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text
Larisa Auzina

Baikal is one of the most interesting and unique places of the Earth. It is a geological history of Asia for the period of almost 30 mln years, a
huge amount of fresh water of excellent quality, deposits and ore occurrences of various minerals, including hydrocarbons, precinctive flora
and fauna, the richest taiga, surprising geological and archeological finds.

At the same time the ecosystem of the Baikal region is young and evolving. It is connected with the intensive neotectonic movements which
influence all ecosystem elements: relief, landscape, climate, hydrosphere, biosphere, atmosphere, etc. The study of Lake Baikal and the use
of its countless treasures are necessary and possible, but this should be done cautiously and carefully, so as not to disrupt the unstable ba-
lance of the Baikal zone ecosystem and in the same time to create favorable conditions for the wise use of resources of the Lake.
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Most readers know that Lake Baikal is located in Eastern
Siberia.

But not all of them imagine what extraordinary power it has.
The beauty of its water spaces, its coast covered with an
impassable taiga and fragrant grasses, exciting freshness of the
air, the depth of the bottomless sky elevate human ideas and
refine souls. Its riches are innumerable: the huge water volume,
rare animals, precinctive fish, birds and plants, set of medical
mineral waters on coast - all these aspects make Baikal unique.
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For several centuries the Sacred Lake has been the object of the
researches. It is a real natural laboratory which involves scien-
tists of different specialties of the world. The geographical and
climatic features of Baikal were firstly described by Priest
Avvakum in his book "The life" (1672), and in more detail - in
annals of the Russian envoy, traveler and geographer
N.G.Spafary (1675).

Even more attention is focused on the lake today.

In 1998 UNESCO added Lake Baikal and its basin to the list

baitikan — 0AHO M3 CaMbiX MHTEPECHBIX N YHUKaNbHbIX MECT Ha 3emnie. 3TO reonornyeckas MCTopusa A3uu 3a NoYTH TPUALATUMUIITIMOHHDII
nepuop, OrpoMHas Macca npecHoi BoAbl BENIMKONENHOr0 KayecTBa, MECTOPOXKAEHNA U NPOsBIEHUA Pa3HOO6Pa3HbIX NONE3HbIX UCKONAEMbIX, B
TOM uMCne YrneBoAoPOAO0B, IHAEMUYHAA dnopa u dhayHa, 6GoraTeiiuas Taira, YAUBUTENbHbIE r€0IOrMYECKUE U apXeosiornyecKue Haxo[Ku.
BMmecTe ¢ TeM 3KOCMCTEMA 03€pa U NPUIErAIOLLUX K HEMY TepPUTOPHMIA MoNIoAaA U PasBUBAIOILAACA. ITO CBA3AHO C MUHTEHCUBHBIMU
HEOTEKTOHUYECKUMU ABUKEHUAMM, CONPOBOXKAAIOLMMU COBPEMEHHDIN PUGTOreHes U BAUAIOLUMU HA BCE 3N1EMEHTbI 3KOCUCTEMbI:
mopdonoruio penbeda, naHawadT, KNUMaTMyeckue ocobeHHocTy, rugpocdepy, 6uochepy, armocepy u 1.4. Uccneposanue baiikana u
Mcnonb3oBaHue ero GecuncneHHbIx 6oratcTe HE06X0AMMBI U BO3MOXKHDI, HO AeNaThb 3TO C/IeAYeT OCTOPOXKHO U GepexxHo, 4To6bl He HapyWHTL
HeYCTOiYMBbIA GanaHc COCTaBNAIOLMX ITOI YHUKANBHON CUCTEMBI U B TO XKe BpeMs CO3AaTb GnaronpuaTHble YCI0BUA ANA NPOAOIKEHUA
HayYHbIX UCCNIEA0BaHMIA U hOPMUPOBAHUA MHPACTPYKTYPLI ANS Pa3yMHOr0 UCMONb30BaHUA GoraTcTe o3epa.

Knioueesble cnosa: o3epo baitkan, pudT, npecHas BoAa, KNUMaT, yrneBoA0pOAbl, IKONOTUs.

bonbwuHcTBO YMTaTENEN 3HAET, 4TO 03epo balkan pacno-
noxeHo B BoctouHoit Cubupu. Ho aaneko He Bce npea-
CTaBAAIOT KaKoi HeOObIKHOBEHHOII MOLLbIO OHO obnafaer.
KpacoTa 6aiikanbckux BOAHbIX MPOCTOPOB, NOGEPEXbS,
NOKPbITble HENPOXOAMMON TaNron 1 apoMaTHEIMU TpaBa-
MU, YANBUTEIbHAA CBEXECTb BO3AYXa, rNy6uHa 6e3f0HHO-
ro Heba 06naropaxuBaioT YenoBeYECKNE MbICIU U 04U~
waioT pywu. boratcTea 03epa HENCYUCAUMBI: OFPOMHBIiA
00beM NpecHOn BoAbl, PEAKUE XKUBOTHbIE, SHAEMUYHbIE
NTULbI, PbIGbl U PACTEHUA, MUHEpaNbHbIe BOALI, 0bnagato-
Wne pa3HoobpasHbIM BanbHeonoruyeckum s hektTom —
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BCe 3T0 06yCN0BUIO YHUKANbHOCTL Baitkana. Yxe
HEeCKONbKo cTosneTuii CBsleHHOE 03epo ABNAETCA 00b-
eKTOM UCCnefoBaHuii. ITo HacToAWas npupoaHas nabo-
paTopus, KOTOpas NPUBNEKAET YUeHbIX Pa3HbIX CneLu-
anbHoCTel co Bcero mupa. Bnepsble onucaHus reorpadu-
YECKMX M KNnUMaTUyecknx ocobeHHocTeit baitkana BcTpe-
yaloTca B KHUre npoTtonona ABakyma «XKutuex (1672 r.),
1 ropasgo ray6xe u fetanbHee — B 1ETONUCK PYCCKOTO
nocna, nytewecrtseHHuka u reorpaca H.I Cnadapusa
«MyTewecTsue yepes Cubupb ot ropoga Tobonbcka 4o
camoii rpanuubl ¢ Kntaem (1675 r.).

Ewe 6onee npuctanbHoe BHUMaHWE NPUKOBAHO K 03epy
B HAWW AHU.

