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Abstract

Purpose. To evaluate the fragment sizes of blasted material using Microsoft paint imaging system. It focuses on digital
imaging fragmentation analysis of rocks and aggregates using the Microsoft paint, putting into consideration, the camera’s
specifications to define the fragment size.

Methods. Five blast tests were conducted in the field to examine the effectiveness of this method of fragmentation analysis
and also investigate the influence of burden, spacing and specific charge on degree of fragmentation.

Findings. The particle size distribution obtained from Microsoft-paint imaging analysis shows that the mean run-off-mine
sizes are 0.6, 0.58, 0.42, 0.36 and 0.54 m, and the average boulder sizes of fragmented particles are 1.19, 1.11, 0.93, 0.81
and 1.03 m, for blast test 1, blast test 2, blast test 3, blast test 4 and blast test 5 respectively. Blast test 1 produced the highest
boulder size of 1.15 m followed by blast test 2 while blast test 4 has the minimum boulder size. The results also shows that
with increasing burden and spacing distances, the mean run-off-mine size, average boulder particle size increased. As ex-
pected, the mean run-off-mine size, average boulder size also decreased as specific charge increases.

Originality. The results of this research can be compared to fragmentation analysis using analytical software such as Wip-
frag, Blastfrag, Fragscan, Powersieve, e.t.c.

Practical implications. Microsoft paint imaging system can be used as a fragmentation analytical tool. Thus, results of the

fragmentation analysis can be used for better decision making in future blast designs of a mine.
Keywords: digital imaging, fragmentation, resolution effect, blast shot designs, boulders, particle size distribution

1. Introduction

Fragmentation means the process of breaking the solid in
situ rock mass into several smaller pieces capable of being
excavated or handled by material handling equipment.
Breakage of rock mass is done by conventional drilling and
blasting operation which is the most important method of
fragmentation in almost all quarries. There are a number of
controllable and uncontrollable parameters that govern the
fragmentation of rock. The controllable parameters can be
controlled by designing an effective and efficient blast and
use of appropriate explosive for blasting. While the uncon-
trollable parameters as the name suggests cannot be con-
trolled, but certain measures have to be taken to minimize the
effects of these parameters in rock blasting in order to have
an optimum rock fragment [1], [2].

In open pit mining, where blasting is employed for exca-
vation, the overall cost effectiveness of the production opera-
tions is compatible with optimization of drilling and blasting
parameters. Thus, the ultimate goal of a blasting engineer in
a mine is to achieve a muck pile having a suitable size distri-
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bution of the rock that can be efficiently loaded, transported
and milled [3].This goal can be achieved by examining the
relationship between blast design parameters and fragmenta-
tion achieved. Also, it is extremely important to make the
connection between rock blasting results and their impact on
the downstream operations cost. Spathis [4][5] discussed
factors that affect size reduction and its influence on mineral
liberation, which mainly described the area of prediction and
assessment together with the related assumptions: fines,
mean size, oversize, cumulative size distributions, and mea-
surement protocol.

1.1. Optimum fragmentation

The rock fragmentation obtained as an outcome of blast-
ing operations is said to be optimum, when it contains a
maximum percentage of fragments in the desired range of
size capable of being moved by material handling equip-
ment. The Desired size usually means the size that is de-
manded and can be effectively utilized by the consumers
for further operations without further processing. The de-
sired size for different consumers is different. For example,
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the size of dolomite fragments required for railway tracks is
comparatively smaller than the coarser ones those used by a
cement industry [6].

Effective blast design for optimum fragmentation of rock
is a control blasting method used to limit over-break of the
rock, production of fines, reduce fractures within remaining
rock walls and ground vibrations etc., after blasting in a mine.
Blasting is the predominant method of fragmentation of con-
solidated in-situ mineral deposit. In recent times, the use of
explosives and the public related problems have increased
greatly as a result of consumption of explosives in increasing
quantities, thus the use of explosive considering the deposit,
hardness of the mineral deposit, texture, dimension of spacing
and burden etc., are necessary to have an effective blasting
design for optimum fragmentation of rocks [1], [7].

