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Purpose. To conduct an assessment of the effectiveness of rock breaking in a complex array using a new design of
borehole charges to develop a resource-saving and environmentally safe method of mining construction materials on
non-ore quarries.

Methodology. To substantiate the rational parameters of explosive destruction of rocks with complex structural
features, such as granites, in the conditions of the “Sivach” quarry, experimental studies were carried out to study the
structure of the rock massif — orientation of microcracks of different morphology and anisotropy of physicomechan-
ical properties of rock-forming minerals and their spatial position on the block. The main characteristics of the frac-
tured structure of the granite massif are studied using the method of stepler imaging of exposed faces at horizons
chosen for industrial tests of an explosive rock breaking method.

Findings. Experimental studies have determined the effect of cracks on the nature of explosive destruction of an
anisotropic massif. To achieve the goal, holes were drilled at along the bottom line with a diameter 43 mm to a depth
of 1.0—1.5 m and charges with a cartridged explosive material (EM) — ammonite Ne 6 GV — were undermined.

In terms of the dimensions of the large @ and small b axes of the explosion funnel and its orientation relative to the
sides of the light, the coefficient of anisotropy was calculated from the expression K= a/b, which averaged 1.14. Using
the developed nomogram and taking into account the data of the anisotropy coefficient, the parameters of the well grid
of the valid blast design were corrected at the experimental section of the block equal to 4.5 x 5.5 m instead of 5 x 5 m.
Using the changed parameters of the blast design, mass explosions were carried out in the experimental and control
sections and the results of crushing the broken rock mass with the use of the oblique-planed photographic planimetric
method were estimated. The results of industrial experiments have shown that the use of modified blast design param-
eters using variable-charge designs reduces the diameter of the average chunk by about 30 % and the consumption of
industrial explosives by 10—40 %. The output of the conditioned piece (201—600 mm) increases by 10 %.

Originality. The scientific novelty of the proposed explosive technology of crushing hard rocks of complex struc-
ture, realized in a new method of breaking up locally-fractured rocks involves:

- considering the identified zones of increased fracturing in the control and experimental sections the directions
of local cracks and the extent of zones of increased fracturing in the block array which are oriented relative to the sides
of the world were determined whose parameters were used to calculate the anisotropy coefficient;

- according to the anisotropy coefficient, a nomogram was constructed to correct the blast design;

- based on the changed parameters of the blast design in the holls drilled in the massif with a pronounced local
fracturing, combined charges of variable cross section were formed, which made it possible to improve the results of
crushing the broken rock mass.

Practical value. The presented results of industrial tests of the proposed design of a combined borehole charge
implemented in the new method of destruction of strong locally fractured rocks allow for a constant charge weight to
increase its length and, more evenly distribute the explosive over the height of the ledge, as a consequence. At the
same time, the conditions for the transfer of explosion energy from explosive charge to destroyed array change with
the formation of a different-grade and multidirectional stress field. As a result, the role of tensile and shearing stresses
contributing to a more even crushing of the rocks increases.
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Introduction. The problem of intensity increase in
rocks crushing with the use of blast energy of explosive
material (EM) is relevant for the experts dealing with
destruction of rocky formations. The solution of this
problem is inseparably associated with increase in ex-
plosion energy transformed to destructed part of the
massif.
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Unsolved aspects of the problem. It is known that the
considerable part of explosion energy is expended in the
zone, which is directly adjacent to charge cavity (usually
2—3 radiuses of a charge) where the medium is over-
grinded that leads to losses of minerals in pits of nonme-
tallic construction materials.

As noted in the paper by Efremov E. 1., control of the
size of the rock re-milling zone and reduction of fine
fractional yield can be achieved due to both reduction of
the contact area of borehole charge of explosive material
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(EM) with the destructed rocks, and creating of condi-
tions providing reduction of explosion dynamic impact
on charge cavity surface.

Thus, during failure of rocks, it is possible to increase
the useful effect of explosion by various means, in par-
ticular, by regulation of value of specific energy of EM
due to use of constructions of borehole charge of a vari-
able diameter.

It should be noted that in case of explosion control, it
is necessary to consider that the tensile strength of rocks is
approximately 10 times less than compressive strength of
rocks. As the energy capacity of the solid media destruc-
tion is proportional to a square of their strength in case of
a specific loading, energy capacity of solid media destruc-
tion by tensile stresses is 100 times less than energy capac-
ity of destruction in case of compression stresses. From
this, it follows that the increase in a role of tensile stresses
in solid media destruction by explosion can be reached
when using extended charges of a variable diameter.

