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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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UDC 007.3
F. V. Shestakov

"OBIS" LLP, Almaty, Kazakhstan.
E-mail: feoshestacov@yandex.kz

STEAM CONDENSATION IN THE ATMOSPHERIC MOISTURE
AND CONDENSATION PROCESSES
IN FRACTURED AND KARST RESERVOIR ROCKS

Abstract. This article reviews the main scientific publications on atmospheric moisture condensation and
condensation processes in fractured and karst reservoir rocks. Analysis of the results of experiments and observations
showed that the recommendation previously proposed by the scientists on not taking into account condensation
component in balance calculation, is untenable and it needs to be clarified and finalized. Experiments and regime
observations in the Crimea and other parts of the CIS showed that water of condensation of fractured and karst
reservoir rocks can be the most important source of fresh water because of its renewability. Therefore, exploration
and development of water of condensation in fractured and karst massifs must be considered one of the important
tasks, the solution of which will improve the water supply in many regions of Kazakhstan.

The discovery of the negative impact of water of condensation on the development of karst in frozen rocks
makes it possible to solve the ecological problems of these regions in a new way. In the eighties of the last century,
after review of the new data on water of condensation in the Institute of Geology of Academy of Sciences of Kazakh
SSR, was made a decision to finance the work of this direction; the group of F.V. Shestakov searched for scientific
information, created a databank for the steam condensation in fractured and karst reservoir rocks, was made a review
with the actual material on steam condensation directly in the Crimea (the Red Cave and other objects). A hydro-
speleological group was organized to study water of condensation in the fractured and karst reservoir rocks, which
began its work on Uluchur karst plateau in one of the deepest vertical caves of Kazakhstan (260 m deep). The study
of the trunk up to eighty meters confirmed the presence of stream water. Although there were no sources of water
and even vegetation on the surface of the plateau, streams of water flowed along the trunk, constant drops dripped,
the sound of falling water came from the depth of the cave. To conduct research at different altitudes on cliffs were
installed devices for measuring humidity, temperature, pressure. Indications from these devices were being taken for
a week. However, in connection with the restructuring, the financing of these inte-resting and important works was
discontinued.

The study of steam condensation of and condensation processes in fractured and karst reservoir rocks is
particularly important for the karst areas of Kazakhstan (Uluchur, Susingen plateau, etc.), where the condensation
component of water resources (according to preliminary data of the Institute of Geology of Academy of Sciences of
Kazakh SSR) may have a major role.

Keywords: atmospheric moisture condensation and condensation processes, karst, condensation sources,
balance formula of Dublyansky, the role of condensation water in the formation of karst cavities, atmospheric
moisture condensation - the most important renewable resource of fresh water, condensation of water vapor in frozen
rocks, condensation water - renewable resource of fresh water, steam condensation in fractured and karst frozen
rocks.

According to the geological postulates of F.P. Savarensky, under the Karst (from Karst (German),
after the name of Krasus limestone plateau in Slovenia) - the phenomena associated with the activity of
groundwater, expressed in the desalination of soluble rocks (limestones, dolomites, gypsum) and forma-
tion of voids (canals, caves) in rocks, often accompanied by failures and subsidence of the back and the
formation of funnels, lakes and other depressions on the surface of the Earth" [1].
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Karst is characterized by a complex of surface (funnels, karrens, gutters, hollows, caverns, etc.) and
underground (karst caves, galleries, cavities, lines) forms of relief. Intermediates between surface and
subterranean forms are shallow (up to 20 m) karst wells, natural tunnels, mines or dips. Karst funnels or
other elements of surface karst, through which surface waters leave the karst system, are called ponors.

i

L

——————"

T

Scheme of karst processes in the mountain massif [2]:
1 - carrens; 2 - funnels; 3 - natural mines and wells; 4 - cave gallery; 5 - vertical cave cavity; 6 - stalactites; 7 - stalag-
mites and stalagnate (filamentary column); 8 - filigree draperies; 9 - underground watercourses; 10 - siphon; 11 - un-
derground waterfall; 12 - mainsail with a karst source of Fontaine de Vaucluse type; 13 - entrance to the cave system.