Moreover, it is necessary to adopt an effective blasting
method such as line drilling, trim blasting, smooth blasting,
pre-splitting and the use of modern blasting technology
which would give the required optimum fragmentation. A
method of improving rock fragmentation with explosives
based on a new way of explosion energy transfer in the solid
media provides a high efficiency by changing the gas dynam-
ic processes of the expansion of detonation products in the
charge chamber.

1.2. Rock fragmentation analytical methods

Rock fragmentation distribution can be assessed in a
number of ways. These methods vary from those that are
very simple to perform and qualitative to the impractically
difficult in production situations, but quantitatively accurate.
Fragmentation can be evaluated qualitatively on a shot to
shot basis by blaster observation and loader operator feed-
back about sizing and diggability. This method lacks data
and is subject to a significant amount of bias and human
error. Sieving of shot rock is a very accurate quantitative
method of determining fragmentation size, but it is time
consuming, impractical, and expensive in active mining
operations. Digital image analysis provides a middle ground
between the previous methods with a quantitative measure of
fragmentation sizing that is not disruptive to the mining pro-
cess, and is therefore a practically applicable method of ob-
taining fragmentation results of mine blasts. Digital image
analysis of shot rock can be performed using images of the
muckpile taken with handheld/portable cameras, with belt
mounted systems, or loader mounted systems [8].

There are various software packages and image capture
systems designed to facilitate digital image analysis for
fragmentation sizing. These include WipFrag, Split, Porta-
Metrics, GoldSize, Fragscan, PowerSieve, and Blastfrag [8]-
[11]. Many of the image analysis systems operate in a similar
manner and most require some type of scaling item to be
placed in the photo. For example, WipFrag takes the image
of a muckpile or other broken rock and converts that image
into a net of rock fragments. This net is measured and used to
provide a sieve simulation of the fragments. This provides
fragmentation statistics, such as the D10, mean, D50, and
D90, and graphs of the fragmentation sizing [12]. Wip-
Frag [12] states that, “images must be clear, evenly lit and
must be acquired systematically in order to minimize errors
and optimize results accuracy”. Even when using high quali-
ty photos, rock outline editing is typically necessary to define
fragments, identify fines, and identify shadow or other areas
to be excluded from the analysis. Systematic photo acquisi-
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tion is important both immediately after the shot and
throughout the mucking process to ensure all areas of interest
are accounted for in the photogrammetric analysis. Photos
must be collected throughout blasting and mucking operation
to eliminate the sampling error and bias caused by the typi-
cally more coarse fragmentation found on the surface of
muck piles [2], [11].

However, this research discovers a relatively quick and ef-
ficient digital imaging analytical method. It focuses on digital
imaging fragmentation analysis of rock and aggregate using
the Microsoft paint, putting into consideration the camera’s
design and nomenclature to define the fragment size.

1.3. Aims and objective of study

The aim of this paper to highlight the importance of
fragmentation analysis in mines and also give an efficient
fragmentation analytical method that could be used in place
of expensive and inaccessible analytical software packages.

The objectives of the study are:

—to evaluate the fragment sizes of blasted rock material
using Microsoft paint imaging system as an analytical tool;

—determine the effect of burden, spacing and specific
charge on fragment size; and to predict rock fragment size
using Microsoft office paint as an analytical tool.

2. Methodology of research

Five test blasts were conducted on an active blast face of
a granite quarry. The test blasts were full-size production
shots conducted between May 16, 2017 and August 22,
2017. The tests included all shots on this bench during this
timeframe. Each blast shot has approximately 3200-4000
cubic meters of rock. After each blast shot, digital Photo-
graphs were taken systematically for each blast design im-
mediately after each blast shot for analysis to obtain particle
size distribution (run-off-mine sizes, boulder sizes) of blast
result. The digital pictures were subjected to resolution anal-
ysis based on some parameters and design properties of the
camera to obtain the fragment size of each blast shot design.

The capacity of the front end loader was used to define
the fragmentation size, the front end loader has a bucket
which has a capacity to handle fragments of 0.64 m, there-
fore fragments which has size greater than 0.68 m which
cannot be handled by the front end loaders are considered as
boulders thus requires secondary blasting while those below
are considered as run-off-mine. The various blast designs
tested are summarized in Table 1, while Figure 1 shows the
connection pattern for all the blast shot tested.

