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UTILIZATION OF THE SECONDARY RESOURCES
OF TITANIUM-ZIRCONIUM PITS WHEN CONSTRUCTING HIGHWAYS

Purpose. To develop a methodology for determining the economically feasible distance of construction sand haulage, which is
a secondary raw material of ore pits, to highway construction sites in comparison with the delivery of sand from mining enter-
prises of building materials, taking into account land conservation indicators.

Methodology. The research used a set of methods: analytical method — to establish the main technical and economic indicators
that affect the cost of delivering sand from the mining enterprises to the road construction site; technical and economic analysis —
to determine the influence of the building materials haulage distance on the cost of construction works.

Findings. The economically permissible haulage distance for sands form titanium-zirconium mining enterprises to highway
construction objects was established in comparison with the involving of sands from deposits of building materials. It has been
proven that under the conditions of using the sands of the Motronivskyi MPP, where the main raw material is titanium-zirconium
ores, in addition to the economic effect of the mining waste disposal, there is an ecological effect of reducing the dumps and tail-
ings areas. At the same time, the cost of sand rocks during the construction of the road surface will be reduced by 3 to 60 %, de-
pending on the distance to the construction road site. All together, the area of lands saved from being disturbed by new mining
operations will reach 3.3 hectares during the construction of a 2.5 km long category I-b road section.

Originality. Dependence was established of the sand cost and its delivery to the object of new highway construction on the
materials haulage distance when purchasing sand at the enterprise of the main raw material and from the titanium-zirconium de-
posit, where it is developed as an associated raw material. The dependence of the economic efficiency indicator of the road con-
struction on the increasing distance of sand rocks delivery from the titanium-zirconium deposit was determined, which allows
justifying the rational haulage distance according to technical and economic indicators.

Practical value. The developed method for determining the effective haulage distance for sand rocks to the construction site
allows one to calculate the expediency of involving associated minerals of ore pits during the reconstruction and construction of
new highways, as well as to establish the effect of resource conservation due to the reduction in the area of mining facilities during
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the extraction of ore and building raw materials.

Keywords: motorway, quarry, sand, haulage distance, secondary raw materials, economic efficiency

Introduction. Ukraine has an extensive network of high-
ways with the overall length of more than 169,000 km. A sig-
nificant part of these roads is physically and morally outdated,
and almost 85 % of their total length required major repairs in
the pre-war period [1]. The main problem is that the condition
of the road surface does not meet the modern requirements of
automobile traffic, and the congestion of cars and trucks on
the roads is constantly increasing. This emphasizes the topi-
cality of intensifying the reconstruction of Ukraine’s road in-
frastructure and the significant demand for raw materials used
in building works.

The issue of road repair and reconstruction in Ukraine has
become particularly acute as a result of large-scale military op-
erations that have resulted in damage or complete destruction
of highways. As of December 2022, more than 25,000 km was
damaged or destroyed, of which more than 9,000 km was state
roads. These roads need to be restored in the first place, be-
cause their condition influences the provision of economic
activity and transport connections between settlements and
enterprises [2].

The speed of the transport infrastructure restoration is pri-
marily related to the volume of funding for the specified works,
as well as sufficient volumes of construction materials. As is
known from the practice of highway construction, up to 70 %
of their cost is material costs, of which 40 % is haulage costs.
This determines the need to reduce transport routes from
quarries to road construction sites in order to optimize the
company’s costs [3].
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In addition to providing construction facilities with local
raw materials, issues of resource conservation also arise when
developing quarries of building raw materials, since this pro-
cess leads to the emergence of a significant number of small
quarries and the violation of the natural land condition. In this
regard, the importance of establishing effective parameters for
the use of secondary sand and clay raw materials in the con-
struction of roadbed for new highways, which is found in large
volumes in overburden and containing rocks of titanium-zir-
conium pit, is increasing [4].

The efficient use of associated minerals from the ore pit in
the construction of large road facilities largely depends on eco-
nomic indicators, which are determined by the distance of
materials haulage. This indicator, in turn, directly affects the
number of the road trucks, the composition of service person-
nel and the cost of building works. Therefore, there is an ur-
gent task of developing a methodology for determining the
economically feasible distance of construction materials haul-
age, which are secondary raw materials of ore raw material pits
to highway construction objects in comparison with the deliv-
ery of sand from building materials quarries, which will take
into account land conservation indicators.