There are some methods for extended charge forma-
tion with different configuration of both its length and
cross-section.

In particular, it is:

- creation of expanded sections, whose diameter is
bigger than the diameter of initial cavity, in the drilled
cylindrical cavities [1, 2];

- placing inside the charging cavity of a continuous
column of explosives in polyethylene shells of a variable
diameter [3], with an air gap and a reflector of blast
waves [4], in the form of a cone with a step-down diam-
eter to the wellhead [5], cumulative charges [6], com-
bined charges for the destruction of rocks of complex
structure [7, 8] and with a different configuration of the
cross-section [9, 10];

- layout of hollow figures from inert materials in
charge cavities [11].

The above-mentioned constructions of extended
borehole charges make it possible to create the multidi-
rectional and multigradient field of stresses in the massif
and at the same time, to reduce the dynamic impact of
explosion on the surface of the charge cavity, due to re-
duction of the direct contact area of EM with rocks.

Objective of the article. The objective of the research
is evaluation of blasting efficiency of massif with com-
plex structure in non-metallic pits with use of new con-
struction of borehole charge.

Tasks, methodology and presentation of the research
results. For grounding of rational parameters of explo-
sive failure of the rocks with complex structure (granites
developed in pit “Sivach” of PrJSC “Ukragrovzryv-
prom”), the industrial tests of the new blasting method
[11], based on change of design features of a charge were
carried out.

The rocks in pit are gray highly water-flooded end
compact-grained granites with red inclusions of strength
of f=12—16 grades on scale of Professor M. M. Protodya-
konov. The level of flowing waters in pit reaches 1.0—2.0 m
in case of massif average water content of 15—20 %.

The nature of failure of rocks of complex structure is
affected by their microstructure — orientation of micro-
cracks and anisotropy of physical mechanical properties

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4

of rock-forming minerals, as well as massif macrostruc-
ture — spatial position of cracks of different morphology
which partition the exploded unit. Therefore, in case of
selection of parameters of drilling-and-blasting opera-
tions (DBOs) — the specific consumption EM, geome-
try of layout of boreholes and blasting — such features of
micro- and macrostructure should be considered. It will
allow obtaining uniform rocks breaking in case of the
minimum yield of fractions, which are losses of minerals
in course of crushed stone production.

In this regard, the comprehensive data on nature of
massif fracture density in the destructed unit of granite
massif considerably simplifies calculation of rational pa-
rameters of DBOs.

In order to determine the main characteristics of
fracture pattern of granite massif within mining lease of
“Sivach” pit of Uman Quarries Management using the
method explained in paper [11], free faces on horizons,
which were selected for industrial tests of the developed
method of blasting of rocks with complex structure (unit
01/12, mount. +56 and unit 04/11, mount. +68 m) were
stereo photographed.

The separate photography of the same object (part of
shoulder) was conducted from two camera angles using
a digital camera for obtaining a stereo pair in the experi-
mental area along the face line. The static rod was used
for scaling of stereograms.

The stereo pair is oriented in case if the angle O at the
vertex of dihedral angle formed by the direction of pho-
tography rays and the spatial position of camera angles
are known. In this case, in the stereomodel investigated
by means of a stereoscope, it is possible to determine the
basic characteristics of the natural macrocracks parti-
tioning the massif, i.e. elements of their formation (an-
gle of slope and its azimuth), and intensity (number of
the cracks per 1 m of face length).

Processing of deciphered stereo pairs was main-
tained with use of standard programs of image process-
ing “Photoshop” and “CorelDraw 11”. In this case, the
vertical and horizontal macrocracks, which can be seen
in the picture, are usually represented in the form of
lines of various thickness with the subsequent projection
to the static rod for determination of crack density.

After data processing, the distribution parameters of
crack systems at the “Sivach” pit were obtained. They
are shown in Table 1.

