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Forecast of potential rockburst hazard during the reconstruction of
the Yugo-Zapadnaya mine at the Darasun deposit

Elena L. Sosnovskaia'*, Arkadii N. Avdeev’
" Institute of Mining UB RAS, Ekaterinburg, Russia

*e-mail: avdeev0706@mail.ru

Abstract
Research aim is to study the geomechanical conditions of the Yugo-Zapadnaya mine at the Darasun
gold ore deposit during the reconstruction of mining to forecast the rockburst hazard.
Methodology. Laboratory tests of physical and mechanical properties of rocks were carried out.
The initial stress-strain state of the rock mass was assessed by natural measurements and by solving the
inverse geomechanical problem. The method of finite element analysis determined the technogenic
stresses in the structural elements of the geotecnologies. Engineering calculations of critical depths of
rockbursts were performed.
Results and conclusions. By results of researches it is established, that the natural field of in-situ
stresses in the deposit array of rocks is distributed discretely: high-stress, medium-stress and off-load
zones are distinguished. The rocks have high strength and elastic properties and are prone to brittle
fracture. The actual mining has reached critical depth of rockburst. Air headings and ceiling are in the
most hazardous state. To increase the safety of mining, a set of measures has been proposed: unloading
roof ceiling and corners with slots, giving the roof a hipped shape, replacing the ceiling with a concrete
pillar. It is recommended to conduct operational geomechanical monitoring at the mine.

Key words: initial and technogenic stress-strain state; gravitational and tectonic stresses; physical
and mechanical properties of rocks; mine workings and pillars; geomechanical conditions; forecast of
rockburst hazard.

Acknowledgements. The article has been prepared under the government contract no. 075-00581-
19-00, theme no. 0405-2019-0007. Methodological fundamentals of zoning the territory of the Russian
Federation by the risk of man-made natural disasters conditioned by modern geodynamic crustal
movements at hazardous and unique facilities of subsoil use.

Introduction. The ore field of the Darasun gold ore deposit is situated within the
gold-molybdenum belt of Eastern Transbaikal. The deposit has complex tectonics,
9 joint systems were distinguished, basically running in the latitudinal, north-eastern
and north-western orientation. 1 m thick rake quartz-sulphide lodes are mined bedded
in quartz diorites, gabbro-diorites, amphibolites, and granodiorites. Basically, the
method with ore shrinkage and ore preparation is used in the mine. Reserves in a layer
are mined bottom-upwards; 3 m high ceiling is formed when cleaning up blocks. There
are no intervening pillars. Lodes have significant strike dimensions, so the unsupported
spans of goaf reach 200-300 m and more.

In the late 1970s in the course of actual mining at the Darasun mine, more than
36 instances of hazardous manifestation of rock pressure were registered. In 1979
the deposit was ranged as rockburst hazardous starting from the depth of 330m [1, 2].
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In 2006 after the fire which resulted in the destruction and further flooding of
a significant part of underground mine workings, mining at the Darasun mine was
terminated. The mine is currently under reconstruction, and a section of the deposit,
the Yugo-Zapadnaya mine, is recommissioned. Lower 607—717 m horizons were
drained. Current depth of mining makes up 500—700 m.

In order to forecast the rockburst hazard of the rock mass, the geomechaniacl
conditions at the lower horizons of the shaft under reconstruction were studied in 2019.

Table 1. Main physical and mechanical properties of rock at the Yugo-Zapadnaya mine

Ta6auna 1. OcHoBHbIe PU3HKO-MeXaHMYeCKHe CBOHCTBA FOPHBIX MOPOJ IIAXTHI
«IOro-3anmagnan»

Cor:ilp;es- Tension A?fézr(’f Young’s Poisson’s Modulus of Deformation

Rock N strength, . modulus, ) deformation, criterion of

strength, MPa resistance, GPa ratio GPa Ia. A. Bich. %

Mpa degree o >
Granite 80.6 11.8 33 51.3 0.14 49.9 87.0
St‘;am dio- 89.4 20.0 25 116.1 031 87.2 72.0
Peridotite 68.6 14.8 26 80.8 0.22 81.0 82.1
Beresite 52.5 8.8 30 67.2 0.22 62.6 87.8

Research material and methodology. In the course of research a complex of
methods has been used including laboratory testing of physical and mechanical
properties of rocks [3]; the estimation of rock mass initial stresses field with the in-situ
measurements, slot relief according the methodology of the Institute of Mining
UB RAS [4] and analytical estimation based on the inverse problems solution by the
recorded manifestations of rock pressure [5]; finite-element modelling of technogenic
stresses at the contour of the mine workings and pillars [6-9], engineering analysis of
rockburst critical depths in hazardous elements of the underground structures [10-11].

Table 2. The results of measurements of the initial rock mass
stresses at the Yugo-Zapadnaya mine
Tabmuna 2. Pe3yJbTaTbl H3MepeHHii NepBOHAYATBHBIX
HANPS2KeHMIl MaccHBa ropHbIX nopoa Ha maxre «kOro-3anagnas»

Stresses, MPa
Observation stations -
Horizontal
depth, m Vertical
longitudinal transverse
507 —15.04£3.0 —14.8+4.5 —23.0+£2.6
617 -16.7+1.4 -10.4+0.3 -9.3+1.6

Results. Evaluation of physical and mechanical properties of rocks. According
to the results of laboratory testing of samples collected in May 2019 from the cores of
the prospect holes and hand specimen, it has been determined that the rock of the lower
horizons at the Yugo-Zapadnaya mine possess high elastic and strength properties
(table 1). Deformation criterion of Ia. A. Bich is 71.95-90.48%, which is higher than
the critical value of 70%. Rock can accumulate energy under pressure, i.e. are prone to
brittle fracture in rockburst hazardous forms.

Evaluation of the initial stress field. In 2005-2006 the rockburst forecast and
prevention service of OOO Darasunskii rudnik (Darasun mine Ltd) recorded
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13 instances of dynamic manifestations of rock pressure at the horizons of 617, 667,
717 m of the Yugo-Zapadnaya mine. According to the recorded instances, initial stresses
in highly rockburst hazardous section were analysed for the conditions of the Yugo-
Zapadnaya mine based on the inverse geomechanical problem solution. The following
has been obtained as per calculation. Medium vertical stresses are —19.4 MPa, horizontal
stresses along the strike of the ore bodies are —56.8 MPa, and cross-line stresses
are —43.6 MPa. Mean coefficient of the horizontal stress (the ratio between the horizontal
and vertical stresses) at the sections of rock pressure dynamic manifestation is 2.7.
This ratio is close to the earlier one determined according to the manifestations of rock
pressure recorded in 1979—-1991 at the Darasun mine, equal to 3.0 [5]. Mean tectonic
component is —39.6 MPa (minus denotes rock contraction), which meets, within
the accuracy of measurements, the value of

tectonic stresses at rockburst hazardous 500 550 600 650  H.m
sections of the Darasun mine [5]. 0 . . . .
It should be noted that after flooding and ;
further draining of the excavations in 10 = - _/
2018-2019 there were no signs of dynamic T -
manifestations of rockburst hazard at the o0 b
mine. = - 2
In June 2019 rock pressure observation — _3q | Tr=.l/ -
stations were placed at the newly operated C =
horizons of 507 m and 617 m at the Yugo- _a0 F
Zapadnaya mine, and initial stressed were 3
evaluated by the method of slot relief (table 2)  MPa
[12]. As a result of measurements it has been
stated that at the horizon of 507 m at the Yugo- ~ Fig- 1. Technogenic stresses in high-stress

Zapadnaya mine which was not flooded,
medium gravitational-tectonic stresses act.
Minor stresses act vertically and are
determined only by the weight of the

surrounding rocks of advanced headings:
H — mining depth; ¢ — stresses; / — the line of stresses
in the walls of the roads; 2 — the line of stresses in
the roof and roof corners; 3 — the line of permissible
stresses
Puc. 1. TexHOreHHBIC HANPSOKEHHUS HA KOHTY-
P€ PYIHBIX IITPEKOB B BBICOKOHANPSKEHHBIX

superincumbent rock; the tectonic component
is close to zero. Maximum stresses act across
the strike of the ore lode. Horizontal stresses
tectonic component makes up —9.6 MPa and
—17.8 MPa correspondingly being close to the values of —12.9 MPa and —18.0 MPa which
are average values with respect to the Darasun deposit [5]. The coefficient of the horizontal
stress is 1.0 along the strike of the ore lode and 1.5 across the strike. These values are
close to the specified values for the fields of natural stresses of lode gold ore fields of
Eastern Siberia, 0.95 and 1.6 [11].

Initial stresses measurement results at the underlying horizon of 617 m differ
significantly from the stresses at the horizon of 507 m. Vertical stresses still depend
only on the response of the rock mass weight, their tectonic component is —0.1 MPa.
Horizontal stresses are lower than the vertical ones, their tectonic component is
—-3.5...—4.6 MPa under the horizontal stress coefficient of 0.6—0.7. So, in the marginal
mass of the horizon of 617 m, close-to-gravitational stresses act. The authors believe
that it is due to the fact that all workings of the horizon of 617 m and the underlying
horizons were flooded up to 2018. The mass apparently unloaded due to crack extension
as a result of the multi-year hydraulic head.

Based on the above it can be concluded that at the Yugo-Zapadnaya mine the field
of natural stress-strain state is of a discrete nature: both medium-stress zones of the

Yy4acTKax MacCHBa FOPHBIX MOPOJ:
H — rnyOuHa TOpHBIX pabOT; G — HampsHKEHHS;
] — B CTEHKax IITPEKOB, 2 — B KPOBJIE H yIJIaX KPOB-
M, 3 — JIMHUS JOIYCTUMBIX HalpsHKEHUH
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mass are distinguished which were not flooded and possess no apparent manifestations
of rock pressure (hor. 507 and higher), and off-load zones of the marginal massif at the
flooded horizons. High-stress zones are currently not determined at the functioning
mining levels; in 2018-2019 hazardous manifestations of rock pressure were not
recorded. However, with further development of mining at the shaft they apparently
will show.

The analysis of technogenic stresses simulation in the structural elements of the
development system makes it possible to note the following.

Table 3. Technogenic stresses in the ceiling pillars
Taéauua 3. TexHOreHHbIe HANPSIKEHUS] B OTOJI0YMHE

Technogenic stresses, MPa

Level of initial stresses Mini]rfljepth Length of goaf along the strike, m

50 100 200
Off-load mass 500 -233 -30.1 -33.6
600 -28.0 -36.2 —40.4
700 -31.9 —41.1 —45.9
Medium-stress mass 500 -73.2 -95.6 -107.3
600 -87.9 -114.7 —128.7
700 —-101.3 -132.2 -148.4
High-stress mass 500 -137.3 -179.6 -201.6
600 —164.7 -215.5 -241.9

700 -192.1 -251.3 -282.1

The most stable elements of permanent mine workings in the studied conditions of the
Yugo-Zapadnaya mine are the roof corners and the roof. Nevertheless, the stresses within,
both in the medium-stress rock of hor. 507 m and in the off-load zones of hor. 617-717 m,
are minor and do not exceed permissible compressive stresses by the dynamic
manifestations of rock pressure (70% from rock compressive strength). It can be concluded
that there are basically single drifts to the depths of 500—700 m, except for the local zones
with high tectonic stress that will be stable and not rockburst hazardous.

At the air headings abutment the most hazardous are: at the off-load zones — roof
corners, at the medium-stress zones — roof corners and walls; at the high-stress zones
— roof and walls. The indicated zones will be unstable. The rated critical depth over
rockburst here makes up 270 m. At the contour of the advanced headings, stresses do
not exceed permissible values even under high tectonic stresses because the developed
stope has the effect of relief on the countergangways (fig. 1). Advanced headings are in
the stable and not rockburst hazardous state.

At the ceiling (arch pillar) of the stope, stresses exceed permissible values.
The bigger the span of the goaf along the strike is, the higher will be the stresses at the
arch pillar (ceiling) (table 3). The formed ceiling is the concentrator of increased
technogenic stresses. The ceiling is at the unstable and potentially rockburst hazardous
state at all depths under investigation.

The walls of the goaf are recorded to have significant tension stresses. So, when
panel 50 m high, tension stresses have been recorded reaching +121...+164 MPa.
Naturally, in real conditions, there will be no such focuses of tension stresses even in
high-stress rockburst hazardous zones. Stope walls will destroy with the excavation of
the ore body in the forms of intensive fracturing, flaking, detachment, and sometimes
fall-off. The thickness of the collapse zone, however, does not depend of the span
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of the goaf. Having reached the value of # = 4.5 m after the excavation of one panel,
subsequently, under the general goaf span increase of 100 m and more, it will grow up
to the values of L = 4.8-5.0 m (fig. 2). So, the collapse zone in the goaf walls with the
working thickness of 1 m makes up from 3 to 5 m of lode working thickness. These
results are well within the research of the specialists from OJSC Irgiredmed, who
established the zone of displacement in the vicinity of the goaf equal to 4.5 thicknesses of
the ore body for the conditions of 1 m thick narrow lodes excavation.

h, m

50 r

4,5

4,0

35

3’0 1 1 ]
25 50 75 L,m

>

Fig. 2. Thickness of the crumbling layer in the walls of the goaf:

h — thickness of the crumbling layer; L — length of the goaf along strike of the
lode; 7, 2, 3 — respectively off-load, medium and high-stress zones of the rock
mass
Puc. 2. Tommumua paspymiaronierocsi ¢jaosi B CTCHKaX BBIPAOOTaHHOTO
IIPOCTPAHCTBA!

h — ToNIMHA pa3pyIIAONIErocs clos; L — mponeT BhIpabOTaHHOrO MPOCTpPaH-
CTBA 110 MIPOCTUPAHUIO XKUJIbL, /, 2, 3 — pa3rpyKeHHbIE, CPEIHEHANPSDKEHHbBIE U
BBICOKOHAITPSPKEHHBIE YYAaCTKU MaCCUBa I'OPHBIX ITOPOJ

Conclusions. Based on the research on the geomechanical conditions of the Yugo-
Zapadnaya mine of the Darasun mine the following conclusions can be made.

It has been determined that the natural field of stresses in the rock mass of the mine
is distributed discretely: at hor. 507 m and higher the field has the gravitational-tectonic
character. At hor. 617 m and lower, off-load zones of gravitational stresses are situated.
Rock and ore have high strength and elastic properties and are apt to accumulate energy
under pressure being potentially rockburst hazardous.

The actual depth of mining has reached its critical values in rockburst pressure
manifestation. Critical depth for the conditions of the Yugo-Zapadnaya mine is
460-600 m: 600 m at off-load and flooded zones, and 460 m in naturally dry zones.

Permanent mine workings and air headings are in potentially rockburst hazardous
state. At the marginal massif of the hanging and the lower sides of the goaf, the zone of
intensive shifts and cavings has been determined equal to 5 working zones of the lode,
which makes up 5 m for the conditions of the narrow lodes at the Darasun deposit.
The most hazardous structural element of the geotechnology is the ceiling.

To improve the safety of mining, a complex of measures is proposed: mine workings
ceiling and roof corners relief by slots, hipped roof design, and replace the ceiling with
an artificial pillar.

Considering the absence of the outer indicators of rockburst hazard after shaft
draining in 2018, gravitational natural field of stresses at the lower horizons, the
horizons of 507-717 m at the Yugo-Zapadnaya mine may currently be categorized as
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“non-hazardous”. Rock pressure is forecast basically in statistical forms of fracturing,
flaking, detachment, and fall-off.

Considering recorded dynamic manifestations of rock pressure at the mine before the
accident in 2006, high strength and elastic properties of rock ad ore, gravitational-tectonic
character of natural stresses in flooded zones of the massif, high technogenic stresses in
stope walls and ceiling together with the fact that the actual depth of mining at the Yugo-
Zapadnaya mine has reached its critical values as for the dynamic manifestations of rock
pressure, further development of mining may evidently face rock pressure manifestations
in dynamic forms. In order to improve the safety of mining it is recommended to fulfill
on-line geomechanical monitoring using visual and acoustic methods. At the most
hazardous zones, i.e. in the vicinity of the tectonic faults, at the contacts of rock with
different strength, superimposed mine workings, and in the zone of extraction influence,
it is proposed that rock pressure observation stations should be placed.
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IIporxo3 noreHUMaJbLHOI Y1apOONACHOCTH IPU PEKOHCTPYKLIMH IIAXTHI
«lOro-3anagnas» /lapacyHckoro MecTopoxIeHnst

Cocnosckast E. JL.1, Aenees A. H.!
! MucrutyT roproro aena YpO PAH, ExarepunOypr, Poccus.

Pegpepam
Lenv. Uccneoosanue  ceomexanuueckux — ycnosuu — waxmvl  «lOzo-3anadunasy  Japacyuckoeo
MeCcmopodicOenUst npu 80CCMAHOBNIEHUU 20PHBIX PaAbOm € Yelblo NPOZHO3A YOaPOONACHOCTU.
Memoowt. Ilpogedenvi nabopamophvie UCHbIMAHUA DUIUKO-MEXAHUYECKUX CEOUCME 20PHBIX NOPOO.
Hamypuvimu uzmepenusimu u nymem peuteHust 06pamuoil 2e0Mexanuyeckoll 3a0auy npou3eedena oyeHKd
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NEPBOHAUANILHOZO HANPAHCEHHO-0ePOPMUPOBAHHOO COCHOAHUA MACCUBA 20PHBIX NOpoO. Memoodom
KOHEUHO-21eMEHMHO20 aHaNU3a Onpedeietbl MeXHO2eHHbIe HANPSAICEHUS 8 KOHCHPYKIMUBHIX /1eMEeHMax
cucmemvl pazpabomku. IIposedensl uH CEHEPHbIE pactembl KPUMUYECKUX 2YOUH NO 20PHBIM YOAPAM.
Pesynomamur u 616006, Ilo pezynvmamam uccied08anuii yCmMaHoBIEHO, YMO eCmeCcmBeHHoe Noie
HANpANCeHUll 8 MACCUBe 2OPHBIX NOPOO MECMOPONHCOCHUS. PACHpedeeHO OUCKPEMHO. BblOeNAIOMCs
JIOKANbHBIE YHACHKU NOBBIUEHHBIX MEKMOHUYECKUX HANPANCeHUl, CPEeOHeHANPSAJICEeHHble YUACMKU U
DPaszepysHceHHble 0ONACU NPUKOHIYPHO20 MACCUBA 20PHBIX NOPOO. T opHble NOPodbl 0O1A0AIOM GbICOKUMU
NPOUHOCMHBIMU. U YIPY2UMU CEOUCNBAMU, CKIOHHbI K XPYNKOMy paspyuienuto. Dakmuueckas 2nyouna
20pHbIX pabom O0ocmuena Kpumuyeckux 3HAYeHull no 2opuulM yoapam. B naubonee yodapoonacrnom
COCMOAHUY  HAXOOAMCS  BEHMUNAYUOHHbIE WIMPEKU U Noowmperosvle yenuku. s nosviutenus
besonacnocmu 20pHbIX pabon peKOMeHOYemcs KOMNIEKC MEPORPUAMULL: PA3EPY3KA NOMONIOYUHBL U YeN08
KpO6iu 6bIpabOMOK Wjelamu, npuoarue Kpogie wamposoti oopmbl, 3amMeHa NOMONOYUHBL UCKYCCIMEEHHbIM
yenuxom. Ha pyoHuke pexomenoyemcs nposoounts OnepamueHblil 2eOMeXaHUYecKuti MOHUMOPUHS.

Kniwoueevle cnosa: ecmecmeennoe u mexmoceHHOe H(li’lpﬂ?lceHHO—0€¢0pMup06aHHO€ cocmosinue,;
epasumayuoOrHHble U MEeKMOHUYEeCKUe HANPANCEeHUs, qbu3uko-,uexanuqem<ue ceoticmea 2OPHbIX }’lOpO(),’
2cOpHblEe 6b1pa6omku U YyeiuKku, ceomexanudecKue yciosus, npocHos3 ydapoonacuocmu.

Cmambsa noozomosenena 6 pamkax loczadoanua Ne 075-00581-19-00. Tema Ne 0405-2019-0007.
Memoouueckue ocnoewvt paiionuposanus meppumopuu Poccuiickon @edepayuu no pucky
MEXHONPUPOOHBIX Kamacmpog, 00yCl06IEHHBIX COEPEMEHHBIMU 2€00UHAMULECKUMU OBUNCCHUAMU
3eMHOIl KOpPbl, HA ONACHBIX U YHUKATLHBIX 00beKMax HeOponoib308aHus.
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TpelynHa rugpopaspbiBa B TUHEHHOM NOME HaNPSKEHNIA

Mupenkos B. E.!
" MHeTuTyT ropHoro aena CO PAH, r. Hosocubupck, Poccus
e-mail: mirenkov@misd.ru

Peghepam
Beeoenue. Paccmampueaemcsi eapuanm npsMOIUHEUHOU KOHEUHOU MPeujuHbl, MOOeIupyemo
MameMamuieckKuM pazpe3om 8 ynpy2oi nioCKOCmu.
Leny pabomui. [Ipeonazaemca Ho8as MoOenb Mpewjutbl, OMAUYAIOWAACA OM CYWECBYIOUUX MmeM,
Umo 30HA pa3pyuieHus 6ONU3U 6EPUIUHBL 02PAHUNUBAEMCS YNPY2UM MAMEPUATOM, OKPYICAIOWUM MY
30HY 00 MOMeHmMa npopacmanus mpewunsl. IIpoyecc paspyuieHus cyuwecmeeHHo HeauHeHblI.
Memooonozusa. B ocnogy modenu nonodxcenvt Hamypuvle IKCNepuMeHmbl o PACMANCEHUIO DIMATOHHO20
obpasya u3 mamepuana HOPOO, GMEWAOWUX MPEWUHy, UMEWUX XapakmepHvle MOYKU O
HANPAHCEHUAM: NPedell NPONOPYUOHATILHOCIU, Npedei ynpyeocmu, obnacms NIacmudHOCmu u 0onacms
6 OKPEeCHHOCIU PA3PYUAIOUUX HANPAHCEHUI.
Pezynemamut. Paccmompena 3adaua onsi mpewjunbl KAK dKCHePUMEHm N0 ONpedeleHuio pa3eumusl
npoyecca deghpopmuposanus ¢ pocmom dasnenus 6 mpewure. Koppexmnoeo ananumuiecko2o peuwenus
omoul 3adauu Hem. 3adaua euopopaspviéa npeonondzaem HAIUYUe UCXOOHO20 NONA HANPAICEHUL
6 Maccuge nopoo, KOMopoe UCNONb3YEemcs NPu GOPMYAUPOBKe SPAHUYHBIX YCILOGUI.
Buw1600w1. Paccmampusaemasn 3a0aua npunaonexcum K Kiaccy saday Kowu, oonacmu cuema komopwix
cooepacam beckoHeuHo yOaneHnyio mouky. B pabome npednazaemcs Koppekmuas nOCMAHO6KA 3a0a4
meopuu mpewjur 8 pamKax CMmamuyecko2o, KUHeMamuiecko2o u OUHAMUYECKO20 ACNeKmOog.

Knroueevie cnoea: mpewuna; maccus nopood; zpanuunvie ycioeus; HANpANCEHUS, CMeUjeHus;
KOppPeKmHoCmb.

BBenenmne. V13BecTHO MHOTO PacueToOB HaNpPsKEHHO-IE(GOPMUPOBAHHOTO COCTOSHUS
B OKPECTHOCTH TPELMHBI, MOJIEINPYEMO MaTeMaTH4ecKiM pazpe3oM. [IpuBenem Tomnb-
KO HekoTopble U3 Hux [1-5]. Jloka3zaHa MX HEKOPPEKTHOCTh W HEIMHEHHOCTH 3a/auu
B 11e71oM B [6]. B [2] ompenenenue HaNpsHKeHHOTO COCTOSHESI B OKPECTHOCTH OUUCTHOM
BBIPA0OTKH CBEACHO K M3BECTHOMY PEIICHHUIO JUisl TpeuHbl. [lombiTka yopars Gecko-
HEYHbIC HAIPSDKEHWS], UMEIOIINE MECTO B BEPILIMHAX TPEILHMHBI, IPEANIPUHITA B [2] BBe-
JICHUEM B PACCMOTPEHHE IUIACTUYECKOM 00nacTh B pu3ab0iHHOM yacTH oTpadarsBaeMo-
ro miacra. [Ipeanonarangoce, 4TO HalpsOKEHHS B IUIACTUYECKOW OOJIACTH JIMHEHHO
yOBIBAIOT OT 3HAYEHH Ha YNPYro-IUIACTUUECKOW I'paHuWIle O HarpsHKeHHid Ha 3aboe,
TIO/ITBEPIK1ast U3BECTHBIN AKCIIEPHUMEHTANBHBIH (PaKkT O 30HE OIIOPHOTO JaBJICHHS BIIEpe-
1 3200s1. CKauoK HOpMaJIBHBIX HAMPSDKEHUH Ha KPOMKE TUIAcTa, HEM30SKHBIN B TAKOH
CHUTyalllH, MPUBEN K JIorapu()MUYecKod OCOOEHHOCTH TPH BBIYMCICHHH CMEIICHHH.
B ocHOBe MexaHWKM pa3pylICHUs] ¥ TEOPUU TPEIIMH JISKHUT MOHITHE KOIPPHUIUECHTA
MHTEHCUBHOCTH HaNPSKEHHUM, OTIPEIENIIeMOro U3 HEKOPPEKTHOTO PEIIeHUs AJIsl MaTeMa-
THUYECKOTO paspesa. [Ipogomkarorcest myonukanuu padbot [7—9], B KOTOPBIX BBIYUCIISIOTCS
KO3 PUIMEHTH NHTEHCUBHOCTH HANpsDKEHUH W HA UX OCHOBE CTPOMTCS MpoLECcC pas-
pymieHus nopoj. B mocnenHee BpemMst MHOTO BHUMaHUS YIENSETCsS PACCMOTPEHHIO Tpe-
IIMH B IOPOYTIPYTON CpeJie, YTO MO3BOJISET YUECTh BIHUSHUE IIOPOBOTO NABIEHUS Ha IOJIe
Hanpspkernid [10], kak cuntaroT aBTOphl. TeM He MEHee BCE CBOMUTCS K OMPEICTICHHIO
ko3 uIEeHTa HHTEHCHBHOCTH, T. €. K HEKOPPEKTHOMY PacCMOTPEHHIO.

Xopomo u3BectHO [ 11-13], 4To pu HArpy>KEHUH TPELIHHBI IIPOUCXOITUT 00pa3oBa-
HHUE TIOp BIEpeIr TPEIIUHBI (JOKa3aHHBIA KCIIEPUMEHTAIBLHO (akT), HO 3TO HE 3Ha-
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YUT, 9YTO Cpejia cTaja MopoyNnpyroi. 3apoKAeHNE M PacIpOCTpaHeHNE TPEIIHH, YIH-
THIBAsI MPEBIIYIINH OIBIT, OTHOCUTCS K YACITY TaKUX MMPOOIIEM, aKTYaIbHOCTh KOTOPBIX
HE 3aBHCHUT OT BPEMEHH, 4TO HE MTO3BOJISIET IOCTaBUTh TOUKY Ha mpobieme. [Iporpecc
B pa3paboTKe Bce Ooiiee TOHKMX METOIOB MCCIEIOBAHNS MUKPOCTPYKTYPHI MaTepHa-
JIOB TIOPOJI ¥ MEXaHW3Ma MX Pa3pylIeHHUs IPOTEKAEeT OMHOBPEMEHHO C Y)KECTOUCHHEM
TpeOOBaHMIA K YCIOBHSM CITY>KOBI MacCuBa C TpermuHod. KnHeTnka HaKOTUICHUS MU-
KpoZie(heKTOB B ITOPOJIE 3aBUCUT OT yCIIOBHIA HATPYKEHUS, Pa3MEPOB, CTPYKTYpPhI MaTe-
puana u T. 1. [locTpoerne afeKBaTHON MOJENN HAKOIDICHUS MHKPO/Ie(heKTOB B MTOPO-
JlaX — caMOCTOsITeNbHas mpo0ieMa, BBIXOIAIIAS 32 PAMKH MEXaHUKH TOPHBIX TIOPOZ.
Hakomnenwne Takux MAUKpone(eKTOB MPOUCXOIUT MPEUMYIIIECTBEHHO IPH PACTATHBAIO-
MIUX HAMPSDKEHUSIX M OTCYTCTBYET MPH CXKATHUH, KOT/Ia MaTeprai mopos 1eopMupyeT-
cs Kak cIutomHoi. B mpomecce nedopmupoBanus oOpasyromuecs U30JUpOBaHHBIE
TIOPBI HE PACTYT U HE B3aMMOJIEHCTBYIOT MEX Ty COOOM /IO OMPENeIIEHHOTO 3HAYCHUS HX
00beMHOH KOHIIeHTpanuu. [ [podHOCTh U JONTOBEYHOCTH OCTAIOTCS aKTyaJIbHBIME TIPO0-
JIeMaMH B pa3HBIX OONMacTsX 3HaHWH. Ecim paccmarpuBaTh MOAETH Ha OCHOBE MUKPO-
ne(eKToB, TO UX peain3aIis CBI3aHa ¢ HEOOXOAMMOCTBIO MTPUBICUCHUS (PH3NICCKUX
METO/IOB U3Y4€HHUS CTPYKTYPBI TOPHBIX MTOPOJ] TUTIA aKyCTUYECKOTO, MAarHUTHOTO U JIp.,
a JUIA PaKTHYECKOW pean3aliy MPeIOKESHHOHN 37eCh MOAETH JOCTaTOYHO UCTIONb-
30BaTh CTaHAAPTHBIE JaHHBIC M0 OCHOBHBIM MEXaHHMYECKHM CBOWCTBaM MOPOJ C JI0-
MOJTHEHWEM JTHX JaHHBIX 3HAYEHHWSIMH CTaHJIAPTHBIX OTKIOHeHHH. [Ipenckasars, 4to
MIPOUCXOANT B 30HE HAXOXICHUS IO 0€3 SKCIIEPUMEHTOB HE TPEICTABISIETCS BO3MOXK-
HeIM. Ha HbIHEITHeM ypoBHE, K COKaJICHHIO, HEBO3MO)KHO BBIHTH 32 PAMKH CXeMaTH4-
HOTO TIOHUMAaHHWS BCIIEACTBHE HENOCTaTKa SKCIEPUMEHTAIBHBIX JAaHHBIX M COOTBET-
CTBYIOIINX TEOPETHYECKHX Pa3pabdOTOK, B CBSI3M C OTUM B TEOPHUHU Pa3pylICHUS U
TEOPUH TPEIINH BO3HUKAIOT ITPOOIEMBI.

HeBecomblii MaccuB ¢ TpemuHoi. OCTaHOBUMCS Ha HEBECOMOM MAaCCHBE MOPOJI C
TpemuHon. JlomomHuTebHAS 3a/1a9a, UCTIONb3yeMasl IIPU PEIIeHUH MPOoOJIeM MEXaHH-
KH, GOPMYIIMpYeTCs JUII HEBECOMOTO MAacCHBa. byneM cuuTarh B IByMEPHOM CITydae
WCXOIHOE TI0JI€ HAIPSHKEHUH B HETPOHYTOM MacCHBE JINHEHHBIM, T. €.

6,=—y(H-y); o, =-My(H - y), (1)

I1e G, G, — BEPTHKA/IbHAS K TOPH30HTAIIbHAS COCTABIIAIONINC HAMPSDKCHMUIL; Y — yeIb-
HBIH Bec; A — k03 dupenT 6okoBoro pacropa; H — riryOrHa OT THEBHON OBEPXHOCTH
IIo TOUKH Oymaymeit BeipaboTku. [Ipentonaras paccMoTpeHre KOHETHOU MPSMOJIMHEH-
HOW TPEIINHBI, OTHECEM BETMYNHBI, UMEIOIINE Pa3MEPHOCTH HAPSKEHNUH, K HaIpshKe-
HUSIM, PAaCKIIMHUBAIOLINM pa3pes, a CMEIIEHUH — K TIOJI0OBHUHE JIMHBI TPEIIUHBI.
MeTtononorus. [Ipeamaraemas B pabote MOEIh CYIIECTBEHHO ONTUPAETCS HA COOT-
HOIIEHUS JTIMHEHHON TEeOpUH yNPYTOCTH M €CIIM He COBMAAAeT C HEW, TO TONBKO IS
TOTO, YTOOBI, ONTMPAsICh HA DKCIIEPUMEHT, C(HOPMYITUPOBATH €€ OCHOBHBIE TIOJIOKEHN S,
OOBSICHSIONINE W OMUCKHIBAIOIINE PEATBHBIN MPOIIECcC MTOCTATOYHO JOCTOBEepHO. Ecmm
NI0JaTh B TPELIMHY JIAaBJICHHE G, PACKIMHHMBaroLIee paspes (puc. 1), To 6epera pasoii-
JyTCsi, B C POCTOM G, HACTYIIUT MOMEHT, KOIlla G, = G, U NPOU30MET NpOpacTaHue
TPEIIMHEBL, T. €. Pa3pblB MarepHayia Mmopoj, U JJINHA yYBEITUYUTCS HAa BEIUYHUHY 2€ U
CTaHeT paBHOI 2 + 2¢. B 0TCyTCTBHE aHATUTUYECKOTO PEIIeHHs KJIAaCCHIECKUH (CTaTh-
YeCKU) MOAXOA paccMaTpuBaeT BO3MOKHOCTh YHCIICHHOTO CueTa aHaIOTW4HO [3—5],
YTO TIO3BOJIAET OMPEACIUTH O0NAaCTh BIMSHUS TPEHIMHBI B mopogax y > 0 my < 0,
T. €. IepeiTH K KHHEMAaTHIEeCKOMY acleKTy (y4eTy coOCcTBeHHOro Beca rmopon). una-
MUKy TIPOIECCa HaTPYKEHHS TPEIIMHBI CBSKEM C €€ MTPOPACTaHUEM, T. €. C YBEIUUCHH-
€M HCXOJHOM JUTHHBI U OTIPEAeTICHIEM HallPaBIIEHHUS PacTpoCTpaHeHH, KOTOpoe odec-
TIEYNBAETCSl KaK CTAaTUYECKUM W KHUHEMaTHYeCKHM AacleKTaMd, TaK M HCXOIHBIM
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nosxeM HanpspkeHHH. DeHOMEeHONorHYecKast TEOpHs yueTa COOCTBEHHOTO Beca MOpo/,
chopmynrpoBaHHas B [ 14], HO3BOJSET yUecTh HE TOJIBKO BIMSHUE Beca HA CMEIICHHS
0eperoB TPeIMHbI, HO U YTOUHUTD XapaKTEPUCTUKHA TOPHOTO MACCHBA.

g uccnenoBanys MEXaHMYECKHUX CBOMCTB Marepyaia MpONU3BOIAT dKCIIEPHMEHTBI
Ha OJJHOOCHOE€ PacTsKeHUe 00pa3lioB ¢ MOMYyYEHHUEM JUarpaMMbl, CBSI3bIBAIOIIEH Ha-
npsDKeHUs U aedopManuu. TpelnHa — TakoW JKe arperar, Mo3BOJISIONNHA pa3pyIInuTh
HesieHaIrpaBiIeHHo, ¢ 00pa30BaHKEM MOJIOCTH pa3/ieia B CILIOUIHON Cpee, CIIOCOOHOM
B OIIPEZCIICHHBIX YCIOBUAX PACKPBIBATHCS U 3aKPBIBATHCS, YTO BAKHO B IIPUIIOKEHUSIX.
Cy1iecTBEHHBIM 371€Ch OyAET TO, YTO TOPHBIE MOPOABI IJIOXO COMPOTHUBIISIOTCS pacTs-
JKEeHHIO. /I TpeInHEl pa3pylIeHHuEe PAaCcTSHKEHUEM SIBIIETCA aHAJIOIOM pa3pylIeHUs
IPY OJJHOOCHOM PAcTSHKEHHH 00pasiia, H3TOTOBICHHOTO U3 Marepuaia nopoj, B3ATOTro
U3 OKPECTHOCTH BEPIIMHBI TPEHIUHBL. [[pyruMu ClIOBaMH, B 3IIOPE HANPSIKEHUI
B OKPECTHOCTH BEPIIMHBI TPELIUHEI G, 1151 |x| > 1 MmakcuManbHOE 3HAYeHUE OyNIET paBHO
paspymamlneMy HalpsKSHUIO TIPH pacTsHKEHHH 00pasloB MOPOJ, T. €.

6, =0;~01lo,,

IJie G, — Pa3pbIBHOE HAMPSKEHHE MPH OTHOOCHOM PAaCTsKEHUM 00pasia; 6, — paspy-
[IafoIee HarmpsHKeHUe MPY CKATHH TIOPO/T.

I N

h

] 7 -

-1 1

Y v

Go

Puc. 1. Cxema pacKpbITHs TPELIMHBI B HEBECOMOH IIOCKOCTH TIPH JII060M G > 0
Fig. 1. Schematic opening of fracture in weightless plane at any o> 0

IMocTpoenne 3mopbl HanpsikeHUsl. KadecTBEeHHO sMt0pa Hanpsicenus—oegopma-
yuu (0—€) BBIDIAOUT TaK, Kak Ha puc. 2. Bo3Hukaer mpobieMa NocTaBUTh B COOTBET-
CTBHE JIIOPY O—€ U 00JACTU YIPYroro, IIaCTHYECKOTO U pa3pylaeMOro COCTOSHHS
OJHOBPEMEHHO UIsI OKPECTHOCTH BEPIUIMHBI TPEIIMHBI. MOXHO BBIICIUTH HalpsbKe-
HUS M OTBEYAIOIIME UM CMEILEHHS, 3aHUMAIOIINe HEKOTOpbIe 001acTH, 3aUKCUPOBAB
HaJyaJo M KOHeI 3THX obmacteil. Ha puc. 2 BbineneHo Tpu 061acTy 1Mo 3HAYSHHUSIM Ha-
OpsDKEHUH (MX MOXKET OBITH OoJIbllie, Tak 00ecleunuBaeTCsi BO3MOKHOCTh JIMHEHHOM
aNMpPOKCUMAIIUU OTPE3KOB AHAarpaMMBbl 6—€). YUUTBIBas, YTO SMIOPa HOPMAJIbHBIX Ha-
NPKCHUI BIEPEIH TPCIIMHBI HUMEET SKCTPEMAlbHOC 3HAYCHHE G, B TOUKE
[x| = x, > 1, u npeanonaras, 4To KJIacCUIECKOe pemieHue [1, 2] coBnagaer ¢ HCKOMbIM
JUIsl 3HAYEHUH X, OTBEYAIOLIUX MPeeNy yIPyrocTH MOpoJ, U UMEET BUA

o -t )
x’ -1

OyZieM CUUTATh, YTO KJIIACCUUECKOE PELICHHE ISl TPSHUIUHBI (2) COBMAAAET C HCKOMBIM
pemeHneM Ha ydactke x; < |[x| < co. KoopauHara x, ompenensercs U3 3Ha4CHHS
HaMPsHKSHUN Tpejiesia yIpyroCcTH, MoJdy4aeMoro U3 puc. 2, MoJCTaBUM e¢ B BhIpaxe-
Hue (2), T. .
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OTKyZa

IJie YYTEHO, YTO BEIMYMHA G, OTHECEHA K G, T. €. Oe3pazmepHas. [Ilpumem, cormacuo [6],
4TO B Mporecce 1ehOPMUPOBAHHS BEPIIUHBI CMECTATCS K IICHTPY TPEUIUHBI U 3aiMyT
MoJIokKEeHHe x =+ ¢ < 1, T. €. y4acTok 6 < x < | ynpyrui, 4ro NOATBEPKJIAETCS CyILe-
CTBOBAaHHEM MaKCHMAJIbHOTO 3HAYCHHUSA G, B TOUKE X. Kaxk nokazano B [6], oTHece-
HHE G, K 1e(OPMUPOBAHHOMY KOHTYPY TPCLIHMHBI ompenenser 6, = 0 B BepIIMHAX,

T. €. BCpTHUKAJIbHAA COCTABIIAIOIIAS Gy MMCCT BUJI

2 2
6 —X

Y=-— , (3)

\/62 + |:<(K + 1)/4;1)2 — 1}62

rae k = 3-40; u=E[2(1 + B)]""; p — koahpuiment Ilyaccona; E — moayns FOura. Pas-
HozpelcTByromas ycunuii (3) st 0 < x < g paBHa 6, Kak B KJIaCCUKE, T. €. B 000HX MO~
Xoax Hanpsbkenus 6, Ha 0 < |x| < 6 pasii4HbI IPH OAMHAKOBOM IVIaBHOM BekTope. [1pu
NPUOTMKESHHOM no,uxozle K HEIMHEHHOM
npobaeme OyieM OpUEHTHPOBATLCS HA TJIaB-
HBIH BEKTOP. 03

JBI>KeHHE TPEIMHBI OCTAHOBUTCS B TOU-
K€ X, TaK YTO X,— 6 = €. ECIIM € U3BECTHO U3
SKCIIEPHMEHTA, TO KOOpAMHATA X, = 6 + &.
JanpHelilee mMoCTpoeHUE CTaHAAPTHO IS
KOHKpETHOTro MaccuBa nopon. Eciu & Hens-
BECTHO, ONPEJEIUM X, B IEPBOM NPHOIUIKE-

%4

HUM KaK CepeluHy oTpe3ka x, — 1, T. e. o1

x,=0,5(x, — 1). Ha puc. 2 BbLae1MM TpH umC-

JICHHBIX 3HAYCHHS HANpPsHDKCHUH: Tpesen . >
€ &2 & €

IPONOPUMOHATBEHOCTH G|, CPEIHEE 3HAYCHHE
npu HEJIMHETHOM HC(I)OPMI/IPOBaHI/IH G,, Pa3-  Puc. 2. Cxemarn4Hasi AuarpaMma HampspKe-
pylraroriee HampspKeHHE TPU PACTSHKEHHH — Hus—aedopmaimu (6—€) Ipu OXHOOCHOM pac-
o;. Ilepenece oTu nanpskenus #a PUC. 3. ki 5 Diggram of stresses and strains (o-c)
Paznennm yuacTku Xy = x| <x R 1 <|x < X0 under uniaxial tension of rocks
Ha YacTH MPONOPLUUOHANBEHO OTHOILIEHUIO
€,€, K £,&; (PUC. 2) U CONIACHO 3TOMY JIEJICHUIO IIOJTyYMM Ha PHC. 3 TOUKH, 0003HAYECH-
HbIC KpecTukamu. JInHeliHas annpoKcuManys IPHBOUT K SIIOPE HANPSDKCHUH G (X)
ans 6 < |x| <x, (puc. 3). Heobx0numMo uMeTh S5KCIIEPUMEHTANIbHBIE JAHHbIE [0 BeTHMII-
HE € B HATYPHBIX YCJIOBHSX, YTO ONPEACISIET 0Py Mepea BEPIIMHON TPELUIHHBL, U3 KO-
TOPOH HAYMHAETCS pa3pylICHHE B HANPaBJICHUW BEPIIMHbI, BEPHO U O0paTHOE — 3HA-
HHUE KOOPAWHATHI IOPHI OTPENIEISET €.

OueBUIHO, 4TO HAKOOIBIIICE HAIPSDKCHHE G (X) BOBHUKACT Ha JICBOW 'PAHHUIIC IIOPBI,
U pa3pylleHre MOXKET HauaTbCsl TOJBKO 371€Ch, B OHOW TOUKE, U ABUHYTHCS B HAIPaB-
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JICHUH BEPUIMHBI TPEIIMHEL 31€Ch YYTEHO, YTO G, C POCTOM NABJICHHS B TPCIMHE
00pa3syeT nopy M IpH NOCTHKEHUH 3HAYEHUs G, IIPUBOJMT K TMHAMMYECKOMY Pa3BH-
THIO Pa3pyIleHHs 00pa3oBaHHOIO TaKuM 00pa3oM lenuka 6 < |x| < x,. Puc. 3 xapakre-
pH3yeT IpoLecc MOAr0TOBKH K MPOPACTAaHHIO TPELIMHBI (CTaTukKa) 0e3 yueTa UCXOTHO-
TO TOJs HamnpshKeHUH nopoa. PacnpocTpaHeHne TpeUHbI B JUHAMUYECKOM pEXHUMeE
TpeOyeT MOBBINIEHUS PACTATMBAIOLIMX HANPSKEHUH 10 BEIMYUHBI G, HA YYacTKe
6 < |x| < x,,, ABIAIOIIEHCSA HAUMEHBLIEH U3 HEOOXOAUMBIX 3aTPAT JAaBICHHS HA Pa3pyIle-
HHE «UETUKOB» 6 < |x| < X, ApyrHe MPOLECCH], CONPOBOXKAAIOIINE IUHAMUKY, HE YUH-
ThIBatoTCA. JloOaBKa pacTsyKeHHUs Ha y4acTKe 6 < |x| < X, JIETKO BEIYUCIIAETCS 110 SII0pe
puc. 3. O4eBUHO, YTO U HANPSKEHNE B TPELIMHE JOJKHO BO3PACTH Ha COOTBETCTBYIO-
mryto BenimurHy. Ecnu untu o6patHO, MMeeM HampsbKeHHe B TPEIMHE, JOCTHTAIOIIEH
NpeAeIbHON BENWYMHBI Al oOecreyeHns: IMHAMUYEeCKOTo paspylueHus (mpopacra-
HUS) Ha BEIMYMHY 2€, KOTJ]a HalpsKeHHe MaJaeT JO BEJUYHUHBI, ONPEeNseMO 3ITt0-
poti puc. 3, IHHA TPEHIMHBI YK€ HOBas U TpeOyeT HOBOTO pacyeTa SIIOPhl K HOBOTO
npopacranus. [lo cymecTBy, HeT AMHAMUKH KaK TaKOBOM, a €CTh HAaNPSKEHHOE COCTO-
SHUE B TPELIMHE HA KOHEI TMHAMUYECKOro JIBMOKEHHs (0OecleunBarolee mpopacra-
HHE), KOTOPOE BBIYUCISETCS U3 COCTOSHUS, MMEIOIIET0 MECTO 10 Hadana JMHAMHKH

(puc. 3).

\

Puc. 3. Dmropa HanpsbkeHud ¢ mpu x| > 1
Fig. 3. Diagram of stresses o at [x| > 1

[locuntaB IaBHBIM BEKTOP PACTATHBAIOIIMX HANPSOHKEHUH, MPeACTaBICHHBIX Ha
pHC. 3, TOJlyYUM COOTBETCTBYIOLINE 3HAUEHU, XapaKTepU3YIOIUE JaBICHUE B TPELIH-
He. Ecny HayaTe yMeHbIIaTh JaBIeHUE B TPEIIMHE, TO OYEBUAHO, YTO 3I1I0pa Ha puc. 3
CTaHeT yObIBaTh MPOMOPLIHOHAILHO YOBIBAHHIO TaBIEHUs B TpemuHe. Cpa3y mocTpo-
UTH 3IIOPY HANPSDKEHUH, aHAJIOTHYHYIO PUC. 3, ISl MAJIBIX AaBJICHUH B TPELIMHE HEllb-
351, TaK KaK MpeajaraeMasi MoJelib OCHOBaHA Ha MCIBITAHUSIX Ha pacTsHKEHHE JI0 pas-
pylLIeHus: 00pa3loB M3 Marepuasa Mopoj, COACPIKAIIEro TPEIIMHY, U TOJIBKO MOTOM
3MIOPY MOKHO MPONOPLHMOHATBEHO YMEHbIATh. [10 cyIecTBy, pemaeTcs JONOIHUTENb-
Has 337a4a, IPU 3TOM BO3MOXKHOCTb HarpykeHHs TPELIMHBI OrpaHUYEHA BEJINYMHOMN
Gy» T. €. HAUHETCS JMHAMUKA U IIpopacTanue. Paspes B HEBECOMOM IJIOCKOCTH PACKPhI-
BAETCs Cpasy, Kak Obl Mao He ObLI0 G, > 0.

Becompblii MaccuB mopop ¢ TpemuHoM. B pamkax knaccuueckoro nogxoaa [1-5]
YHCJIEHHO PACCUUTHIBACTCS HAPSHKEHHOE COCTOSHUE OKOJIO TPEIIWHBI M TOA0UpaeTCst
TEOpHs, TIO3BOJISIONIAS ONIPEACIIUTh € — BEJIMYMHY PACKPBITHS TpelnHbl. B padote [6]
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00CY»K1alI0Ch KJIACCHYECKOE PEIICHUE JUIS TUIOCKOCTH, OCIA0JCHHON KOHEYHBIM pSi-
MOJIMHEHHBIM Pa3pe3oM, MOJCITUPYIONIUM TpelinHy. [TokazaHa HEKOPPEKTHOCTh 3TOTO
pemenus. Tak Kak aHATUTHYECKOTO PEIICHUsS TaKOW 3aja4d HeT, TO MpHIeTcs o0pa-
TUTBCS K TIpe/IIaraeMoi MoJiel, peanu3yeMoii Ha puc. 3. Cunraem, 4To TpelIHHA Ha-
XOIUTCS B TOJe CHiibl TshkecTH nopox (1). Obmacts cyera Takoil 3aqadul COACPIKHUT
0eCcKOHEUHO yalleHHYIO TOUKY M HO3TOMY Mpobiema nomnanaer B kiacc 3agad Komm.
Coxkumaroniue ycuius Ha Oeperax pa3pes3a B HCXOTHOM COCTOSTHUN

G, =0, = const,

e o, onpenensercs us (1) npu y = 0 U cTOMT 3ama4a pacKphITh paspes. IIpeanomno-
KUM, 9TO B TPCIIMHY IOJAITH AaBICHHE O, = [0 < [0y|. Pemaem nomomnnTenbHyio
3ajady Uil HEBECOMOIO MaccHBa, c(popMy/IMpOBaB Ha TPEIIMHE IPaHUYHbBIE yCIOBUS
B BUJIE

O, =Oyp» 4)

packauHMBarOmuX paspes. llocuntanu HanpsKeHHO-AEe()OPMHPOBAHHOE COCTOSIHHE,
3aTyxaroliee Ha OeCKOHEeYHOCTH. Eciy Ha HCXOomHOe NoNe HanpsDKEHUH HAJIOXKHUTh pe-
mieHue (4), To Ha pa3pe3e OCTaHyTCs HaNPsDKeHMS, 3aKPhIBAIOLINE Pa3pes:

G, =-G, +0G,,

y

T. €. pa3pe3 He PaCKpPBLICS.

YH Gp = "{H

YH oo =vH

Puc. 4. Cxema neiicTBUS CKUMAOLIMX HANPSDKEHUH HETPOHYTOro MaccuBa yH
1 JJaBJIeHUE B TPEIuHe Gy = YH
Fig. 4. Compressive stresses yH in intact rock mass and the fracture pressure
0o =vH

PaccmoTpum, 4TO Ke MPOUCXOIUT B MaccuBe 10 cymiecTBy. [Ipu Bo3pacTanuu rpa-
HUYHBIX YCJIOBHH OT HyJs A0 (7) mapajuienbHo ASHCTBYIOT TaKue ke YCHIIHUA 10 MOJTY-
JIF0, 3aKPBIBAIOIIHE pa3pes, T. €. U3MEHEHUE HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOS-
HHUS PaBHO HYI0. AHAJIOTHYHYIO CUTYalHIO JeMOHCTpHUpyeT puc. 4. Ioxka [o,,| < o],
JIOTIOJTHUTEINTbHBIC PEIICHHS HEHTPATU3YIOTCS TONHOCTRIO, BILUIOTH IO Cydas UX pa-
BeHcTBa. Ecnu xe

1610 = [04| =02 > O,

TO JOTIONTHUTENbHAS 3a/1a4a (hOpMYITHpyeTCs Ha pa3pese B BUIE

G, = Oy
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Pemienne 1ononHUTENHHOM 3aa4M A7l HEBECOMOTO MaccuBa (puc. 1) cKiaapBacT-
Cs1 C HCXOHBIM T10JIEM HanpskeHUH (1), KoTopoMy OTBEHaroT HyJIEBbIE CMEILIEHHS BCIO-
Jly B Opojax.

Ecnu koHeuHas npsMoiIrHEHHas TpelHa pacioaokeHa TOpU30HTAIBHO B JIMHEH-
HoM monie (1), To Asst ee pacKphITHs HEOOXOAUMO MPUIIOKUTD yCHITUS

o, =YH + 0, (5)

IJIE G, — HalpPsHKEHUs PACKPBITUs TPEIMHbL. Ecin rpannyHble ycnoBus chopMyIupo-
BaHbI B BHJE (5), TO pelIeHue JOMOTHUTENFHON 3a/1a4i HEKOPPEKTHO U pacueT Harpsi-
JKEHHO-1e(OpPMUPOBAHHOTO COCTOSIHUSI OKOJIO pa3pe3a MPOU3BOAMTEL HEJb3sl, TaK KaKk
1oJie CMENICHUH B pe3yabrare Oy/leT OTIIMYaThCsl OT JICHCTBUTEILHBIX CMEICHUH.
Paccmotpum nponiece npopactanus (yBeTUIESHUS JITUHBI) TPEIIUHBI TPH HATPYKe-
Hun. [IprnokuM Ha KOHTYpe pa3pe3a B MAaCCHBE TOPHBIX ITOPOI, CKATOM YCHITUSIMH YH
(puc. 1), packnuHuBarOImKUe HaNpsKeHUs 6, = YH. Tlomy4urm paBHOBECHOE COCTOSTHUE
MO CMEIIEHHSM, KOTOPbIE BCIOAY TOKAECTBEHHO PaBHBI HYIIO (€CIIHM CUUTATh, YTO B
MaccuBe 0e3 ocnabieHns cMemeHus HyneBbie). Ha pa3pese rpaHndHbIE YCIOBUS B Ha-
NPsDKEHUSIX HyJleBbIe. [ KOppEKTHOTO pelieHus pooieMsl (5) HeoOX0AUMO MepenTH
K JIOTIOJTHUTENILHON 3aja4e, KOT/a Ha KOHTYype TPEIIUHBI JEHCTBYIOT TOJNBKO YCHIIHS
G/, BBI3BIBAIOLIME PACKPHITHE OEPETOB. YBEIUUEHHE G, IPHBOIUT K CHTyallUH, KOT/a
MPOUCXOUT pa3pylIeHHe Marepuana TMOopoJ, B OKPECTHOCTH BEPIIMH pa3pbIBOM,
T. €. IPOPACTaHKE TPEIIMHBI IPU YCIOBUH G,y < G,. DTOT Cilyyail 6e3 y4eTa UCXOJHOIO
TIOJISl pPACCMOTPEH paHee. Eciu e HeoOX0MUMO yIHUTHIBATh NCXOAHOE TTOJIC HATPSDKEHUH
NPU TIPOPACTAHUH TPEUIMHBI HA BEJMYHHY 2€, TO Ha peaM3alliio JUHAMIYECKOTO pa3-
PYIIEHUs, COTTacHO puc. 4, HEOOXOINMO YBEIUYIHTH TaBICHHE B pa3pe3e Ha BENUIHHY

28(0; +YH), (6)

SABIISIONTYIOCS MUHIMaIbHOU. [IepBoe cimaraemoe (6) MO3BOJSET pa3opBaTh HOPOABI HA
y4acTKax 2€, ¥ Ha 3TUX JK€ y9acTKaX BTOPOE ClIaraeéMoe OTpeneisieT HeUTpaTnu3alnio
HCXOJTHOTO IOJIsI HANpsDKeHU YH.

TakuMm 00pa3oMm, J0Ka3aHO, YTO PU YHCICHHOM BBIYUCIICHHH HANPsHKEHHO-1edhop-
MHUPOBAaHHOTO COCTOSIHHSI OKOJIO TPEIIMHBI COOCTBEHHBII BEC MOPOJ HE YUUTHIBAETCS.
Heo0xomumo paccMmarpuBarh JOMOTHUTENBHYIO 3a/a4dy, KOTopas MO3BOJISIET OIpese-
JUTH O0NIAaCTh BIWSHUS TPEUIMHBI B MOMYMIIOCKOCTIX ¥ > 0 u y < 0 (puc. 1), Haiitn
CMEIIEeHUs OT COOCTBEHHOTO Beca IOpPOJ W YTOYHUTH HCXONHOE 3Ha4deHwe YH.
B obmem cimydae cuuraeM, 4TO Ha OCH X UMEET MECTO CXKATHE TOPOJ YCHIUAMH G, U
pacTsKeHHe HANpPsSHKEHWH G, Ha MPOTSHKEHUU TPEUIMHBI, HO TOT/Aa 00sS3aTeNbHO €CTh
TOUYKA X = g, T/IE cy(e) = 0. IHTYUTHBHO SICHO, YTO MPH HATPy>KEHUH TPEUINHBI YCHIINSA-
MM G, BEPIIMHBI CMECTATCS HABCTPEUY APYT APYTY, T. €. OHU BBIHIYT M3-TI0J HATPY3KH
(mpyroro MecTa A |x| = 6 IPUIYMAaTh HENbB3sI), © B OKPECTHOCTH X = 6 HATIPSHKECHHSI
OylyT ynpyruMu Jo paspylieHus. Bece pemenns o HanpshKeHHO-1e()OpMUPOBAHHOM
COCTOSIHMH OKOJIO TPEUIMHBI, HE MCIIONB3YIOIINE PElIeHNe TOTOIHUTENbHON 3a1a4H,
HEKOPPEeKTHBI. 111 pacKphITOI TPEIIMHBI MIMEET CMBICT AEWCTBHE COOCTBEHHOTO BECa
nopoJ1. JIxoGsIe CKoJb YTOAHO Mallble HAIPSKEHUS], PACKIMHUBAOIINE pa3pes, IPUBO-
JAT K HEOOXOAMMOCTH yueTa Beca nopoA. CyIlecTBEHHO, YTO IIPU MaJbIX G, 00IacTh
BIIMSTHHUS TPEUIHMHBI Majla ¥ COOTBETCTBEHHO MaJjibl M CMEIEHHs OT COOCTBEHHOTO Beca.

BeiBoabl. PaccMoTpeHa KoHEUHas PSIMOJIMHEHHAs TPELIMHAa B HEBECOMOM MACCH-
Be Mopo (IIpeACTaBIAoNas KOPPEKTHYIO JOMOJHUTEIHHYIO 3a7ady B OOIIEM CITydae
BECOMOI'0 MacCHBa) U IPOIIECC ITOJrOTOBKHU K ee npopactanuto (paspyueHuro). Chop-
MYJIMpOBaHa MpodiieMa pacdeTra HalpsHKEHHO-Ae(OPMHUPOBAHHOTO COCTOSHUS OKOJIO
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TPELIMHBI B BECOMOM F'OPHOM MacCHBE Yepe3 PelIeHue JOMOIHUTEIbHOM 3a1auu, o0ec-
MEeYNBAIOLICH CYIIECTBOBAHHE, CAMHCTBEHHOCTh M KOPPEKTHOCTH (POPMYIHUPOBKH.
[Ipennoxena cxema pelIeHUs 33a4d O HANPSHKEHHOM COCTOSIHUM MaccuBa MOpoJ B
OKPECTHOCTH TPEIIUHBI B HEIMHEHHOW MMOCTAHOBKE TEOPHH YIPYTOCTH, B OCHOBY KO-
TOPOH TIOJIOKEH Pe3yabTaT OJHOOCHOTO PACTSDKEHHs 00paslia MOpoJ, BMEIIAIOIINX
TpeuuHy. Peanuzanms cxeMbl BO3MOXKHA B JJMHEHHOI MOCTaHOBKe.

Paboma evinonnena npu gpunancoeoii noooeprcke PODH (npoexm Ne 18-05-00533).
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Hydraulic fracture in the nonlinear stress field

Valerii E. Mirenkov!
! Institute of Mining SB RAS, Novosibirsk, Russia.

Abstract
Introduction. The article considers a variant of a straight finite fracture modeled by a mathematical cut in
the elastic plane.
Aim. The new model proposed differs from the existing models by the damage zone bounded by the elastic
material at the fracture tip up to the moment of the fracture growth. The process of fracturing is essentially
nonlinear.
Methodology. The model is based on the full-scale tension experiments with a reference sample of rocks
enclosing a fracture and having the characteristic stress points, namely, proportionality limit, elasticity
limit, plasticity domain and the domain in the vicinity of destructive stresses.
Results. The problem with fracture is considered as an experiment to determine deformation with growing
pressure in the fracture. The problem has no correct analytical solution. The problem on hydrofracture
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assumes the presence of the initial stress field in rock mass, which is essentially used in formulation of
boundary conditions.

Conclusions. All such problems belong to the class of Cauchy s problems with an infinitely distant point in
the computational domain. This article proposes the correct formulation of the fracture theory problem
in the static, kinematic and dynamic framework.

Key words: fracture; rock mass; boundary conditions, stresses; displacements; correctness.
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WHOYKUMOHHbIE 30HOUPOBAHNA CIIOMCTLIX CTPYKTYP
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Peghepam

Iens padomer. Koneunvim pe3yibmamom uccied08anuil 6s1emcs paspadomka mexHoi02uu npoeedeHus.
HenpepvleHO20 MHO20YACOMHO20 UHOYKYUOHHO20 NPODUIAUPOBAHUS C U3MEPEHUEeM COCMABIAUUX
MASHUMHO20 NONSL HA NPOMSAICEHHBIX MPACCAX UCCAeO08AHUT U OeMATU3AYUS YUACMKOE C HOMOWbIO
OUCMAHYUOHHBIX UHOVKYUOHHBIX 30HOUPOBGAHUIL.

Memoouka nposeedenus uccinedosanuii. Teopemuueckue U IKCNEPUMEHMATbHbIE UCCLE008AHUS
3AKOHOMEPHOCMEN  UBMEHEHUsL COCMAGIAWUX MASHUNHO2O NONA  2APMOHUYECKO20 BEPMUKAIBHOSO
MACHUMHO20 OUNONSL HAO HEOOHOPOOHbIM CLOUCHbIM paszpe3om. Mamemamuueckoe modenuposarue
MAZHUMHOZ20 NOJISE 2APMOHUYECKO20 BEPMUKATIbHOSO MASHUNHO20 OUNOIIA 68 CIOUCTOT HEOOHOPOOHOIL cpelde.
Ananu3z pesynomamos. I[lokazana uHGOPMAMUEHOCHb XAPAKMEPUCTIUK COCMABTAIOWUX MASHUNHO20
NOJsL 2APMOHUYECKO20 BEPMUKAILHO20 MACHUMHO20 OUNONSA 6 HUSKOUACMOMHOU 30He UHOYKYUU npu
UCCIe008AHUU HEOOHOPOOHDIX 2€0INEKMPULECKUX PA3PE308 U COOMBENMCMEUE NONYHAEMbIX PE3VIbNAmMOo8
Mmuny HeoOHOPOOHO20 paspe3a NPu OUCH AHYUOHHBIX UHOYKYUOHHBIX 30HOUPOBAHUSX.

Obnacme npumenenus pe3yibmamos. Jlis NPOMSNCEHHbIX YYACMKOE UCCLEO08AHUN  MPAcc
(asmomobunvHble u dicenesHvle 00pocu, Hepme- U 2a30nPOGOObI, TUHUU ILeKmponepeoay u m. 0.)
onpedeiena mexHoI02UUecKas NOCIe008aAMENbHOCHb USMEPEHUI XAPAKMEPUCTIUK MACHUNMHO20 N0
BEPMUKATLHO20 MASHUMHO20 OUNOJS 015 ONPEeOeLeHUs 2e09NLeKMPULECKUX CBOUCME CLOUCMO20 pA3Pe3d
nymem npo8edeHls HeNnpepbleHO20 MHO20UACHOMHO20 NPOPUIUPOBAHUS, ONpedeNeHUs. OOHOPOOHbIX
VUACMKO8 CMPOEHUsi Cpedbl U UX Oemanusayus nymem OUCKPEMHbIX UCCIe008aHUll Memooom
UHOYKYUOHHBIX OUCTAHYUOHHBIX 30HOUPOBAHUIL.

Knroueevie cnoea: zapmonuueckoe snexmpomaznumruoe none; uUHOYKYUOHHBIE 30HOUPOEAHUSL
BEPMUKATLHBLL MACHUMHbBIL OUNOb, KAJCYWeeCsl DNeKMPUIecKoe CoOnpomuegneHue.

BBenenue. UHAyKIMOHHBIE 30HANPOBAHNUS, HECMOTPS Ha 0oJiee CIOKHYIO TEXHHU-
YECKYI0 Peasn3alfio 10 CPABHEHHUIO C IEKTPUUECKUMHU 30HANPOBAHUAMU, UMEIOT PSIIT
MpenMyInecTB O61arofapss 66CKOHTAKTHBIM CITOCO0aM BO30YK/IEHUS U U3MEPEHHUS Mar-
HUTHOTO T0JIs1. BormpocaM npuMeHeHns HHAYKTUBHBIX METOIOB 30HANPOBAHUS C BEP-
THKAJIGHBIM MarHUTHBIM gunojieMm (BMJI) Ham cioncToil cpeaoi MOCBAMIEHO 3HAUU-
TeIbHOE KOJMYECTBO padoT. AHATN3 3aKOHOMEPHOCTEH MOBECHHSI MAarHUTHOTO TTOJIS
MO3BOJISIET OTPEAETUTh X NH(OPMATHBHBIE XapaKTEePUCTHKH MPU HanOoee TeXHuIe-
CKH{ TIPOCTHIX MOAYJIBHBIX H3MEPEHHSIX COCTABISIONINX OIS, OTPAKAIOIINX CTPOCHUE
CIIOMCTOM cpelbl M0 yAeTbHOMY 3NIeKTpHaeckoMy comnportusieruio [1-3]. [Ipaktude-
CKO€ MPUMEHEHNE WHAYKIIMOHHBIX 30HTUPOBAHHIA IPH NCCIIEAOBAHUSIX CIIOUCTHIX CPE
MOKA3bIBAET, UTO B BOIPOCAX TEOPHH, METOAWKH MTPOBEACHUS U HHTEPIPETAINH MOy~
YaeMbIX PE3YNIbTaTOB €II€ 0CTAETCS P BOIPOCOB, UCCIIETOBAHIIO KOTOPHIX IOCBSAIIIE-
Ha HacTosIIas padora.

Eciu MarHUTHBIH INIIOIb € TApMOHUYECKUM PEXKUMOM TOKA U MOMeHTOM M = JSn
(J — cuna Toka; Sn — TUIOIIAAbL AWIIONS), HAMPABIEHHBIM [0 HOPMAald K TPaHUIIE
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3eM1A—6030yX, TIPUIIOMHSAT Ha BBICOTY d HaJ TIOBEPXHOCTHIO TIPOBOSAINIETO HEMArHUT-
HOTO TIOTYTIPOCTPAHCTBA, TO JJISI TOUYEK B BEPXHEM HEMPOBOISIIEM TIOIYIIPOCTPAHCTBE
z > 0 cocTaBISIOMYE HAMPSHKEHHOCTH MAarHUTHOTO TOJISI HA BBICOTE TOYKH M3MEPEHHIA
z umeroT Bun [ 1-3]:

MI[1 T, .

HZ=_4TE F_-([k aexp(—k(z+d))J0(7d”)d7h 5 (1)
1, = M2 )2 qexp (S0(z-+ ), )i
r_EJ‘ aexp(—Mz+d))J (Ar)dA, (2)

0

rae A — mapaMmeTp pasielieHus nepeMeHHbIX B GyHKuun beccens; » — paccTosiHuE OT
JUIIONS 10 TOUYKHU U3MEPEHHH.

J11s1 HUKHEro HOoMyIpOCTPAHCTBA, XapaKTEPU3yeMOro HabOpOM CIIOEB C PAa3INYHBI-
MU YIEIbHBIMU JIEKTPONPOBOJHOCTSIMH, pa3nuius B popMyiax Il pacdera MarHuT-
Horo 1oyt (1) 1 (2) OymyT OTITHYATHCS OT MOYTIPOCTPAHCTBA TOIBKO KOA(PPHUIUEHTOM 0,
OTpefessieMbIM YaCTOTON TOKA B AMIIOJE, IPOBOAALIMMU CBOMCTBaMH CJIOEB U IIIyOu-
HOW MX MOJIOKEHHUS.