Table 1. Various blast designs for different blast shot tested

Blast design Blast Blast Blast Blast Blast

parameters test1 test2 test3 test4 test5
Spacing (M) 4.0 3.0 3.0 25 25
Burden (M) 4.0 3.0 3.0 3.0 3.0
Hole depth (M) 270 270 270 270 27.0
Height of bottom charge 4.0 3.2 4.0 3.2 3.2
Height of column charge 225 233 225 233 215
Stemming 35 35 35 35 5.0
Bottom charge (KG) 9 7 9 7 7
Column charge (KG) 160 160 170 160 140
Drilling pattern Rectangular
Charging device Nonel

Initiation device Electric detonator
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\Electric detonator

Electric detonator
Figure 1. Connection pattern of blast shot

2.1. Resolution analysis of digital imaging

Camera specification designs and nomenclature are essential
tools in the analysis of fragment size in digital imaging. The
focal length, pixel size, and the distance of the camera from the
object are the major constraint that defines the fragment size.
Firstly, the distance of the camera from muckpile is determined;
this can be used to determine the cameras field of view based on
the horizontal distance between the camera and the area of
muckpile of interest taking height into consideration. The differ-
ence between the original horizontal distance and the real dis-
tance becomes more dramatic as the height of the camera or
muckpile goes up. The actual (Slope) distance can be deter-
mined using the Pythagorean Theorem as shown in Figure 2.

Actual H.D
Heigh difference

Measured H.D

Figure 2. Relationship between height difference and actual hori-
zontal distance and measured horizontal distance

AhD? = MhD? + HD? 1)

where:

AhD —the actual or slope distance between the camera
and the area of the muckpile;

MhD —the measured horizontal distance between the
camera and area of the muckpile;

HD - the height difference between the camera setup and
the height of the muckile.

Thus the size of each fragment can be evaluated from
Equation 2 below:

_ Fh-Ps-And

AfsS=————

Fl @)

where:

Afs — the actual fragment size;

Fh — fragment size in digital image;

Ps — pixel size of the camera;

Ahd — actual distance of the camera from the area of the
muck pile;

F1 — focal length of the camera.

However, for the purpose of carrying out this research, a
measured horizontal distance of 15 m was maintained from
the camera to the muck pile area. A camera of focal length of
24 mm and a pixel size of 13 mp is used in this research.
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3. Results

The particle sizes for each blast shot were analyzed picto-
rially using Microsoft-paint imaging system and correcting
into original size by magnification scale factor and camera
design resolution to obtain the particle sizes distribution (run-
off-mine sizes and boulder sizes) for each blast shot design.

3.1. Blast test 1

Figure 3 shows the fragmentation distribution of particles
in the blast test 1. This blast shot produced fragment mainly
boulders which may requires further secondary blasting to
enhance handling by material handling equipment.

Figure 3. Fragmentation distribution of blast test 1 (generated
using Microsoft-paint)

The sizes of each fragment of the blast test 1 were ob-
tained by Microsoft paint to obtain the particle distribution as
shown in Table 2.

Table 2. Fragment size of boulders and run-off-mine in blast shot 1

SIN Fragment size (m) Status
1 1.11 Boulder
2 1.32 Boulder
3 1.07 Boulder
4 1.33 Boulder
5 0.64 Run-off-mine
6 0.72 Boulder
7 0.54 Run-off-mine
8 0.59 Run-off-mine
9 0.63 Run-off-mine
10 1.32 Boulder
11 1.67 Boulder
12 1.04 Boulder
13 1.09 Boulder
14 0.45 Run-off-mine
15 1.21 Boulder

The average boulder size and mean run-off-mine size in
blast design 1 is estimated to be 1.19 m and 0.6 m respectively.

3.2. Blast test 2

Figure 4 shows the fragmentation distribution of particles
in the blast test 2.

The fragmentation sizes of blast test 2 as obtained from
Microsoft paint are shown in the Table 3.

The average boulder size and the mean run-off size in blast
test 2 are estimated to be 1.11 m and 0.58 m respectively.

3.3. Blast test 3

Figure 5 shows the fragmentation distribution of particles
in the blast test 3.