Literature review. The world experience of using produc-
tion waste from various industries in the construction of high-
ways confirms the relevance of this research direction. The
closest technical solution to the use of resource-saving tech-
nologies in the construction of highways is the utilization of
ash and slag as aggregates in construction works. The use of
this secondary raw material allows one to significantly reduce
the cost of construction and increase the environmental
friendliness at the production processes of other industries.
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The experience of slag disposal confirms a 30 % reduction in
the cost of road construction work. Uses of ash and slag waste
are found both in the USA and in Europe, and an example of
the successful implementation this experience is the construc-
tion of the Eisenhower Expressway in Chicago or the highway
bridge in Denmark [5].

The research conducted by the European Business Asso-
ciation (EBA) in 2016 made it possible to establish that
30.4 million tons of ash and slag products were generated at
EU thermal power plants, of which more than 13.5 million
tons were disposed (30 % of the total volume) [6]. In the Eu-
ropean Union, the formation of ash and slag was reduced by
43.2 % due to the reduction in the production of coal-fired
power generation during 2013—2016. The lack of these raw
materials led to the fact that some EU countries (for example,
the Czech Republic) began to import them to be used in vari-
ous construction areas and to reduce the cost of road con-
struction [7].

Statistical data allow establishing the fact that in 2020,
Ukraine exported up to 40,000 tons of ash and slag materials
[8]. It is worth noting that in the country itself, the demand for
this type of secondary raw material is minimal, despite the suc-
cessful experience of using this raw material in the highways
construction. This confirms the underestimated importance of
secondary raw materials in our country, while the demand
from Europe will constantly grow due to the further reduction
of coal generation. It is important to note that the supplier of
aggregates for construction mixes and road surface construc-
tion the should be located at an economically feasible distance
from the construction site, so the use of ash and slag waste may
not always be effective from the point of view of haulage costs.

There is extensive experience of the industrial waste use in
road construction in the developed countries of Europe, in-
cluding Poland. The difference between the waste manage-
ment systems of our countries lies in the conservatism of the
road construction field and the lack of experience in road con-
struction using production waste [9]. In addition, the promo-
tion of the industrial waste use in road construction is not en-
shrined in legislative documents.

The experience of the EU confirms that the use of indus-
trial waste in the highways construction is a component of the
circular economy principles, the goal of which is the maxi-
mum utilization of industrial waste [10]. It is proposed to con-
sider waste as a secondary raw material, or a resource for vari-
ous branches of construction, which corresponds to the prin-
ciples of the closed cycle economy [11].

This issue is especially relevant in our country, since up to
97 % of all solid waste is generated by heavy industries [12]. The
rest of the waste is solid household waste. Therefore, the issue
of solid industrial waste disposal in Ukraine has the greatest po-
tential in the implementation of the environmental protection
tasks and decreasing the violation of land resources, as well as
reducing costs for the construction of large infrastructure facili-
ties. In this regard, the success of the mentioned technologies,
which have been tested in foreign practices, is a confirmation
the perspective of the mentioned research direction to achieve
sustainable ecological, economic, and social effects [13].

In order to legalize the use of slags of metallurgical pro-
duction in the construction of highways in Ukraine, DSTU
9043:2020 was developed and implemented, which regulates
the production of crushed stone products from secondary raw
materials. The specified standard takes into account already
existing standards from “Nature Protection”, “Labour Safety
Standards System”, as well as a significant list of building ma-
terials standards. The standard was put into effect in 2020 and
made it possible to activate resource saving processes by using
metallurgical slags in road construction.

In addition to slag and ash slag of thermal power plants,
Ukraine has large volumes of industrial waste in the form of
sand and crushed stone, which are contained in the overbur-
den of ore quarries and can be used in the construction of

highways [14]. In contrast to the use of ash and slag materials,
the use of mining rocks from pits of ore or buildings raw mate-
rials can be carried out with additional evaluation and explora-
tion of associated minerals, placing them on the government
balance and including their extraction in the development
project.

