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CONDENSATION CORROSION IN ACOLD CLIMATE CAVE
Julia M. James
School of Chemistry, University of Sydney, Australia
KOHAEHCAIMOHHAS KOPPO3Us B IEIEPE XOJIOJHOI'O KIIUMATA
JI. M. I:xerimc

Obcyarcoaemes poib KOHOEHCAYUOHHOU KOPPO3UU 8 Newepax X0JN00H020 KIumMama Ha
npumepe Ipoma Banepu, cesepo-zanao Kawnaowvl. B pesyrvmame uccredosanuii ¢ 2006 2
8bIABNEHO, YMO KOHOEHCAYUOHHASA KOppO3us pazeusaemcs 6 jaemuuil nepuod. Ilo oaHuvim
JqumepamypHo20 0630pa cOeiaHo 3axiyeHue, Ymo 8vbleempusanue U38eCMHAKO8 U cneieomem
A6NAeMcsl  MeOJIeHHbIM, NepuooudecKu 3amyxarowum npoyeccom. Taxoce nokasamo, uymo
IKCNepUMEeHmMAalbHblli N00X00 Haubolee ¢hghekmusen O UsMepeHUus CKOPOCMU COBPEMEHHOU
KOHOEHCAYUOHHOU KOPPO3UU 8 Neujepax.

The role of condensation corrosion in a cold climate cave is discussed using as an
example the Grotte Valerie, Nahanni National Park, Northwest Territories, Canada.
Observations in the cave in 2006 led to the conclusion that condensation corrosion is taking
place during the summer months. A desktop literature survey concluded that the weathering of
limestone and speleothems will be slow and intermittent. It is also concluded that experiments to
measure condensation corrosion are the best way to establish the rates of corrosion taking place
in the cave under present climatic conditions.

Introduction

Condensation is found in caves of all rock types and at all latitudes and altitudes. It has an
important role in relict caves as it allows reaction between the cave atmosphere and bedrock and
speleothems and provides a water source for living organisms. A review by Dublyansky and
Dublyansky (2000) on the role of condensation in karst hydrology and speleogenesis summarizes
the ‘state of the art’ of condensation studies. This paper is used to comment on the role of
condensation corrosion in a cold climate cave using as an example the Grotte Valerie, Nahanni
National Park, Northwest Territories, Canada. In a cave the process of condensation corrosion
can be established by noting whether features characteristic of condensation corrosion are
present. These can be found in James (2004). To comment on its impact on cave development
and speleothem dissolution it is necessary to resort to a literature desktop survey and adapting
the theories and models found there to the conditions found in this cold climate cave.

Discussion

The Grotte Valerie (Figure 1) is found at 61.5 °N. The Nahanni climate is continental:
long, cold, dry winters and short, mild, wet summers. Mean annual temperature is — 8 °C
(Yonge, 2004). The annual precipitation is between 400 to 600 mm per year with more than half
falling as snow (Ford, 2004). Over the period 1951-1980 at a Tungsten mine ~ 200 km NNW of
Grotte Valerie, the average monthly precipitation varied from 12 mm in February to 90 mm in
July and the average temperature in January was —24 °C and in July 11 °C (Weaver 2006).

The Grotte Valerie (Figure 1) is a multi-entrance relict cave. It has three known entrances
all of which are in a south-facing cliff on the First Canyon of the South Nahanni River. Highest
is the West entrance at 740 asl. The East entrance is 38 m lower. The cave lies some 300 m
above the river. Ford and Williams (2007) have described in detail the cave climate and ice
distribution in the cave. The airflow directions shown in Figure 1 are those experienced in the
summer of 1973. These airflows are characteristic of the “Chimney Effect” (Wigley and Brown,
1976) and are expected to reverse in winter.

In late July 2006, permission to visit this restricted access cave was granted by Parks
Canada. However, we were not able to traverse the cave beyond the Icefall (Figure 1). Despite
this, the following observations could be made. The Central Entrance passage was covered for



about 8 m with copious algal and lichen growth. In contrast to 1973, there was no ice in this
passage. The floor sediments adjacent to the walls were dry and there was a damp channel in the
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Figure 1: Plan of the Grotte Valerie adapted from Figure 4.28, Brook (1976)

centre of the passage, indicating the ice is seasonal and may have been present earlier in the
summer of 2006. The directions of airflows in 2006, through the entrance passages were
identical to those recorded in July 1973 (Figurel).



At the junction of the West and Central Entrance passages, both airflow and humidity
increased. Beyond this point, condensation and seepage drips from the roof had turned the floor
of the main passage into a quagmire of glutinous mud. The bedrock and speleothems were
covered with condensation droplets and shinning with thin films of water (Figure 2A). The active
stalactites in Figure 2A have eroded on one side and have cave coral growing on the other. Cave
coral in association with solution of speleothems is regarded as evidence for condensation
corrosion followed by evaporation of the saturated calcite solutions (Hill and Forti, 1997).

The weathering rinds (Figure 2A) are also a feature of condensation corrosion (Zupan Hajna,
2003). The blue arrow in Figure 2A indicates the direction of the 2006 airflow in the passage.
There were massive inactive calcite deposits (Figure 2B) in a number of the dead end passages in
this area of the cave. The age of ancient speleothems from the Grotte Valerie has been obtained
by uranium series dating: the youngest sample was 150,000 years B.P. and the oldest > 350,000
years B.P. (Table 6.4, Brook, 1976).

Sy

Figure3: 3A — Pit at start of Dead Sheep Gallery, 3B — Ice stalagmites, 3B — At the Icefall



In 2006, ice was first encountered in the cave ~ 5 m from the Icefall (Figure 1). The
passage was floored with massive dirty ice on which there was a scattering of small ice
stalagmites. The roof and upper walls were glistening with condensation films and droplets. The
lower sections of the walls were undercut and banded with hoarfrost. Hoarfrost arises from the
sublimation of water vapor in air to ice without the intermediate phase of water. The process
undercutting the walls is by hoarfrost/ice wedging and the resulting blocks are lined up below the
hoarfrost band. Below the Icefall, the passage widens to form a pit (Figures 3A and 3C).
Hoarfrost surrounding the pit has a sharp lower limit that was at the same altitude as the lower
limit of the hoarfrost above the Icefall. The hoarfrost had formed attractive patterns on the back
wall of the pit (Figure 3A). When the turbulent warm wet air mixes with the cold air in the pit
and it is carried up the wall depositing hoarfrost. Figure 3C when compared to Figure 8.18
(lower right) in Ford & Williams (2007) shows a similar distribution of hoarfrost on the back
wall of the pit. Above the hoarfrost level were corroded flowstones that glistened with
condensation (Figure 3A). Below the hoarfrost, the flowstone was almost completely been
removed by ice wedging.

The pit is the start of Dead Sheep Gallery. It is the lowest part of the cave forming a
classic cold trap fed by the invasion of cold air in winter when the airflows in the cave are
reversed. The permafrozen conditions in the Gallery have led to the freezing out of the water
vapor so effectively that the passage is dry and dusty and without ice. Features of condensation
corrosion are expected to be absent in the Gallery because in permafrozen passages there is no
water to act as the corroding agent. A north trending passage at the end of the Gallery had
temperatures above freezing, no floor ice and active speleothems in 1973.

The ice stalagmites in the pit (Figure 3B and 3C) and on the edge of the Icefall have
bulbous bodies of clear ice on thinner stems of cloudy white ice. The white ice is formed by
rapid freezing in extreme cold and the clear ice forms by slow freezing when the temperatures
are just below 0 °C. In 2006, there were no icicles or stalactites to provide water for these ice
stalagmites so the water source may be condensation. The prominent three ice stalagmites
present in Figure 3C were absent in Figure 8.18 (lower right) in Ford & Williams (2007).

Whether condensation waters are aggressive to limestone and calcite speleothems can be
calculated using WATEQA4F a geochemical modeling program (Ball and Nordstrom 1991). To
do this for the Grotte Valerie, it is necessary to assume that the condensed waters are in
equilibrium with atmospheric carbon dioxide and take the temperature of the condensation
waters as that recorded at the cave walls in 1973. The negative calcite saturation indices that are
obtained using these conditions show that the waters are aggressive. Dreybolt et al. (2005) have
shown by experiment that short residence times of the condensation waters on speleothems and
limestone are adequate for them to become saturated with respect to calcite.

An important conclusion reached by Dreybrodt et al. (2005) was that whether the cave air
temperatures vary seasonally or diurnally, the amplitude of its variations is the driving force for
condensation. Historically it had been assumed that the heat liberated by condensation (44 Kj
mol™ at 25 °C) on cave walls would be slow to dissipate because bedrock transmits heat slowly
suppressing the tendency for further condensation. De Frietas and Schmekal (2006) working in
the Glowworm Cave, Waitomo, New Zealand, measured condensation and evaporation
continuously with electronic sensors. Both experimentally and by modeling, they endorsed the
conclusion reached by Dreybrodt et al. (2005) that the temperature of the rock surface in a cave
reaches a constant value. Thus, as condensation and evaporation are essentially a function of
cave air temperatures it allows those taken at the cave wall in 1973 to be used in the calculations
above.

Condensation in the Grotte Valerie will only take place in the short summers and the
amount is limited by the low rainfall. The moisture capacity of cave air (Palmer 2007) is a
critical factor when assessing the available condensation. Figure 4 shows the amount of

10.



condensation generated by cooling a cubic metre of warm saturated air by 10 °C at the Grotte
Valerie walls. It is low and will be reduced if the relative humidity of the cave air is below
saturation as is expected in high latitude and alpine caves where the mean annual temperatures
are close to or below freezing. A lower temperature differential between cave air and that of the
walls will further reduce the amount of condensation generated.
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Figure 4: The moisture capacity of cave air with respect to temperature and relative
humidity adapted from Palmer (2007)

Using a cave air temperature of 300 K (27 °C) Dreybolt et al. (2005) calculated that for a
diurnal continuum with a temperature amplitude of 10 °C the retreat of bedrock would be about
3 um a™. Seasonal variations with the same amplitude cause a retreat of bedrock by 0.3 pm a™.
Both general theory and modeling indicate that the short summer season and a cave air
temperature close to freezing, condensation corrosion in the Grotte Valerie will be extremely
slow. To confirm this, site-specific condensation corrosion experiments are needed in this remote
limestone cave. Carrara marble tablets as described by Avramidis et al. (2001) could be used to
measure corrosion rates if left for several summer seasons. More soluble gypsum tablets as used
by Tarhule-Lips and Ford (1998) may give significant results in a shorter time. In other caves,
site specific tablet methods have given corrosion rates higher those derived from models .

Conclusion

It is predicted that under the present Nahanni climate and the Grotte Valerie cave climate,
condensation corrosion would be extremely slow. Significant cave development and speleothem
dissolution would be correspondingly slow. This can only be confirmed by experiment. In
addition, Ford and Williams (2007) have stated condensation corrosion is episodic and periods of
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locally fast corrosion can be succeeded by times of very slow corrosion and stop altogether.
Condensation corrosion in the Grotte Valerie would have ceased as temperatures in the Nahanni
dropped below freezing during ice ages. The changes in ice distribution in Grotte Valerie
between 1973 and 2006 could have resulted from seasonal variations in the Nahanni climate or
climate change or both.

Acknowledgements

I wish to give my thanks to the following:
Derek Ford and Steve Worthington for inviting me to their 2006 Nahanni expedition,
Parks Canada for permission to join the expedition as a volunteer,
The Dehcho people for allowing me to travel in their traditional territories,
Steve Catto (park warden) for organizing the visit to the Grotte Valerie,
and to Alan Warild for constructive comments and assistance with drafting diagrams for this

paper.

References

Avramides, P.M., Hong J., Barnes C. M., James J.M., 2001. A new method of measuring
condensation corrosion. Proceedings of the 13" International Congress of Speleology,
Speleological Society of Brazil (CD-ROM).

Ball, JW., Nordstrom D.K., 1991. User’s manual for WATEQ4F for calculating the
speciation of major, trace and redox elements in natural waters. U.S Geological Survey Open-
File Report 91-183, 189 pp

Brook, G.A., 1976. Geomorphology of the Northwest Karst South Nahanni River region,
Northwest Territories, Ph.D Dissertation, McMaster University, Ontario, Canada.

De Freitas, C.R., Schmekal, A., 2006. Condensation as a microclimate process:
measurement, numerical simulation and prediction in the Glowworm Cave, New Zealand.
International Journal of Climatology 23, 557-75.

Dreybrodt, W., Gabrovsek, F., Perne, M., 2005. Condensation corrosion: A theoretical
approach. Acta Carsologica 34, 317-348.

Dublyansky, V.N., Dublyansky, Y.V., 2000. The role of condensation in karst hydrology
and speleogenesis. In: Klimchouk, A.V., Ford, D.C., Palmer, ANN., Dreybrodt, W., (eds.),
Speleogensis: Evolution of Karst Agifers. National Speleological Society, Albama, pp. 100-112.

Ford, D.C., 2004. Nahanni Karst, Canada. In: Gunn, J. H. (ed.), Encyclopedia of Caves
and Karst Science. Fitzroy Dearborn, UK, pp. 537-538.

Ford, D.C., Williams, P. W., 2007. Karst Hydrogeology and Geomorphology. Wiley,
Chichester, 562 pp.

James, J.M., 2004. Condensation corrosion. In: Gunn, J. H. (ed.), Encyclopedia of Caves
and Karst Science. Fitzroy Dearborn, UK, pp. 241-240.

Palmer A.N., 2007. Cave Geology. Cave Books, Ohio, USA, 454 pp.

Tarhule-Lips, R.F.A., Ford, D.C., 1998. Condensation corrosion in caves of Cayman Brac
and Isla de Mona. Journal of Cave and Karst Studies 60, 84-95.

Weaver, J.L. 2006 Big animals and Small parks: Conservation Society Canada
Conservation Report No 1. Toronto, Ontario, 98 pp.

Wigley, T.M.L., Brown M.C., 1976 The physics of caves. In Ford, T.D., Cullingford,
C.H.D. (eds.), The Science of Speleology. London, Academic Press pp329- 358.

Yonge, C.J., 2004. Ice in Caves. In: Gunn, J. H. (ed.), Encyclopedia of Caves and Karst
Science. Fitzroy Dearborn, UK, pp. 435-437.

Zupan-Hajna, N., 2003. Incomplete solution: Weathering of cave walls and the
production, transport and the deposition of carbonate fines. Institute za razusjivange krasa ZRC
SAZU, Postonja, Slovenia, 167 pp.

12.



ICE CAVES USE - HISTORICAL OVERVIEW, AN EXAMPLE OF SLOVENIA
Andrej Kranjc
Slovenian Academy of Sciences and Arts, Ljubljana, Slovenia
HCIIOJIb30BAHUE JIEJSHBIX NEMIEP - UCTOPUYECKHH OB30P HA
INPUMEPE CJIOBEHUUN
A. Kpann

B Cnosenuu 3apecucmpuposarno 650 newep ¢ Ce30HHbIMU U MHOSOJECMHUMU TTbOAMU.
Jlobvlua newepHvix 16008 KAK UCMOYHUKA NUMbEBOU 800bl HAYANACL U30pesie U 0ocmuend
KomMmepueckux macuma6oe ¢ 19-20 es. Jledsnvie newepol mpaouyuoHHo UCNOIb308ANUCH OJIs
XpaHenust nusa, 6UHa u cvlpd. B Hexomopwuix newepax 3namov yCcmpausaia Oaibl 6 HCApKue
nemuue Ouu. Ilozonee nauan pazsueamscs cnereomypusm. Ilewepovl cmanu maxce o6vekmamu
HAYYHBIX UCCIe008AHUL.

In Slovenia there are more than 10 000 caves registered, among them altogether about
650 (6.5 % of all the caves) ice and snow caves and 102 caves (slightly more than 1 %) which
are real ice caves. This means that there is ice in them over the year round. In this paper high-
mountain caves (above the tree line, this is above 1 600 —1 800 m a.s.l.) containing permanent
snow and ice are not taken into consideration. Due to their mostly remote location far away
from man’s activities they did not draw a special attention until recently(Stirn, 1954). In this
study are included only lower lying ice caves, which are exceptions considering their
microclimate or speleoclimate. Most of them lie between 800 — 1 200 m a.s.l., while historical
data show that such caves were at 400 m even some centuries ago (Kranjc 2009).

Because of their characteristics, cool atmosphere and ice accumulation during the warm
period of the year, ice caves attracted a man to use them since very early already. The oldest use
was to extract the ice to get drinking water. One of the characteristics of the karst surface is the
lack of water. The highest ridges of the Slovenian Alps are surrounded by high (1 200 — 1 800
m) limestone plateaus. There are good pastures (natural or arranged by man) but problem is
water. The example is Velika planina plateau north of Ljubljana being a traditional alpine pasture
frequented and used by human since Neolithic times on, proved by the archaeology (Cevc 1997).
There are two quite large caves at the bottom of a few ten meters deep collapse doline Velika
and Mala Veternica, at 1 600 m a.s.l. Due to their feature snow accumulated in them and it
slowly changed into ice. Not long ago shepherds still had a habit following their ancestors to
gather snow and ice from the bottom of caves and carrying it in baskets to the surface and use it
as drinking water for people and cattle. Not long ago shepherds still used wooden shoes (clogs)
into which special nails called lednik (ice nail) were driven into the sole to prevent slipping
(Cevc 1997).

The other use of cave ice and ice caves as a whole is to exploit the main properties of ice
and ice caves — the cool, the coldness. People used it either in situ, that is the cold of ice and cave
atmosphere in a cave itself or they took out the ice and use it for the same purpose. As for the
first there are many mentions and remarks in the Slovene cave register and papers of such a use
of not only ice caves but cold caves in general. The cave Jazbina (300 years ago it was
mentioned as an ice cave but it is no more) was used by the owner of nearby inn for storing beer.
A cave in the low karst south-east of Ljubljana was used to mature cheese. At the bottom of a
collapse doline RoZek where the snow and ice remained long in the summer the owner of a
nearby manor house kept wine. On the plateau Menina Mt. the keeper of a mountain hut kept the
meet in a collapse doline — ice cave — Jespa still few tens of years ago. Before the invention of
the air condition system people often used “cold” caves with appropriate form and place to
organize balls and public festivities, as in the cave of Vilenica on Kras (a show cave in the 17"
century already). The cave Podpeska jama (big entrance hall with open connection to
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underground “cold” stream) was recently arranged (sand floor and electricity) by the inhabitants
of a nearby village to have balls in fresh cave during the hot weather outside.

The other mode to use cave ice for cooling is to bring it out and carry to the final user,
usually noble or wealthy person, either for private or for business use. Of course it was before
the invention of making ice artificially and invention of a refrigerator. Several examples of caves
where the ice was extracted are known. The earliest written mention is by Valvasor (1689) citing
the cave Ledenica (Ice cave) pri Planinci in the karst hills not far to the south of Ljubljana:

“In Igger Boden above S. Johannis bey Tomischle there is another cave in which man
can find ice through the whole summer. Once actual sovereign his Emperor’s Majesty has been
served with this ice, when at Ljubljana all the ice pits have been already empty. They brought the
ice from this cave.” (Valvasor, 1689).

The other example is of the above mentioned cave Jazbina:

“During the summer the Count and the Lord of Gallenberg used this ice daily to cool his
wine. In the month of August six years ago | personally climbed down the cave and found the ice
in all the holes.” (Valvasor, 1689).

In some cases the extraction of ice reached the extent of an industrial production. The
best known example is Velika Ledenica (Great Ice Cave) v Paradani on the plateau of Trnovski
Gozd, not far from the Adriatic port of Trieste. The ice extraction started somewhere in the
middle of the 19" century. From this and some other ice caves in the vicinity the ice was
transported to Gorica, to nearby towns in Friuli, and to Trieste harbour from where it was
transported in special barrels by ships to Alexandria and even to Bombay (Aichholzer 1878). In
Alexandria the price for 50 kg of ice was 5 — 6 guldens (day labourer earned little less than 1
gulden per day). During summer drought it was used for local water supply (Habi¢ 1992).
During the 1* World War special speleological army detachment made the research of the cave
with the aim to use the ice for water supply of the front. In mild winters (1873 for example) the
ice was sent to Vienna and Budapest too. The data for 1867 show the extraction of 16.000
quintales (quintale = Austrian Zentner, 100 kg) of ice from the caves of Trnovski gozd plateau
(Gams 2003, 102). The owner of the cave usually gave it at leasing for 250 — 500 guldens per
year. Extraction was simple: the workers cut the ice into pieces of 10-20 kg, by some authors to
55 kg each and carried them in baskets by wooden ladders to the surface from where it was
transported by horse driven wagons down to the valley. In 1950-ies a company exploited ice by
the mean of 100 m long cableway with small wagon of 200 — 250 kg of capacity. From the
wagon it was loaded directly on the truck on the road. During three months of 1952 they
extracted 120 t of ice. It was used by transport of fruits to Austria and Britain. Extraction of ice
from Velika Ledenica v Paradani finally stopped in 1962 (Nagode 2002). It is interesting that
analyses show that cave ice is denser and has higher melting temperature than ice from the
surface (Aichholzer 1878). Such statement was given by Valvasor in 1689 already.

From the published works there is evidence that such was a practice also in other regions.
Petruzzi (1849/50) reports that the ice was used for commercial purposes from two ice caves on
Kocevski Rog plateau (South-eastern Slovenia) too: those were Ledena jama v Rogu and Ledena
jama pri Kuncu (Schwalbe 1887).

The extraction and selling of ice seemed to be such a profitable business that people on
the plateau of Kras used to extract and to produce the ice even on the surface. On Kras they used
ponds to water cattle, made in the bottom of dolines tightened by clay. During the winter the
demand for the water was lower and the ponds were frozen; they extracted the ice from them and
sell it. But such a production of the ice was not enough to answer the demand. To increase the
production they diverted water from periodical streams over flat surface to freeze quickly and to
extract it easier. During the winter there was not great demand for the ice, so people constructed
special “ice pits” where it was possible to store the ice during the whole summer. For ice pits
they used small dolines or small collapse dolines. Very illustrative example is the village of
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Senozece, where a local brewery which needed ice, operated from 1820-1926 (Savnik 1968).
Nearby is one of the best preserved ice pit, 17 m deep.

Cross section of the upper part of the ice cave Velika Ledenica v Paradani with the
cableway for transport of the ice (Nagode 2002, p. 107).

When the ice and cold of ice caves were no more needed or they were no more rentable
regarding the new techniques, they got new value: show caves. Because of their singularity even
among the caves, this attracted tourists for long time already, people started early to visit them. It
is difficult to decide either Valvasor visited ice cave under La¢na gora (Zupanova jama
nowadays) from tourist or from scholar impulse at the end of the 17™ century. He reported that
the vicar and people from the nearby village often visit it — a sort of a local tourism. In 1927 a
part of Zupanova jama was opened for tourists. In Slovenia there are two other ice caves which
figure as show caves. Above the town of Ko¢evje Ledena jama na Stojni was arranged for a visit
by a landlord at the end of the 19" century already. It was meant as a curiosity to be shown to
landlord’s noble guests during the hunt in the forests of the high karst plateau Velika gora and is
neglected nowadays.

Of lesser economic interest but important for other ways of using ice caves is the interest
for them shown by scholars, speleologists, and scientists. Valvasor’s visit to Ledena jama pod
Lac¢no goro was mentioned already. B. Hacquet visited the same cave little less than hundred
years later and he found in it a common ice. But he says that the ice in this cave is just made of
five- or six angles crystals. Why just this type of crystallization he could not find out. By his
opinion there must undoubtedly be some salt particles in the water. (Hacquet 1778). By the way,
Hacquet was interested in ice crystals in general, as shows his article on frostwork on a
windowpane (Hacquet 1790). For his main work “Eishdhlen und Windréhren” (Ice caves and
wind tubes) Fugger used the examples, observations, and data from ice caves of Kranjska
(Carniola) (Fugger 1894). The same can be said for Schwalbe’s “Uber Eishohlen” (About ice
caves) and “Uber die locale Verbreitung der Eishdhlen” (About local distribution of ice caves)
(Schwalbe 1882; 1884). It is interesting that Schwalbe (1882a) is mentioning Kungur ice cave
too, the example taken from a Russian author. According to new observations and theories on
microclimate and ice formation in ice caves, the research of microclimatic conditions is carrying
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on in ice caves of Slovenia too. A good example is a detailed research with the help of modern
techniques in the frame of a doctoral thesis lead by a student of the Karstology programme at the
University of Nova Gorica.
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CRYOFLUVIAL KARST IN SIBERIA - THE LENAPILLARS
Paul W. Williams
School of Environment, University of Auckland
KPUOT'EHHO-®JIIOBUAJIBHBIA KAPCT CUBUPH - JEHCKHUE CTOJIBbI
I1. B. Yuabsimc

Obcyocoaemesn  eenezuc  «Jlenckux Cmonbosy — oOauwen O00JOMUMUSUPOBAHHO2O
uzgecmusika 600ab p. Jlenwvl 6 paiione e. Hxymck. I[loxkazano, umo cmoabvl pazoenenvl Kax
OPEBHUMU  MEKMOHUYECKOMU MPEWUHAMU, MAK U COBPEMEHHbIMU MPEWUHAMU OOPMOBO20
omnopa, cQopMUpOBAHHLIMU 3d cuem 21YO0K020 NPOMEP3AHUS NOPOO 6 YCI0GUAX Pe3KO-
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KOHMUHEeHMAIbHOo20 Kiumama. Tpewunsvt 0c60602c0aomesa om Kpuo2eHHo20 debpuca 3a cuem
€20 2pasumayuoHHO20 CHOCA U @IOBUATbHO20 BblHOCA medenuem p. Jlenvl. Ilpu smom
npoyeccvl Kapcmosoi 0eHyO0ayuy uspaiom emopocmeneHtyIo po.o.

The Lena River is one of the great rivers of the world. It flows south to north across 20
degrees of latitude and discharges into the Arctic Ocean, at 73° N. The area of its basin is 2.49
million square kilometres, which makes it the third largest river basin in Asia and eighth largest
in the world.

The city of Yakutsk in the middle of the basin has one of the world’s most extreme
continental climates with an annual temperature range of almost 100° C ( -60° to +40° C).
Permafrost is continuous and at least 300 m deep, except beneath the course of the river where
there is a narrow permafrost-free corridor. Precipitation is small (~ 250 mm) and mainly falls as
rain in summer.

This region has numerous cryohydrological and permafrost phenomena, including:
permafrost cliffs along rivers; glaciers formed by freezing of perennial spring waters; salt ice
build-ups (nadedi) where rock salt is deposited from the freezing of salt water springs; pingos
and patterned ground; and thermokarst lakes.

The Lena River at Yakutsk varies from 5-10 km wide and to 10 m or so deep, and its
floodplain is about 35 km wide. The river flows at about 105 m asl in this region. It is incised
into a broad rolling plateau with summits around 200 - 400 m. Gently dipping Cambrian
dolomitic limestones underlie much of country. Where the river swings against the edge of the
plateau, its cliffed margin is lined by 100 m high rocky pillars that extend in a discontinuous belt
for 40 km or so and also extend up tributary valleys (Buotama and Sinyaya). These are the Lena
Pillars.

The age and origin of these pillars is uncertain. It is presumed that they are karstic in
origin, because they are formed of carbonate rock. But is this possible in a periglacial
environment with little liquid runoff? This presentation examines the origin of the Lena Pillars
and concludes that several conditions are important for their development:

(1) The pillars are strongly controlled by major vertical joints, some of these are ancient
tectonic features, but some are recent and formed by unloading of the cliff face parallel to the
river.

(2) The joints that isolate individual pillars have sometimes been widened by dissolution
of the carbonate rock (mainly in the Pliocene rather than in the colder, drier Pleistocene?). This
permitted water penetration from the surface and, in turn, facilitated cryogenic processes (freeze-
thaw action).

(3) Cryogenic processes widen gullies between pillars leading to their isolation. Pillar
faces show almost no evidence of contemporary dissolution (karst) processes. Thus the pillars
are essentially cryogenically produced landforms.

(4) Fluvial processes are also critical. This is because cliff-foot ice-shattered debris slides
downslope to the valley floor where it is transported away by the river. Without fluvial action the
pillars would be buried in their own cryogenic debris. This is why the pillars are riverside
landforms. Pillars are best developed in slopes undercut by a river, typically on the outside bends
of meanders where river flow is swiftest and so most able to carry away loose rocks.
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EFFECTS OF GLACIATIONS ON KARST AQUIFERS AND LANDFORMS IN

CANADA.

Derek Ford

Emeritus Professor of Geography and Geology, McMaster University,
Hamilton, ON L8S 4K1, Canada
BO3JENUCTBUE OJIEJEHEHUS HA BOJOHOCHBIE TOPU30OHTHI
KAPCTOBBIE ®OPMbI PEJIBE®A B KAHAJE.
Hepex ®opa

Buvioeneno 10 munog 6030elicmeus oJleOeHeHUss HA KApCcm, BKIYAs JeOHUKOBOE
BbINAXUBAHUE, PpACYNIeHeHUue U NogpebeHue KapCmowowuxcs nopoo, 3anoiHeHue Noaocmell
IMoBUEM U Opy2ue NPOYecchyl.

Limestone, dolomite and gypsum outcrop over an area of ~1,200,000 km? in Canada.
Under the Prairie provinces an area of more than 500,000 km? of salt overlain by clastic rocks is
also potentially accessible to interstratal dissolution. Most of the country was repeatedly
glaciated by continental ice sheets or alpine glaciers during the Quaternary.

The interrelationships between glaciers and components of the karst system developing
in these rocks are complex and varied. Nine differing effects of glacier action upon karst are
recognised here: 1) erasure by glacier scour, which chiefly impacts upon karren and upper
epikarst layers; 2) dissection of cave systems and lesser conduits in aquifers by valley glaciers,
principally in alpine areas; 3) infilling of dolines and poljes with glacial detritus; 4) injection of
glacial detritus deep into an aquifer, rendering it partly or wholly inert; 5) shielding of soluble
bedrock from post-glacial dissolution by glacial deposits that are rich in soluble rock fragments;
6) sealing of limestone pavements and epikarst by melt-out tills beneath frozen-down (cold-
based) ice; 7) acceleration of karst development by superimposing glacial aquifers upon karst
aquifers or focusing into glacier-margin karst terrains; 8) steepening groundwater hydraulic
gradients by glacial entrenchment of valleys; 9) inducing inter-stratal dissolution by means of
deep injection of melt waters during glacial recession and the accompanying crustal isostatic
rebound; 10) initiating groundwater flow with karst dissolution where permafrost thaws beneath
an insulating cover of glacier ice. Varying efficiencies and combinations of these differing
effects can produce great variety in karst regions.

KARST, PERMAFROST AND GLACIATIONS IN CANADA
Derek Ford
Emeritus Professor of Geography and Geology, McMaster University,
KAPCT, BEUHAS MEP3JIOTA U OJIEAEHEHUSA B KAHAJLIE

Hepex ®@opna

Ha Cesepe Kamnaowvl paszmuuairom 30HbI OCMPOGHOU, NPEPLIBUCON U  CHIOWHOU
mep3nomsl. B npedenax nocineouell moawa mepsivix nopoo modcem oocmueams 500 m, npu
9MOM YUPKYIAYUSL 61a2U NPAKMUYLECKU OMCYMCmMeEyem U KapCcmosble npoyeccyl He pazeumsl. B
30He NPepvisUCOL MEP3TIOMbl CONPIANCEHHBIE KPUO2EHHbIE U KAPCMOBble NPOYecchbl NPUBOOM K
Gdopmuposanuio 10208, noabeobpasHvix denpeccuti u opyeux ¢gopm. Paccmompenvt npumepol
Passumus KpUO2eHHO-KapcmogulX Npoyeccos 6 U38eCmHAKax, 00JOMUMAX, 2UNCAx U COJAHbIX
ouanupax. 3amponyma npobrema axKmusuzayuu dK302eHHLIX NPOYEcco8 8 pesyabmame
27100A1bHO20 NOMeNIeHUs.
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Permafrost is developed throughout the northern half of Canada, displaying three zones
of increasing severity: (1) in the southern parts of the region ‘sporadic permafrost’ that is
generally confined to silty, frost-susceptible soils: (2) ‘widespread but discontinuous’ permafrost
that may extend deep into bedrocks throughout the central lowland regions between Lats. 60-68°
N and further south in the mountain ranges to east and west: (3) continuous permafrost up to 500
m in depth north of Lat. 68° N in the coastal lowlands of the mainland and throughout the arctic
islands, extending down to Lat. 62° N or below in high mountain areas. A latitudinal model
shows progressive limitation of ground water circulation and karst dissolution in carbonate rocks
beginning at ~Lat. 62° N that greatly restricts development north of 68-70° N. Karst activity in
sulphate rocks begins to be impeded around Lat. 68° and is severely restricted north of 75°.
There is probably deep dissolution of salt beds occuring in diapirs and other structures to ~80° N.

The ‘Nahanni North Karst’ in limestone and dolomite at elevations between 300 and
1600 m above sea level (asl) at Lat. 62° N in the southern Mackenzie Mountains best exemplifies
the interplay of karst and permafrost processes in the mountainous ‘widespread’ zone. Much
groundwater may be obstructed by ground ice build up for periods up to decades before the ice
seal is broken. This region is now experiencing rapid warming, with some 40 landslides from
permafrost melt in glacial silts or on shale slopes above the karst being recorded in the past
twenty years.

Around Lats. 64-67° N in the lowlands between Great Bear Lake and the Mackenzie
River in the ‘widespread’ zone there are very extensive tracts of doline, polje and turlough
topography on gentle dolomite plateaus between 300 and 600 m asl, plus some large lakes (400
km?) that drain underground without impediment; it is evident that ground water is able to
circulate freely where there are significant stream sinks or where lakes and ponds maintain talik
leaking conditions beneath them. Further west in the northern Mackenzie Mountains patterned
ground phenomena prevail on carbonate rocks in the continuous permafrost zone above ~1000 m
asl but there can be significant local penetration by groundwater to create some striking
springhead (reculée) cirques.

In the arctic islands the very extensive tracts of limestone and dolomite display
dissolution with frost shatter in the seasonally active thermal zone, plus a few taliks beneath
ponds. Some dolines have been reported in gypsum on Devon Island (75° N) and short sinking
stream systems (100 — 500 m) on salt diapirs further north.

ECOLOGY OF CYANOBACTERIAE AND ALGAE IN PEVCHESKAYA
ESTRADA CAVE (PINEGA, ARCHANGELSKY REGION)
Sh.R. Abdulun
Bashkirian State University, Ufa, Russia
3KOJIOTUS IUAHOBAKTEPUM Y BOJOPOCJIEN NEIIEPHI TEBUECKAS
9CTPAJIA (TIUHEI'A, APXAHTEJIbCKAS OBJIACTD)
1. P. Aoaynaun
Bamkupckuil rocyjapcTBEHHBIH YHUBEPCUTET, Y Qa

The results of cyanobacteriae and algae investigation from different habitats in
Pevcheskaya estrada cave (Pinega, Archangelsky region) are presented. 31 species and
infraspecific taxa from Cyanoprokaryota, Bacillariophyta and Chlorophyta were identified.
Green algae were found to dominate. Highest species number, average species number in one
sample, sum of abundance number and average abundance number in one sample were found in
ground, as well in situated near Golubinsky proval cave. It is found, that resemblance between
cyanobacteriae and algae species composition of Pevcheskaya estrada and Golubinsky proval
caves is higher, than with Kueshta cave (Bashkortostan Republic). Possible, it is connected with
influence of cave location.
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Ilpeocmaenenvt pezynomamsl U3yyeHUs YuaHobakmepuu U 6000pocell pPa3IUYHbIX
mecmoobumanutl newepul Ilesueckas scmpaoa ([Tuneza, Apxaneenvckas obnacms). B norocmu
evisgnen 31 6u0 u 6HYmMpusuUd080l MAKCOH Yuamobaxmepuii u 8000pOCiel, OMHOCAUWUXCA K
omoenam Cyanoprokaryota, Bacillariophyta and Chlorophyta, domunuposaru npeocmasumenu
3eneHvix 8o0opocieu. Haubonvuue xonuuecmeo 6udos, cpedHee KOIUHECMBO 6UO08, CYMMA
b6annos obunusi u cpeonee KOauvecmeo 0ann08 oOunus 6 00HOU npobe yuanobaxmepuil u
8000pOCIell BbIABNEHDL 8 2PYHME, KAK U 8 PACNONONCEHHOU ps0om newepe I o1younckutl npoea.
OmmeyeHo, ymo cxo0cmeo 8u006020 cocmasa yuanobaxmepuii u gooopociei neujep llesueckas
acmpaoa u lonybunckuti nposan eviue, uem ¢ newepou Kyswuma (Pecnybauka
bawkxopmocman). Bce smo césa3ano, no-6uoumomy, ¢ nusHueM MeCcmonoiodceHus newep.

Ilemepsl — ocoOble SKOCHUCTEMBI, OOJBIIMHCTBO M3 KOTOPBIX HMMEIOT CTaOWIIbHBIN
MUKPOKJIUMAT C HHU3KOM MHTEHCUBHOCTBHIO CBETa, HE3HAUYHUTEIbHBIMU  KOJICOAHUAMHU
TEMIIEpaTypbl B TEUYEHUE Toja U IOCTOSHHON BBICOKOW BIAXXHOCTbIO Bo3ayxa. OmHUM U3
KOMIIOHEHTOB OMOTHI Teniep SBIAIOTCS IMaHOOAKTepUW U Bogopociu. H3ydeHuio 5sToi
HKOJIOTUYECKOW TPYMIBI B MOCIEAHUE TOJbI YJENAEeTCS BHUMAaHUE B Pa3IMYHBIX CTpaHaX MUpAa,
Bkimoyast Poccuio (Coute, Chauveau, 1994; Aoxymaun, 2009). IlogpoOHOoe HcclenoBaHUE U
aHaJIN3 OCOOCHHOCTEH pacHperelieHusl JaHHbIX OPraHU3MOB B PAa3JIMUYHBIX IOJOCTSAX U3 pa3HBIX
peruonoB Poccuiickoit Demepani MpeACTaBISIOT LIEHHOCTh ISl MCCIENOBAHUS OMOJIOTUU
nemep. Llenp nanHOM paboThl — M3YYUTh U NPOAHAIU3UPOBATH OCOOCHHOCTH paCIpEleNCHUS
[UaHOOAKTepUil U BOAOPOCIEH B pa3IMUHBIX MECTOOOMTaHUSAX memepsl lleBueckas acrpaga u
CPaBHUTH MOJIyYE€HHBIEC PE3YIBTATHI C IaHHBIMH JTUTEPATYPHI.

[Temepa ITeBueckas sctpana (I'onyOunckas 1) HaxoguTtes B 1,8 KM K ceBepy OT Ioceska
lony6uno (Ilunexckuil pailoH, Apxanrenbckas o6iacte). O6mast anuHa nonoctd — 305 M,
ammutyga — 9 . Ilemepa 3ano0xeHa Mo MOA3EMHOMY MOTOKY, NMPOCTHPAETCS B 3alaJHOM
HalpaBlieHUH, Bri1yob yctyna bemomopcko-Kymoiickoro mmato. Bxong B moiocTte TpoTOBOro
TUIIA PACIOJI0KEH B IOr0-3alaJHOM YacTH NPOBAJIbHOM KapCTOBOM KOTJIIOBUHBI, MEXIY
OOHa)KEHHEM THUIICOB W OCHINBI0. llemepa cOCTOMT U3 NIBYX 3allOB U MaruCTPaIbHOTO XOJa.
[TemepHblii OJOK CIOXKEH TOMIIEH TUICOB M TUIICOAHTHAPHUTOB C PEAKUMH MaJOMOIIHBIMU
MPOCJIOSAMHU TOJIOMUTOB M INIMH. [1Opoabl OTHOCATCS K COTKMHCKON CBHTE CaKMapcKoro sipyca
HIKHeH nepMu. Yepes BCIO MOJIOCTh MPOTEKAET pydyeil ¢ BoIomaaoM BeicoTol 1,9 M B manbHeM
KOHIle Telepsl. B NMpUBX00BOM YacTW MOJOCTH pPa3BUTHI JieAsHble oOpa3oBanus. llemepa
pacnonioxxeHa B oxpaHHoi 30He [Iunexckoro 3anoBenuuka (Mankos, [llaspuna, 1991).

Jlis BeIABNEHWs IaHoOakTepuid W Bomopocied 8-9 asrycra 2008 r. B memepe
[leBueckas scTpaga Obu10 0TOOpaHo 16 mpod: 7 mpob rpyHTa, 3 IPoObI BOABI, 3 MPOOHI «UIay, 3
cockoba u Maska co cteH. OTOop mpoO mpoBoaUiICS CTaHAAPTHBIMU MeTodaMu. BriaBieHue
BUJIOBOTO COCTaBa IMAHOOAKTEpUH M BOJOPOCIEH MPOBOIMIOCH B JIAOOPATOPHH MPAMBIM
MHUKPOCKOIUPOBAHUEM, Ha “‘CTEKIIaX oOpacTaHus” | MOCHe KyJIbTHBUPOBAHUS MPOO B KHUIKOH
MuHepaibHOM cpere Ne 6. OOunme oneHuBanoch Mo 7-0amibHOM 1mikane. Onpenensiach
Bcrpewaemocth (F) (Kyssxmeros, Jy6osuk, 2001). Jlis cpaBHEHHs BHJIOBOTO COCTaBa
UCIOJIb30BaJICI KaueCTBEHHBINH KodppuimeHT ChepeHceHa-YekaHoBCKOro.

B mnemepe IleBueckass scTpama oOHapyxeH 31 Buag W BHYTPUBHIOBOM TaKCOH
LIMaHOOAKTEPH M BOJOPOCICH, OTHOCAIMXCA K 3 otmenaMm, 4 kiaccam, 9 mopsakam, 18
cemerictBam u 25 pomam. JlomuHupoBaam mnpexacraButenud otaena Chlorophyta; xmacca
Chlorophyceae; mnopsinkoB Chlorococcales wu Oscillatoriales; cemeiicte Phormidiaceae,
Chlorellaceae u Nostocaceae; pomos Phormidium, Leptolyngbya, Nostoc, Chlorococcum wu
Muriella; mo cymme 6amioB obumnst mpeobiagan U Harnbosee 4acTo BeTpeyanuch Buabl NOStoc
punctiforme f. populorum (F = 56,3 %) u Leptolyngbya boryana (F = 62,5 %). B cnekrpe
xu3HeHHbIX popm — hydr.gsChgPsB4sCFsamph.;H1 X1 — nomunupoBanu npeacraButenu hydr.- u
Ch-¢popM. AJbronorun4ecky CTeprIIbHBIMEA OKa3aIHCh 2 TPOOBI BOJIBI U3 TEMHOBOM 30HBI.

20.



B npobGax rpynTa nemeps! [leBueckas sctpaga oOHapy)eHO 25 BUIOB M BHYTPHUBUIOBBIX
TAaKCOHOB ITMAHOOAKTEpPHl M BOAOpOCIEH, MpUHAIeKamMx K 3 orgenam, 4 kiaccam, 9
nopsiakaMm, 16 cemeiicteam u 20 poxmam (tabs.). JIOMUHUpPOBajdM MpENCTaBUTENN OTeia
Chlorophyta, xmacca Chlorophyceae u Cyanophyceae, mnopsinka Chlorococcales, pona
Phormidium. ITo cymme 6amioB oOuamsi mpeodagain U HanboJIee YacTO BCTPEYAIMCH BHUIBI
Nostoc punctiforme f. populorum (Geitl.) Hollerb. u Leptolyngbya boryana (Gom.) Anagn. et
Kom. (F — mo 100 %). B cnektpe xu3HeHHbIX hopM npeobdnananu npenacrasurenu Ch-dopmsl,
COCTaB )KH3HEHHBIX opM ObLIT HanbosIee OOraThIM CPEar BCEX MECTOOOUTaAHHIA.

Ha crenax nemeps! [IeBueckas 3¢Tpasia BBISIBJICHO 5 BUIOB M BHYTPUBUOBBIX TAKCOHOB
[IMaHOOAKTEPH W BOMOPOCIEH, MPUHAMISKAMUX K 2 OTmenaM, 2 Kiaccam, 2 Topsakam, 3
ceMeiictBam u 5 pomam (ta6:.). JomuHupoBanu mpeacraButenu otaeiaa Chlorophyta, kmacca
Chlorophyceae, mopsimka Chlorococcales, cemeiictea Chlorellaceae, Bce poxbl ObuH
MPEICTAaBICHBI CAMHCTBEHHBIM BHIOM. [lo cymme GamnoB obmims mpeobsanan Bung Chlorella
vulgaris Beijer. Bce Bupl OblIM BCTpEUSHBI MO OJHOMY pa3y. B crekrpe >ku3HEHHBIX (opm
TaK)ke JOMHHUpOBaU npencraButenu Ch-gpopmer.

Tabauna
TakcoHOMUYECKHIT COCTAB IMAHOOAKTEPHH M BOAOPOCJIeld B pPa3jIM4YHbIX
MecTooOuTanusXx newmepsl [leBueckas 3cTpana

TakcoHn TPYHT CTeH oeHTan neJjiaru

bl b b
Cyanoprokaryota 9 1 9 0
Bacillariophyta 5 0 5 0
Chlorophyta 11 4 6 1
CHeKTp KW3HEHHBIX (1)OpM Ch7B4hydr4 Ch3hydr1P1 hydr6P3C Fs Chl

P3CF3amph.2 BgCh3amph.1
X1H1 Xl

OO11ee KOJIUYECTBO BUIOB 25 5 20 1
CpenHee KOIMUYECTBO 7,6 1,7 7,3 0,3
BHJIOB B OJTHOH ITpo0e
Cymma 6amtoB oOumust 145 11 53 1
CpenHee KOJIMYECTBO 20,7 3,7 17,7 0,3
0aJIJIOB B OJJHOM mpode

B mnpobax Oenranu mosioctu oOHapykeHO 20 BHAOB M BHYTPUBHAOBHIX TaKCOHOB
nuaHoOaKTepuil M BOJOpPOCIEH, NMpUHAUISKAMX K 3 oTaenamM, 3 kinaccaM, /7 mopsakam, 15
cemeiictBam u 17 pomam (tabs.). JlomuuupoBanu mnpeicrtaButenu otaena Cyanoprokaryota,
kinacca Cyanophyceae, nmopsakos Oscillatoriales u Chlorococcales, cemeiicts Phormidiaceae u
Nostocaceae, ponos Leptolyngbya, Phormidium, Nostoc. ITo cymme 0aiioB ooutus mpeodiaga
Bug Nostoc punctiforme f. populorum (Geitl.) Hollerb. HauGonee wacro BcTpedanuch BHIbI
Nostoc punctiforme f. populorum (Geitl.) Hollerb. u Leptolyngbya boryana (Gom.) Anagn. et
Kom. (F — mo 66,7 %). B cnekTpe *ku3HEeHHBIX (opM OeHTanu mpeodsagand MpeACTaBUTeINn
hydr.-popmsr.

B mpobax menarumanu mnemiepsl [TeBueckas scrpaaa BeusiBieH 1 Bug — Mychonastes
homosphaera (Skuja) Kalina et Pun¢. u3 otmena Chlorophyta, kimacca Chlorophyceae, mopsaka
Chlorococcales, cemeiictBa Chlorellaceae, npencrasnennsiit Ch-popmotii (Tadi.).

HawuOospime Koau4ecTBO BUIOB, CPEIHEE KOJUYECTBO BHJIOB, CyMMa OaJljIOB OOWIIHS H
CpeIHee KOJIMYESCTBO 0aIoB OOMIIHSI B OJTHOM MpoOe HaHOOAKTEpUid U BOJOPOCIICH BBISIBJICHBI B
rpyHTe (tadsm.). IlomoOHBIE 3aKOHOMEPHOCTH OTMEUEHBI W I PACHOJIOKEHHOW HEIaIeKo
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nemepbl  [onyOuHckuii  mnpoBan  (AOmymmmH, 2011). XoTs naHHBIE TOKa3aTeld B
MECTOOOUTAHUSAX HEKOTOPBIX APYTHX Memep ObUIM MaKCHUMalbHbIMH B OeHTamu (AOLyniuH,
2005; Abdullin, Pidchenko, 2008). Bo3M0XHO, 3TO OOYCJIOBICHO TE€M, 4YTO IELICPhI
pacronokKeHbl B Pa3IMYHbIX reorpaguyeckux peruoHax.

Haunbonbiiee cxoacTBO BUAOBOrO COCTaBa LIMAHOOAKTEpUH U BOJOPOCIEH paszIMUHBIX
MecToobutanuii B memiepe [leBueckas 3cTpaga BBISIBICHO MEXAy MpoOaMu TpyHTa U OCHTAIH
(Kcu = 71,1 %), Mmexay mpobamu OeHTaNM U Melaruaim cxoactBo orcyTcrBoBano (Ke.y = 0
%).

IIpu cpaBHeHMHM BHJOBOrO CcOCTaBa LMAHOOAKTEPUH U BOAOPOCIEH pazIMUHBIX
MECTOOOUTAaHUHN pacrooKeHHbIX psaoM meuiep [leBueckas sctpana u [N'omybunckuil mpoBan
(A6mymmuH, 2011) ObU OOHApPYXKEHBI CICAYIOIINE 3aKOHOMEPHOCTH: HAHOOJbIIEEe CXOJICTBO
numen BujoBoi coctaB nenarunamu (Kc.y = 100 %), BugoBoi coctaB rpyHTa U OEHTaIM MUMEIH
cpennee cxonactBo (51,0 % u 41,2 % COOTBETCTBEHHO), HAMMEHBIIIEE CXOJICTBO — BHUJIOBOM
cocrtaB cTteH — 36,4 %. Ilpu cpaBHEHMM BHJIOBOIO COCTaBa LIMAHOOAKTEPUIl M BoOJOpOCIEH
pa3nuuHbIX MecToobutanuii nemiep [leBueckas scrpana u Kysmra, Haxoasiueiics B PeciyOnuke
bamkoproctan (AOGmymmuH, 2010), ObUTO BBISBICHO: CXOJICTBO BHJIOBOI'O COCTaBa JaHHBIX
opranusmMoB rpynra — 20,7 %, cren — 21,1 %, 6entamu — 30,0 %, nenarnama — 28,6 %, 4T0o B
CpeAHEM HMXKE, YeM ¢ MeCTOoOOMTaHUAMU meulepsl ['onyOouHckuii mpoBai. BeposTHo, 3TO Takxke
CBSI3aHO C BJIUSHUEM MECTOIOJIOKEHHUS MELIep.

Takum o6pa3om, B memepe IleBueckas ScTpajga BBISBICHBI TAaKCOHOMHUYECKHH U
9KOJIOTUYECKU COCTaB, a TaKkKe€ HEKOTOPble OCOOEHHOCTH pacCIpelesIeHUs IMaHOOAKTEepHil U
BOJIOPOCJIEH B Pa3MMYHBIX MECTOOOWTAHHUSAX, MPOBENCH CPAaBHUTENbHBIM aHAIN3 MOTYyYEHHOTO
MaTepuaia ¢ JaHHBIMH JTUTEPATYPHI.
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CRIOMINERAL FORMATIONS FROM SOME CAVES OF IRKUTSK REGION
E.P. Bazarova
Institute of earth crust, Irkutsk, Russia
KPUOMMUHEPAJIBHBIE OBPA3SOBAHHUS HEKOTOPBIX IIELIIEP
HPKYTCKOM OBJIACTH
E.Il. ba3zapoBa
HNucrutyT 3emuoit kopsl CO PAH, UpkyTck

Criomineral formations from three caves of Irkutsk region are distinguished. In the
mineralogical relation collected powder material was submitted by calcite and ikaite. Impurities
are submitted by quartz, biotite, graphite, feldspars and organic material.

KpunomMuHepanbHbIM 00pa3oBaHusM IELIED, 104 KOTOPHIMU IIOHUMAIOTCS BELIECTBEHHbIE
00pa30BaHMsl, CBSI3aHHBIE C KPMOXMMHUYECKMMM Ipoueccamu [AHnpeiuyk, ['amyckun, 2008], B
NoCJIeTHUE TObI YaeseTcs Bce OonbIine BHUMaHus [ AHnpeituyk, 1989; Annpeituyk u ap., 2001,
2007; Awngpeituyk, KameOckas, 2010; IToramoB u ap., 2008, 2009; Andreychouk, 2009;
Andreychouk et al., 2004, 2005; Lacelle et al., 2009; Potapov et al., 2008; Zak et al., 2004,
2008]. Ot 0o0pa3oBaHMs BO3HUKAIOT MPH 3aMEpP3aHUU BOAHOTO PACTBOpPA WM TAasTHUU JIbJA,
COIIPOBOXK/JIAIOIEMCSl HApYyIIEHHEM XUMHUYECKOIO pPAaBHOBECUS B PAcCTBOPE M OTIIOKEHHUEM
MUHEpaJbHBIX (Pa3. TO CBA3aHO C TEM, YTO [0 TAKUM 00pa30BaHUSIM BO3MOXKHO OCYIIECTBJISAThH
NaJCOrIALMOIOTUUECKUE U MaTCOKIMMATUYECKUE PEKOHCTPYKIMHU, a TAKXKE€ UX HCCIEJOBaHUE
“MeeT OOJIBIION CEIMMEHTOJIOTMYECKHI M MUHEpaIorHuecKuii narepec [ AHapeiuyk, ['anyckuH,
2008].

B nemepax HWpkyTrckoil obiacTh HaXOAKM KPUOMHUHEPAJIBHBIX OOpa3oBaHHM ObuH
onuvcadsl ajs nm. bon. bainunackas [@umunmos, 1989], Tamosckas, bon. Onotckas, 3aranait
[@®umunmos, 1997], a Takxe OxoTHUYbA U XpycranbHas [bazaposa, 2010; bazaposa, I'yTapesa,
2011].

B nmanHO#l pabGore OyayT mpUBENEHBI pPe3yNbTaThl HCCIEAOBAHUNA KPUOMHUHEpPATHHBIX
obpa3zoBanmii . XomnoaHasi, Asi-PsgoBas u boroBckas. OnpeneneHne MHHEPAJILHOTO COCTaBa
mpod MPOBOIUIOCH TEPMUYECKUM MeToaoM aHaimuTukoMm Haptosoit H.B. B anammtHueckom
uentpe Mucturyra 3emuoi kopel CO PAH B UpkyTcke.

[Temepa XonogHash HaxXOAWTCS Ha IOTO-BOCTOYHOM cKJoHe I[Ipumopckoro xpebTa B
paiione c. boxn. ['onoycTHOe M npuypoueHa K cpeaHepuderickiuM opoaaM yIyHTYHCKON CBUTBI —
U3BECTHSAKAM U JI0JIOMUTAM OHKOJMTOBBIM M CTPOMATOJUTOBBIM, OUTYMHUHO3HBIM, C IIPOCIOAMU
TJIMHUCTBIX CIAaHIEB W ajeBpoiauToB. [lo maHHbIM creneokiy0a «Apabukay, IJIMHA TEMIEephI
cocrasysgeT 135 M. pu ammuutyzae 6 m. [lemepa nMeer BUI U3BUIIMCTOrO MEaHpa MUPUHOU 10
3,4 m. ipu BeicoTe 10 13 M. Ce30HHBIE JesgHbIE 00pa30BaHUs HAOIIOIAI0TCA B XOIOAHOE BpeMs
rojia B MpUBXOJ0BOM I'pOTE, Iie MPEACTaBICHbI HEOONbIION MOKPOBHON Halle/1bl0, TOKPOBOM Ha
CTEHE M MHOXECTBOM OyJIaBOBUAHBIX CTaJarMMTOB BbicoTO 10 70 cm. IlpoOa
KPUOMUHEpAJIbHOTO OCTaTKa Oblla B34Ta HAa MECTE€ pacTasBUIEH Hajlelu U TpeacTaBiIeHa
BJIQKHBIM TIOPOIIKOM O€JIOro 1BeTa, KOTOPbIH 110J] OMHOKYJISIPHBIM MUKPOCKOIIOM BBITJIIAUT Kak
CKOIUIEHHE CPOCTKOB U CJIETIKOB MEJIKHX IUIACTUHYATHIX U HUTEBUIHBIX KPUCTAJJIOB CHEKHO-
0enoro mBeTa C PEAKMMHU BKPAIUICHUSMHU KPHCTAIJIOB 30JOTHCTOrO IBeTa. B MHHEpanbHOM
OTHOULIEHUH, O JaHHBIM TEPMHUUECKOr0 aHaju3a, Mpobda ClIoKeHa HCKIOYUTEIBHO HMKaUTOM
CaC0O3-6H0.

KapctoBast cucrema As-PsanoBas, oOpa3oBaHHas JAByMs paHee 000COOJIEHHBIMU
MeniepamMm, COCIUHEHUE KOTOPhIX mpoBend B 1993 r. cmemeonorum kiyba «ApaOukay,
pacronoXeHa B CEBEpO-BOCTOYHON YacTH AMHCKOIO MacCHBa Ha IOT0-3alaHOM MOOEPEXbe 03.
Baiikan. Cucrema umeet nimuny 1350 M. npu ammutyae 70 m. [Ocunnes, 2010] u 3anoxeHa B
KaIIbIIUTOBBIX W JIOJIOMHUT-KAJIBIUTOBBIX TpaUTCOAEPKAIMUX MpamMopax OJILXOHCKOH cepuu
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BEPXHEr0 apxes — HWKHero mnporepo3os [Dumunmor, 1989]. B mpamopax HaGiaromaroTcs
npocyion OMOTHTOBBIX THeWcoB [I'yTapeBa, 2009] u coriacHbie JalKK MErMaTOWIHBIX TPAHUTOB
[@ununmos, 1989]. B naneueit yactu n. As (rpot JlensHoi) HaOM01aeTCsi MHOTOJICTHSISI HAJIEIb
[@®ununmos, 1997]. IlpobGa kpuoMHHEpadbHBIX OOpa30BaHMM, MPEICTABICHHBIX IOPOIIKOM
TEMHO-CEpOro IBeTa, Oblja B3siTa C MOBEPXHOCTH Hajenu. [lo pesyiabTaTtaM TepMUUECKOrO
aHanu3a, npoda CIOKEHa KaJdblUTOM M OpPraHuYeCKMM BEHIECTBOM C IPUMECAMH,
MIPENONIOKUTENBHO, THAPOCIIONBI, KBapIla U MoJIeBOro mmmara. [Ipu uccinenqoBanuu odpasina moju
OMHOKYJISIPHBIM MHKPOCKOIIOM OTMEYaeTCsl MPUCYTCTBHE B KPHOMHHEPAJILHOM OCTaTKe
6onproro konuyecTsa (0koJio 50%) 4epHbIX YaCTHI] OPraHUYECKOro MPOUCXOXKIEHUS (KYCOUKH
JPEBECHOW KOPBI, YIIMCTOE BEIIECTBO), OMOTHTa M TpaduTa, YTO OOBSCHIET TEMHBIA IIBET
npo6sl. Taxke oTMeyaroTcsi OTAENbHbIE 3epHa KBapia. [Ipouas macca ciokeHa CpOCTKaMH U
CJIETIKaMU KPHUCTAJUIOB KaJIbLIUTa OEJIoro 1BeTa.

[Temepa boTOBCKas Ha CEroAHAIIHUN JE€Hb ABJSETCA IJIUHHEWIIEH memepoil Poccum.
Ona naxoauTtcss Ha BepxHeneHCKOM 3akapCTOBAaHHOM IuIaTo B mpeaenax CpemHecuOUpCKOro
IUIOCKOTOpPbs, BXOJbl B TeEIIepy pacHojiokKeHbl B BepxHEH uacTtu seBoro Oopra p. boTsl
[®umunmno, 1994]. Ilo cocrosuuto Ha 2010 rox, memepa umeer minHy 64435 M. npu
ammuiutyzae 40 m. [Ocunies, 2010]. boroBckas nemiepa 3a10xeHa B BOJOPOCIEBbIX U3BECTHAKAX
YCTh-KyTCKOM CBHUTBHI HIXKHETO OPJOBHKA, CIIATAIONIEH IMJIACT ¢ BHAMMOW MOIIHOCTBIO 10 8 M.,
3aKaThll Cpeld MOPCKHUX IECUYaHHUKOB 3TOM ke cBUTHl [Pumunmnos, 1999]. B miane nemepa
IIpEJCTaBiIsieT COOOM CeT4aTO-MOJUTIOHANIBHBIN OJHO3TaXHBIH JabupuHT. B Xomax memepsl,
OMU3KHUX K MMOBEPXHOCTH, PACHpPOCTPAHEHBI JIEAsHbIE 00pa30BaHMUsI, IPEACTABICHHBIC JICASTHBIMU
MMOKPOBaMH, CTaJarMUTaMH, AaTMOT€HHBIMH IbJaMu (MHeeM) W crajaktutamu. [IpoOsl
KPHUOMHUHEpaILHBIX 00pa3oBaHUi OBUIM B3STHI C MOBEPXHOCTH MHOTOJIETHEH Hanemn «Memeoy.
KpuomuHnepaiphubie 00pa3oBaHusl MpPEACTaBIEHbI MOPOLIKOM ceporo LBera. [lo pesyinbTatam
TEPMHYECKOr0 aHaim3a, npobda Nel, B3stas mpumepHo B 40 M. OT BXoJa B Iemiepy, CIOKEHA
KaJIBIIUTOM C TIPUMECHIO OpPraHWYECKOro BEIIECTBA U, MPEANOJOKUTEIBHO, THIPOCIIONHI,
KBapia u nojeBoro mmara. [Tog OMHOKYISPHBIM MUKPOCKOIIOM B OCHOBHOM Macce, CII0KEHHOM
CPOCTKaMHM KPHUCTAJUIOB KallblIUTa OENoro I[BeTa, HaOJIOJAaeTcsi MHOXECTBO OPraHUYECKHUX
OCTaTKOB (KyCOYKOB JiepeBa, TpaBbl) M OT/AENbHBIC 3epHa KBapma. [Ipoba No2, B3sitas c
MOBEPXHOCTH HaJield HECKOJBbKO Jajbllle, MO pe3yibTaTaM TEPMHUYECKOro aHalu3a CIO0XKEeHa
KQJIBIIUTOM C MTPUMECHIO, MPEAOJIOKHUTEIBHO, HKanuTa. 1107 MUKPOCKOIIOM MOYHO OBLIIO TaK¥KE
BHJICTh HE3HAUYUTEIBHYIO TPUMECh OPTaHUYECKHX OCTATKOB.

Opranuueckoe BeEMIECTBO, KOTOpoe HaOmogaercs B OOJNBIIMX KOJMYECTBAX B
KpUOMHHEpAIbHBIX oOpa3oBaHusiXx cucteMbl Asi-PsmoBas u n. boroBckas, sBisiercs
AJUTOXTOHHOM mpuMechto. YacTuipl kBapua u Ouotuta B mpoOe u3 cucrembl As-PsamoBas
OOBSICHSIOTCS. HaJMYMeM JaHHBIX MHHEpAJOB B OHMOTHTOBBIX THeHcaX M MErMaTOHMIHBIX
rpaHuTax, a rpadgura — B MpaMopax. DT 00JOMOYHO-MEXaHHUUYECKHUE YaCTHIIBI MOKHO CUMTATh
ABTOXTOHHBIMH MPUMECIMHU.

beim oroOpanbl 00pa3ibl BMEMIAIOMIMX MOPOJ I. BOoTOBCKas, CIOXKEHHBIE KaJIbIUTOM,
KBapieM, J0JIOMUTOM, IIOJEBBIMH INMATaMA MW TJUHUCTHIMH MHHEPAJaMU B Pa3JIMYHBIX
cooTHOoUIeHUsIX. (OmnpeneneHne MUHEPAJIbHOIO COCTaBa BMEIIAIOIIUX OPOA ObLIO MPOBEIEHO
pPEHTreHo-()a30BbIM METOJIOM B aHAJIIMTUYECKOM IieHTpe MHcTUTyTa 3eMHON KOpbl B MpKyTCcKe
anamuTukoM @uneBoit T.C.) Takum 00pa3om, KBapi W IMOJCBOW MINAT B KPUOMHUHEPAIBHBIX
oOpa3oBaHmsix M. boToBckas, Mo Bcell BUAMNMOCTH, OOBSCHSIETCS MPUCYTCTBHEM HX BO
BMEIIAIOIINX TTOPOIAX U TAKXKE JOJKEH CUMTATHCS aBTOXTOHHOM MPUMECHIO.

Hkautr CaCO3-6H,0 sBisiercs peAKUM M MeTacTaOMJIbHBIM MHHEpAjoM, KOTOPBINA ObLI
oTKpHIT B 1963 1. B Bomax Mkka-dpropaa B 'pennanauu [Pauly, 1963], a B yclIoBUSX MOI3EMHBIX
MyCTOT BepBhIe 0OOHapyxeH B 1. Ckepumioapa [Onac, 2008]. Ero o0pa3oBaHue MBI CBSI3BIBAEM C
MOBBIIIEHHBIMU KOHILEHTPAIUSIMU MarHusi B KapCTOBBIX BOJAX, OOYCIIOBJIEHHbIE HAJIMYUEM BO
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BMEILIAIOIIMX mopojax nonoMutoB. Kpome n. XosonHas, MKauT OblI paHee OOHAapyKEeH HaMH B
nemepax OXoTHUYbA U XpyCTallbHasl, 3aJI0KEHHBIX B IOPOAAX TOW XK€ CBUTBHI.

OO600mas  BbIIECKa3aHHOE, MOXHO CJeJaTh BBIBOJ O TOM, 4YTO COOCTBEHHO
KPUOMUHEpaJIbHBIMU 00pa30BaHUsAMH YKa3aHHBIX IELIep MOXHO CUMTATh TOJBKO MKAuT B II.
XonoaHass U KalbUUT B n. As-PanoBas u borosckas. IIpoune MuHepansl, ONpenecHHBIE B
o0pasuax, ABJIAI0TCSA MIPUMECIMH TOBEPXHOCTHOT'O ¥ BHYTPUIICILIEPHOTO MTPOUCXOXKACHUS.

ABTOp BBIpa)kaeT OJarofapHOCTh clieneonoraM kiyba «Apabuka» 3a MOMOIIs B cOope
obpasnos, I'yrapesoit O.C. 3a mpenocTaBieHHbIE pe3yJbTaThl aHaIM3a BMEIIAIOIIUX MOPOA U
aHamuTukaM MHctutyra 3emHoi kopsl Haproeoit H.B. m ®unesoit T.C. 3a mponenaHHsble
aHaJU3bI.
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RUSKEALA GEOPARK PROJECT
1.V. Borisov, Y.S. Lyahnitsky, O.A. Minninkov, T.A. Musatova,
1.Y. Khlebalin, A.A.Y ushko.
Russian geographical society, Saint-Peterburg
MPOEKT CO3JJAHUS PYCKEAJIbBCKOTI'O I'EOITAPKA
N.B. bopucos, 10.C. JIaxuunkuii, O.A. MunnukoB, T.A. MycaroBa,
H. 10. Xnedanun, A.A. FOmko.
Pycckoe reorpaguueckoe obmectBo, Cankr-IlerepOypr

The Ruskeala marble quarries represent a mining history of Sweden, Russia, Finland,
and Karelia. The first exploitation of marble was conducted in the end of the 17th century by
Swedes. In the mid 18th-19th centuries, Ruskeala marble was widely used for decoration of
architectural constructions in Saint-Petersburg.

The Ruskeala quarries are partly flooded, and now they look like water-filled steep-
walled depressions. The walls of the main quarry are penetrated with whole systems of
underground horizons — adits and drifts, connected by vertical pits.

In 1998, according to the Karelia’s Council of Ministers Decree, the area of the Ruskeala
main quarry was assigned the official status of the mining history monument of regional
significance. However, practice has shown that without a rational usage of such a geosite, its
official status as a protected area cannot provide its conservation. Creation of nature-protecting
excursion-tourist centers on the basis of geosites is one of perspective directions in this respect.

At present, the area of the main quarry, named "Ruskeala Mountain Park” is leased to a
private person. It was equipped and used for excursions. A foot-path is made around the main
quarry as well as through a short adit. However during excursions, insufficient attention is paid
to geology and underground mine workings.

26.



Currently, a team of researchers, led by Yu. Lyahnitsky, is conducting exploration of
underground cavities. They explore the "Ruskeala Gap" - a unique object that represents a giant sun-ken
many-tier mine working. The gap is located near the main quarry, and it should be included into the
protective area and into the touristic path.

B Kapemuu B 30 xm ot ropoga CoptaBama (Cep6oboisi), BOmm3u Poccuiicko-
OUHISIHACKOW T'paHUIbl, HaXOQUTCA OAHO U3 caMblX KpymnHbIx Ha CeBepo-3amane Poccum
MecTopoxaeHnii mpamopa «Pyckeana-1». Ero Hauanm pa3pabaThiBaTh elie IIBEIbI BO BTOPOMH
nonosuHe XVY11 Beka. Bropuuno Pyckeanbckoe MeCTOpPOXIEHHE OBLIO  OTKPBITO
cepaobonbckuM nacteipeM Camyunom Anoneycom B 1760-e romsl. Ilo ykasy ummmepaTpullbl
Exatepunsl Benukoii, mepBbie OJIOKM pyCKealdbCKOro Mpamopa sl cTpouTenbcTBa CaHKT-
IlerepOypra Obumn 100bITHI B 1769 1. C Tex mop ¢ mepepblBaMU HAuyMHAETCs pa3paboTka
KapbepoB OypOB3pBIBHBIM CIOCOOOM. Pyckenbckuil cBeTsO-Cephlii MOJOCYATBIA KaJIbLIUT-
JOJIOMUTOBBIE ~ MpaMOp UCIOJb30Bajcs Juid  cTpouTenbcTtBa lcaakueBckoro cobopa,
MpamopHoro asopua, MuxaiaoBckoro 3aMmka, 3UMHEro ABopua, YecMeHCKOM KOJIOHbI 1 MHOTUX
npyrux 3naHuid u obenmckoB Cankr-IlerepOypra. 3a mepuon ¢ 1770 mo 1980-e romel Ha
MECTOPOXKIEHUH OBLJIO MPOeHO Ooiee NeCaTH KaphepoB pa3uuHbIX pazmepoB. B 1880-1930-¢
rofibl (PMHHBI pa3padaThiBaId PYCKEATbCKHI MpamMop Il ITPOU3BOJICTBA CTPOUTENHHON U3BECTU
KOMOMHHUPOBAHHBIM CHOCOOOM — KapbepaMH M IOJ3€MHBIMHM BbIpaOOTKaMM (TpeMs IIaxTaMH
riryounoi 50-60 M M JecsATKamMH IUTOJIEH U IITPEKOB, CYMMapHOH MAJMHONW B HECKOJBKO
KHJIOMETPOB).

B uenom mecropoxaenue «Pyckeana-1» orpabaThiBanoch MeCThI0 TOPU3OHTAMHU, YETHIPE
M3 KOTOPBIX ObUIM MOA3EMHBIMH. [lepBbIil (BEpXHMIT) MOA3EMHBIN TOPU30HT pacrojaraercs Ha
ormerke 93 M Hax ypoBHeM banTuiickoro mops, W BKIIOYad B ce0s HECKOJbKO LITPEKOB U
mrosieH. [Tocne yrnyonenus «['nmaBHoro» («MoHudeppaHoBckoro») kapbepa B Hadane 1900-x
TOJIOB YacTh MOJ3EMHBIX BBIPA0OTOK MCUe3sa, OCTAJINCh TOJbKO IITONBHA IuHOU 110 200 M 1
OJIUH HEOOJIBIION TPOT.

Btopo#i moazemMHBIN TOPU3OHT Haxomutcs Ha oTMeTke 81-82 M. OH TOXe YaCTHYHO
yHHUTOXKEeH «l maBHBIM» KapbepoM B 1920-¢ Toasl, U B HacTosliee BpeMsi OONbIICH YacThIO
3aroruieH. OT BepTHKAJIHHOI'O CTBOJA HIaXThl Ne 2 OTXOIWJ TPaHCIOPTHBIN MITPEK ceyeHUueM 3
Ha 2.5 M, nmuHOM 10 150 M. Ero octaTku B BUJE MOIy3aTOIJIEHHOTO TPOTa BUHEI €IIE U ceifyac.
Bripabotka coenuusiach ¢ maxtoil Ne 1 (HpIHE 3aChIIaHHON B yCThE), OT KOTOPOH B 3aMaJHOM
HaIpaBJICHUH MPOJIOJDKAICS IITPEK, MEPEXOASIINNA B CIOKHYIO CUCTEMY JOOBIYHBIX MOA3EMHBIX
TOHHEJIEH, Pa3[eJCHHBIX TMTAaHTCKUMH IIeJMKaMu. Bcero Ha BTOPOM IMOJ3€MHOM TOPHU30HTE
O0bul0 100bITO Oo0siee 70 ThICSY KyOOMETpPOB KaJbIIMTOBOIO Mpamopa i NpPOU3BOJCTBA
CTPOUTEIbHON U3BECTH.

IIpu orpaboTke Mpamopa MOA3EMHBIM CIOCOOOM K 3amaxy oT «l'JmaBHOro» Kapbepa
NOJ3€MHBbIE BBIPAOOTKH TEPBOTO M BTOPOrO TOPH3OHTOB OBLIM OOBEIUHEHBI MEXAy COOOii, B
pe3yibTaTe 4ero 37ech o0pa3oBajach YHUKanbHas cucreMa ToHHened mmuou 100-300 M,
mmpruHon 20-40 M, npu BbicOoTOM KpoBiau a0 15-20 M. B 1930-e roas! u3-3a TEXHUYECKHUX
[IPOCYETOB B 3amMaJHOM YacTM  NEPBOro IOA3EMHOr0 TOPU30HTa OOBalIMIACh KpPOBJS, B
pe3yJibTate dYero oOpazoBaiiock orBepctue aumamerpom 20-30 M, Tak Ha3bIBaE€MBbIH,
«PyckealbCKuil TpoBaim.

Tpetuii moa3eMHbI TOPU3OHT OBLI MPOWJIEH HA oTMeTKe 69-70 M U mo pa3mepam ObLI
BJIBOE MEHbIIIE, YeM BTOPOU ropu3oHT. OH Takke cooOILIaIcs ¢ MOBEPXHOCThIO yepe3 maxTy Ne
2. Ilpu yrny6nenun «I maBHOr0» Kapbepa MOJ3eMHbIE BBIPAOOTKH 3TOT0 TOPU30HTA COKPATUIINCh
Ha 2/3, ¥ X OCTaTKH B HACTOSAIIEE BPEMsI HAXOATCS MO BOJIOH.

UerBepThlii (HUKHUNM) MOA3EMHBIA TOPU30HT HAXOAMJICS Ha OTMETKe 54 M, HUXe
nonomBel  «[ ' 1aBHOrO» Kapwhepa. Ero BbIpaOoTkM ObUM HEOONBUIMMH, IOCKOJIBKY TOpPHBIC

27.



paboThl 37eCh HaYaIuch TOJAbKO B KoHIe 1930-x rogoB. Mpamop mogHUMANCS HAa MOBEPXHOCTh
yepe3 maxTty Ne 3, BXO B KOTOPYIO HbIHE 3aChIllaH MOpPOI0i.

JIBe xopoTkue ITOJbHU B KOoHIE 1930-X rogoB Takke ObLIM HpOHJeHbl (GUHHAMH Ha
BTOopoM ropuzoHTe (104-106 M Hanx ypoBHeM Mopsi). OHM CIIy>KUJIM JUIsl TPAHCHOPTUPOBKU
IIyCThIX BAaroHeTOK M Mojxoaa pabdounx K crBoiy maxTtel Ne 2. B Hacrosiee Bpemsi 3TH
IITOJILHU UCHOJIB3YIOTCS AJIsl IPOBEAEHUS SKCKYPCUM.

C 1945 rona pyckeallbCcKMii MpaMOp MPOJOJDKAIM pa3padaTbiBaTh Al NMPOU3BOACTBA
CTPOHUTENFHON H3BECTH, M3BECTKOBOM MYKH, HMICOHS, JEKOPATUBHOW KPOIIKH M OOJIHMIIOB OUHBIX
IJIUT, B PE3yJIbTaT€ YEro B IPaHULAX MECTOPOXKIAEHUS IMOSBHIIOCH €Il HECKOJIBKO Kapbepos,
HBIHE 320 POIICHHBIX U MOIyaTOIIEHHBIX.

B nacrosiee Bpems «l maBHBI» Kapbep CO IITOJIBHSIMH BTOPOr0 JOOBIYHOTO TOPU30HTA
(104-106 M) wmecropokaenus «Pyckeana-1» sBisieTcs 3KCKYpPCHOHHBIM 00BbekToM ['OpHOro
[Tapka «Pyckeana» W HMMeEET CTaTyC TOPHOIPOMBIILIEHHOTO M TE€OJIOTHYECKOro MaMATHHUKA
pecnybimkanckoro 3HaueHus. KoHmenmuio ropHoro napka paspadoranu B koHue 1990-x rogos
N.B. bopucoB m AWM. I'puOymmH — WHHUIMATOPHI HWCHOJB30BAHUS CTAPHUHHBIX TOPHBIX
BbIpaboTok CeBepHoro IIpunanoxbs B KauecTBE SKCKYPCHOHHBIX OOBEKTOB. BrocnenctBuu
¢bupmoit OO0 «Konmac I[Tmrocy Obu1 pa3paboTaH MPOEKT 00YCTPONCTBA SIKCKYPCHUOHHON TPOIIBI
BOKpYT «I J1aBHOr0 Kapbepay, MoJy4uBIIero Ha3BaHue «MpamopHelid KaHbOHY.

Hama rpynna komuccuu kapctosenenus u cueneonoruu PI'O cuutaer, yto HE00X01uMo
nanbHenee passutue I'opHoro nmapka «Pyckeana», cOCTaBlIeHHE IIPOEKTA UCIOJIb30BAHUS €TI0
NOJI36MHOI'0 MPOCTPAHCTBA M MPUJAHUSA €My CTaTyca IPUPOAHOrO Mapka, a B JajbHEHIIeM —
reonapka ¢emepansbHOro panra. Mbpl IPUCTYNWIM K peaju3allid 3TOr0 HaMEpeHUs B paMKax
npoekta Hamed komuccuu «llomzemnas Kapenusi». [Io 10roBOpeHHOCTH € aJMHUHHUCTpAIMEn
I'opnoro napka «Pyckeana», Mbl Hauajau HCCIEA0BAaTEIbCKUE PabOTHl B IMOJ3EMHBIX T'OPHBIX
BBIPAa0OTKAaxX MecTopoxaeHus — «bosbplmioM 3ane» M IITOJbHE, HAauMHAOLIEHcs B OopTy
«['maBHOrO» Kaphepa. 3uMoOil co JbAa OblIa TpoBeAeHa Tomorpaduueckas cheMka Hambosee
KpYIHOM MOJIOCTH — 3aj1a, UMEIOIIEro JJIUHYy okosio 120 M, u mupuny - 64 M. [lotonok (kpoBis)
3ana onupaeTcs Ha BOCEMb T'MTAaHTCKHX KOJIOH-11eJUKoB, auamerpoM n0l0 m. Ero Beicorta
nocturaet (OT Jbjaa) 7-8 M 10 motoika u 10-12M 10 MOBEpXHOCTH 3eMJIM HAa Kparo MPOBAIBLHOTO
BbIXOJa. 3aj 3aTomjieH A0 rIyOuHbl okono 8 M. KoHeuHo, Takasi TMraHTCKas MOJOCTh CO
CBOJYATHIM MOTOJIKOM, MACCUBHBIMU BBICOKHMHU KOJIOHAMHM M OTPOMHBIM 3€pKajiOM MOJ3EMHOT O
o3epa SABJSETCS 3aMedaTeNbHbIM 9KCKYPCHOHHBIM 00BEKTOM, UMEIOIIUM BBICOKHI 3CTETHY €CKUM
MOTEHIMAI, TeM HE MEHee, 3Ta YacTh MECTOPOXKIACHHUS 1O CHX MMOP HE HMMEET HHMKAKOro
3aIIMTHOTO CTaTyca W MOXET OBITh pa3pylieHa MPEANpUsITHEM, IUIAHUPYIOIIEM J100BIYYy
MpPaMOPHOI KPOILIKHU B COCETHEM Kapbepe.

[IpoBenennslie uccnenoBanus nokasanu, uto «bonpmon 3am» cBsizaH ¢ «l'aBHBIM»
KapbepoM WITOJbHEH, B CEBEpHOW dYacTh KOTOpPOW oOpa3oBaiicsi KPYHMHOTJIBIOOBBIM 3aBai,
nepeKkpbIBIIMi nmpoxoa. Tem He MeHee, Mropp XinebamuH cymen HalTH B 3aBaje Jia3, KOTOPBIH
ITO3BOJIMJI €r0 MPEOJOJIETh, YTO JOKA3bIBAET BO3MOXKHOCTb CO3/IaHMS ITOJA3EMHOI0 MapIIpyTa 1o
mrosbHe No 1, o0BeNUHSIIONIEro MOA3eMHbBIE BHIPAOOTKH M «MpaMOpHBIM KaHbOH». Y1aJI0Ch
M3YYUTh BTOPOW TOHHENb IITOJBHH, KOTOPBIA J0 MOAPHIBA BHIXOIAWI Ha MOBEPXHOCTH B OOPTY
cocemHero kapbepa No 5, mpoBecTH TOHOrpaguueckyro ChEMKY IOA3EMHBIX BBIPAOOTOK U
MPUJIETAIOIINX YYaCTKOB TOBEPXHOCTH. Temepb Oyaer HEO0OXOJUMO pPACYUCTHTHh 3aBallb
mToJibHU. TakuM 00pa3oMm, (GopMHpyeTcs OOLIMpHAs CETh IMOJ3EMHBIX IOJIOCTEH, KOTOpBIC
MOTYT OBITh HMCIOJIb30BaHBI JJIi OOYCTPOMCTBA AKCKYPCHOHHOI'O MapuIpyTa OOIIeH MIJIMHOMN
6onee 300 m. HeobGxomumo pa3paboTaTh MpOEKT pa3dopa 3aBajioB, HOPMAaJIHM3allUd TOPHO-
TEXHHYECKOW CHUTyalll, OYUCTKA INTOJEH U OO0YyCTpOMcTBa 0€30MmacHOTO IMOA3EMHOI0
MapuipyTa.

Celiuac HaMHM TMPOBOJATCS KOMIIJIEKCHbIE MCCIEIOBAHMS YKa3aHHBIX IOA3EMHBIX
nosiocteil. Hekoropble pe3ynbTaThl OKa3ajlCh COBEPIIEHHO HEOXHJIAHHBIMHU, HAmpUMep,
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CHayayia ObUIM BBIABJIEHBI CJEIbl CTOSHHS BOABI B 1,5 MeTpax HaJa MOJOIIBOM IITONBHHU, YTO
yKa3plBaJI0O Ha BO3MOXKHOCTb KPYIHBIX MaBOJKOBBIX 3aTOIUIEHUH, KOTOpbIE 3aTEM YAAJIOChH
HaOmonate BecHoil 2011 r. Ilpu pa3pabGorke mpoekTa o0ycTpoicTBa MOA3EMHOIO MapuipyTa
HEOO0XOIMMO MPEAYCMOTPETh MEPOIIPUSATHUS, HE JOMYCKAIOIIME MOBBIIIEHUS YPOBHS MOJ3EMHBIX
pYy4beB B MaBOJKOBBIX 00CTaHOBKAX.

Hamu uccnenoBanachk paavannoHHasi oOCTaHOBKA B MOJA3EMHBIX BhIpaOOTKaX. YpPOBEHb
panuanoHHOro (poHa HU3KHMHA U HE TPEMSTCTBYET IPOBEIECHUIO SKCKYPCHUH.

3UMHHME MMKPOKIMMAaTHYECKHME HaOMIONEHUs I0Ka3aJid, 4YTO B LEHTPAJIbHOM 30HE
MOJIOCTEN MOJAePKUBACTCS MOJOKHUTENIbHAS TeMIlepaTypa, YTO OJaronpusTHO JJIS IPOBEICHUS
3UMHHUX 3KCKypcuii. HameueHbl paioHOBBIE, THIPOXUMHUYECKHE, MUKPOOUOJIOTHYECKHUE U JIpyTHE
UCCIIEZIOBAHN.

