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Purpose. Off-road tires (OTR) for mining and earthmoving applications which are specially developed for extreme mine site
conditions can take 10—20 % of transportation costs. Up to 15 % of OTR content is natural rubber produced from a rubber tree
known as hevea brasiliensis. A significant number of OTR fail before the target life built in by tire manufacturers. This has certain
negative impacts on the environment and wildlife due to deforestation effect. Thus, the purpose of the work is to increase the du-
rability or, in the terminology of the operators, the “mileage” of the OTR.

Methodology. The current study represents analyses of new modern digital technology for monitoring the mining haul road
condition within a site study on Bogatyr Komir coal mine in North Kazakhstan. The influence of operating conditions was con-
trolled, i.e. road quality, temperature conditions, tire pressure, and other parameters on tire life.

Findings. The results show the effectiveness of digital technologies and the possibility of extending the life of tires by following
the recommendations of the system in a timely manner. As a result of the analysis of temperature regimes and pressure in tires,
especially in summer conditions, recommendations for rational operating conditions were determined, which makes it possible to
increase the durability of tires.

Originality. Modern operational digital methodology for monitoring open pit mines road condition defines ton kilometer per
hour (TKPH) indicator per every trip, which provides on-time information for road design and maintenance.

Practical value. Growing worldwide demand is driving the development of the mining industry. In the future, more and more
fields with a low content of produced raw materials will be put into operation. The development of deposits with a low content of
a useful product means that more rock mass must be moved in order for these developments to be profitable. Transportation costs
in low-grade mines can be as high as 70 % of mining costs due to more haul trucks and longer roads that need to be commissioned.
Thus, an increase in the durability of OTR can give a great economic effect not only in the conditions of the Bogatyr Komir

quarry under consideration but also in other mining and processing plants.
Keywords: mine haul roads, tires life, mining dump truck, natural rubber

Introduction. The spillover effects of the Russian invasion
of Ukraine are accelerating the global slowdown, which the
World Bank expects to fall to 2.9 % in 2022. War drives up
commodity prices, and the world is still primarily dependent
on fossil fuels for energy. Against the background of fears
about the termination of Russian gas supplies, some European
states are thinking about restoring coal mining. For many
countries of the world, coal mining is generally the main
source of wealth.

Based on the website Agency for Strategic planning and
reforms of the Republic of Kazakhstan Bureau of National sta-
tistics, Kazakhstan is among the top ten countries with the
largest coal deposits and ranks &” in the world in terms of
proven coal reserves of all types: from brown to black coal.
Proven coal reserves in Kazakhstan are estimated at 34.2 bil-
lion tons (4 % of the global volume), including lignite re-
serves — 62 %, black coal — 38 %. Kazakhstan annually enters
10 world leaders in coal mining. Most of the coal is mined
open-pit and has a low cost of production, but due to the high
ash content and structural features of coal, exports are limited.

The main production unit used in open-pit coal mining is
a dump truck. Currently, Caterpillar, Komatsu, Hitachi-Eu-
clid, Terex and Liebherr are recognized as leading foreign
firms and companies in the production of this type of mining
equipment. Recently, Chinese mining dump trucks from Lin-
gong Machinery Group (LGMG) have been gaining popular-
ity in Ukraine and Kazakhstan. According to the autoconsult-
ing.ua website, at the beginning of 2020, the LGMG CMT96
mining dump truck was officially delivered to Ukraine for the
first time. This powerful modern machine with a 6x4 wheel
formula and a load capacity of 63 tons is operated at Vyrovsky
quarry, one of the leading mining enterprises in Ukraine,
which is part of the Basalt AG group of companies managing
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350 facilities for the production and processing of mineral raw
materials around the world. Experts believe that today there
are simply no direct competitors for LGMG dump trucks in
the Ukrainian market.

The cost of mining a mineral is determined by a significant
share of the costs of operation of open-pit transport. When us-
ing heavy-duty mining dump trucks of 90—220 tons carrying
capacity with an effective organization of maintenance and
repair, the highest operating costs fall on diesel fuel (50—58 %)
and tires (14—16 %) [1]. Consequently, the measures to opti-
mize these costs will be the most effective in terms of reducing
the cost of coal mining.