In order to determine the cracks influence on the na-
ture of explosive breaking of anisotropic massif along the
face line, the blast-holes were drilled and exploded (the
diameter is 36—43 mm, depth is 1.0—1.5 m, EM is stick
powder ammonite No 6 liquid hydrogen). According to
the specified sizes of big a and small b axes of breaking
bell-hole caused by explosion of charge of EM and its
orientation in parts of the world, coefficients of massif
anisotropy were calculated according to expression K =
=a/b, which is equal to 1.14 on average. With use of data
of anisotropy coefficient, a nomogram (Fig. 1) was de-
veloped. Due to this nomogram, the parameters of bore-
hole pattern of valid blast design in the experimental field
of the unit (the borehole pattern is equal to 4.5 x 5.5 m
instead of 5 x 5 m) were corrected. Its long side coincides
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Table 1
The characteristics of the main crack systems at the “Sivach” pit
.. Coefficient Distances Distance Width of zone of the Distances
Name of joints . .
of fracture | between walls | between separate | higher fracture density, | between centers
(Kloos nomenclature) . .. ..
density, m | ofjoint, mm joints, m m of zones, m
Longitudinal joints of compression — 3-5 0.01—0.15 0.1-2.6 40—60 45—66
S-joints
Transversal joints — Q-joints 1-3 1.0-3.5 1.0-5.8 50—60 60—75
Horizontal joints of unloading — 3-7 0.05—-0.15 0.5—1.5 zones of higher fracture -
L-joints density are absent

with the direction of maximum values of vect or of ex-

plosion energy flow in the destructed massif F,,,.
According to the changed parameters of borehole
pattern (a = 5.5 m — distance between boreholes in a row
and b = 4.5 m — distance between rows of boreholes),
and considering revealed zones of high fracture density
(focused orthogonally to the face line) in of experimen-
tal units, the boreholes of a diameter of 150 mm and a
depth of 10.0—11.0 m with the subdrill of 0.6—1.5 m were
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Fig. 1. The nomogram for correction of boreholes consid-
ering anisotropy coefficient

drilled according to valid blast design the massif in the
shoulder of 12.0 m high. The diagram of the experimen-
tal unit is shown in Fig. 2.

After drilling-off, the boreholes were charged
(Fig. 3). The borehole multicharges were formed in the
test area according to approved standard blast design for
mass explosion for the unit. For this purpose, 2.0—2.4 m
was left for tamping in the borehole, and another part of
the borehole was divided into two equal sections. The
mixed explosion of trotyl (hydrocarbon gas + granulated
ammonium nitrate in a proportion 65/35) or emulsion
EM such as Anemix were placed in the lower part of the
borehole, the booster explosive of two trotyl blocks
T-400 connected by wave guide with plain detonator by
non-electric system of initiation “Impuls” or “PRIMA-
ERA” was installed.

After that, the top part was filled with conversion
explosive material (charge section is DKRP-4 with
plastid) and the top booster explosive was installed.
The space between walls of borehole and section
DKRP-4 was filled up with mixed EM — trotyl (hydro-
carbon gas + ammonium nitrate). The mouth of bore-
hole was encapsulated by tamping of stone screening
dust (fraction of 3—5 mm).

At the experimental site, the formation of charges
was carried out taking into account the isolated zones of
increased fracturing. Thus, in the block rock mass in the
direction of the extended zones with pronounced local
fracturing in the drilled wells, extended combined
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Fig. 2. The diagram of placement of boreholes and charges commutation in pit shoulders of “Sivach” unit 01/12, mount.
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Fig. 3. Charge of wells on the block:

a — appearance of the unit with a charging machine; b — emulsion EM such as Anemix; ¢ — conversion EM-charge section is
DKRP-4; d — installation of the cartridge-thriller from the TN-TNT in the well

charges of the variable cross section were formed. The
design of the developed variable-charge explosive of the
variable cross-section is shown in Fig. 4.

Formation of charges of the variable section in the
boreholes was carried out by installation of the EMs,
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Fig. 4. Structure of the borehole multicharges variable
diameter:
1 — borehole; 2 — charge of mixed EM — HG + AN; 3 —
section of conversion EM — DKRP-4; 4 — pyroxylin pow-
der; 5 — primed blasting cartridge; 6 — tamping; 7 — spher-
ical cavities; § — binder for connection of spherical cavities;
9 — non-electric system of initiation “ Impuls”
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which were connected in a chain by means of binder in a
spherical cavity, in the lower section of explosive col-
umn. The spherical cavity diameter is 0.8D,,,, where:
D,,. is a borehole diameter. The distance between
spherical cavities was accepted as equal to active part of
the length of a cumulative charge [11]

}[lim. 2 gcxch. 2 2dsph.cava

where dgy; ., =0.5d,. is the diameter of spherical cavity;
L, o, 1s the length of the cumulative charge.

