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Purpose. Creation of a favorable geomechanical situation and estimation of economical parameters at the mining area accord-
ing to the selection of the relevant technical and technological justification and operating modes of the mechanized fastening based
on the planning of zones of variable stresses.

Methodology. Methods of mathematical modeling for determination of loads for fastening of mechanized complexes, experi-
mental studies on stressed-deformed state of the rock mass are applied, on the basis of which rational parameters of mining and
management mining pressure are formed.

Findings. Using the developed method of data geometrization, the lithological and geological structure of the rock mass was
restored on the intersections of the surrounding wallface two of preparatory workings. On this basis, a change in the stress-strain
state of a rock massif'is established. This makes it possible to set the loadings on the fastening of mechanized complexes. This ap-
proach establishes the mathematical dependencies that determine the zones of elevated and lowered mining pressure. For the
measure of transition, the so-called coefficient of lithological difference is defined. This parameter provides the possibility not only
to evaluate the geomechanical situation at the extraction site, but also to establish a marginal zone for the development of reserves
with traditional and radical technologies. An economic evaluation of the proposed technical and technological measures has been
held separately. The results of the research will allow justifying the effective mining of coal reserves in particular geological condi-
tions.

Originality. The dependence of the lithological difference formation of rocks and stresses of the rockmass to create conditions
for the development of the coal reserves has been established. An economic evaluation of the decisions was made using the well-
known methodology of UNIDO.

Practical value. Obtained results of experimental studies with precision sufficient for practical application can be used to deter-
mine the parameters of underground mining and provide an opportunity to extract the coal reserves at an economically suitable
level. The proposed technological solutions were checked in practical conditions for the development of the coal reserves at the site
of a DTEK company mine.

Keywords: data geometrization, lithological structure, coal reserves, traditional and radical technologies, economic evaluation

Introduction. Coal is the main fossil fuel used in power
generation. Coal makes about 70 % of world reserves of energy
resources [1]. In the context of the current production capac-
ities, Ukrainian coal-mining industry can operate effectively
for at least 200 years. Unfortunately, 65.9 % of all prospected
reserves are concentrated in seams whose thickness is less
than 1.2 m [2]. The fact that their majority is deposited in
slightly sloping seams is the feature of spatial location of the
deposits.

Moreover, reserves of mineral deposits experience their
constant increase which can be explained by gradual depletion
of more standard-quality and practical non-availability of new
operation enterprises [3].

World practices confirm the inexpediency of traditional
complex and machine mining of such reserves due to high cost
of coal extraction and insufficient safety of miners in the pro-
cess of underground operations [4]. For nearly a decade, dy-
namics of fuel and energy balance in the world will experience
significant changes. Coal as a component of energy feedstock
will play more important role [5]. That involves the improve-
ment of methods and technologies concerning the develop-
ment of thin and very thin seams. The increasing complexity
of extracting and drifting operations will factor into the chang-
es in facilities for all technological processes in mining [6].
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It is indubitable today that a fossil fuel share in fuel and
energy complex will grow constantly [7]. History of formation
and development of the coal industry in Ukraine has shown
that coal was, is, and will be a guarantor of sustainable devel-
opment of the country’s economy [8§].

The fact is included in the standards of the national econ-
omy development. Energy program of Ukraine for the period
until 2010 (Resolution of Verkhovna Rada of Ukraine of 15
June 1996 #191/196-130) stipulates 50 % coal share increase in
fuel and energy balance of Ukraine. Production activities of
coal-mining industry are accompanied by the involvement of
thin seams, and seam with complicated mining and geologi-
cal, hydrogeological, and geotechnical conditions. Mining
operations wave deepen which results in the rise of rock pres-
sure, gas emission and other negative dynamic phenomena.
That stipulates the necessity to apply comprehensive approach
while consolidating scientific potential and coordinating all
technological processes connected with coal extraction from
thin coal seams and very thin ones.

Literature review. In the technical literature, the methods
for determining the geometrization of the objects are high-
lighted fairly low. The formation of such systems for mining
conditions is practically absent and, mainly, they are related to
the issue of maps mining surveying. Therefore, the authors
make some corrections for the construction of the mathemati-
cal model, concerning, in the first place, the setting of the co-
ordinate system of reproducible geometric bodies.
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A well-known method of geometrization of deposits is to
reproduce planes of contacts, primarily of minerals, with the
help of isoclines of spatial arrangement. The development of
modern visualization methods makes it possible to significant-
ly expand the ways of representing and shaping all the compo-
nents of the lithological structure of the studied areas. The
simulation system should objectively reflect the level of min-
ing — geometric study of the formation [9]. They also have the
opportunity to adjust the overall picture of the mining in case
of obtaining additional data from the exploration wells of the
mine or in case of meeting by the extractive work the new ab-
normal formations.