Fissured and fissured-karst rocks are widespread everywhere and often occupy huge spaces. The
waters confined to them are very diverse, which is closely related to the conditions of their formation and
the time of their contact with the water-bearing rocks.

Karst waters are underground waters forming, lying or moving in cracks and karst rocks, formed with
the inevitable participation of dissolution processes.

Usually, leaving in karstic cavities, water accumulates deep under the ground. Very often it serves as
a source of water supply.

For example, the water supply of Crimea resort is almost entirely dependent on karst water.

Finally, without karst, there would not have been many mineral springs of Czechoslovakia, Hungary,
the USA and our "Borjomi, Narzan and Essentuki".

For the development of karst is not enough only soluble rock and water. If it is dense, without cracks,
limestone or even gypsum is poured by water, it can stand for hundreds of years, turn into a saturated
solution, but will not create karst forms. For the growth of funnels and caves, it is necessary that the rock
has pores or cracks along which water would carry away the dissolution products. Passing through the
cracks, the water not only dissolves, but also erodes the rock, accelerating the growth of cracks and voids,
preparing conditions for failures and extensive underground passages.

Industrial enterprises of Kazakhstan, the Urals, most of Leningrad and many other cities use karst
waters. However, wherever cooking and other salts are being quarreled, the water is unsuitable for either
technique or for everyday life. So, in Western Yakutia, artesian water is not water, but brine.
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Until recently, it was believed that in the formation and feeding of fissured-karst waters, mainly
infiltration waters [3] take part, and the possibility of their condensation feeding in balance calculations
was not taken into account.

It has now become clear that the accumulation of empirical material has led researchers to critically
reconsider their attitude to the old paradigm. It turned out that the solid of the Earth is corroded not only
by rainwater and running water penetrating deep into it, but also by the so-called condensation moisture.
In underground voids, this moisture is rapidly saturated with carbon dioxide and becomes even more
active solvent of carbonate rocks than water seeping from above; there is reason to believe that conden-
sation moisture is ten times more active. But in fact, perhaps, in all over the world you will not find a
cave, where there would be no condensation moisture. For example, T.1. Ustinova painstakingly calculated
that in the summer in the cave cavities of the Crimea for each cubic meter of emptiness there is at least
half a liter of condensation water. Subsequent researchers have proved that this figure can be significantly
increased.

It all began with a thorough study of the agrophysicist A.F. Lebedev, who found that "pumping"
through the pores and cracks in the rocks of a large amount of air is not necessary for condensation. Water
vapor moves independently from areas with large to regions with a smaller partial pressure of water vapor
and air temperature. From this it follows that in a warm period condensation is theoretically possible in
fractured rocks and karstic cavities, and in cold period - evaporation (figure 1) [4].
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Pucynok 1 — Xon aGcomiOTHOM BIaXKHOCTH (MM PT. CT.) Ha IIOBEPXHOCTH (€p5) M O] 3EMIICH,
B HEHTPaJIbHOI 30HE KapPCTOBBIX MONOCTEH (€p0y3). T — IPONOIKUTEIBHOCTD KOHICHCALINH, CYT;
(Cuos — Cuoxs) — TPAAUEHT a0COMIOTHON BIQYKHOCTHU BO3/1yXa, MM PT. CT.

Figure 1 — Line of absolute humidity (mm of mercury) on the surface (eg,s) and underwater, in neutral zone of caverns (€unggr)-
T — condensation duration, days (€syf — €under) — absolute air humidity, mm of mercury

For the period from 1869 to 1987 about 1000 scientific articles have been published on the problem
of condensation of atmospheric moisture [5]. To date the number of publications has increased signifi-
cantly.

10% of the researchers consider that condensation of atmospheric moisture under the ground is
impossible, 30% believe that the condensation of the warm period is compensated by the evaporation of
the cold period and its role in the water balance is negligible, 50% assigns some role to it in the water
balance, but abstains from quantitative estimates and only 10% recognize its significant hydrogeological
significance.