Charges of variable diameter with spherical cavities
are formed in zones of monolithic block rocks, and
charges of continuous structure are formed in jointing
zones. The lower section of charge was filled with the
mixed EM of trotyl (hydrocarbon as + granulated am-
monium nitrate in a proportion 65/35) or emulsion EM
such as Anemix; the top section was filled with conver-
sion EM — DKRP-4 with plastid, and the top booster
was installed. The space between walls of borehole and
section DKRP-4 was filled up with mixed EM — trotyl
(hydrocarbon gas + ammonium nitrate) or pyroxylin
powder.

Commutation of borehole charges of EM in the
rocks shoulder was carried out by the groups connected
by lattice network. The linear delay elements of UNS-S
and UNS-PA were placed between groups of charges in
each level, and explosions were carried out starting with
the charges located on the flank of. destructed unit with
the use of non-electric systems of initiation “Impuls”,
NONEL, and “PRIMA-ERA”.

According to results of mass explosions, the evalua-
tion of results of crushing of the blasted mined rocks was
carried out in experimental and test areas. Quality of

95




GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

Table 2
Calculation of sizes of average piece of blasted mined rocks on experimental explosions™*
Experimental area Test area
Classes of Average size of Fractions Classes of Average size of Fractions
fineness, piece on class, output, W, dix W, f piece on class, d;, | output, W, dix W,
neness, mm
mm d;,, mm mm mm mm
0—200 100 41.0 4100 0—200 100 26.7 2670
201—400 300 34.0 10 200 201—-400 300 24.5 7350
401-600 500 17.3 8650 401—600 500 20.6 10 300
> 600 700 7.7 5390 >600 700 28.2 19 740
) 28 340 z 40 060
d.,=2d;W,;/100 = 283.4 mm dep=2d;W;/100 = 400. 6 mm

* average values on experimental explosions

crushing was evaluated by the diameter of an average
piece with measurement of particle size distribution of
blasted mined rocks with application of a method of
oblique-angled photoplanimetry. The calculation re-
sults are presented in Table 2

Conclusions and recommendations for further re-
search. The analysis of results of industrial experiments
has shown that the application of changed blast design
parameters with use of structures of charges of variable
section (Table 2) reduces diameter of an average piece
approximately by 30 % and consumption of industrial
EM by 10—40 %. The output of standard piece (201—
600 mm) increases by 10 %.

The suggested methods for blasting strong complex
structural local-jointed rocks allow improving the qual-
ity of crushing of blasted mined rocks and increasing
technical and economic indicators of work of the min-
ing enterprises. High-quality crushing of blasted mined
rocks is achieved due to adjustment of key parameters of
blast design, namely, geometrical arrangement and sizes
of boreholes pattern, application of new structures of
borehole multicharges of various cross-sectional shapes,
and accounting of direction and intensity of crack sys-
tems of various morphology (opening degree) in the de-
structed rock unit.

The use of suggested structures of borehole multich-
arge of a variable section makes it possible to increase
charge length at its constant mass and, as a result, to dis-
tribute EM along the shoulder height more uniformly.

Thus, conditions of energy transmission from explo-
sion of EM charge are changed in case when multigradi-
ent and multidirectional field of stress is formed in the
destructed massif. The role of extension and shearing
stress providing more uniform crushed of rocks increas-
es in such force field.

In course of industrial tests during 2012—2017, about
1500 thousand m? of mined rocks were blasted in granite
pits of PrJSC “Ukragrovzryvprom” according to the de-
veloped recommendations. The average economy of in-
dustrial EM in one borehole is 40 kg, thus, the general
economy for one mass explosion (only under section
“explosive materials”) exceeded 30 thousand UAH. The
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comparative analysis has shown that at preservation of
rocks blasting quality, the use of suggested technology
allows cutting specific consumption of EM and volume
of drilling operations on average by 15 % with preserva-
tion of design elevation of face toe.

