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Abstract
Introduction. The history of the Upper Kama potassium salt deposit (VKMKS) exploration and
operation should be divided into two periods. The first period lasted from 1929, the start of exploitation,
until 1986, when the water-protective barrier collapsed and the largest VKMKS mine, the 3rd Berezniki
mine, was flooded. The second period began in 1986 and continues to the present day. The first period
is characterized by a low level of technogenic load on the geological environment, significantly less than
its long-term strength. After 60 years of VKMKS large-scale exploitation, the technogenic load on the
geologic environment has increased significantly. As a result, its equilibrium state was upset, giving rise
to destruction, accompanied by various dynamic events: caves-in, surface collapses, rockbursts, and
tectonic rockbursts. VKMKS structural-tectonic profile study revealed that active faults, nodal structures,
and fracture zones have a decisive effect on the geologic environment equilibrium state.
Research methodology. When structural and tectonic elements are formed in the supra-salt, salt, and
subsalt strata of the deposit, the geologic environment density characteristic changes naturally leading
to the development of local density inhomogeneities within. It is possible to locate these inhomogeneities
and establish their relationship with structural and tectonic elements of the geological environment,
particularly, fractured zones, only by studying the gravity field of the deposit. For this purpose, an area-
wide, detailed, and high-precision gravimetric survey was performed at a scale of 1:25,000, the results
of which were used to identify and study the fracture zones.
Research results. Based on the results of gravity field anomalies interpretation on the territory of
VKMKS, the horizontal position and size of about 200 local negative linear anomalies of the near north-
south, north-east, and north-west orientations were determined, the sources of which were confidently
identified with the fracture zones.
Conclusions. The experience of studying the structural and tectonic structure of VKMKS has shown that
currently for the deposit’s physical and geological conditions, the detailed, high-precision aerial gravity
study is the most effective geophysical method for fracture zones mapping.
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Research subject and aim. At first approximation, fracture zones represent tabular
formations of tectonic nature fractured heavier than the surrounding rock (Geology
Dictionary, 1978). In the Upper Kama potassium salt deposit (VKMKS), for the first
time tectonic zones in various strata were first established by P. I. Preobrazhenskii, who
pointed to “high probability of fracturing, which crosses all supra-salt rocks” and gets
into the saline deposits. At the same time, he underlined that “the plasticity of salt
which prevents from that phenomenon, must show up at great depths (more than
500 m), but for the upper strata of the salt mass the possible presence of such fractures...
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is conceivable” (Preobrazhenskii P. 1., 1928). Observations of P. I. Preobrazhenskii
were at the time confirmed by A. A. Varov, a chemical hydrologist: “Water of “gypsum
series” and “covering salt” have no direct independent outcrops [to the surface] ... but
water penetration to salt strata is proved by the salinization of “flag” [marly limestone
and marl] water” (Varov A. A., 1928).
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Fig. 1. Schematic map of isoanomalies of a part of the Upper Kama
potassium salt deposit
Puc. 1. Cxemaruueckuil miaH M30aHOMAJ YacTd TeppUTOpHU Bepxne-
KaMCKOT'O MECTOPOXKICHHUS KaJIHIHBIX CONEH

It unambiguously followed from the brief characteristic of fracture zones that such
zones of increased permeability for the supra-salt and subsalt waters, could be of great
importance for deposit accident-free operation. Unfortunately, this point was not taken
into account, and there was no systematic study of fracture zones in VKMKS.
The consequence of such mine-geological policy was the flooding of the 3rd Berezniki
mine in 1986. Describing the reasons for the catastrophe, A. A. Bariakh explicitly stated
that it happened due to mine tunneling in one of the fracture zones [1]. Thus, the subject
of the present work is the fracture zones study, which is essential in order to estimate
the state of the geologic environment to prevent catastrophic dynamic events.

Research methodology includes generalizing the results of fracture zones study
in mine workings to estimate their spatial position, geometry, and kinematic
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characteristics, and, on this basis, establishing their horizontal position in the section
as density inhomogeneities through interpreting the local anomalies of the gravity
field created by them.