C 1998 ropa pewenunem OHECKO o3epo baiikan u ero
6acceifH BKNtoYeHbl B CMMcok YyacTkoB Muposoro
Hacnepus. 370 cambiit rny60oKMil NPeCHOBOAHbIN BOLOEM
3emnn — 1637 meTpoB, B TO BpeMA Kak MakCUManbHas
rny6uHa poccuiickoro Kacnus 1025 meTpos, adhpukaHcKo-
ro o3epa TaHraHbuka 1470 MeTpoB, OLHOTO U3 KpYMHeN-
WMX aMepuKaHCKux o3ep — BepxHero — 393 metpa. Ero
WwupuHa Bapbupyet ot 27 fo 81 KMNOMeTpoB, AINHA
pocturaet 636 kunometpos [1]. Copepalwasnca B o3epe
baitkan BenukonenHoro kayectsa Bofja coctasnset 20%
(23 000KkM®) oT BCero o6bemMa NPecHOBOAHbIX 3aNacoB
nnaHetsl (He cyntas negHukos). Ha rpaHuue CLUA n
KaHagbl natb 6onblwux o3ep (BepxHee, MuuuraH, l'ypoH,
3pu 1 OHTapuo), COefUHAIOWMUXCA APYT C LPYrOM KOPOT-
KAMU NOPOXKUCTBIMU PeKaMu, 06pasyioT BMecTe camoe
6onblloe CKONNEHWE NPECHOI BOAbI HAa 3eMHOM wWwape. Wx



of World Heritage Sites. It is the deepest of fresh water reser-
voirs on the Earth with a depth of 1637 m. At the same time the
maximum depth of Russia’s Caspian Sea is 1025 m, Africa’s lake
Tanganyika is 1470 m, and one of the largest American lakes,
Lake Superior, is 393 m. The width of Baikal ranges from 27 to
81 km, and its length reaches 636 km (Lobatskaya et al., 2008).
Baikal contains high-quality water which makes up 20% (23,000
km®) of the total volume of fresh water of the world (excluding
the glaciers). On the US-Canadian border there are five great
lakes (Superior, Michigan, Huron, Erie and Ontario) linked by
short cataracted rivers. They form the largest body of fresh
water on the Earth. Their total area is 246 thousand km?* and
their volume is 24620 km®. It is only 1500 km* more than the
volume of Baikal. Although the area of Baikal is 7 times less, its
depth is much greater.

However, today about 1 milliard people do not have continu-
ous access to fresh water. Due to the lack of water, more than
one-third of the world’s population (2.4 milliard people) has to
drink dirty water, which causes 2.2 million deaths annually. It

Baikal is ‘a Rich Lake’

(translated from Turkic)*

obuwas nnowanb — 246 TbiC.KM?, 06beM BOAbl — 24620 KM,
370 BCero Ha 1500 kM’ Gonblue, yem B baiikane, B 7 pa3
MEHbLWEM N0 NAOWAAN, HO 3HAYUTENLHO Gonee rNy6OKOM.

Mpwu 3TOM B HacToAWee BpeMsa 0Kono 1 MAppA. nofen He
MMeeT NMOCTOAHHOIO A0CTYNa K npecHoi Boge. bonee
OLHOW TPeTH Bcero HaceneHus 3emnu (2.4 mapg. yeno-
BEK) M3-3a HEXBATKU BOAbl BbIHYXAEHO MUTH FPA3HYL0
BOAY, YTO €XErofHo BbI3bIBAET r1Mbenb 2.2 MH. YenoBeK.
Mpeanonaraetcs, yto B 2025 rofy okono 5.5 Mapa. xusy-
WUX Ha 3emne ByayT cTpafaTh OT HEXBATKU BOAbI.
Passutble ctpaHbl EBpocotosa u CLUA yxe HaunHatoT
UCnbITHIBaTh Aeduumnt npecHoit Bofbl. Tak, B CLUA 3anacsl
NUTbEBOW BOAbl yMeHbLlwaloTcsA Ha 0.3% B rog, npu 3aTom
CKOpoCTb 0T60pa NoJ3eMHbIX BOA Ha 25% npesbilaeT
CKOpOCTb UX BOCCTaHOBNEHUA. B pa3BuBalowwmxca cTpa-
Hax, B ToM yucne Kutae u Mupguu, okono 95% Bcex
NOBEPXHOCTHbIX BOA 3arpsA3HeHsl. Ecnu notpebnexue
BOJbl, €e UCTOLWEHNE 1 3arpsA3HeHe NOWAYT Aanblue cero-
OHAWHKUMYK Temnamu, To K 2100 rogy Ha niaHeTe He ocTa-
HeTCS HU OAHOM Kanau YUCTOW NPECHO BOAbl. Takum
06pa3om, Mbl XWUBEM B BEK 6OPbObI 33 NPeCHYI0 BOAY,
KOTOpas CerofHA ABNAETCA CTpaTernyeckum pecypcom u
3a KOTOPYIO YK€ pa3BOpaynBalOTCA KeCTKMe MeXAyHa-
pofHbie KoHMAUKTHI [2].

CTomnmocTb 6aiikanbCKoil BoAbl ONpeAeneHa cneyuanu-
cTamu JlumHonornyeckoro nHctutyta PAH B 23 Thicaum
TPUJNMOHOB AONNAPOB, YTO MOXHO CPABHUTb C COBOKYM-
HbIM HALLMOHANBHOTO AOXOAOM KPYMHERWnUxX CTpaH Mupa
[3]. Co BpemeHem, BBMAY pocTa AeduLmMTa NUTHEBOWA
BOAbl, 3Ta Uucpa OyaeT pacTu.

[pn 3TOM reonoru oueHUnM 3anacbl BCEX NONE3HbIX
“cKonaembix B Hefpax Poccuu, aBnsiowmnxcs HeBO30OHOB-
NAEMbIMU NPUPOJHLIMU pecypcamu, B 28 TPUNAUOHOB JON-
napos. A npupopaHblit 6aHK 6aiikanbckoi Bofbl, 6naroaa-
ps pekaMm, BNafjamolWmnm B 03epo, U BbINafalolnM Ha Tep-
putopuio ero 6acceitHa aTMocepHbIM 0cafKaM, BCeraa
MOJIOH, M OHa CTOUT GoJblue, YeM BCE pa3BefaHHble
nonesHele uckonaemsle B Hefpax Poccun [4].