Oco0plii MHTEpeC BHI3BIBAET M3YYEHHE MUHEPAJIOTMU U TE€OJOrMM Ha TEPPUTOPUU U B
okpecTHOCTAX ['opHoro mapka «Pyckema». Pyckeanmbckue MpaMOpbl HUMEKOT — CIIOXKHBIN
MUHEpaJbHBIA COCTaB (KaJbLUT, JOJOMMT, AKTUHOJMT, TPEMOJMT, BOJIACTOHHUT, IUOIICHJ,
KBapll M T.I.), KOTOPBI ompexnenser (U3NKO-MeXaHHMYeckue cBoicTBa kKaMHsA. Ha oTBecHBIX
3anmagHbIX Ooprax «[JaBHOro» Kapbepa M Ha CIJIAKEHHOH JIEAHMKOM IOBEPXHOCTH Mpamopa
OTMEUaeTCs MHUKpPOKAapCT  rpebeHuyaTo-iMo4HON  ¢opmbl.  bonmee  kpynHble  (opMBI
KapcTooOpa3oBaHMs B IIpefenax Pyckeanbckoro MECTOpOXKAEHUS MpaMOpa HE YCTAHOBJICHBIL.

B monxzemubIX mosocTsax M Ha ydactke ['opHoro mapka «Pyckeana» Ha NIOBEPXHOCTH
Ipeamnojaraercs IpPOBEIEHWE HHTEUIEKTYaJbHOI'O  HAIlOJIHEHUS  MaplipyTa:  MYJSDKU
N300pakaloNye CLUeHbl JO0OBYM MpaMopa, CKYJbINTYpHbIE KOMIIO3UIIMM, KOMNUHU IelepHON
KHMBOIIUCHU U T.J., a B Oy(epHOil 30HE — pa3MelleHne My3es, KEMIIMHTa, TOCTUHHIIBI, PECTOpaHa U
JPYTUX 3JIEMEHTOB UH(PACTPYKTYPBI TYPUCTHUECKOTO MPEAIPUATHS.

CoBmectHo ¢ ¢upmoit «Germtek» paspabareiBaeTcsi MPOEKT  00OPYAOBaHHS
COBPEMEHHOI'0 OCBELIEHUS Kapbepa U MOA3eMHOM YacTu Oyayllero MapupyTa.

[locne mpeTBOpeHMs B KM3Hb 3TOr0 IpPOEKTa PyckeanbCKWi Mapk CTaHET OJHHUM H3
CaMbIX MHTEPECHBIX M COCTOSTENBHBIX MPUPOJOOXPAHHBIX OSKCKYPCHOHHO-TYPHCTHYECKHX
LeHTpoB Poccuu, HY B 4eM HE yCTYNAIOLIMM JIyYIIUM reonapkaM EBporbl.

JIutepatypa
bopucos 1.B. Pyckeansckue kamenonomuu. Coprasana, 2010 r.
bopucos 1.B. Kamennoe oxepense Jlagoru. CII6, 2010 r.

ZOOBENTHOS OF PRIPINEZHYA CAVE SYSTEMS (ARKHANGELSK
REGION). - VARIETY OF FAUNA AND ECOLOGICAL COMPLEXES SPECIES.
E.S. Chertoprud*, M.V. Chertoprud*, P.P. Borisov**, E.V. Shavrina***
*Moscow State University
**|nstitute of fish culturing and oceanology, Moscow
***State reserve “Pinezhsky”
300BEHTOC IIEHIEPHBIX CUCTEM ITPUIINHEKbBA (APXAHI'EJIbCKASA
OBJL.) - PABHOOBPA3UE ®AYHBI U SKOJOTI'MYECKHUE KOMIIJVIEKCHI BUIOB.
E.C. Yepronpyn*, M.B. Uepronpya*, P.P bopucos**, E.B. IllaBpuna***
“MockoBcKuit roCyJlapCTBEHHBIN YHUBEPCUTET, , MockBa, Poccusi.
“Beepoccniickuit Hayuano-Uccnenoparensckuii MactutyT Poibroro Xossiicrea n
Oxkeanorpaduu (PI'YII BHUPO), Mocksa, Poccus;

Ex

3I'TI3 «Ilurexckuii», , [Imaera Poccus.

Here describes the faunal composition and ecological complexes of zoobenthos
inhabiting the waters of cave systems Olympiyskaya, Museynaya, Chrustal 'naya (nature reserve
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«Jelesnye Vorota») and Golubinskiy proval, Kitej (Pinejskiy conservancy area). Samples were
collected in January 2011 (20 samples — macrobenthos; 20 samples — meiobenthos).

In the collected samples revealed 17 species of invertebrates belonging to four classes:
Nematoda, Oligochaeta, Crustacea and most diversely represented, Insecta. Among the
identified taxa troglobiont is one species of Amphipoda — Pallasea sp. n. (new species for
science); troglophils — two species — Copepoda: Megacyclops viridis and Olygochaeta:
Enchytraeidae indet.; trogloxene presented exclusively by insects and their larvae are most
numerous — 14 species. The basic principles of the fauna formation in the studied caves are
discussed. Found in the caves Golubinskiy proval and Kitej the new species Pallasea sp. n. is the
most northern finding of troglobiont organisms in Eurasia. This fact is important both for the
analysis of biogeography of freshwater amphipods, and in model evaluation of the distribution of
the cave faunas relicts in general.

dayHa 3000eHTOCAa BO10eMOB [IpUnuHexbs n3yueHa K HaCTOSIIIEMY BPEMEHHU JIaJIeKO He
nonHo. Haubosiee neranpHble HMcciienoBaHus OEHTOCHBIX COOOIIECTB HPOBEAECHBI [UId 03€p U
HECKOJIbKUX MaJbIX PEK, PAaCHOJIOKEHHBIX Ha TeppuTopuu I[IMHEXKCKOro rocynapcTBEHHOIO
3anoBennuka (basuaos, 2000; CtynenoBa u ap., 2008). Onnako B pabore basnosa (2000) mus
psiga rpymn opranu3MoB (Hanpumep, Bivalvia, Coleoptera, Diptera) sacts onpenencHuii Obuia
BBITIOJIHEHA TOJBKO JO0 YpoBHS poaoB. B pabore CrynmeHoBodd ¢ coaBTopamu (2008)
UJCHT(UKAIMS OPraHU3MOB IIPOBEAEHA TOJBKO 1O OTPSJIOB M KJIAacCOB. XapaKTEpPHO, UTO
[IPaKTUYECKU BCE CYLIECTBYyMOIIME MyOJukauuu o 3000eHTOCE I[IpHUIIMHEXKbSI MOCBSILEHBI
aHanu3y (QayHbl MOBEPXHOCTHBIX (Ha3€MHBIX) SKOCUCTEM U COBCEM HE 3aTParuBalOT MeEIEepHbIE
BOJIOEMBI, Pa3HOOOPa3HO MpPEICTABICHHBIE B JAHHOM palilOHe ApXaHTellbCKOM 00I1acTH.

OcHOBHass 1enb HacTosAlmed paboThl: omucaHue (ayHHCTHUECKOrO COCTaBa U
HKOJIOTUYECKUX KOMIUIEKCOB 3000€HTOCA, HACEINSIONIEro BOJOEMBI (03epa, PeKH U POIHUKH)
nemepHbix cucteM [lpununexps. [lomuronamu wuccinenoBaHuil BbIOpaHBI IELIEpHl JIOra
XKenesnbie BopoTa (3akazHuk «XKenmesnsle Bopora») u okpectHocreil mocenka [ omyOuHO
(ITunexckuit 3anoBenHuk). JIutepatypHble JaHHBIE O (ayHEe MELEPHOro 3000€HTOCa JaHHBIX
KapCTOBBIX PailOHOB /10 HACTOAIIETO0 BPEMEHHU MOJTHOCTHhIO OTCYTCTBOBAIIH.

Marepunansl u meroabl. B suBape 2011 r. B memepax jnora JKenesnsle Bopora:
Omumnuiickass, My3eitHas, XpycraiabHas, a Takxke B Iellepax OMMKaHIIMX OKPECTHOCTEH
nocenka ['omyOuno: ['omyOunckuit mpoBan um Kurtex nHamu cobpano 40 mpo6 Makpo- u
MeriobenToca. O0BeM MaTepuasia Mo MakpoOEHTOCY cocTos 20 KaueCTBEHHBIX MpoO, a cepu s
c60poB MeioGenToca — 20 KOIMYECTBEHHBIX HPOO (IUIOmagb oxHONW mpobsl 2 cm?). [IpoGsl
pacnonaramuch Ha 10 craHuusx (CT.), OXBAaTHIBAIOIIKUX O3EPHBIE MEIKOBOABIX (Temnl. My3eiiHas
— 2 CT.), peuHbIe U pPyYbeBbIC MepeKaThl U 1ieckl (meml. JlomonocoBckas — 4 cT. u XpycTaibHas —
1 cr1.), a Takke cuponHble yyactku (renl. ['omy6uHckuii mpoBan — 2 c¢r. 1 Kutex— 1 cr.). Ha
Ka)XI0l CTaHIMK OBUIO B3STO MO JBE MpOOBI Makpo- U JBe MpoObl MeioOeHToca. B memepe
XpycTalbHOM, T/1e OCHOBHBIE BOJJOEMBI PACIIOJIOKEHBI B IIPOMEP3AI0IIEM MTPEIBXOJOBOM I'POTE U
OMmKaMIINX K HEMY 3ajax, OpraHu3MoB O€HTOca He 00HAPYXKEHO.

[Ipo6Gb1 MmakpoberTOCa (OPraHU3MOB C pa3MepoM Telia OT 2 MM) COOMpPANU C MOMOIIBIO
O0entocHoro cauka (pasmep stuem 1 mm). IIpoOsl MeiioOeHTOCa (OPraHU3MOB CO CPEIHUM
pasmepom Ttenma 0.1-2 MM) coOupasii ¢ MOMOIIBIO TPyO4aTOro mpoOOOTOOPHUKA BMECTE C
TPYHTOM, U B JajibHEHUIIEM MPOMBIBAIM 4Yepe3 MeEIbHUUYHBbIA ra3 (pasMep suen 70 MKM).
OOnapyxeHHbIE OpraHU3MbI IOMEIIATN B TepMeThyHble (rnakonsl U (ukcupoBamn 10%
dbopmanuHOM.

Bce ormeuenHble B memiepax BHIbI ObUIM pa3fielieHbl HaMHU Ha TPU HKOJIOTMYECKH X
KOMIUIEKCa, TPEACTaBUTENN KOTOPhIX Pa3INYaIuCh CTENEHBIO CBSA3U CBOMX JKU3HEHHBIX IIMKJIOB
C TMeulepHbIMM MecTooOuTaHUsAMHU. llepBbIil SKOJOrMUecKUi KOMIUIEKC: TPOIrJIOOMOHTHBIE
OpraHu3Mbl, OOUTAIOUIME HCKIIOUUTEIBHO B MEIIepax M HMEIOIIUE CIEeUU(pUUECKUEe YepThl,
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CBSI3aHHBIE C MELIEPHBIM O00pa3oM J>KU3HU (peaylHpOBaHHBbIC TJa3a, HEMUTMEHTHPOBAaHHBIC
MOKPOBBI M T.J1.). BTOpPOH SKOJOTMYECKHH KOMIUIEKC: TPOTJIOPHUIBHBIC OpPraHU3MBI,
JOCTUTaloIMe B IMeniepax 3HAUYUTEIbHOM YMCICHHOCTH, HO BCTpEYAIOLIUecs TaKXkKe U B
OKPY)KaIOIIMX HAa3eMHBIX JKocucTeMax. Tporiopuibl OOBIMHO HE HMEIOT CIEeHHaJIbHBIX
MOpP(OJOTUUECKUX IMPUCTIOCOOJIEHUH 711  OOMTaHWUsA B TOA3EMHBIX Ouotomax. Tpetwmii
9KOJIOrMYECKUA KOMILJIEKC: TPOTJIOKCEHbl — OpraHM3Mbl, CIy4alHO IONaBIIME B IMEHIEPHOE
COOOIIECTBO, BCIEACTBUE 3aHOCA BOJAMHU, MJIM B PE3YyJIbTaT€ MPOHUKHOBEHUSI C MOBEPXHOCTH
MaTepUHCKOM 0coOM (XapakTepHO sl HaceKombix). HWHdopmamus 00 3IKOIOTHYECKUX
0COOCHHOCTSIX HalJIEHHBIX BHJOB OCHOBAaHAa KaK Ha pe3yjbTaTax COOCTBEHHBIX MCCIIEIOBAHUM,
TaK M Ha JaHHBIX JIMTEPATYPHBIX HCTOYHMKOB, TJABHBIM M3 KOTOPBIX: «OmpeaenuTenb
MIPECHOBOIHBIX 0€CMO3BOHOYHBIX Poccuu u conpenenbHbix Tepputopuii» (1997, 1999, 2001).

Pesyabrarbl. Buoosoe paznoodpazue. Bcero B coOpaHHBIX TpoOax oOHapyxeHo 17
BHJIOB OECIO3BOHOYHBIX, MPHHAMISKANMX K ueThlpeM kiaccam: Nematoda, Oligochaeta,
Crustacea u, Hanbonee pa3HOOOpa3HO mpencraBieHHble, Insecta. CpenHee yuciIO BHUAOB Ha
npoOy BappupoBasio or 1 go 8. OOuime opraHu3MoB B IpoOax BapbupoBasio oT 1 10 26
9K3EMILISIPOB.

BONbIIMHCTBO ~ OTMEYEHHBIX OPraHW3MOB  OTHOCHJIMCh K  pa3MepHOM  rpymme
MakpobenToca. MeiliobenTocHas payHa, oOuTaromas Ha TIIMHUCTBIX TPYHTaX W3Y4YEHHBIX Melep
B 3UMHHUH IepHUoOJ, OKa3ajach KpaiiHe OexHa. MelioOeHTOC ObLI MPEACTABIEH OAHUM BUIOM
Copepoda (Megacyclops viridis) u cropaguuecku BcTpedaronmmucs Nematoda, KOTOpBIX He
yIlaJ0Ch OMpPENeTUTh 10 BU/A.

Cpenu 0oOHapy»XEHHBIX TaKCOHOB TPOTJIOOMOHTHBIM SBJSETCS OIWH BHI aMpumon —
Pallasea sp. n.; TpormoduibHbIMH — JBa BHJa: BecioHoruii padok Megacyclops viridis u
onuroxera Enchytraeidae indet. TporiokceHsl, mpeacTaBiCHHbIE HCKITIOYHTEIbHO HACEKOMBIMHU
U UX JUYMHKaMH{, HauOosiee MHOTrO4YHUCIIEeHHBl — 14 BuaoB. O6mumi cnucok (ayHbl U3y4EHHBIX
Telep npeacTasiieH B Tabmuie 1.

Haubonee paznoooOpa3Hoil okazanack OeHTOCHAsI ayHa memepsl OauMIiuiickas, yepes
KOTOpylo TpoTekaeT peka Haconmxa — 11 Bumo. [[ns BUIOBOro OOraTcTBa OTHOIICHUE
HaceKkoMble / mpoume rpymnmbl coctaBimsier 9/2. Pexka Haconuxa, He SBISETCS TMOJHOCTHIO
MelepHbIM BOJOTOKOM, M OepeT CBOM MCTOKHM B IMOBEPXHOCTHBIX 03epax M pydbsXx. B cBsizu c
9TUM TPAKTUYECKH BCE OPraHU3MbI, OTMEUEHHbIE B IMOJ3EMHON YacTU pEKH, SBISIOTCA
TporinokceHamu. Crenuduueckyro TpornopuiabHyo ¢ayny B mnemepe OumMmmnuiickas
npencTaBisroT Tonbko Enchytraeidae indet., MmaccoBo oOuTaronme B riMHE BIOJb Ype3a BOJBI U
Ha JIPYTUX BIQXKHBIX y9acTKax IPYyHTa.

Ha BTOpoM MecTe no pazHooOpa3uto OeHToca HaxoauTcs Ieniepa My3seliHas — 7 BHUJIOB.
Jlis BUOBOrO OOraTCTBa OTHOILIEHHE HACEKOMbIE / Mpoune Tpynmbl cocTaBiser 5/2. B nByx
KPYIHBIX 03€pax 3TOil Memepsl MpencTaBleHbl KaK TPOTJIOKCeHBl, TaK U TporjoduibHbIe
(Megacyclops viridis u Enchytracidae indet.) opranusmsl. Kpynasie mukiaonsr M. viridis oueHb
OOBIYHBI JISl TIOJI3EMHBIX BOJI, TJI€ YaCTO JIOCTUTAIOT 3HAaYnTeIbpHOro oomnus (Permos, 1948). Io
cpaBHEHHUIO ¢ mneuiepoil Onumnuiickoil BomoeMsl nemepsl My3eliHol 6ojee TpyAHOAOCTYIIHbI
Ui (hayHBI Ha3eMHBIX SKocucTeM. O3epa B My3eiHOl c1abonpoTouHble U HAIIOIHSIOTCS TOIBKO
3a c4eT MaBOJAKOBBIX TPYHTOBBIX BOJ, HO HE PyYbEBOT0 CTOKA C MOBEPXHOCTU. OTCYTCTBUE CTOKA
MOBEPXHOCTHBIX BOJl 3HAYHUTEILHO OTPAaHUYMBAET BO3MOKHOCTH IPOHMKHOBEHHUS B 03€pa
OpPraHu3MOB TPOTJIOKCeHOB. OHAKO, pacCTOSHHE OT OCHOBHOTO BXOJa B TMeEMIEpy M0 03ep
cocTaBJsieT He Ooyee JBYX COTEH METPOB, UTO, HECMOTPS Ha JIOCTATOYHO Y3KHE XOfbl, ciIabo
MPUTISITCTBYET MPOHUKHOBEHUIO B 3aJIbI MELIEPHI JIETAIOLIUX UMAro HaCEKOMBbIX.

Jnst memep ['omyOuHckmii mpoBail 1 Kutex, B KOTOPBIX ObLIA MCCIeA0BaHbl CU(OHHBIC
Y4acTKH, yAaJIeHHbIe OT BXojaa He MeHee yeM Ha 400 MeTpoB, OTMEUEH €IMHCTBEHHBIH BUJ —
tpornoouont Pallasea sp. n. (CumopoB u ap., 2011). Drta HoBas s Haykd amdwuiona
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BCTpeYaercsi Ha TIMHUCTOM JHE CH(OHHBIX YYacCTKOB, HHOrJa JaXe B 3HAYUTEIHLHOM
KOJIMYECTBE — 710 6 IK3eMIUIIPOB Ha npoOy (memr. ['onyOuHCKui poBain).

XapakTepHO, YTO KOMIUIEKCHl BUJIOB, OOHAPYKEHHbIE B Pa3HbIX MeEllepax, MPaKTHueCKU
He TnepecekaroTcs. TobKO YeThIpe BUAAa BCTPEUEHBI B IBYX U3 YETHIPEX PaCCMOTPEHHBIX MEILEp.
OnuH U3 3THX BHIOB SIBIIsETCs TporioduonTHbIM — Pallasea sp. n., onuH — TporinopuibHbEIM —
Enchytraeidae indet., a nBa — Ttpornokcenamu (mozenka Cloeon luteolum wu BeCHsHKA
Taeniopteryx  nebulosa), BeposiTHO, = MacCOBBIMH B  TOBEPXHOCTHBIX  BOJOEMaX.
IIpenmosoKuTenbHO, 3HAUUTENbHBIE PAa3IMUUs BUAOBOTO COCTaBa OEHTOCA Pa3HBIX IMELIEPHBIX
CHUCTEM OOBSICHSIOTCS HEIOCTATOYHOW H3y4yeHHOCThIO (ayHbl. JlanmpHelime wucciaenoBaHus
HECOMHEHHO MPHUBEAYT K PAaCUIMPEHHUIO BUAOBBIX CIIMCKOB M YBEJIMYEHHIO UX MEPEKpPbIBAaHUS.
Kpome Toro B pasHbIX memiepax pa3inyaroTcsl MPUHIMIBI GOopMHpPOBaHUs (ayHBI: B OIHOM
cllyyae OCHOBHYIO POJIb MIPaeT 3aHOC HA3eMHBIX BUAOB C BOJOW, B JIPyroM — IE€peMeELIECHUS
KpBUIATBIX CTaJWi HAaceKOMBbIX. MHorma, xoraa ¢ayHa oOMTAaeT B YCIOBUSX OTHOCHTEIbHOMN
u3oNsiuMM, ee  (OpMUpOBAaHME  YACTMYHO  INPOMUCXOIUT 3a  cueT  oOpa3oBaHMS
CHelMaIN3UPOBAHHBIX MEIEPHBIX TAKCOHOB.

Tabéauua 1. BerpeyaeMoCTh TAKCOHOB MAKPO- H MeHO0EHTOCA B M3Y4YEHBIX
*
nemepax .

[Temepst

Cnucox Omumnuiick | My3eitna | Kute | omyOuHCKuHl TpoBat
BHUJOB ast A X
Kin. Nematoda
Nematoda indet. | + - T -] -
K. Oligochaeta
Enchytraeidae indet. | + [+ [ -] }
Kun. Crustacea
Otp. Copepoda
Megacyclops viridis |
OTtp. Amphipoda
Pallasea sp. n. | - - [+ ] +
Kun. Insecta
OTp. Ephemeroptera
Baetis rhodani + - - -
Cloeon luteolum + + - -
Siphlonurus lacustris - + - -
Otp. Plecoptera
Diura nanseni + - - -
Taeniopteryx + + - -
nebulosa
Nemurella pictetii + - - -
Nemoura sahlbergi + - - -
Nemoura af. - + - -
avicularis
Ortp. Heteroptera
Sigara semistriata + | - B _
Otp. Diptera
Dicranota + - - -
bimaculata ‘

1
+

1

1
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Eloeophila mundata + - - -
Cnetha sp. + - - -
Guttipelopia - + - -
guttipennis

Yucao BUIOB 11 7 1 1

* Bce ykasaHHble B TaOjuIle BHJIbI HE OTMEUYEHBl JJid BOAHON ¢ayHbl [lMHExkckoro
3aroBeHMKA.

3akarouenue. CunuTaercs, 4TO B EPUO/I TOJIOLICHOBBIX OJIEIEHEHUH KaK MOBEPXHOCTHBIE
BO/IOEMBI, TaK M TMEIIepbl MPUIONIAPHBIX obOsiacTell EBpasuy 3HAYMTENHHO MPOMEp3alH, YTO
MIPUBENO K MPAKTHYECKH MOTHOW THOENN WX SHAEMUYHOH (ayHbl. BeposiTHO, mpakTHYECKH BCs
IIPECHOBO/IHAs (payHa CEBEPHBIX perMOHOB Poccuu ABIIsSEeTCS NOCTIISIIMAIBHOM, PacCenuBILIEHCs
3/1eCh MOCJIE MOCIIEAHEr0 OJIEICHEHHs B TEUCHHE HECKONBKUX ThICsueneTuii. B cyOTponnueckux
nemepax Cpean3eMHOMOpbS, HANpPOTHUB, MPECHOBOAHAs (hayHa CYIIECTBYET B OTHOCHUTEIHHO
CTaOMJIBHBIX YCIOBHSX C TPETHUYHOrO IEpUOJa, BCIEACTBUE 4YEro HACUUTHIBAET MHOIO
CHENHNaIN3UPOBAHHBIX M SHJIEMUYHBIX TakCcOHOB (bopyukwuii, 1952). B cBere maHHON TOYKH
3peHHs, BEPOSATHOCTb OOHApYKEHUsS CHEUUAIN3MPOBAHHBIX TPOIJIOOMOHTHBIX BHAOB KakK B
pernoHax yMEpeHHOH MOJIO0Chl, TaK U B MPUIOJISIPbE, O4eHb HU3KA. [0 HacTOsIIEero BpeMeHHU, B
EBpasum caMbIM CEBEpHBIM TPOTJOOMOHTHBIM BHUAOM siBisiack amdunoaa Crangonyx
chlebnikovi, obnapyxennas B Kynrypckoi mnemepe (ITanbkoB, Kpaitaes, 2003). Ilpu stom
Kynrypckas nemepa naxoautcs B [lepmckom kpae Ha Cpegnem Ypase, uto npumepHo Ha 1000
KM [0kHee, yeM [InHex ckuil KapCTOBBIN MaCCHB.

Takum oOpa3zom, HaiiieHHas B mneuiepax ['onyounckuii mpoan u Kurex Pallasea sp. n.
SIBJIIETCS. CaMOM CEBEPHOM HaxXOJKOH TPOriIOo0MOHTHBIX Opranu3moB B EBpazum. OToT (akt
MPEICTaBIsIeT HECOMHEHHBIA UHTEpEC Kak Mpu OroreorpauueckoM aHaIM3e PaclpOCTPaAHEHUS
MPECHOBOJIHBIX aM(UIOA, TaK U NP MOAEIBHOW OIIEHKE pAaCHpPOCTPAHEHUS! PEIUKTOBBIX
MeIIEePHBIX (ayH B IIEIIOM.
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EXAMPLES OF MODELING OF KARST PROCESSES
AYa. Gaev, Yu.A. Kilin, I.LN. Alferov, N.S. Alferova
Public Institute of karstology and speleology, Russian geographical society
Orienburg State University
NPUMEPBI MOAEJIMPOBAHUSA KAPCTOBBIX ITIPOIIECCOB
AJSl. T'ae, 10.A. Knaun, U.H. Andeposn, H.C. AndepoBa
WHuctuTyT KapcroBenenus u crneneosnorun Pycckoro reorpaguueckoro oouecTsa,
OpeHOyprckuii rocy1apCTBEHHBIN YHUBEPCUTET

Cxema ruapoauHamMuyeckoi 30HajgbHOCTH O ['.A. MakcumoBuuy (1969) Bkitouaer B
ce0s BCe 30HbI, B TOM 4YHCIIE€ MEPEXOAHYI0 30HY M 30HY HOAJOJIMHHOIO CTOKAa IOJ PEKaMH
CopuiBa, Upenp u ap. [IpeHupyroTcss BOJbI 30HBI IOCTOSHHOTO TOPHU30HTAJbHOI'O CTOKA H
IPYHTOBBIE BOJbI BOAOCOOPOB. MHTEHCMBHOCTb KapCTOBBIX IIPOLIECCOB B pa3HBIX 30HAX
CYLLIECTBEHHO OTJMYAETCs, KaK U 3HAYEHUs MOJYJEH U OTHOCUTENIbHBIX MOAYJEH MOA3EMHOI0O
XUMHYECKOrO CTOKA B T/KM° B TOJ (A, Taes, 1969, 1989). YcraHoBiIeHO, YTO 3HAYEHUS
WHTEHCUBHOCTU XUMHUYECKOM JIeHyAalliu B IEpPeXOAHOM 30He B 3+8 pa3 BblllE, YEM B 30HE
a’panuu (tabn. 1, puc. 1). A 3TO 3HAUUT, 4TO 00BEMBI KAPCTOBBIX IMMYCTOT B MEPEXOJHON 30HE U
B 30HE a’pallMy JOJDKHBI OBITH MPOMOPLHMOHATIbHBI BEIMYMHAM HHTEHCHUBHOCTH KapcTOBOTO
nporecca. To ecTh, B MEPEXOJHOM 30HE MPOMCXOAUT Haubosiee aKTUBHOE (opMHUpOBaHHE
KapCTOBBIX TOJOCTEH M (HOPMHUPYIOTCSI OCHOBHBIE OOBEMBI KAapCTOBBIX TMEIIEPHBIX CHCTEM,
pa3BUBAIOIIMXCS  YHACIEAOBAHHO W XapaKTepusylolmxcsd  MHorostaxsHocteto  (IA.
Makcumosuy, 1963, 1969). Huxe no paspe3y BOABI HACBHILAIOTCS PACTBOPEHHBIMH COJISIMH,
arpecCUBHOCTh UX U MHTEHCHUBHOCTD MPOLIECCOB CHIKAIOTCA. BKiIIOUeHHE IUApOr cOXMMHYECKUX
METOJI0OB B KOMIUIEKC T€0Joro-reopu3snveckux paboT moMoraer B NPOTrHO3e OOBEMOB
MOJI3€MHBIX KapCTOBBIX (GopM. XuUMHUUECKas NEHyJalus THUIICOB U aHTUIPUTOB B YCIOBHUSX
TEXHOTE€HE3a OLIEHEHa PSAJIOM MCCIEAO0BaTeNeH I 30H MHTEHCUBHOI'O Pa3BUTHUS IOA3EMHOIO
cToka B 582,5 MUKpOHa B T'OJl, 4TO Ha MMOPAJOK BhIIE, 4eM B cpeaneM B [Iepmckom [Ipukamee.

XapakTep CTapeHus KapCTOBBIX II€Ilep 3aBUCUT  OT 3HAaKa W HMHTEHCUBHOCTU
HEOTEKTOHMUYECKUX JBMXeHHM. I'.A. MakcuMoBUY yKa3ajd Ha CBA3b YPOBHEH CII€JIEOreHe3a C
TeppacaMy peK, MPOSABIIIIOLIYIOCS IPU HEOTEKTOHUYECKMX ABMXKeHUsAX llpu oTpuuarenbHbIx
JBUKEHUSAX HACTYMAET CTaJAMs aKKyMYJSILUHU C 3alOJHEHUEM IOJIOCTEH PBIXJIbIM MaTepuaIoM
THUIIa TEppa-pocca, OYB U KOp BhIBETpUBaHUs. [IpH MOJ0KUTENBHBIX ABUKEHUSIX

Tabmuma 1. PacuerHbie 3HaueHUsT MOA3EMHOM XUMUYECKOU JEHYAALUN 10 Tpacce
MarucTpajibHoro razonposoja (OpaIuHCKUHN pailoH)

Monyiae Monayinb OTHOCUT. MOYJIb
T'upponunam  Mogayns  [KoHueHTpanus Y Ay MoiuH . Ly

XUMUY.  |XUMUY. [MO3€MHOM XUMUY.
MYECKUE CTOKa cynb(}aToB B OCTb 2

2 3 |cTOKa, NCHyaluH, NeHyIaluu, T/KM~ B

30HBI 1/C, KM BOAAX, MI/IM 2 5 30HEI,

T/KM” TOJ [T/KM” roj rox
30Ha a’panuu (3,5 mo 0,65 67 67 11 6,34
Tlepexonnas
3011’{21 A 2,71 n02,5 207 123 57  [20,85
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CIIEJICOCUCTEMBl BOBJIEKAIOTCS BBEPX, PAaCTyT B pa3Mepax, COCAUHSAIOTCA uYepe3 MpOBaibl C
3€MHOU TOBEPXHOCTHIO.

Cneneodtaxku TreoMOp(OIOTUUECKH COOTHOCSATCA C  HAANMOWMEHHBIMH  PEUYHBIMHU
TeppacaMu. To ecTh, B KAPCTOBOM MAaCCHBE UAYT /1B MPOTHUBOMOIOKHBIX IIPOI[ecca — aKTUBHOTO
(hopMHUpPOBAaHUS ¥ CTapEHHsI CIEICOCHCTEM C 3alOJIHEHHEM KapCTOBBIX MOJIOCTEH. OTH
MIPEICTaBICHUS OTPAKEHBI B pa3pabOTaHHBIX HAMH MOJIENSX KapCTOBBIX Mporeccos (puc. 1, 2).

KapcTtoBble gnempeccuy, KOTJIOBHHBI, JIOTa H CYXOAOJBl (POPMHPYIOTCS BJIOIb
TEKTOHMYECKH OCTAOJIEHHBIX 30H 36MHOH KOpPBI M B YCJIOBHUSX BBICOKOW (PH3UKO-XMMHYECKON
HEYCTOMYMBOCTH MOPOJ MPEBpALIAOTCS B AApa c1a00 W3yYEHHBIX 2JIEMEHTOB HeolaHamadra —
MyJIBJIBI OCEHaHUsl WM PACTSDKCHHS, KOTOPBIE TMPEIACTABSIOT OCHOBHYIO OMNACHOCTh IS
MepEeCceKaIMUX UX TPYOOIIPOBOAOB. bOpTOBBIE 30HBI KaPCTOBBIX AEMPECCHUM, KOTJIOBHH, JIOTOB,
CYXOJIOJIOB Yallle BCEro OBIBAIOT JOCTATOYHO MIMPOKUE C MOJOTUMHU 3a1€PHOBAHHBIMU CKJIOHAMHU
1 Ororeo0pa3HeIMUA BOpOHKaMU. HO Ha OTJENbHBIX y4acTKaX OHH MPUOOPETAIOT OOPHIBUCTHIN
XapakTep, H3-3a 0o0Jiee DSHEPrUYHBIX HEOTEKTOHUYECKUX MOMHSTHI, OCOOEHHO B IpH
BoJlOpa3nenabHol yactu. Ilo GopTam MONMMH pek HepeaKOo (UKCHUPYIOTCS TPEIIMHBI OOPTOBOTO
oTHopa IMPUHON 10 2 M U TayOuHOW A0 3 M u Oozee. M3 nenoyek CIMBIIMXCS KapCTOBBIX
BOPOHOK HEpenKo (GOpMHUPYIOTCS CIIENble IPO3NOHHO-KapCTOBBIE JIOTa.

SEREECER

My, =0,1-0,5

Puc. 1 'uapoauHaMuyeckasi MOAeJ b 00pa3oBaHus KapcTOBbIX Gopm.
1-runcel; 2-aHrUApUTHL; 3-OTKPBITHIE MOJ3EMHBIE KapCTOBBIE IOJIOCTH; 4-KapcCTOBBIE

MOJIOCTH, 3alOJHEHHbIE WM YaCTUYHO 3alojHEHHbIE MPOAYKTaMU OOpYIIEHHS KpOBIHU; 5-
KapCTOBBIE IOJOCTH, 3alOJIHEHHBbIE WJIM YaCTUYHO 3alOJIHEHHBIE MPOAYKTaMH aKKyMYJIALUN
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TUNIA Tepa-pocca; 6-ydacTKM IUIOMIAJHBIX  JAehOopMamvii  MOBEPXHOCTH 3EMJIM  HaJ
KapCTYIOIMMUCSA TOPOJaAMU; 7-TUAPOJAUHAMUYECKHE 30HBI KapCTOBBIX BOJI: [-MOBEpXHOCTHOM
uupkyssinuy, [[-BeprukansHoil HUcXomsmen mupkymsiuun (adspanuu), I11- mepexomnas, V-
TOPU30HTATBHONW UPKYISAIUHU, V-CHPOHHONW MUPKYISIUHU, VI- TOII0IMHHOrO CTOKA; §8-MOIyJIb
XUMHUYECKOM IEHYIallMy U €r0 3HAaYCHUE B /&M B rogI.

v p N N

_I]z ~|2 [Vol2 |24+ [(:D & [5 & 'lc?)]7 L8 [@ 9

Puc. 2. Moaeab ¢popMupoBaHusi KapcTOBbIX NMPOLECCOB B 30HAX COCPeA0TOYEHMS
MOBEPXHOCTHOI0 M MOJA3€MHOI0 CTOKA:

1 - tunel xapcra mo I'.A. MakcumoBuuy: | — rouswii, |l — 3agepHoBanubIil, Il —
MOARTIOBUAIBHBIN M MOJAJUTIOBUANBHBIN, [V — 3aKphIThI; 2 — MECUaHUKH, aJeBPOJIUTHL, 3 —
TUTICBI M aHTUJPHUTHI; 4 — TIECKH, TpaBWii, 1eOCHb, CYTrJIUHKH, 5 — OTKPBITHIC IOA3EMHBIC
KapCTOBBIE MOJOCTH; 6 — KapCTOBBIE IMOJOCTH, 3alOJHEHHBIE WM YaCTUYHO 3aIOJHEHHBIE

MPOAYKTaMH OOpPYIICHHUS KPOBIM; 7 — KapcTOBBIE IOJIOCTH, 3alOJHEHHBIC MPOIYKTAMHU
aKKyMYIISIAN TUTIA Teppa-pocca; 8 — yJacTKH TUIOMAIHBIX AedopMaIuii MOBEPXHOCTH 3EMIIH
HaJ KapcTylmmuMmucs moponamu; P— wMympma ocemanus; N — nedopmanmm  ocemaHus-

o0pyuIeHus; 9 — ruIpoJUHAMUYECKHE 30HbI KapCTOBBIX BOJ: 1 — BEPTUKAJIBbHOW (HUCXOASIIEH)
LUPKYJISIINY, 2 — IEPEXO/IHASL, 3 — TOPU30HTAIBHON HUPKYJISLIH.

DneMeHThI T€OJJUHAMUYECKONW MOJIEIH CUCTEMBI Tpy0a — MacCUB TOPHBIX IMOPOJI TTOKa3aH
Ha puc. 3. COBOKYIHOCTb KapcTOBO-CY((HO3MOHHBIX U 3PO3UOHHO-TEKTOHMUYECKUX IPOLECCOB
OKa3bIBaeT riay0oKoe BiIMsHHE Ha (popMUpoBaHHE pesbeda U MpPU CYHIECTBEHHBIX M3MEHEHUSIX
JUHUM TpoQuUiIs MO Tpacce Ta3olmpoBOJa MOXKET OKa3aTb HHTEHCHUBHOE JAeQopMHpylolIee
BO3JCHCTBHE HAa TaKHE JIMHEHHBIE >KECTKHE KOMMYHHUKALMU, KaK TPYyOOMpPOBOABI OOJBIIOTO
muametpa (1420 mm).

PazpaGoranneie Momenn u pe3ynbTaThl THAPOTCOTOTHUYECKUX HMCCICTOBAHUI MOTYT
3¢ PEeKTUBHO MCHOJIb30BAaTHCA HpPU CO3JAaHUS €AMHOIO0 HH(OPMALMOHHOTO IPOCTPAHCTBA C
LEJIbI0 OCYIIECTBJIEHUS CKBO3HOTO T'€03KOJOIMYECKOI0 MOHHUTOPUHIA KAapCTOBBIX PaiiOHOB
(CI'MKP). OcnoBoit Ttexnonorun CI'MKP saBnsiercs co3gaHue J€TallbHOW T€0JIOro-
reo@U3NYECKON U Ie0dKOJOTHYECKOW MOJIeeii KapCcTOBOro o0bekTa ¢ oneHkoi cocrosHuss OC
(puc. 1, 2, 3). ITo Mepe u3ydeHuss U OCBOCHUSI 0OBbEKTa HX MOJENU YTOUHSIOTCS, YTO TTO3BOJISET
MPUHUMATH ONITUMAaJIbHBIC pereHus. [IpencTaBieHHbIe MOIENN TO3BOJUITH YCTAHOBUTD, YTO JIJIS
KOMMYHUKAIIU HW COOPYXKECHHUW OCHOBHYIO OIACHOCTh MPEACTABISAIOT jAcedopManuu THUIA
OCEIaHUs W PACTSHKEHUS B KPYMHBIX KAPCTOBBIX JEMPECCHSIX, K KOTOPHIM MPHUYPOUCHBI 30HBI
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COCPCAOTOUYCHUA TOA3CMHBIX BO/I.
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Puc. 3. Cxema ¢opmupoBaHusi MYJbAbl OCEIAHUS 3€MHOIl  NMOBEPXHOCTH U
JAOMOJTHHUTEIbHBIX HANIPSIZKEHUH B CHCTeMe TPy0a-MacCHB rOPHBIX MOPOJ:

| — TekTOHMYECKH OcalleHHbIE 30HBI, ONpeNeNAoIe OJIOKOBBII XapakTep BEKTOPHBIX
nedopmaruii 3eMHON Kopbl. II — nomoaHMUTENbHBIE HANPsDKEHUS Ha MeTajuie TpyOornpoBoaa B
CBsI3UM C (hOpMHUpPOBaHMEM MYJbJbl OCEJaHHs 3€MHOW IOBEPXHOCTU C Pa3BUTUEM KapCTOBO-
cy(po3nOHHBIX U IPO3UOHHO-TEKTOHHYECKUX (popM. ['maponuHamuueckue 30HbI: 1 — a’pauuu
UM BEPTUKAJIBHOM HUCXONAIIEH LUPKYJISALHH BOX; 2 — IEpexoAHas; 3 — 30HA MOCTOSHHOIO
TOPU30HTAIBHOIO CTOKA.

BouiBoabl. Ha ocHOBe aHanm3a pa3paOOTaHHBIX HAMH MOJICNICH pa3BUTUS TOJI3EMHBIX
KapCTOBBIX MPOLIECCOB HAMU OMPOBEPrHYT TE3UC O TOM, YTO JJIsI KOMMYHHMKAUUW U KPYIHBIX
COOPYXEHUW OCHOBHYIO OIACHOCTh TPEACTABISIOT MPOBAJbHBIE KapCTOBBIE Me30(OpMBI.
YCTaHOBJICHO, UTO 9Ta OMACHOCTh CBs3aHa C AehOpMAIMSIMU THUIA OCENAaHUS W PACTSHKCHHS B
KPYIHBIX KapCTOBBIX JAEMPECCHUSIX, K KOTOPHIM IMPUYPOUYEHBI 30HBI COCPEIOTOUCHHUSI ITO3EMHBIX
BoA. B pesynbTaTe reosorudyeckoi IEATETBHOCTH BOJ M MPOSBISIOTCS HanOOIee aKTUBHO
cypho3uOHHO-KapCTOBBIE MPOIECCHl, COMPOBOXKIAIOIIMECS OOpYIIEHHEM IOPOA CBOJOB B
(dhopMupyrommecss KapcroBbie MoiocTu. OpranHbie TPYObl U KOJOIIBI B UX KPOBJIE COCTUHSIOT
MOJIOCTH C TMOHOPAaMHM MU KapCTOBBIMH BOPOHKAMHM, 4Yepe3 KOTOphIe BOAa OeCHpersiTCTBEHHO
IPOHUKAET J0 YPOBHS KapCTOBBIX BOJ, IMOPOXJasi MHTEHCUBHBIA KapCT B INEPEXOIHOH 30HE.
I'paBuTanionHoe OOpyIIEHHE TMOPOA CBOJOB B KapCTOBbIE IIOJIOCTU SBISETCS BTOPOI
Ba)KHeiIel cocraBistoniel npouecca. Bona, crekas B KapCcTOBbIE BOPOHKH, TOHOPBI U TPYOBI,
MajiaeT Ha MPOAYKTHl OOPYIICHUSI B KaPCTOBBIX MOJOCTSAX, U MPU MOJBEME YPOBHS BOJ BHOBH
Mo/IBEpraeT MPOTYKTHI o0pyIIeHus cypho3uOHHO-KapCTOBOMY poIeccy.
l'unporeoxuMuyeckue MeETOAbl B KOMILIEKCE TIeosoro-reopusnueckux paboT MOMOramT B
MIPOTHO3€ TOJ3EMHBIX KapcToBbIX (opm. Ilapamerpsl 00beMa W MHTEHCHUBHOCTH IMOA3EMHOU
XUMUYECKOH JeHyaanuu Mel Beiea 3a A.Sl. 'aeBbIM BbIpakaeM uepe3 MOIYJIb U OTHOCUTEIbHBIHN
MOZIYJIb IIOX3EMHOIO XUMUYECKOTO CTOKA, B T/KM> B rogi. COMOCTABISIS IApAMETPhl XUMHYECKOI
NEHyJallMd  TOPOJl 30HBI  a’pallMii ¢ OOBEMHBIMH  TIOKa3aTesIMH  MOBEPXHOCTHOU
3aKapCTOBAHHOCTH, MBI YCTAaHOBWJIM, YTO TMOA3EMHBIN KapCT B MEPEXOIHONW 30HE MPOTEKAET B
3+5 pa3 UHTEHCHUBHEE, YEM Ha MOBEPXHOCTH 3eMJIU. IHTEHCUBHOCTh TEXHOTEHHOW XUMHUYECKOM
JEeHyJallud TUIICOB M AHTHUJPUTOB OIEHMBAETCS HAMHU B MAaCCHBaX KapCTYIOIIMXCS MOPOJ]
[Tepmckoro [Ipukambs emie Ha TOPSAOK BBILIE.
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ABOUT METHODOLOGY AND METHODS OF HYDROGEOLOGICAL
RESEARCHES OF KARST PROCESSES
AYa. Gaev, YUu.A. Kilin, I. I. Minkevich , N.S. Alferova, I.N. Alferov
Public Institute of karstology and speleology, Russian geographical society
Orienburg State University
O METOAOJOI'MA N METOJUKE T'MAPOTI'EOJIOT'NMYECKHUX
HUCCJEJOBAHUUN KAPCTOBBIX TPOIIECCOB
AJSl. T'aes, 10.A. Kuiun, U.A. MunbkeBuy, H.C. Andeposa, U.H. Andepos
WNHctuTyT KapcroBeaenus u cueneosorun PI'O,
OpenOyprckuii rocy1apCTBEHHBIN YHUBEPCUTET

Bonpocsl MeTOIONIOTMM  HCCIENOBAHMM M METOJMKHM BBIOJHEHHUS IMOJEBBIX MU
KaMepaJIbHbIX KapCTOJIOTMYECKUX PadOT M3/10KeHbl HeoJHOKpaTHO I.A. Makcumosuuem, K.A.
I'opOyHoBOi1, aBTOpaMu U ApyruMH uccienoBarensiMu. C HaydYHO-TEXHHUYECKOM peBOJIOIHeit
CBSI3aHbI MPOIIECCHl IKOJOTU3ALMKU HAayKH, MPOU3BOJACTBA U 00pa3oBaHMs, MPOSBUBIIMECS U B
TUAPOTeOJIOTHM MAcCHBOB KapcTylommuxcs mopof. I'maporeosnorus — 3710 (yHAaMeHTaJIbHas
Hayka o momzemHoi runpocdepe 3emmu (E.B. IMunexkep, 1999), a ee cocraBHas dacts,
TUAPOT€OIKONIOTHS — 3TO MEKIUMCUUIUIMHApHAs Hayka OO0 SKOJIOIMYeCKUX mpodiemax
ruapocdhepsl  3emmn. OOBEKTOM UCCIEAOBAHMM THUIPOTEOJIOTUH  CIYXHUT Tuapocdepa,
HAXOJAIIAsICS BO B3aHMMOCBS3H C IPYruMU reochepamu 3eMiy, UM CHCTeMa BoJa — Mopojaa —
ra3 — »KHBOE BEI[ECTBO — HOOIIEHO3. BeayIyro posib B pOpMUPOBAHUH CUCTEMBI UTPAET YETOBEK.
B cBsi3u ¢ 00OCTPUBIIMMCS 3KOJOTHYECKHM KPH3UCOM TPeOyeTCsl MepeoleHKa CHUTYaIluu |
NPUHLUINAAIBGHO HOBBIA MOAXOX K HMHPOPMALMOHHOMY OOECHEUEHHUIO YIPaBICHUECKUX
pelieHui MO MPOrHo3y M (PYHKUHMOHUPOBAHUIO MHKEHEPHOHM HH(PACTPYKTYpbl, OCOOEHHO B
paifoHax pa3BuTus kapcra. OnbIT MOKa3al, YTO Takue 3aJauu 3 PEKTUBHO PEIIaroTCsl HA OCHOBE
CO3/1aHUs OMOPHBIX MOJIMTOHOB, HA KOTOPBIX YK€ UMEIOTCS MMPOEKTUPYEMBIE, CTPOSIIIIUECS, WU
IKCIUTyaTUPYEMbIE M PEKOHCTPYHUPYEMbIE HHKEHEPHBIE COOPYKEHHS U KOMMYHUKAIMH. ITO
YaCTUYHO peam30BaHo moja pykoBojcTtBoM H0.A. Kununa 3a nmociennue 25 et Ha S ChIIbCKOM
ydacTKe Y KTOpoOACKOro KOpHUI0opa TPaHCKOHTHHEHTAJIBLHOro TraszornpoBoja B Ilepmckom kpae.
31ech 3alMpOEKTUPOBAH TMOJUIOH C YYacTKaAMHM OSKCILUIyaTHPYEMbIX MPOU3BOICTBEHHBIX
KOMMYHUKaIlMii U chopMupoBaHbl 0a3bl JaHHBIX Ui TMPOTHO3a YCIOBHHM AKCIUTyaTalluu
AQHAJIOTUYHBIX O0BHEKTOB.

VY4yeHue o eIUMHCTBE MPUPOIHBIX BOA 3eMJIM 3aj0KeHbl B Tpynax B.JM. Bepnanckoro u
pazBuBaTCa B (anuanbHO-popManuoHHOM ruapoxumudeckom (I[A. MakcumoBu4) u B
renetnaeckom (H.C. Kypnakos, M.I'. Bansmko, B.C. Camapuna, A.f. I'aes, C.JI. IlIBapuieB)
HANpaBJEHUSIX, YTO TIO3BOJISIET B COBOKYINHOCTHM OXBaTUTh BC€ pa3HOOOpazue BOJ,
dbopmupyromuxcs Ha 3eMJie B TOPUPOAHBIX W TEXHOTCHHBIX YCIOBHSX. [ JaBHBIMH,
onpenensiommMu  (GakTopaMu HpU THAPOXUMHUYECKOH XapaKTEpPUCTUKE pEXHMa BOJ Mbl
CUMTaEM TUJPOXUMHUYECKHE (PAallUM U XUMHUYECKHE THUIbI (IIOATUIIBI) BOJ, YCTAaHOBJIEHHBIE B
COOTBETCTBMM C Kiaccu(ukanuend 3TUX aBTOPOB. lIpMHAAIEKHOCTH K XMMHYECKOMY THILY,
MOATUIY M TpyINNe BOJ Mbl ONpeAessieM IYTeM BbIUUCIEHUS COOTBETCTBYIOLIMX
K03 GHUIIMEHTOB 0 TpeM HauboJsiee BaKHBIM cynepTexHohuibHbM 3aeMenTam — Cl, S (SOy4) u
N(NOs).

[To wactHpiM mMurpanuoHHeM KpuBbIM (B.C. Camapuna, 1977) knaccudunupyem BOIbI
BOJIOHOCHBIX TOPU30HTOB [0 MHUHEpaIU3allUd U CPEeIHECTATUCTUYECKOMY HOHHO-COJIEBOMY
COCTaBy B TMpelesaXx COOTBETCTBYIOIIMX HWHTEPBAJOB MHUHEpalu3alUU. | eXHOTeHHas
MeTamopdu3aus XUMHYECKOro COCTaBa BOJ OXapaKTepH30BaHA uepe3 TeXHOPHUIBHOCThH IO
®.U. Trotronosolt, (1987). UccnemoBanbl CynepTreXHO(PHUIbHbIE AaHUOHOTEHHBIE M BBICOKO
TexHO(uIbHbIE 371eMeHTHI. [1oHOoM MeTamopdu3anneil Mbl Ha3pIBaeM CMEHY XUMHYECKOr 0 THIIa
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BOJI B pe3yJbTaTe BO3ACHCTBUS MPHUPOAHBIX U TEXHOTEHHBIX (PAKTOPOB, a HEMOJHOH — CMEHY
XMMHYECKOTO MOATUIIA WK TPYMITBl BOJ B mpeaenax cynbdarnoro tuna. Otknonenus ot I[TJK
o0 OJHOMY WM HeckoiabkuMm mnokazarensiM no ['OCT «Boma nuTheBas», Mbl Ha3bIBaeM
3arpsi3HEHUEM, MPOUCXOISIIIM MpU MeTaMop(r3aIuu XUMHUUECKOT0 COCTaBa BOJI WK 0e3 Hee.

B osmoxy Hay4YHO-TEXHMYECKOW PEBOJIIOIMHU TEepeA THAPOTeOJOrUei CTOST 3aJadyu
pa3paboOTKM METOAMYECKHX OCHOB KapTorpadupoBaHus TUAPOCPEpPbl M CO3TAHHUS CHUCTEMBI
MOHHUTOPHWHTA ISl OIEHKU U MPOTHO3a THIPOT€OIKOJIOTHUECKON CUTYalli ypOaHU3UPOBAHHBIX
Tepputopuit. D(HOEKTUBHBIMU SBJISIOTCA HMHPOPMAIMOHHBIC TEXHOJIOTHUH, O0ECHCUYUBAOIIHEC
HaKoIJIeHue, 00pa0OTKy ¥ WHTEpHpeTanuio HHPOPMAIUUA Ui TPUHSTAS PEIICHUH 110
KOHKPETHBIM 3ajavyaM. VCrosib30BaHbl TPaJAWIIMOHHBIC M OPUTHHAIBHBIE METOJBI 00pabOoTKH
MaTepHayioB TIPU MOCTPOSHUU THIIPOTCOIKOJIOTHYECKON KapThl, pa3pabOTaHHBIC aBTOpaMHU MPH
noanepxkke rpantoB MwunHoOpHayku ([laeB u np., 1994-2007). Hcnonb3oBaHbl Tak ke
JTUCTAHIIMOHHBIE METOABl C ammapaTypod 30HJAMPOBAHHS B TEIJIOBOM, HH(pPaKpacHOM,
ONTUYECKOM, PEHTICHOBCKOM W PaJUMOBOJIHOBBIX JHana3oHaxX, 00ECHEeYUBAIONIME IOTyUYeHUE
[[BETOCHHTE3UPOBAHHBIX OIU(PPOBAHHBIX KapT, BKJIIOYas YyTOUHEHHYIO TOMOOCHOBY, a TaK e
CIIEKTPO30OHAIBHBIC W CHHTE3WpOBaHHbIE CHUMKM MacmTaba ot 1:40000 mo 1:1000000.
HaszemHble MeTOIBI BKIIIOYAIOT THAPOreOJOrHUYECKOe M KapCTOJOrHYecKoe o0cieqoBaHue
UCCIIEyEMOl TeppUTOopuu C ompoOOBaHHMEM NpupoaHbIX Boxa. I[lpu nemmdpupoanuu
AOPOKOCMOCHUMKOB  BBIICJIEHBI ~ JIMHEHMHBIE H  KOJBIEBBIE 30HBI, COOTBETCTBYIOIIHE
TEKTOHUYECKH OCJIa0JCHHBIM M KAapCTOOMACHBIM YYacCTKaM; BBIJCICHBI TaK >X€ HapyIICHHBIC
3eMJIM M TEXHOTEHHBIE MPOLIECCHl C MPU3HAKAMH OMyCThIHUBaHUA. Ha 3uMHHX (OTOCHHUMKAX
XOPOIIO BUAHBI MBLIEBBIE MUTEH (DBl ¥ BHIOPOCHI MPEANPUATHIA Yepe3 TPYObl U KOMMYHUKAIIHH.

Jl7s OoIleHKM mpoIEeccOB B OTKPHITOH HEPABHOBECHOW CHCTEME BOJla — KapCTYHOIIAsiCst
MOpo/a BHITIOJHEHBI HATYPHBIE SKCIEPUMEHTAIBHBIC UCCIEAOBAHUS C MCIOJIB30BAaHUEM METO/Ia
crangaptHeix o6pasnoB (M.M. MunbkeBuu, 2003). PactBopeHue rumca mnporekaer Ooiiee
aKTUBHO, Ye€M KaJIbIIMTA, YTO MO3BOJISIET PACCYMTATh MOKA3aTeIM UHTCHCHBHOCTH PACTBOPEHUS
MOpOJIbI B 3aBUCHMOCTH OT BO3JCHCTBUS Pa3MUYHBIX (DakTOpoB. XOpoImne pe3ylbTaThl
MoNydyeHbl Onaromapsi CTaHAAPTU3AlMKd 00pa3loB IO JHUTOIOrO-TEKCTYpHOMY (GakTopy u
OpraHu3anuy OONBIIOr0 YKCIA CTAHIMA C TUIOBBIMH YCIOBHSIMH B3aWMOJEWUCTBHUS BOJABI C
nopoaoi. OOpasibl U3rOTOBJICHBI U3 €IUHBIX MAPTHH MJIOTHBIX CKPBITOKPHUCTAJUTAYECKUX TTOPOJT
0e3 BKJIFOUCHHH U TpenuH B hopme TadieTok nuameTpom 4045 MM, TommuHON 7+8 MM, BecoM
18+25 r., a B KOHTaKT€ C POJHUKOBBIMH BOJAaMHU HCIIOJIb30BaHbI 0ojiee KpyIMHBIC OOpa3Ilbl.
[lepBoHavabHO OHU OBUIM YCTaHOBJIEHBI HA 50 CTAHLMAX U 5-TH ONBITHBIX y4acTKax, a mocie 5-
TUJIETHUX HAOJIIOJEHUH 1O €IMHON METOAMKE UCCIEA0BaHUs MIPOJOJDKEHBI Ha 38 CTAHIUAX MSATH
OTBITHBIX y4aCTKOB.

B Kynrypckoii nensHo# nemiepe ucciaeioBaHus M0 PaCTBOPUMOCTH CYIb(GaTHBIX MOPOA
IPOBEACHBI B KOMILJIEKCE C eKEMECIIYHBIMU PEKUMHBIMU HAOTIOACHUSIMU 33 NTapaMeTpaMu BOJ,
atMocdepsl 1 nopoza. Ilemepa okazanace Xopoliel HaTypHOU JabopaTopueit sl UCCIETOBAHUS
pPacTBOPUMOCTHU MTOPO/I.

Meroauka THIU3alUKA TEPPUTOPUH TTO3BOJISIET BBIIETUTH TIJIOMAIH 110 CTEIEHU
YSI3BUMOCTH K KapCTy | K 3arpsi3HeHuto. [lapaMmeTpom OIEHKH 3THX MPOLIECCOB CIYKUT MOAYIb
NpeAeabHo A0MycTuMoro 3arpsasHenns no A. 5. T'aeBy (1989, 2008), 3HaueHuss KOTOPOro
BapbupyroT o1 >100 T/ KM B rog mo <5 T/kM° B IOl ¥ KOTOPBIA MbI UCIOJIb3YEM JIJIs1 OIEHKH
AKTUBHOCTU CHCTEMBI BOJIa - IOPOAA.

Hapsiny ¢ obcnenoBanuem 1 onpobOBaHHEM BOJI, IIOYB, TPYHTOB U UJIOB, HA PAJie
TJIOMIAIEH TIPOBECHBI PEKUMHBIE THIPOT€0JIorHuecKre HaomoaeHus . [1ocTpoeHBI CXeMBbI
TUTIU3AIUU TEPPUTOPUH, OTPAXKAIOIINE OJTHOBPEMEHHO CTENEHb TEXHOT €HHOM HATpy3KU U
YSI3BUMOCTH K 3arps3HeHnt0. CXxeMbl pETPOCHEKTUBHOTO MIaHA OTPAXKAIOT YPOBEHb
9KOJIOTUYECKOTO OJ1aronoIyqusl TEPPUTOPUN, MHTEHCHBHOCTD MIPOSBICHUS KAPCTOBBIX
MIPOLIECCOB U CITY>KaT 00OCHOBAHHUEM JIJIsl TPOrHO3a U pa3MeIleHUs] TPOU3BOIUTEIbHBIX CHII B
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COOTBETCTBHH C METOJUKOM, pazpaboTanHo# o pykoBoactBoM A S ['aeea u B.C. Camapunoii
(1989-2008) mpu yuacTru aBTOPOB. I MapOreo10rudeckue MeTo Ibl IPUMEHEHBI B KOMILIEKCE C
reos0ro-reo(u3nyecKuMu 1 U CTaHIIMOHHBIMHU, BKJIIOYasl TEIUIOBU30PHYIO ChEMKY,
BBINOJHEHHYI0 HCTUTYTOM aspokocmuueckoro npudopoctpoenus (. Kaszanp), 4To m1o3BosIniI0
BBISIBJISITH 30HBI NIPOSIBJIEHUS KapCTa U COCPEAOTOYEHHS KAPCTOBBIX BOI.

[IpuHaUIEKHOCTD K XMMHUYECKOMY TUITY, IOJTUITY U TPYIIE BOJ ONpeeseHa MyTeM
BBIYHCIICHUS T€HETHYECKUX KOd(PPUIIMEHTOB O HAauOOIee BaXKHBIM CYIEpTEXHO(OUIBHBIM
snementaM — CI, S (SO4%) u N(NO3). IToxHoit MeTamopdu3arieil Mbl Ha3bIBAEM CMEHY
XUMHUYECKOTO THIA BOJI, TPOUCXO/ISIIIYIO MO COBOKYITHBIM BO3/ICHCTBHUEM MPUPOIHBIX U
TEXHOTEHHBIX (DAKTOPOB, a HETMOIHON — CMEHY XMMHUYECKOT0 MOITHIIA, UJIK TPYIIIHI BOJI B
npenenax cyibpataoro tuna (Camapuna, ['aes u 1p., 1999). OTkI0HEHUS B cCOCTaBE BOJ OT
K umu T'OCT «Bona nutkeBasi» 1Mo 0JHOMY HJIM HECKOJIbKMM ITOKa3aTelsiM, MbI BCJIE 3a
TUTUEHUCTaMH Ha3bIBaeM 3arpsi3HeHrneM BoJibl. OHO MOXKET COI POBOXKAATHCS U HE
COIIPOBOXKIaThCs MeTaMopdu3aLell XHMUYECKOro COCTaBa BO/I.

Meronuka NOCTpPOEHHS] THAPOr €OXUMUYECKON KapThl PaliOHOB Pa3BUTHS KapCTYIOIUXCS
nopox wmacmraba 1:100000 comepxkutr 4 ypoBHs wuHpopmamuu: 1) OrTHeceHHMe BOA K
FeHEeTUYECKUM THUIaM M TOATHUIAM; HW3MEHEHHE XUMHUYECKOrO0 THUIA CBUIETEIBCTBYET O
MeTaMopu3aluu XUMHUYECKOro coctaBa Bom; 2) Kraccudukamuio Box 1mo MuHepanuds3aluu B
npeenax Kaxaoro THNa M MOATUIIA; FpaJalliyd MUHEpAIU3alii BbIOMpaeM MO MUTPALMOHHBIM
kpuBbiM (Camapuna, 1977), oTpakaroliuM CTaTHUCTUYECKYIO 3aBUCHUMOCTb %0-3KBHUBAJIEHTHOTO
COJEPKAHUS KaXXJOro MAaKpOKOMIIOHEHTa OT MMHEpaju3alMu BOJAbl. TOUKM IepecedyeHus
KPUBBIX, B KOTOPBIX MPOUCXOOUT TEPECTpoiiKa cocTaBa BOABI 1O MPeodJIATAOINM
KOMIIOHEHTaM, OIPaHUYMBAIOT MUHTEpBaIbl MUHepanu3auuu. 3) Knaccudukanuo coctaBa BOIbI
o mpeoOyajalonMM KOMIIOHEHTaM, HJIM CPEIHECTaTHUCTUYECKHH COCTaB BOJ BOJOHOCHOTO
rOpU30HTA, TUMa (MOATHUIIA) BOJI B ONPENEICHHOM HMHTEpBajle MUHEpaiu3zanuu. Takoil cocTa
OTpa’kaeT TEHACHIMIO TJIABHBIX KOMIIOHEHTOB K HAaKOIUJICHHIO HIJIM PACCESHUIO C POCTOM
MuHepanu3auuud. 4) Hamuuue 3arps3HuTeneidi B KOHKPETHOM TOYKE ONpPOOOBAHUA,
npesbimaromux [1JIK. Kapra compoBoxmaercs npoduisiMu U nHMOpMaIiueid Mo MCTOYHHUKAM
3arpsi3HEHHs, OTXOJaM H OYHCTHBIM COOpyXeHusM. Kaprorpadguueckne MOCTpOCHUS
WCIOJIb30BaHBI ISl CO3JJaHUSI CHCTEMbl MOHUTOPHHTA.

B ocHOBe TeXHOJOTHH CKBO3ZHOI'O T'HMJIPOI'€0IKOJIOIMYECKOro MOHUTOPUHTA KapCTOBBIX
parionoB (CI'MKP) nexur co3maHue TOCTOSHHO — TpaHC(HOPMUPYIOMIMXCS — T'€0JIOrO-
reoU3NUecKUuX U TeodKoNorndeckux moxaeneir o0bektoB. Texnonorus CI'MKP 6a3upyercs Ha
WCIOJIb30BAHUU COBPEMEHHBIX aBTOMATH3WPOBAHHBIX CHCTEM cOoOpa, XpaHeHHs, o0paboTKu u
WHTEPHPETALNH T'eOJI0ro-re0QU3NIecKO MW 3KOJIIOrHYecko uH(OpMaluu, BKIIOYas TaHHbBIE
TEMJIOBU30PHOM ChEMKH. MeToAuKa MO3BOJISIET ONEPATUBHO BBISABIATH 30HBI COCPENOTOUEHUS
KapCTOBBIX BOJ U YYACTKH MPOSIBIEHHS] MHTEHCUBHOI'O KapCTa.

Lenpro co3panust cucTeMbl MOHUTOPUHTA SIBISIETCS CHUYKEHUE HETaTUBHBIX MTOCIIEICTBUM
KapCTOBBIX  TPOIECCOB  IYTEM  CBOEBPEMEHHBIX  MPOTHBOKAPCTOBBIX  MEPONPHUSITHH,
pa3pabaThiBaéMbIX Ha OCHOBE KOMIUIEKCHBIX HAOJIOJEHMH 3a TI€0JIOro-rUApOreoIoru4ecKon
OOCTaHOBKOW TEpPPUTOPUH, TEXHOICHHBIMU BO3JCHCTBUSMHM Ha TI'€OJIOTHYECKYIO Cpeny,
W3MEHEHUSMU (PU3MKO-MEXaHUYECKUX CBOWCTB TIOKPOBHBIX OTJIOKEHHH, 32 PEKUMOM
MOA3EMHBIX BOJl, KaK B KapCTYIOLIUXCS, TaK MU B HE KapCTYIOIIUXCH MOPOJax.
l'unporeoxumuyeckue METOAbl MOTYT 3()(PEKTUBHO HCIIONB30BATHCA MPH CO3JAHUH €JUHOTO
MH(OPMAILIMOHHOI 0 MPOCTPAHCTBA B MPOLIECCE OCYIIECTBIICHUS CUCTEMbl MOHUTOPUHTA.

Hcnonbs3zoBanHas B paboTe METOAMKA T'MIPOre€OJOrHYECKMX HMCCIEIOBAaHUN I03BOJIMIIA
ydecTh HauboJjiee BaxHbIE Mpoliecchl (GopMUpOBaHMS KapCTOBBIX (OPM MU XMMHUYECKOTO COCTaBa
MO/I3€MHBIX BOJ, U CBS3aTh UX C TUJIPOJUHAMUUYECKHUMH YCIOBUSMU.
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SEASONAL CRYOGENIC CAVE DEPOSITS OF NORTHERN CASPIAN REGION
1.V. Golovachev
Russian geographical society, Astrakhan
CE30HHBIE KPUOT'EHHBIE OTJIOKEHUSA NEIMEP CEBEPHOT' O
NPUKACIIUA
N.B. T'osioBauén
Pycckoe reorpaduueckoe obmectBo, AcTpaxaHb

In the article description of the seasonal snowy- ice deposits, characteristic for the karst
of the North Caspian region is given.

Keywords: karst, cryogenic deposits, cryogenic mineral formations, cave
Baskunchakskaya, Baskunchak lake, elevation Bish-chokho, Inder lake, northern of the Caspian
region.

B cmamve oaémcs onucanue ce30HHbIX CHENCHO-1e008bIX OMIONCEHUU, XAPAKMEPHbIX
ona kapecma Ceseproco [Ipukacnus.

Knioueevie cnoeéa:  KapcT, KpUOTEHHBIE OTIOXKEHMs, KPUOICHHbIE MHHEPAJIbHbBIE
obpazoBaHus, neuiepa backyHuakckasi, o3epo backyHuak, BO3BBILIEHHOCTb buii-uoxo, o3zepo
WNunep, Cesepusiii [Ipukacnuin

Ha tepputopun Ceepnoro Ilpukacnus (mox tepmunoM «CeBepHsiit [Ipukacnuii» aBTop
MOJIpa3yMeBaeT BOCTOUHYIO 4YacTh IIpUKacnuiickoll HU3MEHHOCTH, OTPAaHUUYCHHYIO C 3amlaJIHOM
CTOpOHBI Bonro-AXTyOUHCKOM JOIMHON) oTMeuaeTcs Hamuure He MeHee 500 COJITHBIX KYIOJIOB,
pa3IUyYHBIX OYEPTaHWW W IMO-pa3sHOMY BBIPAXEHHbIX B peinbede. K HEKOoTOpbIM M3 HHUX
MIpUYpOYEHbl HEeOONbIINE MO IJIOMAAN pa3pO3HEHHbIE KapCTOBble pailoHbl. OHHM CBSI3aHBI C
BBIXOZIOM Ha JHEBHYIO MOBEPXHOCTh APEBHUX MO3JHENAIECO30MCKUX MOPOJ, MPEACTaBICHHBIX
HwkHenepMckumu runcamu (P1Kg), B simpax COJSIHBIX KYITOJOB.

Kimumar CeBeproro Ilpukacnusi pe3KO KOHTMHEHTAJBHBIM M XapaKTepU3yeTcs
3aCyUUIMBOCTBIO, BBICOKOW HcCHapsieMocThio (0koso 880 MM), MajblM KOJMYECTBOM OCaJIKOB
(oxomo 200 MM/T01), BHICOKOW CPeIHET0/10BON BEIMYMHOW OTHOCHUTENbHOU BiaxHOCTH (68%).
KimMar 3TOro permoHa OTHOCHTCA K KJIMMaTy CEBEpPHOM MYCTBIHM. ApPHIHOCTh KiIUMaTa
Ceseproro Ilpuxacnusi o0ycnoBiieHa OCOOEHHOCTAMU aTMOC(QEpPHOM LUPKYJSAIUU HaJ
EBpasueii. ®opMupoBaHue MyCTHIHHOTO KJIMMaTa IPOU CXOJUT 10| IPeo0IaJaoiM BIUSIHUEM
Takux Oapuueckux oOpazoBaHui, kak CHOMPCKMI AaHTULUKIOH W KBa3UCTAallMOHApHas
nenpeccust Hax YEpHBIM MOpEM.

B xonomnoe Bpemss roma tepputopusi CeepHoro Ilpukacnus oxa3pIBaeTcst mOJI
BausiHueM CHOMPCKOrO aHTULMKIOHA. B 3TOT mepuon ¢ BOCTOYHBIMH M IOTO-BOCTOYHBIMU
BETpaMU  CHOJa  IOCTYNAIOT  KOHTHUHEHTAJbHbIE  MOJSIPHbIE  BO3JYIIHBIE  MAacchl,
XApaKTEPU3YIOIIMECS MaJOW BJIAKHOCTBIO M HU3KMMH TeMIlepaTypaMh. Takke B XOJIOAHBIN
IIEPUOJ TOla PEe3KHe IOXOJIONAHMUSI MOTYT IPOMCXOIUTH U BCIEICTBUE BTOPKEHUS CUIIBHBIX
CEBEPHBIX BETPOB, IPUHOCAIINX CYXOU U MOPO3HBIA apKTUYECKUN BO3YX.

B 3umHMII ce30H B KapcToBBIX (opMmMax peibeda MPOUCXOIUT HAKOIIICHHWE CHEXKHO-
JMEOBBIX MAacC M XOJOJHOTO MOPO3HOI'O BO3/yXa, KOTOpBIA Oyayuu Ooee TKEIbIM,
3aCTauBaETCs B KAPCTOBBIX IIyCTOTaX Ha JOBOJIbHO JJIUTENIbHBIN NEPUOJ COXPaHsIs OT CTAMBAHUS
KPUOT €HHBbIE OTJIOKEHHUS.

Kpuocennvie omnoowcenus npeacraBinensl B neniepax CesepHoro [lpukacnus
KOHMCEeNAYUOHHBIMU JIbJaMHU, UMEIOIIMMU CE30HHBIM XapakTtep U (OPMHUPYIOIIMMUCS 3a CUET
3aMmep3aHusi HWH(PUIBTPALMOHHBIX BOJI. OTnoxeHus: 3TOro TuIla BKIKOYAOT B cels
pa3HoOOpa3Hble NeAssHble HaT€uHble oOpa3zoBaHus. Tak, HampuMmep, B KapCTOBOM paiioHe
okpecTHocTell o3epa backyHuak B memepe backyHuakckas B 3UMHee Bpemsl 0Opa3yroTcsi Ha
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CTEHaX Je/IsIHble HATEYHbIE KOpPbl, 3aHABECH W CTAJIAKTUTHI, Ha MOJYy IMeElepbl — JeIsHbIe
CTaJIarMUTHI  KerjieoOpa3HOW WM TajdkooOpa3HoW ¢opMmbl. PocT JnemsHbIX HaATEUHBIX
o0pa3oBaHMil B 3TOH Memiepe ToJIbKOo Ha ogHOM ydacTke (40-90 m mo LleHTpanbHoil ramepee ot
Bxoma Nel) o0GycoBiieH 3HAUUTENBHON pa3HULICH TeMIIEpaTyp BO3yxa Mo Beptukamu: ot +1°C
y moronka, g0 -0,5°-3,4°C y nona [2]. B smBape 1996 roma B LlenTpanbHoii ranepee 3Toi
Telepsl aBTOPY J0BETOCh HAOMOATh JIEASTHbIEC MATKOOOpa3Hble CTAJAarMHUTHI BEICOTOM 10 1,5 M
MpU TOJIIMHE OKOJO 3-4 cM. B HEKOTOphIX memepax 3TOro pailoHa JbJOM IMOKPBIBAIOTCS
noazeMuble 03€pa (memiepa lllapoBckasi-2) U TalbBeru MOA3EMHBIX MEPUOJUYECKUX IMOTOKOB
(memepa backynuakckas). T.e., cormacho B.H. u I''H. Jlyonsackum, oOpasyercs «peurotl u
03épubiti 1€0» [5]. B mepnoj BeceHHEro CHeroTastHUs WM KPaTKOBPEMEHHON 3UMHEN OTTerneNn
B TNPUBXOJOBBIX 4YacTAX memniepbl backyHuakckas Ha Moiy oOpa3yloTcs MOKPOBHBIE HaJeTu.
Takue nengnble moaymku B neuepe backyHuakckas, pacnonoxeHHble B paiione || Bxoma n
3ana |V Breixoma, umenu 3umon 1996 roga momnocts 10 30-40 cM, niomanas okojo 40-50 M2,
00bEM 1bma 10 20 M°. CHEXHO-IIEOBbIC KOHYCBI, 00pasyrouecs 3a C4€T ogupHosanus creea,
HAKaIUIMBAlOTCS B CHEXHbBIE XOJIOJHBIE 3UMBbI 107, BXOJHBIMH KOJIOALIAMU B IeIIepax
Kpucranenas u backynuakckas (Bxox ). B memepe Kpucranbaas B 0co60 X0JI0HBIE 3UMBI
CHEXHO-JICIOBbI KOHYC MOXKET COXpaHSAThCSA A0 Masl Mecsua (Korja TemIepaTypa Bo3ayxa Ha
noBepxHoctH qocruraet 20-25°C) [4].

AHasiornyHbple  KpHOT€HHbIE OTIOKEHMs HaOMI0Jaiuch aBTOPOM B Ieliepax
BO3BBIIIEHHOCTH bUII-40X0 M B OKpecTHOCTAX o3epa Muaep. B 3Tux kapcToBBIX paiioHax
CHE)KHO-JIEIOBbIE OTJIOXKEHUS TAKXKE COXPAHSIOTCS 10 CEPEIUHbI Masl.

Ha BosBeimenHocTr buii-uoxo oHM XapakTepHbl i nemep buni-uoxoBckas-1 u buii-
YOXOBCKas-2, MPEACTABIISIOMUX COOOH KPYITHBIH «XOJOIOBON MEHIOK» C HEOOJBIIUM BXOJOM.
OpHako K Havay JieTa 9TH OTIOXKeHHs crauBatoT. B memepe Kenenbail B 3umHuil nepuon Ha
1oy Telepsl oOpasyroTcss HeboJplIMe JeAsHble cramarMuthl. B 1997 rony Ha momy 3Toit
nemepsl ObIM 0OHapyKEeHbl HEOOBIYHBIE TPYHTOBBIE 00pa3oBaHus MO (GopMe HaIOMHUHAIOIIHIE
MaJIeHbKYIO IOPTY WJIM MepeBEPHYTYIO0 vamKky 4-6 cMm BbicoTOM, 6-10 cM nuamerpom, ¢
TOJIIIIMHON CTEHOK 2-3 MM H BEepXHHM oTBepcTHeM 1-1,5 cM muamerpom. DOTu oOpa3zoBaHUs
copmMupoBanIuCch Ojaromaps HEBBICOKMM JIEASHBIM cTanmarmMutaMm. Ilytém morpeGeHus: ux
paHHel BeCHOW, 3aHECEHHBIM BETPOM Yepe3 BXOJHOE OTBEPCTHE TeElIephl, MECKOM H
JalbHEHIIIMM HaMep3aHHeM IOBEPXHOCTHOM MecyaHOW KOpKM Ha JeAsHoe Teno. [lpuuém
MpojoJDKaroInascs Karmelb, 00pa3oBaja BOJI0OOHHYIO SMKY Ha BEpXYIIKE JIEASHOTO CTaJarMUTa.
BenenctBue mociieyromero TasHus JIEASHOTO Tejla M IPOCAYMBAHMS TaJOW BOJABI B PBIXJIbIE
IIeCYaHble OTJIOXKEHHS TIellepbl, I'PyHTOBas KOpKa OCTajach CTOATh CJENKOM CTajJarMHTA.
[TomyuuBmmecs B pe3yibTaTe »3TOr0 MpoOLEcca IPYHTOBBIE CIENKH SIBISIOTCS BecbMa
ceudpUUHBIMHA ISl JaHHOM TMeIlepHON MOJIOCTU U, K COXKaJEHUI0 He JOoiroBedyHbiMH. C
HACTYIUIEHUEM JIETHEH jKaphbl, 9TU TPYHTOBbIE 00Pa30BaHUs BBICBIXAIOT U pacchimaroTes [3].

B okpectHocTsiXx o3epa MHaep B TeueHUE XOJOJHOTO CE30HA TAaKXKE IPOUCX OAUT
HAKOIUIEHHWE KPUOT€HHBIX IELIEpHBIX OTI0XKeHUH. B xone skcnenunuonHsix padot B mae 2011
roga OBUIM BCTPEUEHbI IELIEPbl - «XOJOJOBbIE MEUIKH», B KOTOPbIX BCE CTEHBI OOMJIBHO
MOKPBITHl KPUCTAJUIAMU JIbJIa, IOJ IOKPBIT TOJICTOM JENSHOM KOpoil, a moJ BXOAHBIMHU
OTBEPCTUSIMHM PACIOJIAraloTCs CHEXHO-JIEeI0OBble KOHYChl. B 3T0 Bpems Temmepatypa Ha
noBepxHocTy npeBbimana +25°C. Ilo manuem 3.B. SlikeBuya [6] Ha THE HEKOTOPBIX BOPOHOK
Ha ceBepHOM Oepery o3epa MHuaep OTIOXeHHsS CHera COXpaHSIOTCS B TEUEHHE BCEro roja.
[Ipuuém, B TO BpeMs Korja Ha MOBEPXHOCTH TEMIIepaTypa Bo3ayxa mnpesbliaer +35°C, Ha qHe
HEKOTOPBIX KAPCTOBBIX MYyCTOT M BOPOHOK TeMIiepaTypa aepkutcst okosio 0°C (mo qanHbIM oT 22
utosig 1936 1). Ha ocHOBaHMM MpOBEAEHHBIX 3aMePOB [6] OBLIO YCTAaHOBIIEHO, YTO HA TIyOWHE
oT 5 10 11 M OT MOBEPXHOCTH 3€MJIM MPOMCXOAUT PE3KOE IMaJEHUE TEMIIEPATypbl BO3AYyXa C
+29,5°C no +1,5°C (T.e. Ha 6 M 110 BEpTUKAJIM aMILIUTY/a TemrepaTyp cocraBuia 28°C!)
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Kpuocenuvie munepanvrvle 06pazoeanus ObLIM BCTpEUYeHBI B 0ACKYHUAKCKHUX TEIIepax u
MPENICTABICHBI «TUIICOBOM MYyKOiH» [1] - O€lbIM MYYHHCTBIM IOPOIIKOM, OOpa3yrIIUMCS B
Mpollecce 3aMep3aHusi TEHIEPHBIX BOJ M CYOJIMMAIMM TEHIEPHBIX JbAOB (T.e. HMEET
KpHOXUMHYECKOE MpoucxoxkaeHue). Haumboiee sipko 3TH 0Opa3oBanusi HAOIIOJAIKNCh B STHBApe
1996 roma B memepe backyHuakckas. benoro mera «rumncoBasi MykKa» IOKpbIBaja TOHKHM
CIIOEM BEpPXYIIKU JEISHBIX CTAJarMUTOB W JEASHBIX HATEUHBIX MOKPOBOB Mona. Bo Bpems
BECEHHEr0 MOJTOIUIeHUs Tmemepsl backyHuyakckas B 1996 roay, My4HUCTbIE THIICOBBIE
o0pa3oBaHMsI OBLTM CMBITHI BOJHBIM TIOTOKOM W IEPEOTIOXKEHBI B BUJE IJIMHHOTO OEnoro
nuierda BIOJb CTEH, MOBEPX OTIOKEHUH T0JIa.
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PE3YJIbTATBI OB30PHOI'O JEHIN®PUPOBAHUS KAPCTOBBIX ®OPM B
CEBEPHBIX PAHOHAX CUBUPH
J.B. lo0pbinnn*, A.A. CeMUKOJIEHHBIX **
*- UTH CKAHEKC, **-hakynpTeT mOYBOBEICHUS
MI'Y um. M.B.JIloMmoHOCOBa

Coobmienus B myOauKanusx o HaJIM4YUM (HOpM KapcToBOro peiibeda B CEBEPHOH yacTu
Cubupu HOCAT OTPBIBOYHBIN XapakTep. B MCTOYHMKax BCTpedaroTCs YINOMUHAHUS O KapcTe
0ojiee KOKHBIX paloOHOB: B KapOOHATHBIX IMOpoaax OacceilHa peku AJjiaH, B paloHax
ITatomckoro Haropss, EHuceiickoro kpstka, [lpuanrapes, 3a 3anaae Bumtolickoil BnajuHbI, B
HUCTOKaX W cpelHeM TeueHuu peku JIeHbl, Ha Bojopazjaenax mexnay pp. Jlenoit u Bumtoem,
pp.Jlenoit u Huxnueir TyHryckoii, Ha 3amaae Bumolickoil Bnaguubl. VICKIIOUEHHE COCTaBISIOT
parionsl Hopuibckoro miaTo u 3anagHon yactu maato [lyropana. Psaa uccnenoBaHnii nmpoBeaeH
Ha IeHTpaJbHOM U 3amagHoM Taiimbipe (Yukumen, 1959; Mupomnuk, 1962; Ilapamyp3un,
1984; Ipikun, 1994).

Bmecre ¢ TeM H3ydeHHME KapcTa CEBEPHBIX TEPPUTOPHUM MPENCTABISAET HECOMHEHHBIN
MHTEpPEC C TOYKU 3pEHHs] MOHUMAaHMS 3aKOHOMEpHOCTeH ()OPMHPOBAHUS U SBOIIOLHMH (HOpM
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penseda, naneoreorpaduu, reokpuosoruu, HeorekTonuku Ceepa EBpaszun. Ocoboe 3HadyeHue
MOTYyT UMETh paboThl MO W3YYCHHIO OCOOEHHOCTEH CYIIECTBOBAHUS U HBOJIIOLIUHU
reorpauyecky pazoO0IEHHBIX COOOLIECTB MCUXPO(UILHBIX OPraHW3MOB B Pa3HOOOpPA3HBIX
9KCTPEMAJIbHBIX KIMMAaTHYECKUX 00CTaHOBKaX.

PacnipocTtpaHeHHOE MHEHME O I€He3MCe M PAa3BUTUM Kapcra KpanlHEro ceBepa MOXHO
CBECTH K TPEM OCHOBHBIM YTBEPXKJICHUSM

- MOJIABIISFOIIIEe OOJIBITMHCTBO KAPCTOBBIX (DOPM SIBIISIOTCSL YHACTETOBAHHBIMH OT
0oJiee TeIUTbIX U BIAKHBIX KIIMMATHYECKUX ITEPUOJIOB;

- MHTEHCUBHOE Pa3BUTHE KapCTa MPOUCXOAMIO B IEPUOJIbI, IPEAIIECTBYIO IIINE
(hopMUPOBaHHNIO KPHOJIMUTO30HBI 3TUX PailOHOB, MJIM BO BpeMs KJIMMAaTHUYECKHX ONTUMYMOB U
MPUYPOUYCHHBIX K HUIM MOPCKHX TPAHCTPECCHUIA;

- KapCT HaXOAAIINNCSA B KPUOIUTO30HE — CTAOMIIU3UPYETCA.