Unsolved aspects of the problem. The possibility of present-
ing the rock mass during the underground coal seams mining
with the changeable geological and lithological structures, de-
termining the technological aspects of excavation by tradition-
al and non-traditional methods, also as the economical defini-
tion of the proposed solutions currently is poorly understood
[10].

Research requires introducing highly productive mecha-
nized complexes, as well as presenting the technologies of un-
derground coal gasification. The latest achievements of sci-
ence and technology are introduced with the purpose of study-
ing new methods for the coal seams extraction in different
geological conditions.

Purpose. Objectives of the article are to present the meth-
od of data geometrization for simulating the rock mass and
geomechanical situation for choosing a proper excavation
technique and technology at a profitable economic level.

Basic principles of data geometrization. The basic princi-
ples of data geometrization include simulation of a certain
simulated system. In this case, the geometric dimensions and
physical properties in the system of “natural object-model”
are clearly provided. Sufficiently complete basic principles of
such investigations are presented in [11]. According to prelim-
inary studies, lithological difference of coal-bearing formation
with related physical and chemical properties was simulated
with the help of mathematical dependences in the form of
corresponding-order polynomial curves
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where k|, — k; are empiric coefficients of mining and geological
structure of coal-bearing formation according to a site entry; i
is quantitative index of polynomial series; #ni is the number of
stiffness layers of coal-bearing formation; and L is the length
of extraction pillar (i.e. abscises in terms of Cartesian coordi-
nates).

Thus, it was also defined that the load applied to the i
area of extraction pillar is
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Component parameters of the dependence can be deter-
mined by the following expressions
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where k, is the total number of lithological difference layers
being analyzed (3 in our situation).

The stiffness coefficient of the system can be obtained as
follows

Bi=B-K - K,

where it is expedient to determine [ as being rock mass stiff-
ness coefficient for mining operations with the help of a math-
ematical mechanism proposed by professor Savostianov.
Therefore, the lithological structure coefficient involves
geometry-physical and mechanical parameters; they deter-
mine load applied to the support units (/, /, v;, B;, h;, v;) per
corresponding reduced values (/,, 11, W,y Byrs Ay 7,r) accord-
ing to which energy parameters of the powered systems used to
mine minerals under certain mining and geological conditions
are selected. Thus, we obtain the dependence
n= hi'Yi'li'thi'Bi ]
hkpr 'Ypr .lpr 'tg\vpr 'Bpr

To identify the coefficient as that to be used as a tool to
correct energy parameters of the powered system along extrac-
tion pillars, mine experiments were carried out. So this coef-
ficient is a valid parameter for correcting the fastening of the
mechanized complexes also as changing the traditional exca-
vating methods to unconventional ones.

At previous research studies much attention was paid to
the application of underground coal gasification technology in
faulting zones [12] as well as heat and mass balance study [13].
The application of this technology in different mining and
geological conditions is substantiated, ecological and eco-
nomic aspects of this technology are established [14].

Practical experience of data geometrization. Such studies
were provided for Pavlohrad group of mines of DTEK compa-
ny. We have proved the possibility of using the proposed math-
ematical mechanism to determine deformation characteristics
of rock mass in other mining regions [15]. As an example, we
consider the results of studies carried out in terms of one long-
wall in DTEK company.

The extraction pillar is contoured by site entries: boundary
entry (belt or ventilation entry) and belt entry. Coal seam c, is
mined by means of a stope (coal grade is DGk — Ukrainian
norms). The seam is of simple structure, relatively continuous
in its thickness; geological thickness is 0.76—0.97 m. Seam dip
is 0—3°. Immediate roof is represented by clay shales being
slightly metamorphosed rocks, with the thickness up to 1.3 m,
and belonging to rather unstable ones — B1—B2 (Ukrainian
classification). The main roof is represented by argillites of
general thickness up to 5 m belonging to rather unstable rocks
prone to fissuring — Al (Ukrainian classification).

The caving step of the immediate roof is: initial (/,)) —
0.8 m; following (/,;) — 0.5 m.

The caving step of the main roof is: initial (/,)) — 12—15 m;
following (/;;) — 7—9 m.