Baitkan — 3To ropHoe 03epo, ypoBeHb BOLbl B KOTOPOM
Ha 445 MeTpoB BbIle, a JHO 03epa no4yTn Ha 1200 meTpos
HUXe YPOBHA MUPOBOTO OKeaHa. MOWHOCTb AOHHBIX OCaf-

is expected that in 2025 about 5.5 milliard people will suffer
from the lack of water. Developed countries of the EU and the
USA already have fresh water deficits. In the USA the potable
water supply decreases by 0.3% per year. At the same time the
speed of extraction of underground water exceeds the speed of
its recovery by 25%. In developing countries, including China
and India, about 95% of all surface waters is polluted. If the
pace of water consumption, depletion and pollution remains the
same, by 2010 there will be no pure fresh water left on Earth.
Thus, we are living in the century of struggle for fresh water, a
strategic resource and a cause of acute international conflicts
(The official server of Buryat Republic state authority branch-
es).

The cost of Baikal water determined by specialists of the
Limnological Institute SB RAS equals 23 thousand trillion dol-
lars. It can be compared with the aggregate national income of
the biggest countries (The water wars of the XXI century — from
Fantasy to Reality). Due to the increase in potable water deficit
this number will keep growing.

KOB B HEKOTOPbIX MecTax gocturaet 10 KMNOMETPOB, B HUX
3anucaHa 25 MUNIMOHHAA reofornyeckas UCTopua passu-
A A3un. Mpo3pavyHoOCTb BOAbI B 03€pe NPeBOCXO[MUT BCe
03epHble BOA0EMbl MUPA U cocTaBaseT 40 meTpoB.

B baiikane o6utaet 1550 pa3HOBMAHOCTEN KUBOTHBIX U
okono 1080 BMAOB pacTeHnit npu 3ToM 2/3 U3 HUX —
IHLEMUKM, T.e. obUTalOWME TONbKO B GalKanbCKUX BOAAX
[1].

Bce, uTo kacaetcsa balikana, Bbl3bIBaeT yiuBNeHue, BOC-
XULEeHME W B TO e BPeMA — Maccy BOMpPOCOB.

Hanpumep, cuutaetcs, 4To BO3pact o3epa 25 MNH. neT
1 3TO CaMblil APEBHUA NPECHOBOAHbI BOLOEM HA NNaHe-
Te. OgHako, nepBble 03epa Ha MecTe OGYAYLNX KOTNOBUH
nosBUANCL 65 MNH. NeT TOMy Ha3af, a COBPEMEHHbIN BUA
Baitkan npuobpen Tonbko 0,9 MAH. NeT Ha3ad. Tak CKONb-
KO e NeT HaleMy YHUKanbHOMY 03epy?

Bailkan nmeeT TEKTOHMYECKOE NPOMCXOXKAEHMNE W
ABNAETCA nposBnaeHnem bankanbckoi pudToOBON 30HBI, @
MO CYTW TUTAHTCKO TPeLNHbI B 3eMHOMN Kope.
TeKTOHMYECKNTH pa3nom Gbin Bbi3BAH OTAENEHUEM
Amypckoit mukponnutel oT Cubupckoit nnatgopmbl B
pe3ynbTaTe KOHTUHEHTANbHON KONU3UN (CTONKHOBEHMUA)
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2 Puc. 3. Okono camoro
ropsyero TepManbHoOro
ncroyHmka (81°C) a3oTHbIX
cnaboMuHepanu3oBaHHbIX
noA3eMHbIX BOJ C BbICOKUM
copepxaHuem Topa.
3anagHoe nobepexse
baitkana, mbic
KoTenbHukosckuii (hpoto
A.TepiokoBoii, 2013) /
Near the hottest thermal
spring (810C) with nitric
low-mineralized under-
ground waters containing
great amount of fluorine.
The western coast of Baikal,
Kotelnikovsky Cape (photo
by A. Teryukova, 2013)

> Puc. 4. XonogHble xene-
3UCTble CynbhaTHO-rMApo-
KapboHaTHble MUHEpabHble
BOfbl MECTHOCTH XOHrOp
VYyna, pecny6nuka bypsatus
(oo aBTOpa, 2012) /

Cold ferrous sulfate-hydro-
carbonate mineral waters in
Khongor Uula, the Republic
of Buryatia (photo by the
author, 2012).

Geologists have estimated all exhaustible mineral reserves in
Russia at 28 trillion dollars. The natural bank of Baikal water
with the rivers flowing into the lake and atmospheric precipita-
tion falling on its territory is always full. The cost of Baikal
water is more than all the discovered mineral resources of
Russia (Bocharov, Davidenko & Polevanov, 2008).

Baikal is a mountain lake with the water level 445 m above
and the bottom almost 1200 m below global sea level. The
capacity of bottom sediments in certain places reaches 10 km.
They contain 25 million geological history of development of
Asia. The transparency of Baikal water leaves behind all lake
basins of the world and equals 40 meters.

1550 species of animals and about 1080 species of plants
inhabit Lake Baikal. Two thirds of them are endemics, that is
those found only in Baikal waters (Lobatskaya et al., 2008).

Everything related to Baikal inspires admiration and wonder
and triggers a lot of questions.

For example, the lake is believed to be 25 million years old

mexny WHpo-AscTpanuitckoit n EBpasuitickoit nutoctep-
HbiMu nanTamu (puc. 1). CneacTenem 3Toro B3anumopeit-
CTBMSA MPUHATO CYUTATh CaMble BbICOKME HA MiaHeTe
lMmanaiickue ropbl u obpasosaHue baiikanbckoro pudra,
KOTOPbII NPOTAHYACA B BUAE TMIaHTCKOW Ayru c ceBepa
MoHronun po CtaHOBOro Haropbs Ha 2.5 TbIC. KM.
[eonornyeckne nccnepoBaHna NOATBEPKAAIOT, YTO TEKTO-
HW4ecKue npouecchl B Heapax baitkanbckoro pudrta npo-
LOJKAITCA, U, KaK cnefcTeue, pudT ABUKETCA B CTOPOHY
OxoTckoro mops.