B nacrosimeld pabore Hamu Oblia MPENNpPUHATA TONBITKA BBIIBICHUS M TMEPBUYHOU
TUTIU3AI[UU KOHTYPOB KapCTOBBIX (hOopM penbeda Mo JaHHBIM JAUCTAHIIMOHHOTO 30HIAMPOBAHUS
3eMan 0030pHOTO M CpPEOHEr0 MPOCTPAHCTBEHHOrO paspelieHus. llepBuuHoe BbIAeIEHUS
pailoHOB BBIXOJAa Ha IMOBEPXHOCTh KapOOHATHBIX MOPOJ MPBOAUJIOCH IO JIAaHHBIM
cnextpopaguomerpa MODIS. O630pHas kapTa, co3maHHas MO pe3ysbTaTaM JaenrGpupoBaHuUs
JAQHHBIX HHU3KOrO MPOCTPAHCTBEHHOI'O pa3pelIeHusl [aeT OCHOBHBIE IIPEACTABICHUA O
TEPPUTOPUSX, HYXKJAIOIMUXCS B JETAJbHBIX JIUCTAHLIMOHHBIX, @ B MEPCHEKTHBE, HA3EMHBIX
uccnenoBanusix. (Puc. 1) Ha crmemyrommx stamax MpOBOAWIIOCH AETalIbHOE OO0CIIEIOBaHUE
BBIJICJICHHBIX TEPPUTOPUN IO JaHHBIM KOCMHYECKOM CBEMKH CPEIHEr0 MPOCTPAaHCTBEHHOIO
paspeimieHusi. B kayecTBe OCHOBHBIX [AHHBIX HCIIONB30BAINUCH W300paKEHHsSI, MOJIyYCHHBIC
npubopom ETM+ co ciytauka Landsat-7.

KapcToBbie popmbl penbeda, BhISBISEMbIE 10 JaHHBIM JUCTAaHI[MOHHOTO 30HUPOBAHUS
B pasHbiXx paioHax (cektopax) CeBepa EBpasum, XapakTepu3yrTCs, B LEJIOM, CXOIHBIM
MOp(}OJIIOTUYECKUM CTPOEHUEM, BBIBJISAEMBIM IO CTPYKTYPHBIM MpHU3HAKaM KOCMHYECKHX
nzobpakenuid. [1o MOpQOIOrHYECKHM  XapaKTEepUCTUKAM BBISBICHBI HECKOJIBKHX THITOBBIX
TaHAMAPTHRIX PUCYHKOB, KOTOPBIE MPOCIICKHUBAIOTCS B CyOIIMPOTHOM HANpPaBICHHH B MOsCE
W3BECTHSAKOB TMpakTHuecku oT Enmces no UYykoTku. B xome npemmdpupoBanus u ObUH
BbIJIENICHBI O0BEKTHI CAEYIOIINX THIIOB:

Tun 1. Cerb MENKUX U CPETHUX BOPOHOK U30METPUUYECKON (hOPMBI, MHOT J]a, B KOMILJIEKCE
C KPYNHBIMH HM30MOP(HBIMH KapCTOBBIMU JACTIPECCHSIMH IO JOJMHAM pEK, COoueTaroluecs ¢
KOPOTKMMHU MEJIKUMH JUHEHHBIMH (OopMaMu IO CKJIOHAM JIOJIMH, KaK MpaBUJIO, IOIEpeK
3aJIeraHus 1miaacTa.

Tun 2. V3kue 10JMHBI KaHBOHHOI'O THUIIA C NEPEMEHHOM IIyOMHOH, CONpSKEHHBIE C
Me30(opMaMu TMHEHHOT 0 U BOPOHKOBHIHOTO BUA, KaK MPaBUJIO, BAOIb 3aJeraHus

iacTa.

Tun 3. KapcroBeie (hopMBbI 3amoOiHEHHbIE YAaCTUYHO WM IMOJHOCTHIO MUHEPAJIbHBIMU
ocakaMd WM TOP(MAHBIMH OTJIOXKEHUSMHU, IMPEKPAaTUBIINE AaKTUBHYIO a3y pa3BUTHA,
BCJIEACTBUE TEKTOHUYECKUX WIIM KPUOTE€HHBIX ITPOLIECCOB.

Tum 4. Y4acTku pa3sBUTUA «CYXHX PyCe».

Tun 5. KopoTkue A0JMHBI KapCTOBOTO 00JKMKa Mo OeperaM KpPymHBIX peK, 00pa3oBaHHE
KOTOPBIX CBSA3aHO C YBEJIMYEHHEM TPEUIMHOBATOCTH, KOPPO3UU M 3PO3UHU IUIACTAa B KPAEBBIX
oOpa3oBaHusX (OOPTOBOI OTIHOP).

Tun 6. Mopdonoruyeckue CTPYKTypbl KapcToBOro oOJMKa HE€ CBS3aHHbIE
HEMOCPE/ICTBEHHO ¢ peibeoM. YYacTKH pa3BUTHS aHOMAJbHO JPEHUPOBAHHBIX PaBHUHHBIX
TYHIP.

Tun 7. Mopdonorudeckue CTPYKTypbl KapcTOBOrO OOJHMKa HE  CBSI3aHHBIE
HEMOCPeNCTBEHHO C penbeoM. TeppuTOpuu ¢ pa3BUTON PEryaspHON CEThIO BOPOHKOBHIHBIX
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NOHMKEHUI B COBPEMEHHBIX PBIXJBIX U OHWOTEHHBIX OTJIOKEHHUSAX, 0€3 BHUIUMBIX BBIXOJIOB
KapOOHATOB Ha JTHEBHYIO TOBEPXHOCTb.

Cpenu BbIJEIEHHBIX PETHOHOB, BEPOSITHO, HAUOOJIBIINI WHTEPEC MPECTABIISAIOT JIEBBIN
Oeper cpennero teuenus p.Kotyi, rae pasBuTHe KapcTa MPOUCXOJUT B IPUIIOAHSITHIX OJI0Kax Ha
neBoM Oepery cTpykTypHoi nonunsl Kotys, a Takxke ['opsl beippanra Ha nonypcrpose TaiiMbip.
B orHomenun ['op bBeippanra wmmeercs psii IUTEpaTypHBIX COOOIICHHA O HaXOXKICHUH
KapcToBhIX opM. Panee cooOlImanock 0 HATMYUU KapcTOBBIX ()OpM B BHJIe OAllIEHHBIX OCTAHIIOB
M 3aMKHYThIX AojuH mo pekam Tapes u Ilpenka (Lpikun, 1994). B cpennem TteueHuu p.
Hwxnusas Taiimpipa B 6 KM OT BHajeHUss B Hee peuku Tpayrderrep HAXOAWTCS Temiepa
Munnennopda, riae pycckuil mMyTelmIeCTBEHHUK M HccienoBaTenb Cubupu nposén 18 nHeit B
1842 r 3a001eB BO BpeMsi MPOBENCHUS IKCHEAMIIMM, U KOTOPBIA COCTaBMJI OMKCAHHUE TpoTa
(Munnennopd, 1861). B 1929 rony B 3T0if memiepe 0CTaHABIMBAICS €Ille OJUH PYCCKUHN yUeHBIN
u ucciegosarens Taiimbipa Hukonaii Hukonaesnu YpBaHIeB, KOTOPBIA U 1Al B CBOUX OTYETaX
ums nemepe (MarugoBuyu, Marunosuy, 2004). T'opsl bbeippaHra cioxeHbl B OCHOBHOM
[JIMHUCTBIMU CJIAHIIAMU, JKEJIE3UCThIMU NECUYaHUKAMU U AJEBPOIUTAMHU (HAa MOBEPXHOCTH OHU
BBIBETPEHBI /10 IIEOHS U IPECBBI), C OTACIPHBIMH BBIXOJAaMHU J10JEPUTOB, rab0po u anaba3os.
JIsl LeHTpaabHOM YacTH XapaKTEPHbI BBIXObl U3BECTHIKOB, MHOIA BCTPEUYAIOTCS MPAaMOPHbIE
Kynoja. VM3BeCTHAKM M JOJIOMHUTBI CJIaralOT KOJIOCOBCKYIO CBUTY mnosaHero pudes Illpenk-
Jlenunrpaackoi ¢anuansHOM 30HBI. KapOoHaTHBIM THUT pa3pe3a XapakTepeH A JEBOHA,
OTJIOXKEHMSI KOTOPOI'O pPa3BUTHI IVIAaBHBIM o0Opa3oMm mno ckjoHy Xpebra beippanra (L{pikus,
1994). Best TeppuTopHsi HAXOIUTCSA B 30HE CILIOIIHOW MHOTOJIETHEH Mep3yioThl. C HacTosIee
BpeMsi TEKTOHHMYECKHE YCIOBUS B TOpax OTHOCHUTENIBHO CIIOKOHHBbIE. BaxxHBIM (akTopom
(dbopMUpOBaHUS CHCTEMBI JIOJIMH SBJSETCS MpopaboTKa BOJAMH MPOIUIBIX  MOPCKHX
TPaHCIPECCHil, BBIBETPUBAHUE U 3PO3HsI 00YCIOBIEHBI B 3HAUUTEIbHON CTENEHU MOPO3000IHBIM
pacTpecKMBaHUEM T'OPHBIX ITOPOA.

[IpennoxenHass Bbllle Kiaccu(uKalus Jierjia B OCHOBY JIET€HIbl NMEPBUYHOM KapThl
pacripoctpaHenust npu3HakoB  kapcra CeBepHoro Taiimeipa (Puc 1). Hawubonee
pacripoctpaneHHbIM THIIOM Uit ['op beippanra sisnsiercs: 1 — BoisiBneno 6omnee 200 00bekTOB. 3a
HuM cienytoT 3 u 5 nmo 120 coorBerctBeHHo. Ho mo miomaan nuaupyer 6 Tui, KOHTypa
KOTOpOro 00pa3yloT HEMpPEPHIBHYIO 30HY B I[EHTPaIbHON YacTH ceBepHOro ckjoHa brippanra. 1
1 2 TUTIBI TATOTCIOT K IEHTPAJBHBIM YacTsIM MAaCCHBOB OBIPpPaHTa ¢ HAUBBICIIMMHU JIOKAJIHHBIMH
oTMeTKaMu peibeda. 3,6,7 BcTpeuaroTcs Oonbllle Ha IMOJHOXKBIX CKJIOHOB, C BBIXOJOM Ha
paBHUHHBIC JaHmmAadTel. OXUTaEMBIM pe3yJbTaToOM OBUIO OOHAapyXEeHHE TPHU3HAKOB
WHTEHCUBHOI'O PAa3BUTHUSl KAapCTOBBIX MPOIIECCOB B MeECTaX, I/I€ KApPCTYIOIIUECS OTJIOKECHHS
HErIyOOKO TMOACTHIAIUCh BOJOYIOPHBIMH HEKapOOHATHBIMH mopoaaMu. Ilpu 3ToM 1OBOJIBHO
HEO)KMJIaHHBIM OBLIIO BBISIBJICHHE MHTEHCUBHO DPa3BUBAIOIIMXCA KAaCTOBBIX IPOLIECCOB 5 TTHUIA
BHE IpezenoB beippanra. Peub uaer o paBHUHHBIX TYHApPaX, PaCHOJIOKEHHBIX K CEBEPY OT rop B
cpenHeMm — HUHeM TeueHuu pek Hux. Taitmbipa u JIenuHrpackas.

B nenom npenBaputenbHbI aHaIM3 UMEIOLIEHCS MH(OPMALMU HE BBIABUI KaKHX-JIMOO
CHCTEMHBIX 3aKOHOMepHOCTel. BeposTHO, 3Ty npobiaeMy CTOMT U3y4yaTh [0 MaTepuaiam Ooiiee
PETYJISPHBIX CBEMOK CPEIHEro pa3pelieHuss C TPUBJICYEHUEM JIETAJbHBIX CYOMETpPOBBIX
CHUMKOB M JAHHBIX JUCTAaHUMOHHOW TepMoMeTpuu. VIckiroueHue, BEpOSITHO, COCTABISIIOT
MpefCcTaBUTeNIM 6 TUMA, YbsS AaHOMaJbHAas JPECHHUPOBAHHOCTH MOXET OBITh CBsi3aHA C
JBAUCTBHCTHIO MOACTHIIAI0 LIUX TOPOJ.

AHanM3 ydacTusi MPOIECCOB JIGMHUKOBOW dK3apanuu B (popMupoBaHUM 0O0JHKA
KapcToBbIX Tepputopuil TaiimbIpa, reoMOppOJNUYECKH BBISBISIEMbI B HAcCTOAIIEE BpeMs, IO
HalleMy MHEHHUIO MTOKa3all, YTO MPU3HAKH JIEAHUKOBOM 3K3apaliii He3HaAYUTEIbHO KOPPETUPYIOT
C MPU3HAKaMH KOPPO3HOHHOM KapcTOBOW MpopaboTKu. B psje ciiyyaeB BBISBISIOTCS JTOKAIBHEIE
cTpyKTypbl 2 Tuna. Pexxe — loro.
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B menomM MOXHO 3aKJIIOYMTh, YTO CYLIECTBYIOIME paHEe KapCTOBBIE IPOLIECCHl B
COBPEMEHHBIX YCIOBUSIX MACKUPYIOTCS aKKyMYJSTHBHBIMA W JICHYJAIIMOHHBIMU SIBICHUSIMHU
XapaKTepHBIMHU IS CEBEPHBIX TEPPUTOPHIA, OAHAKO, IPH ITOM T€ KapCTOBBIE (OPMBI, KOTOPHIE
«IUTAIOTCS» HAa KOHTYPHOW OCHOBE XOPOILIO, CBUACTEIHCTBYIOT O BO3MOXXHOM IIPOSIBIICHHU
COBPEMEHHBIX KaPCTOBBIX SIBICHUIA.

Puc. 1. O6G30pHas kapTa NEPCIEKTUBHBIX pallOHOB HAXOXKICHHS KapCTOBBIX (OPM Ha TI-
oBe TaiMbIp 10 TaHHBIM JEIIUPUPOBAHUS KOCMOCHUMKOB (JIETEH/IAa B TEKCTE).

JIutepatypa
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MUKPOCKOIIMYECKHUE I'PUBbI B HEKOTOPBIX IIEHIEPAX HIBEIINUA:
JAMEJIYHJA (OCTPOB I'OTJIAH]T), AMCKPUCTAJIJI U XOHNILIET (IJIATO
BAJIBE)
A.E. UBanoBa, A.A. CeMHUKOJIEHHBIX
@axkynbTeT MOYBOBEACHUA, MOCKOBCKUI ['0Cy1apCcTBEHHBI YHUBEPCUTET UM
M,B.JIomoHOCOBA

Muxkpockonuueckue cpubsl 6 newepax, KaKk U 6 HeKOMOPbIX IKCMPEMATbHBIX HA3EMHbIX
MeCmooOUMAHUAX — BLINOJHAIOM  KPAUHe BAJNCHYIO (DYHKYUIO PA3N0NHCEHUS OpP2AHUYeCKUX
cyocmpamos pasiuyHo20 NPOUCXOHCOEHUS: OM PACCESIHHO20 OP2AHUYeCK020 8eueCmead 20PHbIX
nopoo 00 OUOMACCHL XeMOCUHMEIUPYIOWUX NPOKAPUOM U CIVHAUHO NONAOAIWUX 8 neujepul
Op2anu3Mo8 uHbIX mpoguueckux yposHeil. IIponukHoseHue uenoseka 6 newepvl ModCem
CIYAHCUMb NPUYUHOU OONOTHUMENLHO20 NPUHOCA OP2AHUYECKUX CYyOCmpamos aHmpono2eHH020
NPOUCXOJCOEHUs. U 6emecme ¢ HUMU 3apooviuiel 2pubos. Hccnedosanue Kyiomuupyemvix
Mukpockonuyeckux 2pu6os 6 newepax FOoxcnou I[lleeyuu (newepa Jlamenynoa, ocmpog
T'omnano) u Cesepnoti Illeeyuu (newepovr Ilnamo Baoee) ObLI0 BbINOIHEHO MEMOOOM
2NnYOUHHO20 nocesa cycneH3utl 00pasyo8 NOBEPXHOCMHLIX NOYE U SPYHMO8 newep Ha cpeody
Yaneka npu pasnvix memnepamypax. bvinu ycmanosnenul crnedyrowue 3ak0HOMEPHOCMU.

1. Paznoobpasue Mukpomuyemos 6 neujepHuiX U NO4Y8eHHLIX MeCcmOoOoOUmMaHusx Ovi1o
Hudce na ceeepe Llleeyuu, wem na ocmpose I'omnand. Bo ecex nousennvix obpasyax ¢ Ilnamo
Baoee nosviwennas uucrennocmos mukpomuyemos ovina obnapycena npu +5°C no cpasnenuio
c +15°C. B mo orce 6pems npu 3KCMPEMAanbHO HU3KUX HNOBEPXHOCMHBLIX MeMNnepamypax
newepHas cpeda Ccnocoocmeogaia omoopy U COXPAHEHUIO Me30QUNbHbIX  NONYIAYULL
OP2aHUZMO8, B03MOICHO, 3d CYem YMEeHbULeHUs MeMNepamypHblX amMnaumyo, o6ojiee cmaduibHbIX
rkaumamuyeckux yciosuu. Tax, 6 newepax ¢ Ilnamo Baose pasznoobpasue @vidensemvix npu
+15°C 6u0dos uacmo 6v1.10 6oavuie, yem ncuxpomonepanmuulx (gvloensiemolx npu +5°C) epubos.

2. Bo ecex uccnedosannvix neujepHuixX u nouseHHvlx mecmoodoumanusax Llleeyuu u nousax
Hao Humu Oomunuposan eud Geomyces pPannorum, ¢ 8viCOKUMU HOKA3AMENAMU OOUNUS U
scmpeuaemocmu o0viiu eviserenst Penicilluim solitum, P. citrinum, u maxowce uacmoim no
scmpedaeMocmu 8 10HCHOM 00vekme (newepe Jlamenynoa) owvin P.viridicatum. Ilpeocmasumenu
pooos Doratomyces, Mortierella, Paecilomyces, Trichoderma npucymcmeosanru kax munuunvie
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U wacmole 8 Me30QQUNbHLIX NONYIAYUAX 80 8CEX MeCMOOOUMAHUAX, HO 8blOENANUCL Oolee PeOKo
npu HU3KOU memnepamype.

3. Bruanue pekpeayuonHol Ha2py3Ku, paccmMompertnoe Ha npumepe neujepul Jlamenynoa,
NPOSBUNOCH 8 HUMCECTEOVIOWUX I pexkmax:

J 6 nocewaemou (mypucmuueckou) uyacmu npakmuyecku 6 2 paza 603pocid
YUCTIEHHOCIb  KYIbMUBUPYEMBIX Me30DUNbHBIX 2pUd08, 8blOeNSAeMbIX NPEeUMYUIeCMEEeHHO NpuU
+15°C, ne npu +5°C;

J 8 nocewaemon Yacmu Guls6NeHO COKpaujeHue noumu 6 2 paza buopasnooopasusl
MUKPOMUYEMO8 NO CPABHEHUIO C 3aN06eOHOU YACMblo newepvl, 8 OCHOBHOM, 3d Cuem
VMEHbUIeHUS YUCTA PeOKUX U MATOYUCIEHHBIX 6U008, KOMOPbIX ObLIO MHO20 6 3aN08e0HOU
yacmu, npu MOM 8 NOCewaemMou 4acmu newepvl OOMUHUPYIOWUe 8UObL COXPAHANUCL me Jice,
Ymo 8 3an08eoHoU.

J 8blsA8ICHHble USMEHeHUS YUCIeHHOCMU U pPA3HO00pa3us neujepHol MUKoouomaol
CBUOeMeNbCMEYIOm O HATUYUU AHMPONOLEHHOU HA2pY3KU, OOHAKO, He CMOJb 3HAYUMENbHOU,
MAaxK Kaxk He NpoU30ULIO CMeHbl OOMUHUPYIOUWUX BUOOB.

Introduction. Some recent microbiological researches (Cunningham et al., 1995, Koilaj
et al., 1999, Khizhnyak et al., 2003, Semikolennykh et al., 2004) demonstrate the important role
of micro fungi in the functioning of subsurface ecosystems and different geochemical processes.
Microfungi as one of the trophic level in cave ecosystem which could consume an organic matter
of different origin: primary biomass of chemosynthetic prokaryotes, organic detritus, dispersed
organic compositions in bedrocks. Visiting caves by human could create the additional flows of
untypical organic substances as well as fungal diversity associated with human and
anthropogenic artifacts. That is why the characteristics of cave fungal communities could be
used as the indicator of recreation traffic and anthropogenic load on natural cave ecosystems. In
the early papers authors (Khizhnyak et al., 2003) described an increasing of total fungal biomass
in often visiting caves and exchange of aborigine fungal populations on new dominants such as
representatives of genera Penicillium and Mucor, and also general decreasing of fungal
biodiversity in caves with hard visiting traffic (Shapiro and Pringle, 2010)...

Aim of our investigation was to deduce the features of cave mycobiota in cold climate of
Sweden and its sensitive to anthropogenic load.

Objects. We studied Lummelunda Cave (Gotland Island, 18,405619 E.lon., 57,735134
N.lat) at the South and the caves of Vadve Upland karst massive (Icekrystall Cave: 18,3597665
E.lon., 68,5316167 N.lat; Hopplet Cave: 18,2871916 E.lon., 68,5540111 N.lat.) at the North of
Sweden. The Lummelunda Cave is separated into two functional parts: preserved and visiting.
The samples pattern is represented in the table 1.

Methods. The isolation of microfungi from samples was performed by dilution plate
technique (CBS course..., 1998) on Czapek agar in combination with different temperature of
incubation - 15°C and 5°C. The composition and structure of microfungal assemblages were
characterized by using ecological indices, such as occurrence rate and relative species
abundance.

Results. There was no clean difference between the account of microfungi cultivated into
5 and 15 °C (fig.1). There was a tendency of exceeding the account of fungi which grew at +5 in
comparison with the account of fungi isolated at +15°C, this tendency was shown everywhere in
north Vadve Upland ecosystem especially in upper soil horizons. Usually it was similar account
of growing fungal colonies from cave samples of both temperatures. Prevailing of mesophiles
was discovered only into visiting part of more southern Lammelunda Cave.
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Table 1. The location of samples.

Ne
sample Sampling site
Lammelunda Cave, Gotland Island
1 visiting part with recreation, ground
1+
(201m) visiting part with recreation, dead bodies of insects
2 wild part, ground
2+
(9otm) wild part, dead bodies of insects
Vadve Upland, northern part, Hopplet Cave
3 top peat-like day-light soil horizon (0-5 cm)
4 ground on cave ceiling
5 ground on cave floor
Vadve Upland, southern, Icekristall Cave
6 top peat-like day-light soil horizon (0-4 cm)
7 mineral soil horizon (4-10 cm)
8 ground on cave floor

The species weald was higher in southern Lammelunda Cave than in the caves of
northern Vadve Upland (fig.2). Total biodiversity was higher twofold in preserved part than in
visiting part of the cave. Shapiro and Pringle (2010) discovered the decrease of fungal
biodiversity into the often visiting caves in comparison with the rarely visiting caves. Thus, we
also found a reduction of mould diversity in result of anthropogenic recreation by example of
caves from cold climate. Moreover, a variety of mesophilic fungi in comparison with the
psychrophilic species was greater only in visited parts of the caves (fig.2), in other variants of
caves and upper soils the diversity of mesophilles and psichrophilles was similar.
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Fig. 1. (left) The amount of fungal colony forming units (CFU) per a gram of dry sample.
Samples numbers are in table 1.
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Fig. 2. (right) The microfungal species richness into different temperature conditions.
Samples numbers are in table 1.

In the northern caves of Vadve Upland it was found that generally the fungal biodiversity
in the caves is similar to the surface soils. Geomyces pannorum is the main dominant in the
majority of habitats both in caves and soils (tabl.2 and Fig. 3). This species is typical in tundra
soils, cold and humid oligotrophic mineral horizons (Parinkina, 1989; Domsch et al., 1993), it is
viable in long-term (up to 3 million years) permafrost layers and crioconservation soils of
Arctica and Antarctica (Kochkina et al., 2001), so it is indicator of cold and humidity habitats.

Species Penicilluim solitum, P. citrinum had a high rate of abundance and occurrence
also. Other molds of genera Doratomyces, Mortierella, Paecilomyces, Trichoderma were
identified as typical only in the mesophylic populations of all investigated habitats.

By comparison, the reserved (wild) and visiting parts of Lammelunda cave, we showed
that the same dominants were in both habitats. But occurrences of other species were different.
Only few typical species (frequency of occurrence was in range 30-60%) were isolated from
visiting part with recreation. On the contrary, mainly rare species (frequency of occurrence
<30%) were found in the wild part. Also P.viridicatum was frequent in visiting part, it was
common as overgrown on surfaces of discrete organic substrates on clay in low temperatures of
Pinega region caves near by 64 northern latitude (Ivanova, pers. comm.).

Table 2. The dominate microfungi. Samples numbers are in table 1.

Dominant species, Typical species,
frequency of occurrence frequency of occurrence 30-
Sample* >60% 60%

Ulocladium chartarum, Penicillium
solitum, Penicillium viridicatum,

1 | Geomyces pannorum Acremonium strictum
Geomyces pannorum Acremonium strictum
Geomyces pannorum, Penicillium
3 | solitum
4 | Penicillium solitum Paecilomyces carneus
Geomyces pannorum, Penicillium Chaetomium funicola, Fusarium
5 | solitum, Penicillium citrinum verticilloides, Penicillium glabrum
Penicillium solitum, Penicillium
citrinum, Penicillium glabrum, Geomyces pannorum, Fusarium
6 | Mucor plumbeus sporotrichioides

Geomyces pannorum, Penicillium
solitum, Penicillium citrinum,
Penicillium glabrum, Mucor
plumbeus, Fusarium
sporotrichioides, Ulocladium

7 | chartarum Alternaria alternata

Geomyces pannorum, Penicillium
8 | solitum
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Fig. 3. The composition of microfungal associations structure by species abundance
(medium for 3 temporal replications). Samples numbers are in table 1.

Thus we found a greater fungal diversity in south Lammelunda cave than in north Vadve
Upland caves of Sweden. We believe that subsurface conditions of caves in cold climate of
Sweden contribute to preserve the diversity of mesophilic organisms. It was also found that the
anthropogenic recreation results in the introduction of mainly mesophilic microfungal
populations. At the same time the abundance of moulds increases sharply as a result of
recreation. And the diversity of species reduced due to occupation of a few dominant fungi that
displaced a lot of rare species.
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INTERACTION BETWEEN A KARST AND A FROZEN GROUND (ON AN
EXAMPLE OF CAVES OF SOUTHEAST BELOMORSKO-KULOISKOE A PLATEAU)
S.A. Iglovsky
Institute of ecological problems of North ASC Ural branch the Russian Academy of
Science, laboratory of the complex analysis of space and terrestrial data for the ecological
purposes, Arkhangelsk, Russia

B3AMMOJIEVICTBUE KAPCTA M MEP3JIBIX TPYHTOB (HA IIPUMEPE
MEIIEP IOI0-BOCTOKA BEJIOMOPCKO-KYJIOHCKOT O ILTATO)
C.A. UrioBcknii
HHCTUTYT 3KOJI0rH4eckux npodiem cepepa, ApXaHreabCcK

[To xapakTepy «IUTaHHS» MOXKHO BBIJEIHTh aTMOTE€HHBIE (CYONMMAIlMOHHEIE),
KOH)KEISIIMOHHBIE WM TUIPOTeHHbIe (HauOoliee paclpOCTPAaHEHHBIE) U CHEKHO-BOISHBIC
MeIIepHO-KApCTOBbIE JIbAbl. TUMUUHbIME (opMaMu Jbla B TeIepax SBISIOTCS JICASHBIC
KpUCTaJUIbI, TIOKPOBHBIC JIbJBI, HaJeAW (CTaTaKTUTBI, CTAJAarMUTHI, CTajarHaThl, KacCKaJpbl,
aHcaMOJIM — TEeTEepPOreHHBbIC JICASHBIE «KOPALIUTOBBIC» CTAJArMHUTHI), JIbJIBI-IIEMEHTHI,
CerperanMoHHble KpUCTAIIbl. K reTeporeHHbIM JIbJlaM MOXKHO OTHECTH, IMOKPOBHYIO HAJIEIb, B
TOJIIIE KOTOPOW ecTh THE3NA Jh/ia, BO3ZHUKIINE M3 OMABIIMX CO CBOAA CYOJIUMAIIMOHHBIX
KpucTauioB. MHoroobpasue BHUIOB MEHIEPHO-KAPCTOBBIX JIBJOB OOYCIOBIEHO Pa3IMYHBIM
BO3JIEHCTBHEM BOJHBIX W BO3JYIIHBIX IOTOKOB Ha KapCTOBBIM MaccuB. PacronoxxeHue ux
CBSI3aHO C JIOKAJbHBIM BO3JIEHCTBHEM Ha YYaCTOK KapCTOBOI'O MacCHBa OXJIAXIEHHOI'O BO31yXa,
a Takke OT peKHMMa BIAXKHOCTU U TEMIIEpaTypbl. DTO OTpaxaeTrcs Ha (OPMHUPOBAaHUHU TOTO WIIH
MHOT0 BUJA MEIIEepHO-KapCTOBOIO JIbJA.

CynbdaTtHblil KapcT 10ro-Boctoka benmomopcko-Kynoiickoro miato BEICOKOAKTUBEH, YTO
00yCJIOBJIEHO CKOPOCTHIO XHMHYECKOrO0 BBIHOCA BEIIECTB M3 MaccuBa 10 684 /KM xrON U
[OBBILICHHOM IIOTHOCTH KapcToBbIX (opm - 100 - 500 Ha 1 kMm% B 30HAX c1aGo Pa3BUTOrO
pPBIXJIOrO 4YeTBEpPTUYHOro Mmokpoa - g0 2800 nHa 1 KM [1, 3]. ®opmupoBaHue IMeIICPHO-
KapCTOBBIX JIbJIOB 00s13aHO MaTEPUKOBBIM OJIEIEHEHUSIM MOCKOBCKOI'O U BaJlJaliCKOro BO3pacTa,
KOTOpPbI€ BBI3BIBAIM TEPECTPOMKY penbeda MpeAIIeCTBYIONMX KapCTOBBIX T'€HEPAILHi.
OCHOBHOE TMOBEPXHOCTHOE 3aKAapCTOBAHME pailOHA CBS3aHO C HACTYIUIEHHWEM M Jlerpajaunuen
MO3/IHEBAIIAICKOr0  (OCTAIIKOBCKOr0) oneneHeHus. Kaper comepxutr chopMUpOBaHHBIC
MOJIOCTH HIMPOKOr'0 BO3PACTHOrO Avana3zoHa (CpeaHuil - Mo3JHuM miieicToleH - roiaoueH). CTok
JIETHUKOBBIX BOJ BBI3Bal (OpMUPOBaHWE KAapCTOBBIX ¢GopMm u meriep. [lemepsl 3a10keHBI B
TUIICOBO-AaHTUJIPUTOBOM TOJIIE COTKUHCKOM CBUTBI CAKMAapCKOro sipyca HUXKHEH MEepMHU.
dopMupoBaHUE TEHIEPHO-KAPCTOBBIX JILJOB TMOAYMHEHO MIMPOTHOW 30HAJBHOCTH |
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OTIpENEeNseTCs PACIONOKEHHEM KapCTYIOLIErocsi MacchBa B CEeBepHOW 30He (64° c.il.), 4To
XapakTepHO W I Apyrux peruoHoB [1, 2, 5]. Ha paBHMHaX rpaHuiia pacrnpocTpaHeHHE
MEIIEPHO-KAPCTOBBIX JIBIOB COBNaAaeT ¢ MmpoToi 50-60°. ITO KOCBEHHO MOXKET OBITh CBSI3aHO
C paclpoCTpaHEHHEM MX BOJU3M FOKHOW TpaHMIIBI MHOrosieTHemep3nbix mopox (MMII). Ha
oro-soctoke benomopcko-Kyoiickoro miato oHM pacrionararTcs npubnusurensHo B 100-150
KM K tory or rpanuiibtl MMII. Otmeuensl cniopanuueckue Haxoaku MMII B okpecTHOCTSX T.
[Muneru. B oCHOBHOM OHU MPUYPOUEHBI K TOPPSIHUKAM.

HauGonpmmii Bo3pacT mMeniepHO-KapcTOBBIX JIBIOB OTMedeH ans memep KysHerkoro
Anartay u cocraBisiet 6onee 500 mer. MakcuManbHBIA BO3pacT MEIIEPHBIX JbJIOB paiioHa ObLI
yctaHoBjeH ais Hanened B memepe HOOuneitnas (Cotka-26) u Omumnwuiickas. 1o maHHBIM
sk3orenHoro otpsga OAO «AI'/[» on cocraBmsier 200 net, (ompenencHHe MPOBOIUIIOCH
paaroyriIepoIHBIM METOAOM, IO OCTaTKaM JIpeBECHHBI BMep3iiei B sen) [1, 3, 4, 7]. Jlen takux
Hajiele OTJIMYAeTCs CJIOUCTOCTBhIO, BBICOKMM YypoBHeM Meramopdusma. OH, Kak HpaBuio,
HEMPO3PaUHbIH, C BKIIOYEHHEM BO3AYIIHBIX MY3bIPHKOB. | OpU30HTANIbHBIE MPOCIIONKU ITECUaHO-
TJIMHUCTOTO COCTaBa (parMeHTOB Halieied CBHUAETENbCTBYET O MHOTOJETHEM XapaKTepe
pa3BUTHS.

B mnacrosmiee BpeMss o00beMBbl MOA3EMHBIX MEIIEPHO-KAPCTOBBIX JIHIAOB pailioHa
3HAYUTENbHO COKPATWJIMCh 10 CpaBHEHUIO ¢ HaOmonaBmumucs 15 ner tomy Haszaa. CxopHble
MpollecChl OTMEYAloTCa W B memepax Ypana [1, 2]. Putmuyeckue mporeccsl B OJEICHEHUH
TeHep MPOSBISIOTCS B BHJIE JUHAMUKHU CMEIICHUS TPAHUIl OXJIAXKIEHUS MOPOJ B MOJOCTAX 0
HYJICBOI'O 3HAYEHHUS TEMIIEPATypbl, UX NMPOMEp3aHusl, TMHAMUKHA XUMU3Ma U MOP(HOIOTUU JIbIA.
Tak kak pasmepbl U (Qopma MOJTOCTH ONPEAETSIOT BO3MOXHBIM 00bEM HAKOIUICHUS JbJa B
neniepe, TO BO3HUKAIOT MHOTOJIETHUE PUTMHUYECKHE IMPOLIECChl B OJEACHEHHM IeLlep,
0OyCJIOBJICHHBIE 3allOJIJHEHHEM BCEro O0beMa MOJOCTH JbAOM. DTO OBIJIO XapaKTEPHO IS
neriepsl Jlensinas Bonna u psina Kynoropckux B 80-€ Tofbl, KOTOpBIE BIIEPBBIC OBLIM OMUCAHBI B
cepeanne 70-X rooB Kak OTKPBITbIE, OJJHAKO BXO/BI, B KOTOpbIe ObUM B 80-€ TOjbl MPOIILIOTro
BEKA 3aKPBITHI JIbJIOM U OTKPBUIMCH JIMIIL B KOHIIE XX BEKa.

[Ipu nmpoMep3aHUU KapCTYIOLUXCS MOPOJ JaXe MPU 3HAYUTEIbHONW OTKPBITOCTH BXOZa B
neniepy, BO3MOXKHO, JCHCTBYeT Kak «TeMIepaTypHas KOMIIEHCAlMs», TaK W HaJu4due
OTPUIIATEIBHBIX TEMIIEpAaTypHBIX aHomanuii. Ilocmemnue, MoryT OBITh  CBSI3aHBI C
pacrmoiO)KEHNEM HECKOJIIBKUX BXOJOB Ha pa3HBIX BBICOTHBIX YPOBHSIX, YTO OOECHEYHBACT
COXPaHHOCTh pa3jMYHBIX BUIOB JbJa U 00pa3oBaHUE KapCTOBOI'O TUIA KPUOTEKCTYpP, KOTOPBIN
MPEJICTABJIICH CEThI0 TPEIIMH B KAPCTOBBIX IMOPOJAaxX, 3aMOJHEHHBIX JbJOM. B memiepax, co
3HAUYMUTEIBHBIM IEPENagoM MEXAY MaBOJKOBHIM U MEXKEHHBIM YPOBHEM BOJI, MPOUCXOAHUT
TEPMOJICHYAAIMS CBOJOB U TepMOadpasusl Jib/ia 10 YPOBHS MAaKCUMAJIbHOT'O MOAbEMAa BOJIBI.

Benuka posb nemepHsIX JIbJJOB, KaK B IMOBBIIIEHUE YCTOMUUBOCTH KapCTOBOI'O MacCUBa,
TaK U B Pa3BUTHUU HUBAJIBHOU KOPpO3UU. JIbIBI-IEMEHTHI B YCIOBUSX TPEIIMHOBATHIX MOPOI,
IPONJISIIOT BPEMsI CYIIECTBOBAHUS TEIep, SBIAACh MEXaHU3MOM NOJJAEp>KaHUs CTAaOMIBHOCTU
X coBpeMeHHoro coctosius [1, 2, 3, 4. 6, 7]. BsaumopelicTBue KapCTOBBIX M KPHUOTEHHBIX
MPOLIECCOB  MPOSBIISIETCS B  YBEJIMYEHWH CKOPOCTH PA3BUTUSA KapCTOBBIX TMPOBAIBHO-
MPOCAIOYHBIX MPOIIECCOB 3a CYET PACTBOPEHUS KapcTyromuxcs nopos (tadauna 1). BosmoxHbI
oOpylIeHHs Ha BXOJax B Meliepbl. BHyTpu memiep 0OBalbHO-OCHIHBIE SBJICHUS CBSI3aHBI U C
rpaBuTalMeld, U C TasHUEM MHOTOJIETHUX HalieJie, cTrajarHatoB. B Hacrosiiee BpeMs B
npezenax pailoHa oTMedaeTcs BO3pacTaHue aKTHBHOCTHU MPOBAIBHO-IIPOCAJOYHBIX U 00BaJIbHO-
OCBHITTHBIX aKTUBU3alMi. VIHTEHCHBHBIE SIBIIEHUS NPUYPOYEHBI K 30HAM KAapCTOBBIX JIOTOB H
peuHbIM AoauHaM. B tabnuie 1 npeacraBiieHa pernoHaipHas Kiaccu(ukanus B3auMOJICHCTBUS
KapCTOBBIX M KPHOTEHHBIX MpoleccoB. Mmes oOIIyl0 KPHUOTEHHYIO TEHETHYECKYI0 TpYIIITY,
aKKyMVIIALUS XONoJla B KapCTOBBIX MacCHBaX HMMeeT cnenududeckue (GOopMbl MPOSBICHUS B
BHJIE Pa3HOOOPA3HBIX MEMIEPHO-KAPCTOBHIX JIbJOB. [locienHre MME0T BaKHOE 3HAUYCHHE IS
COXPaHHOCTU TEIIep B 30HaX IPOOJEHHUS MOPOJA KapCTOBBIX JIOToB. C TassHUEM MHOTOJETHHX
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Summary. It has been established that cave-karst ice southeast Belomorsko-Kuloiskoe
plateau presented by crystals, stalactites, stalagmites, stalagnates, ice cover, underground icing,
by vein icy bodies, traffic jams, ice-cement, which by nature of food can be divided into
sublimation, congelation and snow-water species. The formation of ice in the caves of the area is
influenced by the morphology of the caves, their hydrodynamics and microclimate, the activity
of karst processes, water. The greatest development of the ice noted in entered areas of the caves,
in the zone of negative temperatures up to 200 m. Great is the role of the cave of ice, as in
increase of stability of karst massif, but also in the development of nival corrosion. Ice-cements
in terms of fractured rocks, prolong the time of existence of the caves, being a mechanism
maintaining their stability.

On character of «supply» it is possible to allocate atmogenic (sublimation), congelation
or hydrogenic (most widespread) and snow-water cave-karstic ices. Typical forms of an ice in
caves are ice crystals, integumentary ices, icing (stalactites, stalagmites, stalagnates, cascades,
ensembles — heterogeneous ice «corralling» stalagmites), ices-cements, segregation crystals. It is
possible to carry to heterogeneous ices, integumentary icing in which thickness there are the
jacks of the ice which has arisen from fallen down with arch sublimation of crystals. The variety
of kinds of cave-karstic ices is caused by various influences of water and air streams on a karstic
file. Their arrangement is connected with local influence on a site of a karstic file of cooled air,
and also from a mode of humidity and temperature. It is reflected in formation of this or that kind
of a cave-Kkarstic ice.

The sulphatic karst of southeast Belomorsko-Kuloiskoe a plateau is highly active, that is
caused by speed of chemical carrying out of substances from a file up to 684 1/km?; and raised
density of karstic forms - 100 - 500 on 1 km?, in zones poorly developed friable quaternary a
cover - up to 2800 on 1 km? [1, 3]. Formation of cave-karstic ices is obliged to continental
congelations of the Moscow and Valdai age which caused reorganization of a relief previous
karstic generation. The core superficial carsting area is connected with approach and degradation
Last-Valdai (Ostaschkov) age congelations. The karst contains the generated cavities of a wide
age range (average - late Pleistocene - Holocene). The drain of glacial waters has caused
formation of karstic forms and caves. Caves are incorporated in gyps-anhydrite deposits Sacmar,
bottom Perm age. Formation of cave-karstic ices is subordinated latitudinal ash values and
defined by an arrangement carstic massive in northern zone (64 n.l.), that is characteristic and for
other regions [1, 2, 5]. On plains border distribution of cave-karstic ices coincides with breadth
50-60 n.l. It can be indirectly connected with their distribution near to southern limit of
permafrost. In southeast Belomorsko-Kuloiskoe a plateau they settle down approximately in
100-150 km to the south from permafrost limit. Sporadic finds of permafrost in vicinities of s.
Pinega are noted. Basically they are dated for peatlands.

The greatest age of cave-karstic ices is noted for caves of Kuznetsk Ala-Tau and makes
more than 500 years. The maximal age of cave ices of area has been established for icing in a
caves «Yubileinaya» «Anniversary» (Sotka-26) and Olympic. According to exogenic group of
joint-stock geology company «AGD» it makes 200 years, (definition was spent by a radiocarbon
method, on the rests of wood freezing in anice) [1, 3, 4, 7]. The ice such icing differs lamination,
a high level metamorphism. It, as a rule, opaque, with inclusion bubble of air. Horizontal layers
of sandy-argillaceous structure of fragments of icing testifies to long-term character of
development.
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Now volumes of underground cave-karstic ices of area were considerably reduced in
comparison with observed 15 years ago. Similar processes are marked and in caves of Urals
Mountains [1, 2]. Rhythmic processes in a congelation of caves are shown in the form of
dynamics of displacement of borders of cooling of rocks in cavities up to zero value of
temperature, them freezing, dynamics of chemistry and morphology of an ice. The sizes and the
form of a cavity define possible volume of accumulation of an ice in a cave there are long-term
rhythmic processes in a congelation of the caves, caused by filling of all volume of a cavity with
an ice. It was characteristic for a cave the Ice Wave and of some Kulogor caves in 80th years
which for the first time have been described in the middle of 70th years as opened, however
inputs in which in 80th years of the last century have been closed by an ice and have opened only
in the end of XX century.

At freezing of karstic rocks even at a significant openness of an input in a cave, probably,
operates as «temperature indemnification», and presence of negative temperature anomalies. The
last, can be connected with an arrangement of several inputs at different high-altitude levels that
provides safety of various kinds of an ice and formation of karstic type cryotextures which is
presented by a network of cracks in the karstic rocks filled by an ice. In caves, with significant
difference between freshet level of waters, occurs thermodenudation the arches and
thermoabrasion an ice up to a level of the maximal rising of water.

The role of cave ices, both in increase of stability of a karstic file, and in development
nival corrosion is great. Ices-cements in conditions cracking rocks prolong time of existence of
caves, being the mechanism of maintenance of stability of their modern condition [1, 2, 3, 4.6,
7]. Interaction of karstic and cryogenic processes is shown in increase in speed of development
karstic failure- subsidence processes due to dissolution karstic rocks (table 1). Are possible
destroying on entering in caves. Inside of caves landslidely-fallen the phenomena are connected
both with gravitation, and with thawing long-term icing, stalagnates. Now within the limits of
area increase of activity failure- subsidence and landslidely-fallen activation is marked. The
intensive phenomena are dated for zones of karstic broad gullies and river valleys. In table 1
regional classification of interaction of karstic and cryogenic processes is presented. Having the
general cryogenic genetic group, accumulation of a cold in karstic massive has specific forms of
display in the form of various cave-karstic ices. The last have great value for safety of caves in
zones of crushing of rocks of karstic broad gullies. The landslide phenomena are connected with
thawing long-term underground ices in breeds on a surface and in caves, opening or collapsing
cave inputs.
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Table 1. Interaction of karstic and cryogenic processes.

Factors of
power-carry < Q
caused = E Types of processes Forms of display Place of display
occurrence of © &
process

Water-separate
spaces
Bogs massive
Peripheral parts of
bogs and «islands» in
them, slopes of large
karstic forms

Thermokarst Zapadini (bottoms)

Freezing and
thawing of
rocks

Cryogenic cracking  Polygonal formations
Thawing of islands
permafrost,
strengthening of activity
of cryogenic processes

Cave-karstic seasonal

Degradation of
permafrost

a1ushoAi)

Accumulation
ofacoldin
karstic massive

Formation of
inclusions and
deposits of a cave-
karstic ice

Freezing of the
landslide and fallen
formations

Formation of a
snowing.
Firnisation

and long-term ices:
sublimation crystals,

icing, an integumentary

ice, permafrost
Freezing of the
landslide and fallen
formations

Snow fuses, jacks, firn

tongues

Karstic cavities
(entering 100-200
meter zone)

Karstic circuses, a
broad gully (about
karstic cavities)
Opened speed up
superficial karstic
forms (slopes, the
bottoms)
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PROTECTION AND SOUND MANAGEMENT OF CAVES OF THE URALS
Kadebskaya O.1.
Mining institute, Perm, Russia
OXPAHA U UCITIOJIB3OBAHUE IIEHIEP YPAJIA
O.U. KageOckas
I'opusiii uactutyt YpO PAH, Ilepmb

B oaunnouti pabome mnposedena oyenxka yHukanvHocmu newep Ypana u npobrem ux
oxpaHvl. Paccmompensl ocHoGHble Kame20puu YeHHOCmuU 015 KapCcmoewlx anouiaghmos Ypana.

A large variety of the surface and underground Kkarstic structures encounters at the Ural
region. The karstic features are most intensively developed in the Paleozoic sediments. At the
eastern edge of the East-European platform and adjoining area of the Pre-Ural foreland basin, the
dissolution processes are active in the interlayered gypsum, anhydrite, limestone, and dolomite
beds of the Irenian horizon (Psir), and less in limestone and dolomite rocks of the Fillippovian
horizon of the Kungurian Stage, as well as in the Artinskian (Piar) limestone strata. Salt and
sulphate Irenian deposits are predominantly encountered at the northern and central parts of the
Pre-Ural basin. At the area of the West-Uralian Folding Zone and Central Uralian Uplift, the
karstic features develop in the Devonian, Carboniferous, and Permian carbonates of a total
thickness of up to 2000 m. More intensive the karstic processes are on the western slope of the
South Ural.

Over 3200 caves of total length of about 244 km are known at the Ural region today (see
Table). The longest of them are: Dihvja (10100 m), Sumgan (9860 m), Kinderlinskaya (9113 m),
Kizelovskaya (Vihasherskaya, 7600 m), Kungurian Ice Cave (5700 m), Ordinskaya (4900 m).
The deepest caves of the Ural region are Kinderlinskaya (elevation difference 215 m), Shulgan-
Tash (165 m), Kutukskaya-4 (155 m), Sumgan (134 m), Tjomnaya (132 m).

Table. Caves distribution at the Ural and Pre-Ural region (Caves of Volga, Ural and Pre-
Ural region, 2010)

Region Total caves | Total length, | Longest cave, m / deepest
number m cave (m)

Republic Komi 129 2450 Medvezhja (480)

Tumen region 10 370 Lulinskaya (140/18)

Perm kray 761 75960 Dihvja (10100) / Tjomnaya
(132)

Sverdlovsk region 463 18200 Severnaya (2250) / shaft
Sadykovskaya (88)

Republic Bashkortostan 983 103000 Sumgan (9860) /
Kinderlinskaya (215)

Tcheljabinsk region 765 35000 Sukhaya Alia (2130) /
Shumikha (108)

Orenburg region 34 3009 Podarok (700)

Republic Tatarstan 32 3268 Yurjevskaya (1005)

Astrakhan region 37 2663 Baskuntchakskaya (1480)

Total 3214 243920 Dihvja (10100) /
Kinderlinskaya (215)
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Karstification affects the underground and surface hydrologic regime. Cave development
starts with formation of the fracture and karstic water pathways, which later transform to the
network of cave conduits.

At the Ural region, the most complicated and interesting model object for
hydrogeological study is Ordinskaya Cave. Here is a good opportunity to get very new data
about development of the karstic features providing permanent control of the karst aquifer
regime in zone of the siphon circulation. The same observations can be conducted in hydro
speleo system Shulgan-Tash, which is a continuation of the cave named after Ozhiganov.

A particularity of underground hydrosphere of the karst areas, having well developed
conduits network, is a high quantity of water stored in karstic rocks, especially in carbonates.
Large springs appear at the karstic water discharge areas. Such bright unique objects, as
“Krasniy Kljuch”, the largest karstic spring of the Ural region (Bashkortostan republic), and
mineralized karts spring “Kurgazak”, can become the natural heritage sites of the region.

Another particularity of the areas of well developed caves network is interconnection of
the surface and underground hydrospheres. Terrestrial rivers and underground karstic conduits
create a common hydrologic-hydrogeological system.

Formation of the karstic structures is controlled by the tectonic history of the region and
the climate changes. During the process of speleogenesis, the geological processes (weathering,
gravitational, suffusion, erosion, glacial, etc.) expand deeper beneath the Earth surface.

Uniqueness of investigation of the caves and cave’s deposits is contained in feasibility of
usage of the obtained data for characterization and modeling of the continental climate and its
changes. The most intensive development of the karstic processes was from the Middle Jurassic
to Lower Oligocene in relatively stable tectonic conditions and wet tropical and sub-tropical
climate. These ancient karstic features are matched now only like sinkholes in the erosional
depressions filled with later deposits. The same buried sinkholes, related to the river valleys,
remained after the second upper Paleocene Karstification stage. Formation of the modern karstic
landscape started in Pliocene and continues at present. A zone of development of the karst
structures at this stage (caves, ponor, vaucluse) is related to the present river valleys.

Cave’s mineralogy has not been studied well until now. Often, the caves are used as a
source of mineral resources. Cave’s minerals are not classified so far. Secondary deposits of the
Ural’s caves are presented by all the basic genetic types (Maksimovich, 1963).

Gravitational deposits are presented by the fallen and collapse subtypes. At the entrance
parts, the deposits of the thermo-gravitational subtype encounter. Hydro-mechanical deposits
develop in all the karstic voids, but beds of significant thickness occur only in the large caves.
Deposits are from Holocene to late Pleistocene in age. Locally, the voids are filled with paleo-
karstic material.

Hydro-chemical deposits occur rarely. Carbonate crystals, crusts, stalactites and
stalagmites, which development is related to the overlying carbonate beds, predominate. There
are encountered the gypsum crystals (more often ephemers), rosette-shaped concretions, and
gypsum crystal crusts.

From this point of view, the most interesting objects are Kinderlinskaya, Kizelovskaya
Viasherskaya, and Sukhoy Log (Perm kray) caves.

Frost weathering is most intensive in the ice caves. Glacial deposits are presented by all
the genetic types and have a versatile morphology. In the zone of the downward vertical
circulation, the stalactites, stalagmites, curtains, ice falls, and ice shields dominate. In zone of
horizontal circulation, the crusts, veins, frazils, and, in zone of atmogenic circulation, ice cryctals
and crusts occur. The specific forms of underground ice are the ice plugs, ice shields and ice-
cements. The most significant quantity of the ice encounters at the pre-entrance parts of up to
200 m in length. The most famous cave with ice features is the Kungur Ice Cave. Here is
observed over 120 genetic types of the ice features. Just the annual and perennial ice is the
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general landmark of the cave excursion tour. Beside the Kungur cave, the ice encounters in the
Askinskaya, Kinderlinskaya, Ylacyn, Ice Lipovaya, Marihinskaya, Medeo, and other caves.

History of formation and development of the Pleistocene landscape as habitat of the
primitive human is one of the current term of investigation of the Paleolithic age. Into the strata
of cave deposits, there is observed a high concentration of the archaeological artifacts, plant's
pollen and spores, animal fossils, which can be used as evidence of the environment changes that
took place through the Quaternary.

Cave's paleolithic settlements are the significant part of the historic and natural heritage
of the Ural region. Many of them are well known due to the scientifically interesting and
valuable paleontological and archaeological findings. In this regard, the Medvezhja, Unjinskaya,
Kizelovskaya, Mahnevskaya, Ignatjevskaya, Staromuradymovskaya, Vogulskaya, and Shulgan-
Tash caves can be considered as the unique objects.

The most unique are the caves having the deposits of Pleistocene age. These caves are
located at the area of 4 administrative subdivisions of the Perm kray, 3 subdivisions of the
Cheliabinsk region, and 6 subdivisions of the Republic Bashkortostan. The majority of the caves,
as it is proved by rich findings of the osseous remains, were populated by animals. In some
caves, the tracks of the prehistoric human staying were discovered. Malaya Makhnevskaya cave
is the only cave at the Ural region, which have the remains of animal species of the last
interglaciation age. This age (110-130 thousand year) at the Ural region is referred to as
“streletskiy interglaciation age”, and at Eastern Europe as “Mikulinskiy interglaciation age”.
This is the northern occurrence of fossils of the Himalayan bear and porcupine. This Himalayan
bear is defined as new subspecies named a perm black bear or Ursus thibetanus permjak
(Baryshnikov, 2001). At present, this site is entirely destroyed by the commercial “black
paleontologists”.

Because of activity of the “black paleontologists”, presently, 84 from 130 known in the
Perm kray caves have lost the pleistocene deposits, which could be used for studying of the
climate and landscape changes in the region, entirely or partially.

Caves are the habitat of the modern specific species, staying permanently (troglobionts)
or temporally (troglophiles). Speleogenesis is accompanied by the penetration of the
hydrosphere, atmosphere, and biosphere into the earth crust, and changing and complicating of
the boundaries of the objects. The consequences of these processes are the concentration of the
groundwater flow, formation of the water abundant zones and reservoirs of underground
atmosphere that creates conditions for the adaptation and habitat of the species in the
underground environment. An isolation from external influence and relatively stable internal
climate of the caves lead to appearance and preservation of large quantity of the endemic
species.

From the karts species of the Ural and Pr-Ural region, only Crangonyx Chlebnikowi is
the specialized stygobiont, having distinct morphological forms adapted to the karstic habitat.
This is a relic of the Turgay fauna, which is a voiceless witness of the climate cataclysms and
great migration of fauna and flora, comprised large areas of the Earth surface. These are eyeless
and translucent amphipods. The color of crangonix is explained by the whitish tissue
transilluminated through the transparent crust (Pankov, 2010). Separate crangonix subspecies
inhabit the Kungur Ice, Mechkinskaya, Babinogorskaya, and Ordinskaya caves. Crangonixs
settled into the caves at the beginning of the earlier pleistocene glaciation approximately about
400-500 thousand years ago. Ancestors of the troglobiont Crangonyx chlebnikowi remained on
the surface and did not survive due to severe pleistocene climate changes. There are not
encountered amphipod species analogous to this crangonix in the surface water streams of the
Ural and Pre-Ural region.

The largest at the Ural region bats settlement (of about 4 thousand) existed in the
Smolinskaya cave (Sverdlovsk region). Unfortunately, despite of the status of natural heritage,
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uncontrolled human visiting destroyed the environmental conditions of the habitat of these
animals. Today only single examples can be met in this cave.

Peculiar vegetation is also an attribute of the karstic landscape. Karstic processes and
specific environments (dry soil, high summer temperatures, bedrock outcrops) contribute to
preservation of the local extrazonal vegetation areas, such as the Kungur forest steppe in Perm
kray (the northern area of kovyl steppes of Eurasia) and Yuzhniy Kraka steppe (Bashkortostan
republic). Ice Mountain (Kungur) is an area, where a number of unique plants, included in the
Red Book (list of threatened and endangered species) of Perm kray or in the Red Book of Russia
(Stipa pennata and Cephalanthera rubra), grow. Today, forest steppe ecosystems at the Middle
Ural are under threat of disappearance and protecting the existed areas of steppe vegetation is an
essential problem.

The Kungur Ice Cave was a first cave used for touring purposes in Russia. Since 1914
this cave is regularly visited by tourist. It is a research laboratory of the Mining Institute UB
RAS and is also used for field curses for students of the Perm State University. The excursions in
the Shulgan-Tash cave were resumed in 1992, and a length of the excursion rout is today above
370 m. Underwater part of Ordinskaya cave is used for training the speleo-divers.

Today only 5% of 3200 caves, located at the Ural region, have a status of protected
natural heritage objects. The lowest quantity of protected karstic objects are in Bashkortostan
republic, where only 32 of 983 caves are recognized as the natural heritage and some caves are
located in the national parks or at other protected areas (Abdrachmanov et al, 2002).

The protected heritage objects status restricts the business operation at the area, but does
not affect the uncontrolled visiting. The caves, often visited by informal tourists, are in really bad
condition. Local authorities and enthusiasts attempted many times to establish a cave protection.

Dumping with trash is another problem associated with preservation of the caves, even
located in remote and hard accessible places. The worst conditions are noted in the
Kinderlinskaya (Bashkortostan) and Sukhoy Log (Perm kray) caves.

Since the 90th's, paleolithic heritage objects of Ural region have been threatened by the
illegal commercial excavations. Unique for Russia, sites, where the remnants of ancient animals
(not studied entirely) were found, are almost destroyed. It is noted, that the fossil bones from
these sites were sold at the geological fairs in Germany and America and encountered in
European geological museums.

Despite the fact that speleological objects of Ural region are unique and related to natural,
historical, and archaeological heritage, no cave has today a status of the federal heritage object,
excluding only the caves located at the conservation areas.

The grand caves of the world (Carlsbad, Mammoth, Sarawak) are included in the World
Heritage List. There are about 250 countries in the world, and in 58 of them the world heritage
objects, which are of interest for speleology and spelestology, are recognized (Maksimovich and
Mescheriakova, 2010). Unfortunately, the Russian objects are not presented in that list, though,
undoubtedly, they exist in the country and at Ural region too. In 2004, the International Union
for Conservation of Nature and karst and caves conservation executive committee included the
Kungur Ice Cave in the list of the karstic objects nominated for natural World Heritage sites of
UNESCO. Undoubtedly, Ordinskaya cave, which is the longest among the world caves
developed in sulphates, and Shulgan-Tash (Kapova cave), which is a unique site of the
Paleolithic culture at South Ural, might be included in this list.
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CRYOMINERAGENIC PROCESSES ON AN EXAMPLE OF CAVES OF THE
URALS
O.l. Kadebskaya, T.A. Kalinina
Mining institute, Perm, Russia
NPOLUECCHBI KPUOMUWHEPAJIOTEHE3A HA ITPUMEPE INELEP YPAJIA
O.U.Kaneockan, T.A. Kanuauna

Cryomineragenic processes are quite common. Unfortunately, up to the present time
there is no general classification of their conditions, types etc., supporting our discussion on
cryomineral origin.

The conditions where cryomineragenic processes occur in the largest scale (no matter if
marine or continental) seem to be the regions with currently existing ice cover, where
cryochemical processes are related to surface glaciers and the regions where the cryochemical
processes are connected with underground ice. The latter covers the regions with perennial
permafrost and also the regions, located more to the south, where underground ice forms in
underground cavities — caves.

History of investigation of cryomineral formations of caves is very short. There are some
special works concerning mainly glaciers and naled ice, where investigation of their chemical
contents gave some important data on their chemical components and also cryochemical
processes connected with them Alexeyev (1987), Alexeyev, Ivanov (1976), Ivanov (1981, 1983),
Shumskiy (1955), Bukowska-Jania, Pulina (1984, 1990), Bukowska-Jania (1998), Clark, Lauriol
(1992), Courty, Marlin, Dever, Tremblay, Vachier (1994), Drozdowski (1982), Fairchild,
Bradby, Spiro (1993), Fairchild, Bradby, Spiro (1994), Fairchild, Killawee, Sharp, Spiro,
Hubbard, Lorrain, Tison (1999), Fairchild, Killawee, Spiro, Tison (1996), Faure, Hoefs, Jones,
Curtis, Pride (1988), Ford, Fuller, Drake (1970), Galuskin, Bukowska-Jania (1999), Gokhman
(1997), Grashy (2003), Griselin, Marlin (1998), Hallet (1979), Jazuel, Sauchez (1982), Killawee,
Fairchild, Tison, Janssens, Lorrain (1998), Souchez, Lemmens (1985), Vogt, T., Corte A.E.
(1996), et.al.

Various similarities and differences in the mechanism of the cryomineragenic processes
can be observed in all the mentioned cases. As a rule, precipitation of salts from the solution
appears to be a part of the circulation system of such substances as calcium carbonate.

It is not possible to characterize all the mentioned conditions, but in all cases formation
of a large amount of cryomineral powder take place (different in each case). The particles of
cryomineral powder are usually dispersed in the whole mass of the rocks (e.g. in debris),
however, after melting of ice bodies its can accumulate in various forms and sizes.

Dispersed masses of cryomineral material, mostly carbonate one, significantly enrich
cave sediments determining many of their lithologic features and epigenetic transformations. For
example, cryochemical material, dispersed in broken parts of rocks covering mountain slopes
and then dissolved, forms hard crust or breccia as a result of its evaporation in summer time.

“Cryochemical factories” were especially active in production of dispersed carbonate
material in Pleistocene. Cementation replaced production of dispersed enriching carbonate

62.



material in deglaciation periods that resulted in formation of various types of carbonate
sediments. Carbonate contents in Pleistocene loess is also mostly of primary-cryochemical
origin.

Cryomineral enrichment of sediments in moraines, outwash plains and other areas
connected with land-ice are also very good examples of such process. After melting of ice sheet
large amounts of carbonates were washed into loose fluvioglacial sediments not only enriched
them, but also influenced in some cases their lithological character (e.g. carbonate moraines).

Mineralogy and morphology of cryomaterial from gypsum and limestone caves is
various. Gypsum is a dominating material (over 95 % of cryomineral mass) in gypsum caves. It
occurs mainly in the form of split crystals, often twin crystals, and spherolites. Calcite and
celestite occur less frequently, but they also occur in split forms. Numerous phases of calcium
carbonate are the most common in limestone caves.

Unfortunately, it is impossible to find features definitely determining cryogenic origin of
minerals at this stage of research. It is necessary to examine bigger number of samples, possibly
to carry on their statistic analysis, to study their morphology and make an attempt to find
“isotopic support” for the morphological features, etc. Currently, the investigation can be based
only on results of underground observations, few experimental data and also on the number of
morphological features always accompanying cryocrystals.

Importance of "speleocryomineralogical” researches

. Age of cryomineral formations is also very interesting for investigation. Their
dating could distinctly show the growth of underground ice, so the cryominerals could serve as
age markers much more stable than ice which can melt, recrystalise, etc.

. Aerosol material, including particles transported by air from outside, is preserved
in cryomaterial growing layer by layer in underground naled ice. It can also be the source of
information about pelaeoclimatic conditions of the past.

Cave material varies greatly in its content and morphology, reflecting, not only different
formation mechanisms, but also varied factors of unbalanced conditions of the solution and
changing environmental conditions in the cave.

Detailed mineralogical investigations, applying the latest research methods, including
isotopic analysis, will undoubtedly explain unknown effects and consequences accompanying
cold mineral

Successive stages of mineral crystallisation, tempo of the process, cryomorphic
transformation of crystals in the surrounding ice (recrystallisation in changing environmental
conditions), inclusions in cryocrystals (for example, water or other minerals), phase
transformation of the mineral matter, its aggregation, structure of crystals (growth zones etc.)
and many other problems also are very interesting.
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The separated pine-skeletal dendrites in different stages of regeneration (at the left), zonal
aggregates and separated crystals with new formed on them split crystals. Pervyj Grotto,
Kungur Ice Cave
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Regenerated (in different degree) spherolites, sometimes with the signs of 2 stages of splitting (at
the left). Split crystals of gypsum and flat aggregates (twins and joints).
Scandinavskyj Grotto, Kungur Ice Cave
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0,1 mm

Recrystallisation of carbonate cryogenic powder, Mariinskaya Cave, Perm Region

INVERTEBRATES FROM CAVES OF PINEGA AREA: BRIEF REVIEW
S.A. Kapralov
Niziy Novgorod State University
BECIIO3BOHOYHBIE NNENIEP TUHEIA: JINTEPATYPHBIA OB30P
C.A. Kanpanos
Huxeropoackuii rocynapctBeHHbiil yuuepcuteT uM. H.W. JlobaueBckoro,
CKTI'I I'TIC, Huxuuit HoBropon

Available data about invertebrates from caves and some karst habitats of White Sea-
Kuloi plateau were summarized. Notholca caudata (Rotatoria, Brachionidae), Mysis relicta
(Mysidacea, Mysidae), Pallasea quadrispinosa (Amphipoda, Pallaseidae), Ephemeroptera
indet., Culicidae gen. sp., Helomyza serrata (Diptera, Helomyzidae) were recorded in caves. In
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addition, 12 mite species (Mesostigmata) and 18 springtails (Collembola) were adduced for
sinkholes & other cold karst habitats of Pinega area. Cave fauna of the region is very poor, but
only special studies can give the representative pattern of hypogaeic life in the North.

B coobwenuu obobwena oocmynnas ungopmayus o0 HAXO0O0KAX 0ECNO360HOYHBIX
JHCUBOMHBIX 8 Newepax U HeKOMopPvIX Kapcmosvlx mecmoobumarnusix Beromopcko-Kynotickoeo
niamo.

[Temepsr benomopcko-Kynorickoro J1aTo SBIISIFOTCS MPEUMYILECTBEHHO
TOPU3OHTATBHBIMHU, JII THUIICOBOIO MAacCHBa XapaKTepHO pa3BUTHE OOJIBIIONO KOJHMYECTBa
TPELIMH U BEPTUKAJIBHBIX BOJOMPOBOIAIIMX KAHAJIOB, YTO B COBOKYMHOCTH C KIMMAaTHUYECKUMU
YCIIOBUSIMH PErHOHA MPUBOJUT UX K paHHeMY 3uMHeMy mpomopaxuBaHuio (['onox, T'omon,
1974). CornacHO MHOI'OJETHUM MOHUTOPUHIOBBIM MMKPOKIMMATHYECKUM MCCIIEI0BaHUAM
3HAUEHHUS] CPEIHUX 3UMHHMX TEMIEpaTyp B MOJEJbHBIX IOJOCTSIX OCTAIOTCA OTHOCHTEIBHO
noctossHHbIMHU, okojo —30 °C (IllaBpuna, 2010). B To ke BpeMs B psje Meliep OTMEUYEHBI
JIOKaJIbHBIE YYaCTKU IMOJOXHUTENbHBIX 3UMHHUX TemrepaTyp Ha ypoBHe +2-2.6 °C (by3yHOB,
1974; BoeBonuH, Mamnkos, 1974).

@dayHa OEClO3BOHOYHBIX JKMBOTHBIX II€LIEp pEruoHa MpaKTUUYECKM HE H3y4yeHa,
cymectBytomue 06030psl (bupmrreitn, JleBymkun, 1966; Kuucc, 2001) He HecyT HHKaKoOM
nH(popMaluu 0 CeBEpHBIX meuiepax. MMeromuecs cBeeHus: pparMeHTapHbl U 3a4acTyl0 HOCST
CIIy4alHbIA XapakTep.

H.I'. basuoB (Bayanov, 2003) Ha OCHOBaHWM THAPOOHOJOTHMUYECKHX HCCIICIOBAHHMA
KapcToBbIX 03ep [TMHEXKCKOro 3aroBeHIKA TPUBOAMT JJIs MeliepHbIX Boa KonoBpatky Notholca
caudata (Rotatoria, Brachionidae), ormeuennyio paHee Takke B IJIAHKTOHHBIX COOOIIECTBAX
Isennu u Kanamger (Kytukosa, 1994, c. 71), a Taxke pakoodpasusix Mysis relicta (Mysidacea,
Mysidae) u  Pallasea quadrispinosa (Amphipoda, Pallaseidae). M. relicta — oburarens
BozoemoB OacceitHa CeBepHoro JlenoBurtoro okeana u bantuiickoro mopst (Punpuakos, 1995, c.
165). P. quadrispinosa nacensiet onurorpodusie o3epa EBpomnbr (Ctapoboraros, 1995, c. 189).
bokommaBer (Amphipoda) ormeuensr Takke B memiepax Kymoropckas, Kurtex, I'onmyOuHCcKuit
npoBasi, Bomnas (Cemukonenusx, 1992; ®panm, 1992, 2003a, 20036; bukymos, 2003).
VKka3aHHbIC BH/IbI, BEPOSTHO, SBIIIOTCS PEIMKTAMHU JIEAHUKOBOr0 Bpemeru (Bayanov, 2003).

O.JI. Makaposoii (2006, 2007, 2009) u A.b. ba6enko (2008) mpoBeaeHb! UCCIIEIOBaHUS
Me30(ayHbl KapcToBBIX JaHamadToB — obcnenoBansl MaceeB, CeBepHblii u Tapakanuii sora,
CKaJbHble OOHAXKEHHS W U30JHPOBAHHBIE KapCTOBBIE BOPOHKH. bBBIT HCclenoBaH Takke
OopraHu4eckuil MaTepual (ApeBecHasl Tpyxa, JIUCTOBON onaxa) u3 nemep ['onyOuHCcKuil nposai u
Jlensnas BonHa. Martepuan u3 meuiep He ObUI 3acelieH MUKpPOAapTPONOIaMH, TeMIiepaTypa B
nojiocTsiXx Obuta orpumarenbHoi (MakapoBa, 2006); dayHa NOBEpXHOCTHBIX JaHAIIA(PTOB
HANpOTUB COJepXaja KOMIUIEKC crnenu(pUYecKUX BHUAOB, OTMEYEHHBIX TOJBKO B XOJOJHBIX
KapCTOI'€HHBIX MECTOOOUTAHUAX 3aII0BEIHUKA.

Cpenu ramasoseix kiemierr (Parasitiformes, Mesostigmata) sto apktuueckue Dinychus
micropunctatus (Uropodidae), Arctoseius sp. (Ascidae), ceBepoeBporeiicko-cHOpCKue
Trachytes edleri (Polyaspididae) u Pachylaelaps kievati (Pachylaelapidae), apkromonTanHbie
Veigaia belovae (Veigaiidae), Trachytes hirschmanni (Polyaspididae), Iphidinychus gaieri
(Uropodidae), Cheiroseius cf. sayanicus (Ascidae), Zercon sp. (Zerconidae), Bumbl c
monTanHbiME cBsi3simu Gamasellus sp. (Rhodacaridae), Arctoseius sp. (Ascidae), Syskenozercon
kosiri (Zerconidae) (Makaposa, 2009).

Cpenn  xomrembon  (Collembola) Takke  mpucyTCTBYrOT  Kak  CHOUpCKHeE,
JEMOHCTPUPYIOIIME BOCTOYHO-TIANICAPKTHUECKOe BIHUSHHE Ha (ayHy 3amoOBEJHUKA BHJIBI
(Protaphorura jacutica (Onychiuridae), Desoria alaskensis, Pachyotoma sp., Isotomodella
psammophila (Isotomidae)), Tak u pa3HOOOpa3HbIE IO THIy apeana apKTOAIBITHNACKUE
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(Chaetophorura simplex, Ch. bella (Onychiuridae)) u apxTuyeckue, cBONHCTBEHHBIC 30HAM TYHIP
u noigpHeix mycteiHb (Desoria tshernovi, D. inupikella, Isotoma sp. aff. variodentata,
Pseudisotoma sensibilis, Folsomia ciliata, F. cryptophila, F. bisetosa, Tetracanthella wahlgreni
(Isotomidae), Oligaphorura cf. ursi (Onychiuridae), Hypogastrura tullbergi (Hypogastruridae))
(babenko, 2008). OtmeueHbl TaKKe NCHXpOPUIBHBIN eBponeiickuii Bua Appendisotoma
abiskoensis (Isotomidae) wu Willemia trisphaerae (Hypogastruridae), wu3BectHass wu3
MECTOOOHMTaHU#l Kak ¢ ceBepa EBporbl, Tak u u3 rop toxHoi Cubupu. Desoria tshernovi u D.
inupikella sBistorcst HamboJiee MacCCOBBIMH M3 apPKTUYECKMX BHJIOB B KapCTOBBIX BOPOHKAX,
oOycnaBiuBasi, Kak ¥ OOJblllas OTHOCHUTEJbHAs YHCIeHHOCTh Folsomia rossica, BbICOKYIO
creruanocts ux coobmects (babdenko, 2008). D. tshernovi, I. sp. aff. variodentata, A.
abiskoensis u W. trisphaerae panee otmeuanuch B nemepax Cpennero Ypana (IToramos, 2003 —
uut. o: babenko, 2008).

Cyas mo BceMy, XOJIOAHBIE KapCTOBBbIE MECTOOOMTAHHS CIOCOOCTBOBAIM COXPAHEHUIO
KpHO(UIBHBIX BUIOB, OKa3aBIIMXCA 3[1€Ch BO BpeMs JieAHUKOBOro nepuoaa (Maxkaposa, 2007),
YTO B COYETAHUHM C BO3MOXHBIM PACCEJICHHEM HIIM 3aHOCOM CEBEPHBIX BHUIOB IPUBENIO K
(hopMHUPOBAHHUIO COBPEMEHHBIX c0001IIeCcTB MUKpoapTpomno (badenko, 2008).

CBeneHusi 0 HaCEKOMBIX Telep OTphIBOYHBL. B nyxunax meumiepbl K-1 oOHapyxeHBI
mnuuHKE moneHok (Ephemeroptera) (dpann, 20038, 2003r). KpoBococymue komapsr (Diptera,
Culicidae) ormeuensr B nampHelr yactu mneriepsl K-2 (®Opanm, 1992), BeposTHa BO3MOXKXHOCTb
WCMOJNIb30BAHUS HMHM TIemep Kak wMecrta 3uMOBKH. He wuneHTudumupoBaHHble KOMaphl
HaOmoganucs takke B nemiepe K-5 (dpann, 1992). Helomyza serrata (Diptera, Helomyzidae)
BcTpedeHa B nemiepax ['omyounckuii [IpoBan, Kutex, um. Beiconkoro, cucteme um. TepelneHko
(Cemuxonennsix, 1992). Bua umeer ronapkTHYECKOe pacmpoCcTpaHeHHe, 0ObIYEeH B MOA3EMHBIX
MOJIOCTAX cpeaHel monocsl Pycckoit paBHunsbl, FOxHoro Ypana (Kanpasnos, 2010).

CypoBble KIMMaTHYECKHE YCIOBHS HETaTHMBHO CKa3bIBAIOTCS HAa (POPMHUpPOBAHUU U
COXpaHEHUHU TMoJI3eMHON (ayHbl pervoHa. B To e Bpems cCylIecTBOBaHHE Y4YaCTKOB
MOJIOKUTENBHBIX TeMIeparyp, crenuduyeckue OHMOIEHO3bl HA3EMHBIX KapCTOBBIX (OpM U
CYUIECTBOBAHHE PENMKTOBBIX MOMYJISAINUNA KPUOPHIBHBIX BUOB JTal0T OCHOBAHUS HAJEITHCS Ha
HOBBIE (hayHHCTHYECKHE HaXoJAKH B memiepax [Iuneru. buocneneonornuecknue uccieaoBaHus B
TAaKUX YCJIOBHUSX JOJDKHBI ~ ONMUPAThCS HA  MHKPOKJIMMATUYECKHE, THAPOJIOTHYECKHE,
TUAPOXUMUYECKUE TaHHBIC, OBITh YaCThI0O MOHUTOPUHTA TTOJI3EMHOMN MPUPOTHON CPEIIBI.

brnarogapum JI.A. Cunoposa (buonoro-nousennsiii nuctutyT JIBO PAH, BraauBoctok)
3a 3aMeuYaHus M0 TakCOHOMHH pakooOpasHbix u O.JI. Makapoy (MII93 um. A.H. Ceeprosa
PAH, Mockga) 3a mOMOIIb B TOMCKE JTUTEPATYPHI.
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BJIUAHUE KAPCTOBBIX IIPOLHECCOB HA ®OPMHUPOBAHUE
MMOJI3EMHBIX BOJI (IO O-3AIIATHBII KPHIM)
E. II. KarokoBa
Cankr-IlerepOyprekuii rocynapcrBennslid yauepcuteT (CIIOIY), r. Cankr-IletepOypr

Within the second (inner) ridge of Crimean mountains in the midstream of the river
Bodrak (surroundings of the village Trudolyubovka) there is a unique geological site existing for
nearly 60 years, where St. Petersburg State University conducts geological field training for 2nd
year students. Since 1998, during the geological training hydrogeological studies that include
surface water and precipitation research, are carried out. Since the training is held in the
summer, all the studies are seasonal (June - July).

Within the site, the river Bodrak flows from the south-east to the north-west (the
catchment area is 76.5 km?, average height of the catchment is 430 mm, average altitude of the
longitudinal profile is 250 m, underground flow, calculated by morphometric method according
to A. Green [4] is 125 mm).

The average annual temperature in the vicinity of the site varies around 11,6° C (at
present, there is a trend of temperature increase of 0,37°/10 years). Negative anomalies of mean
monthly air temperatures are associated with periods of dominance of the north-east winds.

The study area is divided into the following zones and aquifers: Quaternary aquifer (Q);
Lyutetsky aquifer (Pgar); Danish aquifer (Pgiq); Hauterivian aquifer (Kiw-n); water bearing
zone of Karadag series (Ja). Unweathered sediments of Karadag, Eskiordinskoy and Taurian
series form the regional aquitard.

Groundwater developed in the study area mostly belongs to zone of active water
exchange. Only fracture-vein water of Karadag volcanic-sedimentary series (northern part of
the village Trudolyubovka) belongs to the deeper zone. Groundwater of the Bodrak river basin
are formed by precipitation (685 mm is a middle precipitation value of the river catchment), as
well as by the transit water and condensation. About half of total precipitation value is spent on
evaporation and transpiration. In the warmer months, the groundwater resources are
replenished by condensation. Condensing flow is estimated as 2% of the precipitation, it is 11
mm (module of condensation flow is 1.85 //seckm?) [1]

From 1998 till present time there is a negative trend in precipitation (with the dynamics
of about 1 mm/year) within the studied area. The chemical composition of precipitation
corresponds to continental areas (contribution of the marine component is about 20%). The
average salinity is 40 mg/l, pH ranges around 7. The predominant component of 30% of
precipitation is calcium bicarbonate, other rainwater is of sulfate-bicarbonate calcium (18%),
bicarbonate sodium-calcium (15%), sulfate- bicarbonate sodium-calcium (12%) composition.

About 250 kg of chemicals falls annually on the one hectare of the Eastern part of
Bakhchisaray region. Contents of all macro components are well correlated with salinity, but the
highest correlation rates are between hardness cations and bicarbonates.

Higher mineralized precipitation is associated with north-eastern winds. Winds of NNE
direction bring dusty soil rich in iron minerals, eastern winds contain clay particles. Sources of
major ions of HCO3', Ca®*, K* and of significant part of Mg®* and SO,* ions are soil and rocks
(often these are particles of carbonate rocks).

The leading role in the formation of trace-element composition of rainfall in the study
area belongs also to continental sources. Due to the wind directions, the there is an ecologically
favorable situation in the lower layer of the atmosphere of the study (anthropogenic contribution
to the chemical composition of precipitation is negligible).

Karst processes in the study area are associated with carbonate deposits of the
Paleogene (they form the cuesta scarps of the Second ridge), as well as with the Cretaceous
deposits composing the top of mesas.
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Karst of the Inner ridge is developing mainly due to water absorption of transit streams
and their tributaries. This leads to the formation of fairly numerous, but smaller (length is about
300 m) Ponor caves in Danish and nummulite limestone [2, 3].

In the inner ridge, the underground karsting is nearly absent, due to the deepening of
river valleys below the base of the Cretaceous and Paleogene limestone. Small forms (funnels,
ditches), sometimes of anthropogenic origin [2], appear.

According to A.B. Klimchuk, manifestations of karst foothills of Crimea have hypogene
nature. It means that they are associated with the regime of the ascending groundwater
discharge and with water exchange between aquifers. The share of the karst rocks in Paleogene
sections is 45%, in Cretaceous sections it is 18%. [5].

Carbonate deposits have a significant impact on the formation of both chemical
composition and quantity of natural waters. In the study area there are permanent springs, their
outputs are confined to carbonate rocks (Afeniz spring). There are also springs discharging
along the fracturing zone of flysh rocks those who carried on unloading zone cracked flysch
rocks. However, their chemical composition indicates that they form in the upper carbonate
rocks (spring in the north- western slope of Patil mountain, a spring near Maly Kermen
mountain). The formation of calcareous tuff is observed near the spring.

The condensing flow from Cretaceous limestone (Kiw.n) iS estimated as 1,8% of the
precipitation. The condensing flow is counted up on summer minimum flow of Patil springs (in
hot period).

Water formed in carbonate rocks, are hard and alkaline (pH 7-7.5), of calcium
bicarbonate composition with salinity of 0.6 - 0.7 mg/liter.

Ag Al As B Ba Cd Co Cr Cu
0.0047- | 014 | 000015- | 0028 | 070- | 000002— | 0,0002— | 00020 | 0,0038—
00048 | 019 | 00002 0,080 075 | 000017 | 000026 | 00044 | 00041

Fe Li Mn Mo Ni P Pb Rb Sh

015 | 00050 | 0003 | 00001 | 0,0000_ | 00iz_ | 000073— | 0,00043— | 0.0001

038 | 00077 | 00065 | 000032 | 00042 | 0033 00034 | 00007 | 0,0002

Se Si Sn Sr Ti Th U V Zn
<0,001— <0,001— 0,002 0.0005- | 0,019-

0001 | 2811 | googe | 927036 | pogq | <0000 | 00022 56006 | 0145

A water associated with karst deposits has good drinking quality.

B mnpenemax Btopoit (Baytpennei) rpsasl KpbIMCKUX TOp B CpEIHEM TEUCHHH
p. bonpak (oxkpectHoctun . TpynomoOOBKM) CYIIECTBYET YHUKAJIbHBIA TEOJIOTHYECKUI
IIOJIMTOH, Ha KoTopoM Yyxe mnodtd 60 user Canxr-lIlerepOyprckuit ['ocynapcrBeHHbIN
YHUBEPCUTET MPOBOJUT YUEOHYIO T'€0JIOTMUECKYI0 IPAKTUKY I CTYyJJ€HTOB 2 Kypca.

C 1998r. B pamMKax TIe€OJIOTHYECKOW IIPAKTUKH BEIYTCS THUIAPOreOJOrHYECKHe
WCCJIEZIOBAHUS, & TAK)KE U3YUaIOTCs IOBEPXHOCTHBIE BOJBI MOJIMTOHA M aTMOC(HEPHBIE OCAIKH.
Tak kak MpakTUKa OPOXOJUT B JIETHUM MEPUO] — BCE UCCIIEIOBAHUS HOCAT CE30HHBIN XapakTep
(MIOHB — UIOJIB).

C 1ro-soctoka Ha ceBepo-3amaj MOJMIOH mepecekaeT p. boapak (mmomansb
Bo0cGOpHOro Gacceiina - 76,5 ku”; ykioH - 15 %o; cpexusis BbIcOTa BomocGopa - 430 mw,
cpemHsisi OoTMeTKa mpoaonbHOro mpoduns — 250 .m; TOM3EMHBIA CTOK, TOACYMTAHHBINA
MophomerpudeckumM criocodom o meroxy A. U. 3enenoro [4], - okono 150 mm).
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CpennsAs ropoBas TemIiepaTypa B paiioHe nouuroHa KpbIMCKOH TIeoJIoru4ecKkoin
MpakTUKH Bapbupyer okoso 11,6 °C (B HacTosmmii mnepuon HaOMIOgaeTcs TEHACHIUS
nosbilieHus temneparypbl 0,37 /10 ner). OTpuuaresibHble aHOMAJIUU CPEIHEMECIYHOU
TeMIIepaTyphl BO3IyXa CBSI3aHbI C IEPHOAAMH MIPe00IalaHusl CEBEPO-BOCTOUHBIX BETPOB.

