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Purpose. Establishment of laws of change and distribution of the rock mass displacements and deformations on
the basis of surveying instrumental observations at undermining the main roadway in the conditions of flat coal seams
development in Western Donbas.

Methodology. The underground observation station is laid to establish the nature of the spatial displacement of
rock mass points in the 2" West Main haulage drift of ¢ layer at “Heroiv Kosmosu” Mine, Industrial Structure Unit.
The drift was undermined by clearing works at lava 128 of c¢1 layer with a thickness of 1.2 m. Processing depth was 80
m. The observations were made using the electronic tachymeter “TOPCON 235N” at 13 metering sections, laid at a
distance of about 20 m from each other. Each section at the support is fixed with four survey points: in the walls of
mine working, in its roof and the soil. The total length of the observation station was 280 m. The last observation was
carried out at a distance of 165 m from lava 128 coal face. To fix mutual displacement of the mine working support
and the rock mass, three additional auxiliary metering sections, which consisted of a pair wall ranging marks, were
laid. In total there were 4 series of observations at different distances from the face of lava 128. The diagonal arrange-
ment of the main haulage drift with respect to the face line allowed the capture spatial displacement of the rock mass
at different distances from the working face. The spatial coordinates of the survey points were determined for each
series of the observations.

Findings. According to the results of instrumental studies, the spatial coordinates of the survey points are estab-
lished for each section. To eliminate the impact of convergence on results, the analysis of observations was carried out
not according to the survey points, but regarding the center of gravity of the survey section. Uplift of survey points was
recorded during the second observation. Thus, the uplift was recorded both in the soil and in the top of the mine
working. The maximum value of lifting of the section gravity center was 30 mm. According to the results of studies it
is found that rock mass has shifted to the horizontal plane in the direction of movement of the working face after the
passage of lava. The maximum value of horizontal displacement of the section gravity center is fixed above the center
of the lava and is 240 mm, which coincides with the results of instrumental observations on the Earth surface. The
sizes of the propagation zone of rock mass displacement and deformation above the boundary part of the lava were
established.

Originality. For the first time the regularities of spatial displacement of undermining rock mass above the current
lava in conditions of the flat coal seams development are established.

Practical value. The research results in their subsequent accumulation provide an opportunity to develop a method
for predicting displacement of rock mass above the excavation mine workings of coal mines.

Keywords: instrumental observations, bench mark, undermining, the coal seam, subsidence and deformation, rock
mass

Introduction. Underground mining of coal seams
violates the equilibrium state of the rocks, leading to
their displacement and deformation as a result of redis-
tribution of stresses in the undermining rock mass.
These geomechanical processes negatively affect the
conditions of maintaining mine workings and they are
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the cause of the dangerous manifestations of rock pres-
sure. Significant financial resources are spent on the
maintenance of the main and development workings.
The adoption of reasonable and effective technical solu-
tions to ensure the safety of workings in the area of influ-
ence of clearing works is not possible without the avail-
ability of reliable information about the patterns of dis-
placement and deformation of undermined rock mass.

55




PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

Analysis of the recent research and publications. In
studying the process of displacement of rock mass, the
research is usually conducted separately for the condi-
tions of the Earth surface and rock mass. Regarding the
Western Donbas displacements of undermined rock
mass remain insufficiently studied with insufficient
knowledge of the process of the Earth surface subsid-
ence. This also applies to other mining regions.

The methods for calculation of horizontal and ver-
tical deformation of the rock mass are theoretical and
mainly applicable to the zone of high rock pressure.
These methods have not found further application
due to lack of confirmation of their reliability by ex-
perimental data. The results of calculation of the ver-
tical deformation at high rock pressure zone under
existing methods (Savost’janov A.V.) are not consis-
tent with the results of full-scale instrumental obser-
vations. Observations of the earth surface subsidence
in the Western Donbas are few and limited by two ob-
servation wells with depth bench marks and two obser-
vation stations in undermined mine workings. On the
basis of these observations, the scheme of displace-
ment of rock mass under moving production face is
proposed. Thus, research studies were performed to
determine the parameters of vertical movement and
rock deformation. The horizontal displacement and
deformation of the rock mass are not studied in the
Western Donbas.

The experimental results at existing rates and coal
mining technology [1] indicate that the current schemes
of displacement process are no longer relevant. This also
applies to the methods for predicting displacement and
deformation of the earth surface and rock mass.

Stop*boundary of the 128th lava

Therefore, carrying out scientific research to deter-
mine patterns of horizontal deformation of the rock
mass in the development of flat coal seams is an actual
scientific and technical problem.