In modern reference and methodological literature it is noted that "in connection with the complexity
and laboriousness of quantitative determination of condensation in balance studies, it is not yet expedient
to take it into account” [6, p.120]; "due to practical difficulties of definition, condensation is conditionally
taken into account along with precipitation and evaporation” [7, p. 89] and others.
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The greatest volume of research of condensation processes in fissured-karst cavities falls to the share
of speleologists and karstologists. However, they still do not have a common point of view on the
problem.

A review of the work on the role of condensation in speleogenesis and karstology was carried out by
V.N. Dublyansky, in which he gives a summary of these opinions. Thus: E. Martel rejects its possibility,
F. Tromb and N.A. Gvozdetsky give it a significant role, and B.A. Gergedava — even the dominant role in
speleogenesis. In the fundamental summary of D. Ford and A. Williams it is only mentioned that con-
densation has a seasonal course, and condensation waters produce significant corrosion work [8].

Long-term studies of the karst of the Crimea, the Caucasus and other regions of the former USSR
attest to the great role of condensation in the formation of karst waters and speleogenesis.

A30BCKOE

M O PE

Y E P M O E M O P E LB

BLACK SEA
Landscape scheme of the Crimea [9]: 1 - karst vertex surface of the Yaila; 2 - mountain slopes of Yaila with forest land-
scape; 3 - mediterranean landscape of South shore of Crimea; 4 - eastern part of the southern coast (Mediterranean landscape);
5 - southern forest-steppe and forest-shrub landscapes of cuesta ridges; 6 - the steppe Crimea, farmed plains landscape; 7 - Prisi-
vashiye, dry steppe landscape with fragments of semi-desert; 8 - Tarkhankut peninsula and Kerch peninsula, hilly-steppe land-
scape.

The most significant contribution to the clarification of the significance of condensation water in
fissured-karst collectors and their share in the balance and formation of groundwater belongs to the
recently graduated doctor of geological and mineralogical sciences, professor Viktor Nikolayevich
Dublyansky

The inconsistency of the infiltration theory for a number of geographic regions was proved by
numerous studies later. So, in response to the conclusions of the Crimean expedition of geologists
T.I. Ustinova and L.G. Reznikova (1955-1956), who reduced themselves to the assertion that condensation
moisture can provide the activity of just one small source, and in fact is impossible, the geologist
V.N. Dublyansky and the mathematician V.V. Ilyukhin came to the directly opposite conclusions.

Used as a basis the limestone remains Mangup - the source of the second ridge of the Crimean
Mountains, where there are no glaciers, and practically no snow deposits, isolated and surrounded by
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precipices, a source that has been operating since the 12th century! No wonder, at this time was the capital
of the principality Theodoro Gothia, and then the Turkish fortress.

Having processed the data, V.N. Dublyansky came to the conclusion that in the whole Main Ridge of
the Crimean Mountains air exchange in the karst cavities occurs from 1 time in 5 days to 157 times a day,
i.e., on average 14 times a day! The actual duration of condensation for the Crimea under various condi-
tions averages from 44 to 238 days a year, and its magnitude for all voids of the Crimean mountains
reaches 7.1% of the annual amount of precipitation, i.e., the condensation water yields almost all year-old
runoff of the Crimean rivers! These facts can be explained solely by the condensation origin of water. The
experiments made it possible to put forward the hypothesis of "open cracking", that is, the use of many
small cracks as capacitors [10].

Another peculiarity of the condensation processes occurring in the fissure-karst reservoirs is the
multiple repetition of interfacial transformations in the daily cycle in the three-component system "water
vapor-liquid water-fissure-karst collector". At the same time, in the presence of an appropriate temperature
regime, conditions are created for the formation of condensation waters.

Similar studies confirming the participation of condensation in the formation of groundwater are
described for a number of other regions. The review of the huge factual material produced by V.N.
Dublyansky allowed him to distinguish four levels of research (global, regional, local and objective), on
which it is expedient to use different methodological approaches and methods of studying condensation.
This methodical approach is justified by the fact that data obtained at one level is not always transposed to
another [4, 7].

