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NMPEANUC/IOBUE

Mpeanaraembli BHUMaHUIO YnTaTeen COOPHUK COAEpPXUT MaTepuasibl MexayHa-
POAHOM HAY4YHO-MPAKTUYECKOM KOHdepeHL MK, KoTopasa bbla NOCBALLEHa 100-1eTHEMY 06U-
/1€10 HAY4HOM M TYPUCTCKO-3KCKYPCUMOHHOM AeATeNbHOCTU B KyHrypckol /legaHon newepe
M 100-1€TUIO CO AHA poxaeHua B.C. /lyknHa. KoHdepeHuua bbi1a oprainsosaHa OO0 «Cta-
IArMUT-IKCKYPC», FToOpHbIM MHCTUTYTOM YpO PAH 1 lepMCKMM rocyaapCTBEHHbIM HaLMO-
Ha/IbHbIM UCC/1e40BaTe/IbCKUM YHUBEPCUTETOM. Bce 3an/s1aHnMpoBaHHble MeponpuaTHaA Hb11u
NMpoBeAeHbl C 26 MO 31 MaA 2014 I B TYpKOMM/IeKce «CTanarMuT», a TakkKe Ha TeppuTopum
r. KyHrypa v KyHrypckoro paioxa [lepmckoro Kpas.

B paboTe cekumit npuHANO y4acTne 60/1ee cTa NATUAECATH YYaCTHUKOB U3 18 ropoA0B
Poccnn u ewte 9 cTpaH, B TOM Yncae AHranm, bepmyackux octposos, Utaamnm, Knutaa, Kopeu,
Cnosennn, CroBakuu, YKpauHbl u Hexuu.

B pamkax KOH}epeHUuMM COCTOANOCHh TOP)KECTBEHHOE OTKPbITUE MNaMATHMKA
A.T. X1ebHUKOBY nepes BXOAOM B NeLepy M NnaMATHOM A0CKM B rpoTe B.C. /lykuHa.

Cneneosnoru nposenn pabounii ceMmrHap No peLleHM0 BONPOCOB OXPaHbl NeLep u
KapCTOBbIX /1aHALWA(TOB, UTOFOM KOTOPOro CTazn0 obpalleHne B MUHUCTEPCTBO NPUPOA-
HbIX peCypCOB U 3K0A10rMK PP 0 pasBUTUM M COBEPLLUEHCTBOBAHUM 3aKOHOAATe/IbHOM 6a3bl,
KOTOpaA cenvac pery/mpyeT nopAAOK MLLEH3UPOBAHUA NOA3EMHbIX MPOCTPAHCTB U Beje-
HMEe SKCKYPCMOHHOM AeATe/IbHOCTHM B NeLlepax, a TakKe obecneveHne 3KoN10rmieckon 6es-
OMacHOCTU. BblA MOAHAT BONPOC O HEObXOAMMOCTM CO3AaHMA POCCMMCKOrO COKO3a
CrMeneo/10roB U Ha/laXKMBaHUA CBA3EMN C MEXAYHApPOAHOM cneneoobLeCcTBEHHOCTLIO.

27 Mad B YnpaBse I. KyHrypa cocToA/10Cb Bble3gHOoe 3acegaHune Kpyr/0ro crona «fpo-
6/1eMbl MH}KeHepPHOM reo/10rMm 3aKkapCTOBaHHbIX TeppPUTOPUI». CneLmannctbl B 06/1aCTu UH-
*KEHEepHOro KapCcToBeeHUA NOoKas3ainm CBOK 06eCNOKOEHHOCh TeM, HYTO CyLLeCcTBYOLLIne
aKTya/nn3npoBaHHble CBOAbI NPaBUA U CTaHAAPTbI HE COOTBETCBYIOT TpeboBaHmnAM paso-
CTPOUTE/ILHOrO KoAeKca POccrm, TEXHUHECKOro pers1ameHTa o 6e30nacHOCTM 34aHNUI U CO-
opy:keHuit (384-®3) B YacTu onpegesneHUs MOHATUA PUCKA B KapCTOBbIX palioHax M
MCMO/Ib30BaHUA €ro B MPOEKTHO-U3bICKATe/IbCKOM A eATeNbHOCTU. Bbl10 coCcTaBaeHO pelue-
HWe, rae Y4acTHUKM KPYr/10ro CTO/1a NOAYEPKHY/IM HEOHBX0AMMOCTb NpoBeaeHnsa 6e30T/1a-
rate/IbHblX Mep Aasa obecneyveHna 6e30nacHOM XKU3HeaeATe/IbHOCTU B 30HaX aKTUBHOMO
KapcTa Ha Tepputopum r. KyHryp.

Hapgeemcsa, 4yTo npowealwas KoHpepeHuua byaet cnocobcTBoBaTh Hoee TecHOMyY
00OLLeHMIO MeXay CneLuaancTtaMmm, 3aHMMaLWMMUCA UCC1e40BaHUAMM 3aKapCTOBAHHbIX
TEpPUTOPUI 1 3KCN/yaTalmein newep mupa.

C 3/1eKTpPOHHOM Bepcuel cOOpPHUKA M TE3UCOB MOXHO O3HAaKOMMTbCA Ha CauTe:
http://www.mi-perm.rufinformation/conference/icecave.

OprrkomuTreT



CEKLMA 1. [log3eMHble MPOCTPAHCTBA Kak 06 bEKT KOMM/IEKCHOIO HAaY4YHOr O U3Y4eHMUs.

STOP THE GREEN BIOFILM - STUDIES ON GROWTH AND ADAPTATION
OF LAMPENFLORA UNDER LED LIGHT IN SHOWCAVES

U. Peters, L. Groos, F. Schifer
Zeitspriinge e.V.; Breitscheid, Germany

Introduction. Caves have always had special attraction to mankind. In the last few years,
the awareness that these biotopes are worthy of protection has grown substantially. Most show
cave operators have recognized the importance of sustainable working within these unique natural
habitats. Visitor expectations are more than the mere feeling of being inside a cave and feeling the
unique atmosphere of it. Today, to be successful in the show cave market, operators are required
to fully illuminate the cave, include presentations, events and special effects. However, all these
man-made influences have a negative impact on the natural balance of the cave. This article will
focus on the aspect of artificial growth of algae in caves- defined as ‘Lampenflora’. In the last
decades the intensity of illumination has increased - often by using high performance halogen
lamps. To reduce issues with “Lampenflora” many commercially operated caves have changed the
light source to LED. In the EU, the directive 2005/32/EG prohibits the use of normal light bulbs. One
option is the installation of LED-Light. The advantages are higher light yield, lower energy costs,
longer lifespan, and a spectrum which may reduce or even avoid ”Lampenflora”. The latter aspect
is not yet scientifically proven and there remain a considerable number of unanswered questions:
What would happen with existing biofilms when changing the lighting? Are there long-term adap-
tion processes? Can algae grow in newly developed LED-illuminated caves? What conceivable con-
cepts exist for long- term application to prevent “Lampenflora”?

The starting point for our studies are the newly developed show cave called “Herbst-
labyrinth” in central Germany, Breitscheid and the investigations by the Karst-Research-Institute
of Postojna. The institute provides extensive data on the natural cave algal colonization [6, 7] where
the first experiments with Chlorella algae under LED light were performed [8].

Initially, we used an experimental setup similar to the Postojna Institute. Our research also
concentrated on Chlorella vulgaris. We performed unprecedented analysis of the growth pattern
of cyanobacteria Synechocystis spec. under laboratory conditions. Cyanobacteria are the primary
organism in succession [6], therefore very important for the aspects of Lampenflora.

Secondly, we tested the viability of these algae cultures under the light conditions similar
to those found in the cave.

The next step documented the transformation of the biofilm in two German show caves
(Schillat-cave; Iberg-cave) following the in-
stallation of LED light. We attempted to
determine if there are adaption processes
in the photosynthetic pigments as a result
of the modified light spectrum.

Material and Methods. Growth-ex-
periments under laboratory conditions:
For the algae culture experiments, sam-
ples of Chlorella vulgaris (#211-12) and
Synechocystis spec. (#92.72) were pur-
chased at the EPSAG in Gottingen,
Germany. As the nutrient we used
“KUHL”-Medium (green algae) and the
“BG-11"-Medium (cyanobacteria) (EPSAG).

Fig. 1. Emission spectrum of the different After allowing the algae cultures to adapt

used light sources to the low light conditions (50 pmol pho-




tons/m?s) and cave temperature (10-12° C) in a similar cave-like environment, our process com-
menced with a defined algae concentration of 1-2 x 107 organism per 100 ml which corresponded to
a photometric absorption (436 nm) of 0,01. For comparison, we used a standard halogen lamp
(Osram, Halopar 20W), a LED from the GermTec Company (Herborn, Germany) and an aquarist lamp
with an ideal photosynthetic spectrum (AquaGlo, Hagen Deutschland GmbH). The light intensity
was adjusted to both 10 and 30 pmol photons/m?s (PAR 10 or PAR 30) at 8h light per day and tested
with 3 parallel samples for each species. Samples were taken twice per week measuring the con-
centration at 436 nm over a period of 6 weeks (TOM - time of measurement).

Growth-experiments in the showcave ‘Herbstlabyrinth’: In September 2012 observations
started on the growth behavior of both types of algae in the showcave “Herbstlabyrinth”. Given
the experience of the first studies, it was decided to minimize the taking of samples and to close
the Erlenmeyer-flasks almost completely. These measures were taken to avoid contamination of
the samples in the ‘Herbstlabyrinth’. The algae cultures were exposed to 200 minutes of light per
week with an intensity around 10 pmol photons/m?s. Measurements took place on a monthly basis
until January 2013, with a final detection in January 2014.

Observations of the alteration of the biofilms in two different show caves: In two show
caves in Germany it was now possible to witness the alteration of the biofilms following the re-
placement of the light bulbs to LED lights. The first season utilizing the new lighting system was
started in both the Schillat and Iberger cave in the spring of 2013. The Schillat cave is located in
Hessisch-Oldendorf near Hannover and is the most northern CaCO, dripstone cave in Germany; the
Iberger-cave belongs to the community of Bad Grund in the mountains of Harz.

Samples were taken from the biofilm at different locations in each cave and checked against the
entire absorbance spectrum (400-750 nm). Samples were prepared for photometric measurement
after the following scheme (Tab. 1):

Table 1 Samples were taken in April 2013 and in
Procedure of the extraction for October 2013. A specific difficulty occurring re-
the photometric measurement peatedly was with the small amount of drip-
stone ground algae, which required to be
* 1mlsampling into an Eppendorf-tube sampled without contamination. As a result, the
* Centrifuge 60sat 7500 g algae quantity decreased in all places. In order
* Pipette off the entire liquid to compare the data, a mathematical adjust-
* Add1oopl dH,0 ment was applied in the range of the approxi-
* Giveinto solution mate linear relationship of the photometry
e Add 9oopl methanol (Fig. 5a-d).
* Store 30minin a refrigerator Statistical analysis: To determine
* Centrifuge 60s at 7000 g whether the measured differences are statisti-

cally significant, the rank correlation test of
Wilcoxon, Mann and Whitney (U-test/Sachs 1984) was applied.

Results. Growth-experiments under laboratory conditions: Considering the maximum dif-
ferences of the absorption during the experimental phase (TOM 1-12), a clear difference between
the cyanobacteria and green algae can be detected (Fig. 2).

Chlorella can live and grow under all three light spectra. The growth rate under PAR 10 can
reach approximately 33 - 50 % compared to PAR 30 conditions.

Synechocystis, however, only grows significantly under the lighting conditions of the Aqua-
Glo PAR 30. Under the PAR 10 lighting it reaches only a tenth of the growth rate under the AquaGlo
PAR 30.

Under LED light PAR 30 no significant growth could be observed. The absorption was in the
range of AquaGlo PAR 10 and after six weeks almost corresponded with the algae concentration at
the beginning of the experiment. In addition, under LED PAR 10 there is also decrease in cell density
in the culture. A similar outcome applies to the experimental cultures under halogen light.

The significance matrix (Fig. 3) demonstrates that the results shown in Fig. 2 have a dis-
cernible difference at a significance level of P < 0.02 which is represented in the diagram.



Fig. 3. significance matrix’ for the culture experiments:
- no significance; ‘+’ significance level P<0.02,
white — missing data

Fig. 2. max. differ-
ences of the extinc-
tion over a 6 week
growing period
under different light
intension (PAR 10 &

30)

Growth-experiments in the show-
cave ‘Herbstlabyrinth’: The extraordinary re-
sult of the long-term experiments (more than
one year) was the survival of the Chlorella.
However, it appeared that Synechocystis was
unable to survive. It was interesting to note
that the concentration increased during the
first 4 months. The shape of the graph after
4 months is indeterminable due to the miss-
ing data between the two last measure-
ments.

The results show that we require to
be patient to see a transformation processin
the biofilm of Lampenflora.

Observation of the alteration of the
biofilms in two different showcaves: The re-
sults of the full spectrum analyses (Fig. 5)

show different variations inside the range of the 400 — 650 nm wavelength after half a year. There
is less or no variation at the red-light-maximum of chlorophylla (662 nm). For that reason, adjust-
ments were made to the different photometric curves on this maximum. We have identified differ-
ent absorption rates for different biofilms. Fig. 5a and 5¢ demonstrate typical characteristics
identified for biofilms containing a majority of green algae. Fig. 5b represents the results from a
cave biofilm with a high density of Xanthophyceae and green algae.