Objectives of the article. Insufficient study of issues
of displacement of rock mass is associated with a small
number of instrumental observations of the behavior of
undermined rock mass. The objective of experimental
studies is to establish numerical characteristics of dis-
placement of undermined rock mass above the clearing
mine workings of mines of the Western Donbas.

Presentation of the main research. Underground ob-
servation station was laid in the 2™ West Main haulage
drift (2ZMOSH) of cs layer, at “Mine Blagodatnaya”
Industrial Structure Unit to establish the nature of the
spatial displacement of the points of the rock mass.
27ZMOSH was undermined by clearing works of lava 128
of cllayer with a thickness of 1.2 m (Fig. 1). The depth
of drift undermining was 80 m, and a depth to the c,
layer in the zone of laying observation station — 330 m.

The observations were made at 13 metering sections
(type 1, Fig. 2), laid at a distance of about 20 m from
each other. Fig. 2 shows the location scheme of survey
points in the metering sections. Additionally, there were
inherent 3 metering sections (type 2), which were con-
sisting of the wall benchmarks. For the convenience of
finding the metering sections, the surveyed points were
marked with paint.

The reference points were laid outside the influence
of lava 128 at a distance of over 190 m from its border.
The observations included the measurement of the spa-
tial coordinates of survey points with the electronic ta-
chymeter “TOPCON 235N”. The measurements were

langwall position

3

128th construction drift

metering section (type 1)

metering section (type 2)

18.01.12

128th boundary drift

128th lava

Reference points

Fig. 1. Plan for underground observation station
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survey points

survey points

Fig. 2. Scheme of survey points in the measuring section

carried out at two positions of the horizontal circle of
the tachymeter with three-time measurement of the dis-
tance to the point. Measurement accuracy of horizontal
distance was 2 mm.

Laying of observation station and production of the
first observations were made at the time when the face of
lava 128 was at a distance of 100 m from the measuring
section No. 1. In total, there were 4 sets of observations
with the position of the face of 100, —17, =56 and —165 m
(“-” sign indicates the removal of the face from the ob-
servation station). The diagonal arrangement of the
main haulage drift with respect to the mining face line
has allowed fixing spatial displacement of survey points
at different distances from the mining face.

Under the influence of rock pressure, which was
formed in front of a moving mining face in the under-
mining mine working, there occurs vertical and horizon-
tal convergence, which reduced the “purity” of the ex-
periment. Displacement of the survey points in the high-
pressure zone of the rock pressure can be decomposed
into two components: the shift caused by the movement
of the rock mass and the displacement due to the conver-
gence of mine working. To eliminate the effect of the
convergence, the analysis of the results of observations is
carried out not from survey points but from the center of
gravity of the measuring section O. The coordinates of
the center of gravity were determined by the formula

X. Y. Z.

where X, Y, Z, are the coordinates of the center of grav-
ity; X;, Y, Z; are the coordinates of the survey points of
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measuring section; # is the number of the survey points
in the metering section (n = 4).

During the second observation in the interval be-
tween sections No. 6—8 the lifting of the survey points
were observed. At the same time the lifting was fixed in
the soil and in the top of the development. The maxi-
mum value of lifting of the gravity center of the section
was 30 mm (measuring-section No. 6), which may be
caused by bending of lithological layers above the mov-
ing mining face. This phenomenon was recorded on the
Earth surface at various geological characteristics of
coal deposits development and significant advance rates
of the working face movement [1]. Further away from
the metering sections of the working face, the lifting
changed by slightly lowering, whose value reached
25 mm. This demonstrates the wave nature of the load
redistribution process ahead of the moving working
face. Speed of the working face movement during the
observation was 4—5 m/day.

According to the results of the third observation, the
lifting of survey points is not fixed. This can be explained
by the decrease in moving speed of the working face up
to 60—70 m/month (2—2.5 m/day) and its short dura-
tion stops. Manifestation of rock pressure in the form of
soil heaving and frames lowering was recorded at a dis-
tance of about 60 m. The difference in lowering the
benchmarks and the survey points on frames constituted
20—30 mm. Maximum subsidence was recorded on the
9™ measuring section at a distance of 5 m from the face
of lava 128 (150 mm).

Fig. 3—5 show graphs of the vertical and horizontal
displacements of the survey points at different distances
L from the boundary developed space (of 128th con-
struction drift). Fig. 4 shows the displacement of the
center of gravity of survey sections.