Research results. Fractures and fracture zones in VKMKS were occasionally
studied by various researchers mainly in mine workings (Vakhromeeva V. A., 1959;
Filippov S. A., Naimushina R. P., 1988; Filippov S. A., Korochkina O. F., 1990;
Dzhinoridze N. M. et al., 1988; Beliaev V. P. et al., 1985; Valeev R. N. et al., 1974;
Kopnin V. L., 1999).

Fig. 2. Graphical representation of gravity survey results:

a — a fragment of isoanomalies map; b — a fragment of graphs map; a dashed line
shows the contours of negative local anomalies conditioned by geologic environment
deconsolidation (fracture zones)

Puc. 2. I'paduueckre GpopMbl IpeaCTaBICHHS PE3YIBTATOB TPABHMETPUYIECKOI
CBHEMKH:

a — (parMeHT 1mIaHa H30aHOMaT;, b — GparMeHT IIaHa rpaduKoB; IMyHKTHPOM MTOKa3aHbI
KOHTYPBI OTPULATE]bHBIX JIOKAIBHBIX AHOMAJIHi, OOYCIIOBICHHBIX Pa3yILUIOTHEHHEM
TE0JIOTHYECKOM Cpebl (TPEIMHHBIMU 30HAMH)

In kinematic terms, fractures in productive series are divided into tension joints and
shear fractures. Shear fractures develop as a result of folding since the systems of such
fractures are symmetrical about the folding axes. Fracture width does not exceed
10-15 cm. In the cavities of the fractures, there are sylvine and halite, that indicates that
they developed at the final stage of Hercynian orogeny.

Tension joints systems are also conditioned by folding. At the initial stage of
the process, tension joints are formed along the folding axes as a result of break-up in
the bed roof when it bends. The tension joints width changes from the first centimeters
to 1.0-1.5 m. At the final stage of folding, the salt stratum breaks up completely; a span
from 20-30 to 100-150 m wide appears between the edges of the joint fissure under
the strike length of a few tens of meters.

The connection between structure formation and fracture formation was studied in
detail in the productive series of Tveritinsky trough, where two zones of tension joints
and two zones of shear fractures were mapped 200—400 m wide under the strike length
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of more than 1 km. The distance between the separate shear fractures reaches 800 m,
they dip at high angle, observed 13 m vertically, their opening does not exceed 1 cm,
and units displacement makes up from 0.5 to 1.5 cm. Tension joints are up to 15-20 m
long with 0.5 to 50 m distance between them; they dip at high angle too, range in
vertical direction makes up from 10 cm to 1.5 m under the opening from 1 dm to 1.5 m.
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Fig. 3. Mapping the fracture zone using seismic (Dzhinoridze N. M. et al., 1988) and gravity methods
in the area of the SKRU-2 mine:
1 — the boundaries of the surface subsidence site; 2 — the areas with fractured rock on the surface; 3 — the joint
fissures on the seismic cross-section; 4 — the zones of no seismic waves reflection; 5 — the reflecting segments
and horizons on the seismic cross-section; 6 — wells and their numbers; seismic markers: CRS — covering rock
salt, MH — marker horizon in a salt stratum, S — the superface of the sub-salt formations or the base surface of the
salt stratum, A, — the superface of the terrigenous stratum of the Artinskian stratum
Puc. 3. KaprupoBanue TpemmHHON 30HBI ceiicmuueckum ([xuHopunze H. M. m jap., 1988)
Y TPaBUTALIMOHHBIM METOIaMHt B paifoHe pyaHuka CKPY-2:
1 — rpaHMUIBI y4acTKa MPOCEAAHHS JHEBHON MOBEPXHOCTH; 2 — MOJIOKEHNE YYAaCTKOB Pa3BHTHS TPEIIHHOBATHIX
HOpOJI Ha JHEBHOM MOBEPXHOCTH; 3 — MOJIOKEHHE Pa3pbIBOB HA BPEMEHHOM paspese; 4 — 30HbI OTCYTCTBHS
OTpaXXeHHUiT CEIICMIUYECKUX BOJIH; 5 — [OJIO)KECHHE Ha BPDEMEHHOM Pa3pe3e OTPAKAIOIINX [LUIOIa/I0K X TOPU30HTOB;
6 — IOJIOXKEHHE CKBAXUH M UX HOMEPA; ONOpHbIe celicMuueckre ropuzonTbl: CRS — HoKpoBHast KaMEHHasi COllb,
MH — mapkupyonuii TOpu30HT B COISIHOM TOMIIE, S — KPOBIIS HOJCONEBBIX OTIOXKEHUH MM ITOOIIBA COISTHOM
TOJIIM, A — KPOBJISl TEPPUIEHHOM TOJIIM apPTMHCKOTO Spyca