The absorption in the range of 440 — 490 nm

(carotenoid shoulder) was higher at the second TOM.
Also a higher absorption is detected in the emission
spectrum of the LED-light (500-600 nm). Fig. 5d de-
scribes the behavior of a biofilm which is dominated by
cyanobacteria. In contrast to Fig. 5a — 5¢, the second
sample has a lower blue-light absorption and the high-
est increase of absorption at the wavelength between
(550 — 650 nm). The maximum absorptions of the an-
tenna pigments are found at this wavelength.
Discussion. The last few years have revealed a
growing interest for the sustainable use of show caves,
with focused on the negative impact of the commercial
operation of caves now in the spotlight of scientific re-
search [4]. In order to run an environmental friendly
and sustainable show cave, the consideration of scien-
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Fig. 4. course of algal growth during the
growth-experiment in the showcave ‘Herbst-
labyrinth’ — 200min light/week — each point
is a measurement - dashed line represents
estimated course over nine month period



Fig. 5. full spectrum
analysis of algae sam-
ples of two German
showcaves:aand b are
from Iberger Showcave;
cand d are from the
Schillatcave. The blue
line represents the first
measurement (April
2013) and the green line
the latest one (October
2013). The blue arrows
mark the conspicuous
changing of carotenoids
and antenna pigments.
The Samples of aand ¢
were dominated by
green algae; d by
cyanobacteria; b by a
mixture of diatoms and
cyanobacteria.

tific facts is imperative. To date, little is known about the growth conditions and behavior of Lam-
penflora.

In early study results dating back to the 1970’s, Planina (1974) sets the minimum light re-
quirements to 100 h/y. In studies performed by Rajczy (1989) investigating the compensation point,
he suggests a longer distance between light source and dripstone surface. Mulec et al. (2008) in-
vestigated the minimum light intensity of aerobic cave algae colonies in natural habitats and regis-
tered a result of 0,06 pmol photons/m?s.

At an international conference on cave lighting in Budapest in 2002, Olson published the
first results of research performed using LED lamps with an emission maximum at 595 nm. After
purging, a re-colonization with algae under these conditions could be prevented for 1.5 years. A
similar outcome has been noted in the Bad Segeberg cave (statement - VdHK - A. Ipsen 2012). A pro-
liferation of green algae, diatoms and cyanobacteria is described in the literature of Jakob (1997),
Rosenkranz (2008), Anderson and Mcintosh (1991).

The focus of our present research concerns the parameter constellations that may affect
Lampenflora.

Therefore, the aim is to identify a scientifically proven solution for the long term prevention
of the growth Lampenflora. An urgent solution is required, as the directive 2009/125/EG forces show
cave operators to discard traditional lighting and invest in low energy light sources.

The combined investments of Germany’s 53 show caves add up to millions of Euros.

The opportunity to introduce a sustainable light concept is complicated by the lack of sci-
entific data.

The working group of Janez Mulec has done most of the research on this field from the
Karst Research Institute of Postojna (2008, 2009, 2014).

Our investigations have revealed data on the survival rates of two groups of algae under
different conditions, leading to an assumption that there is an adaption process in the natural
biofilm after changing to LED light.

1



Chlorella: The test subject Chlorella vulgaris is a typical representative of Chlorophyta in
Lampenflora biofilms [7]. The initial hypothesis that algae survival was least probable under LED
light conditions was confirmed. However, within the experimental period, an increase in biomass
could be identified. These results match the findings at Postojna Institute [8].

In contrast, the green algae in the “Herbstlabyrinth” demonstrated a sharp decline in vitality
only after the period of one year. However, it should be taken into consideration that the light sup-
ply ranged around 200h/ year, which doubles the light minimum set by Planina (1974), whilst the
algae had optimal nutrient supply.

Synechocystis: The category of Cyanobacteria including the genus Synechocystis represents
the greatest biodiversity in caves. These organisms are able to survive with less light with a com-
pensation point ranging from 5 pmol photons/m?s down to 0,11 pmol photons/m?s [5, 7].

The findings are the first experimental data collected of the genus Synechocystis under LED-
light conditions. To the best of our knowledge, to date, no comparable data exists. The findings are
unusual considering the reported behavior of Synechocystis in natural habitats [5]. The observed
decline in vitality under PAR 10 LED light in the Synechocystis culture indicates that the organisms
are unable to survive permanently under the test conditions. The results from “Herbstlabyrinth”
confirm the first analysis. After one year, under the test conditions, there was no measurable ab-
sorption. The interpretation of the results is difficult, as the long term storage of Synechocystis is
complicated (pers. Mess. EPSAG). Otherwise, Mulec and Kosi (2008) reported a periodical lack of
Cyanobacteria building new biofilms. Therefore, it is unclear if the observed widespread death is
due to the effect of the light spectrum or if there are unknown factors which are yet to be discov-
ered.

After the period of one year under the LED light, the data from the show caves indicated a
strong decline, however no extinction (VdHK - Anne Ipsen 2012).

Alteration of the absorption spectrum: The results of the investigation have shown that
the use of LED light may be an appropriate method to change and reduce the Lampenflora. In order
to interpret the findings of the algae culture experiments, it is necessary to take into account the
special conditions:

a) Monocultures i.e. no competitors

b) Optimal species-specific nutrient supply

Therefore, we would question whether the algae are able to survive in their respective cave
habitats, and if they are able to colonize a new cave habitat under LED light conditions. Given that
the “Herbstlabyrinth” is free of algae, may be an indicator confirming this hypothesis.

The next step determined what effects a change to LED light would have on the already ex-
isting Lampenflora. A reduction of Lampenflora was identified in both show caves (Iberger Hohle,
Schillathohle) as well as in “Bad Segeberg” [2].

What changes does the reduced biofilm undergo?

The interpretation of our measurements leads to two possible outcomes. There may be a
change of the biofilm composition e.g. a shift in the proportion between cyanobacteria and green
algae. On the other hand, it is possible that adaptation processes might begin. Such adaptation
processes are widely known; especially for the antenna pigments of the cyanobacteria[14]. The dif-
ferences between the samples are very conspicuous. Currently, no clear pattern has been detected
in the changes of the spectra.

However, it may be possible to identify a trend out with the data. Based on the identification
of species in the samples provided by EPSAG, the absorption spectra can be assigned to different
groups of algae, i.e. green algae, cyanobacteria and xanthophyceae. A higher absorption in the
wavelength of phycobilisomes (Phycoerythrin, Phycocyanin, Allophycocyanin) was detected when
the sample was dominated by cyanobacteria. A conspicuous change was identified in the maximum
absorption wavelength of carotenoids in samples dominated by green algae and Xanthophyceae.

Similar results were published by Mulec (2014), displaying a typical full spectrum analysis of
Chlorella vulgaris cultures growing under different light conditions.

Final clarity can only be provided by a higher density of data. It is important to identify the
leading process in order to establish a sustainable light concept for caves.
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Conclusion - Relevance of the Results in Relation to Cave Protection. Our investigation has
shown that both Chlorella vulgaris and Synechocystis spec. are capable of limited survival. However,
under the condition of LED illuminated caves they are at the verge of extinction. Existent biofilms
are reduced after changing the light sources to LED; however physiological adaptation processes
would start. A holistic approach strategy of changing the light source to LED is not enough. Use of
LED light with the lowest possible PAR (not more than 30 pmol photons/m?s at the surface of the
speleothems) requires the addition of:

1. Absolute avoidance of nutrient inputs on speleothems

2. Intensive monitoring of vulnerable areas for the early detection of biofilm

3. If possible, a concept of alternating light to reduce the time of illumination - it may

therefore be useful to repeat the studies of Planina (1974) to determine the maximum
time of LED illumination (under different PAR regime) in order to reduce Lampenflora
effectively.
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MELLEPbI CEBEPHOI'O NMPUKACINA

N.B. Tonosaues
ACTpaxaHCKuIi roCy,apCTBEHHbINM YHUBEPCUTET;
AcTpaxaHcKoe oTgesieHne Pycckoro reorpaduyeckoro obuiectsa
414052, I. ACTpaxaHb, y/1. ApTenbHas, 16. E-mail: bask_speleo@mail.ru

TeppuTtopusa CeBepHoro Mpukacnus (nog TepMuHOM «CeBepHbIi MprKacnuii» aBTop nogpa-
3yMeBaeT BOCTOYHYHO YacTb [IPUKACNUIACKON HU3MEHHOCTU, OFPAaHUYEHHYIO € 3anagHON CTOPOHbI
Bo/ro-AxTyBuHCKOM A0/MHOM) pacnosaraeTca B npegenax NpuKkacnuiickon CUHeKIM3bIl, Ha HOro-BOC-
TO4YHOW OKparHe gpeBHen Pycckom naatdpopmbl.

MpuUKacnuiickaa HU3MEHHOCTb 3aHUMaeT 60/1bLLYIO N/10LWaAb HEMHOMMM 60/1ee 200 000 KM?
M rPaHUYUT Ha ceBepe C BO3BbILLEeHHOCTbo ObLero CbipTa, Ha 3anage — EpreHnHckomn u MpuBoxk-
CKOW BO3BBbILLEHHOCTAMM, Ha BOCTOKe — [1peaypasbCcKMM NAaTo 1 YCTIopToM. Mgporpaduyeckas
ceTb NpegacTaB/eHa pekamu Bosroi, Ypanom, SM60# 1 pAAOM HEKPYMHbIX BOAOTOKOB. [TOBEPXHOCTb
HU3MEHHOCTU UMeeT 0BLLMI YKIOH B CTOPOHY Kacnua (0T cpeAHUX abCOMOTHBIX OTMETOK +50 M Ha
ceBepe TeppPUTOPUM A0 -26 M Ha nobepeskbe Kacnuiickoro mops).

MpuKacnuitckas HU3MEHHOCTb B FeOTEKTOHMYECKOM OTHOLLIEHMU NpeacTaBiAeT cobol ray-
BOOKyI0 1 0BLIMPHYIO CUHEKAU3Y. KpucTananyecknii GyHAaMEHT BNaguHbl 3a71eraeT Ha rybuHax 4o
10-18 KM. MOLLHbIN 0CaA04HbIA YEXO0/1 OC/IOXKHEH CO/IAHOKYNO/IbHbIMM 06pa30BaHMAMM, NPOH3aL0-
LLIMMM OT/IOKEHUA HaACO/1eBOro Komri/ieKkca. Bcero Ha Tepputopum CesepHoro lpukacnua otmeya-
eTCA Ha/In4Me He MeHee 500 CO/IAHbIX KyMO/10B Pas/IM4HbIX O4€PTaHMI U Pa3MepOB M MO-PasHOMY
BbIpaXeHHbIX B pe/sibede. Bbigenaerca gBe OCHOBHbIE MPYNMbl CONAHO-KYMO/IbHbIX MOAHATUIA: FOPbI -
M30/1MPOBaHHbIE /I0Ka/IbHblE BO3BbILLEHHOCTU C MPWU/IEraloLLMMU K HUM 03€PHbIMM BniaguHamu («6or-
AMHCKUIA TUM»), U HEBbICOKME M0/I0TMeE NMOAHATHA, 1360 BblpaxKeHHble B pesibede. MepBas rpynna
MOAHATUIA CI0XKEHA ANC/IOLMPOBaHHBIMU MOPOAAMM MaZIC030MCKOr0 U ME3030MCKOro BO3pacTa. Bbli-
COTa TAaKUX NOAHATUIN 40 150 M (ropa Bosbluoe Borgo). Oco6eHHOCTL CTPYKTYP 6OrAUHCKOro TMna
— Ha/in4yme npuaeraroLLmnx 03€pHbIX BnagmH. K TaKMM CTPYKTypam OTHOCATCA: ropa Bosblioe borgo
M 03epo bacKyH4ak, ropa YaaraH 1 03epo 3/1bTOH, MHAepCcKkune ropbl u 03epo MHaep, ropbl CaHTac 1
Cacait n o3epo Yeskap u gp. OT obLero uncaa kynonos CeBepHoro lMpukacnma ToAbKO 6,5% COCTaB-
NAKOT CTPYKTYPbl 6OrgMHCKOro TMna. B pamMkax Tembl 4aHHOM CTaTbu Hanbo/1ee MHTEpeCHbIMU aBTOPY
NpeACTaBAAITCA CTPYKTYPbl OOrAMHCKOrO TUNA, TaK Kak B Npe/e/1ax HEeKOTOPbIX TaKMX CTPYKTYP Ha
MOBEPXHOCTb BbIXOAAT KaPCTYIOLWMECA TMNCOAHIMAPUTOBbIE MOPOAbI KENPOKOB. [OAHATUA BTOPOW
rpynrbl C/10XeHbl NO/10r0 ANC/0LMPOBAHHBIMU YETBEPTUYHBIMU OT/IOXKEHUAMM U BO3BbILLAIOTCA Hay,
OKpY»KaroLwum peabedom Ha 5-10 M. Kynosia 60rgMHCKOro Tmna MMetoT Ha CBOeM BepLUMHE MOLLHbIe
Kenpoku (40 100 1 6o/s1ee MeTpoB). KapcToBble MPOLEecchl MPOTEKAIOT HE TO/IbKO B FUMCOAHrMApU-
TOBbIX OT/IO’KEHMAX NEPBUYHOrO KEMPOKa, HO U B HE MEHbLLEN CTeNeHN PasBUTbI B CY/IbPpaTHbIX OT-
/IOXEHNAX BTOPUYHOrO KenpoKa. [103TOMy OHM TaK:Ke NpeaCcTaB/AoT onpesaenéHHbli MHTepec.

K HeKOTOpbIM CONAHOKYMO/IbHBIM NOAHATUAM NPUYPO4eHbl Hebo/IbLuMe MO N/oLWaaM pas-
PO3HEHHbIe KapCTOBble PaliOHbl. OHM CBA3aHbI C BbIXOA40M Ha AHEBHYIO MOBEPXHOCTb APEBHUX N034-
HEeMna/zeo30MCKMX MOPOA, NPeACTaB/IEHHbIX B OCHOBHOM HUXKHenepmckumu runcamu (P.kg), B Agpax
CO/IAHBIX Kyno/10B (puc. 1).

PalloHbI COIAHOKYMO/bHBIX MOAHATUM D/1bTOHA, BackyH4aka, MHaepa, Yeakapa u a4p. Ha npo-
TAXEHMU BEPXHEro NAnoLeHa 1 N1eicToLeHa 6bl/11 MoABepKeHbl MpoLeccam geHydaunu. B HacTosn-
lee BpeMA Ha 3TUX y4yacTKax pasBMBaeTCA COBPEMEeHHbI KapcT. Cu/bHOE B/AUAHME Ha
dopmurpoBaHMe 0cOBeHHOCTeN KapcTa 3TUX PAaiOHOB OKasa/ M K/IMMaTUYeCKKUe yC/10BUA, CONAHOKY-
MO/IbHbIM TEKTOreHes, TPaHCrpeccun 1 perpeccum naneo-Kacnusa.