The first signs of rock pressure recorded in the edge
part at a distance L = 90—100 m from the planned pro-
jection of the contour of developed space. During the
4™ observation the deformation of 2 ZMOSH at the sec-
tion of emplacement of observation station ended. It was
unable to perform a full range of measurements over the
entire length of the profile line due to the ripping of soil
of mine working between sections No. 9—13. Maximum
soil lifting accounted 345 mm (6 in section), the lower-
ing of the mine working walls — 679 mm. Vertical dis-
placements of the of survey points at arch support racks
and benchmarks at underworking of 2ZMOSH have
similar values. This indicates to small quantities of con-
vergence due to pressing racks into the soil (Fig. 3).
Maximum convergence of mine working at the studied
area was 1 m.

Horizontal movement &L in a direction perpendicu-
lar to movement of the longwall, occur in the range of
—55...65 m. Their maximum value (85 mm) is fixed at a
distance of 8 m from the boundary of lava 128 towards
the pristine rock mass. The magnitude of the horizontal
displacement of the survey points and the benchmarks
are practically identical as in the case of vertical dis-
placements. This indicates to the joint deformation of
mine working support and marginal rock mass. Maxi-
mum value of &- is 25 % of the maximum horizontal
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Fig. 3. Vertical displacement of survey points
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Fig. 4. The horizontal displacement of survey points in a direction perpendicular to the working face movement

displacement at the surface (320 mm) [2]. The ratio of
the depth of undermining the drift and the Earth surface
is 27 %. Consequently, the horizontal displacement is
uniformly distributed within the underworked rock
mass, linearly increasing to the earth surface.

It should be noted that the range of the spread of
horizontal displacement in the direction of untouched
rock mass is smaller than the vertical one. This indicates
the different reasons for their formation.

Under the influence of rock pressure the walls of
mine working approach each other with occurrence of
the horizontal convergence. Therefore, horizontal dis-
placement quantity &|| of points in a direction parallel to
the movement of the longwall (Fig. 5) are formed by two
factors: by the action of the rock pressure and conse-
quently the horizontal displacement of rock mass. It is
appropriate to assume that the displacement of points of
the left and right walls of mine working under the influ-
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ence of rock pressure have the same values which are
opposite in sign. According to this, the horizontal move-
ment of the points caused by the movement of under-
mined rock mass can be defined as arithmetic average of
the actually measured horizontal displacement of the
left and right walls.

At the time of the second observation the survey
point had the horizontal displacement in the direction
of the approaching longwall (in Fig. 5 they are marked
with the symbol “—”). Their maximum value was
26 mm. After passing lava 128, horizontal displace-
ment values change their sign for the opposite one un-
der the drift. Maximum values &|| (360 mm) are fixed
on the right side of mine working above the mined-out
space. Further away from the borders of lava 128 their
values gradually decrease and at a distance of 65—70 m
from the 128" prefabricated drift the value &|| equals to
zero. At this point displacement of points of the left

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 1
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Fig. 5. The horizontal displacement of survey points in a direction parallel to movement ofthe working face

side also have positive values, but smaller in value (§|| =
= 120 mm). Thus, the horizontal movement of points
caused by the motion of undermined rock mass was
€|l = 360—120 = 240 mm. The same value of the hori-
zontal displacement was fixed on the earth surface af-
ter the passing longwalls in other mining and geologi-
cal conditions at mining of coal seams in the Western
Donbas. This indicates that the horizontal displace-
ments at a distance of 80—330 m into the mined seam
roof are constant.

Conclusions and recommendations for further re-
search. The results of the analysis of the instrumental
observations of the displacement of undermined rock
mass allowed establishing the following regularities:

- in front of moving mining face above the center of
the longwall there is the lifting of rock mass observed
due to the bending of lithological layers, which is con-
sistent with observations on the earth surface in the
same geological conditions of undermining;

- after the effect of longwall on undermined rock
mass, horizontal displacements are fixed at the survey
points in the direction of the lava mining. The value of
displacement is 240 mm, which corresponds to similar
displacements on the earth surface;

- the nature of the distribution of the horizontal dis-
placements of the survey points in the direction perpen-
dicular to the motion of longwall is described by the
symmetrical curve. Position of the point with the maxi-
mum displacement in this direction shifted toward un-
touched rock mass.