In terms of groundwater migration, the most hazardous tension joints are those crossing
several productive series. As a rule, they are younger and sub-vertical with the strike
length reaching 90 m. Sub-vertical fracture zones and mylonitized sections in the supra-
salt terrigenous-carbonate stratum are also hazardous.

The orientation of the fracture zones of both geneses agrees with the general
orientation of VKMKS tectonic structures [2]: north-east at angles of 25°-60° and
10°—40° and north-west at angles of 280°-310°.
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A considerable number of separate fractures and fracture zones connected with
anticlinal and synclinal folds were mapped along the flexural troughs and in the crests
of anticlines (Popovsky and Pashkovsky uplifts) of the near north-south and rarely
north-west and east-west strike.

The tectonics of the pre-Riphean basement at a depth of 5 km in the Solikamsk
depression is a crucial factor affecting fractures formation. The connection between the
basement tectonics and fracture formation tectonics was studied revealing not only
plastic but also brittle deformations occurring in the halogenic stratum during tectonic
stress unloading in fault and fracture zones. The study has also shown that along the
permeable zones of fracturing, sub-salt and day water intrudes promoting
the development of catagenetic and supergene leaching, recrystallization, and substituting
secondary salt for primary salt. All these processes weaken the geologic environment
potentially promoting the depositTs water-protective barrier collapse.

In addition to the described fractures and fracture zones, fractures of unknown
genesis were detected in VKMKS. They are rare, possess north-south strike, the length
reaching tens of meters; they have no direct connection with the structures, and are
younger than tension joints and shear fractures. In our opinion, these fractures developed
in the areas of dynamic impact from north-south deep faults enclosing the Solikamsk
depression from east and west.

Since the supra-salt formations represent rigid laminated complex, exogenetic and
endogenetic fracturing develops inside. Endogenetic halokinesis fracturing develops as
a result of layers tension during doming or opening of older fractures during rock
sliding down the flanks of the salt domes. Exogenetic fractures are the weathering and
release joints. They are relatively shallow (up to 100—150 m), inheritedly developed
and, just like endogenetic fractures, are of little significance for the water-protective
barrier collapse.

Valuable as that is, the results of the fractures and fracture zones study didn’t make
it possible to establish their horizontal distribution over the entire territory of the
deposit, and consequently, answer a crucial question of where exactly the water-
protective barrier may collapse. Only with the help of the gravity survey, the problem
was solved. Physical-geological background was as follows. Under the formation of
fractures in rocks of various genesis, including sedimentary, geologic environment
density reduces. Research showed that due to fracture formation, rock density may
reduce by 10-15% in sedimentary rock, and by 20-30% in igneous and metamorphic
rock (Filatov V. V., Bolotnova L. A., 2015). Fractures develop in local areas of tabular
form, the strike length of which may exceed 1 km, under the lateral dimensions and
vertical extent from first tens to first hundreds of meters. Calculations suggest that such
density inhomogeneities, under the deficit of 10% density, may create linearly elongated
negative gravity anomalies with the intensity of first tenths of one milliGal reliably
mapped by gravity survey at a scale of 1:25,000 carried out by Bazhenov Geophysical
Expedition, Ural Regional Geological Committee Uralgeologia (Noiaksova L. D.,
1990). A schematic map of isoanomalies with Bouguer correction constructed according
to the results of that survey is presented in fig. 1.