In the operation of passenger [2, 3] and freight [4] motor
vehicle tires, the key properties are road grip, stability, and ef-
fective water evacuation in the presence of precipitation. Due
to the fact that agricultural tractors [5] do not have rear shock-
absorbing suspension, the rear wheels wear out deeply and
faster, which is why they place especially high demands on
tires — they use special tires with a deep cross-country tread.
When operating large-sized tires, all of the above-mentioned
properties fade into the background, and wear resistance, cut
resistance, and heat resistance come to the fore, which ulti-
mately results from the mileage of tires achieved.

The most important factor in the efficient use of tires is
their choice in accordance with the working conditions. The
required traction, flotation and tire life are achieved by choos-
ing the right size, tread pattern and air pressure in the tires.
The tires for mining trucks are subject to special requirements,
since their operation is carried out in difficult road conditions.
The performance and durability of tires is influenced by the
average density and strength of the transported rocks, the cor-
rect loading of the dump truck and the uniformity of the rock
mass, the condition and type of road surface, the road profile,
and the level of organization of the current maintenance of
roads. Tires must be properly used and maintained to achieve
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maximum performance. Working under severe conditions
leads to an increase in temperature in the tires. As the operat-
ing temperature of the tire increases, the strength of the rubber
and carcass decreases significantly. Problems arise when tires
operate at temperatures above design, when the likelihood of
delamination, and then failure, is very high.

Thus, the purpose of the paper is to increase the durability
or, in the terminology of the operators, the “mileage” of off-
road large-sized tires for mining dump trucks. This topic is a
continuation of the work by the authors aimed at improving
the efficiency of the use of dump trucks in open pit mines [6].

The data shows that the achievable tire life for a mining
dump truck is notably higher than the recorded tire life. This is
due to abnormal wear of tires or tires that fail prematurely. In
2014 it was determined that 41 % of all tires failed prematurely
|7]. The factors affecting tire life include [8]:

- road conditions (curves, grades, super elevation, haul
length, road surface, and maintenance);

- operating conditions (average speed, speed in curves);

- truck conditions (weight distribution, struts, air pressure
in tires, tire matching, tread depth, and tire type);

- weather (temperature and precipitation).

Table 1 shows typical values for tire life reduction caused
by inflation pressure and various road conditions. Tire infla-
tion pressure should be monitored regularly because it can sig-
nificantly affect tire life. Traveling at a speed that is compatible
with the curve radius and superelevation can minimize tire
damage occurring on curves.

Southeast Asia covers about 90 % of the world’s natural
rubber production. Tire manufacturers purchase about 70% of
the total production. Overall demand for natural rubber since
2000 has increased by around 30 % worldwide. Rubber pro-
duction has expanded to Africa in the past 20 years. The total
global area utilized for rubber production has increased by
more than 35 % (about 13 million hectares) [9]. The territory
of Spain is 13.7 million hectares for reference. Growing natu-
ral rubber production contributes to the deforestation process,
unfortunately. Deforestation fronts will account for over 80 %
of the forest loss projected globally by 2030, i.e. up to 170 mil-
lion ha [10].

More than 20 million tons of tires are scrapped worldwide.
Unfortunately, more than 30 % of OTR from mining dump
trucks are scrapped before the target life.

Mismanagement of off-the-road tire operation may cause
serious safety accidents such as tire explosions. It happens
when a mixture of volatile gases inside tire auto-ignites — gen-
erally at a pressure exceeding 1000 psi. Tire explosion may

Table 1
Factors affecting average tire life (TLR = tire life reduction)
Inflation ..
TLR, % Road Conditions TLR, %
Pressure
Recommended 0 Average soil, no rock 0
pressure
10 % under -10 Average soil, scattered rock -10
20 % under =25 Well maintained with -10
smooth gravel
30 % under =70 Poorly maintained with =30 or
ungraded gravel more
20 % over -10 Scattered blast rock —400r
more
Curves TLR, % | Grades TLR, %
None 0 None 0
Smooth -10 <6 % -10
Sharp -20 or <15% -30
more

cause serious damage to equipment and the health of the op-
erator [11].

Literature review. Many authors have written about the
importance of correct design, construction, and maintenance
of transport roads for extending tire life and overall cost of
transportation.

A critical investigation into tire life on an iron ore haulage
system |[7].

Guidelines for mine haul road design [8] describe many
aspects of mine haul road management.

An alternative source of natural rubber can be Taraxacum
kok-saghyz plant, which is widely growing in Central Asia.
The roots of these plants may contend up to 5.3 % of natural
rubber [12].