The fragmentation sizes of blast test 3 as obtained from
Microsoft paint are shown in the Table 4.
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Figure 4. Fragmentation distribution of blast test2 (generated
using Microsoft-paint)

Table 3. Fragment size of boulders and run-off-mine in blast shot 2

SIN Fragment size (m) Status
1 0.79 Boulder
2 1.32 Boulder
3 0.96 Boulder
4 0.64 Run-off-mine
5 1.19 Boulder
6 0.72 Boulder
7 0.58 Run-off-mine
8 0.62 Run-off-mine
9 0.57 Run-off-mine
10 0.44 Run-off-mine
11 143 Boulder
12 0.63 Run-off-mine
13 1.56 Boulder
14 0.59 Run-off-mine
15 0.87 Boulder

Figure 5. Fragmentation distribution of blast test 3 (generated
using Microsoft-paint)

Table 4. Fragment size of boulders and run-off-mine in blast shot 3

SIN Fragment size (m) Status

1 1.03 Boulders

2 1.12 Boulders

3 0.46 Run-off-mine
4 0.47 Run-off-mine
5 0.37 Run-off-mine
6 0.53 Run-off-mine
7 0.32 Run-off-mine
8 0.43 Run-off-mine
9 0.77 Boulders

10 0.49 Run-off-mine
11 0.57 Run-off-mine
12 0.48 Run-off-mine
13 0.28 Run-off-mine
14 0.54 Run-off-mine
15 0.20 Run-off-mine

The average boulder size and the mean run-off-mine size in

blast design 3 are estimated to be 0.93 m and 0.42 m respectively.

3.4. Blast test 4

Figure 6 shows the fragmentation distribution of particles
in the blast test 4. Fragmentation result of blast shot 4 is
considered to be optimal because it produces particle which
can be easily be loaded by front end loader, thus which con-
tains minimal number of boulders.

Figure 6. Fragmentation distribution of blast test4 (generated
using Microsoft-paint)

The fragmentation sizes of blast test 4 as obtained from
Microsoft paint are shown in the Table 5.

Table 5. Fragment size of boulders and run-off-mine in blast shot 4

SIN Fragment size Status

1 0.92 Boulder

2 0.74 Boulder

3 0.40 Run-off-mine
4 0.35 Run-off-mine
5 0.46 Run-off-mine
6 0.40 Run-off-mine
7 0.48 Run-off-mine
8 0.33 Run-off-mine
9 0.42 Run-off-mine
10 0.32 Run-off-mine
11 0.56 Run-off-mine
12 0.26 Run-off-mine
13 0.14 Run-off-mine
14 0.54 Run-off-mine
15 0.76 Boulder

The average boulder size and the mean run-off-mine sizes in
blast design 4 are estimated to be 0.81 m and 0.36 m respectively.

3.5. Blast test 5

In order to obtain the particle size, pictures of muck piles
were taken after blasting to obtain the particle distribution.
Figure 7 shows the fragmentation distribution of particles in
the blast test 5.

Figure 7. Fragmentation distribution of blast test5 (generated
using Microsoft-paint)
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The fragmentation sizes of blast design 5 as obtained
from Microsoft paint are shown in the Table 6 below.

Table 6. Fragment size of boulders and run-off-mine in blast shot 5

SIN Fragment size Status
1 0.98 Boulders
2 1.02 Boulders
3 1.06 Boulders
4 0.66 Run-off-mine
5 0.54 Run-off-mine
6 0.44 Run-off-mine
7 0.52 Run-off-mine
8 0.55 Run-off-mine
9 0.67 Run-off-mine
10 0.48 Run-off-mine
11 1.04 Boulder
12 0.61 Run-off-mine
13 0.37 Run-off-mine
14 1.09 Boulder
15 0.97 Boulder

The average boulder size and the mean run-off-mine sizes in
blast design 5 are estimated to be 1.03 m and 0.54 m respectively.

The average maximum (boulder) sizes and average mean
particle sizes of various blast designs that were tested as
shown in blast test 1 to 5 in Table 2 to 6 are summarized in
Table 7.