Floor rocks are represented by unstable rocks — P1 (Ukrai-
nian classification). They are prone to swelling and heaving.
Mine working depth is 120—180 m. Longwall operations are
mechanized by means of powered complex 1 KD — 80 with
powered support D 80. Coal shearer KA — 200 is a stopping ma-
chine. The scraper conveyor SP 251.14 transports loosened coal
along the longwall. Lower limit of the reaction of valve blocks of
hydraulic stands is adjusted for less than 320 Atm pressure to
provide efficient rock pressure control in the longwall. Pressure
range of high-pressure pump station is adjusted as follows: upper
— not less than 260 Atm, lower — not less than 220 Atm.

From the practical viewpoint, three-dimensional visual-
ization of each lithological difference of rocks is performed:
along the stop (axis X), the extraction pillar (axis Y), and deep
into the mass (axis Z). The following stage involves determi-
nation of basic characteristic zones of stress-strain state devel-
opment. The coal extraction process is accompanied by
changes in rock mass; these changes are quite easy to represent
by means of simulation models. They are an efficient mecha-
nism to make decisions as for mining operations and rock
pressure control. Fig. 1 demonstrates a fragment of a mine
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Fig. 1. A fragment of the mine plan

plan for this longwall. Using the principles developed [11], it
was determined that while calculating the load on powered
support units, mass of hanging rocks of general thickness being
4.1—-6.2 m. is taken; that meets the standards for determining
the required power parameters of a powered support. Contacts
of lithological difference and determination of the areas of cer-
tain layers were represented with the help of similar mathe-
matical mechanisms as in case of previous longwalls.

As a result of approximation, the following mathematical
dependences were obtained to represent the lines of lithologi-
cal difference of boundary (ventilation) entry:

L.y, =-0.25413 + 0.05084x — L.1E—0.4x> + 2,72E—0.7x -
—4.05E - 10x* = 2.91E — 13x° — 7.72E — 17x°, certainty is R*> =
=0.9781;

2.y,=0.049772 + 0.0512x — 1.05E — 04x? + 248E — 0.7x° —
- 3.7E -10x* + 2.7E — 13x> — 7.26E — 17x°, certainty is R?> =
=0.9942;

3.¥3=2.90005 +0.04797x — 1.01 E - 0.4x> +2.53E— 0.7 -
—3.84E — 10x* + 2.85E — 13x° — 7.78 E — 17x%, certainty is R? =
=0.9861;

4.y, =3.3992 — 0.01554x + 1.69E — 0.4x> — 3.8E — 0.7x> +
+2.31E—10x* + 3.97E — 14x> — 4.88E — 17x°, certainty is R?> =
=0.9831;

5. ys=8.25671+0.02436x+9.94E—0.5x2 - 2.01 E~ 0.7x> +
+ L.7E — 11x* + 1.6E — 13x° — 7.46E — 17x5, certainty is R> =
=0.9913;

6. yg = 22.15273 + 0.0262x + 2.1E — 0.5x* + 8.9E — 0.8x° +
+4.01E - 10x* + 4.25E — 13x° — 1.36 E — 16x°, certainty is R? =
=0.9854.

To represent lines of lithological difference for belt entry:

1. y; = =0.10091 + 0.04459x — 6.35E — 0.5x* + 1.85E —
—0.7x3 = 3.55E — 10x* + 2.99E — 13x° — 8.72E — 17x%, certainty
is R =0.9794;

2.y,=0.66546 +0.04485x — 5.84E — 0.5x> + 1.5E—0.7x° -
—2.84F — 10x* + 2.43E — 13x° — 7.19E — 17x%, certainty is R? =
=0.9885;

24

3.y;=1.02587 + 0.0713x — 2.55E — 0.4x? + 6.83E - 0.7x° —
—9.46E — 10x* + 6.27E — 13x° — 1.56 E — 16x°, certainty is R> =
=0.9932;

4.y, =1.6663 —0.03289x + 6.42E — 0.5x*> — 1.64E - 0.7x° +
+7.94F — 11x* — 4.22F — 14x° — 2.83F — 17x°, certainty is R> =
=0.9799;

5.ys=7.43181 —0.04191x — 5.53E - 0.6x> + 1.44E — 0.8x° —
— L49E — 10x* + 1.91E — 13x° — 6.66E — 17x°, certainty is R? =
=0.9911;

6.y=21.8129 - 0.01932x - 2.29E — 0.5x* + 3.59E - 0.7x* -
—8.87E — 10x* + 7.72E — 13x° — 2.28E — 16x°, certainty is R> =
=0.9727.