Prediction of rubber tire life is an important part of the
researcher’s studies. Artificial neural network approaches can
be used to predict the fatigue properties of natural rubber com-
posites. The average prediction accuracy of the established
artificial neural network was 97.3 % [13].

On-highway trucks are widely used on mine sites for sup-
port operations such as fuel trucks, explosive delivery and
charging, tire handling, heavy-duty service trucks, and various
material delivery. Practice shows that 80 % of tire damage on
on-highway trucks is not repairable [14].

Modeling various scenarios of haul road design as part of
mine design is quite important. These studies were published
in Numerical modeling of transport roads in open pit mines
[15], Application of advanced data analytics to improve haul
trucks energy efficiency in surface mines [16], Optimum ramp
design in open pit mines [17]. Fuel consumption is one of the
highest parts of transportation costs. Optimization of fuel ef-
ficiency is shown in publications: Effective power and speed of
mining dump trucks in fuel economy mode [18]. A discrete-
event model to simulate the effect of truck bunching due to
payload variance on cycle time, hauled mine materials and
fuel consumption [19].

Research methods. The Ekibastuz coal deposit was discov-
ered in 1867 and is located near the city of Ekibastuz in Pavlo-
dar oblast of the Republic of Kazakhstan. Bogatyr Komir is
one of the biggest coal mines in the world. In 1913, mining
concession was granted to Kirgizian Mining Joint Stock Com-
pany of Leslie Urquhart (UK) and Gerbert Guver (USA) for-
mer president. In 1918, the Soviet power was established. As of
2021, the company produced 50 million metric tons of coal,
which is about 40 % of Kazakhstan’s coal production. Since its
discovery, it has mined approximately 1 gigaton of coal and it
has additional 2.5 gigatons of coal reserves. Bogatyr Komir op-
erates two mines: Bogatyr Mine and Severny Mine. Internal
waste dumping has been taking place over last 7 years. Bogatyr
Komir mines have over 500 km of haul roads.

It is important to carry out site research to identify the im-
pact of current mine operations regarding a tire consumption.
The study conducted in 2021 at the Bogatyr Komir coal mine
in Kazakhstan is represented in this paper. The mine is located
in northeast Kazakhstan near Ekibastuz town in Pavlodar
oblast and operates BelAZ 75131 dump trucks for transporta-
tion. Dump trucks are equipped with 33.00R51 OTR and have
130 tons of nominal payload.

In order to make site assessments for tire life, we use
“Racelodgic V-box Micro” equipment.

The applied equipment is a measuring and fixing device
based on the use of GPS navigation. Normal measurement ac-
curacy is — 10 Hz (10 times per second). The device allows de-
termining the following parameters with high accuracy:

- vehicle speed;

- time;

- distance traveled,;

- altitude relative to sea level;

- trajectory of movement;

- acceleration/deceleration longitudinal and transverse;

- radius of turns and speed of their passage;
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- calculation of the TKPH indicator for each trip.

The received data is recorded on a memory card, for fur-
ther decryption, the original Racelodgic V-box Tools software
is used.

The TKPH formula calculates the average speed the tire
can run within a safe temperature range and within an appro-
priate truck payload

TKPHzi(QHQe)-(N L), (1)
2 H
where QI is load per tire on the loaded vehicle; Qe is load per
tire on the empty vehicle; N is the number of cycles per work-
ing day; L is the length per cycle in kilometers; H is the num-
ber of operating hours per day.

In mining applications, we must consider weather condi-
tions and load distribution.

Here are the results of the measures taken on-site. The
route of the movement of dump trucks at the Bogatyr coal
mine is shown in Fig. 1. The V-box complex is installed on the
BelAZ-75131 with fleet number 159. The route of movement in
the mine: from the EKG Excavator to the internal waste dump.
The date of the measurement is 05/17/2021, the start time is
13 : 10, and the end time is 12 : 10, for this period the Be-
1AZ-75131 dump truck made 3 trips, of which 2 were complete
programs suitable for recognition in the calculation of the
TKPH indicator. The total distance covered is 24,156 meters.
The results are shown in Table 2.

