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ABSTRACT

Purpose. A fit excavator in a surface mine gives a trouble free production. To maintain the condition and safety of an
excavator, proper sizes of rock fragmentation and muckpile parameters are crucial besides its maintenance. Optimum
size of fragmentation and muckpile shape parameters increases the production hours of an excavator so study was con-
ducted to investigate the effect of blast induced rock fragmentation and muckpile angle on excavator performance.

Methods. The study was conducted in two different surface coal mines namely A and B of India. Drilling, blas-
ting and shovel-Dumper combination were used in mines for overburden removal and as well as coal production.
The trial blasts were conducted in surface mines to investigate the effect of rock fragmentation and muckpile angle
on excavator performance.

Findings. The results obtained from this study indicate that the fragmentation size should be optimum with respect to
bucket size of the excavator so that the excavator can load more material in less time. Also, muckpile should be
loose, with proper muckpile angle. The results of this study show that the cycle time of the excavator is minimum at
fragment size of 0.30 —0.45 and 0.15 — 0.20 m for mine A and B respectively and muckpile angle in the range of
52 — 58 degree for both mine.

Originality. This study is a field based study and the results are based on the data collected and analyzed. Similar
type of studies have been done by few researchers though to improve the productivity of the mine for different condi-
tions. The results are condition, machinery, method and mine specific.

Practical implications. This study was conducted for surface coal mines but it is applicable for limestone and stone

quarry also.
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1. INTRODUCTION

Drilling and blasting is an important rock excavation
operation in mines. The fragmented rock generated by
the drilling and blasting process affects not only the local
productivity and unit costs of the mining it even influ-
ences the performance of the subsequent operations such
as (McGill & Freadrich, 1994; Doktan, 2001; Singh &
Yal¢in, 2002; Khomenko, Kononenko, & Myronova,
2013). Marton and Crookes (2000) reported the reduction
in productivity level of face excavator due to large and
blocky material. Jhanwar, Chakraborty, Ani Reddy, &
Jethwa (1999) and Chakraborty et al. (2004) reported the
idle running time of face shovels for preparation of blast-
ed muck to be also related to the degree of fragmentation.
It was suggested on the basis of field trials, that shovel
operation and productivity monitoring may be expressed
in terms of equipment operating and maintenance costs,

which, in turn, may be related as a function of blast
fragmentation (Mackenzie, 1967; Michaud & Blanchet,
1996; Singh, Baijal, & Fasihuddin, 1999; Doktan, 2001).
Brunton, Thornton, Hodson, & Sprott (2003) reported
that by reducing the excavator dig time and increasing
bucket payload, significant improvements can be made in
both productivity and unit operations cost. Simulation
work reported in the literature by them indicates that a
20% improvement in digging time may result in only a
three per cent improvement in load and haul productivity
and unit cost. At the same time, a 10% improvement in
bucket payload will directly translate to a 10% improve-
ment in load and haul productivity and unit cost.
However, age and specifications of excavating ma-
chines and the skills of the operators are the factors
which need consideration (Aler, Du Mouza, & Arnould,
1996). Besides this, the lost time that is not directly relat-
ed to the condition of muckpile, such as waiting for
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transport units, machine breakdowns, clean-up opera-
tions, excavator marching etc. have to be also duly con-
sidered (Singh, Baijal, & Fasihuddin, 1999). Hanspal,
Scoble, & Lizotte (1995) reviewed the physical, chemical
and mechanical features of muckpile and reported the
field studies of muckpile and loading system perfor-
mance. The field analysis showed the control exerted by
the size distribution and compaction on loading machine
performance. Frimpong, Kabongo, & Davies (1996)
investigated the effect of powder factor on dragline
productivity. It was observed that increasing powder
factor enhances fragmentation and hence dragline
productivity, but increasing energy output beyond an
optimum region results in reduced bucket fill factor.
Rzhevsky (1995) related the optimum fragmentation with
respect to excavator bucket size as follows:

W |-

X0p=(0.15—0.2)~Bc , @)
where:

X,p — optimum fragment size, m;

B, — nominal bucket capacity, m®.