Compliance with this procedure will not only allow the
enterprise to obtain additional profit, but also to reduce the
area required for the formation of new dumps, to reduce the
volume of sand and crushed stone extraction at the quarries of
building materials. Under favourable conditions, this will also
allow the release of land areas occupied by man-made forma-
tions with significant volumes of secondary raw materials that
have been accumulated for decades [15].

The mentioned problem is exacerbated by the fact that in
Ukraine, metallurgical slags (up to 50 %), ash slag materials
(up to 30 %), and the use of sand and crushed stone from ore
quarries do not exceed a few percent of the total volume [16].
This is connected both with the complex procedure of placing
production waste on the balance sheet for their further selling,
and with a certain lack of experience in the use of such raw
materials in construction works.

According to the estimates of the European Business As-
sociation, replacing a third of crushed stone with slag materials
would save up to UAH 420 million according to the volumes of
road construction in 2020. In the case of using the same vol-
umes of ash and slag, the potential saving of budget funds
could amount up to UAH 500 million [17]. The ecological and
social effect during the calculations was not considered, but in
accordance with the reduction of land areas affected by indus-
trial waste, these indicators would be significant.

The world experience of using certain industrial waste in
building when constructing highways, bridges and transport
communications confirms that the use of secondary raw mate-
rials is a key to reducing the negative impact on the country’s
ecological condition [18]. Therefore, the disposal of industrial
waste is an urgent task, the solution of which will allow in-
creasing the indicators of land and resource conservation, in
accordance with the European trend of circular economy [19].

The analysis of the existing scientific and research works
made it possible to establish that increasing the efficiency of
resource conservation at the surface mining during the high-
ways construction is possible by using the following techno-
logical solutions:

- reorientation of the basic minerals consumption from
building materials quarries to similar minerals from industrial
waste, including overburden rocks;

- reduction of mineral raw materials losses during mining,
processing and beneficiation;

- recycling of waste and contained rocks in the building
industry;

- reducing the area of disturbed land for the placement of
external dumps and tailings by involving them in the construc-
tion industry;

- reducing the negative impact on the environment.

Therefore, the use of overburden rocks from ore quarries in
the highways construction results in the issue of economic fea-
sibility, since the haulage distance can reach up to 70—90 km,
which significantly increases the construction cost and can ex-
ceed the cost on sand extracted from building material quarries.

It should be taken into account that the determination of
the sand rocks utilization efficiency from the ore pits will also
have additional environmental and economic effects. They
will be obtained at the expense of slowing down the growth of
the tailings storage area of the ore pits, as well as reducing the
area of disturbed land during the surface mining of sand in the
building raw materials quarry.

The purpose of paper is to develop a methodology for de-
termining the economically feasible haulage distance for con-
struction sand, which is a secondary raw material of ore pits,
to highway construction objects in comparison with the deliv-
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ery of sand from mining enterprises of building raw materials,
taking into account land conservation indicators.

Methods. To achieve the purpose, the analytical method of
research was used to establish the main technical and econom-
ic indicators that affect the cost of delivering sand rocks to the
construction site, taking into account delivery cost, as well as
the method of technical and economic analysis to determine
the economically feasible range of sand rocks haulage at the
cost of construction work taking into account the indicators of
reducing the land disturbance areas during the development of
ore pits and building materials quarries.

Results. The development of the methodology for determin-
ing the economically feasible haulage distance for sand rocks
from titanium-zirconium pits to the road construction site is
based on establishing the dependence of the haulage distance for
sand rocks on the output of road dump trucks. To determine the
influence of the haulage distance of mining rocks on the produc-
tivity and number of dump trucks at the road construction site,
the range of distances from 10 to 160 km was considered. The
volume of raw materials that must be transported by road trucks
from the pits and quarries to the construction site is 500,000 tons.

During the research, the most common brands of Ford
dump trucks were used with a haulage capacity of 21—26 tons;
they are used in the construction of highways in Ukraine. The
results of studies on the impact of haulage distance on the an-
nual output of Ford 4142 D and Ford 3542 D dump trucks
with a carrying haulage capacity of 21 and 26 tons, respective-
ly, are shown in Table 1.

