B=B, (Bs is the width of the 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, = (B, +hciga)h.

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

V/t =A-BJt-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 of the bench slope into the panel cross (see fig.2b). It is
determined by the formula:

v, =0,14C =0, /5, 3)

where vy is moving velocity of the bench slope during the time t (usually a month, a year); Q is the
productivity of ELE when developing of the bench part with the width B during the same time; A-C =S,y
(Ssy is the area of the longitudinal vertical section of the bench panel); A=Ly (L is the length of the 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:

v,=0,/4B=0Q, /S, &)

where vy is the deepening velocity of the quarry bottom during the time t (usually a year); Q; is the
productivity of ELE when developing of the rocks of the current lower bench within the same time;
AB=S.c (St is the area of the middle horizontal section of the current lower horizon); A=Lg (Lg¢ is the

length of the work front at the current lower bench); B= B_( B, is the width of the middle horizontal

section of the 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 of the work front Ly and the total width B.

The minimum size of this platform S." is different for the different subsystems of opencast development.
When the one-board development subsystem (figure 3a):

ST">le, +B, +B, +L5Hctgl +eig)| L, , (5)
When the two-board development subsystem (figure 35):
S" >(B,, +2B,, +3hciga)L,, 6)

where B; is the width of the transport (safety) berm; By is the width of the working trench on the stripping
horizon; B, is the width of the working platform of the current lower bench; h is the height of the bench;
o', a is the slope angle of the non-working and working benches, respectively.

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

o= - )
' [em +Bym+Bpn+ 1,5h(ctga’ + ctga)] L
when the two-board development subsystem by the dependence:
b - £ . ®)
"B, 2B +3hagalL

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

excavating and loading equipment Q and the length of the work front L, . If the 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 v, and v, i.c. maintain them on the appropriate

level. The values o, on each working horizon should provide that conditions (5-6) are met, and the values
v, should provide the development of mining operations into the depth (7, 8).
To increase the deepening pace of the quarry bottom v, 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 §_ (see (5) and (6)). Moreover, the shorter the length of the developing block, the

higher the deepening pace v, .

Regulation of the values U, and v, 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 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.

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 of technologies and production in the mining and processing industries of the Republic of Kazakhstan”,
funded by the Ministry of Science and Education of the Republic of Kazakhstan in 2018-2020.

b. PakbiieB
Satbayev University, Anmatel, Kasakcran

MAMJIAJIBI KA3BAJIAP/IbI AIIBIK UTEPY KYHWEJEPIH HETI3JIEY
JKOHE OJIAPJBIH )KAHA JKIKTEJIYI

AnHoTauusi. TepMHHOIOTHS — FBUIBIM MEH TEXHUKAHBIH Op CalachIHIAFbl TUILIH epeKIle MaHbI3/bl KypaMaac
6emiri. Tepmunaepai, yFeIMIapAb! Oip MarsIHATBI AHBIKTAY JKOHE TYCIHIIPY 9P TYPJIl TEOPHSUIBIK JKOHE MPAKTHKAIBIK,
MIHAETTEepAl Kapay Ke3iH/ae MIBIHABIKTHI AYphIC KaObIiIayFa kKoHe AyphIC memimMm KaObsuiaayFa pIknan ereai. Heriszei3
aHBIKTaMaJIap Tepic cangapiapra oken coransl. Onap Kyieni TOCUIAI MbICabl, «Maiiianbl Kazdamap KEH OpPHBIH
urepy», «Iaiaansl Kazoanapabl Urepy», «naiaaibl Kazdanapapl Urepy JKyHenepi» jkoHe T.0. YFhIMIApZAbl aHBIKTAY
Ke3iH/ie aii/ianany Kell KThIHIBIKTap/Ibl Ieme .