To develop prediction methodology of vertical and
horizontal displacements of the rock mass above the
mining longwall it is necessary to conduct additional in-
strumentals observations to determine the spatial dis-
placement of the survey points.
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Meta. BcTaHOBIEHHSI 3aKOHOMipHOCTE 3MiHU ©
pO3Moaiay 3pyllieHb i AeopMalliil ripcbKOro MacuBy
Ha MiacTaBi MpPOBEAEHHS MapKILUeiaepChbKuX iHCTPY-
MEHTaJIbHUX CITOCTePEXXEeHb MPU MiApoOI1Ii MaricTpasib-
HOTO IITPEKY B YMOBaX PO3POOKM ITOJIOTUX BYTITBHUX
IwracTiB y 3axizHomy JloHbaci.

MeTtomuka. {711 BCTAaHOBIICHHSI XapaKTepy IPOCTO-
POBOIO 3MIillIleHHSI TOYOK MacCUBY TipCbKMX TMOpIil Y
2-My 3axiTHOMY MaricTpaJlbHOMY BiIKOTHOMY ILITPEKY
miacta ¢s [ICIT ,, 1Y ,,I'epoiB Kocmocy® 3akinaneHa
min3eMHa crioctepexxHa ctaHuist. LITpex migpoOasiBcs
OUYMCHUMM poboTamu 128-0i 1aBu I1acTa ¢, MOTYKHiC-
110 1,2 M. 'MubuHa nigpooxku ckiana 80 M. Crioctepe-
>KEHHS TIPOBOIWJIMCSI 32 JOMOMOTOI0 €JEKTPOHHOIO
taxeomeTpy ,, TOPCON 235N*“ Ha 13-Tu nepeTtuHax,
3aKjIaleHNX Ha BigcTaHi 01m3bKo 20 M OOWH Bim omHO-
ro. ¥ Ko>XHOMY TMepeTUHi Ha KPiTJIEHH] 3aKpirjieHi yo-
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TUPU 3HIMaJIbHI TOYKU: y OOpTax BUPOOKU, Y 1i MOKPIB-
JIi Ta mimomurBi. 3arajbHa JOBXWHA CITOCTEPEXKHOI CTaH-
mii cknana 280 M. OcTaHHE criocTepeskeHHST BUKOHAHE
MpH BigganeHHi Buooro 128-01 1aBu Ha BigcTaHb 165 M.
st pikcyBaHHSI B3AEMHOTO 3MillleHHS KPIiTIJIEHHS BU-
poOKM Ta ripCbKOTo MacuBy JOAATKOBO 3aKJIaeHi 3 10-
TMOMIXHHUX 3aMipHUX MTEPETUHU, 1110 CKJIaJaTUCs 3 Tlap-
HUX OOKOBUX perepiB. Ycboro BUKOHaHO 4 cepii cro-
CTepeXeHb 3a Pi3HMX BiAcTaHeil Big BubOow 128-o1
JaBu. JliaroHajabHe pO3TallyBaHHS MariCTpaaibHOTO
BiIKATOYHOTO MITPEKY IO BiAHOLIEHHIO A0 JiHii 320010
JI03BOJIWIIO (hiKCYyBaTU MPOCTOPOBE 3MIILLIEHHS TipChKO-
ro MacuBYy Ha pi3HOMY BiJJaJieHHI Bil, OYMCHOTO BU-
6010. /I KOXHOI cepii crmocTepekeHb BU3HAYAINCS
MPOCTOPOBI KOOPAMHATU 3HIMAJIbHUX TOYOK.

PesymbTati. 3a pesyabTaTaMu iHCTPYMEHTAIbHUX
JOCIIIKEHb BCTAaHOBJIEHI MPOCTOPOBI KOOPAMHATHU
3HIMaJIbHUX TOYOK JJIs1 KOXHOTO mepeTuHy. st Bu-
KJTIIOUEHHS BIUTMBY KOHBEPIeHIlii Ha pe3yJbTaTu, aHa-
JIi3 CIIOCTEpPEeXeHb BUKOHAHO HE MO 3HiMaJbHUX TOY-
Kax, a Mo LEHTPY TSXKiHHS 3HIMaJIbHOTO MepeTuHy. Ha
MOMEHT JAPYroro CrocTepeKeHHs 3adikcoBaHi MiaHsT-
TS 3HIMaJbHUX TOYOK. [1Tpu 1IbOMy MigHATTS 3adikco-
BaHi 4K y MiIOIIBI, TaK i B TOKPiBJIi BUpoOKU. Maxkcu-
MaJIbHa BEJIMIMHA ITHSITTS HEHTPY TSOKIHHS TIEPeTH -
Hy ckiana 30 MM. 3a pe3yJbTaTaMy JOCHTiIKeHb BCTa-
HOBJICHO, IO IIiCJs IIPOXOAY JaBU MAacCUB TipChbKUX
NOpia 3MICTUBCS B TOPU3OHTAJIbHIN IUIOLIMHI y Ha-
MPSIMKY PYXy OYMCHOro BMOOI0. MakcuMasbHa BeJIM-
YyHA TOPU3OHTAIBHUX 3MillleHb LIEHTPY TSKiHHS Ie-
peTuMHy 3acdikcoBaHa HaJ ILIEHTPOM JiaBU Ta CKJajia
240 MM, 110 30iraeTbesi 3 pe3yabTaTaMu iHCTPYMEH-
TaJIbHUX CIIOCTepeXeHb Ha 3eMHill moBepxHi. Bcra-
HOBJICHI PO3Mipy 30HU PO3MOBCIOMXKEHHS 3pPYIIEHb i
nedopmalliii MacuBy Hall KpailOBOIO YACTUHOIO JIaBU.