Table 7. Fragment size distributions of blast design 1-5
Mean run-off Average boulder

Blast shots

mine size (m) size (m)
Blast shot 1 0.60 1.19
Blast shot 2 0.58 1.11
Blast shot 3 0.42 0.93
Blast shot 4 0.36 0.81
Blast shot 5 0.54 1.03

From the table above, blast shot 1 has the highest mean
run-off-mine size (0.60 m) and average boulder size (1.19 m),
while blast shot 4 has the lowest mean run-off-mine size and
average boulder size of 0.36 and 0.81 respectively. It is noted
that the mean run-off-mine size and average boulder sizes
decreases as the burden and spacing of blast design (main-
tained at the same specific charges) decreases as observed in
comparison of blast result of blast shot 1, 2, and 4. It is also
noted that increase in specific charge of blast hole design
(maintained at the burden and spacing) result to lower mean
run-off-mine size and average boulder size and vice versa as
observed in comparison of blast result of blast shot 2 and 3;
and also blast shot 4 and 5.

3.6. Limitations of digital image analytical method

There are a few problems associated with digital image
analysis methods that should be understood when utilizing
them for fragmentation optimization, but that do not negate
the usefulness of the analysis. These include the manual
editing of rock outlines to ensure correct delineation of frag-
ments. This introduces human error into the analysis, espe-
cially when particle sizes are small. In images with larger
particle size or where the image resolution is high, this error
is minimized. Other issues include errors associated with the
calculations used to transform digital measurement into rock
surface measurements, the limitations of the resolution of
image systems, shape effects causing fragments to be as-
signed mesh sizes differently in the image analysis than they
would be in sieving, and density assumptions. When utilizing
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image analysis, some of these problems, such as the volume
calculations, are irrelevant because any error introduced will
apply to all of the images and the difference in size distribu-
tion from photo to photo will still be evident. Additionally,
despite the issues, when tested, the size distributions found
using digital image analysis of muckpiles matches those of
the sieved material well. Coarse materials tend to result in
fewer errors than fine materials [10].

4. Conclusions

The research examines the use of digital imaging analy-
sis method to predict the fragment sizes of blasted material
using the Microsoft paint imaging system. In order to
achieve the objective of this research, five blast shots were
conducted in the field to consider the effect of a specific
charge and geometry in bench blasting and particle sizes of
blasted rocks were estimated by Microsoft-paint digital
imaging analysis method.

The particle size distribution obtained from Microsoft-
paint imaging analysis show that, the mean run-off-mine
sizes are 0.6 m, 0.58 m, 0.42 m, 0.36 m, and 0.54 m, and the
average boulder sizes of fragmented rocks are 1.19 m,
1.11m, 0.93 m, 0.81 m, 1.03 m, for blast test 1, blast test 2,
blast test 3, blast test 4 and blast test 5 respectively. Blast test
1 produced the highest boulder size of 1.19 m followed by
blast test 2 while blast test 4 has the minimum boulder size.
The result shows that with increasing burden and spacing
distances, the mean run-off-mine size and the average boul-
der particle size increased. The mean run-of-mine size, aver-
age boulder size also decreased as specific charge increases.

The cost of aggregate production in a quarry has a mini-
mum value at an optimum fragmentation size. Prediction and
evaluation of fragmentation degree will help mining engi-
neers in selecting blasting parameters to produce required
material size at a known cost and also in selecting other
crushers and conveyor systems. Optimum fragmentation size
may not be the required size but knowing the size distribu-
tion for particular blast and rock mass conditions, the Mining
engineer can adapt and modify the blasting if possible.
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Cucrema cTBopeHHs 300pakeHHs Microsoft — oTorpammerpuynuii minxin
J10 BUMIPIOBaHHS IPAHYJIOMETPUYHOIO CKJIAAy IPH BUI00YTKY IOPOAH i meOHI0

Tomac b. Adeni, Emmanyens O. Okedni

Merta. O1iHKa TpaHyJIOMETPUYHOTO CKJIaIy 3pyHHOBaHOI BUOYXOM TipChKOI IIOPOAH i3 BUKOPUCTAHHSIM CUCTEMHU CTBOPEHHS 300pakeHb
300pakeHHs1 Microsoft.