There are also more unique types of condensation in the permafrost zone.

Most researchers of the North of Russia say that on the Olenyok Plateau between the rivers Lena,
Anabar and Vilyuy, where the world's most powerful layer of frozen soils is a mile and a half, there are
many karst lakes and funnels. It turns out that the permafrost for water travel is not an obstacle at all? But
the way of its formation and movement differs from ordinary flowing waters. Thus arose the hypothesis of
film water.

Back in 1890 G.Ya. Bliznin [4, 7] voiced a thought that seemed incredible at the time, that water can
move in a frozen rock. True, not by a stream, not by a drop, but by a film. And only a half-century stu-
dying the film water began [.A. Tyutyunov [11] and later many other scientists. Now many specialists in
geocryology are interested in this topical issue for any construction on frozen soils. They were convinced
that only free water freezes in frozen ground. And everywhere in the permafrost there is liquid water in the
capillaries penetrating any sedimentary rock, and so-called adsorption water enveloping a thin film of the
individual particles of which the rock is composed. Such water freezes is not at zero, but at minus 25°C,
but more often starting from -45 -50°C. And in the permafrost, apparently, there is no colder minus 17°C.

The movement of adsorption-film water is very difficult and not completely studied. Its movement
depends on the mineral composition, and on the exchange cations of rocks, their density, the degree of
water saturation of the permafrost and much, much more. Simplifying, we can say this: film moisture
passes from one rock particle to another because of a change in the attraction field when cooling the upper
layers of frozen soil.

Specialists in the limb of the permafrost distinguished three layers. The upper, active, with a thick-
ness of 20 centimeters to three meters and freezing in winter, but thawing in the summer. Under the active
layer up to a depth of four meters there is always a frozen layer that changes its temperature - in the
summer it is warmer and in winter it is colder. Because of these thermal stresses, frozen cracks appear in
the frozen rocks, in which water can enter. Still lower is the third, all the time cold and very powerful
layer with a constant negative temperature.

Any fluctuation in the temperature of rocks stimulates the movement of adsorption-film water to
where it is colder. Especially active it moves with a temperature fluctuation from 0 to -5 °C. Traveling, the
film water dissolves the limestone it clings to.

Migrating to the freezing front, the water film gives way to fresh moisture. This is sometimes
repeated several times a year, when a piece of rock freezes and thaws. With a rapid loss of soil moisture
due to the outflow of film water, water vapor, which turns into condensation moisture, also travels several
times a year in permafrost.
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Of course, many details still need to be clarified, but the general scheme of the karst in frozen soils is
already clear. And, as you can see, it differs significantly from ordinary karst. However, the result is the
same: even in permafrost soils, underground cavities grow, there are gaps and funnels, rivers disappear ...
The only difference is that the permafrost binds up rocks, and this longer masks the underground cavities,
which are very dangerous for any construction. And it's useful to know about this not only for specialist in
geocryology and geographers, but also for drillers, road and pipeline workers - in general, everyone who
works on economic development of the northern territories.

At present, the problems of film water, its forms and migration options are rather fully considered in
the thesis of Komarov Iliya Arkadiyevich [12]. However, it does not consider condensation processes in
fissured-karst rocks within permafrost. Studying them in connection with the expected global warming
and solving the practical needs of the northern regions is one of the most pressing contemporary problems
of the planet.

The complexity of describing the phase state of water in real frozen rocks is associated with the need
to simultaneously take into account the influence of a significant number of factors on it. This, for
example, adsorption and capillary forces, the interaction of particles of a dissolved substance with each
other, with water and a mineral skeleton, changes in the entropy of the components of the system, changes
in the porosity of rocks during phase transitions of water.

The questions of the theory of phase equilibrium remain unclear, with an increase in the number of
components of the pore substance of rocks, for example, when they are salinized, contaminated with oil
products. Both natural and intensively progressive technogenic salinization of soils is widespread in the
cryolithozone. Pollution of oil products by the environment in case of accidents at fields, leakage during
their transportation and storage is a serious environmental problem for the northern regions. Strengthening
of technogenic pressure on the environment predetermines the need for a whole range of scientific
research aimed at ensuring the sustainable and safe operation of natural and natural-technical systems.