Industrial tests have shown that introduction of the
suggested technology of explosive works conducting in pits
at blasting massifs of complex structure makes it possible
to provide effective and high-quality crushing of rocks.
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Mera. [IpoBecTr OLIiHKY e(eKTUBHOCTI BifOMBaH-
H$ TipCBKUX TOPiJ Y MACUBi CKJIagHOI OyIOBU 3 BUKO-
PUCTAaHHSIM HOBOI KOHCTPYKIIii CBEpAJIOBUHHOTO 3apsi-
Iy JUIs1 pO3pOOKHU pecypco30epirarouoro Ta eKoJorivHo
0e3rnevyHoro cnocoly BUAOIMKY OyaiBeIbHOI CUPOBUHU
Ha HEPYIHUX Kap’epax.

MeTtoauka. i1 OOrpyHTYBaHHS pallioOHAJbHUX Ta-
paMeTpiB BUOYXOBOTO pyiHYBaHHSI MOPiJ CKJIaAHOI Oy-
JIOBU, SIKUMM € TpaHiTH, B ymMoBax Kap’epy ,,CiBau“
MpOBeACHI eKCIIepUMEHTaIbHI JTOCIIIXKEHHS i3 BU-
BUCHHSI CTPYKTYPH ITOPOTHOTO MaCUBY — OpPi€EHTYBaH-
HS MIKpOTpPIilIMH pizHOI Mopdosorii Ta aHi3oTporii
(hizMKO-MeXaHIYHUX BJIACTUBOCTEI MOPOJOYTBOPIOIO-
YUX MiHepalliB i iX MPOCTOPOBE MOJOXEHHS Ha OJIOL.
JocniakeHi OCHOBHI XapaKTepUCTUKU TPIlIMHHOI Oy-
JIOBU TPAHITHOTO MacuBY 3 BUKOPMCTAaHHSIM METOMIY
cTepeodOTO3MOMKIY OrojieHUX 3a001B Ha TOPU3OHTAX,
0o0paHuX IJIsI TPOMUCIOBUX BUMPOOYBaHbL PO3po0dJie-
HOTO cioco0y BUOYXOBOI1 BiOIAKM TipChKUX TTOPILI.

PesynabraTu. ExcriepyMeHTaIbHUMU JOCTiIKEHHSI-
MM BU3HAYCHO BIUIMB TPIIIMH HA XapaKTep BUOYXOBOTO
pyiiHYBaHHS aHM30TPOITHOTO MacuBy. Jag 1IbOTO
y3I0BX JIiHii 320010 Oy/11 TTpoOypeHi LINMypU JiaMeTpOM
43 MM Ha rmouHy 1.0—1.5 M i B HUX MminipBaHi 3apsau
naTpoOHOBaHMX BUOYxoBUX peuoBuH (BP) — amMoniT
Ne 6 KB. 3a po3mipoM BeMKoOi @ i Majiolo b oceil Bo-
POHKU BUOYXY Ta 1i Opi€HTYBaHHi BiTHOCHO CTOPiH CBi-
Ty, OYB po3paxoBaHuii KoedilliEHT aHi30TPOITii 3 BUpa-
3y K= a/b, mo cknaB y cepenHbomy 1.14. I3 Bukopuc-
TaHHSIM PO3POOJIEHOI HOMOTPaMU Ta ypaxXyBaHHSIM Ja-
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HUX KoedILiEHTY aHi30TPOTIii OyJIM CKOPUTOBaHi mapa-
METPU CiTKM CBEPUIOBMH [il0YOro macroprta Oyporli-
npuBHuX pooiT (BITP) Ha ekciepuMeHTaNbHIl AiMSHII
010Ky piBHill 4,5 x 5,5 M 3amMicTb 5 x 5 M. I3 BuKopuc-
TaHHSIM 3MiHeHUX nmapaMeTpiB nacnopTiB BITP mpoBe-
JIeHi MacoBi BUOYXU Ha eKCIIEPUMEHTAJIbHIl Ta KOHTP-
OJIbHII IiJISTHKAX 1 OLIiHEeHi pe3yJIbTaTu APOOJIEeHHS Bifl-
OUTOI TripChKOi Macu 3 BUKOPUCTAHHSIM METOMY KOCO-
KyTHOi doTrornaHimMerpii. Pe3yapTatyi mpoMuciIoBUX
€KCIepUMEHTIB MOKa3aJIu, 1110 3ACTOCYBaHHS 3MiHEHUX
napametpiB BITP 3 BUKOpUCTAaHHSM KOHCTPYKILH 3a-
psIIiB 3MIHHOTO TIepepi3y 3MEHIIYEThCS MPUOJIM3HO Ha
30 % niameTp cepeaHBOro LIMAaTKa, a BUTPATa IPOMUC-
noBux BP Ha 10—40 %. Buxin KOHAMLIAHOrO 1IMaTKa
(201—600 MMm) 36iabIyeTHCS Ha 10 %.