Ocplran OaiiyaHbICTBI MalIABl Ka30adapsl allblK Urepy XKYHeciH jKaHa alKbIHIay Ikl HeTi3[ey YLIIH KYHeIiK
TaJIAAyIbIH CTAHIAPTTHI Tacinaepi maiinamanbuiabl. Onap Kep KOWHAaybIHAH Tay JKbIHBICTApbIH (Maiijansl Ka30a-
Jap/bl) ajdyFa apHaIFaH jkoHe Oip-Oipimen Oenrini Oip KapbIM-KaThlHacTa OOJATBIH Tay-KeH Ka30aJlapbIHbIH Keioip
JKUBIHTBIFBIHAH TYPATBIH Kapbep OOBEKTiCI peTiHae Hrepy XKyHeciH KapacThIpyFa MYMKIHAIK Oepii. OCBHIHBIH
apKachlHa Naijansl KazdanapiAbl allblK WIepy JKYHECiH aHa IoNelni aHblKTay TYKbIpeIMuanrad. Kes kenren
JKYHere TOH KAacHeTTep: YHBIM, KYPBUIBIM, OalIaHbIC koHE (YHKIMSTIAp aHBIKTaNbIHFaH. [laiimamer xazOamapisl
aIIbIK UTepy KYHeNlepiHiH XKaHa XKiKTemyi skacanapl. Kemep KeH)KapBbIHBIH KO3Faly KBUITAMIBIFEI, KEMEp EHICIHIH
KBUDKYBI KOHE Kapbep TYOIHIH TepeHAeyl aHAIMTHKAJBIK TYple TaObulabl. OHJEY Kyieci 3JeMEeHTTEepiHIH OpbIH
ayBICTHIPYBIHBIH OChl KHHEMATHKAJIBIK CHIIaTTaMajiapbl OHBIH [TapaMeTPIIEPiH ajly — TUEY >KaObIKTapbIHBIH OHIMILTI-
riMeH e3apa OaiIaHbICThIPaIbI.

Oceputaiiina, OipiHIII peT e3apa Toyen[i oHe e3apa OalIaHBICThI, JKep KOHHAybIHAaH Tay >KbIHBICTAPBIH ajly
YILUiH yaKpIT illiHAe Kapbep aJaHbIHJA OPBIH aybICTHIPATBHIH JaWbIHABIK, aplly XoHE OHIIpY Ka30anapbIHbIH >KUbIH-
TBIFBI MaiIaIbl Ka30aIap/ibl alllbIK Urepy xKyiieci OOJbII TaObIIaThIHBI HETi3/1esreH. Tay-KeH FhIUIBIMBIH/A ajFall peT
Tay-KeH Ka30aJapbIHBIH Kapbep aJaHbIHa OPBIH ayBICTHIPYBIHBIH KHHEMAaTHKAJBIK CHIATTaMaapbl TEOPHSIIBIK
TYPFBLIAH TaObLIIBL.

JKaHa xikTeMene amrblk o3ipleyIiH TeK YII XXyheci FaHa KaOBUIIaHFaH: TYTaC, TEPCHICTUITEH JKOHE apaiac.
Omap omaH opi ochTepre KaTBICTHI JKYMBIC KEMEpIJIEPiHIH EHICTepiH aybICTHIpYy OaFbITHl OOWBIHINA JKOHE Kapbep
aJNaHBIHBIH KOHTYPBI IIIKI JKyiienepre OelliHreH: OOMIBbIK, KOJIZICHEH, JKelle, CAaKMHAIIbI, KOCBIMIIA TaFbl Oip OOPTTHI,
€Ki OOPTTHI XkKoHE T.0.

Beunrini omicrepieH jxaHa KiaccuUKalys KeH Ka30alapblHBIH Kapbep alaHbIHAA OPBIH ayBICTBIPY CHIATHIH
€CKepEeTiH, OHbIH aHbIKTaMaChIHAH TiKeJIeH Maiiia 00JaThIHBIMEH epeKILeICHE]I].
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Ka3y sxyienepi naiinansl Kaz0ajap >KaTybIHBIH HAaKThl Tay-KEH-TEOJOTHSUIBIK KaFJalapbIMEeH JKOHE Kapbep
aJIaHbIH/IA Ta3aJay Ka30aJapbIHBIH OPBIH AyBICTRIPY CHIIATBIMEH aJIbIH ajla aHbIKTana bl. O31pJeyaiH Kili xyienepi
naigansl Kazdanap/plH OpHaiIacy TYpiHe, napaMeTpliepiHe, )KbIHbICTapAblH (HU3NKAIBIK-TEXHUKAIBIK KaCHETTEPIHE,
TayapiblK OHIMHIH Tajal eTUIeTIH canachlHa JKOHE KOCIMOPBIH JKYMBICHIHBIH 3KOHOMHKAJIBIK KOPCETKIilTepiHe
CYHEHE OTBIPHII TaH1AJIa/IbL.

Maiinansl KazOanmapapl alIbIK Wrepy >KYWECiHIH YCHIHBUIFAH JKaHa JKIKTeNIyl jKoHe KeH Ka30alapblH Kapbep
aJlaHBIH/IA OPBIH ayBICTBIPY/IbIH KMHEMAaTHKAJIBIK CHIIaTTaMajiapbl Ka30aHbIH Killll )KyHeJlepiH, oNap/blH rnapamerp-
Jiepi MEH KOPCEeTKIIITEPiH KeH aly-THey >KaOabIKTapbIHbIH, KOJIK KYpajIapblHbIH KYMBIC KOJIEMIEPIMEH, alllbIK Tay-
KEH >KYMBICTapBIHBIH TEXHOJOTISUIAPEIMEH ©3apa OalmaHBICTBIpa OTBHIPHIIN, HETI3NI TaHAayFa MYMKIHIIK Oepemi.
MyHaif mrenriM Kapbepae Tay-KeH KYMBICTaApbIH KayiInci3, )KOFapsl OHIM/II, YHEM/II OPBIHAAYABl KAMTAaMAacChI3 eTe]li.