According to the obtained research results (Table 1), the
haulage distance for sand rocks is an extremely important in-
dicator that affects the cost of building raw materials at the
construction site.

It was established that when the haulage distance increases by
16 times from 10 to 160 km, the productivity of dump road trucks
will reduce by 8.6 times from 203.1 to 23.5 thousand t/year for the
Ford 4142 D dump truck, and from 251.5 to 29.1 thousand t/year
for the Ford 3542 D. This reduction in productivity will lead to
the need to increase the number of vehicles by 7.3 to 9.0 times for
Ford 4142 D and Ford 3542 D dump trucks, respectively.

Asaresult, at the delivering of the same volume of sand from
pits located at different distances from the road construction
site, it is necessary to involve a different number of service trucks.
When the haulage distance of construction materials increases,

Table 1

Characteristics of the dump trucks operation during the
construction of highways

Vehicle

g Truck driving productivity, Number of
E time, min thousand tons/ trucks, units
] year
Ef’ a a o) ) o a)
= T N koo T N helo] T N kol

= < = <t = < = <t = < = <t
tE|EF |5 | EF |22 | &5 | €17
10.0 29.4 251.5 203.1 251.5 3.0 2.0
25.0 51.9 142.6 115.1 142.6 5.0 4.0

40.0 74.4 99.5 80.3 99.5 7.0 6.0
55.0 96.9 76.4 61.7 76.4 9.0 7.0
70.0 119.6 61.9 50.0 61.9 10.0 9.0
85.0 142.1 52.1 42.1 521 12.0 10.0
100.0 164.6 45.0 36.3 45.0 14.0 12.0
115.0 186.9 39.6 32.0 39.6 16.0 13.0
130.0 209.4 354 28.6 354 18.0 15.0
145.0 2319 31.9 25.8 31.9 20.0 16.0
160.0 254.4 29.1 235 29.1 22.0 18.0

the productivity of dump trucks will decrease, which will lead to
an increase in their number, an increase in the price of mineral
raw materials and the total cost of construction works.

The determined indicators of productivity and the re-
quired number of dump trucks to perform the given amount of
work (Table 1) allow making a further calculation of technical
and economic indicators for comparing the efficiency of trans-
porting sand to the construction site from the pit of the main
and associated raw materials, taking into account the of re-
source conservation indicators.

In most cases the use of sand from titanium-zirconium pits in
the construction of roads will lead to an increase in logistics costs,
which is associated with a raise in the haulage distance compared
to the use of sand from quarries of building raw materials which
are located at a small distance from the construction site.

To determine the economic feasibility of transporting sec-
ondary raw materials from titanium-zirconium pits to con-
struction sites, the change in the cost of building raw materials
when replacing the supplier from a local sand quarry to a pit of
associated raw materials, was investigated. It should be noted
that the average distance from the quarry of building materials
to the construction site is assumed to be 10 km, while the dis-
tance from the titanium-zirconium pit of the Motronivskyi
MPP to the section of the road under construction is 85 km.

According to the previously established indicators (Ta-
ble 1), when the haulage distance increases by 8.5 times from
10 to 85 km, the productivity of the Ford Trucks 4142D dump
truck will decrease by 4.8 times from 202 to 42 thousand tons
per year. Thus, to haulage a given volume of sand (500,000
tons) it will be necessary to increase the number of used dump
trucks by 5 times, from 3 to 15, which will lead to a significant
increase in the cost of construction materials for the customer.
This is due to an increase in capital and operating costs for
maintaining an additional number of trucks.

On the other side, the use of sand rocks as a secondary raw
material for the construction of highways roadbed will allow ob-
taining the following economic and environmental advantages:

- decrease in the cost of purchasing secondary raw materi-
als in contrast to the cost of sand in a building materials quarry;

- reduction in land areas required for placement of mining
waste in tailings and dumps at the titanium-zirconium pit de-
velopment;

- reduction in land disturbance areas by open development
in non-ore quarries where sand is mined.