HaykoBa HoBu3Ha. HaykoBa HOBHM3HA 3aIlpOITOHO-
BaHOI BMOYXOBOI TEXHOJOTIi APOOJICHHSI MILIHUX Tip-
CbKMX TOPil CKJIaAHOI OyI0BU, peali3oBaHa B HOBOMY
crnoco0i BigOiliKu JTOKaJIbHO-TPILIMHYBATUX TiPChKUX
TOpiJ, MOJISITA€E B HACTYITHOMY:

- 3 ypaxyBaHHSIM BUSIBJIGHUX 30H MiABUIIEHOI TPi-
IIUHYBATOCTiI HA KOHTPOJIbHIl Ta eKCIepUMEHTAbHIl
JIUJISTHKAX BCTAHOBJIEH1 HAMMPSIMKY JIOKQJIbHUX TPIIlllUH i
MPOTSIKHICTh 30H MiIBUILIEHOI TPillIMHYBATOCTi y 6J10-
KOBOMY MAaCHUBIi BiTHOCHO CTOpiH CBiTy 3a mapameTpa-
MM SIKMX OYB po3paxoBaHMIT KOeMIlliEHT aHi30TPOTTii;

- 3a TaHUMU Koe(illieHTy aHi30TpoIlii modygoBaHa
HOMoOTrpama Jijisi KOpuryBaHHsI YuHHOro nacropra bITP;

- 3a 3MiHeHMMHU mapameTpamu macriopta BIIP y
CBEPIJOBUHAX, MPOOYPEHUX Y MAaCHUBi 3 BUPAXKEHOIO
JIOKaJIbHOIO TPELIMHYBATICTIO, DOpMYyBaIM KOMOiHOBA-
Hi 3apsiiv 3MiHHOTO MEPETUHY, 10 T03BOJISIIOTh MOJTiM-
LIATU PE3yJbTaTU ApOOIEHHS BiIOUTOI TipChKO1 MacH.

IIpakTuyna 3naunMmictb. [lpencraBieHi pe3yabTaT
IIPOMHUCIIOBUX BHUIIPOOYBaHb 3aIlpOTIOHOBAHOI KOH-
CTPYKIil KOMOIHOBAHOTO CBEPIJOBUHHOIO 3apsiiy
3MiHHOTIO TIePETUHY, Peali3oBaHOIO0 B HOBOMY CITOCO0i
pyHYBaHHSI MIiLHUX JIOKQJIbHO-TPIIIMHYBATUX Tip-
CbKHUX T0Pill, Jal0Th MOXJIMBICTh IIPU MOCTIMHIN Maci
3apsiay 30iTBIIMTY 100 TOBXUHY i, SIK HACTIIOK, OiJbIII
piBHOMipHO po3noninutu BP 3a Bucororo ycrymy. [1pu
1IbOMY 3MiHIOIOThCSI YMOBU Tepeaadi eHeprii Bil BUOYXy
3apsiny BP pyiiHyiouomy MacuBy i3 (hoOpMyBaHHSIM pa3-
HOTPaJlieHTHOTO i Pi3HOCHPSIMOBAHOTO TOJISI HAMpPY-
>K€Hb. ¥ TAaKOMY CUJIOBOMY ITOJTi 3pOCTA€E POJIb PO3TSATY-
IOYMX i 3CYBHUX HAMPYXKEHb, IO CIIPUITUMYTh OLIbIII
PiIBHOMipHOMY MTOAPIOIEHHIO TiPChKUX MOPIf.

KimouoBi cioBa: ceepdnosuna, eudyx, kKomOiHOBaHUIl
C8epON0BUHHUIL 3aPs10, NOBEPXHSL YCIYNY, MPIUUHYEAMICIb
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Hexan. [IpoBecTn o11eHKY 3(pHEKTUBHOCTH OTOOMKM
TOPHBIX TTIOPOJ B MaCCUBE CIIOXKHOM CTPYKTYPHI C MC-
M0JIb30BaHNEM HOBOM KOHCTPYKIIMHM CKBAXKMTHHOTO 3a-
psina aist pa3paboOTKM pecypcocOeperaroiero 1 9Kouo-
TAYeCcKHU 0e301MacHOro crnocoda 100bIYY CTPOUTETHLHO-
IO ChIPbSl HA HEPYIHBIX Kapbepax.