Fragmentation of rockmass dependents upon a series
of factors that may include rock properties, geology,
topography especially free surface conditions, explosive
characteristics and finally design of the blast. The effi-
ciency of an excavator is directly related to:

— fragmentation size: cycle time is directly depends
on the fragmentation size. If the fragmentation size is too
small then cycle time will be affected by the diggability
and if the fragmentation size are too large then the load-
ing time will be affected;

—mine parameters: bench height, bench width,
weather condition, underground water, haul distance
(waste and mineral), ground conditions, job efficiency
factor are some example of mine parameters;

—type of excavator: bucket capacity, vehicle weight,
payload, digging height, ground pressure, power, bucket
cycle time, speed, bucket fill factor, operating life, truck
capacity etc. are the example of equipment criteria;

— geological and geotechnical factors: type of for-
mation, mineral density, waste density, bedding thick-
ness, uniaxial compressive strength, swell factor, elastici-
ty modulus, blasting condition and average size distribu-
tion after blasting are the example of geological and
geotechnical factors;

— skilled person: excavator cycle time also affected
by the operator of the excavator. The excavator should
be operated by a skilled person, otherwise it may affect
the cycle time of the excavator. The operator should
also be mentally and physically fit for day to day exca-
vation operation;

—digging and hauling: after blasting, the digging
operation should be done in such a way that the rock
fragments not only fits into the bucket of the excavator
but also it should reduce the bucket loading time. If the
size of the fragments in the muckpile is larger than the
bucket, it will not only reduce the productivity but also
increase secondary blasting cost and equipment mainte-
nance cost;

— bucket fill factor: it is a function of average material
size, bucket size and the effective digging force. For the
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same average material size and the effective digging
force, the bucket fill factor will increase with the increase
of bucket size. Also, for the same bucket size and the
effective digging force, the bucket fill factor will increase
with the decrease of average material size;

—swell factor: it is the ratio of in-situ volume to the
fragmented volume for same mass of the material. Math-
ematically it may be expressed as 100/(100 + % swell).
Percentage swell is a function of degree of fragmentation
and. As the degree of fragmentation increases, the per-
centage swell also increases limited to a maximum value
defined by the material characteristics;

— swing factor: it is a cycle time correction factor to
take into account the angle of swing that the shovel
bucket has to make for loading the dumper. The swing
angles and the corresponding swing factor values as
given in Table 1.

Table 1. Swing factor value at respective angle of swing
(degree) (Das, 2008)

Angle of
swing 45 60 75 90 120 150 180
(deg.)
Swing 0.84 090 095 1.00 1.10 120 1.30
factor

Muckpile shape parameters are throw, drop and la-
teral spreading (Fig. 1). Throw, drop and lateral sprea-
ding of the muckpile are essential parameters for effec-
tive excavator operation and looseness of the blasted
muck (Choudhary & Rai, 2013). Greater throw and
drop spreads the muckpile laterally, which largely faci-
litates the digging of the muck by the pay loaders
(Choudhary, 2011). Lopez Jimeno, Lopez Jimeno, &
Carcedo (1995) described the selection of equipment on
the basis of muckpile parameters. Case-I shows large
clean up area, low productivity with rope shovel, high
productivity with wheel loader and very safe for equip-
ment operation. Case-II shows minimal clean up area,
high productivity with rope shovel, and low productivi-
ty with wheel loader and dangerous for equipment op-
eration. Case-III shows low clean up area, acceptable
productivity and safe for equipment operation. The
cases are shown in Figure 2.