Ilonynpocmpancmeo. J1jis HUOKHETO MOJyNIPOCTPAHCTBA € YACIBHOH 3JIEKTPOIIpo-
BOJHOCTBIO G Kod(hduiuenT o paseH [1, 2]

a=(A—m)/(h+tm),

rme m= sz +k2 5 kP = joOWyOo.

Ecnu MarHWTHBIN IUITONG ¥ TOYKA HAOMIOMEHUH PacTIONOXKECHBI HAa TPAHUIIC 3eMis—
6030yx (d = 0 u z = 0), coctaBsronUe HanpspkeHHOCTH 1o (1), (2) ¢ MOMOIIIBIO HH-
terpasioB 3ommepdensaa u Pocrepa BIpaKaroTcs Yepe3 3JIeMEHTapHbBIE U CIICIIHAb-
HbIe QyHKIWH B BUAC [3]

H. =—i\;£3 ﬁ{ 9—[ 9+9jp +4]p+jp\/ﬁ]exp(—\/ﬁ)}; 3)
H, = j‘[g{ 8—8\ip1\ Ky + jploKo —[16+ jp] 11K, }, @)
w

rae 1, I, — monnduuumposannsie Gynkuun beceens; K, K, — Gynkuun Maknonanbaa
HYJICBOTO U [IEPBOTO MOPSAKOB OT apTyMEHTa \/; /2, 6e3pa3MepHBbIil BOIHOBOI mapa-
METp p OTPEIENICH KaK jp = k= jwuocsrz.

Jns MHIYKIMOHHOM (OMMKHEH) 30HBI COCTABIIAIONIAs 11071 /1, 0T BOIHOBOIO Napa-
MeTpa Cpefibl p NMPAKTUYECKH HE 3aBUCUT, OCTaBasCh ONU3KON K 3HAUCHUIO IIOCTOSTHHO-

* o
roToka H, =-M,/ (4m°) BIIOTH 110 3Hauenuit p < 1. TIpu 5TOM cocTaBiAIOMmAs
nonst H M3MeHsIeTCsl IPSMO TIPOOPIHOHAIBHO BOJTHOBOMY TTapaMeTpy CPelIbl 10 3Ha-
4eHHH, 6m3KKX p = 1. DTO MO3BONAET IO BENMYNHE OTHONICHHS COCTABIISAFOIIHX TIOJIS

OTNPEACIUTh BOJHOBOM IapaMeTp CPEAbl U3 COOTHOIIECHUS |HZ|/ |Hr| =4/ p u Kaxy-
IIeecs yIeIbHOE IEKTPUIECKOE COMPOTHBICHUE TIPOBOJISIIETO MOIYITPOCTPAHCTBA U3
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COOTHOILICHUS P = (x)uorz /p [4]. AHaOTHYHYIO 3aBHCUMOCTB P, OT BOJHOBOTO T1apa-
METpa CPEeIbl MIMEET OTHOLIEHHE OonbLIo [, u Manoi H, ocel s1mmIca nonspu3anin
MarHuTHOTO MO |Ha|/ |H b|, MOCKOJIBKY OHO SIBJISIETCSI SKBHUBAJICHTHON XapaKTepu-
ctukoii [5]. st pacmupeHus muana3oHa UCCIeI0BaHNN IPU HCTIOIH30BAHUHU BHICOKHUX
YacTOT AJIS HU3KOOMHBIX CpeJl MPH 3HAYCHHUSX BOJHOBOTO Mapamerpa p > 1 B pabote
[6] TpennoKeHo npyu ONPENENEHUH P, UCIIONL30BaTh JOMOJHUTEIBHBIA HOPMUPYIO-
il napaMerp D K HU3KOYaCTOTHOM aCUMITOTUKE

P, =2-10°Dfi*|H_|/|H,|. (5)

Bemmunna mapamerpa D HamIydmuM oOpa3oM amnmpOKCUMHUPYETCs (OpMyIIon
D =exp(~1,28|H,|/|H_|), 4T0 mO3BOISET CYLIECTBEHHO PACIIMPUTH AMANA30H JHIC-
TAHIIMOHHBIX WHIYKIIMOHHBIX HWCCIENOBAHUH C BEPTHKAJILHBIM  MarHHTHBIM
nqunoinem [7].

P OM - M
200 "

150

100

0 1 1 1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70 8 90 M

Puc. 1. Pa3pe3 Tuna npogooHux—o0usnekmpux:
p, =20 Om - Mm; p, = 200 OM - m; f= 100 I'; S, — S-HIOCKOCTB;
1-h=05m;2-h=1m;3-h=2m;4—h=5Mm
Fig. 1. Conductor-dielectric section:
p;=20Q - m;p,=200Q - m;f=100 Hz; Spl—S-plane; 1-h=0.5m;
2-h=1m;3-h=2m;4-h=5m

Jng Kaxaol TOYKH M3MEPEHUH COCTaBJISAIOIIMX MarHUTHOTO IMOJIS Ha 3aJaHHOU
JMCKPETHOH 4acToTe f IPY Pa3aMYHbIX Pa3HOCAX 7; OT BEPTUKAILHOIO MATHUTHOTO JIU-
TIOJIS1 MOYKHO MOCTPOUTH 3aBUCUMOCTD Ka)KyILIErocs yAeIbHOTO COPOTHUBIEHUS IIPOBO-
JAIIETO MONYIPOCTPAHCTBA P,, TOAOOHYIO TUIIAM KPUBBIX BEPTUKAJIBLHBIX SIEKTPUYE-
ckux 30HaMpoBanmii (BO3) Han cnoucrtoii cpenoii.

IlockonbKy anropuT™M pemieHus 3aaad A CIOUCTBHIX CPell OMUCAaH BO MHOMKECTBE
HAy4HBIX pabot, Harpumep [2, 3, 8, 9], ocTaHOBUMCS Ha pe3yabTaTaxX PEIICHUH, OMHU-
ChIBaeMBIX Koa(purmerTom o B popmynax (1) u (2).

eyxcnounas cpeoa. [1ns cnydasi, KOTa Moj TPAHUIICH 3eMi58—68030YX €CTh CIIOH
MOLIHOCTBIO /1 C YAEIbHOH 31IEKTPONPOBOAHOCTBIO G, a MOACTUIIAIONIAs CPEla UMEET
YAETBHYIO 2IEKTPOIPOBOAHOCTD G,, KO3 Puuuent o umeer Bus [1-3]:

. (A —my)(m; +my) + (A +my)(m —my)exp(2m,h) m = [}Lz + jopgs;. ©)

(ki) +my) + (A=, )y —my ) exp(2myh)”
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Ilposoosian S-nnockocme Ha cpanuye 3eman—e030yx. Ecnu cioit 1 obnamaet BbI-
COKOH 3JIEKTPOIPOBOJHOCTEIO G, >> G, U €r0 TOJNMUHA & <<7, TOonpu 6, = o uh — 0
UX MIPOU3BEJIEHHE G, - h = § MMeeT pa3sMepHOCTh NPOAOIbHOH nposogumocty (CM) u
k03 (PUIIUEHT 0L MPUHUMACT BUT

A—m, — jou,S
o= h — JOU 7

_X+m2 +jc0u0S'

DTO0 pelieHue MoIy4eHo NpU UCIOIb30BaHUU PA3PhIBHBIX TPAHUYHBIX YCIOBUN IS
MarHuTHOrO Mo Ha S-mockoctu [10].

P OM - M
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60 .
10 100 r, ™M

Puc. 2. Tun H:
p1=p3=2000M - ™m; /i, =10 Mm;d,=0,5m; f=1 xl'1;
Sun — S-rmockocTh; [ —p;=2,50M - M; 2—p, =5 0OM - M;
3—p=100M - M; 4—p,=200M - M
Fig. 2. N-type:
p1=p3=200Q -m; h =10 m; d,=0.5 m; f=1kHz;
Spi—S-plane; /1 —p,=2.5Qm; 2-p,=5Q - m;
3-p=10Q -m;4—p,=20Q -m

Tpexcnoiinaa cpeda. [In1s ciydast, KOTAa HIKHISI CpeAa XapaKTepu3yeTcsi HabopoM
U3 TpeX CJI0EB ¢ MIyOMHAMH HIDKHHX KPOMOK M YAETIbHBIMU 3JIEKTPONPOBOIHOCTIMH
2 _ . . .
h,, hyuo; ki = jop,o;, rae i — Homep cnos (i = 1, 2, 3), kodpduIHEHT o MeeT BUL,
MoJJ00HBIN TIPUBEACHHOMY B padote [1]:

o= [(R01M12 + M01R123Xp(2m1h1))M23exp(2m2h1) + (R01R12 + M01M126XP(2m1h1)) X

XRy3exp(2myhy) 1/ [(Moy My + Ry Ryy exp(2myhy)) Mosexp(2myhy) + ®)

+ (M01R12 + Ry M exp(2myhy )) Ryexp(2myh,)],

e Ry =A—my; Ry =my —my; Ryy=my —my; My =L+ my; My, =my + my; My = my+ my.
B wactHom ciywae i) = h,, 6, =0, (R); =0)u i =0, 5, = 0 (R, = 0) xooppunuenr o
COOTBETCTBYET BhIPAXKEHUIO (0) IJIs IBYXCIIOMHOM Cperbl.

OtmetuM 0c000, 4TO BhIpakeHHE (8) HE CBOAUTCS K PEKYPPEHTHOMY BHILY, BBIpa-
JKaeMoMy 4epe3 runepOorueckne QyHKIHH, KaK 3TO BBITIOJTHEHO METOJIOM aHAJIOTHU
JUTS CIIOMCTOM CpeJibl C NICTOYHUKOM B BHZE TOPH3OHTAIBHOTO dMEeKTprdecKoro aumorst [11].
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Hozpyscennan npoeoosuwan S-niockocms. Eciv ciioit 2 o0nagaeT BBICOKOH 3J1€K-
TPOIPOBOAHOCTBIO G, << G, >> G, U MaJIO! TOMIMHON d, = h, —h,, T.e. r>>d, << h,,
TO IIpH 6, — © U d, — 0 ux npoussenenue o, - d, = S. Kospdumuent o Moxer ObITh
MOJTY4EH U3 pa3pbIBHBIX TPAHUYHBIX YCIOBHH AJIS MATHUTHOTO IIOJIS, EPECEKaIoIIero
TPaHUIy ¢ IOBEPXHOCTHBIM TOKoM [10]:

o= Ry (M3 + jopeS) + Moy (Ri3 — jopS) exp(2m;h) . )
My (M3 + jopeS) + Ry (Ry3 — jopyS)exp(2m;h)

ANMpoKkcuManysi TOHKOTO MPOBOASAIIETO €0 S-TIFIOCKOCTBIO MO3BOJSET YMEHb-
LIUTh YHACIIO PACUETHBIX IIAPAMETPOB IS MOJEIEH, COOTBETCTBYIOLIUX IPOBOSAILEMY
MOTPY>KEHHOMY CJIOI0 U pa3pesy Tuna H. Kpome Toro, pemenue 3aadu ¢ MOrpyxeH-
HOM S-TVIOCKOCTBIO TO3BOJIAET COMOCTABUTH IMOMYyYaeMblE€ PacueThl C pe3yibTaTaMH,
MOJTY4YEHHBIMH C UCTIOJIB30BaHuEM K03 uIrenTa o ik TOHKOTO MPOBOJSILETO CIOS,
omnpenensieMoro ¢hopmynoi (8), WM U TPEXCIOWHOW Cpellbl, MONyYeHHBIMU TI0 pe-
KyppeHTHO# (popmyiie, peiokeHHo B padore [11].

P OM * M

60

1

10 100 r,m

Puc. 3. Tun K:
p1=p3=200M - M; p, =200 0™ - M; d; =5 ™m; =100 I'ry;
1-d,=5m;2-d,=10m;3-d,=20m;4—dr,=50M

Fig. 3. K-type:
p1=p3=20Q-m; p, =200 Q -m; d; =5 m; =100 hz;
I-d,=5m;2-d,=10m;3-d,=20m; 4—d,=50m

Bripaxxeane s kodQuIMeHTa o A CPeasl U3 YETHIPEX CIOEB C PAa3INIHBIMHU
TTyOMHAMH HIDKHUX KPOMOK W YENbHBIMH 3JIEKTPOTPOBOTHOCTSIMH PUBEICHO B pa-
oore [1].

Pacuemot maznumnozo nons BM/] nao caroucmoi cpeooii. JIns pacuera cocras-
JISIONIMX HAIPSHKEHHOCTEH MarHUTHOTO TIOJIS, CO3/1aBaeMOT0 ITEPEMEHHBIM BEPTHUKATb-
HBIM MarHUTHBIM JIUTIONIEM HaJ CIIOMCTOM Cpeoii, CO3aHO0 MpOrpaMMHOE obecriede-
HHE JUIS pacueTa IoJIs Ha JUCKPETHOM ciiekTpe yactoT oT 10! qo 10° ' ipr pasmuaHbIX
pasHocax JUMONS M Todek HaOmomeHuil. [IporpaMMupoBaHue BBITIOIHEHO HA S3BIKE
FORTRAN cranmapra Fortran-90 ¢ ucnons3oBanneM makeTa Fortran Power Station
4.0 u mporpamMmmHoro KomIutekca Wolfram Mathematica 7. Comocrasienue morydae-
MBIX PE3yJIBTAaTOB MTOKA3hIBAET, YTO HEOOXOANMAsl TOYHOCTH TIPOBOJAMMBIX BEIUMCICHUH
npeobpazoBaanii XaHkens ¢ pyakmusimMu beccenst mo ¢opmynam (1), (2) ¢ momoripio
u¢poBoro GprisTpa AHAEPCOHA JOCTUTAETCS MIPH MAJIBIX, HO HEHYJIEBBIX 3HAYCHHSIX
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mokasarens crenenu (z + d) [12]. I1o BEIXOTHBIM JaHHBIM KOMILIEKCHBIX COCTaBIISIIO-
wux nosist A, v H, BBIMUCIIAIOTCS OTHOUIEHHE Mojtyleit coctasnstonwmx |H, |/ |H,|, da-
30BbI€ YIIIBI ¥ XaPaKTEPUCTHKH AIUTAIITHIECKH MOSIPU30BAHHOTO MATHUTHOTO TIOJIA IO
(dopmynaMm, mpuBeIEHHBIM B padore [5].

TecTupoBaHue CO3MaHHOTO MPOTPAMMHOTO 0OECTIEUEeHHs BBHITIOIHEHO MPH pacdere
MarHuTHoro nojist BM/I B yacTHOM citydae OfHOPOIHOTO OITYIIPOCTPAaHCTBRA, BEIpaXKae-
MOM Yepe3 aHAINTHIeCKHe U crennaibHble GyHKIuu (3) u (4), mpeacraBieHHOE B pa-
oore [8] B BUaE TAOIHUI] 3HAYCHU KOMITOHEHT ITOJIST ¥ UX OTHOIIICHWHA B 3aBUCUMOCTH
OT BOJTHOBOTO ITapaMeTpa Cpesbl p.

/Jleyxcnoiinasa cpeda. [Ins THmMAYHOTO pa3pesa THIIA NPOBOOHUK—OUILEKMPUK PE-
3yIBTATHI pacdeTa KaKyIIerocs SIEKTPUIECKOTO COMTPOTHBIIEHUS 10 hopmyre (5) mpu-
BEJCHBI Ha pUC. | Uil pa3iIMyYHbBIX MOIIHOCTEHN CJI0s, BKIItOYAs Caydyai IiacTa Majloi
MOIITHOCTH (S-TIIOCKOCTB).

B,uTn
0,004

W_—/h/BZ/
0,003
0,002
0,001

N\ B

0 I I I P R | I " L P )
100 1000 10000 f, I'm

Puc. 4. Cocrasmsttomye B, u B, /f Ipy 9acTOTHOM 30HUPOBAHIN
7 =20 M ¢ BepTUKaJIbHbIM MaTrHUTHBIM JAUIOJIEM C MOMEHTOM
M, =052 A - ™
Fig. 4. B, and B, /f components under frequency sounding
r =20 m with vertical magnetic dipole with the magnetic
moment M, =0.52 A - m?

Kak BuIHO U3 IPUBE/IEHHBIX KPUBBIX, P, C YBEIMUYEHUEM PACCTOSHHS OT HCTOYHHKA
U3MEHSIETCS OT COMPOTHBIICHHS, OTU3KOTO K HCTUHHOMY 3HAUEHHIO BEPXHETO CIIOS TIPH
r — 0, K CONPOTUBJIEHUIO OCHOBAHMS CPeibl. THUIIBI KPUBBIX P, IPH JAUCTAHIIMOHHBIX
WHAYKIMOHHBIX 30HAMpoBaHuAX ([I13) Ha GUKCHPOBAHHON YaCTOTE COOTBETCTBYIOT
TUIIaM JIBYXCJIOMHOTO pa3pe3a. [lomydeHHbIE pe3ylbTaThl COOTBETCTBYIOT pacueram,
MIPUBEEHHBIM B padorax [6, 13, 14]. PacueTs! MmarauTHOTO TI0J1s 110 hopmyram (1), (2)
¢ K03 QHUIHUEHTOM O TSI TOHKOTO MPOBOAAIIETO Tu1acTa (hopmyna (6)) COOTBETCTBYIOT
pacderam IoJis ¢ S-TIOCKOCTRIO Ha TpaHulle 3emii—6030yx (7), Ha puc. 1 mpemcrasie-
HO JJIs TOHKOTO miacta MOmHOCThI0 0,5 M mpu p; = 20 OM - M, 4TO Ja€T BEIUYUHY
npoxonbHOM mpoBoguMocty S = 0,025 Cwm.

Tunst mpexcnoiinvix kpuevix /[H3. PacueTsl COCTABIAIONINX MATHUTHOTO TTOJIS IO
dopmynam (1)—~(2) pazpesa tuna H i MOTPYKEHHOTO IMPOBOAIIECTO TIACTA MaJIOH
MOIHOCTH d, = 0,5 M (IITPHXOBBIE IMHKUM) IS CITydas 0., OITMCHIBAEMOTIO (hopMyItoi (8),
COOTBETCTBYIOT PacyeTaM IOJIsl C MOTPY>KEHHOH MPOBOASIICH S-TITOCKOCTHIO (CILIONI-
HBIC JTMHUH) JIS CIIydas 0, OIUCkIBacMoro ¢hopmyioi (9) mias Habopa 3HAYCHUN YIemhb-
HOTO 3JIEKTPUYECKOTO CONPOTUBIICHHS TIJ1aCTa P, (pHUC. 2).
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ITomy4eHHBIE 3aKOHOMEPHOCTH MTOBEAEHUS KPUBBIX P, IPH JUCTaHUMOHHBIX HHIYK-
[IUOHHBIX 30HAMPOBAHMAX HAa (PUKCHPOBAHHOW YACTOTE COOTBETCTBYIOT pacueTam
TIOJIsA, IPUBEICHHBIM B paboTax [15, 16].

Tuns! KpUBBIX P, NP AUCTAHLMOHHBIX HHIYKIMOHHBIX 30HIMPOBAHUAX HA (QUKCH-
POBaHHOI YacTOTE COOTBETCTBYIOT THIIaM TPEXCIOHHBIX pa3pe3oB H u K (puc. 2, 3).

3aKOHOMEPHOCTH M3MEHEHUs MarHUTHOro monst BMJI ans TpexcnoiHOW cpenpl,
BBITIOHSEMBIE C HCTIONb30BaHNeM KoddduimenTa o mo TouHoit hopmye (8), He cooT-
BETCTBYIOT pacdeTaM IO C IIOMOIINBI0 peKyppeHTHO# dopmynsl [17, 18].

P OM - M
1
100 2
3
4
/5
10 . . . e
100 1 000 10000 f,I'n

Puc. 5. Kpusbie p, IIpy 4aCTOTHOM 30HIMPOBAHUH JIBYXCJIOMHOH CPEIbL:
P, =200M - m; p,=200 Om - M; Ha pasHoce r =20 M; [ —h=05M; 2 —h=1M;
3-h=2m;4-h=5m;5-h=10m
Fig. 5. Curves pk under frequency sounding of the two-layered earth:
p,=20Q -m;p,=200Q -m;ataspanr=20m; / —h=05m;2—-h=1m;
3-h=2m;4-h=5m;5-h=10m

Hcronb30BaHHe YaCTOTHBIX XapaKTEPUCTUK COCTABISIONIMX MAarHUTHOTO MOJS Ha
(UKCUPOBAHHOM pa3HOCE 7 I PEIISHU 3a/1a4i pacuIeHEHUs CIIONCTOTO pa3pesa He-
MIPUTOTHO, TaK KaK MAarHWTHOE ToJie B ONMKHeH 30HEe (30HE WHIAYKIIMH) HEYyBCTBH-
TETHLHO K COMPOTUBIICHUIO CJIOMCTOH cpensl [5, 19, 20].

Ha puc. 4 npuBeseHbI SKCIEPUMEHTAIBHBIC KPUBBIC M3MEPEHHM COCTABIISIONIMX
MarHuTHOro noyst B_u B, na 27 yacrorax B auanasone 0,1-7 kI'n na pasnoce 20 M Haz
coucTol cpenoi (no manueiM BO3) [21]. Benuuuna B, cocTapisiomell MarHuTHOTO
TOJIsl TIPUBE/ICHA K paboveil 9acToTe f, MOCKONBKY OHA JIMHEHHO 3aBHCHUT OT HEe.

Ha puc. 5 npuBeeHbl TEOPETUYECKUE KPUBBIE P, , ONpeneseMbie o Gopmyie (5)
MIPY YaCTOTHBIX WHIYKIIMOHHBIX 30HIMPOBAHIIX HaJl ABYXCIOWHON Cpeloil Ha pa3HOCe
r =20 M I MOJICITA CPENBI NPOBOOHUK—OUIIEKMPUK, TIPEIICTABICHHON Ha puC. 1.

Kak BUHO U3 NIPUBEIEHHBIX KPUBBIX, €CIIM BEIUYUHA /1 COCTABIAIOIIEH MAaTHUT-
HOTO TIOJISI COOTBETCTBYET ITOJIF0 TOCTOSIHHOTO TOKA M ITPAKTHYECKU HE 3aBUCHUT OT Yac-
TOTBI M, COOTBETCTBEHHO, YEILHOIO CONPOTHBIICHHS CPEIbI, TO BEMMYMHA [, cOCTaB-
JISTIOTIEH OIS HaJT CIIOMCTOM CpeZioi COOTBETCTBYET MOJIIO C HEKOTOPOit «3pexTrBHOI
BEJIMYMHOM ynenbHoro conporusinenus. [Ipu pacuere Benmaunsl p, mo gopmyne (5)
9Ta 3aBUCUMOCTH OT YaCTOTHI cokpariaeTcs. OHaKo MpeacTaBiIeHHbIe Ha PUC. 5 3aBU-
CUMOCTHU TOKAa3bIBAIOT, YTO MPU MPOBEACHUH 3JICKTPOMArHUTHOTO MPOQPUINPOBAHUS
Ha OJJHOM 4acTOTE COXPAHAETCS 3aBUCUMOCTb BEIMYMHEL /1, COCTABIAIOIIEH MOMIS U P,
COOTBETCTBEHHO PY M3MEHEHUU MOIIHOCTH BEpXHETO cios. i1 yka3aHHOW MOAeNn
IIBYXCIIOWHOW CpPEIbl MPOBOOHUK—OUILIEKMPUK YBEIWMUSHUE MOITHOCTH TPHUBOIHT
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K YMEHBIIEHHUIO ONPENENAEMOM BETMIHHEL Py, a IIPU 0OPATHOM COOTHOLIEHHH YHAEIb-
HBIX CONPOTHUBIIECHHH CJI0S M MOICTH/IAIOMIEH CPEIbl BENMYMHA P, OyIeT yBETHINBAThCS.

IIpn npoBenennu (Ha30uyBCTBUTEIHHBIX H3MEPEHUI COCTABISIONINX MAarHUTHOTO
MOJIST €CTh BO3MOXXHOCTB MCIIONIB30BaTh IS pacdeTa KaXyIIerocs yAeIbHOTO COIPO-
TUBJICHHS CpeJlbl HE OTHOIICHNE COCTABIISIONINX OIS |Hz /|H .|, @ oTHOIIEHUE MOITY-
oceii dIMIICa NONSPH3ALMA MArHUTHOTO Tonst |H,|/|H,| mo Toit ke dopmymne (5).
ITockonpKy OCH 3JUTHIICAa TONIAPU3AIMH MAarHUTHOTO TOJS SBISIOTCA (pr3muecKuMu
SKBHUBAJIEHTAMH MPOCTPAHCTBEHHBIX COCTABIAIOMUX [5], MOMTydaeMble THITBI KPUBBIX
P, AMCTAHUMOHHBIX 30HANPOBAHMI TAKXKE COOTBETCTBYIOT THIIAM pa3pe30B. Ilpu oTom
WCTOJIH30BaHNE TSI MHTEPIPETAIIH OTHOIIEHHSI BETMYMH TOIYOCEH SIUTHTICA OIS PH-
3aIX TPEIOYTUTENbHEE, TaK KaK MO3BOJISIET HCKITIOUNTh U3 PE3yabTaTOB N3MEPEHHUN
MOTPENTHOCTH, CBSI3aHHBIE C HAPYIIEHHEM IPOCTPAHCTBEHHONW OPHEHTHPOBKH JAT4H-
KOB Z W ¥ COCTABIISIOLINX MarHUTHOTO TTOJIA.

BrinonHeHHBIE UCCIIEI0BAaHIS TO3BOJISIOT IPY H3YYEHHUH T€0TEKTPHIECKOTO CTPO-
€HUS WCCIIEAyeMON Cpellbl B PaMKaX TOPH30HTAIBHO-CIOWCTON MOJENH OMpPEeNuTh
TEXHOIIOTHIO TIPOBEACHNS WHAYKTUBHBIX JIEKTPOMAarHUTHBIX MCCIIEIOBAaHUA METOAA-
MU PO UINPOBAHHS ¥ 30HANPOBAHMS IPU HEMTPEPHIBHBIX U JUCKPETHBIX N3MEPEHUIX
mostst [20].

IIpu nmpoBereHNN HENPEPBHIBHOTO MHITYKITMOHHOTO MPOQIITUPOBAHS C HCTOYHUKOM
B BHJIE BEPTUKAJIHLHOTO MarHUTHOTO JHITOJNISI H3MEPEHHS COCTABISIOIINX TapPMOHIYEC-
KOTO MarHMUTHOTO TIOJIS MPOBOIAT HA psijae (3 u OoJee) TUCKPETHBIX YacToT. CpemHsisa
(omrTMMalTbHas) 9acTOTa BRIOMPAETCS M3 MPEABAPUTENBHBIX U3MEPEHNH TIOJIS Ha CIIEK-
Tpe YacTOT JJIS 3aJJaHHOTO Pa3HOCA, OMPENENIIeMOTo UCXOAsl U3 TpeOyeMon TTyOwH-
HOCTH HccienoBannii. ONTHMaIbHOHN ClIeAyeT MPUHATH 9aCTOTY, COOTBETCTBYIOIIYIO
BOJTHOBOMY TapamMeTpy cpeabl BOmm3u p = 0,1, umes B By BO3MOKHOE M3MEHEHHUE
YACTBHOTO CONMPOTHBIICHHS CPEIbl Kak B OOJBIITYT0, TaK ¥ B MEHBIIYIO CTOPOHY C U3MEHE-
HUEM BOJTHOBOTO TTapameTpa B 30HE WHIYKITHHU TpH padodeM muamaszone 0,01 <p < 1.
HempepriBHOE MHAYKIIMOHHOE TIPOGIINPOBAHUE TIO3BOJISIET ONPEACITUTD YIACTKH FIC-
CJIEyeMOM Tpacchl, B TIpeesiax KOTOPBIX H3MEHEHHUS! MarHUTHOTO TOJIS OJM3KH K TI0-
CTOSTHHBIM 3HAUEHUSAM (WM M3MEHSIOTCA IIaBHO). [t mckimroueHns: morpentHocTei
M3MEpeHnH, 00yCIOBIEHHBIX N3MEHEHHEM OPHEHTHPOBKH JaTIYMKOB MarHUTHOTO TTOJIS
¥ MOMEHTA CTOYHMKA, Re U [m KBaapaTypsl U MIPOCTPAHCTBEHHBIE KOMITOHEHTHI KOM-
TUIEKCHBIX COCTAaBJISIOIMINX MAarHUTHOTO TIOJS TIEPECUUTHIBAIOTCS B COCTABIIAIONINE
OOJBITION M MAJIOH OCEH AIITUTICA TOIAPHU3AIIAH, IO KOTOPHIM ONPEICIIAIOTCS 3HAYCHIS
KaXyLIETOCs yIeIbHOTO CONPOTUBJIEHUS cpebl p, (5). B npenenax ncenenyembix on-
HOPOJHBIX Y4aCTKOB P, ONPENENEHUE (PUUKO-TEOMETPUIECKHX TTAPAMETPOB CIIOMCTON
Cpensl BBIMTOMHSIOT MO pe3yabTaTaM MPOBEACHWH MUCTAHIMOHHBIX HHITYKITMOHHBIX
30HIMPOBAHUI HA JUCKPETHOW YaCTOTE.
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Inductive sounding of layered earth
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Abstract
Research aim. The research results in the development of a technology of continuous multi-frequency
induction profiling measuring magnetic field components on long survey routes and detailed elaboration
of sections by means of remote induction soundings.
Research methodology. Theoretical and experimental studies of magnetic field components change
patterns of harmonic vertical magnetic dipole over non-uniform layered earth. Mathematical simulation
of harmonic vertical magnetic dipole magnetic field in non-uniform layered earth.
Analysis of results. Information value of harmonic vertical magnetic dipole magnetic field components
characteristics in low-frequency induction zone has been shown when studying non-uniform geoelectric
sections together with the obtained results correspondence to the type of the non-uniform section when
carrying out remote inductive sounding.
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Scope of results. for extended sections of route research (road and railway, oil and gas pipelines, power
transmission lines, etc.) process sequence of vertical magnetic dipole magnetic field characteristics
measurement has been determined to determine geoelectric properties of a layered section by means of
continuous multi-frequency profiling and determination of homogeneous sections of medium structure with
their detailing by discrete analysis by the method of remote inductive sounding.

Key words: harmonic electromagnetic field; inductive sounding; vertical magnetic dipole; apparent
electrical resistance.
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OueHka achcheKTUBHOCTHM KOMNNEKCa reopuanyecknx MeToaos
uccnefoBaHW MaccuBa B YCNOBMAX NOA3EMHOIO pyAHUKA

MenbHuk B. B.', Xapucos T. ®." 2*, 3amsitu A. J1.', Xapucosa O. [1.!
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
2 YparbCkuii rocyfapCTBeHHbI FopHbIit yHUBEPCUTET, I. EkaTepuHBypr, Poccus
*e-mail: timur-ne@mail.ru

Peghepam
Beedenue. B nacmoswee epems ceopuzuteckue Memoovl UcC1e008aHUs MACCUBA 20PHBIX NOPOO HAUTU
wupoxoe npumenenue 6 2opHom oeine u 6 naykax o 3emne. C ux nOMOWbIO 6bINOTHAIOMCA NOUCKOBO-
oyenounvle pabomuvl 8 mMaccuee, d UMEHHO 6blAGNEHUe CIMPYKMYPHbIX HEOOHOPOOHOCME, Nycmom,
a MaxHce pasnuiHblX 30H KOHMAKMOS cpeo ¢ 0CMAMOUHO 8bICOKOU MOYHOCHbIO. TOUHOCMb NOYYEHHbIX
De3yIbmamos 3asUcum om Memood, KOmopwlil UCHOAbIYEMCs 8 MeX Ul UHbIX YCI06UAX, Xapakmepa u
napamempos Uckomo2o 006beKma, HeWHUX YCI08ULL NPOBEOEHUs. HAMYPHO20 IKCHEPUMEHMA, A MAKH#CEe
nocmaegneHnvIx 8 pabome 3a0ad.
Memoowvt uccnedosanuii. Bvinonnen KOMNieKc 2eo@u3uyeckux uUcCied08aHull ¢ UCNOIb3068aAHUEM
Memod08 CHEeKMPANbHO20 CEUCMONPOPUIUPOBAHUS U 2e0pa0apPHO20 30HOUPOBAHUA 68 YVCIO0BUAX
no03eMHO20 PYOHUKA. Hzmepenus npogoounucs 0is NOUCKA PA3IUdHbIX 00bEeKmMo8 noo pasHbiM YeioMm
K UCKOMOMY 06beKmy ¢ yenvlo onpedeieHus paccmosanus 00 He2o.
Pesynomamul uccnedosanuii. B pesynomame ucciedosanuii KOMNIEKCOM 2e0QU3UYECKUX MemO0008
O0OHapyd*HCeH MemaniuyecKull 010K N00 HACLINHOU 2O0PHOU MACCOU C NOCTIEOVIOWUM 8blOeNeHUeM 2PaHUY
08YX APYCO6 NOAKA NPU NPOBEOeHUU 6EPMUKAILHO HANPABIEHHbIX usmepenuil. B npoyecce noucka
Hudcenexcaujell 8lpaboOmKU 8 MAccuse npu NPoeedeHUY BePMUKAIbHO HANPABIEHHBIX 2e0PUIULECKUX
usMepeHuil 8 20pU3OHMANbLHOU 6bipabomke 6 20 M Om CMEOA BbIAGNEHO USMEHeHUe NIOMHOCU
cnekmpa Ha 2nybune OKonNo 55 M, umo coenaoaem ¢ HAKMUYECKUM PACHONONHCEHUEM UCKOMOU
svipabomku. Pesynemamer noucka nycmom 6 maccuee opHuX nHOPoO npu NPoedeHuu usmepenuii noo
VelloM K UCKOMOMY 00beKmy NOKA3aau Omcymcmeue 00CMmAamoyHo A8HbIX SPAHUY U HEB03MONCHOCHTb
OYeHKU PACCMOAHUA 00 NYCMON 8 3ANOHCEHHbIX KaMepPaXx.

Knroueesvle cnoea: zeopaoap; eeousuueckue uccnedoeanus 6 noO3eMHbIX YCIOGUSX; CMEON
WaAxXmol,; MACCU8, NyCmMomol, CHEKMpaibHoe celicMonpoguiuposanue.

Beenenue. VccienoBanue MaccuBa TOPHBIX HOPOX C MOMOIIBIO Te0()U3NIECKUX
METOJOB ABJISIETCS OAHUM U3 Hanbonee d3PPEeKTUBHBIX CIIOCOOOB pEeLICHHs! IIOMCKOBO-
OLICHOYHBIX 3a7la4 B TOPHOM JieJie, ra30Boi, He(PTIHONH MPOMBIIUIEHHOCTH, 8 TaKKe
B Haykax o 3emuie. CoBpeMeHHOE reodu3nueckoe 000pyIOBaHHUE MTO3BOJISIET TUCTAH-
IIMOHHO BECTH HCCIIE[IOBAHUS IPUPOJHO-TEXHOTEHHBIX OOBEKTOB B BEPXHEH YacTH
3€MHOM KOPBI, BBISIBIISITH CTPYKTYPHBIE U NTeTporpaduieckre HeOOQHOPOJHOCTH, TEKTO-
HUYECKUE PA3JIOMBl, KapCThl, IIyCTOTHI, 00pa30BaHHbIC IIPU HE 0 KOHIA 3aJI0KEHHBIX
KaMepax WM yCcaJKe 3aKiIaJl0YHOr0 MaTepHuala, a Tak’ke 30HbI KOHTAKTOB Pa3IMYHBIX
cpen B MaccuBe TopHbIX nopoa [1-10]. TouHOCTh MOMYYEHHBIX PE3yAbTaTOB 3aBUCUT
OT MHOXECTBa (DaKTOPOB, @ UMEHHO OT TOTO, KAKOW METOJ| MCIIOIB3YeTCsl B TEX HIIH
MHBIX YCJIOBHSX, OT XapaKTepa U IMapaMeTpoB UCKOMOTO O0OBEKTa, OT BHELIHUX YCIIO-
BUI NPOBEIEHUS SKCIIEPUMEHTA, a TAK)Ke IOCTaBIEHHBIX B paboTe 3a1au.

Crennanucramu Mactutyra ropaoro nena ¥YpO PAH reodusnueckue MeTop! mpu-
MEHSIOTCS, B TOM YHCIIe, U PEeLeHHs] HECTaHIapTHBIX 3a/lad Ha MO/3EMHBIX PyAHU-
Kax U Kapeepax. OnHoit u3 Takux 3a1a4 B 2015 1. 65110 omnpeesieHue MOIHOCTH po0-
KM U3 TpyHTa U 0610MKOB Kpernu B cTBone «axter um. C. M. KupoBay, 11 onieHKH
BO3MOXXHOCTH €€ YCTpaHEHHs U pa3padoTK1 HEOOXOIUMBIX MEPOIPUATHH MO JTUKBUIA-
MY aBapuitHoro cteona [11-14].
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B crarbe npeacTaBieHbl UCCICOBAHNS U CPABHUTEIBHBIN aHATN3 TeO(PU3HUCCKIX
METO/IOB TEOpPaJapHOTO 30HIUPOBAHUS M CHEKTPAIBHOIO CEHCMOMPOGUINPOBAHUSL
(CCII) B ycoBUSAX TMOA3EMHOTO PYJHHKA C ONpPECICHUEM AOMYCTUMBIX 3ajad, JJs
PEIICHUS KOTOPBIX JAHHBIC METOJIbI HCIIOB30BaHbI. MI3MepeHus MPOBOAMIKCE JUIS TO-
HCKA Pa3IUYHBIX 0OBEKTOB U MOJ] PA3HBIM YIJIOM K HCKOMOMY OOBEKTY, @ UMEHHO:

— MOUCK METaJUIMYECKON KOHCTPYKIUH 10T HACBHIITHOWM TOPHOM Maccoi MpH mpoBe-
JICHUH BEPTUKAJILHO HANPABICHHBIX M3MEPEHUH C OMpEeICHUEM MPUOIH3UTEILHOTO
paccTosiHUS IO UCKOMOTo o0bekTa (puc. 1, a);

— MOUCK ITyCTOTHI (TIOJIOCTH, BRIPAOOTAHHOTO POCTPAHCTBA) B MACCUBE TOPHBIX I10-
POJI TIpH MIPOBEACHUN BEPTHKAILHO HAMPABICHHBIX H3MEPEHUH C OMPE/ICIICHUEM TTPH-
OJU3UTEIILHOTO PACCTOSIHUSA JI0 UICKOMOTO 00BbekTa (puc. 1, a);

a [

/.
I'eopusnueckuii mpudop

T'ophas macca

Boxa

T'eodusnueckuii mpudop

ZORZY HOpO[[HaH
noayuika

OOBEeKThI HOMCKA
IIpoxomueckuii o0k (ImycTas mojaocTh)

Puc. 1. Cxema nmpoBeneHns Te0()hU3NIECKIX HCCICTOBAHUI
Fig. 1. Geophysical research design

— MOUCK ITyCTOTHI (IIOJIOCTH, BEIPaOOTaHHOTO IPOCTPAHCTBA) B MACCHBE TOPHBIX I10-
PO IIpH MTPOBEICHUN U3MEPEHHH O] YITIOM K HCKOMOMY 0OBEKTy (puc. 2) ¢ onpee-
JICHWEM MPUOIU3UTEIBHOTO PACCTOSHUS 10 HICKOMOTO OOBEKTA.

Br160op Habopa reopuznueckux METOJOB B COCTAaBE reopagapHOro 30HAUPOBAHUS U
CCII o0ycioBieH HU3KOH TPYAOEMKOCTBIO, BEICOKOH CKOPOCTBIO M TEXHOJIOTHYECKOM
NPOCTOTON NPOBEICHUSI MU3MEPEHUH, YTO MO3BOJISIET 3(PEKTHBHO HCIOJIB30BATH UX
B MOJI3EMHBIX YCJIOBHUAX BO BMEIIAIOIIEM CKaJIbHOM MAaCCHUBE TOPHBIX MOPOI.

MeToabl M HX onucaHue. MeToA CIIEKTPAIBbHOTO CeHCMONPO(UIMPOBaHHS OCHO-
BaH Ha MCIIOJIb30BAHMH 3aBUCIMOCTH MEKAY CIEKTPAIILHBIM COCTaBOM KoJieOaTeIbHO-
ro mpolecca, BO3HUKAIOUIETO MPH YIApPHOM BO3ACHCTBHU Ha OOHA)KEHHYIO MOBEPX-
HOCTh TOPHOIO MAacCHBa, U CTPYKTYpHBIM CTPOEHHMEM 3TOro Mmaccupa. ['paHuIbI,
BBISABJISIEMbIE TaHHBIM METOAOM, MPEACTABISIIOT COOO0M MMOBEPXHOCTH, IO KOTOPBIM BO3-
MOYKHO B3aUMHOE ITPOCKAJIb3bIBAHUE COCEAHUX CPE]l, T. €. TPEILUHBI U KOHTAKTHI TOp-
HBIX 1T0poA. OCHOBHBIMU OOBEKTaMH, BBISBISIEMBIMH METOJOM CIEKTPANbHOTO celic-
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MOIIPOGUITUPOBAHUS, SIBISIOTCS KaK OTKPBITHIC, TaK M COMKHYTBIC TPEIIMHBI M HX
COBOKYITHOCTH B BHJI€ JIOKAJIBbHBIX 30H TpeImuHoBarocTH [13—15].

Merton reopalapHOTO 30HIUPOBaHMS OCHOBAH Ha U3IYYEHHH CBEPXIIHMPOKONOIOC-
HBIX HAHOCEKYHIHBIX UMITYJIbCOB, IPUEME CUTHAJIOB, OTPaXEHHBIX OT IPAHUL] pa3zesna
MOPOJ, MJIK MHBIX OTPaKAIOIINX OOBEKTOB, 00paObOTKE MPHHSATHIX CUTHAJIOB M TIOCIIEAY-
IOLIUM U3MEPEHUEM BPEMEHHBIX HHTEPBAJIOB MEKIY OTPaKCHHBIMU UMITyJbcami [ 16].
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Puc. 2. Pe3ynbraThl reohU3MYECKUX UCCICTOBAHHIA:
a — INOUMCK MCTAJJIMYECKOTO I10JIKa, 6 — MOKMCK HI/DKCJ'IC)KaLHCI‘/II BI)Ipa6OTKI/I
Fig. 2. Geophysical research results:
a — metallic shelf search; 6 — underlying excavation search

OcHoBHas 3a7a4a, perraeMas ¢ UCIOJIb30BaHUEM JAHHOTO METO/IA, COCTOsUIA B OTIpEse-
JICHUH TIOJIOKEHUSI TPaHML pa3ziesa B U3ydaeMbIX cpenax. Moaesb cpeabl MpeacTaBis-
€TCsl B BUJC CIOMCTOH TOJIIM C IOCTOSIHHBIMU 3JEKTPO(U3NYECKHMHU CBOHCTBAMH
BHYTPH KaKIOTO CJIOS U JIOKAJIbHBIX 0OBEKTOB, OTIMYAIOIIUXCS MO MEeKTpodu3nyec-
KM CBOHCTBaM OT BMellaromero Marepuaia. Hanbosnee BaxXHbIMU NTapaMeTpaMu, Xa-
PaKTEPU3YIOIUMH BO3MOXXHOCTH NMPUMEHEHHS METO/a IeOpaHOJIOKALUN B Pa3iuy-
HBIX CpeAax, SBIIIOTCS YAENbHOE 3aTyXaHHE M CKOPOCTb PacHpOCTPaHEHUS
3NIEKTPOMAarHUTHBIX BOJIH B CpeJie, KOTOPBIC ONPEEIISIOTCS €€ NEKTPUICCKIMHU CBOM-
CTBaMH. 3aTyxaHue ONpeaeiseT INyOMHHOCTb 30HAUPOBAaHUS, CKOPOCTb — PACCTOSIHUE
JI0 OTpakaromien rpanuusl [16—-17].

B pabore ucnons3oaics reopagap OKO-2 ¢ skpaHHpOBaHHBIMU aHTEHHBIMH OJ10-
kamu. OH MTO3BOJIAET MCCIIEAOBATh TOPHBIM MaccuB Ha IIyOuHy 10 30 M ¢ paHXHpOBa-
HHEM HOPOIHOIo OJIOKA O U3MEHEHHIO AJIEKTPOMArHUTHBIX CBOMCTB.
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Pesyabrartsl nceaenopanmii. [lorck MeTanmnyeckoil KOHCTPYKLIMH MO HACBIITHON
TOpPHOM Maccoll oipa3yMeBaeT MOUCK YMABILETro M 3aCTPSABILIETO B 3KCIIITYyaTUPYEMOM
CTBOJIE MPOXOTYECKOT0 METAJUINYECKOTO TPEXbSIPyCHOTOo noinka. [IpunanHoi naneHus
TIOJIKA SIBJISIETCS CKOMMBIIASsICS HA HEM 3a HECKOJIBKO JIET, B IPOLIECCE TPAHCIIOPTUPOBA-
HUS pyAbl B CKUTIOBOM CTBOJIE, TOPHAsi Macca B BUJIE POCCHIIH, a TAKXKE HEMPEABUICH-
Hasl pasrpy3ka ckuna. HukHsis 9acTh CTBOJIa HA MOMEHT MaJeHuUs Oblla YaCTHUYHO 3a-
TOIJIEHA, B PE3YJIbTATE YETO MaJICHHUE M10JIKAa Ha CKOMMBILIYIOCS B CTBOJIE BOAY IIPUBEIIO
K ero 1e()opMHPOBAaHHIO OT yAapa M PACKIMHHUBAHHIO MEXIY CTeHOK. OcOOEHHOCTD
JAHHOW CUTYaIlH B TOM, YTO 00bEM CKOITUBILEHCSI TOPHOM MAacChl Ha MOJIKE ObLT HEn3-
BECTCH M OTMETKA, Ha KOTOPOW OH HaXOJMJICs (3acTpsul) MOCIIe MaJAeHus, He onpeene-
Ha. BusyanbHoe oOciienoBanue mpoOKu ¢ OMuKaiIlero Topu3oHTa He JaJI0 MOJI0KH-
TEJIHBIX PE3YJBTAaTOB, TaK KaK C MOYBBI TOPH30HTAJIBHON BBIpAOOTKM ObUIAa BHIIHA
TOJIBKO BEPXHSIsI YaCTh TOPHOI Macchl, a MPOCIIEUTh €€ MOIIHOCTh HE IPECTABIAIOCH
BO3MOKHBIM. Kakux-nmnbo wyacTeil moyika, TOpYaliux U3 TOPHOH MAacChl, TAKKe HE Ha-
omroganock. KoMruieke reopusnueckux U3MEpEeHui ¢ NCIONb30BaHNEM JBYX Ha3BaH-
HBIX paHee METOIOB ObLT BHIMOIHEH IO CXeMe, ITPeCcTaBIeHHON Ha puc. 1, a.

Ha puc. 2, a nokazansl pe3yiabpTaThl IOUCKAa METANINYECKON KOHCTPYKIUH IO Ha-
CBIITHOM TOpHOW Maccoi NMpH MPOBEIECHUN BEPTUKAIBHO HAMpPABICHHBIX W3MEPEHMH,
rae oToOpaskeHa COBOKYITHOCTBH CIIOEB Ha pa3iWYHbIX oTMeTKax. Ha rmyOuHe okono
5,5 M MposABISAETCS YeTKas TpaHUIla HECKOJIBKUX CPE/l C Pa3NUYHON JU3IEKTPUIECKOI
NPOHHUIAEMOCTBI0. BepxHsist yacTh cloeB 0 TIyOMHBI 5,5 M COOTBETCTBYET pas3lpo-
OJIeHHOI TOPHOI Macce, COCTOALICH MPEUMYILIECTBEHHO M3 MEIHOW PY/bl, KOTOpasi Ha-
XOIUTCS Ha TPETheM (BEpXHEM) sIpyce METaIIMYeCcKoro mosika. HikHss 4acTh cinoeB
10 TIyOuHbl 11 M MMeeT WHBIE XapaKTEPUCTHKH H SIBISICTCS BOXHOW Cpeloi, KoTopas
3aMoHAET MPOCTPAHCTBO MEXIY sApycaMu monka. [panuia Ha miyouHe okono 11 m
SBJISIETCSl BTOPBIM SIpycOoM Toiika (cpennum). HikHss 9acTh npoduis 30HIUpOBaHUS
MpeJCTaB/IeHa OTPAKEHUSIMH CUTHAIA OT METAJIMUECKUX KOHCTPYKLHUH MOJIKA U CKO-
MUBIIIEHCS TOPHOI Macchl, a UX MHTEpIpeTalys 3aTpyIHUTeNbHA. Pe3ynsTarsl MmeTona
CHEKTPAIBFHOTO CEHCMONPOPUINPOBAaHUS OTOOPasKeHBI Ha PHC. 2, @ B BUJIE TPeX Mpo-
(uielt, COOTBETCTBYIOIIMX TPEM M3MEPEHUSIM Ha Pa3HBIX y4acTKaxX MPOoOKH, KOTOPhIE
XapaKTepU3yIOTCsl U3MEHEHUEM TIJIOTHOCTH CIEKTpa Ha PasIMYHBIX I'PaHUIaX, BBISB-
JICHHBIX B paMKax MPOXOJAIIET0 Yepe3 HUX CUTHaJA.

I'panuIiel, Ha KOTOPBIX MPOUCXOAUT YBEIMUYEHHE IUIOTHOCTH crekTpa: 5,5-6,0 M,
10,5-11,0 m, okosio 15 m. [Ipu 3TOM Ha KaxI0M U3 MPOGUIICH IPAHUIIBI HECKOJIBKO OT-
JIMYAIOTCSI, YTO CKOPEe BCETO BBI3BAHO JeopMalfeil METalTNueCcKOro Mojika ¥ HEBBI-
COKOM HaJIe)KHOCTBIO TAaHHOTO METO/1.

Crnenytomuye u3MepeHus BBIIOJIHEHBI AJIS TOMCKA MYCTOThI, @ UIMEHHO HIDKEJexKa-
1ie BEIpabOTKH B MacCHUBE TOPHBIX ITOPOJI, IPH MPOBEJCHUN BEPTUKAILHO HAIIPABIICH-
HBIX TeO(QHU3MYECKNX H3MepeHuil. I3mepenns IpoBOIUINCH U3 TOPU3OHTAIBLHON BBI-
pabotku B 20 M OT CTBOJIA, CXeMa OTpaskeHa Ha puc. 1, 6. Mcxons u3 pe3yasraToB
BBISIBJICHO, YTO M3MEHEHHE IIOTHOCTH CIIEKTPa MPOCIICKUBACTCS Ha TITyOUHE OKOJIO 55 M,
9TO COBMANAET C (PaKTUUECKOW OTMETKOH PacHONOKEHUsI HCKOMOM BHIpaOOTKH HIUKe-
nexarniero ropuszonTa (puc. 2, 6). leopanap OKO-2 B 1aHHOM SKCIIEPUMEHTE HE HC-
MOJIb30BAJICSA, TAK KaK JaJIbHOCTh €0 AeUcTBUs orpanuyeHa 30 m.

[Touck mycTOT B MacCHBE FOPHBIX OPOJ MIPU MIPOBEACHUN U3MEPEHUH MOJT YITIOM K
HCKOMOMY OOBEKTY M OTpEAeTICHNUE PACCTOSHHUS 10 HETO SBJISIFOTCS Haubolee CIOKHOMI
4acThio JaHHOU paboTel. [eopu3nueckre n3MepeHns BBHIONHSIINCH U3 TOPH30HTAIb-
HOH BBIpaOOTKH C LEINBIO MOUCKA IMYCTOT B KaMepax, o0pa3oBaHHE KOTOPBIX 00yCIIOB-
JIEHO yCaJKOM 3aKJIaouHOro Marepuaja Ipu ero 3arsepaeBaHuu. llluprna xamepsl
coctasiseT okoino 20 M, a nmuHa — 80 M. PaccTostHre OT BBIpaOOTKH, U3 KOTOPOit Ipo-
BOJWJINCh U3MEPEHUs, 10 MMyCTOTHl B KamMepax MpeaBapUTEIbHO OLEHUBAJIOCH pa3Be-
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JIOYHBIM OypeHneM ckBaxuH Ne 1—4, oHO cocTaBiseT okoino 15—27 M B 3aBUCUMOCTH
OT yTIIa HaKJIoHa CKBaXHHEI (puc. 3). [loqpoOHas cxema m3MepeHuil mpeacTaBieHa Ha
puc. 1,6 u 3.

Ha ocHoBanny aHasm3a pe3ysibTaToB, OITYYEHHBIX IBYMS paCCMaTPHBAEMbIMH T'€0-
(hU3MYECKUMHU METONIaMH, BBISBICHO OTCYTCTBUE SIBHBIX TPAHUIl MACCUE—NYCHOMA.
l'eopagap oOHapyKWII pa3HOCTH MOPOA, 0TOOPA3UB yYaCTOK C HAPYILICHHBIMU CJIAHIIA-
MU, OJIHAKO Ha paccTosHUM Oonee 13 M CHUTHAN 3aTyXaeT, U OOHapyKEHHE IyCTOT
U CTPYKTYpPHBIX HEOTHOPOIHOCTEH, HaXOMAIIUXCS TITyOke, HE TPEACTaBISETCS BO3-
MOXXHBIM. MeToJl CIIEKTPaIbHOTO CeHCMOTPO(PUITUPOBAHISI TAKKe HE TTO3BOJISIET OIIe-
HUTH HaJM4YWe IyCTOTHl B MaccuBe. Ha BceMm mpodrie n3mMepeHuit IIIOTHOCTh CIIEKTpa
M3MEHSETCS B XaOTHYHOM MOPSAKE, YTO JEJIaeT MHTEPIPETAINIO PE3YNHTATOB MpoodIie-
MaTHYHOM.

—T 7 7 7N ‘«/
Cxb. Ne3, 0= 20°, L= 18,5 M
FTTTHN //// CKBN“40{ 35° L=15m
Cxp. Nel, 0 =20° L =17 m

v
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A
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’

Hapyner ™
cnarmbl
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Puc. 3. Pe3ynbraThl reou3nueckux UCCIEIOBAHUH P MOMCKE ITyCTOT B KaMepax
Fig. 3. Results of geophysical research when searching for voids in stopes

BobiBoabl. MeTon reopajapHOTro 30HANPOBaHUS SBIsieTcS Hanbosiee 3 HeKTHBHBIM
B MTOJI3€MHBIX YCIJIOBUSX MPH HAJHYHH CKaJbHOTO MaccuBa mopoa. OH MO3BOJSET BbI-
SIBJISITh HEOJHOPOJHOCTH, CTPYKTYpHBIE HAPYIICHUS U APYTHe KOHTPACTHBIE OOBEKTHI
B MacCHBE TOPHBIX MOPOJ MPH BEPTUKAIBHO HATPABICHHBIX N3MepeHHsX. V3MepeHust
MO YIJIOM K UCKOMOMY OOBEKTY 3HAUUTEIBHO OCIIOXKHSIOT BBINOJHEHUE ITOMCKOBO-
OLIGHOYHBIX 3a71a4, TaK KaK HEBO3MOXKHO JIOCTaTOYHO TOYHO COPUEHTHPOBATh MPUOOP
MOJT HEOOXOJMMBIM YTJIOM.

Meton criekTpanbHOTO ceficMorpoduiIrpoBanns Hanbonee >(pGEeKTUBEH MPU BBI-
MOJTHEHUH BEPTUKAJIBHO HANpaBJICHHBIX M3MEPEHUH, HO MMEIOIIASCS MOTPELIHOCTD
TpeOyeT OOJIBIIEro KOMTMUECTBa U3MEPEHHH Ha HCCIIEAYEMOM yJyacTke. JlaHHbIH MeTox
XOpomio ce0s 3apeKOMEHIOBall KaK JIOTOJHUTENBbHBINA (KOCBEHHBIN) C IENBI0 TOM-
TBEPXKJICHHSI WJIA TIPOBEPKH PE3yJILTaTOB OCHOBHOTO METOJIA.

JocTimwkenne MakCMMalbHOW JOCTOBEPHOCTH W HMH(OPMATHBHOCTU PE3YJIBTATOB
reopu3NUECKUX UCCICIOBAHHUI 00CCIIeUNBACTCSl KOMIJICKCHPOBAHUEM METOJIOB.
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Abstract
Introduction. At present, geophysical methods of rock mass research have found wide application in
mining and Earth sciences. They are used to perform prospecting and evaluation work in the massif,
namely, to identify structural irregularities, voids and various contact zones of the media with sufficient
accuracy. The accuracy of the results obtained depends on the method used in particular conditions, the
nature and parameters of the target, the external conditions of the natural experiment, as well as the tasks
set in the work.
Research methodology. The work included a set of geophysical studies, namely, methods of spectral
seismic profiling and GPR in an underground mine. Measurements were made to find different objects at
different angles to the object in question in order to determine the distance to it.
Research results. As a result of investigating with a complex of geophysical methods, a metal shelf was
found under the bulk rock mass and two shelf tiers were subsequently separated when carrying out
vertically directed measurements. In the process of searching for the underlying excavation in the massif
during vertically directed geophysical measurements, which were carried out in the horizontal excavation
20 meters from the shaft, changes in spectrum density at a depth of about 55 m were detected, which
coincides with the actual location of the sought excavation. The results of cavity search in rock mass when
making measurements at an angle to the object sought showed that there are no sufficiently clear boundaries
and it is impossible to estimate the distance to the cavity in the filled stopes.

Key words: GPR; underground geophysical research, mine shaft; massif; voids; spectral seismic profiling.
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Peghepam
Bgeoenue. Pe3ynbmamyl, nonyyennvie 6 omevecmeenHoll u 3apyoeicHoll npaKmuke, He 2apaHmupyiom
BbICOKOE KAYECMB0 OYEHUBAHUS COCMOAHUSL BMEWAIOUUX MACCUBOE 2OPHBIX NOPOO U OOCMOBEPHOCIb
000CHO8AHUSA PAYUOHANLHBIX 2€0MEeXAHUYECKUX DeleHUll, 4mo NOOMEePHCOAemcs QaKmuyecKumu
VDOBHAMU MPASMAMUIMA U ABAPUUHOCMU, 6 MOM HUCLE GOPC-MANCOPAMU KAMACPOPUUECKO20
xapakmepa. Taxum 00paszom, npakmuxyemvie Memoobl 2eOMEXAHUHYECKO20 aHANU3A HYHCOAIOMCS
6 KapOUHANLHOM CO8EPULEHCIMBOBAHUIL.
Henv pabomvr — paspadbomka KOMHbIOMEPHLIX MEXHONO2UL KOMNIEKCHO20 OemepMUHUPOSAHHO-
6EPOAMHOCIHO20 MOOENUPOBAHUS 6 DPAMKAX CUCMEMbl OYEeHUBAHUs U obecnevyenus Kauecmed
2€0MEXAHUYECKUX PeUleHUll — COBOKYNHOCU 83AUMOCEA3AHHBIX OYEHOK U NOKazameneu, Makux Kax
OnepamusHOCHy, OOCHYNHOCHIb, OOCHOBEPHOCHIb, HAOEHCHOCMb U OOCMAMOYHOCHb UHDOPMAYUY
0 C60UCMBAX U COCMOAHUU BMEWAWUX MACCUBO8 20PHBIX HOPOO; COOmMEemcmaue mpebosaHuam
HOPMAMUBHLIX  OOKYMEHMO8, YPOBHU 2EOMEXAHUYECKUX PUCKO8 NO (PaKmopam asapuiinocmu,
mpasmMamu3ma U 5KON02UYECKOU ONACHOCMU; NOMeHYuanbHle YiyepObl om NOCIe0CmEUli PUCKOS,
QuHancoBble NOCMYNIEHUA U 3aMPAmbl, 6KAI0YAIOWUe OYHKYUU BAUAHUL NOMEHYUATbHbIX YiyepOoo6 U
Pe3yIbMmamueHOCHb MOHUMOPUH2A.
Memooonozus. Hccnedosanuss npogedensl HA OCHO8E UMUMAYUOHHO2O KOHCMPYKmMopa — 0a30801l
nPoOZpaAMMbl, NPEOHASHAYEHHOU O KOHCMPYUPOBAHUS, OMAAOKU U UCNLIMAHUS HOBbIX KOMNIEKCHbIX
0emepMUHUPOBAHHO-6EPOSIMHOCIMHBIX ~ MOOeNell  2eOMEXAHUYECKUX — CUMYayutl,  6blNOTHAIOUUX
UCCIe008amensekyio, 00yuanwylo, O0eMOHCMPAYUORHYIO QYHKYUU, pe3epsuposanue npoyecca u
Pe3yibmanmos MoOenupo8ans, Kynuposanue nocpeHocmeti U He0OCmamkos UMUmayuy no memooy
Mownme-Kapno. Iagnas 0co6eHHOCHb KOHCMPYKMOPA — HALUYUE 63AUMOCEA3AHHBIX COCMABNAIOUUX.!
oemepMuHUpoB8anHou u umumayuonnou. Takoli Komniekc Oaem UCCIE008AMENIO  BANCHYIO
63AUMOOONONHAIOULYIO UHPOPMAYUIO: OeMEPMUHUPOBAHHBL MEMOO 8bINOTHAEM CMPAXYIOUUe YHKYUY
U onpedensiem Henpomueopeyue peyibimamos aHaIu3d mpeboSaHusM HOPMAMUBHOU OOKYMEHMAayuu;
6ePOAMHOCMHbLI — 0bOecneyusaem 0O0bLeKMUBHYIO KOTUYECTNBEHHYIO OYEHKY 2eOMEXAHUYECKUX PUCKOS
UIU HAOEICHOCMEN C GbIXOOOM HA NOIYYeHUe OOHOHAYHOU pe3VIbMAmueHOCmu no @Gaxkmopam
9IKOHOMUYECKOU U COYUATbHOU 6E30NACHOCMU, UCKTIOYAen Ul CYUWEeCMEEHHO CHUMCAEN 8ePOSMHOCHTb
BHECEHUS USTUWHUX 3ampam. YHUEEPCATbHOCHb N00X00d K CO30AHUI) KOMNbIOMEPHLIX MEXHOI02Ul
MOOEUPOBAHUS.  2COMEXAHUYECKUX —PelleHull, peatusyiomux OemepMuHupo8aHHO-UMUMAYUOHHYII
KOMNIIEKC Ha OCHO8e Memo008 Henapamempuieckol Cmamucmuku, NOOMEepHcOaemcs npumepamu
MOOeUPOBaArUs 8 MHO208APUAHIMHOU NHOCMAHOBKE.
Obnacme npumenenus — 20PHOMEXHUYECKUE COOPYHCEHUSL CIPOUMENbHOU, NOO3EMHOU, OMKPbIMOI,
KOMOUHUPOBAHHBIX MEXHON02UL 20PHOO00bIBIOWUX NPEONPUAMULL U CHeYUDUUECKUX 00bEKMO08 0CBOEHUS
NOO03EMHO20 NPOCMPAHCMEA 8 PAIUUHBIX OMPACIAX HAPOOHO20 XO3AUCMEA.
Bui6oowi. Komnwvlomepuvle mexnono2uu MOOEIUPOSAHUS 2eOMeXaHUHECKUX CUmyayusi Ha OCHOge
KOMNIeKca OemepMuHupOSaHHblX, UMUMAYUOHHBIX Memo008 U Hnpoyedyp Henapamempuieckou
CMAmMUCMUKy Manblx 6bIO0OPOK GHOCAM peulaowuil 6K1a0 6 CUCmeMy OYeHUSAHUs U obecneyeHus
Kauecmea 2eomexanuueckux peuteruti. Ommeuaemcs yHUBepCalbHOCmy hOpMUPOBAHUA KOMNbIOMEPHBIX
MexHono2Utl, OOCMYNHOCMb WUPOKOMY Kpyey NOoab3068ameineti, npocmoma u OnepamusHoOCHIb
peanuzayuu.
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Knrouegwvie Cl106A:  KomnbloOmepHvle  MEXHONo2UU;  OemepMUHUPOBAHHO-UMUMAYUOHHOE
MoOenuposanue;  Henapamempuieckas —CMAmucmuka, Kayecmeo, 2eOMexaHuyexue peuleHus,
UMUMAYUOHHBLI KOHCIMPYKIMOD,; 2eHepayusl; CIydalinble Yucid; puck; Kpumepuu.

Brenenne. OCHOBY COBPEMEHHOTO T€OMEXaHUYECKOTO aHAN3a COCTABIISIOT MOIII-
Hasi HOpMaTHBHAs 0a3a, (OH/ aHAIMTUYECKHUX Pa3paboOTOK M OypHO pa3BUBAIOIIUECS
KOMITBIOTEPHBIE TEXHOJIOTHH, 00€CIIEeYNBITNE HECOMHEHHBIE TOCTIKEHHS M TIPOTPECC
B 00J1aCTH TeOMEexXaHUKH. BMecTe ¢ TeM pe3y/bTaThl, OJIYUYCHHbIC B OTCUSCTBEHHON U
3apyOeKHOM MpaKTHKe, He TAPAHTHPYIOT BBHICOKOE KaY€CTBO OIIEHWBAHUS COCTOSHUS
BMEIIAIONIUX MAaCCHBOB T'OPHBIX MOPOJ U TOCTOBEPHOCTH 0OOCHOBAaHUS pallMOHAIIb-
HBIX TEOMEXaHMYECKHX PEIICHUM, 4TO MOATBEPkKAAeTCs (PAKTUYSCKUMU YPOBHSIMU
TpaBMaTU3Ma U aBapUIHOCTH, B TOM 4Hcie (GOopc-MaKopaMu KaracTpouyeckoro xa-
pakrepa [1-4]. [maBHOM NIpUYKUHON CIOXKUBIICHCS CUTYaIlUU SBISIETCS MaccoBas pea-
TU3aIs IeTEPMUHUPOBAHHBIX T€OMEXaHHMUECKUX MOJeJiel, B KOTOPHIX HEeCTaOWIIh-
HOCTh M HW3MEHYMBOCTh MPHUPOJHBIX M TEXHHYECKHUX YCJIOBHH YUYHUTHIBACTCS
CTpaxyonuMu ko3 puimenTaMu Ui cucTeMaMu MOI00HBIX TIOKa3aTeNiel, B YaCTHO-
cTH K03 GUITMEHTaMH 3amaca, KpaTHOCTh KOTOPBIX MOXKET COCTaBIATh 10 10 u Oomee
eMHUIl. BeposSTHOCTHBIE METOIbI TEOMEXaHMUSCKOTO aHAJIN3a UMEIOT OTPAaHUYCHHYO
o0iacTs MpUMEHEHUs U He HAIIUTH JTOJDKHOTO OTPaYKSHHS B JICWCTBYIOINX HOPMATHB-
HBIX JOKYMeHTaX. MeXly TeM SKOHOMUYCCKHUE ITOKA3aTeIU MPEPUITHI U OpraHu3a-
Ui 13-32 TEOMEXaHUYECKIX PUCKOB HE BCET/A SBISIOTCS ONTUMAILHBIMU, HE HCKITIO-
JaeTCsl M30BITOYHOCTH 3aTPart, 3aMEIJITIOTCS CPOKH BEITIOTHEHUS paboT, HaOIogaeTCs
WX HEPUTMHYHOCTD U YJIOPOKAHHUE, CHUXKAIOTCS JIOXO/IbI M 3aITAHUPOBAHHAS IPUOBLIB.
Taxum 00pa3oM, MPaKTHKyeMble METOBI TEOMEXaHMIECKOTO aHaln3a, 00eceunBaio-
M€ BBICOKOE KAY€CTBO FEOMEXaHMUECKHUX PEIICHUH, HYKIal0TCS B KAPIUHAIBHOM CO-
BEPILIEHCTBOBAHUH.