When interpreting the gravity field, three particular problems were considered
concerning fracture zones mapping; their solution established the horizontal position
and characteristics of fracture zones:

— detecting negative linear local anomalies conditioned by geologic environment
deconsolidated areas;

— defining the geological nature of negative local anomalies sources, i.e. justifying
the conclusions that geologically the fracture zones are the sources of the anomalies;

— defining the fracture zones parameters: the value of rock deconsolidation within
the limits of fracture zones and their lower edge depths.
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Gravity survey graphic results are presented as a map of isoanomalies and a map of
graphs by profiles, where gravity was measured. It has been concluded from isoanomalies
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Fig. 4. Tectonic map of the Upper Kama potassium
salt deposit:
1 — the zone of the Krasnoufimskii deep fault; 2 — the
zones of intermediate tectonic dislocations of different
ranges; 3 — the sites with increased fracturing of the
geologic environment according to the gravity survey data;
4 — the boundaries of the Durinskii trough by the top of salt
and the zones of the Durinskii deep fault; 5 — the contours
of intensive gravity anomalies conditioned by local troughs
in the top of salt in the Durinskii trough; 6 — BKRU-3 cave-in
site; 7 —wells and their numbers
Puc. 4. TexroHmueckas cxemMa BepxHexamckoro
MECTOPOXKICHUS KAJIMHHBIX COJIEH:
1 — 3oma KpacHoydumckoro mryOHHHOrO pasioma;
2 — 30HBI BHYTPHUOJIOKOBBIX Pa3IOMOB Pa3IHYHBIX PAHIOB;
3 — TOJOXKEHUE YYaCTKOB ITOBBIICHHOH TPEIMHOBATOCTH
Ie0JIOTMYECKOH CPE/ibl 10 TPABUMETPUUECKHM J@HHBIM;
4 — rpanunbl JlypuHckoro mporuba 1Mo KpoBjie coiedl u
30HBI ONHOMMEHHOTO INIyOMHHOTO pasiiomMa; 5 — KOHTYPHI
WHTCHCHUBHBIX aHOMAJMH CHJIBI TSHKECTH, 0O0yCIOBICHHbBIE
JIOKAJIHBIMU TIPOTHOaMu B KpoBiie coiieid B JlypuHCKOM
nporube; 6 — Mecto mpoBaia Ha Teppuropun BKPY-3;
7 — TOJIOXKEHHE CKBAKMH M X HOMEpa

map and graphs map that it is reasonable
to map the low-intensity anomalies
conditioned by the fracture zones not by
the isoanomalies map but by the map of
residuals obtained by the method
of averaging. The method of averaging
causes minor distortions to the detected
anomalies form and intensity being
extremely easy to implement, as far as
computation is concerned. In this case,
the number of anomaly manifestation
profiles determines the reliability of

anomalies detection, i.e. mapping
problem is solved best by gravity
anomalies  interprofile  correlation
(fig. 2).

To establish the nature of negative
local gravity anomalies, the results of
terrain aeromagnetic survey at a scale
of 1:10,000 were used (survey at a height
of 50 m), as well as individual profile
researches using the methods of vertical
electrical sounding (VES) and seismic
tomography, geomorphology data at a
scale of 1:100,000, and other data [3-8].

Fig. 3 presents the results of fracture
zone mapping using the methods of
gravity study and seismic tomography
at the territory of the SKRU-2 mine,
which experienced a severe tectonic
rockburst in 1995 [9]. In the gravity
field, the area of geologic environment
deconsolidation is mapped through the
negative anomaly with the intensity of
0.25 mGal that corresponds to a 10%
reduction in the density of the
environment. According to the seismic
data, as it follows from the seismic
cross-section, the geologic environment
is highly faulted by a system of near-
vertical joint fissures, which penetrate
both the supra-salt stratum and
productive salt stratum. Here, fracturing
promoted rock deconsolidation, their
permeability  increase,  geological
environment density reduction, and as a
consequence, surface subsidence.