Results of the determination of lithological difference ar-
eas in terms of cross-sections of site entries as well as the coef-
ficient of area variation along the stope and extraction pillar
are presented in Table 1.

Numerical values of the coefficient of lithological struc-
ture show that their values are within the range of 0.5—0.8. It
demonstrates the fact that the use of powered complex 1 KD —

Table 1

Results of variation of the area of rock lithological difference
in terms of site entries of the presented longwall

Chzflnge m llthologlcal Change in lithological | Coefficient
difference areas in . g
Number o difference areas in of area
terms of ventilation ) .
) terms of belt entry, m* | variation, &
entry, m
1 1180.0 990.0 1.19
2 2210.0 1620.0 1.36
3 4210.0 3140.0 1.34
4 6520.0 7440.0 0.88
5 18420.0 16410.0 1.12
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80 is in complete compliance with mining and geological con-
ditions of the extraction pillar of longwall 172 in Samarska
mine, DTEK company.

Similar studies were carried out for other extraction pillars
(mentioned at the beginning of this chapter) of Lvivvuhillia SE
and DTEK company with the potential to use innovative min-
ing equipment. The obtained results are characterized by high
convergence of analytical calculations and full-scale experi-
ments. That makes it possible to draw conclusion on the fact
that practical use of advanced equipment by domestic manu-
facturers (KD — 80, KD — 90, KD — 99, KM — 137, their
modifications etc.) as well as by leading foreign producers of
mining facilities applied in Ukrainian mines (Bycyrus, BM,
Ostoj, Famur, Glinnik and others) with bearing capacity of
powered support units being more than 30—40 (in some cases
50) tf/m? removes all the support factor restrictions in the con-
text of the considered mining regions. Zones of increased rock
pressure of technogenic nature, geological disturbances, and
seams dangerous in dynamic and geodynamic phenomena are
the exceptions. In addition, there are individual cases of pow-
ered complexes with plough installations acting as an extract-
ing machine with advance rates more than 10—15 m/day.

However, facilities with supports M87, M87, M101, M103
and their modifications are the basis of the powered complexes
fleet used in Ukrainian mines; that is why the thesis research
was aimed at the use of those mechanization means.

Use of innovative mining equipment makes it possible to
increase coal extraction volumes up to 1000 t/day. In some
cases, the index reaches 3000—5000 t/day. Nevertheless, a
considerable amount of coal is left in abandoned and non-
commercial reserves being impossible to extract by means of
modern means of mechanical breaking. These are the condi-
tions for which drastic technology of underground gasification
is proposed.

One of the disadvantages of underground gasification is its
low productivity. It is possible to increase only by extensive
means — at the expense of increasing the number of gas gen-
erators operating simultaneously. The paper proposes to im-
plement compensation of that negative side of WUCG by
means of complex and mechanized coal extraction.

Synthesis of technologies to mine thin and very thin coal
seams within one mine makes it possible to solve a topical
problem of full coal reserves development [16]. That is the ob-
jective to bear in mind for comprehensive substantiation of
technological parameters of underground coal gasification
with a focus on rational composition of end power gas.

Basing upon the practice of mining equipment operation
as well as upon the analysis of the available developments
concerning the efficiency of powered complexes operation in
stopes in the context of flat seams and slightly metamor-
phosed rocks [16], it is possible to single out the following
zones as for the expediency to use facilities in terms of the
support factor:

- < 0.6 — economically inexpedient zone due to under-
loading of powered complexes;

- 0.6—0.8 — mining and technical provision meets mining
and geological conditions;

- 0.8—1.1 —itis possible to use powered complexes, if there
are additional support elements;

- > 1.1 — it is inadmissible to use mining equipment with-
out extra measures in terms of the support factor.

Zones of values of lithological structure coefficient being
less than 0.6 and more than 1.1 indicate the necessity to re-
place mining equipment. Taking into consideration the fact
that the research carried out in the framework of the paper
considers coal reserves occurring in slightly metamorphosed
rocks and use of increased temperatures in the process of well
underground gasification results in certain changes in meta-
morphic properties of the surrounding rocks, these are the
boundaries for which it is proposed to develop improved tech-
niques to extract coal with the help of WUCC.

Economic aspects. For selecting methods of economic
evaluation it was indicated that the equipment to mine coal of
the extraction pillar as well as mining technologies is a high-
budget investment project. Thus, capital investment should
involve comprehensive evaluation of the initiative expediency.
Actually, almost all the available approaches and mathemati-
cal mechanisms to evaluate investment attractiveness of min-
ing industry and the related industries are based upon the
methods developed by the United Nations Industrial Devel-
opment Organization (UNIDO) as early as in the 1970s. The
methods make it possible to collect necessary data for cash
flow prognosis and evaluate the project with the use of quanti-
tative indices [17]. Moreover, the methods help perform both
preliminary and complete feasibility evaluation of financial
initiatives and determine risks concerning their implementa-
tion [18].