Ha usy4yaemoii TeppuTopuu BbIACIAIOTCS CIEAYIOLIME BOJOHOCHBIE TOPU3OHTHI U 30HBI:
YETBEPTUYHBIA BOJOHOCHBIH TOpU30HT (Q); OTETCKHM BOAOHOCHBIA ropu3oHT (PQ:lt);
JIaTCKUuil  BOJOHOCHBIM ropu3oHT (Pg:1d); rorepuBckuii BomoHOCcHBIH Topu3oHT (Kih);
BOJIOHOCHAasi 30Ha Kapanarckoi cepuu (Job). HeBbIBeTpesble OTIOKEHHUS KapaJarcKoi,
ACKUOPJINHCKON U TABPUUYECKON CEPUIl MPENCTABISIOT PETMOHAIBHBIN BOAOYIIOP.

B monaBnsionieM OOJBIIMHCTBE CBOEM BOJBI Pa3BUTHIE HA HM3y4aeMOW TEPPUTOPUU
OTHOCSTCSI K 30HE aKTHBHOTO BOJOOOMeHa. VCKIIIOYueHHEe COCTaBIISIIOT TPEIIMHHO-)KHUIIbHbBIE
BO/IBI KapaJarckol CepuH BYJIKAHOTEHHO-OCaJAOYHON TONIM (Y4acTOK B CEBEPHOM YacTH
n. Tpynomo6GoBkn). Ilomsemubie Bomsl OacceiiHa p. boppak ¢dopmupyroTcs 3a  cuer
aTMoc(epHbIX 0caKoB (685 MM — cpeaHMii cioil ocankoB BogocOopa p. boapak), TpaH3UTHBIX
BOJ M IPOLIECCOB KOHJEeHcaluu. IIpuMepHO TMONOBHHA, BBIIABIIMX HA TEPPUTOPHUU
aTMOC(epHBIX OCAJKOB, TpPATUTCA Ha MCIApeHUe W TpaHcnupauuio. B Temible Mecsibl
IIOJ3€MHBIE BOJIBI MOMOJIHAIOTCS 3a CYET KOHJAEHCaluHu. KOHIeHCallMOHHBIN CTOK OLl€HUBAETCS
kak 2% or BbIIABIIMX aTMOC(EpHBIX OCAaAKOB M cocraBiaser 11 mm  (Momynb
KOHICHCALMOHHOr0 cToKa - 1,85 11/c kM%) [1]

B nepuon 1998 r. mo Hactosiuiee Bpems B paiioHe KpbIMCKOro yueGHOro MojMroHa
HaOJr01aeTCsl OTPULATEIbHBIA TPEH I KOJIMYEeCTBA aTMOC(EPHBIX OCAKOB (C IMHAMHUKON OKOJIO
1 mM/ronm). XUMHYECKHH COCTaB OCaJKOB OTBEYAET KOHTHHEHTAJbHBIM paiioHaM (BKJaJ
Mopckoii cocraBisitonierd  okono 20 %). Cpemusis MuHepanmuzanusi coctaBisieT 40 mr/i,
BenuuuHa pH Bapbupyer okoso 7. [1o npeobnanaromum komnoHeHnTam ocaaku B 30 % ciydaes
IUPOKapOOHATHBIE KallbLIUEBbIE, HAa OCTajJbHbIE MPOLEHTHl MPUXOIATCS CYJIb(paTHO-
ruapokapooHatHeie Kanbiuesbie (18 %), rumpokapboHaTHbIC HaTpueBO-Kanbimessie (15 %),
cynb(aTHO-THIPOKApPOOHATHBIE HATPUEBO-KabITHeBbIe (12 %).

Ha onun ea tepputopun Boctounoit yactu baxuncapaiickoro paiioHa B T€UEHHUE rofa C
aTMOC(epHBIMH ~ OcaZKaMM BbIIanaer okono 250 ke XHMMHUYECKMX BellecTB. Bce
MaKpOKOMITOHEHTBI ~ XOpPOIIO KOPPETUPYIOTCs € MHHepaiu3alueid, HO HauOoJblIue
K03 GHUIIMEHTHI KOPPENILUY UMEIOT KATHOHBI )KECTKOCTH U THIPOKapOOHATHI.

C ceBepo-BOCTOYHBIMHM BETpaMHU CBSI3aHBI 0oJjiee MUHEPaJM30BaHHBIE OCAJKU, BETPHI
CCB pyMOO0B HECyT IOUBEHHYIO IbLIIb 00TraTyro kKeJlIe3UCThIMU MUHEpPAIaMU, BETPbl BOCTOUYHBIX
HaIpaBJIEHUH — MIIMHUCTBIMU YacTULaMu. VlcTouHMKN nocTyruieHus: ocHOBHbIX HoHOB HCOg3,
Ca®*, K" u snaunrensroit vactt Mg u SO4% — [OUBBI i TOPHBIE TOPOJBI (4ACTO ITO YACTHUKH
KapOOHATHBIX ITOPOT).

Benymas ponb B GOpMHPOBAaHUU MHUKPO3JIEMEHTHOIO COCTaBa JOXKIEBBIX OCAa/JKOB B
U3y4aeMOM paillOHE IPHUHAUIEKUT TaKKe KOHTHHEHTAJIbHBIM HCTOYHUKaM. biaronmaps pose
BeTpoB (IIpeo0iagaroT BETpa CEBEPO-BOCTOYHBIE W BOCTOYHBIC, B MEHBIICH CTENEHU IOXKHBIC,
Ioro-3anajHbple U 3amajHble) NPU3EMHOM Ci10il aTMocdepbl B H3ydyaeMOM palOHE HMEET
YCTOMYMBYIO 3KOJIOIMUECKH OJIaronpUsTHY0 OOCTaHOBKY (QHTPOIOTE€HHBIH BKJIaa B
XMMHMUYECKUH COCTaB OCAaJKOB HE3HAYUTEIIEH).

KapcroBsle mpoleccel Ha H3y4yaeMOM TEppUTOPUM CBs3aHbl C KapOOHATHBIMU
OTJIOKEHUSIMM TaJIeOreHa (MMM CII0KEHBI KYICTOBbIE YCTyNbl BTOpoil Ipsibl), a Takke ¢
HUKHEMEJIOBBIMU  OTJIOKEHUSMHU CIIAralollMMU  BepXywWKu cTooBbiX rop (Lllemynusas,
Jnuunas, [Tatuns, bonbimoit u Mansiit Kepmenst).

Kapct BHyTpeHHell rpsapl pa3BUBaeTcsi B OCHOBHOM 3a CUET HMHQIIIOAI[MOHHOTO
MIOTJIONIEHUS BOJ TPAH3UTHBIX BOJOTOKOB M HUX OOKOBBIX HPUTOKOB. DTO MPUBOIUT K
00pa30BaHMIO JOBOJIBEHO MHOT OYHMCIIEHHBIX, HO HEOONBIIUX (MpOoTsHKEeHHOCTH 0 300 M) memep -
IIOHOPOB B IATCKMX U HYMMYJIUTOBBIX U3BECTHSKAX [2, 3].
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Bo BHyTpeHHell rpsae moa3eMHOE 3aKapcTOBaHHE, B CBS3U C YIJIyOJIEHHEM pPEeYHbIX
JIOJIMH HUDKE MOJOIIBBI XOPOLIO KAapCTYIOIUXCS N3BECTHAKOB Mella U MaJeoreHa, MpakTHYeCKU
npekpamiaercs. OO0pa3yrorcs Hebospime (Gopmbl (BOPOHKH, Kapphl), HHOTJAA HMMEIOIINE
AHTPOIIOT€HHOE IIPOUCXOXKICHHE [2].

[Io muenuto A.b.Kinmmuyka npossienus kapcra Ilpearopnoro Kpeima wumeror
TUIIOTEHHYIO IPUPOJY, TO ECTh CBA3AHBI C PEXUMOM BOCXOSAIIEH pa3rpy3Ku NOJ3EMHBIX BOA U
MIOMIEPEYHBIM BOJOOOMEHHOM MEX/Yy TOPU30HTAMHU B CIIOMCTOM BOJOHAIIOPHOM KOMILJIEKCE B
IIPOLIECCE €r0 THUIPOreOJOrMuecKoro packpelTus Jloisi KapcTyroIIMXCs IOpoJ B paspe3ax
najyieorena cocranisier 45 %, B paspesax mena — 18 %. [5].

KapboHnaTHble OTIOKEHHS OKa3bIBAIOT 3HAUUTEIbHOE BIMAHKE HAa (POPMUPOBAHME KaK
XMMHYECKOTO COCTaBa, TaK M KOJIMYECTBA NPUPOJHBIX BojA. Ha wu3yuaemoil TeppuTopuu
HUMEIOTCS TOCTOSIHHO JIEWCTBYIOLINE POAHUKH, BBIXOJIbl KOTOPBIX IPUYPOUEHBI K KAPOOHATHBIM
OTJIOXKEHUSIM (pOJHUK A(EeHM3); UMEIOTCS U TaKUE, pasrpy3ka KOTOPBIX OCYIIECTBIAETCS IO
30HE TPELIMHOBATOCTH (IMIIEBBIX IOPOJ, OJHAKO (Cylsl IO XUMHYECKOMY COCTaBy)
(GbopMHUpOBaHUE CBSI3aHO C BBIIIE3AJETAIOMIMMU KapOOHATHBIMU OTJIOXKEHUSAMU (POIHUK Ha
ceBepo-3anajHoM ckioHe TI. [Tatuis, pognuk y r. M. Kepmen). Ha mMecte BbIXxoga pojaHuKa y
r. M. KepMeH otmeueHo 00pa30BaHUE U3BECTKOBBIX TY(OB.

KoHieHCalluOHHBIN CTOK HUKHEMEIOBBIX OPoa (Ki(v-r)), CII0KEHHBIX U3BECTHAKAMH U
M3BECTHSIKOBUCTHIMU  TeCYaHWUKamu coctaBimsier 1,8 % ot artmocdepHBIX  0CaaKOB.
KonzeHcalmoHHbIN CTOK MOJICYUTAH 10 MEKEHHOMY POAHMKOBOMY CTOKY I. [laTuib (KoTOpbIi
B JKapKHH NEpU O]l OCYIECTBISICTCA 3a CUET KOHJICHCALUH).

Bonel, ¢opmupoBaHHEe XMMHUYECKOI'O C€OCTaBa KOTOPHIX CBSI3aHO C KapOOHATHBIMHU
OTJIOKCHUSIMHM, XKeCTKue meiaodnsie (pH 7-7,5) mo cocraBy rupokapOOHAaTHBIC KaJIbIIUEBBIC C
MuHepaimm3anuet 0,6 — 0,7 Mr/n.  MHKpPOKOMIOHEHTHBIM  COCTaB  MpEJICTaBJIeH B
HIDKecenyromen Tadmuie (comepkaHus JIEMEHTOB B Mme/71); 3a(UKCUPOBaAHBl MUHUMAJILHBIEC U
MaKCHUMaJbHbIE 3HAUCHUS.

Ag Al As B Ba Cd Co Cr Cu
00047- | 014- | 000015- | 0028 | 070- | 000002— | 0,0002— | 00020 | 0,0038—
00048 | 019 | 00002 0,080 075 | 000017 | 000026 | 00044 | 00041

Fe Li Mn Mo Ni P Pb Rb Sb

015 | 00050 | 0003 | 00001l | 0,0000_ | 00iz_ | 000073 | 0,00043— | 00001

038 | 00077 | 00065 | 000032 | 00042 | 0033 00034 | 00007 | 0,0002

Se Si Sn Sr Ti Th U V Zn
<0,001- <0,001_ 0,002 00005 | 0019-

o001 | 2811 | googe | 927036 | ogq | <00001 | 00022 56006 | 0145

Ilog3emMHBIe BOABI KpBIMCKOFO yqe6H0ro IIOJIMI'OHA,

CBA3AaHHBIC C KapCTYHOIIMMMHCH

OTJIOXCHHUAMU UMCIOT XOPOIIME IIMTHEBBIC KAYCCTBA.
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ECOLOGICAL EDUCATION AT THE EXCURSION ACTIVITY OF THE LLC
"STALAGMIT-TOUR" COMPANY
(KUNGUR, PERM REGION)
N.N. Kozlova, D.V. Naumkin
“Stalagmit — Tour” Company, Kungur
9KOJOTMYECKOE IMPOCBEIMEHUE B S KCKYPCUOHHOM
AEATEJBHOCTH IIPEAIIPUATUA
000 «CTAJIATMHUT-IKCKYPC» (I'. KYHI'YP, IEPMCKHUM KPAN)
H.H. Ko3zaosa*, /I.B. Haymkun**
* 000 «CranarMuT-OKCcKypo», r. KyHryp;
** ["'ocynapcTBeHHBIN IpUpoaHBIN 3anoBeaHUK «baceruy, . I'pemsunHCK.

«U nomomy, nosnasuwiuil KameHs
Jlsuoicenve pemenu nocmue

U om obwenus c sekamu
Lopooice yenum xaxcowlii Mmuey
H.T". KonapartkoBckas

Tepputopus Ilpenypamess — 3T0 1oro-Boctok IlepMckoro kpasi, CcaMOOBITHBIA B
MIPUPOJTHOM U COLMAIbHO-?KOHOMHYECKOM OTHOILIEHUH PErHOH. DTO €lle HE TOpHBIA Ypai ¢ ero
CYpOBOH Talroil, ropHeIMH JIyramMH, TojbllAMM W KypyMaMu — LeNu YpalbCKUX XpeOTOoB
TAHYTCS 3/1€Ch BOCTOYHEE I'paHUIIbl Kpasi. YpajabCKas M€OCHHKIMHAID UMEET Ha 3TUX IIUPOTax
HeoOblyaiiHO 1mmpokuid Ilpenypanbckuii  KpaeBoi Nporud, Ha OCHOBAHUHM KOTOPOT'O
copMupoOBaIach MIATOOOpa3Hast U XOJIMHUCTAasl YBAIMCTas TIOBEPXHOCTh. JTO apean cyiab(paTHO-
KapOOHATHBIX TOPHBIX OPOJ 1 Kapcra [3; 7].

Pexka CeuBa paspesana ob0mmpHoe YPUMCKOe IUIaTO, CO3/aB  TIIYyOOKYO
KaHbOHOOOpa3HYyIO JIOJIMHY, OCOOEHHO JKMBOIMCHYIO Ha ydacTKe OT cena YcTh-Kumeprts 10
ropoga Kynrypa. [lo Geperam peku BBICSTCS BEIMYECTBEHHBIE CKAJIbI-KKaMHH», SBIISIOIIUECS
3aMeyaTeNIbHBIM My3€eM INPHUPOJBI MOA OTKPHITBIM HeOoM [16]. DTy mosocy BBIXOAAMIMX Ha
MIOBEPXHOCTh PU(OBBIX MMOCTPOEK APTHHCKOI'O BPEMEHH Ieoiord 30ByT CBHUIBEHCKMMH pU(aMu
[1]. He cnywaitHo umenHo 3z1echk B 1943 rony Obuta co3paHa nepBas B [Ipukambe oxpaHsemas
tepputopust — Kynrypckuit 3anoBenuuk «Ilpenypanbey [18], B opranuzanuu KOToOporo npuHsIN
y4JacTue MHOruMe crojuyHble u mnepMmckue ydenolie — A.Il. IIporomomos, P.®d. I'ekkep, B.A.
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Bapconodnesa, I'.A. MakcumoBu4, A.I'. BOpoHOB, a TakKe KyHT'YpPCKHE SHTY3MAaCThl OXPaHbI
npupobl, B neppyto ouepens JI.H. Jlemoxos u I'.'T. Mayap [5; 6; 11; 13].

YHUKaIbHBIM (PEHOMEHOM COBPEMEHHOM mpupoaHoil oOocraHoBkU [Ipenypanbs sBiseTcs
PEJIMKTOBAs CTEMHas PacTUTENbHOCTh — KyHrypckast OCTpoBHasi COCHOBO-Oepe30Basi JIECOCTEb.
B kauectBe caMocCTOsATENbHOM OOTaHHMKO-Teorpauyeckoil eIuHUII OHA BIEpBbIE OblLIa
Boiieniena I1.H. KppuioBemm (1878), um ke B OOTaHMYECKYIO JUTEpaTypy BBEAEH TEPMUH
«J1eCOCTeNb», MPEIJIOKEHHBI Ha OCHOBAaHMM 3HAKOMCTBA C MPUPOJOH 3TOro peruoHa [8].
Bricokas X034iCTBEHHass OCBOECHHOCTb JIECOCTENHBIX pailoHOB IlepMckoro kpas CHIBHO
CTJIa)KMBAE€T €CTECTBEHHbIe OOTaHUKO-Treorpaduyeckue TpaHHUIB, TeM He MeHee, A
CIIEMATUCTOB OHM BIOJHE O4eBHAHBL. (OCOOCHHO SBHO BbIpa)keHa 3amajHas TpaHUIA
Kynrypckoit necocrenu, npoxoasmas no gojuHe p. MpeHb. DTO CBA3aHO C re0JIOrMYECKUMU
IIpUYMHAMU — MMEHHO BJoib p. Mpenu roxnHee r. KyHrypa nmpoxoauT JMHMS 3aMELICHUS
HUKHETIEPMCKUX OTJIOXKEHUM KYHI'YPCKOTO sipyca TEpPUI€HHBIMU I1OpOJaMH Y(PUMCKOTo sipyca
BepxHeH nepMu. Peka VpeHb sABIsIeTCS M IPaHMILIEH pacHpOCTpaHEHUs JIECOCTEHHBIX I104YB, M,
COOTBETCTBEHHO, XAPAaKTEPHOI'O I HUX OCTEIHEHHOI'O0 PACTUTENILHOIO IOoKpoBa. Hiunke T.
Kynrypa ocrennennsie GpuUTOIEHO3BI BCTpeuatoTcs mo obouM Oeperam p. ChUIBBI Ha ceBep 10 C.
Cepra. OKpecTHOCTH J3TOTO cejia SBISIOTCS HauOoliee CeBEpHBIM (POPIIOCTOM CTEmH o
pactutenpHocTd (Ilepmb-Ceprunckasi kapcToBasi KaMEHHCTasi CTENb), XOTA €€ HeOonbIne
(parMeHThl BCTpEUarOTCs U ceBepHee — 10 ¢. Hacaznka, a MHOrue CTenHble pacTeHUs IPOHUKAET
Ha CEBep elle Jajibllie — B TACKHYIO 30HY, OJIHAKO TaM OHM HE UIParoT 0co0O0W pOJIM B COCTaBE
pacTUTENBHOIO TOKPOBA.

B orinvune OT 30HANBHBIX JiecocTerneill eBporelickoil 4dactu Poccum, KyHrypckas
JIECOCTENb HMMEET SPKO BBIPAKEHHBIM cuOupckuii obmuk [15]. IIpeoOnamaHue OTKPBITHIX
JaHAmWAapTOB, HU3KAs JIECUCTOCTh, (UIOPUCTUYECKOE CBOEOOpa3ue PacCTUTEIbHBIX I'PYIITUPOBOK
U JIpyrue 0COOEHHOCTH MO3BOJIMIIN BBIIEIUTh 3TY TEPPUTOPUIO B OTIENIbHBIN re000TaHUYECKHI
palioH, 3HAYUTENIBHO OTIMYAKOLMICA OT MNpPOYUX paioHOB TaexHoro Ilpukames [4; 8].
[IpumeyaTtenbHO, YTO Jaxe OOJIOTHBIE (HUTOIEHO3bI KAapCTOBBIX BOPOHOK KyHTypckoii
JecocTend MO psAAy 4YepT BecbMa ONM3KH OONOTHBIM (opmarusam 3aypanbs, U HE HMEIOT
anasoroB B [Iepmckom kpae [2].

KyHrypckuil n npuneraroniyie kK HeMy pailoHbl — 3TO Kpail KapCTOBBIX IEllep, MHOTHE U3
KOTOPBIX UMEIOT CTaTyC NaMATHUKOB npuponsl [3; 11]. CaMoil 3HAMEHUTON M3 HUX IO IpaBy
asisiercst Kynrypcekas Jlensnas neniepa. CTaHOBJIEHHE SKCKYPCUOHHOMW JIEATEIbHOCTH B IEIIepe
OCBEIIEHO BO MHOrux myOmmkanusx [5; 9; 10; 14]. Ono Hayanoch B 1914 romy u cBsizaHo C
UMEHEM IIepBOro HKcKypcoBona Anekcanapa Tumodeesnua XneOHukoBa. KyHrypckuit
MEILIAaHUH CTajl apeHJaToOpOM, INPUCTYNHUJI K PAaCUUCTKE 3aBajoB, 00YCTPONCTBY Kpenexew u
CO3JIaHUIO PKCKYPCHUOHHBIX MapuipyToB. Ilemepa B To Bpems Oblia OTKpBITa JUISl TOCEHICHUN B
moboe BpeMsl CyTOK, IOCETUTesed cHaOXainu crenuanbHOM oaexaoi u o0yBbio. OcMmoTp
npopoikaics 3 — 5 yacoB o bosbmoro momzemHoro ozepa. Omara npou3BOAWIACH IO
corjamenuto. C 1930 mo 1938 roxn memepa Haxogunack B BeneHun OTaena HapOIHOIO
obpa3oBanusl, nozaHee, 10 1948 roga, B Benenun Kynrypckoro ropucnosnkoma. CoctosiHue ee B
3TOT HEepUoA ObUIO JaJIeKO He 0J1arornoy4HbIM, O YE€M CBUJETEJILCTBYET JOKJIaJHAas Ha UMs
npeacenatrenss BLICIIC Ky3nenona: «Ilemiepa, umeronias MUPOBYIO U3BECTHOCTb, HAXOJIUTCS B
HETEPITMMOM I10JIOKEHUH, HEOOXO0AMMO 0J1aroyCTpoiCTBO BX0/1a U Tporbl». B 1948 rony Ha 6ase
VYpanbckoro (¢unuana KOMIJIEKCHOW HAay4YHO-HCCIeqoBaTenbCckoi cranimu MIY  Obin
opranu3oBaH KyHrypckuil cramuoHap IO M3Y4EHHUIO KapcTa M Iemepsl. Ero pykoBOoaHTEINb
Bsiaecnap CemenoBuy JIykMH SHEPrMYHO B3sUICS 32 OOYCTPOMCTBO TeEMIEpHI, KOTOpas cTaja
BIIOCJIC/ICTBUM €CTECTBEHHOM Hay4YHO-HCCIIEOBATeNbCKOM 0a3zoil. Onupasch Ha Hay4YHbBIH
MOTEHIINAI, COTPYAHUKHU OpraHU30BAIIN KYJIbTYPHO-TIPOCBETUTEIBCKYIO pabory,
CHCTEMAaTHYECKOE DJKCKYPCHOHHOE U JIEKIMOHHOE OOCIYXMBAaHUE IOCETUTENEH IEIEPHOIO
ypanbCcKoro (peHomMeHa.
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JI00O0MBITCTBO, JKE€JIaHWE IO3HAThb MHUP BIIEKYT B MeElIEPbl MHOXKECTBO IOCETUTEICH.
Comnpukacasicb ¢ COTBOPEHHBIM 3a TBHICSUENIETHS MOA3EMHBIM MHUPOM, HEOCTOPOXKHBIN YEJIOBEK
MOKET (OCO3HAHHO WJIM HEOCO3HAHHO) HAHECTH €My 3HauuTesbHbl Bpen. Ilemepbr — dacth
MIPUPOJIHOTO HACIEINs, O KOTOPOH 4acTo 3a0bIBAIOT, HECMOTPS Ha TO, UTO MeElIEPHbIE CUCTEMBI —
9TO YIAUBUTENIbHAs U MpEKpacHas 4acTb €CTeCTBEHHbIX JaHamadroB. Ha teppuropun Poccun
HacuuTeiBaeTca Ooisiee 10 memiep, MCIONB3YIOMMXCS A MPOBEAEHUS PErjiaMeHTHPOBAaHHOU
9KCKYPCHOHHO-PEKPEAIMOHHOM JAEATENbHOCTH M HMMEIOLIMX cHelnuaibHoe 000pyoBaHue,
obecrieunBaromiee  0€30MACHOCTh  IMOCETHTENEH, a  TaKKe  3aluTy  00beKTa  OT
HECaHKIIMOHUPOBAHHOIO AocTyna. Bo BceM Mupe NMpu3HaHO, YTO MCIOJIB30BaHHUE TELep IS
MaccoOBOT'0 Typu3Ma B KOMMEPUYECKUX IIeIIX BOZMOXKHO JIMIIb MIPHU YCIOBUU X 000PYIOBaHUS U
COIPOBOXKJICHUS HKCKYPCHI TPOCBETUTEIHCKON TPOrpaMMOii.

[Toutn 100-neTHMI ONBIT SKCKYpPCHOHHOM AedrensHOocTH KyHrypcekoii JlensHol nemepsl
MTOKA3bIBAET, UTO BOCIIUTAHHE HKOJOTHUECKONW KYJIBTYPHl IIOCETUTENIEH MOXKET OBITh yCHEIIHBIM
yepe3 O0030pHBIE M TEMAaTHUYECKHE D3KCKYpPCHUH. OKCKYpCHUIO B IELIEpy MOXKHO OTHECTH K
IPUPOIHOMY, IKOJOTMUECKOMY TYpH3MY, OOBEKTOM KOTOpPOro siBisercs mpupoaa. O6bekraMu
COOCTBEHHO  AKOTypH3Ma  MOryT  ObITb  Kak MpPUPOAHbIE, TaKk M  KyJIbTypHbIE
JOCTOIPUMEUYATEIbHOCTH, IPUPOAHO-aHTPOIOreHHbIE  JaHMA(QThl, TJe TpajAULUOHHAs
KyJIbTypa COCTaBJISI€T €IUHOE I€0€ C OKpYXarouled HmpupoaHoil cpenoi. MckmounTenbHas
poiie KyHrypckoii JIensHou nemepsl B TypUCTCKOM IPOCTPaHCTBE Poccuy mMeeT CBOU IPUYHHBI
— 3TO U MHOIOJIETHEE OJICICHEHUE, 4YepeloBaHHE OOBEMHBIX I'DOTOB M Y3KHX IPOXOIOB,
HOA3EMHbIE 03€pa, NpuYyAduBble (GOpMBI peiabeda U BecbMa BBIFOAHOE TPAHCIOPTHO-
reorpadguyeckoe NOJOKEHHE O0bEKTa Ha ABTOMOOMJIBHOW M JKEJIEe3HONOPOKHOM MarucTpalisix
[19]. bauzocts Kynrypckoit JleassHoil mnemepsl K KpyNHEHIIMM arjioMepanusM Ypajia H
[ToBOMKbSI TO3BOJISIET MPUBJIEKATh TYPUCTOB KaK Ha BBIXOJHBIE THU, TaK U Ha 0oJiee IJIMTEIbHOE
BpeMsl.

B 2006 rony corpynuukom Kynrypckoit nabopatopun-cranuonapa ['M YpO PAH I1.H.
CuBuHCKHX ObLT TpoBereH ydeT Haamucedr B Kynrypckoit Jlemsuoit memepe [17]. Ha
CErOHAIIHUN JIeHb COXPAaHWJINCh M OTYETIMBO 4yuTaeMbl okosno 100 Haamucell, o0CTaBIEHHBIX
nocetutensMu ¢ cepenunbl XIX Beka. MHOro Haamuceid OTHOCATCS K mepuoay ¢ Hagama XX
BEeKa W 710 dneKTpudukanuu nemepbl B 1962 rony. B 1980—x rogmax B mepuoJ MaccoBOTO
npo(cor03HOr0 Typu3Ma MHOTHE IIOCETUTENM Iapamajid CTeHbl OCTPhIMHU MpPeAMETaMH,
OCTaBJISUIM Ha3BaHUs ropofoB U cBou ¢amumuu. Coycrs 20 JeT OTHOLIEHHE K Ienepe
n3MmeHmiock. [lpexxae Bcero, moromy, uto rpynnsl cokpatwiud co 100 go 25 uenoBek, u
9KCKYPCOBOAY CTajlo JieT4e KOHTPOJIMPOBATh BECh IPOLECC MOJ3EMHOr0 MyTemecTBus. BaxHo
OTMETUTb, YTO C OTKPBITUEM T'PAaHUIl JJISI POCCUSH, C BO3MOXXHOCTHIO IyTEIIECTBUN IO MUPY
NOABUWJICS OMNBIT, KyJbTypa IIOCEIIEHUN INElEep, BO3MOXKHOCTb CPAaBHEHHS C JPYTHMH
IOJ3€MHBIMU ITPOCTpaHCcTBaMU. Ho riaBHOE, Ha Hall B3I, YTO YEJIOBEK YEPEe3 FEOJOrHUECKHUE,
HaJICOHTOJIOIMYECKHE, MAJCOKINMATHIECKUE 3HAHUS IPUXOAUT K (pruinocodckoMy OCMBICIEHUIO
KapTUHbBI MUpA.

Celluac e€XerogHoO IO OKOHYAHMIO JIETHETO ce30Ha Ha mnpeanpustuu «CrajarMur-
DKcKkypey» 00bsBiIsSETCSl KOHKYpC (oTorpaduil M puCyHKOB, MOCBSIIEHHBIX MEIIEPE U JPYrUM
IIPUPOIHO-KYJIbTYPHBIM JIOCTOIIpUMEYATENIbHOCTAM [Ipenypanbs, B KOTOPOM y4acTBYIOT U JIE€TH,
u B3pocnsie. [Ipu atom Kynrypckas Jlensnas nemniepa OTKpbIBa€TCSl 3aHOBO TPU KaKJ0M HOBOM
MIOCEIIEHUH, 00 3TOM TOBOPUT (aKT HEOJHOKPATHBIX MOBTOPHBIX IOCELICHUH ee TypucTamu
Jla)ke B TEUEHUE OJJHOTO ce30Ha. Bricokmii nmpodeccuoHau3M U yBI€YEHHOCTh IKCKYPCOBOIOB
CBOUM JI€JIOM CTaHOBSITCS OTKPBITHEM JJIsi TIOCETUTENEeH Meuiepbl, ¥ camo OOIIeHHe JeTeil ¢
HKCKYPCOBO/IOM HEPEAKO MEHSET UX OTHOUIEHHE K HCTOPUHU 3€MJIM, K TIeOoJorMH. 3a Bpems
HKCKYPCHH MPOMCXOJUT OTKPHITHE HOBOI'O M HEOXKUJAAHHOIO M B cCaMHX ceOe, U B MUPE BOKPYT
HuX. Yl MMEHHO 3TH OTKPBITHS OKa3bIBAIOTCSA TEM CTUMYJIOM, KOTOPBIH B aJbHENUILIEM BIUSIET Ha
X MOTHUBAIlMM U IPEBpallaeT B OTBETCTBEHHBIX IpakaaH cTpaHbl. KopoTkoe myremecTBue B
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NOJI36MHOE LJapCTBO MO3BOJISET CO3/1aTh YHUKAJIbHOE MPOCTPAHCTBO JJIsl BOCIIMUTAHUS HE TOJILKO
LIKOJIBHUKOB, HO U B3POCIIBIX.

[Ipuponneni xommekc Ilpenypanbs 1mo3Bosnser OpraHM30BaTh IIMPOKUH ACCOPTHUMEHT
9KOJIOTUYECKUX OKCKYpPCUH Ha MHOTIOYMCIEHHBIE JOCTONpPHUMEYATENIbHbIE OOBEKThl U
TEPPUTOPUH, U HA MPOTHKEHUU JBAALATH JIET TypUCTCKOe npeanpusitie « CTanarMut-JKCKype»
OpraHu3yer UX AJis TypUCTOB, TPUOBIBAIOIIMX U3 Pa3HbIX YroJkoB Poccum.

B mnepByro ouepenp 3TO KOPOTKMH M HECIOXKHBIM Ja)xe IJs HEMOAr OTOBJIEHHOIO
YeJIOBEKA DKCKYPCUOHHBIM MapLIPYT IO «KpbIlIe» memepbl — JIeasHol rope MmoJ Ha3BaHUEM
«[lyTtemectBue B kapct». Bpsing nm rzae-to moGnM30CcTH elle MOXKHO YBHJAETh CTONb SIPKO
BBIPAXXEHHBII KapCcTOBBIN NaHAMA(T ¢ BOPOHKAMH, TPOBAIaMU U KapcTOBBIM o3epoM. [TonmyTHO
TYpUCTbl 3HAKOMATCA C apXEOJOrMYECKUMHU JIOCTONpPUMEUaTeNbHOCTAMU JlensHoOil ropsl U
MOJIy4arOT KpaTKOE MPEACTABICHUE O PEIMKTOBOM CTEIHOM PaCTUTEILHOCTH.

Crnennanu3upoBaHHas 0OTaHUYECKasi SKCKYPCHS, TJ€ MOAPOOHO MOXKHO MO3HAKOMHTHCS
¢ pacrenusimu u ¢ropoit KyHrypckoit jiecoctenu, BO3MOXKHa B KpacHuBeiine mecra OacceliHa
pexu CpuiBbl — Ha Cniacckyto u [lonkaMeHHYyr0 ropsl, WiH, Kak BapuaHT — B Kuieprckuii paiioH,
Ha Konbimarunsl ropsl 1 kamenb Jlob6au. OcoOblii akiieHT aenaerca Ha Buabl u3 KpacHeix Kaur
Poccun u Ilepmckoro kpasi, KOTOPBIX 3/1eCh T0BOJILHO MHOTO [12]. Takue 3KCKypcuu 0coOOEHHO
MHTEPECHBI JUISl CIIELIUAIHCTOB.

HeoObmuaiiHo momyJyisipHBIMH 32 IOCJIEJHUE TpPU TIoJa CTaJM MaJEOHTOJOTMYECKHE
sKcKypenn K ckanaMm Epmak m MexeBoil Ha Tepputopun 3akazHuka «lIpenypamse». I'ocren
3HAKOMST C T€OJIOTMYECKUM MPOIIIIBIM, HACIEIUEM KOTOPOTO SBISAIOTCS PUGBI — CaMU CKaJIbl,
pacckas3plBalOT O JKMBOTHOM U PACTUTEIBHOM MHpPE, HCTOPUU OpraHU3alMU 3alOBEIHHMKA
«IIpenypanbe» U uUcTOpuM 3amoBeAHOro jaena B Poccum B 1enom. Takue 3KCKYpCUHU MOXKHO
COBMECTUTH C KOPOTKHM BOJAHBIM MapupyTom 1o p. CeuiBe (Epmak — «Cramarmur»). [IpoBoast
UX BBICOKONpO(ECCHOHANIBHBIE CIENUANNCTBI, HaydHble cOTpyAHMKH KyHrypckoro wmyses,
I'oproro unctutyTa 1 Ilepmckoro 'ocygapcTBeHHOro YHUBEpCUTETA.

B mpoBeneHuM 3KOIOTMYECKUX SKCKYPCHH Ha Ha3BaHHbIC YHHKAJIbHBIE OOBEKTHI MBI
IIMPOKO HCIOJb3YyEeM MEXIUCIUIUIMHApHBIE Moaxoabl. OxHuM u3 Hambonee 3(h(PEeKTUBHBIX
METOIOB  BOCIIMTaHMS  DKOJIOTMYECKOM  KYyJIbTYpbl  SBJISETCA  OpraHM3alus  Hay4HO-
HCCJIEN0BATENbCKOW JEATEIbHOCTH IIKOJBbHUKOB-IKCKYpcaHTOB. Ha sKcKkypcusx mcnoib3yercs
OCHOBHOW METOJ O3HAKOMJIEHHS JeTeil ¢ mpupojoil — HaOmoaeHue. [lo MHEHHIO TICHXOJIOrOB,
HaONO/IeHNe — 3TO CIOXKHAas JeATeIbHOCTh, OCHOBY KOTOPOH COCTaBIISIET CO3HATENIbHOE
L[EJICHANPABIIEHHOE BOCHPUATHE. AHATM3UPYs OOBEKT HAONIOACHMS, pacKIaabiBas €ro
MBICJIEHHO Ha COCTaBHbIE€ JJIEMEHTBHI, PEOCHOK BBIUJICHSET B HEM HauOoJee CyIIECTBEHHbIE
gactu. TOT, KTO yMe€eT BBIWIEHUTb CaMO€ CYLIECTBEHHOE, clelu(uieckoe, B HaOI0JaeMOM
00beKTe, cuuTaercss HabmoAaTeNbHbIM YenoBekoM. (OcHOBa HaOMIONEHUS — BbISBICHUE
ceuruueckux yepT oOJMKa M TOBAJOK IMEPHATHIX, HACEKOMbIX. KommeHcHupys HeXBaTKy
BpPEMEHHU HAOIO/IEHUH Ha SKCKYPCHUAX, SKCKYPCOBOJ AAa€T 3aJlaHue M0 HAOJIIOICHUIO 3a MTULIAMU
B HE DJKCKYPCHOHHOE BpEMs, M 4YTO YIMBUTEIBHO, 3TH JETH 4Yepe3 TIoJ IPUE3KAT Ha
OPHUTOJIOTMYECKUE IKCKYPCUH, BOOPYKECHHBIEC 3HAHUAMMU, OIBITOM M KaXJOW y3HATh HOBOE.

HccnenoBartenbckuil MoAX0 K U3YyYEHHUIO IPUPObI MO3BOISET HAa SKCKYpPCHSIX 00ydaTh
yUYalIuXCsi OPUEHTUPOBATHCS HA MECTHOCTH, HAOMIOJaTh MUP MIPUPOJIBI, IENIaTh COMOCTABICHHS,
YCTaHABJIMBATh CBSI3M MEXAY HAOMIOJAaeMbIMU MpeAMETaMH U SBJICHUSIMU IPUPOJBI,
cmocoOcTBYsT  (pOPMHpPOBAHUIO  HABBIKOB  CAMOCTOSITEIBHOTO  M3YYEHHUS  OKpYKaromieu
neiictBurenbHocTH. Dopmupyercd cHCTeEMa MPENCTABICHHM O MPUPOJHBIX KOMILIEKCAX
(OGumoreHo3ax).
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LITHOTROPHIC MICROBIOTA CAVES OF KINDERLINSKAYA (SOUTH
URALS) AND BASKUNCHAKSKAYA (CASPIAN LOWLAND)
L. Y. Kuzmina, Sh. R. Abdullin, A. S. Ryabova
Baskirian State University, Ufa
JUTOTPO®HASI MUKPOBHUOTA MEIIEP KWHJIEPJIUHCKASA (FOKHBIN
YPAJ) U BACKYHYAKCKAS (MIPUKACITUMCKASI HUBSMEHHOCTD)
JL.IO. Ky3bmuna*, III.P. Aopyaaun**, A.C. PsaboBa*™*
*Yupexnenue Poccuiickoit Akagemun Hayk MHCTUTYT OMOIOTHH
Ydumckoro Hayunoro neata PAH
**Bamkupckuii rocy1apcTBEHHBI YHUBEPCUTET

The lithotrophic microbiota of carbonate Kinderlinskaya (South Urals) and gypsum

Baskunchakskaya (Caspian Lowland) caves and factors, which influence at the communities
structure of these microorganisms, are investigated. Intensity development of sulfur bacteria
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proceed in grounds of Kinderlinskaya (near (I, 1) and remote (IV) zones) and Baskunchakskaya
(remote parts) caves. The activity of these bacteria led to sulfur acid weathering. Sulfur
compounds oxidation processes in bottom sediments of Kinderlinskaya cave are reduced in tens
and hundreds, than in lying near grounds. But sulfur reduction processes, which influence with
higher water-exchange (seepage, ground flooding) and ground high anthropogenic pollution by
organic matter, are proceeded intensity. Acidophilic iron bacteria are presented in grounds of
both speleosystems. The role of lithotrophic microbiota is discussed in geochemical status of
caves.

Uccneoosana aumompoghnas muxkpodouoma newep kapobonamuou Kunoepauncxas
(FOxcuwrii Ypan) u euncosou backynuaxckas (IIpuxacnutickas HU3MeHHOCMb) U Gaxkmopewl,
guuAOWUEe HA CMPYKMYpPY CO0OWecms ISmux MUKpoopeanusmos. B epymmax newep
Kunoepnunckou (6auscnue (I, 1) u oanvnue (1V) 30mw1) u backynuaxckou (yoanieHuvie yacmu)
udem UHMEHCUBHOE pa3sUmMUe MUOHOBbIX Oakmepuil, 20e Uux O0esameIbHOCMb Bbl3bleéaen
npoyeccyl CEepHOKUCIOMHO20 Gblgempusanus. B O0onubix ocaoxax newepvl Kunodepnunckoii
npoyeccyl OKUCIEHUSI COCOUHEHUTI CEPbl CHUIICEHbI, YeM 8 OKPYICAIOWUX SPYHMAX (8 OecimKu u
COMHU pa3), HO NpU SMOM UHMEHCUBHO UOYM NPOYECCcbl B0CCMAHOBNIEHUE CYIbamos,
CBA3AHHbIE C NOBBIUEHHBIM 800000MEHOM (Kanelb, 3amonjieHue epyHmos) u ¢ 3acpa3HeHuem
2PYHMO8 OpP2aHUYeCKUMU BeujeCmeamu npu 6bICOKOU aHMPpONo2eHHoU Hazpyske. B epymmax
oboux cneneocucmem NPUCYMCMEYIOM  AYUOODUIbHBIE — HCENe300KUCTAIOWUX —Dakmepuu.
Obcyacoaemcsi ponb IUmMompo@dHO MUKPOOUOMBL 8 2e0XUMUYECKOM Cmamyce neujep.

Mukpoopranu3Mel — HanbOolee MHOTOYHCIECHHBIE OpraHu3Mbl Ouocdepsl 3emiu,
3aceisAIoUIMe BCE OJKOJIOTMYECKHME HHUIIM Ojaromapss THOKOCTH cBoero Metabonu3ma u
yCTOMUMBOCTH K HeOmaronpusTHbIM ¢aktopaM. C NOMOIIBIO JUTOTPOPHBIX OakTepuil
OKHCIISIOIUX HEOPraHWYeCKHe BelllecTBa, B Orocdepe mpoucxoauT oopa3oBaHue U pa3pyllIeHne
MECTOPOXKICHHUN TIOJE3HBIX HCKOMAEMBbIX, OHM OCYIIECTBIISIIOT BaXKHBIE OITAllbl KPYyroBOPOTa
MUHEpPATBHBIX JIEMEHTOB.

W3BecTHO, YTO [ TeEIIep W TOA3EMHBIX BOJ Hambosee XapaKTepPHBIMH SBISIFOTCS
creayoomue (QU3UOJOTHYECKHEe TPYNNbl MHUKPOOPraHMW3MOB:  pasjiararoiiMe KjiIeT4aTky,
OKHCIISIIOIME BOAOPOI, HUTpUPHUUIMPYIOIIKME, aMMOHUGHUIMPYIONIUE, CEPOOKUCISIOUINE,
cyib(darpenynupyromue, )eiae30- W MapraHerokucisionme Oaktepuu [2, 6]. Ilpu sTom
pacceneHne ¥ UHTEHCUBHOCTh PAa3BUTHS TEX MJIM MHBIX (PU3MOJIOTMYECKUX TPYII JUTOTPOPHBIX
OaxkTepuil HAXOJUTCS B TECHOW 3aBHCHUMOCTH OT COCTaBa MOPHBIX MOPOA U OCAAKOB, & TAKXKE OT
KOJIMYeCTBAa M COCTaBa OPraHWYECKUX BELIECTB, MUIPUPYIOILMX C IOA3EMHBIMHM BOJaMH.
XeM0aBTOTpO(hHOE OKHCIEHHE Cepbl M €€ BOCCTAHOBIEHHBIX MM YaCTHYHO OKHCIIEHHBIX
COEAMHEHHH B CyNb(}aThl B a’pOOHBIX YCIOBHSIX OCYIIECTBISETCS B YaCTHOCTH THOHOBBIMH
OaKTepusMU. O6pa3oBanue cynb(haToB YpaBHOBEIINBACTCS JEeSITEIbHOCTBIO
cyabgaTtBoccTaHaBauBaronmx 6akrepuil (CBB) koTopsie B aHaspOOHBIX YCIOBUSIX, B LIEJIOYHOM
W HEUTpampbHOW Cpenax BOCCTAaHABIMBAIOT CyabdaThl OO0 CepoBOAOpoaa. ABTOTpO(dHEIE
00IMraTHO — auuAOQUIbHBIE KEIe300aKTEpHH CIOCOOHBIE MOJyYyaTh SHEPrUI0 JUIS pocTa 3a
CUeT OKHCJICHHsI ABYXBAJCHTHOTO XeJe3a 10 TPEXBAaJICHTHOIO U MCIOJIb30BATh ATOT MPOIIECC Ha
xemMocuHTe3 B kucion cpene (pH 2-3 m Hwmke). [Ipu peakuuu cpenpl, npuOIrbKaromieics K
HEHTpanbHOW, pa3BUBAIOTCS JKEIE300aKTEPHH C HHUTYATBIM CTPOCHHEM, OHU OKHCISAIOT
HEOpPraHWYECKUE COSAMHEHUS Keye3a ¢ 00pa30BaHUEM OXPHUCTHIX 0CATKOB [4].

Lenbto  HacTosimieid  paboThl  OBLIO  H3y4eHHE  COOOIIECTB  JIUTOTPOPHBIX
MUKpPOOPTraHU3MOB  (Cyib(aTpenylnupyoumx,  CEpPOOKHCISIONUX,  KEIE300KHUCISIOMNX
Oaktepuii) nByx cmeneocucteM — KuHaepiauHckas W backyHUakckas W OmpeesieHue
ocoOeHHOCTel UX POPMHUPOBAHUS.
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[Memepa Kungepiunckas (um. 30—netus [lobenbr) — ogHa U3 caMbIX KPYMHEHIIMX MEHIep
VYpanbckoil kapcToBoii cTpanbl. HaxoauTes B 10xkHOM yactu xpedra Yiyray (FOxubiit Ypan), Ha
[IpaBOM CKJIOHE AoyiuHbl p. Kunpepnu. D10 camast 3HauuTenbHas no ammumryzae (—250 wm)
neniepa Ypana u BTOpas mo JymHe nemepa bamkoprocrana (8600 m). 3anmokeHa B cephIX U
TEMHO-CEpPbIX, NMPOCIOSIMU OUTYMHUHO3HBIX M3BECTHSIKAaX BEPXHEro JE€BOHA M pacroJiaraercs Ha
BOCTOYHOM Kpbuie Tam — ACTMHCKOM CHHKIMHamu. B memiepe mMeroTcs MoA3eMHbIEe 03€epa,
cuponbl U nyxu [1]. MukpokIMMaTHYecKue MapaMeTphl Telepbl: B IMPHBXOJOBOW YaCTH
CHIIbHBIE CE30HHBIE KOJICOaHHS TeMIIepaTyp; 32 BXOAHBIM yYacTKOM — Tajepes 3amoJHEeHHas
JNeHHKOM | TeMmIepatypa gocturaet muanmyma —1°C, Ha paccrostmm 460 M OT BXOJa U fanee
OHa MPAKTUYECKUU MOCTOSTHHA +4..+8°C. B MPUBXOJIOBOM 30HE M HAa pacCTOSHUM 110 S60 M oT
BXxoZa pH memepHbIX TPYHTOB M JOHHBIX OTJIOKEHHH MMeeT cinabo menouyHyroo peakmnuio (pH
7.58-7.98) u menounyto (8.04-8.50) B ynaneHHBIX YaCTSIX MEIIEPHI.

[lemepa backyHuakckas - kpynHeWmas rumcoBas nemiepa 3anagHo-IIpukacnuiickoi
kapcToBoil npoBuHImHK ([Iprkacnuiickas HU3MEHHOCTS). [1emiepa HAXOAUTCS B BEPXOBBSIX OaJIKH
[lemepnas, Bnanawliel ¢ ceBepa B KOTIOBUHY coiisiHOro o3epa backyHuak. Ilemepa nmeer
NPOTSHKEHHOCTH - 1480 M., MakcuMasbHas TiyonHa okoso 32 M. ITonocTe 3aieraer B rumcax, B
Hell ecTh 0o3epa. B mpuBXomoBoil yacTu memiepsl HaOMI0al0TCS CUIIbHBIE CE30HHBIE KOeOaHUs
TEMIIEpaTyp, a Ha PACCTOSHUM HECKOJIbKMX JIECATKOB METPOB OT BXOJa M Jajlee TeMIeparypa
MIPAKTUYECKUN ITOCTOSTHHA +7..4+11°C. 3nauennue pH nemepHbIX TI'PYHTOB H3MEHSETCA B
nuamnasone 7.19-7.90.

J11st MUKpOOHOJIOTHYECKHX aHAJTM30B B Teniepax 0bu 0To0paHbl 00pasisl rpyHTOB (0-5
CM) M JOHHBIX OTJIO)KCHHH BOJOEMOB - 03€p, JYXK W PYYEHKOB (¢ TUIyOMHBI 70 5 cM) U3
HEKOTOPBIX 3aJI0B U XOJ/I0B, C pa3JIMYHOM aHTPOIOT€HHON Harpy3koit (puc. 1).

UccnenoBanuch  AUTOTpOGHBIE  TIPyHIbl  MUKPOOPraHU3MOB:  CEPOOKHUCISAIOIINE,
cyabdaTpenyuupyromue, >Xele3ookucusaonpe Oakrepur. Hanuuume M ydyeT 4YHCIEHHOCTH
MHUKpPOOPTraHM3MOB B 00pa3lax BBISABJISIM IMyTeM I10CEBA Ha MKHUJAKHE ODJIEKTUBHBIE CpPEIbl
METOJIOM pa3BefeHui. MUKPOOPraHU3Mbl BBIACISIIM Ha CPEAaX: CEPOOKUCIAIONNE OaKTepUH Ha
cpene beliepunka, cynbparpenyuupyronme — [loctreiit b, xene3ookucnsionme OaKTepuu —
Jlerena. /Iy moceBa cpeay pa3iuBaiu B MpoOupku ¥ BHocusM rpyHT (10 : 1). 3arem nenanu
cepuro pasBereHuil B 10 pa3 U MHKYOMpPOBAIM TMOCEBBI MPH TEMIIEPAType +28°C B Teuenue 7
CYTOK  (cynbdarpenynupymomme W cepookucistomue  Oaktepun) wu  21-30  nHew
(kenezookucistomue  Oakrepuun). CynbhaTtpenynupyronme KyJIbTUBHPOBAIN aHAdPOOHO.
Hanuume MUKpOOpPraHus3MOB ONpENEsUIM NPH MOSBICHHUIO B CpeAe: A CEpPOOKHCISIFOIINX
OakTepuil — Oeylof MJIEHKU MOJIEKYJSAPHOW cepbl; Cyldb(aTpelylupylOIUX — MOMYTHEHHE
cpeabl, MOSBJICHUE YEPHOW OKPACKH; JKelIe300aKTepUM — OXPUCThIE OCAJKHM U HOpPbDKEHUE
creHoKk mpobupok. CopepkaHue OakTepuil ONpeAeNnsav Kak Haubojee BEpOSTHOE YHCIIO
KOJIOHHE00pa3yomux MukpoopranusmMoB Ha 1 1 cyxoro rpyHta (KOE/r) mo cratuctuueckum
tabnuam Mak-Kpenu.

Bo Bcex rpynrax mnemepbl KuHaepaMHCKasi aKTUBHO HJET IPOLECC OKHUCIIEHUS
BOCCTAHOBJICHHBIX COEIMHEHUHN Cepbl B CYIb(aThl CBSI3aHHBIE C PAa3BUTUEM THOHOBBIX OaKTEpUHd,
rJIe MX 9ucieHHocTs cocrasmser 102 - 10° KOE/r (puc. 1). Cnenyer OTMETUTD, YTO B HEKOTOPBIX
npobax rpyHra («Teppaca Ha Bxoae», 3an boponbl, 3an1 Knaccuueckuii, xon IlomapouHsrit)
YUCIEHHOCTh THOHOBBIX OaKTepuid MPEBBIMIAET KONIUYECTBO cynbdarpeaynupyronmx B 4 - 400
pa3 (puc. 1). HauGosee akTHBHO 3TOT MPOIECC MPOUCXOAUT B IPYHTaX HEKOTOPBIX yJaJCHHBIX
yacTsx creneocuctemsl — 3ai1 Kimaccnuecknit u xon I[logapodHsiid.

VIHTeHCHBHOE pasBHTHE CyibdaTpenynupytoumx 6axrepuit (10° - 107 KOE/r) B rpynTax
Ha0JII0/1a710Ch B MEPEYBIAKHEHHBIX TPYHTaX WJIM B 30HAX MAcCCOBOTO IMOCELIEHHS C BBICOKOU
aHTpororeHHon Harpy3koil (puc. 1). UucnenHocts CBB B OHHBIX OTJIOXKEHHUSX HAa MOPSIKU
MPEBBIIIAET UX KOJUYECTBA B OKPYKAIOIIMX IpyHTax (Tadi.). B nOoHHBIE OTIIOXKEHUSAX TaMm, rie
YHCICHHOCTh Cylb(aT BOCCTAHABIMBAIOMINX OAKTEPHl Ha HECKOJIbKO IMOPSAKOB IMPEBOCXOIUT
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YHUCIEHHOCTh CEPOOKHCIIOMNX OaKTepHil NPOUCXOAUT Pa3sMHOKEHHE >KENEe300KHCIAIOIINE
OaKTepHid.

B cneneocucreme BackyHuakckasi (puc. 2) B M3y4daeMbIX IpyHTaX YHCIECHHOCTh
THOHOBBIX GaxTepuii Ha Bxoxe 8 x 10° KOE/r, a Mo Mepe MpOABIKEHHS BrIyOb IeIiephl HX
KOJIMYECTBO YBEIMYUBAETCS M JAOCTUTaeT 2 X 10* KOE/r. [To-BuumMoMy, B ri1yOuHE NelIeps! B
IPYHTaX MJIYyT WHTEHCUBHEE IPOLIECCHl OKUCIEHHS BOCCTAHOBJIEHHBIX COEIMHEHUN CEpPhl B
cynbdatel. YucneHHOCTh CynbdaTpeayupyomux 6akTepuil B rpyHTax nemiepsl backyHuakckas
IIPUMEPHO TOTO XK€ MOpsaKa Kak B cnesneocucreme Kunnepnunckas. B mpobax rpyHTa Ha BXoje
YUCIEHHOCTh CyJIb(paTpenyupyomuX OaKTepuil MpeBBIIIAET KOJIUYECTBO CEPOOKHUCISIONINX
(tnonoBbix) B 114 000 pa3, a mo Mepe MPOABMKEHUS B TIyOb Memepbl ATOT IOKa3aTesb
cHMXkaercs B 44 pasa (puc. 2), ciefoBaTelbHO MPOLECCH BOCCTAHOBIECHUS COCTUHEHUH Cepbl
MHTEHCHBHEE IIPOUCXOAT HA BXOJIE B MEIIepy, YeM B OoJiee yaleHHBIX e€ JacTsX.
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Teppacay BxogHas 3an bopogpl, 3an Geper o3epa 3a 3an TpeTbsi YacTb |KamuHHbI 3an, xopn
BXoAa B ranepesi, 210 300 O6BanbHbIN, 3anom Knaccuueckui, | newepsl, 730 1070 MogapoyHbIi,
newepy, 0 460 O6BanbHbIi, 930 1530

560

1(1),3MM,  |2(1), BN, 4000| 3(1l), MBA, | 4(l), MBA, | 5(1), 1000 | 6(l1), 2500 | 7(Ill), 1000 | 8(IV), 800 9(1v), 100
10000 4000 1000

Puc. 1. Yucnrennocmo mukpoopzanusmoé 6 newepe Kunoepaunckas. o — ne oonapyoicen
pocm MUKPOOP2AHUSMOB;, * — 80 CKOIbKO pa3 YUCIEHHOCMb MUOHO8bIX OaKmepuli npesvliiaem
Konu4uecmeo cyrohampedyyupyrowux uiu omuowenue CBBE k muonogvim bakmep usim.

Tabiuua
Uucnennocts cynbdarBoccTanaBiuBaomux (CBB), cepookucstomux (S) u
xenezookucisironux (Fe) 6akrepuit B oHHBIX oTinoxkeHusx nemiepsl Kuanepmuuckas, KOE/r

Mecto oTO0pa mpod CBb N/ Ny * S- Npa/N e Fe - Nira/N
Osepo, x. [Tomapounsiit | 3.5x 10°  -/4 | 3.5x10° 104/ - 0 —
Pyueit, TpeTbst vactb 1.1x10° -16 19 34/- 7.2 2/-
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Jyxwuna, Knaccnueckmii | 1.3 x 10° -/616 |24x10 4] - 27.6 8/-
O3epo, 3. KamunHblit 1.1x 10’ — 1.8x10* 217/- 21.3 -2
O3epo, 3a 3. O6BanbHEL | 8.0 x 10° — 1.8x10* -/90 0 —

* — OTHOIIIEHHE MUKPOOHOI0 Ynciia «rpyHT / moHHBbIe oTaoxkeHus» (N / -) uin «J0HHbBIE
otioxkenusi / rpyH™ (- / N); «—» - pa3HUIIa HE3HAYUTEIIBHA.

8 114 000> O TuoHoBble
mCBb
7 M >KeneszookucnswLuime
6 44
3000

YncnenHocTb MukpoopraHnamos, Ig KOE/r

Bxopn B newepy Ne 1 (4) 3an CnanbHbin (80) 3an CnarnbHbIN, TYNNK OcHoBHasA ranepes,
(75) KoHeLu (300)

Puc. 2. Qucrennocms numompoguuix 6axmepuii 6 cpynmax newepsl backynuaxckas.

Bo Bcex mpobGax rpyHTa  cCHeneocucTeMbl  backyHUakcKod — anuaopuiIbHbIC
KeNe30oKucnstomue Oakrepun coziepxkarcs Ha ypoBHe 4-24 KOE/r rpynrta (puc. 2) u B
obpasnax neuiepsl KuHIEpIMHCKON OHM Tak)Xe NMPHCYTCTBYIOT, HO TOJBKO B 3-X mpobax u3 9
(puc. 1). Buaumo, 3TO CBS3aHHO ¢ TeM, YTO auAO(UIbHBIC JKeIe300aKTepHH Pa3BUBAIOTCS B
kucion cpene (pH 2-3), Torma kak IpyHTHl MEHIEp MMEIOT ILENOYHYI0 PEaKLHUI0 AJs MOPOJ
conepkamux kapoonatsl (KunmepnwHckas) u cnabo mienmounyro — rubc (backyHuakckas).
Kpome Toro, BO3MOXKHO B TpyHTax Iemniepbl backyHuakckas IpUCYTCTBYET 0oJbIliee KOJIHMUECTBO
coJiei jkene3a, KOTOpble B MPUCYTCTBUU CEPOBOIOPOAa 00Pa3yeMoro mpu >KU3HEAEATEIbHOCTH
cyibdarpenynnpyromux 6aKkTepuil mpeBpaiaeTcs B CyIbQua jKelie3a, KOTOPBIA B CBOIO Ouepeab
UCIOJIb3YEeTCs ISl XEMOCHHTE3a KEIe300KU oMy 6akrepusiMu. CiielyeT OTMETUTh, YTO
OTCYTCTBHME JKEJIE300KUCIAIOLMX OakTepuil B mpobax TpyHTAa U JIOHHBIX OTJOXKEHHUSIX HE
TOBOPUT O TOM, YTO MX TaM HeT. [IpocTo MX YMCIEHHOCTh MOXKET OBITh CTOJIb HE3HAYUTEINbHA,
YTO UX MeHbIIe, 4eM | kjeTka Ha 1 r mpoOsbI.

[IpoBeneHHble HCcCaENOBAHUS MTOKA3aIU, YTO B MELIEPHBIX YCIOBUAX aKTHBHO JIEHCTBYET
MaJjblil KpyroBOpoT cepbl, e oOpa3oBaHUE CyIb(HaTOB YpPaBHOBELIMBACTCS JAEATEIbHOCTBIO
cyabgaTBOCcCTaHaBIMBaOLMX Oakrtepuil. B rpyHtax mnemepsl backyHuakckas mpoueccsl
OKMCJIEHUS] COEIMHEHUN cepbl HECKOJbKO CHUXEHBI, 4eM B creseocucreMe KunpepnuHckas.
Haubosiee akTUBHO pa3BUTHE THOHOBBIX OAaKTepUii B TPYHTaX OOOMX IICHIEPHBIX CHCTEM
MIPOMCXOANUT B HauOoJiee ynaneHHbIX 30Hax backynuakckas u B |V dactu, a taxke B [ u B page
3asioB |l wactm Kunpepnuuckas. [lpu 3ToM B KapOOHATHBIX MOPOJAX pa3BUTHE THOHOBBIX
OaxTepuil MOXKET UJITH OYEHb J0JITO U MPOBOJUT K YaCTUYHOMY 3aMEIICHHUIO U3BECTHSAKA THIICOM
[4].

B nonnbix ocaakax (KunpepnuHckas) mpolecchl OKUCICHHUS COETUHEHUI cepbl
CHIDKEHBI, YeM B OKPYKaIOIIUX TPYHTaX, MPU HEBBICOKOW 3a00JIOUEHHOCTH (JIyKULBI H

83.




pyderkn) B IECATKH pa3, a A 03€p B COTHIO MOpsAAKOB. Kpome TOro, B JOHHBIX OTJIOXKEHHS
(mpu aHa’poOMO03€) aKTUBHEE HJET MPOLECC BOCCTAHOBIEHHE CYIb()ATOB, YeM B TIpyHTaXx.
[IpuBenenHbple pe3yibTaThl MOKAa3bIBAIOT, YTO AKTUBHOE pa3BUTHE CyJb(aTpenylupyronmx
OakTepuil W MX 3HAYUTEIbHOE MPEBBINIEHUS B YHCIEHHOCTH IO OTHOLIECHHIO K THOHOBBIM
OaxkTepusiM CJEqyeT CBS3bIBaThb C aHadpoOM030M. TO eCThb C MHTEHCUBHBIM BOJOOOMEHHOM —
3HAUUTENbHAs Kallelb, EPUOAMYECKOE 3aTOIUIEHHE — OaM30cTh pycna pyubs («TpeTbs gacts
nemepsl») Hamuuue o3zep (3anm KamuHHBIA, «o3epo 3a 3amoM OOBambHEIY). Kpome Toro,
UHTEHCUBHOE pa3BuTHe B npobax CBb crnenyer cBA3bIBaTh C 3arpsA3HEHUEM I'PyHTa KaKUMHU-TO
OMOreHHbIMHU (OpPraHMYeCKUMHU) BeEIlleCTBAaMH, B PE3yJbTaTe KOTOPOro 3jech HaOmogaercs (U
Habmonanace B 2009 r.) u Oomnbluas YUCIEHHOCTh TreTepoTpodHbIX Oaktepuii [5]. B cBoro
oyepeqbr HWHTEHCHBHOE pa3BUTHE cyibdaTpenyuupyrommx Oakrtepuil B mpobax, Tne
MIPUCYTCTBYET KaJbLUT (KPOIIEBO HAa YACTHUIIAX MOPOJbl MJIM TJIMHBI) PUBOAUT K BTOPUUHOMY
00pa30BaHMIO KaJbIIUTA B PE3YJIbTaTe UX KHU3HEAEATeNbHOCTH [3].

B 3HauuTenbHON CTENEHM COCTOSHUE JIUTOTPOPHOW MHUKPOOMOTHI ABYX Pa3JIMUHBIX
cneneocucreM KunnepnuHckass (u3BecTHskM) M backyHuakckas (ruOcel) ompezaensercd B
OCHOBHOM XHMHYECKHM COCTAaBOM TIPYHTOB, CKaJbHBIX IMOBEPXHOCTEH M MOJ3EMHBIX BO[I.
OnHako MPOCIIeXNUBAETCSl AaHTPOIIOT€HHOE BO3/IEHCTBHE, CBSI3aHHOE ¢ MHTEHCHBHBIM Pa3BUTHEM
cyabgaTpeylupyomux 0aKTepuil B MecTaX C BHICOKMM YPOBHEM OPraHMUYECKOI'O 3arpsi3H €HUS.
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STUDY AND CONSERVATION OF THE KAPOVA CAVE AND ITS
PALAEOLITHIC PAINTING
Yu.S. Lyakhnitsky, A.A. Yushko, O.A. Minnikov,
O.Ya. Chervyatsova
Russian Geographical Society, Saint-Petersburg
HCCJIEJJOBAHUE U COXPAHEHUE KATIOBOM NEIIEPHI Y EE
MAJEOJJUTUYECKOM JKUBOITUCH.
1O.C. JIaxuuukuii*, A.A. FOmko**, O.A. MunaukoB**, Q.51. YepsauoBa**
* BCEI'EN, Pycckoe reorpaduueckoe obmectso, Pro GEO
** Pycckoe reorpaduueckoe obmectBo, Cankt-IlerepOypr

A group of speleologists from VSEGEI and RGO has performed comprehensive studies,
monitoring of dynamic parameters, and fixation of Palaeolithic drawings of the Kapova
(Shulgantash) Cave from 1995. During this period, the microclimate of the upper stage of the
cave was improved, a design for drainage of halls with drawings was elaborated, and about 190
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drawings were discovered and frozen, 140 of them have been discovered for the first time. The
Kapova Cave Palaeolithic painting is characterized by special features that prove the presence
of an ancient centre of the world’s culture in the Southern Urals.

Kanosa mnemepa (Llynpranram) pacnosioxkeHa B bypssHckoMm paiione PecnyOmmku
BamkoprocTan, Ha TEppUTOPUH TOCYAAPCTBEHHOT O NMpUpoaHoro 3anoseanuka "Llynsran-Tam",
Ha mpaBoM Oepery peku benoli B ee mmpoTrHoM TedeHuu. [lemepa 3amokeHa B CepbIX
XEMOT'€HHBIX HM3BECTHSIKaX HIDKHEKaMEHHOYTOJIIBHOI'O BO3pacTa M MpeicTaBiser coboi 3-X
STAXXHYI0 Ppa3BETBICHHYI0 CHUCTEMY KpPYIHBIX KapCTOBBIX MOJOCTeH maimuHOW 3323 M m
aMIuIUTY0i 165M, mpudeM okoJio 85 M MPUXOTUTCS HA MOJBOJAHBIC MOJOCTH (PpeaTHUecKoi
30HBL. B memepe uccrnenoBano 782 M moABOAHBIX Xoa0B. MccienoBanue cudoHOB Haval
B.3.Kucernes, 3arem moaBoansie paboTel ocymecTisiin Aunpeit llymeiiko, EBrennii CHeTkoB
U JpyrHe MOCKOBCKHE crerneonoru. Ilemepa sBiusercs OQHONW U3 CTapeHIIUX KCKYPCHOHHBIX
nemep Poccun. Ee ucnonb3oBanue, kak 00beKTa IKCKYPCUH, MEPUOAUYECKU OCYIIECTBIIAIOCH
yxke B koHue X1X Beka. B 1959 romy Aunekcannp BrnagumupoBuu PromuH - 300501
Bamkupckoro 3amoBenHUKa OOHApYXKUJ B HEH MEIIEPHYIO XKUBOMHMCH SMOXH MaleouTa. ITO
OTKpBITHE CII€JIaJI0 Melepy NaMATHUKOM MHUpoBoro panra. B 1961 rony B memepe Hayaiauch
paboter akcneguiuun AH CCCP mox pykoBoactBom Otro HwukomaeBuua banepa. beum
BBIIIOJIHEHB! Pa0OThl MO IOKMCKY U OIHMCAaHUIO PHUCYHKOB, pecTaBpaTopbl locynapcTBeHHOU
Macrepckoit um. N.2.I'pabaps pacuncTiim HalaeHHbIe pucyHKU. K coxkasienuro, mocie cMepTu
O.H. banepa, pectaBpaninoHHble pa0OThl OBLTM MPEKPAIIEHbl U BCKPHIThIE N300paKeHUs CTajH
JerpagnupoBaTh 3HAYUTEIIbHO HHTEHCUBHEE, YEM PaHbIIIE.

B 1995 mo 2002 rony B 3amoBennuke lllympran-Tam Ha mepBOM 3Take MEHIEPHI 10
komno3unun «Jlomaaun 3ama  Xaoca» jelcTBOBajd HE OOOPYJOBAHHBIM HSKCKYPCHOHHBIN
MapupyT. DKCKYpPCaHTbl XOAMJIM MO BOJE, MOKPOW IJIMHE U CKOJIb3KMM TIJibl0aM 3aBajia 3ajia
Xaoca. BBuay Hapacrtaroniel 3KCKypCHOHHOM Harpy3ku Ha MelepHbId KOMIUIEKC, HETaTUBHOE
aHTPOIIOTEHHOE BIIMSHUS HAa MHKPOKJIMMAT MeEIepbl M COXPAaHHOCTh KUBOIUCH, Onaropaps
HAIllUM HAaCTONHYMBBIM MPOTECTaM JOCTYI TYPUCTOB K OpUTHMHAJaM XHBOMHUCH ObUT MPEKpalleH.
Xynoxuuk B.HO. YepHornazoB — y4acTHUK Halled sKcCIeauUMU. co3nai B ['maBHOM ranepee
KONUM Haunboliee MHTEPECHbIX KOMIO3UIMH, YTO TMO3BOJMIO OPraHHW30BaTh B MPUBXOJOBOM
pailioHe Tmemepsl HEOONBIION AKCKYpCHOHHBIM MapmipyT. Pemenwem HIIL[ muHucTepcTBa
Kyasryper Pb, mo mpoekty ydumckoro apxurektopa P.M.Kupaiinra, cocraBieHHOM Ha
OCHOBAaHMHM HAIETO OSCKU3HOTO TPOEKTa OBUIO HayaTo OO0YCTPOMCTBO COBPEMEHHOTO
9KCKYPCHOHHOI'0 MapuipyTa. B ocHOBY pa3pa0oTOk Jierau pe3ysibTaThl HAIIMX MHOIOJIETHHX
KOMIUIEKCHBIX MCCIIEOBaHUN. B 4acTHOCTH, MUKPOKIMMAaTHY€CKUE HAOII0AEHU 110Ka3aJId, YTO
NOJIaBJIAIONIAs YacTh BO3AYLIHOIO MOTOKAa LUPKYJIUpPYET B ['JTaBHOM rajiepee U HE MPOHUKAET
yepe3 MUKpOKJIMMaTH4eckue Oapbepbl BHYTph meuiepbl. B 2004 romy ObIIO COOPYXKEHO ABOE
HOBBIX 3aLIUTHBIX BOPOT, MEPEKPHIBAIOIINX MPOXO BIIIyOb Melephbl K MOATMHHUKAM PUCYHKOB.
B wutone 2008 roma, ObUIO 3aKOHYEHO COOPY)KEHHE BEPTUKAJIBHOM YacTH HKCKYPCHOHHOIO
Mapupyta. Kpome ocMoTpa BeIM4eCTBEHHOr 0 BXOAHOro rpota — [loprana u orpoMHoii I'maBHoO#
rajeped TYPUCTBl IOJYYHUIM BO3MOXHOCTh IOCETUTh CTaJlarMHUTOBBIA 3aJl, MOIAHATHCA IO
JIECTHULIAM U TpalaM, CeJIaHHbIM U3 HepKaBerollel cranu Ha Teppacy CTyneH4yaTol rajaepeu u
OCMAaTpUBaTh BXOJHOM yudacTok meuiepbl ¢ BbICOTHI mo4YTH 30 M. [IpoTsikeHHOCTh MapiipyTa
cocraBmia 373 wmerpa. OH o0opyaoBaH ABYMsS CMOTPOBBIMHM IUIOIIAJKAMH, HO HE HMEET
CTAllHOHAPHOTO OCBELIEHHEM, YTOOBl HE CO3/1aBaTh OMACHOCTH. PA3BUTUIO T.H. «JIAMIIOBOW»
MUKpO]JIOpHI, ONTACHOW JJIs. MAJICOIUTUYECKON JKUBONUCH. {151 CHMDKEHUS BPEIHOTO BIIMSHUS
BO3JIyIIHBIX IOTOKOB, IPUBHOCAIIMX B MEIIEpPy TEIUIO U Biary, Ha BepxHux BopoTax — BX0J€ Ha
BTOPOI 3Tax, B JIETHEE BPEeMsl YCTaHOBIMBACTCS MOJMATUIICHOBBIN 3KpaH, AnadparMUpyOLHMi
BEPXHUHN TEIJBIA MOTOK. JTO 3HAYUTENBHO YIYYIINIO MHUKPOKIMMATHYECKYIO CUTYalHIO0 Ha
BTOPOM DJTa)K€ B JICTHEC BpeMs. BakHelInel 3amadedl Hallled TPYIIbI SBISETCS IPOBEICHUE
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KOMILUIEKCHOH (ukcauuu apeBHel skuBonucd. OHa BkimouaeT GoTorpadupoBaHne pUCYHKOB B
pa3IMYHBIX PEXUMaxX C 3TAJOHAMHM LIBETa U pa3Mepa, CTEPEOCHEMKY, MPUBS3KY H300pakeHUH K
3JIEMEHTaM penbeda HHTepbepa KapCTOBBIX MOJIOCTEH, TOOrpapuueckyro u gororpadguuecKyro
¢ukcanuio camux mnonocreil. Hanbonee macmtabHoit paboToOil cTajia cheMKa KpyromaHopam
KPYIHBIX 3aJI0B C PUCYHKAMH.

N3ob6paxenuss KamoBoii memepsl popManbHO MOTYT OBITH pa3/ielieHbl HA psJl TUIIOB,
KOTOpbIE B CBOIO Ouepeab JAeisaTcs Ha moatunsl. IIpexnae Bcero, 3To 300Mop(pHbBIE PUCYHKH B
3HAYUTENILHOW Mepe peajJMCTUYHbIe, OJIM3KHE MO0 CTHIIMCTHKE U KOH(QUTypalHsIM K MaJjIeHCKUM
pucynkaMm 3anagHod EBponel. [lopaBisromas yacTe M3 HMX — KOHTYpPHBIE, B HEKOTOPBIX
pUCYHKax HaOJOJAI0TCS 30HBI pacIIMpPEeHUs JIMHUN KOHTYPOB M 3aKpacka JeTalieil M y4acTKOB
¢uryp. CyniecTByeT HECKOJIBKO CUITYSTHBIX PUCYHKOB, 3aKpAlICHHBIX MPAKTUYECKH MOTHOCTHIO,
HO TpU 3TOM HMHTEHCHUBHOCTb KpacuUTeIsl Ha HUX HeogHoponaHa. [Ipumepamu 300MOp(dHBIX
KOHTYPHBIX PHUCYHKOB SBJIIOTCS OOJIbIIMHCTBO PUCYHKOB 3ajia PucyHkoB, Hanpumep, Mnymmii
MaMOHT Ha BOCTOYHOM cTeHe 3ana PucynkoB. I[loartum XapakTepHU3YHOLIMICS YaCTUYHOU
3akpackor mpenctaBieH bonpmon Jlomaaso u Hocoporom mu3 TOH ke NEPBOM KOMIO3UIUU
BOCTOYHOM cTeHbl. K TUIMYHBIM CUIIYy3THBIM pUCyHKaM oTHocuTcss KpacHelii MaMoHT BTOpO#
KOMIIO3ULIMM 3allaJHON CTEHBI 3a1a PUCYHKOB.

K cnenyromemy Tuny «3HaKoB» OTHOCSATCS Pa3HOOOpa3HblE I€OMETPUUYECKUE (UTYPBHI.
HaubGonee wuHTEpecHbII M MHOTOYMCIEHHBIH MOATUI — 3TO XapaKTEpPHbIE «Tpamenumny,
BCTpeJaromuecss UcKiountenbHo B Kamosoil mnemepe. OHM pacHIMpPSAIOTCS KBEPXY, UMEIOT
BHYTPEHHHE KPyTOHAKIOHHBIE pedpa M CBEIIMBAIOIINECS C BEPXHUX YTIIOB «YIIKH.

Bropoii moaTtun 3HaKOB — TpeyrosibHMK. Hambosiee XOpolno BbIpakKeHHBIN JIBOMHOMN
TpeyroapHUK HAXOAUTCS B 3aI1aJIHOM YacTU CEBEPHOI CTEHBI 3aj1a 3HAKOB.

Tperuit mogTun — tpe3yden. Ilpu OmmkaiineM paccMOTPEHHH, OKa3bIBAE€TCS, YTO ITH
Gurypsl sIBIAIOTCS, TPOU3BOAHBIMU OT Tpaneuuid. OTINYAIOTCSI OHU TEM, YTO COJEP)KaT TOJIBKO
OJTHO BHYTpEHHee peOpo, OOKOBbIE I'paHU MapajuleNibHblI, @ BEPXHSAS I'paHb MOYTH HE3aMEeTHA.
Tunuunselii Tpe3yOerl HaXoAUTCS B CEBEPO-BOCTOUHOM YTy 3aJia 3HAKOB.

YeTBepThlii MOATUII — MPOU3BOAHBIE TpaneUWH, C BHYTPEHHEW, HMHOrJA CI0XKHOW,
CTPYKTYpOH, OOBIYHO MapasuleIbHBIMU OOKOBBIMU I'DAHSIMH U JIBOMHBIMH KOPOTKHUMH YIIKaMH.
Ero tunuuneiM npumepoM ssisietcst Cnoxknas Tpanenns nu3 Hlenn 3ana Xaoca.

[Tareiit moaTun — «U» - oOpa3Hble CTPYKTYpPHI, OOBIYHO HEOONBIIOrO pa3Mepa, 4acTo C
MaJICHbKUMH «yIIKamMu». HeckolbKO TaknX 3HAKOB HAXOAMTCS Ha TPEYrOJIbHOM BBICTYIIE
CEBEpHOM CTEHBHI 3aJla 3HAKOB.

[lecToit moaTHNm — T.H. «pOraTKW». JTO 3HAYOK, HAIIOMMHAIOIIUN, aCUMMETPUYHYIO
poraTtky ((pparMeHT BETKM C OTPOCTKOM), KOTOPBIIl CONPOBOXKIAETCS PAAOM OTPE3KOB MPAMBIX
JIMHUMN, MEJIKUMU TPEyroJbHUYKaMHU WIN KIUHbAMU. J[Ba TakuX 3Haka Haxoznsatcs B Lllenu 3ana
Xaoca.

CenpMOM TOATUNI — CTPYKTYpbl LEHTPAJIBHOIO THUIIA, COCTOSIIME U3 OTPE3KOB
OKPYKHOCTH, Iyl WJIM CHUPAJEH C SIPKUM H30METPUYHBIM 3HAKOM B LIeHTpe. Takue 3HaKU
HaXOJATCA B BOCTOYHOM YaCTH CEBEPHOM CTEHBI 3aj1a 3HAKOB, Hanpumep — FOTMma.

BocbMoli moaTHn — OTpEe3KH MPSIMBIX WA CIIETKAa M30THYTBIX JIMHUM, paclONOKEHHBIX,
Kak MpaBUJIO, TPYIIIIaMH, 10 BepTUKAIU. ITO, Hanpumep, Kocvie Jlunuu Ha nmoronke [lenu 3ana
Xaoca.

JIeBATBI MOATUN — CJIOXKHBIE CTPYKTYpbI, C 3JIEMEHTAMU pPAJUAIBHOIO CTPOCHHS U
HallOMUHAKOIIKAE OTHEYaTOK OrPOMHONM pPyKH. BO3MOXKHO, OHM SABJSIOTCSA COCTaBHBIMH M
BKJIIOYAIOT 3HAaKU Onm3kue K Tpe3yonam u «Ux»- oOpasHbIM 3HakaM. [IpumepoM ciykHUT 3HAK
Pannanbaas CTpyKkTypa Ha CEBEpHOMU CTEHE 3ajla 3HAKOB.

JlecsIThIil TIOATHUIT 3HAKOB — OCOOBIA, K HEMY OTHOCSTCS €IWHUYHBIC, CIEIU(pHIECKUe,
OOBIYHO CJIOXKHBIC, COCTaBHBIE 3HAKM, COCTOSIIME M3 HECKOJBKMX 3ieMeHToB. Haumbonee
MIPEICTABUTENBHBIM U3 HUX SBISETCA 3HAK baliHs, HaXONAINUICSA HA FOXKHOW 4YacTH IOTOJIKA
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[enn 3anma Xaoca. 3HAK COCTOUT M3 JABYX KpPACHBIX HPSIMOYTOJBHBIX CTPYKTYp, MEXKIY
KOTOPBIMU  PACIOJIOKEHBl ~ KOPOTKME  TOPU3OHTAJIBHBIE  UYEpHBIE  IOJOCHI, YAaCTUYHO
ITOYEPKHYThIE KPACHON OXPOM.

Crnenyroumii, TpeTUid OYEHb CIOXKHBIA U HEOJHOPOJHBIM TUIl M300pakeHUIl — NATHA,
KOTOpbI€ BHU3YaJbHO BBIMIAAAT OOBIYHO, KaK OECCTPyKTypHbIE HM300pa)K€HUS HENpaBUIIbHOM
(GopMBI. DTO PENUKTHl OYEHb IUJIOXO COXPAHUBIIMXCS PHUCYHKOB, IMOATEKH KpPAaCUTENs OT
YHUUYTOXXEHHBIX M300paKeHUU, a WHOT/Ia M MPHUPOAHBIE 0O0pa3oBaHus. VMHTeprpeTanus msITeH
IpeACTaBsieT CoO0M crnoxHyro mnpobiemy. C MOMONIBI0 KOMIBIOTEPHBIX METONOB B psijie
cllydaeB yJaeTcsl OJJHO3HAUYHO BBIIBUTH MEPBUUHYIO CTPYKTYPY PHUCYHKOB MJIM 3HAKOB, HO YacCTO
Takas pacim@poBKa HeoqHO3HAUHA. YeTBEpTHI TUI OJIM30K K MPEAbIAYIIEMY — 3TO «TOUKH.
[To cytH, oHu O6M3KHM K MaJeHbKUM HATHaM. Cpenu 3TUX MENKUX M300paKeHUuH BCTpeyaroTcs
OUYEHb BAXHBIE «TOUYKM — YyKa3aTelu», MEIKHUE 3HAYKU, (PPAarMEHTHl PEIMKTOB PUCYHKOB M
MPUPOAHBIE MHUHEpalibHbIe 000co0ieHus. HecMoTps Ha manblie pa3Mepbl, OHU HHOT/IA UMEIOT
XapaKTepHYI0 POpMYy U CTPYKTYPY, OTPOCTKH, XBOCTUKHU U JIpyrue ocooeHHocTH. Pa3nnuate ux
elle CJ0XXKHee, 4eM MsATHA. TUIHWYHBIM YyKa3aTejaeMm sBiseTcs AKyCcTHUYecKas TOo4Yka Ha
ITepekpecTtke.

Takum o6pa3zom, wu3zobpakenus KamoBoii memepsl MOPQOJOTHYECKH IOCTATOYHO
pa3HOOOpa3Hbl. JTO ABISETCS OJHOM M3 €€ OCOOEHHOCTEH M CTaBUT Mepel OyAayLMMH
UCCIJIEZIOBATENSIMU  CIIOKHBIE U TPYAHBIE BONPOCHI OCMBICIEHHS COOpaHHOTO Marepuala,
KOTOpBI KOHEYHO HHMKAK HE YKJIAJbIBACTCAd B IOHSATHE <CKUBOMMCHY» M IPENCTaBISIET COOOM
CIIO)KHYIO CHUCTEMY KYJIbTOBBIX, YCIOBHBIX CHMBOJIOB, aOCTPakTHBIX M, BO3MOXHO,
MH(pOPMAIMOHHBIX 3HAKOB.

B nauane Hammx pabotr B memiepe ObLIO OTKPBITO OKOJI0 50 M300pa)keHWii, Mbl HAILIHA
6onee 140 HOBBIX pPUCYHKOB, 3HaKOB U msATeH. Celtuac n3BecTHo 191 uzo0paxeHue, U3 KOTOPbIX
74 3uaka (38,5 %), 28 300mopdHBIX pucyHKOB (24%) Kpome HuX 17 HOBBIX H300paskeHUI
IJI0X0M COXpaHHOCTH TPeOYIOT AalbHEHMIIEero MCCIeJOBaHUS U JJ0KAa3aTeNbCTBA MOJIMHHOCTH.
BrisiBieHO 3 XOpoIIo pa3muyuMsbIX, 2 MpoOIeMaTHYHBIX aHTPOroMOp(HBIX n300paxenuii (2%)
1 62 mATHA - PETUKTOB PUCYHKOB M TOYEUHBIX 3HAKOB. Tonbpko 14 % n300pakeHUi HaXoaATCs B
YIOBJIETBOPUTEIILHOM COCTOSIHMM, 71 % - B HeynoBieTBopuTelbHOM H 15 % wumeror
MIPOMEKYTOUYHYIO COXPAHHOCTb.