More properties of bound water require more detailed investigation, in particular, the heat of
crystallization, which depends not only on the interaction of water with a solid mineral skeleton, but also
on moisture, temperature, pore space structure, and pore composition. There are difficulties connected
with both the lack of experimental methods of research and the inadequate elaboration of theoretical
questions of the thermodynamics of bound water.

In view of all of the above, studies of the conditions of phase equilibrium of pore water in frozen
rocks are relevant both in the scientific-theoretical and practical terms.

Thus, as follows from the above material, the condensation of vaporous moisture from the atmo-
sphere and condensation processes play a significant role in the formation of fissures and karst collectors,
their shape of the volume of cracks and pores, in the creation and maintenance in a stable state of volumes
of accumulation of condensation waters sufficient to solve water management tasks in some areas and
facilities.

- Condensation waters should be taken into account in all water balance calculations carried out in the
areas of the distribution of fissures and fissured-karst rocks.

- The formulas proposed by V.N. Dublyanskiy for calculating the share of condensation waters in the
general underground drainage are sufficiently substantiated and confirmed experimentally at all levels.
Above mentioned development can be recommended as educational and methodical manuals.

- The discovery of multiple inter-phase transformations in fissured-karst collectors and the possibility
to increase the number of microcracks with open porosity allows one to come close to the problem of
creating artificial condensation springs with a given capacity. This innovation allows improving the water
supply of previously unpromising areas

- The discovery of regularities in the development of negative condensation processes in caves with
the presence of Paleolithic painting allows us to select or create and maintain the necessary thermal and
moisture regime for preserving the heritage of our ancestors.

- Condensation processes occurring in the karstic rocks of the North cause significant damage and
their development is a threat especially in connection with the expected warming.
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®. B. lllecTtakoB
"OBUC" XXIIC, Anmatsl, Kazakcran

CY BYBIHBIH ATMOC®EPAJIBIK bLIFAJIJAFBI KOHIEHCAIHSICHI J)KOHE
JKAPBIKIIAK-KAPCTBIK KOJIJIEKTOPJIAPJIATBI
KOHJIEHCAIMSUIBIK YPJICTEP

AnHoTanus. Makanazia *apbIKIIaK-KapCThIK KOJUICKTOPJIApIaFbl aTMOChEepaiblK bUTFAI MEH KOHICHCAIUSIIBIK
YPAICTEpiH KOHAEHCAIMsIChl OOMbBIHINA HETi3rl FhUIBIMK OachUIBIMIApFa IIOJNY jKacajfaH. JKCHEPHUMEHTTEp MEH
OaifKayTapIblH HOTIDKEIICPiHIH TalAaybl FaIbIMAAPABIH OYPBIHFEI YCBIHBICTAPhl OAJIAHCTHIK €CENTepAe KOHICH-
CAIMSUTBIK, KYpayIIbIHBI €CKEPMEHTIHIH, OHBIH HETi3Ci3 €KCHIH KOPCETT, OHBI aHBIKTAIl, asiKTay KaxeT. KpIpbIM MeH
TM/] Oacka aymaHAapbIHAAFBl SKCIIEPUMEHTTEP MEH PeXIMIIK Oalkaynap >KapbIKIIAK-KapCTHIK KOJUIEKTOPIIAPIaFhl
KOH/ICHCAIMSUIIBIK CyJap KaJlblHAa KeyiHiH calJapblHaH TYIIHI CyJIapAblH €H MaHBI3IBl Ko3i 00Jybl MyMKIiH eKeHIH
kepceTTi. COHABIKTaH JKapbIKIIAK-KapCTHIK alTKaNTapAarsl KOHICHCAMSUTBIK CyIapAblH OapliayblH jKOHE MrepilyiH
€H MaHBI3/IbI MIiHACTTEPIH Oipi Jem caHay KepeK, OHBIH IIenrinyi Ka3akcTaHHBIH KOITereH ayJaaHAapBIHBIH CyMEH
KaMTaMachI3 €TUTYIH KaKcapTaibl.