Based on the data obtained, the V-box Test Suite program
calculated the TKPH index for tires of the front and rear axles,
which was carried out taking into account a load of 136 tons
and with a temperature in the summer 7 = +35 °C in the day-
time (Fig. 2). According to the data of the Hydro-meteorolog-
ical Center of the Republic of Kazakhstan in the area of Eki-
bastuz, in June-July 2020, the maximum temperature during
the day was 7= +34 °C, and the maximum temperature at night
was t=+27 °C.

According to the data obtained for all 3 trips, the value of
the average operating speed was up to 22.54 km/h; loaded up
to 23.79 km/h; empty at 22.0 km/h. The peak speed of the
empty truck reached 36 km/h and the loaded truck up to
35 km/h (Fig. 3).

Analyses of data collected. Analysis of the obtained data on
the longitudinal slopes of technological roads showed that

1 £

1000

o
1

1300

-800 -400 -200 0 200 400 600 800 1000

Fig. 1. The route of the movement of dump trucks at the Bogatyr
coal mine:

1 — V-box installation point

Table 2

For each trip, the distance travelled, the time elapsed, the
TKPH indicator for dump truck BelAZ-75131 No. 159

Run 1 2 Avg. Max Min
Time 22m52s | 21m44s | 22m18s | 22m52s | 21m44s
Loaded 09m53s | 10m03s | 09m58s | 10m03s | 09mS3s
Empty 12m59s | 1lm4ls | 12m20s | 12m59s | 11m4ls
Distance (m) | 7197.71 | 6715.18 | 6956.45 | 7197.71 | 6715.18
Loaded (m) 3625.22 | 3594.58 | 3609.90 | 3625.22 | 3594.58
Empty (m) 3572.49 | 3120.61 | 3346.55 | 3572.49 | 3120.61
Avg. speed 22.54 22.35 22.45 22.54 22.35
(km/h)

Loaded 23.79 22.67 23.23 23.79 22.67
(km/h)

Empty 21.43 22.00 21.71 22.00 21.43
(km/h)

Cycle TKPH 748 747 747 748 747
Front

Cycle TKPH 576 580 578 580 576
Rear

90 % of the route with a loaded dump truck from the point of
loading to unloading is carried out uphill and does not exceed
8 %. Table 3 shows the dependence of tire mileage as a per-
centage of road slopes. For example, when driving a dump
truck loaded uphill with slopes up to 8 %, the tire mileage will
be 100 %, then when driving downhill and with a load, the tire
mileage will be up to 61 %.

The TKPH calculation showed for the tire 33.00R51
AGO1A TKPH = 620 with a reserve of values for the rear axle,
and for the front axle, it exceeds the allowable value. There-
fore, in the pressure recommendation for the front axle, it is
necessary to provide tire pressure 1 bar higher than the stan-
dard value, thereby reducing the likelihood of a critical tire
temperature.

The tire life coefficient can be estimated by formula

Y=X1-1+X2-0.81 +X3-0.64, )

where X1 is the length of haul road with less than 8 % decline
(0.732 km); 1 is the coefficient of normal tire wear; X2 is the
length of haul road with 8—10 % decline (0.2 km); 0.81 is the
coefficient of tire life reduction; X3 is the length of haul road
with 10—12 % decline (0.063 km); 0.64 is the coefficient of tire
life reduction; Yis the tire life coefficient

0.732-1+0.2-0.81+0.063 - 0.64 = 0.934.

Thus, lost tire life coefficient on studied haul road is Y =
=0.934 or 6.6 % of tire life increase opportunity.

Temperature, °C

B S s et io ot ottt ot s ot
12 34 567 89101020 MI516171819202A022342B326272829301

— Min Max

Average

Fig. 2. July 2021 temperature data as per Ekibastuz meteo station
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Table 3
Dependence of tire life as a percentage of road slopes
Decline slope, | Loaded cycle uphill, | Loaded cycle downbhill,
% % %
8 100 61
10 81 44
12 64 32

Conclusions and recommendations. Temperature peaks
over 38 °C during summer can result in heat peeling of the
tread due to exceeding the TKPH of the tire. Max speed in the
loaded state recorded is up to 36 km/h and for an empty dump
truck more than 35 km/h. We recommend limiting the move-
ment of loaded dump trucks to 30 km during this period. The
limitation will not allow the tire temperature to reach a critical
value, which will eliminate exceeding the TKPH of the tires
and will reduce the wear rate in the hot season. So, monitor
the recommended pressure in the tires of the front axle.