Takum oOpa3om, Omaromapsi opranm3anuu B Kamopoii memepe ¢ 1995 r rpynmoi
BCEI'EM u PI'O, a Ttakxke COTPYIHMKOB 3amnoOBEIHMKA, KOMIUJIEKCHOTO HCCIEIOBAHUS U
MOHUTOpPUHTA, YAajJoCh OpraHMW30BaTh OINEpPAaTUBHOE pEIIeHHEe 3a7ad  OXpaHbl U
pPETJIaMEHTUPOBAHHOIO  HCIIOJIB30BAHMSI ~ HEOOJNBIIOrO  AKCKYPCHOHHOTO  MaplipyTa,
CTaOMJIM3UPOBATh CUTYALUIO C COXPAaHEHHUEM JIPEBHEU MaJeOIUTHUUYECKONU >KHUBOMKICH, IIPOBECTU
€€ KOMIJIEKCHYIO (DMKCAllMIO, U YIy4IIUTh T€03KOJOrHYEeCKOe COCTOSIHUE Tellepsl. Brnepenu He
MEHee TpyJIHas W OTBETCTBEHHAas 3ajadya - YAEepXaTb CHUTYallUI0 B YCIOBHUSIX MacCOBOrO
SKCKYPCHOHHOTO IPECCHHIa, CYLIECTBEHHO BO3PACTAIOLIEro B mociieqHue ronabl. g 3Toro
HEOOXOJMMO MPOBEIEHUE HOBBIX TEXHUYECKUX U OPraHMU3AL[MOHHBIX MEPONpPUATUH, yCTaHOBKA
CHCTEMbI 3JIEKTPOHHOTO MOHUTOPMHTIA, CO3JaHUE CIIELUAIM3UPOBAHHOTO IMPUPOJOOXPAHHOI O
9KCKYPCUOHHO-TYPUCTUYECKOI'O0 LEHTpPA, OpraHu3als XOpoIlo OOOpYJOBAaHHOI'O HAy4yHOTrO
CTalloHapa.
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PROTECTING AND REGULATING THE USE OF RUSSIA’S CAVES AS

GEOLOGICAL HERITAGE SITES
Yu.S. Lyakhnitsky

Russian Geographical Society, Saint-Petersburg

OXPAHA U PETJTAMEHTUPOBAHHOE UCITOJIB30OBAHUSA ITIEINEP POCCUHA
KAK OBBEKTOB I'EOJIOT'HTYECKOTI'O HACJIEJIUSL.
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The paper describes the activities of the Commission for Karst Science and Speleology at
RGO concerning the conservation and comprehensive study of caves and preparation projects of
their restricted employment for excursions. Case studies of successful arrangement of the caves
and the present-day negative status of other caves are given. The conclusion is made about the
prospects for implementing the concept of the regulated use of the caves for their conservation
and education work with young people.

Konnenuus opranuszanuu oxpaHbl U perjaMEeHTHUPOBAHHOI'O HCIIOJIb30BAHMSI OOBEKTOB
reojornyeckoro Hacinenus (OI'H) mnocremenno mnpoOuBaer cebe nopory. Kommccus
KapcroBenenust u crneneonoruun PI'O mmanomepHo ocymiecTBisieT paboOTy MO MCCIECIOBAHUIO U
CO3JIaHUIO TPUPOJOOXPAHHBIX IKCKYPCHOHHO-TYPUCTUYECKUX IIEHTPOB, Ha 0ase memep, MHOTHE
roael. Yxe 12 ner B Jlenunrpajackoit obnactu, B 40 xm ot 1. Cankr-IlerepOypra, ycremHo
neiicteyer CaOMUHCKUI TPHPOAOOXPAHHBIA TYPUCTHUYCCKUN IICHTP, OCHOBHBIM OOBEKTOM
KOTOpPOT0 SIBJIIETCS UCKyCCTBeHHas nemepa JlesooepexHas. CabinHCKU naMATHUK ObLT co3aH
eme B 1976 1, HO oxpaHa ero, (axkTHuecku, HE BeJachb, Oyarojgaps 4yemMy OH OBICTPO
nerpaaupoBai. B 1992 r. mo Hameli nHUIIMATHBE OBUIO MPUHSIIO PEIICHHE O Haydaje paboT mo
co3naHnio CaOIMHCKOrO0 MPUPOJOOXPAHHOIO 3KCKYPCHOHHO-TYPUCTHYECKOrO IEHTpa. bbuio
nposeneHo KommekcHoe oOcnenoBaHue TEPpUTOPHM NMaMIATHUKA, B TOM 4ucie, 12-u memep.
Haunbonee moaxonsmeill g OpraHu3alMy IOA3EMHOr0 3KCKYPCHOHHOI'O MapuipyTa Oblia
npu3HaHa nemiepa JleBoOepexxHasa. OHa mpencTaBisieT coOON CTapHHHYIO TOPHYIO BBIPaOOTKY
MPOTSHKEHHOCThIO 5,5 KM, B KoTopoil okonol50 ner Hazan Obuia HayaTa noObya Oenoro
KBaplEBOro MecyaHuka I HYXJ CTEKOJHbHOW MPOMBIIUIEHHOCTH. B pesynbTaTe o0pa3oBaics
CIIOKHBIM JTaOMPUHT moJsiocTe. B memepe Haxonmdrcs Tpu o03€pa, pydeil, MHOTOYMCIEHHbBIE
oOBaJbHbBIE 3aJIbl, PACTyT KaJbLIMTOBbIE HaTeuHble 0oOpa3oBaHMs. [IpoekTHpoBaHHE MaplIpyTa
OCYIIECTBJISIIOCHh COBMECTHO C IMPOEKTHBIMU MHCTUTYTaMu. Jlasiee, CulaMu CaMMX CIIEJIE€0JI0TrOB,
ObUT 000PYAOBAH SKCKYPCUOHHBINH MapIIPyT - MPOBEAEHO 00YCTPONHCTBO IKCKYPCHOHHOM TPOIIHI,
yKperJieHHe HeYyCTOWYMBBIX Y4YacCTKOB, BBIMOJIHEHO OETOHMPOBAHHE OTrOJIOBKOB JBYX BXOJIOB.
[IpoTsrkeHHOCTh  00OpPYIOBAaHHOW HSKCKYPCHOHHOWM Tpacchl coctaBuia okono 400 wmerpos.
JlpoBoauTcss  MOCTOSHHBIH ~ MOHUTOPUHI  T'OPHOTEXHMYECKOTO, THUIPOJIOIMYECKOr0 U
MUKpPOKJIIMMAaTHYECKOI0  pEeXKUMOB  nemepsl. brnarogapst  coOmoAeHUI0 — CIEUaIbHOIO
perjamMeHTa, B Meliepe yCIEeHo 3UMyeT 00siee COTHH JIETy4uX Mbliiel cemu BU10B. [IpoBeneHo
WHTEJUIEKTYaJIbHOE HAIOJIHEHUE MapLIpyTa: SKCHOHUPYIOTCS KONUHM  NaJIeOJUTHYECKOU
KuBonucu u3 KanoBoil M 3anmaJHOEBPONEHCKUX MEMEPhl, MAKET CTOSIHKA YEJIOBEKA KaMEHHOI'O
BEKa, CKYJbITypa pabouyero, MOOBIBAIOIIErO MECYaHUK, H.T.A. B omHOM wu3 3ajioB ObLia
coopyxeHa noaszeMmHass yacoBHs Cstoro Hukomas UynorBopuma. MapumpyT Ha NOBEPXHOCTH
000py10BaH KaMEHHBIMU JIECTHUIIAMH, MTPOJIOKEHBI SKOJOTHUYECKHE SKCKYPCHOHHbIE TPOMbl. Y
BXOJla B MeEUIepy CO3/aH MapK APEBHUX XKUBOTHBIX - CKYJBITYpPBL: TpUI0OUTa, OpTOLEpaTUTA,
JMHO3aBpa, MaMOHTa M Ap. TakuMm oOpa3oM, Ha NMPUHIMIIAX CAMOOKYIAeMOCTH YIaeTcCsl BECTH
OonbIIyI0 00pa30BaTENbHYI0O W BOCHHUTATEIHHYIO pabOTy, OXpaHITh MPUPOIHBIA KOMIIIEKC
rIIyOOKHMX KaHBOHOOOPA3HBIX JOJIMH C MENepaMH U TONYJISIHIO PYKOKPBIIBIX.
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Kanosa Ilemepa (Illymeran-Tam) Pacnonoxena B byp3sHckoMm paiioHe PecnyOnuku
BamkopTocTaH, Ha TEpPUTOPUHU TOCYIAPCTBEHHOT O pUpoaHOro 3anoBeanuka "lllynpran-Tam",
HccnenoBanne um pa3paboTka KOHLENTYaJbHOIO MPOEKTa MO OO0YCTPOMCTBY B IMPHUBXOAOBOM
ydyacTKe HeOOJbIIOro S3KCKYPCHOHHOIO Mapupyra ObUI0 OCOOEHHO OTBETCTBEHHBIM
MEpOIIPUATHEM B CBS3M C HEOOXOIMMOCTHIO OOECHEeUnuTh B TIIyOWHE Meniepbl, CTaOMIHLHOCTD
rapaMeTpoOB HEOOXOIUMBIX ISl COXPAHEHUs YHUKAIbHOU MaJICOJIMTUYECKOU AKUBOITUCH.

Hamu, coBmectHo ¢ CounnckuM otTa. PI'O  cocraBieHbl HpPOEKTHl OXpaHbl U
o0yctpoiictBa BoponmoBckoit cucrembr memep B CoOUMHCKOM HamuoHaibHOM mapke. K
COXKAJIGHHIO, MPOEKT OCYIIECTBIsICs 03 Hallero y4yacTHs KOMMEpPYECKOW TIpymnmoi, ¢
MHOTOYMCJICHHBIMH HegocTaTkaMd. Ham ¢ OosbIIMM  TpPyIOM yAajJoCch MPeqOTBPAaTUTh
OCYIIIECTBJICHHE BTOPOro 3Tama paldoT, KOTOPBIM mIpeaycMaTpuBall BBIPYOKY ThICAYEIETHETO
CaMILMTHHUKA U 3aI10BEHOr0 OYKOBOIO Jieca, CTPOUTENBCTBA Y BXO/a B MEILIEPY, B 30HE CTPOr oM
OXpaHbl, CaHy3Ja, KaHATHOW JOPOTU U pecTopaHa. B HacTosmmii MOMEHT MapHIpyT GU3NUECKU U
MopajbHO ycTapen. TpebGyerca ero cpouyHas MOJEpHM3alMs, T.K. IELIepa CTAHET YacTbIO
9KCKYpPCUOHHOr 0 KoMIuiekca COUYMHCKOW OJIMMITAAJIbI, HO HAIIM PEKOMEH/IAlMK [T0Ka He HallIU
HOJIIEPIKKH.

Pazpaboran u mnpeTBOpeH B KU3Hb IMepBbli B P® mpoeKT NOA3EMHOTO My3es
«Cneneonoruu, ropaoro gemna u reonorun» B [laxte «/lexop-1» B Humxeroponackoii obmactu.
CocraBiieHbl, HO TIOKa HE OCYILECTBJIEHbl MpPoekThl 1o Crapojanokckoi, MoHaCThIpCKON
(MuxaiinoBckoi mycteiHu B Anbiree), Caroii (B Jlenunrpanckoir obmactu), bopaykoBckoit (B
Huxeroponckoii o6nactu) nemepax. [IpeTBopeHue ux B )KU3Hb PacTATUBAETCs HA JECATKU JIET
M3-3a OTCYTCTBHUSI CpPEACTB M Oe31elicTBUS YMHOBHUKOB, a OOBEKTHl TEM BpPEMEHEM
paspy1aroTcs.

B P® cymecrBytor mapmpyrtel B Kynrypckon Jlensnoi, HoBomypanbimMoBckon
(bamkopTtocran), ['onmyounckom npoBaine (Apxanrenbckas o0 ), Kapayneaoii-2 (KpacHosipckuit
kpail), bonbmoit Asumickoi, Hexnoit (KpacHomapckuit kpait), Ilaruropckom IlpoBane
(CraBpononbckuii  kpaif), ['asyke (Bomrorpaackas o6:m1.). Bcero ceifuac odunmuamsHO
cyliecTByeT 12 3KCKYpCHOHHBIX HeIIEpP, HO MPAKTHUYECKH B KOMMEPUYECKUX LIEJISIX UCIOJIb3YETCs
3HauuTeNnbHO Oonbine. K coxaneHnto, 00ycTpoiCcTBO MPAaKTHUYECKH BCEX MapLIPyTOB CTpaaacT
MHOTUMHU HEIOCTaTKaMH, HET OOUICNPUHATHIX HAyYHO-METOAMYECKHMX U TEXHHYECKHX
HOpPMAaTHBOB, MPaBHJI O0YCTPONCTBA U HCIOJb30BaHUS Meuiep. MHOrMe M3 HUX HHTEHCHBHO
Jerpagupyor.

[Tokazatenen npumep JKuxapesckoil neuniepel Ha Tepputopun OOIIT «KanboH pekn
JlaBe» B Jlenunrpaackoit obmactu. OHa Oka3ajach B TaKOM CTENEHH 3aBAJIEHHOM MYCOPOM C
OJIMKaMIIMX OrOpPOOB, YTO BO3HUKIIM COMHEHUS — CYILECTBYET JIM OHA BOOOIIIE, a B CBET BhIIILIA
AHOHMMHAs CTaThsl YMHOBHUKA - «IIPUPOIAOOXPAHHUKA», KOTOPHI OOBSBHI €€ BBIIyMKOW
CIIEJIE0JIOrOB.

[Ipoext wucnonbp3oBanus HeOoNbIION CTaponagoKCKOH memepsl ObLT CcO3AaH I
CrlaceHusl KpynHeHled Ha ceBepo-3anajge PP momymsinuu pyKOKpBUIBIX, KOTOPBIE ITPOBOIAT
3UMHIOIO CHISTYKY B cocennel nemepe «Tannukuaay. ictopus ero ocymecTBiaeHus pacTsaHyIach
yxxe 6omee, yem Ha 10 ner. 3a 3TO BpeMsi YHHOBHUKHU ABAXK/bl TEPSUIN YTBEP)KJIEHHBIA MPOEKT,
3asIBJISLITH, YTO MBI HE IMEEM IIpaBa €ro JenaTh, T.K. y HaC HeT JIMIEH3UH Ha IPOEKTHBIE pabOThI
mo BceM pazgenam (a ux Oomee 10-M), TPOCHIM TOBTOPHO IPOBECTH BCE COTrJIAaCOBAaHWUS,
MOCKOJIBKY 3a JIaBHOCTBIO OHM YTpaTWiIM CWIy U T.J. Tem He MeHee, Mbl HaJeemcsi Ha
peanu3anuio TOro NPoeKTa, YTO MO3BOJIUT B 3UMHEE BpeMs OXPAHATh TaHEUKHHY MEllepy U He
JIOMTYCTUTh YHUUTOXEHUS JICTYIUX MBIIICH.

Bonwurommii ciywyaid mpou3somien co 3HaMeHUTOW BOpHYKOBCKOM memepod Ha peke
[Tesine B Huxeropopackoit obmactu. 1o ObLT IpaHIMO3HBIN THIICOBBIA TPOT OOJIee COTHH METPOB
B umHy W a0 15 M B Bbicory. CTeHBl Temepsl OBUIM CIOXKEHBI MOTYNPO3payHbIMU
Pa3HOIBETHBIMU THUIICAMU W aHTUApPUTAMU. B M300MiIMM BCTpedanuch Takhe OYEHb KpacHUBBHIC
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pa3sHOCTH THUIICA, KaK, CEJIEHUT U MAapbHHO CTEKJIO. B INepeKkphlBarOIIMX THUICHI U3BECTHAKAX
4acTo BCTpedajach Mckomaemas (ayHa. Bocropxkennsle onucanus nemepsl ocraBuiu I1.C.
ITamacc u B.B. [lokyuaeB, a Takke MHOrM€ Jpyrue TIeojiorTH, €€ IUIaHbl U Qororpadguu
¢burypupyoT BO Bcex MoOHorpadusx, Oykierax u ampbomax no mnpupojge Hipkeroponackoi
obnactu. B coBeTckoe BpeMs psaoM ¢ Temepoi Obl OpraHu30BaH Kapbep NI JOOBIYM THIICA,
U3 KOTOpOro Ha MecTHOW (haOpuke H3rOTOBISUIMCH MENKHE TMOAeNKH. B pesynbraTe, 3TOT
NaMATHUK MHMPOBOTO Kjacca, B KOHIE KOHIIOB, OBbUI TPOCTO B30pBaH. 3ameyaTelbHbIN
9KCKYPCHOHHBIN 00BEKT, KOTOPBI OECKOHEYHO J0JT0 MOT KOPMHUTH BCIO IEPEBHIO BOpHYKOBO 1
cnaBuTh KpacoTy Hmkeroponckoi 3zemim, Obul yHHuyTOKeH. Ham noBenoch obcnenoBaTh
OCTaTKH MeUlephl IS BHIICHEHUS] BO3MOXKHOCTH €€ HCIIOJIb30BAHMSI B KaUeCTBE IKCKYPCHOHHOTO
oobekTa. K coxaneHuto, OoT memepbl OCTajicsi O4YeHb HEOOJBIION PETUKT MOJOCTH MEXAY
JanbHel OT OOpbIBa CTEHOM M 00pa3oBaBIIEMCS MPHU B3PBIBE TPAHIUO3HOM KPYITHOTJIBIOOBOM
3aBasioM. JlJI1 MaccoBOIro TypUCTHUECKOIO UCIOIb30BAaHUSA 3TOT OOBEKT HE MpUrojeH. B To xe
BpeMsi, CYLIECTBYET BO3MOXHOCTb BCKpBITHS 3a 3aBajaMu, BToporo «TemHoro» 3aina
bopaykoBckoil memepsl. ['eodusnyeckre paboThl MOATBEpAMSIM HamM BbIBOABL. CocTaBiieH
IPOEKT BCKPBITUS 3ajla M €ro o0ycTpoilcTBa Uil SKCKYPCHOHHOI'O HCHOIb30BaHus. EcTh
HaJeX/a, YTO HallyTcsa opraHu3aluu, KOTOpble BO3bMYT Ha ce0s (puHaHCHpOBaHUE 3TUX padoT,
U MBI, XOTS1 ObI YACTUYHO, CMOXKEM BEPHYTh MUY 3TOT 3aMeuaTesIbHbIN MAMSITHUK.

Ha menxom nputoke pekn Openexa B JIeHMHrpaackoi 00JacTH, HEJATIEKO OT WMEHHS
HaGokoaBa, HaxoauTcsi yHHKanbHas Ccy(p¢o3MOoHHO-3po3uoHHAs «CBdAtas» meuiepa. ITO
KPYIHBII KMBONMCHBIA I'POT C HEOOJBIIMM NOTOKOM. OH HHMYYTh HE YCTYyNaeT MO CBOUM
pa3MepaM U ICTETUYECKUM XapaKTEpUCTHUKAaM HEKOTOPBbIM KapcTOBBIM Inemepam KaBkasza nim
Vpana. Hecmorps Ha Hamm oOpallleHus, IOATBEPKIEHHBIE OTYETOM O JETAJIBHOM
obcnenoBanun, o0bekT He 00bsBiIeH OOIIT. [loka ero oxpaHa He OCYIIECTBIISIFOTCS, XOTS
MIEPUOANYECKU MPOBOJSATCS SKCKYPCHH COTPYJHUKAMU My3es - ycanab0bl HaGokoBa, a Beab 3TOT
YHUKQJIbHBIN 11CEBIOKAPCTOBBIM 00BEKT JOCTOMH BHUMAHUS U OXPAHBI.

K cokanenuto, moMexoi B YCIEIIHOM COXPAaHEHHWM IIEIIEp BUHOBATHI HE TOJIBKO
HEepaJuBble YNHOBHUKH, HO U HEKOTOPBIE CIIEIEO0]O0rH. Jlo CMX MOp MHOrME U3 HUX, YBEPEHHI,
YTO TeLephl NMPHHAUIeKAT MM, a He BceMy Hapoay. Cam ¢akT mpeBpaiieHus Iemepsl B
OXpaHsEeMbI My3ell Ka)KeTCsl UM MOKYIIEHHEM Ha UX IpaBa U cBOOOy. 3aKkpbITHE OHON U3 12 -1
nemep B CaOiMHO BBI3BAJIO BOJHY MPOTECTAa MOJA CaMbIMU «OJaropoJHBIMKY» JI03yHraMu. Tot
¢dakT, 4TO YacTO TmoOcelaemMble MPHUPOAHbIE OOBEKTh B HACTOSIIEE BPEMsI MOTYT OBITh
COXpaHEHBbl TOJBKO MpH OpraHM3allMM MX OXpaHbl, s HUX He aprymenT. Konuenmus
pErJaMEHTUPOBAHHOI'O MCIIOJIb30BaHUS, KOTOpas MO3BOJISIET cHacaTh NPUPOLY U BOCIUTHIBATH
JeTel, MOJIO/IEXKb, B MAaCCOBOM MacuITale JeiicTByromas Bo BceM Mupe, B Poccun npakrnyecku
HE HAXOOUT IpUMEHeHus. Jlake HEKOTOpbIE OIrpPaHUYEHMs PEKHMMA IIOCEIICHUS, CBSA3aHHBIE C
IONBITKAMHM PEAHUMALIMA HETATUBHOI'O HKOJIOTMYECKOr0 COCTOSIHUS MEUIEP YacTO HE BCTPEYAIOT
IIOHUMAHUS U MOAJEPKKH.

CoxaneHue BbI3BIBAIOT Cllydyad HEYMENOro «JOMOPOIIEHHOI0» OCBOEHHUS IeElIep.
IIpoexTsl 00ycTpolicTBa MeElIEp, OCYIIECTBIIIEMBIE CIIEICOTYpPUCTAMH, YacTO MPHUBOIAT K
HEraTuBHbIM pe3yibraTtaM. [lOHATHO, UYTO B CTPEMJIEHUMM CIACEHHs MeLep CIEeIEe0I0ru
IIBITAIOTCS UX 3aMYpOBaTh, 3aKPbITh Ha 3acOBbI U T.1. K coxalleHuto, B HAllMX YCJIOBUAX 3TO HE
IIPUBOAUT K Yycnexy. Bce 3akpbiThle nemepsl JOCTaTOYHO OBICTPO BCKPBIBAKOTCS M HX
YHUUTOXEHHE NIPOJIOJDKAETCS €llle UHTEHCUBHEE.

Jlnsg craceHusl KPYMHBIX, LEHHBIX MHTEHCHBHO IOCEINAEMbIX MEUIep W OpraHu3aluu
LMBUIIM30BAHHOTO IMO3HABATENbHOIO TypHU3Ma HEOOXOAMMO BMemaTenbcTBO opranoB MIIP u
OXpaHbl MpUpoasl, 3(hdeKTUBHAS TOCYJapCTBEHHAs IMOJUTHKAa B 00JACTH OXpaHbl OOBEKTOB
re0JIOTHYECKOr0 Haclelus, MPUHATHE B KadecTBE 00S3aTENbHBIX TUPEKTUBHBIX MaTepHAalIOB,
HAyYHO-METOJUYECKUX HOPMATUBOB OXPaHbl M HCIIOJIB30BaHUS ATUX OOBEKTOB, OKa3aHUE
IIOMOILIM YYEHBIM U MPEANPUHUMATEIAM, XKEJNAOIUM MPOBOAUTH Takue Mepomnpustus. Hamno

90.



BCIYECKH CIIOCOOCTBOBATH OCYIONCCTBJICHUIO Ha IMPAKTUKC KOHICHIHWH PEriIaMCHTHPOBAHHOI'O
HCIIOJIb30BAHUA IIaMATHHUKOB IIPUPOALI, KaK ,HCP'ICTBGHHOFO CpeacCtBa HX COXpaHCHHUSA H
BOCITMTaHUA MOJIOACKH.
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PSEUDOKARST AND NON - KARST CAVES — ADISCUSSION AND
EXAMPLES FROM RUSSIA
Yu.S. Lyakhnitsky, 1.Yu. Khlebalin
All-Russian Geological Research Institute (VSEGEI), Russian Geographical Society
(RGS), St. Petersburg, Russia
NHNCEBAOKAPCTOBBIE U HEKAPCTOBBIE IIEHIEPHBI - UCCJIEAOBAHUS
HA TIPUMEPE POCCUHN
10.C. Jaxuuukuii, U.FO. Xnedanun
Pycckoe reorpaguueckoe oomecrso, Cankr-IlerepOypr

Ha meppumopuu Poccuu npedcmasnenst nces0OKapcmogule newepol Ciedyiouux munos:
uUHmMpYy3ueHvle, 8VIKaHudeckue, cyghgosuonnvie, mepmoxkapcmoswvie u 2nAYUOKAPCmosbie.

B maxux pecuonax, xax 6accein Kamvlt u cpeoneco meuenuss Boneu, Kaexas, b6acceuin
Jlenvt u Enuces u Casauvl nces00Kapcmosvie noiocmu ecmpedaromces Haubonee yacmo. 120
newep, pacnooNiCeHHbIX 8 IMUX pecuoHax, eHecenvl 6 Kaoacmp newep Poccuu. B baccetine p.
Mamnwr naxoosmces 18 newep, pazsumoeix 6 KoHenomepamax. Ha muxookeanckom nobepedicve
Hanvneco Bocmoka ecmpeuaiomces ncegdoxkapcmosvle newiepsl, 2pomsbl, HUUU U APKU.

Ha Ypane nceedoxapcmogvie nonocmu pazeumel 6 pasiuyHulx nopooax. Ilewepul
Ilecounasn I'nyouna(36 m / 6 ), Ilecuanvui I'pom (28 m), Kyna Bepua (15 m) — 6 necuanuxax;
Keapyummnas (150 m / 28 m), [Lyiiounckasn 1 u 2, 3ropamxynvckasn 1 u 2, 3uearveunckas 1 u 2 — 6
keapyumax; MHmkyreckue — 6 caanyax, eHeucax u amgubonumax;, Casenrveé [pom — 6
muackumax, Kuceecauckaa — 6 epanumax; Ilyeauésckas (10 m) — 6 cepneHmuHumax,
Konvibenvnasn (50 m /13 m) u Yypounas — 6 konenomepamax. Ilewepa Opovinckas 6 Bocmounvix
Casanax — ouenb UHMepeCcHblll NpuUMep nepexooa Kapcmoso2o npoyecca 8 nCe800KApPCMoablil.

Hlupoxo uzeecmna ncegdoxapcmosgas newepa Ceéamas 6 O0€BOHCKUX NeCUAHUKAX,
pacnonodcennasn 6 Jlenunepaockoi obnacmu ma bepecy 00HO020 u3 npumokog pexku Opeodeirc.
Hebonvuwue ncesookapcmosvie norocmu npuMulKaiom K ROJIOCMAM 3A0POULEHHBIX 2OPHbLIX
8bipabomok 6 opoosukckux necuanukax ¢ Cabauno u Cmapoi Jladoee.

Aemopul cuumaiom HeoOX00UMbIM BKIIOUEHUe NCeB0OKAPCMOBbIX newep 8 YUCI0 0C000
oxpamusiemvix npupoonvix meppumopuii  (OOIIT). Takue y0obHO pacnonodicenuvie u
acmemuyecku yeHHuvle 00wvekmbul, Kak newepa Ceamas 6 Poowcdecmeeno mozym cmamos
NPUBNIeKAMeNbHbIMU IKCKYPCUOHHBIMU 0OBEKMAMU.

The problem of classification of karst and similar processes was mainly solved in Russia
as long ago as 1947 at a conference in Molotov (Perm). At present, these ideas are being worked
out in more detail. V.N Dublyansky (2004) proposed the following concept. Karst evolves only
in readily soluble sedimentary and more rarely metamorphic rocks (limestone, gypsum,
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anhydrite, salt, marble). Pseudokarst is subdivided into intrusikarst, volcanokarst, clastokarst,
suffosiokarst, thermokarst, and glaciokarst. Analyzing these ideas, it is necessary to make
following remarks.

Intrusikarst evolves in intrusive and effusive crystalline rocks under corrosive and erosion
influence of flowing waters.

It is almost impossible to distinguish the clastokarst and suffosiokarst, because they
evolve in different sedimentary fragmental rocks (loess, clay, sandstone, breccias,
conglomerate). They are characterized by predomination of erosive and suffosion processes
resulted from water flow activity, which breaks links between particles and evacuates them from
the massif.

Thermokarst evolves in frozen ground mainly as a result of melting the permafrost. These
are specific round lakes and other phenomena.

Glaciokarst forms in glaciers during their melting and under the influence of flowing
water. The authors found cavities in various rocks and even in peat. Of importance are the
processes, which lead to the formation of the cavities rather than rocks lithology. Otherwise
man-made cavities, cavities resulted from underground fires, etc. could be assigned to the
pseudokarsts, but they have nothing in common with the karst objects and have absolutely
different morphology.

Volcanokarst is the generation of cavities (gas bubbles, lava tunnels) caused by
volcanogenic processes, but in the authors’ opinion they cannot be assigned to the pseudokarsts.

Gravity and landslide cavities form a special group and also cannot be assigned to the
pseudokarsts, because the mechanism of their formation is not associated with the influence of
flowing waters.

So the authors propose to define the pseudokarsts as a result of processes, which take
place in poorly soluble sedimentary and other rocks, in frozen ground and ice under the influence
of flowing waters.

Gravity and volcanic cavities cannot be considered as pseudokarst, since they have
absolutely another nature and morphology, which are not associated with the influence of
flowing water. These are two particular groups of natural cavities. Pseudokarsts are only those
formations, which are close in their genetic and morphological features to the karst, but the main
factor of the karst process, corrosion, gives way in them to erosion and suffosion.

The pseudokarst is rather widespread in Russia, and it has been studied for a long time.)
Caves, cones, depressions, and holes were described in conglomerate of the Yuryuzan-Sylvino
depression of the Pre-Uralian trough. Pseudokarst is recorded in the Pre-Uralian area of
Bashkiria, almost in 50 % of its territory. They are evolved best of all in clay, siltstone, and
sandstone in the basin of the Ik, Dema, Syunya rivers. The construction of a reservoir in this
region on the Agardy River resulted in the activation of the pseudokarst and complete
dewatering of the pond. In the Kirov Oblast there is a series of lakes up to 10 m deep, whose
formation is associated with pseudokarst processes. V.N. Dublyansky and R.A. Tsykin (1992)
compiled a cadastre of caves in conglomerate and sandstone in the former USSA. The Kama-
Middle Volga, the Caucasus, the Lena-Enisei and the Sayan are the areas, where pseudokarst
caves are the most widespread. 120 cavities are included into the cadastre. In the Mana region
there are 18 caves in conglomerate. In a coastal band in the south of the Far East there are also
caves, grottos, niches, and arcs.

In the Urals there are pseudokarst caves located in various rocks. Such caves as
Pesochnaya Glubina (36 long/6 m deep), Peschany Grot (28 m), Jules Verne (15 m) are located
in sandstone; Kvartsitnaya (150/28), Shuidinskaya 1 and 2, Zyuratkulskaya 1 and 2,
Zigalginskaya 1 and 2 in quartzite; Itkulskie caves in schist, gneiss, and amphibolite; Savelievy
Groty in miaskite; Kisegachskaya in granite; Pugachevskaya (10 m) in serpentinite, Kolybelnaya
(50/13) and Churochnaya (10 m) in conglomerate. According to their data, about 2 % of caves
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are pseudokarst ones. A very interesting case of a transitional process from the karst to the
pseudokarst is the Oreshnaya cave in the East Sayan. This is the largest world’s cave in
Ordovician limestone-dolomite conglomerate. It is the most intricate 3-D labyrinth apparently
formed under phreatic conditions of about 58,000 m long with amplitude of 240 m.

One of well-pronounced excursion pseudokarst (clastokarst) caves is the “Svyataya” cave
in a suburb of St. Petersburg on a tributary of the Oredezh River, not far from the Nabokov’s
estate. To a less extent the pseudokarst processes are manifested in old mine workings in Sablino
and Staraya Ladoga, where sandstone is subjected to the erosion by underground waters.

First experiments on the organization of the reliable protection of geological inheritance
objects are associated with the caves of Sablino. Excursions with geological and ecological
concepts allow constant effective protection of the caves and to carry out educational and
pedagogical work with young people. Artificial caves, two waterfalls, and abundant Cambrian
and Ordovician outcrops with fossils, beautiful minerals and mineral springs are demonstrated
there. The Sablino nature monument is not a geopark, but in fact it has all parameters of a
geopark. The authors believe that the creation of a network of such well-protected nature
monuments used for regulated excursions can promote the development of a system of Russia’s
geological heritage protection, including pseudokarst caves.
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CAVES GLACIATION; PROSPECT OF RESEARCHES
B.R. Mavlyudov
Institute of geography RAS
OJIEJEHEHUE NEIIEP; MIEPCIEKTUBBI UCCJIEJJOBAHUN
b.P. Masiionos
Uuctutyt reorpadun PAH, Mocksa, Poccus

It is shown that cave glaciation have good prospects of researches in future. They will be
connected with such directions: climate, paleoclimate and paleogeography; caves glaciology;
caves cryology; cryogenic mineralogy of caves; biology of caves; archeology of caves;
methodological range; caves conservation; excursion and educational activity, use of knowledge
about caves glaciation.

BBenenue

OneneHenue nemep — 3TO MUPOKO PaCpOCTPAaHEHHOE SIBJICHUE HA BCEH HAIUEH IJIAHETE,
0COOEHHO B CpPEIHMX U BBICOKMX IMPOTaxX, a TaKXKe B Ipelenax ropHelx tepputopuil. Ilon
OJICACHCHU ECM nemep MBI IIOHUMAEM BCC BUIBI J'IBZ[OHpO)IBJIeHI/Iﬁ B €CTCCTBCHHBIX nemepax nu
MPOYUX MOJIOCTSIX (BHE 3aBUCUMOCTH OT MX Pa3MEpOB U MPOUCXOXKICHHUS), a TAKKE KOMILIEKC
MPOIIECCOB, KOTOPhIC 00YCIaBIMBAIOT CYIIECTBOBAHHE JibAa B memiepax. OJeleHeHHe memiep
MoApa3aeisieTcss Ha MOCTOSTHHOE U ce30HHOe. Ce30HHOE OJIe/ICHEHUE Tellep 3aHUMAaeT OTPOMHBIE
TEPPUTOPHH, B IIpeleaax KOTOPBIX TEMIEpATypa BO3/yXa OIyCKAETCs HMXKE HYJIEBOM OTMETKH.
[TocTrosiHHOE oOJieIeHEHNE Tellep OXBAaThIBA€T MEHbIIME IUIOAAM, HO BCE pPaBHO OHHU
3HAYMTEIHHO MPEBHIIAIOT 00JIACTH PACTPOCTPAHEHUSI MHOT OJIETHEMEP3IIBIX TTOPOI.

HCJIB HCCIICAOBAHUA OJCACHCHUS IICHICPp — IIOHATH 06H_II/Ie 3aKOHOMCPHOCTHU €TI0
(dbopMUpOBaHUs U CYIIECTBOBAHMS, KaK Ha JIOKAJbHOM, TaK W Ha TI00ATbHOM ypOBHE. 3a1a4yu
HCCICOOBaAHUA OJICACHCHUA Hemep B 6YI[}’H.ICM onpe;[eneHbl KakK 0CO6€HHOCTSIMI/I
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pacrpocTpaHeHHsl Memep €O JbAOM, TaK M YCJIOBUSAMHU (OPMHUPOBAHHS U CYyNIECTBOBAHUS
OJIEZICHEHUS B MTO/I3EMHBIX MOJIOCTAX.

MOXHO BBLACIUTh HECKOJBKO TMEpPCHEKTUBHBIX HAIMPABJICHUM B HUCCIEAOBAHHHU
oneneHeHus mnemep. K HUM OTHOCATCS: KIMMAT, NAJCOKJIMMAT U Tajeoreorpadus; TISIIHOIOTHs
Teniep; KPUOJIOTHs TEIIep; KPUOTreHHAss MUHEPAJIOTHs Temiep; OMOJIOTHS MeIep; apXeoJIorHs
Meep; METOAOJOTMYECKUIM TTOJUIOH; OXPaHa MPUPOABI; SKCKYPCHOHHAs M MPOCBETUTENbCKAS
NesITeNbHOCTh, MCIIOb30BaHUE 3HAHUH 00 OJIeIEHEHHUH TIeIep.

MeTtoauka

Meronuueckre OCHOBBI pabOThI OCHOBaHBI HAa TOM, YTO TMPAKTUYECKH JHOOBIC
HCCIIEIOBAHMS, CBSI3aHHBIC C OJICACHEHUEM IeIIep SBIISIIOTCS MEXAUCIUIIITMHApHBIMU. [ToaTOMY
JUTSL BBITIOJTHEHHST PacCMaTPUBAEMBbIX HIDKE 3a/1a4 TpeOyeTcs MpUMEHEHHE KOMILJIEKCa METO/IOB,
MPUMEHSIEMBIX B KaXKJJOW M3 ATHX CBSI3aHHBIX MEX]IMCIUILIMHAPHBIX 00JIacTE, a TaK’KEe METO/10B
U METOJIMK, CIENHAIbHO pa3pabOoTaHHBIX JJIs yCIOBUU memiep. bonbiioe 3HaueHHe UMEIOT, U
OyayT UMeTh B OyayIieM, MOJIeNIbHbIE MOCTPOeHHs. BaXKHBIM aclieKTOM SIBJISIETCS TAKXKe TO, YTO
B Iellepax BO3HMKIA crernuduueckas o0CTaHOBKA, KOTOpasi MO3BOJSIET MPOBEIEHHE HAYyYHBIX
UCCIIeZIOBAaHUNH B KBa3uWiIabOpaTOpHOW OOCTaHOBKE, KOrJa HCCIENOBATEeNb OrPa¥aAeH OT
BO3JCUCTBHSI BHEUIHMX HHTEHCHUBHBIX MPOIECCOB, KOTOPbIE OOBIYHBI B TOJEBBIX YCIOBHUSIX
(pe3kue mepemnaapl TEMIEPATYp, YCHIICHHE BETpa, CMEHA JHS W HOYHM). BaHOCTh CKOpeuIiero
MOJIYYeHHS pa3HOOOPa3HOW MH(POpPMAILIUU U3 TEIIEpP, TOABEPKEHHBIX OJEICHEHUIO, ONpeIeiieHa
TaK)X€ TE€M, UTO B YCJIOBHUSAX HAMETUBIIETOCS MOTEIJIEHUS KJIMMAaTa OJIEACHEH UE B €CTECTBEHHBIX
MOJIOCTSAX HAYMHAET JETpaaupoBaTh, YTO BeAeT K HEM30EKHOH MOTepe CYIIECTBEHHOH YacTu
3aMMCaHHBIX B HUX HHPOPMAIUH.

Kaumar newep.

[TockonbKy KIMMATHYECKHE OCOOEHHOCTH TeIIep | ONPEHeNsiOT BO3MOXKHOCTH
(hopMHUpOBaHUS U CYIIECTBOBAHUS OJIEACHEHUS B HUX, W3Y4YEHUE KJIUMarTa IMEHIep B STOM
BOIIPOCE WMEET O4YeHb Oonblioe 3HaueHue. [Ipu 5TOM BaXHO BBISICHUTH: 1) OCOOEHHOCTH
(dbopMupoBaHUs KIMMaTa B MeIepax pa3Hoil Mopdosioruu (a Takke MUKPOKJIMMATa B OTIEIbHBIX
YyacTsX Mellep M TMEHIepHbIX CHUCTEM) U €ro BJMSIHHUS Ha 3apOXKJEHHE, CYIIEeCTBOBAHHE,
pacnpocTpaHeHue U Jerpajaluio OJeIeHEHUs B MOJOCTAX, 2) YCIOBUSI CYIIECTBOBAHUS KaXKI0TO
TUIA JIbJla B MElIepaX, YCTAaHOBUTh TEMIIEpaTypHbIC, BJIAXKHOCTHBIE M BETPOBBIE JIHANA30HbI
YCJIOBUM 3apOXKJIECHUS, CYIIECTBOBAHUS U pa3pylICHUS JIbJaA.

Maneokanmar u najneoreorpagus.

[Tockoiibky B meniepax, NoJABEPKEHHBIX OJIEACHEHUIO, HAKOIICHUE OTJI0KEHUN U CaMOro
JIbJa KOHTPOJIUPYETCA KIMMATHYECKMMHM BapUalMsMH BHYTPU MeEUIEp, KOTOPBIE, B CBOKO
ouepesib, 3aBUCAT OT KOJeOaHMI BHEIIHEro KJIMMaTa, BCE HM3MEHEHHUs MElIepHOro KJIMMarta
«3aMHChIBAIOTCA» B CTPYKTYPE ITUX OTJIOKEHHH M MOP(HOIOTUU HX JIEMEHTOB (KPHOT'CHHBIX
MUHEPAJIOB, KPHUCTAJUIOB JIbJd, KPUOIN€HHOW MYKH, COOTHOLIEHHWHU H30TONOB M T.J.).
PacimdpoBka 3THX KJIMMaTHYECKUX CHTHAJIOB MO3BOJISIET BOCCTAHABIMBATH KIMMAT MPOIILIIOTO
Ha MPOTSHKEHUHU JIECATKOB, 2 B HEKOTOPBIX CIIy4asiX U COTEH, M Aake Thicsd JieT. OOmmpHoe mojie
JIEATEIIbHOCTH JISKUT B CPABHEHUU NAJCOKIMMATHYECKUX JAaHHBIX, IOJTYYEHHBIX HA OCHOBAHUU
W3y4EHHsS KOHKPETHBIX TELIEp M 3amuceid KiumaTa ISl KOHKPETHBIX TEPPUTOPUM Ha
UMEIOIMICS TepHOJ, MHCTPYMEHTAJbHBIX HaOmoneHuid. Kak Tombko ypacrtes NOIYyYUTH
MaJeoKIMMaTUUYECKIE JaHHbIE IJIs1 HECKOJIbKMX Mellep B pa3HbIX PEruoHax, 3TO IMO3BOJUT
CpaBHHUBATh 3TH JaHHBIC M IOJY4aTh PETHOHANBHBIC W TI00ATbHBIE 3aKOHOMEPHOCTH. BakHO
TaK)K€ OTMETUTH TO, YTO JIIOOBIE MAJCOKIMMATHYECKUE JTaHHbBIC, MONYYCHHBIC NMPU W3 yUYCHUU
OTJIOKEHUW Menep, MOABEPKEHHBIX OJIEACHECHUIO, SIBJISIIOTCS CYIIECTBEHHO CIIIa)KEHHBIMU. DTO
00CTOSITENHCTBO JOJHKHO OOJIETYUTh CPaBHEHUE MAJCOKIMMATHICCKUX JAHHBIX, MOJYyUYEHHBIX U3
Memiep, PaCHOJOKEHHBIX B Ppa3HBIX PETMOHAX M BBIABICHUIO OOMIMX 3aKOHOMEPHOCTEH
KosieOaHMs KJMMaTa Ha IUIaHeTe.
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IlonaTHO, YTO 4Yepe3 U3ydyEHUE NANCOKJIMMATa MOXHO BBINTH Ha IIOHUMaHUE
naneoreorpaMuecKux OCOOEHHOCTEH CyIIECTBOBAHMS OJIEACHEHHS KOHKPETHBIX Ieliep Hu
0COOEHHOCTEN 0JIEZICHEHUS MEEp 1eIbIX PETMOHOB IIJIAHEThI B IPOILIIOM.

I'naouoJiorus memep.

Ha naHHBI MOMEHT IMOJIydy€HBI TOJBKO CaMble OOIIME 3aKOHOMEPHOCTH 3apO’KIeHHUS,
CYIIECTBOBAHMSA M Jerpajanuu Jbaa B memiepax. IIpeacrout eme u3ydnTh: OCOOCHHOCTH
CTPOEHMs JIbJla B KOHKPETHBIX Ilemepax (Ha MOp(OIOrH4eckoM, KpUCTAJUIM3ALUOHHOM H
U30TOITHOM YPOBHSX, COJAEp)KaHHWE I'a30BBIX BKIIOYEHHUH U T.J.), XapakTep UX HU3MEHEHUH BO
BpEMEHH, B TOM YHCJIE, HAIpPAaBICHHOCTH MW CKOPOCTH pOCTa M  pa3pyllIcHHs,
KpUCTaJIorpaduyecKux OCOOCHHOCTEH, BO3MOXHOCTEH MEepeKpUCTaUIN3AINKN, XUMUYECKUX U
M30TOIMHBIX U3MEHEHUH, TUTaCTUYECKUX edopmanuii, IBuxKeHHus. BaxkHo Takke u3ydyaTh OanaHc
MAaccChl JIbJIa Ha OTJEJBHBIX Y4acTKax IEllep U B Melepax B LEJI0M, YTO MO3BOJIUT CPABHUBATH
OJICZICHEHME TIEIep KaK OJHOr0, TAK U Pa3sHbIX PErHOHOB HE TOJIBKO HA Ka4YECTBEHHOM, HO U Ha
KOJINYECTBEHHOM ypoBHE. A OajiaHC MacChl JibJ]a 3TO KOMIUIEKCHBIH 1TOKa3aTelb YCTOWUYMBOCTU U
MU3MEHYMBOCTH OJIEICHEHUS B MEIepax.

Kpuoaorus nemep.

N3ydeHue Mep3JI0THI B NElIepax BaXKHO MOTOMY, YTO IEIIEPHAst MEP3J10Ta CyLIECTBEHHO
pacmMpser apean paclHpOCTPaHEHHs MHOIOJIETHE MeEp3iblX Hopoa Ha IuiaHere. [Ipm stom
Mep3JIoTa Melllep B HacTodllee BpeMs M3ydeHa odeHb ciabo. Eie He BBISICHEHBI 0COOEHHOCTU
CTPOEHHUSI HU MHOI'OJIETHE MEpP3JbIX, HU CE30HHO MEp3JIbIX T'OPHBIX NOpPOA B IEHIEpax M Ha
JIOKQJIbHOM, U Ha PErMOHAJIbHOM ypoBHeE. Ellle HET NaHHBIX O JUHAMMKE IEIIEPHONH MEp3JIOTHI
(romoBoii M MHOTOJIETHEW) B CBSI3U C U3MEHEHMEM KJIMMaTa B IELIepax U BHE UX, HE MU3Yy4EHO
CTPOEHHE MEP3JIOTHBIX TOJIL] M IPOLECCH, IPOMCXOASIIME B HUX B Pa3HbIX TEMIIEPATYypPHbIX
ycnoBusix. Iloka emie HeT cBeieHH 00 yCTOMUMBOCTM MEpP3JOTHI B MeEIIEpax M €€ CBS3U C
OJICZICHEHHU EM TIelIep.

Kpuorennasi MUHepaJorus neuep.

B mocienHue rofpl BBIACHUIOCH, YTO B CBSI3M C OJIEACHEHUEM IICIIEp B IOJOCTAX
dopmupyrorcss cnenuduyeckue MeIepHble MHUHEpabl, YUCIO HAaXOAMMBIX (DOPM KOTOPBIX
eKeronHo Bo3pacraeT. Ha Hammx riazax (opMmMupyeTcs HOBOE HAaydyHOE HaIlpaBleHHE —
KpUOMUHEpAJIOTHs Telep, KOoTopas B 3HAUYMTENbHON CTENEHHW OTIMYaeTcss OT OOBIYHOM
KPHUOMUHEPAJIOTUH, B TIEPBYIO Ouepe/ib, 0 yCIOBUAM (HOPMUPOBAHUS COOOIIECTBA MUHEPAJIOB.
BaxxHpIMH HampaBlIEHUSIMH MCCIIEOBAaHUN SIBJSIFOTCS: BBIACHEHHE YCIOBUH 3apOXKJIEHUS,
CYILLIECTBOBAHMS U MCYE3HOBECHUSI MUHEPAIBHBIX arperaToB B IELIEpax, 3aJ0KEHHBIX B Pa3HBIX
TOPHBIX IIOPOAAX, PACIOJIOXKEHHBIX B Ppa3HbIX KIMMAaTHYECKUX YCIOBUAX, BBIABICHHUE
0COOEHHOCTEN pocTa U CE30HHOW AMHAMMKU MMHEpAJIOB B Pa3HBIX YACTIX IEIIEp U UX CBS3b C
KJIMMaTOM IeIlep, OCOOEHHOCTAMHM HX OJISIEHEHHs, BOJONPUTOKOM U T.I., BbIsEBIICHHE
BO3MOXKHOCTEH HCIIOJb30BAHUSA KPUOICHHBIX MHUHEpAJIOB Helep Ul Majleoreorpapuuckux
PEKOHCTPYKIIHA.

buosorus nemep.

OneneHeHue co3faeT BecbMa CHElM(UUYECKHE YCIOBUS CYIIECTBOBaHUS OpPraHUYECKOU
KU3HM B IELIEPAX IPHU IMOJHOM OTCYTCTBHM OCBEIICHHOCTH, HU3KMX TEMIIEpaTypax, MallbIX
IIPUTOKAX MUTATEJIbHBIX BellecTB. [[09TOMyY M3ydeHUe OpraHM4ecKOM JKU3HU B TaKHUX YCIOBMSIX
BAXXHO JUI TMOHMMAHUS BO3MOXKHOCTEH JKMBBIX OPraHM3MOB B BBIPAOOTKE MMHU MEXaHHU3Max
aJlanTalky, a TaKkoKe Uil COXPaHEHHUS M MOAJepkaHus OuopazHooOpasus. buonorus nemep c
OJIEICHEHUEM €llI€ OJHOCThIO He pa3paboTaHa.

Cnenyer n06aBUTh, YTO OJHMM M3 HaIpaBJICHUN HCCIENOBaHUS OWOJIOTUM Telep
SIBJIIETCSI M3YYEHUE OCTATKOB 3aXOPOHEHHBIX B MEP3J0TE€ U JbJY OpPraHU3MOB, KOTOpBIE
MIPOXKUBAJIM B IICLIEPAX WJIM IONAIM B HUX CHApPYKHU. YCIIOBUA COXPAaHEHUsS OPraHMYECKHUX
OCTaTKOB B IEUIEPax ¢ OJEACHEHUEM YPE3BbIUAHO XOPOILIHE.

Apxeosiorus nemep.
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OneneHenue memep 3aBUCUT OT MOP(OJIOTHH MOJIOCTEeH, KOTOpas MOXKET CO BPEMEHEM
U3MEHATHCSA. DTO O3HAYAET, YTO MPOIIECC OJICACHEHHSI MOXKET ObITh HAJOKEHHBIM Ha MOJIOCTh B
CBSI3U C U3MEHEeHueM ee Mopdosoruu. HpIMU c10BaMu, OJIOCTh MOTJIa ObITh 3acesieHa JII0IbMU
0 CBOEro OJeAcHeHus. B COBpeMEHHYI0 »JIOXYy Jerpajaluu IEeHEpHOro OJIEIEHEHUs
apXeOoJIOTMYECKUEe MaMSITHIUKA MOTYT OBITh HalICHBI B LIEJIOM Psijie Teliep, Ie OHU paHee ObLIN
He u3BecTHHI. [[03TOMY OCHOBHOH 3aJayeil CIIENE0apXeOoJIOruU SBIISIETCS OBTOPHOE U3YUYEHUE
Teep, B KOTOPBIX OJIEAEHEHUE HAXOAUTCS B CTaJIUU JIeTpaJalluH.

MeTonon0ornyecKuii MOJIUIroH.

Kak roBopuioch Bblllle, MeHIEpPbl MOTYT CIYXUTh JJaOOpaTOpHOl ©a30i [Ii MHOTUX
HalpaBJICHUN MCCIIEOBAaHUN, CBA3aHHBIX C OJE€ACHEHHEeM memep. B cBiI3u ¢ 3TuM, Takue
Memepsl MOTYT CIY)KHTh YAOOHBIM TIOJIMTOHOM JUIS M3YyYCHHS] MHOTHX IPOIIECCOB,
MPOUCXOIAIIMX B IELIepax CO JbAOM. I3BECTHO, UTO C OJEAEHEHUEM IMEUIEp CBSA3aHBI TaKUe
MpollecChl, Kak OOpYIIEHUS TOPHBIX NOPOJA C KPOBJIM TMEIIEPHBIX Trajeped u 3alioB,
00yCJIOBJIEHHBIE KaK MOPO3HBIM BBIBETPUBAHHEM, TaK U Jerpafalueil MemepHoro oJieIeHEHus.
[TosTomMy memepsl MOTYT CIY>KUTh HMPEKPACHBIM OOBEKTOM pa3pabOTKH METOAMKH W3Y4YEeHHUS
celicMUYecKnx COOBITUH B TMemepax. AHAJIOTMYHBIM 00pa3oM B TaKUX I[eHiepax MOryT
oTpabaThIBaTbCsl METOIUKU: HM3MEPEHUs TONIIMHBI M CTPOEHUS JEISHBIX TOJI] reopagapom,
KIIMMaTUYECKHUX, TJISIIAOJIOTNYECKUX, MUHEPAJIOTHYECKUX, KPUOTEHHBIX U JIp. HCCeaoBaHui. B
TaKUX TeHepax TakKe MOTYyT OTpadaThIBATHCS TEXHUYECKUE MPUEMBI 000pPYAOBaHUS TEIIEP C
OJICZICHEHUEM JUIS DKCKYPCHOHHBIX LIEJIEH.

Oxpana npupoasbl.

B memepax ¢ oregeHeHHMEM CYIIECTBYET BO3MOXKHOCTb OTpa0aThIBATh IPHEMBI
MPUPOAOOXPAHHBIX MEPONPHUATHH, CBS3aHHBIX C TAaKUMM IMOJOCTAMU. DTO OUEHb BaXXHO B
YCIIOBUSIX YCHJIMBAIOIIEHCS AHTPOIOTEHHOM HArpy3Kd W W3MEHEHUs (MOTEMJIeHHs) KiIuMaTa.
[Ip »TOM mpUPOIOOXpaHHBIE MEPOINPHUATUS MOTYT OTpPabaTHIBATHCS KAaK B CaMHX IEHIepax
(pacumpenre WM 3aJelbIBaHUE MPOXOJOB IS MU3MEHEHHUS! CTPYKTYPBI IHUPKYJSIIUU BO3yXa,
BHECEHUE JIONOJIHUTENBHOIO JibJja B MOJOCTH M Ap.), TaK U BHE WX (3allMTa MOYBHI, OXpaHa
CTapbIX UJIM BBICAJIKa HOBBIX JIECOB Y BXO/1a ¥ HaJ MELIepon U Ap.).

IKCKYPCHOHHAS U NIPOCBETUTEIbCKAsI 1eATEIbHOCTb.

[TockonpKy memiepsl ¢ OJeeHEHHEM O4YeHb 3PEIMINHBI, 0COOCHHO B JIETHUH MEpHOJ,
KOT/Ia OTMEUaeTcs HAMOONBIIMA KOHTPACT TEMIEPATyp MEXIAY BHEIIHUMH U TEHCPHBIMH
YCIIOBUSIMH, TO MHOTHE W3 HUX SBISIOTCS OOBEKTaMU TOBBIIICHHOTO BHUMAHHS TYpPHCTOB,
000pyIOBaHBI JUJISI TYpPUCTOB WM OYIyT O0OOpYIOBaHBI IJsl HUX B OymymeM. B cBere sroro B
Ka)XJIOM KOHKPETHOM cliydae HEOOXOIMMO MPOBOAMTH MCCIENOBAHUS BIMSHHS Ha OJIE/CHEHHE
MeLEephl, KAK UCKYCCTBEHHBIX COOPYKEHUM, TAK U IMOCETUTENEH. B Takux mnemepax enareiabHo
IPOBEACHNE MOHUTOPUHTA JIEASHBIX 00pa3oBaHMi (M3yueHne OajgaHca Macchl), KIMMATHYECKHX
napaMeTpoB, 0COOEHHOCTEH BOIONMPUTOKOB, YaCTOTHl OOBAJIOB, YCTOWYMBOCTU HMCKYCCTBEHHBIX
COOpPYKEHUH U Jp., a TAaKXKE OCYIIECTBIEHUE HEKOTOPHIX 00sI3aTENbHBIX MEPOMPUATHIL: cOOp U
BBIHOC MYyCOpa, MPOBEICHHE MPODUIAKTUUECKUX MEPONPUATHNA (KOHTPOJIb YHUCICHHOCTH
9KCKYPCHOHHBIX TPYII, KOHTPOJIb 3a BpPEMEHEM IMpeOBbIBAHUS WX B IOJIOCTH, MPOBEICHHE
pasrpy304yHbBIX IEPUOJOB B TMOJOCTH W Jp.) U DBKCKYPCHOHHOIO OOCIYKUBAaHUS C
pa3BlieKaTEILHOM M MO3HABATEJIbHOW HanpaBlieHHOCThIO. [To3HaBaTenbHAst CTOPOHA MOCENICHUS
Memep ¢ oJeIcHeHHeM OIpeeieHa MaCIITa0HOCThIO U HATJISAHOCTHIO TPUPOAHBIX MPOLIECCOB,
MPOUCXOAIIMX B IEUiepax, MOABEPKEHHBIX oJeneHeHuto. [loaToMy mocelieHne Takux meuep
crnocoO0cTBYeT POPMUPOBAHUIO Y IOCETUTENEN TPABUIILHOTO MUPOOLTYILEHUS, IPEACTABIECHUH O
MIPUPOAHBIX IIPOLIECCAX U MECTE YEJIOBEKA B IIPUPO/IE.

Hcnoabn3oBaHue 3HaHUI 00 oJ1eleHeHUM Melep.

3HaHusT 00 ONEACHEHWW TIelep MOTYT OBITh HKCIIOJNB30BAHBI JUIsl TONydeHus: 1)
KIIMMaTUYECKOW XapaKTEPUCTUKU IMPOUUIOrO Uil PETHOHA PACIOI0KEHUS Telepbl WIA IS
OoJiee KPYITHOTO PErHOHA; 2) KIMMAaTHYECKUX OCOOCHHOCTEH caMoi MeIepsl ¢ oJeleHeHneM; 3)
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KapTUHBI 3BOJIFOLIMM IOJOCTU /0 OJIEIEHEHUs U B BO BpeMs Hero; 4) KapTUHBI W3MEHEHUS
OJICICHEHHS B MOJIOCTH BO BPEMEHH; 5) CBEICHHI O XapaKTepe pPa3BUTHS MEp3JIOThI B palioHE
pacnoyioKeHus memepsl; 6) TMHAMUKH 3BOJIOIUHU penbeda TEPPUTOPHH, OKPYKAIOIIEH Teniepy;
7) IUHAMUKA HW3MEHEHHUS PACTUTEIBHOCTH Ha IpPUWIIEralomeil TeppuTtopuu; 8) IAUHAMUKH
OJIEICHEHHS TTOJIOCTH MO MAaTEMATHYECKHUM MOJEJSIM C 3aJaHUEM H3MEHSIOIIUXCS MCXOTHBIX
rnapaMeTpoB U TPaHUYHBIX YCIOBHH; 9) NpHUKIAAHBIX AacleKTOB 3HAHUA O IIelepax cC
OJIEZICHEHUEM: TPOEKTUPOBAHUS U CTPOUTENILCTBA O€3MAIIMHHBIX XOJOJAUIBHUKOB U XPaHUJIMIIL,
paboTaIKX Ha E€CTECTBEHHOM XOJOJ€, CO3/IaHHUsl MCKYCCTBEHHBIX COOPYXKEHHUU CO JIBJIOM,
O0opp0a ¢ HEXKeIaTeTbHBIM JIBAOM B TOPHBIX BBIPA0OTKAX, KOHIUIIMOHWPOBAHHS BO3/YyXa,
YCKOpPEHUsI TasiHUS JbJa JIEASHBIX MAacCHUBOB, MOJIy4YEHHE MUTHEBOW BOJABI, 3arOTOBKH JIbJA,
000pYI0BaHUS TSI SKCKYPCHOHHBIX II€JIeH U JIp.

Baxxno Taxxke M TO, 4TO 3HaHUA 00 OJieeHEHUW Teniep, ero (HOpMHUpPOBAHUU U
pa3pylIeHuU, SBISIOTCS BaXHBIM TOJCIOPbEM sl Pa3pabOTKH METOJOB PEryJIMpOBaHUs
AHTPONIOT€HHOW HArpy3KM Ha TaKue IELIEepbl, KOTOPbIE SBISIOTCS TYPUCTHYECKUMH U
KCKYPCHUOHHBIMH OOBEKTaMH, a TakKe BO BpeMs OOOpyIOBaHUS TaKUX IMOJOCTeH s
9KCKYPCUOHHBIX IIEJIEH.

3aki0ueHue

Kak mbI BUiMM, 4TO OJIeICHEHUE TElIep KaK KOMIUIEKCHOE HAYYHOE HaIPaBJICHUE JEaeT
TOJIbKO CBOW TEPBBIC IIATH, HO UMEET IMIPHU STOM XOPOIINE MEPCIEKTHBBI Pa3BUTHSA B OyIyIIEM.
[lepcriekTHBHBIE  HampaBJICHUS  KMCCIEIOBAaHMA  BKIIOYAKOT: KIMMAT, MaJCOKJIUMAT U
naneoreorpagusi; TISMHOIOTUS Mellep; KPUOJIOTUs Tellep; KPUOTeHHass MUHEpPAJIoT sl TMeulep;
OWoNorusi Memep; apxeojorus IMemep; METOAOJIOrHYEeCKUN TMONUTIOH; OXpaHa MPUPOIBL
9KCKYpPCUOHHasi M MPOCBETUTEIbCKAs JEATEIbHOCTb, MCIOJIb30BAaHHE 3HAHUN 00 OJeIEeHEHUU

nemuiep.

INFLUENCE OF LYTHOLOGY OF GYPSUMS ON STRUCTURAL PLAN OF
PODILLIA CAVES LABYRINTHS
V. V. Pokalyuk*, A. N. Doroshenko**, C. I. Tereschenko*
*Institute of environmental geochemistry NAN, Ukraine
**Institute of inorganic chemistry NAN, Ukraine
BJIMAHUE JIUTOJOI'MU I'NIICOB
HA CTPYKTYPHbBIN ITAH NEIMEPHBIX IABUPUHTOB ITO0JIAHA
B.B. Ilokamok*, A.H. lopomenko**, C.H. Tepemenko*
*NucTutyT reoxumun okpyskarouieil cpenst AH Ykpaunsl, Kues
**Nuctutyt Heopranndeckoit xumun AH Yxkpaunsl, Kues

Morphology, structure, localization and distribution features of the so-called “dome
folding” within the gypsum mass of the upper torton of the Dnister Podillia region have been
studied. The initial sedimentary crystallization genesis of the “domes” from salt-generating
brine by columnar growth of gypsum crystals (megaspherolites) was vindicated. Connection of
the “domes’” morphology with intensity and manifestation of karstic processes during formation
of caves has been analysed. The dome-shaped forms grow upwards with the structures’
diameter increasing from several centimeters to 5-8 meters towards the top of the gypsum mass.
Symmetry axis within separate structures are always subvertical (symmetry of a dome-shaped
hemispheroid). Larger structures located upwardly enclose smaller ones located below. The
ensemble of the adjoining dome structures composes a mosaic of convex polygonal cells. The
formation mechanism of the above-described structures is similar to that of ordinary
crystallization spherulites while the size of the first ones is 10 — 100 times larger (up to 10 m in
diameter). These huge structures grew at the bottom of a shallow basin with the depth exceeding
the convexity of the hemisheroids, i.e. over 2 m (presumably to 5-10 m).
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Spkoit 0COOEHHOCTBIO BHYTPEHHET'O CTPOCHHUS TOJINM BEPXHETOPTOHCKMX THUIICOB Ha
tepputopun  IlpuanectpoBckoro Ilomonmes  sBiseTcs  BHYTPEHHs TakK  Has3blBaeMas
KYIOJIOBU/IHAsL «CKJIaa4aTocTh». Ha 3Ty XapakTepHyr0 0COOEHHOCTb CBUTHI YKa3bIBAJIM MHOT'HE
ucciaenoBatenu, uMeHys '"rodpupoBkoii”, "BOJHOOOpA3HBIMU AUCIOKAIUAMH'", "BOJHUCTOMN
CIIOUCTOCTBIO",  "KYNOJIOBUJHBIMU CTPyKTypamu'", "KOHKpEUUSMH, HECYIIUMH BTOPHUUHYIO
nepopmaruio”, "chepommanbHBIMU CTPYKTypamu"' u Tp. MHEHHs HcclefoBaTeiei Ha
MPOUCXOXKIEHUE ITUX (PopM camble paznuunble. OJHHU CBA3BIBAIOT X C MpOIeccaMH JHareHesa
WJIOBOTO Ocajika [7], paHHEANAreHeTUYECKOM NEePEKPUCTAIIIM3AMN KPUCTAJUI0arperaToB rurca
[12], apyrue c runparauuei anrugputa [4, 5, 11], Tpetbu ¢ TekToHM4YeckuUM (akrtopom [1, 3]
YeTBEepThIE C MapajlieIbHO-IIECTOBAThIM U CHEPOIMTOBBIM POCTOM KPHUCTAJIOB B COJIEPOJHOM
Oacceiine [6].

Haunbonee mnomgpo6Ho 3t crpykrypsl omnucansl W.W.TypumnoBeiM [12], xoTOpBIi
CBA3bIBa€T  MX  oOpa3oBaHME €  IpoleccaMH  IEpPeKpPUCTAUIM3ALUU  TUIICOBBIX
KPHCTAJIOArperaToB Moj BO3AeHCTBUEM PaHHEAMAr€HETHYECKUX MEX3EpHOBBIX (IIONI0B. MbI
HAOMIOanM 3TH CTPYKTYpPhl HEMOCPEACTBEHHO W3HYTPH THUIICOBOM TOJIIM BO MHOTHX
MOJI0JILCKUX TUIICOBBIX Meniepax Mexaypeubs Cepera 1 Huunasbl, 4TO MO3BOIMIIO MPOCTIEIUTH
pacrpocTpaHeHHe 3TUX (OpM, UX CTPYKTYPY U MOP(}OJIOTHIO B IPOCTPAHCTBE HA 3HAUUTEIbHOM
mnomaau. ABTopbl orcramBatoT Beinex 3a B, Koarywom u S T. Pockomem [6]
KPUCTAJUIM3ALIMOHHBIA T'€HE3UC 3TUX CTPYKTYp (HA ITane CeAMMEHTAllud M KpUCTAJUIM3ALUU
TUIICOB) IyTeM IMIECTOBATOrO0 MPUIOHHOTO pocta W  objekaHus (meracdeponuts).
MeracheponuToBbie CTPYKTYpbl Hpeaonpeaenuin crenuduueckuil (MOJMUroHaIbHBIN) TIJIaH
MPOSIBJICHUS] B TUIICaX TEKTOHWYECKOW TPEMIMHOBATOCTH, YTO, B CBOIO OUEpellb, MOBJMUSIO Ha
0COOEHHOCTH Pa3BUTHS KapPCTOBBIX IIPOLIECCOB.

Hamu Obuto u3y4eHO JaTepalibHOE paclpOCTpPaHEHHE KOHKPETHBIX CJIOEB KPYIHO-
TUTaHTOKPH CTAJIMYECKOr0 THIICa B CpelHEll Mayke T'MICOB B Ipeaesax JJaOUpuHTa Mellepsbl
MymkapoBa sima (bopieBckuit paiioH, c. AJ€KCHUHIIbI). Y CTAHOBJIEHO, YTO HA IJIOIIAU MELIepPbl
(250150 M) crTporo BBIIEP)KHMBAETCS MOPSIOK HAIUIACTOBAHUSI BHYTPU CpeAHEH Mayku M
YepeqoBaHUsI B HEH CIO0EB CKPBITO-MEIKO3EPHUCTOIO M KPYMHO-TUTaHTOKPUCTAJIMYECKOTO
rUrca, BIUIOTh A0 ManoMomHbIX (1-3 cm) mpocnoiikoB (puc.l). TouHo Takoe ke cTpoeHHE
CpeAHel Mayku TUIICOB YAUBUTEIbHBIM 00pa3oM moBTopsieTcss B memiepax O3epHas u
OnTuMucTHYECKasi, pacloloKeHHbIX B 8§ KM oT neniepsl Myiikapoa sima. Bee 3T0 0o1HO3HAYHO
CBUJETEIbCTBYET 00 MCXOAHO OCAJOYHOM CEAMMEHTALMOHHO-KPUCTAJIM3allMOHHOM TI'EHE3UCe
000UX CTPYKTYPHBIX Pa3sHOBUAHOCTEH I'MIICA — KaK CKPBITO-MEJIKO3EPHUCTOr0, TaK M KPYIHO-
TUTaHTOKpUcTaIMueckoro. Ha mepBuuHyl0 mpupoay cioeB KpyNMHOKPHUCTAJUIMUECKOTO THIIca
yka3piBatoT Takke A.A.Kynpuenkas u A.B.IloGepexckuii Ha OCHOBaHUM U3yY€HUS BKIIOUECHUN
mMuHepanooOpasytomieir  cpeabl  [8—10]. Ilo wmuenuto A.B.[ToGepexckoro, mepBUYHOM
MUHepaJabHOH ¢GopMoii oOpazoBaHus cynbhaTa KaJdblHs ObUT HCKIIOYHUTENbHO THMC. WM
BBIICJISIIOTCSL JIBE OCHOBHBIE CEIMMEHTAL[MOHHBIE PAa3HOCTU 3TOT0 MHUHEpala — HPHIOHHBIN
KPYIHO-TUTaHTOKPUCTAIIIMYECKUI U ITPUIIOBEPXHOCTHBIA MEJIKO3EPHUCTBIN.

Hepenko BHyTpeHHEe CTpOEHHE CI0€B KPYHNHO-TUIAaHTOKPUCTAJUIMYECKOTO THIICa UMEET
OTYETIUBYI0 BEPTHUKAIBHYIO 30HAJIBHOCTH, CBOMCTBEHHYIO POCTY KPHCTAJUIOB OT MOBEPXHOCTHU
3apOXKACHUS C UX MOCIEAYIOIIUM reOMETpHYecKUM OTOOpoM. HInkHSS 30Ha — 3apoibIlIeBasi;
Ui He€ XapakTepHbl HeOoibmmMe (10 3 CM) pa3HOOPMEHTHPOBAHHBIE KpPUCTAILIBI B
LEMEHTUPYIOLIEW MeJKo3epHUCTON Macce. Crenyromas 30Ha — Jpy30Bas; B HEW paszMmep
MPU3MATUYECKUX KPUCTAJJIOB THIICAa YBeTUUYMBAHTCA 10 5-10 cM M OHM HAYMHAIOT NPUOOpETaTh
OPUEHTHUPOBKY, MEPHEHAUKYJSIPHYI0 K CIOMCTOCTH. KoIM4ecTBO MeEIKO3epHUCTOro IIeMEHTa
npyu d3TOM yMeHblIaeTcs. W TpeTess 30Ha — mapaielabHO-IIECTOBATOrO pocTa. 3J1ech
JOMUHUPYIOT  arperatbl  TUTAaHTOKPUCTAJUIMYECKUX  KpuctaioB  (6omee 10 cwm),
OpPUEHTHPOBAHHBIX CyONEpIeHANKYIAPHO HAIIACTOBAHHIO; [IEMEHTHPYIOIIEH Maccoil s HUX
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BBICTYNIAIOT ~ arperatbl  Oojiee  MENKUX  KpHCTaioB. Yacto B CJlOAX  KPYIHO-
TMTaHTOKPUCTAJUIMYECKOr'0 TUIICA 3apOAbIIICBas U Py30Basi 30HBI CHUJIBHO PEAYIMPOBAHBI, U
HabOmomaeTcs (GOPMHUPOBAHKUE CIUTOrO MapauIeIbHO-IIECTOBATOIO arperaTa HEermoCpeJACTBEHHO
OT TIOBEPXHOCTH 3apOKICHHs. DTO MPOMCXOMUT 32 CUET OJHOBPEMEHHOIro Hauajga pocTa
OOJIbIIIOr0 KOJIMYECTBAa KPUCTAJIOB, TECHO COINPUKACAIOUIMXCS APYr ¢ apyrom. Kak m3BecTHO,
TOYHO TaK MPOUCXOIUT popmupoBaHUE CHEepOTUTOBBIX KOPOK [2].

I
10 meTpoB

10 meTpoB

e [, B, B B e I, [ 0s s [iolEul=3x

Puc. 1. bBuaok-amarpamma M paspe3 TIHIICOBOH TOJIIM THPACCKON CBUTHI
(mexnypeube pex Ceper u Huunasa, c. AsiekcuHubl, nemepa Mymkaposa sima). Hugpsi B
KPYKKaX — Na4YKM FUNcoB. 1 — HM3BeCTHAKHM OHOrepMHbIe 0ArpsiHKOBbIE MECYAHUCTHIE €
NPOCJIOSIMH M3BECTKOBUCTBIX MECYAHMKOB; 2 — FMIChI CKPbITO-MEJIKO3ePHUCTHIE, CBETJI0-
cepble C KOPUYHEBATHIM OTTEHKOM; 3 — MepecjauBaHue CKPbITO-MeJIKO03ePHUCTHIX CBETJIO-
CepbIX M KPYNHO-THTAHTOKPHUCTAUIHYECKHX KOPHYHEBBIX THUINCOB; 4 — MAPKHPYIOIIUii
npocjoii  OGHTOHUTOBBIX TJIMH  3eJIeHOBATO-CepbIX; S —  TrHOCHI  KPYNHO-
THTAHTOKPHUCTANINYECKHE KOPUYHEBbIE; 6 — H3BECTHAKHU NMeJUTOMOP(PHBIE (paTUHCKUE); 7
— MepreJiv 3eJIeHOBATO-Cepble ¢ MPOCJIOSIMH IIHH U MeCYAHNKOB; 8 — TpelIMHbI B THIICOBOM
ToJIe; 9 — CJIOM KPYNHO M TUTAaHTOKPUCTANIMYECKUX TumncoB; 10 — ciaou CKpBITO-
MEJIKO3ePHHUCTBIX THNCOB; 11 — c/10M CKPBITO-MEJIKO3ePHHUCTHIX THIICOB XJIONbEeBUIHOM
«00JJaYHO» TeKCTYypbl; 12 — MajgoMOIIHbIe JHMH3BI (10 5 cM) OEHTOHHTOBBIX TIJIMH
OPaHKeBOI0 IBETA.

Mopdosorusi ¥ reHe3suc KYNOJOBHAHBIX CTPYKTYpP. KynonoBuaHble CTPYKTYpBI
HMEIOT YETKYH MPOCTPAHCTBEHHYIO MPUYPOUYEHHOCTh K CpPEAHEH M BEpXHEW 4YacTsiM pas3pesa
TUIICOBOM TOJILIM, T.€. K TMIICAM KPYIMHO-TUTaHTOKPUCTAILUIMYECKON CTPYKTYpbl. OTCYTCTBHE UX
B HWJKHEH CKpBITO-MEIKO3EPHUCTOM MMAYKe W B IEPEKPBhIBAIOIIMX HAATUIICOBBIX IE€CYAHO-
MEpPreaucTO-TIAMHUCTBIX OTJIOKEHUSAX MCKII0OYaeT TEeKTOHWMYECKUH (akTop U3 JajbHeiliero
pacCMOTpEeHHs  BO3MOXHBIX NpUYMH HUX  (opmupoBanusa. OTCyTCTBHE  KaKHUX-JIHOO
OPUEHTUPOBAHHBIX B Cy0OJaTepaJbHOM HAMpaBICHUU MAKPOTEKCTYp BHYTPH THIICOBOW TOJIIU
HCKIIIOYAET IOJBOJHO-OMOJ3HEBBIE SBJIEHUA M IUIACTUYHOE TEUYECHHWE COJSHBIX MAcC IIpH
Jaresese 0caakoB. [IpuypodeHHOCTh KyIIOJIOBUAHBIX CTPYKTYP K MEPBUYHBIM TMIICAM KPYIIHO-
TUTaHTOKPH CTANIMYECKON CTPYKTYpPbI UCKIIIOUAET TaKKe MEXaHU3M UX (OPMHPOBAHUS 32 CUET
TUApaTaliy aHTUIPUTA.
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Mopdonorust KymnoiaoBUIHBIX CTPYKTYpP HMEET CBOH OTIMYUTEIbHBIE OCOOEHHOCTH,
OYEHb XapaKTEpHbIE ISl CTPYKTYP KPUCTAIIM3ALUOHHOIO POCTa U 00JIeKaHUs. 3apoKIeHUE U
pPOCT KYNOJOBUIHBIX (OPM IMPOMCXOAUT CHM3Y BBEpPX, HAauMHasi C YpPOBHS HIKHEH YacTu
cpeAHedl mayku rurncoB. JluameTp CTPYKTYp MOCTENEHHO YBEJIMUYMBAETCS OT IEPBBIX
CaHTUMETPOB 110 2,5 M B BepXax CpeIHEW Mauyku U 10 5—8 M K KpOBJIE T'MIICOBOM TOJIILH.
AMmnmTyaa Mexay OmmKaWlMMH CHH-aHTH(QOpPMaMH OTHENBHBIX CIIOCB HAa YPOBHE CpEIHEH
YacTH paspesa rurcoB cocrtaBisier B cpennem 0,5—1,0 m, makcumanbHo a0 1,5 m. B Bepxneit
TUTaHTOKPUCTANIMYECKON Madyke 3Ta BenuuuHa gocturaer 2-3 M. Ocu CUMMETPUH BHYTpPU
OT/AENBHBIX CTPYKTYp BCETJa HalpaBjeHbl CyOBEpTHKAJILHO BBEPX (CHMMETPHS KYIOJIOBUIHOTO
nonycdepouna). bonee kpymHble CTPYKTYpBI, paclojioKEHHbIE BBEPXY, BMELIAOT B ce0s Ooee
MeJIKHe, pacrnojioKeHHbIe HUKe. B BepxHel ruraHTOKpUCTaJUIMYeCKOW 4acTh THIICOBOM TOJIIU
MHO’KECTBO COIPUKACAIOMIUXCSA APYT C IPYIOM KYHOJIOBUAHBIX CTPYKTYp B IIAHE COCTAaBJISIOT
MO3aMKy M3 BBIYKJIBIX MMOJUTOHANBHBIX stuel (puc.l). CouneneHue coceHUX "KyImoJoB'" Ipyr C
JPyroM UMEET BHUJI PE3KOr0 YrjoBOro "IpUThIKaHUA" C pa3jJMYHbIMM yIJIaMH B 3aBUCUMOCTU OT
BBINYKJIOCTH "KyrosoB". IIpu 3ToM oTaenbHbIE CIOM KPYITHO-TUTaHTOKPUCTAJIIMYECKOr O TUIICca,
MOJAYEPKUBAIOIIME BBIMYKIYIO CTPYKTYpPY "KYMOJIOB", MPOCIEKUBAIOTCS U3 OAHOro "Kymosa" B
IOpyroil 6e3 Kakux-mM0O0 BEepTUKAIbHBIX cMelleHud. Mopdonorus CTHIKOBKM "KyroyioB" He
OCTaBJISIET COMHEHUHM B HMX KPUCTAUIM3ALMOHHOM mpupoxe. IlapannensHo-mecToBaTbie
KPUCTAJUIBI ~ THIICA  CJIOEB  CMEXKHBIX  "KpbUIbEB"  pacCIONOXKEHbl  MEPHEHAUKYISIPHO
HaIJITACTOBAHUIO HABCTPEUYy JPYr JAPYrY, CTBHIKYSICh 0€3 Kakux-nmu0o 30H JApoOJeHus u
nedopManuii, pa3beIUHSAACh TOHKOW 3yOdYaTod TpaHMICH, OOOTameHHOW TJIMHUCTO-
KapOOHAaTHBIM MaTepuaioM. YacTo 3TH TpaHULBl OOHOBIEHB TOHKHUMH PACKPBITBIMU
TpeuHaMu. Takue TpaHWIbl U TPEHIMHbI Ha CThIKAX "KymoJIoB" aKTUBHO BOBJICUEHBI B
CIIEJIEOreHEe3 C pa3BUTHEM IO HUM IOJUTOHAJIBHOrO (B IUIaHe) JabupuHTa. B BepTHKaIbHOM
CEUEHHUH 3TU TPELIMHBI YaCTO HAKJIOHHBI B COOTBETCTBHUHM C XapaKT€POM CTHIKOBKM COCEIHHX
KyIHOJI000pa3HbIX CTPYKTYp Pa3HOro pa3Mepa.

Oco0eHHO BaXHYIO pPOJIb B (OPMHPOBAHHWU KYIIOJOBHJIHBIX CTPYKTYp HIpaeT 30Ha
"HayanmpHOW OyrpucrocTu", co3lnarolas TIEepBUYHBIC JOCTATOYHO KpymHble (m0 0,5 M)
HEPOBHOCTH HAa TOPU30HTAIBHO CJIOHUCTBIX CKPBITO-MEIKO3EPHUCTBIX THIICAX HUXKHEH Mauku.
Pacnonaraercs oHa mpuUMEpHO MOCEpeNWHE CpelHeW Maykh TUICOBOW TONIIM U CIIOXEHa
MEJIKO3EpHUCTHIM O€NbIM (CBETI0-CephIM) THIICOM, MMEIOIIMM "XJIOMbEBUAHYIO, O0JAYHYI0",
MATHUCTYIO  TeKcTypy  (puc.l).  Bermenexamme — ciom  rumca  (Kak — KpYIHO-
TUTaHTOKPUCTANIMYECKOT0, TaK M  CKPBITO-MEIKO3EpHUCTOr0) 00JeKalT 00pa3oBaHHbIE
HayaJbHble  HepoBHocTH.  [lpy  3TOM  Kaxable  MOCIEAYIOIME  CJIOM  KPYIHO-
TUTaHTOKPU CTANIMYECKOI'0 THUIICA, UMesl TapaJuleIbHO-IIECTOBATOE CTPOEHUE, T€HEPAIU3YIOT U
YKPYIHSIOT "HayallbHYI0 OYTrpHCTOCTH", MPUBOAS K (DOPMHUPOBAHUIO KPYMHBIX KYIOJIOBUIHBIX
nonychepounos (MeracheponutoB) nuamerpom 10 5—8 M. Takum 00pa3oM, JaHHbBIE CTPYKTYPHI
MOYKHO Ha3BaTh CTPYKTYpPaMH LIECTOBATOTO POCTa U OOJICKAHHUS.

B noatBepkieHuMe  JaHHOrO  MEXaHM3Ma MOXHO  yKa3aTb Ha  HEKOTOpbIE
CEeIMMEHTALMOHHBIE  TEKCTYpbl  BHYTPH "KymosoB", COyXalque  CBOEro  poja
MHHEpAJIOrM4eCKUMU OTBECAMM M YPOBHAMH. Tak, B KpPaeBbIX ydacTKax "KyIOJIOB", r€ CIIOH
HMEIOT JIOCTATOYHO KpyToi YKJIOH (00brdHO 30—45°, mHorma no 70°), TOHKHE MPOCIOCYKH
CKPBITO-MEJIKO3EpHUCTOr0 TUIlca, 3ajierasi COrjJjacHO ¢ BMEIIAIOUIMMHU UX HAKJIOHHBIMU CJIOSMU
TUTaHTOKPUCTANIMYECKOr0 THUIICA, WMEIOT MHOT'OYHUCIIEHHBIE MEIKHE CyOrOpHU30HTAJIbHBIC
miomaaku (mo 2-5 cM) ¢ BHYTPEHHEH TOHKOHW CYOTOpPHU30HTAJIbHOM CJIOMCTOCTBIO. OTH
IUIONIAJIKA 3aJIETaloT Ha BEPXHMX IIOJIOTUX IMOBEPXHOCTSX 3yO0UaThIX BBICTYNOB KPHCTAJIJIOB
HUKENIeKAIllero TUraHTOKPUCTAUTMYecKoro ciosi. YacTo OHM HUMEIOT BHJ  CTYIEHEK.
CyOropusoHTanabHasi CIOMCTOCTh Ha MOJIOTHX MOBEPXHOCTAX CTYIIEHEK OOBIYHO BBIpaXKEHA
YEeTKO, B TO K€ BpeMs Ha CyOBEPTHUKAIBHBIX yUaCTKaX CTYIEHEK CIOMCTOCTh BBIPAXKEHA XykKe —
HesicHas, "pa3MmblTass" MWIM OTCYTCTBYET. OJTO CBHUAETEIbCTBYET O TOM, YTO IPOCIOEUKU
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TOHKO3EPHUCTOr'0 THUIICA OTJIArajluch Ha  TMOBEPXHOCTH YK€ CGHOPMHPOBAHHBIX 3y0UaTHIX
KPUCTAIJIOB ~ KPYMHO-TUTAHTOKPHUCTAJUIMYECKOTO  THUICa, 00pa3ylommux  CcBOEOOpasHYIo
LIECTOBATYIO KOPY B BUJE BBIIYKJIBIX MOJdychepon10B Ha THE OacceiiHa cenuMenTanuu. Bee atu
CTPYKTYpBl M TEKCTYpbl CBUIECTEIBCTBYIOT O CHHXPOHHOCTU "KYIOJOB'" pOCTY KPHUCTAJJIOB W3
COJIEPOJIHBIX PACTBOPOB.