Throwy
Drop .
Bench height —%4
>
r: sy Py J/ 0

Lareral muckpile spread

Figure 1. Parameters of muckpile shape

Reliable evaluation of fragmentation is a critical min-
ing problem (Esen & Bilgin, 2000). The digability and
the handling of ore by an excavator directly depend upon
the fragmentation size of the blasted material (Choudhary
& Rai, 2013). The digging time is only a minor fraction
in the overall truck cycle time and diggability of an ex-
cavator depends upon the muckpile shape (Hawkes,
Spathis, & Sengstock, 1995).
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Figure 2. Different muckpile profile after blasting: (a) Case-I;
(b) Case-II; (c¢) Case-III1

Singh, Yal¢mn, Glogger, & Narendrula (2003) investi-
gated the significance of size distribution in mucking op-
erations by determining different scooping parameters.
According to their study both the mean particle size and
index of uniformity play a significant role in muck scoop-
ing operations. Higher scooping rates and lower energy
consumptions were observed in muckpile with a smaller
mean particle size and flatter size distribution curve.

Singh and Narendrula (2006) conducted a study to
examine the effects of the looseness, angle of repose,
size distribution and moisture content of the blasted
material on the production rate of a wheel loader. They
have found that looseness in the muck increases with the
increase in the value of the mean particle size and index
of uniformity of the fragmented rock. It was concluded
that the bucket fill factor and rate of production de-
creased with increasing values of mean particle size and
index of uniformity.

2. OBJECTIVES OF THE STUDY

The main objective of this study is to investigate the
influence of blast induced rock fragmentation and muck-
pile angle on excavator performance in surface mines.

3. CASE DESCRIPTION

To accomplish the said objective field studies and
field data acquisition were conducted at two different
surface mines.

Mine A. 1t is a 3.4 million tonne coal producing sur-
face mine. Drilling, blasting and shovel-Dumper combi-
nation are used in mine for overburden removal and as
well as coal production. The density of sandstone was
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2.5 gm/cc. The compressive strength of the sandstone
was about 100 — 180 N/mm?. The explosive used in blast
hole was Site Mixed Emulsion (SME) with cast booster
of 100 gm each and shock tube initiation system with
delay sequence of 17 and 25 ms. All blast holes were
drilled in square pattern with 256 mm diameter. The
blasted material was loaded by 10 m® bucket capacity
electric rope shovel on 85 tonne dumper.

Mine B. 1t is a 3.7 lakh tonne coal producing surface
mine. Drilling, blasting and shovel-Dumper combination
are used in mine for overburden removal and as well as
coal production. The density of sandstone was 2.5 gm/cc.
The overburden bench consists of massive sandstone.
The compressive strength of the sandstone overburden
was about 12.00 to 23.28 MPa and its tensile strength
was about 0.45 to 1.82 MPa. The explosive used in blast
hole was SME with cast booster of 100 gm each and
shock tube initiation system with delay sequence of 17
and 25/42 ms. All blast holes were drilled in square pat-
tern with 160 mm diameter. The blasted material was
loaded by 2.5, 2.8 and 4.0 m* diesel operated hydraulic
backhoe on 25 tonne dumper.

The details of drilling and firing pattern for both the
mines are almost similar shown in Figures 3 and 4.

Stemming Column

Explosive Column

Cast Booster

Figure 4. Blast hole charging pattern

4. RESEARCH METHODOLOGY

In order to fulfill the research objective many full
scale blasts were conducted under the similar strata
(same bench) and explosive (SME) with shock tube initi-
ation system.
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Muckpile angle assessment. After blasting, before ex-
cavation operation starts, a side view image of the entire
muckpile was taken along with a reference scale and main-
taining the horizontal line for the camera (Fig. 5) to deter-
mine the muckpile angle. Those side view images for the
blasts were imported into the Fragalyst® software for angle
measurement. While other muckpile shape parameters,
lateral spread, throw and drop for each blast were measured
immediately after the blast using tape measurements.