CornacHo parioHMpoBaHMA KapcTa CeBepHbIi [purKacnuii BXOAUT B COCTaB 3anagHo-TNpukac-
MUINCKOM KapCTOBOW NMPOBUHLMKU HUMKHEBO/IXKCKO-YPaibCKOM KapcToBOM 06/1acTu BocTouHo-EBpO-
MencKoM KapCTOBOW CTpaHbl. B npegenax CeBepHoro lNpukacnua BbigenaoTca NpubackyHYaKcKkmii
1 MHgepcko-OMOBeHCKMIM KapcToBble okpyra. K NprbackyHYakCKOMY KapCTOBOMY OKPYry OTHOCATCA
KapCTOBble palOHbl: OKPECTHOCTM 03epa /IbTOH, OKPECTHOCTU O3epa bacKyHu4aK, palioH ropbl
Manoe Borgo, paiioH ropbl Yanyaum, nogHATHe XyganbepreH, BO3BbILLEHHOCTb Buw-yoxo (Kasax.:
«BeclwoKbl»). B MHAEPCKO-DMOEHCKUIA KapCTOBbIN OKPYr BXOAAT OKPECTHOCTU 03epa MHaep u
OKpecTHOCTH 03epa Heskap (Kasax.: «Laskap»).
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M3yyeHnem 3TnX pa3pO3HEHHbIX KAPCTOBbIX PAOHOB B TOM UM MHOWM CTENEeHU 3aHMMaUCh
pas/nyHble yY4éHble U nccaegoBaTe/IbCkue opraHusaumnm. HaumHas ¢ 18 BeKa Ha CO/IAHO-KYMO/bHbIX
noaHATuAx CesepHoro lpuKkacnua npoBoauiu cBou nccaegosadua .M. /lenexun, WU.I'. T'menuH,
M.C. Nannac, M. Taywep, N.®. SpamaH, U.B. Ayapbax, I'.M. Pegyenko, U.T. Frywkos, A.A. BOO6ATUH-
CKuit, U.B. MywikeToB, ®.H. YepHbilLeB U MHOrMe gpyrue nu3BectHble y4éHble. OgHako Hanbosee nos-
Hbl€ U CUCTEMATUYECKME UCC/Ie40BAHUA AAHHBIX PAMOHOB (B T.4. KAPCTa) HAaYa/IMCb TO/ILKO B 30-40
ro/bl MPOLL/IOrO BEKa, B CBA3M C OTKPbITUEM M Pa3BegKol MeCcTOpoXAeHna 60paToB B OKPECTHOCTAX
03epa MHaep v pa3BépTbiBaHMEM Ha bacKyH4YaKe CO/IAHOM MPOMbILL/IEHHOCTU 1 Pa3BeAKON MecTo-
POXKAEHUI runca.

Puc. 1. Cxema pacnoioskeHusi ConsHbix Kyrnosios CeBepHoro Mpukacnus [no A.K. MeBHesy, 1968]
1- CO/IAHbIE KYN0/1a, OOHApY»KeHHbIe MO AaHHbIM reo/10r1n, CENCMOPa3BeAKHN U FPaBMPa3BEeaKY,;
2 - BacKyH4aKcKaA CONAHOKYMNO/bHAA CTPYKTypa. Mecma npossaeHus cy1b@amHo20 Kapecma:
A - OKPeCTHOCTM 03. I/1bTOH; b - ropa Masnoe borpao; B — okpecTHOCTH 03. BackyHuyak; I — nogHATMe Xyaaii-
bepreH; [, — BO3BbILIEHHOCTb buL-40Xx0; E — okpecTHOCTM 03. UHAep, XK — OKpecTHOCTHM 03. Yeskap

KapcToBble npouecch! 1 AB/eHMA n3y4anucb I.P. AseleHko, FO.B. ApxuabAaKOHCKKX, A.B. be-
noHosuvem, H.A.TBo3geurkum, A.A.TepeoHoBbim, C.C. Kopob6osbim, 3.U. HypmambeToBbim,
C.1. NapdéroBbim, M.K. MoseHoBbIM, A.B. COTHMKOBbIM, 3.B. ALuKeBuyem, u ap. [6].

Haunbosnee ocBeléHHbIM B IMTepaType AB/AETCA KapCcT MHAEPCKOro CONAHOKYMO/IbHOIO
NoAHATUA. B MeHbLLel cTeneHn OTpaxKEH KapCT OKpeCcTHoCTel o3epa backyH4ak. 10 cysbdaTtHOMY
KapCTy ApYrux panoHoB CeBepHOro puKacnua B AMTepaType AaHHbIX NOYTH HeT. CeBepHbIl [Npu-
Kacnui 0CcTaéTcA OA4HUM M3 HAMMEHEEe U3Y4eHHbIX B KAPCTOBOM OTHOLLEHUW PErMOHOB CTPaHbl. bo/b-
LUMe MA0LWaAN MHTEHCUBHO 3aKapCTOBAHHbIX MTMMNCOBbIX MOPOA HAXOAATCA B HAMMEHee OCBOEHHOM
Ha CeroaHA 4yacTu pernoHa.

KapcTosbie newepbl U Nog3emMHble No/10CTH Ha Tepputopun CeBepHOro lNpukacnua 4acto
YNOMMHAIOTCA B TPYAAX Pa3/IMYHbIX UCCeA0BaTE/IeN U B re0/10rnyecknx ot4értax. Ho, Kak npasuo,
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MX OMucaHue 40B0/IbHO Hernoe, MH60 NPOCTO ynoMuHaeTcA GaKT BCTPEYM neLLepHbIX BXO40B 6e3
nX getanbHoro obcneaoBanHmA. bosee nanm mMeHee No/AHblE ONMUCAHUA NeLep AaHHOrO pernoHa
MOXHO BCTpeTuTb B paboTax A.B. besnoHosu4a, A.A. l'egeoHoBa, 3.B. Aukesnya.

C 1986 roga u no HacToALLee BpemMA NOMCKOM 1 06c1egoBanmem neuep CesepHoro [pu-
Kacnmsa 3aHMMaeTCA CeKLMA Cneseo10rnm 1 KapcToBegeHma ACTPaxaHCKOro otaeeHnsa Pycckoro
reorpadpuyeckoro obectsa [6].

KapcToBble paiioHbl pacnoaaratoTcA Ha Tepputopum CeBepHOro lNpukacnmMa HepaBHOMEPHO.
OHM MMEIOT pas/IMyHble MO N/I0LWAAN BbIXOAbl KAPCTYIOLWMXCA MOPOA, B Pa3HOW CTeneHu Crnesneo/10-
rmyeckn obc/s1e0BaHbl M Pacno/iaratoT B HACTOALLee BPeMs Pas/IMiHbIM KO/IMYECTBOM KapCTOBbIX
newiep.

MprbaCKYHYAKCKMIM KAPCTOBBIV OKPYE 06 beAMHAET C/1eAYIOLLME KapCTOBbIE PAOHbI: OKpeCT-
HOCTU 03€p BacKyHYaK 1 D/1bTOH, BO3BbILLEHHOCTb buLl-40x0, paioHbl rop Manoe borgo 1 Yanyauu,
noaHaTne XypgabepreH.

PaiioH okpecTHOCTel o3epa backyHu4aK AB/aseTcA Hanbo/iee n3yyeHHbIM B Crie/ieo/10rmye-
CKOM OTHOLLIeHMM. OH pacro/IoxKeH B CeBEPHOM YacTu ACTpaxaHCcKom 06/1acTh Ha 3em/1AaX AXTYOUH-
CKOro agAMMHUCTPATUBHOrO paMoHa.

leosornyeckoe CTpoeHne 4aHHOro paoHa C/10XKHoe. Ha poHe OKpy KatoLLMX PbIX/IbIX MOP-
CKMX KalHO30MCKMX OT/IOKEHUI B OKPECTHOCTAX 03epa backyH4yak obHaxatoTca 6onee gpeBHMe
Nno34Henazne030MCcK1e U Me3030MCKMe MOPOAbl, BbIHECEHHbIE Ha AHEBHYO MOBEPXHOCTb BC/1€4CTBUNE
CO/IAHOKYMO/IbHOM TEKTOHUKU. B TEeKTOHWMYECKOM N/1aHe AaHHbIM PalioH NpeacTaB/aAeT coboM CBOy,
KPYMHOro €4AMHOro CONAHOKYMO/IbHOrO MacCMBa, OC/I0XKHEHHOTO HA/IMYMEM OT/AEe/1bHbIX KYMO/IbHbIX
MOAHATUIA M MEXKYMO/IbHbIX Aenpeccuin. BepLunHbl Kyno/s10B yBeH4YaHbl KEMPOKaMM M pasMbITbl C MO-
BEPXHOCTH, @ MEXKYMO/IbHblE BMagMHbl 3aM0/IHEHbI TO/ILLLAMM HaACO/EBbIX OT/I0XEHWI U NepeoT/Io-
XEHHbIM B gernpeccum maTtepuasnom. CTpaturpadua pailioHa npeacTaB/ieHa obpa3oBaHMAMU
NepMCKOM, TPMaCOBOM, Me/10BOW, Na/Ie0reHOBOM, HEOreHOBOM U YeTBepTUYHOM cnucteM. Oporpadumsn
palioHa Bblpa*KeHa O4eHb APKO B BMUAE HauBbICLLEN TOUYKM CeBepHOro lMpukacnusa - ropbl bosbLioe
Borao (abc. oTM.: +150 M) M YaLum 03. BackyHuak (abc. 0TM.: -21,3 M). OKpy»KatoLLLan CTenb NpeACTaB-
nAeT cobor C1erka BCXO/IM/NIEHHYO paBHUHY (€O cpea. abc. OTM.: +15-+20 M) C OBLLUM YK/JIOHOM Mo-
BEPXHOCTU K LLeHTPY, KOT/I0BUHE 03epa. l10wwaab 03epa backyH4ak OKO/10 120 KM

KapcTtoBble popmbl pesbeda B OKpeCTHOCTAX 03epa backyH4ak 1 ropbl bosbluioe bBorgo yno-
MUHaOTCA B paboTax MHOIMX U3BECTHbIX POCCMMCKMX MyTeLIeCTBEHHUKOB U Y4€HbIX. B n3yyeHum
KapCTa 1 nelLep OKpecTHOCTeN 03epa backyH4aKk MOXHO YC/I0BHO BblAe/IUTb NATb 3Tanos. [Tlepsbili
aman: 2-a nonosuHa XVIll Beka — 3-A 4yeTBepTb XIX BeKka. C 1763 roga cBOM UCC/1€4,0BaHMA B STOM pait-
oHe nposoguaun U.N. /lenexu, N.I'. TmeanH, MN.C. NMannac, M. Taywep, N.®. dpamaH. AauTe/ibHble
nccaegoBanua nposoguan U.b. Ayapbax, I.M. ®egyenko, W.I. Taywkos, A.A. BOBATUHCKMIA,
N.B. MywkeToB, P.H. HYepHbiwes 1 gp. OgHaKo B ux paboTax 0 KapcTe roBOPUTCA BCKO/b3b UM MO-
MyTHO Npu 06LLe XapakTepucTHKe penbeda paioHa, U 3TU AaHHbIE HOCAT BeCbMa ber/bin xapakTep.
[epBOe KpaTKOe YyNOMMWHAHWe O nelepax 3Toro paloHa npuBoAuT B 1870 rogy I.M1. PeaveHko B
cBOel MmoHorpadum «O camocagoqHOM COAM U CONAHBIX 03Epax Kacnuickoro n A3oBckoro H6accen-
HoB» [11]. Bmopoli aman: 80-e roabl XIX — 30-e roabl XX BEKOB, CBA3aH C pa3BEpTbiBaHMEM Ha Bac-
KYH4YaKe CO/AHOM MPOMBILL/IEHHOCTU U pa3BeAKOM MeCTOPOXKAEHUA runca. M3yyeHnem reonormum u
rMAPOreo/10rMmn AaHHOMO paoHa 3aHnmannce: MN.A. lMpaBocsasnes, A.H. Cemuxartos, H.M. CTpaxos,
A.H. NycToBanos, M.A. lWuHaAanuH. M.A. lpaBoc/iaB/eB YNTOMUHAET O Ha/IM4MM MNelLLep B 4aHHOM pai-
OHE U O4HY M3 HUX OH OCMOTPE/ /IMYHO B 19011 [9]. Tpemuli sman: 1935 — 1940 roga. Mpwu U3y4eHum
KapcTa 3TOro panoHa B 1935 rogy npod. A.H. Masaposu4 1 H.A. [BO3geLKMII OCMOTPE/In HECKO/IbKO
newepHbix BXogoB [7]. C 1937 Mo 1940 rr. ucciegoBaHneM 6acKyHYaKCKOro KapcTa U neLep 3aHu-
Ma/cs npenogasate/ib CapaToBCKoro yHusepcuteta A.A. FegeoHos [5]. OH 06cnegoBan Bosbluyto
1 Manyto BackyH4akckue netepsl v newepy Copok Asepeit. Hemeépmelli sman: KoHew, 40-X — KOHeL,
60-X rog0B, XapakTepu3yeTca NOMCKOBbIMU paboTaMu Pas/IMUYHbIX F€0/I0MMYECKUX SKCMeAULMIA Ha
npeaMeT pasBeiKu 3anacoB MO/E3HbIX UCKONMaemMblX. B 60-x rogax noMckom u obcaegosaHem
neLep 3aHMMaMCb TYPUCTbI I. ACTPaxaHu BO r/1aBe C COTPYAHUKOM aCTPaxaHCKOro KpaeBeg4ecKoro
My3eA B.M. FonoBaveBbIM. K coXKaneHuto, cObpaHHbIf MMU MaTepuasn He 6bl1 onyb/AnMKoBaH, HO cTan
OCHOBOW /1A MOC/IeAYIOLLIMX «aCTPAXaHCKMX» CMe/Ne0/10rM4eCKUX UCC/1e4,0BaHNM, Ha4aBLLUMXCA € 1986
roaa. Mameili 3man: ¢ 1979 roga no HacToALLee BpeMs, XapaKTepU3yeTCA Haya/ZioM Cre/seo/1ormye-
CKUX MCC1eA0BaHMI, MPOBOAMMBIX ODOLLLECTBEHHOCTBIO M MO/0AEKHBIMW CMOPTUBHO-TYPUCTCKUMU
ceKkuuAaMK. B 1979 rogy Havana nsyveHue netep B OKpecTHoCTAX backyH4yaka cnesneocekuus Capa-
TOBCKOIO rOCYHUBEPCUTETA MO PYKOBOACTBOM A.B. BesioHosuya u O.B. Losi [2]. Umu 6bian cBA3aHDI
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mexay coboli ABe, CYMTABLUMECH paHbLLE CAMOCTOATE/IbHbIMU neLepsl (Bosblwas u Manas backyH-
YaKCKME) U A0KA3aHO Ha/IMuMe eAUHOM MO0CTU - nelepbl BackyHYaKkcKasa NpOTAKEHHOCTbIO 1480
M, KOTOpasd cTasa KpynHeiweri B CesepHom lMpukacnun. C 1986 roga 1 no HacToALLee BpemA Usyde-
HMEeM KapcTa 1 neLep paloHa OKpecTHOCTelM 03epa backyH4aKa 3aHMMaeTCA CeKLUA crneneo10rum
M KapcToBegeHna ACTpaxaHcKkoro otaenenuns Pro.