Takum o0pa3oM, aBTOpsI MONMHOCTHIO cornnacHbl ¢ B.M. Kontynom u S.T. Pockomiem [6] B
TOM, YTO MEXaHHM3M (POPMHUPOBAHMS OMHCHIBAEMBIX CTPYKTYp aHaJOTHuYeH (HOPMHUPOBAHHIO
KPHCTAJITM3AIMOHHBIX CPepoauToB. ToJbKO MacmTald 3TUX CTPYKTYyp Ha 1—2 mopsika KpymHee
(1o 8 M B JauaMeTpe) MO OTHOIIEHHIO K OOBIYHBIM CQepoiuTaM XalleJOH-KBaplEeBOro WM
KapOOHATHOT'O COCTaBa. ODTH TUTAHTCKHME THIICOBBIC "eXHU'" pOCIM HA JHE MEIKOBOIHOTO
Oacceiina, TiryOMHA KOTOPOro Oblla HE MEHBIIEH, YeM BBIYKIOCTh CaMUX MOIyc(hepouaoB, T.€.
He MeHee 2 M ( IPeAnoaoKuTeNbHO 10 5—10 m).

Baunsinue KynoJIOBHIHBIX THIICOBBIX Merac(eposinToB Ha crmeseoreHes. Pazmepsl u
CTEIEHb BBINYKJIOCTH KYIOJOBUJIHBIX CTPYKTYp HENOCPEICTBEHHO BIHUAIOT Ha (QopMmy
IPOSIBJICHUS] 1 MHTEHCUBHOCTh KAPCTOBBIX MPOLIECCOB B KapcTyrommuxcs runcax. Kynonosuansie
CTPYKTYpBI B IJITAHE UMEIOT BUJ MTOJIMTIOHAIBHBIX MO3AaWYHBIX Y€ ¢ pa3BUTON IO UX I'PaHHULAM
MOJIMTOHAJIbHOM ceThio TpenuH (puc.l). [To muenuro b.A. Kopxkereckoro u B.Sl. PoroxaukoBa
[7], »Ta mnoJuroHaipHas CETh TPEIIMH SBJISETCS KOHTPAaKLUMOHHOW, oOpa3oBaBLIEWCS B
pe3ysbTaTe 00€3BOKMBaHUS (YChIXaHHUS) THIICOBOTO MaccHBa BO BpEMsl BEPXHETOPTOHCKOI'O
IepepspiBa B OCAJKOHAKOIJIEHUM (IIOCIE CEAMMEHTAllUH PAaTMHCKUX H3BECTHAKOB). Ha Ham
B3TJIs11, HCXO/IS U3 BBIIIEU3IIOKEHHOT O CTPOCHUS U TeHe3rca "KymoJioB", COBCEM He 0053aTebHO
MPUBJIEKATh KOHTPAKIIMOHHBIA MEXaHU3M Uil OOBSCHEHUS MOJMTOHATBHON TPEHIMHOBATOCTH.
JlocTaTouHO TIPOCTO €€ MOXKHO OOBSCHUTh TEKTOHMYECKMMH IMPUYMHAMHU. ['paHUIIbI
MOJNUTOHANbHBIX  siuel  ("KymosnoB") SIBISIFOTCS  OCNAOJIEHHBIMM — 30HaMH  (BCIJIEICTBHE
KPUCTAJUIM3ALIMOHHOTO "MPUTHIKAHUA"), KOTOpPbIE JIETKO AaKTUBU3UPYIOTCS TEKTOHHMYECKUMU
JIBUKEHUSIMU C OOpa3oBaHMEM IO HMM TOJIMTOHAJIILHOW ceTH TpemuH. Ha TeKToHHYeckyro
NPUYMHY YKa3bIBAeT €Ille TOT (aKT, YTO B CTPYKTYype MOJUTOHAIBHOI'O JTAOMPHHTA OTYETIMBO
"mporasiabiBaeT"  cyOOpTOrOHalibHAs ~ OPUEHTUPOBKA,  CBOMCTBEHHAass  TEKTOHUYECKOU
TPEIIMHOBATOCTH JJAHHOTO peruoHa. Takum o0pazoM, 00e CHCTEMBl TPEIIMHOBATOCTH, Pa3BUTHIC
B THUICOBOW Tommie (CyOOpTOroHajgbHasi B MAaCCHBHBIX MEJKO3EPHUCTBIX THICAX U
MOJIUTOHAbHAs B TUTAHTOKPUCTAJUIMYECKUX THUIICAX C KYIMOJIOBHAHOM CIOUCTOCTHIO), UMEIOT
OOIIYI0 TEKTOHHYECKYIO0 MPHYMHY, HO pa3Hble (OpPMBI MPOSBICHHUS B 3aBHCUMOCTH OT
JUTOJIOTHYECKOro (akTopa. UeM HHTEHCHBHEE BBINYKIOCTh NOIYC(HEpOHIOB, TeM YeTdye
IIpOsIBJIEHA IOJMTOHAJIbHAs TPEIIMHOBATOCTh HA UX CTHIKAX, U, COOTBETCTBEHHO, HHTEHCHUBHEE
IIPOTEKAI0T KapCTOBBIE IMpOLECChl M (OPMUPOBAHUE IMEUIEPHOrO JaOUPUHTA MOJIUTOHAIBHOTO
wiaHa. B ydacTkax, rae aMIUIMTyJa KYHOJOBHUIHBIX CTPYKTYp CpedHEH Naykd THIICOB
He3HauuTedbHast (1o 0,5 M), a Takke B MACCHUBHBIX MEJIKO-CKPBITO3EPHUCTHIX TUIICaX HIKHEH
NAYK{ [TOJIMTOHAJIbHAS TPELMHOBATOCTh HE MpOosiBJIeHa. BMecTo He€ Ha nepBbli IIJ1aH BBICTYIAET
00bIYHAs JIJI1 TEKTOHUYECKOM TPEIIMHOBATOCTH CyOOpPTOrOHaJIbHAs CHCTEMA.

[lo ammuTyne «KymoJioB» CpeAHEH NauyKu TUICOB pa3jMYaloTCs yYacTKH € MaJloH
ammmatygon (mo 0,5 M) m ywacTku ¢ BbIcokoi ammmtynou (1-1,5 wm). Hamewaercs
OIpeNeTIeHHAasl 3aBUCUMOCTh MEXKIY aMILTUTYOU «KYIOJIOB)» TUIICOBOM TOJIIM U MOP(OIOTUei
naOupuHTa Tenepbl MylikapoBa siMa. YYacTKH ¢ HEOONBIIOW aMIUIMTYJ0H "KyIojoB'", Kak
MPaBUJIO, TOJHOCTHIO 3aJI0KEHbl B CPEHEN MauKe TUIICOB, OrPAaHUYUBASACH CBEPXY KPOBIEH
OCHTOHMTOBOIO MPOCJOS, U MPAKTUYECKH HE HMMEIOT OTKPBITBHIX 3UAIOMIMX HPOpabOTaHHBIX
TPELNH, YXOASIIMX B BEPXHIOIO Mayky rumcoB. K TakuM OTHOCHTCS Bech MPUBXOJOBOW pailoH
nemepsl (IEHTp M BOCTOK). BepxHsisi TUraHTOKpHCTAJUIMYECKas Madyka B JTUX Yy4acTKax
claraeTcsi O4eHb IMOJOTMMHU CIa0OBOJHUCTBIMHU CIOSMH 0€3 4eTKO O(OPMIIEHHBIX «KYIOJIOBY.
IToaToMy M MOIMTOHANIBHAS CETh TPEIIMHOBATOCTHU 3[€Ch HE MpOsiBiIeHA. TaM Xke, Iie aMIUIMTy1a
"kynoJsioB" Bo3pactaer A0 1 M u Gonee — MaOUPUHT MEIIEPbl OTKPBIBAETCS BBEPX OTKPBITBIMU
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npopabOTaHHBIMH TPEIIMHAMH, YXOISIIMMH B BEPXHIOI THTaHTOKPUCTAINTMYECKYIO MauKy
TUIICOB, M CTaHOBATCS NOCTYMHBIMU JJIsi HaONMIOJeHHUS (parMEHTHhl BEPXHEro 3Taxka IMEmIephl.
Takast cBS3b OOBSCHSIETCS TEM, UTO MIPHU OOJIBIIEH aMIUTUTY e "KYIMOJI0B" CUIIbHEE TTPOSBIISIOTCS
CKBO3HBIE€ TPEUIMHBI, PACCEKAIOIIMX KAK CPEIHIOK, TAK M BEPXHIOK MAaYKH TUIICOBOM TOJIIIH.
Amruutyna  "KynosioB" TakuM 00pa3oM, SBIISIETCS BaXXHBIM CTPYKTYPHBIM KpPUTEpPHUEM,
0o0yCNaBIMBAIONIMM pa3NU4us B MOPQOJIOTHU TEHIEPHBIX IJAOMPUHTOB, B TMPOSBICHUU
TEKTOHUYECKOW TPEIIMHOBATOCTH, M MOYXKET BBICTYNAaTh B KauyeCTBE ITIOMCKOBOIO IIpU3HAKa
BEPXHET 0 sIpyca neuiep, 3aJ0)KEHHOT0 B TMTAHTOKPUCTAUINY €CKUX TUIICAX.
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«IIuaexxckuny

A large part of the territory of the Pinega state nature reserve (PSR) represents complex
combination of karst landscapes. On a degree of karst participation in formation of a
morphological structure of landscapes according to the classification of V. N. Andreychuk
(1992) there are: karstogenus, karsted (subtype karst-glacial), glacial with elements of karst,
bed-denudated with elements of karst landscapes.

The glacial with elements of karst landscape is most prevalent, it is developed on the sites
of poor denudated surface of glacial equalization in the central and the south- western parts
PSR. The karst forms are represented by single sinkholes and swales. The territory is
characterized by the greatest swampness (more than 15 %). Peaty-glei and oligotrophic peaty
soils dominate in the edaphic cover, and podzol soils dominate on drained sites of the landscape.
The karst-glacial landscape has been developed on middle- karsted sites between two rivers with
predominance of clastokarst forms in the northwestern, western and south-eastern parts of the
reserve. Large sinkholes and karst basins, as a rule, well drained prevail here. A drainage of the
territory is strengthened by a developed net of superficial narrows and hollows. The karstogenus
(KG) landscape is represented strongly karsted sites adjoining to the valley river Sotka and the
lake Eraskino and by karst narrows. Highest density of the karst forms, croppings of gypsum
rocks, availability of specific soils — roughhumus sulpharendzins are characteristic for the
landscape. The bed —denudated with elements of karst landscape (BD) is met on covered over
redstone and limestone sites of the raised bed —denudated plain flatness in the north-eastern part
of the reserve. Two subtypes are marked inside a landscape: dissected bed —denudated — (BD1)
and poorly dissected bed —denudated — (BD2). The subtype BD1 differs by a high drainage of the
territory and availability of rich sod-podsolic soils.

The wide development of karst processes has stipulated richness and originality of flora
and vegetation of the PSR. The total number of vascular plants of the reserve is 509 species,
which are included into 238 genuses and 67 families. The flora of the Archangelsk region
includes 1104 species (Shmidt,1989). Thus, 46,1 % of the flora of the Archangelsk region is
marked on the area of 0,1 % of its the territory. Boreal species make the main body of the flora
of the reserve, the large role in its formation belongs to the boreal Ural-Siberian species. The
conifers Picea obovata and Larix sibirica concern to them. Their satellites are Salix pyrolifolia,
Atragene sibirica, Spirea media, Lonicera pallasii, Paeone anomala, Crepis sibirica etc. Plenty
of 27,4 % rare and relict species are represented in the flora of the PSR. Relict species concern
to such floristic elements, as arctic, hypoarctic, broad-leaved-forest, endemic and taiga
(Simacheva, 1986). Overwhelming majority of relicts belougs to KG and, in a smaller measure,
to KGI and BD1 landscapes; in LEK and BD2 landscapes the number of relict species is
insignificant. A group of arct-alpine (Dryas octopetala, Pinguicula alpina, Thalictrum alpinum,
Saxifraga aizoides etc.) and hypoarctic (Cystopteris dickieana, Astragalus frigidus, Arctous
alpina) relicts find optimum conditions for its existence on gypsum taluss and uncovered declines
of the karst rivers and narrows. South-taiga and broad-leaved- forest relict species such as,
Cypripedium calceolus, Paeonia anomala, Corydalis soliida, Stellaria nemorum are met on
eutrophic locatious of the river Sotka plain also on bottoms of karst narrows. As a whole, in KG
landscape there are 80 % of species of the flora of different geographic connections, in the LEK
landscape there are less than 50 % of species, the majority of them one is tipical for the northern
taiga.

The largest part of the reserv'es teritory is covered by forests (87 %), little more than 10
% of the area a covered by bogs, same small areas are covered by meadows, bushes and
societies of light forests. The forest vegetation is represented by fir, pine, larch, and birch stands.
In total 101 vegetative associations are fixed on the area of the reserve. In the bound of the LEK
and KG landscapes 47 % of vegetative associations are fixed, 38% - in the KGI landscape, 19%
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-in the BD1 landscape, 13 % - in the BD2 landscape of the total number of associations. The KG
and LEK landscapes differ by the composite phytocoenotic structure, that is caused by different
factors. The complication of phytocoenotic structure of the KG landscape is determined by
strongly expressed karst relief and its specific soils. The complicated phytocoenotic structure of
the LEK landscape is conditioned by easing of an edificatoric role of fir-tree in conditions of the
strong swamped of the relief. A composite phytocoenotic structure of the LEK landscape is
determined by a diversity of fir-tree coenosises, where the greatest number of associations are
represented by moss, grass-swamp and sphagnum fir forest and also of oligotrophic and
mesotrophic mire societicus. Billberi-moss fir forest with broad participation in grass-
undershrub layer of hypoarctic species take the central place. Vegetation of the landscape is
tipical for the north- taiga subzone. The richness of vegetative associations of the KG landscape
is determined by a diversity of sparse groups on gypsum taluss and meadow associations of the
karst narrows and of the plain of the river Sotka. Forests in typological attitude are uniform
enough, they are coenosises of grass- undershrub and grass groups of associations, though they
are represented by all specios of formations meeting on the territory of the reserve. The majority
of vegetative associations has azonal character and is specific for same sites of intensively
developed karst. The vegetation of the BD1 landscape is represented mainly by fir forests of
grass and moss groups of associations. Grass fir forest of the BD1 landscape differ by the
greatest productivity.

Bonpmiast wacte Tepputopun Ilunexckoro 3amoBeanuka (I113) mpeactaBisieT coboi
CIIO)KHOE coueTaHue KapcToBbIX JaHAmadToB. Ilo cremenu yuyactus kapcra B (popMHUpPOBAHHH
MOpQOJIOTHYECKOr CTPYKTYphI JaHamadTa corjacHo kiaaccupukanuu B.H. Auapeiayka (1992)
BBIJIEJICHBI: KapCTOT€HHBIM, 3aKapCTOBAaHHBINA (TMOATUII KaPCTOBO-JIEIHUKOBBIN), JIETHUKOBBINA C
3JIEMEHTaMH Kapcra, MJIaCTOBO-ACHYJAIl[MOHHBIN € 3JIEMEHTAMM KapcTa JlaHmadThl.

JlanmmadT JIETHUKOBBIA C AJIEMEHTaMHU KapcTa sBIseTcsl Haubosiee paclpoCTpaHEHbIM,
OH TIPUYPOYEH K y4dacTKaM CIa0o/eHyTUPOBAHHON MOBEPXHOCTH JETHUKOBOTO BhIPAaBHUBAHHUS
B IIEHTPAJILHON M or0- 3anaanoil yactsax [1I'3. KapcroBeie ¢popMbl peacTaBieHbl €IMHUYHBIMU
BOPOHKAMH M 3amaguHaMu. TeppuTopus XapakTepusyercs HanOoJbIIeil 3a0004EeHHOCTHIO
(6omee 15%). B mouBeHHOM MOKpPOBE AOMHUHHUPYIOT TOp(hSHO-TIIeeBbIe, BEPXOBbIE TOPPSHBIE, a
Ha JPEeHUPOBAHHBIX y4acTKax MOA30JMCThie MoYBbl. KapcToBo-neaHUKOBBIN JTaHAmAadT pa3BuT
Ha CpeHe3aKapCTOBAHHBIX MEXAYPEUbsX C MpeobiananueM cyppo3noHHO-ITPOCaTOUHBIX GOopM
KapcTa B CEBEpO-3allaJHOM, 3alaJHOM M IOro- BOCTOYHOM 4YacTsX 3aloBEJHUKA. 31eCh
peodsiajaloT KpPYIHbIE KapCTOBblE BOPOHKM M KOTJIOBUHBI, KakK IIPaBUJIO, XOpPOILIO
JpeHUpOoBaHHbIEe. J[[pEHUPOBAHHOCTh TEPPUTOPUU YCHUJIMBAETCS PA3BUTON CEThIO HETNIyOOKHX
soroB u ox6uH. Kapcrorenusiii nanamadt (KI') nmpencrasisier codoit CHIBHO 3aKapCTOBaHHbBIE
y4acTKM mpuMblKatoume K poiauHe p. Cotkun u o3.EpackknHO M kapcroBble Jora. Jlng
nmaHamadTa XapakTepHbl BbICOYANIIas MIOTHOCTh KapCTOBBIX (POPM, BBIXOJBI Ha MOBEPXHOCTH
TUICOBBIX TIOPOJA, HAJIMYHME CHEHU(PUUECKUX I[OYB - CYIb(POPEHI3UH TI'pyOOryMyCOBBIX.
JlannmadT maacToBO-ACHYAALMOHHBIN ¢ 31eMeHTaMu Kapcta (I1/]) mpuypoueH K mepekphIThIM
KpacHOLBETaMHU M M3BECTHSIKAMHU yYacCTKaM BO3BBIIIEHHOH JE€HYNallMOHHO-IJIACTOBOW PaBHUHbI
B CEBEPO-BOCTOYHOI YACTH 3amoBeAHHMKA. BHyTpu naHamadTa BBIACIAIOTCS JBa IOJTHIIA:
pacuJICHCHHBIH  MJIacTOBO-AcHYAAalMOHHBIM - IIJJ1 u cimabopacuicHEHHBIH  ILIaCTOBO-
nenynaimoHHbii - [1/12. [Toxrun [1/[1 oTauyaercs BbICOKOW IPEHUPOBAHHOCTBIO TEPPUTOPUHU U
HaJIu4yueM 0OraThlX 1€pHOBO-TIOI30IUCTHIX [TOYB.

[IIupokoe pa3BUTHE KapCTOBBIX MPOLECCOB OOYCIOBUIO OOraTcTBO M cBOoeoOpasue
¢aoper u pactutenbHocTH [II'3. OOImee KOJIMYECTBO COCYIMCTHIX PACTCHUN 3aIlOBEIHUKA
cocraBisieT 509 BumoB, Bxoasmux B 238 ponoB u 67 cemeiictB. @iaopa ApxaHTenbCKOW 00JIaCTH
HacuuteiBaeT 1104 Buna (Llmunar, 1989). Takum obpaszom, Ha momanu B 0,1 % ot Tepputopun
obmactu ormeueHo 46,1% ee ¢unopel. OcHOBHOE s1pO (IIOPHI 3aIOBEAHUKA COCTABISIOT
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OopeanbHble BUABI, OOJbIIAs pPOJb B €€ CIOKEHUU NPUHAUIKHUT OOpeaslbHbIM ypaso-
cubupckum Bugam. K Hum otaocstes Picea obovata u Larix sibirica. x ciyTHUKaMu SIBJISIFOTCSI
Salix pyrolifolia, Atragene sibirica, Spirea media, Lonicera pallasii, Paeone anomala, Crepis
sibirica u ap. Bo ¢aope III'3 mpencraBieHo 6ospinoe koaudecTBO (27,4 %) peakux u
PEUKTOBBIX BUAOB. PEMKTOBBIE BHIBI OTHOCSTCS K TaKUM (DJIOPUCTUYECKUM DJIEMEHTaM, Kak
APKTUYECKUW, THUINOAPKTUYECKUH, MIHUPOKOJMCTBEHHO-JIECHOM, OJHAEMUYHBIA M TaeKHbIU
(Cumauesa, 1986). Ilonasisitomiee yucio penuktos npuypoueno k KI' u, B mensiieit mepe, k KJI
nu IIJ1 nmampmadram; B JIDK wm IIJI2 nanmmadgrax KOJUYECTBO PEIMKTOBBIX BHUIOB
HE3HAUNUTETHHO. B 3BTpOpPHBIX MecTOOOUTAHUSIX THUI KapCTOBBIX JIOTOB M MPHOOPTOBBIX
30HaxX JOJMH PEK U JIOTOB PAaCHpPOCTPaHEHbI MOATACKHBIE CUOMPCKHE M HEMOpAJIbHbIE BUJIBL:
Actaea spicata, Stellaria nemorum, Viola mirabilis, Corydalis solida, Paeonia anomala, B
SKCTpEMaJbHBIX YCIOBHUSIX - Ha THUIICOBBIX OCBIISAX M OOHAKEHHUSIX - AapKTHUYECKHE U
apKTOANBIMIICKHE BUIBI, B MeCTax OJIM3KOro 3ajeraHvs THUICAa - KalbleQUIbHBIE BUJIBL:
Cystopteris dickieana, Epipactis atrorubens, Saxifraga aizoides. K xapcrorennomy nanamadry
IpPUYpPOUYEHbl MECTa IpPOM3pacTaHus BHJIOB, BKIOUYEHHbIX B KpacHyro kHury Poccuu:
Cypripedium calceolus, Calypso bulbosa, Gypsophyla uralensis subsp. pinegensis, Epipogium
aphyllum, Dactylorhyza traunsteineri, Orchis militaris.

B nenom, B KI' nanpmagre Bcrpeuaercs 80 % BuaoB (iaopbl  pasiIdUHBIX
reorpaduueckux cBszei, B JIDK mangmadre - menee 50 % BuAOB, OOJIBIIMHCTBO M3 KOTOPBIX
TUIINYHO JUISl CEBEPHON TalTH.

Bonbmas 9acte TeppUTOpHH 3amoBenHUKA 3aHsATa jecamu (87 %), Ha momo OONOT
npuxonutcs HeMHorum 6omee 10 %, HeOONMbIIME TIIOMIAIA TOKPHITHI JIyTaMU, KyCTApPHUKAMU H
cooOmrecTBaMHu penkoiecuil. JlecHass pacTUTENBHOCTh MpeNCTaBlieHa E€JIOBBIMH, COCHOBBIMU,
JIMCTBEHHUYHBIMHU, U O€pE30BbIMU HacaKaeHUsIMU. Bcero Ha TeppuToprn 3al0BEJHUKA ONKCaHa
101 pacrurenpnas acconuanusi. B npexenax JIOK u KI' nanamadroB Beiaeneno mo 47 %, B KJI
=38, B IIA1 — 19, B 112 — 13% ot obOmiero umcma accoruamnuii. HawmOomee croxHOMN
ounoreorneHoTnaeckor crpykrypoit ormimuatorcs KI' m JIDK mamnpmadTer, 9T0 00ycioBiIeHO
pazmuuHbiMU (pakTopaMu. YcrnoxkHeHue ¢uroneHorudeckoi ctpykrypsl (PC) KI' manmmadra
ONPENENSIOT CUIIBHO BBIPAXKCHHBIH KapcTOBBIM penbed U crnenuduyHble s HEro
nouBbl/PactutensHocts  KI'  nmamamadra  ornuuaercs  clnokHOW — OMOTreOlEeHOTHYECKOU
CTpykTypoi. [l Hee XapakTepHa HIMpOKas aMIUIMTyAa HPOAYKTHBHOCTH COOOIIECTB OT
OTHOCHUTEIHHO BBICOKOOOHUTETHHIX (IV Kkiacc OoHHMTETa) JECHBIX TPaBSIHO-KYCTaPHUYKOBBIX
LIEHO30B /10 HU3KONPOAYKTUBHBIX (VA-V° knacc Gonwmrera) pa3peKEHHBIX PEIKOJIECU,
Pa3BUBAIOIINXCS HA MOTY3a]€PHEHHBIX CKJIOHAX MONUHBI P. COTKU M KapPCTOBBIX JIOTOB.

Pactutensupie  coobmectBsa  KI' nanamagra  omMyaroTcs  HOBBIMIEHHBIM
O6unopazHooOpa3ueM, B CIOKEHUHU (PUTOLIEHO30B yuacTBYIOT 30-45 BUIOB COCYAMCTHIX PAaCTEHUM.
B npenenax nanamadra orMedeHo 37 accomuanuii JIeCHOH (BKJIIOYasi pEeAKOIeChs ), 6 - JIyroBOM
u 4 GonorHOI (kmoueBble Oonora) pactuTenbHOcTH. Cpedu JecHbIX (opManuil XapaKTepHO
YMEHBILIEHUE JTOJIU €JI0BBIX JIECOB 3@ CUET BO3pACTaHUS IUIOIIAU COCHOBBIX, JIUCTBEHHUYHbBIX U
0epe30BbIX HacaxkJeHuil. /[ ApeBOCTOEB JIECHBIX IIEHO30B XapaKTepHAa MHOIOMOPOIHOCTb.
Haubonee pacripocTpaHeHbl eIbHUKH, COCHSIKA M JTUCTBEHHUYHUKHU TPABSHO-KYCTAPHUIKOBBIC U
€JIbHUKHA MEJIKOTPAaBHO-YE€PHUUYHO-3€JIEHOMOIIIHbIE, K CKJIOHAM M JHUIIAM KapCTOBBIX JIOI'OB
MPUYpPOUYEHBl  IOJIMJOMMHAHTHBIE 3JIAKOBO-PAa3HOTPaBHbIE M  pa3HOTpaBHble Jyra. Ha
M0JIy3aJIEPHEHHBIX CKJIOHAX AOJUHBI p. COTKM M KapCTOBBIX JIOTOB IMPOU3PACTAIOT COCHOBO-
JIMCTBEHHUYHbBIE, 0€pe30BO-TMCTBEHHUYHbIE U €J0BbIE PEIKOJIECHS.

Cnoxnocts @C JIOK nanamadTa odycioBieHa ocnadieHneM 3au(pUKaTOpHON PO eu
B YCJIOBUSAX CHJIBHOW 3a0omoueHHOCTH penbeda. Cnoxnaas OC JIDK nanmgmadTa onpenensercs
pa3HOOOpa3ueM €NIOBBIX I[€HO30B, TIJe HAWOONBIINM YHCIOM AacCOIUAIUN IPEICTaBICHBI
€NIbHUKH 3€JICHOMOIIHBIC, TPaBIHO-0OJIOTHBIE M C(ArHOBBIE, a TaK )K€ OJHMTO- U ME30TPOGHBIX
0050THBIX coolmiecTB. LleHTpampHOE MECTO 3aHMMAIOT €IbHUKU YEPHUYHO-3€JIEHOMOIIHBIE C
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IIMPOKUM  y4acTHEM B  TpPaBAHO-KYCTApPHUYKOBOM  sIpyc€ THUIIOAPKTUYECKUX  BHUJIOB.
PacturensHOCTh JanAIIadTa TUTIMYHA JIJIS TTOA30HBI CEBEPHOM TalTru. boraTcTBO pacTUTENIbHBIX
coobmects KI' nmanmmadra ompenensiercs pa3HooOpa3ueM peaKOJECHBIX TIPYHNIHUPOBOK Ha
TUTICOBBIX OCBHIMAX W JYTOBBIX aCCOLMAIMK KapcTOBBIX JIOrOB M ToMbl p. Cotku. JlecHas
pPacTUTENBHOCTh B THUIIOJOTUYECKOM OTHOIICHHHM JOCTaTOYHO OJHOOOpa3Ha, B OCHOBHOM 3TO
LIEHO3bI TPABSHO-KYCTAPHUYKOBOW M TPABSHOM TPYII aCCOLMALINM, XOTS U MPEACTaBIE€HA BCEMU
BHJAaMH  (opmaruii, BCTPEYAIOMIMMHUCS HAa TEPPUTOPHHM  3alOBEAHUKA. bBOJbIIMHCTBO
pPACTUTENHbHBIX COOOIIECTB HOCHT a30HAaJbHBIA XapakTep W CHEHUPUYHO [N yYACTKOB
WHTEHCUBHO  pa3BUTOro  kapcra. PacrutenpHocte [IJI  mammmadgTa mpencraBieHa
MPEUMYIIECTBEHHO €JIOBBIMH JIeCAMH TPABSHOHW W 3€JICHOMOIIHONW TPyNI acCOIHAIUi.
HawuGonbmielt mpoyKTHBHOCTBIO OTIIMYAIOTCS TpaBsiHbie enpbHUKH [1J]1 mannmadra.

MYSTERIOUS PALLASEA (CRUSTACEA: AMPHIPODA) FROM THE CAVES
AND GOLUBINSKY COLLAPSE SINK-HOLE AND KITEZH CAVE
D.A. Sidorov*, E.S. Chertoprud**, A.A. Semikolennykh**, E.V. Shavrina***
*Soil-biology institute, Vladivostok, Russia
** Moscow state university
*** Natural reserve “Pinezhsky”
3ATAJOYHAS PALLASEA (CRUSTACEA: AMPHIPODA) U3 TIELIEP
T'OJIYBUHCKHI ITPOBAJI U KUTEXK
A.A. Cunopos*, E.C. Yepronpyn **, A.A. CemukoJiennbix**, E.B. lllappuna***
buonoro-nousennsiiit unctutyt JIBO PAH, Banusoctok, Poccus.
“MockoBckuii roCyJlapCTBEHHbBIN yHUBEpcuteT, MockBa, Poccusi;

Fkk

T'TI3 «IIunexckuii, Ilunera, Poccus.

A small collection of an enigmatic amphipods was sampled in 2008 and 2011 in the
Golubinsky Gap and Kitezh caves (Pinega Region, Archangel Area). The samples were studied
and assigned to a new unknown form of the genus Pallasea Bate (Fam. Pallaseidae). Pallasea
sp. from the Pinega caves possess with absence of the lateral projection of cephalon and dorsal
cuticular spines on metasome inherent to the North European P. quadrispinosa Sars, 1867. The
further complex investigation are necessary for the taxonomic clarification of a new form with
the North European P. quadrispinosa, P. laevis Ekman, 1923 from Novaya Zemlya as well as
Baikalian Pallasea, including investigation of the biology of this enigmatic species inhabiting the
unique karst caves in the northern part of Russia.

HccnenoBaB komteknuio ampumon codbpanaeix B 2008 m 2011 rr. B memepax
TlNonmy6unckuit npoan u Kurex (IIunexckuii paiioH, ApXaHrejbckash 00J1acTh) MbI MPHIILIA K
3aKJIIOYEHHUIO, YTO OHM NpuHamIexkat k pony Pallasea Bate (cem. Pallaseidae). C momomipio
CBETOONTHYECKOH M 3JIEKTPOHHO-CKAHUPYIOIEH MHKPOCKONUH, OBbLIO BBIICHEHO YTO, IO-
BUANMOMY, (GopMa SBIISIETCA HOBBIM JUIS HAyKH BHJAOM, XOTS W SIBHO TATOTCIOIIUM K
ceBepoeBporneiickomy Pallasea quadrispinosa Sars, 1867. Tlociennuii HacemsieT mpecHbIe 03epa
Ckanaunasuu, cesep ['epmanuu, [lonsmm u Poccun (Jlanoxckoe u OHexcKkoe 03epa), a TakKe
HEKOTOPBIE PEKH ATOTO XK€ PErHOHA HapsAy C COJIOHOBATOBOJHBIMU YYaCTKAMHU MPUJIETAIOIINX
Mmopeli (benoe mope, borHnueckuit 1 @uHCKMil 3aymBBl banruiickoro mopsi), u cesep Cudbupu
(Taxtees, 2000). HoBast ¢popma Pallasea sp. oriauyaercst OTCyTCTBHEM JIaTepasibHBIX BBICTYIIOB
roigoBel (Puc. 1) ¥ fop3anbHBIX IIMIOB HAa METacoMe, BMECTO TIOCJIEIHUX HMEIOTCS
cnaboBbIpakeHHbIe Oyropku (Puc. 2).
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Puc.1 SEM usobpa:kenus Pallasea sp., rosiosa (Bug c60ok

2 SEM u3o6paxenus Pallasea sp, meracoma (Bua c6oKy).

Puc
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[TonoOHbIe 0coOeHHOCTH MOPGONOrUU, a TakKe OTCYTCTBUE MUTMEHTAllUd Tena |
OTHOCUTEIBHO Cllab0o€ pa3BUTHE MHUTMEHTAIlMU TJjia3, 10 CPAaBHCHHIO C JSIUTEHHONW (opMOid,
BEPOSATHO, MOTYT SIBJISTHCS MPOSBIICHHEM TPOINIOOMOHTHOCTU JaHHOro Buaa. OnmHako, paHee
TaxteeB (2000) coob1man 0 HaXOAKaX E€BPOMEHCKHUX SMUTeHHBIX momyssiui P. quadrispinosa,
XapaKTEepPU3YIOIIMXCS Pa3IMUHOM CTENEHBIO Pa3BUTHUS KyTHKYJISPHOIO BOOPYKEHHUS (BIJIOThH 10
€ro HUBEJIMPOBaHUs), TEM HE MEHEE OJHO3HAYHOI'0 BHIBOJIA O BHUJIOBOM MPUHAJIEAKHOCTH 3TUX
dopm aBTOpOM chenaHo He ObuT0. [l TONTBEpKIEHUS TAaKCOHOMHUYECKOTO CTaTyca H
BBISICHEHHSI (DMITOTCHETHUYECKUX B3aMMOOTHOIICHUH HOBOM MOA3eMHON (OPMBI C €BP ONEHCKUMU
P. quadrispinosa wu Oaiikaneckumu Pallasea HeoOxomuMo jganbHeifliee MIaHOMEPHOE
UCCJIEZIOBaHNE, B TOM 4YHCJI€ U BBISICHEHHE OMOJIOTMM 3TOTO 3araJoyHOro BHJA, HACEJNSAIOIIEro
YHHUKaJIbHBIE KapCTOBBIE Meriepsl ceBepa Poccu.

[Monnepxka: PODOU 09-04-98544 (Cumopos [I.A.).
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FEATURES OF AIR CIRCULATION IN KULOGORSKIE CAVES
S.V.Sorokin, N.A. Franz
Tver State University
Speleoclub “Labirint”, Arkhangelsk
HEKOTOPBIE OCOSEHHOCTH BO31YIIHOMN NUPKYJISAIINA B KYJIOTIOPCKHUX
MNEHNEPAX
C.B. Copokun, H.A. ®pann
TBepckoi rocyJapCTBEHHBIN YHUBEPCUTET
ApxaHTenbCcKas crieneoornueckas accouuanus «JIabupunT»

The research suggest that, in Kulogorskaya cave system the upper entrances to the
ventilation system are the turf-covered sinkholes having air permeability due to the presence of
"corrosive rantklyuft” on the vertical walls of the wells. Larger, in comparison with natural
"rantklyuft” cross-section of the artificial top-entry the Well causes the appearance of the local
system of air circulation in which the Well in the winter plays the role of the lower entrance.

O0umme cBenenusi. TepputopuanbHo Kynoropckue mnemepsl pacronaraioTcs B
[TunexxckoM parioHe ApxaHrenbckoil oOnactu Poccuu, Ha Bogopasnene pek I[lunera u Kyioid.
Kinmumar 3mece J0OCTaTOUHO CYpOBBIM, C HU3KMMH TEMIEpaTypamMu BO3JyXa M BBICOKOM
BJIAJKHOCTBIO, KOJIMYECTBO OCAJKOB IPEBBIIAET HCHapeHue. MHOroJIETHSSE CPEeAHErooBast
temreparypa cocrasisier +0,2°C. CpenHerogoBoe KoimuectBO ocagkoB — 560 mm. Camblit
XOJIOIHBIN Mecsll — siHBaphb (cpeaHsis MHorosetHsas Temneparypa —13°C). Camplii Teriblii Mecsi
— HI0JIb (CpeHssl MHOT'0JIETHsIS TeMiiepaTypa +15,4°C).

Kapcromutel Kynoropckoro cneineomaccuBa NpeICTaBlIE€Hbl T'MICAMH U JTOJIOMUTaMU
KYJIOTOPCKOM CBUTBHI CAKMAapCKOro sipyca HUxHEH nepMu. OCHOBHOM KapCTYIOUIEHCS MOPOI0i
SIBJISICTCSl THIIC, TIEPECIIAaMBAIONIUICA JOJOMUTAMU M O0pa3yoluil OJHOPOIHBIE TUIACTHI
MoIIHOCTBIO OT 0,2 10 7 M [2]. TunuuneiM aast Kynnoropckoro ycTymna, B OCHOBAHUHM KOTOPOTO
pacrnonaraloTcs BC€ €CTECTBEHHBIE BXOJbl B KapCTOBBIE MOJIOCTH, SBISAETCS pa3pe3, B HUKHEH
yacTu KoToporo nexar rumcsl (10-15 M) ¢ mpocinosiMu JOIOMUTOB MaJlo MOIIHOCTH,
MEPEeKPhIThIE TAYKOW  CHJIBHO TPEUIMHOBATHIX KapOOHATOB (IOJOMUTHI M H3BECTHSKH)
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MOILIHOCTBIO /10 3 M, B BEpPXHEH YaCTU 3aKapCTOBaHHbIE 10 MyKU. CBepxy KapCTOJIUTHI
MEepPEKPBIBAIOTCS PBIXJIBIMU YETBEPTUYHBIMU BOJIHO-JIETHUKOBBIMHU OTJIOKEHUSMH,
MIPEUMYIIECTBEHHO, MECUYaHO-CylecyaHoro cocraBa momHocteio 0,5 — 3,5 M. Cpennsas oOuas
MOIIHOCTh MEPEKPBHIBAIOIIMX OTI0KEHUN Haja nemepamMu coctaBisieT 20 M. TekToHmueckas
TPELMHOBATOCTD CIIEJIEOMACCHBA 00ECIEUNBAET €r0 XOPOLIYyI0 BEPTUKAIbHYIO IPOHUIIAEMOCTb.

HcTtopusi ucciienoBanuii 1 Meroauka. I[lepBbie MUKPOKIMMATHYCCKUE HAOIIOACHHS B
Kynoropckux nemepax nposoaunuck Jlenunrpaackumu creneosioramu (JICC) B konue 60-x -
Hayaine 70-x romoB mpouuioro Beka. [l1]. B 70-e roapl, [10CTaTOYHO pETyJSIpHbIE
TEPMOMETPUUYECKUE HaOJII01eHUs MIPOBOAWINCH KapcroBsim OTPsI0M IO
«Apxanrenbckreonorusi». B 80-e rompl 3TH paboThl OBUIM MPOAOIDKEHBI CIEIEOTIOraMH
Apxanrenbckoi roponckoit CC «JlabupuaTt». C 2005 roma 3TH HCCIETOBaHUS CHCTEMAaTHUCCKH
npoBoasrcs B skcneaunusax ACA «JlabupuHT».

Merononornyeckd  TPOBOAUMBIE B MPOLIJIOM  KIMMAaTHUYECKHE  HCCIIEJOBaHUS
Kynoropckux nemiep cBOIUINCh, KaK IPaBUIIO, K TEPMOMETPUHU BO3/1yXa M BOABI CTAHJAPTHBIM U
71a00paTOPHBIMH PTYTHBIMH TEPMOMETPAMH ¢ TOYHOCTHIO n3Mepenuit 0,1°C.

B Hactosmee BpeMs 11 KM3MEPEHMH  TemmepaTypbl HAaMHM  MCIHOJIb3YHOTCS
tepmopesucTopsl KTY83-110 [5], ob6anaromime BbICOKOH TOUHOCTHIO U JTMHEHHOCTHIO.

Ce3onHas mmpkyasinus Bo3ayxa. J[ns Bcex, 0e3 uckmouenus, Kymoropckux mnemiep
XapaKTEepHA KJIaCCUYECKasl Ce30HHAas LIUPKYJISALINS BO3AyXa: 3UMON XOJIIOAHBIM HAPY>KHBIN BO31yX
IIPOHUKAET 4Y€epe3 BXOJbl, PacIoJIOKEHHblEe B HIDKHEH udactu Kyioropckoro ycrymna, BHYTpPb
neniep 1 IBUXKETCs BIUIyOb MaccuBa; JIeToM HaOJroAaeTcs oopaTHas KapThHa - 6oee XOIOIHbIHI
U TSDKEJbIN MEeIePHbIN BO3IyX BBITEKAET U3 TEX K€ BXOJ 0B HAPYXKY.

MexaHnu3M CE30HHOM UMPKYJSAIMK BO3AyXa IMPEANoiaraeT Hallduhe Yy KapCTOBOM
MIOJIOCTU 2 Pa3HOBBICOTHBIX BXOJOB — BEPXHEro W HUXKHero. Yalne BCEro ropu3OHTAJIbHbIE
Meniepsl UMEIOT TOJIBKO HWXKHUW BXOJ, a POJb BEPXHErO BXOJA HWIPAIOT BBIXOASAIIME Ha
MTOBEPXHOCTh MACCHBA BEPTHKAJIbHBIEC TPEIIMHBI pa3HOM CTENEeHH packpbiTocTH [3]. OpHako B
YCIIOBUSIX 33JIEPHOBAHHOIO KapcTa MPaKTUUECKH BCE BEPTUKAIbHBIE TPEIIMHBI MEPEKPHIBAIOTCS
TOJIIIEH PBIXJIBIX OTI0KEHUN, UCKIIIOYAIOIIEW UX U3 CHUCTEMbl BO3AYIIHOW LUPKYJsiLMU. Ecin
PBIXJIBIE TIOKPOBHBIE OTJIOKEHUSI UMEIOT HEOOIBIIYI0 MOIIHOCTh, TO BO3MOXKHO CYII[ECTBOBAHHE
MPOBOJISAIINX BO3AYX KAaHAJIOB, OTKPHIBAIOIIMXCS B TPOBAIBLHBIX BOPOHKaX C BBIXOJAMH
CKaJIbHBIX MOPOJ.

bonee ywem 30-netHue HaOMOIEHUS MO3BOJISIOT HAM YTBEpPXKAaTh, UTO HA MOBEPXHOCTH
Kynoropckoro cmeneomaccuBa CyLIECTBYET BCEro HECKOJIbKO (He Oomee JecsiTka) He
3a/IEPHOBAHHBIX MPOBAJIBHBIX BOPOHOK C BBIXOJAMHU CKAJIbHBIX MOPOJ, HO U B HUX 3UMOU HE
HaOJIIOJAeTCsl HUKAKUX TPU3HAKOB «IICIIEPHOrO AbIXaHUsA». TeM He MEHee, BCE IMelephl
MaccuBa paboTalOT IO CXeME Ce30HHON IUPKYJIISAIUU BO31yXa.

OnucanHasi BbIIE CUTyallUs — OTCYTCTBHE BO3MOXKHOCTU IPSMOro razoo0MeHa uepes
OTKPBIThIE TPEIIMHBI, HE MOTJIa HEe TTOPOJUTH BOIIPOCAa O TOM, KAKUM 00pPa3oM OCYIIECTBIISAETCS
BEepTUKAJIbHAS (PUIIbTpAIMS BO3/1yXa CKBO3b BCIO 2(0)-METPOBYIO MEPEKPHIBAIOIIYIO TOJIILY.

BeprukanbHas ¢puiabTpanus Bo3ayxa. OTBera Ha 3TOT BOIPOC y HAacC He ObUIO /10 JeTa
1990 roga. Tonbko TOrAa, B MPOLIECCE TOPHOM MPOXOJAKM BEPTHUKAIBHOIO KOJIOAUA C LEJIBIO
CO3JaHUsl HCKYCCTBEHHOIO BXOJa B JaJbHIOI YacTb meuiepbl Tpos, ObUIO CIENaHo
HEOKUJIAHHOE OTKPBITHE, KOTOPOE MO3BOJIMIIO HAM CUUTATh 3TY MPOOJIEMY PELIEHHOH.

[lo xomy BBIEMKHM pBIXJIOTO  3alOJHUTENS, COCTOSIIET0 M3  HEPAaBHOMEPHO
IepeMEeIIaHHOro Ipy0000JIOMOYHOrO0 KapOOHATHOIO MaTepuaia M PBIXJIbIX YETBEPTUUHBIX
OTJIOKEHHMM, BBISICHUIOCH, YTO IOYTH IO BCEH BHEIIHEH 30HE KOHTAKTa «CTOJI0a» 3TUX
OTJIOKEHHUH C BEPTUKAJIbHBIMH THIICOBBIMU CTEHKAMHM BMEIIAIOIIET0 UX €CTECTBEHHOIr0 KOJIOAa
CYLIECTBYET HEKO€ MO00Me «KOPPO3MOHHOT'O0 PAHTKIIO(PTa»: MEKIY CTCHKOW BEPTHKAIHHOTO
TUIICOBOI'0 KaHajda M €ro PhIXJbIM 3aMOJHUTEIEM MOYTH MO BCEMY NEPUMETPY CYIIECTBYET
BO3JIYIIHBIN 3230p, HIMPUHA KOTOPOT'O KOJIEOIeTCs B Ipenenax 5-15 mm.
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Takoit «paHTKIIOGT» 00pa3yeT y3KyH IIelb BAOJb BEPTUKAIBHBIX CTEH KOJOALA
MPOCTUPAIOILIYIOCA OT CBOJA MELIEpPbl Ha BBICOTY, NMpUMEpHO, 15 M. Brime creHsl kosonua
pacxoasTca KOHYCOM, U PhIXJIbIA TPYHT, €CTECTBEHHO, IUIOTHO JIOKUTCS HA TUIIC MO JE€HCTBUEM
rPaBUTAIIMOHHBIX cHJl. OT BEPXHEro KOHIA «PaHTKIIO(PTa» 0 JHA BOPOHKH OCTAeTCs He Ooiee
3-4 MeTpoB XOpPOIIO MPOMBITOIO HUBAJIHHBIMH BOJAMU IECYAHO-CYIECYAHOr0 MaTepuana. A
Takas «mIpoOKay yxke BIIONHE MPOHMIIAeMa IS BO3/AyXa TPHU YCIOBUUM BO3HUKHOBEHUS JaXKe
HeOoNbIIOro OaporpaaueHTa Mexay aTtMochepoll M TEmEepHbIM BO3IYyXOM, HAXOISIIUMCS B
BEpXHEH YacTu «PaHTKIIOPTa».

Kosaonen n nmpkyasinust Bo3ayxa B Tpoe. Ilocne 3aBepiienns ctpoutenscrBa Kononna
BBISICHUJIOCh, YTO, HECMOTPS Ha BBICOKOE MOJIOKEeHHE ycThd Komonma, B 3UMHUNA TEpUOIl OH
paboTaeT Kak HIKHHMA BXOJ: 4Yepe3 HEro XOJIOAHBIA HApYXHBIM BO3AyX CTEKaeT BHU3 U
MPOHUKAET B Memiepy. XOodeTcss 0co00 MOMYEPKHYTh, YTO B Y3KOM Tropu3oHTaibHOM Jlase,
coenuusironieM jaHO Komoama ¢ memiepoil, He HAOIOMAETCs BCTPEYHOTO IMOTOKA TEIJIOTrO
BO3/yXa, XOJIOAHBIN BO3IYLIHBIN TOTOK 3aHUMAET BCE €0 CEUECHUE.

[TonoOHyI0 KapTHMHY MOXHO OOBSACHUTH CIEAYIOIIMM 00pa3oM: MpU MOHWKEHHH
TeMIlepaTypbl HapYKHOTO BO3[yXa HIKE TeMmiepaTypbl maccuBa (2,5°C) mpoucXoAuT 3aMeHa
Teruioro Bo3ayxa B oobeme Komonua HapyxHbiM. Takum oOpa3zom, Ha nue Komonama (ypoBeHb
TEHIEPbl) OKA3bIBACTCA XOJIOJHBIM BO3AYX, BOZHUKAET OApOTrpaJUeHT, 3aIlyCKAIOIIN MEXaHU3M
BTEKaHUsI HApPY>KHOTO BO3JyXa BHYTPb MOJIOCTA. B TO e Bpems, TemmepaTypa BO31yXa,
HaxOJSIIErocs B Y3KHX BEPTHKAJIBHBIX IMIETAX—«PAHTKIO(TaX» OMpenensieTcss TeMIepaTypoi
CKaJIbHOTO MAacCUBa, IO3TOMY 3TOT BO3JlyX OKa3bIBAa€TCs JErye Hapy)HOro (M HaxXoAsIlerocs B
KOJIOJII€) Y BBITECHSIETCS] HaBEPX.

B nauvane 3umbl Kosomenm oTaenéH OT HIM)KHETO BXOAa 3aKphITBIMH CcH(OHAMHU.
WuTtepecHo, uyTo Korza B 3UMHIOKO MeXeHb CHQOHHBIM Y4YacTOK OCYIIAeTCs, pPEXUM
HE3aBHCHUMOM BO3AYIIHOW HUPKYJSIUNA COXPAHSAETCS: BECh 3UMHHUI MEPUOJ U «ECTECTBEHHBIN)
Bxon K-13, u Komonerr paboTaroT B pexkrMe HUKHUX BXOJ0B (pHUC. 1). DTO moATBEp)KIaeTCs Kak
MHOTOUYMCIICHHBIMH HETOCPECTBEHHBIMU HAOIIOJACHUSIMH BO BXOJIHBIX y30CTAX, TaK U (aKTOM
00pa3oBaHMsI B MElIepe 30H OTPULIATETHHBIX TeMIiepatyp u 3a Bxonom K-13 u B [Tonkononeznom
3aJe.

dopMHUpOBaHUE JBYX HE3aBUCHUMBIX JIOKAJIbHBIX CHCTEM 3UMHEH  BO3YIIHOMN
UUPKYJSAIMK B Temepe Tpos BO3MOXKHO TOJBKO TIPU BBIMOJHEHHH OJHOTO YCJIOBUS:
a’POTMHAMHUYECKOE COMPOTUBIICHUE BCETrO MYTH BO3AYIIHOTO MOTOKA OT HIKHEro Bxonma K-13
no Komonma nomkHO OBITH — BBIIE, YEM TAKOBOE MEXKAY HUXKHUM K€ BXOJOM U BCEMHU
a’POIMHAMUYECKH aKTUBHBIMU BOPOHKAaMHU, JISKAIIMMU HA 3TOM MYTH. JTO MOXET MOKa3aThCA
HEBEPOSTHBIM B ONMCHIBAEMBIX YCIIOBUSAX, HO, OUEBUIHO, UMEET MECTO.

Konopeu

NIV

Bxoa
K13

AN AN o G A g, ey —

Puc. 1. He3aBucuMble cucTeMbl BO3AYIIHON HUPKYJAsauuu B nemepe Tposi B 3umHee
BpeMs.

TepmoMeTpusi KapcTOBBIX BOPOHOK. HeOonbiime pacxoibsl BO3AYLIHBIX MOTOKOB U
OTHOCUTEIBHO OOJdbIIME OOBEMBI MOJIOCTEH HE MO3BOJISIIOT MPOBOAUTH HEMOCPEACTBEHHBIE
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U3MEpEeHUsl 3TUX IOTOKOB B Heniepax. JTO 3acTaBisieT HMCKaTh KOCBEHHBIE J0Ka3aTeIbCTBA
HAJIM4YUs BO3AYLIHON (DUIBTPAIIMU Yepe3 KapCTOBbIE BOPOHKHU. TOT (hakT, 4TO y4acCTBYIOUIUI B
Ipolecce BEHTHJIALMKU KapCTOBOrO MaccHBa BO3JyX SIBJISIETCA TEMJIOHOCUTENEM, Jajl Ham
OCHOBAaHHS IMPEIIOJIOKUTh CYLIECTBOBAHHUE IOJOKHUTEIbHBIX TEMIIEPATYPHBIX aHOMAIUNA B
JIOHHBIX YacTsAX BOPOHOK, IIPUYEM — KaK B JIETHEE, TaK U B 3MMHEE BpEMsl.

Jlis mosydeHus NOATBEPKACHNS HAIMYMSI TAKUX TEMIIEpATYpPHBIX aHOMaJIMi HaMu ObLIN
IIPOBENEHBl HCCIEIOBAHUSA pa3HOM NpPONOJLKUTENbHOCTH Oosiee yeM B 20 BOpOHKAaxX Haj
nemepamu Tpos u Bomnas. B kaxaolt M3 BOPOHOK 3aKJIaJbIBAJICS MOMEPEYHBIA «IPOQUITH
(uepe3 THO BOPOHKHM) U3 5-8 nmaTuMkoB. 3anuThie MapauHOM TEPMHUCTOPHI Ha BCEX TOUKAX
HaOMO/IeHNsT 3aKanblBauch Ha ryOuHy 0,3 M OT MOBEPXHOCTH, 3HAYEHUS SJICKTPUUYECKOTO
CONPOTUBJICHUS] CHUMAJNCh C BBIBEACHHBIX HapyXy IPOBOIOB MyJIbTUMEeTpoM. Yacrora
U3MEpeHUi: 2-3 pa3a B CE30H (3UMHUI U JIETHUM, NHOT /1A — OCEHHUI).

TepmomeTpruecKkuii MOHUTOPHHT KapCTOBBIX BOPOHOK Haj memepoil Tpos (2005-2009
IT.) IOKa3aJl HAJIMYKe TeMIIepaTypHbIX aHOMAJIMI B TOHHBIX TOYKAaX HEKOTOPBIX BOPOHOK, KaK B
JIETHEE, TaK U B 3UMHEE BpeMs. Pe3ynbTaThl HEKOTOPBIX U3MEPEHUM NPENCTABIECHbl HA PUCYHKE
2. TemmnepaTypa Bo3ayXa BO Bpems H3MepeHuil coctaBysuia 16.08.2006 +14°C, 25.02.2007 —
15°C. XapakTepHbIM MPU3HAKOM (OKUBON» BOPOHKH, (DPMIIBTPYIOIICH JIETOM TEIUIbI HAaPYKHBIN
BO3JyX CBEpPXYy BHHM3, MOXET CIyKUThb 0o0Jiee BBICOKAas, OTHOCUTEIBHO COCEJHEH BOPOHKH,
TeMIepaTypa JHa Ipu O60Jee HU3KOM €ro 3aJieTaHuH, YTO MOXKHO BUJETh HA IPUMEPE BOPOHKHU
Ne7. B 3uMHee Bpemsi KapTHHAa MEHEee BbIpaKEHHas — BEPOATHO BBUJY ropa3zo 0osiee HU3KOro
rpaJieHTa MEXIy TeMIlepaTypol IMOCTYHNaloUlero CHU3Yy IMeniepHoro Bo3ayxa (+2,5) wu
TeMIieparypoil rpynra noja cimoem cHera (ot -0,1 mo —3,1°C). Tem He meHee, Ha NpuMepe
BOpOHOK NeNe 4 u 5 MOMKHO YBUJAETh, UTO JOHHBIE YACTH BOPOHOK (M Ja’K€ y4acTOK CKJIOHA),
IIpUYEM - HE3aBHCUMO OT TJIyOMHBI MX 3aJieraHus, UMEIOT aHOMAaJIbHO BBICOKHE TEMIIEPATyphl,
YTO, Ha Halll B3MJIS, CBUAETEILCTBYET O IOJOTPEBE 3THUX YYAaCTKOB BO3/YIIHO-TEIJIOBBIM
MIOTOKOM, MAYIIMM CHU3Y, u3 nemepbl. [IpuMepsl BopoHkn Ne 3 mokas3pIBarOT, 4TO 3UMHUMN
MPOrpeB JHA BOPOHKH HE 3aBUCUT OT €€ IUIAHOBBIX Pa3MepPOB U TIyOHHBI.

Eme oqHMM KOCBEHHBIM [0Ka3aTelbCTBOM (WJIBTPALMU TEHIEPHOIO BO3AyXa CKBO3b
pBIXJIBIE MHMHEpaJbHbIE OTJIOKEHUS U CHEI Ha JHE KapCTOBBIX BOPOHOK SIBISIETCS TAaKXKe
KOppeJssiliisi MHTEHCHUBHOCTH 3HMHEH Kamenu (KOHJEHCAaT) C XOAOM MeETEOdJeMEHTOB Ha
MTOBEPXHOCTH, OTMEUEHHAsl OJIHUM M3 aBTOPOB B nemepe Boanas 3umoii 1980 roga [4].

BbiBoabl. Pe3ynbraThl nccienoBaHUil MO3BONAIOT yTBEpXkAaTh, uTo B Kyroropckmx
nemepax poib BEPXHETO BXOJa B CHCTEME BEHTUJIALMUHM IELIEpPbl UrparoT 3aJepHOBAaHHBIE
BOPOHKH, O0Jajarolye BO3AYIIHOM NIPOHULIAEMOCThIO 3a CYET HAJIUYMS «KOPPO3UOHHBIX
PaHTKIIOQTOB» BAOJIb BEPTUKAJIbHBIX CTEH 3allOJHEHHBIX PBIXJIBIMH OTJIOXKEHHUSIMH KOJOALEB.
Bonbiiee, mo cpaBHEHHIO C €CTECTBEHHBIMH «PAHTKIIO(TaAMH», CEYEHHE HCKYCCTBEHHOIO
BEPXHEr0 BXOAa-KOJOAIa O0YCIaBIMBA€T BO3HUKHOBEHHE JIOKAJIBHON CHCTEMBI BO3YILHOM
HUPKYJIALUM, B KoTOopoi Konozen B 3MMHUX YCJIOBHUSIX UI'PaeT poJib HMXKHEro Bxoxaa. [Ipumep
CYLIECTBOBAHMS JIBYX HE3aBHUCHMBIX CHCTEM BO3JYIIHOW LHUPKYJIALUMM B mewepe Tpos
MIO3BOJIAET MPEACTaBUTh MEXAaHU3Mbl BEHTUJIMPOBAHUS «CIENBIX» (HE HMMEIOUIMX OTKPBITHIX
BXOJI0B) KapCTOBBIX IOJIOCTEH, PACIOJOKEHHBIX B INIyOMHE CIIEJIE€OMAacCUBa, UCKIHOYUTEILHO
4yepe3 BOPOHKM Haja HUMU. HeobxonuMoe 6a30Boe yCIOBHE — Pa3sHOBBICOTHOE 3aJIETaHUE JABYX
COCEJTHUX <OKUBBIX» BOPOHOK.

Jlutepatypa

1. l'omon B.M., T'onog M.II. Muxkpoknumat runcoBbix nemep [Tuaexss. COopHUK
«[Temeps! [Tnnero-CeBepoaBHHCKON KapcTOBOM obactuy, JI., 1974.

2. Mankos B.H., I'ypkano E.W., Monaxosa JL.b., lllaspuna E.B. u ap. Kapct u
neniepsl [Tunexss. M. 2001, c. 10, 27, 93.
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3. MagmonoB b.P. Onenenenne nemep. M.: MHctuTyT reorpaduu PAH, 2008, c.
44,

4. MankoB B.H., ®pannr H.A.. K Bompocy o 3umHell koHneHncauuu. B cOopHuke
«AKKYMYJSIIISL 3UMHEr0 XO0JI0Jja B TOPHBIX IMOPOJAX M €ro HCIOJIb30BaHHUE B HAPOIHOM
xo3siiictBey. [lepms, 1981, c. 97-99.

5. http://www.nxp.com/documents/data_sheet/KTY83_SER.pdf
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Puc.2. llonepe4ynslie cevyeHHs, JJeTHHE U 3MMHHE TeMIIEPaTypbl IPYHTAa B BOPOHKAaX
3-7.

SURFACE DISSOLUTION AND WEATHERING OF GYPSUM IN A COLD
HUMID CLIMATE AND THEIR INFLUENCE ON SOIL FORMATION

I.A. Spiridonova, S.V. Goryachkin

Institute of geography RAS, Moscow
JEHYJAIIAA HOBEPXHOCTHU U BBIBETPUBAHHUE IN'MIICA B XOJIOJHOM
I'YMUJIHOM KIIUMATE U UX BJIIUAHUE HA TIOYBOOBPA3OBAHMUE.

H.A. Cniupunonosa, C.B. I'opsaukun
Wuctutyt reorpapuu PAH, Mocksa

This paper entitled "Surface dissolution and weathering of gypsum in a cold humid
climate and their influence on soil formation™ by I.A. Spiridonova and S.V. Goryachkin,
describes results from a unique long-term field experiment on surface dissolution of gypsum
rocks within a karst landscape in the Pinega Region, NW Russia. The experimentally determined
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dissolution rates (8 g/kg/year and 0.02 g/cm? /year) are 3 times lower than the rates of gypsum
dissolution observed within a river flow system and underground gypsum denudation by karst
waters. We also conclude that the rate of cryogenic disintegration of gypsum is greater than the
rate of gypsum dissolution, thereby resulting in the formation of powdery-gravely gypsum soil
horizon at a rate of more than 1 cm per 100 years. This disintegration is hindered by the moss
layer and litter development which acts to slow down the rate of temperature change.

Beenenne

Lenbto nanHOW pabOTHI OBUIO BBIIBUTH pPaHEEe HEM3BECTHBIE CKOPOCTH IMOBEPXHOCTHOMN
JCHyJallud W KPHOIE€HHOI'O0 BBIBETPUBAHMSI THICA W OXapaKTepU30BaTh CHEHUPHUECKUN
MexaHu3M (OPMHUPOBAHUS IOYB HA IUIOTHBIX THUICAX B YCIOBUSAX XOJIOJAHOIO T'YMHJHOTO
KimMMaTta B [IMHEXCKOM permoHe.

Hcxonss w3 TPEamosioKEHUsi, YTO BBICOKAs pPacTBOPUMOCTh rumica (2,4 1/m)
MPUBOAUT K €ro OBICTPON AEHyNalluM B TYMHJIHOM KIMMAaTe€ JAHHOTO PETHOHA, HaMHu ObuI
3aJl0)K€H MHOTOJIETHUN TIOJIEBOM OSKCIIEPUMEHT 10 PACTBOPEHHUIO THUIICOBBIX TIHIO B
€CTECTBEHHOM THIICOBO-KapCTOBOM JIaHAMIaTe B OKPECTHOCTSIX KopaoHa ['omyOuHO. I'nbIOBI
TUIICOB COTKMHCKOW CBHUTHI OBIIM OTOOpaHbl M3 oOBana KopeHHoro Oepera p. Ilunera u
pasmMeiiensl B mpuOopToBOi 30HE [0yOMHCKOTO J10Ta, MPU STOM Ha YETHIPE TIILIOBI OBLI YII0XKEH
MOXOBOM MOKPOB, a MATh I'JIbI0 OBIJIO OCTABJIEHO C OTKPHITON ITOBEPXHOCTHIO.

B nanHo#l paboTe mnpuBeneHbl pe3yibTaThl ATOrO 3KCIEpPUMEHTa 3a mepuox 12 ner
HaOmonenuii. [lpuBnedeHsl Takke paHee MOJNyYeHHbIE [aHHbIE JABYXJETHErO OIBITa IO
pactBopenuio 10-TH THUICOBBIX TabJIETOK B MPOPUIIAX MOYB. DKCIEPHUMEHTAIBLHO OIpEIeICHHAS
CKOPOCTbh BHYTPHUIIOYBEHHOI'0 PACTBOPEHHUS TMIICOB COOTHECEHA C CYIIECTBYIOIIMMH JIaHHBIMU
[0 CKOPOCTSIM PAacTBOPEHHUS T'MIICOB B PEUHBIX M MOA3EMHBIX KapCTOBbIX Boaax IluHexckoro
peruoHa.

CKOpOCTh KpHOTE€HHOM Je3WHTErpaly IUIOTHBIX THMIICOB Obla OIEHEHa IyTeM
CpaBHEHMSI BBISIBICHHONW CKOPOCTHM TIOBEPXHOCTHOM JAEHYJALIMKM CO CPEJHEH MOIIHOCTHIO
MYYHHCTO-IIEOHHCTOr0 TUIICOBOIO F'OPU30HTA MOYB, BEIYMCICHHON O pe3yJibTaTaM M3MEpEeHU
B TUIICOBO-KapcTOBOM JaHamadTe Uyrckoro 3aKa3HUKa.

Pe3yabTarsl u 00Cy:KIeHUS

I'mpIOBI ¢ M3HAYaNbHO NPUCYTCTBOBABIIUM MOXOBBIM IMOKPOBOM M TJBIOBI C
OTKPBITOH MOBEPXHOCTHIO HE MPOSBUIIM 3HAUUMBIX pa3Muuil B JUHAMHUKE pacTBOpeHus (puc.l),
YTO HE BBI3bIBAET YJUBIEHUA B BHUAY OBICTPOrO 3apacTaHHsl OTKPBITHIX TIbI0 MxoMm. K
MIOCJIEIHEMY TOAYy M3MEPEHUH BCE HKCIEPUMEHTAIbHbIE IUIBIOBI IPUOOpEIH OIMHAKOBO
«3aJICPHOBAHHBIN» OOJIMK, YBEJIMYMWJIACh TYCTOTa TPEIIMHHOW ceTu rurca. [log MoXoBbIM
MOKPOBOM 00pa3oBajicsi TOHKUH ciioii (1-2 MM) meperHos ¥ TurcoBoi MyKH, T.€., MUKPOIPOhHIb
noyBbl. Cle[0BaTeNbHO, MOJyYeHHBIE JaHHBIE MOKHO WHTEPIPETUPOBATh KakK crienuduueckue
CKOPOCTM pPacTBOpPEHHUsl THUIICOB B I0YBax, B OTJIMYME OT KapCTOBOM JEHyJallUd THUIICOB B
nelepax Wik UX pacCTBOPEHUS B PEUHOM IOTOKE.

HeoOxoaumo oOTMETHTH, YTO B IEpBbIE TOJbl 3KCIEpPUMEHTa HAOJI0JaI0Ch
BO3pacTaHue Macchl B cpenHeMm Ha 1%, 94TO MOXHO OOBSICHUTH THApPATAMEH OCTATOYHOU
MIPUMECH aHTUJIPUTA, IPUCYTCTBOBABILIEH B TUIICE. DTOT MPOLECC KOHKYPUPYET C PACTBOPEHUEM,
BEPOSITHO, U B IIOCJIEIYIOLIUE TObI.

CKOpoCTH pacTBOpPEHUS MHAWBHUAYAIbHBIX TTBIO 3aBHCAT OT UX pasMepa (puc.2).
CpennerozoBasi CKOPOCTh PACTBOPEHHS COCTaBUIJIA 8 T/KT JIJIsl YCPETHEHHOTO Beca IIbIObI 26 KT.
DKCTpanossiuysi 3TOW BEIMYUHBI MPUBOAUT K MOJIHOMY pacTBOpeHHIo Tbl0 yepe3 130 net. B
peasbHOCTH 3TO MPOU30HAET, BEPOATHO, ObICTpee, TaK KaK CKOPOCTh Ipoliecca HEMHHYEMO
BO3pACTET C POCTOM TPELIMHHOBATOCTH, U MOXKHO JIMIIIb YTBEPKJAATh, UTO MOJHOE PACTBOPEHHE
3aiiMer, Mo-BUAUMOMY, MHOTHE JECSITKH JjeT. Jljisi cpaBHEHHs, pa3MbIB IJIbIO aHAJIOTUYHOTO
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pa3Mepa B pycie peKkd B pailoHe HcclenoBaHui mpoucxonut Bcero 3a 10-15 mer [aBpuna,
Marnxkos, 2008].

Puc.1. PactBopeHue runcoBbIX rMbi6 B KAPCTOBOM naHawadgTre
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B cBsi3U ¢ BBIIICYTOMSIHYTOM TPEIIMHOBATOCTHIO SKCIIEPUMEHTAIBHBIX TUIICOBBIX
7610, HEBO3MOXKHO HAMPSAMYIO PaccyUTaTh MX OOIIYI0 MOBEPXHOCTh pacTBopeHus. OIHAKO
MOKHO CJIeJIaTh €€ KOCBEHHYIO OIIEHKY MOCPEACTBOM IPUBIICUEHUS JaHHBIX 10 PaCTBOPEHUIO
JIECSATH THUIICOBBIX TaOJETOK, BBIMMJIECHHBIX W3 MOHOJHMTHOTO OJIOKa THUICAa W HWMEBIIUX
M3BECTHYIO MAacCy W IUJIOIIAAh MOBEPXHOCTH. DTH TaOJIETKM OBUIM 3aJI0KEHBI TOJ MOXOBOMU
MMOKPOB B BEPXHUU MYYHHCTO-IPECBSHUCTBI TOPU3OHT MOYBHI HA IUIOTHBIX ruricax. CpemHss
CKOPOCTb PAaCTBOPEHHSI TAGIETOK cO cpenHeil Maccoil 40 r cocrasumia 20 r/kr wm 0.02 r/em?® B
rog [Cnupunonosa, 2007]. bonee BrIcOKasi CKOPOCTh MOTEPH MAcChl TAOJIETOK MO CPABHEHHIO C
rIbI0aMU  OOBSICHSETCS TEHICHIMEH YBENIWYEHHUS] CKOPOCTH PACTBOPEHUS C YMEHBIICHHEM
MacChl, U C y4€TOM JIOMOJHUTEIBHBIX (PaKTOPOB (HAIp., MOBEPXHOCTh PACIUa PACTBOPSETCS
ObICTpEe, 4YeM TMOBEPXHOCTh ECTECTBEHHOTO CKOJIa), MOXXET BIHUCATHCI B BBISBICHHYIO
B3aMMOCBSI3b pa3mepa ©u ckopoctd (puc. 2). CormocraBiieHHE CPEIHETOA0BOW CKOPOCTH
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pactBopenust Tabsmerok  (0.02 F/CMZ) C YCpPEOHEHHOM TIUIOIIAJbI0 BEpXHEW TpaHHu
AKCIIEPUMEHTAIbHBIX TbIO (1062 CMZ) MOKA3bIBACT, YTO TOCIEAHSAS OOECIeUunBacT JIMIIb
JECATYI0 JOJI0 PAcTBOPEHHMsS M UTO peajbHasl IUIOLIAa/Jb IOBEPXHOCTU PACTBOPEHHS TJIbIO
obecrieueHa B OCHOBHOM 32 CUET TPEIMHHON CETH.

CpennerogoBasi ckopocTh pactBopenus - 0.02 r rumca Ha cm? MMOBEPXHOCTH -
MO3BOJISIET TAKXKE BBIYKMCIINUTD, YTO Ha BHIHOC THIICA U3 BEPXHUX TOPU3OHTOB MOYB 3aTPAYMBAETCA
Bcero 13% oOT cpeaHeronoBOro KoOJUYecTBa OCagKoB (65 cMm), T.e., B 3TUX TOPU3OHTAX
MPOXOASIIME 4Yepe3 HUX aTMOCPEpHbIE BOJABI HE HACHIAIOTCSI MO THICY, AaXKE C y4eTOM
sBanoTpaHcnupanuu, koropas B [lunere menee 50% u B 1eTHeM BOAHOM OaslaHCe .

CKOpOCTh BHYTPUIIOUBEHHOTO PACTBOPCHHS THUIICA B CPETHEM BTPOE HUXKE, YEM
CKOPOCTb €ro JICHyIalluu oA3eMHBIMU BogaMu B neniepax [[llaBpuna, 2002].

Pa3BuTHe TpemmHOBATOCTH KakK B THUIICOBBIX TJbI0AX, TaK U B THIICOBBIX
TOPU30HTAX TIOYB OOYCIIOBJIEHO CE30HHBIM IPOMEP3aHHEM TOBEPXHOCTH B KapPCTOBBIX
napamadrax I[luHexxkckoro permona. B mouBax QopmMupoBaHHE MYYHUCTO-IPECBSIHUCTOrO
TUIICOBOI'O TOPU30HTA, B KOTOPOM YKOPEHSETCS pacTUTENbHOCTb, MOAPAa3yMEBAET HAKOIUIEHHE
OPOAYKTOB KPUOTE€HHOM JI€3MHTErpallud MpH OTHOCUTEIBHO MEHBbIIEH CKOPOCTH HX
pacTBOpEHMUS.

ITo naHHBIM 3aMEpOB HOYBEHHBIX T'OpPU30HTOB B 20 mpoduisix Ha CXOIHBIX
3JIeMEHTax pesibeda B THIICOBO-KapCTOBOM JaHAmadre Yyrckoro 3aka3Huka yCTaHOBJIEHO, YTO
MOIIIHOCTh MYYHHCTO-APECBSIHUCTOTO THUIICOBOIO TOPU30HTA B3aUMOCBSI3aHA C TOJIIMHON
JIECHOM TOACTUIKM U B cpenHeMm coctaBisgeT 10 cm (puc. 3). JlecHas mOJCTUIIKA CrJla)KMBaeT
TeMIIepaTypHble CKAYKH BO BpeMs MPOMEp3aHUs-OTTaAMBAHUS MOYB M TEM CaMBIM OCIaOIseT
KpuoreHHoe apooOsenue. Jlpyrumu QakTopamu, BIUSIOMIMMA HA MOUIHOCTH MYYHHUCTO-
JPECBSIHUCTOTO TOPU30HTA  SBJISIOTCS  IE€0JIOTMUYECKU-OOYCIOBJICHHAS  TPEIIMHOBATOCTh
TUTICOBBIX TOPOJ, a TaKKe OHNU30AMYECKas JPO3Hs, CBSI3aHHAS C JIMBHAMH, II0OYKapamH,
BBITANITHIBAHUEM TIOYB U TIP.

Puc. 3. Kopennsaumus mexay MOLWHOCTSAMM fMeCHbIX NOACTUMOK N
MYYHUNCTO-APECBAHUCTbIX TMNCOBbLIX TOPU3OHTOB NOo4YB
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B wmenom, caMO CyLIEeCTBOBAaHME MYUYHUCTO-IPECBSIHUCTOIO T'OPU30HTA IIOYB
TOBOPUT O TOM, YTO CKOPOCTb KPHOI'€HHOH AE3UHTErPALIMU 3HAYUTEIBHO IIPEBOCXOAUT CKOPOCTh
pactBopeHust rumnca. Ha oOCHOBe 3TOro ObUIO TNPEATONKEHO Ha3blBaTh TaKUE TOPU30HTHI
"ne3uHTerpaniioHHo-mMetaMopuueckumu" [["opstukus u ap., 2007].

Onpenenue ckopocts pactBoperns (0.02 r/cM? B TOIX) U YACIbHYIO IUIOTHOCTH
runca (2.2 r/cM’) MOXHO paccdyMTaTh, YTO yCajKa THICA B ITOYBE 3a CUET DPACTBOPEHHS
coctaBisieT 9 MM B 100 ner. J{nst oGecriedenusi cTaOMIBHOM MOIIHOCTU MTOYBEHHOTO MPOQHIISL
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KpPUOTEHHasl [JE3MHTErpanus JODKHA IPOU3BOAUTH MYYHHMCTO-IIEOHUCTBIH TOPH3OHT CO
ckopocthto Bbhime 1 cv B 100 g;er. Takum o00pa3oM, IMOYBBI Ha IUIOTHBIX THIICAX
(cynb(hopeHI3UHBI) CYIIECTBYIOT B YCIOBUSX TMHAMHUYECKOTO PAaBHOBECHS OBICTPHIX MPOIIECCOB
[TOBEPXHOCTHOW KapCTOBOM JIEHYIallul U KPUOT'€HHOT'O BBIBETPUBAHUS TUIICA.

W3ydeHue mouB Ha IUIOTHBIX TUIICAX MHTEPECHO IS ITOHUMAaHUS Pa3BUTHUS HE
TOJIBKO TOBEPXHOCTHOTO KapCTa, HO M YHHMKAJIBHBIX OXPaHSAEMBIX PAaCTHTEIBHBIX COOOIIECTB
THIICOBO-KapCTOBBIX JaHAMA(TOB. DTH TMOUYBHI TAaK)KE€ YHHUKAJIBHBI B IJIaHE HMX TeHe3uca M
(bU3NKO-XUMUYECKUX XapakTepucTuk [["opsuxun u ap., 2003; Crnupugonosa, 2007], ogHako 10
CHX TIOp MaJIO U3BECTHBI KaK POCCUHUCKOM, TaK U MEXIyHapOJHONU HAy4YHOU OOIEeCTBEHHOCTH.

BeiBOABI.

1. BrisiBieHa CKOpOCTh BHYTPHUIIOUBEHHOM JeHynanuu rumca: 8 r/kr B rox, 0.02
r/em? B Tox i 9 Mm B 100 er. [Tony4yeHnsble 3HaUEHNS BTPOE HUXKE, YEM CKOPOCTH IOA3EMHOMN
KapCTOBOH JIEHYyJalluy TUIICa, U HA TIOPS0K HUXKE, YEM CKOPOCTh Pa3MbIBa I'MIICA B PYCIIE PEKU.

2. Kpuorennas ne3uHTerpanus mioTHOrO THIICa OOrOHSIET IPOLECC €r0 PACTBOPEHMUSI
Y IPOU3BOAUT MYUHHUCTO-APECBSIHUCTBIA TUIICOBBIN IOPU3OHT MOUYB CO CKOPOCThIO Oojiee 1 cM B
100 ner.

Jlutepatypa

lopsukun C.B., Cnoupunonosa HW.A., KonromkoB J[.E. Jle3uHTerpaunoHHo-
MeTaMOpPHUYECKUe TOPU3OHTHl U MPU3HAKH B MOYBAX HA IUIOTHBIX KapOOHATHBIX M THUIICOBBIX
HopoJax B pa3IMYHBIX YCIOBUSX KpuoreHesa / MexayHapoaHas KoHpepenuus «KpuoreHHbie
peCypCHI MOJISPHBIX peruoHoBy. Canexap, uronb 2007. Martepuainsl, ToM |l. ¢. 67-70.

lopsukun C.B., Cnupunonosa U.A., Cenos C.H., Taprymassn B.O.. CeBepoTtaexHbie
MOYBHI HA TJIOTHBIX THUICax: Mopdoorus, cBoiicTBa, renesuc. [lousoBenenue, Ne 7, 2003, ctp.
773-785.

Croupunonoa M.A. [TouBooOpa3zoBaHre U BEIBETPUBAHKE Ha TIJIOTHBIX TUIICAX B
OopeanpHON 30HE: MPOCTPAHCTBEHHO-BpEMEHHBIC 3aKOHOMEPHOCTH. ABTOpedepar K.r.H.,
Mockga, 2007, 28 ctp.

[ITaBpuna E.B. Kapcr roro-soctoka benomopcko-Kysolickoro miaro, ero oxpasa u
palmoHaIbHOE UCTIONb30BaHue. ABTopedepar k.r-m.H. [lepmb, 2002, 22 c1p.

[ITaspuna E.B., Mankos B.H. MOHUTOpHHT KapcTa U 3K30IN€HHBIX I'€0JIOrHYECKUX
nporieccoB. B ¢6. "KoMmoHeHThI s3kocucTeM U 6MOpa3HOO0Opa3ue KapCTOBBIX TEPPUTOPHUIL
EBpomeiickoro Cesepa Poccuun", 2008, ctp. 64-74.

KARST PHENOMENA OF NATURAL PARK “LENA PILLARS”
E.V. Trofimova
Institute of geography, Moscow, Russia
KAPCTOBBIE ABJIEHUSA ITPUPOJHOI'O ITAPKA «JTEHCKHE CTOJIBbD»
E.B. Tpopumona
Wnctutyt reorpapuu PAH, Mocksa

Otu Jlenckue CTonoOsbl,
T'opasbie u cTpoiinbie,
MopiaT kaMeHHbIE J0bI
Han pexoii paznonbHOLO. ..
W nampaBmto cTomnsl

B neb6o0 nanx Beenennoro,
U Brieay st Ha CTonOBI
Han Geckpaiineii JleHoro.
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(PumMma Kazakoga)

[Ipupoansnii mapk «JIenckue Ctonder» (I Jlenckue CTonObI) pacnoyiokeH B CpeaHEM
teuenuu p. JIena, reorpaduueckue koopauHatel: 60° 06° 307 - 61° 17 13 ” fi.@. € 124° 59° 337 -
128° 53° 00 ”. Kapcryromuecs mopoAsl B IMpeaenax napka MpecTaBiICHbl M3BECTHAKAMU W
JOJIOMUTaMH HIDKHEro KeMOpwusi MOITHOCTBIO 710 400-500 M, mepeKphIThIX KPHOT €HHO-0JIOBBIMU
OTJIOXKEHUSMHU B MPUAOJMHHON osioce [IpuiteHckoro miaro, a Takke no Bogopaszaenam Jlensi,
byoramer u  Cuneil. OCOOEHHOCTBIO TEPPUTOPUU  SIBISETCS  CILUIONIHOE  pa3BHUTHE
MHOT'OJIETHEMEP3JIBIX TOPO MOITHOCTHIO 10 500 M.

Ha repputopun IIIl Jlenckue cTONAOBI MONYYWUIIM  PACIpOCTPAaHEHHE TP
pEeMpe3eHTATUBHBIX ~ MOPQOJIOrO-TEHETUYECKUX  THUIMA  KapcTa: TOJBIA, TOKPBITBIA U
3a/IepHOBaHHBIN. 37ech HAOMIOMAIOTCS CIEAYIONIME KIacCHuecKue MposiBiieHus: kapcra. Cpenu
MMOBEPXHOCTHBIX (OPM BBIJETMM MHOT'OYMCIICHHBIE OBAJBHBIC, TOYTH OKPYTJIOW (HOPMBI,
Kapcmosvlie 60pOHKU, TPEUMYIIECTBEHHO KOHYCOOOpa3Hbl€, pEXKE acUMMETpPHUYHbIE, WU
omoaieoopasubie. B qHHUIIIAX BOPOHOK 3a4aCTyO0 OTMEUAIOTCS OTKPBITHIE TPEIIUHHBIE TOHOPHI.

CnusiHue  KapCTOBBIX  BOPOHOK,  PACHOJIOKEHHBIX  BJOJb  OCHOBHBIX  CHUCTEM
TEKTOHMYECKOH TPEIIMHOBATOCTH TOPHBIX MOPOJ (IMAroHaJIbHOM, peXe, OPTOrOHAIbHOIN),
LIMPOKO MPEICTaBIEHHBIM HAa TEPPUTOPUM MapKa, MpeAonpeneansio (GopMHUpPOBAHUE KapCTOBO-
SPO3UOHHBIX JOJIUH C BPEMEHHBIM CTOKOM — CYX000/108: UX JUIMHA 371eCh aocTuraer 6osuee 10
KM: Tak, 111 p. Kyrona npotsbkeHHOCTh cyxonona cocTaBisier 21 km, 1uist pyd. Apra-Kemat — 15
KM, Ut py4d. Turwisa — 10,5 kM u T.1.

CnusiHue HECKOJIBKMX COCEHUX KapCTOBBIX BOPOHOK B YCIOBUSIX 3aIlOJIHEHUS
KapCTOBBIX MYCTOT MECYAHO-TJIMHUCTBIMU OTJIOXKEHHUSMU TPUBENIO K OOPa30BaHUIO KAPCHIOBbIX
o3ep. Hambonee kpymHbIe 03€pa pacnoyiokeHbl Ha Bogopasaenax Jlenwl, Byoramsl, Amru u
CuHell, 3aHMMast KapCTOBBIE IETIPECCHH 1O HECKOJIbKUX KMJIIOMETPOB B TUAMETE.

Hcuesarowue pexu u pyuvu

— XapakTepHas 0COOEHHOCTh THAPOrpadUUEcKOil CeTH paccCMaTPUBAEMOTO peruoHa. 3a
HCKIIIOYEHUEM KpynHbIX peKk — byoramsl u CuHeil, Bce kapcToBble peku (puc. 1) u pydbu
MPUPOJTHOTO TMAapKa MMEIOT MPEPHIBUCTHIM BOJAOTOK JMOO B BEpXHEM, JHOO B CpPEIHEM WIIH
HIKHeM TeueHuu (p. Mapbanait, pyu. Hyua-Ypsre, pyd. Apra-Keinat u ap.), mpuyem B pycnax
(buKCHUpyIOTCS IPOBAJIBI B BUJIE BOPOHOK, IIeNeil, MHOTIa C TOHOpaMH.