Criteria to evaluate business projects relying upon the
standards, recommended by the UNIDO, are under constant
study and analysis of scientists since despite the methods are of
universal nature, they have controversies as for the calculation
of certain parameters connected with evaluation of cash flows.
A process of potential cash value reduction to their current
value is discounting. It helps to determine the amount of ac-
tual investment to earn profits in future.

Practically, the issue is determination of the current value
of the required capital investment [8§, 19, 20]. It is expedient to
make the calculations using a discount coefficient.

Our investment object is located at the territory of Western
Donbas. In terms of the project, it had to be implemented dur-
ing twelve months; actually, extraction of the longwall took
less time, i.e. 11 months. It is expedient to show the results,
obtained during each stage of the project planning and imple-
menting (Tables 2 and 3).

The data explain clearly that in case two actual results are
even better than that of target ones; moreover, profit is higher

Table 2
Target values of profit and cost for the examined longwall
Index Implementation period of the project, number of a month
1 2 3 4 5 6 7 8 9 10 11 12

Profit*, UAH, million 20.8 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 49.7 | 27.6
Cost™, UAH, million 111 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 57.3
Net profit/loss™*, UAH, million -90.3 | 37.1 37.1 37.1 37.1 37.1 37.1 37.1 37.1 37.1 37.1 | =29.7
Net resource profit/loss (with accruing -90.3 | =532 | -16.1 | 21.0 58.1 952 | 132.3 | 169.4 | 206.5 | 243.6 | 280.7 | 251
result), UAH, million

* Total profit is UAH 544.500 million;

“ UAH 294.400 million — budget cost; UAH 168.400 million — cost of key assets (i.e. powered system); UAH 126.600 million — operating

cost; UAH 57.300 million — cost to take the powered system out of service;

** UAH 251.100 million — target profit
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for a period being less than a month. To obtain reliable infor-
mation concerning actual value of the required capital invest-
ment and profits, it is necessary to refer to NPV resulting from
the project implementation. The rate of return is still 15 %.
Tables 4 and 5, and Fig. 2 demonstrate the calculation results
concerning discounting coefficient and NPV.

Research conclusions and recommendations. The obtained
research results help conclude the following:

- actual index of the total discounted profit turned out to
be by 20 % more than that of the target one. In this context,
NPV is positive in terms of target values and actual values.
Thus, the investment decision should be positive categorically.
The obtained indices are close-valued meaning that prepara-
tory period for the project implementation is well-staged;

- profitability index variation resembles NPV variation
since calculation of the criterion involves total NPV index
relative to the initial capital investment (i.e. cost of the pow-
ered system). The actual coefficient even turned out to be
more than the target coefficient by 20 %. The fact that profit-
ability index is more than 0 is the final criterion to make in-
vestment decision;

- the project payback period is similar in terms of target
values and actual values; it is 3 months.

Taking into consideration the data of economic evaluation
of investment project 3, one may conclude that the proposed
technical and technological solutions as for the extraction pil-
lar mining are the most attractive from the viewpoint of the
listed investment objects. However, the greatest advantage of

Table 3

Actual profit/cost indices for the examined longwall
Number of a month 1 2 3 4 5 6 7 8 9 10 11
Profit*, UAH, million 1.7 52.7 | 53.6 | 52.9 | 53,6 | 52.9 | 53.5 | 53.6 | 52.9 | 53.7 | 459
Cost™, UAH, million L1 | 12.6 12.6 12.6 12.6 12.6 | 12,6 12.6 12.6 126 | 57.3
Net profit/loss™*, UAH, million -91.4 | 40.1 41.0 | 40.3 | 41.0 | 40.3 | 409 | 41.0 | 40.3 | 411 | -11.4
Net resource profit/loss (with accruing result), UAH, | =91.4 | —=51.3 | =10.3 | 30.0 | 71.0 | 111.3 | 152.2 | 193.2 | 233.5 | 274.6 | 263.2
million

*UAH 545.000 million — total profit;

** UAH 281.100 million — total cost resulting from the project implementation by the mine; UAH 168.400 million — cost of key assets (i.e.
powered system); UAH 112.700 million — operating cost inclusive of the putting into operation of the powered system and its taking out of service;