That is, in addition to economic advantages, the applica-
tion of the proposed technological solutions in the highways
construction will have significant environmental and social ef-
fects, which are achieved due to resource conservation [20].
The first will consist in reducing the negative impact on the
environment, which is related to the disposal of significant vol-
umes of mining waste when placed into the dumps and tailings,
with dusting surface for decades [21]. The second advantage
will occur due to a reduce in the consumption of sand, as the
main raw material of building materials quarries, which will
lead to a decrease in the land disturbed by surface mining [22].

In some cases it will be possible to discard the building of a
new quarry of low productivity, which will ultimately have a
positive effect on the environment, ensure the improvement of
living conditions for people, and also create conditions for in-
creasing the number of new jobs related to the processing and
use of secondary resources.

When evaluating the effectiveness of the involvement of
secondary raw materials from titanium-zirconium pits in the
highway construction, not only the indicator of the haulage
distance of construction raw materials and its purchase cost,
but also the economic effect of land conservation and environ-
mental protection will be taken into account.

To solve this problem, a method for determining the eco-
nomically feasible distance of transporting sand from titanium-
zirconium pits to the road construction object is proposed, tak-
ing into account the purchase price of sand from building ma-
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terials quarries [23], the cost of delivering mineral raw materi-
als to the construction object and resource saving indicators.

The specified method will allow taking into account cost
savings from the slowing down of the dynamics of the increase
in the tailings pits area of associated raw materials and land dis-
turbance by surface mining of building materials quarries. Cal-
culation of indicators of the actual cost of sand for the construc-
tion site is proposed to be performed in the following sequence:

1. The total working time of dump trucks is determined
according to their number

Ta:Na'Tcm.Ncm'Nra (1)

where N, is the number of dump trucks, units; 7, is working
shift time, hours; N,,, is the number of work shifts per day; N,;
is the number of working days on the site.

2. Operational costs OPEX for maintaining a park of dump
trucks are determined

n
OPEX =) HCK,, )

i=1
where 7 is the number of consumables types; H; is consump-
tion of material of the i type, ton; C; is the cost of material of

the i type, UAH; K;is the coefficient of haulage costs.

3. The annual costs are established for operating the mate-
rial assets that are used when transporting sand from the pits to

the construction site
100+
Ba- 2
A= 100

T

where Ba is the cost of the equipment, UAH; i, is annual loan
rate, %; T is the period of useful operation of the equipment,
years (machines with internal combustion engines — 7 years).

4. The cost of sand haulage from the pit to the road con-
struction site is determined

, 3)

Cr=—pt- )

where Cyis the total cost of sand haulage, UAH; Q is the total
volume of transported sand, i.e.

5. The cost of the sand including the delivery to the road
construction site during truck haulage from mining enterprises
is calculated for:

- building materials quarries

Ci=Cp + Ep; (&)
- titanium-zirconium pits
C,=Cp+ Ep, (6)

where Cp, is the market value of sand at the quarry of the main
raw material, UAH/t; E, is the cost of sand delivery from the
quarry of the main raw material, UAH/ton; Cp, is the price of
sand at the pit as an associated raw material, UAH/t; E, is the
cost of sand delivery from the pit as an associated raw material,
UAH /ton.

When calculating the economic indicators, the previously
determined number of dump trucks needed to transport a giv-
en volume of sand rocks (Q = 500 thousand tons) from sand
quarry and ore raw material pit was taken (Table 1).

The results of the calculation of technical and economic
indicators of the dump trucks operation and the sand rocks
cost with delivery to the road construction site, established ac-
cording to the proposed methodology, are shown in Table 2.

According to the obtained calculation results (Table 2), it
was established that in the case of the same distance of sand
haulage to the construction road site, the economic advantage
is given to the pits of secondary raw materials.

The efficiency of using sand from the ore pits is related to
the low purchase cost of the raw material with the same costs for
haulage work. The low purchase cost of sand in ore pits is ex-

plained by the fact that, in comparison with the operation of a
pit where sand is extracted as the main raw material, the capital
and operating costs per unit of production will be much lower.