High wall

Figure 5. Muckpile shape parameters

Excavator cycle time. Several researchers (Singh, Bai-
jal, & Fasihuddin, 1999; Marton and Crookes, 2000; Kan-
chibotla, 2001) have indicated the relationship between
diggability of loading machines with respect to degree of
fragmentation in the muckpile. Hence, the cycle time of
the excavator excavating the muckpile was categorically
recorded throughout the excavation history such that real-
istic cycle time data could be taken as an index to the blast
performance. Precise stopwatch was for this purpose.

Fragmentation assessment. Digital image analysis
technique was used in the present study by the capturing
of scaled digital images of the blasted muck pile to quan-
tify the fragment size and its distribution. In order to
cover the entire muck pile, the images were captured at a
period interval of 1-hour throughout the excavation histo-
ry of the muck pile, giving due cognizance to the rec-
ommendations made by several researchers (Maerz,
Franklin, Rothenburg, & Coursen, 1987). The captured
images were analyzed by Fragalyst™, a commercial,
state-of-art image analysis software. The fragmentation
analysis is shown in Figure 6.

5. RESULTS AND DISCUSSIONS

The study was conducted at two different surface
mines to investigate the influence of blast induced rock
fragmentation and muckpile angle on excavator perfor-
mance. The images were captured during the excavation
process for evaluation of fragmentation for each blast.
The field observations and the fragmentation results are
tabulated in Table 2 and 3.

5.1. Relation between mean fragment size
and cycle time of the excavator

The mean fragments size vs excavator cycle time re-
lationships (Figs. 7 and 8) for analyzed blast round for
both the mines have been deduced from Tables 2 to 3.
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Table 2. Details of blast data (observed and analysed) for

Mine A
No. paBr':Iff;‘f}s AB-1 AB-2 AB-3 AB4 AB-5 AB-6
1 diamfelt‘:r‘j o 256256256 256 256 256
2 Ag:;fl‘i‘jl‘fsle 12 12 13 13 135 14
3 Burden, mts 4.5 4.5 4.5 4.5 4.5 4.5
4 Spacing, mts 5 5 5 5 5 5
s Semming, g0 56 58 57 58 61
mts
6 No. of holes 30 35 35 37 40 42
7 No. of rows 4 5 5 5 5 6
8 E"EL"IZ"VE;“ 384 413 318 446 437 474
9 explz‘s’itjl’ kg 1520 14440 11120 16506 17480 19908
10 Delay,ms 17/25 17/25 17725 1725 17/25 17/25
12 af;i‘g‘;g_ 589 48.75 4835 523 563 5841
13 /tivrl(féfz:le 566 53 552 536 532 S8
Avg. mean
14 fragmentsize, 0.336 0.292 0380 0370 0.350 0.446
m
Fragmentation and cycle time results
Blast K5, mts Kso, mts Kog, mts Cyclszélme,
0.34 0.53 1.27 60
0.09 0.24 1.21 61
BLAST 1 0.08 0.23 1.86 58
0.12 0.29 1.61 52
0.25 0.39 0.98 52
0.06 0.20 1.73 57
0.2 0.39 143 52
BLAST 2 0.15 0.3 1.09 50
0.20 0.28 0.48 52
0.22 0.29 0.50 54
0.36 0.57 1.48 62
0.16 0.32 1.29 55
BLAST 3 0.15 0.30 1.17 53
0.10 0.24 1.52 55
0.31 0.47 1.05 51
0.12 0.24 1.10 51
0.23 041 1.35 55
BLAST 4 0.23 0.40 1.28 52
0.25 0.44 1.32 55
0.20 0.36 1.40 55
0.18 0.37 1.31 52
0.10 0.23 1.30 55
BLAST 5 0.28 0.45 112 54
0.25 0.40 1.07 52
0.14 0.30 135 53
033 0.49 1.16 59
0.32 0.50 1.15 57
BLAST 6 0.11 0.27 1.87 56
0.25 0.43 1.20 57
0.34 0.54 1.28 61