“* UAH 263.900 million — target profit

Table 4
Net present value of the investment project (target values) for the examined longwall
Number of a month 1 2 3 4 5 6 7 8 9 10 11 12
Discounting coefficient (15 % 1.0 0.988 | 0.975 | 0.963 | 0.951 | 0.939 | 0.928 | 0.917 | 0.905 | 0.894 | 0.883 | 0.872
rate of return 15 %)
Discounted profit/loss, UAH, -90.3 | 36.64 | 36.19 | 35.74 | 35.30 | 34.86 | 34.43 | 34.01 | 33.59 | 33.18 | 32.77 | -25.90
million
Resource discounted profit/loss | —90.3 | =53.66 | —17.47 | 18.27 | 53.57 | 88.44 | 122.88 | 156.88 | 190.48 | 223.65 | 256.41 | 230.51
(with accrued result), UAH,
million
Table 5
Net present value of the investment project (actual values) for the examined longwall
Number of a month 1 2 3 4 5 6 7 8 9 10 11
Discounting coefficient (15% rate of return 1 0.988 | 0.975 | 0.963 | 0.952 | 0.94 | 0.928 | 0.917 | 0.905 | 0.894 | 0.883
15 %)
Discounted profit/loss, UAH, million —91.4 | 39.60 | 39.99 | 38.82 | 43.08 | 42.88 | 44.06 | 44.72 | 44.51 | 45.96 | -12.91
Resource discounted profit/loss (with accrued | —91.4 | —51.79 | —11.80 | 27.025 | 70.11 | 112.99 | 157.06 | 201.79 | 246.29 | 292.26 | 279.35
result), UAH, million
100 the three object investment is the following: implementation
- o i el N R e B e Y period is even shorter than the target period and profit of in-
¢ 50 % e o lo el elelele vestors is by 20 % greater compared with the planned profit.
= 0 i i\ Relying upon the research and supposing that real eco-
< ;2 3 4 5 6 7 8 9 10 1'1\. 12 nomic effect may achieve 10—20 % of target one, it is possible
i 50 b Number of a month to say confidently that monthly economic implementation ef-
= fect is UAH 1.2—1.3 million per this working area.
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Fig. 2. Dynamics of changes in the net discounted profit of the
value (target values and actual values):
1 — Discounted profit (i.e. NPV actual) UAH, million; 2 — Dis-
counted profit (i.e. NPV target) UAH, million
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Merta. CTBOpEeHHS CIIPUSATINBOI TeOMeXaHITHOI CUTYaIIii
Ta yCTAaHOBKA EKOHOMIYHMX IMapaMeTpiB Ha FipHUYOI00YBHil
NTBHULL 3aJ1€3KHO BiJl BiITOBIIHOTO TEXHIKO-TEXHOJIOTIYHO-
ro OOrpyHTYBaHHSI Ta PEXXMMiB pOOOTU MeXaHi30BaHOTIO Kpi-
TUIEHHST Ha OCHOBI TJIaHYBaHHS 30H 3MiHHOI HAIIPy>KE€HOCTI.

MeTtoauka. 3aCTOCOBaHi METOAU MaTeMaTUYHOTO MOJe-
JIIOBaHHS [UIS1 BUBHAYEHHSI HaBaHTaXKeHb Ha KPIiTUICHHS Me-
XaHi30BaHUX KOMILJIEKCiB, BAKOHAHI €KCIepUMEHTAIbHI J10-
CIIKEHHST HAIpyXeHO-1e(OPMOBAHOTO CTaHY MacHUBY, Ha
OCHOBI SIKUX c(pOpPMOBaHi pallioHaJbHI MapaMeTpu BEeAEHHS
TipHUYMX POOIT 1 yIpaBaiHHS TiPCbKUM TUCKOM.