Tyiiin ce3aep: KapbepIik ajaH, Maigamsl Kaz0damapasl ammblK Kasy, Maimansl Kazdamapapl aliblK Kazy xKykeci,
OJIapIbIH KIKTelyl, KeH Ka30alapblHBbIH KaphepiliK ajaHIaFrbl OPHBIH ayBICTBIPY JKBUILAMIBIFBI, OCBHI JKbLIJaM-
JBIKTapIbl peTTey.

b. PakuuieBn

Satbayev University, Anmatel, Kasaxcran

OBOCHOBAHHUE CUCTEM OTKPBITOM PA3SPABOTKH IOJIE3HBIX UCKOIMAEMBIX
N X HOBAS KIIACCUOUKADIUA

AnnHoranus. TepMHHOIOTHS — BaKHEHIIAs COCTABIAIOMAs CIENU()UIECKOTO SI3BIKA JIFO00H OTpacid HAYKH U
TexHUKH. OZIHO3HAYHOE OIPEJICTICHUE U TOJKOBAaHUE TEPMHUHOB, MOHATHUI CIIOCOOCTBYET NMPABWILHOMY BOCIIPUSTHIO
peanuii ¥ NPUHATHUIO BEPHBIX PELICHUH IIPU PACCMOTPEHUH PA3IUYHBIX TEOPETHYECKHMX M TPAKTUYECKUX 3a/ad.
HeobocHoBaHHbIE ONpeneseHNsl MPUBOIAT K HETATUBHBIM TOCHEeACTBUAM. OHH MOTyT OBITh IPENOTBPAIIEHBI MPU
UCIIOJIb30BaHUH CHCTEMHOI'O MOJX0/ia, HAIPUMED, TPH ONPENSNICHUH TIOHITHI «pa3padoTKa MECTOPOXKIECHHS MOJIe3-
HBIX UCKOIIAEMBIX», «pa3pabOoTKa MOJIE3HBIX HCKOMAEMBIX», CHCTEMBI pa3paO0TKH MOJIE3HBIX UCKOMAEMBIX» U JIp.

B cBsi3u ¢ 3THM IS 0OOCHOBAHMS HOBOTO OIPEIECIICHUS CHCTEMbI OTKPBITOW Pa3pabOTKH IMOJIE3HBIX HCKO-
MAeMbIX MCIOJIb30BaHbl CTaHJAPTHBIE IMOAXOABI CUCTEMHOro aHamu3a. OHM TO3BONMIM PACCMOTPETh CUCTEMY
pa3paboTKu Kak 0OBEKT Kapbepa, COCTOSIIMNA U3 HEKOTOPOH COBOKYITHOCTH I'OPHBIX BBIPA0OTOK, peIHa3HAYEHHBIX
JUI W3BJICYEHHS TOPHBIX IOpOoJ (ITIOJIE3HBIX HMCKOMAEMbIX) M3 HeAp 3eMIIM M HaxXOISIIMXCS B OIpPEAEIEHHBIX
OTHOIIEHUX MeXIy coboil. Ha artoii Oase chopmynimnpoBaHO HOBOE apryMEHTHPOBAHHOE ONPENEIICHUE CHUCTEMBI
OTKPBITOH pa3pabOTKX MOJE3HBIX HCKOMAEMBIX. PacKpHITHI IpHUCYIIKE €, KaK 000 ccTeMe, CBOICTBA: OpraHn3a-
Ui, CTPYKTypa, CcBsi3u W ¢GyHKuuH. Co3maHa HOBas KIACCH(HKANNSA CHCTEM OTKPHITOH Pa3pabOTKH MOJE3HBIX
UCKOIAEMBIX. AHAINTHYECKH HANAEHBI CKOPOCTH MOJBIDKECHHUS 32005 YCTyNa, NMEPEMELICHUs] OTKOoca ycTyna U
yrayOneHus THa Kapbepa. DTH KHHEMAaTHYECKUE XapaKTEPHCTHKH MEPEMEIIEHHs 3IEMEHTOB CHCTEMbI pa3paboTKu
yZa4HO B3aUMOYBSI3bIBAIOT €€ MapaMeTPhl C IPOU3BOANUTEIBHOCTHIO BEIEMOYHO — OTPY304HOT0 000PYAOBaHUSI.