PudToreHe3om Ha3biBaloT NPoOLECC FOPU30HTANLHOTO
pacTAXeHWs 3eMHOI KOpbl, NPUBOAALMIT K BOSHUKHOBE-
HUIO B Hell UK e€ BepxHeit YacTu BeCbMa NPOTAXKEHHBIX,
VAJNUHEHHBIX, MOP(HOAOrNYECKM YETKO BbIpaXKeHHbIX BNa-
AWH, OrpaHnyeHHbIx (N0 KpailHel Mepe C OJiHOI CTOPOHbI)
rny6oKMMKU NPOLOLHLIMU paznomamu. AHTIMIACKNIA reo-
nor [Ix. B. Tperopu, onucaswuit nofo6HbIe CTPYKTYPbI B
KOHLe npownoro Beka B BoctouHoit Adpuke, Ha3Ban ux
pudTamu (ot aHrn. rift — paspeis, TpewmHa, wenb) [5], a
LenoYKM U3 HECKONbKMX pUHTOB 0GBIYHO UMEHYIOT pUD-
TOBbIMU 30HAMMU.

baitkanbckas pudrosas 30Ha (BP3)- 310 TUNUYHBIN
NpUMep KOHTUHEHTaNbHOro pUdTa, NPeACTaBAAIWLNA
cob6oif cuctemy pasnomos u 10 KOTIOBMH, NPeKpacHo

and to be the oldest fresh water basin in the world. However,
the first lakes appeared in the place of future hollows 65 mil-
lion years ago. Baikal acquired its present appearance only 0.9
million years ago. So how old is our unique lake?

Lake Baikal is of tectonic origin. It was formed as a result of
a huge earth rift in the Baikal rift zone. The tectonic fault was
induced by separation of the Amur microplate from the Siberian
platform as a result of continental collision between the Indo-
Australian and the Eurasian lithospheric plates (Fig. 1). It is
believed that the highest mountains in the world, the
Himalayans, and the Baikal rift spread like a huge curve 2.5
thousand kilometers from the north of Mongolia to the Stanovy
ridge appeared because of such interaction. Geological
researches confirm that tectonic processes in the interior of the
Baikal rift go on, and, as a consequence of this, the rift is mo-
ving towards Okhotskoye sea.

Rifting is the process by which the continental lithosphere
stretches horisontally. It gives birth to rather long depressions

BblpaXKeHHbIX B pensede (puc. 2). PasgBuxerue
baikanbckoi BnaguHbl NPOMCXOAUT CO CKOPOCTbID OKOJMO
ABYX CM B rOf.

Pa3BuTre pernoHa conpoBOXAANOCH YANBUTENbHBIMM
M3MEHEHUAMM KanumaTa [6].

Tak, 28-23 M/IH. NeT Ha3ag KnAumat Obii Tenblil, BAAX-
Hblii, NTepexofiHblii 0T Cy6TPONUYECKOTO K YMEPEHHOMY, CO
cpeaHuMMu Temnepatypamu aHBapa +5-+8°C. Mo3xe, B
nepuop 23-5.3 MNH. NeT Temnepatypa nociefoBaTeNbHO
CHMXanacb Ha 2-3 rpapyca, B KoHLe nepuoaa chopmu-
poBanNcA ymMepeHHslit Knumat; 3.6-2.6 MIH. 1eT Ha3aj
norofa Obina XapKoii U 3acywnnBoii, 6AM3KOM K KnuMaty
COBPEMEHHO apuKaHCKO caBaHHbl; 1.8-0.78 MnH. net
TOMY Ha3aj KAMMaT CMEHUNCA HA YMEPEHHO Tenbli, a
3aTem — B npomexyTtke ¢ 0.126 mnH. net no 0.0117 maH.
neT — Npoucxoauna nepuofnyecKas CMeHa nefHUKOBbIX
1 MeXNe[HUKOBbIX NepnoAoB. PUTMUYHO noBTOPABILIKECH
NOX0N0faHNA NPUBOANUNM K OnefeHeHnam. Haubonee
KECTKMM O0Ka3anocb CapTaHCKoe onefeHeHue (28-12.5
THIC. NIeT Ha3ap), PEIMKTbI KOTOPOro OTMEYaloTCA U ceityac
Ha 3Ha4YUTeNbHOMN YacTU TeppUTOPUM B BUAE MHOrONETHE-
Mep3/bIX MOPOA, M’MAPONAKKONNTOB, 03ep JIelHUKOBOro
NPOUCXOXKAEHNA U T.4.

B HacToAwee BpeMA OCHOBHasa 4epTta GanKanbcKom




morphologically well defined and limited (at least on one side)
by deep longitudinal faults. The British geologist J. V. Gregory
described similar structures at the end of the 20th century in
Eastern Africa. He called them rifts (Kondratov, 1978), and the
ranges of several rifts are usually called rift zones.

The Baikal Rift Zone (BRZ) is a common example of conti-
nental rifts. It comprises a system of faults and 10 basins clear-
ly expressed in the terrain (Fig. 2). The spreading rate of the
Baikal depression is about two cm per year.

The development of the region was accompanied by surpris-
ing changes in climate (Mats, Ufimtsev, Mandelbaum, 2001).

For example, 28-23 million years ago the climate was warm,
humid, with subtropical-temperate transition and average tem-
perature in January +5 — +8°C. Later, in the period of 23-5.3
mln years, the temperature gradually lowered by 2-3 degrees,
and at the end of the period the temperate climate was formed.
3.6-2.6 mln years ago the weather was hot, dry and very close
to the climate of present-day African savanna. 1.8-0.78 mln

norofibl — 370 €e HeNnoCTOAHCTBO, KOHTPACTHOCTb, POXK-
JeHHble COBOKYMHOCTbIO oporpaduyecknx, ruaponorunye-
CKMX, aTMOCHEPHbIX U NaHAWAPTHEIX 0COBEHHOCTE
pervoHa. Beicokue ropHbie xpe6Tbl, 06pamastowmue
baitkan, ymeHbWalOT BAMAHNE BHEWHUX YCNOBUIA Ha KIn-
MaT KOTJIOBMHbI, OQHOBPEMEHHO OrpaHNYnBan Knnumatnye-
CKOe BO3/lefiCTBME 03epa Ha OKpYXKalolylo TeppUTOpUIo.
Knumat usmeHseTcs oT pe3Ko-KOHTUHEHTaNbHOro Ha
Gonbleil YacTu TEPPUTOPUN O MOPCKOTO B

MpuonbxoHbe.

HeoOblIkHOBEHHbBIM pa3HO0bpa3neM OTINYAETCA reoso-
rMyeckoe CTpoeHue TeppUTOpUH.