Melepbl 3a/103KeHbI B CU/IBHO AUC/IOLUMPOBAHHBIX TMNCOAHTMAPUTOBBIX Nopogax (P.kg) ke-
MPOKa CONAHOrO Kyro/1a, BbIHECEHHbIX Ha AHEBHYIO MOBEPXHOCTb. DTU MOPOAbl 06/1a43a0T XOpOoLLeH
pacTBOPUMOCTbIO U MOYTU HE COAEPKAT IMUHUCTBIX YacTuL,. [MMCbl BbIXOAAT Ha CEBEPHOM, CEBEPO-
BOCTOYHOM, CEBepO-3anagHoM U 3anagHom beperax o3epa backyHuak (ceBepHoe no/e), a TakKe B
BUAe Heb60/1bLLoro 060C06/1eHHOrO y4acTKa Ha FOXKHOM Hepery o3epa B ypouuLe LLiapbysak (tokHoe
nose).

KapcToBble nelepbl paioHa OTHOCATCA K KOPPO3MOHHO-pa3pbiBHOMY (OXBaTbIBaOLLEMY
pa3pbiBHblE HAPYLLEHUA Pa3/IMYHOIO reHEe3M1Ca, a He TO/IbKO TPELLMHbI OTCeAaHNA) U KOPPO3UOHHO-
3PO3MOHHOMY TUMaM.

Hanbonee Apkum npeacTaBuTenem neep KOppO3MOHHO-3PO3MOHHOrO TUNa AB/IAETCA Kpyn-
HeMLWanA KapCToBasA No/10CTb [PUKACIUIICKON HU3MEHHOCTHM — Nelepa backyHuaKkckas (puc. 2).

Puc. 2. MaaH newepbl BackyHyakckasn (Cbémka CapaToBCKOM CeKLmK cneseonoruu, 1991r.) [2].

Mo gaHHbIM CapaTOBCKOWM CEKLMMU CMe/e0/10rum, neLepa uMeeT NPOTAXKEHHOCTb 1480 M,
MaKCMMa/IbHYIO TyBUHY A0 32 M, 06BEM 0K0/10 9400 M? [2]. OHa HAaXOAUTCA HA CEBEPO-3aMagHOM
H6epery o3epa backyH4ak B BepxoBbaAx H6asku lMelepHas. Melepa backyH4aKCKasa MMeeT HECKO/IbKO
BXOZ,0B U OTHOCUTCA K TUMY FOPU3OHTa/IbHbIX CKBO3HbIX (MPOX0AHBIX) nelep. OHa u3BecTHa H6o/ee
CTa /1eT. AKTMBHO MocCeLaeTcAa TypucTamm.

MeLiepbl KOPPO3MOHHO-PA3PLIBHOIO TUMA XapaKTepHbl A48 ypouunLa LLiapbyaak Ha oXKHOM
rMncoBom nose. OHU MMetoT HebOo/blLMe pa3Mepbl U NPeACTaBAAIOT cO60M GparmMeHTbl KAMHOO6-
pasHbIX, 3ayXKalOLMXCA KBEPXY Pa3pbiBOB B runcax, 06pasoBaHHbIX BC/1€ACTBUE CONAHOM TEKTO-
HMKK. CTEeHbl U CBOAbI 3TUX MeLLEep MMEIOT He3HAYMTE/IbHbIE C/1e4bl KApCTOBOW AeHyaaumun. Kpome
TOro, Ha CTeHax Mnelep 3TOro TMNa MOXHO Hab/toaaTh 6€/10ro LBeTa KOpbl BTOPUYHOM KPUCTAN/N-
3auuu runca (T.H. «r’UrNcoBOE MO/IOKO» UM «TUMCOBAsA HAKMUMb»).

lMelepHble OT/I0XEHUA NpeACTaB/IeHbl OCTAaTO4YHbIMU, BOAHBIMU MeXaHU4YeCKUMU, 06Bab-
HbIMW, BOAHbIMW X€MOr€HHbIMU, OPraHOr€HHbIMU, KPUOTr€HHbIMU OT/I0KEHNAMU. OCOOEHHOCTBIO OT-
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/IOXEHMI TMMCOBbIX MeLLep AaHHOrO PalioHa ABNAETCA Ha/IMYME LUIMPOKOIrO CMEKTPa BTOPUYHbIX KpU-
CTa/IIM4eCK1X 06pPa30BaHUiA 1 KPUCTaA//I0B aBTOXTOHHBIX MUHepa/os (runc — CaSO,x2H,0, TeHapanT
- Na,[SO,], 6pywumT - CaH[PO,]*x2H,0, xaHebaxut — CaSO;x0,5H,0, mpabuamt - Na,[SO,]x10H,0).
BeccnopHo, MHTepeceH $paKT Ha/MUKA B NeLLLEePHbIX OT/I0KEHMAX MaTepUa/ia-3ano/HUTEASA, KOTOPbIM
TaMMOHMPOBa/l KAPCTOBbIE NO/OCTH B 40XBa/IbIHCKOE BPEMS.

Ha cerogHAWHMI geHb B palioHe OKpeCcTHOCTel 03epa bacKkyH4aK M3BECTHO OKO/I0 TPEX Ae-
CATKOB MelLLep B runcax npoTAxEHHOCTbIO 60/1ee 10 M (Tab/. 1). Hanbosiee KpynHbIMM U KpacKBbIMM
ABAAIOTCA newepbl backyHuakckaa n KpucrasbHaa. Bce newepbl HaxoaATCA B YA0B/1€TBOPUTE/IbHOM
3KO/I0MMYECKOM COCTOAHMM.

PailoH OKpecTHOCTel 03epa DNbTOH TaKKe ABAAIOTCA HeHO/IbLLIMM KapCTOBbIM PaiOHOM.
03epo I/1bTOH (KasM. «ATOH-HOP» - «30/10TOE 03€P0») PACrO/I0KeHO B 1a71/1aCOBCKOM paiioHe Bos-
rorpagckoim o6s1actu. B 5 KM K BOCTOKY OT 03epa 3/1bTOH pacno/iaraeTcsa no/0oroe, C/103KHOYCTpOeH-
Hoe B pesibede nogHATHE — ropa YzaraH (abc. oTm. +69,15 M), C/10XKeHa Me30301MCKUMM NOPOogaMU
(topa, men). laHHOE NOAHATUE MPUYPOUEHO K 3/IbTOHCKOMY CO/IAHOMY Kyrnoay.

Mo gaHHbIM /1.H. Mopo3sosa u C.A. CBUA3UHCKOrO [7], B X0Ae NpoBeseHUsA NOUCKOBO-pasBe-
AO04HbIX paboT B palioHe 03epa I/1bTOH OYpOBbIMM CKBaXKMHAMM B KEMPOKe /1bTOHCKOrO CO/IAHOrO
Kyrno/a 6b1/11 06HapyXeHbl MO43eMHble NO/I0CTU KapCTOBOro reHesnca. OHU NpUypOY€eHbl K F’MNcoBO-
AQHTUAPUTOBBLIM OT/IOXKEHMAM Kenpoka. OgHaKO AaHHble N0/0CTU He AOCTYMNHbI Mbo BC1eacTBME
CBOe€W r/lybuHbI 3a/71eraHums (Ha CTbIKe rMINCOB KeMpoKa M COAAHOro 3epKana), mbo norpebeHus pas-
/INYHBIMM 3aMO/IHUTENAMM. [1eLepbl He HalAeHbl.

Bo3BbllweHHOCTb Bul-4oxo (Kasax. «becllokbl» - NATb 6YrpoB) pacno/oxeHa B Kypmarra-
3MHCKOM paioHe ATblpayckow 06/1actu Pecnyb/1uKu Ka3axcTaH 1 HaxoauTCA B 3anagHOM YacTu Pbik-
neckoB Ha TeppuTopumn lMpMKacNMtCKON HM3MEHHOCTU. OHa npuypo4eHa K LUyHranickoin 30He
MOAHATMI. BO3BbILLIEHHOCTb N/I0LLAABLI0 OKO/0 35 KM? NpeACcTaB/aeT cO60M CONAHOKYNO/IbHOE NoA-
HATME C BbIXOAAMM B CBO/AOBOM YaCTH KapCTYIOLLIMXCA MUNCOBbIX MOPOA HUKHel nepmu (P,kg). OHa
MMeeT M/1I0CKYH0 MOBEPXHOCTb C PACno/I0MeHHbIMU Ha Hel rMncoBbiMM Byrpamm 1 KapcToBbIMK GOp-
Mamu pesbeda. OTHOCKUTE/IbHOE NMPEBbILLEeHNe 3TOr0 NOAHATUA Hag, OKPYXKatoLel MeCTHOCTbIO
OKO/10 30 M.

C newepamu but-4oxo (BecLIOKbl) acTpaxaHCKMM Crie/sIe0/10ram BriepBble 40BE/10Ch MO3Ha-
KomMUTbCA B 1987 roay. Bonee geTanbHoe nx 06¢neg0BaHMe Obl/10 OCYLLLECTB/IEHO TO/ILKO CNYCTA 10
/1eT, B XO4e NoC/1eAYIOLLNX YeTbIPEX KOMIM/IEKCHbIX HAY4HO-UCC/1e40BaTe/IbCKUX SKCNeAULMIM MO Tep-
puTOpUN BoAro-Ypa/sibCKMX NecKkoB, OpraHM3oBaHHbIX ACTPaxaHCcKmMm oTgenedmnem PIO B 1997-1999
r.r.1B 2009 rogy. Heo6xo4AnMO OTMETUTDL, HTO B IMTEPATYPHbIX UCTOYHMKAX KapCT BO3BbILLEHHOCTH
noyTH HeocBelLLéH. To/abKo B paboTe U.B. Ayap6axa [1] 4aétca He6o/bLLoe OnMcaHne KapCToBbIX
BOPOHOK U ABYX netyep. [a B ctatbe t0.M. Panasa [10] KpaTKo AaéTcA XapaKTepUCTUKa KapCTOBOroO
NPOBa/IbHOrO KO/0ALLA M YNTOMUHAeTCA o/Ha U3 netep (ckopee Bcero newepa KeHeHbait).

KapcToBble neuepbl Ha Bui-4oxo (BecLloKbl) OTHOCATCA K KOPPO3UOHHO-3PO3UOHHOMY U
KOPPO3MOHHO-Pa3pbIBHOMY K/aaccaM. oyTH Bce nelepbl NpeACcTaB/AoT cobol MelKkoobpasHblie
MO/0CTU C OAHMUM BXOAOM, 33/10>KE€HHbIE B FMNCOBbIX MOPOAAX KEMpPOKa COAAHOrO Kynoa.

B xoge cneneonormyeckoro o6c/1e40BaHMA Ha BO3BbILEHHOCTU Buiw-voxo (beclokst), bbi1a
npoBegeHa Tonorpaduyeckas CbEMKa 10 06HapYKEHHbIX KapcToBbIX newtep (Tab. 1). Haubonee
KPYMHbIMU U MHTEPECHbIMU ABAAIOTCA newepbl: Kenenbait, Meuta, KypmaHrasbl.