Katbin KajraH )KbIHbICTAp/AFbl KapCThIH AaMybIHA KOHACHCAIMSIIBIK CyJap/AbIH JKaFbIMCBI3 9CEPiHIH allbLIybl
OCHI ayJIaHIapIbIH KOJOTHSIIBIK MOCEJICIIEPiH JKaHallla MIeIyre MyMKIHIIK Oepei. OTKEeH jKY3KbUIIBIKTBIH CEKCe-
Hinm xeuigapel Kazak KCP FA Tay-keH ici HHCTUTYTBIHIA KOHCHCAIUSUIBIK CyJiap OOMBIHINA jKaHA JEPEeKTEpPMEH
TaHBICKAHHAH KEeWiH OCHl OaFbITTarbl KYMBICTApIbl Kap)KbUIaHABIPY Typaibl memriM kKaobuimanasl. @.B.1ecra-
KOBTBIH TOOBI FRUIBIMHU aKMApaTThl 13IECTIPAIl, JKAPBIKIIAK-KAPCTHIK KOJUICKTOPIapAarsl aTMOC(hEpaIblK BUFAIIBIH
KOHJICHCAIUSCHI OOWBIHIIA JepeKTePIiH KOPBI Kypabl, Tikened Keippimaarsr (KeI3buT YHTIp %oHE 0acka Ja HBICAH-
Jap) aTMochepabIK BUTFAIIbIH KOHCHCAIMACH OONBIHIIIA HAKTHI MaTEPHATIAPMEH TaHBICTHI. JKaphIKIIaK-KapCThIK
KOJUICKTOPJIAp/IaFbl KOHASHCAIMSIIBIK CYJIap/ibl 3epAeiey YILiH THIPO-CIEICONOTHsIIBIK TOM KYPBUIIbL, O 63 )KYMbI-
celH KazakcTaHHBIH €H TepeH TiK YHTripIIepiHiH Oipi - YIydyp KapcThIK YCcTipTiHae (TepeHuiri - 260 metp) Gactampl.
CekeceH MeTpre ACHiHTI TiHHIH 3epTTEyi Cy aFbIHIAPBIHBIH Oap OOMYBIH pacTambl. Aaiaa YCTipTTiH OeTiHae CyAbIH
TINTI OCIMIIKTIH elIKaHaail Ke3lepl OoimaraHMeH, JiH OOWBIHILA Cy caysal aKThbl, SpJalbIM TaMIIbUIA/Ibl, YHIIPAIH
TYKIIPiHEH aFbIIl JKaTKaH CYJbIH JBIOBICHI €CTLIN KaTThl. Kepremepae op Typ:i OUIKTIKTEpe 3epTTesep Kyprizy
YILIIH BUIFBUIIBUIBIKTBI, TEMIIEPATYPaHbl, KHICBIMBI OJIIIeY YIIiH acrnantap opHaTbuiabl. Ockl anmaparrapiaH am-
TaHbIH 1LIHJE KOPCETKIIITEP XKa3bUIbIN AJIBIHABL AJaiila Kaita KypyFra 0aiiaHbICThI OChI KbI3BIKTHI YKOHE MaHBI3/IbI
YKYMBICTapIbIH Kap KbUIAHIBIPBITY bl TOKTATHLUIIbI.