PesyabraT. 13 BUKOpPUCTAHHSIM PO3POOJEHOIO METOMIY
reomMeTpu3sallii JaHux OyJOo TMpeAcTaBIeHO JIITOJIOT0-Te0JI0-
riyHy OyJIOBY MacUBY TipCbKUX IMOPiJ MO JAOBXWHI OTOYYIO-
YUX JIaBY JBOX MiArOTOBYMX BUPOOOK. Ha 11iii ocHOBI BcTa-
HOBJIEHA 3MiHa Hampy>XeHO-Ie(OPMOBAHOTO CTaHYy MAaCUBY
ripcbkux nopia. Lle no3Bosisie BU3HAYaTM HABaHTaXKEHHS Ha
KpirJIeHHsT MexaHi3oBaHUX KoMruieKciB. Lleit miaxin hopmye
MaTeMaTUYHi 3aJ1€XKHOCTI, 1110 JAI0Th MOXJIMBICTb BU3HAYATH
30HU MiIBUIIEHOTO 1 MOHMXEHOro TipChbKOro THUCKY. SK
KPUTEPIii IepexiTHOCTI BCTAHOBJIIOETHCS TaK 3BaHUI Koedi-
LHIEHT JliTosoriyHOI pizHuLi. Lleit mapaMeTp nae MOXJIUBICTD
He TIJIBKU OLIIHUTYU TeOMEeXaHiuyHy CUTYALIil0 Ha JOOYBHUX [Ti-
JISTHKaxX, aje il copmMyBaTu 30HU MEpexoay sl BiaIpalio-
BaHHS 3aIaciB 3 BUKOPUCTAHHSIM TPaAULIIHHUX i paguKaib-
Hux TexHosoriii. Oxpemo OyJja IpoBeleHa EKOHOMiuHa
OLIiHKA 3aIlpOIOHOBAHUX TEXHIKO-TEXHOJOTIYHUX PillleHb.
Pesynbpratt mociimkeHHs M0O3BOJSATh OOIPYHTYBAaTU edek-
TMBHE BIiJIpaLIIOBaHHS 3araciB BYTiJIJII B KOHKPETHUX I'eo-
JIOTIYHUX YMOBAaX.

HaykoBa HoBu3HA. BcTaHOB/IEHI 3a/1exkHOCTI hopMyBaH-
H$ TaHUX JIITOJIOTIYHOI Pi3HULI MOPiA i HAMPYXEHOCTI Tip-
CbKOTO MAacCHUBY [JISI CTBOPEHHSI YMOB BillpallloBaHHS Mdi-
JISHKM BYTUIbHUX 3anaciB. [IpoBeneHa eKOHOMiYHA OLliHKa
MPUIAHATUX pillleHb 3a JOMOMOIOI BilOMOi METOAMKH
UNIDO.

IIpakTiyna 3HaynMicTs. OTpUMaHi pe3yabTaTh eKCIepu-
MEHTaJIbHUX OOCIIIKEHb i3 JOCTATHBOI UIST TIPAKTUYHOTO
3aCTOCYBaHHSI TOUHICTIO MOXYTbh OyTH BUKOPUCTAHI JIJIsl BU-
3HAUEHHS MapaMeTpiB MiI3eMHOI PO3pOOKU i1 3a0e3reueHHs
MOXJTMBOCTI BUJIyYEHHS 3aMaciB BYTiJUIsl HA EKOHOMIYHO 10-
LIJTBHOMY piBHi. 3aITpOorIOHOBAHI TEXHOJIOTIUHI pillleHHS TIe-
peBipsIMCs Y MPakKTUYHMX YMOBax JUIsl po3poOKM 3araciB
BYTULIs1 Ha AutsiHUi maxtu komnanii I TEK.
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ean. Co3naHue 0JaronpusITHON TreOMeXaHUYeCKOM CH-
TyallMy ¥ yCTAHOBKA 9KOHOMUYECKUX ITapaMeTPOB Ha TOPHO-
TOOBIBAIOIIIEM YYACTKE B 3aBUCUMOCTH OT COOTBETCTBYIOIIIE-
0 TEXHUKO-TEXHOJIOTMYECKOTO OOOCHOBAaHUS W PEKMMOB
paboThl MEXaHU3UPOBAHHOTO KPEIJIEHUST Ha OCHOBE IUIaHH-
POBaHMSI 30H ITEPEMEHHBIX HATIPSIKCHMUIA.

Meronuka. [IprMeHeHbl METOIbI MATEMATUYECKOTO MO-
JIETUPOBAHUS Ui OMPEICICHUS TIPUXOMSIINXCS Harpy3oK
Ha Kpernb MEXaHM3MPOBAHHBIX KOMITJIEKCOB, BBITIOJHEHBI
9KCIEPUMEHTAIbHbBIC WCCICIOBAHUS HAIPsKeHHO-Iedop-
MHUPOBAHHOTO COCTOSIHMSI MAacCHBa, Ha OCHOBE KOTOPBIX
chOopMUPOBAHBI pallMOHAJBLHBIC TTapaMeTPhl BEICHUSI TOP-
HBIX pabOT U YIIpaBJICHNS TOPHBIM JaBJICHUEM.