It is evident from the Figures 7 and 8 that as the mean
fragment size increases, the excavator cycle time reduces
up to a certain mean fragment size (Kso), beyond which it
increase with Kso in both the mines irrespective of the
excavator. For mine A the fragment sizes (K»s to Kog)
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varies from 0.06 to 1.87 m and cycle time of shovel from
50 to 62 sec. The cycle time of the excavator is minimum
at fragment size of 0.30 — 0.45 m (from Rzhevsky formu-
la the OFS for the 10 m? bucket size is 0.40 m). For
mine B fragment sizes (K5 to Kog) varies from 0.08 to
0.71 m and cycle time of shovel from 24 to 30 sec. The
cycle time of the excavator is minimum at fragment size
of 0.15-0.20 m (from Rzhevsky formula the OFS for
the 2.4/4 m® bucket size is 0.20 — 0.23 m). Lower size of
fragments increases the digging time of excavator be-
cause at lower size more fines are generated which work
as binding of the blasted muck as well as increase in
volume of the material unduly. Similarly, separation and
handling of large size fragments increases the cycle time
of excavator. During the study it was also observed that
improper muckpile, excessive congested broken material
also effects the cycle time.

5.2. Relation between average
cycle time and muckpile angle

The muckpile angle vs excavator cycle time relation-
ships (Figs. 9 and 10) for analyzed blast round for both
the mines have been deduced from Tables 2 to 3.
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It is evident from the Figures 9 and 10 that as the muckpile
angle increases, the excavator cycle time reduces up to a
certain muckpile angle, beyond which it increase with
muckpile angle in both the mines irrespective of the exca-
vator. The excavator cycle time is optimum when the
muckpile angle is in the range of 52 — 58 degree.
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Table 3. Details of blast data (observed and analysed) for mine B

No Blasting parameters BB-1 BB-2 BB-3 BB-4 BB-5 BB-6 BB-7 BB-8 BB-9 BB-10
1 Hole diameter, mm 160 160 160 160 160 160 160 160 160 160
2 Average hole depth, mts 5.8 6.0 5.8 5.7 5.2 54 5.9 5.6 5.8 6.1
3 Burden, mts 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
4 Spacing, mts 3 3 3 3 3 3 3 3 3 3
5 Stemming, mts 4.6 4.5 4.0 4.1 44 44 4.1 4.0 42 49
6  No. of holes 50 35 47 47 35 47 45 40 30 40
7  No. of rows 3 2 3 3 2 3 3 2 3 3
8  Explosive per hole, kg 29 30 44 39 38 18 44 39 39 29
9  Total explosive, kg 1470 1050 2072 1842 1320 851 1984 1568 1176 1176
10  Delay, ms 25/92  17/42  17/42  17/42  17/42  25/92  17/42  17/42  25/92  17/42
11 Avg. cycle time, sec 254 28.7 25.5 23.6 28.3 30.0 242 24.0 26.3 25.4
12 Muckpile angle, deg. 5035 4930 6458 59.62  65.68 66.53  53.77  62.73 4833  58.85

Fragmentation, m

Lower, Kos 0.08 0.10 0.10 0.10 0.10 0.15 0.09 0.09 0.10 0.09
13 Mean, Kso 0.14 0.21 0.19 0.16 0.12 0.25 0.21 0.17 0.19 0.15

Higher, Kos 0.36 0.71 0.62 0.47 0.46 0.69 0.42 0.48 0.55 0.51

In case of lower muckpile angle there was more
spread of the muckpile which took more time to fill the
bucket while in case of higher muckpile angle the com-
paction of muck, rolling of broken rock created more
time to fill the bucket.

6. CONCLUSIONS

From the study it is concluded that:

1. The excavator cycle time is effected by the blast
induced fragmentation. The fragmentation size should be
optimum with respect to bucket size of the excavator so
that the excavator can load more material in less time. In
this study the cycle time of the excavator is minimum at
fragment size of 0.30-0.45 and 0.15-0.20m for
mine A and mine B respectively.