JKapbIKIIak-KapCcThIK  KOJUICKTOPJIApAarkl aTMOC(epablK bUIFAIIBIH JKOHE KOHICHCAIMSUIBIK YPAICTEPIiH
3eprTenyi acipece KazakcTaHHBIH KapcThIK aynangaps! (Yiaydayp ycTipTi, CyciHreH >koHe T.0.) yIIiH MaHBI3/bI, MYH-
Jla Cy pecypcrapbIHblH KoHAeHcanwsuiblK Kypamaac Oemriri (Kazak KCP FA Tay-keH ici HHCTUTYTBIHBIH aJIbIH-aJIa
JiepeKTepi OOMbIHIIA) Heri3ri peni aTKapybl MYMKIH.
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Tyiiin ce3mep: aTMoc(epalbiK BUFAIIBIH KOHICHCAIMSCH JKOHE KOHACHCAIMSUTBIK YPIiCTep, KapcT, KOHICH-
carmsuTBIK, Ke3aep, JAyOnsHckuiiniy 6amancThK (GOopMyIachkl, KapCTHIK KyBICTAPABIH KANBINTACYBIHIAFHl KOHICHCA-
OUSUTBIK  CyJapABIH Peili, aTMOC(epallblK BUFaIIbIH KOHACHCAIMACH - TYIIBl CYJIAapAbIH €H MaHBI3Ibl KaJIbIHA
KEJIETiH PeCypChl, KaThII KaJFaH KBIHBICTAPAAFEI Cy OYBIHBIH KOHJCHCAIMACH], KOHICHCAUSIIBIK Cy - TYIIBI Cylap-
JIBIH KaJITbIHA KeJIETiH PECypChl, Cy OYBIHBIH jKapBIKIIAK KapCTHIK KAaTHII KAJFaH JKbIHBICTAPIaFbl KOHICHCAITHSCHI.

®. B. lllecrakoB
TOO "OBUC", Anmatsi, Kazaxcran

KOHJEHCAIIMS BOJASHBIX TAPOB B ATMOC®EPHOM BJIATHU U
KOHIAEHCAIIMOHHBIE ITPOIECCHI B TPEHNIMHHO-KAPCTOBBIX KOJIVIEKTOPAX

AnHoTanus. B Hacrosmelt cratbe mpow3BeNeH 0030p OCHOBHBIX HAYYHBIX ITyOJIMKANWN MO KOHICHCALIUU
aTMoc(epHOH BIaru M KOHACHCAIIMOHHBIM IIPOIECCaM B TPEUIMHHO-KAPCTOBBIX KOJJICKTOpax. AHAIN3 pe3yIbTaToOB
SKCIEPUMEHTOB W HAONIONCHWH TOKa3aj, 4TO paHee INpeIIoKEeHHAs YYEHBIMH PEKOMEHAANWs HE YYHUTHIBATH B
0amaHCOBBIX pacyeTax KOHACHCAIIMOHHYIO COCTaBJISIOIIYI0 HECOCTOATENbHA W €€ HeOOXOMUMO YTOYHHTH M AO0pa-
0oTaTh. DKCIEPUMEHTHI M pEXUMHbIE HaOironeHus B Kpeimy u apyrux paiionax CHI' mokasanu, 4ro KoHaeHca-
IUOHHBIC BOJIbI TPCHIMHHO-KAPCTOBLIX KOJIJICKTOPOB B CHUIIY HX BOSO6HOBH)ICMOCTI/I MOTyT 6I)ITb Ba)KHEHIIIUM HC-
TOYHHMKOM IpeCcHbIX BoJ. [ToaTOMY pa3BesKy M OCBOCHHE KOH/ICHCAILIMOHHBIX BOJI B TPEIIMHHO-KAPCTOBBIX MacCcHUBax
HEOOXOAMMO CUMTATh OAHOW M3 3HAYMMBIX 3ajay, pelleHHe KOTOPOW YJIydIIUT BOJOOOECeYeHne MHOTUX pailoHOB
Kazaxcrana. OTKpbITHE HEraTHBHOTO BO3/ICHCTBHSI KOH/ICHCAIIMOHHBIX BOJ Ha Pa3BUTHE KapcTa B MEP3JIBIX MOpoJIax
MO3BOJISIET IMO-HOBOMY pEIIaTh IKOJOTHYECKHE IMPOOJIEMBI ITHX PaioHOB. B BOCEMHAECATHIX Trogax MpPOILIOTrO
CTOJIETHS TIOCJIe O3HAKOMJICHHS C HOBBIMH JaHHBIMH 110 KoHAeHcannoHHbM Boga B UI'T AH Ka3CCP 6vu10 npunsTO
pemieHne o0 (UHAHCHPOBAHWU PadbOT MaHHOTO HampaBieHus, rpymmoi [llecrakosa @. B. Opur mpoBeneH MOUCK
Hay4YHOH MH(OpMaIu, co3taH 0aHK JaHHBIX MO KOHACHCAIMK aTMOC(HEpHOW BIard B TPEIIMHHO-KAPCTOBBIX KOJI-
JIEKTOpaX, BBIOJHEHO O3HAKOMJICHHE C (DAKTHYECKUM MaTepHaloM MO KOHAEHCAlMH aTMOC(EepHON Biard Hero-
cpencreenHo B Kpeimy (KpacHast memepa u npyrue o6bsekTsl). s u3ydeHnss KOHASHCAIMOHHBIX BOJ B TPEIIUHHO-
KapCTOBBIX KOJIJIEKTOPOB OpPraHM30BaHa THAPO-CIIENICONOrHueckas rpyIia, KoTopas Hadajla cBOM paboThl Ha 3a-
KapCTOBAaHHOM IUIaTo YIIydyp B OJHOW M3 cambIX IIyOOKHMX BepTHKaJbHBIX rneiep Kasaxcrana (riry6una 260 met-
poB). MccnenoBanue cTBoia 10 BOCBMHJECATH METPO IMOJITBEPAUIIO HAINYUE BOAHBIX MOTOKOB. XOTS Ha MOBEPX-
HOCTH IUIaTO HE MMEJIOCh HUKaKMX MCTOYHHUKOB BOJBI M Jla)K€ PacTUTEIBHOCTH, MO BCEMY CTBOJIY CTEKalH Py4bd
BOJIBI, [IUIA TTOCTOSIHHASI Karleib, U3 NIyOMHBI Melepsl JJOHOCWIICS IIyM Tajatomieii Boasl. [ npoBeneHus uccie-
JIOBaHMH Ha Pa3HBIX BBICOTAX HA YCTyNax ObUIM YCTAHOBJIEHBI NPUOOPHI ISl N3MEPEHNUS BIAXXHOCTH, TEMIIEPATYPBI,
nmaineHus. C 3TUX MpUOOPOB B TeUCHUE HEAEIH CHUMAIMCh ToKa3aHus. OMHAKO B CBS3H C IepecTpoiikoi GprHaHCH-
POBaHHUE STUX MHTEPECHBI U BAXKHBIX PabOT OBLIO MPEeKpaIieHo.