Mewepa KeHeHbali (puc. 3) pacno/araeTca Ha CEBepO-BOCTOYHOM OKpanHe BO3BbILLIEHHOCTH.
BriepBble 1 04eHb KpaTKo 6bla onucaHa U.B. Ayapbaxom [1], a 6osee nogpo6Ho 6bi1a 06cnegoBaHa
acTpaxaHCKMMU Creneo/oramMu B 1997-1998 rogax [6]. Bxog npuypoyeH K BOPOHKe MpoBa/IbHOro
reHesuca. [lelepa OTHOCUTCA K KOPPO3MOHHO-3PO3MOHHOMY TuNy. OHa npeacTaBaneT cobon Kpyn-
HbIi MOA3EMHbIM 3371 C FOPU3OHTA/IbHbIM MO/ZIOM. 33/ BbITAHYT B CYOLULMPOTHOM HanpaB/eHWH, U
MMmeeT pasmepsbl: 18 Mx11 M, NPU BbICOTE A0 3 M. [leLlepa XOpoLLO ocBelleHa 61arogapa KpynHOMY
apoyHomy Bxoay (4/MHOM 6 M U BbICOTOM 3 M). TemnepaTtypa Bo34yxa B neLiepe okoao +10°C. OT-
HOCUTE/IbHAA B/NIAXKHOCTb BO34yXa OK0/10 79%. OagHaKo, BCieacTBME H0/bLUMX Ppa3sMepoB BX0OA3, B
TeyeHue roga TemnepaTypa v BaXKHOCTb BO3/yXa B NeLllepe 3aMeTHO U3MeHAITCA. Bxog B newepy
MeperopoeH B LeHTPa/IbHOM YacTu KPynHbIMK 6/10Kkamu runca. CTeHbl 1 CBOA nelepbl 06UabHO
yKpalleHbl 6e10ro uBeTa KOpoi BTOPUYHOM KpUCTaAAM3auuu runca. fNeuepa Aerkog0CcTynHa u
A,aBHO NOCeLLaeTCA MeCTHbIMM XuTenamu. O6 3Tom Takxke nuwet U.b. Ayapbax: «... cocegHne Kup-
MU3bl YCTPOWU/IU cebe B Helt HeYTO BpOge NoA3eMHOMN MO/1e/IbHM, F4e Mo BpeMEeHaM COBEPLLAIOT CBOé
Borocnyxenue...» [1].
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Mewepa Meuma (pyc. 4) pacrno/IoKeHa B Oro-3anagHom 4acTv BO3BbILEHHOCTHU. Bxog, B ne-
Lepy pacrno/iaraeTcsi B OCHOBAHUU CK/I0HA KAPCTOBOM BOPOHKM. Pasmepbl BXOAHOrO OTBEPCTHS: LLK-
puHa 1 M, BbICOTa 0,8 M. lelepa OTHOCUTCA K KOPPO3MOHHO-3PO3MOHHOMY Tumy. loa3emHas
MO/0CTb UMEET BbITAHYTYIO OBa/IbHYIO B M/1aHe $pOopMy. Pasmepsbl neLepHoro 3aza: 30x15x3-5 MeT-
pOB. OT/10KeHus newepbl NpeacTaB/I€HbI l'py6006/]OMO‘-IHblM r’MNCOBbIM MaTepUazioM, PbiX/1bIMU
cynec4aHbIMU OT/ZIOXKEHUAMU U NN1ACTaMU TEMHbIX KPaCHO-KOPUYHEBbLIX U CBET/IbIX Ma/1€BbIX I'/INH,
pa36MTbIX TpewHnHaMM YCbIXaHUA Ha OTA€/IbHbl€ NO/IMITOHA/IbHbIE KYCKU. CTeHbI n CBOA newepbl Mme-
CTaMM MOKPbITbl KOPOI BTOPUYHOM KPUCTaAIM3aL MK runca. B ganbHel 4acTu newepHoro 3asa nme-
€TCA NMpecHoe 03epLo, NI0WAAbI0 45 M> U r/ly6uHOM 1 M. TeLepa TYCK/10 OCBELLAeTCA AHEBHbIM
CBETOM TO/IbKO B MPUBX0A0BOI HacTu. TemnepaTypa Bo34yxa B neLepHom 3ase +11°C, OTHOCUTE/1b-
HaA BAIAXXHOCTb BO3A4yXxa 84%. C1ea0B nocelleHmA NI04bMU He OTMeYeHO. MeCTHOro Ha3BaHuA ne-
Liepa He UMena, T.K. BCKPbITa BrepBble.

Puc. 3. MaaH 1 paspes newepbl KeHeHbaM Puc. 4. MNnaH v paspes newepol Mevta
(Cbémka: U.B. Tonosaves, A.4. Babaliues, 1999 T.) (Cvémka: U.B. FosoBaues, A.C. Boiiko, 1998 1.)

Mewepa KypmaHrzassl (puc. 6) Tak:Ke pacrno/0KeHa B FOro-3arnagHoi 4acTu BO3BbILLEHHOCTU.
Bxog npegacTaB/ifeT cob0M HaK/I0HHbIM MOHOP, BbIBOAALLMI B NOA3€MHYHO N0/10CTb. Pasmep Bxoga:
LUMPWMHA 0,35 M, BbICOTA 0,55 M. [eLyepa OTHOCUTCA K KOPPO3MOHHO-Pa3pbIBHOMY K/aaccy. OHa pas-
BMTA B LUMPOTHOM Harpas/ieHUU, UMeeT BbITAHYTYt0 GopMmy 1 pa3paboTaHa no cucteme BepTU-
Ka/IbHO-CEKYLUMX pa3pblBHbIX TpewrH. OT/I0XKeHUA neLepbl npeacTas/ieHbl rpy6006/10MOYHbIM
TMMCOBBIM MATEPUasIoM U PbIX/IbIMU Cynec4aHbIMU OT/I0KEeHUAMU. MecTamu Ha CTeHax U cBoge re-
Lepbl HabtogaeTcA besnecas Kopa BTOPUYHOM KPUCTaA/IM3aL MK runca. B 3anagHoi yactu neepol
Ha CBOAE OBHAPYKeHbI TUMCOBblE CTanakTUTbI (PUC.5). OHM UMEIOT C/IeAytOLLIME Pa3MEpbI: AUaMETP
y OCHOBaHuA A0 3 CM, CpeaHAA TOo/WUHA 0,8-1,5 CM, A/IMHA 40 10-12 CM. [/I0THOCTb CTa/ZIAKTUTOB Ha
CBOgE — /4,0 100 WTYK Ha 1 M lelepa He ocBellaeTcA 4HEBHbIM CBETOM. TemMnepaTypa Bo3ayxa B
newepe +8,9°C, OTHOCUTE/IbHAA B/IAXKHOCTb BO34yXa OK0/10 91%. C/1e40B noceLL,eHuA /04bMU He OT-

Puc. 5. Tuncosble CTa/iakTUTbI B neLepe Puc. 6. MNaaH n paspes-pa3sépTka newepbl KypmaHrassl
Kypmanrassl (poTo: E.A. /lncmua) (Cbémka: U.B. Nonosaves, A.4. Babaliues, 1999 1)
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Me4yeHO. MeCTHOro Ha3BaHuA nelepa He UMeAa, T.K. BCKPbITa Brepsble. lNelepa Ha3BaHa B 4eCTb
M3BECTHOrO Ka3axCKoro aKbiHa (MoaTa-neceHHMKka) KypmaHrassl.

Hanbosee nssecTHoOl U noceLl,aemon AB/AeTcA newepa KeHenbait. M3 Bcex MMeroLmMxca Ha
BO3BbILLEHHOCTU BUMLL-4OXO nellep TO/IbKO OHa NoABepraeTca 3aMycopmBaHuto. B Lilesom Bce obcne-
A,0BaHHbIE NeLLepbl HAXOAATCA B IPEKPACHOM 3KO/10MMHYeCKOM COCTOAHUM Ba1arogapa yaanéHHOCTH,
TPYAHOAOCTYMHOCTU M Ma/10M U3BECTHOCTM BO3BbILLEHHOCTM Bui-4oxo (Becwokb).

PaiioH ropbl Masnoe Borao HaxoauTcA Ha TeppuTtopumn BokelopanHCKOro paioHa 3anagHo-
KasaxcTtaHckor ob6aactu Pecnyb/mnkm KasaxcTaH B 40 KM K CeBEPO-BOCTOKY OT 03epa bacKyH4aK u
npeAcTaBaseT cobol CONAHOKYMNO/IbHOE NogHATUE (a6C. OTM.: +64 M). OHO COCTOMUT M3 KOMM/IEKCa
NMPOCTMPAIOLLMUXCA B LUWPOTHOM HamnpaB/1IeHUU, HEBbICOKMX XO/IMOB. [I/IMHa NOAHATUA - OKO/IO 3,5 KM.
Hanbosee BbicOKana To4ka 060cob1eHa B BUgE X0/IMa M HAXOAMTCA Ha BOCTOYHOM OKpanHe NogHA-
TA. MeCTHOe Ha3BaHMe 3TOro X0/Ma — «/skamaH-Tay» (Kasax. - «M/10xas, rHu/ias ropax). Kapcr gax-
HOro MOAHATMA CBA3aH C BbIXOAOM Ha MOBEPXHOCTb KAPCTYIOLLIMXCA NMOPOZ KEMPOKa, NPescTaB/1eHbIX
CU/IbHO ANC/I0LMPOBAHHBIMU, CEPbIMM, TONICTOC/IOUCTBIMU, KPYMHO- U CpeAHe3ePHUCTLIMM FMNcaMm
HUMKHenepMmckoro Bo3pacta (P.kg). M'Mncbl Ha MOBEPXHOCTU BbIBETPEHbI. KapCTytolwmecs runcol
CBEPXY MePEKPbITbl BEPXHEMNEPMCKUMU U3BECTHAKAMU (M/I0THBIMU, CBET/IIMU, O4HOPOAHBIMMU).
MNCbl KAPCTYHOTCA NPUPOAHBIMU TaN0-A0XKAEBBIMU BOAAMU. [1043eMHble BOAbI 33/1€ratoT Heray-
60Ko. KapcToBbIli pesbed npescTaBieH NOBEPXHOCTHbIMM GOpMaMu: Kappamu, MOHOPaMu, BOPOH-
KaMu 1 KOT/I0BUHaMu. lewepbl U gpyrue nogsemMHble KapcToBble GpOpmbl Ha nogHATUKM Manoro
borp,o noka He HalaeHbl.

PaiioH ropbl Yanuauu (C Ka/M. — «py6/1eHan, paccedeHHas ropa») HaXo0AMTCA Ha TEpPUTOPUM
KypmaHrasmHckoro paitoHa ATbipayckoi 061actn Pecnybmnkm KaszaxcraH B 85 KM K Or0-BOCTOKY OT
03epa backyHuak 1 npeacTaBasaeT co60i CONAHOKYMO/IbHOE NogHATUE (26C. OTM.: +45 M) B BUAE
rPYnMbl HEBbICOKMX XO/IMOB C/10XKEHHbIX HUXKHEMEPMCKUMU OT/I0XKEHUAMU KAMEHHOM COM U rnnca
M MPUKPBITbIX TOHKMM YEX/I0M XBa/IbIHCKMX MOPCKUX OCAAKOB. B Xx04€ 3KCneAnLMOHHbIX paboT (mai
1997 T.) MHe y/A,a/10Cb 6er/10 03HaKOMUTBCA C 3TUM PaoHOM. KapCTytoTcA Ha HeBO/IbLLIMX M/10LWAAAX
TUMCOBbIE 1 CO/IAHBIE MOPOAbI. bbla HallgeHa 0gHa HebO/1bLIaA FOPU30HTa/IbHAA Nelllepa-1as B COMM
NPOTAXEHHOCTLIO MeHee 4 M. [Apyrux newep He o6Hapy»eHo. O4HaKO palioH MMeEeT NepCneKTUBI
AN1A CNenecTo/10rnMYecKMX Ncc/1e4,0BaHNi, Tak Kak 34ecb 150 /16T Ha3ag, LWaxTHbIM Cnocobom a06bI1-
Ba/1acb Co/b. OAMH U3 BXOA0B Obl/1 MHOKO OCMOTPEH, HO OKa3a/ICA 3aMbITbIM U HE MPOXOAUMbIM.

PaiioH nogHAaTua XyaaiibepreH. lMogHATue XyaganbepreH pacnosaraeTca Ha TeppuUTopun
KypmaHrasmHckoro panoHa ATblpayckoi 06aactn Pecnybamnku KasaxcraH, B 15 KM CeBep-CeBepo-
3amnagHee BO3BbILLEHHOCTHK bui-4oxo. OHO npeacTaB/iAeT cOO0M CONAHOKYNO/IbHOE MOAHATUE, NMPU-
MOAHATOE Haj OKPYKatoLLLel CTEeNbO U BbIPa’KeHHOE B BMAE BO/IHUCTOrO N/1aTO, OC/I0OXKHEHHOIO
061/IMem KapCTOBbIX BOPOHOK.

FPYHTOBbIE BOAbI 33/1€ratoT Ha HeBO/IbLLOW ryBuHe 1-3 M. Mo gaHHbIM A.A. BorgaHosa [3],
0b6Hapy:KuBLLEro noAHATUE XyaabepreH B 1932 roay, niowasb NoAHATUA OKO/0 10-12 KMm? (NpoTs-
YKEHHOCTb 4,0 5 KM, NPU LUMPUHE OKO/I0 2,5 KM). 0 NEpUMETPY, 33 UCK/IOYEHNEM BOCTOUYHOM CTO-
POHBI, KpaA N/1aTo NPUMNOAHATbI B BUAE IPAA, KPYTOHAK/OHEHHBIX B CTOPOHY OKpYXKatoLwen cTenu.
BHyTpeHHUe cK/10HbI rpAg 60/1ee nosorune. KOxkHasA, ceBepHas U 3anagHas rpAgbl 4aHHOMO NMOAHATUA
Ha3biBatoTCA Byrpamu: XyaaibepreH, Kelpkoba u Kocoba (KocTiobe).

C KapCcToMm NoAHATUA XyganbepreH aBTopy A0BE/10Cb MO3HAaKOMMUTLCA B 1997-1999 IT. B X04e
aKkcneAnUmii ACTpaxaHcKoro otaenenua PO no Tepputopum Boaro-Ypasnbckmnx neckos. KapcT oT-
HOCKTCA K TUMY NOKPbITOro. KapcTytoLwmeca nopoabl MOKPbITbI PbIX/1bIM 0CaA04HbIM HYEX/10M A PEB-
HeKaCMUMCKMX (4O0XBa/IbIHCKMX) OT/I0XKEHU. KapcToBbii penbed XyganbepreHa npeacras/ieH
NMOBEPXHOCTHbIMW GOPMaMM: KappamMu, MOHOPaMK1, BOPOHKaMM, KOT/I0BUMHaMU, C/1€MbIMU OBParamm.
lMewepbl U Apyrne nog3emHble KapcToBble GOPMbl Ha MOAHATUN XyaanbepreH Noka He HalaeHsbl.
OAHaKo 3TOT PaKT MOXKHO OOBACHUTbL Ma/I0M CTEMEHbIO U3Y4EeHHOCTMU.