Camble gpeBHUe Nopoabl hyHAAMEHTA — 3TO B OCHOB-
HOM KpUCTannuyeckue cnaHubl, amdubonnTbI, rHeChbl,
rpaHnTbl, KapboHaTHele o6pa3oBanus. Nx npeobpasosa-
HWe NponUCcxXoamnao Ha 6onblWnx ray6uHax Npu oYeHb
BbICOKUX [AaBNEHUAX U TeMnepaType, O YeM CBUAETENb-
CTBYIOT POCCHINU NOAYAPAroLeHHbIX KPUCTANI0B rpaHaTa,
wnuHenu, guoncuaa (o. bopokuun). Ewe Gonee HeoaHo-
POJHO CTpPOEHMe 0Caf0YHOro Yyexna, hopmmpoBaHue
KOTOPOTO NPOMUCXOAMAO0 B PA3NUYHbIX KNUMATUYECKUX
YCNOBUAX: OT CyOTPONUYECKOTO A0 PE3KOKOHTUHETANbHO-
ro, NepemMexalolerocs ¢ 1efHNKOBbIMU nepuogamu. 310
NnecYaHuKM, aprunauThl, FVHLI U YroNb B HUXKHEN YacTu
pa3pesa u pbixible 06pa3oBaHus B BEPXHeil YacTu —
necku, rpaBui, ranbka, BanyHbl pa3NM4yHoOro pasmepa u
reHesuca.

Ho, Kak yxe oTMeyanoch, camoe yAUBUTENbHOE U CaMOe
rnasHoe 60raTcTBO perMoHa — 370 Bofa. banknbckuii
peruoH obnagaer yHUKaNbHbIMU pecypcamMu npecHbix
NnoA3eMHbIX N NOBEPXHOCTHbLIX BOA. Beino noACYNTAHO, 4YTO
HaceneHue NpkyTckoi o6nactu moxert 6€3061a4HO cylie-
cTBoBaTh 2000 sieT, MCNONb3YA pecypchbl NPeCHbIX BOJ,
baitkana, faxe eciim oH He 6yaeT NosyyaTb JONONHUTENb-
HOe NuUTaHue B 3TOT nepuog. Mo xumnyeckomy coctaBy
Bofbl baiikana oTHocATCA K cnabo MUHepannu30BaHHbLIM
BOf,AM rMAPOKap6OHATHOrO Knacca KanblMeBoi rpynmbl.
CpeaHAs CyMMa pacTBOPEHHbIX XMMUYECKUX I€MEHTOB U
UX COefiMHEHNI1 B BOAe 03epa (MUHepanu3auma) cocTas-
nset 96,4 Mr/nmM’ U OTNIMYAETCS BbICOKOW HACHILEHHOCTbIO
KMCNOPOLOM.

years ago the climate became lukewarm, and in the period of
0.126 mln years to 0.0117 mln years the glacial and interglacial
ages periodically interchanged. Recurrent cold spells lead to
glacierizations. The most severe was the Sartansk glacierization
(28-12.5 thousand years ago). Its relicts in the form of peren-
nially frozen rocks, hydrolaccoliths, lakes of glacial origin, etc.
are observed even now on a big territory.

At the present time the main feature of the Baikal weather is
its changeability and contrast created by the combination of
orographic, hydrological, atmospheric and landscape characte-
ristics of the region. Baikal is surrounded by high mountain
ridges, which diminish influence of environmental conditions
on the climate of the basin. At the same time they restrict the
climatic effect on the surrounding territory produced by the
lake. The climate changes from extremely continental (on the
larger portion of the territory) to marine (in Priolkhonie).

The geology aspects of the area are remarkably diverse.

The oldest rocks of the basement are mostly amphibolites,

BeposATHbIN AONONHUTENbHBIN MCTOYHWUK NPECHBIX BOA —
3TO l0BEHWUNbHAA NpecHas BOAA, NoCTynatwas u3 rayouH
3eMnu No 30HaM TEKTOHWYECKMX pa3NoMOB B npoLecce
Jerasaluu MaHTUitHOro BelecTsa [7], T.e. nnaHeTa
NOCTOAHHO reHepupyeT AONONHUTENbHbIE MOTOKW MPECHbIX
BOJ, MOMONHAA UMW 3anacbl 03epa.

He meHbliee 3HaYeHMe UMeOT TepMabHble MUHEpanb-
Hble Boabl. Bokpyr baiikana 3adukcuposaHo okono 60
TaKMX BOJONPOABAEHMIA ¢ TemnepaTypoi ot 10 go 81°C
(puc. 3, 4). CocTaB ux Takxe BeCbMa pa3HoobpaseH:
yrIeKucble, a30THbIe, METAHOBbIE, POAOHOBLIE BOABI,
ucnonb3ylowmecs Ans NeYeHus cambix pasHo06pasHbIX
3aboneBaHnit. Pecypchbl TEpManbHbIX BOL, NOACYMTAHHbIE
TOJbKO MO 33 UCTOYHMKAM B pecnybnuke bypaTus coctas-

" Puc. 5. CeneHruHckui
LieNN03HO-KapTOHHbIN
kombuHart (doTo aBTopa,
2013) /

The Selenga Pulp and
Paper Mill (photo by the
author, 2013).
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v Puc. 6. Mocne otabixa Ha
6Gepery baiikana, 3anus
Myxop (coTo aBTopa, 2010)
/ After the recreation on
the coast of Lake Baikal,
Mukhor Bay (photo by the
author, 2010)

gneisses, granites and carbonate formations. They developed at
great depth and at high pressures and temperature. It is proved
by semi-precious garnet crystals, spinel and diopside deposits
(Borokchin Island). The structure of sedimentary cover is even
more inhomogeneous. It was formed in different climatic condi-
tions, from subtropical to extremely continental, alternating
with glacial periods. It comprises sandstones, argillites, clays
and coal in the lower part of the section and incoherent forma-
tions in the upper part: sands, gravel, pebble and float stones of
different size and genesis.

However, as noted above, water is the main treasure of the
region. The Baikal region has unique resources of fresh under-
ground and surface waters. According to the calculations, the
population of the Irkutsk region can live 2000 years using only
the Baikal freshwater resources, even if it stops receiving addi-
tional inflow during this period. By chemical composition the
Baikal waters refer to low-mineralized waters of hydrocarbonate
class of calcium group. The mean amount of dissolved chemical
elements and their compounds in the Baikal water (mineraliza-

tion) is 96.4 mg/dm’. It is characterized by high oxygen satura-
tion.

Fresh juvenile water coming from the depth of the earth
along the zones of tectonic faults in the process of mantle
degassing is considered to be a probable additional source of
fresh waters (Didenkov, Bychinsky & Lomonosov, 2006). That is,
the planet is constantly generating additional flows of fresh
waters to replenish water stocks in the lake.