HccnenoBanme KoHIEHCAIUU aTMOC(HEPHONW BIAard M KOHIECHCAIMOHHBIX IIPOIECCOB B TPEMIMHHO KapCTOBBIX
KOJIJIEKTOpPaX OCOOCHHO BaXKHO IUIS 3aKapCTOBaHHBIX paiioHoB Kaszaxcrana ( mimaro Ymydyp, CycwHreH u ap.), Tae
KOH/ICHCAIIMOHHAS COCTABIIAIONIAasl BOTHBIX pecypcoB (mo mpeaBapurenbHbiM naHHBIM UIT AH PK) moxer nmets
OCHOBHYIO DPOJIb.

KaloueBble ciioBa: xoHaeHcaiyst atMoc(epHOI Biarn M KOHJIEHCAI[MOHHBIE IPOLIECCHI, KapcT, KOHJEHCa-
LMOHHBIE MCTOYHUKH, OanaHcoBas ¢opmyna JyOnsHCKOro, poib KOHAEHCAMOHHBIX BOJ B (POPMHPOBAHMU Kapc-
TOBBIX MOJIOCTEH, KOHIEHCAIMS aTMOC(EPHOH Biark — Ba)KHEHITNH BO30OHOBIISIEMBIN PECypC NMPECHBIX BO, KOHACH-
canusi BOJSHOTO Iapa B MEP3JIbIX ITOpOJax, KOH/IEHCAI[OHHAs BOJja — BO30OHOBIISIEMBII PeCypc MPECHBIX BOJ, KOH-
JIeHCalYs BOASHOTO 1apa B TPEIIMHHO KAPCTOBBIX MEP3JIBIX IIOPOJIax.
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