Takum 06pa30M, BIIEPBbIC OGOCHOBaHO, YTO COBOKYNHOCTH B3aUMMO3aBHCHUMBIX W B3aUMOCBA3aHHBIX MEKIY
€000 OATOTOBUTENBHBIX, BCKPBILIHBIX U TOOBIYHBIX BBIPAOOTOK, IEPEMELIAIONINXCS B KAPHEPHOM I10JI€ BO BpeMe-
HU JUUTsL M3BJICUEHHSI TOPHBIX TIOPOJ U3 HeAp 3eMJIM MPEACTABIsIET COOOH CHCTEMY OTKPBITOW pa3pabOTKH MOJIE3HBIX
HCKOMaeMbIX. BriepBble B TOpHON HayKe TEOPETUYECKH HaieHbl KNHEMAaTUYECKHE XAPAKTEPUCTUKH MEPEeMEILEHHs
TOPHBIX BEIPabOTOK B KAPHEPHOM IOJIE.

B HOBOW KiaccM(pUKAMK MPUHITO TOJIBKO TPH CHUCTEMBI OTKPBITOW Pa3pabOTKH: criowinas, yernybounas u
Kombunuposannas. OHU fanee MO HaNpaBICHUIO IEPEMENICHUS] OTKOCOB pabOYMX YCTYIIOB OTHOCHTENIBHO OCEH M
KOHTypa KapbepHOTO TOJISI IOAPAa3JeNiCHbl Ha IOJCHCTEMBI: IIPONOJIbHBIE, INOINEPEYHbIC, BECpPHBIEC, KOJIBIEBEIC,
JIOTIOJTHUTEIIBHO €11le Ha OAHOOOPTOBBIE, IBYXOOPTOBBIE U T.JI.

HoBas xiaccudukanust oT U3BECTHBIX NMPHHIMINAIBHO OTIMYAETCS TEM, YTO HA3BaHMS CHCTEM pa3pabOTKH
HETIOCPE/ICTBEHHO BBITEKAET N3 €€ ONPEAENICHHUS, YUUTHIBAIOIIETO XapaKkTep INepeMelIeHHs TOPHBIX BBIPaOOTOK B
KapbepHOM II0JI€.

Cucremsl pa3pa60TK1/1 npeaonpeacsIroTCsa 3aJaHHbIMU KOHKPETHBIMU TOPHO-I'€OJIOTMYECKUMU  yCIIOBUSAMUA
3aJICTaHUs TTOJIC3HBIX MCKOIMAEMbIX U XapaKTCPOM MEPEMEIICHUSA OYUCTHBIX BblpaGOTOK B Kapb€pHOM I10JIC. HOZ[CI/IC-
TEeMBbI pa3paboTKHU MOAOHpAroTCs MCXOIs M3 (OPMBI, NMapaMeTPOB 3AJIETaHHs IOJIE3HBIX HCKOMAEeMBIX, (H3HKO-
TEXHHYECKHUX CBOICTB IMOPOJ, TpeOyeMOro KauecTBa TOBAPHOW MPOAYKIMU M SKOHOMHUYECKHX MOKazaTeaeld paboTsl
HIPEATIPUSATHS.

[IpennoxeHHple HOBas KiIacCH(UKAIMA CHCTEM OTKPHITOW pa3pabOTKM TIOJIE3HBIX HCKOMAEMbIX H
KHHEMAaTHIECKUE XapPAKTEPUCTUKH NEPEMELICHNSI TOPHBIX BBIPAOOTOK B KAPhEPHOM IOJIE TTO3BOJISIOT 0OOCHOBAHHO
BBIOpaTh MOJCHCTEMBI DPa3pabOTKH, WX MapaMeTphl M IIOKa3aTed BO B3aMMOCBA3M C pabOYMMHU pa3MepaMu
BBICMOYHO-IIOTPY304HOTO 000pYZOBaHMS, TPAHCIOPTHBIX CPENCTB, TEXHOJOTHH OTKPBITHIX TOPHBIX padotr. Takoe
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pemieHne obecneunBaeT 0€30MACHOE, BBICOKONPOM3BOANUTEIBHOE, SKOHOMUYHOE BBINOJHEHHE TOPHBIX paboOT B
Kapbepe.

KioueBble ciioBa: kapbepHOE I0Jie, OTKpbITash pa3paboTKa MOJIE3HBIX MCKOMAEMBIX, CHCTEMBI OTKPBITOM
pa3pabOTKK MOJIE3HBIX UCKOMAEMBIX, UX KJIACCU(HKALMS, CKOPOCTH NEpeMEIleHHs] TOPHBIX BEIPaOOTOK B KAPHEPHOM
oJIe, PETYJINPOBAHUE 3TUX CKOPOCTEH.
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