HaykoBa HOBM3HA. YTIiepille BCTaHOBJICHI 3aKOHO-
MipHOCTi TTPOCTOPOBOTO TEPEMillIeHHSI TipCbKOTo Ma-
CHBY, IO MiIPOOIISIETHCS HAJ TiF0Y0I0 JIJABOIO B yMOBaX
PO3pOOKM IOJIOTUX BYT'UIbHUX IJ1ACTiB.

IIpakTnyna 3HaYMMicTh. Pe3yabTaT N1OCIiIKEHD 3a
iX MOIAaIbIIOro HAKOMUYYBaHHS HaJal0Th MOXKJIUBICTh
PO3POOUTH METOIMKY IMPOrHO3YBaHHS 3pYIIEHb MacH-
BY TipCbKUX MOPiJ Hal OUMCHUMU BUPOOKAMU BYTiJib-
HUX IIaXT.

KmouoBi cioBa: penep, nidpodka, eyeinvuuil naacm,
3pyuieHHs ma deghopmauii, macue 2ipcbKux nopio

Ieab. YcTaHOBIIEHNE 3aKOHOMEPHOCTEH M3MeEHe-
HUS W paclpenecHUsI COBWKCHMI W medopMalimii
TOPHOTO MacCHBa Ha OCHOBE ITPOBEACHUSI MapKIIIeii-
MEePCKUX MHCTPYMEHTAIbHBIX HAOMIONCHUI TIPU TIOMI-
paboTKe MarucTpajJbHOTO IITPEeKa B YCIOBUSIX pa3pa-
OOTKM TIOJIOTUX YTOJbHBIX IIACTOB B 3amagHoM JloH-
Oacce.

Metoauka. [ ycTaHOBJAEHMS XapakKTepa Ipo-
CTPAHCTBEHHOI'O CMEILEHUsI TOYeK MacCHBa TOPHBIX
MOpOJ BO 2-OM 3alaJfHOM MarvcTpajibHOM OTKaTO4-
HoM 1tpeke riacta cs [TCIT , IITY ,,T'epoeB Kocmoca®
3aJIoKeHa Tof3eMHasi HaOonaTesibHasl  CTaHIIUS.
[ITpek moapabaTsIBajICss OUMCTHBIMU paboTamu 128-it
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JIaBBI TIJIaCTa ¢, MOIIHOCTBIO 1,2 M. I'yOmHa mompa-
60Tk coctaBmwia 80 M. HabmoneHuss mpoBOAMIINUCH C
IIOMOINBIO 3JIEKTpOHHOTO TaxeomeTpa ,, TOPCON
235N Ha 13-Tu 3aMepHBIX CEYEHUSIX, 3a0XKEHHBIX Ha
paccrostHumM okoJyio 20 M oaMH OT Apyroro. B kaxmom
CEYEHMH Ha Kpemnu 3aKperyieHbl IO YeThIpe CheMOY-
HBIX TOUKU: B 0OpTax BEIPAOOTKH, B €€ KPOBJIE U ITOYBE.
OO1as niMHa HaOAogaTeIbHONM CTAaHLUMU COCTaBUJIA
280 M. ITocnenHee HaOMOACHWE BBITTOJIHEHO MPU OT-
naneHun 3a00st 128-ii TaBbl Ha paccTostHue 165 M. s
(UKCHpPOBaHMS B3aMMHOTO CMEIICHMST KPEIM BhIpa-
OOTKM 1 TOPHOTO MAacCHBa IOIOJTHUTEIBHO 3aJI0KECHO
3 BCmoMOTaTeIbHBIX 3aMEPHBIX CEUCHHS, KOTOPBIE CO-
CTOSITA M3 TTapHBIX OOKOBBIX perepoB. Bcero BhITTION-
HEHO 4 cepuyr HAOIIONCHUI TIPY pa3HOM YIaJeHUU OT
3a00s1 128-11 1aBbl. JlnaroHajabHOE PacIioIoKeHUE Ma-
TUCTPAJIbHOTO OTKATOYHOTO IITPeKa MO OTHOIIEHUIO K
JIMHUM 320051 TO3BOJWIO (DUKCUPOBaTh IPOCTPaH-
CTBEHHOE CMeIlIeHMe TOPHOI'0 MacCHBa Ha pa3HOM yaa-
JICHUM OT OYMCTHOTrO 3a0os1. [ Kaxmou cepuy Ha-
OJIFOIEHUIT OTIPENeISINCh TTPOCTPAHCTBEHHBIE KOOP-
JIHATHI CheMOYHBIX TOUEK.