Kapcmosvle ucmounuxu

MpeICTaBICHbl  JBYMsS  TUNAMU:  IUJIACTOBBIE  ClIaOOHAmopHbIE, C  BOAAMH
TUIPOKapOOHATHO-KANBIMEBO-MarHUEBOr0 coctaBa (¢ MmuHepamm3amuedr 200-400 wr/m),
CBSI3aHHBIE C HAJ[- U MEKMEP3JIOTHBIMA TOPU30HTAMHU U MPUYPOUCHHBIE K TaJHUKaM Yy OCHOBAHUS
CKJIOHOB, U HaIllOpHbI€ UCTOYHHUKHU CYIh(ATHOrO U HATPUEBOTO cOCTaBa (C MUHEpalu3alueil 10
2000 mr/m) oTHOcsAIIMECS K TIIYOOKMM MEXK- M TOJMEP3JIOTHBIM BOJOHOCHBIM TOPH30HTaM,
pasrpysKaroluecs B IHUIIA PEK U Py4beB, I/Ie MEeP3J10Ta He3HAUUTEIbHA MO0 MpephIBUCTAS.

B ycnoBusx romoro kapcra Ha Boxpopaszznenax Jlenol u byorambl HaOmoparoTcs
cneuuduueckue (GopMbl KapcTOBOro penbeda — kappwvl, MECTaMU BCTpEHarOTCs HEOOJbLIME
OacceliHbl paCTBOPEHUSI — KAMEHUYbL.
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Puc. 2 Jlenckue Cmonboi
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CBoeoOpa3Hoii GopMoii moa3eMHOro (TJIyOMHHOIO0) Kapcra, BCKpbITOro p. JleHa mpu
AMMU30/M4YeckoM BpezaHuu B [IpuneHckoe miiato, sBisitoTCS 3HameHuTble JleHckue CTonObI,
MPOTSHYBILUECS BIOIb OEPEroB peK Kak B BUJE OTACIBHBIX OCMAHY08, TAK U B BHUJIE 3y0UaThIX
cred (puc. 2). Bricora cronb6os gocturaer 200-250 m. KapcroBomy mporieccy moaBepraiach
KakJasi HeOobIlas TpellMHa B KapOOHATHOM MacCUBE, YTO NPHUBEJIO, C OJHOM CTOPOHBI, K €€
HENPEPBIBHOMY PaCHIMPEHHUIO U OTYJIEHEHUIO OUEPENIHOr0o 0JI0Ka OT OCHOBHOI'O MAaCCHBA FOPHBIX
MOpOJI, & C APYroil — K 00pa30BaHUIO MHOTOUUCIICHHBIX HU, Welell, HA8eco8, eCmecmEeHHbIX
apok, a Takxke HEOONbIIUX newep (KaHAJIOB) U Kopudopos. Pazmepsl HUII, MIeNed U HABECOB
HE3HAYUTENbHBI: 10 1-2 B mupuHy U 10 3-4 M B riayouny. IIpoTskeHHOCTh memep He
npessimaer 20-30 M.

B BepxHux 4actax ckioHoB JoiauH p. Jlena, byorama u CuHAi 1mmpokoe
pacrpocTpaHEHHE IOJYYWUIM  MHOTOYMCIEHHBIE  IIENEBUJIHBIE IOJOCTH  (KOPHAOPHI),
3aJI0’KEHHbIE B 0JIb TPELMH OopToBOoro otnopa. x pasmeps! gocturaroT B anuHy 50-100 M npu
mmpuae 0,5-2,0 M. Oprannble TpyOBbl, IAXThl, MPOBAJIBI B BEPXHUX YACTAX JOJUH ITUX PEK
SBIISIIOTCS HECOMHEHHBIM CBUIETEIHCTBOM aKTUBHOCTH COBPEMEHHOTO KapCTOoreHe3a Ha
tepputopuu I1I1 Jlenckue CTon0Obl, ”HTEHCUBHOCTBIO KOTOPOTO 3/1ech oneHuBaercs B 10,3 mwm /
1000 ner.

Natural Park “Lena Pillars” is situated in the latitudinal part of the valley of great
Siberian River Lena. Orographically region explored belongs to Prilenskoe Plateau raised at 300-
600 m above sea level. Climate of the territory is Sub-arctic extreme continental and dry:
average annual temperature of the air is —9,8°C at the annual temperature amplitude to 98°C.
Average annual precipitations doesn’t exceed 249 mm. There is the area of continuous
permafrost up to 300 -400 m thickness. Lower Cambrian limestones and dolomites with a
thickness 400-500 m outcrop represent karst rocks.

In spite of the insignificant quantity of the precipitations falling on the territory of NP
Lena Pillars, karst processes are widespread here. The main reason is the role of the permafrost
in relation to the water, which is the principal factor of the karstification. On the one hand, in
spring and summer periods the evaporative capacity practically is equal to zero in consequence
of the low temperatures of the soil in conditions of permafrost. Moreover, in warm part of the
year the chilled surface condenses actively the water from the air because of the considerable
difference of the temperatures between the air and the soil. On the other hand, the quickly
filtration of the precipitations into karst massifs is blocked by permafrost. That is the reason of
the accumulation of the water, causing the karst processes, is realized on the surface. Therefore
the development of karst relief in the regions with permafrost is in need of in some times less of
the precipitations as compared with the ones where the permafrost is absent (Parmuzin, 1954;
Trofimova, 2007). Additionally, the infiltration of the summer precipitations along the deep
fissures of carbonate rocks, as well as the considerable snow accumulation, causing the warming
impact on the cryolithozone, have done much to support the activity of karst process on the
territory of NP Lena Pillars. More than that, the factor of carbonate reaction plays a significant
role in the development of the processes considered: the displacement of the temperature
maximum lower the foot of the seasonal thawing up layer, favoring the formation of intra-
permafrost taliks, are the features of the regions with the carbonate karstifying rocks. In closing,
the solubility of CO, in the water decreases with the increase of temperature: so, if the
atmospheric pCO; is equal 0,0025, the solubility of CO; in the water at the temperature 0° C is
8,4 mg/l, at the temperature 10°C — 5,85 mg/l, at 20°C — 4,28 mg/I and at 25°C only 3,73 mg/I
(Jakucs, 1979). Thus, cold waters of permafrost’s regions, saturated by CO», are characterized by
the considerable aggressivity in respect to karstifying rocks.
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Classic superficial and underground karst of Natural Park “Lena Pillars” is represented by
karst sinkholes, ponors, dry channels, disappearances of the rivers, karren, karst pillars, etc.

As for Lena Pillars directly. Lena Pillars, as the form of karst relief, were formed
episodically in relation with the incision of the valley of Lena into Prilenskoe Plateau. Generally,
the age of Lena Pillars is estimated to 400 000 years (Tolstikhin, Spector, 2004).

On-going development of Lena Pillars is controlled considerably by the following
geomorphological processes: frosty and cryohydratational weathering, which are the dominant in
the modeling of limestone pillar relief, gravitational-slope, karst and fluvial processes. Karst is
related with the unloading cletfs, where the chains of sinkholes are revealed exactly at its bottom.
Frequently, these sinkholes have the open ponors, being the doubtless confirmation of the recent
karst process.

Type of karst, developing in cold dry climate in conditions of permafrost, has the specific
scientific name, fixed in “Terminology of the karst” (1991): frozen ground Kkarst. Karst of
Natural Park “Lena Pillars” is the obvious example of such type of the karst, having the
outstanding universal value for the world karstology.

THE INFLUENCE OF GYPSUM KARST ON GEOCHEMISTRY OF
NORTHERN BOREAL LANDSCAPES
T.Yu. Tuyukina
Institute of Geography, Russian Academy of Sciences, Moscow
TEOXUMMHS CEBEPOTAEXHBIX JAHAIIA®TOB 'HIICOBOI'O KAPCTA
T.FO.Tywokuna
Uuctutyt reorpaguu PAH, r. MockBa

Studies in the subzone of northern taiga of European territory of Russia, in the middle
flow of r. Pinega, on its right bank (district of Pinezhsky reserve) and on the left bank show up
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that the territories affected by gypsum karst, in dependence of area of distribution of Quaternary
cover on top of gypsum rocks, can be divided into areas of open, covered and mantled karst.

Areas of karst development of these 3 types are associated with landscapes that differ in
composition of natural components and features of their geochemistry, both among themselves
and from the moraine landscapes.

In landscapes of opened gypsum karst Quaternary sediments have low thickness (up to
0,5 meters) and encountered fragmentary, overlapping not more than 50% of the surface. The
thickness of the Quaternary deposits in landscapes of covered gypsum karst is up to 5 meters,
and outcrops of gypsum are fragmentary. In mantled karst landscapes the impact of this
process occurs only in the formation of subsiding landforms and in the influence on the
composition of groundwater, Pre-Quaternary rocks are not encountered here as parent.

In landscapes of opened karst the maximum density of karst landforms occurs: from
100 to 1500 forms and more per km? Karst landforms are funnel-shaped, tubular, crack
deepenings, shared with jumpers and residual hills. Soil, formed on hard gypsum, which had
previously been given the name "sulforendzina™ (S.V. Goryachkin, 1993), predominate in the
soil cover. Birch and pine forests are grow in landscapes of this type, but their growing weight of
above-ground wood is 8-10 times less than in the typical zonal taiga communities. Tops and
slopes of residual hills are characterized by atypical grass-lichen ground cover.

Oligotrophization of plant communities is associated with extreme geochemical poverty
of parent rocks in the majority of elements of plants mineral nutrition: gypsum as evaporite at
98-99% consists of SaSO4 X 2H,0. As for most soils of the taiga zone, formed on silicate rocks,
acid and strongly acid pH in the forest litter horizon is typical for sulforendzinas. Reaction of
mineral horizons of sulforendzinas range from acid (in the upper horizon) to weakly acid in the
lower part of the profile, it is slightly higher than in soils on silicate rocks. Such pH values occur
due to the fact that CaSO; is a salt of strong acid H,SO, and somewhat weaker base Ca(OH),.
and consequently, the hydrolysis of CaSO, gives a slightly acid reaction. Humus content in the
mineral horizons of sulforendzinas is less than 1.5%, lower than in the podzolic soils
(Albeluvisols according WRB) of the moraine landscape.

Concentrations of chemical elements in the thin loamy horizons of soddy soils (Leptic
Regosol) and humus-peaty soils (Histi-Leptic Regosol) of opened karst landscapes are generally
within the same mathematical order as in the loamy horizons of podzolic soils in the moraine
landscapes of the region of research. In this case, the underlying gypsum is the source of the
important biophilic elements: calcium and sulfur. Therefore, although the thickness of the soil
profile on the residual undenudated silica-silicate deposits is low, these soils are much more
favorable for plant growth in comparison with sulforendzinas. This is the reason for the
relatively high carbon content of humus in the topsoil and mineral horizons of soddy and humus-
peaty soils (up to 7.5 and 18.9% respectively).

In the landscapes of opened karst peat soils (Histosols) of karst depressions enriched by
ash elements and have higher nitrogen content unlike peat soils (Histosols) of moraine
landscapes. In addition to enrichment by Ca, S and Sr, in karst peat bogs the contents of K, Si,
Al, Fe, Cu, Br are also increased, ash content increased by 4-8 times (depending on the horizon
of peat). Obviously, the chemical elements entering into the swamp with surface and
groundwater in the sulfate form, lose their mobility in a reducing medium due to the transition to
sulfides and sorption by peat deposits. In addition, the swamps in karst depressions accumulate
loamy silt, demolished from the surrounding territory in the form of mineral dusts and
suspensions.

Natural waters of opened karst landscapes characterized by calcium sulfate composition
and high mineralization - 1.3-1.7 grams per liter. All surface and underground waters (of cave
streams) in comparison with surface and groundwaters of moraine landscapes are also much less
acid (have a pH from neutral in oxidation zone to slightly alkaline in conditions of low Eh) and
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are characterized by high contents of S, Ca and Sr. Along with this, karst waters have decreased
contents of Fe, Mn, Al and CI in comparison with waters of moraine landscapes. Nevertheless,
despite the sharp differences in the composition of parent rocks of gypsum karst landscapes and
moraine landscapes, thanks to the high solubility of sulfates the contents of some elements (Mg,
Na, Cu, Zn, Rb, Pb, Ni) in the karst and "moraine” natural waters are within one order; the
differences between the contents of studied elements in waters are less them the differences in
composition of soil-forming substrates of two landscapes (gypsum and moraine loams).

Marsh plant communities in karst depressions developing in conditions of more balanced
mineral nutrition than communities on residual gypsum hills are more rich in quantities of
species in the grass-shrub layer, which include many Ca-phylous plants (legumes, orchids).

In marshy lakes of opened gypsum Kkarst landscapes in the water-saturated muds an
intense sulfate reduction occurs, accompanied by precipitation of CaCO3 from a solution in the
bottom of the anoxic zones of lakes. (Bacterial sulfate reduction of calcium leads to the removal
of sulfur from the solution or in gaseous form (H.S), either in the form of insoluble sulfides. As a
byproduct of sulfate reduction a bicarbonate-ion appear, which is being associated with
remaining in solution ion of calcium, precipitates in the form of CaCO3 (Rattan Lal et al., 2002).

Typical taiga species in karst woodlands, usually have an increased ash content and in
increased amounts accumulate Ca and Sr. In some habitats an increased concentrations of
elements from the group: S, Zn, K, Rb, Al, Mg, Mn, Fe - are also found in plant tissues, which is
obviously due to the high availability of these elements to plants in the form of sulfates. A group
of elements, which contents are decreased in all habitats of landscapes of opened karst, include
the chemical elements dispersed in the gypsum substrate: Mn, Si, Fe, Al, Mg, K Zn, CI, Rb, Ni.

In landscapes of covered karst the development of karst denudation leads to inclusion
of carbonate-containing moraines (lying deeper than 100 cm in moraine landscapes) and gypsum
in the root layer. Podzolic soils (Albeluvisols) are situated on the tops of karst elevations in such
landscapes, grey-humus soils (Hypercalcaric Leptic Regosols) are appear in conditions of
shallow underlying of carbonate and gypsum rocks. At the same time, stratificated podzolized
residually calcareous soils (Leptic Regosols) form the main background on the slopes and
bottoms of sinkholes with less than 5 meters depth. Areals of sulforendzinas are fragmentary
(take areas of n m?"

The close occurrence of carbonate-containing horizons with a neutral and slightly
alkaline reaction is reflected by increasing of pH of organic soil horizons in comparison with
litters of podzolic soils in moraine landscapes. In addition, although in all horizons of loamy
soils of two landscapes the levels of other oxides are similar, the contents of CaO and MgO are
increased on covered karst, with the exception of horizons EIB in Leptic Regosols on slopes and
bottoms of sinkholes, which (according analytical data) podzolized stronger than automorphic
podzolic soils on tops of karst hills due to intense attack of surface runoff. Along with this, levels
of strontium in the mineral horizons, with the exception of carbonate-containing and gypsum
horizons, are not larger than those typical for podzolic soils. In landscapes of covered karst high
concentrations of calcium (up to 4.54%) are characteristic of litters, and litters have high ash
content (6,5-23%), which is also a common feature for the opened karst landscape soils. In
Hypercalcaric Leptic Regosols an additional biogeochemical and sorption barrier of
accumulation take place (horizon AY), where the concentrations of Ca, Mg, K, Mn, Fe, Ni, Cu,
Zn, Rb and Y are higher than typical for soils of moraine landscapes (in the opened karst
landscapes the similar organic horizons accumulate only Ca, Fe and P).

As in the opened karst landscapes, on covered karst an upward trend of the ash content in
plant organs of typical taiga representatives of forest stand, shrub layer and green mosses
observed, but a group of elements with increased accumulation on covered Karst is usually wider.
In more than half samples it consists of Ca, Mg, K, P, Si and Sr (Strontium accumulation is less
pronounced than in the opened karst landscapes). Thanks to biogenic homogenization of the
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nutrients distribution in litters within the ecosystem, plants, that settle in the small areals of
sulforendzinas and whose root systems predominantly assimilate organic soil horizons,
concentrate mineral elements on nearly the same levels with the same species on loamy soils,
adjacent to soils on gypsum in the soil cover.

The presence of additional sources of biophilic elements calcium and sulfur in covered
karst landscapes leads to improved forest stand quality class, growth in number of species in the
soil cover and presence of Ca-phylous plant species, atypical for the moraine landscape (juniper,
rose, monkshood).

Mineralization and ionic composition of cave streams waters in covered karst landscapes
and cave waters in opened karst landscapes are close due to homogeneous composition of
karstifying stratum of sulfate rocks.

In landscapes of mantled karst, as in conditions of opened Karst, in lakes with sulphate
mineralization the accumulation of lime sediments as a result of sulfate reduction is taking place
from the early Holocene (according to radiocarbon dating). Due to the formation of lime deposits
(with thickness up to 35 cm) and retreat of the lake borders, a specific soil catenas with peaty-
dark humus residually carbonate soils (Histic Calcaric Regosols) on slopes and peaty residually
carbonate soils (Hyper calcaric Histic Regosols) on swampy lake terraces formed within a radius
of several tens of meters from the coastline.

High forest stand quality class and abundance of grass are typical on peaty-dark humus
residually carbonate soils (Histic Calcaric Regosols). On peaty residually carbonate soils (Hyper
calcaric Histic Regosols) on swampy lake terraces, where the thickness of lime sediments is
maximal, there are atypical for northern part of forest belt carex-grass-spirea communities with
oppressed spruce trees in the stand.

Lime sediments consist mainly of CaCOj3 the total content of oxides-admixtures amounts
to 13-17%. Low level of MgO together with high concentrations of SOz (4,08-5,29%) and
especially Sr (up to 1233 mg/kg) indicate a genetic relationship between the lacustrine lime
sediments and gypsum.

Due to the presence of calcium carbonate layer in the profile of soils formed on lime
sediments the pH-reaction in all mineral soil horizons is within an alkaline part of scale.

The soils of mantled karst landscapes formed on lime sediments, as soils of gypsum karst
landscapes of other types, creating more favorable conditions for humus formation, than in soils
of typical moraine landscape: the humus content reaches 9.14%.

One more common difference is the high ash content of organic horizons, due to a large
extent the increased accumulation of calcium. As peatlands of opened karst landscapes,
lacustrine peat bogs on lime sediments characterized by increased accumulation of Ca, S, Sr, Br
and Cu, which complemented by accumulation of elements that are not characteristic for
peatlands on opened karst - P, Mn, Zn and Ni (for the last 3 elements and copper, apparently,
carbonate barrier of deposition is acting, the high accumulation of Br and P caused phytogenic,
and Ca, S, Sr - lithogenic factor).

An increasing of ash content in plant organs, typical for karst landscapes of different
types, in ecosystems on lacustrine lime sediments usually occurs due to accumulation of
elements-indicators of karst gypsum - calcium and strontium, and also zinc, and bromine.
Simultaneously, the role of calcium carbonate substrate in at least half of the cases seen in
deconcentration of Cl, Mn, Fe, Rb and, in some cases, Ni and Cu.

Conclusions

1. Gypsum Kkarst landscapes essentially differ by geochemistry of soils, waters and
vegetation from moraine landscapes, which predominate in the zone of boreal forests.

2. Geochemistry of gypsum karst landscapes of different types (opened, covered and
mantled) is significantly differs.

123.


http://lingvo.yandex.ru/together/%D1%81%20%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%BE%D0%B3%D0%BE/LingvoUniversal/

3. Gypsum karst landscapes of different types belong to different classes of geochemical
landscapes according to classification of geochemical landscapes by A.l. Perelman. Sharp
geochemical specifics of opened karst landscapes demands an inclusion to Perelman’s
classification an additional Gypsum (acidly-calcium sulfate) class of geochemical landscapes in
boreal zone.
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HccnenoBanusi, npoBeA€HHbBIE B MO30HE ceBepHoW Taiiru ETP, B cpegnem teueHuu p.
IMunern, Ha e€ mpaBoOepexbe (paiioH IluHEKckoro 3amoBeAHHMKA) M Ha JieBOOEpeKbe
CBUJETENbCTBYIOT, 4YTO TEPPUTOPUH, IOABEPKEHHbIE T'MIICOBOMY KapCTy, IO MOLIHOCTU H
IJIOMIAN PACHPOCTPAHEHUS] YETBEPTHYHOI'O YE€XJia HAa KPOBJIE THUIICOB MOXHO DPa3JeiIUTh HA
palioOHBl Pa3BUTHUS OTKPBITOrO, MOKPBITOIO M MNEPEKPHITOro kapcra. C pallOHaMH pa3BUTHUSA
KapcTa 3TUX 3-X THUIOB CBS3aHBl JaHAMA(PTHI, OTIMYAIONIMECS IO COCTaBy MPUPOIHBIX
KOMIIOHEHTOB M OCOOCHHOCTSIM MX T'€OXMMHUU KaK MEXKIY COOOH, Tak M OT MpeolafaiuX B
pEeruoHe MOPEHHBIX JIaH 1A TOB.

B nanamagdrax 0OTKpbHITOro rUMCOBOT0 KAPCTa YETBEPTUYHBIC OTIOKEHHS MAJIOMOIIIHBI
(mo 0,5 metrpoB) m BCTpewaroTcs (parMeHTapHoO, TepekpbiBas He Oonee 50% nHEBHOM
MMOBEPXHOCTH, OCTABJsIs OCTAJIbHYIO IUJIOIMIAAh BBIXOAAM THICa. MOITHOCTh YETBEPTUYHBIX
OTJIOKEHUH B JIaHMA(TaX MOKPBITOr0 KAPCTa COCTABISIET IO 5 METPOB, a BBIXO/BI TUIICOB HA
MMOBEPXHOCTH (hparMeHTapHbl. B manamadTax nepekpoITOro Kapera Bo3[eHCTBIE KaPCTOBAHUS
MPOSIBIISIETCS. TOJILKO B (DOPMHUPOBAHHMH TPOCAAOYHBIX (OpM penbeda W BIUSHUM HA COCTaB
TPYHTOBBIX BOJ, JIOYETBEPTUYHBIE TIOPOABI 3JIECb HE BCTPEUalOTCS B  KauecTBe
MOYBOOOPA3YIOIINX.

B sanamagTax oTKpPbITOro KapcTa IUIOTHOCTh KapCTOBBIX ()OPM MaKCHMalbHA - OT
100 mo 1500 dopm u Gomee ma km°. KapcToBbiMM (OpMamu SBISIOTCS BOPOHKOBHHEIE,
TpyOUaThle, TPEUIMHHBIC YrIyOJeHUs, a TaKXKe pa3Aeisiolie UX MEePEeMbIYKA M OCTaHIbL. B
MMOYBEHHOM IOKPOBE JOMUHHUPYIOT MOYBBI, CPOPMUPOBABIINECS HA TUIOTHBIX THIICAX, KOT OPbIM
paHee ObUIO JaHO Ha3BaHUE «CYIb(POpPEHI3HHbI» U «runcoodenosemel» (C.B. 'opsuxkun, 1993,
2006). ITpouspactaroT 6epE30BO-XBOWHBIE PEIKOJIECHS, BEC PACTyIleld HaJA3eMHOI IpEeBECHHBI B
KOTOpbIX B 8-10 pa3 MeHblIe, UeM B TUIHYHBIX 30HAJBHBIX coobiiecTBax. B aBToMOp GHBIX U
TPAH3UTHBIX AJIEMEHTAPHBIX JaHAMAaPTaX XapaKTEepPeH HETHIMMYHBIA 37aKOBO-ITUIIAHHUKOBBIN
HAINOYBEHHBIN TOKPOB.

Onurorpoduzaiusi pacCTUTEIBHBIX COOOIIECTB CBSI3aHA C UCKIIOYUTEIBHON O€IHOCTHIO
MAaTEePUHCKUX TOPOJ OOJBIIMHCTBOM JJIEMEHTOB MHHEPAIBLHOIO MUTAHUS PACTEHUMN: THUIICHI-
sBanopuThl Ha 98-99% cocroar u3z CaSO4 X 2H,0. Kak u a1 60JbIIMHCTBA MOYB TACKHOM
30HBI, Pa3BUBAIOLIMXCA HA CHJIMKATHBIX MOPOJAX, JJIs TUIICOOEI03EMOB XapaKTepHbI KUCIbIE U
clibHOKHCIbIe 3HAaYeHus: pH moactunok. Peakiusi MUHEpalbHBIX TOPU30HTOB 3THUX IOYB OT
KHUCIION (B BEpXHEM TOPU30HTE) JO0 CIaOOKHCIOW B HIDIKHEH YacTh Mpoduisi, T.€. HECKOJIbKO
BBIIIIE, YEM B MOYBAX HA CHJIMKATHBIX MOPOJaX. YKa3aHHbIE 3HaueHUs: pH 0OBSICHAIOTCS TEM, YTO
CaS0, sBnsercst conpto cuibHOM kuciaoThl HySOs4 M Heckonbko Oosee €naboro OCHOBaHHS
Ca(OH),, a cienoBaTenbHO, IpH TUAPOJIU3E NaCT cliabokucyro peakiuio. ComepkaHue rymyca
B MHHEpaJbHBIX TOPHU3OHTaxX Cylb(popeHI3uH cocTaBiser Menee 1.5%,  Hibke, 4eM B
MO/I30JIMCTHIX TOYBAX MOPEHHBIX JTaHAIIA(TOB.
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CopepxaHusg XUMUYECKMX 3JEMEHTOB B MAJOMOIIHBIX CYTJIMHUCTBIX TOPU30HTAxX
JEPHOBBIX U MEPETHOWHO-CYXOTOP(SIHBIX MOYB JIAHAIIA()TOB OTKPBITOrO KapcTa — B IEJIOM TOTO
e MOPSJIKA, YTO M B CYINIMHUCTBIX MOPU30HTaX MOJ30JIMCTHIX MOYB MOPEHHBIX JaHAma(ToB
peruoHa wucciueqoBaHui. IIpy 3TOM HUKENEKalMd THUIC SBISIETCS HCTOYHUKOM Ba’KHBIX
3JIEMEHTOB-0M0GMIOB Kaiblus U cepbl. [103TOMY, XOTS MOLIHOCTH IPO(UIIA MOYB HA OCTATKAX
KBapIl-CHJIMKATHBIX OTJIOKCHHWI HEBEIMKAa, STU IMOYBHI 3HAUUTENHHO OoJiee OJar OnpusTHBI s
MIPOM3pACTaHUs PACTEHUH IO CPaBHEHUIO C TUIIcOOeno3eMaMHu. JTO SBIAETCA NPUYUHOU
OTHOCHUTEJIBHO BBICOKOTO COJEp)KAaHMs Yriiepoja TyMyca B TyMYCOBBIX M MMHEPAJIbHBIX
TOPU30HTAX JIEPHOBBIX U MEPErHONHO-TOPPSHUCTHIX MOUB (10 7.5 1 18.9 % cOOTBETCTBEHHO).

TopdsHble MOYBBI KAapCTOBBIX JeMpeccHid B JaHAmadTax OTKPHITOrOo Kapcra
OTJMYaAIOTCd OT TOP(SHBIX TOYB MOPEHHBIX JaHAMA(PTOB  00OraméHHOCTHIO 30JbHBIMU
JJIEMEHTaMH, a Takke Ooiee BBICOKMM copaepxkanueM aszora. Ilomumo Ca, S u Sr, B Topdhax
KapcToBOro 6osyora nosbimeHo Takxke comepkanue K, Si, Al, Fe, Cu, Br, cogepxanue 30Jb1
MOBBIIIEHO B 4-8 pa3 (B 3aBUCHUMOCTH OT ropu3oHTa). O4eBHUAHO, XUMHYECKHE 3JIEMEHTHI,
HOCTyMawIye B 00J0TO C MOBEPXHOCTHBIMU M TPYHTOBBIMH BOJaMu B Cyib(haTHOW ¢opme,
TEPSAIOT MOJABUKHOCTh B BOCCTAHOBUTEIBHON 00CTaHOBKE, ITOCKOJIBKY MEPEXOIST B CYJIb(OUIBI U
copOupyroTcst TopdsiHOit 3anexbio. K Tomy ke 00510Ta B KapCTOBBIX KOTJIOBUHAX aKKyMYJIUPYIOT
OCTaTKU CYTJMHUCTOTO MeEJNKO3éMa, CHOCUMOIO C OKpY’Karolleil TeppuTopun B BHUIE
MUHEpaJbHON NBLIM U B3BECEH.

[Ipuponnbpie BOABl JTaHAMA(TOB OTKPBHITONO KapcTa XapakTepU3ylTcs Cyiab(paTHO-
KaJbIIMEBBIM COCTaBOM U MOBBIIIEHHOW MHUHepanu3anuen - 1.3-1.7 r/n. Bce moBepxHOCTHBIE U
1ojA3eMHbIe (IEHIEPHBIX BOAOTOKOB) BOABI MO CPABHEHUIO C MOBEPXHOCTHBIMU M IPYHTOBBIMU
BOJIaMH MOPEHHBIX JIAHAMAPTOB TaKKe 3HAYUTENBHO MeHee Kuciele (uMeror pH ot
HEUTpaibHBIX B OKHUCIMTEILHONW 30HE J0 CJIA0OIIETIOUYHbIX HMPH YCIOBUU BOCCTAHOBUTENBHBIX
MPOIIECCOB) M OTIMYAIOTCS BBICOKUMH conepxkanHusimu S, Ca u Sr. Ilpu 3TOM OTHOCHTENHHO
MTOBEPXHOCTHBIX BOJI MOPEHHBIX JIaHIMAa()TOB B HUX MOHUXKeHbI conepxkanus Fe, Mn, Al u Cl.
Tem He MeHee, HECMOTPsSl HA PE3KHUE Pa3IMUMs B COCTaBE M1OYBOOOPA3YIOIMX MOPOA TMIICOBO-
KapCTOBBIX W MOPEHHBIX JaHAmAadTOB, Oynarojgaps BBICOKOW pPacTBOPUMOCTU CyJb(}aToB
comepxkaHusi psga snemeHToB (Mg, Na, Cu, Zn, Rb, Pb, Ni) B kKapCTOBBIX H «MOPEHHBIX)»
MIPUPOJHBIX BOJAAX HAXOAATCS B Mpenesax OJHOrO MOpsAKa, TO €CTh OTIMYAIOTCS 3HAYUTENbHO
MEHbIIIe, YeM UX CO/IepKaHHs B TOUYBO0Opa3yIOUIMX OPOIaX.

PacturensHbie coobmiecTBa 0OOJOT B KAapCTOBBIX JENPECCHUAX, pPa3BUBAIOIIUECS B
yclIoBUsIX OoJiee cOalaHCUPOBAHHOTO MUHEPAJIBHOIO MUTAHUS, YEM COOOLIECTBA aBTOMOP(HBIX
JIEMEHTApHbIX JIAHAWA(TOB, OTIMYAIOTCS OOraTcTBOM BHUIAaMHU B TPaBSHO-KYyCTapHUYKOBOM
sApyce, Cpear KOTOPbIX MHOI'O pacTeHUH -KaabliepuiioB (0000BbIE, OPXUIHBIE).

B 3a0osouenHbix 03€pax naHAMA(TOB OTKPBHITOTO KapcTa B BOJOHACHIIMIEHHBIX HIIAaX
IpOTeKaeT HMHTEHCUBHAs cyibdaTpenykuus, compoBoxiaromiascs ocaxiaenueM CaCOz wu3
pacTBopa B MPHIOHHON yYacTH OecKUcIopoaHOM 30HBI 03&p. (bakTepmanbHOEe BOCCTAaHOBIIEHUE
Cylb(aToB KaJbIMs MPUBOAUT K yHAJIEHHUIO CEpbl M3 pacTBopa JmbOO B razoolOpaszHou (opme
(H2S), mmbo B BHAEC HepacTBOPUMBIX CyinbhuIOB. B KkadecTBe MOOOYHOrO MPOJYKTa
cyabaTpeyKIun obpa3zyercss OMKapOOHAaT-MOH, KOTOPBIM CBSI3bIBACTCS C OCTaBIIMMCS B
pacTBOpe HOHOM Kauiblius, ocaxaasch B Buge CaCOg, (Lal et al., 2002)

Pactenuss TMNMYHBIX Ta&KHBIX BUJIOB B KAPCTOBBIX PEIKOJIECHAX, KaK MPABUIIO, UMEIOT
MOBBIILIEHHYIO 30JbHOCTh U B MOBBIIIEHHBIX KOJMYecTBax HakamauBaioT Ca u Sr. B HekoTophix
MECTOOOUTAaHUSAX B  PACTUTENBHBIX TKaHAX OOHApY)KUBAIOTCS  TaKXKe  IOBBIIIECHHBIE
KOHIIEHTpAIlMU JJIEMEHTOB W3 cleayromiei rpynnsl - S, Zn, K, Rb, Al, Mg, Mn, Fe, uTo,
OYEBUJHO, CBSA3aHO C BBICOKOH JOCTYNMHOCTBIO 3THX 3JIEMEHTOB ISl pacTeHHil B Qopme
cynbgaTtoB. ['pymnmy 37IeMEHTOB, COAEpXKaHHUS KOTOPBIX CHIIKEHBI BO BCEX MECTOOOUTAHHSIX
TaHAMAPTOB OTKPBITOrO KapcTa, COCTABISIOT XUMHUUYECKUE DJIEMEHTHI, PACCESIHHBIE B TUTICOBOM
cyoctpare: Mn, Si, Fe, Al, Mg, K Zn, Cl, Rb, Ni.
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B aganamadgTax mOKpHITOro Kapcra pa3BUTUE IMPOLECCOB KapCTOBOM JI€HYJIaLUU
MIPUBOJNT K MOMAJAHUIO B KOPHEOOUTAEMBIN CIIOM KapOOHAT-COAEpKAIIMX MOPEH (3aJIeraroliX
riryoxe 100 cM B MopeHHbIX JaHamagTax) U rumncoB. Hapsay ¢ moA3onucTeiMU IOYBaMU
aBTOMOP(HBIX 3JIEMEHTAPHBIX JaHIMIA(QTOB U CEPOryMYCOBBIX (IpH OJIM3KOM MOJICTUIAHUU
KapOOHATHBIX M T'MIICOBBIX ITOPOJ) HAa CKJIOHAX U B JIHUIIAX KAPCTOBBIX BOPOHOK ITyOHMHOM 10 5
M OCHOBHOH (DOH COCTaBISIIOT IMEN03EMBI OMOJA30JICHHBIE OCTATOYHO-KapOOHATHBIE. Apeaisl
THIICOOETO3EMOB PEIKH I HEBEIHKH (3aHHMAIOT N M2).

brmu3koe 3aneranue oxapOOHAUYEHHBIX TOPU30HTOB C HEUTPAILHOW W CIaOOIIETOYHON
peakiueil cpeabl oTpaxkaercs MoBbllieHneM pH opraHoreHHbIX TOPU30HTOB MOYB 110 CPABHEHUIO
C TMOJCTUJIKAMHU TOA30JUCTBIX IOYB MOpPEHHBIX JaHAamadroB. IloMuMo 3TOro BO BCex
TOPU30OHTAX CYIJIMHUCTBIX TOYB TPU CXOJHBIX YPOBHSAX COJAEPKaHUSA MPOYMX OKCHIOB
nossiaercs copepxkanue CaO u MgO, 3a uckmouenuem ropusontoB ELB B nenozémax Ha
CKJIOHaX M [JHHUIIAX BOPOHOK, B KOTOPBIX Osarogaps MHTEHCHUBHOMY BO3JIEHCTBUIO
MIOBEPXHOCTHOI'O CTOKA OIOA30JMBAaHUE IPOSBIAETCS, 0 AHAIUTUYECKUM JAaHHBIM, CUJIbHEE,
4yeM B aBTOMOP(HBIX MOA30JMCTHIX MMOUBaX. B TO e BpeMs ypOBHH CTPOHLIUS B MUHEPAIbHBIX
TOPU30HTAX, 3a MCKIIOYEHHEeM KapOOHAaTHBIX U THUICOBBIX, HE IMPEBBIIIAIOT YPOBEHb,
XapakTepHbI IS TOA30JMCTBIX TMOoYB. B maHgmadTax MOKPBHITOTO KapcTa BBICOKHE
KOHIIEHTpaluu Kaipius (10 4,54%) xapakTepHbl U JJis MMOJCTHIIOK, OTMEYAETCs] UX BbICOKAs
30J1bHOCTH (6,5-23%), 4TO siBisieTcs OOLIMM IPU3HAKOM U IS MOYB JIAHAWA(PTOB OTKPHITOrO
KapcTa. B ceporymMycoBbIX OCTaTOYHO-KapOOHATHBIX IOYBAaX IMOSBJIAETCS JONOJHUTEIbHBIN
OMOreOXMMUYECKUd M COPOLMOHHBIA Oaphep akkyMymsauuu (ropu3oHT AY), Ha KOTOpPOM
kounentparuu Ca, Mg, K, Mn, Fe, Ni, Cu, Zn, Rb u Y npeBbimaroT xapakTepHbI¢ 1)1 MOYB
MOpeHHbIX  JaHamadToB (B nmapamadrax — OTKPHITOTO  KapcTa B AHAJIOTHYHBIX
OpraHOMHMHEpaJIbHBIX FOPU30HTAX HaKaruiuBatoTces uib Ca, Fe u P).

Kak u B ycinoBUsSIX OTKpPBITOrO Kapcra, HaOI0AaeTCs TEeHICHLUS TOBBIIIEHUS 30JIbHOCTH
pPaCTUTENbHBIX OPraHOB THUIHYHBIX Ta&XHBIX MPEIACTaBUTENEH APEBOCTOS, KYyCTapHUYKOBOIO
sApyca U 3eJIEHbIX MXOB, OHAKO TI'PYIIA JIEMEHTOB C MOBBIIIEHHON aKKyMYJISIUEH B yCIOBUAX
MOKPBITOTO KapcTa, Kak MpaBuilo, mupe. B 6oree, yem nonoBuHe cnydaeB B He€ BxonsaT Ca, Mg,
K, P, Si u Sr (akkymynsmus CTpOHIIUSI BBIpakeHa crnabee, 4eM B JaHImadTaXx OTKPBITOTO
kapcTa). braromapsi OumoreHHONM TOMOrEHHM3aIMU COCTaBa MOACTUJIOK BHYTPU 3KOCHCTEMBI
pacTeHus, TOCeNsIomuecs B HEOONbIIMX MO IUIOMIAAM apeajdax THUICOOEN03eMOB U
OCBavBaIOIIME KOPHEBBIMH CHCTEMaMH IPEUMYIIECTBEHHO OpPraHOT€HHbIE TOPU3OHTHI,
KOHIICHTPUPYIOT MHUHEpPAJIbHBIE 3JIEMEHTBHl NPAaKTHUYECKH Ha YypOBHE TEX JK€ BHAOB Ha
COCEACTBYIOIMX B IOYBEHHOM MOKPOBE CYIJIMHUCTBIX IOYBAX.

Hanuuue nONONMHUTENBHBIX MCTOYHUKOB OHMOQMIBHBIX 3JIEMEHTOB KaJbLUsS U CEPBl B
nmaHAmadTax MOKPHITOro Kapcra MPUBOAUT K YIyUYIIEHHIO OOHHTETa APEBOCTOS, POCTY 4ucCia
BUJIOB B HAIOYBEHHOM ITOKPOBE U MPOM3PACTAHHIO BHJIOB-KaJbLIE(PHUIOB, HETHUIMHYHBIX [
MOPEHHBIX JTaHAMA(TOB (MOXIKEBEIbHUK, IIUMTOBHHUK, AKOHHUT).

Boabl nemiepHbIX BOJOTOKOB B JIaHAmaTax MOKPBHITOIO KAapcTa CXOAHBI IO YPOBHIO
MUHEpaJU3alud U MOHHOMY COCTaBy C BOAAMHM Iellep JaHAWA(TOB OTKPBHITOTO KapcTa, 4To
00yCJIOBJIEHO OAHOPOJHBIM COCTAaBOM KapCTYIOLIEHCS TONIIM CyJIb(aTHBIX MOPOA.

B nanamadrax nepekpnITOro Kapera B 03€pax ¢ cyib(haTHOW MUHEpaIu3aluel, Kak 1
B YCJIOBUSAX OTKPBITOIO KapcTa, C PaHHETr0JI0LIEHOBOI'0 BpEMEHH (110 TaHHBIM PauoyIJIepOIHON
JATUPOBKH) OCYIIECTBISIETCS HAKOIJIEHHE KapOOHATHO-KAJIBIIMEBBIX OTIOKEHUN B pe3yibTare
cynbdarpenykuuu. braromaps o6pa3oBaHuio 3aiexeil KapOOHATHOW Taku (MOIIHOCTBIO 70 35
CM) M OTCTyHaHUIO TpaHUll 03€p, B paanyce JAECSITKOB METpPOB OT OeperoBod JIMHUU
oOpa3oBanuch crneuu@uueckue MOYBEHHbIE KaTEHbl C CEPOryMYCOBBIMM  OCTAaTOYHO-
KapOOHAaTHBIMM TIOYBAMH B ABTOHOMHBIX 3JIEMEHTapHBIX JaHAmApTaX, IeperHoHHO-
TEMHOTYMYCOBBIMH B TPAH3UTHBIX U TOP(PSHBIMH OCTaTOYHO-KapOOHATHBIMH B CyIlepaKBaJIbHBIX
aneMeHTapHbXx — JaHamadgrax. C  NeperHOMHO-TEMHOTYMYCOBBIMH — HOYBaMH  CBSI3aHBI
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BBICOKOOOHUTETHBIE Jieca C OOWJIMEM TpaBOCTOS; Ha TOP(MSHBIX OCTaTOYHO-KapOOHATHBIX
Mo4YBax, IJl€é MOUIHOCTh TakKW MaKcUMajbHa, HAOJIIOJAIOTCd HETUIHMYHbIC U1 JAaHHOW 30HBI
OCOKOBO-3JIaKOBO-TAaBOJITOBbIE COOOIIECTBA C YTHETEHHBIMU €JISIMU B JIPEB OCTOE.

l'axa cocrour npeummymectBeHHO u3 CaCOs, cyMMapHOE COAEpPKAHHE OKCHUIOB-
npumecet cocrasisier 13-17 %. Huskuit ypoBenp MgO npu BbeICOKMX KOHLEHTpauusax SO3
(4,08-5,29%) u ocobenno Sr (10 1233 Mr/kr) yka3piBaeT Ha TEHETUYECKYIO CBsI3b KapOOHA THOM
ra)kvl ¢ TUIICaMH.

B cBs3M ¢ nmpucyTcTBHEM KapOOHATHO-KAJIBIUEBOTIO CJI0S1 B MpoQuiIe peakuus Cpeabl BO
BCEX MHUHEpAJIBHBIX TOPU30HTaX IMEPErHOMHO-TEMHOTYMYCOBBIX M TOP(SHBIX OCTATOYHO-
KapOOHATHBIX TOYB HAXOJUTCS B INEJIOYHOM Ijiedye. pH OpraHoreHHbIX TOPU30HTOB MEHee
KHUCJBIH, 4YeM B MOYBaX MOPEHHBIX JaHAMA(PTOB B JaHIMA(TOB OTKPHITOro KapcTa (B XOpOUIIO
pa3noXKEeHHbIX TOPU30HTaX Topda peakuus HpuOIMKaeTcs K HelTpanbHOH). B mouBax Ha
3ajexax rakh, Kak ¥ B THUIICOBO-KapCTOBBIX JaHAMA(TaXx APYruxX TUIOB, CO3AAIOTCA Oornee
0JIaronpUsATHBIE YCIOBHS I TyMycoOOpa3oBaHHS, HEXEJINM B MOYBAX THUIMYHBIX MOPEHHBIX
nmaHamadToB: coaepxkaHue rymyca gocruraer 9,14%. OOmmM OTaMuYMeM SBISIETCS U BBICOKAs
30JIBHOCTh OPraHOT€HHBIX TOPHU30HTOB, OOYCIIOBJIEHHAs B 3HAUYHMTEIHHONH Mepe HAKOIJICHHEM
kanpiuus. Kak u TopdsHuky nanamadToB OTKPHITOrO KapcTa, Mpuo3€pHble TOPPSIHUKU Ha raxe
otnuyatorcsa akkymyssinued Ca, S, Sr, Br u Cu, KOTOpyI0 JONOJHSAET aKKyMYJISIUs 3JIEMEHTOB,
HE XapakTepHas I TOPPSHUKOB OTKphITOro kapcra — P, Mn, Zn u Ni (ans nmocinenHux 3-x
2JIEMEHTOB M MEJH, I0-BUAUMOMY, JIeHCTBYeT KapOOHATHBIN Oapbep ocaxk/1eHus, HaKoIJIeHue Br
u P o0ycnoBiieHo ¢putorennsiM, a Ca, S, Sr - TMTOreHHBIM (PaKTOpPOM).

XapakTepHoe IS KapCTOBBIX JIAHAIIA(TOB MOBBINIEHUE 30JbHOCTH PACTUTEIBHBIX
OpraHoB B DJKOCHCTEMax Ha KapOOHATHOW Take, KaK IPaBHIO, IMPOUCXOIUT 3a CUET
aKKyMYJIMPOBaHUS 3JIEMEHTOB-UHIUKATOPOB FMIICOBOIO KapCTa - KaJbIUs U CTPOHLIUSA, a TAKXKE
nMHKa U Opoma. OJIHOBpPEMEHHO poOJb KapOOHATHO-KaJbIIMEBOrOo cyOcTpaTa B HE MeHee
TIOJIOBUHBI CITy4aeB TmposiBisieTcss B AekoHnenTpanuu Cl, Mn, Fe, Rb u, B oTnensHbIX ciydasx,
Niwu Cu.

DOES ECOTOURISM EXIST?
E.S. Fedeneva
“Stalagmit — Tour” Company, Kungur
IKOTYPU3M CYIIECTBYET?!!
E.C.®DeneneBa
00O «Cranarmut — Dxckype», Kynryp

13 oOuieHust ¢ npupooi Bbl BEIHECETE

CTOJIKO CBETa, CKOJIbKO BbI 3aXOTUTE, U

CTOJIBKO MY’KECTBA M CUJIbI, CKOJIBKO BaM HYKHO. ..
3eiime Morann I'ordpus

DKOJIOTMYECKOE BOCIUTAHUE, HA CErOJHSIIIHUN J€Hb, CYHUTAETCA CaMbIM MPUOPUTETHBIM
HalpaBJICHUEM, KaKk B MHUpe, Tak U B Poccuu. ['laBHOW 11€JIbI0 3TOTO BOCHUTAHUS SIBISIETCA
(hopMHUPOBAHUE Y JFOACH TPENETHOIO U 3a00TIMBOr0 OTHOIIEHUS K MPUPOJIC U BCEM MPUPOTHBIM
00beKTaM. DTO OTHOIICHHE JOHDKHO HE IPOCTO JIGKATh HA TIOBEPXHOCTH, a MIPOHUKATh B CaMy
CYIIIHOCTh Y€JIOBEKA U OCTABJISITh HEU3TIAAUMBINA OTIEYATOK B IITyOMHAX €ro CO3HAHUSI.

B »sKoslorMyecKOM BOCHUTAHUM BHUIHYIO POJb HUIPAET «IKOTYPU3M». BOJBIIMHCTBO
TypUCTHYECKUX (upM, oOpraHm3anmuii W My3eeB pa3pabaThIBAIOT  CIEIUATN3UPOBAHHBIC
JKOJIOTUYECKUE MapIIPYThI, TPOMbI, SKCKYPCUHU, HAIIPABIICHUS, C I[€JIbI0 IPUBJICYECHUS TYPHUCTOB
1, KOHEYHO JKe, 000ralleHus 3a UX CYET, K COKAICHUIO0, OHU HE BIYMBIBAIOTCS B CaM TEPMUH H
KaKyl0 CMBICIOBYIO HAarpy3Ky, IYXOBHYI U (DU3HUECKYl0 OTBETCTBEHHOCTh HECET €ro

127.



ornpezeneHue. MHOrue 1ymaroT, UTO «3KOTYpPU3M» 3TO BCEro JIMUIb IyTEUIECTBUE MO MPUPOJIE U
MPUPOIHBIM 00BEKTaM, KOTOPOE HE HAHECET UM Bpeia. A MEXIy TeM, 3TOT TEPMHUH HECET B cede
Oosee rioy0okoe u obmmpHOeE onpeaenenne. Bor, HanpuMmep onHO U3 HUX, naHnHoe OOmecTBOM
skotypusma CIIIA: «OkoTypu3sM — 3TO MyTELIECTBUE B MECTa ¢ OTHOCHTEIBHO HETPOHYTOM
MPUPOAOH C IEIbI0, HE Hapymas LEJIOCTHOCTH 3KOCHCTEM, MOJIYYUTh MPEACTABICHUE O
MPUPOJHBIX M KYyIBTYPHO — ATHOTpaQUUIECKUX OCOOCHHOCTSIX JaHHOW TEPPUTOPHH. DKOTYPU3M
CO37aeT TaKHMe SKOHOMUYECKHE YCJOBHS, KOTJa OXpaHa NPUPOAbl CTAHOBUTCS BBITOAHOU
MECTHOMY HaceleHHuo». To ecTh, JUIsl SCHOCTH, YTOOBI MMETh MpaBO pa3padaThiBaTh U
MPOBOJIUTh IKOJIOTHYECKUE SKCKYPCHHM, HY)KHO COOTBETCTBOBATh BCEM ATHUM YCTaHOBJICHHBIM
TpeOOBaHMAM. DKOJIOTMYHBIMUA MapIIpyTaMd MOXKHO CUMTATh JIMINb Te, TA¢ ObLI HCIOJIb30BaH
OKOJIOTHYECKUNW TPAHCIOPT, TJ€ Ha TMHUKHUKE TYPUCTHl YHOTPEOISUIM B TMHILY JIHIIb
AKOJIOTUYECKH YHCTBIC IMPOIYKTHI, a BBICOKONPO(ECCHOHANBHBIA IKCKYpPCOBOJ TOBeAan 00
IKOJIOTUIECKUX MPOOTIEMaxX CBS3aHHBIX C PETHOHOM, TIE MPOXOAUT MAPHIPYT, KAaKUe MyTH IS
paspenieHust 3TuX npodaeM OH BUIUT, U YTO MPEAIPUHUMAIOT B CBSI3U C STUM MECTHBIE BIACTH.
A Hamocnenok He 3a0ynbTe, YTO BECh MYyCOp IOCJIE Balllero mpeObIBaHUS HYKHO HE MPOCTO
cobpaTh M BBIOPOCUTH B OJMKAMIIMK MyCOpHBIH 0ak, a MYCTUTh B SKOTEXHOJIOTHUYECKYIO
nepepa®oTKy. Sl Hazeroch, YTO MpUBal Bbl JeNajl U KOCTEP pPa3BOAMIM B CIEHHAILHO
OTBEICHHOM OOOPYIOBAaHHOM MecTe. Beap, ecnu HET, TO Ball MapHIpyT OMSATH-TAKH HENb3S
CUMTATh SKOJIOTHYHBIM. W He Aait 60r, YTOOBI BBl COPBAJIM IIBETOUYEK MJIU ATOJKY TaM, TJI€ 3TO HE
ObU10 pazpemieHo. Jlymaro, manbiine MpoaoJKaTh HE CTOMT, BCE M TaK MOHATHO. W3 Muiimona
npejaraéMblX 3KOJIOTMUECKMX MapUIPYTOB JMIIb €IWHULBI BBIICPKUBAIOT TAaKUE >KECTKHE
TpeboBaHus. Ho 3TH eIMHUIIBI CBOUM OTBETCTBEHHBIM MOJXOA0M K SKOJIOTHMYHOH JIEMOHCTPAINH
KpacoT JOOMMOro Kpast 3aCTaBIISIOT HAC MPEKIOHATHCS Mepe]] UX TSHKENbIM, HO YBJIEKATeIbHBIM
tpynom. Benp emie 40 net nazan Xan JJoper nucan: «Kpymnasie katacTpodsl, yKe pa3opuBIINe
U TPOJOJDKAIOIIME PAa30PATh COBPEMEHHBIM MHP, MPOUCXOIAAT OT HEXKEJIAHUS YeIOBEYECTBa
CUMTATHCS C 3aKOHAMH TIPUPOJIBI, OT HEXKEJAHUS MOHATh, YTO TOJIO/ HEJIb3sl YTOJIUTh, OIYCTOIIAS
3eMiio». M B crenyrommii pas, Korja Bbl BRIOEPUTECh HA TPUPOLY, 3aAyMaiTech, HE HAHOCUTE
JIA BBI €il Bpell, a €CITM HAHOCUTE, HE COMHEBANTECh, OHA OTILUIATUT BaM TOW € MOHETOM.

Typuctuueckuit kommiekc «CtagarMuT sl TeX, KTO MPUAEPKUBAETCS IKOIOTHYECKOT0
MHPOBO33pEHUS, JTIOOUT U YYBCTBYET NMPUPOJY, Mpearaet moosBate B KyHrypckoit JlensiHoi
meriepe, a TakKe MOCETHTh Takue MapmpyThl Kak: «llyTemectBue B kKapcT» (IKCKypCHs TO
JlensiHow rope); «Tpomoro uyaecy» (dkckypeust Ha Cracckyro u [lonkamennyro ropsl); [lepmb —
Ceppra (skckypcus 1o Tepputopun KyHrypckoil mecocTenu ¢ MOCEHIEHUEM JTUKUX THIICOBBIX
nemep); Kumeprckuit paiion (3xckypeus no KumeprckuM 00510TaM C MOCEHIEHHEM Helepbl
Bapconadnepoit).

OHU He TOBOPAT O TOM, YTO UX TypucTtuueckue mapupyTtsl Ha 100% MOXKHO cUMTaTh
9KOJIOTUYHBIMU, HO JIENIAIOT BCE BO3MOXKHOE, JIJIsl TOT'0, YTOOBI IPUOIM3UTHCS K 3TOI OTMETKE,
IOMHMO 3CTETHYECKOTr0, MH()OPMAIMOHHOTO U 03I0POBUTEIHHOIO aCIIEKTa BHOCST CBOW BKJIAJ B
(hopMHUPOBAHHE COBPEMEHHOI'O SKOJOTMYECKOr'0 CO3HAHUS Y MOJPACTAIONIErO MOKOJEHUs, Belb
MOBEICHUE B3POCIBIX, BCETa SBIIIEMCSI IPUMEPOM JIJIsL ICTEH.

Jlutepatypa

Hopcr XK. 1o Toro kak ymper npupoaa. M.,1968.

KyckoB A.C., ApcenbeBa E.JM. CoBpeMeHHBIII 3KOTYpU3M: OCHOBHBIE KOHIEIIIHH,
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HYDROGEOLOGY OF KULOGORSKIY SPELEOMASSIV (ARKHANGELSK
REGION, RUSSIA)
N.A. Franz, I.E. Vyahhi
Speleoclub “Labirint”, Arkhangelsk
Institute of geoecology, St.Petersburg
I'MAPOTEOJIOI'UA KYJIOTI'OPCKOI'O CIIEJIEOMACCHUBA
(APXAHI'EJIBCKASA OBJIACTD, POCCHA)
H.A. ®pann, U.9. Baxxu
ApxaHrenbckas crieieonornieckas accounanus «JIabupuat»
Wuctutyt reoskonoruu PAH, Cankr-IletepOypr

Main role in water income of Kulogorskaya cave system play floodwaters of the Pinega
river. Pinego-Kuloy canal built in 1928, serves as an important element that ensures the delivery
of aggressive spring water directly to the absorbing ponors laid down in the bottom of
Kulogorski ledge. During the spring flood water fills the vast maze of karst in the depth of the
karst plateau, and its discharge is carried out by slow horizontal filtering through the floodplain
alluvium in the riverbed of Pinega river and Pinego-Kuloy channel.

Kynoropckuii cieneomaccuB, BKJIIOYAIOLIUM B ce0s1 7 newiep JJaOMpuHTOBOIO TUIIA,
pacnonaraetcs B [Ilunexckom paiione ApxaHrenbckoit oonactu Poccun, Ha Bogopasaene pex
[Munera u Kynoii. B cucremMe kapcTonoru4eckoro paiifoHupoBaHusl OH OTHOCUTCS K
Bepxnekynolickomy kapcroBomy paiiony Koitno-Kynoiickoro okpyra IIpubdenomopckoii
KapCTOBOM 1M0100J1aCTH.

KapcroBbie mo10CcTH B MacCMBE IMIMPOKO MPEACTaBICHbl BO BCEX T'MIPOJUHAMMYECKHX
30HaX: BEPTUKAJIBHON HUCXONAIICH HUPKYJSAINUU, CE30HHBIX KOJIeOaHW YpOBHEW MOJ3EMHBIX
BO/A U CU(OHHOW TOPU3OHTANBHON HUPKYISIIMU. OHM MMEIOT CMEUIAaHHOE BOJHOE NMUTAHME: B
pacTBOPEHHH  KAapCTOIUTOB  YYacTBYIOT  HMHQHMIBTPAIIMOHHBIC, KOHJCHCAIMOHHBIE |
WHDII0AIMOHHBIE TABOJIKOBBIE BOJIBI.

NudpunabrpanuonHbie BoAbl. Kak moka3aay Halld MHOTOJETHUE HAOJIOJICHUS, JIOJIS
ABTOXTOHHOTO HWHOUIBTPAIIMOHHOTO NUTaHHS (TMpexkIe BCEro — HHUBAILHOIO) KapCTOBBIX
MOJIOCTEN B 3HAUUTEIHHOW CTEMEHH 3aBUCHT OT CYpPOBOCTH 3UMBI U, COOTBETCTBEHHO, TITyOMHBI
MIPOMEP3aHUsl TPYHTOB B KapCTOBBIX BOpPOHKaxX. Tak, BO BTOpPOW IOJOBMHE MapTa, K Haydaiay
MIEPUOJa AKTMBHOIO CHErOTAsIHUS, BOAO3Aachl CHEKHOIO IIOKPOBA COCTaBIIOT, IPUMEPHO,
150-200 mm BoasHOTO cinosi. Ecii 3uma Oblia TEIUIOi, M TPYHTHI IO/ CHETOM NPAKTUYECKH He
IIPOMEP3JIA, TO BCE Tajble BOABI JOCTATOYHO PABHOMEPHO BIUTBHIBAIOTCS IO BCEH IUIOIIAIU
KapCTOBBIX BOPOHOK M BOJAOPA3JEJIOB MEXAY HUMH. YUHUTBIBAas TO, YTO K 3TOMY MOMEHTY
ne@UIUT BIIATOHACHIIEHUS TPYHTOB (MO HAUIMM JKCHEpUMEHTaNbHBIM AaHHBIM 2010 rona)
IPEBBILIAET BOJ03AMAChl CHEXHOIO MOKPOBA, KAK MUHUMYM, BJBO€, Tajas BOJAA MPAKTUYECKU
MIOJTHOCTBIO TIOTJIOIIAETCS TOJIIEH PBIXJIBIX MOKPOBHBIX OTIOKEHMH M, TaKUM 00pa3oMm, HE
JIOCTUTaeT KapCTOBBIX MojocTel. (XapakTepHasi KapTHHA — B Mae MPAaKTUYECKU He Ha0It01aeTcst
BOPOHOK C BO/IOH).

B Gouiee cypoBbie 3UMBI CKIIOHBI KAPCTOBBIX BOPOHOK B JIECY MPOMEP3al0T HA TITyOMHBI
70 0,5 M (10 JaHHBIM TEPMOMETPHUUECKOTO0 MOHUTOPUHIA KAPCTOBBIX BOPOHOK), YTO MPUBOJUT K
00pa30BaHMIO BPEMEHHOT'O KPHOTEHHOTO BOJOYIIOpa B BEPXHEM IMOYBEHHO-TPYHTOBOM clioe. B
pe3ysibTaTe BCS Tajas BOJa CTEKAeT C peibeda B BOPOHKM, a 3aTeM, 10 Mepe IpOTauBaHUS
IpyHTa Ha JIHE, MOCTENEeHHO (QUIBTPYETCS CKBO3b PHIXJbIE OTJIOKEHHUS U IO BEPTUKAIBbHBIM
KaHaJjlaM JIOCTUTAeT 30Hbl TOPU30HTAIBLHON IUPKYJAIUK. (XapakTepHas kapTuHa — B mae B 10-
15 mporieHTax BOPOHOK CTOUT BOJA).

B neTHwmii mepuon, Koraa Bce BBIMANAONIE aTMOCHEPHBIE OCAAKU MO0 HCHapSIOTCS,
700 TOTJIOMAIOTCS MOKPOBHBIMH PBIXJIBIMH OTJIOKEHHSIMH, HWHOUIBTPAIIMOHHOE HUTAHUE
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CXOAUT MPAKTUYECKH K HYJ0. B XOJIOIHBII OCEHHUM Mepuol, KOraa OJHOBPEMEHHO C
YBEJIMYEHUEM KOJIMYECTBA JKUJIKMX OCAJKOB PAJUKAIbHO MA/1aeT UX UCHAPAEMOCTh, IPOUCXOAUT
JIOBOJIbHO 3HAYMUTENbHAsl MOJANUTKA MAaccHBa arpecCUBHbIM MHQUIbTpaToM. OCOOEHHYIO pOJib
3/1eCh UTPAIOT HOAOPHCKUE OTTEIENH, Koraa ObicTpo cramBaeT A0 20-30 cM paHHEro OCEHHEro
CHera: B TaKHM€ IEpuOjAbl MHOrJa HaOMIOAaroTCsl KaracTpouyecKue OCEHHHME MaBOAKH C
MOIbEMOM YPOBHSI BOJIbI B MEIIEPHBIX 03epax 10 15-20 cm 3a cyTkwu.

C HacTylJIeHHEeM YCTOMYMBBIX XOJOAOB (HOSIOph-mekabph) Mpekpamniaercs MOIMUTKA
MaccuBa JKUAKHUMHM aTMOC(QEpPHBIMH OCaJKaMH, M IOJ JACHCTBHEM TPaBUTALUU HAYMHAETCS
MPOIIECC MEJICHHOTO «OCYIIEHHs» MOKPOBHBIX OTJIOXKEHUH, MPOJOIDKAIONIMNICA 10 CepeIuHbI
MapTa.

Takum 00pa3om, CKOJIb-TNO0 3HAUUTEIBHYIO POJIb B BOJHOM MUTAHUM KapCTOBBIX MeEIIEep
Kynoropckoro cneneomaccuBa HHQHIbTPAIIMOHHBIE BOABI UTPAIOT TOJIBKO B MEPUOJ] BECEHHETO
CHEroTastHUsA, O0Jiee BCEro — B TOJbl C TIyOOKHMM 3MMHHM IPOMEP3aHHEM PBIXJIBIX MOKPOBHBIX
oTyoeHuil. HachlleHne 3TX BOJ MPOHUCXOIUT MPEUMYILECTBEHHO B 30HE adpaiun (80-85%),
UX OCHOBHAas POJIb 3aKJII0YAETCS B KOPPO3MOHHOM MPopaboTKe BEPTHUKAIHHBIX KaHAJIOB.

Konpencanmonnsie BoAbl. [Ipolecchl KoHAeHcAaMW W UX pOJIb B BOJHOM IUTaHUU
nemep Kyrmoropckoro cmneneomaccuBa emie o4deHb cinabo u3ydeHbl. B Hawane 80-x romom
MIPOLLJIOr0 BEKa HaMM IPOBOJAMJIUCH CHELUAIbHbIE HAOMIOIEHUS 3a MELIEpPHONW Kalenblo Kak B
JEeTHUH, TaK U B 3UMHHMM mepuoibl. B pe3ynbTaTe OBLIO J0Ka3aHO CyIIECTBOBAaHUE «3HMHEN
KOH/IEHCAllUK» B CaMbIX BEPXHUX YaCTSIX BEPTUKAJIbHBIX KAHAJOB U TPELIUH, IPOHU 3bIBAIOLINX
Toiiry KapcrosmToB [3]. BusysibHbiMEH HaOMOIEHHSMH HE pa3 OTMEYaloch, 4yTo B Ooiee
CHJIbHBIE MOPO3bl J€OMTHOCTDb KameJIbHbIX UCTOUHUKOB SIBHO YBEJIMYMUBACTCS.

B 7nerHee BpemMs MCTOYHUKOM KOHJICHCATa SIBISICTCS TEIUIBIH aTMOC(HEpHBIH BO3IYX,
BCAChIBa€MbIil B MAaCCHUB Yepe3 KapCTOBbIE BOPOHKH.

HHTEeHCUBHOCTh MPOIIECCOB KOHJEHCAIIMM HANpSAMYI0 3aBUCUT OT TEMIIEPAaTypHOIo
rpaJieHTa MeXy KapCTOBBIMU MOJIOCTSIMU U aTMOC(EPHBIM BO3IyXOM Ha MOBEPXHOCTH.

Becy konpencat, oOpasyrouuiics B 3UMHHI M JIETHUE NEpPHOJbl B BEpXHEM yactu
pa3pes3a, ydyacTBYeT B KOPPO3HMOHHOW IPOpadOTKE BEPTUKAIBHBIX HUCXOISAIIMX KaHAJIOB U
TpemH. Kpome Toro, oOpa3oBaHME KOHJEHcaTa M Jake CyOJMMAIlMOHHOTO JibJa B JIETHEE
BpeMsi HaOJIOAaeTCs Ha «BHYTPEHHEW» IpaHHULe MEepPeoXTaKICHHBIX MPUBXOAOBBIX y4YacTKax
neiiep, rie Ha MPOMOPOXKEHHBIX CTeHaxX KOHAEHCHpYeTcs Biara u3 Temioro (+2,5) Bo3ayxa,
MIPUXOJISAIIETO U3 TITyOHMHBI MAaCCHBA.

HNudmoanuonnsie Boabl. VHII0ANMOHHOE BOAHOE MUTAHHE, MCTOYHUKOM KOTOPOTO
SIBJIIIOTCS BECEHHUE ITaBOAKOBBIE BOJbI peku lInMHera, HECOMHEHHO, UIPAET BEAYLIYIO POJIb B
popabOTKE KapCTOBBIX MOJIOCTEH B 30HE T'OPU3OHTAIBHOM LUPKYJIALMHU, I€ 3aJ0KEHBI BCE
JOCTYIIHBIE Iellepbl MaCCHUBA.

Eme poccuiickuii akagemuk A.M. Ipenkx, B 1837 roay MNOCETUBIIUA OAHY U3
Kynoropckux nemiep, oTMedan co CiI0B MECTHBIX JKUTENIEH, YTO BECHON peuHasi BOJa MPOHUKAET
B TICIIEPBI, HO HUKOTa OTTYy/Aa He BbhITekaeT oOpatHo [1]. (Hamm uccrienoBanus mokasasiu, 4To
9TO YTBEpXKJIEHUE BEPHO JIMIIb oTyacTh). [Ipeapinymue uccnenosarenu Kynoropekux neuep, u3
Jlenunrpazackoit CC, paborasmue 3aech B KoHIe 60-X rogos 20 Beka, CIpaBeIIMBO OTHOCHUIIU
X K «aBOJKOBOMY» THIMY, OTMeuas (DaKT WX PEeryjaspHOro 3aroJIHEHHS BECEHHHMH BOJaMU
peku Ilunera [2]. Ilocnemyroiiue MHOTOJIETHHE HCCIICAOBAHMS IMO3BOJMIIM TONYYUTh Oolee
JETAJIbHYI0 THJPOre0JIOTMYECKYI0 KapTUHY, OXBAThIBAIOLIYID CaMyl HOKHYH 4acTb
Kynoropckoro crieneomaccrBa 1 BKJIIOYAIOIIYIO B ce0sl Bce meuiepbl Ha yyacTke B1oJib [Innero-
Kynolickoro kanana.

[IpotuB orHecennss mnewmep Kynoropckoro cremeomaccuBa K KIACCHUYECKOMY
«MIaBOAKOBOMY» THUIy TOBOPUJIO HAJIM4YME€ MHOIOUMCICHHBIX YYacTKOB C XapaKTEpHBIMU
«OPO3MOHHBIMHU (paceTKaMU» Ha CTEHaX, CBUACTEIbCTBYIOIIMX O 3HAYUTEIBbHBIX CKOPOCTAX
JBUKEHHUS BOJHBIX MOTOKOB B 3TUX KaHajax. YToObl OTBETUTH HAa BOINPOC O BO3MOXKHOM
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PEIMKTOBOM XapaKTepe 3THX CKYJbNTYp, B 1979-1981 rr. Hamu ObUIM MPOBEICHBI CIICIIHAIBHBIC
ruaposiorndeckue ucciaenopanus B nemniepax K-1, K-2, K-4 u K-5. B pesynprate ObLIM
MOJTy4Y€Hbl CXEMbl BECEHHHX IaBOJKOBBIX IIOTOKOB B JTHUX MOP(OJIOTHYECKH CIIOKHBIX
TaOUPUHTOBBIX Nemepax. JlaHHbI SKCIepUMEeHT yOeIuTeNbHO 0Ka3all, 4To:

a) HaIpaBJICHUS TEYEHHUs, OIpenesisieMble IO «(acerkam» Ha CTeHaX, MOJHOCTBIO
COBIAJIAIOT C HANPABJICHUSIMU TE€UEHHUS COBPEMEHHBIX BPEMEHHBIX BOJOTOKOB, YTO FOBOPUT 00
aKTyaJIbHOCTU 3TUX ME30CKYJIBITYP;

0) BO BpeMsl BECCHHEro MaBOJKAa, B YCJOBUSAX IOJHOTO MOATOIUIEHHUS JaOWPHUHTOB,
(dbopMUpPYIOTCS BBIPAKEHHBIE BOJHBIE IOTOKH, TpPaHCIOPTHUPYIOLIME 3HAYUTENbHbIE BOJHBIC
Macchl (MIJIJTMOHBI KyOOMETPOB) B TNTyOMHY KapCTOBOTO MaccuBa (U ¢ HEKOTOPBIM OTKJIOHEHUEM
K ceBepy);

B) O0OpaTHBII OTTOK NaBOJKOBBIX BOJ HOCHUT BECbMa OrpPAaHUUYEHHBIH XapakxTep,
MOJIAaBJISIOLIasl Macca BOJIBI HE BO3BPAIAETCA U3 MacCUBa Ha MOKWMY 110 MYTSAM €€ PUX0/a;

') nojo0Hasl KapTUHA XapaKTepHa sl BceX, 0e3 uckioueHus, Kynoropckux nemep Ha
yuactke BHoJib Ilunero-Kymolickoro kaHama (6 KM), 4YTO SBJSIETCS NPU3HAKOM HUX
NPUHALJISKHOCTU K €IMHOM CHENe0-TUIPOre0IOrMueCKON CUCTEME.

[Tocnenyromyie MHOTOJIETHHE HAOIIOIEHUS TTOJTHOCTHIO TOATBEPAMIIN 3TU BHIBOJIBI.

KapcroBas pasrpy3ka cnejneomMaccuBa

B TeueHne MHOrMx MOCIEIYIOIIMX JIET OCTABAJCSH OTKPBITHIM BOIPOC O BO3MOKHOM
MECTE pasrpy3Ku MPOXOASIUX TPAH3UTOM YEpe3 CIIEJICOMACCUB IMABOAKOBBIX BOJ. YUHUTHIBAS
TeHepallbHOE HaIpaBJICHHE BCEX IMOA3EMHBIX MAaBOJKOBBIX MOTOKOB, a TaKKe OOUIMH YKJIOH
JpEeBHEI JOMMHBI HA CEBEp, pa3rpys3ka JOLKHA Mpoucxoauts B pycio Kynos, rae, onHako, He
HaOIOIaeTCsT HUKAKUX JOCTATOYHO KPYIMHBIX KapCTOBBIX HMCTOYHHMKOB. Bompoc octaBaics
HepaspemeHHbiM BIIOTh 40 2003-2007 romoB, Korjga Mbl Hayajdd 3aHUMATbCAd H3YyYEHUEM
(Gu3nYecKuX CBOWCTB (TemIiepaTypa, 3JIEKTPOIPOBOJAMMOCTb) KAapCTOBBIX M APYrUX BOJ Ha
naHHOM Tepputopuu. IIpoBeaeHHbIE HCcCeI0BaHUs TTOKa3alIn CeAylolIee:

a) Ha aHe pycna peku [lunera (yuactok niuuHOW okojio 1 km Boszne aA. Kymoropsr)
BBIXOJSIT MHOT'OYHMCIIEHHBIE UICTOYHHMKH (IIaCTOBAsl pa3rpy3Ka) KapCTOBBIX BOJ, MUHEpaTU3alus
KOTOPBIX COOTBETCTBYET MUHEPATHM3AIMH BOABI B IOJ3EMHBIX Bogoemax (2,0-2,1 mS);

0) Takas e KapcToBas pasrpy3ka (MCTOYHUKHU), HAOIIOAAeTCA B «IMHEKCKOM» B yCTbe
[Munero-Kynoiickoro kanana (ITIKK);

B) B JeTHIOIO MexeHb, koraa pycino IIKK otmeneno or Ilunerm mmpokoi cyxoi
nepemMbIuKkoi, u3 kaHama B Kynoil BeITekaeT moTok ¢ pacxogoM nopsaka 0,6 u 6onee kyO0. M,
MUTAIOUIMNACA HCKIIOYUTENIbHO TPYHTOBBIMH, B TOM 4YHCI€ — KapCTOBBIMM, BOAAMM, 4YTO
CBUJETENBCTBYET O HAJIMYUH KapCTOBOM pasrpy3ku no scen qiuHe 1KK.

Jlerom 2008 r. ObUIO MPOBEAECHO CHELMAIBLHOE HCCIENIOBAaHUE, HAMPABICHHOE Ha
orpeneseHne JOMM KapcToBOHM pasrpy3ku Kynoropckoro cmeneomaccuBa B 00beMe IMOTOKa,
BoITeKkaromiero u3 IIKK B Kyinoit. HecnoxHbie pacuersl mokas3anu, YTO KapcToBas pasrpys3ka
JaeT TpeTh 00beMa MOTOKa, 9YTO Ha MOMEHT u3MepenHwus coctaBuio 210 i/cex, wm 6osee 18 000
Ky0. M B cyTku. Bmecre c pasrpyskoil B pycio IIuHern cyTodHblii 1eOUT pasrpy3Ku BCETO
CIIEJIEOMACCUBA COCTABUJI, IPUMEPHO, 28 000 Ky0.M.

[lonyuyeHnHsle pacueTHblC AaHHBIE MO3BOJWIM HaM OMNPEAEIUTh MPUMEPHYIO ILUIOIIAIb
«CBOOOJHOIO 3€pKajia» MOA3€MHBIX BOJA BHYTPH CIIEIEOMAacCHBa, KOTOpas - TMPH CPEIHEM
MaJIcHUU YPOBHEH B MOA3EMHBIX 03epax B 3TOT mepuoj 15 mm/cyTkun — coctaBuia 1,87 KB. KM.
Cronp BBICOKMI IMOKa3aTesdb MO3BOJSET HaM C JIOCTATOYHON YBEPEHHOCTBIO YTBEPXKAaTh, YTO
MEXKEHHasi THUJporeosiormueckas pasrpy3ka Kyroropckoro creneomaccuBa OCYIIECTBISETCS
4yepe3 30Hy cu(oHHON MUPKYISIuU B pyciax peku [Tunera u Ilunero-Kynoiickoro kanama Ha
y4JacTKe MPOTSDKEHHOCThIO He MeHee 7 KM. Takum o0pa3om, cTapblif BOIPOC, KyJa «HCUE3aeT»
MaBOJKOBast BOJIa, 0€3BO3BPATHO MOTJION[aeMas MenepaMi MacCUBa, MOXKHO CUUTATh 3aKPBITHIM.
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OOusnbHOEe HMH(DIIOAIMOHHOE HHUTAaHUE, IMOJyYaeMO€ KapCTOBBIM MAacCHBOM BO BpeMs
BeCEHHEro pasiuBa [luHern Bcero 3a HECKOIBKO JHEH, 3aTeM B TedeHue 9-10 mecsieB roaa
MEIJIEHHO (WIBTPYETCS MO BOJOMPOHHUIIAEMBIM IJJACTAM MOWMEHHOIO aJUIOBHSI B CTOPOHY
OMmKaMIIMX JpeH, MOCTENEeHHO OCBOOOXKIas JIOKa MOA3EMHBIX BOJOEMOB JJIsI MPUHATHS BOJ
HOBOI'O BECEHHEro mnaBojKa. MEXKEHHbI OTTOK KapCTOBBIX BOJ M3 MaccHuBa 0OeCIeYMBaEeTCs
IIOCTOSTHHBIM «OTCTaBaHMEM» IIOJ3EMHBIX YpPOBHEH OT ypOBHEH BOABI B  JIPEHHUPYIOIIUX
BomoTokax Ha 2,0-3,5 m.

I'maporeoJiornyeckuii MOHMTOPHHT

Hauunas c¢ 1984 roma, HamMu mHpoOBOIATCS peryjsipHble HaOMIONEHHUS 32 YPOBHIMH
noa3eMHbIx o3ep B nemepax K-1, K-2, Tpos m BoxpHas. DTOT MHOrojaeTHHMl MOHUTOPUHI
MOKa3aJl, YTO B MEKEHHbIE NEPUOIbI ITPH YPOBHSX BOJBI BhIlIE a.0. 16.00, korma memepsl emre
MOJTHOCTBIO 3aJIMTHl BOJOM, HaOIOAaeTcss €IUHBIM ypOBEHb BO BCEX JOCTYIHBIX MELIEPHBIX
Bozoemax. Ilpu nanpHeieM nageHUM BOJbI CUCTEMA HAUMHAETCS pa3feisaThCs Ha OTAEIIbHBIE
OacceliHbl ¢ pa3HMLEN YpOBHEH B HECKOJIbKO caHTMMeETpoB. IIpu ormerkax Hike 15.50 uuer
JanbHelee IpoOieHue OacceHOB Ha OT/eNbHBbIE IemepHble BogoeMbl. Huxke a.o. 15.00
[aJal0T YPOBHU HE BCEX BOJOEMOB, 4aCTh M3 HUX OCTAECTCS «IOABEIIECHHBIMM» Ha Pa3IM4YHBIX
BBICOTHBIX oTMeTKax (03epo bombmoro Cudona B K-2 — 14.95, benomopse B K-4 - 15.35 u ap.).
Ha MuHumMyme 3MMHEH MEXEHH YEeTKO OTMEYaeTcss KackaJHoe (CTyNeHYaToe) MOHMKEHUE
YpOBHEH MelEepHbIX BOAOEMOB U3 INTyOMHBI MaccuBa B CTOPOHY MoWMbl. Takas «kackajaHas»
KapTHHA [TOJIHOCTBhIO COOTBETCTBYET MEXaHU3MY (UIbTpallMOHHON pa3rpy3ku maccusa B [IKK.

Becbma nHTEpecHbIE pe3yabTaThl ObUIN MOJIyYeHbl HAMH B ITOCJIEIHUE TO/IbI C TOMOILBIO
TaK Ha3bIBAEMBIX «THUIPOJIOTMYECKUX (POTOMOCTOB HAOIIONEHHS», 000pPYAOBAaHHBIX MEPHBIMH
peiikamu U (oTrokamepamu, pabOTAIOMMMHU B DPEXKHME HMHTEPBAJIbHOM CHEMKH B TEUYECHHE
HECKOJIbKUX MecsneB. C X NOMOUIbIO BIIEPBbIE CTAJI0 BO3MOXHBIM HaOIIOAAaTh MOA3EMHBIE
naBojiku B auHaMuke. [1o ¢oTocHUMKaM, clieNaHHbIM C HMHTEPBAJIOM B 3 yaca, Mbl IIOJIy4aeM He
TOJIbKO JI€TaJIbHBIA TpauK M3MEHEHHH YpPOBHS BOJBI B TOUKE HAONIOAEHHUS, HO U MOHTHPYEM
JOCTaTOYHO 3PENUIIHBIA BUACOPHIBM.

BLiBOALI.

1. BaxHOW THIPOreoIoru4eckol 0coOEHHOCThIO Kyloropckoil creneocucTeMbl B
COBPEMEHHBIN MEPUOJ MOKHO CUMTATH TO, YTO OCHOBHAS JI0JI €€ BOJHOTO MUTAHUS IPUXOJUTCA
Ha WHQIIOAIMOHHBIE TMAaBOAKOBBIE BOABI W3 peku [luHera, a MexeHHas (GUIbTpalMOHHAs
pas3rpy3ka mpou3BOIUTCS B JiBa peuHbIX Oacceiina — [Iuneru u Kymnos.

2. Tlemepsr Kynoropckoro creseoMaccuBa MOXKHO OTHECTH K  «IaBOJKOBO-
TPAaH3UTHOMY» THUITy, UMes B BUAY, YTO HAa JAHHOM JTale€ M3y4EHHOCTH Mbl MMEEM AOCTYII
TOJBKO B «TPaH3UTHBIE» YAaCTU CHUCTEMBI, 3aJleralonive BOJM3M Kpas KapcTOBOIO IIJIaTo, a
OOIIMpPHBIE O IUIOLAAN MOA3EMHbIE OacCelHBbI-KOIIEKTOPBI, IPUHUMAIOIINE OI'POMHBIE MacChl
IIABOJIKOBBIX BOJI, B MEXKEHHbIE IIEPUOJIbl MEMJIEHHO, B peXXUMe (PUIbTpallUK, pa3rpykaioTcs B
pycna ITuneru u [Munero-Kymnoiickoro kanana.

3. IImnero-Kyiolicknii KaHall Wrpaer KpalHe Ba)XXHYIO pPOJIb B BOJHOM DPEXKHME
CIIEJIEOMACCHBA: B IIABOJOK YE€PE3 HETO K MOMVIOLIAIOIIMM IIOHOpAaM IIOCTYIIAeT MUHEXKCKAs BOJA,
a B MEXCHb OH NPUHHUMAECT KapCTOBYIO pasrpy3ky. Ilocie ero crpouTenbCTBa 3HAYUTEIBHO
YCKOpHIICS clieneorenes B kapcronurax Kynoropckoro maccusa.

Jlutepatypa
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3. MankoB B.H., ®panny H.A. K Bompocy o 3umHell koHaeHcauuu. B cOopHuKe
«AKKYyMYJSIIMSI 3UMHETO XOJI0Ja B TOPHBIX IIOPOJAaX M €ro MCIOIb30BAaHUE B HAPOIHOM
xo3siicTBey. [Tepmb, 1981, ¢. 97-99.

132.



GENESIS AND AGE OF UNDERGROUND ICES OF BOLSHAYA
BAIDINSKAYA CAVE AT BAIKAL
Filippov A.G.*, Shevelev A.S.**
*Boreal Oil Sands Services Inc., Calgary, Canada
**00O0 «Petrographicay, Irkutsk
HPOHCXOX(ﬂEHHE " BQBPACT HOI[BEMHIBIX JIbJIOB BOJIBIIION
BAUJIUHCKOMU INEEPHBI HA BAUKAJIE
Oumunmos A.I'.*, llleseneB A.C.**
*Boreal Oil Sands Services Inc., Kanrapu, Kanana
**00O0 «llerporpadpukar», UpkyTck

The Bolshaya Baidinskaya Cave preserves the most interesting cave ice body in the
Pribaikal region, Eastern Siberia. Contrary to the Dr. E. Trofimova’s publications declaring
snow-firn genesis of the cave ice body and its Upper Pleistocene-Holocene age, the authors
expose data of field observations showing that the ice body consists of two genetic types of ice:
lacustrine and ice build-up. Non-calibrated radiocarbon age of the lower dirt horizon from the
bottom of the ice build-up is 2710+30 B.P. (COAN-3047). Thus, the ice body appeared around
three thousand years ago.

Bsenenune

[Temepa bonbmras baiiauHckas XpaHUT B ceOe caMblii MHTEPECHBIM MEIEepHbIN JIEASHON
00bexT [Ipubaiikanbsi. Ero HeoObIYHOCTD 3aKiIH0YaeTCs B JIMTEIbHON UCTOPUH CYIIECTBOBAHMUS,
HaJUYUM MHOTOUYHCIICHHBIX TPSI3€BBIX TOPU30HTOB, COJEP)KALMX OOMWJIbHBIE DPAaCTUTEIbHbIE
OCTaTKM, KOCTH KPYIHBIX MJIEKOMHUTAIOIIMX, 10JYAC YHUKAJIbHBIE apXEOJIOTMYECKUE HAXOAKHU
(®ununmos u ap., 1997).