The speed of passing on turns with a minimum radius of
curvature, in order to exclude the impact of critical lateral
forces on the tires, is necessary to arrange a counter slope,
which is presented in Table 4. Without a counter-slope, the
passing speed should be lower.

Slopes up to 8 % are the most optimal compromise be-
tween speed, production, and tire life.

Along the route loaded up-hill due to redistribution of load
on axles more incentive tire wear takes place:

Table 4

Relationship between radius, speed and banking for zero
lateral force

Speed, km/h
£ [1s]20]25 ]3035 |40] a5 [50]55]6s
g E Banking, %
so (35 el -] - -T1T=-]-1-

60 3 5 8 12 - - — - = =
70 (2545 7 10 — - — - = | =
80 2 4 6 9 12 - — — | = | =
90 2 3555 8 |105] — — N I
100 [ 1.5 3 5 7195 | — - | = | =

125 | — [ 253555 75| 10 - - - -
150 | — 2 3 5 65 [ 85105 — | — | —
175 | — | — [25] 4 | 55 7 9 1m{-1-
200 | — | — - |35 5 6 8 10 | 12| —
250 | — | — = - 4 5 7 8 | 10| —
300 | — | — - - 3 4 5 6 8 | 10

8—10 % slope reduces tire life by 19 %;

10—12 % slope reduces tire life by 36 %;

12 %+ slopes are not recommended from a tire life exten-
sion point of view.

The average weight of 33.00R51 tire is 2.2 tons and consists
of around 10 % of natural rubber.

Proper haul road design and condition monitoring can re-
duce the consumption of tires in mining operations thus con-
tributing to reducing the cost of mining and the environment.

Acknowledgment. The authors are gratitude the manage-
ment of Bogatyr Komir for their support and contribution to the
study.

References.
1. Purhamadani, Eh., Bagherpour, R., & Tudeshki, H. (2021). Energy
consumption in open-pit mining operations relying on reduced energy
consumption for haulage using in-pit crusher systems. Journal of
Cleaner  Production, 291, 125228. https://doi.org/10.1016/j.
iclepro.2020.125228.
2. Taran, I., & Litvin V. (2018). Determination of rational parameters
for urban bus route with combined operating mode. Transport Prob-
lems, 13(4), 157-171. https://doi.org/10.20858 /tp.2018.13.4.14.
3. Naumov, V., Zhamanbayev, B., Agabekova, D., Zhanbirov, Z., &
Taran, 1. (2021). Fuzzy-logic approach to estimate the passengers’
preference when choosing a bus line within the public transport sys-
tem. Communications — Scientific Letters of the University of Zilina,
23(3),A150-A157.https://doi.org/10.26552 /com.C.2021.3.A150-A157.
4. Saukenova, 1., Oliskevych, M., Taran, I., Toktamyssova, A., Aliak-
barkyzy, D., & Pelo, R. (2022). Optimization of schedules for early
garbage collection and disposal in the megapolis. Eastern-European
Journal of Enterprise Technologies, 1(3-115), 13-23. https://doi.
org/10.15587/1729-4061.2022.251082.
5. Taran, I., & Bondarenko, A. (2017). Conceptual approach to select
parameters of hydrostatic and mechanical transmissions for wheel
tractors designed for agrucultural opeations. Archives of transport,
41(1), 89-100. https://doi.org/10.5604/01.3001.0009.7389.
6. Stadkowski, A., Utegenova, A., Kolga, A.D., Gavrishev, S.E.,
Stolpovskikh, I., & Taran, 1. (2019). Improving the efficiency of using
dump trucks under conditions of career at open mining works. Nau-
kovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (2), 36-42.
https://doi.org/10.29202/nvngu/2019-2/8.
7. Lindeque, G.C. (2016). A critical investigation into tire life on an
iron ore haulage system. Journal of the Southern African Institute of
Mining  and  Metallurgy, 116(40),  317-322.  https://doi.
org/10.17159/2411-9717 /2016 /v116n4a3.
8. Tannont, D.D., & Regensburg, B. (2001). Guidelines for mine haul
road design. School of Mining and Petroleum Engineering, Depart-
ment of Civil and Environmental Engineering, University of Alberta.
1-115. https://doi.org/10.14288/1.0102562.
9. The Philippines in the natural rubber global value chain (2018). Policy
briefs. Department of Trade and Industry. Series No. 2018-01, 1-8.
Retrieved from https://dtiwebfiles.s3.ap-southeast-l.amazonaws.
com/uploads/2019/11/2018-01-The-Philippines-in-the-Natual-
Rubber-Global-Value-Chain.pdf.
10. Saving forest at risk. WWF living forest report (2015). Chapter 5.
Retrieved from https://files.worldwildlife.org/wwfcmsprod/files,
Publication/file/5k667rhjnw_Report.pdf.
11. Cutler, T. (2016). Dangerous misconceptions about earthmover
tyre explosions. Technical bulletin, 2. Retrieved from http://otrglobal.
com.au/wp-content/uploads/2017/01/OTRG-Technical-bulletin-
Tyre-explosion-misconceptions.pdf.