2. Muckpile shape parameters effect the excavator
cycle time. In this study muckpile angle was considered
and found that the excavator cycle time is optimum when
the muckpile angle is in the range of 52 — 58 degree.
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BILIMB BUBYXOBOI'O PYHHYBAHHS IIOPOJU I KYTA
ii HABAJIY HA IIPOJIYKTUBHICTh EKCKABATOPA HA KAP’EPAX

B.C. Yoynxapi

Merta. JlocnipkeHHs1 BIUIMBY BHOYXOBOI'O PyHHYBaHHsS HOpOIM i KyTa 1i HaBaly Ha NPOAYKTHBHICTH Ta Oe3leKy
poboTH eKcKaBaTopa.

MeTtoauka. JlociipkeHHs TpoBoaAwInCs Ha 0a3i 1BOX BYriibHUX Kap’epiB B Iuaii — A i B. Y xommuiekci Oyim BuKo-
pHCTaHi TeXHOJIOTIi OypiHHSA, MiIPUBAHHS, PUTTS Ta BiJBAJIOyTBOPEHHS /IS BUAAJIECHHS MTOPi PO3KPUTTS Ta BUILOOYTKY
ByTiUIL. Y Kap’epax OynH NMpOBeNeHI eKCIepHUMEHTANbHI BUOYXH IJIs TOTO, a0M BHBYUTH BIUIMB BHOYXOBOTO PYHHY-
BaHHS ITOPOJH 1 KyTa i HaBaTy Ha IPOTyKTHBHICTH EKCKaBaTOPA.

Pe3yabTaTH. BcTaHOBJIEHO, IO CTYMiHD MOAPIOHEHHSI MOPOAM TMOBHHEH OYyTH ONTHMAIFHUM TI0 BiTHOIICHHIO IO
PO3Mipy KOBIIIa €KCKaBaTopa JJIsl MOXKJIMBOCTI 3aBaHTaXKEHHsI OLIBIIOT KUIBKOCTI MOPOJAM 3a MeHIIHMK Yac. Takox Baxk-
JUBO, 00 HaBaJl MaB ONTUMAIBHUHN KYyT i OyB TOCHTH pUXIHM. B pe3ymbraTi JaHOTO AOCTIIKEHHS 3’ SCyBajiocs, IO
MiHIMaJIBbHUH Yac OHOTO IMKIY POOOTH €KCKaBaTOpa BiJIOBIIa€ HACTYIHOMY cTymeHto noapionenHs: 0.30 —0.45m y
kap’epi A ta 0.15 — 0.20 M y kap’epi B, BianoBinHo npu KyTi HaBaiy 52 — 58 rpagyciB B 000X Kap’epax.

HaykoBa HoBH3HA. [[)1 T€OTEXHOJIOTIYHUX YMOB BiIKPUTOT PO3pOOKH BYT'JIbHUX POAOBHUIL IHAIT BUSIBIICHI HOBI 3aK0-
HOMIPHOCTI 3MiHH NPOJYKTHBHOCTI BUIIOOYTKY Bijl YMOB, MEXaHI3MiB Ta 00JialHaHHsI, METOy BUIMKH Ta CTaHy Kap’epa.

I[pakTuyna 3HaYMMicTh. BUKOpHCTaHHS BCTAaHOBICHUX 3aKOHOMIPHOCTEH JO3BOJIMTH ONTHMI3yBaTH TEXHOJIOTIUHI
rapameTpy NpH IPOEKTYBaHHI BUOYXOBHX 1 BUJOOYBHHX poOIT Ha Kap’epax 3 po3poOKH Pi3HUX BHAIB KOPUCHHUX KOMa-
JIMH (BT, OyiBEJIbHUX MaTepiaiiB Ta iH.).