3HaYUTENBHBIA 00hEM HCCIECAOBAHUNA IO 3TOM TeMe OBLI BBHIMOIHEH B YPaIhCKOM
TOCyJIapCTBEHHOM FOPHOM YHUBepcuUTeTe 3a nocienuue 20 net [2—4] no HanpaBlieHU-
AM: «HH(OPMAIUS O CBOMCTBAaX W 0COOEHHOCTAX BMEMIAIOIINX MACCHBOBY, «HETapa-
METPUYECKasi CTATHCTUKAY, KAMUTAIIMOHHAS TE€OMEXaHUKay, MPEACTABIISIFOIINUM IIpar-
MaTHYECKyI0 OCHOBY IS pa3pabOTKH YHOPSJIOYEHHOW YHHUBEPCAIBHOW CHUCTEMBI
o0ecrieueHus] Ka4eCTBa T€OMEXaHMUYCSCKUX PEIICHUN — COBOKYITHOCTH B3aMMOCBS3aH-
HBIX OIICHOK U [TOKa3aTeNieH, TAKMX KaK ONEePaTUBHOCTb, IOCTYIMHOCTh, JOCTOBEPHOCTb,
HaJIKHOCTh M JOCTaTOYHOCTH WH(OPMAIIMH O CBOWCTBAX M COCTOSTHUH BMETAIOIINX
MAacCCHBOB TOPHBIX IOPOJ; COOTBETCTBHE TPEOOBAHMSIM HOPMATHUBHBIX JOKYMEHTOBR,;
YPOBHU reOMEXaHUYECKHX PUCKOB IT0 (PaKTOpaM aBapUHHOCTH, TPaBMaTH3Ma U IKOJIO-
THYECKOM OMACHOCTH; MOTEHIIMAIBHBIC YIIIEPOBI OT MOCICACTBUI PUCKOB, (PUHAHCOBBIC
MOCTYIUICHUS M 3aTPaThl, BKIFOYAIOIINe (DYHKIIMH BIUSHUS MMOTCHIMAIBHBIX yIIepOOB
Y pe3yabTaTUBHOCTh MOHUTOPHHTA.

Hens padoThI — pa3pa0boTKa KOMIBIOTEPHBIX TEXHOJIOTHI KOMIUIEKCHOTO JICTEPMU-
HUPOBaHHO-BEPOSITHOCTHOTO MOJIEITHPOBAHUS, OTPaXKaroIIasi COBOKYITHOCTh MTEPEUrC-
JICHHBIX HAIIPABJICHHUI 00ECIIEUCHUs BRICOKOTO Ka4eCTBa FeOMEXaHMUECKHUX PELICHHIA,
peanusyercs B JBa 3Talla: nepebili — CO3JaHNe NMHTAIMOHHOTO KOHCTPYKTOpa KOM-
TUIEKCHBIX J€TEPMUHHPOBAHHO-BEPOSTHOCTHBIX MOJIENEH; 6/MOpol — WCCIENOBaHUE
MPOAYKTUBHOCTH HOBBIX KOMITBIOTEPHBIX TEXHOIOTHIA.

MetopoJsiorusi uccjaegoBanmii. MIMUTaMOHHBIA KOHCTPYKTOP MPEACTABISAET CO-
00if 0a30ByIO MIpOrpaMMy, IIpeIHA3SHAYCHHYIO JJIsi KOHCTPYHUPOBAHUS, OTIAJKU U HC-
MIBITAHUS HOBBIX KOMIUIEKCHBIX Mojieneld. Hapsity ¢ 3THM B KOHCTPYKTOpE TPeayCcMO-
TPEHO BBHIMIOTHCHHE CICAYIOMMX (DYHKITAN: HCCIICIOBATEIBCKON, JEMOHCTPAITHOHHOM,
oOyyJaromieid, pe3epBUPOBaHMUS MPOIECCa M PE3yAbTaTOB MOMIEIHPOBAHNUS, KyITHPOBa-
HUSI TIOTPEIIHOCTEN U HEJOCTATKOB UMHUTALMU 110 MeToy MonTe-Kapio. B kauectse
0a30Boi1 BEIOpaHa IMporpaMMa pacueTa Harpy30K Ha ITOANOPHYIO CTeHY, XapaKTepru3ye-
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Ta0auua 1. Pe3yJibTaThl KOMILIEKCHOT0 MOJeJIMPOBAHNS 110 0230B0ii Bepcuu
Table 1. Integrated modeling results according to a basic version

UcxonHble 1aHHbIE

ITocTosiHHBIC

Bricota moanopHoit ctensl ¢ 3agenkoit 10 M. ['myOuna 3anenku 3 m

CTaTUCTUKH

Koah¢unneHT Hae)KHOCTH 10 HAarpy3Ke, OTHOCTOPOHHEe HOpMaiibHOe pactpenencenue: M(1) = 1; S(1)
= 0,067. Yaenbublii Bec rpyHTa, KH/M3, M(2) = 22,38, 6yTtcTpen-Boibopka: 23.4; 21,0; 20,8; 20,9; 21,4;
20,0; 19,7; 24,5; 32,4; 21,5; 25,0; 18,0. Yron BHyTpeHHero TpeHus, paj, pacupeznenenue [pamma—
apawe: M(3) =0,4373; S(3) = 0,0709; ASI(3) =-0,605; EKS(3) =-1,451

[TaccuBnas Harpy3ka, xlla

AxTtuBHas Harpyska, klla

Pe3ynbraThl pacdeTa 1o MOCTOSHHBIM M cpeHUM 3HaueHusM M(1), M(2), M(3)

453,1854 | 248,6705
I'ucTorpaMmsl IIOTHOCTH pacpeaesieHUs] Harpy30K

100 30

80
F 40 &

20 20

0 0
0 379 454 529 603 678 752 827 902 0 173 211 249 287 325 363 402 433
Harpy3ku, xIla Harpy3ku, kIla
[xanbl HaIEKHOCTEH-PUCKOB
Harpyska | Yacrora | HanexHocTb Puck Harpyska | Yacrora | Hanexnocts Puck
364,3 22 0,0873 0,9127 166,1 7 0,0278 0,9732
4240 87 0,3452 0,6548 195,6 15 0,0595 0,9405
483,7 154 0,6111 0,3889 226,1 41 0,1627 0,8373
543.4 203 0,8056 0,1944 256,5 100 0,3968 0,6038
603,1 221 0,8770 0,1230 287,0 152 0,6032 0,3968
662,7 235 0,9325 0,0675 317,5 205 0,8135 0,1865
7224 243 0,9643 0,0357 347,9 231 0,9167 0,0833
782,1 248 0,9841 0,0159 378,4 242 0,9603 0,0397
841,8 250 0,9921 0,0079 408,9 249 0,9881 0,0119
901,5 252 1,0000 0,0000 439,3 252 1,0000 0,0000
[poexrtHsie Harpy3kun DOP1, DOP2, DOP3 u pucku R1, R2, R3
DOP1 =500, DOP2 = 600, DOP3 = 700 DOP1 =300, DOP2 =350, DOP3 = 400
R1=0,325,R2=0,123, R3 =0,0397 R1=0,278,R2=0,075, R3 =0,0159

3HayuMOoCTb cltydaiiHbix napamerpos DLT1, DLT2, DLT3
DLT = 0,320, DLT2 = 0,308, DLT3 = 0,372 ‘DLT =0,399, DLT2 = 0,384, DLT3 = 0,216
Harpy3ku no goBepurensubiM BepostHocTsM 0,85 u 0,95

EAozss =570,4; EAoos = 685,2 ‘ EPogs = 325,5; EPo9s = 366,5

O6o3HaueHus B Taﬁnuue COOTBETCTBYIOT 0003HAYCHUSIM B UMUTAIITHOHHOM KOHCTPYKTOPE.
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Masl IIUPOKOH 00TaCTHIO UCIIONB30BAHMSI, BKIIOUAIOIIEH TOPHOE €TI0, THAPOTEXHHKY,
rpaXkJaHCcKoe, TPAaHCIIOPTHOE, YHEPTETHYECKOE CTPOUTEIBCTBO U COOPYKEHUS, pa3me-
H1aeMble B MOJ3EMHOM IPOCTPAHCTBE. YUTE€Ha MPOCTOTA aIrOPUTMOB pacyera, Hallu-
YHe IBYX BBIXOAHBIX CIyYaliHBIX MAaCCHBOB aKTHUBHBIX M ITACCUBHBIX HATPY30K.

CTpyKTypa HIMHUTallMOHHOTO KOHCTPYKTOpa — 33 0110Ka, 7 U3 KOTOPBIX U3MEHIEMBIX
MOJTHOCTBIO WJIM YaCTHYHO (0OBsIBICHHE Pa3MEPHOCTH MAacCHBOB EPEMEHHBIX, BBOA
MCXOIHON MH(OPMALIUH, AETEPMUHUPOBAHHAS Y IMUTAIIMOHHAS MOJIEJIN, HA4aJlo IHK-
71a 00pabOTKH BBIXOIHBIX CIIyYaiHBIX MACCHBOB, OTOPaKOBKa IO (PU3NIECKUM YCIOBH-
M, (hopMaThl CITUCKA TeHepalrii B MATPUYHON (opMe) pH CO3IaHUK HOBOH MOJIEITH U
26 OJNIOKOB ¢ HEM3MEHSIEMBIM cojiep kaHueM (00bsBIeHHS |7 moanporpaMm, OTKPBITHS
TEKCTOBOTO (aiina, ympasieHus: pabOoTOH UMUTALIMOHHOTO KOHCTPYKTOpa, BBOAA pas-
MEPHOCTH OyTCTpeln-reHeparopa 1 € CAHXPOHU3AIMH C KOJIMYECTBOM I'eHEpaluii Apy-
TUX CIyYalHBIX MapaMeTPOB MOJCIUPOBAHUS, TCHEPALIUH BXOTHBIX U BBIXOJHBIX Mac-
CHBOB, OLECHKH CTENEHU BIUSIHUS (YyBCTBUTEIBHOCTH, 3HAYMMOCTH) CIyYalHBIX
napaMeTpoB, BBIBEACHUS PE3YNIbTaTOB ACTCPMHUHAPOBAHHO-UMHUTAIMOHHOTO MOJEIH-
pOBaHUs HA SKpaH U B TEKCTOBBIH (Dailyl, B YaCTHOCTH WKAIbl PUCKOE—HAOEHCHOCHEL).

I'maBHass 0COOEHHOCTH KOHCTPYKTOpa — HalIM4He B3aUMOCBS3aHHBIX COCTaBIISIO-
LIUX: AETEPMUHUPOBAHHON M MMHUTALMOHHON. Takol KOMIUIEKC HAET I10JIb30BaTENI0
BOXHYIO B3aMMOJOMOJIHSAIOUIYI0 HHPOPMAIHIO: JEeTEPMUHUPOBAHHBIN METOJ BBINOJI-
HSET cTpaxymoomue (yHKIUU U OmlpeneNnseT HElMpOTHBOPEUUE pe3yNbTaToB aHan3a
TpeOOBaHUSIM HOPMATHBHOM JTOKYMEHTAIMH, BEPOSITHOCTHBINA — 00ecleunBaeT 00beK-
TUBHYIO KOJINUECTBEHHYIO OLICHKY TeOMEXaHUUECKUX PHCKOB WIIM HAaJEKHOCTEH C BBI-
XOJIOM Ha TIOJyuYeHHe OJHO3HAYHON Pe3yJAbTaTUBHOCTH MO (pakTopaM SKOHOMHUYECKOH
U COLIMAIbHOI 0€30MacHOCTH, UCKIIIOYAeT WM CYHIECTBEHHO CHUXKAET BEPOATHOCTD
BHECEHHs U3JIUIIHUX 3aTpaT. BakHOe NTOCTOMHCTBO KOMILIEKCHOTO METOA — Pe3Koe
CHIDKCHHE TPYJOEMKOCTH pa3paboTKu mporpaMMHoOro obecreuenus. s mogapmsio-
miero OOJNBUIMHCTBA TEOMEXaHWYECKHX CUTyalud MporpaMMa JeTepMUHHPOBAHHOTO
aHaJM3a IEMEHTAPHO TpaHC(HOPMUPYETCS B UMHUTALIMOHHOM OJIOKe: I0OCTaTOYHO Jie-
TEpMUHHUPOBaHHbIE BXOAHBIE mapaMeTpbl M(k) (3mech k — nHIekc mapaMmeTpa) 3ame-
HUTh HA B1(k, j), tne j € 1, N (N — 3a1aHHOE YMCIIO TeHepaluuii) U BBIMOTHUTE N BbI-
YHCIICHUI B UMUTAIHOHHOM LIUKJIE.

JerepMuHupoBaHHAS MOJe/]b HNmuTanuoHHas moae/b
W=45%*PI/180 FORI=1TO NN
K1=TAN(W -M(3)/2) K1 =TAN(W -B1(3,1)/2)
EA=5*M(1)*MQ2)*(H*K1)"2 EA=5*BlI(1,D)*B12, ) *(H*K1)"2
K2 =TANMW +M(3)/2) K2=TAN(W +BI1(3,1)/2)
EP=.5*M(1) * M(2) * (HT * K2) ~ 2 EP=.5*BI(1,) * B1(2,1) * (HT * K2)~ 2
YA(1,I)=EA: YA(2,])=EP
NEXT I

KoHcepBaTuBHBIE pe3ynbTaThl J€TEPMUHUPOBAHHOTO OJIOKA CITy’KaT IJIsl COIIOCTaB-
JICHUS! ¢ IMUTALMOHHON COCTaBIISIOIEH M UCKIIOUCHHS OIINOOK B XO€ UMUTALIUOH-
HOT'O Tpolecca TOYEUYHBIM BBEICHHEM CpeIHUX BBIOOpOUHBIX M(k) B reHepHpyeMBblit
MaccHB IMHTHpyeMoi Moaenu B3ameH B1(k, j) c mocienyromei BpeMEHHOM OCTaHOB-
KOM mIporpaMmel. JleTepMuHMpOBaHHBIC KO3(DOHUITUEHTHI 3amaca, (GQUKCHPOBAaHHBIC HOP-
MaTUBHBIC JOBEPUTEIBHBIC BEPOSITHOCTH, HATPY3KH CMEIICHUS U Ipyrue MOKa3aTelH
CTpaxyIOLIETO Ha3HAYCHHUSI, YCTAHOBJICHHBIC Ha PAKTHKE, COCTABIISIOT 3HAYUTENbHYIO
JIOJTIO B CICTEME UMHUTAIIMOHHBIX KPUTEPUEB OIICHOK TeOMEXaHUIECKUX PHCKOB.

VIMuTaMOHHBIN KOHCTPYKTOP COAEPKHUT ABE YaCTH, yIpaBisieMble OJIOKOM Iepe-
X0Jla, WCHOJNHSIOMIMM COOCTBEHHO MMHTALMIO MM JOIOJHHUTEIBHO OLCHHBAIOIINM
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3HAYMMOCTb O, CIy4alHBIX NaPaMETPOB 0 Peanu3aluaM OOILeH U YaCTHBIX CBEPTOK
WKATBI PUCKOB—HAOEHCHOCMELL:

Sy=> Ry -Gy wm S, = Ny -Gy, S, €[l, ml;
sk=1 sk=1

m m
Si =D Ry Gy mma Si; =Y Ny -Gy, Sy €[l, ml; ki [l, m],
ki=1 ki=1

m m
Oy =S szi; S:z(‘kﬁ o =6;/S,
ki=l ki=1

rzie S, — CBepTKa I10 ILIKAaJIE C yYETOM BCeX (1) CllydaliHbIX napameTpoB: R, N, G, —
pUCKH I/IJ'II/I HaJeKHOCTb, BEIYMCIICHHBIC 10 COBOKYITHOCTH /71 CITy4alHbIX TapaMEeTpPOB;
S» R,;» N, — PUCKU MJIU HAJIEKHOCTD, OCIIEJ0BATENLHO BEIYMCIICHHBIE 110 OJHOMY M3
m cnyanHHx napaMeTpoB U (m — 1) ciay4aifHbIX TapaMeTpOB, 3aMCHEHHBIX Ha JIeTep-
MUHHUPOBaHHbIE 3HaYeHus: M(k).

Ta6anua 2. Pe3yJbTaThl KOMIIEKCHOT'0 MO/IETMPOBAHUSA 110 «padoueii» BepcHH
Table 2. Integrated modeling results according to the “working” version

HcxonHoe umcio renepauunit

200000 | 100000 | 50000 | 25000 | 12500 | 6250 | 3000 [ 1000 [ 500 | 250
Ha?ﬁlzxn’ Yuco reHepanuii mocie 0TOpakoBKu
72811 | 39684 | 20600 | 11810 | 5784 | 2764 | 1006 | s02 | 252 | 250
Pucku

700 0,040 | 0,039 | 0,039 | 0,040 | 0,040 | 0,040 | 0,034 | 0,034 | 0,033 | 0,028
600 0,125 | 0,123 | 0,124 | 0,125 | 0,127 | 0,126 | 0,116 | 0,112 | 0,103 | 0,096
500 0,343 | 0,341 | 0,340 | 0,337 | 0,334 | 0,338 | 0,034 | 0,334 | 0,333 | 0,320

JlanHble Ta0l1. 2 He MO3BOJLIIOT CASNATh OJHO3HAYHOTO 3aKIII0UeHHs 00 2()(EeKTHBHOCTH ITOBLIIICHUS YHCTIA TeHepa-
umii 10 yposuei 100 000 u 6onee. Cm. I'OCT P 54500.3.1-2011. Heonpedenennocmo usmepenus. Yacmo 3. Pyxo-
600cme0 no evipajicenuio HeonpederenHHocmu usmepenus. Jlonoanenue 1. Tpancopmuposanue pacnpedenenuil
¢ ucnoavzogaruem memooa Moume-Kapno. M.: Cmanoapmungopm, 2012. 76 c. (dama akmyanuzayuu 01.08.2013).

B uMHTallMOHHOM KOHCTPYKTOpE MPETyCMOTPEHO HCIIOJIb30BAHUE TPAIUIIMOHHBIX
TEeHEpaTopoB CIy4YallHBIX YHCEN Ha OCHOBE 3aKOHOB HOPMAJIBHOTO, OJTHOCTOPOHHETO
HOPMAaJIBHOTO, SKCIIOHEHIIMAJIbHOT0, BeliOyiia pacnpeneneHuii 1 HeCTaHAAPTHBIX Te-
HeparopoB 1o pachpeneneHuto [pamma—lllapnee u  OyTcTpen-THPa)KUPOBAHUIO.
O6nacTtp 6€3ycI0BHOTO NPUMEHEHHUSI HOPMAILHOTO pacipeielIeHNs] OTpaHnIeHa BEPOsIT-
HOCTBIO OoJbie nin paBHO 0,85 THIIOTE3bI HOPMATBHOCTH, MOATBEPKAAEMON Henapa-
MeTpuueckuM W-kputepuem coriacua lllanupo—Yunka, ycraHaBIMBaeMBIM IpO-
rpaMMHBIM TyTeM. BepostHocTs Bbime 0,75 obecrieunBaeT OPHUEHTHPOBOUYHBIE
CYXJIEHHUS O CBOMCTBax TOPHBIX MOPOJ U TOPHOTEXHMYECKHX YCTOBUAX. Hopmansnoe

pacripejiesieHue ¢ napameTpamH: BBIOOpOUYHOE cpeHee x u ctaHaapt S = 0, 3x s

Mexanudeckux u S = 0,15x 11t GU3NIECKUX XapaKTePUCTUK — COMIACHO MYyHKTY 5.5
aktyanusupoBanHoi pegakiuu [OCT 20522-2012 npu OIHOM OTCYTCTBHH BBIOOPOY-
HOU MH(OpMaLUU MOKHO PEKOMEHJOBATh JIsl MCIIOIb30BaHHUS B yuyeOHOM Ipolecce
C COOTBETCTBYIOLIMMH pa3bsicHeHHsAMHU. HopmanbHOoe pacmpeneneHue OesanbrepHa-
TUBHO, €CJIM B UMUTALMOHHYIO MOJIENb BBOZSATCS BEPOSITHOCTHBIE TPAKTOBKY HOPMaTHB-
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HBIX KO3()(UIMEHTOB MpENENbHBIX COCTOSHUH, MOTYYEHHBIX MO0 JaHHBIM 00PaOOTKH
MHOTOYHCIICHHBIX IKCTIEPUMEHTOB 110 HPUHIUITY «TPEX CUTM.

IloBBIIeHNE KauyecTBA WMUTAIIMOHHOTO MOJEIHPOBAHUS TOCTHTAETCSI MHOTOCTY-
MeHYaToi 0TOPaKOBKOM BHIOPOCOB, OMIMOOK M IOTpenTHOCTEH MeTonoM MonTe-Kapio
(I'OCT P UCO/M3K 31010-2011) [6, 7]:

— nepeas cmyneHs peannu3yeT B CTaIUH MMOATOTOBKY MCXOIHON MH(OpManuu napa-
JUTMY HeTlapaMeTpUIeCKON CTaTHCTHKHM MaJbIX BBIOOPOK [5] Mo cxeme «JIoKaIu3auus
BBIOPOCOB IO HepaBeHCTBY bheHeme—UeOblmeBa — MpoBepka BHIOOPKH Ha CiTydaii-
HOCTh 110 Kpurepuio Bambna—Byndosuna — OyrcTpen-renepanus — TucTOrpaMMHast
OLIEHKa MJIOTHOCTH pacupeaeneHus». [locnennss mo3BoiseT CymuTh 0 Lenecoodpas-
HOCTH MOATOHKH PacHpeAeiIeHUi Ui OyTCTPen-TUPaXUPOBAHHUSI HCXOAHOM BBIOOPKH
B LIEJISIX TeHEepalui UCXOJHBIX TapaMeTpoB;

— 8mopas cmynens BHITIOIHAETCS HEMOCPEICTBEHHO B MOJAIpOrpaMMax reHepanun
ciydaitHbix yucen o beeneme—YeOrbIeBy, OUeBUIHBIM QU3MUECKUM YCIIOBHUSIM, Ka-
JACTPOBBIM I'PaHMIIAM JIMTOJIOTHYECKUX Pa3sHOCTEH ¢ BOCCTAHOBJIEHHUEM HAYaJIbHOTO
konuyectBa renepanuit NN B nukie DO ... LOOP UNTIL NN;

— mpembs cmyneHb: OTOPaKOBKa BeleTcs B ON0Ke 00paOOTKH BBIXOTHBIX CITydaii-
HBIX MaccuBOB 10 beeHemMe—YeOrIIeBy U JOMyCTUMBIM (PU3NYECKUM YPOBHSIM;

— yemeepmas cmynenv: GUIBTPALH BEIXOTHBIX MACCUBOB MO KPUTEPHUIO CEPHI.

Tabauuna 3. Pe3yabTaTbl 1eTepMUHHMPOBAHHO-UMHUTAITMOHHOT0 MO/IeTUPOBAHUS
Table 3. Results of deterministic simulation modeling

JloBepurenpHast JloBepurenpHast
X, M ny X,m s
BEpOSITHOCTh BEPOSATHOCTH
1,00 0,517 15 1,91 0,956
1,26 0,723 17 2,09 0,974
11 1,51 0,864 19 2,27 0,982
13 1,72 0,918 21 2,45 0,992

ba3zoBasi BepcHs MMHUTAIIMOHHOTO KOHCTPYKTOpa OOIIEro Ha3HAueHUs HachIIleHa
OOJIBIIMM KOJTMYECTBOM MOTPEOUTENCH peCypCcoB ONEPAlMOHHON aMATH, B CHILY Yero
MIPEJENIbHOE KOJIMYECTBO TEHEPALU HE MOYKET MPEBBIIIATh ypOoBHHU, paBHbIe 250—-500.
OTOT HEOCTATOK yCTpaHseT «pabouas» Bepcust, popmupyemas u3 6a30Boi, odecredn-
Baroras N, , TCHEPALIIIO OT 1000 mo 100 000 u Gosee MOIETUPYEMBIX CITYIANHBIX TH-
celt. J1yist opiHapHOTO OBITOBOTO KOMITBIOTEpA TAaKUE TeHEPAIH PEaTN3yIOTCS MOCIie-
JIOBATEeIIBHBIM TCHEPUPOBAHIEM CIly4alHBIX YHCE B LHKIC U3 cepuil: k, = N, / NN,
3aech NN — 9nciIo citydailHbIX YHCeN, TeHEPUPYEMBIX 32 OJJMH LUK, COCTABIISIONIEE OT
250 no 500. B nporpamme otkirouatorcs onepatopsl PRINT, koHTposbHBIE TOUKH, JI€-
MOHCTPAIMOHHbIE M O0ydaroIye CTPOKH, OJIOKH, MOAIPOrpaMMbl, KOPPEKTHPYIOTCS
OOBSBJICHHBIE Pa3MEpPHbIE MACCHBBI, IMUTHPYETCS TOJIBKO OIMH BBIXOJHOH MacCHB
(axtuBHas Harpy3ka). OOmiee 4yuMcio reHepanuii 3agaercs B konmmdectse oT 250 10
200 000. Bo Bcex paccMOTpEHHBIX BapHaHTax UCIIOIB3YeTCs OHA U Ta K€ MOCIe10Ba-
TEJILHOCTh CIyYalHBIX YHCENl OT HMOCTOSHHOTO IEPBOrO PABHOMEPHOTO CIY4YalHOTO
yucna. Tabm. 1, 2 mosICHAIOT 0COOEHHOCTH U Pe3yJAbTaTUBHOCTE 00X BEPCHil.

[IpoGnema renepaniii BXOAHBIX CIyYalHBIX YACENT U MOCIEIYIOINX BEIYNCICHU]
B CJIOKHBIX T€OMEXaHWYECKUX MOJeNax (Hampumep, Bkiatodaonmx 10 u Gonee mo-
CJIEZJOBATENIBHO BBIYMCISIEMBIX CIy4YalHbIX MacCHBOB WM 4 u 0ojee B3aMMHO CBs-
3aHHBIX CIIyYailHBIX MaCCHBOB) PaJMKaIbHO pelIeHa MePexooM Ha BEPCHIO HMHUTA-
roHHOTO MozienpoBanust Ha sizbike PHP B cpene Cloud Computing (100 000 reneparmii
B MUHYTY).
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PaccMoTpenHbIe MaTepHalibl IBISIFOTCS] YHUBEPCAIBHBIM HHCTPYMEHTOM JJIS CO37a-
HUSl KOMIIBIOTEPHBIX TEXHOJIOTMH MOJEIMPOBAHUS FE€OMEXaHUUECKUX PEIIeHUH, pea-
JTU3YIOMUX TETEPMUHUPOBAHHO-UMHTAIIMOHHBIH KOMIIJIEKC HA OCHOBE METOJIOB HETa-
paMmeTrpudeckoi cratucTuky. llenecooOpa3sHOCTh M MpeuMyIIecTBa TAKOro IOAX0na
JEMOHCTPHUPYIOT TpH 000O0IIEHHBIX IPUMEpPa B MHOTOBAPHAHTHOM ITOCTAHOBKE.

Ormetka 0,00

Makcumansroe ocenanue 0,0000 m

Ormerka —6,00

Makcumansroe ocemanne 0,0196 m

OrMmetka —6,00

Maxkcumanbsaoe ocenanue 0,0202 m

Puc. 1. BapuanT pacueTHOI cXeMbl H pe3yabTaToB pacuera MKD
Fig. 1. A variant of analytic model and FEM results

Mooenuposanue cmonbuamoix yenurxog no memoody Typnepa—Illessaxosa c onmumu-
3ayueil k03¢ Guyuenma 3anaca npounocmu. Moaenp BKIIIOYACT TP BbIIEIECHHBIX CIIy-
YaiHBIX IAPAMETPA G, ¥, ¥ — CONPOTUBIIEHHE TIOPOJ LENIUKA CIKATHIO, YAEIbHBIA BEC
TIOPOJ B LIEJIMKE, CPETHHI YIEIbHBIH BEC CTOJI0A MOPO COOTBETCTBEHHO:

6. K K.K
X=d(+ B/ Ly | Soxtetele Yol gy
n,yHK K, vH

rae X — mMpuHa UeNuKa; A, B — MomyCTUMbIE TPOJIEThl 00HAKEHUH; L — NJIMHA 1eJTUKa;
K, — xoadduinent GopMbl 1 0COOCHHOCTEH KOHTAKTa LE/IHKA C BMCIIAKOLIIMH I10PO-
namu; K — xko3pduiuenT cTpyKTypHoro ocnabnenus nopox; K, — koappuuuent aiu-
TeJIbHON IIPOYHOCTH NIOPOX; /i, — BLICOTA LENNUKA; 71, — KO3 UIMEHT 3anaca IPOYHOCTH
nenuka; K, — ko3pduiueHT BIMAHus yIvla NaJeHus 1acta Wi 3anexu; K, — xkospdu-
UCHT BIMSHHUS MOIHOCTH HAJETAIONIMX TOPOJ, CO3JAIONIMX JaBliCHHE Ha IENHK;
H — BbIicoTa cTonba mopo/, BO3ACHCTBYIOIINX HA [ETHK.

Hexoonvie oannvie: o, = 50 000 xITa; M(1) = o_; v, = 28 kH/M*; M(2) = vy,;
v =27 kH/m*; M(3) =v; S(I) = 0,3M(I); X — Bapbupyemast ot 7 10 21 M mupuHa 1esu-
ka; A=6M;B=6M L=15m; hy=12m; K =0,8; K, =0,8; K, =0,979; K_=0,7;
H=500;n, K, — BBIYHCIISIEMBIC [TAPAMETPBI 10 BAPHUPYEMBIM 3HAYCHUAM X.
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Pesynbrarel, noixydennsie npu 500 reHepanusax CIydaiHBIX YHCEI, TPEX Cydaii-
HBIX ITapaMeTpax, BOChbMH CIy4YaifHbIX MAaCCHBAX, PUBEICHBI B Ta0M. 3.

JloBepuTenbHas BEpOSTHOCTD IO BTOPOH TpyIINe MPEACTbHBIX COCTOSHHI COCTaB-
nser 0,85, cm. CIT22.13330.2016. DToMy TpeOOBaHHIO OTBEUACT IIETHK IHUPUHOH 13 M.
Bmecte ¢ TeM ONTUMaBHOCTH MOJIYYEHHOTO T€OMEXaHHUYECKOTO PEUICHHS JTOJDKHA
MOJTBEPKIATHCSI SKOHOMHUUECKUM COTIOCTABJICHUEM MOTEPh MOJIE3HOTO UCKOMAeMOTo
C TIOTCHITMAIHLHBIM YIIEPOOM — MPOU3BEICHUEM BBIJICIICHHBIX HAZIGKHOCTEH M COCTABIISO-
MX (HENOIY4YCHUE IIAHOBOM MPUOBLTH, YBEIUYCHUE YCIIOBHO-TIOCTOSIHHBIX PACXOI0B
B ce0CCTOMMOCTH JIOOBIYM, YOBITKM OT MPOCTOEB, 3aTpaThl HAa JIOKAIW3AIUIO OMAaCHOMN
CHUTYyaIH). DT COCTABJISIIOIINE MOTYT OKa3aThCsl BEChMa BIMSATEIBHBIMH, €CITH JIeopMa-
UL 1IEJTMKA BBI3BIBACT ICITHYIO PEAKIIUEO MOCICAYIONIMX Pa3pPYILICHUN B KaMepe.

oo
[l

Puc. 2. Cxema KOMOMHHPOBAHHOH Pa3pabOTKU PYJHOTO MECTOPOIKIACHHS:

1 — otpaboTaHHbII Kapbep; 2 — OBEPXHOCTh CKOJIbKEHHUS O0pTa Kapbepa; 3 — BOJOHOCHSII IJ1aCT; 4 — 30HbI
TAMIIOHAXA; 5 — THUJIPOU3OJIILINS U3 IEPEMATON yTpaMOOBAHHOM IIMHBI, 6 — OapbepHbIH LENUK; 7 — pyaHas
3aJIeKb; § — BOJOOTBOJIAIIAS LITOJILHS M HACOCHASI CTAHIMS; 9 — BEHTHIIILIMOHHBII CTBOJ C (DYHKIMAMU
BOJIOOTBEJICHUS 1 3aMIACHOTO BbIX0JA; /() — KOHTPOJIbHBIE CKBAXKUHBI, /] — KJIETEBOM CTBOJ; /2 — CKUTIOBOM
cTBOI; /3 — BBIPAaOOTKU TOPH30HTOB; /4 — BOXOOTIHBHBIH KOMIUIEKC ITOA3EMHOTO PyAHHKA
Fig. 2. Flow sheet of integrated development of an ore field:

1 — abandoned pit; 2 — pit edge glide surface; 3 — water-bearing stratum; 4 — zones of tamping; 5 — waterproofing
layer of broken paddled clay; 6 — safety pillar; 7 — ore chute; § — drainage adit and pumping plant; 9 — air shaft
with the function of water discharge and emergency exit; /0 — observation well; // — cage shaft; /2 — skip shaft;
13 —level workings; /4 — underground mine drainage

IIpunyun obecneuenus Kauecmea 2eOMexaHU4eCcKux peuleHul Memooamu KOHeuHbIxX
971eMeHmMOo8, UMUMAYUOHHO20 MOOETUPOBAHU U HENapaMempuieckol cmamucmuxu,
MOSICHSIEMBIN CXeMOH puc. 1, MpeaycMaTpuBaeT: TeHEPaHI0 HCXOAHBIX (PU3UKO-MeXa-
HUYECKUX MapaMeTpoB ¢ GuKcanueit or § 1o 24 ciaydaliHbIX BENWYHH AJIS KaXKIOTO
napamerpa ¢ (GOPMHUPOBAHHWEM TPYNI BapUAHTHBIX PacyeTOB; JETCPMUHHPOBAHHEIC
BapHaHTHBIE KOHEYHO-3JIEMEHTHBIE PELIEHHs 110 aBTOPUTETHBIM MPOTPAMMHBIM IPO-
OyKTaMm; (JOpMHPOBaHHE MO BBIOOPKH M3 BapUAHTHBIX PE3YJIBTaTOB; THPAKUPOBa-
HHUE MaJiol BBIOOPKH MeToJaMu «OyTCTpem» WIH «CKJIAIHOM HOX»; UMUTAIIMOHHOE
MOJIEIUPOBAHHE.

Ha puc. 1 npeacrasneH oauH U3 BapUAHTOB YCIOBHM MPOXOJIKH NMEPETOHHOTO TOH-
HeJIs MOoJ| MJIOTUHON TOPOJCKOTo MpyJa U pe3ysbTaTbl pacyeTa MyJbJ CABMKEHUS T10
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nporpamme PLAXIS 3D TONNEL. Cnyuaiinas BBIOOpKa c(opMHpOBaHa MO OLIEHKaM
cMenenuil B 10 perepmunupoBanHbix Bapuantax: 0,0226; 0,0095; 0,0138; 0,0124;
0,0119; 0,0145; 0,0165; 0,0196; 0,0144; 0,0120. O6bem Tupaxa coctasnser 1000 re-
Hepanui. B IMATAIMOHHYO COCTABIISIONIYIO KOMILIEKCHOTO MOJIEIIMPOBAHUS BBEICHBI
HOpMAaTHUBHBIE K03 PHIreHTs! ycmoBuid paboThl 1,8 1 HaIKHOCTH IO OTBETCTBEHHO-
ctu 1,2. YpoBHU puckoB 1o kpurepusim ocenanuit 0,02, 0,03, 0,04 M cocTaBisItOT COOT-
BercTBenHO: 0,032; 0,000; 0,000.

Komnnexcnoe modenuposarue crodcHol 2e0MeXanuieckoli Cumyayuu 0Jist KOMOUHU-
POBAHHOU cucmemyvl paspadoOmKu MecmopONCOCHUs «KAPbEP—NOO3IEMHbIU PYOHUKY,
MIPEJICTaBICHHON Ha pHC. 2, BKIIOUAET CIEMYIOIINEe TOCTIeIOBATEIBHO BBHITTOTHICMBIE
3Tarlbl, paccMaTpUBaeMbIe B AalITUPOBAHHOH opMme.

Ilposepka ycmouiuusocmu bopma kapvepa. JlerepMUHUpOBaHHAS TIPOBEPKA BBITION-
HseTCS 0 (opMyJiaM, 3aJar0IUM CEMEHCTBO IIOBEPXHOCTEH CKOIBKEHUS U3 IByX CO-
MIPSDKEHHBIX YT «OMapKOBY» M OIEHUBAIOIINM KO3 DHUIIMESHTHI 3araca:

(xp _XA)Sin((PO 2@2}_()/3 _yA)COS((PO ZQZJ

2sin P =P sin )
2 2

(xA—xB)sin(%z j (- yB)cos(“’O;“’lj

2sin P2 =P sin P =0
2 2

Xo1 = X4 — Rysing,
Yo1 = Y4+ R cosq
Xp2 =Xp — Ry sing,
Yo2 =Yp + R, cos,
Xg = R sin@, +xy,

Vs =Yo1 — R cosg,

R]:

R, =

-1

ml m2 ml
;tgpiNi +Zlchj Zl‘,Tl )
i= j= i=

e R, 1 R, — paiyChbl CONPSKEHHBIX JYT; X1, Vo1 Xops Vop — KOOPIAMHATHI IIEHTPOB
BDAILEHHUS; X, V¢ — KOOPIMHATBI TOYKH CONpPsDKEHHs B IBYX Ayr ¢ paauycamu R, u R,
(puc. 3); @, =a—45°+p/2; ¢, =45° + p2 umn @, =3 —0; 9, = (¢, — @) m 5 x . ¥, Xy,
¥ — KOOPJMHATHI HAYaJIbHOW M KOHEYHOU TOYEK KPMBOJMHENHOIO y4acTKa MOBEPXHO-
CTH CKOJILKEHHMS; 0L — YTOJI HAKJIOHA OTKOCA; P — YroJl BHYTPEHHETO TPEeHus; O — yrodi
MaJIeHNs TIOBEPXHOCTH OciabmeHus; 6 — yrom «BcTpeum» KPHUBOIMHEHHOTO ydacTKa
TIOBEPXHOCTH CKOJIbKEHHUs C OBEPXHOCTBIO Oclabnenus; n, — ko3GpuiueHT 3amnaca
YCTOMYUBOCTH; N, — MHTETPaJl HOPMAJILHOM COCTABJIAIOIIEH HAIPY3KH 10 IOBEPXHOCTH
CKONBXKCHMS; C; — CHCIMICHHE; L, — MHTErpal JUIMHBI TOBEPXHOCTH CKOJIBKCHHS;
T, — viHTerpa KacareJabHON COCTABIAIOUIEH HAIPY3KH 110 TIOBEPXHOCTH CKOIBKEHHS,
m,, m, — BEJIMYUHBI, XapaKTEPU3yIONINE 0COOEHHOCTH PACIIONOKEHHS IOBEPXHOCTEH
CKOJIBYKEHUS M YCIIOBUS 3aJIETaHUsI TOPHBIX MOPOLI.
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[ToBepXHOCTH CKOJIBKEHUS 331a10TCSI ABYMS IUKJIaMH Y (KOJTMUECTBO «ITy4KOB)» OU-
apkoB) u J (KomudecTBO OWapKoB B Imydke). JIs KakIoi MOBEPXHOCTH CKOJIBKEHUS
BbIUHCIsieTCs KOG GUIMEHT 3amaca YCTOMUYMBOCTH M HAXOAUTCS PacuyeTHas MOBEPX-
HOCTh ¢ MUHMMAJIbHBIM K03 (GHUIIMeHTOM 3araca (puc. 3).

Hcxoonvie Oannvie: yaenbHbIN BeC MOPOL 2,5 T¢/M?; yron BHyTpeHHero TpeHus 30°;
cuerwierne 100 Tc/mM?; BeicoTa 6opta 500 M; reHepabHbIN yrod moramieHus 6opra 45°.
Ha puc. 3 u B Tabn. 4 npuBeaeHb! pe3yabTaThl JeTEPMUHUPOBAHHBIX BBIYUCICHUH, MO-
BEPXHOCTb C MUHUMAaJIbHBIM 3aracoM 1,398 BeiieneHa KUpHBIM IPUPTOM.

s BBIAETICHHON MOBEPXHOCTH C MUHMMAJIBHBIM 3al1acoOM YCTOMYMBOCTH MMHTA-
LUOHHBIM METOJIOM YCTaHaBJIMBAIOTCS HAalEKHOCTb U pUcK oObekTa. Hamexunocts N
OIpeesnsieTcs OTHOIEHHEM KOJIMUECTBA CIIyYalHBIX YHCEN B BHIXOJAHOM MACCHBE C 3a-
nacaMu OOJIbIIe eIMHHUIBI KO BCEMY IPOr€HEPUPOBAHHOMY € Y4€TOM OTOPAaKOBKU 00b-
emy: N =881/996 = 0,881; puck R = 0,119. Pe3ynprar neTepMHHUPOBAHHOTO pacyeTa
n, = 1,398 npeBblIacT HOPMAaTHBHBIA KO(Q(ULMEHT 3amaca, CoCTapaommi 1,3.
Hanexunocts N = 0,881 Gomnble noBepurenbHol BeposTHOCTH 0,85 110 BTOpOI rpyrime
NpEeAETIbHBIX COCTOSHUH.

JIyd B-0,-0,

Koopaunare! ieHTpa BparieHus
Y ueHTpoB O, O,

MepBoil Iyru ¢ paguycom R, 3a

R,(1941,02) npesenamu pucynka: 502,37;
1874,88
0, (19,07; 616,01)

N\ Jya D-0,
‘\ \(/ nentpa O, 40,00

1
2(578,43) \\ ;
1

A E(540,00;
Jlys 4-0, 361,44)
nenrpa O, V

D(500,20;
326,80)

500,00

\

\300 . e
A7 B(240,42; /=
L.z 81,48) 6({’

A4(0;0) 45° X

Puc. 3. I[locTpoeHre TOBEPXHOCTEH CKOIbKEHUS
Fig. 3. Glide surfaces building

Oyenka Kawecmea npomusoQpUILMPAYUOHHOU 3a6ecbl IO OCTATOYHOMY BOJIOTIPH-
TOKY Q,,,,» COIPOBOKAOLIEMYCsl HEIIPOU3BOAUTEIBHBIMH 3aTPATAMU U, [IABHOE, IIPU
OONBIIMX JeOUTaX — BO3MOXKHOCTBIO MPOBOIUPOBATH (HOPC-MAKOP 3aTOTUICHHS IS
MOJI3€MHOTO PYIHUKA: (JOPMHPOBAHUE IIKAIBI TPaHUI] (PaJiyCOB UHBEKIIMH) H COOT-
BETCTBYIOLINX UM HHTEPBAJIOB ¥ IOMHTEPBAIBHBIX PUCKOB; BAPUAHTHOE OIPE/IEIICHUE
YHUCIIa TAMIIOHAXKHBIX CKBAXHH; OTIPEJIEIICHNE CyMMAapHOH JUITMHBI «OKOHY (HE3aTaMIIOo-
HUPOBaHHBIX YYaCTKOB 3aBECHI) B COOTBETCTBUH C YUCIIOM UHTEPBAIOB U TPAHULIAMHU
WHTEPBAJIOB; TEHEPAIUsl MACCHUBA BEPOSTHBIX BOJOTIIPUTOKOB YePe3 «OKHAY; TeHepaIus
MacCHBa BEPOSITHBIX BOJOIPUTOKOB Yepe3 TEJIO 3aBEChL, CYMMHPOBAHHE BOAOIPUTOKOB
(Tabm. 5); dhukcanusa cOCTaBIAIOMUX YIIepOOB OT BOAOIIPUTOKA.

B cocraB meponpusmuii no npedomepaujenuio 3amonieHus no03eMHO20 PYOHUKA
BXOJISIT BO3BEJICHHE TUAPOU3OISAIMOHHOTO ciosi 5 (CM. puc. 2) HaJl GapbepHBIM IIEIH-
KOM 6, CTPOUTENBCTBO MMAXTHOTO BOIOOTIIMBHOTO KOMILTEKCA §, MTPOXO/IKA BEHTHJISIIINOH-
HOTO cTBOJA 9 ¢ ()YHKIMEH 3allacHOTO BBIXOJA M C Pa3MEIICHHEM CTaBOB TPYO s
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KapbepPHOTO BOIOOTIMBA (XOpPOLIEH aJbTePHATHBON KIaCCHYECKOMY LIAXTHOMY BOZO-
OTJINBY MOXET CTaTh JPEHaKHBIN y3€Jl, OCHAILEHHBIH TOTPY>KHBIMU HACOCAMH I10 THITY
JIpeHaXHBIX y3710B CeBepoypajbCcKOro OOKCHTOBOrO OacceifHa, yCIENHO SKCIUTyaTH-
PYEMBIX B T€UEHHE HECKOIBKHX AECATKOB JieT). Ocoboe 3HaueHHe TPHOOpETaET OLIEHKA
COCTOSIHUSI CTETICHH Pa3pyIIEHHOCTH MOPOX B MPEACIbHOM KOHTYpe Kapbhepa Ha KOH-
TaKTe C THAPOU30IIILMEH 5 KaK 30HbI IOTEHIIMAIbHON ONAaCHOCTH MPOPHIBA KAPbEPHBIX
BOJ B TIOA3EMHBIE TOPHBIE BHIPAOOTKH.

Ta6auua 4. Kodgppuuuentsl 3anaca ycroiuuBocTu 60pTa
Table 4. Open pit was stability factor

Hukn Y| Huxn J ny Hukn ¥V | Hukn J n, Hukn Y | Hukn J n, Hukn Y | Hukn J ny
1 1,423 1 1,398 1 1,445 1 1,547
1 2 1,428 5 2 1,407 3 2 1,445 4 2 1,549

3 1,433 3 1,413 3 1,457 - -

4 1,436 4 1,416 - - - —

[lTnpuHa nmpu3Mbl CKOTBXKEHUS Ha BepXHel 6epme kapbepa 40 M.

Obecneuenue ceomexanuuecko2o Kaiecmsa OapbepHo20 yeauxa BhIIOIHAET COBME-
IICHHBIN JeTePMUHUPOBAHHO-UMHUTALIIOHHBIN pacyeT OapbepHOro LEIuKa 6, BHITOTHEH-
HBIIl C BapbUPOBAHUEM €TI0 MOIIHOCTH B JOJISIX OT MOJYNpPOJIETa C BHELIHEH HATpy3KOH
OT BBICOTHI CTOJNI0A BOIBI, c(hOPMUPOBABILIErocs B Kapbepe NpH Gopc-Ma>KOpHOH HHTEH-
CHBHOCTH J0K/Is, OCTaTOYHOTO BOJOTIPHUTOKA ¥ MOITHOCTH M30JIMPYIOILETO CIIOST J.

Ta6auna 5. OueHka 0cTaTOYHBIX BOJIONPUTOKOB Yepe3
NPOTHBO(GMILTPALMOHHYIO 3aBecy

Table 5. Residual influx evaluation through the grouting

Pajuyc uabekinn | UHCIO CKBaKKUH Bogonputok Ha 06BekT, M'/cyT
R, m Ne uepe3 «okHa» Qic | uepes 3aBecy Oxc | 0OMWMIt Ocyy
- - 276,60 - 276,60
1,709 390 - 84,08 84,08
2,352 282 3,36 83,07 86,43
2,975 224 22,50 77,25 99,75
3,909 171 68,93 63,14 132,07

TpuanMast U1 OXHOPSIHON 3aBechl BEPOATHOCTh Py = Qi /276,6, msl IBYXpAJHON JTHHEHHOM
3aBechl MOKa3aTeNH HaleKHOCTH Wau pucka Py coctasar: Wy = 2(1 — 0477 ) — (1 — 0,477)* = 0,772;
P, =1 - 0,772 = 0,228. OcTarouHblii BOJONPHUTOK Yepe3 JBYXPSIHYIO 3aBECy COCTaBHUT:
Oz = 276,6 - 0,228 = 63,1 M3/cyT. AHanoru4HO A TpexpsaHou 3aBecwl: Wi = 0,891,
P3=0,109; Oz = 276,6 - 0,109 = 30,1 m*/cyr.

Ha 3asepwarowem smane mMooenuposanus 2eOMeXaHuyeckKux peueHuti 0 KOMno-
HEeHmMOo8 KOMOUHUPOBAHHOU CUCEMbl pa3paboOmKu MecmopodicOeHusi Ha OCHOBE Bep-
CH HMHUTALMOHHOTO KOHCTPYKTOpa (OPMHUPYIOTCS KOMIBIOTEPHBIE TEXHOJIOTHUH
YCTOWYHMBBIX OOHAXKEHHUH, IPOYHOCTH OMOPHBIX M MEKAyKaMepHbIX LenukoB. [locra-
HOBKa, CTPYKTYpa 1 peaIn3anus 3TUX T€OMEXaHNYEeCKUX PEIICHUH I 0OBEKTOB IO~
3€MHBIX OYMCTHBIX BBIPAOOTOK MIECHTHYHBI W3JI0KEHHBIM MaTepuasiaM 0 ONTHMH3a-
UM CTOJIOYATOTO OMIOPHOTO LIEJIHKA.

O0snacTh NpUMeHEHHUsI — TOPHOTEXHUYECKUE COOPYKEHUS CTPOUTEIBHOM, ITOI3eM-
HOH, OTKPBITOH, KOMOMHUPOBAHHBIX TEXHOIOTUI TOPHONOOBIBAIOIINX MIPEANPHUITUN 1
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creunpuueckux 00bEKTOB OCBOEHHS MTOA3EMHOTO IPOCTPAHCTBA B Pa3IUYHbIX OTpPac-
JISIX HAPOAHOTO XO3AHCTBA.

BobiBoabl. KoMmbroTepHBIE TEXHOIOTHH MOJICIIMPOBAHUS TE€OMEXaHUIECKUX CHTYa-
LI Ha OCHOBE KOMIUIEKCA AETCPMHUHUPOBAHHBIX, IMUTAIIMOHHBIX METOJOB M IpOLie-
Oyp HemapaMeTpU4ecKOW CTAaTHCTHKH MaJblX BBIOOPOK BHOCAT PELIAIONIIMMA BKJIa[]
B CUCTEMY OLICHHBAHHS M 00ecIIeueHHs Ka4ecTBa TeOMEXaHMIECKIX PELICHUH, HE HMe-
fouryto aHanoros [8—11]. OTMeuaeTcs yHHBEpCaIbHOCTh (POPMUPOBAHUS KOMITBIOTED-
HBIX TEXHOJIOTHH C MCIOJIb30BAHUEM MMHUTAIMOHHOTO KOHCTPYKTOpa — 0a30BOH Mpo-
rpaMMBbl, NPEAHA3HAYEHHOW AJISl KOHCTPYMPOBAHMSA, OTJIAlIKH, HCIBITAHHUS HOBBIX
JeTepMUHUPOBAHHO-BEPOSITHOCTHBIX MOAEJEH, NperycMaTpUBAaIOLICH BbIMOTHEHNE
JEeMOHCTPAaLlMOHHON, OOydaromied, HCCIeAoBaTeNbCKON (YHKIUHA, pe3epBUPOBAHUS
npolecca U pe3ysbTaToB MOJACIUPOBAaHUS, KyIMPOBAHUS MIOTPELIHOCTEH U HEAOCTAT-
KOB UMHUTalMU 1o Metony Mounre-Kapio. IIpeniaraemsie mporpaMMHbie pa3padoTKH
JOCTYITHBI IIMPOKOMY KPYyTy IOJIb30BaTelei, TOCKONbKY HE HYXXIAIOTCA B CHELUANb-
Hbix npoxykrax Tuna ANYLOGIC, ARENA, ARIS, GPSS, ITHINK [12-14] u ¢yHk-
LMOHUPYIOT B Cpeie CTaHAAPTU3NPOBaHHBIX sA3bIKOB Q-BASIC, QB-64, PHP Ha psano-
BeIXx OBM c TakroBoii yactoroii 2,1 I'T Ge3 CylmiecTBeHHBIX yTpaT B ONEPAaTUBHOCTH.
OcHoBHasl Bepcusl IMUTAILIMOHHOTO KOHCTPYKTOPa B MHTEPAKTUBHOM PEXHME BBIITOIHS-
ercs B TeueHue 6 MuH, padouas Bepcus ¢ 200 000 renepauuii — B Teuenue 35 MUH, A1
HeTapaMeTPUIECKOH MOATOTOBKH MCXOMHBIX BHIOOPOK HeoOxomumo ot 1,5 mo 3 muH,
reoMeXaHNUECKUE PELICHHUs B MOABIISIONIEM OOJbIIMHCTBE TPeOYIOT 10 5—12 MUH.
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Information technologies of geomechanical events integrated simulation
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Abstract
Introduction. Neither national nor foreign practice can guarantee high-quality assessment of enclosing
rock mass state and reliable substantiation of rational geomechanical solutions. It is confirmed by actual
accident and breakdown rates including catastrophic force majeure. So, current methods of geomechanical
analysis need principal improvement.
Research aim is to develop information technologies of integrated deterministic stochastic modeling
within the system of assessing and ensuring the quality of geomechanical solutions, which is the set of
interconnected estimates and indicators, such as efficient, available, reliable and adequate information on
enclosing rock mass properties and state, compliance with the requirements of normative documents,
geomechanical risks rates by the factors of breakdown, accident and environmental hazard factors,
potential damage from risk aftermath, financial receipts and expenses which include dominant functions of
potential damage and monitoring effectiveness.
Methodology. Research has been carried out based on the simulation builder, basic sofiware aimed at
design, checkout and probation of new integrated deterministically stochastic models of geomechanical
events. The models fulfill research, training and demonstration functions, reserve modeling process and
output, simulation errors and drawbacks elimination by Monte Carlo method. The main feature of the
builder is the availability of interconnected components, determination and simulation. Such complex
provides the researcher with important complementary information: deterministic method fulfills safety
functions and determines analysis results non-contradiction to the requirements of normative
documentation; probabilistic method ensures objective evaluation of geomechanical risks or safe features
with the possibility to obtain clear effectiveness by the factors of economic and social security, eliminates
or significantly reduces the probability of unnecessary expenses. The universality of the approach to
creating information technologies of geomechanical solutions simulation which implement the deterministic
simulation complex based on the methods of nonparametric statistics is confirmed by the instances of
simulation in multivariate statement.
The scope of the investigation includes mine engineering structures of construction, open, integrated
technologies of mining enterprises and specific underground development targets in various sectors of
national economy.
Summary. Information technologies of geomechanical events simulation based on the complex
of deterministic and simulation methods and the procedures of nonparametric microstatistics make
decisive contribution in the system of assessment and ensuring the quality of geomechanical solutions.
The universality of IT development is noted together with their availability for a wide range of users, their
simplicity and implementation efficiency.

Key words: information technologies,; deterministic simulation modeling; nonparametric statistics;
quality; geomechanical solutions; simulation builder, generation; random numbers; risk; criteria.
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Abstract
Introduction. The theory of sampling developed by Pierre Gy does not prove the compatibility and
consistency of discrete and continuous selection models. Discrete (independent particle) and continuous
(lot) selection models are determined by incompatible properties of increment samples, which prevented
from creating the consistent theory of sampling.
Research methodology. The inconsistencies are removed at assuming the idea that there are differences
in both separate ore lumps or mineral-dressing products and any locally selected parts of the rock mass
under test called increment samples simultaneously available in any rock mass under test. The said
differences are described by independent particle dispersion and increment samples dispersion.
Composite sample permissible error formed in both discrete and continuous selection is attained by
selection of the number of particles collected into the increment sample or their parts and the number
of increment samples. Particle dispersion, increment sample dispersion, the number of particles in an
increment sample and the number of increment samples combined in one formula make up the complete
formula of the fundamental sampling error.
The development of the theory of sampling. Based on the complete formula, the possibility of obtaining
minimum masses of various sizes has been shown. Thus, for one and the same preset permissible error
and from one and the same massif under test, it is possible to collect minimum mass of 17.55 kg
(individual particle selection), minimum mass of 170.3 kg (collecting with the bucket sampler), and
minimum mass of 10 g under the individual particle selection of particle parts (which is fulfilled under
X-ray fluorescent on-stream analysis of material). Discrete selection of increment samples without
particles destruction is an especial case of continuous selection method when it is possible to accept the
condition that increment samples dispersion is equal to zero. It is possible under ideal mixing of the
massif under test.
Discussion. Minimum mass of a sample is not a constant. It is a function of increment sample mass.
Minimum mass in individual particle selection can be accepted as a reference value of the minimum
mass. In lot selection it can be significantly higher than the reference one, while in case of reducing
particle size it can be significantly lower than the reference one.

Key words: fundamental sampling error; minimum sample mass.

Introduction. A basic theory of sampling (TOS) [1] providing a basis for the
international standards [2, 3] is subject to strong criticism. It is particularly stated that
“the theory of Gy fails to provide theoretical and/or experimental proof that two of its
major theoretical parts, namely the discrete selection model and the continuous selection
model, are compatible and inconflicting” [4].

Both selection models are based on different theoretical prerequisites. Discrete
sampling is considered as selection of ideally mixed massif, which makes it possible to
deduce a formula of the “fundamental” sampling error (FSE) based on the classical
formula of mean dispersion. Transition to continuous selection requires the introduction
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of a new parameter of the massif under test characterizing its heterogeneity (the state of
being not mixed) which is not considered as a fundamental characteristic. Despite
numerous “updates” in the theory, the link between these two selection models has not
been revealed and remains unclear [5, 6].

D. S. Dihalu and B. Geelhoed [4] criticized the theory of sampling in especially
dramatic fashion. They claim that the existing theory is week and contains numerous
correction factors being not practical enough which impedes or totally eliminates it
practical application.

Indeed, after the fullest presentation of Pierre Gy’s theory had been printed in the
English language in 1979 and 1982 [1], more than 250 research works [5—8] were
published amplifying and refining the theory. Considering the cumbersomeness and
complexity of the theory together with undefined or declared coefficients, it should be
concluded that the theory is not practical and prevents engineers from making strong
calculations and conclusions on sampling.

Alternative and practical theory of sampling was developed independently of Pierre
Gy’s works based on fundamental distributions of mass fraction in individual particle
selection of increment samples and typical particle particles as well as with the use of
engineeringly validated reductions and experimental validation of the coefficients used.
It has been shown that the theory of sampling must not only ensure random errors
calculation but also the accuracy of sampling results, i. e. the absence of the systematic
error; it must also consider the asymmetrical distribution of mass fractions in increment
samples. New errors have been injected: probable systematic and procedural errors not
considered in the sampling standards [9]. Duplicate sampling [10] and the methods of
determining and using the coefficients of variation [11] were criticized; alternative
solutions were proposed.

As it was justly noted in work [4], “utopically, a complete and flawless theory of
sampling would be a correct synthesis of the insights of the major scientists that have
made their contributions throughout the years. We propose to use the term “Theory
of Sampling”, or “TOS”, for such a perfect and complete to-be developed theory”.

This article will provide a complete formula of the fundamental sampling error
which is absent in Pierre Gy’s theory and shows the compatibility and consistency
of discrete and continuous selection models together with the theory’s development
which reveals the dependence between the composite samples minimum masses
and increment samples masses.

Research methodology. The theory of sampling is based on random errors
calculation and the determination of sample masses which ensure the permissible error.
The existing theory considers the fundamental error of discrete selection and
the error of continuous selection to be independent and totally unrelated. This is
a critical weakness of the theory. Sampling is always related to two fundamental
parameters of the massif under test, as soon as we can observe:

— difference between individual particles which make up the massif under test; this
difference is called individual particles dispersion S?;

— difference between individual increment sampfes which contain n, _of particles
collected from the massif; this difference is described by increment samples
dispersion SZ_. .

The two indicated characteristics are congruent in individual particle selection of
increment samples, i. e. under n.__= 1. In this case S2 = S; and the sampling error

ncr mcr

is determined by the number of increment samples N.__:

incr*

2
SZ_ SP _ Sizncr

N, N,

mcer mcer
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In case the massif under test is ideally mixed, then S, = 0, the fundamental error

will be predetermined only by the difference in particles, and N, may be accepted as
equal to one, then:

This instance is congruent with Pierre Gy’s Fundamental Sampling Error (FSE).

As soon as the number of particles selected into the increment sample n, . is
predetermined by the sampling conditions (by samplers), and S,  cannot be equal to
Zero, as a result the fundamental error is predetermined by the difference both in the

particle S and increment samples Sﬁlcr

S2 S2
s2-— [ Sﬁmj n
i nincr

mncr

and will be determined by both S , Tax u S,

mer *
This expression is the demonstratlon of discrete and continuous selection models
compatibility and consistency being a complete formula of the fundamental sampling
error.

In the theory of sampling it is artificially separated assuming that there is instance
§2 =0 and instance S /n.__=0.

mcer mcer
But it is not so, 1nd1v1dual particle dispersion S; is high, and despite . being
usually high as well, both items in formula (1) can be comparable.

Example: o.=2 g/t; p_ =18 000 kg/m?; p. = 3000 kg/m?; B_=10°g/t;d__=0.5 mm.

> “"max

Where: o — mass fraction of gold in ore; p, u p_ — rock and mineral (gold) density;
d_ . — the size of the material under test; B — mass fraction of gold in pure metal.

ma:

Individual particle dispersion of the exposed material under test is

mncr

18000
52 = Pm g 2.106=12-10° (g/t
Pt P = 3000 (g/)

T

The coefficient of variation is usually V. = 50%, then increment samples

mncr
dispersion is

. 0 .
s =V 50%2

100% 100 %

N. =100 of increment samples with the mass of 0.5 kg has been collected.

mncr

The number of particles in the increment sample is

0.5

Riner = q3= 33 - 7106
fod® 02-3000-(0.5-107)

Then S, 2 =

1 12-10% -1
" 100 6.7-10°

_ 1 _ >
+1J_ 5 (18+1)=0.028 (g/0)°.
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So, discrete and continuous selection models are synthesized in one formula (1),
discrete selection model being an especial case of continuous selection model, when
SZ.. = 0 is accepted.

The development of the theory of sampling. Based on the fundamental error, the

sample mass is given by

2 2 2
(Sp - Sincr /nincr ) + Sincr Sg Si%lcr
9 = Yiner * Nincr = Yincr 2 = qp 2 (qincr - qp) =qot AC]
S aperm S aperm S aperm

Minimum sample mass in the discrete selection model is g, (g, = ¢,) 18
. . .. . . . . mer p

predetermined by individual particle dispersion, permissible error and the number of
particles selected into the sample.

Minimum sample mass in the continuous selection model increases by the value of
Ag which depends on the dispersion of increment samples and increment sample mass.

But into the increment sample [12—14] a part of a particle Ag, can be selected, and
in this case

2
q= 2p quzNincr'ququO‘

aperm

Consequently, minimum sample mass can be less than g, and under Ag, <<g, it can
be low enough, in particular it can be equal to the sample weights for the analysis.

Note that the number of increment samples in N,  in this case is predetermined by
the individual particle dispersion Ss and will be very high.

In order to estimate the ratios of g, Ag and Ag, let us consider the following example.

Example: copper ore which enters the mill; 4, = 15 mm; d, = 1.2 mm; b = 1.5;
a = 0.8%; B, = 34.6%; p,, = 4100 kg/m*; p = 3000 kg/m’; f=0.4; P =3.5%. Here
dp. 18 the size of the sampled rock; d, is the size of copper mineral grains;
b — impregnation index (heterogeneous impregnation); a. — mass fraction of copper in
ore; B —mass fraction of copper in the copper mineral (chalcopyrite); p,_ — the density
of the copper mineral; p, — rock density; /' — form factor; P, = — permissible relative
sampling error.

Minimum mass under the individual particle selection is g,,.

Lump dispersion of clusters is

3-b 3-b 3-1.5
d p d 4100 1.2
§2=82|28| =Imgg | =& =—-0.8-34.6(—j =0.86%2.
P pt(dj Bm(d} 3000 15 °

Permissible RMS error is

_ Pperma — 3.5‘0.8

Sunerm = =0.014%.
pem T 21100 2-100

Lump mass is

3
Gy = iy =0.4- 3000(15 : 10—3) —0.004 kg.
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Minimum mass under ideal mixing is

Sz 0.86
— P g =—_.0.004=17.55kg.
%o SZerm 00142 ¢

The number of increment samples N, . in the individual particle selection method
equal to the number of particles in the composite sample is 4388.

Minimum sample mass in continuous selection model. If a bucket sampler was
applied to collect increment samples, then the increment sample mass is predetermined

by its structure and is calculated according to the formula:

_Q_b_l30t/h-50mm_

o 3 kg,
iner =79 0.6 s &

where Q is the productivity, 130 t/h; b is the width of the samplers’ slit, 50 mm; 3 is the
speed of the bucket crossing the ore flow, 9 = 0.6 m/s.
The dispersion of 3 kg increment samples is determined by experiment and makes

up Si.. =0.01%?2. The number of the increment samples
2 2
: 019
Nincr = S;ncr = 0.0 /02 =51
Sperm ~ 0.014

Minimum mass is
q=90+29=qy+ Nipe, (Giner — qp) =17,55+51(3—-0.004) =170.3 kg.

The use of the sampler only has led to the minimum sample mass of 170.3 kg for
one and the same massif, which significantly exceeds the minimum mass of 17.55 kg
under the individual particle selection of increment samples.

Minimum sample mass under under increment samples collection with particle
destruction. If for increment samples a part of a partilce with the mass of
Ag,=0.000001 kg will be collected, then minimum mass of the composite sample will
be by an order less.

Particles of such size (dust motes) will be exposed, and for them individual particle
dispersion is

4100

sz =Pmgg = “o0p 0-8:346=37.8%2

T

The number of increment samples of dust motes will be equal to

Sz
ner = 5 = LSZ =193 000.
Soerm 0014
Minimum mass in this case is
s 37.8%2
Agy=—LAg. =—2".0.000001 kg =0.01 kg.
Q=" T = 0014292, . s

operm
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As we can see, everything depends on the choice of the particles number (or particle
fraction), collected into the increment sample, i. e. on its mass. There can be any
increment sample mass, and as a rule, it depends on the chosen instrument for sampling.

Discussion. Discrete (individual particle) selection method makes it possible to
obtain the minimum mass ¢,, which depends only on the mass the particles ¢, and their
properties characterized by the individual partilces dispersion S; .

Continuous (lot) selection model results in the increase in the composite sample
minimum mass by the value of Ag, which depends on the increment sample mass qincr
and increment samples dispersion Sﬁwr under significant reduction of increment
samples number N, .

Discrete selection of particle parts Ag, results in the reduction of the sample mass up
to value Ag, which depends on the mass of the particle Ag, which is collected into the

increment sample and increment samples dispersion Slft under significant increase in
the number of increment samples N, .

There can be any minimum mass of the composite sample of one and the same
massif under test, from tiny (10 g) to large (170.3 kg). Everything depends on the
chosen mass of the increment sample.

It should be noted that the indicated samples: 10 g, 17.55 kg and 170.3 kg were
collected with the same permissible random error of 3.5%, but in the first instance
193000 increment samples were collected, in the second instance — 4388, and 51 in the
third.

Summary. The theory of sampling, based on the idea about the primary nature of
increment sample mass which may be randomly picked, it can be a part of a lump or the
whole lump or a set of lumps, is consistent. The composite sample selection error for
any increment sample mass is described by one formula (1) which includes the number
of particles in the increment sample #, and the number of increment samples N,
together with the individual partilces dispersion and increment samples dispersion.

Increment sample mass depends only on the sampler chosen for samples collection.
As soon as increment sample mass can be changed within wide range, minimum mass
can also change in wide range.

Discrete (individual particle) selection model is an especial instance of continuous
(lot) selection model when the composite sample can be collected as the increment
sample due to ideal mixing. Ideal mixing is not an obligatory condition as soon as the
same sample may be collected with individual increment samples.

REFERENCES

1. Gy. P. Sampling of particulate material: theory and practice. Elsevier: Amsterdam; 1979 and 1982. 431 p.

2. Holmes R. J. Challenges of developing ISO sampling standards. Fifth World Conference on Sampling
and Blending. Conference Proceedings. Gecamin Ltda, 2011. P. 57-63.