The regions with the vast majority of linear gravity anomalies were not studied.
The nature of such anomalies sources was defined as tectonic with some degree of
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certainty, based on their interpretation results and structural-tectonic position. In this
way, for example, one negative gravity anomaly was mapped in the axial part of the
Solikamsk ridge-like uplift by the top of salt. To the south of the anomalous area, there
are the river Popovka and narrow, shallow glen. According to the drilling data, salt is
diluted in the axial part of the uplift; here, its thickness is 30% (20 m) lesser than in the
flanks. To the east of the anomalous area, aeromagnetic survey and electrical prospecting
detected an intermediate tectonic dislocation of north-northeast strike. The width of the
anomalous area is about 500 m, north-northeast strike length is over 4 km; maximum
intensity of the anomaly is 0.41 mGal, which corresponds to the deficit of density of
about 0.10-0.15 g/cm?; the bottom boundary of the anomaly source, according to
interpretation results, is in the salt stratum at a depth of about 200 m. For these reasons,
the fracture zone is to be considered the source of the anomaly. Lithofacial variations
of rocks promoting density reduction, in this case, are excluded because they were not
detected in the wells around the anomalous area (wells 122, 134, 216, 130).

Geological nature of density inhomogeneities and their characteristics for other
linear negative gravity anomalies were defined according to the described method.

Analysis and discussion. Based on the results of gravity field anomalies
interpretation on the territory of VKMKS, the horizontal position and size of about
200 linear negative linear anomalies were mapped (fig. 4) with the intensity of first
tenths of one milliGal, first hundreds of meters wide in a plan and more than 2—4 km
long; the anomalies sources are mainly at a depth of 100-200 m, rarely at a depth of
about 400 m. The anomalies orientation is near north-south, north-east, north-west, and rarely
latitudinal, i.e. complying with VKMKS general tectonic map [2]. Most probable
geologic nature of the anomalies lies in fracture zones. In some instances, this was
proved by seismic tomography data (Dzhinoridze N. M. et al., 1989), aeromagnetic
survey, and electrical prospecting by VES (Beliaev V. P. et al., 1989) in the form of
zones with increased electrical conductance, together with geomorphology, structural-
geologic and other data [3-8].

Summary and scope of results. Prediction of dynamic events resulting in the
water-protective barrier collapse in VKMKS has become possible only based on a
single physical-geologic reference model of the deposit, the properties of which
prominently display the main elements of geologic environment tectonics. Such
elements are fracture zones first of all. Currently, of all variety of geological-geophysical
methods, only terrain, detailed, and high-precision gravity study could map local
gravity anomalies, the sources of which, with a high degree of probability, are fracture
zones. It is impossible to solve the problem using other geophysical methods for
technical-methodical and economic reasons.

The revealed regularities in gravity local anomalies (fracture zones) horizontal
position made it possible to formulate a range of criteria for dynamic events prediction.
VKMKS zoning by dynamic hazard was carried out based on these criteria [10].
The system of prediction criteria described in [10] is the only one for the time being, i.e.
having no alternative, despite detailed geological-mineralogical and structural-tectonic
study of VKMKS [11, 12]. The objective of further VKMKS tectonic structure studies
is to carry out a more detailed geophysical study, gravimetric first of all (at scales larger
than 1:25,000), in local areas potentially hazardous in terms of dynamic events and
develop alternative physical and geological basis of VKMKS.

REFERENCES
1. Bariakh A. A. Mine accidents: an experience of geomechanical investigation. In: Modeling the
strategies and processes of georesources development: Proceedings of the Internat. Conf. Volgograd—
Perm; 2000. p. 8-9. (In Russ.)



86 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 3. 2021 ISSN 0536-1028

2. Filatov V. V., Bolotnova L. A. Upper Kama potassium salt deposit tectonic scheme based on physical
modeling results and geological and geophysical data. Izvestiya vysshikh uchebnykh zavedenii. Gornyi
zhurnal = News of the Higher Institutions. Mining Journal. 2020; 5: 60—67. (In Russ.)

3. Konstantinova S. A., Chernopazov N. N. and Gulyev A. A. Estimate of initial stresses in rock mass
of the Upper Kama region based on block hierarchical model. Journal of Mining Science. 2001;
37(5): 447-454. (In Eng.)

4. Sanfirov I. A., Stepanov Y. 1., Gerasimova I. Y., Nikiforova A. I. Shallow geophysical exploration of
the Upper Kama potash salt deposit. Journal of Mining Science. 2013; 49(6): 902-907.