28 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N° 6



12. Salehi, M., Cornish, K., Bahmankar, M., & Naghavi, M.R.
(2021). Natural rubber-producing sources, systems, and perspectives
for breeding and biotechnology studies of Taraxacum kok-saghyz. In-
dustrial Crops and Products, 170, 113667. https://doi.org/10.1016/j.in-
dcrop.2021.113667.

13. Xiang, K.-L., Xiang, P.-Y., & Wu, Y.P. (May 2014). Prediction of
the fatigue life of natural rubber composites by artificial neural net-
work approaches. Materials & Design, 57, 180-185. https://doi.
org/10.1016/j.matdes.2013.12.044.

14. Kravchenko, A., Sanko, O., & Lukichov, A. (2012). Research of
dynamics of tire wear of trucks and prognostication of their service
life. Transport Problems, 7(4), 85-94. ISSN: 1896-0596.

15. Nurié¢, A., & Nuri¢, S. (2019). Numerical modeling of transport
roads in open pit mines. Journal of Sustainable Mining, 18(1), 25-30.
https://doi.org/10.1016/.jsm.2019.02.005.

16. Soofastaei, A., Knights, P., & Kizil, M. (2017). Application of ad-
vanced data analytics to improve haul trucks energy efficiency in sur-
face mines. In Extracting Innovations, 164-177. https://doi.
org/10.1201/b22353-12.

17. Yarmuch, J. L., Brazil, M., Rubinstein, H., & Doreen, A.T.
(2019). Optimum ramp design in open pit mines. Computers & Op-
erations  Research, 104739, 2-26. https://doi.org/10.1016/].
c0r.2019.06.013.

18. Alexandrov, V., Vasilyeva, M., & Koptev, V. (2019). Effective pow-
er and speed of mining dump trucks in fuel economy mode. Journal of
Mining  Institute, 239,  556-563.  https://doi.org/10.31897/
pmi.2019.5.556.

19. Soofastaei, A., Aminossadati, S. M., Kizil, M.S., & Knights, P.
(2016). A discrete-event model to simulate the effect of truck bunch-
ing due to payload variance on cycle time, hauled mine materials and
fuel consumption. International Journal of Mining Science and Tech-
nology, 26(5), 745-752. https://doi.org/10.1016/].iimst.2016.05.047.

BnimB cTaHy TeXHOJIOTIYHMX JOPIr HA
XOJAMMICTh INMH Kap'€pHUX CAMOCKHIIB

A. Hlaxenog', O. Caadkoscexu*?, I. Cmoanoscoiix

1 — Satbaev University, M. Anmartu, Pecniyosika Kazaxcran
2 — Cine3bkuii TexHiYHUM yHiBepcuteT, M. KaTtogiue, Pecry-
ousika [Monpuia

ABTOpP-KOpPECTIOHIEHT e-mail:
polsl.pl

aleksander.sladkowski@

Mera. [lozanuisixosi BenukoradbaputHi mmau (BI'H) mmst
TripHUYOM00YBHOI MPOMUCIIOBOCTI i 3eMJIepUitHUX pooiT, crie-
LiaJIbHO pO3po0JieHi ISl eKCTpeMalbHUX YMOB TipHUUUX PO-

6it, MoxyTh ctaHoBUTH 10—20 % TpaHcmopTHMX BUTpat. 1o
15 % Bmicty BT'1LI mocinae HaTypajibHUiA KaydyK, OTPUMaHU I
i3 KayuyyKOBOI0 JiepeBa, BiTOMOTO SIK reBest Opa3uibChbKa. 3Ha-
yHa KiJibkicTb BI'LL BUX0AUTS 3 J1ay, HEe JOCSTHYBILU PeCypCy
3akyiaaeHoro BupooHukamu BI'. Lle BriimBae Ha mOBKiLIs i
IIMKY TIpUpoay uepe3 eheKT BUPYOKU HaTypaabHUX JiiciB. Ta-
KWM YMHOM, METOIO POOOTH € MiJIBUIIEHHS JOBrOBIYHOCTI 200,
13 TEpPMiHOJIOTI] eKCIUTyaTalliiiHUKIB, — «xoaumocTi» BI'L.