Metomuka. 17151 000CHOBaHUS pallMOHAIBHBIX Mapa-
METPOB B3PBLIBHOTO pa3pyllIeHUs] TOPOA  CJIOKHOM
CTPYKTYPHBI, KAKNMU SIBIISTIOTCSI TPAHUTHI, B YCIIOBUSIX
Kapbepa ,,CuBay“ mpoBeAeHbI SKCIIEPUMEHTATbHBIE UC-
CJIeIOBAHUSI TI0O U3YYEHUIO CTPYKTYPHI TTIOPOTHOTO Mac-
CHBa — OPUEHTUPOBKA MUKPOTPEIINH PAa3IMIHON MOP-
domormm w aHM3OTpOIMU  (PUBMKO-MEXaHMUCCKIX
CBOICTB ITOPOIO00PA3YIOIINX MUHEPAJIOB U WX IIPO-
CTPaHCTBEHHOE T10JI0KeHre Ha Oisioke. MccienoBaHbl
OCHOBHBIC XapaKTepUCTUKU TPEIIMHHOTO CTPOCHMUS
TPaHUTHOTO MacCHBa C UCIOJIb30BAaHMEM METOMIa CTepe-
0o(poToCheMKM OOHAXKEHHBIX 3a00€B Ha TOPU30HTAX, BbI-
OpaHHBIX MJIsS1 MPOMBIIUICHHBIX UCIBITAHUI pa3pabo-
TaHHOTO CITOC00a B3PHIBHOI OTOOMKM T'OPHBIX MTOPOI.

PesynbTaThl. DKClepMMEHTaTbHBIMU MCCIIEI0Ba-
HUSIMM OTIpE/IeJICHO BJIMSIHME TPEIIMH Ha XapakTep
B3PBIBHOTO DPa3pyllIeHUs] aHU30TPOITHOTO MAacCHUBa.
7151 3TOTO BOOJIb TUHUY 320051 ObLIM TPOOYPEHBI LIITY-
pbl mnaMeTpoM 43 MM Ha mryouHy 1.0—1.5 M 1 B HUX
TIOMOPBAHBI 3apsiIbl TATPOHUPOBAHHOTO B3PHIBYATOTO
BewectBa (BB) — ammonut Ne 6 2KB. Ilo pasmepam
OO0 @ 1 MaJIoii b oceil BOPOHKHU B3phIBa U €€ OpH-
€HTUPOBKE OTHOCUTEJIbHO CTOPOH CBETa, ObLT paccum-
TaH KO3(M(GULUMEHT aHU30TPOIIUU U3 BbIpakeHus: K =
=a/b, koTophblit coctaBuI B cpenHeM 1.14. C ucnonb3o-
BaHMEM pa3pabOTaHHOW HOMOIPaMMbl M YYETOM JlaH-
HbIX KO3 dUlLIMeHTa aHU30TPOIUN OBLTN CKOPPEKTH-
pOBaHbI TMapaMeTPbl CETKW CKBaXXWH JEHCTBYIOIIETO
nacnoprta O0ypoB3pbiBHbIX padoT (BBP) Ha skcnepu-
MEHTaJIbHOM yJacTKe 0J10Ka paBHOI 4.5 x 5.5 M BMecTO
5 x 5 M. C uCIobp30BaHIEeM M3MEHEHHBIX ITApaMeTPOB
rmacioptoB bBP nmpoBeneHBI MaccOBBIEC B3pHIBBI HA 9KC-
TMepUMEHTAIbHOM 1 KOHTPOJIBHOM YYacTKax M OLIEHE-
HBI pe3yJIbTaThl APOOJEHUS OTOUTOI TOPHOI MacChl C
HCMOJIb30BAaHUEM METONa KOCOYTOJbHOM (hOTOIIaHU-
MeTpuM. Pe3ynbTaTbl MPOMBIILIEHHBIX 3KCIEPUMEH-
TOB MOKAa3aJiu, YTO MPUMEHEHE U3MEHEHHbIX Mapame-
TpoB BBP ¢ ucnonb3oBaHueM KOHCTPYKUMI 3apsiioB
MEePEMEHHOI0 CEYeHUsT YMEHbIIaeTcs IMPUMEPHO Ha
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30 % muameTp cpemHero Kycka ¥ pacxXoj MpOMBIIILICH-
Heix BB Ha 10—40 %. BbIxon KOHAMIIMOHHOIO KyCKa
(201—600 mm) yBenumunBaercs Ha 10 %.