5. Shulakov D. Y., Buturin P. G., Verkholantsev A. V. Seismological monitoring at the Upper Kama
potash deposit: objectives problem solutions. Gornyi zhurnal = Mining Journal. 2018; 6: 25-29.

6. Shcherbinina G. P. Reconstructing tectonic elements from the results of the geological and
geophysical integrated interpretation. In: Strategies and processes of georesources development: collection
of scientific papers. Issue 16. MI UB RAS. Perm; 2018. p. 167-172. (In Russ.)

7. Shcherbinina G. P. Detecting deconsolidated areas in the water-protective barrier to the northeast of
BKRU-4 according to the gravimetric survey data. In: Strategies and processes of georesources
development: collection of scientific papers. Issue 10. MI UB RAS. Perm; 2012. p. 143—-145. (In Russ.)

8. Flach D., Yaramanci U. Geophysical investigations in a sealing construction and test site in rock salt:
seismology, seismic tomography, geoelectrics. In: Sealing of Radioactive Waste Repositories, Proceedings
of the NAE/CEG workshop. OECD. Paris, 1989. P. 163—172.

9. Filatov V. V., Bolotnova L. A. On the seismic activity of the Upper Kama potassium salt deposit.
Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal.
2020; 1: 60—67. (In Russ.)

10. Filatov V. V., Bolotnova L. A. Generalizing the experience of forecasting dynamic events Upper
Kama potassium salt deposit according to geological and geophysical data. Izvestiya vysshikh uchebnykh
zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2019; 4: 61-70.

11. Kudriashov A. 1. The Upper Kama salt deposit. Moscow: Epsilon Plius Publishing; 2013.
(In Russ.)

12. Kudriashov A. 1. The Upper Kama potassium salt deposit. Perm: MI UB RAS Publishing; 2001.
(In Russ.)

Received 1 December 2020
Information about authors:

Vladimir V. Filatov — DSc (Geology and Mineralogy), Professor, professor of the Department
of Automobile Roads, Vladimir State University. E-mail: filatov47@bk.ru

Liubov A. Bolotnova — PhD (Geology and Mineralogy), associate professor of the Department
of Geophysics, Ural State Mining University. E-mail: l.bolotnova@yandex.ru

VK 551.24+550.83 DOI: 10.21440/0536-1028-2021-3-79-87

O00011IeHNe pPe3yTbTATOB U3y4YeHNs TPEeIMHHBIX 30H
Ha BepxHekaMCKOM MeCTOPOXKACHUH KAJIUIHBIX COJIeil ¢ IOMOLIbIO
rpaBHpa3BelKH

®uaaros B. B.!, oaxornosa JI. A.2
! BjiaauMupCKuii rocyaapcTBeHHbIN yHHBepcuTeT, Biagumup, Poccust.
2 VpanbCKuii ToCyIapCTBEHHBIN TOpHBIA yHUBEpCHTET, EkarepunOypr, Poccust.

Pegpepam

Beeoenue. Hcmopuio passeoxku u sxcniyamayuu BepxHekamcKoeo Mecmopotcoenus KalIuHbIX conell
(BKMKC) credyem pazoenums Ha 08a nepuoda: nepabviii nepuoo npodomicancs c 1929 2., m. e. c momenma
Hauana sKCnayamayuy mecmopodxcoenuss, u 00 1986 2., kozoa npou3ouino 10KAIbHOE paspyuieHue e2o
60003awumnol moawu u Ovin 3amonnen Kpynueuwui Ha BKMKC pyonux BKPY-3; emopoi nepuoo
Hayancs ¢ 1986 2. u npodonsicaemes no nacmosuee spemsi. [lepsvlii nepuod xapakmepusyemcsi HegblCOKUM
VPOBHEM MEXHO2EHHOU HAZPY3KU HA 2e0l02UYeCKYI0 Cpedy, CYWEeCMEEeHHO MeHbulell ee OAUMelbHOU
npounocmu. Yepesz 60 nem 6nazooaps eueanmcrxum macumabam sxenayamayuu BKMKC mexnozennas
HA2PY3KA HA 2€0/102UHeCKYI0 Cpedy 3HAUUMENbHO 603POCd, U, KAK Cledcmeaue, NPoUu30uIlo Hapyuenue ee
PABHOBECHO20 COCMOSIHUA, peaKyuell Ha KOmopoe CImaio ee paspyuleHue, ConpogoAcoaemoe pasnuiHbIMu
OUHAMUYECKUMU COOBIMUAMU: OOPYULEHUAMU HOPOObI 8 2OPHLIX BbIPAOOMKAX, NPOBANAMU OHEGHOU
NOBEPXHOCMU, 2OPHBIMU U 2OPHO-MEKMOHUYecKumu yoapamu. H3zyuenue cmpykmypHO-meKmoHu4ecko2o
cmpoenusi BKMKC w5110, umo onpeoensioujee 8030etiCmaie Ha pa6HOBECHOe COCMOSIHUE 2E0102UYECKOL
Cpeobl OKA3bIBAION AKMUBHbLE PA3OMBL, Y3108ble CIPYKMYpPbl U MPeujuHble 30Hbl.