B nocnegnue necAtuneTds B HAY4YHOW M HAy4YHO-TIONMYJIIPHOW IE€YaTH BBHIIUIO MHOTO
nyomukanuii E.B. TpodumoBoi, NMOCBSIICHHBIX, B YAaCTHOCTH, XapaKTEPUCTHUKE IOA3EMHOTO
nensHoro tena bonpmoi balnHCKON memepsl, CKOPOCTH €ro aerpagauuy U np. Hecomnennas
LEHHOCTh ATHX MYyOJUKalUi B M3BECTHOM CTEMEHH JEeBAJbBUPYETCS THPAXKUPOBAHUEM HeE
O00OCHOBaHHBIX ()AKTUYECKUM MATEPUAJIOM MPEACTABICHUH O MJIEHCTOLEH-TOJIOLEHOBOM
BO3pacTe MOJ3EMHOr0 JICASHOrO Tella U ero cHexxHo-(pupHoBom renesuce (Tpodumona, 2000,
2003, 2006, 2007, 2009; Trofimova, 2005, 2006 u ap.), C 3aBUIHBIM YIIOPCTBOM IOBTOPSIEMBIX
U3 MyOJUKAIMK B TTyOJUKAIIHIO.

Hacrosimee cooOleHHe MOCBSIIEHO M3JIOKEHUIO (DAKTOB, ONpPOBEpraroIiux 3TU
IPE/ICTaBICHUS U CBHUJETEIbCTBYIOMINX 00 Y4aCTHM O3EPHBIX U HAJEJHBIX JIbJOB B CTPOCHHUHU
JEJISTHOT O TeJIa TELIEPhl U €ro MO3AHET OJIOLEHOBOM BO3pacTe .

Kpatkue cBeaenus o nemepe 1 COBpEMEHHOM JIb1000pa30BaHUH B HEM
ITemepa bonbmas baiiauHckas pacrnosiokeHa Ha BepiinHe [IpuoiabXOHCKOro mJjaro, Ha

CKJIOHE CEBEpO-BOCTOYHOM skcmo3unuu (puc.l). 3amokeHa B MpamMopax TaK€paHCKOH CBUTHI
BEPXHETO apXesi-HUKHET0 MPOTEPO30sl.
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Puc. 1. Bxoo 6 Bonvwyro batiounckyro eu;epy

JlenaHoe Tenmo pacnojiokeHO Ha pacctosHuM 18 M or Bxoma (puc. 2). OnHo
KPYTOHAKJIOHHBIM ycTynoM (75-80°) meperopakuBaer mpoxo/l B 6osee ri1y0oKyIo 4acTh Meephbl
— 3a11 KopaJutnToBBIi, BCKPBITHIA HCKYCCTBEHHBIM KPYTOHAKIOHHBIM TOHHEJEM, TPOPYOIICHHBIM
BO Jb1Yy. JlemstHoe Teno sBiseTcss CBOeOpa3HOM JIeATHON MPOOKOM, TeperopakuBaIOIIEH Menepy
Ha JIBE YaCTH, U UHTEHCUBHO JETPpaJupyeT Ha MPOTSHKEHUH MTOCISIHUX ASCATUIETHH.
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Puc. 2. ITnan borvwoii batiounckoul newepul. 1 — nepeomiodicennas ¢ N08epxXHoCmu
nouea, 2 — omaomul u 2avl0bl, 3 — Cynecuano-0pecesHvle OMIoNCeHUs, 4 — nedsaHoe meo u e2o
epanuysl, 5 — 03epo, 6 — epanuya cHeea, HAMEMaeMo20 8 X0JI0OHbIL Nepuoo 2004, 7 —
apxeonocuieckue HaxooKu, 8 — zeonoeudeckue wiypgul u apxeono2uveckuii packon, 9 — epanuya
oHesHoeo ceema, 10 — cxkanvuwiii yemyn. Tonocvemka A.B. Anexceesa u dp. (cneneoxnyo Meuma,

HUpkymck).

B Hacrosmiee Bpems HE3HAYUTEIbHOE CE30HHOE O0pa3oBaHME JIHJIOB MPOHUCXOAWUT B
MIPUBXOJIOBOM TPOTE 3a CYET BOJIbI, MPOCAYMBAIOLICICS C MOBEPXHOCTH MO TEKTOHMYECKUM
TpeIMHAM U OpraHHbIM TpyOam amamerpoM oT 10 mo 30 cM, Tamblx BOJ TEIIEPHOTO 03€pa,
TaJbIX BOJ METEJIEBOr0 CHera, HaMeTaeMoro BHYTpPh IpoTa Ha paccTOsHUE A0 3 M, U 3a CuUeT
CyOIMManuy BOJSHBIX MapoB (TIemepHas ©3MOpO3b Ha MOTOJIKE M CTeHAaX). B yCThsAX OpraHHBIX
TpyO Qopmupyrorcs aensHsle pedpa, JensHble CTANAKTUTHI JIMHONW 10 2 M (puc. 3). Kaxmoi
TaKOM COCYyJIbKE COOTBETCTBYET JIE[SIHOM CTaJlarMHT, PAcIlOJOKEHHbI HENOCPEACTBEHHO IOJ
Heil. MOITHOCTh CBEXHX JIEASHBIX HAaTEKOB JOCTHTaeT B OTAEIbHBIX MecTax 15 cm. OnHu

MIEPEKPBIBAIOT C SBHBIM YI'JIOBBIM HECOIJAaCHEM HUKeeXalllie TOPU30HTaJIbHbIE CJIOU 03E€PHOIO
npaa. CTonb K€ He3HayuTelbHOEe O0pa3oBaHME JEISIHBIX HATEKOB MOIIHOCTHIO B IIE€PBBIC
CaHTHMETpPbI HAOJ0JaeTCsl HAa CTEHKE JIEASHOro TeNla B IIyOouHe neuiepsl, B KopamiiroBom 3ae.

CoBpeMeHHbIE HAaTEUHBbIE JIbJbI (HOPMHUPYIOTCS B KOHIIE OCEHH-HAayalae 3UMBI 332 CYET
3aMep3aHusl WHQUIBTPAIIMOHHBIX BOJ, a TaKKE 3a CUET TalblX W WHQPUIBTPALMOHHBIX BOJ

BECHOM U B Hayaje JieTa.
B Y e T 3 X g -

Puc. 3. Jleosanvie cmanakmumol 8 YyCmvsx opeaHHblx mpy6 6 npuexo008om epome. 30ecs u
oanee — pomo A.C. Illegenesa.

CtpoeHue JeIIHOro Tena
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JlenstHoe Teno MMeeT CPaBHUTENBHO KPYINHbIE pa3Mepbl (IPOTSKEHHOCTh OKOJo 14 M,
MOITHOCTh 9,5 M) M CI0)KHOE BHYTpEeHHee cTpoeHue (puc. 4). s BepXHUX MOJTyTOpa METPOB
Tbaa, OOHAXKAIOIIMUXCS B MPUBXOJOBOM T'POTE, XapaKTepPHBI rOy00BaTO-3€JIEHOBATHI OTTEHOK,
YUCTOTA, JIOBOJIBHO BBICOKAS MPO3PAYHOCTH, OOJIBIIOE KOJIWYECTBO Ia30BBIX My3bIpEH, HE OUCHb
YeTKasi, OCOOEHHO MO KpasiM y KOPEHHBIX MOpOJ, HO HMEIONAas MECTO TOPHU30HTAJIbHAS
CJIOUCTOCTH (pHC. 3), MPU MOIITHOCTH OT/AEJIBbHBIX CIOHKOB OT 3-5 10 18-20 cMm.

B mpaBoit vactu 0OHaKEHHSI BBIICISIOTCS JIBE CEKYIIUE JEASHBIE KBl MOITHOCTHIO 10 20
CM KaxkJasi, pa30UThIe BHYTPH TpPCIIMHAMH M COCTOSIIME M3 MPO3payHOro OeclBeTHOro 0e3
roay0oro oTTeHka jbaa. B jeBoil yacTu SICHO BHIHA KOCasl CIOUCTOCTh B pailOHE KOHTAKTa C
KOPEHHOW CTEHKOH. Mexay ONWCAHHOW TOJIIEH W HUKEIEeKAINMMA TOPU30HTAIbHBIMH,
MPaKTUYECKU 0€3 My3bIpeid, OETBIMU CIIOSIMU JIbJIa CYIIECTBYET HECOTJIacue.

W3yduth cTpoeHUE JIEASTHOrO Teya Ha TiyOuHy Oonee 1,5 M M NMPOHUKHYTH B JaBHIOIO
yacTh memiepbl — 3ain KopalauToBBI — MOXHO MPU MOMOIIM HAKJIOHHOT'O TOHHEIS BO JIBAY,
MIPOOUTOr0 UPKYTCKUMHU creseosnoramu B 1984 r.

B camoM Hawasie TOHHENb nepecekaeT rps3eBbld ropu3oHT VIII, mmerommii croxHoe
crpoeHre. OH COCTOUT M3 5 CONMKEHHBIX TPSA3EBBIX CIOMKOB (pHC. 5), coaepiKalmx OO0JbIIoe
KOJIMYECTBO IIEOHST Mpamopa, MeJKOo3eMa W pPa3HOOOpa3HBIX IPEBECHBIX OCTAaTKOB, PEIKHX
KOCTEH, MPUBHECEHHBIX B IMIEMIEpPYy, MO-BUIMMOMY, YEIOBEKOM. PamuoyriepoaHbiii Bo3pacr,
IIOJTyYEHHBIN 110 CyYbsM M3 BEpXHEro cioiika, kosnednercs ot 925+25 (COAH-3050) no 320+30
aer (COAH-3051). Oto Moxer ObITh OOBSICHEHO NPOELMPOBAHUEM HAa OAMH YpPOBEHBb
Pa3HOBO3pPACTHBIX BKJIIOUEHUM NpU KPYHMHOM Jerpajallid O3€pHBIX JIbJAOB, IPOU3OLIEILICH,
BEpPOSTHO, 0KOJI0 320 sieT Haza.

B 10 cm Hmxe 3aneraet ropu3oHTadbHbI VII rps3eBblii TOPU30HT MOITHOCTBIO OKOJIO 2
CM, COJIeprKaIIMii HEMHOTOYHU CIICHHBIC MTAJIKH, PECBY U MEJIKHUI 11e0eHb MpaMopa.
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Puc. 4. Cmpamuepaguueckuii paspes 1edsanozo meua.
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VI rpsizeBbiit TOPU3OHT OTACNIEH OT npeasinyiero, VII ropusonta, 43 ¢cM 4uCTOro Jjbja.
OH Takxe rOpU30HTAJIbHBINA, BKIOYAET €IUHUYHBIE JPEBECHbIE OCTATKM U MHOI'OYHCIEHHBIN
me0eHb MpaMopa.

Hanee, no camoro Bbixoga B KopammutoBwlid 3am, a 370 4 MeTpa MO BEPTUKAJH,
TOPU3OHTAIBHBIA JIEA HE HECeT KaKUX-TMOO TMPU3HAKOB NPOTAWBAHUS, PACTPECKUBAHUS,
TEUEHUs, XOTSI U COAEPKHUT B cede HEKOTOPOE KOJMYECTBO KaMeHHOro marepuana. [Ipu sTom
OOJBIIMHCTBO KAMHEH PaCIIONI0kKEHO CBOEH HanboJee MUPOKOH MIOCKOCTHIO TOPH3OHTAIIBHO.

Jlensnoe Tteno 3akaHumBaercs B KopammuToBoM 3aje CyOBEpPTHKANIBHBIM YCTYIIOM, B
KOTOPOM MOXHO HaOIoAaTh cpa3y OKOJO 5,5 METpOB BEpTHUKAIBLHOTO pa3pesa JIeASHOro Teja
(puc. 6). Bepxuue 2,5 M npga 10 V rps3eBOro ropu3oHTa COOTBETCTBYIOT TOM YacTH pas3pesa,
KOTOPYIO MBI YK€ XapaKTepHU30BAJIM B HUKHEM OTPE3KE TOHHENSA U XapaKTEPU3YIOTCA YETKOU
CIIOMCTOCTBIO IIPU OTCYTCTBUH BUMMBIX HECOIVIACUI (MOLIHOCTH OTAENIBHBIX cll0eB 8-20 cM).

I'psi3eBplil TOPU3OHT V MMEET MOIIHOCTD 10 1 CM M COCTOUT U3 MEPEOTIIOKEHHON ITOYBBI.
[To Bceit BUIMMOCTH, OH XapaKTepu3yeT COOOH IepepbiB B JIbJOHAKOIJIEHUHW M BbITAMBAHUE
Kakoi-To yacT Jbga. K MOBEPXHOCTH 3TOTO TOPH3OHTA MPUYpPOUYEHBI HAXOJIKH OEpecTsSHOro
Belepka (Tyecka), kocteir Equus caballus (awxuuit snudus OeapeHHOW KOCTH, (parMeHT
yeperna C JIEBbIM HIKHUM PA0M, 7 3y00B MOJI0/10i 0c0o0H, 3 MO3BOHKA, OAMH U3 HUX PYOJICHBII)
u Cervus sp. (onpenenenus H.I1. KanmeikoBa, BI'I CO PAH, Ynau-Yi3), BMOPOKEHHBIX B JIEI.
[To xoctn nomranu nmonyyeHa paguoyriepoanas gatupoBka 2535+90 net (COAH-3406). B 1984
T. IPH TIPOXOJIKE TOHHEIISI U3 3TOTO YPOBHS ObLTH M3BIEUEHBI MHOTOUUCIEHHBIE KOCTU KPYITHBIX
MJIEKOTMTAIOIIUX, K COXKAJICHUIO, HE COXPAHEHHBIE U HE ONpE/IEJICHHBIE.

Crnenyromue mnoJTopa MeTpa CIOUCTOrO JbAa 10 TpsA3eBoro ropuszonta [V Takxke He
COZIepXKAT KaKUX-JIMOO MPU3HAKOB MEPEPHIBOB U BbITaUBAaHUU. MOIIHOCTh OT/EJBbHBIX CIOMKOB
konebsercs B npegenax 8-20 cm. Ha Bricote 30 cM ot ropusonta IV B nen BMOpOKEHO TelO
MPSIMOYTOJIBHOTO cedyeHus 5-6x12-15 cMm, cocrosmiee U3 pacTUTEIbHBIX OCTATKOB, IIPUTOJHBIX
JUISL paJuOyIJIEPOHOrO JaTUPOBAHUS.

['psizeBbiit ropu3oHT [V MMeeT MOIMIHOCT 3 CM M COCTOMT M3 TEMHOM MEPEeOTIONREHHOU
nouBsl. ['ps3eBbiit ropu3oHT III MomHOCTEIO 1-2 €M ClIOXKEH TakKe MepeoTI0KEHHOW MOYBOU U
oTnesercs oT ropu3oHTa [V copoka naTbi0 CAHTUMETPAMM CIOMCTOTO YUCTOrO JibAa. [ ps3eBslid
ropu3oHT Il uMeeT Mo4YTH MOCTOSHHYIO MOIIHOCTh B 9 CM; COCTaB €ro OT YMCTO MOYBEHHOI'O B
JICBOHM M CpeHEeH JacTsaX OOHaKEHUsS MEPEXOAUT B MOYBEHHO-CYTJIMHUCTO-APECBSIHBINA B TIPaBOH
yactu. [Ipu 3TOM CyrJIMHHCTO-APECBSIHAS YaCTh HE CMEIIMBAETCS C IMOYBOM, a MOJCTUIIAET €€ U
BBIKJIMHUBAeTCI B cpefaHed vactu oOHaxkenus. Ot ropusonta Il otnensercs cimoem npaa
MOIIIHOCTBIO 48 cM.

I'psizeBblil ropu3oHT | MMeeT MOIHOCTD 4-5 M U CYyTJIMHUCTO-IPECBSAHBIN cocTaB. B neBoii
yacTu OOHAXEHUS OH COAEPIKUT OCTATKH JPEBECHHBI, 10 KOTOPOH MOJy4YeHa paaroyriepoIHas
natupoBka 27104+30 nmer (COAH-3047) (puc. 4). Hmwke HemocpencTBEHHOMY HaOJIIOICHUIO
JOCTYIIHO OKOJIO COpOKa CaHTUMETPOB JbJa 0e3 CcoaepXalluX OpraHuKy TOpPHU30HTOB.
YCTaHOBUTH COOTHOLIECHHE JIEASAHOIO Tela M MOACTWIAIONIMX OTJIOKEHHM IIOKa HE
MPEAOCTABISAETCS BO3MOKHBIM.
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Puc. 5. I'pazeswvie cnou VI, VII u VIII, pazoenennvie croamu 03epHbix Tb008.

HpOI/I CXOXKACHUEC MHOTI'OJICTHET' O JICAAHOI'O TCJIa

JlensHoe Teno, cyas MO CTPOCHUIO pa3pes3a, CI0KEHO HAJIEAHBIMU U 03€pHBIMU JibJamMu. B
MOJIb3Y O3E€PHOT0 NMPOUCXOXKIEHHUSI BEPXHEH 4YacTH pa3pes3a JIbJIOB CBMJIETEILCTBYET BBICOKAs
CTEIEeHb UX MPO3PAYHOCTH, TOPU3OHTAJIBHAS CIIOMCTOCTh. HIKHSS 94acTh MOIIIHOCTBIO OKOJIO 6 M
MIPEeACTaBIsIeT COO0I MCKOMaeMyro MoJ3eMHYI0 Hasenpb. [lutanue Hamenu oCyliecTBISIIOCh, 110~
BHJIMMOMY, 32 CUET MH(HWIbTPAMOHHBIX BOJ, TMOCTYMABIIUX MO TEKTOHUYECKAM TPEIIHHAM,
OpraHHbIM TpyOaM, a TaK¥Ke 10 TUIIOTETHYECKOMY HAKJIOHHOMY XOJy, TIOKa €I1le HeIOCTYITHOMY
- «3ameyaTaHHOMY» JIbOM, HO CYIIECTBOBAHME KOTOPOTO MOXKHO JOCTaTOYHO YBEPEHHO
npeanonarate. OCHOBaHUEM JJIS ATOTO ABIISIETCS XapaKTep CIOUCTOCTH JIbJIOB B MHTEpBale 5-5,5
M ot nona KopammuroBoro 3ama. Cimouctocth kKpyToHakjoHHas (40-60°), mamaer HaBCTpedy
HaJleny, CIyCKarolencs OT NmpuBXxogoBoro rpora. Ha mpuBomumoit ¢ororpaduu (puc. 6) mon
ITOTOJIKOM 3aJ1a XOPOIIO BUJHBI U 3TH U3THObI CIIOMCTOCTH, U aHOMAJIbHOE YBEJIMYEHNE BUIUMON
MOIIHOCTU CJIOEB, OOYCJIOBJIEHHOE OJM3KMMHU 3HAYEHUSMHU yrja MaJeHUs IOBEPXHOCTU
OOHa)XKEHUS U yIJja MaJeHUsl CIOEB JIbJa.

Oco0eHHO CcIIOKHAsi WCTOPUSI Pa3BUTHs HalleM 3aleyaTiieHa B HUIKHEM TPEXMETPOBOM
WHTEpBalie BEPTUKAIBHOrO pa3pe3a. Hanumune MHOTOYMCICHHBIX TPSA3EBBIX TOPU30HTOB,
COZIepXKaIlIUX IEePEOTI0KEHHbIE C TMOBEPXHOCTH IOYBBI, CBUAATEIbCTBYET O HEOJHOKPATHBIX
nepuosaax jaerpagauuu Hanequ. OueBUAHO, B 3TOT OTPE30K BPEMEHM €€ pa3Mepbl — Kak
MOIIHOCTb, TaK U MPOTSHDKEHHOCTh — UCHBITHIBAIN CylLIecTBEHHbIE KojieOaHus. K Hacrosmemy
BpEMEHU HCKoMaeMas Hajelb OTCTYIUJIa HE MEHEee YeM Ha 6 M, YTO OTCIIEKEHO IO BBITASBIIUM
13 Hee MepeoTIIOKEHHBIM M0YBaM B TOPHBIX BIPOOOTKAX, Mpoi1eHHbIX B KopamToBoMm 3ane ¢
LIEJIBI0 U3YYEHUS Pa3pe30B OTIOKEHUM.

Ha omnpenenennoii craauu (crtaaus 2, puc. 7) HapacTaHHE MOUIHOCTH HaJIeW MPUBEIO K
TOMY, YTO JIbJIbI MIOJHOCTHIO MEepeKpbIIM Mpoxo B KopammmTossiii 3ai1. B pe3ynpraTe Ha Haneau
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craga (opMHUPOBATHCS TOJINA O3EPHBIX (KOHXKEIALMOHHBIX) IOPU30HTAIBHOCIOUCTHIX JIbJIOB
(cragus 3, puc. 7). C TeueHneM BpEeMEHHM OHA 3aIl0JIHUJIA BCE CEUYEHUE X0/1a, [0 KPato KOTOPOro
HbIHE MPOXOJUT TOHHEJb, U YAaCTUYHO IPHUBXOAO0BOI IpOT, 10 MEHBIIEH Mepe Ha IMOJOBUHY
BbICOTBI. O 3amojHEHUM MPUBXOJOBOIO TPOTa O3EPHBIMH JIbJAMHU  CBHJIETEIbCTBYET
COXpPaHUBIIASICSA BEPXHSISL 4aCTh pa3pesa JeIsSHOro tena (puc. 3), BO3BbIIIAOIIAACA Ha 2,5 M HaJ
Hanbosee HU3KOM 4acThiO0 MPUBXOOBOT0 IPOTA.

Puc. 6. Obnascenue neosanozo mena ¢ Kopaniumosom zane. 1 — bepecmsanoe eopo (myec),
2 — KPYMOHAKNIOHHble CI0U 8UcsAdell Haneou (00bsiCcHeHUe 6 meKcme).
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Puc. 7. Cmaouu pazeumus nedsnozo mena borvwioii batiounckou newepwvl
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Bepxuuii ypoBeHb 03€pHBIX JIbOB KOHTPOJIUPOBAJICS, TO-BUINMOMY, ITOJI0)KEHUEM yCThEB
OpPraHHbIX TpyO, MO KOTOPHIM MOCTyHaJu HH(UIBTpAIIMOHHBIE BOAbI. Hapacranwe mnbaa
MPEKPaIaioch MOCJIE€ TOro, Kak HAMOPAXUBAHKUE O3EPHBIX JIbJIOB MEPEKPBIBATIO X YCThs (pHC.
7, ctagus 3).

B nmanmpHelimeMm, BEpOSTHO TOA BIUSHUEM TIOTCIUICHUS KJiMMaTa, B0300Ja1aio
TasHUE/BO3TOHKA JICASHOTO Tela Kak co CTOpoHBl KopamimmToBOro 3ama, Tak M CO CTOPOHBI
MIPUBXOJI0OBOT0 TPOTA, U OHO CTAJIO OTCTyNaTh (puc. 7, craaus 4).

Brisoabl

AHaJli3 OMMCAaHHOTO BhINIE pa3pe3a MOJ3EMHOr0 JieAsHoro Teia B bonbuion balianuckoii

nemepe 1 Mop(oIOrHH MOCIEAHEH MO3BOJISIET CIENATh CIEAYIOIINE BBIBOIBI:

1. TlomzemHoe JenstHOE TEIO MMEET CJIOXKHOE CTpPOEHHE M 00pa30BaHO HAJCAHBIMH U
O3€pPHBIMU JIbJIaMH; TPU3HAKOB CHEXKHO-(UPHOBOIO MPOUCXOXKIECHUS TOJ3EMHBIX
JIbJI0B HE HAOJIOAAaeTCA.

2. ®opMupOBaHHME TMOA3EMHBIX JBJAOB IPOUCXOIUIIO TPEUMYIIECTBEHHO 3a CYET
MIPOCAYMBAIOIINXCS C TIOBEPXHOCTH MO TEKTOHUYECKUM TPELIMHAM, OpraHHBIM TpyOam
WH()UIBTPAIIMOHHBIX BOJl BECHOW M B Hayaje JeTa, Korja TeMIlepaTypa BO3ayXa H
MOpoA B IELIEPE €lIe HE MOIHANACH BBIIIEC HYJII, © B KOHIE OCEHHM — Hayaje 3UMBbI
IIOCIIE TOr O, KAK MOPO3bI YCIIEBAJIA BBIXOJIOINATH MEMIEPHOE TPOCTPAHCTBO.

3. HesnauuTensHyro pojb B MUTAaHUH Hajeqeo0pa3yoMIUX U 03€PHBIX BOJ MMEIH Tajble
BOJbI IPUBXOJOBOI'0 CHEKHUKA-OJHOJIETKA, CE30HHOM H3MOPO3U B NPHUBXOIOBOM
IrpOTE U KOHJICHCALIMOHHBIE BOJIBI.

4. Tlo maHHBIM pPaaUOYTIEPOJHOTO JATUPOBAHUS IPEBECHMHBI M3 TOJOIIBEHHBIX CJIOCB
POCT CYILIECTBYIOLIEr0 Celyac JIEASTHOrO TeJa HavyaJicsd OKOJIO TPEX ThICSY JIET Ha3ald —
B TMO3HEM ToJioneHe. Hukakux OCHOBaHMI TOBOPUTH O MO3AHEIJICHCTOLIEH -
TOJIOLEHOBOM BO3paCTe MOA3EMHOIO JIEASHOIO TEJA HET.

5. Poct nepsHOro Ttena He OBUT HENPEPHIBHBIM: MPHUCYTCTBYIOT MHOI'OYMCIIEHHBIE
IPSI3€BBIE TOPU30HTHI, COOTBETCTBYIOIIME IEPUOAAM, B TEUEHUE KOTOPBIX JIEISTHOE
TEJIO0 JAETPAAUPOBAIO W BKIIFOUEHHUS, HAXOJUBIIMECA BO JIbIYy, MPOEHHUPOBATIUCH HA
OJINH YPOBEHb.
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INTERACTION OF DYNAMIC COMPONENTS IN GROUNDWATER AND SURFACE
KARST AT SOUTHEASTERN PART OF BELOMORSK-KULOISK PLATEAU.
E.V. Shavrina
State reserve “Pinezhsky”

B3AUMOJIEVCTBUE JUHAMWYECKHX KOMIIOHEHTOB B IIOJ3EMHOM "
IMOBEPXHOCTHOM KAPCTE IOI'O-BOCTOKA BEJIOMOPCKO-KYJOHUCKOI'O
MNJATO
E.B. lllaBpuna

DI'Y «3anoBenuuk «IInHEKCKUI»

The studies of the dynamic processes in karst thePinega state reserve are conducted more
than 25 years. The period of the directed observations to activities exogenic prosses territory
reserve have complied with its)significant growing. This has brought about essential changes to
look underground and surrface kapcmosozo of the relief. The observations to activities of their
development allow valuing climatic trend modern period, bringing about breach of the balance
surface and underground karst.

Paiton umccienoBaHuil pacroyiokKeH Ha ceBepo-3amaje Pycckoil paBHUHBI, B Mpeaeiiax
3amaHOro Kpplia Me3eHCKOM CHMHEKJIM3bl, Ha ro-soctoke bemomopcko-Kymoiickoro miato.
Pa3BuTne xapcta 31ech ompenenseTcs MakCUMajdbHO OJArONpUATHBIMHU YCJIOBHSIMH: IIMPOKUM
pacnpoCTpaHEHUEM KapCTYIOIMXCSA IOPOJ, BBIXOASAIIMX HA IOBEPXHOCTh WM TMOKPBITBHIX
MaJIOMOIIHBIM ~ 4Y€XJIOM  YETBEPTUYHBIX  OCAJAKOB,  3HAYUTEIBHOM  TEKTOHUYECKOU
HEOJIHOPOIHOCTBIO, HETUNHYHOW I IUIaT(GOPMEHHBIX YCIOBUH, IUPKYIALUEH MPECHBIX
arpecCUBHBIX BOJ. 31eCh CPOPMHUPOBAJICS YHUKAJBHBIM KOMIUJIEKC KapcTOBOTO penbeda,
OTJIMYAIOIIUICS pa3HOOOpa3ueM U BBHICOKOW MIOTHOCTHIO MOBEPXHOCTHBIX U MOA3EMHBIX (OpM
KapcTa, AKTUBHOCTbIO COBPEMEHHOI'O pa3BUTHS KapcTa B IapareHe3uce C psaoM APYrux
9K30T€HHBIX reojioruueckux mporeccon (DITI).

OTnuuuTenbHblE YEPThl KapCTa TEPPUTOPUMU ONpENEeHbl BO3AECHCTBUEM MAaTEPUKOBBIX
oneneHeHuil miercroneHa. KapctoBblil penbed co3naBaincs U 3BOIIOLHMOHUPOBAI NP AEHCTBUU
kapcta u apyrux OITl ¢uroBuankHOrO0, HUBAIBHOTO, TJSIUMATIBHOTO, SPO3HMOHHOTO. B
COBPEMEHHBIX YCJIOBUSX Hauboliee NMHAMUYHBI U3MEHEHUs, MPOUCXOA[IINe B Cyab(haTHOM U
cynb(paTHO-KapOOHATHOM THIaX KapcTa, Pa3BUTHIX Ha IOro-BocToke bemomopcko-Kyrmoiickoro
J1aTo.

OcHOBHasi 4acTb HATYpHbIX HaOIOJIEHUHN BBbINOJHEHa Ha TeppuTopuu IluHexckoro
3aloBelHUKa M €ro OXpaHHOM 30HbB. OHa Haubosee JeTalbHO H3y4Y€HAa, 4YTO IO3BOJIIET
HCIIOJIB30BaTh €€ B KauyeCTBE JTajJOHA MCCIEJOBAaHMM pa3BUTHS KapcTa B HEHapyLIEHHBIX
YCIIOBHAX. XapaKTEPHO MPOCTPAHCTBEHHOE COBMEIEHHUE COBPEMEHHBIX IPOSIBICHUN KapcTa C
o0mIell ceThl0 3aKapCcTOBAaHUS W KapCTOBO-ICHYNALMOHHBIX Bpe3oB [1]. Beicokas creneHb
YHACJIeI0BaHHOCTH KapcTa 00yClIaBJIMBAET MOBBIIIICHHBIE TEMIBI KAPCTOBOW JICHYIaIUH.

Benymmm HampaBieHHMEM MOHHTOPHHIa abMOTHYECKOro Komiulekca B [InHexckom
3aloBeJHUKE  W30paHbl  TpsSMBIE  HATypHble  HAaOMIONEHHs, Ha  TOCTOSIHHBIX U
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PEKOTHOCHMPOBOYHBIX MapuIpyTax, MIOMAAKaX M HaOMI0JaTeNIbHBIX MYHKTAaX B MOJ3EMHOM H
noBepxHocTHOM Kapcre. [Ipu BeisiBienun aktuBuzauuii SI'TI peructpupyercss MecTononoxeHue
MPOSIBJICHUS TMPOIIECCa, U3MEPSAIOTCS IMapaMeTphl HAPYLIECHUs, JTUTOJIOTHS TOPOJ, MPUYHHBI U
XapaKTep TPOSIBICHHS TMPOIECCa, BPEMs BBISABICHUS W/WIM PA3BUTUS, MOCIEACTBUS IS
MPUPOAHOTO KOMILIeKca. MccienoBanus Ha 3aMOBEAHBIX TEPPUTOPHUSAX TPEOYIOT MaKCHMaIbHO
X METOJOB MOJIy4eHUsI HHPOPMAIIUU O COCTOSIHUU M Pa3BUTUU TMPUPOIHBIX MPOI[ECCOB.
Hlaasimme MeToabpl HEOOXOAMMBI U IS YHUKAJIBHBIX O0OBEKTOB, HE MMEIOIIMX O(UIIUATBHOTO
OXpPaHHOIO CTaTyca.

HaunbGonee 3naummbie OI'Il Tepputopun mnoapas3iensioTcs Ha CIEAYIOIIUE TPYIIBL:
9PO3MOHHBIE, CKJIOHOBBIE, 3a0oylaunBaHue, KapcT U cyddosms. Mx B3auMoOaeHCTBHE MOXKET
MPOSIBJISITHGCS. BO B3aMMHOM YCHJICHWH, OCIAOJICHHH JUOO YPaBHOBCIIMBAHWHM AaKTUBHOCTH
nposiBiieHus mporeccoB. Hanbonee pacnpocTpaneHbl MPOSIBICHUS JEMOPTALIMOHHBIX MPOIECCOB,
CBsI3aHHBIC C rpaBUTaIMEll. boliee MOMOBUHBI BBISIBICHHBIX aKTUBU3AIUN COCTaBIISIOT O0OBAbI U
oOpymieHus: mopo. OMNON3HU 4YacTo SBJSAIOTCS (POpMaMU JUIMTEIBHOTO WM TEPUOTUUYECKU
noBTopsoIerocs pa3puTus. CrenupuueckuMy MPOSIBJICHUSIMU B KapCTe SBISIOTCS OMOJ3HU C
MOTJIOIIEHWEM MaTepHaia B BOPOHKY B OOpTy Jiora MM KOTJIOBUHBL [IpoBanbl M mpocaaku
(TpaIMUMOHHBIE WHIWMKATOPbl AaKTUBHOCTH KapcTa), MpH MpeodiaJaHuu TpaBUTALIMOHHOU
COCTaBJIIIONIEH B MOMEHT MX KaTaCTPO(PHUECKOTO PA3BHUTHUS, BBIIEIECHBI KaK OTACIBbHBIA BU]
mpoieccoB. Pa3MbIBBI OTIIOKEHMI Tpeo0IalaloT HAJl aKKyMYJISIIIUEH, 3aTparuBas Kak PhIXJbIe
OTJIOXKEHHUS, TAK ¥ KOPEHHBIE TTOPOJIBIL.

3a 20 ner HaOmoneHuil BbLIBICHO Oosee 5000 mposiBiaeHuit aktuBHOCTH OITI, mMx
CyMMapHbIii 00beM cocTaBisieT mpesbimiaet 170 Thic. M. O6bemsr 200 akTuBu3anuii Gonee 100
M’, a 7 m3 mux — 1000 m°. Bonee 55 % mNpOSBICHHI, COCTABISIOT MEJIKHE H CPCIHHE
aktuBu3anuu (00bemM<10 M%), Ormeuarores YCTOWYMBBIE TPEHbI POCTa KOJIWYECTBA U 00beMa
BoisiBNIeHHBIX akTHBU3auil DTl (puc.l). Ilo konudecTBy M 00beMy HapylieHUs B JOJIMHE .
COoTKM COCTaBISIIOT, COOTBETCTBEHHO, OK0JO 65 u 70% OT Bcex 3aUKCHUPOBAHHBIX IS
TeppuTopun uccnenoBanuii nposisnenuit T, 35% xomuuectBa Hapymenuii u 30 % ux odbema
MPUXOJIATCS Ha KAPCTOBBIE JIOTa, TOJIbe0Opa3HbIe JENPECCUU U MeHEPhI.

Ilepuon nHampaBneHHbIX HabmomeHwit aktuBHOcTH OITl Teppuropun IlunHexckoro
3arOBEIHUKA COBIAJ C €€ 3HAYMTEIBHBIM POCTOM. DTO MPUBEJIO K CYIIECTBEHHBIM W3MEHCHUSIM
B OO0JIMKE TMOA3EMHOr0 U IOBEPXHOCTHOTO KapCTOBOTO peibeda, K HIMPOKOMACIITAOHOMY
BCKPBITHIO TTOrpe0EHHOTO KapcTa.

Oxomno 1/4 Bcex mermiep, 3aperuCTPUPOBAHHBIX B HACTOSIICE BPEeMs HA TEPPHTOPUHU
ApxaHrenbckoil obsactu, pacrnosnoxeHsl B [lnHexckom 3anoBegnuke (91 memiepa) u B ero
oxpaHHOM 30He (27 nemep). Mx obmas npotskeHHOoCTh npeBbiaeT 47 kM. [porsokennocts 11
nemep pocturaer Oonee 1 kM. Ilpm ammmryge mnemep 10-30 M, memepsl TECHO
B3aUMOJIEH CTBYIOT C TIOBEPHOCTHBIM KapCTOM, YTO MPOSBIISETCS, B IEPBYIO OYEPE/lb. A€ CTBUEM
IPaBUTAL[MOHHBIX MIPOLECCOB U MOTJIOLIAIOIIUXCS KAPCTOBBIX BOJ.

MOHHTOPUHT TMemep BKIOYAECT KOMIUIEKC MHUKPOKIUMATHYECKUX; THAPOIOTHYECKHUX,
[JIAIAOJOTHYECKUX  HAOMIOJCHUI Ha TIOCTOSHHBIX TMHKETaX U CTBopax. M3ywaercs
TPaBUTAIlMOHHAS AKTUBHOCTh M JHMHAMHKA MAaccColepeHoca. B KOHTPOJBHBIX TMemepax
MOATBEPXKIAIOTCA  OOIIMe TEHACHIMM W 3aKOHOMEPHOCTH HW3MEHEHWH. JIJIMTeNbHOCTh
HaOr0AeHUH cocTaBisieT oT 12 1o 26 aet. OHu npoBoAsATCs | pa3 B MecsI] B MOHUTOPHHIOBBIX
nemepax u 1-2 pasa B roJ] B KOHTPOJIbHBIX. PabOTHI BELYTCS MO PEKOMEHIALUSAM, U3TI0KEHHBIM
B «Mertonuke nuzydenust kapcra» (1963), «Meroauke MUKPOKIMMATHYECKUX HAOIIOJEHUI. ..»
(1982), «IIpobrmemax w3y4eHHs] KapcTOBBIX TosiocTei...» (1983) [2-5] ¢ aBTOpckumu
nonosHeHusMu. C 2007 roxa mapanieabHO MPUHATHIM METOIUKAM OTPabaThIBAIOTCS U3MEPEHHSI
temnepaTypHbiMu  Jorrepamu  DS1922L-F50 (mpoumsBoactBo CIIHA) u  perucrpatopamu
TeMIIepaTypbI-BIaKHOCTH Bo3ayxa iIBDL-HS, pa3zpabotku ¢hupmer Inllu (Mocksa).
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Puc.1. TpeHabl aKTUBHOCTH 3K30TeHHOM reoauHamuku, 1991-2010 rr.

N3meHeHuss MHUKpOKJIMMAaTa, MPOUCXOASIIME B TEIIepax, BbI3BAHBl BHEIIHUMH TI0
OTHOILIEHUIO K TMOJ3EMHOI cpeie GakTopaMu: TeMIepaTypoil Bo3ayxa, 1e0UTOM, CKOPOCTbIO U
TEMIIEPATYPOIl BOJ, IMOCTYIAKIIMX B KapcTOBbIE MaccuBbl. 110 cpaBHEHMIO ¢ KOHIIOM XX BeKa,
OTMEUAIOTCSl 3HAUUTEIbHbIE U3MEHEHUS MapaMeTPOB BHEIIHEH Cpelbl, BAKHBIX JJIs JUHAMUKU
MUKpOKJIMMaTta nemiep. PocT cpenHeMHOrolieTHe TeMmIepaTypbl BO3/lyXa Ha IMOBEPXHOCTU C
1998 mo 2010 romer cocraBun mo maHHeM [luHexckoir I'MC 1°C (¢ 0,1 mo 1,1°C),
CPEIHEMHOT 0JIETHEE KOJIMYECTBO 0CAJIKOB BO3pocio ¢ 557,7 1o 591,9 mm.

Onpegensitoniee 3HaYEHNUE B U3MEHEHUSX MUKPOKIIMMATA TEIIep UMEET €ro 3aBUCUMOCTh
OT aHOMAaJbHBIX (PAKTOPOB BHYTPUTOJOBOTO KIMMATUYECKOT'O ITUKJA: JIMBHEBBIX HTOXKICH,
BHECE30HHBIX CHErONaZoB, PE3KUX MOXOJOAaHUN B IMEPHUOJ BECEHHHX MABOJKOB, pPa3BUTHE
JO’KJIEBBIX MTABOJIKOB CPa3y MOCJE CHETOBBIX, a TAKXKE JJIUTETbHOCTh MaBOJAKOBBIX MTEPHOJIOB.

AHanM3 MHOTOJIETHUX TEMIEPAaTYpHBIX PsIOB Melliep MoKa3aa OOLIyl0 TEHACHIHIO K
CHIDKEHMIO TeMIIepaTyp BO3[yXa B JICTHUW NEpUOA. 3HAUYEHUS] 3UMHHUX TEMIEpaTyp OCTAOTCH,
KaK MpPaBWIO, MOCTOSIHHBIMU. [0 pa3nuuHbIM ydacTKaMm Iellep OTMEYEHO YBEJIMYEHHE pa3pbiBa
CO CPEIHETrO0BBIMH TEMIIEpATypaMU BO3AyxXa Ha moBepxHocTH, ¢ 0,3-0,5 no 1,5-2°C.

OMBITHI 11O UCTIOIB30BAHUIO TEMIIEPATYPHBIX U TEMIIEPATYPHO-BIaKHOCTHBIX JIOTTEPOB B
Meniepax moKa3aad BO3MOKHOCTD IMOJTy4€HHUS TOMOJTHUTENbHON HH()OpMAIIUX, TOMUMO IIPSIMOTO
HazHayeHus: npubopos. IloaTBepikaeHa 3aBUCHMOCTh TEMIIEPATyphl BO3/yXa OT MaBOAKOBBIX
MOHM)XEHUI TeMIepaTypbl BOJAbl B BECEHHUU mepuon (puc.2) U OT €€ NOBBIILIEHUW BO BpeMs
JETHUX JIOXKJEBBIX IMMABOJKOB, IOJIYYE€HBI JaHHbIE 00 WX MpOTsHKEeHHOCTH. lIpocrnexuBaercs
B3aMMOCBS3b JUHAMUKHM TEMIEPATYpbl BO3AYyXa M €ro BJIAXHOCTH B 3uMHUHM nepuox, 100 %
OTHOCHUTENIbHAS BIAXKHOCTh BO3/1yXa yCTaHABJIMBAECTCS B Ha4aJle BECCHHE-JIETHET O IIEPUOJA.

OOBOHEHHOCTh TICNIEP OTJIMYAETCS BBICOKOW CE30HHOW M3MEHUYMBOCTHIO. AMILIUTYIA
nepenaja MaBOJKOBO-MEXKEHHBIX YPOBHEM MOA3EMHBIX IOTOKOB cocTaBiser 1,5-3,5 M,
MaKCHUMaJIbHOIO 3HAau€HUs JOCTUTaeT MpH MOANope BoAbl. Pacxoabsl MOI3EMHBIX IOTOKOB
MeHstoTcest oT 10-15 n/c B mexennsiit nepuog 10 500-5000 /¢ (3adukcrupoBaHHBI MAKCUMyM —
10000 n/c) B maBomok. Munepanu3zanusi nemepasix Box SO4Ca, Bapbupyet ot 0,4-0,8 r/m B
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naBoJoK, 1,8-2,5 r/nm B MexxeHb, Temneparypa Boasl — ot 0 10 2,5 °C, npu Makcumyme 10 5-8°C
BO BpEMSI JOXKIEBBIX MTaBOJKOB.
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Puc.2. lunamMuka Temneparypsl Bo3ayxa Ha Bxoje (nmuket 1) B nemepy boJ.
I'onyonuckas.
CoBMeleHne JUHUN (KOHEL anpeJis — HAa4aJ10 Masi) B MOMEHT MOATONJICHUs
npudopa.

B mHacrosimee Bpems B memiepax [IMHEXbsS MPOMOIDKAECTCS COKpalleHHE O0HEMOB
MHOTOJIETHUX JbJOB, @ TaKX€ CPOKOB Pa3BUTHUSI CE30HHOTO OJICACHEHHS MO CPaBHEHUIO C
HaOmonaBmmmucs 10 cepenuabl 90-x rr. XX Beka. 3a c4eT KpaTKOBPEMEHHOTO pOCTa
TeMIepaTyp IpH JOXKIAEBbIX MaBOJKAX B MeEIIepax OTMEUYAETCsS YCUJICHHE TasHUS MHOTOJETHUX
noJI3eMHBIX Jb10B. B 2007-2009 romax Hayano oOpa3oBaHUs CE30HHBIX JIbJOB OTMEYaIoCch Ha 1-
2 Mecs1a o3Xe, 4TO CBA3aHO C 3aTSHKHBIMM OCEHHHUMH MaBOJIKaMU Ha MOA3EMHBIX BOJOTOKax. B
HACTOSII1I€€ BpEeMs CTPYKTypa BHYTPUTOJOBBIX LIUKJIOB OJIE€HEHUSI BOCCTaHABIMBAETCS.

ITo manubIM dKCIEAUIIMOHHOTO 00caenoBanus Kk 2005 roxy B nemepe FOouneiinas (C-26)
00bEM MHOTOJICTHEW HaJIeAu COKpaTHJCS BABOE. Bo3pacT ee mo MaHHBIM paguoyIJIEPOIHOTO
ananm3a coctasisier 6osee 200 ner. Poct 00beMoB MHOTOIETHETO JibJa ¢ Hadana X XI Bexa Obut
oTMeueH ToJibko B memiepe Jlensnas BomHa, 3a cueT HaXOXKACHHUS HaJleAM W BOJOTOKA B
pa3nuYHBIX spycax memiepbl. B pe3ynbrare pocta HameAu CHU3MIACH CKOPOCTb LUPKYJIALHUU
Bo3nyxa. B 2004 roxy BXoa B nemiepy ObLI 3aKpBIT 00OBAJIOM.

3a mepwon HaOmojaeHUWM B Temepax BbisiBieHo Oonee 330 mposiienuin  OITI,
MIPEUMYIIECTBEHHO TPaBUTALIMOHHBIX, KapcTOBO-CY(p(Po3noHHBIX U Cy(()O3HOHHO-KAPCTOBBIX.
Cymmaphblii 00beM HapymieHuil npesbimaer 8700 m®. HamGornee 3Ha4MTENBHBI OOBATBHO-
OCBHITTHBIE TIPOSIBJICHHS CBSI3aHBI C T'PaBUTAIMEH M TEPMOTrpaBUTAIIMEH, COMPOBOXKIAOIICHCS
3aKapCTOBAaHUEM IOPOJ MO TPEIIMHHBIM 30HaM, a TaKXe C TassHUEM MHOTOJIETHUX JIbJIOB -
LIEMEHTOB, KPYIHBIX IUIACTOBBIX M JKMJIbHBIX JIEJISIHBIX TE€JI W MHOTOJETHHX CTaJlarHaTOB,
MOBBIAIOIIMX YCTOWYUBOCTh TPEHIMHOBATHIX MOPOJ. 3HAYUTENBHO BO3IEHCTBHUE BOJHBIX
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NOTOKOB pa3pyIIAIONIUX JbJbI-IIEMEHTH.. 30Ha IMepernajga ypOBHEH IMOJ3EMHBIX MOTOKOB B
MEXKEHb M MaBOJOK JOcTUTaeT 2-3,5 M, 4TO B T'OJbl BBICOKHX MMABOJKOB MPHUBOIUT K MOJHOMY
WM  YaCTUYHOMY pa3pylICHHIO JIEASHBIX OO0pa3oBaHM B TIpelenax IMOAbeMa BOJBIL.
['paBuTanIOHHBIE TIPOLIECCH MPE00IaIal0T B OOBEMHOM M KOJMYECTBEHHOM OTHOIICHUH U B
MIPUBXOJIOBBIX 30HAX, M BHYTPU TEIIEP.

HaOmonenuns abnotnueckoro KOMILIEKca, IPOBOJUMBIE B Mpeenax 3alOBEIHUKA U €ro
OXpaHHOW 30HBI, IMO3BOJISIIOT OLIEHUTh KJIMMATHYECKHE TPEHIbl COBPEMEHHOr0 IMepuoja,
MPUBOASIINE K HapylIEHHI0 TOMEOCTa3a IOBEPXHOCTHOTO W MOJA3EMHOTO KapcTa. AHau3
pe3yJIbTaTOB MCCIEAOBAaHUN MO3BOJSIIOT KOOPAMHUPOBATH CIEJIEOJIOrMYecKHe paboThl Kak
MOHUTOPHUHTOBOTO, TaK M IOMCKOBO-TOMIOCHEMOYHOTO HAIpaBICHUH, BBIABIATh W3MEHCHHS
KapCTOBOTO T'€OKOMIIJIEKCA, BBIICIUTh KPUTEPHH OIEHKH 3KOJIOTHYECKOM IEHHOCTH MOA3EMHBIX
00BEKTOB U OE30MACHOCTH UX TYPUCTUYECKOTO HCIIOTb30BAHMSL.

JIutepatypa

1. Mankos B.H., I'ypkano E.N., MonaxoBa JI.b., lllaBpuna E.B. u np. Kapct u
neniepsl [Iunexns. M.: Acconmanus «3koct». 2001. 208 c.

2. MeTtonuka uzydenus kapcra. [lepmpb, 1963. Beim.1-9.

3. MeTtonuka  MHUKPOKIMMATHYECKMX  HAOMIOJEHUNA B €CTECTBEHHBIX U
HCKYCCTBEHHBIX IOJIOCTAX B TPEIIMHOBATBHIX 3aKapCTOBAHHBIX MOPOAax M BO Jipaax. [lepms,
1982. 8 c.

4, Metonnueckne peKOMEHJalUU 110 U3yYEHHUIO0 MOBEPXHOCTHBIX U MOJ3EMHBIX BOJ
B KapcTOBBIX paiioHax. JI.: ['mapomereonsnat, 1969. 150 c.

5. [IpoGnembl u3ydeHHs KapCTOBBIX mosiocTed rop roxHbix obnacteir CCCP.
Tamkent, 1983. 95 c.

6. [[TaBpuna E.B., MankoB B.H. MOHUTOpHHT KapcTa M 9K30T€HHBIX I'€0JIOTMYECKUX
nporeccoB  //  KoMmoHeHTBI »3KocucTeM U OuopasHooOpa3ue KapCTOBBIX TEPPUTOPUI
EBpomeiickoro Cesepa Poccun (Ha npumepe 3anoBennuka «l[Iunexckuitn). Apxanrensck, 2008.
C.64-74.

THE EXPERIENCE OF INTERVAL PHOTOGRAPHY USEAGE FOR KULOGIR
CAVES MONITORING
1.Vyahhi, S.Sorokin, N.Frants
Institute of geoecology RAS
Tver State University
Arkhangelsk speleoclub “Labirint”
ONBIT IPUMEHEHUSI HTHTEPBAJIBHOM ®OTOTPA®HNUYECKOMN CHBEMKH JJIsI
MOHHUTOPHUHIOBBIX UCCJIEJOBAHUN B KYJIOIOPCKUX IEIEPAX.
N.9. Baxxu, C.B. Copoxun, H.A. ®panng
Nuctutyt reoskonoruu PAH
Tepckoii ['ocygapcTBeHHBI YHUBEPCUTET
Apxanrensckas CA «JlabupuaTt)

Digital interval photography can provide unique data for cave research. Short-time
recordings can be done with available digital cameras. For medium time range external power
is required. For long duration we recommend to use Canon cameras with CHDK software and
external microcontroller-based timer. Main problem for image quality is condensate on outside
surfaces of camera box.
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Beenenue.

Kynoropckuil cneneomMaccuB HaXOAATCSA Ha IOr0-BOCTOYHOM OKpanHe benomopo-
Kynolickoro niaro. KomniaekcHble HCCIEI0BAHMS MEIIEP MACCUBA B HACTOSAILEE BpeMs
npoBosATcs moa pykoBoacTtBoM ACA «Jlabupunt» cnieneonoramMu ApxaHrenbcka, CaHKT-
[TerepOypra, MockBel, TBepH U APYTUX TOPOJIOB.

B nocnennee BpeMs 111 MOHUTOPUHTOBBIX UCCIIEIOBAHMIM, IOMUMO M CIIOJIb30BaHUS
pa3IMYHBIX 1aTYMKOB (TEMIIEPATYP, BIAKHOCTH U MP.), CTajJa MIPUMEHSITHCSI TEXHOIOTHS
JUTMTENbHON HHTEepBaIbHOMN (hoTorpaduueckoil cheMKH B neniepax. B pesynbrare Obun
MOJIy4€Hbl YHUKAJIbHBIE TAHHbIE, IEPEBOISAIINE MOHUTOPUHIOBbIE HCCIIEJOBAHNUS B
Kynoropckux nemiepax Ha HOBbII Ka4€CTBEHHBIN YPOBEHbD.

B maHHOH cTaThe ONKMCAaHBI TEXHOJIOTUU U PE3YJIBTATHI IIPUMEHEHUS HHTEPBAIbHON
¢dorocremku B Kymnoropckux nemepax B 2008 u 2009 rr. DKcriepuMeHTHI 110
COBEPILIEHCTBOBAHUIO TEXHOJIOTUU TaKUX HAOJIOEHUH IPOJOIDKAIOTCSA U B HACTOSIIIIEE BpEMS.

1. IlepBbie Ha010neHus B newmepe Kynoropekas-2, ausaps 2008 roaa.

I1epBblii onbIT HHTEPBaAJIbHON (hOTOCHEMKH ObLI MoJTydeH B stHBape 2008 roja B 3aie
benoe beamonsue nemeps! Kynoropekasn-2 (K-2). Mcnons3oBaics nudpooit poroannapat
Pentax Optio W10, umeromuii TpoYHbIi BOJOHEIPOHUIIAEMbII KOPITYC U yXKe XOPOIIO
3apEKOMEH]I0BaBIIMI ce0s IpU ChbeMKax B IeLIepax.

8) 2)

Pucynok 1. Habaooenue pocma neosinoeo cmanaemuma ¢ newepe K-2: a) ycmanoexa
gomoxamepul,; 6) nepswiii Kaop, 8) uepes Cymku, 2) yepes 080e CYmokK (NoCie0HUtll Kaop).

OOBEKT CheMKH — HEOOJIBIIOW JIEASHONW CTaJarMUT, BhICOTOM OKono 40 cm (puc.la).
dortokamepa ObllIa yCTaHOBJIEHA HA IITaTHBE, CheMKa Benach ¢ 1 mo 3 sHBaps, ¢ uurepBagom 30
MUHYT. B uTore Op110 nmoiny4eHo 86 KaapoB, OTpaXaroUMX AMHAMUKY POCTa CTaJarMuTa.

Kax Bunmno na Puc.16-r, 3a HemoyiHbIE JBO€ CYTOK CTajJarMHUT «IOIPOC» Ha 68 MM
(cpemnsist ckopocTh pocta - 16 mMMm/gac). YCKOpeHHE POCTa CTajJlarMHUTa C OJHOBPEMCHHBIM
YMEHBILIEHUEM ero auameTpa o0bsicHseTcs pe3kuM (¢ +2 1o -18C) nmoxononanueM HapyKHOTO
BO3/lyXa, BEHTUJIMPYIOIIETO Meliepy.

[TepBbIii ONMBIT WHTEPBAJIBHOM (OTOCHEMKH IOKa3ajl NPUHIIMITHAIBHYIO BO3MOXXHOCTB
TAKOH TEXHOJIOTMU JIJII MOHUTOPHUHIOBBIX HAOJIIOICHUH HEOOJBINONW JIUTEeAbHOCTH. [Ipr 3TOM
YHUCIIO KAJPOB, KOTOPOE MOXKET OBITh C/IEIAHO B TAKOM PEKHUME, OKA3bIBAECTCS OTPAHUYCHHBIM
€MKOCTBIO BCTPOEGHHOTO aKKyMyJisiTopa poroamnmapara.

2. Becennuii maBoaok 2008 roxa B nemepe Boanas (K-4).

Crneayroommm 3KCHEPUMEHTOM IO UCIOIB30BAHUIO pacCMAaTPUBAEMOM TEXHOJOTHUU CTaja
cbéMka BecenHero maBonka 2008 roma B memepe K-4 ¢oroammapatom Pentax W10, ¢
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UCIIOJIb30BAHUEM BHEIIIHETO HWCTOYHMKA mHTaHus (2 CBHHLOBBIX akkymyssitopa 2V 7Ah,
COEMHEHHBIX I0CIIE0BATEIbHO), MOAKIIOUEHHBIX K IITATHOMY pa3beMy BHELIHETO MUTAaHUS
¢doToanmaparta. Beicota X072 MO3BOJIsIa PACCUUTHIBATh HA TO, YTO MECTO YCTAHOBKH KaMEphI
OKa)KETCsl HE 3aTOTVICHHBIM BO BPEMSsI TABOJKA.

0) 6)
Pucynok 3. Hnmepsanvhas cvemra 6 newepe K-4 ¢ 2008 200y:
a) 6okc ¢ kamepoti,; 6) nepswviii Kadp - 3 anpes, 8) NOCICOHUL Kaop - 5 UIOHAL.

Hcnonp3oBaHue pazbeMa BHEIIHETO DSJICKTPONUTAHHUS HApyIIaeT T'epMETHU3ALHUI0
¢doroanmapara, MO3TOMY KaMepa BMECTE ¢ aKKyMYJSTOpaMu ObUIa IMOMEIIEHAa B T'epPMETHYHBINA
nnacTukoBelii Ookc (Puc.3a). Ilepen kamepoidl Oblna ycTaHOBIIEHA BEPTUKAJIbHASs peEKa C
MEpPHBIMHU JMHUAMU 4epe3 Kaxasie 20cm. Kpome Toro, Tam ke, 171 onpeeneHus HanpaBiIeHUs
TEYEHMsI BO/IBI Ha Pa3HbIX YPOBHSX, HA HATSAHYTOW OT MOTOJIKA J10 MOJIa JeCKe OB 3aKperlIeHbI
MIEHOIJIACTOBbIE MOIJIABKH.

®oT0O0KC OB JEMOHTUPOBAH B aBryCcTe, HO caMa Kamepa Oblla akTHBHA € 3 ampeis 1o
5 wions. OOcnenoBaHue OOKca IOKas3ajao, YTO Ha 3TOT MOMEHT aKKyMYJSITOPBI OBUIH eIie
3apsHKEHBI, BO/a BHYTPh OOKCa HE IMoraja, OJHAKO HAOMIoJalics KOHJICHCAT CHapyXu OoKca.
OTOT KOHJEHCAT CEePhE3HO MCIOPTHII KAYeCTBO CHUMKOB, OJJHAKO ONPENETUTh MO0 HUM YPOBHHU
BOJIBI BCE )K€ yAanoch. Ha HU3K0e KauecTBO CHUMKOB TaKXKe€ MOBJHSIIO OTPa)keHHE BCTPOESHHOM
BCITBIIIIKH OT BBICTYIA CTEHBI ciieBa oT Ookca (Puc.30 u 3B).

Ananu3 pe3ynbTaToB (OTOCHEMKH IO3BOJIMI BIIEPBbIE MOJYYUTh YacTh THaporpada
BeCcEeHHero maBojika B nemiepe K-4 u cpaBHuTh ero ¢ ruaporpadom pexu [Tnnera.

3. Becennuii naBoaok 2009 roga B nemepe K-4.

Hcnonp3oBaBumiicss ¢oroanmapar Pentax W10 mo3BonseT 3amaTh YMCIO KaJpoB HE
6onee 1000 u wuHTepBan - He Oonee 99 MMHYT, 4YTO OrpaHUYMBAET MAaKCUMAaJbHYIO
MPOJOJDKATENBHOCTh ChEMKH JO0 JBYX MECSIEB, HE BMEIIAIOMIMX BECh MEPUOJ MaBOJKA B
Kynoropckux nemepax. JlaHHOe 0OCTOSTENHCTBO 3aCTaBUJIO HAC MEPEUTH K HCIOJIB30BAHUIO
¢dotoanmapara Canon A460. [{ns Hero, kak ¥ MHOruX Apyrux (orokamep Canon, umeercs
BO3MOKHOCTh ~ 3arpy3kd  CTOpPOHHero  mnporpammHoro  obecneuenus CHDK  [1],
00ecreunBarOIIEero TOJMHBIM KOHTPOJb Hal (yHKOusAMH ¢oroammapata, B TOM 4YHCIE -
BO3MO)XKHOCTh HAIMCaHUS MpOrpaMM st yrpasieHus kamepod. C wmcmomb3zoBannmem CHDK
pa3paboTaHbl W TPOrpamMMbl ISl WHTEPBaJbHOH cheMKH. OIHAKO TpU  peau3ariu
uHTepBanbHOW chéMKHU cpeactBamu CHDK HEBO3MOXHO BBIKIIOUHTH NHTAHHE KaMmepbl B
MHTEpBaJIaX MEX/Y KaJpaMH, 4YTO IPUBOJUT K CIUIIKOM OOJIBIIOMY PACXOAY 3JIEKTPOIHEPrHH.
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Pucynok 4. @omonocm ¢ maimepom Ha MUKPOKOHMPOILEpe:
a) cmpykmypuas cxema, 0) ycmpoticmeo ycmanoeieHo 6 newjepe K-4.

J171 IpeoioeHHst 3TOT0 OrpaHUYeHUs ObII U3TOTOBJIEH BHEUIHUM TaliMep ¢
MCIOJIb30BaHWEeM MUKpOKoHTpoJuiepa Texas Instruments MSP430F2001 [2], koTopblii pa3 B Tpu
yaca BKJIIouaeT (poTokaMepy M BHEIIHUN CBETOMONHbBIN cBeTuIIbHUK (Puc. 40). [Ipu BkimtoueHun
KaMephl B Hell aBToMaTHYecKH 3amyckaercs Hanucanaast Ha CHDK nporpamma, kotopas
BBICTABJIIET HEOOXOAUMBIE TapaMeTPbl CbEMKH (B TOM YHUCIIE AUCTAHLUIO (hOKYyCa, YTO
MO3BOJISIET OTKA3aThCs OT HEHAAE&KHO padO0Ta0IIEro Ipyu HU3KOM OCBEIIEHNH aBTOOKYyca) U
nenaet oauH kaap. Yepes 15 cexyH1 mocie BKIOYEHUSI MUKPOKOHTPOJIIIEP BBIKIIOYAET KaMepy.
JIst nUTaHKUS UCTIOb3YETCsl TePMETHYHBIN CBUHLIOBBIH akkyMyssitop 6V 12 Ah, Hanpsbkenue
KOTOpOI'0 MoAaéTcs Ha Ba 0JI0Ka MUTaHUSI — JIMHEUHBIM HU3KOTO MOTPEOIeHUS A1 TUTAHUS
MHUKPOKOHTPOJUIEPA U UMITYJIbCHBIN € BBIXOAHBIM TOKOM 500 MA 111 TUTaHUS KaMepPHI,
KOTOPBIN BKJIFOYAETCS TOJIbKO HA MOMEHT ChEMKH.

Bokc ¢ horoanmaparom 6611 ycraHoBIeH B nemepe K-4 B konie mapra 2009 rona.
Hauano nogbsema Bosibl 661510 3aUKCHPOBaHO YTpoM 12 mast (cM. puc.6). Pe3kuii moabem BoabI
Habmro1ascs B TeueHune AHs 12 mas, mociae KOToporo 0okc ¢ (hoToarmnapaToM OKa3acs Moj
MaBOJKOBBIMU BoAaMu B TeueHnue 7 nuei. [locne 18 mas Havancs, BHa9asie OBICTPBIN, a 3aTeM
Bce Oosiee MeJIEHHBIN craj MaBoAKOBBIX BOJ. K KOHIlY HIOHSI CKOPOCTH CIiajia BOJIbI CHU3MIIACh
JI0 3HAYCHU, HepazTUIMMBbIX Ha (oTorpadusx. doronoct ycnenHo npopadoTai 10 ero
NeMOHTaxka B cepeaunne aBrycra 2009 roza.

8) 2)
Pucynok 5. @omoepaghuu cvemxu secenneco nasooka 2009 e. 6 newy. K-4.: a) ycmanoska
gdomoannapama — 25 mapma; 6) nauano nasooxka — 12 mas, 00:00 uac; 8) noovem 600wt — 12
maa 21:00 uac, 2) noovem 600bi gvlue yposHs pomoannapama — 13 mas, 3:00 yac.

149.



19
s 18 ~
E]é 1 —-——— = = = = = = — —
3 ie _j/ N A.o. NvHera
8 1 y — =Ao.K4
s 13
o 12
SN
10 T T T T T T T T
o o o o &) o o o o
S RS RS S S RS RS KS S
v v v v v v v v v
Sk i S N ok Sk Sk & &
N & & a9 o & Q o o
N S N ) 2% I\ N N Vv

Pucynoxk 6. I'uopoepagh eecennezo nasooka pexu I[luneea u newepor K-4.

4. bopn0a c 3annoTeBaHueM 00beKTHBA

BriHOC McTOYHMKA OCBEIEHUSI B OTAENbHBIA KOPIYC YCTPaHUJ 3aCBETKY CTEKJIa Mepe[
O0BEKTHBOM, OJHAKO JAa)ke 0e3 IOACBETKM KOHAEHCAT CYIIECTBEHHO YXYJIIAaeT KauecTBO
u3o0paxkenus. Hamu OblT mpeanpHHAT psA MOMNBITOK YCTPaHUTh KOHJAEHCAT C MOMOIIBIO
CrHelMaIbHbIX MOKPBITUM: UCIOJIb30BAINCH «HE3ANOTEBAIOIINE» CTEKJIA OT 3alUTHBIX OYKOB, a
TaK)K€ pPa3JUYHbIE COCTaBbl NMPOTHB 3amoreBaHus. OJIHAKO HM OJHO W3 CPEICTB HE Jajio
CYILIECTBEHHOTr0 pe3ynbrara. [lo Bcell BUIMMOCTH, €IUHCTBEHHBIM 3()(EKTHBHBIM METOAOM
O0pbObl C KOHAEHCATOM MOXKET CTaThb IIOJOIPEB CTEeKJa Iepen HadaioM cbeMmku. Ilo
NpeBapUTENbHBIM OLEHKaM, [JJs IoJorpeBa IoTpedyercs B UeThlpe pas3a OoJjblie
ANIEKTPOdHEPTUH, YeM I nuTaHus (oroamnmnapara u nojacetku. Hagano ucneitanus ¢oromnocra
C MOJIOTPEBOM CTEKJIa IjIaHupyercs Ha ocedb 2011 rona.

BriBoabI

[Ipumenenue uudpPoBOH HMHTEPBAIBHOM (POTOCHEMKH IIO3BOJIET OpraHU30BaTh
peryisipHble BHU3yalJibHbIE HAONIOMCHHS 3a THAPOJOTMYECKUMU W HMHBIMH TIPOI[ECCaMU, B
YCIIOBUSIX, KOT'/1a TeIIephl HEAOCTYIHBI JIIsl YeIOBeKa, WM OTCYTCTBYET OCTOSIHHBIN MEePCOHA.

J11s1 cheMOK HeOOJIBIION MPOIOHKUTEIBHOCTH MOKHO HCIOJIb30BaTh 0e3 Moaudukauii
doroammapaTel, HMEOINME TMOAACPKKY HHTEpBaJbHOW CheMKH. JIms cheMOK cpenHei
MPOAODKUTEIBHOCTH HEOOXOIMMO HCIIOJIb30BaTh BHEIIHEe TNHTaHWe (oroammapaTa OT
aKKymynaropa 60mb10ii éMkocTu. CheMKa 0OJIBIION ATUTENbHOCTH MOXKET OBITh OCYII[ECTBIICHA
cucteMoli, Bkmouaromeil Qoroanmapar Canon ¢ JIOMOJHUTENBHBIM  MPOrPAMMHBIM
obecreueHneM, MUKPOKOHTPOJIJIEP U aKKYMYJISTOP.

Jnst moBbliieHUsT WH(MOPMATUBHOCTH CHEMKH B KaJpe Leecoo0pa3HO pPa3MecTUTh
pa3nUYHbIe YKa3aTelH, MO3BOJISIONINE ONPEALISITh YPOBEHb BOABI M HanpaBlieHHe TedeHus. [{is
yIy4IIEHUS BUAMMOCTH JCJICHUNM MIKaJbl LEIEeCO00Pa3HO HCIOIb30BATh CBETOOTPAKAIOIINE
IEHKU. J[OMOMHUTENbHBIE MapaMeTpbl MOTYT ObITh 3a(MKCHpOBaHBI, HaNPUMEp, JOITEPaMHU
TeMIepaTyphl, yCTAHOBICHHBIMU B paliOHE CbEMKHU.

VYiyunienus: ka4yecTBa KapTUHKA MOXKHO JOCTUYb C MIOMOIIBIO MCIOJIb30BaHUSI BHELIHEH
BCIIBIIIKH, WIM JPYrOro MCTOYHUKA OCBEIIEHUS, KOTOPbIE MOXHO ObUIO OBl pacroioXHUTh Ha
OoNbIIOM paccTOSHUM OT Kamepbl. JKenaTenbHO wu30eratb HajdUuMsg B KaJpe CBETJIBIX
MOBEPXHOCTEH CTeH psijoM C Kamepod. Ha wHacrosumii MOMEHT HauOOnbIIMe TPOOIEMBI
BBI3bIBAET KOHJIEHCAT.

Cnmcok ureparypsl

[1] CHDK — anprepHatuBHas mpommBKa [DJIeKTpoHHBIA pecypc] — Pexum mocryma:
http://chdk.clan.su/

[2] MSP430F20x1, MSP430F20x2, MSP430F20x3 Mixed Signal Microcontroller (Rev.
F) [DnexTponHuslit pecype] — Pesxxum mocryma: http://www.ti.com/lit/gpn/msp430f2001
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SNOW AND ICE FORMATIONS IN ALTAI CAVES
V.K. Wistinghausen
CHEXHO-JEJJOBBIE OBPA30BAHUS B IIEHLIEPAX AJITAA
B.K. Buctunraysen
Pycckoe reorpadguueckoe o6miectso, Peciybnmmka Anrait

Cher m nen B memepax AnTas croeuuaibHO He u3ywaics. HemHorouucieHHble
HaOMOIeHNs, OTpaKeHHbIe B nuTepatype [l—12] choemaHbl, MperMMYIIECTBEHHO, B MPOIECCE
AMU30AMYECKUX MapIIPYTHBIX OO0CIEeNOBaHUN memep. MUKpOKIMMAaTHYECKUe HAOMIOICHUS B
Teriepax OrpaHNuYMBAIOTCS OTACIBHBIMUA M3MEPEHUSIMU TEMIIEPAaTyphl BO3ayxa. EQMHCTBEHHBIE
Oonee IIUTENbHbIE MUKPOKJIMMAaTHUYECKHEe HAOMIOAEeHHS TPOBOAMIUCE cliejeojoraMi ToMCKoro
yHuBepcutera B 1967 rogy B nemepe Jleasnas Karymka B TeueHue 2 cyToK 4epe3 Kaxkple 3
yaca Ha Tpex nmocrax. OJMH MOCT HaXOAWJICA Ha MOBEPXHOCTH Y BXOJAa B MelIepy, BTOPOM — B
JIEIOBOM 4acCTH IEHepsl, TPETHM — B IELEepe, 3a IpeneramMu JIenoBod 30HbL. K coxanenwuio,
COBPEMEHHOE MECTOHAXO0KIEHUE 0TUYETA FIKCIIEAUIIMN HEU3BECTHO.

CHeXHO-JIeOBbIE CKOIJIEHUS M3BECTHBI BO BCEX KapCTOBBIX pailoHax Aunras. Beicorta
pacrnoyioKeHUsI BXO/I0OB B IELIEPbl HE UIPAET PELIAIOIEro BIMSHUE HA HAJIMYHUE OJICACHEHUS —
CKOIUICHHS JIbJla M CHEra M3BECTHHI B Iemiepax ¢ BeicoToil BXomoB oT 400 mo 2000 m Han
ypoBHeM mopsi. A M. MapunuH [9, c¢. 113—131] yka3biBaer, 4TO BXO/IbI B NEMIEPHI CO JHJAOM U
CHETOM IPUYPOYEHBI K CKIOHAM CEBEPHOM 3KCIIO3MLMH, PEKE — 3amagHod u BocTo4HOM. Ilo
HaIIMM HaOJIIOACHUSAM, SKCIIO3UIUS BXO/Ia HE OKa3bIBACT PEIIAIOIIEr0 BIMSAHUS Ha 00pa3oBaHUe
MEHIEPHbIX CKOIUIEHUH Jbaa. OHM BCTPEUAIOTCA W B IEHIEpax, PacloOKEHHBIX Ha FOMKHBIX
ckioHax. OCHOBHOH (hakTOp, Ha HAI B3MJIAI, 5TO BO3MOKHOCTh HAaKOIUICHHS BOJIM3M BXOZAa B
nelepy 3HAYUTEIbHBIX MAacC CHEra IHOBBIIICHHON IJIOTHOCTH, B OCHOBHOM — 3a CYET €ro
MeTeseBoro nepenoca. Beero u3BectHo okoso 30 memiep co CHETOM | JIbAOM, 2/3 KOTOPBIX —
BEpPTUKAJILHEIE.

[lo AMuTEnbHOCTH CYIIECTBOBAHUS MOXKHO BBIIEIUTH CE€30HHBIE, MEPEIETOBBIBAIONINE U
MHOTOJIETHHE CKOIIJICHHS JIbAa U cHera. M3-3a Manoro konmdyecTBa HabIIOACHII MPOBECTH TPaHb
MEXAy HUMU He BCEerjJa BO3MOXKHO. [lo Tummam MOXHO BBIIETUTh CHEXKHHUKH, JEIHUKHU, HAJIEIH,
JIeNsTHBIC HATEKW U CyOJMManuoHHbIN Jieq (nHei). Ce30HHbBIE W MEePEIeTOBBIBAIOIINE CHEXH UKH
00pa3yloTcss BO MHOTHMX KapCTOBBIX Koyoamax u maxtax. Ce30HHbIE CHEXHUKH TaK JKe
BCTPEYAIOTCS B TPHBXOJOBOM YaCTH HEKOTOPHIX TOPHU30HTAJbHO-HAKJIOHHBIX IIemIep, TIIe
JepxKaTcs 10 Hauyaja JieTa. B oTaenbHBIX ciiydasix CKOIUICHHS CHEra Ha JHE KOJIOJIEB U IaXT,
BCIICJICTBUE IPOLIECCOB YIJIOTHEHHUS W KOHXEJSIHUH, MpeBpamatTcs B GupH u nen. Takue
MHOTOJIETHHE CKOIUICHUS, BHE 3aBUCHMOCTH OT MX pa3MepoB, HAJO CUUTATh YK€ JICAHUKAMH,
XOTS, CTpOro TroBOpsi, Ha AJjTae HeT HAOMIOAEeHUH, (UKCHUPYIONIMX ABM)KEHUE 3TUX (HUPHO-
nenoBeIX Macc. Ho Takue HaOmoieHus cenansl B neniepax Apyrux tepputopuii [13]. Jlennuku
B BEpTUKAJbHBIX Memepax Aurtas OTMEYeHbl Ha TiiyomHax oT 4 1o 40 M OT MOBEPXHOCTH.
Hekoropsie 13 HUX UMEIOT BUJ CHEXHO-JIETOBBIX IPOOOK B CTBOJAX KAPCTOBBIX MIAXT BHIIIE UX
JTHA.

Hanenu nemep dhopMupyroTcs, IpeUMyIeCTBEHHO, 32 CYET WH(IIIOAIMOHHBIX MTOTOKOB
BOZIbl, 3aMep3aolllel Ha MOJdy Mellepbl MNP OJHOBPEMEHHOM 3aTEKaHUW WM 3aCTauBaHUU
X0JOAHOTO BO3Ayxa. OHU MOTYT OBITh CE30HHBIMU M IEPENICTOBBIBAIOIIMMU, HO Yalle UMEIOT
MHOT'OJICTHHH XapakTep, IOCKOJIbKY 00pa3oBaBIIasics HaJIeIb CIOCOOCTBYET JajbHEHIICH
akKymynauuu xosiozaa. Boma, ¢gopmupyromas Hanenu, yamie Bcero oOpasyercs HNpU TasHUU
CHera, B TOM 4YMHCJII€ CE30HHBIX CHEKHHUKOB KapcToBbIX (opMm. Hameau mnemiep Hepenko
MMEHYIOTCA JIEAHUKAMU, YTO TEPMHHOJIOTMYECKH HeBepHO. Tak, A.M. MapuHuH Ha3bIBaer
Kynpatokckyro nemiepy (CeMHUHCKHM XpeOeT) «KpyHMHEHIIMM IMOA3EMHBIM JIEIHUKOM AJTas»
[10], xora nexm ee cuuraer ruAporeHHbIM. lIpaBna, B JaHHOM ciydae, HE MCKIIOYEHO H
CMEIIAHHOE MMPOUCXOXK/ICHUE JIbJA.
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Jlensiuple HaTeKW (CTAJAKTUTHI, CTaJarMHUTbl, KOJIOHHBI, 3aHaBECH, KOpPbl U T. ].)
o0pa3yrTcs 3a cyeT 3amMep3aHus HH(PUIBTPALMOHHBIX BOA. B OONBIIMHCTBE CIy4aeB ATO
CE30HHbIE 00pa30BaHUS, HO BCTPEYAIOTCSI U MHOTOJIETHHE, KOTOpbIE TOJBKO IPETEpPHEeBaIOT
CE30HHbIE M3MeHeHus. VHorna omajarouye B TEIUIbI CE30H MOIIHBIE COCYJIBbKH 00pas3yroT
JeJIsIHbIE CKOIIEHUs Ha noity nemiepsl. He BriosHe siceH MexaHnu3m o0pa3oBaHusi KpyNHbIX (10 3
M B CEUEHWH, A0 15 M UIMHOW) BUCSYUX JeNsHBIX (OpPM, MPUKPENICHHBIX K CTEHKaM
BEPTUKAJIbHBIX TIOJIOCTEM.

CkonseHus nHes B 3MMHUI NIEPHOJT OTMEUYAIOTCS B IPUBXOAOBBIX YACTSIX MHOTMX IEIIEp.
B ornenpHBIX nemepax OHM MOTI'YT BCTpedaThCs Kpyriaelid roia. Omnagaromuye KpUCTAJUIbl UHEs
MPUHUMAIOT yyacTHe B OPMHUPOBAHUH JIbJa JIEAHUKOB U HaJleCH.

Jlen meniepHBIX BOAOEMOB SIBJISIETCS CIIOPHON (OPMOMA, TaK Kak JIEASIHbIE «03€epay Melep
Ha IPOBEPKY HEPEIKO OKa3bIBAIOTCS HaleAsIMU. TeM He MeHee, Ha AnTae U3BECTHBI 2 MTOJIOCTH, B
KOTOPBIX HaOMOAaIICs Jie] Ha moBepxHocTH Boabl. Ilemepa JlenoBuras (TepekTuHckuii xpeder)
IIPEACTaBISIET AXTy, BBIBOASALIYIO B TOTOJIOK 3aia. Ha riryOoune 30 M OT MOBEPXHOCTH BECh 3all
3aToIIeH 03epoM riyOnHoN miomaabio 240 kB. M. ToNbKO MOA OTBEPCTHEM BXOAHOTO KOJIOALA
umMmeercs JieAssHoW ocTpoB. Bropas moxoxkas memepa, [lecounas (bamenakckuii xpeber) nmeer
BUJ KOJIOJIIa 3aTOIUIEHHOro Ha riayoune 11 M. Ha moBepXxHOCTH BOABI MJIaBAalOT JbJIWHBL. B
000U X CilydasiX HE BBISICHEHO, €CTb JIM JI€J 10/ BOAOH.

CHopHBIM Takke SABJISIETCS BOIPOC O CBS3M OJICACHEHUS Ielep ¢ MHOIOJIETHEH
Mep3noToi. OgHu aBTOPHI [9] cuuTalOT, YTO TaKas CBA3b €CTh, Apyrue [6, 11] —dro ee HET.

B cBs3u ¢ MyccupoBaHMEM TEeMbl TaK HA3bIBAEMOrO «IJI00AlbHOrO MOTEIUICHUS
(sABJsOILIErOCs, HA HAIl B3IJISL, BOCXOASIIEH YacThi0 BEKOBOIO IMKJIA T'€OKJIMMATUYECKUX
Kosie0aHMil) TPEACTaBIIeT MHTEPEC BONPOC O pEeaKlWWh Ha HEero MellepHbIX JbaoB. Hamm
Ha0JII0/IeHHs] TOBOPAT O HEOJHO3HAYHOCTU JaHHOro mpouecca. B 1969 rony B nemepe Amyp B
cepeAMHE JieTa HaOII0Aaloch MOIIHOE CKOIJICHHE JIbJAa M CHEra ¢ KpUCTaJIaMH HHed U
JensHbIMH cTamarMutaMu. CHeET monajiai B OOMIMPHBIM IpoT Yepe3 Ba OTBEPCTUS B MOTOJIKE HA
riny6ouny 10 m. B 2005 u 2008 rogax, B TOT K€ CE30H Toja B memiepe Jbjaa He 0bu1o BoBce. K
3TOMY € BPEMEHHM MOJIHOCTHIO UCYE3JI0 M CHEXHO-(DUPHOBOE CKOIJICHHE, pPaHee HaXOJUBIIEeCs
B HakJIOHHOW JIMuTpueBckoii maxre 3abpomennoro Hoo-Yarsipckoro pyauauka. B 1969 r. nen
B Hell pacmonarasncs Ha riayoune ot 20 10 40 M OT BXOJHOTO OTBEPCTHS.

B toxe Bpems, B memepe Turupek-2, pacnoyio)KeHHOW B 3 KM K 3amajy OT Helepsl
Amyp, pa3Mepsl CHEKHO-JIEI0BOTO CKOIIEHUs YBeIMYmiInCh. B 1959 rony nen He3HaunTenbHOR
MOILHOCTH TOKPBIBAJI JHO HAKIOHHOIO XOJa OT JHA BOPOHKH 10 YCTbs IEPBOro KoJjoaua. B
2008 roma 3TOT X0A ObUI IOJHOCTBIO 3a0UT CHEIOM U JIbJOM, IEPEKPHIB JOCTYIl B IIyOHHY
neriepsl. Ha moBepxHocTH Jibja Oblia myxa Tanoi Boabl. [Ipeamnonaraemas MOIHOCTG JIEASTHOM
npoOKH cocTaBJsyia HeCKOJIbKO MeTpoB. [Tobmm3octu ot neniepsl Turnpek-2 HaxoauTCs Merepa
@OupHOBasi, HAKJIIOHHOM IIENbI0 yXOAsIuas BrilyOb maccuBa. B Heil, HauMHas ¢ 5 M OT BXoja,
HaOII0JaNn0Ch CKOMIeHHe (GupHa, mpociexeHHoe 10 riayounsl 30 M, rae GupH mpakTUYecKu
MIOJIHOCTBIO TNEPEKpbUl MOJ0CTh. [Ipomgoimkaer coxpaHsATbCa M JegHUK B newmepe Jlensnas
Karymka, nHaxogsamerica B 1 kM ot HoBo-YUarslpckoro pynHuka. Bxoasl BO Bce 3TU nemiepsl
pacnonmararorca B npenenax BwicoT 370 — 770 m Haxm ypoBHeM Mops. Bo Bcex ciydasx
HaAOJIIOIEHNS TPOU3BEIEHBI B HIOJIE.

Bxox B JIMUTpHEBCKYIO IIaxTy pacIlOJIOKEH Ha IUJIOCKOM BEpIIMHE TOpbl. Bxonsl B
nemepy Auryp HaxXoAsTCS Ha CKIIOHE FOr0-BOCTOUYHOM 3KCIO3Uulluu. BXojbl B nemepsl TUTHUpeK -
2, @upHosas, Jlenanaa Karymka pacronokeHbl Ha CKIIOHAX CEeBEpO-3anagHoi sKcrno3unuu. Tak
YTO B JJAaHHOM Clly4dae, 3KCIO3UIHUs BXOJ0B, BO3MOKHO, UMeeT 3HaueHne. Kpome Toro, pazmepsl
U TIOJIOXKEHHE BXOJOB B JIMUTpHEBCKYI0 MHIaxTy M memiepy Suryp cmocoOCTByroT OojblieMy
IIPOrPEBAHUIO ITHX MOJIOCTEH. Y MEUIEPHBIX CHEKHUKOB U JIEAHUKOB, B OTJIMYUE OT TOPHBIX, B
MIEPBYIO OYEpENb TaSHUIO MTOJIBEPTAOTCS 30HBI UX IMUTAHHUS.
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B 3axmoueHue Hago ckas3aTh, UTO M3y4YEHHE CHEXHO-JIEIOBBIX 00pa3oBaHUil Memiep H,
0COOEHHO, HX JIUHAMHKH HEBO3MOXHO O€3 UIMTEIbHBIX HaOMIoOAeHMH, IKeIaTeIbHO
CTallMOHAPHBIX, C HCIOJIb30BAHUEM COBPEMEHHOM METEOpPOJOruuecKor amnmaparypsl. s
MOJOOHBIX CTAIMOHAPHBIX HAOMIOJEHUN B ANTaliCKOM Kpae 0ojiee BCEro MOAXOAUT Ielmepa
Jlensnas Katymka y c. Yere-Uarsipka KpacHoekoBckoro paiiosa.
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