3. Esbensen K. H., Minkkinen P. Illustrating Sampling standards — how to guarantee complete
understanding and TOS — compliance? Fifth World Conference on Sampling and Blending, Conference
Proceedings. Gecamin Ltda, 2011. P. 383-392.

4. Dihalu D. S., Geelhoed B. A. Critique of Gy's Sampling Theory. Available from: http://vixra.org/
abs/1203.0081

5. Richard Minnitt, Kim H. Esbensen. Pierre Gy's development of the Theory of Sampling:
a retrospective summary with a didactic tutorial on quantitative Sampling of one — dimensional lots.
Available from: https//www.researchgate.net//publication/314234218

6. Geelhoed B. Approaches in Material Sampling. Delft University Press; 2010. 152 p.

7. Geelhoed B. Is Gy's Formula for the fundamental sampling error accurate? Experimental evidence.
Minerals Engineering. 2011; 24(2): 169-173.

8. Dihalu D. S., Geelhoed B. A new multi-axial particle shape factor — application to particle sampling.
Analist. 2011; 136(18): 3783-3788.

9. Kozin V. Z. Sampling of mineral raw material. Ekaterinburg: UrSMU Publishing; 2011. (In Russ.)

10. Kozin V. Z., Komlev A. S., Stupakova E. V. On the use of duplicate testing to estimate random
errors. Obogashchenie Rud = Mineral Processing. 2019; 6: 35—40. (In Russ.)



60 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 4. 2020 ISSN 0536-1028

11. Kozin V. Z., Komlev A. S. Determination of variation coefficients of a mass part of components in
concentration products. Obogashchenie Rud = Mineral Processing. 2019; 1: 28-33. (In Russ.)

12. Liapin A. G. Engineering analytical control over mineral production and processing process.
Gornyi zhurnal = Mining Journal. 2009; 4: 14—16. (In Russ.)

13. Morozov V. V., Stoliarov V. F., Konovalov A. M. Improving the effectiveness of flotation control
with the use of on-stream analyzers of pulp composition. Obogashchenie Rud = Mineral Processing.
2003; 4: 33-36. (In Russ.)

14. Zaitsev V. A., Makarova T. A., Barkov A. V., Bakhtiiarov A. V., Moskvin L. N. Non-destructive
control of the composition of polymetallic ore and concentrates. Tsvetnye metally = Non-ferrous Metals.
2006; 8: 60—67. (In Russ.)

Received 10 March 2020
Information about authors:

Vladimir Z. Kozin — DSc (Engineering), Professor, Dean of the Mining Engineering Faculty, Ural State
Mining University. E-mail: gmf.dek@ursmu.ru

Aleksei S. Komlev — PhD (Engineering), senior researcher of the Department of Mineral Processing, Ural
State Mining University. E-mail: tails2002@inbox.ru

VIK 622.7.09:620.113 DOI: 10.21440/0536-1028-2020-4-54-61
IlokyckoBoi M MHOTOKYCKOBO# 0TOOP TOUEYHBIX MPO0 B TEOPHUH ONPOOOBAHUSA

Ko3zun B. 3.1, Komues A. C.!
b
! Vpanbckuii rocyapcTBEeHHBINH TOpHBIN yHUBepeuTeT, ExarepunOypr, Poccus.

Pegpepam
Beeoenue. B meopuu onpobosanus, paspabomannoil Ilvepom JKu, nem 0okazamenbcme coemecmumocmu
U Henpomueopeyusocmu OUCKPEMmHO20 U HenpepbieHo2o0 omboopa npob. Juckpemmusviii (HOKYCKOBOU) U
HenpepuvlgHblll (MHO20KYCKOBOU) 0moOOp npob onpedensiiomcs HecOBMeCHUMbIMU CEOUCMEAMU MOYEUHbIX
npob, umo He NO36ONANO CO30AMb HENPOMUBOPEUUBYIO MEOPUI0 OMOOPA NPOO.
Memooonozun uccnedosanus. Illpomugopeyuus CHUMAIOMCA NPU RPUHAINUY NOTOHCEHUS 06 O0HOBPEMEHHOM
HaaU4uu 8 0boM OonpodyeMom Maccuse pasiuyuil KaK OMOEeNbHbIX KYCKO8 pyObl Ul NPOOYKMOS
obozawjenus, maxk u J0ObIX JIOKANLHO BbIOENAEMbIX Yacmell Onpo6yemMozo MAaccued, HA3blBAeMblX
moueunviMu npodamu. Imu panuius onUCHIBAOMCs NOKYCKOBOU oucnepcueti u oucnepcueti moyeyHulx
npob. Jocmudicenue OONYCMUMOU NoOZpeuwHocmu 00beOUHeHHOU npobvl, opmupyemol Kaxk npu
OUCKPEMHOM, MAK U NPU HenpepuisHOM ombope, obecneuusaemcs 8b160pOM OMOUPAEMO20 8 MOYEUHYIO
npoby Yucna Kyckos unu ux yacmeli u yucia moveunvix npob. Obobujenue 6 00HoU Popmyie NOKYCKOGOU
oucnepcuu, Oucnepcuy mModYeyHvlx npood, Yucia Kyckog 8 MoyeuHol npobe u 4ucia movyeuHvix npod u
cocmasnsem noauyio Qopmyny QyHOAMeHmanbHol No2peuHoCmy OnpoooSaHuUs.
Pazeumue meopuu onpoéosanus. Ha ocnose nonnoti popmynvt nokazana 603MONCHOCHb NOJLYUEHUS.
MUHUMATbHBIX MACC PA3HOU éenuyunbl. Tak, 0151 00HOU 1 Mot dice 3a0AHHOU OONYCMUMOU NOSPEUWHOCIU
0M 00HO20 U MO20 Jce ONpodyemMo20 MAccusa MOJICHO Oomobpames MuHumanshyio maccy 17,55 ke
(nokyckogoii ombop), munumanvuyio maccy 170,3 ke (ombop ¢ nomowpio K08ui08020 npoboomoupamers)
u munumanvnyo maccy 10 2 npu nokyckosom ombope uacmeil Kyckog (4mo 6bINOIHAEMCA Npu
DeHM2eHOPI0OpeCYeHMHOM ananuze mamepuana 6 nomoxe). Ilokyckosoi omoop moueunvix npob 6e3
paspywienus KycKo8 AGIAemcs YACMHbIM CyYaeM HenpepuigHo20 0moopd, Ko20a MOJICHO NPUHAMb
ycnogue, 4mo OUCnepcus moveuHslx npoo pasHa Hymo. Jmo 603MONACHO NPU UOeabHOM NepemMeutuéanuu
onpobyemoz0 maccuaa.
Obcysncoenue pesynomamos. Munumanehas macca npobul ne sAasiemcs nocmoannoi seaudunoi. Ona
aensgemcs yuKyuell Maccel moueyHol npodvl. ONOPHOU BeTUHUHON MUHUMATLHOU MACCHI MOXCcem Oblmb
NPUHAMA MUHUMANbHAS MACCA NPU NOKYCKogom ombope. [Ipu mHo20KyCcKo8OM ombope ona modicem Ovbimb
3HAUUMeENbHO OONbULE ONOPHOU, A NPU CHUINCEHUU KDYRHOCIU KYCKO8 MOdicem Dbl 3HAYUMENbHO MEHbUe
ONOPHOII.

Knroueswie crosa: ynoamenmanvras nocpewHocms onpooosanus; MUHUMAIbHASL MACca npoobl.

BUBJIMOI PAOUYECKUIA CIIMCOK

1. Gy. P. Sampling of particulate material: theory and practice. Elsevier: Amsterdam, 1979 and 1982, 431 p.

2. Holmes R. J. Challenges of developing ISO sampling standards. Fifth World Conference on
Sampling & Blending. Conference Proceedings, Gecamin Ltda, 2011. P. 57-63.

3. Esbensen K. H., Minkkinen P. Illustrating Sampling standards — how tu guaratee complete
understanding and TOS — compliance? Fifth World Conference on Sampling & Blending, Conference
Proceedings, Gecamin Ltda, 2011. P. 383-392.

4.DihaluD. S., Geelhoed B. A. Critique of Gy's Sampling Theory. URL: http://vixra.org/abs/1203.0081



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 4, 2020 61

5. Richard Minnitt, Kim H. Esbensen. Pierre Gy's development of the Theory of Sampling:
a retrospective summary with a didactic tutorial on quantitative Sampling of one — dimensional lots. URL:
https//www.researchgate.net//publication/314234218

6. Geelhoed B. Approaches in Material Sampling, Delft University Press, 2010. 152 p.

7. Geelhoed B. Is Gy's Formula for the fundamental sampling error accurate? Experimental evidence //
Minerals Engineering. 2011. No. 24(2). P. 169-173.

8. Dihalu D. S., Geelhoed B. A new multi-axial particle shape factor — application to particle sampling //
Analist. 2011. No. 136(18). P. 3783-3788.

9. Kozun B. 3. Onpo6oBanue MuHepaapHOTO ChIphsi. ExarepunOypr: YITY, 2011. 315 c.

10. Koszus B. 3., Komies A. C., Ctynakosa E. B. O6 ucnonbs3oBanuu 1yOIuKaTHOTO ONPOOOBAHHUS ISt
OIIEHKH CITy4alHbIX morpenrHoctei / Odoramenue pyn. 2019. Ne 6. C. 35-40.

11. Ko3uH B. 3., Komnes A. C. Onpenencuue k03pHUITMEHTOR BApHALIUE MACCOBO JTOJIH KOMIIOHEHTOB
B IipoaykTax oboramenus // Oboramenue pya. 2019. Ne 1. C. 28-33.

12. Jlsmua A. I. MHXeHepHO-aHAIUTUYECKHH KOHTPOJIb TEXHOJOTHH NOOBIMM M IepepaboTKH
MHUHEPaJIBHOTO ChIpbs // [opHBIi sxypHan. 2009. Ne 4. C. 14-16.

13. Mopo3sos B. B., Cronspos B. @., KonosanoB A. M. IloBbimienue 3¢ (GeKTHBHOCTH YHpPaBICHHUS
(oramelf ¢ MUCIONB30BAaHUEM IMOTOYHBIX aHAJIM3ATOPOB cOcTaBa Mynblbl // Oboramenne pyn. 2003.
Ne 4. C. 33-36.

14. 3aiinieB B. A., Maxkaposa T. A., bapkos A. B., baxtusipos A. B., Mocksun JI. H. Hepaspymarommuit
KOHTPOJIb COCTaBa MOJIMMETAIUINYECKHUX Py M MPOAYKTOB 000TaTUTENbHOTO IMKiIa // I[BeTHBIE MeTaIlIbL.
2006. Ne 8. C. 60—-67.

Ioctymnuia B penakuuio 10 mapra 2020 roga
Caeienusi 00 aBTopax:

Ko3un Biagumup 3uHOBbEeBHY — JOKTOP TEXHHYECKUX HAYK, Mpodeccop, AeKaH TOPHO-MEXaHUYECKOTO
(axysnpTeTa YpaibCcKoro rocyJapcTBEHHOTo ropHoro yHuBepeurera. E-mail: gmf.dek@ursmu.ru
KomaeB Anekceii CepreeBu4 — KaHIUIAT TEXHUYECKUX HAyK, CTAPIINN HAyYHBIH COTPYIHHUK Kadeapsl
oboraiieHusl MOJNE3HBIX HCKOMAEMBIX YPaIbCKOrO TOCYAAPCTBEHHOTO TOPHOTO —YHHBEPCHUTETA.
E-mail: tails2002@inbox.ru

Jnsa uurupoBanusi: Kozun B. 3., KomneB A. C. [TokyckoBoil 1 MHOTOKYCKOBO# OTOOp TOYEUHBIX IPOO
B Teopuu omnpoOoBanusi // W3Bectus By3oB. lopueii xypHan. 2020. Ne 4. C. 54-61 (In Eng.).
DOI: 10.21440/0536-1028-2020-4-54-61

For citation: Kozin V. Z., Komlev A. S. Independent particle and lot selection of increment samples in the
theory of sampling. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher
Institutions. Mining Journal. 2020; 4: 54—61. DOI: 10.21440/0536-1028-2020-4-54-61



62 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 4. 2020 ISSN 0536-1028

YIK 622.7 DOI: 10.21440/0536-1028-2020-4-62-69

MccnepoBaHue cnocoba noBbIWEHUA TEXHONOIrMYECKMX nokasarenen
LIeHTPOOEXKHON cenapaLmu ¢ NHeBMaTMYeCKon TypOynusauuen

Mopozos 10. ."*, MNeHbkoB . M.', AMutpues B. T.!
1'YpanbCckuil rocyaapCTBEHHBIN FOPHLINA YHUBEPCUTET, T. ExatepuHbypr, Poccust

*e-mail: gmf.opi@ursmu.ru

Pegpepam

Ilpeomem u yenv pabomewi. Llenmpobescnvie cenapamopsvl WUPOKO UCNONLIVIOMCA 0N U3BLEUEHUs]
3010ma 6 meyenue NOCIEOHUX HecKonbkux decsimunemuti. OCHOSHbIM HEOOCHAMKOM CROCODA ABNAEMCSL
bonvuwoll pacxod 800bl, HeoOXOOUMbLIL 80 6peMs pabombvl, YUMo 8 C80H ouepedb CKA3bI8AeMCs Ha
NOBbIUMEHUU KANUMATBHBIX U IKCHAYamayuonnslx 3ampam. Ilockoneky 6oda cmanosumcs éce 6onee
BAJICHBIM PECYPCOM, UCCNe008aHUe YeHMPODeJICHOU cenapayuu ¢ mypoyauzayuei 6030yXoM umeem
bonvwoe npakmuyeckoe 3sHaueHue. Llenvlo OanHOU pabomvl AGAAEMCS UCCLE008AHUE CNOCcoOa
NOBbIUEHUS  MEXHONOSUYECKUX —NoKasamenel YeHmpoOelcHol cenapayuu ¢ NHeBMAMUYecKol
mypoOyauzayueii ¢ UCRONL308AHUEM YUPKYIAYUOHHOU KOHYEHMPAayuu.

Memooonozua. Ilpeorazaemviii cnocob yeHmpobexcHoU cenapayuu pearus’osan 8 1ad0pamopHbix
VCIOBUAX HA UCKYCCMEeHHOU cmecu keapya kpynnocmoio —0,1...+0,01 mm u nopowka eonvppama
xkpynnocmoio —0,023...+0,02 mm. Llenmpobedcnyro cenapayuio ocywecmenaiu 8 1abopamopHoMm
mypoynuzayuonnom cenapamope K-200BJI, ocnawennom numeemamuueckum mypOyIu3amopom 0.4
mypoynusayuy NPUCMEHOYH020 CA0Si NO0ABAEMbIMU USHYMPU KOHYCA CMPYAMU CHCAMO20 B8030YXd.
Io oxonuanuu KaxicO020 ONbIMA ONPEOeNANU BbIX00 KOHYEHMPAmMa u X60CMO8, MACCO8YI0 00N 8 HUX
8onbppama, paccuumvléanu u3sieueHue 01bPPAMa 8 KOHYeHmpan.

Buiéoowt. [lonyuennvie Oannvlie ceUIemMenbCmMEYIOM 0 6bICOKOU IPOEKMUsHOCmU YeHMPOOelHCHOU
cenapayuu 8 pexcume yupkyisayuu neekoi gparkyuu. Llenmpobexcnas cenapayus ¢ UCHOIb30BAHUEM
YUPKYTAYUOHHOU KOHYEHMPAYUU NO3BONAEM YEETUYUMb U36TIeHeHUe Yacmuly NOGblUeHHOU NIOMHOCMU
6 MmANCENYI0 PPAKYUIo U NOBLICUMb KAYECIE0 MAICENOU PPaAKYul, a UCNONb308AHUE NHEEMAMUYECKOT
mypoyauzayuy 6edem K CHUMNCEHUI YOeIbHO20 pacxodd 800bl.

Knroueesvte cnosa: yenmpotescnan cenapayus, samxuymolii yuki, yupKyiayus, mypoymusayus
6030YXOM, UCKYCCMBEHHAS CMECh.

BBenenue. OqHUMU U3 CaMbIX CTAapbIX METOIOB 00OTaIlleHHs, OCHOBAHHBIX Ha pa3-
HUIIE B TUIOTHOCTH pa3AeisieMbIX MHHEPAJIOB, SBIISIOTCS T'PAaBUTAI[MOHHBIE METOMbI
oboramienus [1]. B HacTosiiee BpeMsi 3HAYUTENIbHAS YaCTh METaJlIa B POCCHITISX IPel-
CTaBJIEHA MEJIKUM U TOHKUM 30JI0TOM, a B TEXHOT'€HHBIX MECTOPOXKICHUAX B OCHOBHOM
HAXOJUTCS TOHKOE 30J10TO [2]. [I[puMeHeHHe IIeHTPOOSKHBIX aIaparoB Jyis 00orarie-
HUSI MHHEPAJIBHOTO CBHIPbsI CBA3aHO C HEOOXOIMMOCTBIO 0oJiee TOJIHOTO M3BICUEHHS
UEHHBIX KOMIIOHCHTOB M3 MEJKHX M TOHKHX KIJIAcCOB KPYHMHOCTH. LleHTpoOexHbIe
YCKOPEHHS B JIECSITKH U COTHH Pa3 MPEBBIIAIOT YCKOPEHUE CBOOOJHOTO MaJACHUs, YTO
MO3BOJISIET CYIIECTBEHHO CHU3UTHh HUKHHM MpeIesl KPYITHOCTH pa3iesieMbIX MUHEpa-
508 [3]. I'paBUTaInOHHBIE METOABI, TPUMEHAEMBbIE /I U3BJICYSHHS 30JI0Ta, OCHOBAHBI
Ha pa3lieIeHNH B IICHTPOOEKHBIX MMOTOKAX MYJIbIIbI [4—9].

I'paBUTaIIMOHHBIE METOJBI OOOTAIEHHUS MUCIONB3YIOTCS Ul pasJielieHus] MUHepa-
JIOB Pa3InYHbIX Pa3MepoB, GOPM U IUIOTHOCTEH. DTH METOABI UMEIOT MPEUMYIIESCTBA
M0 CPaBHEHHIO C APYTMMHU METOJaMU Pa3JelieHHs, TAKMMHU KakK (IIOTalusi U TUaHUPO-
BaHHUE, KOTOPBIE SBIIAIOTCS JTOPOTOCTOSIINMHU, 3arPSI3HAIOIIMMU OKPYKAIOIIYIO Cpeay
Y CIIOKHBIMHU B dKCIUTyaTanuu. [IpenmyIecTsa rpaBUTAIlMOHHBIX METOIOB BKIIFOUAIOT
B ce0sl CHI)KEHHE KalUTAIBHBIX U OKCIUTyaTallHOHHBIX 3aTpaT, a Tak)Ke MEHbIIee 3a-
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TPSI3HEHUE OKPY>KaroLel cpebl. XOTs IPaBUTALIMOHHBIE METOABI HE MOTYT IOJTHOCTBIO
3aMEHUTh HEKOTOPBIE MPOIECCHl pa3elieHus, Takue Kak (pIoTarus, OHH MOTYT HC-
MOJIb30BATHCS B KAYE€CTBE JOIMOIHEHUS B TEXHOJIOTHYECKUX cXeMax. | paBUTallMOHHOE
pazaeneHne UMeeT BOZMOXKHOCTD U3BIICUCHHUSI TSXKEIBIX MUHEPAJIOB, KOTOPBIE BCE €L
ocTaroTcs B xBoctax ¢uoranuu [10].

LenTpoOexHbIe cenapaTophl MUPOKO UCTIOIB3YIOTCS JJIsi U3BIICUSHHS 30J10Ta B TE-
YeHHE TOCTAEAHUX HeCKOIbKUX AecaTriieTni [11]. OCHOBHBIM HEOCTATKOM SIBJISETCS
0OJIBIIION pacXOJl BOMBI, HEOOXOAUMBIN BO BpeMs pabOThI, YTO B CBOKO 0Yepe/b CKa3hIBa-
€TCSl Ha MOBBIIICHUH KalUTAIbHBIX U AKCIUTyaTallMOHHBIX 3aTpar [1,12]. Taxke B mpo-
recce paboThl HEHTPOOEKHOTO Cenaparopa ¢ JIrKoi (Ppakiueil TepIroTCsl YaCTUIIBI TIO-
BBIIICHHOW IJIOTHOCTH. JTO 00YCIIOBJICHO BBIMBIBAHHEM W3 KOHYCa Ceraparopa 4acTHI]
MOBBIIIEHHOH TNIOTHOCTH, HAXOAAIIUXCS Y TOBEPXHOCTH MPUCTEHOYHOTO cios [13].

Iopmms 1

TypOynu3amusa Bo3IyXoM

‘,‘_\\ ‘

MenTpoGekHas cemapauns

Tlopis 2 Taxenas Jlerxas

Typoymmzanus Bo3gyxoM (bpaxima ¢paxmmsa ¥
.
RN Y

IleHTpobexkHad cenapaiHs

Topus 3 Tsuxemas Jlerkas

TypOynm3anua Bo3LyX0oM Ppaxuz (hpaxisa |
\
. I ¥

enTtpoOekHas cenapauns

Mopuua 4 | Lvenan Jlerkas

TypOymHsaums Bo3IyXoM dpaxima ¢pakms

IlenTpobexnas cenmapanus

CMEBIBHAL BOZA

Tsoxemas Jlerxasa
“a ¥ bpaxums dpakmms
Pasrpyska Tsxenofif
dpakmmmn
XBOCTHI
Kornentpar

Puc. 1. TexHomoruueckas cxema LHEHTPOOEKHOI cernapaluy pu nepepaboTKe YeThIpeXx MOPLHi
HCXO/HOTO MTUTAHUS
Fig. 1. Flow diagram of centrifugal separation with four portions of feedstock

B cBsi3u ¢ 3TUM BO3HHKAET HEOOXOAUMOCTH ITOBBIMIEHUS U3BICYCHUS IEHHBIX KOM-
MTOHEHTOB B IIEHTPOOEKHOMW Cerapalyiy Py UCIIOIb30BAHUY €€ B CXEME ITUPKYIISIINOH-
Hoii koHIeHTpanuu [ 14]. TlockonabKy Boia cTaHOBUTCS Bee Ooliee BAXKHBIM PECypCOM,
UCCIIeZIOBaHUE IEHTPOOSKHON cenapanuu ¢ TypOyau3alieid BO3IyXOM UMEET OOJIb-
o€ npakTuyeckoe 3HaueHue [1].

MeTononorusi u pe3yibrarhl HccienoBanus. C 1enbio MoBsIeHus d(GEKTHB-
HOCTH TIOKa3aTeel IIEHTPOOSIKHOM cenapaliui pa3padoTaHa TEXHOJIOTHS, COBMEIAI0-
1ast HEHTPOOSKHYIO CeTapaluio U HUPKYIAINOHHYIO KOHIIeHTparuio. OHa BKIIIOYAeT:
MOCJEIOBATENbHYIO MOJauy HNOPIUI UCXOAHOIO MaTepuaja B BUAE IMYJNbIbI; HEHTPO-
OEKHYIO Ceapaluio MOpuui ¢ TypOyIu3aueil MPUCTEHOYHOTO CIIOsl KOHYCa U3HYTPU
KOHYyCa CTPYSIMH C)KaTOTO BO3/yXa U IUPKYISAIUEH Jerkoil (hpakIiuyl B TEUCHUE 3a/1aH-
HOTO BPEMEHHU C MOCIEAYIOIUM YIAJIEHUEM €€ B XBOCThI; EAMHOBPEMEHHYIO pa3rpy3Ky
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TSDKENOM (ppakiyy B KOHIIGHTPAT C TIOMOIIBIO CMBIBHOW BOABI ITOCIIE TIepepaboTKu 3a-
JIAHHOTO KOJIMYECTBA MOPLIUH.

CxeMa MpoBeCHHUS ONBITOB 110 HEHTPOOEIKHOM cernapalny Ipu nepepadoTKe YeThl-
pex MopIuil HCXOAHOTO MUTAHUS NPEJICTaBiIeHa Ha puc. 1.

OKCIIEPUMEHTHI BBITIONHEHBI CICIYIOIIUM 00pa3oM.

HYTCM nepeMeuMBannd 3aJaHHOT0 KOJIMYCCTBA UCXOJHOT'O ITUTAHUA C BOI[Oﬁ TroTo-
BUTCSI IOpLUS IIYJBIBI C 3aJaHHOM MAacCOBOHM JOJEH TBEPLOIo, KOTOpas MOAACTCS
B omepaluio neHTpobexxHoi cenapanuu. [Ipu mogade cxxaroro Bo3ayxa B IHEBMATHYE-
CKHE TypOyaH3aTopbl MPOMCXOOUT TypOynmu3anusi BO3LYXOM MPHUCTEHOYHOTO CIIOS
IMYyJIbIIbI. qaCTI/IHLI MOBBIIICHHOM MJIOTHOCTH 3a CUET HCHTpO6e)KHOI71 CHUJIBbI IpOABUT A~
IOTCA B IIPUCTCHOYHOM CJIOC U3 I[BH)KyHICfICSI 110 MOBCPXHOCTU KOHYCA MYJIBIIBI K I10-
BEPXHOCTH KOHYCA U HAKAIIMBAIOTCS B [1a3aX KOHYCA.

Bozayx

Konuentpar ‘

Hopuus

Boma NUTaHUs

XBOCTBI

Puc. 2. Cxema uenei anmapatoB Juis peaiu3aluy UeH-
TPOOEKHOM CeTapaliy Mo MpeIaraeMoMy CIIoco0y:

1 — 3ymn¢; 2 — Hacoc; 3 — HEHTPOOEXKHBIN cermaparop; 4 — me-
PEKIIIOYATEIIb IIOTOKOB; 5 - KOMIIpECCOp I moAa4vu CKaToro
BO31yXa
Fig. 2. Machine flow sheet for centrifugal separation
according tp the proposed method:

1 — sump; 2 — pump; 3 — centrifugal separator; 4 — flow switch;
5 — compressor for compressed air supply

YacTuibl NOBBIIIEHHON INIOTHOCTH, KOTOPhIE HE YCIENIH MOIAcTh B Ma3bl KOHYCA,
BBIHOCSITCS B JIETKYIO (DpaKLUI0, KOTOpasi BO3BPAIIAETCs B LIEHTPOOEKHBII cenaparop.
LupKkynsauust OCyIIECTBISIETCA B TEUEHHE BPEMEHH, IPU KOTOPOM O0ECHEeUMBaACTCS
MaKCHMaJIbHOE M3BJICYEHHE YaCTHI] TIOBBILICHHON MJIOTHOCTH B Na3bl KOHyca. [Iponon-
JKUTEIBHOCTD UIMPKYJSLHMY B KQXKJOM KOHKPETHOM CIIydae ONpenessieTcs 3KCIepUMEeH-
TaJbHO.

ITo ucreyeHnn 3aJaHHOTO BPEMEHH LMPKYISLHUM JieTKas (Qpakius HanpaBiIsieTCs
B XBOCTHI. Tspxenast hpakuus ocTaercs B a3ax KOHyca HEHTPOOEKHOTO cenaparopa.
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[anee nocnenoBareabHO, aHAJIOTUYHO MepepadOTKe MEPBOIA MOPIUY, TepepadaThi-
BaIOTCA CIEAYIOUTUE MTOPIIUU UCXOAHOTO MUTAHUS.

IIpenen xonuuecTa nepepadbaThIBaCMBbIX MOPLUH ONPEACIAETCS 3HAYCHUEM MaCcCo-
BOM JI0JIM B Tla3aX KOHYCa YaCTHI] MOBBIIIEHHOW MJIOTHOCTH, IPU KOTOPOM MPOUCXOIUT
CHW)KCHUE U3BJICUCHHSI 3TUX YaCTHI] 33 CUCT YBEIIMUCHUS UX BHIHOCA B JIETKYIO (Ppak-
uuo. sl KaXkJI0ro MCXOJHOTO MUTAHUS MPOJOJDKUTEIBHOCTh HMUPKYIISIUK JIETKOM
(pakIyK U KOIMYECTBO TepepadaThIBAEMbIX MOPIMIA UCXOAHOTO MUTAHUS ONpPEcIs-
IOTCSl HKCIIEPUMEHTAIIBHO.

ITo oxoHyaHuy nepepadOTKU 33JaHHOTO KOJIMYECTBA MOPLIUN MCXOMHOTO TTHTAHUS
OCYIIECTBIISAETCS Pa3rpy3Ka THKEJION (PpaKiiy BHIMBIBAHUEM U3 [1a30B KOHYCA CMBIB-
HOM BOJIOW B KOHIIEHTpAT.

Tabauna 1. Pe3yabTaTsl HeHTPOOEKHOI cenapanuy B peskuMe HUPKYJISLNY Jerkoil ppakuuu
M0 U3BECTHOMY M NpeIaraeMoMy crnocodam
Table 1. Results of centrifugal separation in the mode of light fraction circulation according to the
existing method and the proposed method

KomuaectBo IMUKIIOB nepepa60TKI/I HOpLII/Iﬁ HUCXOJHOTIO

TToxazarens, % UTaH1A
1 2 3 I
Ilo uzeecmmnomy cnocoby (c eudopasnuyeckoi mypoyausayueil NPUCMeHOYHO20 Cl05)
Brixon xoHIIEHTpaTa 22,54 22,65 22,60 22,59
Maccosas nons Boib(pama B KOHIIGHTpATe 3,99 4,07 4,08 4,08
W3pneuenne BonbdpaMa B KOHIICHTPAT 90,12 92,21 92,25 92,26
Ilo npeonazaemomy cnocody (c nnesmamuueckou mypoyausayuel nPUCmMeHo4YH020 Cos)
Brixon xoHIIEeHTpaTa 23,19 23,77 23,01 22,99
Maccosas nons Boib(pama B KOHIIGHTpATe 3,86 3,93 425 425
W3pneuenne BonbdpaMa B KOHIICHTPAT 89,58 93,47 97,74 97,22

CxeMarierieli anmaparoB, peaiu3yIomias EHTPOOKHYIO CEapaInio Mo pe/iaraeMo-
My criocoOy, MpeAcTaBlIeHa Ha pHc. 2.

[Ipenmnaraemslii cioco® 1EHTPOOEKHOW Cemapanny peaqu30BaH B JIAOOPaTOPHBIX
YCIIOBHSIX Ha MCKYCCTBEHHOM cMecH kBapia kpymHocThio —0,1...+0,01 MM 1 moporka
Bosb(pama kpynHocThio —0,023...+0,02 Mm. ITnoTHOCT KBapia 2650 Kr/m3, mwioT-
HocTh Bonb(dpama 18 000 kr/m3.

LleHTpOoOEXKHYIO Cenapalyio OCYIECTBISUIN B JJA00OPaTOPHOM TYpOYyIIH3al[HOHHOM
cemaparope K-200BJI 3, ocHaImeHHOM ITHEBMATHISCKUM TYPOYIH3aTOPOM ISl TypOy-
JTU3AIUN TIPUCTEHOYHOTO CJIOS TOaBaeMbIMU W3HYTPH KOHYyCa CTPYSIMH CXKaToTro
BO3IyXa.

B kaxxaoMm omnbITe MOpLKK UCKyCCTBEHHOM cMecu Maccoit 2000 1, conepkareii 20 T
Bonb(hpama (1 %), B BIIE MyIBITBI C MACCOBOH ntoneit TBepaoro 20 % moaBeprany eH-
TPOOEIKHOM Cemapariu Mpyu CKOPOCTH BpaieHus kKonyca 1100 Mmun! 1 1aBieHrd BO3-
JIyxa B THeBMaTuueckoM TypOynuzarope 0,5 MIla.

Hacoc obGecrieunBain npoxokIeHHE MOPIKI MyNIbIIbI 00beMOM 8,3 J1 uepes HEeHTPO-
OexxHBIN cenaparop 3a 20 ceKyHI.

B ombiTax ¢ mupkymsmueit gerkoi (hpakiuy KOJIHYECTBO IHUKIIOB HMEHTPOOSIKHON
cernapaiuy Ha OHON MOpIUHU coCTaBisuio 1; 2; 3; 4.

OKCHEepUMEHTHI OCYIIECTBISUIUCH CIENYIOMIM 00pa3oM. Topiuio HCKycCTBEHHOM
cMecu maccoit 2000 T u Bogy momaBany B 3yMId) / ¢ MEIIATKOW JJIS TIOTyYEHUS ITyITh-
bl ¢ MaccoBOil nonei TBepaoro 20 %.
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Hanee 3amycTiny LeHTPOOSKHBIA cenaparop 3 B paboTy, ¢ IOMOILBIO YaCTOTHOTO
npeobpasoBaresis YyCTAHOBUIIM YaCTOTY BpalieHus Baja ¢ konycoM 1100 mun !, momanu
CKaThIl BO3/IyX B THEBMAaTHYECKUI TypOynu3arop kommpeccopom 5. /lapienue Bozayxa
B TIHEBMaTu4eckoM TypOynu3arope cocrasisuio 0,5 MIla. 3arem u3 3ymnda / myabiry
MOJIaBaJIi HACOCOM 2 B IIGHTPOOEXKHBIN cenaparop 3 NpU MEpeKIrodaTelic OTOKOB 4
B TIOJIOXKCHUE TOJIAYH JICTKOH (hpaKIIMU IIEHTPOOSIKHOTO cenaparopa 3 B 3ymnd /.

[Tpu nogave mynbnsl U3 3ymrda / B HEHTPOOEKHBIH cenapaTop 3 oHa MoJ e cTBU-
€M LeHTPOOESKHOW CHIIBI ABIIKETCS MO MOBEPXHOCTH KOHYCa K €ro IIUPOKOH 4YacTu.
C moMo1bIo BO3AyXa U3 MTHEBMaTH4ECKOTo TypOyIu3aTopa NpOUCXOANUT TypOyIn3aust
MPUCTEHOYHOTO CJIOSI IYJIBITBI HA TIOBEPXHOCTH KOHYca. YacTHIIbI MOBBIIEHHOH IIOT-
HOCTH 32 CYeT LEHTPOOEIKHOH CHITBI MPOABUTAIOTCS B IPUCTEHOUYHOM CJIO€ ABHXKYIIICH-
Cs1 110 TIOBEPXHOCTH KOHYCa MYJbIIBI K TOBEPXHOCTH KOHYCa M HAKAIUIMBAIOTCS B Ia3ax
KOHyca.

Tabuauna 2. PesyabTaTsl 1eHTPOOEKHOI cenapanuu nNpu nepepadorke 3aJaHHOI0
KOJIMYeCTBA MOPUHUIi 10 H3BECTHOMY M NpeJiaraeMomMy crocoéam
Table 2. Results of centrifugal separation with the preset amount of portions processing
according to the existing method and the proposed method

KonuyecTBo mopiuii HCXOJHOTO MUTAHHUS
Tlokazarens, %
| 5 | w0 | 15

1

Io uzsecmruomy cnocoby (c eudpasnuyeckoii mypoyausayueil NPUCMEHOYHO20 C051)

Brixon koHIIEHTpaTa 22,60 5,21 3,00 2,53
MaccoBas 10151 Boib(paMa B KOHIIGHTpATe 4,08 17,70 29,58 32,47
W3Bneuenue Bob(hpama B KOHIICHTPAT 92,21 92,24 88,75 82,15
Ilo npednazaemomy cnocody (c nHesmamuueckou mypoyauzayueti nPUCMeHoYH020 Cl0s)
Brixon koHIIEHTpaTa 23,01 5,29 3,08 2,60
MaccoBas 10151 Boib(paMa B KOHIIGHTpATe 4,25 18,50 31,71 36,29
W3Bneuenue Bob(hpama B KOHIICHTPAT 97,74 97,75 97,69 94,36

qaCTI/I]_[BI MOBBIIIIEHHOMN IIJIOTHOCTH, KOTOPBIC HE YCIIC/IU IMONACTh B IMa3bl KOHYCA,
BBIHOCSITCS ITYJIBIION B JIETKYIO (PaKIKIO, KOTOpasi yepe3 IMepeKItouareib OTOKOB 4,
3ymri¢ / ¥ Hacoc 2 BO3BpallaeTcs B IIEHTPOOSKHBIN cernapatop 3.

Ilo ncredennu 3aaHHOTO BpeMEHH pabOThl B 3aMKHYTOM LMKJIE TMEPEKII0YaTesb
MIOTOKOB 4 HampaBIISIET JIETKYIO0 (pakiiio B XBOCTHL. [locnie pasrpy3ku nerkoi ¢pax-
WA B XBOCTHI IMPOLIECC OCYMCCTBIIAIN HA CICAYIONIUX MOPHUHUAX UCXOAHOTO IMTUTAHUA.

[Mocne mepepabOTKK 3aJaHHOTO KOJIWYECTBA OPLUUI MPEKPATHIIH TTOAaYy CKATOTO
BO3/yXa B MHEBMAaTHUECKUN TypOyau3aTop M MOJAajIN BOAY B BOAHBIN TypOymu3zaTop
npu naeneranu 0,008 MIla, yacToTy BpalieHus1 KOHyca ¢ TIOMOIIBI0 YaCTOTHOTO MPeod-
pasoBarens ycraHoBwin 50 06/MuH. 13 ma3oB KoHYyca BOJON U3 BOJHBIX TYpOYIH3aTO-
POB BBIMBIBAJIACH TsDKeNast (hpakiusi, KOTOpasi CAMOTEKOM HaIlpaBisiach B KOHI[CHTPAT.

BrinonHeHO cpaBHEHHE MMOKa3aresnieil paboThl LEHTPOOEKHOTO cemaparopa MHpu
TypOy/IHU3aIui TPUCTCHOYHOTO CJOS BO3MYXOM (TpeiiaraeMblii crioco0) M BOIOM
(13BeCTHBIN CIIOCO0).

ITo okoHUanuM KaXXJI0ro OonbITa ONpEACIIAIN BbIXOJA KOHIIEHTpAaTa U XBOCTOB, MacC-
COBYIO JIOJNIIO B HUX BOJIb(ppama, paccUnTHIBAIN H3BIICUCHHE BOIb(paMa B KOHIICHTPAT.
Pe3ynprarel SKCIEpUMEHTOB MO HEHTPOOEKHOM cemapanuy ¢ MUPKYISIUed Jerkon
(hpakIuu 1Mo U3BECTHOMY U MpejiaraeMoMy crioco0am MpUBEICHbI B Ta0. 1.

HOqueHHBIe PE3YyIbTaThl CBUACTCIILCTBYIOT O TOM, YTO COBMCUICHUEC MUPKYIIAIIUN
JIeTKOH (ppakmuu ¢ THEBMaTHYECKON TypOyIr3amueil IpUCTEeHOYHOTO CII0s 00ecTeun-
BaeT OoJiee BBICOKOE H3BIIedeHue B KOHIEeHTpaT (97,7 %) 1o cpaBHEHHUIO C COBMEIICHH-
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€M LUPKYISIUH JIeTKOW (ppakimu ¢ THAPaBINYecKOr TypOynu3anueld mpucTeHOYHOTO
cnost (92,2 %).

Janee npoBeieHbI 3KCIIEPUMEHTBI LIEGHTPOOESIKHOH cenapaliuu rnpu nepepaboTke 3a-
JAHHOTO KOJMYECTBa MOPIMU [0 M3BECTHOMY M MpeuiaraeMoMy crocobam. Peanmso-
BaHa LEHTpoOeKHas cenapanus npu nepepadorke 1, 5, 10 u 15 nopuuii mcxogHOTO
MUTaHUS 0 CMBIBA HAKOIUICHHOM TsDKenol (ppakiuy U3 Ma3oB KOHyca B KOHICHTpAT.
PesynbTare! 3KCIIEpUMEHTOB MPUBEACHBI B Ta0M. 2.

B menom ycTaHoBieHO, 4TO MpeiaraeMblii CIOco0 HEHTPOOEKHOM cenapaun 1mo
CPaBHEHHIO C U3BECTHBIM CITOCOOOM obecrieunBaeT Ooliee BEICOKUE MOKa3aTelN Mo Ka-
YecTBY KOHILIEHTpaTa U U3BJICUECHHIO Bonb(paMa B KoHUeHTparT. [Ipu aToM mpeznarae-
MBIH CIIOCO0 LEHTPOOEKHOH cenapauy pealn3oBaH Ha MaTepraie ¢ TOHKUMH YacTH-
L[aMH TIOBBIIIEHHON MIOTHOCTH KpymHocThio —0,023...+0,01 mm. Yactumsl Takoi
KPYIIHOCTH B U3BECTHBIX LIEHTPOOESKHBIX ceraparopax M3BleKaroTcs Hed(EKTHBHO.

AHaau3 u o0cy:KaeHHe pe3yabTaroB. CodeTaHue TypOyIM3aluy MPUCTCHOUYHOTO
CJIOSl KOHyCa LHEHTPOOEKHOTO CernapaTopa CTPYSIMU CKATOTO BO3IyXa C HUPKYJISALUCH
nerkoi paknun oOecreunBacT BHICOKOE U3BJICUCHUE YAaCTHI NOBBIIIEHHONW TIOTHO-
CTH B TSDKENYyI0 (DpaKuuio, a mociiefoBareNbHast nepepaboTka 3alaHHOTO KOJIMYeCTBa
NOPUUH B peKUME TypOYIH3alKy MPUCTEHOUYHOTO CJI0S1 KOHYCa CTPYSMH CKaTOro BO3-
JyXa MO3BOJISIET NepepadaThiBaTh Oonbliee KOJMYECTBO MOPUUN 0e3 MoTeph YacTHUIl
MOBBIIICHHOW MJIOTHOCTH C JIETKOH (paklueil U ModyvaTh 3a CYeT STOro Oojee BHICO-
KOE€ Ka4ecTBO KOHIIEHTpaTa. Takxke NpUMEHEHHE ITHEBMAaTHIECKON TypOy/In3auu CIo-
COOCTBYET COKpAIICHUIO HCIOIBb3YEMOH B TIPOLIECCe LIEHTPOOESIKHON cenapaiuy BObI.

BoiBona. [TonyueHHbIe JaHHBIE CBHIIETEILCTBYIOT O BBICOKOH 3(h(hDEKTUBHOCTH IICH-
TPOOEKHOM cemnapaluuy B PeKUMe HUPKYISIUK Jerkod (pakuuu. LlenTpobexnas ce-
napanus ¢ UCMOIb30BaHUEM IUPKYISMOHHOW KOHLEHTPALUU MO3BOJIIET YBEIUUNUTh
W3BJIEUEHUE YACTHII IIOBBIIIEHHON MJIOTHOCTH B TSDKENYIO (DPAaKIMIO ¥ IOBBICUTH Kaue-
CTBO TSDKENOH (pakuuu, a WCIONB30BAHWE MHEBMATUYECKOW TypOynHM3aluu BeneT
K CHH)KEHUIO YIeTIBHOTO pacxofa BOJIbI.
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Turii P. Morozov!, Pavel M. Penkov!, Vladimir T. Dmitriev!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research aim and subject. In the last few decades centrifugal separators have been widely used to extract
gold. Large water consumption essential in the course of operation is the basic drawback of the method,
which in its turn results in increased capital and operational expenditure. As soon as water is becoming
increasingly more important resource, the study of centrifugal separation with air turbulization is of great
practical significance. The aim of the present research is to study the method of improving technological
parameters of centrifugal separation with the use of circulation concentration.
Methodology. The proposed method of centrifugal separation has been realized in laboratory conditions
at artificial quartz with grain size range of 0.1...+0.01 mm and tungsten powder with grain size range of
0.023...+0.02. Centrifugal separation has been carried out in a laboratory turbulization separator
K-200VL equipped with a pneumatic mixing baffle for near-wall layer turbulization with compressed air
streams delivered from inside the cone. On completion of each test, concentrate and tailings output has
been determined as well as the mass fraction of tungsten within them, tungsten extraction to concentrate
has been calculated.
Summary. The obtained data prove high effectiveness of centrifugal separation in the mode of light
fraction circulation. Centrifugal separation with the use of circulation concentration makes it possible to
increase extraction of high-density particles to heavy fraction and increase the quality of heavy fraction,
while the use of pneumatic turbulization leads to specific water consumption reduction.

Key words: centrifugal separation; closed cycle; circulation; air turbulization; artificial mixture.
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TexHonornyeckue nccnegoBaHus Ha 000raTMMOCTb
NONUMeTanM4eckon pyabl MectopoxaeHus XaHamsa

Ymaposa U. K."*, AMunxaHoBa C. WU.!, CannxanoBa I". K.', Kanangapos K. C.'
1 TaluKeHTCKMiA rocyapCTBEHHbIA TEXHUYECKUIA YHUBEPCHUTET, T. TallkeHT, YabekucTaH

*e-mail: o_hayitov@mail.ru

Peghepam
Beeoenue. B cmamve paccmampueaiomcs pe3yibmanivl MeXHOAI0SUYECKUX UCCIe008aHUll  HA
0602aMUMOCMb NOTUMEMATTULECKOU pYObl Mecmopodcoenust Xanousa. Ilpeocmasnensi pe3ynomamol
UCCNe008aHUS BEUECNBEHHO20 COCNABA U BAPUAHMYL PLOMAYUOHHO20 0002aLyeHls MEXHOI02ULeCKUX
npo6 pyovl Mecmopodxcoerus Xanousa.
Ienv padomer. Llenvio 0annoli pabomvl s615€MCs U3yUeHUE 8EUWeCMBEEHHO20 COCMasa npob pyovl u
paspabomia 3¢ppexmuenoll mexunonocuu 0602aueHus NOTUMEMALIUYECKOU PYObl MECIOPONCOCHUS
Xanousa.
Memooonozusa. B kauecmee ob6vekma uccie0osanus GLIOPAHA  NOTUMEMALIUYECKas pyoa
mecmopooicoenus Xanousa. Ipu evinoanenuu 0aHHOU pabomol UCNONIb306AHbL PAZTULHbLE PeA2eHMbl U
1abopamopHvie YyCMaHo6KU, COBPeMeHHble (pusuiecKue, Qu3UKO-XUMUYecKue U XUMuieckue mMemoobvl
ananuzo. Mccnedoganus npogoounucs no 08yM HanpagieHusm: KOIIeKmueHas paomayus ecex pyoHuix
MUHepanog ¢ OaivHeliuell celekyueil KOLIeKMUGHO20 KOHYEHMpPama Hd CEUHYOGLL, YUHKOGBIU U
MEOHbIl  KOHYeHmpamvl U  Npsamasi  KOLIeKMUBHO-CELeKMUGHas  @Gromayus ¢  NoayueHuem
nocned08amenbHo CGUHYOBO-MEOHO20 U YUHKOBO2O KOHYEHMPAMO8.
Pesynomameut. Ilpusedenvl umoau uzyueHus 6euecmeeHH020 COCMAasd pyobl HAd OCHOBE CHeKMPALbHO20,
XUMUYECKO20 U PAYUOHATIbHO20 AHAAU3A. YCMaHO8LeHO, YUMo NPOMbIULIEHHO YEeHHbIMU KOMNOHEHMAaMU
PYObL AGNAIOMCA CBUHEY, YUHK U MeOb, COOeplcanusi Komopwlx npugoosmcs. Ilokazano, umo pyonvie
MUHEPAbl HAXOOAMCS 8 MEeCHOM CPACMAHUU C HepYOHbIMU — Keapyem, CepuyumoM, XJIOPUMmoMm,
Kapbornamom u op.
Bu1600b1. B pezynbmame obozaujeHuss 8blOenieHbl CGUHYOBBIU, YUHKOBBIU U MeOHbIll KOHYEHMpamsol,
yoosremeopsaouue mpedo8aHusM nPoU3800Cmad.

Knrwoueesvie cnosa: xonnexmusnas gnomayus; cenexmusuas promayus; KCanmozenam, 0enpeccop;
aKmMueamop, NOAUMEeMALIUYecKue pyovl, 0ecopoyus, peazeHm, KOHYEeHmpam, X60Cmol, NPOMIPOOYKNI.

Beenenue. 3HaUNTENBHBIN POCT MPOU3BOACTBA METAJIIOB, KOMIUIEKCHOE HCIIOIb30-
BaHME CBIPbS, BOBICUEHHE B MPOLECC IMPOMBILIIICHHOTO IPOU3BOICTBA HOBBIX THUIIOB
Py, CHHXXEHHE ce0eCTOMMOCTH IepepabOTKU, MOBBIIIEHHE U3BJICUECHHUS METAIIOB U3
PYA SABJSIFOTCSL BAYKHEUIIIMMU 1 aKTyallbHBIMH 33/1a4aMK B pa3BUTHH 3P QeKTHBHOCTH U
OCBOCHHS MUHEPAIIbHO-CHIPBEBBIX OOTraTcTB Henp Y30ekucTana [1].

Hean padorsl. Llenbio naHHO# pabOTHI ABISETCS H3yUYEHHE BEIIECTBEHHOTO COCTa-
Ba Mpo0 pyabl ¥ pa3padboTka 3 (HEeKTUBHOM TEXHOIOTHH 000TaIeHUs TOTUMETaTye-
CKOH pyIbl MECTOPOXKICHUS XaHu3a.

MeTtonoaorusi. B kauectBe 00beKTa NCCIEI0BaHUS BBIOpaHa MOJMMETAIIIMYECKAsT
pyna mectopoxacHus XaHaw3a. [lpw BBIMONIHEHWH NAaHHON paOOTHI MCIOIH30BaHEI
pa3nuYHbIC peareHThl U 1a0OpaTopHbIe YCTAHOBKHU, COBpEMEHHBIE pU3nUYecKue, Pr3n-
KO-XUMHUYECKUE U XUMHUUECKUE METOIbI aHATTH30B.

Pe3yabTarsl uccieqoBanusi. C 1enbi0 U3YUCHUS BEILECTBEHHOTO COCTaBa PYIIbI
0TOMpanuCh yCpeaHEHHBbIE MPOOBI AJSL BBIIOJHEHHS CHEKTPaJbHOIO0, XMMHYECKOIO,
PaLMOHANIBHOIO aHANM30B, a TaKXKe 00paslbl U CPeJHHE NMPOOBI PyAbl KPYIMHOCTBHIO
3—0 MM 7151 MUHEPAJIOTHYECKOTO UCCIIEIOBAHMS U TPaHyJIOMETPHYECKOT0 aHamn3a [2].
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PC3YJ'II:T3TLI TMOJYKOJIMYCCTBECHHOTO CIICKTPAJIBHOTO aHAJIN3a HpO6BI PYyAbI IIpUBEAC-

HbBI B Ta0II. 1.

Pe3ynpraThl XUMHYECKOTO aHaju3a CpeAHell MpoObl moMeleHs! B Tabm. 2. Yaens-

HbIii Bec mpoObI 2,88 r/cm?.

Tabmauua 1. Pe3yJbTaThl N0JYKOJIHYECTBEHHOI0 CIIEKTPAJILHOTO
aHaJIU3a MPOGLI pyabl

Table 1. Results of semi-quantitative spectral analysis of ore samples

OnemeHT Cognepxanue, % OnemeHT Cognepxanue, %
Kpemnunit Bonee 1 Menn 0,3
AroOMUHHHA Bornee 1 CBuHenl Bornee 1
Marnwuii 0,3 Cepebpo 0,003
Kanpumit 0,1 Cypbma 0,01
Keneso bonee 1 Iunk bonee 1
Mapranerg 0,01 Kagmnit 0,01
Huxens 0,001 lannui 0,001
Turan 0,03 bepunmii 0,001
Banaanit 0,001 CrpoHuit 0,01
Monubnen Menee 0,001 Bapuit 0,03
Hupkonuit 0,003

Ilo pesynbraraM XMMHYECKOIO aHaIM3a COACP)KAHHME IIOJE3HBIX KOMIIOHCHTOB
B mpo0e cocTamisieT: cBUHNA — 2,54 %, maKa — 5,12 %, memu — 0,6 %.

s BBISCHEHHUS paclpeaeiCHHs OCHOBHBIX ILIEHHBIX KOMIIOHEHTOB IIO KjaccaM
KPYIHOCTH HCXOAHAsl mpoba pyabl KPYHHOCThIO —3+0 MM IoaBeprajgach CUTOBOMY
aHanu3y. Pe3ysibTarhl CHTOBOTO aHalM3a MPoO Py/bl MPUBEJCHKI B TA0M. 3.

Ta0auna 2. Pe3yJbTaThl XHMHYECKOI0 AHAJIN3A cPeJHeli MPoObI pyabl
Table 2. Results of chemical analysis of ore average sample

KomrmoneHnt Conepxanue, % Kommonent Coneprxanue, %
Kpemuezem 71,80 Caunerr 2,54
Okcup xenesa (3+) 3,00 uuk 5,12
Oxkcup xenesa (2+) 1,80 Menb 0,60
Okcuj THTaHa 0,10 Oxkcu yriaesoopoja -
Okcuj Maprasua 0,01 —H2Orurp 0,80
I'nmunozem 5,20 Cepa obmas 6,00
OKcHJl KabLus 0,20 Oxcun cepsl (6+) -
Okcu Maruus - 301070, y. €. 0,00
Oxcupn kanus 0,15 Cepebpo, y. e. 40,00
Okcuj HaTpust 0,08

Kak crmenyet u3 Tabm. 3, comepikaHne CBUHIIA, IIMHKA © MEIM B MEITKHUX KJTaccax Io-
BEITIHaeTCs 10 4,14; 4,96 u 1,47 % cooTBeTCTBEeHHO. Pe3ynbTaTsl parimoHaIBHOTO aHa-
JU3a pyasl IpuBeneHbl B Tabn. 4. Kak BUOHO W3 MaHHBIX, IPUBEICHHBIX B Ta0MI. 4,
78,7 % cBunma, 78,8 % umHka u 98,4 % menu HaxomaTcs B cynbdumHON dopme;
14,5 % cBunmna, 11,0 % muaKa — B OKCHIHON opme.

B pesynberare mpoBeneHHOTO MHHEPAJIOTHISCKOTO aHaanu3a yCTaHOBJIECHO, YTO IIO-
JTUMeTaJUTMYecKasi pyaa TpeAcTaBiIeHa OOJIOMKaMH MHUKPOKBAPIIUTOB B Pa3IMYHON
CTEIIEHN OKBAPIIOBAHHBIX, CEPUITUTH3NPOBAHHBIX M XJIOPUTH3NPOBAHHBIX.
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OCHOBHBIMH PYAHBIMHA MHHEPAJIaMH SBISIIOTCS CalepuT, TaJICHUT, XaJIbKOIIUPHT 1
MUPUT. [ TaBHBIMU HEPYIHBIMU MUHEpAIaMU B pyJie ABJISIIOTCS KBapll, CEPULIUT U XJIO-
put. CIUIOIIHBIE MACCUBHBIE PY/IBI CII0KEHBI B3aMHO TECHO IMPOPOCIINMU MEX]Y CO-
00l TOHKO3EPHUCTBHIMH C(HaIepUTOM, TAICHUTOM M XaJbKOIUPHUTOM [3].

Ta6auua 3. T'panyomMeTpruyeckasi XapaKTepHCTHKA MPOOBI Py/bl
Table 3. Granulometric characteristic of ore sample

Kacc Brixog, Copnepxanue, % Pacnpenenenne, %
KPYHHOCTH, MM % Pb Zn | Cu S Pb Zn Cu
—3+2,5 9,9 1,98 | 4,40 | 0,49 | 2,06 7,8 8,8 82
—3+1 54,0 2,72 | 480 | 0,53 | 1,84 | 59,0 | 52,7 | 49,2
—1+0,5 14,2 1,76 | 5,87 | 0,53 | 1,98 10,0 16,8 | 12,8
-0,5+0,25 74 2,27 | 4,60 | 0,61 | 2,47 6,7 6,9 7,7
—0,25+0,15 3,8 2,69 | 4,56 | 0,61 | 2,71 3,8 4,1 3,5
—-0,15+0,1 2,8 2,38 | 5,04 | 0,73 | 3,25 2,8 2,7 2,9
-0,1+0,074 23 2,49 | 536 | 0,82 | 3,58 2,3 2,3 2,5
—0,074+0,044 3,0 4,14 | 6,96 | 1,47 | 6,34 3,0 5,0 4,2
—0,044+0,0 2,0 2,99 | 494 | 0,90 | 1,06 2,0 2,1 1,1
Pyna 100,0 2,49 | 5,10 | 0,58 | 2,17 | 100,0 | 100,0 |100,0

Wzyuaemast mpoba pyasl XapaKTepHU3yeTcsl MPOCTHIM KOMILIEKCOM CJIAararolinx ee
MHUHEPAJIOB, HO OTIMYAETCS CIOKHBIM, YPE3BBIYAHO TOHKMM U TECHBIM B3aUMHBIM
NpOpacTaHueM MUHEPAIIOB MEXIY COOOH, YTO MpeAcTaBisieT OOJNbIIOe 3aTpyJHEHUE
TIPH UX pa3/ieIeHHH.

Ta0uuna 4. Pe3syabTaThl pAHOHAJBHOI0 AHAJIN3A CPeAHeil
MPpoobI pyabl

Table 4. Results of rational analysis of ore average sample

CoenuHeHus Copnepxanue, % Pacnpenenenue, %
CBuHer 001 2,54 100,0
B BH/E CYNIb(pHIOB 1,73 78,7
B BUJIC OKCHJIOB 0,32 14,5
OCTaTOK 0,15 6,8
Iuuk oOumit 5,12 100,0
B BH/C CYNIb(pHIOB 4,14 78,8
B BUJIC OKCHJIOB 0,58 11,0
OCTaTOK 0,64 12,2
Menp oOwas 0,62 100,0
cynbhumHas 0,61 98,4
CBsI3aHHAS 0,01 1,6

PesyasbTatsl. MccnienoBanrs MpoBOIMUIIMCH IO IBYM HaIlPaBJICHUSIM: KOJUIEKTHBHAs
¢roTanys BceX PyIHBIX MHUHEPAJIOB C AalibHEWIIeH celleKIel KOJJIEKTUBHOTO KOH-
LIEHTpaTa Ha CBUHIIOBBIM, [TUHKOBBIN, MEJHBIN U MUPUTHBIA KOHLEHTPATHI U MpsAMast
KOJUICKTUBHO-CEJICKTHBHAs (MIOTAlMs C TONYYCHHUEM IOCIICIOBATEIbHO CBHUHIIOBO-
METHOTO, ITMHKOBOTO U TUPUTHOTO KOHIIeHTpaToB [3—10].

[lepBblif yTh NMPEAONPENETIEH TEM, YTO PACKPBITHE 3€PEH HEPYAHBIX MUHEPAJIOB
npoucxoaut panbiie [11, 12]. B kauecTBe peareHTOB UCIONB30BATIUCH: codupamenu —
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OyTWJIOBBIH KCaHTOTeHaT, OyTWIIOBBIM a’poduior; gcnenusamenu — WUM-68, T-92,
KpE30II;, pecyisimopul cpedbl — colla KaTbIMHUPOBAHHAS, KUIKOE CTEKIIO, IMHKOBBIH
KyIIOpOC, UUAHUCTBIA HATPUM; aKmMueamopsl — MENHBIN KyIIOPOC, CEPHUCTBIN HATPUH,
AKTHBUPOBAHHBIH yTOJb, CyIb(OYToib U ap.

Pyna 3—0 mm

M3menbuenune

aruTanys 3 MUH
aruTanys 3 MUH
aruranys 2 MUH
aruTamnys 2 MUH
aruranys 2 MAUH
aruranus 1 MuH

Na,CO; — nepeMeHHbIN pacxoj
Na,SiO; — nepemMeHHbII pacxon

Na,S — nepeMeHHbIN pacxo

CuSO, — nnepeMeHHbIH pacxox
KCAHTOTECHAT — IIEPEMEHHBIN PacXo
BCIICHUBATEND — [IEPEMEHHBII PACXO]]

KomnexkruBHas duoranus — 15 mux

\ \/
Konnentpar XBOCTBI

Puc. 1. TexHonmoruyeckasi cxema OIbITOB KOJUIEKTUBHOM
(rotanuu pyasI
Fig.1. Flow diagram of ore bulk flotation tests

BonopactBopumMble peareHTsl NOAABAIKNCH B MYNbIYy B BUAE pacTBopoB 1—-10-mpo-
[IEHTHON KOHIIEHTPAIlN{, BCIIEHUBATEIN — B BUJE Karellb, YToidb (AKTHUBUPOBAHHBIN
1 Cynb(OyTOIb) — B CyXOM M3MEIBUEHHOM BHJIE.

TexHoMOTHYECKAs CXeMa OIBITOB KOJJICKTUBHOM (IIOTaIK MprBeaeHa Ha puc. 1.

Ta6auna 5. Pe3yJbTaThl oNBITOB (JJIOTALMH € IBYMS NePeYUCTKAMH KOHLIEHTpaTa
B ONTHMAJBLHOM pPeKnMe

Table 5. Results of flotation test with two rewash concentrates in an optimum mode

BhIxos Conepixanue, % WsBneuenue, %
IIponaykr o
%0 Pb Zn Cu Pb Zn Cu

KomnekTuBHbIH

KOHIIEHTpaT 15,5 18,15 30,12 2,85 85,9 91,2 74,6
IIpommpoaykr 1 6,8 0,69 1,14 0,29 1,4 1,5 33
[TpommponyxT 2 2,7 3,52 5,98 0,38 2.9 3,2 1,7
XBOCTHI 75,0 0,44 0,28 0,16 10,1 4,1 20,4
Pyna 100,0 2,48 5,10 0,59 100,0 100,0 100,0

Ha ocHOBaHMM MPOBEIEHHBIX OIMBITOB B KAYE€CTBE ONTUMAILHOTO BHIOpaH CIIEIyIO-
LU PEKUM.

OnTuMabHbIA pesKUM KOJJIeKTUBHOM duioTanuu

)Y (S0 035 (3 507 (TN 1 1 < (ORI 90

KPYTHOCTD —0,074 MM, Y0..ueeiueeetieeieeeie ettt te et estte st et e et e e ssseeaseesnseensaennseesneeenseenseennneanne 89
Pacxon peareHTOB:

(@11 7: T80 /s NSRS SRO RO RRUOU PN

IN2S, T/T ittt ettt ettt et e e e e ete e e ab e e beeesae e seeeabeebeeeabe e aeeenbeeaaeerbeeteeenbeeaeentse e teeenreereas
JKunkoe crekio, r/T .. .
IMEITHBIF KYTIOPOC, T/T ..eevteuvesuieuresseessesseessesaesesssessessaessesseessessesssessesssessesssensesssensesssesssessesssessesssessenssenns
ByTuikcanToreHar, /T

Bcenenusarens T-92, v/
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Pyna 3—0 mm

ZnSO, — 1400 r/t; NaCN — 300 1/t

aruTarnus 3 MuH 1+ Na,S — 2,0 r/t
arutauus 3 muH + BKK — 4 r/1
aruranus 2 mud 1 T-92 — 80 r/T

Cu-Pb dmorarms — 10 mux

\

aruranys 2 muH + BKK — 20 /1
A\

KonTponbHast ¢uotanust — 4 MuH
[

LY

I nepeuncrka — 15 Mun

\J

Il nepeuncrka — 15 mun

Na,S — 5 xr/t

\/
JecopOuus — 30 Mmun

3

\/
-X KpaTHasi OTMbIBKa

CnuB

\

4

\/
m 1. 1

& . 1. 2

aruTanus 3 MUH
aruTanus 3 MUH
aruTanus 2 MUH
arutanus 1 MuH
\/
Zn ¢norauys — 10 MuH

L msBects — 100 r/n’
I CuSO4 — 200 r/T

- BKK —
+T-92 —

40 r/t
60 r/T

aruTanus 3 MUH
aruTanus 2 MUH
aruranus 1 MuH

+ CuSO4— 100 t/T
+ BKK — 20 r/T
+T-92 — 40 r/T

\

4

KonTponphast dnotauust — 5 Mux

y

\

aruTarys 3 MUH f u3Becth — 300 r/T

arutanys 3 mud + H,SO4 — 1,5 xr/1
aruraius 3 muH + NaySOs — 1,2 kr/t
arutanus 2 muH + BKK — 15 /1
aruraiust 1 mud + T-92 — 10 v/t

\

OcnoBrast Cu ¢uroranus — 10 mus

aruTarys 3 MUH

I Na,SOs3 — 500 r/T

y

I nepeuncrka — 5 MuH

/

I nepeuncrka — 15 Mun

1I.

A\
II nepeuncrka — 8 MuH
[

aruranus 2 MmuH + BKK — 40 1/t

KonTponbHas (uotanust — 5 MHH

\/

1l nepeuncrka — 4 MuH

.

1

. 1. 2 v
XBOCTBI
]
+ LuaKoBBIN
KOHLIEHTpaT

aruTamnys 3 MUH

\/
Menubrit
KOHIICHTPAT

aruranys 3 MUH

v aruranys 2 MUH
aruranus 1 MuH

Na,SOs; — 1 kr/t
NaCN - 100 r/t
BKK — 15+15 1/t
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[Tpu BEIOpaHHOM pEKUME HAOIIOAAETCsl CPABHUTEIHHO BHICOKOE M3BJICUCHHE BCEX
KOMITOHEHTOB B KOJUICKTUBHBIM KOHIICHTPAT CBUHIIA, IIMHKA U MEIU U JOBOJBHO HU3-
KM I10 COJEPIKAHUIO B XBOCTAX.

B ycnoBusix onTUManbHOTO PeKUMa ObUT OCTABIIEH OMBIT C MEPEUYUCTKAMHU KOJI-
JIEKTUBHOTO KOHIIEHTpaTa C IIeNIbI0 MOBBIIICHUS KauecTBa MponykTa [6]. Pesynprarhl
ombITa TIpuBeaeHbI B Tabn. 5. Kak BuaHO u3 Tabn. 5, B pesynbrare IBYX NEpeUHCTOK
TIOBBIIIAETCS COAECPIKAHNE BCEX KOMIIOHEHTOB B KOHLIEHTpATe.

Ta6auua 6. Pe3yabTaThl ONbITA CeJIEKIUH KOJJIEKTUBHOTO KOHIIEHTPAaTa
Table 6. Results of bulk concentrate selection test

Brixoz, Conepixanue, % HWsBneuenue, %
IIponykr %
o Pb Zn Cu Pb Zn Cu

Konuentpar

Pb-Cu 10,2 20,73 | 20,70| 4,20 64,5 42,0 77,4
[Tpomnpoaykr 1 9,2 0,80 1,62 0,09 2,2 3,0 1,4
IIpommpoaykr 2 4,5 1,20 1,74] 0,20 1,6 1,6 1,6
XBocTsl 1

(KOJIJICKTUBHBIE) 69,0 0,16 0,21 0,04 3,3 2,9 5,1
XBOCTHI 2 7,1 13,20 | 36,10| 1,12 28,4 50,5 14,5
Pyna 100,0 2,46 5,03| 0,58 | 100,0 | 100,0 | 100,0

VcnoBust OmbITa CEJIEKIUH: CEPHUCTBIN HATPHI — 6 KI/T; IPOLIEHT TBepAOro — 50; yncio
OoTMBIBOK — 2; coma — 1000 r/t; NaCN — 2000 r/t; ZnSO4 — 4800 r/1; BKK — 50 r/T;
nomsMenbueHne — 60 MuH; Bpems ¢iotauun — 10 muH; BcnenuBatens — 40 /1.

JlanbHeime uccnenoBanys BEJIUCh B HAIIPABIICHUH CENEKIUN KOJUIEKTUBHOIO KOHIICH-
Tpara. [Ipu 5ToM BHayase BBLAEISUICS CBUHLIOBO-MEIHBIM, 3aTEM LIMHKOBBIM KOHLIEHTPAT.

B kauecTBe IenpeccopoB HUHKOBBIX MUHEPAJIOB HCIIONb30BAIMCH KOMIUIEKCHI: IIH-
AHHUCTBIH HATPUIl, CEPHUCTOKHUCIIBII HATPHI U IMHKOBBIH KYNIOPOC, TUAPOCYIb(UT Ha-
TpUs U IMHKOBBIN Kynopoc. Hannyumas nenpeccus [UHKOBBIX MUHEPAIIOB TOCTUTHY-
Ta ¢ NOMOUIBIO IUAHUCTOTO HATPHsI U LIUHKOBOI'O KYIIOpOCa.