The sand being involved from the titanium-zirconium
pits, the cost will be much lower and will be equal to the cost
of overburden and loading works. This is due to the fact that
clay and sand are associated minerals that must be stored in
man-caused formations on additional lands. In this regard, the
company is interested in finding a consumer of secondary raw
materials, as this will allow reducing the costs of their storage
in dumps and tailings, the formation of which also requires the
search for new territories for their location.

In Fig. 1 shown the dependence of sand cost with delivery
on the haulage distance when raw materials are obtained from
sand and titanium-zirconium pits.

As a result of the economic indicators comparison (Fig. 1),
it was established that the utilization of sand from the titanium-
zirconium pit is economically feasible even when increasing
the haulage distance in comparison with the location of the
sand quarries. Thus, the delivery of sand from the quarry of the
main raw material, located 10 km from the construction road
site, is equivalent to the distance of 86 km from the quarry of
the secondary raw material and reaches 180 UAH/ton. That is,
in the case when the road construction object will be located at
a shorter distance from the titanium-zirconium pit, the con-
struction organization can even reduce costs in comparison
with the purchase of sand from a quarry of building materials.

6. At the final stage, the economic efficiency of involving
the sands from titanium-zirconium pits in the construction of
a road object is determined, taking into account the effect of
land conservation, which is achieved by slowing down the dy-
namics of increasing the area of ore pit tailings and by reducing
the area of disturbed land in the sand quarries according to the
following expression

E=(C,-CG)-Q+Eyp+Eyy, (7

where Q is the volume of sand required for the construction of
a roadbed, million tons; Ey ; — cost savings from reducing the
area of tailings storage in the ore pit, million UAH; Ey ; — cost
savings from land disturbance by surface mining operations
during the development of the sand quarry, UAH million.

Table 2
The cost of sand including delivery to the construction site
4 = The cost of sand
= e % 8 including delivery to
2 N = = the road construction
© & () < .
g g2z |° & 5 site, UAH/ton
- == %] — N
g | 2|2 | 28| & =z
= £ g T2 © = E g
S SS | ¥T| & g s e s =
2 338 |94 L < s =8 s =
o taV=1 ) 22 = - g = 1 £
© [S)e] R=) ) = O o » L e
) S |Eg| 3¢ = S E.2 S 5 E
s | £S5 |g8| =¢ ) 285E| 2E8
= | 25 |22| £ E |5Zs5| 588
T | 2 |OE| fE 3 A5 | AER
10.0 | 341.0 | 10.3 | 13.84 | 27.69 177.7 62.1
25.0 | 683.5 | 20.5 | 27.69 | 55.38 205.4 89.8
40.0 | 911.3 | 27.3 | 36.92 | 73.85 223.8 108.2
55.0 | 1139.2 | 342 | 46.15 | 92.31 242.3 126.7
70.0 | 1367.0 | 41.0 | 55,38 | 110.77 260.8 145.1
85.0 | 1708.8 | 51.3 | 69.23 | 138.46 288.5 172.8
100.0 | 1936.6 | 58.1 | 78.46 | 156.92 306.9 191.3
115.0 | 2164.4 | 649 | 87.69 | 175.39 325.4 209.8
130.0 | 2506.2 | 75.2 | 101.53 | 203.08 353.1 237.5
145.0 | 2734.0 | 82.0 | 110.76 | 221.54 371.5 255.9
160.0 | 2961.9 | 88.9 | 120.00 | 240.00 390.0 274.4
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Fig. 1. Dependence of the sand cost including delivery to the
highway construction site on the haulage distance when
supplying sand from:

1 — sand quarry; 2 — titanium-zirconium pit

According to the proposed methodology, the dependence
was established of the economic efficiency indicator at involv-
ing the sands of titanium-zirconium pits in the roads con-
struction on the haulage distance of raw materials, taking into
account the effect of land conservation on the mining enter-
prises of the main and accompanying raw materials (Fig. 2).

In accordance with the established dependencies (Fig. 2),
the effectiveness of the proposed technological solutions re-
garding the application of resource-saving technologies and
the waste utilization from the mining of titanium-zirconium
deposits during the construction of new roadbed at a distance
of 85 km from the pit of associated raw materials is determined.