NHaep-dMOEHCKMI KAPCTOBbIM OKPYT 06beAMHAET C/1eAYHOLIME KapCTOBbIE PAOHbI: OKpecCT-
HOCTU 03€p UHaep 1 Yenkap (kazax. Waskap).

PaiioH oKkpecTHOcTell 03epa UHaep HaxoauTcA Ha TeppuTopun MHaepbopckoro paroHa
ATblpayckolt o61actu Pecnybamkm KasaxctaH Ha eBobeperkbe peku Ypan v npeacTtasiseT cobon
CO/IAHOKYMO/IbHOE MOAHATHE B BUAE N/1aTOOOPa3HOM BO3BbILLIEHHOCTU, MPUNOAHATOM Hag OKpY»Kato-
LLLel CTeMbO Ha 20-25 M U OC/IO>KHEHHOM M'MMNCOBLIMU XO/IMaMU U KApCTOBbIMU BOPOHKaMMU.
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Tak ke, KaK U palloH OKpecTHOCTel 03epa backyHyak, MHAepCcKOoe NogHATHE n3aaBHa Npw-
B/IeKa/si0 K cebe BHMMaHME MHOTMX OTEYeCTBEHHbIX McciedoBaTenel, Takux Kak M.C. Maanac,
M.A. MpaBocaasneB u ap. OgHaKo Hanboee No/Hble NCCNeA0BaHMA re0/10MMKU AaHHOTO PaioHa Ha-
Ya/IMCb TO/IbKO B CEpeamHe 30-X FOA,0B B CBA3M C OTKPbITUEM U Pa3Be/ KON MeCTOpPOXKaeHuA bopaTos.
B 1935-1936 rogax 3gecb paboTtana MHgepckaa Bopatosas skcneguuma LHUTPU. KapcToBble npo-
Lleccbl U ABNEHMA u3yyaanchb 3.B. AukeBuyem, I.P. Anewenko, C.C. Kopobosbim, U.K. [oneHOBbIM,
3.M1. HypmambeTtoBbiM, A.B. COTHMKOBbIM, HO.B. ApDXMABAKOHCKMX U AP.

Ha ceBepHOM 1 ceBepo-BOCTOYHOM Heperax o3epa UHaep pa3BuT cyabdaTHbIN KapcT, 06-
YC/10B/IEHHbIM BbIXOAOM Ha AHEBHYIO MOBEPXHOCTb APEBHMX 0CaA04HbBIX NOPOJ, NO34HEeNnane030M-
CKOro BO3pacTa, NpeACTaB/IeHHbIX TO/ILLEN 31t0BHUaabHOro runca (elP,-Q). KapcTytowmecs nopogpbl
MOAHATbI HA AHEBHYIO MOBEPXHOCTb BC/1€ACTBUE CO/IAHOMNO TEKTOreHe3a U COCTaB/IAOT BEPXHIOH
YacTb KeNnpoKa CONAHO-KYNO/IbHOro MaccMBa. [IOBEPXHOCTb N/1aTO aKTUBHO 3aKapCToOBaHa. KapcTo-
Bblli pe/ibed npeaCcTaB/ieH BOPOHKAMU Pas3/IMYHBIX TUMOB, MOHOPaMu, OBparaMu, KOT/IOBUHaMMU, 4,0-
/IMHOOOPAa3HbIMU MOHUXKEHUAMM U newtepamn. Cpeau pasanyHbix GOPM KapCcToBOro pesbeda B
OKpecTHOCTAX 03epa NHaep HanbobLKni MHTEepecC BbI3bIBAIOT newepbl. OHM pacnpoCTpaHeHbl B
LLleHTPa/IbHOM M BOCTOYHOM YacTAX MHAEpPCKOro nogHATUA. MHTEepeCcHo, YTO B OTHOLLEHMU KOAnYe-
CTBa neLep, MHeHUA nccaegoBaTtesneit pacxoaatca. OAHW YTBEPKAAIOT, YTO OHU Ma/IOYUC/IEHHBI U
He3Ha4uTe /IbHbl, APYrve oTmevatoT 60/blIoe X KonyecTBo. MpoTnBopeyaT u nx onucanua. Ecam
y4yecTb, 4TO B paboTax ucc/iegoBaTesneli NpUBOAUTCA B Lie/10M Becbma bersioe, B 06wwmx ppasax, ¢
NpubAn3nNTE/IbHBIMKU NapamMmeTpamMm ONMCaHMe neLep, TO MOXKHO CAe/1aTb BbiIBOA, O c1aboi cneneo-
/IOTMYECKOM U3YYEHHOCTM paioHa M HeA0O0LEeHKE MMKU PO/IU CNeNeo/IorMYeckoro MeToa npu Kap-
CTONI0MMYECKUX NCCNeA0BaAHUAX.

B xoae aKkcneauuMOHHbIX paboT NPOBOAMMBIX Y/1€HaMU CeKLMU Cre/1€0/10MMKN 1 KapCToBe-
AeHusa AcTpaxaHckoro otaenenua PrO, npu n3yyeHnn KapcToBoro penbeda copmmpoBaBLLEeroca
Ha MHAepCKOM NogHATUKM, 0COB0e BHUMAHWE yAe/AN10Ch MOUCKY U 06C/1e40BaHUI0 KapCTOBbIX
newep. Hamu 66110 06HapyeHO HEeCKO/IbKO neLep, Cpeam KOTOPbIX ABE MeLepbl paHee yxe 6erno
YNOMUHA/AUCh B MYB/MKALMAX Pas/IMYHBIX MCCAeg0BaTeNel. DTO KapCTOBO-3PO3UOHHbIE MeLepbl YTe-
nuc-Keray u Kosnogeu OaHorsasbii (taba. 1).

Mewepa Ymenuc-Kcmay (0T kazax. «OTemuc

KblCTay» - «3UMOBKa OTemunca») — Haubonee u3-

BECTHaA U AOCTYMNHasA newyepHas noaocTb (puc. 7).

E€ KpaTKkoe onucaHue n cxemy NpMBOAMUT B CBOEMN

ctatbe 3.B. AukeBuy [12]. MNewiepa ropusoHTanb-

HanA, HaxXoAMTCA B BOCTOYHOM YacTn UHaepckoro

NOAHATUA. YTe/nc-Kctay OTHOCUTCA K KOPpoO-

3MOHHO-3PO3MOHHOMY TWMY MW pacno/iaraeTca

B6/1M31 AHEBHOW NOBEPXHOCTW. BripaboTaHa B run-

COBbIX OT/IOMEHMAX KernpoKa CO/MAHOrO Kyno/aa

(elP,-Q). Mewepa npoxoaHan, UMeET ABa BX0Aa,

Pa3/nyHbIX MO pasmepy U Mopdoaornu. OCHOBHOM

BXOg, 0bpaLLéH Ha ceBep M MMeeT pasmepbl: Bbl-

COTY — 3,7 M, LLMPUHY — 3 M. lNeLlepa npeacraBaseT

o060 KpynHbIi XOPOLLIO OCBELLLEHHbIN NOA3EMHbI

3as (na0owWwagabto — 24 M%, 06BEMOM — 45 M3 U BbICO-

Puc. 7. MaaH newepbl Yreauc-Keray TOW 40 1,8-2 M), KOTOPbI CBA3aH C CUCTEMO Tpe-

(Cvémka: U.B. Fonosaves, E.A. /lncuua, 2011r) WnH M KaHa/l0B  Pas/IMHHbIX  PasMepoB W

Mopdonorun. OT0XKEHUA NOAA B MELLLEPHOM MNpw-

BXOZOBOM 3a/1€ NpeaCcTaB/IeHbl TOHKOM Mbl/1eBaTOM Cyrechio, MOKPbIBatoLLLelM rMMCOBbIN rpy6006/10-

MOYHbI MaTepuan. Obliee 3KO/MOTMYECKOe COCTOAHME Tellepbl — yAO0B/1eTBOPUTE/IbHOE.

MUKpOKAMMAT neLepbl U3-3a KPYMHbIX PAa3MepPOB BXOAHOrO0 OTBEPCTUA CU/IbHO 3aBUCUT OT MOBEPX-
HOCTHbIX METEO0YC/10BUM.

Mewepa Konodey, OOHoznazbili (puc. 8) npeactasaseT cob0i KapCTOBbIN KOA0A4EL, PACKpPbI-
BAOLLMICA B HUXKHEN YacTW B HEHO/1bLLYIO MeLLLePHYHO MOA0CTb. [OP/10BMHA KOA0ALLIA UMEET pasMepbl
10 Mx4 M, B CPeAHEeN 1 HUXKHeM YacTh 6-5 mx1 M. T1ybuHa g0 gHa newepsl - 29 M. Y camoro gHa Ko-
/104,eL, NepexoAmT B MeLLEepPHYIO KaMepy, BbICOTOM 40 6 M, LUIMPUHOM 11 M U AMHOM 13 M. [Tocpeam
3TOM Kamepbl N0/, KO/04LeM pacrno/araeTcs KOHYC 00Ba/IbHbIX OT/I0XEHUM BbICOTOM 40 4-5 M, 3a-
HMMAIOLLMI BCIO N/I0WAAb AHA NeLepHOM NoAoCTU. lewepa npeacTaBaseT coObom «X0N04HbIV
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MeLIoK». Ha MOMeHT 06¢/iegoBaHus (NepBas He-
Aensi MasA) CTeHbl U CBOAbl MeLLepbl MOKPbITHI
nHeem. Ha gHe KO/10A4 LA A0 /1eTa 1IEXKUT PUPHOBBIN
cHer 1 siegd. O A4/IMTe/IbHOM 3acTavBaHUM X0/104-
HOro BO34yxa B KAPCTOBbIX MyCTOTax U BOPOHKaX,
B/1arogapaA Yemy CHer MOXeT COXPaHATbCA B Teve-
HUe BCero roga ynomwmHaet u 3.B. Aukesuy [12]. Ha
AHe rneliepbl Ba/sAETCA MYyCOpP, CKUHYTbIM MecCT-
HbIMM XMUTENAMM B KonogeL,. OgHaKo c/1es0B npe-
ObIBaHMA /t0AEN B MeLyepe He oTMeveHo. Hagnueu
M PUCYHKM Ha CTeHax U CBOAAX mnellepbl OTCyT-
cTBytoT. lewepa TPyAHOAOCTYNHA UM O4YeHb He
yA00Ha anAa cnycKa.

OcTasbHble 2 relepbl NpeAcTaB/AOT
06011 y3KMe OTHOCUTE/IbHO A/IMHHbIE MOA0CTU KOP-
PO3MOHHO-Pa3pbIBHOIO TUMA, PACMO/IOXKEHHbIE Ha

Puc. 8. Paspesbi Kosoua OaHornasbiii (Cbémka:  TPEOHAX rMNcoBbix Byrpos B HEMoCpeACTBeHHOV
W.B. FonoBaues, E.A. /cuua, 2011r) 6/1130CTH OT gHEBHOM NoBepXHOCTU. OgHa U3 3TUX
newep npeacTaB/AeT cOO0l «X0N0AHbI MELLOK»

M UMeeT CHeXHO-/1eAHbIe OT/I0XKEHUA.

PaiioH okpecTHocTelh 03epa MHaep TpebyeT ga/ibHelLero AeTa/IbHOro KapCcTo/10ro-creseo-
nornyeckoro o6cnegoBaHnA. CeKLMA CNeneo/10rMm U KapctoBeAeHna ACTPaxaHCKOro oTae/1eHMA
PO 6aunkaiiumne rogbl N1aHMPYET NPOAOAKUTL MOUCK M 06C/1e40BaHMe neLep B 3TOM KapCTOBOM
parioHe.

PaiioH oKkpecTHOCTel 03epa Yenkap (kasax. LWaskap) HaxoauTca Ha Tepputopun CbipbiM-
CKOro 1 TepeKTUHCKOro paioHoB 3anagHo-KasaxcrtaHckon o61acTu Pecny61mkun KasaxcraH Ha ne-
BobOepexbe peku Ypan B 75 KM HOro-BOCTOYHEe ropoga YpasbCK W npeactaBadaeT coboi
CO/IAHOKYMO/IbHOE NOAHATHE.

Yesnkap (LLasnKkap) — 04HO U3 KpYMHEeMLLUX 03ep He To/bKo KasaxcTaHa, Ho v Bcelt FOro-Boc-
TOYHOM EBpasuu. MNaoLwaab BOAHOM NOBEPXHOCTM 03epa COCTaBAALT 240 KM O3ep0 OKalM/eHO C
ceBepa 1 tora gByMs OCTPOBHbIMU NOAHATUAMM — ropamm CaHTac 1 Cacant. lopa Canmac, naowaabto
OKO0/10 700 ra, pacrno/ioxeHa Ha ceBepHOM bepery o3epa. [1aToobpasHoe nogHATUe (abc. 0TM.: +75
M) BbITAHYTO C tOra Ha CEBEp Ha MPOTAKEHUM OKO/10 8 KM. (/103KEHA ropa NpeUMyLLLEeCTBEHHO MUCHUM
Me/I0M, U3BECTHAKaMM U NeckaMu. B 3anagHoOM 4acTu 1OXKHOIO CK/I0HA MMEIOTCA BbIXOAbl Mea, KO-
TOpbIM A00bIBAaETCA MECTHbIM Hace/ieHneM. Fopa AB/AETCA reo/10ro-60TaHUYeCKUM NMaMATHUKOM
06/1aCTHOro 3HaveHuA. lfopa Cacadi, N10LWLaAb OKO/0 400 ra, NpeAcTaBaseT cobovi naato (abc. oTm.:
+94 M) pacro/IoXKeHHOe Ha tosKHOM Bepery o3epa Yeskap (LLankap). CkaoHbl ropsl Cacait nosoro
CMyCKarTCA K 03epy. [opa c/10XKeHa rMrncoBbIM U NMecYaHbiM KaMHeM. KapcT 3Toro paioHa B /uTe-
paType He onuncaH. Hann4ue newiep He U3BeCTHO.