Ta6auna 7. Pe3yJbTaThl ONBITOB MeIHOI (I0TALMM ¢ TepPeYHCTKAMU MEHOIO
KOHIIeHTpaTa

Table 7. Results of copper flotation with copper concentrate rewash

BrIxos Conepixanue, %o WsBneuenue, %
IIpoxykr o
Yo Pb Zn Cu Pb Zn Cu
Konuentpar Cu 1,7 8,06 3,12 23,68 5,4 1,0 71,7
Ipommpoxayxkr-1 Cu 1,4 20,56 8,00 0,36 11,3 2,1 0,9
IIpommpoaykr-2 Cu 1,5 17,28 6,57 0,51 10,2 1,9 1,3
XBoctel Cu (oTauu 3,8 43,23 | 11,50 0,15 64,4 8,5 1,7
Konmentpar Pb-Cu 8,4 27,70 8,34 5,06 90,9 13,5 75,6

CxeMa CeJIeKTHBHOM (IoTaliy BKIIOYajia B cedsl MpeaBapUTeIbHOE U3METBICHUE
PYZBI ¥ KOJJIEKTUBHYIO (MIOTAIMIO B ONTHMAIBHOM PEXUME, ABE TIEPEUHCTKHU C TIOCiIe-
JayromuM crymesueM. CryleHHbIH NPoayKT HOABEpracs JOM3MENBUEHHIO U JIECOpO-
mun. JlecopOnust ocymecTBisuIach MyTeM MepeMElIMBaHus KOJUIGKTUBHOTO KOHIICH-
TpaTta € CEpPHUCTBIM HAaTpHEM U MOCIeAylolell oTMbIBKOH (puc. 2). B Tabm. 6
MIPUBEJCHBI PE3yabTaThl ONBITA pa3/ieleHNs KOJJIEKTUBHOTO KOHIIEHTpaTa U peareHT-
HBIN PEXKUM CEJIEKIUU.
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H3BecTHO, YTO MO MEpe 3arpy3KH B MYJbIy H30BITOUHOTO KOJIMYECTBA CEPHUCTOTO
HAaTpHs M TOCIIEAYIOIIETO er0 OKHCICHUS (QIOTHPYEeMOCTh CylTb()pUAHBIX MUHEPAIOB
B IyJIbII€ BOCCTAHABIIMBACTCS C Pa3IMUHON CKOPOCTHIO. OcTaTouHasi KOHIIEHTPALHS
CyNb(UA-MOHOB, IPH KOTOPOI MPOUCXOAUT (UIOTALHsI Pa3IMYHBIX MUHEPAIIOB, HEOIHU-
HaKoBa.

W3 1abn. 6 cienyet, 4TO CeleKUusl KOJUICKTHBHOTO KOHLIEHTpAara MpoTeKaeT Hedd-
¢dexruBHO. YacTh IMHKA EPEXOAUT B CBUHLIOBO-MEIHBIN KOHIIEHTPAT, YTO OOBSICHACT-
Csl TECHBIM B3aWMHBIM TpopacTaHheM c(aneputa ¢ TaJICHUTOM U XaJIbKOMUPHUTOM H
aKTHBalLUel canepuTa HOHaMU Meau [6].

Ta6uuna 8. Pe3yJbTaThl oNbITa CBUHIOBOI ¢uioTalMK U3 XBOCTOB MeAHOI (uroTanuu
Table 8. Results of lead flotation from copper flotation tailings

BoIxon Copnepxanue, % W3eneuenue, %
IIpoaykr o
% Pb Zn Cu Pb Zn Cu
Konnentpar Pb 3,0 50,60 11,22 0,26 59,7 6,5 1.4
Ipomnpoayxt Pb 0,8 15,65 12,95 0,21 4,9 2,0 0,3
Xsoctel Cu duoTarun 3,8 43,23 11,50 0,25 64,6 8,5 1,7

[Tpu OTMBIBKE MHUHEPAJIOB, 00pa0OTaHHBIX CEPHUCTHIM HATPHEM, Pa3HBIMH KOJInYe-
CTBaMHU BOABI HamOOJbIIAsl aJACcOpOLMs KCAaHTOTeHaTa HaOMIoaeTCsl Ha TOBEPXHOCTH
rajieHuTa. Pa3nuuHoe moBeieHEe MUHEPAIOB Mpu (IIOTAlMK B IPUCYTCTBUU CEPHU-
CTOTO HaTpusi 0OYCIOBJICHO TAKXKE €r0 aKTHBUPYIOIIUM BO3JCHCTBHEM Ha (IIOTALHIO
raJicHUTa ¥ MHPHUTA, Pa3IHYNEeM B KOJHYECTBE aACcOpOUPYIOIIErocs cyibpua-noHa Ha
MOBEPXHOCTH Pa3IMYHBIX CYyTb(OUAOB U T. [I.

Ta0auna 9. Pe3yabTaTsl 0nbITa HUHKOBOM (PJIOTALMH IIPH ONTHMAJIBHOM PACXO/ie H3BECTH
Table 9. Results of zinc flotation under optimum lime consumption

BhIxos Conepixanue, % Hseneuenue, %
IIponykr % ?
o Pb Zn Cu Pb Zn Cu
Konuentpar Zn 13,6 0,63 29,07 0,74 3,4 76,2 17,9
XBOCTHI (IOTAIIN 70,7 0,08 0,11 0,12 2.2 1,5 1,9
XBoctsl Pb-Cu ¢uroranmu 84,3 0,17 4,79 0,13 5,6 71,7 19,8

st pa3neneHus CBUHIIOBO-METHOTO KOHIIEHTpaTa ObLJIO UCIIBITAHO HECKOIBKO Ba-
PHAHTOB CXEM M pearcHTHBIX PKUMOB. OOIIMM JUIsl HUX SBISIOCH CTPEMIICHUE K JIe-
COpOILMK KCAaHTOTeHATA C TIOBEPXHOCTH CBUHIIOBBIX U MEIHBIX MUHEPAJIOB [8]. diioTa-
M0 MEIHBIX MHUHEPAJIOB IPoBOAMIHN B Kucioi cpene (pH oxono 3). CepHas kucimora
HEoOXOoAMMa IO JABYM HPUYMHAM: BO-TIEPBBIX, B CHJIBHO KHCIIOW Cpele KCAHTOTeHAT
JOCTATOYHO MHTEHCHBHO Pa3pylIaeTcsi; BO-BTOPBIX, CEPHAsl KHCIOTa yOUpaeT u3 pac-
TBOpa M30BITOK CEPHUCTOTO HATPHS, HE YCIEBIIETO OKUCIUTHCS MO0 OTMBITHCSI, 03~
TOMY BO U30ekaHue 00pa3oBaHUs CEpPOBOJOPOA HEOOXOIMMO TIIATENLHO MTPOBOANUTH
OTIEPALIUIO OTMBIBKH.

YcTaHOBJIEHO, YTO KCAHTOTEHAT C MOBEPXHOCTH XalbKOIMPHUTA HE IeCOpOupyercs
cynbhutoM Hatpus. [Ipy Bo3aeHCTBUN pa3IMUHbIX KOHIICHTPALUH CYIb(GUTA Ha TIOBEPX-
HOCTH TaJICHUTA OCTAETCs ONPEIENICHHOE KommyecTBo cobupares (5 - 101 mr/em?). dito-
TUPYEMOCTb XaJIbKOITUPUTA B IPUCYTCTBUU CYJIb(PHUT-HOHOB MakcuMalibHa rpu pH = 3.

Ha ocHOBaHMM CKa3aHHOTO, a TAK)KE MHOTOYMCIICHHBIX OIBITOB [0 YTOUHEHHUIO pe-
JKuMa MeIHOH (uoTtaruu mpoObl ObUTH BHIOPaHbI ONTUMANIBHBIN PacXoll PearceHTOB U
yCIOBHUs (pIIOTAIMU XATBKOITUPHUTA.
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B Tabin. 7 npuBeneHb pe3yabTaThl ONbITA MEIHONW (JIOTAIUU TIPOOBI B BEIOPAaHHOM
pexume.

N3 xBOCTOB MeAHOU (uIOTAlMK M3BIEKAIMCHh CBHHIIOBBIC MUHEPasibl. CBUHIIOBAS
¢utoTaIMs BeNach C OJHOM MEPEYUCTKOM IMEHHOTO poaykTa (Tabm. 8).

B 1mukie nuHKOBOW (uoTanuu mpu noadope pekrMa BaphbUPOBAIKCH PACXObI
KCaHTOT€HAaTa U MEIHOTO Kyrnopoca [7-9]. s monaBneHus: TUpUTa UCIOIB30BaN U3-
BecTh (Tadi. 9).

Ha ocHoBaHMM HaHHBIX Tab1. 9 MOXKHO CKa3aTh, YTO B BBIOPAHHOM PEXUME pasJie-
JICHHE CBUHI[OBO-ME/THOTO KOHIIEHTpATa MPO0 PYIbI MPOXOIUT YAOBICTBOPUTEIBHO.

BuiBoasbl. TakuM 00pa3oM, BBITOIHEHBI TEXHOJIOTMUSCKHE UCCIICAOBAHUS TIOJIMME-
TaJUIMYECKUX NP0 pyasl MecTopokaeHus Xanau3a. CopepikaHue MOJIe3HBIX KOMITO-
HEHTOB B ipobe: cBuHIA — 2,54 %, nuaka — 5,12 %, meau — 0,6 %.

JlaGopaTopHbIe UCIBITAHUS MPOBOAMINCH IO JBYM HAIPABJICHUSIM: KOJUICKTUBHAS
(oTanms Bcex CYJIb(OUIOB C MOCICAYIOIIUM UX pa3eiicHUEM; KOJJICKTHBHO-CEIICK-
TUBHAs (IOTALUS C MOCICIYIOIIUM OTYYCHUEM OTACIbHBIX KOHIICHTPATOB.

B pesynbrare oboramieHus BbIIEICHbI CBUHIIOBBIH, IIMHKOBBIA M MEIIHBIA KOHIICH-
Tparthkl, conepkariue coorseTcTBeHHO 50,6 % cBuHIa, 29,07 % nuHka u 23,68 % menu
MIPU U3BJICUYCHUN UX B OJTHOMMEHHEIE KOHIIEHTpaThI 59,7; 76,2 1 71,7 % COOTBETCTBEHHO.
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Khandiza polymetallic ore washability study

Inoiat K. Umarova!, Sevara I. Aminzhanova', Gulnarakhon K. Salizhanova!, Kobil S. Kalandarov!
! Tashkent State Technical University, Tashkent, Uzbekistan.

Abstract
Introduction. The article considers the results of operations research on the washability of polymetallic
ore at Khandiza deposit. The results of the research of material composition are delivered together with the
variants of process samples flotation at Khandiza deposit.
Research aim is to study the material composition of ore samples and the development of effective
technology of polymetallic ore concentration at Khandiza deposit.
Methodology. Polymetallic ore of Khandiza deposit has been chosen as research subject. As part of the
process various reagents have been used as well as various laboratory facilities, modern physical,
physical-chemical and chemical methods of analysis. Research has been carried out in two direction: bulk
Sflotation of all ore minerals with further selection of bulk concentrate to lead, zinc and copper concentrates
and direct bulk selective flotation with the production of lead-copper and zinc concentrates in a successive
order.
Results. The outcomes of ore material composition study have been delivered based on spectral, chemical
and rational analysis. It has been determined that industrially valuable ore components are lead, zinc and
copper, the contents of which are presented. It has been shown that ore minerals are in tight twinning with
nonmetallic minerals, i.e. quartz, sericite, chlorite, carbonate, etc.
Summary. As a result of concentration, lead, zinc and copper concentrates have been dressed.
The concentrated meet industrial requirements.

Key words: bulk flotation, selective flotation; xanthate; depressor; activating agent,; polymetallic ore;
desorption; reagent; concentrate; tailings; middlings.
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Assessment of socio-eco-economic effectiveness of circular business
models in mineral production
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Abstract
Introduction. According to Russian state reports on the environment, mining sector in Russia accounts
for a significant amount of environmental impact.
Research aim is to substantiate a methodological approach to assessing the effectiveness of using
environmentally friendly circular business models in mining enterprises.
Research methodology includes the study, critical assessment and systematization of the methods of
environmental circular activity results determination in mineral production.
Research results. The effectiveness of circular business models is considered as a condition for their
application. It consists of ecological, socio-ecological and eco-economic effectiveness, so it can be
termed in an integrated manner as the socio-eco-economic effectiveness. Ecological and socio-
ecological types of effectiveness are determined by the prevention, minimization or elimination
of environmental and social harm. Considering that environmental and social losses, for well-known
reasons, can never get a fair integrated assessment, in practice it is necessary to apply the indicators
of ecological and socio-ecological damage, which do not fully reflect the amount of harm caused. The eco-
economic effectiveness of circular business models is associated with the prevention, minimization or
elimination of national economys (economy of the country) existing or possible losses (damage)
and/or additional costs caused by human impact to the environment in the process of subsurface use.
In this case, we are talking about reducing the amount of eco-economic damage.
Research results application. The research makes it possible to study and systematize currently
proposed methods for assessing the extent of environmentally related damage caused by mining.
The methods considered are intended to be applied in assessing the ecological, socio-ecological and
eco-economic effectiveness of environmentally friendly circular business models in this field.

Key words: mining; circular business models, environmentally related damage, socio-eco-economic
effectiveness.
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Introduction. According to Russian state reports on the environment (Minprirody
(Ministry of Natural Resources and Environment of the Russian Federation). State
reports “On the state and protection of the environment in the Russian Federation”.
Available from: http://www.mnr.gov.ru/docs/gosudarstvennye_doklady [Accessed 09
March 2020]), in Russia it is the mining sector that accounts for a significant amount of
environmental impact. The comparative analysis of negative environmental impact
indicators made by main industries of the Russian Federation, categorized in accordance
with OKVED (Russian National Classifier of Types of Economic Activity), in 2010-2018
reveals a great impact into air contamination made by mineral production by

means of discharging pollutants into the outer air from the stationary sources.
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Nevertheless, a yet more harmful environmental impact by this type of economic
activity is made by generating industrial and consumer waste (table 1). On average, it
accounts for 91.4% of total waste.

The statistics of the extent of the damage made by the subsoil use on various
elements of the environment and different research results [1-3] convince of the need
in improving the level of environmental friendliness of mining processes, particularly
by applying environmentally friendly circular business models. The latter are aimed at
implementing the concept of circular economy (an economic system of closed loops)
focused at forming the economy of closed delivery chains, similar to natural [4-9].

Table 1. Comparative characteristic of the negative impact on the environment caused by the
main types of economic activity in Russia in 2010-2018
Tabauna 1. CpaBHUTeIbHASI XaPAKTEPHCTHKA HETAaTUBHOI'O BO3/IClCTBHS HA OKPYKAIOLIYI0

cpeay OCHOBHBIX BH/I0B IKOHOMHYECKOIi IeATeIbHOCTH, OCyIIecTBIsseMbIX B Poccnn B nepuon
2010-2018 rr.

Mean in 2010-2018 by the main types of economic activity

) o Electricity
Indicators of the negative impact Farming, supply,

on the elements of the environ- Mineral forestry, P . gasification, Other types Total
ment ) ; rocessing . ." | of econom-
production | hunt, fishing steam distri- ic activity amount
and fisheries bution, air
conditioning
Effect on the outer air

Total amount of pollutants
discharge into the outer air
from the stationary sources,
in total, ths t 5176.8 189.5 5868.6 3751.4 3128.0 18110.8

Water management

Water withdrawal from
natural water bodies, mln m? 3165.9 16982.2 4986.3 41888.4 6369.2 71333.0

Dirty discharge into the

surface water bodies, min

m’ 854.6 807.5 2676.1 6843.6 37269 | 14886.6

Water leakage when trans-

porting, mln m? 16.2 4327.2 93.2 2448.5 5324 7198.1

Fresh water, mln m? 1977.9 8863.5 5094.1 37056.8 4084.3 | 55666.2

Waste production

Industrial and consumer

waste, mln t 4811.6 37.8 299.9 35.8 76.6 5261.7
Efficient energy use

Total energy comsumption,

min TOE 90.6 18.0 405.1 68.2 561.2 1148.2

Source: compiled by the authors in accordance with the data from State reports “On the state and protec-
tion of the environment in the Russian Federation”

Research aim is to substantiate a methodological approach to assessing the
effectiveness of using environmentally friendly circular business models in mining
enterprises.

Research methodology includes the study, critical assessment and systematization
of the methods of environmental circular activity results determination in mineral
production.

Research results. The effectiveness of circular business models, which takes into
account the possible outcome for the nature, society and economy, is considered as
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a condition for their application. Other conditions are commercial effectiveness,
technological feasibility, and institutional (economic, legal, administrative) security.
They are all interrelated (fig. 1). Without the indicated conditions, the idea of their
realization in mining enterprises doesn’t make sense.

The effectiveness of circular business models is a composite of ecological, socio-
ecological and eco-economic effectiveness (table 2). This approach well meets the
concept of calculating losses caused by the human environmental impact “per recipient”.
Natural environment (nature, ecosystems), society (human being) and national economy
(country’s or region’s economy) are considered as scaled-up recipients in this case.

In this regard it is possible to apply a complex term of socio-eco-economic
effectiveness.

Effectiveness Commercial effectiveness Technological feasibility

(Oqtcome for nature, K= (profits and expenditures of an K=> (circular technologies)
society and economy) enterprise)

g g g

Institutional security

Legal Administrative (organizations and Economic
(laws and regulations) institutions) (economic incentive measures)

Fig. 1. Conditions of applying circular business models in the field of mining
Puc. 1. YenoBust npuMeHeHNs IIUPKY/IIPHBIX On3Hec-Mojeselt B cdepe T00bIIH MOJIC3HBIX HCKOIaeMBbIX

Ecological and socio-ecological types of effectiveness are determined by prevention,
minimization or elimination of environmental and social harm. This condition
formulation is based on the authors’ opinion that when describing the negative impact
on the nature and society comprehensively it is correct to apply the concept of harm,
not damage. Damage should be considered as that very part of environmental and social
harm which is subject to evaluation carried out in the conditions of a particular direction
and character of the evaluation work. Considering that environmental and social losses,
for well-known reasons, can never get a fair integrated assessment, in practice it is
necessary to apply the indicators of ecological and socio-ecological damage, which do
not fully reflect the amount of harm caused.

In O. Ia. Glibko’s opinion, “ecological damage is a very important component of
environmental harm, which evaluates direct and indirect losses of natural resources and
is subject to quantitative assessment” [10]. Research author considers it correct to
distinguish between the concepts of “economic damage” and “ecological damage”,
seeing a fundamental difference in their relation to material losses in ecosystems;
monetary evaluation of material losses in ecosystems are analyzed from the economy’s
point of view and environment-forming role — from the ecology’s point of view. Due to
the natural features’ peculiarities, standard economic approaches to property valuation
cannot be applied when evaluating the amount of harm caused to them (ecological
damage). Ecological damage assessment is associated with pollution and depletion of
natural ecosystems and destruction of ecological relations. The assessment has to be
carried out “naturally” and expressed by the magnitude of ecological goods complex
losses considering the following:

— any business operations or other activity connected with environmental impact is
potentially harmful;

— losses in the natural environment may be connected not only with the direct
reduction of particular ecological goods but also their growth;
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— when assessing human impact, not only particular natural elements have to be
considered, but the ecosystem in general, i.e. inter-organizational relations and their

alternation;

— it is correct to assess the human impact taking into account some individual factor
features of the ecosystem expressed in impact factor complexity;

—direct losses, as a rule, can be estimated with adequate accuracy, while the estimate
of indirect losses is of a high-level character;

—when valuating the damage, time factor should be accounted through the estimation
of exposure time and the period of restoration.

Table 2. The components of circular business models effectiveness
Tabauua 2. CocraBisiomue pe3yJibTATHBHOCTH IPUMEHEHHs LUPKY/IAPHBIX OM3Hec-Mozeei

Recipients (negative impact objects)

Type of the ecologically related harm

Type of effectiveness

Environment (nature,
ecosystems)

Society (human being)

National economy (country’s
or region’s economy)

Ecological harm (harm caused to
the environment)

Ecologically related harm to the
society

Ecologically related harm to
economy

Ecological effectiveness

Socio-ecological
effectiveness

Eco-economic effectiveness

In the conditions of subsoil use when assessing harm to natural environment (which
consists not only of the outer air, bodies of water, land resources, flora and fauna, but
also mineral wealth), apart from the methods developed by biologists and ecologists,
the methods for lithosphere impact evaluation (geological environment) should be
taken into account which are developed by geologists and geoecologists.
Iu. O. Slavikovskaia, L. V. Rudakova and R. B. Rudakov [11] distinguish between the
biospheric and lithospheric types of damage. E. 1. Panfilov in his article [12], dedicated
to the analysis of technogenic impact on subsoil resources, proposes the notion of
“geological damage” meaning damage done to the geological medium from human
activity in the course of its investigation, field development (exploitation) and
completion of development (mining), i.e. abandonment (temporary shutdown) of mine
facilities.

The development of the feedstock base is connected not only with current, but also
with the accumulated ecological damage; in accordance with Rosproridnadzor (Federal
Service for Supervision of Natural Resources Use) order of 25 April 2012 “On the
establishment of Methodological recommendations on doing an inventory of facilities
with accumulated ecological damage” is characterize as “harm caused to the
environment or its components as a result of business operations or other activities
including violation of environmental law including material losses (expenditure) on
mitigation and prevention of detrimental consequences from the environmental harm”.
The sites with the accumulated environmental damage are “polluted territories including
vacant territories which appeared as a result of former business activity, as well as
waste disposal sites and other facilities (buildings, structures, and polluted land lots)
which are polluted and accumulate pollution around, and where business activity was
carried out in the past leaving waste which has negatively affected the natural
environment”.

Accumulated environmental damage facilities inventory carried out in accordance
with the instructions from the Government of the Russian Federation of 3 October 2012
no. DM-P9-5838 has made it possible, among other things, to distinguish between the
following types of facilities with the accumulated environmental damage in our country:
the results of former business activity in the field of mining and ore-dressing; oily
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pollution; accumulated environmental damage facilities of the processing industry [13].
An overwhelming majority of the territories has been contaminated as a result of the
former business activity in the field of mining and ore-dressing; land lots hosting dumps
and tailing pits are usually either unowned or were/are owned by bankrupt companies
being state-owned or municipally owned. According to the data from Russian
Minprirody preliminary estimate, the most problematic constituent entities of the
Russian Federation are Zabaykalsky Krai, Kemerovo region, Sverdlovsk region, and
the Sakha (Yakutia) Republic.

Since 2014 the Federal target program “Elimination of the accumulated environmental
damage” for 2014-2025 has started its operation; the aim the program is to restore the
disturbed ecosystems earlier exposed to the negative man-made and technogenic impact
as a result of former business activity. In order to achieve the goal, a solution to the
problem has been specified on ecological restoration of the territories which have been
exposed to negative impact from the facilities of the accumulated environmental
damage as a result of former business activity in the field of mining and ore-dressing.

The accumulated environmental damage is conditioned by the accumulation of
hazardous concentrations of pollutants in soil and water, while at the same time it is
oriented towards reduction as soon as the natural environment possesses the assimilation
potential associated with the process of adsorption (artificial substance decaying
and their negative impact elimination) [14].

Socio-ecological damage is a component of the harm caused to the population as a
result of human impact on the environment. Similar to the ecological damage, taking
into account the peculiarities of population as a research object, when assessing the
harm caused to the population (socio-ecological damage), some special methods of
assessing the damage to life and health of population have to be applied. The assessment
of socio-ecological damage has to be carried out “naturally” by medical scientists and
expressed by the magnitudes of morbidity and mortality level rise and life quality
and expectancy fall.

Both ecological and socio-ecological damages are associated with a number of
technogenic risks of subsoil resources development, namely risks of strong technogenic
impacts associated with the negative environmental impact in the conditions of normal
(accident-free) business activity together with the risks of catastrophic technogenic
impacts caused by technogenic catastrophes, accidents and incidents [15]. System
analysis of methodological approaches to the assessment of the consequences of mining
enterprises environmental impact is presented by the scientists of the Institute
of Economics UB RAS [11, 16].

Eco-economic effectiveness of circular business models is associated with the
prevention, minimization or elimination of national economy’s (economy
of the country) existing or possible losses (damage) and/or additional costs caused by
human impact to the environment in the process of subsurface use. In this case,
we are talking about reducing the magnitude of eco-economic damage.

Traditional procedure for determining eco-economic damage consists in composite
monetary estimate of all “natural” (ecological and socio-ecological) damages connected
with human impact on the environment. In this case, losses (damages) and costs caused
by the adverse change in the environment itself are taken into account, but it is correct
to consider losses (damages) and costs from the changed properties of the recipients’
environment. The recipients are the following: agricultural land and animals, forest
reserves, fishery resources, property assets of industry and transport, facilities of
housing, utility, and personal service infrastructures, and leisure and medical resort
facilities as core assets for business activity which take up the human impact on the
environment as well as the population as a base for reproduction and economic (labor
force) resource.



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 4, 2020 85

Interim standard procedure of 1986 has been the first in this country to
comprehensively describe the essence of eco-economic damage through the category
of “economic damage caused to the national economy by the environmental
contamination”. According to the Procedure’s logic, it turns out that eco-economic
damage consists of the sum of two types of expenses: precautionary (prevention) costs
incurred to avoid the impact of the changed environment on the recipients (expenditures
for sewage dilution, water treatment, air conditioning, building noise control
installations, and waste collection and burial); liguidation costs are expenditures aimed
at compensating for the changed environment impact on the recipients (for example,
expenditures for medical treatment, compensation for the loss of goods caused by the
decline in productivity of the fixed assets of land, forest, water, etc. resources).

Methodological approach to assessing the effectiveness of circular business models in the field of mineral pro-
duction

v

Socio-eco-economic effectiveness assessment

Ecological effectiveness assessment Socio-ecological effective- Eco-economic effectiveness
ness assessment assessment
Procedures for ecological + +
(biospheric) damage determi- Procedures for socio- .
nation . . Procedures for eco-economic
ecological damage determina- e
. damage determination
tion
+ + A\
Current Accumu- || Procedures for
i Assessment approaches
damage lated geological Evaluat- Evaluat- pp
. damage (lithospheric) : :
determi- determi damage deter ne ng + + +
nation o 1ge deter- damage damage
nation mination for for
human human Cost Co_m- Income
life health parison

Fig. 2. Methodological approach to the estimation of circular business models effectiveness in the field of
mineral production
Puc. 2. Metononornueckuii oJxox K OLEHKE pe3yJbTaTUBHOCTH IPUMEHEHHS LIUPKYIIAPHBIX
Ou3Hec-MoieNnei B chepe T0OBIUH MOJE3HBIX HCKOMTACMbIX

E. V. Riumina considers the essence of two approaches to the determination of eco-
economic damage that can possibly be applied calling it “economic damage from
ecological disturbances” [17]: depending on the state of the environment and on the
amount and character of harmful emissions.

According to E. V. Riumina, the first approach is actively realized in western
countries through comparative and market methods [18]. Comparative methods
(analogue approach) are presented by the method of control areas based on the
hypothesis about the fact that the indicators of recipients’ condition directly determining
the magnitude of eco-economic damage in the investigated and control (matching in
various social, economic, and ecological parameters with the region under investigation)
regions depend only on pollution concentration. The following scheme of forming the
eco-economic damage is used when applying this method: firstly, the environment is
exposed to human impact and its parameters are changed, secondly, the changed
environment influences the recipients which results in economic losses. Market methods
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are based on the subjective factors of cost and realized by means of sociological
research; they are presented by the following: willingness-to-pay method, willingness-
to-get-compensation method, hedonic method (a method for determining the price of
ecological goods in the minds of population), and transportation costs method.
The methods of analytical dependences (dose response technique) which is frequently
presented in textbooks and scientific publications is not taken into account by
E. V. Riumina in the damage assessment procedures classification as soon as it is
considered as a method for processing statistical data which can be obtained through
any damage assessment method.

The second approach to eco-economic damage determination, connected with the
calculation of the amount and character of harmful emissions into the environment,
provides for the use of the system of standards fixing the dependence between the
negative effects and the main damage-forming factors. M. N. Ignatieva, A. A. Litvinova
and V. A. Ignatiev [19] distinguish between the following: the impact factors depending
on the parameters of the sources, their density, as well as on climate, topography and
other parameters of the territory; factors of perception characterized by the structure
and the number of recipients; the factors of condition determining losses per one unit
of the percipient. This approach is actively applied in this country. In accordance with
this approach, Interim standard procedure of 1986 was created, which contains the
procedures of calculating the damage caused by air, water basin, and acoustic medium
contamination, and The Procedure of averted ecological damage determination by
Goskomekologii of Russia, 1999, which includes the procedures of calculating the
damage done to the atmosphere, water resources, soil and land resources, and biological
resources.

When assessing eco-economic damage, scientists [17, 19, 20] propose that there
should be a distinction between the methods for assessing the damages caused by
regular ecological disturbances (for example, caused by environmental contamination
by permanent sources of pollution) and damages caused by emergencies (random
hazardous processes of natural or technogenic character). In the latter case, environmental
impact has to be considered as a possible process.

From the authors’ point of view, it’s reasonable to systematize the types of eco-
economic damage, which is an economic category above all, based on traditional
methodology of assessing the value of economic assets and providing for the distinction
between income, cost, and comparison approaches. It is suggested that income approach
includes the method of indirect estimates presented in Interim standard procedure of
1986, which contains the procedures of calculating the damage caused by air, water
basin, and acoustic medium contamination, and The Procedure of averted ecological
damage determination by Goskomekologii of Russia, 1999, willingness-to-pay method,
willingness-to-get-compensation method, and transportation costs method. Method of
control areas and method of control areas may be applied as comparative approaches.
The authors agree with A. V. Vusov [21] in his opinion that it is possible to use the
methods of income approach in order to determine half-received and lost profit.

Research results application. The research has made it possible to substantiate the
methodological approach to the evaluation of the effectiveness of circular business
models in mining (fig. 2), study and systematize currently proposed methods for
assessing the extent of environmentally related damage caused by mining. The methods
considered are intended to be applied in assessing the ecological, socio-ecological and
eco-economic effectiveness of environmentally friendly circular business models in
this field.
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OuneHka couMaabHO-3K0JI0I0-3)KOHOMUYECKOIl pe3yIbTATUBHOCTH NPUMEHEHHUs
HUPKYJISAPHbIX OM3Hec-Mojeieil B cepe 100bIUM MOJIE3HBIX HCKOMAEMbIX

Mouasosa JI. A.!, Cokosnosa O. I'!
! Vpanbckuii rocynapcTBeHHBIH TOpHBIH yHUBepcuTeT, ExarepunOypr, Poccus.

Pegpepam
Beeoenue. B coomeemcmauu ¢ 20cy0apcmeeHHbiMu O0KAA0amMU 0 COCMOAHUY U 00 OXpaHe oKpyxcarouyell
cpeovt Poccuiickoti @edepayuu na maxoii U0 IKOHOMUYECKOU OeamenbHOCU, KaK 000biua NONe3HbIX
uckonaemuix, ¢ Poccuu npuxooumcs 3nayumensHuiii 00bem 8030elCmeus Ha OKPYHCAIOuI0 cpeoy.
Ifens pabomel 3axniovaemcst 8 060CHOBAHUU MEMOOOIOSUYECKO20 NOOX00d K OYEHKE Pe3yibmamueHOCmu
NPUMEHEeHUSL  IKONOSUYECKU — OE30NACHbIX — YUPKYISPHBIX — OusHec-Mooenell  Ha — peonpusimusix
20PHO000bI6AIOWE20 NPOU3BOOCHIEA.
Memoouxa nposedenusn uccnedosanuil. Hcciedosanus npogoosmcs nymem uzyueHuss, KpUmudecKkou
OYEHKU U CUCMEeMAMU3AYUL MEMOOUK ONpedeNeHls Pe3yIbmamog Om IKON0SUYECKU OPUEHMUPOBAHHOT
YUPKYIAPHOIL 0essmelbHOCmU 8 cghepe 000bIuU NONEe3HbIX UCKONAEMbIX.
Pezynomamut uccnedosanuii. Pezynomamuenocmos yupKyisapHulx OusHec-mooenel paccmampueaemcs
Kax 00HO u3 ycnosuti ux npumenenus. OHa cK1aodbleaemcs u3 IK0JI02UYeCKoU, COYUanNbHO-IKON0SULECKOU U
9IKONIO20-IKOHOMUYECKOU  Pe3VIIbMAMUGHOCU, NOIMOMY ee  MOJNCHO 0D03HAYUMb  KOMNJIEKCHbIM
MEPMUHOM — COYUAbHO-IKONO20-IKOHOMUHECKAsL Pe3YIbMAMUGHOCHb. DKONOSUYECKdsi U COYUATIbHO-
IKONOSUYECKAs Pe3VIbMAMUEHOCHb ONPeOesIIOMCsL HeOONYUueHueM, MUHUMU3Ayuel wiu JuKeuoayuer
HAHOCUMO20 8peda OKpydcaloujell npupoonoi cpede u obujecmsy. Ilpu yyeme moeo, ymo nomepu 6
npupode u obuecmee no U3eCMHbIM NPUUUHAM HUKO20A He MO2YN NOLYYUMb 00beKMUBHOU KOMNLEKCHOU
OYeHKU, Ha NPAKIMUKe NPUXOOUMCS RPUMEHSAMb NOKA3AMeNU IKOLOSULECKO20 U COYUATLbHO-IKOIOSUYECKO20
yiyepba, 6 NOIHOU Mepe He Ompadicaiowue GeruduHy HAHOCUMO20 6pedd. IKON020-IKOHOMUUECKAs
Pe3VIbmamueHoOCMb NPUMeHeHUs YUPKYIAPHLIX OU3Hec-mooenell cés3ana ¢ HeOOnyueHuem, MunumMusayueli
UNU TUKGUOAYUET UMEIOWUX MECIO TUDO 803MONCHBIX NOMEPD (YOLIMKOS) /Ul OONOTHUMETbHBIX 3AMpPan
OM AHMPONO2EHHO20 6030€UCMBUSL HA OKPYICAIOWYIO cpedy Ol HAPOOHO2O XO3AUCMEA (IKOHOMUKU
cmpansl) 8 npoyecce HEOPONOAL308anus. B Oannom ciyuyae peuv uoem o CHUICCHUU 8ETUUUHBL IKOLO20-
9IKOHOMUYECKO20 yujepoa.
Oébnacmos  npumenenus pesyniomamos. I[Iposodumoe ucciedoganue no36ouslem  UVUUMb U
cucmemamuzuposams npeodiazaemvie 6 HACMOsAUjee 6peMsi MemOOUKU NO ONpeOeleHuIo GelUUUHbL
9KoNOUYECKU 06YCI0IEHHO20 yulepoa, HAHOCUMO20 000bIYell NOLE3HbIX UCKonaemblx. Paccmompennoie
MEemoOuKy npeononazaemcsi NPUMEHUMb NpU OYEHKe IKONOSUYECKOU, COYUAIbHO-IKOLOSUHECKOU U
IKONO20-IKOHOMUYECKOT PEe3VIbMAMUBHOCMU IKONOSUNECKY OE30NACHbIX YUPKYIAPHLIX OusHec-moleneil
6 OaHHOIL cihepe DesmenbHOC.

Knrwuesvie cnosa: 0006viua nONE3HbIX UCKONAEGMbIX, YUPKYIAPHbIe OU3HEC-MOOEnU; IKON0SUUECKU
00YCI08IEHHbLIL YyepO, COYUATbHO-IKOL020-IKOHOMUYECKAS Pe3)IlbMAMUEHOCIb.

Paboma evinonnena npu Qunancoeoii noooeprcke Poccuiickozo ¢onoa gynoamenmanvhvix
uccneoosanuii (PODOH), npoexm Ne 20-010-00305A.
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OueHka OopraHn3auMoHHO-3IKOHOMNYECKNX OTHOLLEHUK nepcoHana
B npouecce NHHOBALMOHHOIO pa3BUTUA yrne,qo6b|Barou4ero
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Peghepam
AKkmyanvhocms ucciedosanus o00yciosnena mem, 4mMo HeOOCMAMOUHAs.  CO2NACOBAHHOCMb
npeocmagienuti paboOmHUKO8 no H0BOOY HeOOX0OUMOCIU U COOEPAHCAHUS UHHOBAYUOHHO20 Npoyeccd
6 YeNoM U KOHKDEMmHbIX UHHOSAYUL, 4 MAKHCe CNOCO608 UX peanu3ayuu npusooum K CHUNCEHUIO
De3yIbMmamueHOCMY  UHHOBAYUOHHOU  OesIMeNbHOCMU  0adce Npu  OCYWecmelenuu HeobX00UMbIX
Qunarncosvix 3ampam.
Leny pabomwr. Paspabomka Memoouxku OYeHKU OpeaHU3AYUOHHO-IKOHOMUYECKUX OMHOWEHUI
nepconana yenedobwleanuieco npou3e00CmEeHH020 00beOUHeHUs Ol Onpedenenus HAnpasieHull
nOGblUEHUS IPDEKMUBHOCTNU UHHOBAYUOHHOU 0eSAMENbHOCTIU.
Memoovt uccnedosanun. Fcnonvzosanvi Mmemoovl CpAHEHUS, CHMPYKMYPHO-QYHKYUOHANHOLO
ananu3a, aHKeMupo8aHus, CMamucmuyecko20 aHaiu3d.
Pesynomamor  uccnedosanuii.  Opeanu3sayuoHHO-3KOHOMUYECKUE — OMHOWEHUsL  CYObeKmos
UHHOBAYUOHHO2O PA3GUMUSL PACCMAMPUBAIOMCS KAK COBOKYNHOCMb C6S3€ll MeNCOYy HUMU 8 npoyecce
UHUYUUPOBAHUS, PA3pAbOMKU, OCBOCHUS U peanu3ayuu UHHOBAYUl NO NOBOOY pacnpeoeneHus u
UCNONBL30BAHUSL NPOUIBOOCMBEHHBIX PECYPCO8, BbIAGLEHUS U pearusayuu pes3epgos. s ux OoyeHKu
060CHO6AHbL KpUmMepuy — HAYeleHHOCMb PAbOMHUKO8 HA yuacmue 6 UHHOBAYUOHHOM pA36Umuu u
coanacosanHocms ux ezaumoodeticmeus. Paspabomana oyenounas wKkana HayereHHOCmu pabomHuKos
HA UHHOBAYUOHHOE PA3BUMUE U NPEOLONHCEHbI NOKAZAMENU, NO3BONAIOWUE KOTUYECHIBEHHO ONpedenunb
€cOANAHCUPOBAHHOCMb OPLAHUZAYUOHHO-IKOHOMUYECKUX OMHOUEHUTL.
Bo1600. IIpumenenue pazpabomanHOUu MemoOuxkyu O PempOoCneKMUGHO20 AHAU3A USMEHEHUs.
OP2AHU3AYUOHHO-IKOHOMUHECKUX OMHOUWEHUTI HA PA3TUYHBIX IMANAX PA38UmMuUs y2iedobuleaiouyezo
npoussoocmeennozo obvedunenus « CYOK-Xaxkacusy nosgonuno noomsepoums ee npasomepHoCMmb,
BbIAGUMb KAK NO3UMUBHblE, MAK U He2AMUGHble MEHOCHYUU U HAMEmums KoppeKmupylouue
Meponpuamusl.

Kniwouesvie cnosa: UHHOBAYUU, CcmMpameauss UHHOBAYUOHHO20 pA36UMuUsl; Yyenedoovleaioujee
npou3800cmeenHoe 00veOuHeHUe, OP2AHU3AYUOHHO-IKOHOMUYECKUEe OMHOUEHUS.

Beenenne. YckopeHHe TEMIOB TEXHOJIOTMYECKOTO Pa3BUTHS M TOBBILIIEHUE JHHA-
MHYHOCTH BHEIIHEH Cpe/ibl 00yCIOBIUBAIOT HEOOXOAMMOCTh IS IPEAIPUSTHH ObICTpee
0CBaMBaTh HOBBIC TEXHOJIIOTHYECKUE PELICHUs], HCKaTh CIIOCOOB! YIYUIICHHUs yIpaBIie-
HUS ¥ BOBJICUEHMSI IEPCOHAJIA B MHHOBAIIMOHHBIE MPOLIECCHI C IETBI0 COXPAHEHHS KOH-
KypPEHTOCIIOCOOHOCTH U MOBHILIEHUS 3P (eKTUBHOCTH CBOEH AesitensHOCTH [ 1-4].

Ilo omeHkam crienuanycTOB, yPOBEHh MHHOBALIMOHHOM aKTHBHOCTH TIEPCOHAJIA OTeYe-
CTBEHHBIX MPEANPHUATHH SBIACTCS HENOCTATOUHBIM Ul 00ECICUEHHST UX JOITOCPOU-
HON KOHKYPEHTOCHOCOOHOCTH [4]. AHAJIOTHYHAs CUTYallus XapaKkTepHa U yIsl YIIea0-
OBIBAIOIIUX NPEANPUATHIA. Pe3ynpraTsl aHKeTUPOBaHUS MEpCOHAa YIlIeA00bIBAIOIINX
MPEINpPUATUI TOKA3bIBAIOT, YTO 0KOJIO 50 % monararot, YTo0 HHHOBAIMM HY>KHBL. BMme-
CTE C TEM KOJIMYECTBO MHHOBAIMOHHBIX MPEAJIOKEHUN 3a TOJl B pacueTe Ha OJHOTO
paborHuka cocrapnset jumb 0,01 %, T. e. He Oosee 1 yenoBeka u3 100 pabOTHUKOB
MIPUHAMAET peaslbHOE y4acTHE B MHHOBAI[MOHHOW JEATEIbHOCTH, YTO ABJSETCS SIBHO
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HEIOCTAaTOYHBIM JIJISI TIPEOIONIEHUS Pa3phiBa B MTOKA3ATENSIX MPOU3BOAUTEIHLHOCTH TPY-
Jla ¢ 3apyOEKHBIMHU YTIIeT0OBIBAIOIIMMU PEANPUATHIMH [6].

J1)1s OBBINICHUS IMHAMUKY MHHOBAI[MIOHHOTO Pa3BUTHS YIIEIOOBIBAOIINX ITPOU3-
BOJICTBEHHBIX OOBEAMHEHUH B JIOJITOBPEMEHHOM TIEPUO/IC B YCIOBUSIX CMEHBI TEXHOJIO-
THYECKUX YKJIaJOB M 000CTPEHHsT KOHKYPEHIIMM Ha MHPOBBIX PBIHKAaX TpeOyeTcs He
TONBFKO OOHOBIIEHHE TEXHHUKO-TEXHOIOTHYECKOTO 00ecrieueHuns, HO U (OpMHUpPOBAHHE
TaKUX OPraHU3aMOHHO-3KOHOMHUECKUX OTHOIICHUH MePCOHANA MPEAPHUSITUS, KOTO-
phI€ TIO3BOJISIFOT MPEOJI0JICBATh CYIIECTBYIONIUE OrPaHHUCHUS TTOBBIIIECHUS 3()(EeKTHB-
HOCTH HWHHOBAITMOHHOW JmestenpbHOCTH [7—8]. WccnemoBaHus, TpOBENCHHEBIE
R. Abukhait, R. Pillai, mokazanu, 4To BOBIIEYEHHOCTh MEPCOHATA B HHHOBAIIHOHHOE
pa3BUTHUE SABISIETCS PE3YIBTATOM PA3IUYHBIX (PAKTOPOB, TAKUX KaK OIUIaTa, cpenia 00-
YUCHHs, Pa3BUTHE Kapbepbl, COJACpKaHUE pabOThI, OJAronpusaTHAs cpeia u padouee
BpeMs [9]. B cOBOKyITHOCTH Bce 3TH (aKTOPHI OMPENeIIIOT OpraHN3aIlnOHHO-YKOHO-
MUYECKHE OTHOIICHUSI.

B nanHOM uCClieIOBaHUM MO/ OPraHU3AIIMOHHO-DKOHOMUYECKUMH OTHONICHUSMU
MMOHUMAETCS COBOKYITHOCTB CBSI3€H MEX 1y CyObEKTaMU YIJ1e100bIBAIOIIETO TPOU3BOI-
CTBEHHOTO OOBEAMHEHUS B IIPOIIECCE OCYIIECTBICHHUS MPOU3BOACTBEHHON NEATEIHHO-
CTH IO TIOBOJIY paclpeieeHus M UCIIOIh30BAHUS TIPOU3BOJCTBEHHBIX PECYpPCOB, BBI-
SBIICHUSI M peanu3anuu pe3epBoB. OHH BO3HUKAIOT B IMPOIECCE BBITIOTHCHUS HMU
CBOMX MPOU3BOACTBEHHBIX (PYHKIIUH 1 00YCIIOBJICHBI YCTAHOBKAMU, UHTEPECAMU U OT-
BETCTBEHHOCTBIO 3THX CYOBEKTOB. B KOHTEKCTE MHHOBAIIMOHHOIO PAa3BUTHS paccMa-
TPUBAIOTCSI ITPOM3BOJICTBEHHBIE (YHKIWH TIO WHUIIMHPOBAHUIO, pa3paboOTKe, OCBOE-
HUIO ¥ pean3aiuy HHHOBAIUH.

H. B. l'ankuna [10], T. A. Kopkuna [11], M. H. IToneutyxk [12] u psx apyrux aBTo-
POB paccMaTpUBalM BIMSHUE PA3IMYHBIX BUIOB OTHOIICHHI TIEPCOHAIA TOPHOI00BI-
BAaIOIINX NPEANPUATHIA HA Pe3yabTaThl MHHOBAIMOHHON JESTETFHOCTH.

H. B. l'ankuna, uccienys agantanuio yriieA00bIBAIOIIETO MPEINPUITHS K UTHHOBA-
IIUOHHOM MOJICITN Pa3BUTHS, OTMEYAET 0COOYI0 3HAYMMOCTh B 3TOM MPOIIECCE COI[HAITb-
HO-3KOHOMUYECKHUX U OPraHU3aIllMOHHO-3KOHOMHUYECKUX OTHOIICHUH, B OCHOBE KOTO-
pBIX cOamaHCHPOBAHHOCTh MHTEPECOB M OTBETCTBEHHOCTH CyOBeKToB. Ilo ypoBHIO
cOaJlaHCUPOBAHHOCTH MHTEPECOB W OTBETCTBEHHOCTH BBIJIEIICHO 4 THIIA B3aUMOJIEH-
CTBUSI CYOBEKTOB: pA3PYULUMENbHbILL, XaPAKTEPU3YIOIIMICS TPOTHBOOOPCTBOM UHTE-
PECOB M OTCYTCTBUEM OTBETCTBEHHOCTH 3a PE3YJIBTAThl; KOHGAUKMHbBIIL, TIPU KOTOPOM
WHTEpPEChl CYOBEKTOB HEIOCTAaTOYHO TOAKPEIUIEHBI WX OTBETCTBEHHOCTHIO; KOMAPO-
MUCCHDbILL, KOTAAa KaXIbIH U3 CyOBEKTOB MOCTYIAETCS YACThI0 CBOMX MHTEPECOB Pajiu
JIOCTHXKCHHSI OOIIECH 1IETTN; U KOMNIEMEHMAPHLIY — YITCHBI  PEATH3YIOTCS HHTEPECHI
KaXJIOr0 CyObeKTa IMPH COOTBETCTBYIOIIEM IOJIKPEIICHUH OTBETCTBEHHOCTHIO. B pa-
oore T. A. Kopkunoii, E. B. Kyuunoii, B. A. MakapoBoil opraHn3aiiioHHO-3KOHOMH-
YECKHEe OTHOIIEHUS OIEHUBAIUCH TI0 KPUTEPHUIO BOBICYEHHOCTH PAOOTHUKOB B IIPO-
I[ECC TOBBIIICHUS MPOU3BOMUTEILHOCTH Tpyna. Jlias moBbimeHus 3QPEKTHBHOCTH
WHHOBAIMOHHBIX TPy Ha yrieaoosBatonux npeanpustusx M. H. [lonenryk uaeH-
TH(UIIIPOBATa COUANBHO-TPYIOBBIE OTHOMICHHS TI0 B3aWMOJOIONHAEMOCTH TaKMX
KadyecTB CyOBEKTOB, YUaCTBYIOIINX B Pean3allii HHHOBAIIUU, KAK MOTHBAIINS, KBAJIH-
(uKanus, OTBETCTBEHHOCTh M IIOJIHOMOYMS, HEOOXOIMMBIC JUIsl PEIICHUS 3aJ]lauu.
OrieHKa OTHOIIEHUH B PaccMaTpUBacMOM HKCCIICIOBAaHUU MIPOBOIUIIACH IO JIBYM Ha-
MIPABIEHISIM: TIO CTETIEHH COBIIAJIEHUS CAMOOIIEHKH PaOOTHHKA W OIEHKH YKa3aHHBIX
KadeCTB PYKOBOAMTEJIEM; TI0 COOTBETCTBHUIO ATHX COCTABIIAIONINX pAOOTHHKA TIOCTAB-
JICHHOU 3a/1a4e.

HccnenoBanus yka3zaHHBIX aBTOPOB ITOKA3aJjIH, YTO KAYECTBO OTHOIICHUH U B3aUMO-
JICHCTBHSI TIEPCOHAJIA CYIICCTBCHHO BJMIECT HA PacXojl PECYpPCOB B MHHOBAI[AOHHOM
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nporecce W JOCTIKUMOCTh 3alNIaHUPOBaHHBIX pe3yasraroB. Oco0oe 3HaueHHE MpH
9TOM NPUAACTCS MPEACTABICHUSM IepcoHala O HEOOXOOUMOCTH W HalpaBICHHIX
U3MECHECHUM.

MeToauKa OEHKH OPraHu3alMOHHO-)KOHOMHYECKMX OTHOLIEHNI MepcoHasia
B Npolecce HHHOBAIMOHHOTO Pa3BUTHSA. AHAIN3 peaIn30BaHHBIX U HEPEATU30BaH-
HBIX WHHOBAIMH, HAIIPaBIEHHBIX Ha YIIydIIeHHE TEXHUKH, TEXHOJIOTHUH, OPTaHNU3allnU
W yOpaBJIeHHsA, MTOKa3al, YTO KIFOYEBBIM (PAKTOPOM HX PE3yAbTaTUBHOCTU SBIISETCS
HAlleJICHHOCTh Pa0OTHUKOB Ha M3MEHEHUS, 10J KOTOPOH IIOHMMAETCsI OCO3HAHHOE U
OTBETCTBEHHOE y4acTue B pa3pabOTKe, OCBOCHUM M peanu3anuu MHHoBauuil. Hemo-
CTaTOYHAs! COIVIACOBAHHOCTH MO3ULMKA PaOOTHHUKOB IO IIOBOAY HEOOXOAMMOCTH KOH-
KPETHOW MHHOBAIIMH U CIOCOOO0B €€ peann3altu NPUBOIUT K HOBBILICHUIO PUCKOB He-
JOCTIDKEHMS 3allJIaHUPOBAHHBIX PE3YJIbTATOB, 1aXKE [IPH OCYIIECTBICHUN HEOOXOAUMBIX
(uHaHCOBBIX 3aTpar [12].

Ta6auua 1. [kana oueHK: HaleJJeHHOCTH Pa00THMKOB HA Y4acTHe B HHHOBAIIMOHHOM Pa3BUTHHU
NPeANPHSITHSI, YIJIe00bIBAIOIET0 POU3BO/ICTBEHHOI0 00 beINHEeH sI, KOMIIAHHH
Table 1. Rating scale of personnel focus on participation in innovation process at an enterprise, coal
mining production association, company

HO3I/II_II/IH p8.60THI/IK8. 110 HAalICJICHHOCTH
Bann Ha obecrieueHne Ha obecredeHne Ha OPraHU3aLHI0
o Ha yJTy4IlEeHHs M
KOHKYPEHTOCIIOCOOHOCTH HMHBECTULI YITyUIIeHHH
4 | Oro Mos o0si3aHHOCTE | MHBecTHInH B nest- | Yiyumenune npo- | [Iponece ymydrueHuit
1 00513aHHOCTbh MOETO TEIBHOCTB MPEANPH- | LECCOB — 00s13aH- | MPOM3BOJICTBA JOJKEH
HETOCPEICTBEHHOTO ATHUS ABJIAIOTCS pe- HOCTb Ka)XJJ0T0 OBITH HETIPEPBIBEH U
PYKOBOIMTENS, PyKO- 3yIbTaTOM COBMECT- | pabOTHHKA B3aHMOCOTTTACOBAH C
BOJICTBA MPEATIPUSTHS, | HOTO TPyAa TEKyIIeH JesITeIbHO-
00BETMHEHNUS U KOM- CTBIO
HaHUA
3 | D10 obOs3aHHOCTh MOe- | VHBecTHLUM B fes- | YiydlleHHe Ipo- | YIIydIleHHus Ipous-
IO PyKOBOAUTENS, Py- | TEIBHOCTB NMPEANPH- | LECCOB — 00A3aH- | BOACTBA JOJKHBI
KOBOJICTBA IPENIPUs- | ATHS — PE3yIbTaT HOCTb PYKOBOJI- OCYIIECTBISATHCS K-
THSL, 00BbEANHEHUS U paboTHI PyKOBOJI- CTBa IpeIIpHs- JIMYHO
KOMIIaHUU CTBa OpeANpUsTUs, | TUsS, 00bEAUHEHUS
00BbEJUHEHUS U U KOMIIaHUH
KOMITaHUHU
2 310 0053aHHOCTH PYy- WNuBectunuu B nest- | YiydiieHue npo- | YiydileHus npouec-
KOBOJICTBA NIPENPUs- | TEIBHOCTB NPEANPH- | H3BOACTBA — 00s- | COB JOJDKHBI OCY-
THsI, 00BEANHEHHUS U SITUSL — PE3yNbTaT 3aHHOCTb PYyKO- HIECTBIATHCS 110 JINY-
KOMIIaHUU paboThI PyKOBOJI- BOJICTBA 00BbEIN- | HOW MHHUIMATHBE
cTBa OOBbEAMHEHUS U | HEHHS U KOMIIa-
KOMITaHUH HHUH
1 310 00513aHHOCTb Py- Komnanus o0s3ana | YiyurneHus — ViyumeHnus npouec-
KOBOJICTBA O0BEMHE- | OCYLIECTBIIATH TeX- | OOS3aHHOCTB Py- COB JIOJKHBI OCY-
HUSL ¥ KOMITAaHUH HHUYECKOE MIepeBo- KOBOJICTBA KOMIIa- | IECTBIATHCSA 10 3a/1a-
OpYy>KEHHUE HHUN HHIO PYKOBOJICTBA

Ucxons u3 3Toro, B Ka4eCcTBE OCHOBAHUS 17151 OLEHKH OPraHU3allMOHHO-P)KOHOMHUYE-
CKUX OTHOIICHUH TpeIIaraeTcsi IpUMEHAITh 0CO3HAHHOCTh IIEPCOHATIOM HEOOX0IUMO-
CTH U CBOEU OTBETCTBCHHOCTH 3a Pa3pa0OTKy WHHOBAIMN M OPraHHM3AIMIO MpoIecca
HETIPEPBIBHBIX YIYUYILICHUN AEATEIbHOCTH, NOBBIIEHUE HA ’TOM OCHOBE NHBECTULIMOH-
HOW TPUBJICKATEIBHOCTH U KOHKYPEHTOCIIOCOOHOCTH YIIeMO0OBIBAIOIIETO MPOU3BOJI-
CTBEHHOTO 00berHeHUs. HO MOCKOIBbKY B paMKaxX OJHOTO MPEIIPHUSITHS YPOBEHb Ha-
LIEJIECHHOCTU Ha UHHOBAI[MOHHOE Pa3BUTHE MOXKET CYILIECTBEHHO OTIIMYAThCS Y Pa3HbIX
PabOTHHUKOB, TO HEOOXOIUMO OLICHUBATh ¥ YPOBEHb COIVIACOBAHHOCTH MO3HUIUI padoT-
HUKOB T10 HaIICJICHHOCTH.
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Jlnist BBISIBIICHUST YPOBHS HAIICJICHHOCTH PAaOOTHUKOB HA WHHOBAIIMOHHOE Pa3BUTHE
npeaaaracTcs MPUMEHATh METO/l aHKETHPOBAHUS C MCIIOIB30BAHHEM pa3pabOTaHHOM
OIICHOYHOM TiKakl (Tabm. 1) [13].

[To uToram aHKETHPOBAHUS YPOBCHB HAIICJICHHOCTH MEPCOHANA YIIIeI00bIBAIOIIETO
NPOU3BOACTBEHHOTO OOBEAMHEHHUS HAa PAa3BUTHE TIPEIAraeTCs ONMPEACIIATH MO CPEIHE-
MYy 3HAYCHHUIO:

1 4 Z ..
Ocp:ZZ e > (1)

rac Oij — OILIEHKa I-TO pa6OTHI/IKa IO3UIKUU 110 ]—ﬁ COCTaBJ’IHIOH.ICﬁ HallCJICHHOCTH,
4 — KOJIUYECTBO COCTABJAIOIIHUX, IO KOTOPBIM OIICHUBACTCA MO3ULUA pa6OTHI/IKa;
n — KOJIMYE€CTBO pa6OTHI/IKOB.

Ta6auna 2. XapakTepucTHKA THIIOB OPraHU3alMOHHO-)KOHOMHYECKHUX OTHOIIEHMIt
Table 2. Characteristics of business relation types

Tun opranu3alnMoHHO- o
. HarueneHHOCTh pabOTHHKA CornacoBaHHOCTb TTO3UIHH
S3KOHOMHYECKHNX OTHOIICHHN
Bricokas: Ocp > 3,25 Bricoxkas: K> 0,75
KommpomuccHbIi OT cpenHeld 10 BEICOKOM: OT cpenHeit 10 BEICOKOH:
Ocp>2,5 K.>0,5
OT HU3KO#1 J10 BHICOKOH: OT HU3KOM 10 BHICOKOH:
Ocp > 1,75 K:.>0,25
OT oYeHb HU3KOH 110 OT 04YeHb HU3KOH 110
BBICOKOM: Ocp > 1 BBICOKOH: K¢ > 0

KonudecTBeHHYIO OIIEHKY COTIIACOBAHHOCTH MO3MIMIA paOOTHUKOB YTIIEJ00BIBAO-
IIETO MMPOU3BOACTBEHHOTO OOBEAMHEHNS MPENJIaraeTcsl OCYIIECTBISTh C MPUMEHEHN-
eM ko3 durmenTa koukopaaruu (hopmysl (2) u (3)):

CornacoBaHHOCTD OIIEHOK [-TO paOOTHHKA CO CPEIHEH OIEHKOM ITO3HITHIA ITepCOHa-
JIa oTIpeAeIsIeTcs mo hopMyie:

|Oi_Ocp
K, =1—W, 2)

e O,— ouenka i-ro pabornuka; O, ,
3HaYCHHE OIICHKU COOTBETCTBEHHO.
Cpennauii ypoBeHb COTJIACOBAHHOCTH T10 BCEM paOOTHHKAM:

iKci
Ko=2—. 3)

Omin — MaKCHUMaJIbHO U MUHHUMAJIbHO BO3MOKHOC

CoOcTBeHHBIC HAONIOMEHNS, aHAIN3 UCCIICIOBAaHUI JIPYTUX aBTOPOB, a TaKKe pe-
3yJBTATOB JCATEIHLHOCTH Psijia YDICHOOBIBAIONINX MPOU3BOJICTBCHHBIX O0hEINHEHUH
MO3BOJIWJT BBIICIIHTh YEThIPE THIA OPTaHH3AIMOHHO-D)KOHOMHYECKHX OTHOIICHUH,
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KOTOpPbIE OTIAMYAIOTCS YPOBHEM HAIleJICHHOCTH PaOOTHHMKOB HA y4acTHE B MpoOLecce
WHHOBALIMOHHOTO Pa3BUTHS U COINIACOBAHHOCTH WX MO3MLUI: OpraHUYHBIC, KOMIIPO-
MUCCHBIC, KOH(QIMKTHBIE 1 KOH(QIUKTHO-pa3pymuTeabuble (Tadin. 2). Opeanuynsie oT-
HOULICHUS XapaKTEePU3YIOTCS TEM, YTO CYOBEKTHI 3TUX OTHOLICHUH 0CO3HAIOT BO3MOXK-
HOCTH yIOBJIETBOPEHHsI CBOMX MHTEPECOB M CBOIO OTBETCTBEHHOCTH 3a Pa3paboTKYy,
OCBOCHHE U peajM3alyi0 WHHOBAIMK, UX ACHCTBHS COIVIACOBAHBI M HANpaBICHBI Ha
JOCTH>KEHHE O0ILei LeIn HHHOBAIIMOHHOTO Pa3BUTHUS. KoMnpomucchbsiil TUT OTHOLIE-
HUH QopmupyeTcs, Koraa CyOBEKTHl TOTOBBI YYaCTBOBAaTh B MHHOBALIMOHHOHN J€sTEINb-
HOCTH, TIOCKOJIbKY OCO3HAIOT €€ HEOOXOIUMOCTh, HO HE TOTOBBI HECTH OTBETCTBEH-
HOCTH 3a €€ pe3yabrarbl. Kougauxkmusie OTHOUICHUS! BOSHUKAIOT MPH 3HAYUTEIHHOM
BapuabeNnbHOCTH Cpein CYOBEKTOB YPOBHS HAllEIEHHOCTH Ha HHHOBAIIMOHHOE Pa3BU-
the. [Ans kongauxkmuo-paspyuiumenvusix OTHOIICHUH XapakTepHa pa3HOHANpaBJICH-
HOCTbD IIeJIeH U ICHCTBUI CyObEKTOB.

E 4,00

E —
© —

325 | - o

<] = .

2 L A

= | -

o - E

5 2,50 F ] A

=1 = p

< | A

= - A

E 175 B

@ = .

5] - .

& = ] i

~ 1,00 == L i L L )

2002-2005 rr. 2005-2009 rr. 2009-2014 rr. 2014-nacrt. Bp.

B YepHoropckuii paspes 73 BocrouHo-beiickuii pazpes
T M3bIXcKUi paspes PeMoHTHO-MeXxaHn4eCcKuii 3aBOA
E—="3 DHeproynpasieHue E===1 VnipaBnenue no OypoB3pbIBHBIM padoTam

C— PernoHasbHOE POM3BOACTBEHHOE 00BeMHEHNe  =—O=— CpeniHee 10 00bEANHEHHIO

Puc. 1. Jlunamuka HalelneHHOCTH Ha y4acTHe B MHHOBAIMOHHOM Ipolecce nepcoHana «CYOK-
Xakacus» (110 pe3yapTaTaM aHKeTUpoBaHUs 541 gedn.)
Fig. 1. Dynamics of SUEK-Khakasia personnel focus on participation in innovation process
(according to questionnaire of 541 persons)

MHTerpanbHblii MMOKa3aTeNb, XapaKTEPU3YIOIIUN TUI OpraHu3alMOHHO-3KOHOMHYEC-
KHX OTHOIICHHUH B I[EJIOM IO YIIICAO0BIBAIOIIEMY IPOU3BOJICTBEHHOMY OOBEAMHEHUIO,
npejyIaraeTcs onpeaesaTh o Gpopmyie:

, 4

co C

K, =(0,-1)K

IR~

rae K — xoopdunuent cOanaHCMpOBaHHOCTH OPraHU3aHOHHO-KOHOMHYECKUX OT-
HowmeHuH; O — cpelHuil ypOBEHb HALCICHHOCTH MEPCOHANA Ha H3MEHEHHS; b, — Ko-
3¢ QULNEHT, TO3BOJSIOMUI TOBBICUTE CHMMETPUYHOCTD MAaTPHUIIBL,

4, ecnu O 23,25;K_ 20,75,

3, ecnu 3,25>022,5; K, 20,5 wmu O 23,25; 0,75> K, 20,5,
' 2, ecu 2,5>021,75; K, 20,25 unu O >2,5; 0,5>K_ 20,25,
1, ecnu O < 1,75 unu K, <0,25.
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[ockonbKy ko3 dHUIKMEHT cOaTaHCUPOBAHHOCTH OPraHU3alUOHHO-3KOHOMHUYE-
CKHX OTHOLIEHWH u3MeHsieTcd B mpeaenax oT 0 10 3, a TUIOB OTHOUIEHHH YETHIPE,
TO MaTeMaTHUYECKHU OINPEEIEHBI CIEAYIOINE €T0 3HaYEHHsI, COOTBETCTBYIOLIHE OIpee-
neHHoMy Ty otHoueHui: 0-0,75 — koHnukTHO-pa3pymuTensHelif; 0,75—1,5 — koH-
¢dumkTHeIA; 1,5-2,25 — komnpomuccHbid; 2,25-3,00 — opraHuYHbIH.

1,00 OTlo npeanpusitusm B 2002—-2005 rr.
s
E{ Q ATlo npeanpusitusm B 2005-2009 rr.
g o
2 ) @ Ilo npeanpustusam B 2009-2014 rr.
Q
2 O PAge®
E 0,75 ° A® @ Ilo npeanpusitusm B 2014 r.—HacT. Bp.

O
g O& ae
= O Cpennee mo oobenuuenuto B 2002—-2005 rr.
5] o O
@]
A Cpennee o oosenunenuto B 2005-2009 rr.
0,50 1 1 1 ) < Cpennee mo oobenunennto B 2009-2014 rr.
1,00 1,75 2,50 3,25 4,00
HanenessocTs paGOTHHKOB, GaLT ® Cpennee 1o 00beguHeHNIO B 2014 r.—HacT. Bp.

Puc. 2. luHamMuKa opraHU3aIl[MOHHO-3KOHOMHYECKIX OTHOIICHUI IepCcOHalIa B IIpoIiecce
MHHOBaLMOHHOr0 pa3Butus («CYDK-Xakacusa», 2002-2018 rr.)
Fig. 2. Dynamics of personnel business relations in the process of innovative development (SUEK-
Khakasia, 2002-2018)

Anpobanus meTonuku. [I[poBepka NpakTHUYECKOH 3HAYMMOCTH pa3pabOoTaHHON
METOJUKH OCYIIECTBISIJIACh B YIVIENOOBIBAIONIEM MPOU3BOJACTBEHHOM OOBeqUHE-
Huu 000 «CYDK-Xakacusi». Bbuio npoBeleHO aHKETUPOBaHUE PaOOTHUKOB BCEX
MPEANPUITUH, BXOIAIIUX B COCTaB 00BEIMHEHUS, U KIIIOUEBBIX YPOBHEH yIpaBiie-
Hug. BriOopka ocymecTBisAIach MPOMOPUHOHAIBHO YHCIEHHOCTH IIepCcoHaja
npeanpusITUi u coctaBmna 18 % Bcex pabOTHUKOB 00BEUHEHHSI. AHKETHPYEMbIE
OLICHMBAJIM HAIlEJICHHOCTh PAOOTHUKOB HA y4acTHE€ B MHHOBALlMOHHOM Pa3BUTHH
Ha 4eThIpPeX, IPEIBAPUTEIBHO BBIACICHHBIX, dTalaxX pa3BUTH 00beINHEHN (OIH-
cansl B [12]).