Metoauka. bynu nposezeHi ’Th BHOYXOBUX BUIIPOOYBaHb B MOJIBOBUX YMOBAX IPAHITHOTO Kap’epy IJIS MiATBEPIKEHHS e(heKTHBHOC-
Ti IaHOTO METOAY TPaHyJIOMETPUYHOTO aHANi3y Ta BUBYCHHS BIUIMBY JiHii HaiiMermoro onopy (JIHO), BincraHi Mixk mIimypaMu i IEBHOTO
3apsly Ha CTYIiHb JpoOieHHs. I paHylIOMETpHYHHI CKJa]] BU3HAYaBCs i3 BUKOPHCTAaHHAM cepBicy Microsoft 3a aBTOPCHKOI0 METOAUKOIO.
I'panynoMeTpuyHuii aHai3z nudpoBoro 300pakeHHs MOPOIH Ta IIEOHIO i3 BUKOpPUCTaHHAM cepBicy Microsoft 3aiiicHeHO 3 ypaxyBaHHIM
TEXHIYHUX XapaKTEePUCTHK KaMepH, sIKi J03BOJISAIOTh BU3HAYATH PO3MIp IIMATKIB.

Pe3yabTaTn. Po3mnomina o0cAriB YaCTHHOK, OTPUMAaHHIA 32 JTOTIOMOTO0 aHallizy 300pakeHb Microsoft, mokasye, mo cepenHiit po3mip gac-
THHOK, 1110 po3ietinucs, nopisaioe 0.60, 0.57, 0.43, 0.39 1 0.55 M, nipu iboMy cepeHili po3Mip BETUKUX yaaMkiB qopieatoe 1.15, 1.07, 0.97,
0.8311.02m ans 1, 2, 3, 4 1 5 Bubyxy BiamoBiaHO. BuzHaueHo, 10 MpH mepiioMy BHOYXy Oysid OTpUMaHi HaWOLIbLII YIaMKH PO3MipOM
1.15 M, TpoXHu MeHIIi — Hi Yac TPEThOro BUOYXY, 1 HAWMEHII — MiJ Yyac 4eTBepToro BuOyxy. Pesynpratu BUnmpoOyBaHb CBigYaTh, 10 MPU
36unpmenHi JIHO Ta BimcTaHi MiX IIITypaMu CepeHii po3Mip YaCTHHOK, IO PO3JICTUTHCS, 1 CepeHIl po3Mip BEIMKUX yIaMKiB 301TbITYE€Th-
51, 1 BMEHIITYEThCS TIPH 301UTBIICHHI OKPEMO B3STOTO 3apsy.

HayxoBa nHoBu3Ha. HagaHo OIiHKY I'paHyJIOMETPHYHOTO CKJIaLy IiipBaHOi MOPOIH i3 BUKOPUCTAHHAM cepBicy Microsoft i BctaHoBITe-
HO, LII0 METO/] MOKHA MOPIBHATH 3 TPaHyJOMETPUYHNM aHai30M, BUKOHaHUM 3a goromororo Wipfrag, Blastfrag, Fragscan, Powersieve, ta
XapaKTepPH3Y€EThCs TOCTATHBOIO IOCTOBIPHICTIO.

Ipakruuna 3HayumicTb. CucreMa CTBOpeHHs 300pakeHb Microsoft Moske OyTH BHKOpHCTaHA SIK {HCTPYMEHT TpaHyJIOMETPHYHOTO
aHanizy. Pe3yJpTaTi rpaHyJIOMETPUYHOTO aHaNi3y OyIyTh COPHATH MPUAHATTIO OiMbII eEKTHBHHUX PillleHb MPH MPOEKTYBaHHI BUOYXOBHX
poOiT Ha maxTax B MaiOyTHbOMY.

Knrouoei cnosa: yugposi 300pasicents, epanyiomempudnull cKiao, epexm po3uupenHs, npoeKmu 6ubyxosux pooim, 6anyHu, po3nooin
PO3MIPI6 YACTMUHOK

Cucrema co3ganusi n3oopaxenuii Microsoft — ¢gororpammerpuyeckuii moaxoxn
K M3MePEHHUI0 IPAaHyJIOMETPHYECKOT0 COCTABA NPH J00bIYe MOPOIbI M LIEOHS

Tomac b. Apenn, Ommanyans O. Oxenu

Henb. OneHKa rpaHyIOMETPHIECKOTO COCTaBa TOPHOM IIOPOIBI ¢ MCIIOIB30BAHUEM CHCTEMBI CO3aHus n3o0paxenuit Microsoft.