Pesyabratel. C UCITOTB30BaHKEM Pa3pabOTAHHOTO METO-
Jla TEOMETPU3alUU JaHHBIX ObLIO MPEACTaBICHO JIUTOJIOTO-
re0JIOTMYECKOE CTPOEHIE MACCHBa TOPHBIX IIOPO/ IT0 JIJIMHE

OKPY:KaIOIINX JaBy IBYX MOATOTOBUTEILHBIX BEIpaboTOK. Ha
3TOIl OCHOBE YCTAHOBJIEHO U3MEHEHME HAMPSIKeHHO-1ehop-
MMPOBAHHOTO COCTOSTHMSI MacCHBa TOPHBIX TTOPOA. DTO TO-
3BOJISICT OMPEAESATh Harpy3Ky Ha Kpelb MeXaHU3UPOBAHHBIX
KOMIIEKCOB. DTOT MOAX01 (GOPMUPYIOT MaTeMaTUUECKUE 3a-
BUCUMOCTH, KOTOPBIE JAlOT BO3MOXHOCTb OIPENeIsITh 30HbI
MMOBBIIIICHHOTO ¥ TTIOHMKEHHOTO TOPHOTO JaBjieHus. B kave-
CTBE KPUTEPUSI TIEPEXOAHOCTH YCTAaHABIMBAETCS TaK Ha3bIBa-
eMBIi KO3 (HUIIMEHT JIMTOJIOTMYECKOM pa3HOCTU. DTOT Iapa-
METp JaeT BO3MOXKHOCTb HE TOJIBKO OLIEHUTh TeoMeXaHuJe-
CKYIO CUTYallHIO Ha TOOBIMHOM y4acTKe, HO U c(hOpMUPOBATh
30HBI Miepexoa il pa3pabOTKU 3aMacoB C UCIIOJIb30BaHUEM
TPAIUIIMOHHBIX W paIVKaJbHBIX TeXHOJOTHIl. OTIeIbHO
Obl1a TIpOBedeHAa SKOHOMHWYECKasl OLIEHKa MpeiaraeMbix
TEXHUKO-TEXHOJIOTUIECKMX pellieHWi1. Pe3ybpraTel nccieno-
BaHUS MO3BOJIAT 000CHOBATH (P(PEKTUBHYIO OTPaOOTKY 3a-
ITacOB YIJISI B KOHKPETHBIX TEOJIOTMYECKUX YCIOBUSX.

Hayunasa HoBU3HA. YCTaHOBJEHbBI 3aBUCUMOCTH (hOpMHU-
pOBaHUSI JaHHBIX JIMTOJOTUYCCKOM pa3HULIBI TTOPOJ W Ha-
MPSKEHHOCTU TOPHOI'O MaccuBa Il CO3aHMsl YCIOBUI OT-
paboOTKHM ydacTKa YroJbHBIX 3amacoB. [IpoBeneHa 5KOHOMMU-
yecKasl OLEeHKa MPUHSTHIX PELIEHUI C MTOMOILbIO U3BECTHOM
metoguku UNIDO.

IIpakTiyeckas 3HaYUMOCTb. [lojydyeHHbIE pe3yJabTaThl
SKCMEPUMEHTAIBHBIX HMCCICIOBAaHUN € DOCTAaTOUYHOM JIJIsT
MPaKTUYECKOTO MPUMEHEHHUsI TOYHOCTbIO MOTYT OBITb MC-
TOJIb30BaHBI JIJIST OTIPEACSICHUS TTapaMeTPOB MOA3eMHOM pa3-
paboTKM 1 obecreyeHUsI BO3MOKHOCTU U3BJIEUCHHUSI 3a11acoB
yIJIST HA 5KOHOMUYECKH IlieJiecoobpa3sHoM ypoBHe. [Ipemio-
JKEHHBIE TEXHOJIOTMYECKNE PELICHUST TPOBEPEHbBI B MPAKTH -
YECKUX YCIOBUSIX IUISI pa3pabOTKHU 3aImacoB YIJIST HA y4acTKe
mwaxtbl Kommnanuu JJTOK.

KioueBbie ciioBa: eeomempusauuss 0aHHbIX, AUMOA02UYE-
CKoe cmpoeHue, Y20AbHble 3anacsl, MpaduyuoHHble U paduKaib-
Hble mexXHoA02UU, IKOHOMUYECKAsl OUeHKA

Pexomendosano 0o nybaikayii  0okm. mexH. HAYK
1. A. Kosanescovkor. Jlama nadxodcenns pykonucy 15.12.18.
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