AHanu3 pe3ynbTaToOB aHKETUPOBAHMS C IPUMEHEHUEM pa3pabOTaHHBIX IOKa3a-
TeJeil BBISIBHII CYLIECTBEHHOE U3MEHEHHE 3a UCCIEAYEMBI EPHOA OPTraHNU3alHOH-
HO-5KOHOMUYECKHX OTHOLIECHUH: B CpeAHEM IO OOBbEIMHEHHIO HAIEICHHOCTh Ha
WHHOBAIIMOHHOE Pa3BUTHE BhIpocia ¢ 2,43 06amioB, YTO COOTBETCTBOBAJIO HU3KOMY
YPOBHIO, 110 3,44 GaioB, T. €. BRICOKOTO ypoBHA (puc. 1). IIpu 3TOM no oTAeIbHBIM
NpEeANpUATUAM JAWMHAMUKa 3HAUUTENBbHO pa3jaudaeTcsd, HampuMep, Ha paspese
«M3BIXCKUI» AOCTUTHYT TOJIBKO CPEJHMI YPOBEHb HALEJIICHHOCTH IIEpCOHANA HA
WHHOBAallUOHHOE pa3BUTHE, a HAa BocTouHOo-belickoMm pa3pese — BBICOKUIA.

Ha nmepBom atane pa3Butus oobenunenus (2002—2005 rr.), mo oleHKkaM aHKETH-
PYEMBIX, THUIl OPraHU3AIIMOHHO-3KOHOMHYECKHX OTHOMIEHUH ObLI OJMXKEe K KOH-
(hJIMKTHOMY, B HAcTOsIIee BpeMs OH MPUONIIIKAETCSA K opraHnyHoMy (puc. 2).

Bonee 3HaunTenpHOE M3MEHEHNE TIPOU3OIIIIO HA YPOBHE HAIEJIEHHOCTH paboT-
HUKOB 10 CPaBHEHMIO ¢ JUHAMHKOW COITIACOBAHHOCTH MO3WIMN. Takas cUTyaunus
00BsCHsIETCS (OPMUPOBAHUEM U PA3BUTHEM B OOBEIMHEHUH CUCTEMBI HETIPEPHIB-
HBIX yIy4IICeHUH npou3BoacTsa. OTMETHM, YTO B LIEJIOM TEMII U3MEHEHHS OpraHu-
3allMOHHO-3KOHOMHMUYECKUX OTHOLICHHH 3aMeassieTCsa: €Cclid Ha BTOPOM 3Tare pas-
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BUTHUSA IO CPaBHEHUIO C MEPBBIM KO3PPHUIHEHT cOaNaHCHPOBAHHOCTH OTHOLICHHH
BBIpOC B 1,3 pa3a, Ha TpeTheM IO CPaBHEHHUIO CO BTOPHIM — B 1,6 pa3za, To Ha 4yeT-
BEPTOM 3Tare — ToJIbKO B 1,1 pa3za. 3To cBUIETEILCTBYET O HEOOXOIUMOCTH ycue-
HUSI BHUMAaHHs PYKOBOAMTENeH oObeAMHEHHS K pa3paboTKe M peann3anud Mep
[0 IOBBIIIEHUIO 3aUHTEPECOBAHHOCTH IIEPCOHANA B pa3paldOTKe U pean3aluu
WUHHOBAILAH.

BoiBoabl. Opranu3aliioHHO-3KOHOMHUYECKHE OTHOIIEHUS B INpOllecce MHHOBALU-
OHHOTO Pa3BUTUA 00bEIMHEHHS ONIPEAEIIIIOTCS HALIeICHHOCTHIO pAOOTHUKOB HA MHHO-
BallMM M CONIACOBAHHOCTBIO MX B MPOLECCE B3aUMOAECHCTBHA MPU pEAU3aLUU ITHX
uHHOBauui. [IpuMeHenne pa3paboTaHHBIX MOKa3aTelel OIEHKU ISl PEeTPOCIICKTUB-
HOTO aHaJIN3a WU3MEHEHUs] OPTaHU3allMOHHO-OKOHOMHYECKHNX OTHOIIEHHWN Ha pa3ind-
HBIX OJTamax pa3BUTHA YIVIEJOOBIBAIOIIETO IPOU3BOICTBEHHOIO OOBEIMHEHUS
«CYDOK-Xakacus» MO3BOJIWIO MOATBEPAUTH NMPABOMEPHOCTh METOAWKH M BO3MOXK-
HOCTb €€ IIPUMEHEHUS sl IJIAaHUPOBAHUS MHHOBALMOHHOTO Pa3BUTHSA yIIe100bIBaO-
IIETO MPOU3BOJCTBEHHOTO 00bEANHEHHS.
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Assessing personnel business relations in the process of innovative development
at a coal mining production association

Andrei S. Kostarev!
I LLC SUEK-Khakasia, Chernogorsk, Republic of Khakassia, Russia

Abstract
Research relevance is due to bad agreement between staff’s ideas regarding the innovation process and
some specific innovations need, content, and ways of implementation, which results in decreased
effectiveness of innovative activity even if all necessary financial expenses have been covered.
Research aim is to develop the methods of assessing staff business relations at a coal mining production
association in order to determine the ways of improving innovation efficiency.
Research methodology includes comparison, structural and functional analysis, questionnaires, and
statistical analysis.
Research results. Business relations between the actors involved in innovative development are considered
as a set of connections between them when initiating, developing, mastering and implementing the
innovations regarding production resources distribution and use and reserves identification and
implementation. For their assessment, the following criteria have been justified: the staff’s focus on
participation in innovative development and their coordination in the process of interaction. An assessment
scale has been developed of employees’ focus on innovative development, and indicators have been
proposed to quantify the balance of business relations.
Summary. The application of the developed methodology for a retrospective analysis of business relations
change at various stages of SUEK-Khakasia development made it possible to confirm its legitimacy,
identify both positive and negative trends, and outline corrective measures.

Key words: innovation, innovative development strategy,; coal mining production association, business
relations.
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FOPHAA MEXAHWUKA. TOPHBIE MALUWHbI U TPAHCNOPT
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K onpeaeneHnto BMeCTUMOCTU 6yHKepa B CoCTaBe neperpysquoﬁ
CUCTEeMbI NpHn KOMGMHMPOBaHHOM TpaHcnopTte

l0guH A. B., Llectakos B. C."*, CautoB B. U.!, A6aynkapumoB M. K.'
1YpanbCckuil rocynapCTBEHHbIN FOpHbINA yHUBEPCHTET, . EkaTepuHbypr, Poccust
*e-mail: shestakov.v.s@mail.ru

Peghepam
Beeoenue. 3nauumensryro 0onio 3ampam npu pazpadomke 21yO60KuUxX Kapbepos coCmagisiion 3ampamol
Ha nepezpysKy 2OpHOU MACCbl U3 «COOPOUHO2O MPAHCHOPMAY» HA MASUCMPATLHBIN MPAHCHOPM.
Hcnonvsyromesi nepedgudicnvle nepecpy3ounvle cucmemvl ¢ OYHKepamMu, NApamempvl KOMOPbIX
onpeoensiomecs N0 HeCKONbKUM MEmOOUKAM.
Memooonozusa. B nacmosuwyeii pabome npu onpeoerenuu Mecmumocmu OyHKepa NepeHOCHbIX
(nepedsudicHblx) nepespy30uHbIX CUCIEM PACCMOMPEHO 08d NOOX00A: 0eMePMUHUPOBAHHbIL — CUCTEMbL
mpancnopma pabomarom 6 HOMUHALLHOM pedcume; BepPOSSMHOCMHbIL — CUCMeMbl MPAHCROpMA
pabomarom ¢ npucyweii um HePaABHOMEPHOCMbIO. 34 OCHO8Y PACCMOMPEHHOU MEMOOUKU NPUHAMA
2eomempus OyHKepa 8 KOHQUeypayuu «nepesepHymozo obenuckay, Kax naubonee npou3eo0umenbHas
cucmenma. Ilpednodicenvl popmynvl 051 paciema mexHon02UYECKOU U 2eOMeMmpUuieckoli 6Mecmumocmu
oynxepa. IIpednacaemas memoouka paciema napamempos yuumlgaem. UHmMeHCUGHOCMb npubbLImus
cOopouHo20 (A8MOMOOUNLHO20) MPAHCROPMA, KOMOPASL ONUCHLBACTNCS NYACCOHOBCKUM PACHPEOeleHUeM,;
UHMEHCUBHOCb  NOCIYNIEHUs  JICEe3HOO0POACHO20 MPAHCNOpma — pacnpedenenuem Opranea.
Tlpusedeno HecKonbKO YUCTOBbIX NPUMEPOS, HA KOMOPBIX NOKA3AHO NPAKMUYECKOe NpumeHeHue OJis
onpeodenenus napamempos Oynkepa.
Pezynemamet. Obocnogano 3uauenue mpedyemvix OONOTHUMENbHLIX 00beM08 OYHKepa ¢ Yenvlo
KOMRneHcayuu HepasHoOMepHOCmu pabomel  MPAHCNOPMHBIX CPEOCME YUKIUYECKO20 —Oelicmaus
8 KOMNIEKCax KOMOUHUPOBAHHO20 MPAHCNOPMA.

Knrouesvle cnoea: wrombunuposannviii  mpancnopm,; nepespyzounas —cucmema, Oynkep;
UHMEHCUBHOCIb NOMOKA, pacnpedenerHue; 8eposmHOCHb; UHMEP8ail; 20MOGHOCb.

Brenenue. C yBennaeHneM riryONHBI KapbepOB CYIIIECTBEHHO BO3PACTAIOT 3aTPaThI
Ha TPAHCIIOPT, B CBSI3M C ATHM MPOBOAATCS MCCIEIOBAHMS IO COBEPIIEHCTBOBAHHIO
TPAHCIIOPTHBIX CHCTEM Kak B Hamrel crpane [1-4], Tak u B Apyrux crpaHax [5-8].
HexoTopbie uccienoBareny npemiaraloT CHIKaTh 3aTPaThl 33 CYET COBEPIICHCTBOBAHUS
OyHKepHBIX YCTpoiicTB [9]. B ycrmoBusx riryOOKuX KapbepoB MpH MPUMEHEHHUH Tepe-
HOCHBIX (TIepenBIKHBIX) Tieperpy3odnbix cucteM (IIC) ocHOBHas ponb OyHKEpHBIX
YCTPOMCTB CBOAUTCS K CHIDKEHUIO 3aTpaT Ha KOMOMHHPOBAHHBIN TPAHCIIOPT, 00yCIOB-
JICHHBIX HEPAaBHOMEPHOCTHIO TPY30IIOTOKOB COIPSITaeMBIX BUIOB TpaHcHopTa. [1oBbI-
IIIEHHE BMECTUMOCTH OYHKEPOB CHIDKAeT MPOCTOM TPAHCIOPTA. YCTAHOBIEHO, UTO
BMECTUMOCTh OyHKepa rnepeHocHBIX [1C momkHa onpenensThes U3 yCIOBHS YaCOBOTO
peXuMa HaIoTHEHHS U U3BJIeUeHHUs ropHoi Maccsl (I'M) mpu MCIIOIB30BaHUHT KaK aB-
ToMoOmITbHO-KOHBeHepHOTO (AKT), Tak 1 aBTOMOOMIBEHO-XKene3H0moposkHOTO (AXKT)
TpaHcmopra. B ycnoBHsAX cTallMOHAPHBIX CHCTEM BMECTUMOCTh YCTPONWCTB MOXKET pac-
CMaTpUBAThCS W3 YCIIOBUS CMEHHBIX U Ja)K€ CYTOYHBIX PEKHUMOB HANOJHEHUS U W3-
BieueHus ['M.

MeTtonoJiorusi npoBeaeHus1 uccjaenoBanuil. IIpu omnpeneneHun BMECTUMOCTH
OyHKEepOB TIepEHOCHBIX U nepeaBmkHbIX [IC B Kapbepax cieayeT pacCMaTpuBarh pas-
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JUYHBIE METOAWYEecKHe MoaxoAasl mpu mnpoektupoBaHuu cucreM AKT u AXT.
IIpu AKT BMecTEMOCTD OyHKEpa B OCHOBHOM 3aBHCHT OT HEPABHOMEPHOCTH PabOTHI
noacucteMsl «cOopounslid Tpancnopt» (CT) kak HamMeHee ctabunbHol. [lpm AXKT
BMECTUMOCTh OYHKEpa 3aBHCUT OT HepaBHOMEPHOCTH paboThl 06enx moacuctem CT u
maructpaisHoro tpancnopra (MT). C yueToMm 4acoBOro pexuma COBMECTHON paboThI
COTPATAaeMbIX BUIOB TPAHCIOPTa PALMOHAIBLHO PAcCMaTpuUBaTh HECKOJIBKO CIy4yaeB
pabOTHI TOICUCTEM:

— 0o0e mozxcucTeMbl pabOTAIOT B HOMHHAIBHOM PEXHMe, C 00eCIIedeHUEM YCIOBHUS
Ocr = Oy (1€TEPMUHMPOBAHHBIA MOAXOM);

— noacucteMsl CT nu MT paboraltoT ¢ npucymieil UM HepaBHOMEPHOCTBIO (BEPOSIT-
HOCTHBIH 1moaxon), Q. # Oyp e Ocp Oy — TPOM3BOAUTENLHOCTD MOACHCTEMEI
«cOOPOYHBIN TPAHCIIOPT» U MaruCTPabHOTO TPAHCIIOPTA.

Puc. 1. Cxema Kk onpeieieHHI0 BMECTUMOCTH OyHKepa:

H, B, — BbICOTa M IMpUHA BepXHel yacTu OyHkepa; ), B, — IIMHA ¥ IIMPMHA HMXKHEH YacTu
6y1—n<epa; h(] — BBICOTA 3aIMTHOTI'O CJIOA; O 1 (11 — YIUIbl HaKJIOHa HpHeMHOﬁ 1 OOKOBBIX CTEHOK
Fig. 1. Bunker capacity determination scheme:

H, B, — height and width of the upper part of a bunker; /,, B, — length and width of the lower part

0
of a bunker; &, — height of the protective layer; o u o, — pitch angles of the side and receiving walls

W3 MHOXECTBa TEXHUYECKHX pelieHni OyHKepOB, IPUMEHSIEMBIX B TEXHOJIOTHYe-
CKHUX TPOoILIeccax TOPHOro npous3BoacTsa, s [1C koMOMHUPOBAaHHOTO TPaHCIIOPTa pe-
KOMEHYETCSI IPUHATh PopMy OyHKEpa B BHJIE «IIEPEBEPHYTOr0 OOCIHCKA» C OIHHUM,
JIByMSI COBMEIICHHBIMH WJIM Pa3HECEHHBIMH BBIMTYCKHBIMH OTBEPCTHSIMH. JKCIIEPH-
MEHTAIBHO YCTaHOBIICHO, YTO TpH Takoil (hopme OyHKepa oOecrieunBaeTcs: HauboIb-
1ast MPOU3BOIUTEIIEHOCTh BUOPOBBIITYCKa B30PBAaHHON TOPHON MacChl, HAMMEHBIIIUH
K03 (QUIIMEHT TPOXOAUMOCTH; BO3MOXXHOCTh JTUKBUIAIMUA YCTOWYHMBBIX CBOIOB MPHU
3aBucannu ' M. Cxema OyHKepa B (hopMe «IIepeBepHYTOTO OOCIHMCKay MPUBEICHA Ha
puc. 1.

IIpu u3BECTHBIX MapaMeTpax reoMeTpuvecKkas BMECTUMOCTh TaKOTOo OyHKepa Mo-
JKET OBITh OIpe/eNIeHa TI0 OJJHOMY W3 BBIPAXKCHUH:

W = %[ctgu@Bl +By) +30,(B, + By)|;

(1
2
W= EctgotctgoclH3 +(0,5B, ctga + 1, ctgocl)H2 + ByloH.
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HcnonszoBanue ¢opmyn (1) 3aTpyaHeHo, eciii HeU3BeCTeH mapaMeTp OyHkepa H,
KOTOPBIA NpH MPHUHATON KOH(GUTypauu OyHKepa MOXKET ObITh ONpPEAEIeH TOJIBKO IO
BennuKHe TpeOyemoii BMecTuMocTu W.

OOmuii reomerpruueckuii 06beM paccMaTpuBaeMoro OyHKepa ONpeesseTcs B BUie
CYMMBI O0BEMOB:

P JETEPMUHUPOBAHHOM noaxone W =W, + W; + W,;

2)

IIPU BEPOATHOCTHOM nonxone W =W, + W, + W +W,,

rne W, — 00beM, HeoOXOMMMBIH [yt pasmerieHus ['M, obecrieunBarOmuil 3a1aHHY O
npou3BoAMTeNbHOCTE noacucreM CT u MT; W, — nononaHuTenbHbI 00beM OyHKepa,
00yCIIOBIICHHBII HEPAaBHOMEPHOCTBIO PabOTHl COMpSTaeMbIX BHIOB TPaHCIIOPTA,;
W, — 00beM, XapakTepu3yeMblii reomeTpHeii OyHKepa U K03 (QULIEHTOM €ro 3a1ojHe-
nust; W, — 00beM, HEOOXOTUMBIH IS COICPIKAHUS MPEIOoXpaHUuTeIbHOTO ciiosi ['M Ha
IUTaTelIe.

IIpu neTepMUHMPOBAHHOM HOAXO0ZE 00beM W, 1enecooOpasHO ONpeNensaTh U3 yc-
noBus pazmenienust I' M, nocrynaromeit u3 cpeacts CT u oTrpykaemMbIX CpeicTBaMu
MT 3a mainblif (MUHYTHBIH) IPOMEKYTOK BpeMeHH. lIpu cpaBHeHuU mokasareneit 3a
MICKOMBI 00beM W, ciielyeT NpUHATH OOJIBIIYIO BEUYHUHY.

Kak npu AKT, Tak u npu AXKT noctynnenne ['M B OyHKep obecrieunBaeTcsi cpel-
ctBamu AT. YcraHOBIIEHO, YTO 32 MaJbIi MPOMEXKYTOK BPEMEHN MOYKHO MPHHSTH BO3-
MOXXHOE BpeMsi 0OMeHa aBTOCaMOCBalIOB OKoyio OyHkepa #. Torxia MHHYTHOE IOCTY-
rwieHne ['M B OyHKep paccuuThIBaeTcs o popMyiie

9. VaZ
Wicr =22, 3)
ly

I7e g, ¥ Y, — FPY30MOABEMHOCTD U KOO(Q(OUIMEHT HCIIOIb30BAHHS TPY30II0ABEMHOCTH
aBTOCaMOCBaNa; Z — KOJIMYECTBO MECT pasrpy3ku y OyHkepa, o0sraao st [1C Z > 2,
HO B CJTy4ae TEePEABMKHBIX YCTAHOBOK U MPH MPOU3BOIUTENLHOCTH cucTeMbl 10 1000 /4
MOXeT OBITh paBHBIM €AMHUIIE.

[Mpu pazrpyske ['M u3 Oynkepa cpencreamu MT MunyTHOE u3BnedeHue ['M u3 OyH-
Kepa onpezenseTcs 1no Gopmynaam:

JUIs1 KOHBEMEPHOTro TpaHCcopTa

Qa g, @

Wimrtk = 60

JJI J)KCJIC3HOAOPOXKHOI'0 TpaHCIIOpTa

A
Wivrx =——— K, )

nor

e Oy — 9acoBast IPOM3BOAUTEIILHOCTD 3a0YHKEPHOM CHCTEMBI; ¢, U\, — IPY30M0/Ib-
E€MHOCTb M KO3((UIIMECHT UCIONB30BaHUS AYMIIKApa; 7 — KOJHMYECTBO AYMIIKapOB B
cocrase; K, — Ko9(Q(OUIHUEHT CHIKEHUS TPOU3BOAUTEILHOCTH IIUTATENS; £ — BPEMS
norpysku cocrasa; K, — k03pGHIUEHT HEPABHOMEPHOCTH 3a0yHKEPHOM CUCTEMEL.
IIpu ycranoBuBLieMcst pexxume pabotsl IIC U mpu coOnmoneHNH HOMUHATIBHBIX
MHTEpBasIoB NpUOBITHS TpaHcopTHBIX cpenctB CT u MT Ha pasrpy3ky u 3arpy3ky 1o-

CTAaTOYHO B CHUCTCMC BBIACPIKATH OamaHc HpOH3BO,Z[I/ITeHBHOCT6ﬁ IoaACUCTEM QCT = QMT .
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Hezanonnennslii 00bem Oynkepa W, 3aBUCHT OT (pOpMBI OyHKepa, KOIMYECTBA MECT
pasrpysku, pusrko-mexanudeckux cBoiicts 'M. O6vem W, npumeM B 3aBUCHMOCTH
OT O0ILET0 TeOMETPUIECKOTO 0ObeMa:

Wy =Ky W, (6)

rae K, — ko3 QULUeHT UCIOoNb30BaHUs BMECTUMOCTH OyHKEpa, 3HAYE€HUE KOTOPOTO
MOXeT ObITh PUHATO paBHEIM (,2—0,3. MeHbIne 3HaYeHUS KOAQPUIIMESHTA TPUHUMA-
I0TCS1, €CITM OyHKEp MMEET KOJIMYSCTBO MECT pas3rpy3Ku 00Jiee SIUHUIIBL.

IIpenoxpanutenbHblii 00beM W, IPUHUMAIOT B 3aBUCHMOCTH OT THUIIA IUTaTel,
€ro yCTaHOBKH, TpeOyeMOol TONIMHEL 3aiuTHOro cios A, ITo TOCTy ans ropuso-
TaJbHBIX THUTATENICH TSHKEIOr0 TUIA PEKOMEHIYETCS BBICOTY IMPEIOXPaHUTEIHLHOTO
CJIOSl Ha TIOJIOTHE pabouero opraHa npuHUMaTh paBHoi 1,0—1,5 M. Pacuers moka3ssiBa-
10T, 4TO 00bEM MPEJOXPAHUTENILHOTO CJI0s IIPU €T0 BBICOTE, PABHOM /), COCTABIAET HE
6onee 10 M3, ¥ €r0 MOXKHO BBIPA3UTh B BHJIE

Wy =mgq,, (7

e /1 — IOCTOSAHHAs, 3HAYeHNE KOTOpoi MoykHO mpuHUMaTh 0,3—0,5 B 3aBHCHMOCTH OT
TPy30MOIBEMHOCTH CaMOCBaJa.

Taxum 00pa3oM, B JI€TEPMHUHUPOBAHHON MOCTAHOBKE TEXHOJIOTHYECKas BMECTHU-
MOCTh OyHKEpa OMpEeAeNseTCs] IyTeM COIOCTABICHHS IOKa3aTelel, OmpenenseMbIxX
BolpaxeHusmMu (3)—~(5), a reomeTrpuueckas BMECTHMOCTh C YYETOM OOBEMOB
W, u W, — no eipaxenusm (6), (7).

Paccmompum npumep. Ilycte IIC crnpoekTupoBaHa Ha TMPOU3BOAUTEIHLHOCTH
0O = 2000 1/4. Ileperpy3ounasi CHCTeMa BKJIIOYaeT OyHKEp, OCHAIIEHHBI BUOpOIUTATE-
JSIMH, YCTAHOBJIEHHBIMH TOpH30HTaIbHO. B kadectBe CT mpuHATHI aBTOCAMOCBAJIbI
benA3-7555 rpysonogbreMHOCTBIO 55 T. [Ipom3BomnTeIbHOCT 3a0yHKEPHOH CHCTEMBI
IpH KOHBelepHOM TpaHcnopTe O, ¢ yueToM Kodpuumenta K = 1,1 cocrabnsger 2200 /4.
B cnyuae xenesnonopoxkHoro MT coctaB BkitodaeT 10 [yMIKapoB rpy30HOAbEMHO-
ctbio 105 T, Bpems Morpy3Ku coCTaBa, ¢ y4eToM 0OMEHa M MaHEBPOB, £ = 35 MHUH.

PacueTHass MHTEHCMBHOCTD NOCTYIUIEHUSI A Ha pasrpy3Ky cocrasisier 36 A/, pac-
YETHBIA UHTEPBaJ NpUObITHA A — ¢ = 1,66 MUH, BpeMsl MAHEBPOB M Pa3rPy3KU A OKOIIO
OyHKepa SIBIISICTCS OTPAaHUYCHHEM M COCTaBIeT £, = 2 MuH. Tak KaK f, < {,, TO Konudye-
CTBO MECT PasrpysKH OKolo OyHkepa Z > 2, a B OyHKEp 3a MHTCPBAII f, = 2 MHH MOXKET
noctynuth I'M cpasy u3 aByx A. B coorBerctBuu ¢ ¢opmynamu (3)—(5), oObeMsl
W W, or =54 o/vun; Wy p = 36,6 T/Mun; W,y 1 = 33 T/MuB. B cootBeTcTBUM € hop-
mynamu (6) u (7) npu K, = 025 um = 0,4, W, = 0,25W; W, = 22 1. Takum oOpaszom,
HauOONIbLINI OKa3aTeNb 00beMa cocTapsieT: W, = 54 T/MuUH, €ro ¥ NpMHUMAEM s
pacueTa reoMeTpUYeCcKOi BMECTUMOCTH OyHKepa. Torma o0miast BMECTUMOCTb, ITPHBE-
JICHHas! K O/IHOM MUHYTE:

W! — qa \VaZ +m
(1K) ¢,

a TIpUBEICHHAS K IByM MUHYTaM (TIpH OTHOBPEMEHHOM pa3rpy3Ke ABYX aBTOMOOMIIEH):

W 9a

:(1_—]<W)(\Uaz+m).
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Jnsa paccmarpuBaemoro npumepa W'=105tu W"=181 1.

Ha npakTtuke yctanoBieHo, 4yTo nporecc TpancnoptupoBanus ' M cpeactsamu CT
1 MT HoCHUT BepOsSTHOCTHBIN Xapakrep. Kak npaBmiio, ”HTEHCHUBHOCTb MOCTYTUIEHUS
AT Ha pa3srpy3Ky ONHCHIBAETCs IyaCCOHOBCKHM paclpe/ieleHHeM, a MHTEHCUBHOCTh
nocryruienus: KT Ha morpysky — pacrpesenenueM Dpianra. HanGonee crabunbHOR
asigercs nogcucrema MT npu KOHBEHEPHOM TPaHCIIOPTE. YUUTHIBAsL CKa3aHHOE, BbI-
nepxarb 6ananc Q.. = O,r BecbMa TpyaHo. IIpu onenke BMeCTUMOCTH OyHKEpa He-
00XOIMMO BHOCHUTH MONPABKH, CBA3aHHBIE C HEPAaBHOMEPHOCTHIO MOCTyIieHus I'M
B Oynkep u oTrpy3ku I'M u3 6ynkepa. O6bem W, B cootBeTcTBUY C (hOopMyInoi (2) oT-
paxkaeT BEpOSTHOCTHBIN Xapakrep B3aumozencTaus noacucrem CT, I1C, MT.

O6nem W, ciemyer oLeHUBaTh C JBYX MO3MIMIL: co cToponsl padotsl CT 1 co cTo-
pousl pabotsl MT. M3 cpaBHHBaEeMBIX BEIWYHH CIEIyeT MPHHATH HAUOOIBIIYIO.

PaccmoTpum padory CT. U3 paccmarpuBaeMbix nozcucteM coopounbiii AT sBis-
eTcsl HauMeHee CTaOMJIBHOM IMOJCHCTEMOI MO CBOMM XapaKTEPUCTHKaM, OOJblIast
9acTh KOTOPBIX MMEET BEPOSTHOCTHYIO OCHOBY. YcTaHOBIEHO, uTo moTok AT k IIC
MOXKHO CUUTATh MPOCTEHIINM, OH 00J1aJaeT CBOMCTBAMU OPJMHAPHOCTH, & B YCTaHO-
BuBHiics nepuoxn (70-80 % NpoaoIKUTENEHOCTH CMEHBI) TAK)KE CBOMCTBAMHU CTallH-
OHAPHOCTU U OTCYTCTBHSI MOCJENCTBUS. VIHTEHCHBHOCTh MOCTYIIEHHS MOTOKa AT
Kk IIC omnmchiBaeTcs IMyacCOHOBCKHMM pacmpenesneHueM. Jlyig mpocteifiero moroka
BEpOSATHOCTB TOT0, YTO 32 O0Tpe30k BpemeHH ¢ Ha [IC moctynuT K aBTOCaMOCBaJIOB:

an*

K!

P (0= exp(—A1) )

Y, B YaCTHOCTH, YTO HE IMOCTYIHUT HU OJHOIO A:
Fy(2) = exp(-)),

e A — CPEIHsS HHTCHCUBHOCTD MOTOKA, U3MEpsieMast YUCIOM A B €IMHUILY BPEMCHH;
At = @ — MaTeMaTHYEeCKOe OXKHJIaHUE HHTEHCUBHOCTH TIOTOKA A Ha pa3rpy3ky, A/MUH.

Baxxnas xapakTepuCTHKa OTOKA P ONPEACICHIUH BMECTUMOCTH OyHKEpa — 3aKOH
pacrpenencHust IITUHBI TPOMEXKYTKa MEXAy cocenHuMu A. PaccMoTpum ciydaiiHyio
BeNMUYHHY 1 — IPOMEXKYTOK BPEMEHHU MEXKIY ABYMS MPOU3BOJIBLHBIMHU MOCTYIUICHUSIMHU
cocenHuX A B mpocrelinieM noroke. Tak Kak MpoCTEHINNI OTOK HEe 00IaIaeT MoCIe-
JIEHCTBUEM, TO MOCTYIUICHUE Ha pa3rpy3Ky OMHOTO A HE BIUAET HA MOCTYIUICHUE JIPY-
rux A B nanbHeiimeM. [103ToMy BepOSTHOCTh TOTO, YTO MHTEPBAI MEXay A OyleT He
MEHBILE UM He OO0JIbIle BEIMYMHEI / onpezensercs kak [10]

P(T zt,)=exp(—At);
P(T <t,)=F(t)=1-exp(—\1), t.>0.

I

)

BepositHOoCcTh pnObITHS A st pasrpy3ku Ha 1IC onpenenum Ha npumepe 1IC co
caenyromumu napamerpamu: O = 1000 T/9; rpy30noabeMHOCTH aBTOCAMOCBAIIOB
g, = 30 u 40 T; cpenHss HHTEHCUBHOCThL NOTOKA A = 29 A/u mimm 0,48 A/muH; Bpems
HOCTYIUICHUS. A Ha pasrpy3Ky cocrasiseT £, = 2,0 u 2,5 MUH; KOJIMYECTBO MECT pas-
rpy3ku y OyHkepa Z = 1.

PacueTsl mokasany, 4To Npy MHTEPBAJIaX MOCTYILICHUS aBTOCaMOCBaJIoB /. = 2,0 u
2,5 MUH MaTeMaTh4ecKoe OXKUIaHue pacrpenenenus coctaBut a = 0,96 u 1,2 A/muH,
a BeposATHOCTH Toro (dopmyina (8)), 4To Ha pasrpy3Ky He MpHOYIET HU OMHOTO A CO-
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crasut 0,618 u 0,699, npubyner ogun A — 0,26 u 0,34, npudyner aBa aBTOCaMO-
cBana — 0,08 u 0,14, mpubynet Tpu aBrocamocBaina — 0,03 u 0,06. PaccmoTrpuM, kak
C/IeJIaHHOE 3aKIIIOUYCHHUE OTPA3HUTCS Ha pe3ylibTaTe pacyera oOmeil BMeECTUMOCTH OyH-
kepa. O4eBHUHO, YTO CO CpeAHEH BepOosATHOCTHIO 0,6 K OyHKEpy HE MOCTYIUT 00heM
I'™M (W,), obecneunBaromuii paboTy MarucTpanbHoro Tpancnopra. Hanpumep, npu
AKT o6bem W, = 0,6 W, 1y Taxoii 00beM 10IKEH OBITh B OyHKEpE IPELyCMOTPEH 3a-
paHee Kak OMOJHUTENBHBINA. B aTOM ciydae opmyna amis onpeneneHus: oOme reo-
METPUYECKOH BMECTUMOCTH OyHKEpa 3allHMIIEeTCsl B BUIE

W=+ Wy =Ty, ZK, + m) +0,6Wipyr. (10)
(1-Ky)

B paccmarpusaemom npumepe npu W, . = 1000/60 = 16,6 T/Mun u npu Z = 1 jo-
HOJHUTEBHBIA 00beM I, coctaBuT 10 T, a 00mas BMecTUMOCTb OyHKepa 1o (Gopmysie
(10) — 80 T. [Ipu Z = 2 3nauenue W cocraBur 130 T.

Taonuua 1. U3meHeHne BepoATHOCTEN HHTEPBAJIOB NPUOBITUSI AaBTOCAMOCBAJIOB HA
pasrpysky
Table 1. Changing the probabilities of frequency for dump trucks arrival for unloading

3HaueHue t, = Aty
Hcxonnsie ycnosus

1,2¢, 1,41, 1,6t 0,81, 0,61, 0,4¢,

a=0,96; tn = 2 MuH 2,4 2,8 3,2 1,6 1,2 0,8
P(T> tn) 0,100 0,068 0,046 0,216 0,316 0,467
P(T<ty) 0,900 0,932 0,954 0,784 0,684 0,533

a=12;ta=2,5Mun 3,6 43 4,8 2,4 1,92 1,2
P(T> t) 0,027 0,010 0,008 0,090 0,146 0,301
P(T<t) 0,973 0,990 0,992 0,910 0,854 0,699

Jna paccmarpuBaeMoro mpuMepa pesylabTaThl pacueTa BepoSTHOCTEH MHTepBajia
npuObITHS aBTocaMOCBalioB (popmyisl (9)) npuseneHsl B Tabn. 1 npu yciaoBuu Bapua-
1My BpeMeHu npudbiTus ¢ Ha £20 %, £40 %, £60 %. B Tabnuue BeleneHsl Haubonee
BEPOSITHBIE WHTEPBAJBI MPUOBITHS A Ha pasrpy3Ky. MOKHO KOHCTaTUpOBATh, YTO HH-
TepBa NpUOBITHS A Ha pa3rpy3Ky ¢ BepoaTHOCThIO 0,99—0,95 He mpeBhICUT BETHYUHY
1,6¢_ nipy MonoxUTENBHAIX 3Ha4eHuAX Az, Takum 00pa3oM, BpeMs IpUOBITUS A Ha pa3-
rpy3Ky Jnexut B quanasose (0,8-1,6)¢ wmu ¢ = (1,6-3,2) mun u ¢, = (2,4-4,8) mun
JUTSL BTOPOTO CITydasl.

[To M3MEHUBIIMMCS YCIIOBUSIM MHTEpBaia NMPUOBITUS A Ha pa3rpy3Ky ONpeneuM
HeoOXoUMEIH 00beM OyHkepa W,:

MZ&f - W”:%t ) (11)

s paccmarpuBaemoro npumepa W, = 26,6 T; W, = 53,3 . OueBHAHO, YTO C yBe-

JIMYEHUEM MHTEpBana MpUObITUA A 10 BENIMYUHEL £ B OyHKep HE OyIeT 3arpyKeH

obowem W, . Ilpu TpeGoBaHUM HEMPEPBIBHOCTH IMpoliecca 3TOT 00bEM JOIKEH ObITh
MPEyCMOTPEH 3apaHee MPU MPOCKTHPOBAHUN TEXHOJIOTUYCCKONH BMECTUMOCTH OyHKE-
pa. B To 3xe BpeMms IpH CHIKEHUH MHTEpBaja MPUOBITUA A 110 BEJIUYUHBI { . B OyH-
Kep MOCTYIUT AOTIOIHUTENbHBINH 00beM I'M (1), a 3T0 03Ha4aeT, 4To B OyHKepe Tak-
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e JIOJDKHA OBITH 3apaHee MpelyCMOTPEeHa BMECTHMOCTS JUISL pa3MeleHust oobema W .
VYenoust o Beipaxenuio (11) HecoBmectumsl. [loaTomy B manbHeHIeM U3 AByX 3Ha-
ueHuit W, u W, BeiOupaem Haubosbiiee 3HaueHne W, . TIpu 1aHHOM MOAXO/E 3Hade-
HUE OO0IIeH TeoMEeTpUUIECKO BMECTHMOCTH OyHKepa 1o BeIpaxkeHuio (10) coctaBuT
113 tmpu Z=1.

Taxum oOpaszom, AT paccMaTpUBAaeMOTO TpUMepa MPH y4ueTe HepaBHOMEPHOCTH
paboter CT obrmrast BMeCTUMOCTH OyHKepa yBenmmuuBaercs Ha 10-50 T pu Z = 1.

BosbpmeM mpyToif Momxon mpu ONpeAeNieHHH WHTEpBaia MPUOBITHS aBTOCAMOCBa-
JIOB K MECTY pa3rpy3KHu.

Ecnu mpuHSATO, 9TO IOTOK MPHUOBIBAIOIINX HA pa3rpy3Ky A ciiexyer 3akoHy [lyacco-
HAa, TO BpeMs MEX/Iy JBYMS COCEITHUMH aBTOCaMOCBAIaMH paclpeiessieTcs 1o MoKasa-
TeTbHOMY 3aKoHy [11]:

S (@)= Aexp(—\),
e A — MHTEHCUBHOCTD JIBV)KEHUS aBTOMOOWIIEH.

Ta6uauua 2. UHTepBajibl BpeMEHH MY ABYMS COCETHUMH aBTOCAMOCBAIAMH
Table 2. Time interval between two neighbouring dump trucks

Howmep peanuzauuun 1 2 3 4 5 6 7 8 9 10
0<yi<l1 0,41 ] 0,21 | 0,85 | 0,18 | 0,65 | 0,36 | 0,72 | 0,55 | 0,29 | 0,63

1
tiZ—Xlnyi,MI/IH 1,86 | 3,27 { 0,33 | 3,54 | 0,85 | 2,10 | 0,66 | 1,18 | 2,51 | 0,95

ﬂﬂﬂ MOJY4YCHUA aJIropuT™Ma Npru MOACIUPOBAHUN CﬂyqaﬁHLIX BCJIMYMH, pacCIlipeac-
JICHHBIX IIO IMOKa3aTCJIIbHOMY 3aKOHY, HCO6XO,I[I/IMO HUHTCTPAJIbHYIO (I)yHK]_[I/IIO 3aKoHa
BBIPA3UTh ABHO OTHOCUTECJIIbHO apTyMCHTA:

y=F(t)= jxexp(—m)dt =1—exp(—\t), (12)
0

OTKyZa f; =—%1nyi; 0<y =l

Hna paccmarpuBaeMoro B mnpumepe ciaydad [IC ¢ npou3BOAMTENBHOCTBIO
Ocr = 1000 T/u MHTEHCHBHOCTh JBMKEHMs cocTaBiseT A = 29 A/a mmm 0,008 A/c.
g MopenupoBaHMs UHTEpBaJla BpEMEHHM MEXKIY JIByMs COCEAHHMHU aBTOCaMOCBaja-
MU CIIEyeT BOCIONb30BaThCsl CIyYalHbIMU YKcaamMu. Pe3ynasraTsl pacueTra Mo BbIpa-
KeHuto (12) 11 pa3nuyHbIX CITyYaiHBIX YMCel PUBEICHbI B Ta0MI. 2.

ITo pe3ynbraTamMm MOXHO CH€IaTh 3aKIIOUEHUE, YTO OTKJIOHEHHS WHTEPBAJIOB JIBH-
JKEHHMSI MEXJy COCEJHHMH aBTOCAMOCBaJaMU OT 3aJJaHHOTO PacyeTHOrO 3HAYEHHUs
{, =2 MUH COCTaBAT: B CTOPOHY CHIKEHHUS uHTepBana At"s cpenneM Ha 40 %, B cTopo-
Hy moBbllieHus At' B cpeqneM Ha 48 %. Takum oOpa3om, BpeMsl NPUOBITHS JISKUT
B nuamnasone At'= (1,2-2,96) MuH, 4TO IPAKTUYESCKU COBIAJACT C BHIBOJAMU, CHICIaH-
HBIMH paHee.

IIpuBenem pesynsraTs! npoMelnuieHHbIX HeciaenoBannit [1C npu AKT na Unrynen-
koM ['OKe [13] npousBomutensHOCThIO 3500 T/4. [Ipu Z = 4 3nauenue A = 1,203 A/muH,
a MareMaTHYecKoe OXHMIaHWE WHTEHCHBHOCTH mocTymieHuss A k Oynkepy IIC
a=1,21 A/mun. B BepostHoii popme naTeHcuBHOCT nocTyruieHus AT k [1C MoxHO
3amucarh CIeAyIIM 00pa3oM: 4acTOCTh MPUOBITHS OHOTO aBTocaMmocBana — 32 %,
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JIBYX aBrocamocBaiioB — 25 %, tpex — 10 %, dersipex — 3,5 %, Hu omHOTO — 28 %.
Taxum 0O6pa3zom, B TedeHHE YaCOBOTO WHTepBaja okoio 40 % BpeMeHH! Ha Meperpy3Ky
OTHOBPEMEHHO MPHUOBIBAIOT 0OJIee IBYyX aBTOCaMOCBAJIOB, a B TeueHue 28 % — HH Ofi-
HOTO aBTOcamocBajia. Kak To, Tak U pyroe COCTOSHUE CUCTEMBI JOJDKHO OBITH CKOM-
TIEHCUPOBAHO JOCTAaTOYHOW BMECTHMOCTBIO OyHKepa. B mepBoMm cirydae OyHKep TOIKEH
MPUHATH Cpa3y 2, 3 BMECTUMOCTH Ky30Ba aBTOCaMOCBalla, BO BTOPOM CiTydae B OyHKepe
JTOJDKHO OBITH Pa3MeIeHo T0CTaTOUHOE KomdecTBO I'M, 4TOOBI 00ecreunTh Oecnepe0oii-
HYI0 paboTy TOACHCTEMBI MarruCTPaNbHOTO TpaHcropra. Takum oOpa3oM, KOIMIECTBO
MECT Pa3rpy3KH B BRIpaXXeHUH (3) cieayeT IpPHHNMATh HE MEHee JIBYX, a JTsl KOMITEHCAITN
OTCYTCTBHS aBTOCAMOCBAJIOB B OYHKEpE BCETa JOJDKEH HaXOAUTHCS 00beM TOPHOM Macchl,
obecrnieunBarommii padory noncucteMsl KT 3a Bpems mexmy TpeOyeMbIM TPHOBITHEM
aBTOCaMOCBAJIOB C YYE€TOM aMILTUTY/bI KolleOaHWi WHTepBasia MpUOBITHS Af.
PaccmoTpum paboTy MarucTpajbHoro Tpancnopra. Hempepeisayro padory KT
MOXXHO OOECIIeUHTh JIMIIb B TOM CIlydae, e€Cy Kaxnaas mociemxyromas mopuus ['™M
B aBTOCaMOCBaJIaX OyAeT MOAXOIUTh K MECTY pasrpy3KH U Pa3TPyKaThCs IMOCIIE TPeIbl-
JyILLEH HE MO3IHEE, YEM YEPE3 MHTEPBAJI BPEMEHHU [y 1 110 YCIOBHAM KOHBEKepHOro MT:

60q,V,

vt =
Owmrk

b

a ¢ yueroM HepaBHOMepHOCTH paboTel CT pacueTHBI MHTEPBAI f) . JOJDKEH OBITH
yBEJIMYEH BBEJICHUEM NONPaBKK Aty r =t = (2—4) t_ (cm. panee). [l paccmarpuBa-
emoii IIC na Unrynenxom I'OKe npu Q114 = 3500 T/4 1 ipy npMMEHEHUHU aBTOCAMOC-
BAJIOB IPY30HOJBEMHOCTBIO 75 T, BEIMYMHA I, cOcTaBnsgeT 1,12 MuH, a 10IOIHH-
TeNbHBIA 00beM W, 1O YCJIOBUAM MArucTPalbHOIO KOHBEHEPHOro TpPaHCHOPTa
115-230 .

B T0 xe Bpems ycioBus pabotel MT 3aBucAT OT KO3 dHULIKMEHTa PABHOMEPHOCTH
Bbiycka I'M u3 OyHkepa K, oT koo duupenTa roroBHocTr K, T paboueii Beposit-
HOCTH OyHKEpHOIT cucteMbl P . 3Ha4CHHE KO3 dunreHTa K, 3aBUCHT OT THIIa IUTATE-
751, (GPaKIUOHHOTO COCTaBa B3opBaHHOW ['M M pa3sMepoB BBIMYCKHBIX OTBEPCTHI
OyHkepa.

KosddunueHT roToBHOCTH 3a0yHKEPHON CHCTEMBI P KOHBEHEPHOM TPAHCIIOPTE
XapaKTepU3yeT BEPOSTHOCTH TOTO, UTO CHCTeMa OymeT paboTOCTIOCOOHOW B TPOM3-
BOJIbHO BBIOPaHHBIM MOMEHT BPEMEHU U onpeeisieTcs o popmyie

T

H

"L 4T,

rae T, u T, — HapaboOTKa Ha OTKa3 CUCTEMBI, XapaKTEpU3yIOLIas CpeHEE BpeMsl pabOThI
CHCTEMBI MEXIly OTKa3aMH M CpPEJHEe BpeMsS BOCCTAaHOBJICHHA (YCTPaHEHHS OIHOTO
OTKa3a CUCTEMBI).

Koaddunuent roroBaocTr cuctemsl KT, cocrosmmii U3 7 mocienoBaTeIbHO coe-
JUHEHHBIX BOCCTAHABIMBAEMBIX KOHBEHEPOB C HHTEHCHUBHOCTBHIO OTKA30B A M MHTCH-
CHUBHOCTBHIO BOCCTAHOBJICHUS |l OTIpeaessieTcs mo ¢popmyie [12]

n 1
K =——; Kyr=——m—"—,
TA+n M 1+Z":1—1<”.
K

1 Ti

re K, — k05 hUIMEHT TOTOBHOCTH i-I'0 KOHBEHepa.
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W3 ombrTa paboThl OTEYECTBEHHBIX U 3apyO0eKHBIX TPAHCTIOPTHBIX CHCTEM MOYKHO
CeNaTh 3aKII0UEHUE: IS IECHTOYHBIX KOHBEHEepPOB IIPHU IepeMeneHIH KPYITHOAPOOIIe-
HBIX CKaNbHBIX W PBIXIBIX BCKPBIIIHBIX MMOpPOJ ©0€3 CKAJIbHBIX BKIIOYEHUH
K_=0,96-0,97; npu nepeMemeHHH PBIXJIbIX BCKPLILIHBIX IIOPOJ, CKJIOHHBIX K HaJIUIIa-
HHIO M HAaMEP3aHHMIO, CO CKaJlbHbIMM BKodeHusaMu K = 0,90-0,92; s I1C mexmy
xonseiiepamu K = 0,98; s I1C ¢ npobunkamu K = 0,92-0,95.

IIpoussoaurensHoCTh (yacosast) KT npu rogoBom o0beme nepeBo3ok Q. onpenens-
ercs o Gopmyre

QMTK = E’

r

rme T — rogoBoe Bpems padboTs! KT.
C yueToMm HepaBHOMEpPHOCTH BbITycka I'M u3 OyHKepa U COCTOSHUs OyHKEpPHOMH
CHCTEMBI IIPU U3BECTHOU () 1y, MUHYTHBIA I'PY30IIOTOK CUCTEMBI ONPEIENACTCS 110

bopmye

Wire = 211K p ¢

60 P

Ipoussenenne P K, OpHEHTHPOBOYHO cocTapisier Benuunny K. = 0,9-0,95, 4ro
B OIIpE/ICNICHHBIC TPOMEKYTKH BPEMEHH CHIKA€T MHUHYTHBINH M YaCOBOW TPY30MOTOKH
u obmee Bpems pabotsl MT (¢,,1,) Ha 5-10 %. DakTuueckoe Bpems paborel MT co-
crapusger (0,90-0,95)t,,1, @ Bpems oTcyrcTBMA wusBiaeueHus I'M u3 OyHkepa
At_= (0,05-0,1)t,;, 9TO U ompeienseT TpedyeMyto JONONHUTENbHYI0 BMECTUMOCTh
Oynkepa W,y 1y, CBA3aHHYIO C HEPABHOMEPHOCTBIO paboTel MT:

Owurk
Womrk = At

Hewuspneuennslii 00beM I'M (W, 1) OKa3bIBaeT BIMSHUE HA OOLIYI0 BMECTHMOCTb
oynkepa. UtoOwl obecrieuntsh Oecriepedoiinyto padoty CT, B OyHKepe HO/KEH OBITh
NPEAyCMOTPEH 3apaHee AOMONHUTENbHBIN 00beM. C yueToM cKa3zaHHOTo, 00Iias BMe-
cTuMocCTh OyHkepa ipu AKT

9a

W=W +W,=—12
(1-Ky)

(waZ+m)+%AtK. (13)

ITpu nmpou3BoanTENBEHOCTH CUCTEMBI Oy 1y = 2000 T/9, ipu Z = 2 1 py Tpy30M01b-
emHoctu AT g, = 55 T 00mas reoMeTprdecKas BMECTUMOCTb OyHKEPa B COOTBETCTBUH
¢ BeipakeHueM (13) cocrasut 310 T.

B namxynmem cimyuyae paOOTBI CHCTEMBI, KOTJa OJHOBPEMEHHO HaOIromaeTcs He-
paBHOMEpHOCTD u3BiedeHus I'M cpenctBamu MT 1 HepaBHOMEPHOCTh NOCTYILIEHUS
I'M cpenctBamu CT, ob11ast BMECTUMOCTE OYHKEpa TOJDKHA PaCCUUTHIBATHCS C YICTOM
000HX COCTOAHUIL:

W: qa
(1-Ky)

PaccmoTpuM BiusIHEE HEPaBHOMEPHOCTH MPHUOBITHS M M3MEHEHHE BPEMEHH II0-
IPy3KH COCTaBa Ha BEIMYMHY BMECTUMOCTH Oynkepa W, npu marucrpansaom JKT.

(Y, Z+m)+ 1.

Omri At + Ocr
60
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[IpoBenem omnenky I1C TombKO TTpH HOMHHAIEHOM YacoBoM peskume padboTsl CT u
MT. CmenHbIe KONTeOaHHUA ¥ HEPAaBHOMEPHOCTh paOOTHl B MEKCMEHHBIE IIPOMEKYTKH
HE paccMaTpPUBAIOTCS.

W3BecTHO, 4TO BpeMsl TOTPYy3KU COCTaBa rpy3onoabeMHOCThI0 1000 T pu 3KcKaBa-
TOPHOM TToTpy3Ke cocTapiseT 10 60 muH mpu npomsBoauTenb-HOCTH [1C, pasroit 1000 /4.
OcrakagHo-OyakepHble [1C, ocHameHHBIE BHOPOMUTATENSIMH, CIIOCOOHBI MTOBBICHUTH
l'IpOI/I3BOI[I/ITeJ'ILHOCTI> I[IC mo 2000 T/4 mpu BpeMeHW TOTPY3KH M CMEHBI COCTaBa

t.or = 30-36 mMun (B 3aBucumocTr 0T ucnonHenus [1C u opranmsanuu padboT mpu 1mo-

rpy3ke). B To ke Bpems pu opranuzanuu padoTs! MaructpanbHoro JKT mpemcraBiseTr
TPYAHOCTb 0O€CIICYEHNE MOCTOSHCTBA BpeMeHH £ . Hanbonbliee BausHNe Ha BMECTH-
MocTh OyHKepa W, oka3biBaeT HepaBHOMEpHOCTh NpuObITHs XKT ¢ 3a1epKKoi, Xapak-
TEpU3yeMOM BeMUMHOM +AZ . Takas 3a7epKKa OKa3blBa€T 3HAYMTEIBHOE BIMSHUE HA
paboty coopounoro AT.

Ipy M3BECTHOM BMECTHMOCTH COCTABA ¢, 11 M 33 laHHON YacOBO MPOM3BOIUTCIIb-
Hoctu noacuctemsl MT (O, 1) TpeOyemoe IHAueHIe MPOIOIDKUTETFHOCTH MOTPY3KH
u oOMeHa coctaBoB Ha [1C onpenensercs mo dhopMmyie:

. 60g,ny, N 60g,ny, (14)
o Omrx 0.k, ’

I1e g, ¥, — [PY30IOABEMHOCTb M KOO(POUIMCHT UCIIONB30BAHHS IPY30II0LBEMHOCTH
nyMnKapa 1 — KOJIMYECTBO AyMIIKapOB B COCTaBe; O — NPOM3BOAUTENLHOCTD IUTATE-
n1; K, — ko> puuuent cumxenus npoussoautenbHoctu I1C u3-3a cnocoba norpysku
cocrasa.

CpenHss UHTEHCHBHOCTH (MHTEpPBaJ) MOJadl COCTaBOB Ha MOTPY3Ky B TEUEHHUE OJI-
HOI'O yaca

A, =—. (15)

Tior

DakTHYECKUI MHTEPBAJ MOCTYIUIEHHS JIOKOMOTHBOCOCTABOB HA IOTPY3KY f, . -
OTIIMYAETCSI OT CPEIHEr0 3HAYCHHsI. YCTaHOBIIEHO, YTO HHTEPBAJI MOCTYIUIEHUS COCTa-
BoB K [IC Ha morpy3ky (Bpems UX MOTPY3KH) AOCTAaTOYHO OJU3KO OMMCHIBAETCS pac-
MpeaesieHueM OpiiaHra BTOPOro M TPEThETo MOPSAKOB. BrIpaskeHHe MIOTHOCTH pac-
npeneneHus 3anuceiBaeTcs B Buze [10]

(AKX K-

& D! lexp(—KMK',

fx (@)=

e A, — IJIOTHOCTh MOTOKA DpliaHra mpH Mopsijake pacnpenenenus K onpenensercs
KaK A, = A/K; A — INIOTHOCTB NMOTOKA (YMCIIO COCTABOB, MOCTYNAIIIMX B €AMHHUILY Bpe-
MEHH) MyaCCOHOBCKOTO MOTOKA.

Beipaxkenue 111 GyHKIMU pacpenesieH st DpiiaHra UMeeT BUJ

K

F(t)= j e 1)' X exp(— Kh). (16)

B 3aBucumoctn ot mopsinka K uaTerpan (16) BeIpaxkaeTcsi MO-pasHOMY dYepe3
aneMeHnTapHbie QyHKuuu. [IpuBeneM HECKONBKO MPUMEPOB (QYHKINU pacipeaeieHus
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Opnanra mopsankoB K, Hamboliee pacHpoOCTPaHEHHBIX B AKCIUTyaTalldH JKeJEe3HBIX
nopor [10]:

K =1 |F@)=1-exp(—A1);
F(t)=1—-(1+2A)exp(—2A2);
K=2

1 2,2
F(t)=1—=0OL"t" + 6\t +2)exp( —3At);
| FO=1-2( Jexp(~31)

K=4|F@)= 1—%()&3 + 24021 +12M1 + 3)exp( — 4M1).

Cocrapnsronas BMeCTUMOCTU OyHKepa I, 3aBucsIIas OT M3MEHEHUsI 00BbEMOB OT-
rpy3ku ['M u3 OyHkepa, JOIDKHA OTIPEACTIATHCS C yIeTOM HEPaBHOMEPHOCTH IPUOBITHS
COCTaBOB Ha 3arpy3Ky M M3MEHUYMBOCTH MHTEPBAJIOB MPUOBITHS, 3aTPy3KH U OOMEeHA
COCTaBOB:

td) mor — tl'[OF + Atrlor'

IIpu m3BeCTHOM CpemHel 9acOBO HHTCHCHBHOCTH IIPHOBITHS COCTABOB HA TTOTPY3-
Ky A, 110 BBIpaeHHIo (15), 3a1aBasch aMILIMTylaMi OTKJIOHEHHUS BDEMEHH NPHOBITHS
COCTaBOB Ha NOTPY3Ky +Af W 3HAYCHUSIMH MHTEPBAIIOB MEXy HIPHOBITHEM JIBYX CO-
CEJIHUX COCTaBOB, IPUMEHHB CBOWCTBA PACIIPENEICHU DpJIaHra, MOKHO OIPEIEIIUTh Be-
POSITHOCTH TOT'O, YTO BPEMsI IIPUOBITHS COCTABOB HE MPEBHICUT NPUHATYIO BEJIMUMHY aM-
TUTATYIbI OTKJIOHEHHS A ¥ BEPOATHOCTH MPHOBITHSA IBYX COCEAHMX cocTaBoB Ha [1C.

B 1abn. 3 nmpuBeneHs! pe3yabTaTbl pacueTa BEPOSITHOCTEH AJIsl CUCTEMBI C IIapaMe-
TpoMm pactpenencaus Dpiaanra K = 2. I[Ipu BMmectumocTu coctaBa 1000 T ropHO#M Mac-
ChI IPOU3BOAUTENBHOCTD Oy iy = 2000 1/9 06ecneunBaeTcs mumb mpu £, < 30 MuH,
TIPH 3TOM IPOU3BOIUTEIHLHOCTE 3arpy309HOTO YCTpOoiicTBa B OyHKepe (110 hopmyrte (14))
nowkHa ObITh He MeHee 2200 1/4. JIro60oe moBBIEHHE £ TIPU COXPAHEHUM BMECTH-
MOCTH COCTaBa CHUKAET MIPOU3BOIUTENBHOCTD Q) /1y

o pe3ynbraTaM pacueToB MOXKHO ClI€JIaTh 3aKJIFOUECHUE.

Bo-mepBrIX, npy pac4eTHOM BpEMEHM OOMEHA U MOTrPy3Ku cocrasa £ = 30 MuH,
obecneunBaromeM Ipou3BOAUTENLHOCTE noacucTeMsl MT O, 1 = 2000 1/4, BeposT-
HOCTb TOIO, YTO NApameTp f  ONpPENCIEH C OTKIOHEHHEM 15 MHH, COCTAaBIAET HE
MeHee 0,8. 1o 03HaYaeT, 9TO ¢ OONBIION CTEMEHBI0 BEPOATHOCTH B TCUCHHE 15 MUH
BEITTycK I'M u3 OyHKepa MpON3BOAUTHCS HE OyIIeT.

Bo-BTOphIX, 9T0OB 00ECIIEUNTh HENMPEPHIBHOCTH PaboThl Beel cuctemsl, u CT
B YaCTHOCTH, HEOOXOIMMO B OyHKEpE NPeyCMOTPETh AOIOJIHUTEIbHYI0 BMECTUMOCTD,
KOMITCHCHPYIOIIYIO 3aaepKKy padotsl MT. B paccmarpuBaemMoM mpuMepe 3TOT 00beM
cocraBut 10 500 T TOpHOM Macchl, NP MPOU3BOAUTENLHOCTH O, 1y = 1000 /9 — 250 T.

B-tpetbux, npu napamerpe £, = 30 Mun ¢ BepoaTHOCTBIO 0,804 nHTEpBaNT MEXKIY
MPUOBITUSIMHU COCTaBOB HE MPEBBICUT 45 MUH, ¢ BepoaTHOCThIO 0,595 — 30 muH, ¢ Be-
positHOCcThIO 0,209 — 3045 MuH.

Takum oOpa3om, A7 yueTa BIUSHUS HEPaBHOMEPHOCTH PadOThl MarHCTPAIbHOTO
JKEJIe3HOOPOXKHOTO TpaHCIopTa Ha BMecTUMOcTh OyHkepa IIC MOXHO NpHHATH
15-MuHYTHBIH nHTEpBan napamerpa Az 1pu BeposTHOCTH coObitHs 0,81. IIpu npu-
HATHY napameTpa £ = 10 1 5 MUH BEPOATHOCTL COOBITHS COOTBETCTBEHHO COCTABUT
0,74 u 0,67.

VYenoBumces, uto padota IIC npoxoauT B yCTaHOBUBILEMCS peXUME IPU MPOHU3BO-
mutenbHocTH cucteMbl 2000 T/4, ¥ pu 00ecneyeHUH 3a1aHHOTO BPEMEHH OTPY3KH U
obmena cocTaBos /= 30 MuH. B pacueTHOM pexuMe MUHYTHOE nmocTymiuenue I'M
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cpeactBamu CT cooTBeTCTBYeT BhIpaKeHUIO (3), a MUHYyTHOE n3Biedenue I'M u3 OyH-
Kepa U mocTyiuieHue ee B cpeacrsa MT coorBeTcTByeT BhipakeHUsIM (4) u (5), a 00b-
emsblI moctytuienns ['M B OyHKep W n3BiieueHus U3 OyHKepa yIOBIETBOPSIOT TpeOoBa-
HUM OataHca cucTeMbl. bamane HapymaeTes, €CIu &, o # fo ¥ Ly or = byor T AL

IIpn npunaTom napamerpe ¢, u3 OyHkepa He Oyzaer ussnedeno 500, 330 u 160 T
TOPHOW Macchbl COOTBETCTBEHHO, a COOPOUYHBIA TPAaHCIOPT NPOAOIKAET PaboOTaTh
B PacYETHOM pekuMe. 3a Bpems ! aBTOMOOHMJILHBEIM TPaHCIIOPTOM B OyHKep Oyner
3arpy’KeHo

@)
Wonirx =Waer = %Afnor )

a B OyHKepe 3apaHee JIOJDKHA OBITh MPEAyCMOTPEHAa BMECTHMOCTD IS Pa3MEIICHHSI
obbema W, ..

Ta6auna 3. [Toka3aTeau BepOATHOCTHBIX COCTOSIHHIA
Table 3. Probability states indicators

3ajaBaeMble U ONpeJelIieMble apaMeTpbl 3HaueHus
CpenHee BpeMsi 0OMEHa U MTOTPY3KH COCTABOB fnor, MUH 30 40
PacueTHas npou3BOIUTENBHOCTD MOICHCTEMbI 2000 1500
MarucTpaabHOrO TpaHCHOpTa OMTK, T/4
MHTEHCHMBHOCTD TOTPY3KH COCTABOB, IPUBEICHHAS
el py » TPHBER 0,033 0,025

3aIIaHHa}I aMIUTUTyJa OTKJIOHCHHI BPEMCHHU IIOTPY3KHU

cocraBa +Atuor, MHH +5 | 410 | 15 | +5 | +10 | +15

BepOHTHOCTL TOT'0, YTO BPEMA IIOTPY3KHU COCTaBa HE

HPEBBICHT fror + Afmor 0,67 | 0,74 | 0,81 | 0,66 | 0,73 | 0,76

CpenHsisi ”HTEHCUBHOCTD IPHOBITHS COCTABOB HA 20 15
norpys3Ky 3a 1 gac > >
PacyeTHbII HHTEpBaJ BpEMEHH NPUOBITHS COCTABOB Ha 30-45 40-55
HOTPY3KY, MUH
BeposiTHOCTB TOTO, YTO HHTEPBAT MEXIY PHOBITHAMU

€pPOSITHOCTb TOTO, YTO MHTEPBAl MEX/Y PHO 0.209 0201

JBYX COCTAaBOB HAXOAUTCA B paCUCTHOM JIMaIla3oOHEe

C yuerom HepaBHOMepHOCTH paboTel MT u CT u B 4acoBoM pexumMe o011asi BMec-
TUMOCTh OyHKepa mpu komOuHupoBaHHOM AXKT

’ qa QCT
W=W"+W,=—22"—"(y. ZK, + m)+=——(t, + At.__).
2 (I_KW)(\Va 3 ) 60 (n nor)

[Ipu mpomsBoguTenbHOCTH cucteMbl 2000 T/9 1 ipu Z = 2 o0Imasi BMECTUMOCTh
OyHKepa cocTaBUT OKoJI0 750 T TOPHOM MaccChlI.

3axurouenne. PaccMoTpeHs! JBa moxxona (IeTepMUHUPOBAHHBI U BEPOSTHOCT-
HBI) TIpU pacueTe BMECTHUMOCTH OyHKepa B COCTaBE MEPErpy304YHON CHUCTEMBI MPH
KOMOWHHPOBaHHOM TpaHCIIOPTE B Kapbepax. [Tokazano, 4yTo npu B3auMoaeicTBuu coo-
pOYHOTrO (aBTOMOOHMIBHOIO) TPAaHCIOPTAa M MAarkCTPajbHOTO (KEJIE3HONOPOKHOIO)
TEXHOJIOTUYECKas BMECTUMOCTh OyHKEpa I0JKHA MPEAyCMaTpUBaTh JOMOTHUTEILHBIE
00bembl 1 pasMmelieHus I'M, 00ycoBIeHHbIE BEPOSITHOCTHBIM XapaKTepOM WHTEH-
CUBHOCTH pacmpefesieH!s] ¥ MPUOBITUS TPaHCIIOPTHBIX CPEACTB IUKJINYECKOTO Aei-
CTBHS K IIEPErpy304HOM CUCTEME.
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Determining the capacity of a bunker as a part of the handling system with
combined transport

Arkadii V. Tudin!, Viktor S. Shestakov!, Vil I. Saitov!, Magomed K. Abdulkarimov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract

Introduction. Significant share of the costs for deep quarries is the cost of rock mass reloading from the
“assembly transport” to the main transport make up a considerable proportion in open pit development costs.
Portable handling systems with bunkers are used, the parameters of which are determined by several methods.
Methodology. In this work, when determining the capacity of the bunker, two approaches have been
considered: deterministic — transport systems operate at nominal conditions; probabilistic — transport
systems operate with their inherent unevenness. The methodology adopted is based on the geometry of the
bunker in the configuration of the “inverted obelisk”, as the most productive system. Formulas to calculate
the technological and geometric capacity of the bunker have been proposed. The proposed method
parameters design takes into account assembly (automobile) transport arrival rate, which is described by
the Poisson distribution and railway transport arrival rate described by the distribution of Erlang. Several
numerical examples reveal practical application for bunker parameters determination.
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Results. The significance of the required additional bunker volumes has been justified in order to make up
for cyclic transport vehicles irregular operation within combined transport complexes.