Memoouxa uccneoosanuit. [Ipu hopmuposanuuy cmpyKkmypHO-meKmoHU4ecKux 31emMeHmos 8 Ha0CoNesol,
Conesoll U NOOCONEBOL MONUAX MECIOPONCOCHUSL NPOUCXOOUM 3AKOHOMEPHOE U3MEHEeHUe NILOMHOCIHOU
Xapakmepucmuku — 2e0102UYecKoll  cpedbl ¢  00pa308anueM 6 Hell JIOKAIbHbIX — NJIOMHOCHHbIX
HeoOHOpoOHocmel.  Yemanoeums nonodcenue dmux HeoOHOPOOHOCMeEl U 6blsAGUMb UX C653b CO
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CMPYKMYPHO-MEKMOHUYECKUMU  DNEMEHMAMU  2e0N02UYECKOU  Cpedbl, O0CODEHHO ¢ MAaKuMu, Kax
MpewjuHHble 30Hbl, B03MOJCHO MONLKO NYMEM U3VYeHUs NONA CULbl MAXCECTU MEeCHOPONCOEHU.
s smoeo na eceti meppumopuu BKMKC 6vina évinonnena niowaouas, 0emanibHas U 6biCOKOMOYHAS
epasumempuieckas cvemka 6 macwmade 1 : 25 000, pe3ynomamsi Komopoul Obiiu UCNOTLIOBAHYL OISl
BLIAGNIEHUS U UZYYEHUS MPEUWUHHBIX 30H.

Pesynvmamur uccnedosanuii. Ha ocnosanuu pesyivmamos unmepnpemayuy aHOMARuil Nojis CUuibl
msaxcecmu na meppumopuu BKMKC 6vi10 ycmanosieno nianogoe nonodicenue u pasmepsi OKOLO
200 nokanvbHbIX OMPUYAMETLHBIX TUHEHbIX AHOMAUL CYOMEPUOUOHATILHOLL, CE8ePO-80CHOYHOU U Ce8ePO-
3anaoHOll OPUEHMUPOBOK, UCMOYHUKU KOMOPLIX ObLIU YEEPEHHO OMONCOECHENIeHbl ¢ MPEWUHHLIMU
30HaMU.

Bur60oowvt. Onvim uzyuenus cmpykmypHo-mexkmonuueckozo cmpoerus BKMKC noxaszan, umo ons ¢pusuxo-
2€01102UHeCKUX VCIIOBULL MECMOPOdXCOeHUs. Haubolee IhpekmusHbiM U3 8cex 2eohu3uyeckux mMemooos
Kapmupoeanus mpewuHbIX 301 6 HACMOAWee 6DeMSA ABNAEMCA 0eMaNbHASL, 8blCOKOMOYUHASA 2PABUPAZEEOKA
6 NIOWAOHOM BapuaHme.

Knroueewie cnosa: BepreKaMCKoeMecmopoofcdenue KAAUHbIX COJZ@IZ,' mpeu{uHHble 30Hbl, zpasupasgedka.
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