Metoauka. [laHe 1oCmiIKeHHST € aHaIi30M HOBOI CydyacHO1
1M (POBOI TEXHOJIOTiT MOHITOPUHTY CTaHY TEXHOJIOTIYHUX 10~
pir y paMkax BUBYEHHSI BYTiJIbHOTro po3pi3y «boratup Komip»
y [liBHiuHoMy Kazaxcrani. KoHTpos1toBaBCs BILJIMB YMOB €KC-
MJIyaTallii, a came SIKOCTi JOpir, TeMIEpaTypHOro pPEXUMY,
TUCKY Y IIMHAX Ta iHIIIUX MapaMeTpiB Ha pecypc IIKH.

PesyabraTu. PesynbraTi mokasytotb e(heKTUBHICTb LUD-
POBUX TEXHOJIOTIMA 1 MOXJIMBICTb MPOIOBXEHHSI TEPMiHY
CIyXOU IIMH 32 PaXyHOK CBOEYACHOTO NOTPUMAHHSI PEKO-
MeHOali cucTteMu. Y pesyabTari aHajizy TeMmepaTypHUX
PEXUMIB i TUCKY B IIMHAX, OCOOJMUBO B JIITHIX YMOBax, BU-
3HauYeHi peKoMeHallil 115l pallioHaIbHUX YMOB €KCIlTyaTa-
11, 110 703BOJIsI€ 30UTbIINTI JoBroBiuHicTs BI'T.

Haykosa HoBu3Ha. CyyacHa orepaTuBHa LIU(poBa METO-
JTOJIOTisl MOHITOPUHTY CTaHy AOPIr Kap’€piB BUZHAYAE MTOKA3-
HUK TOHHO-KIJIOMETPiB Ha TOAMHY 3a KOXEH peiic, 1110 3a0e3-
revyye CBOeYacHy iHbopmMallito 11l IPOEeKTYBaHHS Ta 00CTy-
TOBYBAHHSI AOPIT.

IIpakTiyna 3HauuMicTh. [TonuT, 1110 pocTe B yChOMY CBITi,
CTUMYJIIOE PO3BUTOK TipHUYOZOOYBHOI IPOMMCIOBOCTI.
YV MaitOyTHOMY B €KCILTyaTallito Oy/1e BBOAUTUCS BCe OiIble
i OiIble pOIOBUILL i3 HU3bKUM BMiCTOM CUPOBWMHU, 1110 BUIO-
oyBaeTbest. Po3poOka pogoBuill i3 HU3bKUM BMIiCTOM KOPUC-
HOTO MPOAYKTY O3HAYa€ HEOOXiIHICTb MepeMilllaTh Oilblie
ripHUYOi Macu, 1100 1i po3poOKM OyJu MPUOYTKOBUMHU.
TpancnopTHi BUTpaT B po3poOKax i3 HU3bKUM BMiCTOM KO-
PUICHOTO TIPOMYKTY MOXYTh nocsirat 70 % BUTpaT Ha BUIO-
OyTOK uepe3 OilblIy KiUIbKICTh Kap>e€pHMX CaMOCKMIIB i
30UIbLIEHHST TOBXUHM JIOPIr, 110 HEOOXiTHO BBECTU B €KC-
iyartauito. TakuM YMHOM, TMiABUILIEHHSI JOBrOBIYHOCTI
BTl moxxe natv BeIMKUIl eKOHOMiIUYHUI eDeKT He TiIbKU B
yMmoBax Kap’epy «boratup Komip», 1110 po3risnaerbes, aje it
IHIIMX FipHUYO-30arayyBajJbHUX KOMOiHATIB.

KmouoBi cimoBa: xap’epui mexuonoeiuni dopoeu, pecypc
WUH, Kap €EpHUil camocKud, HamypaibHuli Kay4yx
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