MeToauka. Beuti IpoBeIeHBI MATH B3PBIBHBIX UCIIBITAHUI B MOJEBBIX YCIOBUSIX IPAHUTHOIO Kapbepa Ui MOATBepKAeHHS P derTrB-
HOCTH JIaHHOTO METOJla I'PaHyJIOMETPUUYECKOTO aHajiu3a M W3y4YeHUs BIMSHUS JUHUM HauMmeHbulero compotusieHus (JIHC), paccrosnus
MEXIy IIIypaMH M OINpEJEICHHOro 3apsiaa Ha cTeneHb IpoOieHus. I'paHyJOMETpHYeCKHi aHau3 IU(GPOBOro M300paKEHHs MOPOABI U
meOHs ¢ Mcrosp30BaHneM cepBruca Microsoft mpomsBeneH ¢ y4eToM TeXHHYECKHX XapaKTEePHCTHK KaMepbl, KOTOPHIE MO3BOJISIOT Olpese-
JISITh pa3Mep KyCKOB.

PesyabTarthl. Pactipenernesne pa3MepoB 4acTHII, TIOJyYEHHOE TPU MOMOLIHM aHali3a n300paxenuit Microsoft, moxaseiBaer, uto cpeaHuit
pa3mep paznereBmmxcs gactuil paset 0.60, 0.57, 0.43, 0.39 u 0.55 M, pu 3TOM cpexHui pa3Mep KpyIHBIX o6oMkoB paseH 1.15, 1.07, 0.97,
0.8m1.02w™ mns 1, 2, 3, 4 u 5 B3pbIBa cOOTBETCTBEHHO. ONpeieIeHo, YTO IPH NEPBOM B3pbIBE OBUIH MOJIYYSHBI caMble KPYITHBIE 00JIOMKH
pasMepoM 1.15 M, HEMHOI'O MCHBIIHE — BO BPEMs TPETHET'0 B3PbIBA, U HAMMCHBIINE — BO BPEMs YETBEPTOI'O B3PhIBA. PeSyﬂbTaTbI HUCIBITAHUM
CBUJIETEIIbCTBYIOT, 4To npH yBenuueHuu JIHC u paccTostHuS Mexay INMypaMu CpeaHuil pa3Mep pas3ieTeBLUIMXCS YacTHUIl U CPeTHUN pa3Mep
KPYIHBIX 00JOMKOB YBEIHUMBAETCS, M YMEHbIIACTCS MIPH YBEIMYCHUH OT/EIBHO B3STOTO 3apsija.

Hayunasi HoBH3HA. [[aHa OLIEHKA IPaHyJIOMETPUYECKOTO COCTaBa B3OPBAHHOM MOPOABI C MCIONB30BaHNEM cepeuca Microsoft u ycra-
HOBJICHO, YTO METOJ CONOCTaBHM C TIpaHyJOMETPHYECKHM aHajIn30M, BbimoiHeHHeIM mnpu nomomun Wipfrag, Blastfrag, Fragscan,
Powersieve, u xapakrepu3yeTcst JOCTaTOYHOH JOCTOBEPHOCTHIO.

IpakTuyeckas 3Ha4YuMocTh. CricTemMa co3anus n3o0paxenuii Microsoft moxer ObITh HCIIONB30BaHA KAK HHCTPYMEHT TPaHYJIOMET-
PHUYECKOTro aHaM3a. Pe3yibTaThl rpaHyJIOMETPHYECKOro aHajiu3a OyAyT cHocoOCTBOBAThH NMPHHSATHIO Oojee 3(P(EeKTHBHBIX pelIeHui mpu
MPOEKTUPOBAHUH B3PBIBHBIX Pa0OT Ha IIAXTax B OyAyLIEM.

Knwouesvie cnosa: yugpposuvie usobpasxcenus, panyiomempuieckuii cocmas, d¢ppexm paspeuwieniss, npoekmul 3pbl6HbIX pabom, eay-
Hbl, pacnpeoenenue pasmepos 4acmuy
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