PalioH okpecTHOCTel 03epa Yesnkap (LWaskap) TpebyeT ganbHelwero 4eTasbHOro KapcTo-
/10ro-crnesneosornyeckoro obcnegosanma. Cekuma cneneonormm n KapCcToBedeHna ACTPaxaHCKOro
oTaenenuns PrO 6anKaiiume roapl N1aHMpPyeT NpoBegeHUe Ncci1e40BaTe/IbCKMX paboT B 3TOM Kap-
CTOBOM paioHe.

B uesnom ana tepputopum CeBepHoro lpuKacnua xapakTepHa c1abasa cneseonornyeckasn
M3YyYEeHHOCTb. DTOT PErMoH O4YeHb CamMObbITEH U 06/1a4aeT KOMM/IEKCOM OCOBEHHOCTEN Pa3BUTHA
KapCTOBbIX MPOLLECCOB M AB/NEHUI, 0OYC/10B/EHHbBIX UCTOPUEN pa3BUTUA [TpMKacnmAa n ero reorpa-
$UHECKMM PacnoNoxKeHNeM.
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MepeyeHb newep CesepHoro lMpukacnua
(Mo cocToAHUIO Ha 01.01.2014 T.)

Tabvua 1
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m.m. newepbl E 5 > = 2 gé ¢ FUA BMELLAIoLMX
21202 |= |58 o
HUXKHEBO/TXKCKO-YPA/IbCKAA KAPCTOBAA OB/NACTb
3anagHo-lpuKacnuiickan KapcToBasa NPOBUHLMA
|. MprbacKyH4YaKCKUI KAPCTOBbIN OKPYT
1. OKpecTHOCTM 03epa backyHuak

1. | A1bbuHa 11,0 0,5 2,5 35,0 39,0 | unc (Pikg)
2. | AcTpaxaHka 28,0 7,5 9,5 11,0 16,0 | Mmnc (P;kg)
3. | backyH4akckas 1480,0 | 32,0 32,0 - 9470,0 | Func (P.kg)
4. | BogAaHas-1 20,0 10,0 12,0 16,0 36,0 | 'mnc (Pkg)
5. | Boganas-2 46,0 | 13,5 | 13,5 | 34,0 | 850 [Iunc(Pkg)
6. | 8 Hon6ps 30,0 | 7,0 9,5 19,0 | 58,0 | Twnc(Pkg)
7. | Try6oKumit pasnomumk 22,0 10,5 10,5 4,8 25,0 [ Mmnc (P,kg)
8. | Tpenka 12,5 12,5 12,5 2,5 31,0 | Tunc (Pkg)
9. | F'pobuk 67,0 13,5 15,0 42,0 167,0 | M'vnc (P;kg)
10. | AeBATb AbIp 71,0 0,0 5,0 97,0 128,0 | Mmnc (P;kg)
1. | AeHuckuHa 26,0 5,5 6,5 42,0 34,0 | mnc (Pkg)
12. | AAvHHBINA passomumk 17,0 5,5 8,5 6,5 18,0 | Mmnc (P;kg)
13. | KapmaH 10,0 2,0 3,0 20,0 12,5 | Mwnc (P,kg)
14. | KpecTtuk 23,0 8,0 8,0 10,0 32,0 | Twnc (Pkg)
15. | KpucTasbHas 135,0 | 27,0 27,0 | 190,0 | 480,0 | Fmnc (Pkg)
16. | MeTpo 86,0 4,0 4,0 77,5 | 70,0 | Tvnc(Pkg)
17. | MuxanioBckas 38,0 22,0 22,5 19,0 85,0 | Mvnc (P;kg)
18. | HatéuHan 16,5 7,5 8,5 27,0 90,0 | mnc (P.kg)
19. | HeBMAMMKa 46,7 14,5 16,2 15,0 90,0 | Func (Pkg)
20. | ObmaHkKa 17,0 5,0 7,0 25,0 29,0 | mnc (P;kg)
21. | OpraHHas 26,0 1,4 2,5 18,0 25,0 | Tunc (Pkg)
22. | MepBomalickas 67,0 3,5 4,0 39,0 30,0 | M'mnc (P;kg)
23. | MoaopOKHUK 11,0 1,5 3,5 18,0 32,0 | Mmnc (Pkg)
24. | Crenaa 15,0 2,0 3,0 27,0 40,0 | func (P;kg)
25. | Copripu3 60,0 15,5 16,0 53,0 90,0 | Mmnc (P;kg)
26. | PammsbHas 23,0 4,5 10,0 12,0 79,0 | Tunc (Pkg)
27. | YabaHckasn 62,0 3,0 5,0 40,0 60,0 | I'mnc (P.kg)
28. | Yepen 68,0 7,0 10,0 98,0 [ 270,0 | Iunc(P.kg)
29. | Wapbyaakckan 46,0 9,5 10,0 60,0 38,0 | 'mnc (P;kg)
30. | Waposckasn-1 22,0 0,0 4,5 65,0 | 167,0 | func (Pkg)
31. | Waposckan-2 12,0 4,0 5,0 32,0 90,0 | Mmnc (P;kg)
32. | laposckan-3 19,0 3,0 4,0 36,0 | 22,0 |Twunc(Pkg)

23



Tabauua 1 (npopgo/ikeHue)
MepeyeHb newep CesepHoro lMpukacnua
(Mo cocToAHUIO Ha 01.01.2014 T.)
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2. OKPeCTHOCTM 03epa D/IbTOH - NeLLepbl He 06HAPYKEHbI
3. ParioH ropbsl Manoe borgo - newepbl He 06HapyKeHbl
4. PaioH ropbl Yanyauu - newepbl He 06Hapy»KeHbl
5. MogHATUe XyaalnbepreH - newepbl He 06HAPYKEHbI
6. Bo3BbILLEHHOCTb BULL-40X0 (Ka3ax.: becLuokbl)
1. | Kenenbat 19,0 1,0 7,0 160,0 | 480,0 | vnc (P.kg)
2. | buw-yoxoBckas 1(B-41)| 20,0 11,5 12,0 94,0 415,4 | Tvnc (P;kg)
3. | buw-yoxoBckana 2 (b4 2) 17,0 9,5 12,5 72,0 231,0 | Mmnc (Pkg)
4. | buw-yoxoBckaa 3 (B43) 11,0 3,0 7,0 34,0 43,0 | func (P,kg)
5. | Buw-vyoxoBckan 4 (B4 4) 9,0 3,5 9,0 30,0 51,6 | T'unc (P;kg)
6. | KypmaHrassl 69,0 7,0 15,5 96,0 82,0 [ Ivnc (Pkg)
7. | Nloroso 144,0 2,0 10,5 173,0 | 164,4 | Tunc (P.kg)
8. | Meura 44,0 12,0 16,0 440,0 | 1050,0 | Mmnc (P,kg)
9. | OgyBaHumK 30,0 5,0 13,0 42,0 54,4 | Mvnc (P,kg)
10. | CteHka 18,0 1,5 6,5 21,0 8,5 | Munc (P.kg)
[I. MHaepCcKO-IMOEHCKMIA KapCTOBbIN OKPYT
1. OKpecTHOCTHK 03epa NHaep
1. | YTeauc-Kcray 70,0 1,5 7,0 60,0 | 120,0 | Func(elP,-Q)
2. | Kosnogeu OaHornasblit 45,0 29,0 29,0 120,0 | 1000,0 | Tunc (elP,-Q)
2. OKpecTHOCTU 03epa Yeskap (Kasax.: Laskap) - newepbl He O6HAPYKEHbI
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MPOMACTb CYMIAH (MCTOPUA OTKPbITUA N UCCNEAOBAHUSA)

B.I'. Kamanos, M.A. YsaHoB
00O «ApXCTpoiin3bIcKaHuA», Pb, oooasiz@mail.ru
AkcakoBckuii doHg, PB, Aksakov-museum@mail.ru

BeegeHue. B 1964 rogy Ha4an10Cb N/1aHOMEPHOE Ucc1eg0BaHue
KyTykckoro ypouuia B Me/siey30BCKOM paiioHe ballkopTocTaHa: OTKpbl-
THE 1 ONMUCaHUe NelLLep, U3ydeHue YHUKA/ZIbHOro NaHawadTa.
1965 rog. B aBrycte Heb6o/bLIaA rpynna aHTY3MacTOB BO r/1aBe C
npenogasaresem reogesunun bawrocyHmsepcuteta borgaHosmnyem Esre-
Huem JaHunosuyem (puc. 1), CnyCTUBLLUCL MO peKke Beaolt oT Kanosoi
newepsbl, BCTa/a /Iarepem Ha Be/IMKO/IeNHOM NO KpacoTe noasHe Ca-
KacKa. [M1aBHaA 3agadva aKCneAuLun: BbINMOAHUTL TONorpaduyeckyto
CbEMKY OT ype3a p. besoi K KyTykckomy ypouunily 1 B, HaCTHOCTH, K
BX0Ay nponactu CymMraH, YTo COCTaB/A/I0 OKO/O0 4,5 KM (puc. 2), npo-
AO/IKeHue nsyvyeHnsa mopdosornm u MoppomeTpum M3BECTHbLIX neLep
W OTKPbITUE HOBbIX.
YNoMAHYTaA NponacTb, Kak U pA4 APyrux newep KyTyKcKoro
Puc. 1. Pan Kapumosan ~ YPOUMLLA, Oblia BrepBble OnucaHa B ceHTABpe 1960 r. reosoramu
EBreHuit laHnu10BuY AMN. Onnm n P.3. AnKcH3. TnybuHy nponacTv OHW OLEeHU/IU B Npejenax
BoraaHoBuy. 1966 T. 100-120 M. [0 UX MHEHUIO NeLLepbl ypoumLLa 06pa3oBaimch B BU3ENCKUX
M3BECTHAKAX B pe3y/ibTaTe AeATe/IbHOCTHM KAto4a KyTyk [4 ].

1966 rog. O6sactHbiM COBETOM MO TYPU3MY OpraHM3yeTCA KapCTo-Crie/1e0/10rMieckas dKc-
neauums creneos10ros bI'Y BoO r/1aBe C }KypHa/IMCTOM-KpaeBeA0oM raseTbl «/leHnHen» Muxaniom AHa-
peeBM4yeM YBaHOBbLIM, HblHE M3BECTHbIM POCCUMUCKMM TMUCaTe/NeM U MyTeLeCTBEHHUKOM,
npeacesaTesnem AKCakoBCKoro ¢poHaa (puc. 3). HayuHble pykoBoguTenu akcneauumu: EBrenuii [a-
HW10BUY BorgaHoBMY 1 MBaH KoHcTaHTHHOBMY KyapALwos (puc. 4). Lie/ib KCneAnLmm: CycK rno r/1as-
HOMY CTBO/y MPONAacTK 1 Tonorpaduyeckana cbEMKa Nog3eMHbIX rasepen, ux MoppomeTpuieckoe
onucaHue. YUC/NeHHOCTb YYaCTHUKOB COCTaBU/a 14 YesnoBek (puc. 5). B TeueHune 10 gHelt 6b110 OT-
KPbITO M CHATO OKO/I0 3 KM MOA3eMHbIX X0/4,0B, 3a/10B U TPOTOB CPpeAHEero ropusoHTa newepsl. B
camMoMm Cyxom u Ténaom «lpocnekTe reodpara BI'Y» (TakoBoO ero nosHoe Ha3BaHue, 0406peHHoe
BCeM ¢aKy/ibTeToM) 6bl/1 YCTPOEH MazsaTOuHbIN arepb (pUc. 6), B KOTOPOM YHaCTHMKM 3 HOYUM MO-
CTUraZIn XU3Hb neLepbl — €€ AblXxaHue, 3ByKU.

1967 rog,. 3an/1aHMpoOBaHO NPOAO/KEHME UCC/1eA40BaHMA NPONacTu. B mapTe npuwwiiao nsse-
CTUe, YTO He3aperncTpupoBaHHaa B Ob61acTHom CoBeTe No Typuamy rpynna u3 5 cneaeonoros My
CrycTU/ach B MPOMNacTb. B pe3y/ibTaTe HapyLUeHWA 3/1eMeHTapHbIX MPaBu/ TEXHUKKM Be30macHoCTH,
MpaKTUYECKU HE 3HaA 06 0COBEHHOCTAX KAMMATUYECKMX YC/I0BUIA paiioHa (MapTOBCKUE OTTenenu),
BXOAHOro NpocTpaHcTea nponactu (yraybieHue nepeg Kpaem B BUAE BaHHbI, r4e CKan/vMBanach
BOA_aA AaKe OT A0Xael, 06pa3oBaHue /iegHMKa Mo CTBO/Y NPOMacTy), orub/m 4Boe pyKoBoaguTe/en
3KCneguumnu.

B aBrycTe cneseosoru BI'Y noutu B TOM ke cocTaBe (40M0/HUTENbHO bl NpUr/alléH Bpay
— BuKTOp MuxaiizioBu4 COKO/OB — PUC. 7) MPOAO/IKUAN UCC/IeA0BaHUE NMPONAcTU. 3a 12 AHeN C Ye-
TbIpbM#A HOYEBKAMM B rPOTE rOTUYECKOro CTU/IA BbIMO/IHEHA Tonorpaduyeckan cbEMKa ranepem
CpeaHero 1 HUKHero ypoBHel nponactu, 06c/1eA0BaHa nog3emHas pedka Cymran-KyTyk (puc. 8) go

25



y4acTKa, rge oHa nporagaeT B o4epegHoi pas. Y cudpoHa obHapyxuam komapa. Kak y OryzKaBsbl:
«Mbl MOMMa/IM KOMapa, OH NorMb B HepaBHOW cxBaTKe». [paBAa, Mbl NMO/IOXKW/IM €ro B KOPOOOUKY U
nepesasim y4acTHUKY 3KCneauumm 6uoaory KHuuccy Baagumupy (gucceptaumio 3almTia no noAsem-
HoW dayHe). O6LLasA NPOTAXKEHHOCTb MPOMACTH COCTABWAA 5,3 KM, r1lybuHa 134 M. E./l. BorgaHoBuyem

BbINO/IHEHbI UBEeTHaA ¢oTorpadumyeckan cbEmMKa n GpuabM, NPOAEMOHCTPUPOBaHHbIV MO ballkup-
CKOMY Te/1eBUAEHMIO.