When comparing the existing option of delivering sand
from the main raw material quarry for a distance of 10 km and
the proposed option for the disposal of sand from the titani-
um-zirconium pit, which is located at an average distance of
85 km from the road construction site, it was established that
the cost of sand including delivery will decrease by 2.8 % from
177.7 to 172.8 UAH/t.

It has been established that the involvement of the given
amount of sand necessary for the construction of the area un-
der investigation (length 2.5 km and volume of building works
500 thousand tons) will allow obtaining an economic effect in
the amount of 2.4 million UAH. This indicator also takes into
account cost savings from the reduction of the tailings storage
area by 1.85 ha (111.1 thousand UAH /year) and the preserva-
tion of land from violations by surface mining of sand quarry
as a main raw material to 3.3 ha (200.0 thousand UAH /year).

Conclusions. The influence of the haulage distance for
sand raw materials on the productivity of road dump trucks
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f =
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g> olo 50.0 100,0 150.0 200.0
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Increasing the distance of sand delivery, AL, Km

Fig. 2. Dependence of the economic efficiency indicator on the
increasing distance of sand delivery from the titanium-zir-
conium pits to the construction road site, taking into ac-
count the effect of land conservation

during the construction of the roadbed of highways has been
established. It was determined that when the haulage distance
increases by 16 times from 10 to 160 km, the productivity of
dump trucks decreases by 8.6 times from 203.1 to 23.5 thou-
sand t/year for the Ford 4142 D dump truck, and from 251.5 to
29.1 thousand t/year for Ford 3542 D. It is established that the
corresponding reduction in productivity will require an in-
crease the number of vehicles by 7.3 to 9.0 times for dump
trucks, depending on their load capacity.

The methodology has been developed for determining the
economically feasible haulage distance for secondary sand raw
materials from the titanium-zirconium ore pit to the road con-
struction sites, taking into account the economic effect of land
conservation. The proposed method made it possible to estab-
lish the fact that the use of sand rocks, which are the associated
raw materials of titanium-zirconium pits, during the construc-
tion of a section of the roadbed located at a distance of 85 km,
will allow reducing the cost of raw materials at the construc-
tion site by 2.8 %, which is 4.9 UAH/t.

The proposed technological solutions will also make it
possible to increase the effectiveness of land conservation by
reducing the area of tailings at the titanium-zirconium pits by
1.85 hectares and save the land from disturbance at the sand
raw material quarries with a total area of 3.3 hectares.
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Meta. Po3poOuty METOIMKY BU3HAYEHHS €KOHOMiYHO
JIOLIJILHOI BiICTaHi MepeBe3eHHs OyIiBeIbHOIO ITiCKY, 110 €
BTOPMHHOIO CHUPOBUHOIO Kap’e€piB pymHOI CHUPOBUHU, IO
00’€eKTiB OYAiBHULITBA aBTOMOOUILHUX AOPIT y TOPIiBHSAHHI 3
JIOCTABKOIO TTiCKY 3 TipHUYMX TiANPUEMCTB HEPYIHOI CUPO-
BUHMU 3 ypaxyBaHHSM ITOKa3HUKIB 3eMJIe30epEKEHHSI.

Metoauka. Y poOOTi BUKOPUCTAHO KOMILIEKC METO[iB
NOCHIKeHb: aHAIITUMHUI — JJIS1 BCTAHOBJIEHHSI OCHOBHUX
TEeXHIKO-€KOHOMIUHUX IMOKa3HUKIB, 110 BIJIMBAIOTh Ha CO0i-
BapTiCTh JOCTABKM ITiCKY 3 MiCLisl pO3p00OKM 10 00’€KTa CITO-
PYIKEHHS JOPOTU; TEXHIKO-€KOHOMIYHMWIA aHali3 — s
BCTaHOBJICHHSI BIUTMBY JAJbHOCTI MepeBe3eHHsI OyIiBeIbHUX
MarepiasiB Ha cO0iBapTiCTh BUKOHAHHS OyIiBeJbHUX POOIT.