Hayuynas noBuszna. HayyHasi HOBU3HA TPEIIOXKEH-
HOI B3PBIBHOI TEXHOJOTMU APOOJIECHUS KPEMKUX TOp-
HBIX IOPOJ CJOXHON CTPYKTYpbI, peaJM30BaHHasl B
HOBOM CMoco0e OTOONKHU JIOKaJTbHO-TPEIIMHOBATHIX
TOPHBIX IMOPOJ, 3aKJII0YAETCs B CIEAYIOIIEM:

- C YYETOM BBISIBIICHHBIX 30H ITOBBIIIIEHHOM TPEIIH -
HOBATOCTH Ha KOHTPOJIBHOM U 3KCIICPUMEHTAITbHOM
yJacTKaxX YCTaHOBJICHBI HAIIpaBJICHUS JJOKAJIbHBIX TPe-
IIMH ¥ TIPOTSKEHHOCTD 30H TTOBBIIIEHHOM TPEITMHO-
BaTOCTA B OJIOYHOM MAaCCHBE OTHOCHUTEIBHO CTOPOH
CBeTa I10 ImapaMeTpaM KOTOPBIX OBLT pacCUMTaH KO3(D-
(GULIMEHT aHU30TPOITUH;

- TI0 JaHHBIM Ko3(dUIMEeHTa aHU30TPOIIUU TI0-
CTpOEHA HOMOTpaMMa ISl KOPPEKTUPOBKU NEHCTBYIO-
mero nacrnopta bBP;

- M0 U3MEHEHHBbIM mapaMmeTpaM macropta BBP B
CKBaXXMHaX, MPOOYPEHHBIX B MACCHBE C BBIPAKEHHOM
JIOKAJTbHOM TPEIIMHOBATOCTHIO, (hOPMUPOBAIIA KOM-
OMHWPOBAHHBIC 3apsiAbl TTEPEMEHHOIO CEUYCHUS, TI0-
3BOJISTIOIIINE YIIYUIIUTh Pe3yabTaThl APOOICHUST OTOM-
TOW TOPHOU MAaCCHI.

IIpakTHyecKas 3HaYMMOCTh. [IpenacTaBiecHHBIC pe-
3YJIbTaTBl TIPOMBIIIUICHHBIX MCIBITAHWIA TIPEITOKEH-
HOI KOHCTPYKIINY KOMOMHMPOBAHHOTO CKBAaXKMHHOTO
3apsia MePeMEHHOTO CEUeHUsI, PeaIM30BaHHOTO B HO-
BOM CITOCO0€ pa3pylIeHUs KPeKUX JOKATbHO-TPEIIH-
HOBATBIX TOPHBIX MOPOJ, JaIOT BO3MOXHOCTb P MO-
CTOSIHHOM Macce 3apsiia yBEJIMYUTh €ro JIMHY 1, KaK
ciencTeue, 6oyiee paBHOMEpPHO pacrpenesutb BB o
BbICOTE ycTyma. [1py 3ToM M3MEHSTIOTCS YCITOBUST TIEpe-
a4 SHEPTUH OT B3phiBa 3apsima BB paspymaemomy
MaccuBy ¢ (OPMHPOBAaHMEM pPa3HOTPATUEHTHOTO U
pa3HOHAIIPABJICHHOTO TOJISI HaIpsokeHuil. B TakoMm
CHJIOBOM TIOJIE BO3pAcTaeT POJIb PACTATUBAIOIINX U
CIABUTAIONINX HAMpPSDKEHUI, CITOCOOCTBYIOIIMX Ooliee
PaBHOMEPHOMY APOOICHUIO TIOPO.

KioueBble ciioBa: ckeajcuna, 83pul8, KOMOUHUDO-
BAHHDLLI CKBANCUHHDBLI 3aps0, NOBEPXHOCMb YCMYNA, mpe-
WUHOBAMOCMb
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