Puc. 2. Cxema KyTykckoro ypouniya (Mct. www.nashural.ru)
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Puc. 3. Muxaua YsaHoB. Ha CakacKke 3MMOM. 2013 T.

Puc. 5. MepBsble nccregosatenu nponactu CymraH.

Puc. 4. UBaH KOHCTAHTUHOBKY
KyapAwos. Cakacka. 1967 1.

Puc. 6. Fanepes «llpocnekTt reodpaka bry».

1966 . [ManaToYHbIN rOpOAOK. 1966 T.
Puc. 7. BukTOp Muxainosuy Puc. 8. Cnsae no nogsemHoi peke Cymran-KyTyk. B 10oake
CoKo0/10B. 1967 T. N.K. KyapAawos u E.A. BorgaHosu4. 1967 1.
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1968 rog. OpraHuM3oBaH Noxo4-npoLuaHue c nponacTbto. Kakue-1mbo 6o/blune nccieqosa-
Te/IbCKUE 3a4a4M He CTaBU/IUCb. KOe-4TO YTOYHUTD, A 0MNO/IHUTb, MOXOAMUTb-NONO/13aTb MO HEKOTOPbIM
rasepeam (Xxo4am) 1 yro/ikam npornacTu, KOTOPbIM CMOHTAHHO Aa/11 HA3BaHUA, UCMO/Ib3YEMbIE B Ha-
YYHOW /iMTepaType, creseo/10ramm 1 Typuctamu: no «<Koposbemy Xogy», 3an1am «Kyoumkos», «C/10Ha»,
«AKTOBOMY» C TPUOYHOW, CTOALLLEM HA KPato pas/ioma C aMI/IMTYA0M CMeLLeHUA OKO/10 1M, MOAHATLCA
Ha «3BepecT», rae 0bHATLCA Ha BepLUMHE C MO/I0YHO-6€e/1bIM CTa/ZiarHaToOM, CMYyCTUTLCA B CMa/ibHbIN
narepb - «[lpocnekT Neodaka bIr'Y» n konogel, «TyMaHHbIM», MOC/YLIATb MYy3bIKY-*KypYaHbe Nog3em-
HOWM peku CymraH-KyTyk (HbIHE YHUUTOKEHHOM BOAOXPaHWUAULLEM)... [a 1 Ha3BaHUe «[ponacTb Cym-
raH» 3By4YUT POMAHTUYHO, MYKECTBEHHO M 3arago4Ho (puc. 9).

Puc. 9. Bxog B nponactb CymraH. Puc. 10. Obmep cTtanaktuta «bopoga»
2004 r. (H. Fanues)

MpupogHbie ycnoBuA ypoumila. LLIMpoko n3BecTHaA ceiivac nponactb CymraH HaxoAmTCA B
Meney3oBckom paitoHe balkopTocTaHa, B KyTyKCKOM ypouuLLe, pacrno/10}KeHHOro Ha 40B0/IbHO
nnockom Besibcko-Hyrylckom mexaypeube Mexay CybMmepuanoHa/ibHOro NpocTMpanmsa xpebtamm
AmaHnTay 1 Kubus c abcotoTHbIMM OTMETKaMM OTAe/IbHbIX BbICOT 40 610 M. Bogopasaen B pesbde
BblpakeH ¢/71a60. KapcToBblii 1aHALWAadT M306M1yeT 10Ka/IbHBIMKW NPOCeAaHUAMU, BOPOHKaMK pas-
JINYHBIX Pa3MepOB M reHesunca, B KOTOPbIX CYLL,eCTBYIOT NMOHOPbI, MOr/1allatoLe NoBEPXHOCTHbIE
BO/Abl, 03épa C reOMeTPUYECKM YETKMMU O4YEePTaHUAMM, BE/MYECTBEHHBIMW FPOTaMU, MPOBa/saMu
nepeg BxogamMu HeKOTOpbIX newtep. Pyubn KyTyk u CymraH, ncyesaroLme Ha noBepxHocCTH, obpaso-
Ba/IM B NPOMNacTv NoA3eMHyto peury (puc. 8), KoTopas NoAB/AAETCA Ha MOBEPXHOCTU BbICOKOM MOMMbI
p. Benoii B BUuge ronyboro uctovHmka Cykypai. 50/1bLLIMHCTBO KapCTONPOAB/IEHWI MPOC/IEKMBAOTCA
no AHWULLAM CyXOg,0/10B, BbITAHYTbIX MO TEKTOHMYECKUM HapyLlleHUAM. [eHe3nc BOPOHOK Npeumy-
LLIeCTBEHHO KOPPO3MOHHbIM M KOPPO3OHHO-NPOBa/IbHbIN.

Feo/s10rmyeckuin paspes C/10KeH CepbiIMM MACCUBHBIMU OTHOCUTE/IbHO YMCTbIMU U3BECTHA-
KaMW BU3EMCKOro Apyca HMXKHEro KapoboHa. B TEeKTOHMYECKOM M/1aHe NPOonacTb PAacno/I0XeHa B Oce-
BOM 4YacTn KyTyKCKOM CUHKAMHAAW ALUMHCKO-ANMMOETOBCKOM CTPYKTYpPbl 3anagHo-YpasbCKoM
BHELLHEN 30Hbl CKA1aA4aTOCTU. 3a/10XK€Ha OHa B MHTECMBHO 3aKapCTOBAaHHOM MacCMBe MO pa3BeTs-
NEHHOM CUCTEeMe PaspbIBHbIX HAPYLLUEHUI U MUHTEHCMBHOM TPELLMHOBATOCTH, 0Opasys neLepHyo cu-
ctemy. [locneaHAA KOHLLEHTPUPYET CTOK TPELLMHHBIX M TPELLMHO-KAPCTOBbIX BO4 B KapOOHaTHbIX
MOpOAax 30Hbl BbIBETPUBAHMSA, MOMO/HAEMbIX arpeCCUBHBIMM aTMOCPEpPHbIMK BOgamu [1, 2, 3].

YpouuLie pacrno/oxeHo B npesesax KapcToBoi 06/1acTu HOXKHOM YacTU BHELUHEN 30Hbl
CK/1aA4ATOCTH, FAE FOPHbIM MOATUM KAapCTa Pa3BMBAETCA B KAapOOHaTHbIX nopogax [2], 4218 KoToporo
XapaKTepHO:

® HebO/blIasA CKOPOCTb XMMUYECKO AeHyaaumu (He 60/1ee 100 M3[rog-KM?) 1 OYeHb HU3-
KaA (coTble 40/M %) aKTUBHOCTb Pa3BUTMA MPOLLECCA, YTO 0BYC/I0B/IEHO HEBbLICOKOW pacTBOpU-
MOCTbO KapbOHATOB B MPUPOAHBIX BOogax (200-300 Mr/A);
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®  3HaYuTe/bHble Pa3Mepbl KAPCTOBbLIX MO/I0CTEN (40 HECKO/IbBKUX ThICAY M3), 3 OTCHOAA Bbl-
COKME 3Ha4YeHUs 06beMHOro K03 PULMEHTA 3aKAPCTOBAHHOCTU U KO3ddULMeHTa duabTpaumm (40
100-200 M/CyT, MHOTA4a 40 500 M/CyT);

®  He3HauuTe/IbHasA 4YacToTa NpoBas/oB (He 60/1ee 0,1 C/lyyas B ro4 Ha 1 KM?), HO 3HA4YUTe/Ib-
HbII MX pa3mep (AMameTp OT 10 40 50, UHOTAa A0 100 M);

®  MOPOBO-TPELLMHHO-KAPCTOBbIM TUM BOAOMNPOHULAEMOCTH (MOPUCTOCTb OT 30 40 50%);

e ob6pa3oBaHWe OCTaTOYHOrO NMPOAYKTa KAPCTOBOro NpoLLecca - U3BECTKOBO-/,0/10MUTOBOM
MYKM, /IEFKO NoABepPKeHHOM cyddo3uuy;

®  BO3MOXHOCTb aKTMBM3aLMK CyPdo31mn KapbOHATHO-A,0/10MUTOBOM MYKU U/IU MEPEKPbI-
BalOLLMX OT/IOXKEHUM B MO/NOCTU.

HeKkoTopble 0cO6eHHOCTM 1 MapameTpbl NPONacTu:

® BeCbMa rpaHAWO3HbIN M BNEYaT/AOLWMIA BXO, Pa3MepPOM 22 Ha 12 M, BbITAHYTbIN BA,0/1b
TEKTOHMYECKOIro HapyLeHUA, KOTOPOE K CEBEPO-BOCTOKRY NPOC/1€XKMBAETCA HAa MOBEPXHOCTU B BUAE
KaHaBbl; Y Oro-3amnazHoro Kpasa nponacty Hebo/1bLas N/1oLLaAKa BaHHOOOpPa3HOro BMAaA, 3aro/IHeH-
HaA C/I0eM MOoYBbI M HAHOCOB (pUC. 9);

® MpomnacTb OTHOCUTCA K /1e4AHbIM, BXOZ, 4acTO 3arnevyaTbiBaeTcA /bA0M, X0/104, pacnpo-
CTpaHAETCA Mo rasiepeAm 40 300 M, OKO/10 CTBO/1a MPOMACTU Ha YCTYyre CpeAHero aTaxa /exar n/a-
CTbl /IbA4A, HA HUMKHEM 3TaKe AaKe B aBrycTe CTOAT BbICOKME /1e/AsiHble KO/IOHHBI[4];

®  OT CTBO/IAa NPOMACTU OTXOAAT rasiepen Ha TPEX YpOBHAX;

e HaTeyHble 06pa30OBaHMA NpeACTaB/eHbl CTaZlAKTUTaMU, CTalarMUTaMu, CTazlarHaTamu,
Ka/IbLLMTOBbIMU MOKPOBAMMU, 'ypamu, Koe-rae BCTPeyarTCA re/1eKTuTbl. OTAe/1bHble CTasaKTUTbI Mu-
FaHTCKUX pa3mepoB — «bopoga» (puc. 10); OTMEYAIOTCA 3eM/IAHbIE MUPaMUAbl 6POHUPOBAHHbIE
Ka/IbLIUTOM — 3TO «OCTaHLbl, 06pa3oBaBLUMECH 3a CHET pa3MblBa KanarolLei Co CBOAa BOAON»[6]
(puc. 11);

®  0A3eMHadA peyka, NpoTeKaoLasa Ha TPeTbeM YPOBHE, HAaNOMMHAET MOBEPXHOCTHbIE BO-
AOTOKM: U3BU/IUCTOE PYC/I0, NMAAXKM, NepeKaThbl, N1ECb U MUHUATIOPHbIE TEPPachl, HA CTEHAX 3aMeTHbI
MO/I0CbI-OTMETUHBI YPOBHA NOAbEMA BOAbI BECHOM 4,0 2-3 M;

e BO3pacT NponacT1 OKo/o 6 M/H. /1eT [2, 7].

Puc. 11. CymraH. HateyHble 06pasoBaHua. Caammrasnees P.T. 2010 T. Puc. 12. /lecthuua B Hebo. 1966 T.

3ak/oveHue. Ncciegyeman TEppPUTOPUA YPOUMLLLA MHTEHCUMBHO 3aKapcToBaHa. 34ecCb Ha
CpaBHWTE/IbHO HE6O0/bLLIONM MO N/0LWAAM TEPPUTOPUN COCPEAOTOUEHbI BCE HEOBXOAMMbIE YC/10BUA
1 GaKTOPbI A4/1A PAa3BUTUA KapCTa - 3TO, MpeX/Ae BCero, KapcTyroLmeca KapboHaTHbIe MOPOAbl 3Ha4U-
Te/IbHOM MOLLHOCTU, 3ano/HsAoLWwmMe KyTYKCKYHO CMHK/IMHA/Ib, OC/I0XKHEHHYIO Pa3pbIBHOM TEKTOHWKOMN.
HaxogAcb B 30He yMepeHHOro nuTaHusA, reoMmopdo/0rnyeckoro nosnoxexHusa (MexxxpebTosoe no-
HUKeHne), aTMoCdepHble BOAbl CBOOOAHO MHOUNBTPYHOTCA YEpe3 Ma/IOMOLLLHbIV 4eX0/1 YeTBEPTHY-
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HbIX OT/I0’KE€HMI M TPELLMHOBATbIE U3BECTHAKM, CO34aBas ABMXKYLLMECA NOA3eMHble MOTOKM arpec-
CMBHbIX TPELLMHHO-KAPCTOBbIX BOA,

3a npolueaLunii 50-1€THUIA NePUOA NCC1eA40BaHUA MPONACTM Pa3/IMYHLIMM FPYNNamMu Cneneo-
noros cTpaHbl (Yda, CBepa/10BcK, KasaHb, MOCKBa, YCTb-KaMeHOropcK 1 ap.), CcyMMapHas A/mHa eé
ra/siepeit U rpoTOB Ternepb COCTaB/sAeT 9860 M, rybuHa 134 m [8].

BepoATHO 13 10XKHOM CKPOMHOCTU MU U3 YYBCTBA BOCXMLLEHUA KPAaCcOTOW, COTBOPEHHOM
Mpupogoin, nepeonccaegoBaTe/IvM He OCTaBW/IN HA CTE€HAX NPOMacTh CBOMX OMO3HaBaTe/IbHbIX 3Ha-
KOB. [T03TOMY OTMeYan 1oOuAelHYI0 AaTy UCCAeA0BaHUA YHUKA/IbHOIO NMPUPOAHOro AB/NeHus, Ky-
TYKCKOe ypouuie u nponactb CymraH, ciegyeT ynoMAHYTb GpaMuIuKM Me