Key words: combined transport; handling system, bunker; flow rate; distribution, probability, interval;
availability.
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Pa3pa60TKa cnoco6oB ynpaBnieHUs nblniera3oBbiM PeXUMOM NpU
B3pbiBaHUU BbICOKUX YCTYNOB B FﬂYﬁOKMX Kapbepax

3aupos LW. LLL."*, Xynai6epaues O. XK.!, Hopmatosa M. X.!, Homgopos P. ¥.2
" HaBowickuit rocyaapCTBeHHbIN FopHbIA MHCTUTYT, T. HaBow, Pecnybnnka Y3bekucTaH
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Peghepam
Leny pabomul — paspabomxa cnocoba CHUICEHUS KOHYEHMPAYULU NbLIE2A308bIX BLLOPOCOB, BbLOENACMbIX
NPU MACCOBIX 83DbIBAX HA KAPbEPAX.
Axkmyansnocms uccnedosanuii. [Ipu eedenuu coprvix pabom Ha kapvepax OyPoE3PbIGHbIM CHOCOOOM
BbIOENACNCS 02POMHOE KONUYECIBO NbLIU U AOOSUMbIX 2A3000PA3HbIX NPOOYKMO8, HA UHMEHCUBHOCHIb
00pa306aHUs KOMOPLIX GIUAIOM MeNOO G3DbI6AHUS, ACCOPMUMEHN UCHONb3YEMbIX 63PbIEUANbIX
sewecma (BB), memoo b6ypenus 63pbi6HbIX CK8AXCUH, MUN U 6UO 3a0O0UKU, 00800HEHHOCTNb MACCUBA,
CBOUCMBA 20PHBIX NOPOO, MEMeoyCLosus u Op. Yemarnoeneno, umo npu é3pwiee 1 ke BB uz o6pasyemvix
6 cpeonem 900 1 paznuunsix 2a308 u 2a3006paznbvlix NPoOykmos 15 % aensomes 1008UmMbIMU U ONACHLIMU
0711 uenogexa u okpyxicaioujeli cpeosvi. [lns npedomapauyeHus noviie2a3obloeneHull 8 HACmosauee pems
NPUMEHAIOM pasiuyHble Munvl 3ab0eK, KOmopbvle OKA3bleaiom GIUsHUe He MONbKO HA YMeHbUleHlUe
obvema 8vl0pOCO8, HO U HA IPPeKmUsHOCMb U OE30NACHOCIb 83PbIEHBIX PAOOM, YMO CNOCOOCMEYem
Haubonee NOTHOMY UCHONLI0BAHUIO DHEPSUU 63DPbIBA U YEENUUUBAEN 6PeMs B030€UCMBUL NPOOYKMOS
63pbleuamo20 npespaujenus. Hecmomps na snauumenvuulii 06vem NPOGEOEHHbIX UCCIE008AHUT U
docmueHymole Ycnexu 6 3mMOM HAnpagienuu, Oas 21yO0KUx Kapbepos HeoOXoo0umo onpedenums
PpayuonanbHvle napamempsl 3a00UKU 8 CKEANCUHHBIX 3apa0ax BB, ymenvuums obpaszosanue A0068Umuix
20308, BbLOENAEMbIX NPU MACCOBLIX 83DbIEAX, PA3PAOOMAmMb MeMOOUKY NOYUEeHUs NO2TOMUMENbHO20
pacmeopa, cnocoOHo20 Heumpanu308ams s008uUmble COeOUHEHUs Nocie 63puléd, U pazpabomanms
apdexmusHuvlil CHOCOO CHUNCEHUS NbLNe2A308bI0ENEeH UL NPU MACCOBbIX 83DbIBAX.
Memoouka nposedenus ucciedosanuii. I[lpu peuwienuu nOCMAGIEHHOU 304U UCHOIL3OBAHBL
KOMNIeKCHble MeMOoObl UCCLe008AHULL, BKIIUAIOWUE MeopemuiecKue 0000 eHus U IKCNEPUMEHMATbHbLE
uccne008ans 6 1abOPAMOPHBIX, NOTULOHHBIX U NPOMBIULIEHHBIX YCIOBUAX, MEMOObl MAMEMAMUYECKO20
MOOeUpoBanus. napamempos 3ab0UKU 6 CKEANCUHHbIX 3apsadax BB, memoovi mamemamuueckozo
NPOSPAMMUPOBAHUS C UCHONb30OBAHUEM COBPEMEHHOU KOMNbIOMEPHOU MEXHUKU, A MAKdHce Menoobl
Mamemamuieckol Cmamucmuky U KOppenayuoHHO20 AHAIU3A Pe3VibmManos UcCcie008aHui.
Pezynomamul. Onpedeneno usmenenue O0asneHus NPOOYKMO8 OemMOHAYUU 6 CKEAdICUHE C YUemom
npoyeccos O8UNCeHUs 3a00UKU U3 NeCKA U NO2IOWArUjell CMeCU PA3IUYHOL ONUHbL. YCMAHO81eHo, 4mo
npu UCNONL308AHUU 3A00UKU U3 noz2rowaloueli cmecu OdagieHue NpooyKmog OemoHAyuu U pems
sblIema vlule N0 CPAGHEHUI0 ¢ 3aOO0UKOU U3 necka. Ycmawnosnena spgexmuenas Onuna 3a60UKu 6
CKBAJICUHHBIX 3apadax BB 6 3asucumocmu om epemeHu cnaod 0agieHus 8 CK8AdCuHe u ONUuHbl 3a00UKU
6 DA3IUYHBIX CEHeHUAX CKadcunvl. Mamemamuueckum MoOOeIuposanuem napamempos 3a00tKu npu
63pblee CKBAXCUHHBIX 3apsa0oe BB ycmanoeneno usmenenue O0aeieHusi 60 63DbIGHOU NOAOCMU OM
epemMenU u OUHbL 3a00UKU NPU ee Bblieme U3 CKBANCUHbL, d MAKHCce NPOOOIHCUMETbHOCb Npoyeccd
svliema 3a00UKu U ucmeyenus npooykmos demonayuu npu e3pviee IBB 6 3asucumocmu om Onumbl
3abotiku. Paspabomana memoouka onpedenenus napamempos nvlie2az08020 3a2PA3HeHUsI amMochepvl
npU nPOU3800CMEE MACCOBLIX 83PbIBOS HA 21yOOKUX Kapvepax. Paspabomana noenomumenvuas cmecy,
NO3601AI0WAS UHMEHCUPUYUPOBATNL NPOYECC OCANCOEHUS NBLAU HAO MECMOM 63pPbled U YMEHbUUNb
3aepssHenue oKpydjrcaloujell Kapbep meppumopuu, ¥mo O1a2onpusmHo OMpancaemcs Ha IKONI0UYEeCKoll
obcmanoske 6 pecuoHe NPouzBoOCcmea 20puvlx  pabom. Paspaboman cnocob  cHudicenus
nblnezazosvloeNeHuti npu  6edeHuu  63Dbl6HbIX pabom HA  Kapbepax, NO360JAIOWUL  CHUZUMb
KOHYeHmMpayuio 06pasosasuiecocs novlie2azo8o2o oonaxa.
Oénacmy npumenenusn pe3ynomamos. Cnocod nooasienus nwvlie2a3o8bix 8b10p0cog Ovll 6HeOpeH Ha
Kkapvepe  Mypynmay Hasouiickoco — eopno-memannypeuieckozo kombumnama. B pesyromame
UHMEHCUDUYUPOBAH NPOYECC OCAINCOeHUs. NbIIU HAO MeCmOM 63pbled, YMEHbUEHO 3azpa3HeHue
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OKpyJicarowell meppumopuu, CHUM3CeHa Konyenmpayus ouoxcuoa asoma na 30,1 %, okcuda yenepoda
na 28,6 % u cepnucmoeo aneuopuoa na 20,5 %. Ionyuennvie pezynomamol Mo2ym Haumu npumeHeHue
Ha Kapvepax, 20e OpodieHue OPHbIX HOPOO NPOU3BOOUMCA OYPOB3PLIEHBIM CHOCOOOM.

Knioueevie cnosa: Kapvep, 6ypoe3pviHble pPAOOMbL, NbLIE2A3080€ 3dcPA3HEHUEe AMMOCPepbl;
CKBANCUHHDLLL 3apA0, 3aD0UKA, CNOCOO CHUdMCEHUS NblIe2a308bl0eNeHUll, 00pa30sanue 1008UMbIX 2A308.

BBenenne. AHanu3 UCCIEIOBAHUM 110 BIMAHUIO 3a00€K Pa3IMIHBIX BUJOB U UX IIa-
pamMeTpoB Ha 3(h(HEeKTUBHOCTD POOICHUS TOPHBIX ITIOPOJ B3PBIBOM IOKa3aJl, YTo 3a00iKa
OKa3bIBACT CYIIECTBEHHOE BIMSHUE HA 3(p(HEeKTUBHOCTD U OE€30IIaCHOCTH B3PHIBHBIX pa-
00T, yMEHBLIACT IOTEPH SHEPIUH B IPOLIECCE NETOHALIMY 3apsiia, YBEIMUUBACT JUIUTEIb-
HOCTb BO3JICHCTBUSI I'a30B B3PbIBA HA CTCHKU CKBa)KMHBI, YMEHBIIACT CHILY YAApPHOU BO3-
JTyITHOM BOJHBI M 00ecTiednBaeT OoJiee TOTHOE MPOTEKaHNe peakiuy B3phiBa [ 1-5].

IIpobnemam paspylieHHs] MaccuBa TOPHBIX TOPOJ B3PHIBOM, ITOJABJICHHS IbLIETa-
30BBIX BEIOPOCOB ITPH MAaCCOBBIX B3pPBIBaX Ha Kapbepax U yNpaBlICHUIO SHEPTHel B3PhI-
Ba TIOCBSIIIIEHO 0OJIBIIIOE KOMM4IecTBO HccnenoBanwmii [ 1-13]. Mzyden nponecc Gpopmu-
POBaHMSA U PaCIPOCTPAHEHUS TBUIETa30BOro 00J1aKa U pa3paboTaHbl METObI CHHKECHUS
YPOBHS NBUICBOTO 3arpsi3HEHUS. 1 1aBHBIMU HelOCTaTKaMu pa3paboTaHHBIX CIIOCOOOB
ABJIAETCS TPYLOEMKOCTb MPOLIECCa, HEBO3MOKHOCTh pa3MEIICHHs BOASIHBIX CTPYH U 3a-
BEC, OrPAaHUUYEHHOCTh MX JaJIbHOOOHHOCTH BO B3PBIBHOM OJIOKE M BHYTPH IBLIETa30BOT0
o0JaKa, CII0XHOCTh PETYIMPOBAHUS COOTHOIICHHUS reJieo0pasyonyX KOMIIOHEHTOB.

Ha myOoxux xapsepax PecryOnuku Y30ekuctad B Oonbluell Mepe IPUMEHSIOTCS
sMyabcHOHHBIE BB, koTOphIE, Kak ¥ Opyrue TUIBI NPOMBIIIICHHBX BB, oka3piBatoT
HETaTHBHOE BO3/ICHCTBHE Ha OKPYXKAIOIIYIO Cpely M OpraHu3M 4ejoBeka. M3-3a Toro,
YTO (PU3UKO-MEXaHUUECKUE CBOMCTBA FTOPHBIX IIOPOJ BIMSIOT Ha IPOLIECC 00pa30BaHUS
SOBUTHIX ra30B, AMHBIC HOPMBI TI0 JAHHOMY IOKA3aTeIo I Pa3InYHbIX IMYJIbCH-
oHHBIX BB otcyTcTBYyI0T. B CBSI3M € 3THM HE00X0AMMO cOOIIONATh YCIOBHE, UTO SMYJIIb-
cruoHHOoe BB npu B3peIBe HE AOKHO BBLACIATH Ta30B OONbIIEC MPUHATON HOPMBI.

HccaenoBanne M MareMaTuieckoe MOJeJMPOBaHUE MNApaMeTpPoOB 3a00HMKHU
B CKBAKMHHBIX 3apsilaX B3pbIBYATHIX BemlecTB. B pesynsrare aelictBus 3apsiga BB
B CKBa)XKHHE 3a001iKa BEIBOIUTCS U3 COCTOSHUS MOKOSI, ABUTAETCS IO CKBAXKUHE, U TI0-
CJIe ee BbIJIETa U3 CKBAKHHBI IPOMCXOJUT UCTEUEHHE NPOIYKTOB ACTOHALINH.

YcTaHOBIEHO, YTO MIPU UCTIONB30BaHUH CIUIOIIHON 3a00MKH N3MEHSIETCS 1aBICHUE
¥ MIOCTIe BBIJIETA OHA MPOAOJIKACT OKa3bIBaTh IPOTUBOJABICHUE CTEKAIOLINM IPOAYK-
Tam petoHauuu. Ecnu B 3a00€4HOM POCTPaHCTBE MCIONB3YETCS CHITYYHI MaTepHal,
3a00liKa pa3ieraeTcs B pa3Hble CTOPOHBI IOCTIE BHIJIETA.

Paccmotpen npoiecc ABMKEHUS 3a00HKHU IO CKBaXKHHE C yUYETOM 3aKOHOB COXpaHe-
HUSI DHEPTUH, KOJMYECTBA ABWKCHHUS U MOTEPU MUMITYJIbCA HA TPEHHUE AJIS ChITy4Yel u
onIoIaromniei 3adoek [14].

HccnenoBano u3MeHeHHE NaBJICHMS MPOLYKTOB JAETOHALMU C YYETOM IIPOLIECCOB
JOBIDKCHHSA 110 CKBAXKMHE 3a00MKHM M3 MECKa U MOMIOLIAIONIEH CMECH Pa3InyHON JIH-
HBI, B PE3yJbTaTe KOTOPOTO YCTAHOBIEHO, YTO MIPH MCIIOIB30BAHMH 3a00MKH U3 NOIIO-
IIAIOIIEH CMECH JaBJIEHUE MTPOAYKTOB JIECTOHALMU U BPEMs BbUIETA BBIIIE 110 CPABHE-
HHIO C 3a00iiKoi U3 mecka.

Bpewmst BoIBozza 3a00KH B CKBa)KMHE U3 HETIOIBM)KHOTO COCTOSTHUS, MC, OTIpeIelisi-
eTcs 1o opmyie:

Mlp.C C?
tlz—”ij i 1+k2£ 1+)\,3p3 ® (1)

P, C,

rae A, Ay, h; — KO3QUIMEHTEI, ONpe/ieNieMble SKCIIEPUMEHTAIbHBIM IIyTEM H fB-
naomueca ¢ynxuueil napamerpos d /I ; d, — nuametp 3aboiiku, M; [, — nuuHA
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3a00¥ku, M; p, — INIOTHOCTb 3a00WKH, KI/M3; C,, — CKOPOCTE MPOJONBHBIX BOJIH
B 3a00e4HOM Marepuasie, Mm/c; P — naBieHue mnpoaykToB neroHanuu, MIla;
p — IUIOTHOCTbh IPOJYKTOB JieTOHAUMH, Kr/M%; C, — CleIIeHne JacTHIl 3a00€4HOTO
marepuana, Kr/cm?.

Bpewms nBmxenust 3a00¥K1 U3 MOTIIOIMIAIOIICH CMECH B CKBaXKMHHOM 3apse BB, mc,
ompenaensercs o Gopmyie:

t, = v, In|- 12

—= +1|,
WP |1-n, @)

e M — KO3(Q(UIMEHT BA3KOCTH, V — IUIOTHOCTH 3a00CYHOrO Marepuana, Kr/m,
z — BpeMsl IBUKEHUsI 3a00HKH, M/C.
Bpewms nBukeHus necyaHoi 3a00¥KU B CKBaXXHHHOM 3apsiie BB, mMc, onpeaensercs

o Gopmyie:
t, = v, In £+1 3
2=\ %p -k | )

rae k* — kxoa(hHUIUeHT TpeHuUsI.

B pesynbrare MareMaTHuecKoro MOICTMPOBAHHS TAPAaMETPOB 3a00HKH MTPH B3PHIBE
CKBa)XMHHBIX 3apsi10B BB ycTaHOBIEHO U3MEHEHUE IaBICHUS BO B3PBIBHOM NOJIOCTH
B 3aBCHMOCTH OT BPEMCHH U JUTHHBI IecYaHol 3a001KH MPH €€ BbIJIETE U3 CKBAYKUHEI,
a TaKXe IMPOAOIDKUTEIFHOCTH Mpollecca BbIJIeTa 3a00MKM M HCTEUEHUs! MPOTYKTOB
JETOHAINH NIPY B3pbIBe DBB B 3aBUCUMOCTH OT AJIMHBI 3a00HKH.

JlaBneHre mpoayKTOB eToHaWU B ckBakuHe, MI1a, onpexnensiercst mo gpopmynam:

2

AMp,C p p,C
P(t)=—""" 14+, — || 1+ 4, —2 |,
2 (1) i 2 b, 3 C. 4)
NIPY KCIIOIB30BAaHUH 3a00MKH 13 OMIOIIAIOIICH CMECH:
2
nz
P(t,)=vl|In L,
c( 2) 3 l _ nlj 2 (5)
IPU UCIIOJIb30BAaHUN IIECYaHOM 3a00HKH:
Kz Y
P(t;)=vL,| In|—"{ | /1. (6)

B Tabn. 1 mpuBeneHo n3MeHeHHe BpEMEHH JBM)KEHHUS 3a00HKH B CKBRXXHHE B 3a-
BUCHUMOCTH OT JIJTMHBI 3a00WKH, B Ta0JI. 2 — U3MEHEHUE JaBICHHS IPOYKTOB AETOHA-
LMY B CKBA)XMHE P, B 3aBUCUMOCTH OT BPEMEHH C y4ETOM JJIMHEI 3a00HKH.

B pesynwrare uccnemoBaHus 3aBUCUMOCTH BPEMEHH CIaja TaBJICHUS B CKBa)KHUHE
OT JIUTMHBI 32a00MKH B Pa3IMUHBIX CCUCHUAX CKBAXKHHBI U COTIOCTABICHUS €€ C BpeMe-
HEM ITOJTHOTO KBa3WCTATUYECKOTO HATPYKEHHsI TOPHBIX TTOPOJT onpeneneHa d3hpexTus-
Has ITTMHA 3a00MKH, BeJTMYNHA KOTOpoil cocTaBmseT 4,3—5,0 M.
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HccnenoBanue 00pa3oBaHusl SITOBUTHIX I'a30B, BbIIEJISEMbBIX P MaCCOBBIX
B3pPbIBAaX 3MYJIbCHOHHBIMHU B3PbIBYATHIMH BEeIIECTBAMH H Pa3padoTKa MEeTOTUKH
MOJTyYeHHsI MOTJIOTUTEILHOI0 PACTBOPA, CIIOCOOHOT0 HEHTPAIU30BATh SIIOBHUTHIE
coeMHeHMs mocJie B3pbiBa. VMccnenopanmsimu [15, 16] ycranoBieno, 4to oOpa3zoBa-
HUC ATOBUTBIX I'a30B IIPH IMMPOU3BOACTBE MAaCCOBLIX B3PLIBOB 3aBUCUT OT COCTaBa, KUC-
JOpomHOTO Oamanca M (GU3UKO-XUMHUYEeCKUX CBOMCTB DBB. IloBrImeHne miI0THOCTH
OBB BHauyaie MMPUBOAUT K YMCHBIICHHUIO KOJIMYCCTBA AAOBUTHIX Ira30B, 3aTEM, IIOCJIC
JIOCTHXKEHHMSI OIIPENEIEHHON IUNIOTHOCTH, JaJIbHENIIEE €€ YBEIIMUEHUE IPUBOJUT K PO-
CTY KOJMYECTBa BBIAC/IAIOMUNXCA AOOBHUTBIX I'a30B, TaK KaK YBCIWMYCHUC IIJIOTHOCTHU
OBB npuBOIUT K CHUKEHHIO TIOTHOTHI €T0 ICTOHAITHH.

Tabuauna 1. U3meHeHne BpeMeHH IBHKEHUS 3200HKH B CKBaKMHE
B 3aBHCHMOCTH OT JUIMHBI 3200iiKH
Table 1. Change in the time of stemming motion in the well depending on the
stemming length

L,=5wm, L=5m, L,=6mM, L,=8m™,
Bpewms, Mmc rnecuaHas MOTJIoIIAoNIas | MOrJoIarm@s | MOrJIOMArIast
3a00iiKa 3a00iiKa 3a00iiKa 3a00iiKka
h 21 20 24 32
h 2,5 1,82 1,78 1,68

YCTaHOBIIEHO, UTO COCTAB MPOIYKTOB B3PHIBA U KOJIUYECTBO SIIOBUTHIX FA30B 3aBU-
CAT OT (PU3HYECKUX CBOMCTB rOpHBIX Mopo. C yBelIn4eHHeM KPeroCTH TOPHBIX TOPOA
BbIJIEJIEHHE OKCH/IA YIVIepoia YBEINYUBAETCA, @ OKCHIOB a30Ta YMEHBIIIAeTCs.

HccnenoBano MakcuMaabHOE 3HEproBblieeHre st OBB ¢ HyneBbIM Wity monoxu-
TCJIbHBIM KHUCJIOPOAHBIM OaaHcoM. HpI/I BBICOKMX HAYAJIbHBIX TEMIICPATYpPEC U OaBJIC-
HHMU B HAYaJIbHBIA MOMEHT B3pbIBA BO3MOXKHA yacTH4Has auccomuanus CO, u H,O,
a Takxke o0paszoBanue sHA0TepMUUeckux coequnenuii NO u C,N, u 1p.

CocraBiieHa peakius B3psIBUATOTO MpeBparieHus s BB ¢ oTpumarensHbIM Kic-
JIOPOIHBIM OaJIaHCOM, PACCMOTPEH METOJ] MAKCHMAIBHOTO ra3000pa30BaHums 110 IPHH-
numny Jle Ilatense—Mamisipa U TpOU3BENIEH pacyeT cocTaBa MPOAYKTOB B3pbIBA IO
npunuunam Jle Hlarense—Massipa u bpunkinn—Bunbscona.

YCTaHOBIIEHO, UTO MPY OAWHAKOBBIX JABJIEHUAX U TEMIIEPATypaxX AUCCOLUALUS CO2
pasButa B Oonbliel creneny, yeM auccounanus H,O, Benencteue 3Toro peakuus 06-
pasosanus H20 Oyzner npeBanupoBatsh HaJ peakuueii oopasosanus CO,.

Pa3paborana MeToauKa U MPOU3BENEH pacyeT MapaMeTpOB MbLUIEra30BOTO 3arpsi3-
HEeHHs1 aTMOc(epbl TPU MPOU3BOJCTBE MAaCCOBBIX B3PBHIBOB Ha IITYOOKHX Kapbepax,
B pe3yibTare KOTOPOro YCTAaHOBIEHO, YTO TPU MPOXOXKICHUU B3PBIBHBIX Ta30B Yepe3
MOTJIOMIAIOIIYI0 CMECh B 3a00€YHOM YacTH CKBaXKWHBI MPOUCXOAUT KOHBEKTHBHAS
TEIJIOOT/Ia4a OT Ta3a CMECH U MOTEPSI IOJIH MapIIUaIbHOTO TaBJICHUS HA CTEHKH CKBa-
JKUHBI B MECTE PAcIlOJIOKEHHSI CMECH. 3a CUeT MOTEepH TeIlla MbLIera3oBoe 00JaKo
TCPACT YacCTb cBOeH OHEPruu, 41O BCACT K CHMIKCHUIO BBICOTHI €0 MmoaAbEMa U TEM
CaMBIM TIPEIOTBPAIIacT BBIHOC €T0 3a Mpeiebl KaphbepHOro MPOCTPAHCTBRA.

YCTaHOBIICHO, YTO MAcCa MBLIH, BRIACIIEMON U3 OJI0KA NP B3PHIBE OHOM CKBAXKH-
HBI, 3aBUCHUT OT IJIOTHOCTH TOPHBIX TIOPOJI, 00beMa B3PhIBAEMOT0 0JI0Ka, KO (PHUIIMCH-
Ta pasphIXJIEHUS TOPHBIX IIOPOI, Pa3MEPOB MBUIMHOK M KYCKOB TOPHBIX IIOPOX BO
B3pPBIBHOM OJIOKE.

Pa3paboTan 1 000CHOBaH METO]I MOJYUYSHHS TOITIOTUTEIBHBIX CMECEH TpH MpOoBe-
JCHWU B3PBIBHBIX pa60T. B PE3YIbTATE UCIIbITAHWA PA3JINYHBIX TUIIOB OPTraHNMYCCKUX U
HCOPraHn4eCKux COCILI/IHCHI/Iﬁ HOI[O6paHI>I TpU COCOAMHCHUA — HEramiCHas HU3BCCThb,
OCHTOHHUT U COANCTOK, 00JIaAI0IINE BRICOKOH BSOKYIIIECH M MOTIIOTUTEIBHON CITIOCOOHO-
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cTbI0. /laHHBIE COCTMHEHUS TIPH CMELIMBAaHUH C BOIOW 001aJaf0T ClIOCOOHOCTBIO Ofl-
HOBPEMEHHO PACIIMPATHCS, UMEIOT BSOKYIINE M OBICTPO TBEpICIOIIUE CBOICTBA, He-
00X0oMMBIE JIS TIbLIE- U Ta30TI01ABICHHS.

Pa3paboTka u MpoMBbILIJIEHHOE HCIBITAHHE CIOCO0A CHUKEHUSI MBLJIEra3oBbl-
AesieHuii NPU BeleHNMH B3PHIBHBIX PadoT Ha r1y0okux kapsepax. Pazpaboran cro-
c00 TO/IaBIIeHUs TIBUIETa30BbIX BHIOPOCOB MPHU B3PBIBHBIX pab0OTax Ha Kapbepax ¢ Uc-
MOJB30BaHUEM B 3a00€UHOM TIPOCTPAHCTBE CKBAXXHMH TYCTOTO HAIOJHHUTEIS,
MO3BOJISIFOLIETO YAYYIIUTh SKOJIOTHYECKYI0 00CTaHOBKY Ha B3pbIBaeéMOM OJIoKe U Onn3-
nexareit teppuropuu [8—11]. Ha puc. 1 mokazana cxema 3apsiKaHus KaKI0M CKBAKHHBI
NpH pean3aliy MpeaiaraeMoro crocoda nbulenogasieHust ¢ GOPMUPOBAHHEM I'yCTOTO
HAITOJIHUTENS B 3a00€YHOM MPOCTPAHCTBE CKBAXKUHBI B TEPMETUUHON 000I0UKE.

Tabnuua 2. U3meHenue gaBjieHUs NPOAYKTOB 1€TOHAIIMU B CKBAasKHHeE
B 3aBHCHMOCTH OT BPeMeHH C y4eToM JJIHHBI 3a00iiKkn
Table 2. Change in detonation products pressure in the well depending on
time with the account of the stemming length

Tassenue L,=5wm, L,=5wMm, I,=6M, [,=8m™,
MTTa ’ necyaHast MOTJIOIIAroNIas | MOrJIoIaron@as | MOrIoarIast
3aboiika 3a00iiKa 3aboiika 3ab0iika
Pc (1) 12,5 11,27 11,27 11,27
Pc () 43 3,5 3,7 6,8

CornacHo JaHHOMY CIIOCOOY Ha MECTe MPOM3BOACTBA MacCOBOTO B3pHIBAa OypsTCS
CKBa)XMHBI U 3anoiHsioTcss BB ¢ ycTaHOBKOW MPOMEKYTOYHBIX JETOHATOPOB IO Tac-
nopty Beaenus bBP nns nanHoro xapbepa. 3a00€4HYIO YacTh KaXKJ10M CKBaKMHBI 3a-
MOJHAIOT T'YCTHIM HAIMOJIHUTENEM, COCTOSIIIMM U3 N3BECTKOBOTO MOJIOKa (1 Kr n3BecTH
Ha 20 J1 BOJIbI), COATICTOKA (0TX0/1a MACJIOKUPOBOTO KOMOMHATA) U IIIUHOIIOI00HOM HITH
cyrecernoo0HoM TOpHOM Nopobl (OCHTOHMT, CYNeCh U T. 11.) B mpomopuuu 5 : 1 : 1.
['ycToit HanoMTHUTENL MOATOTABIMBAETCS OTAEIIBHO Ha MecTe npou3BoacTBa bBP B rep-
METHYHOH €EMKOCTH M IIOMEeNIaeTcsl B 3a00€YHOE MPOCTPAHCTBO B MOJIUITHICHOBOM PY-
KaBe. JlnameTp MOJUITUIICHOBOTO pPyKaBa paBeH AMAaMETPy CKBaKMHBI, & €T0 BBICOTA
COOTBETCTBYET BBICOTE 3a00€4YHOTO MPOCTPAHCTBA.

CoaricTok BbIIENsETCS PH papUHUPOBAHUN PAaCTHTENbHBIX Macen. ConepikaHue
JKUPOB U OMBUICHHBIX XHUPHBIX KHCIIOT B coarncTokax coctasiuger 50—70 %. O1u kuc-
JIOTHI SIBISIIOTCA CJIA0BIMH COOMpPATENISIMU, HO 3HAYUTEIBHO CENEKTUBHBI U 00JalaloT
XOPOIIMMHU TIEHOOOPa3yIOIMMHU CBOMCTBAMH.

CocTaB coancroka npuBeneH aaiee:

JKAPHOCTD (OOIIIHIT JKHIP) «..vvovrntenrerenieeieeitenteniteite ettt sttt st see b vt ae b b saeeenennenne 40-61 %

B TOM uHCI€ HEUTPATIBHBIM JKHD. ... .eveiiiiiiiiiiiiiieiieie ettt 23-28 %
HeXHMPOBBIE BEIIECTBA (TOCCHIION ) ....vevventeenteeneeeneeenseenseesneenseesseesseessnesseesseesseesseesseesneesses 3-12,5%
HEOMBUISEMBIE BEILIECTBA «.....veenveenrienieeniieieeieeeereeiteeeteentesereeaeeseneeateseneseneesnesenesneesenesanesanee 2-2,7%
DOCHOPCOTEPIKALTIE BEILIECTBA -...evevvenrenrereereerseaseesensesseeneensensessessesseeseessensensessessesseenes 0,8-1,0 %

L83 3 (0103 0707023701 8 011 1< NSRS KopuuneBblit MazeoOpa3Hblit
KHCTIOTHOE HHCIIO ...evvieivieeiieeie et ettt ete ettt ettt e s e ssaestaesaaessaessaesssesssessaesssanseenseans 71-100 xr/KOH

PaCTBOpI/IMOCTI) B alICTOHE

T'opHbIif MaccuB pa3pylnaeTcss IpoAyKTaMu JeToHauuu BB, u nepensmenbueHHas
MopoJia, HaxoAsmasAcs ONU3KO K 3apsATy, BRIOpackIBaeTCs ra3000pa3HBIMU MTPOAYKTAMHU
JeToHauu, 00pasys nbuiera3oBoe oosako. IIpu 3ToM B CKBaXkHHE U3-32 MTHOBEHHOI'O
CKaTHs IO IaBJIIEHUEM I'a3000pa3HBIX MPOAYKTOB JETOHAIIMN TIOBBIIIAETCS TEMITEpa-
Typa I'yCTOTO HallOJIHUTEINA. B CBOIO ouepens, IyCTOM HAIIOIHUTEND, IIEPEAaBas 100
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MapIHaILHOTO JAaBICHUS HA CTEHKH CKBAXXHMHBI, YCHIMBACT 3aMuparonuii aGdekr mpo-
nqyktam netoHanuu BB u3 ckBakuubl. TakuM 00pa3oM, POUCXOAUT JOTOTHUTEIbHASL
noJsie3Has paboTa pa3pyuieHHs TOPHOTO MAacCHBA.

B PE3YIbTATC CJIMIIaHUA MCIIKUX YaCTUILI IIbIJIX B IMbUICTa30BOM 06naKe IMPOUCXOAUT
HUX BbBIIIAJACHUC U HeﬁTpaJ’[H?;aIlHH 06pa3yeMbe IIpu B3PbLIBC AJOBUTLIX Ta30B.

1 4
i - "_"‘_ R TR TR
|
|
|
| s
S
2
3

Puc. 1. Cnoco6 cHu-
JKEHHsI  TIbUIETa30BbI-
JIeJICHUH IIPU BEACHUU
B3pBIBHBIX paboT Ha
DIyOOKHX Kapbepax:
1 — CKBaXKMHa; 2 — B3pbIB-
4aroe BEeleCTBO; 3 — Mpo-
MEXYTOYHBIN AE€TOHATOP,
4 — cpencTBO MHUIIMUPO-
BaHU, 5 — IOTJIOTUTEb-
Has CMeCh
Fig. 1. A method of
reducing dust and
gas emissions during
blasting  operations
in open pits:
1 — well; 2 — explosive;
3 — booster; 4 — initiator;
5 — absorbing mixture

[lpu BCTymiieHHMM B XMMHYECKYIO PEaKIHIO SJOBUTHIX Ta30B
C TYCTBIM HAarloOJHHUTENEM O0pa3yeTcst Kuakas ¢aza KUCIIOTHI,
ocakaeMas TakKe Ha MecTe IPOU3BOJICTBA MAaCCOBOTO B3DhIBA.
Takum 006pa3om, B OKpYKaIOIIYIO Cpey HE MOMaaroT SJ0BUThIE
ras3bl ¥ IPEAOTBpAILAeTCs TIOSIBIIEHHE KUCIOTHBIX JOXKICH.

PazpaboranHblif cioco0 MOAaBIeHUs MBLIETa30BbIX BHIOPO-
COB TIPY B3PBIBHBIX pa0OTax Ha Kapbepax BHEAPEH Ha Kapbepe
Mypynray ['TI «HaBoulickuii ropHO-MeTaITypru4eckuii KoMOH-
HaT». B pe3ynbrare BHeIpEHUS CHIDKEHA KOHLEHTPALUs JUOKCH-
na azora Ha 30,1 %, okcuna yrmepona Ha 28,6 % U CEpHUCTOTO
auruapuga uva 20,5 %.

BuiBoabl u 00JacTh pUMeHeHHUs pe3yJbTaToB. Pa3pabo-
TaHHAasl METOJMKA UCCIICIOBAHUS TapaMETPOB MBUIETa30BOTO 3a-
rpsi3HEeHHs aTMOc(ephbl PH MPOU3BOJCTBE MACCOBBIX B3PHIBOB
Ha MTyOOKMX Kapbepax IMO3BOJISET ONPEEUTh AaBJICHUE ra30B
B3pBIBA B CKBaKMHE, KOTOPOE U3MEHSETCS TPSMO MPOMOPIHO-
HaJBHO aTMOC(EepHOMY JaBieHuo0, 00beMy ra3oB BB, remnepa-
Type B3pbIBa H 0OpaTHO MPONOPHHUOHATBHO 00bEMY CKBaKHHBI.
Pazpaboran u 000CHOBaH METOJ MONYYEHHS] TOIIOTUTEIBHBIX
cMecell Ipu MPOBEICHUH B3pBIBHBIX paboT. B pesynbrare ucmbl-
TaHHUS Pa3IMYHBIX THIIOB OPTaHMYECKUX U HEOPTaHHMUYECKUX CO-
eIMHEHNH TO00paHbl TPU COEAWHEHHUs] — HeralleHasl H3BeCTb,
OCHTOHHT W COATCTOK, 00JIafatonIre BBHICOKOHM BsDKYIIEH W TO-
IJIOTHTENILHON CMOCOOHOCTHIO. JlaHHBIE COCMHEHHS TIPU CMe-
IIMBaHUHM C BOJOW OONaJaloT CIIOCOOHOCTBHIO OIHOBPEMEHHO
pacmmpsThCs, UMEIOT BSOHKYIIME M OBICTPO TBEPICIOIINE CBOM-
CTBa, HEOOXOIUMBIE IJIS MblJIe- M Ta3omoaBieHus. Paspaboran
CHOCO0 CHMIKCHUSI TbLUIETAa30BBIICICHUI MIPU BEICHUH B3PHIB-
HBIX paboT Ha Kapbepax, OTINYAIOLUIMNCS TEM, YTO B 3a00€4HOM
MPOCTPAHCTBE CKBAXHH (HOPMHPYETCS TYCTOH HAlOJHHUTENb
B FeépMETUYHOIN 000JI04KEe, COCTOAIIEH U3 N3BECTKOBOI'O MOJIOKA,
coarcToka u 6eHToHuTa B cooTHOmeHun 5 : 1 : 1. JlaHHBIH crio-
co0 Mo3BOJIsIET UHTEHCH(DUIIUPOBATH MPOIIECC OCAKACHUS LN
Ha/I MECTOM B3pbIBA M YMEHBIINUTH 3arps3HCHUE OKpYKaoLIeH

TEPPUTOPHH, YTO OJIATONPHUITHO OTPAKACTCS Ha IKOJOTUUECKON 00OCTaHOBKE B PETrHO-
HC HpOI/I3BOI[CTBa FOpHLIX pa60T. Pe3an)TaTbI OHI)ITHO-HpOMI)IH_[J'IeHHI)IX I/ICHLITaHI/Iﬁ
pa3pabOTaHHOTO CIOCO0a CHIDKEHUS MBUICTa30BhIACICHHA TOKAa3aId CHIDKEHHE KOH-
[EHTpaIy 00pa3oBaBIIerocs MbLUIera3oBoro obmaka (muokcmma azora Ha 30,1 %,
okcuza yriepona Ha 28,6 % u cepuuctoro anruapuaa va 20,5 %).
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Developing the methods of controlling dust and gas conditions when blasting
high benches in deep pits
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Abstract

Research aim is to develop a method of reducing dust and gas emissions concentration at bulk explosions
in open pits.

Research relevance. When drilling and blasting in open pits, a huge amount of dust and toxic gaseous
products is released, and the rate of their formation is affected by the blasting method, the range of
explosives used, the method of drilling blast holes, type and sort of stemming, massif water content, rock
properties, meteorological conditions, etc. It has been established that in an explosion of 1 kg of explosives,
15% from an average of 900 liters of various gases and gaseous products formed are toxic and dangerous
to humans and the environment. To prevent dust and gas emissions, various types of tamping are currently
used, which affect not only emissions reduction, but also the efficiency and safety of blasting contributing
to the fullest use of explosion energy and increasing the exposure time of the products of explosive
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transformation. Despite the significant amount of research and successes achieved in this direction, for
deep pits it is necessary to determine the rational parameters of stemming in borehole explosive charges,
reduce the formation of toxic gases released in bulk explosions, develop a method of producing an
absorption solution capable of neutralizing toxic compounds after an explosion, and develop an effective
way to reduce dust and gas emissions in bulk explosions.

Research methodology. To solve this problem, integrated research methods were used, including
theoretical generalizations and experimental studies in laboratory, testing ground and industrial
conditions, methods of mathematical modeling of stemming parameters in borehole explosive charges,
methods of mathematical programming using modern computer equipment, as well as methods of
mathematical statistics and correlation analysis of research results.

Results. Detonation products pressure change in the well has been determined taking into account motion
processes of sand and absorbing mixture stemming of various lengths. It has been established that when
using stemming made of absorbing mixture, detonation products pressure and escape time are higher
compared to sand stemming. The effective stemming length in borehole explosive charges has been
established depending on well pressure fall time and stemming length in different sections of the well.
Mathematical modeling of stemming parameters in the explosion of borehole explosive charges established
the change in pressure in the blast chamber as a function of stemming time and length during its escape
from the well, as well as the of stemming escape duration and expiration of detonation products during
emulsion explosive blast depending on stemming length. A method has been developed of dust and gas
atmospheric pollution parameters determination during the production of bulk explosions in deep pits, An
absorption mixture has been developed, which makes it possible to intensify the process of dust deposition
above the explosion site and reduce pollution of the surrounding quarry, which favorably affects the
environmental situation in the mining region. A method has been developed to reduce dust and gas
emissions during blasting operations in open pits, which allows to reduce the concentration of dust and
gas clouds formed.

Scope of the results. A method of suppressing dust and gas emissions has been introduced at the Muruntau
open pit of the Navoi Mining and Metallurgical Combinat. As a result, the process of dust deposition above
the explosion site has been intensified, pollution of the surrounding open pit area has been reduced, the
concentration of nitrogen dioxide has been reduced by 30.1%, carbon monoxide by 28.6% and sulfur
dioxide by 20.5%. The results can be used in quarries where rock crushing is carried out using a blasting
method.

Key words: open pit; drilling and blasting operations; dust and gas atmospheric pollution; borehole
charge; stemming; dust and gas emissions reduction method; toxic gases formation.
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l'ymaHUTapHas cOCTaBNAOLWANA B TEXHNYECKOM By3e
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Peghepam
Bgeoenue. Cospemennoe cmpemumenvHo paszgusaroujeecs obujecmeo mpedyem om CReyuarucmos-
UHIICEHEPO8  UHUYUAMUBHOCIIU, MBOPYECKO20 NOOX00d K PEeuleHur0 MeXHUYecKux 3a0ay, YMeHus
npeooonesamsv — CMepeomunsl, PyKOBOOCMEYACh NOMPEOHOCMAMU — pacmywjeli. U MeHAuelcs
9KOHOMUUECKOU PeanbHOCU, YMO 00YCNO6IeHO MpebOBaHuem 6pemMeHU U HeoOXOOUMBIM YCA06UeM
dopmuposarus unscenepa XXI eexa. O6pazosamenvHuill RPpoYecc 8 YCI0BUAX COBPEMEHHOCIU OIHCEH
Obimb He MONbKO CYUecmeeHHo ODHOBIEH apCeHaIoM CPeOCmE KOMNbIOMEPHbIX MEXHONO2U, HO U
OnUPamvCs Ha UOel0 CUHME3A eCMeCM8eHHOHAYYHbIX 3HAHULL U 2NeMEHMO8 SYMAHUMAPHBIX HAYK, 20e
XYOO0HCECMBEHHAS TUMEPAMYPA USPAET HEMATLOBUNCHYIO POlb.
Henv pabomur. [locpeocmeom XyoooxcecmeeHHOU aumepamypvl uHmezpuposams o00yueHue U
socnumanue, @GoOpmMupo8amsv Muposos3peHue, NOMpeOHOCMU 6 CMAHOGIeHUU OYX08HO 0Oo2amol,
COYUATLHO MOOUTBHOU, C YY8CMBOM COOCMBEHHO20 OOCHOUHCIMEA TUYHOCHU, CNOCOOHOU Peanu308amvcs
KaK 6 001acmu mexHu4ecKko2o, max u 2yMaHumapHo20 HanpagieHus.
Memooonocus. Iepmenesmuueckuii Memoo NPUMEHANCS ONA AHAIU3A XYOOJICECMBEHHBIX NPOU36EOeHUl
DA3HBIX A8MOPO6 U MPAKMOBOK MAKUX NOHAMULL, KAK Clodkcem, uoes, npobiemamuxa, o0pasHas cucmemd.
Mamepuanom smnupuueckozo memooda Cmany XyoodceCHmeeHHble MEeKCMbl PA3HbIX CMPaH, 3HAYUMbLE
C MOYKU 3peHus Yeneeoll YCMAHOBKU UCCLeO08AHUS, BbIAGNEHUS U OCMBICIEHUS Cneyupuueckux
ocobennocmeti. Konmexcmubiil Memoo nO3601U Y2IyOUMbCs 8 COOEPHCAHUE AHATUSUPYEMBIX NPOU3EE0EHUI.
Pesynomameut.  [Jokazano, umo Mup XyO0OodHCeCMGEHHOU aumepamypvl @opmupyem 2paxicoaHund,
4eN06eKd BbICOKOU KYIbMYPbl, CNOCOOCMEYem pa38UNuio I6PUCIIULECKO20 MbIUIEHUS, ICMEeMUYeCcKo20
6KyCa U U0edanos, pacuiupaem epanu UHNCEHEPHO20 Meopuecmed u obecneyusaem ONMUMATLHYIO
aoanmayuio bINYCKHUKA 8Y3d 6 YCA06UAX IKOHOMUKU U PIHOYHBIX OMHOWIEHUT, a MaKice cnocobcmeyem
Gopmuposaruio y cmyoeHuecKkol Monooexcu nompesHOCmU 8 CaMOpa38umuu U CamoymeepicOeHuy
6 Kauecmee camoCmoamenbHO20 MBOPYECKO20 CYObEeKMA KyIbmypbl, ONPeoeieHHO20 Muna Au4HOCmu.

Knioueevie cnosa: COBPEMEHHAsL MONLOOENCH, XYOOICECMBEHHbIE MEKCbl, MUPOBO33PEHUE;
3apybedcHas Tumepamypa; uHmezpupyrowas QyHKyus,; npodiemMamuxa.

ITonroroBka crenuanucTOB B TEXHUUECKOM By3€ UMEET TEHIECHIHNIO K HHTETpalluu
WH)XEHEPHBIX U T'YMaHUTapHO-XyJOKECTBEHHBIX 3HaHUM. COBPEMEHHOE CTPEMUTEINb-
HO pa3BuBaloleecs: o01ecTBo TpedyeT OT CIeHUaTuCTOB-HHKEHEPOB HHUIIMATHBHO-
CTH, TBOPUECKOTO IOAX0/a K PEIICHUI0 TEXHUYECKUX 3a]ad, YMEHUS MPEO0NIeBaTh
CTEPEOTHIIBI, PYKOBOJCTBYACH MMOTPEOHOCTSIMH PACTYIIECH U MEHSIOLIECHCS SKOHOMHUYe-
CKOH peaslbHOCTH, YTO 00YyCIIOBIIEHO TPeOOBaHUEM BPEMEHH M HEOOXOMMBIM yCIIOBH-
eM ¢popmupoBanus nHxeHepa X XI Beka. O0pa3zoBaTeNbHBIN IPOLIECC HA COBPEMEHHOM
aTane I0JbKeH OBITh HE TOJBKO CYIIECTBEHHO OOHOBJIEH apCeHAIOM CPENICTB KOMITBIO-
TEPHBIX TEXHOJIOTH, HO U OMUPATHCS HA UACI0 CUHTE3a €CTECTBEHHOHAYYHBIX 3HAHUN
Y 3JIEMEHTOB I'YMaHUTapHBIX HayK, TA€ XyJOKECTBEHHAs JIUTeparypa UrpaeT HeMao-
BOXHYIO poiib. CTYIEHT IOJDKEH MMETh IIUPOKHUHA OOIIEKYIBTYpHBIN qHana3oH, ObITh
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CHOCOOHBIM OTIMYaTh NOAJMHHYIO KYJIBTYPY OT €€ CypporaroB, COXPaHSTh, pacipo-
CTPaHSTb, IPUYMHOXATh KyJIBTYPHOE OOTraTCTBO, MOMOJHSIS €r0 MaTepHaIbHBIMU U Y-
XOBHBIMH LIEHHOCTSIMU. VIMEHHO uepe3 XyI0KECTBEHHOE TBOPUYECTBO, JHMTEPATYPY
B YaCTHOCTH, BO MHOTOM OCYIIECTBIISIETCS] TApPMOHUYHBIN CHHTE3 TEXHUKHU U UCKYCCTBA.
XynoKeCTBeHHasl JIUTEpaTypa MO3BOJISIET OPraHMYHO HHTETPUPOBATh 00yUEeHHE U BOC-
nuTanue, GopMHUpOBaTH MUPOBO33PEHHUE, TOTPEOHOCTH B CTAHOBJIEHUH TyXOBHO Oora-
TOH, COLIMANBHO MOOMIIBHOH, C YyBCTBOM COOCTBEHHOTO JOCTOMHCTBA JIMYHOCTH, CIO-
COOHON peanu3oBaThCsi Kak B 00JAacTH TEXHUYECKOTO, TaK M T'yMaHUTAapHOIO
HanpasieHus. [Ipyu BKIrOUEHUM TUTEPATyPHBIX TEKCTOB B KOHTEKCT HETYMAaHUTapHBIX
JUCLUIUIMH IPOUCXOAUT OoJiee TIyOOKOE OCMBICICHUE JUHAMHYECKUX COLIMOKYIBTYP-
HBIX IIPOLECCOB KaK IIPOLUIOTO, TaK U HACTOSALIETO, MOABIIAECTCS BO3MOXKHOCTD 3arvis-
HYTh B Oynymiee. IMeHHO nuTeparypa, sSBISISICH CPEACTBOM BCEOOLIEH CBSI3U MEXKIY
JIFOBMH, B CHITY CBOEH «IIPOBUAYECKOI» CIIOCOOHOCTH MPEayTraabIBaeT «3apaHee Mpu-
Ommkaroreecs Oymyiiee», COCpeA0TaunBacT CBOC BHUMAHNUE Ha aKTyaJbHBIX SBJICHU-
X, €Ille XKAYLIIUX CBOEr0 HayYHOIO UCCIIEJOBaHUS.

B Ham TexHOTeHHBIH BeK BceoOIeil KOMITBIOTEPH3aly U HU(PPOBU3ALIUN HHTEPEC
K OyMa)KHOMY KHH)KHOMY MCTOYHHUKY 3HaHU (KaK B II€JIOM M K HeOyMa>KHOMY), K CO-
*KaneHuto, yracaeT. CoBpeMeHHass KyJabTypa Oorara MHOXKECTBOM Pa3sHOOOPAa3HBIX
CPEACTB IMOJYYECHUS WHPOPMAIMK TOMHUMO KHHMKHOTO BapHaHTa, MO3TOMY YTEHHE
B KaueCTBE MCTOYHHMKA 3HAHUM M KyJIBTYPHOH KOMMYHMKAIIUM JaBHO HE OTHOCHUTCS
K TIpeIMeTaM MepBOil HEOOXOAMMOCTH B apceHalle COBPEMEHHON MOJIOAEKH, XOTA 10JI-
roe Bpems Poccust cuMtanach caMoOi 4MTaroliel crpaHoi B MHUpe. Xyd0XKEeCTBEHHAs
JIUTEPATYPA, K COKAIICHUIO, JIUIIB IJI1 HEMHOTUX OCTA€TCS HHTEIUIEKTYaIbHO-3MOLUO-
HAJILHOH M 006pa308amenbHO-60CHUMAMENbHOU COCTABIISIONIEH B CIIOKHOM M MHOTO-
BEKTOPHOM TeXHOTreHHOM Mupe. [ puboenoBcko-pamycoBcKoe n3pedeHune «3adpaTh Bce
KHUTU OBl J]a C)KEUb» U TOPHKOBCKOE «JIIOOUTE KHUTY — HCTOUYHHMK 3HAHUID — 3TO HE
TOJIBKO II€YallbHAsl AHTUTE3a COBPEMEHHOIO COLMOKYJIBTYPHOIO IIPOCTPAHCTBA, HO U
emkast Metaopa BpeMeHH. OJHAKO «4IyBCTBa 10OpbIe» XyHAOXKECTBEHHAsl IMTeparypa
npeAHa3HayeHa npoOyKAaTh HE TOJBKO B paMKaX T'YMaHWTApHOTO HAlpaBIICHHs, OHA
HE MEHee BaKHA B KOHTEKCTE TEXHMYECKON CIEeLUalIM3alUy, IOCKOJIBKY ITIaBHOHN
byHKIMEH XyJ0)KeCTBEHHON JINTEPaTypbl MOXKHO Ha3BaTh Yer108eKomaopueckyio. B co-
BpPEMEHHOI 00CTaHOBKE PaJMKaJIbHBIX IPOTHBOPEUNI MEXY YCIOBHAMH, CO3IAIOIIH-
MU BO3MOXHOCTH JUISL KYJIFTYPHOTO, HHTEJUIEKTYaIbHOT0, KOMMYHHKaTHBHOTO, (DU3H-
YEeCKOTO PAa3BUTHSl JIMYHOCTH, M YCIOBHAMH, BEOYLIMMH K (HOPMHPOBAHHIO
«OITHOMEPHOTO CcymlecTBay (MOTpeduTens, reiMepa, OMHOCTOPOHHETO CIEIHAINCTa,
BIUIOTH JI0 YCPEAHEHHOH MOCPEICTBEHHOCTH), JIUTeparypa CIOCOOCTBYET CTaHOBIIE-
HUIO LEOCTHOW JMYHOCTH. braromaps mmpokoMy oxBaTy TeM W MpoOieM XyHoxe-
CTBEHHBIE TEKCTHI IAI0T BO3MOKHOCTh HAMETHUTH IyTh COXPaHEHHsI U MPeoOpa3oBaHUs
OKPYKAaroIEero Mupa U caMoro ce0si, aKTUBU3UPYsl TBOPUYECKYIO CYLTHOCTb JIMYHOCTH.
Ha maxpoyposne — B pouiecce cTaHOBIEHHSI TPaXKIaHCKOTO 00IIecTBa, PeryaupoBa-
HUS MEXHALMOHAJIBHBIX OTHOILIEHUI Ha OCHOBE MPHUHIIMIIA PABEHCTBA U TOJIEPAHTHO-
ctu. Ha muxpoyposre — B cembe, B IOCTYIIKE, OIPENEIEHHOM YPOBHE Pa3BUTHUS HPaB-
CTBEHHOH KyJBTYPBI, 3aKpEIUIsis HENPEXOAIINE BEYHbIEC IEHHOCTH.

BosbIIMHCTBO TEKCTOB XyAOXKECTBEHHOH JIUTEpaTypbl IOMUMO 3MOLIMOHATIBHO-00-
Pa3HOM COCTaBIAIOUIEH OTIINYAIOTCS IOJYEPKHYTOU COLUANIN3aUEN B ACIIEKTE SKOHO-
MHUYECKUX, COLMANbHBIX, IIOBCETHEBHBIX CBsI3€i, Onaromapsi ueMy NepcoHax Mpuoo-
peTaeT 4eTKue COLMaJIbHO-IICHXONOornueckue odepTaHus. ONHAKO HCKIIOUUTENTBHO
COLIMAJILHBIMU MTapaMeTPaMH LIECHHOCTh Xy/I0KECTBEHHON JTUTepaTyphbl HE OTPaHUYHBA-
eTcs. BaymunBoe u m1yOokoe morpyskeHre B OBECTBOBAHUE PACIIUPSET WHTEIIEKTY-
aNbHBIN, HAyYHO-TEOPETHUCCKHNA, NCTOPUUESCKHUHN, PETHOHAIBHBIH, MTOMUTHYCCKHA Oa-
TaX, a TaKKe CIIOCOOCTBYET aHTPOIOJIOTHYECKOH YBOIOLINH.
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HamonmHeHHpI! rapkeTaMu COIMYM, OIOpPOKPaTH3UPOBAHHBIN 10 Tpenena, He NHU-
IUHUPYET COBPEMEHHYIO MOJOJEKD, CTYIEHUYECTBO B TOM YHCIIE, MOTPYKAThCS B MUP
KHWO)KHOM KYJIBTYPBI, B IJUTEPAaTypHBIE TEKCTHI, 0CO3HABATH €€ KIIIOUEBbIC HAIIPABICHHS
U XyZI0KECTBEHHO-CTHIIMCTHYECKIE 0cOOeHHOCTH. OTHAKO MHOTOJIETHHI ONBIT pado-
TBI CO CTYJICHTaMHU CBUCTEIBCTBYET O TOM, YTO OOJBIIMHCTBO U3 HUX MHTEPECYETCs
0COOEHHOCTSIMH MOJIOZIS)KHON KYJIBTYPbI HE TOJBKO CBOEH CTpaHbl, HO U IPyTUX TOCy-
JapCTB, MUPOM MOBCEHEBHOCTHU Pa3HBIX KYJIBTYPHBIX perdoHOB. [lepen MonoabpIM de-
JIOBEKOM, BCTYIAIOIIUM B XH3Hb, HEPEAKO CTOSAT MPOOJIEMBI, CBSI3aHHBIE C TOMCKOM
CMBICJIA )KU3HHU, MECTa B €€ OBICTPOTEKYIIMX ITOTOKAX, OMOPHI, BEIOOpa IyTH, IPEOao-
JIeHHs MHOTOYHCIICHHBIX JKUTCHCKUX M COLMANBHBIX MPEMATCTBHHA. B XynokecTBeH-
HBIX TEKCTaX KaK OTEYECTBEHHBIX, TaK U 3apyOEKHBIX aBTOPOB MOKHO HAWTH OTBETHI
Ha MHOTHE BOTPOCHI, Oynopakaiue ayury u cepane. CoBpeMeHHas! XyI0)KeCTBEHHasI
JUTEpaTypa B Iy4LIHX ee 00pa3iax IoMoraeT OTBETHUTh Ha MHOTHE BOJHYIOIINE MOJIO-
JeKb BOMPOCHL. B 3HaunTenbHOI cTeneHn oHa oOpalieHa K MUPY MOBCEIHEBHOCTH,
HEXXEJIN K COUUAIbHO-TIOIMTHYECKUM acTeKTaM, TIOCKOJIBKY HMEHHO OBCEIHEBHOCTD,
Oostblire yeM Kakast ObI TO HU OBLIO cepa, aKKyMYIUpyeT TBOPUECKUIT HOTSHIIUAI JIY-
HOCTH, €€ CTAaHOBJICHUE U CAMOOTIpe/ICIIeHHE.

MarepuaioM paccCMOTpEHHS JaHHOW CTaThH SIBISIETCS COBPEMEHHAs 3apyOediCHAs.
qumepamypa, AMEIOIIAscsl B apceHane OMOIHOTeuHBIX (POHIOB YPallbCKOTO Tocyaap-
CTBEHHOTO TOPHOTO YHUBEPCHUTETA, HO, K COXKAJICHUIO, HEAOCTATOYHO BOCTpeOOBaHHAS
CTYICHYECKOW ayAUTOPHEH, XOTS MHOTHE TIPUBEICHHBIE B CTAThe ABTOPHI YIOCTOCHEI
BBICIIMX Harpaf B oOmactu nuteparypbl. [1oqo0HAs OTCTpaHEHHOCTh OT OYMasKHBIX
MCTOYHHKOB HH(POPMAIINU OOBICHSETCS, KaK YK€ OTMEUEHO, BCEOOIIUM MOTPYKEHUEM
B MHP COBPEMEHHBIX T'a/DKETOB, [TOYTH MOJHOCTHIO 3aMEHUBIIMX KHUTY. [Ipennoure-
HUE 3apyOedicHol TUTEPATypbl MOTHBUPOBAHO BO3MOXKHOCTBIO BBIX0/A 32 TPAHHMIIBI OT-
€UECTBCHHOIO KYJBTYPHOTO TPOCTPAHCTBA, 32 MpPEAEbl MPHBBIYHOTO. 3HAKOMCTBO
C TEKCTaMH 3apyOEKHBIX aBTOPOB (KaK eBPOINEHCKIX, TAK K BOCTOYHBIX PETHOHOB) 10~
3BOJIUT CTYJICHTY HE TOJIHKO PaCIIMPUTH 3HAHHSI O MUpPE, HO M OCO3HATh MHOTOBEKTOP-
HOCTH ¥ OOIIHOCTH MyJbCUPYIOUIUX POOJIeM, CYIIECTBYIOUINX BHE 3aBUCUMOCTH OT pe-
THOHA U HAIIMOHANBLHOCTH. Kpome Toro, MHOrooOpasne COLMOKYIIBTYPHBIX IPOCTPAHCTB
B XYJIO’)KECTBEHHBIX TEKCTaX aBTOPOB Pa3HBIX CTPaH MOMOXKET MPEJCTABUTH HAIIMOHAb-
HBIE 0COOEHHOCTH, TPAAUIMH, CBOCOOpa3He KyJIBTYPHBIX JOMHHAHT, CIOCOOBI OCBOCHUSI
U NIepeiady KyJIBTYPHOTO OITbITa B pa3HbIX cepax KU3HEACATEIbHOCTH.

B nocneanue ronpl poccuiickue ynTaTenu o1arogaps nepeBoaaM Ha pyCCKUH SI3bIK
MUMEIOT BO3MO)KHOCTb IIO3HAKOMUTBCS C SIPKUMHU UIMEHAMH 3apyOeKHBIX aBTOPOB, aKTy-
ANM3HUPYIOIINX OOIIKE [T MHOTHX CTPaH MPOOJIeMHbIC BEKTOPHI.

K. I'up, H. bappo (I'epmanust); ®@. bernebepr, A. ['oBanbna, B. Cobat, K. [Tankoss,
K. Atkuncon, b. Miopuens (®pannus); M. bunuu (Mpnannus); X. Bacemy (Hopse-
rus); K. Maremapcown, JI. Onccon, M. @penpukccon (Ilserus); [. @ayns, C. Dok,
M. OtByn (Kanana); I1. [Ixxopnano, 3. ®eppante (Uranus); . Poynunr (AHDH);
A. Taprr, V. lBans6e, [. Kuz (Amepuka); K. Ucurypo (Amonms), X. XoceiHu
(Amepuka, Adranucran); 1> Cwxu (Kurait), JI. Cu (Kopes); O. Iamyk (Typuus) —
NPOM3BECHHUS STHX aBTOPOB OTIMYAIOTCS CBOEOOpa3ueM XyJ0KECTBEHHOTO MoYepKa,
COOCTBEHHOM CTUJIMCTUKOW, pa3HOOOpa3HeM CHKETHOU JIMHUK. Bee oHuM ¢ yOenuTeb-
HOH JTOCTOBEPHOCTHIO MOBECTBYIOT O MYJILCHPYIOLIUX MPpoOieMax BpeMEeHHU: nymsix ca-
MOONpeOeneHus U Camopeanu3ayil CO8PEMEHHOU MOI00ENCU, NOUCKAX CMICAA JCU3-
HU, C80€20 MeCMd 8 CIONCHOM U MEHAIOWeMC Mupe; U0eHmupurkayuu 0py2020/uno2o
8 MUpe coyuyma, HayuoHAIbHOU, SMHUYECKOU, PeNUsUO3HOL, 2eHOEPHOU UOEeHMUYHO-
cmu; mMonepaHmHOCMUu/UHMoNepanmHOCMU,; CeMelnbIX OMHOUEeHUAX (npobrembl 80c-
RUMAHUS, OMYYHCOEHHOCU, HACUNUS 8 cembe); PopMUPOBaHUU, CIMAHOBIEHUL/PA3-
PYuieHuy TUNHOCIMY U np.
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MeTtoandyecky TpaMOTHO M MPOAYMaHHO BBICTPOEHHAs paboTa mpernogaBaTess Mo-
3BOJIUT MHTETPUPOBAThH XyHA0KECTBEHHBIE TIPOU3BEACHHUS B KOHTEKCT 3aHATHI 1O MPO-
(eccroHaIbHOM MOATOTOBKE, NPUOOIIUTH CTYACHTOB K O0raToMy OMBITY CIOBECHOTO
TBOPUYECTBA, aKTYaJIM3UPOBATh BOJHYIOMIKME BCEX MPOOIEMBI Yepe3 NPU3MY YHTaeMOR
JUCLUIUIMHBI, PACIIMPUB TEM CaMbIM I'PAaHHIIBI 3HAHUH U TI0 CBOEH CIIEUabHOCTH, U
KyJBTYpHBIC B 1IeloM. Hacrosimasi craTbs He MPEANoiaraeT pelieHus] METOINIECKUX
NPUEMOB TIPOBEACHUS 3aHATHH, HE JAIOTCS PEKOMEHAAlMH. 3ajada — MMO3HAKOMUTD
C COBPEMEHHBIMHU 3apy0eKHBIMU aBTOPaMH, KOTOPBIE, Ha B3IJIS aBTOpa CTaThH, UHTE-
PECHBI H TIOJIE3HBI KaK CTyACHTaM, TaK U MPeroJaBaTelisiM IMUPOTON 1 aKTyaJIbHOCTBIO
3aTPOHYTHIX ACIEKTOB, BOJHYIOMIMX BO BCE BpeMEHa MOIOACKB (Bce YIIOMHHAEMEBIE
MPOU3BEICHUS UMEIOTCS B OMOIHoTeuHbIx Gouaax YITY).

IIpobnema camopeanuzayuu, camopaseumus, camono3HaHus TUYHOCMY — OJHA U3
JOMHHHPYIOIINX BO MHOXECTBE NMPOU3BeIeHNH. MHOTrHe 3apy0eHble aBTOPHI C pa3-
HOM CTENeHbIO JTOCTOBEPHOCTH BOCIPOM3BOMAAT JKM3Hb COBPEMEHHOM MOJIOJEKH.
Ha cTpanunax KHUT MpeacTaBIeHO HOBOE OKOJIEHUE MOJIOIEKH, OECKOMITPOMHUCCHOE,
Jiep3Koe, IeNleyCTpeMIIEHHOe, KOTOpOoe, HECMOTPSI HU Ha Kakue >kKuTelckue OypH, cTa-
HOBHUTCS CUJIBHBIM, CAMOJIOCTAaTOYHBIM, HaJICFOIIUMCS TOJILKO Ha ceOsl.

Jocraroyno yOoenuTeabHBIM CBUACTENLCTBOM TOMY MOXKHO CUMTATh HEAABHO dKpa-
HU3UPOBaHHBIN poMaH Jonusr Tapmm «lllecony [1], pacckaspIBaloOmuid 0 KU3HHU CO-
BpPEMEHHOI aMepuKaHcKoil Monoeku. CIOXKET CTPOUTCS BOKPYT KU3HEHHBIX TIepHIIe-
tuit Teo Jlexkepa, mogpocTKa, y KOTOPOTO BCE, Ka3ajaoch Obl, CKIAIbIBAIIOCH OTINYHO:
Onaronony4Hasi CeMbs, TIOOUMast MaTh, C KOTOPOU MOJTHOE B3auMornoHnManue. OTHaKo
BCSl €r0 KM3Hb W3MEHMJIACh 332 CUUTAHHBIE MHHYTHI BO BPEMS TOCEIICHHS BMECTE
C MaTepbio My3ed, TIe pou3omies B3pbiB. OH UyI0M OCTAJICS )KUB, HO €T0 MaTh Ioruona.
OcraBmch 6e3 enuHON poaHOW aymu, Teo CKUTaeTcss Mo pasHbIM AMepUKAHCKUM
HITaTaM, YyXXHM JOMaM H CEMbSIM, BIUIOTh O AMCHEPOAMCKUX TOCTHHUYHBIX HOME-
POB, 3HAKOMUTCS € pa3HbIMHU JII0ABMH. Ha ero 10110 BbINano MHOTO MOJHBIX JpaMaTH3-
Ma MCTOPUH M MPEAaTeNbCTB, HO Onaronapsi MpeAnpUUMUUBOCTH H aHATUTHYCCKOMY
YMy T€pOil BBIXOJHT U3 CaMbIX HEMPEACKa3yeMbIX U HEMBICIHMBIX CUTYallUi. Dmnuye-
ckoe nos1oTHo JJoHHb! TapTT ¢ ryOouaiimieit OTKpOBEHHOCTHIO MPEACTABIIAET KApTHHY
COBPEMEHHOI0 00IIeCTBa, IJe 00K 0 OOK COCYIIECTBYIOT Kak (helIeHeOeIbHBIC I0Ma,
TaK 1 HAPKOMaHCKHUE MIPUTOHBI, PUCYET MUP, TJIe HAPUT PAaBHOMYIIHNE K YyKUM Oeaam,
OenaM pebeHka B TOM uncie. BocrpounsBeneHsl 0COOCHHOCTH KU3HU aMEPHUKaHCKOM
MOJIOZIEKH, UX YBIICUCHHUS, 3a0Ty>KACHUS, U3MEHBL, Bpax/a, Apyx0a, TOTOBHOCTH NPH-
iTH Ha moMoub. JlaHa ranepest 00pa3oB, YENIOBEUECKUX THUIIOB: OT HBIO-HOPKCKOTO 00-
raToro MeleHaTa W TaJaHTIMBOIO KPACHOJAEPEBIIMKA IO OMACHOTO KPUMHHAJIHHOTO
3JIEMEHTAa, HE CYMTAIOIErocsl HU ¢ KAKMMH HOpMaMHU U 3alipeTaMu. ABTOp HECET MBICITb
0 HEUCUEPIIaeMBbIX YEIOBEUYECKUX BO3MOKHOCTSX, & TAK)XE O CHJIE HCKYCCTBa, 4TO CIIO-
COOHO MepeBepHYTH LENYI0 KHU3Hb, PACKPHITH KaK caMble BO3BBIIICHHEIE, TAK H CAMbIC
HU3MEHHBIE MHCTHHKTHL. [lepes unTareneM OTKpbIBaeTCs Liesiasi raMMa 9yBCTB U Iiepe-
JKUBAHUM MOJIOJIOTO YEJIOBEKAa, PELIAOTCs Ba)KHEHIIME IJIs KaKJOTO BCTYMAIOIIETO
B JKM3HB MPOOJIEMBI U PACKPBIBAIOTCS OHSATHS PEIaHHOCTH, JIIOOBH, BEpbI, Oe3BEpHSI.

WHast o TOHAIBHOCTH, MEPETUIETEHNIO CYIe0, CFOKETHBIX JIMHUH, TpHIOTHs (hpaH-
IIy3CKOM MUCaTeNBHUIIBI U XKy pHAIUCTKH Kampun Ilankons [2] «Kerimoaenasvie kpoxo-
Oounvly, « Yepenawuii eanvcey, «benxku ¢ yenmpanvHom napke no nNOHeOeIbHUKAM epy-
cmamy OObeIVHEHA T'epOSIMU U CIOXKETOM, B KOTOPOM MPOCIEKUBAETCS JUHAMHUKA
B3pPOCIJIEHUS U JIMYHOCTHOTO CTAHOBJIEHHS pa3HBIX repouHb. Ha mpumepe omHOW H3
HUX, Kalpu3HOH W TpeOoBaTenbHOW [OpTeH3MH, NEBYIIKH NMparMaTHYHOH, )KECTKOH,
YBEpEHHOW U IMHUYHOH B TMIa3ax JPYTHX, MOKa3aH HEMPOCTOM MyTh B MPOPECCHIO -
3aiiHepa. C KaKuM JTOCTOMHCTBOM M BBICOKOMEPHEM OHA HECeT cebs B MHpE MOBCE/-
HeBHOcTH! C KakoW IENEyCTPEMIICHHOCTBIO M CaMOOTAaueil JoOMBaeTcs BBICOT Ha
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NYTH K CaMOYTBEP)KACHHUIO B M30paHHOW €10 An3aifHepCKOH nesitenbHOCTH! ABTOD
C YAMBUTEIBHBIM HCKYCCTBOM M MHOTOIPaHHOCTBIO PUCYET 00pa3 COBPEMEHHON JETOBOM
JKCHIIMHBI, CIIOCOOHOM TOOUTHLCS CBOCH 11eIH Olaroiapsi HEYCTaHHOM M TePIEIUBOM pa-
0oTe HaJ MOBBILICHHEM CBOETO NPOeCCHOHATBHOIO ypoBHs. B oOpase 3ToH, Ka3anoch
Obl, HEYIpaB/IIeMON KallpU3HHUIIbI, BOCIPOU3BEECH TUII COBPEMEHHON MaKCHUMaIUCTKU
[3], BHEIIIHE NHUIIICHHOM BCSAKON CEHTUMEHTAIBHOCTH, IOOMBAOIIEHCST KOHKPETHOM 1IEITH,
HE OTBJICKAsICh HU Ha KaKue CO0JIa3HbI, yMEIoIIel He TOJILKO OTCTauBaTh CBOW MHTEPECHI,
HO H CIIOCOOHOM MoAaTh pyKy HOMOILM TOMY, KTO B HEH HYKIaeTCsL.