Thermal mineral waters are no less important. Around Baikal
there are about 60 thermal mineral waters with temperature
from 10 to 81°C (Fig. 3, 4). They have a varied composition:
acidulous, nitric, methane and thiocyanogen waters, which are
used in the treatment of different diseases. Thermal water
resources of 33 springs in the Republic of Buryatia make up 189
thousand m*/day (Report on the state of Lake Baikal and mea-
sures for its protection in 2011, 2011).

Unlike other lakes in the Northern hemisphere, Baikal has
remained almost unchanged. Pollution of the lake has a local




character and generally refers to big sources of industrial emis-
sions (the Baikalsk Pulp and Paper Mill, the Selenga Pulp and
Paper Mill, the Irkutsk Hydro Electric Power Station, the Selenga
River etc.) (Fig. 5). Settlements also make a big contribution to
pollution: the coast of Lake Baikal is inhabited by 80 thousand
people, who annually throw about 15 mln m® of wastes into the
lake. The ‘wild" camping becomes more and more threatening. It
causes degradation of the coastal ecosystem due to insuffi-
ciently treated (often untreated) wastewaters, erosion proces-
ses and garbage left behind after such camping (Fig. 6).

Very few people know that natural sources of pollution also
play an important role. They are natural gas, oil and bitumen
which have already been observed in the water area of Lake
Baikal for 250 years. For example, in 1959 there was one of the
strongest earthquakes on Baikal. A local fisherman pointed at
the earthquake epicenter and said: “Baikal was burning there!”.
By the way, one of translations of the word ‘Baikal’ means ‘a
standing fire’ (translated from the Buryat language). In July
2003, in the settlement Barguzin, several tons of fish were lost

nsT 189 Thic. M*/cyT [8].

B otnnume ot 6onbwuHcTBa 03ep CeBepHOro nonyuwa-
pus, baitkan coxpaHuacs B COCTOAHWUM, 6NU3KOM K NepBO-
3[aHHOMY. 3arpsa3HeHune 03epa UMeeT JIoKaNbHbI Xxapak-
Tep N B OCHOBHOM NPUYpPOY4Y€HO K OTAEJIbHbIM KPYNHbIM
MCTOYHMKAM MPOMbILNEHHbIX BbIGpocoB (baiikanbckuit
LeNNoN03Ho-6yMaxHblit KoMOUHAT, CeNeHruHcKuit uen-
N0NI03HO-KAPTOHHBI KoM6UHAT, MpkyTckas 3C,
p.Cenenra v np.) (puc. 5). Hemanslit Bknapg B «feno
3arpA3HeHns» BHOCAT HaceNeHHble MYHKTbI: Ha Geperax
baitkana xuser 80 TbicAY YenoBeK, KOTopbie cObpackiBatoT
B 03ep0 0K0/0 15 M/IH. M® 0TX0f0B B rod. Bce 6onee Bo3-
pacTalolyylo onacHoOCTb NPeAcTaBaseT «AUKNIA» TYPU3M, C
KOTOpbIM CBAi3aHa fierpafalus 3KoCUCTEMbl NPUOPENKHbIX
paiioHoB 03epa 6narofaps HeAOCTaTOYHO 06pPabOTAHHbBIM
(a yacTo u coBcemM Heob6paboTaHHBIM) CTOYHBIM BOAAM,
3PO3MOHHbLIM MpOLLEeCcCaMm, Mycopy, oCTaloLeMycs nocne
«OTAbIXa Ha Nnpupoae» (puc. 6).

Ho HemMHOrMe 3HalOT, YTO HE MEHbLYIO POSb UrpaioT
NMPUPOAHBIE UCTOYHWUKN 3arpA3HeHNUA. ITO NPUPOAHBIN
ras, HedTb U 6UTYM, KOTOpPble PUKCUPYIOTCA B aKBATOpUU
baiikana yxe B TeyeHue 250 net. Tak, B 1959 ropy, korga
npon3oLwno oaHO N3 CaMbiX CUJIbHbBIX 3eMJ'IETpﬂceHI/IVI,
MeCTHbIi pbibaK, yKa3biBas B CTOPOHY 3NULEHTPa 3emne-
TpAceHus, rosopun: «Tam ropen baiikan!». Mexpgy npo-
4MM, OLMH U3 BapuaHToB nepesofa «bai-ran» c OypaT-
CKOTO f13blKa 03HaYaeT «CToAWMIA oroHby. B uone 2003
roga B nocenke bapry3uH HecKonbKo TOHH pbiGbl Noru6ao
B pe3ysbTaTe BbIX0Ja MeTaHa co fHa balikana.

Psp yyeHbIX C BbIXOJAMU MeTaHa CBA3bIBAIOT ele 04HO
HeoGbluHOE ABNeHNWe Ha 3uMHeM baiikane: Konbla noarta-
ABWero nbAa (puc. 7). Bnepeble Takoe KoJbLo Obi0
3amMeyeHo 14 net Ha3ap Ha cHuMKe cnyTHUKa NOAA
okono mbica KpecToBCKkuit Heflaneko OT nocenka
byrynbaeiika [9]. 3aTem B pa3sHble rofbl HabnAANUCH TO
ABa, TO Tpu Konbla. B 2009 roay Konbua noABMAMCH HA
NbAY «CBAWEHHOro MOpsA» Bo3ne mMbica KpecTtoBckui, a
Takxe mexay octposom OnbxoH 1 nonyoctpoBom CBATOIM
Hoc (puc. 7, 8). B 2011 ropy Ha cHumkax MODIS 6bino
06HapyKeHo yxe Tpu KonbLa — y Mbica KpecToBCKuil, K
tory o1 octpoBa OnbxoH u y HuxHero N3ronosba.

MecTHble xutenu FOBOPAT, YTO C KaXablM rogqoM Kpyros

due to the emission of methane from the bottom of Baikal.

According to many scientists, another strange phenomenon
of Baikal in winter is associated with the emissions of methane.
It is melted ice circles (Fig. 7). For the first time such circle
was seen 14 years ago in the NOAA satellite photo near
Krestovsky Cape not far from Buguldeika village (Chernova,
2013). Then two or three circles were observed in different
years. In 2009 the circles appeared on the ice of the ‘sacred
sea’ near Krestovsky Cape and between Olkhon Island and
Svyatoy Nos Peninsula (Fig. 7, 8). In 2011 there were already
three circles in the MODIS photos: near Krestovsky Cape, to the
south of Olkhon Island and near Nizhnee Izgolovie.