Knrouosi cnosa: xap’ep, cepedHiii posmip noopiOHeHHs, Kym HA8ANy, 6ubyxoea pewosuHda, 6ubyxoei pobomiu,
excKkagamop

BJIMAAHUE B3PBIBHOI'O PASPYHIEHMS ITOPO/JbI 1 YIJIA EE HABAJIA
HA ITPOM3BOAUTEJBHOCTD DKCKABATOPA B OTKPBITBIX KAPBEPAX

b.C. Yoynxapu

Heasp. MccnenoBanne BIUSHAUS B3PHIBHOTO pa3pyIICHUS MOPOABI M yIila €¢ HaBalla Ha MPOW3BOIUTEIHHOCTH U
0e30MacHOCTh pabOThI IKCKaBaTOPA.

Metoauka. lccnenoBanus mpoBOoIMINCE Ha 6a3e IBYX yroibHBIX KapsepoB B MHmnu — A u B. B xomiiexce Opiin
HCIOTB30BAHBl TEXHOJOTHH OypeHUs, B3PBIBAHU, PHIThS M OTBAJIOOOpa30BaHUS U yOAJCHHUS BCKPHIIHA M JOOBIYN
yris. B Kapbepax 6bIJ'II/l MMPOU3BEACHBI SKCIIEPUMCHTAJIbHBIEC B3PbLIBbI JJIA TOTO, I-ITO6I>I N3Yy4YUTH BJIMSAHUC B3PBIBHOT'O
pa3pylIeHus MOPObI U YIJla e HaBajla Ha IPOU3BOJUTEIBHOCTh HKCKAaBaTOPA.

Pe3yJ'H)TaT])I. yCTaHOBJ’leHO, 4YTO CTCHCHb HM3MEJIBYCHUA MOPOAbI JOJIKHaA 6I)ITb ONTUMAJIILHON I10 OTHOIIEHMUIO K
pa3Mepy KOBIIa 3KCKaBaToOpa JIsi BO3MOKHOCTH 3arpy3KH 00JbIIero o0beMa Iopo/sl 32 MeHblIee BpeMs. Takxke Baxk-
HO, 9TOOBI HABAJ UMEIl ONTHMATBHBIA Yrod U ObLI JOCTATOYHO PHIXJIBIM. B pe3ynpTare NaHHOTO HCCIIEOBaHUS BEISC-
HUJIOCH, YTO MHHUMAaJIbHOE BPEMs OJTHOTO IIMKJIAa pabOThl AKCKaBaTOpa COOTBETCTBYET CIIEYIOIIEH CTEIICHN U3Mebye-
Hus: 0.30 —0.45 M B xapeepe A u 0.15 - 0.20 M B xapbepe B, cooTBeTcTBeHHO IpH yrie HaBaja 52 — 58 rpamycoB B
000HX Kapbepax.

Hayuynasi HoBU3HA. [[J151 TEOTEXHOIOTUYECKUX YCIOBUN OTKPBHITON pa3pabOTKH YrOJIBHBIX MECTOPOXIeHHH NHIm
BBISIBIICHBI HOBBIE 3aKOHOMEPHOCTH M3MEHEHUS IPOU3BOIUTEILHOCTH TOOBIYH OT yCIOBUH, MEXaHU3MOB U 000pyI0Ba-
HUSI, METOJIa BEIEMKH U COCTOSIHUS Kapbepa.

IIpakTHyeckasi 3HAYUMOCTD. VICIIONb30BaHNE YCTAaHOBJIEHHBIX 3aKOHOMEPHOCTEHl IO3BOJMT ONTHMHU3UPOBAThH
TEXHOJIOTUYECKHE TTapaMeTPhl NPH IPOESKTHPOBAHUN B3PBIBHBIX U JOOBIYHBIX Pa0dOT Ha Kapbepax Io pa3pabdoTKe pas-
JIMYHBIX BU0B ITIOJIC3HBIX HCKOIIAEMBIX (yrﬂﬂ, CTPOUTECJIbHBIX MaTCPUAJIOB U [lp)

Kniouesvie cnosa: kapvep, cpednuii pasmep usmenbyerus, Y20i Ha8aid, 83pblHamoe 6eujecmso, 63puleHvle pabomol,
9KCKABAMOP
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