MHorue npeacTaBUTENN COBPEMEHHONW MOJIOAEKH, CTOAIINE Ha MEpPEemyThe J0pOT,
HE XOTAT OBITh TAKUMH, KaK BCE, CTPEMSITCS MIMETh COOCTBEHHOE JIUIIO, MOAYEPKHYTYIO
MHAMBUTyaJIbHOCTD, UIILyT CBOU ITyTH CaMOYTBEPKICHUS.

[IpesenTauust opyeozo, uHO20 B KOHTEKCTE COBPEMEHHOW KYJIBTYpBI, BOOpaBILIEi
B ce0sl BCe CIOKHOCTU U MPOTHUBOPEUMS — OHA M3 CKBO3ZHBIX TE€M XYII0)KECTBEHHOM
JMTEepaTyphl MOCIeAHNX JieT. Kareropus «dpyeocmuy He pa3 MOAHUMANACh B COBPEMEH-
HOM HayKoBeJeHHH. McuepnbIBaromuii 3kcKypc B mpodieMy opyzoeo, 00 OTHOIICHUH
K HEMY B OOLIIECTBE U OTPKEHHUHU B XyI0KECTBEHHOH KYJIBTYpe OCYLIECTBISIET U3BECT-
HbIi Kynsryposor E. H. [llanunckas [4]. O6001mas ncciienoBanus MpouIioro 1 HacTo-
AIIET0, OMUPAsCh Ha TEKCTHI JIUTEPATypPbl, My3bIKAJIbHBIX MPOU3BEACHUN, KHHEMATO-
rpada, y4eHBIH AenaeT BBIBOJ, YTO THIl Opy2o20 HE 3aBHCUT HU OT BPEMEHH, HU OT
MPOCTPAHCTBA U BCTPEYAETCs B KyJBTYPHBIX TEKCTaX BCEX BPEMEH U HapOAOB U HE 00-
YCIIOBJIEH UCTOPUKO-KYIBTYPHBIM KOHTEKCTOM.

B XynoskeCTBEHHBIX TEKCTaX MOCIEIHUX JIET 0py2oti TOZUIUOHUPYETCS 110 HAYUO-
HAILHOMY, 2eHOEPHOMY, CYOKYIbIYPHOMY TIPUSHAKY, HO OMHOUWEHUIO K OpYyeoMy CYOb-
eKTY (KOJJIEKTHBY), O COOCEEHHOMY 8b1O0pY, KaK YTBEPIKACHUE CBOETO CyObEKTHOTO
craryca.

Poman anrnuiickoro nucarens Jowcona Daynsa «Konnexyuonepy [S5] mopaxaet 1mu-
HU3MOM M )KECTOKOCTBIO TIIABHOTO TePOsl, SIBISIOIIETOCS APYTUM 1O COOCHBEHHOMY Gbl-
60py, 4EIIOBEKOM, KEJIAIOIIUM YTBEPIUTh CBOM CPEAHECTAaTUCTHYCCKUH cTaTyc. B 11eH-
Tpe pOMaHa — CaMOJ[0BOJIbHAS, 3AKOMIUIEKCOBAHHASI IOCPEACTBEHHOCTh, BO3OMHUBIIIAS
ce0s X03IUHOM UyKuX cyne0. [lake MMEHEM HE HaJIEJCH TOT aHTUrepoi. BHemHss
yrCcTOTa (HaKpaxMalleHHbIe OeOCHEeKHbIE PyOalllki, BOPOTHUYKH, YHCTEHIITNEe OOTHH-
KM, HU TBUIMHKH B JIOME) OTTEHSIOT BHYTPEHHIOIO 3BEPUHYIO CYIIHOCTbh. Jpyroctsb
IJIaBHOTO T'eposi pOMaHa — CKPBITOE OT BCEX JKEJaHWE BBIJICIUTHCSA U3 TOJIIBI, BO3BBI-
CHUTBCS HaJ Held, 0CO3HATh ceOst BinacTeTHOM. OH MpsiYeT MOJIOAYIO KPaCHUBYIO JICBYIII-
Ky, TOTOBSIILYIOCS] CTaTh AW3aiHEPOM, OTMEUEHHYIO Harpajaoi 3a TBOPUECKHE YCIIEXH,
y ce0s B moziBasie. ABTOP C TEXHOJIOTHYECKOH TOUHOCTBIO OTIMCHIBAET, KaK TOT MOHCTP
TIIATENBHO MPOIYMBIBAET BCE NHKEHEPHBIE COCTABISIONINE, CBI3aHHBIE C KOMMYHHKA-
IUOHHBIMH U TPOYNMH «yZ0OCTBaMU» NJsl OyAyIued y3HUIBL. /{pyeocms TUYHOCTH,
MoJIeNIpyeMast y Hero M3HyTPH, — OCHOBHOM NMPHUHIIMII TOCTPOEHUS JKU3HEHHOTO MHpa
9TOT0 aHTHUTeposi. be3HpaBCTBEHHEBIN, HEBE)KECTBEHHBIN, 0€3 MMEHU, OH YIHBACTCS
CBOUM MEJIOYHBIM, 3TOMCTUYHBIM COCTOSIHHEM OBITh BIACTEIIMHOM YBEH-TO JKU3HU H
cyns0bl. Hukakue ycumusi BRICOKOOOPa30BaHHOW M MHTEIUICKTYa bHOW y3HHUIIBI Mu-
paHbl He MOTJIM IIPOJIBUHYTH JakKe Ha IIar 3Ty 3aKOCTEHENyI0 B CBOEM HEBEKECTBE U
MPUMUTUBU3ME HATYpy MOHCTpa. CiydaifHO MOMaBIINE B €r0 pyKH OOJNbIINE JEHBIU
(BBIMTpaAN Ha CKa4Kax), C KOTOPBIMH OH B CHIJIy CBOEH yOOTOCTH HE 3HaeT, Kak o0pa-
IIaThCS, BCKPBIJIN CaMble TEMHBIE MO/IBAJIBI €T0 TYIIH, BCIO HUKYEMHOCTD €T0 BHYTPEH-
HEH CyTH, JTULICHHON KUBOH 4eI0BEYECKON MBICIIH. VIHTEepeC MPenCTaBIsoT IPOHUK-
HOBEHHbIE THEBHUKHM IUIEHHHIIB, KOTOpble OHa MpsTana OT HucTsI3arens. B Hux
pa3MBIIUIEHUS 00 UCKYCCTBE, JIUTEpaType, PUIocoQpuu, MOpaiii, CBHICTENbCTBYIOIINE
0 TIyOWHE ¥ 3peJIOCTH yMa dTOU ABAANIATHIICTHEH AeByTkd. KHUTA ¢ )KECTOKOM OTKPO-
BEHHOCTBIO BCKPBIBAET IICUXOJIOTHIO HUKYEMHOM YeNOBEYECKOM MyIIH, CIOCOOHON Ha
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caMble HEMBICTMMBIE C TIO3UIMU 3THKU U MOpasd MocTynku. KomnekinnoHupoBaHue
9K30THYECKHX 0a0oueKk M He3aypsAHBIX JEBYIICK — Ha OMHOM YPOBHE AJISl 3TOTO MpHU-
MUTHBHOTO M aMOMIIMO3HOTO CYOBEKTa, pACTANTHIBAIOLIETO H YHUUTOXKAIOIIETO Kpaco-
Ty, HHTEIUIEKT, 100pbie MOOYKICHUSI.

/Ipy2umu 10 OTHOUIEHHIO K OKPY’KAIOIIUM B CHIIY Pa3HBIX 00CTOSITEILCTB OKa3bIBa-
10TCsl Anue 1 MarTua — repor poMaH MTANbSHCKOTO Mucarens, GU3UKa-TeopeTHKa
Haono J{ocopoano «Oounouecmso npocmeix uuceny [6]. [lpencrariena rpycTHas
UCTOpUS JIBYX «M3TO€B», KOTOpbIE Uy)KaKu B MHpe couuyma. M3aeBarenbcTBa 0HO-
KJIACCHMKOB, HACMEIIKH, «IOZCTaBbD — BCE MPUIIOCH UCTIBITaTh Annye U MatTua,
BBIHYK/IEHHBIX OTTOPOAMTHCS OT OKpY’Karomux. byayun He3aypsaHBIM, MEPCIEKTHB-
HBIM, TeHHAIBHBIM MaTeMaTHKOM, OOJIBIIMM YYEHBIM, MaTHa Tak U He CyMell Ipeoo-
JIETh BCe KOMIUIEKCHI U YHI)KEHUS, TIEpEHECEHHbIE UM B JIETCTBE, Jake HE HaIllel CHII
COCTOSITHCS B JIFOOBHU. JTO ipaMa O CIIOMaHHBIX CyAb0ax, 0 TeX, KOMY He YJaJloCh BITU-
CaTbCsl B «CEPUHHBIN) MOTOK 100A8IsAI0Ue20 OONBIIMHCTBA, 3aXBaThIBAIONIAs U MPO-
HUKHOBEHHAsl KHUTa 00 OJJMHOYECTBE U JIOOBU.

bnusko no temaruke pomany I1. [l>xopaano u npousseaenue Jowc. K. Poynune « Ciy-
yaiinaa eaxancusay [7)], usBectHoit Mupy cBoumu kHuramu o I'appu Ilorrepe. Tema
JOpyroro packpsita PoynuHr Gonee 0CHOBaTelnbHO, OTKPOBEHHO, 320CTPEHHO U TIpel-
CTaBJIeHA B pPa3HbIX aCMeEKTax: COLUAIbHOM, dTHHYECKOM, ceMelHoM. PaccMmoTpeHa
npoOieMa BOMHUIONIETO PAaBHOAYIIHMS B COBPEMEHHOM OOIIECTBE, B TOM YHCIIE K MOJ-
pOCTKaM, KOTOPHIMU HUKTO HE MHTEPECYETCS U HE MBITaeTCsl HOHATh, BKIIIOYAst pOIUTeE-
neil. OHM OKa3bIBAIOTCS JHUIIHUMHU B CEMbE, LIKOJIE, OOLIECTBE U BBIHYXKIEHBI )KHUTh
B CBOEM, M30JMPOBAHHOM OT B3pOCIbIX, MUpe. IIpencraBneHo npaBinBoe, OTHIOAL HE
ONTUMHUCTUYECKOE IIOBECTBOBAHUE O KU3HU aHINIMICKON Mosonexku. Ha npumepe tu-
XOTO MPOBUHIMAIBHOTO TOPOJIKA, TIe OyIIYIOT CTpacTH (HempuMUpHuMas BoiiHa Oora-
TBIX C OETHBIMU, MTOAPOCTKOB — C POTUTEIISIMHU, )KEH — C MYXKbSIMH, yUUTEJIEeH — C yue-
HHUKaMH), 0003HAYCHBI 3HAUUMBIE IPOOJIEMBI COIIMATBHOTO PacCIOEHHsI COBPEMEHHOTO
o011ecTBa, MPOCIIEKEeH HENMPSIMON U «HeTpaBeIHbli» MyTh K BracTH. CioyvaiiHas Ba-
KaHCHsI BBICBETHJIA OOJNBIINE COLMAIBHBIC U MOJUTHYECKHE MPOOIEMBI MAJIEHBKOTO
YIOTHOTO TOpOJiKa, KOTOPBIN JdajieKk 0T UAWIUINH, KaK KaKeTCs Ha MEepBBIN B3IV,

Tema dpyzoeo 1o eendepromy NPU3HAKY NaBHO HE HOBA KaK B )KU3HU, TaK U B Xy/0-
JKECTBEHHOMH JIUTepaType U aKTyaIu3UpyeTcs BO MHOTHX IPOU3BEICHUSIX OTEUECTBEH-
HBIX ¥ 3apyOeKHBIX aBTOPOB. VIHTEpECHBIM B 9TOM IJIaHE MOXKHO CUMTATh POMaH aB-
CTPAJIMICKOTO THCATENsI, NBAKIBI Jiaypeata bykepoBckoit mpemuu [lumepa Kepu
«Boanu om domay [8]. I'maBHas repouns Aiipud boOc, yBiiekaromasics ObICTPO#t €3710H,
MIPUHMMAET pelleHHe Y4acTBOBATh B jKECTOKOM aBTOTOHKE uepe3 BeCh KOHTUHEHT I10
OTTaCHBIM JAOpOraM ABCTpaJINH, IO KOTOPHIM HE KaXKIbIH My>KIMHA OTBAKMBAETCS MPO-
exaTb. Ee 1eneycTpeMiIeHHOCTh, CHila BOJIM, IPEANPUUMYHUBOCT, MACTEPCTBO (CaMo-
CTOSITEJIFHO YCTPaHSAET MHOTHE TEXHUYECKHUE HEIOJIaJKH), YBEPEHHOCTh B JOCTHKE-
HUM 1ENd TPHUBOIAT K JONTOXIAaHHOW mobOexe. OgHAKO MpPU TOABEACHHUH WTOTOB
0 3aciyrax 3TOoM XpyIKOil, HO OTBa)KHOM >KEHILMHBI, PUCKOBABIIEH CBOEH KU3HBIO paau
JIeTeil, HUKTO Ja)ke He BCIOMUHAeT. Bee «IaBpb» HOCTAlOTCS My>KYMHAM, B TOM YHUCIIE
MYXY, aBTOJIIIEpY-HEyTauHUKY, KOTOPBI HE TOJIBKO HE CIIOCOOCTBOBAN T00eie, HO 13-
32 COOCTBEHHOW OECIOMOIIHOCTH W HEYBEPEHHOCTH MPEMSTCTBOBAN JOCTHKEHHIO
LIEeNIK, a TAK)Ke OpraHr3aTopaM, HE OKa3aBIIUM HU maneiued nomouu. Poman — ove-
penHoe HanoMUHaHKe 00 N3BEYHON HECTIPABEIUIMBOCTH B OLIEHKE 3aCITyT KCHIIMHBI T10
cpaBHEHHIO ¢ MyxunHOH. [Iutep Kepu kpoMe reHziepHoii 03ByYMBAET €I11e OHY MyNb-
CUPYIOIIYIO C JaBHUX BPEMEH TEMY — Opy20Chb TI0 HAYUOHAIbHOM) TIPU3HAKY, B TIPO-
M3BEJICHUH MTOKa3aH HEMPUKPBITHINA pacu3M. PoMaH — 3T0 pa3MbIlIeHHE O IIEHE yCIie-
Xa, 32 KOTOPBIM HEPEJKO JIMIIb MyCcTOoTa, (PUKIKs, (Hanblib, O MOATHHHOM H JIO)KHOM
B COBPEMEHHOM MHpe OeCCMBICIEHHBIX W HEONpaBAaHHBIX ckopocTed. Becem xomom
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TIOBECTBOBAHMSI aBCTPAIIMIICKUI MHUCaTeNb HATOMUHAET, YTO, AaXe KOT/a Mbl HAXOANMCS
80a OM 0OMa, 3TO MOXKET SBJIATHCS U HILTIO3UEeH. VicTopust KaxIoii cTpaHbl Xpa-
HUT CBOU CEKPETHI M TNTyOMHHBIE B3aUMOCBSI3H.

Oco0bl1ii THIT Opy2ocmu IPEICTAaBICH aMEPUKAaHCKUM ITUCATeNIeM B poMaHe «L{emul
o7t Inoaicepronar [9], aBrop koroporo Januen Kuz, AIMEIOUTHHA CTEIICHb OaKaiaBpa 1o
MICHXOJIOTHH, YIOCTOCHHBIH 3BaHUsI IOYETHOTO Mpodeccopa yHUBEpcuTeTa Muinrasa.
B nentpe nosecrBoBanus Yapiau [opnoH, OTCTaOIMKA B CBOEM YMCTBEHHOM DPa3BHU-
THH, BCJIEJICTBHE YETO SIBISETCS MPEIMETOM IMOCTOSHHBIX HACMELIEK OKPY’KAIOIUX.
W3BecTHBIE yueHbIE MOCIIE YCTIEUTHOM ONepay HaJl MBILIBIO MO KIWYKEe DIJIKEPHOH
PELIMIINCh HA PUCKOBAHHBIN SKCIIEPUMEHT IIEPEHECEHUS 3TOH CIIOKHEUIIEH olepaluu
Ha 4yenoBeka. [loBecTBOBaHME BeeTCs OT JIMIA TIIABHOTO Teposl U MPEACTaBIsIET cOO0i
omuemsl Yapnu, pukcupyroniye TMHAMUKY TTOBEJCHHUS U €ro OTHOIEHHS K MUpY. Eciu
B HayaJle OTYETOB M3JIOKEHUE MEeCTPUT MHOTOYHCICHHBIMH Op(pOrpadUuecKuMHu H
CHUHTaKCHUECKUMH OIIMOKaMH, CBUIETEILCTBYS 00 OTKJIOHEHHH Yapnu B yMCTBEHHOM
pa3BUTHUH, TO B pe3yJIbTaTe ONEepallii MEHAETCS U YCIOKHAETCS He TOJIBKO CTUIIMCTHKA
OTYETOB, HO U MUPOBO33PEHHUE I'epos, ero JNYHas >kU3Hb. Onepanys Mno ynyqieHHIo
XUPYPTrUUECKUM MyTEM UHTEIIEKTa YMCTBEHHO OTCTAJIOTO YeJIOBEKa, Ka3ajaoch Obl, 3a-
BEpIIMIACh yclenIHo. B pesynprare ctpeMuTensHOro pocra [Q mponucxoasT cioxHbIe
NPOIIECChl 0CO3HAHUS ce0sl KaK MONMHOLEHHOH TMYHOCTH, Yapnu gaxe 100uBaeTCs BbI-
coT B Hayke. OIHAKO CO BpeMEHEM MHTEJJICKT HAaYWHAET CHMXKAThCs TaK ke OBICTpO,
KaK M MOBBILIAJICS, BEPHYBILINCH B IEPBOHAYAIbHOE cOCTOsiHUE. JKenaHue repost craTh
TakMM, Kak Bce, He yBeHuyasnoch ycrexoM. Poman JI. Ku3u — Hekas peMuHUCHEHLINS
npomsBenenus: b. Loy «ITurmanuon» u OynrakoBckoro «Cobaubero cepamna». Beco
XOJI TOBECTBOBAHUS CTABUT IIEPE]] YUTATEIIEM PAJT BOIIPOCOB. /[pyeoti — kto oH? KakoBo
ero Mecto B cortuyme? IMeeT i y4eHbIi TpaBo CTaBUTh 3KCIIEPUMEHTHI Ha/l ’KUBBIMHU
JFOJIbMH, ITyCTh HE TIOXOKMMH Ha OONBIIMHCTBO? 3aja4a YUTATENs — HATH OTBETHI HA
3TH U JpyTHe HE MEHee BayKHbIE BOTIPOCHI, 3a/laHHbIe aMEPUKAaHCKUM IHCATENIEM.

JlocTaTto4uHO aKTyasbHBI A7l COBPEMEHHOTO MOJIOIOTO YUTATENs, HAXOAALIerocs Ha
MePEeIyThe MOIUTHIECKUX, PETUTHO3HBIX, STHUYECKUX BEKTOPOB, TPOU3BEICHHS MTHCA-
tenei Boctoka: K. Mcurypo, Xoceitnu, Ilamyka, Mun Wxkun Jlu, [le Cwxu u np.
Jlutreparypa BocToka — 3T0 B ONpENENIEHHONW CTENEHU OTKPBITUE JIJII POCCUNUCKOTO
YUTATES.

AHTHUTE3BI YEIOBEK — CEMbsI, UEIIOBEK — OOIIIECTBO, YEIOBEK — YEJIOBEK, YEITOBEK —
MaIlliHa HaXOAATCA B LIEHTPE BHUMAHMsI aBTOPOB MPOU3BEIEHUI pa3HbIX CTPaH, Jlaje-
KHX TI0 TIOJIUTUYECKOMY CTPOIO, PEIMTHO3HBIM MPEANOYTEHUSIM, HAIMOHAIBHO-ITHH-
YECKUM JIOMHUHAHTaM. DTH mpoOiaeMbl cOmxkaroT nucarened Snonuu, Adgranucrana,
Kuras, Kopeu, Typuuu. Ilorpy3utscst B HHOM, HE3HaKOMBIN Mup BocToka, modytu He-
BEJOMBIN IIMPOKOMY KpPYyTy YUTaTej]el, MO3BOJSIOT BBHIMIEAIINE B IOCIEIHHE TOMABI
npomsBeaenus K. Mcurypo, X. Xoceitau, /I3 Cwxu, Mun [Jxun Jlu, JIuzer Cu, Oxapa
[Mamyka u ap. ABTOpBI ¢ yAUBUTENHHOMN TITyOUHOM 1 IPOHUKHOBEHHOCTBIO BOCCO3/1AI0T
CTPaHHUIIBI UCTOPHUH U KYIETYpBl BocToKa.

«CHexcnouil ysemox u 3agemuwiii 6eepy Jluzot Cu [10] — uctopuka, XypHAINCTA,
nucaress ¢ KHTalCKUMM KOPHSIMM — O4Y€Hb M3SIIHOE U TOHKOe mpousseneHue. [lpen-
CTaBJIEH MPUYYIJIUBBINA U KOJIOPUTHBIA MUp KyasTypbl Kuras XIX Beka Ha mpumepe
cyned AByX MOAPYT-KUTAasTHOK Pa3HBIX CONUANBHBIX cioeB. OT Juia IMaBHOM repouHH
Jlunuu maHo cKpymynae3HOe, HCTOPHUECKH JOCTOBEPHOE XyJ0KECTBEHHOE MOBECTBO-
BaHHe O KynpType Bocroka. Uepes mpusmy ee BOCHPHUATHS MPHUOTKPHIBAETCS 3aBeca
TaliHBI 0cO000T0, U30JIMPOBAHHOTO MHpa KUTAHCKOW >keHIMUHBI. ONHCaHBl )KECTKUE U
MYUYHUTENbHbIE PUTYaTbHbIE [IEPEMOHMM Ka)KJOTO 3Tala CTAHOBJIEHHUA M B3POCIEHUS
JIEBOYKH, IEBYIIKH, 'KEHIIIHBI, TOPOH MIOKHPYIOIIHE U MyTaIOIIHe CBOEH CYpOBOCTHIO
Y HENPEKJIOHHOCTHIO. JIF0OOBB K JKM3HHM, TyXOBHAs M IyIIEBHAs CHJa TIOMOTaloT Oec-
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MIPABHOHN BOCTOYHOM MKEHIUHE BEIHECTU (PU3UUCCKYIO M MOPAIBHYIO 00JIb, CBA3aHHYO
C VHUBUTCIBHBIMHU TPATUIUSIMU, MPEOJOJETh BCE MPEMATCTBUS U MPOUTHU MYTh OT
«HUKYEMHOH JEBYOHKH» U3 O€THOM CEMbH 10 MOYTECHHOM 1 BIMATEILHOM BIOBEL. Boc-
noMuHaHus JIMINKM BOCIPOU3BOMAAT MOBCEIHEBHYIO JKU3HB MPOCTHIX KUTASHOK, pac-
CKa3bIBAIOT O CIAJOCTHOM MHPE THUIIHUHBI )KEHCKUX KOMHAT C 3apelIeYeHHbIMU OKHA-
MH, O MYYHUTEIbHBIX U HEU30CKHBIX OOJSX 3a0MHTOBAHHBIX HOT, O NEUYAIBHBIX HIU
CYACTIIMBBIX MECHSIX, TAHHOW JKEHCKOW MUChbMEHHOCTU M 0C€3rpaHUYHON OKOPHOCTH.
«CHEeXHBII 1IBETOK U 3aBETHBIA BEEp» — YBIEKATEIHHOE, SMOIIMOHAILHOE U B TO KE
BpeMsI ITyrarolie peaimcTuuHoe npousseacHue JInsel Cu, 3T0 IECHB KESHCKOH IpyxK0e,
TPYCTHOM M TPOTATEIBHOU, KOTOpAs MOMOTAET MPEOA0IETh MHOTHE TPYIHOCTH, CIIO-
COOCTBYET CaMOYTBEPKACHHUIO U CaMOpEaIN3aIHH.

Bosnee rybokas B conepkareIbHOM OTHOIICHUU U OCTpast 10 MpoOIeMaTHKe TPH-
JIOTUSI aMEPUKAHCKOTO Tucaress araHcKOTo MPOUCXOXKICHUS, MEANKa 10 00pa3oBa-
Huto Xaneoa Xoccetinu [11] «becywasn 3a gempomy, « Tolcaua cusrougux corHy», «3xo
Jemum 3a 20pamuy, paCKpbIBAOIIAsl BaKHbIE MOJUTUYECKUE U HALMOHAJIbHBIE IIPO-
Onembl, poucxoasame B Agranucrane. [loBecTBoBaHrE MOTPSICIO YUTATENEH BCEro
MHpa MHOTOIUIAHOBOCTBIO TE€M, OCTPBIM JAPaMaTHU3MOM CIOKETa, OTKPOBEHHOCTHIO
CIIeH, TITyOMHOM MOCTaBIeHHBIX poobiieM. [lepen unTareneM NpOHUKHOBEHHOE ITPOU3-
BEJICHHUE O BOWHE, JIOOBH, BPaXJ]e, KECTOKOCTH, T0OpOTE, NMPEAaHHOCTH, BEPHOCTH.
ABTOp OIUCHIBAET MOMEHTBI, CBUICTEIISIMA KOTOPBIX ObLTU €r0 OJHM3KHUE, C YIAUBUTEIb-
HO TTyOMHOM U JOCTOBEPHOCTHIO MEPEAAHbl HCTOPUUECKHUE U MTOJIUTUYCCKIUE COOBITHS
B Adranucrane 1970-2000 rr. PackpbIThI cTpalIHbIE U TPAarH4eCKUe CTPAHUIIBI JKECTO-
koro pexuma tanubos 70-x rr. XX Beka. [[Berymuit KaOyn u3 pa3BuBaroierocs ropo-
Jla TIpEeBpAIleH B Pa3BaIHHbL.

KpoMe BOeHHBIX COOBITHIA MPENCTABICHA NIMPOKAsi KApTHHA JKU3HU Ha BirbkHeM
Bocroke, Tpamuiuu U 00bIYan, W300pakeH JNAJICKH M HEBEIOMBIM MHUp adraHCKoH
skeHIUHBL C HEBEPOSTHBIM 3HAHUEM >KEHCKOHM JYIIH Tepeanbl 00Jib, MyKH, CTpaja-
HUS1, MBICJIA, HICTUHHAS CUJIa TIOOBH, CAMOTIOXKEPTBOBAHMS Pajid OJIU3KHUX.

HecMoTpst Ha TO 4TO aBTOp JIaBHO KHMBET 3a npenenamu AdraHucrana, OCHOBHOMN
TEMaTHUKOW TBOpUeCTBa Xayega XOCCEHHU MPOJOKAET OCTaBaThes Cynbba AdraHu-
CTaHa M €ro Hapoja, ero BOJIHYIOT OTHOIICHHS A(raHucTaHa ¢ OCTAJIbHBIM MHPOM.
B cBOMX MpOW3BEICHUSIX aBTOP MOJHUMAECT MHOXKECTBO MPOOJIEM: OTIBI U JICTH, TPY-
COCTh UM MaJIOAYIINE, AIETH HAa BOWHE, PEIUTHs, )KU3Hb B OMUTpAallUU. XOCCEHHU — UC-
TUHHBIA CBIH CBOETO HApO/a, JKUBYILUI 3a00T0i1 0 ero Oiare u npouBseTanuu. Ero kau-
ra IOKa3bIBaeT «UeI0OBEUeCKOe JIUIO adranckoro Hapoja» [12, ¢. 55], «npenHa3HadeHa
HE JIJIs1 BpeMSAIPETPOBOXKACHHUS, a s sku3Hm» [12, c. 153].

PasMbIuissss 0 MecTe XyJOXKECTBEHHOM JIMTEPATYpPhl, CIIOCOOCTBYIOIICH HHTErpa-
UMY TYMaHUTApHOTO 00Pa30BaHUs B MPOLECCe MPOPECCHOHANBHOM MOITOTOBKU CIIC-
UagucTa JII000ro MpoduIIs, JOTUYHO PACCMOTPETH €Ile OJHO MPOU3BEICHHE, B KOTO-
POM aKKyMYJIHPYIOTCSl KHU3HEHHBIE IIeHHOCTH BocTouHOW A3WH, HpaBhl, OOBIYaAW,
MIOBCE/IHEBHBIN ObIT. MaciurabHasi cemeliHas cara «/[opoea 6 mulcsiyy auy, CO3AaHHast
aMepuKaHKOUW Kopeickoro mpoucxoxaeHuss Murn Yocun Jlu [13], packpsiBaeT MHOTHE
CTpaHuIlbl KyIbTyphl BocToka. HecMmoTpst Ha mosudonn3M 00pa3oB, CBA3YOIIEH HU-
THIO TTOBECTBOBAHUS SIBISCTCS JKU3Hb U CynbOa KopesHkd COHJDKH, KOTOpas cyMmerna
COXPaHUTH YEIIOBEUECCKOE TOCTOMHCTBO U CHIIY JIyXa, BOMPEKU KOJIOCCATBLHBIM TOTPSI-
CEHUSIM, BBITIABIIMM Ha ee J0iito. JleiicTBre pa3BopaynBaeTcs Ha (JOHE CTPAIHBIX CO-
OnITHI1 BTOpOit MupoBoii BoitHEI. [IpeacTaBnena kxuBas UCTOPUS HECKOJIBKUX TTOKOJIE-
HUil (Oonee 4yeM TIONyBeKa), JKMBYLIMX Ha MalleHbKOM ocTtpoBe HMowmzy, Omm3
Koperickoro moproBoro ropoaa Ilycana. [lepBas mupoBas, Bropas MupoBasi, OKKyTia-
s Kopen, rpakanckast BOiHa, pa3iesieHue CTPaHbl — BEXH, HAIISIITHE OTPaKEHUE B
smonee Mun Wxnna JIn. Paccka3zaHo o JaBHHX W CIOKHBIX OTHONIICHUSX STIOHIIEB U
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Kopeilles, o Tex, KTo poauics u ui B Kopee, o Tex, kTo poauics u ymep B SnoHuy,
0 HEOOXOAUMOCTH 0ajlaHCHPOBAaTh MEXKIY AByMS HALIMOHAJIBHBIMH KyJAbTypamu. CoObI-
THUS JaHbI C PA3HBIX TOYEK 3PEHUs: CKBO3b MPU3MY HECKOJIBKUX MOKOJIIEHUH, uepes 1me-
permyieTeHre cyaed NpOCThIX JIOACH, UX MBICIH, YyBCTBa, EPESKUBaHUS. MHOTO BHU-
MaHUs YJEJI€HO OTHOLIECHUSM B TPaJAMLIMOHHOM U COBPEMEHHOW KOPEMCKUX CEMBSX,
npobieMaM MY>KCKOHM 4eCTH U JTOCTOMHCTBA, XKCHCKOH BEPHOCTH W HETIOMEPHOH cuJie
MaTepUHCKOH J10OBH. TollepaHTHOCTh ¥ MHTOJIEPAHTHOCTH MO0 OTHOIICHHIO K JIIOISM,
HallMsIM, HapOTHOCTSM — OJIHA M3 BEAYIIMX TeM BIIOIEH, 4To cOmmxkaeT poMaH MuH
WxuH JIu u TBOpuecTBO XOCCEUHH.

N neHTHYHOCTh 1O HAIlMOHANBHOMY IPU3HAKY — TAK)Ke O/IHA U3 BEAYIIUX TeM ITOH
cemeiiHol caru. Packpeita Tema «uenoBeka 0e3 PoguHBI, «A3auHUUNY (ITHUYSCKUE
Kopeipl B SIMoHNN), TOKa3aHO UX MECTO Ha OKKYITHPOBAHHOM AMOHLIAMHU TEPPUTOPHH.
Kopeiiiy, kak 4e0BeKy BTOPOTO COPTa, O(PUIIMATLHO OBUIM 3aKPBITHI COIUATHHBIC
TQTHI, HECMOTPSI HA TO YTO OH POAMJIICS M MPOKUI BCIO KU3Hb B SIMOHUH, TOBOPUT
MO-AMOHCKH. BO3MOXKHO 111, OTOPBaBLINCH OT CEMBbH, UMEs XOpollee aMepHUKaHCKOe
oOpa3oBaHue, MOJY4YUTh HOBYIO HJAEHTHYHOCTH, WM HALIMOHAJIBHBIE U ITHUYECKHE
KOPHH BCE PaBHO HE TO3BOJAT 3TO cAelarh — 00 3ToM MacmTabHas cara «Jlopora
B THICAYY J». DTO POMaH O YECTH, HAIlHOHAJIHHOM JIOCTOMHCTRBE, O TOM, YeM YEJIOBEK
TOTOB MOKEPTBOBATH paau ceMbU. Ha GoHe uctopuu ofHOM ceMbH niepenana arMocde-
pa MeHsIoIeHcs U pa3BUBAIOIICHCS A3UN.

WuTterpupyromiei GQyHKIUH XyT0KECTBEHHOTO TEKCTa B 00pa3oBaTeIbHOM IpoIiec-
€€ MOXKET CIOCOOCTBOBATh HE TOJBKO €T0 IETI0CTHOE BOCIIPHUATHE, HO U TIOACTPOYHEIC
CHOCKH, KOTOpBIE TIOPO# coJiepKaT He MEHEE eMKYIO M BXKHYIO HH(OPMAITHIO, MOJIe3-
HYIO JUIsl yMa H cepAna. Vcnonbp3oBaHue demexmusHo2o xaHpa B 00pa3oBaTeIbHOM
npoliecce He SBISIETCS JOCTATOYHO MPUBBIYHBIM U BOCTPEOOBaHHBIM, OHAKO 3TO OJTUH
13 U3MIO0JICHHBIX )KaHPOB COBPEMEHHOTO YHUTATENs Pa3HOTO Moja U Bo3pacra. [lorpy-
3UTHCS B MUD 3aIlyTaHHBIX CUTYyalluil M HEOXKHUJAHHBIX IOBOPOTOB, OTBJIEULCS OT MPH-
BBIYHBIX U OOBIICHHBIX Peajiii )KU3HU CTYACHTaM MOXET ObITh HE TOJIBKO HHTEPECHO,
HO U TIOJIE3HO. YBIIEKATEIbHOE 3aHSITHE, CBI3aHHOE C PACIyThIBAHUEM 3aMbICIIOBATHIX
TIEPUTIETHI TepOeB, MOKHO HCIIONB30BaTh B y4eOHOM MpoIiecce, MpeBapyuB 3aJaHNs-
MU, HallpaBJICHHBIMHU Ha OoJsiee ITyOOKOe MOTPYKEHUE B TEKCT, YTO TIOMOXKET PaCIlu-
PUTH 3HAHUS B OCBOCHUU TOW WJIM MHOM AMCUUIUIMHBL. JIFOOONBITHBIMU B IUIaHE 3HA-
KOMCTBa C 3apyOeKHOH KyJBTYpOil MOTYT SIBUTbCS JACTEKTUBHl Anana bpednu,
COBPEMEHHOT0 KaHaJICKOTO MHCaTeNs, JOJAroe BpemMs paboTaBIIero paano- U TEIeHH-
skeHepoM. Ero mpousBeneHus BbI3BaIM OIPOMHBIN MHTEPEC Y HIMPOKOTO Kpyra oTede-
CTBEHHOTO uuTarens. Ha ¢oHe 3axBaThIBaIONINX, YBIEKATENBHBIX W HHTPUTYIOMIAX
CIOKETOB aBTOP C YIMBUTENBHOM MOTHOTOMN 1 HAIVISIIHOCTHIO JaeT HE TOJMBKO MHIITY IS
JIOTUKO-aHATTUTHYECKUX YIpPaXHEHUH yMmMa, HO W Omarozmapsi MOACTPOYHBIM CHOCKaM
MOMOT'aeT PaCIIUPUTh 3HAHHSI O PA3IMYHBIX chepax KyabTYpPHOH KHU3HU AHIJIMH.

B kadecTBe mpumepa paccMOTpuM npousBenenue Azana bpedau «Cnadocme na Ko-
pouke nupozay [ 14], mepBoe ero Npou3BeACHNE 0 HAOIIOAATEILHON U CMETINBOM repou-
He @nasuu ae Jlroc, pacmyThIBaIOIIEl caMble 3aMBICIIOBATHIE IPECTYIIeHna. B MHOTO-
YHCIEHHBIX MOACTPOYHBIX CHOCKAaX YIOMHHAIOTCS HMEHAa 3HAMEHHTHIX YYEHBIX,
¢unocodoB, MOTUTUIECCKUX JCATEICH, MUcaTesiedl, My3bIKaHTOB, XyIOKHUKOB, HAa3Ba-
HUs POU3BEJECHUM, TEaTPOB, U3/1aBAEMBIX KYPHAJIOB: Mapw — aHINIMHCKUM XUMUK,
pa3paboTaBIIUil TeCT JUIs OINpEesIeHUs] HaNW4us MbIIbsika; Hesunn Yembepnen —
NpeICTaBUTENNb AUHACTUH UeMOepIIeHOB, U3 KOTOPBIX BBILIET PsJ] OPUTAHCKUX TTOJHU-
THUKOB, TOCYAapCTBEHHBIII 1€ATeNb, TUAep KOHCEPBATUBHON MApTHH, IPEMbEP-MUHUCTP
B 1937-1940 rr. [14, c. 65]; «Koroodey u masmuuxy» — pacckaz Darapa Amnana [lo
[14, c. 169]; Horcopoac bpymmens (1778—1840) — aHTIUICKUI TCHIIN, 3aKOHOJATEIH
MOJI, BBEJI B MOJIy YEPHBII MY>KCKOW KOCTIOM C TaJICTyKOM, CTaBIIHA JIENIOBOH 1 opu-
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nuanbHoi onexnou [14, c. 119]; Joxmop Xapseu Kpunnen (1862—1910) — amepukan-
CKHUi1 Bpay, CTaBIIUi QUTYPaHTOM B OJHOM M3 CAMBIX TPOMKHX KPUMUHATUCTHIECKUX
nen XX Beka, OOBUHEH B youicTBe xeHbl [14, ¢. 104]; «llanuy, «/lununymy» — exeHe-
JeNbHbIE IOMOPHUCTHYECKUE JKypHallbl, W3AaBaBiivecss B JIOHIOHE, Tlie Mevyaraiuch
aHEKJIOThI, pacckasbl, hororpaduu |14, c. 309].

Crenys 3apaHee NOATOTOBICHHBIM 3aJJaHUSIM MPETIOAaBaTeNsl, CTYICHTHl MOTYT 10~
YEepPIHYTh MHOTO HOBOTO W WHTEPECHOTO, MOIMOJIHUB CBOIO MHTEIIICKTyaJbHYIO 0azy
B 00JIacTH HAyKH, UCKYCCTBa, OTKpPBIBas HOBBIE UMCHA, y3HaBas 00 UX POJH U MECTe
B HCTOpUH. B CHOCKax HEpeKo AaeTcsi HHTEepIIpeTalys MHOKECTBA TEPMUHOB, TIOHATHIH
U3 pa3HBIX 00JacTeil 3HaHWi, reorpaduueckux 0003HaYEeHUH, BUIOB MCKYyCCTBA, Ha-
3BaHUH OJEKAbI, 00YBU U Tp.: yumabuxc — PUPMEHHOE HAa3BaHHUE MIIIEHMYHBIX OaTOH-
YHKOB M3 CIIPECCOBAHHBIX XJIOMBEB, MOAAIOTCS B AHIIINH K 3aBTpaKy ¢ MojiokoM [14, c. 19];
1606011l Y30p — TPAIUIIMOHHBIN CUHUI pUCYHOK Ha OenoMm (dapdope ¢ nzobpaxennem
NTHI, CTHJIM30BAaHHBIX (QUTYp KUTAHIIEB IO/l HBAMH HITH HA MOCTY, CO3/JaH aHIIUHACKUM
rongapom Tomacom Tepuepom B 1780 1. [14, c. 36].; conranockas 08epb — IBEPH,
pasneneHHas Ha BEPXHIOIO ¥ HUXKHIOIO TIOJIOBHHBI, KQXK/Iasi U3 KOTOPBIX MOXKET OTKPBI-
BaThCsl OTAEIBHO [14, ¢. 71]; seniunemonsvt — BBICOKUE canord o uMeHu rpada Ben-
JUHTTOHA, KOTOPBIN BBEJ 3Ty Mozenb B Hadane XIX Beka [14, c. 54]; wenrax — ecte-
CTBEHHAs CMOJIa, MPUPOAHBIN Jak [14, c. 176]; x10p03 — pa3HOBUAHOCTH MAJIOKPOBUS;
pobep — kaprounas urpa [ 14, c. 81]; Mammepxopn — Bepiuna B [Ietinapuu [14, ¢. 267];
paccenckuti nauc — TKaHb B pyOUYHK € XJIOMKOBOW OCHOBOMW M IIEPCTSHBIM HATIOJIHEHHEM
[14, c. 264]; «Cnoyo» — mapka aHrmickoro gapdopa, Mo UMEHH 0CHOBATelsT (PUPMBI
k. Cnioyna [14, c. 7]; «Xunimarny — MapKa aHTIIMACKUX aBTOMOOMJICH, CyIIIECTBOBAB-
mux g0 1976 roma [14, c. 29].

B TKaHB XyIO)KeCTBEHHOTO TeKcTa AjlaHa Bpen opraHMYHO BIUIETEHBI CBEICHUS
0 Hayke, 00pa30BaHNH, UCKYCCTBE, CBOC00Pa3nH MOBCEAHEBHOM KU3HH, yOPaHCTBE YOTIOp-
HOTO aHTJIHYaHWHA, eT0 MaHepax, IPUBBIYKAX, KPyTe YTEHHUS U IIPOYUX CTOPOHAX KYJBTY-
PBI, UTO HE HapyIIAeT OCHOBHOM JIMHUM 3aXBaTHIBAIOIIETO JIETEKTHBHOTO ClokeTa. Tak,
HaIpuMep, OMKChIBas MPOLIECC MOMCKOB 0HON Di1aBuel yIuK NpecTymieHus, aBTop 10-
CTaTOYHO CKPYIYJIE3HO B MaTepraliaxX eXKeHEIEIbHBIX T'a3eTHBIX XPOHUK OTPAXKAET IMTYIIBC
noBcenHeBHOU xr3Hn AR 20-X rogoB XX Beka: «Cmanuya 3a cmpanuyeti npazo-
HUYHblE HOBOCMU — POHCOECMBEHCKUE 20CMU C KOHMUHEHMA, OMILONCEHHOe cobpanue
0aMcKo2o obuecmaa, «yRUMAaHHbLILL NOPOCEHOKY HA NPooaxtcy, 0eHb POAHCOeCmMBEeHCKUX
nOOapKos 6 accoyuayuu gpepmepos, spmapku, iazeps dotickaymos» [14, c. 76] v mp.

[Morpyxas untarens B MUp TIOBCEAHEBHOCTH, aBTOP JaeT OCTATOYHO 3pUMOE U eM-
KOE€ ONHCaHWE M3bICKAHHOTO YOpaHCTBa KOMHATHI NPE/CTABUTENBHHIBI BBICIIETO aH-
DIMiickoro cocioBus cepequHbl XX Beka: «CK603b 6bICOKUE OKHA NOMOKU COTHEUHBIX
Jayuetl, pacceusaemvle OECKOHEUHbIMU 0OOPKAMU UMANbAHCKUX Kpyoces. Ha mpiomo
wemxu u pacyecku gupmvr @adepoce. @raxonuuxu dyxos om Jlanux ykpauteHvl pas-
HOYBEMHBIMU Opaciemamu U3 MeMHO20 U C8eMI020 AHMAPS, MAIeHbKASA NIUMKA U cepe-
OpsHbBILL YallHUK CIMOSLIU Hacomoge 071 ympente2o uasi. CepebpsHblil nopmcueap exican
OKOJIO PYHHOR20 3epKaibyd, HA MbLIbHOU CIMOPOHE KOMOPO2o Obll bimecHer 0opas Dio-
pul ¢ kapmunwvl bBommuuennu «Becuay» [14, ¢. 170]. CTonp U3SIIHOE U TIATETHHOE OTIH-
CaHHE HE TONHKO OTTEHSET YTOHYCHHBIH BKYC T€POHMHH, OTHOIICHHE K HEHl aBTopa,
3TO CBHUJETENHCTBO CBOCOOPA3Ms NMUTAPHON KyJIBTYPhl aHIIIMHCKOM apUCTOKPATHH.

XynoKeCTBeHHasl JIUTEPATypa, B €€ JIydIInX 00pa3iiax, BO BCE BpeMeHa BhITTOIHSIIA
Ba)KHBIC YEJIOBEKOTBOPUYECKIE QYHKIIMU. Bpsii 11 B HAIll KOMITBIOTEPU3UPOBAHHBIN WH-
(OpMaIOHHBIN BEeK KHUTA MPEBPATUTCS B «(PaKyIbTET HEHYKHBIX Bellei». Xymaoxe-
CTBEHHBIC TEKCTHI elle Joiro OyayT JaBaTh NMHILY JJisi cepimna u yma. [lorpyxenue
B MHp XyIO)KECTBEHHBIX 00pa30B (06pa3-0BaHNE) B paMKax HH)XEHEPHOTO By3a BUANTCS
BIIOJIHE TIPOAYKTHBHBIM, ITOCKOJIbKY TIOJIOOHBIH CHHTE3 pellaeT BaXXKHYIO CTpaTerhye-
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CKYIO 3aJa4y CTa0MIM3alry OOIEeCTBa KaK Pe3y/IbTaT CTAaHOBJICHHUS JIMYHOCTH. MIMeH-
HO Onarozjapsi [yMaHUTapHOW COCTaBIISIOLICH IPOUCXOAUT OPTaHUYHOE CIIUSHHE, B3a-
UMHOE OTOXKAECTBIECHUE JBYX Hadal — AYXOBHOTO M MaTepuaibHOro. JlokazaHo, 4To
MUp XyAOKECTBEHHON TUTEPATypbl GOPMUPYET rPpakIaHUHA, YEJIOBEKa BEICOKOH KyIIb-
TYpBI, paclIMpsieT TPaHd WH)KEHEPHOTO TBOPUYECTBAa M OOECIEUMBACT ONTHUMAJILHYIO
aJanTalyIo BEITYCKHUKA By3a B YCIOBUSIX COBPEMEHHON IKOHOMHUKHU U PHIHOYHBIX OT-
HOULICHUH. Y4ueOHbIe 3aHATHA B TEXHUUECKOM BY3€ C IPUBJICUEHUEM I'yMaHUTAPHOM CO-
CTaBJISIOIIEH, Xy/10’KECTBEHHBIX TEKCTOB B YACTHOCTH, CIIOCOOCTBYIOT (HOPMHPOBAHHIO
y CTYIEHYECKOH MOJIOAEKH MOTPEOHOCTH B CAMOPa3BUTUH U CaMOYTBEP)KICHUHU KaK
CaMOCTOSITETILHOTO TBOPYECKOTO CyOBEKTa KyINbTYpbI, ONPEACICHHOIO THIIAa TUYHOCTH.
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(by the example of modern fiction)
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Abstract

Introduction. Modern rapidly advancing society requires engineers to be active and creative when solving
engineering problems, be able to overcome stereotypes being guided by the needs of growing and changing
economic reality, which is due to the demands of times and essential condition of the 2 1st century engineer
formation. Modern education should not only be significantly updated with the range of information
technologies, but also be guided by the idea of the synthesis of scientific knowledge and humanities where
fiction is of no small importance.

Research aim is to integrate education and good breeding by means of fiction, form world view and need
for personality rich in spirit, socially mobile with self-respect and able to fulfill personal abilities both in
scientific and humanitarian directions.

Methodology. Hermeneutical method has been applied to analyze fiction by various authors and to
interpret such notions as plot, idea, problems, and imagery. Empirical method material has been the fiction
of different countries important by research goal and some striking features identification and
comprehension. Contextual method has made it possible to delve into the contents of the analyzed literature.
Results. It has been proved that the world of fiction forms a citizen, a highly cultured person, promotes the
development of heuristic thinking, aesthetic sense and ideals, extends the frontiers of engineering art and
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ensures new grad’s adaptation in the conditions of economy and market relations. Fiction also promotes
the formation of the students’ need in personal growth and assertiveness as an independent creator and
a particular personality.

Key words: modern youth, literary texts, world view; foreign literature; integrator; problems.
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WCTOPUA. AHOOPMALINA. PELLEH3UW

Mo3ppaBnsiem ¢ tobuneem MNonuka Bnagumupa UBaHoBuYa

JlokTop TeXHWUYeCKWX Hayk, mpodeccop

kagenpel ropuoro aena Cesepo-KaBkazckoro

e _ TOPHO-METaJUTyprHUecKoro HMHCTUTyTa [oimk

Brnagumup UpanoBuu pomunca 1 mas 1940 r.

B craHuue Bacroopunckas [uHckoro paifona

Kpacnogmapckoro kpas. C 1 no 6 knacc yuuics B

noc. Cynosepdpr Kamuarckoii o6a. B 1957 r.

OKOHYMJI C 30JI0TOM MEJabI0 CPETHIOI0 IMIKOIY

B c. Tpexcenbckoe YcneHckoro paitona KpacHo-
JapCKOTro Kpas.

B 1962 r. okxonunn CeBepo-KaBkasckuit
TOPHO-METaJUTyprUueCKUi MHCTUTYT, MOIYUYHB
3BaHHE «TOPHBIM MH)KEHEP» MO CIEeNHaIbHOCTH
«Pa3paboTka  MECTOPOXIEHWH  TOJE3HBIX
uckonaemsix». Hauan TpynoByro aesTenpHOCTh
Ha CaJOHCKOM CBHHLIOBO-IIMHKOBOM KOMOHMHa-
Te, rae B 1962—1966 rr. mpolen CTymeHu ropHo-
ro JHMHEHHOTO HaA30pa: TOpPHBIM Mactep,
HayaJbHUK Yy4acTKa, 3aMECTUTEIb INIABHOTO MH)KeHepa pynHuka. B 1966-1990 rr.
pabortan Ha ropHbIX mpeanpuatusx IlepBoro miaBHOro ynpasineHHss MuHHCTEpPCTBa
cpennero MamuHocTpoeHuss CCCP B AOMKHOCTAX: HayadbHUK yYacTKa, TIABHBIN
MH)XEHEp pyAHHKa, 3aMecTuTenb HadaidbHUKa [ITO LleanHHOTO ropHO-XMMHUYECKOTO
xomOunara (Kasaxcran), HawanpHuk IITO IlpumapryHckoro ropHO-XMMHUYECKOTO
xombOuHara (r. KpacHokameHck UUTHHCKOM 001.), ITIaBHBIA HH)KEHEP PYAOYIIpaBIeHUS
Ne 4 TlenuuHoro ropHo-xuMuyeckoro komounara (1. Kpacuoropck Typratickoii o01.).

B nepuox OCBOEHHS YpaHOBBIX MECTOpOXKIeHUN ceBepHoro Kazaxcrana
y4acTBOBaJl B pa3pabOTKe TEXHOIOTUH NOOBIYM PyA, B YACTHOCTH, C YNPaBICHUEM
COCTOSIHEM MacCHBa 3aKJIaJIKOHM IyCTOT TBEPACIOIUMH CMECSIMHU U3 OTX0J0B TOPHOTO
U CMEXHBIX IIPOM3BOJCTB, TEXHOJIOTMM MOOBIYM METAJUIOB BbIILIEIAYUBAHUEM,
CO3JaHMU M OCBOCHHH OypoOBOM M JOCTAaBOYHOW TEXHHKH HOBOTO ITOKOJICHHS
C MEKTPOTUAPO(YUIIMPOBAHHBIM IPUBOJOM H JP.

[Ipunuman ydactue B OOIIECTBEHHOH AeaTenbHOCTH, ObuT uieHoM llpesmanyma
obmectBa «3HaHue» Kaszaxckoi CCP wu mnpexacenarenem oOmiectBa «3HaHHE»
r. CrenHoropcka Kasaxckoit CCP.

be3 orpbiBa OT MPONU3BOACTBA 3AIMTII KaHUIATCKYIO uccepTaiuio «MccnenoBanue
Y yCOBEPIICHCTBOBAHUE CUCTEM Pa3pabOTKU M TEXHOJIOTHH OYUCTHOW BHIEMKH PYIHBIX
TEN CpeIHEH MOIIMHOCTH CO CIOKHON Mopdonoruein»y, Mockea, 1974, BHUUXT;
JIOKTOPCKYIO UCCEpTaluio « TeXHOIOTUy morameHusi BbIpaboOTaHHOTO MPOCTPaHCTBA
C COXpaHEHHEM 3€MHOW IMMOBEpXHOCTH NpU pa3paboTKe CIOKHO-CTPYKTYpPHBIX
MeCcTOpOXIeHu», Mocksa, 1990, MI'PU.

B 1991 . B. W. ok Ha anprepHaTHBHONW OCHOBE OBLI M30paH NEKAaHOM TOPHO-
reosioruueckoro akysnsrera CeBepo-KaBka3ckoro ropHo-MeTallypruieckoro HHCTHU-
TyTa, TAe padoran B Teduenwme 15 mer. C 2006 mo 2008 1. pabotayn 3aBemyrOIINM
Kaenmpoil TEXHOJNOTHMH pa3pabOTKH MeCTOpPOKICHHWHA. B Hacrosimee Bpems —
npoceccop 3Toi Kadeapol.
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[IpuHuMan akTUBHOE y4acTHe B pa3padOTKe M OCYIIECTBICHUH MIPOEKTOB TOPHOTO
HampaBlICHUs, HapUMEp MPOXOAKE 3apamMarckoro BOJONPOBOAHOIO KOMIUIEKCA.
Hanpasnenust HaydHOW NEATENBHOCTH: YNPABJIEHUE COCTOSHHEM PYyAOBMEIIAIONINX
MacCUBOB NP A00bIUE PyH, 100bIYa METAIOB IMOJ3EMHBIM, KyYHBIM M CKBRKUHHBIM
BBIIIENIAYMBAHUEM, YTUIIN3ALMS OTXOI0B TOPHOM JOOBIYH U NEPepabOTKH C MOBBIILIEHUEM
KauecTBa KOMIIOHEHTOB IOJTOTOBKOH B aKTHBATOpaXx, MPOXOJKa TOPHBIX BHIPAOOTOK
CKOPOCTHBIMH TEMIIaMH, TOPHAas 3KOJIOTUs, IPUPOIOOXpaHHASI TEXHUKA U TEXHOJIOTHA,
9KOHOMHKa HeIpomnoiab3oBaHua. OCHOBaTeldb HANpPaBICHHUS YTUIM3ALUMM OTXOIOB
nepepaboTKH Py ¢ U3BJICUEHHEM METAJJIOB BhILIEIaYMBaHUEM B IC3UHTETPaToOpE.

ABtop Oonee 1000 HayyHBIX TpynoB, B ToM umcie 70 mMoHorpaduil, yueOHHUKOB
M y4eOHBIX MOCOOUH, 35 MaTeHTOB U CBUIETENBCTB HA M300peTeHHs], 4 TTO3THYECKUX
cOOpHUKOB 1 KHUT «[ OpHAKH ypaHOBOH uMIepun» 1 «OceTHs I1a3aMu IpyTray.

HetictButenpHplii uieH Poccuiickoil akageMuu TOpHBIX Hayk, Poccuiickoii
aKaJeMHH €CTECTBEHHBIX HayK, MexXAyHapoqHOW akaJeMUH HayK O3KOJOTHUHU
n 0e30macHOCTH >KU3HeAesTenbHOCTH. UneH auccepranuoHHbIX coBetoB CKI'MU,
IOPT'TY u ITHTY. Bemmyctun 40 TOKTOpOB M KaHIUAATOB HayK.

B. U. Tomuk — 3acnmyxeHHbI pedrens Hayku Poccuiickoii @enepanuu
u PCO-Ananus. [loyeTHblii pabOTHHUK BhICLIErO MPOQECCHOHAIBHOTO 00pa30BaHUS
P®. ITonnenii kaBanep 3Haka «l opHsIKas cnaBa». Berepan aToMHONM POMBIIUIEHHOCTH.
Ilouetnsrii unen Coro3a TOpHIKOB U MeTauTyproB CakCOHUM. 3acily>KEHHBIN
npogeccop IOPI'TY, FOUM, Dxkubactyzckoro UTU, CKI'TY. [eiicTBUTENbHBII YiieH
PATH, PAEH, MAHO3B. UYnen penkomnerun xypHanoB «M3ectuss Tynl'VYy,
«M3Bectus TII'Y», «YcroilunBoe pa3BUTHE TOPHBIX TEPPUTOPHI», «be30macHOCTh
Tpyga B mnpombinieHHOCcTH», «CSITA» (Ykpamna), «CTpouTenbHas MeXaHUKa
WH)KEHEPHBIX KOHCTPYKUUH M coopykeHui», «M3ectna YITVY», «Mapkmenaepus
Y HEAPOIIOIb30BaHUE», «AKTYalIbHbIE TIPOOIEMBI TOPHOTO /eiay, «BeKTop reoHayk».

B. U. Tonuk — denepanbHblii dKCIEpT HayyHO-TEXHUYecKod cdeprl. HMmeer
Harpajbl: Megainb B o3HaMeHoBanue 100-netus co nuga poxaenus B. U. Jlenuna, 1970,
3HaKk «lloOeauTens COLMANIMCTHYECKOTO COpPEBHOBaHMS», 1973, Menanb HMEHHU
B. A. Jleracosa, 1999, opaen «3Be3na yuenoro» (MAHOB), 2002, menans «100 ner
npodcorozam Poccuny, 2008.

VYBaxaemsiii Brnagumup MBanoBuu! B nens cBoero 80-netnero FO6unes npumute
Hallll HCKPEHHHWE TMO3APABICHHS U IOXKEJIAaHUS JONTUMX JIeT J>KM3HM M HOBBIX
TBOPYECKUX CBEPIICHUH!

Konnexmus Cesepo-Kasrkazckozo 20pHo-Memannypeuuecko2o UHCmumyma
Ypanvckuii cocyoapcmeennviil 2opHuvlil yHuepcumem
Peoaxyus uzdanus «Mzeecmus 8y308. IopHulii JcypHaiy
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Mo3ppaBnsiem ¢ tobuneem ManbsiHoBa Anekces Bnagummposuya

4 wmrona 2020 r. wucnomHmnocek &80 et
Anekceto BnagumupoBuuy [anmpsHOBY —
TOPHOMY HH)XEHEpY, HOKTOPY TEXHHUYECKUX
HayK, nmpodeccopy kadeapbl MapKIIeHIePCKOTO
Jiena YpanbCKOro ToCcyJapCTBEHHOTO TOPHOTO
YHHMBEPCUTETa,  JICHCTBUTEIBHOMY  WIEHY
AKaJileMUH TOPHBIX HayK.

Bes ero mpou3BoicTBEHHas M TBOpYECKas
JKU3Hb CBsi3aHBl ¢ paboroil Ha Kadenpe
Mmapkuieraepckoro gena (1962-1972, ¢ 2007
mo Hacrosmee Bpems) m UIJT YpO PAH
(1972-2007).

A. B. TanpsHoB wu3BeCT€H TOpHOU
OOIIIECTBEHHOCTH  CTPaHbl ~KaKk  KPYIHBINA
YUEHBIH U CIIELHATIICT B 00JIACTH TOPHBIX HAyK
U PalMOHAIBHOIO HeApomoib3oBaHus. Kpyr
Hay4YHBIX MHTepecoB Anekces Bragumuposuua —
THOCEOJIOTUYECKHE aCIeKThl TOPHOW HayKH,
TEOpPETUUECKHE MPOOIEeMbl TEXHOJIOTHH PYIOIOATOTOBKM MUHEPANTBHOTO CHIPhS HPU
JI00bIYe, BOTIPOCH TIOJIHOTHI M Ka4eCTBa U3BJICUCHHSI 3aI1aCOB TIOJIE3HBIX MCKOTIAEMBIX
npu oTpabOTKE MECTOPOXKIEHHH, TEOPETHUECKUE BOIPOCHI FE€OMETPH3ALUHN TEXHO-
JIOTHYECKHUX TMPOLECCOB B TOPHOM IPOU3BOJCTBE, OILIEHKA JAaHHBIX pPa3BEIKU
M TEOMETpH3alHsI MECTOPOXKIECHUH, OIIeHKa CHIPhEBOW 0a3bl TOPHBIX MPEANPHUITHIA,
WCTOPHS PAa3BUTHS HAYYHBIX WICH B TOPHOM felie, Gprtocodckre mpooieMbl B HayKax
o 3emne. On aBrop Oonee 200 HaydHBIX pabOT, HanOoJiee 3HAUMMEIE PE3YIBTATHI
KOTOPBIX OCBsAIICHBI B 140 crathsax, 20 MoHOTpaduiax U YICOHBIX ITOCOOHAX, B TOM
yHcie: «3aKOHOMEPHOCTH Cerperaluny Mpy CKIaJUPOBaHUH CKaJbHBIX IOPOI U PyA Ha
kapbepax OAO «KombOunar Marnesut» (1997), «Tpanchopmanust CTpyKTYpPBI TOPHBIX
MacCUBOB IIPU B3PBIBHBIX padoTax Ha Kapbepax» (1998), «OneHka roMOreHHOCTH MIPH
CMEILIMBAaHUH KyCKOBOTO pyaHoro Mmarepuainay (1998), «Pygonoaroroska Ha Kapbepax»»
(2000). CoBpemeHnHbIe IPOOIIEMBI CBIPHEBOM 0a3bI MUHEPATBHOTO CHIPhSI PACCMOTPEHBI
B MOoHorpadusx B coaBTopcTBe ¢ B. JI. fIKoBieBbIM «MeTOmZONOTHYECKUE ACTIEKTHI
CTpaTerMd OCBOGHHS MHUHEpalbHBIX pecypcoB» (2003) u «CrelpbeBas 0Oa3a
MIPOMBIIJIEHHOTO KOMIUIEKca YepHoi meTtautypruu» (2006). Pa3Butnio HOBBIX Hei
nocesnieHa MoHorpadus « TeopeTndeckrie OCHOBBI TEOMETPHU3ALNHN TEXHOIOTHIECKHX
npoiieccoB B ropHoM Jese» (2010); B 2014 r. peinuta kaura «Pa3BuTre HAyYHBIX UACH
B ropHoM jenie. [eomerpus Henp», a B 2019 1. B 3101 ke pyOprKe — « MapKieiaepusd»
(B coaBTopcTBe ¢ B. A. TopneeBbiM), B KOTOPBIX aBTOp CHCTEMaTH3MPOBAJl CBEIEHUS
0 BO3HWKHOBEHHH W CTAHOBJICHUH 3THUX HAYYHBIX JUCIIUILIHH.

Ilon pykoBomcTBOM W Tpu HemocpeacTBeHHOM ydactun A. B. TanbsiHoBa
peanmu3oBbIBaiach mporpamma MUM CCCP 1974-1986 1T. 1o pa3paboTKe METOMIMUYECKUX
YKa3aHUH 1[I0 HOPMHMPOBAHMIO, IUIAHMPOBAHMIO W YYETY IIOTEPb PYIObl UYEPHBIX
METaJUIOB Ha Tepputopun Ypaina, Cubupu, Kazaxcrana, npoBoImInCh UCCIEIOBAHUS
no ycpegHeHuro pya Ha kapeepax CCITIO, Kaukanapckoro, Kocromymickoro,
Kopurynosckoro, Copckoro, JIMCakoBCKOTO M OpyTHUX HpPENNpUATHI, YyCTaHOBIEHBI
3aKOHOMEPHOCTH (POPMUPOBAHUS BHYTPEHHEW CTPYKTYPBI OTBaJIOB TOPHBIX TOPOI.
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Teoperudeckue U NpUKIaaHbIE UCCIEIOBAHUS, BHINONHEHHBIE A. B. ['anbpsaHOBbIM,
ABWINCH ©0a30i i1 (OPMHUPOBaHMS TEOPETHUECKUX OCHOB TI'EOMETPH3ALUU
TEXHOJOTUYECKHX MPOLIECCOB B TOPHOM JIeNie; UM pa3padoTaH alrOpUTM HHKEHEPHOTO
pacdyera BHYTPEHHEW CIPYKTYphl pasBaia TOPHBIX IIOPOX IOA BO3ACUCTBUEM
B3PBIBHOT'O Pa3pyllICHHs HA Kapbepax.

Hayunyto nestensHocTh A. B. ['anbsHOB ycleniHo cOBMeNIAaeT ¢ NEAAroruueckom,
nepenaBasi CBOM 3HAHHMS M ONBIT OyIyIIUM TOPHBIM HHXKCHEpaM-MapKIIehaepam.
WM mnoxrotoBneHsl 2 nokTopa M 4 KaHAWAATa TEXHUYECKUX HAYK, OH WIEH
JIUCCEPTALIMOHHOIO COBETA I10 3aIUTE JOKTOPCKUX JUCCEPTALMM, UTIEH PENIAKIIMOHHON
KOJUIETHU XypHAIIOB «MapKienaepuss ¥ HeApOIOoab30BaHue» U «MapKiennepceKkuil
BECTHHMK», KaBajlep IOY4eTHOro 3Haka «lOpHsLKas claBa» Tpex CTENeHER
u «IIlaxrepckas cnasa» III crenenu.

TopHast o0OLIECTBEHHOCTh CEpAEYHO TMo3ApaBisieT Anekces Brnaanmuposuua
¢ robuieeM, *KelaeT eMy KPEMKOTro 3J0POBbS M JAIBHEHWIINX TBOPYECKHX YCIIEXOB
Ha OJlaro TOpHOM HayKe U POU3BOJICTBY.

Ypanvckuii cocyoapcmeennviil 2opHuvlil yHUGepcumem
Peoaxyus uzoanus «Mzsecmus 8y308. I'opHulii scypHan»



XYPHAN NYBJIKYET CTATbU B CNEAYIOLWNX PA3MENAX:

e T'eoTexHOJIOTHA: MOJ3eMHAs, OTKPbITasl, CTPOUTEIbHASA

e ['eomexanuka. PazpynieHue ropHbIX oposx

e @u3nuyecKHe M XMMHYECKHE NPOLECChl TOPHOI0 MPOU3BOJACTBA.
A3pora3zofuHaMuKa

e T'opHonmpombllIeHHAs U HeTErazoBas reoJorus, reopusnka

e Mapkueiigepckoe aeJi0, reoge3us U KagacTp

e T'eomnpopmaruka

e OolorameHue MoJe3HbIX HCKOMAEMbIX

e DJKOHOMMKA U YIPaBJeHHEe TOPHBIM POU3BOACTBOM

e T'eo3kos0rUs, pAMOHAIBLHOE IPUPOIONIOJIb30BAHUE

e T'opHasg MexaHuKa. 'opHBIe MALIMHBI U TPAHCIIOPT

e JjekTpuuUKANMSA U ABTOMATHU3AIMS TOPHBIX MPeINPUATHIA

e be3onacHOCTH TOPHOIO NPOM3BOACTBA

e Bbricuiee ropHoe odpazoBanue

e HUcropus. Undopmanus. Peuenzuu

TpeGoBanuss kK odopMieHHMI0 cTaTeid  pa3MelleHbl  Ha

opuHATBLHOM caliTe )kypHaJa: http://www.mining-science.ru
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