As local people say, with every year the number of circles
grows and their diameter grows too. In May 2013 specialists of
the engineering and technological center SCANEX noticed two
circles with a diameter of 5-7 km near Krestovsky Cape and
between Olkhon Island and Svyatoy Nos Peninsula.

From the mid-20th century hydrocarbons of Baikal was under
intensive study. The main purpose of those searches was

CTaHOBMUTCA BCe GONble, AMAMETP UX TOXKE YBENNYUBAET-
cs. B mae 2013 roga Ha CNyTHUKOBbLIX CHUMKAX crnelna-
JINCTbI MHXEHEPHO-TEXHONOTMYECKOro LeHTpa «CkaHekey
3aMeTuaun Konbla fuamMeTpom 5-7 KM y mMbica
KpectoBckuit n mexpy octposom OnbXOH M MONyoCTpo-
Bom CesAToit Hoc.

MepBble uccnepoBaHna yrneBofaopoaos Ha balikane
Hayanuce B cepefuHe XX Beka ¢ cyrybo npuknagHoi
Lenblo — BbIABNEHNA MECTOPOXKAEHNUN HedTH 1 ra3a. A B
XXI cTtonetun Kk nccnefoBaHnAM NPUCOELUHUANCH
Hay4Hble opraHusaymu.

B Mupe umeeTcs HEMHOrO 03€p, B KOTOPbIX Habt0-
patotcs HedTenpossneHus. K nx yucny, Hanpumep, oTHO-
cuTCA 03. TaHraHbWKa, PacnosoXeHHoe B apUKAHCKOM
pudTe, BTOpom no rny6uHe B mupe nocne baitkana. 3gecs
TaK e, Kak 1 Ha baiikane, Ha HeKoTopble yyacTku nobe-
pexbs BblGpachiBalTCA OUTYMHbIe (“cCMonAHbIE”) WapUKH,
Ha NOBEPXHOCTb BCMNbIBAET XuAkasa HedTb. Cyas no
COCTaBy YrNeBOLOPOAOB, 3Ta HEPTb OTHECEHA UCCNEeA0-
BaBWMMM ee aBTOPaMM K paspsay Hespenoi HedTu, o6pa-
30BaBleca B MONOAbIX 03€PHbIX 0CaAKaX. AHANOTNYHbI
COCTaB MMeT 6UTYMHbIE OCTPOBA, 0OHAPYXKEHHbIe B npe-
penax pudTosoit 3046l B Mekcuke [10].

MposeneHus yrnesofoponos Ha bailkane npepcrasne-
Hbl FTOPIOYMM ra3oM, HedTbto, GUTYMOM, ra3orugpartamu,
rpA3eBbIMW ByJIKaHaMu, ra3amu, paCTBOPEHHbLIMU B BOJE U
rasaMu B JOHHbIX OCaAKax.

Han6onee MHOroYMCiEHHbIE BbIXOLbI MPUYPOYEHBI K
penbtam kpynHeix pek: Cenenra, bapry3uH, BepxHas
AHrapa, Knyepa, byrynbpgeiika, lonoycrtHas.

006wmit 06bem BbIxogoB HedTH cocTasnset ot 0.1-2
TOHHbI B TOJ B BOCTOYHOI yacTu balikana (cesep 3anuBa
MpoBan) #o 4 TOHH B rof paitoHe mbica [opeBoit YTec

< Puc. 7. Konbua noara-
SBLIETO Nbjla HA NOBEPXHO-
cTv 3umHero baiikana
(doTo c caiita
yourdread.blogspot.com) /
Circles of melted ice on the
surface of winter Baikal
(photo from
yourdread.blogspot.com)

Puc. 8. «Inasa baitkana» (
PWA Hosoctu, doTo E.
Kosblpesa) /

“Baikal’s eyes” (RIA
Novosti, photo by

E. Kozyrev)
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prospecting of oil and gas deposits. In the 21st century study-
ing of Baikal hydrocarbons is implemented by the scientific
organizations.

There are very few lakes in the world that have showings of
oil. One of them is Lake Tanganyika situated in the African rift,
the second deepest rift in the world after Baikal. Like on Baikal,

there are blobs of bitumen (‘pitch’) scattered over some parts of

the coast and liquid oil coming to the surface. According to the
hydrocarbon content, researchers classify this oil as immature,
which was formed in the young lake sediments. Bitumen islands
discovered within the rift zone in Mexico have the same con-
tent (Khlystov, Zemskaya & Sitnikova, 2009).

Baikal hydrocarbons are presented in the form of com-
bustible gas, oil, oil bitumen, gas hydrates, mud volcanoes, the
hydrocarbon gases dissolved in the water, and hydrocarbon
gases of the bottom sediments.

The gas shows are the most numerous. They are mainly con-
centrated in the deltas of the large rivers: Selenga, Barguzin,
Upper Angara, Kichera, Buguldeika, Goloustnaya.
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A Puc. 9. leorpaduyeckoe nonoxeHue o6pasosanuii rasoruapatos (0.M.Xnsictos, 2013).
OKpYXHOCTAMM NOKa3aHbl rpsa3esble BynKaHbl / Geographical distribution of the gas hydrate investiga-
tion sites (Khlystov, 2013). Circles show mud volcanoes (mv)

The volume of oil output is from 0.1-2 tons/year in the eas-
tern part of Lake Baikal (to the north of the Proval Bay) to 4
tons/year near Gorevoy Utes Cape (Fig. 8). The Baikal oil can
be considered as unique due to the variety of component com-
position, its young age, and a mixture of the lake and land ori-
gin of the components (Kontorovich et al., 2007).

Bitumen discovered in the early 20th century was called
baykerit. It was found in the northern part of the Proval Bay,
near Kluchi-Stvolovaya village near Tankhoy station.

The detection of gas hydrates (methane accumulated in the
solid water) is of great interest today for both scientific rea-
sons (the role of natural gas hydrates in the global hydrocarbon
cycle and in the global climate change, their connection with
microbiological ecosystem etc.) and economic reasons (rising
demand for new energy sources). Gas hydrates were found at a
depth of 84-100 m at the bottom of the Baikal North basin du-
ring the implementation of the "Baikal Drilling" Project in 1998
(Klerks, Zemskaya & Matveeva, 2003). Mean methane content is

(puc. 8). CoctaB HethTH yHUKaneH 13-3a pa3Hoobpasus
XUMWUYECKOro COCTaBa MCXOAHbIX KOMMOHEHTOB 03€PHOr0
U KOHTUHEHTANIbHOTO NPOUCXOXAEHUA, @ TAKKE MONOAO0-
CTU nonesHoro uckonaemoro [11]. butymel 6bia1 06HApY-
XeHbl B Hauyane XX BeKa u Ha3BaHbl «baiikeputamm». OHu
HaiaeHbl B ceBepHOW YyacTu 3anusa [lposan, okono
nepesHu Knioun-CrBonosas, okono ctaHumu TaHXoM.