Pesynbratel. 1o pe3yiabTaTaM MHCTPYMEHTAJIBHBIX
HCCIIEIOBAHU YCTaHOBJICHBI IIPOCTPAHCTBEHHBIE KO-
OPIMHATEI ChEMOYHBIX TOUCK IJISI KAXKIOTO CCUCHMSI.
s NCKITIOUeHUSI BIMSTHUSI KOHBEPTCHIIMU Ha Pe3yJib-
TaThl, aHAJIM3 HAOIIOACHUI BBITIOJHEH HE IO CheMOY-
HBIM TOYKAaM, a IO IIEHTPY TSKECTU CheMOYHOTO ceue-
Hus. Ha MoMeHT BToporo HabmoaeHus 3a(uKCUpoBa-
HbI TTIOAHSTUS CbeMOYHBbIX Touek. I[Ipu 3ToM nmoaHsTHE
3a(UKCUPOBAHO KaK B MOYBE, TaK U B KPOBJIE BbIpa-
60TKM. MakcuMajbHas BEeJIMUWHA TTOIHSTHUS IIEHTpa
TskecTu ceyeHus: coctaBuaa 30 mMm. Ilo pesynabraram
HCCIIeTIOBAaHUI YCTAaHOBJIEHO, UTO ITOCIIE TIPOXO0/1a JIaBbl
MAacCCUB TOPHBIX ITOPOJI CMECTIJICS B TOPU30HTAIBHOM
IUTOCKOCTHU B HAIIPaBIICHUN ABMKCHUS OYMCTHOTO 3a-
60s1. MakcuMabHas BeIMIMHA TOPU30HTATBHBIX CME-
IIEHUH IIEHTPa TSOKeCTH ceueHUs 3apUKCUpoBaHa Hall
LIEHTPOM JIaBbl U cocTaBuiia 240 MM, 4TO COBIIAJAET C
pe3yiIbTaTaMyd HMHCTPYMEHTAJIbHBIX HaOJIIOACHUIT Ha
3¢MHOI MOBEPXHOCTHU. YCTAaHOBJICHBI pa3Mephbl 30HbI
pacnpocTpaHeHUs CIBUKEHUI 1 nechopMaliuii Maccu-
Ba Hall KpaeBOI YacThIO JIaBbl.

Hayunas HoBusHa. BriepBble yCTaHOBJIEHBI 3aKOHO-
MEpPHOCTH TTPOCTPAHCTBEHHOTO TTepeMEIIeHUS TToapa-
0aTbIBa€MOTro rOPHOTO MacCcUBa Hajl AeHCTBYIOLIEH J1a-
BOI B YCIIOBUSIX pa3pabOTKU ITOJIOTUX YTOJBHBIX TUIa-
CTOB.

IIpakTHYecKas 3HAYMMOCTb. Pe3ynbTraThl Mcciemo-
BaHWI TIpU WX IIOCTCAYIONIEM HAKOIUICHWH IIPerao-
CTaBJISIIOT BO3MOXHOCTb pa3paboTaTh METOIUKY IIPO-
THO3UPOBAHUST COBMXKCHMI MaccuBa TOPHBIX IOPOI
Hall OYUNCTHBIMU BBIPAOOTKAMU YTOJIbHBIX IIAXT.

KmoueBble cioBa: penep, nodpabomka, ye0nbHblil
naacm, co8udceHus U de@opmauuil, Maccué 20pHvlIX NO-
poo
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