PesyabraTn. BcTaHoB/IeHAa €eKOHOMIYHO AOMyCTUMA Bif-
CTaHb TIEPEBE3€HHS MIiCKiB TUTAH-LIUPKOHIEBUX TipHUUMX
MiINPUEMCTB 10 00’ €KTiB OyIiBHULITBA aBTOIISIXiB Y TTOPiB-
HSIHHI i3 3aTy4eHHSM ITiCKiB 3 POJIOBUILL HEPYIHOI CUPDOBUHU.
JloBeneHo, 110 32 YMOB BHUKOPHCTAHHS MicKiB MOTpPOHiB-
cbkoro 3K, 1e 0CHOBHOIO CUPOBUHOIO € TUTAH-IIUPKOHIEBI
pyau, OKpiM eKOHOMIYHOro edeKTy Bil yTuiisallii BiaxomdiB
TIPHUYOTO BUPOOHMUIITBA € TAKOX i €KOJOTIYHUI eheKT Bin
3MEHILEeHHS TUIOIL BiABaIiB i XBocTocxoBull. [1pu 1ibomMy co-
0iBapTiCTh MillITaHUX TIOPiA MPU CIOPYIKEHHI TOPOXKHBOTO
roJIoTHa OyJie 3HMXKEHA Ha cyMy Bin 3 10 60 % y 3aj1eXXHOCTI
BiI BicTaHi 10 00’ekTy OyaiBHULITBA. [1pu 11bOMY MTO1IA 3€-
MeJib, 30epeXXeHUX Bill MOPYLIEHHS HOBUMU TipHUYUMU BU-
pobkamu, csrHe 3,3 Ta TIpW OYMiBHUITBI TiITHKY TOPOTU
Kareropii [-6 1OBXMHOIO 2,5 KM.

HaykoBa HOBM3HA. YCTaHOBJIEHI 3aJIeXXHOCTi BapTOCTi
IMCKY Ta M0Tr0o JOCTaBKU Ha 00’ €KT CIOPYIKEHHSI HOBOT aBTO-
MOO1JIbHOI IOPOTH Bi/l BIICTaHi MepeBEe3eHHsI MaTepialliB Mpu
3aKyMiBJIi MiCKY Ha MiANMPUEMCTBI OCHOBHOI CUPDOBUHMU Ta 3
TUTaH-IIMPKOHIEBOTO PONOBUIIA, HAa SIKOMY BiH pO3pO0JIs-
€ThCS K CYIYTHSI CMpOBHHA. BU3HavyeHa 3a1eXXHICTh MoKa3-
HUKAa €KOHOMiUYHOI e(PEeKTUBHOCTI CIOPYIKEHHSI aBTOMO-
OiIbHOI JOPOTH Bif 30UIbIICHHS BiJICTaHi JOCTaBKU ITillIAHUX
TIOPifl 3 TUTAH-IIMPKOHIEBOTO POMOBHUIIA, IIIO TO3BOJISIE 00-
IPYHTYBaTU pallioHATbHY BiICTAaHb TPAHCTIOPTYBAHHS 3 TEX-
HiKO-eKOHOMIYHUMM MOKa3HUKAMU.

IIpakTiyna 3HaummicTs. Po3pobiieHa MeTonMKa BU3Ha-
YeHHs e(DeKTUBHOI BiJICTaHi TPAHCTIOPTYBAHHSI TTilLIAHUX MO~
pin 1o OyaiBeIbHOrO 00’ €KTY T03BOJISIE pO3paxyBaTH IOLIJIb-
HIiCTh 3aJlydeHHS CYITyTHIX KOPUCHUX KOMAJIWH PYITHUX
Kap’epiB MpU PeKOHCTPYKIIil Ta CIIOPYIKEHHI HOBUX aBTOMO-
OiIBHUX JIOPIr, a TaKOX BCTAHOBUTH e(eKT pecypcos3bepe-
JKEHHSI 32 paXyHOK 3MEHIIIEHHSI IJIOLI TipHUYMX 00’ €KTIB ITpU
BUIOOYTKY PYAHOI Ta HEPYAHOI CUPOBUHU.

KurouoBi ciioBa: asmomobinbra dopoea, kap’ep, nicok, io-
CMAaHb MPAHCNOPMYBAHHS, 8MOPUHHA CUPOBUHA, eKOHOMIYHA
egpekmusHicmo
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