B HacToswWee BpeMs NOBbIWEHHbI MHTEPEC Bbi3bIBAKOT
rasoBble TMApaThl (ra3oruapaTel — CKOMNEHUs MeTaHa B
3amep3leit Bofe). ITO BHUMaHMe 06YCNOBNEHO KaK
Hay4YHbIMU NpUYNHAMK (PONb MPUPOAHBIX ra30rMApaToB B
rno6anbHoOM LMK/e YrIeBOJ0POSOB U r106aNbHOM U3Me-
HEHWUM KIWUMaTa, UX CBA3b C YHUKANbHON MUKpOBUMONOru-
YeCKOi IKOCUCTEMOW U T.4.), TaK U IKOHOMUYECKUMM
npuynHamu (pacTywiasn noTpeGHOCTb B HOBbIX MCTOYHMKAX
3Hepruu). B poHHbIX ocagkax balikana razorugpathbl
6binu BoifBNEHb B CeBepHOII KOTNOBUHE B NpoLecce
BbINONHEHUs npoekTa «baiikan-6ypeHue» B 1998 rogy Ha
rny6uHe 84-100 meTpos [12]. CpegHee copepxkarue
MeTaHa [LOCTaTOYHO BLICOKO U COCTaBnseT 5.9 mr/r.
CpepHsAs MOLWHOCTb OT/IOKEHUI, COLEPKALLUX TAa30Bble
rugpatsl, 350-400 meTpoB [13]. 3Ta ToNWa UMeeT 0YeHb
Ba)XXHOE 3KONOrMYecKoe 3HayeHue, NOCKObKY ABNAeTCA
3KpaHOM, NpeAoTBpalLAWMUM NPOHUKHOBEHWE METaHa U3
TONWM OCAZ0YHBIX NOPOS B BaliKanbCKUe BOAbI.

Ha cerogHAWHWIt aeHb n3BecTHO 21 NnposBaeHUe raso-
TMAPATOB, U3 HUX 3 ObIIW 06HApPYXKEHbI BO BpeMs paboTbl
Hay4yHO-uccnefoBaTenbCckux cygos «MUP».

BbiNo yCTaHOBNEHO, YTO XUMUYECKMUIA COCTAB BOAbI
balikana ycTonymB Kak BO BpEMeHMU, TaK U B NPOCTPaH-
cTBe. AHOManuu B COCTaBe BOAbI Ha JIOKAbHbIX yyacTKax
CBSI3aHbl C pa3rpy3Koi ray6UHHBIX rPs3eBOBYIKaHNYE-
CKUX NOMA0B N0 30HAM AKTUBHbIX TEKTOHUYECKUX pa3-
nomoB [14].

B pe3synbrate KomnneKcHblx uccnepgoBaHuin B KxHoM
KOTNI0BMHE Ha rny6uHe okono 1400 meTpoB Ha AHe 03epa
Obl10 06HApPYXEHO HECKOJIbKO CTPYKTYP, XOPOLIO Bbipa-
XEHHbIX B penbede B BUAe HEOOMbLUNX BO3BbIWEHHOCTEN
BbICOTON OKONO 40 meTpoB 1 gnametrpom go 800 meTpoB C
NoABOAALMMMN K HAM Ta30BbIMW KaHanamu v NoBbllWeH-
HbIM TennoBbiM NoTokoM. Wx knaccuduumnposanu kak



rather high - 5.9 mg/g. Average thickness of the gas hydrate
layer is 350-400 m (Ginsburg, Soloviev, 1994). This thickness is
very important from the environmental point of view, because it
acts as a barrier shielding the Baikal waters from methane pen-
etrating from the thick sedimentary strata.

In total 21 sites of gas hydrate occurrence have been discov-
ered. Three of them were found during investigations using MIR
submersibles.

It was established that the Baikal water chemical composi-
tion is stable in time and space. Anomalies in the water compo-
sition on the local sites are caused by a discharge of deep-level
mud-volcanic fluids along active fault zones (Pogodaeva et al.,
2007).

Complex investigations at the bottom of the Baikal South
basin at a depth of about 1400 m found several structures
clearly expressed in the terrain in the form of small elevations
with a height of 40 m and a diameter up to 800 m, with gas
flues leading to them and an increased heat flow. They were

NOABOAHbIE rpA3eBble BylKaHbl: ManeHbknil u bonbwoit B
H0xHoit koTnosuHe n K-2 B CpepgHeit kKotnosuHe (puc. 9,
10). Ha Bcex 3TUx CTPYKTypax B NPUNOBEPXHOCTHbIX
cnosx ocapgka obHapyxeHbl ra3osble rugpatsl [15].

Mo npeaBapuTeNbHbIM pacyeTam 3anachl YrneBofopo-
[OB Ha fiHe baiikana coctasnstoT 500 MH. ToHH [11].
CeropHsa ra3oBble rugpatbl pacCMaTPUBAOTCA KaK NOTEH-
UManbHble UCTOYHUKM TONNMBA. ITO U BbI3bIBAET CaMble
6onblmne onaceHns. He pas yxe BbiCKa3biBanuCh Npeano-
XeHUs 0 pa3BefKe MECTOPOXEHMI YrNeBOAOPOAOB Ha
Baitkane. Takoe pa3suTue coObITUIA MOXET NPUBECTU K
HeoOpaTMMbIM NOCNEACTBMAM, COBEPLIEHHO HE CONOCTaBM-
MbIM C ByTbIIKaMu 1 GaHKaMu, KOTOPble OCTABASAIOT TYpU-
CTbl MOC/Ie CYACTAUBOTO €AUHEHUS C MPUPOLONA. ..

BeckoHeuHbl 6oratcTBa balikana: reonornyeckue, rug-
poreonoruyeckue, 6uonoruyeckue, apxeonornyeckue.
CnoxHas 3agaya CTOMT nepef rpafyLUUMU MOKONEHUAMU —
COXPaHUTb X, HECMOTPA Ha BCe pPeCypCHble UCKYLWeHUA.
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